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͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ʉɽʂʎɯʗ 1 

 

ɽʂʆʃʆɻɯʗ ʊɸ ʆʍʆʈʆʅɸ ʅɸɺʂʆʃʀʐʅʔʆɻʆ ʉɽʈɽɼʆɺʀʑɸ 

 

ʇʈʆʉʊʆʈʆɺʆ-ʏɸʉʆɺɯ ɿɸʂʆʅʆʄɯʈʅʆʉʊɯ ɿɸɹʈʋɼʅɽʅʅʗ ɸʊʄʆʉʌɽʈʅʆɻʆ 

ʇʆɺɯʊʈʗ ɺ ʋʈɹʆɽʂʆʉʀʉʊɽʄɸʍ ʂɸʈʇɸʊʉʔʂʆɻʆ ʈɽɻɯʆʅʋ ʊɸ ʐʃʗʍʀ 

ʆʇʊʀʄɯɿɸʎɯɰ ɽʂʆʃʆɻɯʏʅʆɻʆ ʉʊɸʅʋ 

 

ɸʜʘʤʝʥʢʦ ʉʪʘʥʽʩʣʘʚ ʗʨʦʩʣʘʚʦʚʠʯ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ 

ʇʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ɸʨʭʠʧʦʚʘ ʃʶʜʤʠʣʘ ʄʠʢʦʣʘʾʚʥʘ, 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 
ʋʨʙʦʝʢʦʩʠʩʪʝʤʠ ʂʘʨʧʘʪʩʴʢʦʛʦ ʨʝʛʽʦʥʫ ʋʢʨʘʾʥʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʢʣʘʜʥʽ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʣʦʛʦ-ʪʝʭʥʽʯʥʽ ʩʠʩʪʝʤʠ, ʫ ʤʝʞʘʭ ʷʢʠʭ ʧʨʠʨʦʜʥʽ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʽ ʢʦʤʧʦʥʝʥʪʠ ʚʟʘʻʤʦʜʽʶʪʴ 

ʫ ʪʽʩʥʦʤʫ ʧʨʦʩʪʦʨʦʚʦʤʫ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʟʚôʷʟʢʫ. ɰʭ ʬʦʨʤʫʶʪʴ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ, 

ˇʨʫʥʪʦʚʦ-ʨʦʩʣʠʥʥʠʡ ʧʦʢʨʠʚ, ʚʦʜʥʽ ʨʝʩʫʨʩʠ, ʨʝʣʴʻʬ, ʪʨʘʥʩʧʦʨʪʥʘ ʪʘ ʢʦʤʫʥʘʣʴʥʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʞʠʪʣʦʚʘ ʟʘʙʫʜʦʚʘ ʪʘ ʦʙôʻʢʪʠ ʧʨʦʤʠʩʣʦʚʦʾ ʡ ʪʫʨʠʩʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʛʽʨʩʴʢʦʛʦ ʨʝʣʴʻʬʫ, ʩʢʣʘʜʥʠʡ ʤʽʢʨʦʢʣʽʤʘʪ ʪʘ ʟʥʘʯʥʘ ʣʽʩʠʩʪʽʩʪʴ ʨʝʛʽʦʥʫ ʟ ʦʜʥʦʛʦ 

ʙʦʢʫ ʩʪʚʦʨʶʶʪʴ ʧʨʠʨʦʜʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʷʢʦʩʪʽ ʜʦʚʢʽʣʣʷ, ʘ ʟ ʽʥʰʦʛʦ ï 

ʧʽʜʩʠʣʶʶʪʴ ʯʫʪʣʠʚʽʩʪʴ ʫʨʙʦʝʢʦʩʠʩʪʝʤ ʜʦ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʉʘʤʝ ʪʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʻ 

ʢʣʶʯʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʂʘʨʧʘʪʩʴʢʦʛʦ ʨʝʛʽʦʥʫ. 

ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʚʠʨʽʟʥʷʶʪʴʩʷ ʪʚʝʨʜʽ ʯʘʩʪʢʠ 

PM2.5 ʪʘ PM10, ʦʢʩʠʜʠ ʘʟʦʪʫ (NO, NO ), ʜʽʦʢʩʠʜ ʩʽʨʢʠ (SO ), ʦʢʩʠʜ ʚʫʛʣʝʮʶ (CO), 

ʧʨʠʟʝʤʥʠʡ ʦʟʦʥ (O ) ʪʘ ʦʢʨʝʤʽ ʚʘʞʢʽ ʤʝʪʘʣʠ ʡ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ [1]. ʊʚʝʨʜʽ ʯʘʩʪʢʠ 

ʬʦʨʤʫʶʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʥʘʩʣʽʜʦʢ ʧʦʙʫʪʦʚʦʛʦ ʪʘ ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ, 

ʦʩʦʙʣʠʚʦ ʫ ʭʦʣʦʜʥʠʡ ʧʝʨʽʦʜ ʨʦʢʫ, ʘ ʪʘʢʦʞ ʫʥʘʩʣʽʜʦʢ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʠʢʠʜʽʚ. ɰʭ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʫ ʛʽʨʩʴʢʠʭ ʜʦʣʠʥʘʭ ʧʨʦʷʚʣʷʶʪʴ ʟʥʘʯʥʫ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʯʝʨʝʟ ʟʘʩʪʽʡʥʽ ʷʚʠʱʘ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʽ 

ʽʥʚʝʨʩʽʾ. ʆʢʩʠʜʠ ʘʟʦʪʫ ʧʦʚôʷʟʘʥʽ ʧʝʨʝʚʘʞʥʦ ʟ ʪʨʘʥʩʧʦʨʪʥʠʤ ʩʝʢʪʦʨʦʤ, ʘ ʾʭ ʤʘʢʩʠʤʫʤʠ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʟʜʦʚʞ ʛʦʣʦʚʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʨʠʜʦʨʽʚ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ, ʗʨʝʤʯʝ ʪʘ 

ʂʦʩʦʚʘ [2]. ɼʽʦʢʩʠʜ ʩʽʨʢʠ ʧʽʜʚʠʱʫʻʪʴʩʷ ʫ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʯʝʨʝʟ ʽʥʪʝʥʩʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʚ ʧʨʠʚʘʪʥʦʤʫ ʩʝʢʪʦʨʽ, ʘ CO ʧʝʨʝʚʘʞʘʻ ʫ ʣʦʢʘʣʴʥʠʭ ʟʦʥʘʭ ʥʝʧʦʚʥʦʛʦ 

ʟʛʦʨʷʥʥʷ. ʆʟʦʥ, ʥʘʚʧʘʢʠ, ʧʨʦʷʚʣʷʻ ʣʽʪʥʽ ʧʽʢʠ ʟʘʚʜʷʢʠ ʬʦʪʦʭʽʤʽʯʥʠʤ ʨʝʘʢʮʽʷʤ ʫ ʪʨʦʧʦʩʬʝʨʽ. 

ʇʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʨʦʟʧʦʜʽʣ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʻʜʥʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʽ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ. ʈʝʣʴʻʬ ʂʘʨʧʘʪ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʦʛʦ 

ʧʦʚʽʪʨʷ ʫ ʜʦʣʠʥʘʭ ʪʘ ʫʱʝʣʠʥʘʭ, ʪʦʜʽ ʷʢ ʩʭʠʣʠ ʩʧʨʠʷʶʪʴ ʢʨʘʱʦʤʫ ʨʦʟʩʽʶʚʘʥʥʶ. ʂʣʽʤʘʪʠʯʥʽ 

ʫʤʦʚʠ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʣʦʛʽʩʪʴ, ʥʘʧʨʷʤ ʚʽʪʨʫ ï ʬʦʨʤʫʶʪʴ ʜʦʙʦʚʽ ʪʘ ʩʝʟʦʥʥʽ ʢʦʣʠʚʘʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʡ. ɺʟʠʤʢʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʤʘʢʩʠʤʫʤʠ PM2.5, PM10, SO  ʽ CO ʯʝʨʝʟ 

ʦʧʘʣʶʚʘʣʴʥʠʡ ʩʝʟʦʥ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʽ ʽʥʚʝʨʩʽʾ, ʪʦʜʽ ʷʢ ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʟʨʦʩʪʘʶʪʴ ʨʽʚʥʽ O . 

ɼʦʙʦʚʽ ʢʦʣʠʚʘʥʥʷ ʚʽʜʦʙʨʘʞʘʶʪʴ ʪʨʘʥʩʧʦʨʪʥʫ ʘʢʪʠʚʥʽʩʪʴ: ʨʘʥʢʦʚʽ ʪʘ ʚʝʯʽʨʥʽ ʧʽʢʦʚʽ ʛʦʜʠʥʠ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ NO  ʪʘ CO, ʪʦʜʽ ʷʢ ʫ ʜʝʥʥʠʡ ʯʘʩ ʢʦʥʮʝʥʪʨʘʮʽʾ ʯʘʩʪʢʦʚʦ 

ʟʥʠʞʫʶʪʴʩʷ ʟʘʚʜʷʢʠ ʽʥʪʝʥʩʠʚʥʽʡ ʚʝʨʪʠʢʘʣʴʥʽʡ ʮʠʨʢʫʣʷʮʽʾ [2,3]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʜʣʷ ʯʦʪʠʨʴʦʭ ʪʠʧʦʚʠʭ ʫʨʙʦʝʢʦʩʠʩʪʝʤ: ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ, 

ʗʨʝʤʯʝ, ʂʦʩʦʚʘ ʪʘ ʉʢʦʣʝ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ ʷʢ ʚʝʣʠʢʝ ʧʝʨʝʜʛʽʨʩʴʢʝ ʤʽʩʪʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʠʩʦʢʦʶ ʪʨʘʥʩʧʦʨʪʥʦʶ ʘʢʪʠʚʥʽʩʪʶ, ʟʥʘʯʥʠʤ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ ʪʚʝʨʜʠʤʠ ʯʘʩʪʢʘʤʠ ʪʘ 

ʦʢʩʠʜʘʤʠ ʘʟʦʪʫ ʫ ʮʝʥʪʨʘʣʴʥʠʭ ʨʘʡʦʥʘʭ. ʗʨʝʤʯʝ ʪʘ ʉʢʦʣʝ ï ʛʽʨʩʴʢʽ ʢʫʨʦʨʪʥʽ ʮʝʥʪʨʠ ï 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʩʝʟʦʥʥʫ ʜʠʥʘʤʽʢʫ ʟʘʙʨʫʜʥʝʥʥʷ, ʟʫʤʦʚʣʝʥʫ ʪʫʨʠʩʪʠʯʥʠʤʠ ʧʦʪʦʢʘʤʠ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʤʽʢʨʦʢʣʽʤʘʪʫ. ʂʦʩʽʚ ʧʦʻʜʥʫʻ ʨʠʩʠ ʧʝʨʝʜʛʽʨʩʴʢʦʾ ʪʘ ʩʝʨʝʜʥʴʦʛʽʨʩʴʢʦʾ 

ʫʨʙʘʥʽʟʦʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ, ʜʝ ʦʧʘʣʝʥʥʷ ʧʨʠʚʘʪʥʦʛʦ ʩʝʢʪʦʨʫ ʽ ʪʨʘʥʩʧʦʨʪʥʽ ʚʠʢʠʜʠ ʬʦʨʤʫʶʪʴ 

ʣʦʢʘʣʴʥʽ çʛʘʨʷʯʽ ʪʦʯʢʠè ʟʘʙʨʫʜʥʝʥʥʷ. 

ʄʦʥʽʪʦʨʠʥʛ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʜʝʨʞʘʚʥʠʭ ʤʝʨʝʞ 

ʩʧʦʩʪʝʨʝʞʝʥʴ, ʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ Sentinel-5P ʪʘ MODIS, ʤʦʙʽʣʴʥʠʭ ʤʘʨʰʨʫʪʽʚ ʽ 
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ʣʦʢʘʣʴʥʠʭ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ, GIS-

ʘʥʘʣʽʪʠʢʘ, ʧʨʦʩʪʦʨʦʚʽ ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʩʽʶʚʘʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ (AERMOD, 

CALPUFF). ʎʝ ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ ʩʪʽʡʢʽ ʧʨʦʩʪʦʨʦʚʽ ʪʘ ʯʘʩʦʚʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ ʦʮʽʥʠʪʠ 

ʨʦʣʴ ʧʨʠʨʦʜʥʠʭ ʽ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʯʠʥʥʠʢʽʚ [4]. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʡʙʽʣʴʰʽ ʢʦʥʮʝʥʪʨʘʮʽʾ PM2.5 ʽ PM10 ʭʘʨʘʢʪʝʨʥʽ 

ʜʣʷ ʟʠʤʦʚʦʛʦ ʧʝʨʽʦʜʫ ʽ ʟʦʩʝʨʝʜʞʝʥʽ ʫ ʜʦʣʠʥʘʭ ʽʟ ʱʽʣʴʥʦʶ ʟʘʙʫʜʦʚʦʶ. NO  ʪʘ CO ʬʦʨʤʫʶʪʴ 

ʣʽʥʽʡʥʽ ʟʦʥʠ ʧʽʜʚʠʱʝʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʟʜʦʚʞ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ, ʘ ʦʟʦʥ ʧʝʨʝʚʘʞʘʻ 

ʫ ʚʠʩʦʢʦʛʽʨʥʠʭ ʨʘʡʦʥʘʭ ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ. ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʽʜʪʚʝʨʜʠʚ ʚʠʩʦʢʫ ʢʦʨʝʣʷʮʽʶ 

ʤʽʞ ʪʨʘʥʩʧʦʨʪʥʠʤ ʪʨʘʬʽʢʦʤ ʽ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ NO  ʪʘ CO, ʘ ʪʘʢʦʞ ʧʦʤʽʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʨʽʚʥʽʚ 

PM2.5 ʽ SO  ʚʽʜ ʧʦʙʫʪʦʚʦʛʦ ʦʧʘʣʝʥʥʷ ʧʨʠʚʘʪʥʦʛʦ ʩʝʢʪʦʨʫ. ɿʝʣʝʥʽ ʟʦʥʠ ʪʘ ʣʽʩʦʚʽ ʤʘʩʠʚʠ 

ʚʠʷʚʠʣʠʩʷ ʝʬʝʢʪʠʚʥʠʤʠ ʧʨʠʨʦʜʥʠʤʠ ʬʽʣʴʪʨʘʤʠ, ʦʜʥʘʢ ʾʭʥʷ ʧʣʦʱʘ ʚ ʤʝʞʘʭ ʫʨʙʦʝʢʦʩʠʩʪʝʤ 

ʯʘʩʪʦ ʥʝʜʦʩʪʘʪʥʷ ʜʣʷ ʽʩʪʦʪʥʦʛʦ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ. 

ʅʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧʣʝʢʩ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. ʉʝʨʝʜ ʢʣʶʯʦʚʠʭ ʟʘʭʦʜʽʚ ï ʨʦʟʰʠʨʝʥʥʷ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ, 

ʦʧʪʠʤʽʟʘʮʽʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʨʦʟʚʠʪʦʢ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ, 

ʨʝʛʫʣʶʚʘʥʥʷ ʩʝʟʦʥʥʦʾ ʪʫʨʠʩʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʨʦʟʰʠʨʝʥʥʷ ʟʝʣʝʥʠʭ ʟʦʥ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʬʽʣʴʪʨʽʚ ʫʟʜʦʚʞ ʪʨʘʥʩʧʦʨʪʥʠʭ ʘʨʪʝʨʽʡ ʽ ʚ ʜʦʣʠʥʘʭ ʤʽʩʪ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʽʥʪʝʛʨʦʚʘʥʦʤʫ ʧʣʘʥʫʚʘʥʥʶ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʠʨʦʜʥʦʾ 

ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʨʝʣʴʻʬʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʽʥʬʦʨʤʫʚʘʥʥʶ ʥʘʩʝʣʝʥʥʷ ʧʨʦ ʝʢʦʣʦʛʽʯʥʽ 

ʨʠʟʠʢʠ ʪʘ ʤʝʪʦʜʠ ʾʭ ʟʥʠʞʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫʨʙʦʝʢʦʩʠʩʪʝʤʠ ʂʘʨʧʘʪʩʴʢʦʛʦ ʨʝʛʽʦʥʫ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʩʪʘʥʽ ʧʦʤʽʨʥʦʛʦ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʧʦʩʠʣʶʻʪʴʩʷ ʩʝʟʦʥʥʠʤʠ ʪʘ ʜʦʙʦʚʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ, 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʝʣʴʻʬʫ ʪʘ ʥʝʧʨʦʧʦʨʮʽʡʥʠʤ ʨʦʟʚʠʪʢʦʤ ʪʨʘʥʩʧʦʨʪʥʦʾ ʡ ʪʫʨʠʩʪʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʇʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʘʥʘʣʽʟ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʜʦʟʚʦʣʷʻ ʥʝ 

ʣʠʰʝ ʦʮʽʥʠʪʠ ʧʦʪʦʯʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ, ʘ ʡ ʩʬʦʨʤʫʚʘʪʠ ʦʩʥʦʚʫ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ 

ʝʢʦʣʦʛʽʯʥʦʾ ʧʦʣʽʪʠʢʠ, ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʽʚ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʂʘʨʧʘʪʩʴʢʦʛʦ ʨʝʛʽʦʥʫ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɼɽʅɼʈʆʌʃʆʈʀ ɻʆʈʀ ʏʋʈʀʂɯɺ (ʂɸʃʋʉʔʂʀʁ ʈɸʁʆʅ) 

 

ɺʽʨʩʪʘ ɺʽʢʪʦʨʽʷ ɺʘʩʠʣʽʚʥʘ, ʩʪʫʜʝʥʪʢʘ 4 ʢʫʨʩʫ 

ʂʘʥʜʠʜʘʪ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ɻʥʻʟʜʽʣʦʚʘ ɺʽʢʪʦʨʽʷ ɯʛʦʨʽʚʥʘ 

ʂʘʨʧʘʪʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʝʬʘʥʠʢʘ 

 

ɻʦʨʘ ʏʫʨʠʢʽʚ, ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʂʘʣʫʩʴʢʦʤʫ ʨʘʡʦʥʽ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʻ 

ʤʘʣʦʜʦʩʣʽʜʞʝʥʠʤ ʙʦʪʘʥʽʯʥʠʤ ʦʙôʻʢʪʦʤ. ɸʥʘʣʽʟ ʤʽʩʮʝʚʦʾ ʜʝʥʜʨʦʬʣʦʨʠ ʜʘʻ ʟʤʦʛʫ ʥʝ ʣʠʰʝ 

ʦʮʽʥʠʪʠ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʨʦʩʣʠʥʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʦʢʨʝʩʣʠʪʠ ʧʝʨʩʧʝʢʪʠʚʠ ʦʭʦʨʦʥʠ ʪʘ ʰʣʷʭʠ 

ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ʊʝʨʠʪʦʨʽʷ ʛʦʨʠ ʏʫʨʠʢʽʚ, ʧʦʧʨʠ ʩʚʦʾ ʮʽʥʥʽ ʧʨʠʨʦʜʥʽ ʨʝʩʫʨʩʠ, ʟʘʟʥʘʻ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʟʤʽʥ ʢʣʽʤʘʪʫ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʟʘʛʨʦʟ ï ʚʠʨʫʙʢʘ ʣʽʩʽʚ 

ʫ ʧʨʠʣʝʛʣʠʭ ʜʦ ʛʦʨʠ ʜʽʣʷʥʢʘʭ, ʧʨʦʢʣʘʜʘʥʥʷ ʜʦʨʽʛ ʽ ʪʫʨʠʩʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ, ʱʦ ʩʧʨʠʷʶʪʴ 

ʝʨʦʟʽʡʥʠʤ ʧʨʦʮʝʩʘʤ ʽ ʨʫʡʥʫʚʘʥʥʶ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. 

ɿʨʦʩʪʘʥʥʷ ʪʫʨʠʩʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʭʦʯʘ ʡ ʤʘʻ ʚʘʞʣʠʚʝ ʨʝʢʨʝʘʮʽʡʥʝ ʟʥʘʯʝʥʥʷ, 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʪʦʧʪʫʚʘʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ, ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʽ ʧʦʨʫʰʝʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʤʽʩʮʝʚʠʭ ʬʣʦʨʠʩʪʠʯʥʠʭ ʫʛʨʫʧʦʚʘʥʴ. ʊʘʢʦʞ ʟʤʽʥʠ ʢʣʽʤʘʪʠʯʥʠʭ 

ʫʤʦʚ, ʟʦʢʨʝʤʘ ʯʘʩʪʽ ʧʦʩʫʭʠ ʪʘ ʘʥʦʤʘʣʴʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʢʦʣʠʚʘʥʥʷ, ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʨʦʩʣʠʥʥʠʡ ʧʦʢʨʠʚ ʛʦʨʠ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʙʫʣʦ ʟʽʙʨʘʥʦ ʪʘ ʦʧʨʘʮʴʦʚʘʥʦ ʟʥʘʯʥʠʡ ʦʙʩʷʛ ʣʽʪʝʨʘʪʫʨʥʠʭ ʧʨʘʮʴ 

ʟ ʙʦʪʘʥʽʢʠ, ʬʣʦʨʠʩʪʠʢʠ ʪʘ ʝʢʦʣʦʛʽʾ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʪʘʣʠ ʦʩʥʦʚʦʶ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʦʮʽʥʢʠ ʾʾ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ. 

ʇʨʠ ʚʠʚʯʝʥʥʽ ʜʝʥʜʨʦʬʣʦʨʠ ʛʦʨʠ ʏʫʨʠʢʽʚ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʤʘʨʰʨʫʪʥʠʡ ʤʝʪʦʜ ʽʟ 

ʟʘʢʣʘʜʢʦʶ ʪʠʤʯʘʩʦʚʠʭ ʧʨʦʬʽʣʴʥʠʭ ʣʽʥʽʡ. ɹʫʣʦ ʧʨʦʢʣʘʜʝʥʦ ʪʨʠ ʤʘʨʰʨʫʪʠ, ʥʘ ʢʦʞʥʦʤʫ ʟ 

ʷʢʠʭ ʧʨʦʚʦʜʠʣʠ: ʩʢʣʘʜʘʥʥʷ ʩʧʠʩʢʫ ʯʘʛʘʨʥʠʢʦʚʠʭ ʽ ʜʝʨʝʚʥʠʭ ʨʦʩʣʠʥ; ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ 

ʟʫʩʪʨʽʯʘʣʥɹʦʩʪʽ ʚʠʜʽʚ ʦʢʦʤʽʨʥʠʤ ʤʝʪʦʜʦʤ; ʘʥʘʣʽʟ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʦʟʥʘʢ ʨʦʩʣʠʥ, ʾʭ ʞʠʪʪʻʚʠʭ 

ʬʦʨʤ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʟʨʦʩʪʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʩʭʠʣʘʭ. 

ʋ ʤʝʞʘʭ ʛʦʨʠ ʏʫʨʠʢʽʚ ʚʠʷʚʣʝʥʦ 46 ʚʠʜʽʚ ʜʝʨʝʚʥʠʭ ʨʦʩʣʠʥ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ 32 ʨʦʜʽʚ ʪʘ 

ʦʙôʻʜʥʫʶʪʴʩʷ ʫ 18 ʨʦʜʠʥ.  

ʅʘʡʙʽʣʴʰʦʶ ʚʠʜʦʚʦʶ ʯʠʩʝʣʴʥʽʩʪʶ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʦʜʠʥʘ Rosaceae ï 6 ʧʨʝʜʩʪʘʚʥʠʢʽʚ 

(13,05 %), ʩʝʨʝʜ ʷʢʠʭ Crataegus monogyna, Padus avium, Cerasus avium, Sorbus aucupariʘ, 

Spiraea media, Rosa canina. ɺʽʜʥʦʩʥʦ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʥʘʣʽʯʫʶʪʴ Betulaceae ʽ Salicaceae ï 

ʧʦ 5 ʚʠʜʽʚ (10,87 %), ʘ ʪʘʢʦʞ Pinaceae ʪʘ Ericaceae ï ʧʦ 4 ʚʠʜʠ (8,7 %). ɼʝʱʦ ʥʠʞʯʠʡ 

ʚʽʜʩʦʪʦʢ ï 6,52 % ʤʘʶʪʴ Fagaceae ʽ Ulmaceae. ʇôʷʪʴ ʨʦʜʠʥ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʚʦʤʘ ʚʠʜʘʤʠ (4,35 

%), ʘ ʨʝʰʪʘ ʥʘʣʽʯʫʶʪʴ ʧʦ ʦʜʥʦʤʫ (2,17 %).  

ɸʥʘʣʦʛʽʯʥʽ ʜʘʥʽ ʱʦʜʦ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʝʥʜʨʦʬʣʦʨʠ ʛʦʨʠ ʏʫʨʠʢʽʚ ʚʽʜʦʙʨʘʞʝʥʽ 

ʥʘ ʨʠʩʫʥʢʫ 1. 

 
ʈʠʩʫʥʦʢ 1. ʉʠʩʪʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʜʝʥʜʨʦʬʣʦʨʠ ʛʦʨʠ ʏʫʨʠʢʽʚ 

ʆʩʥʦʚʫ ʜʝʥʜʨʦʬʣʦʨʠ ʩʢʣʘʜʘʶʪʴ ʣʠʩʪʷʥʽ ʜʝʨʝʚʘ ʽ ʢʫʱʽ ï ʧʦ 19 ʚʠʜʽʚ (41,31 %), ʱʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʣʽʩʦʚʠʭ ʝʢʦʩʠʩʪʝʤ ʂʘʨʧʘʪ. ʍʚʦʡʥʽ ʜʝʨʝʚʘ ʩʪʘʥʦʚʣʷʪʴ 8,7 %, ʚ ʪʦʡ ʯʘʩ, ʷʢ 

ʭʚʦʡʥʽ ʢʫʱʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʣʠʰʝ ʦʜʥʠʤ ʚʠʜʦʤ ï Juniperus sibirica (2,17 %). ɯʥʰʽ ʞʠʪʪʻʚʽ 
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͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ʬʦʨʤʠ (ʩʣʘʥʢʽ ʢʫʱʽ, ʣʽʘʥʠ) ʪʨʘʧʣʷʶʪʴʩʷ ʧʦʦʜʠʥʦʢʦ ʽ ʩʪʘʥʦʚʣʷʪʴ ʥʝ ʙʽʣʴʰʝ 6,51 %. 

ʇʝʨʝʚʘʞʘʥʥʷ ʜʝʨʝʚʥʦ-ʯʘʛʘʨʥʠʢʦʚʠʭ ʬʦʨʤ ʚʢʘʟʫʻ ʥʘ ʩʬʦʨʤʦʚʘʥʫ ʣʽʩʦʚʫ ʷʨʫʩʥʽʩʪʴ. 

ɺʽʜʩʦʪʢʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʞʠʪʪʻʚʠʭ ʬʦʨʤ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. 

 
ʈʠʩʫʥʦʢ 2. ɺʽʜʩʦʪʢʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʞʠʪʪʻʚʠʭ ʬʦʨʤ 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʬʽʢʩʘʮʽʾ ʯʘʩʪʦʪʠ ʪʨʘʧʣʷʥʥʷ ʜʦʩʣʽʜʞʝʥʠʭ ʜʝʨʝʚʥʠʭ ʚʠʜʽʚ ʩʬʦʨʤʦʚʘʥʦ 

ʪʘʙʣʠʮʶ 1. 

 

ʊʘʙʣʠʮʷ 1 - ʏʘʩʪʦʪʘ ʪʨʘʧʣʷʥʥʷ ʚʠʜʽʚ 

 

ʄʘʣʦʧʦʰʠʨʝʥʽ ʧʨʝʜʩʪʘʚʥʠʢʠ ʜʝʥʜʨʦʬʣʦʨʠ ʛʦʨʠ ʏʫʨʠʢʽʚ, ʟʦʢʨʝʤʘ Rhododendron 

myrtifolium, Salix herbacea ʪʘ ʽʥʰʽ, ʤʘʶʪʴ ʚʘʞʣʠʚʝ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʝ ʟʥʘʯʝʥʥʷ. ɰʭ 

ʟʙʝʨʝʞʝʥʥʷ ʻ ʢʣʶʯʦʚʠʤ ʯʠʥʥʠʢʦʤ ʧʽʜʪʨʠʤʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʠʩʦʢʦʛʽʨʥʠʭ 

ʂʘʨʧʘʪ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1. ɸʙʜʫʣʦʻʚʘ ʆ.ʉ., ʉʦʣʦʤʘʭʘ ɺ.ɸ. ʌʽʪʦʮʝʥʦʣʦʛʽʷ ï ʂʠʾʚ: ʌʽʪʦʩʦʮʽʦʮʝʥʪʨ, 2011. - 450ʩ. 

2. ɿʘʷʯʫʢ ɺ. ʗ. ɼʝʥʜʨʦʣʦʛʽʷ. ʇʽʜʨʫʯʥʠʢ / ɺ. ʗ. ɿʘʷʯʫʢ. ï ʃʴʚʽʚ: ɸʧʨʽʦʨʽ, 2008. ï 656 ʩ. 

3. ʂʘʣʽʥʽʯʝʥʢʦ ʆ. ɸ. ɼʝʢʦʨʘʪʠʚʥʘ ʜʝʥʜʨʦʣʦʛʽʷ / ʆ.ɸ. ʂʘʣʽʥʽʯʝʥʢʦ. ï ʂʠʾʚ: ɺʠʱʘ ʰʢʦʣʘ, 

2003. ï 198 ʩ. 

 

ɿɸɹʈʋɼʅɽʅʅʗ ˆʈʋʅʊɯɺ ʅɸɺʂʆʃʆ ɹʋʈʐʊʀʅʉʔʂʆɰ ʊɽʉ  

 

ɺʦʣʦʯʽʡ ʖʨʽʡ ɸʥʪʦʥʦʚʠʯ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ 

ɼʦʮʝʥʪ, ʟʘʚ̔ʜʫʚʘʯʢʘ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʆʨʬʘʥʦʚʘ ʄʘʨʽʷ ʄʠʭʘʡʣʽʚʥʘ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 
ɹʫʨʰʪʠʥʩʴʢʘ ʪʝʧʣʦʚʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷ - ʦʜʥʘ ʟ ʥʘʡʙʽʣʴʰʠʭ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʫ 

ʏʘʩʪʦʪʘ ʪʨʘʧʣʷʥʥʷ ʂʽʣʴʢʽʩʪʴ ʚʠʜʽʚ % ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʩʢʣʘʜʫ 

ɼʫʞʝ ʯʘʩʪʦ 6 13,05 % 

ʏʘʩʪʦ 19 41,31 % 

ɿʨʽʜʢʘ 15 32,59 % 

ʇʦʦʜʠʥʦʢʦ 6 13,05 % 
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͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ʟʘʭʽʜʥʦʤʫ ʨʝʛʽʦʥʽ ʋʢʨʘʾʥʠ. ʊɽʉ ʻ ʢʦʤʧʣʝʢʩʥʠʤ ʟʘʙʨʫʜʥʶʚʘʯʝʤ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɺ ʫʤʦʚʘʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʦʙʣʠʟʫ ʊɽʉ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ 

ʧʘʣʴʥʦʛʦ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʡʦʛʦ ʩʧʘʣʶʚʘʥʥʷ, ʨʦʙʦʪʠ ʧʠʣʦʚʣʦʚʣʶʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʧʨʠʩʪʨʦʾʚ 

ʜʣʷ ʝʚʘʢʫʘʮʽʾ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʦʨʛʘʥʽʟʘʮʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʽʥʰʠʭ 

ʫʤʦʚ, ʱʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʦʨʛʘʥʽʟʘʮʽʻʶ ʨʦʙʦʪʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ. 

ˆʨʫʥʪ - ʮʝ ʩʧʝʮʠʬʽʯʥʠʡ ʢʦʤʧʦʥʝʥʪ ʙʽʦʩʬʝʨʠ, ʷʢʠʡ ʟʜʘʪʝʥ ʥʝ ʣʠʰʝ ʘʢʫʤʫʣʶʚʘʪʠ ʚʝʩʴ 

ʩʧʝʢʪʨ ʟʘʙʨʫʜʥʶʚʘʯʽʚ, ʘʣʝ ʡ ʚʠʩʪʫʧʘʪʠ ʧʨʠʨʦʜʥʠʤ ʙʫʬʝʨʦʤ. ʇʨʠ ʮʴʦʤʫ, ʪʨʠʚʘʣʽʩʪʴ 

ʧʝʨʝʙʫʚʘʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ˇʨʫʥʪʘʭ ʻ ʟʥʘʯʥʦ ʙʽʣʴʰʦʶ, ʥʽʞ ʚ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʘʭ 

ʙʽʦʩʬʝʨʠ. ˆʨʫʥʪʠ ʚʠʢʦʥʫʶʪʴ ʛʣʦʙʘʣʴʥʦ-ʝʢʦʣʦʛʽʯʥʫ ʬʫʥʢʮʽʶ ʧʨʠʨʦʜʥʦʛʦ ʬʽʣʴʪʨʘ ʜʣʷ 

ʪʝʭʥʦʛʝʥʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ. 

ʆʩʥʦʚʥʠʤʠ ʟʘʙʨʫʜʥʶʚʘʯʘʤʠ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʻ ʪʚʝʨʜʽ ʚʽʜʭʦʜʠ: ʟʦʣʘ ʪʘ ʰʣʘʢ. ʐʣʘʢ 

ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʟʛʦʨʘʥʥʷ ʧʘʣʠʚʘ ʚ ʢʘʤʝʨʘʭ ʩʧʘʣʶʚʘʥʥʷ ʢʦʪʣʽʚ, ʘ ʧʦʪʽʤ 

ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʥʘ ʰʣʘʢʦʚʽʜʚʘʣ. ɿʦʣʘ ʚʽʜʦʢʨʝʤʣʶʻʪʴʩʷ ʚʽʜ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʢʦʪʣʽʚ ʫ 

ʝʣʝʢʪʨʦʬʽʣʴʪʨʘʭ ʽ ʚʠʚʦʜʠʪʴʩʷ ʫ ʤʦʢʨʦʤʫ ʽ ʩʫʭʦʤʫ ʚʠʛʣʷʜʽ. ʉʫʭʘ ʟʦʣʘ ʧʦʩʪʫʧʘʻ ʚ ʧʠʣʦʩʦʩʠ 

ʩʫʭʦʾ ʟʦʣʠ, ʘ ʟʦʣʴʥʘ ʧʫʣʴʧʘ ʧʝʨʝʢʘʯʫʻʪʴʩʷ ʥʘ ʟʦʣʦʚʽʜʚʘʣ. ʅʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʜʽʻ ʛʽʜʨʘʚʣʽʯʥʘ 

ʩʠʩʪʝʤʘ ʚʠʜʘʣʝʥʥʷ ʰʣʘʢʫ, ʘ ʪʘʢʦʞ ʧʦʚʽʪʨʷʥʘ ʽ ʛʽʜʨʘʚʣʽʯʥʘ ʩʠʩʪʝʤʘ ʚʠʜʘʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ 

ʩʫʭʦʾ ʽ ʤʦʢʨʦʾ ʟʦʣʠ. ɺʦʜʦʩʧʦʞʠʚʘʥʥʷ ʛʽʜʨʦʚʠʜʘʣʝʥʥʷ ʻ ʟʚʦʨʦʪʥʽʤ. ʇʦʜʘʯʘ ʟʦʣʴʥʦʾ ʧʫʣʴʧʠ ʥʘ 

ʟʦʣʦʚʽʜʚʘʣ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʚʦʤʘ ʰʣʘʤʦʚʠʤʠ ʥʘʩʦʩʥʠʤʠ ʩʪʘʥʮʽʷʤʠ, ʘ ʧʦʜʘʯʘ ʰʣʘʢʦʚʦʾ ʧʫʣʴʧʠ 

ʥʘ ʰʣʘʢʦʚʽʜʚʘʣ - ʧ'ʷʪʴʤʘ ʙʘʯʝʨʥʠʤʠ ʥʘʩʦʩʥʠʤʠ ʩʪʘʥʮʽʷʤʠ. ʂʨʘʪʥʽʩʪʴ ʨʦʟʚʝʜʝʥʥʷ ʟʦʣʦʚʦʾ 

ʧʫʣʴʧʠ - 20, ʰʣʘʢʦʚʦʾ - ʚʽʜ 20 ʜʦ 30. 

ʅʘʚʢʦʣʦ ʟʦʣʦʰʣʘʢʦʚʽʜʚʘʣʽʚ ʫʪʚʦʨʶʶʪʴʩʷ ʛʝʦʭʽʤʽʯʥʽ ʘʥʦʤʘʣʽʾ, ʚʥʘʩʣʽʜʦʢ ʬʽʣʴʪʨʘʮʽʾ 

ʨʝʯʦʚʠʥ ʯʝʨʝʟ ʪʽʣʦ ʚʽʜʚʘʣʫ ʧʽʜ ʜʽʻʶ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ. ʋ ˇʨʫʥʪʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʘʡʦʥʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʛʨʦʤʘʜʞʝʥʥʷ Hg, As, Pb, Zn, Cu ï ʾʭ ʢʣʘʨʢ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 1 ʜʦ 

7, ʽʥʦʜʽ ʧʝʨʝʚʠʱʫʶʯʠ ɻɼʂ ʫ ʢʽʣʴʢʘ ʨʘʟʽʚ. ʇʨʠ ʮʴʦʤʫ ˇʨʫʥʪʠ ʟʙʽʜʥʝʥʽ ʥʘ Cd, Cr, Sr, V. ɼʣʷ 

ʨʝʰʪʠ ʝʣʝʤʝʥʪʽʚ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʢʣʘʨʢʦʚʦʛʦ ʨʽʚʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ ʜʦʧʫʩʪʠʤʦʛʦ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ. ʈʦʟʧʦʜʽʣ V, As, Cu, Pb, Zn ʧʦ ʫʩʽʭ ʛʝʥʝʪʠʯʥʠʭ ʪʠʧʘʭ ˇʨʫʥʪʽʚ 

ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʽ. 

ˆʨʫʥʪʦʚʠʡ ʧʦʢʨʠʚ ʥʘʚʢʦʣʦ ɹʫʨʰʪʠʥʩʴʢʦʾ ʊɽʉ ʟʘʙʨʫʜʥʝʥʠʡ ʪʦʢʩʠʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, 

ʷʢʽ ʧʦʰʠʨʶʶʪʴʩʷ ʟʘ ʥʘʧʨʷʤʘʤʠ ʧʘʥʽʚʥʠʭ ʚʽʪʨʽʚ. ʊʘʢ, ʟʘ ʩʝʨʝʜʥʽʤʠ ʜʘʥʠʤʠ ʫ ʧʨʦʙʘʭ ˇʨʫʥʪʽʚ 

ʾʭ ʚʤʽʩʪ ʥʘ ʨʽʟʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ɹʫʨʰʪʠʥʩʴʢʦʾ ʊɽʉ ʥʝʦʜʥʘʢʦʚʠʡ. ɺʘʣʦʚʠʡ ʚʤʽʩʪ ʤʽʜʽ ʚ ˇʨʫʥʪʘʭ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʥʘ ʚʽʜʩʪʘʥʽ 3 ʢʤ ʚʽʜ ʊɽʉ. ɺʤʽʩʪ ʩʚʠʥʮʶ ʫ ˇʨʫʥʪʽ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 5 ʢʤ 

ʚʽʜ ʊɽʉ ʽ ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ ʫʪʨʠʤʫʻʪʴʩʷ ʜʦ 15 ʢʤ (73,9% ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ 

ʚʽʜʩʪʘʥʽ 3 ʢʤ ʚʽʜ ʊɽʉ). ɺʤʽʩʪ ʢʦʙʘʣʴʪʫ ʫ ʧʨʦʙʘʭ ˇʨʫʥʪʫ ʚ ʟʦʥʽ ʚʠʢʠʜʽʚ ʧʝʨʝʙʫʚʘʚ ʥʘ ʦʜʥʦʤʫ 

ʨʽʚʥʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʩʪʘʥʽ. ʇʽʜʚʠʱʝʥʫ ʢʽʣʴʢʽʩʪʴ ʥʽʢʝʣʶ ʚʽʜʤʽʯʝʥʦ ʥʘ ʨʽʟʥʠʭ ʚʽʜʩʪʘʥʷʭ ʚʽʜ 

ʊɽʉ, ʤʘʢʩʠʤʘʣʴʥʘ ï ʥʘ ʚʽʜʩʪʘʥʽ 8 ʢʤ ʟʘ ʥʘʧʨʷʤʢʦʤ ʧʘʥʽʚʥʠʭ ʚʽʪʨʽʚ. 

ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʢʫʣʴʪʫʨʠ ʥʝʦʜʥʘʢʦʚʦ ʟʜʘʪʥʽ ʥʘʢʦʧʠʯʫʚʘʪʠ ʪʦʢʩʠʢʘʥʪʠ. ʋ 

ʜʽʘʧʘʟʦʥʽ ʬʦʥʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ˇʨʫʥʪʘʭ, ʨʦʩʣʠʥʠ ʧʦʛʣʠʥʘʶʪʴ ʫʩʽ 

ʜʦʩʪʫʧʥʽ ʜʣʷ ʥʠʭ ʬʦʨʤʠ ʩʧʦʣʫʢ. ʋ ʮʴʦʤʫ ʨʘʟʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʤʦʞʫʪʴ 

ʟʘʣʠʰʘʪʠʩʷ ʥʘ ʧʝʚʥʦʤʫ ʨʽʚʥʽ ʥʘʚʽʪʴ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʾʭ ʚʤʽʩʪʫ ʫ ˇʨʫʥʪʽ. 

ɯʟ ʚʽʜʜʘʣʝʥʥʷʤ ʚʽʜ ʦʙ'ʻʢʪʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚʤʽʩʪ ʤʽʜʽ, ʩʚʠʥʮʶ, ʥʽʢʝʣʶ ʫ ʨʽʟʥʦʪʨʘʚ'ʾ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʩʪʨʦʥʮʽʶ - ʟʤʝʥʰʫʻʪʴʩʷ. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʤʽʜʽ ʫ ʨʽʟʥʦʪʨʘʚ'ʾ ʚʠʷʚʣʝʥʦ 

ʥʘ ʚʽʜʩʪʘʥʽ ʜʦ 3 ʢʤ, ʩʚʠʥʝʮʴ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʫ ʨʽʟʥʦʪʨʘʚ'ʾ ʥʘʡʙʽʣʴʰʝ ʽ ʤʘʢʩʠʤʘʣʴʥʝ ʡʦʛʦ 

ʟʥʘʯʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʚʽʜʩʪʘʥʽ ʜʦ 2 ʢʤ, ʥʽʢʝʣʶ - ʜʦ 8 ʢʤ, ʮʠʥʢʫ - ʜʦ 4 ʢʤ. ʅʘ ʚʽʜʜʘʣʽ ʜʦ 12 

ʢʤ ʚʽʜ ʦʙ'ʻʢʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʤʽʪʠʣʘʩʴ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʤʝʥʰʝʥʥʶ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ 

ʨʦʩʣʠʥʘʭ. 
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ɸɺʊʆʄɸʊʀɿʆɺɸʅɸ ʉʀʉʊɽʄɸ ɺʀʄɯʈʖɺɸʅʅʗ ʅɽɹɽɿʇɽʏʅʀʍ 

ɸʅʊʈʆʇʆɻɽʅʅʀʍ ʇʈʆʎɽʉɯɺ ɼʃʗ ɺʀʈɯʐɽʅʅʗ ʆʇɽʈɸʊʀɺʅʀʍ 

ɽʂʆʃʆɻɯʏʅʀʍ ɿɸʍʆɼɯɺ 

 

ɺʦʨʦʙʡʦʚ ʉʪʘʥʽʩʣʘʚ ʂʦʩʪʷʥʪʠʥʦʚʠʯ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ 

ɼʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ɿʦʨʽʥ ɼʝʥʠʩ ʆʣʝʢʩʽʡʦʚʠʯ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ɸʥʦʪʘʮʽʷ 
ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʥʝʙʝʟʧʝʯʥʠʭ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʤʘʶʪʴ ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ, ʨʦʟʨʦʙʣʝʥʦʛʦ ʥʘ ʙʘʟʽ 

ʬʨʝʡʤʚʦʨʢʫ Flutter, ʜʣʷ ʰʚʠʜʢʦʛʦ ʟʙʦʨʫ, ʧʝʨʝʜʘʯʽ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʧʨʦ ʝʢʦʣʦʛʽʯʥʽ 

ʽʥʮʠʜʝʥʪʠ, ʟʦʢʨʝʤʘ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ, ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. ʆʧʠʩʘʥʦ 

ʘʨʭʽʪʝʢʪʫʨʫ ʩʠʩʪʝʤʠ, ʚʢʣʶʯʘʶʯʠ ʽʥʪʝʛʨʘʮʽʶ ʟ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ (ARCGIS), 

ʩʝʨʚʽʩʘʤʠ (Google Maps, Google Firebase) ʪʘ ʟʘʩʦʙʘʤʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ (Google 

Auth, ɼʽʷ.City). ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ ʨʦʟʨʦʙʮʽ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ ʽʥʪʝʛʨʘʮʽʾ 

ʢʨʘʫʜʩʦʨʩʠʥʛʦʚʠʭ ʜʘʥʠʭ ʫ ɻɯʉ-ʩʠʩʪʝʤʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʽʨʠ ʜʦ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ 

ʛʨʦʤʘʜʩʴʢʽʩʪʶ. ʇʽʜʢʨʝʩʣʶʻʪʴʩʷ ʧʦʪʝʥʮʽʘʣ ʩʠʩʪʝʤʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʾʭ ʥʘʩʣʽʜʢʽʚ ʰʣʷʭʦʤ ʩʚʦʻʯʘʩʥʦʛʦ 

ʽʥʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʩʣʫʞʙ ʪʘ ʥʘʩʝʣʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʥʪʨʦʧʦʛʝʥʥʽ ʧʨʦʮʝʩʠ, ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ, ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ, 

ʦʧʝʨʘʪʠʚʥʽ ʟʘʭʦʜʠ, ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ, Flutter, Google Firebase, ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, 

ʚʽʟʫʘʣʽʟʘʮʽʷ ʜʘʥʠʭ, ʚʝʨʠʬʽʢʘʮʽʷ ʜʘʥʠʭ, ʩʠʩʪʝʤʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʜʽʘʛʥʦʩʪʠʢʘ, 

ʷʢʽʩʪʴ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʘʙʨʫʜʥʝʥʥʷ, ʛʽʜʨʦʝʢʦʩʠʩʪʝʤʘ . 

ɺʩʪʫʧ 
ɿʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʻ ʦʜʥʠʤ ʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʟʘʚʜʘʥʴ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʩʫʩʧʽʣʴʩʪʚʘ. ɯʥʪʝʥʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ 

ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʟʘʙʨʫʜʥʝʥʥʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ˇʨʫʥʪʽʚ, 

ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʫ ʚʠʥʠʢʥʝʥʥʽ ʽʥʰʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ. ɽʬʝʢʪʠʚʥʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʮʽ 

ʚʠʢʣʠʢʠ ʚʠʤʘʛʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʦʧʝʨʘʪʠʚʥʦ ʦʪʨʠʤʫʚʘʪʠ, ʦʙʨʦʙʣʷʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʩʪʘʥ ʜʦʚʢʽʣʣʷ, ʘ ʪʘʢʦʞ ʩʚʦʻʯʘʩʥʦ 

ʧʨʠʡʤʘʪʠ ʫʧʨʘʚʣʽʥʩʴʢʽ ʨʽʰʝʥʥʷ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʛʘʪʠʚʥʠʤ ʥʘʩʣʽʜʢʘʤ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ: ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʫ ʘʨʭʽʪʝʢʪʫʨʫ 

ʪʘ ʤʝʭʘʥʽʟʤ ʚʝʨʠʬʽʢʘʮʽʾ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʚʦʣʦʥʪʝʨʘʤʠ ʯʝʨʝʟ ʤʦʙʽʣʴʥʠʡ 

ʜʦʜʘʪʦʢ, ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʫ ʧʨʦʬʝʩʽʡʥʠʭ ɻɯʉ-ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʤʦʥʽʪʦʨʠʥʛʫ ʚʦʜ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʻ ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʧʝʨʝʚʽʨʢʫ (ʛʝʦʛʨʘʬʽʯʥʘ ʧʨʠʚ'ʷʟʢʘ, ʤʝʪʘʜʘʥʽ 

ʩʝʥʩʦʨʽʚ ʪʝʣʝʬʦʥʫ, ʧʝʨʝʭʨʝʩʥʘ ʧʝʨʝʚʽʨʢʘ ʟ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʜʘʥʠʤʠ), ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʜʦʚʽʨʫ ʜʦ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʛʨʦʤʘʜʩʴʢʽʩʪʶ (Citizen Science), ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʬʽʮʽʡʥʠʤʠ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʤʠ ʦʨʛʘʥʘʤʠ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ 
ʋ ʢʦʥʪʝʢʩʪʽ ʟʨʦʩʪʘʶʯʦʾ ʟʘʛʨʦʟʠ ʝʢʦʣʦʛʽʯʥʠʭ ʢʘʪʘʩʪʨʦʬ ʪʘ ʧʦʩʠʣʝʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ, ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʠʷʚʣʝʥʥʷ, ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʝʙʝʟʧʝʯʥʽ ʩʠʪʫʘʮʽʾ. ɯʩʥʫʶʯʽ 

ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʯʘʩʪʦ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʦʧʝʨʘʪʠʚʥʠʤʠ ʪʘ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʚʯʘʩʥʦ ʨʝʘʛʫʚʘʪʠ 

ʥʘ ʥʘʜʟʚʠʯʘʡʥʽ ʧʦʜʽʾ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʥʘʯʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʩʦʮʽʘʣʴʥʠʭ ʚʪʨʘʪ. 

ʈʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʧʝʨʘʪʠʚʥʦ ʟʙʠʨʘʪʠ ʪʘ 

ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʩʪʘʥ ʜʦʚʢʽʣʣʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʤʦʙʽʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʝʨʚʽʩʽʚ, ʻ ʘʢʪʫʘʣʴʥʠʤ ʪʘ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ 

ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʦʧʝʨʘʪʠʚʥʦ ʬʽʢʩʫʚʘʪʠ ʬʘʢʪ ʝʢʦʣʦʛʽʯʥʦʛʦ ʧʦʨʫʰʝʥʥʷ, ʘʣʝ ʡ ʟʘʙʝʟʧʝʯʠʪʠ 
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ʧʨʦʟʦʨʽʩʪʴ ʪʘ ʚʽʜʢʨʠʪʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʛʨʦʤʘʜʩʴʢʦʩʪʽ, ʩʧʨʠʷʶʯʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʤʫ 

ʢʦʥʪʨʦʣʶ ʟʘ ʩʪʘʥʦʤ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʡʥʷʪʪʶ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʪʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘʜʘʻ ʟʥʘʯʥʽ 

ʧʝʨʝʚʘʛʠ ʫ ʩʬʝʨʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʟʙʦʨʫ ʪʘ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ʄʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʪʘ ʟʨʫʯʥʽʩʪʴ ʟʙʦʨʫ ʜʘʥʠʭ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʤʽʩʮʽ ʧʦʜʽʾ, ʜʦʟʚʦʣʷʶʯʠ ʬʽʢʩʫʚʘʪʠ ʛʝʦʣʦʢʘʮʽʶ, ʬʦʪʦ- ʪʘ ʚʽʜʝʦʤʘʪʝʨʽʘʣʠ, ʘ 

ʪʘʢʦʞ ʟʘʧʦʚʥʶʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʬʦʨʤʠ ʪʘ ʦʧʠʩʠ (ʨʠʩ. 1). ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʥʘ ʢʘʨʪʽ, ʱʦ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ ʾʭ 

ʩʧʨʠʡʥʷʪʪʷ ʪʘ ʘʥʘʣʽʟ. ɿʘʤʽʩʪʴ ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʦʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʩʧʠʩʢʫ ʢʦʦʨʜʠʥʘʪ 

ʪʘ ʪʝʢʩʪʦʚʠʭ ʦʧʠʩʽʚ, ʢʦʨʠʩʪʫʚʘʯʽ ʦʪʨʠʤʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʥʘʦʯʥʦ ʙʘʯʠʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʽʩʮʴ 

ʝʢʦʣʦʛʽʯʥʠʭ ʽʥʮʠʜʝʥʪʽʚ ʥʘ ʢʘʨʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʦʮʽʥʠʪʠ ʤʘʩʰʪʘʙ ʪʘ ʭʘʨʘʢʪʝʨ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʚʠʷʚʠʪʠ ʧʦʪʝʥʮʽʡʥʽ ʜʞʝʨʝʣʘ ʪʘ ʟʦʥʠ ʨʠʟʠʢʫ, ʘ ʪʘʢʦʞ ʩʧʣʘʥʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽ 

ʟʘʭʦʜʠ ʨʝʘʛʫʚʘʥʥʷ. 

 

       
 

ʈʠʩʫʥʦʢ 1. ʄʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ ʪʘ ʘʜʤʽʥʧʨʦʛʨʘʤʘ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ  

ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʥʝʙʝʟʧʝʯʥʠʭ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ. 

 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 
ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʥʮʝʧʮʽʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʦʧʝʨʘʪʠʚʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ 

ʟʘʭʦʜʽʚ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʢʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ ʽʥʪʝʛʨʘʮʽʾ ʢʨʘʫʜʩʦʨʩʠʥʛʦʚʠʭ ʜʘʥʠʭ ʫ ɻɯʉ-

ʩʠʩʪʝʤʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʥʝʙʝʟʧʝʯʥʠʭ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ (ʨʠʩ. 2). 

ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ: 

1. ʈʦʟʨʦʙʢʘ ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ ʜʣʷ ʟʙʦʨʫ ʪʘ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʨʦ ʝʢʦʣʦʛʽʯʥʽ ʣʠʭʘ, ʚʢʣʶʯʘʶʯʠ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʣʦʢʘʮʽʾ, ʦʧʠʩ ʧʦʜʽʾ, 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʬʦʪʦ- ʪʘ ʚʽʜʝʦʤʘʪʝʨʽʘʣʽʚ. 

2. ɯʥʪʝʛʨʘʮʽʷ ʜʦʜʘʪʢʫ ʟ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʝʨʚʽʩʘʤʠ (Google Maps) ʜʣʷ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ ʥʘ ʢʘʨʪʽ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʨʫʯʥʦʾ ʥʘʚʽʛʘʮʽʾ ʜʦ ʤʽʩʮʷ ʧʦʜʽʾ. 

3. ʈʦʟʨʦʙʢʘ ʤʝʭʘʥʽʟʤʫ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʨʚʽʩʫ Google 

Firebase ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʽʚʥʷ ʟʘʛʨʦʟʠ ʪʘ ʽʥʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʩʣʫʞʙ. 

4. ɿʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʛʨʘʮʽʾ ʟ ʩʠʩʪʝʤʦʶ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ɼʽʷ.City ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʽʨʠ ʜʦ ʜʘʥʠʭ ʪʘ ʚʝʨʠʬʽʢʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ. 

5. ʈʦʟʨʦʙʢʘ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʫ 

ʚʽʟʫʘʣʽʟʘʮʽʶ ʜʘʥʠʭ ʧʨʦ ʝʢʦʣʦʛʽʯʥʽ ʽʥʮʠʜʝʥʪʠ ʥʘ ʢʘʨʪʽ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʢʦʣʴʦʨʽʚ ʪʘ 

ʧʦʟʥʘʯʝʥʴ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʪʘʪʫʩʫ ʧʦʜʽʾ (ʘʢʪʠʚʥʘ, ʚʠʨʽʰʝʥʘ). 
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6. ʈʦʟʨʦʙʢʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʤʝʭʘʥʽʟʤʫ ʚʝʨʠʬʽʢʘʮʽʾ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʚʦʣʦʥʪʝʨʘʤʠ ʯʝʨʝʟ ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ, ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ 

ʫ ʧʨʦʬʝʩʽʡʥʠʭ ɻɯʉ-ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʤʦʥʽʪʦʨʠʥʛʫ. 

7. ʈʦʟʨʦʙʢʘ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʚʽʨʢʠ ʜʘʥʠʭ (ʛʝʦʛʨʘʬʽʯʥʘ ʧʨʠʚ'ʷʟʢʘ, 

ʤʝʪʘʜʘʥʽ ʩʝʥʩʦʨʽʚ ʪʝʣʝʬʦʥʫ, ʧʝʨʝʭʨʝʩʥʘ ʧʝʨʝʚʽʨʢʘ ʟ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʜʘʥʠʤʠ). 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɿʘʛʘʣʴʥʘ ʢʦʥʮʝʧʮʽʷ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ EcoViz GIS. 

 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 
ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ: 

¶ ɸʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʟ ʧʠʪʘʥʴ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʟ ʧʠʪʘʥʴ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʚʝʨʠʬʽʢʘʮʽʾ 

ʢʨʘʫʜʩʦʨʩʠʥʛʦʚʠʭ ʜʘʥʠʭ. 

¶ ʈʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʦʩʧʣʘʪʬʦʨʤʥʦʛʦ 

ʬʨʝʡʤʚʦʨʢʫ Flutter ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ, ʩʫʤʽʩʥʦʛʦ ʟ ʦʧʝʨʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

Android ʪʘ iOS. 

¶ ɯʥʪʝʛʨʘʮʽʾ ʟ ʭʤʘʨʥʠʤʠ ʩʝʨʚʽʩʘʤʠ Google Firebase ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʩʠʩʪʝʤʠ. 

¶ ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ 

ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʧʨʦ ʝʢʦʣʦʛʽʯʥʽ ʽʥʮʠʜʝʥʪʠ. 

¶ ʈʦʟʨʦʙʢʠ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʧʨʠʥʮʠʧʽʚ 

ʜʠʟʘʡʥʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʨʫʯʥʦʩʪʽ ʪʘ ʽʥʪʫʾʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ. 

¶ ʈʦʟʨʦʙʢʠ ʘʣʛʦʨʠʪʤʽʚ ʧʝʨʝʚʽʨʢʠ ʛʝʦʛʨʘʬʽʯʥʦʾ ʧʨʠʚ'ʷʟʢʠ ʪʘ ʤʝʪʘʜʘʥʠʭ, ʘ ʪʘʢʦʞ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʪʘ ʚʠʢʠʜʽʚ ʫ ʜʘʥʠʭ. 

 

ʆʯʽʢʫʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 
ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʠʪʴ: 

¶ ʇʽʜʚʠʱʠʪʠ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʧʨʦ ʝʢʦʣʦʛʽʯʥʽ ʣʠʭʘ ʪʘ 

ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ. 

¶ ɿʘʙʝʟʧʝʯʠʪʠ ʰʚʠʜʢʝ ʪʘ ʪʦʯʥʝ ʽʥʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʩʣʫʞʙ ʪʘ ʥʘʩʝʣʝʥʥʷ 

ʧʨʦ ʟʘʛʨʦʟʫ, ʟʤʝʥʰʠʚʰʠ ʯʘʩ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʽʥʮʠʜʝʥʪ. 

¶ ʇʽʜʚʠʱʠʪʠ ʦʙʽʟʥʘʥʽʩʪʴ ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʧʨʦ ʩʪʘʥ ʜʦʚʢʽʣʣʷ ʪʘ ʩʧʨʠʷʪʠ ʙʽʣʴʰ 

ʘʢʪʠʚʥʽʡ ʫʯʘʩʪʽ ʛʨʦʤʘʜʷʥ ʫ ʚʠʨʽʰʝʥʥʽ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ. 
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¶ ʇʨʠʡʤʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʪʠʚʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ 

ʟʘʭʦʜʽʚ, ʪʘʢʠʭ ʷʢ ʝʚʘʢʫʘʮʽʷ ʥʘʩʝʣʝʥʥʷ, ʣʽʢʚʽʜʘʮʽʷ ʥʘʩʣʽʜʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʽʥʰʽ ʥʝʚʽʜʢʣʘʜʥʽ 

ʜʽʾ. 

¶ ɿʘʙʝʟʧʝʯʠʪʠ ʟʨʫʯʥʫ ʚʽʟʫʘʣʽʟʘʮʽʶ ʜʘʥʠʭ ʧʨʦ ʝʢʦʣʦʛʽʯʥʽ ʽʥʮʠʜʝʥʪʠ ʥʘ ʢʘʨʪʽ, ʱʦ 

ʧʦʣʝʛʰʫʻ ʾʭ ʩʧʨʠʡʥʷʪʪʷ ʪʘ ʘʥʘʣʽʟ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʦʮʽʥʠʪʠ ʤʘʩʰʪʘʙ ʪʘ ʭʘʨʘʢʪʝʨ 

ʟʘʙʨʫʜʥʝʥʥʷ. 

¶ ʇʽʜʚʠʱʠʪʠ ʜʦʚʽʨʫ ʜʦ ʜʘʥʠʭ, ʟʽʙʨʘʥʠʭ ʛʨʦʤʘʜʩʴʢʽʩʪʶ, ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʬʽʮʽʡʥʠʤʠ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʤʠ ʦʨʛʘʥʘʤʠ. 

¶ ɿʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʥʝʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ. 

¶ ʇʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ 

ʫ ʩʬʝʨʽ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 

 

ɺʠʩʥʦʚʢʠ 
ʈʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ 

ʙʝʟʧʝʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʟʙʠʨʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʩʪʘʥ 

ʜʦʚʢʽʣʣʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʚʦʻʯʘʩʥʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ ʪʘ ʤʽʥʽʤʽʟʘʮʽʶ ʾʭ 

ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ. ɺʽʟʫʘʣʽʟʘʮʽʷ ʜʘʥʠʭ ʥʘ ʢʘʨʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ ʟʥʘʯʥʦ 

ʧʦʣʝʛʰʫʻ ʩʧʨʠʡʥʷʪʪʷ ʪʘ ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʝʢʦʣʦʛʽʯʥʽ ʽʥʮʠʜʝʥʪʠ, ʩʧʨʠʷʶʯʠ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʤʫ ʧʨʠʡʥʷʪʪʶ ʨʽʰʝʥʴ. ʈʦʟʨʦʙʣʝʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘ ʤʦʜʝʣʴ ʽʥʪʝʛʨʘʮʽʾ 

ʢʨʘʫʜʩʦʨʩʠʥʛʦʚʠʭ ʜʘʥʠʭ ʫ ɻɯʉ-ʩʠʩʪʝʤʠ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʥʘʧʨʷʤʢʫ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʚʝʨʠʬʽʢʘʮʽʾ ʜʘʥʠʭ, 

ʟʽʙʨʘʥʠʭ ʛʨʦʤʘʜʩʴʢʽʩʪʶ, ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ 

ʫ ʩʬʝʨʽ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 
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ʃɯʂɸʈʉʔʂɯ ʈʆʉʃʀʅʀ ʋʈʆʏʀʑɸ ʂʆɿʔʄɽʑʀʂ 

(ʈɸʍɯɺʉʔʂʀʁ ʈɸʁʆʅ) 

 

ɻʨʘʙʦʚʩʴʢʘ ɺʝʨʦʥʽʢʘ ʉʪʝʧʘʥʽʚʥʘ, ʩʪʫʜʝʥʪʢʘ IV ʢʫʨʩʫ ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ 
ʂʘʥʜʠʜʘʪ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ɻʥʻʟʜʽʣʦʚʘ ɺʽʢʪʦʨʽʷ ɯʛʦʨʽʚʥʘ 

ʂʘʨʧʘʪʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʝʬʘʥʠʢʘ 

 

ʃʽʢʘʨʩʴʢʽ ʨʦʩʣʠʥʠ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ, ʚʽʜʽʛʨʘʶʪʴ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʧʽʜʪʨʠʤʘʥʥʽ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘ ʤʘʶʪʴ ʚʝʣʠʢʝ ʥʘʨʦʜʥʦʛʦʩʧʦʜʘʨʩʴʢʝ ʽ 

ʬʘʨʤʘʢʦʣʦʛʽʯʥʝ ʟʥʘʯʝʥʥʷ. ɿʙʝʨʝʞʝʥʥʷ ʮʴʦʛʦ ʨʝʩʫʨʩʫ ʻ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʝʢʦʣʦʛʽʯʥʦʛʦ 

http://es-journal.in.ua/issue/view/16075
https://doi.org/10.32347/2411-4049.2022.3.110-118
https://www.sciencedirect.com/journal/societal-impacts
https://www.sciencedirect.com/journal/societal-impacts/vol/3/suppl/C
https://doi.org/10.1016/j.socimp.2024.100044
https://www.sciencedirect.com/journal/procedia-computer-science
https://www.sciencedirect.com/journal/procedia-computer-science/vol/219/suppl/C
https://doi.org/10.1016/j.procs.2023.01.284


  
                                                                                                                                                         

 

 

ʈʝʛʽʦʥʘʣʴʥʘ ʢʦʥʬʝʨʝʥʮʽʷ òʄʦʣʦʜʽʞʥʠʡ ʝʢʦʛʝʦʬʦʨʫʤ - 2025ñ 
19-20 

͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ʤʦʥʽʪʦʨʠʥʛʫ, ʦʩʦʙʣʠʚʦ ʫ ʛʽʨʩʴʢʠʭ ʨʘʡʦʥʘʭ ʂʘʨʧʘʪ, ʜʝ ʘʥʪʨʦʧʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʦʻʜʥʫʻʪʴʩʷ ʟ ʫʥʽʢʘʣʴʥʠʤʠ ʧʨʠʨʦʜʥʠʤʠ ʫʤʦʚʘʤʠ. 

ʋʨʦʯʠʱʝ ʂʦʟʴʤʝʱʠʢ, ʨʦʟʪʘʰʦʚʘʥʝ ʚ ʦʢʦʣʠʮʷʭ ʩʤʪ. ʗʩʽʥʷ ʈʘʭʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ 

ɿʘʢʘʨʧʘʪʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʂʘʨʧʘʪʩʴʢʦʛʦ ʙʽʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ ʽ ʻ 

ʪʝʨʠʪʦʨʽʻʶ ʟ ʚʠʩʦʢʦʶ ʬʣʦʨʠʩʪʠʯʥʦʶ ʮʽʥʥʽʩʪʶ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʜʦʩʣʽʜʠʪʠ ʚʠʜʦʚʠʡ ʩʢʣʘʜ ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ ʫʨʦʯʠʱʘ ʂʦʟʴʤʝʱʠʢ, 

ʦʮʽʥʠʪʠ ʾʭ ʯʘʩʪʦʪʫ ʟʫʩʪʨʽʯʥʦʩʪʽ, ʮʝʥʦʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʞʠʪʪʻʚʽ ʬʦʨʤʠ, ʚʠʟʥʘʯʠʪʠ ʨʽʜʢʽʩʥʽ ʪʘ 

ʯʝʨʚʦʥʦʢʥʠʞʥʽ ʚʠʜʠ ʽ ʚʩʪʘʥʦʚʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʇʽʜ ʯʘʩ 

ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʤʘʨʰʨʫʪʥʠʡ ʽ ʜʝʪʘʣʴʥʦ-ʤʘʨʰʨʫʪʥʠʡ ʤʝʪʦʜʠ, ʬʽʢʩʘʮʽʶ ʨʷʩʥʦʩʪʽ 

ʟʘ ʯʦʪʠʨʠʙʘʣʴʥʦʶ ʰʢʘʣʦʶ (çʜʫʞʝ ʯʘʩʪʦè, çʯʘʩʪʦè, çʨʽʜʢʦè, çʧʦʦʜʠʥʦʢʦè), ʦʧʠʩ ʤʽʩʮʴ 

ʟʨʦʩʪʘʥʥʷ, ʟʙʽʨ ʛʝʨʙʘʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʧʦʜʘʣʴʰʝ ʚʠʟʥʘʯʝʥʥʷ ʚʠʜʽʚ ʟʘ çʌʣʦʨʘ ʋʢʨʘʾʥʩʴʢʠʭ 

ʂʘʨʧʘʪè [1,4]. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʧʦʣʴʦʚʠʭ ʦʙʩʪʝʞʝʥʴ ʚ ʫʨʦʯʠʱʽ ʂʦʟʴʤʝʱʠʢ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 48 

ʚʠʜʽʚ ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ 41 ʨʦʜʫ ʪʘ 25 ʨʦʜʠʥ. ʅʘʡʯʠʩʝʣʴʥʽʰʝ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʨʦʜʠʥʠ ɸʡʩʪʨʦʚʽ (Asteraceae) ï 8 ʚʠʜʽʚ, ʈʦʟʦʚʽ (Rosaceae) ʪʘ ɹʦʙʦʚʽ (Fabaceae) ï ʧʦ 4 ʚʠʜʠ. 

ʇʝʨʝʚʘʞʘʶʪʴ ʪʨʘʚôʷʥʠʩʪʽ ʨʦʩʣʠʥʠ ï 72,9 %, ʢʫʱʽ ʩʪʘʥʦʚʣʷʪʴ 14,6 %, ʘ ʜʝʨʝʚʥʽ ʧʦʨʦʜʠ 

ï 12,5 % (ʨʠʩ. 1). 

 

 
ʈʠʩʫʥʦʢ 1. ɸʥʘʣʽʟ ʞʠʪʪʻʚʠʭ ʬʦʨʤ ʨʦʩʣʠʥ 

 

ɿʘ ʯʘʩʪʦʪʦʶ ʟʫʩʪʨʽʯʥʦʩʪʽ ʙʽʣʴʰʽʩʪʴ ʚʠʜʽʚ (43,7 %) ʥʘʣʝʞʠʪʴ ʜʦ ʢʘʪʝʛʦʨʽʾ çʯʘʩʪʦè  ʮʝ 

ʪʘʢʽ ʨʦʩʣʠʥʠ: ʜʝʨʝʚʽʡ ʟʚʠʯʘʡʥʠʡ, ʚʦʣʦʰʢʘ ʣʫʯʥʘ, ʦʞʠʥʘ ʟʚʠʯʘʡʥʘ, ʩʫʭʦʚʝʨʰʢʠ ʟʚʠʯʘʡʥʽ, 

ʟʘʷʯʘ ʢʦʥʶʰʠʥʘ, ʧʝʨʚʦʮʚʽʪ ʚʝʩʥʷʥʠʡ ʪʘ ʽʥʰʽ. 25% ï çʜʫʞʝ ʯʘʩʪʦè, ʩʶʜʠ ʚʽʜʥʦʩʷʪʴʩʷ 

ʢʫʣʴʙʘʙʘ ʣʽʢʘʨʩʴʢʘ, ʩʫʥʠʮʽ ʣʽʩʦʚʽ, ʤʘʣʠʥʘ ʟʚʠʯʘʡʥʘ, ʣʽʱʠʥʘ ʟʚʠʯʘʡʥʘ, ʯʦʨʥʠʮʷ ʟʚʠʯʘʡʥʘ, 

ʷʣʠʥʘ ʻʚʨʦʧʝʡʩʴʢʘ; 25 % ï çʨʽʜʢʦè: ʛʨʠʮʠʢʠ ʟʚʠʯʘʡʥʽ, ʷʩʝʥ ʟʚʠʯʘʡʥʠʡ, ʛʣʫʭʘ ʢʨʦʧʠʚʘ ʙʽʣʘ, 

ʘʨʥʽʢʘ ʛʽʨʩʴʢʘ ʪʘ ʽʥʰʽ. ʃʠʰʝ 6,3 % ʪʘʢʠʭ ʨʦʩʣʠʥ ʷʢ ʣʠʧʘ ʩʝʨʮʝʣʠʩʪʘ, ʢʘʣʠʥʘ ʟʚʠʯʘʡʥʘ ʪʘ 

ʯʝʤʝʨʠʮʷ ʟʝʣʝʥʦʮʚʽʪʘ ʪʨʘʧʣʷʶʪʴʩʷ ʧʦʦʜʠʥʦʢʦ (ʨʠʩ. 2). 

 

 
 

ʈʠʩʫʥʦʢ 2. ɸʥʘʣʽʟ ʯʘʩʪʦʪʠ ʟʫʩʪʨʽʯʥʦʩʪʽ ʚʠʜʽʚ 
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ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ ʤʘʣʠʥʘ ʟʚʠʯʘʡʥʘ (Rubus idaeus), ʩʫʥʠʮʷ ʣʽʩʦʚʘ (Fragaria 

vesca), ʯʦʨʥʠʮʷ ʟʚʠʯʘʡʥʘ (Vaccinium myrtillus) ʯʝʙʨʝʮʴ ʧʦʚʟʫʯʠʡ (Thumus serpullum), 

ʢʫʣʴʙʘʙʘ ʣʽʢʘʨʩʴʢʘ (Taraxacum officinale), ʟʥʽʪ ʚʫʟʴʢʦʣʠʩʪʠʡ (Epilobium angustifolium), ʷʣʠʥʘ 

ʻʚʨʦʧʝʡʩʴʢʘ (Picea abies). 

ʎʝʥʦʪʠʯʥʠʡ ʘʥʘʣʽʟ ʟʨʦʩʪʘʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʣʽʢʘʨʩʴʢʠʭ ʚʠʜʽʚ ʪʨʘʧʣʷʻʪʴʩʷ ʥʘ 

ʣʫʢʘʭ (35,4%) (ʢʫʣʴʙʘʙʘ ʣʽʢʘʨʩʴʢʘ, ʙʫʢʚʠʮʷ ʣʽʢʘʨʩʴʢʘ, ʢʦʩʘʨʠʢʠ ʯʝʨʝʧʠʪʯʘʩʪʽ, ʢʦʥʶʰʠʥʘ 

ʧʦʚʟʫʯʘ ʪʘ ʽʥʰʽ); ʥʘ ʛʘʣʷʚʠʥʘʭ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 29,1% ʚʠʜʽʚ (ʢʦʥʶʰʠʥʘ ʛʽʨʩʴʢʘ,ʩʫʥʠʮʽ ʣʽʩʦʚʽ, 
ʤʘʣʠʥʘ ʟʚʠʯʘʡʥʘ, ʚʦʣʦʰʢʘ ʣʫʯʥʘ, ʢʦʨʦʣʠʮʷ ʟʚʠʯʘʡʥʘ ʪʦʱʦ). 15,3% ʚʠʜʽʚ ʟʨʦʩʪʘʶʪʴ ʥʘ 

ʫʟʣʽʩʩʷʭ ʮʝ: ʦʞʠʥʘ ʟʚʠʯʘʡʥʘ, ʣʠʧʘ ʩʝʨʮʝʣʠʩʪʘ, ʣʽʱʠʥʘ ʟʚʠʯʘʡʥʘ ʪʘ ʽʥʰʽ ʚʠʜʠ. 11,0% ʚʠʜʽʚ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʘ ʙʝʨʝʛʘʭ ʨʽʯʦʢ ʮʝ (ʚʽʣʴʭʘ ʩʽʨʘ, ʞʦʚʪʝʮʴ ʧʦʚʟʫʯʠʡ, ʞʠʚʦʢʽʩʪ ʣʽʢʘʨʩʴʢʠʡ ʪʘ 
ʽʥʰʽ) ʽ 10% - ʫ ʣʽʩʽ (ʷʣʠʥʘ ʻʚʨʦʧʝʡʩʴʢʘ, ʷʣʠʮʷ ʙʽʣʘ, ʙʫʢ ʣʽʩʦʚʠʡ,ʭʚʦʱ ʧʦʣʴʦʚʠʡ ʪʘ ʽʥʰʽ) (ʨʠʩ. 

3). 

 

 
 

ʈʠʩʫʥʦʢ 3. ʎʝʥʦʪʠʯʥʠʡ ʘʥʘʣʽʟ 

 

ɺ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʪʨʠ ʚʠʜʠ, ʟʘʥʝʩʝʥʽ ʜʦ ʏʝʨʚʦʥʦʾ ʢʥʠʛʠ 

ʋʢʨʘʾʥʠ: ʘʨʥʽʢʘ ʛʽʨʩʴʢʘ (Arnica montana L.), ʢʦʩʘʨʠʢʠ ʯʝʨʝʧʠʪʯʘʩʪʽ (Gladiolus imbricatus L.), 

ʯʝʤʝʨʠʮʷ ʟʝʣʝʥʦʮʚʽʪʘ (Veratrum lobelianum L.) [3]. 

ʌʣʦʨʘ ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ ʫʨʦʯʠʱʘ ʂʦʟʴʤʝʱʠʢ ʻ ʧʦʢʘʟʥʠʢʦʤ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ 

ʛʽʨʩʴʢʠʭ ʙʽʦʪʦʧʽʚ ʂʘʨʧʘʪ. ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, ʥʘʷʚʥʽʩʪʴ ʯʝʨʚʦʥʦʢʥʠʞʥʠʭ ʽ 

ʨʽʜʢʽʩʥʠʭ ʚʠʜʽʚ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʨʠʨʦʜʥʫ ʮʽʥʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ ʬʣʦʨʠʩʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʫʨʦʯʠʱʘ, ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʝʢʦʣʦʛʦ-ʦʩʚʽʪʥʽʭ ʧʨʦʛʨʘʤ ʪʘ ʧʦʧʫʣʷʨʠʟʘʮʽʾ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ. 
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ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ 

ɻʆʈɯʅʅʗ ɺɯɼʅʆɺʃʖɺɸʃʔʅʀʍ ɼɾɽʈɽʃ ɽʅɽʈɻɯɰ  

 

ɻʫʨʝʡ ʄʠʭʘʡʣʦ ɯʚʘʥʦʚʠʯ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ 

ɼʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʄʦʩʶʢ ʄʠʢʦʣʘ ɯʚʘʥʦʚʠʯ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ. 

 

ʉʫʯʘʩʥʠʡ ʧʝʨʝʭʽʜ ʜʦ ʟʝʣʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʧʦʪʨʝʙʫʻ ʪʝʭʥʦʣʦʛʽʡ, ʟʜʘʪʥʠʭ ʦʜʥʦʯʘʩʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʠʢʠʜʠ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. ɹʽʦʤʘʩʘ, 

ʟʦʢʨʝʤʘ ʝʥʝʨʛʝʪʠʯʥʘ ʚʝʨʙʘ (Salix viminalis), ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʜʞʝʨʝʣ 

ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ ʟʘʚʜʷʢʠ ʚʽʜʥʦʚʣʶʚʘʥʦʤʫ ʚʫʛʣʝʮʝʚʦʤʫ ʮʠʢʣʫ, ʣʦʢʘʣʴʥʽʡ ʜʦʩʪʫʧʥʦʩʪʽ 

ʪʘ ʧʦʪʝʥʮʽʘʣʫ ʜʣʷ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʜʝʛʨʘʜʦʚʘʥʠʭ ʟʝʤʝʣʴ [1]. ɺʦʜʥʦʯʘʩ ʧʨʦʮʝʩ ʾʾ ʛʦʨʽʥʥʷ 

ʟʘʣʠʰʘʻʪʴʩʷ ʩʢʣʘʜʥʠʤ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʯʝʨʝʟ ʚʧʣʠʚ ʚʦʣʦʛʦʩʪʽ, ʪʝʤʧʝʨʘʪʫʨʠ, ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʪʘ ʩʢʣʘʜʫ ʧʘʣʠʚʥʦʾ ʩʫʤʽʰʽ [2]. 

ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʛʦʨʽʥʥʷ (CFD ð Computational Fluid Dynamics) 

ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʡ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʛʦʨʽʥʥʷ ʙʽʦʧʘʣʠʚʘ 

ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ [3]. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʚʽʜʪʚʦʨʠʪʠ ʧʨʦʮʝʩʠ ʪʝʧʣʦʦʙʤʽʥʫ, ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʤʘʩʦʧʝʨʝʥʝʩʝʥʥʷ ʪʘ ʭʽʤʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʝʯʦʚʠʥ ʫ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʦʮʽʥʢʠ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʫ ʡ ʝʢʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʽʦʧʘʣʠʚʘ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ CFD-ʤʦʜʝʣʝʡ ʫ ʩʝʨʝʜʦʚʠʱʽ ANSYS Fluent ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʚʦʣʦʛʦʩʪʽ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʣʠʚʦïʧʦʚʽʪʨʷ, ʛʝʦʤʝʪʨʽʾ ʢʘʤʝʨʠ ʪʘ ʩʢʣʘʜʫ 

ʜʦʜʘʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʛʘʟʦʚʠʭ ʘʙʦ ʨʽʜʢʠʭ ʧʘʣʠʚ) ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʛʦʨʽʥʥʷ [4, 5]. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʙʘʯʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʜʣʷ ʧʦʚʥʽʰʦʛʦ 

ʟʛʦʨʷʥʥʷ, ʟʥʠʞʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʚʫʛʣʝʮʶ (CO) ʪʘ ʜʚʦʦʢʠʩʫ ʘʟʦʪʫ (NO ), ʘ ʪʘʢʦʞ 

ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʯʝʨʝʟ ʥʝʧʦʚʥʝ ʟʛʦʨʷʥʥʷ ʯʘʩʪʠʥʦʢ ʧʘʣʠʚʘ. 

ʋ ʧʝʨʩʧʝʢʪʠʚʽ CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʝ ʩʪʘʪʠ ʙʘʟʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ çʮʠʬʨʦʚʠʭ 

ʜʚʽʡʥʠʢʽʚè ʙʽʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʜʦʟʚʦʣʷʪʴ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʨʽʚʝʥʴ ʚʠʢʠʜʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʟʤʽʥ ʩʢʣʘʜʫ ʧʘʣʠʚʘ ʯʠ ʧʦʛʦʜʥʠʭ ʫʤʦʚ. ʎʝ 

ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʦ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ ʛʦʨʽʥʥʷ, 

ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʧʨʠʥʮʠʧʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʢʠ [6]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʚʦʜʠʪʴ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʽʦʧʘʣʠʚʘ ʥʘ ʥʦʚʠʡ ʨʽʚʝʥʴ, ʧʦʻʜʥʫʶʯʠ ʝʥʝʨʛʝʪʠʯʥʫ ʽʥʞʝʥʝʨʽʶ ʪʘ ʝʢʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʦʨʽʥʥʷ, ʘ ʡ ʦʙˇʨʫʥʪʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʽ ʧʝʨʝʚʘʛʠ 

ʟʤʽʰʘʥʠʭ ʧʘʣʠʚ ʷʢ ʦʜʥʦʛʦ ʟ ʥʘʧʨʷʤʽʚ ʧʝʨʝʭʦʜʫ ʜʦ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʾ ʝʢʦʥʦʤʽʢʠ. 
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ʆʍʆʈʆʅɸ ɹɯʆʈɯɿʅʆʄɸʅɯʊʊʗ ɺ ʋʄʆɺɸʍ ɿʄɯʅʀ ʂʃɯʄɸʊʋ: ɺʀʂʃʀʂʀ ʊɸ 

ʇɽʈʉʇɽʂʊʀɺʀ ɼʃʗ ʋʂʈɸɰʅʀ 

 

ɻʫʪʥʠʢ ɺʽʢʪʦʨʽʷ ʈʦʤʘʥʽʚʥʘ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ 

ɼʦʮʝʥʪ ʢʘʬʝʜʨʠ ʊɿʅʉɹʇ ʂʘʯʘʣʘ ʉʦʬʽʷ ɺʽʪʘʣʽʾʚʥʘ  

ɯʚʘʥʦ-ʬʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ɿʤʽʥʘ ʢʣʽʤʘʪʫ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʩʝʨʡʦʟʥʽʰʠʭ ʛʣʦʙʘʣʴʥʠʭ ʚʠʢʣʠʢʽʚ ʩʫʯʘʩʥʦʩʪʽ, ʱʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʙʽʦʣʦʛʽʯʥʝ ʨʽʟʥʦʤʘʥʽʪʪʷ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤ ʽ ʩʪʽʡʢʽʩʪʴ 

ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ. ɼʣʷ ʋʢʨʘʾʥʠ, ʷʢʘ ʤʘʻ ʥʘʜʟʚʠʯʘʡʥʦ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʨʠʨʦʜʥʽ ʣʘʥʜʰʘʬʪʠ ï 

ʚʽʜ ʂʘʨʧʘʪʩʴʢʠʭ ʛʽʨ ʜʦ ʇʨʠʯʦʨʥʦʤʦʨʩʴʢʠʭ ʩʪʝʧʽʚ, ï ʧʠʪʘʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʚ 

ʫʤʦʚʘʭ ʟʨʦʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʨʽʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʦʩʫʭ ʽ ʜʝʛʨʘʜʘʮʽʾ ˇʨʫʥʪʽʚ ʥʘʙʫʚʘʻ 

ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ [1]. 

ɿʘ ʦʮʽʥʢʘʤʠ ʬʘʭʽʚʮʽʚ ʇʨʦʛʨʘʤʠ ʆʆʅ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (UNEP), ʧʨʦʪʷʛʦʤ 

ʦʩʪʘʥʥʽʭ ʜʚʦʭ ʜʝʩʷʪʠʣʽʪʴ ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʟʨʦʩʣʘ ʧʨʠʙʣʠʟʥʦ ʥʘ 

1,2 ÁC, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʧʦʩʪʫʧʦʚʦʛʦ ʟʩʫʚʫ ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥ ʥʘ ʧʽʚʥʽʯ ʽ ʟʤʽʥʠ ʤʝʞ ʘʨʝʘʣʽʚ 

ʜʝʩʷʪʢʽʚ ʚʠʜʽʚ ʬʣʦʨʠ ʪʘ ʬʘʫʥʠ [2]. ʆʩʦʙʣʠʚʦ ʚʨʘʟʣʠʚʠʤʠ ʜʦ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʻ ʝʢʦʩʠʩʪʝʤʠ 

ʇʦʣʽʩʩʷ, ʂʘʨʧʘʪ ʽ ʧʽʚʜʝʥʥʦʛʦ ʩʪʝʧʫ, ʜʝ ʩʢʦʨʦʯʫʻʪʴʩʷ ʯʠʩʝʣʴʥʽʩʪʴ ʘʙʦʨʠʛʝʥʥʠʭ ʚʠʜʽʚ ʽ 

ʟʨʦʩʪʘʻ ʯʘʩʪʢʘ ʽʥʚʘʟʽʡʥʠʭ ʦʨʛʘʥʽʟʤʽʚ. ʊʘʢʽ ʧʨʦʮʝʩʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʙʘʣʘʥʩʫ, ʚʪʨʘʪʠ ʛʝʥʝʪʠʯʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘ ʟʥʠʞʝʥʥʷ ʟʜʘʪʥʦʩʪʽ ʝʢʦʩʠʩʪʝʤ ʜʦ 

ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ. 

ɿʛʽʜʥʦ ʟ ʘʥʘʣʽʪʠʯʥʠʤʠ ʟʚʽʪʘʤʠ ʤʽʞʥʘʨʦʜʥʠʭ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʮʝʥʪʨʽʚ, ʙʣʠʟʴʢʦ 35 % ʫʩʽʭ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʪʝʨʠʪʦʨʽʡ ʋʢʨʘʾʥʠ ʚʞʝ ʟʘʟʥʘʣʠ ʚʧʣʠʚʫ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ï ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ ʯʝʨʝʟ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ, ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ ʣʽʩʦʚʠʭ ʧʦʞʝʞ ʪʘ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ʋ ʂʘʨʧʘʪʩʴʢʦʤʫ ʨʝʛʽʦʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʛʨʘʜʘʮʽʷ 

ʛʽʨʩʴʢʠʭ ʣʽʩʽʚ ʯʝʨʝʟ ʧʦʻʜʥʘʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʪʠʩʢʫ, ʰʢʽʜʥʠʢʽʚ ʽ ʟʤʽʱʝʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ 

ʫʤʦʚ. ʋ ʩʪʝʧʦʚʽʡ ʟʦʥʽ ʟʥʘʯʥʦ ʟʨʦʩʣʘ ʧʣʦʱʘ ʧʦʩʫʰʣʠʚʠʭ ʪʝʨʠʪʦʨʽʡ, ʱʦ ʥʝʛʘʪʠʚʥʦ 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʩʪʘʥʽ ʩʪʝʧʦʚʠʭ ʽ ʣʫʯʥʠʭ ʙʽʦʪʦʧʽʚ [2]. 

ʇʨʦʙʣʝʤʘ ʟʙʝʨʝʞʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʚ ʋʢʨʘʾʥʽ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʥʝ ʣʠʰʝ ʧʨʠʨʦʜʥʠʤʠ, 

ʘ ʡ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ ʯʠʥʥʠʢʘʤʠ. ɺʽʡʩʴʢʦʚʽ ʜʽʾ, ʱʦ ʪʨʠʚʘʶʪʴ ʥʘ ʟʥʘʯʥʽʡ ʯʘʩʪʠʥʽ 

ʪʝʨʠʪʦʨʽʾ ʢʨʘʾʥʠ, ʩʪʚʦʨʶʶʪʴ ʜʦʜʘʪʢʦʚʽ ʝʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ. ɿʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ, 

ʦʧʫʙʣʽʢʦʚʘʥʠʤ ʫ Conservation Science and Practice (2024), ʚʽʡʥʘ ʚ ʋʢʨʘʾʥʽ ʟʤʽʥʶʻ ʛʣʦʙʘʣʴʥʽ 

ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʽ ʩʮʝʥʘʨʽʾ ʪʘ ʤʘʻ çʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʤʘʡʙʫʪʥʴʦʛʦ 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷè, ʟʦʢʨʝʤʘ ʯʝʨʝʟ ʟʥʠʱʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʽ ʚʦʜ, 

ʘ ʪʘʢʦʞ ʧʦʨʫʰʝʥʥʷ ʣʘʥʮʶʛʽʚ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ [3]. 

ʆʢʫʧʘʮʽʷ ʪʘ ʙʦʡʦʚʽ ʜʽʾ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʪʨʘʪʠ ʪʝʨʠʪʦʨʽʡ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ, 

ʪʘʢʠʭ ʷʢ ɸʟʦʚʦ-ʉʠʚʘʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʨʠʨʦʜʥʠʡ ʧʘʨʢ, ʦʙôʻʢʪʠ ʙʽʦʩʬʝʨʥʦʛʦ ʨʝʟʝʨʚʫ 

çɸʩʢʘʥʽʷ-ʅʦʚʘè ʪʘ ʦʢʨʝʤʽ ʜʽʣʷʥʢʠ ʈʘʤʩʘʨʩʴʢʠʭ ʫʛʽʜʴ. ʈʫʡʥʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʧʦʞʝʞʽ, 

ʤʽʛʨʘʮʽʷ ʥʘʩʝʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʚʠʜʦʙʫʪʦʢ ʨʝʩʫʨʩʽʚ ʩʪʚʦʨʶʶʪʴ ʫʤʦʚʠ, ʟʘ 

ʷʢʠʭ ʚʽʜʥʦʚʣʝʥʥʷ ʝʢʦʩʠʩʪʝʤ ʩʪʘʥʝ ʥʘʜʟʚʠʯʘʡʥʦ ʪʨʠʚʘʣʠʤ ʽ ʟʘʪʨʘʪʥʠʤ ʧʨʦʮʝʩʦʤ. 

ʆʢʨʝʤʦʾ ʫʚʘʛʠ ʧʦʪʨʝʙʫʻ ʧʨʘʚʦʚʠʡ ʘʩʧʝʢʪ ʦʭʦʨʦʥʠ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʚ ʫʤʦʚʘʭ ʟʤʽʥʠ 

ʢʣʽʤʘʪʫ. ʗʢ ʟʘʟʥʘʯʘʻ ɯ. ʂʦʧʠʮʷ, ʥʘʮʽʦʥʘʣʴʥʝ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʋʢʨʘʾʥʠ ʫ ʩʬʝʨʽ ʢʣʽʤʘʪʠʯʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʟʚʠʚʘʻʪʴʩʷ ʬʨʘʛʤʝʥʪʘʨʥʦ: ʦʢʨʝʤʽ ʧʦʣʦʞʝʥʥʷ ɿʘʢʦʥʫ çʇʨʦ ʦʭʦʨʦʥʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘè ʪʘ ʉʪʨʘʪʝʛʽʾ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʩʠʩʪʝʤʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʝʢʦʣʦʛʽʯʥʦʾ ʧʦʣʽʪʠʢʠ ʟ ʧʦʣʽʪʠʢʦʶ ʢʣʽʤʘʪʠʯʥʦʾ ʘʜʘʧʪʘʮʽʾ [1].  

ɺʘʞʣʠʚʫ ʨʦʣʴ ʫ ʧʨʦʪʠʜʽʾ ʢʣʽʤʘʪʠʯʥʠʤ ʟʤʽʥʘʤ ʚʽʜʽʛʨʘʶʪʴ nature-based solutions (NbS) ï 

ʧʨʠʨʦʜʦʦʨʽʻʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʝʢʦʩʠʩʪʝʤ ʽʟ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʠʤʠ ʚʠʛʦʜʘʤʠ. ɿʘ ʜʘʥʠʤʠ UNEP, ʮʽ ʧʽʜʭʦʜʠ ʜʘʶʪʴ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʟʤʽʮʥʠʪʠ ʩʪʽʡʢʽʩʪʴ ʛʨʦʤʘʜ ʜʦ ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʽ ʚʦʜʥʦʯʘʩ ʟʙʝʨʝʛʪʠ 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ [2]. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʨʽʰʝʥʴ ʻ: 

¶ ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʧʣʘʚʥʠʭ ʪʝʨʠʪʦʨʽʡ ɼʥʽʧʨʘ ʪʘ ɼʥʽʩʪʨʘ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ 

ʧʨʠʨʦʜʥʠʭ ʬʽʣʴʪʨʽʚ ʚʦʜʠ; 
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¶ ʩʪʚʦʨʝʥʥʷ ʟʝʣʝʥʠʭ ʢʦʨʠʜʦʨʽʚ ʫ ʤʽʩʪʘʭ, ʱʦ ʟʥʠʞʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʽ 

ʧʦʢʨʘʱʫʶʪʴ ʫʤʦʚʠ ʜʣʷ ʤʽʩʴʢʦʾ ʬʘʫʥʠ; 

¶ ʘʛʨʦʣʽʩʦʤʝʣʽʦʨʘʮʽʷ, ʪʦʙʪʦ ʚʽʜʥʦʚʣʝʥʥʷ ʣʽʩʦʩʤʫʛ, ʷʢʽ ʟʘʧʦʙʽʛʘʶʪʴ ʝʨʦʟʽʾ ˇʨʫʥʪʽʚ ʽ 

ʩʧʨʠʷʶʪʴ ʟʙʝʨʝʞʝʥʥʶ ʟʘʧʠʣʶʚʘʯʽʚ. 

ʋ ʥʘʫʢʦʚʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ ʜʠʩʢʫʩʽʷʭ ʜʝʜʘʣʽ ʙʽʣʴʰʦʾ ʚʘʛʠ ʥʘʙʫʚʘʻ ʢʦʥʮʝʧʮʽʷ 

çʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʣʶʜʠʥʠè, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʭʽʜ ʚʽʜ ʣʦʢʘʣʴʥʠʭ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ 

ʟʘʭʦʜʽʚ ʜʦ ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʝʢʦʩʠʩʪʝʤʘʤʠ. ʋʢʨʘʾʥʘ ʚʞʝ ʤʘʻ ʧʝʚʥʠʡ 

ʧʨʦʛʨʝʩ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʽ ï ʟʦʢʨʝʤʘ, ʯʝʨʝʟ ʧʨʠʻʜʥʘʥʥʷ ʜʦ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʟʝʣʝʥʦʛʦ ʢʫʨʩʫ ʪʘ 

ʫʭʚʘʣʝʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʘʜʘʧʪʘʮʽʾ ʜʦ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʜʦ 2030 ʨʦʢʫ. ʆʜʥʘʢ ʨʽʚʝʥʴ 

ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʮʠʭ ʜʦʢʫʤʝʥʪʽʚ ʧʦʢʠ ʟʘʣʠʰʘʻʪʴʩʷ ʥʠʟʴʢʠʤ, ʘ ʬʽʥʘʥʩʫʚʘʥʥʷ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʧʨʦʻʢʪʽʚ ï ʥʝʜʦʩʪʘʪʥʽʤ [1]. 

ʋ ʧʝʨʩʧʝʢʪʠʚʽ ʢʣʶʯʦʚʠʤ ʥʘʧʨʷʤʦʤ ʨʦʟʚʠʪʢʫ ʻ ʧʦʻʜʥʘʥʥʷ ʢʣʽʤʘʪʠʯʥʦʾ ʧʦʣʽʪʠʢʠ ʟ 

ʧʦʣʽʪʠʢʦʶ ʦʭʦʨʦʥʠ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʮʽʣʷʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʆʆʅ (SDG 13 ï 

Climate Action ʪʘ SDG 15 ï Life on Land). ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʜʦʩʢʦʥʘʣʠʪʠ ʟʘʢʦʥʦʜʘʚʯʝ 

ʧʦʣʝ, ʨʦʟʰʠʨʠʪʠ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʡ ʬʦʥʜ ʜʦ 15 % ʪʝʨʠʪʦʨʽʾ ʜʝʨʞʘʚʠ, ʘ ʪʘʢʦʞ 

ʟʘʧʨʦʚʘʜʠʪʠ ʜʝʨʞʘʚʥʫ ʩʠʩʪʝʤʫ ʦʮʽʥʶʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤʥʠʭ ʧʦʩʣʫʛ. 

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʦʶ ʻ ʨʦʣʴ ʛʨʦʤʘʜ ʪʘ ʥʘʫʢʦʚʠʭ ʽʥʩʪʠʪʫʮʽʡ ʫ ʨʦʟʨʦʙʣʝʥʥʽ ʨʝʛʽʦʥʘʣʴʥʠʭ 

ʧʣʘʥʽʚ ʘʜʘʧʪʘʮʽʾ ʜʦ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ. ʅʘ ʤʽʩʮʝʚʦʤʫ ʨʽʚʥʽ ʚʘʨʪʦ ʩʪʠʤʫʣʶʚʘʪʠ ʝʢʦʣʦʛʽʯʥʫ 

ʦʩʚʽʪʫ, ʧʦʧʫʣʷʨʠʟʫʚʘʪʠ ʢʦʥʮʝʧʮʽʶ çʟʝʣʝʥʦʾ ʝʢʦʥʦʤʽʢʠè ʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʽʥʽʮʽʘʪʠʚʠ ʟʽ 

ʟʙʝʨʝʞʝʥʥʷ ʤʽʩʮʝʚʠʭ ʚʠʜʽʚ. ʅʘʧʨʠʢʣʘʜ, ʫ ʃʴʚʽʚʩʴʢʽʡ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʽʡ ʽ ɿʘʢʘʨʧʘʪʩʴʢʽʡ 

ʦʙʣʘʩʪʷʭ ʜʽʶʪʴ ʧʨʦʻʢʪʠ ʟ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʧʫʣʷʮʽʡ ʙʫʨʦʛʦ ʚʝʜʤʝʜʷ, ʨʠʩʽ ʪʘ ʨʽʜʢʽʩʥʠʭ ʚʠʜʽʚ 

ʦʨʭʽʜʝʡ ï ʮʝ ʧʨʘʢʪʠʯʥʽ ʢʨʦʢʠ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʦʭʦʨʦʥʫ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʟ ʝʢʦʪʫʨʠʟʤʦʤ ʽ 

ʨʝʛʽʦʥʘʣʴʥʠʤ ʨʦʟʚʠʪʢʦʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʋʢʨʘʾʥʘ ʧʝʨʝʙʫʚʘʻ ʫ ʪʦʯʮʽ ʧʝʨʝʪʠʥʫ ʜʚʦʭ ʤʘʩʰʪʘʙʥʠʭ ʚʠʢʣʠʢʽʚ ï 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʪʘ ʩʦʮʽʘʣʴʥʦ-ʧʦʣʽʪʠʯʥʦʛʦ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʢʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ ʧʦʩʠʣʶʶʪʴ ʟʘʛʨʦʟʫ 

ʜʝʛʨʘʜʘʮʽʾ ʝʢʦʩʠʩʪʝʤ, ʟ ʽʥʰʦʛʦ ï ʚʽʡʥʘ ʫʩʢʣʘʜʥʶʻ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʜʽʾ. ʇʨʦʪʝ ʮʽ ʦʙʩʪʘʚʠʥʠ 

ʚʦʜʥʦʯʘʩ ʚʽʜʢʨʠʚʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʧʘʨʘʜʠʛʤʠ ï ʟʘʩʥʦʚʘʥʦʾ ʥʘ 

ʧʨʠʨʦʜʦʦʨʽʻʥʪʦʚʘʥʠʭ ʨʽʰʝʥʥʷʭ, ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʧʽʜʭʦʜʘʭ ʪʘ ʧʘʨʪʥʝʨʩʪʚʽ ʜʝʨʞʘʚʠ, 

ʥʘʫʢʠ ʡ ʛʨʦʤʘʜʷʥʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ [3]. 
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ɻʫʪʥʠʢ ɺʽʢʪʦʨʽʷ ʈʦʤʘʥʽʚʥʘ, ʘʤʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ 

ʇʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ɸʨʭʠʧʦʚʘ ʃʶʜʤʠʣʘ ʄʠʢʦʣʘʾʚʥʘ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ʉʫʯʘʩʥʝ ʩʫʩʧʽʣʴʩʪʚʦ ʧʝʨʝʞʠʚʘʻ ʝʧʦʭʫ ʛʣʠʙʦʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ, ʧʦʚôʷʟʘʥʠʭ ʽʟ 

ʧʦʰʫʢʦʤ ʥʦʚʠʭ ʤʦʜʝʣʝʡ ʚʟʘʻʤʦʜʽʾ ʣʶʜʠʥʠ ʟ ʧʨʠʨʦʜʦʶ. ɽʢʦʣʦʛʽʯʥʘ ʩʚʽʜʦʤʽʩʪʴ ʩʪʘʻ ʥʝ 

ʧʨʦʩʪʦ ʥʘʫʢʦʚʦʶ ʢʘʪʝʛʦʨʽʻʶ, ʘ ʚʠʟʥʘʯʘʣʴʥʦʶ ʦʟʥʘʢʦʶ ʟʨʽʣʦʩʪʽ ʮʠʚʽʣʽʟʘʮʽʾ, ʾʾ ʟʜʘʪʥʦʩʪʽ 
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ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʙʝʟ ʨʫʡʥʫʚʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʦʩʥʦʚ ʞʠʪʪʷ. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʫ 

ʨʦʣʴ ʫ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʚʽʜʽʛʨʘʻ ʤʦʣʦʜʴ ï  ʛʝʥʝʨʘʮʽʡʥʘ ʛʨʫʧʘ, ʷʢʘ ʬʦʨʤʫʻ ʢʫʣʴʪʫʨʥʽ ʩʪʘʥʜʘʨʪʠ 

XXI ʩʪʦʣʽʪʪʷ ʪʘ ʚʧʣʠʚʘʻ ʥʘ ʛʣʦʙʘʣʴʥʽ ʩʧʦʞʠʚʯʽ ʪʝʥʜʝʥʮʽʾ. ʉʘʤʝ ʤʦʣʦʜʽ ʣʶʜʠ ʩʴʦʛʦʜʥʽ 

ʩʪʘʶʪʴ çʢʘʪʘʣʽʟʘʪʦʨʘʤʠè ʧʝʨʝʭʦʜʫ ʜʦ ʟʝʣʝʥʦʾ ʝʢʦʥʦʤʽʢʠ, ʜʝ ʮʽʥʥʦʩʪʽ ʝʢʦʣʦʛʽʯʥʦʾ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ, ʩʦʮʽʘʣʴʥʦʾ ʩʦʣʽʜʘʨʥʦʩʪʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʻʜʥʫʶʪʴʩʷ ʫ 

ʮʽʣʽʩʥʫ ʧʦʚʝʜʽʥʢʦʚʫ ʩʠʩʪʝʤʫ. 

ʇʨʦʙʣʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ ʤʦʣʦʜʽ ʧʦʚôʷʟʘʥʘ ʥʝ ʣʠʰʝ ʟʽ ʟʤʽʥʦʶ 

ʦʩʚʽʪʥʽʭ ʧʽʜʭʦʜʽʚ, ʘ ʡ ʟ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷʤ ʩʘʤʦʛʦ ʬʝʥʦʤʝʥʫ ʩʧʦʞʠʚʘʥʥʷ. ʊʨʘʜʠʮʽʡʥʘ ʤʦʜʝʣʴ, 

ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʘʩʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʢʦʨʦʪʢʦʤʫ ʞʠʪʪʻʚʦʤʫ ʮʠʢʣʽ ʪʦʚʘʨʽʚ ʽ ʥʘʜʤʽʨʥʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʩʫʨʩʽʚ, ʚʠʯʝʨʧʘʣʘ ʩʚʽʡ ʧʦʪʝʥʮʽʘʣ. ɿʘʤʽʩʪʴ ʥʝʾ ʧʦʩʪʫʧʦʚʦ 

ʫʪʚʝʨʜʞʫʻʪʴʩʷ ʧʘʨʘʜʠʛʤʘ ʩʪʘʣʦʛʦ ʩʧʦʞʠʚʘʥʥʷ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʨʘʮʽʦʥʘʣʴʥʠʡ ʚʠʙʽʨ ʪʦʚʘʨʽʚ ʽ 

ʧʦʩʣʫʛ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ, ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ ʪʘ ʩʦʮʽʘʣʴʥʫ 

ʩʧʨʘʚʝʜʣʠʚʽʩʪʴ [2, ʩ. 195]. 

ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʝʢʦʣʦʛʽʯʥʘ ʩʚʽʜʦʤʽʩʪʴ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʽʥʪʝʛʨʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʦʩʦʙʠʩʪʦʩʪʽ, ʱʦ ʧʦʻʜʥʫʻ ʟʥʘʥʥʷ ʧʨʦ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ, ʝʤʦʮʽʡʥʦ-ʮʽʥʥʽʩʥʝ ʩʪʘʚʣʝʥʥʷ ʜʦ 

ʧʨʠʨʦʜʠ ʪʘ ʛʦʪʦʚʥʽʩʪʴ ʜʽʷʪʠ ʚ ʝʢʦʣʦʛʽʯʥʦ ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʩʧʦʩʽʙ. ʄʦʣʦʜʽ ʣʶʜʠ ʬʦʨʤʫʶʪʴ 

ʚʣʘʩʥʫ ʩʠʩʪʝʤʫ ʝʢʦʣʦʛʽʯʥʠʭ ʧʝʨʝʢʦʥʘʥʴ ʯʝʨʝʟ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ, ʮʠʬʨʦʚʽ ʢʘʤʧʘʥʽʾ, ʥʘʚʯʘʣʴʥʽ 

ʧʨʦʛʨʘʤʠ ʪʘ ʦʩʦʙʠʩʪʠʡ ʜʦʩʚʽʜ ʚʟʘʻʤʦʜʽʾ ʟ ʧʨʠʨʦʜʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʢʠʪʘʡʩʴʢʠʭ ʫʯʝʥʠʭ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʩʘʤʝ ʧʦʻʜʥʘʥʥʷ ʟʥʘʥʴ, ʤʦʪʠʚʘʮʽʾ ʪʘ ʧʨʘʢʪʠʢʠ ʩʪʚʦʨʶʻ 

ʩʪʽʡʢʫ ʤʦʜʝʣʴ ʟʝʣʝʥʦʾ ʧʦʚʝʜʽʥʢʠ (knowledgeïattitudeïpractice model), ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʴʥʽ 

ʟʤʽʥʠ ʫ ʩʧʦʞʠʚʯʽʡ ʧʦʚʝʜʽʥʮʽ [1, ʩ. 3]. 

ʆʩʦʙʣʠʚʽʩʪʴ ʧʦʢʦʣʽʥʥʷ Z ʧʦʣʷʛʘʻ ʫ ʚʠʩʦʢʽʡ ʮʠʬʨʦʚʽʡ ʘʢʪʠʚʥʦʩʪʽ, ʚʽʜʢʨʠʪʦʩʪʽ ʜʦ 

ʽʥʥʦʚʘʮʽʡ ʪʘ ʛʦʪʦʚʥʦʩʪʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʦʮʽʘʣʴʥʦ ʟʥʘʯʫʱʽ ʽʥʽʮʽʘʪʠʚʠ. ʇʨʦʪʝ ʮʽ ʨʠʩʠ ʤʦʞʫʪʴ 

ʤʘʪʠ ʧʦʜʚʽʡʥʠʡ ʝʬʝʢʪ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʤʦʣʦʜʴ ʘʢʪʠʚʥʦ ʜʦʣʫʯʘʻʪʴʩʷ ʜʦ ʝʢʦʣʦʛʽʯʥʠʭ ʘʢʮʽʡ, 

ʧʨʦʧʘʛʫʻ ʩʚʽʜʦʤʝ ʩʧʦʞʠʚʘʥʥʷ, ʧʝʨʝʨʦʙʢʫ ʚʽʜʭʦʜʽʚ ʽ ʟʤʝʥʰʝʥʥʷ ʧʣʘʩʪʠʢʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ; ʟ 

ʽʥʰʦʛʦ ï  ʾʾ ʝʢʦʣʦʛʽʯʥʘ ʧʦʚʝʜʽʥʢʘ ʯʘʩʪʦ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʚʝʨʭʦʚʦʶ ʘʙʦ ʩʠʤʚʦʣʽʯʥʦʶ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʫ ɺôʻʪʥʘʤʽ ʧʦʢʘʟʘʣʦ, ʱʦ ʥʘʚʽʪʴ ʧʨʠ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʦʙʽʟʥʘʥʦʩʪʽ ʱʦʜʦ ʧʨʦʙʣʝʤ 

ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ, ʣʠʰʝ ʯʘʩʪʠʥʘ ʤʦʣʦʜʠʭ ʩʧʦʞʠʚʘʯʽʚ ʨʝʘʣʴʥʦ ʢʫʧʫʻ ʧʨʦʜʫʢʮʽʶ ʟ 

ʧʝʨʝʨʦʙʣʝʥʦʛʦ ʧʣʘʩʪʠʢʫ [2, ʩ. 198]. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʪʨʝʙʫ ʩʠʩʪʝʤʥʦʾ ʦʩʚʽʪʥʴʦʾ ʨʦʙʦʪʠ, 

ʦʨʽʻʥʪʦʚʘʥʦʾ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʤʦʪʠʚʽʚ, ʘ ʥʝ ʣʠʰʝ ʟʦʚʥʽʰʥʽʭ ʩʪʠʤʫʣʽʚ. 

ɺʘʨʪʦ ʥʘʛʦʣʦʩʠʪʠ, ʱʦ ʝʢʦʣʦʛʽʯʥʘ ʩʚʽʜʦʤʽʩʪʴ ʥʝ ʚʠʥʠʢʘʻ ʩʧʦʥʪʘʥʥʦ ï ʚʦʥʘ ʬʦʨʤʫʻʪʴʩʷ 

ʧʽʜ ʚʧʣʠʚʦʤ ʽʥʩʪʠʪʫʮʽʡʥʠʭ, ʩʦʮʽʘʣʴʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʯʠʥʥʠʢʽʚ. ʆʜʥʠʤ ʽʟ 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʻ ʽʥʪʝʛʨʘʮʽʷ ʧʨʠʥʮʠʧʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʫ ʟʤʽʩʪ ʦʩʚʽʪʠ. 

ʇʨʦʛʨʘʤʠ ʝʢʦʣʦʛʽʯʥʦʾ ʦʩʚʽʪʠ ʤʘʶʪʴ ʚʠʭʦʜʠʪʠ ʟʘ ʤʝʞʽ ʧʨʠʨʦʜʥʠʯʠʭ ʜʠʩʮʠʧʣʽʥ ʽ ʦʭʦʧʣʶʚʘʪʠ 

ʝʢʦʥʦʤʽʯʥʫ, ʩʦʮʽʦʣʦʛʽʯʥʫ, ʤʘʨʢʝʪʠʥʛʦʚʫ ʪʘ ʝʪʠʯʥʫ ʩʢʣʘʜʦʚʽ. ʗʢ ʟʘʟʥʘʯʘʶʪʴ ʜʦʩʣʽʜʥʠʢʠ, 

ʩʘʤʝ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʡ ʧʽʜʭʽʜ ʩʧʨʠʷʻ ʚʠʨʦʙʣʝʥʥʶ ʫ ʤʦʣʦʜʽ ʟʜʘʪʥʦʩʪʽ ʦʮʽʥʶʚʘʪʠ ʥʘʩʣʽʜʢʠ 

ʚʣʘʩʥʠʭ ʜʽʡ ʜʣʷ ʜʦʚʢʽʣʣʷ ʪʘ ʩʫʩʧʽʣʴʩʪʚʘ [1, ʩ. 5]. 

ʎʽʢʘʚʦ, ʱʦ ʫ ʛʣʦʙʘʣʴʥʦʤʫ ʢʦʥʪʝʢʩʪʽ ʥʘ ʧʦʚʝʜʽʥʢʫ ʤʦʣʦʜʠʭ ʩʧʦʞʠʚʘʯʽʚ ʜʝʜʘʣʽ 

ʩʠʣʴʥʽʰʝ ʚʧʣʠʚʘʶʪʴ ʙʨʝʥʜʠ, ʱʦ ʧʦʟʠʮʽʦʥʫʶʪʴ ʩʝʙʝ ʷʢ çʟʝʣʝʥʽè ʘʙʦ ʩʦʮʽʘʣʴʥʦ ʚʽʜʧʦʚʽʜʘʣʴʥʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʝ ʩʝʨʝʜ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʧʦʢʦʣʽʥʥʷ Z ʫ ɭʚʨʦʧʽ, ʚʠʷʚʠʣʦ ʧʨʷʤʠʡ ʟʚôʷʟʦʢ 

ʤʽʞ ʧʦʟʠʪʠʚʥʠʤ ʽʤʽʜʞʝʤ ʙʨʝʥʜʫ ʪʘ ʛʦʪʦʚʥʽʩʪʶ ʢʫʧʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʜʫʢʪʠ. 

ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʜʦʚʽʨʠ, ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʟ ʮʽʥʥʦʩʪʷʤʠ ʢʦʤʧʘʥʽʾ ʪʘ ʩʧʨʠʡʥʷʪʪʷ ʾʾ ʝʪʠʯʥʦʩʪʽ 

ʩʪʘʶʪʴ ʢʣʶʯʦʚʠʤʠ ʜʝʪʝʨʤʽʥʘʥʪʘʤʠ ʚʠʙʦʨʫ [3, ʩ. 428]. ʎʝ ʜʦʚʦʜʠʪʴ, ʱʦ ʝʢʦʣʦʛʽʯʥʘ 

ʩʚʽʜʦʤʽʩʪʴ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʦʩʦʙʠʩʪʦʛʦ ʨʽʚʥʷ ʡ ʧʝʨʝʭʦʜʠʪʴ ʫ ʧʣʦʱʠʥʫ ʢʫʣʴʪʫʨʥʦʛʦ ʢʦʜʫ, ʜʝ 

ʩʧʦʞʠʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʩʦʮʽʘʣʴʥʫ ʢʦʤʫʥʽʢʘʮʽʶ. 

ʆʜʥʠʤ ʽʟ ʥʘʡʘʢʪʫʘʣʴʥʽʰʠʭ ʟʘʚʜʘʥʴ ʩʴʦʛʦʜʝʥʥʷ ʻ ʧʦʻʜʥʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʝʨʝʢʦʥʘʥʴ ʽʟ 

ʨʝʘʣʴʥʠʤʠ ʩʧʦʞʠʚʯʠʤʠ ʧʨʘʢʪʠʢʘʤʠ. ɼʣʷ ʮʴʦʛʦ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʫʧʥʽʩʪʴ 

ʝʢʦʪʦʚʘʨʽʚ, ʨʦʟʚʠʪʦʢ ʨʠʥʢʫ ʧʝʨʝʨʦʙʣʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʩʪʚʦʨʝʥʥʷ ʩʪʠʤʫʣʽʚ ʜʣʷ ʝʢʦʣʦʛʽʯʥʦ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʾ ʧʦʚʝʜʽʥʢʠ. ʄʦʣʦʜʴ ʧʦʚʠʥʥʘ ʙʘʯʠʪʠ, ʱʦ ʩʪʘʣʠʡ ʚʠʙʽʨ ʥʝ ʣʠʰʝ ʤʦʨʘʣʴʥʦ 

ʧʨʘʚʠʣʴʥʠʡ, ʘ ʡ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʡ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʟʥʘʯʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʤʝʭʘʥʽʟʤʠ 

ʩʦʮʽʘʣʴʥʦʛʦ ʤʘʨʢʝʪʠʥʛʫ, ʢʦʣʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦʧʫʣʷʨʠʟʫʶʪʴ ʝʢʦʣʦʛʽʯʥʽ ʽʥʽʮʽʘʪʠʚʠ ʯʝʨʝʟ 

ʧʨʦʟʦʨʫ ʢʦʤʫʥʽʢʘʮʽʶ, ʚʽʜʢʨʠʪʽʩʪʴ ʽ ʜʝʤʦʥʩʪʨʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʩʚʦʻʾ ʜʽʷʣʴʥʦʩʪʽ [3, ʩ. 432]. 
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ɯʥʰʠʤ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʝʤʦʮʽʡʥʦ-ʢʦʛʥʽʪʠʚʥʘ ʜʠʥʘʤʽʢʘ ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ. 

ʄʦʣʦʜʽ ʣʶʜʠ ʩʭʠʣʴʥʽ ʜʦ ʝʢʩʧʨʝʩʠʚʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʛʣʦʙʘʣʴʥʽ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ï 

ʢʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ, ʚʠʨʫʙʢʫ ʣʽʩʽʚ, ʚʪʨʘʪʫ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. ʎʽ ʝʤʦʮʽʡʥʽ ʨʝʘʢʮʽʾ ʯʘʩʪʦ 

ʩʪʠʤʫʣʶʶʪʴ ʢʦʨʦʪʢʦʯʘʩʥʫ ʘʢʪʠʚʥʽʩʪʴ ï ʫʯʘʩʪʴ ʫ ʬʣʝʰʤʦʙʘʭ ʘʙʦ ʧʝʪʠʮʽʷʭ, ʘʣʝ ʥʝ ʟʘʚʞʜʠ 

ʧʝʨʝʭʦʜʷʪʴ ʫ ʪʨʠʚʘʣʽ ʟʚʠʯʢʠ. ʆʪʞʝ, ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʶʚʘʪʠ ʦʩʚʽʪʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʜʦʧʦʤʦʞʫʪʴ 

ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʝʤʦʮʽʡʥʠʡ ʽʤʧʫʣʴʩ ʫ ʩʪʽʡʢʫ ʩʠʩʪʝʤʫ ʮʽʥʥʦʩʪʝʡ ʽ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ, 

ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʢʫʨʩʠ çɽʢʦʣʦʛʽʯʥʘ ʝʪʠʢʘè, çʉʦʮʽʘʣʴʥʘ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʙʽʟʥʝʩʫè ʘʙʦ 

ʩʪʫʜʝʥʪʩʴʢʽ ʩʪʘʨʪʘʧʠ ʚ ʛʘʣʫʟʽ ʟʝʣʝʥʦʾ ʝʢʦʥʦʤʽʢʠ [2, ʩ. 200]. 

ɺʦʜʥʦʯʘʩ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʧʦʷʚʫ ʥʦʚʠʭ ʬʦʨʤ ʮʠʬʨʦʚʦʛʦ ʘʢʪʠʚʽʟʤʫ. ʄʦʣʦʜʽ 

ʢʦʨʠʩʪʫʚʘʯʽ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʩʪʚʦʨʶʶʪʴ ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʦʙʛʦʚʦʨʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʪʝʤ, 

ʧʨʦʩʫʚʘʥʥʷ ʝʢʦʽʥʥʦʚʘʮʽʡ, ʦʙʤʽʥʫ ʜʦʩʚʽʜʦʤ. ʊʘʢʽ ʽʥʽʮʽʘʪʠʚʠ ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ çʤʝʨʝʞʝʚʦʾ 

ʝʢʦʩʚʽʜʦʤʦʩʪʽè, ʜʝ ʟʥʘʥʥʷ ʧʦʰʠʨʶʶʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʧʦʟʘ ʤʝʞʘʤʠ ʬʦʨʤʘʣʴʥʠʭ 

ʽʥʩʪʠʪʫʮʽʡ. ʎʝʡ ʬʝʥʦʤʝʥ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʩʫʩʧʽʣʴʩʪʚ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ 

ʝʪʘʧʽ ʩʪʘʥʦʚʣʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʢʫʣʴʪʫʨʠ. ʉʘʤʝ ʫ ʮʠʬʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʣʠʪʪʷ ʛʣʦʙʘʣʴʥʠʭ ʽ ʣʦʢʘʣʴʥʠʭ ʽʜʝʡ, ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʛʦ ʪʠʧʫ ʢʫʣʴʪʫʨʥʦʾ 

ʽʜʝʥʪʠʯʥʦʩʪʽ ï ʝʢʦʣʦʛʽʯʥʦ ʚʽʜʧʦʚʽʜʘʣʴʥʦʾ, ʚʽʜʢʨʠʪʦʾ, ʪʝʭʥʦʣʦʛʽʯʥʦʾ [1, ʩ. 6]. 

ɺʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʨʦʟʚʠʪʢʫ ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ ʻ ʩʠʥʝʨʛʽʷ ʤʽʞ ʜʝʨʞʘʚʦʶ, ʙʽʟʥʝʩʦʤ 

ʽ ʦʩʚʽʪʦʶ. ʋʩʧʽʰʥʽ ʧʨʠʢʣʘʜʠ ʢʨʘʾʥ ɸʟʽʾ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʠʩʪʝʤʥʘ ʜʝʨʞʘʚʥʘ ʧʦʣʽʪʠʢʘ, 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʨʦʟʚʠʪʦʢ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ, ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʢʦʨʧʦʨʘʪʠʚʥʠʤʠ 

ʽʥʽʮʽʘʪʠʚʘʤʠ ʪʘ ʝʢʦʣʦʛʽʯʥʦʶ ʦʩʚʽʪʦʶ ʩʪʚʦʨʶʻ ʩʧʨʠʷʪʣʠʚʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʩʪʘʣʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ. ɿʦʢʨʝʤʘ, ʫ ʂʠʪʘʾ ʪʘ ɺôʻʪʥʘʤʽ ʟʘʧʨʦʚʘʜʞʝʥʦ ʤʘʩʰʪʘʙʥʽ ʦʩʚʽʪʥʽ ʧʨʦʛʨʘʤʠ ʜʣʷ 

ʤʦʣʦʜʽ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʧʫʣʷʨʠʟʘʮʽʶ ʧʝʨʝʨʦʙʣʝʥʥʷ ʚʽʜʭʦʜʽʚ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ [2, ʩ. 201]. 

ʂʨʽʤ ʪʦʛʦ, ʜʦʩʣʽʜʞʝʥʥʷ Theocharis ʽ Tsekouropoulos ʜʦʚʦʜʠʪʴ, ʱʦ ʩʧʦʞʠʚʘʯʽ ʧʦʢʦʣʽʥʥʷ 

Z ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʨʦʩʪʘʶʯʫ ʛʦʪʦʚʥʽʩʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʽ ʢʦʤʧʘʥʽʾ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ 

ʽʥʥʦʚʘʮʽʡʥʽʩʪʴ ʽʟ ʧʨʦʟʦʨʠʤʠ ʝʢʦʣʦʛʽʯʥʠʤʠ ʧʨʘʢʪʠʢʘʤʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʤʦʣʦʜʴ ʜʝʜʘʣʽ 

ʙʽʣʴʰʝ ʨʦʟʛʣʷʜʘʻ ʩʪʘʣʠʡ ʚʠʙʽʨ ʥʝ ʷʢ ʞʝʨʪʚʫ ʟʨʫʯʥʦʩʪʽ, ʘ ʷʢ ʥʦʚʠʡ ʩʪʘʥʜʘʨʪ ʷʢʦʩʪʽ ʞʠʪʪʷ [3, 

ʩ. 433]. 

ɿʘʛʘʣʦʤ ʝʢʦʣʦʛʽʯʥʘ ʩʚʽʜʦʤʽʩʪʴ ʤʦʣʦʜʽ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʧʝʨʝʪʠʥʽ ʦʩʚʽʪʠ, ʢʫʣʴʪʫʨʠ, 

ʝʢʦʥʦʤʽʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʡ. ɺʦʥʘ ʻ ʥʝ ʣʠʰʝ ʨʝʘʢʮʽʻʶ ʥʘ ʝʢʦʣʦʛʽʯʥʽ ʚʠʢʣʠʢʠ, ʘ ʡ ʨʫʰʽʡʥʦʶ 

ʩʠʣʦʶ ʩʦʮʽʘʣʴʥʠʭ ʟʤʽʥ. ʏʠʤ ʚʠʱʠʡ ʨʽʚʝʥʴ ʧʦʽʥʬʦʨʤʦʚʘʥʦʩʪʽ ʡ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʤʦʣʦʜʦʾ 

ʣʶʜʠʥʠ, ʪʠʤ ʙʽʣʴʰʘ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʾʾ ʦʩʦʙʠʩʪʠʡ ʚʠʙʽʨ ʩʧʨʠʷʪʠʤʝ ʟʙʝʨʝʞʝʥʥʶ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʟʤʽʮʥʝʥʥʶ ʤʦʨʘʣʴʥʠʭ ʦʩʥʦʚ ʩʫʩʧʽʣʴʩʪʚʘ. ʊʦʤʫ ʽʥʚʝʩʪʠʮʽʾ ʫ 

ʬʦʨʤʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ ï ʮʝ ʽʥʚʝʩʪʠʮʽʾ ʫ ʤʘʡʙʫʪʥʻ, ʫ ʥʦʚʫ ʮʠʚʽʣʽʟʘʮʽʡʥʫ 

ʧʘʨʘʜʠʛʤʫ, ʜʝ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʩʪʘʻ ʥʝ ʜʝʢʣʘʨʘʮʽʻʶ, ʘ ʩʧʦʩʦʙʦʤ ʞʠʪʪʷ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1. Hong Y., Al Mamun A., Masukujjaman M., Yang Q. Sustainable consumption 

practices among Chinese youth.Humanities and Social Sciences Communications. 2024. Vol. 11. 

Article 1058. URL: https://www.nature.com/articles/s41599-024-03582-5 (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 

30.10.2025). 

2. Nguyen H. T. T. Promoting sustainable consumption and circular economy: the 

intention of Vietnamese youth consumers to purchase products made from recycled 

plastics. Chinese Journal of Population, Resources and Environment. 2024. Vol. 22, Issue 2. P. 

194ï203. DOI: 10.1016/j.cjpre.2024.06.011.  

URL: https://www.sciencedirect.com/science/article/pii/S2325426224000299 (ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ: 30.10.2025). 

3. Theocharis D., Tsekouropoulos G. Sustainable Consumption and Branding for Gen 

Z: How Brand Dimensions Influence Consumer Behavior and Adoption of Newly Launched 

Technological Products. Sustainability. 2025. Vol. 17, No. 9. Article 4124. DOI: 

10.3390/su17094124. URL: https://www.mdpi.com/2071-1050/17/9/4124 (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 

30.10.2025). 

https://www.nature.com/articles/s41599-024-03582-5?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/pii/S2325426224000299?utm_source=chatgpt.com
https://www.mdpi.com/2071-1050/17/9/4124?utm_source=chatgpt.com


  
                                                                                                                                                         

 

 

ʈʝʛʽʦʥʘʣʴʥʘ ʢʦʥʬʝʨʝʥʮʽʷ òʄʦʣʦʜʽʞʥʠʡ ʝʢʦʛʝʦʬʦʨʫʤ - 2025ñ 
19-20 

͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ɺʇʃʀɺ ʋʈɹɸʅɯɿɸʎɯɰ ʅɸ ʉʊɸʅ ɸʊʄʆʉʌɽʈʅʆɻʆ  

ʇʆɺɯʊʈʗ ɺ ʄɯʉʊɸʍ ʋʂʈɸɰʅʀ 

 

ɻʫʪʥʠʢ ɺʽʢʪʦʨʽʷ ʈʦʤʘʥʽʚʥʘ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ 

ɼʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʄʦʩʢʘʣʴʯʫʢ ʅʘʪʘʣʽʷ ʄʠʭʘʡʣʽʚʥʘ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ʋʨʙʘʥʽʟʘʮʽʷ ʷʢ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʝ ʪʘ ʝʢʦʣʦʛʽʯʥʝ ʷʚʠʱʝ ʚʠʟʥʘʯʘʻ ʥʦʚʠʡ ʬʦʨʤʘʪ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʣʶʜʠʥʦʶ, ʧʨʦʩʪʦʨʦʤ ʽ ʜʦʚʢʽʣʣʷʤ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ ʮʝʡ ʧʨʦʮʝʩ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʽ ʟʙʽʣʴʰʝʥʥʷʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʫ ʤʝʞʘʭ ʤʽʩʴʢʠʭ ʘʛʣʦʤʝʨʘʮʽʡ. ɿʘ 

ʜʘʥʠʤʠ ʤʽʞʥʘʨʦʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʨʽʚʝʥʴ ʫʨʙʘʥʽʟʘʮʽʾ ʋʢʨʘʾʥʠ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʦ 

ʚʠʩʦʢʠʤ ʽ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʟʨʦʩʪʘʥʥʷ [8]. ʎʝ ʟʫʤʦʚʣʶʻ ʧʦʪʨʝʙʫ ʫ 

ʧʝʨʝʦʩʤʠʩʣʝʥʥʽ ʧʨʠʥʮʠʧʽʚ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ 

ʩʪʽʡʢʦʩʪʽ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [2]. 

ʋʨʙʘʥʽʟʘʮʽʷ ʤʘʻ ʥʝ ʣʠʰʝ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʽ, ʘ ʡ ʛʣʠʙʦʢʽ ʝʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ. 

ɿʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʚ ʤʽʩʪʘʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ, ʚʝʣʠʢʘ ʯʘʩʪʢʘ ʷʢʦʾ ʚʠʨʦʙʣʷʻʪʴʩʷ ʟ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʊɽʉ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʢʠʜʽʚ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʧʦʚʽʪʨʷ [3]. ʆʩʥʦʚʥʫ ʯʘʩʪʠʥʫ ʮʠʭ ʚʠʢʠʜʽʚ ʩʪʘʥʦʚʣʷʪʴ 

ʦʢʩʠʜʠ ʘʟʦʪʫ, ʜʽʦʢʩʠʜ ʩʽʨʢʠ, ʦʢʩʠʜ ʚʫʛʣʝʮʶ ʪʘ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʽ ʯʘʩʪʠʥʢʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ 

ʧʽʜ ʯʘʩ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʚ ʪʨʘʥʩʧʦʨʪʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʢʘʭ. ʆʩʦʙʣʠʚʫ ʥʝʙʝʟʧʝʢʫ 

ʩʪʘʥʦʚʣʷʪʴ ʯʘʩʪʠʥʢʠ PM . , ʟʜʘʪʥʽ ʧʨʦʥʠʢʘʪʠ ʫ ʣʝʛʝʥʽ ʪʘ ʢʨʦʚʦʥʦʩʥʫ ʩʠʩʪʝʤʫ, ʟʫʤʦʚʣʶʶʯʠ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʥʘ ʭʨʦʥʽʯʥʽ ʙʨʦʥʭʽʪʠ, ʘʩʪʤʫ ʡ ʽʰʝʤʽʯʥʫ ʭʚʦʨʦʙʫ ʩʝʨʮʷ. 

ʆʛʣʷʜ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʠʪʴ, ʱʦ ʤʽʞ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʪʘ ʧʦʢʘʟʥʠʢʘʤʠ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʟʜʦʨʦʚôʷ ʽʩʥʫʻ ʧʨʷʤʘ ʟʘʣʝʞʥʽʩʪʴ: ʫ ʤʽʩʪʘʭ ʽʟ ʚʠʩʦʢʠʤʠ ʨʽʚʥʷʤʠ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʧʝʨʝʜʯʘʩʥʦʾ ʩʤʝʨʪʥʦʩʪʽ, ʯʘʩʪʦʪʠ ʘʣʝʨʛʽʯʥʠʭ ʽ 

ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ [1]. ɺʦʜʥʦʯʘʩ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʚʧʣʠʚʘʻ ʽ ʥʘ ʝʢʦʥʦʤʽʯʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʽʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʘʜʞʝ ʟʨʦʩʪʘʶʪʴ ʚʠʪʨʘʪʠ ʥʘ ʤʝʜʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʝʥʝʨʛʦʨʝʩʫʨʩʠ ʪʘ ʫʪʨʠʤʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ [2]. 

ʉʫʯʘʩʥʽ ʫʢʨʘʾʥʩʴʢʽ ʤʽʩʪʘ ʩʪʠʢʘʶʪʴʩʷ ʽʟ ʟʘʛʨʦʟʦʶ ʬʦʨʤʫʚʘʥʥʷ ʩʪʽʡʢʠʭ ʟʦʥ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʨʠʟʠʢʫ. ɼʦʩʣʽʜʞʝʥʥʷ CEE Bankwatch Network ʪʘ ɽʢʦʜʽʾ ʚʢʘʟʫʶʪʴ, ʱʦ ʧʦʥʘʜ ʧʦʣʦʚʠʥʫ ʚʩʽʭ 

ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʦʜʫʢʫʶʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ, ʟʥʘʯʥʘ ʯʘʩʪʢʘ ʷʢʠʭ 

ʝʢʩʧʣʫʘʪʫʻ ʟʘʩʪʘʨʽʣʝ ʦʙʣʘʜʥʘʥʥʷ [3]. ʇʘʨʘʣʝʣʴʥʦ ʪʨʘʥʩʧʦʨʪʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʥʝ ʚʩʪʠʛʘʻ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʠʚʘʪʥʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʫʪʚʦʨʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʪʦʨʽʚ, ʰʫʤʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʡ ʥʘʜʤʽʨʥʫ ʝʤʽʩʽʶ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ. ʋ ʂʠʻʚʽ, 

ʍʘʨʢʦʚʽ, ɼʥʽʧʨʽ ʪʘ ʆʜʝʩʽ ʘʚʪʦʪʨʘʥʩʧʦʨʪ ʻ ʛʦʣʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ, 

ʯʘʜʥʦʛʦ ʛʘʟʫ ʪʘ ʩʘʞʽ [5]. 

ɿʤʽʥʠ ʢʣʽʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ ʱʝ ʦʜʥʠʤ ʧʨʦʷʚʦʤ 

ʫʨʙʘʥʽʟʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ʌʝʥʦʤʝʥ çʪʝʧʣʦʚʠʭ ʦʩʪʨʦʚʽʚè ʬʦʨʤʫʻʪʴʩʷ ʯʝʨʝʟ ʚʠʩʦʢʫ ʱʽʣʴʥʽʩʪʴ 

ʟʘʙʫʜʦʚʠ, ʘʩʬʘʣʴʪʦʚʘʥʝ ʧʦʢʨʠʪʪʷ ʪʘ ʥʠʟʴʢʫ ʯʘʩʪʢʫ ʟʝʣʝʥʠʭ ʟʦʥ. ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚ ʮʝʥʪʨʽ 

ʚʝʣʠʢʠʭ ʤʽʩʪ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʚʣʽʪʢʫ ʤʦʞʝ ʙʫʪʠ ʥʘ 3ï5ÁC ʚʠʱʦʶ, ʥʽʞ ʥʘ ʧʝʨʠʬʝʨʽʾ, ʱʦ 

ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʬʦʪʦʭʽʤʽʯʥʦʛʦ ʩʤʦʛʫ [2]. ʂʦʥʮʝʥʪʨʘʮʽʾ ʦʟʦʥʫ ʪʘ ʽʥʰʠʭ ʦʢʩʠʜʽʚ ʫ 

ʧʨʠʟʝʤʥʦʤʫ ʰʘʨʽ ʘʪʤʦʩʬʝʨʠ ʥʝʨʽʜʢʦ ʧʝʨʝʚʠʱʫʶʪʴ ʩʘʥʽʪʘʨʥʽ ʥʦʨʤʠ, ʱʦ ʩʪʚʦʨʶʻ ʥʝʙʝʟʧʝʢʫ 

ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʡ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ [1]. 

ɿʦʚʥʽʰʥʽ ʛʣʦʙʘʣʴʥʽ ʯʠʥʥʠʢʠ ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. ɿʛʽʜʥʦ 

ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ Malarvizhi et al. ʧʽʜ ʯʘʩ ʧʘʥʜʝʤʽʾ COVID-19 ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʢʦʨʦʪʢʦʯʘʩʥʝ 

ʧʦʣʽʧʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʯʠʩʪʦʪʠ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʟʤʝʥʰʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʦʜʥʘʢ 

ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʚʦʻʥʥʠʭ ʜʽʡ ʚ ʋʢʨʘʾʥʽ ʫ 2022 ʨ. ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʟʥʦʚʫ ʟʨʽʩ ʯʝʨʝʟ 

ʨʫʡʥʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʧʦʞʝʞ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ. ʎʝ 

ʩʪʚʦʨʠʣʦ ʣʦʢʘʣʴʥʽ çʛʘʨʷʯʽ ʪʦʯʢʠè ʧʝʨʝʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʯʘʩʪʠʥʦʢ PM .  ʫ ʧʨʦʤʠʩʣʦʚʠʭ 

ʨʝʛʽʦʥʘʭ ʢʨʘʾʥʠ [6]. 
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ʅʝʜʦʩʢʦʥʘʣʽʩʪʴ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʯʘʩʪʢʠ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ 

ʧʦʩʠʣʶʶʪʴ ʝʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ. ɿʛʽʜʥʦ ʟ ʦʮʽʥʢʘʤʠ ʫʢʨʘʾʥʩʴʢʠʭ ʝʢʦʣʦʛʽʚ, ʧʣʦʱʘ ʟʝʣʝʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʫ ʙʘʛʘʪʴʦʭ ʤʽʩʪʘʭ ʥʝ ʜʦʩʷʛʘʻ ʥʦʨʤ ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ, ʩʘʥʽʪʘʨʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʪʘ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ɺʆʆɿ, ʱʦ ʧʦʛʽʨʰʫʻ ʧʨʠʨʦʜʥʝ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ. ʇʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʝʥʥʷ 

ʱʽʣʴʥʦʩʪʽ ʟʘʙʫʜʦʚʠ ʩʢʦʨʦʯʫʻ ʧʣʦʱʽ ʜʣʷ ʧʘʨʢʽʚ ʽ ʩʢʚʝʨʽʚ, ʧʦʛʽʨʰʫʶʯʠ ʧʨʠʨʦʜʥʫ ʚʝʥʪʠʣʷʮʽʶ 

ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʽ ʤʽʢʨʦʢʣʽʤʘʪʠʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ [2]. 

ʋ ʚʽʜʧʦʚʽʜʴ ʥʘ ʮʽ ʚʠʢʣʠʢʠ ʚ ʋʢʨʘʾʥʽ ʧʦʩʪʫʧʦʚʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʽʥʽʮʽʘʪʠʚʠ çʟʝʣʝʥʦʛʦ 

ʤʽʩʪʘè. ɻʨʦʤʘʜʩʴʢʘ ʝʢʦʣʦʛʽʯʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ɽʢʦʜʽʷ ʚʽʜʟʥʘʯʘʻ, ʱʦ ʨʦʟʰʠʨʝʥʥʷ ʤʝʨʝʞʽ 

ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ, ʦʙʣʘʰʪʫʚʘʥʥʷ ʟʝʣʝʥʠʭ ʙʫʬʝʨʽʚ ʫʟʜʦʚʞ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ ʽ 

ʧʝʨʝʭʽʜ ʜʦ ʝʢʦʣʦʛʽʯʥʠʭ ʩʪʘʥʜʘʨʪʽʚ EURO-5 ʽ EURO-6 ʫ ʪʨʘʥʩʧʦʨʪʽ ʻ ʢʣʶʯʦʚʠʤʠ ʢʨʦʢʘʤʠ 

ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ [5]. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʨʽʰʝʥʴ ʟʘʙʝʟʧʝʯʫʻ ʧʦʜʚʽʡʥʠʡ ʝʬʝʢʪ: 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʞʠʪʪʷ ʥʘʩʝʣʝʥʥʷ. 

ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʤʘʡʙʫʪʥʴʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʧʦʣʽʪʠʢʠ ʤʘʻ ʩʪʘʪʠ ʤʦʜʝʨʥʽʟʘʮʽʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʗʢ ʥʘʛʦʣʦʰʫʻ Tokmylenko T., ʤʦʜʝʨʥʽʟʘʮʽʷ ʧʨʦʤʠʩʣʦʚʠʭ ʽ 

ʪʝʧʣʦʚʠʭ ʦʙôʻʢʪʽʚ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʩʠʩʪʝʤ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ 

ʻ ʙʘʟʦʚʦʶ ʫʤʦʚʦʶ ʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ [7]. ʂʦʤʧʣʝʢʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ, ʚʢʣʶʯʘʶʯʠ ʩʫʧʫʪʥʠʢʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ Copernicus, ʜʦʟʚʦʣʷʻ 

ʪʦʯʥʽʰʝ ʚʽʜʩʪʝʞʫʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʽ ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʤʽʥʠ ʫ ʷʢʦʩʪʽ 

ʧʦʚʽʪʨʷ [6]. 

ʋ ʩʪʨʘʪʝʛʽʯʥʦʤʫ ʚʠʤʽʨʽ ʧʦʜʘʣʴʰʝ ʟʨʦʩʪʘʥʥʷ ʫʨʙʘʥʽʟʘʮʽʾ ʧʦʪʨʝʙʫʻ ʙʘʣʘʥʩʫ ʤʽʞ 

ʝʢʦʥʦʤʽʯʥʠʤʠ ʽʥʪʝʨʝʩʘʤʠ ʡ ʝʢʦʣʦʛʽʯʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ. ʇʽʜʭʽʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʢʦʥʮʝʧʮʽʾ 

ʩʪʘʣʦʛʦ ʤʽʩʴʢʦʛʦ ʨʦʟʚʠʪʢʫ, ʤʘʻ ʚʢʣʶʯʘʪʠ ʽʥʪʝʛʨʦʚʘʥʝ ʧʣʘʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ, 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʝ ʙʫʜʽʚʥʠʮʪʚʦ, ʨʦʟʚʠʪʦʢ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʬʦʨʤʫʚʘʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ ʛʨʦʤʘʜʷʥ. ʃʠʰʝ ʢʦʤʧʣʝʢʩʥʘ ʧʦʣʽʪʠʢʘ, ʱʦ ʧʦʻʜʥʫʻ ʪʝʭʥʦʣʦʛʽʯʥʽ, 

ʽʥʩʪʠʪʫʮʽʡʥʽ ʪʘ ʦʩʚʽʪʥʽ ʟʘʭʦʜʠ, ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʩʪʫʧʦʚʝ ʚʽʜʥʦʚʣʝʥʥʷ ʷʢʦʩʪʽ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʫʢʨʘʾʥʩʴʢʠʭ ʤʽʩʪ ʜʦ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʢʣʠʢʽʚ. 
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ʆʎɯʅʂɸ ɺʄɯʉʊʋ ɿɸʃɯɿɸ ʋ ɺʆɼɯ ʌʆʊʆʂʆʃʆʈʀʄɽʊʈʀʏʅʀʄ ʄɽʊʆɼʆʄ ʊɸ 

ʄɽʊʆɼʆʄ ʉʋʍʆɻʆ ɿɸʃʀʐʂʋ (ʅɸ ʇʈʀʂʃɸɼɯ ɺʆɼʀ ɿ ʄ. ʂʈʀɺʀʁ ʈɯɻ) 

 

ʃʫʥʴʦʚʘ ɭʚʛʝʥʽʷ ɺʘʣʝʨʽʾʚʥʘ, ɼʽʚʦʥʯʫʢ ʋʣʷʥʘ ɸʥʜʨʽʾʚʥʘ, ʩʪʫʜʝʥʪʢʠ ʛʨʫʧʠ ɽʂʆ-24-1 

ɼʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʄʦʩʶʢ ʄʠʢʦʣʘ ɯʚʘʥʦʚʠʯ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ɺʦʜʘ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʞʠʪʪʷ ʣʶʜʠʥʠ. ɺʦʥʘ ʥʝ ʣʠʰʝ ʟʘʙʝʟʧʝʯʫʻ 

ʥʦʨʤʘʣʴʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʨʛʘʥʽʟʤʫ, ʘʣʝ ʡ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʛʽʛʽʻʥʠ, ʧʨʠʛʦʪʫʚʘʥʥʷ ʾʞʽ ʪʘ 

ʚʝʜʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ.  

ʆʜʥʘʢ ʾʾ ʮʽʥʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʣʠʰʝ ʢʽʣʴʢʽʩʪʶ, ʘ ʡ ʷʢʽʩʪʶ: ʚʘʞʣʠʚʦ, ʱʦʙ ʫ ʥʽʡ ʙʫʣʠ 

ʥʝʦʙʭʽʜʥʽ ʤʽʥʝʨʘʣʴʥʽ ʝʣʝʤʝʥʪʠ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ ʜʦʧʫʩʪʠʤʠʭ 

ʥʦʨʤ, ʘʜʞʝ ʥʘʜʣʠʰʦʢ ʧʝʚʥʠʭ ʩʧʦʣʫʢ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʟʜʦʨʦʚôʷ.  

 

       

 

ʂʨʠʚʠʡ ʈʽʛ - ʚʝʣʠʢʠʡ ʧʨʦʤʠʩʣʦʚʠʡ ʮʝʥʪʨ ʋʢʨʘʾʥʠ, ʚʽʜʦʤʠʡ ʨʦʟʚʠʥʝʥʦʶ ʛʽʨʥʠʯʦ-

ʤʝʪʘʣʫʨʛʽʡʥʦʶ ʛʘʣʫʟʟʶ: ʥʘ ʮʽʡ ʪʝʨʠʪʦʨʽʾ ʚʦʜʘ ʤʦʞʝ ʤʽʩʪʠʪʠ ʧʽʜʚʠʱʝʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʤʝʪʘʣʽʚ, ʟʦʢʨʝʤʘ ʟʘʣʽʟʘ, ʱʦ ʨʦʙʠʪʴ ʘʢʪʫʘʣʴʥʠʤ ʾʾ ʢʦʥʪʨʦʣʴ ʪʘ ʦʮʽʥʢʫ. 

ʊʘʢʦʞ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʜʠ ʩʘʤʝ ʟ ʂʨʠʚʦʛʦ ʈʦʛʫ ʫ ʤʝʞʘʭ ɯʌʅʊʋʅɻ ʤʘʻ ʥʘ 

ʤʝʪʽ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʚʘʞʣʠʚʽʩʪʴ ʤʦʥʽʪʦʨʠʥʛʫ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʧʨʦʤʠʩʣʦʚʠʭ ʨʝʛʽʦʥʽʚ 

ʋʢʨʘʾʥʠ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʦʥʠ ʪʝʨʠʪʦʨʽʘʣʴʥʦ ʚʽʜʜʘʣʝʥʽ ʚʽʜ ʤʽʩʮʷ ʧʨʦʚʝʜʝʥʥʷ ʬʦʨʫʤʫ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʻʜʠʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ ʩʪʫʜʝʥʪʽʚ ʽ ʤʦʣʦʜʠʭ ʥʘʫʢʦʚʮʽʚ ʱʦʜʦ ʟʙʝʨʝʞʝʥʥʷ 

ʷʢʦʩʪʽ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʨʽʟʥʠʭ ʢʫʪʦʯʢʘʭ ʢʨʘʾʥʠ.  

ɼʦʪʨʠʤʫʶʯʠʩʴ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʢʘʟʽʚʦʢ ʪʘ ʧʨʘʚʠʣ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ, ʙʫʣʦ ʚʠʢʦʥʘʥʦ 

ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʚʽʜʽʙʨʘʥʦʾ ʧʨʦʙʠ ʚʦʜʠ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʚʘ ʤʝʪʦʜʠ: 

ʬʦʪʦʝʣʝʢʪʨʦʢʦʣʦʨʠʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʟʘʣʽʟʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʽʪʣʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʪʘ ʤʝʪʦʜ ʩʫʭʦʛʦ ʟʘʣʠʰʢʫ, ʱʦ ʦʮʽʥʶʻ ʟʘʛʘʣʴʥʠʡ 

ʚʤʽʩʪ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʫ ʚʦʜʽ.  

ɿ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʩʽ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʘʣʽʙʨʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʙʫʣʦ ʧʨʠʜʽʣʝʥʦ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʽʜʙʦʨʫ ʪʘ 

ʧʽʜʛʦʪʦʚʢʠ ʧʨʦʙʠ. ʇʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʽʟ ʯʠʥʥʠʤʠ ʩʘʥʽʪʘʨʥʠʤʠ ʥʦʨʤʘʤʠ 

ʜʦʟʚʦʣʠʣʦ ʦʮʽʥʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʨʦʙʠ ʚʠʤʦʛʘʤ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣ. 1.  
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ʊʘʙʣʠʮʷ 1 - ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ 

 

 

ʑʦʙ ʟʘʧʦʙʽʛʪʠ ʥʝʛʘʪʠʚʥʠʤ ʥʘʩʣʽʜʢʘʤ, ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʦʙʫʪʦʚʽ ʘʙʦ ʧʨʦʤʠʩʣʦʚʽ 

ʤʝʪʦʜʠ ʦʯʠʱʝʥʥʷ ʚʦʜʠ. ʉʝʨʝʜ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ - ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʽʚ ʟ 

ʽʦʥʦʦʙʤʽʥʥʠʤʠ ʩʤʦʣʘʤʠ ʘʙʦ ʘʢʪʠʚʦʚʘʥʠʤ ʚʫʛʽʣʣʷʤ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ ʘʝʨʘʮʽʾ ʪʘ ʭʽʤʽʯʥʦʛʦ 

ʟʥʝʟʘʣʽʟʥʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʜʘʣʠʪʠ ʨʦʟʯʠʥʝʥʝ ʟʘʣʽʟʦ. ɺʘʞʣʠʚʦ ʪʘʢʦʞ ʨʝʛʫʣʷʨʥʦ 

ʧʨʦʚʦʜʠʪʠ ʢʦʥʪʨʦʣʴ ʚʦʜʠ ʽ, ʟʘ ʧʦʪʨʝʙʠ, ʧʨʦʤʠʚʘʪʠ ʩʠʩʪʝʤʫ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʱʦʙ ʫʥʠʢʥʫʪʠ 

ʥʘʢʦʧʠʯʝʥʥʷ ʦʩʘʜʫ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʪʨʫʙ. ɼʣʷ ʧʠʪʪʷ ʪʘ ʧʨʠʛʦʪʫʚʘʥʥʷ ʾʞʽ ʜʦ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʫ ʬʽʣʴʪʨʘʮʽʶ ʘʙʦ ʙʫʪʠʣʴʦʚʘʥʫ ʚʦʜʫ.  

ʆʪʞʝ, ʥʘʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʚʦʜʘ ʫ ʮʴʦʤʫ ʨʝʛʽʦʥʽ ʤʘʻ ʧʝʨʝʚʠʱʝʥʝ ʤʽʥʝʨʘʣʴʥʝ 

ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʟʘʣʽʟʘ, ʱʦ ʚʠʤʘʛʘʻ ʫʚʘʛʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ ʪʘ 

ʙʝʟʧʝʢʠ ʾʾ ʩʧʦʞʠʚʘʥʥʷ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʛʘʣʴʥʦʛʦ ʟʘʣʽʟʘ, ʚʠʟʥʘʯʝʥʘ 

ʬʦʪʦʝʣʝʢʪʨʦʢʦʣʦʨʠʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ, ʩʢʣʘʣʘ 0,894 ʤʽʣʽʛʨʘʤʘ ʥʘ ʣʽʪʨ. ʎʝ ʤʘʡʞʝ ʫ 4,5 ʨʘʟʠ 

ʧʝʨʝʚʠʱʫʻ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʣʷ ʧʠʪʥʦʾ ʚʦʜʠ, ʷʢʘ ʩʪʘʥʦʚʠʪʴ 0,2 ʤʛ/ʣ. 

ɼʦʜʘʪʢʦʚʦ ʤʠ ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ ʩʫʭʠʡ ʟʘʣʠʰʦʢ ʚʦʜʠ, ʷʢʠʡ ʩʢʣʘʚ 2000 ʤʛ/ʣ, ʱʦ ʟʥʘʯʥʦ 

ʧʝʨʝʚʠʱʫʻ ʩʘʥʽʪʘʨʥʠʡ ʦʨʽʻʥʪʠʨ ʜʣʷ ʧʠʪʥʦʾ ʚʦʜʠ ʚ ʋʢʨʘʾʥʽ ð 1000 ʤʛ/ʣ. ɺʠʩʦʢʠʡ ʧʦʢʘʟʥʠʢ 

TDS ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʦʜʘ ʤʽʩʪʠʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ, ʪʘʢʠʭ ʷʢ 

ʢʘʣʴʮʽʡ, ʤʘʛʥʽʡ, ʥʘʪʨʽʡ, ʭʣʦʨʠʜʠ ʪʘ ʩʫʣʴʬʘʪʠ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʫʭʠʡ ʟʘʣʠʰʦʢ 

ʥʝ ʜʘʻ ʪʦʯʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʚʤʽʩʪʫ ʟʘʣʽʟʘ, ʽ ʜʣʷ ʦʮʽʥʢʠ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʦʙʦʚôʷʟʢʦʚʦ ʧʨʦʚʦʜʠʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʡ ʘʥʘʣʽʟ, ʷʢʠʡ ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʧʦʢʘʟʘʚ ʧʝʨʝʚʠʱʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʘ ʯʘʩʪʢʘ ʟʘʣʽʟʘ ʫ ʟʘʛʘʣʴʥʦʤʫ ʤʽʥʝʨʘʣʴʥʦʤʫ ʩʢʣʘʜʽ ʚʦʜʠ ʤʦʞʝ 

ʩʪʚʦʨʶʚʘʪʠ ʩʫʪʪʻʚʽ ʧʨʦʙʣʝʤʠ ʜʣʷ ʾʾ ʝʩʪʝʪʠʯʥʦʾ ʷʢʦʩʪʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʦʙʫʪʽ. 
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ʄʝʪʦʜ ʂʦʨʦʪʢʠʡ ʦʧʠʩ ʚʠʢʦʥʘʥʠʭ ʜʽʡ 
ɻʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ 

 

ʌʦʪʦʝʣʝʢʪʨʦʢʦʣʦʨʠ

ʤʝʪʨ 

ɼʦ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ ʜʦʜʘʚʘʣʠ 

ʨʝʘʛʝʥʪʠ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ ʟʘʣʽʟʦʤ, 

ʧʽʩʣʷ ʯʦʛʦ ʚʠʤʽʨʶʚʘʣʠ ʢʦʣʽʨ ʨʦʟʯʠʥʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʝʣʝʢʪʨʦʢʦʣʦʨʠʤʝʪʨʘ 

0,2 ʤʛ/ʜʤį 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ: 

0,894 ʤʛ/ʜʤį 

 

ʄʝʪʦʜ ʩʫʭʦʛʦ 

ʟʘʣʠʰʢʫ 

ɺʦʜʫ ʚʠʧʘʨʶʚʘʣʠ ʚ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʜʦ 

ʧʦʚʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʨʽʜʠʥʠ, ʟʘʣʠʰʦʢ 

ʟʚʘʞʫʚʘʣʠ ʨʘʟʦʤ ʽʟ ʧʦʨʦʞʥʴʦʶ ʯʘʰʝʶ, 

ʧʽʩʣʷ ʯʦʛʦ ʦʙʯʠʩʣʶʚʘʣʠ ʤʘʩʫ ʩʫʭʦʛʦ 

ʟʘʣʠʰʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ 

Ò 1000 ʤʛ/ʜʤį  

(ʪʦʙʪʦ Ò1000 ʤʛ/ʣ ) 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ: 

2000 ʤʛ/ʣ 
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2025 ͪͦͯ͟ 

 
ʄʋʃʔʊʀʄɸʉʐʊɸɹʅʀʁ ɽʂʆʃʆɻɯʏʅʀʁ ʄʆʅɯʊʆʈʀʅɻ 

ɯɺɸʅʆ-ʌʈɸʅʂɯɺʉʔʂʆɻʆ ʈɸʁʆʅʋ ɯɿ ɿɸʉʊʆʉʋɺɸʅʅʗʄ ɹɽɿʇɯʃʆʊʅʀʍ 

ʃɯʊɸʃʔʅʀʍ ɸʇɸʈɸʊɯɺ 

 

ɼʦʥʝʮʴ ʆʣʝʢʩʘʥʜʨ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ 

ɼʦʮʝʥʪ ʢʘʬʝʜʨ ʠ ʝʢʦʣʦʛʽʾ ɿʦʨʽʥ ɼʝʥʠʩ ʆʣʝʢʩʽʡʦʚʠʯ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ɸʥʦʪʘʮʽʷ 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʇʃɸ) ʫ ʩʠʩʪʝʤʽ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ɹʇʃɸ 

ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ, 

ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʝʢʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʟ ʤʝʪʦʶ ʩʚʦʻʯʘʩʥʦʛʦ 

ʚʠʷʚʣʝʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʧʨʠʨʦʜʥʽ ʢʦʤʧʣʝʢʩʠ ʨʘʡʦʥʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʨʘʡʦʥ, ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʙʝʟʧʽʣʦʪʥʽ 

ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ, ɻɯʉ, ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ. 

ɺʩʪʫʧ 

ʄʦʥʽʪʦʨʠʥʛ ʜʦʚʢʽʣʣʷ ʷʚʣʷʻ ʩʦʙʦʶ ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʩʠʩʪʝʤʫ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʷʢʘ 

ʬʫʥʢʮʽʦʥʫʻ ʥʘ ʜʝʪʘʣʴʥʦʤʫ, ʣʦʢʘʣʴʥʦʤʫ, ʨʝʛʽʦʥʘʣʴʥʦʤʫ, ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʘ ʛʣʦʙʘʣʴʥʦʤʫ 

ʨʽʚʥʷʭ. ɼʝʪʘʣʴʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʦʭʦʧʣʶʻ ʥʝʚʝʣʠʢʽ ʜʽʣʷʥʢʠ ʪʝʨʠʪʦʨʽʾ, ʪʦʜʽ ʷʢ ʣʦʢʘʣʴʥʠʡ ʨʽʚʝʥʴ 

ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʪʨʦʣʴ ʟʘ ʝʢʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ ʤʝʞʘʭ ʨʘʡʦʥʫ ʯʠ ʤʽʩʪʘ. ʅʘ ʦʩʥʦʚʽ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʜʘʥʠʭ ʬʦʨʤʫʻʪʴʩʷ ʨʝʛʽʦʥʘʣʴʥʘ ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ, ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʝʥʜʝʥʮʽʾ ʡʦʛʦ ʟʤʽʥ ʪʘ 

ʚʠʟʥʘʯʘʪʠ ʪʝʨʠʪʦʨʽʾ ʟ ʧʽʜʚʠʱʝʥʠʤ ʘʥʪʨʦʧʦʛʝʥʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ʉʫʯʘʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʝʨʝʜʙʘʯʘʻ ʽʥʪʝʛʨʘʮʽʶ ʨʽʟʥʦʨʽʚʥʝʚʠʭ ʩʠʩʪʝʤ ʫ ʻʜʠʥʝ 

ʽʥʬʦʨʤʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ. ʋ ʛʣʦʙʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʪʘʢʽ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʫʶʪʴʩʷ ʫ ʤʽʞʥʘʨʦʜʥʽ ʤʝʨʝʞʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʟʦʢʨʝʤʘ ʚ ɻʣʦʙʘʣʴʥʫ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

(GEMS), ʱʦ ʢʦʦʨʜʠʥʫʻʪʴʩʷ ʧʽʜ ʝʛʽʜʦʶ ʆʆʅ[2-3]. 

ɺ ʫʤʦʚʘʭ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ 

ʤʫʣʴʪʠʤʘʩʰʪʘʙʥʦʾʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʷʢʘ ʧʦʻʜʥʫʻ 

ʜʘʥʽ ʨʽʟʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʽʚʥʷ ð ʚʽʜ ʣʦʢʘʣʴʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʜʦ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚ 

ʧʝʨʩʧʝʢʪʠʚʽ ʥʘ ʨʽʚʥʽ ɭʚʨʦʩʦʶʟʫ (ʨʠʩ. 1). ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ ʩʫʧʫʪʥʠʢʦʚʽ 

ʟʥʽʤʢʠ, ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʜʘʥʽ ʟ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʪʘ 

ʥʘʟʝʤʥʠʭ ʩʝʥʩʦʨʽʚ ʫ ʻʜʠʥʫ ɻɯʉ-ʧʣʘʪʬʦʨʤʫ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʫ ʪʦʯʥʽʩʪʴ ʦʮʽʥʢʠ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ, ʩʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ ʫ ʤʝʞʘʭ ʨʘʡʦʥʫ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. 

ɺ ʫʤʦʚʘʭ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʦʩʦʙʣʠʚʦʾ ʚʘʞʣʠʚʦʩʪʽ ʥʘʙʫʚʘʻ ʦʮʽʥʢʘ ʤʘʩʰʪʘʙʽʚ ʽ ʭʘʨʘʢʪʝʨʫ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʩʪʘʥ ʜʦʚʢʽʣʣʷ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ 

ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʝ ʚʽʜʩʪʝʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʟʤʽʥ ʫ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʜʦʟʚʦʣʷʻ ʩʚʦʻʯʘʩʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʝʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʽ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʟʙʦʨʫ ʝʢʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʦʙôʻʢʪʠʚʥʫ 

ʦʮʽʥʢʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. 
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ʄʝʪʘ ʨʦʙʦʪʠ ð ʟʜʽʡʩʥʠʪʠ ʦʮʽʥʢʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʽ ɹʇʃɸ ʫ ʩʠʩʪʝʤʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʶʪʴ ʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʤʝʪʦʜʽʚ ʟʙʦʨʫ ʪʘ ʘʥʘʣʽʟʫ ʧʨʦʩʪʦʨʦʚʠʭ 

ʜʘʥʠʭ, ʚʠʟʥʘʯʝʥʥʽ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʦʮʽʥʮʽ ʟʤʽʥ ʩʪʘʥʫ 

ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɽʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɿʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʩʫʧʫʪʥʠʢʦʚʠʭ ʽ 

ʘʝʨʦʬʦʪʦʟʡʦʤʦʢ, ʚʠʢʦʥʘʥʠʭ ʽʟ ɹʇʃɸ. 

 

 
ʈʠʩʫʥʦʢ 1. ʄʫʣʴʪʠʤʘʩʰʪʘʙʥʠʡ ʤʦʥʽʪʦʨʠʥʛ 

 

ɺʠʙʽʨ ʤʦʜʝʣʽ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʨʘʡʦʥ (ʨʠʩ. 2) ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-

ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʫʪʚʦʨʝʥʴ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ɺʽʥ ʙʫʚ ʩʬʦʨʤʦʚʘʥʠʡ 17 ʣʠʧʥʷ 2020 

ʨʦʢʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʨʝʬʦʨʤʠ ʋʢʨʘʾʥʠ. 

ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʠʤ ʮʝʥʪʨʦʤ ʨʘʡʦʥʫ ʻ ʤʽʩʪʦ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ. 

ʊʝʨʠʪʦʨʽʷ ʨʘʡʦʥʫ ʤʝʞʫʻ: ʥʘ ʟʘʭʦʜʽ ð ʟ ʂʘʣʫʩʴʢʠʤ ʨʘʡʦʥʦʤ, ʥʘ ʧʽʚʜʝʥʥʦʤʫ ʟʘʭʦʜʽ ð ʟ 

ʅʘʜʚʽʨʥʷʥʩʴʢʠʤ, ʥʘ ʧʽʚʜʝʥʥʦʤʫ ʩʭʦʜʽ ð ʟ ʂʦʣʦʤʠʡʩʴʢʠʤ ʨʘʡʦʥʘʤʠ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ 

ʦʙʣʘʩʪʽ; ʥʘ ʧʽʚʥʦʯʽ ʪʘ ʧʽʚʥʽʯʥʦʤʫ ʟʘʭʦʜʽ ð ʟ ʃʴʚʽʚʩʴʢʦʶ ʦʙʣʘʩʪʶ (ʃʴʚʽʚʩʴʢʠʡ ʽ ʉʪʨʠʡʩʴʢʠʡ 

ʨʘʡʦʥʠ); ʥʘ ʩʭʦʜʽ ð ʟ ʊʝʨʥʦʧʽʣʴʩʴʢʦʶ ʦʙʣʘʩʪʶ (ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʪʘ ʏʦʨʪʢʽʚʩʴʢʠʡ ʨʘʡʦʥʠ); ʘ 

ʥʘ ʧʽʚʜʝʥʥʦʤʫ ʟʘʭʦʜʽ ð ʽʟ ɿʘʢʘʨʧʘʪʩʴʢʦʶ ʦʙʣʘʩʪʶ (ʊʷʯʽʚʩʴʢʠʡ ʨʘʡʦʥ). 

ɿʛʽʜʥʦ ʟ ʦʬʽʮʽʡʥʠʤʠ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʩʪʘʥʦʤ ʥʘ 2020 ʨʽʢ, ʯʠʩʝʣʴʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʩʪʘʥʦʚʠʣʘ 559 866 ʦʩʽʙ [1]. 
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.  

ʈʠʩʫʥʦʢ 2. ʌʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʘ ʢʘʨʪʦʩʭʝʤʘ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ [1] 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʚʘʛ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʇʃɸ) ʫ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʨʠʪʦʨʽʡ ɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʚʘʞʣʠʚʠʤ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʜʠʩʪʘʥʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʩʝʨʝʜ ʷʢʠʭ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʧʦʩʽʜʘʶʪʴ ʙʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ (ɹʇʃɸ). 

ɰʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʦʧʝʨʘʪʠʚʥʝ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʪʦʯʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʦʮʽʥʢʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʨʠʨʦʜʥʽ ʢʦʤʧʣʝʢʩʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ 

ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ. 

ɹʇʃɸ, ʦʩʥʘʱʝʥʽ ʩʫʯʘʩʥʠʤ ʙʦʨʪʦʚʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ 

ʩʠʩʪʝʤʘʪʠʯʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʪʘʥʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ˇʨʫʥʪʽʚ ʽ 

ʨʦʩʣʠʥʥʦʩʪʽ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ, 

ʱʦ ʚʢʣʶʯʘʶʪʴ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʦʣʴʦʪʦʤ, ʩʝʥʩʦʨʥʽ ʤʦʜʫʣʽ ʟʙʦʨʫ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʘ 

ʪʘʢʦʞ ʮʝʥʪʨʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. 

ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚʠʜʽʣʷʶʪʴʩʷ: 

¶ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʚʠʢʠʜʘʤʠ 

ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ; 

¶ ʫʩʢʣʘʜʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʽ ʧʽʜʚʠʱʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʠʨʦʜʥʝ 

ʩʝʨʝʜʦʚʠʱʝ; 

¶ ʥʝʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ; 

¶ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʚʦʻʯʘʩʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭʥʴʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʝʢʦʩʠʩʪʝʤʠ. 

ʉʫʯʘʩʥʽ ʚʠʤʦʛʠ ʜʦ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ ʚ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʤʫ ʨʘʡʦʥʽ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʢʦʤʧʣʝʢʩʥʝ ʧʦʻʜʥʘʥʥʷ ɹʇʃɸ ʟ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ (ɻɯʉ). ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʟʘʙʝʟʧʝʯʫʻ ʦʧʝʨʘʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʝʢʦʣʦʛʽʯʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, ʽʥʪʝʛʨʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʽʟ ʜʘʥʠʤʠ ʥʘʟʝʤʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ 

ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 
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ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʛʦ 

ʨʘʡʦʥʫ ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ɹʇʃɸ ʜʣʷ ʟʙʦʨʫ ʝʢʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʩʪʫʧʘʻ ʧʨʦʮʝʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʫ 

ʩʠʩʪʝʤʽ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʨʘʡʦʥʫ, ʘ ʧʨʝʜʤʝʪʦʤ ð 

ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʬʽʢʩʘʮʽʾ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʟʤʽʥ 

ʝʢʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʆʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶʯʘʶʪʴ: 

1. ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʠʩʪʘʥʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

2. ʆʧʪʠʤʽʟʘʮʽʶ ʩʪʨʫʢʪʫʨʥʠʭ ʩʭʝʤ ʫʧʨʘʚʣʽʥʥʷ ʧʦʣʴʦʪʦʤ ɹʇʃɸ ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʚʜʘʥʴ. 

3. ʈʦʟʨʦʙʢʫ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ 

ʜʣʷ ʟʙʦʨʫ ʝʢʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ. 

4. ɺʝʨʠʬʽʢʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʴʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

5. ʌʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ɹʇʃɸ ʫ ʧʨʘʢʪʠʢʫ 

ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ɹʇʃɸ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ɻɯʉ-ʪʝʭʥʦʣʦʛʽʷʤʠ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʜʝʪʘʣʴʥʝ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʣʘʥʜʰʘʬʪʽʚ, ʢʦʥʪʨʦʣʶʚʘʪʠ ʜʠʥʘʤʽʢʫ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ, ʬʽʢʩʫʚʘʪʠ 

ʝʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ, ʟʤʽʥʠ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ ʪʘ ʧʨʦʷʚʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʋ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʨʦʥʽʚ ʟʘʙʝʟʧʝʯʫʻ ʚʠʱʫ 

ʦʧʝʨʘʪʠʚʥʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʽ ʜʦʩʪʫʧʥʽʩʪʴ ʜʘʥʠʭ ʥʘʚʽʪʴ ʫ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʜʽʣʷʥʢʘʭ. 

ʉʫʯʘʩʥʽ ʤʦʜʝʣʽ ʙʘʛʘʪʦʨʦʪʦʨʥʠʭ ɹʇʃɸ, ʦʩʥʘʱʝʥʽ ʦʧʪʠʯʥʠʤʠ, ʽʥʬʨʘʯʝʨʚʦʥʠʤʠ ʪʘ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʤʠ ʩʝʥʩʦʨʘʤʠ, ʜʘʶʪʴ ʟʤʦʛʫ ʦʪʨʠʤʫʚʘʪʠ ʙʘʛʘʪʦʚʠʤʽʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʩʪʘʥ ʢʦʤʧʦʥʝʥʪʽʚ ʝʢʦʩʠʩʪʝʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʙʘʟʠ ʜʘʥʠʭ ʽ ʩʪʚʦʨʶʚʘʪʠ 

ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ ʤʽʩʮʝʚʦʩʪʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʚʢʣʶʯʘʻ ʝʪʘʧʠ: ʚʠʙʽʨ ʜʽʣʷʥʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʟʙʽʨ ʧʨʦʙ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʝʨʦʬʦʪʦʟʡʦʤʢʠ, ʧʦʙʫʜʦʚʫ ʙʘʟ ʜʘʥʠʭ, ʘʥʘʣʽʪʠʯʥʫ ʦʙʨʦʙʢʫ ʦʪʨʠʤʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʛʥʦʟʽʚ ʨʦʟʚʠʪʢʫ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ. ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʬʦʨʤʫʶʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʽ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ[4,5]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ɹʇʃɸ ʫ ʩʠʩʪʝʤʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ, ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʚʠʷʚʣʷʪʠ ʥʝʛʘʪʠʚʥʽ ʟʤʽʥʠ ʪʘ ʧʨʠʡʤʘʪʠ 

ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʽ ʫʧʨʘʚʣʽʥʩʴʢʽ ʨʽʰʝʥʥʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ. 

ɺʠʩʥʦʚʢʠ 
ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʦ, ʱʦ ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʪʘʥʦʤ ʜʦʚʢʽʣʣʷ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ. ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ 

ʤʘʥʝʚʨʝʥʦʩʪʽ ʪʘ ʤʦʙʽʣʴʥʦʩʪʽ ɹʇʃɸ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʚʽʪʨʷ, ˇʨʫʥʪʠ, ʚʦʜʥʽ ʨʝʩʫʨʩʠ ʪʘ ʟʝʣʝʥʽ ʥʘʩʘʜʞʝʥʥʷ ʥʘʚʽʪʴ ʫ 

ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʛʽʨʩʴʢʠʭ ʽ ʟʘʧʣʘʚʥʠʭ ʟʦʥʘʭ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʙʦʨʪʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʦʟʚʦʣʷʻ ʦʜʥʦʯʘʩʥʦ ʬʽʢʩʫʚʘʪʠ ʢʽʣʴʢʘ 

ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʨʽʟʥʠʭ ʚʠʩʦʪʘʭ ʽ ʜʽʣʷʥʢʘʭ, ʱʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʦʮʽʥʢʠ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʽʥʪʝʛʨʫʶʪʴʩʷ ʫ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʢʘʨʪ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥ ʧʨʠʨʦʜʥʠʭ 

ʧʨʦʮʝʩʽʚ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʘʣʠʭ ʽ ʤʽʥʽ-ɹʇʃɸ, ʟʜʘʪʥʠʭ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʣʴʦʪʠ ʨʘʜʽʫʩʦʤ ʜʦ 30ï50 ʢʤ, 

ʻ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʨʝʛʫʣʷʨʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʨʠʪʦʨʽʡ ʧʣʦʱʝʶ ʜʦ 3000 ʢʤĮ, ʱʦ 

ʧʦʚʥʽʩʪʶ ʦʭʦʧʣʶʻ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʨʘʡʦʥ. ʊʘʢʽ ʘʧʘʨʘʪʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʧʪʠʤʘʣʴʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʘʨʪʦʩʪʽ, ʪʦʯʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ. 
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2025 ͪͦͯ͟ 

 
ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʘʝʨʦʬʦʪʦʟʡʦʤʢʠ ʪʘ ʩʝʥʩʦʨʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

ʩʧʨʠʷʪʠʤʝ ʩʪʚʦʨʝʥʥʶ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʤʫʣʴʪʠʤʘʩʰʪʘʙʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʟʜʘʪʥʦʾ 

ʩʚʦʻʯʘʩʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʝʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ, ʧʦʚôʷʟʘʥʽ ʟʽ ʟʤʽʥʘʤʠ ʢʣʽʤʘʪʫ, ʫʨʙʘʥʽʟʘʮʽʻʶ ʪʘ 

ʛʦʩʧʦʜʘʨʩʴʢʦʶ ʜʽʷʣʴʥʽʩʪʶ. ʈʝʘʣʽʟʘʮʽʷ ʪʘʢʠʭ ʧʽʜʭʦʜʽʚ ʧʦʪʨʝʙʫʻ ʧʽʜʪʨʠʤʢʠ ʟ ʙʦʢʫ ʜʝʨʞʘʚʥʠʭ 

ʩʪʨʫʢʪʫʨ ʪʘ ʤʽʩʮʝʚʠʭ ʦʨʛʘʥʽʚ ʚʣʘʜʠ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʫ ʩʠʩʪʝʤʫ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʨʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1. ɼʝʮʝʥʪʨʘʣʽʟʘʮʽʷ - ʧʦʨʪʘʣ ʧʨʦ ʨʝʬʦʨʤʫ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʪʘ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ ʚʣʘʜʠ ʚ ʋʢʨʘʾʥʽ (2024).  
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ɿɸɹʈʋɼʅɽʅʅʗ ˆʈʋʅʊɯɺ ʅɸ ʅɸʌʊʆɻɸɿʆʇʈʆʄʀʉʃɸʍ ʇʈʀʂɸʈʇɸʊʊʗ 

 

ɼʨʠʛʫʣʠʯ ʉʝʨʛʽʡ ʇʝʪʨʦʚʠʯ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ 

ʂ.ʪ.ʥ., ʟʘʚʽʜʫʚʘʯʢʘ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʆʨʬʘʥʦʚʘ ʄʘʨʽʷ ʄʠʭʘʡʣʽʚʥʘ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ɿʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʥʘ ʥʘʬʪʦʛʘʟʦʧʨʦʤʠʩʣʘʭ ʻ ʦʜʥʦʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ 

ʥʘʬʪʦʛʘʟʦʚʠʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ˆʨʫʥʪʠ ʻ ʯʫʪʣʠʚʠʤ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʫ ʂʘʨʧʘʪʩʴʢʦʤʫ ʨʝʛʽʦʥʽ. ɼʣʷ ʥʠʭ 

ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʥʘʢʦʧʠʯʝʥʥʷ ʛʫʤʫʩʫ ʪʘ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ. ɺʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ, ʨʝʘʢʮʽʷ ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝʡʪʨʘʣʴʥʘ ʘʙʦ 

ʙʣʠʟʴʢʘ ʜʦ ʥʝʡʪʨʘʣʴʥʦʾ, ʤʘʶʪʴ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʨʫʭʦʤʠʭ ʩʧʦʣʫʢ ʬʦʩʬʦʨʫ, ʥʠʟʴʢʠʡ ʚʤʽʩʪ 

ʨʫʭʦʤʠʭ ʩʧʦʣʫʢ ʟʘʣʽʟʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʫʢʦʚʮʽʚ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʨʠ ʟʘʙʨʫʜʥʝʥʥʽ ˇʨʫʥʪʫ ʥʘʬʪʦʶ 

ʯʠ ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ ʟʤʽʥʶʶʪʴʩʷ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʘʢʦʞ ʨʫʡʥʫʻʪʴʩʷ ˇʨʫʥʪʦʚʘ 

ʩʪʨʫʢʪʫʨʘ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʚʦʜʦʧʨʦʥʠʢʥʦʩʪʽ, ʚʦʣʦʛʦʻʤʥʦʩʪʽ, 

ʧʦʛʽʨʰʫʻʪʴʩʷ ʧʨʦʮʝʩʠ ʧʦʚʽʪʨʷʥʦʛʦ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʽʚ. 

ʋ ʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʘʭ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʫʛʣʝʮʝʤ ʽ ʘʟʦʪʦʤ ʟʘ ʨʘʭʫʥʦʢ 

ʚʫʛʣʝʮʶ ʥʘʬʪʠ, ʘ ʮʝ, ʷʢ ʚʽʜʦʤʦ, ʧʦʛʽʨʰʫʻ ʘʟʦʪʥʠʡ ʨʝʞʠʤ ˇʨʫʥʪʽʚ. ʂʽʣʴʢʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʟʥʠʞʫʻʪʴʩʷ ʥʘʚʽʪʴ ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʝʟʥʘʯʥʦʤʫ ʟʘʙʨʫʜʥʝʥʥʽ ˇʨʫʥʪʫ ʥʘʬʪʦʶ. ɸ ʚʽʜʥʦʚʣʝʥʥʷ ʮʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʯʝʨʝʟ ʰʽʩʪʴ ʤʽʩʷʮʽʚ ʧʽʩʣʷ ʟʘʙʨʫʜʥʝʥʥʷ. ʇʨʦʪʝ 

ʰʚʠʜʢʠʡ ʽ ʽʥʪʝʥʩʠʚʥʠʡ ʨʽʩʪ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʘʢʪʠʚʥʦ ʟʘʩʚʦʶʶʪʴ ʨʦʟʯʠʥʥʽ ʩʧʦʣʫʢʠ, ʜʫʞʝ 

ʟʙʽʜʥʶʶʪʴ ˇʨʫʥʪʠ ʩʧʦʣʫʢʘʤʠ ʘʟʦʪʫ ʽ ʬʦʩʬʦʨʫ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʤʦʞʝ ʟʽʛʨʘʪʠ ʨʦʣʴ 

ʣʽʤʽʪʫʶʯʦʛʦ ʬʘʢʪʦʨʫ. 

ʉʘʤʝ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʩʪʫʧʽʥʴ ʧʦʨʫʰʝʥʥʷ ʧʨʠʨʦʜʥʠʭ 

ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ, ʘ ʪʘʢʦʞ ʟ ʙʽʦʣʦʛʽʯʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʘʡʦʥʫ. ɼʦ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʬʘʢʪʦʨʽʚ ʚʽʜʥʦʩʷʪʴ ʪʠʧ ʥʘʬʪʠ, ʾʾ ʢʽʣʴʢʽʩʪʴ, 

https://doi.org/10.69628/esbur/1.2024.39
http://es-journal.in.ua/issue/view/16075
https://doi.org/10.32347/2411-4049.2022.3.110-118
https://www.sciencedirect.com/journal/societal-impacts
https://www.sciencedirect.com/journal/societal-impacts/vol/3/suppl/C
https://doi.org/10.1016/j.socimp.2024.100044
https://www.sciencedirect.com/journal/procedia-computer-science
https://www.sciencedirect.com/journal/procedia-computer-science/vol/219/suppl/C
https://doi.org/10.1016/j.procs.2023.01.284
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͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ʭʘʨʘʢʪʝʨ ʥʘʬʪʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʩʧʦʩʽʙ ʦʯʠʩʪʢʠ. ɿʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ 

ʥʘʬʪʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʤʘʻ ʨʽʟʥʽ ʬʽʟʠʯʥʽ ʽ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʪʦʤʫ ʽ ʨʽʟʥʫ ʪʦʢʩʠʯʥʽʩʪʴ. 

ʃʝʛʢʽ ʚʫʛʣʝʚʦʜʥʽ ʚʠʩʦʢʦʪʦʢʩʠʯʥʽ, ʚʘʞʢʦ ʟʘʩʚʦʶʶʪʴʩʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ, ʪʦʤʫ ʜʦʚʛʦ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʥʠʞʥʽʭ ˇʨʫʥʪʦʚʠʭ ʰʘʨʘʭ ʚ ʘʥʘʝʨʦʙʥʽʡ ʦʙʩʪʘʥʦʚʮʽ. ʅʝʛʘʪʠʚʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ 

ʚʧʣʠʚ ʩʤʦʣʠʩʪʦ-ʘʩʬʘʣʴʪʝʥʦʚʠʭ ʩʧʦʣʫʢ ʥʘ ˇʨʫʥʪʠ ʧʦʣʷʛʘʻ ʥʝ ʪʽʣʴʢʠ ʫ ʭʽʤʽʯʥʽʡ ʪʦʢʩʠʯʥʦʩʪʽ, ʘ 

ʡ ʫ ʟʤʽʥʽ ʚʦʜʥʦ-ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ. 

ʃʝʛʢʘ ʥʘʬʪʘ ʙʽʣʴʰ ʨʫʭʦʤʘ ʽ ʤʦʞʝ ʧʨʦʥʠʢʘʪʠ ʫ ʚʝʨʭʥʽ ʰʘʨʠ ˇʨʫʥʪʫ. ɺôʷʟʢʘ ʥʘʬʪʘ 

ʩʪʚʦʨʶʻ ʥʘ ʧʦʚʝʨʭʥʽ ʟʘʩʪʠʛʣʠʡ ʰʘʨ ʚʫʛʣʝʚʦʜʥʽʚ, ʷʢʠʡ ʧʦʨʫʰʫʻ ʧʨʦʮʝʩ ʘʝʨʘʮʽʾ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʧʨʦʚʦʜʠʣʠ ʚʯʝʥʽ, ʷʢ ʚ ʋʢʨʘʾʥʽ ʪʘʢ ʽ ʟʘ ʢʦʨʜʦʥʦʤ, 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʞʠʚʘʥʥʷ ʨʦʩʣʠʥ ʚ ʟʘʙʨʫʜʥʝʥʠʭ ʥʘʬʪʦʶ ʽ ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ ˇʨʫʥʪʘʭ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʣʠʙʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ ʢʦʨʝʥʽʚ, ʰʚʠʜʢʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʩʪʫ ʣʠʩʪʢʽʚ ʽ 

ʥʘʷʚʥʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʟʘʭʠʩʥʠʭ ʦʨʛʘʥʽʚ. 

ʋ ʤʽʥʝʨʘʣʴʥʦʤʫ ʩʢʣʘʜʽ ʥʘʬʪʦʚʤʽʩʥʠʭ ʚʽʜʭʦʜʽʚ, ʥʘʧʨʠʢʣʘʜ, ʥʘʬʪʦʚʦʛʦ ʰʣʘʤʫ ʦʩʦʙʣʠʚʫ 

ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ ʟʥʘʯʥʦʤʫ ʚʤʽʩʪʫ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ, ʪʘʢ ʷʢ ʚʽʥ ʟʜʘʪʥʠʡ ʩʦʨʙʫʚʘʪʠ ʥʘ ʩʚʦʾʡ 

ʧʦʚʝʨʭʥʽ ʚʫʛʣʝʚʦʜʥʝʚʽ ʢʦʤʧʦʥʝʥʪʠ ʚʽʜʭʦʜʽʚ. ʅʘ ʧʦʚʝʨʭʥʽ Al2O3 ʙʫʜʫʪʴ ʩʦʨʙʫʚʘʪʠʩʴ 

ʘʨʦʤʘʪʠʯʥʽ ʚʫʛʣʝʚʦʜʥʽ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʽ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʥʘʬʪʦʛʘʟʦʚʠʜʦʙʫʪʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʩʦʣʝʥʥʷ 

ˇʨʫʥʪʽʚ ʥʘʩʣʽʜʦʢ ʧʦʪʨʘʧʣʷʥʥʷ ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʧʣʘʩʪʦʚʠʭ ʚʦʜ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ. ɸ 

ʟʙʽʣʴʰʝʥʥʷ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʶ ʪʘ ʘʟʦʪʫ ʚ 

ˇʨʫʥʪʘʭ. ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʪʠʧʘʤʠ ʟʘʩʦʣʝʥʥʷ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 

ʬʦʩʬʦʨʫ ʪʘ ʣʫʞʥʦʛʽʜʨʦʣʽʟʦʚʘʥʦʛʦ ʘʟʦʪʫ, ʬʦʩʬʦʨʫ, ʢʘʣʽʶ ʪʘ ʛʫʤʫʩʫ. 

ɺ ʧʨʘʢʪʠʮʽ ʥʘʬʪʦʛʘʟʦʚʠʜʦʙʫʪʢʫ ʚʽʜʦʤʽ ʪʘʢʦʞ ʙʘʛʘʪʦʨʽʯʥʽ ʚʠʪʦʢʠ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ 

ʧʣʘʩʪʦʚʠʭ ʚʦʜ ʟ ʩʚʝʨʜʣʦʚʠʥ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʛʝʦʭʽʤʽʯʥʠʭ ʘʥʦʤʘʣʽʡ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʧʨʦʤʠʩʣʽʚ. 

 

ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʉʆʅʗʏʅʆɰ ɽʅɽʈɻɽʊʀʂʀ ɯɿ 

ɺʇʈʆɺɸɼɾɽʅʅʗʄ ʎʀʌʈʆɺʀʍ ɼɺɯʁʅʀʂɯɺ 

 

ɿʚʘʨʠʯ ɸʥʜʨʽʡ ɯʛʦʨʦʚʠʯ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ 
ɼʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʂʘʯʘʣʘ ʊʘʨʘʩ ɹʦʛʜʘʥʦʚʠʯ,  

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 
 

ʇʨʘʢʪʠʯʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʎʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ (Digital Twin, DT) ʚ 

ʝʥʝʨʛʝʪʠʯʥʽʡ ʛʘʣʫʟʽ ʜʝʤʦʥʩʪʨʫʻ ʾʾ ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʦʧʝʨʘʮʽʡ, 

ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʽ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʩʪʘʣʦʩʪʽ. ʋ ʨʽʟʥʠʭ ʩʝʛʤʝʥʪʘʭ ʝʥʝʨʛʝʪʠʢʠ ʎʠʬʨʦʚʽ 

ʜʚʽʡʥʠʢʠ ʩʪʘʣʠ ʢʣʶʯʦʚʠʤ ʯʠʥʥʠʢʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʽʥʥʦʚʘʮʽʡ. ʎʝʡ ʧʽʜʨʦʟʜʽʣ ʨʦʟʛʣʷʜʘʻ 

ʨʝʘʣʴʥʽ ʧʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʚ ʨʦʟʫʤʥʠʭ ʤʝʨʝʞʘʭ, ʩʠʩʪʝʤʘʭ ʚʽʜʥʦʚʣʶʚʘʥʦʾ 

ʝʥʝʨʛʽʾ ʪʘ ʪʝʧʣʦʚʽʡ ʝʥʝʨʛʝʪʠʮʽ, ʘ ʪʘʢʦʞ ʜʦʩʚʽʜ ʢʦʤʧʘʥʽʾ Siemens, ʷʢʘ ʻ ʧʽʦʥʝʨʦʤ ʫ 

ʚʧʨʦʚʘʜʞʝʥʥʽ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ. 

ʆʜʥʠʤ ʽʟ ʥʘʡʚʧʣʠʚʦʚʽʰʠʭ ʥʘʧʨʷʤʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʎʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʻ ʨʦʟʫʤʥʽ 

ʝʥʝʨʛʦʤʝʨʝʞʽ (Smart Grids), ʜʝ ʽʥʪʝʛʨʘʮʽʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ (DERs) ð 

ʪʘʢʠʭ ʷʢ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ, ʚʽʪʨʦʚʽ ʪʫʨʙʽʥʠ ʪʘ ʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ð ʚʠʤʘʛʘʻ 

ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ʎʠʬʨʦʚʽ ʜʚʽʡʥʠʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʥʽʪʦʨʠʥʛ ʽ ʦʧʪʠʤʽʟʘʮʽʶ 

ʨʦʙʦʪʠ ʪʘʢʠʭ ʤʝʨʝʞ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʜʦʟʚʦʣʷʶʯʠ ʝʥʝʨʛʦʢʦʤʧʘʥʽʷʤ ʜʠʥʘʤʽʯʥʦ ʙʘʣʘʥʩʫʚʘʪʠ 

ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. 

ʇʨʠʢʣʘʜʦʤ ʻ ʻʚʨʦʧʝʡʩʴʢʠʡ ʧʨʦʻʢʪ InterFlex, ʧʨʦʬʽʥʘʥʩʦʚʘʥʠʡ ɭʉ, ʜʝ ʎʠʬʨʦʚʽ 

ʜʚʽʡʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ ʚ ʨʦʟʫʤʥʠʭ ʤʝʨʝʞʘʭ ʽ 

ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʧʨʦʙʣʝʤ, ʷʢ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʧʽʜ ʯʘʩ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʤʝʨʝʞʽ. ʄʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʟʚʦʣʠʣʦ ʟʤʝʥʰʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ 

ʚʪʨʘʪʠ ʥʘ 15% ʽ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʤʝʨʝʞ. ʎʝʡ ʧʽʜʭʽʜ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʡ ʫ 

ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ, ʢʦʣʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʜʝʮʝʥʪʨʘʣʽʟʫʶʪʴʩʷ, ʘ ʚʽʜʥʦʚʣʶʚʘʥʽ 

ʜʞʝʨʝʣʘ ʧʦʪʨʝʙʫʶʪʴ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ. 
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ʆʩʥʦʚʦʶ ʢʦʞʥʦʛʦ ʎʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʻ ʪʝʭʥʦʣʦʛʽʷ IoT, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʨ ʜʘʥʠʭ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʉʝʥʩʦʨʠ IoT ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʬʽʟʠʯʥʠʭ ʦʙôʻʢʪʘʭ ð ʪʫʨʙʽʥʘʭ, 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ, ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʷʭ ð ʽ ʬʽʢʩʫʶʪʴ ʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʪʘʢʽ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʪʠʩʢ, ʚʽʙʨʘʮʽʷ ʪʘ ʧʦʪʫʞʥʽʩʪʴ. ʎʝʡ ʙʝʟʧʝʨʝʨʚʥʠʡ ʧʦʪʽʢ ʜʘʥʠʭ ʥʘʜʭʦʜʠʪʴ ʜʦ ʎʠʬʨʦʚʦʛʦ 

ʜʚʽʡʥʠʢʘ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʦʧʝʨʘʪʠʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʘʥʘʣʽʟ. ʅʘʧʨʠʢʣʘʜ, ʫ ʚʽʪʨʦʚʠʭ ʪʫʨʙʽʥʘʭ 

ʩʝʥʩʦʨʠ IoT ʚʠʤʽʨʶʶʪʴ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ, ʢʫʪ ʥʘʭʠʣʫ ʣʦʧʘʪʝʡ ʽ ʤʝʭʘʥʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ 

ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʜʝʪʘʣʴʥʫ ʢʘʨʪʠʥʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʊʘʢʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ 

ʦʧʝʨʘʪʦʨʘʤ ʚʯʘʩʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʤʦʞʣʠʚʽ ʥʝʩʧʨʘʚʥʦʩʪʽ, ʩʢʦʨʦʯʫʶʯʠ ʧʨʦʩʪʦʾ ʪʘ ʚʠʪʨʘʪʠ ʥʘ 

ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɸʥʘʣʦʛʽʯʥʦ, ʫ ʨʦʟʫʤʥʠʭ ʤʝʨʝʞʘʭ ʧʨʠʩʪʨʦʾ IoT ʚʽʜʩʪʝʞʫʶʪʴ 

ʝʥʝʨʛʦʧʦʪʦʢʠ ʪʘ ʚʠʷʚʣʷʶʪʴ ʚʽʜʭʠʣʝʥʥʷ, ʱʦ ʧʽʜʚʠʱʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʦʣʦʛʽʾ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʽ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʠʩʪʝʤʘʭ 

ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚʽʜʢʨʠʚʘʶʪʴ ʥʠʟʢʫ ʥʘʧʨʷʤʽʚ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʜʘʣʴʰʘ ʨʦʙʦʪʘ ʤʘʻ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʘ ʥʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʥʘʷʚʥʠʭ ʤʦʜʝʣʝʡ ʽ ʨʦʟʰʠʨʝʥʥʷ ʾʭʥʴʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʢʣʘʜʥʽʰʠʭ ʽ 

ʨʝʘʣʽʩʪʠʯʥʠʭ ʩʮʝʥʘʨʽʷʭ. 

ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʽʚ ʤʘʡʙʫʪʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʽʥʪʝʛʨʘʮʽʷ ʨʝʘʣʴʥʠʭ ʥʘʙʦʨʽʚ 

ʜʘʥʠʭ ʫ ʩʠʤʫʣʷʮʽʾ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʰʪʫʯʥʦ ʟʛʝʥʝʨʦʚʘʥʽ 

ʜʘʥʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, ʦʜʥʘʢ ʟʘʣʫʯʝʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ ʽʟ ʜʽʶʯʠʭ 

ʩʦʥʷʯʥʠʭ ʩʪʘʥʮʽʡ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʽʚ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʈʝʘʣʴʥʽ ʜʘʥʽ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʪʝʤʧʝʨʘʪʫʨʠ, ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʘʥʝʣʝʡ, ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʥʘʜʽʡʥʦʶ ʙʘʟʦʶ 

ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʝʡ. ʊʘʢʘ ʽʥʪʝʛʨʘʮʽʷ ʧʽʜʚʠʱʠʪʴ ʨʝʘʣʽʩʪʠʯʥʽʩʪʴ ʩʠʤʫʣʷʮʽʡ 

ʽ ʟʘʙʝʟʧʝʯʠʪʴ ʘʜʘʧʪʘʮʽʶ ʤʦʜʝʣʝʡ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʛʝʦʛʨʘʬʽʯʥʠʭ ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. 

ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʦʤ ʻ ʨʦʟʰʠʨʝʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʠʭ 

ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ɿʦʢʨʝʤʘ, ʚʘʨʪʦ 

ʜʝʪʘʣʴʥʽʰʝ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʧʘʥʝʣʝʡ (soiling), ʷʢʝ ʟʤʝʥʰʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʯʝʨʝʟ ʥʘʢʦʧʠʯʝʥʥʷ ʧʠʣʫ ʪʘ ʙʨʫʜʫ. ʊʘʢʦʞ ʜʦʮʽʣʴʥʦ ʚʨʘʭʫʚʘʪʠ ʩʝʟʦʥʥʫ 

ʜʝʛʨʘʜʘʮʽʶ ʪʘ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʝʬʝʢʪʠ ʟʥʦʰʫʚʘʥʥʷ ʧʘʥʝʣʝʡ ʜʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʪʨʠʚʘʣʦʩʪʽ 

ʾʭʥʴʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʄʦʜʝʣʶʚʘʥʥʷ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ð ʪʘʢʠʭ ʷʢ ʛʨʘʜ, ʩʠʣʴʥʠʡ 

ʚʽʪʝʨ ʯʠ ʪʨʠʚʘʣʽ ʧʝʨʽʦʜʠ ʭʤʘʨʥʦʩʪʽ ð ʜʘʩʪʴ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤ ʽ ʨʦʟʨʦʙʠʪʠ 

ʩʪʨʘʪʝʛʽʾ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʽʚ ʫ ʨʽʟʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 

ɯʥʪʝʛʨʘʮʽʷ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʫ ʩʪʨʫʢʪʫʨʫ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʚʽʜʢʨʠʚʘʻ 

ʥʦʚʠʡ ʨʽʚʝʥʴ ʽʥʥʦʚʘʮʽʡ. ɸʥʘʣʽʟʫʶʯʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʜʘʥʠʭ, ʤʦʜʝʣʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ ʧʨʠʭʦʚʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ ʚʟʘʻʤʦʟʚôʷʟʢʠ, ʥʝʧʦʤʽʪʥʽ ʧʨʠ ʪʨʘʜʠʮʽʡʥʦʤʫ 

ʘʥʘʣʽʟʽ. ʆʪʨʠʤʘʥʽ ʚʠʩʥʦʚʢʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʡ 

ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʪʴ ʩʦʥʷʯʥʠʤ ʩʪʘʥʮʽʷʤ ʘʚʪʦʤʘʪʠʯʥʦ ʧʽʜʣʘʰʪʦʚʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ 

ʥʘʚʢʦʣʠʰʥʽʭ ʫʤʦʚ. ʂʨʽʤ ʪʦʛʦ, ʧʨʦʛʥʦʩʪʠʯʥʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʧʝʨʝʜʙʘʯʘʪʠ ʟʤʽʥʠ ʫ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ ʦʧʝʨʘʪʦʨʘʤ ʩʚʦʻʯʘʩʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʦʪʝʥʮʽʡʥʽ ʧʨʦʙʣʝʤʠ ʡ 

ʟʘʧʦʙʽʛʘʪʠ ʚʪʨʘʪʘʤ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʝʥʝʨʛʽʾ. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʧʦʪʨʝʙʫʻ ʘʢʪʠʚʥʦʾ ʩʧʽʚʧʨʘʮʽ ʪʘ ʚʽʜʢʨʠʪʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʣʘʪʬʦʨʤ. ʇʘʨʪʥʝʨʩʪʚʘ ʤʽʞ ʥʘʫʢʦʚʠʤʠ ʫʩʪʘʥʦʚʘʤʠ, ʧʨʦʤʠʩʣʦʚʠʤʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʪʘ ʫʨʷʜʦʚʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʩʧʨʠʷʪʠʤʫʪʴ ʦʙʤʽʥʫ ʟʥʘʥʥʷʤʠ, ʨʝʩʫʨʩʘʤʠ ʡ 

ʧʨʠʩʢʦʨʝʥʥʶ ʽʥʥʦʚʘʮʽʡ ʫ ʩʬʝʨʽ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. ʈʦʟʨʦʙʢʘ ʚʽʜʢʨʠʪʠʭ ʧʣʘʪʬʦʨʤ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʜʦʟʚʦʣʠʪʴ ʟʨʦʙʠʪʠ ʮʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʩʪʫʧʥʠʤʠ ʰʠʨʰʦʤʫ 

ʢʦʣʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʜʦʩʣʽʜʥʠʢʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʧʨʠʰʚʠʜʰʠʪʴ ʽʥʪʝʛʨʘʮʽʶ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ 

ʫ ʧʨʦʮʝʩʠ ʧʣʘʥʫʚʘʥʥʷ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ.  
ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʽʜʭʦʜʫ ʮʠʬʨʦʚʦʛʦ ʜʚʽʡʥʠʢʘ ʜʦ ʦʙʣʘʜʥʘʥʥʷ ʩʦʥʷʯʥʦʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʷʢ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ, ʪʘʢ ʽ ʪʝʦʨʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʮʽʻʾ 

ʤʝʪʦʜʦʣʦʛʽʾ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʜʦʮʽʣʴʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʡ ʤʦʜʝʣʶʚʘʥʥʷ, ʘʥʘʣʽʪʠʢʠ ʜʘʥʠʭ ʪʘ ʩʠʩʪʝʤ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚôʷʟʢʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʫ ʩʪʨʫʢʪʫʨʫ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 
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ʇʈʆɹʃɽʄɸ ʇʆʐʀʈɽʅʆʉʊɯ ʇɸʃɯʅʅʗ ʉɽʈɽɼ ʇɯɼʃɯʊʂɯɺ ɯ ʄʆʃʆɼɯ  

ʊɸ ʁʆɻʆ ɽʂʆʃʆɻɯʏʅɯ ʅɸʉʃɯɼʂʀ 

 

ɯʚʘʥʦʚʘ ʉʦʬʽʷ ɺʘʩʠʣʽʚʥʘ, ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ 6.1+ 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʤʝʜʠʯʥʦʾ ʽʥʬʦʨʤʘʪʠʢʠ, ʤʝʜʠʯʥʦʾ ʪʘ ʙʽʦʣʦʛʽʯʥʦʾ ʬʽʟʠʢʠ ʄʦʡʩʝʻʥʢʦ 

ʄʠʢʦʣʘ ɯʚʘʥʦʚʠʯ; ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʜʠʪʷʯʦʾ ʩʪʦʤʘʪʦʣʦʛʽʾ ʃʽʩʝʮʴʢʘ ɯʨʠʥʘ ʉʝʨʛʽʾʚʥʘ. 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɿʘ ʩʪʘʪʠʩʪʠʢʦʶ ʥʘʡʧʦʰʠʨʝʥʽʰʘ ʚ ʩʚʽʪʽ ʰʢʽʜʣʠʚʘ ʟʚʠʯʢʘ ï ʧʘʣʽʥʥʷ, ʱʦ ʥʘʙʫʣʘ 

ʭʘʨʘʢʪʝʨʫ ʝʧʽʜʝʤʽʾ ʪʘ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʘ ʩʝʨʝʜ ʯʦʣʦʚʽʢʽʚ, ʞʽʥʦʢ ʽ ʜʠʪʷʯʦʛʦ ʢʦʥʪʠʥʛʝʥʪʫ [1, 

2]. ɺ ʋʢʨʘʾʥʽ ʩʠʪʫʘʮʽʷ ʟ ʧʘʣʽʥʥʷʤ ʦʮʽʥʶʻʪʴʩʷ ʝʢʩʧʝʨʪʘʤʠ ɺʆʆɿ ʷʢ ʢʨʠʪʠʯʥʘ, ʦʩʢʽʣʴʢʠ 

ʢʽʣʴʢʽʩʪʴ ʦʩʽʙ, ʱʦ ʧʘʣʷʪʴ ʩʪʘʥʦʚʠʪʴ 40 % ʥʘʩʝʣʝʥʥʷ, ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʮʝʡ ʧʦʢʘʟʥʠʢ ʩʪʨʽʤʢʦ 

ʟʨʦʩʪʘʻ. ɿʘ ʩʧʦʞʠʚʘʥʥʷʤ ʩʠʛʘʨʝʪ ʋʢʨʘʾʥʘ ʧʦʩʽʜʘʻ 17-ʝ ʤʽʩʮʝ ʫ ʩʚʽʪʽ. ɿʘ ʜʘʥʠʤʠ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʮʝʥʪʨʫ ʟ ʧʨʦʙʣʝʤ ʘʣʢʦʛʦʣʶ, ʧʘʣʽʥʥʷ ʽ ʥʘʨʢʦʪʠʢʽʚ ʚ ʋʢʨʘʾʥʽ 19 ʤʣʥ. ʦʩʽʙ 

ʧʘʣʷʪʴ ʩʠʛʘʨʝʪʠ, ʚʽʢ ʷʢʠʭ 15 ʨʦʢʽʚ ʽ ʩʪʘʨʰʽ (ʟ ʥʠʭ 34 % ʢʫʨʷʪʴ ʱʦʜʥʷ, 6 % - ʯʘʩ ʚʽʜ ʯʘʩʫ), ʱʦ 

ʻ ʥʘʡʚʠʱʠʤ ʧʦʢʘʟʥʠʢʦʤ ʩʝʨʝʜ ʢʨʘʾʥ ɭʚʨʦʧʠ. ɼʦ ʮʽʻʾ ʰʢʽʜʣʠʚʦʾ ʟʚʠʯʢʠ ʱʦʨʽʯʥʦ 

ʜʦʣʫʯʘʶʪʴʩʷ ʧʦʥʘʜ 500 ʪʠʩʷʯ ʤʦʣʦʜʽ [3, 4].  

ɺʠʢʣʠʢʘʻ ʟʘʥʝʧʦʢʦʻʥʥʷ ʪʦʡ ʬʘʢʪ, ʱʦ ʜʘʥʘ ʰʢʽʜʣʠʚʘ ʟʚʠʯʢʘ ʻ ʜʫʞʝ ʧʦʰʠʨʝʥʦʶ ʩʝʨʝʜ 

ʧʽʜʣʽʪʢʽʚ, ʘʜʞʝ ʧʽʜʣʽʪʢʦʚʠʡ ʚʽʢ ʻ ʚʠʨʽʰʘʣʴʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʬʦʨʤʫʚʘʥʥʷ ʩʚʽʪʦʛʣʷʜʫ, 

ʞʠʪʪʻʚʠʭ ʮʽʥʥʦʩʪʝʡ, ʩʪʘʚʣʝʥʥʷ ʜʦ ʰʢʽʜʣʠʚʠʭ ʟʚʠʯʦʢ, ʟʦʢʨʝʤʘ ʜʦ ʪʶʪʶʥʦʧʘʣʽʥʥʷ. ɺʽʜʦʤʦ, 

ʱʦ ʯʠʤ ʤʝʥʰʝ ʚʽʢ ʧʦʯʘʪʢʫ ʧʘʣʽʥʥʷ ï ʪʠʤ ʙʽʣʴʰ ʟʛʫʙʥʠʡ ʚʧʣʠʚ ʚʦʥʦ ʤʘʻ ʥʘ ʟʜʦʨʦʚôʷ ʪʘ ʪʠʤ 

ʜʠʥʘʤʽʯʥʽʰʝ ʨʦʟʚʠʚʘʻʪʴʩʷ ʝʧʽʜʝʤʽʷ. ʂʨʽʤ ʪʦʛʦ, ʫ ʜʘʥʦʛʦ ʢʦʥʪʠʥʛʝʥʪʫ ʜʦʩʠʪʴ ʰʚʠʜʢʦ 

ʚʠʥʠʢʘʻ ʟʚʠʢʘʥʥʷ ʜʦ ʥʽʢʦʪʠʥʫ: ʢʦʞʥʠʡ ʪʨʝʪʽʡ ʧʽʜʣʽʪʦʢ 12-14 ʨʦʢʽʚ ʽ ʢʦʞʥʠʡ ʜʨʫʛʠʡ ʧʽʜʣʽʪʦʢ 

ʩʪʘʨʰʠʡ ʟʘ 15 ʨʦʢʽʚ ʧʘʣʠʪʴ ʩʠʛʘʨʝʪʠ. ɹʽʣʷ 80 % ʣʶʜʝʡ ʧʦʯʠʥʘʶʪʴ ʧʘʣʠʪʠ ʩʠʛʘʨʝʪʠ ʫ ʚʽʮʽ ʜʦ 

18 ʨʦʢʽʚ [3, 4, 5, 6]. 

ʆʢʨʽʤ ʚʧʣʠʚʫ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ, ʨʽʟʥʽ ʚʠʜʠ ʧʘʣʽʥʥʷ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʜʦʚʢʽʣʣʷ. ʅʘʧʨʠʢʣʘʜ, ʚʽʜʦʤʦ ʱʦ ʪʶʪʶʥʦʚʠʡ ʜʠʤ ʻ ʬʘʢʪʦʨʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʪʘ ʤʽʩʪʠʪʴ 

ʪʨʠ ʚʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ: ʜʚʦʦʢʠʩ ʚʫʛʣʝʮʶ, ʤʝʪʘʥ ʪʘ ʦʢʩʠʜ ʘʟʦʪʫ, ʱʦ ʟʘʙʨʫʜʥʶʶʪʴ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʱʦʨʽʯʥʦ ʟʘ ʜʘʥʠʤʠ ɺʆʆɿ ʚʠʨʦʙʥʠʮʪʚʦ ʪʶʪʶʥʫ ʩʪʘʻ ʧʨʠʯʠʥʦʶ 

ʚʠʢʠʜʽʚ ʦʙʩʷʛʦʤ 84 ʤʽʣʴʡʦʥʽʚ ʪʦʥ ʚ ʝʢʚʽʚʘʣʝʥʪʽ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ʂʨʽʤ ʪʦʛʦ, ʥʝʜʦʧʘʣʢʠ 

ʧʦʩʽʜʘʶʪʴ ʧʨʦʚʽʜʥʫ ʧʦʟʠʮʽʶ ʩʝʨʝʜ ʟʘʙʨʫʜʥʶʶʯʠʭ ʪʘ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ 

ʥʘʰʠʭ ʚʦʜʦʡʤʘʭ. ʅʝʜʦʧʘʣʦʢ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʙʽʣʷ 10 ʨʦʢʽʚ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʽʢʦʪʠʥʫ ʪʘ 

ʽʥʰʠʤ ʭʽʤʽʯʥʠʤ ʨʝʯʦʚʠʥʘʤ ʧʨʦʩʦʯʫʚʘʪʠʩʷ ʚ ʥʘʚʢʦʣʠʰʥʽ ʝʢʦʩʠʩʪʝʤʠ. ʊʘʢʦʞ ʚʝʣʠʢʦʶ 
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ʧʨʦʙʣʝʤʦʶ ʩʪʘʣʠ ʚʽʜʭʦʜʠ ʚʽʜ ʝʣʝʢʪʨʦʥʥʠʭ ʮʠʛʘʨʦʢ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʙʽʦʥʝʨʦʟʢʣʘʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɿʘ ʟʘʛʘʣʴʥʦʩʚʽʪʦʚʠʤʠ ʦʮʽʥʢʘʤʠ ʱʦʨʽʯʥʠʡ ʦʙʩʷʛ ʪʘʢʠʭ ʚʽʜʭʦʜʽʚ 

ʩʪʘʥʦʚʠʪʴ 99 ʤʣʨʜ ʬʫʥʪʽʚ [7,8].  

ʆʪʞʝ, ʧʠʪʘʥʥʷ ʧʦʰʠʨʝʥʦʩʪʽ ʰʢʽʜʣʠʚʦʾ ʟʚʠʯʢʠ ʧʘʣʽʥʥʷ, ʦʩʦʙʣʠʚʦ ʩʝʨʝʜ ʦʩʽʙ 

ʧʽʜʣʽʪʢʦʚʦʛʦ ʪʘ ʶʥʘʮʴʢʦʛʦ ʚʽʢʫ, ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ, ʪʦʤʫ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʰʠʨʝʥʦʩʪʽ ʰʢʽʜʣʠʚʦʾ ʟʚʠʯʢʠ ʧʘʣʽʥʥʷ ʩʝʨʝʜ ʦʩʽʙ ʧʽʜʣʽʪʢʦʚʦʛʦ ʪʘ ʶʥʘʮʴʢʦʛʦ 

ʚʽʢʫ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʠʪʠ ʝʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ ʪʶʪʶʥʦʢʫʨʽʥʥʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʛʨʘʤʠ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʘʣʽʥʥʷ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʡʦʛʦ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʧʠʪʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʾ ʘʥʢʝʪʠ 86 ʦʩʽʙ ʧʽʜʣʽʪʢʦʚʦʛʦ ʪʘ ʶʥʘʮʴʢʦʛʦ ʚʽʢʫ ʚʽʜ 15 ʜʦ 24 ʨʦʢʽʚ ʫ 

ʢʦʥʬʽʜʝʥʮʽʡʥʠʭ ʫʤʦʚʘʭ. ɸʥʢʝʪʘ ʚʢʣʶʯʘʣʘ 16 ʧʠʪʘʥʴ, ʱʦ ʩʪʦʩʫʚʘʣʠʩʷ ʚʠʷʚʣʝʥʥʷ ʬʘʢʪʫ 

ʥʘʷʚʥʦʩʪʽ ʰʢʽʜʣʠʚʦʾ ʟʚʠʯʢʠ ʧʘʣʽʥʥʷ; ʚʠʜʫ, ʧʦʯʘʪʢʫ ʽ ʪʨʠʚʘʣʦʩʪʽ ʧʘʣʽʥʥʷ; ʤʦʪʠʚʘʮʽʾ ʜʦ 

ʧʦʯʘʪʢʫ ʪʘ ʚʽʜʤʦʚʠ ʧʘʣʽʥʥʷ; ʦʙʽʟʥʘʥʽʩʪʴ ʧʨʦ ʰʢʽʜʣʠʚʽʩʪʴ ʧʘʣʽʥʥʷ ʜʣʷ ʟʜʦʨʦʚôʷ; ʦʙʽʟʥʘʥʽʩʪʴ 

ʧʨʦ ʚʧʣʠʚ ʧʘʣʽʥʥʷ ʥʘ ʜʦʚʢʽʣʣʷ ʪʦʱʦ. ɼʣʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʯʘʩ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʢʦʤʧôʶʪʝʨʥʽ ʧʨʦʛʨʘʤʠ ʥʘ ʦʩʥʦʚʽ Microsoft Excel. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʘʥʘ ʰʢʽʜʣʠʚʘ ʟʚʠʯʢʘ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ, ʷʢ ʩʝʨʝʜ ʦʩʽʙ ʧʽʜʣʽʪʢʦʚʦʛʦ, ʪʘʢ ʽ ʩʝʨʝʜ ʨʝʩʧʦʥʜʝʥʪʽʚ ʶʥʘʮʴʢʦʛʦ ʚʽʢʫ. ʉʝʨʝʜ 

ʚʩʽʭ ʨʝʩʧʦʥʜʝʥʪʽʚ 32,4Ñ1,5 % ʚʠʟʥʘʣʠ ʩʝʙʝ ʱʦʜʝʥʥʠʤʠ ʢʫʨʮʷʤʠ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʨʽʚʝʥʴ ʧʦʰʠʨʝʥʦʩʪʽ ʧʘʣʽʥʥʷ ʧʽʜʚʠʱʫʻʪʴʩʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʢʫ ʘʥʢʝʪʦʚʘʥʠʭ. ʊʘʢ, 

ʧʦʰʠʨʝʥʽʩʪʴ ʧʘʣʽʥʥʷ ʩʝʨʝʜ ʧʽʜʣʽʪʢʽʚ ʩʪʘʥʦʚʠʣʘ 26,3Ñ1,8 %, ʪʦʜʽ ʷʢ ʩʝʨʝʜ ʦʩʽʙ ʶʥʘʮʴʢʦʛʦ 

ʚʽʢʫ ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʩʪʘʥʦʚʠʪʴ ï 38,5Ñ2,4 %. ʂʨʽʤ ʪʦʛʦ, ʪʠʭ ʭʪʦ ʭʦʯ ʨʘʟ ʨʦʙʠʚ 

ʩʧʨʦʙʫ ʧʘʣʠʪʠ ʙʫʣʦ ʚ 1,4 ʨʘʟʠ ʙʽʣʴʰʝ. ʇʨʠʚʝʨʪʘʻ ʫʚʘʛʫ, ʱʦ ʩʝʨʝʜ ʙʣʠʟʴʢʦʛʦ ʦʪʦʯʝʥʥʷ ʚ 

ʨʦʜʠʥʘʭ ʫ 42,8Ñ2,6 % ʨʝʩʧʦʥʜʝʥʪʽʚ ʻ ʱʦʜʝʥʥʽ ʢʫʨʮʽ ʽʟ ʟʥʘʯʥʠʤ ʩʪʘʞʝʤ, ʮʝ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʤʦʞʝ ʧʽʜʚʠʱʫʚʘʪʠ ʨʠʟʠʢ ʱʦʜʦ ʧʘʩʠʚʥʦʛʦ ʧʘʣʽʥʥʷ. 

ʉʝʨʝʜ ʦʧʠʪʘʥʠʭ ʨʝʩʧʦʥʜʝʥʪʽʚ ʙʽʣʴʰʽʩʪʴ ʢʫʨʮʽʚ ʚʢʘʟʘʣʠ, ʱʦ ʧʘʣʷʪʴ ʪʨʘʜʠʮʽʡ ʩʠʛʘʨʝʪʠ ï 

49,7Ñ1,9 %, ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ (ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ) ʚʠʜʽʚ ʧʘʣʽʥʥʷ ʚʢʘʟʘʣʠ 41,9Ñ2,2 %, 

ʘ ʪʘʢʦʞ 8,4Ñ0,6 % ʧʘʣʷʪʴ ʢʘʣʴʷʥ. ʂʨʽʤ ʪʦʛʦ, 8,4Ñ0,8 % ʚʢʘʟʘʣʠ, ʱʦ ʟʤʽʥʶʚʘʣʠ ʚʠʜ ʧʘʣʽʥʥʷ: 

ʩʝʨʝʜ ʥʠʭ 75,3Ñ2,5 % ʧʝʨʝʡʰʣʠ ʽʟ ʪʨʘʜʠʮʽʡʥʠʭ ʩʠʛʘʨʝʪ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʠʜʠ ʧʘʣʽʥʥʷ ʪʘ 

ʥʘʚʧʘʢʠ ï 24,7Ñ1,3 % ʟ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ ʧʘʣʽʥʥʷ ʧʝʨʝʡʰʣʠ ʥʘ ʪʨʘʜʠʮʽʡʥʽ ʩʠʛʘʨʝʪ.  

ʉʝʨʝʜ ʧʨʠʯʠʥ, ʱʦ ʩʧʦʥʫʢʘʣʠ ʧʦʯʘʪʠ ʧʘʣʠʪʠ, ʙʫʣʠ ʪʘʢʽ ʚʽʜʧʦʚʽʜʽ: ʚʽʜʯʫʪʪʷ ʥʦʚʠʟʥʠ ï 

24,5Ñ1,2 %, ʩʪʨʝʩʦʚʽ ʩʠʪʫʘʮʽʾ ï 28,8Ñ1,4 %, ʧʨʠʢʣʘʜʠ ʚ ʨʦʜʠʥʽ ï 26,7Ñ1,3 %, ʚʧʣʠʚ ʢʦʤʧʘʥʽʾ 

ï 16,3Ñ0,8 %, ʽʥʰʽ ï 3,7Ñ0,2 %. ʇʨʠʯʦʤʫ ʚ ʧʽʜʣʽʪʢʦʚʦʤʫ ʚʽʮʽ ʜʦʤʽʥʫʶʯʽ ʧʦʟʠʮʽʾ ʟʘʡʤʘʻ 

ʧʨʠʯʠʥʘ ʚʽʜʯʫʪʪʷ ʥʦʚʠʟʥʠ ʪʘ ʧʨʠʢʣʘʜʠ ʚ ʨʦʜʠʥʽ, ʘ ʚ ʶʥʘʮʴʢʦʤʫ ʚʽʮʽ ï ʩʪʨʝʩʦʚʽ ʩʠʪʫʘʮʽʾ ʪʘ 

ʚʧʣʠʚ ʢʦʤʧʘʥʽʾ. ʂʨʽʤ ʪʦʛʦ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʯʠʥʠ ʧʦʯʘʪʢʫ ʧʘʣʽʥʥʷ, 61,3Ñ2,4 % 

ʨʝʩʧʦʥʜʝʥʪʽʚ, ʚʢʘʟʫʶʪʴ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʘʣʷʪʴ, ʪʦʤʫ ʱʦ ʟʚʠʢʣʠ. 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʢʝʪʫʚʘʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʢʫʨʮʽ ʥʝ 

ʟʘʜʫʤʫʶʪʴʩʷ ʥʘʜ ʧʠʪʘʥʥʷʤ ʱʦʜʦ ʚʧʣʠʚʫ ʧʘʣʽʥʥʷ ʥʘ ʜʦʚʢʽʣʣʷ, ʧʠʪʘʥʥʶ ʫʪʠʣʽʟʘʮʽʾ 

ʥʝʜʦʧʘʣʢʽʚ ʪʘ ʝʣʝʤʝʥʪʽʚ ʩʫʯʘʩʥʠʭ ʚʠʜʽʚ ʧʘʣʽʥʥʷ. 

ɺʠʩʥʦʚʦʢ. ʇʦʰʠʨʝʥʽʩʪʴ ʰʢʽʜʣʠʚʦʾ ʟʚʠʯʢʠ ʩʝʨʝʜ ʦʧʠʪʘʥʠʭ ʩʪʘʥʦʚʠʪʴ 32,4Ñ1,5 %, ʱʦ ʻ 

ʥʝʩʧʨʠʷʪʣʠʚʦʶ ʧʨʦʛʥʦʩʪʠʯʥʦʶ ʦʟʥʘʢʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʟʜʦʨʦʚôʷ 

ʜʘʥʦʛʦ ʢʦʥʪʠʥʛʝʥʪʫ. ʇʨʦʩʪʝʞʫʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʨʦʩʪʘʥʥʷ ʚʞʠʚʘʥʥʷ ʩʫʯʘʩʥʠʭ 

(ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ) ʚʠʜʽʚ ʧʘʣʽʥʥʷ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʪʣʽ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʧʘʣʽʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ 

ʩʠʛʘʨʝʪ ʩʝʨʝʜ ʧʽʜʣʽʪʢʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʨʝʛʫʣʷʨʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʤʦʪʠʚʘʮʽʡʥʠʭ ʙʝʩʽʜ ʧʨʦ ʰʢʽʜʣʠʚʽʩʪʴ ʧʘʣʽʥʥʷ ʜʣʷ ʟʜʦʨʦʚôʷ ʪʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʣʠʰʠʪʠ ʧʘʣʠʪʠ, ʘ ʪʘʢʦʞ ʦʜʥʦʯʘʩʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʝʢʽʣʴʢʦʭ ʨʽʟʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʙʦʨʦʪʴʙʠ ʟ ʪʶʪʶʥʦʧʘʣʽʥʥʷʤ. ʂʨʽʤ ʪʦʛʦ, ʫ ʧʨʦʬʽʣʘʢʪʠʯʥʫ 

ʨʦʙʦʪʫ ʟ ʧʘʣʽʥʥʷ ʦʙʦʚôʷʟʢʦʚʦ ʥʝʦʙʭʽʜʥʦ ʚʢʣʶʯʠʪʠ ʟʘʭʦʜʠ ʽʟ ʧʽʜʚʠʱʝʥʥʷ ʤʦʪʠʚʘʮʽʾ ʦʩʽʙ 

ʧʽʜʣʽʪʢʦʚʦʛʦ ʪʘ ʶʥʘʮʴʢʦʛʦ ʚʽʢʫ ʱʦʜʦ ʟʜʦʨʦʚʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ ʪʘ ʮʽʥʥʦʩʪʝʡ ʟʜʦʨʦʚôʷ, ʘ 

ʪʘʢʦʞ ʤʽʥʽʤʽʟʘʮʽʾ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʧʘʣʽʥʥʷ ʥʘ ʜʦʚʢʽʣʣʷ.  
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ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʑʝʨʙʘ ɺ.ɺ., ʃʘʚʨʽʥ ʆ.ʗ. (2016). ʊʶʪʶʥʦʢʫʨʽʥʥʷ: ʨʦʟʧʦʚʩʶʜʞʝʥʽʩʪʴ ʪʘ ʚʧʣʠʚ ʥʘ 

ʦʨʛʘʥʠ ʽ ʪʢʘʥʠʥʠ ʧʦʨʦʞʥʠʥʠ ʨʦʪʘ (ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ). ʂʣʽʥʽʯʥʘ ʩʪʦʤʘʪʦʣʦʛʽ.̫ - 2: ʉ. 27ï33. 

2. Prevalence of tobacco smoking. Global Health Observatory (GHO) data. 

https://www.who.int/gho/tobacco/use/en/ 

3. ʃʽʩʝʮʴʢʘ ɯ.ʉ. (2021). ɺʠʜʠ ʪʘ ʧʨʠʩʪʨʦʾ ʜʣʷ ʧʘʣʽʥʥʷ ʪʘ ʾʭ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʥʘ 

ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ. ʋʢʨʘʾʥʩʴʢʠʡ ʞʫʨʥʘʣ ʧʝʨʠʥʘʪʦʣʦʛʽʷ ʪʘ ʧʝʜʽʘʪʨʽʷ. 1(85): 81-90. 

4. ʏʘʧʣʷʢ ɸ.ʇ., ʈʦʤʘʥʽʚ ʆ.ʇ., ʅʘʜʴ ɹ.ʗ. (2018). ʇʨʦʙʣʝʤʠ ʧʨʦʬʽʣʘʢʪʠʢʠ 

ʪʶʪʶʥʦʧʘʣʽʥʥʷ cʝʨʝʜ ʧʽʜʣʽʪʢʽʚ. ɽʢʦʥʦʤʽʢʘ  ̔ʧʨʘʚʦ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚô̫. 2(8):142-143. 

5. ʂʨʠʚʝʥʢʦ ʃ.ʉ., ʊʽʱʝʥʢʦ ʆ.ɺ., ʃʝʧʽʣʽʥʘ ʂ.ʄ. (2020). ɺʧʣʠʚ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ 

ʧʘʣʽʥʥʷ ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙôʻʢʪʠʚʥʠʭ ʪʘ ʩʫʙôʻʢʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʜʦʨʦʚôʷ ʨʦʪʦʚʦʾ 

ʧʦʨʦʞʥʠʥʠ. ʇʨʦʙʣʝʤʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʤʝʜʠʯʥʦʾ ʦʩʚʽʪʠ ʪʘ ʥʘʫʢʠ. 2(38): 20ï23. 

6. Richard Miech, Lloyd Johnston, Patrick M. OôMalley, Jerald G. Bachman. (2019). Trends 

in Adolescent Vaping, 2017-2019. N Engl J Med. 381:1490-1491. 

7. ʃʫʧʦʣ ʆ.ɸ. ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʚʠʨʦʙʥʠʮʪʚʘ ʪʶʪʶʥʦʚʠʭ ʚʠʨʦʙʽʚ ʥʘ ʢʦʤʧʦʥʝʥʪʠ 

ʜʦʚʢʽʣʣʷ.  

https://docs.academia.vn.ua/bitstream/handle/123456789/1948/%D0%9B%D1%83%D0%B

F%D0%BE%D0%BB.pdf?sequence=1&isAllowed=y 

8. ʗʢ ʪʶʪʶʥ ʚʧʣʠʚʘʻ ʥʘ ʜʦʚʢʽʣʣʷ. ʆʛʣʷʜ ʪʘ ʬʘʢʪʠ.  

https://cedem.org.ua/analytics/tyutyun-dovkillya/ 

 
ɺʇʃʀɺ ʆʉɺɯʊʃɽʅʅʗ ʅɸ ʆʅʊʆɻɽʅɽɿ ɹʈɸɾʅʀʂɸ ʄɽʈʊɺɸ ɻʆʃʆɺɸ 

(ACHERONTIA ATROPOS, LEPIDOPTERA: SPHINGIDAE)  

 

ɿʜʠʥʶʢ ʂʘʪʝʨʠʥʘ-ɺʽʢʪʦʨʽʷ ɸʥʜʨʽʾʚʥʘ, ʩʪʫʜʝʥʪʢʘ ɯV ʢʫʨʩʫ ʩʧʝʮʽʘʣʴʥʦʩʪʽ ɸ4.05 ʉʝʨʝʜʥʷ 

ʦʩʚʽʪʘ (ʙʽʦʣʦʛʽʷ ʪʘ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ) 

ʂʘʥʜʠʜʘʪ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʄʠʢʠʪʠʥ ʊʝʪʷʥʘ ɺʘʩʠʣʽʚʥʘ 

ʂʘʨʧʘʪʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʝʬʘʥʠʢʘ 

 

ɹʨʘʞʥʠʢ ʤʝʨʪʚʘ ʛʦʣʦʚʘ (Acherontia atropos) ï ʦʜʠʥ ʽʟ ʥʘʡʚʽʜʦʤʽʰʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ 

ʨʦʜʠʥʠ ɹʨʘʞʥʠʢʦʚʽ (Sphingidae) [4, 5, 7]. ɺʠʜ ʤʘʻ ʚʠʩʦʢʫ ʝʢʦʣʦʛʽʯʥʫ ʪʘ ʢʫʣʴʪʫʨʥʫ ʮʽʥʥʽʩʪʴ, 

ʦʜʥʘʢ ʡʦʛʦ ʯʠʩʝʣʴʥʽʩʪʴ ʩʢʦʨʦʯʫʻʪʴʩʷ ʯʝʨʝʟ ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʪʠʩʢ ʽ ʢʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ [1, 10]. 

ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʚʩʷ ʥʘ ʪʨʴʦʭ ʛʫʩʝʥʠʮʷʭ Acherontia atropos, ʚʠʨʦʱʝʥʠʭ ʫ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʦʥʪʝʡʥʝʨʘʭ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʦʩʚʽʪʣʝʥʥʷ: 

ǒ ʧʨʠʨʦʜʥʝ ʦʩʚʽʪʣʝʥʥʷ (14L:10D), 

ǒ ʧʦʚʥʘ ʪʝʤʨʷʚʘ (0L:24D), 

ǒ ʧʦʩʪʽʡʥʝ ʦʩʚʽʪʣʝʥʥʷ (24L:0D, LED-ʣʘʤʧʘ 10 ɺʪ). 

ʊʝʤʧʝʨʘʪʫʨʘ ʫʪʨʠʤʘʥʥʷ ʩʪʘʥʦʚʠʣʘ 20ï22 ÁC, ʚʦʣʦʛʽʩʪʴ ï 40ï45 %. ɻʦʜʫʚʘʥʥʷ 

ʟʜʽʡʩʥʶʚʘʣʠ ʞʠʚʠʣʴʥʠʤ ʩʫʙʩʪʨʘʪʦʤ ʥʘ ʦʩʥʦʚʽ ʘʛʘʨ-ʘʛʘʨʫ, ʟʝʨʥʦʚʠʭ ʝʢʩʪʨʘʢʪʽʚ ʽ ʚʽʪʘʤʽʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ [8, 9]. ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʠʜʦʚʦʾ ʥʘʣʝʞʥʦʩʪʽ ʪʘ ʘʥʘʣʽʟʫ ʨʦʜʠʥʥʠʭ ʟʚôʷʟʢʽʚ 

ʚʠʢʦʨʠʩʪʘʥʦ ʜʘʥʽ ʟ ʙʘʟʠ GenBank [6], ʘ ʪʘʢʦʞ ʽʥʩʪʨʫʤʝʥʪʠ MUSCLE [2] ʽ SeaView (Gouy et 

al., 2021 [3]) ʜʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʽ ʧʦʙʫʜʦʚʠ ʬʽʣʦʛʝʥʝʪʠʯʥʦʛʦ ʜʝʨʝʚʘ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʩʚʽʪʣʦʚʠʡ ʨʝʞʠʤ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʰʚʠʜʢʽʩʪʴ ʨʦʟʚʠʪʢʫ ʛʫʩʝʥʽ. 

ʇʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʩʚʽʪʣʝʥʥʽ (24L:0D) ʨʦʟʚʠʪʦʢ ʚʽʜʙʫʚʘʚʩʷ ʥʘʡʽʥʪʝʥʩʠʚʥʽʰʝ: ʦʩʦʙʠʥʠ 

ʰʚʠʜʰʝ ʧʝʨʝʭʦʜʠʣʠ ʫ ʩʪʘʜʽʶ ʣʷʣʝʯʢʠ, ʘ ʪʨʠʚʘʣʽʩʪʴ ʦʥʪʦʛʝʥʝʟʫ ʩʢʦʨʦʯʫʚʘʣʘʩʷ. 

ɿʘ ʧʨʠʨʦʜʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ (14L:10D) ʨʦʟʚʠʪʦʢ ʤʘʚ ʩʝʨʝʜʥʶ ʰʚʠʜʢʽʩʪʴ, ʘ ʧʦʚʝʜʽʥʢʘ 

ʛʫʩʝʥʽ ʟʘʣʠʰʘʣʘʩʷ ʩʪʘʙʽʣʴʥʦʶ. 

ʋ ʧʦʚʥʽʡ ʪʝʤʨʷʚʽ (0L:24D) ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʩʧʦʚʽʣʴʥʝʥʥʷ ʨʦʟʚʠʪʢʫ, ʟʥʠʞʝʥʥʷ ʨʫʭʦʚʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʚʠʧʘʜʢʠ ʧʝʨʝʜʯʘʩʥʦʾ ʟʘʛʠʙʝʣʽ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʬʦʪʦʧʝʨʽʦʜʠʯʥʠʡ ʬʘʢʪʦʨ ʻ ʚʘʞʣʠʚʠʤ ʨʝʛʫʣʷʪʦʨʦʤ 

ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʩʝʢʨʝʮʽʻʶ ʶʚʝʥʽʣʴʥʦʛʦ ʛʦʨʤʦʥʫ, ʤʝʪʘʙʦʣʽʟʤʦʤ ʽ 

https://www.who.int/gho/tobacco/use/en/
https://cedem.org.ua/analytics/tyutyun-dovkillya/
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ʪʝʨʤʦʨʝʛʫʣʷʮʽʻʶ. ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ ʧʨʠʨʦʜʥʦʛʦ ʮʠʢʣʫ ʩʚʽʪʣʦ/ʪʝʤʨʷʚʘ ʚʠʢʣʠʢʘʻ ʩʪʨʝʩʦʚʽ 

ʨʝʘʢʮʽʾ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ. 

ʌʽʣʦʛʝʥʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʽʜʪʚʝʨʜʠʚ ʪʽʩʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ A. atropos ʟ ʘʬʨʦ-ʘʟʽʡʩʴʢʠʤʠ 

ʚʠʜʘʤʠ A. styx ʪʘ A. lachesis, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʩʫʯʘʩʥʠʤʠ ʜʘʥʠʤʠ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʩʠʩʪʝʤʘʪʠʢʠ. 

ɺʠʩʥʦʚʢʠ 

1. ʈʝʞʠʤ ʦʩʚʽʪʣʝʥʥʷ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʰʚʠʜʢʽʩʪʴ ʦʥʪʦʛʝʥʝʟʫ Acherontia 

atropos: ʥʘʡʽʥʪʝʥʩʠʚʥʽʰʠʡ ʨʦʟʚʠʪʦʢ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʩʚʽʪʣʝʥʥʽ (24L:0D). 

2. ɿʤʽʥʠ ʬʦʪʦʧʝʨʽʦʜʫ ʚʽʜ ʧʨʠʨʦʜʥʦʛʦ ʨʠʪʤʫ ʟʥʠʞʫʶʪʴ ʘʢʪʠʚʥʽʩʪʴ ʽ 

ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʛʫʩʝʥʽ, ʱʦ ʤʦʞʝ ʤʘʪʠ ʟʥʘʯʝʥʥʷ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʚʠʜʫ ʜʦ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ. 

3. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʧʨʦʛʨʘʤʘʭ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʟʙʝʨʝʞʝʥʥʷ ʨʽʜʢʽʩʥʠʭ ʚʠʜʽʚ ʃʫʩʢʦʢʨʠʣʠʭ ʚ ʫʤʦʚʘʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ. 
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10. ʏʝʨʚʦʥʘ ʢʥʠʛʘ ʋʢʨʘʾʥʠ. ɹʨʘʞʥʠʢ ʤʝʨʪʚʘ ʛʦʣʦʚʘ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: https://redbook-ua.org/item/acherontia-atropos-linnaeus 

 

ɹɯʆʈɯɿʅʆʄɸʅɯʊʊʗ ɺʆɼʆʈʆʉʊɽʁ ʈɯʏʂʀ ɼʅɯʉʊɽʈ  

ʊɸ ɰʍ ɹɯʆɯʅɼʀʂɸʎɯʁʅʀʁ ʇʆʊɽʅʎɯɸʃ 
 

ʂʠʨʠʣʽʚ ɹʦʛʜʘʥ ɺʘʩʠʣʴʦʚʠʯ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɽʂʆ-23-1 

ʂ. ʙ. ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ɺʠʩʦʯʠʥ ʄʘʢʩʠʤ ʆʣʝʛʦʚʠʯ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ɼʥʽʩʪʝʨ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰʠʭ ʪʨʘʥʩʢʦʨʜʦʥʥʠʭ ʨʽʯʦʢ ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʙʘʩʝʡʥʫ, ʷʢʘ 

ʧʨʦʪʽʢʘʻ ʪʝʨʠʪʦʨʽʷʤʠ ʋʢʨʘʾʥʠ, ʄʦʣʜʦʚʠ ʪʘ ʯʘʩʪʢʦʚʦ ʇʦʣʴʱʽ. ɿʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʨʽʢʠ 

ʩʪʘʥʦʚʠʪʴ 1362 ʢʤ, ʘ ʧʣʦʱʘ ʙʘʩʝʡʥʫ ʩʢʣʘʜʘʻ 72,1 ʪʠʩ. ʢʤĮ [8]. 

ʈʽʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦʶ ʚʘʨʽʘʪʠʚʥʽʩʪʶ ʢʣʽʤʘʪʠʯʥʠʭ, ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʽ 

ʣʘʥʜʰʘʬʪʥʠʭ ʫʤʦʚ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ ʬʦʨʤʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʦʜʥʽ ʝʢʦʩʠʩʪʝʤʠ. ʎʽ ʫʤʦʚʠ, 

ʨʘʟʦʤ ʽʟ ʧʨʦʩʪʦʨʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʝʯʽʾ, ʛʣʠʙʠʥʦʶ, ʧʨʦʟʦʨʽʩʪʶ ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʢʦʶ, 

ʚʠʟʥʘʯʘʶʪʴ ʚʠʜʦʚʠʡ ʩʢʣʘʜ ʚʦʜʦʨʦʩʪʝʚʠʭ ʫʛʨʫʧʦʚʘʥʴ. 

ɺʦʜʦʨʦʩʪʽ ʻ ʯʫʪʣʠʚʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʜʦ ʟʤʽʥ ʘʙʽʦʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ 

ʙʽʦʽʥʜʠʢʘʪʦʨʘʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʚʦʜʦʡʤ. ɺʠʚʯʝʥʥʷ ʾʭ ʚʠʜʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʡ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ, ʪʨʦʬʽʯʥʠʡ ʩʪʘʥ ʪʘ ʛʽʜʨʦʣʦʛʽʯʥʫ ʜʠʥʘʤʽʢʫ 

ɼʥʽʩʪʨʘ [3; 4; 5].  

https://lifemap.cnrs.fr/
https://www.ncbi.nlm.nih.gov/genbank/
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͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ʇʨʦʙʠ ʚʦʜʦʨʦʩʪʝʡ ʙʫʣʠ ʟʽʙʨʘʥʽ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʩʝʨʝʜʥʴʦʾ ʪʝʯʽʾ ɼʥʽʩʪʨʘ. ɺʽʜʙʽʨ 

ʟʜʽʡʩʥʶʚʘʚʩʷ ʟ ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʘ ʜʦʥʥʦʛʦ ʰʘʨʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʭʦʧʠʪʠ ʷʢ ʬʽʪʦʧʣʘʥʢʪʦʥʥʽ, 

ʪʘʢ ʽ ʬʽʪʦʙʝʥʪʦʩʥʽ ʫʛʨʫʧʦʚʘʥʥʷ. ɺʠʟʥʘʯʝʥʥʷ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʧʨʦʚʦʜʠʣʠ ʟʘ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ 

ʦʟʥʘʢʘʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʣʽʪʝʨʘʪʫʨʥʽ ʢʣʶʯʽ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ. ɼʣʷ ʦʮʽʥʢʠ 

ʙʽʦʽʥʜʠʢʘʮʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚʨʘʭʦʚʫʚʘʣʠ ʨʝʘʢʮʽʶ ʚʦʜʦʨʦʩʪʝʡ ʥʘ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʦʩʚʽʪʣʝʥʦʩʪʽ, ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʟʦʪʫ ʪʘ ʬʦʩʬʦʨʫ, ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʾ, ʢʠʩʥʝʚʦʛʦ ʨʝʞʠʤʫ ʪʘ pH ʚʦʜʠ 

[5]. 

ʋ ʤʽʩʮʷʭ ʚʽʜʙʦʨʫ ʧʨʦʙ ˉ 1-3 (ʨʠʩ. 1) ʜʦʤʽʥʫʶʪʴ ʜʽʘʪʦʤʦʚʽ ʚʦʜʦʨʦʩʪʽ (Bacillariophyta), 

ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʫ ʧʨʦʟʦʨʽʡ, ʜʦʙʨʝ ʥʘʩʠʯʝʥʽʡ ʢʠʩʥʝʤ ʚʦʜʽ ʧʨʠ ʧʦʤʽʨʥʽʡ ʪʝʯʽʾ [3]. ʎʷ ʛʨʫʧʘ 

ʥʘʜʟʚʠʯʘʡʥʦ ʯʫʪʣʠʚʘ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʟʦʪʫ, ʬʦʩʬʦʨʫ ʪʘ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʪʦʤʫ ʾʾ ʩʢʣʘʜ ʽ 

ʯʠʩʝʣʴʥʽʩʪʴ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʜʠʢʘʪʦʨʦʤ ʟʘʙʨʫʜʥʝʥʥʷ.  

ʋ ʨʫʩʣʽ ʨʽʯʢʠ ʚ ʤʽʩʮʷʭ ʚʽʜʙʦʨʫ ʧʨʦʙ ˉ 4-6 (ʨʠʩ. 1) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ 

ʙʽʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʘʩʪʢʘ ʟʝʣʝʥʠʭ ʚʦʜʦʨʦʩʪʝʡ (Chlorophyta), ʷʢʽ ʜʦʙʨʝ 

ʨʝʘʛʫʶʪʴ ʥʘ ʧʽʜʚʠʱʝʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʟʦʪʫ ʪʘ ʬʦʩʬʦʨʫ, ʚʽʜʦʙʨʘʞʘʶʯʠ ʘʢʪʠʚʥʽ ʧʨʦʜʫʢʮʽʡʥʽ 

ʧʨʦʮʝʩʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʣʽʪʥʴʦʛʦ ʧʝʨʽʦʜʫ [4].  

ʈʫʩʣʦ ɼʥʽʩʪʨʘ ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʤʽʩʮʷʤ ʚʽʜʙʦʨʫ ʧʨʦʙ ˉ 8-10 (ʨʠʩ. 1)  ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʜʦʤʽʥʫʚʘʥʥʷʤ ʮʽʘʥʦʙʘʢʪʝʨʽʡ (Cyanobacteria), ʩʝʨʝʜ ʷʢʠʭ ʧʝʨʝʚʘʞʘʶʪʴ ʨʦʜʠ Microcystis, 

Aphanizomenon ʪʘ Planktothrix [5]. ɰʭʥʻ ʧʦʰʠʨʝʥʥʷ ʧʦʚôʷʟʘʥʝ ʟʽ ʩʣʘʙʢʦʶ ʪʝʯʽʻʶ, ʚʠʩʦʢʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷʤ ʙʽʦʛʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ ʽʥʪʝʥʩʠʚʥʦʛʦ 

çʮʚʽʪʽʥʥʷè ʚʦʜʠ. 

ʌʽʪʦʙʝʥʪʦʩ ʨʽʯʢʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʝʨʝʚʘʞʥʦ ʧʨʠʢʨʽʧʣʝʥʠʤʠ ʜʽʘʪʦʤʦʚʠʤʠ ʬʦʨʤʘʤʠ, 

ʯʫʪʣʠʚʠʤʠ ʜʦ ʟʤʽʥ pH, ʤʽʥʝʨʘʣʽʟʘʮʽʾ, ʢʠʩʥʝʚʦʛʦ ʨʝʞʠʤʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʾ [7]. ʋ 

ʤʘʣʦʧʦʨʫʰʝʥʠʭ ʜʽʣʷʥʢʘʭ ʧʝʨʝʚʘʞʘʶʪʴ ʘʚʪʦʭʪʦʥʥʽ ʚʠʜʠ, ʪʦʜʽ ʷʢ ʫ ʟʦʥʘʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʚʧʣʠʚʫï ʪʦʣʝʨʘʥʪʥʽ ʪʘʢʩʦʥʠ, ʟʜʘʪʥʽ ʚʠʪʨʠʤʫʚʘʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʛʽʜʨʦʣʦʛʽʯʥʽ ʢʦʣʠʚʘʥʥʷ. 

ʌʽʪʦʙʝʥʪʦʩ ʨʽʯʢʠ, ʧʝʨʝʚʘʞʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʠʢʨʽʧʣʝʥʠʤʠ ʜʽʘʪʦʤʦʚʠʤʠ ʬʦʨʤʘʤʠ, 

ʜʝʤʦʥʩʪʨʫʻ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʟʤʽʥʠ pH, ʤʽʥʝʨʘʣʽʟʘʮʽʾ, ʢʠʩʥʝʚʦʛʦ ʨʝʞʠʤʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʾ . ʋ 

ʧʨʠʨʦʜʥʠʭ, ʤʘʣʦʧʦʨʫʰʝʥʠʭ ʜʽʣʷʥʢʘʭ ʧʝʨʝʚʘʞʘʶʪʴ ʘʚʪʦʭʪʦʥʥʽ ʚʠʜʠ, ʪʦʜʽ ʷʢ ʫ ʟʦʥʘʭ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ï ʪʦʣʝʨʘʥʪʥʽ ʪʘʢʩʦʥʠ, ʟʜʘʪʥʽ ʚʠʪʨʠʤʫʚʘʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ 

ʛʽʜʨʦʣʦʛʽʯʥʽ ʢʦʣʠʚʘʥʥʷ. 

 

 
 

ʈʠʩʫʥʦʢ 1. ʂʘʨʪʘ ʚʽʜʙʦʨʫ ʧʨʦʙ ʥʘ ʨʽʯʮ ̔ɼʥʽʩʪʝʨ 
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ɸʥʘʣʽʟ ʝʢʦʣʦʛʽʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʪʘ ʫʟʘʛʘʣʴʥʝʥʠʭ ʤʦʜʝʣʝʡ ʨʦʟʚʠʪʢʫ ʬʽʪʦʧʣʘʥʢʪʦʥʫ 

ʧʦʢʘʟʫʻ, ʱʦ ʨʦʟʚʠʪʦʢ ʚʦʜʦʨʦʩʪʝʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʤʧʣʝʢʩʥʦʾ ʚʟʘʻʤʦʜʽʾ ʢʽʣʴʢʦʭ ʬʘʢʪʦʨʽʚ: 

1. ʆʩʚʽʪʣʝʥʽʩʪʴ ï ʦʧʪʠʤʘʣʴʥʘ 40ï60 % ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ (ʜʽʘʪʦʤʦʚʽ 

ʨʦʩʪʫʪʴ ʧʨʠ ʩʝʨʝʜʥʽʡ ʧʨʦʟʦʨʦʩʪʽ, ʟʝʣʝʥʽ ï ʧʨʠ ʚʠʩʦʢʽʡ, ʮʽʘʥʦʙʘʢʪʝʨʽʾ ʚʠʪʨʠʤʫʶʪʴ ʥʠʟʴʢʫ). 

2. ɹʽʦʛʝʥʥʽ ʨʝʯʦʚʠʥʠ ï ʥʘʜʣʠʰʦʢ N ʪʘ P ʩʪʠʤʫʣʶʶʪʴ ʜʦʤʽʥʫʚʘʥʥʷ ʮʽʘʥʦʙʘʢʪʝʨʽʡ; Si 

ʧʦʪʨʽʙʥʠʡ ʜʣʷ ʜʽʘʪʦʤʦʚʠʭ ʚʦʜʦʨʦʩʪʝʡ. 

3. ʂʠʩʥʝʚʠʡ ʨʝʞʠʤ ï ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ O  ʫ ʚʦʜʽ ʧʦʪʨʽʙʥʘ ʜʣʷ ʙʽʣʴʰʦʩʪʽ 

ʚʦʜʦʨʦʩʪʝʡ; ʮʽʘʥʦʙʘʢʪʝʨʽʾ ʚʠʪʨʠʤʫʶʪʴ ʥʠʟʴʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʷ. 

4. ɻʽʜʨʦʜʠʥʘʤʽʢʘ ï ʧʦʤʽʨʥʘ ʪʝʯʽʷ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʜʽʘʪʦʤʦʚʠʤ ʚʦʜʦʨʦʩʪʝʡ, ʩʣʘʙʢʘ ï 

ʥʘʚʧʘʢʠ ʩʪʠʤʫʣʶʻ ʟʙʽʣʴʰʝʥʥʷ ʙʽʦʤʘʩʠ ʮʽʘʥʦʙʘʢʪʝʨʽʡ. 

5. pH ʚʦʜʠ ï ʦʧʪʠʤʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʩʪʘʥʦʚʠʪʴ 6.5ï8.5; ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ pH 

ʩʪʠʤʫʣʶʻ ʪʦʢʩʠʢʦʛʝʥʥʽ ʮʽʘʥʦʙʘʢʪʝʨʽʾ. 

ʋʟʜʦʚʞ ɼʥʽʩʪʨʘ ʮʽ ʫʤʦʚʠ ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʦ-ʨʽʟʥʦʤʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʨʦʩʪʦʨʦʚʫ ʩʪʨʫʢʪʫʨʫ 

ʚʦʜʦʨʦʩʪʝʚʠʭ ʫʛʨʫʧʦʚʘʥʴ. 

ʅʘʡʙʽʣʴʰʝ ʚʠʜʦʚʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʫʧʦʚʽʣʴʥʝʥʦʶ ʪʝʯʽʻ,ʁ 

ʚʠʩʦʢʘ ʧʨʦʛʨʽʚʘʥʽʩʪʴ ʚʦʜʠ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʬʦʨʤʫʶʪʴ ʜʠʥʘʤʽʯʥʽ 

ʬʽʪʦʧʣʘʥʢʪʦʥʥʽ ʫʛʨʫʧʦʚʘʥʥʷ. ʋ ʪʘʢʠʭ ʙʽʦʪʦʧʘʭ ʟʤʽʥʠ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʻ ʦʩʦʙʣʠʚʦ 

ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ ʜʣʷ ʙʽʦʽʥʜʠʢʘʮʽʾ ʛʽʜʨʦʭʽʤʽʯʥʠʭ ʟʨʫʰʝʥʴ. 

ʋʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʚʦʜʦʨʦʩʪʝʚʽ ʫʛʨʫʧʫʚʘʥʥʷ ʨʽʯʢʠ ɼʥʽʩʪʝʨ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʟʤʽʥʠ ʘʙʽʦʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʽ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʙʽʦʽʥʜʠʢʘʪʦʨʠ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʚʦʜʦʡʤʠ 

ʥʘ ʦʩʥʦʚʽ ʧʨʦʩʪʦʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʪʘ ʬʽʪʦʙʝʥʪʦʩʫ, ʜʦʤʽʥʫʚʘʥʥʷ ʦʢʨʝʤʠʭ 

ʪʘʢʩʦʥʽʚ ʪʘ ʾʭ ʨʝʘʢʮʽʾ ʥʘ ʟʤʽʥʫ ʦʩʚʽʪʣʝʥʦʩʪʽ, ʪʝʤʧʝʨʘʪʫʨʠ, ʙʽʦʛʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʢʠʩʥʝʚʦʛʦ 

ʨʝʞʠʤʫ, pH ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʚʦʜʠ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʟʥʘʯʥʠʡ ʙʽʦʽʥʜʠʢʘʮʽʡʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʚʦʜʦʨʦʩʪʝʚʠʭ ʫʛʨʫʧʦʚʘʥʴ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ɼʥʽʩʪʨʘ. 
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ʉʊʋɼɽʅʊʉʔʂʀʁ ɽʂʆ-ʇʈʆʉʊɯʈ ʗʂ ɯʅʉʊʈʋʄɽʅʊ ʈʆɿɺʀʊʂʋ  

ɽʂʆʃʆɻɯʏʅʆɰ ʂʋʃʔʊʋʈʀ ʋ ʄʆʃʆɼɯ 

 

ʂʦʨʞʘʢ ɯʨʠʥʘ ʈʦʤʘʥʽʚʥʘ, ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ ɽʂʆʤ-25-1 

ɼʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʄʦʩʢʘʣʴʯʫʢ ʅʘʪʘʣʽʷ ʄʠʭʘʡʣʽʚʥʘ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ʉʴʦʛʦʜʥʽ, ʷʢ ʥʽʢʦʣʠ, ʣʶʜʩʪʚʦ ʩʪʦʾʪʴ ʧʝʨʝʜ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʤʽʥʠʪʠ ʩʚʦʻ ʩʪʘʚʣʝʥʥʷ ʜʦ 

ʧʨʠʨʦʜʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʧʦʚʽʜʥʫ ʦʩʚʽʪʫ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʢʣʘʜʥʦʤʫ ʪʘ 

ʜʠʥʘʤʽʯʥʦʤʫ ʩʚʽʪʽ ʧʨʦʙʣʝʤʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘʙʫʣʠ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫ. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʩʫʩʧʽʣʴʩʪʚʘ ʤʦʞʣʠʚʠʡ ʣʠʰʝ ʟʘ ʫʤʦʚ ʛʘʨʤʦʥʽʡʥʦʛʦ ʩʧʽʚʽʩʥʫʚʘʥʥʷ 

ʣʶʜʠʥʠ ʽ ʧʨʠʨʦʜʠ. ʂʦʞʝʥ ʧʦʚʠʥʝʥ ʫʩʚʽʜʦʤʠʪʠ, ʱʦ ʪʽʣʴʢʠ ʟʘʚʜʷʢʠ ʮʽʡ ʩʧʽʚʜʨʫʞʥʦʩʪʽ 

ʤʦʞʣʠʚʦ ʟʙʝʨʝʛʪʠ ʞʠʪʪʷ ʥʘ ʧʣʘʥʝʪʽ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ. 

ɽʢʦʣʦʛʽʯʥʘ ʩʚʽʜʦʤʽʩʪʴ ʩʴʦʛʦʜʥʽ ʻ ʢʣʶʯʦʚʦʶ ʫʤʦʚʦʶ ʟʙʝʨʝʞʝʥʥʷ ʞʠʪʪʷ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʥʘ ʧʣʘʥʝʪʽ. ʉʪʨʽʤʢʠʡ ʪʝʭʥʦʛʝʥʥʠʡ ʨʦʟʚʠʪʦʢ, ʫʨʙʘʥʽʟʘʮʽʷ, ʚʦʻʥʥʽ ʜʽʾ, ʽʥʪʝʥʩʠʚʥʝ ʩʧʦʞʠʚʘʥʥʷ 

ʨʝʩʫʨʩʽʚ ʽ ʟʤʽʥʘ ʢʣʽʤʘʪʫ ʧʨʠʟʚʝʣʠ ʜʦ ʩʝʨʡʦʟʥʠʭ ʨʠʟʠʢʽʚ: ʜʝʛʨʘʜʘʮʽʾ ʝʢʦʩʠʩʪʝʤ, ʟʨʦʩʪʘʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʢʘʪʘʩʪʨʦʬ, ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ 

ʝʢʦʣʦʛʽʯʥʘ ʩʚʽʜʦʤʽʩʪʴ ï ʮʝ ʥʝ ʣʠʰʝ ʥʘʙʽʨ ʟʥʘʥʴ, ʘ ʬʦʨʤʘ ʤʠʩʣʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʚʽʜʧʦʚʽʜʘʣʴʥʝ ʩʪʘʚʣʝʥʥʷ ʜʦ ʧʨʠʨʦʜʠ ʪʘ ʫʩʚʽʜʦʤʣʝʥʥʷ ʚʣʘʩʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ [1]. 

ʌʦʨʤʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʝ ʜʣʷ ʤʦʣʦʜʽ, ʘʜʞʝ ʩʘʤʝ ʚʦʥʘ 

ʧʨʠʡʤʘʪʠʤʝ ʨʽʰʝʥʥʷ ʚ ʧʦʣʽʪʠʮʽ, ʝʢʦʥʦʤʽʮʽ, ʥʘʫʮʽ ʡ ʩʫʩʧʽʣʴʩʪʚʽ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. ʉʪʫʜʝʥʪʩʪʚʦ 

ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʦʰʠʨʝʥʥʽ ʝʢʦʣʦʛʽʯʥʠʭ ʽʥʽʮʽʘʪʠʚ, ʘʜʞʝ ʤʦʣʦʜʴ ʚʽʜʢʨʠʪʘ ʜʦ ʟʤʽʥ, 

ʘʢʪʠʚʥʦ ʧʽʜʪʨʠʤʫ ̒ʥʦʚʽ ʧʽʜʭʦʜʠ ʪʘ ʟʜʘʪʥʘ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʽʥʥʦʚʘʮʽʾ ʫ ʧʦʚʩʷʢʜʝʥʥʝ ʞʠʪʪʷ. 

ʋʥʽʚʝʨʩʠʪʝʪʠ ʩʪʚʦʨʶʶʪʴ ʫʥʽʢʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʨʦʟʚʠʪʢʫ ʝʢʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, 

ʧʦʻʜʥʫʶʯʠ ʦʩʚʽʪʫ, ʥʘʫʢʫ, ʚʦʣʦʥʪʝʨʩʪʚʦ ʪʘ ʛʨʦʤʘʜʩʴʢʫ ʜʽʷʣʴʥʽʩʪʴ. ʉʪʫʜʝʥʪʠ ʤʦʞʫʪʴ 

ʧʦʛʣʠʙʣʶʚʘʪʠ ʟʥʘʥʥʷ ʟ ʝʢʦʣʦʛʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ ʽ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʭ ʥʘ ʧʨʘʢʪʠʮʽ: ʩʪʚʦʨʶʚʘʪʠ 

ʝʢʦ-ʧʨʦʩʪʦʨʠ, ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʧʨʠʙʠʨʘʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʩʦʨʪʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʪʘ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʧʨʦʻʢʪʠ ʟʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ɸʢʪʠʚʥʘ ʧʦʟʠʮʽʷ ʩʪʫʜʝʥʪʽʚ ʬʦʨʤʫʻ ʥʦʚʽ 

ʧʦʚʝʜʽʥʢʦʚʽ ʤʦʜʝʣʽ, ʷʢʽ ʩʪʘʶʪʴ ʧʨʠʢʣʘʜʦʤ ʜʣʷ ʚʠʢʣʘʜʘʯʽʚ, ʘʜʤʽʥʽʩʪʨʘʮʽʾ ʪʘ ʤʽʩʮʝʚʠʭ ʛʨʦʤʘʜ, 

ʘ ʪʘʢʦʞ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʣʽʜʝʨʩʴʢʠʭ ʷʢʦʩʪʝʡ ʽ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʟʘ ʩʧʽʣʴʥʠʡ ʨʝʟʫʣʴʪʘʪ. 

ʉʪʫʜʝʥʪʩʴʢʠʡ ʝʢʦ-ʧʨʦʩʪʽʨ ï ʮʝ ʩʧʝʮʽʘʣʴʥʦ ʦʨʛʘʥʽʟʦʚʘʥʘ ʣʦʢʘʮʽʷ, ʷʢʘ ʦʙôʻʜʥʫʻ 

ʩʪʫʜʝʥʪʽʚ, ʚʠʢʣʘʜʘʯʽʚ ʪʘ ʘʢʪʠʚʽʩʪʽʚ ʥʘʚʢʦʣʦ ʝʢʦʣʦʛʽʯʥʠʭ ʽʥʽʮʽʘʪʠʚ, ʧʨʘʢʪʠʯʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ 

ʩʪʘʣʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ. ɺʽʥ ʚʠʢʦʥʫʻ ʦʩʚʽʪʥʶ, ʩʦʮʽʘʣʴʥʫ ʪʘ ʧʨʘʢʪʠʯʥʫ ʬʫʥʢʮʽʾ: ʨʦʟʚʠʚʘʻ 

ʝʢʦʣʦʛʽʯʥʫ ʢʫʣʴʪʫʨʫ, ʥʘʚʯʘʻ ʚʽʜʧʦʚʽʜʘʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʝʩʫʨʩʽʚ ʽ ʜʘʻ ʟʤʦʛʫ ʜʦʣʫʯʘʪʠʩʷ 

ʜʦ ʨʝʘʣʴʥʠʭ ʜʽʡ. 

ʋ ʨʘʤʢʘʭ ʨ̌ʘʥʪʦʚʦʾ ʧʽʜʪʨʠʤʢʠ ʚʽʜ ʧʣʘʪʬʦʨʤʠ çʊʝʧʣʝ ʄʽʩʪʦè [2] ʚ ɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʥʘʬʪʠ ʽ ʛʘʟʫ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ 

ʚʣʘʩʥʠʡ ʩʪʫʜʝʥʪʩʴʢʠʡ ʝʢʦ-ʧʨʦʩʪʽʨ. ʇʨʦʻʢʪ ʚʢʣʶʯʠʚ ʫ ʩʝʙʝ ʩʝʨʽʶ ʧʨʘʢʪʠʯʥʠʭ ʝʢʦ-

ʚʦʨʢʰʦʧʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʨʦʟʚʠʪʦʢ ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʚʠʯʦʢ ʪʘ ʪʚʦʨʯʦʩʪʽ ʩʪʫʜʝʥʪʽʚ: 

- ɺʠʩʘʜʢʘ ʤʽʢʨʦʟʝʣʝʥʽ ï ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʧʨʠʥʮʠʧʘʤʠ ʤʽʩʴʢʦʛʦ ʤʽʢʨʦʛʨʽʥ-ʬʝʨʤʝʨʩʪʚʘ 

ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

- ʈʦʟʧʠʩ ʰʦʧʝʨʽʚ ï ʧʦʧʫʣʷʨʠʟʘʮʽʷ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʝʢʦ-ʩʫʤʦʢ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʠ ʧʣʘʩʪʠʢʫ 

ʪʘ ʨʦʟʚʠʪʦʢ ʪʚʦʨʯʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʪʘʣʦʛʦ ʩʧʦʞʠʚʘʥʥʷ. 

- ʇʝʨʝʨʦʙʢʘ ʧʘʧʝʨʫ ʫ ʥʦʚʽ ʚʠʨʦʙʠ ï ʧʨʘʢʪʠʯʥʝ ʦʩʚʦʻʥʥʷ ʪʝʭʥʽʢ ʨʝʩʘʡʢʣʽʥʛʫ ʪʘ 

ʨʦʟʫʤʽʥʥʷ ʮʠʢʣʽʯʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. 

ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʧʨʦʻʢʪʫ ʩʪʫʜʝʥʪʠ ʦʪʨʠʤʘʣʠ ʫʥʽʢʘʣʴʥʫ ʤʦʞʣʠʚʽʩʪʴ ʥʝ ʣʠʰʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘ ʧʨʘʢʪʠʮʽ ʟʥʘʥʥʷ ʟ ʝʢʦʣʦʛʽʾ, ʘ ʡ ʚʽʜʯʫʚʘʪʠ ʚʣʘʩʥʫ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ 

ʜʦʚʢʽʣʣʷ, ʥʘʚʯʘʪʠʩʷ ʧʨʘʮʶʚʘʪʠ ʚ ʢʦʤʘʥʜʽ ʪʘ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʽʥʽʮʽʘʪʠʚʠ, ʱʦ ʤʘʶʪʴ ʨʝʘʣʴʥʠʡ 

ʚʧʣʠʚ ʥʘ ʛʨʦʤʘʜʫ (ʨʠʩ.1).  
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ʘ) 

  
ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʈʝʘʣʽʟʘʮʽʷ ʩʪʫʜʝʥʪʩʴʢʦʛʦ ʝʢʦ-ʧʨʦʩʪʦʨʫ ʚ ɯʌʅʊʋʅɻ 

ʘ) ʚʠʩʘʜʢʘ ʤʽʢʨʦʟʝʣʝʥʽ; ʙ) ʨʦʟʧʠʩ ʰʦʧʝʨʽʚ 

 

ʊʘʢʠʡ ʜʦʩʚʽʜ ʬʦʨʤʫʻ ʥʦʚʝ ʧʦʢʦʣʽʥʥʷ ʩʚʽʜʦʤʠʭ, ʘʢʪʠʚʥʠʭ ʽ ʩʦʮʽʘʣʴʥʦ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ 

ʛʨʦʤʘʜʷʥ, ʷʢʽ ʟʜʘʪʥʽ ʽʥʪʝʛʨʫʚʘʪʠ ʧʨʠʥʮʠʧʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʫ ʧʦʚʩʷʢʜʝʥʥʝ ʞʠʪʪʷ, ʥʘʚʯʘʥʥʷ 

ʪʘ ʧʨʦʬʝʩʽʡʥʫ ʜʽʷʣʴʥʽʩʪʴ.  

ʆʩʦʙʣʠʚʫ ʮʽʥʥʽʩʪʴ ʧʨʦʻʢʪʫ ʩʪʘʥʦʚʠʪʴ ʡʦʛʦ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʦʰʠʨʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʡ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʩʪʫʜʝʥʪʩʴʢʦʛʦ ʝʢʦ-ʧʨʦʩʪʦʨʫ ʩʣʫʛʫʶʪʴ ʤʦʜʝʣʣʶ ʜʣʷ ʽʥʰʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʽ 

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ, ʩʪʠʤʫʣʶʶʯʠ ʩʪʚʦʨʝʥʥʷ ʧʦʜʽʙʥʠʭ ʽʥʽʮʽʘʪʠʚ ʫ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʢʨʘʾʥʠ. 

ʎʝ ʩʧʨʠʷʻ ʥʝ ʣʠʰʝ ʬʦʨʤʫʚʘʥʥʶ ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ ʩʝʨʝʜ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʤʦʣʦʜʽ, ʘ ʡ 

ʟʤʽʮʥʶʻ ʤʝʨʝʞʫ ʦʙʤʽʥʽʚ ʜʦʩʚʽʜʦʤ, ʢʨʘʱʠʭ ʧʨʘʢʪʠʢ ʪʘ ʽʥʥʦʚʘʮʽʡ ʫ ʩʬʝʨʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʂʨʽʤ ʪʦʛʦ, ʧʨʦʻʢʪ ʧʽʜʚʠʱʫʻ ʽʤʽʜʞ ʫʥʽʚʝʨʩʠʪʝʪʫ ʷʢ ʟʘʢʣʘʜʫ, ʱʦ ʘʢʪʠʚʥʦ ʧʽʜʪʨʠʤʫʻ 

ʩʫʯʘʩʥʽ ʦʩʚʽʪʥʽ ʡ ʝʢʦʣʦʛʽʯʥʽ ʽʥʽʮʽʘʪʠʚʠ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʧʨʠʚʘʙʣʠʚʠʤ ʜʣʷ ʘʙʽʪʫʨʽʻʥʪʽʚ, 

ʧʘʨʪʥʝʨʽʚ ʪʘ ʛʨʘʥʪʦʚʠʭ ʧʨʦʛʨʘʤ. ʁʦʛʦ ʨʝʟʫʣʴʪʘʪʠ ʩʪʚʦʨʶʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ 

ʩʪʫʜʝʥʪʽʚ ʫ ʨʝʘʣʴʥʽ ʧʨʦʻʢʪʠ ʟ ʦʭʦʨʦʥʠ ʧʨʠʨʦʜʠ, ʨʦʟʚʠʪʢʫ ʩʪʘʣʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʩʪʘʚʣʝʥʥʷ ʜʦ ʜʦʚʢʽʣʣʷ ʥʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʩʪʫʜʝʥʪʩʴʢʠʡ ʝʢʦ-ʧʨʦʩʪʽʨ ʩʪʘʻ ʥʝ ʣʠʰʝ ʤʘʡʜʘʥʯʠʢʦʤ ʜʣʷ ʥʘʚʯʘʥʥʷ ʪʘ ʧʨʘʢʪʠʢʠ, ʘ ʡ 

ʧʣʘʪʬʦʨʤʦʶ ʜʣʷ ʩʠʩʪʝʤʥʠʭ ʟʤʽʥ ʫ ʩʚʽʜʦʤʦʩʪʽ ʤʦʣʦʜʽ ʪʘ ʩʫʩʧʽʣʴʩʪʚʘ ʟʘʛʘʣʦʤ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦ ʾʣ̔ ʪʝʨʘʪʫʨʠ: 

1. ʂʘʨʜʘʰ ɼ. ɽʢʦʣʦʛʽʯʥʘ ʩʚʽʜʦʤʽʩʪʴ ʷʢ ʫʤʦʚʘ ʩʪʘʥʦʚʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ / 

ɼ. ʂʘʨʜʘʰ // ʄʘʛʽʩʪʝʨʩʴʢʠʡ ʥʘʫʢʦʚʠʡ ʚʽʩʥʠʢ. ï ɺʠʧ. 28. ï 2020. ï ʉ. 173. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://surl.lu/varvhb  

2. ʉʪʫʜʝʥʪʩʴʢʘ ˇʨʘʥʪʦʚʘ ʭʚʠʣʷ ʪʘ çʐʢʦʣʘ ʧʨʦʻʢʪʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫè ï Teple 

Misto. URL: https://warm.if.ua/studentska-grantova-hvilya-ta-shkola-proyektnogo-

menedzhmentu/. 

 

https://surl.lu/varvhb
https://warm.if.ua/studentska-grantova-hvilya-ta-shkola-proyektnogo-menedzhmentu/
https://warm.if.ua/studentska-grantova-hvilya-ta-shkola-proyektnogo-menedzhmentu/
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ɿɸɹʈʋɼʅɽʅʅʗ ʈ̂ʋʅʊʋ ʊʆʂʉʀʏʅʀʄʀ ʈɽʏʆɺʀʅɸʄʀ 

 

ʃʠʥʥʠʢ ɼʽʘʥʘ ʆʣʝʢʩʘʥʜʨʽʚʥʘ, ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ ʊɿʂʤ-25-1 

ɼʦʮʝʥʪ, ʟʘʚʽʜʫʚʘʯʢʘ ʢʘʬʝʜʦʠ ʊɿʅʉɹʇ ɻʨʠʮʫʣʷʢ ɻʘʣʠʥʘ ʄʠʭʘʡʣʽʚʥʘ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ɽʢʦʣʦʛʽʯʥʘ ʢʨʠʟʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ˇʨʫʥʪʽʚ. ʇʨʦʤʠʩʣʦʚʽ ʚʠʢʠʜʠ ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʦʩʽʜʘʥʥʷ ʪʦʢʩʠʯʥʠʭ ʩʧʦʣʫʢ ʥʘ 

ˇʨʫʥʪʦʚʠʡ ʧʦʢʨʠʚ. ʅʝʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʩʢʠʜ ʨʽʜʢʠʭ ʚʽʜʭʦʜʽʚ ʪʘ ʪʝʭʥʦʛʝʥʥʽ ʘʚʘʨʽʾ 

ʩʧʨʠʯʠʥʷʶʪʴ ʧʨʷʤʝ ʧʨʦʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ ʫ ˇʨʫʥʪ. ʅʝʨʘʮʽʦʥʘʣʴʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʙʨʠʚ ʽ ʧʝʩʪʠʮʠʜʽʚ ʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʟʫʤʦʚʣʶʻ ʥʘʢʦʧʠʯʝʥʥʷ 

ʥʽʪʨʘʪʽʚ ʽ ʭʽʤʽʢʘʪʽʚ ʫ ʨʦʩʣʠʥʥʽʡ ʙʽʦʤʘʩʽ ʪʘ ʜʦʚʢʽʣʣʽ. ɺʥʘʩʣʽʜʦʢ ʚʠʱʝ ʧʝʨʝʣʽʯʝʥʠʭ ʬʘʢʪʦʨʽʚ 

ʧʨʦʙʣʝʤʘ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʩʪʘʻ ʜʝʜʘʣʽ ʛʦʩʪʨʽʰʦʶ. 

ʋ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽʡ ʛʘʣʫʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʜʤʽʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʙʨʠʚ ʪʘ ʧʝʩʪʠʮʠʜʽʚ 

ʻ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʠʯʠʥ ʜʝʛʨʘʜʘʮʽʾ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ [13].ʅʝʨʘʮʽʦʥʘʣʴʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ  ʘʛʨʦʭʽʤʽʢʘʪʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʫʛʨʫʧʦʚʘʥʴ ʢʦʨʠʩʥʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʨʦʟʚʠʪʦʢ ʨʝʟʠʩʪʝʥʪʥʦʩʪʽ ʜʦ ʘʥʪʠʤʽʢʨʦʙʥʠʭ ʧʨʝʧʘʨʘʪʽʚ. ʆʙʨʦʙʢʘ ˇʨʫʥʪʫ 

ʧʝʩʪʠʮʠʜʘʤʠ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ  ʥʘ  ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ , ʷʢʽ  ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ  ʬʽʢʩʘʮʽʾ ʘʟʦʪʫ , 

ʨʦʟʯʠʥʝʥʥʽ ʬʦʩʬʦʨʫ ʪʘ ʽʥʰʽ ʚʘʞʣʠʚʠʭ ʧʨʦʮʝʩʘʭ ʢʨʫʛʦʦʙʽʛʫ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ . ɼʝʷʢʽ 

ʧʝʩʪʠʮʠʜʠ  ʟʥʠʞʫʶʪʴ ʘʢʪʠʚʥʽʩʪʴ ʧʝʨʝʙʽʛʫ ʙʽʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʪʘ ʘʢʪʠʚʥʽʩʪʴ ˇʨʫʥʪʦʚʠʭ 

ʬʝʨʤʝʥʪʽʚ. [6]. ʈʝʘʢʮʽʷ ˇʨʫʥʪʦʚʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʘ ʨʷʜ ʭʽʤʽʯʥʠʭ ʧʝʩʪʠʮʠʜʽʚ ʻ ʟʤʽʥʥʦʶ, 

ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʥʝʩʧʨʠʷʪʣʠʚʦʾ ʜʦ ʟʘʛʠʙʝʣʽ ʢʦʨʠʩʥʠʭ ʤʽʢʨʦʙʽʚ ʂʣʶʯʦʚʦʶ ʥʝʙʝʟʧʝʢʦʶ 

ʧʝʩʪʠʮʠʜʽʚ ʻ ʾʭ ʩʪʽʡʢʽʩʪʴ ʪʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʤʽʛʨʘʮʽʾ ʧʦ ʭʘʨʯʦʚʦʤʫ ʣʘʥʮʶʛʫ. ʅʘ ʨʠʩʫʥʢʫ ʦʜʠʥ 

ʥʘʚʝʜʝʥʦ ʢʽʣʴʢʽʩʪʴ ʟʘʣʠʰʢʽʚ ʨʽʟʥʠʭ ʧʝʩʪʠʮʠʜʽʚ ʪʘ ʧʨʦʜʫʢʪʽʚ ʾʭ ʨʦʟʢʣʘʜʫ ʥʘ ʨʽʟʥʽʡ ʛʣʠʙʠʥʽ ʪʘ 

ʚʽʜʩʦʪʦʢ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ. 

 

 
 

ʈʠʩʫʥʦʢ 1.ï ʂʽʣʴʢʽʩʪʴ ʟʘʣʠʰʢʽʚ ʨʽʟʥʠʭ ʧʝʩʪʠʮʠʜʽʚ ʪʘ ʧʨʦʜʫʢʪʽʚ ʾʭ ʨʦʟʢʣʘʜʫ ʥʘ ʨʽʟʥʽʡ 

ʛʣʠʙʠʥʽ ˇʨʫʥʪʫ ʪʘ ʚʽʜʩʦʪʦʢ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ [5] 

 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ [5] ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʟʘʣʠʰʢʽʚ ʧʝʩʪʠʮʠʜʽʚ ʫ ˇʨʫʥʪʘʭ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʥʘʷʚʥʽʩʪʴ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʝʩʪʠʮʠʜʥʠʭ ʩʫʤʽʰʝʡ. ɿʘʛʘʣʦʤ ʙʫʣʦ 

ʜʝʪʝʢʪʦʚʘʥʦ ʪʨʠʜʮʷʪʴ ʜʝʚ'ʷʪʴ ʚʘʨʽʘʥʪʽʚ ʢʦʤʙʽʥʘʮʽʡ ʧʝʩʪʠʮʠʜʥʠʭ ʨʝʯʦʚʠʥ. ʄʦʥʦʢʦʥʪʘʤʽʥʘʮʽʷ 

(ʦʜʠʥ ʧʝʩʪʠʮʠʜ) ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʫ 25% ˇʨʫʥʪʦʚʠʭ ʧʨʦʙ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʧʦʣʽʢʦʤʧʦʥʝʥʪʥʝ 

ʟʘʙʨʫʜʥʝʥʥʷ ʬʽʢʩʫʚʘʣʦʩʷ ʫ 35% ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ. ɿ ʯʘʩʦʤ ʟʘʣʠʰʢʠ ʘʛʨʦʭʽʤʽʢʘʪʽʚ 

ʤʽʛʨʫʚʘʪʠʤʫʪʴ ʫ ʬʽʪʦʩʬʝʨʫ ʘʙʦ ʞ ʚʠʤʠʚʘʪʠʤʫʪʴ ʫ ʚʦʜʥʽ ʦʙôʻʢʪʠ. 
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ʆʜʥʠʤ ʽʟ ʥʝʙʝʟʧʝʯʥʠʭ ʯʠʥʥʠʢʽʚ ʜʝʛʨʘʜʘʮʽʾ ˇʨʫʥʪʽʚ ʻ ʥʘʬʪʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ  ʱʦ ʚʠʥʠʢʘʻ 

ʯʝʨʝʟ ʜʽʷʣʴʥʽʩʪʴ ʥʘʬʪʦʛʘʟʦʚʠʭ ʽ ʥʘʬʪʦʧʝʨʝʨʦʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʘ ʪʘʢʦʞ ʨʦʙʦʪʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʝʨʝʞ ʜʣʷ ʥʘʬʪʠ ʪʘ ʛʘʟʫ [1]. ʅʘʬʪʦʚʽ ʚʫʛʣʝʚʦʜʥʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʢʘʥʮʝʨʦʛʝʥʥʽʩʪʶ ʽ  ʪʦʢʩʠʯʥʽʩʪʶ [2]. ʇʦʣʽʮʠʢʣʽʯʥʽ ʘʨʦʤʘʪʠʯʥʽ ʘʨʦʤʘʪʠʯʥʽ ʚʫʛʣʝʚʦʜʥʽ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʽʥʠ ʨʦʟʤʽʨʫ ʟʝʨʝʥ, ʧʦʨʠʩʪʦʩʪʽ ʪʘ ʚʦʣʦʛʦʫʪʨʠʤʫʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ˇʨʫʥʪʫ ʪʘ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʛʨʫʥʪʫ. ʂʨʽʤ ʪʦʛʦ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʽʩʪʦʪʥʽ ʟʤʽʥʠ ʫ 

ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ˇʨʫʥʪʫ - ʧʨʦʥʠʢʥʦʩʪʽ, ʦʙ'ʻʤʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʧʣʘʩʪʠʯʥʦʩʪʽ ʪʘ 

ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʘʭ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʟʥʠʞʝʥʥʷ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʽʚ[3]. 

ɺʫʛʣʝʚʦʜʥʝʚʽ ʩʧʦʣʫʢʠ ʟʜʘʪʥʽ ʧʦʨʫʰʫʚʘʪʠ ʧʦʚʽʪʨʷʥʠʡ ʨʝʞʠʤ ˇʨʫʥʪʫ, ʬʦʨʤʫʶʯʠ ʙʝʟʢʠʩʥʝʚʝ 

ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ˇʨʫʥʪʦʚʽʡ ʤʽʢʨʦʬʣʦʨʽ ʪʘ ʛʘʣʴʤʫʻ ʨʽʩʪ 

ʨʦʩʣʠʥʥʦʩʪʽ. ʅʘʬʪʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʢʠʩʣʦʪʥʦ-ʣʫʞʥʠʡ ʙʘʣʘʥʩ ˇʨʫʥʪʫ ʪʘ 

ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʞʠʚʣʝʥʥʷ, ʚʧʣʠʚʘʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʥʘ ʡʦʛʦ ʭʽʤʽʯʥʠʡ ʩʪʘʥ.  

ɿʘʙʨʫʜʥʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ˇʨʫʥʪʽʚ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ ʧʨʝʜʩʪʘʚʣʷʻ ʢʨʠʪʠʯʥʫ 

ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʨʦʩʣʠʥʥʦʛʦ ʩʚʽʪʫ, ʣʶʜʩʴʢʦʛʦ ʟʜʦʨʦʚ'ʷ ʪʘ ʛʣʦʙʘʣʴʥʦʾ ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ. 

ʇʝʨʝʚʠʱʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʟʝʤʣʷʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʠʛʥʽʯʝʥʥʷ ʨʦʟʚʠʪʢʫ ʢʫʣʴʪʫʨʥʠʭ ʨʦʩʣʠʥ ʪʘ ʟʥʠʞʝʥʥʷ ʾʭ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ɼʦ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʭ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʥʘʣʝʞʘʪʴ ʭʨʦʤ (Cr), ʤʠʰ'ʷʢ (As), 

ʥʽʢʝʣʴ (Ni), ʢʘʜʤʽʡ (Cd), ʩʚʠʥʝʮʴ (Pb), ʨʪʫʪʴ (Hg), ʮʠʥʢ (Zn) ʪʘ ʤʽʜʴ (Cu). ʎʽ ʝʣʝʤʝʥʪʠ 

ʧʨʠʩʫʪʥʽ ʫ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʫ ʢʦʤʧʦʥʝʥʪʘʭ ʜʦʚʢʽʣʣʷ: ˇʨʫʥʪʦʚʦʤʫ ʧʦʢʨʠʚʽ, ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʘʭ, ʚʦʜʥʠʭ ʨʝʩʫʨʩʘʭ ʪʘ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ. ɰʭ ʪʦʢʩʠʯʥʠʡ ʚʧʣʠʚ ʧʦʨʫʰʫʻ 

ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʚʠʪʦʢ ʨʦʩʣʠʥ ʽ ʧʦʛʽʨʰʫʻ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ, ʱʦ ʟʫʤʦʚʣʶʻ ʩʢʦʨʦʯʝʥʥʷ 

ʫʨʦʞʘʡʥʦʩʪʽ [4]. 

ʆʪʞʝ, ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʪʦʢʩʠʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʩʪʘʥʦʚʠʪʴ ʩʝʨʡʦʟʥʫ ʥʝʙʝʟʧʝʢʫ ʜʣʷ 

ʜʦʚʢʽʣʣʷ ʪʘ ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ. ʅʘʜʤʽʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʩʪʠʮʠʜʽʚ ʧʦʨʫʰʫʻ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ 

ʢʦʨʠʩʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ˇʨʫʥʪʽ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʩʧʦʣʫʢ ʫ 

ʬʽʪʦʤʘʩʽ. ʅʘʬʪʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʛʽʨʰʫʻ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ, ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʙʝʟ ʢʠʩʥʶ ʪʘ 

ʧʝʨʝʰʢʦʜʞʘʻ ʨʦʩʪʫ ʨʦʩʣʠʥ. ʅʘʢʦʧʠʯʝʥʥʷ ʚʘʞʢʠʭ ʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ˇʨʫʥʪʘʭ ʤʘʻ 

ʦʪʨʫʡʥʠʡ ʚʧʣʠʚ ʥʘ ʨʦʩʣʠʥʠ, ʟʥʠʞʫʻ ʚʨʦʞʘʡʥʽʩʪʴ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʪʨʘʧʣʷʥʥʷ ʰʢʽʜʣʠʚʠʭ 

ʨʝʯʦʚʠʥ ʫ ʧʨʦʜʫʢʪʠ ʭʘʨʯʫʚʘʥʥʷ. ɿʚʽʜʩʠ, ʥʝʦʙʭʽʜʥʠʤ ʻ ʢʦʥʪʨʦʣʴ ʟʘ ʩʪʘʥʦʤ ˇʨʫʥʪʦʚʦʛʦ 

ʧʦʢʨʠʚʫ ʪʘ ʤʽʥʽʤʽʟʘʮʽʷ ʨʠʟʠʢʽʚ ʥʘʢʦʧʠʯʝʥʥʷ ʪʦʢʩʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ˇʨʫʥʪʦʚʦʤʫ ʧʦʢʨʠʚʽ ʪʘ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽʡ ʧʨʦʨʜʫʢʮʽʾ. 
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ɽʂʆʃʆɻɯʏʅɯ ʊɸ ɯʅɾɽʅɽʈʅʆ-ɻɽʆʃʆɻɯʏʅɯ ʇɽʈɽɼʋʄʆɺʀ ɹʋɼɯɺʅʀʎʊɺɸ 

ʄɸʃʀʍ ɻɽʉ ʋ ʂɸʈʇɸʊʉʔʂʆʄʋ ʈɽɻɯʆʅɯ 

 

ʄʘʡʢʦʚʠʯ ɺʦʣʦʜʠʤʠʨ ɭʚʛʝʥʦʚʠʯ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ 

ʇʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ɸʜʘʤʝʥʢʦ ʗʨʦʩʣʘʚ ʆʣʝʛʦʚʠʯ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ʄʘʣʘ ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʘ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʚʘʞʣʠʚʘ ʩʢʣʘʜʦʚʘ ʨʦʟʚʠʪʢʫ 

ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʟʜʘʪʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʣʦʢʘʣʴʥʽ ʛʨʦʤʘʜʠ ʚʽʜʥʦʩʥʦ ʩʪʘʙʽʣʴʥʦʶ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦ ʧʨʠʡʥʷʪʥʦʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ. ʇʨʦʪʝ ʜʣʷ ʛʽʨʩʴʢʠʭ ʨʝʛʽʦʥʽʚ, ʟʦʢʨʝʤʘ ʂʘʨʧʘʪ, 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʄɻɽʉ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʠʟʢʦʶ ʩʫʪʪʻʚʠʭ ʛʝʦʣʦʛʽʯʥʠʭ, 

ʛʽʜʨʦʣʦʛʽʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʚʠʢʣʠʢʽʚ. ɺʦʥʠ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʤʦʞʣʠʚʽʩʪʴ 

ʩʧʦʨʫʜʞʝʥʥʷ ʄɻɽʉ ʥʘ ʢʦʥʢʨʝʪʥʠʭ ʜʽʣʷʥʢʘʭ, ʪʘʢ ʽ ʾʭ ʪʨʠʚʘʣʫ ʙʝʟʧʝʯʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʙʝʟ 

ʟʥʘʯʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʪʘ ʤʽʩʮʝʚʝ ʥʘʩʝʣʝʥʥʷ. 

ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʻ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ. ʌʣʽʰʝʚʘ ʩʪʨʫʢʪʫʨʘ 

ʂʘʨʧʘʪ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʝʨʛʫʚʘʥʥʷʤ ʧʽʩʢʦʚʠʢʽʚ, ʘʣʝʚʨʦʣʽʪʽʚ ʽ ʘʨʛʠʣʽʪʽʚ, ʻ ʚʨʘʟʣʠʚʦʶ ʜʦ 

ʨʦʟʚʠʪʢʫ ʝʢʟʦʛʝʥʥʠʭ ʥʝʙʝʟʧʝʯʥʠʭ ʧʨʦʮʝʩʽʚ ï ʟʩʫʚʽʚ, ʩʝʣʽʚ, ʦʙʚʘʣʽʚ, ʝʨʦʟʽʾ ʪʘ ʢʘʨʩʪʫ. 

ʅʘʡʩʢʣʘʜʥʽʰʝ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʽʡʢʽʩʪʴ ʚʦʜʦʧʽʜʧʽʨʥʠʭ ʩʧʦʨʫʜ ʫ ʨʘʡʦʥʘʭ ʘʢʪʠʚʥʠʭ ʟʩʫʚʥʠʭ 

ʧʨʦʮʝʩʽʚ ʽ ʩʝʣʝʚʠʭ ʧʦʪʦʢʽʚ. ʇʦʪʝʥʮʽʡʥʦ ʩʧʨʠʷʪʣʠʚʠʤʠ ʻ ʪʽ ʜʽʣʷʥʢʠ, ʜʝ ʥʘ ʧʦʚʝʨʭʥʶ ʚʠʭʦʜʷʪʴ 

ʩʪʽʡʢʽ ʧʦʨʦʜʠ, ʪʦʜʽ ʷʢ ʪʝʨʠʪʦʨʽʾ ʟʽ ʟʥʘʯʥʦʶ ʛʣʠʙʠʥʦʶ ʚʠʚʽʪʨʶʚʘʥʥʷ, ʨʦʟʫʱʽʣʴʥʝʥʠʤʠ 

ʧʦʨʦʜʘʤʠ ʘʙʦ ʩʪʨʫʤʢʦʚʠʤʠ ʥʘʥʦʩʘʤʠ ʩʪʘʥʦʚʣʷʪʴ ʚʠʩʦʢʠʡ ʨʠʟʠʢ. ʉʘʤʝ ʪʦʤʫ ʢʦʞʥʘ ʜʽʣʷʥʢʘ 

ʤʘʻ ʧʨʦʭʦʜʠʪʠ ʢʦʤʧʣʝʢʩʥʽ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʚʠʰʫʢʫʚʘʥʥʷ ʱʝ ʥʘ ʧʝʨʝʜʧʨʦʻʢʪʥʽʡ ʩʪʘʜʽʾ. 

ˆʨʫʥʪʦʚʽ ʫʤʦʚʠ ʪʘʢʦʞ ʚʠʟʥʘʯʘʶʪʴ ʧʨʠʜʘʪʥʽʩʪʴ ʪʝʨʠʪʦʨʽʡ. ɺʠʩʦʢʘ ʮʽʥʥʽʩʪʴ ʯʦʨʥʦʟʝʤʽʚ 

ʪʘ ʨʦʜʶʯʠʭ ˇʨʫʥʪʽʚ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʬʘʢʪʦʨ ʦʙʤʝʞʝʥʥʷ, ʘ ʪʝʭʥʦʛʝʥʥʦ ʧʦʨʫʰʝʥʽ ʜʽʣʷʥʢʠ ï 

ʥʘʚʧʘʢʠ, ʷʢ ʧʦʪʝʥʮʽʡʥʽ ʤʽʩʮʷ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʄɻɽʉ. ʇʨʠ ʮʴʦʤʫ 

ʦʙʤʝʞʫʶʯʠʤʠ ʻ ʟʘʙʨʫʜʥʝʥʽ ˇʨʫʥʪʠ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʜʝ ʙʫʜʽʚʥʠʮʪʚʦ 

ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʟʘʭʦʜʽʚ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. ʂʘʨʪʠ ˇʨʫʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʟʦʥ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʝʢʦʩʠʩʪʝʤʠ. 

ɿʥʘʯʥʫ ʫʚʘʛʫ ʫ ʂʘʨʧʘʪʘʭ ʩʣʽʜ ʧʨʠʜʽʣʷʪʠ ʛʽʜʨʦʣʦʛʽʯʥʦʤʫ ʨʝʞʠʤʫ, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʟʢʠʤʠ ʩʝʟʦʥʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ. ʄʘʣʽ ɻɽʉ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʥʘ ʧʦʚʥʫ 

ʧʦʪʫʞʥʽʩʪʴ ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʤʽʩʷʮʽʚ ʫ ʙʘʛʘʪʦʚʦʜʥʽ ʨʦʢʠ. ʋ ʤʝʞʝʥʥʽ ʞ (ʦʩʽʥʥʴʦ-ʟʠʤʦʚʠʡ 

ʧʝʨʽʦʜ) ʚʠʨʦʙʽʪʦʢ ʨʽʟʢʦ ʧʘʜʘʻ ï ʽʥʦʜʽ ʜʦ 40 % ʚʽʜ ʫʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʎʝ ʚʠʤʘʛʘʻ 

ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʫʩʪʘʥʦʚʣʝʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʪʘʥʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʚʦʜʠ. 

ʉʘʥʽʪʘʨʥʠʡ ʧʦʧʫʩʢ ʻ ʦʙʦʚôʷʟʢʦʚʠʤ ʽ ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ ʤʽʥʽʤʘʣʴʥʠʤ ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʤ 

ʚʠʪʨʘʪʘʤ 95% ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ [1]. ʅʘʣʝʞʥʝ ʡʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʟʚʦʣʷʻ ʟʙʝʨʝʛʪʠ ʝʢʦʣʦʛʽʯʥʫ 

ʨʽʚʥʦʚʘʛʫ ʪʘ ʚʦʜʥʽ ʦʨʛʘʥʽʟʤʠ ʚ ʥʠʞʥʴʦʤʫ ʙôʻʬʽ. 

ʆʢʨʝʤʠʤ ʙʣʦʢʦʤ ʻ ʧʠʪʘʥʥʷ ʨʠʙʦʧʨʦʧʫʩʢʥʠʭ ʩʧʦʨʫʜ. ʂʘʨʧʘʪʩʴʢʽ ʨʽʯʢʠ ï ʮʝ 

ʩʝʨʝʜʦʚʠʱʝ ʧʨʦʞʠʚʘʥʥʷ ʙʘʛʘʪʴʦʭ ʮʽʥʥʠʭ ʪʘ ʨʽʜʢʽʩʥʠʭ ʚʠʜʽʚ, ʚʢʣʶʯʘʶʯʠ ʜʫʥʘʡʩʴʢʦʛʦ 

ʣʦʩʦʩʷ, ʬʦʨʝʣʴ, ʤʘʨʝʥʫ ʪʘ ʽʥʰʽ ʚʠʜʠ, ʟʘʥʝʩʝʥʽ ʜʦ ʏʝʨʚʦʥʦʾ ʢʥʠʛʠ ʋʢʨʘʾʥʠ. ɼʣʷ ʟʙʝʨʝʞʝʥʥʷ 

ʤʽʛʨʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʠʙʦʭʦʜʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʷʢ 

ʚʝʨʪʠʢʘʣʴʥʝ, ʪʘʢ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʧʦʜʦʣʘʥʥʷ ʧʝʨʝʧʘʜʽʚ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʚʚʘʞʘʶʪʴʩʷ 

ʩʭʦʜʦʚʽ ʨʠʙʦʭʦʜʠ ʟ ʩʠʩʪʝʤʦʶ ʢʘʤʝʨ ʽ ʧʝʨʝʧʘʜʽʚ, ʷʢʽ ʫʧʦʚʽʣʴʥʶʶʪʴ ʧʦʪʽʢ ʚʦʜʠ ʪʘ ʜʦʟʚʦʣʷʶʪʴ 

ʨʠʙʘʤ ʜʦʣʘʪʠ ʨʽʟʥʠʮʶ ʚʠʩʦʪ [1]. ʇʦʪʽʢ ʫ ʨʠʙʦʭʦʜʽ ʤʘʻ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʧʨʠʚʘʙʣʠʚʠʤ, ʱʦʙ ʥʝ 

ʢʦʥʢʫʨʫʚʘʪʠ ʟ ʧʦʪʦʢʦʤ ʽʟ ʪʫʨʙʽʥ, ʘ ʚʠʭʽʜ ʨʠʙʠ ʫ ʚʝʨʭʥʽʡ ʙôʻʬ ʧʦʚʠʥʝʥ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ 

ʙʝʟʧʝʯʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʟʦʥ ʟʘʙʦʨʫ ʚʦʜʠ. 

ɿʥʘʯʝʥʥʷ ʤʘʶʪʴ ʽ ʜʦʜʘʪʢʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ï ʨʠʙʦʥʘʢʦʧʠʯʫʚʘʯʽ, ʘʚʪʦʥʦʤʥʽ ʙʣʦʢʠ 

ʞʠʚʣʝʥʥʷ ʨʠʙʦʭʦʜʫ ʪʘ ʟʘʭʦʜʠ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʟʘʩʤʦʢʪʫʚʘʥʥʷ ʨʠʙʠ ʫ ʪʫʨʙʽʥʠ. ʅʘ 

ʜʝʨʠʚʘʮʽʡʥʠʭ ʄɻɽʉ ʧʨʦʙʣʝʤʘ ʢʦʥʢʫʨʝʥʮʽʾ ʧʦʪʦʢʽʚ ʥʝ ʚʠʨʘʞʝʥʘ, ʪʦʜʽ ʷʢ ʥʘ ʨʫʩʣʦʚʠʭ 

ʦʙʦʚôʷʟʢʦʚʦ ʧʦʪʨʽʙʥʽ ʜʦʜʘʪʢʦʚʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʙʝʟʧʝʢʠ ʽʭʪʽʦʬʘʫʥʠ. 

ɹʫʜʽʚʥʠʮʪʚʦ ʄɻɽʉ ʚʧʣʠʚʘʻ ʥʘ ʨʦʩʣʠʥʥʠʡ ʧʦʢʨʠʚ ʣʦʢʘʣʴʥʦ. ʇʨʠʙʝʨʝʞʥʦ-ʚʦʜʥʽ 

ʫʛʨʫʧʦʚʘʥʥʷ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʂʘʨʧʘʪ, ʟʘʟʚʠʯʘʡ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʝʟʦʛʽʛʨʦʬʽʪʽʚ ʪʘ ʛʽʛʨʦʬʽʪʽʚ ï 
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ʦʩʦʢ, ʦʯʝʨʝʪʫ, ʩʠʪʥʠʢʽʚ, ʤôʷʪʠ ʚʦʜʷʥʦʾ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʘʚʽʪʴ ʫ 

ʨʘʟʽ ʯʘʩʪʢʦʚʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʘʙʦ ʧʦʰʢʦʜʞʝʥʥʷ ʮʽ ʫʛʨʫʧʦʚʘʥʥʷ ʰʚʠʜʢʦ ʚʽʜʥʦʚʣʶʶʪʴʩʷ 

ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʟʜʘʪʥʦʩʪʽ ʜʦ ʧʨʠʨʦʜʥʦʾ ʨʝʛʝʥʝʨʘʮʽʾ. ɿʥʠʱʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ ʧʽʜ ʯʘʩ 

ʙʫʜʽʚʥʠʮʪʚʘ ʩʪʘʥʦʚʠʪʴ ʥʝ ʙʽʣʴʰʝ 0,5 ʛʘ, ʱʦ ʜʣʷ ʨʽʯʢʦʚʠʭ ʝʢʦʩʠʩʪʝʤ ʻ ʥʝʟʥʘʯʥʦʶ ʧʣʦʱʝʶ. 

ʅʘʟʝʤʥʽ ʝʢʦʩʠʩʪʝʤʠ ʟʘʟʥʘʶʪʴ ʚʧʣʠʚʫ ʧʝʨʝʚʘʞʥʦ ʯʝʨʝʟ ʟʤʽʥʫ ʣʘʥʜʰʘʬʪʥʦʾ ʩʪʨʫʢʪʫʨʠ, 

ʟʘʩʝʣʝʥʥʷ ʥʦʚʠʭ ʚʠʜʽʚ ʽ ʯʘʩʪʢʦʚʫ ʚʪʨʘʪʫ ʙʽʦʪʦʧʽʚ ʜʨʽʙʥʠʭ ʪʚʘʨʠʥ. ʆʜʥʘʢ ʙʽʣʴʰʽʩʪʴ ʄɻɽʉ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚ ʤʝʞʘʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʜʝ ʧʨʠʨʦʜʥʽ ʢʦʤʧʣʝʢʩʠ ʚʞʝ ʟʘʟʥʘʣʠ ʟʥʘʯʥʦʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ. ɿʘ ʜʘʥʠʤʠ ɯʥʩʪʠʪʫʪʫ ʟʦʦʣʦʛʽʾ ʅɸʅ ʋʢʨʘʾʥʠ, ʟʥʘʯʥʠʭ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ 

ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ ʥʝ ʦʯʽʢʫʻʪʴʩʷ, ʘ ʚʪʨʘʪʠ ʯʠʩʝʣʴʥʦʩʪʽ ʚʠʜʽʚ ʙʫʜʫʪʴ ʥʝʟʥʘʯʥʠʤʠ ʪʘ 

ʣʦʢʘʣʴʥʠʤʠ [2]. 

ɺʦʜʥʦʯʘʩ ʫʪʚʦʨʝʥʥʷ ʤʽʥʽ-ʚʦʜʦʩʭʦʚʠʱ ʤʦʞʝ ʤʘʪʠ ʡ ʧʦʟʠʪʠʚʥʽ ʝʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ: 

ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʚʦʜʥʦ-ʙʦʣʦʪʥʠʭ ʧʪʘʭʽʚ, ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʠʭ ʤʽʩʮʴ ʚʽʜʧʦʯʠʥʢʫ 

ʤʽʛʨʫʶʯʠʭ ʚʠʜʽʚ, ʨʦʟʚʠʪʦʢ ʛʽʜʨʦʬʽʣʴʥʠʭ ʩʩʘʚʮʽʚ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷ ʢʦʨʤʦʚʦʾ ʙʘʟʠ ʟʘ 

ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʚʦʜʥʠʭ ʙʝʟʭʨʝʙʝʪʥʠʭ. ʄʦʥʽʪʦʨʠʥʛʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ 

ʚʠʷʚʠʣʠ ʫʤʦʚ ʜʣʷ ʽʥʪʝʥʩʠʚʥʦʛʦ çʮʚʽʪʽʥʥʷè ʚʦʜʠ, ʦʩʢʽʣʴʢʠ ʛʽʨʩʴʢʽ ʨʽʯʢʠ ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʰʚʠʜʢʽʩʪʴ ʪʝʯʽʾ ʪʘ ʥʠʟʴʢʽ ʪʝʤʧʝʨʘʪʫʨʠ [2]. 

ɼʣʷ ʙʝʥʪʦʩʫ ʽ ʧʣʘʥʢʪʦʥʫ ʟʤʽʥʠ ʥʝ ʻ ʢʨʠʪʠʯʥʠʤʠ, ʭʦʯʘ ʤʦʞʣʠʚʝ ʯʘʩʪʢʦʚʝ ʚʠʧʘʜʽʥʥʷ 

ʦʢʨʝʤʠʭ ʛʨʫʧ, ʯʫʪʣʠʚʠʭ ʜʦ ʟʘʤʫʣʝʥʥʷ, ʟʦʢʨʝʤʘ ʚʝʩʥʷʥʦʢ ʘʙʦ ʜʝʷʢʠʭ ʚʠʜʽʚ ʦʜʥʦʜʝʥʦʢ. 

ʅʘʪʦʤʽʩʪʴ ʟʨʦʩʪʘʻ ʯʘʩʪʢʘ ʬʽʣʴʪʨʘʪʦʨʽʚ ʽ ʣʠʯʠʥʦʢ ʢʦʤʘʭ, ʟʜʘʪʥʠʭ ʽʩʥʫʚʘʪʠ ʚ ʫʤʦʚʘʭ ʜʦʥʥʠʭ 

ʚʽʜʢʣʘʜʝʥʴ. 

ʑʦʜʦ ʽʭʪʽʦʬʘʫʥʠ, ʪʦ ʜʦʨʦʩʣʽ ʨʠʙʠ ʘʢʪʠʚʥʦ ʫʥʠʢʘʶʪʴ ʟʦʥ ʧʽʜʚʠʱʝʥʦʾ ʤʫʪʥʦʩʪʽ ʪʘ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. ɹʫʜʽʚʝʣʴʥʽ ʨʦʙʦʪʠ ʥʝ ʜʦʧʫʩʢʘʶʪʴʩʷ ʫ ʧʝʨʽʦʜ ʥʝʨʝʩʪʫ, ʘ ʦʧʪʠʤʘʣʴʥʠʤ 

ʧʝʨʽʦʜʦʤ ʙʫʜʽʚʥʠʮʪʚʘ ʻ ʣʠʧʝʥʴïʞʦʚʪʝʥʴ ʘʙʦ ʩʽʯʝʥʴïʙʝʨʝʟʝʥʴ. ʗʢʱʦ ʚʦʜʦʡʤʘ ʄɻɽʉ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʠʙʦʨʦʟʚʝʜʝʥʥʷ, ʝʢʦʩʠʩʪʝʤʥʠʡ ʝʬʝʢʪ ʤʦʞʝ ʙʫʪʠ ʥʘʚʽʪʴ ʧʦʟʠʪʠʚʥʠʤ. 

ʇʨʠʢʣʘʜʦʤ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʜʽʣʷʥʢʠ ʻ ʪʝʨʠʪʦʨʽʷ ʙʘʩʝʡʥʫ ʨ. ʏʝʯʚʠ, ʷʢʘ ʤʘʻ ʩʧʨʠʷʪʣʠʚʽ 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ, ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʪʘ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ. ɸʥʘʣʽʟ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʧʽʜʪʚʝʨʜʞʫʻ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʷʢʦʩʪʽ ʚʦʜʠ ʥʦʨʤʘʤ, ʘ ʨʽʯʢʘ ʤʘʻ ʜʦʩʪʘʪʥʶ ʚʦʜʥʽʩʪʴ ʜʣʷ ʨʦʙʦʪʠ ʄɻɽʉ 

ʧʦʪʫʞʥʽʩʪʶ ʜʦ 1 ʄɺʪ. ˆʨʫʥʪʦʚʽ ʪʘ ʢʣʽʤʘʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʥʝ ʩʪʚʦʨʶʶʪʴ ʜʦʜʘʪʢʦʚʠʭ 

ʦʙʤʝʞʝʥʴ, ʘ ʪʝʭʥʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʨʝʛʽʦʥʽ ï ʧʦʤʽʨʥʝ. 

ɽʢʦʥʦʤʽʯʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʄɻɽʉ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʩʪʘʥʮʽʾ. ʈʫʩʣʦʚʽ ʩʪʘʥʮʽʾ ʜʦʨʦʞʯʽ 

ʯʝʨʝʟ ʧʦʪʨʝʙʫ ʩʧʦʨʫʜʞʝʥʥʷ ʛʨʝʙʣʽ, ʪʦʜʽ ʷʢ ʜʝʨʠʚʘʮʽʡʥʽ ʜʝʰʝʚʰʽ ʟʘ ʫʤʦʚʠ ʩʧʨʠʷʪʣʠʚʦʛʦ 

ʨʝʣʴʻʬʫ. ɺʘʨʪʽʩʪʴ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʝʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ: ʩʢʝʣʴʥʽ ʧʦʨʦʜʠ 

ʟʜʝʰʝʚʣʶʶʪʴ ʙʫʜʽʚʥʠʮʪʚʦ, ʪʦʜʽ ʷʢ ʥʝʩʪʽʡʢʽ ʘʙʦ ʚʦʜʦʥʘʩʠʯʝʥʽ ˇʨʫʥʪʠ ʟʙʽʣʴʰʫʶʪʴ ʟʘʪʨʘʪʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʣʘ ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʘ ʫ ʂʘʨʧʘʪʩʴʢʦʤʫ ʨʝʛʽʦʥʽ ʟʘ ʫʤʦʚʠ ʜʝʪʘʣʴʥʠʭ 

ʧʝʨʝʜʧʨʦʻʢʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʠʙʦʧʨʦʧʫʩʢʥʠʭ ʰʣʷʭʽʚ ʽ ʩʘʥʽʪʘʨʥʦʛʦ ʧʦʧʫʩʢʫ ʤʦʞʝ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʙʝʟ 

ʩʫʪʪʻʚʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ. ɹʽʣʴʰʝ ʪʦʛʦ, ʦʢʨʝʤʽ ʝʢʦʩʠʩʪʝʤʥʽ ʝʬʝʢʪʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʦʟʠʪʠʚʥʠʤʠ, ʘ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʛʦʜʠ ï ʚʘʛʦʤʠʤʠ ʜʣʷ ʛʨʦʤʘʜ ʽ ʨʝʛʽʦʥʫ ʚ ʮʽʣʦʤʫ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʄʘʡʢʦʚʠʯ ɺ. ɭ., ɸʜʘʤʝʥʢʦ ʗ. ʆ. ɽʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʡ ʛʽʜʨʦʝʥʝʨʛʝʪʠʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʨʽʯʦʢ ʂʘʨʧʘʪʩʴʢʦʛʦ ʨʝʛʽʦʥʫ. // ʊʝʟʠ ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

ʟʜʦʙʫʚʘʯʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ ʪʘ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ çɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʨʘʮʽʦʥʘʣʴʥʝ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷè (ɾʠʪʦʤʠʨ, 14 ʣʠʩʪʦʧʘʜʘ 2024 ʨ.). ɾʠʪʦʤʠʨ : ɾʠʪʦʤʠʨʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘ, 2024. 285 ʩ. ʉ. 259. 

2. ʄʘʡʢʦʚʠʯ ɺ. ɭ. ɽʢʦʣʦʛʽʯʥʘ ʦʮʽʥʢʘ ʛʽʜʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʨʠʟʠʢʽʚ ʙʫʜʽʚʥʠʮʪʚʘ ʤʘʣʠʭ 

ɻɽʉ ʥʘ ʇʨʠʢʘʨʧʘʪʪʽ. // ɽʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʩʫʯʘʩʥʦʩʪʽ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : ʟʙ. ʤʘʪʝʨ. ɯɯɯ 

ʄʽʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ. (ɼʨʦʛʦʙʠʯ, 20 ʪʨʘʚʥʷ 2025 ʨ.). ɼʨʦʛʦʙʠʯ : ɼɺʅɿ çɼʦʥʅʊʋè, 

2025. 171 ʩ. ʉ. 147ï148. 
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ʇʈʀʏʀʅʀ ʊɸ ʅɸʉʃɯɼʂʀ ɽʌɽʂʊʋ ʄɯʉʔʂʆɻʆ ʊɽʇʃʆɺʆɻʆ ʆʉʊʈʆɺɸ 

 

ʄʘʣʴʦʚʘʥʯʫʢ ɸʥʜʨʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ 

ɼʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʄʦʩʢʘʣʴʯʫʢ ʅʘʪʘʣʽʷ ʄʠʭʘʡʣʽʚʥʘ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ʇʨʦʙʣʝʤʘ ʤʽʩʴʢʦʛʦ ʪʝʧʣʦʚʦʛʦ ʦʩʪʨʦʚʘ (ʄʊʆ) - ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʷʚʠʱʘ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʱʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʦʚʽʪʨʷ ʪʘ ʧʦʚʝʨʭʥʽ ʚ ʤʽʩʴʢʠʭ ʪʝʨʠʪʦʨʽʷʭ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʚʢʦʣʠʰʥʽʤʠ ʧʨʠʤʽʩʴʢʠʤʠ ʪʘ ʩʽʣʴʩʴʢʠʤʠ ʪʝʨʠʪʦʨʽʷʤʠ - ʩʪʨʽʤʢʦ 

ʟʘʛʦʩʪʨʶʻʪʴʩʷ ʚ ʢʦʥʪʝʢʩʪʽ ʛʣʦʙʘʣʴʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ. ɺ ʫʤʦʚʘʭ ʤʽʩʪʘ ʝʬʝʢʪʠ 

ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ "ʥʘʢʣʘʜʘʶʪʴʩʷ" ʥʘ ʣʦʢʘʣʴʥʝ ʪʝʧʣʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ. ʎʝ ʧʦʩʠʣʶʻ 

ʯʘʩʪʦʪʫ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʭʚʠʣʴ ʩʧʝʢʠ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʾʭ ʥʘ ʧʨʷʤʫ ʟʘʛʨʦʟʫ ʟʜʦʨʦʚ'ʶ ʪʘ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ [1]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʄʊʆ ʚ ʋʢʨʘʾʥʽ ʥʘʨʘʟʽ ʤʘʶʪʴ ʣʦʢʘʣʴʥʠʡ ʪʘ ʬʨʘʛʤʝʥʪʘʨʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʇʨʦʪʝ ʥʘʷʚʥʽ ʝʤʧʽʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʜʘʶʪʴ ʧʝʚʥʽ ʢʽʣʴʢʽʩʥʽ ʜʘʥʽ. ɺ ʃʫʮʴʢʫ ʟʘʬʽʢʩʦʚʘʥʦ 

ʩʪʘʣʫ ʨʽʟʥʠʮʶ ʪʝʤʧʝʨʘʪʫʨ ʫ 1.5-2ÁC ʤʽʞ ʮʝʥʪʨʦʤ ʪʘ ʧʝʨʝʜʤʽʩʪʷʤ [2]. ɽʬʝʢʪʠʚʥʽʩʪʴ 

"ʧʨʠʨʦʜʥʠʭ ʨʽʰʝʥʴ" ʜʦʚʝʜʝʥʘ ʢʽʣʴʢʽʩʥʦ ʚ ʫʢʨʘʾʥʩʴʢʠʭ ʫʤʦʚʘʭ (ʥʘ ʧʨʠʢʣʘʜʽ ʃʴʚʦʚʘ) [3]. ʋ 

ʧʘʨʢʘʭ ʧʦʚʽʪʨʷ ʥʘ 3.3ÁC ʧʨʦʭʦʣʦʜʥʽʰʝ. ɹʽʣʷ ʬʦʥʪʘʥʽʚ ʧʦʚʽʪʨʷ ʥʘ 1.6ÁC ʧʨʦʭʦʣʦʜʥʽʰʝ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ 10-15ÁC ʥʠʞʯʘ ʟʘ ʙʨʫʢʽʚʢʫ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʧʦʜʽʙʥʠʭ ʜʝʪʘʣʴʥʠʭ ʢʘʨʪ ʪʝʧʣʘ ʜʣʷ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʤʽʩʪ (ʥʘʧʨʠʢʣʘʜ, ɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʘ) ʧʽʜʢʨʝʩʣʶʻ ʧʦʪʨʝʙʫ ʚ ʨʦʟʰʠʨʝʥʥʽ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʦʙˇʨʫʥʪʦʚʘʥʦʾ 

ʘʜʘʧʪʘʮʽʾ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʥʘʷʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʄʊʆ [1-5], ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ 

ʧʨʠʯʠʥ ʪʘ ʥʘʩʣʽʜʢʽʚ ʮʴʦʛʦ ʝʬʝʢʪʫ. 

ʇʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʄʊʆ ʚʢʣʶʯʘʶʪʴ: 

1. ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ (ɸʣʴʙʝʜʦ). ʂʣʶʯʦʚʘ ʧʨʠʯʠʥʘ ï ʟʘʤʽʥʘ ʧʨʠʨʦʜʥʠʭ 

ʣʘʥʜʰʘʬʪʽʚ ʥʘ ʰʪʫʯʥʽ. ʊʝʤʥʽ ʧʦʚʝʨʭʥʽ (ʘʩʬʘʣʴʪ, ʪʝʤʥʽ ʜʘʭʠ) ʧʦʛʣʠʥʘʶʪʴ ʩʦʥʷʯʥʫ ʝʥʝʨʛʽʶ, 

ʤʘʶʪʴ ʚʠʩʦʢʫ ʪʝʧʣʦʻʤʥʽʩʪʴ ʽ ʧʦʚʽʣʴʥʦ ʚʠʧʨʦʤʽʥʶʶʪʴ ʪʝʧʣʦ ʚʥʦʯʽ, ʧʝʨʝʰʢʦʜʞʘʶʯʠ 

ʦʭʦʣʦʜʞʝʥʥʶ. 

2. ɼʝʬʽʮʠʪ ʨʦʩʣʠʥʥʦʩʪʽ. ɺʪʨʘʪʘ ʝʚʘʧʦʪʨʘʥʩʧʽʨʘʮʽʾ (ʧʨʠʨʦʜʥʦʛʦ "ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ" 

ʯʝʨʝʟ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʠ ʨʦʩʣʠʥʘʤʠ) ʪʘ ʪʽʥʽ ʚʽʜ ʜʝʨʝʚ. 

3. ʄʽʩʴʢʝ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʛʝʦʤʝʪʨʽʷ. ʑʽʣʴʥʘ ʟʘʙʫʜʦʚʘ ʩʪʚʦʨʶʻ "ʝʬʝʢʪ ʤʽʩʴʢʦʛʦ 

ʢʘʥʴʡʦʥʫ", ʱʦ ʙʣʦʢʫʻ ʚʽʪʝʨ. ʎʝ ʟʘʚʘʞʘʻ ʢʦʥʚʝʢʪʠʚʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʶ ʪʘ ʜʽʻ ʷʢ ʪʝʧʣʦʚʘ 

ʧʘʩʪʢʘ, ʙʘʛʘʪʦʨʘʟʦʚʦ ʚʽʜʙʠʚʘʶʯʠ ʩʦʥʷʯʥʝ ʩʚʽʪʣʦ ʤʽʞ ʩʪʽʥʘʤʠ ʙʫʜʽʚʝʣʴ. ɼʦʩʣʽʜʞʝʥʥʷ [4] 

ʧʦʢʘʟʫʻ, ʱʦ ʞʦʨʩʪʢʝ, ˇʨʘʪʯʘʩʪʝ ("ʰʘʭʦʚʝ") ʧʣʘʥʫʚʘʥʥʷ ʫʪʨʠʤʫʻ ʪʝʧʣʦ ʝʬʝʢʪʠʚʥʽʰʝ, ʪʦʜʽ ʷʢ 

ʙʽʣʴʰ "ʧʨʦʩʪʦʨʽ" ʪʘ "ʦʨʛʘʥʽʯʥʽ" ʧʣʘʥʫʚʘʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʧʦʪʦʢʠ ʚʽʪʨʫ, ʜʦʟʚʦʣʷʶʪʴ ʤʽʩʪʫ 

ʢʨʘʱʝ ʦʭʦʣʦʜʞʫʚʘʪʠʩʷ. 

4. ɸʥʪʨʦʧʦʛʝʥʥʝ ʪʝʧʣʦ. ʇʨʷʤʽ ʚʠʢʠʜʠ ʪʝʧʣʘ ʚʽʜ ʪʨʘʥʩʧʦʨʪʫ, ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ, 

ʦʩʦʙʣʠʚʦ, ʩʠʩʪʝʤ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ, ʱʦ ʩʪʚʦʨʶʶʪʴ "ʟʘʤʢʥʝʥʝ ʢʦʣʦ" (ʄʊʆ ʟʤʫʰʫʻ ʚʤʠʢʘʪʠ 

ʢʦʥʜʠʮʽʦʥʝʨʠ, ʷʢʽ ʱʝ ʙʽʣʴʰʝ ʛʨʽʶʪʴ ʤʽʩʪʦ). 

ʆʩʥʦʚʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʄʊʆ ʻ ʥʝʛʘʪʠʚʥʽ ʚʧʣʠʚʠ ʥʘ ʢʦʤʧʦʥʝʥʪʠ ʧʨʠʨʦʜʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʩʬʝʨʠ: 

1. ɽʥʝʨʛʝʪʠʢʘ ʪʘ ʝʢʦʥʦʤʽʢʘ. ʄʊʆ ʩʧʨʠʯʠʥʷʻ ʨʽʟʢʝ ʟʨʦʩʪʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ 

ʜʣʷ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ. ɿʘ ʜʘʥʠʤʠ [5], ʧʦʧʠʪ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʤʦʞʝ ʟʨʦʩʪʘʪʠ ʥʘ 1-9% ʥʘ 

ʢʦʞʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ~1.1ÁC. ʎʝ ʩʪʚʦʨʶʻ ʧʽʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʝʣʝʢʪʨʦʤʝʨʝʞʽ. 

2. ɻʨʦʤʘʜʩʴʢʝ ʟʜʦʨʦʚ'ʷ. ʅʘʡʩʝʨʡʦʟʥʽʰʠʡ ʥʘʩʣʽʜʦʢ ï ʚʽʜʩʫʪʥʽʩʪʴ ʥʽʯʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ, 

ʱʦ ʥʝ ʜʘʻ ʦʨʛʘʥʽʟʤʫ ʚʽʜʥʦʚʠʪʠʩʷ ʚʽʜ ʜʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʩʪʨʝʩʫ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʝʚʦʜʥʝʥʥʷ, ʟʘʛʦʩʪʨʝʥʥʷ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʠʭ ʪʘ ʥʠʨʢʦʚʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʽ ʟʨʦʩʪʘʥʥʷ ʚʠʧʘʜʢʽʚ 

ʛʽʧʝʨʪʝʨʤʽʾ (ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʫ). ʅʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʠʤʠ ʻ ʣʶʜʠ ʧʦʭʠʣʦʛʦ ʚʽʢʫ, ʜʽʪʠ ʪʘ ʦʩʦʙʠ ʟ 

ʭʨʦʥʽʯʥʠʤʠ ʭʚʦʨʦʙʘʤʠ. 
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3. ʗʢʽʩʪʴ ʧʦʚʽʪʨʷ: ʉʧʝʢʘ ʜʽʻ ʷʢ ʭʽʤʽʯʥʠʡ ʢʘʪʘʣʽʟʘʪʦʨ, ʧʨʠʩʢʦʨʶʶʯʠ ʫʪʚʦʨʝʥʥʷ 

ʧʨʠʟʝʤʥʦʛʦ ʦʟʦʥʫ (ʢʦʤʧʦʥʝʥʪʘ "ʣʽʪʥʴʦʛʦ ʩʤʦʛʫ") ʟ ʚʠʢʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ. ʎʝ ʚʠʢʣʠʢʘʻ 

ʨʝʩʧʽʨʘʪʦʨʥʽ ʧʨʦʙʣʝʤʠ ʽ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ "ʢʫʧʦʣʘ ʟʘʙʨʫʜʥʝʥʦʛʦ ʧʦʚʽʪʨʷ" ʥʘʜ ʤʽʩʪʦʤ. 

ʆʢʨʽʤ ʥʝʛʘʪʠʚʥʠʭ, ʄʊʆ ʤʘʻ ʢʽʣʴʢʘ ʧʦʟʠʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ: 

1. ɿʥʠʞʝʥʥʷ ʧʦʪʨʝʙ ʚ ʦʧʘʣʝʥʥʽ. ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʚ ʃʫʮʴʢʫ [2], ʧʨʷʤʦ ʚʢʘʟʫʶʪʴ 

ʥʘ "ʟʥʠʞʝʥʥʷ ʧʦʪʨʝʙ ʚ ʦʧʘʣʝʥʥʽ ʚʟʠʤʢʫ" ʷʢ ʥʘ ʦʜʠʥ ʽʟ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ 

ʄʊʆ. 

2. ʇʦʜʦʚʞʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ. ʇʽʜʚʠʱʝʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʤʝʞʘʭ ʤʽʩʪʘ ʤʦʞʫʪʴ 

ʩʧʨʠʷʪʠ ʟʙʽʣʴʰʝʥʥʶ ʪʨʠʚʘʣʦʩʪʽ ʙʝʟʤʦʨʦʟʥʦʛʦ ʧʝʨʽʦʜʫ ʪʘ ʟʨʦʩʪʘʥʥʶ ʟʘʛʘʣʴʥʦʛʦ 

ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʜʣʷ ʤʽʩʴʢʠʭ ʨʦʩʣʠʥ. ʎʝ ʪʘʢʦʞ ʚʢʣʶʯʘʻ ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ 

ʟʘʤʦʨʦʟʢʽʚ ʪʘ ʯʘʩʫ ʟʘʣʷʛʘʥʥʷ ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʮʽ ʧʦʟʠʪʠʚʥʽ ʚʧʣʠʚʠ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʝʨʝʚʘʞʘʶʪʴ ʯʠʩʣʝʥʥʽ ʪʘ 

ʩʝʨʡʦʟʥʽ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʄʊʆ, ʪʘʢʽ ʷʢ ʧʦʩʠʣʝʥʥʷ ʩʧʝʢʠ ʚʣʽʪʢʫ, ʟʨʦʩʪʘʥʥʷ ʧʦʪʨʝʙʠ ʚ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʽ, ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʩʤʦʛʫ ʪʘ ʧʽʜʚʠʱʝʥʽ ʨʠʟʠʢʠ ʜʣʷ 

ʟʜʦʨʦʚ'ʷ ʥʘʩʝʣʝʥʥʷ. 

ʄʊʆ ʻ ʢʦʤʧʣʝʢʩʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʷʢʘ ʧʦʛʽʨʰʫʻ ʷʢʽʩʪʴ ʞʠʪʪʷ, ʟʙʽʣʴʰʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʪʘ ʰʢʦʜʠʪʴ ʟʜʦʨʦʚ'ʶ. ʆʩʢʽʣʴʢʠ ʛʝʦʤʝʪʨʽʷ ʟʘʙʫʜʦʚʠ ʻ ʦʜʥʽʻʶ ʟ ʧʨʠʯʠʥ, ʪʦ 

"ʨʦʟʫʤʥʝ" ʤʽʩʴʢʝ ʧʣʘʥʫʚʘʥʥʷ ʻ ʢʣʶʯʦʚʠʤ ʨʽʰʝʥʥʷʤ. 
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ʆʎɯʅʂɸ ɽʂʆʃʆɻɯʏʅʆɻʆ ɽʌɽʂʊʋ ɺɯɼ ʇɽʈɽʍʆɼʋ ʅɸ  

ɽʃɽʂʊʈʆʄʆɹɯʃɯ ʋ ʊʈɸʅʉʇʆʈʊʅɯʁ ʉʀʉʊɽʄɯ  

ɯɺɸʅʆ-ʌʈɸʅʂɯɺʉʔʂɸ  

 

ʄʘʪʘʨʞʫʢ ɸʥʛʝʣʽʥʘ ɸʥʜʨʽʾʚʥʘ, ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ ɽʂʆ-25-1  

ɼʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ɿʦʨʽʥ ɼʝʥʠʩ ʆʣʝʢʩʽʡʦʚʠʯ   

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ  

  

ʆʜʥʽʻʶ ʟ ʥʘʡʛʦʩʪʨʽʰʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʩʫʯʘʩʥʠʭ ʤʽʩʪ ʻ ʟʘʙʨʫʜʥʝʥʥʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʨʘʥʩʧʦʨʪʦʤ (ʨʠʩ. 1). ɸʚʪʦʤʦʙʽʣʽ ʟ ʜʚʠʛʫʥʘʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ 

(ɼɺɿ) ʬʦʨʤʫʶʪʴ ʦʩʥʦʚʥʫ ʯʘʩʪʢʫ ʚʠʢʠʜʽʚ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (CO), ʜʽʦʢʩʠʜʫ ʘʟʦʪʫ (NO ) ʪʘ 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ PM, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʥ ʜʦʚʢʽʣʣʷ ʪʘ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ.  

https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/urban-heat-islands-managing-extreme-heat-keep-cities-cool-2024-07-22_en?utm_source=chatgpt.com
https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/urban-heat-islands-managing-extreme-heat-keep-cities-cool-2024-07-22_en?utm_source=chatgpt.com
https://doi.org/10.32782/naturaljournal.12.2025.8
https://doi.org/10.17721/2413-7154/2025.93.6-30
https://doi.org/10.1103/physrevlett.120.108701
https://www.epa.gov/heatislands/what-are-heat-islands
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ʈʠʩʫʥʦʢ 1. ʂʘʨʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ  

ʟʘ ʨʦʢʘʤʠ (2004, 2023-2025 ʨʨ.) 

 

ɼʣʷ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ, ʜʝ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ ʱʦʨʽʯʥʦ ʟʨʦʩʪʘʻ, ʧʠʪʘʥʥʷ ʟʤʝʥʰʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ.  

ʇʝʨʝʭʽʜ ʥʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʜʠʥ ʽʟ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʽʚ ʝʢʦʣʦʛʽʟʘʮʽʾ 

ʤʽʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʘʜʞʝ ʪʘʢʽ ʘʚʪʦʤʦʙʽʣʽ ʥʝ ʫʪʚʦʨʶʶʪʴ ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ ʽ ʩʧʨʠʷʶʪʴ 

ʩʫʪʪʻʚʦʤʫ ʩʢʦʨʦʯʝʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʡ ʪʦʢʩʠʯʥʠʭ ʜʦʤʽʰʦʢ ʫ ʧʦʚʽʪʨʽ.  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʽ ʩʢʦʨʦʯʝʥʥʷ 

ʯʘʩʪʢʠ ʪʨʘʥʩʧʦʨʪʫ ʟ ɼɺɿ ʥʘ ʷʢʽʩʪʴ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʤʽʩʪʽ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ ʫ 2023ï

2025 ʨʨ.  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʦ ʜʘʥʽ ʱʦʜʦ ʢʽʣʴʢʦʩʪʽ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʪʘ ʟʘʬʽʢʩʦʚʘʥʠʭ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʘʨʪʝʨʽʷʭ ʤʽʩʪʘ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ ʫ 2023ï2025 ʨʨ. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʪʘʢʠʭ 

ʜʽʣʷʥʢʘʭ: ʚʫʣ. ʇʽʚʥʽʯʥʠʡ ɹʫʣʴʚʘʨ, ʚʫʣ. ɻʘʣʠʮʴʢʘ, ʚʫʣ. ɯ. ʄʘʟʝʧʠ, ʚʫʣ. ɺʦʚʯʠʥʝʮʴʢʘ, ʚʫʣ. 

ɺʽʡʩʴʢʦʚʠʭ ɺʝʪʝʨʘʥʽʚ ʪʘ ʽʥ.  

ʇʽʜ ʯʘʩ ʧʦʣʴʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʚʠʟʥʘʯʘʣʠ: ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ,ʯʘʩʪʢʫ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʪʘ ʘʚʪʦ ʟ ɼɺɿ, ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʘʚʪʦʧʘʨʢʫ.  

ɼʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʥʽʪʦʨʠʥʛʦʚʽ ʜʘʥʽ ʱʦʜʦ ʢʦʥʮʝʥʪʨʘʮʽʡ NO , 

CO ʪʘ PM . ʋ ʤʽʩʮʷʭ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʚʥʠʭ ʜʘʥʠʭ ʟʘʩʪʦʩʦʚʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʝʪʦʜʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʩʽʶʚʘʥʥʷ ʜʦʤʽʰʦʢ ʟʘ ʧʽʜʭʦʜʘʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʥʦʨʤʫʚʘʥʥʷ.  

ʇʦʨʽʚʥʷʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʜʘʣʦ ʟʤʦʛʫ 

ʚʩʪʘʥʦʚʠʪʠ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʢʽʣʴʢʽʩʪʶ ʘʚʪʦ ʟ ɼɺɿ ʪʘ ʬʘʢʪʠʯʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 

ʜʦʤʽʰʦʢ ʫ ʧʦʚʽʪʨʽ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɸʥʘʣʽʟ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʪʫʘʮʽʾ ʧʦʢʘʟʘʚ ʯʽʪʢʫ ʪʝʥʜʝʥʮʽʶ ʜʦ 

ʩʢʦʨʦʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʽʟ ɼɺɿ ʫ 2023ï2025 ʨʨ. (ʪʘʙʣ. 1). ʅʘ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ 

ʜʽʣʷʥʢʘʭ ʾʭʥʷ ʢʽʣʴʢʽʩʪʴ ʟʤʝʥʰʫʚʘʣʘʩʷ ʩʪʘʙʽʣʴʥʦ, ʫ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 35ï45 % ʟʘ ʪʨʠ ʨʦʢʠ.  

ʅʘʡʚʠʨʘʟʥʽʰʝ ʩʢʦʨʦʯʝʥʥʷ ʟʘʬʽʢʩʦʚʘʥʦ: ʇʽʚʥʽʯʥʠʡ ɹʫʣʴʚʘʨ ð ʟʥʠʞʝʥʥʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 

70 %, ɻʘʣʠʮʴʢʘ, 139ʘ ð ʥʘ 47 %.  
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19-20 

͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ʊʘʙʣʠʮʷ 1 ï ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ  

ʟʘ ʚʠʜʘʤʠ ʜʚʠʛʫʥʽʚ ʫ ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʫ  

ʊʦʯʢʘ 

ˉ 
ɺʫʣʠʮʷ 

ɸʚʪʦʤʦʙʽʣʽ 

ʟ ɼɺɿ 

ɸʚʪʦʤʦʙʽʣʽ 

ʟ ɼɺɿ 

ɸʚʪʦʤʦʙʽʣʽ 

ʟ ɼɺɿ 

ɽʣʝʢʪʨʠʯʥʽ  

ʘʚʪʦʤʦʙʽʣʽ 

1 ɻʘʣʠʮʴʢʘ 139ʘ  3675 3086 1956 754 

2 ʇʽʚʥʽʯʥʠʡ ɹʫʣʴʚʘʨ  1764 1376 528 89 

3 ɺʦʚʯʠʥʝʮʴʢʘ 225ɸ  3006 2600 2000 785 

4 ɯ.ʄʘʟʝʧʠ 185  1813 1571 1209 593 

5 ʇʘʨʢ ʐʝʚʯʝʥʢʘ  427 370,5 285 87 

6 ɻʘʣʠʮʴʢʘ 128  1340 1138 876 179 

7 ʄʘʡʟʣʽ  994 861 663 407 

8 ʇʨʠʚʦʢʟʘʣʴʥʘ ʧʣʦʱʘ  1057 916 705 118 

9  ɺ.ʏʦʨʥʦʚʦʣʘ 47  3000 2600 2000 802 

10 ɺʽʡʩʴʢʦʚʠʭ ɺʝʪʝʨʘʥʽʚ  3970 3441 2647 953 

11 ɻʘʣʠʮʴʢʘ 4ʘ  897 777 598 64 

12 ɭ. ʂʦʥʦʚʘʣʴʮʷ 35  1041 902 694 97 

13 ʉ.ɹʘʥʜʝʨʠ  333 288 222 26 

  

ʋ ʪʦʡ ʞʝ ʯʘʩ ʯʘʩʪʢʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʟʨʦʩʣʘ ʽ ʫ 2025 ʨ. ʩʪʘʥʦʚʠʣʘ 10ï30 % ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ʅʘʡʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ ʚʽʜʟʥʘʯʝʥʽ 

ʥʘ ʚʫʣʠʮʷʭ: ɺʽʡʩʴʢʦʚʠʭ ɺʝʪʝʨʘʥʽʚ, ɺʦʚʯʠʥʝʮʴʢʘ, ɺ. ʏʦʨʥʦʚʦʣʘ.  

ʆʜʥʦʯʘʩʥʦ ʟʽ ʟʤʽʥʦʶ ʩʪʨʫʢʪʫʨʠ ʘʚʪʦʧʘʨʢʫ ʟʘʬʽʢʩʦʚʘʥʦ ʧʦʟʠʪʠʚʥʽ ʟʤʽʥʠ ʫ ʷʢʦʩʪʽ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. ʇʦʨʽʚʥʷʥʦ ʟ 2023 ʨʦʢʦʤ: ʩʝʨʝʜʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ CO ʟʥʠʟʠʣʘʩʷ ʥʘ 15ï

20 %, ʢʦʥʮʝʥʪʨʘʮʽʷ NO  ð ʥʘ 10ï12 %, ʨʽʚʝʥʴ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ PM  ʜʝʱʦ ʟʤʝʥʰʠʚʩʷ ʫ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʥʘʚʘʥʪʘʞʝʥʠʭ ʟʦʥʘʭ (ʨʠʩ. 2,3).  

ʎʷ ʜʠʥʘʤʽʢʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʝʘʣʴʥʠʡ ʚʧʣʠʚ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʩʪʘʥ 

ʘʪʤʦʩʬʝʨʠ ʚ ʤʽʩʪʽ.  

  
 

ʈʠʩʫʥʦʢ 2. ɼʠʥʘʤʽʢʘ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ɼɺɿ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ  

(2023ï2025 ʨʨ.)  
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ʈʠʩʫʥʦʢ 3. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʟʘ ʣʦʢʘʮʽʷʤʠ 

ʤʽʩʪʘ 2023-2025ʨʨ.  

ɺʠʩʥʦʚʢʠ  

ʋ ʤʽʩʪʽ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʫ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʩʪʽʡʢʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʠʢʠʜʽʚ, ʧʦʚôʷʟʘʥʘ ʟʽ ʩʢʦʨʦʯʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʽʟ ɼɺɿ ʪʘ ʘʢʪʠʚʥʠʤ 

ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. ʅʘʡʙʽʣʴʰʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ 

ʮʝʥʪʨʘʣʴʥʠʭ ʨʘʡʦʥʘʭ, ʜʝ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʫʭʫ ʪʨʘʜʠʮʽʡʥʦ ʥʘʡʚʠʱʘ.  

ʇʦʜʘʣʴʰʝ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʤʦʞʣʠʚʝ ʟʘ ʫʤʦʚ: ʨʦʟʚʠʪʢʫ 

ʤʽʩʴʢʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ, ʩʪʠʤʫʣʶʚʘʥʥʷ ʧʨʠʜʙʘʥʥʷ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ, 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʚʽʪʨʷ ʫ ʣʦʢʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʫʟʣʘʭ, ʦʙʤʝʞʝʥʥʷ 

ʨʫʭʫ ʟʘʩʪʘʨʽʣʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʽʟ ɼɺɿ.  

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ:  
1. Zorin, D. (2024). Assessment of the ecological status of soil cover and design of 

environmental monitoring in the Ivano-Frankivsk urban community. Ecological Safety and 

Balanced Use of Resources, 15(1), 39-52. doi: 10.69628/esbur/1.2024.39.  

2. ʋʧʨʘʚʣʽʥʥʷ ʝʢʦʣʦʛʽʾ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ. ɽʢʦʤʦʥʽʪʦʨʠʥʛ ʧʦʚʽʪʨʷ 

https://www.mvk.if.ua/ecology  

3. EcoTransport. ʉʪʘʪʠʩʪʠʢʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʚ ʋʢʨʘʾʥʽ.  

https://ecotransport.org.ua/statistika-elektromobiliv  

4. ʂʘʬʝʜʨʘ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ɯʌʅʊʋʅɻ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʥʘʫʢʦʚʫ ʜʽʷʣʴʥʽʩʪʴ 

/ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ. ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://dev.nung.edu.ua/department/institut-inzhenernoimekhaniki/kafedra-avtomobilnogo-

transportu  

5. ɼʝʨʞʘʚʥʘ ʩʣʫʞʙʘ ʩʪʘʪʠʩʪʠʢʠ ʋʢʨʘʾʥʠ. ʊʨʘʥʩʧʦʨʪ ʋʢʨʘʾʥʠ.  

https://www.ukrstat.gov.ua  

 

ɽʂʆʃʆɻɯʏʅɸ ɹɽɿʇɽʂɸ ʇʆɺɯʊʈʗʅʀʍ ʃɯʅɯʁ ʊɸ ʊʈɸʅʉʌʆʈʄɸʊʆʈʅʀʍ 

ʇɯɼʉʊɸʅʎɯʁ ʋ ʄɯʉʔʂʀʍ ʋʄʆɺɸʍ: ʈɽɿʋʃʔʊɸʊʀ ʆʎɯʅʂʀ 

ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʆɻʆ ɺʇʃʀɺʋ ʊɸ ʅɸʇʈʗʄʂʀ ʄɯʅɯʄɯɿɸʎɯɰ ʈʀɿʀʂɯɺ 

 

ʄʘʮʝʥʢʦ ʖʨʽʡ ɺʽʪʘʣʽʡʦʚʠʯ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɽʂʆʤ-24-1 

ʇʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ɸʜʘʤʝʥʢʦ ʗʨʦʩʣʘʚ ʆʣʝʛʦʚʠʯ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ɽʥʝʨʛʝʪʠʯʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʫʯʘʩʥʠʭ ʤʽʩʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʦʟʛʘʣʫʞʝʥʦʶ ʩʠʩʪʝʤʦʶ 

ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ (ʇʃ) ʨʽʟʥʠʭ ʢʣʘʩʽʚ ʥʘʧʨʫʛʠ ʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ 

ʧʽʜʩʪʘʥʮʽʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʜʽʡʥʝ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ. ɹʝʟʧʝʨʝʙʽʡʥʝ 
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https://dev.nung.edu.ua/department/institut-inzhenernoi-mekhaniki/kafedra-avtomobilnogo-transportu
https://dev.nung.edu.ua/department/institut-inzhenernoi-mekhaniki/kafedra-avtomobilnogo-transportu
https://dev.nung.edu.ua/department/institut-inzhenernoi-mekhaniki/kafedra-avtomobilnogo-transportu
https://dev.nung.edu.ua/department/institut-inzhenernoi-mekhaniki/kafedra-avtomobilnogo-transportu
https://dev.nung.edu.ua/department/institut-inzhenernoi-mekhaniki/kafedra-avtomobilnogo-transportu
https://dev.nung.edu.ua/department/institut-inzhenernoi-mekhaniki/kafedra-avtomobilnogo-transportu
https://www.ukrstat.gov.ua/
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ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʮʠʭ ʦʙôʻʢʪʽʚ ʻ ʦʜʥʽʻʶ ʟ ʧʝʨʝʜʫʤʦʚ ʝʢʦʥʦʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ, ʨʦʟʚʠʪʢʫ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʩʪʨʘʪʝʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʠ. 

ʇʨʦʪʝ ʨʘʟʦʤ ʽʟ ʚʘʞʣʠʚʦʶ ʪʝʭʥʽʯʥʦʶ ʨʦʣʣʶ ʇʃ ʽ ʧʽʜʩʪʘʥʮʽʾ ʬʦʨʤʫʶʪʴ ʢʦʤʧʣʝʢʩʥʠʡ 

ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ, ʷʢʠʡ ʦʩʦʙʣʠʚʦ ʧʦʤʽʪʥʠʡ ʫ ʤʝʞʘʭ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ. ʅʘʡʙʽʣʴʰ 

ʟʥʘʯʫʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ (ɽʄʇ), ʰʫʤ ʧʽʜʩʪʘʥʮʽʡ ʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ 

ʧʨʠʨʦʜʥʠʭ ʽ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʣʘʥʜʰʘʬʪʽʚ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʠʪʘʥʥʷ ʦʮʽʥʢʠ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ 

ʚʧʣʠʚʽʚ ʧʦʩʽʜʘʻ ʦʜʥʝ ʟ ʢʣʶʯʦʚʠʭ ʤʽʩʮʴ ʫ ʩʫʯʘʩʥʠʭ ʧʨʘʢʪʠʢʘʭ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 

ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʚʟʘʻʤʦʜʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʽʟ ʜʦʚʢʽʣʣʷʤ ʩʚʽʜʯʘʪʴ, ʱʦ 

ʧʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʥʘʧʨʫʛʦʶ ʣʽʥʽʾ, 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʢʦʥʩʪʨʫʢʮʽʾ ʦʧʦʨ, ʢʽʣʴʢʽʩʪʶ ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʬʘʟ, ʚʽʜʩʪʘʥʥʶ ʤʽʞ 

ʧʨʦʚʦʜʘʤʠ, ʟʥʘʯʝʥʥʷʤ ʩʪʨʫʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʩʦʪʦʶ ʧʽʜʚʽʩʢʠ ʧʨʦʚʦʜʽʚ. ɯʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʢʣʘʩʫ ʥʘʧʨʫʛʠ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʧʦʩʠʣʝʥʥʷ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʾ ʪʘ ʤʘʛʥʽʪʥʦʾ 

ʩʢʣʘʜʦʚʠʭ ɽʄʇ. ʎʝ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʟʤʽʥʶʻ ʧʨʦʩʪʦʨʦʚʽ ʛʨʘʜʽʻʥʪʠ ʥʘʧʨʫʞʝʥʦʩʪʽ ʪʘ ʨʦʟʤʽʨʠ 

ʟʦʥ ʤʦʞʣʠʚʠʭ ʨʠʟʠʢʽʚ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʇʃ 110 ʢɺ ʟʦʥʘ ʥʘʡʙʣʠʞʯʦʛʦ ʚʧʣʠʚʫ ʩʫʪʪʻʚʦ ʙʽʣʴʰʘ 

ʧʦʨʽʚʥʷʥʦ ʟ ʇʃ 35 ʢɺ, ʱʦ ʧʦʪʨʝʙʫʻ ʢʦʨʝʢʪʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʧʨʦʻʢʪʫʚʘʥʥʷ, 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ (ʆɺɼ). 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʆɺɼ ʜʦʟʚʦʣʠʣʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʽʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙôʻʢʪʽʚ. ʇʦʻʜʥʘʥʥʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ɻɯʉ), 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʥʘʪʫʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʬʦʨʤʫʻ 

ʢʦʤʧʣʝʢʩʥʫ ʤʝʪʦʜʦʣʦʛʽʶ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʷʢ ʧʨʦʩʪʦʨʦʚʽ, ʪʘʢ ʽ ʯʘʩʦʚʽ ʘʩʧʝʢʪʠ. ɻɯʉ ʟʘʙʝʟʧʝʯʫʻ 

ʽʥʪʝʛʨʘʮʽʶ ʚʝʣʠʢʦʛʦ ʤʘʩʠʚʫ ʜʘʥʠʭ ʱʦʜʦ ʟʘʙʫʜʦʚʠ, ʨʝʣʴʻʬʫ, ʨʦʟʤʽʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʤʘʛʽʩʪʨʘʣʝʡ, ʩʘʥʽʪʘʨʥʦ-ʟʘʭʠʩʥʠʭ ʟʦʥ ʽ ʦʙôʻʢʪʽʚ ʯʫʪʣʠʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʄʦʜʝʣʴʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʧʨʦʛʥʦʟʥʽ ʨʽʚʥʽ ɽʄʇ ʫ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʷʭ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ 

ʥʘʪʫʨʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʝʨʠʬʽʢʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʠʢʣʶʯʘʶʪʴ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʤʽʞʥʘʨʦʜʥʠʤ ʧʨʘʢʪʠʢʘʤ ʽ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʚʠʩʥʦʚʢʽʚ ʆɺɼ. 

ʋ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʚʧʣʠʚ ʇʃ 35 

ʢɺ ʪʘ 110 ʢɺ, ʘ ʪʘʢʦʞ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ ʧʽʜʩʪʘʥʮʽʡ 35/10 ʢɺ ʽ 110/35/10 ʢɺ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤ. 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʬʘʢʪʠʯʥʽ ʨʽʚʥʽ ʝʣʝʢʪʨʠʯʥʦʾ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʪʘ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʫ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʛʨʘʥʠʯʥʦ 

ʜʦʧʫʩʪʠʤʠʭ ʚʝʣʠʯʠʥ, ʫʩʪʘʥʦʚʣʝʥʠʭ ɼʉʇ 3.3.6.096-2002. ʎʝ ʚʘʞʣʠʚʠʡ ʧʦʢʘʟʥʠʢ, ʷʢʠʡ 

ʧʽʜʪʚʝʨʜʞʫʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ ʽ ʟʘʩʚʽʜʯʫʻ 

ʙʝʟʧʝʯʥʽʩʪʴ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʪʘ ʜʦʚʢʽʣʣʷ. ɼʦʜʘʪʢʦʚʦ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ɽʄʇ ʬʽʢʩʫʶʪʴʩʷ ʚ ʟʦʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʧʨʦʻʢʮʽʾ ʧʨʦʚʦʜʽʚ, ʜʝ 

ʧʝʨʝʙʫʚʘʥʥʷ ʣʶʜʝʡ ʟʘʟʚʠʯʘʡ ʥʝ ʻ ʪʨʠʚʘʣʠʤ ʽ ʥʝ ʧʝʨʝʜʙʘʯʝʥʦ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʇʨʦʩʪʦʨʦʚʠʡ ʘʥʘʣʽʟ ʧʦʰʠʨʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʧʽʜʪʚʝʨʜʠʚ ʢʣʘʩʠʯʥʽ 

ʪʝʦʨʝʪʠʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ: ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʣʷ ʰʚʠʜʢʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ 

ʚʽʜ ʜʞʝʨʝʣʘ ʪʘ ʩʪʘʻ ʤʽʥʽʤʘʣʴʥʦʶ ʚʞʝ ʥʘ ʤʝʞʽ ʞʠʪʣʦʚʦʾ ʟʘʙʫʜʦʚʠ. ʉʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ ʨʽʚʥʽʚ 

ɽʄʇ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʞʝ ʥʘ ʚʽʜʩʪʘʥʷʭ 20ï30 ʤ ʚʽʜ ʦʩʽ ʇʃ 35 ʢɺ ʪʘ 40ï60 ʤ ʜʣʷ ʇʃ 110 ʢɺ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʤʦʜʝʣʷʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʩʴʢʠʭ ʫʤʦʚ. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ 

ʚʧʣʠʚ ʨʝʣʴʻʬʫ, ʥʘʷʚʥʽʩʪʴ ʜʝʨʝʚʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʟʘʙʫʜʦʚʠ, ʷʢʽ ʤʦʞʫʪʴ ʯʘʩʪʢʦʚʦ 

ʝʢʨʘʥʫʚʘʪʠ ʝʣʝʢʪʨʠʯʥʫ ʩʢʣʘʜʦʚʫ ʧʦʣʷ, ʭʦʯʘ ʥʘ ʤʘʛʥʽʪʥʫ ʩʢʣʘʜʦʚʫ ʚʧʣʠʚʘʶʪʴ ʟʥʘʯʥʦ ʤʝʥʰʝ. 

ʋ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʪʘʢʦʞ ʟʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʯʠʥʥʠʢʽʚ, ʱʦ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ 

ʟʤʝʥʰʝʥʥʶ ʧʦʪʝʥʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ɽʄʇ ʥʘ ʥʘʩʝʣʝʥʥʷ. ɯʜʝʥʪʠʬʽʢʦʚʘʥʦ ʢʦʤʧʣʝʢʩ ʽʥʞʝʥʝʨʥʦ-

ʪʝʭʥʽʯʥʠʭ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ, ʷʢʽ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʦʧʝʨʘʪʦʨʘʤ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʝʨʝʞ ʪʘ ʦʨʛʘʥʘʤ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ. ɼʦ ʪʘʢʠʭ ʟʘʭʦʜʽʚ ʥʘʣʝʞʘʪʴ: 

ʦʧʪʠʤʽʟʘʮʽʷ ʢʦʥʩʪʨʫʢʮʽʡ ʇʃ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʥʦʚʠʭ ʩʭʝʤ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʬʘʟ; ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʽ ʣʽʥʽʡʥʠʭ ʝʢʨʘʥʽʚ; ʫʣʘʰʪʫʚʘʥʥʷ ʟʘʭʠʩʥʠʭ 

ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ; ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʘʥʽʪʘʨʥʦ-ʟʘʭʠʩʥʠʭ ʟʦʥ; ʧʨʦʚʝʜʝʥʥʷ ʨʝʛʫʣʷʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ɽʄʇ ʫ ʟʦʥʘʭ ʧʦʪʝʥʮʽʡʥʠʭ 

ʨʠʟʠʢʽʚ. ʋʧʨʦʚʘʜʞʝʥʥʷ ʮʠʭ ʨʽʰʝʥʴ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʟʘʙʝʟʧʝʯʫʻ ʙʘʣʘʥʩ ʤʽʞ ʪʝʭʥʽʯʥʠʤʠ ʧʦʪʨʝʙʘʤʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʪʘ ʚʠʤʦʛʘʤʠ ʙʝʟʧʝʢʠ 



  
                                                                                                                                                         

 

 

ʈʝʛʽʦʥʘʣʴʥʘ ʢʦʥʬʝʨʝʥʮʽʷ òʄʦʣʦʜʽʞʥʠʡ ʝʢʦʛʝʦʬʦʨʫʤ - 2025ñ 
19-20 

͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ʥʘʩʝʣʝʥʥʷ. ʆʢʨʝʤʘ ʛʨʫʧʘ ʟʘʚʜʘʥʴ ʩʪʦʩʫʻʪʴʩʷ ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʡʥʠʭ ʢʫʤʫʣʷʪʠʚʥʠʭ ʝʬʝʢʪʽʚ. 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʚʧʣʠʚ ʚʽʜ ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʤʦʞʝ ʧʦʻʜʥʫʚʘʪʠʩʷ ʟ ʽʥʰʠʤʠ ʬʘʢʪʦʨʘʤʠ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʘʢʠʤʠ ʷʢ ʰʫʤʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ, ʚʽʙʨʘʮʽʾ, ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ 

ʚʽʜ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʘʙʦ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ʋ ʤʝʞʘʭ ʤʽʩʴʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʮʝ ʩʪʚʦʨʶʻ ʩʢʣʘʜʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʬʦʥ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʘʥʘʣʽʟʫ. ʄʽʞʥʘʨʦʜʥʘ ʧʨʘʢʪʠʢʘ ʜʦʚʦʜʠʪʴ, ʱʦ ʦʮʽʥʢʘ ʢʫʤʫʣʷʪʠʚʥʠʭ ʚʧʣʠʚʽʚ ʻ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʦʶ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʨʝʘʣʽʩʪʠʯʥʦʾ ʢʘʨʪʠʥʠ ʨʠʟʠʢʽʚ ʪʘ ʫʭʚʘʣʝʥʥʷ ʘʜʝʢʚʘʪʥʠʭ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʫ ʤʝʞʘʭ ʧʨʦʮʝʜʫʨ ʆɺɼ. ʋ ʚʠʧʘʜʢʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʚʨʘʭʫʚʘʥʥʷ ʪʘʢʠʭ ʚʧʣʠʚʽʚ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʶ 

ʰʠʨʰʦʛʦ ʩʧʝʢʪʨʘ ʧʨʝʚʝʥʪʠʚʥʠʭ ʟʘʭʦʜʽʚ. 

ʋ ʢʦʥʪʝʢʩʪʽ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʤʽʩʪ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʧʦʻʜʥʘʥʥʷ 

ʜʘʥʠʭ ʆɺɼ ʽʟ ʧʣʘʥʫʚʘʣʴʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ð ʛʝʥʝʨʘʣʴʥʠʤʠ ʧʣʘʥʘʤʠ, ʜʝʪʘʣʴʥʠʤʠ ʧʣʘʥʘʤʠ 

ʪʝʨʠʪʦʨʽʡ, ʩʪʨʘʪʝʛʽʷʤʠ ʩʪʘʣʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. ɯʥʪʝʛʨʘʮʽʷ ʝʢʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʫ ʪʘʢʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʪʨʘʩʠ ʤʘʡʙʫʪʥʽʭ ʇʃ, ʟʦʥʠ ʤʦʞʣʠʚʦʛʦ 

ʨʦʟʤʽʱʝʥʥʷ ʥʦʚʠʭ ʧʽʜʩʪʘʥʮʽʡ, ʘ ʪʘʢʦʞ ʜʽʣʷʥʢʠ, ʜʝ ʥʝʦʙʭʽʜʥʦ ʧʦʩʠʣʶʚʘʪʠ ʤʦʥʽʪʦʨʠʥʛ ʘʙʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʟʥʠʞʝʥʥʷ ʚʧʣʠʚʫ ɽʄʇ. ʎʝ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʚʽʜʧʦʚʽʜʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʥʝʨʛʝʪʠʢʠ ʥʘ ʨʽʚʥʽ ʤʽʩʪʘ. 

ʉʫʪʪʻʚʦʶ ʧʝʨʝʚʘʛʦʶ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʩʮʝʥʘʨʽʾʚ 

ʤʘʡʙʫʪʥʴʦʛʦ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ɿʦʢʨʝʤʘ, ʤʦʞʥʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʤʽʥʫ ʨʽʚʥʽʚ ɽʄʇ ʫ 

ʚʠʧʘʜʢʘʭ ʟʨʦʩʪʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʝʨʝʟ ʨʦʟʚʠʪʦʢ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʧʦʷʚʫ ʥʦʚʠʭ ʞʠʪʣʦʚʠʭ 

ʢʚʘʨʪʘʣʽʚ, ʧʽʜʢʣʶʯʝʥʥʷ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ ʘʙʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ ʧʽʜʩʪʘʥʮʽʡ 

ʥʦʚʦʛʦ ʪʠʧʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʘʟʜʘʣʝʛʽʜʴ ʦʮʽʥʶʚʘʪʠ ʨʠʟʠʢʠ, ʧʝʨʝʜʙʘʯʘʪʠ ʥʘʧʨʷʤʠ 

ʤʦʞʣʠʚʦʛʦ ʟʨʦʩʪʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʨʝʞʫ ʡ ʨʦʟʨʦʙʣʷʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʤʽʩʴʢʦʶ ʝʥʝʨʛʝʪʠʯʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ. 

ʂʦʤʧʣʝʢʩ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʚʦʜʠʪʴ, ʱʦ ʧʦʚʽʪʨʷʥʽ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʪʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʽ ʧʽʜʩʪʘʥʮʽʾ ʟʘ ʫʤʦʚ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʪʠʚʘʤ ʽ ʨʝʛʫʣʷʨʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʤʦʞʫʪʴ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʙʝʟ ʩʫʪʪʻʚʠʭ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʜʦʚʢʽʣʣʷ. ʉʬʦʨʤʦʚʘʥʘ 

ʤʝʪʦʜʦʣʦʛʽʯʥʘ ʙʘʟʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʥʝ ʣʠʰʝ ʜʣʷ ʦʮʽʥʢʠ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ, ʘʣʝ ʡ ʜʣʷ 

ʧʣʘʥʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʫ ʤʽʩʪʘʭ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʠʟʠʢʽʚ ʪʘ 

ʫʭʚʘʣʝʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʫ ʩʬʝʨʽ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʘʢʪʫʘʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʆɺɼ, ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʽʜʭʦʜʠ ʜʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʽ ʩʪʚʦʨʶʶʪʴ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʫ ʧʣʘʪʬʦʨʤʫ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ. ʎʝ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʥʘ ʰʣʷʭʫ 

ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʞʠʚʘʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʩʪʘʣʦʛʦ ʤʽʩʴʢʦʛʦ ʧʨʦʩʪʦʨʫ 

ʚ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ. 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʄɯʂʈʆɹɯʆʊʀ ʇʀʊʅʆɰ ɺʆɼʀ 

 

ɻʫʨʘʣʴ ɺʝʨʦʥʽʢʘ ɯʛʦʨʽʚʥʘ, ʄʝʣʴʥʠʢ ʆʣʝʢʩʽʡ ɹʦʛʜʘʥʦʚʠʯ, ʩʪʫʜʝʥʪʠ ʛʨʫʧʠ ɽʂʆ-24-1 

ɼʦʮʝʥʪʠ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʄʦʩʶʢ ʄʠʢʦʣʘ ɯʚʘʥʦʚʠʯ, ɺʠʩʦʯʠʥ ʄʘʢʩʠʤ ʆʣʝʛʦʚʠʯ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ʇʠʪʥʘ ʚʦʜʘ ʻ ʥʝʦʮʽʥʝʥʥʠʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʣʶʜʠʥʠ. ʇʨʦʪʝ ʽʟ ʨʦʟʚʠʪʢʦʤ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʛʘʣʫʟʽ ʤʠ ʚʩʝ ʙʽʣʴʰʝ ʟʘʜʫʤʫʻʤʦʩʷ ʧʨʦ ʷʢʽʩʪʴ ʧʠʪʥʦʾ ʚʦʜʠ. 

ɿʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ, ʦʢʨʽʤ ʤʝʭʘʥʽʯʥʦʛʦ, ʭʽʤʽʯʥʦʛʦ ʪʘ ʬʽʟʠʯʥʦʛʦ, ʤʦʞʝ ʙʫʪʠ ʪʘʢʦʞ ʽ 

ʦʨʛʘʥʽʟʤʘʤʠ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʱʦ ʻ ʥʝ ʤʝʥʰ ʥʝʙʝʟʧʝʯʥʠʤ. ɿʘʙʨʫʜʥʝʥʥʷ ʧʠʪʥʦʾ 

ʚʦʜʠ ʦʨʛʘʥʽʟʤʘʤʠ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʧʦʪʨʘʧʣʷʥʥʷ ʫ ʚʦʜʫ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʙʘʢʪʝʨʽʡ ʪʘ ʧʘʨʘʟʠʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʷʪʠ ʥʝʙʝʟʧʝʯʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ. 

ʆʩʦʙʣʠʚʦ ʨʠʟʠʢʦʚʘʥʦʶ ʩʪʘʻ ʚʦʜʘ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʽʟ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ ʧʦʙʣʠʟʫ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʽʚ ʘʙʦ ʧʨʦʤʠʩʣʦʚʠʭ ʪʝʨʠʪʦʨʽʡ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ. ʊʦʤʫ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ 

ʪʘ ʩʚʦʻʯʘʩʥʝ ʦʯʠʱʝʥʥʷ ʚʦʜʠ - ʚʘʞʣʠʚʘ ʩʢʣʘʜʦʚʘ ʟʙʝʨʝʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 
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͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ʅʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʷʜ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ ʥʘ ʚʠʷʚʣʝʥʥʷ 

ʥʘʷʚʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʨʽʟʥʠʭ ʚʠʜʽʚ. ʅʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʥʘʷʚʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

ʧʨʦʚʦʜʠʣʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʠʢ[3]. ʆʜʥʽʻʶ ʽʟ ʩʢʣʘʜʦʚʠʭ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜ ʤʽʢʨʦʩʢʦʧʦʤ ʦʪʨʠʤʘʥʠʭ ʢʦʣʦʥʽʡ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʚʠʜʦʚʦʛʦ 

ʩʢʣʘʜʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʦʮʽʥʢʠ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ʥʘʚʝʜʝʥʘ ʥʠʞʯʝ ʫ 

ʥʘʩʪʫʧʥʠʭ ʟʨʘʟʢʘʭ: 

ɿʨʘʟʦʢ 1. ʋ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʟʨʘʟʢʫ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʪʘʢʽ ʡʤʦʚʽʨʥʽ ʚʠʜʠ: Micrococcus 

luteus, Bacillus subtilis. 

 
ɿʙʽʣʴʰʝʥʥʷ 10ʍ 

 
ɿʙʽʣʴʰʝʥʥʷ 40ʍ / 0,65 

 

ɿʨʘʟʦʢ 2. ʋ ʮʴʦʤʫ ʟʨʘʟʢʫ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʴ ʪʘʢʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ: Bacillus 

subtillis, Bacillus  licheniformis, Paenibacillus polymyxa, Paenibacillus dendritiformis. 

 
ɿʙʽʣʴʰʝʥʥʷ 10ʍ 

 
ɿʙʽʣʴʰʝʥʥʷ 40ʍ / 0,65 

 

ɿʨʘʟʦʢ 3. ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʙʫʣʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ Micrococcus luteus, Bacillus Subtillis, 

Paenibacillus spp. 

 
ɿʙʽʣʴʰʝʥʥʷ 10ʍ 

 
ɿʙʽʣʴʰʝʥʥʷ 40ʍ / 0,65 

ɿʨʘʟʦʢ 4. ʋ ʟʨʘʟʢʫʚʠʷʚʣʝʥʦ Pseudomonas spp., Micrococcus spp., Staphylococcus spp.. 
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͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
 

 
ɿʙʽʣʴʰʝʥʥʷ 10ʍ 

 
ɿʙʽʣʴʰʝʥʥʷ 40ʍ / 0,65 

ɿʨʘʟʦʢ 5. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʤʽʢʨʦʦʨʛʘʥʽʟʤ, ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʡ ʷʢ 

Micrococcus luteus, Chryseobacterium spp., Flavobacterium spp., Sphingomonas spp.. 

 
ɿʙʽʣʴʰʝʥʥʷ 10ʍ 

 
ɿʙʽʣʴʰʝʥʥʷ 40ʍ / 0,65 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʧʠʪʥʘ ʚʦʜʘ ʤʦʞʝ ʚʠʛʣʷʜʘʪʠ ʧʨʦʟʦʨʦʶ ʪʘ ʯʠʩʪʦʶ, ʾʾ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʥʝʨʽʜʢʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʊʦʤʫ ʧʝʨʝʜ ʩʧʦʞʠʚʘʥʥʷʤ ʚʦʜʫ ʥʝʦʙʭʽʜʥʦ ʧʽʜʜʘʚʘʪʠ ʦʯʠʱʝʥʥʶ, ʟʦʢʨʝʤʘ 

ʢʠʧôʷʪʽʥʥʶ, ʷʢʝ ʝʬʝʢʪʠʚʥʦ ʟʥʠʞʫʻ ʢʽʣʴʢʽʩʪʴ ʧʘʪʦʛʝʥʥʠʭ ʙʘʢʪʝʨʽʡ. ñʇʦʩʪʽʡʥʝ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʤʝʪʦʜʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʚʠʢʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʝ ʪʽʣʴʢʠ ʜʦ ʘʥʪʠʙʽʦʪʠʢʽʚ, ʘʣʝ ʽ ʜʦ 

ʜʝʟʽʥʬʽʢʫʶʯʠʭ ʟʘʩʦʙʽʚ.ò[2, ʩ. 36] ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʯʫʪʣʠʚʽʩʪʴ ʨʽʟʥʠʭ ʣʶʜʝʡ ʜʦ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʷ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʪʨʠʚʘʣʝ ʚʞʠʚʘʥʥʷ ʚʦʜʠ ʟ 

ʧʝʚʥʠʤ ʤʽʢʨʦʙʥʠʤ ʩʢʣʘʜʦʤ ʤʦʞʝ ʩʧʨʠʷʪʠ ʬʦʨʤʫʚʘʥʥʶ ʯʘʩʪʢʦʚʦʾ ʨʝʟʠʩʪʝʥʪʥʦʩʪʽ ʦʨʛʘʥʽʟʤʫ 

ʜʦ ʥʘʷʚʥʠʭ ʙʘʢʪʝʨʽʡ. ʇʨʦʪʝ ʜʣʷ ʽʥʰʠʭ ʦʩʽʙ, ʦʩʦʙʣʠʚʦ ʪʠʭ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʪʘʢʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ 

ʜʦʩʚʽʜʫ, ʪʽ ʩʘʤʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʤʦʞʫʪʴ ʩʪʘʥʦʚʠʪʠ ʩʝʨʡʦʟʥʫ ʟʘʛʨʦʟʫ ʪʘ ʩʧʨʠʯʠʥʷʪʠ ʛʦʩʪʨʽ 

ʢʠʰʢʦʚʽ ʘʙʦ ʽʥʰʽ ʽʥʬʝʢʮʽʡʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ. ʆʪʞʝ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻ ʚʘʞʣʠʚʽʩʪʴ 

ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʾ ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʥʝʟʘʨʘʞʝʥʥʷ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʤʦʞʣʠʚʠʤ ʨʠʟʠʢʘʤ ʜʣʷ ʟʜʦʨʦʚôʷ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʐʝʩʪʦʧʘʣʦʚ ʆ. ɺ., ʪʘ ʽʥ. ɸʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʦʜʠ: ʩʫʯʘʩʥʽ ʘʩʧʝʢʪʠ ʽ ʚʠʢʣʠʢʠ. 

ɽʢʦʣʦʛʽʯʥʽ ʥʘʫʢʠ, 2024, 3.54: 76-82. 

2. ʂʦʚʘʣʴʯʫʢ ʅ. ɺ. ʐʣʷʭʠ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʟʥʝʟʘʨʘʞʝʥʥʷ ʧʠʪʥʦʾ ʚʦʜʠ. ɿʙʽʨʥʠʢ ʪʝʟ 

ʜʦʧʦʚʽʜʝʡ ʚʠʢʣʘʜʘʮʴʢʠʭ, ʘʩʧʽʨʘʥʪʩʴʢʠʭ ʪʘ ʤʘʛʽʩʪʨʘʥʪʩʴʢʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ 

ʧʽʜʩʫʤʢʘʤʠ ʧʨʦʚʝʜʝʥʥʷ" ɼʥʷ ʥʘʫʢʠ-2013", ʉ. 35-37. 

3. ʗʤʙʦʨʢʦ ɻʘʥʥʘ ɺʘʣʝʥʪʠʥʽʚʥʘ, ʪʘ ʽʥ. ʄʽʢʨʦʙʽʦʣʦʛʽʷ ʟ ʦʩʥʦʚʘʤʠ ʚʽʨʫʩʦʣʦʛʽʾ. 2018. 
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͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ʈɯʐɽʅʅʗ ɼʃʗ ʊɽʇʃʆʂɸʈʊʋɺɸʅʅʗ ʄɯʉʊ ɿ ʈɽʂʆʄɽʅɼɸʎɯʗʄʀ ɿɽʃɽʅʆɰ 

ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ: ʆɻʃʗɼ ʂʈɸʑʀʍ ʇʈɸʂʊʀʂ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ AI  

(ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ) ɼʃʗ ʄɯʉʊ ʋʂʈɸɰʅʀ  

 

ʆʣʴʭʦʚ ɹʦʨʠʩ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɽʂʆ-25-1  

ɼʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ɿʦʨʽʥ ɼʝʥʠʩ ʆʣʝʢʩʽʡʦʚʠʯ  

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ  

 

ɿʘ ʦʩʪʘʥʥʽ ʪʨʠʜʮʷʪʴ ʨʦʢʽʚ ʢʣʽʤʘʪ ʋʢʨʘʾʥʠ ʟʘʟʥʘʚ ʟʥʘʯʥʠʭ ʟʤʽʥ. ʄʽʞ 1991 ʽ 2024 ʨʦʢʘʤʠ 

ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʨʦʩʣʘ ʟ 8,4ÁC ʜʦ 10,2ÁC, ʱʦ ʩʪʘʥʦʚʠʪʴ ʧʨʠʨʽʩʪ ʥʘ 1,8ÁC [1]. ɿ 2007 

ʨʦʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝʚʠʱʫʶʪʴ ʥʦʨʤʫ ʥʘ 1,5ÁC, ʘ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʙʫʣʦ ʥʘʡʪʝʧʣʽʰʠʤ ʚ 

ʽʩʪʦʨʽʾ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚ ʋʢʨʘʾʥʽ [1]. ʇʨʦʛʥʦʟʠ ʥʘ 2020-2040 ʨʦʢʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʦʜʘʣʴʰʝ 

ʧʦʪʝʧʣʽʥʥʷ, ʟ ʦʯʽʢʫʚʘʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʥʘ 1,5-1,8ÁC ʫ ʮʝʥʪʨʘʣʴʥʠʭ ʪʘ ʧʽʚʜʝʥʥʠʭ ʨʝʛʽʦʥʘʭ.  

ʋʢʨʘʾʥʩʴʢʽ ʤʽʩʪʘ ʚʽʜʯʫʚʘʶʪʴ ʝʬʝʢʪ ʧʦʪʝʧʣʽʥʥʷ ʥʘʡʩʠʣʴʥʽʰʝ ʯʝʨʝʟ ʪʘʢ ʟʚʘʥʽ "ʦʩʪʨʦʚʠ 

ʪʝʧʣʘ", ʜʝ ʙʝʪʦʥ ʪʘ ʘʩʬʘʣʴʪ ʫʪʨʠʤʫʶʪʴ ʪʝʧʣʦ. ʂʠʾʚ, ɼʥʽʧʨʦ, ʆʜʝʩʘ ʪʘ ʍʘʨʢʽʚ ʚʞʝ ʬʽʢʩʫʶʪʴ 

ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 1-1,5ÁC ʧʦʨʽʚʥʷʥʦ ʟ ʧʝʨʝʜʤʽʩʪʷʤʠ. ʎʝʡ ʬʝʥʦʤʝʥ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʤʽʥʽʤʽʟʘʮʽʻʶ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʪʘ ʧʝʨʝʚʘʞʘʥʥʷʤ ʤʽʥʝʨʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʫ 

ʤʽʩʴʢʠʭ ʩʝʨʝʜʦʚʠʱʘʭ.  

ʄʽʩʴʢʽ ʢʘʥʴʡʦʥʠ - ʮʝ ʚʫʣʠʮʽ, ʦʪʦʯʝʥʽ ʚʠʩʦʢʠʤʠ ʙʫʜʽʚʣʷʤʠ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʩʝʨʝʜʦʚʠʱʘ, 

ʧʦʜʽʙʥʽ ʜʦ ʧʨʠʨʦʜʥʠʭ ʢʘʥʴʡʦʥʽʚ. ɻʝʦʤʝʪʨʽʷ ʢʘʥʴʡʦʥʫ, ʦʩʦʙʣʠʚʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʩʦʪʠ 

ʙʫʜʽʚʝʣʴ ʜʦ ʰʠʨʠʥʠ ʚʫʣʠʮʽ (aspect ratio), ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʤʽʢʨʦʢʣʽʤʘʪʫ. ɻʣʠʙʦʢʽ 

ʢʘʥʴʡʦʥʠ ʩʭʠʣʴʥʽ ʟʘʪʨʠʤʫʚʘʪʠ ʙʽʣʴʰʝ ʪʝʧʣʘ, ʦʩʢʽʣʴʢʠ ʤʘʶʪʴ ʟʥʠʞʝʥʠʡ "ʬʘʢʪʦʨ ʚʠʜʠʤʦʩʪʽ 

ʥʝʙʘ" (sky view factor), ʦʙʤʝʞʫʶʯʠ ʟʜʘʪʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʪʠ ʪʝʧʣʦ ʚʥʦʯʽ [2].  

ɹʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʪʘʢʽ ʷʢ ʮʝʛʣʘ ʪʘ ʘʩʬʘʣʴʪ, ʤʘʶʪʴ ʚʠʩʦʢʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. 

ʅʘʢʦʧʠʯʝʥʘ ʝʥʝʨʛʽʷ, ʱʦ ʚʠʚʽʣʴʥʷʻʪʴʩʷ ʧʽʩʣʷ ʟʘʭʦʜʫ ʩʦʥʮʷ, ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʥʽʯʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ʋ ʚʫʣʠʯʥʠʭ ʢʘʥʴʡʦʥʘʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʴ ʤʦʞʫʪʴ ʫ ʜʝʩʷʪʢʠ ʨʘʟʽʚ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʥʦʨʤʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʨʦʩʪʦʨʽ [3]. ɿʘ ʜʘʥʠʤʠ 2023 ʨʦʢʫ, 

ʥʘʡʚʠʱʠʡ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʟʘʬʽʢʩʦʚʘʥʦ ʚ ɼʥʽʧʨʽ, ʂʘʤ'ʷʥʩʴʢʦʤʫ ʪʘ ʄʠʢʦʣʘʻʚʽ. 

ɹʣʦʢʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʧʦʪʦʢʫ ʚʽʪʨʫ ʚʠʩʦʢʠʤʠ ʙʫʜʽʚʣʷʤʠ ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʻ ʨʦʟʩʽʶʚʘʥʥʷ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʤʽʢʨʦʨʘʡʦʥʘʭ.  

U-Net ʢʦʥʚʦʣʶʮʽʡʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʨʦʨʠʚ ʫ ʪʝʭʥʦʣʦʛʽʾ 

ʪʝʧʣʦʢʘʨʪʫʚʘʥʥʷ ʤʽʩʪ, ʜʦʩʷʛʘʶʯʠ ʪʦʯʥʦʩʪʽ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ 

0,0029 ʪʘ ʦʙʨʦʙʢʦʶ ʪʝʧʣʦʚʠʭ ʢʘʨʪ ʤʝʥʰ ʥʽʞ ʟʘ 30 ʩʝʢʫʥʜ ʥʘ ʟʦʙʨʘʞʝʥʥʷ [4]. Local-FNO 

ʤʦʜʝʣʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʧʨʦʛʥʦʟʫʚʘʥʥʽ 3D ʤʽʩʴʢʦʛʦ ʤʽʢʨʦʢʣʽʤʘʪʫ ʟ 

ʨʦʟʜʽʣʴʥʽʩʪʶ ʜʦ 10 ʤʝʪʨʽʚ [4].  

ɸʣʛʦʨʠʪʤ Ant Colony Optimization (ACO) ʻ ʧʨʠʨʦʜʥʦ-ʽʥʩʧʽʨʦʚʘʥʦʶ ʪʝʭʥʽʢʦʶ 

ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʜʝʨʝʚ ʫ ʤʽʩʴʢʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ACO 

ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʩʠʩʪʝʤʘʪʠʯʥʝ ʟʥʠʞʝʥʥʷ ʟʥʘʯʝʥʴ UTCI ʯʝʨʝʟ ʢʣʘʩʪʝʨʥʝ ʨʦʟʤʽʱʝʥʥʷ ʜʝʨʝʚ 

[5]. ʄʫʣʴʪʠʤʦʜʘʣʴʥʽ AI ʩʠʩʪʝʤʠ ʪʠʧʫ GSM-UTCI ʜʦʩʷʛʘʶʪʴ ʪʦʯʥʦʩʪʽ R2 = 0,9151 ʪʘ 

ʩʝʨʝʜʥʴʦʾ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʢʠ 0,41ÁC ʫ ʧʨʦʛʥʦʟʫʚʘʥʥʽ Universal Thermal Climate Index. 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝʧʨʦʥʠʢʥʠʭ ʧʦʚʝʨʭʦʥʴ ʫ ʜʝʨʝʚʥʽ ʥʘʩʘʜʞʝʥʥʷ ʜʘʻ 

ʩʝʨʝʜʥʽ ʟʥʠʞʝʥʥʷ UTCI ʜʦ -4,18ÁC [5].  

ʇʨʠʢʣʘʜ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʃʴʚʦʚʽ (2024 ʨ.) ʧʦʢʘʟʘʚ, ʱʦ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ ʚʠʷʚʠʣʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʚ ʩʧʝʢʦʪʥʽ ʜʥʽ ʙʣʠʟʴʢʦ 44ÁC ʫ ʤʽʩʪʽ ʧʨʦʪʠ ʙʣʠʟʴʢʦ 15ÁC ʫ ʟʝʣʝʥʠʭ 

ʦʢʦʣʠʮʷʭ [6]. ɺʠʤʽʨʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ ʢʦʥʪʨʘʩʪ 5ÁC ʤʽʞ ʮʝʥʪʨʦʤ ʤʽʩʪʘ ʪʘ ʧʝʨʝʜʤʽʩʪʷʤʠ ʚʞʝ 

ʦ 21:00. ɼʦ ʧʦʣʫʜʥʷ ʢʦʥʪʨʘʩʪ ʜʦʩʷʛʘʚ 10ÁC ʤʽʞ ʱʽʣʴʥʠʤ ʢʚʘʨʪʘʣʦʤ ʪʘ ʟʘʪʽʥʝʥʠʤ ʧʘʨʢʦʤ.  

ɿʘ ʩʪʘʥʦʤ ʥʘ 2024 ʨʽʢ ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ ʩʪʘʥʦʚʠʪʴ 

ʙʣʠʟʴʢʦ 126 ʛʘ. ʅʘ ʦʜʥʫ ʦʩʦʙʫ ʧʨʠʧʘʜʘʻ 5,3 ʤ2 ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ, ʱʦ ʤʘʡʞʝ ʚʜʚʽʯʽ ʤʝʥʰʝ 

ʥʦʨʤʠ 10 ʤ2/ʦʩʦʙʫ [7]. ʋ ʤʽʩʪʽ ʥʘʣʽʯʫʻʪʴʩʷ 58 ʩʢʚʝʨʽʚ, 5 ʧʘʨʢʽʚ ʪʘ ʦʜʠʥ ʜʝʥʜʨʦʣʦʛʽʯʥʠʡ 

ʧʘʨʢ.  

ʋ 2021-2023 ʨʦʢʘʭ ʤʽʩʴʢʘ ʨʘʜʘ ʟʘʧʣʘʥʫʚʘʣʘ ʙʫʜʽʚʥʠʮʪʚʦ 41 ʥʦʚʦʛʦ ʩʢʚʝʨʫ ʟʘʛʘʣʴʥʦʶ 

ʧʣʦʱʝʶ 31,46 ʛʘ, ɦ ʦ ʟʙʽʣʴʰʠʪʴ ʧʠʪʦʤʫ ʧʣʦʱʫ ʜʦ 6,6 ʤ2/ʦʩʦʙʫ. ʉʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʦʟʝʣʝʥʝʥʥʷ 



  
                                                                                                                                                         

 

 

ʈʝʛʽʦʥʘʣʴʥʘ ʢʦʥʬʝʨʝʥʮʽʷ òʄʦʣʦʜʽʞʥʠʡ ʝʢʦʛʝʦʬʦʨʫʤ - 2025ñ 
19-20 

͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ʫ ʩʢʚʝʨʘʭ ʩʪʘʥʦʚʠʪʴ 72%, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʝʨʞʘʚʥʠʤ ʙʫʜʽʚʝʣʴʥʠʤ ʥʦʨʤʘʤ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ACO ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʤʽʱʝʥʥʷ ʜʝʨʝʚ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʤʘʢʩʠʤʽʟʘʮʽʾ 

ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʛʦ ʝʬʝʢʪʫ. ʉʪʨʘʪʝʛʽʯʥʝ ʢʣʘʩʪʝʨʥʝ ʨʦʟʤʽʱʝʥʥʷ ʜʝʨʝʚ ʤʦʞʝ ʟʥʠʟʠʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ 2-4ÁC ʫ ʟʝʣʝʥʠʭ ʟʦʥʘʭ.  

ɺʠʩʥʦʚʢʠ:  
ɿʤʽʥʠ ʢʣʽʤʘʪʫ ʚ ʋʢʨʘʾʥʽ: ʉʝʨʝʜʥʴʦʨʽʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʨʦʩʣʘ ʥʘ 1,8ÁC ʟʘ ʦʩʪʘʥʥʽ 33 

ʨʦʢʠ ʟ ʦʯʽʢʫʚʘʥʠʤ ʧʦʜʘʣʴʰʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʥʘ 1,5-1,8ÁC ʜʦ 2040 ʨʦʢʫ ʚ ʮʝʥʪʨʘʣʴʥʠʭ 

ʨʝʛʽʦʥʘʭ.  

ʄʽʩʴʢʽ ʢʘʥʴʡʦʥʠ: ɺʫʣʠʯʥʽ ʢʘʥʴʡʦʥʠ ʟ ʚʠʩʦʢʠʤ aspect ratio ʩʪʚʦʨʶʶʪʴ ʧʘʩʪʢʠ ʪʝʧʣʘ ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʜʝʩʷʪʢʠ ʨʘʟʽʚ ʚʠʱʠʤʠ ʟʘ ʥʦʨʤʫ.  

AI ʪʝʭʥʦʣʦʛʽʾ: ɸʣʛʦʨʠʪʤʠ ʪʠʧʫ ACO ʜʦʩʷʛʘʶʪʴ ʪʦʯʥʦʩʪʽ R2 = 0,9151 ʟʽ ʟʥʠʞʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ -4,18ÁC ʯʝʨʝʟ ʦʧʪʠʤʽʟʦʚʘʥʝ ʨʦʟʤʽʱʝʥʥʷ ʜʝʨʝʚ.  

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ: ʄʽʩʪʦ ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʨʦʟʰʠʨʠʪʠ ʟʝʣʝʥʽ ʟʦʥʠ ʟ 5,3 ʜʦ 6,6 ʤ2/ʦʩʦʙʫ 

ʯʝʨʝʟ ʨʝʘʣʽʟʘʮʽʶ ʧʨʦʛʨʘʤʠ ʦʟʝʣʝʥʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ AI ʨʽʰʝʥʴ.  
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ʇʆʈɯɺʅʗʃʔʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʐʂɯɼʃʀɺʀʍ ɺʀʂʀɼɯɺ ɼʀɿɽʃʔʅʀʍ ʊɸ 

ɹɽʅɿʀʅʆɺʀʍ ɼɺʀɻʋʅɯɺ 

 

ʇʝʯʝʥʘ ɺʽʢʪʦʨʽʷ ʈʦʤʘʥʽʚʥʘ, ʐʝʨʝʤʝʪʘ ɺʽʢʪʦʨʽʷ ɺʦʣʦʜʠʤʠʨʽʚʥʘ, ʩʪʫʜʝʥʪʢʠ ʛʨʫʧʠ 

ɽʂʆ-24-1  
ɼʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʄʦʩʶʢ ʄʠʢʦʣʘ ɯʚʘʥʦʚʠʯ,  

 ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ  

 
ʉʫʯʘʩʥʠʡ ʪʨʘʥʩʧʦʨʪ ʻ ʦʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʯʠʥʥʠʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, 

ʦʩʦʙʣʠʚʦ ʫ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ. ʆʩʥʦʚʥʫ ʯʘʩʪʠʥʫ ʚʠʢʠʜʽʚ ʩʪʘʥʦʚʣʷʪʴ ʧʨʦʜʫʢʪʠ ʟʛʦʨʷʥʥʷ 
ʧʘʣʴʥʦʛʦ, ʩʝʨʝʜ ʷʢʠʭ - ʯʘʜʥʠʡ ʛʘʟ (CO), ʦʢʩʠʜʠ ʘʟʦʪʫ (NOx), ʩʘʞʘ (PM) ʪʘ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ 
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(CO ) ʪʘ ʽʥʰʽ. ʊʠʧ ʽ ʦʙʩʷʛ ʮʠʭ ʚʠʢʠʜʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʜʫ ʜʚʠʛʫʥʘ - ʙʝʥʟʠʥʦʚʦʛʦ ʯʠ 
ʜʠʟʝʣʴʥʦʛʦ.  

ɺʦʥʠ ʚʠʨʽʟʥʷʶʪʴʩʷ ʟʛʦʨʘʥʥʷʤ ʧʘʣʴʥʦʛʦ, ʦʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʬʦʨʤʫʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ 
ʯʘʜʥʦʛʦ ʛʘʟʫ (CO). ʏʘʜʥʠʡ ʛʘʟ ʻ ʦʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʠʤ, ʦʩʢʽʣʴʢʠ ʙʝʟʙʘʨʚʥʠʡ ʽ ʙʝʟ ʟʘʧʘʭʫ, 
ʘʣʝ ʟʜʘʪʥʠʡ ʟʚôʷʟʫʚʘʪʠʩʷ ʟ ʛʝʤʦʛʣʦʙʽʥʦʤ ʫ ʢʨʦʚʽ ʣʶʜʠʥʠ, ʙʣʦʢʫʶʯʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 
ʢʠʩʥʶ. ʉʘʤʝ ʪʦʤʫ ʥʦʨʤʠ ʚʠʢʠʜʽʚ CO ʜʣʷ ʙʝʥʟʠʥʦʚʠʭ ʤʦʪʦʨʽʚ ʫ ʩʪʘʥʜʘʨʪʘʭ çɭʚʨʦè ʜʦʩʠʪʴ 
ʤʘʣʝʥʴʢʽ - ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʩʪʘʥʜʘʨʪʫ ɭʚʨʦ-6 ʜʦʧʫʩʪʠʤʘ ʤʝʞʘ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 1,0 ʛ/ʢʤ.  

ɼʠʟʝʣʴʥʽ ʤʦʪʦʨʠ ʜʽʶʪʴ ʟʘ ʧʨʠʥʮʠʧʦʤ ʩʘʤʦʟʘʡʤʘʥʥʷ ʧʘʣʴʥʦʛʦ ʧʽʜ ʚʧʣʠʚʦʤ ʚʠʩʦʢʦʾ 
ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʠʩʢʫ. ɺʦʥʠ ʩʧʦʞʠʚʘʶʪʴ ʤʝʥʰʝ ʧʘʣʴʥʦʛʦ, ʦʪʞʝ, ʝʢʦʥʦʤʥʽʰʽ, ʧʨʦʪʝ ʤʘʶʪʴ 
ʽʥʰʠʡ ʥʘʙʽʨ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ. ʆʩʥʦʚʥʠʤʠ ʟʘʙʨʫʜʥʶʚʘʯʘʤʠ ʜʣʷ ʜʠʟʝʣʽʚ ʻ ʦʢʩʠʜʠ ʘʟʦʪʫ 
(NOx) ʽ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʩʘʞʽ (PM), ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʯʝʨʝʟ ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʛʦʨʷʥʥʷ ʪʘ 
ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʨʦʮʝʩʫ. ɺʠʢʠʜʠ ʯʘʜʥʦʛʦ ʛʘʟʫ ʫ ʜʠʟʝʣʴʥʠʭ ʤʦʪʦʨʘʭ ʽʩʪʦʪʥʦ ʤʝʥʰʽ, ʥʽʞ ʫ 
ʙʝʥʟʠʥʦʚʠʭ, ʧʨʦʪʝ ʾʭʥʽ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʷʪʠ ʟʘʭʚʦʨʶʚʘʥʥʷ ʜʠʭʘʣʴʥʠʭ 
ʰʣʷʭʽʚ ʽ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ.  

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʚʠʢʠʜʽʚ ʥʘ ʩʝʨʝʜʦʚʠʱʝ ʫ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʦʙʽʣʷʭ ʟʘʩʪʦʩʦʚʫʶʪʴ 
ʢʘʪʘʣʽʪʠʯʥʽ ʥʝʡʪʨʘʣʽʟʘʪʦʨʠ, AdBlue, ʬʽʣʴʪʨʠ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ (DPF), ʩʠʩʪʝʤʠ ʨʝʮʠʨʢʫʣʷʮʽʾ 
ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ (EGR) ʪʘ ʩʝʣʝʢʪʠʚʥʫ ʢʘʪʘʣʽʪʠʯʥʫ ʥʝʡʪʨʘʣʽʟʘʮʽʶ (SCR). ʎʽ ʪʝʭʥʦʣʦʛʽʾ 
ʜʘʶʪʴ ʟʤʦʛʫ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʰʢʽʜʣʠʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʚʠʭʣʦʧʽ ʪʘ ʚʽʜʧʦʚʽʜʘʪʠ 
ʝʢʦʣʦʛʽʯʥʠʤ ʩʪʘʥʜʘʨʪʘʤ ɭʚʨʦ-5 ʽ ɭʚʨʦ-6.  

ʇʦʨʽʚʥʶʶʯʠ ʜʚʘ ʪʠʧʠ ʜʚʠʛʫʥʽʚ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʙʝʥʟʠʥʦʚʽ ʤʦʪʦʨʠ ʙʽʣʴʰ 
ʥʝʙʝʟʧʝʯʥʽ ʯʝʨʝʟ ʯʘʜʥʠʡ ʛʘʟ ʽ ʚʫʛʣʝʚʦʜʥʽ, ʪʦʜʽ ʷʢ ʜʠʟʝʣʴʥʽ - ʯʝʨʝʟ ʦʢʩʠʜʠ ʘʟʦʪʫ ʪʘ ʩʘʞʫ. 
ɾʦʜʝʥ ʪʠʧ ʥʝ ʻ ʮʽʣʢʦʤ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʤ, ʪʦʤʫ ʩʫʯʘʩʥʘ ʪʝʯʽʷ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʫ 
ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʝʨʝʭʽʜ ʜʦ ʛʽʙʨʠʜʥʠʭ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʤʽʥʽʤʽʟʫʶʪʴ ʘʙʦ ʚʟʘʛʘʣʽ 
ʫʩʫʚʘʶʪʴ ʰʢʽʜʣʠʚʽ ʚʠʢʠʜʠ.  

ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ 
ʨʝʟʫʣʴʪʘʪʠ.  

  

ʊʘʙʣʠʮʷ 1 - ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʅʘʟʚʘ CO Nʆ2 CH2O CO2 O2 

ɼʠʟʝʣʴ  270 ppm 13,3 ppm 0.0 ppm 3408 ppm 19,3 % 

ɹʝʥʟʠʥ  466 ppm 0,5 ppm 0,3 ppm 6242 ppm 19,4 % 

ʅʦʨʤʘ (ʜʠʟʝʣʴ 

ʪʘ ʙʝʥʟʠʥ) 

0,500(1,000) ʛ/ʢʤ 0,180(0,060) ʛ/ʢʤ 0,230 ʛ/ʢʤ   

  

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦ ʾʜʽʪʝʨʘʪʫʨʠ: 
1. Costagliola, M.A., Costabile, M. and Prati, M.V., 2018. Impact of road grade on real 

driving emissions from two Euro 5 diesel vehicles. Applied Energy, 231, pp.586-593.  

2. O'Driscoll, Rosalind, et al. "Real world CO2 and NOx emissions from 149 Euro 5 and 6 

diesel, gasoline and hybrid passenger cars." Science of the total environment 621 (2018): 282-290.  

3. Crown Oil Ltd. Euro 6 Emissions Standards Guide ï What is Euro 6 & more 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. URL: https://www.crownoil.co.uk/guides/euro-6-emissions-standards/  

 

ʆʎɯʅʂɸ ʇʈʀɼɸʊʅʆʉʊɯ ɺɯɼʇʈɸʎʔʆɺɸʅʀʍ ʂɸʈôɭʈɯɺ ɼʃʗ ɺʉʊɸʅʆɺʃɽʅʅʗ 

ʉʆʅʗʏʅʀʍ ɽʃɽʂʊʈʆʉʊɸʅʎɯʁ ʅɸ ʆʉʅʆɺɯ ɻɽʆʄɽʊʈʀʏʅʆɻʆ ʊɸ 

ɯʅʉʆʃʗʎɯʁʅʆɻʆ ɸʅɸʃɯɿʋ 

 

ʈʝʜʴʢʦ ɸʥʜʨʽʡ ɯʛʦʨʦʚʠʯ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ 

ʇʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ɸʜʘʤʝʥʢʦ ʗʨʦʩʣʘʚ ʆʣʝʛʦʚʠʯ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ʉʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʪʝʭʥʦʛʝʥʥʦ ʧʦʨʫʰʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʫʩʝ ʯʘʩʪʽʰʝ 

ʧʦʻʜʥʫʶʪʴ ʝʢʦʣʦʛʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʟ ʨʦʟʚʠʪʢʦʤ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʆʜʥʠʤ ʽʟ 

ʪʘʢʠʭ ʥʘʧʨʷʤʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʢʘʨô̒ ʨʽʚ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʩʦʥʷʯʥʠʭ 
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ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ʉɽʉ). ʊʘʢʽ ʪʝʨʠʪʦʨʽʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʦʶ ʛʦʩʧʦʜʘʨʩʴʢʦʶ ʮʽʥʥʽʩʪʶ ʪʘ 

ʦʙʤʝʞʝʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʪʨʘʜʠʮʽʡʥʦʾ ʨʝʢʫʣʴʪʠʚʘʮʽʾ, ʧʨʦʪʝ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ 

ʽʥʪʝʛʨʘʮʽʾ ʚ ʝʥʝʨʛʝʪʠʯʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. ɭʚʨʦʧʝʡʩʴʢʽ ʪʘ ʤʽʞʥʘʨʦʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʜʝʛʨʘʜʦʚʘʥʽ ʟʝʤʣʽ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʩʫʪʪʻʚʠʡ ʚʥʝʩʦʢ ʫ ʥʘʨʦʱʝʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ çʟʝʣʝʥʦʾè ʝʥʝʨʛʽʾ, ʥʝ ʩʪʚʦʨʶʶʯʠ ʢʦʥʬʣʽʢʪʫ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʩʧʨʠʷʶʯʠ 

ʟʤʝʥʰʝʥʥʶ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ [1], [2]. 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʮʽʥʶʚʘʥʥʷ ʧʨʠʜʘʪʥʦʩʪʽ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʢʘʨô̒ ʨʫ 

ʧʦʙʣʠʟʫ ʩ. ɼʦʚʛʝ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʽʥʩʦʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ. ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ ʙʝʟ ʤʘʩʰʪʘʙʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʫ ʨʝʣʴʻʬ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶʯʘʣʠ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʫʢʦʩʫ 

ʢʘʨô̒ ʨʫ, ʨʦʟʨʘʭʫʥʢʠ ʩʝʨʝʜʥʴʦʛʦ ʢʫʪʘ ʩʭʠʣʫ ʪʘ ʡʦʛʦ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʝʢʦʤʝʥʜʦʚʘʥʠʤ 

ʧʘʨʘʤʝʪʨʘʤ ʜʣʷ ʥʝʨʫʭʦʤʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ. ɯʥʩʦʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʟʠ PVGIS, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ ʨʽʯʥʫ ʩʫʤʘʨʥʫ ʩʦʥʷʯʥʫ ʨʘʜʽʘʮʽʶ ʪʘ 

ʦʮʽʥʠʪʠ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʦʚʠʨʦʙʽʪʢʫ. ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʟʘʪʽʥʝʥʥʷ ʤʽʞ ʨʷʜʘʤʠ 

ʟʘʩʪʦʩʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʤʽʞʨʷʜʥʠʭ ʚʽʜʩʪʘʥʝʡ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʩʫʯʘʩʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʧʨʠʥʮʠʧʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʉɽʉ, ʟʦʢʨʝʤʘ ʤʝʪʦʜʠʢʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʣʦʱʽ 

ʪʘ ʨʷʜʥʦʩʪʽ ʬʦʪʦʤʦʜʫʣʽʚ [3]. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʝʨʝʜʥʽʡ ʢʫʪ ʥʘʭʠʣʫ ʩʭʠʣʫ ʢʘʨô̒ ʨʫ ʩʪʘʥʦʚʠʪʴ 31,6Á, ʱʦ ʻ 

ʩʧʨʠʷʪʣʠʚʠʤ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʝʨʫʭʦʤʠʭ ʧʘʥʝʣʝʡ ʫ ʩʝʨʝʜʥʽʭ ʰʠʨʦʪʘʭ. ɺʽʜʦʤʦ, ʱʦ 

ʦʧʪʠʤʘʣʴʥʠʡ ʢʫʪ ʥʘʭʠʣʫ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ ʧʦʚʠʥʝʥ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʚʝʣʠʯʠʥʠ 

ʛʝʦʛʨʘʬʽʯʥʦʾ ʰʠʨʦʪʠ ʤʽʩʮʝʚʦʩʪʽ, ʘ ʜʣʷ ʰʠʨʦʪʠ 49Á ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʜʽʘʧʘʟʦʥ ʩʪʘʥʦʚʠʪʴ 30ï

35Á. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʨʦʜʥʘ ʛʝʦʤʝʪʨʽʷ ʩʭʠʣʫ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʪʝʭʥʽʯʥʽ ʨʦʙʦʪʠ ʟ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʨʝʣʴʻʬʫ ʪʘ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʪʝʨʠʪʦʨʽʾ. ɯʥʩʦʣʷʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ 

ʜʣʷ ʨʝʛʽʦʥʫ ʩʪʘʥʦʚʣʷʪʴ 1200ï1300 ʢɺʪĿʛʦʜ/ʤĮ ʥʘ ʨʽʢ, ʘ ʥʘ ʧʦʭʠʣʽʡ ʧʦʚʝʨʭʥʽ ʧʦʪʝʥʮʽʡʥʦ 

ʤʦʞʫʪʴ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʥʘ 5ï10 %, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʝʥʝʨʛʝʪʠʯʥʫ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʦʙô̒ ʢʪʘ. 

ɻʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʩʚʽʜʯʠʣʦ, ʱʦ ʟʘʚʜʷʢʠ ʧʨʠʨʦʜʥʦʤʫ ʨʝʣʴʻʬʫ ʢʽʣʴʢʽʩʪʴ 

ʤʦʞʣʠʚʠʭ ʨʷʜʽʚ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ ʥʘ ʩʭʠʣʽ ʩʷʛʘʻ ʧʨʠʙʣʠʟʥʦ 36, ʱʦ ʥʘ 64 % ʙʽʣʴʰʝ, 

ʥʽʞ ʥʘ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʽ, ʜʝ ʤʦʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ ʙʣʠʟʴʢʦ 22 ʨʷʜʽʚ. ʊʘʢʠʡ 

ʝʬʝʢʪ ʧʦʚô̫ ʟʘʥʠʡ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʚʟʘʻʤʥʦʛʦ ʟʘʪʽʥʝʥʥʷ ʥʘ ʧʦʭʠʣʠʭ ʧʦʚʝʨʭʥʷʭ, ʢʦʣʠ ʢʦʞʝʥ 

ʥʘʩʪʫʧʥʠʡ ʨʷʜ ʤʘʻ ʤʝʥʰʠʡ ʨʠʟʠʢ ʧʝʨʝʢʨʠʪʪʷ ʩʦʥʷʯʥʦʛʦ ʧʦʪʦʢʫ ʧʦʧʝʨʝʜʥʽʤ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʠʨʦʜʥʠʡ ʩʭʠʣ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰʫ ʱʽʣʴʥʽʩʪʴ ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʛʨʘʜʦʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʙʝʟ ʨʦʟʰʠʨʝʥʥʷ ʧʣʦʱʽ. 

ʆʮʽʥʦʯʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ 

ʤʘʡʙʫʪʥʴʦʾ ʩʪʘʥʮʽʾ ʚ ʤʝʞʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʧʨʠʙʣʠʟʥʦ 0,9 ʄɺʪ. 

ʇʨʦʛʥʦʟʦʚʘʥʠʡ ʨʽʯʥʠʡ ʚʠʨʦʙʽʪʦʢ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʝʨʝʚʠʱʫʻ 1,1 ʤʣʥ ʢɺʪĿʛʦʜ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʩʝʨʝʜʥʴʦʨʽʯʥʦʤʫ ʩʧʦʞʠʚʘʥʥʶ ʙʣʠʟʴʢʦ 300 ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ. ɿʽʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʽʟ 

ʤʽʞʥʘʨʦʜʥʦʶ ʧʨʘʢʪʠʢʦʶ ʨʦʟʤʽʱʝʥʥʷ ʉɽʉ ʫ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʢʘʭ ʩʚʽʜʯʠʪʴ, ʱʦ ʧʦʜʽʙʥʽ ʦʙô̒ ʢʪʠ 

ʯʘʩʪʦ ʤʘʶʪʴ ʝʥʝʨʛʝʪʠʯʥʽ ʧʝʨʝʚʘʛʠ, ʟʦʢʨʝʤʘ ʯʝʨʝʟ ʦʭʦʣʦʜʞʝʥʥʷ ʧʘʥʝʣʝʡ ʫ ʛʣʠʙʦʢʠʭ 

ʢʦʪʣʦʚʘʥʘʭ ʯʠ ʦʧʪʠʤʘʣʴʥʫ ʦʨʽʻʥʪʘʮʽʶ ʩʭʠʣʽʚ [4], [5]. 

ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʽʥʞʝʥʝʨʥʽ ʟʘʭʦʜʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʉɽʉ ʫ ʤʝʞʘʭ ʢʘʨô̒ ʨʫ: ʫʢʨʽʧʣʝʥʥʷ ʥʝʩʪʽʡʢʠʭ ʯʘʩʪʠʥ ʩʭʠʣʽʚ, ʢʦʥʪʨʦʣʴ ʝʨʦʟʽʾ, ʦʙʣʘʰʪʫʚʘʥʥʷ 

ʜʨʝʥʘʞʥʠʭ ʩʠʩʪʝʤ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʦʧʦʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɺʨʘʭʫʚʘʥʥʷ ʮʠʭ ʘʩʧʝʢʪʽʚ ʟʘʙʝʟʧʝʯʠʪʴ ʜʦʚʛʦʪʨʠʚʘʣʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʦʙô̒ ʢʪʘ, ʘ ʪʘʢʦʞ ʤʽʥʽʤʽʟʫʻ 

ʝʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ ʪʘ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ɿʘʛʘʣʦʤ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʢʘʨô̒ ʨʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʝʬʝʢʪʠʚʥʦ ʟʘʣʫʯʝʥʽ ʜʦ ʨʦʟʚʠʪʢʫ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʦʻʜʥʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ 

ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙô̒ ʢʪʽʚ ʙʝʟ ʚʠʣʫʯʝʥʥʷ ʮʽʥʥʠʭ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʜʣʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚ ʽʥʰʠʭ ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ. 
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ɾʀʊʊɭɺʀʁ ʎʀʂʃ ʆɼʗɻʋ: ɺɯɼ ɺʀʈʆɹʅʀʎʊɺɸ ɼʆ ɿɺɸʃʀʑɸ ʊɸ 

ʄʆɾʃʀɺʆʉʊɯ ɽʂʆʃʆɻɯɿɸʎɯɰ 

 

ʈʝʰʝʪʥʷʢ ɭʚʥʽʢʘ ɼʤʠʪʨʽʚʥʘ, ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ ɽʂʆ-23-1 
ɼʦʮʝʥʪ, ʟʘʚʽʜʫʚʘʯʢʘ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʆʨʬʘʥʦʚʘ ʄʘʨʽʷ ʄʠʭʘʡʣʽʚʥʘ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʪʘ ʛʘʟʫ 

 

ʆʜʷʛ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʞʠʪʪʷ ʢʦʞʥʦʾ ʣʶʜʠʥʠ, ʘʣʝ ʚʽʥ ʥʝ ʻ ʚʽʯʥʠʤ. ɺ 

ʩʝʨʝʜʥʴʦʤʫ ʚ ʩʚʽʪʽ ʱʦʨʽʯʥʦ ʚʠʢʠʜʘʻʪʴʩʷ 7 000 000 ʪʦʥʥ ʦʜʷʛʫ. ʗʢʱʦ ʚʝʩʴ ʮʝʡ ʦʜʷʛ ʩʢʣʘʩʪʠ ʚ 

ʢʦʨʦʙʢʠ ʽ ʧʦʙʫʜʫʚʘʪʠ ʟ ʥʠʭ 20-ʪʠ ʧʦʚʝʨʭʦʚʽ ʙʫʜʠʥʢʠ, ʪʦ ʚʠʡʜʝ ʤʽʩʪʦ ʨʦʟʤʽʨʦʤ ʟ ɹʫʯʫ. ʇʨʠ 

ʮʴʦʤʫ, ʪʽʣʴʢʠ 12% ʥʝʧʦʪʨʽʙʥʦʛʦ ʦʜʷʛʫ ʧʝʨʝʨʦʙʣʷʻʪʴʩʷ ʽ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. [1] 

ʆʢʨʽʤ ʪʦʛʦ, ʚʠʨʦʙʥʠʮʪʚʦ ʦʜʷʛʫ ʟʘ ʦʩʪʘʥʥʽ 20 ʨʦʢʽʚ ʧʦʜʚʦʾʣʦʩʴ, ʱʦ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʣʦ 

ʢʽʣʴʢʽʩʪʴ ʚʽʜʭʦʜʽʚ ʷʢ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ, ʪʘʢ ʽ ʩʧʦʞʠʚʘʥʥʷ. 

ʅʘʞʘʣʴ ʚʧʣʠʚ ʚʠʨʦʙʥʠʮʪʚʘ ʦʜʷʛʫ ʥʘ ʜʦʚʢʽʣʣʷ ʥʝ ʻ ʜʦʩʪʦʚʽʨʥʦ ʚʠʟʥʘʯʝʥʠʤ ʪʘ 

ʚʠʨʘʭʫʚʘʥʠʤ. ɿʘ ʜʘʥʠʤʠ ʧʝʚʥʠʭ ʜʞʝʨʝʣ, ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ʤʦʞʫʪʴ 

ʩʢʣʘʜʘʪʠ ʚʽʜ 2-3% ʩʚʽʪʦʚʠʭ ʘʞ ʜʦ 10%. [2] ʊʘʢʦʞ ʪʝʢʩʪʠʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʻ ʜʨʫʛʠʤ ʫ ʩʚʽʪʽ 

ʟʘʙʨʫʜʥʠʢʦʤ ʧʨʽʩʥʦʾ ʚʦʜʠ, ʘ ʪʘʢʦʞ ʧôʷʪʠʤ ʫ ʩʚʽʪʽ ʧʨʦʤʠʩʣʦʚʠʤ ʟʘʙʨʫʜʥʠʢʦʤ ʚʦʜʠ ʟʘʛʘʣʦʤ.  

ʑʦʨʦʢʫ ʙʣʠʟʴʢʦ 120 ʤʽʣʴʡʦʥʽʚ ʪʦʥʥ ʦʜʷʛʫ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ ʧʦʪʨʘʧʣʷʻ ʥʘ ʟʚʘʣʠʱʘ, ʱʦ 

ʝʢʚʽʚʘʣʝʥʪʥʦ ʟʘʧʦʚʥʝʥʥʶ ʧʦʥʘʜ 200 ʬʫʪʙʦʣʴʥʠʭ ʩʪʘʜʽʦʥʽʚ. ɿʘ ʜʘʥʠʤʠ ʘʥʘʣʽʪʠʢʽʚ, ʙʽʣʴʰʽʩʪʴ 

ʟ ʮʴʦʛʦ ʦʜʷʛʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʰʝ 7-10 ʨʘʟʽʚ, ʧʝʨʰ ʥʽʞ ʡʦʛʦ ʚʠʢʠʜʘʶʪʴ. [3] 

ɯʥʜʫʩʪʨʽʷ ʰʚʠʜʢʦʾ (ʪʘʢʦʞ ʥʘʟʚʘʥʦʾ ʦʜʥʦʨʘʟʦʚʦʶ) ʤʦʜʠ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʱʦ ʻ ʥʝ 

ʪʽʣʴʢʠ ʝʢʦʣʦʛʽʯʥʦʶ, ʘ ʡ ʝʢʦʥʦʤʽʯʥʦʶ ʧʨʦʙʣʝʤʦʶ. ʐʚʠʜʢʘ ʤʦʜʘ ʧʝʨʝʜʙʘʯʘʻ ʰʚʠʜʢʝ 

ʥʘʩʪʘʥʥʷ ʧʦʧʫʣʷʨʥʦʩʪʽ ʧʝʚʥʠʭ ʨʝʯʝʡ, ʾʭ ʰʚʠʜʢʝ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʧʨʦʜʘʞ, ʘ ʪʘʢʦʞ ʰʚʠʜʢʘ 

ʟʘʤʽʥʘ ʪʦʚʘʨʽʚ ʥʘ ʧʦʣʠʮʷʭ ʪʘ ʩʢʣʘʜʘʭ ʤʘʛʘʟʠʥʽʚ. ʆʢʨʽʤ ʪʦʛʦ, ʱʦ ʤʘʛʘʟʠʥʠ ʧʦʟʙʘʚʣʷʶʪʴʩʷ 

ʥʝʧʦʪʨʽʙʥʦʛʦ ʪʦʚʘʨʫ, ʧʦʢʫʧʮʽ ʪʘʢʦʞ ʰʚʠʜʢʦ ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʥʦʚʠʤ ʝʣʝʤʝʥʪʘʤ ʦʜʷʛʫ.  

ʎʠʢʣʠ ʪʨʝʥʜʽʚ ʟʤʽʥʶʶʪʴʩʷ ʪʘʢ ʰʚʠʜʢʦ, ʱʦ ʙʘʛʘʪʦ ʩʧʦʞʠʚʘʯʽʚ ʦʜʷʛʘʶʪʴ ʩʚʦʾ ʨʝʯʽ ʣʠʰʝ ʦʜʠʥ 

ʘʙʦ ʜʚʘ ʨʘʟʠ, ʧʝʨʰ ʥʽʞ ʾʭ ʚʠʢʠʥʫʪʠ. ʆʜʷʛ ʪʘʢʦʞ ʯʘʩʪʦ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ ʤʘʪʝʨʽʘʣʽʚ ʥʠʟʴʢʦʾ 

ʷʢʦʩʪʽ, ʱʦ ʚʠʧʨʘʚʜʦʚʫʻʪʴʩʷ ʥʝʜʦʨʦʛʦʶ ʮʽʥʦʶ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʦʜʷʛ ʨʚʝʪʴʩʷ, 

ʣʦʧʘʻʪʴʩʷ ʰʚʘʤʠ ʘʙʦ ʟʥʦʰʫʻʪʴʩʷ ʰʚʠʜʰʝ, ʥʽʞ ʝʢʦʣʦʛʽʯʥʘ ʤʦʜʥʘ ʨʽʯ. [4] 

ʇʨʠʨʦʜʥʽ ʚʦʣʦʢʥʘ, ʪʘʢʽ ʷʢ ʙʘʚʦʚʥʘ, ʣʴʦʥ ʯʠ ʚʦʚʥʘ, ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʰʚʠʜʰʝ, ʯʘʩʪʦ 

ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʤʽʩʷʮʽʚ ʘʙʦ ʢʽʣʴʢʦʭ ʨʦʢʽʚ. ʆʜʥʘʢ ʩʠʥʪʝʪʠʯʥʽ ʪʢʘʥʠʥʠ, ʪʘʢʽ ʷʢ ʧʦʣʽʝʩʪʝʨ ʘʙʦ 

ʥʝʡʣʦʥ, ʤʦʞʫʪʴ ʟʙʝʨʽʛʘʪʠʩʷ ʜʝʩʷʪʠʣʽʪʪʷʤʠ ʘʙʦ ʥʘʚʽʪʴ ʩʪʦʣʽʪʪʷʤʠ, ʩʪʚʦʨʶʶʯʠ ʝʢʦʣʦʛʽʯʥʽ 

ʧʨʦʙʣʝʤʠ. ʇʽʜ ʯʘʩ ʨʦʟʢʣʘʜʘʥʥʷ ʮʽ ʪʢʘʥʠʥʠ ʤʦʞʫʪʴ ʚʠʜʽʣʷʪʠ ʰʢʽʜʣʠʚʽ ʭʽʤʽʯʥʽ ʨʝʯʦʚʠʥʠ ʚ 

ˇʨʫʥʪ ʽ ʧʽʜʟʝʤʥʽ ʚʦʜʠ, ʚʧʣʠʚʘʶʯʠ ʥʘ ʤʽʩʮʝʚʽ ʝʢʦʩʠʩʪʝʤʠ. ɺʽʜʩʫʪʥʽʩʪʴ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ ʪʘ 

ʧʦʚʽʪʨʷ ʥʘ ʩʤʽʪʪʻʟʚʘʣʠʱʘʭ ʫʧʦʚʽʣʴʥʶʻ ʧʨʦʮʝʩ ʨʫʡʥʫʚʘʥʥʷ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʱʝ ʛʽʨʰʠʤ. [5] 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ, ʽ ʚʦʜʥʦʯʘʩ ʥʘʡʙʽʣʴʰ ʪʦʢʩʠʯʥʠʤ ʟʘʙʨʫʜʥʠʢʦʤ ʻ ʩʠʥʪʝʪʠʯʥʠʡ 

ʪʝʢʩʪʠʣʴ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʟ ʥʘʬʪʠ, ʘ ʪʘʢʦʞ ʤʽʢʨʦʬʽʙʨʘ. ʇʨʠ ʧʨʘʥʥʽ ʚ ʧʨʘʣʴʥʽʡ ʤʘʰʠʥʮʽ ʥʘ 

https://eeb.org/ample-land-for-sustainable-renewables-expansion-in-europe-new-study-reveals/
https://eeb.org/ample-land-for-sustainable-renewables-expansion-in-europe-new-study-reveals/
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https://doi.org/10.3390/su14106077
https://doi.org/10.22219/kinetik.v6i1.1148
https://doi.org/10.1016/j.xinn.2025.100987
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ʢʦʞʝʥ ʢʽʣʦʛʨʘʤ ʚʠʧʨʘʥʦʛʦ ʪʝʢʩʪʠʣʶ ʨʘʟʦʤ ʟʽ ʩʪʽʯʥʠʤʠ ʚʦʜʘʤʠ ʚʠʢʠʜʘʻʪʴʩʷ ʚʽʜ 11 ʜʦ 63 ʤʛ 

ʤʽʢʨʦʬʽʙʨʠ, ʽ ʚʽʜ 20 ʜʦ 800 ʤʛ ʧʦʣʽʻʩʪʝʨʫ.  [5] 

ʉʚʽʜʦʤʝ ʩʧʦʞʠʚʘʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ 

ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʦʜʷʛʫ. ɿʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʠʜʙʘʥʦʛʦ ʦʜʷʛʫ, ʩʚʽʜʦʤʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʚʽʜʤʦʚʘ ʚʽʜ ʢʦʥʮʝʧʮʽʾ ʰʚʠʜʢʦʾ ʤʦʜʠ ʤʦʞʝ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʷʢ ʢʽʣʴʢʽʩʪʴ ʦʜʷʛʫ ʥʘ 

ʟʚʘʣʠʱʘʭ, ʘ ʷʢ ʥʘʩʣʽʜʦʢ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʥʫʪʦʛʦ ʚ ʚʦʜʦʡʤʠ ʪʘ ˇʨʫʥʪʠ ʟʘʙʨʫʜʥʝʥʴ. ʊʘʢʦʞ 

ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʚʣʝʥʥʷ ʜʦ ʦʜʷʛʫ ʤʦʞʝ ʙʫʪʠ ʚʠʙʽʨ ʥʘʪʫʨʘʣʴʥʠʭ ʪʢʘʥʠʥ ʜʣʷ 

ʧʦʰʠʪʪʷ ʦʜʷʛʫ ʪʘ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʪʝʢʩʪʠʣʶ. ʍʦʯʘ ʚ ʮʴʦʛʦ ʻ ʤʽʥʫʩʠ, ʪʘʢʽ ʷʢ ʚʝʣʠʢʘ ʧʣʦʱʘ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ, ʚʦʜʠ ʪʘ ʽʥʰʠʭ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʣʷ 

ʚʠʨʦʱʫʚʘʥʥʷ ʙʘʚʦʚʥʠ ʪʘ ʣʴʦʥʫ, ʙʽʣʴʰʘ ʚʘʨʪʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʰʪʫʯʥʠʤʠ ʪʢʘʥʠʥʘʤʠ. ɿʘʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʣʘʩʪʠʢʫ ʫ ʩʪʽʯʥʽ ʚʦʜʠ ʚʘʨʪʦ ʩʪʘʚʠʪʠ ʬʽʣʴʪʨʠ ʥʘ ʟʣʠʚʠ ʧʨʘʣʴʥʠʭ ʤʘʰʠʥ 

ʘʙʦ ʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʧʨʘʥʥʽ ʤʽʰʢʠ ʜʣʷ ʦʜʷʛʫ. 

ʊʘʢ ʷʢ ʦʜʷʛ ʥʘ ʟʚʘʣʠʱʘʭ ʤʦʞʝ ʣʝʞʘʪʠ ʥʝʡʤʦʚʽʨʥʦ ʜʦʚʛʠʡ ʯʘʩ, ʘ ʰʪʫʯʥʽ ʪʢʘʥʠʥʠ 

ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʩʪʦʣʽʪʪʷʤʠ (ʰʪʫʯʥʽ ʪʢʘʥʠʥʠ ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʚʽʜ 20 ʜʦ 200 ʨʦʢʽʚ) ʚʘʨʪʦ ʥʝ 

ʪʽʣʴʢʠ ʟʤʝʥʰʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʠʪʠ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʽʢʠ ʧʝʨʝʨʦʙʢʠ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʪʢʘʥʠʥ, ʷʢʱʦ ʮʝ ʤʦʞʣʠʚʦ. ɼʣʷ ʧʝʨʝʨʦʙʢʠ ʥʝʥʘʪʫʨʘʣʴʥʠʭ ʪʢʘʥʠʥ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ ʤʝʪʦʜʠ ʷʢ: 

- ʄʝʭʘʥʽʯʥʘ ʧʝʨʝʨʦʙʢʘ ï ʧʦʜʨʽʙʥʝʥʥʷ ʪʢʘʥʠʥʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʧʣʝʪʽʥʥʷ ʫ ʥʦʚʽ 

ʪʢʘʥʠʥʠ, ʘʙʦ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʥʘʧʦʚʥʶʚʘʯʘ.  

- ʍʽʤʽʯʥʘ ʧʝʨʝʨʦʙʢʘ ï ʨʦʟʱʝʧʣʝʥʥʷ ʧʦʣʽʤʝʨʽʚ ʜʣʷ ʩʠʥʪʝʟʫ ʾʭ ʫ ʥʦʚʽ ʪʢʘʥʠʥʠ. ɸʣʝ ʮʝʡ 

ʩʧʦʩʽʙ ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʠʭ ʜʦʤʽʰʦʢ ʪʘ ʨʦʟʯʠʥʥʠʢʽʚ, ʪʦʞ ʮʝʡ ʩʧʦʩʽʙ ʥʝ ʻ 

ʧʦʚʥʽʩʪʶ ʝʢʦʣʦʛʽʯʥʠʤ. 

- ʊʘʢʦʞ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʙʘʛʘʪʦʨʘʟʦʚʦ 

ʧʝʨʝʨʦʙʣʷʪʠ ʰʪʫʯʥʽ ʪʢʘʥʠʥʠ. 

ʇʝʨʝʨʦʙʢʘ ʟʤʽʰʘʥʠʭ ʪʢʘʥʠʥ ʻ ʩʢʣʘʜʥʽʰʦʶ, ʪʘʢ ʷʢ ʰʪʫʯʥʽ ʚʦʣʦʢʥʘ ʟʤʽʰʘʥʽ ʟ 

ʥʘʪʫʨʘʣʴʥʠʤʠ, ʱʦ ʟʘʚʘʞʘʻ ʧʦʚʥʦʤʫ ʭʽʤʽʯʥʦʤʫ ʨʦʟʱʝʧʣʝʥʥʶ. ɸʣʝ ʽ ʜʣʷ ʮʴʦʛʦ ʻ ʨʽʰʝʥʥʷ ï 

ʜʝʷʢʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʢʣʘʜʘʪʠ ʧʝʚʥʽ ʚʦʣʦʢʥʘ, ʧʨʠ ʮʴʦʤʫ ʥʝ ʧʦʰʢʦʜʞʫʶʯʠ ʽʥʰʽ, 

ʷʢʽ ʤʦʞʥʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʘʪʠ ʧʦʚʪʦʨʥʦ, ʽʥʰʽ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʜʽʣʷʪʠ ʚʦʣʦʢʥʘ ʥʘ 

ʧʦʣʽʤʝʨʠ ʪʘ ʤʦʥʦʤʝʨʠ, ʷʢʽ ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʧʦʚʪʦʨʥʦ. ɸʣʝ ʝʢʦʥʦʤʽʯʥʘ ʜʦʮʽʣʴʥʽʩʪʴ 

ʧʝʨʝʨʦʙʢʠ ʪʘʢʠʭ ʪʢʘʥʠʥ ʯʘʩʪʦ ʥʠʞʯʘ, ʥʽʞ ʜʣʷ ʤʦʥʦʤʘʪʝʨʽʘʣʽʚ ð ʩʧʝʮʽʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ, 

ʭʽʤʽʢʘʪʠ ʽ ʩʦʨʪʫʚʘʥʥʷ ð ʚʩʝ ʮʝ ʨʦʙʠʪʴ ʧʨʦʮʝʩ ʜʦʨʦʛʠʤ ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʠʤ. ɸʣʝ ʦʢʨʽʤ 

ʧʦʚʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʦʜʷʛ, ʚʦʥʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʥʘʧʦʚʥʝʥʥʷ 

ʪʝʢʩʪʠʣʶ, ʘ ʪʘʢʦʞ ʩʣʫʛʫʚʘʪʠ ʽʟʦʣʷʮʽʻʶ ʘʙʦ ʫʪʝʧʣʝʥʥʷʤ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ. 

ɺʘʨʪʦ ʪʘʢʦʞ ʧʨʦʩʫʚʘʪʠ ʢʫʣʴʪʫʨʫ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʯʝʡ. ʅʘʨʘʟʽ ʧʦʧʫʣʷʨʥʦʶ 

ʻ ʢʫʣʴʪʫʨʘ ʧʝʨʝʰʠʚʘʥʥʷ ʩʪʘʨʠʭ ʨʝʯʝʡ ʫ ʥʦʚʽ, ʧʦʢʨʘʱʝʥʥʷ ʩʪʘʨʠʭ ʧʦʥʦʰʝʥʠʭ ʨʝʯʝʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʜʝʢʦʨʫ, ʱʦ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʥʫʪʦʛʦ ʦʜʷʛʫ.  

ʆʪʞʝ, ʥʘʜʤʽʨʥʝ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʡ ʩʧʦʞʠʚʘʥʥʷ ʦʜʷʛʫ ʻ ʚʘʛʦʤʦʶ 

ʧʨʠʯʠʥʦʶ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʆʢʨʽʤ ʥʘʜʤʽʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʪʘʢʦʞ ʙʘʛʘʪʦ ʨʝʩʫʨʩʽʚ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʝʨʝʨʦʙʢʫ, ʘ 

ʧʦʢʠʥʫʪʽ ʥʘ ʟʚʘʣʠʱʘʭ ʨʝʯʽ ʟʘʚʜʘʶʪʴ ʚʝʣʠʢʫ ʰʢʦʜʫ ʥʘʚʢʦʣʠʰʥʽʤ ˇʨʫʥʪʘʤ ʪʘ ʚʦʜʦʡʤʘʤ. 

ɺʘʨʪʦ ʟʙʽʣʴʰʠʪʠ ʝʢʦʣʦʛʽʯʥʫ ʩʚʽʜʦʤʽʩʪʴ ʩʫʩʧʽʣʴʩʪʚʘ, ʘʙʠ ʟʘʧʦʙʽʛʪʠ ʚʠʢʠʜʘʥʥʶ ʦʜʷʛʫ ʥʘ 

ʟʚʘʣʠʱʘ, ʘ ʥʘʜʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʜʘʪʠ ʥʦʚʝ ʞʠʪʪʷ ʩʪʘʨʠʤ ʨʝʯʘʤ. 
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ʆʎɯʅʂɸ ʃɸʅɼʐɸʌʊɯɺ ɼʅɯʉʊʈʆɺʉʔʂʆɻʆ ʂɸʅʔʁʆʅʋ ɼʃʗ ɺʀɿʅɸʏɽʅʅʗ 

ɿɸʃɽɾʅʆʉʊɯ ɿɸʃʗɻɸʅʅʗ ɿɸɹʈʋɼʅʖʖʏʀʍ ʈɽʏʆɺʀʅ ɿɻɯɼʅʆ ʈɽʃʔɭʌʋ 

 

ʈʝʰʽʪʥʠʢ ɸʥʛʝʣʽʥʘ ʈʦʤʘʥʽʚʥʘ, ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ ɽʂʆ-23-1 

ɼʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ɿʦʨʽʥ ɼʝʥʠʩ ʆʣʝʢʩʽʡʦʚʠʯ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ɼʥʽʩʪʨʦʚʩʴʢʠʡ ʢʘʥʴʡʦʥ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʮʽʥʥʽʰʠʭ ʧʨʠʨʦʜʥʠʭ ʪʝʨʠʪʦʨʽʡ ʋʢʨʘʾʥʠ, ʱʦ 

ʧʦʻʜʥʫʻ ʫʥʽʢʘʣʴʥʽ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ, ʢʣʽʤʘʪʠʯʥʽ ʪʘ ʙʽʦʪʠʯʥʽ ʫʤʦʚʠ. ʃʘʥʜʰʘʬʪʥʘ ʩʪʨʫʢʪʫʨʘ 

ʪʝʨʠʪʦʨʽʾ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʣʠʙʦʢʦ ʚʨʽʟʘʥʦʶ ʜʦʣʠʥʦʶ ʨʽʯʢʠ, ʩʪʨʽʤʢʠʤʠ ʩʭʠʣʘʤʠ, ʷʨʫʞʥʦ-

ʙʘʣʢʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ ʧʨʠʣʝʛʣʠʤʠ ʚʠʩʦʢʠʤʠ ʧʣʘʪʦ (ʨʠʩ. 1), ʬʦʨʤʫʻ ʩʢʣʘʜʥʫ ʩʠʩʪʝʤʫ 

ʣʦʢʘʣʴʥʦʾ ʮʠʨʢʫʣʷʮʽʾ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʟʘʣʷʛʘʥʥʷ 

ʘʪʤʦʩʬʝʨʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ. ʊʘʢʽ ʝʣʝʤʝʥʪʠ ʨʝʣʴʻʬʫ, ʷʢ ʫʣʦʛʦʚʠʥʠ ʪʘ ʜʥʠʱʝ ʢʘʥʴʡʦʥʫ, 

ʬʫʥʢʮʽʦʥʫʶʪʴ ʷʢ ʧʨʠʨʦʜʥʽ çʧʘʩʪʢʠè, ʜʝ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʽ ʯʘʩʪʠʥʢʠ, ʚʘʞʢʽ 

ʤʝʪʘʣʠ ʪʘ ʛʘʟʦʧʦʜʽʙʥʽ ʩʧʦʣʫʢʠ. ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʠʣʫ, ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ 

(CO), ʦʢʩʠʜʽʚ ʩʽʨʢʠ (SO ) ʪʘ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʟʦʢʨʝʤʘ ʤʽʜʽ (Cu). 

 

ʈʠʩʫʥʦʢ 1. ʃʘʥʜʰʘʬʪʥʘ ʢʘʨʪʘ ɼʥʽʩʪʨʦʚʩʴʢʦʛʦ ʢʘʥʴʡʦʥʫ 

 

ʇʦʙʫʜʦʚʘʥʽ 3D-ʤʦʜʝʣʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʮʠʭ ʨʝʯʦʚʠʥ ʟʘʩʚʽʜʯʫʶʪʴ, ʱʦ ʥʘʡʚʠʱʽ 

ʾʭʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʦʢʘʣʽʟʦʚʘʥʽ ʚ ʥʘʡʙʽʣʴʰ ʟʥʠʞʝʥʠʭ ʝʣʝʤʝʥʪʘʭ ʨʝʣʴʻʬʫ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʥʘ ʨʠʩʫʥʢʫ 2 (ʘ, ʙ). ɻʘʟʦʧʦʜʽʙʥʽ ʩʧʦʣʫʢʠ, ʪʘʢʽ ʷʢ CO ʪʘ SO , ʥʘʢʦʧʠʯʫʶʪʴʩʷ 

ʚ ʜʦʣʠʥʽ, ʦʩʢʽʣʴʢʠ ʩʪʨʽʤʢʽ ʩʭʠʣʠ ʦʙʤʝʞʫʶʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʚʽʪʨʷ, 

ʫʩʢʣʘʜʥʶʶʯʠ ʧʨʠʨʦʜʥʝ ʨʦʟʩʽʶʚʘʥʥʷ. 

 

 

 

 

https://en.wikipedia.org/wiki/Environmental_impact_of_fashion
https://knowingfabric.com/what-happens-to-clothes-in-landfills/#:~:text


  
                                                                                                                                                         

 

 

ʈʝʛʽʦʥʘʣʴʥʘ ʢʦʥʬʝʨʝʥʮʽʷ òʄʦʣʦʜʽʞʥʠʡ ʝʢʦʛʝʦʬʦʨʫʤ - 2025ñ 
19-20 

͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2. 3D ʤʦʜʝʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʠʣʫ (ʘ) ʪʘ ʢʠʩʥʶ (ʙ) 

 

ʅʘ 3D-ʤʦʜʝʣʽ ʧʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʠʩʫʥʦʢ 2 (ʘ) ʯʽʪʢʦ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʟʥʘʯʥʝ 

ʧʝʨʝʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʫ ʥʘʡʛʣʠʙʰʠʭ ʫʣʦʛʦʚʠʥʘʭ ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʭʠʣʘʤʠ ʪʘ ʧʣʘʪʦ, ʱʦ 

ʟʫʤʦʚʣʶʻ ʣʦʢʘʣʴʥʽ ʧʝʨʝʚʠʱʝʥʥʷ ɻɼʂ. 

  

ʘ ʙ 

 

ʈʠʩʫʥʦʢ 3. 3D ʤʦʜʝʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ CO (ʘ) ʪʘ ʉʇɿ(ʙ) 

 

ɸʥʘʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʜʣʷ CO ʪʘ ʉʇɿ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩʫʥʢʫ 3 

(ʘ, ʙ), ʜʝ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʧʽʢʠ ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʫ ʟʥʠʞʝʥʠʭ ʜʽʣʷʥʢʘʭ ʨʝʣʴʻʬʫ. ɺʠʷʚʣʝʥʠʡ 

ʝʬʝʢʪ çʧʘʩʪʢʠè ʧʽʜʩʠʣʶʻʪʴʩʷ ʩʫʯʘʩʥʠʤʠ ʢʣʽʤʘʪʠʯʥʠʤʠ ʟʤʽʥʘʤʠ, ʷʢʽ ʦʩʪʘʥʥʽʤʠ 

ʜʝʩʷʪʠʣʽʪʪʷʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʩʝʨʝʜʥʴʦʨʽʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ: ʫ ʏʝʨʥʽʚʝʮʴʢʽʡ 

ʦʙʣʘʩʪʽ ʟ 9,4 ÁC ʜʦ 12,8 ÁC ʫ ʧʝʨʽʦʜ 2005ï2022 ʨʨ., ʘ ʚ ʊʝʨʥʦʧʽʣʴʩʴʢʽʡ ð ʽʟ 7,5 ÁC ʫ 2006 ʨ. 

ʜʦ 12,3 ÁC ʫ 2024 ʨ. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʨʠʯʠʥʷʻ ʯʘʩʪʽʰʝ ʚʠʥʠʢʥʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽʥʚʝʨʩʽʡ, ʢʦʣʠ ʪʝʧʣʽʰʽ ʧʦʚʽʪʨʷʥʽ ʤʘʩʠ ʧʝʨʝʢʨʠʚʘʶʪʴ ʭʦʣʦʜʥʽʰʽ ʰʘʨʠ, 

ʽʩʪʦʪʥʦ ʦʙʤʝʞʫʶʯʠ ʚʝʨʪʠʢʘʣʴʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʘʪʤʦʩʬʝʨʠ. ʉʢʦʨʦʯʝʥʥʷ ʧʝʨʽʦʜʫ ʟʘʣʷʛʘʥʥʷ 

ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʚʠʩʦʪʠ ð ʟ 30 ʩʤ ʫ 2012ï2013 ʨʨ. ʜʦ 3ï4 ʩʤ ʫ 2015 ʪʘ 

2020 ʨʨ. ð ʧʦʩʣʘʙʣʶʻ ʧʨʠʨʦʜʥʠʡ ʤʝʭʘʥʽʟʤ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ, ʱʦ ʩʧʨʠʷʻ ʧʦʚʪʦʨʥʦʤʫ 

ʧʽʜʥʷʪʪʶ ʧʠʣʦʚʠʭ ʯʘʩʪʦʢ ʟ ˇʨʫʥʪʫ ʽ ʨʦʩʣʠʥʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ 

ʧʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʢʦʨʝʣʶʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʫʤʘʨʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʟʘʙʨʫʜʥʝʥʥʷ: ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʧʠʣʫ 0,05ï0,09 ʤʛ/ʤį ʉʇɿ ʩʷʛʘʻ 300ï900 ʦʜʠʥʠʮʴ, ʘ ʟʘ ʧʦʻʜʥʘʥʥʷ ʟ ʚʠʩʦʢʠʤʠ 

ʨʽʚʥʷʤʠ CO ʪʘ SO  ʧʝʨʝʚʠʱʫʻ 1000ï1600.  

ʆʪʞʝ, ɼʥʽʩʪʨʦʚʩʴʢʠʡ ʢʘʥʴʡʦʥ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʮʽʥʥʦʶ ʧʨʠʨʦʜʥʦʶ ʪʝʨʠʪʦʨʽʻʶ ʋʢʨʘʾʥʠ 

ʟʽ ʩʚʦʾʤʠ ʦʩʦʙʣʠʚʠʤʠ ʤʽʢʨʦʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ. ɻʣʠʙʦʢʽ ʫʛʦʣʦʚʠʥʠ ʥʘ ʜʘʥʽʡ ʪʝʨʠʪʦʨʽʾ 

ʩʧʨʠʷʶʪʴ ʥʘʢʦʧʠʯʝʥʥʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʝʯʦʚʠʥ, ʩʪʚʦʨʠʚʰʠ 3D ʤʦʜʝʣʽ ʜʣʷ ʪʘʢʠʭ ʨʝʯʦʚʠʥ ʷʢ: 

ʧʠʣ, ʦʢʩʠʜ ʚʫʛʣʝʮʶ (CO), ʦʢʩʠʜʠ ʩʽʨʢʠ (SO) ʤʠ ʤʦʛʣʠ ʚ ʮʴʦʤʫ ʚʧʝʚʥʠʪʠʩʴ. ʊʘʢʦʞ ʚʘʨʪʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʫʯʘʩʥʽ ʢʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ ʟʦʢʨʝʤʘ, ʧʽʜʚʠʱʝʥʥʷ ʩʝʨʝʜʥʴʦʨʽʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʩʢʦʨʦʯʝʥʥʷ ʧʝʨʽʦʜʫ ʟʘʣʷʛʘʥʥʷ ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʠʚʫ ʧʦʩʠʣʶʶʪʴ ʝʬʝʢʪ ʪʘʢ ʟʚʘʥʦʾ çʧʘʩʪʢʠè. 

 

 

 

ʘ ʙ 
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ʉʫʢʫʧʥʽʩʪʴ ʮʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʧʨʠʨʦʜʥʦʛʦ ʦʯʠʱʝʥʥʷ 

ʘʪʤʦʩʬʝʨʠ ʪʘ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʤʦʞʝ 

ʤʘʪʠ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʝʢʦʩʠʩʪʝʤ ʪʘ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʜʘʥʦʤʫ ʨʝʛʽʦʥʽ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1. ɿʦʨʽʥ ɼ.ʆ. ɽʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ɼʥʽʩʪʨʦʚʩʴʢʦʛʦ ʢʘʥʴʡʦʥʫ // ʄʘʪʝʨʽʘʣʠ 

ʍ ʟôʾʟʜʫ ʋʢʨʘʾʥʩʴʢʦʛʦ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ. ï ʂʠʾʚ, 2008. ï ʊʦʤ ɯɯɯ. ï ʉ. 185-187. 

2. Valleys, R. S. (2007). ʈʽʯʢʦʚʽ ʜʦʣʠʥʠ 

3. ɿʦʨʽʥʘ ʅ. ʆ. ɺʠʟʥʘʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʪʝʨʠʪʦʨʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
ʢʦʤʧ'ʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

 

ɼʆʅʅɯ ɺɯɼʂʃɸɼʀ ʗʂ ɯʅʌʆʈʄɸʎɯʁʅʀʁ ʇʆʂɸɿʅʀʂ  

ʇʆʊɽʅʎɯʁʅʆɻʆ ɽʂʆʃʆɻɯʏʅʆɻʆ ʈʀɿʀʂʋ ʊɽʍʅʆɻɽʅʅʆɻʆ 

ʅɸɺɸʅʊɸɾɽʅʅʗ ʅɸ ɺʆɼʅʀʁ ʆɹôɭʂʊ 

 

ʈʠʯʘʢ ʊʘʨʘʩ ʃʴʚʦʚʠʯ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ  

ʇʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ɸʨʭʠʧʦʚʘ ʃʶʜʤʠʣʘ ʄʠʢʦʣʘʾʚʥʘ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʚʥʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʚʢʽʣʣʷ ʦʩʦʙʣʠʚʦʛʦ 

ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʦʮʽʥʢʘ ʩʘʥʫ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ. ɼʦʥʥʽ ʚʽʜʢʣʘʜʠ ʻ ʧʨʠʨʦʜʥʠʤ ʘʢʫʤʫʣʷʪʦʨʦʤ 

ʟʘʙʨʫʜʥʶʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʪʨʠʚʘʣʠʡ ʚʧʣʠʚ ʪʝʭʥʦʛʝʥʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ 

ʯʠʥʥʠʢʽʚ ʥʘ ʚʦʜʥʽ ʦʙôʻʢʪʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʾʭʥʴʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʜʞʝʨʝʣʘ 

ʪʘ ʤʘʩʰʪʘʙʠ ʟʘʙʨʫʜʥʝʥʥʷ, ʘ ʪʘʢʦʞ ʦʮʽʥʠʪʠ ʧʦʪʝʥʮʽʡʥʽ ʝʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ ʜʣʷ ʷʢʦʩʪʽ ʚʦʜʠ. ɿʘ 

ʄ. ʈʦʤʘʩʴ (2001) ʚʘʞʢʽ ʤʝʪʘʣʠ (ʚʤ) ʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʘʭ ʚʦʜʥʠʭ ʦʙ`ʻʢʪʽʚ ʤʽʩʪʷʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʧʨʘʢʪʠʯʥʦ ʥʝʨʦʟʯʠʥʥʠʭ ʩʧʦʣʫʢ, ʱʦ ʚʠʢʣʶʯʘʻ ʟʘ ʩʫʯʘʩʥʠʭ ʫʤʦʚ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ʧʨʠ ʾʭ 

ʨʝʤʦʙʽʣʽʟʘʮʽʾ ʽʟ ʮʠʭ ʚʽʜʢʣʘʜʽʚ. ʇʨʦʮʝʩʠ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʶʪʴ ʜʝʪʦʢʩʠʢʘʮʽʾ ʤʝʪʘʣʽʚ ʫ 

ʚʦʜʦʡʤʘʭ, ʧʦʚ`ʷʟʘʥʽ ʽʟ ʾʭ ʩʧʦʣʫʯʝʥʥʷʤ ʫ ʢʦʤʧʣʝʢʩʠ ʽʟ ʨʦʟʯʠʥʝʥʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ ʪʘ ʘʜʩʦʨʙʮʽʻʶ ʥʘ ʟʘʚʠʩʣʠʭ ʛʣʠʥʠʩʪʠʭ ʯʘʩʪʢʘʭ, ʘ ʥʘʜʘʣʽ ï ʽʟ ʩʝʜʠʤʝʥʪʘʮʽʻʶ ʪʘ 

ʟʘʭʦʨʦʥʝʥʥʷʤ ʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʘʭ [1]. ɺ. ɺʘʩʝʥʢʦ ʪʘ ʽʥ. (2008) ʚʚʘʞʘʶʪʴ, ʱʦ ʧʦʢʘʟʥʠʢʠ 

ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʜʦʟʚʦʣʷʶʪʴ ʙʽʣʴʰ ʘʜʝʢʚʘʪʥʦ ʚʠʟʥʘʯʠʪʠ ʝʢʦʣʦʛʽʯʥʠʡ ʨʠʟʠʢ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʦʜʥʠʡ ʦʙôʻʢʪ. ʉʘʤʝ ʜʦʥʥʽ ʚʽʜʢʣʘʜʠ ʻ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʛʽʜʨʦʝʢʦʩʠʩʪʝʤʠ, ʷʢʠʡ ʧʦʚôʷʟʘʥʠʡ ʟ ʦʩʥʦʚʥʠʤʠ ʮʠʢʣʘʤʠ ʢʦʣʦʦʙʽʛʫ ʨʝʯʦʚʠʥ ʡ ʝʥʝʨʛʽʾ ʪʘ 

ʤʦʞʝ ʙʫʪʠ ʜʞʝʨʝʣʦʤ ʚʪʦʨʠʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʦʡʤʠ. ɼʣʷ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʚʦʜʥʠʭ 

ʦʙôʻʢʪʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʚʧʣʠʚʫ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʚʠʩʦʢʠʤ ʨʠʟʠʢʦʤ ʻ 

ʥʘʢʦʧʠʯʝʥʥʷ ʚʤ [1,2]. ʊʦʤʫ ʘʥʘʣʽʟ ʚʤʽʩʪʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʻ ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʩʪʘʥʫ 

ʜʦʚʢʽʣʣʷ ʪʘ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ.  
ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʚʦʜʦʡʤʠ - ʦʭʦʣʦʜʞʫʚʘʯʘ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙʦʨʦʪʥʦʾ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʪʘ 

ʜʦʜʘʪʢʦʚʦ ʟʘʟʥʘʻ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ (ʨʠʙʥʠʮʪʚʦ, ʨʝʢʨʝʘʮʽʡʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʛʦʩʧʦʜʘʨʩʴʢʽ ʩʪʽʯʥʽ ʚʦʜʠ, ʪʦʱʦ) ʥʘ ʚʤʽʩʪ ʚʤ ʫ ʩʠʩʪʝʤʽ çʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ - 

ʜʦʥʥʽ ʚʽʜʢʣʘʜʠè  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʴ - ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʾʭ ʩʧʦʣʫʢ ʫ ʧʦʚʝʨʭʥʝʚʠʭ 

ʚʦʜʘʭ ʪʘ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʘʭ. 

ʇʨʦʚʝʜʝʥʽ ʧʦʣʴʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʽ ʾʭ 

ʧʦʪʝʥʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʚʦʜʥʽ ʤʘʩʠ. ɹʫʣʠ ʚʽʜʽʙʨʘʥʽ ʧʨʦʙʠ ʚʦʜʠ ʪʘ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʘʭ ʥʘ 7 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʩʪʚʦʨʘʭ. ʇʦʣʴʦʚʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʙʫʣʘ ʦʭʦʧʣʝʥʘ ʚʦʜʥʘ ʩʠʩʪʝʤʘ: ʨ. 

ɻʥʠʣʘ ʃʠʧʘˈɹʫʨʰʪʠʥʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝˈʨ. ɻʥʠʣʘ ʃʠʧʘˈʨ. ɼʥʽʩʪʝʨ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʫ ʧʝʨʽʦʜ ʣʽʪʥʴʦʾ ʤʝʞʝʥʽ 2025 ʨʦʢʫ. ʃʘʙʦʨʘʪʦʨʥʠʡ ʘʥʘʣʽʟ ʚʤʽʩʪʫ ʭʽʤʽʯʥʠʭ 

ʩʧʦʣʫʢ ʧʨʦʚʝʜʝʥʦ ʫ ʥʘʚʯʘʣʴʥʦ-ʜʦʩʣʽʜʥʠʮʴʢʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʘʥʘʣʽʪʠʯʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺ.ʅ. ʂʘʨʘʟʽʥʘ (ʇʨʦʪʦʢʦʣ ˉ 

2224-30 ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʙ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ; ʇʨʦʪʦʢʦʣ ˉ2208-2214 ɼʦʩʣʽʜʞʝʥʥʷ ʚʦʜʠ).  
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2025 ͪͦͯ͟ 

 
ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʣʘ ʫ ʥʘʩʪʫʧʥʦʤʫ: ʚʽʜʙʽʨ ʧʨʦʙ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ  ʪʘ ʧʨʦʙ 

ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʥʘ ʚʠʟʥʘʯʝʥʠʭ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʩʪʚʦʨʘʭ ʨ. ɻʥʠʣʘ ʃʠʧʘ, ɹʫʨʰʪʠʥʩʴʢʝ 

ʚʦʜʦʩʭʦʚʠʱʝ, ʨ. ɼʥʽʩʪʝʨ; ʘʥʘʣʽʟʫ ʚʤʽʩʪʫ ʛʽʜʨʦʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʩʦʣʝʡ ʚʤ ʫ ʚʽʜʽʙʨʘʥʠʭ 

ʧʨʦʙʘʭ ʚʦʜʠ ʪʘ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʘʭ. 

ʉʝʨʝʜ ʧʦʢʘʟʥʠʢʽʚ ʷʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʢʦʝʬʽʮʽʻʥʪ 

ʥʘʢʦʧʠʯʝʥʥʷ (ʜʦʥʥʦʾ ʘʢʫʤʫʣʷʮʽʾ) ʚʤ (ʂɼɸ) ʪʘ ʽʥʜʝʢʩ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ (ɯɿɼ) 

[2]. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʙʫʣʦ ʦʙʯʠʩʣʝʥʦ ʂɼɸ ʚʤ ʪʘ ʚʠʟʥʘʯʝʥʦ ɯɿɼ ʥʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʩʪʚʦʨʘʭ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

ʂɼɸ ʚʤ, ʟʘ [2], ʨʦʟʨʘʭʦʚʘʥʠʡ, ʷʢ: 

ʂɼɸ = 
ʚ

ʜ

ʉ

ʉ
,           (1) 

ʜʝ: ʉʚ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʣʽʚ ʫ ʚʦʜʽ, ʤʛ/ʜʤ
3. 

ʉʜ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʣʽʚ ʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʘʭ, ʤʛ/ʜʤ
3.  

 

ɯɿɼ, ʟʘ [2], ʙʫʚ ʨʦʟʨʘʭʦʚʘʥʠʡ, ʷʢ: 

ɯɿɼ= 
3

/)/(/)/(/ ä ä++ ʄʩ

ʽ

ʄʩ

ʽ

ʄʩʭʦʧ

ʽ

ʭʦʧ

ʽ

ʭʦʧʥʧʥʧ nʉʍʂʉnʉʍʂʉʉʍʂC
,  (2) 

ʜʝ: ʉʥʧ/ʉʍʂʥʧ ï ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʜʦ ʾʭ ʩʝʨʝʜʥʴʦʾ ʭʘʨʘʢʪʝʨʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʠʧʫ ʚʽʜʢʣʘʜʽʚ;  

äʉʽʭʦʧ/ʉʍʂʽʭʦʧ ï ʩʫʤʘ ʚʽʜʥʦʰʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʥʘʡʜʝʥʠʭ ʧʝʩʪʠʮʠʜʽʚ ʜʦ ʾʭ ʩʝʨʝʜʥʽʭ 

ʭʘʨʘʢʪʝʨʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʠʧʫ ʚʽʜʢʣʘʜʽʚ;  

äʉʽʄʩ/ ʉʍʂʽ
ʄʩ ï ʩʫʤʘ ʚʽʜʥʦʰʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʥʘʡʜʝʥʠʭ ʤʝʪʘʣʽʚ ʜʦ ʾʭ ʩʝʨʝʜʥʽʭ 

ʭʘʨʘʢʪʝʨʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʠʧʫ ʚʽʜʢʣʘʜʽʚ. 

ɹʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʂɼɸ ʜʣʷ ʟʘʣʽʟʘ, ʮʠʥʢʫ, ʤʽʜʽ, ʭʨʦʤʫ, ʢʘʜʤʽʶ (ʚʘʣʦʚʘ ʬʦʨʤʘ). ɿʘ 

ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʡʥʠʞʯʠʡ ʚʤʽʩʪ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʫ ʧʽʱʘʥʠʭ ʚʽʜʢʣʘʜʘʭ, ʥʘʡʙʽʣʴʰʠʡ 

- ʫ ʤʫʣʠʩʪʠʭ. ʉʝʨʝʜ ʚʤ ʥʘʡʚʠʱʠʡ ʂɼɸ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʟʘʣʽʟʘ ʪʘ ʢʘʜʤʽʶ  ʥʘ ʩʪʚʦʨʘʭ 

ʜʦʩʣʽʜʞʝʥʥʷ: ɹʫʨʰʪʠʥʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ (ʣʽʚʠʡ ʙʝʨʝʛ), ʨ. ɻʥʠʣʘ ʃʠʧʘ (ʩ. ɹʦʚʰʽʚ).   

ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʂɼɸ ʤʽʜʽ (ʤʫʣʠʩʪʽ ʚʽʜʢʣʘʜʠ, 0,2 ï 1,3) ʚʢʘʟʫʶʪʴ ʥʘ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ 

ʥʘʢʦʧʠʯʝʥʥʷ ʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʘʭ. ʂɼɸ ʭʨʦʤʫ ʪʘ ʮʠʥʢʫ (ʤʫʣʠʩʪʽ ʚʽʜʢʣʘʜʠ, 1,0 ï 3,0)  

ʩʚʽʜʯʘʪʴ ʧʨʦ ʩʣʘʙʢʫ ʪʝʥʜʝʥʮʽʶ  ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʮʠʭ ʤʝʪʘʣʽʚ ʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʘʭ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʂɼɸ ʟʘʣʽʟʘ ʪʘ ʢʘʜʤʽʶ (ʤʫʣʠʩʪʽ ʚʽʜʢʣʘʜʠ, 3,5 ï 8,5) ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʠʨʘʞʝʥʫ 

ʧʦʤʽʨʥʫ ʪʝʥʜʝʥʮʽʶ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ, ʧʨʦʪʝ ʥʝ ʜʦʩʷʛʘʶʪʴ çʚʠʩʦʢʠʭè ʨʽʚʥʽʚ.  

ʈʦʟʨʘʭʦʚʘʥʽ ɯɿɼ ʟʘ ʚʤ (ʩʚʠʥʝʮʴ, ʢʘʜʤʽʡ, ʮʠʥʢ, ʤʽʜʴ ï ʚʘʣʦʚʘ ʬʦʨʤʘ, ʤʫʣʠʩʪʽ ʚʽʜʢʣʘʜʠ) 

ʪʘ ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ (ʚʤʽʩʪ ʧʝʩʪʠʮʠʜʽʚ ʥʝ ʚʠʟʥʘʯʠʚʩʷ). ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ɯɿɼ ʟʥʘʭʦʜʠʣʠʩʴ 

ʚ ʤʝʞʘʭ ʚʽʜ 0,3 ʜʦ 1,2. ʅʘʡʚʠʱʽ ʟʥʘʯʝʥʥʷ ɯɿɼ (1-1,2) ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʩʪʚʦʨʽʚ, ʜʝ 

ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʥʘʡʚʠʱʠʡ ʂɼɸ: ɹʫʨʰʪʠʥʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ, ʩʪʚʦʨ ʧʦʪʨʘʧʣʷʥʥʷ ʚʦʜ ʟ 

ʚʦʜʦʩʭʦʚʠʱʘ ʫ ʨ. ɻʥʠʣʘ ʃʠʧʘ (ʩ. ɹʦʚʰʽʚ). ʇʦʤʽʨʥʽ ʪʘ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ɯɿɼ (0,3-0,9) 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʩʪʚʦʨʽʚ ʨ. ɼʥʽʩʪʝʨ (ʤ. ɻʘʣʠʯ) ʪʘ ʩʪʚʦʨʽʚ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʨ. ɻʥʠʣʘ ʃʠʧʘ (ʩ. 

ɹʘʙʫʭʽʚ, ʩ. ʂʫʥʠʯʽ, ʩ. ʊʫʩʪʘʥʴ). 

ɼʦʥʥʽ ʚʽʜʢʣʘʜʠ ʚʠʩʪʫʧʘʶʪʴ ʯʫʪʣʠʚʠʤ ʽ ʥʘʜʽʡʥʠʤ ʽʥʜʠʢʘʪʦʨʦʤ ʧʦʪʝʥʮʽʡʥʦʛʦ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʦʜʥʠʡ ʦʙôʻʢʪ. ʋ ʜʦʩʣʽʜʞʝʥʠʭ ʩʝʤʠ 

ʩʪʚʦʨʘʭ, ʪʨʠ ʧʦʢʘʟʘʣʠ ʧʽʜʚʠʱʝʥʽ ʟʥʘʯʝʥʥʷ ʂɼɸ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʤʽʨʥʦ ʚʠʩʦʢʫ  ʟʜʘʪʥʽʩʪʴ 

ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʥʘʢʦʧʠʯʫʚʘʪʠ ʟʘʣʽʟʦ ʪʘ ʢʘʜʤʽʡ. ɺʦʜʥʦʯʘʩ, ɯɿɼ ʚʢʘʟʫʻ ʥʘ ʩʣʘʙʢʝ ʪʘ 

ʧʦʤʽʨʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʣʦʢʘʣʴʥʝ 

ʪʝʭʥʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʜʦʥʥʽ ʚʽʜʢʣʘʜʠ ʘʢʪʠʚʥʦ ʘʢʫʤʫʣʶʶʪʴ ʟʘʣʽʟʦ ʽ ʢʘʜʤʽʡ, 

ʧʨʦʪʝ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʥʠʟʴʢʠʤ (ʯʘʩʪʢʦʚʦ ʧʦʤʽʨʥʠʤ)., ʱʦ ʚʢʘʟʫʻ 

ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʛʣʷʥʫʪʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʙôʻʢʪʠʚʥʦʩʪʽ 

ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ. 
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ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʈʦʤʘʩʴ ʄ. ɯ. ɻʽʜʨʦʭʽʤʽʷ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʘʪʦʤʥʦʾ ʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ: ʤʦʥʦʛʨʘʬʽʷ. 

ïʂ., ɺʇʎ ʂʠʾʚʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 2002. 532 ʩ. 

2. ɺʘʩʝʥʢʦ ʆ. ɻ. ʈʦʟʰʠʨʝʥʥʷ ʧʝʨʝʣʽʢʫ ʧʦʢʘʟʥʠʢʽʚ ʝʢʦʣʦʛʽʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʷʢʦʩʪʽ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʋʢʨʘʾʥʠ/ ɺʘʩʝʥʢʦ ʆ. ɻ., ɺʝʨʥʠʯʝʥʢʦ ɻ. ɸ., ɺʝʨʥʠʯʝʥʢʦ-ʎʚʝʪʢʦʚ ɼ. ʖ., 

ʂʦʚʘʣʝʥʢʦ ʄ. ʉ // ʇʨʦʙʣʝʤʠ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ: ʟʙ. ʥʘʫʢ. ʧʨ./ʋʢʨʅɼɯɽʇ. ï ʍ.: ɺɼ çʈʘʡʜʝʨè, 2011. ï ʚʠʧ.ʍʍʍɯɯɯ. ï 

ʉ.33-47. 

 

ʄʆʅɯʊʆʈʀʅɻ ɿʄɯʅ ʊʀʇɯɺ ɽʂʆʉʀʉʊɽʄ ʊɽʈʀʊʆʈɯɰ ɼʅɯʉʊʈʆɺʉʔʂʆɻʆ 

ʈɽɻɯʆʅɸʃʔʅʆɻʆ ʃɸʅɼʐɸʌʊʅʆɻʆ ʇɸʈʂʋ  

ɿɸ ʇɽʈɯʆɼ 2001-2023 ʈʆʂɯɺ 

 

ʉʘʣʠʛʘ ɺʦʣʦʜʠʤʠʨ ɸʥʘʪʦʣʽʡʦʚʠʯ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ 

ʇʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ɸʨʭʠʧʦʚʘ ʃʶʜʤʠʣʘ ʄʠʢʦʣʘʾʚʥʘ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ʉʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʜʠʥʘʤʽʢʦʶ ʣʘʥʜʰʘʬʪʽʚ ʥʘ ʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʷʭ ʧʨʦʪʷʛʦʤ 

ʪʨʠʚʘʣʠʭ ʧʝʨʽʦʜʽʚ ʯʘʩʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʜʫʢʪʽʚ MODIS [1] ʟ ʢʣʘʩʠʬʽʢʘʮʽʻʶ IGBP 

(International Geosphere-Biosphere Programme) ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʠʧʠ ʝʢʦʩʠʩʪʝʤ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 500 ʤʝʪʨʽʚ [2]. 

ɼʥʽʩʪʨʦʚʩʴʢʠʡ ʨʝʛʽʦʥʘʣʴʥʠʡ ʣʘʥʜʰʘʬʪʥʠʡ ʧʘʨʢ ʦʭʦʧʣʶʻ ʚʝʨʭʽʚ'ʷ ʙʘʩʝʡʥʫ ʨʽʯʢʠ 

ɼʥʽʩʪʝʨ ʫ ʤʝʞʘʭ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʊʝʨʠʪʦʨʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʢʣʘʜʥʠʤ 

ʨʝʣʴʻʬʦʤ ʟ ʚʠʩʦʪʘʤʠ ʚʽʜ 150 ʜʦ 340 ʤʝʪʨʽʚ ʥʘʜ ʨʽʚʥʝʤ ʤʦʨʷ, ʤʦʟʘʾʯʥʠʤ ʧʦʻʜʥʘʥʥʷʤ ʣʽʩʦʚʠʭ 

ʤʘʩʠʚʽʚ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʪʘ ʧʨʠʨʦʜʥʠʭ ʣʫʢ (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1. ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ 
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ɼʣʷ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʣʝʢʮʽʶ MODIS/061/MCD12Q1 [1], ʷʢʘ ʥʘʜʘʻ ʛʣʦʙʘʣʴʥʽ 

ʪʠʧʠ ʝʢʦʩʠʩʪʝʤ ʟ ʽʥʪʝʨʚʘʣʦʤ ʚ ʦʜʠʥ ʨʽʢ ʪʘ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 500 ʤʝʪʨʽʚ. ʆʙʨʘʥʦ 

ʢʣʘʩʠʬʽʢʘʮʽʶ IGBP, ʱʦ ʚʢʣʶʯʘʻ 17 ʢʣʘʩʽʚ ʪʠʧʽʚ ʝʢʦʩʠʩʪʝʤ. ʆʙʨʦʙʢʫ ʜʘʥʠʭ ʚʠʢʦʥʘʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʣʘʪʬʦʨʤʠ Google Earth Engine ʪʘ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python ʟ 

ʙʽʙʣʽʦʪʝʢʘʤʠ ʜʣʷ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʘʥʘʣʽʟʫ. 

ʄʝʪʦʜʦʣʦʛʽʷ ʚʢʣʶʯʘʣʘ: 

ỏ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ ʟʘ 2001 ʪʘ 2023 ʨʦʢʠ; 

ỏ ʚʝʢʪʦʨʠʟʘʮʽʶ ʤʝʞ ɼʥʽʩʪʨʦʚʩʴʢʦʛʦ ʧʘʨʢʫ; 

ỏ ʦʙʯʠʩʣʝʥʥʷ ʧʣʦʱ ʢʦʞʥʦʛʦ ʪʠʧʫ ʝʢʦʩʠʩʪʝʤ; 

ỏ ʩʪʚʦʨʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʠʭ ʢʘʨʪ ʪʘ ʜʽʘʛʨʘʤ ʟʤʽʥ; 

ỏ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʣʘʥʜʰʘʬʪʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ɸʥʘʣʽʟ ʟʤʽʥ ʪʠʧʽʚ ʝʢʦʩʠʩʪʝʤ ʚʠʷʚʠʚ ʟʥʘʯʥʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʣʘʥʜʰʘʬʪʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʧʘʨʢʫ ʧʨʦʪʷʛʦʤ 22-ʨʽʯʥʦʛʦ ʧʝʨʽʦʜʫ (ʈʠʩ. 2, 3, 4). ʅʘʡʙʽʣʴʰ ʚʠʨʘʞʝʥʽ ʟʤʽʥʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʚ ʢʘʪʝʛʦʨʽʷʭ ʣʽʩʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ. 

 

 
ʈʠʩʫʥʦʢ 2. ʇʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʪʠʧʽʚ ʝʢʦʩʠʩʪʝʤ  

ʥʘ ʪʝʨʠʪʦʨʽʾ ɼʥʽʩʪʨʦʚʩʴʢʦʛʦ ʧʘʨʢʫ: 2001 ʨʽʢ 
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ʈʠʩʫʥʦʢ 3. ʇʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʪʠʧʽʚ ʝʢʦʩʠʩʪʝʤ  

ʥʘ ʪʝʨʠʪʦʨʽʾ ɼʥʽʩʪʨʦʚʩʴʢʦʛʦ ʧʘʨʢʫ: 2023 ʨʽʢ 

 

ʃʽʩʦʚʽ ʝʢʦʩʠʩʪʝʤʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʨʽʟʥʦʩʧʨʷʤʦʚʘʥʽ ʪʝʥʜʝʥʮʽʾ. ʇʣʦʱʘ ʰʠʨʦʢʦʣʠʩʪʷʥʠʭ 

ʣʽʩʽʚ ʟ ʚʠʩʦʢʦʶ ʛʫʩʪʦʪʦʶ (>60% ʧʦʢʨʠʚʫ) ʟʨʦʩʣʘ ʥʘ 5.52% (ʟ 19.2% ʜʦ 24.7% ʪʝʨʠʪʦʨʽʾ), ʱʦ 

ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʧʨʠʨʦʜʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʣʽʩʽʚ ʘʙʦ ʫʩʧʽʰʥʽ ʣʽʩʦʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʟʘʭʦʜʠ. 

ɺʦʜʥʦʯʘʩ ʚʽʜʙʫʣʦʩʷ ʩʢʦʨʦʯʝʥʥʷ ʣʽʩʦʚʦʛʦ ʧʦʢʨʠʚʫ ʩʝʨʝʜʥʴʦʾ (30-60%) ʪʘ ʥʠʟʴʢʦʾ (10-30%) 

ʛʫʩʪʦʪʠ ʥʘ 3.31% ʪʘ 9.00% ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʨʦʮʝʩʠ ʢʦʥʩʦʣʽʜʘʮʽʾ ʣʽʩʦʚʠʭ ʤʘʩʠʚʽʚ. 

ʉʣ̔ʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛʽʜʜʷ ʟʘʟʥʘʣʠ ʥʘʡʙʽʣʴʰʠʭ ʟʤʽʥ. ʇʣʦʱʘ ʦʨʥʠʭ ʟʝʤʝʣʴ 

ʟʙʽʣʴʰʠʣʘʩʷ ʥʘ 15.37% (ʟ 30.0% ʜʦ 45.3%), ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʘʛʨʘʨʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʉʫʪʪʻʚʠʤ ʻ ʩʢʦʨʦʯʝʥʥʷ ʤʦʟʘʾʯʥʠʭ ʫʛʽʜʴ ʟ ʧʨʠʨʦʜʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ ʥʘ 16.81% 

(ʟ 19.1% ʜʦ 2.3%), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʪʨʘʜʠʮʽʡʥʠʭ ʝʢʩʪʝʥʩʠʚʥʠʭ ʬʦʨʤ 

ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʚ ʽʥʪʝʥʩʠʚʥʽ ʤʦʥʦʢʫʣʴʪʫʨʠ. 

ʇʨʠʨʦʜʥʽ ʣʫʢʠ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʧʦʟʠʪʠʚʥʫ ʜʠʥʘʤʽʢʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʣʦʱʽ ʥʘ 7.89% 

(ʟ 7.3% ʜʦ 15.2%). ʎʝ ʤʦʞʝ ʙʫʪʠ ʨʝʟʫʣʴʪʘʪʦʤ ʟʘʢʠʥʫʪʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ ʘʙʦ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʭ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʧʘʩʦʚʠʱ. 
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ʈʠʩʫʥʦʢ 4. ʇʦʨʽʚʥʷʣʴʥʘ ʜʽʘʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʪʠʧʽʚ ʝʢʦʩʠʩʪʝʤ (%)  

ʫ 2001 ʪʘ 2023 ʨʦʢʘʭ 

 

ʇʨʦʚʝʜʝʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʚʠʷʚʠʚ ʩʫʪʪʻʚʽ ʟʤʽʥʠ ʚ ʩʪʨʫʢʪʫʨʽ ʪʠʧʽʚ ʝʢʦʩʠʩʪʝʤ 

ɼʥʽʩʪʨʦʚʩʴʢʦʛʦ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʘʨʢʫ ʟʘ ʧʝʨʽʦʜ 2001-2023 ʨʦʢʽʚ. ʆʩʥʦʚʥʠʤʠ 

ʪʨʝʥʜʘʤʠ ʻ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʢʦʥʩʦʣʽʜʘʮʽʷ ʣʽʩʦʚʠʭ 

ʤʘʩʠʚʽʚ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʣʫʢ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʚʢʣʶʯʘʪʠ ʘʥʘʣʽʟ ʜʨʘʡʚʝʨʽʚ ʚʠʷʚʣʝʥʠʭ ʟʤʽʥ, ʦʮʽʥʢʫ ʾʭ 

ʚʧʣʠʚʫ ʥʘ ʝʢʦʩʠʩʪʝʤʥʽ ʧʦʩʣʫʛʠ ʪʘ ʨʦʟʨʦʙʢʫ ʩʮʝʥʘʨʽʾʚ ʤʘʡʙʫʪʥʴʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʾ 

ʧʘʨʢʫ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʘ: 

1. Friedl, M., &amp; Sulla-Menashe, D. (2022). MODIS/Terra+Aqua Land Cover Type 

Yearly L3 Global 500m SIN Grid V061 [Data set]. NASA Land Processes Distributed Active 

Archive Center. https://doi.org/10.5067/MODIS/MCD12Q1.061 

2. Seifu, Tesema Kebede, Woldesenbet, Tekalegn Ayele, Alemayehu, Taye, Ayenew, 

Tenalem, Spatio-Temporal Change of Land Use/Land Cover and Vegetation Using Multi-MODIS 

Satellite Data, Western Ethiopia, The Scientific World Journal, 2023, 7454137, 17 pages, 2023. 

https://doi.org/10.1155/2023/7454137 

 
ʉʆʎɯɸʃʔʅɸ ʆʈɻɸʅɯɿɸʎɯʗ ʊɸ ʉʀɻʅɸʃʔʅɯ ʉʀʉʊɽʄʀ ʄʋʈɸʍ ɺʀɼʋ MESSOR 

STRUCTOR ʗʂ ʆʉʅʆɺɸ ɰʍ ɽʂʆʃʆɻɯʏʅʆɰ ʋʉʇɯʐʅʆʉʊɯ 

 

ʉʝʤʯʫʢ ɺʘʣʝʥʪʠʥʘ ʉʚʷʪʦʩʣʘʚʽʚʥʘ ʩʪʫʜʝʥʪʢʘ ɯV ʢʫʨʩʫ ʩʧʝʮʽʘʣʴʥʦʩʪʽ ɸ4.05 ʉʝʨʝʜʥʷ 

ʦʩʚʽʪʘ (ʙʽʦʣʦʛʽʷ ʪʘ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ)  

ʂʘʥʜʠʜʘʪ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʄʠʢʠʪʠʥ ʊʝʪʷʥʘ ɺʘʩʠʣʽʚʥʘ 

ʂʘʨʧʘʪʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʝʬʘʥʠʢʘ 

 

ʄʫʨʘʭʠ ʨʦʜʫ Messor ʻ ʪʠʧʦʚʠʤʠ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʟʝʨʥʦʟʙʠʨʘʣʴʥʠʭ ʤʫʨʘʭ ʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʩʦʮʽʘʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ, ʯʽʪʢʠʤ ʨʦʟʧʦʜʽʣʦʤ ʬʫʥʢʮʽʡ ʤʽʞ 

ʦʩʦʙʠʥʘʤʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʠʛʥʘʣʽʚ ʜʣʷ ʢʦʦʨʜʠʥʘʮʽʾ ʜʽʡ ʢʦʣʦʥʽʾ [4, 5]. ɰʭʥʷ 

ʧʦʚʝʜʽʥʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʦʻʜʥʘʥʥʽ ʭʽʤʽʯʥʦʾ ʢʦʤʫʥʽʢʘʮʽʾ ʯʝʨʝʟ ʬʝʨʦʤʦʥʠ ʪʘ ʚʽʙʨʘʮʽʡʥʠʭ 

ʩʠʛʥʘʣʽʚ [6, 7]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʦʮʽʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʫʨʘʭ ʮʴʦʛʦ ʚʠʜʫ ʤʘʻ ʚʘʞʣʠʚʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʧʨʠʥʮʠʧʽʚ ʢʦʣʝʢʪʠʚʥʦʾ ʧʦʚʝʜʽʥʢʠ ʪʘ ʘʜʘʧʪʘʮʽʡ ʜʦ ʨʽʟʥʠʭ 

ʝʢʦʣʦʛʽʯʥʠʭ ʫʤʦʚ [2, 9]. 

https://doi.org/10.5067/MODIS/MCD12Q1.061
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ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʣʘʙʦʨʘʪʦʨʥʽ ʢʦʣʦʥʽʾ Messor structor, ʫʪʨʠʤʫʚʘʥʽ ʫ 

ʰʪʫʯʥʦʤʫ ʬʦʨʤʽʢʘʨʽʾ [1]. ɼʣʷ ʦʮʽʥʢʠ ʧʦʚʝʜʽʥʢʦʚʠʭ ʨʝʘʢʮʽʡ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠ 

ʝʪʦʣʦʛʽʯʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʩʝʨʽʶ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽʟ ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʟʤʽʥʦʶ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ï ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ, ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʧʦʪʦʢʽʚ ʧʦʚʽʪʨʷ [3, 8]. 

ʌʽʢʩʘʮʽʶ ʘʢʪʠʚʥʦʩʪʽ ʤʫʨʘʭ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʟ 

ʧʦʜʘʣʴʰʠʤ ʘʥʘʣʽʟʦʤ ʯʘʩʪʦʪʠ ʧʦʚʝʜʽʥʢʦʚʠʭ ʘʢʪʽʚ. ʋʩʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠʩʷ ʧʨʠ 

ʩʪʘʙʽʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʩʝʨʝʜʦʚʠʱʘ (+24 ÁC) ʟ ʚʘʨʽʶʚʘʥʥʷʤ ʦʢʨʝʤʠʭ ʯʠʥʥʠʢʽʚ. 

ʇʦʚʝʜʽʥʢʘ ʤʫʨʘʭ Messor structor ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʙʽʦʪʠʯʥʠʭ ʫʤʦʚ 

ʩʝʨʝʜʦʚʠʱʘ. ʆʧʪʠʤʘʣʴʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʜʽʘʧʘʟʦʥ ʘʢʪʠʚʥʦʩʪʽ ʢʦʣʦʥʽʾ ʩʪʘʥʦʚʠʪʴ +20ï30 ÁC. 

ʇʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ +16 ÁC ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʛʨʫʧʫʚʘʥʥʷ ʦʩʦʙʠʥ ʽ ʟʥʠʞʝʥʥʷ ʯʘʩʪʦʪʠ 

ʨʫʭʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ. 

ʅʘʡʩʧʨʠʷʪʣʠʚʽʰʦʶ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚʠʷʚʠʣʘʩʷ ʚʦʣʦʛʽʩʪʴ 30ï

50 %. ʅʝʜʦʩʪʘʪʥʷ ʚʦʣʦʛʽʩʪʴ ʧʨʠʟʚʦʜʠʣʘ ʜʦ ʟʤʝʥʰʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʪʘ ʧʨʠʛʥʽʯʝʥʥʷ ʨʦʟʚʠʪʢʫ 

ʨʦʟʧʣʦʜʫ. 

ʄʫʨʘʭʠ ʘʢʪʠʚʥʽʰʽ ʟʘ ʜʝʥʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ, ʪʦʜʽ ʷʢ ʫ ʪʝʤʨʷʚʽ ʧʨʦʷʚʣʷʣʠ ʪʝʥʜʝʥʮʽʶ ʜʦ 

ʘʛʨʝʛʘʮʽʾ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʱʽʣʴʥʠʭ ʛʨʫʧ. ɺʽʙʨʘʮʽʾ ʪʘ ʩʣʘʙʢʽ ʧʦʪʦʢʠ ʧʦʚʽʪʨʷ ʚʧʣʠʚʘʣʠ ʥʘ 

ʧʨʦʩʪʦʨʦʚʫ ʦʨʽʻʥʪʘʮʽʶ: ʟʘ ʥʘʷʚʥʦʩʪʽ ʧʨʦʪʷʛʽʚ ʤʫʨʘʭʠ ʧʝʨʝʢʨʠʚʘʣʠ ʪʫʥʝʣʽ ʯʘʩʪʠʥʢʘʤʠ 

ʩʫʙʩʪʨʘʪʫ, ʱʦ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʘʜʘʧʪʠʚʥʫ ʧʦʚʝʜʽʥʢʦʚʫ ʨʝʘʢʮʽʶ. 

ɼʦʜʘʚʘʥʥʷ ʜʦ ʨʘʮʽʦʥʫ ʙʽʣʢʦʚʦʾ ʾʞʽ ʩʪʠʤʫʣʶʚʘʣʦ ʘʢʪʠʚʥʽʩʪʴ ʨʦʙʦʯʠʭ ʦʩʦʙʠʥ ʽ 

ʟʙʽʣʴʰʫʚʘʣʦ ʢʽʣʴʢʽʩʪʴ ʩʦʮʽʘʣʴʥʠʭ ʢʦʥʪʘʢʪʽʚ ʤʽʞ ʥʠʤʠ. 

ɿʘʬʽʢʩʦʚʘʥʦ ʧʨʦʷʚ ʬʝʨʦʤʦʥʥʠʭ ʩʠʛʥʘʣʽʚ ʧʽʜ ʯʘʩ ʨʝʢʨʫʪʠʥʛʦʚʦʾ ʧʦʚʝʜʽʥʢʠ ʪʘ 

ʢʦʨʦʪʢʦʯʘʩʥʽ ʩʪʨʠʜʫʣʷʮʽʡʥʽ ʢʦʣʠʚʘʥʥʷ, ʱʦ ʧʦʩʠʣʶʚʘʣʠ ʢʦʦʨʜʠʥʘʮʽʶ ʚ ʤʝʞʘʭ ʛʨʫʧ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʠʩʦʢʫ ʧʣʘʩʪʠʯʥʽʩʪʴ ʧʦʚʝʜʽʥʢʦʚʠʭ ʨʝʘʢʮʽʡ Messor structor 

ʽ ʝʬʝʢʪʠʚʥʫ ʩʠʩʪʝʤʫ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʚʩʝʨʝʜʠʥʽ ʢʦʣʦʥʽʾ. 

ʆʪʞʝ, Messor structor ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʩʦʮʽʘʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ 

ʩʢʣʘʜʥʦʶ ʩʠʛʥʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ. 

ʆʩʥʦʚʥʠʤʠ ʟʘʩʦʙʘʤʠ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʚʠʩʪʫʧʘʶʪʴ ʬʝʨʦʤʦʥʥʽ ʪʘ ʚʽʙʨʘʮʽʡʥʽ 

ʩʠʛʥʘʣʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʫ ʢʦʦʨʜʠʥʘʮʽʶ ʜʽʡ. 

ɿʤʽʥʘ ʝʢʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ, ʦʩʚʽʪʣʝʥʥʷ) ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚʧʣʠʚʘʻ ʥʘ ʢʦʣʝʢʪʠʚʥʫ ʧʦʚʝʜʽʥʢʫ ʪʘ ʫʩʧʽʰʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʣʦʥʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʣʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʫ 

ʙʽʦʽʥʞʝʥʝʨʽʾ ʪʘ ʜʣʷ ʨʦʟʨʦʙʢʠ ʝʢʦʣʦʛʽʯʥʠʭ ʩʪʨʘʪʝʛʽʡ ʟʙʝʨʝʞʝʥʥʷ ʧʦʧʫʣʷʮʽʡ. 
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ɽʂʆʃʆɻɯʏʅɯ ʈʀɿʀʂʀ ʌʆʈʄʋɺɸʅʅʗ ʇʆɹʋʊʆɺʀʍ ɺɯɼʍʆɼɯɺ  

ɺ ɯɺɸʅʆ-ʌʈɸʅʂɯɺʉʔʂɯʁ ʆɹʃɸʉʊɯ (ʟʘ 2019ï2024 ʨʨ.) 

 

ʉʤʠʢ ɯʨʠʥʘ ɭʚʛʝʥʽʚʥʘ, ʘʩʧʽʨʘʥʪʢʘ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ  

ɼʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ɸʨʭʠʧʦʚʘ ʃʶʜʤʠʣʘ ʄʠʢʦʣʘʾʚʥʘ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ʈʦʟʚʠʪʦʢ ʪʫʨʠʩʪʠʯʥʦʾ ʽʥʜʫʩʪʨʽʾ ʥʘ ʪʝʨʠʪʦʨʽʾ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʢʨʝʘʮʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʨʠʨʦʜʥʠʭ 

ʣʘʥʜʰʘʬʪʽʚ ʪʘ ʩʫʪʪʻʚʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʽʩʮʝʚʽ ʝʢʦʩʠʩʪʝʤʠ. 

ʋʨʙʘʥʽʟʦʚʘʥʽ ʷʜʨʘ ʪʘ ʛʽʨʩʴʢʽ ʪʝʨʠʪʦʨʽʾ ʟ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʨʝʢʨʝʘʮʽʡʥʠʭ ʦʙôʻʢʪʽʚ 

ʬʦʨʤʫʶʪʴ ʩʢʣʘʜʥʽ ʝʢʦʣʦʛʽʯʥʽ ʚʟʘʻʤʦʟʚôʷʟʢʠ, ʫ ʤʝʞʘʭ ʷʢʠʭ ʪʫʨʠʩʪʠʯʥʽ ʧʦʪʦʢʠ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʩʪʘʥ ʜʦʚʢʽʣʣʷ ʟʥʘʯʥʦ ʩʠʣʴʥʽʰʝ, ʥʽʞ ʫ ʨʝʛʽʦʥʘʭ ʽʟ ʤʝʥʰʦʶ ʱʽʣʴʥʽʩʪʶ ʚʽʜʚʽʜʫʚʘʯʽʚ. ɿʨʦʩʪʘʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʪʫʨʠʩʪʽʚ, ʟʤʽʥʘ ʩʝʟʦʥʥʦʾ ʜʠʥʘʤʽʢʠ ʚʽʜʚʽʜʫʚʘʥʴ, ʨʦʟʚʠʪʦʢ ʛʦʪʝʣʴʥʦʾ, ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘ 

ʩʝʨʚʽʩʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘ ʪʘʢʦʞ ʨʦʟʰʠʨʝʥʥʷ ʩʬʝʨʠ ʜʦʟʚʽʣʣʷ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʦʙʩʷʛʽʚ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ. ʇʦʛʣʠʙʣʝʥʥʷ ʨʝʢʨʝʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʩʧʨʠʯʠʥʷʻ ʜʦʜʘʪʢʦʚʠʡ ʪʠʩʢ ʥʘ ʩʠʩʪʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ 

ʟʨʦʩʪʘʥʥʽ ʧʦʪʨʝʙʠ ʚ ʦʧʪʠʤʽʟʘʮʽʾ ʣʦʛʽʩʪʠʯʥʠʭ ʩʭʝʤ, ʤʦʜʝʨʥʽʟʘʮʽʾ ʢʦʥʪʝʡʥʝʨʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ 

ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʤʝʭʘʥʽʟʤʽʚ ʚʪʦʨʠʥʥʦʾ ʧʝʨʝʨʦʙʢʠ. 

ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ ʧʦʙʫʪʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ ʘʢʮʝʥʪʫʶʪʴ ʥʘ 

ʚʘʞʣʠʚʦʩʪʽ ʧʨʦʩʪʦʨʦʚʦʾ ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʧʦʪʦʢʽʚ ʊʇɺ, ʱʦ ʤʘʻ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʫ ʤʝʞʘʭ 

ʪʫʨʠʩʪʠʯʥʦ ʧʨʠʚʘʙʣʠʚʠʭ ʪʝʨʠʪʦʨʽʡ. ʆʙʩʷʛʠ ʊʇɺ ʫ ʪʘʢʠʭ ʨʝʛʽʦʥʘʭ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʥʘʯʥʽ 

ʢʦʣʠʚʘʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʪʫʨʠʩʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʱʦ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʧʣʘʥʫʚʘʥʥʷ ʚʠʚʝʟʝʥʥʷ ʚʽʜʭʦʜʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʣʦʢʘʮʽʡ ʜʣʷ ʩʦʨʪʫʚʘʥʥʷ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ [1ï3].  

ʉʪʨʫʢʪʫʨʘ ʧʦʪʦʢʽʚ ʊʇɺ ʫ 2019ï2024 ʨʨ. ʜʝʤʦʥʩʪʨʫʻ ʜʦʤʽʥʫʚʘʥʥʷ ʤʘʣʦʥʝʙʝʟʧʝʯʥʠʭ 

ʚʽʜʭʦʜʽʚ, ʥʘ ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʦ ʢʣʘʩ ʥʝʙʝʟʧʝʢʠ ʪʘ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʯʥʦʩʪʽ. ɰʭ ʦʙʩʷʛ ʢʦʣʠʚʘʻʪʴʩʷ 

ʚʽʜ 573 ʪʠʩ. ʪ ʫ 2024 ʨʦʮʽ ʜʦ 931,5 ʪʠʩ. ʪ ʫ 2022 ʨʦʮʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʫʪʪʻʚʽ ʤʽʞʨʽʯʥʽ ʟʤʽʥʠ. 

ʅʘʡʚʠʱʽ ʧʦʢʘʟʥʠʢʠ ʟʘʬʽʢʩʦʚʘʥʦ ʫ ʧʝʨʽʦʜ ʧʽʜʚʠʱʝʥʦʾ ʤʽʛʨʘʮʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʟʨʦʩʪʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʤʫʥʘʣʴʥʫ ʩʬʝʨʫ ʧʽʜ ʯʘʩ ʚʦʻʥʥʠʭ ʧʦʜʽʡ, ʪʦʜʽ ʷʢ ʟʤʝʥʰʝʥʥʷ ʫ 2023ï2024 

ʨʨ. ʤʦʞʝ ʚʽʜʦʙʨʘʞʘʪʠ ʩʪʘʙʽʣʽʟʘʮʽʶ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʛʨʦʤʘʜʘʭ. ʇʦʤʽʨʥʦ ʥʝʙʝʟʧʝʯʥʽ ʚʽʜʭʦʜʠ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʥʝʚʝʣʠʢʽ, ʘʣʝ ʟʘʢʦʥʦʤʽʨʥʽ ʢʦʣʠʚʘʥʥʷ ʫ ʤʝʞʘʭ 5ï9 ʪʠʩ. ʪ, ʧʨʠʯʦʤʫ ʥʘʡʙʽʣʴʰʠʡ ʧʨʠʨʽʩʪ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ 2023ï2024 ʨʦʢʘʭ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʽʟ ʤʦʜʝʨʥʽʟʘʮʽʻʶ ʧʽʜʧʨʠʻʤʩʪʚ 

ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʩʝʢʪʦʨʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷʤ ʨʽʚʥʷ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʮʴʦʛʦ ʪʠʧʫ. 

ʃʶʤʽʥʽʩʮʝʥʪʥʽ ʣʘʤʧʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʩʪʽʡʢʦʶ, ʘʣʝ ʧʦʢʘʟʦʚʦʶ ʜʠʥʘʤʽʢʦʶ. ʆʙʩʷʛ 

ʩʪʘʥʦʚʠʚ 376 ʦʜʠʥʠʮʴ ʫ 2019 ʨʦʮʽ, ʟʨʽʩ ʜʦ 3387 ʫ 2020 ʨʦʮʽ, ʘ ʟʛʦʜʦʤ ʨʽʟʢʦ ʟʥʠʟʠʚʩʷ ʜʦ 

ʤʽʥʽʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʫ 2024 ʨʦʮʽ (82 ʦʜʠʥʠʮʽ). ʆʢʨʝʤʫ ʫʚʘʛʫ ʧʨʠʚʝʨʪʘʻ ʢʘʪʝʛʦʨʽʷ 

ʤʘʣʦʥʝʙʝʟʧʝʯʥʠʭ ʥʝʪʦʢʩʠʯʥʠʭ ʚʽʜʭʦʜʽʚ ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʷʢʽ ʫ 2019 ʨʦʮʽ 

ʩʪʘʥʦʚʠʣʠ ʧʦʥʘʜ 31,5 ʪʠʩ. ʪ, ʘʣʝ ʫ 2023ï2024 ʨʦʢʘʭ ʟʤʝʥʰʠʣʠʩʷ ʜʦ ʩʠʤʚʦʣʽʯʥʠʭ ʚʝʣʠʯʠʥ. 

ʈʽʟʥʠʮʷ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʝʦʨʛʘʥʽʟʘʮʽʶ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ 

ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʛʨʦʤʘʜʠ. ʅʘʜʟʚʠʯʘʡʥʦ ʥʝʙʝʟʧʝʯʥʽ ʚʽʜʭʦʜʠ ʪʘ ʚʽʜʭʦʜʠ ʙʝʟ 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʢʣʘʩʫ ʥʝʙʝʟʧʝʢʠ ʫʪʚʦʨʶʶʪʴʩʷ ʫ ʤʽʥʽʤʘʣʴʥʠʭ ʢʽʣʴʢʦʩʪʷʭ, ʘʣʝ ʟʙʝʨʽʛʘʶʪʴ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʯʝʨʝʟ ʪʦʢʩʠʢʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʩʢʣʘʜʥʽʩʪʴ 

ʫʪʠʣʽʟʘʮʽʾ. 

ʈʠʩʫʥʦʢ 1 ʜʝʤʦʥʩʪʨʫʻ ʩʪʽʡʢʫ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʥʠʞʝʥʥʷ ʩʫʤʘʨʥʠʭ ʦʙʩʷʛʽʚ ʊʆʇ-10 

ʢʘʪʝʛʦʨʽʡ ʊʇɺ ʫ 2019ï2024 ʨʨ. ʇʽʢ ʧʨʠʧʘʜʘʻ ʥʘ 2022 ʨʽʢ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʧʽʜʚʠʱʝʥʦʶ 

ʤʦʙʽʣʴʥʽʩʪʶ ʥʘʩʝʣʝʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷʤ ʪʠʩʢʫ ʥʘ ʢʦʤʫʥʘʣʴʥʽ ʩʣʫʞʙʠ. ʇʽʩʣʷ 2022 ʨʦʢʫ 

ʬʽʢʩʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʧʦʪʦʢʽʚ ʚʽʜʭʦʜʽʚ, ʱʦ ʢʦʨʝʣʶʻ ʟʽ ʩʪʘʙʽʣʽʟʘʮʽʻʶ ʚʥʫʪʨʽʰʥʽʭ 
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͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ʤʽʛʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʧʽʜʚʠʱʝʥʥʷʤ ʨʽʚʥʷ ʩʦʨʪʫʚʘʥʥʷ ʪʘ ʧʝʨʝʛʣʷʜʦʤ ʩʠʩʪʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ 

ʊʇɺ ʫ ʛʨʦʤʘʜʘʭ. ɼʠʥʘʤʽʢʘ ʤʘʣʦʥʝʙʝʟʧʝʯʥʠʭ ʚʽʜʭʦʜʽʚ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ 

ʟʘʛʘʣʴʥʦʛʦ ʪʨʝʥʜʫ, ʦʩʢʽʣʴʢʠ ʮʷ ʬʨʘʢʮʽʷ ʩʪʘʥʦʚʠʪʴ ʦʩʥʦʚʥʫ ʤʘʩʫ ʧʦʪʦʢʫ. 

 

 
ʈʠʩʫʥʦʢ 1. ɼʠʥʘʤʽʢʘ ʩʫʤʘʨʥʠʭ ʦʙʩʷʛʽʚ ʊʆʇ ʢʘʪʝʛʦʨʽʡ ʊʇɺ  

(ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ 2024 ʨ.) ʫ 2019ï2024 ʨʨ., ʨʦʟʨʘʭʫʥʢʠ ʘʚʪʦʨʘ 

 

ʅʘʡʙʽʣʴʰʠʡ ʦʙʩʷʛ ʤʘʣʦʥʝʙʝʟʧʝʯʥʠʭ ʬʨʘʢʮʽʡ ʪʨʘʜʠʮʽʡʥʦ ʬʽʢʩʫʻʪʴʩʷ ʫ ʗʤʥʠʮʴʢʽʡ, 

ɻʘʣʠʮʴʢʽʡ ʪʘ ʂʘʣʫʩʴʢʽʡ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜʘʭ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʻʜʥʘʥʥʷʤ 

ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʬʫʥʢʮʽʡ. ʇʦʤʽʨʥʦ ʥʝʙʝʟʧʝʯʥʽ ʚʽʜʭʦʜʠ ʥʘʡʘʢʪʠʚʥʽʰʝ 

ʘʢʫʤʫʣʶʶʪʴʩʷ ʫ ʂʦʣʦʤʠʡʩʴʢʽʡ ʤʽʩʴʢʽʡ ʛʨʦʤʘʜʽ, ʜʝ ʨʦʟʚʠʥʝʥʘ ʩʬʝʨʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ 

ʽʥʪʝʥʩʠʚʥʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʘʣʦʛʦ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʙʽʟʥʝʩʫ. ʃʶʤʽʥʽʩʮʝʥʪʥʽ ʣʘʤʧʠ 

ʬʦʨʤʫʶʪʴ ʣʦʢʘʣʴʥʽ çʚʫʟʣʠè ʫ ɼʦʣʠʥʩʴʢʽʡ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʽʡ ʪʘ ɹʦʛʦʨʦʜʯʘʥʩʴʢʽʡ 

ʛʨʦʤʘʜʘʭ, ʱʦ ʧʦʚôʷʟʘʥʦ ʽʟ ʱʽʣʴʥʽʩʪʶ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʽ ʩʦʮʽʘʣʴʥʠʭ ʫʩʪʘʥʦʚ, ʫ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ ʪʠʧ ʦʩʚʽʪʣʝʥʥʷ. 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʨʦʟʚʠʚʘʪʠ ʩʠʩʪʝʤʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʊʇɺ, ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ 

ʣʦʛʽʩʪʠʢʫ ʚʠʚʝʟʝʥʥʷ ʫ ʛʨʦʤʘʜʘʭ ʟ ʚʠʩʦʢʦʶ ʪʫʨʠʩʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ, ʨʦʟʰʠʨʶʚʘʪʠ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʧʨʠʡʤʘʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʽʥʪʝʛʨʫʚʘʪʠ ʧʨʘʢʪʠʢʠ ʩʦʨʪʫʚʘʥʥʷ ʫ 

ʜʽʷʣʴʥʽʩʪʴ ʪʫʨʠʩʪʠʯʥʦʛʦ ʙʽʟʥʝʩʫ. ʈʝʘʣʽʟʘʮʽʷ ʪʘʢʠʭ ʟʘʭʦʜʽʚ ʩʧʨʠʷʪʠʤʝ ʟʤʝʥʰʝʥʥʶ 

ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʧʽʜʚʠʱʝʥʥʶ ʩʪʽʡʢʦʩʪʽ ʪʫʨʠʩʪʠʯʥʠʭ ʪʝʨʠʪʦʨʽʡ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦ ʾʣʽʪʝʨʘʪʫʨʠ: 
1. Arbul¼, I., Rey-Maquieira, J., & Sastre, F. (2024). The impact of tourism and seasonality 

on different types of municipal solid waste (MSW) generation: The case of Ibiza. Heliyon, 10(13), 

e33894. https://doi.org/10.1016/j.heliyon.2024.e33894 

2. Zeng, Y., Filimonau, V., Wang, L., & Zhong, L. (2023). The impact of tourism on 

municipal solid waste generation in China. Journal of Cleaner Production, 427, 139255. 

https://doi.org/10.1016/j.jclepro.2023.139255 

3. Chen, F., Zhang, S., Liang, Y., & Yin, A. (2023). Spatiotemporal variability in municipal 

solid waste production and the determinants in Hefeiôs core urban districts. Sustainability, 15(22), 

16058. https://doi.org/10.3390/su152216058 
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͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ɸʅɸʃɯɿ ʗʂʆʉʊɯ ʇʆɺɯʊʈʗʅʆɻʆ ʉɽʈɽɼʆɺʀʑɸ ɺ ɯɺɸʅʆ-ʌʈɸʅʂɯɺʉʔʂɯʁ 

ʄɯʉʔʂɯʁ ɻʈʆʄɸɼɯ 

 

ʉʦʣʦʜʢʠʡ ʆʣʝʛ ɹʦʛʜʘʥʦʚʠʯ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ 

ɼʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ɿʦʨʽʥ ɼʝʥʠʩ ʆʣʝʢʩʽʡʦʚʠʯ  

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ʗʢʽʩʪʴ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ 

ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʠʟʥʘʯʘʻ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʪʝʨʠʪʦʨʽʾ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʯʠ ʥʘ 

ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ. ɺ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʽʡ ʤʽʩʴʢʽʡ ʛʨʦʤʘʜʽ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʩʪʘʥ ʘʪʤʦʩʬʝʨʠ 

ʤʘʶʪʴ ʪʨʘʥʩʧʦʨʪʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʧʨʦʤʠʩʣʦʚʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʢʦʪʝʣʴʥʽ ʪʘ ʧʨʠʚʘʪʥʠʡ 

ʩʝʢʪʦʨ. ʅʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʪʘʮʽʦʥʘʨʥʠʭ ʜʘʪʯʠʢʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʾʭ ʥʝʨʽʚʥʦʤʽʨʥʝ 

ʨʦʟʤʽʱʝʥʥʷ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʚʥʦʛʦ ʦʭʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʦʙôʻʢʪʠʚʥʫ ʦʮʽʥʢʫ 

ʨʽʚʥʽʚ ʟʘʙʨʫʜʥʝʥʥʷ. ɿ ʦʛʣʷʜʫ ʥʘ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʫ ʪʘ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʧʨʦʙʣʝʤʘ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ.  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʷʢʽʩʥʘ ʦʮʽʥʢʘ ʩʪʘʥʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʽʡ 

ʤʽʩʴʢʽʡ ʛʨʦʤʘʜʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʦʙʽʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, 

ʤʝʪʦʜʘʤʠ ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ.  ʄʠ ʘʥʘʣʽʟʫʚʘʣʠ ʛʦʣʦʚʥʽ ʜʞʝʨʝʣʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʪʘ ʚʠʟʥʘʯʠʣʠ ʧʨʦʩʪʦʨʦʚʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʢʠʩʥʶ 

ʆ2 ʪʘ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʉʆ2 ʷʢ ʽʥʜʠʢʘʪʦʨʽʚ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʤʝʞʘʭ 

ʛʨʦʤʘʜʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (MapInfo, 

Surfer) ʪʘ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʝʯʦʚʠʥ. 

ɺʠʢʦʨʠʩʪʘʥʦ ʜʘʥʽ ʜʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ, ʘ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ 

ʥʘʪʫʨʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ ʤʽʩʪʘ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ, ʩʝʣʠʱ ɺʦʚʯʠʥʮʽ, 

ʍʨʠʧʣʠʥ, ʋʛʨʠʥʽʚ, ʗʤʥʠʮʷ. ɼʣʷ ʷʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʢʘʟʥʠʢʠ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 

ʉʆ2 ʪʘ ʢʠʩʥʶ ʆ2.   

 

 
           ʘ) ʢʦʥʮʝʥʪʨʘʮʽʷ ʉʆ2                                         ʙ) ʢʦʥʮʝʥʪʨʘʮʽʷ ʆ2   

 

ʈʠʩʫʥʦʢ 1.  ʂʦʥʮʝʥʪʨʘʮʽʷ ʉʆ2  ʪʘ ʆ2 ʫ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ  

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʊɻ 2025 ɼʞʝʨʝʣʦ: ʩʪʚʦʨʝʥʦ ʘʚʪʦʨʘʤʠ 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʟʘʙʨʫʜʥʝʥʠʤʠ ʟʦʥʘʤʠ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʛʨʦʤʘʜʠ ʻ 

ʪʝʨʠʪʦʨʽʾ, ʥʘʙʣʠʞʝʥʽ ʜʦ ʦʩʥʦʚʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ (ʚʫʣ. ɻʘʣʠʮʴʢʘ, ʅʘʜʨʽʯʥʘ, 

ʅʝʟʘʣʝʞʥʦʩʪʽ, ʦʙôʾʟʥʘ ʜʦʨʦʛʘ), ʘ ʪʘʢʦʞ ʧʨʦʤʠʩʣʦʚʘ ʟʦʥʘ ʚ ʩ.ʍʨʠʧʣʠʥ. ʂʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 
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ʟʘʬʽʢʩʦʚʘʥʽ ʥʘʤʠ ʫ ʩ.ʍʨʠʧʣʠʥ ʧʦʙʣʠʟʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʧʝʨʝʾʟʜʫ ʪʘ ʩʢʣʘʜʘʶʪʴ 1290ppm ʪʘ ʧʦ 

ʚʫʣʠʮʽ ʅʘʜʨʽʯʥʘ,7 ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ 1590ppm ʮʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʝʨʝʜʥʽʤ ʧʦʢʘʟʥʠʢʦʤ ʧʦ 

ʛʨʦʤʘʜʽ 552ppm ʫ 2-3 ʨʘʟʠ ʙʽʣʴʰʝ. ʈʽʚʥʽ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʤʽʩʪʘ 

ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʜʦʧʫʩʪʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʨʦʪʝ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʾʭ. ʇʦʢʘʟʥʠʢʠ ʚʤʽʩʪʫ 

ʢʠʩʥʶ ʆ2 ʦʩʥʦʚʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʥʽ ʚʽʜ ʬʽʟʠʢʦ-ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʨʠʪʦʨʽʾ ɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʦʾ ʛʨʦʤʘʜʠ ʪʘ ʢʦʣʠʚʘʶʪʴʩʷ ʚʽʜ 19.65 ʜʦ 20.5 ʚʽʜʩʦʪʢʽʚ ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʧʦʢʘʟʥʠʢʫ 

20.17 ʚʽʜʩʦʪʢʘ. ɼʝʱʦ ʟʥʠʞʝʥʽ ʧʦʢʘʟʥʠʢʠ ʥʠʞʯʝ 19.85 ʚʽʜʩʦʪʢʘ ʙʫʣʠ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʥʘ ʧʽʚʜʥʽ 

ʛʨʦʤʘʜʠ ʚ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ ɹʝʨʝʟʽʚʢʘ, ɹʨʘʪʢʽʚʮʽ, ʂʘʤʽʥʥʝ, ʊʠʩʤʝʥʠʯʘʥʠ ʪʘ ʥʘ ʟʘʭʦʜʽ ʚ 

ɼʨʘʛʦʤʠʨʯʘʥʘʭ. ʉʠʪʫʘʮʽʷ ʟ ʚʤʽʩʪʦʤ ʢʠʩʥʶ ʚ ʮʽʣʦʤʫ ʥʘ ʭʦʨʦʰʦʤʫ ʨʽʚʥʽ, ʱʦ ʧʦʟʠʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʟʜʦʨʦʚôʷ ʞʠʪʝʣʽʚ. 

ɿʘʛʘʣʦʤ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʤʽʩʴʢʦʾ ʛʨʦʤʘʜʠ 

ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʷʢ ʟʘʜʦʚʽʣʴʥʠʡ, ʧʨʦʪʝ ʟ ʣʦʢʘʣʴʥʠʤʠ ʦʩʝʨʝʜʢʘʤʠ ʧʽʜʚʠʱʝʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʟʘʣʠʰʘʶʪʴʩʷ ʪʨʘʥʩʧʦʨʪʥʽ ʧʦʪʦʢʠ 

ʪʘ ʧʨʦʤʠʩʣʦʚʽ ʦʙôʻʢʪʠ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʪʘʥʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʜʦʮʽʣʴʥʦ ʫʜʦʩʢʦʥʘʣʠʪʠ 

ʩʠʩʪʝʤʫ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʚʧʨʦʚʘʜʞʫʶʯʠ ʨʝʛʫʣʷʨʥʝ ʦʥʦʚʣʝʥʥʷ ʢʘʨʪ 

ʨʦʟʧʦʜʽʣʫ ʟʘʙʨʫʜʥʶʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʩʧʨʠʷʪʠ ʧʽʜʚʠʱʝʥʥʶ ʯʘʩʪʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ. 
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ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 
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ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʷʢʘ ʦʭʦʧʣʶʻ ʷʢ ʬʽʟʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ˇʨʫʥʪʦʚʦʾ ʪʦʚʱʽ, ʪʘʢ ʽ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʪʚʝʨʜʦʾ, ʨʽʜʢʦʾ ʪʘ ʛʘʟʦʚʦʾ ʬʘʟ. ʇʦʪʨʘʧʣʷʥʥʷ ʩʠʨʦʾ ʥʘʬʪʠ, ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʴʥʦʛʦ ʯʠ ʽʥʰʠʭ 

ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʫ ˇʨʫʥʪ ʟʤʽʥʶʻ ʡʦʛʦ ʧʦʚʝʜʽʥʢʫ ʷʢ ʧʨʠʨʦʜʥʦʾ ʩʠʩʪʝʤʠ: ʚʽʜ ʚʦʜʦʧʨʦʥʠʢʥʦʩʪʽ 
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ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʽ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ˇʨʫʥʪ ʚʪʨʘʯʘʻ ʚʣʘʩʪʠʚʦʩʪʽ 
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ʩʘʤʦʨʝʛʫʣʷʮʽʾ, ʨʽʟʢʦ ʧʘʜʘʻ ʡʦʛʦ ʨʦʜʶʯʽʩʪʴ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʛʨʘʜʘʮʽʷ ˇʨʫʥʪʦʚʦʾ ʝʢʦʩʠʩʪʝʤʠ ʪʘ 

ʟʨʦʩʪʘʻ ʝʢʦʣʦʛʽʯʥʠʡ ʨʠʟʠʢ ʜʣʷ ʩʫʤʽʞʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʚʢʽʣʣʷ. 

ʆʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʮʽ ʧʠʪʘʥʥʷ ʥʘʙʫʚʘʶʪʴ ʫ ʧʽʩʣʷʚʦʻʥʥʠʡ ʧʝʨʽʦʜ, ʢʦʣʠ ʚʥʘʩʣʽʜʦʢ 

ʨʫʡʥʫʚʘʥʥʷ ʥʘʬʪʦʙʘʟ, ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʦʙôʻʢʪʽʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʨʦʩʪʘʻ ʤʘʩʰʪʘʙ ʣʦʢʘʣʴʥʠʭ ʽ ʜʠʬʫʟʥʠʭ ʥʘʬʪʦʟʘʙʨʫʜʥʝʥʴ. ɺ ʫʤʦʚʘʭ 

ʧʦʚʦʻʥʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʦʮʽʥʢʘ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʬʪʦʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʽʚ ʩʪʘʶʪʴ ʢʣʶʯʦʚʦʶ ʧʝʨʝʜʫʤʦʚʦʶ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʘʛʨʦʣʘʥʜʰʘʬʪʽʚ, ʟʥʠʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ 

ʥʘʩʝʣʝʥʥʷ [1]. 

ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʭ ʦʟʥʘʢ ʥʘʬʪʦʟʘʙʨʫʜʥʝʥʥʷ ʻ ʟʤʽʥʘ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ, ʧʝʨʝʜʫʩʽʤ ʦʙôʻʤʥʦʾ ʤʘʩʠ ʡ ʧʦʨʠʩʪʦʩʪʽ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘ ʫʤʦʚ ʩʦʨʙʮʽʾ ʥʘʬʪʠ ʦʙôʻʤʥʘ ʤʘʩʘ ˇʨʫʥʪʫ ʟʨʦʩʪʘʻ ʤʘʡʞʝ ʣʽʥʽʡʥʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʦʙôʻʤʫ ʧʨʦʣʠʪʦʛʦ ʥʘʬʪʦʧʨʦʜʫʢʪʫ, ʦʩʢʽʣʴʢʠ ʚʫʛʣʝʚʦʜʥʽ ʟʘʧʦʚʥʶʶʪʴ ʯʘʩʪʠʥʫ 

ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʡ ʟʙʽʣʴʰʫʶʪʴ ʤʘʩʫ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ, ʪʦʜʽ ʷʢ ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʟʤʽʥʶʻʪʴʩʷ 

ʥʝʩʫʪʪʻʚʦ. ʇʘʨʘʣʝʣʴʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʪʘ ʧʦʚʽʪʨʷʥʦʾ ʧʦʨʠʩʪʦʩʪʽ: ʢʘʧʽʣʷʨʠ 

ʯʘʩʪʢʦʚʦ ʙʣʦʢʫʶʪʴʩʷ ʥʘʬʪʦʚʦʶ ʬʘʟʦʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʟʜʘʪʥʦʩʪʽ ˇʨʫʥʪʫ 

ʧʨʦʧʫʩʢʘʪʠ ʧʦʚʽʪʨʷ ʡ ʚʦʜʫ. ɼʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ˇʨʫʥʪʽʚ ʧʦʢʘʟʘʥʦ ʟʨʦʩʪʘʥʥʷ bulk density ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʥʘʬʪʠ. ʎʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ 

ʽʥʬʽʣʴʪʨʘʮʽʡʥʽ ʧʨʦʮʝʩʠ, ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ ʪʘ ʥʝʙʝʟʧʝʢʫ ʝʨʦʟʽʾ [2]. 

ʉʫʪʪʻʚʦ ʟʤʽʥʶʻʪʴʩʷ ʚʦʜʥʠʡ ʨʝʞʠʤ ˇʨʫʥʪʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʦʢʨʠʪʪʷ ʯʘʩʪʠʥʦʢ ʦʨʛʘʥʽʯʥʦʶ 

ʛ̔ ʜʨʦʬʦʙʥʦʶ ʧʣʽʚʢʦʶ ˇʨʫʥʪ ʥʘʙʫʚʘʻ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: 

ʢʨʘʧʣʷ ʚʦʜʠ ʜʦʚʛʦ ʟʙʝʨʽʛʘʻ ʩʬʝʨʠʯʥʫ ʬʦʨʤʫ ʥʘ ʧʦʚʝʨʭʥʽ, ʽʥʬʽʣʴʪʨʘʮʽʷ ʟʥʠʞʫʻʪʴʩʷ, ʘ ʜʦʱʦʚʘ 

ʚʦʜʘ ʩʪʽʢʘʻ ʧʦʚʝʨʭʥʝʶ, ʬʦʨʤʫʶʯʠ ʣʦʢʘʣʴʥʽ ʟʘʩʪʦʾ, ʨʦʟʤʠʚʠ ʪʘ ʝʨʦʟʽʡʥʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ. 

ʇʦʣɹʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʘʡʦʥʘʭ ʚʠʣʠʚʽʚ ʚʫʛʣʝʚʦʜʥʽʚ ʬʽʢʩʫʶʪʴ ʟʥʘʯʥʦ ʤʝʥʰʫ ʽʥʬʽʣʴʪʨʘʮʽʶ 

ʦʧʘʜʽʚ ʥʘ ʟʘʙʨʫʜʥʝʥʠʭ ʜʽʣʷʥʢʘʭ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤʠ, ʘ ʧʨʦʩʦʯʫʚʘʥʥʷ ʚʦʜʠ ʤʘʻ 

çʧʣʷʤʠʩʪʠʡè ʭʘʨʘʢʪʝʨ, ʪʠʧʦʚʠʡ ʜʣʷ ʛʽʜʨʦʬʦʙʥʠʭ ˇʨʫʥʪʽʚ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʠʥʠʢʘʻ ʜʝʬʽʮʠʪ 

ʚʦʣʦʛʠ ʫ ʢʦʨʝʥʝʚʤʽʩʥʦʤʫ ʰʘʨʽ ʪʘ ʦʜʥʦʯʘʩʥʦ ʧʦʩʠʣʶʻʪʴʩʷ ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʽʢ, ʱʦ ʩʧʨʠʷʻ 

ʟʤʠʚʫ ʜʨʽʙʥʦʟʝʤʫ ʡ ʧʦʛʣʠʙʣʝʥʥʶ ʜʝʛʨʘʜʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ [1]. 

ʇʘʨʘʣʝʣʴʥʦ ʟʤʽʥʶʶʪʴʩʷ ʤʝʭʘʥʽʯʥʽ ʪʘ ʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʫ. ʇʽʜ ʚʧʣʠʚʦʤ 

ʚʫʛʣʝʚʦʜʥʽʚ ʘʛʨʝʛʘʪʠ ˇʨʫʥʪʫ ʥʘ ʧʝʨʰʠʭ ʝʪʘʧʘʭ ʤʦʞʫʪʴ çʩʢʣʝʶʚʘʪʠʩʷè ʦʨʛʘʥʽʯʥʦʶ ʧʣʽʚʢʦʶ, 

ʱʦ ʧʽʜʚʠʱʫʻ ʾʭʥʶ ʤʽʮʥʽʩʪʴ ʽ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʙʽʣʴʰ ʛʨʫʙʠʭ ʘʛʨʝʛʘʪʽʚ. ʆʜʥʘʢ ʟʘ ʚʠʱʠʭ 

ʨʽʚʥʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʩʪʨʫʢʪʫʨʘ ʨʫʡʥʫʻʪʴʩʷ, ʬʦʨʤʫʻʪʴʩʷ ʛʨʫʜʢʫʚʘʪʦ-ʢʦʤʢʦʚʘʪʘ ʤʘʩʘ ʟ 

ʧʽʜʚʠʱʝʥʠʤ ʦʧʦʨʦʤ ʧʨʦʥʠʢʥʝʥʥʶ. ɼʦʩʣʽʜʞʝʥʥʷ ʛʝʦʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʬʪʦʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʚʤʽʩʪʫ ʥʘʬʪʠ ʟʤʽʥʶʶʪʴʩʷ ʧʦʢʘʟʥʠʢʠ 

ʟʯʝʧʣʝʥʥʷ ʪʘ ʢʫʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ, ʟʘʟʚʠʯʘʡ ʟʨʦʩʪʘʻ ʟʯʝʧʣʝʥʥʷ, ʘʣʝ ʟʤʝʥʰʫʻʪʴʩʷ ʢʫʪ 

ʪʝʨʪʷ, ʘ ʧʨʦʥʠʢʥʽʩʪʴ (ʢʦʝʬʽʮʽʻʥʪ ʬʽʣʴʪʨʘʮʽʾ) ʤʦʞʝ ʧʘʜʘʪʠ ʥʘ ʧʦʨʷʜʦʢ. ʎʝ ʚʘʞʣʠʚʦ ʷʢ ʜʣʷ 

ʽʥʞʝʥʝʨʥʦʾ ʛʝʦʣʦʛʽʾ (ʩʪʽʡʢʽʩʪʴ ʦʩʥʦʚ ʩʧʦʨʫʜ), ʪʘʢ ʽ ʜʣʷ ʝʢʦʣʦʛʽʾ, ʦʩʢʽʣʴʢʠ ʟʥʠʞʝʥʥʷ 

ʧʨʦʥʠʢʥʦʩʪʽ ʩʧʨʠʷʻ ʪʨʠʚʘʣʽʰʦʤʫ ʫʪʨʠʤʘʥʥʶ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʫ ˇʨʫʥʪʦʚʦʤʫ ʧʨʦʬʽʣʽ. 

ʍʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʬʪʦʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʽʚ ʪʘʢʦʞ ʟʤʽʥʶʶʪʴʩʷ ʨʘʜʠʢʘʣʴʥʦ. ʆʜʥʠʤ 

ʽʟ ʧʝʨʰʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʻ ʟʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ ʟʘʛʘʣʴʥʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʶ (Total Organic 

Carbon, TOC): ʥʘʬʪʘ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʯʘʩʪʢʫ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ, ʘʣʝ ʮʝ çʙʘʣʘʩʪʥʘè 

ʦʨʛʘʥʽʢʘ, ʷʢʘ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʭʦʜʠʪʴ ʜʦ ʛʫʤʫʩʦʚʦʛʦ ʧʫʣʫ ʡ ʥʝ ʝʢʚʽʚʘʣʝʥʪʥʘ ʧʽʜʚʠʱʝʥʥʶ 

ʝʬʝʢʪʠʚʥʦʾ ʨʦʜʶʯʦʩʪʽ. ɼʣʷ ˇʨʫʥʪʽʚ, ʟʘʙʨʫʜʥʝʥʠʭ ʣʝʛʢʦʶ ʥʘʬʪʦʶ, ʚʩʪʘʥʦʚʣʝʥʦ ʟʙʽʣʴʰʝʥʥʷ 

TOC ʥʘ 10ï20 % ʧʦʨʽʚʥʷʥʦ ʟ ʬʦʥʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ [1]. ʅʘ ʬʦʥʽ ʨʽʟʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʫʛʣʝʮʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ C:N ʟʨʦʩʪʘʻ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʦʣʦʛʽʯʥʦʾ ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʘʟʦʪʫ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʡ ʨʦʟʚʠʪʢʫ ʘʟʦʪʥʦʛʦ ʛʦʣʦʜʫʚʘʥʥʷ ʫ ʨʦʩʣʠʥ. ʎʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʟʥʠʞʝʥʥʽ 

ʚʤʽʩʪʫ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ ʘʟʦʪʫ (ʥʽʪʨʘʪʽʚ ʽ ʘʤʦʥʽʶ) ʪʘ ʬʦʩʬʦʨʫ, ʭʦʯʘ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ N ʽ P 

ʤʦʞʝ ʟʘʣʠʰʘʪʠʩʷ ʩʪʘʣʠʤ ʘʙʦ ʥʘʚʽʪʴ ʟʙʽʣʴʰʫʚʘʪʠʩʷ, ʘʣʝ ʫ ʬʦʨʤʽ, ʤʘʣʦʜʦʩʪʫʧʥʽʡ ʜʣʷ ʨʦʩʣʠʥ. 
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ʈʠʩʫʥʦʢ1. ʅʘʬʪʦʟʘʙʨʫʜʥʝʥʽ ʛʨʫʥʪʠ 

 

ɺʘʞʣʠʚʦʶ ʻ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʢʠʩʣʦʪʥʦ-ʣʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɼʣʷ ʨʷʜʫ ʤʽʥʝʨʘʣʴʥʠʭ ʽ 

ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ˇʨʫʥʪʽʚ ʧʦʢʘʟʘʥʦ, ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʬʪʦʶ ʟʩʫʚʘʻ pH ʫ ʙʽʢ 

ʩʣʘʙʢʦʣʫʞʥʦʾ ʨʝʘʢʮʽʾ, ʥʘʧʨʠʢʣʘʜ ʟ 6,5 ʜʦ 7,8 ʫ ʚʠʧʘʜʢʫ ʣʝʛʢʠʭ ʥʘʬʪ. ʎʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʟʤʽʥʦʶ ʢʠʩʣʦʪʥʦ-ʣʫʞʥʦʾ ʙʫʬʝʨʥʦʩʪʽ ʡ ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʬʦʨʤ ʬʦʩʬʦʨʫ, ʟʘʣʽʟʘ ʪʘ ʤʘʨʛʘʥʮʶ. 

ɿʤʽʥʘ pH ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʯʠʥʥʽʩʪʴ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʽ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʘ ʪʘʢʦʞ ʥʘ ʘʢʪʠʚʥʽʩʪʴ 

ˇʨʫʥʪʦʚʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɺʦʜʥʦʯʘʩ ʫ ˇʨʫʥʪ ʯʘʩʪʦ ʥʘʜʭʦʜʷʪʴ ʧʣʘʩʪʦʚʽ ʪʘ ʩʫʧʫʪʥʽ ʚʦʜʠ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ, ʱʦ ʟʫʤʦʚʣʶʻ ʟʨʦʩʪʘʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ˇʨʫʥʪʦʚʦʛʦ 

ʨʦʟʯʠʥʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʨʦʟʯʠʥʥʠʭ ʩʦʣʝʡ ʥʘʪʨʽʶ, ʢʘʣʽʶ, ʭʣʦʨʠʜʽʚ, ʩʫʣʴʬʘʪʽʚ ʪʘ ʽʥʰʠʭ 

ʽʦʥʽʚ. ɼʣʷ ʨʦʩʣʠʥ ʮʝ ʦʟʥʘʯʘʻ ʧʦʩʠʣʝʥʥʷ ʦʩʤʦʪʠʯʥʦʛʦ ʩʪʨʝʩʫ, ʟʥʠʞʝʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ ʚʦʜʠ 

ʥʘʚʽʪʴ ʟʘ ʾʾ ʥʘʷʚʥʦʩʪʽ ʚ ˇʨʫʥʪʽ ʪʘ ʤʦʞʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʚʪʦʨʠʥʥʦʛʦ ʟʘʩʦʣʝʥʥʷ. 

ʂʘʪʽʦʥʦʦʙʤʽʥʥʘ ʻʤʥʽʩʪʴ (ʂɭɭ) ʥʘʬʪʦʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʽʚ ʪʘʢʦʞ ʟʘʟʥʘʻ ʟʤʽʥ. ɿ ʦʜʥʦʛʦ 

ʙʦʢʫ, ʧʦʣʷʨʥʽ ʢʦʤʧʦʥʝʥʪʠ ʥʘʬʪʠ (ʩʤʦʣʠʩʪʦ-ʘʩʬʘʣʴʪʝʥʦʚʽ ʬʨʘʢʮʽʾ) ʤʦʞʫʪʴ ʟʙʽʣʴʰʫʚʘʪʠ 

ʯʠʩʣʦ ʧʦʪʝʥʮʽʡʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʮʝʥʪʨʽʚ, ʱʦ ʬʦʨʤʘʣʴʥʦ ʚʝʜʝ ʜʦ ʟʨʦʩʪʘʥʥʷ ʂɭɭ. ɿ ʽʥʰʦʛʦ 

ʙʦʢʫ, ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʘʢʪʠʚʥʠʭ ʧʦʚʝʨʭʦʥʴ ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ ʽ ʛʫʤʫʩʫ ʚʠʷʚʣʷʻʪʴʩʷ 

ʟʘʙʣʦʢʦʚʘʥʦʶ ʥʘʬʪʦʚʦʶ ʧʣʽʚʢʦʶ, ʪʦʤʫ ʨʝʘʣʴʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʦʙʤʽʥʥʠʭ ʧʦʟʠʮʽʡ ʜʣʷ 

ʧʦʞʠʚʥʠʭ ʢʘʪʽʦʥʽʚ ʟʤʝʥʰʫʻʪʴʩʷ. ʇʘʨʘʣʝʣʴʥʦ ʤʦʞʣʠʚʝ ʥʘʢʦʧʠʯʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, 

ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʥʘʬʪʠ (ʥʘʩʘʤʧʝʨʝʜ ʚʘʥʘʜʽʶ ʪʘ ʥʽʢʝʣʶ), ʫ ʩʦʨʙʮʽʡʥʦ-ʟʚôʷʟʘʥʽʡ ʬʦʨʤʽ, ʱʦ ʟʘ 

ʟʤʽʥ pH ʯʠ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʤʦʞʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʧʽʜʚʠʱʝʥʥʷʤ ʾʭʥʴʦʾ 

ʨʫʭʦʤʦʩʪʽ.  

ʂʣʶʯʦʚʦʶ ʛʨʫʧʦʶ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʫ ʥʘʬʪʦʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʘʭ ʻ ʪʦʢʩʠʯʥʽ ʦʨʛʘʥʽʯʥʽ 

ʩʧʦʣʫʢʠ: ʟʘʛʘʣʴʥʽ ʥʘʬʪʦʧʨʦʜʫʢʪʠ (Total Petroleum Hydrocarbons, TPH), ʣʝʛʢʽ ʪʘ ʚʘʞʢʽ 

ʬʨʘʢʮʽʾ ʚʫʛʣʝʚʦʜʥʽʚ, ʘ ʪʘʢʦʞ ʧʦʣʽʮʠʢʣʽʯʥʽ ʘʨʦʤʘʪʠʯʥʽ ʚʫʛʣʝʚʦʜʥʽ (ʇɸɺ). ʎʽ ʨʝʯʦʚʠʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʛʽʜʨʦʬʦʙʥʽʩʪʶ, ʩʭʠʣʴʥʽʩʪʶ ʜʦ ʩʦʨʙʮʽʾ ʥʘ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʦʤʫ 

ʢʦʤʧʣʝʢʩʽ ʡ ʪʨʠʚʘʣʦʶ ʩʪʽʡʢʽʩʪʶ ʚ ʩʝʨʝʜʦʚʠʱʽ. ʏʘʩʪʠʥʘ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʬʨʘʢʮʽʡ 

ʚʽʜʥʦʩʥʦ ʰʚʠʜʢʦ ʚʠʧʘʨʦʚʫʻʪʴʩʷ ʘʙʦ ʙʽʦʜʝʛʨʘʜʫʻ, ʧʨʦʪʝ ʩʝʨʝʜʥʴʦ- ʪʘ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽ 

ʢʦʤʧʦʥʝʥʪʠ (ʦʩʦʙʣʠʚʦ ʇɸɺ ʪʘ ʘʩʬʘʣʴʪʝʥʦ-ʩʤʦʣʠʩʪʽ ʩʧʦʣʫʢʠ) ʤʦʞʫʪʴ ʟʙʝʨʽʛʘʪʠʩʷ ʚ ˇʨʫʥʪʽ 

ʨʦʢʘʤʠ. ɰʭʥʷ ʧʨʠʩʫʪʥʽʩʪʴ ʥʝ ʣʠʰʝ ʧʨʷʤʦ ʪʦʢʩʠʯʥʘ ʜʣʷ ʨʦʩʣʠʥ ʽ ˇʨʫʥʪʦʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʘʣʝ ʡ 

ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʚʧʣʠʚʘʻ ʥʘ ʤʽʢʨʦʙʥʽ ʩʧʽʣʴʥʦʪʠ, ʩʧʨʠʯʠʥʷʶʯʠ ʩʢʦʨʦʯʝʥʥʷ ʚʠʜʦʚʦʛʦ 

ʨʽʟʥʦʤʘʥʽʪʪʷ, ʜʦʤʽʥʫʚʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʛʽʜʨʦʢʘʨʙʦʥʦʢʠʩʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʽ 

ʧʨʠʛʥʽʯʝʥʥʷ ʯʫʪʣʠʚʠʭ ʛʨʫʧ, ʥʘʧʨʠʢʣʘʜ ʥʽʪʨʠʬʽʢʘʪʦʨʽʚ. 

ɺʘʞʣʠʚʠʡ ʘʩʧʝʢʪ ï ʬʦʨʤʫʚʘʥʥʷ ʫ ʥʘʬʪʦʟʘʙʨʫʜʥʝʥʦʤʫ ˇʨʫʥʪʽ ʫʤʦʚ ʜʝʬʽʮʠʪʫ ʢʠʩʥʶ. 

ʆʨʛʘʥʽʯʥʘ ʬʘʟʘ ʥʘʬʪʠ, ʟʘʧʦʚʥʶʶʯʠ ʧʦʨʦʚʠʡ ʧʨʦʩʪʽʨ, ʟʤʝʥʰʫʻ ʛʘʟʦʦʙʤʽʥ, ʘ ʘʢʪʠʚʥʠʡ 
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ʤʽʢʨʦʙʥʠʡ ʨʦʟʢʣʘʜ ʚʫʛʣʝʚʦʜʥʽʚ ʜʦʜʘʪʢʦʚʦ ʩʧʦʞʠʚʘʻ ʢʠʩʝʥʴ, ʩʪʚʦʨʶʶʯʠ ʣʦʢʘʣʴʥʽ ʘʥʘʝʨʦʙʥʽ 

ʟʦʥʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ ʨʽʟʢʦ ʧʘʜʘʻ ʯʠʩʝʣʴʥʽʩʪʴ ʘʝʨʦʙʥʠʭ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʥʘʪʦʤʽʩʪʴ ʟʨʦʩʪʘʻ ʨʦʣʴ ʬʘʢʫʣʴʪʘʪʠʚʥʦ-ʘʥʘʝʨʦʙʥʠʭ ʪʘ ʘʥʘʝʨʦʙʥʠʭ ʬʦʨʤ, 

ʟʤʽʥʶʶʪʴʩʷ ʰʣʷʭʠ ʙʽʦʛʝʦʭʽʤʽʯʥʠʭ ʮʠʢʣʽʚ ʘʟʦʪʫ, ʩʽʨʢʠ, ʚʫʛʣʝʮʶ, ʘ ʨʝʜʦʢʩ-ʫʤʦʚʠ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʨʦʟʯʠʥʥʽʩʪʴ ʪʘ ʤʽʛʨʘʮʽʶ ʤʝʪʘʣʽʚ ʽ ʤʽʥʝʨʘʣʴʥʠʭ ʬʦʨʤ ʧʦʞʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ.  

ʆʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʥʘʬʪʦʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʽʚ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʣʴʢʽʩʥʠʭ 

ʽʥʜʝʢʩʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʧʦʩʽʜʘʶʪʴ ʽʥʜʝʢʩʠ ʙʽʦʜʝʛʨʘʜʘʮʽʾ. ʋ ʩʫʯʘʩʥʠʭ ʨʦʙʦʪʘʭ 

ʩʪʫʧʽʥʴ ʨʫʡʥʫʚʘʥʥʷ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʦʧʠʩʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʙʝʟʨʦʟʤʽʨʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʟʤʽʥʽ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʦʛʦ ʧʨʦʬʽʣʶ ʚʫʛʣʝʚʦʜʥʽʚ, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʤʽʞ ʣʝʛʢʦ- ʪʘ ʚʘʞʢʦʜʝʛʨʘʜʦʚʘʥʠʤʠ ʬʨʘʢʮʽʷʤʠ, ʘ ʪʘʢʦʞ ʥʘ ʟʤʝʥʰʝʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ TPH ʫ ʯʘʩʽ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʥʘʩʠʯʝʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʜʝʢʩ 

ʙʽʦʜʝʛʨʘʜʘʮʽʾ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ ʧʨʠʙʣʠʟʥʦ 3 (ʜʣʷ ʧʦʯʘʪʢʦʚʦʛʦ ʩʢʣʘʜʫ ʥʘʬʪʠ) 

ʜʦ 0 (ʜʣʷ ʩʪʘʥʫ ʤʘʡʞʝ ʧʦʚʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʚʠʟʥʘʯʝʥʠʭ ʢʣʘʩʽʚ ʢʦʤʧʦʥʝʥʪʽʚ); ʜʽʘʧʘʟʦʥʠ 3ï2, 2ï1 

ʽ 1ï0 ʪʨʘʢʪʫʶʪʴ ʷʢ ʣʝʛʢʠʡ, ʧʦʤʽʨʥʠʡ ʽ ʩʠʣʴʥʠʡ ʩʪʫʧʽʥʴ ʙʽʦʜʝʛʨʘʜʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ. ʇʦʜʽʙʥʽ 

ʽʥʜʝʢʩʠ ʜʦʟʚʦʣʷʶʪʴ ʧʦʨʽʚʥʶʚʘʪʠ ʩʪʫʧʽʥʴ ʨʦʟʢʣʘʜʫ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʫ ʨʽʟʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʪʘ 

ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʨʝʤʝʜʽʘʮʽʾ. 

ɯʥʰʘ ʛʨʫʧʘ ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʙʽʦʜʝʛʨʘʜʘʮʽʾ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʩʪʽʰʠʭ ʤʘʩʦʚʠʭ 

ʙʘʣʘʥʩʘʭ TPH: ʽʥʜʝʢʩ ʙʽʦʜʝʛʨʘʜʘʮʽʾ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʩʦʪʦʢ ʟʥʠʞʝʥʥʷ 

ʟʘʛʘʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ, ʪʦʙʪʦ ʷʢ ((C  ī C )/C )Ŀ100 %, ʜʝ C  

ï ʧʦʯʘʪʢʦʚʘ, ʘ C  ï ʟʘʣʠʰʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʝʨʝʟ ʯʘʩ t. ʇʦʣʴʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʤʝʪʦʜʘʤʠ 

ʙʽʦʧʘʡʜ (ecopiling) ʽ ʙʽʦʩʪʠʤʫʣʷʮʽʾ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘ ʢʽʣʴʢʘ ʤʽʩʷʮʽʚ ʤʦʞʥʘ ʜʦʩʷʛʘʪʠ 

ʟʥʠʞʝʥʥʷ TPH ʥʘ 40ï60 %, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʽʥʜʝʢʩʫ ʙʽʦʜʝʛʨʘʜʘʮʽʾ ʪʘ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʤʽʥʘʤʠ ʫ ʩʪʨʫʢʪʫʨʽ ʤʽʢʨʦʙʥʠʭ ʫʛʨʫʧʦʚʘʥʴ. ʆʢʨʝʤʽ ʨʦʙʦʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʪʝʛʨʘʣʴʥʽ ʙʘʛʘʪʦʬʘʢʪʦʨʥʽ ʽʥʜʝʢʩʠ ʙʽʦʜʝʛʨʘʜʘʮʽʾ, ʷʢʽ ʦʙôʻʜʥʫʶʪʴ ʜʘʥʽ 

ʭʨʦʤʘʪʦʛʨʘʬʽʾ, ʨʝʩʧʽʨʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʘʢʪʠʚʥʦʩʪʽ ˇʨʫʥʪʦʚʠʭ ʬʝʨʤʝʥʪʽʚ ʽ 

ʯʠʩʝʣʴʥʦʩʪʽ ʢʣʶʯʦʚʠʭ ʛʨʫʧ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʽʣʴʰ ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʤʝʜʽʘʮʽʾ.  

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʦʶ ʻ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʪʦʢʩʠʯʥʦʩʪʽ ʥʘʬʪʦʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʽʚ, ʜʣʷ ʯʦʛʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʽʥʜʝʢʩʠ ʪʦʢʩʠʯʥʦʩʪʽ ʪʘ ʝʢʦʪʦʢʩʠʯʥʦʩʪʽ. ʅʘ ʨʽʚʥʽ ˇʨʫʥʪʦʚʦ-ʨʦʩʣʠʥʥʦʾ ʩʠʩʪʝʤʠ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʽʪʦʪʦʢʩʠʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʟʦʢʨʝʤʘ ʽʥʜʝʢʩ ʧʨʦʨʦʩʪʘʥʥʷ 

(Germination Index, GI) ʽ ʬʽʪʦʪʦʢʩʠʯʥʠʡ ʽʥʜʝʢʩ. GI ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʚʽʜʥʦʩʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʧʨʦʨʦʩʣʦʛʦ ʥʘʩʽʥʥʷ ʪʘ/ʘʙʦ ʜʦʚʞʠʥʦʶ ʢʦʨʽʥʮʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʝʤ; ʯʠʤ ʚʠʱʠʡ GI, ʪʠʤ 

ʥʠʞʯʘ ʪʦʢʩʠʯʥʽʩʪʴ ʩʫʙʩʪʨʘʪʫ. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʽʦʨʝʤʝʜʽʘʮʽʾ ˇʨʫʥʪʽʚ, ʟʘʙʨʫʜʥʝʥʠʭ 

ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ, ʧʦʢʘʟʘʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ GI ʜʦ 60ï90 % ʚʽʜ ʢʦʥʪʨʦʣʶ ʢʦʨʝʣʶʻ ʟʽ 

ʟʥʠʞʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʡ TPH ʪʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʤʝʥʰʝʥʥʷ ʬʽʪʦʪʦʢʩʠʯʥʦʩʪʽ ʡ çʜʦʟʨʽʚʘʥʥʷè 

ʩʫʙʩʪʨʘʪʫ ʧʽʩʣʷ ʚʥʝʩʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʘʤʝʣʨʘʥʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʛʨʠʙʥʦʛʦ 

ʢʦʤʧʦʩʪʫ).  

ʋ ʧʨʘʢʪʠʮʽ ʝʢʦʣʦʛʦ-ʩʘʥʽʪʘʨʥʦʾ ʦʮʽʥʢʠ ʨʦʟʨʦʙʣʝʥʦ ʧʽʜʭʦʜʠ, ʜʝ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ 

ˇʨʫʥʪʽʚ ʥʘʬʪʦʶ ʧʦʚôʷʟʫʶʪʴ ʽʟ ʬʽʪʦʪʦʢʩʠʯʥʠʤ ʽʥʜʝʢʩʦʤ: ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʘʬʪʠ <0,4 % 

ʬʽʪʦʪʦʢʩʠʯʥʽʩʪʴ ʥʠʞʯʘ ʟʘ 0,6, ʽ ʪʘʢʠʡ ʩʪʘʥ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʜʦʧʫʩʪʠʤʠʡ ʜʣʷ ʨʦʩʣʠʥ; ʧʨʠ 

ʚʠʱʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʽʥʜʝʢʩ ʪʦʢʩʠʯʥʦʩʪʽ ʟʨʦʩʪʘʻ ʡ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʙʤʝʞʝʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʘʙʦ ʧʨʦʚʝʜʝʥʥʷ ʨʝʤʝʜʽʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ. 

ʆʜʥʦʯʘʩʥʦ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʽʥʪʝʛʨʘʣʴʥʽ ʽʥʜʝʢʩʠ 

ʝʢʦʪʦʢʩʠʯʥʦʩʪʽ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʪʝʩʪʽʚ ʥʘ ʨʦʩʣʠʥʘʭ (ʚʤʽʩʪ ʬʦʪʦʩʠʥʪʝʪʠʯʥʠʭ 

ʧʽʛʤʝʥʪʽʚ, ʜʦʚʞʠʥʘ ʢʦʨʝʥʷ), ʙʝʟʭʨʝʙʝʪʥʠʭ (ʚʠʞʠʚʘʥʥʷ ʜʦʱʦʚʠʭ ʯʝʨʚʽʚ), ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʭ 

(ʘʢʪʠʚʥʽʩʪʴ ʢʣʶʯʦʚʠʭ ʬʝʨʤʝʥʪʽʚ) ʽ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʙʘʢʪʝʨʽʷʭ (ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʽʥʥʷ). ʋ 

ʭʦʜʽ ʤʽʢʨʦʙʥʦʾ ʨʝʤʝʜʽʘʮʽʾ ʥʘʬʪʦʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʽʚ ʪʘʢʽ ʽʥʪʝʛʨʘʣʴʥʽ ʽʥʜʝʢʩʠ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʪʠʧʦʚʫ ʜʠʥʘʤʽʢʫ: ʪʦʢʩʠʯʥʽʩʪʴ ʥʘ ʧʝʨʰʠʭ ʩʪʘʜʽʷʭ ʤʦʞʝ ʟʨʦʩʪʘʪʠ (ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ 

ʧʨʦʤʽʞʥʠʭ ʤʝʪʘʙʦʣʽʪʽʚ), ʘ ʧʦʪʽʤ, ʽʟ ʧʦʛʣʠʙʣʝʥʥʷʤ ʙʽʦʜʝʛʨʘʜʘʮʽʾ, ʧʦʩʪʫʧʦʚʦ ʟʥʠʞʫʻʪʴʩʷ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʡ ʜʦʟʚʦʣʷʻ ʧʽʜʽʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ʨʝʤʝʜʽʘʮʽʾ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʬʪʦʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʢʦʤʧʣʝʢʩʦʤ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʟʤʽʥ: ʟʨʦʩʪʘʥʥʷʤ ʦʙôʻʤʥʦʾ ʤʘʩʠ ʡ ʟʥʠʞʝʥʥʷʤ ʧʦʨʠʩʪʦʩʪʽ ʪʘ 
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ʚʦʜʦʧʨʦʥʠʢʥʦʩʪʽ, ʨʦʟʚʠʪʢʦʤ ʛʽʜʨʦʬʦʙʥʦʩʪʽ, ʧʦʨʫʰʝʥʥʷʤ ʩʪʨʫʢʪʫʨʠ ʡ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ; ʧʽʜʚʠʱʝʥʥʷʤ ʚʤʽʩʪʫ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʶ ʟʘ ʨʘʭʫʥʦʢ ʚʫʛʣʝʚʦʜʥʽʚ, ʟʤʽʥʦʶ pH 

ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ ʩʦʣʴʦʚʦʛʦ ʡ ʧʦʞʠʚʥʦʛʦ ʨʝʞʠʤʽʚ, ʥʘʢʦʧʠʯʝʥʥʷʤ 

ʪʦʢʩʠʯʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʽ ʟʤʽʥʦʶ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ɯʥʜʝʢʩʠ ʙʽʦʜʝʛʨʘʜʘʮʽʾ 

ʢʽʣʴʢʽʩʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʪʫʧʽʥʴ ʨʫʡʥʫʚʘʥʥʷ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʫ ʯʘʩʽ, ʘ ʽʥʜʝʢʩʠ ʪʦʢʩʠʯʥʦʩʪʽ ʪʘ 

ʝʢʦʪʦʢʩʠʯʥʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʨʝʘʣʴʥʠʡ ʙʽʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʤʝʜʽʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ. ʋ ʩʫʢʫʧʥʦʩʪʽ ʮʽ ʧʦʢʘʟʥʠʢʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʥʝ ʣʠʰʝ 

ʦʧʠʩʘʪʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʟʤʽʥʠ, ʘʣʝ ʡ ʦʙˇʨʫʥʪʫʚʘʪʠ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ, ʢʨʠʪʝʨʽʾ 

ʧʨʠʡʥʷʪʥʦʩʪʽ ʩʪʘʥʫ ˇʨʫʥʪʽʚ ʽ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʙʽʦʨʝʤʝʜʽʘʮʽʾ ʪʘ ʨʝʢʫʣʴʪʠʚʘʮʽʾ 

ʥʘʬʪʦʟʘʙʨʫʜʥʝʥʠʭ ʪʝʨʠʪʦʨʽʡ. ʈʘʟʦʤ ʟ ʪʠʤ, ʢʦʤʧʣʝʢʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʬʪʦʟʘʙʨʫʜʥʝʥʠʭ 

ˇʨʫʥʪʽʚ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ ʾʭ ʙʽʦʨʝʤʝʜʽʘʮʽʾ ʧʨʦʜʦʚʞʫʶʪʴʩʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʫʪʦʯʥʶʚʘʪʠ ʦʮʽʥʥʽ ʧʦʢʘʟʥʠʢʠ ʡ ʧʽʜʚʠʱʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʄʘʥʜʨʠʢ ʆ.ʄ, ɸʜʘʤʝʥʢʦ ʗ.ʆ., ɸʨʭʠʧʦʚʘ ʃ.ʄ. ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʙʶʣʝʪʝʥʴ ʟ 

ʫʧʨʘʚʣʽʥʥʷ ʜʽʣʷʥʢʘʤʠ, ʟʘʙʨʫʜʥʝʥʠʤʠ ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ. ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʟʙʘʣʘʥʩʦʚʘʥʝ 

ʨʝʩʫʨʩʦʢʦʨʠʩʪʫʚʘʥʥʷ, 144-145 

2. ʇʫʢʽʰ ɸ.ɺ, ʉʠʜʦʨʝʥʢʦ ʆ.ɯ, ʄʘʥʜʨʠʢ ʆ.ʄ., ʊʠʨʣʠʯ ɺ.ɺ. ɺʧʣʠʚ ʥʘʬʪʦʚʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʚʤʽʩʪ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ ˇʨʫʥʪʽ. Scientific Bulletin of UNFU 31 (4), 88-92 

 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʊɸ ʇʈɯʆʈɽʊʀɿɸʎɯʗ ʉʋʏɸʉʅʀʍ ʇɯɼʍʆɼɯɺ 

ʃɯʉʆʄɽʃɯʆʈɸʎɯɰ 

 

ʊʦʨʩʴʢʠʡ ʆʨʝʩʪ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ 

ʇʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʄʘʥʜʨʠʢ ʆʣʝʛ ʄʠʢʦʣʘʡʦʚʠʯ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ʃʽʩʦʤʝʣʽʦʨʘʮʽʷ ʻ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ɺ ʫʤʦʚʘʭ ʟʤʽʥ ʢʣʽʤʘʪʫ, ʛʣʦʙʘʣʴʥʦʾ ʫʨʙʘʥʽʟʘʮʽʾ ʪʘ 

ʰʚʠʜʢʠʭ ʪʝʤʧʽʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʢʦʩʠʩʪʝʤʠ, ʣʽʩʦʤʝʣʽʦʨʘʮʽʷ ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʾ 

ʫʚʘʛʠ. ɺ ʋʢʨʘʾʥʽ, ʷʢ ʽ ʚ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʢʨʘʾʥʘʭ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʘ ʜʝʛʨʘʜʘʮʽʷ ʣʽʩʦʚʠʭ 

ʨʝʩʫʨʩʽʚ: ʟʤʝʥʰʝʥʥʷ ʣʽʩʦʚʠʭ ʧʣʦʱ, ʟʥʠʞʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, ʝʨʦʟʽʷ ˇʨʫʥʪʽʚ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʛʽʜʨʦʣʦʛʽʯʥʽ ʪʘ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ [1]. 

ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰʠʭ ʧʨʦʙʣʝʤ ʻ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʣʽʩʦʤʝʣʽʦʨʘʮʽʾ, 

ʱʦ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ ʥʝʜʦʩʪʘʪʥʴʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʣʽʩʦʚʠʭ ʝʢʦʩʠʩʪʝʤ. ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʧʦʪʨʝʙʫʶʪʴ ʦʥʦʚʣʝʥʥʷ ʪʘ ʘʜʘʧʪʘʮʽʾ ʜʦ 

ʥʦʚʠʭ ʚʠʢʣʠʢʽʚ, ʟʦʢʨʝʤʘ ʜʦ ʟʤʽʥ ʢʣʽʤʘʪʫ ʪʘ ʟʨʦʩʪʘʶʯʠʭ ʧʦʪʨʝʙ ʫ ʣʽʩʦʚʠʭ ʨʝʩʫʨʩʘʭ. ʋ ʟʚ'ʷʟʢʫ 

ʟ ʮʠʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʫ ʧʨʦʮʝʩʽ ʣʽʩʦʤʝʣʽʦʨʘʮʽʾ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʚʽʜʥʦʚʣʝʥʥʷ ʣʽʩʦʚʠʭ ʪʝʨʠʪʦʨʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ 

ʥʘ ʧʨʘʢʪʠʮʽ[2,3]. 

ʊʦʤʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ ʟʘʚʜʘʥʴ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʣʽʩʦʤʝʣʽʦʨʘʮʽʾ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʣʽʩʦʚʠʭ ʝʢʦʩʠʩʪʝʤ, ʘ ʩʘʤʝ: 

¶ ʆʮʽʥʶʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʣʽʩʦʤʝʣʽʦʨʘʮʽʾ: ʜʦʩʣʽʜʞʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʽ 

ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʣʽʩʦʚʽʜʥʦʚʣʝʥʥʷ, ʟʦʢʨʝʤʘ ʚ ʫʤʦʚʘʭ ʟʤʽʥ ʢʣʽʤʘʪʫ. 

¶ ɸʥʘʣʽʟ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʣʽʩʦʤʝʣʽʦʨʘʮʽʾ: ʚʠʚʯʝʥʥʷ ʥʦʚʽʪʥʽʭ ʧʽʜʭʦʜʽʚ, 

ʪʘʢʠʭ ʷʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʣʽʩʦʚʠʭ ʪʝʨʠʪʦʨʽʡ, 

ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ˇʨʫʥʪʽʚ. 

¶ ʆʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥ ʢʣʽʤʘʪʫ ʥʘ ʧʨʦʮʝʩ ʣʽʩʦʤʝʣʽʦʨʘʮʽʾ: ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ 

ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʣʽʩʦʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʘʜʘʧʪʘʮʽʾ ʤʝʪʦʜʽʚ ʜʦ ʥʦʚʠʭ ʫʤʦʚ. 
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¶ ʈʦʟʨʦʙʣʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʨʘʢʪʠʢ ʣʽʩʦʤʝʣʽʦʨʘʮʽʾ: ʥʘ ʦʩʥʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʩʬʦʨʤʫʣʶʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʧʦʪʨʽʙʝʥ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʱʦ 

ʚʢʣʶʯʘʻ ʢʽʣʴʢʘ ʚʘʞʣʠʚʠʭ ʝʪʘʧʽʚ. ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʽʩʥʫʶʯʠʭ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, 

ʢ̫ʽ ʦʧʠʩʫʶʪʴ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʣʽʩʦʤʝʣʽʦʨʘʮʽʾ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʟʨʦʟʫʤʽʪʠ ʛʣʦʙʘʣʴʥʽ ʪʝʥʜʝʥʮʽʾ ʪʘ ʥʘʡʢʨʘʱʽ ʧʨʘʢʪʠʢʠ ʚ ʛʘʣʫʟʽ. ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʻ 

ʧʨʦʚʝʜʝʥʥʷ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʟʙʦʨʫ ʘʢʪʫʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦ ʩʪʘʥ ʣʽʩʦʚʠʭ ʝʢʦʩʠʩʪʝʤ ʪʘ 

ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʣʽʩʦʚʽʜʥʦʚʣʝʥʥʷ. ʊʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʜʘʶʪʴ 

ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʤʝʪʦʜʠʢ ʜʦ ʨʝʘʣʴʥʠʭ ʫʤʦʚ. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʣʽʩʦʚʽʜʥʦʚʣʝʥʥʷ ʟʘ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʽ ʫʤʦʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʛʥʦʟʽʚ. ɿʙʽʨ ʜʫʤʦʢ ʝʢʩʧʝʨʪʽʚ ʫ ʛʘʣʫʟʽ ʣʽʩʦʚʦʜʩʪʚʘ ʪʘ ʝʢʦʣʦʛʽʾ ʪʘʢʦʞ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʣʽʩʦʤʝʣʽʦʨʘʮʽʾ, ʘʜʞʝ ʬʘʭʽʚʮʽ ʥʘʜʘʶʪʴ ʧʨʘʢʪʠʯʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʆʢʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʚʠʚʯʠʪʠ 

ʚʧʣʠʚ ʟʤʽʥ ʢʣʽʤʘʪʫ ʥʘ ʣʽʩʦʚʽ ʝʢʦʩʠʩʪʝʤʠ ʪʘ ʨʦʟʨʦʙʠʪʠ ʩʪʨʘʪʝʛʽʾ ʘʜʘʧʪʘʮʽʾ ʣʽʩʦʤʝʣʽʦʨʘʮʽʡʥʠʭ 

ʤʝʪʦʜʽʚ ʜʦ ʥʦʚʠʭ ʫʤʦʚ, ʟʦʢʨʝʤʘ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʟʤʽʥʠ ʨʽʚʥʷ 

ʦʧʘʜʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʝʨʥʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʣʽʩʦʤʝʣʽʦʨʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ 

ʻ ʥʝʦʙʭʽʜʥʠʤ ʝʪʘʧʦʤ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʚʠʢʣʠʢʠ, ʧʦʚôʷʟʘʥʽ ʟ ʛʣʦʙʘʣʴʥʠʤʠ 

ʟʤʽʥʘʤʠ ʢʣʽʤʘʪʫ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʤʠ ʚʪʨʫʯʘʥʥʷʤʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ 

ʜʦʟʚʦʣʠʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʣʽʩʦʚʽʜʥʦʚʣʝʥʥʷ, ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʽʡʢʽʩʪʴ ʣʽʩʦʚʠʭ ʝʢʦʩʠʩʪʝʤ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʪʘʥʫʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʩʪʨʘʪʝʛʽʡ ʪʘ ʤʝʪʦʜʽʚ, ʱʦ ʩʧʨʠʷʪʠʤʫʪʴ ʩʪʘʣʦʤʫ 

ʨʦʟʚʠʪʢʫ ʣʽʩʦʚʠʭ ʪʝʨʠʪʦʨʽʡ, ʟʙʝʨʝʞʝʥʥʶ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘ ʧʦʢʨʘʱʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʾ 

ʩʠʪʫʘʮʽʾ ʚ ʋʢʨʘʾʥʽ ʪʘ ʟʘ ʾʾ ʤʝʞʘʤʠ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ:  

1. ʐʘʨʠʡ ɻ.ɯ., ʅʝʩʪʝʨʝʥʢʦ ʉ,ɺ., ʆʜʘʨʶʢ ʊ.ʉ. ʃʽʩʦʩʤʫʛʠ ʯʝʢʘʪʠ ʜʦʛʣʷʜʫ ʥʝ ʧʦʚʠʥʥʽ // 

ɿʝʤʣʝʚʧʦʨʷʜʥʠʡ ʚʽʩʥʠʢ. ï 2021. ï ˉ5. ï ʉ. 19-23.  

2. ʊʨʝʪʷʢ ɸ.ʄ. ɽʢʦʥʦʤʽʢʘ ʥʝʪʨʘʜʠʮʽʡʥʦʛʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ 

ʚ ʢʦʥʪʝʢʩʪʽ ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʋʢʨʘʾʥʠ., ɸʛʨʦʩʚʽʪ ˉ22, 2922, ʩ. 3-11 . 
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ɿɸɹʈʋɼʅɽʅʅʗ ʉʊɯʏʅʀʍ ɺʆɼ ʊɸ ɻɯɼʈʆɽʂʆʉʀʉʊɽʄʅɸ ʂɸʊɸʉʊʈʆʌɸ 

 

ʍʦʚʘʥʝʮʴ ʄʠʢʦʣʘ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ 

ʇʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʄʘʥʜʨʠʢ ʆʣʝʛ ʄʠʢʦʣʘʡʦʚʠʯ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ʉʪʽʯʥʽ ʚʦʜʠ ï ʮʝ ʚʦʜʠ, ʷʢʽ ʚʠʢʠʜʘʶʪʴʩʷ ʫ ʚʦʜʦʡʤʠ ʽʟ ʨʽʟʥʠʤ ʟʘʙʨʫʜʥʶʶʯʠʤ ʩʢʣʘʜʦʤ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʝʯʦʚʠʥ, ʪʦʤʫ ʮʝ ʩʪʚʦʨʶʻ ʟʘʛʨʦʟʫ ʜʣʷ ʯʠʩʪʦʪʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. ʉʪʫʧʽʥʴ ʯʠʩʪʦʪʠ ʯʠ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʦʡʤ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ ʥʦʨʤʘʭ ʷʢʦʩʪʽ ʚʦʜʠ. ʊʦʤʫ ʽʩʥʫʻ ʜʚʽ ʦʩʥʦʚʥʽ ʦʟʥʘʢʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʷʢʽʩʪʴ ʪʘ 

ʟʘʙʨʫʜʥʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ:  

 - ʩʘʥʽʪʘʨʥʘ ʦʟʥʘʢʘ, ʷʢʘ ʚʩʪʘʥʦʚʣʶʻ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ ʪʘ ʧʘʨʘʟʠʪʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʷʢʦʩʪʽ ʚʦʜʠ (ʯʠʩʣʦ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʙʘʢʪʝʨʽʡ);  

- ʪʦʢʩʠʢʦʣʦʛʽʯʥʘ ʦʟʥʘʢʘ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʰʢʽʜʣʠʚʽʩʪʴ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʷʢʠʡ ʤʦʞʝ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʥʦʨʤʫ; - ʦʨʛʘʥʦʣʝʧʪʠʯʥʘ ʦʟʥʘʢʘ: ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʣʽʨ ʪʘ ʟʘʧʘʭ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʨʝʯʦʚʠʥ.  

ʇʨʦʮʝʩ ʟʘʙʨʫʜʥʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ: ʧʦʙʫʪʦʚʠʭ, 

ʧʨʦʤʠʩʣʦʚʠʭ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ, ʘʪʤʦʩʬʝʨʥʠʭ ʪʘ ʽʥʰʠʭ. ʂʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘʙʨʫʜʥʝʥʥʷ 
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ʩʪʽʯʥʠʭ ʚʦʜ ʥʘʤʘʛʘʣʠʩʷ ʙʘʛʘʪʦ ʥʘʫʢʦʚʮʽʚ, ʘʣʝ ʟʘʨʘʟ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʮʝʡ ʧʝʨʝʣʽʢ ʥʝʚʠʯʝʨʧʥʠʡ 

ʽ ʥʝʜʦʩʢʦʥʘʣʠʡ [1-3]. ɼʦʮʽʣʴʥʦ ʚʠʦʢʨʝʤʠʪʠ ʜʝʢʽʣʴʢʘ ʢʨʠʪʝʨʽʾʚ ʱʦʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʟʘʙʨʫʜʥʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ:  

1) ʟʘʣʝʞʥʦ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʚʧʣʠʚʫ: - ʪʠʤʯʘʩʦʚʽ (ʤʦʤʝʥʪʥʽ) ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ 

ʨʘʧʪʦʚʦ ʽ ʤʘʶʪʴ ʢʦʨʦʪʢʦʯʘʩʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ; - ʧʦʩʪʽʡʥʽ ʟʘʙʨʫʜʥʝʥʥʷ, 

ʷʢʽ ʥʝ ʟʥʠʢʘʶʪʴ ʟ ʧʣʠʥʦʤ ʯʘʩʫ, ʘ ʥʘʚʧʘʢʠ ʧʦʩʪʽʡʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ 

ʧʽʜʚʠʱʫʶʪʴ ʮʝʡ ʨʠʟʠʢ;  

2) ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ ʟʘʙʨʫʜʥʝʥʥʷ: - ʣʝʛʢʝ; - ʩʝʨʝʜʥʻ; - ʚʘʞʢʝ;  

3) ʟʘʙʨʫʜʥʝʥʥʷ, ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ: - ʤʽʩʮʝʚʽ; 

ʨʝʛʽʦʥʘʣʴʥʽ; ʛʣʦʙʘʣʴʥʽ;  

4) ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʫʪʠʣʽʟʘʮʽʾ: ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʽ ʫʪʠʣʽʟʫʶʪʴʩʷ, ʪʦʙʪʦ ʥʝ ʟʘʚʜʘʶʪʴ 

ʰʢʦʜʠ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ ʪʘ ʟʜʦʨʦʚôʶ ʣʶʜʝʡ ʽ ʪʚʘʨʠʥ; ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʽ 

ʩʢʠʜʘʶʪʴʩʷ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʘʭ ʟʘʚʜʘʶʪʴ ʰʢʦʜʠ ʽ ʜʦʚʢʽʣʣʶ ʽ 

ʩʪʘʥʫ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ; 

 5) ʟʘʣʝʞʥʦ ʚʽʜ ʣʦʢʘʣʽʟʘʮʽʾ: ʧʣʦʱʠʥʥʽ ʟʘʙʨʫʜʥʝʥʥʷ, ʧʦʰʠʨʶʶʪʴʩʷ ʥʘ ʚʝʣʠʢʫ ʧʣʦʱʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ʣʽʥʽʡʥʽ ʟʘʙʨʫʜʥʝʥʥʷ, ʧʦʰʠʨʶʶʪʴʩʷ ʣʠʰʝ ʧʦ ʣʽʥʽʡʥʽʡ ʧʣʦʱʠʥʽ 

(ʨʫʩʣʦ ʨʽʯʢʠ); ʪʦʯʢʦʚʽ ʟʘʙʨʫʜʥʝʥʥʷ, ʚʠʥʠʢʘʶʪʴ ʚ ʦʜʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʤʽʩʮʽ, ʧʦʰʠʨʶʶʪʴʩʷ 

ʥʘ ʧʝʚʥʝ ʤʽʩʮʝ ʚ ʯʽʪʢʠʭ ʨʦʟʤʽʨʘʭ; 

 6) ʟʘʣʝʞʥʦ ʚʽʜ ʤʦʞʣʠʚʦʩʪʽ ʫʩʫʥʫʪʠ ʟʘʙʨʫʜʥʝʥʥʷ: ʟʚʦʨʦʪʥʽ, ʤʦʞʫʪʴ ʙʫʪʠ ʫʩʫʥʝʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ; ʥʝʟʚʦʨʦʪʥʽ, ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ 

ʫʩʫʥʝʥʽ ʥʽʷʢʠʤ ʯʠʥʦʤ.  

ɸʥʘʣʽʟʫʶʯʠ ʚʠʜʠ ʟʘʙʨʫʜʥʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ, ʘ ʦʩʦʙʣʠʚʦ, ʟʚʘʞʘʶʯʠ ʥʘ ʦʩʪʘʥʥʽʡ 

ʢʨʠʪʝʨʽʡ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʽʜ ʮʴʦʛʦ ʮʽʣʢʦʤ ʟʘʣʝʞʠʪʴ ʟʥʘʯʝʥʥʷ ʽ ʩʧʦʩʦʙʠ ʦʯʠʱʝʥʥʷ 

ʩʪʽʯʥʠʭ ʚʦʜ, ʷʢʽ ʧʦʚʠʥʥʽ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠʩʴ ʙʽʣʴʰʝ ʽ ʙʽʣʴʰʝ ʟʘʜʣʷ ʯʠʩʪʦʛʦ, ʷʢʽʩʥʦʛʦ ʪʘ 

ʟʜʦʨʦʚʦʛʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʚʦʜʦʡʤʠʱ. ɿʥʘʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʻ 

ʥʘʜʪʦ ʚʘʞʣʠʚʠʤ, ʘʜʞʝ ʮʝ ʚʚʘʞʘʻʪʴʩʷ ʩʝʨʡʦʟʥʦʶ ʝʢʦʣʦʛʽʯʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʙʦ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʘ ʟʛʦʜʦʤ ʽ ʜʦ 

ʛʽʜʨʦʝʢʦʩʠʩʪʝʤʥʦʾ ʢʘʪʘʩʪʨʦʬʠ. 

 ʉʣʽʜ ʥʘʟʚʘʪʠ ʥʠʟʢʫ ʦʟʥʘʢ ʘʙʦ ʞ ʥʘʩʣʽʜʢʽʚ, ʷʢʽ ʩʧʨʠʯʠʥʷʶʪʴʩʷ ʟʘʙʨʫʜʥʝʥʥʷʤ ʩʪʽʯʥʠʭ 

ʚʦʜ:  ʧʦʰʠʨʝʥʥʷ ʟʘʭʚʦʨʶʚʘʥʴ, ʱʦ ʥʝʩʝ ʟʘ ʩʦʙʦʶ ʧʦʷʚʫ ʙʘʢʪʝʨʽʡ, ʚʽʨʫʩʽʚ ʪʘ ʧʘʨʘʟʠʪʽʚ, ʷʢʽ 

ʥʝʙʝʟʧʝʯʥʽ ʜʣʷ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ ʽ ʪʚʘʨʠʥ; ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ, ʱʦ ʧʦʛʽʨʰʫʻ ʡʦʛʦ ʷʢʽʩʪʴ ʪʘ 

ʟʤʝʥʰʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʱʦ ʟʛʦʜʦʤ ʩʪʘʻ ʰʢʽʜʣʠʚʠʤ ʜʣʷ ʨʦʩʣʠʥʥʦʩʪʽ;- ʟʘʙʨʫʜʥʝʥʥʷ ʨʽʯʦʢ, 

ʦʟʝʨ ʪʘ ʤʦʨʽʚ, ʱʦ ʟʘʚʜʘʻ ʰʢʦʜʠ ʚʦʜʥʠʤ ʦʨʛʘʥʽʟʤʘʤ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʛʽʜʨʦʝʢʦʩʠʩʪʝʤʽ, ʘ ʟʛʦʜʦʤ 

ʩʧʨʠʯʠʥʷʻ ʚʽʜʤʠʨʘʥʥʷ ʨʠʙ ʪʘ ʽʥʰʠʭ ʞʠʚʠʭ ʚʦʜʥʠʭ ʦʨʛʘʥʽʟʤʽʚ; ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʞʠʪʪʷ, ʙʦ 

ʚʠʥʠʢʘʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʷʢʽʩʥʦʛʦ ʢʫʧʘʥʥʷ, ʨʠʙʦʣʦʚʣʽ ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʽʥʰʠʭ ʧʦʩʣʫʛ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʜʘʥʽ ʣʶʜʷʤ ʚʽʜ ʧʨʠʨʦʜʠ; ʥʝʧʨʷʤʠʡ ʚʧʣʠʚ ʥʘ ʝʢʦʥʦʤʽʢʫ ʜʝʨʞʘʚʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʧʦʧʠʪʫ ʥʘ ʚʦʜʥʽ ʨʝʩʫʨʩʠ (ʟʦʢʨʝʤʘ, ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʠʥʢʫ).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʥʘʩʣʽʜʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ, ʚʚʘʞʘʻʪʴʩʷ 

ʩʘʤʝ ʧʦʰʠʨʝʥʥʷ ʟʘʭʚʦʨʶʚʘʥʴ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʤʘʻ ʚ ʩʦʙʽ ʜʚʽ 

ʩʪʦʨʦʥʠ, ʘʜʞʝ ʦʜʥʦʯʘʩʥʦ ʻ ʧʨʦʩʪʠʤ ʪʘ ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ. ʇʨʦʩʪʘ ʦʟʥʘʢʘ ʟʘʙʨʫʜʥʝʥʥʷ 

ʩʪʽʯʥʠʭ ʚʦʜ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʦ ʧʨʦʭʦʜʠʪʴ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʝʪʘʧʽʚ, ʘ ʩʢʣʘʜʥʘ ï 

ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʩʢʣʘʜ, ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʚʽʜʧʦʚʽʜʥʦ 

ʽ ʻ ʦʩʥʦʚʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʩʪʽʯʥʠʭ ʚʦʜ.  
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ʇʆʗʉʅʖɺɸʅʀʁ ʐʊʋʏʅʀʁ ɯʅʊɽʃɽʂʊ ʊɸ ʆʎɯʅʖɺɸʅʅʗ  

ʅɽɺʀɿʅɸʏɽʅʆʉʊɯ ɺ GEOAI-ʄʆɼɽʃʗʍ ɽʂʆʃʆɻɯʏʅʆɻʆ ʄʆʅɯʊʆʈʀʅɻʋ 

 

ʏʝʨʥʠʰ ʈʫʩʣʘʥ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ  

ʇʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ɸʜʘʤʝʥʢʦ ʗʨʦʩʣʘʚ ʆʣʝʛʦʚʠʯ  

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʽ GeoAI (geospatial artificial intelligence, ʛʝʦʧʨʦʩʪʦʨʦʚʠʡ ʰʪʫʯʥʠʡ 

ʽʥʪʝʣʝʢʪ) ʰʚʠʜʢʦ ʽʥʪʝʛʨʫʶʪʴʩʷ ʚ ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ 

ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ, ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʪʝʨʤʽʥʘʮʽʾ ʪʘ F1 ʜʣʷ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʝʤʥʦʛʦ ʧʦʢʨʠʚʫ, 

ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ, ʘʪʤʦʩʬʝʨʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʪʘ ʧʨʠʙʝʨʝʞʥʠʭ ʝʢʦʩʠʩʪʝʤ [3; 7; 15]. 

ɺʦʜʥʦʯʘʩ ʟʙʝʨʽʛʘʻʪʴʩʷ çʨʦʟʨʠʚ ʜʦʚʽʨʠè: ʤʦʜʝʣʽ ʯʘʩʪʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʷʢ çʯʦʨʥʽ ʩʢʨʠʥʴʢʠè, ʘ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʤʝʞʽ ʾʭʥʴʦʾ ʟʘʩʪʦʩʦʚʥʦʩʪʽ ʥʝ ʟʘʜʦʢʫʤʝʥʪʦʚʘʥʽ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ 

[7; 8]. ɼʣʷ ʧʝʨʝʭʦʜʫ ʚʽʜ ʜʝʤʦʥʩʪʨʘʮʽʡʥʠʭ ʢʝʡʩʽʚ ʜʦ ʦʧʝʨʘʮʽʡʥʠʭ ʩʝʨʚʽʩʽʚ ʧʦʪʨʽʙʥʽ ʫʟʛʦʜʞʝʥʽ 

ʧʽʜʭʦʜʠ ʜʦ ʧʦʷʩʥʶʚʘʥʦʩʪʽ (explainable AI, XAI, ʧʦʷʩʥʶʚʘʥʠʡ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ) ʪʘ 

ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʟʨʦʩʪʘʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʨʠʟʠʢʽʚ ʽ 

ʟʥʘʯʫʱʦʩʪʽ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʾ ʧʦʣʽʪʠʢʠ, ʜʝ ʧʦʤʠʣʢʠ ʧʨʦʛʥʦʟʫ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʥʝʝʬʝʢʪʠʚʥʠʭ ʘʙʦ ʥʘʚʽʪʴ ʰʢʽʜʣʠʚʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ [14]. 

ʋ ʩʫʯʘʩʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʨʦʟʨʽʟʥʷʶʪʴ ʘʣʝʪʦʨʠʯʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ (ʧʦʚôʷʟʘʥʫ ʟ ʰʫʤʦʤ, 

ʥʝʧʦʚʥʦʪʦʶ ʡ ʛʝʪʝʨʦʛʝʥʥʽʩʪʶ ʜʘʥʠʭ) ʪʘ ʝʧʽʩʪʝʤʽʯʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ (ʧʦʚôʷʟʘʥʫ ʟ ʤʦʜʝʣʣʶ, ʾʾ 

ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʫʟʘʛʘʣʴʥʶʚʘʥʽʩʪʶ) [8]. ɼʣʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʟʘʜʘʯ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ʩʠʪʫʘʮʽʶ ʜʦʜʘʪʢʦʚʦ ʫʩʢʣʘʜʥʶʻ ʜʦʤʝʥʥʠʡ ʟʩʫʚ (out-of-distribution, OOD): ʤʦʜʝʣʽ, 

ʥʘʚʯʝʥʽ ʥʘ ʦʜʥʦʤʫ ʙʽʦʤʽ, ʩʝʟʦʥʽ ʘʙʦ ʩʝʥʩʦʨʥʽʡ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʚʪʨʘʯʘʶʪʴ ʪʦʯʥʽʩʪʴ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʚ ʽʥʰʠʭ ʫʤʦʚʘʭ [3; 15; 17]. ʆʛʣʷʜʠ GeoAI ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ 

ʧʽʜʢʨʝʩʣʶʶʪʴ, ʱʦ ʚʠʧʘʜʢʦʚʘ ʢʨʦʩ-ʚʘʣʽʜʘʮʽʷ (cross-validation, CV) ʯʘʩʪʦ ʟʘʚʠʱʫʻ ʤʝʪʨʠʢʠ, ʘ 

ʢʦʨʝʢʪʥʘ ʦʮʽʥʢʘ ʧʝʨʝʥʦʩʠʤʦʩʪʽ ʧʦʪʨʝʙʫʻ ʧʨʦʩʪʦʨʦʚʦ ʽ ʯʘʩʦʚʦ ʙʣʦʢʦʚʘʥʠʭ ʩʭʝʤ, ʚʢʣʘʜʝʥʦʾ 

ʢʨʦʩ-ʚʘʣʽʜʘʮʽʾ (nested CV) ʪʘ ʥʝʟʘʣʝʞʥʠʭ ʨʝʛʽʦʥʘʣʴʥʠʭ ʪʝʩʪʽʚ [7; 10; 11; 15]. ɼʦʜʘʪʢʦʚʦ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʥʘʚʦʜʠʪʠ ʙʫʪʩʪʨʝʧ-ʽʥʪʝʨʚʘʣʠ, ʢʘʨʪʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʧʨʦʛʥʦʟʽʚ ʪʘ 

ʘʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʨʦʟʙʠʪʪʽʚ ʜʘʥʠʭ [7; 15]. 

ʇʦʷʩʥʶʚʘʥʠʡ ʐɯ ʚʞʝ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʨʽʟʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʜʦʤʝʥʘʭ. ʋ 

ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʨʫʙʫʚʘʥʥʷ ʪʘ ʜʝʛʨʘʜʘʮʽʾ ʣʽʩʽʚ ʫʟʜʦʚʞ ʢʦʨʜʦʥʫ ɯʨʘʢïʊʫʨʝʯʯʠʥʘ ʤʝʪʦʜʠ SHAP 

(SHapley Additive exPlanations) ʜʘʣʠ ʟʤʦʛʫ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʚʥʝʩʦʢ ʚʠʩʦʪʠ, ʢʣʽʤʘʪʠʯʥʠʭ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʯʠʥʥʠʢʽʚ ʫ ʨʽʰʝʥʥʷ ʘʥʩʘʤʙʣʝʚʠʭ ʤʦʜʝʣʝʡ ML [1]. ɼʣʷ ʢʘʨʪʫʚʘʥʥʷ 

ʧʦʞʝʞʥʦʾ ʥʝʙʝʟʧʝʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ SHAP ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʜʝʨʝʚʘʤʠ ʨʽʰʝʥʴ ʜʘʣʦ ʟʤʦʛʫ 

ʚʠʜʽʣʠʪʠ ʢʣʶʯʦʚʽ ʜʨʘʡʚʝʨʠ ʟʘʛʦʨʘʥʴ ʪʘ ʧʨʦʩʪʦʨʦʚʽ ʧʘʪʝʨʥʠ ʨʠʟʠʢʫ [6]. ʋ ʤʦʨʩʴʢʠʭ 

ʝʢʦʩʠʩʪʝʤʘʭ XAI-ʧʽʜʭʽʜ ʧʦʢʘʟʘʚ, ʷʢ ʦʙʤʝʞʝʥʥʷ ʧʦ ʛʣʠʙʠʥʽ, ʧʨʦʟʦʨʽʩʪʴ ʚʦʜʠ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʨʦʟʧʦʜʽʣ ʤʦʨʩʴʢʠʭ ʪʨʘʚ [4]. ʅʘ ʨʽʚʥʽ ʤʝʪʦʜʽʚ ʘʢʪʠʚʥʦ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʛʨʘʬʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (graph neural networks, ʟʦʢʨʝʤʘ graph convolutional 

networks, GCN) ʜʣʷ ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʧʨʦʩʪʦʨʦʚʽ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʧʽʢʩʝʣʷʤʠ ʡ ʦʙôʻʢʪʘʤʠ [5], ʘ ʪʘʢʦʞ ʤʝʪʘ-ʥʘʚʯʘʥʥʷ (meta-learning), ʷʢʝ ʷʚʥʦ ʤʦʜʝʣʶʻ 

ʧʨʦʩʪʦʨʦʚʫ ʛʝʪʝʨʦʛʝʥʥʽʩʪʴ ʽ ʜʦʟʚʦʣʷʻ ʧʝʨʝʥʦʩʠʪʠ ʟʥʘʥʥʷ ʤʽʞ ʨʝʛʽʦʥʘʤʠ [17]. 

ɼʦʤʝʥʥʦ-ʩʧʝʮʠʬʽʯʥʽ ʦʛʣʷʜʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʙʝʟ XAI-ʘʥʘʣʽʟʫ ʚʠʩʦʢʽ ʤʝʪʨʠʢʠ ʤʦʞʫʪʴ 

ʤʘʩʢʫʚʘʪʠ ʫʧʝʨʝʜʞʝʥʥʷ. ʋ ʤʦʥʽʪʦʨʠʥʛʫ ʰʢʽʜʣʠʚʠʭ çʢʚʽʪʥʝʥʴè ʚʦʜʦʨʦʩʪʝʡ (harmful algal 

blooms, HABs) ʙʽʣʴʰʽʩʪʴ ʤʦʜʝʣʝʡ ʜʝʤʦʥʩʪʨʫʶʪʴ ʜʦʙʨʫ ʪʦʯʥʽʩʪʴ ʚ ʦʢʨʝʤʠʭ ʘʢʚʘʪʦʨʽʷʭ, ʘʣʝ 

ʚʘʞʢʦ ʫʟʘʛʘʣʴʥʶʶʪʴʩʷ ʥʘ ʪʨʦʧʽʯʥʽ ʪʘ ʧʦʣʷʨʥʽ ʨʝʛʽʦʥʠ ʯʝʨʝʟ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʪʠʧʘʭ 

ʬʽʪʦʧʣʘʥʢʪʦʥʫ, ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ ʽ ʥʝʨʽʚʥʦʤʽʨʥʝ ʩʫʧʫʪʥʠʢʦʚʝ ʧʦʢʨʠʪʪʷ [9; 18]. ɼʣʷ 

ʷʢʦʩʪʽ ʚʦʜʠ ʘʥʩʘʤʙʣʝʚʽ ʤʦʜʝʣʽ ʟʘʙʝʟʧʝʯʫʶʪʴ R2 å 0,93ï0,96 ʟʘ ʥʠʟʴʢʠʭ ʧʦʭʠʙʦʢ, ʦʜʥʘʢ 

ʨʝʟʫʣʴʪʘʪʠ ʯʫʪʣʠʚʽ ʜʦ ʧʨʦʩʪʦʨʦʚʦʾ ʩʪʨʘʪʠʬʽʢʘʮʽʾ, ʚʠʙʦʨʫ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʨʝʜʠʢʪʦʨʽʚ ʽ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʟʝʨʥʠʭ ʩʠʩʪʝʤ [3]. ɺ ʘʪʤʦʩʬʝʨʥʦʤʫ ʜʦʤʝʥʽ nested ML-ʤʦʜʝʣʽ 

ʥʘ ʦʩʥʦʚʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʧʨʦʜʫʢʪʽʚ GEMS (Geostationary Environment Monitoring 

Spectrometer), TROPOMI (Tropospheric Monitoring Instrument) ʪʘ ʧʦʣʽʚ ʨʝʘʥʘʣʽʟʫ ʧʽʜʚʠʱʠʣʠ 

ʫʟʛʦʜʞʝʥʽʩʪʴ ʦʮʽʥʦʢ ʧʨʠʟʝʤʥʦʛʦ NO2 ʫ ʂʠʪʘʾ ʟ R
2 å 0,73 ʜʦ å 0,93 ʫ ʢʨʦʩ-ʚʘʣʽʜʘʮʽʾ [2], ʘ 
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ʛʣʦʙʘʣʴʥʽ ʜʦʙʦʚʽ ʢʘʨʪʠ PM2.5 ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 1 ʢʤ ʜʦʩʷʛʘʶʪʴ CV R2 å 0,91 ʟʘʚʜʷʢʠ 

ʤʫʣʴʪʠʜʞʝʨʝʣʴʥʽʡ ʬôʶʟʽʾ ʪʘ ʜʝʪʘʣʴʥʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ [16]. ʇʨʦʪʝ ʟʥʘʯʥʘ 

ʯʘʩʪʠʥʘ ʨʦʙʽʪ ʽ ʜʦʩʽ ʥʝ ʩʫʧʨʦʚʦʜʞʫʻ ʧʨʦʛʥʦʟʠ ʢʘʨʪʘʤʠ ʜʦʚʽʨʠ ʘʙʦ XAI-ʽʥʪʝʨʧʨʝʪʘʮʽʻʶ 

ʬʘʢʪʦʨʽʚ ʨʠʟʠʢʫ, ʱʦ ʦʙʤʝʞʫʻ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʫʧʨʘʚʣʽʥʮʽʚ. 

ʄʽʥʽʤʘʣʴʥʠʡ GeoAI-ʩʪʘʥʜʘʨʪ ʧʦʷʩʥʶʚʘʥʦʩʪʽ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ: 
ʗʚʥʝ ʨʦʟʜʽʣʝʥʥʷ ʜʞʝʨʝʣ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ʋ ʧʫʙʣʽʢʘʮʽʷʭ ʩʣʽʜ ʯʽʪʢʦ ʚʢʘʟʫʚʘʪʠ, ʷʢʽ 

ʢʦʤʧʦʥʝʥʪʠ ʧʦʚôʷʟʘʥʽ ʟ ʰʫʤʦʤ ʽ ʥʝʧʦʚʥʦʪʦʶ ʜʘʥʠʭ (ʘʣʝʪʦʨʠʯʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ), ʘ ʷʢʽ ï ʟ 

ʤʦʜʝʣʣʶ ʪʘ ʾʾ ʧʘʨʘʤʝʪʨʘʤʠ (ʝʧʽʩʪʝʤʽʯʥʘ), ʽ ʷʢʠʤʠ ʤʝʪʦʜʘʤʠ ʚʦʥʠ ʦʮʽʥʶʚʘʣʠʩʷ (ʙʫʪʩʪʨʝʧ, 

ʘʥʩʘʤʙʣʽ, Bayesian-ʧʜ̔ʭʦʜʠ) [7; 8]. 

ʂʦʨʝʢʪʥʽ ʩʭʝʤʠ ʚʘʣʽʜʘʮʽʾ ʡ ʧʝʨʝʥʦʩʠʤʽʩʪʴ. ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʦʩʪʦʨʦʚʦ 

ʪʘ ʯʘʩʦʚʦ ʙʣʦʢʦʚʘʥʫ ʢʨʦʩ-ʚʘʣʽʜʘʮʽʶ, nested CV, ʘ ʪʘʢʦʞ ʟʦʚʥʽʰʥʽ ʥʝʟʘʣʝʞʥʽ ʪʝʩʪʠ ʥʘ ʽʥʰʠʭ 

ʨʝʛʽʦʥʘʭ ʽ ʨʦʢʘʭ; ʚʠʧʘʜʢʦʚʘ CV ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʘʚʪʦʢʦʨʝʣʷʮʽʾ ʥʝ ʧʦʚʠʥʥʘ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʜʦʩʪʘʪʥʷ [7; 11; 15]. 

ʆʙʦʚôʷʟʢʦʚʠʡ XAI-ʘʥʘʣʽʟ ʜʣʷ ʢʣʶʯʦʚʠʭ ʤʦʜʝʣʝʡ. ɼʣʷ ʦʩʥʦʚʥʠʭ ʩʮʝʥʘʨʽʾʚ ʥʝʦʙʭʽʜʥʦ 

ʥʘʚʦʜʠʪʠ ʨʝʟʫʣʴʪʘʪʠ SHAP-ʘʥʘʣʽʟʫ, ʜʽʘʛʨʘʤʠ ʯʘʩʪʢʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ (partial dependence 

plots, PDP), ʢʘʨʪʠ ʚʘʞʣʠʚʦʩʪʽ ʦʟʥʘʢ ʽ, ʟʘ ʤʦʞʣʠʚʦʩʪʽ, ʧʨʦʩʪʦʨʦʚʽ ʢʘʨʪʠ ʯʫʪʣʠʚʦʩʪʽ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʩʧʽʚʚʽʜʥʦʩʠʪʠ ʧʨʦʛʥʦʟʠ ʟ ʬʽʟʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʪʘ ʧʝʨʝʚʽʨʷʪʠ ʾʭʥʶ ʝʢʦʣʦʛʽʯʥʫ 

ʦʩʤʠʩʣʝʥʽʩʪʴ [1; 4; 6]. 

ʇʝʨʝʚʽʨʢʘ ʛʝʪʝʨʦʛʝʥʥʦʩʪʽ ʪʘ ʜʦʤʝʥʥʦʾ ʘʜʘʧʪʘʮʽʾ. ʇʦʪʨʽʙʥʦ ʘʥʘʣʽʟʫʚʘʪʠ, ʷʢ 

ʟʤʽʥʶʶʪʴʩʷ ʚʘʞʣʠʚʽʩʪʴ ʦʟʥʘʢ ʽ ʷʢʽʩʪʴ ʤʦʜʝʣʝʡ ʤʽʞ ʙʽʦʤʘʤʠ, ʩʝʟʦʥʘʤʠ ʪʘ ʩʝʥʩʦʨʥʠʤʠ 

ʢʦʥʬʽʛʫʨʘʮʽʷʤʠ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʤʝʪʘ-ʥʘʚʯʘʥʥʷ, ʜʦʤʝʥʥʫ ʘʜʘʧʪʘʮʽʶ ʯʠ ʩʪʨʘʪʠʬʽʢʦʚʘʥʝ 

ʥʘʚʯʘʥʥʷ [3; 5; 17]. 

ɼʦʢʫʤʝʥʪʘʮʽʷ ʤʦʜʝʣʝʡ ʽ ʥʘʙʦʨʽʚ ʜʘʥʠʭ. ɼʦʮʽʣʴʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ çʧʘʩʧʦʨʪ ʤʦʜʝʣʝʡè ʽ 

çʧʘʩʧʦʨʪ ʜʘʪʘʩʝʪʽʚè, ʜʝ ʬʽʢʩʫʶʪʴʩʷ ʮʽʣʽ, ʦʙʤʝʞʝʥʥʷ, ʜʞʝʨʝʣʘ ʜʘʥʠʭ, ʧʨʦʪʦʢʦʣʠ ʚʘʣʽʜʘʮʽʾ, 

XAI -ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʎʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʧʨʠʥʮʠʧʘʤʠ theory-

guided data science ʪʘ ʧʨʘʢʪʠʢʘʤʠ ʚʽʜʢʨʠʪʦʾ ʥʘʫʢʠ ʡ ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ [8; 

12; 14]. 

ɺʠʩʥʦʚʢʠ. ʋʟʘʛʘʣʴʥʝʥʥʷ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʠʪʴ, ʱʦ ʧʦʷʩʥʶʚʘʥʠʡ ʰʪʫʯʥʠʡ 

ʽʥʪʝʣʝʢʪ ʽ ʬʦʨʤʘʣʽʟʦʚʘʥʝ ʦʮʽʥʶʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʥʘʜʽʡʥʦʛʦ 

GeoAI-ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ. ʇʦʻʜʥʘʥʥʷ XAI-ʽʥʩʪʨʫʤʝʥʪʽʚ (SHAP, PDP, ʛʨʘʬʦʚʽ ʤʦʜʝʣʽ) ʟ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʤʠ ʩʭʝʤʘʤʠ ʚʘʣʽʜʘʮʽʾ, ʜʦʤʝʥʥʦʶ ʘʜʘʧʪʘʮʽʻʶ ʪʘ ʚʽʜʢʨʠʪʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ 

ʤʦʜʝʣʝʡ ʧʝʨʝʚʦʜʠʪʴ ʘʢʮʝʥʪ ʟ ʧʨʦʩʪʦʾ ʤʘʢʩʠʤʽʟʘʮʽʾ ʪʦʯʥʦʩʪʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʽʨʠ, 

ʧʝʨʝʥʦʩʠʤʦʩʪʽ ʪʘ ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʧʨʘʚʣʽʥʥʽ ʧʨʠʨʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. ɼʣʷ 

ʋʢʨʘʾʥʠ ʮʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʚ ʢʦʥʪʝʢʩʪʽ ʚʽʡʩʴʢʦʚʠʭ ʧʦʰʢʦʜʞʝʥʴ, ʟʤʽʥ 

ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ ʨʠʟʠʢʽʚ, ʜʝ GeoAI-ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʥʝ ʣʠʰʝ çʜʦʙʨʝ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠè, ʘ ʡ ʧʨʦʟʦʨʦ ʦʙˇʨʫʥʪʦʚʫʚʘʪʠ ʩʚʦʾ ʧʨʦʛʥʦʟʠ ʪʘ ʤʝʞʽ ʾʭʥʴʦʾ ʥʘʜʽʡʥʦʩʪʽ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 
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https://doi.org/10.3390/earth6020049. 
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Vol. 24. ð P. 9645ï9665. ð https://doi.org/10.5194/acp-24-9645-2024. 

3. Deng Y., Zhang Y., Pan D., Yang S. X., Gharabaghi B. Review of recent advances 
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ð https://doi.org/10.1109/TKDE.2017.2720168. 

9. Khan R. M., Salehi B., Mahdianpari M., et al. A meta-analysis on harmful algal 

bloom (HAB) detection and monitoring: A remote sensing perspective / R. M. Khan, B. Salehi, M. 

Mahdianpari, et al. // Remote Sensing. ð 2021. ð Vol. 13, No. 21. ð Article 4347. ð 
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ɽʂʆʃʆɻɯʏʅɯ ʇʈʆɹʃɽʄʀ ɯɺɸʅʆ-ʌʈɸʅʂɯɺʉʔʂɸ 

 

ɼʫʤʠʯ ɸʥʘʩʪʘʩʽʷ ʄʠʢʦʣʘʾʚʥʘ, ʄʽʩʴʢʘ ʜʠʪʷʯʘ ʝʢʦʣʦʛʽʯʥʘ ʩʪʘʥʮʽʷ, ʛʫʨʪʦʢ "ɽʢʦʣʦʛʽʷ", 9 

ʢʣʘʩ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʄʫʜʨʝʡʢʦ ɯʨʠʥʘ ʖʨʽʾʚʥʘ, ʢʝʨʽʚʥʠʢ ʛʫʨʪʢʘ, ʚʯʠʪʝʣʴ ʙʽʦʣʦʛʽʾ, ʃʽʮʝʡ ˉ18 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ: ɽʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʤʽʩʪ ʥʘʧʨʷʤʫ ʚʧʣʠʚʘʻ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ ʪʘ ʷʢʽʩʪʴ 

ʞʠʪʪʷ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʘʣʝ ʨʘʟʦʤ ʽʟ ʨʦʟʚʠʪʢʦʤ ʚʠʥʠʢʘʶʪʴ 

ʧʨʦʙʣʝʤʠ: ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ, ʩʤʽʪʪʷ, ʟʤʝʥʰʝʥʥʷ ʟʝʣʝʥʠʭ ʟʦʥ, ʟʘʙʨʫʜʥʝʥʥʷ ʨʽʯʦʢ. ʊʝʤʘ ʻ 

ʚʘʞʣʠʚʦʶ, ʪʦʤʫ ʱʦ ʝʢʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʚʞʝ ʟʘʨʘʟ ʚʧʣʠʚʘʶʪʴ ʥʘ ʞʠʪʪʷ ʤʝʰʢʘʥʮʽʚ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ɼʦʩʣʽʜʠʪʠ ʦʩʥʦʚʥʽ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ, ʟôʷʩʫʚʘʪʠ 

ʧʨʠʯʠʥʠ ʾʭ ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʚʠʨʽʰʝʥʥʷ. 

ɿʘʚʜʘʥʥʷ: 

- ʚʠʟʥʘʯʠʪʠ ʛʦʣʦʚʥʽ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʤʽʩʪʘ; 

- ʟʨʦʙʠʪʠ ʚʣʘʩʥʽ ʬʦʪʦ ʽ ʧʨʦʚʝʩʪʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ; 

- ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʨʠʯʠʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ, ʚʦʜʠ ʪʘ ˇʨʫʥʪʽʚ 

- ʚʠʷʚʠʪʠ ʧʨʦʙʣʝʤʫ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ; 

- ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʰʣʷʭʠ ʧʦʢʨʘʱʝʥʥʷ.  

ʆʩʥʦʚʥʽ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʤʽʩʪʘ: 

- ɿʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ: ʛʦʣʦʚʥʝ ʜʞʝʨʝʣʦ ð ʪʨʘʥʩʧʦʨʪ ʪʘ ʦʧʘʣʝʥʥʷ ʧʨʠʚʘʪʥʦʛʦ 

ʩʝʢʪʦʨʫ. ʋ ʧʦʚʽʪʨʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʧʠʣʫ ʡ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ, ʱʦ ʧʦʛʽʨʰʫʻ ʟʜʦʨʦʚôʷ 

ʤʝʰʢʘʥʮʽʚ. 

- ɿʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ: ʨʽʯʢʠ ɹʠʩʪʨʠʮʷ ʉʦʣʦʪʚʠʥʩʴʢʘ  ̔ ɹʠʩʪʨʠʮʷ ʅʘʜʚʽʨʥʷʥʩʴʢʘ 

ʟʘʙʨʫʜʥʶʶʪʴʩʷ ʩʤʽʪʪʷʤ, ʧʣʘʩʪʠʢʫ ʩʪʘʻ ʙʽʣʴʰʝ, ʙʝʨʝʛʠ ʟʘʩʤʽʯʝʥʽ 

- ʇʨʦʙʣʝʤʘ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ: ʧʝʨʝʧʦʚʥʝʥʽ ʢʦʥʪʝʡʥʝʨʠ, ʥʝʩʦʨʪʫʚʘʥʥʷ ʩʤʽʪʪʷ, 

ʩʪʠʭʽʡʥʽ ʟʚʘʣʠʱʘ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʣʘʩʪʠʢʫ ʩʪʚʦʨʶʻ ʝʢʦʣʦʛʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

- ɿʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ: ʧʣʘʩʪʠʢ, ʙʫʜʽʚʝʣʴʥʽ ʚʽʜʭʦʜʠ, ʚʠʪʽʢʘʥʥʷ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ 

ʧʦʛʽʨʰʫʶʪʴ ʩʪʘʥ ˇʨʫʥʪʫ, ɦ ʦ ʚʧʣʠʚʘʻ ʥʘ ʨʦʩʣʠʥʠ ʡ ʧʦʚʽʪʨʷ. 

- ɿʤʝʥʰʝʥʥʷ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ: ʚʠʨʫʙʢʘ ʜʝʨʝʚ, ʟʘʙʫʜʦʚʘ ʪʝʨʠʪʦʨʽʡ, ʥʝʜʦʩʪʘʪʥʽʡ 

ʜʦʛʣʷʜ ʟʘ ʧʘʨʢʘʤʠ. ɿʝʣʝʥʽ ʟʦʥʠ ʧʦʪʨʽʙʥʽ ʜʣʷ ʯʠʩʪʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʢʦʤʬʦʨʪʫ. 

ʐʣʷʭʠ ʧʦʢʨʘʱʝʥʥʷ ʩʠʪʫʘʮʽʾ: 

- ʨʦʟʚʠʪʦʢ ʩʦʨʪʫʚʘʥʥʷ ʩʤʽʪʪʷ 

- ʙʽʣʴʰʝ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ  ̔ʜʦʛʣʷʜ ʟʘ ʥʠʤʠ; 

- ʧʦʧʫʣʷʨʠʟʘʮʽʷ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ̔  ʚʝʣʦʜʦʨʽʞʦʢ; 

- ʦʯʠʱʝʥʥʷ ʙʝʨʝʛʽʚ ʨʽʯʦʢ; 

- ʩʪʚʦʨʝʥʥʷ ʝʢʦʦʩʚʽʪʠ ʜʣʷ ʤʦʣʦʜʽ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʝʢʦʪʝʭʥʦʣʦʛʽʡ. 

ɺʠʩʥʦʚʦʢ: 

ɽʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ ʤʘʶʪʴ ʢʦʤʧʣʝʢʩʥʠʡ ʭʘʨʘʢʪʝʨ. ʅʘʡʙʽʣʴʰʠʤʠ ʻ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ, ʚʦʜʠ, ˇʨʫʥʪʽʚ  ̔ʧʨʦʙʣʝʤʘ ʚʽʜʭʦʜʽʚ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʠʪʫʘʮʽʾ ʧʦʪʨʽʙʥʽ 

ʩʧʽʣʴʥʽ ʜʽʾ ʚʣʘʜʠ, ʛʨʦʤʘʜʠ ʡ ʢʦʞʥʦʛʦ ʤʝʰʢʘʥʮʷ. ʗʢʱʦ ʚʽʜʧʦʚʽʜʘʣʴʥʦ ʩʪʘʚʠʪʠʩʷ ʜʦ ʧʨʠʨʦʜʠ 

ʪʘ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ, ʤʽʩʪʦ ʤʦʞʝ ʩʪʘʪʠ ʯʠʩʪʠʤ, ʙʝʟʧʝʯʥʠʤ  ̔ʢʦʤʬʦʨʪʥʠʤ 

ʜʣʷ ʞʠʪʪʷ. 

 

 

 

https://doi.org/10.1016/j.aquaculture.2024.741351
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2025 ͪͦͯ͟ 

 
ʇʈʆɹʃɽʄɸ ɿʄɽʅʐɽʅʅʗ ɿɽʃɽʅʀʍ ɿʆʅ ʋ ʄɯʉʊɸʍ  

ʊɸ ʐʃʗʍʀ ɰɰ ʇʆɼʆʃɸʅʅʗ 

 

ɻʝʨʝʛ ʂʘʨʽʥʘ ʈʦʙʝʨʪʽʚʥʘ, ʫʯʝʥʠʮʷ 11 ʢʣʘʩʫ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɹʦʨʠʩʝʥʢʦ ʄʘʨʛʘʨʠʪʘ ʖʨʽʾʚʥʘ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʣʽʮʝʡ ʙʝʟʧʝʢʦʚʦʛʦ 

ʩʧʨʷʤʫʚʘʥʥʷ ʪʘ ʥʘʮʽʦʥʘʣʴʥʦ-ʧʘʪʨʽʦʪʠʯʥʦʛʦ ʚʠʭʦʚʘʥʥʷ ʽʤʝʥʽ ɸʥʜʨʽʷ ʇʨʠʡʤʘʯʝʥʢʘ 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʚʥʫʪʨʽʰʥʽʭ ʩʧʨʘʚ ʋʢʨʘʾʥʠ 

 

ʋ ʩʚʽʪʽ ʙʣʠʟʴʢʦ 51% ʥʘʩʝʣʝʥʥʷ ʧʨʦʞʠʚʘʻ ʚ ʤʽʩʪʘʭ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 4,17 

ʤʽʣʽʘʨʜʽʚ ʣʶʜʝʡ [1]. ʊʦʤʫ, ʦʜʥʽʻʶ ʟ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʤʽʩʪ ʻ ʜʝʬʽʮʠʪ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ. 

ʋ ʙʘʛʘʪʴʦʭ ʤʽʩʪʘʭ ʟʝʣʝʥʽ ʥʘʩʘʜʞʝʥʥʷ ʩʢʦʨʦʯʫʶʪʴʩʷ ʯʝʨʝʟ ʟʘʙʫʜʦʚʫ. ʏʘʩʪʦ ʥʘ ʤʽʩʮʽ ʩʢʚʝʨʽʚ, 

ʜʠʪʷʯʠʭ ʤʘʡʜʘʥʯʠʢʽʚ, ʩʪʘʨʠʭ ʧʘʨʢʽʚ ʟôʷʚʣʷʶʪʴʩʷ ʞʠʪʣʦʚʽ ʢʦʤʧʣʝʢʩʠ, ʪʦʨʛʦʚʽ ʮʝʥʪʨʠ ʪʘ 

ʧʘʨʢʦʚʢʠ.  

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʟʝʣʝʥʽ ʥʘʩʘʜʞʝʥʥʷ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʷʢʽʩʥʦʛʦ 

ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: ʚʦʥʠ ʦʯʠʱʫʶʪʴ ʧʦʚʽʪʨʷ ʚʽʜ ʧʠʣʫ ʪʘ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ, ʚʠʜʽʣʷʶʪʴ 

ʢʠʩʝʥʴ, ʟʥʠʞʫʶʪʴ ʨʽʚʝʥʴ ʰʫʤʫ ʪʘ ʬʦʨʤʫʶʪʴ ʢʦʤʬʦʨʪʥʠʡ ʤʽʢʨʦʢʣʽʤʘʪ. ʂʦʞʥʝ ʜʝʨʝʚʦ 

ʧʨʘʮʶʻ ʷʢ ʧʨʠʨʦʜʥʠʡ ʬʽʣʴʪʨ, ʦʩʢʽʣʴʢʠ ʟʘʪʨʠʤʫʻ ʪʦʥʠ ʧʠʣʫ ʪʘ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʧʨʦʪʷʛʦʤ 

ʩʚʦʛʦ ʞʠʪʪʷ. ʅʘʷʚʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʟʝʣʝʥʽ ʪʘʢʦʞ ʟʤʝʥʰʫʻ ʧʨʦʷʚ ʝʬʝʢʪʫ çʪʝʧʣʦʚʦʛʦ 

ʦʩʪʨʦʚʘè, ʙʦ ʨʦʩʣʠʥʠ ʦʭʦʣʦʜʞʫʶʪʴ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʚʠʧʘʨʦʚʫʚʘʥʥʷ.  

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʫ ʤʽʩʪʘʭ, ʜʝ ʤʘʣʦ ʟʝʣʝʥʠʭ ʟʦʥ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʣʽʪʢʫ ʩʪʘʻ ʥʘʙʘʛʘʪʦ ʚʠʱʦʶ. 

ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ ʪʽʣʘ ʣʶʜʠʥʠ ʽ ʧʽʜʚʠʱʫʻ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʾʾ ʟʜʦʨʦʚôʻ. 

ɼʝʬʽʮʠʪ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʻ ʧʨʦʩʪʽʨ ʜʣʷ ʚʽʜʧʦʯʠʥʢʫ, ʧʨʦʛʫʣʷʥʦʢ, 

ʩʧʦʨʪʫ, ʧʦʛʽʨʰʫʻ ʧʩʠʭʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʥʘʩʝʣʝʥʥʷ, ʟʙʽʣʴʰʫʻ ʨʽʚʝʥʴ ʩʪʨʝʩʫ, ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ 

ʞʠʪʪʷ ʪʘ ʜʦʚʛʦʣʽʪʪʷ ʣʶʜʠʥʠ. ɺʪʨʘʪʘ ʧʨʠʨʦʜʠ ʚ ʤʽʩʪʽ ʨʦʙʠʪʴ ʡʦʛʦ çʙʝʪʦʥʥʦʶ ʧʫʩʪʝʣʝʶè. 

ɺʠʱʝʚʠʢʣʘʜʝʥʫ ʧʨʦʙʣʝʤʫ ʤʠ ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ ʥʘ ʫʨʦʮʽ ʪʝʭʥʦʣʦʛ̔ʡ ʚ 11 ʢʣʘʩʽ ʪʘ 

ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʽʾ ʧʦʜʦʣʘʥʥʷ ʯʝʨʝʟ ʩʪʚʦʨʝʥʥʷ 3D-ʤʦʜʝʣʽ ʢʫʪʦʯʢʽʚ ʩʫʯʘʩʥʦʛʦ 

ʤʽʩʪʘ (ʨʠʩ.1, ʨʠʩ.2)  ʚ ʦʥʣʘʡʥ-ʩʝʨʚʽʩʽ Tinkercad [1]. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʮʽʢʘʚʦʶ ʙʫʣʘ ʧʨʦʧʦʟʠʮʽʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʝʣʝʥʠʭ ʜʘʭʽʚ (ʨʠʩ.3, 

ʨʠʩ.4) ʥʘ ʞʠʪʣʦʚʠʭ ʽ ʢʦʤʝʨʮʽʡʥʠʭ ʙʫʜʽʚʣʷʭ, ʷʢʽ ʙʫʜʫʪʴ ʟʥʠʞʫʚʘʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, 

ʧʦʛʣʠʥʘʪʠ ʚʦʜʫ ʧʽʜ ʯʘʩ ʟʣʠʚ, ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʽʦʪʦʧʠ. 

ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʣʝʥʠʭ ʜʘʭʽʚ ʥʘ ʙʫʜʽʚʣʷʭ ʪʘ ʦʟʝʣʝʥʝʥʥʷ ʩʪʽʥ ʤʦʞʝ ʟʥʘʯʥʦ 

ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʟʤʝʥʰʠʪʠ ʝʬʝʢʪ çʤʽʩʴʢʦʛʦ ʦʩʪʨʦʚʘ ʪʝʧʣʘè ʪʘ ʩʪʚʦʨʠʪʠ ʥʦʚʽ 

ʝʢʦʩʠʩʪʝʤʠ ʚ ʤʽʩʪʽ. ʉʫʯʘʩʥʝ ʤʽʩʪʦ ʤʘʻ ʥʝ ʣʠʰʝ ʨʦʟʚʠʚʘʪʠʩʷ ʝʢʦʥʦʤʽʯʥʦ, ʘ ʡ ʟʘʣʠʰʘʪʠʩʷ 

ʢʦʤʬʦʨʪʥʠʤ ʽ ʙʝʟʧʝʯʥʠʤ ʜʣʷ ʞʠʪʪʷ. ʉʪʚʦʨʝʥʥʷ ʟʝʣʝʥʠʭ ʟʦʥ, ʨʦʟʚʠʪʦʢ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ð ʮʝ ʢʨʦʢʠ, ʱʦ ʚʝʜʫʪʴ ʥʘʩ ʜʦ 

ʩʪʘʣʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ. 

 

 
ʈʠʩʫʥʦʢ 1. ʌʨʘʛʤʝʥʪ ʜʽʣʷʥʢʠ ʩʫʯʘʩʥʦʛʦ ʤʽʩʪʘ ʚ ʦʥʣʘʡʥ-ʧʨʦʛʨʘʤʽ Tinkercad 
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ʈʠʩʫʥʦʢ 2. ʌʨʘʛʤʝʥʪ ʜʽʣʷʥʢʠ ʩʫʯʘʩʥʦʛʦ ʤʽʩʪʘ ʚ ʦʥʣʘʡʥ-ʩʝʨʚʽʩʽ Tinkercad (ʽʥʰʠʡ ʨʘʢʫʨʩ) 

 

 
ʈʠʩʫʥʦʢ 3. ʌʨʘʛʤʝʥʪ ʦʬʦʨʤʣʝʥʥʷ ʟʝʣʝʥʦʛʦ ʜʘʭʫ ʚ ʦʥʣʘʡʥ-ʩʝʨʚʽʩʽ Tinkercad 

 

 
ʈʠʩʫʥʦʢ 4. ʌʨʘʛʤʝʥʪ ʦʬʦʨʤʣʝʥʥʷ ʟʝʣʝʥʦʛʦ ʜʘʭʫ ʚ ʦʥʣʘʡʥ-ʩʝʨʚʽʩʽ Tinkercad (ʽʥʰʠʡ ʨʘʢʫʨʩ) 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʆʥʣʘʡʥ-ʩʝʨʚʽʩ ʜʣʷ 3D-ʤʦʜʝʣʶʚʘʥʥʷ Tinkercad  [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ð Tinkercad. 

ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.tinkercad.com/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 08.11.2025). 

2. ʅʘʩʝʣʝʥʥʷ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ð ɺʽʢʽʧʝʜʽʷ. ɺʽʣʴʥʘ ʝʥʮʠʢʣʦʧʝʜʽʷ. ð ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: https://uk.wikipedia.org/wiki/ʅʘʩʝʣʝʥʥʷ: (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 05.11.2025).   

 

https://www.tinkercad.com/
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2025 ͪͦͯ͟ 

 
STEM-ʈɯʐɽʅʅʗ ɽʂʆʃʆɻɯʏʅʀʍ ʇʈʆɹʃɽʄ: 

 ʈʆɹʆʊ-ʇʈʀɹʀʈɸʃʔʅʀʂ ʋ TINKERCAD 

 

ɻʥʽʜʦʚʩʴʢʘ ɺʝʨʦʥʽʢʘ ʉʝʨʛʽʾʚʥʘ, ʫʯʝʥʠʮʷ 11 ʢʣʘʩʫ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʚʯʠʪʝʣʴ ɹʦʨʠʩʝʥʢʦ ʄʘʨʛʘʨʠʪʘ ʖʨʽʾʚʥʘ,  

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʣʽʮʝʡ ʙʝʟʧʝʢʦʚʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ ʪʘ ʥʘʮʽʦʥʘʣʴʥʦ-ʧʘʪʨʽʦʪʠʯʥʦʛʦ 

ʚʠʭʦʚʘʥʥʷ ʽʤʝʥʽ ɸʥʜʨʽʷ ʇʨʠʡʤʘʯʝʥʢʘ ʄʽʥʽʩʪʝʨʩʪʚʘ ʚʥʫʪʨʽʰʥʽʭ ʩʧʨʘʚ ʋʢʨʘʾʥʠ 

 

ʉʫʯʘʩʥʠʡ ʩʚʽʪ ʩʪʠʢʘʻʪʴʩʷ ʟ ʛʦʩʪʨʦʶ ʧʨʦʙʣʝʤʦʶ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʚʽʜʭʦʜʘʤʠ, ʱʦ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʘʥ ʧʨʠʨʦʜʠ ʪʘ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ. ʊʦʤʫ ʧʦʰʫʢ ʝʬʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ 

ʙʦʨʦʪʴʙʠ ʟʽ ʩʤʽʪʪʷʤ ʻ ʦʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʟʘʚʜʘʥʴ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʩʤʽʪʪʷʤ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʙʫʜʴ-ʷʢʽ ʧʨʝʜʤʝʪʠ, ʨʝʯʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ (ʘʙʦ ʫ ʚʠʨʦʙʥʠʮʪʚʽ) ʽ ʥʝ ʤʘʶʪʴ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʘʧʽʨ, ʢʘʨʪʦʥ, ʧʣʘʩʪʠʢ, ʤʝʪʘʣʠ, ʟʘʣʠʰʢʠ ʾʞʽ, 

ʩʢʣʦ, ʧʨʝʜʤʝʪʠ, ʱʦ ʚʠʡʰʣʠ ʟ ʫʞʠʪʢʫ ʪʘ ʟʣʘʤʘʥʽ ʨʝʯʽ [1]. 

ʊʘʢ, ʟʘ ʜʘʥʠʤʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ [2] 

ʱʦʨʦʢʫ ʫʪʚʦʨʶʻʪʴʩʷ ʙʣʠʟʴʢʦ 10 ʤʽʣʴʡʦʥʽʚ ʪʦʥ ʩʤʽʪʪʷ, ʟ ʷʢʠʭ ʣʠʰʝ 3 ï 6% 

ʧʝʨʝʨʦʙʣʷʻʪʴʩʷ; ʥʘ ʦʜʥʦʛʦ ʞʠʪʝʣʷ ʟʘ ʨʽʢ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚʽʜ 250 ʜʦ 500 

ʢʽʣʦʛʨʘʤʽʚ ʪʚʝʨʜʦʛʦ ʩʤʽʪʪʷ; ʤʝʰʢʘʥʝʮʴ ʚʝʣʠʢʦʛʦ ʤʽʩʪʘ ʱʦʜʥʷ ʚʠʢʠʜʘʻ 1 ï 2 ʢʛ ʩʤʽʪʪʷ. 

ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʛʦʩʪʨʠʭ ʢʦʤʫʥʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʫ ʤʽʩʪʘʭ ʻ ʟʙʠʨʘʥʥʷ ʪʘ ʫʪʠʣʽʟʘʮʽʷ ʪʚʝʨʜʠʭ 

ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ. 

ʊʦʤʫ, ʦʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ ʚʠʱʝʟʛʘʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ STEM-

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʊʦʞ, ʥʘ ʫʨʦʮʽ ʪʝʭʥʦʣʦʛʽʡ ʚ ʦʥʣʘʡʥ-

ʩʝʨʚʽʩʽ ʜʣʷ 3D-ʤʦʜʝʣʶʚʘʥʥʷ Tinkercad [3] ʥʘʤʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʨʦʙʦʪʘ-

ʧʨʠʙʠʨʘʣʴʥʠʢʘ, ʷʢʠʡ ʤʦʞʝ ʜʦʧʦʤʘʛʘʪʠ ʫ ʟʙʠʨʘʥʥʽ ʩʤʽʪʪʷ ʪʘ ʦʯʠʱʝʥʥʽ ʪʝʨʠʪʦʨʽʡ. ɻʦʣʦʚʥʦʶ 

ʤʝʪʦʶ ʧʨʦʝʢʪʫ çɽʢʦʈʷʪʫʚʘʣʴʥʠʢè (ʨʠʩ.1) ʻ ʜʝʤʦʥʩʪʨʘʮʽʷ ʪʦʛʦ, ʷʢ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ 

ʜʦʧʦʤʘʛʘʪʠ ʣʶʜʷʤ ʧʽʜʪʨʠʤʫʚʘʪʠ ʯʠʩʪʦʪʫ ʪʘ ʜʙʘʪʠ ʧʨʦ ʜʦʚʢʽʣʣʷ. ʎʝʡ ʧʨʦʻʢʪ ʩʧʨʠʷʻ 

ʬʦʨʤʫʚʘʥʥʶ ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ ʪʘ ʢʫʣʴʪʫʨʠ ʣʶʜʝʡ ʽ ʥʘʛʘʜʫʻ, ʱʦ ʥʘʚʽʪʴ ʤʘʣʝʥʴʢʽ ʜʽʾ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʤʦʞʫʪʴ ʤʘʪʠ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʩʪʘʥ ʥʘʰʦʾ ʧʣʘʥʝʪʠ.  

ʆʪʞʝ, ʨʦʟʨʦʙʢʘ ʝʢʦ-ʧʨʠʙʠʨʘʣʴʥʠʢʘ ʫ Tinkercad ʜʝʤʦʥʩʪʨʫʻ, ʷʢ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʙʝʨʝʞʝʥʥʷ ʜʦʚʢʽʣʣʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʯʠʩʪʽʰʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ ʜʣʷ 

ʥʘʩʪʫʧʥʠʭ ʧʦʢʦʣʽʥʴ. 

 

 

ʈʠʩʫʥʦʢ 1. ʌʨʘʛʤʝʥʪ ʧʨʦʻʢʪʫ çɽʢʦʈʷʪʫʚʘʣʴʥʠʢè 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1. ɺʽʜʭʦʜʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ð ɺʽʢʽʧʝʜʽʷ. ɺʽʣʴʥʘ ʝʥʮʠʢʣʦʧʝʜʽʷ. ð ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ:https://uk.wikipedia.org/wiki/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 15.10.2025). 

2. ʄʽʥʽʩʪʝʨʩʪʚʦ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ]. ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://mepr.gov.ua/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 17.10.2025). 

3. ʆʥʣʘʡʥ-ʩʝʨʚʽʩ ʜʣʷ 3D-ʤʦʜʝʣʶʚʘʥʥʷ Tinkercad  [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ð 

Tinkercad. ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.tinkercad.com/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 17.10.2025). 
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ʌʃʆʈɸ ɯ ʌɸʋʅɸ: ɹɽʈɽɻʊʀ, ʑʆɹ ɾʀʊʀ 

 

ɻʦʥʯʘʨʫʢ ʆʣʝʩʷ, ʩʪʫʜʝʥʪʢʘ ɯɯ ʢʫʨʩʫ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʖʨʽʚ ʃʽʜʽʷ, ʚʠʢʣʘʜʘʯ 

ʇʨʠʢʘʨʧʘʪʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʣʽʩʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʪʫʨʠʟʤʫ 

 

ɹʽʦʣʦʛʽʯʥʝ ʨʽʟʥʦʤʘʥʽʪʪʷ. ɿʙʝʨʝʞʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʻ ʥʝʚʽʜʜʽʣʴʥʦʶ ʩʢʣʘʜʦʚʦʶ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʰʦʾ ʜʝʨʞʘʚʠ. ʋʢʨʘʾʥʩʴʢʽ ʟʝʤʣʽ ð ʮʝ ʜʽʤ ʜʣʷ ʧʦʥʘʜ 70 ʪʠʩʷʯ ʚʠʜʽʚ ʞʠʚʠʭ 

ʦʨʛʘʥʽʟʤʽʚ, ʚʢʣʶʯʥʦ ʟ 44 ʪʠʩʷʯʘʤʠ ʚʠʜʽʚ ʪʚʘʨʠʥ ʪʘ 27 ʪʠʩʷʯʘʤʠ ʚʠʜʽʚ ʨʦʩʣʠʥ.  

ʌʘʫʥʘ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʦʧʠʩʘʥʘ ʚ ʏʝʨʚʦʥʽʡ ʢʥʠʟʽ ʋʢʨʘʾʥʠ, ʥʘʣʽʯʫʻ 149 

ʚʠʜʽʚ. ɿ-ʧʦʤʽʞ ʥʠʭ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʚʝʨʪʘʶʪʴ ʙʽʣʦʜʟʴʦʙʠʡ ʛʣʫʰʝʮʴ ʽ ʨʠʩʴ, ʦʣʝʥʴ 

ʙʣʘʛʦʨʦʜʥʠʡ, ʩʘʣʘʤʘʥʜʨʘ ʧʣʷʤʠʩʪʘ, ʣʝʣʝʢʘ ʯʦʨʥʠʡ, ʙʝʨʢʫʪ, ʚʠʜʨʘ ʨʽʯʢʦʚʘ. 

ʌʣʦʨʘ ʨʝʛʽʦʥʫ, ʪʘʢʦʞ ʟʘʥʝʩʝʥʘ ʜʦ ʏʝʨʚʦʥʦʾ ʢʥʠʛʠ ʋʢʨʘʾʥʠ, ʚʢʣʶʯʘʻ 228 ʚʠʜʽʚ. ʉʝʨʝʜ 

ʥʘʡʙʽʣʴʰ ʮʽʥʥʠʭ ʚʠʜʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʢʦʥʚʘʣʽʶ ʟʚʠʯʘʡʥʫ ʪʘ ʘʨʥʽʢʫ ʛʽʨʩʴʢʫ.   

ʈʦʩʣʠʥʥʠʡ ʩʚʽʪ ɹʦʣʝʭʽʚʱʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʰʠʨʦʢʦʶ ʧʘʣʽʪʨʦʶ ʚʠʜʽʚ: ʙʫʢ, ʩʤʝʨʝʢʘ, 

ʷʣʠʮʷ, ʜʫʙ, ʛʨʘʙ, ʙʝʨʝʟʘ, ʣʽʱʠʥʘ, ʢʘʣʠʥʘ, ʪʝʨʝʥ, ʯʝʙʨʝʮʴ, ʢʦʥʚʘʣʽʷ, ʧʽʜʩʥʽʞʥʠʢ ʽ ʰʘʬʨʘʥ. ʋ 

ʤʽʩʮʝʚʠʭ ʣʽʩʘʭ ʤʦʞʥʘ ʟʫʩʪʨʽʪʠ ʙʣʘʛʦʨʦʜʥʦʛʦ ʦʣʝʥʷ, ʢʦʟʫʣʶ, ʣʠʩʠʮʶ, ʙʦʨʩʫʢʘ, ʙʽʣʢʫ, ʘ ʩʝʨʝʜ 

ʧʪʘʭʽʚ ʚʠʜʽʣʷʶʪʴʩʷ ʯʦʨʥʠʡ ʣʝʣʝʢʘ, ʙʝʨʢʫʪ, ʩʦʚʘ, ʩʘʧʩʘʥ, ʩʦʡʢʘ ʽ ʜʷʪʝʣ.  

ɻʣʫʰʝʮʴ ʙʽʣʦʜʟʴʦʙʠʡ - ʚʠʜ ʟʘʥʝʩʝʥʠʡ ʜʦ ʏʝʨʚʦʥʦʾ ʢʥʠʛʠ ʋʢʨʘʾʥʠ ʡ ʦʭʦʨʦʥʷʻʪʴʩʷ ʟʘ 

ɹʝʨʥʩʴʢʦʶ ʢʦʥʚʝʥʮʽʻʶ. ɺ ʋʢʨʘʾʥʽ ʯʠʩʝʣʴʥʽʩʪʴ ʩʢʦʨʦʪʠʣʘʩʷ ʟ ʧʦʥʘʜ 8 ʪʠʩʷʯ ʫ 1970-ʭ ʜʦ 

ʙʣʠʟʴʢʦ 4 ʪʠʩʷʯ ʯʝʨʝʟ ʚʠʨʫʙʢʫ ʣʽʩʽʚ, ʟʥʠʱʝʥʥʷ ʢʦʨʤʦʚʦʾ ʙʘʟʠ, ʧʦʣʶʚʘʥʥʷ ʪʘ ʭʠʞʘʢʽʚ. ɼʣʷ 

ʟʙʝʨʝʞʝʥʥʷ ʚʘʞʣʠʚʦ ʟʘʭʠʱʘʪʠ ʪʦʢʦʚʠʱʘ ʪʘ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʧʨʦʛʨʘʤʠ ʨʦʟʚʝʜʝʥʥʷ ʚ ʥʝʚʦʣʽ. 

ʈʠʩʴ - ʪʚʘʨʠʥʘ, ʯʠʩʝʣʴʥʽʩʪʴ ʷʢʦʾ ʫ ʂʘʨʧʘʪʘʭ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 350ï400 ʦʩʦʙʠʥ, ʘ ʥʘ 

ʇʦʣʽʩʩʽ ʧʨʠʙʣʠʟʥʦ 80ï90. ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʤʽʥʫ ʧʦʧʫʣʷʮʽʾ, ʻ 

ʜʝʛʨʘʜʘʮʽʷ ʩʝʨʝʜʦʚʠʱʘ ʽʩʥʫʚʘʥʥʷ, ʬʨʘʛʤʝʥʪʘʮʽʷ ʘʨʝʘʣʫ, ʟʤʝʥʰʝʥʥʷ ʜʦʩʪʫʧʥʦʾ ʢʦʨʤʦʚʦʾ ʙʘʟʠ 

ʪʘ ʚʠʧʘʜʢʠ ʙʨʘʢʦʥʴʻʨʩʪʚʘ. 

ʉʘʣʘʤʘʥʜʨʘ ʧʣʷʤʠʩʪʘ ʥʘʣʝʞʠʪʴ ʜʦ ʭʚʦʩʪʘʪʠʭ ʟʝʤʥʦʚʦʜʥʠʭ, ʷʢʽ ʧʨʦʞʠʚʘʶʪʴ ʫ 

ʂʘʨʧʘʪʘʭ ʪʘ ʧʝʨʝʜʛʽʨôʷʭ ɿʘʭʽʜʥʦʾ ʋʢʨʘʾʥʠ. ʎʝʡ ʚʠʜ ʤʘʻ ʩʪʘʪʫʩ çɺʨʘʟʣʠʚʠʡè ʽ ʚʢʣʶʯʝʥʠʡ ʜʦ 

ʏʝʨʚʦʥʦʾ ʢʥʠʛʠ ʄʉʆʇ. ʆʭʦʨʦʥʘ ʩʘʣʘʤʘʥʜʨʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʠʭ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʪʝʨʠʪʦʨʽʷʭ. 

ʂʦʥʚʘʣʽʷ ʟʚʠʥʯʘʡʥʘ (Convallaria majalis L.) ð ʙʘʛʘʪʦʨʽʯʥʘ ʨʘʥʥʴʦʚʝʩʥʷʥʘ ʨʦʩʣʠʥʘ 

ʨʦʜʠʥʠ ʣʽʣʽʡʥʠʭ (Asparagaceae), ʟʘʥʝʩʝʥʘ ʜʦ ʏʝʨʚʦʥʦʾ ʢʥʠʛʠ ʋʢʨʘʾʥʠ (ʩʪʘʪʫʩ ð 

ʥʝʦʮʽʥʝʥʠʡ). ɿʥʠʢʘʻ ʯʝʨʝʟ ʟʨʠʚʘʥʥʷ ʥʘ ʙʫʢʝʪʠ ʪʘ ʚʠʢʦʧʫʚʘʥʥʷ. ʇʦʪʨʝʙʫʻ ʦʭʦʨʦʥʠ. 

ɸʨʥʽʢʘ ʛʽʨʩʴʢʘ (Arnica montana L.) ð ʨʽʜʢʽʩʥʘ ʨʦʩʣʠʥʘ ʨʦʜʠʥʠ ʘʡʩʪʨʦʚʠʭ, ʟʘʥʝʩʝʥʘ ʜʦ 

ʏʝʨʚʦʥʦʾ ʢʥʠʛʠ ʋʢʨʘʾʥʠ (ʢʘʪʝʛʦʨʽʷ ð ʨʽʜʢʽʩʥʠʡ ʚʠʜ). ɿʥʠʢʘʻ ʯʝʨʝʟ ʨʦʟʦʨʶʚʘʥʥʷ ʣʫʢʽʚ, 

ʚʠʧʘʩʘʥʥʷ ʭʫʜʦʙʠ ʡ ʟʙʠʨʘʥʥʷ ʜʣʷ ʣʽʢʫʚʘʣʴʥʠʭ ʧʦʪʨʝʙ 

ʉʢʝʣʽ ɼʦʚʙʫʰʘ - ʤʽʩʮʝ ʚʽʜʧʦʯʠʥʢʫ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʦʩʚʽʪʠ.  ʂʦʤʧʣʝʢʩʥʘ ʧʘʤ'ʷʪʢʘ 

ʧʨʠʨʦʜʠ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʛʦ ʟʥʘʯʝʥʥʷ "ʉʢʝʣʽ ɼʦʚʙʫʰʘ" ð ʩʢʝʣʴʥʦ-ʧʝʯʝʨʥʠʡ ʢʦʤʧʣʝʢʩ, 

ʫʥʽʢʘʣʴʥʘ ʧʘʤôʷʪʢʘ ʽʩʪʦʨʽʾ ʪʘ ʧʨʠʨʦʜʠ. ʈʦʟʪʘʰʦʚʘʥʽ ʟʘ 3 ʢʤ ʚʽʜ ʩʝʣʘ ɹʫʙʥʠʱʘ (ɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʘ ʦʙʣʘʩʪʴ). ʉʢʝʣʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʚʠʩʦʪʽ 668 ʤ ʥʘʜ ʨʽʚʥʝʤ ʤʦʨʷ. ʅʘʚʢʦʣʦ ʩʢʝʣʴ 

ʨʦʟʢʠʥʫʣʠʩʴ ʢʘʨʧʘʪʩʴʢʽ ʣʽʩʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟ ʭʚʦʡʥʠʭ ʧʦʨʽʜ ʜʝʨʝʚ, ʪʘʢʠʭ ʷʢ 

ʩʤʝʨʝʢʘ ʪʘ ʷʣʠʥʘ, ʘ ʪʘʢʦʞ ʣʠʩʪʷʥʠʭ ð ʙʫʢʘ. ʋ ʧʽʜʣʽʩʢʫ ʤʦʞʥʘ ʟʥʘʡʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʫʱʽ, 

ʪʘʢʽ ʷʢ ʷʣʽʚʝʮʴ, ʘ ʪʘʢʦʞ ʷʛʽʜʥʽ ʯʘʛʘʨʥʠʢʠ, ʥʘʧʨʠʢʣʘʜ, ʯʦʨʥʠʮʷ ʪʘ ʙʨʫʩʥʠʮʷ. ʏʝʨʚʦʥʦʢʥʠʞʥʽ 

ʨʦʩʣʠʥʠ: ʜʝʷʢʽ ʨʽʜʢʽʩʥʽ ʚʠʜʠ ʨʦʩʣʠʥ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʟʘʭʠʩʪʫ, ʨʦʩʪʫʪʴ ʥʘ ʩʭʠʣʘʭ ʛʽʨ ʽ ʙʽʣʷ 

ʩʢʝʣʴ (ʧʨʦʣʽʩʢʠ, ʢʨʦʢʫʩʠ, ʙʽʣʦʮʚʽʪ ʪʘ ʩʦʥ-ʪʨʘʚʘ). ʅʘ ʉʢʝʣʷʭ ɼʦʚʙʫʰʘ ʟʜʽʡʩʥʶʶʪʴ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʟʘʭʦʜʠ: ʟʘʙʦʨʦʥʷʶʪʴ ʚʠʨʫʙʢʫ ʣʽʩʫ ʪʘ ʧʦʣʶʚʘʥʥʷ, ʢʦʥʪʨʦʣʶʶʪʴ ʬʣʦʨʫ ʽ 

ʬʘʫʥʫ, ʧʨʠʙʠʨʘʶʪʴ ʩʤʽʪʪʷ ʽ ʧʨʦʚʦʜʷʪʴ ʝʢʦʦʩʚʽʪʥʶ ʨʦʙʦʪʫ ʟ ʛʦʩʪʷʤʠ. 

ʈʦʣʴ ʦʩʚʽʪʠ ʫ ʬʦʨʤʫʚʘʥʥʽ ʝʢʦʣʦʛʽʯʥʦʾ ʢʫʣʴʪʫʨʠ. ʗ ʩʪʫʜʝʥʪʢʘ ʇʨʠʢʘʨʧʘʪʩʴʢʦʛʦ 

ʢʦʣʝʜʞʫ ʣʽʩʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʪʫʨʠʟʤʫ, ʷʢʠʡ ʛʦʪʫʻ ʬʘʭʽʚʮʽʚ ʫ ʣʽʩʽʚʥʠʮʪʚʽ ʪʘ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʽ. ʆʩʦʙʣʠʚʽʩʪʴ ʟʘʢʣʘʜʫ ð ʜʝʥʜʨʦʣʦʛʽʯʥʠʡ ʧʘʨʢ ʽʟ ʫʥʽʢʘʣʴʥʠʤʠ ʜʝʨʝʚʘʤʠ: 

ʤʦʜʨʠʥʘʤʠ, ʩʦʩʥʘʤʠ, ʜʫʙʘʤʠ, ʤʘʛʥʦʣʽʷʤʠ, ʩʘʢʫʨʘʤʠ, ʢʘʪʘʣʴʧʘʤʠ ʡ ʢʦʨʢʦʚʠʤ ʜʝʨʝʚʦʤ. ʊʫʪ 
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ʟʙʝʨʽʛʘʶʪʴʩʷ ʨʽʜʢʽʩʥʽ ʚʠʜʠ, ʟʦʢʨʝʤʘ ʢʠʧʘʨʠʩʦʚʠʢ ʃʘʚʩʦʥʘ ʽ ʢʘʨʽʷ ʙʽʣʘ, ʷʢʽʡ ʧʦʥʘʜ 80 ʨʦʢʽʚ. 

ʆʩʴ ʜʝʢʽʣʴʢʘ ʚʠʜʽʚ ʨʦʩʣʠʥ ʧʘʨʢʫ, ʷʢʽ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʩʚʦʻʶ ʫʥʽʢʘʣʴʥʽʩʪʶ: 

ɹʘʨʭʘʪ ʘʤʫʨʩʴʢʠʡ (Phellodendron amurense Rupr.) ð ʨʝʣʽʢʪʦʚʝ ʜʝʨʝʚʦ, ʱʦ ʧʦʭʦʜʠʪʴ ʽʟ 

ɼʘʣʝʢʦʛʦ ʉʭʦʜʫ.  

ʊʠʩ ʷʛʽʜʥʠʡ (Taxus baccata L.) ð ʨʦʜʦʤ ʽʟ ɿʘʭʽʜʥʦʾ ɭʚʨʦʧʠ, ʮʝ ʚʽʯʥʦʟʝʣʝʥʝ ʜʝʨʝʚʦ 

ʩʝʨʝʜʥʽʭ ʨʦʟʤʽʨʽʚ ʘʙʦ ʢʫʱ, ʟʘʣʝʞʥʦ ʚʽʜ ʤʽʩʮʷ ʟʨʦʩʪʘʥʥʷ. ɼʝʨʝʚʠʥʘ ʪʚʝʨʜʘ, ʦʪʨʫʡʥʘ, ʟʘ 

ʚʠʥʷʪʢʦʤ ʧʣʦʜʽʚ. ɿʜʘʚʥʘ ʩʠʤʚʦʣʽʟʫʚʘʣʦ ʚʽʯʥʽʩʪʴ. 

ɻʽʥʢʛʦ ʜʚʦʣʦʧʘʪʝʚʝ (Ginkgo biloba L.) ð ʃʠʩʪʦʧʘʜʥʝ ʜʝʨʝʚʦ, ʷʢʝ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʚʠʩʦʪʠ 

ʜʦ 30 ʤʝʪʨʽʚ, ʤʘʻ ʭʘʨʘʢʪʝʨʥʽ ʚʽʷʣʦʧʦʜʽʙʥʽ ʣʠʩʪʢʠ ʟ ʜʚʦʤʘ ʣʦʧʘʪʷʤʠ, ʷʢʽ ʚʦʩʝʥʠ ʥʘʙʫʚʘʶʪʴ 

ʥʘʩʠʯʝʥʦʛʦ ʞʦʚʪʦʛʦ ʢʦʣʴʦʨʫ. ʇʦʭʦʜʠʪʴ ʮʝ ʫʥʽʢʘʣʴʥʝ ʜʝʨʝʚʦ ʽʟ ʟʘʭʽʜʥʦʛʦ ʂʠʪʘʶ. ɺʦʥʦ ʻ 

ʻʜʠʥʠʤ ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʩʚʦʛʦ ʚʠʜʫ, ʨʦʜʫ ʪʘ ʨʦʜʠʥʠ, ʽ ʡʦʛʦ ʚʚʘʞʘʶʪʴ ʧʨʠʨʦʜʥʦʶ ʧʘʤôʷʪʢʦʶ 

ʩʚʽʪʦʚʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʃʽʨʽʦʜʝʥʜʨʦʥ ʪʶʣʴʧʘʥʦʚʠʡ (Liriodendron tulipifera L )ð ʜʝʨʝʚʘ ʟ ʨʦʜʠʥʠ ʤʘʛʥʦʣʽʾ, ʱʦ 

ʧʦʭʦʜʷʪʴ ʽʟ ʇʽʚʥʽʯʥʦʾ ɸʤʝʨʠʢʠ, ʚʠʨʦʩʪʘʶʪʴ ʜʦ 60 ʤʝʪʨʽʚ. ɺʦʥʠ ʤʘʶʪʴ ʚʝʣʠʢʽ ʣʽʨʦʧʦʜʽʙʥʽ 

ʣʠʩʪʢʠ ʪʘ ʞʦʚʪʦ-ʟʝʣʝʥʽ ʢʚʽʪʢʠ, ʩʭʦʞʽ ʥʘ ʪʶʣʴʧʘʥʠ.  

ʂʠʧʘʨʠʩʦʚʠʢ ʃʘʚʩʦʥʘ ʂʦʣʫʤʥʘʨʽʩ (Chamaecyparis lawsoniana óColumnarisô) ð ʭʚʦʡʥʝ 

ʜʝʨʝʚʦ ʟ ʚʫʟʴʢʦʶ ʢʦʣʦʥʦʧʦʜʽʙʥʦʶ ʢʨʦʥʦʶ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʛʫʩʪʠʤʠ ʚʝʨʪʠʢʘʣʴʥʠʤʠ 

ʛʽʣʢʘʤʠ, ʩʽʨʦ-ʙʣʘʢʠʪʥʦʶ ʣʫʩʢʘʪʦʶ ʭʚʦʻʶ ʪʘ ʧʨʠʚʘʙʣʠʚʠʤ ʟʦʚʥʽʰʥʽʤ ʚʠʛʣʷʜʦʤ.  

ʂʦʣʝʜʞ ʩʧʨʠʷʻ ʝʢʦʣʦʛʽʯʥʽʡ ʦʩʚʽʪʽ ʪʘ ʚʠʚʯʝʥʥʶ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʨʝʛʽʦʥʫ. ʅʘʰʽ ʩʪʫʜʝʥʪʠ 

ʩʪʘʚʘʣʠ ʣʽʜʝʨʘʤʠ ʽʥʽʮʽʘʪʠʚ ʧʽʜ ʛʘʩʣʦʤ "ʊʫʨʠʟʤ ʤʘʻ ʩʠʣʫ ʦʙ'ʻʜʥʫʚʘʪʠ ʪʘ ʥʘʜʠʭʘʪʠ, ʥʘʚʽʪʴ ʫ 

ʥʘʡʚʘʞʯʽ ʧʝʨʽʦʜʠ ʚʽʡʥʠ". ʉʝʨʝʜ ʨʝʘʣʽʟʦʚʘʥʠʭ ʧʨʦʻʢʪʽʚ ï "ɼʝʥʜʨʦʣʦʛʽʯʥʠʡ ʧʘʨʢ ʢʦʣʝʜʞʫ: 

ʧʨʦʩʪʽʨ ʜʣʷ ʥʘʚʯʘʥʥʷ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʢʚʝʩʪʽʚ" ʪʘ ʯʠʤʘʣʦ ʽʥʰʠʭ. ɼʝʥʜʨʦʣʦʛʽʯʥʠʡ ʧʘʨʢ 

ʢʦʣʝʜʞʫ - ʮʝ ʩʫʯʘʩʥʠʡ ʪʘ ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʦʩʝʨʝʜʦʢ, ʜʝ ʩʪʫʜʝʥʪʠ ʪʘ ʚʩʽ ʦʭʦʯʽ ʤʦʞʫʪʴ ʥʝ 

ʧʨʦʩʪʦ ʚʽʜʧʦʯʠʚʘʪʠ, ʘʣʝ ʡ ʥʘʚʯʘʪʠʩʷ, ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʙʨʘʪʠʩʷ ʟʘ ʮʽʢʘʚʽ ʢʚʝʩʪʠ. 

ɽʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʨʝʛʽʦʥʫ. ɽʢʦʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʚ ʨʝʛʽʦʥʽ ʧʦʛʽʨʰʠʣʘʩʴ ʯʝʨʝʟ 

ʚʠʨʫʙʢʫ ʣʽʩʽʚ, ʙʨʘʢʦʥʴʻʨʩʪʚʦ ʪʘ ʟʨʦʩʪʘʥʥʷ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ. ʅʝʟʘʢʦʥʥʘ ʚʠʨʫʙʢʘ ʨʫʡʥʫʻ 

ˇʨʫʥʪʠ, ʚʠʢʣʠʢʘʻ ʟʩʫʚʠ ʡ ʟʥʠʱʫʻ ʩʝʨʝʜʦʚʠʱʝ ʨʽʜʢʽʩʥʠʭ ʚʠʜʽʚ. ɹʨʘʢʦʥʴʻʨʩʪʚʦ ʱʦʨʦʢʫ ʟʘʚʜʘʻ 

ʚʝʣʠʢʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʟʙʠʪʢʽʚ. ʇʣʘʩʪʠʢʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘʛʨʦʞʫʻ ʚʦʜʽ, ʧʦʚʽʪʨʶ, ˇʨʫʥʪʘʤ, 

ʣʶʜʷʤ ʽ ʧʨʠʨʦʜʽ. 

ʆʭʦʨʦʥʘ ʧʨʠʨʦʜʠ ð ʢʣʶʯ ʜʦ ʩʪʘʣʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ ʋʢʨʘʾʥʠ. ʇʨʠʨʦʜʥʝ ʙʘʛʘʪʩʪʚʦ 

ɹʦʣʝʭʽʚʩʴʢʦʾ ʛʨʦʤʘʜʠ ʤʦʞʝ ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʚʠʪʢʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʪʫʨʠʟʤʫ ʡ ʦʩʚʽʪʠ. 

ɿʘʣʫʯʝʥʥʷ ʤʽʩʮʝʚʠʭ ʤʝʰʢʘʥʮʽʚ, ʩʪʫʜʝʥʪʽʚ ʪʘ ʘʢʪʠʚʥʠʭ ʛʨʦʤʘʜʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʩʧʨʠʷʪʠʤʝ 

ʛʘʨʤʦʥʽʡʥʦʤʫ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʫ ʽ ʜʦʧʦʤʦʞʝ ʟʙʝʨʝʛʪʠ ʥʝʧʦʚʪʦʨʥʫ ʧʨʠʨʦʜʥʫ ʩʧʘʜʱʠʥʫ 

ʂʘʨʧʘʪ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʉʢʝʣʽ ɼʦʚʙʫʰʘ ï ɹʦʣʝʭʽʚ: 

 https://tour.dolyna.if.ua/skeli-dovbusha-bolehiv/ 

2. ɯʩʪʦʨʽʷ ʇʨʠʢʘʨʧʘʪʩʴʢʦʛʦ ʬʘʭʦʚʦʛʦ ʢʦʣʝʜʞʫ ʣʽʩʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʪʫʨʠʟʤʫ: 

https://forestcollege.com.ua/college/130-materalno-tehnchna-baza.html 

3. ɽʂʆʃʆɻɯʏʅʀʁ ʇɸʉʇʆʈʊ ɯɺɸʅʆ-ʌʈɸʅʂɯɺʉʔʂʆɰ ʆɹʃɸʉʊɯ ʟʘ 2018 ʨʽʢ:  

https://www.if.gov.ua/storage/app/sites/24/documentu-2021/pasport2018-2compressed.pdf 

4. ɺʠʨʫʙʢʘ ʣʽʩʽʚ ʫ ʂʘʨʧʘʪʘʭ, ʥʘʩʣʽʜʢʠ ʪʘ ʰʣʷʭʠ ʾʭ ʧʦʜʦʣʘʥʥʷ: 

https://aweu.org.ua/general/vyrubka-lisiv-u-karpatah-naslidky-ta-shlyahy-yih-podolannya/ 

5. Chatgpt: 

https://chatgpt.com/c/68e6bf79-6358-8325-b37d-30bf7062646a 

6. ɼʦʣʠʥʩʴʢʘ ʤʽʩʴʢʘ ʨʘʜʘ: 

 https://rada-dolyna.gov.ua/news/smittya-u-lisi-tse-suspilna-problema 

7. ɼʝʥʜʨʦʣʦʛʽʯʥʠʡ ʧʘʨʢ:  

https://karpaty.rocks/en/arboretum-park-monument-landscape-art-bolekhiv 

8. ʏʝʨʚʦʥʘ ʢʥʠʛʘ ʋʢʨʘʾʥʠ: 

 https://redbook-ua.org/ 

https://tour.dolyna.if.ua/skeli-dovbusha-bolehiv/
https://forestcollege.com.ua/college/130-materalno-tehnchna-baza.html
https://www.if.gov.ua/storage/app/sites/24/documentu-2021/pasport2018-2compressed.pdf
https://aweu.org.ua/general/vyrubka-lisiv-u-karpatah-naslidky-ta-shlyahy-yih-podolannya/
https://chatgpt.com/c/68e6bf79-6358-8325-b37d-30bf7062646a
https://rada-dolyna.gov.ua/news/smittya-u-lisi-tse-suspilna-problema
https://karpaty.rocks/en/arboretum-park-monument-landscape-art-bolekhiv
https://redbook-ua.org/
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9. ʄʠʨʦʥ ʄʘʨʝʮʴʢʠʡ ï ʘʚʪʦʨ ʩʚʽʪʣʠʥ: 

https://www.facebook.com/MironMareskiy/about_overview 

ɺʆʃʆʅʊɽʈʉʔʂɯ ʈʋʍʀ ʋ ʉʌɽʈɯ ɿɸʍʀʉʊʋ ʇʈʀʈʆɼʀ 

 

ɾʠʙʘʢ ʋʣʷʥʘ ɼʤʠʪʨʽʚʥʘ, ʫʯʝʥʠʮʷ 9-ɸ ʢʣʘʩʫ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʚʯʠʪʝʣʴ ɺʽʡʪʽʚ ɭʚʛʝʥʽʡ ʇʘʚʣʦʚʠʯ 

ʈʘʜʯʘʥʩʴʢʠʡ ʣʽʮʝʡ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ  

 

ʊʦʣʦʢʠ, ʧʣʦʛʽʥʛ ʪʘ ʧʨʠʙʠʨʘʥʥʷ ʧʣʘʩʪʠʢʫ ð ʦʜʠʥ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʚʠʜʽʚ 

ʚʦʣʦʥʪʝʨʩʪʚʘ. ɺ ʋʢʨʘʾʥʽ ʜʽʻ ʤʽʞʥʘʨʦʜʥʘ ʽʥʽʮʽʘʪʠʚʘ çLetôs do itè, ʷʢʘ ʱʦʨʦʢʫ ʦʙôʻʜʥʫʻ 

ʘʢʪʠʚʽʩʪʽʚ ʫʩʽʭ ʦʙʣʘʩʪʝʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʩʝʫʢʨʘʾʥʩʴʢʦʾ ʪʦʣʦʢʠ. ʎʝʡ ʥʘʧʨʷʤ ʪʘʢʦʞ ʨʦʟʚʠʚʘʻ 

ɻʆ Zero Waste Society, ʷʢʘ ʧʦʰʠʨʶʻ ʩʪʠʣʴ ʞʠʪʪʷ ʥʫʣʴ-ʚʽʜʭʦʜʽʚ ʪʘ ʘʥʘʣʽʟʫʻ ʜʽʷʣʴʥʽʩʪʴ 

ʙʽʟʥʝʩʫ ʡ ʚʝʣʠʢʠʭ ʢʦʨʧʦʨʘʮʽʡ, ʘʙʠ ʩʧʨʠʷʪʠ ʩʠʩʪʝʤʥʠʤ ʟʤʽʥʘʤ. ɼʦ ʪʦʛʦ ʞ ʪʘʢʽ ʦʨʛʘʥʽʟʘʮʽʾ, 

ʷʢ ɽʢʦ ʄʽʩʪʦ ʪʘ ʋʢʨʘʾʥʘ ʙʝʟ ʩʤʽʪʪʷ ʜʦʧʦʤʘʛʘʶʪʴ ʮʝʡ ʧʣʘʩʪʠʢ ʪʘ ʚʪʦʨʠʥʥʫ ʩʠʨʦʚʠʥʫ 

ʧʝʨʝʨʦʙʠʪʠ ʡ ʜʘʪʠ ʤʘʪʝʨʽʘʣʘʤ ʜʨʫʛʝ ʞʠʪʪʷ. ɹʽʣʴʰʽʩʪʴ ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʡ ʟʘʣʫʯʘʻ 

ʚʦʣʦʥʪʝʨʽʚ ʫ ʷʢʦʩʪʽ ʛʽʜʽʚ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʨʦʟʧʦʚʽʜʘʪʠ ʧʨʦ ʩʪʘʥʮʽʶ, ʧʨʘʚʠʣʘ ʪʘ ʝʪʘʧʠ 

ʩʦʨʪʫʚʘʥʥʷ. 

ʅʘʷʚʥʽʩʪʴ ʷʢʽʩʥʦ ʤʘʨʢʦʚʘʥʠʭ ʪʫʨʠʩʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ʪʘ ʦʙʣʘʜʥʘʥʠʭ ʤʽʩʮʴ ʥʦʯʽʚʣʽ ʻ 

ʛʘʨʘʥʪʽʻʶ ʪʦʛʦ, ʱʦ ʧʽʜ ʯʘʩ ʚʽʜʚʽʜʠʥ ʜʠʢʦʾ ʧʨʠʨʦʜʠ ʣʶʜʠ ʥʘʥʝʩʫʪʴ ʾʡ ʤʽʥʽʤʫʤ ʰʢʦʜʠ. 

ɺʘʞʣʠʚʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ ʚ ʋʢʨʘʾʥʽ ʨʦʙʠʪʴ ʦʨʛʘʥʽʟʘʮʽʷ çʂʘʨʧʘʪʩʴʢʽ 

ʩʪʝʞʢʠè. ɸʢʪʠʚʽʩʪʠ ʨʦʟʨʦʙʣʷʶʪʴ ʪʘ ʤʘʨʢʫʶʪʴ ʪʫʨʠʩʪʠʯʥʽ ʤʘʨʰʨʫʪʠ, ʦʙʣʘʰʪʦʚʫʶʪʴ ʤʽʩʮʷ 

ʜʣʷ ʢʝʤʧʽʥʛʽʚ ʪʘ ʚʽʜʥʦʚʣʶʶʪʴ ʩʪʘʨʽ ʪʫʨʠʩʪʠʯʥʽ ʧʨʠʪʫʣʢʠ ʚ ʂʘʨʧʘʪʘʭ. 

ɼʦʧʦʤʦʛʘ ʪʚʘʨʠʥʘʤ, ʧʦʩʪʨʘʞʜʘʣʠʤ ʚʽʜ ʚʽʡʥʠ, ʧʨʠʨʦʜʥʠʭ ʢʘʪʘʩʪʨʦʬ ʘʙʦ ʣʶʜʩʴʢʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ð ʥʘʧʨʷʤʦʢ ʚʦʣʦʥʪʝʨʩʪʚʘ, ʷʢʠʡ ʜʦʧʦʤʘʛʘʻ ʟʙʝʨʝʛʪʠ ʚʠʜʠ ʪʘ ʾʭʥʽ ʘʨʝʘʣʠ 

ʽʩʥʫʚʘʥʥʷ. ʆʭʦʯʽ ʜʦʧʦʤʦʛʪʠ ʤʦʞʫʪʴ ʜʦʣʫʯʠʪʠʩʴ ʜʦ ʧʨʠʪʫʣʢʫ, ʮʝʥʪʨʫ ʨʝʘʙʽʣʽʪʘʮʽʾ ʘʙʦ ʥʘʚʽʪʴ 

ʜʦ ʢʦʤʘʥʜʠ ʨʷʪʽʚʥʠʢʽʚ ʪʚʘʨʠʥ ʚʽʜ ʙʨʘʢʦʥʴʻʨʽʚ. ʅʘʧʨʠʢʣʘʜ, ʫ ʤʽʩʪʽ ʍʘʨʢʦʚʽ ʻ ʋʢʨʘʾʥʩʴʢʠʡ 

ʮʝʥʪʨ ʨʝʘʙʽʣʽʪʘʮʽʾ ʨʫʢʦʢʨʠʣʠʭ, ʽ ʚʦʥʠ ʧʦʩʪʽʡʥʦ ʰʫʢʘʶʪʴ ʚʦʣʦʥʪʝʨʽʚ. ʊʫʪ ʥʝʙʘʡʜʫʞʽ 

ʧʦʤʽʯʥʠʢʠ ʜʦʛʣʷʜʘʶʪʴ ʢʘʞʘʥʽʚ, ʜʦʧʦʤʘʛʘʶʪʴ ʧʨʘʮʽʚʥʠʢʘʤ ʧʝʨʝʚʦʟʠʪʠ ʪʚʘʨʠʥ ʪʘ ʚʠʧʫʩʢʘʪʠ 

ʨʫʢʦʢʨʠʣʠʭ ʥʘ ʚʦʣʶ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1. https://www.savednipro.org/digest_09_25/ 

2. https://ecoaction.org.ua/eko-volonter-10.html 

 

ɽʂʆʃʆɻɯʏʅɯ ʇʈʆɹʃɽʄʀ ʉɽʃɸ ʉʊɸʈʋʅɯ ɹʆɻʆʈʆɼʏɸʅʉʔʂʆɰ  

ʉɽʃʀʑʅʆɰ ɻʈʆʄɸɼʀ 

 

ʂʣʦʯʘʥ ɸʥʜʨʽʡ ɸʥʜʨʽʡʦʚʠʯ, ʫʯʝʥʴ 12 ʢʣʘʩʫ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʢʝʨʽʚʥʠʢ ʩʝʢʮʽʾ ʙʦʪʘʥʽʢʠ ʉʘʚʯʫʢ ʉʦʬʽʷ ʇʝʪʨʽʚʥʘ  

ʅʘʚʯʘʣʴʥʦ-ʨʝʘʙʽʣʽʪʘʮʽʡʥʠʡ ʮʝʥʪʨ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ ʄʘʣʘ ʘʢʘʜʝʤʽʷ ʥʘʫʢ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ 

 

ʇʽʜ ʯʘʩ ʦʛʣʷʜʫ ʣʘʥʜʰʘʬʪʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʨʷʜ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʨʦʙʣʝʤ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʥʘʛʘʣʴʥʦʛʦ ʚʠʨʽʰʝʥʥʷ. ɹʽʣʴʰʽʩʪʴ ʾʭ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʢʦʞʥʦʛʦ 

ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ ʇʨʠʢʘʨʧʘʪʪʷ, ʘʣʝ ʻ ʡ ʩʧʝʮʠʬʽʯʥʽ, ʧʦʚôʷʟʘʥʽ ʟ ʜʦʙʫʚʘʥʥʷʤ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ 

ʪʘ ʟʥʘʭʦʜʞʝʥʥʷʤ ʚ ʦʢʦʣʠʮʷʭ ʩʝʣʘ ʛʝʦʣʦʛʽʯʥʦʾ ʧʘʤôʷʪʢʠ ʧʨʠʨʦʜʠ. ʗʢ ʽ ʙʽʣʴʰʽʩʪʴ ʛʽʨʩʴʢʠʭ ʩʽʣ, 

ʉʪʘʨʫʥʷ ʻ ʧʨʠʚʘʙʣʠʚʠʤ ʤʽʩʮʝʤ ʜʣʷ ʪʫʨʠʟʤʫ ʪʘ ʚʽʜʧʦʯʠʥʢʫ ʥʘʩʝʣʝʥʥʷ, ʘʣʝ ʚʠʷʚʣʝʥʽ ʥʘʤʠ 

ʧʨʦʙʣʝʤʠ ʟʥʘʯʥʦ ʟʥʠʞʫʶʪʴ ʪʫʨʠʩʪʠʯʥʫ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʢʨʘʶ, ʪʦʤʫ ʚʠʚʯʝʥʥʷ ʩʪʘʥʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ ʚʢʨʘʡ ʚʘʞʣʠʚʠʤ ʪʘ ʘʢʪʫʘʣʴʥʠʤ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʛʝʦʣʦʛʽʯʥʦʾ ʧʘʤôʷʪʢʠ ʧʨʠʨʦʜʠ, ʜʝ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʛʨʷʟʴʦʚʠʡ ʚʫʣʢʘʥ ʪʘ ʜʝʢʽʣʴʢʘ ʢʨʘʪʝʨʽʚ ʚʠʭʦʜʫ ʨʽʟʥʠʭ ʟʘ ʩʚʦʾʤ ʩʢʣʘʜʦʤ 

ʩʧʦʣʫʢ. ʊʝʨʠʪʦʨʽʷ ʛʝʦʣʦʛʽʯʥʦʾ ʧʘʤôʷʪʢʠ ʥʽʷʢ ʥʝ ʦʭʦʨʦʥʷʻʪʴʩʷ, ʥʝ ʦʙʛʦʨʦʜʞʝʥʘ, ʥʘ ʦʙʦʯʠʥʘʭ 

https://www.facebook.com/MironMareskiy/about_overview
https://www.savednipro.org/digest_09_25/
https://ecoaction.org.ua/eko-volonter-10.html


  
                                                                                                                                                         

 

 

ʈʝʛʽʦʥʘʣʴʥʘ ʢʦʥʬʝʨʝʥʮʽʷ òʄʦʣʦʜʽʞʥʠʡ ʝʢʦʛʝʦʬʦʨʫʤ - 2025ñ 
19-20 

͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ʧʦʩʪʽʡʥʦ ʚʠʧʘʩʘʻʪʴʩʷ ʭʫʜʦʙʘ. ɹʽʣʷ çʢʨʘʪʝʨʽʚè ʤʠ ʧʦʤʽʯʘʣʠ ʙʘʛʘʪʦ ʩʪʦʨʦʥʥʽʭ ʧʨʝʜʤʝʪʽʚ ʪʘ 

ʩʤʽʪʪʷ. ɺʠʪʦʢʠ ʨʦʧʠ, ʚʫʛʣʝʚʦʜʥʽʚ ʪʘ ʽʥʰʠʭ ʨʝʯʦʚʠʥ ʟʘʙʨʫʜʥʶʶʪʴ ˇʨʫʥʪʠ ʽ ʨʽʯʢʫ, ʷʢʘ ʪʝʯʝ ʟʘ 

70 - 100 ʤ ʚʽʜ ʚʫʣʢʘʥʘ. ɺ ʛʣʠʥʽ ʛʨʷʟʴʦʚʠʭ ʚʠʢʠʜʽʚ ʛʦʣʦʚʥʦʛʦ ʚʫʣʢʘʥʘ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʢʨʠʩʪʘʣʠ 

ʨʽʟʥʠʭ ʩʦʣʝʡ. ʉʪʘʨʫʥʩʴʢʠʡ ʢʦʤʧʣʝʢʩ ʤʘʻ ʚʝʣʠʯʝʟʥʝ ʥʘʫʢʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʠʥʘʤʽʢʠ ɿʝʤʣʽ, ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʧʨʦʛʥʦʟʫ 

ʟʝʤʣʝʪʨʫʩʽʚ. ʅʘ ʪʝʨʠʪʦʨʽʾ ʧʘʤôʷʪʢʠ ʧʨʠʨʦʜʠ ʧʨʦʚʦʜʠʪʴʩʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʚʠʚʽʟ ʛʘʣʴʢʠ ʟ ʨ. 

ɺʝʣʠʢʠʡ ʃʫʢʘʚʝʮʴ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ 70 ï 100 ʤ ʚʽʜ ʛʨʷʟʴʦʚʦʛʦ ʚʫʣʢʘʥʫ, ʪʨʦʰʢʠ ʜʘʣʽ (100 ï 

300 ʤ) ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʧʘʣʶʚʘʥʥʷ ʪʨʘʚʠ, ʚʠʧʘʩ ʭʫʜʦʙʠ, ʧʦʤʽʯʝʥʦ ʚʠʢʠʜ ʧʦʙʫʪʦʚʦʛʦ ʩʤʽʪʪʷ, ʘ 

ʪʘʢʦʞ ʟʘʣʠʰʢʠ ʥʝʜʘʚʥʽʭ ʧʽʢʥʽʢʽʚ. 

ʇʨʠ ʚôʾʟʜʽ ʚ ʩʝʣʦ ʟʽ ʩʪʦʨʦʥʠ ʩ. ɻʚʽʟʜ ʥʘʧʨʘʚʦ ʚʽʜ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʜʦʨʦʛʠ ɹʦʛʦʨʦʜʯʘʥʠ-

ʅʘʜʚʽʨʥʘ ʥʘ ʧʣʦʱʽ ʧʨʠʙʣʠʟʥʦ 2 ʛʘ ʨʦʟʨʦʩʣʠʩʷ ʱʽʣʴʥʽ ʟʘʨʦʩʪʽ ʙʦʨʱʽʚʥʠʢʘ ʉʦʩʥʦʚʩʴʢʦʛʦ. ʎʷ 

ʨʦʩʣʠʥʘ ʱʦʨʦʢʫ ʨʦʟʨʦʩʪʘʻʪʴʩʷ, ʟʘʛʣʫʰʘʶʯʠ ʚʩʽ ʨʝʰʪʘ ʨʦʩʣʠʥʠ, ʚʢʣʶʯʘʶʯʠ ʜʝʷʢʽ ʨʽʜʢʽʩʥʽ 

ʚʠʜʠ, ʱʦ ʪʨʘʧʣʷʶʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʩʝʣʘ (ʛʦʣʦʚʘʪʝʥʴ ʚʠʩʦʢʠʡ, ʧʘʣʴʯʘʪʦʢʦʨʽʥʥʠʢ ʧʣʷʤʠʩʪʠʡ 

ʪʘ ʽʥ.). ɿ ʟʘʨʦʩʪʷʤʠ ʙʦʨʱʽʚʥʠʢʘ ʥʘ ʮʽʡ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʽʡ ʪʝʨʠʪʦʨʽʾ ʥʽʭʪʦ ʥʝ ʚʝʜʝ ʙʦʨʦʪʴʙʠ. 

ʈʦʩʣʠʥʠ ʜʦʩʷʛʘʶʪʴ ʚʝʣʝʪʝʥʩʴʢʠʭ ʨʦʟʤʽʨʽʚ (4 ï 5 ʤ) ʫ ʚʠʩʦʪʫ, ʮʚʽʪʫʪʴ ʽ ʫʪʚʦʨʶʶʪʴ ʥʘʩʽʥʥʷ, 

ʷʢʝ ʨʦʟʥʦʩʠʪʴʩʷ ʚʽʪʨʦʤ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ. ʑʦʨʦʢʫ ʧʣʦʱʘ, ʷʢʫ ʟʘʡʤʘʶʪʴ ʮʽ ʨʦʩʣʠʥʠ 

ʨʦʟʰʠʨʶʻʪʴʩʷ, ʪʦʙʪʦ ʙʦʨʱʽʚʥʠʢ ʟʘʭʦʧʣʶʻ ʥʦʚʽ ʪʝʨʠʪʦʨʽʾ.  

ʅʘ ʩʭʽʜʥʽʡ ʦʢʦʣʠʮʽ ʩʝʣʘ ʨʦʟʪʘʰʦʚʘʥʘ ʩʦʣʷʥʘ ʢʨʠʥʠʮʷ, ʛʣʠʙʠʥʘ ʷʢʦʾ ʩʷʛʘʻ ʧʨʠʙʣʠʟʥʦ 20 

ʤ, ʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʦʣʽ ʫ ʚʦʜʽ ʩʪʘʥʦʚʠʪʴ 20%. ɺ ʪʘʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʽʱʦ ʥʝ ʚʠʞʠʚʘʻ. ʂʦʣʠʩʴ 

ʩʶʜʠ ʟʘ ʩʽʣʣʶ ʾʟʜʠʣʠ ʟ ʫʩʽʭ ʜʦʚʢʦʣʠʰʥʽʭ ʩʽʣ. ɿ ʢʨʠʥʠʮʽ ʨʘʥʽʰʝ ʽ ʟʘʨʘʟ ʚʠʜʦʙʫʚʘʶʪʴ 

ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ʨʦʟʯʠʥ ʩʦʣʽ ʜʣʷ ʧʦʙʫʪʦʚʠʭ ʧʦʪʨʝʙ: ʦʙʨʦʙʢʘ ʤôʷʩʘ, ʚʠʧʽʢʘʥʥʷ ʭʣʽʙʘ ʪʦʱʦ. 

ʇʨʦʙʣʝʤʘ ʚ ʪʦʤʫ, ʱʦ ʪʝʨʠʪʦʨʽʷ ʥʘʚʢʦʣʦ ʢʨʠʥʠʮʽ ʟʘʙʨʫʜʥʝʥʘ ʮʽʻʶ ʨʦʧʦʶ. ɺ ʨʘʜʽʫʩʽ 10 ï 12 ʤ 

ʥʘʚʢʦʣʦ ʢʨʠʥʠʮʽ ʧʨʘʢʪʠʯʥʦ ʥʽʯʦʛʦ ʥʝ ʨʦʩʪʝ. ʇʽʜ ʯʘʩ ʜʦʱʫ ʪʝʨʠʪʦʨʽʷ ʥʘʚʢʦʣʦ ʢʨʠʥʠʮʽ 

ʟʘʙʦʣʦʯʫʻʪʴʩʷ ʽ ʚʦʜʘ ʩʪʽʢʘʻ ʜʦ ʥʝʚʝʣʠʢʦʛʦ ʧʦʪʽʯʢʘ ʉʦʣʦʥʮʷ, ʷʢʠʡ ʚʧʘʜʘʻ ʫ ʨʽʯʢʫ ʃʫʢʘʚʝʮʴ, 

ʷʢʘ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʣʠʚʘʻʪʴʩʷ ʟ ɹʠʩʪʨʠʮʝʶ ʉʦʣʦʪʚʠʥʩʴʢʦʶ. ɺʦʜʘ, ʱʦ ʬʽʣʴʪʨʫʻʪʴʩʷ ʯʝʨʝʟ 

ʩʦʣʦʥʯʘʢʦʚʠʡ ˇʨʫʥʪ, ʤʦʞʝ ʤʽʩʪʠʪʠ ʩʦʪʥʽ ʡ ʥʘʚʽʪʴ ʪʠʩʷʯʽ ʤʛ ʭʣʦʨʠʜʽʚ ʫ 1 ʣ. ʇʨʦʙʠ ʚʦʜʠ 

ʚʽʜʙʠʨʘʣʠʩʷ ʧʽʜ ʯʘʩ ʣʽʪʥʴʦʾ ʪʘ ʦʩʽʥʥʴʦʾ ʤʝʞʝʥʽ. ʅʘʷʚʥʽʩʪʴ ʢʨʠʥʠʮʽ ʟ ʨʦʧʦʶ, ʧʦʛʘʥʘ ʾʾ 

ʽʟʦʣʷʮʽʷ, ʧʨʠʚʦʜʷʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʡʦʥʽʚ ʥʘʪʨʽʶ ʪʘ ʭʣʦʨʫ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʘʭ, 

ʱʦ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʬʣʦʨʫ ʽ ʬʘʫʥʫ ʚʦʜʦʡʤ ʪʘ ʾʭ ʙʝʨʝʛʽʚ, ʘ ʪʘʢʦʞ ʥʘ ʜʦʚʢʦʣʠʰʥʽ 

ˇʨʫʥʪʠ.  

ʋ ʣʽʩʽ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʽʚʜʝʥʥʽʡ ʦʢʦʣʠʮʽ ʩʝʣʘ ʚʝʜʝʪʴʩʷ ʜʦʙʫʚʘʥʥʷ ʥʘʬʪʠ, ʷʢʘ 

ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʅʘʜʚʽʨʥʷʥʩʴʢʠʡ ʥʘʬʪʦʧʝʨʝʨʦʙʥʠʡ ʟʘʚʦʜ. ʃʽʩ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʛʦʨʠʩʪʽʡ 

ʤʽʩʮʝʚʦʩʪʽ, ʤʘʻ ʙʘʛʘʪʦ ʷʨʽʚ. ɼʝʷʢʽ ʟ ʥʠʭ ʚʱʝʥʪ ʟʘʧʦʚʥʝʥʽ ʧʦʙʫʪʦʚʠʤ ʪʘ ʙʫʜʽʚʝʣʴʥʠʤ ʩʤʽʪʪʷʤ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʥʝʦʜʥʦʨʘʟʦʚʽ ʟʚʝʨʥʝʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʜʝʨʞʘʚʥʦʾ ʣʽʩʦʚʦʾ ʦʭʦʨʦʥʠ ʧʨʦ 

ʥʝʧʨʠʧʫʩʪʠʤʽʩʪʴ ʟʘʩʤʽʯʝʥʥʷ ʣʽʩʦʚʠʭ ʤʘʩʠʚʽʚ ʧʦʙʫʪʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ, ʤʝʰʢʘʥʮʽ ʧʨʠʣʝʛʣʠʭ 

ʩʽʣ ʧʨʦʜʦʚʞʫʶʪʴ ʚʠʚʦʟʠʪʠ ʩʤʽʪʪʷ ʪʘ ʚʩʽʣʷʢʠʡ ʥʝʧʦʪʨʽʙ ʫ ʣʽʩ. ʅʘʚʽʪʴ ʫ ʚʽʜʜʘʣʝʥʠʭ ʢʫʪʦʯʢʘʭ 

ʣʽʩʫ, ʩʢʨʽʟʴ ʚʠʜʥʦ ʩʣʽʜʠ ʚʘʨʚʘʨʩʪʚʘ ʽ ʥʝʦʭʘʡʥʦʩʪʽ: ʧʘʧʽʨ, ʧʣʷʰʢʠ, ʧʦʣʽʝʪʠʣʝʥ, ʧʣʘʩʪʠʢ, 

ʢʦʥʩʝʨʚʥʽ ʙʘʥʢʠ, ʛʦʨʠ ʧʦʙʫʪʦʚʦʛʦ ʪʘ ʚʠʨʦʙʥʠʯʦʛʦ ʩʤʽʪʪʷ. ʋ ʣʽʩʽ ʥʝ ʚʩʪʘʥʦʚʣʝʥʽ ʩʧʝʮʽʘʣʴʥʽ 

ʤʽʩʮʷ ʨʝʢʨʝʘʮʽʾ ʽ ʚʽʜʧʦʯʠʥʢʫ ʜʣʷ ʣʶʜʝʡ, ʪʦʤʫ ʩʤʽʪʪʷ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʨʽʟʥʠʭ ʤʽʩʮʷʭ, ʘ 

ʥʘʡʙʽʣʴʰʝ ʡʦʛʦ ʩʢʫʧʯʝʥʥʷ (ʚʽʟʫʘʣʴʥʦ ï ʜʝʢʽʣʴʢʘ ʪʦʥ) ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʠʭʦʜʽ ʟ ʣʽʩʫ ʟʽ ʩʪʦʨʦʥʠ 

ʩ. ʉʪʘʨʫʥʷ (ʧʽʚʥʽʯʥʘ ʯʘʩʪʠʥʘ ʣʽʩʫ). ɿʘ ʯʘʩ ʽʩʥʫʚʘʥʥʷ ʮʴʦʛʦ ʩʪʠʭʽʡʥʦʛʦ ʩʤʽʪʪʻʟʚʘʣʠʱʘ 

ʞʦʜʥʦʛʦ ʨʘʟʫ ʥʝ ʧʨʦʚʦʜʠʚʩʷ ʚʠʚʽʟ ʩʤʽʪʪʷ. ɯʥʢʦʣʠ ʩʤʽʪʪʷ ʧʨʦʩʫʚʘʻʪʴʩʷ ʛʫʩʝʥʠʯʥʠʤ 

ʙʫʣʴʜʦʟʝʨʦʤ. ʆʩʥʦʚʥʫ ʯʘʩʪʠʥʫ ʩʢʣʘʜʘʶʪʴ ʧʣʘʩʪʠʢʦʚʽ ʻʤʢʦʩʪʽ, ʚʠʢʦʨʠʩʪʘʥʽ ʧʽʜʛʫʟʢʠ, 

ʧʦʣʽʝʪʠʣʝʥʦʚʝ ʧʘʢʦʚʘʥʥʷ, ʙʫʜʽʚʝʣʴʥʝ ʩʤʽʪʪʷ, ʩʪʘʨʽ ʚʽʢʥʘ, ʜʚʝʨʽ, ʟʘʣʽʟʥʽ ʙʘʥʢʠ ʚʽʜ ʬʘʨʙ ʪʘ 

ʣʘʢʽʚ, ʩʪʘʨʠʡ ʦʜʷʛ ʪʦʱʦ.  

ʋ ʣʽʩʽ ʻ ʜʦʩʠʪʴ ʚʝʣʠʢʝ ʦʟʝʨʦ ʟ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʷʢʝ ʨʦʟʪʘʰʦʚʘʥʝ ʥʘ ʩʭʠʣʽ ʛʦʨʠ. ʇʽʜ ʯʘʩ 

ʜʦʱʽʚ ʦʟʝʨʦ ʥʘʧʦʚʥʶʻʪʴʩʷ ʚʦʜʦʶ, ʷʢʘ ʟʤʽʰʫʻʪʴʩʷ ʟ ʚʫʛʣʝʚʦʜʥʷʤʠ ʽ ʚʠʪʽʢʘʻ ʟ ʥʴʦʛʦ, 

ʟʘʙʨʫʜʥʶʶʯʠ ʥʘʚʢʦʣʠʰʥʶ ʨʦʩʣʠʥʥʽʩʪʴ ʪʘ ˇʨʫʥʪ. 

ɺʠʩʥʦʚʢʠ 

ʆʩʥʦʚʥʠʤʠ ʝʢʦʣʦʛʽʯʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʪʝʨʠʪʦʨʽʾ ʛʝʦʣʦʛʽʯʥʦʾ ʧʘʤôʷʪʢʠ ʧʨʠʨʦʜʠ ʪʘ ʾʾ 

ʦʢʦʣʠʮʴ ʻ: ʟʘʙʨʫʜʥʝʥʥʷ ʣʽʩʫ ʧʦʙʫʪʦʚʠʤ ʪʘ ʙʫʜʽʚʝʣʴʥʠʤ ʩʤʽʪʪʷʤ; ʤʘʩʦʚʝ ʧʦʰʠʨʝʥʥʷ ʥʘ 

ʚʝʣʠʢʽʡ ʪʝʨʠʪʦʨʽʾ ʙʦʨʱʚ̔ʥʠʢʘ ʉʦʩʥʦʚʩʴʢʦʛʦ; ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʚʫʛʣʝʚʦʜʥʷʤʠ ʫ ʣʽʩʽ ʪʘ ʥʘ 
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ʪʝʨʠʪʦʨʽʾ ʛʝʦʣʦʛʽʯʥʦʾ ʧʘʤôʷʪʢʠ ʧʨʠʨʦʜʠ; ʚʠʪʽʢ ʩʦʣʷʥʦʾ ʨʦʧʠ ʟ ʢʨʠʥʠʮʽ, ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ 

ʪʘ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ; ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʧʽʜʧʘʣ ʩʫʭʦʾ ʪʨʘʚʠ; ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʚʠʭʦʜʫ ʥʘ ʧʦʚʝʨʭʥʶ ʥʘʬʪʠ, ʛʘʟʫ ʪʘ ʽʥʰʠʭ ʨʝʯʦʚʠʥ. ʆʜʥʠʤ ʽʟ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʻ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʥʘʬʪʦʶ ʽ 

ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ. ʅʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʧʨʘʚʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ 

ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʟʘʧʦʙʽʛʘʥʥʷ. 
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ʤʝʪʦʜʫ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʙʘʣʘʥʩʫ ʫ ʚʦʜʦʡʤʘʭ, ʛʨʫʥʪʘʭ ʪʘ 

ʽʥʰʠʭ ʩʝʨʝʜʦʚʠʱʘʭ.  

ɽʄ (ɽʬʝʢʪʠʚʥʽ ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ) - ʮʝ ʩʠʤʙʽʦʪʠʯʥʝ ʫʛʨʫʧʫʚʘʥʥʷ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʜʦ 

ʷʢʦʛʦ ʚʭʦʜʷʪʴ ʪʨʠ ʦʩʥʦʚʥʠʭ ʛʨʫʧʠ: 

- ʌʦʪʦʩʠʥʪʝʟʫʶʯʽ ʙʘʢʪʝʨʽʾ (ʬʦʪʦʪʨʦʬʠ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʚʽʪʣʦ ʪʘ ʪʝʧʣʦ ʜʣʷ ʩʠʥʪʝʟʫ 

ʢʦʨʠʩʥʠʭ ʨʝʯʦʚʠʥ. 

- ʄʦʣʦʯʥʦʢʠʩʣʽ ʙʘʢʪʝʨʽʾ ʰʚʠʜʢʦ ʬʝʨʤʝʥʪʫʶʪʴ ʦʨʛʘʥʽʢʫ, ʧʨʠʛʥʽʯʫʶʪʴ ʨʦʟʚʠʪʦʢ 

ʧʘʪʦʛʝʥʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʟʥʠʞʫʶʪʴ ʨʽʚʝʥʴ pH (ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʨʦʩʪʫ ʛʥʠʣʴʥʠʭ 

ʙʘʢʪʝʨʽʡ). 

- ɼʨʽʞʜʞʦʚʽ ʛʨʠʙʢʠ ʚʠʨʦʙʣʷʶʪʴ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ (ʘʤʽʥʦʢʠʩʣʦʪʠ, 

ʚʽʪʘʤʽʥʠ), ʷʢʽ ʩʪʠʤʫʣʶʶʪʴ ʨʽʩʪ ʽʥʰʠʭ ʢʦʨʠʩʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʽ ʨʦʩʣʠʥ. 

ɽʄ-ʪʝʭʥʦʣʦʛʽʷ ʻ ʙʶʜʞʝʪʥʠʤ ʪʘ ʝʢʦʣʦʛʽʯʥʠʤ ʤʝʪʦʜʦʤ ʦʯʠʱʝʥʥʷ ʦʟʝʨ, ʩʪʘʚʢʽʚ ʪʘ ʨʽʯʦʢ, 

ʦʩʦʙʣʠʚʦ ʚʽʜ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʟʘʤʫʣʝʥʥʷ. 

ʄʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: ʟ ʜʦʧʦʤʦʛʦʶ ʢʫʣʴʦʢ ʽ ʨʦʟʚʝʜʝʥʦʶ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʚʦʜʽ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʧʨʝʧʘʨʘʪ ʟʘʤʽʰʫʶʪʴ ʟ ʛʣʠʥʦʶ ʪʘ ʦʨʛʘʥʽʯʥʠʤʠ 

ʚʠʩʽʚʢʘʤʠ (ʙʦʢʘʰʽ), ʬʦʨʤʫʶʯʠ ʢʫʣʴʢʠ, ʷʢʽ ʧʦʪʽʤ ʟʘʢʠʜʘʶʪʴʩʷ ʥʘ ʜʥʦ ʚʦʜʦʡʤʠ. 

ʄʽʢʨʦʦʨʛʘʥʽʟʤʠ ʚʠʭʦʜʷʪʴ ʟ ʢʫʣʴʦʢ ʽ ʧʦʯʠʥʘʶʪʴ ʬʝʨʤʝʥʪʫʚʘʪʠ ʪʘ ʨʦʟʢʣʘʜʘʪʠ ʤʫʣ. ɯʥʰʠʤ ʞʝ 

ʩʧʦʩʦʙʦʤ ʙʫʜʝ ʚʣʠʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʨʦʟʯʠʥʫ ʜʦ ʚʦʜʦʡʤʠ. 

ʇʝʨʝʚʘʛʠ ɽʄ-ʊʝʭʥʦʣʦʛʽʾ 

- ɽʢʦʣʦʛʽʯʥʽʩʪʴ: ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʠʰʝ ʧʨʠʨʦʜʥʽ, ʙʝʟʧʝʯʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʷʢʽ ʥʝ 
ʟʘʙʨʫʜʥʶʶʪʴ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʭʽʤʽʢʘʪʘʤʠ. 

- ɺʽʜʥʦʚʣʝʥʥʷ ʬʣʦʨʠ ʪʘ ʬʘʫʥʠ: ʉʪʚʦʨʶʶʪʴʩʷ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʚʦʜʥʠʭ 

ʤʝʰʢʘʥʮʽʚ. 
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ɺʘʨʪʽʩʪʴ ʧʨʦʝʢʪʫ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʥʠʞʯʠʭ ʩʝʨʝʜ ʫʩʽʭ ʙʽʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ, ʦʩʦʙʣʠʚʦ 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʘʧʽʪʘʣʴʥʠʤʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʭʽʤʽʯʥʽ ʯʠ ʤʝʭʘʥʽʯʥʽ ʦʯʠʩʥʽ 

ʩʧʦʨʫʜʠ. ʆʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʚʠʪʨʘʪ ʻ ʧʦʢʫʧʢʘ ʨʽʜʢʦʛʦ ɽʄ-ʢʦʥʮʝʥʪʨʘʪʫ ʪʘ ʙʦʢʘʰʽ. ʈʽʜʢʽ 

ʢʦʥʮʝʥʪʨʘʪʠ ʧʨʦʜʘʶʪʴʩʷ ʟʘ ʮʽʥʦʶ ʚʽʜ 50 ʜʦ 350 ʛʨʥ ʟʘ ʣʽʪʨ, ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʨʦʙʥʠʢʘ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʾ. ɹʦʢʘʰʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ɽʄ-ʢʫʣʴʦʢ, ʢʦʰʪʫʶʪʴ ʚʽʜ 

200 ʜʦ 300 ʛʨʥ ʟʘ ʢʽʣʦʛʨʘʤ. ʂʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʤʽʥʽʤʽʟʫʻ ʚʠʪʨʘʪʠ, ʻ ʪʝ, ʱʦ ʙʽʣʴʰʽʩʪʴ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʪʘʢʦʛʦ ʷʢ ɽʄ-ʢʫʣʴʢʠ, ʻ ʘʙʦ ʜʫʞʝ 

ʜʝʰʝʚʠʤʠ (ʥʘʧʨʠʢʣʘʜ, ʛʣʠʥʘ), ʘʙʦ ʥʝ ʚʠʤʘʛʘʶʪʴ ʦʧʣʘʪʠ (ʥʘʧʨʠʢʣʘʜ, ʚʦʣʦʥʪʝʨʩʴʢʘ ʧʨʘʮʷ ʜʣʷ 

ʾʭʥʴʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʨʦʟʢʠʜʘʥʥʷ ʥʘ ʜʥʽ ʨʽʯʢʠ). ɿ ʪʦʯʢʠ ʟʦʨʫ ʜʦʟʫʚʘʥʥʷ, ʝʬʝʢʪʠʚʥʘ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʦʤʫ ʨʦʟʚʝʜʝʥʥʽ ʨʽʜʢʦʛʦ 

ʨʦʟʯʠʥʫ, ʷʢʝ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʚʽʜ 1:10000 ʜʦ 1:50000 ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʚʦʜʠ. ʅʘʧʨʠʢʣʘʜ, 

ʜʣʷ ʦʙʨʦʙʢʠ 1000 ʤ3 ʚʦʜʠ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ ʣʠʰʝ 100 ʣʽʪʨʽʚ ʨʦʙʦʯʦʛʦ ʨʦʟʯʠʥʫ, 

ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʥʮʝʥʪʨʘʪʫ. ɼʣʷ ʦʯʠʱʝʥʥʷ ʜʦʥʥʠʭ ʦʩʘʜʽʚ ɽʄ-

ʢʫʣʴʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʢʽʣʴʢʦʩʪʽ 1 ʜʦ 5 ʰʪʫʢ ʥʘ ʢʚʘʜʨʘʪʥʠʡ ʤʝʪʨ ʜʥʘ, ʱʦ ʪʘʢʦʞ ʻ ʜʫʞʝ 

ʙʶʜʞʝʪʥʠʤ ʧʽʜʭʦʜʦʤ. 

ʆʯʠʱʝʥʥʷ ʚʦʜʦʡʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽʄ-ʪʝʭʥʦʣʦʛʽʾ ʻ ʯʫʜʦʚʠʤ ʧʨʠʢʣʘʜʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʽʦʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʝʢʦʣʦʛʽʯʥʠʭ ʮʽʣʝʡ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʆʩʽʧʯʫʢ, ʄ. ʆ., ɻʨʦʭʦʣʴʩʴʢʘ, ʄ. ʖ. (2012). ɿʘʩʪʦʩʫʚʘʥʥʷ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ɽʄ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ ʚ ʨʠʙʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʚʦʜʦʡʤʘʭ. ɺʽʩʥʠʢ ɺʽʥʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʘʛʨʘʨʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, 3(65), 180ï183. 

2. ʄʝʜʚʝʜʻʚʘ, ɻ. ɻ., ɻʨʠʮʠʢ, ʅ. ɺ., ʄʦʩʪʦʚʠʡ, ɸ. ɸ. (2018). ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʙʽʦʧʨʝʧʘʨʘʪʽʚ ʫ ʙʽʦʣʦʛʽʯʥʦʤʫ ʦʯʠʱʝʥʥʽ ʩʪʽʯʥʠʭ ʚʦʜ ʚʽʜ ʩʧʦʣʫʢ ʥʽʪʨʦʛʝʥʫ. ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ. ʉʝʨʽʷ: ʊʝʭʥʽʢʘ ʪʘ 

ʝʥʝʨʛʝʪʠʢʘ ɸʇʂ, (290), 85ï92. 

3. ʉʢʨʠʧʯʫʢ, ʇ. ʇ., ʊʨʫʰʝʚʘ, ʉ. ʉ., ʂʘʤʽʥʩʴʢʘ, ʅ. ʄ. (2017). ʇʨʠʥʮʠʧʠ ʪʘ ʤʝʭʘʥʽʟʤʠ 

ʙʽʦʨʝʤʝʜʽʘʮʽʾ ʚ ʫʤʦʚʘʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʦʜʥʽ ʦʙ'ʻʢʪʠ. ɽʢʦʣʦʛʽʷ ʽ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ: ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʅʋɺɻʇ, (23), 188ï195. 

 

ɸʅɸʃɯɿ ʇʈʆʎɽʉɯɺ ɽɺʊʈʆʌɯʂɸʎɯɰ 

ɹʋʈʐʊʀʅʉʔʂʆɻʆ ɺʆɼʆʉʍʆɺʀʑɸ ɿɸʉʆɹɸʄʀ ɼɿɿ 

 

ʂʨʠʚʝʥʢʦ ɸʥʥʘ ɸʥʜʨʽʾʚʥʘ, ʫʯʝʥʠʮʷ 9 ʢʣʘʩʫ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʴʢʦʛʦ ʣʽʮʝʁ ˉ15 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʜʦʮʝʥʪʢʘ ʢʘʬʝʜʨʠ ʛʝʦʛʨʘʬʽʾ ʪʘ ʧʨʠʨʦʜʦʟʥʘʚʩʪʚʘ ʌʦʤʝʥʢʦ ʅʘʪʘʣʽʷ 

ɺʦʣʦʜʠʤʠʨʽʚʥʘ, ʂʘʨʧʘʪʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʘʩʠʣʷ ʉʪʝʬʘʥʠʢʘ 

 

ɺʘʞʣʠʚʝ ʤʽʩʮʝ ʫ ʩʪʨʫʢʪʫʨʽ ʚʦʜʦʡʤ ʫʧʦʚʽʣʴʥʝʥʦʛʦ ʚʦʜʦʦʙʤʽʥʫ ʋʢʨʘʾʥʠ ʧʦʩʽʜʘʶʪʴ 

ʚʦʜʦʩʭʦʚʠʱʘ. ɹʫʨʰʪʠʥʩʴʢʝ, ʩʧʦʨʫʜʞʝʥʝ ʥʘ ʨʽʯʮʽ ɻʥʠʣʘ ʃʠʧʘ ʫ 1965 ʨʦʮʽ, ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ ʪʫʨʙʽʥ ɹʫʨʰʪʠʥʩʴʢʦʾ ʪʝʧʣʦʚʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʽ ʜʣʷ ʪʝʭʥʽʯʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ.  

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʚʦʜʦʩʭʦʚʠʱ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ɼɿɿ, ʟʦʢʨʝʤʘ 

ʚʝʛʝʪʘʮʽʡʥʠʡ ʧʦʢʘʟʥʠʢ NDVI (ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʚʝʛʝʪʘʮʽʡʥʠʡ ʽʥʜʝʢʩ). 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʦʛʦ ʫ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ (2019-2024ʨʨ.), 

ʟʘʩʪʦʩʦʚʫʶʯʠ ʬʽʣʴʪʨ ʭʤʘʨʥʦʩʪʽ, ʤʠ ʚʠʷʚʠʣʠ ʜʠʥʘʤʽʢʫ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʟ ʨʽʟʥʦʶ ʧʣʦʱʝʶ 

ʥʘʜʚʦʜʥʦ-ʧʽʜʚʦʜʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʚ ʨʽʟʥʠʭ ʚʽʜʪʽʥʢʘʭ ʟʝʣʝʥʠʭ ʢʦʣʴʦʨʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤ NDVI ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ ï1 ʜʦ +1. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʢʨʠʧʪʽʚ, ʟʦʢʨʝʤʘ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʦʜʥʠʭ ʨʦʩʣʠʥ ʪʘ 

ʚʦʜʦʨʦʩʪʝʡ, ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʫ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʘʣʦ 

ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʟʘ ʦʙʨʘʥʠʡ ʧʝʨʽʦʜ (ʨʠʩ.1).  
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ʈʠʩʫʥʦʢ 1. ɼʽʘʛʨʘʤʘ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʽʥʜʝʢʩʫ NDVI ʥʘ ʚʦʜʥʽʡ ʧʦʚʝʨʭʥʽ 

ɹʫʨʰʪʠʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ 2019-2024 ʨʦʢʽʚ ʟ ʜʚʦʤʘ ʚʠʜʽʣʝʥʠʤʠ ʧʽʢʦʚʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ: 17 ʣʠʧʥʷ 2021 ʪʘ 28 ʪʨʘʚʥʷ 2023 

 

ɺʽʟʫʘʣʽʟʘʮʽʷ ɹʫʨʰʪʠʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʟʘ 17 ʣʠʧʥʷ 2021 (ʨʠʩ.2) ʪʘ ʧʦʨʽʚʥʷʣʴʥʠʡ 

ʘʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʽʚ NDVI ʟʘ ʪʠʞʜʝʥʴ ʪʘ ʪʠʞʜʝʥʴ ʧʽʩʣʷ ʚʢʘʟʘʥʦʾ ʜʘʪʠ ʧʦʢʘʟʫʻ, ʱʦ 

ʜʘʥʠʡ ʧʨʦʮʝʩ ʤʘʻ ʘʢʪʠʚʥʫ ʬʘʟʫ 14 ʜʥʽʚ ʪʘ, ʦʯʝʚʠʜʥʦ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʢʣʽʤʘʪʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ʘʙʦ ʪʠʤʠ, ʱʦ ʧʨʠʚʦʜʷʪʴ ʜʦ ʚʠʢʠʜʫ ʧʽʜʽʛʨʽʪʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʦʜ ʫ ʟʥʘʯʥʠʭ ʦʙʩʷʛʘʭ. ɿ 

ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱ ʫ ʧʨʦʛʨʘʤʽ Copernicus browser 

ʚʜʘʣʦʩʷ ʚʠʜʽʣʠʪʠ ʧʣʦʱʫ ʧʨʠʙʣʠʟʥʦ 10 ʢʤ2 ʚʦʜʦʩʭʦʚʠʱʘ ʟ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʬʽʢʩʦʚʘʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʧʦʢʘʟʥʠʢʽʚ NDVI. ʇʨʠʯʦʤʫ ʛʨʘʬʽʢʠ ʨʦʟʧʦʜʽʣʫ ʟʥʘʯʝʥʴ  ʜʣʷ ʽʥʜʝʢʩʥʦʛʦ ʰʘʨʫ  

NDVI ʧʦʢʘʟʫʶʪʴ, ʱʦ  ʥʘʡʙʽʣʴʰʘ ʯʘʩʪʦʪʘ ʪʨʘʧʣʷʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ 0,14 ʦʜʠʥʠʮʴ NDVI,  

ʚʜʚʽʯʽ ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ï ʜʣʷ 0,83 ʦʜʠʥʠʮʴ NDVI. 

 

 
 

ʈʠʩʫʥʦʢ 2. ʂʦʩʤʽʯʥʠʡ ʟʥʽʤʦʢ Sentinel- 2 ɹʫʨʰʪʠʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʟ ʦʟʥʘʢʘʤʠ 

ʝʚʪʨʦʬʽʢʘʮʽʾ  ʪʘ ʚʠʜʽʣʝʥʠʤʠ ʨʦʟʧʦʜʽʣʘʤʠ ʟʥʘʯʝʥʴ ʜʣʷ ʽʥʜʝʢʩʥʦʛʦ  

ʰʘʨʫ NDVI 28 ʪʨʘʚʥʷ 2023 
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ʇɽʈʉʇɽʂʊʀɺʀ ʈʆɿɺʀʊʂʋ ɿɽʃɽʅʆɰ ɽʅɽʈɻɽʊʀʂʀ  

ɺ ɯɺɸʅʆ-ʌʈɸʅʂɯɺʉʔʂɯʁ ʆɹʃɸʉʊɯ 

 

ʂʨʠʭʦʚʝʮʴʢʠʡ ʄʠʢʦʣʘ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʫʯʝʥʴ 11 ʢʣʘʩʫ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʛʦ ʣʽʮʝʶ ˉ 3 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʚʯʠʪʝʣʴ ʍʨʝʙʪʦʚʩʴʢʘ ɯʨʠʥʘ ʄʠʭʘʡʣʽʚʥʘ 

 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ ʦʙʣʘʩʪʴ ʤʘʻ ʪʝʭʥʽʯʥʦ ʤʦʞʣʠʚʠʡ ʧʦʪʝʥʮʽʘʣ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ (ɺɼɽ) ʙʣʠʟʴʢʦ 1 ʤʣʥ. ʪʦʥ ʥʘʬʪʦʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ, ʱʦ ʚʢʣʶʯʘʻ ʩʦʥʷʯʥʫ, ʚʽʪʨʦʚʫ, 

ʛʽʜʨʦ-, ʙʽʦ- ʪʘ ʛʝʦʪʝʨʤʘʣʴʥʫ ʝʥʝʨʛʝʪʠʢʫ. ɹʽʦʤʘʩʘ (ʚʽʜʭʦʜʠ ʪʚʘʨʠʥʥʠʮʪʚʘ, ʨʦʩʣʠʥʥʠʮʪʚʘ ʽ 

ʣʽʩʦʟʘʛʦʪʽʚʣʽ) ʻ ʥʘʡʙʽʣʴʰʠʤ ʜʞʝʨʝʣʦʤ ʧʦʪʝʥʮʽʘʣʫ ɺɼɽ ʚ ʦʙʣʘʩʪʽ, ʩʢʣʘʜʘʶʯʠ 37%  ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʦʮʽʥʢʠ.  

ʅʘʨʘʟʽ ʚʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʦʙôʻʢʪʘʤʠ ɺɼɽ ʩʢʣʘʜʘʻ ʣʠʰʝ ʙʣʠʟʴʢʦ 1,7% ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʠʡ ʥʝʨʝʘʣʽʟʦʚʘʥʠʡ ʧʦʪʝʥʮʽʘʣ. ɺ ʦʙʣʘʩʪʽ 

ʬʫʥʢʮʽʦʥʫʻ 44 ʧʨʦʤʠʩʣʦʚʽ ʩʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟʘʛʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʧʦʥʘʜ 128 ʄɺʪ, ʘ 

ʪʘʢʦʞ ʧʦʥʘʜ 1100 ʧʨʠʚʘʪʥʠʭ ʉɽʉ (ʙʣ.27 ʄɺʪ). 

 
ʇʨʦʤʠʩʣʦʚʽ ʉɽʉ 

ʂʣʽʤʘʪ ʦʙʣʘʩʪʽ ʩʧʨʠʷʪʣʠʚʠʡ ʜʣʷ ʨʦʟʚʠʪʢʫ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ (å1600-1800 ʛʦʜʠʥ 

ʩʦʥʮʷ ʥʘ ʨʽʢ), ʘ ʛʽʨʩʴʢʽ ʨʘʡʦʥʠ ʤʘʶʪʴ ʜʦʩʪʘʪʥʶ ʩʝʨʝʜʥʶ ʨʽʯʥʫ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ (å5,5 ʤ/ʩ) 

ʜʣʷ ɺɽʉ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɻʫʩʪʘ ʨʽʯʢʦʚʘ ʤʝʨʝʞʘ (ʧʦʥʘʜ 800 ʤʘʣʠʭ ʨʽʯʦʢ) ʩʪʚʦʨʶʶʪʴ 

ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʤʘʣʠʭ ɻɽʉ ʪʘ ʤʽʢʨʦ ɻɽʉ (11% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ɺɼɽ). 

ɺ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʚʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʶ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ʻ ʜʝʰʝʚʰʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʥʘʨʦʱʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. ʈʝʘʣʽʟʦʚʘʥʦ ʥʠʟʢʫ ʧʨʦʝʢʪʽʚ ʟʘ ʧʽʜʪʨʠʤʢʠ ʤʽʞʥʘʨʦʜʥʠʭ ʧʘʨʪʥʝʨʽʚ, ʷʢ-ʦʪ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʨʷʜʥʦʾ ʩʪʘʥʮʽʾ ʜʣʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ (ʧʨʦʻʢʪ Part4CM ʟ ɭʉ) ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʷ 

ʙʫʜʽʚʝʣʴ (ʧʨʦʻʢʪ ʟ NEFCO). 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʟʥʠʞʝʥʥʷ ʩʠʩʪʝʤ ʪʝʧʣʦʛʝʥʝʨʘʮʽʾ ʚʽʜ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʰʣʷʭʦʤ ʟʘʤʽʱʝʥʥʷ 

ʡʦʛʦ ʤʽʩʮʝʚʠʤʠ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʚʠʜʘʤʠ ʧʘʣʠʚʘ ʻ ʦʜʥʠʤ ʽʟ ʩʪʨʘʪʝʛʽʯʥʠʭ ʟʘʚʜʘʥʴ. 

ɿʘʚʜʷʢʠ ʟʥʘʯʥʦʤʫ ʨʝʩʫʨʩʥʦʤʫ ʧʦʪʝʥʮʽʘʣʫ ʪʘ ʥʘʷʚʥʽʡ ʽʥʚʝʩʪʠʮʽʡʥʽʡ ʙʘʟʽ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʱʠʥʘ 

ʤʘʻ ʫʩʽ ʧʝʨʝʜʫʤʦʚʠ, ʱʦʙ ʩʪʘʪʠ ʦʜʥʠʤ ʽʟ ʣʽʜʝʨʽʚ çʟʝʣʝʥʦʾè ʝʥʝʨʛʝʪʠʢʠ ʥʘ ʟʘʭʦʜʽ ʋʢʨʘʾʥʠ. 

 

https://esu.com.ua/article-38195
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͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʇʫʪʽʚʥʠʢ ʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. https://arpi.org.ua/images/resource/publications/ 

Guidebook_Energy_ukr.pdf 

2. ɸʣʴʪʝʨʥʘʪʠʚʥʘ ʝʥʝʨʛʝʪʠʢʘ. https://invest.if.gov.ua/industries/alternativna-energetika 

#Part4CM A charging station for electric cars was opened in Ivano-Frankivsk. https://invest-

if.com/ 

3. ɺʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʫ XXI ʩʪʦʣʽʪʪʽ: ʤʘʪʝʨʽʘʣʠ XXII 

ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ (ʂʠʾʚ, 20-21 ʪʨʘʚʥʷ 2021ʨ.).ï ʂ.: ɯʥʪʝʨʩʝʨʚʽʩ, 

2021.ï 1104 ʩ 

3. Boost for energy efficiency in Ivano-Frankivsk. https://www.nefco.int/news/boost-for-

energy-efficiency-in-ivano-frankivsk/  

4. ʇʨʠʢʘʨʧʘʪʩʴʢʠʡ ʝʢʦ-ʝʥʝʨʛʝʪʠʯʥʠʡ ʢʣʘʩʪʝʨ. https://peec.org.ua 

https://uk.wikipedia.org/wiki/%D0%86%D0%B2%D0%B0%D0%BD%D0%BE-

%D0%A4%D1%80%D0%B0%D0%BD%D0%BA%D1%96%D0%B2%D1%81%D1%8C%D0%

BA%D0%B0_%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D1%8C 

https://openreviewhub.org/sites/default/files/geoterrace2020/2025/8279/geoterrace-

2025lopushanskaarkhypovabarnasavchenkolopushanskyi.pdf 

. Construction of solar power plant completed in Ivano-Frankivsk region. 

https://www.ukrinform.net/rubric-economy/2112051-construction-of-solar-power-plant-

completed-in-ivanofrankivsk-region.html 

6. ʋʢʨʘʾʥʘ ʥʘ ʰʣʷʭʫ ʜʦ ʚʫʛʣʝʮʝʚʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ. https://www.ucan-ukraine.eu/uk/ivano-

frankivsk 

7. ʐʢʚʘʨʠʣʶʢ ʄ. ɺ. ʆʩʥʦʚʥʽ ʚʝʢʪʦʨʠ ʨʦʟʚʠʪʢʫ ʟʝʣʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚ ʋʢʨʘʾʥʽ: ʪʘʨʠʬʥʘ 

ʧʦʣʽʪʠʢʘ. ʇʨʦʙʣʝʤʠ ʝʢʦʥʦʤʽʢʠ. 2024.ˉ 1 (59),  

 

ɺɯʊʈʆɺɸ ɽʅɽʈɻɽʊʀʂɸ: ʉʋʏɸʉʅɯ ʊɽʍʅʆʃʆɻɯɰ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ 

 

ʄʘʣʝʥʝʚʠʯ ʆʣʝʩʷ ɹʦʛʜʘʥʽʚʥʘ, ʩʪʫʜʝʥʪʢʘ 3 ʢʫʨʩʫ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʚʠʢʣʘʜʘʯ ʖʨʽʚ ʃʽʜʽʷ ɼʤʠʪʨʽʚʥʘ 

ʇʨʠʢʘʨʧʘʪʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʣʽʩʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʪʫʨʠʟʤʫ 

 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʝʢʪʦʨ ʚʽʜʽʛʨʘʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʫʩʧʽʣʴʩʪʚʘ. ʆʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʢʘ ʥʘʙʫʚʘʻ ʩʴʦʛʦʜʥʽ ʚ 

ʋʢʨʘʾʥʽ, ʫ ʧʝʨʽʦʜ ʪʨʠʚʘʶʯʦʾ ʚʽʡʥʠ, ʢʦʣʠ ʧʠʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʻ 

ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʜʣʷ ʜʝʨʞʘʚʠ. 

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʫʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ ʩʪʘʻ ʧʠʪʘʥʥʷ ʚʠʙʦʨʫ ʤʽʞ ʪʨʘʜʠʮʽʡʥʦʶ ʪʘ 

ʟʝʣʝʥʦʶ ʝʥʝʨʛʝʪʠʢʦʶ. ɼʝʨʞʘʚʠ ʡ ʧʽʜʧʨʠʻʤʩʪʚʘ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʰʫʢʘʶʪʴ ʝʬʝʢʪʠʚʥʽ ʩʧʦʩʦʙʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ, ʟʚʘʞʘʶʯʠ ʥʘ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ, ʝʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ ʪʘ 

ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ. ʉʘʤʝ ʪʦʤʫ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʚʽʜʥʦʚʣʶʚʘʥʠʤ ʜʞʝʨʝʣʘʤ ʝʥʝʨʛʽʾ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ ʦʩʥʦʚʫ ʪʘʢ ʟʚʘʥʦʾ çʟʝʣʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠè. 

ɿʝʣʝʥʘ ʝʥʝʨʛʝʪʠʢʘ ð ʮʝ ʩʠʩʪʝʤʘ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʪʝʧʣʘ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ, ʷʢʽ ʤʘʶʪʴ ʤʽʥʽʤʘʣʴʥʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɼʦ ʪʘʢʠʭ 

ʜʞʝʨʝʣ ʥʘʣʝʞʘʪʴ ʩʦʥʷʯʥʘ, ʚʽʪʨʦʚʘ, ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʘ, ʙʽʦʝʥʝʨʛʝʪʠʢʘ ʪʘ ʛʝʦʪʝʨʤʘʣʴʥʘ ʝʥʝʨʛʽʷ. 

ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʻ ʾʾ ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʘʜʞʝ ʚʦʥʘ ʥʝ ʩʧʨʠʯʠʥʷʻ 

ʟʥʘʯʥʠʭ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʽ ʥʝ ʚʠʩʥʘʞʫʻ ʧʨʠʨʦʜʥʽ ʨʝʩʫʨʩʠ. ɿʘʚʜʷʢʠ ʩʪʨʽʤʢʦʤʫ 

ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ, çʟʝʣʝʥʘè ʝʥʝʨʛʽʷ ʩʪʘʻ ʜʝʜʘʣʽ ʜʦʩʪʫʧʥʽʰʦʶ ʪʘ ʝʬʝʢʪʠʚʥʽʰʦʶ, ʩʧʨʠʷʶʯʠ 

ʧʝʨʝʭʦʜʫ ʣʶʜʩʪʚʘ ʜʦ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʆʜʥʠʤ ʽʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʥʘʧʨʷʤʽʚ ʟʝʣʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʻ ʚʽʪʨʦʚʘ ʝʥʝʨʛʝʪʠʢʘ. 

ɺʽʪʨʷʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ð ʮʝ ʥʝ ʧʨʦʩʪʦ ʚʝʣʠʯʝʟʥʽ ʣʦʧʘʪʽ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ ʥʘ ʛʦʨʠʟʦʥʪʽ. ɺʦʥʠ 

ʻ ʩʠʤʚʦʣʦʤ ʤʘʡʙʫʪʥʴʦʛʦ, ʫ ʷʢʦʤʫ ʣʶʜʠʥʘ ʞʠʚʝ ʚ ʛʘʨʤʦʥʽʾ ʟ ʧʨʠʨʦʜʦʶ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʾʾ 

ʩʠʣʫ ʜʣʷ ʚʣʘʩʥʦʛʦ ʜʦʙʨʦʙʫʪʫ. 

https://arpi.org.ua/images/resource/publications/
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ɺʽʪʨʦʚʽ ʪʫʨʙʽʥʠ ʚʠʨʦʙʣʷʶʪʴ ʯʠʩʪʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʥʝ ʚʠʢʠʜʘʶʯʠ ʚ ʘʪʤʦʩʬʝʨʫ 

ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʯʠ ʽʥʰʽ ʰʢʽʜʣʠʚʽ ʨʝʯʦʚʠʥʠ. ʋ ʧʝʨʽʦʜ ʛʣʦʙʘʣʴʥʦʾ ʢʣʽʤʘʪʠʯʥʦʾ ʢʨʠʟʠ ʮʝ ʤʘʻ 

ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ. ɿʘ ʜʘʥʠʤʠ ʄʽʞʥʘʨʦʜʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ (IEA), ʣʠʰʝ ʫ 2023 

ʨʦʮʽ ʚʽʪʨʦʚʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʫ ʩʚʽʪʽ ʜʦʧʦʤʦʛʣʠ ʫʥʠʢʥʫʪʠ ʧʦʥʘʜ 1,2 ʤʽʣʴʷʨʜʘ ʪʦʥʥ CO . ʊʘʢʘ 

ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ ʜʦʨʽʚʥʶʻ ʨʽʯʥʠʤ ʧʦʢʘʟʥʠʢʘʤ ʢʨʘʾʥ, ʧʦʜʽʙʥʠʭ ʜʦ ʗʧʦʥʽʾ ʯʠ ʅʽʤʝʯʯʠʥʠ. 

ʆʪʞʝ, ʨʦʟʚʠʪʦʢ ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʠ ʻ ʨʝʘʣʴʥʠʤ ʚʥʝʩʢʦʤ ʫ ʙʦʨʦʪʴʙʫ ʟʽ ʟʤʽʥʘʤʠ ʢʣʽʤʘʪʫ. 

ʇʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ, ʚʽʪʨʦʚʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʤʘʶʪʴ ʤʽʥʽʤʘʣʴʥʠʡ 

ʚʧʣʠʚ ʥʘ ʝʢʦʩʠʩʪʝʤʠ. ʗʢʱʦ ʚʫʛʽʣʴʥʽ ʰʘʭʪʠ ʨʫʡʥʫʶʪʴ ʣʘʥʜʰʘʬʪʠ, ʘ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

ʟʤʽʥʶʶʪʴ ʨʫʩʣʘ ʨʽʯʦʢ, ʪʦ ʚʽʪʨʷʢʠ, ʟʘ ʫʤʦʚʠ ʧʨʘʚʠʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ, ʛʘʨʤʦʥʽʡʥʦ 

ʚʧʠʩʫʶʪʴʩʷ ʫ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. ɺʦʥʠ ʤʘʡʞʝ ʥʝ ʟʘʯʽʧʘʶʪʴ ʟʝʤʣʶ ð ʜʦʚʢʦʣʘ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʠʨʦʜʥʘ ʨʦʩʣʠʥʥʽʩʪʴ. 

ɹʽʣʷ ʪʫʨʙʽʥ ʟʘʟʚʠʯʘʡ ʨʦʩʪʫʪʴ ʩʪʝʧʦʚʽ ʪʘ ʣʫʛʦʚʽ ʪʨʘʚʠ: ʢʦʚʠʣʘ, ʢʦʩʪʨʠʮʷ, ʪʦʥʢʦʥʽʛ, 

ʧʦʣʠʥ, ʯʝʙʨʝʮʴ, ʨʦʤʘʰʢʘ, ʚʦʣʦʰʢʘ. ʏʘʩʪʦ ʪʨʘʧʣʷʶʪʴʩʷ ʽ ʥʠʟʴʢʦʨʦʩʣʽ ʯʘʛʘʨʥʠʢʠ ð 

ʰʠʧʰʠʥʘ, ʷʣʽʚʝʮʴ. ʎʽ ʨʦʩʣʠʥʠ ʫʢʨʽʧʣʶʶʪʴ ˇʨʫʥʪ, ʥʝ ʟʘʚʘʞʘʶʪʴ ʨʦʙʦʪʽ ʪʫʨʙʽʥ ʽ ʩʪʚʦʨʶʶʪʴ 

ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʢʦʤʘʭ ʽ ʜʨʽʙʥʠʭ ʪʚʘʨʠʥ. 

ɺʽʪʨʷʢʠ ʚʩʪʘʥʦʚʣʶʶʪʴ ʧʝʨʝʚʘʞʥʦ ʫ ʚʽʜʢʨʠʪʠʭ, ʚʽʪʨʷʥʠʭ ʤʽʩʮʷʭ ð ʥʘ ʧʽʜʚʠʱʝʥʥʷʭ, ʫ 

ʩʪʝʧʘʭ, ʙʽʣʷ ʫʟʙʝʨʝʞʞ ̫ʤʦʨʽʚ ʯʠ ʥʘʚʽʪʴ ʫ ʛʦʨʘʭ. ɺ ʋʢʨʘʾʥʽ ʪʘʢʽ ʩʪʘʥʮʽʾ ʥʘʡʯʘʩʪʽʰʝ ʤʦʞʥʘ 

ʧʦʙʘʯʠʪʠ ʚ ɿʘʧʦʨʽʟʴʢʽʡ, ʄʠʢʦʣʘʾʚʩʴʢʽʡ, ʍʝʨʩʦʥʩʴʢʽʡ ʪʘ ʆʜʝʩʴʢʽʡ ʦʙʣʘʩʪʷʭ, ʘ ʪʘʢʦʞ ʫ 

ʂʘʨʧʘʪʩʴʢʦʤʫ ʨʝʛʽʦʥʽ ð ʚ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ. 

ʊʫʪ, ʫ ʨʘʡʦʥʽ ɼʦʣʠʥʠ, ʂʘʣʫʰʘ, ʅʘʜʚʽʨʥʦʾ ʪʘ ʥʘ ʛʽʨʩʴʢʠʭ ʭʨʝʙʪʘʭ ʧʦʙʣʠʟʫ ɺʠʰʢʦʚʘ ʡ 

ɹʫʢʦʚʝʣʷ, ʫʤʦʚʠ ʜʫʞʝ ʩʧʨʠʷʪʣʠʚʽ: ʩʠʣʴʥʽ ʡ ʧʦʩʪʽʡʥʽ ʚʽʪʨʠ, ʚʽʜʢʨʠʪʽ ʩʭʠʣʠ ʪʘ ʤʽʥʽʤʘʣʴʥʝ 

ʚʪʨʫʯʘʥʥʷ ʚ ʧʨʠʨʦʜʫ. ʄʽʩʮʝʚʘ ʨʦʩʣʠʥʥʽʩʪʴ ð ʮʝ ʟʜʝʙʽʣʴʰʦʛʦ ʛʽʨʩʴʢʽ ʣʫʢʠ (ʧʦʣʦʥʠʥʠ). ʊʘʢʽ 

ʪʝʨʠʪʦʨʽʾ ʜʦʙʨʝ ʧʨʠʩʪʦʩʦʚʘʥʽ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʪʫʨʙʽʥ, ʙʦ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʚʠʨʫʙʢʠ ʣʽʩʽʚ ʽ ʥʝ 

ʧʦʨʫʰʫʶʪʴ ʧʨʠʨʦʜʥʠʡ ʚʠʛʣʷʜ ʛʽʨ.  

ʆʢʨʽʤ ʝʢʦʣʦʛʽʯʥʠʭ ʧʝʨʝʚʘʛ, ʚʽʪʨʦʚʘ ʝʥʝʨʛʝʪʠʢʘ ʤʘʻ ʡ ʟʥʘʯʥʽ ʝʢʦʥʦʤʽʯʥʽ ʚʠʛʦʜʠ. ʇʦ-

ʧʝʨʰʝ, ʚʦʥʘ ʩʧʨʠʷʻ ʩʪʚʦʨʝʥʥʶ ʥʦʚʠʭ ʨʦʙʦʯʠʭ ʤʽʩʮʴ. ɿʘ ʜʘʥʠʤʠ ʄʽʞʥʘʨʦʜʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʟ 

ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ (IRENA), ʫ 2022 ʨʦʮʽ ʫ ʩʝʢʪʦʨʽ ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʠ ʧʨʘʮʶʚʘʣʦ ʧʦʥʘʜ 1,4 

ʤʽʣʴʡʦʥʘ ʣʶʜʝʡ ʫ ʩʚʽʪʽ ð ʽʥʞʝʥʝʨʠ, ʪʝʭʥʽʢʠ, ʙʫʜʽʚʝʣʴʥʠʢʠ, ʣʦʛʽʩʪʠ. 

ʇʦ-ʜʨʫʛʝ, ʚʽʪʨʦʚʘ ʝʥʝʨʛʽʷ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʜʝʰʝʚʰʠʭ ʩʝʨʝʜ ʫʩʽʭ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ. 

ʋ 2023 ʨʦʮʽ ʩʝʨʝʜʥʷ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʚʽʪʨʫ ʩʪʘʥʦʚʠʣʘ ʣʠʰʝ 0,03ï

0,05 ʜʦʣʘʨʘ ʟʘ ʢɺʪ/ʛʦʜ, ʱʦ ʨʦʙʠʪʴ ʾʾ ʢʦʥʢʫʨʝʥʪʥʦʶ ʥʘʚʽʪʴ ʽʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʚʠʜʘʤʠ ʧʘʣʠʚʘ. 

ʇʦ-ʪʨʝʪʻ, ʨʦʟʚʠʪʦʢ ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʠ ʩʧʨʠʷʻ ʟʤʽʮʥʝʥʥʶ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ 

ʢʨʘʾʥ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʣʘʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚʽʪʨʫ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʽʤʧʦʨʪʫ 

ʥʘʬʪʠ, ʛʘʟʫ ʯʠ ʚʫʛʽʣʣʷ. ɼʣʷ ʋʢʨʘʾʥʠ ʮʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʚ ʫʤʦʚʘʭ ʛʝʦʧʦʣʽʪʠʯʥʦʾ 

ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ.  
ʊʘʢʦʞ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʛʘʣʫʟʴ ʘʢʪʠʚʥʦ ʩʪʠʤʫʣʶʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʽʥʥʦʚʘʮʽʾ. ʉʫʯʘʩʥʽ 

ʚʽʪʨʦʚʽ ʪʫʨʙʽʥʠ ʤʘʶʪʴ ʧʦʪʫʞʥʽʩʪʴ ʧʦʥʘʜ 10 ʄɺʪ ʽ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʮʽʣʽ 

ʥʘʩʝʣʝʥʽ ʧʫʥʢʪʠ. ʈʦʟʚʠʚʘʶʪʴʩʷ ʧʣʘʚʫʯʽ ʚʽʪʨʦʚʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʨʩʴʢʠʡ ʚʽʪʝʨ. ʋʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʩʠʩʪʝʤʠ ʘʢʫʤʫʣʶʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʨʦʙʠʪʠ ʧʦʩʪʘʯʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʪʘʙʽʣʴʥʠʤ ʥʘʚʽʪʴ ʟʘ ʟʤʽʥʥʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ. 

ʆʪʞʝ, ʚʽʪʨʦʚʘ ʝʥʝʨʛʝʪʠʢʘ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʰʣʷʭʽʚ ʧʝʨʝʭʦʜʫ ʜʦ ʯʠʩʪʦʾ, 

ʙʝʟʧʝʯʥʦʾ ʪʘ ʩʪʘʣʦʾ ʝʥʝʨʛʝʪʠʢʠ. ɺʦʥʘ ʥʝ ʣʠʰʝ ʟʤʝʥʰʫʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ, ʘ ʡ 

ʩʪʚʦʨʶʻ ʥʦʚʽ ʝʢʦʥʦʤʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʽʥʥʦʚʘʮʽʡ ʪʘ ʬʦʨʤʫʚʘʥʥʶ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʜʝʨʞʘʚ. 

ʄʘʡʙʫʪʥʻ ʟʘ ʪʠʤʠ, ʭʪʦ ʚʤʽʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʣʫ ʧʨʠʨʦʜʠ ʟ ʨʦʟʫʤʦʤ. ɺʽʪʝʨ ð ʮʝ 

ʙʝʟʢʦʰʪʦʚʥʝ ʡ ʥʝʚʠʯʝʨʧʥʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ, ʷʢʝ ʟʜʘʪʥʝ ʟʘʙʝʟʧʝʯʠʪʠ ʣʶʜʩʪʚʦ ʩʚʽʪʣʦʤ, 

ʪʝʧʣʦʤ ʽ ʥʘʜʽʻʶ ʥʘ ʯʠʩʪʝ ʤʘʡʙʫʪʥʻ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʏʦʤʫ ʚʘʞʣʠʚʽ ʚʽʪʨʷʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ: ñɿʝʣʝʥʘò ʝʥʝʨʛʝʪʠʢʘ:  

https://ukraineinvest.gov.ua/incentives/green-energy/ 

https://ukraineinvest.gov.ua/incentives/green-energy/
https://ukraineinvest.gov.ua/incentives/green-energy/
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2. çɿʝʣʝʥʘè ʝʥʝʨʛʝʪʠʢʘ ï ʢʣʶʯʦʚʠʡ ʥʘʧʨʷʤ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ: 

https://uare.com.ua/novyny/497-zelena-energetika-klyuchovij-napryam-ekonomichnogo-

zrostannya.html 

3. ɺʽʪʨʦʚʘ ʝʥʝʨʛʝʪʠʢʘ ʚ ʋʢʨʘʾʥʽ: 7 ʥʘʡʧʦʪʫʞʥʽʰʠʭ ʩʪʘʥʮʽʡ:                                             

https://shotam.info/vitrova-enerhetyka-v-ukraini-7-naypotuzhnishykh-stantsiy/ 
 

ʇʈʆɹʃɽʄɸ ɿɸɹʈʋɼʅɽʅʅʗ ɼʆɺʂɯʃʃʗ ɺɯɼʍʆɼɸʄʀ  

 

ʄʘʥʠʯ ʍʨʠʩʪʠʥʘ ɺʦʣʦʜʠʤʠʨʽʚʥʘ, ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ ʌɹʉ ï 11 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʚʠʢʣʘʜʘʯ ʙʽʦʣʦʛʽʾ ʪʘ ʭʽʤʽʾ, ʂʦʟʘʢ ʃʝʩʷ ʖʨʽʾʚʥʘ, 

ʂʘʣʫʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʝʢʦʥʦʤʽʢʠ, ʧʨʘʚʘ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ  

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ʇʨʦʙʣʝʤʘ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʚʽʜʭʦʜʘʤʠ. 
ʉʫʯʘʩʥʝ ʞʠʪʪʷ ʥʝʤʦʞʣʠʚʦ ʫʷʚʠʪʠ ʙʝʟ ʨʝʯʝʡ, ʷʢʽ ʤʠ ʱʦʜʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ, ʘʣʝ 

ʙʽʣʴʰʽʩʪʴ ʽʟ ʥʠʭ ʧʽʩʣʷ ʢʦʨʦʪʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʩʤʽʪʪʷ. ɺʽʜʭʦʜʠ 

ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʫ ʚʝʣʠʯʝʟʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʽ ʩʪʘʶʪʴ ʩʝʨʡʦʟʥʦʶ ʟʘʛʨʦʟʦʶ ʜʣʷ ʧʨʠʨʦʜʠ. 

ʇʨʦʙʣʝʤʘ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʩʪʦʩʫʻʪʴʩʷ ʢʦʞʥʦʛʦ ʞʠʪʝʣʷ ʧʣʘʥʝʪʠ. ɺʦʥʘ ʚʧʣʠʚʘʻ ʥʘ 

ʢʣʽʤʘʪ, ʝʢʦʣʦʛʽʶ ʪʘ ʥʘʚʽʪʴ ʥʘʰʝ ʟʜʦʨʦʚôʷ. ʃʶʜʩʪʚʦ ʦʧʠʥʠʣʦʩʷ ʥʘ ʤʝʞʽ, ʢʦʣʠ ʽʛʥʦʨʫʚʘʥʥʷ 

ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʤʦʞʝ ʤʘʪʠ ʥʝʟʚʦʨʦʪʥʽ ʥʘʩʣʽʜʢʠ. ʉʘʤʝ ʪʦʤʫ ʩʴʦʛʦʜʥʽ ʪʘʢ ʚʘʞʣʠʚʦ ʥʘʚʯʠʪʠʩʷ 

ʧʨʘʚʠʣʴʥʦ ʧʦʚʦʜʠʪʠʩʷ ʟ ʚʽʜʭʦʜʘʤʠ. 

ʆʩʥʦʚʥʽ ʧʨʠʯʠʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʚʽʜʭʦʜʘʤʠ: 

1. ɺʠʩʦʢʝ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʤʘʩʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʨʘʟʦʚʠʭ ʚʠʨʦʙʽʚ 

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʨʠʯʠʥ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʻ ʥʘʜʤʽʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʜʥʦʨʘʟʦʚʠʭ ʚʠʨʦʙʽʚ ʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ. ʃʶʜʠ ʱʦʜʥʷ ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʣʘʩʪʠʢʦʚʠʤʠ 

ʧʘʢʝʪʘʤʠ, ʧʣʷʰʢʘʤʠ, ʩʪʘʢʘʥʯʠʢʘʤʠ, ʫʧʘʢʦʚʢʦʶ ʜʣʷ ʧʨʦʜʫʢʪʽʚ ʪʘ ʽʥʰʠʤ ʦʜʥʦʨʘʟʦʚʠʤ 

ʧʦʩʫʜʦʤ, ʷʢʠʡ ʰʚʠʜʢʦ ʩʪʘʻ ʩʤʽʪʪʷʤ. ɹʽʣʴʰʽʩʪʴ ʪʘʢʠʭ ʧʨʝʜʤʝʪʽʚ ʥʝ ʨʦʟʢʣʘʜʘʶʪʴʩʷ 

ʧʨʠʨʦʜʥʠʤ ʰʣʷʭʦʤ ʘʙʦ ʨʦʙʣʷʪʴ ʮʝ ʧʨʦʪʷʛʦʤ ʜʝʩʷʪʢʽʚ ʽ ʩʦʪʝʥʴ ʨʦʢʽʚ, ʥʘʢʦʧʠʯʫʶʯʠʩʴ ʥʘ 

ʩʤʽʪʪʻʟʚʘʣʠʱʘʭ, ʫ ʨʽʯʢʘʭ, ʦʟʝʨʘʭ ʪʘ ʤʦʨʷʭ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʪʘ ʚʦʜʠ 

ʪʦʢʩʠʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʟʘʛʨʦʞʫʻ ʞʠʪʪʶ ʪʚʘʨʠʥ, ʷʢʽ ʧʣʫʪʘʶʪʴʩʷ ʫ ʧʣʘʩʪʠʢʘʭ ʘʙʦ 

ʩʧʦʞʠʚʘʶʪʴ ʾʭ, ʽ ʤʦʞʝ ʧʦʪʨʘʧʣʷʪʠ ʚ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʯʝʨʝʟ ʾʞʫ ʪʘ ʚʦʜʫ.  

2. ʆʙʤʝʞʝʥʘ ʧʝʨʝʨʦʙʢʘ ʪʘ ʥʝʜʦʩʪʘʪʥʷ ʫʪʠʣʽʟʘʮʽʷ ʚʽʜʭʦʜʽʚ 

ɹʘʛʘʪʦ ʧʦʙʫʪʦʚʠʭ, ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʥʝʙʝʟʧʝʯʥʠʭ ʚʽʜʭʦʜʽʚ ʥʝ ʧʨʦʭʦʜʷʪʴ ʥʘʣʝʞʥʫ 

ʦʙʨʦʙʢʫ ʽ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʥʘ ʩʤʽʪʪʻʟʚʘʣʠʱʘʭ ʘʙʦ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʧʨʠʨʦʜʫ. ʋ ʙʘʛʘʪʴʦʭ 

ʨʝʛʽʦʥʘʭ ʚʽʜʩʫʪʥʽ ʩʫʯʘʩʥʽ ʩʤʽʪʪʻʧʝʨʝʨʦʙʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʩʪʘʨʽ ʧʦʣʽʛʦʥʠ ʧʝʨʝʧʦʚʥʝʥʽ ʽ 

ʧʨʘʮʶʶʪʴ ʙʝʟ ʜʦʪʨʠʤʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʪʘ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʪʦʢʩʠʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʥʘʢʦʧʠʯʝʥʥʷ ʩʤʽʪʪʷ ʫ ʨʽʯʢʘʭ, ʦʟʝʨʘʭ ʽ ʣʽʩʘʭ, ʘ ʪʘʢʦʞ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ, ʷʢʽ ʢʦʥʪʘʢʪʫʶʪʴ ʽʟ ʟʘʙʨʫʜʥʝʥʦʶ ʚʦʜʦʶ ʘʙʦ 

ʩʧʦʞʠʚʘʶʪʴ ʧʨʦʜʫʢʪʠ, ʫʨʘʞʝʥʽ ʪʦʢʩʠʥʘʤʠ. 

3. ʅʠʟʴʢʠʡ ʨʽʚʝʥʴ ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ ʛʨʦʤʘʜʷʥ 

ʅʠʟʴʢʘ ʝʢʦʣʦʛʽʯʥʘ ʩʚʽʜʦʤʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʟʥʘʯʥʦ ʧʦʩʠʣʶʻ ʧʨʦʙʣʝʤʫ ʟʘʙʨʫʜʥʝʥʥʷ 

ʜʦʚʢʽʣʣʷ. ɹʘʛʘʪʦ ʣʶʜʝʡ ʥʝ ʩʦʨʪʫʶʪʴ ʩʤʽʪʪʷ, ʚʠʢʠʜʘʶʪʴ ʡʦʛʦ ʫ ʣʽʩʘʭ, ʨʽʯʢʘʭ ʘʙʦ ʥʘ ʚʫʣʠʮʷʭ, 

ʥʝ ʟʘʤʠʩʣʶʶʯʠʩʴ ʧʨʦ ʥʘʩʣʽʜʢʠ. ɺʽʜʩʫʪʥʽʩʪʴ ʟʚʠʯʢʠ ʧʨʘʚʠʣʴʥʦ ʫʪʠʣʽʟʫʚʘʪʠ ʚʽʜʭʦʜʠ ʪʘ 

ʥʝʜʦʩʪʘʪʥʷ ʝʢʦʣʦʛʽʯʥʘ ʦʩʚʽʪʘ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚʽʜʭʦʜʠ ʟʤʽʰʫʶʪʴʩʷ ʪʘ ʧʦʪʨʘʧʣʷʶʪʴ ʫ 

ʧʨʠʨʦʜʫ, ʟʘʙʨʫʜʥʶʶʯʠ ˇʨʫʥʪ, ʚʦʜʫ ʪʘ ʧʦʚʽʪʨʷ. ʎʝ ʩʪʚʦʨʶʻ ʟʘʛʨʦʟʫ ʜʣʷ ʞʠʪʪʷ ʪʚʘʨʠʥ, ʷʢʽ 

ʩʧʦʞʠʚʘʶʪʴ ʘʙʦ ʟʘʧʣʫʪʫʶʪʴʩʷ ʫ ʩʤʽʪʪʽ, ʘ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ ʯʝʨʝʟ ʢʦʥʪʘʢʪ ʽʟ 

ʪʦʢʩʠʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʩʤʽʪʪʷ ʥʘ ʚʽʜʢʨʠʪʠʭ ʤʘʡʜʘʥʯʠʢʘʭ ʽ ʩʪʠʭʽʡʥʠʭ ʟʚʘʣʠʱʘʭ 

ʯʘʩʪʦ ʩʧʘʣʶʶʪʴ, ʱʦ ʚʠʜʽʣʷʻ ʰʢʽʜʣʠʚʽ ʛʘʟʠ ʪʘ ʧʦʛʽʨʰʫʻ ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ. 

4. ʅʘʩʣʽʜʢʠ ʚʽʡʥʠ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʅʘʩʣʽʜʢʠ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʚʽʡʥʠ ʟʘʣʠʰʠʣʠ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʩʪʘʥ ʜʦʚʢʽʣʣʷ. 

ʈʫʡʥʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ ʩʧʨʠʯʠʥʠʣʦ ʫʪʚʦʨʝʥʥʷ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʙʫʜʽʚʝʣʴʥʦʛʦ, ʧʨʦʤʠʩʣʦʚʦʛʦ ʪʘ ʥʝʙʝʟʧʝʯʥʦʛʦ ʩʤʽʪʪʷ. ɹʘʛʘʪʦ ʚʽʜʭʦʜʽʚ ʥʝ 

https://uare.com.ua/novyny/497-zelena-energetika-klyuchovij-napryam-ekonomichnogo-zrostannya.html
https://uare.com.ua/novyny/497-zelena-energetika-klyuchovij-napryam-ekonomichnogo-zrostannya.html
https://shotam.info/vitrova-enerhetyka-v-ukraini-7-naypotuzhnishykh-stantsiy/
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ʧʽʜʣʷʛʘʶʪʴ ʰʚʠʜʢʽʡ ʫʪʠʣʽʟʘʮʽʾ ʽ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʫ ʧʨʠʨʦʜʽ, ʟʘʙʨʫʜʥʶʶʯʠ ʟʝʤʣʶ, ʨʽʯʢʠ ʪʘ 

ʚʦʜʦʡʤʠ. ʎʝ ʩʧʨʠʯʠʥʷʻ ʪʦʢʩʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʢʦʩʠʩʪʝʤʠ, ʟʘʛʨʦʟʫ ʜʣʷ ʞʠʪʪʷ ʣʶʜʝʡ ʽ 

ʪʚʘʨʠʥ, ʘ ʪʘʢʦʞ ʫʩʢʣʘʜʥʶʻ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʴ. ʉʧʘʣʶʚʘʥʥʷ ʪʘʢʠʭ 

ʚʽʜʭʦʜʽʚ ʜʦʜʘʪʢʦʚʦ ʧʦʛʽʨʰʫʻ ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʚʠʜʽʣʷʶʯʠ ʰʢʽʜʣʠʚʽ ʛʘʟʠ ʪʘ ʩʧʨʠʷʶʯʠ ʟʤʽʥʽ 

ʢʣʽʤʘʪʫ. 

5. ɺʽʜʩʫʪʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ 

ɺʽʜʩʫʪʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʟʘʣʠʰʘʻʪʴʩʷ 

ʩʝʨʡʦʟʥʦʶ ʧʨʦʙʣʝʤʦʶ. ɼʝʨʞʘʚʥʽ ʪʘ ʤʫʥʽʮʠʧʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ ʯʘʩʪʦ ʥʝ ʤʘʶʪʴ ʜʦʩʪʘʪʥʴʦʛʦ 

ʢʦʥʪʨʦʣʶ ʟʘ ʧʨʦʤʠʩʣʦʚʠʤʠ, ʧʦʙʫʪʦʚʠʤʠ ʪʘ ʥʝʙʝʟʧʝʯʥʠʤʠ ʚʽʜʭʦʜʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʤʽʪʪʶ 

ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʫ ʧʨʠʨʦʜʽ ʘʙʦ ʧʦʪʨʘʧʣʷʪʠ ʫ ʚʦʜʥʽ ʪʘ ʟʝʤʝʣʴʥʽ ʨʝʩʫʨʩʠ. ʅʝʢʦʥʪʨʦʣʴʦʚʘʥʽ 

ʧʦʣʽʛʦʥʠ ʪʘ ʥʝʟʘʢʦʥʥʽ ʩʤʽʪʪʻʟʚʘʣʠʱʘ ʩʧʨʠʯʠʥʷʶʪʴ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʪʘ ʚʦʜʠ ʪʦʢʩʠʥʘʤʠ, 

ʩʪʚʦʨʶʶʪʴ ʟʘʛʨʦʟʫ ʜʣʷ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ ʽ ʪʚʘʨʠʥ, ʘ ʪʘʢʦʞ ʧʦʛʽʨʰʫʶʪʴ ʩʪʘʥ ʧʦʚʽʪʨʷ. ʋʩʝ ʮʝ 

ʧʽʜʢʨʝʩʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʨʦʙʢʠ. 

ʇʨʦʙʣʝʤʘ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʚʽʜʭʦʜʘʤʠ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʘʢʪʫʘʣʴʥʽʰʠʭ ʝʢʦʣʦʛʽʯʥʠʭ 

ʟʘʛʨʦʟ ʩʫʯʘʩʥʦʩʪʽ. ʆʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʮʴʦʛʦ ʷʚʠʱʘ ʻ ʥʘʜʤʽʨʥʝ ʩʧʦʞʠʚʘʥʥʷ ʦʜʥʦʨʘʟʦʚʠʭ 

ʚʠʨʦʙʽʚ, ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʧʝʨʝʨʦʙʢʠ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʩʤʽʪʪʷ, ʥʝʜʦʩʪʘʪʥʷ ʝʢʦʣʦʛʽʯʥʘ ʩʚʽʜʦʤʽʩʪʴ 

ʥʘʩʝʣʝʥʥʷ, ʥʘʩʣʽʜʢʠ ʚʽʡʥʠ ʪʘ ʩʣʘʙʢʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʚʽʜʭʦʜʘʤʠ. ɺʩʽ ʮʽ ʬʘʢʪʦʨʠ ʩʧʨʠʯʠʥʷʶʪʴ 

ʩʝʨʡʦʟʥʽ ʥʘʩʣʽʜʢʠ: ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ, ʚʦʜʠ ʪʘ ʧʦʚʽʪʨʷ, ʟʘʛʨʦʟʫ ʜʣʷ ʞʠʪʪʷ ʣʶʜʝʡ ʽ ʪʚʘʨʠʥ, ʘ 

ʪʘʢʦʞ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ. 

ʆʢʨʝʤʫ ʧʨʦʙʣʝʤʫ ʩʪʘʥʦʚʠʪʴ ʩʠʪʫʘʮʽʷ ʚ ʋʢʨʘʾʥʽ, ʜʝ ʩʠʩʪʝʤʘ ʩʦʨʪʫʚʘʥʥʷ ʩʤʽʪʪʷ ʚʩʝ ʱʝ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʨʦʟʚʠʥʝʥʦʶ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʽʣʴʰʦʩʪʽ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ, ʜʝ ʨʦʟʜʽʣʴʥʠʡ 

ʟʙʽʨ ʚʽʜʭʦʜʽʚ ʻ ʟʚʠʯʥʦʶ ʧʨʘʢʪʠʢʦʶ, ʚ ʋʢʨʘʾʥʽ ʩʤʽʪʪʷ ʟʜʝʙʽʣʴʰʦʛʦ ʥʝ ʩʦʨʪʫʻʪʴʩʷ ʽ ʧʦʪʨʘʧʣʷʻ 

ʥʘ ʧʦʣʽʛʦʥʠ. ʎʝ ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʻ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʪʘ ʫʩʢʣʘʜʥʶʻ ʧʦʜʘʣʴʰʫ ʧʝʨʝʨʦʙʢʫ. 

ɼʦʜʘʪʢʦʚʦ ʜʦ ʮʴʦʛʦ ʶʨʠʜʠʯʥʘ ʩʪʦʨʦʥʘ ʧʠʪʘʥʥʷ ʪʘʢʦʞ ʟʘʣʠʰʘʻʪʴʩʷ ʩʣʘʙʢʦʶ ð ʧʦʨʫʰʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʥʦʨʤ ʯʘʩʪʦ ʟʘʣʠʰʘʶʪʴʩʷ ʙʝʟʢʘʨʥʠʤʠ, ʘ ʧʝʨʝʜʙʘʯʝʥʽ ʟʘʢʦʥʦʤ ʰʪʨʘʬʠ ʥʝ ʻ 

ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʚʧʣʠʚʫ. ɺʽʜʩʫʪʥʽʩʪʴ ʥʘʣʝʞʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʡ ʦʢʨʝʤʽ ʛʨʦʤʘʜʷʥʠ ʽʛʥʦʨʫʶʪʴ ʧʨʘʚʠʣʘ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ, ʧʦʩʠʣʶʶʯʠ 

ʝʢʦʣʦʛʽʯʥʫ ʢʨʠʟʫ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʥʝʦʙʭʽʜʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʽ ʟʘʭʦʜʠ: 

ʧʽʜʚʠʱʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʫ ʩʚʽʜʦʤʽʩʪʴ ʥʘʩʝʣʝʥʥʷ, ʨʦʟʚʠʚʘʪʠ ʩʠʩʪʝʤʠ ʩʦʨʪʫʚʘʥʥʷ ʪʘ ʧʝʨʝʨʦʙʢʠ 

ʚʽʜʭʦʜʽʚ, ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʤʠʩʣʦʚʽ ʪʘ ʧʦʙʫʪʦʚʽ ʚʽʜʭʦʜʠ ʽ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʫʪʠʣʽʟʘʮʽʾ. ʂʦʞʥʘ ʣʶʜʠʥʘ ʤʦʞʝ ʟʨʦʙʠʪʠ ʩʚʽʡ ʚʥʝʩʦʢ ʫ ʟʙʝʨʝʞʝʥʥʷ ʜʦʚʢʽʣʣʷ ð ʧʦʯʠʥʘʶʯʠ 

ʚʽʜ ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʚʦʜʞʝʥʥʷ ʟʽ ʩʤʽʪʪʷʤ ʽ ʩʦʨʪʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʽ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʣʠʰʝ ʩʧʽʣʴʥʠʤʠ ʟʫʩʠʣʣʷʤʠ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʜʝʨʞʘʚʠ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʚʽʜʭʦʜʽʚ ʥʘ ʧʨʠʨʦʜʫ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʯʠʩʪʝ ʪʘ ʙʝʟʧʝʯʥʝ ʜʦʚʢʽʣʣʷ ʜʣʷ 

ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ. 
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͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ɿɽʃɽʅɸ ɽʅɽʈɻɽʊʀʂɸ 

 

ʇʝʨʝʛʽʥʝʮʴ ʈʦʩʪʠʩʣʘʚ ɸʥʜʨʽʡʦʚʠʯ, 11 ʢʣʘʩ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʚʠʢʣʘʜʘʯ ʂʦʟʘʢ ʃʝʩʷ ʖʨʽʾʚʥʘ  

ʂʘʣʫʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʝʢʦʥʦʤʽʢʠ, ʧʨʘʚʘ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ  

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 
ʉʴʦʛʦʜʥʽ, ʚ ʝʧʦʭʫ ʛʣʦʙʘʣʴʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʪʘ ʛʝʦʧʦʣʽʪʠʯʥʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ, 

ʧʠʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʥʝʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʋʢʨʘʾʥʠ ʥʘʙʫʚʘʻ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʇʝʨʝʭʽʜ ʥʘ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ï ʮʝ ʥʝ ʧʨʦʩʪʦ ʩʚʽʪʦʚʠʡ ʪʨʝʥʜ, ʘ ʩʪʨʘʪʝʛʽʯʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʣʷ ʥʘʰʦʾ ʜʝʨʞʘʚʠ. ʎʝ ʰʣʷʭ ʜʦ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʩʫʚʝʨʝʥʽʪʝʪʫ, ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʚ ʻʚʨʦʧʝʡʩʴʢʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʧʨʦʩʪʽʨ. ʄʦʷ ʜʦʧʦʚʽʜʴ ʧʨʠʩʚʷʯʝʥʘ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ, ʢʣʶʯʦʚʠʭ ʚʠʢʣʠʢʽʚ ʪʘ ʤʘʡʙʫʪʥʽʭ 

ʧʝʨʩʧʝʢʪʠʚ ʟʝʣʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚ ʋʢʨʘʾʥʽ. 

ʇʽʩʣʷ  ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʫʢʨʘʾʥʩʴʢʘ ʝʥʝʨʛʝʪʠʢʘ ʟʘʟʥʘʣʘ ʨʫʡʥʽʚʥʠʭ ʫʜʘʨʽʚ, 

ʘʣʝ ʮʝ ʦʜʥʦʯʘʩʥʦ ʧʨʠʩʢʦʨʠʣʦ ʫʩʚʽʜʦʤʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ  ʨʦʟʚʠʪʢʫ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ, 

ʩʪʽʡʢʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 

ɿʘ ʜʘʥʠʤʠ ɼʝʨʞʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʋʢʨʘʾʥʠ, ʩʪʘʥʦʤ ʥʘ ʧʦʯʘʪʦʢ 2024 ʨʦʢʫ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʩʽ ʩʢʣʘʜʥʦʱʽ, ʯʘʩʪʢʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʨʦʩʣʘ. ʅʘʰʘ ʜʝʨʞʘʚʘ ʤʘʻ ʢʦʣʦʩʘʣʴʥʠʡ ʧʨʠʨʦʜʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʜʣʷ ʨʦʟʚʠʪʢʫ çʟʝʣʝʥʠʭè ʪʝʭʥʦʣʦʛʽʡ: 

ʉʦʥʷʯʥʘ ʝʥʝʨʛʝʪʠʢʘ: ʇʽʚʜʝʥʥʽ ʨʝʛʽʦʥʠ ʋʢʨʘʾʥʠ ʤʘʶʪʴ ʽʥʩʦʣʷʮʽʶ, ʧʦʨʽʚʥʷʥʥʫ ʟ 

ʢʨʘʾʥʘʤʠ ʇʽʚʜʝʥʥʦʾ ɭʚʨʦʧʠ. ɿʘ ʦʮʽʥʢʘʤʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʝʥʝʨʛʝʪʠʢʠ, ʪʝʭʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 50 ɻɺʪ. 

ɺʽʪʨʦʝʥʝʨʛʝʪʠʢʘ: ʇʽʚʜʝʥʴ, ʧʨʠʙʝʨʝʞʥʽ ʟʦʥʠ ʏʦʨʥʦʛʦ ʪʘ ɸʟʦʚʩʴʢʦʛʦ ʤʦʨʽʚ, ʘ ʪʘʢʦʞ 

ʦʢʨʝʤʽ ʨʘʡʦʥʠ ʂʘʨʧʘʪ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʚʽʪʨʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. 

ʊʝʭʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚʽʪʨʫ ʦʮʽʥʶʻʪʴʩʷ ʚ 70 ɻɺʪ, ʱʦ ʻ ʦʜʥʠʤ ʟ ʥʘʡʚʠʱʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚ 

ɭʚʨʦʧʽ. 

ɹʽʦʝʥʝʨʛʝʪʠʢʘ: ʋʢʨʘʾʥʘ ʟ ʾʾ ʧʦʪʫʞʥʠʤ ʘʛʨʦʧʨʦʤʠʩʣʦʚʠʤ ʢʦʤʧʣʝʢʩʦʤ ʤʘʻ ʚʝʣʠʯʝʟʥʽ 

ʨʝʩʫʨʩʠ ʙʽʦʤʘʩʠ (ʩʦʣʦʤʘ, ʣʫʰʧʠʥʥʷ ʩʦʥʷʰʥʠʢʫ, ʝʥʝʨʛʝʪʠʯʥʽ ʢʫʣʴʪʫʨʠ) ʪʘ ʙʽʦʛʘʟʫ (ʚʽʜʭʦʜʠ 

ʪʚʘʨʠʥʥʠʮʪʚʘ ʪʘ ʧʦʙʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ɸʇʂ). ʎʝʡ ʥʘʧʨʷʤ ʥʝ ʪʽʣʴʢʠ ʚʠʨʦʙʣʷʻ ʝʥʝʨʛʽʶ, ʘʣʝ ʡ 

ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʫ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ. 

ɺʘʞʣʠʚʠʤ ʩʪʠʤʫʣʦʤ ʜʣʷ ʨʦʟʚʠʪʢʫ ʩʝʢʪʦʨʫ ʙʫʚ ʜʽʶʯʠʡ ʜʦ 2020 ʨʦʢʫ çʟʝʣʝʥʠʡè ʪʘʨʠʬ, 

ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʟʘʣʫʯʠʪʠ ʟʥʘʯʥʽ ʽʥʚʝʩʪʠʮʽʾ ʪʘ ʟʙʫʜʫʚʘʪʠ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʟʘʨʘʟ ʜʦʧʦʤʘʛʘʶʪʴ 

ʧʽʜ ʯʘʩ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʨʠʟ. 

ʆʜʥʘʢ ʨʦʟʚʠʪʦʢ ʟʝʣʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚ ʋʢʨʘʾʥʽ ʩʪʠʢʘʻʪʴʩʷ ʟ ʥʠʟʢʦʶ ʩʝʨʡʦʟʥʠʭ ʚʠʢʣʠʢʽʚ: 

ʇʨʦʙʣʝʤʠ ʟ ʦʧʣʘʪʦʶ çʟʝʣʝʥʠʭè ʪʘʨʠʬʽʚ: ʏʝʨʝʟ ʚʽʡʥʫ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʪʨʫʜʥʦʱʽ 

ʛʘʨʘʥʪʦʚʘʥʘ ʢʫʧʽʚʣʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ çʟʝʣʝʥʠʤè ʪʘʨʠʬʦʤ ʩʪʘʣʘ ʧʨʦʙʣʝʤʦʶ. ʎʝ ʩʪʚʦʨʶʻ 

ʬʽʥʘʥʩʦʚʽ ʨʠʟʠʢʠ ʜʣʷ ʽʩʥʫʶʯʠʭ ʚʠʨʦʙʥʠʢʽʚ ʽ ʩʪʨʠʤʫʻ ʥʦʚʽ ʽʥʚʝʩʪʠʮʽʾ. 

ʈʫʡʥʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ: ʆʢʫʧʘʥʪʠ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʥʠʱʘʪʴ ʦʙ'ʻʢʪʠ ʝʥʝʨʛʝʪʠʢʠ, 

ʚʢʣʶʯʘʶʯʠ ʽ çʟʝʣʝʥʽè ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʝʡ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡ ʪʘ ʤʽʞʥʘʨʦʜʥʦʾ ʧʽʜʪʨʠʤʢʠ: ɺʽʜʙʫʜʦʚʘ ʪʘ ʧʦʜʘʣʴʰʠʡ 

ʨʦʟʚʠʪʦʢ ʚʠʤʘʛʘʶʪʴ ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ ʽʥʚʝʩʪʠʮʽʡ. ʂʣʶʯʦʚʫ ʨʦʣʴ ʪʫʪ ʚʽʜʽʛʨʘʶʪʴ ʤʽʞʥʘʨʦʜʥʽ 

ʧʘʨʪʥʝʨʠ, ʧʨʦʛʨʘʤʠ ɭʉ ʪʘ ʩʚʽʪʦʚʽ ʬʽʥʘʥʩʦʚʽ ʽʥʩʪʠʪʫʮʽʾ. 

ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʙʘʨ'ʻʨʠ: ʉʢʣʘʜʥʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞ, ʢʦʨʫʧʮʽʷ ʪʘ ʙʶʨʦʢʨʘʪʽʷ 

ʜʦʩʽ ʟʘʣʠʰʘʶʪʴʩʷ ʧʝʨʝʰʢʦʜʘʤʠ ʜʣʷ ʤʘʣʦʛʦ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʙʽʟʥʝʩʫ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʢʣʠʢʠ, ʋʢʨʘʾʥʘ ʤʘʻ ʯʽʪʢʫ ʩʪʨʘʪʝʛʽʶ ʨʦʟʚʠʪʢʫ, ʟʘʢʨʽʧʣʝʥʫ 

ʚ ɽʥʝʨʛʝʪʠʯʥʽʡ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʜʦ 2035 ʨʦʢʫ. ɰʾ ʦʩʥʦʚʥʽ ʮʽʣʽ: 

ɿʙʽʣʴʰʠʪʠ ʯʘʩʪʢʫ  ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʫ ʟʘʛʘʣʴʥʦʤʫ ʝʥʝʨʛʦʙʘʣʘʥʩʽ ʜʦ 25% 

ʜʦ 2035 ʨʦʢʫ. 

ʉʧʨʠʷʪʠ ʨʦʟʚʠʪʢʫ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʛʝʥʝʨʘʮʽʾ, ʱʦ ʧʽʜʚʠʱʫʻ ʩʪʽʡʢʽʩʪʴ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. 

https://www.kmu.gov.ua/storage/app/sites/1/18-%25D0%25BE%25D1%2582-%25D0%25B5%25D0%25BD%25D0%25B5%25D1%2580%25D0%25B3%25D0%25B5%25D1%2582%25D0%25B8%25D0%25BA%25D0%25B0/2022-08-10.pdf
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͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ɯʥʪʝʛʨʫʚʘʪʠ ʝʥʝʨʛʦʨʠʥʦʢ ʋʢʨʘʾʥʠ ʟ ʨʠʥʢʦʤ ɭʉ (ENTSO-E), ʱʦ ʚʽʜʢʨʠʚʘʻ ʜʦʩʪʫʧ ʜʦ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʨʝʩʫʨʩʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ. 

ʅʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʤʠ ʥʘʧʨʷʤʘʤʠ ʥʘ ʥʘʡʙʣʠʞʯʽ ʨʦʢʠ ʻ: 

1. ʈʦʟʚʠʪʦʢ ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʠ, ʦʩʦʙʣʠʚʦ ʚ ʏʦʨʥʦʤʫ ʤʦʨʽ. ʎʝʡ ʧʨʦʝʢʪ ʤʘʻ ʚʝʣʠʯʝʟʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʽ ʚʞʝ ʚʠʢʣʠʢʘʻ ʽʥʪʝʨʝʩ ʤʽʞʥʘʨʦʜʥʠʭ ʽʥʚʝʩʪʦʨʽʚ. 

2. ʉʪʠʤʫʣʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦʾ ʛʝʥʝʨʘʮʽʾ. ɼʘʭʦʚʽ ʩʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʜʣʷ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ ʪʘ ʙʽʟʥʝʩʫ, ʥʝʚʝʣʠʢʽ ʚʽʪʨʦʚʽ ʪʘ ʙʽʦʛʘʟʦʚʽ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʛʨʦʤʘʜ ï ʮʝ 

ʰʚʠʜʢʠʡ ʩʧʦʩʽʙ ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʨʝʞʽ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʽʩʪʴ ʥʘ 

ʤʽʩʮʝʚʦʤʫ ʨʽʚʥʽ.  

3. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʚʦʜʥʶ. ʋʢʨʘʾʥʘ ʤʦʞʝ ʩʪʘʪʠ ʦʜʥʠʤ ʽʟ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ 

çʟʝʣʝʥʦʛʦè ʚʦʜʥʶ ʜʣʷ ɭʚʨʦʧʠ ʟʘʚʜʷʢʠ ʧʦʪʫʞʥʠʤ ʚʽʜʥʦʚʣʶʚʘʥʠʤ ʧʦʪʫʞʥʦʩʪʷʤ. 

4. ʄʦʜʝʨʥʽʟʘʮʽʷ ʝʥʝʨʛʦʤʝʨʝʞ. ʉʪʚʦʨʝʥʥʷ çʨʦʟʫʤʥʠʭè ʤʝʨʝʞ (Smart Grid)̔  

ʙʫʜʽʚʥʠʮʪʚʦ ʩʠʩʪʝʤ ʘʢʫʤʫʣʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ. 

ɺʘʞʣʠʚʦ ʥʝ ʣʠʰʝ ʛʦʚʦʨʠʪʠ ʧʨʦ ʩʪʨʘʪʝʛʽʾ, ʘʣʝ ʡ ʙʘʯʠʪʠ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʆʩʴ 

ʢʽʣʴʢʘ ʧʦʢʘʟʦʚʠʭ ʧʨʠʢʣʘʜʽʚ ʨʦʟʚʠʪʢʫ ʟʝʣʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚ ʋʢʨʘʾʥʽ:   

ʅʽʢʦʧʦʣʴʩʴʢʘ ʉɽʉ ʧʦʯʘʣʘ ʨʦʙʦʪʫ 16 ʣʶʪʦʛʦ 2019 ʨʦʢʫ ʪʘ ʻ ʥʘʡʧʦʪʫʞʥʽʰʦʶ ʥʝ 

ʣʠʰʝ ʚ ʋʢʨʘʾʥʽ, ʘʣʝ ʡ ʫ ɭʚʨʦʧʽ, ʟ ʚʩʪʘʥʦʚʣʝʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 246 ʄɺʪ. ʉʪʘʥʮʽʷ ʥʝ ʣʠʰʝ 

ʟʘʙʝʟʧʝʯʫʻ ʨʝʛʽʦʥ ʯʠʩʪʦʶ ʝʥʝʨʛʽʻʶ, ʘʣʝ ʡ ʩʪʚʦʨʶʻ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ 

ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚ ʋʢʨʘʾʥʽ. ʋʩʧʽʰʥʠʡ ʜʦʩʚʽʜ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʥʘʡʙʽʣʴʰʦʾ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʢʨʘʾʥʠ ʜʝʤʦʥʩʪʨʫʻ ʛʦʪʦʚʥʽʩʪʴ ʋʢʨʘʾʥʠ ʜʦ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʘ ʧʝʨʝʭʦʜʫ ʜʦ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʆʜʝʩʴʢʘ ʦʙʣʘʩʪʴ ï ʣʽʜʝʨ ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʠ. ɺ ʦʙʣʘʩʪʽ ʨʝʘʣʽʟʦʚʘʥʦ ʢʽʣʴʢʘ ʤʘʩʰʪʘʙʥʠʭ 

ʧʨʦʝʢʪʽʚ ʚʽʪʨʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ɿʘʚʜʷʢʠ ʨʦʙʦʪʽ ʟʝʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʧʦʞʠʚʘʯʽ 

ʆʜʝʩʴʢʦʾ ʦʙʣʘʩʪʽ ʧʽʜ ʯʘʩ ʤʘʩʦʚʘʥʠʭ ʫʜʘʨʽʚ ʧʦ ʝʥʝʨʛʝʪʠʮʽ ʪʘ ʙʣʝʢʘʫʪʽʚ ʦʪʨʠʤʫʚʘʣʠ 

ʜʦʜʘʪʢʦʚʽ ʛʦʜʠʥʠ ʟʽ ʩʚʽʪʣʦʤ. ʊʨʠ ʚʽʪʨʦʚʽ ʩʪʘʥʮʽʾ ʟʤʦʛʣʠ ʟʘʙʝʟʧʝʯʠʪʠ 1/5 ʚʽʜ ʥʝʦʙʭʽʜʥʦʾ 

ʯʘʩʪʢʠ ʝʥʝʨʛʽʾ ʚ ʨʝʛʽʦʥʽ. 
ɹʽʦʛʘʟʦʚʽ ʫʩʪʘʥʦʚʢʠ ʚ ɸʛʨʦʭʦʣʜʠʥʛʘʭ. ɹʘʛʘʪʦ ʘʛʨʦʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

(ʥʘʧʨʠʢʣʘʜ, çʄʨʽʷ ɸʛʨʦʭʦʣʜʠʥʛè) ʚʞʝ ʟʘʧʫʩʪʠʣʠ ʙʽʦʛʘʟʦʚʽ ʢʦʤʧʣʝʢʩʠ, ʷʢʽ ʧʝʨʝʨʦʙʣʷʶʪʴ 

ʚʽʜʭʦʜʠ ʪʚʘʨʠʥʥʠʮʪʚʘ ʪʘ ʨʦʩʣʠʥʥʠʮʪʚʘ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘ ʪʝʧʣʦ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʣʘʩʥʽ 

ʧʦʪʨʝʙʠ ʪʘ ʧʨʦʜʘʶʯʠ ʥʘʜʣʠʰʢʠ ʚ ʤʝʨʝʞʫ. 

ɼʘʭʦʚʽ ʉɽʉ ʫ ʛʨʦʤʘʜʘʭ. ɺʩʝ ʙʽʣʴʰʝ ʤʽʩʮʝʚʠʭ ʛʨʦʤʘʜ ʚʩʪʘʥʦʚʣʶʶʪʴ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ ʥʘ 

ʜʘʭʘʭ ʰʢʽʣ, ʣʽʢʘʨʝʥʴ ʪʘ ʘʜʤʽʥʙʫʜʽʚʝʣʴ. ʎʝ ʜʦʟʚʦʣʷʻ ʝʢʦʥʦʤʠʪʠ ʢʦʰʪʠ ʤʽʩʮʝʚʠʭ ʙʶʜʞʝʪʽʚ ʪʘ 

ʧʽʜʚʠʱʫʻ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʽʩʪʴ ʛʨʦʤʘʜ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʝʣʝʥʘ ʝʥʝʨʛʝʪʠʢʘ ï ʮʝ ʥʝ ʘʣʴʪʝʨʥʘʪʠʚʘ, ʘ ʦʩʥʦʚʘ ʤʘʡʙʫʪʥʴʦʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʝʢʦʥʦʤʽʯʥʦʛʦ ʚʽʜʨʦʜʞʝʥʥʷ ʋʢʨʘʾʥʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʩʽ ʚʠʢʣʠʢʠ ï 

ʪʝʭʥʽʯʥʽ, ʬʽʥʘʥʩʦʚʽ ʪʘ ʚʽʡʩʴʢʦʚʽ ï ʋʢʨʘʾʥʘ ʤʘʻ ʚʩʽ ʤʦʞʣʠʚʦʩʪʽ ʩʪʘʪʠ ʦʜʥʠʤ ʽʟ ʻʚʨʦʧʝʡʩʴʢʠʭ 

ʣʽʜʝʨʽʚ ʫ ʩʬʝʨʽ ʯʠʩʪʦʾ ʝʥʝʨʛʝʪʠʢʠ. ʅʘʰ ʧʨʠʨʦʜʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʧʽʜʪʨʠʤʢʘ ʤʽʞʥʘʨʦʜʥʠʭ 

ʧʘʨʪʥʝʨʽʚ ʪʘ, ʱʦ ʥʘʡʛʦʣʦʚʥʽʰʝ, ʚʦʣʷ ʪʘ ʧʨʘʮʴʦʚʠʪʽʩʪʴ ʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʨʦʜʫ ʻ ʟʘʧʦʨʫʢʦʶ 

ʫʩʧʽʭʫ ʮʽʻʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ. 

ɺʽʜʙʫʜʦʚʘ ʢʨʘʾʥʠ ʧʽʩʣʷ ʧʝʨʝʤʦʛʠ ʤʘʻ ʙʫʪʠ ʟʝʣʝʥʦʶ ʪʘ ʽʥʥʦʚʘʮʽʡʥʦʶ. ɯ ʩʘʤʝ ʤʠ, 

ʥʘʫʢʦʚʘ ʪʘ ʩʪʫʜʝʥʪʩʴʢʘ ʩʧʽʣʴʥʦʪʘ, ʧʦʚʠʥʥʽ ʩʪʘʪʠ ʪʠʤ ʣʦʢʦʤʦʪʠʚʦʤ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʪʴ ʮʝʡ 

ʽʩʪʦʨʠʯʥʠʡ ʧʝʨʝʭʽʜ. 
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3. ɽʅɽʈɻɽʊʀʏʅɸ ʉʊʈɸʊɽɻɯʗ ʋʂʈɸɰʅʀ ɼʆ 2035 ʈʆʂʋ çɹɽɿʇɽʂɸ, 
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5. ʋʢʨʘʾʥʘ ʤʦʞʝ ʩʪʘʪʠ ʥʘʜʽʡʥʠʤ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ ʟʝʣʝʥʦʛʦ ʚʦʜʥʶ ʜʦ ɭʉ - 

UkraineInvest. UkraineInvest. URL: https://ukraineinvest.gov.ua/news/06-06-22-2/ (ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ: 16.10.2025). 

6. Smart Grid ʚ ʋʢʨʘʾʥʽ: ʱʦ ʮʝ ʪʘʢʝ, ʥʘʚʽʱʦ ʧʦʪʨʽʙʥʝ ʽ ʢʦʣʠ ʟôʷʚʠʪʴʩʷ. Mind.ua. 

URL: https://mind.ua/publications/20259406-smart-grid-v-ukrayini-shcho-ce-take-navishcho-

potribne-i-koli-z-yavitsya (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 16.10.2025). 

 

ʉʋʏɸʉʅɯ ɽʂʆʃʆɻɯʏʅɯ ʇʈʆɹʃɽʄʀ ʃʖɼʉʊɺɸ 

 

ʇʦʣʘʛʝʡ ʆʣʴʛʘ ʄʠʢʦʣʘʾʚʥʘ, ʫʯʝʥʠʮʷ 11 ʢʣʘʩʫ ɿʘʤʫʣʠʥʝʮʴʢʦʛʦ ʣʽʮʝ ʁ

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɼʨʘʥʯʫʢ ʃʶʙʦʚ ɼʤʠʪʨʽʚʥʘ, ʚʯʠʪʝʣʴ ʛʝʦʛʨʘʬʽʾ 

 

ɽʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʩʝʨʡʦʟʥʽʰʠʭ ʟʘʛʨʦʟ ʜʣʷ ʣʶʜʩʪʚʘ ʫ ʍʍɯ ʩʪʦʣʽʪʪʽ. 

ɺʽʜ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʟʘʣʝʞʠʪʴ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ, ʢʣʽʤʘʪ ʽ ʩʘʤʝ ʽʩʥʫʚʘʥʥʷ ʞʠʪʪʷ ʥʘ ɿʝʤʣʽ. 

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ ʻ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ð ʘʪʤʦʩʬʝʨʥʽ 

ʚʠʢʠʜʠ ʚʽʜ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʩʧʨʠʯʠʥʷʶʪʴ ʩʤʦʛ, ʨʫʡʥʫʚʘʥʥʷ ʦʟʦʥʦʚʦʛʦ ʰʘʨʫ ʪʘ 

ʨʽʩʪ ʭʚʦʨʦʙ. 

ʅʝ ʤʝʥʰ ʘʢʪʫʘʣʴʥʠʤ ʻ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ð ʧʨʦʤʠʩʣʦʚʽ ʚʽʜʭʦʜʠ, ʧʣʘʩʪʠʢ ʽ 

ʥʘʬʪʘ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʨʽʯʢʠ ʡ ʤʦʨʷ, ʟʥʠʱʫʶʯʠ ʬʣʦʨʫ ʽ ʬʘʫʥʫ. 

ʉʝʨʡʦʟʥʫ ʟʘʛʨʦʟʫ ʩʪʘʥʦʚʠʪʴ ʟʤʽʥʘ ʢʣʽʤʘʪʫ ʯʝʨʝʟ ʥʘʜʤʽʨʥʽ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. 

ʅʘʩʣʽʜʢʠ ð ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʘʥʝʥʥʷ ʣʴʦʜʦʚʠʢʽʚ, ʧʦʩʫʭʠ ʡ ʫʨʘʛʘʥʠ. 

ʑʝ ʦʜʥʽʻʶ ʧʨʦʙʣʝʤʦʶ ʻ ʚʠʨʫʙʢʘ ʣʽʩʽʚ ʽ ʟʥʠʱʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʪʨʘʪʠ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʽ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ. 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʠʪʫʘʮʽʾ ʧʦʪʨʽʙʥʦ ʦʙôʻʜʥʘʪʠ ʟʫʩʠʣʣʷ ʚʩʴʦʛʦ ʣʶʜʩʪʚʘ. ɺʘʞʣʠʚʦ 

ʩʦʨʪʫʚʘʪʠ ʚʽʜʭʦʜʠ, ʩʢʦʨʦʯʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʘʩʪʠʢʫ, ʚʠʩʘʜʞʫʚʘʪʠ ʜʝʨʝʚʘ, ʝʢʦʥʦʤʠʪʠ 

ʨʝʩʫʨʩʠ. 

ʄʘʡʙʫʪʥʻ ʧʣʘʥʝʪʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʰʠʭ ʜʽʡ ʩʴʦʛʦʜʥʽ ð ʣʠʰʝ ʝʢʦʣʦʛʽʯʥʦ ʩʚʽʜʦʤʝ 

ʩʪʘʚʣʝʥʥʷ ʜʦ ʧʨʠʨʦʜʠ ʟʘʙʝʟʧʝʯʠʪʴ ʯʠʩʪʝ ʡ ʙʝʟʧʝʯʥʝ ʞʠʪʪʷ ʥʘʩʪʫʧʥʠʤ ʧʦʢʦʣʽʥʥʷʤ. 

 

 

https://www.gpee.com.ua/news_item/732
https://zakon.rada.gov.ua/laws/show/605-2017-%D1%80#Text
https://ukraineinvest.gov.ua/news/06-06-22-2/
https://mind.ua/publications/20259406-smart-grid-v-ukrayini-shcho-ce-take-navishcho-potribne-i-koli-z-yavitsya
https://mind.ua/publications/20259406-smart-grid-v-ukrayini-shcho-ce-take-navishcho-potribne-i-koli-z-yavitsya
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͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 
1. ʂʨʠʩʘʯʝʥʢʦ ɺ. ʉ. ɽʢʦʣʦʛʽʯʥʘ ʢʫʣʴʪʫʨʘ: ʪʝʦʨʽʷ ʽ ʧʨʘʢʪʠʢʘ. ï ʂ.: ʃʠʙʽʜʴ, 2002. ï 320 ʩ. 

2. ɻʫʩʻʚ ɺ. ʆ. ɽʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʩʫʯʘʩʥʦʩʪʽ. ï ʍʘʨʢʽʚ: ʆʩʥʦʚʘ, 2018. ï 112 ʩ. 

3. ɯʥʪʝʨʥʝʪ-ʜʞʝʨʝʣʘ: ʦʬʽʮʽʡʥʽ ʩʘʡʪʠ ʝʢʦʣʦʛʽʯʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʥʦʚʠʥʠ ʪʘ ʥʘʫʢʦʚʽ ʩʪʘʪʪʽ 

ʧʨʦ ʩʪʘʥ ʜʦʚʢʽʣʣʷ. 

 

ɺʀʈʆɹʅʀʎʊɺʆ ʇʃɸʉʊʀʂʆɺʆɰ ʎɽɻʃʀ 

 

ʊʨʫʭʘʥ ʄʘʢʩʠʤ ʈʦʤʘʥʦʚʠʯ, 10 ʢʣʘʩ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʫʯʠʪʝʣʴ ʛʝʦʛʨʘʬʽʾ ʄʘʣʴʦʥ ʅʘʪʘʣʽʷ ɭʚʛʝʥʽʚʥʘ 

ʊʨʦʩʪʷʥʝʮʴʢʠʡ ʣʽʮʝʡ, ɼʦʣʠʥʩʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ 

 

ɿʘʙʨʫʜʥʝʥʥʷ ʧʣʘʩʪʠʢʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ 

ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫ. ʑʦʨʦʢʫ ʚʠʨʦʙʣʷʻʪʴʩʷ ʧʦʥʘʜ 300 ʤʽʣʴʡʦʥʽʚ ʪʦʥʥ ʧʣʘʩʪʠʢʫ, ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ 

ʷʢʦʛʦ ʧʦʪʨʘʧʣʷʻ ʥʘ ʩʤʽʪʪʻʟʚʘʣʠʱʘ, ʟʘʙʨʫʜʥʶʻ ʚʦʜʦʡʤʠ ʪʘ ˇʨʫʥʪʠ, ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʬʣʦʨʫ ʡ ʬʘʫʥʫ. ʈʦʟʢʣʘʜʘʥʥʷ ʧʣʘʩʪʠʢʫ ʪʨʠʚʘʻ ʩʦʪʥʽ ʨʦʢʽʚ ʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ 

ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʟʘʛʨʦʞʫʶʪʴ ʟʜʦʨʦʚôʶ ʣʶʜʝʡ ʽ ʪʚʘʨʠʥ. 

ʆʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʧʨʦʙʣʝʤʠ 
ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʫʪʠʣʽʟʘʮʽʾ ʧʣʘʩʪʠʢʫ ð ʩʧʘʣʶʚʘʥʥʷ ʪʘ ʧʦʭʦʚʘʥʥʷ ð ʤʘʶʪʴ ʟʥʘʯʥʽ 

ʥʝʜʦʣʽʢʠ: ʩʧʘʣʶʚʘʥʥʷ ʚʠʢʠʜʘʻ ʰʢʽʜʣʠʚʽ ʨʝʯʦʚʠʥʠ ʚ ʘʪʤʦʩʬʝʨʫ, ʘ ʧʦʭʦʚʘʥʥʷ ʧʦʪʨʝʙʫʻ 

ʚʝʣʠʢʠʭ ʟʝʤʝʣʴʥʠʭ ʧʣʦʱ. ʃʠʰʝ ʥʝʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʚʽʜʭʦʜʽʚ ʧʝʨʝʨʦʙʣʷʻʪʴʩʷ ʝʬʝʢʪʠʚʥʦ. ʊʦʤʫ 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʦʰʫʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʰʣʷʭʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʘʩʪʠʢʫ, ʱʦ ʙʫʜʫʪʴ 

ʝʢʦʣʦʛʽʯʥʠʤʠ, ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤʠ ʪʘ ʙʝʟʧʝʯʥʠʤʠ ʜʣʷ ʜʦʚʢʽʣʣʷ. 

ɯʜʝʷ 
ʇʣʘʩʪʠʢʦʚʘ ʮʝʛʣʘ ð ʙʫʜʽʚʝʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʽʟ ʧʝʨʝʨʦʙʣʝʥʠʭ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʱʦ 

ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʟʚʝʜʝʥʥʷ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ, ʧʘʨʢʘʥʽʚ, ʜʦʨʽʛ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʦʙôʻʢʪʽʚ. ʆʩʥʦʚʥʘ ʤʝʪʘ ð ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʽʚ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ ʽ 

ʩʪʚʦʨʝʥʥʷ ʩʪʘʣʦʛʦ ʙʫʜʽʚʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʥʠʟʴʢʠʤ ʚʫʛʣʝʮʝʚʠʤ ʩʣʽʜʦʤ. 

ʈʦʟʜʽʣ ɯ. ʇʝʨʝʚʘʛʠ ʧʣʘʩʪʠʢʦʚʦʾ ʮʝʛʣʠ 
- ʧʝʨʝʨʦʙʢʘ ʧʣʘʩʪʠʢʫ ʟʘʧʦʙʽʛʘʻ ʡʦʛʦ ʥʘʢʦʧʠʯʝʥʥʶ ʥʘ ʟʚʘʣʠʱʘʭ ʪʘ ʚ ʧʨʠʨʦʜʽ. 

- ʟʘʤʽʥʘ ʪʨʘʜʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʙʝʪʦʥ, ʮʝʛʣʘ) ʥʘ ʧʣʘʩʪʠʢʦʚʽ ʮʝʛʣʠʥʠ ʝʢʦʥʦʤʠʪʴ ʧʽʩʦʢ, 
ʛʣʠʥʫ ʪʘ ʚʘʧʥʷʢ. 

- ʚʠʨʦʙʥʠʮʪʚʦ ʧʣʘʩʪʠʢʦʚʦʾ ʮʝʛʣʠ ʩʧʦʞʠʚʘʻ ʤʝʥʰʝ ʝʥʝʨʛʽʾ. 

-  ʚʽʜʭʦʜʠ ʜʦʩʪʫʧʥʽ ʪʘ ʜʝʰʝʚʽ. 

- ʤʘʪʝʨʽʘʣ ʥʝ ʨʦʟʪʨʽʩʢʫʻʪʴʩʷ, ʥʝ ʧʽʜʜʘʻʪʴʩʷ ʢʦʨʦʟʽʾ. 

- ʤʝʥʰʘ ʚʘʛʘ ʟʥʠʞʫʻ ʣʦʛʽʩʪʠʯʥʽ ʚʠʪʨʘʪʠ. 

ɿʙʽʨ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʧʝʨʝʨʦʙʥʠʭ ʩʪʘʥʮʽʷʭ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʛʨʦʤʘʜ 

ʯʝʨʝʟ ʦʩʚʽʪʥʽ ʧʨʦʛʨʘʤʠ ʪʘ ʩʪʠʤʫʣʶʚʘʥʥʷ. ʇʣʘʩʪʠʢ ʧʦʜʨʽʙʥʶʶʪʴ, ʦʯʠʱʫʶʪʴ ʽ ʥʘʛʨʽʚʘʶʪʴ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʙʣʦʢʽʚ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʜʦʜʘʶʪʴ ʜʦʤʽʰʢʠ (ʧʽʩʦʢ, 

ʮʝʤʝʥʪ). ʇʣʘʩʪʠʢʦʚʽ ʮʝʛʣʠʥʠ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʩʦʮʽʘʣʴʥʦʛʦ ʞʠʪʣʘ, 

ʰʢʽʣ, ʣʽʢʘʨʝʥʴ, ʘ ʪʘʢʦʞ ʜʣʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʻʢʪʽʚ ʫ ʤʽʩʪʘʭ ʽ ʩʝʣʘʭ. ɼʣʷ ʛʘʨʘʥʪʽʾ 

ʙʝʟʧʝʢʠ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʦʜʷʪʴʩʷ ʪʝʩʪʠ ʥʘ ʤʽʮʥʽʩʪʴ, ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ ʽ 

ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

ɯʜʝʷ ʧʣʘʩʪʠʢʦʚʦʾ ʮʝʛʣʠ ʧʦʻʜʥʫʻ ʽʥʥʦʚʘʮʽʡʥʽʩʪʴ, ʧʨʦʩʪʦʪʫ ʪʘ ʧʨʘʢʪʠʯʥʽʩʪʴ. ɺʦʥʘ 

ʚʠʨʽʰʫʻ ʢʽʣʴʢʘ ʧʨʦʙʣʝʤ ʦʜʥʦʯʘʩʥʦ: ʫʪʠʣʽʟʘʮʽʶ ʧʣʘʩʪʠʢʫ, ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʚʫʛʣʝʮʶ, 

ʝʢʦʥʦʤʽʶ ʨʝʩʫʨʩʽʚ ʽ ʩʪʚʦʨʝʥʥʷ ʜʦʩʪʫʧʥʦʛʦ ʙʫʜʽʚʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʽʨʠ 

ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʧʦʪʨʽʙʥʽ ʧʨʦʩʚʽʪʥʠʮʴʢʽ ʢʘʤʧʘʥʽʾ, ʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ð ʧʦʯʘʪʢʦʚʽ 

ʽʥʚʝʩʪʠʮʽʾ ʯʝʨʝʟ ʛʨʘʥʪʠ, ʜʝʨʞʘʚʥʫ ʧʽʜʪʨʠʤʢʫ ʘʙʦ ʧʘʨʪʥʝʨʩʪʚʦ ʟ ʧʨʠʚʘʪʥʠʤ ʩʝʢʪʦʨʦʤ. ʊʘʢʦʞ 

ʚʘʞʣʠʚʦ ʨʦʟʨʦʙʠʪʠ ʩʪʘʥʜʘʨʪʠ ʪʘ ʩʝʨʪʠʬʽʢʘʮʽʶ ʧʨʦʜʫʢʮʽʾ. 

ʈʦʟʜʽʣ ɯɯ. ʊʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ 
ʇʣʘʩʪʠʢʦʚʽ ʧʣʷʰʢʠ ʟʙʠʨʘʶʪʴʩʷ ʟʽ ʩʤʽʪʪʻʟʚʘʣʠʱ, ʧʫʥʢʪʽʚ ʧʨʠʡʦʤʫ ʪʘ ʛʨʦʤʘʜʩʴʢʠʭ 

ʽʥʽʮʽʘʪʠʚ. ʉʦʨʪʫʚʘʥʥʷ ʟʘ ʪʠʧʦʤ ʧʦʣʽʤʝʨʫ (PET, HDPE, LDPE), ʢʦʣʴʦʨʦʤ ʪʘ ʨʽʚʥʝʤ 
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͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ʟʘʙʨʫʜʥʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʦʜʥʦʨʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ. ʇʣʘʩʪʠʢ ʤʠʶʪʴ, ʜʨʦʙʣʷʪʴ ʥʘ ʜʨʽʙʥʽ ʬʨʘʢʮʽʾ 

ʪʘ ʥʘʛʨʽʚʘʶʪʴ ʫ ʝʢʩʪʨʫʜʝʨʘʭ. ɼʦ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʧʣʘʩʪʠʢʫ ʜʦʜʘʶʪʴ ʜʦʤʽʰʢʠ: ʧʽʩʦʢ, 

ʙʘʨʚʥʠʢʠ, ʘʨʤʫʶʯʽ ʚʦʣʦʢʥʘ. ʇʽʜ ʪʠʩʢʦʤ ʬʦʨʤʫʻʪʴʩʷ ʮʝʛʣʘ ʧʦʪʨʽʙʥʦʾ ʬʦʨʤʠ ʡ ʨʦʟʤʽʨʫ, 

ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʪʘ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʥʘ ʜʝʬʝʢʪʠ, ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ, ʟʛʠʥ ʪʘ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ. 

ɽʢʩʪʨʫʟʽʷ (ʥʘʡʧʦʰʠʨʝʥʽʰʠʡ ʤʝʪʦʜ), ʣʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ (ʜʣʷ ʮʝʛʣʠ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ), 

ʚʽʙʨʦʧʨʝʩʫʚʘʥʥʷ (ʜʣʷ ʮʝʛʣʠ ʚʠʩʦʢʦʾ ʱʽʣʴʥʦʩʪʽ). ɺʠʢʣʠʢʠ: ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʷʢʽʩʪʴ ʩʠʨʦʚʠʥʠ. ʇʦʧʨʠ ʮʝ, ʨʠʥʦʢ ʧʣʘʩʪʠʢʦʚʦʾ ʮʝʛʣʠ ʤʘʻ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʟʘʚʜʷʢʠ 

ʟʨʦʩʪʘʥʥʶ ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʪʝʭʥʦʣʦʛʽʡ. 

ʈʦʟʜʽʣ ɯɯɯ. ʆʙʣʘʜʥʘʥʥʷ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷ ʚʠʨʦʙʥʠʮʪʚʘ 
ɺʠʨʦʙʥʠʮʪʚʦ ʮʝʛʣʠ ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ: ʢʦʥʚʝʻʨʠ, ʩʦʨʪʫʚʘʣʴʥʽ 

ʤʘʰʠʥʠ, ʜʨʦʙʘʨʢʠ, ʤʠʡʢʠ, ʝʢʩʪʨʫʜʝʨʠ, ʬʦʨʤʫʶʯʽ ʧʨʝʩʠ, ʦʭʦʣʦʜʞʫʚʘʣʴʥʽ ʩʠʩʪʝʤʠ, ʤʽʢʩʝʨʠ, 

ʩʠʩʪʝʤʠ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʚʝʥʪʠʣʷʮʽʾ. ɺʠʙʽʨ ʦʙʣʘʜʥʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʪʨʝʙ ʢʦʥʢʨʝʪʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʊʘʢʦʞ ʧʦʪʨʽʙʥʽ ʧʨʠʤʽʱʝʥʥʷ ʪʘ ʢʚʘʣʽʬʽʢʦʚʘʥʠʡ ʧʝʨʩʦʥʘʣ, ʷʢʽ ʤʦʞʥʘ ʟʘʣʫʯʘʪʠ 

ʯʝʨʝʟ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʢʦʤʧʘʥʽʾ-ʧʦʩʪʘʯʘʣʴʥʠʢʠ. 

ɺʠʩʥʦʚʦʢ 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʣʘʩʪʠʢʦʚʦʾ ʮʝʛʣʠ ʻ ʝʬʝʢʪʠʚʥʠʤ, ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʤ ʽ ʝʢʦʥʦʤʽʯʥʦ 

ʚʠʛʽʜʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʽʚ ʧʣʘʩʪʠʢʦʚʠʭ ʚʽʜʭʦʜʽʚ ʪʘ ʨʦʟʚʠʪʢʫ ʩʪʘʣʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ. ʈʝʘʣʽʟʘʮʽʷ ʧʨʦʻʢʪʫ ʩʧʨʠʷʪʠʤʝ ʟʙʝʨʝʞʝʥʥʶ ʜʦʚʢʽʣʣʷ, ʩʢʦʨʦʯʝʥʥʶ ʚʫʛʣʝʮʝʚʦʛʦ 

ʩʣʽʜʫ ʪʘ ʧʦʧʫʣʷʨʠʟʘʮʽʾ ʽʥʥʦʚʘʮʽʡʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 
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ʈʝʛʽʦʥʘʣʴʥʘ ʢʦʥʬʝʨʝʥʮʽʷ òʄʦʣʦʜʽʞʥʠʡ ʝʢʦʛʝʦʬʦʨʫʤ - 2025ñ 
19-20 

͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ʇʦʧʫʣʷʨʥʽ ʤʘʨʰʨʫʪʠ, ʪʘʢʽ ʷʢ ɻʦʚʝʨʣʘ, ʐʧʠʮʽ, ʉʠʥʷʢ, ʦ.ʅʝʩʘʤʦʚʠʪʝ, ʄʘʢʦʚʠʮʷ ʪʘ 

ʦ.ʉʠʥʝʚʠʨ, ʱʦʨʦʢʫ ʟʘʟʥʘʶʪʴ ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʝʢʨʝʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʎʝʡ ʧʦʪʽʢ 
ʧʨʠʥʦʩʠʪʴ ʟʥʘʯʥʫ ʝʢʦʥʦʤʽʯʥʫ ʚʠʛʦʜʫ: ʣʠʰʝ ʟʘ ʩʽʤ ʤʽʩʷʮʽʚ 2025 ʨʦʢʫ ʪʫʨʠʩʪʠʯʥʠʡ ʟʙʽʨ ʫ 
ʂʘʨʧʘʪʘʭ ʧʝʨʝʚʠʱʠʚ 76 ʤʣʥ ʛʨʥ[1]. ʇʨʦʪʝ ʨʘʟʦʤ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 
ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʨʠʪʠʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʪʠʩʢʫ ʥʘ ʚʨʘʟʣʠʚʽ ʛʽʨʩʴʢʽ 
ʝʢʦʩʠʩʪʝʤʠ, ʱʦ ʩʪʘʚʠʪʴ ʧʽʜ ʟʘʛʨʦʟʫ ʾʭʥʶ ʝʢʦʣʦʛʽʯʥʫ ʨʝʟʠʩʪʝʥʪʥʽʩʪʴ. 

ɸʥʘʣʽʟ ʩʠʪʫʘʮʽʾ ʚʠʷʚʣʷʻ ʜʚʽ ʢʣʶʯʦʚʽ ʛʨʫʧʠ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʩʧʨʠʯʠʥʝʥʠʭ 
ʥʝʢʝʨʦʚʘʥʠʤ ʪʫʨʠʟʤʦʤ: ʜʝʛʨʘʜʘʮʽʷ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʩʠʩʪʝʤʥʝ ʟʘʙʨʫʜʥʝʥʥʷ. 

ʊʫʨʠʩʪʠʯʥʠʡ ʪʠʩʢ ʥʘ ʟʘʟʥʘʯʝʥʠʭ ʤʘʨʰʨʫʪʘʭ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʛʨʘʜʘʮʽʾ ʬʽʪʦʮʝʥʦʟʽʚ. 
ʅʘ ʚʠʩʦʢʦʛʽʨʥʠʭ ʘʣʴʧʽʡʩʴʢʠʭ ʣʫʢʘʭ ʩʭʠʣʽʚ ʄʘʢʦʚʠʮʽ ʪʘ ɻʦʚʝʨʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʝ 
ʚʠʪʦʧʪʫʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʚʠʩʦʢʦʛʽʨʥʘ ʨʦʩʣʠʥʥʽʩʪʴ ʤʘʻ ʥʠʟʴʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʤʝʭʘʥʽʯʥʦʛʦ 
ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʦʚʽʣʴʥʽ ʮʠʢʣʠ ʚʽʜʥʦʚʣʝʥʥʷ, ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʚʪʦʨʠʥʥʠʭ 
ʝʨʦʟʽʡʥʠʭ ʦʩʝʨʝʜʢʽʚ. ʅʝʢʦʥʪʨʦʣʴʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʝʞʦʢ, ʦʩʦʙʣʠʚʦ ʜʞʠʧʽʥʛ, ʧʝʨʝʪʚʦʨʶʻ 
ʾʭ ʥʘ ʢʦʨʠʜʦʨʠ ʩʪʦʢʫ, ʱʦ ʢʨʠʪʠʯʥʦ ʧʦʩʠʣʶʻ ʚʦʜʥʫ ʝʨʦʟʽʶ ˇʨʫʥʪʽʚ ʥʘ ʢʨʫʪʠʭ ʩʭʠʣʘʭ, 
ʚʠʢʣʠʢʘʶʯʠ ʬʦʨʤʫʚʘʥʥʷ ʛʣʠʙʦʢʠʭ ʝʨʦʟʽʡʥʠʭ ʫʣʦʛʦʚʠʥ. ʈʦʟʰʠʨʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 
(ʩʪʝʞʢʠ, ʧʨʠʪʫʣʢʠ, ʢʝʤʧʽʥʛʠ) ʩʧʨʠʯʠʥʷʻ ʬʨʘʛʤʝʥʪʘʮʽʶ ʧʨʠʨʦʜʥʠʭ ʦʩʝʣʠʱ, ʟʥʠʞʫʶʯʠ 
ʟʜʘʪʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤ ʜʦ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ. 

ʅʘʢʦʧʠʯʝʥʥʷ ʚʽʜʭʦʜʽʚ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʣʝʞʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʙʦʨʫ ʻ ʦʜʥʽʻʶ ʟ 
ʥʘʡʙʽʣʴʰʠʭ ʟʘʛʨʦʟ ʝʢʦʣʦʛʽʯʥʽʡ ʙʝʟʧʝʮʽ. ɿʥʘʯʥʽ ʦʙʩʷʛʠ ʧʣʘʩʪʠʢʦʚʠʭ ʪʘ ʧʦʣʽʝʪʠʣʝʥʦʚʠʭ 
ʚʽʜʭʦʜʽʚ, ʷʢʽ ʟʘʣʠʰʘʶʪʴʩʷ ʥʘ ʤʘʨʰʨʫʪʘʭ, ʧʦʚʽʣʴʥʦ ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʛʽʨ'ʷ. ʎʝ 
ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʤʽʢʨʦʧʣʘʩʪʠʢʫ, ʷʢʠʡ ʽʥʪʝʛʨʫʻʪʴʩʷ ʫ ˇʨʫʥʪ ʽ ʩʪʘʥʦʚʠʪʴ ʧʨʷʤʫ ʟʘʛʨʦʟʫ ʜʣʷ 
ˇʨʫʥʪʦʚʦʾ ʬʘʫʥʠ ʪʘ ʪʨʦʬʽʯʥʠʭ ʣʘʥʮʶʛʽʚ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʝʬʝʢʪʠʚʥʠʭ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʪʠʣʽʟʘʮʽʾ ʪʘ ʟʘʩʪʘʨʽʣʽ ʩʠʩʪʝʤʠ 
ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʫ ʛʽʨʩʴʢʠʭ ʧʨʠʪʫʣʢʘʭ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʨʷʤʦʛʦ ʩʢʠʜʘʥʥʷ ʥʝʦʯʠʱʝʥʠʭ 
ʩʪʦʢʽʚ. ʎʝ ʧʽʜʚʠʱʫʻ ʨʠʟʠʢ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʜʞʝʨʝʣ ʪʘ ʛʽʨʩʴʢʠʭ ʨʽʯʦʢ ʧʘʪʦʛʝʥʥʠʤʠ 
ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʪʘ ʩʧʨʠʯʠʥʷʻ ʝʚʪʨʦʬʽʢʘʮʽʶ (ʥʘʜʤʽʨʥʝ ʥʘʩʠʯʝʥʥʷ ʙʽʦʛʝʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ) 
ʫʥʽʢʘʣʴʥʠʭ ʦʣʽʛʦʪʨʦʬʥʠʭ ʚʦʜʦʡʤ, ʷʢ-ʦʪ ʦʟʝʨʦ ʅʝʩʘʤʦʚʠʪʝ. 

ʏʘʩʪʝ ʩʧʘʣʶʚʘʥʥʷ ʩʤʽʪʪʷ ʥʘ ʩʭʠʣʘʭ ʪʘ ʟʘʣʠʰʢʠ ʥʝʟʘʛʘʰʝʥʠʭ ʙʘʛʘʪʴ ʩʪʚʦʨʶʶʪʴ 
ʧʨʷʤʫ ʟʘʛʨʦʟʫ ʚʠʥʠʢʥʝʥʥʷ ʚʝʨʭʦʚʠʭ ʧʦʞʝʞ ʽ ʟʘʙʨʫʜʥʶʶʪʴ ʘʪʤʦʩʬʝʨʫ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʂʘʨʧʘʪ ʥʝʦʙʭʽʜʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ 
ʟʘʭʦʜʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ. ʘ ʩʘʤʝ: ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʢʨʝʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 
ʤʦʜʝʨʥʽʟʘʮʽʷ ʥ̔ʬʨʘʩʪʨʫʢʪʫʨʠ ʡ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚ̔ ʜʭʦʜʘʤʠ. 

ʂʣʶʯʦʚʠʤ ʟʘʭʦʜʦʤ ʤʘʻ ʩʪʘʪʠ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʢʽʣʴʢʽʩʥʦʛʦ ʣʽʤʽʪʫʚʘʥʥʷ 
ʚʽʜʚʽʜʫʚʘʯʽʚ ʜʣʷ ʥʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʯʫʪʣʠʚʠʭ ʟʦʥ (ʟʦʢʨʝʤʘ, ʚʠʩʦʢʦʛʽʨôʷ). 
ɺʧʨʦʚʘʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʪʨʝʢʽʥʛ-ʜʦʟʚʦʣʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʢʽʣʴʢʽʩʪʴ 
ʪʫʨʠʩʪʽʚ ʽ ʥʘʧʨʘʚʣʷʪʠ ʯʘʩʪʠʥʫ ʪʫʨʠʩʪʠʯʥʦʛʦ ʟʙʦʨʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʛʨʘʤʠ 
ʚʽʜʥʦʚʣʝʥʥʷ. ʅʝʦʙʭʽʜʥʘ ʥʝʛʘʡʥʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʛʽʜʥʦ ʟ ʧʨʠʥʮʠʧʘʤʠ 
çɿʘʣʠʰʘʡ ʯʠʩʪʠʡ ʩʣʽʜè. ʉʪʚʦʨʝʥʥʷ ʨʦʟʛʘʣʫʞʝʥʦʾ ʤʝʨʝʞʽ ʢʦʥʪʝʡʥʝʨʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ʜʣʷ 
ʨʦʟʜʽʣʴʥʦʛʦ ʟʙʦʨʫ ʩʤʽʪʪʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ çʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʪʫʨʠʩʪʘè ʟʘ 
ʚʠʥʝʩʝʥʥʷ ʚʣʘʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ. 

ɺʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ ʪʘ ʧʦʩʠʣʝʥʥʷ 
ʨʝʛʫʣʷʪʦʨʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʦʙʦʚ'ʷʟʢʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʨʠʬʽʥʛʽʚ ʜʣʷ 
ʚʽʜʚʽʜʫʚʘʯʽʚ ʥʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʢʽʚ, ʘʢʮʝʥʪʫʶʯʠ ʫʚʘʛʫ ʥʘ ʫʥʽʢʘʣʴʥʽʡ ʮʽʥʥʦʩʪʽ ʝʢʦʩʠʩʪʝʤʥʠʭ 
ʧʦʩʣʫʛ ʂʘʨʧʘʪ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʨʦʟʚʠʪʢʫ ʩʚʽʜʦʤʦʩʪʽ ʪʫʨʠʩʪʽʚ. 

ɿʙʝʨʝʞʝʥʥʷ ʫʥʽʢʘʣʴʥʦʾ ʧʨʠʨʦʜʠ ʂʘʨʧʘʪ ʚʠʤʘʛʘʻ ʧʝʨʝʭʦʜʫ ʚʽʜ ʝʢʩʪʝʥʩʠʚʥʦʛʦ ʜʦ 
ʩʪʘʣʦʛʦ ʛʽʨʩʴʢʦʛʦ ʪʫʨʠʟʤʫ. ʂʦʤʧʣʝʢʩʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ, 
ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʢʨʝʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ 
ʪʫʨʠʩʪʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʻʜʠʥʠʤ ʰʣʷʭʦʤ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʨʝʛʽʦʥʫ ʜʣʷ 
ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦ ʾʣʽʪʝʨʘʪʫʨʠ: 
1. ʆʬʽʮʽʡʥʠʡ ʚʝʙʩʘʡʪ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʦʙʣʘʩʥʦʾ ʜʝʨʞʘʚʥʦʾ ʘʜʤʽʥʽʩʪʨʘʮʽʾ: ʩʘʡʪ. 

URL:https://www.if.gov.ua/news/mahnit-ukrainskoho-turyzmu-karpaty-znovu-v-liderakh-
vidpochynku?utm_  

 

https://www.if.gov.ua/news/mahnit-ukrainskoho-turyzmu-karpaty-znovu-v-liderakh-vidpochynku?utm_
https://www.if.gov.ua/news/mahnit-ukrainskoho-turyzmu-karpaty-znovu-v-liderakh-vidpochynku?utm_
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͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ɿɸɹʈʋɼʅɽʅʅʗ ɸʊʄʆʉʌɽʈʀ, ɻɯɼʈʆʉʌɽʈʀ, ˆʈʋʅʊɯɺ ʅɸ ʇʈʀʂʃɸɼɯ 

ɼʆʄɹʈʆɺʉʔʂʆɻʆ ʂɸʈôɭʈʋ  

 

ʉʝʥʯʠʰʠʥ ʍʨʠʩʪʠʥʘ ʄʠʢʦʣʘʾʚʥʘ, ʫʯʝʥʠʮʷ 11 ʢʣʘʩʫ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʚʠʢʣʘʜʘʯ ʝʢʦʣʦʛʽʾ ʂʦʟʘʢ ʃʝʩʷ ʖʨʽʾʚʥʘ  

ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ "ʂʘʣʫʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʝʢʦʥʦʤʽʢʠ, ʧʨʘʚʘ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʥʘʬʪʠ ʽ ʛʘʟʫ" 

 

ʇʨʦʙʣʝʤʘ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʘʢʪʫʘʣʴʥʽʰʠʭ ʫ ʩʫʯʘʩʥʦʩʪʽ. ʏʝʨʝʟ 

ʜʽʷʣʴʥʽʩʪʴ ʟʘʚʦʜʽʚ ʽ ʬʘʙʨʠʢ ʧʦʛʽʨʰʫʻʪʴʩʷ ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʟʘʙʨʫʜʥʶʶʪʴʩʷ ʚʦʜʥʽ ʦʙôʻʢʪʠ, ʘ 

ˇʨʫʥʪʠ ʚʪʨʘʯʘʶʪʴ ʨʦʜʶʯʽʩʪʴ. ʆʜʥʠʤ ʽʟ ʥʘʡʥʝʙʝʟʧʝʯʥʽʰʠʭ ʪʝʭʥʦʛʝʥʥʠʭ ʦʙôʻʢʪʽʚ ʚ ʋʢʨʘʾʥʽ ʻ 

ɼʦʤʙʨʦʚʩʴʢʠʡ ʢʘʨôʻʨ ð ʨʦʜʦʚʠʱʝ ʢʘʣʽʡʥʠʭ ʩʦʣʝʡ, ʟʘʧʦʚʥʝʥʝ ʩʦʣʝʥʠʤʠ ʨʦʟʩʦʣʘʤʠ ʯʝʨʝʟ 

ʧʦʪʨʘʧʣʷʥʥʷ ʚʦʜʠ. ʎʝ ʩʪʚʦʨʶʻ ʩʝʨʡʦʟʥʽ ʟʘʛʨʦʟʠ ʜʣʷ ˇʨʫʥʪʽʚ ʽ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ 

ʩʧʨʠʯʠʥʷʻ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʣʘʥʜʰʘʬʪʫ ʪʘ ʢʘʨʩʪʦʫʪʚʦʨʝʥʥʷ. ʂʨʽʤ ʛʽʜʨʦʩʬʝʨʠ, ʚʽʜ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ ʧʦʪʝʨʧʘʻ ʘʪʤʦʩʬʝʨʘ. ɺʠʧʘʨʦʚʫʚʘʥʥʷ ʩʦʣʝʡ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʪʨʘʧʣʷʥʥʷ ʫ ʧʦʚʽʪʨʷ 

ʘʝʨʦʟʦʣʽʚ ʭʣʦʨʫ ʪʘ ʥʘʪʨʽʶ, ʱʦ ʤʦʞʫʪʴ ʧʽʜʚʠʱʫʚʘʪʠ ʢʠʩʣʦʪʥʽʩʪʴ ʦʧʘʜʽʚ ʽ ʰʢʦʜʠʪʠ 

ʨʦʩʣʠʥʥʦʩʪʽ. ɿ ʯʘʩʦʤ ʪʘʢʽ ʧʨʦʮʝʩʠ ʚʝʜʫʪʴ ʜʦ ʜʝʛʨʘʜʘʮʽʾ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʽ ʧʦʪʨʝʙʫʶʪʴ 

ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 

ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ: ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʟʝʤʝʣʴ, 

ʟʘʧʦʚʥʝʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʧʦʨʦʞʥʠʥ, ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʪʘ ʟʘʧʨʦʚʘʜʞʝʥʥʷ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ.  

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1. ɹʽʣʦʫʩ ʃ. ʉʪʨʘʪʝʛʽʯʥʘ ʝʢʦʣʦʛʽʯʥʘ ʦʮʽʥʢʘ ʜʣʷ ʧʦʪʨʝʙ ʫʧʨʘʚʣʽʥʥʷ ʜʦʚʢʽʣʣʷʤ. ɺʽʩʥʠʢ 

ʢʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʪʘʨʘʩʘ ʰʝʚʯʝʥʢʘ. ʛʝʦʛʨʘʬʽʷ. 2018. ɺʠʧ. 4 (73). 

ʉ. 5ï9. 

2. ʇʨʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ : ɿʘʢʦʥ ʋʢʨʘʾʥʠ ʚʽʜ 23.05.2017 ˉ 2059-VIII  : ʩʪʘʥʦʤ 

ʥʘ 15 ʣʠʩʪʦʧ. 2024 ʨ.  

3. ɺʘʣʝʥʪʠʥʦʚʠʯ ʂ. ʖ. ɽʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʋʢʨʘʾʥʠ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ : thesis. 2017.  

 

ʅɽʇʆʄɯʊʅɯ ʆɼʅʆʈɸɿʆɺɯ ʉʊɸʂɸʅʀ: ɼʆɺʂɯʃʃʗ ʄʆɾɽ ɿʄɯʅʀʊʀ ʂʆɾɽʅ 

 

ʂʽʨʽʥ ɼʝʥʠʩ, ʇʠʚʦʚʘʨ ɹʦʛʜʘʥ, ʩʪʫʜʝʥʪʠ ʛʨʫʧʠ ɽʂʆ-25-1 

ʂ.ʪ.ʥ., ʟʘʚʽʜʫʚʘʯʢʘ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʆʨʬʘʥʦʚʘ ʄʘʨʽʷ ʄʠʭʘʡʣʽʚʥʘ, 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ʆʜʥʘ ʟ ʪʝʤ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʷʢʫ ʜʽʡʩʥʦ ʤʘʣʦ ʭʪʦ ʧʦʤʽʯʘʻ, ʮʝ ʦʜʥʦʨʘʟʦʚʽ 

ʩʪʘʢʘʥʯʠʢʠ. ɼʽʡʩʥʦ, ʮʷ ʪʝʤʘ ʜʫʞʝ ʮʽʢʘʚʘ, ʙʦ ʙʽʣʴʰʽʩʪʴ ʣʶʜʝʡ ʥʘʚʽʪʴ ʽ ʥʝ ʟʘʤʠʩʣʶʻʪʴʩʷ ʧʨʦ 

ʥʝʙʝʟʧʝʢʫ ʢʘʨʪʦʥʥʠʭ ʩʪʘʢʘʥʯʠʢ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʅʽʙʠ, ʟʜʘʻʪʴʩʷ, ʟʚʠʯʘʡʥʘ 

ʨʽʯ, ʷʢʫ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʫ ʥʘʰʦʤʫ ʞʠʪʪʽ, ʧôʶʯʠ ʢʘʚʫ ʯʠ ʯʘʡ, ʤʦʞʝ ʷʢʠʡʩʴ ʩʽʢ ʘʙʦ ʽʥʰʠʡ 

ʥʘʧʽʡ, ʘ ʧʦʪʽʤ ʧʨʦʩʪʦ ʚʠʢʠʜʘʻʤʦ ʩʪʘʢʘʥʯʠʢ ʫ ʩʤʽʪʥʠʢ, ʥʘʚʽʪʴ ʥʝ ʟʘʤʠʩʣʶʶʯʠʩʴ ʥʘʜ ʪʠʤ, 

ʩʢʽʣʴʢʠ ʚʩʴʦʛʦ ʧʦʪʨʽʙʥʦ ʟʨʦʙʠʪʠ, ʱʦʙ ʮʝʡ ʩʪʘʢʘʥʯʠʢ ʟ ʧʦʯʘʪʢʫ çʟôʷʚʠʚʩʷè ʽ ʢʫʜʠ ʚʽʥ ʧʦʪʽʤ 

ʜʽʚʘʻʪʴʩʷ. 

ɸʣʝ ʟ ʯʦʛʦ ʨʦʙʣʷʪʴ ʮʽ ʩʪʘʢʘʥʯʠʢʘ ʽ ʩʢʽʣʴʢʠ ʧʦʪʨʽʙʥʦ ʯʘʩʫ, ʱʦʙ ʚʦʥʠ ʨʦʟʢʣʘʣʠʩʷ ʘʙʦ 

ʧʨʦʡʰʣʠ ʧʝʨʝʨʦʙʢʫ. ɺʽʟʴʤʝʤʦ ʧʝʨʰʠʡ ʚʘʨʽʘʥʪ: ʧʘʧʝʨʦʚʠʡ ʩʪʘʢʘʥʯʠʢ, ʚʠʢʠʥʫʪʠʡ ʣʶʜʴʤʠ, 

ʤʦʞʝ ʨʦʟʢʣʘʜʘʪʠʩʷ ʤʽʥʽʤʫʤ 3 ʤʽʩʷʮʽ, ʘ ʤʘʢʩʠʤʫʤ 10 ʨʦʢʽʚ. ʎʝ ʟʚʽʩʥʦ ʥʝ ʜʫʞʝ ʚʝʣʠʢʠʡ 

ʪʝʨʤʽʥ, ʧʦʨʽʚʥʶʶʯʠ ʾʭ ʟ ʽʥʰʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʘʣʝ ʚʩʝ-ʪʘʢʠ ʮʝ ʜʦʚʛʦ ʜʣʷ 

ʥʘʰʦʛʦ ʯʘʩʫ ʞʠʪʪʷ. ɸ ʦʪ ʽʥʰʠʡ ʚʘʨʽʘʥʪ ʟʚʫʯʠʪʴ ʢʨʘʱʝ ʜʣʷ ʥʘʩ. ɸʣʝ ʪʘʤ, ʜʝ ʾʭ 

ʧʝʨʝʨʦʙʣʶʶʪʴ, ʪʘʢʦʞ ʚʠʥʠʢʘʶʪʴ ʚʽʜʭʦʜʠ. ɹʽʣʴʰʽʩʪʴ ʩʪʘʢʘʥʯʠʢʽʚ ʟʨʦʙʣʝʥʽ ʟ ʢʘʨʪʦʥʫ 

ʧʦʢʨʠʪʦʛʦ ʧʦʣʽʝʪʠʣʝʥʦʤ, ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʚʦʥʠ ʥʝ ʧʨʦʤʦʢʘʶʪʴ. ɸʣʝ ʞ ʯʝʨʝʟ ʮʝʡ ʧʦʣʽʝʪʠʣʝʥ ʽ 

ʚʽʥ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʜʦʚʰʝ, ʽ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʧʨʦʮʝʩ ʾʭ ʧʝʨʝʨʦʙʢʠ. 
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͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ʄʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʧʠʪʘʥʥʷ ï ʯʠ ʣʶʜʠ ʢʫʧʫʶʪʴ ʥʘʧʦʾ ʫ ʦʜʥʦʨʘʟʦʚʠʭ ʩʪʘʢʘʥʯʠʢʘʭ ʽ ʚ 

ʷʢʠʭ ʚʠʜʘʭ ʩʪʘʢʘʥʯʠʢʽʚ, ʯʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʚʦʾ ʪʝʨʤʦʢʨʫʞʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʫ 

ʟʘʢʣʘʜʘʭ ʪʦʨʛʦʚʠʭ ʩʫʧʝʨʤʘʨʢʝʪʽʚ ɸʊɹ, ʉʽʣʴʧʦ ʽ ʉʽʤʽ, ʘ ʪʘʢʦʞ ʤʘʛʘʟʠʥʘʭ ʥʘ ɸɿʉ ʤ. ɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢ. 

ɯ ʚʩʝ ʞ, ʥʘʧʝʚʥʦ, ʮʽʢʘʚʦ ʩʢʽʣʴʢʠ ʩʪʘʢʘʥʯʠʢʽʚ ʢʫʧʫʶʪʴ ʣʶʜʠ ʚ ʮʠʭ ʤʘʛʘʟʠʥʘʭ. ɸʣʝ ʮʝ 

ʚʩʝ ʥʝʦʜʥʦʟʥʘʯʥʦ. ʄʠ ʨʦʟʫʤʽʻʤʦ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʣʶʜʝʡ ʟʚʽʩʥʦ ʥʝ ʙʫʜʫʪʴ ʧʨʠʭʦʜʠʪʠ ʚ 

ʤʘʛʘʟʠʥʠ ʟ ʩʚʦʻʶ ʪʝʨʤʦʢʨʫʞʢʦʶ. ɸʣʝ ʯʠʤ ʙʽʣʴʰʝ ʣʶʜʝʡ ʚʽʟʴʤʫʪʴ ʝʢʦ-ʩʪʘʢʘʥʯʠʢ, ʷʢ 

ʘʣʴʪʝʨʥʘʪʠʚʫ ʟʚʠʯʘʡʥʠʤ ʧʣʘʩʪʠʢʦʚʠʤ ʘʙʦ ʧʘʧʝʨʦʚʠʤ ʩʪʘʢʘʥʯʠʢʘʤ ʟ ʧʦʢʨʠʪʪʷʤ, ʪʠʤ ʤʝʥʰʝ 

ʙʫʜʝ ʫʪʚʦʨʶʚʘʪʠʩʴ ʚʽʜʭʦʜʽʚ, ʪʠʤ ʤʝʥʰʝ ʾʭ ʧʦʧʘʜʝ ʥʘ ʩʤʽʪʪʻʟʚʘʣʠʱʘ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ. 

ʅʘʤ ʚʘʨʪʦ ʟʘʤʠʣʠʪʠʩʷ! 

ɽʢʦ-ʩʪʘʢʘʥʯʠʢʠ ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ: 

1) ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ ʙʽʦʨʦʟʢʣʘʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʢʨʦʭʤʘʣʴ, ʧʘʧʽʨ, ʙʘʤʙʫʢ, PLA ð 

ʙʽʦʧʣʘʩʪʠʢ); 

2) ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʧʨʠʨʦʜʥʠʤ ʰʣʷʭʦʤ ʙʝʟ ʰʢʦʜʠ ʜʣʷ ʜʦʚʢʽʣʣʷ, ʥʝ ʫʪʚʦʨʶʶʯʠ 

ʤʽʢʨʦʧʣʘʩʪʠʢʫ; 

3) ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʨʦʙʣʝʥʽ ʧʦʚʪʦʨʥʦ, ʱʦ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʚʽʜʭʦʜʽʚ; 

4) ʙʝʟʧʝʯʥʽ ʜʣʷ ʟʜʦʨʦʚôʷ, ʥʝ ʤʽʩʪʷʪʴ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ ʽ ʥʝ ʚʠʜʽʣʷʶʪʴ ʰʢʽʜʣʠʚʠʭ 

ʧʘʨʽʚ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ; 

5) ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʛʘʨʷʯʠʭ ʽ ʭʦʣʦʜʥʠʭ ʥʘʧʦʾʚ; 

6) ʤʘʶʪʴ ʧʨʠʻʤʥʠʡ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʽ ʥʘʪʫʨʘʣʴʥʫ ʪʝʢʩʪʫʨʫ, ʤʦʞʫʪʴ ʤʘʪʠ ʛʘʨʥʠʡ 

ʜʠʟʘʡʥ; 

7) ʟʤʝʥʰʫʶʪʴ ʚʫʛʣʝʮʝʚʠʡ ʩʣʽʜ; 

8) ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʝʢʦʩʚʽʜʦʤʦʩʪʽ ʩʝʨʝʜ ʣʶʜʝʡ ʽ ʧʦʰʠʨʝʥʥʶ ʢʫʣʴʪʫʨʠ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ.  

ɼʦʩʣʽʜʞʝʥʦ, ʱʦ  ʟ ʩʤʽʪʪʻʚʦʛʦ 120-ʣʽʪʨʦʚʦʛʦ ʧʘʢʝʪʫ ʩʪʘʥʦʚʣʷʪʴ ʩʘʤʝ ʧʘʧʝʨʦʚʽ 

ʩʪʘʢʘʥʯʠʢʠ. ɺʦʥʠ ʚʠʢʠʜʘʶʪʴʩʷ, ʥʘʚʽʪʴ ʧʦ ʧʨʠ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʧʝʨʝʨʦʙʢʠ. 

ʊʦʤʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ çʥʝʧʦʤʽʪʥʠʭè ʦʜʥʦʨʘʟʦʚʠʭ ʩʪʘʢʘʥʯʠʢʽʚ ʤʦʞʝ ʩʪʚʦʨʠʪʠ 

ʚʝʣʠʢʫ ʝʢʦʣʦʛʽʯʥʫ ʧʨʦʙʣʝʤʫ. ɯ ʢʨʘʱʝ ʥʘʤ ʧʦʯʠʥʘʪʠ ʚʠʨʽʰʠʪʠ ʾʾ ʟʘʨʘʟ, ʟʤʽʥʶʶʯʠ ʩʚʦʻ 

ʩʪʘʚʣʝʥʥʷ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʨʘʟʦʚʠʭ ʩʪʘʢʘʥʯʠʢʽʚ, ʥʽʞ ʧʦʪʽʤ ʰʫʢʘʪʠ ʚʠʭʽʜ ʽʟ ʩʪʚʦʨʝʥʦʾ 

ʝʢʦʣʦʛʽʯʥʦʾ ʧʨʦʙʣʝʤʠ. 

 

ɼɾɽʈɽʃɸ ʊɽʍʅʆɻɽʅʅʆɻʆ ɿɸɹʈʋɼʅɽʅʅʗ ʈɯʏʂʀ ʉɯɺʂɸ 

 

ʄʘʣʘʥʶʢ ɯʛʦʨ, ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ 

ʇʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʄʘʥʜʨʠʢ ʆʣʝʛ ʄʠʢʦʣʘʡʦʚʠʯ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ʈʽʯʢʘ ʉʽʚʢʘ ʻ ʯʘʩʪʠʥʦʶ ʙʘʩʝʡʥʫ ɼʥʽʩʪʨʘ ʽ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʨʝʛʽʦʥʘʣʴʥʽʡ 

ʛʽʜʨʦʩʠʩʪʝʤʽ, ʟʦʢʨʝʤʘ ʬʦʨʤʫʻ ʧʨʠʨʦʜʥʽ ʣʘʥʜʰʘʬʪʠ ʪʘ ʧʽʜʪʨʠʤʫʻ ʣʦʢʘʣʴʥʫ ʙʽʦʪʫ. ʆʜʥʘʢ, ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʉʽʚʢʠ ʩʫʪʪʻʚʦ ʧʦʛʽʨʰʝʥʠʡ ʪʝʭʥʦʛʝʥʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ[1]. ʊʝʭʥʦʛʝʥʥʽ ʚʠʢʠʜʠ ʽʩʪʦʪʥʦ ʟʤʽʥʠʣʠ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʦʜʠ ʉʽʚʢʠ. 

ʈʝʛʫʣʷʨʥʽ ʚʠʤʽʨʶʚʘʥʥʷ,ʷʢʽ ʧʨʦʚʦʜʷʪʴʩʷ ʣʘʙʦʨʘʪʦʨʽʻʶ ɼʥʽʩʪʨʦʚʩʴʢʦʛʦ ɹʋɺʈ, ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʧʝʨʝʚʠʱʝʥʥʷ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ (ɻɼʂ) ʟʘ ʥʠʟʢʦʶ ʧʦʢʘʟʥʠʢʽʚ, ʟʦʢʨʝʤʘ: 

ʧʦʢʘʟʥʠʢʠ ʦʨʛʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʷʛʣʠ ɹʉʂ  = 2,3ï3,9 ʤʛʆ /ʜʤį ʪʘ ʍʉʂ = 14ï34 

ʤʛʆ /ʜʤį. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝʥʜʝʥʮʽʶ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ ʽ ʟʘ ʤʝʪʦʜʠʢʦʶ ʝʢʦʣʦʛʽʯʥʦʾ 

ʦʮʽʥʢʠ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʚʦʜʫ ʨʽʯʢʠ ʜʦ ɯɯɯ ʢʣʘʩʫ (ʢʘʪʝʛʦʨʽʾ çʧʦʤʽʨʥʦ ʟʘʙʨʫʜʥʝʥʘè) [2,3].  

ʊʘʢʦʞ ʫ ʚʦʜʘʭ ʉʽʚʢʠ ʚʠʷʚʣʝʥʦ ʥʝʙʝʟʧʝʯʥʽ ʪʦʢʩʠʢʘʥʪʠ. ɿʘ ʜʘʥʠʤʠ ʣʘʙʦʨʘʪʦʨʽʾ 

ɼʥʽʩʪʨʦʚʩʴʢʦʛʦ ɹʋɺʈ ʧʨʠ ʚʧʘʜʽʥʥʽ ʉʽʚʢʠ ʚ ɼʥʽʩʪʝʨ ʚʩʪʘʥʦʚʣʝʥʦ ʜʚʦʨʘʟʦʚʝ ʧʝʨʝʚʠʱʝʥʥʷ 

ʜʦʧʫʩʪʠʤʦʛʦ ʚʤʽʩʪʫ ʤʽʥʝʨʘʣʴʥʠʭ ʩʦʣʝʡ, ʟʘʣʠʰʢʽʚ ʽʥʩʝʢʪʠʮʠʜʫ ʜʽʭʣʦʬʦʩʫ, ʘ ʪʘʢʦʞ ʟʥʘʯʥʽ 

ʧʝʨʝʚʠʱʝʥʥʷ ʟʘ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ ï ʨʪʫʪʽ (2,5Ĭ) ʪʘ ʤʽʜʽ (5Ĭ). ʊʘʢʽ ʟʘʙʨʫʜʥʶʚʘʯʽ ʣʝʛʢʦ 

ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʫ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʽ ʞʠʚʣʷʪʴʩʷ ʯʝʨʝʟ ʭʘʨʯʦʚʠʡ ʣʘʥʮʶʛ (ʜʦ ʬʽʪʦ- ʽ 

ʟʦʦʧʣʘʥʢʪʦʥʫ, ʨʠʙʠ, ʜʠʯʠʥʠ). ɯʩʪʦʪʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʦʣʝʡ ʪʘ ʩʦʣʝʡ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʚʦʜʽ 
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͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ʉʽʚʢʠ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʽ ʧʽʜʚʠʱʝʥʦʶ ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ ʨʽʯʢʠ: ʩʪʨʘʪʝʛʽʯʥʘ ʝʢʦʣʦʛʽʯʥʘ ʦʮʽʥʢʘ 

ʧʣʘʥʫ ʨʝʛʽʦʥʫ ʟʘʬʽʢʩʫʚʘʣʘ ʜʦ 2760 ʤʛ/ʜʤį ʨʦʟʯʠʥʝʥʠʭ ʩʦʣʝʡ ʫ ʟʨʘʟʢʫ ʟʽ ʉʽʚʢʠ ʙʽʣʷ ʩ. 

ɺʦʡʥʠʣʽʚʩʴʢʘ  [2]. 

ɼʦʥʥʽ ʚʽʜʢʣʘʜʝʥʥʷ ʨʽʯʢʠ ʥʘʢʦʧʠʯʫʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʪʘ ʩʧʦʣʫʢ 

ʬʦʩʬʦʨʫ, ʱʦ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʠʡ ʨʠʟʠʢ ʚʪʦʨʠʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠ ʩʝʟʦʥʥʠʭ 

ʟʘʪʦʧʣʝʥʥʷʭ. ʊʘʢʠʤ ʯʠʥʦʤ ʪʝʭʥʦʛʝʥʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʛʨʘʜʘʮʽʾ 

ʛʽʜʨʦʙʽʦʮʝʥʦʟʫ ʉʽʚʢʠ: ʟʥʠʞʫʻʪʴʩʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʽ ʟʤʽʥʶʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʚʦʜʥʠʭ 

ʝʢʦʩʠʩʪʝʤ. 

ɼʦ ʛʦʣʦʚʥʠʭ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʉʽʚʢʠ ʥʘʣʝʞʘʪʴ ʧʨʦʤʠʩʣʦʚʽ, ʢʦʤʫʥʘʣʴʥʽ ʪʘ ʘʛʨʘʨʥʽ 

ʩʪʦʢʠ. ɿʦʢʨʝʤʘ, ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʚ ʽʩʪʦʨʠʯʥʦʤʫ ʤʠʥʫʣʦʤʫ ʪʘ ʩʫʯʘʩʥʦʩʪʽ ʫ ʨʽʯʢʫ 

ʧʦʪʨʘʧʣʷʣʠ ʚʽʜʭʦʜʠ ʚʽʜ: 

¶ ʇʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ: ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʜʭʦʜʠʪʴ ʟ ɼʦʤʙʨʦʚʩʴʢʦʛʦ ʢʘʣʽʡʥʦʛʦ 

ʢʘʨôʻʨʫ ʪʘ ʩʫʤʽʞʥʠʭ ʭʚʦʩʪʦʩʭʦʚʠʱ, ʟʚʽʜʢʠ ʫ ʚʦʜʫ ʧʦʪʨʘʧʣʷʶʪʴ ʨʦʟʩʦʣʠ ʢʘʣʽʡʥʠʭ ʨʫʜ ʪʘ 

ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʚʠʜʦʙʫʪʢʫ. ʄʽʩʮʝʚʽ ʜʞʝʨʝʣʘ ʧʦʚʽʜʦʤʣʷʶʪʴ ʧʨʦ ʧʦʩʪʽʡʥʠʡ ʚʠʪʽʢ ʩʦʣʷʥʠʭ 

ʨʦʟʯʠʥʽʚ (ʛʣʘʫʙʝʨʦʚʦʾ ʩʦʣʽ) ʽʟ ʩʪʘʨʠʭ ʭʚʦʩʪʦʩʭʦʚʠʱ ʚ ʦʢʦʣʠʮʷʭ ʂʘʣʫʰʘ[3]. 

¶ ʂʦʤʫʥʘʣʴʥʠʭ ʩʪʦʢʽʚ ʽ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ: ʥʝʦʯʠʱʝʥʽ ʢʘʥʘʣʽʟʘʮʽʡʥʽ ʩʪʦʢʠ ʪʘ ʩʤʽʪʪʷ ʟ 

ʤʽʩʴʢʠʭ ʽ ʩʽʣʴʩʴʢʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ (ʟʦʢʨʝʤʘ ɼʦʣʠʥʠ, ɹʨʦʰʥʝʚʘ-ʆʩʘʜʠ, ʂʘʣʫʰʘ, 

ɺʦʡʥʠʣʦʚʘ) ʨʝʛʫʣʷʨʥʦ ʥʘʜʭʦʜʷʪʴ ʫ ʨʽʯʢʫ. ʋ ʤʝʞʘʭ ʂʘʣʫʰʘ ʨʫʩʣʦ ʨʽʯʢʠ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʟʘʧʦʚʥʶʻʪʴʩʷ ʩʪʽʯʥʠʤʠ ʚʦʜʘʤʠ ʤʽʩʮʝʚʠʭ ʧʦʩʝʣʝʥʴ. 

¶ ɸʛʨʘʨʥʦʛʦ ʩʪʦʢʫ: ʧʦʣʷ ʽ ʧʘʩʦʚʠʱʘ ʚ ʧʨʠʙʝʨʝʞʥʠʭ ˇʨʫʥʪʘʭ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʷʪʠ 
ʥʘʜʭʦʜʞʝʥʥʷ ʥʽʪʨʘʪʽʚ, ʬʦʩʬʘʪʽʚ ʽ ʧʝʩʪʠʮʠʜʽʚ ʜʦ ʨʽʯʢʠ (ʥʝʦʜʥʦʨʘʟʦʚʦ ʟʘʬʽʢʩʦʚʘʥʦ ʩʣʽʜʠ 

ʘʛʨʦʭʽʤʽʢʘʪʽʚ). 

¶ ʅʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ ʪʘ ʘʚʘʨʽʡ: ʫ ʯʝʨʚʥʽ 2025 ʨʦʢʫ ʟʣʠʚ ʫ ʉʽʚʢʫ ʚʝʣʠʢʦʾ ʧʘʨʪʽʾ 

ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʭʘʨʯʦʚʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ (ʚʥʘʩʣʽʜʦʢ ʧʨʦʨʠʚʫ ʢʘʥʘʣʽʟʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ) 

ʩʧʨʠʯʠʥʠʚ ʣʦʢʘʣʴʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʨʽʯʢʠ ʽ ʫʪʚʦʨʝʥʥʷ ʥʘ ʾʾ ʧʦʚʝʨʭʥʽ ʤʘʩʣʷʥʦʾ ʧʣʽʚʢʠ.  

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʨʽʯʢʠ ʉʽʚʢʘ ʟʘʧʣʘʥʦʚʘʥʽ ʪʘʢʽ ʟʘʭʦʜʠ: 1) ʤʽʩʴʢʘ 

ʧʨʦʛʨʘʤʘ ʦʭʦʨʦʥʠ ʜʦʚʢʽʣʣʷ ʥʘ 2026ï2028 ʨʨ. ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʯʠʱʝʥʥʷ ʪʘ ʧʦʛʣʠʙʣʝʥʥʷ ʨʫʩʣʘ 

ʉʽʚʢʠ.  

2) ʟʚʝʜʝʥʥʷ ʚʦʜʦʨʝʛʫʣʶʶʯʦʛʦ ʚʫʟʣʘ ʧʦʙʣʠʟʫ ɼʦʤʙʨʦʚʩʴʢʦʛʦ ʢʘʨôʻʨʫ ʜʣʷ 

ʧʝʨʝʭʦʧʣʝʥʥʷ ʩʦʣʷʥʠʭ ʨʦʟʩʦʣʽʚ ʪʘ ʾʭ ʚʽʜʚʝʜʝʥʥʷ ʫ ʩʧʝʮʽʘʣʴʥʫ ʩʠʩʪʝʤʫ ʦʯʠʩʪʢʠ.  

ʎʝ ʤʘʻ ʚʽʜʥʦʚʠʪʠ ʧʨʠʨʦʜʥʠʡ ʚʦʜʥʠʡ ʨʝʞʠʤ, ʧʦʢʨʘʱʠʪʠ ʪʝʯʽʶ ʪʘ ʦʯʠʩʪʠʪʠ ʜʦʥʥʽ 

ʚʽʜʢʣʘʜʝʥʥʷ.  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ:  

1. ɽʢʦʣʦʛʽʯʥʠʡ ʧʘʩʧʦʨʪ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʟʘ 2023 ʨ. URL: 

http://www.menr.gov.ua/content/article/5980. 

 2. ʋʟʘʛʘʣʴʥʝʥʽ ʜʘʥʽ ʧʨʦʪʦʢʦʣʽʚ ʜʦʩʣʽʜʞʝʥʴ ʃʘʙʦʨʘʪʦʨʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʚʦʜ ɿʘʭʽʜʥʦʛʦ 

ʨʝʛʽʦʥʫ ɼʥʽʩʪʨʦʚʩʴʢʦʛʦ ɹʋɺʈ.  

3. ʄʝʪʦʜʠʢʘ ʚʽʜʥʝʩʝʥʥʷ ʤʘʩʠʚʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʜʦ ʦʜʥʦʛʦ ʟ ʢʣʘʩʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ ʪʘ 

ʭʽʤʽʯʥʦʛʦ ʩʪʘʥʽʚ ʤʘʩʠʚʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʘ ʪʘʢʦʞ ʚʽʜʥʝʩʝʥʥʷ ʰʪʫʯʥʦʛʦ ʘʙʦ ʽʩʪʦʪʥʦ 

ʟʤʽʥʝʥʦʛʦ ʤʘʩʠʚʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʜʦ ʦʜʥʦʛʦ ʟ ʢʣʘʩʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʰʪʫʯʥʦʛʦ 

ʘʙʦ ʽʩʪʦʪʥʦ ʟʤʽʥʝʥʦʛʦ ʤʘʩʠʚʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʅʘʢʘʟ ʄʽʥʽʩʪʝʨʩʪʚʘ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 14.01.2019 ˉ 5. 
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ʉɽʂʎɯʗ 2 

 

ʅɸʋʂʀ ʇʈʆ ɿɽʄʃʖ 

 

ɻɽʆʃʆɻɯʏʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ  

ʅɸʌʊʆɿɻɸɿʆʅʆʉʅʆɻʆ ɹɸʉɽʁʅʋ ɿɸʇɸɼʀʅʀ ʇʆ 

 

ɻʽʨʥʘ ɸʥʪʦʥʽʥʘ ʁʦʩʠʧʽʚʥʘ, ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ ʅɿɻ-24-1 

ɼʦʮʝʥʪ ʢʘʬʝʜʨʠ ɻʈʅ, ʆʤʝʣʴʯʝʥʢʦ ɺʘʣʝʨʽʡ ɻʨʠʛʦʨʦʚʠʯ, 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ  

 

ʅʘʬʪʦʛʘʟʦʥʦʩʥʠʡ ʙʘʩʝʡʥ ʟʘʧʘʜʠʥʠ ʇʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʧʽʚʥʽʯʥʽʡ ɯʪʘʣʽ ʾ(ʨʠʩ. 1ʘ), ʽ ̒ 

ʧʝʨʝʜʛʽʨʩʴʢʠʤ ʦʩʘʜʦʚʠʤ ʙʘʩʝʡʥʦʤ ʥʘ ʟʯʣʝʥʫʚʘʥʥʽ ʇʽʚʜʝʥʥʠʭ ɸʣʴʧ ʽ ʇʽʚʥʽʯʥʠʭ ɸʧʝʥʥʽʥ ʪʘ 

ʦʜʥʠʤ ʟ̔ ʥʘʡʚʽʜʦʤʽʰʠʭ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ ʙʘʩʝʡʥʽʚ ʫ ʢʦʥʪʠʥʝʥʪʘʣʴʥʽʡ ɭʚʨʦʧʽ. 

ʉʪʨʘʪʠʛʨʘʬʽʯʥʠʡ ʨʦʟʨʽʟ ʙʘʩʝʡʥʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ̔ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʠʛʝʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʪʦʚɦʠʥʦʶ 

ʚʽʜ 4000ʤ ʜʦ 10000ʤ, ʫ ʷʢʠʭ ʚʠʜʦʙʫʚʘʶʪʴʩʷ ʥʘʬʪʘ ʽ ʛʘʟ ʟ ʨʽʟʥʠʭ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʦʜʠʥʠʮʴ. 

ʊʫʪ ʛʣʠʙʦʢʦʟʘʥʫʨʝʥʽ ʤʝʟʦʟʦʡʩʴʢʽ ʢʘʨʙʦʥʘʪʥʽ ʚʽʜʢʣʘʜʠ  ̒ ʦʩʥʦʚʥʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ʜʣʷ 

ʧʦʰʫʢʦʚʦ-ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʥʘ ʥʘʬʪʫ, ʘ ʫ ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘʜ ʥʠʤʠ ʪʝʨʠʛʝʥʥʠʭ ʚʽʜʢʣʘʜʘʭ 

ʤʽʦʮʝʥʫ, ʧʣʽʦʮʝʥʫ ʽ ʧʣʝʡʩʪʦʮʝʥʫ, ʚ ʦʩʥʦʚʥʦʤʫ, ʩʚʝʨʜʣʦʚʠʥʠ ʙʫʨʷʪʴʩʷ ʜʣʷ ʧʦʰʫʢʫ ʥʝʛʣʠʙʦʢʦ 

ʟʘʣʷʛʘʶʯʠʭ ʧʦʢʣʘʜʽʚ ʛʘʟʫ. 

 

                 
ʈʠʩʫʥʦʢ 1. ʈʝʛʽʦʥʘʣʴʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʪʝʢʪʦʥʦʩʪʨʘʪʠʛʨʘʬʽʯʥʘ ʩʪʨʫʢʪʫʨʘ  

ʪʘ ʥʘʬʪʦʚʘ ʩʠʩʪʝʤʘ ʦʩʘʜʦʚʦʛʦ ʙʘʩʝʡʥʫ ʟʘʧʘʜʠʥʠ ʇʦ [1] 

(ʘ) ʂʘʨʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ, ʦʩʥʦʚʥʠʭ ʥʘʬʪʦʚʠʭ ʨʦʜʦʚʠʱ ʤʝʟʦʟʦʡʩʴʢʦʛʦ ʨʽʚʥʷ ʪʘ 

ʚʝʣʠʢʠʭ ʤʽʩʪ (Mi, ʄʽʣʘʥ; To, ʊʫʨʠʥ; Ge, ɻʝʥʫʷ; Ve, ɺʝʥʝʮʽʷ); a - ʄʽʣʘʥʩʴʢʘ ʪʝʢʪʦʥʽʯʥʘ ʜʫʛʘ;  

b - ʄʦʥʬʝʨʨʘʪʩʴʢʘ ʪʝʢʪʦʥʽʯʥʘ ʜʫʛʘ; c - ɽʤʽʣʽʡʩʴʢʘ ʪʝʢʪʦʥʽʯʥʘ ʜʫʛʘ; d - ʌʝʨʨʘʨʽʡʩʴʢʘ ʪʝʢʪʦʥʽʯʥʘ ʜʫʛʘ;  

ʊʝʢʪʦʥʽʯʥʽ ʟʦʥʠ:1 - ɯʥʩʫʙʨʽʡʩʴʢʘ; 2 - ɼʞʫʜʽʢʘʨʽʡʩʴʢʘ; 3 - ʐʽʦ-ɺʽʯʝʥʮʘ; 4 - ʉʝʩʪʨʽ-ɺʦʣʴʪʘʜʞʦ.  

(b) ʉʪʨʫʢʪʫʨʥʠʡ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ (ʯʝʨʚʦʥʘ ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ʥʘ (ʘ)) ʯʝʨʝʟ ʜʦʩʣʽʜʞʫʚʘʥʫ ʪʝʨʠʪʦʨʽʶ, ʱʦ 

ʧʦʢʘʟʫʻ ʩʫʯʘʩʥʫ ʛʝʦʪʝʢʪʦʥʽʢʫ ʦʩʥʦʚʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʨʦʟʧʦʜʽʣ ʚʫʛʣʝʚʦʜʥʽʚ. (ʩ) ʆʩʥʦʚʥʽ 

ʩʪʨʘʪʠʛʨʘʬʽʯʥʽ ʦʜʠʥʠʮʽ; ʩʪʨʘʪʠʛʨʘʬʽʷ ʪʘ ʨʦʟʧʦʜʽʣ ʚʫʛʣʝʚʦʜʥʽʚ: ʞʦʚʪʝ ʢʦʣʦ ð ʧʝʨʝʚʘʞʥʦ ʙʽʦʛʝʥʥʠʡ ʛʘʟ; 

ʯʝʨʚʦʥʝ ʢʦʣʦ ð ʪʝʨʤʦʛʝʥʥʘ ʥʘʬʪʘ ʚ ʪʨʝʪʠʥʥʠʭ ʚʽʜʢʣʘʜʘʭ; ʟʝʣʝʥʝ ʢʦʣʦ ð ʪʝʨʤʦʛʝʥʥʘ ʥʘʬʪʘ ʪʘ ʢʦʥʜʝʥʩʘʪ 

ʫ ʪʨʽʘʩʦʚʠʭ ʢʘʨʙʦʥʘʪʘʭ. 
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ɻʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ ʦʩʘʜʦʚʦʛʦ ʙʘʩʝʡʥʫ ʟʘʧʘʜʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʢʣʘʜʥʦʶ ʩʠʩʪʝʤʦʶ 

ʧʨʦʛʠʥʽʚ, ʷʢʘ ʨʦʟʚʠʚʘʣʘʩʷ ʦʜʥʦʯʘʩʥʦ ʽʟ ʧʨʘʜʘʚʥʽʤʠ ʧʝʨʝʜʛʽʨʩʴʢʠʤʠ ʪʘ ʛʽʨʩʴʢʠʤʠ ʧʦʷʩʘʤʠ 

ʇʽʚʥʽʯʥʠʭ ɸʧʝʥʥʽʥ ʪʘ ʇʽʚʜʝʥʥʠʭ ɸʣʴʧ. ʇʨʦʪʷʛʦʤ ʤʝʟʦʟʦʡʩʴʢʦʾ ʪʘ ʢʘʡʥʦʟʦʡʩʴʢʦʾ ʝʧʦʭ 

ʜʦʣʠʥʘ ʨʽʯʢʠ ʇʦ ʟʘʟʥʘʚʘʣʘ ʚʧʣʠʚʫ ʨʦʟʪʷʛʫʚʘʣʴʥʠʭ ʪʘ ʩʪʠʩʢʘʣʴʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʨʫʭʽʚ (ʨʠʩ. 

1b). ʎʽ ʪʝʢʪʦʥʽʯʥʽ ʨʫʭʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʪʨʠʚʘʣʠʤʠ ʛʝʦʜʠʥʘʤʽʯʥʠʤʠ ʝʬʝʢʪʘʤʠ, ʩʧʨʠʯʠʥʝʥʠʤʠ 

ʨʦʟʨʠʚʦʤ ʽ ʜʨʝʡʬʦʤ ʦʢʝʘʥʫ ʊʝʪ̔ʩ, ʘ ʪʘʢʦʞ ʧʦʜʘʣʴʰʦʶ ʦʢʝʘʥʽʯʥʦʶ ʩʫʙʜʫʢʮʽʻʶ ʽ ʟʽʪʢʥʝʥʥʷʤ 

ɸʜʨʽʘʪʠʯʥʦʾ ʪʘ ɭʚʨʘʟʽʡʩʴʢʦʾ ʧʣʠʪ. ʉʫʯʘʩʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʽʯʥʘ ʙʫʜʦʚʘ ʟʘʧʘʜʠʥʠ ʻ  

ʨʝʟʫʣʴʪʘʪʦʤ ʤʝʟʦʟʦʡʩʴʢʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʢʘʡʥʦʟʦʡʩʴʢʦʛʦ ʩʪʠʩʥʝʥʥʷ. ɺʽʜ ʧʘʣʝʦʛʝʥʫ ʜʦ 

ʩɹ ʦʛʦʜʝʥʥʷ ʨʦʟʚʠʪʦʢ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʧʦʷʩʽʚ ʇʽʚʥʽʯʥʠʭ ɸʧʝʥʥʽʥ ʽ ʇʽʚʜʝʥʥʠʭ ɸʣʴʧ 

ʢʦʥʪʨʦʣʶʚʘʣʦʩʴ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʤ ʟʛʠʥʘʥʥʷʤ ʣʽʪʦʩʬʝʨʠ ɺʝʣʠʢʦʾ ʟʘʧʘʜʠʥʠ ʇʦ. ɿ ʮʠʤ 

ʧʦʚ'ʷʟʘʥʝ ʽ ʥʘʭʠʣʝʥʥʷ ʪʘ ʚʠʧʠʥʘʥʥʷ ʧʝʨʝʜʛʽʨ'ʷ, ʰʚʠʜʢʝ ʦʩʘʜʞʝʥʥʷ ʧʦʪʫʞʥʠʭ ʚʽʜʢʣʘʜʽʚ ʫ  

ʧʝʨʝʜʛʽʨ' ʾʪʘ ʾʭ ʧʦʩʣʽʜʦʚʥʝ ʟʘʣʫʯʝʥʥʷ ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʝʢʪʦʥʽʯʥʠʭ ʙʣʦʢʽʚ. 

ɺ ʦʩʥʦʚʥʦʤʫ, ʚ ʤʽʦʮʝʥ-ʧʣʝʡʩʪʦʮʝʥʽ ʜʦʤʽʥʫʶʪʴ ʧʦʧʝʨʝʯʥʽ ʟʩʫʚʠ ʥʝʛʣʠʙʦʢʦʟʘʥʫʨʝʥʠʭ 

ʪʨʝʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ, ʪʦʜʽ ʷʢ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʦʩʥʦʚʠ ʙʘʩʝʡʥʫ (ʤʝʟʦʟʦʡ ʽ ʬʫʥʜʘʤʝʥʪ) 

ʧʽʜʜʘʻʪʴʩʷ ʜʽʾ ʜʝʢʦʤʧʨʝʩʽʡʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʩʠʣ ʟ ʘʚʪʦʭʪʦʥʥʠʤʠ ʧʽʜʥʷʪʪʷʤʠ ʪʘ ʟʘʥʫʨʝʥʥʷʤʠ, 

ʧʦʚ'ʷʟʘʥʠʤʠ ʟ ʨʦʟʪʷʛʫʚʘʥʥʷʤʠ, ʷʢʽ ʯʘʩʪʢʦʚʦ ʘʢʪʠʚʫʚʘʣʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʪʠʩʢʘʥʥʷ. ɺʟʘʻʤʦʜʽʷ 

ʤʽʞ ʩʪʨʫʢʪʫʨʘʤʠ, ʧʦʚ'ʷʟʘʥʠʤʠ ʟ ʨʦʟʪʷʛʫʚʘʥʥʷʤ (ʧʨʠʙʣʠʟʥʦ ʟ ʧʽʚʥʦʯʽ ʥʘ ʧʽʚʜʝʥʴ), ʪʘ 

ʩʪʨʫʢʪʫʨʘʤʠ, ʧʦʚ'ʷʟʘʥʠʤʠ ʟʽ ʩʪʠʩʢʘʥʥʷʤ (ʟʘʛʘʣʦʤ ʽʟ ʟʘʭʦʜʫ ʥʘ ʩʭʽʜ), ʻ ʦʩʥʦʚʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʦʩʘʜʦʚʦʛʦ ʙʘʩʝʡʥʫ ʇʦ, ʷʢʠʡ, ʟ ʦʛʣʷʜʫ ʥʘ ʨʦʟʧʦʜʽʣ ʟʝʤʣʝʪʨʫʩʽʚ, ʚʚʘʞʘʻʪʴʩʷ 

ʙʽʣʴʰ ʘʢʪʠʚʥʦʶ ʪʝʢʪʦʥʽʯʥʦʶ ʧʨʦʚʽʥʮʽʻʶ ʚ ʤʽʨʫ ʧʝʨʝʤʽʱʝʥʥʷ ʽʟ ʟʘʭʦʜʫ ʥʘ ʩʭʽʜ. 

ʆʩʥʦʚʥʽ ʩʪʨʘʪʠʛʨʘʬʽʯʥʽ ʦʜʠʥʠʮʽ ʚ ʙʘʩʝʡʥʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʘʨʙʦʥʘʪʽʚ ʪʨʘ̔ʩʦʚʦʾ 

ʧʣʘʪʬʦʨʤʠ ʪʘ ʢʘʨʙʦʥʘʪʽʚ ʶʨʩʴʢʦʛʦ-ʢʨʝʡʜʷʥʦʛʦ ʧʝʨʽʦʜʫ ʧʣʘʪʬʦʨʤʠ ʪʘ ʙʘʩʝʡʥʫ, ʧʦʢʨʠʪʠʭ 

ʪʨʝʪʠʥʥʠʤʠ ʫʣʘʤʢʦʚʠʤʠ ʧʦʨʦʜʘʤʠ (ʨʠʩ. 1c). ʎ ̫ ʦʩʘʜʦʚʘ ʪʦʚʱʘ, ʧʝʨʝʢʨʠʚʘʻ ʧʝʨʤʩʴʢʽ 

ʚʽʜʢʣʘʜʠ ʪʘ ʾʭ ʛʝʨʮʠʥʩʴʢʠʡ ʤʝʪʘʤʦʨʬʽʯʥʠʡ ʬʫʥʜʘʤʝʥʪ (ʨʠʩ. 1c), ʷʢʠʡ ʙʫʚ ʨʦʟʢʨʠʪʠʡ 

ʜʝʢʽʣʴʢʦʤʘ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʚ ʙʘʩʝʡʥʽ ʇʦ ̔ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʠʭʦʜʠ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ ʚ 

ʨʘʡʦʥʘʭ ʇʽʚʜʝʥʥʠʭ ɸʣʴʧ ʽ ʇʽʚʥʽʯʥʠʭ ɸʧʝʥʥʽʥ. 

ʇʦʰʫʢʠ ʪʘ ʨʦʟʚʽʜʢʘ ʚʫʛʣʝʚʦʜʥʽʚ ʫ ʦʩʘʜʦʚʦʤʫ ʙʘʩʝʡʥʽ ʟʘʧʘʜʠʥʠ ʇʦ ʨʦʟʧʦʯʘʣʠʩʷ ʚ 

ʧʝʨʰʽʡ ʧʦʣʦʚʠʥʽ ʍʍ ʩʪʦʣʽʪʪʷ. ʇ̔ ʩʣʷ ɼʨʫʛʦʾ ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʩʪʫʧʦʚʦ ʦʭʦʧʠʣʠ 

ʧʽʚʥʽʯʥʠʡ ʩʭʽʜ ʙʘʩʝʡʥʫ, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʚʝʨʜʣʦʚʠʥ ʽ ʣʘʦʨʘʪʦʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʢʝʨʥʽʚ, ʨʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʤʽʢʨʦʧʘʣʝʦʥʪʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʽ, ʦʩʦʙʣʠʚʦ, 

ʦʪʨʠʤʘʥʥʷ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʠʣʠ ʚʠʚʯʠʪʠ ʽ ʟʘʢʘʨʪʫʚʘʪʠ ʙʽʣʴʰ ʛʣʠʙʦʢʽ ʦʙôʻʢʪʠ. ʎʝ 

ʧʨʠʟʚʝʣʦ ʜʦ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ Caviaga 1 (ʛʣʠʙʠʥʘ 1404ʤ) ʪʘ ʚʽʜʢʨʠʪʪʷ ʫ 1944 ʨʦʮʽ 

ʧʝʨʰʦʛʦ ʛʘʟʦʚʦʛʦ ʨʦʜʦʚʠʱʘ ʚ ʙʘʩʝʡʥʽ ʟʘʧʘʜʠʥʠ ʇʦ, ʷʢʝ ʙʫʣʦ ʥʘ ʪʦʡ ʯʘʩ ʥʘʡʙʽʣʴʰʠʤ ʚ 

ɿʘʭʽʜʥʽʡ ɭʚʨʦʧʽ. ʋ ʧʝʨʽʦʜ ʟ 1945 ʧʦ 1982 ʨʦʢʠ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʥʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʮʠʬʨʦʚʠʭ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʠʣʠ ʦʪʨʠʤʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʛʣʠʙʦʢʠʭ ʛʦʨʠʟʦʥʪʽʚ, ʱʦ 

ʪʘʢʦʞ ʩʧʨʠʷʣʦ ʦʪʨʠʤʘʥʥʶ ʥʦʚʠʭ ʜʘʥʠʭ ʱʦʜʦ ʛʣʠʙʠʥʥʦ ʾʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʪʘ ʣʽʪʦʣʦʛʽʾ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʪʘ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʠʤʠ ʬʽʣʴʪʨʘʮʽʡʥʦ-ʻʤʥʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʋ 1980-ʭ ʨʦʢʘʭ 

ʥʦʚʽ ʤʝʪʦʜʠʢʠ ʜʦʟʚʦʣʠʣʠ ʧʨʦʚʝʩʪʠ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʩʝʡʩʤʦʩʪʨʘʪʠʛʨʘʬʽʾ ʪʘ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʝʶ 

ʩʪʨʫʢʪʫʨʥʠʭ ʫʤʦʚ ʽ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʙʘʩʝʡʥʫ. ʉʧʽʚʩʪʘʚʣʝʥʥʷ ʢʦʨʝʣʷʮʽʡ ʩʚʝʨʜʣʦʚʠʥ ʟ 

ʽʥʪʝʨʧʨʝʪʘʮʽʻʶ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ ʩʧʨʠʷʣʘ ʩʪʚʦʨʝʥʥ ʁ ʨʝʛʽʦʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʢʘʨʪʠ 

ʦʩʥʦʚʠ ʧʣʽʦʮʝʥʫ. ɿ 1973 ʧʦ 1984 ʨʽʢ ʨʦʟʚʽʜʢʘ ʧʦʢʣʘʜʽʚ ʚʫʛʣʝʚʦʜʥʽʚ ʫ ʤʝʟʦʟʦʡʩʴʢʠʭ 

ʢʘʨʙʦʥʘʪʘʭ ʧʨʦʜʦʚʞʫʚʘʣʘʩʷ ʟʘʚʜʷʢʠ ʚʠʚʯʝʥʥʶ ʷʢ ʥʘʩʫʚʦʚʠʭ ʩʪʨʫʢʪʫʨ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʧʽʜ 

ʯʘʩ ʘʣʴʧʽʡʩʴʢʦʛʦ ʦʨʦʛʝʥʝʟʫ, ʪʘʢ ʽ ʨʝʟʫʣʴʪʘʪʘʤ ʙʫʨʽʥʥʷ ʛʣʠʙʦʢʠʭ ʩʚʝʨʜʣʦʚʠʥ ʫ ʤʝʟʦʟʦʡʩʴʢʠʭ 

ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʥʷʪʪʷʭ, ʱʦ ʫʪʚʦʨʠʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʨʽʘʩʦʚʦ-ʣʽʘʩʦʚʦʛʦ ʛʦʨʦʫʪʚʦʨʝʥʥʷ. ʎʽ 

ʨʦʙʦʪʠ ʧʨʠʟʚʝʣʠ ʜʦ ʚʽʜʢʨʠʪʪʷ ʯʦʪʠʨʴʦʭ ʚʝʣʠʢʠʭ ʨʦʜʦʚʠʱ ʚʫʛʣʝʚʦʜʥʽʚ, ʘ ʩʘʤʝ ʨʦʜʦʚʠʱ 

ʄʘʣʦʩʩʘ (ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʝ), ʂʘʚʦʥʝ, ɻʘʜʞʘʥʦ ʽ ɺʽʣʣʘʬʦʨʪʫʥʘ (ʥʘʬʪʦʚ)̔. ʆʩʪʘʥʥʻ ʻ ʦʜʥʠʤ ʟ 

ʥʘʡʙʽʣʴʰʠʭ ʥʘʬʪʦʚʠʭ ʨʦʜʦʚʠʱ ʫ ʢʦʥʪʠʥʝʥʪʘʣʴʥʽʡ ɭʚʨʦʧʽ, ʜʝ ʥʘ ʩʴʦʛʦʜʥʽ ʚʠʜʦʙʫʪʦ 226 ʤʣʥ 

ʙʘʨʝʣʽʚ ʣʝʛʢʦʾ ʥʘʬʪʠ ʟ ʨʝʢʦʨʜʥʦʾ ʛʣʠʙʠʥʠ 6000 ʤ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʴʦʛʦʜʥʽ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʡ ʙʘʩʝʡʥ ʟʘʧʘʜʠʥʠ ʇʦ ʻ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ 

ʜʦʩʣʽʜʞʝʥʠʤ ʨʝʛʽʦʥʦʤ ʽ ʛʦʪʦʚʠʤ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʦʩʚʦʻʥʥʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʦʚʽʪʥʽʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʽʥʪʝʛʨʦʚʘʥʠʭ ʽʟ ʨʦʟʰʠʨʝʥʠʤʠ ʟʥʘʥʥʷʤʠ ʧʨʦ 

ʛʝʦʣʦʛʽʶ ʙʘʩʝʡʥʫ. 
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ɻʽʨʥʘ ɸʥʪʦʥʽʥʘ ʁʦʩʠʧʽʚʥʘ, ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ ʅɿɻ-24-1 

ɸʩʠʩʪʝʥʪ ʄʠʩʣʶʢ ɯʨʝʥʘ ɺʘʩʠʣʽʚʥʘ, 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜ, ʚʠʷʚʣʝʥʥʷ ʪʘ ʦʮʽʥʢʠ ʾʭ ʢʦʨʠʩʥʠʭ ʪʘ ʰʢʽʜʣʠʚʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʚʦʜʷʪʴ ʭʽʤʽʯʥʽ ʘʥʘʣʽʟʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʴ 

ʧʦʚʥʦʪʘ ʽ ʭʘʨʘʢʪʝʨ ʘʥʘʣʽʟʫ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤʠ.  

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʠ, ʜʦʩʪʘʪʥʴʦʾ ʜʣʷ ʚʠʩʥʦʚʢʫ ʧʨʦ ʾʾ 

ʽʦʥʥʦ-ʩʦʣʴʦʚʠʡ ʩʢʣʘʜ ʽ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʦʚʦʜʷʪʴ ʟʘʛʘʣʴʥʠʡ ʘʥʘʣʽʟ ʚʦʜʠ. ɿʘʛʘʣʴʥʠʡ 

ʘʥʘʣʽʟ ʚʢʣʶʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʰʝʩʪʠ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʦʜʠ (ʉʘ2+, Mg2+, Na+, HCO3
-, 

SO4
2-,Cl-), ʛʫʩʪʠʥʠ ʽ pH ʚʦʜʠ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʱʝ ʩʪʘʥʜʘʨʪʥʠʤ ʘʙʦ ʰʝʩʪʠʢʦʤʧʦʥʝʥʪʥʠʤ [1]. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ ʚʦʜʫ ʟ ʜʞʝʨʝʣʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩ. ɹʠʪʢʽʚ 

ʅʘʜʚʽʨʥʷʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʥʝʧʦʜʘʣʽʢ ʚʽʜ ʙʘʟʠ çʌʘʢʝʣè, ʥʘ ʷʢʽʡ 

ʤʠ ʧʨʦʞʠʚʘʣʠ ʧʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʛʝʦʣʦʛʦ-ʟʥʽʤʘʣʴʥʦʾ ʪʘ ʥʘʚʯʘʣʴʥʦʾ ʦʟʥʘʡʦʤʯʦʾ 

ʥʘʬʪʦʛʘʟʦʧʨʦʤʠʩʣʦʚʦʾ ʧʨʘʢʪʠʢ. ʄʽʩʮʝʚʝ ʥʘʩʝʣʝʥʥʷ ʪʘʢʦʞ ʥʘʙʠʨʘʻ ʚʦʜʫ ʟ ʮʴʦʛʦ ʜʞʝʨʝʣʘ, 

ʪʦʤʫ ʮʽʢʘʚʦ ʙʫʣʦ ʜʦʩʣʽʜʠʪʠ ʚʦʜʫ ʥʘ ʧʨʠʜʘʪʥʽʩʪʴ ʜʦ ʚʞʠʚʘʥʥʷ, ʧʦʨʽʚʥʷʚʰʠ ʦʪʨʠʤʘʥʽ 

ʧʦʢʘʟʥʠʢʠ ʟ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ˇʨʫʥʪʦʚʦʾ ʧʽʜʟʝʤʥʦʾ ʚʦʜʠ ʟ ʜʞʝʨʝʣʘ ʚ 

ʩ. ɹʠʪʢʽʚ (ʅʘʜʚʽʨʥʷʥʩʴʢʠʡ ʨʘʡʦʥ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ ʦʙʣʘʩʪʴ). 

ʇʝʨʝʜʽ ʤʥʦʶ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʝ ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʬʽʟʠʯʥʽ ʽ ʭʽʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʜʟʝʤʥʦʾ ʚʦʜʠ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʚʤʽʩʪ ʭʣʦʨʠʜ ʽʦʥʽʚ, ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʪʘ ʤʘʛʥʽʶ, 

ʟʘʛʘʣʴʥʫ ʣʫʞʥʽʩʪʴ, ʪʦʙʪʦ ʚʤʽʩʪ ʢʘʨʙʦʥʘʪʽʚ ʪʘ ʛʽʜʨʦʛʝʥʢʘʨʙʦʥʘʪʽʚ, ʘ ʪʘʢʦʞ ʚʤʽʩʪ ʩʫʣʴʬʘʪ-

ʽʦʥʽʚ ʫ ʚʦʜʽ.  

ɼʦʩʣʽʜʞʫʶʯʠ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʽʜʟʝʤʥʦʾ ʚʦʜʠ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ 

ʜʘʥʘ ʚʦʜʘ ʻ ʧʨʦʟʦʨʦʶ, ʙʝʟ ʢʦʣʴʦʨʫ, ʙʝʟ ʟʘʧʘʭʫ, ʙʝʟ ʩʤʘʢʫ. ɻʫʩʪʠʥʘ ʚʦʜʠ ʚʠʟʥʘʯʝʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʨʝʦʤʝʪʨʘ ʽ ʩʪʘʥʦʚʠʪʴ 996 ʢʛ/ʤ3.   

ʑʦʜʦ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʪʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ ʨʅ-ʤʝʪʨ ADWA AD 1030 ʙʫʣʠ 

ʚʠʟʥʘʯʝʥʽ ʧʦʢʘʟʥʠʢʠ pʅ, Eh.  

ʈʝʘʢʮʽʷ ʩʝʨʝʜʦʚʠʱʘ, ʪʦʙʪʦ ʣʫʞʥʦ-ʢʠʩʣʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʦʜʠ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʚʦʜʥʝʚʠʭ ʽʦʥʽʚ. ʨʅ ʚʦʜʠ ʩʪʘʥʦʚʠʪʴ 6.7, ʦʪʞʝ ʩʝʨʝʜʦʚʠʱʝ ʢʠʩʣʝ. 

ʆʢʠʩʣʶʚʘʣʴʥʦ-ʚʽʜʥʦʚʥʠʡ ʧʦʪʝʥʮʽʘʣ ï ɽh ï ʻ ʤʽʨʦʶ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʩʠʩʪʝʤʠ. ʆʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ ɽh ʩʪʘʥʦʚʠʪʴ +220 mV, ʦʪʞʝ ʛʝʦʭʽʤʽʯʥʘ ʦʙʩʪʘʥʦʚʢʘ ʦʢʠʩʥʘ. 

ʉʫʤʘʨʥʠʡ ʚʤʽʩʪ ʨʦʟʯʠʥʝʥʠʭ ʫ ʚʦʜʽ ʽʦʥʽʚ ʩʦʣʝʡ ʽ ʢʦʣʦʾʜʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ 

ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʦʜʠ. ɺʦʥʘ ʧʝʨʝʚʘʞʥʦ ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʛʨʘʤʘʭ ʥʘ 1 ʣʽʪʨ (ʜʤ3) ʨʦʟʯʠʥʫ. 

ʄʽʥʝʨʘʣʽʟʘʮʽʷ ʘʙʦ ʩʫʭʠʡ ʟʘʣʠʰʦʢ ʙʫʚ ʚʠʟʥʘʯʝʥʠʡ  ʧʽʩʣʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʦʙôʻʤʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʚʦʜʠ. ɺʝʣʠʯʠʥʘ ʩʫʭʦʛʦ ʟʘʣʠʰʢʫ ʩʪʘʥʦʚʠʪʴ 0,4 ʛ/ʜʤ3, ʦʪʞʝ, ʟʛʽʜʥʦ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ɺʝʨʥʘʜʩʴʢʦʛʦ, ʮʝ ʚʦʜʠ ʧʨʽʩʥʽ. 

ɺʠʟʥʘʯʝʥʥʷ ʭʣʦʨʠʜ ʽʦʥʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʤʝʪʦʜʦʤ ʪʠʪʨʫʚʘʥʥʷ 0,1 ʥ ʨʦʟʯʠʥʦʤ ʘʨˇʝʥʪʫʤ 

ʥʽʪʨʘʪʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʽʥʜʠʢʘʪʦʨʘ ʢʘʣʽʡ ʭʨʦʤʘʪʫ. ɺʤʽʩʪ ʭʣʦʨʠʜ ʽʦʥʽʚ ʩʪʘʥʦʚʠʪʴ 2 ʤʛ-ʝʢʚ/ʣ, 

ʱʦ ʩʢʣʘʜʘʻ 71 ʤʛ/ʣ. ʆʩʢʽʣʴʢʠ ʜʘʥʠʡ ʧʦʢʘʟʥʠʢ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʛʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ (ʜʦ 350 ʤʛ/ʣ), ʪʦ ʟʘ ʚʤʽʩʪʦʤ ʭʣʦʨʠʜ ʽʦʥʽʚ ʚʦʜʘ ʧʨʠʜʘʪʥʘ ʜʦ ʚʞʠʚʘʥʥʷ. 

ʉʫʤʘʨʥʠʡ ʚʤʽʩʪ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʽ ʤʘʛʥʽʶ (ʟʘʛʘʣʴʥʘ ʪʚʝʨʜʽʩʪʴ ʚʦʜʠ) ʧʨʦʚʦʜʠʣʦʩʷ 

ʤʝʪʦʜʦʤ ʪʠʪʨʫʚʘʥʥʷ 0,1 ʥ ʨʦʟʯʠʥʦʤ ʪʨʠʣʦʥʫ ɹ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʽʥʜʠʢʘʪʦʨʘ ʭʨʦʤʦʛʝʥʫ 

ʯʦʨʥʦʛʦ. ʇʨʦʚʽʚʰʠ ʚʽʜʧʦʚʽʜʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʦʪʨʠʤʘʣʠ, ʱʦ ʩʫʤʘʨʥʠʡ ʚʤʽʩʪ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʽ 

ʤʘʛʥʽʶ ʩʪʘʥʦʚʠʪʴ 4 ʤʛ-ʝʢʚ/ʣ. ʆʩʢʽʣʴʢʠ ʜʘʥʠʡ ʧʦʢʘʟʥʠʢ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʛʨʘʥʠʯʥʦ-
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ʜʦʧʫʩʪʠʤʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ( 3-7 ʤʛ-ʝʢʚ/ʣ; ʽʥʢʦʣʠ ʜʦʟʚʦʣʷʻʪʴʩʷ ʜʦ 10 ʤʛ-ʝʢʚ/ʣ), ʪʦ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʦʜʘ ʧʨʠʜʘʪʥʘ ʜʦ ʚʞʠʚʘʥʥʷ. ɺʤʽʩʪ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʪʘʢʦʞ ʧʨʦʚʦʜʠʣʦʩʷ 

ʤʝʪʦʜʦʤ ʪʠʪʨʫʚʘʥʥʷ 0,1 ʥ ʨʦʟʯʠʥʦʤ ʪʨʠʣʦʥʫ ɹ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʽʥʜʠʢʘʪʦʨʘ ʤʫʨʝʢʩʠʜʫ. ɼʘʥʠʡ 

ʧʦʢʘʟʥʠʢ ʩʪʘʥʦʚʠʪʴ 2,5 ʤʛ-ʝʢʣ/ʣ, ʱʦ ʩʢʣʘʜʘʻ 50 ʤʛ/ʣ. ɺʤʽʩʪ ʤʘʛʥʽʡ ʽʦʥʫ ʨʦʟʨʘʭʦʚʫʻʤʦ 

ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ, ʷʢ ʨʽʟʥʠʮʶ ʤʽʞ ʩʫʤʘʨʥʠʤ  ʚʤʽʩʪʦʤ  ʢʘʣʴʮʽʶ  ʽ ʤʘʛʥʽʶ  ʽ ʚʤʽʩʪʦʤ 

ʢʘʣʴʮʽʶ.  ɼʘʥʠʡ ʧʦʢʘʟʥʠʢ ʩʢʣʘʜʘʻ 1,5 ʤʛ-ʝʢʚ/ʣ, ʱʦ ʩʢʣʘʜʘʻ 18,3 ʤʛ/ʣ. 

ɺʠʟʥʘʯʝʥʥʷ  ʟʘʛʘʣʴʥʦʾ ʣʫʞʥʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʧʨʦʚʦʜʠʣʦʩʷ ʤʝʪʦʜʦʤ ʪʠʪʨʫʚʘʥʥʷ 

ʧʨʦʙʠ ʚʦʜʠ ʩʦʣʷʥʦʶ ʢʠʩʣʦʪʦʶ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʘʥʘʣʽʟʽʚ ʚʤʽʩʪ ʢʘʨʙʦʥʘʪʽʚ ʫ ʚʦʜʽ 

ʩʪʘʥʦʚʠʚ 1 ʤʛ-ʝʢʚ/ʣ, ʱʦ ʩʢʣʘʜʘʻ 60 ʤʛ/ʣ. ɺʤʽʩʪ ʛʽʜʨʦʛʝʥʢʘʨʙʦʥʘʪʽʚ ʩʪʘʥʦʚʠʚ 3,5 ʤʛ-ʝʢʚ/ʣ, ʱʦ 

ʩʢʣʘʜʘʻ 213,5 ʤʛ/ʣ. ʆʪʞʝ  ʨʘʟʦʤ 4,5 ʤʛ-ʝʢʚ/ʣ, ʪʦʙʪʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʛʨʘʥʠʯʥʦ 

ʜʦʧʫʩʪʠʤʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʜʣʷ ʧʠʪʥʦʾ ʚʦʜʠ ʟʘʛʘʣʴʥʘ ʣʫʞʥʽʩʪʴ ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠ 0,5-6,5 ʤʛ-

ʝʢʚ/ʣ).   

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʫʣʴʬʘʪʽʚ ʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʧʨʦʚʦʜʷʪʴ ʬʦʪʦʤʝʪʨʠʯʥʝ ʪʠʪʨʫʚʘʥʥʷ 

ʨʦʟʯʠʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʠʪʨʠʤʝʪʨʘ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʤʽʩʪ 

ʩʫʣʴʬʘʪʽʚ ʫ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʚʦʜʽ ʩʪʘʥʦʚʠʪʴ 0,5 ʤʛ-ʝʢʚ/ʣ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʩʢʣʘʜʘʻ 213,5 ʤʛ/ʣ 

(ʛʨʘʥʠʮʷ ʜʦʧʫʩʪʠʤʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʣʴʬʘʪʽʚ ʩʢʣʘʜʘʻ 500 ʤʛ/ʣ).  

ʈʝʟʫʣʴʪʘʪʠ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʠʨʦʜʥʠʭ ʚʦʜ, ʟʦʙʨʘʞʝʥʽ ʫ ʚʘʛʦʚʽʡ ʽʦʥʥʽʡ, ʝʢʚʽʚʘʣʝʥʪʥʽʡ 

ʽ ʧʨʦʮʝʥʪ-ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʬʦʨʤʘʭ ʟʚʦʜʠʤʦ ʫ ʟʘʛʘʣʴʥʫ ʪʘʙʣʠʮʶ 1. 

 

ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʽʜʟʝʤʥʦʾ ʚʦʜʠ ʟ ʜʞʝʨʝʣʘ ʩ. ɹʠʪʢʽʚ 

 
ɯʦʥʠ ʂʦʝʬʽʮʽʻʥʪ 

ʧʝʨʝʨʘʭʫʥʢʫ 

ɺʤʽʩʪ, 

ʤʛ/ʣ 

ɽʢʚʽʚʘʣʝʥʪʥʠʡ 

ʚʤʽʩʪ 

ʤʛ-ʝʢʚ % 

ʂ
ʘ
ʪ
ʽ
ʦ
ʥ
ʠ

 

Na++K+ 

ʟʘ 

ʨʽʟʥʠʮʝʶ 

0,04348 69 3 21,4 

Ca2+ 0,04990 50,0 2,5 17,9 

Mg2+ 0,08224 18,3 1,5 10,7 

ʈʘʟʦʤ: -  7 50 

ɸ
ʥ
ʽ
ʦ
ʥ
ʠ

 

Cl- 0,02820 71 2 14,3 

SO4
2-

 0,02082 24 0,5 3,5 

CO3
2- 0,01666 60 1 7,2 

HCO3
- 0,01639 213,5 3,5 25 

ʈʘʟʦʤ: - - 7 50 

 

ɺʤʽʩʪ ʥʘʪʨʽʶ ʨʦʟʨʘʭʦʚʫʻʤʦ ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʶ ʨʽʚʥʽʩʪʴ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚʤʽʩʪ ʥʘʪʨʽʶ, ʦʜʥʦʛʦ ʟ ʰʝʩʪʠ 

ʦʩʥʦʚʥʠʭ ʽʦʥʽʚ ʧʨʠ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʧôʷʪʠ ʽʥʰʠʭ. 
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// rMgrCarSOrCOrHCOrClrNa +-+++=  

ʗʢʱʦ ʘʥʽʦʥʠ ʽ ʢʘʪʽʦʥʠ ʜʘʥʽ ʫ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʬʦʨʤʽ, ʪʦ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ ʨʦʟʯʠʥʽʚ ʩʫʤʘ ʢʘʪʽʦʥʽʚ ʟʘʚʞʜʠ ʤʘʻ ʙʫʪʠ ʨʽʚʥʘ ʩʫʤʽ ʘʥʽʦʥʽʚ. 

ä ä= rʢra  

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʨʠʨʦʜʥʠʭ ʚʦʜ ʧʨʠʡʥʷʪʦ ʚʠʨʘʞʘʪʠ ʫ ʚʘʛʦʚʽʡ ʽʦʥʥʽʡ, ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʽ 

ʧʨʦʮʝʥʪ-ʝʢʚʽʚʘʣʝʥʪʥʽʡ  ʬʦʨʤʘʭ.  

ʇʨʦʮʝʥʪ-ʝʢʚʽʚʘʣʝʥʪʥʘ ʬʦʨʤʘ  ̒ ʤʦʜʠʬʽʢʘʮʽʻʶ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʬʦʨʤʠ. ɺʦʥʘ ʧʦʢʘʟʫʻ 

ʚʽʜʥʦʩʥʠʡ ʚʤʽʩʪ ʢʦʞʥʦʛʦ ʽʦʥʫ ʚ ʟʘʛʘʣʴʥʽʡ ʩʫʤʽ ʨʦʟʯʠʥʝʥʠʭ ʽʦʥʽʚ. ʉʫʤʘ ʢʘʪʽʦʥʽʚ, ʱʦ 

ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʘʥʽʦʥʽʚ, ʩʢʣʘʜʘʻ 50%.  

ɼʣʷ ʥʘʦʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜ ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʦʨʤʫʣʫ ʂʫʨʣʦʚʘ [1]. ʋ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʦʥʘ ʤʘʪʠʤʝ ʚʠʛʣʷʜ 



  
                                                                                                                                                         

 

 

ʈʝʛʽʦʥʘʣʴʥʘ ʢʦʥʬʝʨʝʥʮʽʷ òʄʦʣʦʜʽʞʥʠʡ ʝʢʦʛʝʦʬʦʨʫʤ - 2025ñ 
19-20 

͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 

11;220;7.6
)11()18()21(

)4(4)7(3)14()25(3

4.0 ++ ʊEhpH
MgCaNa

SOʉʆClHCO
M  

ʊʠʧ ʚʦʜʠ: ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʘ ʥʘʪʨʽʻʚʘ. 

ʆʪʞʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʦʩʣʽʜʞʫʚʘʥʘ ʚʦʜʘ, 

ʷʢʘ ʚʽʜʽʙʨʘʥʘ ʟ ʜʞʝʨʝʣʘ ʩ. ɹʠʪʢʽʚ ʻ ʧʨʦʟʦʨʦʶ, ʙʝʟ ʢʦʣʴʦʨʫ, ʙʝʟ ʟʘʧʘʭʫ, ʙʝʟ ʩʤʘʢʫ. ɻʫʩʪʠʥʘ 

ʚʦʜʠ ʩʪʘʥʦʚʠʪʴ 996 ʢʛ/ʤ3, ʪʝʤʧʝʨʘʪʫʨʘ 11□ ʉ. ʑʦʜʦ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ï ʟʥʘʯʝʥʥʷ ʨʅ=6,7 

ï ʩʝʨʝʜʦʚʠʱʝ ʢʠʩʣʝ, ʟʥʘʯʝʥʥʷ ɽh=+220 mV ï ʛʝʦʭʽʤʽʯʥʘ ʦʙʩʪʘʥʦʚʢʘ ʦʢʠʩʥʘ. ʄʽʥʝʨʘʣʽʟʘʮʽʷ  

ʩʪʘʥʦʚʠʪʴ 0,4 ʛ/ʜʤ3 ï ʚʦʜʘ ʧʨʽʩʥʘ. 

ɺʤʽʩʪ ʭʣʦʨʠʜ ʽʦʥʽʚ ʩʪʘʥʦʚʠʪʴ 71 ʤʛ/ʣ. ɿʘʛʘʣʴʥʘ ʪʚʝʨʜʽʩʪʴ (ʉʘ2++Mg2+) ï 4 ʤʛ-ʝʢʚ/ʣ. 

ɿʘʛʘʣʴʥʘ ʣʫʞʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 4,5 ʤʛ-ʝʢʚ/ʣ.  ɺʤʽʩʪ ʩʫʣʴʬʘʪʽʚ ʫ ʚʦʜʽ ʩʪʘʥʦʚʠʪʴ 213,5 ʤʛ/ʣ. 

ʇʦʨʽʚʥʷʚʰʠ ʜʘʥʽ ʧʦʢʘʟʥʠʢʠ  ʟ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʤʠ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʚʦʜʘ ʻ ʧʨʠʜʘʪʥʘ 

ʜʦ ʚʞʠʚʘʥʥʷ. ʊʠʧ ʚʦʜʠ  ï ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʘ ʥʘʪʨʽʻʚʘ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1 ɼʫʙʝʡ ʅ.ɺ. ɻʽʜʨʦʛʝʦʣʦʛʽʷ ʪʘ ʽʥʞʝʥʝʨʥʘ ʛʝʦʣʦʛʽʷ: ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ. ï ɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢ: ɯʌʅʊʋʅɻ,  2010. ï 262 ʩ. 

 

ɻɽʆʃʆɻɯʏʅɸ ɹʋɼʆɺɸ ʅɸʌʊʆɺʆɻʆ ʈʆɼʆɺʀʑɸ ʌʆʈʊɯɽʉ 

 

ɻʥʘʪʠʢ ɸʥʜʨʽʘʥʘ-ʂʘʪʝʨʠʥʘ ʈʦʤʘʥʽʚʥʘ, ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ ʅɿɻ-23-1 

ɼʦʮʝʥʪ ʢʘʬʝʜʨʠ ɻʈʅ, ʆʤʝʣʴʯʝʥʢʦ ɺʘʣʝʨʽʡ ɻʨʠʛʦʨʦʚʠʯ, 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ,  

 

ʅʘʬʪʦʚʝ ʨʦʜʦʚʠʱʝ ʌʦʨʪʽʝʩ, ʚʽʜʢʨʠʪʝ ʢʦʤʧʘʥʽʻʶ British Petroleum ʫ 1970 ʨʦʮʽ, ʽ ̒ 

ʥʘʡʙʽʣʴʰʠʤ ʥʘʬʪʦʚʠʤ ʨʦʜʦʚʠʱʝʤ ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤʫ ʰʝʣʴʬʽ ɺʝʣʠʢʦʾ ɹʨʠʪʘʥʽʾ (ʨʠʩ.1). 

ɺʦʥʦ ʨʦʟʪʘʰʦʚʘʥʝ ʫ ʟʘʥʫʨʝʥʽʡ ʟʦʥʽ ʟ ʨʝʟʝʨʚʫʘʨʦʤ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʘʣʝʦʮʝʥʦʚʠʤ 

ʪʫʨʙʽʜʠʪʦʚʠʤ ʧʽʩʢʦʚʠʢʦʤ. ɺʠʜʦʙʫʚʥʽ ʟʘʧʘʩʠ ʨʦʜʦʚʠʱʘ ʩʢʣʘʜʘʣʠ ʚʽʜ 560 ʜʦ 670 ʤʽʣʴʡʦʥʽʚ 

ʪʦʥ ʥʘʬʪʠ, ʟ ʷʢʠʭ 370 ʤʣʥ. ʪʦʥ ʚʠʜʦʙʫʪʦ ʜʦ ʯʝʨʚʥʷ 2024 ʨʦʢʫ.  

ʈʦʜʦʚʠʱʝ ʌʦʨʪʽʝʩ, ʨʦʟʪʘʰʦʚʘʥʝ ʙʣʠʞʯʝ ʜʦ ʧʽʚʥʽʯʥʦʛʦ ʢʨʘʶ ʎʝʥʪʨʘʣʴʥʦʛʦ ʛʨʘʙʝʥʘ 

ʇʽʚʥʽʯʥʦʛʦ ʤʦʨʷ. ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʘ ʧʘʩʪʢʠ ʷʚʣʷʻ ʩʦʙʦʶ ʥʠʟʴʢʦʨʝʣʴʻʬʥʝ ʘʥʪʠʢʣʽʥʘʣʴʥʝ 

ʟʘʤʠʢʘʥʥʷ, ʱʦ ʫʪʚʦʨʠʣʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʠʜʠʤʝʥʪʘʮʽʡʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ʥʘʜ ʥʠʞʯʝ 

ʟʘʣʷʛʘʶʯʠʤ ʪʨʽʘʩʦʚʦ-ʶʨʩʴʢʠʤ ʚʥʫʪʨʽʰʥʴʦʙʘʩʝʡʥʦʚʠʤ ʧʽʜʥʷʪʪʷʤ.  

ʈʦʜʦʚʠʱʝ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘʜ ʧʽʜʥʷʪʪʷʤ ʌʦʨʪʽʝʩ-ʄʦʥʪʨʦʟ, ʷʢʝ ʫʪʚʦʨʝʥʝ ʧʦʪʫʞʥʠʤʠ 

ʚʫʣʢʘʥʽʯʥʠʤʠ ʧʦʨʦʜʘʤʠ ʩʝʨʝʜʥʴʦʾ ʶʨʠ, ʧʝʨʝʢʨʠʪʠʤʠ ʪʦʥʢʠʤ ʰʘʨʦʤ ʚʽʜʢʣʘʜʽʚ ʚʝʨʭʥʴʦʾ 

ʢʨʝʡʜʠ. ʇʽʜ ʢʨʝʡʜʦʶ ʚ ʨʘʡʦʥʽ ʧʽʜʥʷʪʪʷ ʌʦʨʪʽʝʩ-ʄʦʥʪʨʦʟ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʞʦʜʥʦʛʦ 

ʧʦʢʣʘʜʫ ʚʫʛʣʝʚʦʜʥʽʚ. ʆʜʥʘʢ ʨʦʟʣʦʤʠ ʥʘ ʩʭʠʣʘʭ ʧʽʜʥʷʪʪʷ ʦʙʤʝʞʫʶʪʴ ʨʦʟʚʠʪʦʢ ʧʽʩʢʦʚʠʢʘ 

ʚʝʨʭʥʴʦʶʨʩʴʢʦʾ ʬʦʨʤʘʮʽʾ ʌʫʣʤʘʨ ʪʘ ʬʦʨʤʘʮʽʾ ʂʽʤʤʝʨʠʜʞʩʴʢʠʭ ʛʣʠʥ. ʊʘʤ ʟʥʘʭʦʜʠʪʴʩʷ ʥʝ 

ʚʝʣʠʯʢʝ ʨʦʜʦʚʠʱʝ ɹʘʭʫʩ, ʷʢʝ ʤʘʻ ʨʝʟʝʨʚʫʘʨ ʫ ʬʦʨʤʘʮʽʾ ʌʫʣʤʘʨ ʽ ʨʦʟʪʘʰʦʚʘʥʝ ʥʘ ʩʭʽʜ ʚʽʜ 

ʧʽʜʥʷʪʪʷ ʌʦʨʪʽʝʩ-ʄʦʥʪʨʦʟ. 

ʈʝʟʝʨʚʫʘʨ ʌʦʨʪʽʝʩ ʫʪʚʦʨʠʚʩʷ ʫ ʚʽʜʥʦʩʥʦ ʛʣʠʙʦʢʦʤʫ ʤʽʩʮʽ ʥʘ ʧʽʜʚʦʜʥʦʤʫ ʢʦʥʫʩʽ 
ʚʠʥʝʩʝʥʥʷ ʨʝʛʽʦʥʘʣʴʥʦʾ ʬʦʨʤʘʮʽʾ ʌʦʨʪʽʝʩ. ɿ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʚʠʚʯʝʥʥʷ ʮʴʦʛʦ ʨʦʜʦʚʠʱʘ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ ʩʢʣʘʜʥʫ ʚʥʫʪʨʽʰʥʶ ʙʫʜʦʚʫ ʧʣʘʩʪʘ-ʢʦʣʝʢʪʦʨʘ ʟ ʣʽʥʽʡʥʦ ʚʠʪʷʛʥʫʪʠʤʠ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʤʠ ʧʽʱʘʥʠʤʠ ʪʽʣʘʤʠ, ʱʦ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʽ 

ʚʝʨʪʠʢʘʣʴʥʦ ʚ ʦʙʤʝʞʝʥʠʭ ʥʝʧʨʦʥʠʢʥʠʤʠ ʧʦʨʦʜʘʤʠ ʫ ʥʠʞʥʽʭ ʧʨʦʜʫʢʪʠʚʥʠʭ ʪʫʨʙʽʜʠʪʦʚʠʭ 

ʚʽʜʢʣʘʜʘʭ. ʎʷ ʚʥʫʪʨʽʰʥʷ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʨʝʟʝʨʚʫʘʨʫ ʙʫʣʘ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʜʦʟʚʦʣʠʚ 

ʧʨʦʜʫʢʪʠʚʥʠʤ ʧʣʘʩʪʘʤ ʟʘʣʠʰʘʪʠʩʷ ʣʽʪʦʣʦʛʽʯʥʦ ʦʙʤʝʞʝʥʠʤʠ ʽ ʩʧʨʠʷʪʣʠʚʠʤʠ ʜʣʷ 

ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʢʣʘʜʽʚ ʥʘʬʪʠ. 

 



  
                                                                                                                                                         

 

 

ʈʝʛʽʦʥʘʣʴʥʘ ʢʦʥʬʝʨʝʥʮʽʷ òʄʦʣʦʜʽʞʥʠʡ ʝʢʦʛʝʦʬʦʨʫʤ - 2025ñ 
19-20 

͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 

 
ʈʠʩʫʥʦʢ 1. ʈʝʛʽʦʥʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ ʟʦʥʠ ʥʘʬʪʦʥʘʛʨʦʤʘʜʞʝʥʥʷ ʌʦʨʪʽʝʩ: 

a ï ʧʦʣʦʞʝʥʥʷ ʨʦʜʦʚʠʱʘ ʌʦʨʪʽʝʩ ʫ ʨʝʛʽʦʥʘʣʴʥʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʧʘʣʝʦʮʝʥʦʚʠʭ ʚʽʜʢʣʘʜʘʭ;  

b - ʩʪʨʘʪʠʛʨʘʬʽʯʥʘ ʢʦʣʦʥʘ ʎʝʥʪʨʘʣʴʥʦʛʦ ʛʨʘʙʝʥʘ. ʇʦʟʥʘʯʝʥʦ ʨʝʟʝʨʚʫʘʨʠ ʨʦʜʦʚʱʘ ʌʦʨʪʽʝʩ 

ʪʘ ʩʫʩʽʜʥʽʭ ʨʦʜʦʚʠʱ; c - ʩʝʡʩʤʽʯʥʠʡ ʨʦʟʨʽʟ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʛʦ ʥʘʧʨʷʤʢʫ, ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʩʭʦʜʽ 

ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʫ ʌʦʨʪʽʝʩ, ʱʦ ʟʦʙʨʘʞʘʻ ʩʪʨʫʢʪʫʨʥʫ ʬʦʨʤʫ ʧʘʩʪʦʢ ʨʦʜʦʚʠʱ ʨʝʛʽʦʥʫ. 

 

ʅʘ ʨʦʜʦʚʠʱʽ ʌʦʨʪʽʝʩ ʥʘʢʦʧʠʯʝʥʥʷ ʢʦʣʝʢʪʦʨʘ ʧʨʠʧʠʥʠʣʦʩʷ ʧʽʩʣʷ ʟʘʪʦʧʣʝʥʥʷ ʙʽʣʷ 

ʦʩʥʦʚʠ ʩʣʘʥʮʶ ʉʝʣʝ. ɺʠʱʝ ʮʴʦʛʦ ʚʠʩʦʢʦʛʦ ʛʘʤʤʘ-ʤʘʨʢʝʨʘ, ʧʦʚʝʨʭʥʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʘʪʦʧʣʝʥʥʷ ʌʦʨʪʽʝʩ, ʨʦʟʨʽʟ ʝʦʮʝʥ-ʧʣʽʦʮʝʥʫ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʣʘʥʮʶ ʟ ʯʽʪʢʦ 

ʚʠʨʘʞʝʥʦʶ ʙʘʛʘʪʦʰʘʨʦʚʦʶ ʙʫʜʦʚʦʶ (ʨʠʩ.2). ɺʠʥʷʪʢʦʤ ʻ ʪʦʥʢʽ ʝʦʮʝʥʦʚʽ ʧʽʩʢʠ, ʟʥʘʡʜʝʥʽ ʥʘ 

ʩʭʽʜʥʦʤʫ ʩʭʠʣʽ ʨʦʜʦʚʠʱʘ, ʷʢʽ ʥʘʟʠʚʘʁʪʴ ɹʨʽʤʤʦʥʜʩʴʢʠʤʠ ʬʦʨʤʘʮʽʾ ʍʦʨʜʘ. ɺʦʥʠ ʻ 

ʢʦʣʝʢʪʦʨʦʤ ʜʣʷ ʨʦʜʦʚʠʱ ɹʨʽʤʤʦʥʜ, ʄʘʫʣʝ ʪʘ ʊʦʥʪʦ. 
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ʈʠʩʫʥʦʢ 2. ʈʝʟʫʣʴʪʘʪʠ ʘʢʫʩʪʠʯʥʦʛʦ ʢʘʨʦʪʘʞʫ ʥʘ ʨʦʜʦʚʠʱ ̔ʌʦʨʪ̔ʝʩ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʬʪʦʚʝ ʨʦʜʦʚʠʱʝ ʌʦʨʪʽʝʩ ʻ ʥʘʡʙʽʣʴʰʠʤ ʨʦʜʦʚʠʱʝʤ, ʷʢʝ ʚʽʜʢʨʠʪʦ ʥʘ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤʫ ʰʝʣʴʬʽ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ. ʉʢʣʘʜʥʘ ʣʽʪʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ ʢʦʣʝʢʪʦʨʘ ʥʝ 

ʚʧʣʠʥʫʣʘ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʧʦʪʫʞʥʦʾ ʥʘʬʪʦʥʘʩʠʯʝʥʦʾ ʪʦʚʱʽ ʨʦʜʦʚʠʱʘ. ɺʠʷʚʣʝʥʥʷ ʥʘʚʢʦʣʦ 

ʨʦʜʦʚʠʱʘ ʌʦʨʪʽʝʩ ʨʦʜʦʚʠʱ ʥʘʬʪʠ ʟ ʤʘʣʠʤʠ ʟʘ ʨʦʟʤʽʨʘʤʠ ʧʦʢʣʘʜʘʤʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʽ 

ʧʝʨʩʧʝʢʪʠʚʠ ʟʦʥʠ ʥʘʬʪʦʥʘʢʦʧʠʯʝʥʥʷ, ʱʦ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʛʨʘʙʝʥʦʧʦʜʽʙʥʦʛʦ ʫʪʚʦʨʝʥʥʷ 

ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦ ʾʣ̔ ʪʝʨʘʪʫʨʠ: 

1. ROSE, P.T.S. & PYLE, J.P. 2014. The habitat of bypassed pay in the Forties Field. In: 

MCKIE, T., ROSE, P.T.S., HARTLEY, A.J., JONES, D.W. & ARMSTRONG, T.L. (eds) 2015. 

Tertiary DeepMarine Reservoirs of the North Sea Region. Geological Society, London, Special 

Publications, 403, 333ï354.  

 

ɹʋʂɯɺɽʎʔʂɯ ʉʂʃɸɼʂʀ ï ʊʀʇʆɺʀʁ ʇʈʀʂʃɸɼ ʉʂʃɸɼʏɸʉʊʆ-ʅɸʉʋɺʅʀʍ 

ʉʊʈʋʂʊʋʈ ʂɸʈʇɸʊʉʔʂʆɻʆ ʊʀʇʋ 

 

ɻʥʘʪʠʰʠʥ ʄʘʨʢʽʷʥ ʃʶʙʦʤʠʨʦʚʠʯ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ʃɻʩ-11  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʚʠʢʣʘʜʘʯ ʂʨʠʚʦʣʘʧ ʅʘʪʘʣʽʷ ʄʠʢʦʣʘʾʚʥʘ 

ʇʨʠʢʘʨʧʘʪʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ ʣʽʩʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʪʫʨʠʟʤʫ 

 

ʆʙôʻʢʪ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʣʽʚʦʤʫ ʙʝʨʝʟʽ ʨ. ʉʫʢʽʣʴ ʥʘ ʧʽʚʥʽʯʥʽʡ ʦʢʨʘʾʥʽ ʩʝʣʘ ɹʫʢʽʚʝʮʴ, 16 

ʢʤ ʥʘ ʧʽʚʜʝʥʥʠʡ ʟʘʭʽʜ ʚʽʜ ʤʽʩʪʘ ɹʦʣʝʭʦʚʘ. 

ɿ ʪʝʢʪʦʥʽʯʥʦʛʦ ʧʦʛʣʷʜʫ ʨʘʡʦʥ ʥʘʣʝʞʠʪʴ ʜʦ ʉʢʦʣʽʚʩʴʢʦʾ ʩʢʠʙʠ ʉʢʠʙʦʚʦʛʦ ʧʦʢʨʠʚʫ 

ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ. ʊʫʪ ʚʽʜʢʣʘʜʠ ʩʪʨʠʡʩʴʢʦʾ ʩʚʽʪʠ ʧʽʟʥʴʦʾ ʢʨʝʡʜʠ ʡ ʥʠʞʥʴʦʛʦ ʧʘʣʝʦʛʝʥʫ 

(85-65 ʤʣʥ. ʨ. ʪʦʤʫ) ʟʽʤôʷʪʽ ʚ ʩʢʣʘʜʢʠ ʪʘ ʨʦʟʽʨʚʘʥʽ ʥʘʩʫʚʘʤʠ. ʈʽʯʢʘ ʉʫʢʽʣʴ ʧʝʨʝʪʠʥʘʻ 5 ʩʢʠʙ 

ʉʢʠʙʦʚʦʛʦ ʧʦʢʨʠʚʫ.  

ɺʽʜʩʣʦʥʝʥʥʷ ʤʦʞʥʘ ʦʛʣʷʥʫʪʠ ʥʘ ʧʨʦʪʠʣʝʞʥʦʤʫ ʙʝʨʝʟʽ ʨʽʯʢʠ ʉʫʢʽʣʴ ʥʠʞʯʝ ʽ ʚʠʱʝ ʚʽʜ 

ʤʦʩʪʫ ʚʧʨʦʜʦʚʞ 50 ʤ. ɼʦʚʞʠʥʘ ʚʽʜʩʣʦʻʥʥʷ ʚʽʜ 50 ʤ, ʩʝʨʝʜʥʷ ʚʠʩʦʪʘ 9-10 ʤ, ʰʘʨʠ ʨʽʟʥʽ, 

ʥʝʦʜʥʦʤʘʥʽʪʥʽ ʧʦʪʫʞʥʽʩʪʶ 10-30 ʩʤ. 
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ʈʠʩʫʥʦʢ 1. ʂʘʨʪʘ ʣʦʢʘʣʽʟʘʮʽʾ 

 

ʋ ʬʨʦʥʪʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʢʦʞʥʦʾ ʩʢʠʙʠ ʚʠʭʦʜʷʪʴ ʥʘ ʧʦʚʝʨʭʥʶ ʚʝʨʭʥʴʦʢʨʝʡʜʦʚʽ ʬʣʽʰʦʚʽ 

ʚʽʜʢʣʘʜʠ, ʷʢʽ  ʥʘ ʧʽʚʜʝʥʥʠʡ ʟʘʭʽʜ  ʟʤʽʥʶʶʪʴʩʷ ʧʘʣʝʦʛʝʥʦʚʠʤʠ  ʧʦʨʦʜʘʤʠ ï ʤʘʩʠʚʥʠʤʠ 

ʧʽʩʢʦʚʠʢʘʤʠ ʢʘʤʝʥʩʴʢʦʾ ʩʚʽʪʠ ʪʘ ʪʦʚʱʝʶ ʧʝʨʝʰʘʨʫʚʘʥʥʷ ʯʦʨʥʠʭ ʘʨʛʽʣʽʪʽʚ ʪʘ ʧʽʩʢʦʚʠʢʽʚ 

ʤʝʣʽʥʽʪʦʚʦʾ ʩʚʽʪʠ. ʊʦʚʱʠʥʘ ʧʽʩʢʦʚʠʢʦʚʠʭ ʧʣʘʩʪʽʚ ï ʜʦ 40 ʩʤ, ʘʨʛʽʣʽʪʽʚ ï ʜʦ 8 ʩʤ. 

ɺʝʨʩʪʚʠ, ʥʘʟʘʛʘʣ, ʧʘʜʘʶʪʴ ʥʘ ʧʽʚʜʝʥʥʠʡ ʟʘʭʽʜ. ʇʦʜʝʢʫʜʠ, ʧʽʩʢʦʚʠʢʠ ʤʽʩʪʷʪʴ ʫʣʘʤʢʠ 

ʚʫʛʽʣʣʷ ʟʘʚʙʽʣʴʰʢʠ ʜʦ 5 ʩʤ, ʘ ʚ ʣʽʚʽʡ ʯʘʩʪʠʥʽ ʚʽʜʩʣʦʥʝʥʥʷ ʩʝʨʝʜ ʘʨʛʽʣʽʪʽʚ ï ʧʨʦʰʘʨʢʠ ʚʫʛʽʣʣʷ 

ʪʦʚʱʠʥʦʶ ʜʦ 3 ʩʤ. ʅʠʞʥʷ ʧʦʚʝʨʭʥʷ ʧʽʩʢʦʚʠʢʽʚ ï ʮʝ ʟʣʽʧʦʢ ʟ ʧʦʚʝʨʭʥʽ ʜʥʘ ʤʦʨʷ, ʟʨʠʪʦʛʦ 

ʢʘʣʘʤʫʪʥʠʤʠ ʧʦʪʦʢʘʤʠ. ɺʘʣʠʢʠ ʨʽʟʥʦʾ ʬʦʨʤʠ ʥʘ ʮʽʡ ʧʦʚʝʨʭʥʽ ʥʘʟʠʚʘʶʪʴʩʷ ʤʝʢʘʥʦʛʣʽʬʘʤʠ. 

ɺʦʥʠ ʜʘʶʪʴ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʢʦʥʩʠʩʪʝʥʮʽʶ ʪʘ ʥʘʧʨʷʤʦʢ ʧʝʨʝʥʝʩʝʥʥʷ ʧʦʪʦʢʽʚ ʦʩʘʜʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʥʘ ʤʦʨʩʴʢʦʤʫ ʜʥʽ.  

 

 
 

ɺ ʧʦʪʫʞʥʠʭ ʧʣʘʩʪʘʭ ʧʽʩʢʦʚʠʢʽʚ ʚʠʜʥʦ ʟʤʽʥʫ ʫʤʦʚ ʦʩʘʜʦʥʘʛʨʦʤʘʜʞʝʥʥʷ. ɰʾ ʤʦʞʥʘ 

ʧʨʦʩʪʝʞʠʪʠ ʟʘ ʟʤʽʥʦʶ ʛʨʘʜʘʮʽʡʥʦʾ ʰʘʨʫʚʘʪʦʩʪʽ ʩʢʽʩʥʦʶ, ʘ ʧʦʪʽʤ ï ʭʚʠʣʷʩʪʦ-ʧʘʨʘʣʝʣʴʥʦʶ 

(ʢʦʥʚʦʣʶʪʥʦʶ), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʰʚʠʜʢʝ ʟʘʩʧʦʢʦʻʥʥʷ ʤʦʨʩʴʢʦʛʦ ʙʘʩʝʡʥʫ ʧʽʩʣʷ ʩʭʦʜʞʝʥʥʷ 

ʢʘʣʘʤʫʪʥʦʛʦ (ʪʫʨʙʽʜʠʪʥʦʛʦ) ʧʦʪʦʢʫ ʟ ʢʨʫʪʦʛʦ ʩʭʠʣʫ ʤʦʨʩʴʢʦʛʦ ʜʥʘ. ʇʦʨʦʜʠ ʨʦʟʙʠʪʽ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʪʨʽʱʠʥ. ʊʨʽʱʠʥʠ ʚʠʥʠʢʘʶʪʴ ʦʜʨʘʟʫ ʧʽʩʣʷ ʣʽʪʠʬʽʢʘʮʽʾ ʧʦʨʽʜ 

(ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʩʘʜʫ ʥʘ ʧʦʨʦʜʫ). ɰʭʥʷ ʟʘʢʦʥʦʤʽʨʥʘ ʦʨʽʻʥʪʘʮʽʷ ʜʘʻ ʟʤʦʛʫ ʚʠʷʚʠʪʠ ʥʘʧʨʷʤʦʢ 

ʩʠʣ, ʷʢʽ ʜʽʷʣʠ ʫ ʧʨʦʮʝʩʽ ʧʝʨʝʤʽʱʝʥʥʷ ʛʽʨʩʴʢʠʭ ʤʘʩ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʩʪʨʫʢʪʫʨʠ ʛʽʨʩʴʢʦʾ 

ʩʠʩʪʝʤʠ.  
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ʊʫʪ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʝʢʪʦʥʽʯʥʽ ʜʟʝʨʢʘʣʘ ʢʦʚʟʘʥʥʷ ï ʥʝʚʝʣʠʢʽ ʨʦʟʨʠʚʥʽ 

ʧʦʨʫʰʝʥʥʷ, ʱʦ ʥʝʩʫʪʴ ʥʘ ʩʚʦʾʭ ʧʦʚʝʨʭʥʷʭ ʩʣʽʜʠ ʚʟʘʻʤʥʦʛʦ ʪʝʨʪʷ ʩʫʩʽʜʥʽʭ ʧʝʨʝʤʽʱʫʚʘʥʠʭ 

ʙʣʦʢʽʚ. ɰʭʥʻ ʚʠʚʯʝʥʥʷ ʜʦʧʦʤʘʛʘʻ ʚʠʟʥʘʯʠʪʠ ʝʪʘʧʠ ʡ ʥʘʧʨʷʤʢʠ ʧʝʨʝʤʽʱʝʥʴ. ʅʘʷʚʥʽʩʪʴ 

ʪʨʽʱʠʥ, ʚʠʧʦʚʥʝʥʠʭ ʢʘʣʴʮʠʪʦʤ, ʚʢʘʟʫʻ ʥʘ ʩʫʪʪʻʚʫ ʨʦʣʴ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʩʢʣʘʜʦʢ ʪʘ ʥʘʩʫʚʽʚ.  

 

 
 

ʉʧʦʯʘʪʢʫ ʚʝʨʩʪʚʠ ʟʘʣʷʛʘʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ (1). ʊʝʢʪʦʥʽʯʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜʙʫʚʘʣʠʩʷ ʟ 

ʟʘʭʦʜʫ ʥʘ ʩʭʽʜ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʪʠʩʥʝʥʥʷ ʪʦʚʱʽ ʩʬʦʨʤʫʚʘʣʠʩʷ ʜʚʽ ʩʢʣʘʜʢʠ 

(2). ʇʦ ʪʨʽʱʠʥʘʭ, ʱʦ ʫʪʚʦʨʠʣʠʩʴ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ, ʧʦʯʘʣʠ ʨʦʟʚʠʚʘʪʠʩʷ ʨʦʟʨʠʚʥʽ ʧʦʨʫʰʝʥʥʷ ï 

ʥʘʩʫʚʠ (3). ʊʘʢʦʞ ʥʘʩʫʚʠ ʫʪʚʦʨʶʚʘʣʠʩʷ ʡ ʫʟʜʦʚʞ ʥʘʧʣʘʩʪʫʚʘʥʥʷ. ʇʦʜʘʣʴʰʝ ʩʪʠʩʥʝʥʥʷ ʡ 

ʫʩʢʣʘʜʥʝʥʥʷ ʩʢʣʘʜʯʘʩʪʦ-ʥʘʩʫʚʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘʜʘʣʦ ʚʽʜʩʣʦʥʝʥʥʶ ʡʦʛʦ ʩʫʯʘʩʥʦʛʦ ʚʠʛʣʷʜʫ 

(4). 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ɹʫʢʽʚʝʮʴʢʠʭ ʩʢʣʘʜʦʢ 

 

ɺʥʘʩʣʽʜʦʢ ʜʝʬʦʨʤʘʮʽʡ ʜʦʚʞʠʥʘ ʪʦʚʱʽ ʩʢʦʨʦʪʠʣʘʩʴ ʥʘ 20%. ɺʽʜʩʣʦʥʝʥʥʷ ï ʯʫʜʦʚʠʡ 

ʧʨʠʢʣʘʜ ʤʦʜʝʣʽ ʬʦʨʤʫʚʘʥʥʷ ɿʦʚʥʽʰʥʽʭ ʂʘʨʧʘʪ, ʧʦ ʩʫʪʽ ï ʮʝ ʂʘʨʧʘʪʠ ʚ ʤʽʥʽʘʪʶʨʽ. ʊʝʢʪʦʥʽʯʥʽ 

ʧʝʨʝʤʽʱʝʥʥʷ, ʷʢʽ ʚʠʢʣʠʢʘʣʠ ʬʦʨʤʫʚʘʥʥʷ ʮʴʦʛʦ ʚʽʜʩʣʦʥʝʥʥʷ, ʙʫʣʠ ʥʘʩʣʽʜʢʦʤ ʛʣʦʙʘʣʴʥʠʭ 

ʧʨʦʮʝʩʽʚ ʧʝʨʝʤʽʱʝʥʥʷ ʣʽʪʦʩʬʝʨʥʠʭ ʧʣʠʪ. 
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ɽʂʆʃʆɻɯʏʅʀʁ ɸʉʇɽʂʊ ɺʀɹʋʍʆɺʀʍ ʈʆɹɯʊ ʇʈʀ ʉɽʁʉʄɯʏʅʀʍ 

ɼʆʉʃɯɼɾɽʅʅʗʍ 

 

ɼʽʚʦʥʯʫʢ ʍʨʠʩʪʠʥʘ ɸʥʜʨʽʾʚʥʘ, ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ ʅɿʌ-24-1 
ɼʦʮʝʥʪ ʢʘʬʝʜʨʠ ʅɻɻ ʈʦʟʣʦʚʩʴʢʘ ʉʚʽʪʣʘʥʘ ɭʚʛʝʥʽʾʚʥʘ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʩʝʡʩʤʦʨʦʟʚʽʜʢʘ ʧʦʩʽʜʘʻ ʧʨʦʚʽʜʥʝ ʤʽʩʮʝ ʩʝʨʝʜ ʛʝʦʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ, 

ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʧʦʰʫʢʽʚ ʨʦʜʦʚʠʱ ʥʘʬʪʠ ʡ ʛʘʟʫ. ʎʝ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʟʝʤʥʦʾ 

ʢʦʨʠ, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʚʯʝʥʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʦʰʠʨʝʥʥʷ ʚ ʪʦʚʱʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ 

ʧʨʫʞʥʠʭ ʭʚʠʣʴ, ʩʪʚʦʨʝʥʠʭ ʚʠʙʫʭʦʚʠʤʠ ʘʙʦ ʥʝʚʠʙʫʭʦʚʠʤʠ ʜʞʝʨʝʣʘʤʠ. ʉʝʡʩʤʦʨʦʟʚʽʜʢʘ ʻ 

ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ ʚʠʚʯʝʥʥʷ ʨʝʣʴʻʬʫ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʫ, ʧʦʰʫʢʫ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʩʪʦʢ 

ʚʫʛʣʝʚʦʜʥʽʚ, ʚʠʷʚʣʝʥʥʷ ʨʫʜʥʠʭ ʪʽʣ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʫʜʦʚʠ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ, ʩʢʣʘʜʫ ʽ 

ʬʣʶʾʜʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʧʦʨʽʜ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ, ʢʘʨʩʪʦʚʠʭ 

ʧʦʨʦʞʥʠʥ ʽ ʨʽʚʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣʽʪʴ ʤʝʪʦʜʠ ʩʝʡʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʩʪʽʡʥʦ 

ʚʜʦʩʢʦʥʘʣʶʶʪʴʩʷ, ʽ ʩʴʦʛʦʜʥʽ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʽʤʧʫʣʴʩʥʽ ʘʙʦ 

ʚʽʙʨʦʜʞʝʨʝʣʘ. ʆʜʥʘʢ ʫ ʩʢʣʘʜʥʠʭ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ (ʛʽʨʩʴʢʽ ʨʘʡʦʥʠ, ʣʽʩʠʩʪʽ ʜʽʣʷʥʢʠ, 

ʧʝʨʝʩʽʯʝʥʠʡ ʨʝʣʴʻʬ) ʚʠʙʫʭʦʚʽ ʤʝʪʦʜʠ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʘʤʽʥʥʠʤʠ. ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʙʝʟʫʤʦʚʥʦ, ʧʦʚôʷʟʘʥʝ ʟ ʧʝʚʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʜʦʚʢʽʣʣʷ, ʱʦ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʪʨʠʤʘʥʥʷ 

ʩʫʚʦʨʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ. ʊʦʤʫ ʤʝʪʦʶ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʥʘʩʣʽʜʢʽʚ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ ʫ ʩʝʡʩʤʦʨʦʟʚʽʜʮʽ ʪʘ ʰʣʷʭʽʚ ʾʭ ʤʽʥʽʤʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʯʠʥʥʠʭ 

ʥʦʨʤʘʪʠʚʽʚ ʙʝʟʧʝʢʠ. 

ɺʠʙʫʭʦʚʽ ʨʦʙʦʪʠ ʫ ʩʝʡʩʤʦʨʦʟʚʽʜʮʽ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʷʪʠ ʤʝʭʘʥʽʯʥʝ ʪʘ ʭʽʤʽʯʥʝ 

ʧʦʨʫʰʝʥʥʷ ˇʨʫʥʪʽʚ ʽ ʨʝʣʴʻʬʫ, ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʚʠʢʠʜʠ ʧʠʣʫ ʪʘ 

ʙʨʫʜʫ ʚ ʧʦʚʽʪʨʷ, ʩʪʚʦʨʶʚʘʪʠ ʰʫʤʦʚʦ-ʚʽʙʨʘʮʽʡʥʠʡ ʩʪʨʝʩ ʜʣʷ ʬʣʦʨʠ ʡ ʬʘʫʥʠ, ʘ ʪʘʢʦʞ 

ʧʦʪʝʥʮʽʡʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʧʦʙʣʠʟʫ ʤʽʩʮʴ ʜʦʩʣʽʜʞʝʥʴ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʧʨʦʚʝʜʝʥʥʷ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʥʠʟʢʦʶ ʯʠʥʥʠʭ 

ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ [1-5] , ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ɺʠʚʯʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʩʝʡʩʤʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʧʘʨʪʽʡ ʧʦʢʘʟʫʻ, ʱʦ ʥʘ ʧʨʘʢʪʠʮʽ ʧʠʪʘʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʧʦʩʪʽʡʥʠʤ ʢʦʥʪʨʦʣʝʤ. ʇʝʨʝʜ 

ʧʦʯʘʪʢʦʤ ʨʦʙʽʪ ʧʨʦʚʦʜʠʪʴʩʷ ʨʘʮʽʦʥʘʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ ï ʧʦʧʝʨʝʜʥ ̫ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ 

ʪʘ ʚʠʙʽʨ ʙʝʟʧʝʯʥʠʭ ʤʽʩʮʴ ʜʣʷ ʧʽʜʨʠʚʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʽ ʩʘʥʽʪʘʨʥʠʭ ʟʦʥ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʛʨʫʧʫʚʘʥʥʷ ʤʘʣʦʧʦʪʫʞʥʠʭ 

ʟʘʨʷʜʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ ʙʝʟʜʠʤʥʽ ʘʙʦ ʝʤʫʣʴʩʽʡʥʽ ʚʠʙʫʭʦʚʽ ʨʝʯʦʚʠʥʠ. ʅʘ ʨʠʩʫʥʢʫ 1 

ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʥʘʩʣʽʜʢʽʚ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ, ʱʦ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʽʜʩʫʪʥʽʩʪʴ 

ʟʥʘʯʥʠʭ ʧʦʨʫʰʝʥʴ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʟʘʧʦʙʽʞʥʠʭ ʟʘʭʦʜʽʚ. 

ʊʘʢʦʞ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ ʚʠʢʣʶʯʥʦ ʫ ʩʚʽʪʣʫ ʧʦʨʫ 

ʜʦʙʠ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʦʭʦʨʦʥʥʠʭ ʚʽʜʩʪʘʥʝʡ ʽ ʟʘʙʦʨʦʥʦ  ʁ ʜʦʩʪʫʧʫ ʩʪʦʨʦʥʥʽʭ ʦʩʽʙ. 

ɿʜʽʡʩʥʶʶʪʴʩ ̫ ʩʫʚʦʨʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ (ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʽʚ ʰʫʤʫ, ʚʽʙʨʘʮʽʡ, 

ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʩʪʘʥʫ ˇʨʫʥʪʽʚ ʽ ʚʦʜ, ʥʝʜʦʧʫʱʝʥʥʷ ʧʦʪʨʘʧʣʷʥʥʷ ʚʠʙʫʭʦʚʠʭ ʟʘʣʠʰʢʽʚ ʫ 

ʜʦʚʢʽʣʣʷ). ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʨʦʙʽʪ ʧʨʦʚʦʜʠʪʴʩʷ ʦʙʦʚôʷʟʢʦʚʘ ʨʝʢʫʣʴʪʠʚʘʮʽʷ ʪʝʨʠʪʦʨʽʾ. 

ʆʪʞʝ, ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʽʩʥʫʶʯʠʭ ʥʦʨʤʘʪʠʚʽʚ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ 

ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʯʘʩʥʘ ʩʝʡʩʤʦʨʦʟʚʽʜʢʘ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʠʙʫʭʦʚʠʭ ʤʝʪʦʜʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʝʢʦʣʦʛʽʯʥʦ ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʩʪʘʣʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ. 
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ʈʠʩʫʥʦʢ 1. ɺʽʟʫʘʣʴʥʘ ʦʮʽʥʢʘ ʥʘʩʣʽʜʢʽʚ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ:  

1. ʅʇɸʆʇ 0.00-1.66-13 çʇʨʘʚʠʣʘ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʠʙʫʭʦʚʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷè: PDF-ʚʝʨʩʽʷ zakon.isu.net.ua+1 

2. ʊʝʭʥʽʯʥʽ ʧʨʘʚʠʣʘ ʚʝʜʝʥʥʷ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ ʥʘ ʜʝʥʥʽʡ ʧʦʚʝʨʭʥʽ (ʅʘʢʘʟ ˉ469, 

18.07.2013). ʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʊʝʭʥʽʯʥʠʭ ʧʨʘʚʠ... | ʚʽʜ 18.07.2013 ˉ 469  

3. ʇʨʘʚʠʣʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ ʋʢʨʘʾʥʠ / ɸʚʽʘʮʽʡʥʽ ʧʨʘʚʠʣʘ (ʧʫʥʢʪ 

ʧʨʦ ʟʦʥʠ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ð 600 ʤ). avia.gov.ua+1 

4. ɼʉʊʋ 4105-2002 ʪʘ ʽʥʰʽ ʩʪʘʥʜʘʨʪʠ ʟ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʙʫʭʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. dstu_4105-

2002.pdf  

5. ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʦʭʦʨʦʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘè. ʇʨʦ 

ʦʭʦʨʦʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧ... | ʚʽʜ 25.06.1991 ˉ 1264-XII   

 

 

 

https://zakon.isu.net.ua/sites/default/files/normdocs/npaop_0.00-1.66-13.pdf?utm_source=chatgpt.com
https://zakon.isu.net.ua/sites/default/files/normdocs/npaop_0.00-1.66-13.pdf?utm_source=chatgpt.com
https://zakon.rada.gov.ua/laws/main/z1320-13?utm_source=chatgpt.com#Text
https://avia.gov.ua/wp-content/uploads/2016/12/Pravyla-VPPU-02.10.2017.pdf?utm_source=chatgpt.com
https://zakon.isu.net.ua/sites/default/files/normdocs/dstu_4105-2002.pdf?utm_source=chatgpt.com
https://zakon.isu.net.ua/sites/default/files/normdocs/dstu_4105-2002.pdf?utm_source=chatgpt.com
https://zakon.rada.gov.ua/laws/main/1264-12?utm_source=chatgpt.com#Text
https://zakon.rada.gov.ua/laws/main/1264-12?utm_source=chatgpt.com#Text
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ɿɸʉʊʆʉʋɺɸʅʅʗ R2V ɼʃʗ ʆʎʀʌʈʋɺɸʅʅʗ ɻɽʆʃʆɻʆ-ɻɽʆʌɯɿʀʏʅʆɰ 

ɯʅʌʆʈʄɸʎɯɰ 

 

ɼʦʚʞʝʥʢʦ ɸʨʪʝʤ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʩʪ. ʛʨ. ʅɿʌ-24-1 

ɼʦʮʝʥʪ ʢʘʬʝʜʨʠ ʅɻɻ ɻʘʙʣʴʦʚʩʴʢʠʡ ɹʦʛʜʘʥ ɹʦʛʜʘʥʦʚʠʯ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

 

ʉʫʯʘʩʥʘ ʛʝʦʣʦʛʽʯʥʘ ʪʘ ʛʝʦʬʽʟʠʯʥʘ ʧʨʘʢʪʠʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷʤ ʟʥʘʯʥʠʭ 

ʦʙʩʷʛʽʚ ʘʥʘʣʦʛʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ð ʢʘʨʪ, ʧʨʦʬʽʣʽʚ, ʩʪʨʫʢʪʫʨʥʠʭ ʨʦʟʨʽʟʽʚ, ʢʘʨʦʪʘʞʥʠʭ ʜʽʘʛʨʘʤ 

ʪʦʱʦ. ɼʣʷ ʾʭ ʽʥʪʝʛʨʘʮʽʾ ʫ ʩʫʯʘʩʥʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (ɻɯʉ) ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʝʜʝʥʥʷ 

ʛʨʘʬʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫ ʮʠʬʨʦʚʫ ʬʦʨʤʫ. ʇʨʦʮʝʩ ʪʘʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ 

ʦʮʠʬʨʫʚʘʥʥʷʤ ʘʙʦ ʚʝʢʪʦʨʠʟʘʮʽʻʶ. 

ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʮʠʭ ʟʘʚʜʘʥʴ ʻ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ 

R2V (Raster to Vector), ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʘʩʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

ʫ ʚʝʢʪʦʨʥʽ ʦʙôʻʢʪʠ (ʨʠʩ.1) ʟ ʧʦʜʘʣʴʰʦʶ ʤʦʞʣʠʚʽʩʪʶ ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ ʛʝʦʧʨʦʩʪʦʨʦʚʦʾ 

ʧʨʠʚôʷʟʢʠ. ʇʨʦʛʨʘʤʘ ʧʽʜʪʨʠʤʫʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʦʨʤʘʪʽʚ ʟʦʙʨʘʞʝʥʴ ʽ ʜʦʟʚʦʣʷʻ ʟ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ ʚʽʜʪʚʦʨʶʚʘʪʠ ʢʦʥʪʫʨʠ ʛʝʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʛʝʦʬʽʟʠʯʥʠʭ ʘʥʦʤʘʣʽʡ, ʧʨʦʬʽʣʽʚ ʪʘ 

ʢʘʨʪ ʽʟ ʨʘʩʪʨʦʚʠʭ ʩʢʘʥʽʚ. 

 

         
    ʘ)      ʙ) 

ʈʠʩʫʥʦʢ 1. ʈʦʙʦʯʝ ʚʽʢʥʦ ʧʨʦʛʨʘʤʠ R2V ʽʟ ʟʦʙʨʘʞʝʥʥʷʤ ʬʨʘʛʤʝʥʪʫ ʩʪʨʫʢʪʫʨʥʦʾ 

ʢʘʨʪʠ (ʘ) ʪʘ ʨʝʟʫʣʴʪʘʪ ʦʮʠʬʨʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦʾ ʢʘʨʪʠ ʚ ʘʢʩʦʥʦʤʝʪʨʠʯʥʦʤʫ 

ʟʦʙʨʘʞʝʥʥʽ (ʙ). 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ R2V ʫ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʘʻ ʟʤʦʛʫ: 

- ʚʽʜʥʦʚʣʶʚʘʪʠ ʩʪʘʨʽ ʧʘʧʝʨʦʚʽ ʤʘʪʝʨʽʘʣʠ ʫ ʮʠʬʨʦʚʽʡ ʬʦʨʤʽ; 

- ʩʪʚʦʨʶʚʘʪʠ ʚʝʢʪʦʨʠʟʦʚʘʥʽ ʤʦʜʝʣʽ ʛʝʦʣʦʛʽʯʥʠʭ ʢʘʨʪ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ ʩʭʝʤ; 

- ʽʥʪʝʛʨʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʫ ʩʫʯʘʩʥʽ ɻɯʉ ʪʘ ʧʨʦʛʨʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʜʦʚʠʱ; 

- ʧʨʦʚʦʜʠʪʠ ʧʦʜʘʣʴʰʫ ʦʙʨʦʙʢʫ ʪʘ ʘʥʘʣʽʟ ʫ ʩʝʨʝʜʦʚʠʱʘʭ Surfer, ArcGIS, QGIS, Petrel, 

GeoGraphix ʪʦʱʦ. 

ʊʦʯʥʽʩʪʴ ʦʮʠʬʨʫʚʘʥʥʷ ʫ ʩʝʨʝʜʦʚʠʱʽ R2V ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʛʦ 

ʨʘʩʪʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʤʘʩʰʪʘʙʫ ʢʘʨʪʠ ʪʘ ʥʘʣʘʰʪʫʚʘʥʴ ʚʝʢʪʦʨʠʟʘʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʨʝʞʠʤʫ (ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʟ ʧʦʜʘʣʴʰʠʤ ʨʫʯʥʠʤ ʫʪʦʯʥʝʥʥʷʤ) ʜʦʟʚʦʣʷʻ 

ʜʦʩʷʛʪʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʰʚʠʜʢʽʩʪʶ ʨʦʙʦʪʠ ʪʘ ʪʦʯʥʽʩʪʶ ʚʽʜʪʚʦʨʝʥʥʷ 

ʣʽʥʽʡʥʠʭ ʽ ʧʣʦʱʠʥʥʠʭ ʦʙôʻʢʪʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ R2V ʫ ʧʨʦʮʝʩʽ ʦʮʠʬʨʫʚʘʥʥʷ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʧʝʨʝʭʦʜʫ ʚʽʜ ʘʥʘʣʦʛʦʚʠʭ ʬʦʨʤ ʧʦʜʘʥʥʷ ʜʘʥʠʭ ʜʦ ʮʠʬʨʦʚʠʭ. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʙʘʟ ʜʘʥʠʭ, ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʦʙʨʦʙʢʠ ʪʘ 

ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ ʛʝʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʨʝʩʫʨʩʽʚ ʥʘʜʨ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

R2V Userôs Manual. Advanced Raster to Vector Conversion Software. Able software corp. 
2021., 167ʨ. 
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ʆʉʆɹʃʀɺʆʉʊɯ ɻɽʆʃʆɻɯʏʅʆɰ ɹʋɼʆɺʀ ʊɸ ʅɽʆʊɽʂʊʆʅɯʏʅʀʍ ʇʈʆʎɽʉɯɺ 

ɿɸʂɸʈʇɸʊʉʔʂʆɻʆ ɺʅʋʊʈɯʐʅʔʆɻʆ ʇʈʆɻʀʅʋ 

 

ɸʭʪʝʤʽʡʯʫʢ ʗʨʦʩʣʘʚ ɺʘʩʠʣʴʦʚʠʯ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ʅɿɻ-24-1 

ɸʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ɻʈʅ, ʋʛʨʘʢ ʃʽʥʘ ɺʘʩʠʣʽʚʥʘ, 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ  

 

ɿʘʢʘʨʧʘʪʩʴʢʠʡ ʚʥʫʪʨʽʰʥʽʡ ʧʨʦʛʠʥ ʟʘʡʤʘʻ ʚʩʶ ʨʽʚʥʠʥʥʫ ʯʘʩʪʠʥʫ ʦʜʥʦʡʤʝʥʥʦʾ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʦʙʣʘʩʪʽ, ʪʽʣʴʢʠ ʧʦʩʝʨʝʜʠʥʽ ʾʾ ʚʠʩʦʯʘʪʴ ʚʫʣʢʘʥʽʯʥʽ ʛʦʨʠ, (ɺʝʣʠʢʠʡ ʐʦʣʣʝʩ). 

ʎʝʡ ʤʘʡʞʝ ʤʝʨʠʜʽʦʥʘʣʴʥʠʡ ʚʽʜʨʽʟʦʢ ɺʠʛʦʨʣʘʪ-ɻʫʪʠʥʩʴʢʦʾ ʚʫʣʢʘʥʽʯʥʦʾ ʛʨʷʜʠ ʜʽʣʠʪʴ ʚʝʩʴ 

ʧʨʦʛʠʥ ʥʘ ʜʚʽ ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ, ʱʦ ʤʘʶʪʴ ʜʦʩʠʪʴ ʽʩʪʦʪʥʽ ʩʪʨʫʢʪʫʨʥʽ ʚʽʜʤʽʥʥʦʩʪʽ. ʅʘ ʟʘʭʽʜ 

ʚʽʜ ʥʴʦʛʦ ʨʦʟʪʘʰʦʚʘʥʘ ʏʦʧʩʴʢʘ, ʘʙʦ ʏʦʧ-ʄʫʢʘʯʽʚʩʴʢʘ ʟʘʧʘʜʠʥʘ, ʘ ʥʘ ʩʭʽʜ ï ʉʦʣʦʪʚʠʥʩʴʢʘ, 

ʷʢʫ ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴ ʄʘʨʤʘʨʦʩʴʢʦʶ ʘʙʦ ɺʝʨʭʥʴʦʪʠʩʝʥʩʴʢʦʶ. ɺʫʣʢʘʥʽʯʥʽ ʞ ʫʪʚʦʨʝʥʥʷ ʱʦ 

ʩʢʣʘʜʘʶʪʴ ʥʠʟʴʢʦʛʽʨʥʽ ʭʨʝʙʪʠ, ʚʽʜ ʮʴʦʛʦ ʨʘʡʦʥʫ ʧʨʦʩʪʷʛʘʶʪʴʩʷ ʧʦ ʧʝʨʠʬʝʨʽʾ ʏʦʧʩʴʢʦʾ 

ʟʘʧʘʜʠʥʠ, ʤʽʩʮʷʤʠ ʧʦʚʥʽʩʪʶ ʧʝʨʝʢʨʠʚʘʶʯʠ ʟʦʥʫ ʇʝʥʽʥʩʴʢʠʭ ʉʪʨʽʤʯʘʢʽʚ ʽ ʧʦ ʧʽʚʜʝʥʥʽʡ 

ʧʝʨʠʬʝʨʽʾ ʉʦʣʦʪʚʠʥʩʴʢʦʾ ʟʘʧʘʜʠʥʠ (ʨʘʡʦʥ ɹʝʨʝʛʦʚʦ ʪʘ ʽʥ.) ʥʘʤʽʯʘʶʪʴʩʷ ʜʝʷʢʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ 

ʛʝʦʣʦʛʽʯʥʽʡ ʙʫʜʦʚʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʨʘʭʫʚʘʪʠ ʮʶ ʪʝʨʠʪʦʨʽʶ ʚʞʝ ʜʦ ʽʥʰʦʛʦ ʩʘʤʦʩʪʽʡʥʦʛʦ, 

ʙʽʣʴʰ ʧʽʚʜʝʥʥʦʛʦ ʚʝʣʠʢʦʛʦ ʪʝʢʪʦʥʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʚʽʜʦʤʦʛʦ ʚ ʥʘʩ ʷʢ ʇʘʥʦʥʩʴʢʘ ʟʘʧʘʜʠʥʘ, 

ʘʙʦ ʇʘʥʦʥʩʴʢʠʡ ʩʝʨʝʜʠʥʥʠʡ ʤʘʩʠʚ. 

ʊʨʠʚʘʣʠʡ ʯʘʩ ʫ ɿʘʢʘʨʧʘʪʩʴʢʦʤʫ ʧʨʦʛʠʥʽ ʟʦʚʩʽʤ ʥʝ ʙʫʣʦ ʥʽʷʢʠʭ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ 

ʚʽʜʢʣʘʜʠ, ʜʘʚʥʽʰʽ ʚʽʜ ʤʽʦʮʝʥʫ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʽʜʝ ʥʝ ʚʠʩʪʫʧʘʶʪʴ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ. 

ɺʝʣʠʯʝʟʥʘ ʨʽʚʥʠʥʘ ɿʘʢʘʨʧʘʪʪʷ ʚʢʨʠʪʘ ʧʦʪʫʞʥʠʤ ʧʣʘʱʝʤ ʩʫʯʘʩʥʠʭ ʽ ʧʣʽʦʮʝʥʦʚʠʭ ʚʽʜʢʣʘʜʽʚ, ʽ 

ʪʽʣʴʢʠ ʚ ʦʙʣʘʩʪʽ, ʱʦ ʤʝʞʫʻ ʟ ʟʦʥʦʶ ʧʝʥʽʥʩʴʢʠʭ ʩʪʨʽʤʯʘʢʽʚ, ʚʠʭʦʜʷʪʴ ʫʪʚʦʨʝʥʥʷ ʤʽʦʮʝʥʫ. 

ʃʠʰʝ ʫ ʟʚôʷʟʢʫ ʟ ʧʦʰʫʢʦʚʦ-ʨʦʟʚʽʜʫʚʘʣʴʥʠʤʠ ʨʦʙʦʪʘʤʠ ʥʘ ʥʘʬʪʫ ʽ ʛʘʟ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʙʫʣʠ 

ʦʜʝʨʞʘʥʽ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʽ ʜʘʥʽ, ʱʦ ʜʦʟʚʦʣʠʣʠ ʚʠʩʚʽʪʣʠʪʠ ʛʣʠʙʠʥʥʫ ʙʫʜʦʚʫ ʧʨʦʛʠʥʫ, 

ʚʩʪʘʥʦʚʠʪʠ ʽ ʚʠʚʯʠʪʠ ʧʘʣʝʦʛʝʥʦʚʽ, ʢʨʝʡʜʦʚʽ ʽ ʙʽʣʴʰ ʜʘʚʥʽ ʥʘʰʘʨʫʚʘʥʥʷ. 

ɿʘ ʩʫʯʘʩʥʠʤʠ ʫʷʚʣʝʥʥʷʤʠ, ʚʩʷ ʪʦʚʱʘ ʛʝʦʣʦʛʽʯʥʠʭ ʫʪʚʦʨʝʥʴ ʧʦʜʽʣʷʻʪʴʩʷ ʪʫʪ ʥʘ ʜʚʽ 

ʯʘʩʪʠʥʠ. ʅʠʞʥʶ, ʱʝ ʥʝ ʜʦʩʠʪʴ ʚʠʚʯʝʥʫ, ʩʢʣʘʜʘʶʪʴ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ 

ʜʦʤʽʦʮʝʥʦʚʠʡ, ʪʦʙʪʦ ʜʦʤʦʣʘʩʦʚʠʡ ʩʫʙʩʪʨʘʪ ʘʙʦ ʬʫʥʜʘʤʝʥʪ ʧʨʦʛʠʥʫ. ɺʝʨʭʥʶ ʯʘʩʪʠʥʫ 

ʩʢʣʘʜʘʶʪʴ ʦʩʘʜʦʯʥʽ ʩʝʨʽʾ ʥʝʦʛʝʥʫ, ʷʢʽ ʻ ʪʠʧʦʚʦʶ ʤʦʣʘʩʦʚʦʶ ʬʦʨʤʘʮʽʻʶ, ʱʦ ʩʬʦʨʤʫʚʘʣʘʩʷ ʚ 

ʟʘʧʘʜʠʥʽ ʟʘ ʨʘʭʫʥʦʢ ʘʢʪʠʚʥʦʾ ʜʝʥʫʜʘʮʽʾ ʛʽʨʩʴʢʦʾ ʩʧʦʨʫʜʠ ʂʘʨʧʘʪ, ʷʢʘ ʧʽʜʥʽʤʘʣʘʩʷ. 

ɿʘʢʘʨʧʘʪʩʴʢʠʡ ʧʨʦʛʠʥ ʚ ʤʽʦʮʝʥʦʚʠʡ ʯʘʩ ʧʨʝʜʩʪʘʚʣʷʚ ʦʙʣʘʩʪʴ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʧʨʦʛʠʥʘʥʥʷ, ʷʢʠʡ ʩʬʦʨʤʫʚʘʚʩʷ ʫ ʚʥʫʪʨʽʰʥʽʡ ʯʘʩʪʠʥʽ ʂʘʨʧʘʪʩʴʢʦʾ ʛʽʨʩʴʢʦʾ ʩʧʦʨʫʜʠ, ʷʢʘ 

ʽʥʪʝʥʩʠʚʥʦ ʧʽʜʥʽʤʘʣʘʩʴ ʽ ʟʘʧʦʚʥʶʚʘʣʘʩʴ ʧʦʪʫʞʥʦʶ ʪʦʚʱʝʶ ʤʦʣʘʩʦʚʠʭ ʪʘ ʝʬʫʟʠʚʥʠʭ 

ʫʪʚʦʨʝʥʴ. ɿʘ ʜʘʥʠʤʠ  ʙʘʛʘʪʴʦʭ ʢʘʨʧʘʪʩʴʢʠʭ ʜʦʩʣʽʜʥʠʢʽʚ, ʧʨʦʛʠʥ ʩʬʦʨʤʫʚʘʚʩʷ ʫ ʚʥʫʪʨʽʰʥʽʡ 

ʯʘʩʪʠʥʽ ʂʘʨʧʘʪʩʴʢʦʾ ʛʽʨʩʴʢʦʾ ʩʧʦʨʫʜʠ, ʷʢʘ ʽʥʪʝʥʩʠʚʥʦ ʧʽʜʥʽʤʘʣʘʩʴ ʽ ʟʘʧʦʚʥʶʚʘʣʘʩʴ 

ʧʦʪʫʞʥʦʶ ʪʦʚʱʝʶ ʤʦʣʘʩʦʚʠʭ ʪʘ ʝʬʫʟʠʚʥʠʭ ʫʪʚʦʨʝʥʴ. ɿʘ ʜʘʥʠʤʠ ʙʘʛʘʪʴʦʭ ʢʘʨʧʘʪʩʴʢʠʭ 

ʜʦʩʣʽʜʥʠʢʽʚ, ʧʨʦʛʠʥ ʩʬʦʨʤʫʚʘʚʩʷ ʥʘ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʤʫ, ʜʫʞʝ ʦʧʫʱʝʥʦʤʫ ʧʦ ʤʦʣʦʜʠʭ 

ʨʦʟʨʠʚʘʭ ʢʨʠʣʽ ʩʢʣʘʜʥʦʛʦ ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʤʝʛʘʘʥʪʠʢʣʽʥʦʨʽʶ ʉʭʽʜʥʠʭ ʂʘʨʧʘʪ, ʷʜʨʦ ʷʢʦʛʦ 

ʩʢʣʘʜʘʶʪʴ ʄʘʨʤʘʨʦʩʴʢʠʡ ʢʨʠʩʪʘʣʽʯʥʠʡ ʤʘʩʠʚ ʽ çʩʪʨʽʤʯʘʢʦʚʽè ʚʠʭʦʜʠ ʶʨʠ. 

ʈʦʟʣʦʤʠ, ʷʢʽ ʧʝʨʝʩʽʢʘʶʪʴ ʬʫʥʜʘʤʝʥʪ, ʙʘʛʘʪʦ ʨʘʟʽʚ ʩʣʫʞʠʣʠ ʧʽʜʚʽʜʥʠʤʠ ʢʘʥʘʣʘʤʠ ʜʣʷ 

ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ. ɺʟʜʦʚʞ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʛʦ ʙʦʨʪʫ ʥʝʦʛʝʥʥʦʚʦʾ ʦʙʣʘʩʪʽ ʧʨʦʛʠʥʘʥʥʷ ʧʦ 

ʣʥ̔ʽʾ ʇʝʨʝʯʠʥ-ʇʨʠʙʦʨʞʘʚʩʴʢʝ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ɺʠʛʦʨʣʘʪ-ɻʫʪʠʥʩʴʢʘ ʛʨʷʜʘ ʝʬʫʟʠʚʽʚ, ʷʢʘ 

ʢʦʩʦ ʧʝʨʝʩʽʢʘʻ ʚʝʩʴ ɿʘʢʘʨʧʘʪʩʴʢʠʡ ʚʥʫʪʨʽʰʥʽʡ ʧʨʦʛʠʥ, ʨʦʟʜʽʣʷʶʯʠ ʡʦʛʦ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ, 

ʚʽʜʦʤʽ ʚ ʣʽʪʝʨʘʪʫʨʽ ʧʽʜ ʥʘʟʚʦʶ ʉʦʣʦʪʚʠʥʩʴʢʦʾ ʥʘ ʩʭʦʜʽ ʽ ʏʦʧ-ʄʫʢʘʯʽʚʩʴʢʦʾ ʥʘ ʟʘʭʦʜʽ ʟʘʧʘʜʠʥ. 

ʊʘʢʠʡ ʧʦʜʽʣ ʻ ʜʝʱʦ ʫʤʦʚʥʠʤ, ʪʘʢ ʷʢ ʚ ʪʝʢʪʦʥʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʚʦʥʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʩʘʤʦʩʪʽʡʥʠʭ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʠʭ ʦʜʠʥʠʮʴ, ʥʘ ʱʦ ʚʢʘʟʫʶʪʴ ʧʨʠʙʣʠʟʥʦ ʦʜʥʽ ʽ ʪʽ ʞ ʛʣʠʙʠʥʠ 

ʟʘʣʷʛʘʥʥʷ ʬʫʥʜʘʤʝʥʪʫ ʪʘ ʘʥʘʣʦʛʽʯʥʠʡ ʣʽʪʦʣʦʛʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʤʽʦʮʝʥʦʚʠʭ ʚʽʜʢʣʘʜʽʚ. ʉʫʪʪʻʚʘ 

ʚʽʜʤʽʥʥʽʩʪʴ ʚ ʭʘʨʘʢʪʝʨʽ ʾʭ ʙʫʜʦʚʠ ʧʦʣʷʛʘʻ ʚ ʰʠʨʦʢʦʤʫ ʨʦʟʚʠʪʢʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʽʚʜʝʥʥʦ-

ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʧʨʦʛʠʥʫ ʩʦʣʷʥʦ-ʢʫʧʦʣʴʥʦʾ ʪʝʢʪʦʥʽʢʠ. ɼʽʘʧʽʨʦʚʽ ʩʪʨʫʢʪʫʨʠ ʛʨʫʧʫʶʪʴʩʷ ʪʘʤ ʚ 

ʦʜʥʫ ʩʤʫʛʫ, ʚʠʪʷʛʥʫʪʫ ʚ ʟʘʛʘʣʴʥʦʢʘʨʧʘʪʩʴʢʦʤʫ ʥʘʧʨʷʤʢʫ ʟ ʧʽʚʜʝʥʥʦʛʦ ʩʭʦʜʫ ʥʘ ʧʽʚʥʽʯʥʠʡ 
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ʟʘʭʽʜ ʧʦ ʣʽʥʽʾ ʉʦʣʦʪʚʠʥʦ-ɼʘʥʠʣʦʚʦ. ʇʦ ʦʙʠʜʚʘ ʙʦʢʠ ʚʽʜ ʮʴʦʛʦ ʧʽʜʥʷʪʪʷ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʢʨʫʧʥʽ ʩʠʥʢʣʽʥʘʣʴʥʽ ʧʨʦʛʠʥʠ. 

ʊʝʢʪʦʥʽʢʘ ɿʘʢʘʨʧʘʪʩʴʢʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʛʠʥʫ ʜʦ ʦʩʪʘʥʥʴʦʛʦ ʯʘʩʫ ʫʷʚʣʷʣʘʩʴ ʜʦʩʠʪʴ 

ʧʨʦʩʪʦʶ. ʇʨʦʛʠʥ  ʪʨʘʢʪʫʚʘʚʩʷ ʷʢ ʤʦʣʦʜʘ, ʥʘʢʣʘʜʝʥʘ ʟʘʧʘʜʠʥʘ, ʱʦ ʩʬʦʨʤʫʚʘʣʘʩʴ ʥʘ 

ʦʧʫʱʝʥʦʤʫ ʧʽʚʜʝʥʥʦʤʫ ʢʨʠʣʽ ʂʘʨʧʘʪʩʴʢʦʾ ʤʝʛʘʘʥʪʠʢʣʽʥʘʣʽ. ɸʣʝ, ʷʢ ʧʦʢʘʟʘʣʠ ʥʘʩʣʽʜʢʠ 

ʛʣʠʙʦʢʦʛʦ ʙʫʨʽʥʥʷ, ʙʫʜʦʚʘ ʽ ʩʢʣʘʜ ʫʪʚʦʨʝʥʴ ʬʫʥʜʘʤʝʥʪʫ ʧʨʦʛʠʥʫ ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ  

ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʽ ʩʢʣʘʜʫ ʧʦʨʽʜ ʧʽʚʥʽʯʥʦʛʦ ʢʨʠʣʘ ʘʥʪʠʢʣʽʥʦʨʽʶ. ɿʘ ʩʫʯʘʩʥʠʤʠ ʫʷʚʣʝʥʥʷʤʠ 

ʩʪʨʫʢʪʫʨʘ ʧʨʦʛʠʥʫ ʜʦʩʠʪʴ ʩʢʣʘʜʥʘ. ɺʽʜ ɿʦʚʥʽʰʥʽʭ ʂʘʨʧʘʪ ʚʽʥ ʚʽʜʜʽʣʷʻʪʴʩʷ  ɿʘʢʘʨʧʘʪʩʴʢʠʤ 

ʛʣʠʙʠʥʥʠʤ ʨʦʟʣʦʤʦʤ, ʷʢʠʡ ʩʢʣʘʜʘʶʪʴ ʟʦʥʠ ʧʝʥʽʥʩʴʢʠʭ ʽ ʤʘʨʤʘʨʦʩʴʢʠʭ ʩʪʨʽʤʯʘʢʽʚ, ʘ ʚʽʜ 

ʇʘʥʦʥʩʴʢʦʛʦ ʤʘʩʠʚʫ - ʟʦʥʦʶ ʇʨʠʧʘʥʦʥʩʴʢʦʛʦ ʛʣʠʙʠʥʥʦʛʦ ʨʦʟʣʦʤʫ, ʷʢʠʡ ʧʨʦʩʪʷʛʘʻʪʴʩʷ 

ʚʟʜʦʚʞ ɻʫʪʠʥʩʴʢʦʾ ʛʨʷʜʠ ʯʝʨʝʟ ɺʠʰʢʦʚʝ, ɺʠʥʦʛʨʘʜʽʚ, ɹʝʨʝʛʦʚʝ ʜʘʣʽ ʥʘ ʟʘʭʽʜ. 

ʋ ʩʢʣʘʜʽ ʬʫʥʜʘʤʝʥʪʫ ʻ ʛʝʨʮʠʥʩʴʢʽ  ʪʘ ʘʣʴʧʽʡʩʴʢʽ ʩʢʣʘʜʯʘʩʪʽ ʢʦʤʧʣʝʢʩʠ, ʱʦ ʤʘʶʪʴ  

ʜʫʞʝ ʩʢʣʘʜʥʫ ʙʣʦʢʦʚʫ ʙʫʜʦʚʫ, ʦʩʦʙʣʠʚʦ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʫ ʫ ʏʦʧʩʴʢʽʡ ʟʘʧʘʜʠʥʽ. ɸʣʝ 

ʩʢʣʘʜʥʽʩʪʴ ʙʫʜʦʚʠ ʬʫʥʜʘʤʝʥʪʫ ʥʝ ʚʠʯʝʨʧʫʻʪʴʩʷ ʪʽʣʴʢʠ ʧʦʜʨʽʙʥʝʥʥʷʤ ʡʦʛʦ ʥʘ ʙʣʦʢʠ. ʗʢ 

ʧʦʢʘʟʘʣʠ ʥʘʩʣʽʜʢʠ ʙʫʨʽʥʥʷ ʛʣʠʙʦʢʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʉʦʣʦʪʚʠʥʘ-4, ʚʦʥʘ ʥʘʙʘʛʘʪʦ ʩʢʣʘʜʥʽʰʘ. 

ʊʫʪ ʧʽʜ ʢʦʤʧʣʝʢʩʦʤ ʢʨʝʡʜʦʚʠʭ ʧʦʨʽʜ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʧʘʣʝʦʥʪʦʣʦʛʽʯʥʦ ʚʽʜʢʣʘʜʠ ʧʘʣʝʦʛʝʥʫ. 

ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʦʟʚʠʪʦʢ ʽʥʪʝʥʩʠʚʥʠʭ ʩʢʣʘʜʯʘʩʪʠʭ ʽ ʨʦʟʨʠʚʥʠʭ ʜʠʩʣʦʢʘʮʽʡ ʫ 

ʧʝʨʝʜʥʝʦʛʝʥʦʚʠʡ ʯʘʩ. ɹʫʨʽʥʥʷʤ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʦʶ ʤʦʣʘʩʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʫ 

ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʧʨʦʛʠʥʫ ʩʣʫʞʘʪʴ ʫʪʚʦʨʝʥʥʷ ʧʝʥʽʥʩʴʢʠʭ ʩʪʨʽʤʯʘʢʽʚ. 

ɹʫʜʦʚʘ ʚʝʨʭʥʴʦʛʦ ʥʝʦʛʝʥʦʚʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʚʝʨʭʫ , ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʠʞʥʽʭ, ʜʫʞʝ 

ʧʨʦʩʪʘ ʅʘ ʟʘʛʘʣʴʥʦʤʫ ʬʦʥʽ ʫʪʚʦʨʝʥʴ ʥʝʦʛʝʥʫ, ʱʦ ʟʘʣʷʛʘʶʪʴ ʧʦʣʦʛʦ, ʚʽʜʤʽʯʘʻʪʴʩʷ ʨʷʜ 

ʩʧʘʜʠʩʪʠʭ ʩʠʥʢʣʽʥʘʣʴʥʠʭ ʽ ʘʥʪʠʢʣʽʥʘʣʴʥʠʭ ʩʢʣʘʜʦʢ ʨʽʟʥʦʾ ʚʝʣʠʯʠʥʠ. ʏʘʩʪʠʥʘ ʦʩʪʘʥʥʽʭ ʻ 

ʦʙôʻʢʪʦʤ ʜʣʷ ʧʦʰʫʢʽʚ ʽ ʨʦʟʚʽʜʢʠ ʨʦʜʦʚʠʱ ʥʘʬʪʠ ʽ ʛʘʟʫ. 

 

ɻɽʆʃʆɻɯʏʅɯ ʆʉʆɹʃʀɺʆʉʊɯ ʂɸʈʇɸʊʉʔʂʆɰ ʄɯʅɽʈɸʃʆɻɯʏʅʆɰ ʇʈʆɺɯʅʎɯɰ 

 

ɻʝʨʠʰ ɸʥʥʘ ʄʠʭʘʡʣʽʚʥʘ, ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ ʅɿɻ-25-1 

ɸʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ɻʈʅ, ʄʝʜʚʽʜʴ ʄʘʨôʷʥʘ ɯʛʦʨʽʚʥʘ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ  

 

ʂʘʨʧʘʪʩʴʢʘ ʤʽʥʝʨʘʣʦʛʽʯʥʘ ʧʨʦʚʽʥʮʽʷ ʦʭʦʧʣʶʻ ʫʢʨʘʾʥʩʴʢʠʡ ʯʘʩʪʠʥʫ ʂʘʨʧʘʪʩʴʢʦʾ 

ʩʢʣʘʜʯʘʩʪʦʾ ʩʧʦʨʫʜʠ ʪʘ ʚʠʨʽʟʥʷʻʪʴʩʷ ʟʥʘʯʥʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʤʽʥʝʨʘʣʴʥʠʭ ʬʦʨʤʘʮʽʡ. ʋ ʾʾ 

ʤʝʞʘʭ ʜʦʤʽʥʫʶʪʴ ʩʝʜʠʤʝʥʪʦʛʝʥʥʽ ʢʦʤʧʣʝʢʩʠ, ʪʦʜʽ ʷʢ ʤʘʛʤʘʪʦʛʝʥʥʽ, ʤʝʪʘʩʦʤʘʪʠʯʥʽ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʽ ʪʘ ʤʝʪʘʤʦʨʬʦʛʝʥʥʽ ʫʪʚʦʨʝʥʥʷ ʪʨʘʧʣʷʶʪʴʩʷ ʟʥʘʯʥʦ ʨʽʜʰʝ. ʈʝʛʽʦʥ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʦʟʚʠʪʢʦʤ ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʝʚʦʛʦ (ʟʦʣʦʪʦ), ʩʫʣʴʬʽʜʥʦʛʦ (ʧʦʣʽʤʝʪʘʣʠ ʽ 

ʨʪʫʪʴ), ʩʠʣʽʢʘʪʥʦʛʦ (ʮʝʦʣʽʪʠ, ʢʘʦʣʽʥʦʚʽ ʡ ʙʝʥʪʦʥʽʪʦʚʽ ʛʣʠʥʠ), ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʦʛʦ 

ʟʨʫʜʝʥʽʥʥʷ. ʊʘʢʦʞ ʪʫʪ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʘ ʚʫʛʣʝʚʦʜʥʝʚʘ ʩʠʨʦʚʠʥʘ ð ʧʦʢʣʘʜʠ ʥʘʬʪʠ, ʛʘʟʫ, 

ʚʫʛʽʣʣʷ ʡ ʦʟʦʢʝʨʠʪʫ. ʋ ʩʪʨʫʢʪʫʨʥʦʤʫ ʧʣʘʥʽ ʚʠʜʽʣʷʶʪʴ ʪʨʠ ʩʫʙʧʨʦʚʽʥʮʽʾ: ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʫ, 

ʉʢʣʘʜʯʘʩʪʦ-ʂʘʨʧʘʪʩʴʢʫ ʪʘ ɿʘʢʘʨʧʘʪʩʴʢʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʦʣʦʚʥʠʤ ʪʝʢʪʦʥʽʯʥʠʤ ʟʦʥʘʤ 

ʨʝʛʽʦʥʫ. 

ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʘ ʩʫʙʧʨʦʚʽʥʮʽʷ ʧʨʠʫʨʦʯʝʥʘ ʜʦ ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʦʛʦ ʧʨʦʛʠʥʫ, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦʶ ʛʣʠʙʠʥʦʶ ʪʘ ʟʘʧʦʚʥʝʥʠʡ ʧʦʪʫʞʥʦʶ ʪʦʚʱʝʶ ʤʽʦʮʝʥʦʚʠʭ 

ʤʦʣʘʩʦʚʠʭ ʚʽʜʢʣʘʜʽʚ. ʊʫʪ ʩʬʦʨʤʫʚʘʣʠʩʷ ʪʨʠ ʦʩʥʦʚʥʽ ʤʽʥʝʨʘʣʦʛʽʯʥʽ ʨʘʡʦʥʠ ð ʉʪʝʙʥʠʮʴʢʦ-

ʊʨʫʩʢʘʚʝʮʴʢʠʡ, ʂʘʣʫʩʴʢʠʡ ʽ ʅʘʜʚʽʨʥʷʥʩʴʢʦ-ʗʙʣʫʥʽʚʩʴʢʠʡ.  

ʋ ʉʪʝʙʥʠʮʴʢʦ-ʊʨʫʩʢʘʚʝʮʴʢʦʤʫ ʨʘʡʦʥʽ ʟʦʩʝʨʝʜʞʝʥʽ ʨʦʜʦʚʠʱʘ ʢʘʣʽʡʥʦ-ʤʘʛʥʽʻʚʠʭ ʩʦʣʝʡ 

(ʉʪʝʙʥʠʮʴʢʝ, ɹʦʨʠʩʣʘʚʩʴʢʝ) ʪʘ ʩʚʠʥʮʝʚʦ-ʮʠʥʢʦʚʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ, ʱʦ ʚʠʥʠʢʣʘ ʚ ʫʤʦʚʘʭ 

ʛʘʣʦʛʝʥʥʠʭ ʚʽʜʢʣʘʜʘʭ ʤʽʦʮʝʥʫ. ɼʣʷ ʧʝʨʰʠʭ ʭʘʨʘʢʪʝʨʥʝ ʚʝʣʠʢʝ ʨʦʟʤʘʾʪʪʷ ʩʦʣʷʥʠʭ ʤʽʥʝʨʘʣʽʚ, 

ʩʝʨʝʜ ʷʢʠʭ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʽ ʢʘʾʥʽʪ ʽ ʩʠʣʴʚʽʥ, ʛʘʣʽʪ ʽ ʧʦʣʽʛʘʣʽʪ. ɺʠʷʚʣʝʥʦ ʙʘʛʘʪʦ ʜʨʫʛʦʨʷʜ ʥʠʭ 

ʤʽʥʝʨʘʣʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʜʦʩʠʪʴ ʨʽʜʢʽʩʥʠʭ: ʰʝʥʽʪ, ʣʝʚʝʾʪ, ʢʘʨʥʘʣʽʪ ʪʘ ʽʥ. ʉʚʠʥʮʝʚʦ-ʮʠʥʢʦʚʝ 

ʟʨʫʜʝʥʽʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʝ ʧʨʠʭʦʚʘʥʦ-ʢʨʠʩʪʘʣʽʯʥʠʤ ʨʽʟʥʦʚʠʜʦʤ ʩʬʘʣʝʨʠʪʫ ʽ ʛʘʣʝʥʽʪʦʤ ʟ 

ʥʝʚʝʣʠʢʠʤʠ ʜʦʤʽʰʢʘʤʠ ʧʽʨʠʪʫ, ʭʘʣʴʢʦʧʽʨʠʪʫ, ʤʘʨʢʘʟʠʪʫ ʽ ʥʝʨʫʜʥʠʭ ʤʽʥʝʨʘʣʽʚ ʩʘʤʦʨʦʜʥʦʾ 

ʩʽʨʢʠ, ʛʽʧʩʫ, ʢʘʣʴʮʠʪʫ, ʘʨʘʛʦʥʽʪʫ. 



  
                                                                                                                                                         

 

 

ʈʝʛʽʦʥʘʣʴʥʘ ʢʦʥʬʝʨʝʥʮʽʷ òʄʦʣʦʜʽʞʥʠʡ ʝʢʦʛʝʦʬʦʨʫʤ - 2025ñ 
19-20 

͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ʂʘʣʫʩʴʢʠʡ ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʨʘʡʦʥ ʦʭʦʧʣʶʻ ʩʦʣʝʥʦʩʥʽ ʚʽʜʢʣʘʜʠ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ 

ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʦʛʦ ʧʨʦʛʠʥʫ. ɻʦʣʦʚʥʠʤʠ ʤʽʥʝʨʘʣʴʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʪʫʪ ʻ ʢʘʣʽʡʥʦ-ʤʘʛʥʽʻʚʽ 

ʩʦʣʷʥʽ ʨʦʜʦʚʠʱʘ ʂʘʣʫʰ-ɻʦʣʠʥʩʴʢʦʾ ʛʨʫʧʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʛʘʣʦʛʝʥʥʠʤʠ ʬʦʨʤʘʮʽʷʤʠ, ʽ ʥʝʟʥʘʯʥʘ 

ʤʽʜʥʘ (ʭʘʣʴʢʦʟʠʥʦʚʘ) ʤʽʥʝʨʘʣʽʟʘʮʽʷ (ʂʘʣʫʩʴʢʠʡ ʈʫʜʦʧʨʦʷʚ). ʅʘ ʩʦʣʷʥʠʭ ʨʦʜʦʚʠʱʘʭ 

ʥʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʽ ʢʘʾʥʽʪʦʚʠʡ ʽ ʩʠʣʴʚʽʥʽʪʦʚʠʡ ʪʠʧʠ ʨʫʜ. ʈʽʜʰʝ ʪʨʘʧʣʷʶʪʴʩʷ ʢʘʨʥʘʣʽʪʦʚʽ ʡ 

ʧʦʣʽʛʘʣʽʪʦʚʽ ʨʫʜʠ.  

ʅʘʜʚʽʨʥʷʥʩʴʢʦ-ʗʙʣʫʥʽʚʩʴʢʦʤʫ ʨʘʡʦʥʫ ʚʣʘʩʪʠʚʠʡ ʰʠʨʦʢʠʡ ʨʦʟʚʠʪʦʢ ʤʽʜʥʦʾ 

ʤʽʥʝʨʘʣʽʟʘʮʽʾ, ʫ ʩʢʣʘʜʽ ʷʢʦʾ ʧʝʨʝʚʘʞʘʻ ʭʘʣʴʢʦʟʠʥ, ʽʥʢʦʣʠ ʟ ʜʦʤʽʰʢʘʤʠ ʩʘʤʦʨʦʜʥʦʾ ʤʽʜʽ ʡ 

ʢʫʧʨʠʪʫ. ʄʽʥʝʨʘʣʽʟʘʮʽʷ ʧʦʚ'ʷʟʘʥʘ ʟʽ ʩʪʨʦʢʘʪʦʢʦʣʽʨʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ ʥʠʞʥʴʦʩʪʝʙʥʠʮʴʢʦʾ 

ʩʚʽʪʠ ʤʽʦʮʝʥʫ (ʅʘʜʚʽʨʥʷʥʩʴʢʠʡ, ʃʦʪʦʚʝʮʴʢʠʡ, ʃʦʾʚʩʴʢʠʡ ʽ ʗʙʣʫʥʽʚʩʴʢʠʡ ʨʫʜʦʧʨʦʷʚʠ 

ɼʝʣʷʪʠʥʩʴʢʦʾ ʤʽʜʝʥʦʩʥʦʾ ʟʦʥʠ). ɺʠʷʚʣʝʥʝ ʪʘʢʦʞ ʟʦʣʦʪʝ ʟʨʫʜʝʥʽʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʝ ʩʫʯʘʩʥʠʤʠ 

ʘʣʶʚʽʘʣʴʥʠʤʠ ʨʦʟʩʠʧʘʤʠ (ʨ. ʃʶʯʢʘ) ʽ ʜʘʚʥʽʤʠ ʟʦʣʦʪʦʥʦʩʥʠʤʠ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ ʩʣʦʙʽʜʩʴʢʦʾ 

ʩʚʽʪʠ ʤʽʦʮʝʥʫ. 

ʉʢʣʘʜʯʘʩʪʦ-ʂʘʨʧʘʪʩʴʢʘ ʤʽʥʝʨʘʣʦʛʽʯʥʘ ʩʫʙʧʨʦʚʽʥʮʽʷ ʦʭʦʧʣʶʻ ʮʝʥʪʨʘʣʴʥʫ ʯʘʩʪʠʥʫ 

ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ, ʷʢʘ ʩʢʣʘʜʝʥʘ ʧʦʪʫʞʥʠʤʠ ʪʦʚʱʘʤʠ ʢʨʝʡʜʦʚʦʛʦ ʽ ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʬʣʽʰʫ, 

ʱʦ ʟʘʣʷʛʘʻ ʥʘ ʨʠʬʝʡ-ʧʘʣʝʟʦʡʩʴʢʦʤʫ ʬʫʥʜʘʤʝʥʪʠ ʡ ʨʦʟʜʽʣʝʥʘ ʥʘ ʥʠʟʢʫ ʩʪʨʫʢʪʫʨʥʦ-

ʬʘʮʽʘʣʴʥʠʭ ʟʦʥ, ʥʘʩʫʥʫʪʠʭ ʦʜʥʘ ʥʘ ʦʜʥʫ ʫ ʚʠʛʣʷ ʜʽ ʣʫʩʦʢ. ʋ ʤʝʞʘʭ ʩʫʙʧʨʦʚʽʥʮʽʾ ʚʠʜʽʣʝʥʦ 

ʈʘʭʽʚʩʴʢʠʡ ʽ ʏʠʚʯʠʥʩʴʢʠʡ ʤʽʥʝʨʘʣʦʛʽʯʥʽ ʨʘʡʦʥʠ ʪʘ ʜʝʷʢʽ ʜʽʣʷʥʢʠ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʫ ʬʣʽʰʦʚʠʭ 

ʚʽʜʢʣʘʜʘʭ ʢʨʝʡʜʠ ʡ ʧʘʣʝʦʛʝʥʫ. 

ʈʘʭʽʚʩʴʢʠʡ ʽ ʏʠʚʯʠʥʩʴʢʠʡ ʤʽʥʝʨʘʣʦʛʽʯʥʽ ʨʘʡʦʥʠ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʢʨʘʡʦʚʽʡ ʧʽʚʥʽʯʥʦ-

ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʄʘʨʤʘʨʦʩʴʢʦʛʦ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʤʘʩʠʚʫ. ɺʦʥʠ ʥʘʣʝʞʘʪʴ ʜʦ ʛʝʨʮʠʥʩʴʢʦʾ 

ʩʢʣʘʜʯʘʩʪʦʾ ʩʪʨʫʢʪʫʨʠ. ʋ ʈʘʭʽʚʩʴʢʦʤʫ ʨʘʡʦʥʽ ʛʦʣʦʚʥʠʤʠ ʤʽʥʝʨʘʣʴʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʻ ʟʦʣʦʪʝ 

ʩʪʨʘʪʠʬʦʨʤʥʝ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦ-ʛʽʜʨʦʪʝʨʤʘʣʴʥʝ ʽ ʧʦʣʽʤʝʪʘʣʝʚʝ ʞʠʣʴʥʝ ʛʽʜʨʦʪʝʨʤʘʣʴʥʝ 

ʟʨʫʜʝʥʽʥʥʷ. ʇʝʨʰʝ ʧʨʝʜʩʪʘʚʣʝʥʝ ʟʦʣʦʪʦ-ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʠʤ (ʨʦʜʦʚʠʱʝ ʉʘʫʣʷʢ) ʽ ʟʦʣʦʪʦ-

ʢʚʘʨʮʦʚʠʤ (ʨʫʜʦʧʨʦʷʚʠ ɹʽʣʠʡ ʇʦʪʽʢ, ɹʘʥʩʴʢʠʡ, ʊʫʢʘʣʦ ʪʘ ʽʥ.) ʤʘʣʦʩʫʣʴʬʽʜʥʠʤ (ʧʽʨʠʪ, 

ʧʽʨʦʪʠʥ, ʩʬʘʣʝʨʠʪ, ʛʘʣʝʥʽʪ, ʭʘʣʴʢʦʧʽʨʠʪ, ʘʨʩʝʥʦʧʽʨʠʪ ʪʦʱʦ) ʤʽʥʝʨʘʣʴʥʠʤʠ ʪʠʧʘʤʠ, ʜʨʫʛʝ 

ʧʝʨʝʚʘʞʥʦ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʠʤʠ ʞʠʣʘʤʠ ʪʘ ʧʨʦʞʠʣʢʘʤʠ ʚ ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʧʦʨʦʜʘʭ 

(ʨʫʜʦʧʨʦʷʚʠ ʈʘʭʽʚʩʴʢʠʡ, ʂʦʙʠʣʝʮʴʢʘ ʇʦʣʷʥʘ ʪʘ ʽʥ.) ʟ ʛʘʣʝʥʽʪʦʤ, ʩʬʘʣʝʨʠʪʦʤ ʽ ʧʽʨʠʪʦʤ ʪʘ 

ʥʝʟʥʘʯʥʠʤʠ ʜʦʤʽʰʢʘʤʠ ʭʘʣʴʢʦʧʽʨʠʪʫ, ʘʨʩʝʥʦʧʽʨʠʪʫ ʡ ʩʘʤʦʨʦʜʥʦʛʦ ʩʨʽʙʣʘ. ʋ ʏʠʚʯʠʥʩʴʢʦʤʫ 

ʨʘʡʦʥʽ ʛʦʣʦʚʥʽ ʤʽʥʝʨʘʣʴʥʽ ʦʙ'ʻʢʪʠ ʮʝ ʨʦʜʦʚʠʱʘ ʪʘ ʨʫʜʦʧʨʦʷʚʠ ʩʫʙʛʨʘʬʽʪʦʚʠʭ ʽ ʤʘʥʛʘʥʦʚʠʭ 

ʨʦʜʦʥʽʪ-ʨʦʜʦʭʨʦʟʠʪʦʚʠʭ ʨʫʜ, ʘ ʪʘʢʦʞ ʩʪʨʘʪʠʬʦʨʤʥʠʭ ʢʦʣʯʝʜʘʥʦʚʠʭ, ʤʽʜʥʦʢʦʣʯʝʜʘʥʦʚʠʭ ʪʘ 

ʢʦʣʯʝʜʘʥʦʚʦ-ʧʦʣʽʤʝʪʘʣʝʚʠʭ ʨʫʜ (ʇʨʝʣʫʢʠ, ʏʝʤʫʨʥʠʡ, ʇʝʨʢʘʣʘʙ, ʈʫʜʥʠʡ ʪʘ ʽʥ.). 

ʆʪʞʝ, ʂʘʨʧʘʪʩʴʢʘ ʤʽʥʝʨʘʣʦʛʽʯʥʘ ʧʨʦʚʽʥʮʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ 

ʤʽʥʝʨʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʩʢʣʘʜʥʦʶ ʛʝʦʣʦʛʽʯʥʦʶ ʙʫʜʦʚʦʶ ʨʝʛʽʦʥʫ. ʋ ʨʽʟʥʠʭ 

ʨʘʡʦʥʘʭ ʬʽʢʩʫʻʪʴʩʷ ʧʨʦʷʚ ʤʽʜʥʦʾ, ʤʘʥʛʘʥʦʚʦʾ ʪʘ ʽʥʰʠʭ ʪʠʧʽʚ ʤʽʥʝʨʘʣʽʟʘʮʽʾ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʚʠʩʦʢʠʡ ʤʽʥʝʨʘʛʝʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʂʘʨʧʘʪ. ɿʘʛʘʣʦʤ ʨʝʛʽʦʥ ʻ ʚʘʞʣʠʚʠʤ ʤʽʥʝʨʘʣʦʛʽʯʥʠʤ 

ʦʙôʻʢʪʦʤ, ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʧʦʰʫʢʽʚ ʪʘ ʚʠʚʯʝʥʥʷ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. 
 

ʇɽʈʉʇɽʂʊʀɺʀ ʅɸʌʊʆɻɸɿʆʅʆʉʅʆʉʊɯ ɺʆʃʀʅʆ-ʇʆɼɯʃʔʉʔʂʆɰ 

ʅɸʌʊʆɻɸɿʆʅʆʉʅʆɰ ʆɹʃɸʉʊɯ 

 

ɻʥʘʪʠʢ ɸʥʜʨʽʘʥʘ-ʂʘʪʝʨʠʥʘ ʈʦʤʘʥʽʚʥʘ, ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ ʅɿɻ-23-1 

ɸʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ɻʈʅ, ʄʝʜʚʽʜʴ ʄʘʨôʷʥʘ ɯʛʦʨʽʚʥʘ, 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ  ̔ʛʘʟʫ  

 

ɺʦʣʠʥʦ-ʇʦʜʽʣʴʩʴʢʘ ʥʘʬʪʦʛʘʟʦʥʦʩʥʘ ʦʙʣʘʩʪʴ (ʅɻʆ) (ʨʠʩ. 1) ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ 

ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʛʦ ʨʝʛʽʦʥʫ ʪʘ ʛʝʥʝʪʠʯʥʦ ʧʦʚôʷʟʘʥʘ ʟ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʠʤ 

ʢʨʘʻʤ ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʣʘʪʬʦʨʤʠ. ɺ ʾʾ ʤʝʞʘʭ ʚʠʜʽʣʷʶʪʴ ʃʴʚʽʚʩʴʢʠʡ ʧʘʣʝʦʟʦʡʩʴʢʠʡ 

ʧʨʦʛʠʥ, ʉʪʨʠʡʩʴʢʠʡ ʶʨʩʴʢʠʡ ʧʨʦʛʠʥ ʪʘ ʃʴʚʽʚʩʴʢʫ ʢʨʝʡʜʦʚʫ ʟʘʧʘʜʠʥʫ. 
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ʈʠʩʫʥʦʢ 1. ʂʘʨʪʘ 

ʥʘʬʪʦʛʘʟʦʛʝʦʣʦʛʽʯʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ 

ɿʘʭʽʜʥʦʛʦ ʨʝʛʽʦʥʫ 
1ï5 ï ɹʘʣʪʽʡʩʴʢʦ-ʇʝʨʝʜʜʦʙʨʫʜʟʴʢʘ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʘ ʧʨʦʚʽʥʮʽʷ (ʅɻʇ): ɸ ï ɺʦʣʠʥʦ-

ʇʦʜʽʣʴʩʴʢʘ ʥʘʬʪʦʛʘʟʦʥʦʩʥʘ ʦʙʣʘʩʪʴ (ʅɻʆ):  

1 ï ɺʦʣʠʥʩʴʢʠʡ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʡ ʨʘʡʦʥ (ʅɻʈ),  

2 ï ʇʦʜʽʣʴʩʴʢʠʡ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʨʘʡʦʥ (ʇʈ),  

3 ï ɹʫʟʴʢʠʡ ʛʘʟʦʥʦʩʥʠʡ ʨʘʡʦʥ (ɻʈ), 

4 ïʅʝʩʪʝʨʽʚʩʴʢʠʡ ʇʈ, 5 ï ʄʘʛʝʨʽʚʩʴʢʠʡ ʨʘʡʦʥ 

ʥʝʟôʷʩʦʚʘʥʠʭ ʧʝʨʩʧʝʢʪʠʚ (ʈʅʇ);  

6ï13 ï ʂʘʨʧʘʪʩʴʢʘ ʅɻʇ: ɹ ï ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʘ 

ʅɻʆ: 6 ï ɹʽʣʴʯʝ-ɺʦʣʠʮʴʢʠʡ ʅɻʈ, 7 ï ʅɻʈ 

ʇʣʘʪʬʦʨʤʥʦʛʦ ʘʚʪʦʭʪʦʥʘ ʂʘʨʧʘʪ,  

8 ï ʉʘʤʙʽʨʩʴʢʠʡ ʇʈ (ʘʣʦʭʪʦʥʥʠʡ),  

9 ï ɹʦʨʠʩʣʘʚʩʴʢʦ-ʇʦʢʫʪʩʴʢʠʡ ʅɻʈ (ʘʣʦʭʪʦʥʥʠʡ); 

ɺ ï ʂʘʨʧʘʪʩʴʢʘ ʅɻʆ (ʰʘʨôʷʞ): 10 ï ʉʢʠʙʦʚʠʡ 

ʅɻʈ, 11 ï ʂʨʦʩʥʝʥʩʴʢʠʡ ʅɻʈ, 12 ï ʈʅʇ ʧʽʚʜʝʥʥʦʛʦ 

ʩʭʠʣʫ ʂʘʨʧʘʪ; ɻ ï ɿʘʢʘʨʧʘʪʩʴʢʘ ʅɻʆ:  

13 ï ʄʫʢʘʯʽʚʩʴʢʦ-ʉʦʣʦʪʚʠʥʩʴʢʠʡ ɻʈ. ɻʨʘʥʠʮʽ 

ʦʜʠʥʠʮʴ ʥʘʬʪʦʛʘʟʦʛʝʦʣʦʛʽʯʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ:  

14 ï ʅɻʇ, 15 ï ʅɻʆ, 16 ï ʅɻʈ, ɻʈ, ʇʈ ʽ ʈʅʇ,  

17 ï ʛʨʘʥʠʮʽ ʦʙʣʘʩʪʝʡ, 18 ï ʜʝʨʞʘʚʥʠʡ ʢʦʨʜʦʥ 

 
ɼʦʘʣʴʧʽʡʩʴʢʘ ʝʚʦʣʶʮʽʷ ɺʦʣʠʥʦ-ʇʦʜʽʣʴʩʴʢʦʾ ʅɻʆ ʚʽʜʙʫʣʘʩʷ ʧʨʠ ʧʘʥʫʚʘʥʥʽ 

ʜʝʧʨʝʩʽʡʥʦʛʦ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ. ʋ ʾʾ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʚʠʨʘʟʥʦ ʚʽʜʯʫʪʥʠʡ 

ʚʧʣʠʚ ʪʝʢʪʦʥʽʯʥʦʾ ʘʢʪʠʚʽʟʘʮʽʾ ɺʦʣʠʥʩʴʢʦ-ʆʨʰʘʥʩʴʢʦʛʦ ʘʚʣʘʢʦʛʝʥʫ, ʘ ʥʘ ʧʽʚʜʝʥʥʦʤʫ ʟʘʭʦʜʽ ï 

ʜʽʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʩʠʣ ʧʽʜ ʯʘʩ ʟʘʚʝʨʰʘʣʴʥʠʭ ʬʘʟ ʛʝʨʮʠʥʩʴʢʦʛʦ ʪʝʢʪʦʛʝʥʝʟʫ. 

ʋ ʤʝʞʘʭ ɺʦʣʠʥʦ-ʇʦʜʽʣʣʷ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʥʘʬʪʦʛʘʟʦʥʦʩʥʽ ʢʦʤʧʣʝʢʩʠ: 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʡ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦ-ʜʝʚʦʥʩʴʢʠʡ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʽ ʩʠʣʫʨʽʡʩʴʢʠʡ ʽ 

ʢʝʤʙʨʽʡʩʴʢʠʡ. ʂʨʽʤ ʪʦʛʦ, ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʢʣʘʜʠ ʚʝʨʭʥʴʦʛʦ ʚʝʥʜʫ ʽ 

ʚʝʨʭʥʴʦʛʦ ʨʠʬʝʶ ʪʘ ʢʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʘʨʭʝʡʩʴʢʦ-ʧʨʦʪʝʨʦʟʦʡʩʴʢʦʛʦ 

ʬʫʥʜʘʤʝʥʪʫ. 

ʂʘʤôʷʥʦʚʫʛʽʣʴʥʦ-ʜʝʚʦʥʩʴʢʠʡ ʢʦʤʧʣʝʢʩ ʚʽʜʢʣʘʜʽʚ ï ʮʝ ʻʜʠʥʠʡ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʡ 

ʢʦʤʧʣʝʢʩ. ʊʫʪ ʨʦʟʪʘʰʦʚʘʥʦ ʜʚʘ ʨʦʜʦʚʠʱʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. ʅʘ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʽʡ ʧʝʨʠʢʣʽʥʘʣʽ 

ʃʴʚʽʚʩʴʢʦʛʦ ʧʨʦʛʠʥʫ ʨʦʟʪʘʰʦʚʘʥʝ ʃʦʢʘʯʽʚʩʴʢʝ, ʥʘ ʢʨʘʡʥʽʡ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʩʪʨʫʢʪʫʨʽ ï 

ɺʝʣʠʢʦʤʦʩʪʽʚʩʴʢʝ  ʛʘʟʦʚʽ ʨʦʜʦʚʠʱʘ. ʇʘʩʪʢʠ ʥʘʬʪʠ ʡ ʛʘʟʫ ʧʨʝʜʩʪʘʚʣʝʥʽ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, 

ʘʥʪʠʢʣʽʥʘʣʴʥʠʤʠ ʩʢʣʘʜʢʘʤʠ. 

ʋ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ɺʦʣʠʥʦ-ʇʦʜʽʣʴʩʴʢʦʾ ʅɻʆ ʟʦʥʠ ʤʦʞʣʠʚʦʛʦ 

ʥʘʬʪʦʛʘʟʦʥʘʛʨʦʤʘʜʞʝʥʥʷ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʩʤʫʛ ʘʥʪʠʢʣʽʥʘʣʴʥʠʭ ʩʢʣʘʜʦʢ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ 

ʧʨʦʩʪʷʛʘʥʥʷ, ʫʩʢʣʘʜʥʝʥʠʭ ʧʽʜʢʠʜʦ-ʥʘʩʫʚʘʤʠ. 

ʅʘ ʧʽʚʥʽʯʥʦʤʫ ʩʭʦʜʽ ʅɻʆ ʚʦʥʠ ʧʦʚôʷʟʘʥʽ ʟ ʚʘʣʦʧʦʜʽʙʥʠʤʠ ʧʽʜʥʷʪʪʷʤʠ ʧʽʚʥʽʯʥʦ-

ʩʭʽʜʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʃʦʢʘʮʴʢʠʡ ʚʘʣ). ʅʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʽ ʜʽʣʷʥʢʠ ʨʦʟʪʘʰʦʚʘʥʽ 

ʚ ʟʦʥʽ ʧʝʨʝʪʠʥʫ ɺʦʣʠʥʩʴʢʦ-ʆʨʰʘʥʩʴʢʦʛʦ ʘʚʣʘʢʦʛʝʥʘ ʟ ɹʘʣʪʽʡʩʴʢʦ-ʏʦʨʥʦʤʦʨʩʴʢʠʤ 

ʧʝʨʠʢʨʘʪʦʥʦʤ. ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʘʣʦʚʽ ʚʘʧʥʷʢʠ ʜʝʚʦʥʫ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴ ʨʠʬʦʛʝʥʥʽ ʩʧʦʨʫʜʠ. 
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͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ʇʝʨʩʧʝʢʪʠʚʠ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ ʩʠʣʫʨʽʡʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʦʚôʷʟʫʶʪʴ ʟ 

ʦʨʛʘʥʦʛʝʥʥʠʤʠ ʩʧʦʨʫʜʘʤʠ ʙʘʛʦʚʠʮʴʢʦʛʦ, ʤʘʣʠʥʦʚʝʮʴʢʦʛʦ ʽ ʩʢʘʣʴʩʴʢʦʛʦ ʛʦʨʠʟʦʥʪʽʚ. 

ʇʦʭʦʚʘʥʽ ʩʠʣʫʨʽʡʩʴʢʽ ʨʠʬʠ ʧʨʦʩʪʷʛʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʚʫʟʴʢʦʾ ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʦʾ ʩʤʫʛʠ (15ï

35 ʢʤ) ʚʽʜ ɺʦʣʦʜʠʤʠʨ-ɺʦʣʠʥʩʴʢʦʛʦ ʨʦʟʣʦʤʫ ʯʝʨʝʟ ʃʦʢʘʯʽ, ɻʦʨʦʭʽʚ, ʆʣʝʩʴʢʦ, ɹʫʯʘʯ ʜʦ 

ʢʦʨʜʦʥʫ ʟ ʈʫʤʫʥʽʻʶ. ʅʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʦʶ ʻ ʧʽʚʥʽʯʥʘ ʯʘʩʪʠʥʘ ʨʠʬʦʚʦʾ ʩʤʫʛʠ ï ʚʜ̔ 

ɼʫʙʥʝʥʩʴʢʦʛʦ ʨʦʟʣʦʤʫ ʜʦ ɺʦʣʦʜʠʤʠʨ-ɺʦʣʠʥʩʴʢʦʛʦ. ʇʝʨʰʦʯʝʨʛʦʚʠʤʠ ʜʽʣʷʥʢʘʤʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʥʘ ʥʘʬʪʫ ʡ ʛʘʟ ʻ ʃʦʢʘʮʴʢʘ, ɻʦʨʦʭʽʚʩʴʢʘ ʡ 

ʆʛʣʷʜʽʚʩʴʢʘ. 

ɻʦʣʦʚʥʠʤ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ɺʦʣʠʥʦ-ʇʦʜʽʣʴʩʴʢʦʾ ʅɻʆ 

ʚʚʘʞʘʶʪʴ ʢʝʤʙʨʽʡʩʴʢʠʡ ʢʦʤʧʣʝʢʩ ʚʽʜʢʣʘʜʽʚ. ɿʘ ʦʮʽʥʢʦʶ ʬʘʭʽʚʮʽʚ, ʫ ʥʴʦʤʫ ʟʦʩʝʨʝʜʞʝʥʦ 

ʧʦʥʘʜ 50 % ʧʨʦʛʥʦʟʥʠʭ ʨʝʩʫʨʩʽʚ ʚʫʛʣʝʚʦʜʥʽʚ. ʇʦʢʣʘʜʠ ʥʘʬʪʠ ʡ ʛʘʟʫ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚôʷʟʘʥʽ 

ʷʢ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʘʥʪʠʢʣʽʥʘʣʴʥʠʤʠ ʧʘʩʪʢʘʤʠ, ʪʘʢ ʽ ʟ ʧʘʩʪʢʘʤʠ ʥʝʘʥʪʠʢʣʽʥʘʣʴʥʦʛʦ ʪʠʧʫ, 

ʟʦʢʨʝʤʘ, ʟʦʥʘʤʠ ʚʠʢʣʠʥʶʚʘʥʥʷ ʧʽʩʢʦʚʠʢʦʚʠʭ ʢʝʤʙʨʽʡʩʴʢʠʭ ʛʦʨʠʟʦʥʪʽʚ ʥʘ ʧʽʜʦʨʜʦʚʠʮʴʢʦ-

ʩʠʣʫʨʽʡʩʴʢʫ ʪʦʚʱʫ, ʷʢʫ ʪʨʘʢʪʫʶʪʴ ʷʢ ʨʝʛʽʦʥʘʣʴʥʠʡ ʝʢʨʘʥ. ʋ ʪʦʚʱʽ ʢʝʤʙʨʽʡʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ 

ʚʠʦʢʨʝʤʣʝʥʦ ʧôʷʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦ ʛʘʟʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʧʽʩʢʦʚʠʢʽʚ. ʅʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʘ 

ʜʽʣʷʥʢʘ ʜʣʷ ʧʦʰʫʢʽʚ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʧʦʢʣʘʜʽʚ ʫ ʟʦʥʘʭ ʚʠʢʣʠʥʶʚʘʥʥʷ ʧʽʩʢʦʚʠʢʦʚʠʭ ʧʣʘʩʪʽʚ 

ʥʘ ʪʷʛʥʝʪʴʩʷ ʟ ʧʽʚʥʦʯʽ ʥʘ ʧʽʚʜʝʥʴ ʚʽʜ ɺʦʣʦʜʠʤʠʨ-ɺʦʣʠʥʩʴʢʦʛʦ ʨʦʟʣʦʤʫ ʯʝʨʝʟ ʃʫʮʴʢï

ʊʝʨʥʦʧʽʣʴ ʜʦ ʨʘʡʦʥʫ ʏʝʨʥʽʚʮʽʚ. ɺ ʾʾ ʤʝʞʘʭ ʧʝʨʝʜʙʘʯʘʶʪʴ ʥʘʷʚʥʽʩʪʴ ʷʢ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ 

ʧʘʩʪʦʢ ʥʘʬʪʠ ʡ ʛʘʟʫ, ʪʘʢ ʽ ʣʽʪʦʣʦʛʽʯʥʦ ʡ ʪʝʢʪʦʥʽʯʥʦ ʝʢʨʘʥʦʚʘʥʠʭ ʧʘʩʪʦʢ ʪʘ ʾʭʥʽʭ ʢʦʤʙʽʥʘʮʽʡ. 

ɺʝʨʭʥʴʦʚʝʥʜʩʴʢʽ ʪʝʨʠʛʝʥʥʽ ʧʦʨʦʜʠ, ʘ ʩʘʤʝ ʧʽʩʢʦʚʠʢʠ, ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʩʧʝʢʪʠʚʥʽ ʚ 

ʤʝʞʘʭ ʈʽʚʥʝʥʩʴʢʦ-ʉʤʦʪʨʠʮʴʢʦʛʦ ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ ʧʨʦʛʠʥʫ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʟʘ ʤʝʞʘʤʠ 

ɺʦʣʠʥʦ-ʇʦʜʽʣʴʩʴʢʦʾ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʾ ʦʙʣʘʩʪʽ. 

ʗʢ ʦʢʨʝʤʠʡ ʧʦhʫʢʦʚʠʡ ʦʙôʻʢʪ ʥʘ ʥʘʬʪʫ ʡ ʛʘʟ ʻ ʧʽʩʢʦʚʠʢʠ ʧʦʣʽʩʴʢʦʾ ʩʝʨʽʾ ʨʠʬʝʶ, ʷʢʠʤʠ 

ʚʠʧʦʚʥʝʥʠʡ ɺʦʣʠʥʩʴʢʦ-ʆʨʰʘʥʩʴʢʠʡ ʘʚʣʘʢʦʛʝʥ; ʫ ʥʠʭ ʚʠʷʚʣʝʥʦ ʧʦʟʠʪʠʚʥʽ ʦʟʥʘʢʠ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ. ɺʠʟʥʘʯʝʥʦ ʜʚʽ ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʽʣʷʥʢʠ: ʧʝʨʰʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʧʽʚʥʽʯ ʚʽʜ 

ʃʫʮʴʢʘ, ʜʨʫʛʘ ï ʫ ʨʘʡʦʥʽ ʤʽʞ ʥʘʩʝʣʝʥʠʤʠ ʧʫʥʢʪʘʤʠ ʃʴʚʽʚïɻʦʨʦʭʽʚïʅʦʚʦʚʦʣʠʥʩʴʢ. ʊʫʪ 

ʨʠʬʝʡʩʴʢʽ ʧʽʩʢʦʚʠʢʠ ʧʝʨʝʢʨʠʪʽ ʙʘʟʘʣʴʪʘʤʠ ʚʦʣʠʥʩʴʢʦʾ ʩʝʨʽʾ ʚʝʥʜʫ, ʷʢʽ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ 

ʧʦʢʨʠʰʢʦʶ ʜʣʷ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʧʦʢʣʘʜʽʚ. 

ʆʪʞʝ, ʫ ʤʝʞʘʭ ɺʦʣʠʥʦ-ʇʦʜʽʣʴʩʴʢʦʾ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦ ʾʦʙʣʘʩʪ ̔ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʤʠ  ̒

ʛʣʠʥʠʩʪʽ ʧʦʨʦʜʠ ʥʠʞʥʴʦʛʦ ʩʠʣʫʨʫ ʚ ʤʝʞʘʭ ʪʝʨʠʪʦʨʽʾ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʥʘ ʟʘʭʽʜ ʚʽʜ ʩʠʣʫʨʽʡʩʴʢʦʾ 

ʨʠʬʦʚʦʾ ʩʠʩʪʝʤʠ. ɸ ʪʘʢʦʞ ʚʠʦʢʨʝʤʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʥʫ ʆʣʝʩʴʢʫ ʜʽʣʷʥʢʫ ʧʣʦʱʝʶ 6000 ʢʤ2 

ʜʣʷ ʧʦʰʫʢʦʚʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ. 

 
ɺʇʃʀɺ ɼʀɿ¡ʖʅʂʊʀɺʅʀʍ ʇʆʈʋʐɽʅʔ ʅɸ ʋʄʆɺʀ ʌʆʈʄʋɺɸʅʅʗ ʇʆʂʃɸɼɯɺ 

ɺʋɻʃɽɺʆɼʅɯɺ ʇɯɺʅɯʏʅʆ-ɿɸʍɯɼʅʆɰ ʏɸʉʊʀʅʀ ɿʆɺʅɯʐʅʔʆɰ ɿʆʅʀ 

ʇɽʈɽɼʂɸʈʇɸʊʉʔʂʆɻʆ ʇʈʆɻʀʅʋ ʅɸ ʇʈʀʂʃɸɼɯ ɼʋɹɸʅɽɺʀʎʔʂʆɻʆ 

ɻɸɿʆɺʆɻʆ ʈʆɼʆɺʀʑɸ 

 

ɾʝʨʝʚʯʫʢ ɸʨʪʝʤ ʉʝʨʛʽʡʦʚʠʯ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ʅɿɻ-24-1 

ɸʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ɻʈʅ, ʋʛʨʘʢ ʃʽʥʘ ɺʘʩʠʣʽʚʥʘ, 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ  

 

ɹʽʣʴʯʝ-ɺʦʣʠʮʴʢʘ ʟʦʥʘ ʘʙʦ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʘ ʯʘʩʪʠʥʘ ɿʦʚʥʽʰʥʴʦʾ ʟʦʥʠ 

ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʦʛʦ ʧʨʦʛʠʥʫ ʥʘʣʝʞʠʪʴ ʜʦ ʥʘʡʢʨʘʱʝ ʚʠʚʯʝʥʦʾ ʪʝʨʠʪʦʨʽʾ ʂʘʨʧʘʪʩʴʢʦʾ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʾ ʧʨʦʚʽʥʮʽʾ. ʆʩʢʽʣʴʢʠ ʚʩʽ ʩʪʨʫʢʪʫʨʠ ʻ ʘʥʪʠʢʣʽʥʘʣʴʥʦʛʦ ʪʠʧʫ, ʪʦ ʚ ʧʝʨʩʧʝʢʪʠʚʽ 

ʚʽʜʢʨʠʪʪʷ ʥʦʚʠʭ ʧʦʢʣʘʜʽʚ ʽ ʨʦʜʦʚʠʱ ʧʦʚôʷʟʘʥʠʭ ʟ ʧʘʩʪʢʘʤʠ ʥʝʘʥʪʠʢʣʽʥʘʣʴʥʦʛʦ ʪʠʧʫ 

ʪʝʢʪʦʥʽʯʥʦ-ʝʢʨʘʥʦʚʘʥʠʤʠ, ʣʽʪʦʣʦʛʽʯʥʠʤʠ. 

ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʙʫʜʦʚʠ ʨʝʛʽʦʥʘʣʴʥʠʭ 

ʧʦʨʫʰʝʥʴ, ʚʧʣʠʚʫ ʨʦʟʣʦʤʽʚ ʥʘ ʟʤʽʥʫ ʣʽʪʦʣʦʛʦ-ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʨʽʜ, ʟʦʥʘʣʴʥʽʩʪʴ 

ʨʦʟʧʦʜʽʣʫ ʧʦʢʣʘʜʽʚ ʚʫʛʣʝʚʦʜʥʽʚ, ʷʢʘ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʨʦʟʣʦʤʘʤʠ. 

ʉʘʤʝ ʚ ʟʦʥʘʭ ʨʝʛʽʦʥʘʣʴʥʠʭ ʨʦʟʨʠʚʥʠʭ ʧʦʨʫʰʝʥʴ ʚʽʜʢʨʠʪʽ ʨʦʜʦʚʠʱʘ ʄʘʢʫʥʽʚʩʴʢʝ, 

ʆʨʭʦʚʠʮʴʢʝ, ɺʝʨʝʱʠʮʴʢʝ, ɻʦʨʦʜʦʮʴʢʝ, ʘ ʪʘʢʦʞ ɼʫʙʘʥʝʚʠʮʴʢʝ ʛʘʟʦʚʝ ʨʦʜʦʚʠʱʝ. 
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͙ͫͭͦͨ͊͒͊͡ 
2025 ͪͦͯ͟ 

 
ɼʫʙʘʥʝʚʠʮʴʢʝ ʛʘʟʦʚʝ ʨʦʜʦʚʠʱʝ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ɹʽʣʴʯʝ-ɺʦʣʠʮʴʢʦʾ ʟʦʥʠ. 

ʉʪʨʫʢʪʫʨʘ ʟʦʥʠ, ʚ ʮʽʣʦʤʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʚʠʪʢʦʤ ʨʷʜʫ ʨʝʛʽʦʥʘʣʴʥʠʭ ʨʦʟʣʦʤʽʚ 

(ɻʦʨʦʜʦʮʴʢʦʛʦ, ʉʫʜʦʚʦ-ɺʠʰʥʷʥʩʴʢʦʛʦ, ʂʨʘʢʦʚʝʮʴʢʦʛʦ), ʘ ʪʘʢʦʞ ʜʨʝʚʥʽʤ ʨʝʣʴʻʬʦʤ, ʱʦ 

ʬʦʨʤʫʚʘʚʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʮʝʩʽʚ ʝʨʦʟʽʾ ʪʘ ʨʦʟʤʠʚʫ ʚ ʜʦʙʘʜʝʥʩʴʢʠʡ ʯʘʩ. 

 ɺ ʤʝʞʘʭ ɹʽʣʴʯʝ-ɺʦʣʠʮʴʢʦʾ ʟʦʥʠ ʚʠʜʽʣʝʥʽ ʂʨʫʢʝʥʠʮʴʢʘ, ʂʦʩʽʚʩʴʢʦ -ʋʛʝʨʩʴʢʘ ʪʘ ɯʚʘʥʦ- 

ʌʨʘʥʢʽʚʩʴʢʘ ʧʽʜʟʦʥʠ ʥʘ ʧʽʜʩʪʘʚʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ 

ɿʦʚʥʽʰʥʴʦʾ ʟʦʥʠ ʙʘʜʝʥʩʴʢʦ-ʩʘʨʤʘʪʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ, ʭʘʨʘʢʪʝʨʫ ʙʫʜʦʚʠ ʤʝʟʦʟʦʡʩʴʢʦʛʦ ʯʦʭʣʘ 

ʪʘ ʪʝʢʪʦʥʽʯʥʦʾ ʧʨʠʨʦʜʠ ʜʦʤʝʟʦʟʦʡʩʴʢʦʛʦ ʬʫʥʜʘʤʝʥʪʫ. 

ɼʫʙʘʥʝʚʠʮʴʢʝ ʛʘʟʦʚʝ ʨʦʜʦʚʠʱʝ ʨʦʟʪʘʰʦʚʘʥʝ ʥʘ ʛʨʘʥʠʮʽ ʂʦʩʽʚʩʴʢʦ-ʋʛʝʨʩʴʢʦʾ ʧʽʜʟʦʥʠ 

ʤʽʞ ʂʨʘʢʦʚʝʮʴʢʠʤ ʪʘ ʉʫʜʦʚʦ ɺʠʰʥʷʥʩʴʢʠʤ ʨʝʛʽʦʥʘʣʴʥʠʤʠ ʧʦʟʜʦʚʞʥʽʤʠ ʨʦʟʣʦʤʘʤʠ. ʂʨʫʧʥʽ 

ʧʦʟʜʦʚʞʥʽ ʨʦʟʣʦʤʠ ʙʫʣʠ ʟʘʢʣʘʜʝʥʽ ʱʝ ʚ ʧʘʣʝʦʟʦʡʩʴʢʫ ʝʨʫ. ɺ ʥʘʩʪʫʧʥʽ ʧʝʨʽʦʜʠ ʨʫʭʠ ʧʦ ʾʭ 

ʧʣʦʱʠʥʘʭ ʧʝʨʽʦʜʠʯʥʦ ʚʽʜʥʦʚʣʶʚʘʣʠʩʴ ʫ ʚʠʛʣʷʜʽ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʩʫʚʘʥʴ ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʽ 

ʥʘʧʨʘʚʣʝʥʦʩʪʽ. 

ɸʤʧʣʽʪʫʜʘ ʚʩʽʭ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ ʚ ʥʝʦʛʝʥʦʚʠʡ ʯʘʩ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʽ 

ʧʦʚʥʽʩʪʶ ʟʘʪʫʭʘʻ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʦʟʚʠʪʦʢ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ ʦʜʥʦʯʘʩʥʦ ʟ 

ʥʘʛʨʦʤʘʜʞʝʥʥʷʤ ʙʘʜʝʥʩʴʢʠʭ ʪʘ ʩʘʨʤʘʪʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ. 

ɺʽʜ ʂʨʫʢʝʥʠʮʴʢʦʾ ʟʘʧʘʜʠʥʠ ɹʫʥʽʚʩʴʢʠʡ ʙʣʦʢ ʚʽʜʦʢʨʝʤʣʝʥʠʡ ʂʨʘʢʦʚʝʮʴʢʠʤ 

ʨʝʛʽʦʥʘʣʴʥʠʤ ʧʦʟʜʦʚʞʥʽʤ ʨʦʟʣʦʤʦʤ, ʘ ʟ ʧʽʚʥʽʯʥʦʛʦ ʩʭʦʜʫ ʚʽʜ ʈʦʛʽʟʥʝʥʩʴʢʦʛʦ ʙʣʦʢʫ ï 

ʉʫʜʦʚʦ-ɺʠʰʥʷʥʩʴʢʠʤ ʨʝʛʽʦʥʘʣʴʥʠʤ ʧʦʟʜʦʚʞʥʽʤ ʨʦʟʣʦʤʦʤ. ʉʘʤʝ ʮʽ ʨʦʟʣʦʤʠ ʽ ʟʫʤʦʚʣʶʶʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʬʦʨʤ ʩʪʨʫʢʪʫʨʥʠʭ ʧʦʚʝʨʭʽʚ. ɸʥʘʣʽʟʫʶʯʠ ʢʦʨʝʣʷʮʽʶ ʨʦʟʨʽʟʽʚ ʩʚʝʨʜʣʦʚʠʥ, 

ʤʦʞʥʘ ʧʽʜʪʚʝʨʜʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʽʩʥʫʶʶʯʠʭ ʨʦʟʣʦʤʽʚ. 

ʆʩʥʦʚʥʠʤʠ ʜʠʟ¡ʁʥʢʪʠʚʥʠʤʠ ʪʝʢʪʦʥʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʷʢʽ ʧʽʜʪʚʝʨʜʞʝʥʽ ʩʝʡʩʤʽʢʦʶ ʽ 

ʜʘʥʠʤʠ ʙʫʨʽʥʥʷ, ʚ ʤʝʞʘʭ ʨʦʜʦʚʠʱʘ ʻ ʉʫʜʦʚʦ-ɺʠʰʥʷʥʩʴʢʠʡ ʪʘ ʂʨʘʢʦʚʝʮʴʢʠʡ ʨʦʟʣʦʤʠ. 

ʈʝʛʽʦʥʘʣʴʥʠʡ ʂʨʘʢʦʚʝʮʴʢʠʡ ʨʦʟʣʦʤ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʦʭʠʣʠʡ ʩʢʠʜ. ɸʤʧʣʽʪʫʜʘ ʧʦ 

ʤʝʟʦʟʦʡʩʴʢʦʤʫ ʧʦʚʝʨʭʫ ʩʪʘʥʦʚʠʪʴ 1000-1500 ʤ, ʚ ʥʝʦʛʝʥʦʚʠʭ ʚʽʜʢʣʘʜʘʭ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 450 

ʪʘ 250 ʤ 

ʈʝʛʽʦʥʘʣʴʥʠʡ ʉʫʜʦʚʦ-ɺʠʰʥʷʥʩʴʢʠʡ ʨʦʟʣʦʤ ʻ ʧʨʘʢʪʠʯʥʦ ʚʝʨʪʠʢʘʣʴʥʠʡ ʽ 

ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʧʦ ʛʽʧʩʦʘʥʛʽʜʨʠʪʦʚʦʤʫ ʛʦʨʠʟʦʥʪʫ. 

ʅʘ ʦʩʥʦʚʽ ʬʘʢʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦ ɼʫʙʘʥʽʚʩʴʢʦʤʫ ʛʘʟʦʚʦʤʫ ʨʦʜʦʚʠʱʽ ʤʦʞʥʘ 

ʚʩʪʘʥʦʚʠʪʠ ʧʨʠʯʠʥʠ ʥʘʷʚʥʦʩʪʽ ʘʙʦ ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʢʪʦʥʽʯʥʦʛʦ ʝʢʨʘʥʫʚʘʥʥʷ ʧʦʢʣʘʜʽʚ 

ʚʫʛʣʝʚʦʜʥʽʚ ʪʘ ʨʦʣʽ ʜʠʟ¡ʁʥʢʪʠʚʽʚ ʫ ʬʦʨʤʫʚʘʥʥʽ ʮʠʭ ʧʦʢʣʘʜʽʚ. ʎʝ ʧʦʚôʷʟʘʥʝ, ʥʘʩʘʤʧʝʨʝʜ, ʟ 

ʘʥʘʣʽʟʦʤ ʣʽʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʽ ʢʦʣʝʢʪʦʨʩʴʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʛʽʦʥʫ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʠʨʦʟʣʦʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ɼʫʙʘʥʝʚʠʮʴʢʦʛʦ ʛʘʟʦʚʦʛʦ ʨʦʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ ʟ ʘʥʘʣʽʟʦʤ 

ʤʦʞʣʠʚʠʭ ʦʩʝʨʝʜʢʽʚ ʫʪʚʦʨʝʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ ʪʘ ʰʣʷʭʽʚ ʾʭ ʤʽʛʨʘʮʽʾ ʜʦ ʧʘʩʪʦʢ. 

 

ɻɽʆʃʆɻɯʏʅɯ ʆʉʆɹʃʀɺʆʉʊɯ ɼʅɯʉʊʈʆɺʉʔʂʆ-ʇʈʀʏʆʈʅʆʄʆʈʉʔʂʆɰ 

ʄɯʅɽʈɸʃʆɻɯʏʅʆɰ ʆɹʃɸʉʊɯ 

 

ɯʚʘʥʮʽʚ ʄʘʨʪʘ ɸʥʜʨʽʾʚʥʘ, ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ ʅɿɻ-25-1 

ɸʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ɻʈʅ, ʄʝʜʚʽʜʴ ʄʘʨôʷʥʘ ɯʛʦʨʽʚʥʘ, 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ  

 

ɼʥʽʩʪʨʦʚʩʴʢʦ-ʇʨʠʯʦʨʥʦʤʦʨʩʴʢʘ ʤʽʥʝʨʘʣʦʛʽʯʥʘ ʦʙʣʘʩʪʴ ʦʭʦʧʣʶʻ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʦʩʘʜʦʚʽ ʪʦʚʱʽ ʟ ʧʦʦʜʠʥʦʢʠʤʠ ʧʨʦʷʚʘʤʠ ʝʥʜʦʛʝʥʥʦʛʦ ʟʨʫʜʝʥʽʥʥʷ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʧʨʦʪʷʛʦʤ 

ʬʘʥʝʨʦʟʦʶ ʫ ʤʝʞʘʭ ɺʦʣʠʥʦ-ʇʦʜʽʣʴʩʴʢʦʛʦ ʪʘ ʇʨʠʯʦʨʥʦʤʦʨʩʴʢʦʛʦ ʧʨʦʛʠʥʽʚ. ʋ ʾʾ ʤʝʞʘʭ 

ʚʠʦʢʨʝʤʣʶʶʪʴ ʜʚʽ ʚʝʣʠʢʽ ʤʽʥʝʨʘʣʦʛʽʯʥʽ ʧʨʦʚʽʥʮʽʾ ð ɺʦʣʠʥʦ-ʇʦʜʽʣʴʩʴʢʫ ʪʘ 

ʇʨʠʯʦʨʥʦʤʦʨʩʴʢʫ. 

ɺʦʣʠʥʦ-ʇʦʜʽʣʴʩʴʢʘ ʤʽʥʝʨʘʣʦʛʽʯʥʘ ʧʨʦʚʽʥʮʽʷ ʚʽʜʧʦʚʽʜʘʻ ʪʝʨʠʪʦʨʽʾ ʦʜʥʦʡʤʝʥʥʦʾ 

ʧʣʠʪʠ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʟʘʭʦʜʽ ʋʢʨʘʾʥʠ ʤʽʞ ʋʢʨʘʾʥʩʴʢʠʤ ʱʠʪʦʤ ʽ ʂʘʨʧʘʪʩʴʢʦʶ 

ʩʢʣʘʜʯʘʩʪʦʶ ʦʙʣʘʩʪʶ. ʆʩʥʦʚʫ ʾʾ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʩʪʘʥʦʚʣʷʪʴ ʦʩʘʜʦʚʽ ʢʦʤʧʣʝʢʩʠ 

ʧʘʣʝʦʟʦʡʩʴʢʦʛʦ ʪʘ ʤʝʟʦʟʦʡʩʴʢʦʛʦ ʚʽʢʫ, ʱʦ ʟʘʣʷʛʘʶʪʴ ʥʘ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʦʜʘʭ. ʄʘʛʤʘʪʠʯʥʽ 

ʫʪʚʦʨʝʥʥʷ ʚʽʜʽʛʨʘʶʪʴ ʜʨʫʛʦʨʷʜʥʫ ʨʦʣʴ ʽ ʟʦʩʝʨʝʜʞʝʥʽ ʧʝʨʝʚʘʞʥʦ ʥʘ ʧʽʚʥʦʯʽ. ʇʨʦʚʽʥʮʽʷ 
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ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʩʘʤʦʨʦʜʥʦ-ʝʣʝʤʝʥʪʥʦʤʫ (ʤʽʜʴ, ʩʽʨʢʘ), ʩʫʣʴʬʽʜʥʦʤʫ (ʩʚʠʥʮʝʚʦ-ʮʠʥʢʦʚʽ ʪʘ 

ʤʽʜʥʽ ʨʫʜʠ), ʬʦʩʬʘʪʥʦʤʫ, ʩʫʣʴʬʘʪʥʦʤʫ (ʛʽʧʩ, ʘʥʛʽʜʨʠʪ, ʙʘʨʠʪ, ʮʝʣʝʩʪʠʥ), ʢʘʨʙʦʥʘʪʥʦʤʫ ʪʘ 

ʬʪʦʨʠʜʥʦʤʫ ʪʠʧʘʭ ʤʽʥʝʨʘʣʽʟʘʮʽʾ. ʅʘ ʾʾ ʪʝʨʠʪʦʨʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʠʡ 

ʚʫʛʽʣʴʥʠʡ ʙʘʩʝʡʥ. 

ʋ ʮʽʡ ʧʨʦʚʽʥʮʽʾ ʚʠʨʽʟʥʷʶʪʴ ʜʚʽ ʩʫʙʧʨʦʚʽʥʮʽʾ ð ʇʨʠʧ'ʷʪʩʴʢʦ-ɼʥʽʩʪʝʨʩʴʢʫ ʪʘ 

ʃʴʚʽʚʩʴʢʦ-ʊʝʨʥʦʧʽʣʴʩʴʢʫ. 

ʇʨʠʧ'ʷʪʩʴʢʦ-ɼʥʽʩʪʝʨʩʴʢʘ ʩʫʙʧʨʦʚʽʥʮʽʷ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʦʡʤʝʥʥʽʡ ʩʪʨʫʢʪʫʨʥʦ-

ʤʝʪʘʣʦʛʝʥʽʯʥʽʡ ʟʦʥʽ, ʜʝ ʨʦʟʚʠʥʫʪʽ ʤʽʜʥʽ, ʬʣʶʦʨʠʪʦʚʽ ʪʘ ʩʚʠʥʮʝʚʦ-ʮʠʥʢʦʚʽ ʨʫʜʦʧʨʦʷʚʠ. 

ʊʝʨʠʪʦʨʽʷ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʘ ʨʘʡʦʥʠ ð ʃʫʢʽʚʩʴʢʦ-ʈʘʪʥʽʚʩʴʢʠʡ ʽ ɹʘʭʪʠʥʩʴʢʦ-ɾʚʘʥʩʴʢʠʡ. 

ʃʫʢʽʚʩʴʢʦ-ʈʘʪʥʽʚʩʴʢʠʡ ʨʘʡʦʥ ʟʘʡʤʘʻ ʢʨʘʡʥʽʡ ʧʽʚʥʽʯ ʩʫʙʧʨʦʚʽʥʮʽʾ. ʊʫʪ ʟʦʩʝʨʝʜʞʝʥʝ 

ʩʪʨʘʪʠʬʦʨʤʥʝ ʤʽʜʥʝ ʟʨʫʜʝʥʽʥʥʷ, ʧʦʚôʷʟʘʥʝ ʟ ʚʫʣʢʘʥʽʯʥʠʤʠ ʧʦʨʦʜʘʤʠ ʪʨʘʧʦʚʦʾ ʬʦʨʤʘʮʽʾ 

ʚʦʣʠʥʩʴʢʦʾ ʩʝʨʽʾ ʚʝʥʜʫ (ʙʘʟʘʣʴʪʘʤʠ ʡ ʪʫʬʘʤʠ). ʄʽʜʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʘʤʦʨʦʜʥʦʶ ʤʽʜʜʶ ʪʘ ʯʘʩʪʢʦʚʦ ʭʘʣʴʢʦʟʠʥʦʤ ʽ ʥʘʣʝʞʠʪʴ ʜʦ ʤʽʜʥʦ-ʮʝʦʣʽʪʦʚʦʾ ʬʦʨʤʘʮʽʾ. 

ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʣʷʪʴ ʜʝʚʦʥʩʴʢʽ ʙʨʝʢʯʽʾ ʟ ʫʣʘʤʢʘʤʠ ʛʣʠʙʠʥʥʠʭ ʧʦʨʽʜ (ʧʝʨʠʜʦʪʠʪʽʚ, 

ʛʨʘʥʘʪʽʚ, ʽʣʴʤʝʥʽʪʽʚ), ʷʢʽ ʤʦʞʫʪʴ ʩʚʽʜʯʠʪʠ ʧʨʦ ʧʦʪʝʥʮʽʡʥʫ ʘʣʤʘʟʦʥʦʩʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʟʥʘʡʜʝʥʽ 

ʫʣʘʤʢʠ ʢʽʤʙʝʨʣʽʪʽʚ. 

ɹʘʭʪʠʥʩʴʢʦ-ɾʚʘʥʩʴʢʠʡ ʨʘʡʦʥ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʽʚʜʥʽ ʩʫʙʧʨʦʚʽʥʮʽʾ. ɻʦʣʦʚʥʠʤ 

ʤʽʥʝʨʘʣʴʥʠʤ ʦʙôʻʢʪʦʤ ʻ ɹʘʭʪʠʥʩʴʢʝ ʨʦʜʦʚʠʱʝ ʬʣʶʦʨʠʪʫ, ʨʫʜʥʽ ʪʽʣʘ ʷʢʦʛʦ ʟʘʣʷʛʘʶʪʴ ʫ 

ʢʚʘʨʮ-ʧʦʣʴʦʚʦʰʧʘʪʦʚʠʭ ʧʽʩʢʦʚʠʢʘʭ ʤʦʛʠʣʽʚʩʴʢʦʾ ʩʝʨʽʾ ʚʝʥʜʫ. ʋ ʨʘʡʦʥʽ ʪʘʢʦʞ ʪʨʘʧʣʷʶʪʴʩʷ 

ʧʨʦʷʚʠ ʩʚʠʥʮʝʚʦ-ʮʠʥʢʦʚʠʭ ʨʫʜ ʽ ʤʘʨʤʫʨʦʚʦʛʦ ʦʥʽʢʩʫ ʩʘʨʤʘʪʩʴʢʦʛʦ ʚʽʢʫ. ʉʝʨʝʜ ʨʦʜʦʚʠʱ 

ʚʠʜʽʣʷʶʪʴ ʂʘʣʶʩʠʢ, ʚʽʜʦʤʝ ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ ʦʥʽʢʩʽʚ. 

ʃʴʚʽʚʩʴʢʦ-ʊʝʨʥʦʧʽʣʴʩʴʢʘ ʩʫʙʧʨʦʚʽʥʮʽʷ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟʽ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʪʘʣʦʛʝʥʽʯʥʦʶ 

ʟʦʥʦʶ, ʜʝ ʨʦʟʚʠʥʫʪʽ ʩʚʠʥʮʝʚʦ-ʮʠʥʢʦʚʽ ʪʘ ʤʽʜʥʽ ʨʫʜʦʧʨʦʷʚʠ. ɺʠʜʽʣʷʻʪʴʩʷ ʦʜʠʥ ʛʦʣʦʚʥʠʡ 

ʨʘʡʦʥ ð ɼʥʽʩʪʝʨʩʴʢʦ-ʇʨʠʢʘʨʧʘʪʩʴʢʠʡ, ʚʽʜʦʤʠʡ ʧʦʢʣʘʜʘʤʠ ʩʘʤʦʨʦʜʥʦʾ ʩʽʨʢʠ ʡ ʛʽʧʩʽʚ 

ʥʝʦʛʝʥʦʚʦʛʦ ʚʽʢʫ. ʅʘʡʚʘʞʣʠʚʽʰʠʤʠ ʻ ʈʦʟʜʽʣʴʩʴʢʝ, ʗʟʽʚʩʴʢʝ, ʗʚʦʨʽʚʩʴʢʝ ʪʘ ʽʥʰʽ ʨʦʜʦʚʠʱʘ, 

ʜʝ ʨʘʟʦʤ ʽʟ ʩʽʨʢʦʶ ʯʘʩʪʦ ʧʨʠʩʫʪʥʽ ʙʘʨʠʪ ʽ ʮʝʣʝʩʪʠʥ. ɭ ʪʘʢʦʞ ʩʘʤʦʩʪʽʡʥʽ ʧʦʢʣʘʜʠ ʮʝʣʝʩʪʠʥʫ. 

ʆʩʥʦʚʥʽ ʟʘʧʘʩʠ ʩʽʨʢʠ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʨʘʪʠʥʩʴʢʠʭ ʭʝʤʦʛʝʥʥʠʭ ʚʘʧʥʷʢʽʚ. 

ʋ ʤʝʞʘʭ ʧʨʦʚʽʥʮʽʾ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʽ ʬʦʩʬʘʪʥʽ ʫʪʚʦʨʝʥʥʷ ʫ ʚʝʥʜʩʴʢʠʭ, ʢʨʝʡʜʦʚʠʭ ʽ 

ʧʘʣʝʦʛʝʥʦʚʠʭ ʚʽʜʢʣʘʜʘʭ. ɺʝʥʜʩʴʢʽ ʬʦʩʬʦʨʠʪʠ ʤʘʶʪʴ ʚʠʛʣʷʜ ʢʦʥʢʨʝʮʽʡ ʽʟ ʭʘʨʘʢʪʝʨʥʦʶ 

ʟʽʨʯʘʩʪʦʶ ʧʦʨʦʞʥʠʥʦʶ. ʇʨʦʤʠʩʣʦʚʫ ʮʽʥʥʽʩʪʴ ʩʪʘʥʦʚʣʷʪʴ ʩʝʥʦʤʘʥʩʴʢʽ ʬʦʩʬʦʨʠʪʠ (ʢʦʨʽʥʥʽ ʡ 

ʧʝʨʝʚʽʜʢʣʘʜʝʥʽ), ʩʝʨʝʜ ʷʢʠʭ ʚʠʦʢʨʝʤʣʶʶʪʴ ʧʦʜʽʣʴʩʴʢʠʡ ʟʤʽʰʘʥʠʡ ʪʠʧ ʽʟ ʟʝʨʥʘʤʠ, ʞʦʚʥʘʤʠ 

ʪʘ ʬʦʩʬʦʨʠʪʠʟʦʚʘʥʠʤʠ ʟʘʣʠʰʢʘʤʠ ʦʨʛʘʥʽʟʤʽʚ. ɼʦ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʨʝʩʫʨʩʽʚ ʚʽʜʥʦʩʷʪʴ 

ʛʣʘʫʢʦʥʽʪ ʚʝʨʭʥʴʦʢʨʝʡʜʦʚʠʭ ʚʽʜʢʣʘʜʽʚ. ʅʘʡʢʨʘʱʝ ʜʦʩʣʽʜʞʝʥʠʤ ʻ ʂʘʨʘʯʘʾʚʩʴʢʝ ʨʦʜʦʚʠʱʝ ʟ 

ʫʤʽʩʪʦʤ ʛʣʘʫʢʦʥʽʪʫ 60ï70% ʪʘ ʟʘʧʘʩʘʤʠ ʙʣʠʟʴʢʦ 400 ʤʣʥ ʪ. 

ʇʨʠʯʦʨʥʦʤʦʨʩʴʢʘ ʤʽʥʝʨʘʣʦʛʽʯʥʘ ʧʨʦʚʽʥʮʽʷ ʟʘʡʤʘʻ ʪʝʨʠʪʦʨʽʶ ʦʜʥʦʡʤʝʥʥʦʾ ʟʘʧʘʜʠʥʠ ʥʘ 

ʧʽʚʜʝʥʥʦʤʫ ʟʘʭʦʜʽ ʋʢʨʘʾʥʠ, ʱʦ ʧʨʠʣʷʛʘʻ ʜʦ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ. ɺʦʥʘ ʩʢʣʘʜʝʥʘ ʦʩʘʜʦʚʠʤʠ 

ʧʦʨʦʜʘʤʠ ʜʚʦʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʦʚʝʨʭʽʚ. ʅʠʞʥʽʡ ʧʦʚʝʨʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʨʜʦʚʠʮʴʢʠʤʠ 

ʧʽʩʢʦʚʠʢʘʤʠ, ʩʠʣʫʨʽʡʩʴʢʠʤʠ ʢʘʨʙʦʥʘʪʘʤʠ ʪʘ ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʠʤʠ ʧʦʨʦʜʘʤʠ, 

ʜʝʚʦʥʩʴʢʠʤʠ ʚʘʧʥʷʢʘʤʠ, ʢʘʨʙʦʥʦʚʠʤʠ ʪʝʨʠʛʝʥʥʦ-ʭʝʤʦʛʝʥʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ, ʘ ʪʘʢʦʞ 

ʧʝʨʤʩʴʢʠʤʠ ʦʩʘʜʦʚʦ-ʝʬʫʟʠʚʥʠʤʠ ʪʘ ʛʽʧʩʦʘʥʛʽʜʨʠʪʦʚʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ɺʝʨʭʥʽʡ ʧʦʚʝʨʭ 

ʩʢʣʘʜʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʽ ʤʽʣʢʦʚʦʜʥʦ-ʤʦʨʩʴʢʠʭ ʫʪʚʦʨʝʥʴ ʪʨʽʘʩʦʚʦʛʦ, 

ʶʨʩʴʢʦʛʦ, ʢʨʝʡʜʦʚʦʛʦ ʪʘ ʢʘʡʥʦʟʦʡʩʴʢʦʛʦ ʚʽʢʫ. 

ʈʽʚʝʥʴ ʚʠʚʯʝʥʦʩʪʽ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʮʽʻʾ ʧʨʦʚʽʥʮʽʾ ʧʦʨʽʚʥʷʥʦ ʥʝʚʠʩʦʢʠʡ. 

ʅʘʡʮʽʥʥʽʰʽ ʦʙ'ʻʢʪʠ ʧʦʚôʷʟʘʥʽ ʟ ʧʘʣʝʦʟʦʡʩʴʢʠʤʠ ʛʽʧʩʦʘʥʛʽʜʨʠʪʦʚʠʤʠ ʧʣʘʩʪʘʤʠ, ʢʨʝʡʜʦʚʠʤʠ 

ʬʦʩʬʦʨʠʪʦʚʠʤʠ ʨʫʜʘʤʠ, ʨʦʜʦʚʠʱʘʤʠ ʤʘʨʛʘʥʮʶ, ʘ ʪʘʢʦʞ ʮʠʨʢʦʥ-ʽʣʴʤʝʥʽʪʦʚʠʤʠ ʨʦʟʩʠʧʘʤʠ 

ʂʘʭʦʚʩʴʢʦʛʦ ʪʘ ʊʦʢʤʘʮʴʢʦʛʦ ʨʘʡʦʥʽʚ. ʋ ʰʝʣʴʬʦʚʽʡ ʟʦʥʽ ʚʘʞʣʠʚʠʤʠ ʻ ʆʯʘʢʽʚʩʴʢʦ-

ɼʞʘʨʠʣʛʘʮʴʢʝ ʪʘ ɺʠʣʢʽʚʩʴʢʝ ʨʫʜʥʽ ʧʦʣʷ. 

ʆʪʞʝ, ɼʥʽʩʪʨʦʚʩʴʢʦ-ʇʨʠʯʦʨʥʦʤʦʨʩʴʢʘ ʤʽʥʝʨʘʣʦʛʽʯʥʘ ʦʙʣʘʩʪʴ ʚʠʨʽʟʥʷʻʪʴʩʷ ʟʥʘʯʥʦʶ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟʽ ʩʢʣʘʜʥʦʶ ʙʫʜʦʚʦʶ ʦʩʘʜʦʚʠʭ ʪʦʚʱ ʪʘ 

ʣʦʢʘʣʴʥʠʤʠ ʧʨʦʷʚʘʤʠ ʝʥʜʦʛʝʥʥʦʛʦ ʟʨʫʜʝʥʽʥʥʷ. ɿʘʛʘʣʦʤ ʦʙʣʘʩʪʴ ʻ ʚʘʞʣʠʚʠʤ ʦʙôʻʢʪʦʤ ʜʣʷ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʚʽʜʢʠ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. 
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ʊɽʆʈɽʊʀʏʅɯ ɸʉʇɽʂʊʀ ɺʇʃʀɺʋ ʊɽʍʅʆɻɽʅʅʆɻʆ ʄʆʌʆɻɽʅɽɿʋ  

ʅɸ ɿʄɯʅʋ ʉʊʈʋʂʊʋʈʅʆɻʆ ʇʃɸʅʋ ʋʂʈɸɰʅʉʔʂʀʍ ʂɸʈʇɸʊ 

 

ʆʣʝʩʴʢʽʚ ɹʦʛʜʘʥ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ʅɿɻ-24-1 

ɸʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ɻʈʅ, ʋʛʨʘʢ ʃʽʥʘ ɺʘʩʠʣʽʚʥʘ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ  

 

ʂʘʨʧʘʪʩʴʢʠʡ ʨʝʛʽʦʥ ʋʢʨʘʾʥʠ ï ʮʝ ʯʘʩʪʠʥʘ ʂʘʨʧʘʪʩʴʢʦʾ ʩʢʣʘʜʯʘʩʪʦʾ ʦʙʣʘʩʪʽ ï ʧʽʚʥʽʯʥʦʾ 

ʛʽʣʢʠ ʘʣʴʧʽʜ ɭʚʨʦʧʠ. ɺʽʥ ʚʢʣʶʯʘʻ ʪʨʠ ʚʝʣʠʢʽ ʩʪʨʫʢʪʫʨʥʽ ʦʜʠʥʠʮʽ: ʉʢʣʘʜʯʘʩʪʽ ʂʘʨʧʘʪʠ ʪʘ 

ʧʨʠʣʝʛʣʽ ʜʦ ʥʠʭ ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʠʡ ʧʝʨʝʜʦʚʠʡ ʽ ɿʘʢʘʨʧʘʪʩʴʢʠʡ ʚʥʫʪʨʽʰʥʽʡ ʧʨʦʛʠʥʠ. ʈʝʛʽʦʥ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʚʦʻʨʽʜʥʦʶ ʙʫʜʦʚʦʶ ʪʘ ʛʝʦʜʠʥʘʤʽʢʦʶ ʣʽʪʦʩʬʝʨʠ ʽ ʧʦʤʽʪʥʦʶ ʩʝʡʩʤʽʯʥʦʶ 

ʘʢʪʠʚʥʽʩʪʶ. 

ʉʫʯʘʩʥʘ ʙʫʜʦʚʘ ʽ ʛʝʦʜʠʥʘʤʽʢʘ ʣʽʪʦʩʬʝʨʠ ʨʝʛʽʦʥʫ ʂʘʨʧʘʪʩʴʢʠʡ ʨʝʛʽʦʥ ʋʢʨʘʾʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʟʢʦ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʶ (25-27 ʢʤ ï ʫ ɿʘʢʘʨʧʘʪʩʴʢʦʤʫ ʧʨʦʛʠʥʽ, 

35-55 ʢʤ ï ʚ ʂʘʨʧʘʪʘʭ ʽ 40-65 ʢʤ ï ʚ ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʦʤʫ ʧʨʦʛʠʥʽ) ʪʦʚʱʠʥʦʶ ʢʦʨʠ, 

ʚʠʨʘʞʝʥʦʶ ʨʦʟʣʦʤʥʦ-ʙʣʦʢʦʚʦʶ ʪʝʢʪʦʥʽʢʦʶ ʬʫʥʜʘʤʝʥʪʫ ɿʘʢʘʨʧʘʪʩʴʢʦʛʦ ʪʘ 

ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʦʛʦ ʧʨʦʛʠʥʽʚ ʽ ʧʦʭʦʚʘʥʦʛʦ ʣʦʞʘ ʂʘʨʧʘʪ, ʥʘʷʚʥʽʩʪʶ ʯʠʩʣʝʥʥʠʭ ʧʦʪʫʞʥʠʭ 

ʥʘʩʫʚʽʚ-ʩʢʣʘʜʦʢ ʫ ʂʘʨʧʘʪʘʭ, ʘ ʪʘʢʦʞ ʟʥʘʯʥʠʤʠ ʦʩʘʜʦʚʠʤʠ ʪʦʚʱʘʤʠ ʫ ɿʘʢʘʨʧʘʪʪʽ (ʜʦ 

2-4 ʢʤ) ʽ ʫ ʇʝʨʝʜʢʘʨʧʘʪʪʽ (ʜʦ 3-7 ʢʤ). ɿʘʛʘʣʴʥʠʤ ʛʝʦʜʠʥʘʤʽʯʥʠʤ ʨʝʞʠʤʦʤ ʨʝʛʽʦʥʫ ʻ ʩʪʠʩʢ ʫ 

ʘʥʪʠʢʘʨʧʘʪʩʴʢʦʤʫ (ʧʽʚʜʝʥʥʠʡ ʟʘʭʽʜ ï ʧʽʚʥʽʯʥʠʡ ʩʭʽʜ) ʥʘʧʨʷʤʢʫ ʟ ʧʽʜʥʷʪʪʷʤ ʥʘ 1-2 ʤʤ/ʨʽʢ 

ʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ. ʉʢʣʘʜʥʘ ʚʟʘʻʤʦʜʽʷ ʘʩʪʝʥʦʣʽʪʘ ʧʽʜ ʇʘʥʥʦʥʽʻʶ ʟ ʂʘʨʧʘʪʩʴʢʦʶ ʛʽʨʩʴʢʦʶ 

ʩʧʦʨʫʜʦʶ ʽ ʪʝʨʝʡʥʦʚʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ɸʣʴʢʘʧʠ ʪʘ ʊʠʩʽʾ-ɼʘʢʽʾ ʩʧʨʠʯʠʥʷʻ ʪʫʪ ʥʘʷʚʥʽʩʪʴ 

ʧʝʚʥʠʭ ʨʦʪʘʮʽʡʥʠʭ ʪʘ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ (ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʷʛʘʥʥʷ ʂʘʨʧʘʪ ʫ ʨʝʛʽʦʥʽ) ʩʢʣʘʜʦʚʠʭ 

ʨʫʭʽʚ ʛʣʠʙ ʬʫʥʜʘʤʝʥʪʫ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʥʘʷʚʥʽʩʪʴ ʟʦʥʠ ʨʦʟʪʷʛʫ ʽ ʦʧʫʩʢʘʥʥʷ ʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ ʫ 

ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʨʝʛʽʦʥʫ (ʚ ʨʘʡʦʥʽ ʏʦʧ ï ʄʫʢʘʯʝʚʝ ï ʉʚʘʣʷʚʘ). 

 ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʛʝʦʤʦʨʬʦʣʦʛʽʾ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʠʯʥʠʭ 

ʟʘʩʘʜ ʚʠʚʯʝʥʥʷ ʨʦʣʽ ʣʶʜʠʥʠ ʫ ʬʦʨʤʫʚʘʥʥʽ ʨʝʣʴʻʬʫ ɿʝʤʣʽ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʡʦʛʦ 

ʦʨʛʘʥʽʟʦʚʘʥʦʩʪʽ ʻ ʦʜʥʠʤ ʟ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʟʘʚʜʘʥʴ. ɸʥʪʨʦʧʦʛʝʥʥʦʤʫ ʨʝʣʴʻʬʫ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʚʝʣʠʢʘ ʫʚʘʛʘ ʫ ʟʚôʷʟʢʫ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʨʽʰʝʥʥʷ ʥʠʟʢʠ ʚʘʞʣʠʚʠʭ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ: ʚʠʜʽʣʝʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʾ ʛʝʦʤʦʨʬʦʣʦʛʽʾ ʷʢ ʥʦʚʦʛʦ ʥʘʫʢʦʚʦʛʦ ʥʘʧʨʷʤʫ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ ʦʮʽʥʶʚʘʥʥʷ ʤʘʩʰʪʘʙʽʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʤʦʨʬʦʛʝʥʝʟʫ ʚ ʧʨʦʩʪʦʨʦʚʦʤʫ ʪʘ ʽʩʪʦʨʠʯʥʦʤʫ ʘʩʧʝʢʪʘʭ, ʚʠʷʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʛʝʦʩʠʩʪʝʤ, ʧʨʽʦʨʠʪʝʪʥʠʭ 

ʥʘʧʨʷʤʽʚ ʽ ʨʘʮʽʦʥʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ, 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ. ʊʝʨʠʪʦʨʽʷ ʋʢʨʘʾʥʠ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʩʫʯʘʩʥʠʭ 

ʧʨʠʨʦʜʥʠʭ  ʨʝʣʴʻʬʦʫʪʚʦʨʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʦʩʚʦʻʥʥʷ 

ʛʝʥʝʪʠʯʥʦ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʪʘ ʨʽʟʥʦʚʽʢʦʚʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʨʝʣʴʻʬʫ, ʻ ʫʥʽʢʘʣʴʥʠʤ ʦʙôʻʢʪʦʤ ʜʣʷ 

ʚʩʝʙʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʛʝʦʤʦʨʬʦʩʠʩʪʝʤ ʡ ʚʠʷʚʣʝʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʦʨʛʘʥʽʟʦʚʘʥʦʩʪʽ, ʚʣʘʩʪʠʚʦʩʪʝʡ, ʽʻʨʘʨʭʽʯʥʦʾ ʩʫʧʽʜʨʷʜʥʦʩʪʽ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʪʦʱʦ ɼʦʩʣʽʜʞʝʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʽ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʛʝʦʤʦʨʬʦʩʠʩʪʝʤ ʤʘʻ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʜʝʢʽʣʴʢʦʭ ʚʘʞʣʠʚʠʭ ʧʨʠʥʮʠʧʽʚ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʾʭ 

ʦʮʽʥʶʚʘʥʥʷ ʟ ʧʦʟʠʮʽʡ: 

- ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ  ʧʨʠʨʦʜʥʠʭ  ʽ ʘʥʪʨʦʧʦʛʝʥʥʠʭ  (ʪʝʭʥʦʛʝʥʥʠʭ) ʯʠʥʥʠʢʽʚ 

ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʛʝʦʤʦʨʬʦʩʠʩʪʝʤ; 

- ʩʧʨʠʷʪʣʠʚʦʩʪʽ ʫʤʦʚ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʦʩʚʦʶʻʪʴʩʷ ʣʶʜʠʥʦʶ, ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ, 

ʨʦʟʚʠʪʢʫ ʪʘ ʦʪʨʠʤʘʥʥʷ  ʧʦʟʠʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ  

ʥʦʚʦʩʪʚʦʨʝʥʠʭ ʛʝʦʤʦʨʬʦʩʠʩʪʝʤ; 

- ʨʘʮʽʦʥʘʣʴʥʦʩʪʽ  ʧʨʦʩʪʦʨʦʚʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʛʝʦʤʦʨʬʦʩʠʩʪʝʤ 

ʨʽʟʥʠʭ ʨʽʚʥʽʚ - ʛʣʦʙʘʣʴʥʠʭ, ʨʝʛʽʦʥʘʣʴʥʠʭ, ʣʦʢʘʣʴʥʠʭ ʪʦʱʦ; 
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2025 ͪͦͯ͟ 

 
- ʭʨʦʥʦʣʦʛʽʯʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʪʨʠʚʘʣʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦ-

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʛʝʦʤʦʨʬʦʩʠʩʪʝʤ; 

- ʤʦʨʬʦʜʠʥʘʤʽʯʥʦʾ ʪʘ ʤʦʨʬʦʣʽʪʦʜʠʥʘʤʽʯʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʛʝʦʤʦʨʬʦʩʬʝʨʠ, ʱʦ 

ʟʫʤʦʚʣʶʻ ʬʦʨʤʫʚʘʥʥʷ ʩʪʽʡʢʠʭ, ʥʝʩʪʽʡʢʠʭ, ʘʢʪʠʚʥʠʭ, ʧʘʩʠʚʥʠʭ ʪʘ ʽʥʰʠʭ ʪʠʧʽʚ 

ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʛʝʦʤʦʨʬʦʩʠʩʪʝʤ; 

- ʟʤʽʥ ʰʚʠʜʢʦʩʪʝʡ ʧʨʦʷʚʫ ʧʨʠʨʦʜʥʠʭ ʨʝʣʴʻʬʦʫʪʚʦʨʶʚʘʣʴʥʠʭ ʽ ʘʥʪʨʦʧʦʛʝʥʥʦ 

ʟʫʤʦʚʣʝʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʪʘ ʨʦʟʚʠʪʢʫ ʧʨʠʨʦʜʥʦ-

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʛʝʦʤʦʨʬʦʩʠʩʪʝʤ; 

- ʨʠʟʠʢʫ ʧʨʦʷʚʫ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʚ 

ʨʘʡʦʥʘʭ ʨʦʟʤʽʱʝʥʥʷ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʠʭ (ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʠʭ) ʛʝʦʤʦʨʬʦʩʠʩʪʝʤ 

ʨʽʟʥʠʭ ʪʠʧʽʚ; 

- ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʤʘʩʰʪʘʙʽʚ ʘʥʪʨʦʧʦʛʝʥʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʨʠʨʦʜʥʦʛʦ ʨʝʣʴʻʬʫ ʪʘ 

ʧʦʪʝʥʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʪʨʘʪ ʧʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʠʭ 

ʛʝʦʤʦʨʬʦʩʠʩʪʝʤ. 

ʇʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʽ ʛʝʦʤʦʨʬʦʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʢʣʘʜʥʠʤʠ ʟʦʚʥʽʰʥʽʤʠ  

ʪʘ ʚʥʫʪʨʽʰʥʽʤʠ ʟʚôʷʟʢʘʤʠ, ʟ ʯʠʤ ʧʦʚôʷʟʘʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʜʝʪʘʣʴʥʦʤʫ ʚʠʚʯʝʥʥʽ ʨʦʣʽ 

ʜʠʥʘʤʽʯʥʦʛʦ ʯʠʥʥʠʢʘ ʚ ʫʪʚʦʨʝʥʥʽ, ʚ ʧʨʦʩʪʦʨʦʚʽʡ ʦʨʛʘʥʽʟʦʚʘʥʦʩʪʽ ʪʘ ʽʻʨʘʨʭʽʾ ʛʝʦʤʦʨʬʦʩʠʩʪʝʤ 

ʨʽʟʥʦʛʦ ʛʝʥʝʟʠʩʫ, ʚ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʥʪʨʦʧʦʛʝʥʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʛʝʦʤʦʨʬʦʩʠʩʪʝʤ, ʷʢʽ ʫʪʚʦʨʠʣʠʩʷ ʥʘ ʙʽʣʴʰ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʨʦʟʚʠʪʢʫ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʩʪʨʫʢʪʫʨʥʫ, ʛʝʥʝʪʠʯʥʫ, ʜʠʥʘʤʽʯʥʫ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʧʨʠʨʦʜʥʦ-

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʛʝʦʤʦʨʬʦʩʠʩʪʝʤ, ʾʭ ʪʠʧʽʟʘʮʽʶ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ: ʭʘʨʘʢʪʝʨʫ 

ʽ ʪʠʧʫ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʦʩʚʦʻʥʥʷ ʪʝʨʠʪʦʨʽʾ; ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʽ ʘʥʪʨʦʧʦʛʝʥʥʠʭ 

ʯʠʥʥʠʢʽʚ ʾʭ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ; ʩʪʨʫʢʪʫʨʠ ʛʝʦʤʦʨʬʦʩʠʩʪʝʤʠ; ʧʨʦʩʪʦʨʦʚʦʾ 

ʦʨʛʘʥʽʟʦʚʘʥʦʩʪʽ ʾʾ ʧʽʜʩʠʩʪʝʤ ʽ ʝʣʝʤʝʥʪʽʚ; ʟʤʽʥʥʦʩʪʽ ʚ ʯʘʩʽ ʨʝʞʠʤʽʚ ʽ ʦʙʩʪʘʚʠʥ ʾʭ ʬʦʨʤʫʚʘʥʥʷ ʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʽʻʨʘʨʭʽʯʥʦʾ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʩʪʽ; ʧʨʦʛʥʦʟʦʚʘʥʦʩʪʽ, ʘʢʪʠʚʽʟʘʮʽʾ ʥʝʙʝʟʧʝʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʽ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʦʱʦ. 

ɼʽʘʛʥʦʩʪʠʢʘ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʛʝʦʤʦʨʬʦʩʠʩʪʝʤ ʟ ʨʽʟʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ 

ʪʨʝʥʜʘʤʠ ʨʦʟʚʠʪʢʫ ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʮʽʥʶʚʘʥʥʷ 

ʥʝʙʝʟʧʝʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʭ 

ʟʘʭʦʜʽʚ ʟ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʝʨʝʜʙʘʯʝʥʥʷ ʧʨʦʷʚʫ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʟʘʧʦʙʽʛʘʥʥʷ ʨʠʟʠʢʽʚ ʧʦʛʽʨʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʚ ʢʦʥʢʨʝʪʥʠʭ 

ʫʤʦʚʘʭ. 

 

ɻɽʆʃʆɻɯʏʅɯ ʆʉʆɹʃʀɺʆʉʊɯ ʂʈʀʄʉʔʂʆɰ ʄɯʅɽʈɸʃʆɻɯʏʅʆɰ ʇʈʆɺɯʅʎɯɰ 

 

ʍʘʣʫʩ ʖʣʽʷ ʈʦʤʘʥʽʚʥʘ, ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ ʅɿɻ-25-1 

ɸʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ɻʈʅ, ʄʝʜʚʽʜʴ ʄʘʨôʷʥʘ ɯʛʦʨʽʚʥʘ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ  

 

ʂʨʠʤʩʴʢʘ ʤʽʥʝʨʘʣʦʛʽʯʥʘ ʧʨʦʚʽʥʮʽʷ ʦʭʦʧʣʶʻ ʂʨʠʤʩʴʢʠʡ ʧʽʚʦʩʪʨʽʚ ʽ ʤʘʻ ʜʚʘ ʩʪʨʫʢʪʫʨʥʽ 

ʧʽʜʨʦʟʜʽʣʠ: ʛʝʦʩʠʥʢʣʽʥʘʣʴʥʠʡ (ɻʽʨʩʴʢʠʡ ʂʨʠʤ) ʽ ʧʣʘʪʬʦʨʤʥʠʡ (ʈʽʚʥʠʥʥʠʡ ʂʨʠʤ), ʚ ʦʩʥʦʚʽ 

ʷʢʦʛʦ ʟʘʣʷʛʘʻ ʢʨʠʩʪʘʣʽʯʥʠʡ ʬʫʥʜʘʤʝʥʪ - ʉʢʽʬʩʴʢʘ ʧʣʠʪʘ. ɺʽʜʧʦʚʽʜʥʦ, ʪʫʪ ʚʠʜʽʣʝʥʦ ʜʚʽ 

ʤʽʥʝʨʘʣʦʛʽʯʥʽ ʩʫʙʧʨʦʚʽʥʮʽʾ: ɻʽʨʩʴʢʦʛʦ ʂʨʠʤʫ ʪʘ ʈʽʚʥʠʥʥʦʛʦ ʂʨʠʤʫ. 

ʉʫʙʧʨʦʚʽʥʮʽʷ ɻʽʨʩʴʢʦʛʦ ʂʨʠʤʫ ʦʭʦʧʣʶʻ ʧʨʠʤʦʨʩʴʢʫ ʩʢʣʘʜʯʘʩʪʫ ʯʘʩʪʠʥʫ ʂʨʠʤʫ, ʫ 

ʛʝʦʣʦʛʽʯʥʽʡ ʙʫʜʦʚʽ ʷʢʦʾ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʧʦʨʦʜʠ ʪʘʚʨʽʡʩʴʢʦʾ ʩʝʨʽʾ, ʥʠʞʥʴʦ-ʩʝʨʝʜʥʴʦʶʨʩʴʢʽ 

ʬʣʽʰʦʾʜʥʽ ʫʪʚʦʨʝʥʥʷ, ʷʢʽ ʧʝʨʝʢʨʠʪʽ ʚʽʜʢʣʘʜʘʤʠ ʥʠʞʥʴʦʾ (ʛʣʠʥʠ, ʚʘʧʥʷʢʠ, ʤʝʨʛʝʣʽ) ʽ ʚʝʨʭʥʴʦʾ 

(ʛʣʠʥʠ, ʧʽʩʢʦʚʠʢʠ, ʪʫʬʠ, ʚʘʧʥʷʢʠ, ʤʝʨʛʝʣʽ) ʢʨʝʡʜʠ ʪʘ ʧʘʣʝʦʛʝʥʫ (ʚʘʧʥʷʢʠ, ʤʝʨʛʝʣʽ, ʛʣʠʥʠ). 

ʖʨʩʴʢʠʡ ʚʽʢ ʤʘʶʪʴ ʽʥʪʨʫʟʠʚʥʽ ʧʦʨʦʜʠ ʤʘʩʠʚʠ ʛʘʙʨʦ-ʜʽʘʙʘʟʽʚ (ɸʶʜʘʛ, ʂʘʩʪʝʣʴ ʪʘ ʽʥ.), 

ʜʽʘʙʘʟʦʚʽ ʜʘʡʢʠ ʽ ʰʪʦʢʠ (ʌʽʦʣʝʥʪ, ʂʘʨʘʜʘʛ ʪʘ ʽʥ.).  
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ʋ ʩʫʙʧʨʦʚʽʥʮʽʾ ʚʠʜʽʣʝʥʦ ʂʘʨʘʜʘʟʴʢʠʡ ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʨʘʡʦʥ, ʫ ʷʢʦʤʫ ʛʦʣʦʚʥʠʤʠ 

ʤʽʥʝʨʘʣʴʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʻ ʧʨʦʜʫʢʪʠ ʧʦʩʪʚʫʣʢʘʥʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ - ʨʪʫʪʥʦ-ʧʦʣʽʤʝʪʘʣʝʚʝ 

ʟʨʫʜʝʥʽʥʥʷ (ʢʽʥʦʚʘʨ, ʛʘʣʝʥʽʪ, ʩʬʘʣʝʨʠʪ ʪʘ ʽʥ.), ʮʝʦʣʽʪʦʚʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ, ʭʘʣʮʝʜʦʥ ʪʘ ʡʦʛʦ 

ʨʽʟʥʦʚʠʜʠ, ʘʤʝʪʠʩʪ ʪʦʱʦ. ʄʘʡʞʝ ʚʩʷ ʮʷ ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʂʘʨʘʜʘʟʴʢʦʛʦ 

ʟʘʧʦʚʽʜʥʠʢʘ. ɺ ʤʝʞʘʭ ʩʫʙʧʨʦʚʽʥʮʽʾ ʚʘʞʣʠʚʠʤʠ ʤʽʥʝʨʘʣʴʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʻ ʨʦʜʦʚʠʱʘ 

ʢʘʨʙʦʥʘʪʥʦʾ ʩʠʨʦʚʠʥʠ (ʚʘʧʥʷʢ, ʢʨʝʡʜʘ, ʤʝʨʛʝʣʴ), ʪʨʘʧʣʷʶʪʴʩʷ ʷʰʤʠ, ʢʘʣʴʮʠʪʦʚʠʡ ʦʥʽʢʩ, 

ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʘ ʙʘʨʠʪʦʚʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ. 

ʉʫʙʧʨʦʚʽʥʮʽʷ ʈʽʚʥʠʥʥʦʛʦ ʂʨʠʤʫ ʦʭʦʧʣʶʻ ʧʽʚʥʽʯʥʫ ʯʘʩʪʠʥʫ ʂʨʠʤʩʴʢʦʛʦ ʧʽʚʦʩʪʨʦʚʘ, 

ʷʢʘ ʧʨʠʣʷʛʘʻ ʜʦ ʇʨʠʯʦʨʥʦʤʦʨʩʴʢʦʾ ʟʘʧʘʜʠʥʠ. ɺ ʾʾ ʙʫʜʦʚʽ ʧʝʨʝʚʘʞʘʶʪʴ ʥʝʦʛʝʥʦʚʽ ʚʽʜʢʣʘʜʠ ʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʧʽʩʢʦʚʠʢʘʤʠ, ʛʣʠʥʘʤʠ ʡ ʚʘʧʥʷʢʘʤʠ. ʊʫʪ ʚʠʜʽʣʝʥʦ 

ʂʝʨʯʝʥʩʴʢʠʡ ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʨʘʡʦʥ, ʫ ʷʢʦʤʫ ʛʦʣʦʚʥʠʤʠ ʤʽʥʝʨʘʣʴʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʻ 

ʟʘʣʽʟʦʨʫʜʥʽ ʨʦʜʦʚʠʱʘ ʂʝʨʯʝʥʩʴʢʦʛʦ ʙʘʩʝʡʥʫ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʙʫʨʠʤʠ ʟʘʣʽʟʥʷʢʘʤʠ. ɺ ʾʭʥʴʦʤʫ 

ʩʢʣʘʜʽ, ʢʨʽʤ ʛʽʜʨʦʢʩʠʜʽʚ ʟʘʣʽʟʘ (ʛʝʪʠʪ, ʛʽʜʨʦʛʝʪʠʪ, ʣʝʧʽʜʦʢʨʦʢʽʪ), ʚʠʷʚʣʝʥʽ ʟʘʣʽʟʠʩʪʽ ʭʣʦʨʠʪʠ 

(ʰʘʤʦʟʠʪ ʪʘ ʽʥ.) ʪʘ ʨʽʟʥʽ ʚʦʜʥʽ ʬʦʩʬʘʪʠ ʟʘʣʽʟʘ. ɺʘʞʣʠʚʠʤʠ ʤʽʥʝʨʘʣʴʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʻ ʪʘʢʦʞ 

ʨʦʜʦʚʠʱʘ ʽ ʨʫʜʦʧʨʦʷʚʠ ʩʽʨʢʠ ʂʨʠʤʩʴʢʦʛʦ ʩʽʨʢʦʥʦʩʥʦʛʦ ʙʘʩʝʡʥʫ, ʢʘʤ'ʷʥʦʾ ʪʘ ʽʥʰʠʭ ʩʦʣʝʡ 

ʫʟʙʝʨʝʞʞʷ ʏʦʨʥʦʛʦ ʡ ɸʟʦʚʩʴʢʦʛʦ ʤʦʨʽʚ. 

ɼʦʙʨʫʜʞʩʴʢʘ ʤʽʥʝʨʘʣʦʛʽʯʥʘ ʧʨʦʚʽʥʮʽʷ ʧʨʠʣʷʛʘʻ ʜʦ ʇʨʠʯʦʨʥʦʤʦʨʩʴʢʦʾ ʟʘʧʘʜʠʥʠ ʽ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʽʚʥʠʥʥʦʶ ʪʘ ʛʽʨʩʴʢʦʶ ʯʘʩʪʠʥʘʤʠ. ʊʫʪ  ʚʠʜʽʣʝʥʦ ʜʚʽ ʤʽʥʝʨʘʣʦʛʽʯʥʽ 

ʩʫʙʧʨʦʚʽʥʮʽʾ ɻʽʨʩʴʢʘ ɼʦʙʨʫʜʞʘ ʽ ʇʝʨʝʜʜʦʙʨʫʜʞʘ. ɼʘʥʘ ʧʨʦʚʽʥʮʽʷ ʤʽʥʝʨʘʣʦʛʽʯʥʦ ʤʘʡʞʝ ʥʝ 

ʚʠʚʯʝʥʘ. ʋ ʛʝʦʣʦʛʽʯʥʽʡ ʙʫʜʦʚʽ ʧʝʨʝʚʘʞʘʶʪʴ ʚʽʜʢʣʘʜʠ ʧʘʣʝʦʟʦʶ ʡ ʤʝʟʦʟʦʶ. ʇʘʣʝʦʟʦʡʩʴʢʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʘʨʙʦʥʘʪʥʠʤʠ ʧʦʨʦʜʘʤʠ ʦʨʜʦʚʠʢʫ, ʪʝʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʠʤʠ ʩʠʣʫʨʫ ʡ ʜʦʩʠʪʴ 

ʧʦʪʫʞʥʠʤʠ ʪʦʚʱʘʤʠ ʜʝʚʦʥʫ, ʢʘʨʙʦʥʫ ʽ ʧʝʨʤʫ. ʋ ʨʝʛʽʦʥʽ ʧʦʰʠʨʝʥʽ ʪʘʢʦʞ ʚʽʜʢʣʘʜʠ ʩʝʨʝʜʥʴʦʾ 

ʽ ʚʝʨʭʥʴʦʾ ʶʨʠ, ʦʩʦʙʣʠʚʦ ʭʝʤʦʛʝʥʥʽ ʧʦʨʦʜʠ ʢʽʤʝʨʠʜʞʫ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʷʚʥʽ ʧʽʩʢʦʚʠʢʠ, ʛʣʠʥʠ, 

ʘʣʝʚʨʦʣʽʪʠ, ʢʦʥʛʣʦʤʝʨʘʪʠ ʽ ʢʘʤ'ʷʥʘ ʩʽʣʴ. ʋ ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʟʘʧʘʜʠʥʠ ʚʠʷʚʣʝʥʽ ʽʥʪʨʫʟʠʚʥʽ 

ʤʘʩʠʚʠ ʛʨʘ-ʥʽʪʦʾʜʽʚ ʚʝʨʭʥʴʦʛʦ ʧʘʣʝʦʟʦʶ. ʉʝʨʝʜ ʪʝʨʠʛʝʥʥʠʭ ʽ ʢʘʨʙʦʥʘʪʥʦ-ʚʘʧʥʷʢʦʚʠʭ ʧʦʨʽʜ 

ʜʝʚʦʥʫ ʥʘ ʛʣʠʙʠʥʽ 1,6-3,0 ʢʤ ʨʦʟʢʨʠʪʦ ʤʘʣʦʧʦʪʫʞʥʽ ʜʘʡʢʠ ʘʙʦ ʩʠʣʠ ʦʣʽʚʽʥʦʚʤʽʩʥʠʭ 

ʣʘʤʧʨʦʾʪʽʚ. 

ʋ ʇʽʚʜʝʥʥʽʡ ɼʦʙʨʫʜʞʽ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ ʚʠʭʦʜʷʪʴ ʪʘʢ ʟʚʘʥʽ ʟʝʣʝʥʽ ʩʣʘʥʮʽ ʨʠʬʝʶ, 

ʷʢʠʤʠ ʩʢʣʘʜʝʥʠʡ ʬʫʥʜʘʤʝʥʪ ʇʽʚʥʽʯʥʦʾ ɼʦʙʨʫʜʞʽ. ɺʦʥʠ ʤʽʩʪʷʪʴ ʧʨʦʰʘʨʢʠ ʧʽʩʢʦʚʠʢʽʚ, 

ʢʦʥʛʣʦʤʝ ʨʘʪʽʚ, ʦʩʘʜʦʚʦ-ʚʫʣʢʘʥʦʛʝʥʥʠʭ ʧʦʨʽʜ.  

ʅʘʡʚʘʞʣʠʚʽʰʠʤʠ ʟ ʧʦʛʣʷʜʫ ʤʽʥʝʨʘʣʦʛʽʾ ʫ ʧʨʦʚʽʥʮʽʾ ʻ ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʽ ʧʦʨʦʜʠ 

ʜʝʚʦʥʫ ʽ ʢʘʨʙʦʥʫ, ʛʽʧʩʠ ʡ ʘʥʛʽʜʨʠʪʠ ʚʝʨʭʥʴʦʾ ʤʦʣʘʩʠ ʧʝʨʤ-ʪʨʽʘʩʦʚʦʛʦ ʚʽʢʫ, ʛʽʜʨʦʪʝʨʤʘʣʴʥʽ 

ʧʨʦʷʚʠ ʨʪʫʪʽ, ʙʘʨʠʪʫ, ʩʚʠʥʮʶ, ʮʠʥʢʫ ʽ ʟʦʣʦʪʘ ʫ ʚʽʜʢʣʘʜʘʭ ʜʝʚʦʥʫ, ʂʽʣʽʥʩʴʢʦ-ɯʟʤʘʾʣʴʩʴʢʘ 

ʩʦʣʝʥʦʩʥʘ (ʥʘʪʨʽʻʚʘ) ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʪʘ ʟʘʣʽʟʥʝ (ʰʘʤʦʟʠʪ, ʩʠʜʝʨʠʪ) ʟʨʫʜʝʥʽʥʥʷ ʚ ʶʨʩʴʢʠʭ 

ʚʽʜʢʣʘʜʘʭ, ʦʣʽʚʽʥʦʚʤʽʩʥʽ ʣʘʤʧʨʦʾʪʠ, ʨʦʟʩʠʧʥʽ ʧʨʦʷʚʠ ʟʦʣʦʪʘ ʡ ʪʠʪʘʥ-ʮʠʨʢʦʥʽʻʚʠʭ ʨʫʜ 

(ɺʠʣʢʽʚʩʴʢʝ ʨʦʟʩʠʧʥʝ ʧʦʣʝ) ʰʝʣʴʬʦʚʦʾ ʟʦʥʠ ʏʦʨʥʦʛʦ ʤʦʨʷ. ɺʽʜʦʤʽ ʪʘʢʦʞ ʟʥʘʭʽʜʢʠ ʘʣʤʘʟʫ ʪʘ 

ʧʨ̔ʦʧʫ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʱʝ ʩʢʘʟʘʥʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʂʨʠʤʩʴʢʘ ʤʽʥʝʨʘʣʦʛʽʯʥʘ 

ʧʨʦʚʽʥʮʽʷ ʚʠʨʽʟʥʷʻʪʴʩʷ ʩʢʣʘʜʥʦʶ ʙʫʜʦʚʦʶ ʪʘ ʟʥʘʯʥʠʤ ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʤʽʥʝʨʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ, 

ʱʦ ʟʫʤʦʚʣʝʥʦ ʧʦʻʜʥʘʥʥʷʤ ʛʝʦʩʠʥʢʣʽʥʘʣʴʥʠʭ ʽ ʧʣʘʪʬʦʨʤʥʠʭ ʩʪʨʫʢʪʫʨ. ɻʽʨʩʴʢʠʡ ʂʨʠʤ ʤʘʻ 

ʥʘʡʙʽʣʴʰʠʡ ʤʽʥʝʨʘʛʝʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʨʪʫʪʥʦ-ʧʦʣʽʤʝʪʘʣʝʚʠʤ, ʮʝʦʣʽʪʦʚʠʤ ʪʘ 

ʢʨʝʤʝʥʠʩʪʠʤ ʟʨʫʜʝʥʽʥʥʷʤ, ʘ ʪʘʢʦʞ ʰʠʨʦʢʠʤ ʨʦʟʚʠʪʢʦʤ ʢʘʨʙʦʥʘʪʥʦʾ ʩʠʨʦʚʠʥʠ. ʈʽʚʥʠʥʥʠʡ 

ʂʨʠʤ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʢʣʘʜʘʤʠ ʟʘʣʽʟʥʠʭ ʨʫʜ, ʩʽʨʢʠ ʪʘ ʩʦʣʝʡ, ʱʦ ʬʦʨʤʫʶʪʴ ʚʘʞʣʠʚʽ 

ʧʨʦʤʠʩʣʦʚʽ ʨʝʩʫʨʩʠ ʨʝʛʽʦʥʫ. ɼʦʙʨʫʜʞʩʴʢʘ ʧʨʦʚʽʥʮʽʷ, ʭʦʯʘ ʡ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʘ, ʪʘʢʦʞ 

ʜʝʤʦʥʩʪʨʫʻ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʟʘʚʜʷʢʠ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʤ ʧʨʦʷʚʘʭ ʨʪʫʪʽ, ʩʚʠʥʮʶ, ʙʘʨʠʪʫ, 

ʟʦʣʦʪʘ ʪʘ ʨʦʟʩʠʧʥʠʤ ʨʦʜʦʚʠʱʘʤ ʚʘʞʢʠʭ ʤʽʥʝʨʘʣʽʚ. ʉʫʢʫʧʥʦ ʮʽ ʪʝʨʠʪʦʨʽʾ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʚʠʩʦʢʠʡ ʧʦʪʝʥʮʽʘʣ ʇʽʚʥʽʯʥʦʛʦ ʇʨʠʯʦʨʥʦʤʦʨôʷ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʪʘ ʧʦʰʫʢʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. 
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2025 ͪͦͯ͟ 

 
ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ʉʋʏɸʉʅʀʍ ɻɽʆɼʀʅɸʄɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʅɸ 

ʈʆɿɺʀʊʆʂ ʈɯʏʂʆɺʆɰ ʉʀʉʊɽʄʀ ɿɸʂɸʈʇɸʊʊʗ 

 

ʍʽʤôʷʢ ʅʘʜʽʷ ɺʦʣʦʜʠʤʠʨʽʚʥʘ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ ʅɿɻ-23-1 

ɸʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ɻʈʅ, ʋʛʨʘʢ ʃʽʥʘ ɺʘʩʠʣʽʚʥʘ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ  

 

ɺʦʜʥʽ ʨʝʩʫʨʩʠ ʂʘʨʧʘʪ, ʇʝʨʝʜʢʘʨʧʘʪʪʷ ʽ ɿʘʢʘʨʧʘʪʩʴʢʦʾ ʥʠʟʦʚʠʥʠ ʚʢʣʶʯʘʶʪʴ ʙʣʠʟʴʢʦ 

500 ʨʽʢ, ʢʽʣʴʢʘ ʪʠʩʷʯ ʧʝʨʽʦʜʠʯʥʦ ʜʽʶʯʠʭ ʚʦʜʦʪʦʢʽʚ ( ʧʽʜ ʯʘʩ ʩʥʽʛʦʪʘʥʝʥʥʷ ʪʘ ʜʦʱʽʚ) ʽ ʙʽʣʴʰʝ 

1200 ʚʦʜʦʡʤʠʱ, ʧʝʨʝʚʘʞʥʦ ʩʪʘʚʢʽʚ. 

ʆʨʦʛʝʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʽ ʚʽʜʥʦʩʥʦ ʤ'ʷʢʠʡ ʚʦʣʦʛʠʡ ʢʣʽʤʘʪ ʟʫʤʦʚʣʶʶʪʴ 

ʧʝʨʝʚʘʛʫ ʥʝʚʝʣʠʢʠʭ ʨʽʯʦʢ, ʾʭ ʟʥʘʯʥʫ ʛʫʩʪʦʪʫ ʽ ʭʘʨʘʢʪʝʨ ʨʦʟʤʽʱʝʥʥʷ. 

ɯʟ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʢ 455 ʤʘʶʪʴ ʜʦʚʞʠʥʫ ʙʽʣʴʰʝ 10 ʢʤ, 39 ï ʙʽʣʴʰʝ 50 ʢʤ ʽ  

3 ï ʧʦʥʘʜ 200 ʢʤ. ɿʘ ʩʚʦʾʤʠ ʨʦʟʤʽʨʘʤʠ ʚʩʽ ʨʽʢʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʊʠʩʠ ʽ ɼʥʽʩʪʨʘ, ʥʘʣʝʞʘʪʴ ʜʦ 

ʤʘʣʠʭ ʨʽʢ. ʈʽʢʘ ʊʠʩʘ ʻ ʛʦʣʦʚʥʦʶ ʨʽʯʢʦʚʦʶ ʘʨʪʝʨʽʻʶ ɿʘʢʘʨʧʘʪʪʷ, ʥʘ ʾʾ ʙʘʩʝʡʥ ʧʨʠʧʘʜʘʻ 

134 ʙʽʣʴʰ ʜʨʽʙʥʠʭ ʨʽʢ. 

ɺʠʚʯʝʥʥʷ ʨʽʢ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ, ʚʢʣʶʯʘʶʯʠ ɿʘʢʘʨʧʘʪʪʷ, ʨʦʟʧʦʯʘʪʦ ʜʘʚʥʦ, ʧʨʦʪʝ 

ʚʦʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʟʘ ʦʙʩʷʛʘʤʠ, ʪʨʠʚʘʣʽʩʪʶ ʽ ʷʢʽʩʪʶ 

ʩʧʦʩʪʝʨʝʞʝʥʴ, ʪʦʤʫ ʱʝ ʥʝ ʚʩʽ ʛʽʜʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʥʝ ʥʘ ʚʩʽʭ ʨʽʢʘʭ ʚʠʚʯʝʥʽ ʜʦʩʠʪʴ 

ʧʦʚʥʦ. 

ɻʽʜʨʦʛʨʘʬʽʯʥʘ ʩʽʪʢʘ ɿʘʢʘʨʧʘʪʪʷ ʩʬʦʨʤʫʚʘʣʘʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʨʠʚʘʣʦʾ ʽ ʩʢʣʘʜʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʬʘʢʪʦʨʽʚ ʢʣʽʤʘʪʫ ʽ ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ, ʘ ʪʘʢʦʞ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. 

ʆʩʥʦʚʥʽ ʨʠʩʠ ʨʽʯʢʦʚʦʾ ʩʽʪʢʠ ʙʫʣʠ ʟʘʢʣʘʜʝʥʽ ʚ ʪʨʝʪʠʥʥʠʡ ʧʝʨʽʦʜ. ʅʝʨʽʚʥʦʤʽʨʥʠʡ ʨʫʭ 

ʟʝʤʥʦʾ ʢʦʨʠ ʚ ʪʨʝʪʠʥʥʠʡ ʽ ʯʝʪʚʝʨʪʠʥʥʠʡ ʯʘʩ ʟʫʤʦʚʠʚ ʯʝʨʛʫʚʘʥʥʷ ʧʝʨʽʦʜʽʚ ʚʨʽʟʫʚʘʥʥʷ ʨʽʯʦʢ ʟ 

ʧʝʨʽʦʜʘʤʠ ʜʝʥʫʜʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʦʩʫ ʽ ʚʽʜʢʣʘʜʘʥʥʷ. ʎʝ ʧʨʠʚʝʣʦ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʛʣʠʙʦʢʠʭ ʨʦʟʯʣʝʥʦʚʘʥʠʭ ʽ ʪʝʨʘʩʦʚʘʥʠʭ ʜʦʣʠʥ, ʜʦ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʙʫʜʦʚʠ ʨʽʯʦʢ ʧʦ ʜʦʚʞʠʥʽ. 

ʇʽʜʥʷʪʪʷ ʂʘʨʧʘʪ ʚ ʥʝʦʛʝʥʽ ʧʨʠʚʝʣʦ ʜʦ ʚʽʜʩʪʫʧʘʥʥʷ ʤʦʨʷ ʚ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʤʫ 

ʥʘʧʨʷʤʢʫ, ʢʫʜʠ ʡ ʩʧʨʷʤʫʚʘʣʠ ʩʚʦʾ ʚʦʜʠ ɼʥʽʩʪʝʨ, ʇʨʫʪ ʽ ʉʝʨʝʪ. ʌʦʨʤʫʚʘʥʥʷ ʨʽʯʢʦʚʦʾ 

ʩʠʩʪʝʤʠ ɿʘʢʘʨʧʘʪʪʷ, ʷʢʝ ʚʽʜʙʫʣʦʩʷ ʧʨʠʙʣʠʟʥʦ ʚ ʪʦʡ ʞʝ ʯʘʩ ʟ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʶ ʝʨʦʟʽʡʥʦʶ 

ʜʽʷʣʴʥʽʩʪʶ, ʧʨʠʚʝʣʦ ʜʦ ʧʝʨʝʪʠʥʫ ʛʦʣʦʚʥʦʛʦ ʚʦʜʦʜʽʣʫ ʽ ʧʝʨʝʤʽʱʝʥʥʷ ʡʦʛʦ ʚʽʜ ɺʥʫʪʨʽʰʥʽʭ ʜʦ 

ʎʝʥʪʨʘʣʴʥʠʭ ʂʘʨʧʘʪ. ʎʝʡ ʚʦʜʦʜʽʣ ʨʦʟʜʽʣʷʻ ʜʚʘ ʛʽʜʨʦʣʦʛʽʯʥʽ ʨʘʡʦʥʠ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʠʡ ʽ 

ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʠʡ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʇʝʨʝʜʢʘʨʧʘʪʪʶ ʽ ɿʘʢʘʨʧʘʪʩʴʢʽʡ ʥʠʟʦʚʠʥʽ. 

ʅʘʡʙʽʣʴʰ ʚʦʜʦʥʦʩʥʦʶ ʨʽʯʢʦʶ ɿʘʢʘʨʧʘʪʪʷ ʻ ʊʠʩʘ ʟ ʾʾ ʧʨʘʚʠʤʠ ʧʨʠʪʦʢʘʤʠ ï ʊʝʨʝʩʚʦʶ, 

ʊʝʨʝʙʣʝʶ, ʈʽʢʦʶ, ɹʦʨʞʘʚʦʶ, ʃʘʪʦʨʠʮʝʶ ʪʘ ʋʞʦʤ, ʷʢʽ ʚʠʪʽʢʘʶʪʴ ʟ ʇʦʣʦʥʠʥʩʴʢʦʛʦ 

ʚʠʩʦʢʦʛʽʨʥʦʛʦ ʭʨʝʙʪʘ, ʧʨʦʨʽʟʘʶʪʴ ɺʠʨʛʦʣʘʪ-ɻʫʪʠʥʩʴʢʝ ʧʘʩʤʦ ʽ ʚʠʭʦʜʷʪʴ ʥʘ ɿʘʢʘʨʧʘʪʩʴʢʫ 

(ʏʦʧ-ʄʫʢʘʯʽʚʩʴʢʫ) ʥʠʟʦʚʠʥʫ. ʈʽʢʠ, ʱʦ ʙʝʨʫʪʴ ʧʦʯʘʪʦʢ ʫ ʛʦʨʘʭ ʽ ʧʨʦʪʽʢʘʶʪʴ ʧʦʪʽʤ ʚ 

ʧʝʨʝʜʛʽʨ'ʾ, ʧʦ ʚʠʭʦʜʽ ʟ ʛʽʨ ʧʦʩʪʫʧʦʚʦ ʥʘʙʠʨʘʶʪʴ ʨʠʩ ʨʽʚʥʠʥʥʠʭ ʨʽʢ. ʋ ʧʝʨʝʜʛʽʨ'ʾ ʚʦʥʠ ʤʘʶʪʴ 

ʰʠʨʦʢʽ ʜʦʣʠʥʠ ʟ ʪʝʨʘʩʦʚʘʥʠʤʠ ʩʭʠʣʘʤʠ, ʟʚʠʚʠʩʪʽ, ʨʦʟʛʘʣʫʞʝʥʽ ʨʫʩʣʘ, ʷʢʽ ʣʝʛʢʦ ʧʽʜʜʘʶʪʴʩʷ 

ʜʝʬʦʨʤʘʮʽʾ. ʈʽʢʘ ʊʠʩʘ ʽ ʾʾ ʧʨʠʪʦʢʠ ʧʨʦʪʽʢʘʶʪʴ ʥʘʚʭʨʝʩʪ ʧʨʦʩʪʷʛʘʥʥʷ ʭʨʝʙʪʽʚ, ʩʪʚʦʨʶʶʯʠ 

ʨʝʰʽʪʯʘʩʪʠʡ ʪʠʣ ʛʽʜʨʦʩʽʪʢʠ. ʊʘʢʠʡ ʥʘʧʨʷʤʦʢ ʨʽʢ ʚʠʥʠʢ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʢʣʘʜʥʠʭ ʛʝʦʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʽ ʾʭ ʚʧʣʠʚʫ ʥʘ ʨʦʟʚʠʪʦʢ ʨʝʣʴʻʬʫ, ʧʝʨʝʙʫʜʦʚʫ ʽ ʧʝʨʝʭʚʘʪʠ ʨʽʯʢʦʚʦʾ ʩʠʩʪʝʤʠ. 

ʅʘ ʧʝʨʰʠʭ ʝʪʘʧʘʭ ʨʦʟʚʠʪʢʫ ʙʘʩʝʡʥʫ ʊʠʩʠ ʚ ʤʽʦʮʝʥʽ ʚ ʂʘʨʧʘʪʘʭ ʧʨʝʚʘʣʶʚʘʣʘ 

ʩʫʙʩʝʢʚʝʥʪʥʘ ʨʽʯʢʦʚʘ ʩʽʪʢʘ. ʈʽʢʠ ʩʪʽʢʘʣʠ ʧʝʨʝʚʘʞʥʦ ʥʘ ʧʽʚʥʽʯʥʠʡ ʟʘʭʽʜ, ʧʦ ʩʠʥʢʣʽʥʘʣʴʥʠʭ 

ʧʨʦʛʠʥʘʭ, ʟʘʧʦʚʥʝʥʠʭ ʧʦʨʦʜʘʤʠ ʤʝʥʽʣʽʪʦʚʦʾ ʩʝʨʽʾ, ʱʦ ʣʝʛʢʦ ʨʦʟʤʠʚʘʶʪʴʩʷ, ʘʙʦ ʚʟʜʦʚʞ 

ʨʦʟʨʠʚʥʠʭ ʧʦʨʫʰʝʥʴ ʢʘʨʧʘʪʩʴʢʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ. ʇʘʨʘʣʝʣʴʥʦ ʟ ʧʦʟʜʦʚʞʥʽʤʠ ʨʽʯʢʦʚʠʤʠ 

ʜʦʣʠʥʘʤʠ ʥʘ ʧʝʨʠʬʝʨʽʾ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʙʫʣʠ ʨʦʟʚʠʥʫʪʽ ʽ ʧʦʧʝʨʝʯʥʽ ʨʽʯʢʦʚʽ ʜʦʣʠʥʠ. 

ʅʘʡʙʽʣʴʰ ʨʦʟʚʠʥʫʪʽ ʟ ʥʠʭ ʩʬʦʨʤʫʚʘʣʠʩʷ ʚ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʂʘʨʧʘʪ, ʜʝ ʧʽʜ 

ʩʝʨʝʜʥʴʦʧʣʽʦʮʝʥʦʚʠʤʠ ʣʘʚʘʤʠ ɺʠʨʛʦʣʘʪ-ɻʫʪʠʥʩʴʢʦʾ ʛʨʷʜʠ ʚ ʧʦʧʝʨʝʯʥʽʡ ʜʦʣʠʥʽ ʨ. ʃʘʪʦʨʠʮʽ 

ʟʘʣʷʛʘʻ ʧʦʪʫʞʥʘ ʪʦʚʱʘ ʘʣʶʚʽʘʣʴʥʠʭ ʦʩʘʜʢʽʚ. ʆʯʝʚʠʜʥʦ, ʽʥʪʝʥʩʠʚʥʘ ʚʫʣʢʘʥʽʯʥʘ ʜʽʷʣʴʥʽʩʪʴ, 

ʱʦ ʧʨʠʚʝʣʘ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʚʫʣʢʘʥʽʯʥʦʛʦ ʭʨʝʙʪʘ, ʧʝʨʝʛʦʨʦʜʠʣʘ ʨʽʢʘʤ ʋʞ ʪʘ ʃʘʪʦʨʠʮʷ 

ʩʪʽʢʘʥʥʷ ʥʘ ʧʽʚʜʝʥʴ ʽ ʧʦʚʝʨʥʫʣʘ ʾʭ ʚʟʜʦʚʞ ʧʽʜʥʽʞʞʷ ʭʨʝʙʪʘ ʧʦ ʊʫʨôʾʥʩʴʢʽʡ ʟʘʧʘʜʠʥʽ ʥʘ 

ʧʽʚʥʽʯʥʠʡ ʟʘʭʽʜ. ʅʘ ʦʩʪʘʥʥʴʦʤʫ ʝʪʘʧʽ ʩʢʣʘʜʯʘʪʦʩʪʽ ʤʽʦʮʝʥʦʚʠʡ ʨʝʣʴʻʬ ʂʘʨʧʘʪ ʙʫʚ 
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ʟʨʫʡʥʦʚʘʥʠʡ. ʇʽʟʥʴʦʧʣʽʦʮʝʥʦʚʽ ʪʝʨʘʩʠ ʜʦʙʨʝ ʟʙʝʨʝʛʣʠʩʷ, ʱʦ ʜʘʻ ʧʽʜʩʪʘʚʠ ʚʽʜʥʦʚʠʪʠ ʦʩʥʦʚʥʽ 

ʨʠʩʠ ʨʽʯʢʦʚʦʾ ʩʽʪʢʠ ʪʦʛʦ ʯʘʩʫ. ɺ ʮʝʡ ʯʘʩ ʂʘʨʧʘʪʠ ʟʥʘʭʦʜʠʣʠʩʷ ʥʘ ʩʪʘʜʽʾ ʘʢʪʠʚʥʦʛʦ 

ʧʽʜʥʽʤʘʥʥʷ , ʱʦ ʟʫʤʦʚʠʣʦ ʬʦʨʤʫʚʘʥʥʷ ʨʦʟôʻʜʥʘʥʠʭ ʚʨʽʟʽʚ ʽ ʚʥʫʪʨʽʰʥʴʦʜʦʣʠʥʥʠʭ ʚʦʜʦʜʽʣʽʚ. 

ɻʦʣʦʚʥʠʡ ʚʦʜʦʜʽʣ ʧʨʦʭʦʜʠʚ ʧʦ ʧʦʣʦʥʠʥʩʴʢʠʭ ʭʨʝʙʪʘʭ. ʈʽʯʢʦʚʽ ʘʨʪʝʨʽʾ ʙʫʣʠ ʥʝʩʪʽʡʢʽ, 

ʤʽʛʨʫʚʘʣʠ, ʘ ʚ ʦʢʨʝʤʽ ʧʝʨʽʦʜʠ ʩʚʦʛʦ ʨʦʟʚʠʪʢʫ ʙʫʣʠ ʟʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ, ʜʦʢʘʟʦʤ ʯʦʛʦ ʻ 

ʚʥʫʪʨʽʰʥʴʦʜʦʣʠʥʥʽ ʚʦʜʦʜʽʣʠ ʫ ʚʠʛʣʷʜʽ ʦʩʪʨʦʚʽʚ. ʂʦʧʘʥʩʴʢʘ ʧʝʨʝʜʛʽʨʩʴʢʘ ʪʝʨʘʩʘ 

ʩʬʦʨʤʫʚʘʣʘʩʷ ʷʢʨʘʟ ʚ ʮʝʡ ʯʘʩ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʟôʻʜʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʨʽʢ. 

ɺ ʨʘʥʥʴʦʤʫ ʧʣʝʡʩʪʦʮʝʥʽ ʧʨʦʜʦʚʞʫʚʘʚʩʷ ʘʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʥʘʡʥʦʚʽʰʠʭ ʪʝʢʪʦʥʽʯʥʠʭ 

ʨʫʭʽʚ, ʱʦ ʚʽʜʙʫʚʘʣʠʩʷ ʥʘ ʬʦʥʽ ʢʣʽʤʘʪʠʯʥʦʾ ʜʝʧʨʝʩʽʾ ʝʧʦʭʠ ʢʨʘʢʽʚʩʴʢʦʛʦ ʟʣʝʜʝʥʽʥʥʷ. 

ʇʦʟʜʦʚʞʥʽ ʜʦʣʠʥʠ ʨʦʟʧʘʣʠʩʷ ʥʘ ʦʢʨʝʤʽ ʜʽʣʷʥʢʠ. ʇʨʘ ïʊʠʩʘ ʙʫʣʘ ʨʦʟʜʽʣʝʥʘ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ. 

ʅʘ ʧʝʨʠʬʝʨʽʾ ʧʦʯʘʚʩʷ ʘʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʧʦʧʝʨʝʯʥʠʭ ʜʦʣʠʥ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ ʧʦʟʜʦʚʞʥʽʭ ʜʦʣʠʥ. ʊʘʤ ʩʬʦʨʤʫʚʘʣʘʩʷ ʜʦʣʠʥʘ ʨʽʯʢʠ ʋʞ, ʘ ʥʘ ʨ. ʈʽʢʘ ʚʽʜʙʫʣʘʩʷ 

ʟʤʽʥʘ ʩʪʦʢʫ ʥʘ ʟʚʦʨʦʪʥʽʡ ʪʘ ʟʘʚʝʨʰʠʣʦʩʷ ʬʦʨʤʫʚʘʥʥʷ ʇʦʣʦʥʠʥʩʚʴʢʦʛʦ ʽ ɻʦʨʛʘʥʩʴʢʦʛʦ 

ʚʦʜʦʜʽʣʽʚ. 

ɺ ʩʝʨʝʜʥʴʦʤʫ ʧʣʝʡʩʪʦʮʝʥʽ ʧʦʚʥʽʩʪʶ ʨʦʟʧʘʣʘʩʷ ʧʦʟʜʦʚʞʥʷ ʨʽʯʢʦʚʘ ʩʠʩʪʝʤʘ. ʇʦʧʝʨʝʯʥʽ 

ʨʽʯʢʦʚʽ ʜʦʣʠʥʠ ʧʨʦʨʚʘʣʠ ʇʦʣʦʥʠʥʩʴʢʠʡ ʽ ɻʦʨʛʘʥʩʴʢʠʡ ʚʦʜʦʜʽʣʠ, ʧʝʨʝʩʽʢʣʠ ʧʦʟʜʦʚʞʥʽ 

ʜʝʧʨʝʩʽʾ, ʧʝʨʝʭʚʘʪʠʣʠ ʨʽʢʠ, ʱʦ ʚ ʥʠʭ ʧʨʦʪʽʢʘʣʠ ʽ ʚʢʣʶʯʠʣʠ ʾʭ ʚ ʩʚʦʾ ʩʠʩʪʝʤʠ. ʊʘʢʘ 

ʧʝʨʝʙʫʜʦʚʘ ʨʽʯʢʦʚʦʾ ʩʠʩʪʝʤʠ ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʣʝʡʩʪʦʮʝʥʽ ʧʦʨʽʚʥʷʥʦ ʟ ʧʣʽʦʮʝʥʦʤ ʙʫʣʘ 

ʦʙʫʤʦʚʣʝʥʘ ʘʢʪʠʚʥʠʤʠ ʥʝʦʪʝʢʪʦʥʽʯʥʠʤʠ ʨʫʭʘʤʠ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʟʘʢʣʘʜʘʣʠʩʷ ʦʩʥʦʚʥʽ ʨʽʢʠ, ʘ 

ʪʘʢʦʞ ʧʨʦʜʦʚʞʫʚʘʣʠʩʷ ʨʦʟʚʠʚʘʪʠʩʷ ʣʦʢʘʣʴʥʽ ʧʽʜʥʷʪʪʷ, ʷʢʽ ʨʦʟʜʽʣʷʣʠ ʚʥʫʪʨʽʰʥʽ ʜʝʧʨʝʩʽʾ ʥʘ 

ʦʢʨʝʤʽ ʢʦʪʣʦʚʠʥʠ. 

ʋ ʧʽʟʥʴʦʤʫ ʧʣʝʡʩʪʦʮʝʥʽ ʧʨʦʜʦʚʞʫʚʘʚʩʷ ʨʦʟʚʠʪʦʢ ʧʦʧʝʨʝʜʥʽʭ ʨʽʯʢʦʚʠʭ ʩʠʩʪʝʤ. ʉʝʨʝʜ 

ʥʠʭ ʚʠʜʽʣʷʻʪʴʩʷ ʛʨʫʧʘ ʜʦʣʠʥ ʟʠʛʟʘʛʦʧʦʜʽʙʥʦʾ ʬʦʨʤʠ ( ʋʞ ʚ ɿʘʢʘʨʧʘʪʪʽ, ʃʶʯʢʘ, ʇʨʫʪ ʚ 

ʇʝʨʝʜʢʘʨʧʘʪʪʽ). ɸʣʝ ʜʝʷʢʽ ʨʽʢʠ ʽ ʩʝʨʝʜ ʥʠʭ ʏʦʨʥʘ ʊʠʩʘ ʚ ɿʘʢʘʨʧʘʪʪʽ, ʩʬʦʨʤʫʚʘʣʘ ʚʥʠʟ ʟʘ 

ʪʝʯʽʻʶ ʧʨʷʤʦʣʽʡʥʫ ʜʦʣʠʥʫ ʟ ʢʨʫʪʠʤʠ ʩʭʠʣʘʤʠ. ʈʽʯʢʘ ɹʽʣʘ ʊʠʩʘ ï ʻʜʠʥʘ, ʱʦ ʟʙʝʨʝʛʣʘ ʥʘ 

ʧʨʦʪʷʟʽ ʚʩʴʦʛʦ ʮʠʢʣʫ ʛʝʦʤʦʨʬʦʛʝʥʝʟʫ ʧʦʟʜʦʚʞʥʽʡ ʥʘʧʨʷʤʦʢ ʩʪʦʢʫ, ʯʦʤʫ ʩʧʨʠʷʣʦ ʾʾ 

ʨʦʟʤʽʱʝʥʥʷ ʩʝʨʝʜ ʜʚʦʭ ʢʨʫʪʠʭ ʧʽʜʥʷʪʴ: ʭʨ. ʏʦʨʥʦʛʘ ʽ ʄʘʨʤʘʨʦʰʩʴʢʠʤ ʤʘʩʠʚʦʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʯʘʩʥʘ ʨʽʯʢʦʚʘ ʩʠʩʪʝʤʘ ɿʘʢʘʨʧʘʪʪʷ ʩʬʦʨʤʫʚʘʣʘʩʷ ʚ ʧʝʨʽʦʜ ʚʽʜ ʩʝʨʝʜʠʥʠ 

ʧʽʟʥʴʦʛʦ ʧʣʽʦʮʝʥʫ ʧʦ ʛʦʣʦʮʝʥ ʚʢʣʶʯʥʦ. ʅʘ ʧʨʦʪʷʟʽ ʚʩʴʦʛʦ ʧʝʨʽʦʜʫ ʬʦʨʤʫʚʘʥʥʷ ʚ ʨʦʟʚʠʪʢʫ 

ʨʽʯʢʦʚʦʾ ʩʠʩʪʝʤʠʧ ɿʘʢʘʨʧʘʪʪʷ ʚʠʜʽʣʷʻʪʴʩʷ ʪʨʠ ʝʪʘʧʠ: 

ʇʝʨʰʠʡ ï ʤʽʦʧʣʽʦʮʝʥʦʚʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʘʙʽʣʴʥʽʩʪʶ ʛʽʜʨʦʩʽʪʢʠ ʟ ʧʝʨʝʚʘʛʦʶ ʚ 

ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʛʽʨʩʴʢʦʾ ʩʠʩʪʝʤʠ ʧʦʟʜʦʚʞʥʽʭ ʜʦʣʠʥ, ʘ ʥʘ ʧʝʨʠʬʝʨʽʾ ï ʧʦʧʝʨʝʯʥʠʭ ʜʦʣʠʥ. 

ʇʝʨʝʙʫʜʦʚʘ ʽ ʧʝʨʝʭʚʘʪ ʮʴʦʛʦ ʧʝʨʽʦʜʫ ʥʝʟʥʘʯʥʽ. 

ɼʨʫʛʠʡ ʝʪʘʧ ï ʨʘʥʥʴʦʧʣʝʡʩʪʦʮʝʥʦʚʠʡ ï ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʪʝʢʪʦʥʽʯʥʠʭ 

ʨʫʭʽʚ ʽ ʩʢʦʨʦʯʝʥʥʷʤ ʨʽʯʢʦʚʠʭ ʩʠʩʪʝʤ, ʾʭ ʟʥʘʯʥʦʶ ʧʝʨʝʙʫʜʦʚʦʶ. 

ɼʣʷ ʪʨʝʪʴʦʛʦ ʝʪʘʧʫ ʭʘʨʘʢʪʝʨʥʠʡ ʚ ʦʩʥʦʚʥʦʤʫ, ʨʘʜʽʘʣʴʥʠʡ ʨʦʟʚʠʪʦʢ ʨʽʯʢʦʚʦʾ ʩʽʪʢʠ ʟ 

ʯʠʩʣʝʥʥʠʤʠ ʧʝʨʝʭʚʘʪʘʤʠ. ɼʦ ʢʽʥʮʷ ʮʴʦʛʦ ʝʪʘʧʫ ʨʽʯʢʦʚʽ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ ʩʪʘʙʽʣʽʟʫʚʘʣʠʩʷ, ʾʭ 

ʧʝʨʝʭʚʘʪʠ ʪʘ ʧʝʨʝʙʫʜʦʚʘ ʤʘʶʪʴ ʦʙʤʝʞʝʥʠʡ ʭʘʨʘʢʪʝʨ.  

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʚʠʪʢʫ ʨʽʯʢʦʚʦʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʪʝʨʠʪʦʨʽʷ ɿʘʢʘʨʧʘʪʪʷ ʚ ʢʽʥʮʽ ʧʽʟʥʴʦʛʦ ʧʣʽʦʮʝʥʫ ʙʫʣʘ ʩʢʣʘʜʥʦʶ 

ʪʝʨʠʛʝʥʥʦ-ʤʽʥʝʨʘʣʦʛʽʯʥʦʶ ʧʨʦʚʽʥʮʽʻʶ ʟ ʘʢʪʠʚʥʠʤ ʨʦʟʚʠʪʢʦʤ ʨʽʯʢʦʚʦʾ ʩʠʩʪʝʤʠ. 

 

ʆʉɸɼʆɺʀʁ ɹɸʉɽʁʅ ʉʍɯɼʅʆɻʆ ʉɽʈɽɼɿɽʄʅʆʄʆʈôʗ 
 

ʂʘʣʠʥʽʡ ɺʘʣʝʨʽʷ ʖʨʽʾʚʥʘ, ʫʯʝʥʠʮʷ 9-ɺ ʢʣʘʩʫ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʛʦ ʣʽʮʝʶ ˉ1 

ɼʦʮʝʥʪ ʢʘʬʝʜʨʠ ɻʈʅ, ʆʤʝʣʴʯʝʥʢʦ ɺʘʣʝʨʽʡ ɻʨʠʛʦʨʦʚʠʯ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ  

 

ʉʭʽʜʥʝ ʉʝʨʝʜʟʝʤʥʦʤʦʨ'ʷ ð ʮʝ ʪʝʢʪʦʥʽʯʥʦ ʩʢʣʘʜʥʠʡ ʨʝʛʽʦʥ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚ 

ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʪʘ ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʦʩʝʨʝʜ ʧʨʦʛʨʝʩʫʶʯʦʾ ʘʬʨʦ-ʻʚʨʘʟʽʡʩʴʢʦʾ 

ʢʦʣʽʟʽʾ. ʁʦʛʦ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʚʠʚʯʘʻʪʴʩʷ ʚʞʝ ʙʘʛʘʪʦ ʨʦʢʽʚ, ʘʣʝ ʜʦʩʽ ʥʝ ʻ 

ʧʦʚʥʽʩʪʶ ʚʠʚʯʝʥʦʶ. ʉʭʽʜʥʝ ʉʝʨʝʜʟʝʤʥʦʤʦʨ'ʷ ʻ ʢʣʘʩʠʯʥʦʶ ʦʙʣʘʩʪʶ ʨʦʟʚʠʪʢʫ ʪʝʢʪʦʥʽʢʠ 

ʧʣʠʪ. ʅʝʱʦʜʘʚʥʽ ʚʽʜʢʨʠʪʪʷ ʟʥʘʯʥʠʭ ʨʦʜʦʚʠʱ ʚʫʛʣʝʚʦʜʥʽʚ ʫ ʮʴʦʤʫ ʨʝʛʽʦʥʽ ʧʦʩʠʣʠʣʠ ʧʦʪʨʝʙʫ 
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ʚ ʥʘʜʽʡʥʦʤʫ ʪʝʢʪʦʥʽʢʦ-ʩʪʨʫʢʪʫʨʥʦʤʫ ʚʠʚʯʝʥʥʽ ʨʝʛʽʦʥʫ ʜʣʷ ʩʧʨʠʷʥʥʷ ʧʦʰʫʢʫ ʧʦʢʣʘʜʽʚ 

ʚʫʛʣʝʚʦʜʥʚ̔. ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʚʝʜʝʥʽ ʢʦʤʧʣʝʢʩʥʽ ʛʝʦʬʽʟʠʯʥ ̔(ʧʦʪʝʥʮʽʡʥʽ ʛʝʦʬʽʟʠʯʥʽ ʧʦʣʷ ʪʘ 

ʩʝʡʩʤʽʯʥʽ) ʪʘ ʛʝʦʣʦʛʽʯʥ ̔(ʬʦʨʤʘʮʽʡʥʝ, ʬʘʮʽʘʣʴʥʝ, ʪʝʢʪʦʥʽʢʦ-ʩʪʨʫʢʪʫʨʥʝ ʪʘ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʝ) 

ʜʦʩʣʽʜʞʝʥʥʷ. 

ʋ ʩʭʽʜʥʦʤʫ ʉʝʨʝʜʟʝʤʥʦʤʦʨ'ʾ ʻ ʪʨʠ ʦʩʥʦʚʥʽ ʪʠʧʠ ʟʝʤʥʦʾ ʢʦʨʠ: ʧʣʘʪʬʦʨʤʠ ʟ 

ʜʦʢʝʤʙʨʽʡʩʴʢʦʶ ʢʦʨʦʶ; ʦʙʣʘʩʪʽ ʟ ʦʢʝʘʥʽʯʥʦʶ ʢʦʨʦʶ ʪʘ ʩʢʣʘʜʯʘʩʪʠʡ ʧʦʷʩ ʧʝʨʝʭʽʜʥʦʛʦ ʪʠʧʫ ʟ 

ʪʦʥʰʦʶ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʶ ʢʦʨʦʶ [1]. ʆʜʥʘʢ ʪʦʯʥʽ ʤʝʞʽ ʮʠʭ ʟʦʥ ʜʦʩʪʦʚʽʨʥʦ ʥʝ ʚʽʜʦʤʽ. 

ɯʥʪʝʛʨʦʚʘʥʽ ʛʝʦʬʽʟʠʯʥʽ ʜʘʥʽ ʧʨʦ ʪʦʚʱʠʥʫ ʟʝʤʥʦʾ ʢʦʨʠ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʩʢʣʘʜʯʘʩʪʠʡ 

ʧʦʷʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʪʝʢʪʦʥʦʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʙʣʦʢʽʚ (ʂʽʧʨ, ɽʨʘʪʦʩʬʝʥ, ʧʽʚʜʝʥʥʘ 

ʯʘʩʪʠʥʘ ʃʝʚʘʥʪʩʴʢʦʛʦ ʙʘʩʝʡʥʫ (ʇʣʝʰʝʪ), ɻʘʣʽʣʝʷ-ʃʽʚʘʥ, ʖʜʝʷ-ʉʘʤʘʨʽʷ ʪʘ ʅʝʛʝʚ) (ʨʠʩ.1 A). 

ʅʘ ʨʠʩʫʥʢʫ 1 B ʧʦʢʘʟʘʥʦ ʨʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʽ ʩʝʡʩʤʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʩʪʠʩʢʘʥʥʷ ʧʦ ʛʣʠʙʠʥʽ 

ʜʣʷ ʮʠʭ ʪʝʢʪʦʥʦʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʙʣʦʢʽʚ.  

 
ʈʠʩʫʥʦʢ 1. ʊʝʢʪʦʥʽʯʥʘ ʩʭʝʤʘ ʩʭʽʜʥʦʛʦ ʉʝʨʝʜʟʝʤʥʦʤʦʨ'ʷ (A)  

ʽʟ ʩʝʡʩʤʽʯʥʠʤʠ ʨʦʟʨʽʟʘʤʠ (B) [1]. 

 

ʇʦʨʷʜ ʟ ʛʝʦʬʽʟʠʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʪʘʢʦʞ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʤʝʟʦʟʦʡʩʴʢʠʭ ʬʦʨʤʘʮʽʡ. ʅʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʛʣʠʙʦʢʠʭ ʩʚʝʨʜʣʦʚʠʥ ʫ ʮʴʦʤʫ ʨʝʛʽʦʥʽ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʛʝʦʣʦʛʽʯʥʝ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʢʪʦʥʦʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʙʣʦʢʽʚ ʪʘ ʾʭ ʤʝʞ. 

ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʩʝʨʽʶ ʢʘʨʪ ʨʘʥʥʴʦʤʝʟʦʟʦʡʩʴʢʠʭ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ. 

ʎʽ ʢʘʨʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʦʧʝʨʝʜʥʶ ʤʦʜʝʣʴ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʾ ʘʢʨʝʮʽʾ. ɺʦʥʠ, ʟʦʢʨʝʤʘ, 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʽʟʢʽ ʟʤʽʥʠ ʚ ʧʨʦʩʫʚʘʥʥʽ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʨʘʥʥʴʦʤʝʟʦʟʦʡʩʴʢʠʭ ʬʦʨʤʘʮʽʡ 

ʟʙʽʛʘʶʪʴʩʷ ʟ ʤʝʞʘʤʠ ʪʝʢʪʦʥʦʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʙʣʦʢʽʚ. 

ɿʛʽʜʥʦ ʟ ʩʫʯʘʩʥʠʤʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʤʠ ʧʦʙʫʜʦʚʘʤʠ, ʩʭʽʜʥʠʡ ʉʝʨʝʜʟʝʤʥʦʤʦʨʩʴʢʠʡ 

ʨʝʛʽʦʥ ʦʭʦʧʣʶʻ ʯʦʪʠʨʠ ʛʝʦʪʝʢʪʦʥʽʯʥʽ ʧʣʠʪʠ: ɸʬʨʠʢʘʥʩʴʢʫ, ʉʠʥʘʡʩʴʢʫ, ɸʨʘʚʽʡʩʴʢʫ ʪʘ 

ɽʛʝʡʩʴʢʦ-ɸʥʘʪʦʣʽʡʩʴʢʫ (ʜʠʚ. ʨʠʩ. 1). ʇʝʨʰʽ ʜʚʽ ʧʣʠʪʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʛʝʪʝʨʦʛʝʥʥʠʭ ʙʣʦʢʽʚ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʾ ʪʘ ʦʢʝʘʥʽʯʥʦʾ ʢʦʨʠ, ʽ ʢʦʞʥʘ ʟ ʮʠʭ ʧʣʠʪ ʦʙʤʝʞʝʥʘ ʛʣʠʙʦʢʠʤʠ ʨʦʟʣʦʤʘʤʠ. 

https://www.scirp.org/journal/paperinformation?paperid=3892#Figure%201
https://www.scirp.org/journal/paperinformation?paperid=3892#Figure%201
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ʆʢʝʘʥʽʯʥʘ ʢʦʨʘ ʩʭʽʜʥʦʛʦ ʉʝʨʝʜʟʝʤʥʦʤʦʨ'ʷ ʻ ʟʘʣʠʰʢʦʤ ʅʝʦʪʝʪʠʩʫ. ʉʠʥʘʡʩʴʢʘ ʧʣʠʪʘ [2] 

ʦʙʤʝʞʝʥʘ ʽʟ ʟʘʭʦʜʫ ʪʘ ʩʭʦʜʫ ʩʠʩʪʝʤʦʶ ʧʽʟʥʴʦʢʘʡʥʦʟʦʡʩʴʢʠʭ ʛʣʠʙʦʢʠʭ ʨʦʟʣʦʤʽʚ [3]. ʉʭʽʜʥʘ 

ʯʘʩʪʠʥʘ ʩʭʽʜʥʦʛʦ ʉʝʨʝʜʟʝʤʥʦʤʦʨ'ʷ ʫʪʚʦʨʝʥʘ ʩʠʩʪʝʤʦʶ ʨʦʟʣʦʤʽʚ ʄʝʨʪʚʦʛʦ ʤʦʨʷ, ʚʟʜʦʚʞ ʷʢʦʾ 

ʨʦʟʚʠʥʫʣʦʩʷ ʙʣʠʟʴʢʦ 100 ʢʤ ʣʽʚʦʩʪʦʨʦʥʥʴʦʛʦ ʟʩʫʚʥʦʛʦ ʨʫʭʫ. ʋ ʤʝʞʘʭ ʮʽʻʾ ʩʠʩʪʝʤʠ ʨʦʟʣʦʤʽʚ 

ʚʠʥʠʢʣʠ ʯʠʩʣʝʥʥʽ ʛʦʨʩʪʠ ʪʘ ʛʨʘʙʝʥʠ. ʎʽ ʛʨʘʙʝʥʠ ʟʘʟʚʠʯʘʡ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʨʦʟʪʷʛʫʚʘʣʴʥʽ 

ʙʘʩʝʡʥʠ, ʟʘʧʦʚʥʝʥʽ ʪʝʨʠʛʝʥʥʠʤʠ ʝʚʘʧʦʨʠʪʦʚʠʤʠ ʤʦʣʘʩʘʤʠ ʪʘ ʦʩʥʦʚʥʠʤʠ ʧʦʨʦʜʘʤʠ. 

ʄʽʞ ʦʢʝʘʥʽʯʥʦʶ ʪʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʶ ʢʦʨʦʶ ʟʥʘʭʦʜʠʪʴʩʷ ʉʠʨʽʡʩʴʢʠʡ ʩʢʣʘʜʯʘʩʪʠʡ 

ʧʦʷʩ (ʉʠʨʽʡʩʴʢʘ ʜʫʛʘ). ʎʝʡ ʧʦʷʩ ʻ ʩʭʽʜʥʦʶ ʯʘʩʪʠʥʦʶ ʙʽʣʴʰʦʛʦ ɸʣʴʧʽʡʩʴʢʦ-

ʉʝʨʝʜʟʝʤʥʦʤʦʨʩʴʢʦʛʦ ʩʢʣʘʜʯʘʩʪʦʛʦ ʧʦʷʩʫ ʪʘ ʩʠʩʪʝʤʠ ʙʘʩʝʡʥʽʚ. ʉʪʨʫʢʪʫʨʥʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ 

ʉʠʨʽʡʩʴʢʦʾ ʜʫʛʠ ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʧʽʜʧʦʚʝʨʭʥʝʚʠʭ ʧʘʣʝʦʛʝʥ-ʚʝʨʭʥʴʦʢʨʝʡʜʦʚʠʭ 

ʚʽʜʢʣʘʜʽʚ. ʆʜʥʘʢ, ʪʝʢʪʦʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʣʠʙʰʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʪʘʧʽʚ ʚʠʚʯʝʥʽ ʤʝʥʰʦʶ 

ʤʽʨʦʶ. ɻʝʦʬʽʟʠʯʥʦ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʦʪʦʥʰʝʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘ ʢʦʨʘ ʩʢʣʘʜʘʻ ʩʪʨʫʢʪʫʨʫ 

ʉʠʨʽʡʩʴʢʦʾ ʜʫʛʠ. ʊʝʢʪʦʥʽʯʥʦ ʮʝʡ ʧʦʷʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʝʟʘʣʝʞʥʠʭ ʟʘ ʨʦʟʤʽʨʦʤ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʦʜʠʥʠʮʴ. 

ɼʦʢʝʤʙʨʽʡʩʴʢʽ, ʧʘʣʝʦʟʦʡʩʴʢʽ, ʤʝʟʦʟʦʡʩʴʢʽ ʪʘ ʢʘʡʥʦʟʦʡʩʴʢʽ ʘʩʦʮʽʘʮʽʾ ʫʪʚʦʨʶʶʪʴ 

ʛʝʦʣʦʛʽʯʥʠʡ ʨʦʟʨʽʟ ɸʬʨʠʢʘʥʩʴʢʦʾ ʪʘ ɸʨʘʚʽʡʩʴʢʦʾ ʧʣʘʪʬʦʨʤ ʫ ʩʭʽʜʥʦʤʫ ʉʝʨʝʜʟʝʤʥʦʤʦʨ'ʾ. 

ɺʽʜʦʤʦ, ʱʦ ʜʦʢʝʤʙʨʽʡ ʤʽʩʪʠʪʴ ʤʝʪʘʤʦʨʬʽʯʥʽ ʪʘ ʤʘʛʤʘʪʠʯʥʽ ʧʦʨʦʜʠ, ʘ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ 

ʜʦʢʝʤʙʨʽʶ ʻ ʤʦʣʘʩʘ, ʷʢʘ ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʦʩʥʦʚʠ ʢʝʤʙʨʽʶ. ʂʝʤʙʨʽʡʩʴʢʽ ʧʦʨʦʜʠ ʧʦʰʠʨʝʥʽ ʥʘ 

ʉʠʥʘʾ, ʘʣʝ ʥʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʩʚʝʨʜʣʦʚʠʥʘʭ ʜʽʣʷʥʢʠ ʧʫʩʪʝʣʽ ʅʝʛʝʚ. ʋ ʅʝʛʝʚʽ ʧʝʨʤʩʴʢʽ 

ʚʽʜʢʣʘʜʝʥʥʷ ʧʝʨʝʢʨʠʚʘʶʪʴ ʜʦʢʝʤʙʨʽʡʩʴʢʠʡ ʘʨʢʦʟʦʚʠʡ ʧʽʩʢʦʚʠʢ. ʋ ʙʣʦʮʽ ʍʝʣʝʮ ʥʝʤʘʻ 

ʤʦʣʘʩʠ, ʘ ʧʝʨʤʩʴʢʽ ʚʽʜʢʣʘʜʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʢʨʠʩʪʘʣʽʯʥʠʤ ʩʣʘʥʮʝʤ. 

ɹʽʣʴʰ ʧʦʚʥʦ, ʥʽʞ ʥʘ ʉʠʥʘʾ, ʥʠʞʥʴʦʧʘʣʝʦʟʦʡʩʴʢʽ ʫʪʚʦʨʝʥʥʷ ʧʨʠʩʫʪʥʽ ʥʘ ʩʭʽʜ ʚʽʜ 

ʩʭʽʜʥʦʛʦ ʫʟʙʝʨʝʞʞʷ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ ʚ ʉʠʨʽʾ, ʁʦʨʜʘʥʽʾ ʪʘ ɯʨʘʥʽ. ɸʥʘʣʽʟ ʛʝʦʬʽʟʠʯʥʠʭ 

ʜʘʥʠʭ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʥʠʞʥʴʦʧʘʣʝʦʟʦʡʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ ʫ ʃʝʚʘʥʪʩʴʢʦʤʫ ʙʘʩʝʡʥʽ ʪʘ ʚ 

ʇʣʝʰʝʪʩʴʢʦʤʫ ʪʝʢʪʦʥʦ-ʩʪʨʘʪʠʛʨʘʬʽʯʥʦʤʫ ʙʣʦʮʽ. ɼʝʚʦʥʩʴʢʽ ʪʘ ʢʘʨʙʦʥʦʚʽ ʚʽʜʢʣʘʜʠ ʥʝ ʙʫʣʠ 

ʚʠʷʚʣʝʥʽ ʚ ʨʦʟʨʽʟʘʭ ʩʚʝʨʜʣʦʚʠʥ ɯʟʨʘʾʣʶ. ʂʘʨʙʦʥʦʚʽ ʪʘ ʧʝʨʤʩʴʢʽ ʢʦʥʪʠʥʝʥʪʘʣʴʥʽ ʘʩʦʮʽʘʮʽʾ 

ʙʫʣʠ ʚʠʚʯʝʥʽ ʥʘ ʉʠʥʘʾ. ɻʣʠʙʦʢʽ ʩʚʝʨʜʣʦʚʠʥʠ, ʧʨʦʙʫʨʝʥʽ ʚ ʅʝʛʝʚʽ, ʥʘ ʧʨʠʙʝʨʝʞʥʽʡ ʨʽʚʥʠʥʽ 

ɯʟʨʘʾʣʶ, ʚ ʖʜʝʡʩʴʢʠʭ ʛʦʨʘʭ ʪʘ ʟʘʭʽʜʥʽʡ ʁʦʨʜʘʥʽʾ, ʚʠʷʚʠʣʠ ʤʦʨʩʴʢʽ ʧʝʨʤʩʴʢʽ ʚʽʜʢʣʘʜʠ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʜʦʢʝʤʙʨʽʡʩʴʢʽ ʪʘ ʧʘʣʝʦʟʦʡʩʴʢʽ ʘʩʦʮʽʘʮʽʾ ɸʨʘʚʽʡʩʴʢʦʾ ʧʣʠʪʠ ʪʘ ʧʽʚʜʝʥʥʦʛʦ ʉʠʥʘʶ 

ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʩʢʣʘʜʯʘʩʪʦʾ ʟʦʥʠ ʉʠʨʽʡʩʴʢʦʾ ʜʫʛʠ. 

ʄʝʟʦʟʦʡʩʴʢʽ ʪʘ ʧʘʣʝʦʛʝʥʦʚʽ ʘʩʦʮʽʘʮʽʾ ʩʢʣʘʜʘʶʪ ɹ ʢʘʨʙʦʥʘʪʥʫ ʧʣʘʪʬʦʨʤʫ ʩʭʽʜʥʦʛʦ 

ʉʝʨʝʜʟʝʤʥʦʤʦʨ'ʷ (ʚʢʣʶʯʘʶʯʠ ʨʠʬʠ ʪʘ ʽʥʰʽ ʦʨʛʘʥʦʛʝʥʥʽ ʩʧʦʨʫʜʠ). ʎʽ ʢʘʨʙʦʥʘʪʥʽ ʘʩʦʮʽʘʮʽʾ 

ʪʘʢʦʞ ʚʢʣʶʯʘʶʪʴ ʥʝʚʝʣʠʢʽ ʪʝʨʠʛʝʥʥʽ ʢʦʤʧʣʝʢʩʠ ʪʘ ʪʨʘʧʧʠ. ʄʽʦʮʝʥʦʚʽ ʪʘ ʯʝʪʚʝʨʪʠʥʥʽ 

ʘʩʦʮʽʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʝʨʠʛʝʥʥʦʶ ʤʦʣʘʩʦʶ ʟ ʨʘʥʥʴʦʤʝʩʩʠʥʩʴʢʠʤʠ ʝʚʘʧʦʨʠʪʘʤʠ, ʱʦ ʽʥʦʜʽ 

ʛʝʥʝʨʫʶʪʴ ʩʦʣʷʥʽ ʢʫʧʦʣʠ ʪʘ ʜʽʘʧʽʨʠ. ʎʽ ʘʩʦʮʽʘʮʽʾ ʨʦʟʚʠʥʝʥʽ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʫ ʙʘʩʝʡʥʘʭ 

ʨʦʟʰʘʨʦʚʫʚʘʥʥʷ ʚ ʤʝʞʘʭ ʪʨʘʥʩʬʦʨʤʥʦʾ ʟʦʥʠ ʄʝʨʪʚʦʛʦ ʤʦʨʷ ʪʘ ʙʘʩʝʡʥʫ ʃʝʚʘʥʪʫ. ʆʢʨʽʤ 

ʦʩʘʜʦʚʠʭ ʚʽʜʢʣʘʜʽʚ, ʫ ʩʭʽʜʥʦʤʫ ʉʝʨʝʜʟʝʤʥʦʤʦʨ'ʾ ʰʠʨʦʢʦ ʨʦʟʚʠʥʝʥʽ ʤʝʟʦʟʦʡʩʴʢʽ ʪʘ 

ʧʽʟʥʴʦʢʘʡʥʦʟʦʡʩʴʢʽ ʤʘʛʤʘʪʠʯʥʽ ʧʦʨʦʜʠ. 

ɼʘʥʽ ʧʨʦ ʛʨʘʚʽʪʘʮʽʡʥʝ ʧʦʣʝ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟ ʉʚʽʪʦʚʦʾ ʙʘʟʠ ʜʘʥʠʭ ʛʨʘʚʽʪʘʮʽʡʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ʇʦʟʠʪʠʚʥʠʤ ʬʘʢʪʦʨʦʤ ʻ ʪʝ, ʱʦ ʮʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʟ ʨʝʛʫʣʷʨʥʠʤʠ 

ʛʣʦʙʘʣʴʥʠʤʠ 1-ʭʚʠʣʠʥʥʠʤʠ ʩʽʪʢʘʤʠ, ʘ ʧʦʭʠʙʢʘ ʦʙʯʠʩʣʝʥʥʷ ʜʘʥʠʭ ʧʨʦ ʛʨʘʚʽʪʘʮʽʡʥʝ ʧʦʣʝ 

ʦʮʽʥʶʚʘʣʘʩʷ ʚ 2-3 ʤɻʘʣ. ʉʢʣʘʜʝʥʘ ʢʘʨʪʘ ʛʨʘʚʽʪʘʮʽʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 2) ʧʦʢʘʟʫʻ ʩʢʣʘʜʥʠʡ 

ʛʨʘʚʽʪʘʮʽʡʥʠʡ ʤʘʣʶʥʦʢ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ (ʽʥʪʝʨʚʘʣ ʽʟʦʣʽʥʽʡ ʩʪʘʥʦʚʠʪʴ 5 ʤɻʘʣ; 

çʥʫʣʴʦʚʘè ʽʟʦʣʽʥʽʷ ʚʠʜʽʣʝʥʘ ʧʫʥʢʪʠʨʥʦʶ ʪʘ ʞʠʨʥʠʤ ʰʨʠʬʪʦʤ). ʎʝʡ ʤʘʣʶʥʦʢ ʙʝʟʧʝʨʝʯʥʦ 

ʜʦʚʦʜʠʪʴ, ʱʦ ʚ ʢʦʥʢʨʝʪʥʠʭ ʚʠʧʘʜʢʘʭ ʢʦʨʠʩʥʦ ʚʽʜʦʙʨʘʞʘʪʠ ʢʘʨʪʫ ʧʦʣʷ ʪʷʞʽʥʥʷ ʙʝʟ ʙʫʜʴ-

ʷʢʦʛʦ ʩʢʦʨʦʯʝʥʥʷ. ɺʠʙʨʘʥʽ ʧʦʟʠʪʠʚʥʽ ʪʘ ʥʝʛʘʪʠʚʥʽ ʘʥʦʤʘʣʽʾ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ (ʨʠʩ.2) ʯʽʪʢʦ 




