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ʍɯʄɯʂʆ-ɹɯʆʃʆɻɯʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ʇʆɻʃʀʅɸʅʅʗ 

ɺʋɻʃɽʂʀʉʃʆɻʆ ɻɸɿʋ ɸʃʔɻʆʃʆɻɯʏʅʀʄ ʆɹ'ɭʂʊʆʄ 

CHLORELLA VULGARIS BEIJERINCK ɼʃʗ ʈʆɿʈʆɹʃɽʅʅʗ 

ɽʂʆʃʆɻɯʏʅʆ ɹɽɿʇɽʏʅʀʍ ʊɽʍʅʆʃʆɻɯʁ 436 

ʂʫʰʢʘ ʆ.ʄ., ʅʝʯʠʧʦʨ ʆ.ʄ., ʃʶʙʝʥʢʦ ɺ.ɺ., ɻʽʞʘ ʆ.ʆ., 

ʊʘʚʘʨʪʢʽʣʘʜʟʝ ʅ.ɯ. ɺʀɿʅɸʏɽʅʅʗ ʆʇʊʀʄɸʃʔʅʆɰ ʉɽʈɽɼʅʔʆɰ 

ʐɺʀɼʂʆʉʊɯ ʈʋʍʋ ɺ ɿʆɺʅɯʐʅɯʍ ɺʆɼʆʇʈʆɺɯɼʅʀʍ 

ʄɽʈɽɾɸʍ 439 

ɺʘʩʠʣʝʥʢʦ ʃ.ʆ., ʌʝʜʦʨʝʥʢʦ ʉ.ɺ., ɹʝʨʝʟʥʠʮʴʢʘ ʖ.ʆ. 

ʇɽʈʉʇɽʂʊʀɺʀ çɿɽʃɽʅʆɻʆè ɹʋɼɯɺʅʀʎʊɺɸ ɼʃʗ 

ʄɸʁɹʋʊʅʔʆɻʆ ʋʂʈɸɰʅʀ 444 

ʋʨʷʜʥʽʢʦʚʘ ɯ.ɺ. ʇɽʈʉʇɽʂʊʀɺʀ ɿɽʃɽʅʆɻʆ 

ɺʆɼʆʇʆʉʊɸʏɸʅʅʗ ɼʃʗ ʇɯʉʃʗɺʆɭʅʅʆɰ ʈʆɿɹʋɼʆɺʀ 448 

ʃʠʩʘʢ ʆ.ɺ. ɸʅɸʃɯɿ ʉʀʉʊɽʄ ɸʂʋʄʋʃʗʎɯɰ ʊɽʇʃʆʊʀ ʊɸ 

ʍʆʃʆɼʋ ʋ ʂʆʅʊɽʂʉʊɯ ʅʆɺʀʍ ʊɽʅɼɽʅʎɯʁ ɺ ɽʅɽʈɻɽʊʀʏʅɯʁ 

ɻɸʃʋɿɯ 451 

ɼʫʰʢʽʥ ʉ.ʉ. ɿɽʃɽʅɽ ɹʋɼɯɺʅʀʎʊɺʆ ʊɸ ɯʅɾɽʅɽʈʅɯ ʉʀʉʊɽʄʀ 455 

ɹʠʢʦʚ ʉ.ɺ.,ʌʝʩʶʢ ʖ.ʄ. ʇɽʈʉʇɽʂʊʀɺʀ ʌʆʈʄʋɺɸʅʅʗ 

ɿɽʃɽʅʆɰ ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ ʋʂʈɸɰʅʀ ɺ ʂʆʅʊɽʂʉʊɯ ʉʊɸʃʆɻʆ                                

ʈʆɿɺʀʊʂʋ ʊɸ ɽʂʆʅʆʄɯʏʅʆɰ ɹɽɿʇɽʂʀ 459 

ʉʢʘʢʫʥ ɺ.ɸ. ɽʂʆʃʆɻɯʏʅɯ, ɽʂʆʅʆʄɯʏʅɯ ʊɸ ʉʆʎɯɸʃʔʅɯ 

ɺʀɻʆɼʀ ɯʄʇʃɽʄɽʅʊɸʎɯɰ ʉʊʈɸʊɽɻɯɰ çɿɽʃɽʅɸ 

ɯʅʌʈɸʉʊʈʋʂʊʋʈɸ ʇʆʂʈɸʑɽʅʅʗ ʇʈʀʈʆɼʅʆɻʆ ʂɸʇɯʊɸʃʋ 

ɭɺʈʆʇʀè 462 

ɻʦʡʢʦ ɸ.ʌ., ʎʠʬʨʘ ʊ.ʖ. çɿɽʃɽʅɽ ɹʋɼɯɺʅʀʎʊɺʆè ʗʂ 

ɯʅʅʆɺɸʎɯʁʅʀʁ ʅɸʇʈʗʄ ʇɯɼɺʀʑɽʅʅʗ ʗʂʆʉʊɯ ɾʀʊʊʗ ɯ 

ʅɸɺʂʆʃʀʐʅʔʆɻʆ ʉɽʈɽɼʆɺʀʑɸ 466 
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ɿɽʃɽʅɯ ʊɽʍʅʆʃʆɻɯɰ ʊɸ ʉʊʈɸʊɽɻɯɰ ʉʊɸʃʆɻʆ ʈʆɿɺʀʊʂʋ ʗʂ 

ʏʀʅʅʀʂʀ ɿɸɹɽɿʇɽʏɽʅʅʗ ɹɽɿʇɽʂʀ ɻʈʆʄɸɼʗʅ ʊɸ 

ɿɹɽʈɽɾɽʅʅʗ ʅɸɺʂʆʃʀʐʅʔʆɻʆ ʉɽʈɽɼʆɺʀʑɸ 

ɸʞʘʞʘ ʄʘʨʠʥʘ ɸʥʜʨʽʾʚʥʘ1, ʅʽʢʽʪʝʥʢʦ ɺʽʪʘʣʽʥʘ ʆʣʝʢʩʘʥʜʨʽʚʥʘ2, 

ɺʝʥʛʝʨ ʆʣʴʛʘ ʄʠʢʦʣʘʾʚʥʘ3,  ʌʫʨʩʽʥ ʆʣʝʢʩʘʥʜʨ ʆʣʝʢʩʘʥʜʨʦʚʠʯ4 

1ɯʥʞʝʥʝʨʥʠʡ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ʖ.ʄ.ʇʦʪʝʙʥʽ ɿʘʧʦʨʽʟʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, azazmarina17@gmail.com, 

vitalina2006@ukr.net, vengerolya14@gmail.com, fursin.aleksandr@gmail 

 

ɿʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʩʪʨʘʪʝʛʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ 

ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʙʝʟʧʝʢʠ ʛʨʦʤʘʜʷʥ ʽ ʟʙʝʨʝʞʝʥʥʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ɿʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ 

ʨʝʯʦʚʠʥ ʫ ʧʦʚʽʪʨʷ, ʚʦʜʫ ʪʘ ˇʨʫʥʪ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ, 

ʷʢʝ ʤʦʞʝ ʰʢʦʜʠʪʠ ʟʜʦʨʦʚ'ʶ ʣʶʜʝʡ ʪʘ ʝʢʦʩʠʩʪʝʤʽ ʚ ʮʽʣʦʤʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ ʚʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʽʷ (ʩʦʥʷʯʥʘ, ʚʽʪʨʦʚʘ, 

ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʘ ʪʦʱʦ) ʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʜʦʧʦʤʘʛʘʻ ʟʤʝʥʰʠʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚʫʛʽʣʣʷ, ʥʘʬʪʠ ʪʘ ʽʥʰʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʟʤʽʥʽ 

ʢʣʽʤʘʪʫ. ʚ: ɿʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʩʧʨʠʷʶʪʴ ʝʬʝʢʪʠʚʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʪʘʢʠʭ ʷʢ ʚʦʜʘ ʪʘ ˇʨʫʥʪ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʣʝ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʢʫ ʧʨʦʜʦʚʦʣʴʩʪʚʘ. ʈʦʟʚʠʪʦʢ 

ʟʝʣʝʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʪʘʢʦʛʦ ʷʢ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʪʘ ʛʨʦʤʘʜʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ, 

ʟʥʠʞʫʻ ʚʠʢʠʜʠ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ ʽ ʧʦʣʽʧʰʫʻ ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʛʨʦʤʘʜʷʥ. ɿʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ ʪʘʢʦʞ 

ʩʧʨʠʷʪʠ ʟʜʦʨʦʚ'ʶ ʣʶʜʝʡ, ʟʤʝʥʰʫʶʯʠ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʪʘ ʧʦʢʨʘʱʫʶʯʠ 

ʷʢʽʩʪʴ ʞʠʪʪʷ. ʅʘʧʨʠʢʣʘʜ, ʟʝʣʝʥʽ ʟʦʥʠ, ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʽ ʙʫʜʽʚʣʽ ʪʘ ʧʨʦʜʫʢʪʠ, 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʢʦʤʬʦʨʪʫ ʪʘ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʫ ʟʘʭʚʦʨʶʚʘʥʴ. 

ɿʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʧʦʤʘʛʘʶʪʴ ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ ʩʫʩʧʽʣʴʩʪʚʘ ʜʦ ʟʤʽʥ 

ʢʣʽʤʘʪʫ, ʟʤʝʥʰʫʶʯʠ ʚʨʘʟʣʠʚʽʩʪʴ ʜʦ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʪʘ ʽʥʰʠʭ 

ʥʘʩʣʽʜʢʽʚ ʟʤʽʥʠ ʢʣʽʤʘʪʫ. ʋʩʽ ʮʽ ʬʘʢʪʦʨʠ ʨʘʟʦʤ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ 

ʩʪʚʦʨʝʥʥʽ ʙʝʟʧʝʯʥʦʛʦ ʪʘ ʩʪʽʡʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʩʫʯʘʩʥʠʭ ʪʘ ʤʘʡʙʫʪʥʽʭ 

ʧʦʢʦʣʽʥʴ. 

ɿʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʩʪʨʘʪʝʛʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʷʢ ʯʠʥʥʠʢʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʛʨʦʤʘʜʷʥ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ - 

ʮʝ ʢʦʥʮʝʧʮʽʷ, ʱʦ ʚʠʟʥʘʻ ʚʘʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʪʘ ʩʪʨʘʪʝʛʽʡ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʭʠʩʪ ʣʶʜʝʡ ʪʘ ʜʦʚʢʽʣʣʷ. ʆʩʴ ʜʝʷʢʽ ʢʣʶʯʦʚʽ 

ʘʩʧʝʢʪʠ ʮʽʻʾ ʢʦʥʮʝʧʮʽʾ: ɿʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʤʝʥʰʝʥʥʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, 

ʟʦʢʨʝʤʘ, ʥʘ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. ʈʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʥʝ ʣʠʰʝ ʝʬʝʢʪʠʚʥʽ, ʘʣʝ ʡ 

ʙʝʟʧʝʯʥʽ ʜʣʷ ʜʦʚʢʽʣʣʷ ʪʘ ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ, ʻ ʢʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʛʨʦʤʘʜʷʥ. ɿʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʩʪʨʘʪʝʛʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʜʦʧʦʤʘʛʘʶʪʴ ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ ʩʫʩʧʽʣʴʩʪʚʘ ʜʦ ʟʤʽʥ ʢʣʽʤʘʪʫ ʰʣʷʭʦʤ 

ʘʜʘʧʪʘʮʽʾ ʜʦ ʥʦʚʠʭ ʫʤʦʚ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ʈʦʟʚʠʪʦʢ 

mailto:azazmarina17@gmail.com
mailto:vitalina2006@ukr.net
mailto:vengerolya14@gmail.com
mailto:fursin.aleksandr@gmail
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ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʷʻ ʩʪʚʦʨʝʥʥʶ ʥʦʚʠʭ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʪʘ ʟʙʽʣʴʰʝʥʥʶ 

ʩʦʮʽʘʣʴʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʧʣʠʚʘʻ ʥʘ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ 

ʙʝʟʧʝʢʠ ʛʨʦʤʘʜʷʥ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʷʻ ʟʙʝʨʝʞʝʥʥʶ 

ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʚʠʜʽʚ ʪʘ ʝʢʦʩʠʩʪʝʤ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʩʪʽʡʢʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʛʨʦʤʘʜʷʥ. 

ʎʷ ʢʦʥʮʝʧʮʽʷ ʚʽʜʦʙʨʘʞʘʻ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʱʦ ʟʙʝʨʝʞʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʙʝʟʧʝʢʘ ʛʨʦʤʘʜʷʥ ʻ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʤʠ ʪʘ 

ʚʟʘʻʤʦʟʘʣʝʞʥʠʤʠ ʘʩʧʝʢʪʘʤʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ. ʇʦʥʷʪʪʷ 

çʮʠʚʽʣʴʥʘ ʙʝʟʧʝʢʘè ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʚ ʨʽʟʥʠʭ ʢʦʥʪʝʢʩʪʘʭ, ʦʭʦʧʣʶʻ ʟʘʭʦʜʠ, 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʭʠʩʪ ʛʨʦʤʘʜʷʥ, ʾʭ ʤʘʡʥʘ ʪʘ ʜʝʨʞʘʚʠ ʚʽʜ ʥʝʙʝʟʧʝʢ, ʷʢʽ 

ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʚʥʘʩʣʽʜʦʢ ʧʨʠʨʦʜʥʠʭ ʘʙʦ ʪʝʭʥʦʛʝʥʥʠʭ ʢʘʪʘʩʪʨʦʬ, 

ʪʝʨʦʨʠʩʪʠʯʥʠʭ ʘʢʪʽʚ, ʢʦʥʬʣʽʢʪʽʚ, ʝʢʦʣʦʛʽʯʥʠʭ ʟʘʛʨʦʟ, ʧʘʥʜʝʤʽʡ ʪʘ ʽʥʰʠʭ 

ʥʝʛʘʪʠʚʥʠʭ ʧʦʜʽʡ. ʎʠʚʽʣʴʥʘ ʙʝʟʧʝʢʘ ʦʭʦʧʣʶʻ ʟʘʭʦʜʠ ʱʦʜʦ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʪʘʢʠʭ ʧʦʜʽʡ, ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʠʭ ʪʘ ʾʭ ʥʘʩʣʽʜʢʽʚ, ʘ ʪʘʢʦʞ ʚʽʜʥʦʚʣʝʥʥʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʫʩʧʽʣʴʩʪʚʘ ʧʽʩʣʷ ʥʠʭ. ʆʪʞʝ, ʧʨʠ ʨʦʟʛʣʷʜʽ 

ʧʦʻʜʥʘʥʥʷ ʮʠʚʽʣʴʥʦʾ ʙʝʟʧʝʢʠ ʟ ʟʝʣʝʥʠʤ ʤʝʥʝʜʞʤʝʥʪʦʤ ʤʦʞʥʘ ʚʨʘʭʫʚʘʪʠ 

ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʮʠʚʽʣʴʥʦʾ ʙʝʟʧʝʢʠ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʟʘʭʠʩʪʫ ʣʶʜʝʡ, ʾʭʥʴʦʛʦ 

ʤʘʡʥʘ ʪʘ ʜʦʚʢʽʣʣʷ ʚʽʜ ʥʝʙʝʟʧʝʢ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʫʩʧʽʣʴʩʪʚʘ 

ʜʦ ʥʝʛʘʪʠʚʥʠʭ ʚʧʣʠʚʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʣʝʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʘʢʪʠʢ ʪʘ ʩʪʨʘʪʝʛʽʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʛʨʦʤʘʜʷʥ ʽ ʟʙʝʨʝʞʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɿʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʩʧʨʠʷʶʪʴ ʩʪʠʤʫʣʶʚʘʥʥʶ ʽʥʥʦʚʘʮʽʡ ʪʘ ʩʪʚʦʨʝʥʥʶ 

ʥʦʚʠʭ ʨʠʥʢʽʚ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ, 

ʧʽʜʚʠʱʝʥʥʶ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʢʨʘʾʥʠ ʚ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʦʚʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʢʫ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʟʘʡʥʷʪʦʩʪʽ 

ʛʨʦʤʘʜʷʥ. ʈʦʟʚʠʪʦʢ ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʘʙʨʫʜʥʝʥʥʷ 

ʧʦʚʽʪʨʷ ʪʘ ʚʦʜʠ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʜʦʨʦʚ'ʷ ʛʨʦʤʘʜʷʥ. ʎʝ 

ʪʘʢʦʞ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʥʘ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʽ ʪʘ ʨʝʩʧʽʨʘʪʦʨʥʽ 

ʟʘʭʚʦʨʶʚʘʥʥʷ. ɿʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʩʪʨʘʪʝʛʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʩʧʨʠʷʶʪʴ 

ʬʦʨʤʫʚʘʥʥʶ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʪʘ ʢʦʤʬʦʨʪʥʠʭ ʤʽʩʴʢʠʭ ʩʝʨʝʜʦʚʠʱ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʢʫ ʪʘ ʟʜʦʨʦʚ'ʷ ʛʨʦʤʘʜʷʥ, ʘ ʪʘʢʦʞ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ 

ʞʠʪʪʷ ʚ ʤʽʩʪʘʭ. ɿʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʤʘʛʘʶʪʴ ʛʣʦʙʘʣʴʥʦʾ ʩʧʽʚʧʨʘʮʽ ʪʘ 

ʧʘʨʪʥʝʨʩʪʚʘ ʤʽʞ ʢʨʘʾʥʘʤʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʨʽʰʝʥʴ. ʎʝ ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʤʽʞʥʘʨʦʜʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ, 

ʦʩʢʽʣʴʢʠ ʩʧʽʣʴʥʽ ʟʫʩʠʣʣʷ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʚ'ʷʟʘʥʥʷ ʛʣʦʙʘʣʴʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʨʦʙʣʝʤ. ɿʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʧʦʤʘʛʘʶʪʴ ʧʽʜʚʠʱʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʫ ʩʚʽʜʦʤʽʩʪʴ 

ʛʨʦʤʘʜʷʥ ʪʘ ʩʧʨʠʷʶʪʴ ʬʦʨʤʫʚʘʥʥʶ ʧʦʟʠʪʠʚʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʟʚʠʯʦʢ. ʎʝ 

ʚʘʞʣʠʚʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʙʝʟʧʝʢʠ ʛʨʦʤʘʜʷʥ ʪʘ ʟʙʝʨʝʞʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʆʪʞʝ, ʟʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʩʪʨʘʪʝʛʽʾ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ ʚʠʩʪʫʧʘʶʪʴ ʷʢ ʢʣʶʯʦʚʽ ʯʠʥʥʠʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʛʨʦʤʘʜʷʥ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ. 
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ʂʦʥʮʝʮʧʽʾ ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʪʨʘʪʝʛʽʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʷʢ ʯʠʥʥʠʢʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʛʨʦʤʘʜʷʥ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʽ ʚʢʣʶʯʘʪʠ ʪʘʢʽ ʥʘʧʨʷʤʢʠ: 

1) ʂʦʥʮʝʧʮʽʷ "ʟʝʣʝʥʦʛʦ ʨʦʩʪʫ" (Green Growth) ʧʽʜʢʨʝʩʣʶʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʯʝʨʝʟ ʽʥʚʝʩʪʠʮʽʾ ʚ ʟʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʩʪʘʣʽ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ. ɺʦʥʘ ʘʢʮʝʥʪʫʻ ʥʘ ʚʘʞʣʠʚʦʩʪʽ ʟʙʝʨʝʞʝʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʟʤʝʥʰʝʥʥʽ ʚʠʢʠʜʽʚ, ʦʜʥʦʯʘʩʥʦ ʩʧʨʠʷʶʯʠ ʨʦʟʚʠʪʢʫ 

ʥʦʚʠʭ ʨʠʥʢʽʚ ʽ ʩʪʚʦʨʝʥʥʶ ʨʦʙʦʯʠʭ ʤʽʩʮʴ. ʎʷ ʢʦʥʮʝʧʮʽʷ ʤʘʻ ʙʘʛʘʪʦ 

ʧʨʠʭʠʣʴʥʠʢʽʚ ʟ ʫʩʴʦʛʦ ʩʚʽʪʫ. ʉʝʨʝʜ ʥʠʭ ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʅʽʢʦʣʘʩʘ ʉʪʝʨʥʘ, 

ʘʥʛʣʽʡʩʴʢʦʛʦ ʝʢʦʥʦʤʽʩʪʘ, ʷʢʠʡ ʚʽʜʦʤʠʡ ʩʚʦʾʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʟ ʝʢʦʥʦʤʽʢʠ 

ʟʤʽʥʠ ʢʣʽʤʘʪʫ. 

2) ʂʦʥʮʝʧʮʽʷ "ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ" (Circular Economy) ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʽʜʝʾ ʤʘʢʩʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ. ɿʘʤʽʩʪʴ 

ʪʨʘʜʠʮʽʡʥʦʾ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ "ʚʠʨʦʙʥʠʢ-ʚʠʢʦʨʠʩʪʘʥʥʷ-ʚʠʢʠʜ", ʮʠʨʢʫʣʷʨʥʘ 

ʝʢʦʥʦʤʽʢʘ ʩʪʘʚʠʪʴ ʧʝʨʝʜ ʩʦʙʦʶ ʟʘʚʜʘʥʥʷ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʚʪʦʨʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʧʝʨʝʨʦʙʢʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ. ɯʜʝʾ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ ʘʢʪʠʚʥʦ ʧʨʦʩʫʚʘʶʪʴʩʷ 

ɭʚʨʦʧʝʡʩʴʢʦʶ ʢʦʤʽʩʽʻʶ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʪʘʢʠʤʠ ʷʢ ʌʦʥʜ ɽʣʣʝʥ ʄʘʢʘʨʪʫʨ, 

ʘ ʪʘʢʦʞ ʚʯʝʥʠʤʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ ʮʽʡ ʛʘʣʫʟʽ, ʪʘʢʠʤʠ ʷʢ ɺʦʣʪʝʨ ʉʪʘʣʴ, 

ʧʦʣʴʩʴʢʠʡ ʽʥʞʝʥʝʨ ʽ ʙʽʟʥʝʩʤʝʥ, ʷʢʠʡ ʚʚʘʞʘʻʪʴʩʷ ʦʜʥʠʤ ʽʟ ʧʽʦʥʝʨʽʚ 

ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ. 

3) ʂʦʥʮʝʧʮʽʷ "ʝʢʦʣʦʛʽʯʥʦʾ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ" (Environmental Justice) 

ʘʢʮʝʥʪʫʻ ʥʘ ʪʦʤʫ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ, ʱʦ ʢʦʨʠʩʪʴ ʚʽʜ ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʩʪʨʘʪʝʛʽʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʨʦʟʧʦʜʽʣʷʣʘʩʷ ʨʽʚʥʦʤʽʨʥʦ, ʦʩʦʙʣʠʚʦ ʩʝʨʝʜ 

ʫʨʘʟʣʠʚʠʭ ʛʨʫʧ ʥʘʩʝʣʝʥʥʷ ʪʘ ʢʨʘʾʥ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʨʦʟʚʠʪʢʫ. ʎʷ ʢʦʥʮʝʧʮʽʷ 

ʚʠʥʠʢʣʘ ʚ ʨʘʤʢʘʭ ʘʢʪʠʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʘʢʪʠʚʽʩʪʽʚ ʪʘ ʜʦʩʣʽʜʥʠʢʽʚ, ʪʘʢʠʭ ʷʢ 

ʈʦʙʝʨʪ ɹʫʣʣʘʨʜ, ʘʤʝʨʠʢʘʥʩʴʢʠʡ ʩʦʮʽʦʣʦʛ ʪʘ ʘʢʘʜʝʤʽʢ, ʷʢʠʡ ʚʚʘʞʘʻʪʴʩʷ 

"ʙʘʪʴʢʦʤ ʝʢʦʣʦʛʽʯʥʦʾ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ". 

4) ʂʦʥʮʝʧʮʽʷ "ʨʝʩʫʨʩʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ" (Resource Efficiency) 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʤʝʥʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʦʛʦ ʞ 

ʨʽʚʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʞʠʪʪʻʚʦʛʦ ʨʽʚʥʷ, ʧʦʢʣʠʢʘʥʘ ʩʧʨʠʷʪʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʫ ʚʩʽʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ. ʎʶ ʢʦʥʮʝʧʮʽʶ ʘʢʪʠʚʥʦ 

ʨʦʟʚʠʚʘʻ ɭʚʨʦʧʝʡʩʴʢʘ ʢʦʤʽʩʽʷ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ, ʪʘʢʽ ʷʢ ʄʽʞʥʘʨʦʜʥʝ ʘʛʝʥʪʩʪʚʦ 

ʟ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (IRENA), ʘ ʪʘʢʦʞ ʚʯʝʥʽ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴ 

ʧʠʪʘʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

5) ʂʦʥʮʝʧʮʽʷ "ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ" (Green Building) ʩʧʨʷʤʦʚʘʥʘ ʥʘ 

ʩʪʚʦʨʝʥʥʷ ʙʫʜʽʚʝʣʴ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʨʝʩʫʨʩʠ, ʤʘʶʪʴ ʥʠʟʴʢʠʡ ʚʫʛʣʝʮʝʚʠʡ ʚʽʜʙʠʪʦʢ ʪʘ ʩʧʨʠʷʶʪʴ ʟʙʝʨʝʞʝʥʥʶ 

ʝʥʝʨʛʽʾ ʪʘ ʚʦʜʠ. ʎʷ ʢʦʥʮʝʧʮʽʷ ʘʢʪʠʚʥʦ ʧʨʦʩʫʚʘʻʪʴʩʷ ʃʝʦʥʘʨʜʦ ɸʨʘʫʟʫ, 

ʘʨʭʽʪʝʢʪʦʨʦʤ ʽ ʝʢʦ-ʘʢʪʠʚʽʩʪʦʤ ʟ ɹʨʘʟʠʣʽʾ, ʘ ʪʘʢʦʞ ʪʘʢʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʷʢ 

Leadership in Energy and Environmental Design (LEED) ʪʘ Green Building 

Council. 
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ʎʽ ʢʦʥʮʝʧʮʽʾ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʽʜʭʦʜʠ ʜʦ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʧʨʦʙʣʝʤ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ, ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʪʘ 

ʩʪʠʤʫʣʶʚʘʥʥʷ ʩʪʘʣʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. ɺʦʥʠ ʥʘʜʘʶʪʴ ʨʘʤʢʠ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʧʦʣʽʪʠʢ, ʧʨʦʛʨʘʤ ʪʘ ʧʨʦʢ̒ʪʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʛʨʦʤʘʜʷʥ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʨʽʟʥʠʭ 

ʢʨʘʾʥʘʭ ʩʚʽʪʫ. ʂʦʥʮʝʧʮʽʾ ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʪʨʘʪʝʛʽʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʷʢ ʯʠʥʥʠʢʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʛʨʦʤʘʜʷʥ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚʢʣʶʯʘʶʪʴ ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʨʦʙʣʝʤ 

ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ, ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʪʘ ʩʧʨʠʷʥʥʷ 

ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ.  

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʜʝʷʢʽ ʽʥʥʦʚʘʮʽʡʥʽ ʘʩʧʝʢʪʠ ʮʠʭ ʢʦʥʮʝʧʮʽʡ. ʎʽ ʢʦʥʮʝʧʮʽʾ 

ʧʨʦʧʦʥʫʶʪʴ ʽʥʪʝʛʨʫʚʘʪʠ ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʨʦʟʚʠʪʦʢ, ʱʦ ʩʧʨʠʷʻ ʩʪʘʣʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʨʝʩʫʨʩʽʚ ʪʘ ʟʤʝʥʰʝʥʥʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʂʦʥʮʝʧʮʽʷ "ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ" ʧʨʦʧʦʥʫʻ ʧʝʨʝʭʦʜʠʪʠ ʚʽʜ ʣʽʥʽʡʥʦʾ 

ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʘʥʥʷ-ʚʠʢʠʜʫ ʜʦ ʮʠʢʣʽʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʜʝ ʚʽʜʭʦʜʠ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʩʫʨʩʠ ʪʘ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʝʢʦʥʦʤʽʯʥʠʭ 

ʧʨʦʮʝʩʘʭ. ʂʦʥʮʝʧʮʽʾ "ʝʢʦʣʦʛʽʯʥʦʾ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ" ʚʥʦʩʷʪʴ ʽʥʥʦʚʘʮʽʡʥʽ 

ʤʝʪʦʜʠ ʪʘ ʧʽʜʭʦʜʠ ʜʦ ʚʨʘʭʫʚʘʥʥʷ ʩʦʮʽʘʣʴʥʠʭ ʘʩʧʝʢʪʽʚ ʨʦʟʚʠʪʢʫ, ʟʦʢʨʝʤʘ, 

ʚʨʘʭʫʚʘʥʥʷ ʧʦʪʨʝʙ ʪʘ ʽʥʪʝʨʝʩʽʚ ʫʨʘʟʣʠʚʠʭ ʛʨʫʧ ʥʘʩʝʣʝʥʥʷ. ʂʦʥʮʝʧʮʽʷ 

"ʟʝʣʝʥʦʛʦ ʨʦʩʪʫ" ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ, ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ʎʽ ʢʦʥʮʝʧʮʽʾ ʚʠʤʘʛʘʶʪʴ ʤʽʞʥʘʨʦʜʥʦʾ 

ʩʧʽʚʧʨʘʮʽ ʪʘ ʢʦʦʨʜʠʥʘʮʽʾ ʟʫʩʠʣʴ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʛʣʦʙʘʣʴʥʠʭ 

ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʱʦ ʻ ʽʥʥʦʚʘʮʽʡʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʚʠʨʽʰʝʥʥʷ 

ʪʨʘʥʩʥʘʮʽʦʥʘʣʴʥʠʭ ʧʨʦʙʣʝʤ. ʂʦʥʮʝʧʮʽʾ ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʪʨʘʪʝʛʽʡ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʷʢ ʯʠʥʥʠʢʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʛʨʦʤʘʜʷʥ ʪʘ ʟʙʝʨʝʞʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʩʧʦʥʫʢʘʶʪʴ ʜʦ ʟʤʽʥʠ ʩʧʦʩʦʙʫ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷ, ʟʦʩʝʨʝʜʞʫʶʯʠʩʴ ʥʘ ʟʤʝʥʰʝʥʥʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʽʜʙʠʪʢʫ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʪʘʣʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ. ʎʽ ʢʦʥʮʝʧʮʽʾ ʥʝʩʫʪʴ ʽʥʥʦʚʘʮʽʡʥʽ 

ʤʝʪʦʜʠ, ʧʽʜʭʦʜʠ ʪʘ ʧʘʨʘʜʠʛʤʠ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦ ʩʪʽʡʢʠʭ ʨʽʰʝʥʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ. 

ʑʝ ʦʜʥʘ ʽʥʥʦʚʘʮʽʡʥʘ ʨʠʩʘ ʮʠʭ ʢʦʥʮʝʧʮʽʡ ʧʦʣʷʛʘʻ ʚ ʾʭ ʩʠʩʪʝʤʥʦʤʫ ʧʽʜʭʦʜʽ 

ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ. ɿʘʤʽʩʪʴ ʨʝʘʢʪʠʚʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʦʢʨʝʤʽ ʘʩʧʝʢʪʠ 

ʟʘʙʨʫʜʥʝʥʥʷ ʘʙʦ ʝʢʦʣʦʛʽʯʥʦʾ ʜʝʛʨʘʜʘʮʽʾ, ʚʦʥʠ ʧʨʦʧʦʥʫʶʪʴ ʢʦʤʧʣʝʢʩʥʠʡ 

ʧʽʜʭʽʜ, ʷʢʠʡ ʦʭʦʧʣʶʻ ʝʢʦʥʦʤʽʯʥʽ, ʩʦʮʽʘʣʴʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ. ʎʽ 

ʢʦʥʮʝʧʮʽʾ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʘʢʦʞ ʩʚʦʻʶ ʛʥʫʯʢʽʩʪʶ ʽ ʘʜʘʧʪʠʚʥʽʩʪʶ ʜʦ ʨʽʟʥʠʭ 

ʢʦʥʪʝʢʩʪʽʚ ʽ ʧʦʪʨʝʙ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ - ʚʽʜ 

ʛʣʦʙʘʣʴʥʠʭ ʧʦʣʽʪʠʢ ʜʦ ʤʽʩʮʝʚʠʭ ʽʥʽʮʽʘʪʠʚ - ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ, 

ʨʝʩʫʨʩʽʚ ʪʘ ʧʦʪʨʝʙ ʢʦʞʥʦʾ ʩʧʽʣʴʥʦʪʠ ʯʠ ʢʨʘʾʥʠ. ɯʥʰʦʶ ʚʘʞʣʠʚʦʶ ʽʥʥʦʚʘʮʽʻʶ 

ʻ ʟʘʣʫʯʝʥʥʷ ʨʽʟʥʠʭ ʩʪʝʡʢʭʦʣʜʝʨʽʚ - ʚʽʜ ʫʨʷʜʦʚʠʭ ʦʨʛʘʥʽʚ ʽ ʙʽʟʥʝʩʫ ʜʦ 

ʛʨʦʤʘʜʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ ʘʢʪʠʚʽʩʪʽʚ - ʫ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʮʠʭ ʢʦʥʮʝʧʮʽʡ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰʫ ʧʽʜʪʨʠʤʢʫ ʪʘ ʣʝʛʽʪʠʤʥʽʩʪʴ 
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ʽʥʽʮʽʘʪʠʚ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ 

ʝʢʩʧʝʨʪʥʦʛʦ ʟʥʘʥʥʷ. ʩʪʚʦʨʝʥʥʽ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʜʚʦʭ 

ʚʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ: ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʛʨʦʤʘʜʷʥ ʪʘ ʟʙʝʨʝʞʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʆʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʧʨʠʥʮʠʧʠ ʮʽʻʾ ʢʦʥʮʝʧʮʽʾ 

ʚʢʣʶʯʘʶʪʴ: 1) ɺʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʛʨʦʤʘʜʷʥʩʴʢʦʾ ʙʝʟʧʝʢʠ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ 

ʩʪʽʡʢʦʩʪʽ, ʚ ʦʩʥʦʚʽ ʷʢʦʾ ʙʝʟʧʝʢʘ ʛʨʦʤʘʜʷʥ ʥʝʤʦʞʣʠʚʘ ʙʝʟ ʟʙʝʨʝʞʝʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʟʜʦʨʦʚʦʛʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʦʪʞʝ, 

ʦʙʠʜʚʘ ʘʩʧʝʢʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʦʟʛʣʷʥʫʪʽ ʷʢ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ. 2) ʉʠʩʪʝʤʥʠʡ 

ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ, ʚʨʘʭʦʚʫʶʯʠ ʚʟʘʻʤʦʜʽʶ ʨʽʟʥʠʭ ʩʬʝʨ - 

ʝʢʦʣʦʛʽʯʥʦʾ, ʝʢʦʥʦʤʽʯʥʦʾ, ʩʦʮʽʘʣʴʥʦʾ ʪʦʱʦ. 3) ʇʨʠʥʮʠʧʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, 

ʪʘʢʽ ʷʢ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ ʧʦʪʦʯʥʦʛʦ ʧʦʢʦʣʽʥʥʷ ʙʝʟ ʰʢʦʜʠ ʜʣʷ 

ʤʦʞʣʠʚʦʩʪʝʡ ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ, ʧʽʜʪʨʠʤʢʘ ʝʢʦʥʦʤʽʯʥʦʛʦ, ʝʢʦʣʦʛʽʯʥʦʛʦ ʪʘ 

ʩʦʮʽʘʣʴʥʦʛʦ ʟʙʘʣʘʥʩʫʚʘʥʥʷ, ʪʘʢʦʞ ʚʢʣʶʯʘʶʪʴʩʷ ʜʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʙʘʟʠʩʫ ʮʽʻʾ 

ʢʦʥʮʝʧʮʽʾ. 4) ɯʥʥʦʚʘʮʽʡʥʽʩʪʴ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʛʨʝʩ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ 

ʤʦʞʣʠʚʦʩʪʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʚʦʾʭ ʮʽʣʝʡ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʩʪʠʤʫʣʶʚʘʪʠ ʨʦʟʚʠʪʦʢ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʽʚ. ʇʨʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʮʽʻʾ ʢʦʥʮʝʧʮʽʾ ʚʠʷʚʣʷʻʪʴʩʷ ʫ ʪʘʢʠʭ ʘʩʧʝʢʪʘʭ, ʷʢ: 1) ʂʦʥʮʝʧʮʽʷ 

ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ 

ʟʜʦʨʦʚ'ʷ ʛʨʦʤʘʜʷʥ. 2) ɺʨʘʭʦʚʫʶʯʠ ʽʥʪʝʛʨʦʚʘʥʠʡ ʧʽʜʭʽʜ ʪʘ ʧʨʠʥʮʠʧʠ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ, ʢʦʥʮʝʧʮʽʷ ʩʧʨʠʷʻ ʨʦʟʨʦʙʮʽ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʶ ʝʬʝʢʪʠʚʥʠʭ ʧʦʣʽʪʠʢ 

ʪʘ ʩʪʨʘʪʝʛʽʡ ʥʘ ʨʽʚʥʽ ʜʝʨʞʘʚ ʪʘ ʤʽʩʮʝʚʠʭ ʛʨʦʤʘʜ. 4) ʐʣʷʭʦʤ ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ ʪʘ ʩʪʠʤʫʣʶʚʘʥʥʷ ʩʪʘʣʦʛʦ ʩʧʦʞʠʚʘʥʥʷ, ʢʦʥʮʝʧʮʽʷ 

ʩʧʨʠʷʻ ʟʤʽʥʽ ʩʧʦʞʠʚʯʠʭ ʟʚʠʯʦʢ ʛʨʦʤʘʜʷʥ ʫ ʙʽʢ ʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦ 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ. 5) ʂʦʥʮʝʧʮʽʷ ʜʦʧʦʤʘʛʘʻ ʟʘʙʝʟʧʝʯʠʪʠ ʙʘʣʘʥʩ ʤʽʞ 

ʧʦʪʦʯʥʠʤʠ ʧʦʪʨʝʙʘʤʠ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʟʙʝʨʝʞʝʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ 

ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʽʡʢʠʡ ʨʦʟʚʠʪʦʢ ʩʫʩʧʽʣʴʩʪʚʘ. 

ʂʦʥʮʝʧʮʽʷ ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʪʨʘʪʝʛʽʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚʠʩʪʫʧʘʻ 

ʢʣʶʯʦʚʠʤ ʯʠʥʥʠʢʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʛʨʦʤʘʜʷʥ ʪʘ ʟʙʝʨʝʞʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɰʾ ʪʝʦʨʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʽʥʪʝʛʨʦʚʘʥʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʪʘ ʧʨʠʥʮʠʧʘʭ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʚʨʘʭʦʚʫʶʯʠ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʝʢʦʥʦʤʽʯʥʠʭ, ʩʦʮʽʘʣʴʥʠʭ ʪʘ 

ʝʢʦʣʦʛʽʯʥʠʭ ʘʩʧʝʢʪʽʚ. ʇʨʘʢʪʠʯʥʦ, ʮʷ ʢʦʥʮʝʧʮʽʷ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʝʢʦʣʦʛʽʯʥʦ 

ʯʠʩʪʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʬʦʨʤʫʚʘʥʥʶ ʝʬʝʢʪʠʚʥʠʭ ʧʦʣʽʪʠʢ ʪʘ ʩʪʨʘʪʝʛʽʡ ʥʘ ʨʽʟʥʠʭ 

ʨʽʚʥʷʭ ʫʧʨʘʚʣʽʥʥʷ, ʟʤʽʥʽ ʩʧʦʞʠʚʯʠʭ ʟʚʠʯʦʢ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʶ ʩʪʽʡʢʦʛʦ 

ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʢʦʥʮʝʧʮʽʡ ʚʠʤʘʛʘʻ ʩʧʽʚʧʨʘʮʽ ʚʩʽʭ 

ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʪʘ ʛʣʦʙʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʨʽʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʨʦʙʣʝʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʩʧʨʠʷʪʠ ʩʪʚʦʨʝʥʥʶ ʟʜʦʨʦʚʦʛʦ, ʙʝʟʧʝʯʥʦʛʦ ʪʘ 

ʩʪʽʡʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʩʫʯʘʩʥʠʭ ʪʘ ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ. ɿʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʛʨʦʤʘʜʷʥ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ - ʮʝ ʧʨʦʮʝʩ 

ʚʞʠʪʪʷ ʟʘʭʦʜʽʚ ʪʘ ʧʨʠʡʦʤʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʞʠʪʪʷ, ʟʜʦʨʦʚ'ʷ ʪʘ ʜʦʙʨʦʙʫʪʫ ʣʶʜʝʡ, 

ʘ ʪʘʢʦʞ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʝʢʦʩʠʩʪʝʤ. ʎʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʘʩʧʝʢʪʠ, ʪʘʢʽ ʷʢ: 1) ɿʘʭʦʜʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ 
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ʤʽʥʽʤʽʟʘʮʽʶ ʨʠʟʠʢʫ ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʛʨʦʤʘʜʷʥ, ʪʘʢʽ ʷʢ ʧʨʠʨʦʜʥʽ 

ʢʘʪʘʩʪʨʦʬʠ, ʝʧʽʜʝʤʽʾ ʘʙʦ ʪʝʭʥʦʛʝʥʥʽ ʘʚʘʨʽʾ. 2) ʇʦʣʽʪʠʢʠ ʪʘ ʧʨʦʛʨʘʤʠ, 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʢʦʥʪʨʦʣʴ ʪʘ ʟʤʝʥʰʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ, ʚʦʜʠ ʪʘ ˇʨʫʥʪʫ, 

ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʟʜʦʨʦʚʝ ʞʠʪʪʻʚʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʥʘʩʝʣʝʥʥʷ. 3) ʈʦʟʨʦʙʢʘ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʙʝʟʧʝʢʠ ʙʫʜʽʚʝʣʴ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʪʨʘʥʩʧʦʨʪʫ, 

ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ ʙʝʟʧʝʯʥʠʭ ʛʨʦʤʘʜʩʴʢʠʭ ʧʨʦʩʪʦʨʽʚ ʜʣʷ ʛʨʦʤʘʜʷʥ. 4)  

ʈʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʪʘʢʠʭ ʷʢ 

ʚʦʜʘ, ʣʽʩʠ ʪʘ ˇʨʫʥʪ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭʥʴʦʾ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ 

ʟʙʝʨʝʞʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. 5) ʇʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ ʩʝʨʝʜ 

ʥʘʩʝʣʝʥʥʷ ʪʘ ʦʩʚʽʪʘ ʱʦʜʦ ʚʘʞʣʠʚʦʩʪʽ ʟʙʝʨʝʞʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. ʎʽ ʘʩʧʝʢʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʛʨʦʤʘʜʷʥ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʤʘʛʘʶʪʴ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʩʧʽʚʧʨʘʮʽ ʚʩʽʭ ʩʫʩʧʽʣʴʥʠʭ ʩʝʢʪʦʨʽʚ ʜʣʷ ʾʭ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ [1]. 
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ʅʘʨʘʟʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʝʽʦʥʽʟʘʮʽʷ ʧʦʚʽʪʨʷ ʰʢʽʜʣʠʚʘ ʜʣʷ ʦʨʛʘʥʽʟʤʫ 

ʣʶʜʠʥʠ [1, 2]. ʋ ʪʦʡ ʞʝ ʯʘʩ ʚʽʜʦʤʦ, ʱʦ ʤʝʭʘʥʽʯʥʘ ʚʝʥʪʠʣʷʮʽʷ ʧʦʛʽʨʰʫʻ 

ʘʝʨʦʽʦʥʥʠʡ ʩʢʣʘʜ ʧʦʚʽʪʨʷ ï ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʝʨʦʽʦʥʽʚ ʦʙʦʭ ʟʥʘʢʽʚ ʧʽʩʣʷ 

ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʚʽʪʨʦʚʦʜʫ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʶʪʴʩʷ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʘʢʦʞ 

ʟʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʜʝʽʦʥʽʟʘʮʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ. ʋ 

ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ʜʝʽʦʥʽʟʘʮʽʾ ʧʦʚʽʪʨʷ ʫ ʤʝʪʘʣʝʚʠʭ 

ʧʦʚʽʪʨʦʚʦʜʘʭ. 

ʆʢʨʽʤ ʨʝʢʦʤʙʽʥʘʮʽʾ, ʤʦʞʣʠʚʠʤ ʽ ʧʨʝʚʘʣʶʶʯʠʤ ʤʝʭʘʥʽʟʤʦʤ ʜʝʽʦʥʽʟʘʮʽʾ 

ʻ ʥʝʡʪʨʘʣʽʟʘʮʽʷ ʟʘʨʷʜʽʚ ʘʝʨʦʽʦʥʽʚ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʚʥʫʪʨʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ 

ʧʦʚʽʪʨʦʚʦʜʫ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʮʝ ʚʽʜʙʫʚʘʣʦʩʷ, ʚʥʫʪʨʽʰʥʷ ʧʦʚʝʨʭʥʷ ʢʘʥʘʣʫ 

ʧʦʚʠʥʥʘ ʤʘʪʠ ʟʘʨʷʜ, ʷʢʠʡ ʢʨʽʤ ʝʣʝʢʪʨʠʟʘʮʽʾ, ʦʙʫʤʦʚʣʝʥʦʾ ʪʨʠʙʦʝʣʝʢʪʨʠʯʥʠʤ 

mailto:krasnianskyi.giu@knuba.edu.ua
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ʝʬʝʢʪʦʤ, ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʚʥʘʩʣʽʜʦʢ ʘʜʩʦʨʙʮʽʾ ʤʦʣʝʢʫʣ ʧʦʚʽʪʨʷ ʥʘ ʮʽʡ 

ʧʦʚʝʨʭʥʽ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ ʧʦʚʽʪʨʦʚʦʜʠ ʟ ʦʮʠʥʢʦʚʘʥʦʾ ʩʪʘʣʽ. 

ʎʠʥʢ - ʮʝ ʧʝʨʝʭʽʜʥʠʡ ʤʝʪʘʣ - ʝʣʝʤʝʥʪ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ d-ʙʣʦʮʽ ʧʝʨʽʦʜʠʯʥʦʾ 

ʪʘʙʣʠʮʽ. ʅʘʙʣʠʞʘʶʯʠʩʴ ʜʦ ʦʮʠʥʢʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦʚʽʪʨʦʚʦʜʫ, ʤʦʣʝʢʫʣʠ 

ʛʘʟ̔ʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʧʦʚʽʪʨʷ, ʥʘʩʘʤʧʝʨʝʜ ʟʘʟʥʘʶʪʴ 

ʚʘʥʜʝʨʚʘʘʣʴʩʦʚʦʛʦ ʧʨʠʪʷʛʘʥʥʷ, ʷʢʝ ʧʦʪʽʤ ʟʤʽʥʶʻʪʴʩʷ ʧʘʫʣʽʻʚʩʴʢʠʤ 

ʚʽʜʰʪʦʚʭʫʚʘʥʥʷʤ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʢʨʠʪʪʷ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʤʝʪʘʣʫ ʪʘ 

ʟʘʧʦʚʥʝʥʠʭ ʦʨʙʽʪʘʣʝʡ ʤʦʣʝʢʫʣʠ. ʎʽ ʜʚʽ ʚʟʘʻʤʦʜʽʾ ʬʦʨʤʫʶʪʴ ʧʦʪʝʥʮʽʡʥʫ ʷʤʫ 

(ʤʽʥʽʤʫʤ ʥʘ ʢʨʠʚʽʡ ʟʘʣʝʞʥʦʩʪʽ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʦʚʝʨʭʥʝʶ 

ʘʜʩʦʨʙʝʥʪʫ ʽ ʤʦʣʝʢʫʣʦʶ ʘʜʩʦʨʙʘʪʫ), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʬʽʟʠʯʥʽʡ ʘʜʩʦʨʙʮʽʾ, ʷʢʘ 

ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʤʦʣʝʢʫʣʠ ʜʦ ʧʦʚʝʨʭʥʽ ʟʤʽʥʶʻʪʴʩʷ ʛʣʠʙʦʢʦʶ 

ʭʝʤʦʩʦʨʙʮʽʡʥʦʶ ʷʤʦʶ. 

ʋ ʧʦʚʽʪʨʽ ʮʠʥʢ ʧʦʢʨʠʚʘʻʪʴʩʷ ʪʦʥʢʦʶ ʧʣʽʚʢʦʶ ʦʢʩʠʜʫ ZnO, ʱʦ ʟʘ ʩʚʦʾʤʠ 

ʝʣʝʢʪʨʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʻ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ n-ʪʠʧʫ, 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʷʢʦʛʦ ʦʙʫʤʦʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤʫ ʧʝʨʝʥʝʩʝʥʥʷʤ 

ʝʣʝʢʪʨʦʥʽʚ ʫ ʟʦʥʽ ʧʨʦʚʽʜʥʦʩʪʽ [3]. ɺʥʘʩʣʽʜʦʢ ʘʜʩʦʨʙʮʽʾ ʤʦʣʝʢʫʣ ʛʘʟʦʚʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ ʟʘʨʷʜʦʚʦʛʦ ʩʪʘʥʫ ʦʮʠʥʢʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. ʗʢ 

ʥʘʩʣʽʜʦʢ, ʬʦʨʤʫʻʪʴʩʷ ʦʙʣʘʩʪʴ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ ʽ ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʚʽʜʥʽʩʪʴ 

ʫ ʧʨʠʧʦʚʝʨʭʥʝʚʽʡ ʦʙʣʘʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʛʣʠʙʠʥʘ ʷʢʦʾ ʜʦʨʽʚʥʶʻ 

ʜʝʙʘʾʚʩʴʢʽʡ ʜʦʚʞʠʥʽ ʝʢʨʘʥʫʚʘʥʥʷ. ʊʘʢ, ʘʜʩʦʨʙʦʚʘʥʽ ʤʦʣʝʢʫʣʠ ʢʠʩʥʶ 

ʩʪʚʦʨʶʶʪʴ ʫ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʣʦʢʘʣʴʥʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ. ʅʦʚʽ ʧʦʚʝʨʭʥʝʚʽ ʮʝʥʪʨʠ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʧʨʠ ʮʴʦʤʫ, 

ʤʦʞʫʪʴ ʟʘʭʦʧʣʶʚʘʪʠ ʷʢ ʚʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ, ʪʘʢ ʽ ʝʣʝʢʪʨʦʥʠ, 

ʱʦ ʟʥʘʭʦʜʠʣʠʩʷ ʨʘʥʽʰʝ ʥʘ ʜʦʥʦʨʥʦʤʫ ʮʝʥʪʨʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʟʤʽʥʶʻʪʴʩʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʽ ʝʣʝʢʪʨʦʥʥʘ ʛʫʩʪʠʥʘ ʟʘʨʷʜʫ ʚ 

ʧʨʠʧʦʚʝʨʭʥʝʚʽʡ ʦʙʣʘʩʪʽ ʦʢʩʠʜʥʦʾ ʧʣʽʚʢʠ [4]. 

ʋ ʚʦʣʦʛʦʤʫ ʧʦʚʽʪʨʽ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʧʦʚʽʪʨʦʚʦʜʦʤ, ʢʨʽʤ ʤʦʣʝʢʫʣ ʽ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʽʦʥʽʚ ʛʘʟʦʚʦʾ ʬʘʟʠ ʧʨʠʩʫʪʥʽ ʤʦʣʝʢʫʣʠ ʚʦʜʠ, ʷʢʽ ʪʘʢʦʞ ʤʦʞʫʪʴ 

ʘʜʩʦʨʙʫʚʘʪʠʩʷ ʦʮʠʥʢʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ. ʄʦʣʝʢʫʣʠ ʘʜʩʦʨʙʘʪʫ, 

ʧʦʪʨʘʧʣʷʶʯʠ ʥʘ ʧʦʚʝʨʭʥʶ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʦʢʩʠʜʥʦʾ ʧʣʽʚʢʠ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʩʚʦʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʧʨʘʛʥʫʪʴ ʟʘʭʦʧʠʪʠ ʯʠ ʚʽʜʜʘʪʠ ʝʣʝʢʪʨʦʥ. 

ʄʦʣʝʢʫʣʠ ʢʠʩʥʶ ʯʝʨʝʟ ʾʭ ʚʠʩʦʢʫ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʽʩʪʴ ʣʦʢʘʣʽʟʫʶʪʴ ʙʽʣʷ ʩʝʙʝ 

ʝʣʝʢʪʨʦʥ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʤʦʣʝʢʫʣʠ ʚʦʜʠ, ʧʦʪʨʘʧʣʷʶʯʠ ʥʘ ʧʦʚʝʨʭʥʶ ZnO, 

ʚʽʜʜʘʶʪʴ ʩʚʽʡ ʝʣʝʢʪʨʦʥ ʫ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ ʘʙʦ ʮʝʥʪʨʫ ʥʘ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʧʨʘʛʥʝ ʫʪʚʦʨʠʪʠ ʟ H2O ʭʽʤʽʯʥʠʡ ʟʚôʷʟʦʢ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚʠʥʠʢʥʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʨʷʜʫ ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʦ ʽ ʬʽʟʠʯʥʦʶ ʘʜʩʦʨʙʮʽʻʶ ʧʦʣʷʨʥʠʭ 

ʤʦʣʝʢʫʣ ʚʦʜʠ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʟʥʘʯʥʠʤʠ ʜʠʧʦʣʴʥʠʤʠ ʤʦʤʝʥʪʘʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʜʩʦʨʙʮʽʾ ʤʦʣʝʢʫʣ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ 

ʚʥʫʪʨʽʰʥʷ ʧʦʚʝʨʭʥʷ ʦʮʠʥʢʦʚʘʥʦʛʦ ʧʦʚʽʪʨʦʚʦʜʫ ʟʘʨʷʜʞʘʻʪʴʩʷ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʧʣʦʚʽ ʢʦʣʠʚʘʥʥʷ ʨʝʰʽʪʢʠ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʪʘ ʘʜʩʦʨʙʦʚʘʥʦʾ 

ʤʦʣʝʢʫʣʠ ʩʪʠʤʫʣʶʶʪʴ ʜʝʩʦʨʙʮʽʶ ï ʨʦʟʨʠʚ ʟʚôʷʟʢʫ ʘʜʩʦʨʙʦʚʘʥʦʾ ʤʦʣʝʢʫʣʠ ʟ 

ʧʦʚʝʨʭʥʝʶ ʦʢʩʠʜʥʦʾ ʧʣʽʚʢʠ ʪʘ ʧʦʜʘʣʴʰʠʡ ʾʾ ʧʝʨʝʭʽʜ ʫ ʛʘʟʦʚʫ ʬʘʟʫ.  



18 
 

ʉʪʘʮʽʦʥʘʨʥʝ ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʛʫʩʪʠʥʠ ʘʜʩʦʨʙʦʚʘʥʠʭ ʤʦʣʝʢʫʣ Nʘʜ., 

ʷʢʝ ʚʩʪʘʥʦʚʠʣʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʦʥʢʫʨʫʶʯʠʭ ʧʨʦʮʝʩʽʚ ʘʜʩʦʨʙʮʽʾ ï ʜʝʩʦʨʙʮʽʾ, 

ʧʨʠ ʥʝʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʘʜʩʦʨʙʘʪʫ ʤʘʻ ʟʤʝʥʰʫʚʘʪʠʩʷ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ T: 

 

.́ Ȣ̅ͯÅØÐ
Ў%
Ë4ȟ 

 

ʜʝ ȹE ï ʪʝʧʣʦʪʘ ʘʜʩʦʨʙʮʽʾ (ʝʥʝʨʛʽʷ ʟʚôʷʟʢʫ ʘʜʩʦʨʙʦʚʘʥʦʾ ʤʦʣʝʢʫʣʠ ʛʘʟʫ ʟ 

ʘʜʩʦʨʙʮʽʡʥʠʤ ʮʝʥʪʨʦʤ); k ï ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ.  

ɺʽʜʧʦʚʽʜʥʦ, ʧʦʚʠʥʥʘ ʟʤʝʥʰʫʚʘʪʠʩʷ ʽ ʛʫʩʪʠʥʘ ʟʘʨʷʜʫ, ʩʪʚʦʨʶʚʘʥʦʛʦ 

ʤʦʣʝʢʫʣʘʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʦʢʩʠʜʥʦʾ ʧʣʽʚʢʠ. ʎʝ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʤʘʻ ʧʨʠʟʚʦʜʠʪʠ 

ʜʦ ʟʤʝʥʰʝʥʥʷ ʜʝʽʦʥʽʟʘʮʽʾ, ʧʦʚôʷʟʘʥʦʾ ʟ ʥʝʡʪʨʘʣʽʟʘʮʽʻʶ ʟʘʨʷʜʽʚ ʘʝʨʦʽʦʥʽʚ 

ʦʮʠʥʢʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ ʧʦʚʽʪʨʦʚʦʜʫ. 

ɺʽʜʦʤʦ, ʱʦ ʦʢʩʠʜ ʮʠʥʢʫ ZnO ʤʘʻ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺ ʩʠʣʫ 

ʮʴʦʛʦ ʧʝʚʥʠʡ ʚʥʝʩʦʢ ʫ ʧʦʷʚʫ ʟʘʨʷʜʫ ʥʘ ʧʦʚʝʨʭʥʽ ʦʢʩʠʜʥʦʾ ʧʣʽʚʢʠ ʤʦʞʝ 

ʚʥʦʩʠʪʠ ʽ ʧʦʣʷʨʠʟʘʮʽʷ, ʱʦ ʚʠʥʠʢʘʻ ʧʽʜ ʜʽʻʶ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ 

ʧʦʚʽʪʨʦʚʦʜʽ. 

ɿʨʦʩʪʘʥʥʷ ʜʝʽʦʥʽʟʘʮʽʾ ʧʦʚʽʪʨʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʦʣʦʛʦʩʪʽ, ʷʢʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʜʦʩʣʽʜʽ, ʦʙʫʤʦʚʣʝʥʝ, ʤʘʙʫʪʴ, ʟʙʽʣʴʰʝʥʥʷʤ ʝʣʝʢʪʨʠʟʘʮʽʾ 

ʧʦʚʝʨʭʥʽ ʧʦʚʽʪʨʦʚʦʜʫ ʷʢ ʟʘ ʨʘʭʫʥʦʢ ʪʨʠʙʦʝʣʝʢʪʨʠʯʥʦʛʦ ʝʬʝʢʪʫ, ʪʘʢ ʽ 

ʚʥʘʩʣʽʜʦʢ ʟʨʦʩʪʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʨʷʜʫ ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ 

ʘʜʩʦʨʙʦʚʘʥʠʭ ʤʦʣʝʢʫʣ H2O. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ 

ʧʦʚʽʪʨʷ ʢʽʣʴʢʽʩʪʴ ʣʝʛʢʠʭ ʘʝʨʦʽʦʥʽʚ ʤʦʞʝ ʟʤʝʥʰʠʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʦʩʽʜʘʥʥʷ ʥʘ 

ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʢʨʘʧʣʷʭ ʚʦʜʠ. 

ɸʜʩʦʨʙʮʽʷ ʤʦʣʝʢʫʣ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʪʦʥʢʦʤʫ ʰʘʨʽ ʧʦʚʽʪʨʷ, ʱʦ ʧʨʠʣʷʛʘʻ 

ʜʦ ʧʦʚʝʨʭʥʽ ʧʦʚʽʪʨʦʚʦʜʫ. ɿʥʘʯʥʘ ʜʝʽʦʥʽʟʘʮʽʷ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʮʴʦʤʫ, 

ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʘ ʟ ʚʠʭʨʦʚʠʤʠ ʨʫʭʘʤʠ ʧʦʚʽʪʨʷ ʚ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʧʦʪʦʮʽ 

ʚʩʝʨʝʜʠʥʽ ʢʘʥʘʣʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʟʥʠʞʝʥʥʷ ʜʝʽʦʥʽʟʘʮʽʾ 

ʤʦʞʝ ʙʫʪʠ ʣʘʤʽʥʘʨʠʟʘʮʽʷ ʧʦʪʦʢʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʽʘʤʝʪʨʘ 

ʧʦʚʽʪʨʦʚʦʜʫ ʽ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ.  

ɸʣʴʪʝʨʥʘʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʟʤʝʥʰʝʥʥʷ ʜʝʽʦʥʽʟʘʮʽʾ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʣʘʤʽʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʥʘ ʚʝʣʠʢʽ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ 

(ʟʙʽʣʴʰʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʜʘʥʦʛʦ ʢʘʥʘʣʫ) ʰʣʷʭʦʤ 

ʟʤʝʥʰʝʥʥʷ ʟʙʫʨʝʥʴ ʥʘ ʚʭʦʜʽ ʧʦʚʽʪʨʦʚʦʜʫ, ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ ʛʣʘʜʢʦʩʪʽ 

ʡʦʛʦ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ, ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʪʠʢʽʚ ʪʦʱʦ. 

 

ʃɯʊɽʈɸʊʋʈɸ 

1. Wallner P., Kundi M., Panny M., Tappler P., Hutter H.-P. Exposure to Air 

Ions in Indoor Environments: Experimental Study with Healthy Adults. 

International Journal of Environmental Research and Public Health. 2015. Vol. 

12, Issue 11. P. 14301ï14311. 



19 
 

2. Jiang S.-Y., Ma A., Ramachandran S. Negative air ions and their effects 

on human health and air quality improvement. International Journal of Molecular. 

Sciences. 2018. ˉ 19. 2966. 

3. U. Ozgur, Y. I. Alivov, C. Liu, A. Teke, M. A. Reshchikov, S. Dogan, V. 

Avrutin, S. J. Cho and H. Morkoc. A Comprehensive Review of ZnO Materials 

and Devices. Journal of Applied Physics. 2005. Vol. 98, No. 4. 041301. 

4. ɺʘʰʧʘʥʦʚ ʖ. ʆ., ʉʤʠʥʪʠʥʘ ɺ. ɸ. ɸʜʩʦʨʙʮʽʡʥʘ ʯʫʪʣʠʚʽʩʪʴ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ: ʤʦʥʦʛʨʘʬʽʷ. ʆʜʝʩʘ: ɸʩʪʨʦʧʨʠʥʪ, 2005. 216 ʩ. 

 

ɺʇʃʀɺ ʌɸʈʄɸʎɽɺʊʀʏʅʆɻʆ ʇɯɼʇʈʀɭʄʉʊɺɸ ʅɸ 

ɽʂʆʃʆɻɯʏʅʀʁ ʉʊɸʅ ʄɯʉʔʂʆɻʆ ʉɽʈɽɼʆɺʀʑɸ ʊɸ ʐʃʗʍʀ 

ʁʆɻʆ ʇʆʃɯʇʐɽʅʅʗ 

 

ɸʥʜʨʶʱʝʥʢʦ ɯʣʦʥʘ ʄʠʢʦʣʘʾʚʥʘ1, ɺʘʩʠʣʝʥʢʦ ʃʝʩʷ ʆʣʝʢʩʽʾʚʥʘ1 

1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, 

andriushchenko_im@knuba.edu.ua, vasylenko.lo@knuba.edu.ua  

 

ɿʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʤʠʩʣʦʚʠʤʠ 

ʚʽʜʭʦʜʘʤʠ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰʠʭ ʪʘ ʩʝʨʡʦʟʥʠʭ ʧʨʦʙʣʝʤ ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫ. 

ʏʝʨʝʟ ʩʪʨʽʤʢʠʡ ʨʽʩʪ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʧʦʩʪʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʚʘʞʥʦʛʦ 

ʚʠʚʯʝʥʥʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ. 

ɺʝʣʠʢʽ ʦʙʩʷʛʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʽʜʭʦʜʽʚ, ʱʦ ʚʠʢʠʜʘʶʪʴʩʷ ʧʨʦʤʠʩʣʦʚʠʤʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʙʝʟ ʥʘʣʝʞʥʦʾ ʦʯʠʩʪʢʠ, ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ 

ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ, ʝʢʦʩʠʩʪʝʤʠ ʪʘ ʟʘʛʘʣʴʥʠʡ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʋʢʨʘʾʥʘ ʤʘʻ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʛʨʘʶʪʴ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʽʥʜʫʩʪʨʽʾ ʢʨʘʾʥʠ. ʃʽʜʝʨʘʤʠ ʚʽʪʯʠʟʥʷʥʦʾ 

ʬʘʨʤʽʥʜʫʩʪʨʽʾ ʻ: ʇɸʊ çʌʘʨʤʘʢè, ʊʆɺ çʌʘʨʤʘʮʝʚʪʠʯʥʘ ʢʦʤʧʘʥʽʷ 

çɿʜʦʨʦʚôʷè, ʇʨɸʊ çʌʘʨʤʘʮʝʚʪʠʯʥʘ ʬʽʨʤʘ çɼʘʨʥʠʮʷè, ʊʆɺ "ʖʈɯʗ-ʌɸʈʄ", 

ʬʘʨʤʘʮʝʚʪʠʯʥʘ ʂʦʨʧʦʨʘʮʽʷ çɸʨʪʝʨʽʫʤè, ʇʨɸʊ "ɹɯʆʌɸʈʄɸ", ʊɼɺ 

çʋʢʨʘʾʥʩʴʢʦ-ʙʝʣʴʛʽʡʩʴʢʝ ʉʇ çɯʥʪʝʨʍʽʤè, ʇɸʊ çʂʠʾʚʩʴʢʠʡ ʚʽʪʘʤʽʥʥʠʡ 

ʟʘʚʦʜè (ʂɺɿ), ʇɸʊ çʅʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʠʡ ʮʝʥʪʨ çɹʦʨʱʘʛʽʚʩʴʢʠʡ ʭʽʤʽʢʦ-

ʬʘʨʤʘʮʝʚʪʠʯʥʠʡ ʟʘʚʦʜè (ɹʍʌɿ) ʪʘ ʽʥʰʽ [1]. ʎʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʠʨʦʙʣʷʶʪʴ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʪʘ ʧʨʦʜʫʢʪʽʚ ʤʝʜʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, 

ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʧʦʪʨʝʙʠ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʘ ʽʥʦʟʝʤʥʠʭ ʨʠʥʢʽʚ. 

ɸʚʪʦʨʘʤʠ ɻʦʥʯʘʨʫʢ ɼ. ʆ. ʪʘ ʂʠʨʽʻʥʢʦ ʉ. ɺ. [2] ʦʧʠʩʘʥʽ ʟʘʭʦʜʠ, ʱʦ 

ʚʧʨʦʚʘʜʞʫʻ ʇɸʊ çʌʘʨʤʘʢè ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʯʝʨʝʟ ʝʢʦʣʦʛʽʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ, ʧʨʦʚʝʜʝʥʥʷ 

ʦʯʠʩʪʢʠ ʚʠʨʦʙʥʠʯʠʭ ʩʪʽʯʥʠʭ ʚʦʜ, ʨʝʪʝʣʴʥʝ ʩʦʨʪʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ, ʧʝʨʝʜʘʯʘ ʾʭ 

ʥʘ ʦʙʨʦʙʢʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʟʘʪʚʝʨʜʞʝʥʠʭ ʥʦʨʤ ʽ ʧʨʘʚʠʣ, ʘ ʪʘʢʦʞ 

ʨʦʟʨʦʙʣʝʥʽ ʜʦʢʫʤʝʥʪʦʚʘʥʽ ʧʨʦʮʝʜʫʨʠ ʚʠʟʥʘʯʝʥʥʷ ʩʫʪʪʻʚʠʭ ʝʢʦʣʦʛʽʯʥʠʭ 

ʘʩʧʝʢʪʽʚ. 

ʌʘʨʤʘʮʝʚʪʠʯʥʽ ʧʨʝʧʘʨʘʪʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 
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ʧʨʦʬʽʣʘʢʪʠʢʠ ʪʘ ʣʽʢʫʚʘʥʥʷ ʟʘʭʚʦʨʶʚʘʥʴ, ʧʨʦʪʝ ʤʦʞʫʪʴ ʤʘʪʠ ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʃʶʜʩʪʚʦ ʨʦʟʨʦʙʠʣʦ ʣʽʢʘʨʩʴʢʽ ʧʨʝʧʘʨʘʪʠ 

ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʨʽʟʥʠʭ ʭʚʦʨʦʙ ʪʘ ʤʘʡʞʝ ʚʩʽʭ ʚʽʜʦʤʠʭ ʧʨʦʙʣʝʤ ʟʽ ʟʜʦʨʦʚ'ʷʤ. 

ʆʜʥʘʢ, ʟôʷʚʣʷʻʪʴʩʷ ʚʩʝ ʙʽʣʴʰʝ ʜʦʢʘʟʽʚ ʪʦʛʦ, ʱʦ ʬʘʨʤʘʮʝʚʪʠʯʥʽ ʧʨʝʧʘʨʘʪʠ 

ʤʦʞʫʪʴ ʧʦʪʨʘʧʣʷʪʠ ʚ ʧʦʚʽʪʨʷ, ʚʦʜʫ ʪʘ ˇʨʫʥʪ ʷʢ ʯʝʨʝʟ ʥʝʧʨʘʚʠʣʴʥʝ ʚʠʜʘʣʝʥʥʷ 

ʚʽʜʭʦʜʽʚ ʬʘʨʤʘʮʝʚʪʠʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʪʘʢ ʽ ʯʝʨʝʟ ʚʠʚʝʜʝʥʥʷ ʧʨʝʧʘʨʘʪʽʚ ʽʟ 

ʩʠʩʪʝʤʠ ʪʽʣʘ ʧʽʩʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʽ ʩʪʘʶʪʴ 

ʝʢʦʣʦʛʽʯʥʦ ʩʪʽʡʢʠʤʠ ʬʘʨʤʘʮʝʚʪʠʯʥʠʤʠ ʟʘʙʨʫʜʥʶʚʘʯʘʤʠ ʘʙʦ EPPP. 

ɽʢʦʣʦʛʽʯʥʦ ʩʪʽʡʢʽ ʬʘʨʤʘʮʝʚʪʠʯʥʽ ʟʘʙʨʫʜʥʶʚʘʯʽ (ʘʥʛʣ. environmental 

persistent pharmaceutical pollutants; EPPP) ï ʮʝ ʬʘʨʤʘʮʝʚʪʠʯʥʽ ʧʨʝʧʘʨʘʪʠ, 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʦʚʽʣʴʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʘʙʦ ʥʘʚʽʪʴ ʥʝʨʦʟʢʣʘʜʘʥʥʷ, ʱʦʙ 

ʧʨʦʪʠʩʪʦʷʪʠ ʭʽʤʽʯʥʦʤʫ ʨʦʟʢʣʘʜʘʥʥʶ ʧʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʦʨʛʘʥʽʟʤ 

ʣʶʜʠʥʠ ʘʙʦ ʪʚʘʨʠʥʠ, ʩʪʘʥʦʚʣʷʪʴ ʦʩʦʙʣʠʚʠʡ ʨʠʟʠʢ, ʢʦʣʠ ʚʦʥʠ ʧʦʪʨʘʧʣʷʶʪʴ, 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʘʙʦ ʧʦʰʠʨʶʶʪʴʩʷ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʤʦʞʫʪʴ 

ʟʘʣʠʰʘʪʠʩʷ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʨʠʚʘʣʠʡ ʯʘʩ, ʟʙʽʣʴʰʫʶʯʠ ʨʠʟʠʢ 

ʜʣʷ ʝʢʦʩʠʩʪʝʤ ʪʘ ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʩʫʚʦʨʽ ʧʨʘʚʠʣʘ, ʬʘʨʤʘʮʝʚʪʠʯʥʽ ʚʠʨʦʙʥʠʯʽ ʧʽʜʨʦʟʜʽʣʠ 

ʯʘʩʪʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʢʠʜʘʶʪʴ ʩʪʦʢʠ, ʧʝʨʝʧʦʚʥʝʥʽ ʘʢʪʠʚʥʠʤʠ 

ʬʘʨʤʘʮʝʚʪʠʯʥʠʤʠ ʽʥʛʨʝʜʽʻʥʪʘʤʠ (ɸʌɯ), ʫ ʩʪʽʯʥʽ ʚʦʜʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʝʬʝʢʪʠʚʥʠʭ ʧʨʦʪʦʢʦʣʽʚ 

ʦʯʠʱʝʥʥʷ. ɺʦʜʥʦʯʘʩ, ʚʠʚʝʜʝʥʥʷ ʣʽʢʽʚ ʣʶʜʴʤʠ ʽ ʪʚʘʨʠʥʘʤʠ, ʙʽʣʴʰ ʜʠʬʫʟʥʠʤ 

ʰʣʷʭʦʤ, ʟʥʘʯʥʦ ʩʧʨʠʷʻ ʥʘʚʘʥʪʘʞʝʥʥʶ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʇʽʩʣʷ 

ʩʧʦʞʠʚʘʥʥʷ ʦʨʛʘʥʽʟʤ ʚʠʢʠʜʘʻ ʥʝʤʝʪʘʙʦʣʽʟʦʚʘʥʽ ʟʘʣʠʰʢʠ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ 

ʟʘʩʦʙʽʚ ʯʝʨʝʟ ʩʝʯʫ ʘʙʦ ʢʘʣ ʫ ʢʘʥʘʣʽʟʘʮʽʡʥʫ ʩʠʩʪʝʤʫ [3]. 

ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʫ ʙʦʨʦʪʴʙʽ ʟ ʮʽʻʶ ʧʨʦʙʣʝʤʦʶ ʻ ʨʦʟʫʤʽʥʥʷ ʰʣʷʭʽʚ, 

ʷʢʠʤʠ ʬʘʨʤʘʮʝʚʪʠʯʥʽ ʧʨʝʧʘʨʘʪʠ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʇʦʧʨʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʪʘ ʨʽʟʥʦʤʘʥʽʪʪʷ ʜʞʝʨʝʣ ʧʦʪʨʘʧʣʷʥʥʷ, ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ  ʯʦʪʠʨʠ ʢʣʶʯʦʚʽ: ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ, ʧʨʷʤʽ ʚʠʢʠʜʠ ʫ ʚʦʜʦʡʤʠ, 

ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʯʝʨʝʟ ʜʦʙʨʠʚʘ, ʚʠʤʠʚʘʥʥʷ ʪʘ ʩʪʽʢ. 

ʋ ʩʪʘʪʪʽ ʃʝʚʠʮʢʦʾ ʆ., ɻʦʨʦʜʝʮʢʦʾ ʀ. ʪʘ ʊʢʘʯʝʥʢʦ ʅ. [4] ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʘʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʙʝʟʧʝʢʠ ʧʽʜʧʨʠʻʤʩʪʚ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʛʘʣʫʟʽ 

ʋʢʨʘʾʥʠ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʫʩʢʣʘʜʥʝʥʥʷ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʥʘ ʪʝʨʠʪʦʨʽʾ ʢʨʘʾʥʠ. 

ɿʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʩʪʘʥ ʚʠʨʦʙʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʮʽʡ ʛʘʣʫʟʽ ʧʦʪʨʝʙʫʻ 

ʚʠʨʦʙʣʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʝʢʦʥʦʤʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʱʦ ʻ ʢʣʶʯʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʘʥʪʠʢʨʠʟʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʛʘʣʫʟʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʩʠʩʪʝʤʫ ʟʘʭʦʜʽʚ ʝʢʦʥʦʤʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʩʫʯʘʩʥʽ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʧʦʣʽʪʠʯʥʽ ʨʝʘʣʽʾ ʪʘ ʩʧʨʠʷʪʠʤʝ ʩʪʘʙʽʣʴʥʦʤʫ ʨʦʟʚʠʪʢʫ 

ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ. 

ʉʫʯʘʩʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ, ʙʫʜʫʶʯʠ ʚʣʘʩʥʽ ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ. ʇʽʩʣʷ ʝʬʝʢʪʠʚʥʦʾ 

ʦʙʨʦʙʢʠ, ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʦʯʠʱʝʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʠʤʦʛʘʤ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʯʠʱʝʥʽ 
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ʩʪʽʯʥʽ ʚʦʜʠ ʜʣʷ ʨʽʟʥʠʭ ʮʽʣʝʡ, ʪʘʢʠʭ ʷʢ ʚʽʜʚʝʜʝʥʥʷ ʚ ʧʨʠʨʦʜʥʽ ʚʦʜʦʡʤʠ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʪʝʭʥʽʯʥʠʭ ʧʦʪʨʝʙ ʧʽʜʧʨʠʻʤʩʪʚʘ ʘʙʦ ʜʣʷ ʟʨʦʰʫʚʘʥʥʷ 

ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ [5, 6]. 

ʈʦʟʫʤʽʥʥʷ ʰʣʷʭʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦʧʦʤʘʛʘʻ 

ʨʦʟʨʦʙʣʷʪʠ ʪʘ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽ ʟʘʭʦʜʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʪʘ 

ʟʘʙʨʫʜʥʝʥʥʷ ʬʘʨʤʘʮʝʚʪʠʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʱʦ ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʩʪʘʥʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɿʘʚʜʷʢʠ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʤʫ ʧʨʦʛʨʝʩʫ, ʩʫʯʘʩʥʘ ʽʥʞʝʥʝʨʽʷ ʨʦʟʨʦʙʣʷʻ ʪʘ 

ʚʧʨʦʚʘʜʞʫʻ ʥʦʚʽ ʫʩʪʘʥʦʚʢʠ ʦʯʠʱʝʥʥʷ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʤʝʥʰʝʥʥʷ ʪʘ 

ʫʪʠʣʽʟʘʮʽʶ ʚʠʢʠʜʽʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʎʽ ʪʝʭʥʦʣʦʛʽʾ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ ʦʯʠʱʝʥʥʷ, ʪʘʢʽ ʷʢ ʬʽʣʴʪʨʘʮʽʷ, ʘʙʩʦʨʙʮʽʷ, ʢʘʪʘʣʽʟ ʪʘ 

ʙʽʦʣʦʛʽʯʥʘ ʦʯʠʩʪʢʘ, ʪʘ ʽʥʰʽ. ʅʦʚʽ, ʩʫʯʘʩʥʽ ʙʽʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʚʠʨʽʰʫʶʪʴ 

ʧʨʦʙʣʝʤʫ ʜʦʦʯʠʱʝʥʥʷ ʟʚʦʨʦʪʥʠʭ ʚʦʜ. ɹʽʦʨʝʘʢʪʦʨʠ ʪʘ ʙʽʦʩʦʨʙʮʽʷ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʟʽ ʩʪʽʯʥʠʭ ʚʦʜ, 

ʪʘʢʠʭ ʷʢ ʟʘʣʠʰʢʠ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ ʪʘ ʾʭ ʤʝʪʘʙʦʣʽʪʠ. ʎʝ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦ, ʦʩʢʽʣʴʢʠ ʜʝʷʢʽ ʟ ʮʠʭ ʨʝʯʦʚʠʥ ʤʦʞʫʪʴ ʤʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʚʦʜʥʽ ʝʢʦʩʠʩʪʝʤʠ ʪʘ ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ ʽ ʪʚʘʨʠʥ. [7]. 

ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ʥʘʜʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʜʫʢʪʘʤʠ 

ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʅʝʦʙʭʽʜʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʦʯʠʱʝʥʥʷ ʚʠʢʠʜʽʚ ʪʘ ʚʽʜʭʦʜʽʚ ʫ ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʩʪʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʢʦʥʪʨʦʣʴ ʟʘ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ, ʘ 

ʪʘʢʦʞ ʩʧʨʠʷʪʠ ʧʦʩʪʽʡʥʦʤʫ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʤʫ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʦʯʠʱʝʥʥʷ. ʊʘʢʦʞ ʚʘʞʣʠʚʦ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʚʽʜʭʦʜʘʤʠ ʪʘ ʨʦʟʨʦʙʣʷʪʠ ʞʦʨʩʪʢʽ ʝʢʦʣʦʛʽʯʥʽ ʩʪʘʥʜʘʨʪʠ ʧʦ ʚʧʨʦʚʘʜʞʝʥʥʶ 

ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʝʨʪʠʬʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ɯʥʪʝʛʨʫʚʘʪʠ ʚʽʜʥʦʚʣʶʚʘʥʥʷ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʝ ʜʦʧʦʤʦʞʝ ʟʤʝʥʰʠʪʠ 

ʚʽʜʭʦʜʠ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ɿʘʩʪʦʩʦʚʫʚʘʪʠ 

ʩʫʯʘʩʥʽ ʟʝʣʝʥʽ ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ/ʪʝʭʥʦʣʦʛʽʾ ʱʦʙ ʟʥʠʟʠʪʠ ʩʧʦʞʠʚʘʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ 

ʦʙ'ʻʢʪʽʚ. ʅʝʦʙʭʽʜʥʦ ʚʧʨʦʚʘʜʠʪʠ ʧʨʦʛʨʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʪʘ 

ʨʝʮʠʢʣʽʥʛʫ, ʷʢʽ ʩʧʨʠʷʪʠʤʫʪʴ ʟʤʝʥʰʝʥʥʶ ʚʽʜʭʦʜʽʚ ʚʽʜ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ 

ʚʠʨʦʙʥʠʮʪʚ ʪʘ ʟʙʝʨʝʞʝʥʥʶ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ.  

ʅʝʦʙʭʽʜʥʦ: ʧʨʦʚʝʜʝʥʥʷ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʥʘʣʘʛʦʜʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʾ ʩʧʽʚʧʨʘʮʽ ʟ ʤʽʩʮʝʚʠʤʠ ʦʨʛʘʥʘʤʠ ʚʣʘʜʠ ʪʘ ʛʨʦʤʘʜʩʴʢʠʤʠ 

ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʱʦʜʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ 

ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʝʢʦʩʠʩʪʝʤʫ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ʩʧʨʠʷʪʠ 

ʚʧʨʦʚʘʜʞʝʥʥʶ ʽʥʥʦʚʘʮʽʡʥʠʭ çʟʝʣʝʥʠʭè ʪʝʭʥʦʣʦʛʽʡ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʢʦʤʧʘʥʽʡ; çʟʝʣʝʥʝè ʙʫʜʽʚʥʠʮʪʚʦ ʤʦʞʝ ʩʧʨʠʷʪʠ ʟʤʝʥʰʝʥʥʶ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ 

ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʯʝʨʝʟ: ʨʦʟʨʦʙʢʫ èʟʝʣʝʥʠʭè ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʨʽʰʝʥʴ, 
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ʪʘʢʠʭ ʷʢ ʟʝʣʝʥʽ ʜʘʭʠ, ʩʪʽʥʠ, ʜʣʷ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʝʬʝʢʪʫ ʦʩʪʨʽʚʮʷ 

ʩʧʝʢʠ ʤʽʩʴʢʠʭ ʨʘʡʦʥʽʚ ʜʝ ʨʦʟʪʘʰʦʚʘʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʬʘʨʤʘʢʦʣʦʛʽʾ; 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʟʙʦʨʫ ʪʘ ʦʯʠʱʝʥʥʷ ʜʦʱʦʚʠʭ ʚʦʜ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʩʪʦʢʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʰʢʽʜʣʠʚʽ ʭʽʤʽʯʥʽ ʨʝʯʦʚʠʥʠ, 

ʱʦ ʚʠʭʦʜʷʪʴ ʟ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʟʘʣʫʯʘʪʠ 

ʝʢʩʧʝʨʪʽʚ ʟ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ, ʚʢʣʶʯʘʶʯʠ ʥʘʫʢʦʚʮʽʚ, ʽʥʞʝʥʝʨʽʚ, ʝʢʦʣʦʛʽʚ ʪʘ 

ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʛʨʦʤʘʜʩʴʢʦʩʪʽ, ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʙʣʝʤʠ ʪʘ 

ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ; ʟʘʢʣʘʜʘʪʠ ʧʨʠʥʮʠʧʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʫ 

ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʤʘʢʩʠʤʽʟʘʮʽʶ ʩʦʮʽʘʣʴʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ; ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʨʦʟʦʨʽʩʪʴ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ 

ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʜʣʷ ʛʨʦʤʘʜʩʴʢʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʰʠʨʰʦʤʫ 

ʢʦʣʫ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʙʫʪʠ ʚ ʢʫʨʩʽ ʪʘ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʽ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ.  
ʉʧʽʣʴʥʽ ʟʫʩʠʣʣʷ ʛʨʦʤʘʜʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ 

ʫʨʷʜʦʚʠʭ ʦʨʛʘʥʽʚ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʩʪʚʦʨʝʥʥʶ ʙʽʣʴʰ ʯʠʩʪʦʛʦ ʪʘ ʟʜʦʨʦʚʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ. 
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ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʟʨʦʩʪʘʶʯʘ ʫʚʘʛʘ ʜʦ ʧʨʦʙʣʝʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʩʪʘʚʠʪʴ ʧʝʨʝʜ ʥʘʰʠʤ ʩʫʩʧʽʣʴʩʪʚʦʤ ʟʘʚʜʘʥʥʷ ʧʝʨʝʛʣʷʜʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʽʩʥʫʶʯʠʭ ʤʽʩʴʢʠʭ ʧʨʦʩʪʦʨʽʚ. ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʫʨʙʘʥʽʟʘʮʽʾ ʨʘʟʦʤ ʟ 

ʽʥʪʝʥʩʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʻ ʧʨʠʯʠʥʦʶ ʥʝʧʦʧʨʘʚʥʠʭ 

ʚʪʨʘʪ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʆʜʥʽʻʶ ʽʟ ʢʣʶʯʦʚʠʭ ʩʪʨʘʪʝʛʽʡ 

ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʽʥʪʝʛʨʘʮʽʷ ʩʠʩʪʝʤ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʚ 

ʽʩʥʫʶʯʫ ʟʘʙʫʜʦʚʫ [1]. 

ʈʠʩ 1. ʎʽʣʽ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ [2] 

 

ɯʥʪʝʛʨʘʮʽʷ ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʤʽʩʪʘ ʩʧʨʠʷʻ ʩʪʚʦʨʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦ 

ʩʪʽʡʢʦʛʦ ʪʘ ʢʦʤʬʦʨʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʤʝʰʢʘʥʮʽʚ. ʎʝ ʥʝ ʣʠʰʝ ʨʦʟʚʠʚʘʻ 

ʩʫʯʘʩʥʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʘʣʝ ʡ ʩʧʨʠʷʻ ʛʘʨʤʦʥʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʩʪʘ ʟ ʧʨʠʨʦʜʦʶ. 

ɿʨʦʩʪʘʥʥʷ ʤʽʩʴʢʦʛʦ ʥʘʩʝʣʝʥʥʷ ʪʘ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʧʽʜʢʨʝʩʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ 
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ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʤʽʩʴʢʦʤʫ ʧʣʘʥʫʚʘʥʥʽ, ʟʘʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʞʠʪʪʷ, ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ ʩʪʽʡʢʠʭ ʪʘ 

ʝʢʦʣʦʛʽʯʥʠʭ ʤʽʩʴʢʠʭ ʦʙʣʘʩʪʝʡ. 

ʇʨʠʥʮʠʧʠ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ. ɺʦʥʠ ʚʢʣʶʯʘʶʪʴ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ ʤʘʪʝʨʽʘʣʽʚ, ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʩʪʚʦʨʝʥʥʷ ʢʦʤʬʦʨʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʥʫ 

ʽʥʪʝʛʨʘʮʽʶ ʟ ʧʨʠʨʦʜʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʎʽ ʧʨʠʥʮʠʧʠ ʚʠʟʥʘʯʘʶʪʴ ʥʘʧʨʷʤʦʢ 

ʨʦʟʚʠʪʢʫ ʝʢʦʣʦʛʽʯʥʦ ʚʽʜʧʦʚʽʜʘʣʴʥʦʾ ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ, ʩʧʨʠʷʶʯʠ ʛʘʨʤʦʥʽʾ 

ʤʽʞ ʣʶʜʩʪʚʦʤ ʪʘ ʧʨʠʨʦʜʦʶ ʜʣʷ ʩʪʘʣʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ [3]. 

ʉʴʦʛʦʜʥʽ ʽʩʥʫʻ ʨʷʜ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ʩʪʚʦʨʝʥʠʭ ʥʘ ʧʨʠʥʮʠʧʘʭ ʟʝʣʝʥʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ, ʷʢʽ ʤʦʞʥʘ ʫʩʧʽʰʥʦ ʽʥʪʝʛʨʫʚʘʪʠ ʚ ʽʩʥʫʶʯʫ ʟʘʙʫʜʦʚʫ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʣʦʩʪʽ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʬʘʩʘʜʠ ʪʘ ʚʽʢʥʘ - ʢʣʶʯʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʟʝʣʝʥʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ. ɺʦʥʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʤʘʢʩʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ 

ʩʚʽʪʣʘ, ʦʧʪʠʤʽʟʘʮʽʶ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʪʘ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

ʊʘʢʽ ʬʘʩʘʜʠ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʘʨʭʽʪʝʢʪʫʨʥʽ 

ʨʽʰʝʥʥʷ, ʷʢʽ ʧʽʜʩʠʣʶʶʪʴ ʪʽʥʴ ʪʘ ʧʦʢʨʘʱʫʶʪʴ ʚʝʥʪʠʣʷʮʽʶ, ʽ ʪʝʨʤʦʨʝʛʫʣʶʶʯʽ 

ʤʘʪʝʨʽʘʣʠ, ʱʦ ʘʜʘʧʪʫʶʪʴʩʷ ʜʦ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʥʘʧʨʠʢʣʘʜ, çʨʦʟʫʤʥʽè 

ʩʢʣʷʥʽ ʝʣʝʤʝʥʪʠ. 

ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʚʽʢʥʘ ʻ ʢʣʶʯʦʚʦʶ ʯʘʩʪʠʥʦʶ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, 

ʩʧʨʷʤʦʚʘʥʦʶ ʥʘ ʤʘʢʩʠʤʽʟʘʮʽʶ ʧʨʠʨʦʜʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʤʽʥʽʤʽʟʘʮʽʶ ʚʪʨʘʪ 

ʪʝʧʣʘ. ɰʭ ʽʥʪʝʛʨʘʮʽʷ ʚʢʣʶʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʠʧʣʝʢʩʥʦʛʦ ʩʢʣʘ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʽʟʦʣʷʮʽʾ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʽʯʥʠʭ ʨʘʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʠʭ 

ʤʽʩʪʢʦʩʪʝʡ ʪʘ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ ʨʝʬʣʝʢʪʫʶʪʴ ʩʦʥʷʯʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɸ ʮʝ ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʫʜʽʚʝʣʴ, ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ ʥʘ ʦʧʘʣʝʥʥʷ ʪʘ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʦʚʽʪʨʷ, ʘ ʪʘʢʦʞ 

ʩʪʚʦʨʝʥʥʶ ʢʦʤʬʦʨʪʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ɸʣʪɹʝʨʥʘʪʠʚʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ ʫ ʟʝʣʝʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ 

ʟʤʝʥʰʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʪʘ ʤʽʥʽʤʽʟʫʶʪʴ ʚʠʢʠʜʠ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ɯʥʪʝʛʨʘʮʽʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʪʘ ʢʦʣʝʢʪʦʨʽʚ ʥʘʜʘʻ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘ ʪʝʧʣʦ. ɺʽʪʨʦʚʽ ʪʫʨʙʽʥʠ ʩʪʘʶʪʴ ʜʞʝʨʝʣʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

ʨʦʙʣʷʯʠ ʙʫʜʽʚʣʽ ʩʘʤʦʜʦʩʪʘʪʥʽʤʠ. ɸʢʫʤʫʣʷʪʦʨʥʽ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʝʥʝʨʛʽʻʶ ʚ ʧʽʢʦʚʽ ʯʘʩʠ, ʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʘʮʽʦʥʘʣʽʟʫʶʪʴ ʩʧʦʞʠʚʘʥʥʷ. 

ʎʽ ʽʥʥʦʚʘʮʽʾ ʟʥʠʞʫʶʪʴ ʚʠʪʨʘʪʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘ ʧʽʜʚʠʱʫʶʪʴ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʩʧʨʠʷʶʯʠ ʩʪʘʣʦʤʫ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʤʫ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʶ. 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʜʝ ʧʨʦʙʣʝʤʠ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʥʘʙʫʚʘʶʪʴ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʩʠʩʪʝʤʠ ʟʙʦʨʫ, ʨʝʮʠʨʢʫʣʷʮʽʾ ʪʘ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ. ɯʥʪʝʛʨʘʮʽʷ ʮʠʭ 

ʩʠʩʪʝʤ ʚ ʽʩʥʫʶʯʫ ʟʘʙʫʜʦʚʫ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠ ʥʦʚʠʡ ʩʪʘʥʜʘʨʪ ʜʣʷ ʩʪʘʣʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ɯʥʥʦʚʘʮʽʾ ʚ ʛʘʣʫʟʽ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʪʘʢʽ ʷʢ ʩʠʩʪʝʤʠ ʟʙʦʨʫ 
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ʜʦʱʦʚʦʾ ʚʦʜʠ, ʛʝʦʪʝʨʤʘʣʴʥʽ ʦʯʠʩʥʽ ʩʠʩʪʝʤʠ, ʧʝʨʝʨʦʙʢʘ ʩʤʽʪʪʻʚʠʭ ʚʦʜ ʪʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷʤ, ʩʧʨʠʷʶʪʴ 

ʧʦʢʨʘʱʝʥʥʶ ʷʢʦʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʩʪʚʦʨʝʥʥʶ ʩʪʘʣʦʛʦ 

ʤʽʩʴʢʦʛʦ ʧʨʦʩʪʦʨʫ. 

ɿʝʣʝʥʽ ʜʘʭʠ ʪʘ ʪʝʨʘʩʠ ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʟʝʣʝʥʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ, ʷʢʽ ʤʦʞʥʘ ʫʩʧʽʰʥʦ ʽʥʪʝʛʨʫʚʘʪʠ ʚ ʽʩʥʫʶʯʫ ʟʘʙʫʜʦʚʫ [4]. ɺʦʥʠ 

ʥʝ ʣʠʰʝ ʧʦʣʽʧʰʫʶʪʴ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʙʫʜʽʚʝʣʴ, ʘ ʡ ʩʪʚʦʨʶʶʪʴ ʩʪʘʣʠʡ 

ʪʘ ʧʨʠʨʦʜʥʠʡ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʤʽʩʴʢʠʭ ʞʠʪʝʣʽʚ. ɿʝʣʝʥʽ ʜʘʭʠ (ʟ 

ʝʢʩʪʝʥʩʠʚʥʠʤʠ, ʽʥʪʝʥʩʠʚʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʘ ʟ ʩʠʩʪʝʤʘʤʠ ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʬʽʣʴʪʨʘʮʽʾ ʜʦʱʦʚʦʾ ʚʦʜʠ), ʟʝʣʝʥʽ ʪʝʨʘʩʠ (ʨʝʢʨʝʘʮʽʡʥʽ ʟʦʥʠ ʪʘ ʚʝʨʪʠʢʘʣʴʥʽ 

ʩʘʜʠ, ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ). ʇʝʨʝʚʘʛʠ 

ʟʝʣʝʥʠʭ ʜʘʭʽʚ ʪʘ ʪʝʨʘʩ ʚʢʣʶʯʘʶʪʴ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘ 

ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ. ɯʥʪʝʛʨʘʮʽʷ ʾʭ ʚ ʽʩʥʫʶʯʫ ʟʘʙʫʜʦʚʫ ʩʪʚʦʨʶʻ 

ʝʩʪʝʪʠʯʥʦ ʧʨʠʚʘʙʣʠʚʽ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʽ ʧʨʦʩʪʦʨʠ ʜʣʷ ʧʨʦʞʠʚʘʥʥʷ ʪʘ 

ʚʽʜʧʦʯʠʥʢʫ. 

ʉʫʯʘʩʥʝ ʟʝʣʝʥʝ ʙʫʜʽʚʥʠʮʪʚʦ ʥʝʚʽʜôʻʤʥʦ ʧʦʚôʷʟʘʥʝ ʟ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʽʥʥʦʚʘʮʽʷʤʠ. ʉʠʩʪʝʤʠ ʨʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫ ʩʪʘʶʪʴ 

ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʮʽʻʾ ʝʚʦʣʶʮʽʾ, ʚʢʣʶʯʘʶʯʠ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʪʘ 

ʫʧʨʘʚʣʷʶʯʽ ʩʠʩʪʝʤʠ, ʪʘʢʽ ʷʢ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʢʣʽʤʘʪʦʤ, ʩʠʩʪʝʤʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʜʣʷ ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ ʪʘ 

ʚʽʪʨʦʚʽ ʪʫʨʙʽʥʠ, ʪʘʢʦʞ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʮʴʦʛʦ ʧʽʜʭʦʜʫ. ɼʦʜʘʪʢʦʚʦ, 

ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷʤ, ʚʢʣʶʯʘʶʯʠ 

ʦʧʪʠʤʽʟʘʮʽʶ ʪʘ ʨʝʮʠʨʢʫʣʷʮʽʶ ʚʦʜʠ, ʘ ʪʘʢʦʞ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʙʫʜʽʚʝʣʴʥʽ 

ʤʘʪʝʨʽʘʣʠ ʪʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ, ʜʦʧʦʚʥʶʶʪʴ ʮʝʡ ʢʦʤʧʣʝʢʩʥʠʡ 

ʧʽʜʭʽʜ ʜʦ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ. 

ɯʥʪʝʛʨʘʮʽʷ ʟʝʣʝʥʠʭ ʩʠʩʪʝʤ ʫ ʽʩʥʫʶʯʫ ʟʘʙʫʜʦʚʫ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ, ʟʥʠʞʝʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʩʣʽʜʫ, ʧʦʣʽʧʰʝʥʥʷ ʢʦʤʬʦʨʪʫ ʪʘ 

ʨʦʟʚʠʪʢʫ ʩʪʘʣʦʛʦ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɽʢʦʥʦʤʽʯʥʽ ʘʩʧʝʢʪʠ ʪʘʢʠʭ ʧʨʦʝʢʪʽʚ 

ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʫʩʧʽʰʥʽʩʪʴ ʪʘ ʧʨʠʙʫʪʢʦʚʽʩʪʴ [5]. ʆʮʽʥʢʘ ʚʘʨʪʦʩʪʽ ʤʦʜʠʬʽʢʘʮʽʡ 

ʧʦʨʽʚʥʶʻ ʚʠʪʨʘʪʠ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʟ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʠʛʦʜʘʤʠ. 

ɿʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʯʝʨʝʟ ʽʥʪʝʛʨʘʮʽʶ ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʧʨʦʝʢʪʫ. ʌʽʥʘʥʩʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʪʝʨʤʽʥʠ ʦʢʫʧʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ ʚʨʘʭʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʧʨʦʝʢʪʽʚ ʜʣʷ ʽʥʚʝʩʪʦʨʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʩʧʨʠʷʻ 

ʩʪʚʦʨʝʥʥʶ ʩʪʘʣʦʛʦ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʦʛʦ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɸʣʝ ʽʩʥʫʶʪʴ ʽ ʚʠʢʣʠʢʠ, ʯʝʨʝʟ ʶʨʠʜʠʯʥʽ ʪʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʙʘʨôʻʨʠ 

(ʨʠʩ.2). ʖʨʠʜʠʯʥʝ ʪʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ ʚ ʋʢʨʘʾʥʽ ʩʪʘʚʣʷʪʴ ʧʝʨʝʜ 

ʧʨʦʮʝʩʦʤ ʽʥʪʝʛʨʘʮʽʾ ʩʠʩʪʝʤ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʚ ʽʩʥʫʶʯʫ ʟʘʙʫʜʦʚʫ ʨʷʜ 

ʚʘʞʣʠʚʠʭ ʚʠʢʣʠʢʽʚ ʪʘ ʙʘʨôʻʨʽʚ [6]. ʈʦʟʛʣʷʜ ʮʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʻ ʢʨʠʪʠʯʥʠʤ 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʡ ʪʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʩʧʨʠʷʥʥʷ ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ ʤʽʩʪ. 
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ʈʠʩ 2. ʖʨʠʜʠʯʥʽ ʪʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʚʠʢʣʠʢʠ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ 

 

ʈʦʟʚʠʪʦʢ ʪʘ ʫʟʛʦʜʞʝʥʥʷ ʶʨʠʜʠʯʥʠʭ ʪʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʻ 

ʢʣʶʯʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʩʧʨʠʷʥʥʷ ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʟʝʣʝʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʙʫʜʽʚʥʠʮʪʚʦ. ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʦ ʫʚʘʞʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʩʦʮʽʘʣʴʥʽ 

ʪʘ ʢʫʣʴʪʫʨʥʽ ʘʩʧʝʢʪʠ ʧʨʠ ʽʥʪʝʛʨʘʮʽʾ ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʽʩʥʫʶʯʫ ʟʘʙʫʜʦʚʫ, 

ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʩʦʮʽʦʢʫʣʴʪʫʨʥʫ ʛʘʨʤʦʥʽʶ ʪʘ ʚʟʘʻʤʦʨʦʟʫʤʽʥʥʷ. 

ɯʥʪʝʛʨʘʮʽʷ ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʙʫʜʽʚʥʠʮʪʚʦ ʥʘʙʫʚʘʻ ʧʦʧʫʣʷʨʥʦʩʪʽ ʚ 

ʋʢʨʘʾʥʽ, ʜʝʤʦʥʩʪʨʫʶʯʠ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʢʨʘʾʥʠ. ɺ ʂʠʻʚʽ 

ʦʥʦʚʣʝʥʽ ʦʬʽʩʥʽ ʧʨʠʤʽʱʝʥʥʷ ʟ ʽʥʪʝʛʨʦʚʘʥʠʤʠ ʟʝʣʝʥʠʤʠ ʜʘʭʘʤʠ ʪʘ ʬʘʩʘʜʘʤʠ 

ʥʝ ʣʠʰʝ ʧʦʢʨʘʱʠʣʠ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ, ʘʣʝ ʡ ʩʪʘʣʠ ʥʦʚʠʤʠ ʟʦʥʘʤʠ ʜʣʷ 

ʨʦʙʦʪʠ ʪʘ ʚʽʜʧʦʯʠʥʢʫ. ʋ ʃʴʚʦʚʽ ʞʠʪʣʦʚʽ ʢʦʤʧʣʝʢʩʠ ʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʷʤʠ, ʚʢʣʶʯʘʶʯʠ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ, ʟʤʝʥʰʠʣʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ 

ʪʘ ʧʽʜʚʠʱʠʣʠ ʢʦʤʬʦʨʪ ʤʝʰʢʘʥʮʽʚ. ɺ ʍʘʨʢʦʚʽ ʛʨʦʤʘʜʩʴʢʽ ʽʥʽʮʽʘʪʠʚʠ 

ʩʧʨʠʷʶʪʴ ʽʥʪʝʛʨʘʮʽʾ ʟʝʣʝʥʠʭ ʧʨʦʩʪʦʨʽʚ ʫ ʤʽʩʴʢʠʡ ʧʝʡʟʘʞ, ʟʤʽʮʥʶʶʯʠ 

ʩʧʽʣʴʥʦʪʫ ʪʘ ʟʙʝʨʽʛʘʶʯʠ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʧʨʠʨʦʜʠ. ʅʘʚʽʪʴ ʫ ʂʘʨʧʘʪʘʭ 

ʛʦʪʝʣʴʥʽ ʢʦʤʧʣʝʢʩʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʛʦ ʪʘ ʟʘʪʠʰʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʽ ʧʨʠʢʣʘʜʠ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʧʦʩʪʫʧ ʫ ʩʪʚʦʨʝʥʥʽ ʩʪʘʣʦʛʦ ʪʘ ʟʝʣʝʥʦʛʦ ʞʠʪʣʘ ʚ ʋʢʨʘʾʥʽ, ʘʢʪʠʚʥʦ ʟʘʣʫʯʘʶʯʠ 

ʛʨʦʤʘʜʫ ʜʦ ʧʨʦʮʝʩʫ ʨʦʟʚʠʪʢʫ. ʇʦʜʽʙʥʽ ʽʥʽʮʽʘʪʠʚʠ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ, ʪʘʢʽ ʷʢ High 

Line ʚ ʅʴʶ-ʁʦʨʢʫ, çɺʝʨʪʠʢʘʣʴʥʠʡ ʣʽʩè ʫ ʄʽʣʘʥʽ, ʤʽʢʨʦʨʘʡʦʥ Vastra Hamnen 

ʫ ʄʘʣʴʤʝ ʪʘ Supertrees ʫ ʉʽʥʛʘʧʫʨʽ, ʧʦʢʘʟʫʶʪʴ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʟʝʣʝʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʾʭʥʽʡ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʞʠʪʪʷ 

ʤʝʰʢʘʥʮʽʚ. 

ɿʝʣʝʥʝ ʙʫʜʽʚʥʠʮʪʚʦ ʚʠʟʥʘʥʦ ʢʣʶʯʦʚʠʤ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʜʦʚʢʽʣʣʷ 

ʪʘ ʞʠʪʪʷ ʤʝʰʢʘʥʮʽʚ, ʘ ʝʢʦʥʦʤʽʯʥʘ ʚʠʛʽʜʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʧʽʜʪʚʝʨʜʞʝʥʘ. ʉʧʽʣʴʥʽ ʟʫʩʠʣʣʷ ʚʩʽʭ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ 

ʫʩʧʽʰʥʦʾ ʽʥʪʝʛʨʘʮʽʾ, ʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʘʶʪʴ ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ [7]. ɯʥʪʝʛʨʘʮʽʷ ʟʝʣʝʥʠʭ ʩʠʩʪʝʤ ʚ ʽʩʥʫʶʯʫ ʟʘʙʫʜʦʚʫ 
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ʚʽʜʦʙʨʘʞʘʻ ʝʢʦʣʦʛʽʯʥʫ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʪʘ ʪʫʨʙʦʪʫ ʧʨʦ ʤʝʰʢʘʥʮʽʚ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʷʢ ʟ ʝʢʦʣʦʛʽʯʥʦʛʦ, ʪʘʢ ʽ ʟ ʝʢʦʥʦʤʽʯʥʦʛʦ ʧʦʛʣʷʜʫ. ʎʝʡ ʧʽʜʭʽʜ 

ʩʧʨʠʷʻ ʝʢʦʣʦʛʽʯʥʽʡ ʩʪʽʡʢʦʩʪʽ, ʨʦʟʚôʷʟʫʻ ʧʨʦʙʣʝʤʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʞʠʪʪʷ ʤʝʰʢʘʥʮʽʚ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʢʣʶʯʦʚʠʤ ʜʣʷ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ ʤʽʩʪ ʪʘ ʤʽʩʴʢʠʭ ʨʝʛʽʦʥʽʚ. ɯʥʪʝʛʨʘʮʽʷ ʟʝʣʝʥʠʭ ʩʠʩʪʝʤ ʚ ʽʩʥʫʶʯʫ 

ʟʘʙʫʜʦʚʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʝʢʦʣʦʛʽʯʥʫ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ, ʪʫʨʙʦʪʫ ʧʨʦ ʤʝʰʢʘʥʮʽʚ 

ʪʘ ʧʨʘʛʥʝʥʥʷ ʜʦ ʢʨʘʱʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ. 
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ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʙʽʣʴʰʽʩʪʴ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʧʦʙʫʜʦʚʘʥʦ ʟʘ 

ʨʘʜʷʥʩʴʢʠʭ ʯʘʩʽʚ. ʊʦʤʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʶʪʴ ʤʘʣʠʡ ʦʧʽʨ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʧʨʠʙʣʠʟʥʦ 0,5-0,9 ɺʪ/(ʤĀʂ). ʋʪʝʧʣʝʥʥʷ ʪʘʢʠʭ ʙʫʜʽʚʝʣʴ 

ʚʠʤʘʛʘʻ ʜʫʞʝ ʚʝʣʠʢʠʭ ʚʠʪʨʘʪ ʢʦʰʪʽʚ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʩʦʙʽ ʜʦʟʚʦʣʠʪʠ ʙʽʣʴʰʽʩʪʴ 

ʤʝʰʢʘʥʮʽʚ ʪʘ ʆʉɹɹ. ʊʦʤʫ ʻ ʘʢʪʫʘʣʴʥʠʤ ʧʦʰʫʢ ʙʽʣʴʰ ʜʝʰʝʚʠʭ ʰʣʷʭʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʦʧʦʨʫ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʪʘ ʦʧʘʣʝʥʥʷ. 

ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʰʣʷʭʽʚ ʻ ʚʝʨʪʠʢʘʣʴʥʝ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʦʟʝʣʝʥʝʥʥʷ ʩʪʽʥ 

ʽ ʧʦʢʨʽʚʣʽ. ʆʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʨʦʩʣʠʥʥʠʭ ʰʘʨʽʚ ʚ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ 

ʟʛʘʜʫʻʪʴʩʷ, ʘʣʝ ʙʝʟ ʟʘʟʥʘʯʝʥʥʷ ʧʝʚʥʠʭ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [1-2]. ʊʘʢʦʞ 

ʧʨʦʚʝʜʝʥʥʽ ʥʘʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʜʘʪʢʦʚʝ ʫʪʝʧʣʝʥʥʷ 

ʨʦʩʣʠʥʘʤʠ, ʘʣʝ ʙʝʟ ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʬʦʨʤʫʣ ʜʣʷ ʽʥʞʝʥʝʨʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ [3]. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʥʝ ʧʽʜʪʚʝʨʜʞʝʥʽ ʩʠʩʪʝʤʘʪʠʯʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʪʦʤʫ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʦʧʦʨʫ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ [4]. 

ʋʧʝʨʰʝ ʦʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʨʦʩʣʠʥʥʦʛʦ ʪʨʘʚô̫ ʥʦʛʦ ʰʘʨʫ ʥʘ ˇʨʫʥʪʽ ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ ʣʘʙʦʨʘʪʦʨʥʦ ʚ ʨʦʙʦʪʽ [5]. ʇʦʩʪʘʻ ʟʘʜʘʯʘ ʚʠʟʥʘʯʠʪʠ ʦʧʽʨ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʦʟʝʣʝʥʝʥʥʷ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚôʁ ʥʢʠʤʠ 

ʨʦʩʣʠʥʘʤʠ, ʷʢʠʡ ʙʫʚ ʜʦʩʣʽʜʞʝʥʠʡ ʣʠʰʝ ʚ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʰʪʠʣʽ [6]. 

ʆʧʽʨ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʨʦʩʣʠʥʥʦʛʦ ʰʘʨʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʟʝʣʝʥʝʥʥʷ 

Parthenocissus quinquefolia ʜʦʩʣʽʜʞʝʥʦ ʚ ʘʝʨʦʜʠʥʘʤʽʯʥʽʡ ʪʨʫʙʽ ʪʠʧʫ çʢʘʤʝʨʘ 

ɽʡʬʝʣʷè ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ. 

(ʨʠʩ. 1). ʄʦʜʝʣʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʟʝʣʝʥʝʥʥʷ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʦʩʪʽ 

ˇʨʫʥʪʫ ʽ ʟʥʽʤʘʥʥʷ ʜʚʦʭ ʧʦʣʽʚ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʄʦʜʝʣʴ ʨʦʟʤʽʱʝʥʦ ʚ ʨʦʙʦʯʽʡ ʯʘʩʪʠʥʽ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʪʨʫʙʠ ʥʘ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽʡ ʧʽʥʦʧʦʣʽʩʪʽʨʦʣʴʥʽʡ. ʅʘ ʧʦʚʝʨʭʥʶ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ 

ʧʦʢʣʘʜʝʥʦ ʥʘʛʨʽʚʘʣʴʥʫ ʧʣʽʚʢʫ ʟ ʧʦʧʫʪʥʠʤ ʨʫʭʦʤ ʩʪʨʫʤʫ. ʇʦʚʝʨʭ ʧʣʽʚʢʠ 

ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʤʽʱʝʥʦ ʧô̫ ʪʥʘʜʮʷʪʴ ʪʝʨʤʽʩʪʦʨʽʚ. 

ʎʶ ʢʦʥʩʪʨʫʢʮʽʶ ʚʢʨʠʪʦ ʨʦʩʣʠʥʘʤʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʰʘʨʫ ʟʘʚʪʦʚʰʢʠ ʚ 

ʩʝʨʝʜʥʴʦʤʫ 37,4 ʤʤ. ɼʦʜʘʪʢʦʚʠʡ ʪʝʨʤʽʩʪʦʨ ʟ ʧʨʦʚʦʜʦʤ ʻ ʚʽʣʴʥʠʤ ʟ ʤʝʪʦʶ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ. ʊʝʧʣʦʚʽʜʜʘʯʘ 

ʥʘʛʨʽʚʘʣʴʥʦʾ ʧʣʽʚʢʠ ʨʝʛʫʣʶʻʪʴʩʷ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ, ʧʨʠʻʜʥʘʥʠʤ ʯʝʨʝʟ 

ʬʝʨʦʨʝʟʦʥʘʥʩʥʠʡ ʩʪʘʙʽʣʽʟʘʪʦʨ. 

 

mailto:tkachenko.tm@knuba.edu.ua
mailto:mileikovskyi.vo@knuba.edu.ua1
mailto:moskvitina.as@knuba.edu.ua
mailto:bystrov_do@knuba.edu.ua


29 
 

ʈʠʩ. 1.ɼʦʩʣʽʜʞʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʟʝʣʝʥʝʥʥʷ ʚ ʘʝʨʦʜʠʥʘʤʽʯʥʽʡ ʪʨʫʙʽ 

 

ʄʦʜʝʣʴ ʨʦʟʤʽʱʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʝʨʭʥʽʡ ʨʽʚʝʥʴ ʥʘʛʨʽʚʥʦʾ 

ʧʣʽʚʢʠ ʟʙʽʛʘʚʩʷ ʟ ʥʠʞʥʽʤ ʨʽʚʥʝʤ ʪʝʯʽʾ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʚʽʜʨʠʚʥʠʭ 

ʷʚʠʱ. ʈʦʩʣʠʥʥʠʡ ʰʘʨ ʟʘʡʤʘʻ 9,35 % ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ, ʱʦ 

ʚ̔ ʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ [7]. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ 2) ʧʦʢʘʟʘʣʠ, ʱʦ ʫʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ ʟʘ 

ʚʩʽʤʘ ʪʦʯʢʘʤʠ ʚʽʜʧʦʚʽʜʘʻ ʘʧʨʦʢʩʠʤʘʮʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʘ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. 

 

 Rq = (ŭ/37,4)Ŀmax(0,171057 ï 0,0306 v, 0), ʤ2Ŀʂ/ɺʪ, (1) 

 

ɿʘ ʨʠʩ. 2 ʧʨʠ ʥʠʟʴʢʽʡ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʤʘʻʤʦ ʩʫʪʪʻʚʝ ʫʪʝʧʣʝʥʥʷ ʩʪʽʥ 

ʙʫʜʠʥʢʽʚ, ʷʢʽ ʫʩʧʘʜʢʦʚʘʥʦ ʟ ʨʘʜʷʥʩʴʢʠʭ ʯʘʩʽʚ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ 

ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʧʦʚʽʪʨʷ (ʦʭʦʣʦʜʞʝʥʥʷ) ʚ ʪʝʧʣʠʡ ʧʝʨʽʦʜ 

ʨʦʢʫ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʫ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʟʝʣʝʥʝʥʥʷ ʩʪʽʥ, ʱʦ ʚʠʤʘʛʘʻ ʩʪʚʦʨʝʥʥʷ 

ʚʽʪʨʦʜʫʷ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʪʨʫʙʠ ʚʝʣʠʢʦʛʦ ʧʝʨʝʨʽʟʫ. 
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ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʟʝʣʝʥʝʥʥʷ ʚ 

ʘʝʨʦʜʠʥʘʤʽʯʥʽʡ ʪʨʫʙʽ: ƺ ï ʜʦʩʣʽʜʥʽ ʜʘʥʽ; Ĭ ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʟʘ 

ʜʦʩʣʽʜʥʠʤʠ ʪʦʯʢʘʤʠ; ï ï ʘʧʨʦʢʩʠʤʘʮʽʷ (1) ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ɺɯɼʅʆɺʃʖɺɸʅʀʍ ɼɾɽʈɽʃ ɽʅɽʈɻɯɰ ʇʈʀ 

ɿɽʃɽʅʆʄʋ ɹʋɼɯɺʅʀʎʊɺɯ ɯ ɰʍ ʂʆʄɹɯʅʋɺɸʅʅʗ 
 

ɹʘʨʘʥʯʫʢ ʂʠʨʠʣʦ ʆʣʝʢʩʽʡʦʚʠʯ1 

1ʊʆɺ ʟ ʽʽ çɼʘʥʬʦʩʩ ʊʆɺè 

,ʤ. ʂʠʾʚ, ʚʫʣ. ɺʽʢʝʥʪʽʷ ʍʚʦʡʢʠ 15/15/6, ʋʢʨʘʾʥʘ, 04080 

Kyrylo.baranchuk@danfoss.com, orcid.org/0000-0003-4491-9396 

 

ʅʘ ʙʫʜʽʚʣʽ ʧʨʠʧʘʜʘʻ 40 % ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʢʨʘʾʥ ɭʚʨʦʧʠ, ʙʽʣʴʰʝ 

50 % ʩʧʦʞʠʚʘʥʥʷ ʛʘʟʫ ʪʘ 36 % ʧʦʚôʷʟʘʥʠʭ ʟ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʚʠʢʠʜʽʚ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ [1]. ɹʣʠʟʴʢʦ 80 % ʝʥʝʨʛʽʾ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘʤʠ, ʧʨʠʧʘʜʘʻ ʥʘ ʦʧʘʣʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʛʘʨʷʯʝ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ [2]. 

ɼʝʢʘʨʙʦʥʽʟʘʮʽʷ ʙʫʜʽʚʝʣʴʥʦʛʦ ʬʦʥʜʫ, ʻ ʘʤʙʽʪʥʦʶ ʮʽʣʣʶ ʜʣʷ ʢʨʘʾʥ 

ɭʚʨʦʧʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʨʦʟʚʠʪʦʢ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʧʽʜʚʠʱʝʥʥʷ ʚʠʤʦʛ ʜʦ ʽʥʞʝʥʝʨʥʠʭ 

ʩʠʩʪʝʤ, ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʙʫʜʽʚʝʣʴ ʟ ʥʫʣʴʦʚʠʤ ʨʽʚʥʝʤ ʚʠʢʠʜʽʚ (ZEB), 

ʦʙʤʝʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʞʝʨʝʣ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʚʠʢʦʧʥʦʤʫ ʧʘʣʠʚʽ ʻ 

ʣʠʰʝ ʯʘʩʪʠʥʦʶ ʟʘʭʦʜʽʚ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʽ. 

ʊʘʢ, ʧʦʻʜʥʘʥʥʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʣʦʢʘʣʴʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʩʪʠʤʫʣʶʚʘʪʠ ʨʦʟʚʠʪʦʢ ʮʠʭ ʩʠʩʪʝʤ ʽ ʟʥʠʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ 

ʝʥʝʨʛʽʾ. ʑʦʙ ʨʦʟʚôʷʟʘʪʠ ʮʝ ʟʘʚʜʘʥʥʷ, ʚʞʝ ʟʘʨʘʟ ʦʧʨʘʮʴʦʚʫʶʪʴʩʷ ʪʘ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʪʝʧʣʦʚʠʭ ʧʫʥʢʪʽʚ, ʷʢʽ ʻ ʢʦʤʙʽʥʘʮʽʻʶ 

ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʧʣʦʚʠʭ ʧʫʥʢʪʽʚ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʢʣʶʯʘʪʠ ʽʥʰʽ ʜʞʝʨʝʣʘ ʪʝʧʣʘ, ʨʦʟʪʘʰʦʚʘʥʽ ʣʦʢʘʣʴʥʦ. 

ʆʢʨʝʤʠʤ ʥʘʧʨʷʤʢʦʤ ʻ ʜʚʦʥʘʧʨʘʚʣʝʥʽ ʪʝʧʣʦʚʽ ʧʫʥʢʪʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʚʽʜʙʠʨʘʪʠ ʪʝʧʣʦ, ʘ ʪʘʢʦʞ ʜʦʩʪʘʚʣʷʪʠ ʪʝʧʣʦ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʣʦʢʘʣʴʥʦ, ʜʦ 

ʩʠʩʪʝʤʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʷʢʱʦ ʻ ʪʝʭʥʦʣʦʛʽʯʥʘ 

ʤʦʞʣʠʚʽʩʪʴ (ʈʠʩ.1). 

ʋ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ 

ʜʚʦʥʘʧʨʘʚʣʝʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʫʥʢʪʫ, ʷʢʠʡ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʥʘ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʤʫ ʨʽʚʥʽ, ʪʘʢ ʽ ʥʘ ʨʽʚʥʽ ʨʦʟʧʦʜʽʣʫ. ʆʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʻ 

ʩʠʩʪʝʤʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʜʦ ʷʢʦʾ ʧʽʜʢʣʶʯʝʥʦ ʩʠʩʪʝʤʫ 

ʦʧʘʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 1, ʣʦʢʘʣʴʥʠʤ ʚʽʜʥʦʚʣʶʚʘʥʠʤ 

ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʻ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ, ʷʢʠʡ ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʙʫʬʝʨʥʦʾ ʻʤʥʦʩʪʽ 3, 

ʟ ʥʝʾ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʥʘʜʭʦʜʠʪʴ ʚ ʙʘʢ-ʘʢʫʤʫʣʷʪʦʨ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ, ʚ ʨʘʟʽ ʪʝʭʥʽʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ, ʥʘʜʣʠʰʢʠ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʽʥʥʠʢ 2 ʥʘʜʭʦʜʷʪʴ ʚ ʩʠʩʪʝʤʫ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. 
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ʈʠʩ 1. ɼʚʦʥʘʧʨʘʚʣʝʥʠʡ ʪʝʧʣʦʚʠʡ ʧʫʥʢʪ.  

 

ɽʣʝʤʝʥʪʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʻ ʜʚʦ- ʪʘ ʪʨʠʭʦʜʦʚʽ ʢʣʘʧʘʥʠ 6 ʪʘ 8. 

ʅʘʜʭʦʜʞʝʥʥʷ ʪʝʧʣʘ ʟ ʩʠʩʪʝʤʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʧʝʨʝʜʘʯʘ 

ʚ ʩʠʩʪʝʤʫ ʥʘʜʣʠʰʢʽʚ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʽʚʝʥʴ ʜʣʷ ʤʘʢʩʠʤʽʟʘʮʽʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ (ʚʦʜʘ-ʚʦʜʘ) ʨʝʛʫʣʶʶʪʴʩʷ ʜʚʦʭʦʜʦʚʠʤʠ 

ʢʣʘʧʘʥʘʤʠ 6. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʩʠʩʪʝʤʽ ʦʧʘʣʝʥʥʷ (ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ) 

ʨʝʛʫʣʶʻʪʴʩʷ ʪʨʠʭʦʜʦʚʠʤ ʢʣʘʧʘʥʦʤ 7. 

ʅʘʩʦʩ 5 ʚʤʠʢʘʻʪʴʩʷ ʟʘ ʧʦʪʨʝʙʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʙʘʢʘ-ʘʢʫʤʫʣʷʪʦʨʘ 

ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ɼʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ 8 ʢʦʥʪʨʦʣʶʶʪʴ 

ʧʘʨʘʤʝʪʨʠ ʪʘ ʚʠʟʥʘʯʘʶʪʴ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʩʠʩʪʝʤʽ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʧʨʠʤʽʱʝʥʥʷʭ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʦʜʥʘ ʟ ʧʝʨʰʠʭ ʜʦʩʣʽʜʥʠʮʴʢʠʭ 

ʤʦʜʝʣʝʡ ʜʚʦʥʘʧʨʘʚʣʝʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʫʥʢʪʫ ʙʫʣʘ ʩʢʦʥʩʪʨʫʡʦʚʘʥʘ ʽ ʧʨʘʮʶʻ 

ʚ ʦʬʽʩʽ ʢʦʤʧʘʥʽʾ ɼʘʥʬʦʩʩ ʋʢʨʘʾʥʘ (ʤ. ʂʠʾʚ). ʅʘ ʦʩʥʦʚʽ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʦʢʦʣʽʥʴ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ [3,4] ʪʘ ʤʘʡʙʫʪʥʽʭ ʟʤʽʥ ʤʦʞʥʘ 

ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʢʦʤʙʽʥʘʮʽʡ ʜʞʝʨʝʣ ʪʝʧʣʘ ʪʘ ʪʝʧʣʦʚʠʭ 

ʧʫʥʢʪʽʚ ʜʣʷ ʮʴʦʛʦ, ʱʦ ʦʙʫʤʦʚʣʝʥʠʡ ʥʘʩʪʫʧʥʠʤʠ ʬʘʢʪʦʨʘʤʠ - ʚʠʩʦʢʘ ʯʘʩʪʢʘ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʥʠʟʴʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʤʝʨʝʞʽ ʽ ʢʦʤʙʽʥʘʮʽʷ 
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ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟ ʣʦʢʘʣʴʥʠʤʠ ʜʞʝʨʝʣʘʤʠ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʨʷʜ ʟ ʙʫʜʽʚʣʝʶ. 

ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʩʧʦʞʠʚʘʯ ʤʦʞʝ ʙʫʪʠ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ (ʪʝʧʣʦʚʠʤ 

ʧʨʦʩʴʶʤʝʨʦʤ). ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʙʝʟʧʝʢʫ ʩʧʦʞʠʚʘʯʽʚ ʪʘ 

ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ, ʨʦʟʚʠʚʘʪʠ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ 

(ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʽ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ), ʩʪʠʤʫʣʶʚʘʪʠ ʩʧʦʞʠʚʘʯʘ ʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʜʞʝʨʝʣ ʟ ʤʦʞʣʠʚʽʩʪʶ ʚʟʘʻʤʦʜʽʾ ʟ ʤʝʨʝʞʝʶ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʧʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʫʤʦʚʘʭ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 

ʯʘʩʪʠʢʠ ʛʣʠʙʦʢʦ ʤʦʜʝʨʥʽʟʦʚʘʥʠʭ ʙʫʜʽʚʝʣʴ. 
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ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʦʜʥʽʻʾ ʣʶʜʠʥʠ ʜʦʚʦʜʠʪʴʩʷ 

ʚʠʜʦʙʫʚʘʪʠ ʱʦʥʘʡʤʝʥʰʝ 20 ʪʦʥʥ ʨʽʟʥʦʾ ʩʠʨʦʚʠʥʠ. ʋ ʤʘʩʰʪʘʙʘʭ ʢʨʘʾʥʠ 

ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʯʝʨʝʟ ʢʦʞʥʽ ʜʝʩʷʪʴ ʨʦʢʽʚ 

ʧʨʘʢʪʠʯʥʦ ʧʦʜʚʦʶʻʪʴʩʷ, ʧʨʠ ʮʴʦʤʫ ʥʘ ʛʦʪʦʚʫ ʧʨʦʜʫʢʮʽʶ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ 

ʣʠʰʝ 5-10% ʩʠʨʦʚʠʥʠ, ʨʝʰʪʘ ʡʜʝ ʫ ʚʽʜʭʦʜʠ. ɺʞʝ ʟʘʨʘʟ ʫ ʩʚʽʪʽ ʥʘʢʦʧʠʯʝʥʦ 

ʙʣʠʟʴʢʦ 200-300 ʤʽʣʴʷʨʜʽʚ ʪʦʥʥ ʚʽʜʭʦʜʽʚ. ʈʝʞʠʤ ʝʢʦʥʦʤʽʾ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʦʜʥʘ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʥʘʨʦʜʥʠʤ 

ʛʦʩʧʦʜʘʨʩʪʚʦʤ. ʆʜʠʥ ʟ ʥʠʭ ï ʮʝ ʢʦʤʧʣʝʢʩʥʘ ʧʝʨʝʨʦʙʢʘ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, 

ʧʝʨʝʭʽʜ ʥʘ ʪʘʢ ʟʚʘʥʽ ʤʘʣʦʚʽʜʭʦʜʥʽ ʪʘ ʙʝʟʚʽʜʭʦʜʥʽ ʪʝʭʥʦʣʦʛʽʾ [1]. 

çʈʝʮʠʢʣʽʥʛè ï ʮʝ ʪʝʭʥʦʣʦʛʽʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings_en
https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings_en
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ʚʽʜʭʦʜʠ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ. ɺʽʜ ʢʣʘʩʠʯʥʦʾ ʫʪʠʣʽʟʘʮʽʾ ʮʝʡ 

ʧʨʦʮʝʩ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʝʨʝʨʦʙʣʝʥʘ ʩʠʨʦʚʠʥʘ ʜʘʣʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʟʘ 

ʩʚʦʾʤ ʧʨʷʤʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ. ʋ ʙʫʜʽʚʥʠʮʪʚʽ ʚʦʥʦ ʧʦʚʝʨʪʘʻʪʴʩʷ ʧʽʩʣʷ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʜʝʤʦʥʪʘʞʫ ʩʧʦʨʫʜ ʫ ʚʠʛʣʷʜʽ ʜʨʦʙʣʝʥʦʛʦ ʙʝʪʦʥʫ, ʢʦʣʦʪʦʾ ʮʝʛʣʠ, 

ʟʘʣʠʰʢʽʚ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʜʝʨʝʚʠʥʠ [2].  

ʋ ʩʫʯʘʩʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʽʥʽʮʽʶʚʘʥʥʷ ʧʨʦʝʢʪʽʚ ʯʘʩʪʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʧʦʪʨʝʙʽ ʢʣʽʻʥʪʽʚ ʘʙʦ ʚʠʷʚʣʝʥʥʽ ʧʦʪʝʥʮʽʘʣʫ ʟʘʙʫʜʦʚʠ. ɿʘʟʚʠʯʘʡ, ʧʽʩʣʷ ʪʘʢʦʛʦ 

ʨʽʰʝʥʥʷ ʧʨʦʝʢʪʫʻʪʴʩʷ ʥʦʚʘ ʙʫʜʽʚʣʷ ʘʙʦ ʩʧʦʨʫʜʘ, ʘ ʽʩʥʫʶʯʫ ʢʦʥʩʪʨʫʢʮʽʶ 

ʟʥʦʩʷʪʴ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʙʫʜʽʚʥʠʮʪʚʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ BIM ʟʤʽʥʶʻ ʮʝʡ ʧʽʜʭʽʜ, 

ʜʦʟʚʦʣʷʶʯʠ ʧʣʘʥʫʚʘʪʠ ʧʨʦʮʝʩ ʟʥʝʩʝʥʥʷ ʪʘ ʧʦʜʘʣʴʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʩʪʦʨʫ 

ʱʝ ʜʦ ʪʦʛʦ, ʷʢ ʽʩʥʫʶʯʘ ʩʪʨʫʢʪʫʨʘ ʟʘʚʝʨʰʠʪʴ ʩʚʦʻ ʽʩʥʫʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, BIM 

ʜʦʟʚʦʣʷʻ ʧʨʦʝʢʪʫʚʘʪʠ ʙʫʜʽʚʣʶ ʪʘ ʫʧʨʘʚʣʷʪʠ ʾʾ ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ, ʚʨʘʭʦʚʫʶʯʠ 

ʥʘʚʽʪʴ ʤʦʤʝʥʪ, ʢʦʣʠ ʚʦʥʘ ʚʪʨʘʯʘʻ ʩʚʦʶ ʘʢʪʫʘʣʴʥʽʩʪʴ. ʎʝ ʩʧʨʠʷʻ ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʫ ʩʫʯʘʩʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʣʘʩʥʠʢʘʤ ʘʙʦ ʤʝʥʝʜʞʝʨʘʤ ʥʝʨʫʭʦʤʦʩʪʽ ʯʽʪʢʦ ʨʦʟʫʤʽʪʠ, ʢʦʣʠ ʙʫʜʽʚʣʷ 

ʧʦʪʨʝʙʫʚʘʪʠʤʝ ʚʠʜʘʣʝʥʥʷ 

ʋʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʜʝʤʦʥʪʘʞʽ ï ʩʪʘʻ ʢʣʶʯʦʚʦʶ 

ʩʢʣʘʜʦʚʦʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʝʢʦʣʦʛʽʯʥʦ ʩʪʽʡʢʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʚʪʦʨʥʦ ʘʙʦ 

ʧʝʨʝʨʦʙʣʷʪʠ, ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʦʙʩʷʛ ʚʽʜʭʦʜʽʚ ʪʘ ʧʽʜʚʠʱʠʪʠ ʩʪʫʧʽʥʴ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. ʇʽʜ ʯʘʩ ʬʘʟʠ ʜʝʤʦʥʪʘʞʫ ʙʫʜʽʚʝʣʴ 

ʧʦʪʨʽʙʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘ ʧʝʨʝʨʦʙʣʷʪʠ ʤʘʪʝʨʽʘʣʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ 

ʟʙʝʨʝʛʪʠ ʮʽʥʥʽ ʨʝʩʫʨʩʠ. 

BIM ʜʦʟʚʦʣʷʻ ʚʝʩʪʠ ʜʝʪʘʣʴʥʠʡ ʦʙʣʽʢ ʤʘʪʝʨʽʘʣʽʚ ʽ ʨʝʩʫʨʩʽʚ, ʧʣʘʥʫʚʘʪʠ 

ʦʧʝʨʘʮʽʾ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʫʥʠʢʥʫʪʠ ʥʝʧʦʪʨʽʙʥʠʭ 

ʚʠʪʨʘʪ. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ BIM ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʠ ʚʽʜʭʦʜʘʤʠ 

ʥʘ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙ'ʻʢʪʘʭ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ ʜʘʶʪʴ ʟʤʦʛʫ 

ʧʝʨʝʚʽʨʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʠʭ ʧʽʜʭʦʜʽʚ, ʚʠʟʥʘʯʠʚʰʠ ʦʧʪʠʤʘʣʴʥʽ ʩʪʨʘʪʝʛʽʾ 

ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʟ ʨʦʟʨʦʙʢʦʶ ʧʨʦʛʨʘʤʥʠʭ ʨʽʰʝʥʴ. 

ʈʝʮʠʢʣʽʥʛ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʧʝʨʝʨʦʙʢʦʶ ʚʽʜʭʦʜʽʚ, ʱʦ 

ʟʘʣʠʰʠʣʠʩʷ ʧʽʩʣʷ ʜʝʤʦʥʪʘʞʫ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʟ ʤʝʪʦʶ ʾʭ ʧʨʠʚʝʜʝʥʥʷ 

ʧʨʠʜʘʪʥʠʡ ʜʦ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥ. ɿʘʣʠʰʢʠ ʟʘʣʽʟʦʙʝʪʦʥʫ, ʮʝʛʣʠ 

ʪʦʱʦ ʧʽʜʜʘʶʪʴʩʷ ʮʽʣʴʦʚʽʡ ʧʝʨʝʨʦʙʮʽ, ʷʢʘ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʦʧʝʨʘʮʽʾ: 

- ʦʙʦʚ'ʷʟʢʦʚʝ ʜʨʦʙʣʝʥʥʷ; 

- ʩʦʨʪʫʚʘʥʥʷ ʟʘ ʨʦʟʤʽʨʦʤ ʬʨʘʢʮʽʡ, ʱʦ ʚʠʡʰʣʠ; 

ʦʯʠʱʝʥʥʷ ʚʽʜ ʩʪʦʨʦʥʥʽʭ ʜʦʤʽʰʦʢ ʯʠ ʚʢʣʶʯʝʥʴ (ʜʝʨʝʚʘ ʯʠ ʩʢʣʘ, 

ʟʦʢʨʝʤʘ). 

ɺ ʋʢʨʘʾʥʽ ʥʘʷʚʥʽ ʧʨʦʙʣʝʤʠ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ. ɰʭ ʯʘʩʪʠʥʦʶ ʻ ʤʝʪʦʜ 

ʧʝʨʝʨʦʙʢʠ ʤʘʩ ʧʦʚʪʦʨʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɺʽʥ ʧʨʦʭʦʜʠʪʴ ʫ ʜʚʘ ʝʪʘʧʠ: 

ɯ. ʇʝʨʚʠʥʥʝ ʩʦʨʪʫʚʘʥʥʷ ʨʫʯʥʠʤ ʯʠ ʤʘʰʠʥʥʠʤ ʩʧʦʩʦʙʦʤ. ɿ ʤʘʩ 

ʚʽʜʦʢʨʝʤʣʶʶʪʴ ʚʽʜʭʦʜʠ, ʱʦ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʧʝʨʝʨʦʙʢʠ. ʏʘʩʪʦ ʚʦʥʠ 

ʤʽʩʪʷʪʴ ʩʢʣʦ, ʧʣʘʩʪʠʢʦʚʫ ʪʘʨʫ, ʤʝʪʘʣ, ʧʘʧʽʨ); 
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ɯɯ. ɺʪʦʨʠʥʥʘ ʧʝʨʝʨʦʙʢʘ ʘʙʦ ʨʝʮʠʢʣʽʥʛ ï ʦʯʠʱʝʥʽ ʚʽʜʭʦʜʠ ʧʝʨʝʨʦʙʢʠ 

ʧʦʚʪʦʨʥʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʪʝʭʧʨʦʮʝʩʘʭ. 

ʋʪʠʣʽʟʘʮʽʷ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʪʠʩʴ, ʚʠʜ ʨʦʙʽʪ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʢʨʝʪʥʦʶ ʢʘʪʝʛʦʨʽʻʶ, ʾʾ ʰʢʽʜʣʠʚʽʩʪʶ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʅʘʧʨʠʢʣʘʜ, ʫʪʠʣʽʟʘʮʽʷ ʚʽʜʭʦʜʽʚ ʙʫʨʽʥʥʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʤʽʪʪʷ ʽʟ ʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ ʭʽʤʽʢʘʪʽʚ [3]. 

ʑʦʜʦ ʟʝʤʝʣʴʥʠʭ ʨʦʙʽʪ, ʪʦ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ: 

- ʬʦʨʤʫʚʘʥʥʷ ʢʘʨ'ʻʨʽʚ; 

- ʚʠʨʦʙʥʠʮʪʚʽ ʛʣʠʥʷʥʠʭ, ʩʠʣʽʢʘʪʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʮʝʛʣʠ; 

- ʥʘʩʠʧʠ ʧʽʜ ʜʦʨʦʞʥʻ ʧʦʢʨʠʪʪʷ; 

- ʟʚʝʜʝʥʥʷ ʩʧʦʨʫʜ ʫ ʣʘʥʜʰʘʬʪʥʠʭ ʟʘʜʫʤʘʭ. 

ʆʜʠʥ ʟ ʢʦʥʢʨʝʪʥʠʭ ʧʨʠʢʣʘʜʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ BIM ʚ ʧʨʦʮʝʩʽ 

ʧʝʨʝʨʦʙʢʠ ʙʫʜʽʚʝʣʴʥʠʭ ʚʽʜʭʦʜʽʚ ï ʮʝ ʤʦʞʣʠʚʽʩʪʴ ʪʦʯʥʦ ʤʦʜʝʣʶʚʘʪʠ ʽ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʦʙʩʷʛʠ ʚʽʜʭʦʜʽʚ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʦʝʢʪʫ. 

ʌʘʭʽʚʮʽ ʤʘʶʪʴ ʟʤʦʛʫ ʪʦʯʥʦ ʟʥʘʪʠ ʦʙʩʷʛʠ ʤʘʪʝʨʽʘʣʽʚ, ʫʥʠʢʥʫʪʠ 

ʧʝʨʝʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʙʫʜʽʚʝʣʴʥʠʭ ʚʽʜʭʦʜʽʚ. ʅʘʧʨʠʢʣʘʜ, 

ʟʘ ʜʦʧʦʤʦʛʦʶ BIM ʤʦʞʥʘ ʪʦʯʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʙʝʪʦʥʫ, ʩʪʘʣʽ ʪʘ ʽʥʰʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ, ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʱʦ ʩʧʨʠʷʪʠʤʝ ʩʪʘʣʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʝʩʫʨʩʽʚ [4].  

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʝʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ ʧʨʠʜʽʣʷʻʪʴʩʷ ʙʘʛʘʪʦ ʯʘʩʫ 

ʥʘʣʝʞʥʦʤʫ ʦʬʦʨʤʣʝʥʥʶ ʜʦʢʫʤʝʥʪʽʚ ʥʘ ʫʪʠʣʽʟʘʮʽʶ ʚʽʜʭʦʜʽʚ, ʱʦ ʥʝ 

ʧʽʜʣʷʛʘʶʪʴ ʧʝʨʝʨʦʙʮʽ. ʎʝʡ ʧʨʦʮʝʩ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʥʘʛʣʷʜʦʚʠʤʠ ʦʨʛʘʥʘʤʠ, 

ʱʦ ʟʤʫʰʫʻ ʟʘʤʦʚʥʠʢʘ ʪʘ ʙʫʜʽʚʝʣʴʥʠʢʽʚ ʟʘʡʤʘʪʠʩʷ ʧʽʜʛʦʪʦʚʢʦʶ ʜʦʟʚʽʣʴʥʠʭ 

ʧʘʧʝʨʽʚ ʱʝ ʜʦ ʬʘʢʪʠʯʥʦʛʦ ʟʥʦʩʫ ʙʫʜʽʚʣʽ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʫ ʩʫʚʦʨʦʤʫ ʢʦʥʪʨʦʣʽ ʧʦʷʩʥʶʻʪʴʩʷ ʪʘʢʠʤʠ ʧʨʠʯʠʥʘʤʠ: 

- ʩʤʽʪʪʷ ʚʠʚʦʟʠʪʴʩʷ ʥʘ ʧʦʣʽʛʦʥʠ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʡ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ; 

- ʢʦʥʪʨʦʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʜʦʟʚʦʣʷʻ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʤʘʪʝʨʽʘʣ ʥʝ ʤʽʩʪʠʪʴ 

ʭʽʤʽʢʘʪʽʚ ʘʙʦ ʪʦʢʩʠʥʽʚ; 

- ʥʘ ʧʨʘʢʪʠʮʽ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʯʝʨʝʟ ʟʘʛʨʦʟʫ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ 

~20% ʚʽʜʭʦʜʽʚ ʥʝ ʜʦʧʫʩʢʘʶʪʴʩʷ ʜʦ ʧʝʨʝʨʦʙʢʠ. ɺʦʥʠ ʧʽʜʣʷʛʘʶʪʴ 

ʦʙʦʚ'ʷʟʢʦʚʦʤʫ ʟʘʢʦʧʫʚʘʥʥʶ ʥʘ ʛʣʠʙʠʥʘʭ, ʚʠʟʥʘʯʝʥʠʭ ʥʦʨʤʘʪʠʚʘʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ɯʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʧʨʦʱʫʻ ʜʦʢʫʤʝʥʪʦʦʙʽʛ ʚ 

ʧʨʦʮʝʩʽ ʜʝʤʦʥʪʘʞʫ ʙʫʜʽʚʝʣʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʦʙʤʽʥʫ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. ɭ ʟʤʦʛʘ ʩʪʚʦʨʠʪʠ ʻʜʠʥʫ ʚʽʨʪʫʘʣʴʥʫ ʤʦʜʝʣʴ 

ʙʫʜʽʚʣʽ, ʚ ʷʢʫ ʚʢʣʶʯʝʥʘ ʚʩʷ ʥʝʦʙʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, 

ʚʽʜʭʦʜʠ ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ. ʎʷ ʤʦʜʝʣʴ ʜʦʩʪʫʧʥʘ ʚʩʽʤ ʩʪʝʡʢʭʦʣʜʝʨʘʤ. ʊʦʤʫ 

ʚʩʽ ʟʤʽʥʠ, ʚʥʝʩʝʥʽ ʜʦ ʤʦʜʝʣʽ, ʘʚʪʦʤʘʪʠʯʥʦ ʦʥʦʚʣʶʶʪʴʩʷ ʜʣʷ ʚʩʽʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʫʥʠʢʥʝ ʥʝʩʫʤʽʩʥʦʩʪʽ ʬʘʡʣʽʚ ʪʘ ʧʦʤʠʣʦʢ ʫ ʜʦʢʫʤʝʥʪʘʮʽʾ 

ɼʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʧʝʨʝʨʦʙʢʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʩʤʽʪʪʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʜʨʦʙʠʣʴʥʽ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʧʝʨʝʪʚʦʨʶʶʪʴ 

ʙʝʪʦʥʥʽ ʟʘʣʠʰʢʠ ʙʫʜʽʚʝʣʴ ʥʘ ʱʝʙʽʥʴ. ɿʘʣʝʞʥʦ ʚʽʜ ʦʙʩʷʛʫ ʤʘʡʙʫʪʥʽʭ ʨʦʙʽʪ 

ʨʝʮʠʢʣʠʥʛ ʧʨʦʚʦʜʠʪʴʩʷ ʘʙʦ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʧʦʣʽʛʦʥʘʭ, ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʜʽʣʷʥʮʽ ʜʝʤʦʥʪʘʞʫ. ɼʨʫʛʠʡ ʚʘʨʽʘʥʪ ʻ ʢʨʘʱʠʤ ʜʣʷ ʟʘʤʦʚʥʠʢʘ, ʦʩʢʽʣʴʢʠ ʚ 
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ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʧʦʪʨʽʙʥʽ ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ. 

ʆʪʨʠʤʘʥʘ ʧʽʩʣʷ ʟʥʦʩʫ ʚʪʦʨʠʥʥʘ ʩʠʨʦʚʠʥʘ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ 

ʥʘʩʪʫʧʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʮʽʣʷʭ: 

- ʦʙʣʘʰʪʫʚʘʥʥʷ ʬʫʥʜʘʤʝʥʪʽʚ ʥʦʚʠʭ ʪʠʤʯʘʩʦʚʠʭ ʦʙ'ʻʢʪʽʚ; 

- ʚʽʜʩʠʧʘʥʥʷ ʜʦʨʽʛ, ʱʦ ʙʫʜʫʶʪʴʩʷ, ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʨʦʟʚ'ʷʟʦʢ; 

- ʷʢ ʨʦʙʦʯʠʡ ʤʘʪʝʨʽʘʣ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ. 

ʇʦʪʨʝʙʘ ʫ ʚʪʦʨʠʥʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʨʦʚʠʥʠ ʧʦʷʩʥʶʻʪʴʩʷ ʡʦʛʦ 

ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʦʶ ʚʘʨʪʽʩʪʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʧʦʜʚʽʡʥʫ ʝʢʦʥʦʤʽʶ 

(ʧʨʦʪʠ ʢʫʧʽʚʣʽ ʥʦʚʦʛʦ ʙʫʜʽʚʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ). 

ɿʘʚʜʷʢʠ BIM ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʠ ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ, ʘ ʪʘʢʦʞ ʦʧʪʠʤʽʟʫʚʘʪʠ ʾʭʥʻ ʚʪʦʨʠʥʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɺʨʘʭʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʾʭ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʧʝʨʝʨʦʙʢʠ ʫ BIM-

ʤʦʜʝʣʷʭ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʽʜʭʦʜʠ ʧʽʜ ʯʘʩ ʙʫʜʽʚʥʠʮʪʚʘ. 

ʄʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʟʚʝʜʝʥʽ 

ʙʫʜʽʚʣʽ ʜʦʟʚʦʣʷʻ ʟʦʨʽʻʥʪʫʚʘʪʠ ʧʨʦʝʢʪʠ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ ʩʪʽʡʢʽʩʪʴ ʱʝ ʟ ʩʘʤʦʛʦ 

ʧʦʯʘʪʢʫ. ɿʘʚʜʷʢʠ BIM ʧʨʦʻʢʪ ʤʦʞʝ ʙʫʪʠ ʥʘʮʽʣʝʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʷʢʥʘʡʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʦʞʥʘ ʙʫʜʝ ʧʝʨʝʨʦʙʠʪʠ ʘʙʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʧʦʚʪʦʨʥʦ. 

BIM ʥʘʜʘʻ ʟʤʦʛʫ ʚʽʟʫʘʣʽʟʫʚʘʪʠ, ʷʢʽ ʝʣʝʤʝʥʪʠ ʤʦʞʥʘ ʚʠʜʘʣʠʪʠ ʪʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʧʦʚʪʦʨʥʦ, ʘ ʪʘʢʦʞ ʾʭ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʨʦʙʽʪʥʠʢʘʤ ʰʚʠʜʢʦ ʪʘ ʝʬʝʢʪʠʚʥʦ ʨʦʟʧʦʯʘʪʠ ʚʽʜʥʦʚʣʝʥʥʷ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʎʝ 

ʧʽʜʚʠʱʫʻ ʩʪʫʧʽʥʴ ʩʪʽʡʢʦʩʪʽ ʽ ʟʤʝʥʰʫʻ ʟʘʛʘʣʴʥʠʡ ʚʽʜʭʦʜʽʚ ʙʫʜʴ-̫ ʢʦʛʦ ʧʨʦʝʢʪʫ 

ʟʥʝʩʝʥʥʷ. 

ɿʘʚʜʷʢʠ BIM ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʧʣʘʥ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʤʘʡʙʫʪʥʴʦʛʦ, ʢʦʣʠ ʙʫʜʽʚʣʷ ʯʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʡ ʦʙ'ʻʢʪ ʧʝʨʝʩʪʘʻ 

ʬʫʥʢʮʽʦʥʫʚʘʪʠ. ʊʦʜʽ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʩʪʚʦʨʝʥʥʷ ʧʨʦʻʢʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʞʝ ʽʩʥʫʶʯʠʭ ʦʙ'ʻʢʪʽʚ. ʎʝʡ ʧʣʘʥ 

ʜʦʟʚʦʣʷʻ ʝʢʦʥʦʤʠʪʠ ʯʘʩ ʥʘ ʧʦʰʫʢ ʥʝʦʙʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʤʘʪʝʨʽʘʣʽʚ, ʘ 

ʪʘʢʦʞ ʣʝʛʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʫ ʤʘʡʙʫʪʥʴʦʤʫ. ɿʘʚʜʷʢʠ ʚʥʫʪʨʽʰʥʽʤ 

ʬʫʥʢʮʽʷʤ BIM, ʤʦʞʥʘ ʣʝʛʢʦ ʪʘ ʰʚʠʜʢʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʜʽʡʩʥʦ 

ʻ ʚʽʜʭʦʜʘʤʠ. 

BIM ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʥʦʚʠʡ ʨʽʚʝʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʩʪʘʶʯʠ ʥʝ ʣʠʰʝ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʯʘʪʢʦʚʦʛʦ ʝʪʘʧʫ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʘʣʝ ʡ ʢʣʶʯʦʚʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʟʥʝʩʝʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ. 

ɺʨʘʭʦʚʫʶʯʠ ʝʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ, ʧʨʦʝʢʪʫʶʯʠ ʙʫʜʽʚʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ BIM, ʤʠ 

ʤʦʞʝʤʦ ʝʬʝʢʪʠʚʥʦ ʟʤʝʥʰʠʪʠ ʦʙʩʷʛ ʚʽʜʭʦʜʽʚ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʩʪʽʡʢʽ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʽ ʙʫʜʽʚʥʠʮʪʚʦ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʨʦʙʢʠ ʪʘ ʨʝʮʠʢʣʽʥʛʫ ʤʦʞʝ 

ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʽʜʭʦʜʽʚ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʇʝʨʝʭʽʜ ʥʘ ʤʘʣʦʚʽʜʭʦʜʥʽ ʪʘ ʙʝʟʚʽʜʭʦʜʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʩʧʨʠʷʪʠʤʝ ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ ʪʘ ʟʙʝʨʝʞʝʥʥʶ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʟʘʭʦʜʽʚ ʟ ʫʪʠʣʽʟʘʮʽʾ ʪʘ ʧʦʚʪʦʨʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʭʦʜʽʚ ʻ ʢʣʶʯʦʚʠʤ ʝʪʘʧʦʤ ʫ ʟʤʽʮʥʝʥʥʽ ʝʢʦʣʦʛʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 
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ʛʘʣʫʟʽ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʩʧʨʠʷʪʠʤʝ ʧʦʢʨʘʱʝʥʥʶ ʷʢʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʴ ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ. 
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ʅʘʫʢʦʚʮʽ ʇʣʘʥʝʪʫ ɿʝʤʣʷ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʧʣʘʥʝʪʘʨʥʫ ʦʜʠʥʠʮʶ  

ʉʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ [1, ʩ. 7]; ʚʠʚʯʘʶʪʴ ʾʾ ʷʢ ʤʽʩʮʝ ʧʨʦʞʠʚʘʥʥʷ ʣʶʜʝʡ ʪʘ 

ʜʞʝʨʝʣʦ ʟʘʜʦʚʦʣʝʥʥʷ ʚʩʽʭ ʾʭ ʧʦʪʨʝʙ [1, ʩ. 93], ʨʦʟʨʦʙʣʷʶʪʴ ʪʝʦʨʽʶ ʟʝʤʣʝʣʦʛʽʾ 

ʷʢ ʩʠʥʪʝʟ ʥʘʫʢ ʧʨʦ ʟʝʤʣʶ  [1,  ʩ. 7] ʽ ʪ. ʜ.  

ʋ ʩʪʘʪʪʽ 1. ɿʝʤʣʷ ï ʦʩʥʦʚʥʝ ʥʘʮʽʦʥʘʣʴʥʝ ʙʘʛʘʪʩʪʚʦ  ɿʝʤʝʣʴʥʦʛʦ ʢʦʜʝʢʩʫ 

ʋʢʨʘʾʥʠ  ʟʘʟʥʘʯʝʥʦ:  ç1. ɿʝʤʣʷ ʻ ʦʩʥʦʚʥʠʤ ʥʘʮʽʦʥʘʣʴʥʠʤ ʙʘʛʘʪʩʪʚʦʤ, ʱʦ 

ʧʝʨʝʙʫʚʘʻ ʧʽʜ ʦʩʦʙʣʠʚʦʶ ʦʭʦʨʦʥʦʶ ʜʝʨʞʘʚʠè [2]. 

ɿʝʤʣʷ ʩʣʫʛʫʻ  ʥʝʚʽʜôʻʤʥʦʶ ʽ ʦʩʥʦʚʥʦʶ ʫʤʦʚʦʶ ʪʘ ʜʞʝʨʝʣʦʤ ʟʘʩʦʙʽʚ ʜʣʷ  

ʞʠʪʪʷ ʣʶʜʝʡ,  ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʫʩʧʽʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʽʩʥʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ ʧʦʪʨʝʙʘʤʠ ʥʘʩʝʣʝʥʥʷʤ ʥʘʜʨ, ˇʨʫʥʪʽʚ, 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʧʦʚʝʨʭʥʝʚʠʭ ʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʨʦʩʣʠʥʥʦʛʦ ʪʘ 

ʪʚʘʨʠʥʥʦʛʦ ʩʚʽʪʫ.  

ɼʦʩʣʽʜʞʫʚʘʪʠ ʟʝʤʣʶ ʪʘ ʾʾ ʥʘʜʨʘ ʤʦʞʥʘ ʟʘ ʨʽʟʥʠʤʠ ʧʽʜʭʦʜʘʤʠ, ʟʦʢʨʝʤʘ 

ʟʘ ʨʝʩʫʨʩʥʠʤ ʽ ʥʝ ʨʝʩʫʨʩʥʠʤ, ʫ ʩʪʘʪʠʮʽ ʽ ʜʠʥʘʤʽʮʽ, ʟʘ ʦʟʥʘʢʦʶ ʧʦʪʨʝʙ, ʫ 

ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʘʩʧʝʢʪʘʭ ʽ ʪ. ʜ.  
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ʋ ʜʠʥʘʤʽʮʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʨʘʟʦʤ ʟ ʥʘʜʨʦʚʠʤʠ ʪʘ  ʽʥʰʠʤʠ 

ʧʨʠʨʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʥʘʣʝʞʠʪʴ ʜʦ ʦʙô̒ ʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ, ʧʨʦʞʠʚʘʥʥʷ 

ʣʶʜʝʡ, ʚʠʨʦʱʫʚʘʥʥʷ ʨʦʩʣʠʥ, ʪʝʨʠʪʦʨʽʡ ʜʣʷ ʪʚʘʨʠʥʥʦʛʦ ʩʚʽʪʫ ʽ ʪ. ʜ. 

ʋ ʜʠʥʘʤʽʮʽ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʨʘʟʦʤ ʟ ʥʘʜʨʦʚʠʤʠ ʪʘ 

ʽʥʰʠʤʠ ʧʨʠʨʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʥʘʣʝʞʠʪʴ ʜʦ ʬʘʢʪʦʨʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʩʫʩʧʽʣʴʩʪʚʘ.  

ɿʘʛʘʣʴʥʘ ʢʦʥʮʝʧʮʽʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚʠʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʘʣʘʥʩʫ ʤʽʞ ʟʘʜʦʚʦʣʝʥʥʷʤ ʩʫʯʘʩʥʠʭ ʧʦʪʨʝʙ ʣʶʜʩʪʚʘ ʽ 

ʟʘʭʠʩʪʦʤ ʽʥʪʝʨʝʩʽʚ ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ, ʚʢʣʶʯʘʶʯʠ ʾʭ ʧʦʪʨʝʙʫ ʚ ʙʝʟʧʝʯʥʦʤʫ 

ʽ ʟʜʦʨʦʚʦʤʫ ʜʦʚʢʽʣʣʽ. ʗʢ ʩʬʦʨʤʫʣʶʚʘʣʘ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

çʂʦʤʽʩʽʷ ɹʨʫʥʜʪʣʘʥʜè (çʄʽʞʥʘʨʦʜʥʘ (ʉʚʽʪʦʚʘ) ʢʦʤʽʩʽʷ ʟ ʜʦʚʢʽʣʣʷ ʽ 

ʨʦʟʚʠʪʢʫè), ʩʪʘʣʠʤ  ʪʨʘʢʪʫʻʪʴʩʷ çʨʦʟʚʠʪʦʢ, ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʷʻ ʧʦʪʨʝʙʠ 

ʥʠʥʽʰʥʴʦʛʦ ʧʦʢʦʣʽʥʥʷ ʙʝʟ ʰʢʦʜʠ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ 

ʟʘʜʦʚʦʣʴʥʷʪʠ ʩʚʦʾ ʚʣʘʩʥʽ ʧʦʪʨʝʙʠ [3]. 

ɿʘ ʨʝʩʫʨʩʥʠʤ ʧʽʜʭʦʜʦʤ ʥʝʦʙʭʽʜʥʦ ʬʦʨʤʫʚʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡ 

ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ  ʫ ʜʠʥʘʤʽʮʽ ʤʝʭʘʥʽʟʤ ʟʘʜʦʚʦʣʝʥʥʷ ʩʫʯʘʩʥʠʭ ʽ ʤʘʡʙʫʪʥʽʭ 

ʧʦʪʨʝʙ ʩʫʩʧʽʣʴʩʪʚʘ ʫ ʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʽ ʽ ʡʦʛʦ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʠʭ  ʨʝʟʫʣʴʪʘʪʘʭ ʥʘ ʜʘʣʝʢʫ ʧʝʨʩʧʝʢʪʠʚʫ. ʟʙʝʨʝʞʝʥʥʷʤ, ʘ ʪʦ ʡ 

ʧʦʢʨʘʱʝʥʥʷʤ  ʧʨʠʨʦʜʥʦʛʦ ʡ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʟʝʤʝʣʴʥʠʭ ʦʙô̒ ʢʪʽʚ.  

ʊʦʤʫ ʚʽʜʧʦʚʽʜʥʦ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʽ 

ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ  ʨʦʟʫʤʽʪʠ ʷʢ ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʘʣʘʥʩʫ ʚ ʧʦʪʨʝʙʘʭ 

ʩʫʯʘʩʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʧʦʪʝʥʮʽʘʣʫ ʡ ʝʢʦʥʦʤʽʯʥʦʛʦ ʪʘ   

ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʢʨʘʾʥʠ ʽ ʡʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʫ ʢʽʣʴʢʽʩʥʠʭ ʽ ʷʢʽʩʥʠʭ ʚʠʤʽʨʘʭ 

ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ. ɼʦ ʪʘʢʠʭ  ʚʠʤʽʨʽʚ ʥʘʣʝʞʘʪʴ ʟʝʤʝʣʴʥʽ ʧʣʦʱʽ, ʷʢʽʩʥʽ 

ʧʦʢʘʟʥʠʢʠ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ,   ʧʣʦʱʽ ʨʦʜʦʚʠʱ, ʨʝʩʫʨʩʠ ʽ ʟʘʧʘʩʠ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ.  

ʗʢ ʧʨʠʢʣʘʜ, ʧʦʪʨʽʙʥʦ: ʱʦʙ ʟʨʦʩʪʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʚʠʨʦʱʫʚʘʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ  ʩʫʧʨʦʚʦʜʞʫʚʘʣʦʩʷ ʟʙʝʨʝʞʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ, 

ʧʨʠʨʦʜʥʦʛʦ ʩʪʘʥʫ ʽ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ ʥʘ ʜʘʣʝʢʫ ʧʝʨʩʧʝʢʪʠʚʫ; ʚʠʟʥʘʯʘʪʠ 

ʦʧʪʠʤʘʣʴʥʫ ʨʦʟʦʨʘʥʽʩʪʴ ʟʝʤʝʣʴ ʪʘ ʾʾ  ʧʽʜʪʨʠʤʫʚʘʪʠ ʽ ʪ. ʜ.  

ɿ ʝʢʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʮʽʣʽʩʥʽʩʪʴ 

ʙʽʦʣʦʛʽʯʥʠʭ ʽ ʬʽʟʠʯʥʠʭ ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤ. ʆʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ 

ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤ, ʚʽʜ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʛʣʦʙʘʣʴʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʩʽʻʾ 

ʙʽʦʩʬʝʨʠ. ɹʽʣʴʰ ʪʦʛʦ, ʧʦʥʷʪʪʷ çʧʨʠʨʦʜʥʠʭè ʩʠʩʪʝʤ ʽ ʘʨʝʘʣʽʚ ʧʨʦʞʠʚʘʥʥʷ 

ʤʦʞʥʘ ʨʦʟʫʤʽʪʠ ʰʠʨʦʢʦ, ʚʢʣʶʯʘʶʯʠ ʚ ʥʠʭ ʩʪʚʦʨʝʥʝ ʣʶʜʠʥʦʶ ʩʝʨʝʜʦʚʠʱʝ.  

ɺ ʫʧʨʘʚʣʽʥʥʽ ʧʨʦʮʝʩʘʤʠ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, 

ʟʙʝʨʝʞʝʥʥʷ ʷʢʦʩʪʽ ˇʨʫʥʪʽʚ, ʨʦʟʦʨʘʥʦʩʪʽ ʤʽʩʮʝʚʠʭ ʟʝʤʝʣʴʥʠʭ ʧʣʦʱ, ʥʝ 

ʜʦʧʫʩʢʘʪʠ ʧʦʩʠʣʝʥʥʷ ʝʨʦʟʽʾ, ʚʪʨʘʪ ʦʨʥʦʾ ʟʝʤʣʽ, ʟʦʢʨʝʤʘ ʨʦʟʨʦʙʢʘʤʠ ʨʦʜʦʚʠʱ 

ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʚʽʜʚʘʣʘʤʠ,  ʟʥʠʞʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ ʛʫʤʫʩʫ,  ʧʦʚʠʥʥʽ 

ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʧʨʠʡʤʘʪʠ ʥʘʩʝʣʝʥʥʷ ʩʪʘʨʦʩʪʽʚʩʴʢʠʭ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ.  

ʂʦʥʢʨʝʪʠʟʫʻʤʦ ʧʨʠʢʣʘʜʥʽ ʦʟʥʘʢʠ ʢʦʥʮʝʧʮʽʾ. ɹʫʜʽʚʥʠʮʪʚʦ ʜʦʨʽʛ, 

ʧʨʠʤʽʱʝʥʴ ʤʘʻ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʧʘʨʘʣʝʣʴʥʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ, 

ʱʦʙ ʥʝ ʧʦʛʽʨʰʫʚʘʪʠ ʩʪʘʥ ʜʦʚʢʽʣʣʷ, ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʪʚʘʨʠʥʥʦʛʦ ʩʚʽʪʫ. 

https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%86%D0%B5%D0%BF%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D1%82%D1%80%D0%B5%D0%B1%D0%B0
https://uk.wikipedia.org/wiki/%D0%94%D0%BE%D0%B2%D0%BA%D1%96%D0%BB%D0%BB%D1%8F
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D1%96%D1%81%D1%96%D1%8F_%D0%91%D1%80%D1%83%D0%BD%D0%B4%D1%82%D0%BB%D0%B0%D0%BD%D0%B4
https://uk.wikipedia.org/wiki/%D0%95%D0%BA%D0%BE%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://uk.wikipedia.org/wiki/%D0%91%D1%96%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%B0
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ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʝ ʚʠʨʦʙʥʠʮʪʚʦ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʩʫʧʨʦʚʦʜʞʫʚʘʣʦʩʷ 

ʟʙʝʨʝʞʝʥʥʷʤ ʩʪʘʥʫ ˇʨʫʥʪʫ, ʨʦʜʶʯʦʩʪʽ ʨʽʟʥʠʭ ʢʫʣʴʪʫʨ, ʘ ʪʦ ʡ ʾʾ ʧʽʜʚʠʱʝʥʥʷʤ.  

ɺʠʜʦʙʫʚʘʥʥʷ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ (ʥʘʧʨʠʢʣʘʜ, ʤʝʪʘʣʝʚʠʭ ʨʫʜ, 

ʚʫʛʣʝʚʦʜʥʽʚ, ʚʫʛʽʣʣʷ) ʤʘʻ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʟʙʝʨʝʞʝʥʥʷʤ ʧʨʠʨʦʜʥʦʛʦ ʩʪʘʥʫ 

ʜʦʚʢʽʣʣʷ,  ʩʪʚʦʨʝʥʥʷʤ ʛʽʨʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟʘ ʧʨʠʜʘʪʥʽʩʪʶ ʽ ʜʦ ʚʠʜʦʙʫʪʢʫ, 

ʧʽʩʣʷ ʚʠʯʝʨʧʘʥʥʷ ʤʘʡʙʫʪʥʽ ʧʦʢʦʣʽʥʥʷ (ʘ ʯʘʩʪʦ ʡ ʩʫʯʘʩʥʽ) ʥʝ ʤʘʣʠ 

ʝʢʦʥʦʤʽʯʥʠʭ ʧʨʦʙʣʝʤ ʽ ʤʦʛʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʢʩʧʣʫʘʪʦʚʘʥʫ ʤʘʪʝʨʽʘʣʴʥʦ-

ʪʝʭʥʦʣʦʛʽʯʥʫ ʙʘʟʫ ʟ ʽʥʰʠʤʠ ʧʦʪʨʝʙʘʤʠ. 

ɺʢʨʘʡ ʚʘʞʣʠʚʦ  ʚʠʨʽʰʫʚʘʪʠ ʡ ʧʨʦʙʣʝʤʫ ʟʙʝʨʝʞʝʥʥʷ  ʢʘʧʽʪʘʣʫ: ʽ ʪʝʭʥʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ, ʽ ʧʨʠʨʦʜʥʦʛʦ, ʽ ʣʶʜʩʴʢʦʛʦ, ʡ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ, ʾʭ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ   ʧʦʻʜʥʘʥʥʷ, ʚʟʘʻʤʦʟʘʤʽʥʠ,  ʚʘʨʪʽʩʥʦʾ  ʦʮʽʥʢʠ ʾʭ ʷʢ  ʘʢʪʠʚʽʚ, 

ʦʩʦʙʣʠʚʦ ʧʨʠʨʦʜʥʠʭ, ʥʘʜʨʦʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɿʘʫʚʘʞʠʤʦ,  ʢʦʥʮʝʧʮʽʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʦʙôʻʜʥʫʻ ʚ ʧʝʨʰʫ ʯʝʨʛʫ  

ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ: ʜʫʭʦʚʥʫ,  ʝʢʦʥʦʤʽʯʥʫ, ʩʦʮʽʘʣʴʥʫ,  ʝʢʦʣʦʛʽʯʥʫ.  

ʂʦʥʮʝʧʮʽʷ ʜʫʭʦʚʥʦʩʪʽ ʣʶʜʩʪʚʘ ʧʦʣʷʛʘʻ ʫ  ʟʙʝʨʝʞʝʥʥʽ ʪʘ ʦʥʦʚʣʝʥʽ  

ʟʜʘʪʥʦʩʪʽ ʣʶʜʠʥʠ ʜʦ ʪʚʦʨʝʥʥʷ ʢʫʣʴʪʫʨʠ ʡ ʩʘʤʦʪʚʦʨʝʥʥʷ, ʟʜʘʪʥʦʩʪʽ ʥʝ ʪʽʣʴʢʠ 

ʧʽʟʥʘʚʘʪʠ ʯʠ ʚʽʜʦʙʨʘʞʘʪʠ ʥʘʚʢʦʣʠʰʥʽʡ ʩʚʽʪ, ʩʫʩʧʽʣʴʥʝ ʚʠʨʦʙʥʠʮʪʚʦ,  ʘʣʝ ʡ 

ʪʚʦʨʠʪʠ ʡʦʛʦ, ʘ ʪʘʢʦʞ ʟʙʝʨʽʛʘʪʠ ʢʫʣʴʪʫʨʫ ʽ ʪʨʘʜʠʮʽʾ ʤʠʥʫʣʠʭ ʧʦʢʦʣʽʥʴ.  

ɽʢʦʥʦʤʽʯʥʘ ʩʢʣʘʜʦʚʘ ʢʦʥʮʝʧʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʥʘʙʣʠʞʝʥʦ ʜʦ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʧʨʠʨʦʜʦ-, ʝʥʝʨʛʦ- ʽ 

ʤʘʪʝʨʽʘʣ-ʟʙʝʨʽʛʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʚʢʣʶʯʘʶʯʠ ʧʝʨʝʨʦʙʢʫ ʩʠʨʦʚʠʥʠ, 

ʩʪʚʦʨʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʧʨʠʡʥʷʪʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʤʽʥʽʤʽʟʘʮʽʶ, ʧʝʨʝʨʦʙʢʫ ʽ 

ʟʥʠʱʝʥʥʷ ʚʽʜʭʦʜʽʚ.  

ʉʦʮʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʦʨʽʻʥʪʫʻ ʥʘ ʟʨʦʩʪʘʥʥʷ ʜʦʙʨʦʙʫʪʫ ʥʘʩʝʣʝʥʥʷ, 

ʟʙʝʨʝʞʝʥʥʷ ʡʦʛʦ  ʟʜʦʨʦʚôʷ, ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ, ʤʠʨʥʦʛʦ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʥʘʨʦʜʽʚ 

ʩʚʽʪʫ,  ʢʨʘʾʥ, ʪʝʨʠʪʦʨʽʡ,  ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʘʮʽʦʥʘʣʴʥʦʩʪʽ, ʚʽʨʦʩʧʦʚʽʜʘʥʥʷ ʪʘ 

ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. 

ɽʢʦʣʦʛʽʯʥʘ ʩʢʣʘʜʦʚʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʦʢ ʦʨʽʻʥʪʫʻ ʥʘ  ʮʽʣʽʩʥʽʩʪʴ ʽ 

ʟʙʝʨʝʞʝʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʠʭ ʽ ʬʽʟʠʯʥʠʭ ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤ, ʧʨʠʨʦʜʥʫ ʯʠʩʪʦʪʫ 

ʧʦʚʽʪʨʷ,  ʚʦʜʥʠʭ, ʟʝʤʝʣʴʥʠʭ ʽ ʣʽʩʦʚʠʭ,  ʚʟʘʛʘʣʽ ʙʽʦʣʦʛʽʯʥʠʭ  ʨʝʩʫʨʩʽʚ. 

ʋʟʘʛʘʣʴʥʝʥʦ ʚʽʜʤʽʪʠʤʦ, ʱʦ ʚʩʽ ʢʦʥʮʝʧʮʽʾ ʨʝʘʣʽʟʫʶʪʴʩʷ, ʭʦʯʘ ʧʦ 

ʨʽʟʥʦʤʫ, ʘʣʝ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʧʣʘʥʝʪʠ  ɿʝʤʣʷ. 

ʑʦʜʦ ʚʢʨʘʡ ʥʝʟʘʜʦʚʽʣʴʥʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʜʦʚʢʽʣʣʷ ʥʘʦʯʥʦ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʥʘʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ.   

ʅʘ ʂʨʠʚʦʨʽʞʞʽ ʚʠʜʦʙʫʪʦʢ ʪʘ ʟʙʘʛʘʯʝʥʥʷ 1 ʪʦʥʥʠ ʩʠʨʦʾ ʨʫʜʠ ʟʘ 

ʽʩʥʫʶʯʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ 3 ï 4 ʪʦʥʥʠ ʚʽʜʭʦʜʽʚ, 

ʱʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʫ ʛʽʛʘʥʪʩʴʢʠʭ ʚʽʜʚʘʣʘʭ ʨʦʟʢʨʠʚʥʠʭ ʧʦʨʽʜ ʪʘ ʫ 

ʙʘʛʘʪʦʷʨʫʩʥʠʭ ʯʠ ʧʣʦʱʠʥʥʠʭ ʭʚʦʩʪʦʩʭʦʚʠʱʘʭ ʟ ʚʽʜʭʦʜʘʤʠ ʟʙʘʛʘʯʝʥʥʷ. ʅʘ 

ʮʠʭ ʪʝʭʥʦʛʝʥʥʠʭ ʦʙôʻʢʪʘʭ ʟʘʨʘʟ ʥʘʢʦʧʠʯʝʥʦ ʤʘʡʞʝ 4 ʤʣʨʜ ʤ3 ʧʨʦʤʠʩʣʦʚʠʭ 

ʚʽʜʭʦʜʽʚ, ʘ ʟʘʡʥʷʪʘ ʥʠʤʠ ʧʣʦʱʘ ʧʝʨʝʙʽʣʴʰʫʻ 12 ʪʠʩ. ʛʘ, ʽʟ ʷʢʠʭ 5 ʪʠʩ. ʛʘ  

ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʚʽʜʚʘʣʘʤʠ ʽ ʙʽʣʴʰʝ 7 ʪʠʩ. ʛʘ  ï ʧʽʜ ʭʚʦʩʪʦʩʭʦʚʠʱʘʤʠ. 

ɹʣʠʟʴʢʦ 5 ʪʠʩ. ʛʘ ʟʝʤʝʣʴ ʚ ʤʝʞʘʭ ʤʽʩʪʘ ʻ ʟʦʥʘʤʠ ʟʨʫʰʝʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʽ 

https://uk.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BF%D1%96%D1%82%D0%B0%D0%BB
https://uk.wikipedia.org/wiki/%D0%92%D1%96%D0%B4%D1%85%D0%BE%D0%B4%D0%B8
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ʧʨʦʚʘʣʽʚ (ʚʦʨʦʥʦʢ) ʫ ʤʽʩʮʷʭ ʧʽʜʟʝʤʥʠʭ ʧʦʨʦʞʥʠʥ ʚʽʜ ʚʠʜʦʙʫʪʢʫ ʟʘʣʽʟʥʦʾ 

ʨʫʜʠ.  

ɺʟʘʛʘʣʽ ʥʘʨʘʭʦʚʫʻʪʴʩʷ ʙʣʠʟʴʢʦ 34 ʪʠʩ. ʛʘ ʤʽʩʴʢʠʭ ʪʘ ʧʨʠʤʽʩʴʢʠʭ ʜʽʣʷʥʦʢ 

ʪʝʭʥʦʛʝʥʥʝ ʧʦʨʫʰʝʥʠʭ ʟʝʤʝʣʴ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʚʽʜʥʦʚʣʝʥʥʷ, ʘʣʝ ʬʘʢʪʠʯʥʽ 

ʪʝʤʧʠ ʾʭ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʚʢʨʘʡ ʥʠʟʴʢʽ (0,2  ï 1,7 % ʧʣʦʱ ʫ ʨʽʢ). ɺ ʪʦʡ ʞʝ ʯʘʩ 

ʱʦʨʽʯʥʦ ʚʽʜʚʘʣʠ ʪʘ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʧʨʦʜʦʚʞʫʶʪʴ ʧʦʧʦʚʥʶʚʘʪʠʩʷ ʥʘ 55 - 60 

ʪʠʩ. ʤ3 ʚʽʜʭʦʜʽʚ, ʱʦ ʜʦʜʘʪʢʦʚʦ ʟʘʣʫʯʘʻ ʜʝʩʷʪʢʠ ʛʝʢʪʘʨʽʚ ʟʝʤʝʣʴ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʝ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ, ʥʝ ʝʢʦʥʦʤʥʦʛʦ,  ʥʝ ʨʘʮʽʦʥʘʣʴʥʦʛʦ  

ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʪʘ ʨʝʩʫʨʩʥʠʭ ʙʘʛʘʪʩʪʚ  ʂʨʠʚʦʨʽʟʴʢʦʛʦ 

ʨʝʛʽʦʥʫ ʚʧʨʦʜʦʚʞ ʚʩʴʦʛʦ ʧʝʨʽʦʜʫ ʝʢʦʥʦʤʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʡʦʛʦ ʨʦʜʦʚʠʱ 

ʤʘʣʠ ʽ ʤʘʶʪʴ ʤʽʩʮʝ  ʢʦʣʦʩʘʣʴʥʽ ʨʫʡʥʫʚʘʥʥʷ  ʣʘʥʜʰʘʬʪʫ, ʣʽʪʦʩʬʝʨʠ ʪʘ 

ʛʽʜʨʦʩʬʝʨʠ ʡʦʛʦ ʪʝʨʠʪʦʨʽʡ.  

ʆʪʞʝ, ʧʨʦʙʣʝʤʘ ʩʪʘʣʦʛʦ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʥʥʷ  

ʚʢʨʘʡ ʘʢʪʫʘʣʴʥʘ, ʚʟʘʛʘʣʽ-ʪʦ ʥʝ ʪʽʣʴʢʠ ʥʘ ʂʨʠʚʦʨʽʞʞʽ. 
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ʆʩʦʙʣʠʚiʩʪʴ ʚʦʛʥʝʟʘʭʠʩʪʫ ʜʝʨʝʚô̫ ʥʠʭ ʙʫʜiʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮiʡ ʧʦʣʷʛʘʻ 

ʚ ʩʪʚʦʨʝʥʥi ʥʘ ʧʦʚʝʨʭʥi ʝʣʝʤʝʥʪiʚ ʪʝʧʣʦiʟʦʣʶʶʯʠʭ ʝʢʨʘʥiʚ, ʱʦ ʚʠʪʨʠʤʫʶʪʴ 

ʙʝʟʧʦʩʝʨʝʜʥʶ ʜiʁ  ʚʦʛʥʶ i ʜʦʟʚʦʣʷʶʪʴ ʟʙʝʨiʛʘʪʠ ʩʚʦʾ ʬʫʥʢʮiʾ  ʧʨʦʪʷʛʦʤ 

ʟʘʜʘʥʦʛʦ ʧʝʨiʦʜʫ ʯʘʩʫ. ɺ ʨʦʙʦʪi [1] ʧʦʢʘʟʘʥʦ ʦʧʠʩ ʧʦʚʝʜiʥʢʠ ʚʦʛʥʝʟʘʭʠʩʥʦʛʦ 

ʧʦʢʨʠʪʪʷ, ʱʦ ʻ ʦʢʨʝʤʠʤ i ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ ʪʘ ʦʭʦʧʣʶʻ ʷʢ ʩʧʫʯʫʚʘʥʥʷ 

ʧʦʢʨʠʪʪʷ, ʪʘʢ i ʧʦʜʘʣʴʰʠʡ ʪʝʧʣʦʧʝʨʝʥʦʩ. ɸʣʝ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʚʠʨih ʝʥʠʤʠ 

ʧʠʪʘʥʥʷ, ʷʢi ʧʦʚô̫ ʟʘʥi ʟ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʫʪʚʦʨʝʥʥʷ ʧiʥʦʢʦʢʩʫ. 

ʊʘʢʦʞ ʫ ʨʦʙʦʪi [2] ʨʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʟʚô̫ ʟʫʶʯʦʛʦ ʥʘ ʦʩʥʦʚi ʨʦʩʣʠʥʥʦʾ 

https://uk.wikipedia.org/wiki/
https://biz.censor.net/resonance/3272309/nayiblsh_
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ʩʠʨʦʚʠʥʠ ʥʘ ʚʣʘʩʪʠʚʦʩʪi ʛʥʫʯʢʠʭ ʪʝʧʣʦiʟʦʣʷʮiʡʥʠʭ ʤʘʪʝʨiʘʣiʚ, ʦʜʥʘʢ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʠʨih ʝʥʠʤ ʧʠʪʘʥʥʷ, ʷʢʝ ʧʦʚô̫ ʟʘʥʦ ʟ ʛʦʨʶʯiʩʪʶ. ɺ ʨʦʙʦʪi [3] 

ʜʦʩʣiʜʞʝʥʦ ʚʧʣʠʚ ʪʝʨʤiʯʥʦʾ ʤʦʜʠʬiʢʘʮiʾ , ʘ ʪʘʢʦʞ ʚʦʛʥʝʟʘʭʠʩʥʦʾ ʟʜʘʪʥʦʩʪi, 

ʚʠʷʚʣʝʥʦ ʟʘ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʦʨiʥʥ̫, ʷʢ ʚʪʨʘʪʘ ʚʘʛʠ, ʰʚʠʜʢiʩʪʴ 

ʛʦʨiʥʥʷ, ʘʣʝ ʥʝ ʚʢʘʟʘʥʦ ʭiʤiʯʥi ʟʤiʥʠ, ʚʠʢʣʠʢʘʥi ʚʧʣʠʚʦʤ ʮʠʭ ʬʘʢʪʦʨiʚ. 

ʄʘʪʝʨiʘʣʠ, ʷʢi ʥʘʚʝʜʝʥʦ ʫ ʨʦʙʦʪi [4], ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʚʦʛʥʝʚʦʶ 

ʩʪiʡʢiʩʪʶ, ʘʣʝ ʥʝ ʧʦʢʘʟʘʥʦ ʤʝʭʘʥiʟʤ ʫʪʚʦʨʝʥʥʷ ʢʦʢʩʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥi 

ʧʝʨʝʭʦʜʠ ʧʨʠ ʪʝʨʤiʯʥiʡ ʜiʾ . 

ʉʠʥʝʨʛiʯʥʘ ʜi̫  ʧʦʣiʬʦʩʬʘʪ ʘʤʦʥiʁ  i ʪʨʠʛiʜʨʘʪ ʦʢʩʠʜʫ ʘʣʶʤiʥiʁ  ʚ ʷʢʦʩʪi 

ʚʦʛʥʝʟʘʭʠʩʥʠʭ ʢʦʤʧʦʥʝʥʪiʚ ʜʣʷ ʝʧʦʢʩʠʜʥʦʾ ʢʦʤʧʦʟʠʮiʾ , ʘʨʤʦʚʘʥʦʾ 

ʧʨʠʨʦʜʥʠʤʠ ʚʦʣʦʢʥʘʤʠ, ʷʢ ʚʦʛʥʝʟʘʭʠʩʥʦʛʦ ʤʘʪʝʨiʘʣʫ ʥʘʚʝʜʝʥʘ ʫ ʨʦʙʦʪi [5]. 

ɺ ʥiʡ ʧʦʢʘʟʘʥʦ, ʱʦ ʥʝ ʟʘʚʞʜʠ ʩʢʣʘʜʠ ʤʦʛʣʠ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʠʡ ʦʧiʨ 

ʧʦʣʫʤô̫  ʧʨʠ ʟʤiʥi ʪʝʤʧʝʨʘʪʫʨʠ. ɸ ʪʦʤʫ ʧʨʦʭʦʜʠʚ ʧʨʦʮʝʩ ʛʦʨiʥʥʷ ʟ 

iʥʪʝʥʩʠʚʥʦʶ ʚʪʨʘʪʦʶ ʤʘʩʠ, i ʜʣʷ ʚʠʨih ʝʥʥʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʧʦʪʨiʙʥʝ 

ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʧiʜʭʦʜiʚ. 

ʊʦʤʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨiʚ ʰʚʠʜʢʦʩʪi ʚʠʛʦʨʘʥʥʷ ʚʦʛʥʝʟʘʭʠʱʝʥʠʭ 

ʤʘʪʝʨiʘʣiʚ i ʚʧʣʠʚʫ ʢʦʤʧʦʥʝʥʪiʚ, ʷʢi ʚʭʦʜʷʪʴ ʜʦ ʾʭ ʩʢʣʘʜʫ, ʥʘ ʮʝʡ ʧʨʦʮʝʩ ʻ 

ʥʝʚʠʨiʰʝʥʦʶ ʩʢʣʘʜʦʚʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʦʛʥʝʩʪiʡʢʦʩʪi ʜʝʨʝʚôʷʥʠʭ 

ʙʫʜiʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮiʡ. ʎʝ i ʦʙʫʤʦʚʠʣʦ ʥʝʦʙʭiʜʥiʩʪʴ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣiʜʞʝʥʴ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʷʚʣʝʥʥʷ ʟʘʢʦʥʦʤiʨʥʦʩʪʝʡ ʟ ʪʝʧʣʦʩʪiʡʢʦʩʪi ʜʝʨʝʚʠʥʠ 

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥi ʚʦʛʥʝʟʘʭʠʱʝʥʦʾ ʪʢʘʥʠʥʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʚʠʨih ʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥi ʟʘʜʘʯi: 

- ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʨʦʩʫʚʘʥʥʷ ʪʝʧʣʦʪʠ ʪʦʚʱʠʥʦʶ 

ʜʝʨʝʚʠʥʠ ʧʨʠ ʾʾ ʟʘʭʠʩʪʫ ʚʦʛʥʝʟʘʭʠʱʝʥʦʶ ʪʢʘʥʠʥʦʶ;  

- ʚʩʪʘʥʦʚʠʪʠ ʦʩʦʙʣʠʚʦʩʪi ʟʥʠʞʝʥʥʷ ʧʨʦʥʠʢʥʦʩʪi ʪʝʧʣʘ ʜʝʨʝʚʠʥʦʶ ʧiʜ 

ʯʘʩ ʪʝʨʤiʯʥʦʾ ʜiʾ  ʥʘ ʟʨʘʟʦʢ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥi ʧʦʢʨʠʪʪʷ ʟ ʚʦʛʥʝʟʘʭʠʱʝʥʦʾ 

ʪʢʘʥʠʥʠ. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʦʨʶʯʦʩʪi ʜʝʨʝʚʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʨʘʟʢʠ 

ʧʨʷʤʦʰʘʨʦʚʦʾ ʜʝʨʝʚʠʥʠ ʩʦʩʥʠ ʨʦʟʤiʨʦʤ 310Ĭ140Ĭ6 ʤʤ, ʛʫʩʪʠʥʦʶ 

450é470 ʢʛ/ʤ3, ʷʢi ʧʦʢʨʠʚʘʣʠ ʪʢʘʥʠʥʦʶ ʙʨʝʟʝʥʪ ʘʨʪʠʢʫʣ 11293 (41 % 

ʙʘʚʦʚʥʘ i 59 % ʣʴʦʥ) ʪʘ ʥʘʥʦʩʠʣʠ ʥʘ ʧʦʚʝʨʭʥʶ ʟʘʩiʙ ʚʦʛʥʝʟʘʭʠʩʥʠʡ ʜʣʷ 

ʜʝʨʝʚôʷʥʠʭ ʢʦʥʩʪʨʫʢʮiʡ (çʌɸɭʈɺʆʃ-ɺʋɼè) ʟ ʚʠʪʨʘʪʦʶ 330 ʛ/ʤ2. 

ʇiʩʣʷ ʩʫʰiʥʥʷ ʜʦ ʧʦʩʪiʡʥʦʾ ʤʘʩʠ ʧʨʦʚʦʜʠʣʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʦʙʨʦʙʣʝʥʠʭ 

ʟʨʘʟʢiʚ ʜʝʨʝʚʠʥʠ ʧʦʢʨʠʪʪʷʤ ʟ ʚʦʛʥʝʟʘʭʠʱʝʥʦʾ ʪʢʘʥʠʥʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʚʦʛʥʝʟʘʭʠʩʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʪʢʘʥʠʥʦʶ ʥʘ 

ʪʝʧʣʦʧʨʦʚiʜʥiʩʪʴ ʜʝʨʝʚʠʥʠ ʪʘ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦ ʪʦʚʱʠʥi 

ʩʪiʥʢʠ ʜʝʨʝʚô̫ ʥʦʾ ʢʦʥʩʪʨʫʢʮiʾ  ʚiʜ ʟʦʚʥih ʥʴʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ ʧʦ ʩʪiʥʮi 

ʟʘʩʪʦʩʦʚʘʥʦ ʯʠʩʣʦʚʠʡ ʤʝʪʦʜ [6]. 

ʊʝʧʣʦʬiʟʠʯʥʘ ʤʦʜʝʣʴ ʜʣʷ ʜʚʦʭʰʘʨʦʚʦʾ ʧʣʘʩʪʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 1. Iʟ ʩʪʦʨʦʥʠ ʚʦʛʥʝʟʘʭʠʱʝʥʦʾ ʪʢʘʥʠʥʠ ʥʘ ʤʝʞi ʭ2 ʟʜiʡʩʥʶʻʪʴʩʷ 

ʢʦʥʚʝʢʪʠʚʥʦ-ʨʘʜiʘʮiʡʥʠʡ ʥʘʛʨiʚ. ɺ ʨʦʟʛʣʷʥʫʪiʡ ʤʦʜʝʣi ʥʘʛʨiʚʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʜʚʦʭʩʪʦʨiʥʥiʡ ʥʘʛʨiʚ, ʘ ʪʦʤʫ ʥʘ ʤʝʞi ʭ=0 ʧʨʠʡʤʘʻʪʴʩʷ ʫʤʦʚʘ ʩʠʤʝʪʨiʾ 
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ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʢʨʠʚʦʾ, ʱʦ ʚiʜʧʦʚiʜʘʻ ʚiʜʩʫʪʥʦʩʪi ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ.  

 

 
ʈʠʩ. 1. ʊʝʧʣʦʚʘ ʩʭʝʤʘ ʩʪiʥʢʠ ʜʝʨʝʚô̫ ʥʦʾ ʢʦʥʩʪʨʫʢʮiʾ 

 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʧʨʦʮʝʩ ʟʘʡʤʘʥʥʷ ʪʘ ʧʦʰʠʨʝʥʥʷ ʧʦʣʫʤô̫  ʧʦ ʟʨʘʟʢʫ 

ʜʝʨʝʚʠʥʠ, ʧʦʢʨʠʪʦʾ ʚʦʛʥʝʟʘʭʠʱʝʥʦʶ ʪʢʘʥʠʥʦʶ.  

ʇiʜ ʜi̒ ʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ ʚʦʛʥʝʟʘʭʠʱʝʥʘ ʪʢʘʥʠʥʘ ʩʧʫʯʠʣʘʩʴ ʪʘ 

ʫʪʚʦʨʠʣʘ ʟʘʭʠʩʥʠʡ ʰʘʨ ʢʦʢʩʫ ʥʘ ʧʦʚʝʨʭʥi ʟʨʘʟʢʘ (ʨʠʩ. 2). ʎʝ ʟʥʘʯʥʦ 

ʚʧʣʠʥʫʣʦ ʥʘ ʧʨʦʮʝʩ ʛʦʨiʥʥʷ ʜʝʨʝʚʠʥʠ, ʘʣʝ ʚ ʤiʩʪi ʥʘʡʙiʣʴʰʦʛʦ ʪʝʨʤiʯʥʦʛʦ 

ʚʧʣʠʚʫ ʜʝʨʝʚʠʥʘ ʟʤiʥʠʣʘ ʢʦʣiʨ. 

ɿʘʣʝʞʥiʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥi ʟʨʘʟʢʘ ʪʘ ʚ ʪʦʯʢʘʭ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 3. ʅʘ ʧʦʚʝʨʭʥi ʟʨʘʟʢʘ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʱʦ ʟʥʘʯʥʦ 

ʧʝʨʝʚʠʱʠʣʘ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʡʤʘʥʥʷ ʜʝʨʝʚʠʥʠ, ʧiʜ ʪʢʘʥʠʥʦʶ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ 

ʜʦʩʷʛʣʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʡʤʘʥʥʷ, ʘ ʥʘ ʥʝʦʙiʛʨiʚʥiʡ ʧʦʚʝʨʭʥi ʥʝ ʧʝʨʝʚʠʱʠʣʘ 

100 Áʉ. 

 

ʘ)    ʙ)  

ʈʠʩ. 2. ʇʨʦʮʝʩ ʛʦʨiʥʥʷ ʟʨʘʟʢʘ: ʘ ï ʩʧʫʯʝʥʥʷ ʚʦʛʥʝʟʘʭʠʱʝʥʦʾ ʪʢʘʥʠʥʠ;  

ʙ ï ʜʝʨʝʚʠʥʘ ʧiʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ 

 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʧiʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʚʠʤiʨʶʚʘʥʴ (ʨʠʩ. 3) ʨʦʟʨʘʭʦʚʘʥʦ ʢʦʝʬiʮi̒ ʥʪ ʪʝʧʣʦʧʨʦʚiʜʥʦʩʪi 

ʚʦʛʥʝʟʘʭʠʱʝʥʦʾ ʪʢʘʥʠʥʠ ʧʨʠ ʨiʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʪʝʤʧʝʨʘʪʫʨʠ (ʨʠʩ. 4). 

ɼʝʨʝʚʠʥʘ (ɸ)                        ʊʢʘʥʠʥʘ (ɽ) 

 ʊʝʧʣʦʪʘ 

0 x1 x2 

 

q=0 
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ʈʠʩ. 3. ɿʘʣʝʞʥiʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧiʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ 

ʚʦʛʥʝʩʪiʡʢiʩʪʴ ʜʝʨʝʚô̫ ʥʦʾ ʢʦʥʩʪʨʫʢʮiʾ , ʷʢʫ ʚʦʛʥʝʟʘʭʠʱʝʥʦ ʪʢʘʥʠʥʦʶ, ʚiʜ 

ʪʨʠʚʘʣʦʩʪi ʚʦʛʥʝʚʦʛʦ ʚʧʣʠʚʫ: 1 ï ʥʘ ʧʦʚʝʨʭʥi ʚʦʛʥʝʟʘʭʠʱʝʥʦʾ ʪʢʘʥʠʥʠ; 

2 ï ʟʘ ʚʦʛʥʝʟʘʭʠʱʝʥʦʶ ʪʢʘʥʠʥʦʶ ʪʘ ʥʘ ʧʦʚʝʨʭʥi ʜʝʨʝʚʠʥʠ; 3 ï ʥʘ ʥʝ 

ʦʙiʛʨiʚʥiʡ ʧʦʚʝʨʭʥi ʜʝʨʝʚʠʥʠ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4, ʟ ʥʘʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʝʬiʮi̒ ʥʪ 

ʪʝʧʣʦʧʨʦʚiʜʥʦʩʪi ʚʦʛʥʝʟʘʭʠʱʝʥʦʾ ʪʢʘʥʠʥʠ ʟʙiʣʴʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʪʨʘʪʠ 

ʚʦʜʠ ʪʘ ʜʝʛʘʟʘʮiʾ  ʧʦʢʨʠʪʪʷ, ʘ ʧʦʪiʤ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʥʷ 

0,25 ɺʪ/(ʤĿÁʉ), ʱʦ ʚiʜʧʦʚiʜʘʻ ʟʥʘʯʝʥʥʶ ʢʦʢʩʦʚʦʛʦ ʟʘʣʠʰʢʫ. 

 

 
ʈʠʩ. 4. ɿʘʣʝʞʥiʩʪʴ ʢʦʝʬiʮi̒ ʥʪʘ ʪʝʧʣʦʧʨʦʚiʜʥʦʩʪi ʚʦʛʥʝʟʘʭʠʱʝʥʦʾ 

ʪʢʘʥʠʥʠ ʚiʜ ʪʝʤʧʝʨʘʪʫʨʠ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʝʨʝʜʘʚʘʥʥʷ ʪʝʧʣʘ 

ʜʝʨʝʚʠʥʦʶ ʧʨʠ ʾʾ ʟʘʭʠʩʪi ʧʦʢʨʠʪʪʷʤ ʟ ʚʦʛʥʝʟʘʭʠʱʝʥʦʾ ʪʢʘʥʠʥʠ. ɺʠʟʥʘʯʝʥʦ 

ʢʦʝʬiʮi̒ ʥʪ ʪʝʧʣʦʧʨʦʚiʜʥʦʩʪi ʪʘ ʦʪʨʠʤʘʥi ʟʘʣʝʞʥʦʩʪi, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʦʜʝʨʞʫʚʘʪʠ ʟʤiʥʫ ʜʠʥʘʤiʢʠ ʪʝʧʣʦʧʝʨʝʜʘʯi ʧʨʠ ʩʧʫʯʫʚʘʥʥi ʚʦʛʥʝʟʘʭʠʱʝʥʦʾ 

ʪʢʘʥʠʥʠ. ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʝʬiʮi̒ ʥʪ 

ʪʝʧʣʦʧʨʦʚiʜʥʦʩʪi ʧʨʠ ʚʦʛʥʝʟʘʭʠʩʪi ʚ ʤʝʞʘʭ ʪʝʤʧʝʨʘʪʫʨʠ ʚiʜ 0 ʜʦ 110 Áʉ 

ʧiʜʚʠʱʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʠ, ʘ ʧʦʪiʤ ʧʦʩʪʫʧʦʚʦ ʟʥʠʞʫʻʪʴʩʷ 

ʜʦ 0,45 ɺʪ/(ʤĿÁʉ), ʱʦ ʚiʜʧʦʚiʜʘʻ ʟʥʘʯʝʥʥʶ ʧiʥʦʢʦʢʩʫ. 

ʆʩʦʙʣʠʚʦʩʪi ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʝʨʝʜʘʚʘʥʥʷ ʪʝʧʣʘ ʜʦ ʤʘʪʝʨiʘʣʫ, ʱʦ 

ʦʙʨʦʙʣʝʥʠʡ ʚʦʛʥʝʟʘʭʠʱʝʥʦʶ ʪʢʘʥʠʥʦʶ, ʧʦʣʷʛʘʶʪʴ ʚ ʫʪʚʦʨʝʥi 

ʪʝʧʣʦiʟʦʣʶʚʘʣʴʥʦʛʦ ʰʘʨʫ ʢʦʢʩʫ. ʊʘʢ, ʥʘ ʧʦʚʝʨʭʥi ʟʨʘʟʢʘ ʙʫʣʘ ʩʪʚʦʨʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʠʣʘ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʡʤʘʥʥʷ ʜʝʨʝʚʠʥʠ, ʧiʜ 

ʪʢʘʥʠʥʦʶ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʷʛʣʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʡʤʘʥʥʷ, ʘ ʥʘ ʥʝʦʙiʛʨiʚʥiʡ 

ʧʦʚʝʨʭʥi ʥʝ ʧʝʨʝʚʠʱʠʣʘ 100 Áʉ. 
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ɼɽʈɾɸɺʅɽ ʉʊʀʄʋʃʖɺɸʅʅʗ ɻɽʆɼɽɿʀʏʅʆɰ ɼɯʗʃʔʅʆʉʊɯ ʗʂ 

ʇɽʈɽɼʋʄʆɺɸ ʇʆɺʆɭʅʆɻʆ ɿɽʃɽʅʆɻʆ ɹʋɼɯɺʅʀʎʊɺɸ 

 

ɹʦʨʦʚʠʢ ʇʝʪʨʦ ʄʠʢʦʣʘʡʦʚʠʯ1, ʈʫʜʠʡ ʈʦʤʘʥ ʄʠʭʘʡʣʦʚʠʯ1, 

ʂʠʩʝʣʴʦʚ ʖʨʽʡ ʆʣʝʢʩʘʥʜʨʦʚʠʯ1 
1ʋʤʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʘʜʽʚʥʠʮʪʚʘ, www.udau.edu.ua 

 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʽʜʙʫʜʦʚʠ ʋʢʨʘʾʥʠ ʧʽʩʣʷ ʇʝʨʝʤʦʛʠ ʥʘʜ ʨʘʰʠʩʪʩʴʢʠʤʠ 

ʘʛʨʝʩʦʨʘʤʠ ʟʫʤʦʚʣʶʻ ʧʨʠʩʢʦʨʝʥʠʡ ʨʦʟʚʠʪʦʢ ʷʢ ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ ʟʘʛʘʣʦʤ, 

ʪʘʢ ʽ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʷʢ ʦʢʨʝʤʦʛʦ ʾʾ ʧʽʜʢʦʤʧʣʝʢʩʫ. ʇʦʨʷʜ ʟ ʮʠʤ, 

ʥʝʚʽʜô̒ ʤʥʦʶ ʧʝʨʝʜʫʤʦʚʦʶ ʧʨʦʻʢʪʫʚʘʥʥʷ green construction ʻ ʚʠʢʦʥʘʥʥʷ 

ʥʝʦʙʭʽʜʥʠʭ ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʥʝ ʣʠʰʝ ʨʦʟʨʦʙʠʪʠ ʥʘʣʝʞʥʫ 

ʧʨʦʻʢʪʥʫ ʜʦʢʫʤʝʥʪʘʮʽʶ, ʘʣʝ ʡ ʧʨʠʚô̫ ʟʘʪʠ ʧʦʙʘʞʘʥʥʷ ʟʘʤʦʚʥʠʢʘ ʜʦ 

ʧʨʠʨʦʜʥʦ-ʣʘʥʜʰʘʬʪʥʠʭ ʬʘʢʪʦʨʽʚ. ʇʦʨʷʜ ʟ ʮʠʤ, ʩʧʘʜ ʫ ʨʦʟʚʠʪʢʫ ʚʽʪʯʠʟʥʷʥʦʾ 

ʛʝʦʜʝʟʽʾ, ʚʠʢʣʠʢʘʥʠʡ ʚʽʜʩʫʪʥʽʩʪʶ ʧʦʧʠʪʫ ʥʘ ʛʝʦʜʝʟʠʯʥʽ ʧʨʦʻʢʪʠ ʟ ʧʨʠʯʠʥʠ 

ʚʩʝ ʪʠʭ ʞʝ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʪʘ ʚʽʜʪʦʢʦʤ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ ʜʦ 

ʽʥʰʠʭ ʢʨʘʾʥ, ʘ ʪʘʢʦʞ ʤʦʙʽʣʽʟʘʮʽʻʶ ʾʭ ʜʦ ɿʉʋ ʪʘ ʚʠʤʫʰʝʥʦʶ ʧʝʨʝʦʨʽʻʥʪʘʮʽʻʶ 

ʾʭʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʚʠʤʘʛʘʻ ʜʝʨʞʘʚʥʦʛʦ ʩʪʠʤʫʣʶʚʘʥʥʷ ʛʝʦʜʝʟʽʾ.  

ʗʢʱʦ ʧʨʦʙʣʝʤʘʤ ʽ ʧʨʦʮʝʩʘʤ ʷʢ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʪʘʢ ʽ ʦʨʛʘʥʽʟʘʮʽʾ 

ʪʘ ʚʠʢʦʥʘʥʥʷ ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ ʧʨʠʩʚʷʯʝʥʦ ʥʠʟʢʫ ʧʫʙʣʽʢʘʮʽʡ ʥʘʫʢʦʚʮʽʚ ʽ 

ʬʘʭʽʚʮʽʚ-ʧʨʘʢʪʠʢʽʚ, ʪʦ ʧʠʪʘʥʥʷ ʜʝʨʞʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʩʪʠʤʫʣʶʚʘʥʥʷ 

ʟʘʟʥʘʯʝʥʠʭ ʚʠʜʽʚ ʜʽʷʣʴʥʦʩʪʽ ʧʨʘʢʪʠʯʥʦ ʟʘʣʠʰʠʣʠʩʴ ʧʦʟʘ ʾʭʥʴʦʶ ʫʚʘʛʦʶ. 

ʉʘʤʝ ʪʘʢʠʡ ʩʪʘʥ ʩʧʨʘʚ ʟʫʤʦʚʠʚ ʧʨʦʚʝʜʝʥʥʷ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʜʘʥʫ 

ʧʫʙʣʽʢʘʮʽʶ, ʷʢʘ ʻ ʡʦʛʦ ʟʘʢʦʥʦʤʽʨʥʠʤ ʥʘʩʣʽʜʢʦʤ. 

ɼʝʨʞʘʚʥʝ ʩʪʠʤʫʣʶʚʘʥʥʷ ʙʫʜʴ-̫ ʢʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʡ 

ʛʝʦʜʝʟʠʯʥʦʛʦ ʙʽʟʥʝʩʫ, ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʧʨʷʤʠʭ, ʪʘʢ ʽ ʥʝʧʨʷʤʠʭ 

ʚʘʞʝʣʽʚ ʧʽʜʪʨʠʤʢʠ. ɼʦ ʧʨʷʤʠʭ ʚʘʞʝʣʽʚ, ʩʝʨʝʜ ʽʥʰʠʭ, ʚʽʜʥʦʩʷʪʴ ʙʝʟʫʤʦʚʥʝ 

ʢʦʥʪʨʘʢʪʫʚʘʥʥʷ ʩʫʙô̒ ʢʪʽʚ ʧʝʚʥʦʛʦ ʚʠʜʫ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʚʠʢʦʥʘʥʥʷ ʦʢʨʝʤʠʭ 

ʚʠʜʽʚ ʨʦʙʽʪ ʯʠ ʟʘʢʫʧʽʚʣʶ ʚ ʥʠʭ ʪʦʚʘʨʽʚ, ʘʙʦ ʞ ʧʨʷʤʫ ʙʶʜʞʝʪʥʫ ʜʦʧʦʤʦʛʫ 

ʢʦʞʥʦʤʫ ʟʘʟʥʘʯʝʥʦʤʫ ʩʫʙô̒ ʢʪʫ, ʨʦʟʤʽʨ ʷʢʦʾ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʷ ʡʦʛʦ 

ʧʦʢʘʟʥʠʢʘʤʠ ʜʽʷʣʴʥʦʩʪʽ ʟʘ ʷʢʠʡʩʴ ʧʝʨʽʦʜ, ʘʙʦ ʥʘʚʽʪʴ ʥʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʥʠʭ. 

ʅʝʧʨʷʤʦʶ ʧʽʜʪʨʠʤʢʦʶ ʚʚʘʞʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʨʞʘʚʥʠʭ ʬʽʥʘʥʩʦʚʠʭ 

ʩʪʠʤʫʣʽʚ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʧʽʜʧʨʠʻʤʮʽʚ, ʷʢʽ, ʥʘʧʨʠʢʣʘʜ, ʟʘʡʤʘʶʪʴʩʷ 

ʛʝʦʜʝʟʠʯʥʠʤ ʙʽʟʥʝʩʦʤ. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʧʨʷʤʝ ʜʝʨʞʘʚʥʝ ʩʪʠʤʫʣʶʚʘʥʥʷ 

ʜʽʷʣʴʥʦʩʪʽ ʚʣʘʩʪʠʚʝ, ʧʝʨʝʜʫʩʽʤ, ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽʡ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʽʡ 

ʤʦʜʝʣʽ [1, ʩ. 15-16], ʘʚʪʦʨʠ ʮʽʻʾ ʧʫʙʣʽʢʘʮʽʾ ʧʝʨʝʢʦʥʘʥʽ, ʱʦ ʜʦʮʽʣʴʥʠʤ ʻ 

ʜʝʪʘʣʴʥʠʡ ʨʦʟʛʣʷʜ ʧʝʨʩʧʝʢʪʠʚ ʧʦʩʠʣʝʥʥʷ ʥʝʧʨʷʤʦʛʦ (ʬʽʥʘʥʩʦʚʦʛʦ) 

ʩʪʠʤʫʣʶʚʘʥʥʷ ʛʝʦʜʝʟʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʙʽʣʴʰ ʚʣʘʩʪʠʚʦʛʦ ʬʽʥʘʥʩʦʚʽʡ ʤʦʜʝʣʽ 

ʨʠʥʢʦʚʦʾ ʝʢʦʥʦʤʽʢʠ [2, ʩ. 11], ʜʦ ʷʢʦʛʦ, ʷʢ ʚʽʜʦʤʦ, ʧʨʠʡʥʷʪʦ ʚʽʜʥʦʩʠʪʠ 

ʧʦʟʠʪʠʚʥʠʡ ʽʥʚʝʩʪʠʮʽʡʥʠʡ, ʩʪʨʘʭʦʚʠʡ, ʢʨʝʜʠʪʥʠʡ ʪʘ ʧʦʜʘʪʢʦʚʠʡ ʚʧʣʠʚ, 

ʥʘʩʘʤʧʝʨʝʜ, ʟ ʙʦʢʫ ʜʝʨʞʘʚʠ ʥʘ ʙʽʟʥʝʩ-ʩʪʨʫʢʪʫʨʠ (ʨʠʩ. 1). 

ɼʝʨʞʘʚʥʽ ʽʥʚʝʩʪʠʮʽʾ, ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʯʘʩʪʠʥʠ ʩʪʨʘʭʦʚʠʭ ʚʠʧʣʘʪ, 

ʧʽʣʴʛʦʚʝ ʦʧʦʜʘʪʢʫʚʘʥʥʷ ʪʘ ʢʨʝʜʠʪʫʚʘʥʥʷ, ʯʠ ʙʫʜʴ-̫ ʢʽ ʽʥʰʽ ʚʠʜʠ ʧʽʜʪʨʠʤʢʠ,  
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ʈʠʩ 1. ʆʩʥʦʚʥʽ ʚʠʜʠ ʜʝʨʞʘʚʥʦʛʦ ʬʽʥʘʥʩʦʚʦʛʦ  

ʩʪʠʤʫʣʶʚʘʥʥʷ ʙʽʟʥʝʩʫ [3] 

 

ʟʚʠʯʘʡʥʦ, ʩʧʨʠʷʪʠʤʫʪʴ ʙʫʨʭʣʠʚʦʤʫ ʨʦʟʚʠʪʢʫ ʛʝʦʜʝʟʠʯʥʦʛʦ ʙʽʟʥʝʩʫ. ɺ ʪʦʡ ʞʝ 

ʯʘʩ, ʚʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʣʠʰʝ ʧʽʣʴʛʦʚʝ ʦʧʦʜʘʪʢʫʚʘʥʥʷ ʥʝ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʛʦ 

ʚʢʣʘʜʝʥʥʷ ʙʶʜʞʝʪʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ, ʦʪʞʝ, ʧʨʽʦʨʠʪʝʪʥʠʤ ʜʣʷ ʜʝʨʞʘʚʠ ʚ ʧʝʨʽʦʜ 

ʧʦʚʦʻʥʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʥʝʛʘʨʘʟʜʽʚ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʝ ʧʦʜʘʪʢʦʚʦʾ 

ʧʽʜʪʨʠʤʢʠ ʙʽʟʥʝʩʫ, ʟʦʢʨʝʤʘ ʽ ʚ ʩʬʝʨʽ ʛʝʦʜʝʟʽʾ. 

ʇʨʠ ʮʴʦʤʫ, ʟʫʧʠʥʷʶʯʠʩʴ ʥʘ ʧʦʜʘʪʢʦʚʦʤʫ ʩʪʠʤʫʣʶʚʘʥʥʽ 

ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ, ʧʦʪʨʽʙʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚʦʥʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ 

ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʜʽʶʯʦʛʦ ʧʦʜʘʪʢʦʚʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ. ʂʨʽʤ ʪʦʛʦ, ʧʦʜʘʪʢʦʚʫ 

ʧʽʜʪʨʠʤʢʫ ʙʽʟʥʝʩʫ ʫ ʩʬʝʨʽ ʛʝʦʜʝʟʽʾ, ʜʝʱʦ ʫʤʦʚʥʦ, ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʧʨʷʤʝ 

ʦʧʦʜʘʪʢʫʚʘʥʥʷ ʙʽʟʥʝʩ-ʩʪʨʫʢʪʫʨ, ʷʢʽ ʦʙʨʘʣʠ ʟʘʛʘʣʴʥʫ ʩʠʩʪʝʤʫ ʥʘʨʘʭʫʚʘʥʥʷ ʽ 

ʩʧʣʘʪʠ ʧʦʜʘʪʢʽʚ, ʧʨʷʤʝ ʦʧʦʜʘʪʢʫʚʘʥʥʷ ʤʘʣʦʛʦ ʙʽʟʥʝʩʫ, ʘ ʪʘʢʦʞ ʥʝʧʨʷʤʝ 

ʦʧʦʜʘʪʢʫʚʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʩʫʙô̒ ʢʪʽʚ. 

 

 

 

 

 

 

 

 
 

ʈʠʩ 2. ʇʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʠ ʧʦʜʘʪʢʦʚʦʾ ʧʽʜʪʨʠʤʢʠ  

ʛʝʦʜʝʟʠʯʥʦʛʦ ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ 

 

ʗʢ ʚʽʜʦʤʦ, ʦʩʥʦʚʥʠʤ ʧʨʷʤʠʤ ʧʦʜʘʪʢʦʤ, ʷʢʠʡ ʩʧʣʘʯʫʶʪʴ ʢʨʫʧʥʽ 

ʛʝʦʜʝʟʠʯʥʽ, ʛʝʦʜʝʟʠʯʥʦ-ʟʝʤʣʝʚʧʦʨʷʜʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʢʦʨʧʦʨʘʮʽʾ, ʱʦ 

ʥʘʜʘʶʪʴ ʧʦʩʣʫʛʠ ʫ ʩʬʝʨʽ ʛʝʦʽʥʬʦʨʤʘʪʠʢʠ ʽ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʻ 

ʧʦʜʘʪʦʢ ʥʘ ʧʨʠʙʫʪʦʢ ʧʽʜʧʨʠʻʤʩʪʚ [4; 5, ʩ. 18-22]. ʈʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʽʭ 

ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʚʽʜʯʠʣʠ, ʱʦ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʮʶ ʧʦʜʘʪʢʦʚʫ ʬʦʨʤʫ ʟ ʤʝʪʦʶ 

ʧʦʩʠʣʝʥʥʷ ʩʘʤʝ ʩʪʠʤʫʣʶʶʯʠʭ ʾʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ ʛʝʦʜʝʟʠʯʥʦʛʦ 

ʆʩʥʦʚʥʽ ʚʠʜʠ ʜʝʨʞʘʚʥʦʾ ʬʽʥʘʥʩʦʚʦʾ ʧʽʜʪʨʠʤʢʠ ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ: 

- ʽʥʚʝʩʪʠʮʽʡʥʘ ʧʽʜʪʨʠʤʢʘ; 

- ʩʪʨʘʭʦʚʘ ʧʽʜʪʨʠʤʢʘ; 

- ʢʨʝʜʠʪʥʘ ʧʽʜʪʨʠʤʢʘ; 

- ʧʦʜʘʪʢʦʚʘ ʧʽʜʪʨʠʤʢʘ. 

ʇʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʠ ʧʦʜʘʪʢʦʚʦʾ ʧʽʜʪʨʠʤʢʠ ʛʝʦʜʝʟʠʯʥʦʛʦ ʙʽʟʥʝʩʫ: 

- ʧʨʷʤʝ ʦʧʦʜʘʪʢʫʚʘʥʥʷ ʩʫʙôʻʢʪʽʚ ʥʘ ʟʘʛʘʣʴʥʽʡ ʧʦʜʘʪʢʦʚʽʡ ʩʠʩʪʝʤʽ; 

- ʧʨʷʤʝ ʦʧʦʜʘʪʢʫʚʘʥʥʷ ʩʫʙôʻʢʪʽʚ ʤʘʣʦʛʦ ʙʽʟʥʝʩʫ; 

-  

- ʥʝʧʨʷʤʝ ʦʧʦʜʘʪʢʫʚʘʥʥʷ. 

-  
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ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ ʜʦʮʽʣʴʥʦ ʰʣʷʭʦʤ ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʩʪʘʚʢʠ ʧʦʜʘʪʢʫ, ʘʙʦ 

ʞ ʟʚʽʣʴʥʝʥʥʷ ʚʽʜ ʩʧʣʘʪʠ ʧʦʜʘʪʢʫ ʥʘ ʧʨʠʙʫʪʦʢ ʟʘʟʥʘʯʝʥʠʭ ʩʪʨʫʢʪʫʨ, ʩʢʘʞʽʤʦ 

ʥʘ ʧʝʨʰʽ ʧʦʚʦʻʥʥʽ 5 ʨʦʢʽʚ, ʘ ʪʘʢʦʞ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡʥʦ-

ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʣʴʛ ʟ ʜʘʥʦʛʦ ʧʦʜʘʪʢʫ ʚ ʯʘʩʪʠʥʽ ʟʘʢʫʧʽʚʣʽ ʘʥʘʣʽʟʦʚʘʥʠʤʠ 

ʙʽʟʥʝʩ-ʩʪʨʫʢʪʫʨʘʤʠ ʤʦʜʝʨʥʦʛʦ ʛʝʦʜʝʟʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [6] (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʷ 1 

ʇʨʦʧʦʥʦʚʘʥʽ ʟʘʭʦʜʠ ʧʦʜʘʪʢʦʚʦʾ (ʬʽʩʢʘʣʴʥʦʾ) ʧʽʜʪʨʠʤʢʠ  

ʩʫʙô̒ ʢʪʽʚ ʛʝʦʜʝʟʠʯʥʦʛʦ ʙʽʟʥʝʩʫ ʚ ʧʦʚʦʻʥʥʠʡ ʧʝʨʽʦʜ 

ˉ 

ʅʘʧʨʷʤʠ ʧʦʜʘʪʢʦʚʦʾ ʯʠ 

ʩʪʨʘʭʦʚʦʾ ʧʽʜʪʨʠʤʢʠ ʪʘ 

ʚʠʜ ʧʣʘʪʝʞʫ, ʷʢʦʛʦ 

ʩʪʦʩʫʻʪʴʩʷ ʢʦʥʢʨʝʪʥʠʡ 

ʥʘʧʨʷʤ 

ʇʨʦʧʦʥʦʚʘʥʽ ʟʘʭʦʜʠ  

ʚ ʤʝʞʘʭ ʦʢʨʝʤʦʛʦ ʥʘʧʨʷʤʫ  

ʧʦʜʘʪʢʦʚʦʾ  

ʯʠ ʩʪʨʘʭʦʚʦʾ ʧʽʜʪʨʠʤʢʠ 

1 ʇʨʷʤʝ ʦʧʦʜʘʪʢʫʚʘʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʟʘʛʘʣʴʥʽʡ 

ʩʠʩʪʝʤʽ ʦʧʦʜʘʪʢʫʚʘʥʥʷ 

(ʧʦʜʘʪʦʢ ʥʘ ʧʨʠʙʫʪʦʢ 

ʧʽʜʧʨʠʻʤʩʪʚ) 

- ʟʤʝʥʰʝʥʥʷ ʩʪʘʚʢʠ ʧʦʜʘʪʢʫ, ʘʙʦ 

ʟʚʽʣʴʥʝʥʥʷ ʚʽʜ ʩʧʣʘʪʠ ʧʦʜʘʪʢʫ ʥʘ ʧʨʠʙʫʪʦʢ ʚ 

ʧʝʨʰʽ ʧʦʚʦʻʥʥʽ 5 ʨʦʢʽʚ; 

- ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʧʽʣʴʛ ʟ ʧʦʜʘʪʢʫ ʚ 

ʯʘʩʪʠʥʽ ʟʘʢʫʧʽʚʣʽ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʛʝʦʜʝʟʠʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. 

2 ʇʨʷʤʝ ʦʧʦʜʘʪʢʫʚʘʥʥʷ 

ʤʘʣʦʛʦ ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ 

(ʻʜʠʥʠʡ ʧʦʜʘʪʦʢ) 

- ʟʚʽʣʴʥʝʥʥʷ ʚʽʜ ʩʧʣʘʪʠ ʻʜʠʥʦʛʦ ʧʦʜʘʪʢʫ 

ʥʘ ʧʝʨʰʽ ʧʦʚʦʻʥʥʽ 5 ʨʦʢʽʚ; 

- ʟʚʽʣʴʥʝʥʥʷ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʦʙʦʚô̫ ʟʢʦʚʦʤʫ ʧʦʨʷʜʢʫ ʨʝʻʩʪʨʘʪʦʨʽʚ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʦʧʝʨʘʮʽʡ; 

- ʟʚʽʣʴʥʝʥʥʷ ʚʽʜ ʩʧʣʘʪʠ ʚʽʡʩʴʢʦʚʦʛʦ 

ʟʙʦʨʫ. 

3 ʅʝʧʨʷʤʝ ʦʧʦʜʘʪʢʫʚʘʥʥʷ 

(ʧʦʜʘʪʦʢ ʥʘ ʜʦʜʘʥʫ 

ʚʘʨʪʽʩʪʴ) 

- ʘʥʫʣʶʚʘʥʥʷ ʧʦʨʷʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʦʜʘʪʢʦʚʠʭ ʥʘʢʣʘʜʥʠʭ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ 

ʟʘʤʽʩʪʴ ʥʠʭ ʘʢʪʽʚ ʛʝʦʜʝʟʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ; 

-  ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʧʦʜʘʪʢʦʚʦʛʦ ʢʨʝʜʠʪʫ ʟ 

ʇɼɺ ʥʘ ʽʥʚʝʩʪʠʮʽʡʥʦ-̔ ʥʥʦʚʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʪʘ ʥʘ 

ʩʘʤʦʩʪʽʡʥʦ ʨʦʟʨʦʙʣʝʥʽ ʝʬʝʢʪʠʚʥʽ ʥʦʚʦʚʚʝʜʝʥʥʷ; 

- ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʩʧʝʮʨʝʞʠʤʫ ʘʢʫʤʫʣʷʮʽʾ 

ʩʫʤ ʇɼɺ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ ʪʘ 

ʧʦʩʣʫʛ ʥʘ ʧʝʨʰʽ ʧʦʚʦʻʥʥʽ 5 ʨʦʢʽʚ. 

 

ʆʩʥʦʚʥʠʡ ʧʨʷʤʠʡ ʧʦʜʘʪʦʢ, ʷʢʠʡ ʩʧʣʘʯʫʶʪʴ ʜʨʽʙʥʽ ʛʝʦʜʝʟʠʯʥʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʧʽʜʧʨʠʻʤʮʽ ï ̒ ʜʠʥʠʡ ʧʦʜʘʪʦʢ [4; 5, ʩ. 68-74]. ʇʽʜʩʫʤʢʠ 

ʤʠʥʫʣʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʝʢʦʥʣʠʚʦ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ ʧʨʷʤʫ ʧʦʜʘʪʢʦʚʫ 

ʧʽʜʪʨʠʤʢʫ ʩʫʙô̒ ʢʪʽʚ ʤʘʣʦʛʦ ʙʽʟʥʝʩʫ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʰʣʷʭʦʤ 

ʟʚʽʣʴʥʝʥʥʷ ʚʽʜ ʩʧʣʘʪʠ ʮʴʦʛʦ ʧʦʜʘʪʢʫ ʥʘ ʧʝʨʰʽ ʧʦʚʦʻʥʥʽ 5 ʨʦʢʽʚ ʛʝʦʜʝʟʠʯʥʠʭ 

ʤʘʣʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʧʽʜʧʨʠʻʤʮʽʚ, ʯʝʨʝʟ ʩʢʘʩʫʚʘʥʥʷ ʯʠʥʥʦʛʦ ʧʦʨʷʜʢʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʤʠ ʨʝʻʩʪʨʘʪʦʨʽʚ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʦʧʝʨʘʮʽʡ (ʈʈʆ) ʘ ʪʘʢʦʞ 

ʟʚʽʣʴʥʝʥʥʷ ʪʘʢʠʭ ʧʦʜʘʪʢʦʧʣʘʪʥʠʢʽʚ-̒ ʜʠʥʱʠʢʽʚ ʚʽʜ ʩʧʣʘʪʠ ʚʽʡʩʴʢʦʚʦʛʦ ʟʙʦʨʫ 

[7]. 

ʆʩʥʦʚʥʠʤ ʥʝʧʨʷʤʠʤ ʧʦʜʘʪʢʦʤ, ʷʢʠʡ ʩʧʣʘʯʫʶʪʴ ʩʫʙô̒ ʢʪʠ ʛʝʦʜʝʟʠʯʥʦʛʦ 
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ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ, ʻ ʧʦʜʘʪʦʢ ʥʘ ʜʦʜʘʥʫ ʚʘʨʪʽʩʪʴ (ʇɼɺ) [4; 5, ʩ. 51-55]. ɿ ʤʝʪʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʥʝʧʨʷʤʦʾ ʧʦʜʘʪʢʦʚʦʾ ʧʽʜʪʨʠʤʢʠ ʜʦʮʽʣʴʥʠʤ ʻ ʘʥʫʣʶʚʘʥʥʷ 

ʟʘʛʘʣʴʥʦʦʙʦʚô̫ ʟʢʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʜʘʪʢʦʚʠʭ ʥʘʢʣʘʜʥʠʭ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ ʟʘʤʽʩʪʴ ʧʦʜʽʙʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʘʢʪʽʚ ʛʝʦʜʝʟʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʯʠ ʽʥʰʠʭ ʩʭʦʞʠʭ ʧʘʧʝʨʽʚ, ʘ ʪʘʢʦʞ ʚʧʨʦʚʘʜʞʫʚʘʥʥʷ ʧʦʜʘʪʢʦʚʦʛʦ ʢʨʝʜʠʪʫ ʟ ʇɼɺ 

ʥʘ ʽʥʚʝʩʪʠʮʽʡʥʦ-̔ ʥʥʦʚʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʪʘ ʥʘ ʩʘʤʦʩʪʽʡʥʦ ʨʦʟʨʦʙʣʝʥʽ ʽ ʟʘʧʨʦʚʘʜʞʝʥʽ 

ʢʦʨʠʩʥʽ ʛʝʦʜʝʟʠʯʥʽ ʥʦʚʦʚʚʝʜʝʥʥʷ [8]. 

ʂʨʽʤ ʪʦʛʦ, ʥʘ ʥʘʰʝ ʧʝʨʝʢʦʥʘʥʥʷ, ʮʽʣʢʦʤ ʚʠʧʨʘʚʜʘʥʠʤ ʻ ʥʘ ʧʝʨʰʽ 

ʧʦʚʦʻʥʥʽ 5 ʨʦʢʽʚ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʘʢʫʤʫʣʷʮʽʾ ʩʫʤ ʇɼɺ 

ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ ʪʘ ʧʦʩʣʫʛ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʨʘʭʫʥʢʘʭ 

ʛʝʦʜʝʟʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʧʽʜʧʨʠʻʤʮʽʚ, ʷʢʽ ʻ ʧʣʘʪʥʠʢʘʤʠ ʧʦʜʘʪʢʫ ʥʘ ʜʦʜʘʥʫ 

ʚʘʨʪʽʩʪʴ, ʟ ʤʝʪʦʶ ʮʽʣʴʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʨʝʩʫʨʩʽʚ ʚʠʢʣʶʯʥʦ ʥʘ 

ʛʝʦʜʝʟʠʯʥʽ ʽʥʚʝʩʪʠʮʽʡʥʦ-̔ ʥʥʦʚʘʮʽʡʥʽ ʧʦʪʨʝʙʠ ʟʘʟʥʘʯʝʥʠʭ ʩʫʙô̒ ʢʪʽʚ. ɺ ʟʚô̫ ʟʢʫ 

ʟ ʮʠʤ, ʚʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʩʭʦʞʠʡ ʨʝʞʠʤ ʘʢʫʤʫʣʷʮʽʾ ʪʨʠʚʘʣʠʡ ʯʘʩ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚ ʋʢʨʘʾʥʽ ʟ ʤʝʪʦʶ ʧʽʜʪʨʠʤʢʠ ʧʽʜʧʨʠʻʤʩʪʚ ʩʘʨʦʩʬʝʨʠ [9]. 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʢʣʘʜʝʥʝ, ʟʘʫʚʘʞʠʤʦ, ʱʦ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʧʝʨʝʜʫʤʦʚ ʷʢ ʧʦʚʦʻʥʥʦʾ ʚʽʜʙʫʜʦʚʠ ʋʢʨʘʾʥʠ ʪʘʢ ʽ ʘʢʪʠʚʽʟʘʮʽʾ ʚʽʪʯʠʟʥʷʥʦʛʦ  

ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʻ ʜʝʨʞʘʚʥʘ ʧʽʜʪʨʠʤʢʘ ʛʝʦʜʝʟʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɿ ʤʝʪʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦʛʦ ʨʽʚʥʷ ʪʘʢʦʾ ʧʽʜʪʨʠʤʢʠ ʜʝʨʞʘʚʘ ʧʦʚʠʥʥʘ, 

ʥʘʩʘʤʧʝʨʝʜ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʷʢ ʧʨʷʤʦʛʦ, ʪʘʢ ʽ ʥʝʧʨʷʤʦʛʦ 

ʧʦʜʘʪʢʦʚʦʛʦ ʩʪʠʤʫʣʶʚʘʥʥʷ ʙʽʟʥʝʩ-ʩʪʨʫʢʪʫʨ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʟʘʟʥʘʯʝʥʠʤ 

ʧʽʜʧʨʠʻʤʥʠʮʪʚʦʤ. ʂʨʽʤ ʪʦʛʦ, ʮʽʣʢʦʤ ʚʠʧʨʘʚʜʘʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʪʷʛʦʤ 

ʧʦʚʦʻʥʥʠʭ 5 ʨʦʢʽʚ ʩʧʝʮʽʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʘʢʫʤʫʣʷʮʽʾ ʩʫʤ ʇɼɺ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ 

ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ ʪʘ ʧʦʩʣʫʛ ʟ ʦʙʦʚô̫ ʟʢʦʚʠʤ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʢʣʶʯʥʦ ʥʘ 

ʽʥʥʦʚʘʮʽʡʥʦ-̔ ʥʚʝʩʪʠʮʽʡʥʽ ʛʝʦʜʝʟʠʯʥʽ ʧʦʪʨʝʙʠ (ʟʘ ʘʥʘʣʦʛʦʤ ʟʽ ʩʧʝʮʨʝʞʠʤʦʤ 

ʘʢʫʤʫʣʷʮʽʾ ʧʦʜʘʪʢʫ ʥʘ ʜʦʜʘʥʫ ʚʘʨʪʽʩʪʴ ʜʣʷ ʩʫʙô̒ ʢʪʽʚ ʘʛʨʦʩʬʝʨʠ). 

ʇʦʜʘʣʴʰʽ ʥʘʧʨʘʮʶʚʘʥʥʷ ʚ ʦʙʨʘʥʦʤʫ ʥʘʧʨʷʤʽ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʘʨʪʦ ʧʨʠʩʚʷʪʠʪʠ ʷʢ ʜʝʪʘʣʽʟʘʮʽʾ ʤʝʭʘʥʽʟʤʽʚ ʢʦʞʥʦʛʦ ʽʟ ʧʨʦʧʦʥʦʚʘʥʠʭ ʥʘʤʠ 

ʟʘʭʦʜʽʚ ʬʽʩʢʘʣʴʥʦʾ ʧʽʜʪʨʠʤʢʠ ʛʝʦʜʝʟʠʯʥʦʛʦ ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ, ʪʘʢ ʽ 

ʤʦʜʝʣʶʚʘʥʥʶ ʾʭ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʙʶʜʞʝʪʫ ʜʝʨʞʘʚʠ, ʤʫʥʽʮʠʧʘʣʴʥʠʭ ʙʶʜʞʝʪʽʚ 

ʪʘ ʩʘʤʠʭ ʙʽʟʥʝʩ-ʩʫʙô̒ ʢʪʽʚ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʛʝʦʜʝʟʠʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ 

ʥʘʜʘʶʪʴ ʛʝʦʜʝʟʠʯʥʽ ʧʦʩʣʫʛʠ. 
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Introduction: 

Coke oven gas (COG) is a byproduct of the coking process in the steel 

industry, containing various pollutants such as tar, ammonia, hydrogen sulfide, 

and volatile organic compounds (VOCs). To mitigate environmental pollution and 

comply with stringent emission regulations, coke oven gas purification is 

essential. One method widely used for COG purification is scrubbing, where 

contaminants are removed using a liquid absorbent. The efficiency of this process 

can be enhanced by introducing nozzles into the scrubber system. This article 

delves into the analysis of how the degree of purification of coke oven gas is 

influenced by the installation of a nozzle in a scrubber. [1] 
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Importance of Coke Oven Gas Purification: 

Coke oven gas is a valuable energy resource and can be utilized for power 

generation and heating. However, its direct use is hindered by the presence of 

pollutants, which not only degrade its quality but also pose environmental and health 

risks. Therefore, efficient purification techniques are imperative to make COG 

suitable for various applications while minimizing its environmental footprint. [2] 

Functioning of a Scrubber with Nozzles: 

A scrubber is a pollution control device used to remove pollutants from 

industrial exhaust gases. It works on the principle of contact between the gas 

stream and a liquid absorbent. When coke oven gas passes through the scrubber, 

it comes into contact with the liquid, leading to the absorption of contaminants. 

The introduction of nozzles in the scrubber system enhances this process by 

creating fine droplets of the absorbent, increasing the surface area for contact and 

thereby improving the efficiency of pollutant removal. [3] 

Analyzing the Influence of Nozzle Installation: 

The degree of purification of coke oven gas is directly affected by the 

effectiveness of the scrubbing process, which, in turn, is influenced by several factors, 

including the design of the scrubber and the distribution of the absorbent within the 

gas stream. Nozzle installation plays a crucial role in optimizing these factors. 

Enhanced Contact Efficiency: Nozzles disperse the liquid absorbent into 

smaller droplets, maximizing the surface area available for interaction with the 

gas stream. This facilitates better absorption of contaminants, leading to higher 

purification efficiency. 

Improved Mixing: The fine droplets generated by the nozzles ensure 

thorough mixing of the gas and liquid phases, promoting mass transfer and 

facilitating the removal of pollutants. This results in a more uniform distribution 

of absorbent throughout the gas stream, enhancing purification performance. [4] 

Reduction in Pressure Drop: Proper nozzle design and placement help 

minimize pressure drop within the scrubber, ensuring optimal gas flow rates. This 

not only enhances operational efficiency but also reduces energy consumption, 

making the purification process more cost-effective. 

Flexibility in Operation: Nozzle-based scrubber systems offer flexibility in 

adjusting parameters such as liquid flow rate and droplet size, allowing operators 

to optimize purification performance according to specific requirements and 

variations in gas composition. 

Conclusion: 

The installation of nozzles in a scrubber significantly influences the degree 

of purification of coke oven gas by enhancing the efficiency of the scrubbing 

process. By promoting better contact between the gas stream and the liquid 

absorbent, improving mixing, reducing pressure drop, and offering operational 

flexibility, nozzle-based scrubber systems enable more effective removal of 

pollutants, thereby contributing to environmental protection and sustainable 

industrial practices in the steel industry. 
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Fig. 1. Regression 

 

In conclusion, the integration of nozzles into scrubber systems represents a 

valuable strategy for enhancing coke oven gas purification and minimizing 

environmental impacts, ultimately supporting the transition towards cleaner and 

more sustainable industrial processes. 

Furthermore, the versatility and adaptability of nozzle-based scrubber 

systems allow for tailored solutions to meet specific purification requirements and 

operational constraints. This flexibility empowers industries to achieve optimal 

performance while maximizing resource utilization and minimizing operational 

costs. 

As regulatory standards continue to evolve and environmental concerns 

escalate, the adoption of innovative purification technologies such as nozzle-

based scrubber systems becomes increasingly imperative. By prioritizing 

efficiency, effectiveness, and environmental responsibility, industries can align 

with global sustainability objectives and contribute to a cleaner, healthier future 

for both communities and ecosystems. 

In essence, the analysis of the influence of nozzle installation in a scrubber 

underscores the transformative potential of advanced purification techniques in 

mitigating industrial pollution and advancing sustainable development goals. By 

embracing these technologies and fostering a culture of innovation and 

environmental stewardship, industries can pave the way for a greener, more 

resilient future 
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ɺ ʜʽʡʩʥʠʡ ʯʘʩ ʝʣʝʢʪʨʦʛʝʥʝʨʘʮʽʷ ʚ ʋʢʨʘʾʥʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ 

ʧʦʨʽʚʥʦ ʘʪʦʤʥʠʤʠ(ɸɽʉ) ʪʘ ʪʝʧʣʦʚʠʤʠ (ʊɽʉ) ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ, ʘ ʪʘʢʦʞ ʫ 

ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ ʯʘʩʪʢʦʚʦ ʪʝʧʣʦʝʣʝʢʪʨʦʮʝʥʪʨʘʣʷʤʠ (ʊɽʎ). ɺʩʴʦʛʦ ʚ ʋʢʨʘʾʥʽ 

ʥʘʨʘʭʦʚʫʻʪʴʩʷ 14 ʊɽʉ. ɿʘ ʜʘʥʠʤʠ ʊʆɺ çʂʠʾʚʩʴʢʽ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʩʣʫʛʠè ʟʘ 

2023 ʨʽʢ ʟ ʚʫʛʽʣʴʥʦʛʦ ʧʘʣʠʚʘ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 27.9% ʚʩʽʻʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

[2]. ɿ ʪʦʯʢʠ ʟʦʨʫ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʚʫʛʽʣʣʷ ʻ ʥʘʡʙʽʣʴʰ 

ʥʝʙʝʟʧʝʯʥʠʤ ʚʠʢʦʧʥʠʤ ʧʘʣʠʚʦʤ. ɭʚʨʦʧʝʡʩʴʢʘ ʢʦʤʽʩʽʷ ʩʪʘʚʠʪʴ ʟʘ ʤʝʪʫ 

ʧʦʟʙʫʪʠʩʴ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʥʘ ʚʠʢʦʧʥʦʤʫ ʧʘʣʠʚʽ ʜʦ 2050 ʨʦʢʫ.[3]. 

ɸʣʝ ʚʞʝ ʟʘʨʘʟ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʽ ʚʪʽʣʶʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ ʧʦ ʟʤʝʥʰʝʥʥʶ 

ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ.  

ʎʷ ʨʦʙʦʪʘ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʊɽʉ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ ʦʩʢʽʣʴʢʠ 

ʤʘʡʞʝ ʚʩʽ ʚʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʽʣʴʰʝ ʧʘʩʧʦʨʪʥʦʛʦ ʪʝʨʤʽʥʫ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ[4], ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ. ɽʥʝʨʛʝʪʠʢʠ ʜʘʚʥʦ 

ʟʘʡʤʘʶʪʴʩʷ ʧʨʦʙʣʝʤʦʶ ʟʤʝʥʰʝʥʥʷ ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʊɽʉ ʥʘ ʦʪʦʯʫʶʯʝ 

ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʨʦʙʠʣʠ ʧʦʰʫʢʠ ʟʘʭʦʜʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ. ɺʩʽ 

ʚʽʜʦʤʽ ʟʘʭʦʜʠ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ:ʦʯʠʩʪʢʘ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʚʽʜ 

ʰʢʽʜʣʠʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʦʧʪʠʤʽʟʘʮʽʶ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦ ʤʘʩʦʦʙʤʽʥʫ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʦʨʛʘʥʽʯʥʠʭ ʧʘʣʠʚ, 

ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʫʛʽʣʣʷ. ʈʦʟʧʦʜʽʣ ʮʠʭ ʤʝʪʦʜʽʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ.1. 

mailto:eugenvak@ukr.net,sib.kiev@gmail.com


53 
 

 
ʈʠʩ.1 ʈʦʟʧʦʜʽʣ ʤʝʪʦʜʽʚ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʚʫʛʽʣʴʥʠʭ ʊɽʉ 

 

ʄʝʪʦʜʠ ʦʯʠʱʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʘʥʥʷ ʚʽʜ ʰʢʽʜʣʠʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʜʘʚʥʦ[5] ʽ ʚʦʥʠ ʚʞʝ ʦʪʨʠʤʘʣʠ ʪʨʘʜʠʮʽʡʥʝ ʘʧʘʨʘʪʫʨʥʝ 

ʦʬʦʨʤʣʝʥʥʷ, ʘʣʝ ʚʦʥʠ ʥʝ ʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʪʘʪʥʴʦ ʛʣʠʙʦʢʦʛʦ ʦʯʠʱʝʥʥʷ 

ʚʽʜ ʰʢʽʜʣʠʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʦʩʦʙʣʠʚʦ ʛʘʟʦʧʦʜʽʙʥʠʭ, ʪʘʢʠʭ ʷʢ ʉʆ ʘʙʦ NOx. 

ɼʨʫʛʘ ʛʨʫʧʘ ʤʝʪʦʜʽʚ ʧʦʪʨʝʙʫʻ ʜʣʷ ʩʚʦʛʦ ʨʦʟʚʠʪʢʫ ʧʦʛʣʠʙʣʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ. ʊʠʤ ʥʝ ʤʝʥʰ ʜʝʷʢʽ ʟ ʮʠʭ ʤʝʪʦʜʽʚ ʚʞʝ ʜʦʩʠʪʴ 

ʜʘʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽ ʤʘʶʪʴ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʾʭ ʨʦʟʨʘʭʫʥʢʫ ʽ 

ʘʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ[6]. ʎʝ ʥʘʩʘʤʧʝʨʝʜ ʨʝʮʠʨʢʫʣʷʮʽʷ ʧʨʦʜʫʢʪʽʚ 

ʟʛʦʨʘʥʥʷ ʚ ʪʦʧʢʫ ʢʦʪʣʘ [7], ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ NOx ʪʘ ʉʆ. ɸʙʦ 

ʟʤʝʥʰʝʥʥʷ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʚ ʪʦʧʮʽ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʥʠʟʠʪʠ ʚʠʢʠʜʠ NOx. ɸʣʝ 

ʮʽ ʤʝʪʦʜʠ ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʧʦʚô̫ ʟʘʥʽ ʟ ʬʽʟʠʢʦʶ ʧʨʦʮʝʩʽʚ ʛʦʨʽʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʟʤʝʥʰʝʥʥʷ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʨʦʩʪʘʥʥʷ 

ʭʽʤʽʯʥʦʛʦ ʥʝʜʦʧʘʣʫ(ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʉʆ ʫ ʧʨʦʜʫʢʪʘʭ ʛʦʨʽʥʥʷ), ʘ ʮʝ ʢʨʽʤ 

ʟʙʽʣʴʰʝʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʧʨʠʟʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʂʂɼ 

ʢʦʪʣʘ[8]. 

ɺʩʝ ʮʝ ʚʠʤʘʛʘʻ ʧʦʰʫʢʽʚ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʚʧʣʠʚʫ ʥʘ ʧʨʦʮʝʩ ʛʦʨʽʥʥʷ ʚ 

ʢʦʪʣʘʭ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʟʙʘʛʘʯʝʥʥʷ ʜʫʪʪʴʦʚʦʛʦ 

ʧʦʚʽʪʨʷ ʢʠʩʥʝʤ. 

ɯʜʝʷ ʟʙʘʛʘʯʝʥʥʷ ʢʠʩʥʝʤ ʜʫʪʪʴʦʚʦʛʦ ʧʦʚʽʪʨʷ ʥʝ ʥʦʚʘ ʽ ʙʝʨʝ ʩʚʽʡ ʧʦʯʘʪʦʢ 

ʧʦʥʘʜ 150 ʨʦʢʽʚ ʪʦʤʫ ʚʽʜ ʧʘʪʝʥʪʫ ɹʝʩʩʝʤʝʨʘ ʱʦʜʦ ʟʙʘʛʘʯʝʥʥʷ ʢʠʩʥʝʤ 

ʜʦʤʝʥʥʦʛʦ ʜʫʪʪʷ ʢʠʩʥʝʤ ʪʘ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʤʝʪʘʣʫʨʛʽʾ ʟ ʧʦʯʘʪʢʫ 

20 ʩʪʦʣʽʪʪʷ.[9] ʆʜʥʘʢ ʚ ʽʥʰʠʭ ʩʬʝʨʘʭ ʪʘ ʚ ʝʥʝʨʛʝʪʠʮʽ ʮʷ ʤʝʪʦʜʠʢʘ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʯʝʨʝʟ ʚʠʩʦʢʫ ʮʽʥʫ ʦʪʨʠʤʘʥʥʷ ʢʠʩʥʶ. ɺ ʜʦʤʝʥʥʦʤʫ ʜʫʪʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʠʩʝʥʴ, ʱʦ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʽʦʛʝʥʥʦʛʦ 

ʩʧʦʩʦʙʫ ʨʦʟʜʽʣʝʥʥʷ ʧʦʚʽʪʨʷ. 

ɸʣʝ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʘʚʜʷʢʠ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʩʪʘʥ ʟʤʽʥʠʚʩʷ. 
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ɿô̫ ʚʠʣʠʩʴ ʥʦʚʽ ʩʧʦʩʦʙʠ ʦʪʨʠʤʘʥʥʷ ʢʠʩʥʶ, ʘ ʩʘʤʝ ʘʜʩʦʨʙʮʽʡʥʠʡ ʪʘ 

ʤʝʤʙʨʘʥʥʠʡ. ɺʘʨʪʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʢʠʩʥʶ ʮʠʤʠ ʩʧʦʩʦʙʘʤʠ ʜʘʻ ʟʤʦʛʫ 

ʨʦʟʛʣʷʜʘʪʠ ʟʙʘʛʘʯʝʥʥʷ ʢʠʩʥʝʤ ʜʫʪʪʴʦʚʦʛʦ ʧʦʚʽʪʨʷ ʚ ʝʥʝʨʛʝʪʠʮʽ. ʅʘʡʙʽʣʴʰ 

ʧʽʜʭʦʜʷʱʠʤ ʩʧʦʩʦʙʦʤ ʻ ʤʝʤʙʨʘʥʥʠʡ, ʮʽ ʫʩʪʘʥʦʚʢʠ ʻ ʜʦʩʪʘʪʥʴʦ 

ʧʨʦʜʫʢʪʠʚʥʠʤʠ, ʻ ʜʦʩʠʪʴ ʧʨʦʩʪʠʤʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʪʦʜʫ 

ʘʜʩʦʨʙʮʽʾ) ʪʘ ʤʘʶʪʴ ʧʨʠʡʥʷʪʥʽ ʨʦʟʤʽʨʠ.   

ɺ ʦʩʥʦʚʽ ʨʦʟʜʽʣʝʥʥʷ ʛʘʟʦʚʠʭ ʩʝʨʝʜʦʚʠʱ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʤʙʨʘʥʥʠʭ 

ʢʠʩʥʝʚʠʭ ʫʩʪʘʥʦʚʦʢ ʣʝʞʠʪʴ ʨʽʟʥʠʮʷ ʫ ʰʚʠʜʢʦʩʪʷʭ ʧʨʦʥʠʢʥʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ 

ʫ ʛʘʟʦʚʽʡ ʩʫʤʽʰʽ ʯʝʨʝʟ ʨʝʯʦʚʠʥʫ ʤʝʤʙʨʘʥʠ. ʇʨʦʮʝʩ ʨʦʟʜʽʣʝʥʥʷ ʟʫʤʦʚʣʝʥʠʡ 

ʨʽʟʥʠʮʝʶ ʚ ʧʘʨʮʽʘʣʴʥʠʭ ʪʠʩʢʘʭ ʥʘ ʨʽʟʥʠʭ ʩʪʦʨʦʥʘʭ ʤʝʤʙʨʘʥʠ[10]. ɼʣʷ 

ʪʝʭʥʦʣʦʛʽʡ ʤʝʤʙʨʘʥʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʛʘʟʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʫʯʘʩʥʘ 

ʧʦʣʽʚʦʣʦʢʦʥʥʘ ʤʝʤʙʨʘʥʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʨʠʩʪʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ ʚʦʣʦʢʥʘ 

ʟ ʥʘʥʝʩʝʥʠʤ ʥʘ ʡʦʛʦ ʟʦʚʥʽʰʥʶ ʧʦʚʝʨʭʥʶ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʤ ʰʘʨʦʤ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʧʦʣʽʚʦʣʦʢʦʥʥʘ ʤʝʤʙʨʘʥʘ ʢʦʤʧʦʥʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʘʨʪʨʠʜʞʘ, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʪʫʰʢʫ ʟ ʥʘʤʦʪʘʥʠʤ ʥʘ ʥʝʾ 

ʦʩʦʙʣʠʚʠʤ ʯʠʥʦʤ ʧʦʣʽʤʝʨʥʠʤ ʚʦʣʦʢʥʦʤ.  

ɿʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʚʧʣʠʚʘʻ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʥʘ ʰʚʠʜʢʽʩʪʴ 

ʨʝʘʢʮʽʾ ʦʢʠʩʥʝʥʥʷ ʚʫʛʣʝʮʶ, ʘʜʞʝ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʢʫʣ ʢʠʩʥʶ ʤʦʞʝ 

ʚʩʪʫʧʠʪʠ ʚ ʨʝʘʢʮʽʶ ʟ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʤʦʣʝʢʫʣ ʚʫʛʣʝʮʶ ʟʘ ʦʜʠʥ ʽ ʪʦʡ ʞʝ 

ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʪʦʧʮʽ. ɼʦʩʷʛʘʻʪʴʩʷ ʮʝ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʽʜʩʦʪʢʫ 

ʘʟʦʪʫ ʫ ʜʫʪʪʴʦʚʦʤʫ ʧʦʚʽʪʨʽ, ʷʢʠʡ ʻ ʙʘʣʘʩʪʦʤ, ʱʦ ʫʪʚʦʨʶʻ ʙʘʨô̒ ʨ ʜʣʷ ʜʠʬʫʟʽʾ 

ʢʠʩʥʶ ʜʦ ʧʦʚʝʨʭʥʽ ʚʫʛʽʣʣʷ. ʎʝ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ. ʇʨʠ 

ʟʚʠʯʘʡʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ: 

2ʉ+2ʆ2+8N2=2CO2+8N2     (2) 

ʇʨʠ ʟʙʽʣʴʰʝʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʫ ʜʫʪʪʴʦʚʦʤʫ ʧʦʚʽʪʨʽ: 

4ʉ+4ʆ2+6N2=4CO2+6N2     (2) 

ʊʦʙʪʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʫ ʜʫʪʪʴʦʚʦʤʫ ʧʦʚʽʪʨʽ ʧʦʣʝʛʰʫʻ 

ʜʠʬʫʟʽʶ ʢʠʩʥʶ ʢʨʽʟʴ ʙʘʣʘʩʪʥʠʡ ʙʘʨô̒ ʨ ʤʦʣʝʢʫʣ ʘʟʦʪʫ ʜʦ ʧʦʚʝʨʭʥʽ ʯʘʩʪʦʢ 

ʚʫʛʽʣʣʷ ʽ ʪʠʤ ʩʘʤʠʤ ʟʙʽʣʴʰʫʻ ʩʪʘʪʠʩʪʠʯʥʫ ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʦʚʥʦʛʦ ʦʢʠʩʥʝʥʥʷ 

ʚʫʛʣʝʮʶ ʟʘ ʯʘʩ ʡʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʪʦʧʮʽ ʢʦʪʣʘ. 

ʇʨʦʚʝʜʝʥʽ ʨʘʥʽʰʝ ʽʥʰʠʤʠ ʘʚʪʦʨʘʤʠ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [10] 

ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʟʙʘʛʘʯʝʥʥʽ ʜʫʪʪʴʦʚʦʛʦ ʧʦʚʽʪʨʷ ʢʠʩʥʝʤ ʟʤʽʥʶʻʪʴʩʷ ʩʢʣʘʜ 

ʪʦʧʢʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʢʦʪʣʽ ʪʘ ʡʦʛʦ ʪʝʧʣʦʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʦʞ 

ʢʽʣʴʢʽʩʪʴ ʜʠʤʦʚʠʭ ʛʘʟʽʚ. ʂʽʣʴʢʽʩʪʴ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʟʤʝʥʰʫʻʪʴʩʷ. ɿʙʽʣʴʰʫʻʪʴʩʷ 

ʚ ʩʢʣʘʜʽ ʪʦʧʢʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʦʙô̒ ʤʥʘ ʯʘʩʪʢʘ ʪʨʴʦʭʘʪʦʤʥʠʭ ʛʘʟʽʚ ʽ ʚʦʜʷʥʦʾ 

ʧʘʨʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʫʤʽʩʪʫ ʘʟʦʪʫ. ʏʝʨʝʟ ʮʝ ʽʥʪʝʥʩʠʬʽʢʫʶʪʴʩʷ 

ʪʝʧʣʦʦʙʤʽʥʥʽ ʧʨʦʮʝʩʠ ʚ ʪʦʧʮʽ ʢʦʪʣʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʧʦʛʣʠʥʘʥʥʷ ʪʝʧʣʦʪʠ ʝʢʨʘʥʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʪʦʧʢʠ ʡ ʧʘʜʽʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʥʘ ʚʠʭʦʜʽ ʟ ʪʦʧʢʠ.  

ɿʙʘʛʘʯʝʥʥʷ ʢʠʩʥʝʤ ʜʫʪʪʴʦʚʦʛʦ ʧʦʚʽʪʨʷ ʜʘʻ ʟʤʦʛʫ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ 

ʟʘʡʚʠʥʫ ʧʦʚʽʪʨʷ (ʤʦʞʣʠʚʦ, ʽ ʚʟʘʛʘʣʽ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʥʝʾ). ɿʤʝʥʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʘʟʦʪʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʝʥʪʘʣʴʧʽʾ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʥʘ ʚʠʭʦʜʽ 

ʟ ʢʦʪʣʘ. ʋʩʽ ʮʽ ʬʘʢʪʦʨʠ ʦʜʥʦʟʥʘʯʥʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ 
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ʚʠʪʨʘʪʠ q2 ʟ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ ʚ ʪʝʧʣʦʚʦʤʫ ʙʘʣʘʥʩʽ ʢʦʪʣʘ, ʚʽʜʧʦʚʽʜʥʦ, ʽ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ. ɼʦ ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ ʧʨʠʟʚʦʜʠʪʴ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʪʨʘʪʠ ʟ ʭʽʤʽʯʥʠʤ ʥʝʜʦʧʘʣʦʤ q3. ʇʽʜʚʠʱʝʥʥʷ ʂʂɼ ʟʤʝʥʰʫʻ 

ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ. ɺʩʝ ʮʝ ʚʝʜʝ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ NOx ʪʘ ʉʆ ʧʨʠ 

ʩʧʘʣʶʚʘʥʥʽ ʚʫʛʽʣʣʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ [11] ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʣʷ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʪʠʧʫ ʊʇ ï 100 ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ ʩʢʣʘʜʫ ʉʨ =68%,ʆʨ = 25,5%,ʅʨ =5,2%,Nʨ = 0,8, 

Sp = 0.5%. ɸʚʪʦʨʠ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʚʘʞʘʣʠ, ʱʦ ʝʬʝʢʪ ʚʽʜ ʟʙʘʛʘʯʝʥʥʷ 

ʢʠʩʥʝʤ ʜʫʪʪʴʦʚʦʛʦ ʧʦʚʽʪʨʷ ʧʦʚʠʥʝʥ ʟʘʣʝʞʘʪʠ ʚʽʜ ʡʦʛʦ ʩʢʣʘʜʫ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʛʘʟʦʚʝ ʚʫʛʽʣʣʷ ʥʘʩʪʫʧʥʦʛʦ 

ʩʢʣʘʜʫ: ʉʨ =76%,ʆʨ = 20%,ʅʨ =2,5%,Nʨ = 0,8, Sp = 0,7%. ɺ ʷʢʦʩʪʽ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʢʦʪʝʣ ʊʇ ï 170. ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʝʜʝʥʦ ʟʛʽʜʥʦ 

ʟ ʥʦʨʤʘʪʠʚʥʠʤ ʤʝʪʦʜʦʤ çʊʝʧʣʦʚʦʡ ʨʘʩʯʝʪ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ. 

ʅʦʨʤʘʪʠʚʥʳʡ ʤʝʪʦʜè 1973 ʨʦʢʫ [12]. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʚʝʜʝʥʽ ʥʘ 

ʨʠʩ. 2, 3, 4. 

 

 
ʘ) ʇʦʢʘʟʥʠʢʠ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ 

 
ʙ) ʇʦʢʘʟʥʠʢʠ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʛʘʟʦʚʦʛʦ ʚʫʛʽʣʣʷ 

ʈʠʩ.2 ɿʘʣʝʞʥʽʩʪʴ ʦʙô̒ ʤʽʚ ʥʝʦʙʭʽʜʥʦʛʦ ʢʠʩʥʶ, ʧʦʚʽʪʨʷ ʪʘ ʧʨʦʜʫʢʪʽʚ 

ʟʛʦʨʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʚ ʜʫʪʪʴʦʚʦʤʫ ʧʦʚʽʪʨʽ 
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ʈʠʩ.3 ɿʘʣʝʞʥʽʩʪʴ ʚʠʪʨʘʪ ʪʝʧʣʦʪʠ ʟ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʠʩʥʶ ʚ ʜʫʪʪʴʦʚʦʤʫ ʧʦʚʽʪʨʽ(q2,%) 

 

 
ʈʠʩ.4 ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʚʫʛʽʣʣʷ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʟʤʽʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʠʩʥʶ ʫ ʜʫʪʪʴʦʚʦʤʫ ʧʦʚʽʪʨʽ(ʪ/ʛʦʜ) 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʟʙʘʛʘʯʝʥʥʷ ʜʫʪʪʴʦʚʦʛʦ 

ʧʦʚʽʪʨʷ ʧʦ ʨʽʟʥʦʤʫ ʚʧʣʠʚʘʻ ʥʘ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʽʚ ʩʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʣʷ ʨʽʟʥʦʛʦ 

ʩʢʣʘʜʫ. ʆʜʥʘʢ ʟʘʛʘʣʴʥʠʡ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ 

ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʧʘʨʦʛʝʥʝʨʘʪʦʨʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʙʝʟ ʟʤʽʥ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʝʨʝʜ ʧʨʘʢʪʠʯʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 

ʥʝʦʙʭʽʜʥʦ ʦʙʦʚô̫ ʟʢʦʚʦ ʧʨʦʚʝʩʪʠ ʪʝʧʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʢʦʪʣʘ ʧʨʠ ʡʦʛʦ ʨʦʙʦʪʽ 

ʥʘ ʧʘʣʠʚʽ ʧʝʚʥʦʛʦ ʩʢʣʘʜʫ ʽ ʪʽʣʴʢʠ ʧʽʩʣʷ ʮʴʦʛʦ ʧʨʠʩʪʫʧʘʪʠ ʜʦ ʥʘʣʘʛʦʜʞʝʥʥʷ 

ʫʩʪʘʥʦʚʢʠ ʨʦʟʜʽʣʝʥʥʷ ʧʦʚʽʪʨʷ. ʇʨʠ ʨʦʙʦʪʽ ʫʩʪʘʥʦʚʢʠ ʥʘ ʚʠʭʦʜʽ ʢʨʽʤ 

ʟʙʘʛʘʯʝʥʦʛʦ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ ʦʪʨʠʤʫʻʪʴʩʷ ʯʠʩʪʠʡ ʘʟʦʪ, ʱʦ ʧʽʜʚʠʱʫʻ 

ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʤʝʪʦʜʫ, ʦʩʢʽʣʴʢʠ ʯʠʩʪʠʡ ʘʟʦʪ ʢʦʨʠʩʪʫʻʪʴʩʷ ʧʦʧʠʪʦʤ ʥʘ ʨʠʥʢʫ 

ʪʝʭʥʽʯʥʠʭ ʛʘʟʽʚ. 
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ʉʫʯʘʩʥʽ ʤʽʩʪʘ ʩʪʘʶʪʴ ʙʽʣʴʰʝ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʠʭ 

ʫʤʦʚ ʜʣʷ ʧʨʦʞʠʚʘʥʥʷ, ʪʦʤʫ ʚʝʣʠʢʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʤʽʩʴʢʽ ʧʘʨʢʠ ʪʘ 

ʟʝʣʝʥʽ ʟʦʥʠ. ɰʭ ʝʩʪʝʪʠʯʥʽ ʪʘ ʷʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ ʫ 

ʩʪʘʥʦʚʣʝʥʥʽ çʢʨʝʘʪʠʚʥʦʛʦ ʤʽʩʪʘè ʪʘ çʢʨʝʘʪʠʚʥʦʾ ʝʢʦʥʦʤʽʢʠè, ʷʢʽ ʛʫʨʪʫʶʪʴ 

ʪʚʦʨʯʠʭ ʦʩʦʙʠʩʪʦʩʪʝʡ ʽ ʪʠʤ ʩʘʤʠʤ ʧʽʜʚʠʱʫʶʪʴ ʽʥʥʦʚʘʮʽʡʥʽʩʪʴ ʪʘ ʪʚʦʨʯʠʡ 

ʧʦʪʝʥʮʽʘʣ ʝʢʦʥʦʤʽʢʠ ʤʽʩʪʘ ʚ ʮʽʣʦʤʫ [1], ʘ ʪʘʢʦʞ ʧʨʠʥʮʠʧʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʜʣʷ ʚʝʣʠʢʠʭ ʤʽʩʪ ʭʘʨʘʢʪʝʨʥʘ ʧʦʣʷʨʠʟʘʮʽʷ ï ʟʙʽʣʴʰʝʥʥʷ 

ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʩʦʮʽʘʣʴʥʦʾ ʥʝʨʽʚʥʦʩʪʽ. ʊʦʤʫ ʨʝʛʫʣʶʶʯʘ ʟʜʘʪʥʽʩʪʴ ʧʘʨʢʽʚ 

ʚʧʣʠʚʘʪʠ ʥʘ ʧʦʢʘʟʥʠʢʠ ʩʦʮʽʘʣʴʥʦʛʦ ʪʘ ʝʢʦʥʦʤʽʯʥʦʛʦ ʙʣʘʛʦʧʦʣʫʯʯʷ ʚʢʨʘʡ 

ʚʘʞʣʠʚʽ ʜʣʷ ʝʢʦʥʦʤʽʢʠ ʤʽʩʪʘ ʚ ʮʽʣʦʤʫ. 

ʄʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʚʘʨʪʦ ʚʠʜʽʣʷʪʠ ʝʢʦʥʦʤʽʢʫ ʧʘʨʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʷʢ 

ʦʢʨʝʤʫ ʛʘʣʫʟʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʨʠʷʪʣʠʚʠʭ ʟʝʣʝʥʠʭ ʧʨʦʩʪʦʨʽʚ ʜʣʷ ʩʫʩʧʽʣʴʥʦʛʦ 

ʪʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʙʣʘʛʦʧʦʣʫʯʯʷ ʤʽʩʪʘ. ɽʢʦʥʦʤʽʢʘ ʧʘʨʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʤʘʻ 

ʟʚ'ʷʟʦʢ ʽʟ ʟʘʛʘʣʴʥʦʶ ʝʢʦʥʦʤʽʢʦʶ ʤʽʩʪʘ ʪʘ ʝʢʦʥʦʤʽʢʦʶ ʨʝʛʽʦʥʫ, ʪʘ ʷʢ ʙʫʜʴ-ʷʢʘ 

ʝʢʦʥʦʤʽʯʥʘ ʩʬʝʨʘ, ʤʘʻ ʩʚʦʾ ʩʢʣʘʜʦʚʽ. ʇʘʨʢʦʚʠʡ ʧʨʦʩʪʽʨ ʚʘʞʣʠʚʦ ʨʦʟʛʣʷʜʘʪʠ 

ʷʢ ʚʘʞʣʠʚʫ ʩʢʣʘʜʦʚʫ ʨʝʢʨʝʘʮʽʡʥʦʾ ʩʬʝʨʠ ʧʨʠʤʦʨʩʴʢʠʭ ʤʽʩʪ. 

ɽʢʦʥʦʤʽʢʘ ʧʘʨʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʥʝʚʽʜôʻʤʥʘ ʚʽʜ ʝʢʦʥʦʤʽʢʠ ʤʽʩʪʘ ʪʘ 

ʨʝʛʽʦʥʫ. ɿʛʽʜʥʦ ʄʝʣʴʥʠʢʦʚʦʾ ʄ. [2], ʦʩʥʦʚʥʠʤʠ ʜʝʪʝʨʤʽʥʘʥʪʘʤʠ ʝʢʦʥʦʤʽʢʠ 

ʤʽʩʪʘ ʻ ʧʨʦʜʫʢʪʠʚʥʽ ʩʠʣʠ, ʝʢʦʥʦʤʽʯʥʽ ʚʽʜʥʦʩʠʥʠ ʪʘ ʤʝʭʘʥʽʟʤ 

ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ, ʊʦʤʯʫʢ ʆ. ɺ. [3] ʚʠʟʥʘʯʘʻ ʝʢʦʥʦʤʽʢʫ ʤʽʩʪʘ ʷʢ 

çʩʢʣʘʜʥʫ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʬʦʨʤʫʻ ʩʬʝʨʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʠʭ ʩʠʣ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʚʽʜʥʦʩʠʥ, ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʷʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʫʢʫʧʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʬʦʨʤ ʽ ʚʠʜʽʚ ʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʜʽʷʣʴʥʦʩʪʽè. ɽʢʦʥʦʤʽʮʽ ʤʽʩʪ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʩʧʨʠʷʻ ʚʠʩʦʢʠʡ ʪʝʤʧ ʧʨʦʮʝʩʽʚ 

ʫʨʙʘʥʽʟʘʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʪʘ 

ʟʙʘʛʘʯʝʥʥʷ ʧʨʦʬʽʣʶ ʝʢʦʥʦʤʽʢʠ. ʇʨʠ ʮʴʦʤʫ, ʯʠʤ ʙʽʣʴʰʝ ʨʦʟʤʽʨ ʤʽʩʪʘ, ʪʠʤ 

ʚʠʱʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʝʢʦʥʦʤʽʢʠ [4]. 

ɼʣʷ ʩʫʯʘʩʥʠʭ ʤʽʩʪ ʭʘʨʘʢʪʝʨʥʽ ʧʝʚʥʽ ʪʝʥʜʝʥʮʽʾ, ʘ ʩʘʤʝ: ʫʚʘʛʘ ʜʦ ʨʦʟʚʠʪʢʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʦʟʝʣʝʥʝʥʥʷ, ʝʢʦʣʦʛʽʯʥʠʭ ʷʢʦʩʪʝʡ ʧʨʦʩʪʦʨʫ; 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʽʜʭʦʜʽʚ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʤʽʩʪʦʤ ʥʘ ʽʥʩʪʠʪʫʮʽʡʥʦʤʫ ʨʽʚʥʽ; 

ʧʝʨʝʥʝʩʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟʘ ʤʝʞʽ ʤʽʩʪʘ; ʧʽʜʚʠʱʝʥʥʷ 

ʢʨʝʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ [5]. ɽʢʦʥʦʤʽʢʫ ʤʽʩʪʘ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʚʽ ʩʪʨʫʢʪʫʨʠ: 

ʪʝʨʠʪʦʨʽʘʣʴʥʘ ʽ ʛʘʣʫʟʝʚʘ, ʷʢʘ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʚʠʨʦʙʥʠʯʫ ʪʘ 

ʥʝʚʠʨʦʙʥʠʯʫ ʩʬʝʨʠ. ʄʠ ʧʨʦʧʦʥʫʻʤʦ ʥʘʩʪʫʧʥʝ ʙʘʯʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ 

ʝʢʦʥʦʤʽʢʠ ʧʘʨʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʟ ʝʢʦʥʦʤʽʢʦʶ ʤʽʩʪʘ ʪʘ ʨʝʛʽʦʥʫ, (ʨʠʩ. 1): 

ʗʢ ʙʘʯʠʤʦ ʟ ʨʠʩʫʥʢʫ 1, ʝʢʦʥʦʤʽʢʘ ʧʘʨʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʤʘʻ ʯʦʪʠʨʠ 

ʩʢʣʘʜʦʚʽ, ʪʘ ʤʘʻ ʟʚôʷʟʢʠ ʽʟ ʛʘʣʫʟʝʚʦʶ ʪʘ ʪʝʨʠʪʦʨʽʘʣʴʥʦʶ ʩʪʨʫʢʪʫʨʘʤʠ 
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ʝʢʦʥʦʤʽʢʠ ʤʽʩʪʘ. ʄʽʩʴʢʽ ʧʘʨʢʠ ʚʽʜʽʛʨʘʶʪʴ ʤʽʩʮʝʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ 

ʨʝʢʨʝʘʮʽʡʥʠʭ ʟʝʣʝʥʠʭ ʧʨʦʩʪʦʨʽʚ, ʪʦʤʫ ʫ ʙʽʣʴʰʽʡ ʤʽʨʽ ʧʦʚôʷʟʘʥʽ ʟ ʝʢʦʥʦʤʽʢʦʶ 

ʤʽʩʪʘ, ʥʽʞ ʨʝʛʽʦʥʫ ʘʙʦ ʢʨʘʾʥʠ. ʋ ʨʝʛʽʦʥʘʣʴʥʫ ʪʘ ʥʘʮʽʦʥʘʣʴʥʫ ʝʢʦʥʦʤʽʢʫ ʚʦʥʠ 

ʽʥʪʝʛʨʫʶʪʴʩʷ ʯʝʨʝʟ ʨʝʛʽʦʥʘʣʴʥʫ / ʜʝʨʞʘʚʥʫ ʧʦʣʽʪʠʢʫ ʪʘ ʧʨʦʛʨʘʤʠ.  

ɺʠʟʥʘʯʘʶʯʠ ʪʘʢʠʡ ʪʽʩʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʩʴʢʠʭ ʧʘʨʢʽʚ ʟ ʝʢʦʥʦʤʽʢʦʶ ʤʽʩʪʘ, 

ʧʨʦʧʦʥʫʻʤʦ ʧʝʨʝʥʝʩʪʠ ʜʝʷʢʽ ʟʘʛʘʣʴʥʦʤʽʩʴʢʽ ʝʢʦʥʦʤʽʯʥʽ ʪʝʥʜʝʥʮʽʡ ʽ ʥʘ 

ʝʢʦʥʦʤʽʢʘ ʧʘʨʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ. ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʭ ʥʘʧʨʷʤʢʽʚ 

ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ, ʪʘ ʤʽʩʪ ʟʦʢʨʝʤʘ, ʻ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ, ʷʢʠʡ ʜʦʨʝʯʥʠʡ ʽ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʤʽʩʴʢʠʭ ʧʘʨʢʽʚ ʷʢ ʧʨʠʨʦʜʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ ʦʙʤʝʞʝʥʠʤ 

ʧʨʠʨʦʜʥʠʤ ʨʝʩʫʨʩʦʤ ʪʘ ʚʠʩʦʢʠʤ ʧʦʧʠʪʦʤ ʟ ʙʦʢʫ ʩʫʩʧʽʣʴʩʪʚʘ. ʄʽʩʴʢʽ ʧʘʨʢʠ 

ʻ ʮʽʥʥʠʤʠ ʪʦʯʢʘʤʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʣʘʥʜʰʘʬʪʽʚ ʽ 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ, ʩʪʚʦʨʶʶʯʠ ʫʤʦʚʠ ʜʣʷ ʽʩʥʫʚʘʥʥʷ 

ʙʽʣʴʰʦʩʪʽ ʚʠʜʽʚ ʞʠʚʦʾ ʧʨʠʨʦʜʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ [6]. 

ɺʪʽʣʝʥʥʷ ʩʪʨʘʪʝʛʽʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʜʣʷ ʤʽʩʴʢʠʭ ʧʘʨʢʽʚ ʧʝʨʰ ʟʘ ʚʩʝ 

ʚʠʤʘʛʘʻ ʨʝʬʦʨʤʫʚʘʥʥʷ ʽʩʥʫʶʯʠʭ ʥʦʨʤ, ʧʦʣʦʞʝʥʴ ʪʘ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʫ ʜʘʥʽʡ 

ʩʬʝʨʽ. ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʢʨʦʢʽʚ ʱʦʜʦ ʩʧʨʠʷʥʥʷ ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ ʧʘʨʢʽʚ ʻ 

ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʞʝʨʝʣ ʬʽʥʘʥʩʫʚʘʥʥʷ. ʄʠ ʧʨʦʧʦʥʫʻʤʦ 

ʟʘʧʨʦʚʘʜʠʪʠ ʜʦ ʩʬʝʨʠ ʙʣʘʛʦʫʩʪʨʦʶ ʽ ʨʦʟʚʠʪʢʫ ʤʽʩʴʢʠʭ ʧʘʨʢʽʚ ʫʢʣʘʜʘʥʥʷ 

ʫʛʦʜ ʜʝʨʞʘʚʥʦ-ʧʨʠʚʘʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ. ɺʠʙʽʨ ʘʢʪʫʘʣʴʥʠʭ ʬʦʨʤ ʜʝʨʞʘʚʥʦ-

ʧʨʠʚʘʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ (ɼʇʇ) ʦʙˇʨʫʥʪʦʚʘʥʦ ʫ ʪʘʙʣʠʮʽ 1. 

ɼʝʨʞʘʚʥʦ-ʧʨʠʚʘʪʥʝ ʧʘʨʪʥʝʨʩʪʚʦ ʻ ʦʜʥʠʤ ʽʟ ʤʝʭʘʥʽʟʤʽʚ ʤʦʜʝʨʥʽʟʘʮʽʾ 

ʝʢʦʥʦʤʽʢʠ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʫ ʧʝʨʽʦʜ ʚʽʜʙʫʜʦʚʠ ʋʢʨʘʾʥʠ ʪʘ ʾʾ ʽʥʪʝʛʨʘʮʽʾ 

ʫ ʻʚʨʦʧʝʡʩʴʢʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʧʨʦʩʪʽʨ. 

ʆʪʞʝ, ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʪʘ 

ʚʽʜʚʽʜʫʚʘʯʽʚ, ʚʧʣʠʚʫ ʩʚʽʪʦʚʠʭ ʪʘ ʤʽʩʮʝʚʠʭ ʪʝʥʜʝʥʮʽʡ ʱʦʜʦ ʨʦʟʚʠʪʢʫ ʤʽʩʴʢʠʭ 

ʧʘʨʢʽʚ ʜʦʧʦʤʦʞʝ ʢʨʘʱʝ ʨʦʟʫʤʽʪʠ ʧʦʪʝʥʮʽʘʣ ʤʽʩʴʢʠʭ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʫ 

ʚʠʨʽʰʝʥʥʽ ʩʫʩʧʽʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʧʨʦʙʣʝʤ ʤʽʩʪʘ. 

ʈʦʟʛʣʷʜ ʤʽʩʴʢʠʭ ʧʘʨʢʽʚ ʫ ʢʦʥʪʝʢʩʪʽ ʦʢʨʝʤʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʩʬʝʨʠ 

ʩʧʨʠʷʪʠʤʝ ʧʨʘʚʠʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʫ ʘʢʮʝʥʪʽʚ ʫ ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ ʧʘʨʢʽʚ, ʪʦʙʪʦ 

ʟʚʝʨʪʘʪʠʤʝ ʫʚʘʛʫ ʥʘ ʚʩʽ ʩʢʣʘʜʦʚʽ ʩʬʝʨʠ ʧʘʨʢʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ï 

ʫʧʨʘʚʣʽʥʩʴʢʫ ʩʪʨʫʢʪʫʨʫ, ʩʫʙôʻʢʪʠ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʪʘ ʚʽʜʚʽʜʫʚʘʯʽ ʧʘʨʢʽʚ, 

ʦʨʛʘʥʠ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʪʘ ʢʦʤʫʥʘʣʴʥʽ ʟʘʢʣʘʜʠ, ʛʨʦʤʘʜʩʴʢʽ 

ʦʨʛʘʥʽʟʘʮʽʾ. 

ɼʘʥʠʡ ʧʽʜʭʽʜ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʢʦʣʦ ʫʯʘʩʥʠʢʽʚ ʜʘʥʠʭ 

ʚʽʜʥʦʩʠʥ ï ʮʝ ʤʦʞʫʪʴ ʙʫʪʠ ʤʽʞʥʘʨʦʜʥʽ ʦʨʛʘʥʽʟʘʮʽʾ ʩʪʦʩʦʚʥʦ ʨʦʟʚʠʪʢʫ 

ʤʽʩʴʢʠʭ ʧʘʨʢʽʚ, ʘʩʦʮʽʘʮʽʾ, ʧʘʨʪʥʝʨʠ. 
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ʈʠʩ.1. ʉʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʝʢʦʥʦʤʽʢʠ ʧʘʨʢʦʚʦʛʦ 

ʧʨʦʩʪʦʨʫ ʟ ʝʢʦʥʦʤʽʢʦʶ ʤʽʩʪ, ʝʢʦʥʦʤʽʢʦʶ ʨʝʛʽʦʥʫ ʪʘ ʜʝʨʞʘʚʠ 

ɼʞʝʨʝʣʦ: ʚʣʘʩʥʘ ʨʦʟʨʦʙʢʘ ʘʚʪʦʨʘ 
  

ɽʂʆʅʆʄɯʂɸ ʇɸʈʂʆɺʆɻʆ ʇʈʆʉʊʆʈʋ 
 

ɯʥʪʝʛʨʘʮʽʷ ʯʝʨʝʟ: 

ʇʦʣʽʪʠʢʫ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʤʽʩʴʢʠʭ ʧʨʦʩʪʦʨʽʚ; 

ʇʦʣʽʪʠʢʫ ʩʪʘʣʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʪʘ ʟʙʝʨʝʞʝʥʥʷ; 

ʈʝʛʽʦʥʘʣʴʥʽ ʧʨʦʛʨʘʤʠ ʨʦʟʚʠʪʢʫ ʟʝʣʝʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; 

ʈʝʛʽʦʥʘʣʴʥʽ ʧʨʦʛʨʘʤʠ ʨʦʟʚʠʪʢʫ ʣʶʜʩʴʢʦʛʦ 

ʢʘʧʽʪʘʣʫ ʪʘ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ; 

ʈʝʛʽʦʥʘʣʴʥʽ ʧʨʦʛʨʘʤʠ ʨʦʟʚʠʪʢʫ ʨʝʢʨʝʘʮʽʡʥʦʾ ʪʘ 

ʪʫʨʠʩʪʠʯʥʦʾ ʩʬʝʨʠ. 

ʅɸʎɯʆʅɸʃʔʅɸ 

ɽʂʆʅʆʄɯʂɸ 

ɯʥʪʝʛʨʘʮʽʷ ʯʝʨʝʟ:ʅʦʨʤʠ, 

ʟʘʢʦʥʠ, ʧʨʘʚʠʣʘ ʫʪʨʠʤʘʥʥʷ; 

ʄʽʞʥʘʨʦʜʥʫ ʩʧʽʚʧʨʘʮʷ; 

ɯʥʩʪʠʪʫʮʽʡʥʠʡ ʫʩʪʨʽʡ ʩʬʝʨʠ 

ʟʝʣʝʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ; 

ɼʝʨʞʘʚʥʫ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʫ 

ʧʦʣʽʪʠʢʘ; 

ɼʝʨʞʘʚʥʫ ʧʦʣʽʪʠʢʫ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ. 

ɽʂʆʅʆʄɯʂɸ ʄɯʉʊɸ 

ʊʝʨʠʪʦʨʽʘʣʴʥʘ 

ʩʪʨʫʢʪʫʨʘ 

ʉʝʣʴʙʠʱʥʘ; 

ɺʠʨʦʙʥʠʯʘ; 

ʃʘʥʜʰʘʬʪʥʦ-

ʨʝʢʨʝʘʮʽʡʥʘ 

ɻʘʣʫʟʝʚʘ ʩʪʨʫʢʪʫʨʘ 

ɺʠʨʦʙʥʠʯʘ ʩʬʝʨʘ 

ɻʘʣʫʟʽ ʱʦ:  

- ʩʪʚʦʨʶʶʪʴ ʪʘ ʥʘʜʘʶʪʴ 

ʤʘʪʝʨʽʘʣʴʥʽ ʙʣʘʛʘ;   

- ʧʦʚôʷʟʘʥʽ ʟ ʧʨʦʮʝʩʦʤ 

ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʩʬʝʨʽ ʦʙʽʛʫ  

ʅʝʚʠʨʦʙʥʠʯʘ ʩʬʝʨʘ: 

ɾʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ, 

ʧʘʩʘʞʠʨʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ, ʦʭʦʨʦʥʘ 

ʟʜʦʨʦʚôʷ, ʟʚ'ʷʟʦʢ, ʦʩʚʽʪʘ, ʢʫʣʴʪʫʨʘ, 

ʥʘʫʢʘ, ʢʨʝʜʠʪʫʚʘʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ, 

ʛʨʦʤʘʜʩʴʢʽ ʦʨʛʘʥʽʟʘʮʽʾ 

ɿʚ'ʷʟʦʢ ʟ ʪʝʨʠʪʦʨʽʘʣʴʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ: 

ʊʝʨʠʪʦʨʽʾ ʜʣʷ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʘʨʢʽʚ, 

ʛʝʥʝʨʘʣʴʥʠʡ ʧʣʘʥ ʤʽʩʪʘ 

ɿʚ'ʷʟʦʢ ʟ ʚʠʨʦʙʥʠʯʦʶ ʩʬʝʨʦʶ: 

ʆʪʨʠʤʘʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦ-

ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʪʘ ʙʣʘʛʦʫʩʪʨʦʶ 

ʧʘʨʢʽʚ 

ɿʚ'ʷʟʦʢ ʟ ʥʝʚʠʨʦʙʥʠʯʦʶ 

ʩʬʝʨʦʶ: 

ʅʘʜʘʥʥʷ ʢʫʣʴʪʫʨʥʠʭ ʪʘ 

ʨʝʢʨʝʘʮʽʡʥʠʭ ʧʦʩʣʫʛ 

ʄʘʪʝʨʽʘʣʴʥʘ 

ʩʢʣʘʜʦʚʘ: 

ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ, 

ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʅʝʤʘʪʝʨʽʘʣʴʥʘ 

ʩʢʣʘʜʦʚʘ: 

ʈʝʢʨʝʘʮʽʡʥʽ, ʦʟʜʦʨʦʚʯʽ 

ʪʘ ʢʫʣʴʪʫʨʥʽ ʧʦʩʣʫʛʠ, 

ʨʦʟʚʘʛʠ ʪʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ  

ʌʽʥʘʥʩʦʚʘ 

ʩʢʣʘʜʦʚʘ: 

ʉʪʨʫʢʪʫʨʘ 

ʚʠʜʘʪʢʽʚ ʪʘ ʾʭ 

ʨʦʟʧʦʜʽʣ, 

ʘʤʦʨʪʠʟʘʮʽʡʥʠʡ 

ʬʦʥʜ 

ʆʨʛʘʥʽʟʘʮʽʡʥʘ ʪʘ 

ʫʧʨʘʚʣʽʥʩʴʢʘ 

ʩʪʨʫʢʪʫʨʘ:  

ʆʨʛʘʥʽʟʘʮʽʷ, 

ʫʧʨʘʚʣʽʥʥʷ, 

ʤʦʥʽʪʦʨʠʥʛ ʪʘ 

ʩʪʨʘʪʝʛʫʚʘʥʥʷ 

ʨʦʟʚʠʪʢʫ ʧʘʨʢʽʚ 

ʈɽɻɯʆʅɸʃʔʅɸ ɽʂʆʅʆʄɯʂɸ 
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ʊʘʙʣʠʮʷ 1 

ɸʢʪʫʘʣʴʥʽ ʬʦʨʤʠ ʜʝʨʞʘʚʥʦ-ʧʨʠʚʘʪʥʠʭ ʧʘʨʪʥʝʨʩʪʚ ʫ ʩʬʝʨʽ ʧʘʨʢʦʚʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ 
ɺʠʜ ʜʦʛʦʚʦʨʫ 

ɼʇʇ 

ʉʫʪʥʽʩʪʴ ʇʨʠʢʣʘʜ ʤʦʞʣʠʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʫ ʩʬʝʨʽ ʨʦʟʚʠʪʢʫ ʧʘʨʢʽʚ 

ʂʦʥʮʝʩʽʷ ɼʦʛʦʚʽʨ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ 

ʢʦʥʮʝʩʽʦʥʝʨʫ ʥʘ ʧʣʘʪʥʽʡ ʪʘ 

ʩʪʨʦʢʦʚʽʡ ʦʩʥʦʚʽ ʥʘʜʘʻʪʴʩʷ 

ʧʨʘʚʦ ʩʪʚʦʨʠʪʠ ʦʙôʻʢʪ ʢʦʥʮʝʩʽʾ 

ʯʠ ʩʫʪʪʻʚʦ ʧʦʣʽʧʰʠʪʠ ʡʦʛʦ ʪʘ   

(ʘʙʦ) ʟʜʽʡʩʥʶʚʘʪʠ ʡʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ (ʝʢʩʧʣʫʘʪʘʮʽʶ) ʟ 

ʤʝʪʦʶ ʟʘʜʦʚʦʣʝʥʥʷ 

ʛʨʦʤʘʜʩʴʢʠʭ ʧʦʪʨʝʙ 

ʇʦʣʽʧʰʝʥʥʷ ʢʦʥʮʝʩʽʦʥʝʨʦʤ ʫʤʦʚ 

ʤʽʩʴʢʦʛʦ ʧʘʨʢʫ ʪʘ ʧʨʦʚʝʜʝʥʥʷ 

ʧʣʘʪʥʠʭ ʩʧʦʨʪʠʚʥʠʭ ʟʘʥʷʪʴ ʥʘ 

ʚʠʟʥʘʯʝʥʽʡ ʯʘʩʪʠʥʽ ʪʝʨʠʪʦʨʽʾ (ʟ 

ʦʙʣʘʰʪʫʚʘʥʥʷʤ ʚʽʜʢʨʠʪʦʛʦ 

ʤʘʡʜʘʥʯʠʢʘ). ɸʙʦ ʩʪʚʦʨʝʥʥʷ 

ʨʝʘʙʽʣʽʪʘʮʽʡʥʦʛʦ ʪʘ ʦʟʜʦʨʦʚʯʦʛʦ 

ʧʘʨʢʫ, ʷʢʠʡ ʥʘʜʘʻ ʧʣʘʪʥʽ ʽ ʙʝʟʦʧʣʘʪʥʽ 

ʧʦʩʣʫʛʠ, ʽ ʧʨʠ ʮʴʦʤʫ ʟʘʣʠʰʘʻʪʴʩʷ ʫ 

ʜʝʨʞʘʚʥʽʡ ʚʣʘʩʥʦʩʪʽ. 

ʌʽʥʘʥʩʦʚʠʡ 

ʣʽʟʠʥʛ, 

ʦʨʝʥʜʘ 

ɺʠʜ ʜʦʛʦʚʦʨʫ, ʟʘ ʷʢʠʤ 

ʣʽʟʠʥʛʦʜʘʚʝʮʴ ʟʘ ʧʣʘʪʫ ʽ ʥʘ 

ʧʝʚʥʠʡ ʩʪʨʦʢ ʧʝʨʝʜʘʻ 

ʣʽʟʠʥʛʦʦʜʝʨʞʫʚʘʯʫ ʫ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʤʘʡʥʦ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʛʦʚʦʨʫ ʤʦʞʝ ʙʫʪʠ 

ʥʝʩʧʦʞʠʚʯʘ ʨʽʯ, ʽ ʥʝ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ ʪʘ 

ʧʨʠʨʦʜʥʽ ʦʙôʻʢʪʠ, ʤʘʡʥʦʚʽ 

ʢʦʤʧʣʝʢʩʠ. 

ʗʢʱʦ ʧʘʨʢ ʤʘʻ ʚʽʜʢʨʠʪʠʡ ʧʘʚʽʣʴʡʦʥ, 

ʪʦ ʡʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ 

ʛʨʦʤʘʜʩʴʢʠʡ ʧʨʦʩʪʽʨ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʙʽʟʥʝʩ-ʟʫʩʪʨʽʯʝʡ, ʣʝʢʮʽʡ, ʧʦʝʪʠʯʥʠʭ 

ʚʝʯʦʨʽʚ ʪʘ ʽʥʰʝ. ɼʣʷ ʧʝʨʩʧʝʢʪʠʚ 

ʫʢʣʘʜʘʥʥʷ ʜʘʥʠʭ ʫʛʦʜ ʧʘʨʢ ʤʦʞʝ 

ʧʨʠʜʙʘʪʠ ʫ ʚʣʘʩʥʽʩʪʴ ʧʨʦʝʢʪʦʨ, 

ʜʠʥʘʤʽʢʠ, ʪʘ ʽʥʰʝ ʪʝʭʥʽʯʥʝ 

ʦʩʥʘʱʝʥʥʷ, ʷʢʽ ʤʦʞʥʘ ʥʘʜʘʚʘʪʠ ʫ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʚ ʨʘʤʢʘʭ ʫʛʦʜʠ  

ɼʦʛʦʚʽʨ ʧʨʦ 

ʩʧʽʣʴʥʫ 

ʜʽʷʣʴʥʽʩʪʴ 

ʇʝʨʝʜʙʘʯʘʻ ʩʧʽʣʴʥʫ 

ʜʽʷʣʴʥʽʩʪʴ ʙʝʟ ʩʪʚʦʨʝʥʥʷ 

ʶʨʠʜʠʯʥʦʾ ʦʩʦʙʠ ʟ ʤʝʪʦʶ 

ʜʦʩʷʛʥʝʥʥʷ ʩʧʽʣʴʥʠʭ ʮʽʣʝʡ, 

ʷʢʽ ʥʝ ʩʫʧʝʨʝʯʘʪʴ ʟʘʢʦʥʫ. 

ɼʘʥʠʡ ʜʦʛʦʚʽʨ ʘʢʪʫʘʣʴʥʠʡ ʜʣʷ ʟʘʣʫʯʝʥʥʷ 

ʧʘʨʪʥʝʨʽʚ ʱʦʜʦ ʧʦʢʨʘʱʝʥʥʷ ʤʽʩʴʢʠʭ 

ʧʘʨʢʽʚ, ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʡ ʾʭ ʨʦʟʚʠʪʢʫ. 

ɸʢʪʫʘʣʴʥʠʡ ʫ ʚʽʜʥʦʰʝʥʥʽ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʦʢʠʥʫʪʠʭ ʪʘ ʟʘʩʪʘʨʽʣʠʭ ʧʘʨʢʽʚ. 

ɼʞʝʨʝʣʦ: ʩʢʣʘʜʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʽ (ʄʽʥʽʩʪʝʨʩʪʚʦ ʖʩʪʠʮʽʾ, 2023). 
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ʅɽʆʈɻɸʅɯʏʅɯ ʅɯʊʈʆɻɽʅɺʄɯʉʅɯ ʉʇʆʃʋʂʀ ʋ ɺʆɼʆʁʄɸʍ 

ɼɽʅɼʈʆʃʆɻɯʏʅʆɻʆ ʇɸʈʂʋ "ʆʃɽʂʉɸʅɼʈɯʗ"  

 

ɺʪ̔ʦʚʝʮɹʢʘ ʊʝʪʷʥʘ ɺʘʩʠʣʽʚʥʘ.1, ʂʣʦʯʝʥʢʦ ʇʝʪʨʦ ɼʤʠʪʨʦʚʠʯ.
2
, 

ʉʽʚʘʻʚʘ ʄʘʨʠʥʘ ɸʥʜʨʽʾʚʥʘ.1 

1ʂʠʾʚʩɹʢʠʡ ʥʘʮʽʦʥʘʣɹʥʠʡ ʫʥ̔ ʚʝʨʩʠʪʝʪ ʙʫʜʚ̔ʥʠʮʪʚʘ ʪʘ ʘʨʭ̔ʪʝʢʪʫʨʠ 
Vitovetskaya@ukr.net, sivaeva.marina@gmail.com 

2ɯʥʩʪʠʪʫʪ ʛʽʜʨʦʙʦ̔ʣʦʛʾ̔ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾ ʚ, pklochenko@ukr.net 
 

ʉʝʨʝʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴ ʷʢʽʩʪʴ ʚʦʜʠ ʧʨʠʨʦʜʥʠʭ ʽ 

ʰʪʫʯʥʠʭ ʚʦʜʦʡʤ, ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʻ ʚʤʽʩʪ ʥʝʦʨʛʘʥʽʯʥʠʭ ʪʘ 

ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʥʽʪʨʦʛʝʥʫ. 

ʅʘʡʙʽʣʴʰ ʧʦʚʥʦ ʚʽʜʜʟʝʨʢʘʣʶʻ ʛʽʜʨʦʭʽʤʽʯʥʠʡ ʨʝʞʠʤ ʙʫʜʴ-ʷʢʦʾ ʚʦʜʦʡʤʠ 

ʯʠ ʚʦʜʦʪʦʢʫ ʨʽʚʝʥʴ ʙʽʦʛʝʥʽʚ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʥʽʪʨʦʛʝʥʚʤʽʩʥʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ. ʉʘʤʝ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʩʧʦʣʫʢ ʝʣʝʤʝʥʪʫ ʥʽʪʨʦʛʝʥʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʪʘ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʆʩʪʘʥʥʻ ʟʙʘʛʘʯʫʻʪʴʩʷ ʟʘʟʥʘʯʝʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʷʢ ʟʘ ʨʘʭʫʥʦʢ 

ʧʨʠʨʦʜʥʠʭ ʜʞʝʨʝʣ, ʪʘʢ ʽ ʚʥʘʩʣʽʜʦʢ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. 

ʉʝʨʝʜ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʜʞʝʨʝʣ ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʩʧʦʣʫʢ ʥʽʪʨʦʛʝʥʫ ʥʘ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʥʘʡʙʽʣʴʰ ʽʩʪʦʪʥʠʤʠ ʻ ʢʦʤʫʥʘʣʴʥʽ ʪʘ ʧʨʦʤʠʩʣʦʚʽ 

ʩʪʽʯʥʽ ʚʦʜʠ, ʘ ʪʘʢʦʞ ʩʪʽʯʥʽ ʚʦʜʠ ʟ ʪʝʨʠʪʦʨʽʾ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, 

ʩʭʦʚʠʱ ʧʘʣʴʥʦʛʦ, ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ, ʘʚʪʦʰʣʷʭʽʚ ʪʦʱʦ. 

ʅʘʡʙʽʣʴʰ ʩʫʪʪʻʚʦ ʟʙʘʛʘʯʫʶʪʴ ʚʦʜʫ ʤʽʩʴʢʽ ʪʘ ʧʨʦʤʠʩʣʦʚʽ ʚʽʜʭʦʜʠ, ʷʢʽ ʻ 

ʢʦʥʮʝʥʪʨʦʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʥʽʪʨʦʛʝʥʫ, ʟʥʘʯʥʘ 

ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʢʠʜʘʻʪʴʩʷ ʚ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ [1]. ɿʦʢʨʝʤʘ, 

ʢʽʣʴʢʽʩʪʴ ʩʧʦʣʫʢ ʥʽʪʨʦʛʝʥʫ ʚ ʧʦʙʫʪʦʚʠʭ ʚʦʜʘʭ ʦʮʽʥʶʻʪʴʩʷ ʚ 5 ʢʛ ʥʘ ʣʶʜʠʥʫ 

ʚ ʨʽʢ. ʅʘʚʽʪʴ ʧʽʩʣʷ ʦʯʠʱʝʥʥʷ, ʮʽ ʚʽʜʭʦʜʠ ʦʙʫʤʦʚʣʶʶʪʴ ʟʥʘʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ 

ʚʦʜʦʡʤ, ʦʩʢʽʣʴʢʠ ʚ ʧʨʦʮʝʩʽ ʚʪʦʨʠʥʥʦʾ ʦʯʠʩʪʢʠ ʚʠʜʘʣʷʻʪʴʩʷ ʤʝʥʰʝ ʧʦʣʦʚʠʥʠ 

ʚʩʴʦʛʦ ʥʝʦʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʥʽʪʨʦʛʝʥʫ [2]. 

ɺ ʩʪʽʯʥʠʭ ʚʦʜʘʭ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʚʽʜʩʪʽʡʥʠʢʽʚ ʽʦʥʠ ʘʤʦʥʽʶ ʤʦʞʫʪʴ 

ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʧʝʨʝʪʚʦʨʶʚʘʪʠʩʷ ʚ ʥʽʪʨʘʪʠ, ʷʢʠʤ ʚʣʘʩʪʠʚʘ ʤʽʛʨʘʮʽʷ ʥʘ ʧʝʚʥʫ 

ʚʽʜʩʪʘʥʴ ʚʽʜ ʚʽʜʩʪʽʡʥʠʢʘ. ʆʩʘʜʦʢ, ʷʢʠʡ ʚʠʜʘʣʷʻʪʴʩʷ ʽʟ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʪʘ 

ʚʽʜʩʪʽʡʥʠʢʽʚ, ʻ ʜʨʫʛʠʤ ʩʫʪʪʻʚʠʤ ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ʩʧʦʣʫʢʘʤʠ 

ʥʽʪʨʦʛʝʥʫ [3]. ʇʨʘʢʪʠʢʘ ʚʠʜʘʣʝʥʥʷ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ, ʦʩʦʙʣʠʚʦ ʫ ʚʽʜʚʘʣʠ ʪʘ 

ʥʘ ʩʤʽʪʥʠʢʠ, ʪʘʢʦʞ ʤʦʞʝ ʟʫʤʦʚʣʶʚʘʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʩʧʦʣʫʢʘʤʠ ʥʽʪʨʦʛʝʥʫ.  
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ɺʤʽʩʪ ʥʽʪʨʦʛʝʥʫ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʘʭ ʜʦʩʠʪʴ ʨʽʟʥʠʡ. ɯʩʪʦʪʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʥʽʪʨʘʪʘʤʠ ʪʘ ʥʽʪʨʠʪʘʤʠ ʻ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʟ ʧʝʨʝʨʦʙʢʠ ʧʘʣʴʥʦʛʦ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚʘ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʥʘʬʪʦʦʯʠʩʥʽ ʟʘʚʦʜʠ. 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ ʥʽʪʨʦʛʝʥʫ, ʘ ʩʘʤʝ ʥʽʪʨʘʪʽʚ ʪʘ ʥʽʪʨʠʪʽʚ ʫ ʩʪʘʚʢʘʭ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʜʝʥʜʨʦʣʦʛʽʯʥʦʛʦ ʧʘʨʢʫ "ʆʣʝʢʩʘʥʜʨʽʷ" (ʤ. ɹʽʣʘ ʎʝʨʢʚʘ). 

ɺʽʜʙʽʨ ʟʨʘʟʢʽʚ ʚʦʜʠ ʧʨʦʚʦʜʠʣʠ ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʽʟ ʩʪʘʚʢʽʚ, ʷʢʽ 

ʥʘʧʦʚʥʶʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʞʝʨʝʣ ʪʘ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʚʠʛʣʷʜʽ ʢʘʩʢʘʜʽʚ ʫ 

ɿʘʭʽʜʥʽʡ, ʉʝʨʝʜʥʽʡ ʽ ʉʭʽʜʥʽʡ ʙʘʣʢʘʭ ʜʝʥʜʨʦʧʘʨʢʫ. ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ ʩʪʘʚʢʽʚ 

ʥʘʚʝʜʝʥʠʡ ʫ ʥʘʰʽʡ ʧʦʧʝʨʝʜʥʽʡ ʨʦʙʦʪʽ [2]. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʙʝʨʝʟʽ 

ʜʝʷʢʠʭ ʩʪʘʚʢʽʚ (ʉʢʝʣʴʥʠʡ, ʇʦʧʦʚʠʯʘ ʽ ʍʦʣʦʜʥʠʡ) ʫ ʾʭ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʜʞʝʨʝʣʘ ʟ ʧʠʪʥʦʶ ʚʦʜʦʶ, ʷʢʘ ʩʪʽʢʘʻ ʫ ʮʽ ʚʦʜʦʡʤʠ. ʍʘʨʘʢʪʝʨʥʦʶ 

ʨʠʩʦʶ ʩʪʘʚʢʘ ʈʫʩʘʣʢʘ ʻ ʚʠʭʽʜ ʥʘ ʧʦʚʝʨʭʥʶ ʡʦʛʦ ʣʽʚʦʛʦ ʙʝʨʝʛʘ ˇʨʫʥʪʦʚʠʭ ʚʦʜ 

ʟ ʝʢʩʪʨʝʤʘʣʴʥʦ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʩʧʦʣʫʢ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʽʪʨʘʪʽʚ ʪʘ 

ʥʽʪʨʠʪʽʚ [3]. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʦʜʦʡʤʠ ʜʝʥʜʨʦʧʘʨʢʫ 

"ʆʣʝʢʩʘʥʜʨʽʷ" ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʚʤʽʩʪʦʤ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ 

ʥʽʪʨʦʛʝʥʫ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʩʝʨʝʜʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʤʦʥʽʡʥʦʛʦ 

ʥʽʪʨʦʛʝʥʫ ʚ ʩʪʘʚʢʘʭ ʉʭʽʜʥʦʾ ʙʘʣʢʠ ʢʦʣʠʚʘʣʘʩʴ ʚʽʜ 0,10 ʜʦ 0,16 ʤʛ N/ʜʤ
3
, ʘ ʚ 

ʩʪʘʚʢʘʭ ʉʝʨʝʜʥʴʦʾ ʙʘʣʢʠ ʟʥʘʭʦʜʠʣʘʩʴ ʚ ʤʝʞʘʭ 0,17ï0,26 ʤʛ N/ʜʤ
3
, ʪʦ ʚ 

ʩʪʘʚʢʘʭ ɿʘʭʽʜʥʦʾ ʙʘʣʢʠ ʚʦʥʘ ʩʪʘʥʦʚʠʣʘ 24,43ï128,00 ʤʛ N/ʜʤ
3
. 

ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʦʜʦʡʤʠ ʉʭʽʜʥʦʾ ʽ ʉʝʨʝʜʥʴʦʾ ʙʘʣʦʢ 

ʤʘʣʦ ʚʽʜʨʽʟʥʷʣʠʩʴ ʤʽʞ ʩʦʙʦʶ ʟʘ ʤʽʥʽʤʘʣʴʥʠʤʠ ʽ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ 

ʚʤʽʩʪʫ ʘʤʦʥʽʡʥʦʛʦ ʥʽʪʨʦʛʝʥʫ, ʪʦʜʽ ʷʢ ʜʣʷ ʚʦʜʦʡʤ ɿʘʭʽʜʥʦʾ ʙʘʣʢʠ ʮʷ ʨʽʟʥʠʮʷ 

ʙʫʣʘ ʜʦʩʠʪʴ ʩʫʪʪʻʚʦʶ. ʊʘʢ, ʟʦʢʨʝʤʘ, ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʘʤʦʥʽʡʥʦʛʦ 

ʥʽʪʨʦʛʝʥʫ ʫ ʢʘʩʢʘʜʽ ʩʪʘʚʢʽʚ ɿʘʭʽʜʥʦʾ ʙʘʣʢʠ ʟʥʘʭʦʜʠʣʠʩʴ ʚ ʤʝʞʘʭ 12,00ï

103,00 ʤʛ N/ʜʤ3, ʘ ʤʘʢʩʠʤʘʣʴʥʽ ï ʢʦʣʠʚʘʣʠʩʴ ʚʽʜ 38,50 ʜʦ 160,00 ʤʛ N/ʜʤ
3
.  

ʅʽʪʨʠʪʠ ʻ ʧʨʦʤʽʞʥʠʤ ʧʨʦʜʫʢʪʦʤ ʫ ʮʠʢʣʽ ʥʽʪʨʦʛʝʥʚʤʽʩʥʠʭ ʩʧʦʣʫʢ. ʅʘ 

ʾʭʥʶ ʢʽʣʴʢʽʩʪʴ ʚʧʣʠʚʘʶʪʴ ʧʨʦʮʝʩʠ ʥʽʪʨʠʬʽʢʘʮʽʾ, ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ ʽ ʧʦʛʣʠʥʘʥʥʷ 

ʚʦʜʷʥʠʤʠ ʨʦʩʣʠʥʘʤʠ. ɸʥʘʣʽʟʠ ʧʨʦʙ ʚʦʜʠ, ʚʽʜʽʙʨʘʥʠʭ ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʫ 

ʚʦʜʦʡʤʘʭ ʜʝʥʜʨʦʧʘʨʢʫ "ʆʣʝʢʩʘʥʜʨʽʷ", ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʚʤʽʩʪ ʮʠʭ 

ʩʧʦʣʫʢ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʩʪʘʚʢʘʭ ɿʘʭʽʜʥʦʾ ʙʘʣʢʠ. 

ʊʘʢ, ʩʝʨʝʜʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ NO2
- ʫ ʚʦʜʽ ʙʫʣʘ ʪʫʪ ʚ ʤʝʞʘʭ 0,965ï1,763 ʤʛ 

N/ʜʤ
3
, ʪʦʜʽ ʷʢ ʚ ʩʪʘʚʢʘʭ ʉʝʨʝʜʥʴʦʾ ʙʘʣʢʠ ʚʦʥʘ ʟʤʽʥʶʚʘʣʘʩʴ ʚʽʜ 0,014 ʜʦ 0,101 

ʤʛ N/ʜʤ
3
, ʘ ʚ ʩʪʘʚʢʘʭ ʉʭʽʜʥʦʾ ʙʘʣʢʠ ʩʪʘʥʦʚʠʣʘ 0,041ï0,056 ʤʛ N/ʜʤ

3
. 

ʍʘʨʘʢʪʝʨʠʟʫʶʯʠ ʨʦʟʧʦʜʽʣ ʥʽʪʨʠʪʽʚ ʧʦ ʘʢʚʘʪʦʨʽʾ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʘʩʢʘʜʽʚ, 

ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʚʦʜʦʡʤʘʭ ɿʘʭʽʜʥʦʾ ʽ ʉʝʨʝʜʥʴʦʾ ʙʘʣʦʢ 

ʢʦʥʮʝʥʪʨʘʮʽʷ NO2
- ʟʤʝʥʰʫʚʘʣʘʩʴ ʚʽʜ ʚʝʨʭʥʴʦʛʦ ʜʦ ʥʠʞʥʴʦʛʦ ʩʪʘʚʢʘ, ʪʦʜʽ ʷʢ 

ʥʘʡʙʽʣʴʰʘ ʩʝʨʝʜʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʽʪʨʠʪʽʚ ʜʣʷ ʚʦʜʦʡʤ ʉʭʽʜʥʦʾ ʙʘʣʢʠ 

ʟʘʨʝʻʩʪʨʦʚʘʥʘ ʚ ʥʠʞʥʴʦʤʫ ʩʪʘʚʢʫ, ʚ ʷʢʠʡ ʩʢʠʜʘʶʪʴ ʩʚʦʾ ʚʦʜʠ ʜʚʘ ʚʝʨʭʥʽ 

ʩʪʘʚʢʠ. 
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ɺʘʞʣʠʚʦ ʪʘʢʦʞ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʥʽʪʨʠʪʽʚ ʧʨʦʪʷʛʦʤ 

2016ï2018 ʨʨ. ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʫ ʩʪʘʚʢʫ ʇʦʪʝʨʯʘʪʘ ʽ ʩʪʘʥʦʚʠʚ 2,213 N/ʜʤ
2 
[2]. 

ɺʘʨʪʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʽ ʥʘ ʪʦʡ ʬʘʢʪ, ʱʦ ʫ ʨʽʯʮʽ ʈʦʩʴ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʽʪʨʠʪʽʚ 

ʙʫʣʘʟʥʘʯʥʦʤʝʥʰʦʶ, ʥʽʞ ʫ ʩʪʘʚʢʘʭ, ʽ ʢʦʣʠʚʘʣʘʩʴ ʚ ʤʝʞʘʭ 0,002ï

0,007ʤʛN/ʜʤ
3
. 

 ɼʦʩʣʽʜʞʫʚʘʥʽ ʩʪʘʚʢʠ ʧʦʤʽʪʥʦ ʚʽʜʨʽʟʥʷʣʠʩʴ ʽ ʟʘ ʚʤʽʩʪʦʤ ʫ ʚʦʜʽ 

ʥʽʪʨʘʪʥʦʛʦ ʘʟʦʪʫ. ʊʘʢ, ʩʝʨʝʜʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʽʪʨʘʪʽʚ ʫ ʩʪʘʚʢʘʭ ɿʘʭʽʜʥʦʾ 

ʙʘʣʢʠ ʩʫʪʪʻʚʦ ʧʝʨʝʚʠʱʫʚʘʣʘ ʾʭʥʶ ʢʦʥʮʝʥʪʨʘʮʽʶ ʫ ʩʪʘʚʢʘʭʉʝʨʝʜʥʴʦʾʽ 

ʉʭʽʜʥʦʾ ʙʘʣʦʢ: ʷʢʱʦ ʚ ʩʪʘʚʢʘʭ ʧʝʨʰʦʾ ʙʘʣʢʠ ʚʦʥʘ ʟʥʘʭʦʜʠʣʘʩʴ ʚ ʤʝʞʘʭ 

20,17ï67,35 ʤʛ N/ʜʤ
3
, ʪʦ ʫ ʩʪʘʚʢʘʭ ʜʨʫʛʦʾ ï ʢʦʣʠʚʘʣʘʩʴ ʚʽʜ 0,09 ʜʦ 2,23 ʤʛ 

N/ʜʤ
3
, ʘ ʚ ʩʪʘʚʢʘʭ ʪʨʝʪʴʦʾ ï ʜʦʩʷʛʘʣʘ ʟʥʘʯʝʥʴ 2,78ï6,19 ʤʛ N/ʜʤ

3
.  

ʍʘʨʘʢʪʝʨʠʟʫʶʯʠ ʛʽʜʨʦʭʽʤʽʯʥʠʡ ʨʝʞʠʤ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʦʜʦʡʤ, 

ʥʝʦʙʭʽʜʥʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʚʤʽʩʪ NO3
- ʟʤʝʥʰʫʚʘʚʩʷ ʚʽʜ ʚʝʨʭʥʴʦʛʦ ʩʪʘʚʢʘ ʜʦ 

ʥʠʞʥʴʦʛʦ ʪʽʣʴʢʠ ʚ ʩʪʘʚʢʘʭ ɿʘʭʽʜʥʦʾ ʽ ʉʝʨʝʜʥʴʦʾ ʙʘʣʦʢ, ʪʦʜʽ ʷʢ ʫ ʩʪʘʚʢʘʭ 

ʉʭʽʜʥʦʾ ʙʘʣʢʠ ʪʘʢʦʾ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ. ɿʦʢʨʝʤʘ, ʥʘʡʙʽʣʴʰʘ 

ʩʝʨʝʜʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʽʪʨʘʪʥʦʛʦ ʘʟʦʪʫ ʚʽʜʤʽʯʝʥʘ ʫ ʩʪʘʚʢʫ ɼʟʝʨʢʘʣʴʥʠʡ, ʘ 

ʥʘʡʤʝʥʰʘ ï ʫ ʩʪʘʚʢʫ ʍʦʣʦʜʥʠʡ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ 

ʥʽʪʨʘʪʽʚ ʧʨʦʪʷʛʦʤ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʝʨʽʦʜʫ ʟʘʨʝʻʩʪʨʦʚʘʥʠʡ ʚ ʩʪʘʚʢʫ 

ʇʦʪʝʨʯʘʪʘ, ʜʝ ʚʽʥ ʩʪʘʥʦʚʠʚ 81,25 ʤʛ N/ʜʤ
3
. 

 ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʩʫʪʪʻʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʩʪʘʚʢʽʚ ʜʝʥʜʨʦʧʘʨʢʫ 

"ʆʣʝʢʩʘʥʜʨʽʷ" ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʥʽʪʨʘʪʘʤʠ ʪʘ ʥʽʪʨʠʪʘʤʠ ʅʘʡʙʽʣʴʰʝ 

ʟʘʥʝʧʦʢʦʻʥʥʷ ʚʠʢʣʠʢʘʶʪʴ ʚʦʜʦʡʤʠ ɿʘʭʽʜʥʦʾ ʙʘʣʢʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ ʥʝʦʨʛʘʥʽʯʥʠʭ ʥʽʪʨʦʛʝʥʚʤʽʩʥʠʭ ʩʧʦʣʫʢ. ʅʘ ʩʴʦʛʦʜʥʽ, 

ʥʝʚʽʜʢʣʘʜʥʦʶ ʻ ʨʦʟʨʦʙʢʘ ʪʘ ʨʝʘʣʽʟʘʮʽʷ ʢʦʤʧʣʝʢʩʫ ʜʽʻʚʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ 

ʦʟʜʦʨʦʚʣʝʥʥʷ ʜʦʩʣʽʜʞʝʥʠʭ ʚʦʜʦʡʤ. 

ɿʦʢʨʝʤʘ, ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʚʠʷʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʜʞʝʨʝʣʘ 

ʟʘʙʨʫʜʥʝʥʥʷ ʩʪʘʚʢʽʚ ɿʘʭʽʜʥʦʾ ʙʘʣʢʠ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʥʽʪʨʦʛʝʥʚʤʽʩʥʠʤʠ 

ʩʧʦʣʫʢʘʤʠ ʪʘ ʚʞʠʪʪʷ ʥʝʚʽʜʢʣʘʜʥʠʭ ʟʘʭʦʜʽʚ ʧʦ ʦʙʤʝʞʝʥʥʶ ʧʦʪʨʘʧʣʷʥʥʷ 

ʟʘʙʨʫʜʥʶʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʫ ʧʘʨʢʦʚʽ ʚʦʜʦʡʤʠ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʪʦʨʠʥʥʦʛʦ 

(ʟ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ) ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʤʘʩ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʤʫʣʝʥʥʶ 

ʩʪʘʚʢʽʚ ʥʝʦʙʭʽʜʥʝ ʚʠʣʫʯʝʥʥʷ ʜʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ ʜʦ ʧʝʨʚʠʥʥʠʭ ʛʨʫʥʪʽʚ. 

ʉʣʽʜ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʜʘʪʢʦʚʫ ʘʝʨʘʮʽʶ ʚʦʜʠ ʩʪʘʚʢʽʚ ʉʝʨʝʜʥʴʦʾ 

ʙʘʣʢʠ ʟʘ ʨʘʭʫʥʦʢ ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʦʥʪʘʥʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘʧʦʙʽʛʪʠ 

ʬʦʨʤʫʚʘʥʥʶ ʘʥʘʝʨʦʙʥʠʭ ʫʤʦʚ ʙʽʣʷ ʜʥʘ ʪʘ ʟʤʝʥʰʠʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʪʦʨʠʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ʩʧʦʣʫʢʘʤʠ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʘʟʦʪʫ. 
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ɺʽʜʦʤʦ, ʱʦ ʧʨʠʨʦʜʥʽ ʛʣʠʥʠ ʤʘʶʪʴ ʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʧʨʦʪʠʬʽʣʴʪʨʘʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʨʽʟʥʠʭ ʩʧʦʨʫʜʘʭ 

ʟ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʧʘʜʘʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʫ ʚʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʩʦʨʙʮʽʾ ʚ ʧʨʠʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʾʭ ʥʘʩʠʯʝʥʥʷ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʨʷʜʦʤ ʘʚʪʦʨʽʚ 

[1-4 ʪʘ ʽʥ.]. ʊʘʢʦʞ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʽʣʴʰʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʘʢʠʭ ʧʨʠʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ ʤʽʥʝʨʘʣʽʟʘʮʽʾ 

ʚʦʜʠ. ɺ ʨʦʙʦʪʽ [5] ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʤʝʪʦʶ ʩʘʥʘʮʽʾ ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ. 

ɼʘʥʽ ʣʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ 

ʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠʨʦʜʥʠʭ ʛʣʠʥʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʧʨʦʪʠʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʦʢʨʠʪʪʷ ʤʘʛʽʩʪʨʘʣʴʥʠʭ 

ʚʽʜʢʨʠʪʠʭ ʢʘʥʘʣʽʚ ʤʝʣʽʦʨʘʪʠʚʥʠʭ ʩʠʩʪʝʤ ʧʽʚʜʥʷ ʋʢʨʘʾʥʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʧʝʨʰʠʭ ʩʪʘʜʽʷʭ ʚʽʜʥʦʚʣʝʥʥʷ ʟʨʦʰʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʙʫʪʠ 

ʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʯʘʩʪʢʦʚʦʛʦ ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʚʘʞʢʠʤʠ 

ʤʝʪʘʣʘʤʠ ʽʟ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʪʨʝʙ ʽʥʰʠʭ 

ʚʦʜʦʩʧʦʞʠʚʘʯʽʚ ʜʘʥʦʛʦ ʨʝʛʽʦʥʫ. 

ɺʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʛʣʠʥʠʩʪʠʭ ʧʦʢʣʘʜʽʚ ʻ ʾʭ 

ʧʦʰʠʨʝʥʽʩʪʴ ʫ ʪʠʭ ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʚʽʜʥʦʚʣʝʥʥʷ 

ʟʨʦʰʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʪʘ ʟʘʭʠʩʪʫ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʚʽʜ ʚʝʣʠʢʠʭ 

ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʚʪʨʘʪ ʚʥʘʩʣʽʜʦʢ ʧʦʰʢʦʜʞʝʥʥʷ ʦʙʣʠʮʶʚʘʥʥʷ ʚʦʻʥʥʠʤʠ ʜʽʷʤʠ 

ʪʘ ʾʭ ʪʨʠʚʘʣʦʶ ʝʢʩʧʣʫʘʪʘʮʽʻʶ [6, 7], ʪʦʤʫ ʜʘʥʠʡ ʥʘʧʨʷʤʦʢ  ʜʦʩʣʽʜʞʝʥʴ ʤʘʻ 

ʟʥʘʯʥʽ ʥʘʫʢʦʚʽ ʪʘ ʧʨʠʢʣʘʜʥʽ ʧʝʨʩʧʝʢʪʠʚʠ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʚʟʷʪʦ ʧʨʦʙʠ ʧʨʠʨʦʜʥʠʭ ʛʣʠʥʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ 
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ʜʚʦʭ ʨʦʜʦʚʠʱ ʄʠʢʦʣʘʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 48.0672884, 30.9321554 

-  ʇʝʨʰʦʪʨʘʚʥʝʚʝ ʪʘ 47.7017994, 31.4392297 ɸʢʪʦʚʦ (ɹʽʣʽ ʉʢʝʣʽ). ɼʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʨʠʨʦʜʥʠʭ ʛʣʠʥʠʩʪʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʟ ʤʝʪʦʶ ʫʣʘʰʪʫʚʘʥʥʷ ʧʨʦʪʠʬʽʣʴʪʨʘʮʽʡʥʠʭ ʝʢʨʘʥʽʚ ʚ ʽʥʰʠʭ 

ʦʙʣʘʩʪʷʭ ʋʢʨʘʾʥʠ ʙʫʣʦ ʚʟʷʪʦ ʯʝʨʚʦʥʫ ʛʣʠʥʫ ʩ. ʗʙʣʫʥʽʚʢʘ ʂʘʥʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ 

ʏʝʨʢʘʩʴʢʦʾ ʦʙʣʘʩʪʽ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʥʘ 

ʧʨʠʢʣʘʜʽ ʽʦʥʽʚ ʤʽʜʽ ʧʨʦʚʦʜʠʣʠʩʷ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ ɼʉʊʋ 7525 2014 ʥʘ 

ʣʽʮʝʥʟʽʡʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʪʨʠʤʘʥʠʡ ʢʘʣʽʙʨʫʚʘʣʴʥʠʡ 

ʛʨʘʬʽʢ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʬʦʪʦʝʣʝʢʪʨʦʢʦʣʦʨʠʤʝʪʨ ʂʌʂ-2. ʄʝʪʦʜʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦ ʽʦʥʘʤ ʉu 

ʚʩʪʘʥʦʚʣʶʻ ʢʦʣʦʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʜʽ ʚʽʜ 

0,02 ʜʦ 0,5 ʤʛ/ʜʤ3 ʟ ʨʝʘʢʪʠʚʦʤ ʜʽʝʪʠʣʜʽʪʽʦʢʘʨʙʘʤʘʪʫ. 

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ, ʷʢʽ 

ʧʽʜʛʦʪʦʚʣʝʥʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʫ. 

 

 
ʈʠʩ 1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʢʦʣʦʥʢʠ ʟ ʛʣʠʥʠʩʪʠʤʠ ʟʨʘʟʢʘʤʠ ʧʝʨʝʜ 

ʧʨʦʚʝʜʝʥʥʷʤ ʜʦʩʣʽʜʫ 

 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʧʨʠʨʦʜʥʠʭ ʛʣʠʥʠʩʪʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʪʨʴʦʭ ʧʨʦʙ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ ʢʦʣʦʥʢʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʫ 

50ʤʤ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠʩʷ ʚʝʣʠʯʠʥʠ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʚ ʢʦʣʦʥʢʘʭ, ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʚʦʥʠ ʤʘʶʪʴ ʥʝʩʫʪʪʻʚʠʡ 

ʚʧʣʠʚ ʥʘ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ. ʆʙô̒ ʤ ʟʘʚʘʥʪʘʞʝʥʥʷ ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ 

ʢʦʞʥʫ ʢʦʣʦʥʢʫ  ʩʪʘʥʦʚʠʚ 294,38 ʩʤ3, ʦʙô̒ ʤ ʨʽʜʢʦʾ ʬʘʟʠ - 412,12 ʩʤ3. 

ʇʽʜʨʘʭʦʚʘʥʠʡ ʫʩʝʨʝʜʥʝʥʠʡ ʢʦʝʬʽʮʽʻʪ ʬʽʣʴʪʨʘʮʽʾ ʚ ʢʦʞʥʽʡ ʢʦʣʦʥʮʽ 1,85Ț10-6 

ʤ/ʩ (ʇʝʨʰʦʪʨʘʚʥʝʚʝ, ʄʠʢʦʣʘʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ), 0,8Ŀ10-6 ʤ/ʩ (ɸʢʪʦʚʝ, 

ʄʠʢʦʣʘʾʚʩʴʢʦʾ ʦʙʣʘʩʪʽ), 0,4Ŀɹʝ10-5 ʤ/ʩ (ʗʙʣʫʥʽʚʢʘ, ʏʝʨʢʘʩʴʢʦʾ ʦʙʣʘʩʪʽ). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʘʥʦʛʦ ʜʦʩʣʽʜʫ ʦʪʨʠʤʘʥʦ ʜʘʥʽ ʱʦʜʦ ʩʦʨʙʮʽʡʥʦʾ 

ʚʣʘʩʪʠʚʦʩʪʽ ʛʣʠʥʠʩʪʠʭ ʧʨʠʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʦʥʽʚ ʤʽʜʽ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʘʜʩʦʨʙʮʽʾ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 30% 

ɸʜʩʦʨʙʮʽʶ ʦʙʯʠʩʣʶʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

ɸ = (ʉʦ-ʉ)ȚV/m 
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ʜʝ A ï ʚʝʣʠʯʠʥʘ ʘʜʩʦʨʙʮʽʾ, ʤʦʣʴ/ʛ; ʉʦ ï ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦ 

ʘʜʩʦʨʙʮʽʾ, ʤʦʣʴ/ʜʤ3 ; ʉï ʨʽʚʥʦʚʘʞʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʽʩʣʷ ʘʜʩʦʨʙʮʽʾ, 

ʤʦʣʴ/ʜʤ3 ; V ï ʦʙô̒ ʤ ʨʦʟʯʠʥʫ, ʜʤ3 ; m ï ʤʘʩʘ ʛʣʠʥʠ, ʛ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʚʽʜʯʘʪʴ, ʱʦ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʤʝʣʽʦʨʘʪʠʚʥʠʭ ʩʠʩʪʝʤ ʪʘ ʾʭ ʚʽʜʥʦʚʣʝʥʥʽ ʧʽʩʣʷ ʜʝʦʢʫʧʘʮʽʾ ʥʘ ʇʽʚʜʥʽ ʋʢʨʘʾʥʠ 

ʟ ʤʝʪʦʶ ʥʝʜʦʧʫʱʝʥʥʷ ʧʦʧʘʜʘʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʚ ʧʝʨʰʽ ʚʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ 

ʰʣʷʭʦʤ ʬʽʣʴʪʨʘʮʽʾ, ʩʣʽʜ ʧʝʨʝʜʙʘʯʠʪʠ ʦʙʦʚô̫ ʟʢʦʚʽ ʨʦʙʦʪʠ ʧʦ ʾʭ ʦʙʣʠʮʶʚʘʥʥʶ 

ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʛʣʠʥʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɼʦʮʽʣʴʥʽʩʪʴ ʜʘʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʝʢʦʥʦʤʽʯʥʠʤ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ. 
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ʉʀʅɽʈɻɯʗ ʎʀʌʈʆɺʀʍ ʊɽʍʅʆʃʆɻɯʁ ʊɸ ɿɽʃɽʅʆɻʆ 

ʈʆɿɺʀʊʂʋ: ɺɿɸɭʄʆɼɯʗ ɯ ɺɿɸɭʄʆɿɺôʗɿʆʂ 

ɺʦʨʦʥʢʦʚʘ ɺʘʣʝʥʪʠʥʘ ɻʨʠʛʦʨʽʚʥʘ1, ʅʽʢʽʪʝʥʢʦ ɺʽʪʘʣʽʥʘ 

ʆʣʝʢʩʘʥʜʨʽʚʥʘ1 
1ɯʥʞʝʥʝʨʥʠʡ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ʖ.ʄ.ʇʦʪʝʙʥʽ 

ɿʘʧʦʨʽʟʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, 

valentinavoronkova236@gmail.com, vitalina2006@ukr.net 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʥʝʨʛʽʾ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʝʣʝʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʫ ʢʦʥʪʝʢʩʪʽ ʾʭ ʚʟʘʻʤʦʜʽʾ ʪʘ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ 

ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʦʩʢʽʣʴʢʠ ʦʙʠʜʚʽ ʢʦʥʮʝʧʮʽʾ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʜʦʩʷʛʥʝʥʥʷ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʤʽʥʽʤʽʟʘʮʽʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ.  ʎʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʪʘʢʠʭ ʷʢ ʝʥʝʨʛʽʷ, ʚʦʜʘ ʪʘ ʤʘʪʝʨʽʘʣʠ. ʉʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʨʦʟʫʤʥʽ ʤʝʨʝʞʽ ʪʘ ʘʥʘʣʽʪʠʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ 

ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʽ ʨʝʩʫʨʩʠ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʪʨʘʪʠ.  

ʎʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʚʧʨʦʚʘʜʞʝʥʥʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʎʝ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ Internet of Things (IoT) ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʚʠʨʦʙʥʠʯʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ ʚʽʜʥʦʚʣʶʚʘʥʽ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽ. ʎʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʨʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, 

ʪʘʢʠʤʠ ʷʢ ʣʽʩʠ, ʚʦʜʥʽ ʨʝʩʫʨʩʠ ʪʘ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. ɸʥʘʣʽʪʠʢʘ ʜʘʥʠʭ, 

ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ʪʘ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʫ 

ʚʠʷʚʣʝʥʥʽ ʧʨʦʙʣʝʤ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʩʪʨʘʪʝʛʽʡ ʟʙʝʨʝʞʝʥʥʷ. ʇʦʻʜʥʘʥʥʷ 

ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟ ʟʝʣʝʥʠʤʠ ʽʥʽʮʽʘʪʠʚʘʤʠ ʤʦʞʝ ʩʪʚʦʨʠʪʠ ʥʦʚʽ ʨʠʥʢʠ ʪʘ 

ʙʽʟʥʝʩ-ʤʦʞʣʠʚʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʨʦʟʚʠʪʦʢ ʩʤʘʨʪ-ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, 

ʚʠʨʦʙʥʠʮʪʚʦ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʨʦʟʚʠʪʦʢ 

ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷʤ ʟʤʝʥʰʠʪʠ ʩʚʦʾ ʚʠʢʠʜʠ ʪʘ ʚʫʛʣʝʮʝʚʠʡ ʩʣʽʜ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʣʦʛʽʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ 

ʟʥʠʟʠʪʠ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʩʧʨʠʷʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʝʩʫʨʩʽʚ, ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʪʘ ʚʫʛʣʝʮʝʚʦʛʦ ʩʣʽʜʫ. ʎʠʬʨʦʚʽ 

ʪʘ ʟʝʣʝʥʽ ʽʥʽʮʽʘʪʠʚʠ ʯʘʩʪʦ ʧʦʪʨʝʙʫʶʪʴ ʩʧʨʠʷʥʥʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʙʦʢʫ 

ʜʝʨʞʘʚʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʪʠʤʫʣʶʶʯʠʭ ʟʘʭʦʜʽʚ, ʪʘʢʠʭ ʷʢ ʩʫʙʩʠʜʽʾ ʜʣʷ 

ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʧʦʜʘʪʢʦʚʽ ʟʚʽʣʴʥʝʥʥʷ ʜʣʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʘʙʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʤʦʞʝ 

ʩʧʨʠʷʪʠ ʨʦʟʚʠʪʢʫ ʮʠʬʨʦʚʦ-ʟʝʣʝʥʠʭ ʽʥʽʮʽʘʪʠʚ. ʈʦʟʫʤʽʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʤʽʞ 

ʮʠʬʨʦʚʦʶ ʪʘ ʟʝʣʝʥʦʶ ʝʢʦʥʦʤʽʢʦʶ ʚʘʞʣʠʚʦ ʥʝ ʣʠʰʝ ʜʣʷ ʙʽʟʥʝʩʫ ʪʘ ʫʨʷʜʫ, ʘ 

ʡ ʜʣʷ ʛʨʦʤʘʜʩʴʢʦʩʪʽ. ʇʨʦʚʝʜʝʥʥʷ ʦʩʚʽʪʥʽʭ ʢʘʤʧʘʥʽʡ ʪʘ ʟʘʭʦʜʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷ 

ʦʙʽʟʥʘʥʦʩʪʽ ʤʦʞʝ ʩʧʨʠʷʪʠ ʧʽʜʚʠʱʝʥʥʶ ʫʩʚʽʜʦʤʣʝʥʦʩʪʽ ʪʘ ʧʽʜʪʨʠʤʢʠ ʜʣʷ ʮʠʭ 
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ʽʥʽʮʽʘʪʠʚ. ɺʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʮʠʬʨʦʚʦʶ ʪʘ ʟʝʣʝʥʦʶ ʝʢʦʥʦʤʽʢʦʶ ʚʽʜʦʙʨʘʞʘʻ 

ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʫ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʽ ʜʚʽ 

ʢʦʥʮʝʧʮʽʾ ʚʟʘʻʤʦʧʦʻʜʥʫʶʪʴʩʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʧʽʣʴʥʠʭ ʮʽʣʝʡ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ ʪʘ ʩʪʽʡʢʦʾ ʝʢʦʥʦʤʽʢʠ. 

ɿʛʽʜʥʦ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʇʨʦʛʨʘʤʠ ʆʨʛʘʥʽʟʘʮʽʾ ʆʙ'ʻʜʥʘʥʠʭ ʅʘʮʽʡ ʟ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʖʅɽʇ), çʟʝʣʝʥʘè ʝʢʦʥʦʤʽʢʘ ʚʢʣʶʯʘʻ ʪʨʠ 

ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ:  1) ʜʦʚʢʽʣʣʷ; 2) ʝʢʦʥʦʤʽʢʘ; 3) ʩʫʩʧʽʣʴʩʪʚʦ, ʷʢʝ ʩʧʨʠʷʻ 

ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʤʫ ʟʨʦʩʪʘʥʥʶ.  ɿʘ ʜʦʧʦʤʦʛʦʶ çʟʝʣʝʥʠʭè ʽʥʚʝʩʪʠʮʽʡ, 

çʟʝʣʝʥʠʭè ʦʧʝʨʘʮʽʡ ʪʘ ʽʥʰʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʦʢʨʘʱʫʻʪʴʩʷ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ ʝʥʝʨʛʽʾ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʩʦʮʽʘʣʴʥʠʡ 

ʜʦʙʨʦʙʫʪ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʝʢʦʥʦʤʽʯʥʝ ʟʨʦʩʪʘʥʥʷ, ʱʦ ʜʦʩʷʛʘʻ ʤʝʪʠ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ. ɺ ɸʟʽʘʪʩʴʢʦ-ʊʠʭʦʦʢʝʘʥʩʴʢʦʤʫ ʨʝʛʽʦʥʽ ʧʨʠʨʦʜʥʽ ʨʝʩʫʨʩʠ ʻ 

ʚʘʞʣʠʚʠʤ ʢʘʧʽʪʘʣʦʤ, ʱʦ ʩʧʨʠʷʻ ʝʢʦʥʦʤʽʯʥʦʤʫ ʨʦʟʚʠʪʢʫ ʪʘ ʧʽʜʚʠʱʝʥʥʶ 

ʜʦʙʨʦʙʫʪʫ ʣʶʜʝʡ. ʂʦʣʠ ʩʚʽʪ ʟʽʪʢʥʫʚʩʷ ʽʟ ʩʝʨʡʦʟʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʪʘʢʠʤʠ ʷʢ 

ʟʤʽʥʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʩʦʮʽʘʣʴʥʽ ʨʦʟʙʽʞʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʠʡ 

ʩʧʘʜ, ʟʝʣʝʥʘ ʝʢʦʥʦʤʽʢʘ ʟʘʙʝʟʧʝʯʠʣʘ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ. ʂʦʘʣʽʮʽʷ 

ʟʝʣʝʥʦʾ ʝʢʦʥʦʤʽʢʠ ʨʦʟʨʦʙʠʣʘ ʢʦʥʮʝʧʮʽʶ ʟʝʣʝʥʦʾ ʝʢʦʥʦʤʽʢʠ, ʚ ʦʩʥʦʚʽ ʷʢʦʾ 

ʧʦʢʨʘʱʝʥʥʷ ʞʠʪʪʷ ʣʶʜʝʡ, ʙʣʘʛʦʧʦʣʫʯʯʷ ʪʘ ʩʦʮʽʘʣʴʥʘ ʩʧʨʘʚʝʜʣʠʚʽʩʪʴ. 

ɺʠʜʽʣʠʤʦ ʧ'ʷʪʴ ʧʨʠʥʮʠʧʽʚ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʢʝʨʽʚʥʽ 

ʧʨʠʥʮʠʧʠ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʝʣʝʥʦʾ ʝʢʦʥʦʤʽʢʠ: 1) ɼʦʙʨʦʙʫʪ ʣʶʜʠʥʠ, ʪʦʤʫ ʱʦ 

ʫʨʷʜʠ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʛʘʣʴʥʠʡ ʪʘ ʩʪʽʡʢʠʡ ʩʦʮʽʘʣʴʥʠʡ ʜʦʙʨʦʙʫʪ, ʱʦʙ ʫʩʽ 

ʣʶʜʠ ʤʦʛʣʠ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʧʨʘʚʘʤʠ ʥʘ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ, ʬʽʟʠʯʥʝ ʪʘ ʧʩʠʭʽʯʥʝ 

ʟʜʦʨʦʚ'ʷ, ʱʘʩʪʷ ʪʘ ʦʩʚʽʪʫ; 2) ʉʧʨʘʚʝʜʣʠʚʽʩʪʴ, ʟʛʫʨʪʦʚʘʥʽʩʪʴʽ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ 

ʧʨʘʚ ʣʶʜʠʥʠ, ʨʽʚʥʽʩʪʴ ʜʣʷ ʚʩʽʭ ʛʨʦʤʘʜʷʥ, ʥʘʜʘʥʥʷ ʜʦʧʦʤʦʛʠ ʧʨʘʚʘʤ ʤʝʥʰʠʥ ʪʘ 

ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ; 3) ʈʦʜʶʯʽʩʪʴ ʧʣʘʥʝʪʠ, ʷʢʘ ʩʪʘʥʝ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʧʨʦʮʚʽʪʘʥʥʷ ʣʶʜʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ,  ʪʘ ʚʠʤʘʛʘʻ ʚʞʠʪʪʷ ʟʘʭʦʜʽʚ ʜʣʷ 

ʟʘʭʠʩʪʫ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʪʘʢʠʭ ʷʢ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, ʧʦʚʽʪʨʷ, ʛʨʫʥʪ ʪʘ ʚʦʜʘ; 

4) ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʜʦʩʪʘʪʥʽʩʪʴ,   ʫ ʢʦʥʪʝʢʩʪʽ ʷʢʠʭ   ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ,  ʥʘʮʽʣʝʥʠʭ ʥʘ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʚʠʢʠʜʽʚ ʚʫʛʣʝʮʶ, 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʪʘ ʩʠʩʪʝʤʠ ʧʝʨʝʨʦʙʢʠ, ʱʦ ʩʧʨʠʷʻ ʝʢʦʥʦʤʽʯʥʦʤʫ ʟʨʦʩʪʘʥʥʶ ʪʘ 

ʧʦʢʨʘʱʝʥʥʶ ʜʦʙʨʦʙʫʪʫ ʣʶʜʝʡ; 5)  ʇʦʣʽʪʠʢʘ ʥʘʣʝʞʥʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʚ ʦʩʥʦʚʽ 

ʷʢʦʛʦ ʟʘʦʭʦʯʝʥʥʷ ʛʨʦʤʘʜʷʥ ʽ ʧʦʙʫʜʦʚʘ ʚʽʜʢʨʠʪʦʛʦ, ʧʨʦʟʦʨʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʟ 

ʯʽʪʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʽʜʟʚʽʪʥʦʩʪʽ, ʟʘʩʥʦʚʘʥʠʤʠ ʥʘ ʧʨʠʨʦʜʥʠʯʠʭ ʽ ʩʦʮʽʘʣʴʥʠʭ 

ʥʘʫʢʘʭ. ʎʽ ʧʨʠʥʮʠʧʠ ʩʬʦʨʤʦʚʘʥʽ  ʷʢ ʨʝʟʫʣʴʪʘʪ  ʧʦʜʦʣʘʥʥʷ ʽʥʪʝʨʝʩʽʚ ʤʠʥʫʣʦʾ 

ʭʚʠʣʽ ʧʨʦʤʠʩʣʦʚʦʾ ʨʝʚʦʣʶʮʽʾ ʪʘ ʛʣʦʙʘʣʽʟʘʮʽʾ, ʜʝ ʝʢʦʥʦʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʟʘʚʞʜʠ 

ʤʘʚ ʧʨʽʦʨʠʪʝʪ ʥʘʜ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʪʘ ʩʦʮʽʘʣʴʥʠʤ ʙʣʘʛʦʧʦʣʫʯʯʷʤ, 

ʟʦʩʝʨʝʜʞʫʚʘʚʩʷ ʥʘ ʤʘʢʩʠʤʽʟʘʮʽʾ ʽʥʪʝʨʝʩʽʚ, ʘ ʚ ʢʦʥʪʝʢʩʪʽ çʟʝʣʝʥʦʾ ʝʢʦʥʦʤʽʢʠè 

ʧʝʨʝʡʰʦʚ  ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤʠ ʩʧʽʣʴʥʦʛʦ ʧʨʦʮʚʽʪʘʥʥʷ ʪʘ ʩʧʽʚʽʩʥʫʚʘʥʥʷ. 

ɿʤʽʥʘ ʢʣʽʤʘʪʫ ʪʘ ʨʠʟʠʢʠ ʥʝʤʠʥʫʯʽ, ʘ ʟʝʣʝʥʘ ʝʢʦʥʦʤʽʢʘ ʻ ʜʚʠʛʫʥʦʤ, ʷʢʠʡ ʩʧʨʠʷʻ 

ʟʝʣʝʥʦʤʫ ʟʨʦʩʪʘʥʥʶ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʠʡ ʨʦʟʚʠʪʦʢ. ʇʨʘʢʪʠʢʫʶʯʠ ʟʝʣʝʥʫ 

ʪʨʘʥʩʬʦʨʤʘʮʽʶ, ʮʝ ʙʫʜʝ ʧʝʨʰʠʡ ʢʨʦʢ ʜʦ ʟʝʣʝʥʦʾ ʝʢʦʥʦʤʽʢʠ, ʘ ʟʝʣʝʥʘ 

ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʟʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʥʦʚʘʮʽʾ. ɿʘʛʘʣʴʥʠʡ ʘʩʧʝʢʪ 
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ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʚʽʜʧʨʘʚʥʘ ʪʦʯʢʘ ʜʣʷ ʘʥʘʣʽʟʫ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʩʧʨʠʷʶʪʴ ʧʝʨʝʭʦʜʫ ʧʽʜʧʨʠʻʤʩʪʚ ʜʦ ʟʝʣʝʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ. 

ɿ 2020 ʨʦʢʫ ʧʦ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʧʦʰʠʨʝʥʥʷ ʝʧʽʜʝʤʽʾ COVID-19 ʤʘʣʦ 

ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʩʚʽʪ, ʦʩʦʙʣʠʚʦ ʝʢʦʥʦʤʽʯʥʠʡ ʩʧʘʜ, ʷʢʠʡ ʧʨʠʟʚʽʚ ʜʦ 

ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʙʝʟʨʦʙʽʪʪʷ ʪʘ ʧʦʩʣʽʜʦʚʥʦʛʦ ʟʘʢʨʠʪʪʷ ʤʘʣʠʭ ʪʘ ʩʝʨʝʜʥʽʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ʆʨʛʘʥʽʟʘʮʽʷ ʆʙ'ʻʜʥʘʥʠʭ ʅʘʮʽʡ ʚʠʧʫʩʪʠʣʘ ʜʦʢʫʤʝʥʪ ç COVID-

19: ʅʘ ʰʣʷʭʫ ʜʦ ʽʥʢʣʶʟʠʚʥʦʛʦ, ʩʪʘʣʦʛʦ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷè, 

ʫ ʟʤʽʩʪʽ ʷʢʦʛʦ ʧʨʦʧʦʥʫʶʪʴʩʷ ʧʣʘʥʠ ʚʽʜʥʦʚʣʝʥʥʷ ʝʢʦʥʦʤʽʢʠ ʚ 

ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʽʡ ʪʘ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ. ʋ ʜʦʢʫʤʝʥʪʽ ʚʢʘʟʫʻʪʴʩʷ, 

ʱʦ ʧʽʩʣʷ ʩʝʨʡʦʟʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʪʨʷʩʽʥʴ ʢʦʤʧʘʥʽʾ ʦʪʨʠʤʘʣʠ ʤʦʞʣʠʚʽʩʪʴ 

ʧʝʨʝʛʣʷʥʫʪʠ ʩʚʦʾ ʦʧʝʨʘʮʽʡʥʽ ʤʦʜʝʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʘʢʪʠʢʠ ʂʉɺ, 

ʚʧʨʦʚʘʜʠʪʠ ʟʝʣʝʥʫ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʚ ʮʽʣʴʦʚʫ ʩʪʨʘʪʝʛʽʶ, ʩʪʚʦʨʠʪʠ ʩʪʽʡʢʠʡ 

ʣʘʥʮʶʞʦʢ ʧʦʩʪʘʚʦʢ ʪʘ ʧʨʠʩʢʦʨʠʪʠ ʮʠʬʨʦʚʫ ʪʨʘʥʩʬʦʨʤʘʮʽʶ, ʟʙʽʣʴʰʠʪʠ 

ʟʦʚʥʽʰʥʽ ʚʠʛʦʜʠ, ʷʢʽ ʧʨʠʥʦʩʠʪʴ ʧʽʜʧʨʠʻʤʩʪʚʦ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ 

ʪʘ ʩʫʩʧʽʣʴʩʪʚʫ, ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʧʨʘʢʪʠʢʫ ʩʪʽʡʢʦʛʦ ʽʥʚʝʩʪʫʚʘʥʥʷ, ʱʦʙ ʤʠ 

ʤʦʛʣʠ ʧʨʦʪʠʩʪʦʷʪʠ ʨʠʟʠʢʘʤ ʪʘ ʤʘʪʠ ʩʪʽʡʢʽʩʪʴ, ʱʦʙ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ 

ʚʠʢʣʠʢʽʚ, ʪʠʤ ʩʘʤʠʤ ʧʽʜʚʠʱʫʶʯʠ ʟʝʣʝʥʫ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʢʦʤʧʘʥʽʾ 

ʫ ʩʬʝʨʽ ʢʦʥʪʨʦʣʶ ʨʠʟʠʢʽʚ.  ʑʦʙ ʡʪʠ ʚ ʥʦʛʫ ʟ ʪʝʥʜʝʥʮʽʻʶ ʛʣʦʙʘʣʴʥʦʛʦ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ, ɭʚʨʦʧʝʡʩʴʢʠʡ ʉʦʶʟ ʟʘʧʨʦʧʦʥʫʚʘʚ ʫ 2019 ʨʦʮʽ 

ʧʦʣʽʪʠʢʫ ʧʦʜʚʽʡʥʦʾ ʮʠʬʨʦʚʦʾ ʪʘ ʟʝʣʝʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ. ʎʷ ʧʦʣʽʪʠʢʘ ʪʘʢʦʞ ʻ 

ʦʩʥʦʚʥʦʶ ʧʦʣʽʪʠʢʦʶ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ɭʉ ʟ ʫʧʦʨʦʤ ʥʘ ɭʚʨʦʧʫ, ʱʦ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʮʠʬʨʦʚʦʾ ʝʧʦʭʠ. ç. ɺʽʢ) ʪʘ  

ʇʦ-ʧʝʨʰʝ, ʤʝʪʘ çɭʚʨʦʧʠ, ʱʦ ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʮʠʬʨʦʚʦʾ ʜʦʙʠè ʧʦʣʷʛʘʻ 

ʚ ʪʦʤʫ, ʱʦʙ ʩʧʨʠʷʪʠ ʨʦʟʚʠʪʢʫ ʮʠʬʨʦʚʦʾ ʝʢʦʥʦʤʽʢʠ ʪʘ ʢʨʘʱʝ ʘʜʘʧʪʫʚʘʪʠ 

ɭʚʨʦʧʫ ʜʦ ʮʠʬʨʦʚʦʾ ʜʦʙʠ. ɺʦʥʘ ʚʢʣʶʯʘʻ ʚʽʩʽʤ ʢʣʶʯʦʚʠʭ ʨʦʙʦʯʠʭ ʧʨʦʝʢʪʽʚ: 

çʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪè, çɭʚʨʦʧʝʡʩʴʢʠʡ ʉʪʨʘʪʝʛʽʷ ʜʘʥʠʭè, çɭʚʨʦʧʝʡʩʴʢʘ 

ʧʨʦʤʠʩʣʦʚʘ ʩʪʨʘʪʝʛʽʷè, çɺʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ ʦʙʯʠʩʣʝʥʥʷè, çʆʥʣʘʡʥ-

ʧʣʘʪʬʦʨʤʠè, çʂʽʙʝʨʙʝʟʧʝʢʘè, çʎʠʬʨʦʚʽ ʥʘʚʠʯʢʠè ʪʘ çʎʠʬʨʦʚʠʡ ʟʚ'ʷʟʦʢè. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʰʚʠʜʢʦʛʦ ʨʦʟʚʠʪʢʫ ɺ ʫʤʦʚʘʭ ʛʘʣʫʟʽ ʮʠʬʨʦʚʦʾ ʝʢʦʥʦʤʽʢʠ, ʱʦ 

ʨʦʟʚʠʚʘʻʪʴʩʷ, ʽʩʥʫʶʯʽ ʧʨʘʚʠʣʘ, ʦʯʝʚʠʜʥʦ, ʙʽʣʴʰʝ ʥʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʮʠʬʨʦʚʦʶ ʝʢʦʥʦʤʽʢʦʶ, ʪʠʤ ʩʘʤʠʤ ʧʨʦʩʫʚʘʶʯʠ ʨʷʜ ʧʨʘʚʠʣ 

ʮʠʬʨʦʚʦʾ ʝʢʦʥʦʤʽʢʠ. ʋʨʷʜʠ ʢʨʘʾʥ ʩʚʽʪʫ ʟʚʝʨʥʫʣʠ ʫʚʘʛʫ ʥʘ ʙʝʟʧʝʢʫ 

ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ, ɿʘʢʦʥ ʧʨʦ ʮʠʬʨʦʚʽ ʨʠʥʢʠ (DMA).  

ʇʦ-ʜʨʫʛʝ, çɭʚʨʦʧʝʡʩʴʢʠʡ ʟʝʣʝʥʠʡ ʥʦʚʠʡ ʢʫʨʩè - ʮʝ ʦʩʥʦʚʥʠʡ ʧʣʘʥ ɭʉ 

ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ çʟʝʣʝʥʦʾè ʪʨʘʥʩʬʦʨʤʘʮʽʾ. ɺʽʥ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʜʦʩʷʛʥʝʥʥʷ 

ʢʣʽʤʘʪʠʯʥʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ ʚ ɭʚʨʦʧʽ ʜʦ 2050 ʨʦʢʫ ʪʘ ʧʨʠʥʝʩʝ ɭʚʨʦʧʽ ʙʽʣʴʰʝ 

ʝʢʦʥʦʤʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ɺʽʥ ʙʫʚ ʟʘʧʫʱʝʥʠʡ ʫ 2020 

ʨʦʮʽ ʽ ʩʧʨʷʤʦʚʘʥʠʤ ʥʘ ʩʧʨʠʷʥʥʷ ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ ɭʉ, 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʫ ʤʦʞʣʠʚʦʩʪʽ ʚ ʫʩʽʭ 

ʛʘʣʫʟʷʭ ʧʦʣʽʪʠʢʠ, ʜʦʩʷʛʥʝʥʥʷ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ ʪʘ ʽʥʢʣʶʟʠʚʥʦʩʪʽ ʧʽʜ ʯʘʩ 

ʟʘʛʘʣʴʥʦʛʦ ʧʝʨʝʭʽʜʥʦʛʦ ʧʝʨʽjʜʫ. ʎʠʬʨʦʚʘ ʝʢʦʥʦʤʽʢʘ ʪʘ ʟʝʣʝʥʘ ʝʢʦʥʦʤʽʢʘ 

ʤʦʞʫʪʴ ʜʦʧʦʚʥʶʚʘʪʠ ʦʜʥʘ ʦʜʥʫ. ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʱʝʩʢʘʟʘʥʝ, ʉʧʦʣʫʯʝʥʽ 

ʐʪʘʪʠ ʪʘ ɭʚʨʦʧʝʡʩʴʢʠʡ ʉʦʶʟ, ʜʚʽ ʥʘʡʙʽʣʴʰʽ ʢʨʘʾʥʠ ʟ ʨʦʟʚʠʥʝʥʦʶ 
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ʝʢʦʥʦʤʽʢʦʶ ʫ ʩʚʽʪʽ, ʨʦʟʚʠʚʘʶʪʴʩʷ ʫ ʥʘʧʨʷʤʽ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʘ 

ʟʝʣʝʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ.  

ʎʠʬʨʦʚʘ ʝʢʦʥʦʤʽʢʘ ʪʘ çʟʝʣʝʥʘè ʝʢʦʥʦʤʽʢʘ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ. ʇʦ-ʧʝʨʰʝ, 

ʮʠʬʨʦʚʘ ʝʢʦʥʦʤʽʢʘ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʪʝʭʥʽʯʥʫ ʧʽʜʪʨʠʤʢʫ ʪʘ ʽʥʥʦʚʘʮʽʾ ʜʣʷ 

çʟʝʣʝʥʦʾè ʝʢʦʥʦʤʽʢʠ, ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʥʦʚʽ ʨʽʰʝʥʥʷ ʜʣʷ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ 

ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʝʢʦʩʠʩʪʝʤ, ʨʦʟʨʦʙʢʘ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʦʾ çʨʦʟʫʤʥʦʾè 

ʧʦʙʫʪʦʚʦʾ ʪʝʭʥʽʢʠ, ʩʪʚʦʨʝʥʥʷ çʟʝʣʝʥʠʭè ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʪʦʱʦ - ʫʩʝ ʮʝ 

ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ çʟʝʣʝʥʽʡè ʝʢʦʥʦʤʽʮʽ. ʇʦ-

ʜʨʫʛʝ, ʨʦʟʚʠʪʦʢ ʟʝʣʝʥʦʾ ʝʢʦʥʦʤʽʢʠ ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤ ʜʚʠʛʫʥʦʤ ʧʨʠʩʢʦʨʝʥʥʷ 

ʨʦʟʚʠʪʢʫ ʮʠʬʨʦʚʦʾ ʝʢʦʥʦʤʽʢʠ. ɺ ʝʧʦʭʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʚʠʙʫʭʫ ʨʝʞʠʤ 

ʨʦʙʦʪʠ ʟʝʣʝʥʦʾ ʝʢʦʥʦʤʽʢʠ ʚʠʤʘʛʘʻ ʟʙʠʨʘʥʥʷ, ʘʥʘʣʽʟʫ ʪʘ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ 

ʦʙʩʷʛʽʚ ʜʘʥʠʭ. ʎʝ ʪʘʢʦʞ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʘ, ʩʪʘʙʽʣʴʥʘ ʪʘ ʥʘʜʽʡʥʘ 

ʤʝʨʝʞʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ. ʫ ʧʨʦʮʝʩʽ ʨʝʘʣʽʟʘʮʽʾ 

ʟʝʣʝʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʽʥʚʝʩʪʠʮʽʾ ʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʮʠʬʨʦʚʦʾ ʝʢʦʥʦʤʽʢʠ ʪʘ 

ʩʮʝʥʘʨʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʮʽʡ ʛʘʣʫʟʽ ʥʝʤʠʥʫʯʝ 

ʧʨʠʩʢʦʨʶʚʘʪʠʤʫʪʴʩʷ, ʘ ʪʘʢʦʞ ʟʙʽʣʴʰʫʚʘʪʠʤʝʪʴʩʷ ʨʝʩʫʨʩʠ, ʱʦ ʙʫʜʝ 

ʽʥʚʝʩʪʦʚʘʥʦ ʫ ʨʦʟʚʠʪʦʢ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɼʽʡʩʥʦ, ʟʝʣʝʥʘ ʝʢʦʥʦʤʽʢʘ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʧʠʩʘʪʠ ʧʨʘʚʠʣʘ 

ʩʚʽʪʦʚʦʾ ʝʢʦʥʦʤʽʢʠ, ʨʦʟʰʠʨʶʶʯʠ ʨʠʥʦʢ ʢʘʧʽʪʘʣʫ ʚʽʜ ʢʦʣʠʰʥʴʦʾ ʤʝʪʠ 

ʤʘʢʩʠʤʽʟʘʮʽʾ ʘʢʮʽʦʥʝʨʥʦʾ ʚʘʨʪʦʩʪʽ ʜʦ ʩʪʚʦʨʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʮʽʥʥʦʩʪʽ ʜʣʷ 

ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʩʪʽʡʢʦʤʫ ʨʦʟʚʠʪʢʫ ʪʘ ʝʢʦʥʦʤʽʯʥʦʤʫ 

ʟʨʦʩʪʘʥʥʶ ʡʪʠ ʨʫʢʘ ʦʙ ʨʫʢʫ.  ʋ ʚʽʜʧʦʚʽʜʴ ʥʘ ʚʩʝ ʩʝʨʡʦʟʥʽʰʽ ʢʣʽʤʘʪʠʯʥʽ 

ʨʠʟʠʢʠ ʪʘ ʝʢʦʥʦʤʽʯʥʠʡ ʩʧʘʜ, ʩʧʨʠʯʠʥʝʥʠʡ ʝʧʽʜʝʤʽʻʶ, ʛʣʦʙʘʣʴʥʠʡ 

ʝʢʦʥʦʤʽʯʥʠʡ ʣʘʥʜʰʘʬʪ ʰʚʠʜʢʦ ʟʤʽʥʠʚʩʷ.. ɿʝʣʝʥʘ ʝʢʦʥʦʤʽʢʘ ʩʪʘʥʝ 

ʧʨʦʚʽʜʥʦʶ ʩʠʣʦʶ. ɿʘʭʠʩʪ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʝʢʦʥʦʤʽʯʥʝ 

ʟʨʦʩʪʘʥʥʷ ʻ ʥʝʚʽʜ'ʻʤʥʠʤʠ ʩʠʣʘʤʠ, ʽ ʣʶʜʩʪʚʦ ʧʦʩʪʫʧʦʚʦ ʙʫʜʝ ʙʫʜʫʚʘʪʠ 

ʟʝʣʝʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʣʘʥʜʰʘʬʪ ʜʣʷ ʩʪʽʡʢʦʛʦ ʪʘ ʩʧʽʣʴʥʦʛʦ ʧʨʦʮʚʽʪʘʥʥʷ. 

ʉʠʥʝʨʛʽʷ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʝʣʝʥʦʛʦ ʨʦʟʚʠʪʢʫ ʫ ʢʦʥʪʝʢʩʪʽ 

ʚʟʘʻʤʦʜʽʾ ʪʘ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʚʢʣʶʯʘʻ ʩʧʝʮʠʬʽʯʥʽ ʘʩʧʝʢʪʠ ʪʘ ʥʘʧʨʷʤʢʠ: 1) 

ɽʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʛʦ, ʷʢ 

ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ ʷʢ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, ʘʥʘʣʽʪʠʢʘ ʜʘʥʠʭ, Internet of 

Things (IoT) ʪʘ ʙʣʦʢʯʝʡʥ, ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʽʚ ʽ ʟʤʝʥʰʫʚʘʪʠ ʚʠʢʠʜʠ, ʱʦ ʩʧʨʠʷʻ ʟʝʣʝʥʦʤʫ ʨʦʟʚʠʪʢʫ. 2) ʈʦʟʚʠʪʦʢ 

"ʨʦʟʫʤʥʠʭ" ʤʽʩʪ: ʘʥʘʣʽʟ ʪʦʛʦ, ʷʢ ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʚ 

ʩʪʚʦʨʝʥʥʽ ʝʬʝʢʪʠʚʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʡ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʪʘ ʫʧʨʘʚʣʽʥʥʽ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ 

ʤʽʩʪ ʽ ʟʥʠʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ. 3) ʎʠʬʨʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʚ 

ʝʥʝʨʛʝʪʠʮʽ: ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʛʦ, ʷʢ ʩʫʯʘʩʥʽ ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʧʦʤʘʛʘʶʪʴ 

ʟʙʽʣʴʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ, ʨʦʟʧʦʜʽʣʫ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʘ 

ʪʘʢʦʞ ʩʧʨʠʷʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 4) 

ʉʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʢʦʥʪʨʦʣʶ ʟʘ 

ʜʦʚʢʽʣʣʷʤ: ʨʦʟʛʣʷʜ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 
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ʟʙʦʨʫ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʧʨʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ, ʚʦʜʠ, ˇʨʫʥʪʽʚ ʪʦʱʦ, ʱʦ 

ʩʧʨʠʷʪʠʤʝ ʝʬʝʢʪʠʚʥʽʰʦʤʫ ʫʧʨʘʚʣʽʥʥʶ ʜʦʚʢʽʣʣʷʤ. 5) ɽʢʦʥʦʤʽʯʥʽ ʘʩʧʝʢʪʠ 

ʮʠʬʨʦʚʦ-ʟʝʣʝʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ: ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʮʠʬʨʦʚʠʭ ʽ ʟʝʣʝʥʠʭ 

ʩʝʢʪʦʨʽʚ ʝʢʦʥʦʤʽʢʠ ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ʩʪʽʡʢʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ. ʎʽ 

ʥʘʧʨʷʤʢʠ ʜʦʟʚʦʣʷʪʴ ʜʦʧʦʚʥʠʪʠ ʩʠʥʝʨʛʽʶ ʥʦʚʠʤʠ ʘʩʧʝʢʪʘʤʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʮʠʬʨʦʚʦʶ ʪʘ ʟʝʣʝʥʦʶ ʝʢʦʥʦʤʽʢʦʶ. 

 

ɼɽʎɽʅʊʈɸʃɯɿɸʎɯʗ ɽʅɽʈɻɽʊʀʂʀ ʇɯɼ ʏɸʉ ɺʆɭʅʅʀʍ ɼɯʁ 
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1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, 
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ɿ ʤʝʪʦʶ ʨʦʟʙʫʜʦʚʠ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʝʢʦʥʦʤʽʢ ʫ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ, 

ʩʫʯʘʩʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ ʧʦʩʪʫʧʦʚʦ ʚʧʨʦʚʘʜʞʫʶʪʴ ʤʝʪʦʜʠ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʝʨʝʭʦʜʫ. ʎʝʡ ʧʨʦʮʝʩ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʤʽʥʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʩʫʩʧʽʣʴʩʪʚʘ 

ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʩʝʨʝʜ ʷʢʠʭ ʚʫʛʽʣʣʷ, ʥʘʬʪʘ ʪʘ 

ʧʨʠʨʦʜʥʠʡ ʛʘʟ, ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʩʪʽʡʢʠʭ, ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ ʩʦʥʷʯʥʘ, ʚʽʪʨʦʚʘ, ʛʽʜʨʦʝʥʝʨʛʽʷ ʪʘ ʽʥʰʽ. ɻʣʦʙʘʣʴʥʠʡ ʧʝʨʝʭʽʜ 

ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʧʦʢʨʘʱʝʥʥʷ ʩʪʘʥʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ [1]. ʎʝ 

ʥʘʩʘʤʧʝʨʝʜ ʧʝʨʝʜʙʘʯʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʣʽʤʘʪʠʯʥʦ ʥʝʡʪʨʘʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʜʦʙʫʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʨʦʟʚʠʪʦʢ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʮʠʬʨʦʚʽʟʘʮʽʾ. 

ʆʩʥʦʚʥʽ ʩʚʽʪʦʚʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʩʬʝʨʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʢʣʶʯʘʶʪʴ: 1) ʜʝʢʘʨʙʦʥʽʟʘʮʽʶ, ʷʢ ʦʩʥʦʚʥʠʡ ʟʝʣʝʥʠʡ ʥʘʧʨʷʤʦʢ ʨʦʟʚʠʪʢʫ; 2) 

ʜʽʜʞʠʪʘʣʽʟʘʮʽʶ, ʷʢ ʦʩʥʦʚʥʠʡ ʚʝʢʪʦʨ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ; 3) ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʶ, ʷʢ ʟʘʩʽʙ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ. ɼʘʥʽ ʪʨʝʥʜʠ ʨʦʟʚʠʪʢʫ ʘʢʪʫʘʣʴʥʽ ʽ ʜʣʷ ʋʢʨʘʾʥʠ. 

ʆʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʧʠʪʘʥʥʷ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʬʝʨʠ ʧʦʩʪʘʣʦ ʟ 

ʨʦʟʧʦʯʘʪʦʶ ʚʽʡʥʦʶ ʨʦʩʽʾ ʧʨʦʪʠ ʋʢʨʘʾʥʠ, ʢʦʣʠ ʢʦʞʥʦʛʦ ʜʥʷ ʦʙô̒ ʢʪʠ 

ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʝʥʝʨʛʝʪʠʢʠ ʦʧʠʥʷʶʪʴʩʷ ʧʽʜ ʟʘʛʨʦʟʘʤʠ 

ʦʙʩʪʨʽʣʽʚ ʯʠ ʜʠʚʝʨʩʽʡ ʟ ʙʦʢʫ ʨʦʩʽʷʥ. ʈʠʟʠʢ ʜʣʷ ʫʢʨʘʾʥʮʽʚ ʦʧʠʥʠʪʠʩʴ ʙʝʟ 

ʢʨʠʪʠʯʥʦ ʥʝʦʙʭʽʜʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʪʝʧʣʘ, ʝʣʝʢʪʨʠʢʠ ʯʠ ʚʦʜʠ ʩʪʠʤʫʣʶʻ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʙʦʢʫ ʷʢ ʜʝʨʞʘʚʠ, ʪʘʢ ʽ ʩʘʤʠʭ 

ʛʨʦʤʘʜʷʥ. ʉʘʤʝ ʪʦʤʫ, ʟʘʚʜʘʥʥʷ ʧʦʩʠʣʝʥʥʷ ʟʘʭʠʩʪʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙô̒ ʢʪʽʚ ʪʘ 

ʟʘʚʜʘʥʥʷ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʢʠ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ ʩʝʨʝʜ ʦʩʥʦʚʥʠʭ, ʱʝ ʫ 

ʧʦʧʝʨʝʜʥʴʦʤʫ 2023 ʨʦʮʽ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʧʦʥʷʪʪʷ çʜʝʮʝʥʪʨʘʣʽʟʘʮʽʷ ʝʥʝʨʛʝʪʠʢʠè 

ʟʘʢʦʥʦʜʘʚʯʦ ʥʝ ʚʩʪʘʥʦʚʣʝʥʝ, ʧʽʜ ʥʠʤ ʤʦʞʥʘ ʨʦʟʫʤʽʪʠ ʢʦʥʮʝʧʮʽʶ, ʷʢʘ 

ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʧʦʜʽʣ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ ʝʥʝʨʛʽʾ ʥʘ 

ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʤʝʥʰʠʭ ʪʘ ʣʦʢʘʣʴʥʠʭ ʜʞʝʨʝʣ, ʟʘʤʽʩʪʴ ʪʨʘʜʠʮʽʡʥʦʛʦ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʜʝ ʝʥʝʨʛʽʷ ʛʝʥʝʨʫʻʪʴʩʷ ʚʝʣʠʢʠʤʠ 
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ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ ʪʘ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ ʤʝʨʝʞʽ ʜʦ ʩʧʦʞʠʚʘʯʽʚ [2]. ɺ ʧʝʨʰʫ 

ʯʝʨʛʫ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʷʢ ʚʠʨʦʙʣʝʥʥʷ ʝʥʝʨʛʽʾ ʜʣʷ ʤʽʩʮʝʚʦʾ ʛʨʦʤʘʜʠ, ʨʘʡʦʥʫ, 

ʛʨʫʧʠ ʩʧʦʞʠʚʘʯʽʚ, ʪʘʢ ʽ ʘʚʪʦʥʦʤʥʝ ʽʥʜʠʚʽʜʫʘʣʴʥʝ ʩʘʤʦʟʘʙʝʟʧʝʯʝʥʥʷ. ʋ 

ʻʚʨʦʽʥʪʝʛʨʘʮʽʡʥʠʭ ʫʤʦʚʘʭ ʪʘ ʦʙʦʚô̫ ʟʢʦʚʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʷʭ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ 

ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ, ʧʽʜ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʻʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ ʨʦʟʫʤʽʻʪʴʩʷ 

ʨʦʟʚʠʪʦʢ ʨʦʟʧʦʜʽʣʝʥʦʾ ʛʝʥʝʨʘʮʽʾ ʤʘʣʦʾ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʟ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʛʝʥʝʨʘʮʽʡʥʠʭ ʫʩʪʘʥʦʚʦʢ.  

ɼʝʮʝʥʪʨʘʣʽʟʘʮʽʷ ʝʥʝʨʛʝʪʠʢʠ ʢʨʘʾʥʠ ʜʦʩʷʛʘʻʪʴʩʷ ʩʧʽʣʴʥʠʤʠ ʟʫʩʠʣʣʷʤʠ 

ʫʨʷʜʫ, ʤʽʩʮʝʚʦʾ ʚʣʘʜʠ, ʙʽʟʥʝʩʽʚ, ʩʧʦʞʠʚʘʯʽʚ. ʏʝʨʝʟ ʮʝ, ʨʝʘʣʽʟʘʮʽʶ ʪʘʢʠʭ 

ʧʦʣʽʪʠʢ ʚʘʨʪʦ ʧʨʦʚʦʜʠʪʠ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ. ʅʘ ʤʽʩʮʝʚʦʤʫ ʨʽʚʥʽ ï ʮʝ ʟʘʭʦʜʠ ʧʦ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʝʥʝʨʛʦʟʘʦʱʘʜʞʝʥʥʽ ʪʘ ʧʦʩʪʫʧʦʚʦʤʫ ʧʝʨʝʭʦʜʫ ʛʨʦʤʘʜʠ 

ʥʘ ʟʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʟʘʭʦʜʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ 

ʫʧʨʘʚʣʽʥʥʷʤ ʣʦʢʘʣʴʥʠʭ ʝʥʝʨʛʦʤʝʥʝʜʞʝʨʽʚ, ʷʢʽ ʢʦʥʪʨʦʣʶʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʧʝʨʝʨʦʟʧʦʜʽʣʷʶʪʴ ʾʭ ʫ ʨʘʟʽ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, 

ʫʩʫʚʘʶʪʴ ʤʦʞʣʠʚʽ ʧʨʦʙʣʝʤʠ, ʽʥʽʮʽʶʶʪʴ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ. ʉʠʩʪʝʤʥʠʡ 

ʝʥʝʨʛʦʤʦʥʽʪʦʨʠʥʛ ʚʞʝ ʙʫʣʦ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʧʦʥʘʜ 18 ʪʠʩ. ʙʫʜʽʚʝʣʴ ʦʨʛʘʥʽʚ 

ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ [3]. 

ɿʚʠʯʘʡʥʦ, ʨʦʟʚʠʪʦʢ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʠʟʢʦʶ ʧʨʦʙʣʝʤ, ʷʢʽ ʧʦʛʽʨʰʫʶʪʴ ʩʪʘʥ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʙʝʟʧʝʢʠ ʽ ʧʦʪʨʝʙʫʶʪʴ ʩʚʦʛʦ ʚʠʨʽʰʝʥʥʷ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚ ʯʘʩ ʚʦʻʥʥʠʭ ʜʽʡ. ʊʘ ʧʦʧʨʠ ʮʝ, ʨʦʣʴ ʛʨʦʤʘʜ ʥʘʜʘʣʽ ʟʘʣʠʰʘʻʪʴʩʷ ʚʘʞʣʠʚʦʶ, 

ʦʩʢʽʣʴʢʠ ʪʫʪ ʬʦʨʤʫʻʪʴʩʷ ʟʘʧʠʪ, ʽʥʽʮʽʘʪʠʚʘ ʜʦ ʜʝʨʞʘʚʠ ʯʠ ʽʥʰʠʭ ʧʘʨʪʥʝʨʽʚ, 

ʱʦʜʦ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ. ɼʣʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʝʥʝʨʛʦʚʠʨʦʙʥʠʯʠʭ ʽ  ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʦʞʠʚʘʯʘʤ ʥʝʦʙʭʽʜʥʦ 

ʙʽʣʴʰʝ ʩʪʠʤʫʣʽʚ ʡ ʤʦʞʣʠʚʦʩʪʝʡ, ʟʘʧʨʦʚʘʜʞʫʚʘʥʠʭ ʚʣʘʜʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. 

ʆʢʨʽʤ ʮʴʦʛʦ, ʫʩʧʽʭ ʫ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʢʠ ʟʥʘʯʥʦ ʟʘʣʝʞʠʪʴ ʽ ʚʽʜ ʩʘʤʠʭ 

ʣʶʜʝʡ. ɺʽʜ ʾʭʥʴʦʾ ʘʢʪʠʚʥʦʾ ʫʯʘʩʪʽ, ʚʽʜ ʚʣʘʩʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʩʫʪʽ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʽ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ. ʎʴʦʤʫ ʩʧʨʠʷʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʦʩʚʽʪʥʽ ʪʘ 

ʧʨʦʩʚʽʪʥʠʮʴʢʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʙʝʟʩʫʤʥʽʚʥʦ ʻ ʚʘʞʣʠʚʦʶ ʩʭʦʜʠʥʢʦʶ ʜʦ 

çʟʝʣʝʥʦʛʦè ʛʣʦʙʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʫ. 

ɸʢʪʠʚʥʽ ʢʨʦʢʠ ʜʦ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʢʠ ʽ ʤʘʩʦʚʝ ʨʦʟʫʤʽʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʧʦʯʘʣʠʩʴ ʟ ʧʦʯʘʪʢʦʤ ʤʘʩʦʚʘʥʠʭ ʦʙʩʪʨʽʣʽʚ ʝʣʝʢʪʨʦʤʝʨʝʞ. ɹʘʛʘʪʦ 

ʛʨʦʤʘʜʷʥ ʧʝʨʝʡʰʣʠ ʥʘ ʢʦʨʠʩʪʫʚʘʥʥʷ ʜʠʟʝʣʴʥʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ, ʧʨʠʩʪʨʦʷʤʠ 

ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ ʡ ʧʦʨʪʘʪʠʚʥʦʛʦ ʞʠʚʣʝʥʥʷ, ʧʨʠʩʪʨʦʷʤʠ ʥʝʟʘʣʝʞʥʦʛʦ 

ʦʩʚʽʪʣʝʥʥʷ. ʇʨʠ ʚʽʜʢʣʶʯʝʥʥʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʘ ʯʠ ʚʦʜʠ, 

ʦʨʛʘʥʽʟʦʚʫʚʘʣʠ ʤʽʩʮʝʚʽ ʧʫʥʢʪʠ ʦʙʽʛʨʽʚʫ, ʝʢʦʥʦʤʠʣʠ ʪʘ ʟʘʧʘʩʘʣʠʩʴ ʚʦʜʦʶ. 

ɺʪʽʤ, ʥʘ ʧʨʘʢʪʠʮʽ ʮʴʦʛʦ ʥʝ ʟʘʚʞʜʠ ʙʫʚʘʻ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʞʠʪʪʷ 

ʷʢ ʣʶʜʝʡ, ʪʘʢ ʽ ʙʽʟʥʝʩʽʚ. ʏʝʨʝʟ ʮʝ ʥʘʙʨʘʣʦ ʘʢʪʫʘʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚ, ʱʦ ʤʘʶʪʴ ʩʚʦʾ ʧʝʨʝʚʘʛʠ. ɿʘ ʯʘʩ ʚʽʡʥʠ ʙʽʣʴʰʘʻ ʦʙô̒ ʢʪʽʚ, 

ʦʙʣʘʰʪʦʚʘʥʠʭ ʚʣʘʩʥʠʤʠ ʩʪʘʥʮʽʷʤʠ ʛʝʥʝʨʘʮʽʾ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʽʟ ʩʠʩʪʝʤʘʤʠ 

ʥʘʢʦʧʠʯʝʥʥʷ, ʯʠ ʘʢʫʤʫʣʶʚʘʥʥʷ. ʌʦʨʤʫʻʪʴʩʷ ʤʘʩʦʚʘ ʧʦʪʨʝʙʘ ʫ ʨʦʟʚʠʪʢʫ 

ʧʨʦʻʢʪʽʚ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. 

ʊʽ ʛʨʦʤʘʜʠ, ʷʢʽ ʨʦʟʫʤʽʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ 
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ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʩʝ ʙʽʣʴʰʝ ʽʥʽʮʽʶʶʪʴ ʩʪʚʦʨʝʥʥʷ 

ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʜʦʙʫʪʢʫ ʝʥʝʨʛʽʾ, ʰʫʢʘʶʪʴ ʜʦʜʘʪʢʦʚʝ ʬʽʥʘʥʩʫʚʘʥʥʷ ʪʘ 

ʤʦʞʣʠʚʦʩʪʽ. ʉʦʥʷʯʥʽ ʤʦʜʫʣʽ ʧʦʯʘʣʠ ʧʦʷʚʠʣʠʩʴ ʫ ʦʩʚʽʪʥʽʭ ʟʘʢʣʘʜʘʭ, ʣʽʢʘʨʥʷʭ, 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʦʙô̒ ʢʪʘʭ, ʦʙô̒ ʢʪʘʭ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʦʜʦʶ. ɿʛʦʜʦʤ ʪʝʥʜʝʥʮʽʷ 

ʧʝʨʝʡʰʣʘ ʡ ʜʦ ʧʨʠʚʘʪʥʠʭ ʧʽʜʧʨʠʻʤʮʽʚ ʪʘ ʟʚʠʯʘʡʥʠʭ ʤʝʰʢʘʥʮʽʚ ʞʠʪʣʦʚʠʭ 

ʙʫʜʠʥʢʽʚ. ʋʩʽ ʨʦʟʫʤʽʶʪʴ, ʱʦ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʟʦʚʥʽʰʥʴʦʾ ʝʥʝʨʛʽʾ, 

ʘʚʪʦʥʦʤʥʘ ʝʥʝʨʛʽʷ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʡʚʘʞʣʠʚʽʰ ̔ʧʦʪʨʝʙʠ. 

ʇʨʦʻʢʪʦʤ ʚʜʘʣʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʽʜ ʫʤʦʚʠ ʚʽʡʥʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʽʩʪʦʨʽʶ 

ʧʦʰʢʦʜʞʝʥʦʾ ʘʤʙʫʣʘʪʦʨʽʾ ʚ ɻʦʨʝʥʮʽ, ʱʦ ʟʘʟʥʘʣʘ ʟʥʘʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʥʘ 

ʧʦʯʘʪʢʫ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʚʽʡʥʠ ʽ ʧʝʨʝʡʰʣʘ ʥʘ ʨʽʚʝʥʴ ʧʦʚʥʦʾ 

ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʦʩʪʽ. ɿʘ ʧʽʜʪʨʠʤʢʠ ʟʦʚʥʽʰʥʽʭ ʧʘʨʪʥʝʨʽʚ ʪʘ ʤʽʩʮʝʚʦʾ ʛʨʦʤʘʜʠ, 

ʧʦʰʢʦʜʞʝʥʠʡ ʚʠʙʫʭʦʤ ʤʝʜʟʘʢʣʘʜ ʚʽʜʥʦʚʠʣʠ ʟʘ ʯʦʪʠʨʠ ʤʽʩʷʮʽ, ʱʦ ʻ ʜʦʚʦʣʽ 

ʢʦʨʦʪʢʠʤ ʪʝʨʤʽʥʦʤ. ɺʣʘʰʪʫʚʘʥʥʷ ʘʚʪʦʥʦʤʥʦʾ ʩʦʥʷʯʥʦʾ ʩʪʘʥʮʽʾ ʪʘ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʫ ʜʦʟʚʦʣʷʻ ʟʘʜʦʚʦʣʴʥʷʪʠ ʦʩʥʦʚʥʽ ʧʦʪʨʝʙʠ ʚ ʝʥʝʨʛʽʾ ʪʘ ʙʝʟʧʝʨʝʙʽʡʥʽʡ 

ʧʽʜʪʨʠʤʮʽ ʦʧʘʣʝʥʥʷ ʧʨʠʤʽʱʝʥʴ. ʇʽʩʣʷ çʟʝʣʝʥʦʾè ʤʦʜʝʨʥʽʟʘʮʽʾ ʡʦʛʦ ʚʠʪʨʘʪʠ 

ʥʘ ʦʧʘʣʝʥʥʷ ʟʤʝʥʰʠʣʠʩʴ ʥʘ 80%, ʘ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʟʘʛʘʣʽ ʤʦʞʝ 

ʚʠʭʦʜʠʪʠ çʚ ʥʫʣʴè [4]. 

ɿ 2022 ʨʦʢʫ ʥʠʟʢʘ ʛʨʦʤʘʜʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʽʥʽʮʽʶʚʘʣʠ ʜʦʧʦʤʦʛʫ ʫ ʩʬʝʨʽ 

ʝʥʝʨʛʝʪʠʢʠ. ʆʜʥʽ ʤʦʛʣʠ ʜʦʧʦʤʦʛʪʠ ʥʝ çʟʝʣʝʥʠʤʠè, ʘʣʝ ʥʝʟʘʣʝʞʥʠʤʠ 

ʜʠʟʝʣʴʥʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ, ʽʥʰʽ ʞ ʦʨʛʘʥʽʟʦʚʫʚʘʣʠ ʧʦʚʥʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʢʨʠʪʠʯʥʠʭ ʦʙô̒ ʢʪʽʚ. ʅʘʧʨʠʢʣʘʜ, ʟʘ ʧʽʜʪʨʠʤʢʠ ʛʨʦʤʘʜʩʴʢʦʾ ʦʨʛʘʥʽʟʘʮʽʾ 

çɽʢʦʢʣʫʙè, ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʩʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʜʣʷ ʣʽʢʘʨʝʥʴ ʚ 

ʈʽʚʥʝʥʩʴʢʽʡ, ɾʠʪʦʤʠʨʩʴʢʽʡ, ʉʫʤʩʴʢʽʡ ʽ ʇʦʣʪʘʚʩʴʢʽʡ ʦʙʣʘʩʪʷʭ. ʊʘʢʦʞ ʥʘ 

ʩʴʦʛʦʜʥʽ, ʢʦʥʩʦʨʮʽʫʤ ʛʨʦʤʘʜʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ (ɽʢʦʢʣʫʙ, ɽʢʦʜʽʷ, Energy Act 

For Ukraine Foundation, RePower Ukraine) ʽʥʽʮʽʶʚʘʚ ʚʽʜʙʽʨ 14 ʛʨʦʤʘʜ, ʚ ʷʢʠʭ 

ʚʩʪʘʥʦʚʣʷʪʴ ʦʙô̒ ʢʪʠ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ï ʩʦʥʷʯʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

(ʉɽʉ) [5]. ɻʨʦʤʘʜʩʴʢʘ ʦʨʛʘʥʽʟʘʮʽʷ çɽʢʦʜʽʷè ʚʠʢʦʥʫʻ ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʘʚʪʦʥʦʤʥʠʭ ʩʦʥʷʯʥʠʭ ʩʪʘʥʮʽʡ ʜʣʷ ʤʝʜʠʯʥʠʭ ʟʘʢʣʘʜʽʚ ʫ ʃʴʚʽʚʩʴʢʽʡ ʪʘ 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ ʦʙʣʘʩʪʷʭ. ɿʘʡʤʘʻʪʴʩʷ ʧʨʦʩʚʽʪʥʠʮʴʢʦʶ ʜʽʷʣʴʥʽʩʪʶ ʜʣʷ 

ʛʨʦʤʘʜ ʪʘ ʜʦʧʦʤʘʛʘʻ ʾʤ ʟ ʨʦʟʚʠʪʢʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʯʠʩʪʦʾ ʝʥʝʨʛʽʾ. 

ɺʜ̔ʟʥʘʯʠʤʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦ 

ʡ ʜʣʷ ʚʦʜʦʢʘʥʘʣʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʪʽʣʴʢʠ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʨʝʙʽʡʥʽʩʪʴ 

ʨʦʙʦʪʠ, ʘʣʝ ʡ ʜʦʧʦʤʘʛʘʻ ʟʘʦʱʘʜʞʫʚʘʪʠ ʚʠʪʨʘʪʠ, ʧʦʚô̫ ʟʘʥʽ ʟ ʢʫʧʽʚʣʝʶ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʟʦʚʥʽʰʥʴʦʾ ʤʝʨʝʞʽ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʧʦʩʪʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʦʧʪʠʤʽʟʘʮʽʾ ʪʘʨʠʬʽʚ ʥʘ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ. ɺʧʨʦʚʘʜʞʝʥʥʷʤ 

ʧʦʜʽʙʥʠʭ ʧʨʦʻʢʪʽʚ ʚʞʝ ʟʘʡʤʘʣʠʩʷ ʚʦʜʦʢʘʥʘʣʠ ʫ ʃʴʚʽʚʩʴʢʽʡ, ʏʝʨʥʽʚʝʮʴʢʽʡ, 

ʄʠʢʦʣʘʾʚʩʴʢʽʡ ʦʙʣʘʩʪʷʭ [6]. ʏʘʩʪʦʪʘ ʘʥʘʣʦʛʽʯʥʠʭ ʟʘʧʠʪʽʚ ʚʽʜ ʢʦʤʫʥʘʣʴʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʪʽʣʴʢʠ ʟʨʦʩʪʘʻ, ʱʦ ʦʪʨʠʤʫʻ ʧʝʚʥʫ ʧʽʜʪʨʠʤʢʫ ʚʽʜ ʦʨʛʘʥʽʚ 

ʤʽʩʮʝʚʦʾ ʚʣʘʜʠ, ʘʣʝ ʧʨʦʙʣʝʤʘ ʬʽʥʘʥʩʫʚʘʥʥʷ ʚʩʝ ʦʜʥʦ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ 

ʩʫʪʪʻʚʦʶ. ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʟʝʣʝʥʠʭ ʽʥʽʮʽʘʪʠʚ ʥʝʦʙʭʽʜʥʘ ʟʥʘʯʥʘ 

ʛʨʦʰʦʚʘ ʜʦʧʦʤʦʛʘ ʟ ʙʦʢʫ ʛʨʘʥʪʦʚʠʭ ʧʨʦʛʨʘʤ, ʙʣʘʛʦʜʽʡʥʠʭ ʬʦʥʜʽʚ ʯʠ 

ʟʘʭʽʜʥʠʭ ʧʘʨʪʥʝʨʽʚ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʧʠʪ ʥʘ ʨʦʟʚʠʪʦʢ 
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ʘʚʪʦʥʦʤʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʙʫʜʝ ʪʽʣʴʢʠ ʟʨʦʩʪʘʪʠ. ɺʪʽʤ ʟʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ, 

ʟʦʢʨʝʤʘ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʩʪʘʥʮʽʾ ʛʝʥʝʨʫʚʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ, ʧʦʧʨʠ ʨʷʜ 

ʦʯʝʚʠʜʥʠʭ ʧʝʨʝʚʘʛ ʤʦʞʫʪʴ ʤʘʪʠ ʡ ʨʷʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʽ ʥʝʜʦʣʽʢʽʚ. ɭʜʠʥʦʛʦ 

ʨʽʰʝʥʥʷ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʥʝ ʽʩʥʫʻ, ʥʝʦʙʭʽʜʥʘ ʨʦʟʫʤʥʦ ʧʨʦʜʫʤʘʥʘ ʝʥʝʨʛʝʪʠʯʥʘ 

ʢʦʤʙʽʥʘʮʽʷ. ɹʫʜʴ-̫ ʢʠʡ ʦʙô̒ ʢʪ ʤʘʻ ʩʚʦʾ ʨʝʞʠʤʠ ʨʦʙʦʪʠ, ʦʩʦʙʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʫʤʦʚʠ ʨʦʟʤʽʱʝʥʥʷ ʝʥʝʨʛʦʛʝʥʝʨʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʾʭ 

ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʽ ʧʽʜʢʣʶʯʝʥʥʷ. ʉʧʝʮʽʘʣʽʩʪʠ, ʘʙʦ 

ʝʥʝʨʛʦʤʝʥʝʜʞʝʨʠ ʜʣʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʦʙô̒ ʢʪʽʚ ʚʠʟʥʘʯʘʶʪʴ ʥʘʡʙʽʣʴʰ 

ʧʨʽʦʨʠʪʝʪʥʠʡ ʥʘʧʨʷʤʦʢ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ. ʅʘʧʨʠʢʣʘʜ ʫ ʣʽʢʘʨʥʷʭ ʮʝ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʝʚʥʝ ʤʝʜʠʯʥʝ ʞʠʪʪʻʚʦ ʥʝʦʙʭʽʜʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ, 

ʦʩʚʽʪʣʝʥʥʷ, ʜʘʪʯʠʢʠ ʙʝʟʧʝʢʠ, ʪʦʱʦ. ʅʘ ʦʙô̒ ʢʪʘʭ ʚʦʜʦʢʘʥʘʣʫ ʥʘʜʚʘʞʣʠʚʠʤʠ 

ʤʦʞʝ ʙʫʪʠ ʙʝʟʧʝʨʝʨʚʥʘ ʨʦʙʦʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʧʦʜʘʯʽ ʚʦʜʠ.  

ʈʝʞʠʤ ʨʦʙʦʪʠ ʪʘʢʦʾ ʩʫʢʫʧʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʙʫʜʝ ʚʠʟʥʘʯʘʣʴʥʠʤ ʧʨʠ 

ʚʠʙʦʨʽ ʝʥʝʨʛʦʛʝʥʝʨʫʶʯʠʭ ʩʪʘʥʮʽʡ. ʇʨʠ ʯʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʙʽʡʥʦʾ 

ʨʦʙʦʪʠ ʘʙʩʦʣʶʪʥʦ ʚʩʽʭ ʧʦʪʨʝʙ ʦʙô̒ ʢʪʘ, ʦʩʦʙʣʠʚʦ ʚʝʣʠʢʠʭ ʤʘʩʰʪʘʙʽʚ, ʥʝ 

ʟʘʚʞʜʠ ʻ ʨʘʮʽʦʥʘʣʴʥʠʤ. ʅʝʦʙʭʽʜʥʠʡ ʜʝʪʘʣʴʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʨʦʨʘʭʫʥʦʢ, 

ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʜʘʥʠʭ, ʚʠʟʥʘʯʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʡ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʄʦʞʣʠʚʠʡ ʨʦʟʛʣʷʜ ʨʽʟʥʠʭ ʚʘʨʽʘʮʽʡ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ, 

ʥʘʧʨʠʢʣʘʜ ʛʝʥʝʨʘʪʦʨʥʽ ʫʩʪʘʥʦʚʢʠ ʪʘ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ. ɺʘʞʣʠʚʦ ʧʽʜʢʨʝʩʣʠʪʠ, 

ʱʦ ʘʚʪʦʥʦʤʽʷ ʩʦʥʷʯʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʘʢʫʤʫʣʷʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʾʾ ʩʢʣʘʜʫ. ʊʦʤʫ ʷʢ ʙʘʯʠʤʦ, ʜʣʷ 

ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʝ ʧʨʦʚʝʜʝʥʥʷ ʜʝʪʘʣʴʥʦʾ ʦʮʽʥʢʠ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʙʝʟʧʝʢʠ ʜʣʷ ʢʦʞʥʦʛʦ ʦʙô̒ ʢʪʘ, ʟ ʨʦʟʛʣʷʜʦʤ ʙʘʛʘʪʴʦʭ ʚʘʨʽʘʥʪʽʚ 

ʝʥʝʨʛʦʤʦʜʝʨʥʽʟʘʮʽʾ. ʅʘʧʝʨʝʜ ʧʝʨʝʜʙʘʯʝʥʽ ʫʤʦʚʠ ʩʪʘʥʦʚʣʷʪʴ ʦʩʥʦʚʫ ʟʘʚʜʘʥʥʷ 

ʥʘ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʽ ʪʽ ʭʪʦ ʟʘʟʜʘʣʝʛʽʜʴ ʧʨʦʨʘʭʦʚʫʻ ʚʩʽ ʚʘʨʽʘʥʪʠ ʨʦʟʚʠʪʢʫ ʧʦʜʽʡ 

ʪʘ ʜʠʚʝʨʩʠʬʽʢʫʻ ʧʦʪʝʥʮʽʡʥʽ ʨʠʟʠʢʠ, ʟʘʡʤʘʶʪʴ ʙʽʣʴʰ ʚʠʛʽʜʥʽ ʧʦʟʠʮʽʾ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʰʪʽʚ. 

ʈʘʟʦʤ ʽʟ ʨʦʟʚʠʪʢʦʤ ʩʬʝʨʠ ʝʥʝʨʛʦʛʝʥʝʨʘʮʽʾ ʩʣʽʜ ʥʝ ʟʘʙʫʚʘʪʠ ʡ ʧʨʦ ʩʬʝʨʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʤʦʜʝʨʥʽʟʘʮʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʭʦʯ ʽ ʥʝʩʝ ʟʘ ʩʦʙʦʶ ʜʦʜʘʪʢʦʚʽ 

ʚʠʪʨʘʪʠ. ʉʶʜʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʟʘʭʦʜʠ ʧʦ ʪʝʧʣʦʽʟʦʣʷʮʽʾ, ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ 

ʙʫʜʽʚʝʣʴ, ʟʘʭʦʜʠ ʧʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʯʠ ʟʘʤʽʥʽ ʝʥʝʨʛʦʻʤʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚʝʣʠʢʦʾ 

ʧʦʪʫʞʥʦʩʪʽ, ʚʩʪʘʥʦʚʣʝʥʥʶ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʦʛʦ ʦʩʚʽʪʣʝʥʥʷ, ʪʝʧʣʦʽʟʦʣʷʮʽʾ 

ʩʠʩʪʝʤ ʧʦʩʪʘʯʘʥʥʷ ʚʦʜʠ, ʪʦʱʦ. ɽʥʝʨʛʦʤʦʜʝʨʥʽʟʘʮʽʷ ʚʢʣʶʯʘʻ ʡ ʦʥʦʚʣʝʥʥʷ 

ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ, ʚʦʥʠ ʩʪʘʶʪʴ ʩʫʯʘʩʥʠʤʠ, ʙʝʟʧʝʯʥʽʰʠʤʠ, ʙʽʣʴʰ 

ʝʢʦʣʦʛʽʯʥʠʤʠ, ʥʘʜʽʡʥʽʰʠʤʠ. ʇʦʻʜʥʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ 

ʟ ʦʜʥʦʯʘʩʥʠʤʠ ʟʘʭʦʜʘʤʠ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʝʥʝʨʛʽʾ ʩʧʨʠʷʶʪʴ 

ʚʠʨʽʰʝʥʥʶ ʧʨʠʡʥʷʪʦʛʦ ʜʝʨʞʘʚʦʶ ʟʘʚʜʘʥʥʷ ʟ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʢʠ. 

ʇʽʜʚʠʱʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʣʦʢʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʚ 

ʯʘʩ ʚʽʡʥʠ ʽ ʧʽʩʣʷ ʥʝʾ [7]. ʊʘʢʠʡ ʤʘʩʰʪʘʙ ʟʤʽʮʥʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ 

ʛʘʨʘʥʪʫʻ ʰʚʠʜʰʝ ʦʥʦʚʣʝʥʥʷ ʝʢʦʥʦʤʽʢʠ ʚ ʯʘʩ ʧʽʩʣʷʚʦʻʥʥʦʾ ʚʽʜʙʫʜʦʚʠ ʟ 

ʦʜʥʦʯʘʩʥʠʤ ʜʦʪʨʠʤʘʥʥʷʤ ʧʨʘʢʪʠʢ çʟʝʣʝʥʦʛʦè ʛʣʦʙʘʣʴʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʧʝʨʝʭʦʜʫ, ʥʘ ʷʢʠʡ ʥʘʮʽʣʝʥʘ ʥʘʰʘ ʢʨʘʾʥʘ.   
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ɼʝʮʝʥʪʨʘʣʽʟʘʮʽʷ ʝʥʝʨʛʝʪʠʢʠ ʫ ʤʘʣʠʭ ʯʠ ʚʝʣʠʢʠʭ ʤʘʩʰʪʘʙʘʭ, ʧʨʘʢʪʠʯʥʦ 

ʚʽʜʨʘʟʫ ʩʪʘʣʘ ʦʜʥʽʻʶ ʟ ʟʘʧʦʨʫʢ ʥʘʰʦʾ ʩʪʽʡʢʦʩʪʽ ʚ ʯʘʩ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʚʽʡʥʠ 

ʟ ʨʦʩʽʻʶ. ʉʧʨʘʚʘ ʥʝ ʪʽʣʴʢʠ ʫ ʟʙʨʦʡʥʠʭ ʩʠʣʘʭ, ʱʦ ʩʪʦʷʪʴ ʚ ʦʙʦʨʦʥʽ ʜʝʨʞʘʚʠ, 

ʘʣʝ ʡ ʫ ʩʘʤʦʤʫ ʧʽʜʭʦʜʽ ʛʨʦʤʘʜʷʥ ʜʦ ʟʘʭʠʩʪʫ ʩʚʦʾʭ ʩʽʣ, ʤʽʩʪʝʯʦʢ, ʛʨʦʤʘʜ. ɯ ʭʦʯ 

ʚ ʦʩʪʘʥʥʽ ʜʚʘ ʨʦʢʠ ʯʝʨʝʟ ʥʘʧʨʫʞʝʥʫ ʚʽʡʥʫ ʧʠʪʘʥʥʷ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʝʥʝʨʛʽʾ 

ʚʞʝ ʥʝ ʩʠʣʴʥʦ ʧʽʜʥʽʤʘʻʪʴʩʷ, ʥʝ ʤʦʞʥʘ ʚʠʢʣʶʯʘʪʠ ʪʦʛʦ, ʱʦ ʚʦʥʦ ʟʘʣʠʰʘʻʪʴʩʷ 

ʽ ʙʫʜʝ ʟʘʣʠʰʘʪʠʩʴ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ, ʷʢʠʡ ʥʝ ʤʦʞʥʘ ʟʘʣʠʰʘʪʠ ʧʦʟʘ ʫʚʘʛʦʶ. 

ɼʝʮʝʥʪʨʘʣʽʟʘʮʽʷ ʥʝ ʟʘʚʝʨʰʝʥʘ, ʚʦʥʘ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʦʛʦ ʦʭʦʧʣʝʥʥʷ ʘʫʜʠʪʦʨʽʾ, 

ʦʙʛʦʚʦʨʝʥʥʷ ʽ ʧʦʜʦʣʘʥʥʷ ʧʝʨʝʰʢʦʜ ʥʘ ʩʚʦʻʤʫ ʰʣʷʭʫ, ʩʝʨʝʜ ʷʢʠʭ ʢʣʶʯʦʚʠʤ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʷ ʬʽʥʘʥʩʦʚʘ ʩʧʨʦʤʦʞʥʽʩʪʴ. ʇʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʩʪʽʡʢʦʩʪʽ ï ʮʝ ʟʘʚʜʘʥʥʷ ʜʣʷ ʨʦʟʚʠʪʢʫ ʥʘʰʦʾ ʢʨʘʾʥʠ, ʷʢ ʧʽʜ ʯʘʩ ʚʽʡʥʠ, 

ʪʘʢ ʽ ʫ ʧʦʚʦʻʥʥʽʡ ʚʽʜʙʫʜʦʚʽ. 
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ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʧʨʦʤʠʩʣʦʚʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʟ 

ʤʽʥʽʤʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʰʢʦʜʦʶ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʛʨʝʩʠʚʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ 

ʩʢʣʘʜʦʚʠʭ [1-7]. 

ɼʦ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʥʘʣʝʞʘʪʴ ʧʝʨʽʦʜʠʯʥʽ ʘʙʦ ʩʪʘʣʽ ʧʦʪʦʢʠ 

ʝʥʝʨʛʽʾ, ʱʦ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʚ ʧʨʠʨʦʜʽ ʽ ʦʙʤʝʞʝʥʽ ʣʠʰʝ ʩʪʘʙʽʣʴʥʽʩʪʶ 

ɿʝʤʣʽ ʷʢ ʢʦʩʤʦʧʣʘʥʝʪʘʨʥʦʛʦ ʝʣʝʤʝʥʪʘ: ʧʨʦʤʝʥʝʚʘ ʝʥʝʨʛʽʷ ʉʦʥʮʷ, ʚʽʪʝʨ, 

ʛʽʜʨʦʝʥʝʨʛʽʷ, ʧʨʠʨʦʜʥʘ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʪʦʱʦ. ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʘʪʠʢʦʶ 

ʧʦʜʽʙʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʻ ʝʢʦʥʦʤʽʯʥʠʡ, ʝʢʦʣʦʛʽʯʥʠʡ ʪʘ ʩʝʟʦʥʥʠʡ ʘʩʧʝʢʪʠ. 

ʅʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʫ 

ʤʫʥʽʮʠʧʘʣʴʥʽʡ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʟʽʰʪʦʚʭʫʶʪʴʩʷ ʟ ʧʨʦʙʣʝʤʦʶ ʚʠʩʦʢʦʾ ʚʘʨʪʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ, ʪʘʢ ʚʘʨʪʽʩʪʴ 

10 ʢɺʪ ʩʪʘʥʮʽʾ ʟ ʨʽʯʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʚ 10600 ʢɺʪẗʛʦʜ ʚʽʜ ʙʶʜʞʝʪʥʦʛʦ 
ʢʠʪʘʡʩʴʢʦʛʦ ʚʠʨʦʙʥʠʢʘ ñHuaweiò, ʩʪʘʥʦʚʠʪʴ 9974 ʜʦʣʘʨʠ. 

ɼʦʜʘʶʯʠ ʚʘʨʪʽʩʪʴ ʤʦʥʪʫʚʘʥʥʷ, ʧʽʜʢʣʶʯʝʥʥʷ ʙʣʠʟʴʢʦ 1500 ʜʦʣʘʨʽʚ ʪʘ 

ʘʢʫʤʫʣʷʪʦʨʘ ʧʦʪʫʞʥʽʩʪʶ 10 ʢɺʪ, ʚʘʨʪʽʩʪʶ ʙʣʠʟʴʢʦ 4000 ʜʦʣʘʨʽʚ, ʦʪʨʠʤʫʻʤʦ 

ʟʘʛʘʣʴʥʫ ʚʘʨʪʽʩʪʴ ʚ 15474 ʜʦʣʘʨʽʚ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʜʘʣʴʰʠʭ ʚʠʪʨʘʪ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʟʘʤʽʥʫ ʚʠʡʰʦʚʰʠʭ ʟ ʣʘʜʫ ʜʝʪʘʣʝʡ ʚʘʨʪʽʩʪʴ ʩʢʣʘʜʝ 

ʙʣʠʟʴʢʦ 25000 ʜʦʣʘʨʽʚ. ʇʦʜʽʙʥʠʡ ʢʦʤʧʣʝʢʩ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ 20 ʨʦʢʽʚ ʨʦʙʦʪʠ 

ʟ ʩʝʨʝʜʥʽʤ ʚʠʨʦʙʽʪʢʦʤ ʚ 90 % ʚʽʜ ʨʽʯʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʪʦʙʪʦ ʚ 

ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʚʘʨʪʽʩʪʴ 1 ʢɺʪẗʛʦʜ,  ʦʪʨʠʤʫʻʤʦ ʦʨʽʻʥʪʦʚʥʫ ʮʽʥʫ ʚ 4,1 ʛʨʥ ʟʘ 

ʢɺʪẗʛʦʜ, ʱʦ ʻ ʙʽʣʴʰʦʶ ʥʘ 2,66 ʛʨʥ ʟʘ ʮʽʥʫ, ʱʦ ʧʨʦʧʦʥʫʻ ʜʝʨʞʘʚʘ.  

ɺʨʘʭʦʚʫʶʯʠ ʜʽʶʯʽ ʪʝʥʜʝʥʮʽʾ ʧʽʜʚʠʱʝʥʥʷ ʮʽʥ ʥʘ ʢʦʤʫʥʘʣʴʥʽ ʧʦʩʣʫʛʠ ʚ 

16 % ʱʦʨʽʯʥʦ, ʦʯʽʢʫʚʘʥʘ ʩʝʨʝʜʥʷ ʚʘʨʪʽʩʪʴ ʥʘ ʧʝʨʽʦʜ ʥʘʩʪʫʧʥʠʭ 20 ʨʦʢʽʚ 

ʦʯʽʢʫʻʪʴʩʷ ʙʣʠʟʴʢʦ 11 ʛʨʥ ʟʘ ʢɺʪẗʛʦʜ, ʱʦ ʻ ʙʝʟ ʩʫʤʥʽʚʫ ʜʝʰʝʚʰʠʤ ʚʘʨʽʘʥʪʦʤ 

ʚʽʜ ʟʘʢʫʧʽʚʣʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʜʝʨʞʘʚʽ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʫʨʘʭʫʚʘʥʥʽ ʧʦʜʽʙʥʦʾ 

ʩʦʥʷʯʥʦʾ ʩʪʘʥʮʽʾ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʢʦʰʪʫʶʪʴ ʟʥʘʯʥʦ 

ʜʝʰʝʚʰʝ ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʢɺʪẗʛʦʜ ʪʘ, ʚʨʘʭʦʚʫʶʯʠ ʪʘʨʠʬʠ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ, 
ʻ ʜʦʚʦʣʽ ʚʠʛʽʜʥʠʤ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷʤ. 

ʇʦʜʽʙʥʘ ʞ ʩʠʪʫʘʮʽʷ ʧʨʠʩʫʪʥʷ ʚ ʽʥʰʠʭ ʜʞʝʨʝʣʘʭ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʽʾ: 

ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʠ, ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ, ɻɽʉ ʪʦʱʦ. ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʻ 

ʧʦʯʘʪʢʦʚʝ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ, ʤʦʞʣʠʚʽ ʨʠʟʠʢʠ ʧʦʣʦʤʢʠ, ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʙʝʨʝʞʝʥʥʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʝʥʝʨʛʽʾ, ʦʩʢʽʣʴʢʠ ʧʦʜʽʙʥʝ ʝʥʝʨʛʦʦʙʣʘʜʥʘʥʥʷ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʥʠʭ ʯʠʥʥʠʢʽʚ ʪʘ ñʩʪʨʠʙʢʽʚò ʚ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ 

ʩʧʦʞʠʚʘʯʽʚ. ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʫʪʠʣʽʟʘʮʽʷ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʩʨʦʢʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʽʪʽʡ-ʽʦʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʬʦʪʦʝʣʝʤʝʥʪʠ, ʱʦ ʻ 
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ʚʠʩʦʢʦʪʦʢʩʠʯʥʠʤʠ ʪʘ ʤʦʞʫʪʴ ʦʪʨʫʶʚʘʪʠ ˇʨʫʥʪ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʽʡ ʫʪʠʣʽʟʘʮʽʾ. 

ʍʦʯʘ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʤʦʞʣʠʚʦ ʧʦʟʙʫʪʠʩʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚ ʷʢʦʩʪʽ 

ʘʢʫʤʫʣʶʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʛʨʘʚʽʪʘʮʽʡʥʽ ʙʘʪʘʨʝʾ ʘʙʦ ʚʝʣʠʯʝʟʥʽ ʚʦʜʦʩʭʦʚʠʱʘ. 

ʇʨʦʪʝ ʾʭ ʙʫʜʽʚʥʠʮʪʚʦ ʤʦʞʫʪʴ ʩʦʙʽ ʜʦʟʚʦʣʠʪʠ ʪʽʣʴʢʠ ʜʝʨʞʘʚʠ ʘʙʦ ʥʘʜʚʝʣʠʢʽ 

ʢʦʤʧʘʥʽʾ [1-3]. 

ɽʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʙʫʜʽʚʥʠʮʪʚʽ, ʷʢ ʚʽʜʦʤʦ, ʟʜʘʪʥʽ ʟʥʠʟʠʪʠ 

ʚʠʪʨʘʪʠ ʥʘ ʦʙʽʛʨʽʚ, ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ. ʇʘʩʠʚʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʘʢʫʤʫʣʶʚʘʥʥʷ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʱʦ ʟʤʝʥʰʫʻ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʷʢʽʩʥʽʰʽʡ ʧʽʜʪʨʠʤʮʽ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʚ ʧʨʠʤʽʱʝʥʥʽ. ʅʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʘʭ ʙʫʜʠʥʢʽʚ (ʨʘʢʫʰʥʷʢ, ʛʘʟʦʙʣʦʢ) ʪʘ ʧʨʠ ʾʭ ʫʪʝʧʣʝʥʥʽ 

(ʧʽʥʦʧʣʘʩʪ, ʩʚʽʪʣʦʚʽʜʙʠʚʘʶʯʘ ʧʣʽʚʢʘ) ʜʦʟʚʦʣʠʣʠ ʟʥʠʟʠʪʠ ʨʽʯʥʫ ʚʠʪʨʘʪʫ 

ʪʝʧʣʘ ʟ 600 ʢɺʪẗʛʦʜ/̍  ʚ ʙʫʜʥʠʢʘʭ, ʧʦʙʫʜʦʚʘʥʠʭ ʜʦ 1980 ʨʦʢʫ, ʜʦ ʚʩʴʦʛʦ 

7é32 ʢɺʪẗʛʦʜ /̍  ʚ ʩʫʯʘʩʥʠʭ ʙʫʜʠʥʢʘʭ 

ɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʝʭʥʦʣʦʛʽʾ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʜʣʷ ʞʠʚʣʝʥʥʷ ʧʝʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠʩʪʨʦʾʚ. 

ʅʘʧʨʠʢʣʘʜ, ʚ ʩʽʯʥʽ 2023 ʨʦʢʫ ʂʘʙʤʽʥ ʫʭʚʘʣʠʚ ʨʽʰʝʥʥʷ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ 

ʫʢʨʘʾʥʮʽ ʤʘʣʠ ʟʤʦʛʫ ʦʙʤʽʥʷʪʠ ʜʦ 5 ʣʘʤʧ ʨʦʟʞʘʨʶʚʘʥʥʷ ʥʘ 5 ʩʚʽʪʣʦʜʽʦʜʥʠʭ 

LED ʣʘʤʧ. ʎʝ ʜʦʧʦʤʦʛʣʦ ʨʦʜʠʥʘʤ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʦʩʚʽʪʣʝʥʥʷ ʜʦ 8 

ʨʘʟʽʚ, ʟʘ ʨʘʭʫʥʦʢ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ LED ʣʘʤʧ. ʊʘʢʦʞ ʚ ʩʫʯʘʩʥʠʭ ʨʝʘʣʽʷʭ 

ʙʽʣʴʰʽʩʪʴ ʩʚʽʪʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʤʧʘʥʽʡ ʥʘʤʘʛʘʶʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʟʤʝʥʰʠʪʠ ʝʥʝʨʛʦʚʠʪʨʘʪʥʽʩʪʴ ʩʚʦʾʭ ʧʨʦʜʫʢʪʽʚ ʙʝʟ ʚʪʨʘʪʠ ʬʫʥʢʮʽʦʥʘʣʫ. ʊʘʢ 

ʩʫʯʘʩʥʽ ʽʥʚʝʨʪʦʨʥʽ ʢʦʥʜʠʮʽʦʥʝʨʠ ʟʜʘʪʥʽ ʦʙʽʛʨʽʚʘʪʠ ʢʽʤʥʘʪʫ ʟ ʧʣʦʱʝʶ ʜʦ 30 

ʤʝʪʨʽʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʟʦʚʥʽ ʜʦ -35 Áʉ, ʧʨʘʮʶʶʯʠ ʥʘ ʧʦʪʫʞʥʦʩʪʽ ʚ 0,8é1,2 

ʢɺʪ ʧʝʨʰʽ 20é30 ʭʚʠʣʠʥ, ʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʚ ʧʦʜʘʣʴʰʦʤʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠ 

ʧʦʪʫʞʥʦʩʪʽ 0,2é0,5 ʢɺʪ. ʊʝʞ ʩʘʤʝ ʩʪʦʩʫʻʪʴʩʷ ʙʦʡʣʝʨʽʚ, ʽʥʜʫʢʮʽʡʥʠʭ ʧʣʠʪ 

ʪʘ ʥʘʚʽʪʴ ʢʦʤʧôʶʪʝʨʥʠʭ ʢʦʤʧʣʝʢʪʫʶʯʠʭ. 

ɿ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʥʦʚʽʪʥʽ ʧʘʩʠʚʥʽ ʪʘ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʢʦʰʪʫʶʪʴ ʥʘ 15...30 % ʜʦʨʦʞʯʝ ʟʘ ʩʚʦʾʭ ʧʦʧʝʨʝʜʥʠʢʽʚ, ʷʢʱʦ ʮʝ ʙʫʜʽʚʝʣʴʥʽ 

ʪʦʚʘʨʠ ʯʠ ʥʦʚʽʪʥʷ ʧʦʙʫʪʦʚʘ ʪʝʭʥʽʢʘ ʪʘ ʥʘ 30...70 % ʜʦʨʦʞʯʝ, ʷʢʱʦ ʮʝ ʥʝ 

ʜʦʨʦʛʽ ʪʦʚʘʨʠ ʜʦ 3000 ʛʨʥ. ʇʦʧʨʠ ʩʚʦʶ ʪʨʦʭʠ ʧʽʜʚʠʱʝʥʫ ʮʽʥʫ, ʪʘʢʠ ʪʦʚʘʨʠ 

ʟʙʝʨʽʛʘʶʪʴ ʤʽʥʽʤʫʤ ʚ 1,5 ʨʘʟʠ ʙʽʣʴʰʝ ʪʝʧʣʘ, ʜʦ 8 ʨʘʟʽʚ ʤʝʥʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. ɺʦʥʠ ʤʘʶʪʴ ʟʘʟʚʠʯʘʡ ʙʽʣʴʰ ʪʦʢʩʠʯʥʠʡ 

ʝʢʦʣʦʛʽʯʥʠʡ ʩʣʽʜ, ʷʢʠʡ ʤʦʞʣʠʚʦ ʢʦʤʧʝʥʩʫʚʘʪʠ ʟʤʝʥʰʝʥʥʷʤ ʚʠʢʠʜʽʚ ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʪʘ ʚʠʜʦʙʫʪʢʦʤ ʧʨʦʜʫʢʪʽʚ ʛʦʨʽʥʥʷ [3-7]. 

ɻʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʙʝʟʧʝʯʥʠʭ 

ʚʠʜʽʚ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʚ ʷʢʠʭ ʤʘʡʞʝ ʻʜʠʥʠʤ ʧʦʙʽʯʥʠʤ ʧʨʦʜʫʢʪʦʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʽ ʤʘʩʪʠʣʘ ʪʫʨʙʽʥ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ, ʷʢʽ ʧʨʠʩʫʪʥʽ ʤʘʡʞʝ ʚ ʫʩʽʭ 

ʝʥʝʨʛʦʚʠʜʦʙʫʚʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʦʢʨʽʤ, ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʪʘ ʤʘʻ ʜʦʚʦʣʽ 

ʚʝʣʠʢʝ ʂʇɼ ʪʘ ʤʦʞʣʠʚʽ ʦʙôʻʤʠ ʚʠʨʦʙʥʠʮʪʚʘ. ɺ ʋʢʨʘʾʥʽ ʻ ʪʨʠ ɻɽʉ ʟ 

ʧʦʪʫʞʥʽʩʪʶ ʚ 235é1000 ʄɺʪ, ʱʦ ʟʚʽʩʥʦ ʤʝʥʰʝ ʥʽʞ ʚ ʊɽʉ ʟ ʩʝʨʝʜʥʴʦʶ 

ʧʦʪʫʞʥʽʩʪʶ ʧʦ ʋʢʨʘʾʥʽ ʚ 2000 ʄɺʪ, ʘʣʝ ʻ ʟʥʘʯʥʦ ʝʢʦʣʦʛʽʯʥʽʰʠʤʠ. ɸʪʦʤʥʽ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ï ʥʘʡʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʠʡ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʡ ʪʠʧ 
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ʝʥʝʨʛʦʩʪʘʥʮʽʾ, ʧʦʙʽʯʥʽ ʧʨʦʜʫʢʪʠ ʚʠʨʦʙʥʠʮʪʚʘ ʧʘʨʠ ʪʘ ʷʜʝʨʥʝ ʧʘʣʠʚʦ ʚ 

ʥʝʚʝʣʠʢʠʭ ʦʙôʻʤʘʭ, ʧʦ ʋʢʨʘʾʥʽ ʩʝʨʝʜʥʷ ʧʦʪʫʞʥʽʩʪʴ 1000 ʄɺʪ. ʇʨʦʤʠʩʣʦʚʽ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʟ ʤʽʥʽʤʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʰʢʦʜʦʶ ï ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤʠ 

ʪʘ ʙʝʟʧʝʯʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʚ ʨʦʟʨʽʟʽ ʝʢʦʣʦʛʽʯʥʦʾ ʰʢʦʜʠ ʻ ɻɽʉ ʪʘ ɸɽʉ [1-7]. 

ɼʝʬʽʮʠʪ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ ʋʢʨʘʾʥʠ, ʧʦʚôʷʟʘʥʦʛʦ ʟ ʚʽʡʥʦʶ ʪʘ 

ʪʝʨʦʨʠʩʪʠʯʥʠʤʠ ʘʪʘʢʘʤʠ ʟʽ ʩʪʦʨʦʥʠ ʈʦʩʽʾ, ʚʧʣʠʚʘʻ ʥʘ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʝʢʪʦʨ 

ʋʢʨʘʾʥʠ, ʻʚʨʦʧʝʡʩʴʢʫ ʧʦʣʽʪʠʢʫ ʪʘ ʙʨʘʢ ʬʽʥʘʥʩʫʚʘʥʥʷ ʚ ʧʽʩʣʷʚʦʻʥʥʠʡ ʧʝʨʽʦʜ. 

ʋʢʨʘʾʥʽ ʚʘʨʪʦ ʨʦʟʛʣʷʜʘʪʠ ʟʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʚʽʜʙʫʜʦʚʠ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ 

ʥʦʚʠʭ ɸɽʉ ʪʘ ʤʽʥʽ ɸɽʉ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ 

ʚʽʜʙʫʜʦʚʽ ʟʨʫʡʥʦʚʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʧʦʤʝʰʢʘʥʴ. ɿʘʣʫʯʝʥʥʷ ʽʥʦʟʝʤʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʚʝʩʪʠʮʽʡ ʟʘʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʂʇɼ ʫʢʨʘʾʥʩʴʢʦʾ ʝʥʝʨʛʝʪʠʢʠ ʪʘ 

ʧʝʨʝʭʦʜʫ ʟʘ ʨʘʭʫʥʦʢ ʟʜʝʰʝʚʣʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʨʝʩʫʨʩʽʚ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʬʽʥʘʥʩʦʚʦʛʦ ʪʠʩʢʫ ʥʘ ʛʨʦʤʘʜʷʥ ʜʦ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʦʛʦ ʧʨʦʜʘʞʫ ʨʝʩʫʨʩʽʚ. 

ɺʽʜʤʦʚʘ ʚʽʜ ʩʫʙʩʠʜʽʶʚʘʥʥʷ ʪʘ ʬʽʥʘʥʩʫʚʘʥʥʷ ʢʦʤʫʥʘʣʴʥʠʭ ʧʣʘʪʝʞʽʚ 

ʫʢʨʘʾʥʮʽʚ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʧʦʜʘʪʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʛʨʦʤʘʜʷʥ, 

ʧʝʨʝʡʪʠ ʥʘ çʟʝʣʝʥʠʡè ʪʘʨʠʬ ʪʘ ʧʨʦʛʨʝʩʠʚʥʽ ʩʠʩʪʝʤʠ ʦʧʦʜʘʪʢʫʚʘʥʥʷ. 
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ʇɽʈʉʇɽʂʊʀɺʀ ɿɽʃɽʅʆɻʆ ɹʋɼɯɺʅʀʎʊɺɸ ɺ ʋʂʈɸɰʅʀ 

ɻʝʨʘʩʠʤʠʢ-ʏʝʨʥʦʚʘ ʊʝʪʷʥʘ ʇʘʚʣʽʚʥʘ1 

1ɺʉʇ çʃʶʙʝʰʽʚʩʴʢʠʡ ʊʌʂ ʃʅʊʋè, t.gerasumuk@gmail.com 

 

ɽʢʦʣʦʛʽʯʥʝ ʙʫʜʽʚʥʠʮʪʚʦ, ʘʙʦ çʟʝʣʝʥʝ ʙʫʜʽʚʥʠʮʪʚʦè - ʮʝ ʧʽʜʭʽʜ ʜʦ 

ʧʨʦʻʢʪʫʚʘʥʥʷ, ʦʙʣʘʰʪʫʚʘʥʥʷ ʪʘ ʫʪʨʠʤʘʥʥʷ ʩʧʦʨʫʜ ʟ ʤʝʪʦʶ ʩʢʦʨʦʯʝʥʥʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ ʧʽʜʚʠʱʝʥʥʷ ʙʣʘʛʦʫʩʪʨʦʶ 

ʥʘʩʝʣʝʥʥʷ [3].  

ʗʢ ʚʽʜʦʤʦ, çʟʝʣʝʥʝè ʙʫʜʽʚʥʠʮʪʚʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʜʚʦʭ ʦʩʥʦʚʥʠʭ 

ʧʨʠʥʮʠʧʘʭ. ʇʦ-ʧʝʨʰʝ, ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ ʥʝʨʫʭʦʤʦʩʪʽ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʦʚʠʥʝʥ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʠʤ. 

ʇʦ-ʜʨʫʛʝ, ʜʣʷ ʪʠʭ, ʭʪʦ ʧʨʘʮʶʻ ʘʙʦ ʧʨʦʞʠʚʘʻ ʚ ʙʫʜʽʚʣʽ, ʤʘʶʪʴ ʙʫʪʠ ʩʪʚʦʨʝʥʽ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʦʤʬʦʨʪ ʽ ʙʝʟʧʝʢʘ. 

ɼʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʨʦʟʛʣʷʥʝʤʦ 

ʜʝʷʢʽ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ. ʆʪʞʝ, ʥʘ ʧʦʪʨʝʙʠ ʙʫʜʽʚʝʣʴʥʦʛʦ 

ʩʝʢʪʦʨʫ, ʜʦ ʧʦʚʥʦʤʘʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʨʦʩʽʾ, ʚʠʪʨʘʯʘʣʦʩʷ ʤʘʡʞʝ 15-20% 

ʟʘʛʘʣʴʥʠʭ ʝʥʝʨʛʦʚʠʪʨʘʪ. ʄʘʡʞʝ 90% ʩʚʦʛʦ ʯʘʩʫ ʤʠ ʧʨʦʚʦʜʠʤʦ ʫ 

ʧʨʠʤʽʱʝʥʥʷʭ, ʧʨʠ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ ʽ 

ʯʠʩʪʦʪʘ ʫ ʧʨʠʤʽʱʝʥʥʷʭ ʙʫʚʘʻ ʚ 2-5 ʨʘʟʽʚ ʛʽʨʰʝ, ʥʽʞ ʟʦʚʥʽ. ʇʦʣʽʧʰʝʥʥʷʤ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠʤʽʱʝʥʴ ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʦʩʽʙ, ʷʢʽ ʪʘʤ ʧʨʘʮʶʶʪʴ, ʜʦ 15%. ʈʦʟʤʽʱʝʥʥʷ 30-50% ʚʽʢʦʥ ʟ ʧʽʚʜʝʥʥʦʛʦ ʙʦʢʫ 

ʙʫʜʽʚʣʽ ʜʘʶʪʴ ʜʦʜʘʪʢʦʚʦ ʜʦ 40% ʪʝʧʣʘ ʫ ʧʨʠʤʽʱʝʥʥʽ. ʅʘ ʦʧʘʣʶʚʘʥʥʷ 

ʟʚʠʯʘʡʥʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʙʫʜʠʥʢʫ ʚ ʩʝʨʝʜʥʴʦʤʫ ʚʠʪʨʘʯʘʻʪʴʩʷ 150 

ʢɺʪĀʛʦʜ/ʤ3, ʧʨʠ ʮʴʦʤʫ ʜʣʷ ʦʧʘʣʶʚʘʥʥʷ ʧʘʩʠʚʥʦʛʦ ʙʫʜʠʥʢʫ ʪʘʢʦʛʦ ʩʘʤʦʛʦ 

ʦʙ'ʻʤʫ, ʜʝ ʢʦʤʬʦʨʪʥʠʡ ʢʣʽʤʘʪ ʧʨʠʤʽʱʝʥʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʤ 

ʚʞʠʪʢʦʤ ʝʥʝʨʛʽʾ, ï ʣʠʰʝ 15 ʢɺʪĀʛʦʜ/ʤ3. ʋ ʧʨʦʮʝʩʽ ʙʫʜʽʚʥʠʮʪʚʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʫʙʦʤʝʪʨʘ ʜʝʨʝʚʠʥʠ ʝʢʦʥʦʤʠʪʴ ʫ ʩʝʨʝʜʥʴʦʤʫ 0,8 ʪʦʥʥ ʚʠʢʠʜʽʚ Cʆ2. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ, ʱʦ ʥʘʜʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʪʨʘʪʝʛʽʾ çʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘè ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʦʚôʷʟʘʥʽ ʟ ʥʠʤ [7]:  

1. ʌʽʥʘʥʩʦʚʘ ʝʢʦʥʦʤʽʷ: ʟʘʚʜʷʢʠ ʩʫʯʘʩʥʠʤ ʽ ʚʣʫʯʥʠʤ ʨʽʰʝʥʥʷʤ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ, ʦʙʣʘʰʪʫʚʘʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʾ, ʚʝʥʪʠʣʷʮʽʾ ʽ 

ʦʧʘʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʽʩʪʦʪʥʦ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ, ʥʝʦʙʭʽʜʥʦʾ 

ʜʣʷ ʫʪʨʠʤʘʥʥʷ ʞʠʪʣʘ. ɺʠʪʨʘʪʠ ʥʘ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʙʫʜʦʚ, ʧʦʟʘ ʩʫʤʥʽʚʦʤ, 

ʚʠʱʝ ʪʨʘʜʠʮʽʡʥʠʭ, ʘʣʝ ʮʝ ʧʨʦʜʫʤʘʥʠʡ ʚʢʣʘʜ ʫ ʤʘʡʙʫʪʥʻ - ɦ ʦʤʽʩʷʯʥʽ ʚʠʪʨʘʪʠ 

ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʙʫʜʽʚʣʽ, ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʰʝʥʴ ʙʫʜʽʚʥʠʮʪʚʘ, ʙʣʠʟʴʢʦ 50-90%. 

ɺʨʘʭʦʚʫʶʯʠ ʪʘʨʠʬʠ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ, ʱʦ ʧʦʩʪʽʡʥʦ ʧʽʜʚʠʱʫʶʪʴʩʷ, ʽ 

ʧʦʜʦʨʦʞʯʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʦʧʘʣʶʚʘʥʥʷ, çʟʝʣʝʥʝè ʞʠʪʣʦ - ʮʝ 

ʮʽʥʥʽʩʪʴ, ʷʢʘ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʧʨʦʜʦʚʞ ʜʦʚʛʠʭ ʨʦʢʽʚ.  

2. ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʢʦʤʬʦʨʪʫ: ʙʫʜʽʚʣʽ, ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʧʨʠʥʮʠʧʘʤʠ 

ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜʤʽʥʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʽ 

ʚʝʥʪʠʣʷʮʽʾ - ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʦʩʪʽʡʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʫ 
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ʧʨʠʤʽʱʝʥʥʷʭ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʝʨʝʧʘʜʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʟʦʚʥʽ. ɼʣʷ ʪʘʢʠʭ 

ʙʫʜʽʚʝʣʴ ʭʘʨʘʢʪʝʨʥʽ ʪʘʢʦʞ ʥʝʰʢʽʜʣʠʚʽ ʽ ʟʨʫʯʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʦʧʘʣʶʚʘʣʴʥʽ 

ʩʠʩʪʝʤʠ. ʋ ʦʧʘʣʶʚʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ 

(ʥʘʧʨʠʢʣʘʜ, ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ), ʚʽʜʥʦʚʣʶʚʘʥʽ ʨʝʩʫʨʩʠ (ʧʨʦʜʫʢʪʠ ʜʝʨʝʚʠʥʠ - 

ʛʨʘʥʫʣʠ ʽ ʪʦʤʫ ʧʦʜʽʙʥʝ). ʋ ʙʫʜʽʚʥʠʮʪʚʽ, ʦʙʨʦʙʮʽ ʽ ʦʙʣʘʰʪʫʚʘʥʥʽ ʙʫʜʽʚʝʣʴ 

ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʜʝʨʝʚʦ - ʧʨʠʨʦʜʥʠʡ ʤʘʪʝʨʽʘʣ, ʦʜʥʦʯʘʩʥʦ ʝʩʪʝʪʠʯʥʠʡ ʪʘ 

ʟʨʫʯʥʠʡ. ɺʽʜʯʫʪʪʷ ʢʦʤʬʦʨʪʫ ʧʽʜʩʠʣʶʻ ʫʩʚʽʜʦʤʣʝʥʽʩʪʴ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʙʫʜʽʚʥʠʮʪʚʘ ʤʘʪʝʨʽʘʣʠ ʽ ʩʠʩʪʝʤʠ ʙʝʟʧʝʯʥʽ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʦ, ʪʘʢ ʽ ʜʣʷ 

ʜʦʚʢʽʣʣʷ ʽ ʟʜʦʨʦʚ'ʷ.  

3. ɿʜʦʨʦʚʝ ʤʽʩʮʝ ʽʩʥʫʚʘʥʥʷ: ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʪʨʘʜʠʮʽʡʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʽ ʩʪʚʦʨʝʥʥʽ ʽʥʪʝʨ'ʻʨʫ, ʥʝ ʟʨʽʜʢʘ ʤʽʩʪʷʪʴ 

ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʚʠʧʘʨʦʚʫʶʪʴʩʷ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʧʦʛʽʨʰʫʶʪʴ ʷʢʽʩʪʴ 

ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ. ɰʭ ʚʧʣʠʚ ʥʘ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ ʜʦʩʣʽʜʞʝʥʦ ʤʘʣʦ, 

ʦʩʢʽʣʴʢʠ ʮʝ ʧʨʦʮʝʩ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ. ʋ ʙʫʜʽʚʣʷʭ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʟʘ 

ʧʨʠʥʮʠʧʦʤ çʟʝʣʝʥʦʛʦè ʙʫʜʽʚʥʠʮʪʚʘ, ʤʦʞʣʠʚʘ ʰʢʦʜʘ ʜʦʚʦʜʠʪʴʩʷ ʜʦ 

ʤʽʥʽʤʫʤʫ, ʦʩʢʽʣʴʢʠ ʧʝʨʝʚʘʛʘ ʚʽʜʜʘʻʪʴʩʷ ʧʨʠʨʦʜʥʠʤ ʤʘʪʝʨʽʘʣʘʤ, ʬʘʨʙʘʤ ʽ 

ʨʽʰʝʥʥʷʤ ʽʥʪʝʨôʻʨʫ. ʊʘʢʝ ʩʝʨʝʜʦʚʠʱʝ ʥʝʰʢʽʜʣʠʚʝ ʜʣʷ ʟʜʦʨʦʚôʷ ʽ ʧʨʠ ʮʴʦʤʫ 

ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʨʠʟʠʢʠ ʘʣʝʨʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. ɯ, ʥʘʨʝʰʪʽ, ʙʽʣʴʰ 

ʟʜʦʨʦʚʽʰʝ ʩʝʨʝʜʦʚʠʱʝ ʻ ʯʠʤʦʩʴ ʙʽʣʴʰʠʤ, ʥʽʞ ʣʠʰʝ ʬʽʟʠʯʥʠʡ ʧʨʦʩʪʽʨ, ï ʮʝ 

ʩʪʘʙʽʣʴʥʘ ʦʩʥʦʚʘ ʜʣʷ ʟʜʦʨʦʚʽʰʦʛʦ ʽ ʛʘʨʤʦʥʽʡʥʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ.  

4. ʇʨʦʩʪʦʪʘ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʫʜʦʚʠ ʽ ʪʨʠʚʘʣʽʰʠʡ ʩʪʨʦʢ ʩʣʫʞʙʠ: ʟʘʚʜʷʢʠ 

ʚʠʩʦʢʠʤ ʩʪʘʥʜʘʨʪʘʤ ʙʫʜʽʚʥʠʮʪʚʘ, ʧʨʦʜʫʤʘʥʠʤ ʨʽʰʝʥʥʷʤ ʽ ʪʝʭʥʦʣʦʛʽʷʤ 

ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʞʠʪʣʦ, ʷʢʝ ʚʠʧʝʨʝʜʞʘʻ ʽʥʰʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. 

ʇʨʠ ʮʴʦʤʫ ʚʦʥʦ ʥʝ ʚʠʤʘʛʘʻ ʚʝʣʠʢʠʭ ʟʫʩʠʣʴ ʽ ʚʢʣʘʜʝʥʴ ʜʣʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʧʨʦʜʦʚʞ ʫʩʴʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʎʝ ʦʟʥʘʯʘʻ ï ʤʝʥʰʝ ʱʦʜʝʥʥʠʭ 

ʪʫʨʙʦʪ ʽ ʙʽʣʴʰʝ ʚʽʜʯʫʪʪʷ ʙʝʟʧʝʢʠ ʟʘ ʤʘʡʙʫʪʥʻ ʜʽʪʝʡ.  

5. ɿʙʝʨʝʞʝʥʥʷ ʜʦʚʢʽʣʣʷ: ʚʠʙʽʨ ʥʘ ʢʦʨʠʩʪʴ çʟʝʣʝʥʦʛʦè ʙʫʜʽʚʥʠʮʪʚʘ ï ʮʝ 

ʚʠʙʽʨ ʥʘ ʢʦʨʠʩʪʴ ʯʠʩʪʽʰʦʛʦ ʦʪʦʯʝʥʥʷ ʽ ʦʱʘʜʥʦʛʦ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

çɿʝʣʝʥʝè ʙʫʜʽʚʥʠʮʪʚʦ ʧʨʦʧʦʥʫʻ ʨʝʘʣʴʥʽ ʨʽʰʝʥʥʷ ʦʩʦʙʠʩʪʦʛʦ ʚʢʣʘʜʫ ʫ 

ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ. ɸʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʚʽʜʥʦʚʣʶʚʘʥʽ 

ʨʝʩʫʨʩʠ, ʚʠʩʦʢʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʝ ʩʧʦʞʠʚʘʥʥʷ ʚʦʜʠ, 

ʧʨʦʜʫʤʘʥʽ ʨʽʰʝʥʥʷ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴ, ʧʝʨʝʚʘʛʘ 

ʤʽʩʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʦʩʴ ʦʩʥʦʚʥʽ ʢʣʶʯʦʚʽ ʩʣʦʚʘ ʜʣʷ ʦʱʘʜʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ.  

6. ʂʦʨʠʩʪʴ ʜʣʷ ʩʝʨʝʜʦʚʠʱʘ: 

 - ʟʙʝʨʝʞʝʥʥʷ ʝʢʦʩʠʩʪʝʤʠ ʽ ʙʽʦʣʦʛʽʯʥʦʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ;  

- ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʽ ʚʦʜʠ;  

- ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ;  

- ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. 

7. ɽʢʦʥʦʤʽʯʥʘ ʢʦʨʠʩʪʴ:  

- ʩʢʦʨʦʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ; 

 - ʧʽʜʪʨʠʤʢʘ ʜʣʷ ʤʽʩʮʝʚʠʭ ʚʠʨʦʙʥʠʢʽʚ ʽ ʝʢʦʥʦʤʽʢʠ ʧʽʜ ʯʘʩ ʚʽʡʥʠ;  

- ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ;  
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- ʧʦʢʨʘʱʘʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʙʫʜʽʚʝʣʴ 

(ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʚʧʨʦʜʦʚʞ ʫʩʴʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʪʝʨʤʽʥʫ).  

8. ʂʦʨʠʩʪʴ ʜʣʷ ʩʫʩʧʽʣʴʩʪʚʘ:  

- ʢʨʘʱʘ ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ;  

- ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʢʦʤʬʦʨʪʫ ʽ ʟʜʦʨʦʚʝ ʤʽʩʮʝ ʽʩʥʫʚʘʥʥʷ;  

- ʤʝʥʰʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʧʽʜ ʯʘʩ ʚʽʡʥʠ;  

- ʚʠʱʘ ʷʢʽʩʪʴ ʞʠʪʪʷ. 

ʅʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʻ: 

ʥʘʷʚʥʽʩʪʴ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʾ ʙʘʟʠ, ʷʢʘ ʩʪʠʤʫʣʶʻ ʨʦʙʦʪʫ ʚʩʽʭ ʩʬʝʨ ʽ 

ʛʘʣʫʟʝʡ ʙʫʜʽʚʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ; ʜʝʨʞʘʚʥʘ ʧʽʜʪʨʠʤʢʘ ʰʣʷʭʦʤ ʥʘʜʘʥʥʷ 

ʩʫʙʩʠʜʽʡ ʽ ʧʽʣʴʛ ʫ ʨʦʟʚʠʪʢʫ çʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘè; ʟʘʧʨʦʚʘʜʞʝʥʥʷ 

ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʦʛʦ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʚ ʙʠ 

ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʮʽʻʾ ʩʬʝʨʠ ʝʢʦʥʦʤʽʢʠ ʢʦʰʪʽʚ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʞʝʨʝʣ 

ʬʽʥʘʥʩʫʚʘʥʥʷ; ʩʦʮʽʘʣʴʥʽ ʧʨʦʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʪʨʠʤʢʫ 

ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ; ʦʥʦʚʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦ ʟʘʩʪʘʨʽʣʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. 
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ɿɽʃɽʅɽ ɹʋɼɯɺʅʀʎʊɺʆ ʊɸ ʊɽʅɼɽʅʎɯɰ ʈʆɿɺʀʊʂʋ ɺ ʋʂʈɸɰʅɯ 

ɻʝʨʘʩʠʤʠʢ-ʏʝʨʥʦʚʘ ʊʝʪʷʥʘ ʇʘʚʣʽʚʥʘ, ɼʘʥʠʣʽʢ ʉʚʽʪʣʘʥʘ ʄʠʭʘʡʣʽʚʥʘ 

ɺʉʇ çʃʶʙʝʰʽʚʩʴʢʠʡ ʊʌʂ ʃʅʊʋè 

t.gerasumuk@gmail.com 

 

ɿʝʣʝʥʝ ʙʫʜʽʚʥʠʮʪʚʦ (çgreen buildingè, çsustainable buildingè) ï ʮʝ 

ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʦʙʣʘʰʪʫʚʘʥʥʷ ʡ ʫʪʨʠʤʘʥʥʷ ʙʫʜʠʥʢʽʚ, 

ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʙʫʜʽʚʣʶ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʣʴʥʦʶ, ʤʘʢʩʠʤʘʣʴʥʦ 

ʟʨʫʯʥʦʶ ʪʘ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. 

ʅʠʥʽ çʟʝʣʝʥʝè ʘʙʦ ʝʢʦʣʦʛʽʯʥʝ ʙʫʜʽʚʥʠʮʪʚʦ ï ʮʝ ʧʽʜʭʽʜ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʧʨʦʻʢʪʽʚ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʚʩʽʭ ʝʪʘʧʽʚ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʽʚ 

ʙʫʜʽʚʥʠʮʪʚʘ, ï ʚʽʜ ʧʨʦʝʢʪʫʚʘʥʥʷ ï ʜʦ ʜʝʤʦʥʪʘʞʫ. ʈʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʛʦ 

ʧʽʜʭʦʜʫ ʻ ʩʪʚʦʨʝʥʥʷ ʙʫʜʽʚʣʽ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʢʦʤʬʦʨʪʫ ʡ ʙʝʟʧʝʢʠ, ʥʠʟʴʢʠʤ 

ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʪʘ ʨʝʩʫʨʩʽʚ ʧʨʠ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʢʨʽʤ ʮʴʦʛʦ, 

ʙʫʜʽʚʥʠʮʪʚʦ ʩʧʦʨʫʜʠ ʪʘ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʠʤ 

ʥʝʛʘʪʠʚʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʜʦʚʢʽʣʣʷ ʡ ʣʶʜʝʡ. 

ɹʫʜʠʥʢʠ ʪʘ ʩʧʦʨʫʜʠ ʟʜʽʡʩʥʶʶʪʴ ʟʥʘʯʥʠʡ ʧʨʷʤʠʡ ʪʘ ʥʝʧʨʷʤʠʡ ʚʧʣʠʚ ʥʘ 

ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɿʦʢʨʝʤʘ, ʧʽʜ ʯʘʩ ʙʫʜʽʚʥʠʮʪʚʘ, ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʟʥʝʩʝʥʥʷ ʙʫʜʽʚʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʥʝʨʛʽʶ, ʚʦʜʫ ʽ ʩʠʨʦʚʠʥʫ, 

ʫʪʚʦʨʶʶʪʴ ʚʽʜʭʦʜʠ, ʚʠʜʽʣʷʶʪʴ ʧʦʪʝʥʮʽʡʥʦ ʰʢʽʜʣʠʚʽ ʚʠʢʠʜʠ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʅʘʧʨʠʢʣʘʜ, ʫ ʉʧʦʣʫʯʝʥʠʭ ʐʪʘʪʘʭ ʙʫʜʽʚʣʽ ʩʧʦʞʠʚʘʶʪʴ ʙʣʠʟʴʢʦ 39% ʫʩʽʻʾ 

ʧʝʨʚʠʥʥʦʾ ʝʥʝʨʛʽʾ, 68% ʫʩʽʻʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 12% ʫʩʽʭ ʟʘʧʘʩʽʚ ʧʠʪʥʦʾ ʚʦʜʠ, ʘ 

ʪʘʢʦʞ ʚʠʨʦʙʣʷʶʪʴ 38% ʫʩʽʭ ʚʠʢʠʜʽʚ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ [1]. ʎʽ ʬʘʢʪʠ 

ʩʧʦʥʫʢʘʣʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʟʝʣʝʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ 

ʨʝʡʪʠʥʛʦʚʠʭ ʩʠʩʪʝʤ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʦʤôʷʢʰʝʥʥʷ ʚʧʣʠʚʫ ʙʫʜʽʚʝʣʴ ʥʘ 

ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ ʰʣʷʭʦʤ ʩʪʘʣʦʛʦ ʜʠʟʘʡʥʫ. ʉʪʘʣʝ ʙʫʜʽʚʥʠʮʪʚʦ 

(sustainablebuilding), ʘʙʦ ʟʝʣʝʥʝ ʙʫʜʽʚʥʠʮʪʚʦ (greenbuilding), ï ʮʝ ʨʝʟʫʣʴʪʘʪ 

ʬʽʣʦʩʦʬʽʾ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʷʢʘ ʜʘʻ ʟʤʦʛʫ ʟʨʦʙʠʪʠ ʙʫʜʽʚʣʶ 

ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʦʶ, ʤʘʢʩʠʤʘʣʴʥʦ ʟʨʫʯʥʦʶ ʪʘ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʚʧʣʠʚʦʤ ʥʘ 

ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʢʦʞʥʠʡ ʝʪʘʧ ʧʽʞ ʯʘʩ ʟʝʣʝʥʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ ʚʠʢʦʥʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʝʢʦʣʦʛʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ. ɿʘʟʚʠʯʘʡ 

ʟʝʣʝʥʽ ʤʝʪʦʜʠ ʙʫʜʽʚʥʠʮʪʚʘ ʤʦʞʫʪʴ ʙʫʪʠ ʽʥʪʝʛʨʦʚʘʥʽ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʝʪʘʧʽ 

ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ï ʚʽʜ ʧʨʦʻʢʪʫʚʘʥʥʷ ʽ ʙʫʜʽʚʥʠʮʪʚʘ, ʜʦ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʫʡʥʫʚʘʥʥʷ. ʇʨʦʪʝ ʥʘʡʙʽʣʴʰʽ ʧʝʨʝʚʘʛʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʪʨʠʤʘʥʽ, ʷʢʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʡ ʟʝʣʝʥʠʡ ʧʽʜʭʽʜ ʧʦʯʠʥʘʶʯʠ ʟ 

ʨʘʥʥʽʭ ʝʪʘʧʽʚ ʧʨʦʻʢʪʫ ʙʫʜʽʚʥʠʮʪʚʘ.  

ʆʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘʢʽ:  

ï ʦʧʪʠʤʘʣʴʥʠʡ ʚʠʙʽʨ ʤʽʩʮʷ, ʚʢʣʶʯʝʥʥʷ ʙʫʜʽʚʣʽ ʚ ʟʘʛʘʣʴʥʠʡ ʧʝʡʟʘʞ, 

ʟʘʛʘʣʴʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʪʨʘʥʩʧʦʨʪʫ; 

 ï ʦʨʽʻʥʪʫʚʘʥʥʷ ʚʽʢʦʥ ʥʘ ʧʽʚʜʝʥʴ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʜʝʥʥʦʛʦ ʩʚʽʪʣʘ;  

ï ʤʽʥʽʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ, ʧʽʜʚʠʱʝʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʘʣʴʪʝʨʥʘʪʠʚʥʽ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ;  

mailto:t.gerasumuk@gmail.com
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ï ʧʦʢʨʘʱʝʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʾ, ʥʝʰʢʽʜʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ;  

ï ʚʝʥʪʠʣʷʮʽʷ ʟ ʧʦʚʝʨʥʝʥʥʷʤ ʪʝʧʣʘ (ʧʦʚʝʨʥʝʥʥʷ ʪʝʧʣʘ ʧʦʚʽʪʨʷ ʚ 

ʦʧʘʣʶʚʘʣʴʥʫ ʩʠʩʪʝʤʫ);  

ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʰʢʽʜʣʠʚʠʭ, ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʪʘ ʪʘʢʠʭ, ʱʦ 

ʧʝʨʝʨʦʙʣʷʶʪʴʩʷ, ʤʘʪʝʨʽʘʣʽʚ; 

 ï ʧʝʨʝʚʘʛʘ ʚʽʜʜʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʶ ʤʽʩʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ; ï 

ʥʝʰʢʽʜʣʠʚʽ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʦʧʘʣʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠ;  

ï ʝʬʝʢʪʠʚʥʝ ʩʧʦʞʠʚʘʥʥʷ ʚʦʜʠ, ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʦʜʠ;  

ï ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʷʭ; ï ʩʧʨʠʷʪʣʠʚʠʡ ʚʧʣʠʚ ʥʘ 

ʟʜʦʨʦʚôʷ ʪʘ ʩʘʤʦʧʦʯʫʪʪʷ ʣʶʜʠʥʠ;  

ï ʟʨʫʯʥʝ ʫʪʨʠʤʘʥʥʷ ʙʫʜʽʚʝʣʴ;  

ï ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ ʫ ʧʨʦʮʝʩʽ ʟʥʦʩʫ ʪʘ ʜʝʤʦʥʪʘʞʫ 

ʙʫʜʽʚʣʽ;  

ï ʩʧʨʠʷʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʤʫ ʨʦʟʚʠʪʢʫ: ʝʢʦʣʦʛʽʯʥʦʤʫ, ʝʢʦʥʦʤʽʯʥʦʤʫ ʪʘ 

ʩʦʮʽʘʣʴʥʦʤʫ.  

ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʝʢʦʣʦʛʽʯʥʦʶ ʧʨʠʯʠʥʦʶ ʜʣʷ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʻ 

ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ʅʘ ʜʨʫʛʦʤʫ ʤʽʩʮʽ ï ʟʥʠʞʝʥʥʷ ʧʘʨʥʠʢʦʚʠʭ 

ʚʠʢʠʜʽʚ.  

ɽʢʦʥʦʤʽʯʥʽ ʚʠʛʦʜʠ ʧʦʣʷʛʘʶʪʴ ʫ ʟʥʠʞʝʥʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ; 

ʩʪʚʦʨʝʥʥʽ, ʨʦʟʰʠʨʝʥʥʽ ʪʘ ʬʦʨʤʫʚʘʥʥʽ ʨʠʥʢʽʚ ʟʙʫʪʫ ʜʣʷ ʟʝʣʝʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ 

ʧʦʩʣʫʛ; ʧʽʜʚʠʱʝʥʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʨʽʚʥʷ ʾʭ 

ʟʘʜʦʚʦʣʝʥʦʩʪʽ; ʧʦʢʨʘʱʝʥʥʽ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʙʫʜʽʚʝʣʴ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʚʠʪʨʘʪʠ ʥʘ ʙʫʜʽʚʥʠʮʪʚʦ çʟʝʣʝʥʦʾè ʢʦʥʩʪʨʫʢʮʽʾ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʱʝ, ʥʽʞ ʥʘ ʟʚʝʜʝʥʥʷ ʾʾ ʫ ʪʨʘʜʠʮʽʡʥʦʤʫ ʬʦʨʤʘʪʽ, ʘʣʝ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ ʥʠʞʯʽ ʥʘ 50ï90%. ʋ 

ʪʘʢʠʭ ʢʨʘʾʥʘʭ, ʷʢ ʅʽʤʝʯʯʠʥʘ, ɼʘʥʽʷ, ɸʚʩʪʨʽʷ, ʐʚʝʮʽʷ, ʅʦʨʚʝʛʽʷ, ʜʝ ʢʦʥʮʝʧʮʽʷ 

ʧʘʩʠʚʥʦʛʦ ʙʫʜʠʥʢʫ ʥʘʙʫʣʘ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ʚʘʨʪʽʩʪʴ ʡʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ ʣʠʰʝ ʥʘ 7ï10% ʚʠʱʘ, ʥʽʞ ʚʘʨʪʽʩʪʴ ʪʨʘʜʠʮʽʡʥʦʾ ʙʫʜʽʚʣʽ, ʘ ʪʝʨʤʽʥ 

ʦʢʫʧʥʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʩʪʘʥʦʚʠʪʴ 7ï10 ʨʦʢʽʚ. 

ɺʠʛʦʜʠ ʚʽʜ çʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘè ʚ ʋʢʨʘʾʥʽ ʦʪʨʠʤʫʶʪʴ ʫʩʽ ʩʫʙôʻʢʪʠ 

ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ: ʜʝʨʞʘʚʘ, ʪʝʨʠʪʦʨʽʘʣʴʥʘ ʛʨʦʤʘʜʘ, ʚʣʘʩʥʠʢʠ, 

ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʠ, ʧʽʜʨʷʜʥʠʢʠ, ʽʥʚʝʩʪʦʨʠ, ʜʝʚʝʣʦʧʝʨʠ, ʢʽʥʮʝʚʽ ʢʦʨʠʩʪʫʚʘʯʽ 

ʙʫʜʽʚʝʣʴ ʪʦʱʦ. 

ʈʦʟʚʠʪʦʢ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʚ ʋʢʨʘʾʥʽ ʤʦʞʣʠʚʠʡ ʪʽʣʴʢʠ ʟʘ ʫʤʦʚʠ: 

 ï ʨʦʟʨʦʙʢʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʘʢʪʫ, ʷʢʠʡ ʙʠ ʚʩʪʘʥʦʚʣʶʚʘʚ ʚʠʤʦʛʠ 

ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʫʜʠʥʢʽʚ ʽ ʧʦʩʝʣʝʥʴ ʟʘ ʝʢʦʣʦʛʽʯʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, ʘ ʪʘʢʦʞ 

ʜʝʨʞʘʚʥʦ-ʙʫʜʽʚʝʣʴʥʽ ʥʦʨʤʠ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʧʨʘʚʠʣʘ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʙʫʜʠʥʢʽʚ ʽʟ ʨʽʚʥʝʤ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʙʣʠʟʴʢʠʤ ʜʦ ʥʫʣʴʦʚʦʛʦ;  

ï ʩʪʠʤʫʣʶʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʚʠʨʦʙʥʠʮʪʚʘ ʝʬʝʢʪʠʚʥʦʛʦ ʡ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʜʘʪʢʽʚ ʥʘ 

ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ;  



85 
 

ï ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʽʚʥʷ ʩʧʝʮʽʘʣʽʩʪʽʚ, ʟʘʡʥʷʪʠʭ ʫ ʙʫʜʽʚʥʠʮʪʚʽ, 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʽ;  

ï ʨʦʟʚʠʪʢʫ ʥʘʫʢʦʚʦʛʦ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ;  

ï ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʢʫʨʩʫ ʽʟ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ;  

ï ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʙʫʜʽʚʥʠʮʪʚʘ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʚʠʩʦʢʦʾ 

ʝʢʦʣʦʛʽʯʥʦʾ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ;  

ï ʨʦʟʨʦʙʢʠ ʟʘʭʦʜʽʚ ʽʟ ʧʽʜʚʠʱʝʥʥʷ ʧʦʧʠʪʫ ʥʘ ʟʝʣʝʥʽ ʙʫʜʽʚʣʽ, ʟʦʢʨʝʤʘ 

ʨʦʟʨʦʙʢʠ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤ ʽʟ ʬʦʨʤʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʧʦʧʠʪʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʛʨʘʤʦʪʥʦʩʪʽ ʩʧʦʞʠʚʘʯʽʚ ʪʦʱʦ.  

ʄʽʞʥʘʨʦʜʥʽ ʟʦʙʦʚôʷʟʘʥʥʷ ʋʢʨʘʾʥʠ ʤʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʩʧʦʥʫʢʘʪʠ ʫʨʷʜ ʽ 

ʛʨʦʤʘʜʠ ʬʦʨʤʫʚʘʪʠ ʩʪʨʘʪʝʛʽʯʥʽ ʽ ʪʘʢʪʠʯʥʽ ʢʨʦʢʠ ʱʦʜʦ ʧʨʘʢʪʠʯʥʠʭ ʥʘʧʨʷʤʽʚ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʽ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʟʦʢʨʝʤʘ. 

ɺʨʘʭʦʚʫʶʯʠ ʧʽʜʚʠʱʝʥʥʷ ʪʘʨʠʬʽʚ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ ʪʘ ʧʦʜʦʨʦʞʯʘʥʥʷ 

ʪʨʘʜʠʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʦʧʘʣʝʥʥʷ, çʟʝʣʝʥʝ ʙʫʜʽʚʥʠʮʪʚʦè ʤʘʻ ʜʦʩʠʪʴ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʚʽʜʜʘʯʽ ʽʥʚʝʩʪʠʮʽʡ ʽ ʻ ʝʢʦʥʦʤʽʯʥʦ ʧʨʠʚʘʙʣʠʚʠʤ ʚʘʨʽʘʥʪʦʤ 

ʙʫʜʽʚʥʠʮʪʚʘ. 
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ʈʆɿɺʀʊʆʂ ɹɽɿɹɸʈôɭʈʅʆɻʆ ʉɽʈɽɼʆɺʀʑɸ 

ɻʝʪʴʤʘʥ ɭʣʠʟʘʚʝʪʘ ɸʥʜʨʽʾʚʥʘ1, ɯʣʴʯʝʥʢʦ ɯʛʦʨ ʉʚʷʪʦʩʣʘʚʦʚʠʯ1, ʂʨʠʚʦʤʘʟ 

ʊʝʪʷʥʘ ɯʚʘʥʽʚʥʘ1 

1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, 

ecol@i.ua 

 

ɯʥʚʘʣʽʜʥʽʩʪʴ ʚʚʘʞʘʻʪʴʩʷ ʩʦʮʽʘʣʴʥʠʤ ʷʚʠʱʝʤ, ʦʙʫʤʦʚʣʝʥʠʤ ʚʟʘʻʤʦʜʽʻʶ 

ʣʶʜʝʡ ʟ ʧʦʨʫʰʝʥʥʷʤʠ ʟʜʦʨʦʚô̫  ʪʘ ʙʘʨô̒ ʨʘʤʠ ʚ ʩʫʩʧʽʣʴʩʪʚʽ. ɹʘʨ'ʻʨʠ, ʪʘʢʽ ʷʢ 

ʩʪʝʨʝʦʪʠʧʠ, ʟʘʢʦʥʠ, ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʽʥʩʪʠʪʫʮʽʡʥʽ ʦʙʤʝʞʝʥʥʷ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʚʠʢʣʶʯʝʥʥʷ ʪʘ ʧʨʠʥʠʞʝʥʥʷ ʛʽʜʥʦʩʪʽ ʦʩʽʙ ʟ ʽʥʚʘʣʽʜʥʽʩʪʶ. ʉʫʯʘʩʥʝ ʫʷʚʣʝʥʥʷ 

ʧʨʦ ʽʥʚʘʣʽʜʥʽʩʪʴ ʚʽʜʤʽʥʥʝ ʚʽʜ ʧʦʛʣʷʜʽʚ ʤʠʥʫʣʦʛʦ, ʜʝ ʦʩʦʙʘ ʟ ʽʥʚʘʣʽʜʥʽʩʪʶ 

ʯʘʩʪʦ ʨʦʟʛʣʷʜʘʣʘʩʷ ʷʢ ʧʘʮʽʻʥʪ ʘʙʦ ʦʙ'ʻʢʪ ʙʣʘʛʦʜʽʡʥʠʮʪʚʘ. ʊʝʧʝʨ ʽʥʚʘʣʽʜʥʽʩʪʴ 

ʙʘʯʠʪʴʩʷ ʷʢ ʨʝʟʫʣʴʪʘʪ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʦʩʦʙʦʶ ʽ ʩʦʮʽʦʢʫʣʴʪʫʨʥʠʤʠ ʙʘʨ'ʻʨʘʤʠ. 

ɺʝʣʠʢʠʡ ʘʢʮʝʥʪ ʨʦʙʠʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʪʨʫʜʥʦʱʽ ʯʝʨʝʟ 

ʥʝʧʨʘʚʠʣʴʥʫ ʦʨʛʘʥʽʟʘʮʽʶ ʛʨʦʤʘʜʩʴʢʦʛʦ ʧʨʦʩʪʦʨʫ, ʱʦ ʚʠʤʘʛʘʻ ʩʪʚʦʨʝʥʥʷ 

ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʜʣʷ ʚʩʽʭ ʯʣʝʥʽʚ ʩʫʩʧʽʣʴʩʪʚʘ, ʚʨʘʭʦʚʫʶʯʠ ʾʭʥʽ ʧʦʪʨʝʙʠ ʪʘ 

ʛʽʜʥʽʩʪʴ. 

ʊʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʙʝʟʙʘʨô̒ ʨʥʦʩʪʽ ʪʘ ʥʘʛʘʣʴʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʮʴʦʤʫ, 

ʚʩʝʣʷʶʪʴ ʥʘʜʽʶ, ʱʦ ʧʦʚʥʘ ʽʥʢʣʶʟʠʚʥʽʩʪʴ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʜʠʟʘʡʥ 

ʧʦʙʫʜʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʋʢʨʘʾʥʽ. ʋ 2021 ʨ. ʟʘ 

ʽʥʽʮʽʘʪʠʚʠ ʆʣʝʥʠ ɿʝʣʝʥʩʴʢʦʾ ʙʫʣʦ ʧʨʠʡʥʷʪʦ çʅʘʮʽʦʥʘʣʴʥʫ ʩʪʨʘʪʝʛʽʶ ʟ 

ʙʝʟʙʘʨô̒ ʨʥʦʩʪʽè, ʨʦʟʨʦʙʣʝʥʦ çɼʦʚʽʜʥʠʢ ʙʝʟʙʘʨô̒ ʨʥʦʩʪʽè[3] ʪʘ çɸʣʴʙʦʤ 

ʙʝʟʙʘʨ'ʻʨʥʠʭ ʨʽʰʝʥʴè [2]. 

ɼʘʥʘ ʪʘ ʧʦʜʽʙʥʽ ʽʥʽʮʽʘʪʠʚʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ 

ʙʝʟʙʘʨô̒ ʨʥʦʩʪʽ, ʪʘ ʷʚʣʷʶʪʴʩʷ ʽʥʜʠʢʘʪʦʨʘʤʠ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ ʚʣʘʜʠ ʫ 

ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʛʦ ʧʠʪʘʥʥʷ. ʆʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʚʽʜʯʫʚʘʻʪʴʩʷ ʧʦʪʨʝʙʘ ʙʽʣʴʰʦʾ 

ʟʘʣʫʯʝʥʦʩʪʽ ʜʝʨʞʘʚʥʠʭ ʦʨʛʘʥʽʚ ʜʣʷ ʧʦʜʦʣʘʥʥʷ çʬʦʨʤʘʣʴʥʦʩʪʽè ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤ ʙʝʟʙʘʨô̒ ʨʥʦʩʪ, ʷʢʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʤʽʩʮʷʭ. 

ɻʨʦʤʘʜʩʴʢʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʬʦʨʪʫ ʤʽʩʴʢʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ 

ʷʢʦʩʪʽ ʞʠʪʪʷ çʃʋʅ ʄʽʩʪʦè ʩʪʚʦʨʝʥʦ ʻʜʠʥʫ ʙʘʟʫ ʙʝʟʙʘʨô̒ ʨʥʠʭ ʣʦʢʘʮʽʡ, ʯʝʢ-

ʣʠʩʪ ʙʝʟʙʘʨô̒ ʨʥʦʩʪʽ ʞʠʪʣʘ ʪʘ ʤʘʧʫ ʙʝʟʙʘʨô̒ ʨʥʦʩʪʽ ʋʢʨʘʾʥʠ [5]. ʇʝʨʝʨʘʭʦʚʥʽ 

ʨʝʩʫʨʩʠ ʙʝʟʫʤʦʚʥʦ ʻ ʢʦʨʠʩʥʠʤʠ ʩʘʤʽ ʧʦ ʩʦʙʽ. ʆʜʥʘʢ ʱʝ ʙʽʣʴʰʝ ʚʦʥʠ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʽʩʮʴ, ʷʢʽ ʥʝ ʧʨʠʩʪʦʩʦʚʘʥʽ ʪʘ ʥʝ ʻ 

ʽʥʢʣʶʟʠʚʥʠʤʠ, ʱʦ ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʷʢ ʙʘʟʫ ʪʘ ʤʘʧʫ ʦʙʤʝʞʝʥʴ ʜʣʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʢʘʪʝʛʦʨʽʾ ʦʩʽʙ.  

ɺʘʞʣʠʚʦʶ ʟʤʽʥʦʶ, ʷʢʘ ʤʘʻ ʙʫʪʠ ʟʘʧʨʦʚʘʜʞʝʥʘ ʚ ʩʫʩʧʽʣʴʩʪʚʽ, ʮʝ ʥʝ 

ʥʦʨʤʘ ʟʘʢʦʥʫ ʯʠ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʦʩʦʚʘʥʠʭ ʤʽʩʮʴ ʜʣʷ ʣʶʜʝʡ ʟ ʽʥʚʘʣʽʜʥʽʩʪʶ. ʎʝ 

ʟʤʽʥʘ ʩʚʽʜʦʤʦʩʪʽ, ʚ ʷʢʽʡ ʟʘʟʥʘʯʝʥʽ ʦʩʦʙʠ, ʻ ʨʽʚʥʠʤʠ ʟ ʫʩʽʤʘ ʽʥʰʠʤʠ, ʘ ʥʝ 

ʦʩʦʙʣʠʚʠʤʠ, ʥʘʷʚʥʽʩʪʴ ʧʝʚʥʦʾ ʚʘʜʠ ʥʝ ʻ ʚʠʢʣʶʯʝʥʥʷʤ, ʘ ʧʨʦʷʚ ʥʦʨʤʘʣʴʥʦʩʪʽ, 

ʷʢʠʡ ʙʝʨʝʪʴʩʷ ʜʦ ʫʚʘʛʠ ʧʨʠ ʧʦʙʫʜʦʚʽ ʤʽʩʪʘ, ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ ʪʘ 

ʪʨʫʜʦʚʠʭ ʚʽʜʥʦʩʠʥ ʽ ʪ.ʜ. ʄʘʶʯʠ ʥʘ ʙʘʟʦʚʦʤʫ ʨʽʚʥʽ ʪʘʢʽ ʫʩʪʘʥʦʚʢʠ, 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʩʧʝʮʽʘʣʴʥʠʭ\ʧʨʠʤʫʩʦʚʠʭ ʧʨʦʛʨʘʤʘʭ ʙʝʟʙʘʨô̒ ʨʥʦʩʪʽ ʟʥʠʢʥʝ 

ʩʘʤʘ ʧʦ ʩʦʙʽ, ʦʩʢʽʣʴʢʠ ʩʫʩʧʽʣʴʩʪʚʦ ʙʫʜʝ ʦʨʛʘʥʽʯʥʦ ʙʫʜʫʚʘʪʠʩʷ ʟ ʮʠʤʠ 
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ʥʦʨʤʘʤʠ. 

ɼʝʨʞʘʚʥʘ ʧʦʣʽʪʠʢʘ ʙʝʟʙʘʨô̒ ʨʥʦʩʪʽ ʧʝʨʝʜʙʘʯʘʻ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʦʛʦ 

ʧʽʜʭʦʜʫ, ʟʘ ʷʢʦʛʦ ʢʦʞʥʘ ʣʶʜʠʥʘ ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʚʽʣʴʥʠʡ ʜʦʩʪʫʧ ʜʦ ʙʫʜʴ-̫ ʢʦʾ 

ʩʬʝʨʠ ʞʠʪʪʷ: ʥʘʚʯʘʥʥʷ, ʙʫʜʫʚʘʥʥʷ ʢʘʨô̒ ʨʠ, ʙʝʟʙʘʨô̒ ʨʥʦʛʦ ʧʝʨʝʩʫʚʘʥʥʷ 

ʢʨʘʾʥʦʶ ʪʦʱʦ. ʋ ʢʚʽʪʥʽ 2021 ʨʦʢʫ ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʅʘʮʽʦʥʘʣʴʥʘ ʩʪʨʘʪʝʛʽʷ ʟʽ 

ʩʪʚʦʨʝʥʥʷ ʙʝʟʙʘʨô̒ ʨʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʷʢʘ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʚ ʤʝʞʘʭ ʽʥʽʮʽʘʪʠʚʠ 

ʧʝʨʰʦʾ ʣʝʜʽ ʆʣʝʥʠ ɿʝʣʝʥʩʴʢʦʾ çɹʝʟ ʙʘʨô̒ ʨʽʚè ʪʘ ʥʘ ʚʠʢʦʥʘʥʥʷ ʋʢʘʟʫ 

ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ. ʉʪʨʘʪʝʛʽʷ ʨʦʟʨʘʭʦʚʘʥʘ ʜʦ 2030 ʨʦʢʫ ʽ ʧʝʨʝʜʙʘʯʘʻ 

ʫʩʫʥʝʥʥʷ ʙʘʨô̒ ʨʽʚ ʫ ʰʝʩʪʠ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʘʭ: ʬʽʟʠʯʥʠʡ, ʩʫʩʧʽʣʴʥʠʡ, 

ʝʢʦʥʦʤʽʯʥʠʡ, ʦʩʚʽʪʥʽʡ, ʮʠʬʨʦʚʠʡ, ʽʥʬʦʨʤʘʮʽʡʥʠʡ.  

ɼʘʥʠʡ ʧʝʨʝʣʽʢ ʧʦʢʨʠʚʘʻ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʩʬʝʨʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ 

ʣʶʜʠʥʠ. ʈʝʘʣʽʟʘʮʽʷ ʢʦʞʥʦʛʦ, ʥʝ ʪʽʣʴʢʠ ʨʦʙʠʪʴ ʞʠʪʪʷ ʣʶʜʝʡ ʟ ʽʥʚʘʣʽʜʥʽʩʪʶ 

ʙʽʣʴʰ ʢʦʤʬʦʨʪʥʠʤ, ʧʨʠʙʠʨʘʶʯʠ ʩʫʩʧʽʣʴʥʽ ʦʙʤʝʞʝʥʥʷ. ɸʣʝ ʡ ʪʨʘʥʩʬʦʨʤʫʻ 

ʩʘʤʝ ʩʫʩʧʽʣʴʩʪʚʦ, ʚʧʨʦʚʘʜʞʫʶʯʠ ʥʦʚʽ, ʢʦʨʝʥʝʚʽ ʥʦʨʤʠ ʽʥʢʣʶʟʠʚʥʦʩʪʽ. 

ɼʝʪʘʣʴʥʽʰʝ ʧʦ ʢʦʞʥʦʤʫ ʥʘʧʨʷʤʢʫ: 

ʇʝʨʰʠʡ ð ʬʽʟʠʯʥʠʡ, ʚʽʥ ʚʢʣʶʯʘʻ ʨʦʟʨʦʙʣʝʥʥʷ ʻʜʠʥʠʭ ʘʨʭʽʪʝʢʪʫʨʥʠʭ 

ʩʪʘʥʜʘʨʪʽʚ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʦʙʫʜʦʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ (ʙʫʜʽʚʣʽ, ʚʫʣʠʮʽ, 

ʪʨʦʪʫʘʨʠ, ʪʨʘʥʩʧʦʨʪ) ʤʘʻ ʙʫʪʠ ʬʽʟʠʯʥʦ ʜʦʩʪʫʧʥʠʤ ʜʣʷ ʚʩʽʭ ʣʶʜʝʡ, ʟʦʢʨʝʤʘ 

ʜʣʷ ʤʘʣʦʤʦʙʽʣʴʥʠʭ ʛʨʫʧ ʥʘʩʝʣʝʥʥʷ (ʣʶʜʠ ʟ ʽʥʚʘʣʽʜʥʽʩʪʶ, ʣʶʜʠ ʩʪʘʨʰʦʛʦ 

ʚʽʢʫ, ʙʘʪʴʢʠ ʟ ʤʘʣʝʥʴʢʠʤʠ ʜʽʪʴʤʠ ʪʦʱʦ). 

ɼʨʫʛʠʡ ð ʩʫʩʧʽʣʴʥʠʡ ʽ ʛʨʦʤʘʜʷʥʩʴʢʠʡ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ 

ʨʽʚʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʘʢʪʠʚʥʦʾ ʫʯʘʩʪʽ ʚʩʽʭ ʣʶʜʝʡ ʫ ʛʨʦʤʘʜʩʴʢʦʤʫ ʞʠʪʪʽ. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʦʞʥʘ ʣʶʜʠʥʘ ʤʘʻ ʚʽʜʯʫʚʘʪʠ ʩʝʙʝ ʚʽʣʴʥʦʶ ʫ ʩʚʦʻʤʫ 

ʩʘʤʦʚʠʨʘʞʝʥʥʽ, ʱʦ ʾʾ ʥʝ ʙʫʜʫʪʴ ʟʘʩʫʜʞʫʚʘʪʠ ʚʥʘʩʣʽʜʦʢ ʾʾ ʩʧʝʮʠʬʽʯʥʠʭ ʦʟʥʘʢ. 

ʈʽʟʥʦʤʘʥʽʪʥʽ ʧʨʦʷʚʠ ʣʶʜʩʴʢʦʾ ʦʩʦʙʠʩʪʦʩʪʽ ʧʦʚʠʥʥʽ ʧʦʩʠʣʶʚʘʪʠ ʽ ʨʦʟʚʠʚʘʪʠ 

ʩʫʩʧʽʣʴʩʪʚʦ ʚ ʮʽʣʦʤʫ. 

ʊʨʝʪʽʡ ð ʝʢʦʥʦʤʽʯʥʠʡ. ʎʝ ʦʟʥʘʯʘʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘʢʠʭ ʫʤʦʚ, ʟʘ ʷʢʠʭ 

ʣʶʜʠʥʘ ʤʦʞʝ ʧʨʘʮʝʚʣʘʰʪʫʚʘʪʠʩʴ ʽ ʚʽʜʯʫʚʘʪʠ ʩʝʙʝ ʟʘʭʠʱʝʥʦʶ ʚʽʜ ʙʫʜʴ-̫ ʢʠʭ 

ʧʨʦʷʚʽʚ ʜʠʩʢʨʠʤʽʥʘʮʽʾ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʪʘ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʧʽʜʧʨʠʻʤʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʰʠʨʦʢʠʭ ʚʝʨʩʪʚ ʥʘʩʝʣʝʥʥʷ. 

ʏʝʪʚʝʨʪʠʡ ð ʦʩʚʽʪʥʽʡ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʫ ʢʦʞʥʦʾ ʣʶʜʠʥʠ ʤʘʻ ʙʫʪʠ 

ʚʽʣʴʥʠʡ ʜʦʩʪʫʧ ʜʦ ʷʢʽʩʥʦʾ ʦʩʚʽʪʠ, ʧʨʠʯʦʤʫ ʚʧʨʦʜʦʚʞ ʚʩʴʦʛʦ ʞʠʪʪʷ ʜʣʷ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʥʘʚʠʯʦʢ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ. 

ʇô̫ ʪʠʡ ð ʮʠʬʨʦʚʠʡ, ʱʦ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʚ ʩʫʯʘʩʥʦʤʫ ʞʠʪʪʽ. 

ʎʠʬʨʦʚʘ ʙʝʟʙʘʨô̒ ʨʥʽʩʪʴ ʧʝʨʝʜʙʘʯʘʻ ʜʦʩʪʫʧ ʫʩʽʭ ʩʦʮʽʘʣʴʥʠʭ ʛʨʫʧ ʜʦ ʚʩʽʭ 

ʦʥʣʘʡʥ ʧʦʩʣʫʛ ʪʘ ʽʥʪʝʨʥʝʪ ʤʦʞʣʠʚʦʩʪʝʡ. 

ʐʦʩʪʠʡ ð ̔ ʥʬʦʨʤʘʮʽʡʥʠʡ. ʋ ʤʝʞʘʭ ʮʴʦʛʦ ʥʘʧʨʷʤʫ ʧʣʘʥʫʻʪʴʩʷ 

ʩʪʚʦʨʠʪʠ ʪʘʢʽ ʫʤʦʚʠ, ʟʘ ʷʢʠʭ ʣʶʜʠ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʚʦʻʾ ʤʦʙʽʣʴʥʦʩʪʽ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʨʫʰʝʥʴ ʯʠ ʢʦʤʫʥʽʢʘʪʠʚʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʟʤʦʞʫʪʴ 

ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʫʩʽʤʘ ʥʝʦʙʭʽʜʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʷʤʠ. ʋʩʫʥʝʥʥʷ ʙʘʨô̒ ʨʽʚ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʘʻ ʨʦʙʦʪʫ ʟ ʤʽʬʘʤʠ ʪʘ 

ʩʪʝʨʝʦʪʠʧʘʤʠ ʱʦʜʦ ʪʠʭ ʯʠ ʽʥʰʠʭ ʛʨʫʧ ʥʘʩʝʣʝʥʥʷ. 
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ʄʽʥʽʩʪʝʨʩʪʚʦ ʨʦʟʚʠʪʢʫ ʛʨʦʤʘʜ, ʪʝʨʠʪʦʨʽʡ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʨʦʜʦʚʞʫʻ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʥʦʨʤ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ ʙʝʟʙʘʨᾷ̒ ʨʥʦʩʪʽ, 

ʘ ʜʦ ʢʽʥʮʷ 2024 ʨʦʢʫ ʚʩʽ ʚʽʜʥʦʚʣʝʥʽ ʦʙᾷ̒ ʢʪʠ ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʥʦʨʤʘʤ ʽ 

ʩʪʘʥʜʘʨʪʘʤ ʜʦʩʪʫʧʥʦʩʪʽ. ʋʨʷʜ ʚʞʝ ʟʘʪʚʝʨʜʠʚ ʨʦʟʨʦʙʣʝʥʫ ʄʽʥʽʩʪʝʨʩʪʚʦʤ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʩʪʘʥʦʚʫ, ʟʛʽʜʥʦ ʟ ʷʢʦʶ ʧʽʜʨʷʜʥʠʢʠ ʧʽʜ ʯʘʩ ʧʨʦʻʢʪʫʚʘʥʥʷ, 

ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʠʭ ʦʙô̒ ʢʪʽʚ ʟʦʙʦʚô̫ ʟʘʥʽ  

ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʥʦʨʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ ʜʣʷ ʤʘʣʦʤʦʙʽʣʴʥʠʭ ʛʨʫʧ 

ʥʘʩʝʣʝʥʥʷ[4]. ɸʣʝ ʥʝ ʪʽʣʴʢʠ ʥʦʚʽ ʟʘʙʫʜʦʚʠ ʧʦʪʨʝʙʫʶʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ, ʘʣʝ ʽ 

ʩʪʘʨʽ, ʪʦʤʫ ʨʦʙʦʪʘ ʥʘʜ ʨʝʢʦʥʩʪʨʫʢʮʽʻʶ ʪʘʢʦʞ ʤʘʻ ʚʽʜʙʫʚʘʪʠʩʷ [1]. 

ɸʛʝʥʪʩʪʚʦ ʚʽʜʥʦʚʣʝʥʥʷ ʫʢʣʘʣʦ ʄʝʤʦʨʘʥʜʫʤ ʧʨʦ ʩʧʽʚʧʨʘʮʶ ʟ 

ʝʢʩʧʝʨʪʘʤʠ ʟ ʙʝʟʙʘʨᾷ̒ ʨʥʦʩʪʽ, ʘ ʨʝʘʣʽʟʘʮʽʷ ʧʨʠʦʨʽʪʝʪʥʦʛʦ ʧʨʦʻʢʪʫ 

çɹʝʟʙʘʨᾷ̒ ʨʥʝ ʚʽʜʥʦʚʣʝʥʥʷè ʞʠʪʣʘ ʪʘ ʩʦʮʽʘʣʴʥʠʭ ʦʙᾷ̒ ʢʪʽʚ, ʟʨʫʡʥʦʚʘʥʠʭ ʯʝʨʝʟ 

ʚʽʡʥʫ, ʧʝʨʝʜʙʘʯʘʻ ʪʘʢʽ ʟʘʭʦʜʠ: 

1) ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʟʘ ʜʦʜʝʨʞʘʥʥʷʤ ʜʝʨʞʘʚʥʠʭ 

ʙʫʜʽʚʝʣʴʥʠʭ ʥʦʨʤ ʽ ʩʪʘʥʜʘʨʪʽʚ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʦʩʪʫʧʥʦʩʪʽ ʜʣʷ ʦʩʽʙ ʟ 

ʽʥʚʘʣʽʜʥʽʩʪʶ ʪʘ ʽʥʰʠʭ ʤʘʣʦʤʦʙʽʣʴʥʠʭ ʛʨʫʧ ʥʘʩʝʣʝʥʥʷ; 

2) ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʨʷʜʫ ʯʠʥʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʥʦʨʤ ʽ ʩʪʘʥʜʘʨʪʽʚ ʫ ʩʬʝʨʽ ʩʪʚʦʨʝʥʥʷ ʙʝʟʙʘʨô̒ ʨʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʟʦʢʨʝʤʘ ʪʘʢʠʭ, 

ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʽʥʢʣʶʟʠʚʥʦʩʪʽ ʟʘʢʣʘʜʽʚ ʩʦʮʽʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʥʘʩʝʣʝʥʥʷ; 

3) ʇʨʦʜʦʚʞʝʥʥʷ ʥʘʚʯʘʥʥʷ ʬʘʭʽʚʮʽʚ ʫ ʩʬʝʨʽ ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ, ʘʨʭʽʪʝʢʪʫʨʠ 

ʽ ʪʨʘʥʩʧʦʨʪʫ ʩʫʯʘʩʥʠʤ ʧʽʜʭʦʜʘʤ ʜʦ ʩʪʚʦʨʝʥʥʷ ʙʝʟʙʘʨô̒ ʨʥʦʛʦ ʧʨʦʩʪʦʨʫ; 

4) ɸʢʪʠʚʽʟʘʮʽʷ ʨʦʙʦʪʠ ʟ ʛʨʦʤʘʜʘʤʠ ʚ ʯʘʩʪʠʥʽ ʩʪʚʦʨʝʥʥʷ ʙʝʟʙʘʨô̒ ʨʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʥʘ ʤʽʩʮʷʭ. 

ʋ ʙʶʜʞʝʪʽ ʂʠʻʚʘ ʥʘ 2024 ʨʽʢ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʝʟʙʘʨô̒ ʨʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʟʘʧʣʘʥʦʚʘʥʦ ʙʣʠʟʴʢʦ 1,5 ʤʣʨʜ ʛʨʥ, ʦʩʢʽʣʴʢʠ ʜʦʩʪʫʧʥʽʩʪʴ ʪʘ ʽʥʢʣʶʟʠʚʥʽʩʪʴ ʻ 

ʧʨʽʦʨʠʪʝʪʘʤʠ ʜʣʷ ʩʪʦʣʠʮʽ[6]. ʇʝʨʝʜʙʘʯʝʥʽ ʢʦʰʪʠ ʧʽʜʫʪʴ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʧʘʥʜʫʩʘʤʠ ʪʘ ʽʥʰʠʤʠ ʥʝʦʙʭʽʜʥʠʤʠ ʫʤʦʚʘʤʠ, ʱʦʙ ʟʨʦʙʠʪʠ 

ʚʫʣʠʮʽ ʩʪʦʣʠʮʽ ʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤʠ. ʅʝ ʟʘʣʠʰʘʶʪʴʩʷ ʦʩʪʦʨʦʥʴ ʽ ʽʥʰʽ ʤʽʩʪʘ 

ʋʢʨʘʾʥʠ, ʪʘʢ ʫ ʃʴʚʦʚʽ, ʥʘ ʧʣʦʱʽ ʈʠʥʦʢ, ʦʙʣʘʰʪʦʚʘʥʦ ʽʥʢʣʶʟʠʚʥʠʡ ʧʨʦʩʪʽʨ 

ʜʣʷ ʙʝʟʧʝʨʝʰʢʦʜʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʣʦʤʦʙʽʣʴʥʠʭ ʛʨʫʧ ʥʘʩʝʣʝʥʥʷ. 

ʇʽʜʪʨʠʤʢʘ ʣʶʜʝʡ ʟ ʽʥʚʘʣʽʜʥʽʩʪʶ ʚʠʟʥʘʯʘʻ ʫʩʧʽʰʥʽʩʪʴ ʽʥʢʣʶʟʠʚʥʦʛʦ 

ʩʫʩʧʽʣʴʩʪʚʘ. ʈʦʟʙʫʜʦʚʘ ʩʦʮʽʘʣʴʥʦʾ ʧʽʜʪʨʠʤʢʠ, ʜʦʩʪʫʧ ʜʦ ʦʩʚʽʪʠ, ʨʦʙʦʪʠ, 

ʤʝʜʠʯʥʠʭ ʪʘ ʪʫʨʠʩʪʠʯʥʠʭ ʧʦʩʣʫʛ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʦʢʨʘʱʝʥʥʽ 

ʷʢʦʩʪʽ ʞʠʪʪʷ ʜʣʷ ʮʽʻʾ ʛʨʫʧʠ ʥʘʩʝʣʝʥʥʷ. ɺʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʫʧʥʽʩʪʴ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʧʦʩʣʫʛ, ʘ ʪʘʢʦʞ ʩʧʨʠʷʪʠ ʬʦʨʤʫʚʘʥʥʶ ʛʫʤʘʥʥʦʛʦ 

ʚʽʜʥʦʰʝʥʥʷ ʩʫʩʧʽʣʴʩʪʚʘ ʜʦ ʣʶʜʝʡ ʟ ʽʥʚʘʣʽʜʥʽʩʪʶ. ʇʽʜʪʨʠʤʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʥʝ ʣʠʰʝ ʤʘʪʝʨʽʘʣʴʥʽ ʨʝʩʫʨʩʠ, ʘʣʝ ʽ ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ ʩʘʤʦʨʝʘʣʽʟʘʮʽʾ ʪʘ 

ʘʢʪʠʚʥʦʛʦ ʫʯʘʩʪʽ ʮʽʻʾ ʛʨʫʧʠ ʚ ʫʩʽʭ ʩʬʝʨʘʭ ʞʠʪʪʷ. ʄʠ ʙʫʜʫʻʤʦ ʩʧʨʘʚʝʜʣʠʚʝ, 

ʽʥʢʣʶʟʠʚʥʝ ʩʫʩʧʽʣʴʩʪʚʦ, ʜʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʜʦʜʘʪʢʦʚʠʡ ʨʝʩʫʨʩ 

ʪʘ ʜʞʝʨʝʣʦ ʟʙʘʛʘʯʝʥʥʷ. 
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ñThe aesthetics of the engineer and the aesthetics of 

the architect are related to unity, but the former is 

experiencing a rapid flowering.ò Le Corbusier 
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1. Relevance of the problem 

Most of the territory of Georgia is occupied by the Greater and Lesser 

Caucasus mountain system. About 70% of the land fund is located on complex 

terrain and is a system of various ridges, mountains and gorges, and å6% lands 

are watered and swampy areas of the Black Sea region. In this regard, the issue of 

construction and development of cities and towns using lands previously 

considered unsuitable for construction arises, and is currently relevant. 
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It should also be noted that low-rise dwellings of ancient cities and 

settlements in Georgia on the mountain slopes are a well-established tradition. In 

terms of architectural expressiveness and the nature of construction, such 

developments were and are now much different from developments on flat 

areas. 

2. Traditions of developing complex terrain in Georgia 

Georgia is rich in historical architectural monuments that are many 

thousands of years old. They tend to reflect the history and traditions of the people 

and are well adapted to local conditions. 

In all the works we have presented, from ancient times to the present day, 

the basic concept of developing relief for housing emphasizes the desire of people 

of different times to preserve the landscape and environment. In the mountainous 

regions of Georgia, terraced development of slopes (the so-called ñbanian 

sakhlebiò) is still popular [1,2,3]. As a rule, such development harmoniously fits 

into the significant landscape and has high environmental qualities. 

Let us give a few examples where low-rise dwellings of ancient Georgians 

were located on mountain slopes. See Fig. 1 and Fig. 2. 

The village of Kheoti (Fig. 1.) is now located in Turkey in the Potskhov 

Valley. This is part of historical Georgia. In ancient times, Georgians permanently 

lived in this area. In the village of Kheoti, the presence of monuments of Georgian 

material culture has been clearly confirmed. Construction material: natural stone 

and wood. 

Currently, many buildings have been partially rebuilt, some have been 

destroyed... Now this area is a museum. 

At present, there are many such buildings on the current territory of Georgia, 

for example in Uplistsikhe (see Fig. 2) and others. 

 
Figure 1. Ancient Georgian settlement 
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Figure 2. Uplistsikheðan ancient cave city, one of the first on territory of 

Georgia 

 

Not far from Tbilisi, a hundred kilometers away, there is a unique place - the 

cave city of Uplistsikhe (Georgian ñlordôs fortressò). Currently, no more than 150 

caves have survived from the huge settlement, where the number of grottoes 

carved into the rock once exceeded 700.  

According to archaeologists, people lived in Uplistsikhe already in the first 

millennium BC. Among the attractions of Georgia, Uplistsikhe occupies a special 

place. Its uniqueness lies in the fact that it is a cave city with a 3,000-year history, 

and its inhabitants left only in the 19th century - people lived there for so long. 

Now the Uplistsikhe caves are a UNESCO protected site. 

3. Architectural heri tage and development prospects 

Landforms and landscapes were actively included in the volumetric structure 

of cities and towns in Georgia and to this day influence the organization of its 

space. 

Active development and the shortage of favorable urban sites even now 

make it necessary to carry out construction on difficult terrain, developing new 

forms and multi-storey residential buildings and structures of different functional 

significance. 

This paper discusses the issues of creating modern structures for the 

ñHILTONò hotel complex in Batumi. The architectural and planning solutions for 

this complex were developed by the English companies ñRTKLò and 

ñRAMBOLò (See Fig. 3). The chief architect of the complex is Jos Borstkvik. Ch. 

designer - Joni Gigineishvili. 
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FIgure 3. General view of the hotel complex ñHILTONò In Batumi from 

the side of the lake 

 

The landscape between the sea and the lake, as well as the uniquely beautiful 

landscape - a combination of the sea, mountains and a seaside boulevard, 

saturated, had a lot of attention on the adoption of the final architectural, planning 

and constructive decisions of the hotel complex ñHILTONò in Batumi. evergreen 

trees, which inspired the authors of the project to create an extraordinary beautiful 

ensemble. 

The initial version of the project provided for the construction of two towers 

of different heights (H=89m and H=50m), erected on a single foundation. Based 

on the modeling and calculations of the complex structures as a single spatial 

system for all possible impacts, taking into account hydrostatic water pressure, 

they were carried out using the LIRA-SAPR [6]  software package (See Fig. 4.). 

When analyzing the stress-strain state of the load-bearing elements of the frame, 

the idea arose to rework the presented project, preserving its basic concepts. The 

main motivation for reworking the project: different heights of the towers of the 

complex cause uneven settlements, deformations and misalignment, which in turn 

creates serious problems both for the foundation of the complex, weak soils, and 

for the load-bearing elements of the frame of both towers. 
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Figure 4. 3D computer model ñHILTONò based on LIRA SAPR software 

package 

 

Based on a multi-variant solution of architectural, planning and design 

features, the most optimal version of the complex was adopted with two towers 

of the same height instead of those of different heights. The changes made to the 

structural part of the project improved not only the strength characteristics of the 

load-bearing elements and structures of the buildings, but also had a beneficial 

effect on the architectural appearance of the entire complex as a whole. 

As a result of the use of modern computer technologies for studying the 

stress-strain state of a complex frame on a complex foundation for foundation, 

taking into account hydrostatic water pressure and seismicity [4,5], the most 

optimal solution was obtained from both architectural and structural points of 

view. Forced changes made to the structural part of the complex improved not 

only the strength characteristics of the load-bearing structural elements, but also 

had a beneficial effect on the architectural appearance of the entire complex. 

 

The development of cities and towns depended and depends on geophysical, 

climatic, technical, religious and cultural factors. In other words, during the 

construction of cities, each era and natural conditions dictate the style, form, and 

content, depending on the existing forms of the terrain. During its existence for 

more than 1550 years, the above factors were also not ignored in the city of Tbilisi. 

The presence of complex terrain and a shortage of flat areas here creates certain 

conditions for the development of such territories for housing. Let's look at a few 

of them. 
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The residential complex of buildings and structures ñGreenhill Residenceò 

is a residential complex located in the modern and rapidly developing part of the 

Saburtalo district in Tbilisi. The complex is located in an ecologically clean area, 

on elevated terrain, on the left bank of the Vera River in Tbilisi (Fig. 5). All 

structural calculations were carried out on the basis of LIRA-SAPR [11]. 

 

 
Figure 5. Residential complex of buildings and structures ñGreenhill 

Residenceò in Tbilisi Arch. Irakli Murgulia. Calculations and structures  of  

ĂPROGRESIñ LTD 

 

Throughout the work presented in this work from ancient times to the present 

day, the basic concept of landform development for habitation emphasizes the 

desire to preserve the landscape and environment. The development of the relief 

is carried out taking into account the nominal human intervention in the natural 

environment and at the same time providing convenience to the residents and 

guests of such complexes. 

Calculations in order to select the optimal foundation and load-bearing 

structural elements were carried out with a study of the stress-strain state for 

several options. 

We present another design solution (Figure 7.) for a new residential complex 

in the central part of the city of Tbilisi on an area with a strong difference in relief 

elevations in Tbilisi, Vake district.  Arch. Rati Chomaxidze,   

The development of the relief is carried out taking into account the nominal 

human intervention in the natural environment and at the same time providing 

convenience to the residents and guests of such complexes [7-10]. 

Computer modeling (Figure 8.) and calculations were carried out in two 

stages: 

 a) Calculations of foundations for gravitational and static effects; b) 

checking the stability of the foundation taking into account the loads from the 

overlying structure in static and dynamic settings. 
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Photo. 7. Tbilisi. District Vake. Design solutions for building placement taking 

into account complex terrain. Cross section of the complex in the direction of 

the slope. 

 

 

 
Figure. 8. Computer model for determining slope stability (First approximation) 

 

4. Conclusions: 

1. The choice of spatial-planning and design solutions, taking into account 

the relief, is possible only on the basis of a thorough analysis of the results of 

computer modeling and calculation, taking into account the geotechnical 

conditions of the foundation and the technology of construction of such structures. 

2. Looking today at modern magnificent complexes built on complex terrain, 

we are convinced that engineering thought and computer modeling make it 

possible to solve the most complex problems of relief development, taking into 

account all kinds of factors, and make optimal decisions for both architects and 

designers, taking into account modern requirements; 

3. The development of a project is preceded by complex calculations, taking 

into account the strength and deformability of both foundations and structures 

under the influence of seismic loads. But the current level of development of 

computer technology makes it possible to solve engineering problems that were 
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previously considered impossible. If the site is located on a relief, it can contribute 

to the creation of uniquely beautiful architecture and comfort for living in natural 

conditions. 
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ʂʣʫʤʙʠ ʽ ʢʚʽʪʥʠʢʠ ʻ ʥʘʡʙʽʣʴʰ ʜʝʢʦʨʘʪʠʚʥʠʤʠ ʣʘʥʜʰʘʬʪʥʠʤʠ 

ʦʙôʻʢʪʘʤʠ ʩʝʨʝʜ ʫʩʽʭ, ʷʢʽ ʩʪʚʦʨʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɺʦʥʠ ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʣʘʥʜʰʘʬʪʥʠʭ ʘʢʩʝʩʫʘʨʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ 

ʤʦʞʣʠʚʦ ʥʝ ʩʧʦʢʫʰʘʶʯʠʩʴ ʥʘ ʩʬʦʨʤʦʚʘʥʠʡ ʙʘʟʦʚʠʡ ʥʘʙʽʨ ʟʝʣʝʥʠʭ 

ʥʘʩʘʜʞʝʥʴ ʚʧʫʩʪʠʪʠ ʚ ʤʽʩʪʦ ʩʫʯʘʩʥʽ ʣʘʥʜʰʘʬʪʥʽ ʪʨʝʥʜʠ. ɼʠʟʘʡʥ ʢʚʽʪʢʦʚʠʭ 

ʢʦʤʧʦʟʠʮʽʡ, ʢʣʫʤʙ ʤʦʞʝ ʽ ʧʦʚʠʥʝʥ ʟʤʽʥʶʚʘʪʠʩʷ, ʦʥʦʚʣʶʚʘʪʠʩʷ, ʚʙʠʨʘʪʠ 

ʥʦʚʝ. ʅʘʙʣʠʟʠʪʠʩʷ ʜʦ ʩʫʯʘʩʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʩʪʘʣʦʛʦ ʜʠʟʘʡʥʫ ʣʘʥʜʰʘʬʪʫ 

ʤʦʞʣʠʚʦ ʧʦʻʜʥʫʶʯʠ ʞʠʚʠʡ ʧʨʠʨʦʜʥʠʡ ʤʘʪʝʨʽʘʣ ʟ ʣʽʥʽʷʤʠ, ʬʦʨʤʘʤʠ, 

ʬʘʢʪʫʨʦʶ ʩʫʯʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʦʚʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʩʣʫʛʫʶʪʴ 

ʩʪʚʦʨʝʥʥʶ ʥʦʚʠʭ ʚʽʟʫʘʣʴʥʠʭ ʢʦʜʽʚ ʤʽʩʪʘ, ʦʥʦʚʣʶʶʯʠ ʢʦʤʧʦʟʠʮʽʡʥʦ-

ʩʪʠʣʴʦʚʫ ʪʘ ʢʦʣʦʨʠʩʪʠʯʥʫ ʦʨʛʘʥʽʟʘʮʽʶ ʤʽʩʴʢʦʛʦ ʣʘʥʜʰʘʬʪʫ.  

ɿ ʧʦʟʠʮʽʡ ʩʪʘʣʦʛʦ ʜʠʟʘʡʥʫ ʙʘʛʘʪʦʨʽʯʥʽ ʜʝʢʦʨʘʪʠʚʥʽ ʨʦʩʣʠʥʠ 

ʟʘʩʣʫʛʦʚʫʶʪʴ ʥʘ ʙʽʣʴʰ ʧʦʤʽʪʥʝ ʤʽʩʮʝ ʚ ʛʨʦʤʘʜʩʴʢʠʭ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʥʷʭ, 

ʾʭ ʙʽʣʴʰ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʥʘ ʰʣʷʭʫ ʜʦ ʙʽʣʴʰʦʾ 

ʩʪʽʡʢʦʩʪʽ ʤʽʩʴʢʦʛʦ ʣʘʥʜʰʘʬʪʫ [1]. 

ʄʠ ʭʦʯʝʤʦ ʧʦʢʘʟʘʪʠ ʧʨʠʢʣʘʜ ʥʝ ʟʦʚʩʽʤ ʟʚʠʯʥʦʾ ʧʨʘʢʪʠʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʫʣʴʪʠʚʘʨʽʚ Berberis thunbergii. ʉʪʘʣʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʩʘʤʝ ʧʦʚʽʣʴʥʝ 

ʟʨʦʩʪʘʥʥʷ, ʛʝʥʝʪʠʯʥʘ ʟʜʘʪʥʽʩʪʴ ʟʙʝʨʽʛʘʪʠ ʧʨʘʚʠʣʴʥʫ ʢʫʣʷʩʪʫ ʬʦʨʤʫ, ʚʝʣʠʢʽʡ 

ʚʠʙʽʨ ʢʦʣʽʨʥʦʾ ʛʘʤʠ ʣʠʩʪʷ, ʚʩʝʩʝʟʦʥʥʘ ʜʝʢʦʨʘʪʠʚʥʽʩʪʴ, ʜʦʙʨʘ 

ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʴ ʜʦ ʤʽʩʴʢʠʭ ʫʤʦʚ ʨʦʙʣʷʪʴ ʢʫʣʴʪʠʚʘʨʠ ʚʠʜʫ Berberis 

thunbergii ʜʦʩʪʦʡʥʠʤ ʜʦʧʦʚʥʝʥʥʷʤ ʜʦ ʘʩʦʨʪʠʤʝʥʪʫ ʦʜʥʦʨʽʯʥʠʭ ʨʦʩʣʠʥ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʚʽʪʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ. 

ʇʨʠʢʣʘʜʠ ʜʝʢʦʨʘʪʠʚʥʦ-ʣʠʩʪʷʥʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʷʢʽ ʚʠʢʦʥʘʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʨʣʠʢʦʚʠʭ ʢʫʣʴʪʠʚʘʨʽʚ Berberis thunbergii ʢʫʣʷʩʪʦʾ ʬʦʨʤʠ 

ʟʤʦʜʝʣʴʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʠ Realtime Landscaping Architect 

2023.02, Trial Free Version. 

ɼʣʷ ʦʙʨʘʥʦʾ ʥʘʤʠ ʢʦʥʩʪʨʫʢʮʽʾ ï ʢʣʫʤʙʘ-ʤʝʪʝʣʠʢ ï ʟʘʚʜʘʥʥʷ ʩʪʚʦʨʝʥʥʷ 

ʾʾ ʯʽʪʢʠʭ ʛʨʘʬʽʯʥʠʭ ʢʦʥʪʫʨʽʚ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʦ ʚʠʨʽʰʫʚʘʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʦʢʦʥʪʫʨʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʣʝʚʦʛʦ 

ʢʘʨʢʘʩʫ ʟ ʰʠʨʠʥʦʶ ʣʽʥʽʡ 3ï5% ʚʽʜ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɼʨʫʛʦʶ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʻ ʚʠʙʽʨ 

ʢʦʣʴʦʨʫ. 

ʅʘʨʘʟʽ ʪʨʝʥʜʦʤ ʧʨʠ ʩʪʚʦʨʶʚʘʥʥʷ ʚʽʟʫʘʣʴʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʤʽʩʴʢʠʭ 

ʣʘʥʜʰʘʬʪʽʚ ʻ ʘʢʪʠʚʥʝ ʟʚʝʨʥʝʥʥʷ ʜʦ ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ, ʷʢʠʡ ʧʨʠʚʥʦʩʠʪʴ 

ʚʽʜʯʫʪʪʷ ʩʚʽʞʦʩʪʽ, ʯʠʩʪʦʪʠ, ʝʣʝʛʘʥʪʥʦʩʪʽ, ʦʧʪʠʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ 

ʦʙ'ʻʢʪʘ, ʩʪʚʦʨʶʻ ʢʦʥʪʨʘʩʪ ʟ ʽʥʰʠʤʠ ʢʦʣʴʦʨʘʤʠ, ʪʝʢʩʪʫʨʘʤʠ. 

mailto:gololobova@karazin.ua
mailto:vadim.gololobov@gmail.com


98 
 

ɼʨʫʛʠʤ ʢʦʣʴʦʨʦʤ ʥʘʰʦʛʦ ʚʠʙʦʨʫ ʻ ʯʦʨʥʠʡ, ʷʢʠʡ ʥʘʜʘʻ ʝʬʝʢʪʥʠʡ 

ʛʨʘʬʽʯʥʠʡ ʢʦʥʪʨʘʩʪ, ʧʝʨʝʪʚʦʨʶʻ, ʦʙʣʘʛʦʨʦʜʞʫʻ ʙʶʜʞʝʪʥʽ ʤʘʪʝʨʽʘʣʠ, 

ʩʪʚʦʨʶʻ ʪʦʯʢʫ ʪʷʞʽʥʥʷ, ʘʣʝ ʥʝ ʟʘʛʣʫʰʘʻ ʨʦʩʣʠʥʥʠʡ ʜʝʢʦʨ. ɺʠʙʽʨ ʢʦʣʴʦʨʫ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʽʜʧʦʨʷʜʢʦʚʘʥʠʡ ʪʝʤʘʪʠʯʥʦʤʫ ʽ ʣʘʥʜʰʘʬʪʥʦʤʫ ʢʦʥʪʝʢʩʪʫ 

(ʨʠʩ. 1ï2).  

 

  

ʈʠʩ. 1. ɿʤʦʜʝʣʴʦʚʘʥʘ ʤʝʪʘʣʝʚʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʢʚʽʪʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ [ʟʘ 

ʘʚʪʦʨʘʤʠ] 

ʈʠʩ. 2. ɿʤʦʜʝʣʴʦʚʘʥʘ ʤʝʪʘʣʝʚʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʢʚʽʪʢʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ 

[ʟʘ ʘʚʪʦʨʘʤʠ] 

 

ʄʝʪʝʣʠʢʠ ʧʘʨʷʪʴ ʥʘʜ ʛʘʟʦʥʦʤ ʥʘ ʚʠʩʦʪʽ 40ï50 ʩʤ. ɺʠʩʦʪʘ ʧʦʣʴʦʪʫ 

ʤʝʪʝʣʠʢʽʚ ʜʝʪʝʨʤʽʥʦʚʘʥʘ ʚʠʩʦʪʦʶ ʢʫʣʴʪʠʚʘʨʽʚ ʢʘʨʣʠʢʦʚʠʭ ʬʦʨʤ Berberis 

thunbergii. ʂʦʥʪʨʘʩʪʥʽʩʪʴ, ʢʦʥʪʫʨʥʘ ʯʽʪʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʦʤʽʥʫʶʯʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʪʘʣʝʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʙʽʣʦʛʦ ʘʙʦ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʽʚ.  

ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʨʝʘʣʽʟʘʮʽʾ ʭʫʜʦʞʥʴʦʛʦ ʟʘʜʫʤʫ ʻ ʨʦʟʤʽʨʠ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʧʦʚʠʥʥʽ ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ ʟʘʢʦʥʘʤ ʧʝʨʩʧʝʢʪʠʚʠ. 

ʅʘʷʚʥʽʩʪʴ ʜʠʥʘʤʽʯʥʠʭ ʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʠʜʦʚʠʭ ʪʦʯʦʢ ʩʪʚʦʨʶʻ ʤʦʞʣʠʚʽʩʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʟʢʨʠʪʪʷ ʣʘʥʜʰʘʬʪʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʜʣʷ ʩʧʦʩʪʝʨʽʛʘʯʽʚ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʤʦʜʫʣʷ ʟʘʜʣʷ ʩʪʚʦʨʝʥʥʷ ʱʽʣʴʥʦʾ ʨʦʩʣʠʥʥʦʾ ʪʝʢʩʪʫʨʠ 

ʥʝʦʙʭʽʜʥʘ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʘ ʢʽʣʴʢʽʩʪʴ ʨʦʩʣʠʥʥʠʭ ʝʢʟʝʤʧʣʷʨʽʚ, ʧʦʩʘʜʢʘ 

ʨʦʩʣʠʥ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʽʜʛʦʪʦʚʣʝʥʠʡ ʛʨʫʥʪ, ʧʨʠ ʮʴʦʤʫ 

ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʪʚʦʨʶʚʘʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʧʦʚʝʨʭʥʶ ʚ ʨʘʟʽ ʾʾ 

ʚʽʜʩʫʪʥʦʩʪʽ, ʢʫʣʴʪʠʚʘʨʠ ʚʠʪʨʠʚʘʣʽ, ʾʭʥʻ ʨʦʟʤʽʱʝʥʥʷ ʥʘ ʧʦʣʦʛʠʭ ʩʭʠʣʘʭ 

ʟʘʚʜʷʢʠ ʤʽʮʥʦʾ ʜʦʙʨʝ ʨʦʟʣʫʞʝʥʦʾ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʽ ʚʠʢʦʥʫʻ ʝʢʦʣʦʛʽʯʥʫ 

ʬʫʥʢʮʽʶ ʟʙʝʨʝʞʝʥʥʷ ʛʨʫʥʪʫ ʽ ʻ ʜʫʞʝ ʚʠʛʽʜʥʠʤ ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ 

ʣʘʥʜʰʘʬʪʥʦʾ ʢʚʽʪʢʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ. 

ʂ̔ ʣʴʢʽʩʪʴ ʤʦʜʫʣʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʝʢʦʨʘʪʠʚʥʦ-ʨʦʩʣʠʥʥʦʾ ʢʦʤʧʦʟʠʮʽʾ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʢʦʞʝʥ ʤʦʜʫʣʴ ʤʘʻ 

ʥʘʙʫʪʠ ʩʚʦʻʾ ʦʧʪʠʤʘʣʴʥʦʾ ʰʠʨʠʥʠ, ʧʨʦʪʷʞʥʦʩʪʽ ʪʘ ʧʽʜʙʦʨʫ ʢʫʣʴʪʠʚʘʨʽʚ ʚ 

ʙʘʞʘʥʽʡ ʢʦʣʽʨʥʽʡ ʛʘʤʽ (ʨʠʩ. 3ï4).  
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ʈʠʩ. 3. ʇʨʠʢʣʘʜ ʢʚʽʪʢʦʚʦʾ 

ʢʦʤʧʦʟʠʮʽʾ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʽʤ 

ʦʢʦʥʪʫʨʶʚʘʥʥʷʤ ʙʽʣʠʤ ʢʦʣʴʦʨʦʤ. 

[ʟʘ ʘʚʪʦʨʘʤʠ]. 

 

ʈʠʩ. 4. ʇʨʠʢʣʘʜ ʢʚʽʪʢʦʚʦʾ 

ʢʦʤʧʦʟʠʮʽʾ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʽʤ 

ʦʢʦʥʪʫʨʶʚʘʥʥʷʤ ʯʦʨʥʠʤ 

ʢʦʣʴʦʨʦʤ. [ʟʘ ʘʚʪʦʨʘʤʠ]. 

ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʙʨʦʙʢʠ ʤʝʪʘʣʝʚʦʾ ʪʝʢʩʪʫʨʠ 

ʽʥʥʦʚʘʮʽʡʥʠʤʠ ʙʨʫʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʠʤʠ ʬʘʨʙʘʤʠ, ʱʦ ʟʙʝʨʽʛʘʻ ʯʠʩʪʦʪʫ 

ʢʦʣʴʦʨʫ ʥʘ ʧʨʦʪʷʟʽ ʚʝʣʠʢʦʛʦ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʇʨʠʢʣʘʜ ʬʦʨʤʫʚʘʥʥʷ ʩʚʽʪʣʦ-ʢʦʣʴʦʨʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʪʫʨʥʦʛʦ ʧʽʜʩʚʽʯʫʚʘʥʥʷ ʜʝʢʦʨʘʪʠʚʥʦ-ʣʠʩʪʷʥʦʾ ʢʦʤʧʦʟʠʮʽʾ, 

ʷʢʝ ʜʦʩʪʘʪʥʴʦ ʟʨʫʯʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʜʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʫʣʽʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 5. 

 

 
ʈʠʩ. 5. ʌʦʨʤʫʚʘʥʥʷ ʩʚʽʪʣʦ-ʢʦʣʴʦʨʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʥʪʫʨʥʦʛʦ ʧʽʜʩʚʽʯʫʚʘʥʥʷ ʜʝʢʦʨʘʪʠʚʥʦ-ʨʦʩʣʠʥʥʦʾ ʢʦʤʧʦʟʠʮʽʾ [ʟʘ ʘʚʪʦʨʘʤʠ]. 

 

ʅʘʚʦʜʠʤʦ ʧʦʚʽʣʴʥʦ ʟʨʦʩʪʘʶʯʠ ʢʫʣʴʪʠʚʘʨʠ ʢʫʣʷʩʪʦʾ ʬʦʨʤʠ Berberis 

thunbergii, ʷʢʽ ʜʦʨʝʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚʠʱʝ 

ʨʦʩʣʠʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ: 'ɯʥʩʧʽʨʝʡʰʥ', 'Kobold', 'Admiration', 'Concorde', 

'Orange Dream' 'Golden Nugget', 'ɺagatelle', 'Orange Ice', óRuby Starô. 
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ʃɯʊɽʈɸʊʋʈɸ 

1. Poje M., Ģidovec V., Prebeg T. & Kuġen M. (2023). Does the Use of 

Perennials in Flower Beds Necessarily Imply Sustainability? Plants, 12, 4113. 

https://www.mdpi.com/2223-7747/12/24/4113. 

 

ɯʅʉʊʀʊʋʎɯʆʅɸʃʔʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʈɽɻʋʃʖɺɸʅʅʗ 

ʅɸɼʍʆɼɾɽʅʅʗ ʂʆʄʇɽʅʉɸʎɯʁ ɼʆ ɼɽʈɾɸɺʀ 

 

ɼʝʥʠʩʝʥʢʦ ɯʨʠʥʘ ʉʝʨʛʽʾʚʥʘ1 
1ɯʥʩʪʠʪʫʪ ʜʝʤʦʛʨʘʬʽʾ ʪʘ ʧʨʦʙʣʝʤ ʷʢʦʩʪʽ ʞʠʪʪʷ ʅɸʅ ʋʢʨʘʾʥʠ, 

isdenisenko2016@gmail.com 

 

ʇʨʠ ʧʣʘʥʫʚʘʥʥʽ ʧʦʚʦʻʥʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʋʢʨʘʾʥʠ, ʤʘʻ ʙʫʪʠ ʦʙʦʚ'ʷʟʢʦʚʝ 

ʫʨʘʭʫʚʘʥʥʷ ʜʦʚʢʽʣʣʻʚʦʛʦ ʩʢʣʘʜʥʠʢʘ, ʘʜʞʝ ʛʘʨʘʥʪʽʻʶ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʡ ʦʩʥʦʚʦʶ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʠ ʻ ʙʝʟʧʝʯʥʝ ʜʦʚʢʽʣʣʷ, ʦʩʢʽʣʴʢʠ 

ʰʢʦʜʘ, ʟʘʚʜʘʥʘ ʟʝʤʣʽ, ʻ ʚʦʜʥʦʯʘʩ ʽ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʶ ʰʢʦʜʦʶ ʜʣʷ ʞʠʪʪʷ ʪʘ 

ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ. ɿʘʙʨʫʜʥʝʥʥʷ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʧʽʜʚʠʱʠʪʴ ʨʠʟʠʢʠ 

ʦʪʨʫʻʥʥʷ, ʟʥʠʟʠʪʴ ʜʦʩʪʫʧ ʜʦ ʷʢʽʩʥʦʾ ʧʠʪʥʦʾ ʚʦʜʠ, ʧʦʰʢʦʜʞʝʥʥʷ ˇʨʫʥʪʫ ʪʘ 

ʚʪʨʘʪʘ ʡʦʛʦ ʨʦʜʶʯʦʩʪʽ ʥʝʩʝ ʟʘʛʨʦʟʫ ʧʨʦʜʦʚʦʣʴʯʽʡ ʙʝʟʧʝʮʽ ʷʢ ʥʘʩʝʣʝʥʥʶ 

ʋʢʨʘʾʥʠ, ʪʘʢ ʩʚʽʪʫ ʚʮʽʣʦʤʫ. ʏʝʨʝʟ ʨʦʩʽʡʩʴʢʫ ʘʛʨʝʩʽʶ ʚʠʥʠʢʣʠ ʧʨʦʙʣʝʤʠ 

ʟʘʤʽʥʫʚʘʥʥʷ ʟʥʘʯʥʦʾ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʚʠʨʽʰʝʥʥʷ ʧʦʜʘʣʴʰʦʾ ʜʦʣʽ ʟʝʤʝʣʴ, 

ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʰʚʠʜʢʦ ʧʝʨʝʚʽʨʝʥʽ ʪʘ ʨʦʟʤʽʥʦʚʘʥʽ, ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʧʝʨʝʚʽʨʢʠ ʷʢʦʩʪʽ ˇʨʫʥʪʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʥʘ ʪʝʨʠʪʦʨʽʷʭ, ʜʝ 

ʚʝʣʠʩʷ ʘʢʪʠʚʥʽ ʙʦʡʦʚʽ ʜʽʾ, ʘʜʞʝ ʚʣʫʯʘʥʥʷ ʨʘʢʝʪ ʪʘ ʩʥʘʨʷʜʽʚ ʚ ʧʦʣʷ ʟʥʘʯʥʦ 

ʧʦʛʽʨʰʫʻ ʾʭ ʷʢʽʩʪʴ, ʟʘʙʨʫʜʥʶʻ ʾʭ ʪʘ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʷʢʽʩʪʴ, 

ʙʝʟʧʝʢʫ ʪʘ ʦʙʩʷʛʠ ʫʨʦʞʘʶ, ʱʦ ʙʫʜʝ ʚʠʨʦʱʫʚʘʪʠʩʷ ʥʘ ʮʠʭ ʟʘʙʨʫʜʥʝʥʠʭ 

ʟʝʤʣʷʭ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʠʭ ʧʨʦʙʣʝʤ ʧʦʪʨʽʙʥʝ ʬʘʭʦʚʝ ʪʘ ʝʬʝʢʪʠʚʥʝ 

ʦʩʚʦʻʥʥʷ ʢʦʤʧʝʥʩʘʮʽʡ, ʷʢʽ ʥʘʜʭʦʜʠʪʠʤʫʪʴ ʜʝʨʞʘʚʽ, ʟʘʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʩʧʨʠʷʪʣʠʚʦʛʦ ʽʥʩʪʠʪʫʮʽʦʥʘʣʴʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʂʦʤʧʝʥʩʘʮʽʾ ʥʘʜʭʦʜʠʪʠʤʫʪʴ ʜʦ ʋʢʨʘʾʥʠ ʷʢ ʜʦ ʜʝʨʞʘʚʠ ʡ ʋʨʷʜ ʢʨʘʾʥʠ 

ʧʦʚʠʥʝʥ ʟʘʧʨʦʚʘʜʠʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʤʝʭʘʥʽʟʤ, ʱʦʙ ʢʦʰʪʠ ʨʦʟʧʦʜʽʣʷʣʠʩʷ 

ʩʧʨʘʚʝʜʣʠʚʦ, ʥʘʜʘʚʘʣʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʥʷʪʪʷ ʨʝʧʘʨʘʮʽʡ. ʎʝ ʩʧʨʘʚʞʥʽʡ 

ʚʠʢʣʠʢ ʽ ʚʞʝ ʟʘʨʘʟ ʧʦʪʨʽʙʥʦ ʛʦʪʫʚʘʪʠ ʶʨʠʜʠʯʥʝ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʢʦʥʬʽʩʢʘʮʽʾ ʪʘ 

ʩʪʚʦʨʝʥʥʷ ʽʥʩʪʠʪʫʪʽʚ ʱʦʜʦ ʧʨʦʮʝʩʫ ʦʩʚʦʻʥʥʷ ʢʦʤʧʝʥʩʘʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʤʽʞʥʘʨʦʜʥʦ-ʧʨʘʚʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʤʽʞʥʘʨʦʜʥʦʛʦ ʜʦʩʚʽʜʫ ʪʘ ʩʫʜʦʚʦʾ 

ʧʨʘʢʪʠʢʠ. 

ʂʦʞʝʥ ʢʦʥʢʨʝʪʥʠʡ ʚʠʧʘʜʦʢ ʟʙʨʦʡʥʦʛʦ ʢʦʥʬʣʽʢʪʫ ʚʠʤʘʛʘʻ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʽʥʩʪʠʪʫʮʽʡʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʪʘ ʦʩʚʦʻʥʥʷ ʢʦʤʧʝʥʩʘʮʽʡ, 

ʥʠʤ ʟʘʧʦʜʽʷʥʠʭ. ɺ ʦʩʥʦʚʽ ʤʝʭʘʥʽʟʤʫ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʪʘ ʦʩʚʦʻʥʥʷ 

ʢʦʤʧʝʥʩʘʮʽʡ ʤʘʶʪʴ ʙʫʪʠ ʚʢʣʶʯʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʧʨʠʥʮʠʧʠ, ʪʘʢʽ ʷʢ 

ʤʽʞʥʘʨʦʜʥʠʡ ʜʦʛʦʚʽʨ ʷʢ ʶʨʠʜʠʯʥʘ ʧʽʜʩʪʘʚʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʤʽʞʥʘʨʦʜʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʜʣʷ ʋʢʨʘʾʥʠ ʡ ʜʞʝʨʝʣʦ 

ʣʝʛʽʪʠʤʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ; ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦʾ ʢʦʤʽʩʽʾ ʷʢ ʦʨʛʘʥʫ, ʷʢʠʡ 
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ʨʦʟʛʣʷʜʘʪʠʤʝ ʧʦʟʦʚʠ ʪʘ ʧʨʠʩʫʜʞʫʚʘʪʠʤʝ ʚʽʜʰʢʦʜʫʚʘʥʥʷ; ʩʪʚʦʨʝʥʥʷ ʬʦʥʜʫ 

ʜʣʷ ʚʠʧʣʘʪʠ ʢʦʤʧʝʥʩʘʮʽʡ, ʷʢʠʡ ʥʘʧʦʚʥʶʚʘʪʠʤʝʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʘʤʦʨʦʞʝʥʠʭ 

ʘʢʪʠʚʽʚ ʢʨʘʾʥʠ ʘʛʨʝʩʦʨʘ; ʩʪʚʦʨʝʥʥʷ ʨʝʻʩʪʨʫ ʟʙʠʪʢʽʚ, ʚ ʷʢʦʤʫ ʙʫʜʝ ʟʽʙʨʘʥʦ 

ʜʦʢʘʟʦʚʫ ʙʘʟʫ ʟʘʧʦʜʽʷʥʦʾ ʰʢʦʜʠ, ʱʦ ʙʨʘʪʠʤʝʪʴʩʷ ʜʦ ʫʚʘʛʠ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ 

ʬʘʢʪʫ ʪʘ ʨʦʟʤʽʨʫ ʟʙʠʪʢʽʚ. 

ʄʽʞʥʘʨʦʜʥʘ ʫʛʦʜʘ ʤʘʻ ʚʢʣʶʯʘʪʠ ʪʘʢʽ ʥʦʨʤʠ, ʷʢ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʬʽʩʢʘʮʽʾ 

ʘʢʪʠʚʽʚ ʧʽʜʩʘʥʢʮʽʡʥʠʭ ʦʩʽʙ ʯʝʨʝʟ ʮʠʚʽʣʴʥʫ ʩʫʜʦʚʫ ʧʨʦʮʝʜʫʨʫ ʟʽ ʩʢʦʨʦʯʝʥʠʤʠ 

ʩʪʨʦʢʘʤʠ, ʧʦʥʠʞʝʥʠʤ ʩʪʘʥʜʘʨʪʦʤ ʪʘ ʜʠʥʘʤʽʯʥʠʤ ʪʷʛʘʨʝʤ ʜʦʢʘʟʫʚʘʥʥʷ; 

ʟʦʙʦʚ'ʷʟʘʥʥʷ ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ ʧʦʚʥʦʛʦ ʘʫʜʠʪʫ ʨʦʩʽʡʩʴʢʠʭ ʜʝʨʞʘʚʥʠʭ 

ʘʢʪʠʚʽʚ, ʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʤʽʥʘʣʴʥʠʭ ʚʣʘʩʥʠʢʽʚ ʟ ʧʦʜʘʣʴʰʠʤ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷʤ ʪʘʢʠʭ ʘʢʪʠʚʽʚ; ʯʽʪʢʠʡ ʧʨʽʦʨʠʪʝʪ ʢʦʤʧʝʥʩʘʮʽʡ ʟ 

ʜʦʪʨʠʤʘʥʥʷʤ ʧʨʠʥʮʠʧʽʚ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ ʪʘ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ; ʻʜʠʥʠʡ ʬʦʥʜ, 

ʷʢʠʡ ʘʢʫʤʫʣʶʚʘʪʠʤʝ ʢʦʰʪʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʡ, ʟ ʧʨʝʜʩʪʘʚʥʠʮʪʚʦʤ ʢʨʘʾʥ-

ʧʽʜʧʠʩʘʥʪʽʚ ʚ ʦʨʛʘʥʘʭ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʪʨʘʥʩʧʘʨʝʥʪʥʦʩʪʽ. 

ɯʥʩʪʠʪʫʮʽʡʥʠʡ ʤʝʭʘʥʽʟʤ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʪʘ ʦʩʚʦʻʥʥʷ ʢʦʤʧʝʥʩʘʮʽʡ ʤʘʻ 

ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʫ ʤʽʞʥʘʨʦʜʥʦʤʫ ʜʦʛʦʚʦʨʽ, ʜʝ ʬʽʢʩʫʶʪʴʩʷ ʥʦʨʤʠ ʧʨʦ 

ʩʪʚʦʨʝʥʥʷ ʌʦʥʜʫ ʚʠʧʣʘʪʠ ʨʝʧʘʨʘʮʽʡ ʋʢʨʘʾʥʽ, ʷʢ ʤʽʞʥʘʨʦʜʥʦʾ ʬʽʥʘʥʩʦʚʦʾ 

ʽʥʩʪʠʪʫʮʽʾ, ʟ ʬʽʢʩʘʮʽʻʶ ʚʠʤʦʛ ʷʢ ʜʝʨʞʘʚʠ ʚ ʮʽʣʦʤʫ, ʪʘʢ ʽ ʚʠʤʦʛʠ ʦʢʨʝʤʠʭ 

ʧʦʩʪʨʘʞʜʘʣʠʭ. ʌʦʥʜ ʚʠʧʣʘʪʠ ʨʝʧʘʨʘʮʽʡ ʋʢʨʘʾʥʽ ʤʘʻ ʙʫʪʠ ʬʦʨʤʘʣʴʥʦ 

ʚʽʜʦʢʨʝʤʣʝʥʠʤ ʚʽʜ ʌʦʥʜʫ ʧʽʜʪʨʠʤʢʠ ʋʢʨʘʾʥʠ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ 

ʽʟ ʧʦʞʝʨʪʚ ʦʢʨʝʤʠʭ ʜʝʨʞʘʚ; ʜʘʥʘ ʥʦʨʤʘ ʻ ʚʘʞʣʠʚʦʶ ʷʢ ʶʨʠʜʠʯʥʘ ʦʩʥʦʚʘ ʜʣʷ 

ʢʦʥʬʽʩʢʘʮʽʾ, ʘʜʞʝ ʡʜʝʪʴʩʷ ʧʨʦ ʟʘʜʦʚʦʣʝʥʥʷ ʚʠʤʦʛ ʋʢʨʘʾʥʠ ʱʦʜʦ ʚʠʧʣʘʪʠ 

ʢʦʤʧʝʥʩʘʮʽʡ, ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ ʤʽʞʥʘʨʦʜʥʠʭ ʟʣʦʯʠʥʽʚ, ʚʯʠʥʝʥʠʭ ʢʨʘʾʥʦʶ 

ʘʛʨʝʩʦʨʦʤ; ʥʘʪʦʤʽʩʪʴ, ʙʘʞʘʥʦ, ʱʦʙ ʦʙʦʤʘ ʌʦʥʜʘʤʠ ʢʝʨʫʚʘʣʘ ʦʜʥʘ 

ʤʽʞʥʘʨʦʜʥʘ ʬʽʥʘʥʩʦʚʘ ʽʥʩʪʠʪʫʮʽʷ. ʈʦʟʧʦʨʷʜʥʠʢʦʤ ʜʘʥʠʭ ʬʦʥʜʽʚ ʤʦʞʝ ʙʫʪʠ 

ɭʚʨʦʧʝʡʩʴʢʠʡ ʉʦʶʟ ʯʝʨʝʟ ʽʥʩʪʠʪʫʮʽʶ ʪʘʢ ʟʚʘʥʦʛʦ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʩʪʘʙʽʣʴʥʦʩʪʽ, ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʷʢʦʛʦ ʻ ʧʽʜʪʨʠʤʢʘ ʢʨʘʾʥʠ ʟʦʥʠ ʜʽʾ ɭʚʨʦ ʫ 

ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʧʨʦʙʣʝʤ ʘʙʦ ɭʚʨʦʧʝʡʩʴʢʦʾ ʂʦʤʽʩʽʾ, ʷʢʘ ʤʘʻ 

ʜʦʩʚʽʜ ʨʦʟʧʦʜʽʣʫ ʢʦʰʪʽʚ ɭʉ ʩʝʨʝʜ ʜʝʨʞʘʚ-ʯʣʝʥʽʚ ɭʉ. ʂʦʤʧʝʥʩʘʮʽʾ ʧʦʚʠʥʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʜʣʷ ʚʽʜʙʫʜʦʚʠ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ, ʪʘʢ ʽ ʜʦʚʢʽʣʣʻʚʦʛʦ 

ʩʢʣʘʜʥʠʢʘ, ʚ ʷʢʦʤʫ ʚʘʛʦʤʝ ʤʽʩʮʝ ʤʘʶʪʴ ʟʘʡʥʷʪʠ ʟʝʤʝʣʴʥʽ ʨʝʩʫʨʩʠ, ʽʟ 

ʜʦʪʨʠʤʘʥʥʷʤ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʮʽʥʥʦʩʪʝʡ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ.  

ʆʨʛʘʥʽʟʘʮʽʻʶ ʜʣʷ ʧʨʦʮʝʩʫ ʚʠʧʣʘʪ ʡ ʦʩʚʦʻʥʥʷ ʢʦʤʧʝʥʩʘʮʽʡ 

ʂʦʤʧʝʥʩʘʮʽʡʥʘ ʢʦʤʽʩʽʷ ʜʣʷ ʋʢʨʘʾʥʠ ʤʘʻ ʩʪʘʪʠ ʮʝʥʪʨʘʣʴʥʠʤ ʦʨʛʘʥʦʤ ʫ 

ʤʝʭʘʥʽʟʤʽ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʟʙʠʪʢʽʚ ʪʘ ʦʩʚʦʻʥʥʷ ʢʦʤʧʝʥʩʘʮʽʡ, ʩʪʚʦʨʝʥʘ ʥʘ 

ʧʽʜʩʪʘʚʽ ʤʽʞʥʘʨʦʜʥʦʛʦ ʜʦʛʦʚʦʨʫ. ɼʘʥʘ ʢʦʤʽʩʽʷ ʤʘʻ ʩʪʘʪʠ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʤ 

ʦʨʛʘʥʦʤ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʥʝ ʪʘʢʠʡ ʚʠʩʦʢʠʡ, ʷʢ ʫ ʩʫʜʜʽʚʩʪʚʽ, ʧʦʨʽʛ ʜʦʢʘʟʽʚ. 

ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʨʦʟʛʣʷʜ ʟʘʷʚʦʢ ʥʘ ʢʦʤʧʝʥʩʘʮʽʶ ʚʽʜ ʛʨʦʤʘʜʷʥ ʡ ʩʘʤʦʾ ʜʝʨʞʘʚʠ 

ʤʘʻ ʚʽʜʙʫʚʘʪʠʩʷ ʟʥʘʯʥʦ ʰʚʠʜʰʝ. ɼʦ ʩʢʣʘʜʫ ʢʦʤʽʩʽʾ ʤʘʶʪʴ ʚʭʦʜʠʪʠ 

ʦʮʽʥʱʠʢʠ, ʢʦʤʽʩʘʨʠ, ʝʢʩʧʝʨʪʠ, ʶʨʠʩʪʠ, ʷʢʽ ʨʦʟʛʣʷʜʘʪʠʤʫʪʴ ʧʦʜʘʥʽ ʟʘʷʚʠ. 

ɯʥʰʘ ʚʘʞʣʠʚʘ ʩʢʣʘʜʦʚʘ ʜʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ï ʮʝ ʩʪʚʦʨʝʥʥʷ ʩʧʽʣʴʥʦʛʦ 

ʢʦʤʧʝʥʩʘʮʽʡʥʦʛʦ ʬʦʥʜʫ, ʦʩʥʦʚʦʶ ʷʢʦʛʦ ʤʘʶʪʴ ʩʪʘʪʠ ʘʨʝʰʪʦʚʘʥʽ ʪʘ 

ʟʘʤʦʨʦʞʝʥʽ ʨʦʩʽʡʩʴʢʽ ʘʢʪʠʚʠ. ɼʦ ʫʛʦʜʠ ʧʨʦ ʢʦʤʽʩʽʶ ʤʘʶʪʴ ʟʤʦʛʫ ʜʦʣʫʯʘʪʠʩʷ 
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ʽʥʰʽ ʢʨʘʾʥʠ, ʘ ʜʦ ʬʦʥʜʫ, ʢʨʽʤ ʨʦʩʽʡʩʴʢʠʭ ʘʢʪʠʚʽʚ, ʪʘʢʦʞ ʤʦʞʥʘ ʙʫʜʝ 

ʥʘʧʨʘʚʣʷʪʠ ʜʦʙʨʦʚʽʣʴʥʽ ʚʥʝʩʢʠ ʢʨʘʾʥ, ʢʨʝʜʠʪʥʫ ʪʘ ʬʽʥʘʥʩʦʚʫ ʜʦʧʦʤʦʛʫ ʚʽʜ 

ʤʽʞʥʘʨʦʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ. ʅʘ ʧʽʜʩʪʘʚʽ ʜʘʥʦʛʦ ʜʦʛʦʚʦʨʫ ʤʘʶʪʴ ʙʫʪʠ 

ʫʟʛʦʜʞʝʥʽ ʧʠʪʘʥʥʷ ʟʥʷʪʪʷ ʟ ʘʢʪʠʚʽʚ ʢʨʘʾʥʠ ʘʛʨʝʩʦʨʘ ʩʫʚʝʨʝʥʥʦʛʦ ʽʤʫʥʽʪʝʪʫ ʡ 

ʢʦʥʬʽʩʢʘʮʽʾ ʧʨʠʚʘʪʥʠʭ ʘʢʪʠʚʽʚ. ʊʘʢʦʞ ʧʦʚʠʥʥʘ ʙʫʪʠ ʨʝʟʦʣʶʮʽʷ ʤʽʞʥʘʨʦʜʥʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡ, ʱʦʙ ʤʘʪʠ ʧʽʜʩʪʘʚʠ ʚʥʦʩʠʪʠ ʟʤʽʥʠ ʜʦ ʟʘʢʦʥʦʜʘʚʩʪʚ ʢʨʘʾʥ. ʅʘ 

ʩʴʦʛʦʜʥʽ, ʋʢʨʘʾʥʘ ʥʝ ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʨʝʟʦʣʶʮʽʶ ʈʘʜʙʝʟʫ ʆʆʅ, ʪʦʤʫ ʱʦ 

ʨʦʩʽʡʩʴʢʘ ʬʝʜʝʨʘʮʽʷ ʤʘʻ ʧʨʘʚʦ ʚʝʪʦ ʡ ʟʘʙʣʦʢʫʻ ʙʫʜʴ-ʷʢʫ ʨʝʟʦʣʶʮʽʶ.  

ʌʦʥʜ ʚʠʧʣʘʪ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʙʦʚôʷʟʢʦʚʠʡ ʝʣʝʤʝʥʪ ʤʝʭʘʥʽʟʤʫ 

ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʚʪʨʘʪ ʪʘ ʦʩʚʦʻʥʥʷ ʢʦʤʧʝʥʩʘʮʽʡ ʋʢʨʘʾʥʽ. ʆʩʥʦʚʥʘ ʬʫʥʢʮʽʷ 

ʬʦʥʜʫ ʪʘ ʤʝʭʘʥʽʟʤʫ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ï ʮʝ ʚʠʧʣʘʪʘ ʢʦʤʧʝʥʩʘʮʽʾ ʧʦʩʪʨʘʞʜʘʣʠʤ 

ʚʽʜ ʨʦʩʽʡʩʴʢʦʾ ʘʛʨʝʩʽʾ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʟʘʧʦʜʽʷʥʫ ʰʢʦʜʫ ʟʝʤʝʣʴʥʠʤ ʨʝʩʫʨʩʘʤ 

. ɼʣʷ ʮʴʦʛʦ ʬʦʥʜ ʤʘʻ ʚʦʣʦʜʽʪʠ ʥʝʦʙʭʽʜʥʠʤʠ ʬʽʥʘʥʩʦʚʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʪʘʢʠʤʠ 

ʷʢ: ʚʠʣʫʯʝʥʥʷ ʨʦʩʽʡʩʴʢʠʭ ʘʢʪʠʚʽʚ ʟʘ ʢʦʨʜʦʥʦʤ, ʷʢ ʧʨʠʚʘʪʥʠʭ, ʪʘʢ ʽ 

ʧʫʙʣʽʯʥʠʭ, ʽʟ ʧʦʜʘʣʴʰʠʤ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʣʷ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʋʢʨʘʾʥʽ; 

ʧʨʠʤʫʩʦʚʝ ʩʧʝʮʽʘʣʴʥʝ ʤʠʪʦ ʥʘ ʝʢʩʧʦʨʪ ʨʦʩʽʡʩʴʢʠʭ ʝʥʝʨʛʦʥʦʩʽʾʚ; ʥʘʧʦʚʥʝʥʥʷ 

ʬʦʥʜʫ ʟʘ ʨʘʭʫʥʦʢ ʜʦʙʨʦʚʽʣʴʥʠʭ ʚʥʝʩʢʽʚ ʚʽʜ ʪʨʝʪʽʭ ʩʪʦʨʽʥ (ʫʨʷʜʽʚ, ʢʦʤʧʘʥʽʡ, 

ʧʨʠʚʘʪʥʠʭ ʦʩʽʙ ʪʦʱʦ).  

ʗʢ ʦʢʨʝʤʠʡ ʽʥʩʪʠʪʫʪ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʧʨʷʤʠʭ ʚʠʧʣʘʪ ʤʦʞʝ ʩʪʘʪʠ 

ɼʝʨʞʘʚʥʠʡ ʬʦʥʜ ʚʽʜʥʦʚʣʝʥʥʷ ʜʦʚʢʽʣʣʷ, ʟʽ ʩʪʘʪʫʩʦʤ ʶʨʠʜʠʯʥʦʾ ʦʩʦʙʠ ʪʘ 

ʙʫʪʠ ʥʝʟʘʣʝʞʥʠʤ ʚʽʜ ʄʽʥʽʩʪʝʨʩʪʚʘ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ 

ʋʢʨʘʾʥʠ, ʥʘʧʨʷʤʫ ʧʽʜʧʦʨʷʜʢʦʚʫʚʘʪʠʩʴ ʋʨʷʜʫ ʋʢʨʘʾʥʠ. ʌʦʥʜ ʧʦʚʠʥʝʥ ʤʘʪʠ 

ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʬʽʥʘʥʩʫʚʘʥʥʷ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʚʢʣʶʯʘʶʯʠ ʟʝʤʝʣʴʥʽ ʨʝʩʫʨʩʠ, ʢʦʦʨʜʠʥʫʚʘʪʠ ʧʠʪʘʥʥʷ ʧʨʷʤʠʭ 

ʚʠʧʣʘʪ ʥʘ ʨʽʚʥʽ ʜʝʨʞʘʚʠ, ʨʝʛʽʦʥʽʚ, ʤʽʩʪ, ʤʽʩʮʝʚʦʩʪʝʡ ʪʘ ʦʢʨʝʤʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ʅʘʧʦʚʥʝʥʥʷ ʌʦʥʜʫ ʟ ʚʽʜʥʦʚʣʝʥʥʷ ʜʦʚʢʽʣʣʷ ʤʘʻ ʙʫʪʠ ʫ ʚʠʛʣʷʜʽ 

ʩʪʷʛʥʝʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʨʝʧʘʨʘʮʽʡ ʟ ʨʦʩʽʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ, ʛʨʘʥʪʦʚʠʭ ʪʘ 

ʢʨʝʜʠʪʥʠʭ ʢʦʰʪʽʚ ʉʐɸ, ɭʉ, ʉʚʽʪʦʚʦʛʦ ʙʘʥʢʫ, ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʙʘʥʢʫ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʦʟʚʠʪʢʫ ʪʦʱʦ. ʌʦʥʜ ʧʦʚʠʥʝʥ ʤʘʪʠ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʫ 

ʟʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʟʦʨʦʩʪʽ, ʧʫʙʣʽʯʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʢʦʰʪʘʤʠ ʪʘ 

ʧʨʦʭʦʜʠʪʠ ʧʝʨʝʚʽʨʢʠ ʽʟ ʦʙʦʚôʷʟʢʦʚʠʤ ʟʘʣʫʯʝʥʥʷʤ ʤʽʞʥʘʨʦʜʥʠʭ ʘʫʜʠʪʦʨʽʚ.  

ʅʘʷʚʥʽ ʤʽʞʥʘʨʦʜʥʽ ʽʥʩʪʠʪʫʮʽʾ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʦʜʫʢʪʠʚʥʠʤʠ ʜʣʷ 

ʥʘʤʽʨʫ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʟʙʠʪʢʽʚ, ʟʘʚʜʘʥʦʾ ʋʢʨʘʾʥʽ ʚʥʘʩʣʽʜʦʢ ʟʙʨʦʡʥʦʾ ʘʛʨʝʩʽʾ 

ʨʦʩʽʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ. ʊʘʢʠʤ ʽʥʩʪʠʪʫʪʦʤ ʤʘʻ ʩʪʘʪʠ ʩʧʝʮʽʘʣʴʥʘ ʢʦʤʽʩʽʷ, 

ʩʪʚʦʨʝʥʘ ʥʘ ʧʽʜʩʪʘʚʽ ʤʽʞʥʘʨʦʜʥʦʛʦ ʜʦʛʦʚʦʨʫ ʤʽʞ ʢʨʘʾʥʘʤʠ-ʧʘʨʪʥʝʨʘʤʠ 

ʋʢʨʘʾʥʠ ʡ ʜʣʷ ʬʽʥʘʥʩʫʚʘʥʥʷ ʨʽʰʝʥʴ ʪʘʢʦʾ ʢʦʤʽʩʽʾ, ʦʜʥʦʯʘʩʥʦ ʤʘʻ ʙʫʪʠ 

ʩʪʚʦʨʝʥʠʡ ʩʧʝʮʽʘʣʴʥʠʡ ʢʦʤʧʝʥʩʘʮʽʡʥʠʡ ʬʦʥʜ. ʆʪʞʝ, ʧʨʠ ʨʦʟʨʦʙʣʝʥʥʽ 

ʤʝʭʘʥʽʟʤʫ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʰʢʦʜʠ ʪʘ ʦʩʚʦʻʥʥʷ ʢʦʤʧʝʥʩʘʮʽʡ, ʤʘʻ ʙʫʪʠ 

ʩʬʦʨʤʦʚʘʥʠʡ ʤʝʭʘʥʽʟʤ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦʾ ʢʦʤʽʩʽʾ ʧʦ ʋʢʨʘʾʥʽ; ʦʜʥʦʯʘʩʥʦ 

ʟ ʢʦʤʽʩʽʻʶ, ʩʪʚʦʨʝʥʠʡ ʢʦʤʧʝʥʩʘʮʽʡʥʠʡ ʬʦʥʜ; ʟʨʦʙʣʝʥʽ ʟʤʽʥʠ ʚ 

ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʟʘʢʦʥʦʜʘʚʩʪʚʽ ʢʨʘʾʥ, ʫ ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ ʤʘʡʥʦ ʢʨʘʾʥʠ 

ʘʛʨʝʩʦʨʘ ʪʘ ʾʾ ʛʨʦʤʘʜʷʥ, ʱʦ ʧʦʪʨʘʧʠʣʠ ʧʽʜ ʜʽʶ ʩʘʥʢʮʽʡ. 
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ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʊɸ ʄʆɼɽʈʅɯɿɸʎɯʗ ɯʅɾɽʅɽʈʅʀʍ ʆɹôɭʂʊɯɺ 

 

ɼʦʙʨʦʚʦʣʴʩʴʢʘ ʆʢʩʘʥʘ ɻʨʠʛʦʨʽʚʥʘ1, ɼʘʥʢʝʚʠʯ ʅʘʪʘʣʽʷ ʆʣʝʢʩʘʥʜʨʽʚʥʘ1,  

ɼʘʥʢʝʚʠʯ ʉʝʨʛʽʡ ʖʨʽʡʦʚʠʯ1 
1ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, dogoks@gmail.com, 

dankevichnatali28@gmail.com, Dankevychsergei2021@gmail.com 

 

ʆʜʥʘ ʟ ʤʦʞʣʠʚʠʭ ʢʦʥʮʝʧʮʽʡ ʧʦʚʦʻʥʥʦʾ ʚʽʜʙʫʜʦʚʠ ʋʢʨʘʾʥʠ ʤʽʩʪʠʪʴ 

ʟʝʣʝʥʝ ʚʽʜʥʦʚʣʝʥʥʷ. ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ ʘʥʘʣʽʪʠʯʥʽʡ ʟʘʧʠʩʮʽ [1], ʷʢ ʘʤʙʽʪʥʘ, ʪʘʢ 

ʧʨʘʛʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʽʜʥʦʚʣʝʥʥʷ ʤʽʩʪʠʪʴ:  

ï ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʞʠʪʪʷ, ʱʦ ʚʢʣʶʯʘʻ ʝʢʦʣʦʛʽʯʥʫ ʷʢʽʩʪʴ ʞʠʪʪʷ 
ʥʘʩʝʣʝʥʥʷ;  

ï ʚʽʜʥʦʚʣʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʜʦʚʢʽʣʣʷ ʚʽʜ ʥʘʩʣʽʜʢʽʚ 
ʚʦʻʥʥʠʭ ʜʽʡ;  

ï ʤʦʜʝʨʥʽʟʘʮʽʶ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ;  

ï ʦʥʦʚʣʝʥʝ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ. 

ɺ ʜʦʢʫʤʝʥʪʽ [2] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʧʦʨʫʰʝʥʥʷ ʬʫʥʢʮʽʡ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ, 

ʘ ʟʘʚʜʘʥʥʷʤ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʫ ʩʬʝʨʽ ʟʘʭʠʩʪʫ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʻ ʟʘʧʦʙʽʛʘʪʠ ʢʨʠʟʦʚʠʤ ʩʠʪʫʘʮʽʷʤ, ʱʦ ʧʦʨʫʰʫʶʪʴ ʾʾ ʙʝʟʧʝʢʫ. ɺʨʘʭʦʚʫʶʯʠ 

ʧʨʦʮʝʩʠ ʧʦʩʪʫʧʦʚʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʙʝʟʧʝʢʦʚʦʛʦ ʩʝʢʪʦʨʫ ʚ ʋʢʨʘʾʥʽ ʧʠʪʘʥʥʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʥʮʝʧʮʽʾ ʟʘʭʠʩʪʫ ʢʨʠʪʠʯʥʦʾ  ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ 

ʚʘʞʣʠʚʠʤ. 

ɺ ʮʴʦʤʫ ʘʩʧʝʢʪʽ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ 

ʚʦʜʦʧʨʦʚʽʜʥʦʾ ʤʝʨʝʞʽ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʾʾ ʨʦʙʦʪʠ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʪʘ ʘʚʘʨʽʡʥʠʭ 

ʨʝʞʠʤʘʭ. ɿʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ: ʚʠʢʦʥʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ 

ʥʦʨʤʘʣʴʥʽʡ ʨʦʙʦʪʽ ʚʦʜʦʧʨʦʚʽʜʥʦʾ ʤʝʨʝʞʽ; ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʣʠʚʠʭ 

ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ; ʚʠʢʦʥʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ ʘʚʘʨʽʡʥʠʭ 

ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ; ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʟʦʥ ʥʝʜʦʩʪʘʪʥʽʭ ʪʠʩʢʽʚ ʧʨʠ ʘʚʘʨʽʡʥʠʭ 

ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ; 

ʆʙô̒ ʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʩʭʝʤʠ ʢʽʣʴʮʝʚʠʭ ʚʦʜʦʧʨʦʚʽʜʥʠʭ ʤʝʨʝʞ ʤʽʩʪʘ ʟ 

ʧʣʦʱʝʶ 864 ʛʘ. ʉʪʨʫʢʪʫʨʥʽ ʩʭʝʤʠ ʚʠʭʽʜʥʠʭ ʚʦʜʦʧʨʦʚʽʜʥʠʭ ʤʝʨʝʞ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1:  

ï ʩʭʝʤʘ ˉ1 ʩʢʣʘʜʘʻʪʴʩʷ ʟ 10 ʢʦʥʪʫʨʽʚ, 18 ʚʫʟʣʽʚ ʪʘ 27 ʜʽʣʷʥʦʢ;  

ï ʩʭʝʤʘ ˉ2 ï ʽʟ 8 ʢʦʥʪʫʨʽʚ, 15 ʚʫʟʣʽʚ ʪʘ 22 ʜʽʣʷʥʦʢ. 

ʉʭʝʤʠ ʚʠʭʽʜʥʠʭ ʤʝʨʝʞ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʜʽʣʷʥʦʢ ʪʘ ʢʽʣʴʢʽʩʪʶ 

ʢʽʣʝʮʴ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʚʣʘʰʪʫʚʘʥʥʷʤ ʧʝʨʝʤʠʯʦʢ ʤʽʞ ʤʘʛʽʩʪʨʘʣʷʤʠ. ɺ ʮʠʭ 

ʩʭʝʤʘʭ ʜʦʚʞʠʥʘ ʜʽʣʷʥʦʢ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʧʦʯʘʪʢʫ ʤʝʨʝʞʽ ʪʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 

ʾʾ ʢʽʥʮʽ. 

ɸʥʘʣʽʟ ʨʦʙʦʪʠ ʚʦʜʦʧʨʦʚʽʜʥʦʾ ʤʝʨʝʞʽ ʚ ʘʚʘʨʽʡʥʠʭ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʟʘ ʥʘʩʪʫʧʥʦʶ ʤʝʪʦʜʠʢʦʶ: 

ï ʚʠʢʦʥʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʚʠʭʽʜʥʠʭ ʤʝʨʝʞ ʟʘ ʩʭʝʤʘʤʠ 
ˉ1 ʪʘ ˉ2; 

mailto:dogoks@gmail.com
mailto:Dankevychsergei2021@gmail.com
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ï ʚʠʟʥʘʯʝʥʥʷ ʧôʻʟʦʤʝʪʨʠʯʥʠʭ ʧʦʟʥʘʯʦʢ ʫ ʚʫʟʣʘʭ ʤʝʨʝʞ ʟʘ ʩʭʝʤʘʤʠ ˉ1 
ʪʘ ˉ2 ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʽʜʨʘʚʣʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ;  

ï ʤʦʜʝʣʶʚʘʥʥʷ 10 ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʣʷ ʤʝʨʝʞʽ ʟʘ ʩʭʝʤʦʶ 
ˉ1: 1) ʜʽʣʷʥʢʠ 1-2 ʪʘ 2-3; 2) ʜʽʣʷʥʢʘ 4-7; 3) ʜʽʣʷʥʢʘ 7-10; 4) ʜʽʣʷʥʢʘ 10-13; 5) 

ʜ̔ ʣʷʥʢʠ 13-16 ʪʘ 16-17; 6)ʜʽʣʷʥʢʘ 2-8; 7) ʜʽʣʷʥʢʘ 5-8; 8) ʜʽʣʷʥʢʘ 8-11; 9) 

ʜʽʣʷʥʢʘ 11-14; 10)ʜʽʣʷʥʢʘ 14-17; ʤʦʜʝʣʶʚʘʥʥʷ 8 ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʽʚ ʜʣʷ 

ʤʝʨʝʞʽ ʟʘ ʩʭʝʤʦʶ ˉ2: 1) ʜʽʣʷʥʢʠ 1-2 ʪʘ 1-4; 2)ʜʽʣʷʥʢʘ 4-7; 3) ʜʽʣʷʥʢʘ 7-10; 

4) ʜʽʣʷʥʢʘ 10-13 ʪʘ 13-14; 5) ʜʽʣʷʥʢʘ 2-5; 6) ʜʽʣʷʥʢʘ 5-8; 7) ʜʽʣʷʥʢʘ 8-11; 8) 

ʜʽʣʷʥʢʘ 11-14;  

ï ʚʠʢʦʥʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʚʘʨʽʘʥʪʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʘʚʘʨʽʡʥʦʛʦ ʨʝʞʠʤʫ;  

ï ʚʠʟʥʘʯʝʥʥʷ ʚʽʣʴʥʠʭ ʪʠʩʢʽʚ ʫ ʚʫʟʣʘʭ ʤʝʨʝʞʽ ʚʽʜʥʦʩʥʦ ʚʫʟʣʘ 

ʧʨʠʻʜʥʘʥʥʷ ʚʦʜʦʚʦʜʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʚʘʨʽʘʥʪʫ ʤʦʜʝʣʶʚʘʥʥʷ ʘʚʘʨʽʡʥʦʛʦ 

ʨʝʞʠʤʫ; ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʧʣʦʱʽ ʟʦʥ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʪʠʩʢʫ ʜʣʷ 

ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛʠ [3, ʧ. 6.3.1]: 

ʆʮʽʥʢʘ ʥʘʜʽʡʥʦʩʪʽ ʤʝʨʝʞ ʧʨʦʚʦʜʠʣʘʩʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʠʞʝʥʥʷ ʧʦʜʘʯʽ 

ʪʘ ʧʣʦʱʽ ʟʦʥ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʪʠʩʢʫ ʧʽʜ ʯʘʩ ʘʚʘʨʽʡ. ʅʘʡʙʽʣʴʰʘ ʧʣʦʱʘ ʟʦʥ 

ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʪʠʩʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʘʚʘʨʽʷʭ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʜʽʣʷʥʢʘʭ: 

85,1% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ ʤʽʩʪʘ ʜʣʷ ʤʝʨʝʞʽ ʟʘ ʩʭʝʤʦʶ ˉ1 ʪʘ 89,0% ï ʜʣʷ 

ʤʝʨʝʞʽ ʟʘ ʩʭʝʤʦʶ ˉ2. 

ʗʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʫ 1, ʧʣʦʱʘ ʟʦʥ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʪʠʩʢʫ ʧʨʠ ʘʚʘʨʽʷʭ ʥʘ 

ʧʦʯʘʪʢʦʚʠʭ ʜʽʣʷʥʢʘʭ ʤʝʥʰʘ ʜʣʷ ʤʝʨʝʞʽ ʟʘ ʩʭʝʤʦʶ ˉ1. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʢʦʥʪʫʨʽʚ ʰʣʷʭʦʤ ʫʣʘʰʪʫʚʘʥʥʷ ʧʝʨʝʤʠʯʦʢ, ʱʦ 

ʟʤʝʥʰʫʻ ʜʦʚʞʠʥʫ ʜʽʣʷʥʦʢ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʟʘʛʘʣʴʥʠʡ ʦʧʽʨ ʤʝʨʝʞʽ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʪʴ ʧʨʦʻʢʪʥʠʤ ʚʽʜʜʽʣʘʤ 

ʢʦʤʫʥʘʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʝʪʘʧʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʚʠʟʥʘʯʠʪʠ ʥʘʡʙʽʣʴʰ 

ʝʢʦʥʦʤʽʯʥʠʡ ʚʘʨʽʘʥʪ ʪʨʘʩʫʚʘʥʥʷ ʤʝʨʝʞʽ, ʚʠʷʚʠʪʠ ʧʨʦʙʣʝʤʥʽ ʜʽʣʷʥʢʠ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʦʙʣʘʜʥʘʪʠ ʾʭ ʢʦʥʪʨʦʣʴʥʠʤ ʫʩʪʘʪʢʫʚʘʥʥʷʤ. 

ʈʦʟʫʤʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʦʜʠ 

ʤʦʞʝ ʟʥʘʯʥʦ ʩʧʨʠʷʪʠ ʚʽʜʥʦʚʣʝʥʥʶ ʤʽʩʴʢʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʟʤʝʥʰʝʥʥʶ 

ʟʘʣʝʞʥʦʩʪʽ ʤʽʩʪʘ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 
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ʈʠʩ. 1 ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʨʫʰʝʥʥʷ ʬʫʥʢʮʽʡ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚ 

ʤʝʨʝʞʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʦʜʠ 
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ʇʈɸɺʆɺɯ ɸʉʇɽʂʊʀ ɽʂʉʇɽʈʊʀɿʀ ʊɸ ʄʆʅɯʊʆʈʀʅɻʋ 

ɽʂʆʃʆɻɯʏʅʀʍ ɿɹʀʊʂɯɺ ɼʃʗ ʅɸɺʂʆʃʀʐʅʔʆɻʆ 

ʉɽʈɽɼʆɺʀʑɸ 
 

ɭʛʦʨʦʚ ɺʣʘʜʠʩʣʘʚ ɺʦʣʦʜʠʤʠʨʦʚʠʯ1 

1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, 

egorov.1977@email.ua 

 

 ɺ ʫʤʦʚʘʭ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʘʛʨʝʩʽʾ ʧʨʦʪʠ ʋʢʨʘʾʥʠ ʱʦ ʨʦʟʧʦʯʘʣʘʩʷ ʚʽʜ 

ʢʽʥʮʷ ʣʶʪʦʛʦ 2022 ʨ. ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ  ʩʭʽʜʥʠʭ ʪʘ ʧʽʚʜʝʥʥʠʭ ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ 

ʘ, ʪʘʢʦʞ,  ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʪʝʨʠʪʦʨʽʷ ɼʦʥʝʮʴʢʦʾ ʪʘ ʃʫʛʘʥʩʴʢʦʾ ʦʙʣʘʩʪʝʡ 

ʟʘʟʥʘʶʪʴ ʧʦʩʪʽʡʥʦʛʦ ʚʦʛʥʝʚʦʛʦ ʚʧʣʠʚʫ ʧʽʜ ʯʘʩ ʙʦʡʦʚʠʭ ʜʽʡ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʜʝʩʷʪʢʽʚ ʚʠʜʽʚ ʦʟʙʨʦʻʥʴ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʤʘʩʰʪʘʙʥʠʤʠ 

ʨʫʡʥʫʚʘʥʥʷʤʠ  ʮʠʚʽʣʴʥʦʾ ʪʘ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʘ ʡ ʧʦʩʠʣʝʥʠʤ 

ʨʫʡʥʽʚʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʜʦʚʢʽʣʣʷ.  ʊʦʤʫ, ʧʝʚʥʦʾ ʫʚʘʛʠ ʧʦʪʨʝʙʫʶʪʴ ʤʝʭʘʥʽʟʤʠ  

ʪʘ ʧʨʦʮʝʜʫʨʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ ʫʨʘʞʝʥʴ, ʾʭ ʤʘʡʙʫʪʥʴʦʛʦ 

ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ. ɿʜʽʡʩʥʠʪʠ ʮʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʦʟʚʦʣʷʻ ʜʽʶʯʘ ʥʦʨʤʘʪʠʚʥʘ ʙʘʟʘ, ʢʦʪʨʘ ʚʠʟʥʘʯʘʻ ʟʤʽʩʪ  ʝʢʩʧʝʨʪʠʟʠ ʪʘ 

ʤʦʥʽʪʦʨʠʥʛʫ  ʟʘʚʜʘʥʦʾ ʰʢʦʜʠ ʜʦʚʢʽʣʣʶ. ʗʢ ʟʘʟʥʘʯʘʻʪʴʩʷ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ,  ʜʦ 

2022 ʨ. ʝʢʦʣʦʛʽʯʥʘ ʝʢʩʧʝʨʪʠʟʘ ʻ  ʩʘʤʦʩʪʽʡʥʠʤ ʚʠʜʦʤ ʝʢʦʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ, 

ʤʽʩʪʠʪʴ ʩʫʚʦʨʦ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʝ ʟʥʘʯʝʥʥʷ, ʙʦ ʟʜʽʡʩʥʶʻʪʴʩʷ,  ʷʢ ʧʨʘʚʠʣʦ, ʜʦ 

ʧʦʯʘʪʢʫ ʜʽʷʣʴʥʦʩʪʽ, ʢʦʪʨʘ ʤʦʞʝ ʤʽʩʪʠʪʠ ʟʘʛʨʦʟʫ ʜʦʚʢʽʣʣʶ. ʇʨʘʢʪʠʢʘ ʾʾ 

ʟʜʽʡʩʥʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʪʨʠʚʘʻ ʙʽʣʴʰʝ 20 ʨʦʢʽʚ. 

ɻʦʣʦʚʥʠʤ ʧʨʝʜʤʝʪʦʤ ʝʢʩʧʝʨʪʠʟʠ ʜʦʪʝʧʝʨ ʙʫʣʠ, ʧʨʦʝʢʪʥʽ ʜʦʢʫʤʝʥʪʠ. 

ɿʘʛʘʣʦʤ, ʟʘʚʜʘʥʥʷʤ ʝʢʩʧʝʨʪʠʟʠ  ʚʠʟʥʘʚʘʣʠ ʚʠʚʯʝʥʥʷ ʨʽʚʥʷ ʚʧʣʠʚʫ 

ʰʢʽʜʣʠʚʠʭ ʥʘʩʣʽʜʢʽʚ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, 

ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ. ɼʦʩʣʽʜʞʫʚʘʚʩʷ  ʚʧʣʠʚ ʪʘʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʟʦʢʨʝʤʘ  

ʧʦʚôʷʟʘʥʠʭ ʟ ʥʝʶ ʩʦʮʽʘʣʴʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʽʥʰʠʭ ʚʧʣʠʚʽʚ ʥʘ ʝʢʦʣʦʛʽʯʥʫ 

ʙʝʟʧʝʢʫ ʩʫʩʧʽʣʴʩʪʚʘ. 

ʆʪʞʝ ʤʝʪʘ ʝʢʩʧʝʨʪʠʟʠ- ʚʠʟʥʘʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ (ʩʪʚʦʨʝʥʥʷ) 

ʦʙôʻʢʪʘ ʝʢʩʧʝʨʪʠʟʠ, ʘ  ʾʾ ʟʘʚʜʘʥʥʷʤ ʚʠʟʥʘʶʪʴ  ʧʦʧʝʨʝʜʥʶ ʦʮʽʥʢʫ ʩʪʫʧʝʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʰʢʦʜʠ, ʷʢʫ ʤʦʞʝ ʥʘʥʝʩʪʠ ʜʦʚʢʽʣʣʶ ʧʝʚʥʠʡ ʛʦʩʧʦʜʘʨʶʶʯʠʡ 

ʦʙôʻʢʪ. ʉʝʨʝʜ ʚʠʤʦʛ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʪʠʟʠ ʻ ʚʽʜʧʦʚʽʜʥʠʡ ʟʤʽʩʪ 

ʽʥʬʦʨʤʘʮʽʾ, ʾʾ ʜʦʩʪʦʚʽʨʥʽʩʪʴ, ʧʦʚʥʦʪʘ, ʥʝʟʘʣʝʞʥʽʩʪʴ ʝʢʩʧʝʨʪʽʚ ʘ, ʪʘʢʦʞ,  

ʥʘʫʢʦʚʘ ʦʙʛʨʫʥʪʦʚʘʥʽʩʪʴ, ʦʙôʻʢʪʠʚʥʽʩʪʴ  ʪʘ ʟʘʢʦʥʥʽʩʪʴ ʚʠʩʥʦʚʢʽʚ ʮʽʻʾ 

ʝʢʩʧʝʨʪʠʟʠ. 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ, ʪʝʨʤʽʥʠ ʪʘ ʾʭ ʚʠʟʥʘʯʝʥʥʷ ʚ ʤʘʪʝʨʽʘʣʘʭ ʦʮʽʥʢʠ 

ʚʧʣʠʚʽʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʤʦʞʫʪʴ ʙʫʪʠ ʟʜʽʡʩʥʝʥʽ ʥʘ ʧʽʜʩʪʘʚʽ 

ʽʥʞʝʥʝʨʥʦ-ʝʢʦʣʦʛʽʯʥʠʭ, ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʠʭ, ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʙʘʟʽ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʠʢ ʪʘ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ. ɺʠʭʽʜʥʠʤʠ 

ʜʘʥʠʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʦʮʽʥʢʠ ʻ ʫʩʽ ʥʘʷʚʥʽ ʬʦʥʦʚʽ ʜʘʥʽ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʘʥ ʜʦʚʢʽʣʣʷ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ. ʋ ʚʠʧʘʜʢʘʭ 

ʟʤʝʥʰʝʥʥʷ ʥʦʨʤʘʪʠʚʥʦʾ ʩʘʥʽʪʘʨʥʦ-ʟʘʭʠʩʥʦʾ ʟʦʥʠ  ʮʽ ʤʘʪʝʨʽʘʣʠ ʧʦʜʘʶʪʴʩʷ ʚ 
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ʦʙʩʷʟʽ, ʜʦʩʪʘʪʥʴʦʤʫ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ ʟʦʢʨʝʤʘ ʧʨʠ ʚʠʟʥʘʯʝʥʥʷ 

ʦʙʤʝʞʝʥʴ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʽʣʷʥʢʠ  [2 ,ʩ.10-15 ].   

ʉʣʽʜ ʥʘʛʦʣʦʩʠʪʠ, ʱʦ ʫʤʦʚʠ ʟʜʽʡʩʥʝʥʥʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ  

ʚʠʟʥʘʯʘʻ ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷè ʫ ʩʪʘʪʪʽ. 2  ʯ. 6 ʘ, 

ʪʘʢʦʞ , ʦʨʛʘʥʠ ʚʣʘʜʠ  (ʮʝʥʪʨʘʣʴʥʽ ʪʘ ʤʽʩʮʝʚʽ) ʱʦ  ʟʜʽʡʩʥʶʶʪʴ ʢʦʥʩʫʣʴʪʘʮʽʾ 

ʟ ʧʨʠʚʦʜʫ ʟʚʽʪʫ  ʟ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʘ  ʜʦʚʢʽʣʣʷ. ʊʘʢʦʞ, ʫ ʯ.3 ʩʪʘʪʪʽ 2 ʮʴʦʛʦ 

ʟʘʢʦʥʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʨʝʣʽʢ  ʩʫʙôʻʢʪʽʚ  ʦʮʽʥʢʠ -ʦʨʛʘʥʠ ʜʝʨʞʘʚʥʦʾ ʚʣʘʜʠ, 

ʦʨʛʘʥʠ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ, ʷʢʽ ʻ ʟʘʤʦʚʥʠʢʘʤʠ ʧʣʘʥʦʚʘʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʽ ʜʣʷ ʮʽʣʝʡ ʮʴʦʛʦ ʟʘʢʦʥʫ ʧʨʠʨʽʚʥʶʶʪʴʩʷ ʜʦ ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ. 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʫʧʦʚʥʦʚʘʞʝʥʠʡ ʮʝʥʪʨʘʣʴʥʠʡ ʦʨʛʘʥ, ʫʧʦʚʥʦʚʘʞʝʥʽ 

ʪʝʨʠʪʦʨʽʘʣʴʥʽ ʦʨʛʘʥʠ, ʽʥʰʽ ʦʨʛʘʥʠ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ, ɺʝʨʭʦʚʥʘ ʈʘʜʘ 

ɸʚʪʦʥʦʤʥʦʾ ʈʝʩʧʫʙʣʽʢʠ ʂʨʠʤ, ʈʘʜʘ ʤʽʥʽʩʪʨʽʚ ɸʚʪʦʥʦʤʥʦʾ ʈʝʩʧʫʙʣʽʢʠ ʂʨʠʤ.    

ʉʪʘʪʪʷ 10 ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷè ʧʝʨʝʜʙʘʯʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʤʠ ʦʨʛʘʥʘʤʠ ʝʢʧʝʨʪʥʠʭ ʢʦʤʽʩʽʡ  ʟ ʦʮʽʥʢʠ ʚʧʣʠʚʫ 

ʥʘ ʜʦʚʢʽʣʣʷ, ʧʦʣʦʞʝʥʥʷ ʧʨʦ ʚʠʤʦʛʠ ʜʦ ʾʭʥʴʦʛʦ ʩʢʣʘʜʫ, ʟʦʢʨʝʤʘ ʡ ʚʠʤʦʛ 

ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ "ʇʨʦ ʟʘʧʦʙʽʛʘʥʥʷ ʢʦʨʫʧʮʽʾ". 

ɺʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʝʢʩʧʝʨʪʥʠʭ ʟʘʭʦʜʽʚ ʻ, ʪʘʢʦʞ,  ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʨʤ 

ʟʘʢʦʥʦʜʘʚʩʪʚʘ, ʢʦʪʨʝ ʥʝ ʤʘʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʩʪʦʩʫʥʢʫ ʜʦ ʦʭʦʨʦʥʠ ʧʨʠʨʦʜʠ 

. ʉʝʨʝʜ ʮʠʭ ʟʘʢʦʥʽʚ ʚʠʜʽʣʷʶʪʴ  ʎʠʚʽʣʴʥʠʡ ʢʦʜʝʢʩ ʋʢʨʘʾʥʠ; ɿʘʢʦʥ ʋʢʨʘʾʥʠ 

çʇʨʦ ʟʘʭʠʩʪ ʥʘʩʝʣʝʥʥʷ ʽ ʪʝʨʠʪʦʨʽʡ ʚʽʜ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʫè; ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʽʥʬʦʨʤʘʮʽʶè; ɿʘʢʦʥ 

ʋʢʨʘʾʥʠ çʇʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʜʝʨʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʨʘʜʽʘʮʽʡʥʫ ʙʝʟʧʝʢʫè; ɿʘʢʦʥ 

ʋʢʨʘʾʥʠ çʇʨʦ ʤʝʣʽʦʨʘʮʽʶ ʟʝʤʝʣʴè; ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʦʭʦʨʦʥʫ ʧʨʘʮʽè; 

ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʪʨʘʥʩʧʦʨʪè; ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʽʥʚʝʩʪʠʮʽʡʥʫ 

ʜʽʷʣʴʥʽʩʪʴè; ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʧʣʘʪʫ ʟʘ ʟʝʤʣʶè [ 10, ʩ.45 ]. 
ʅʘʩʣʽʜʢʦʤ ʝʢʩʧʝʨʪʠʟʠ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʤʘʩʠʚʫ ʜʘʥʠʭ ʪʘ ʡʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ  ʥʘʜʘʥʥʷ ʾʡ 

ʩʪʘʪʫʩʫ  ʪʝʨʠʪʦʨʽʾ ʟ ʥʘʜʟʚʠʯʘʡʥʦʶ ʝʢʦʣʦʛʽʯʥʦʶ ʩʠʪʫʘʮʽʻʶ. ɿʚʝʨʪʘʻʪʴʩʷ  

ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʡ ʥʘ ʤʝʭʘʥʽʟʤ ʚʠʟʥʘʥʥʷ ʪʝʨʠʪʦʨʽʾ /ʤʽʩʮʝʚʦʩʪʽ  ʚ ʢʦʪʨʽʡ  ʻ 

ʥʘʜʟʚʠʯʘʡʥʘ ʝʢʦʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ. 

ʆʛʦʣʦʰʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʟʦʥʦʶ ʥʘʜʟʚʠʯʘʡʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʾʾ ʦʛʦʣʦʰʝʥʥʷ ʇʨʝʟʠʜʝʥʪʦʤ ʋʢʨʘʾʥʠ ʟʘ ʧʨʦʧʦʟʠʮʽʻʶ 

ʈʘʜʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʽ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ ʘʙʦ ʟʘ ʧʦʜʘʥʥʷʤ ʂʘʙʽʥʝʪʫ 

ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ. ʄʽʩʮʝʚʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʦʛʦʣʦʰʝʥʦʶ ʟʦʥʦʶ ʥʘʜʟʚʠʯʘʡʥʦʾ 

ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʰʣʷʭʦʤ ʚʠʜʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʫʢʘʟʫ ʧʨʝʟʠʜʝʥʪʘ ʪʘ  

ʟʘʪʚʝʨʜʞʝʥʦʶ ɺʝʨʭʦʚʥʦʶ ʈʘʜʦʶ ʋʢʨʘʾʥʠ ʫʧʨʦʜʦʚʞ ʜʚʦʭ ʜʥʽʚ. ɺ ʫʢʘʟʽ 

ʦʙʛʨʫʥʪʦʚʫʶʪʴʩʷ ʧʨʠʯʠʥʠ, ʦʙʩʪʘʚʠʥʠ, ʤʝʞʽ ʪʝʨʠʪʦʨʽʾ, ʟʦʥʠ ʥʘʜʟʚʠʯʘʡʥʦʾ 

ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʝʦʙʭʽʜʥʽ ʟʘʭʦʜʠ, ʢʦʪʨʽ ʤʘʶʪʴ ʙʫʪʠ 

ʟʜʽʡʩʥʝʥʽ ʜʣʷ ʾʾ ʧʦʜʦʣʘʥʥʷ. ɿʤʽʩʪ ʮʠʭ ʜʦʢʫʤʝʥʪʽʚ  ʧʦʚʠʥʝʥ ʥʝʛʘʡʥʦ ʙʫʪʠ 

ʜʦʚʝʜʝʥʠʡ ʜʦ ʚʽʜʦʤʘ ʥʘʩʝʣʝʥʥʷ ʯʝʨʝʟ ɿʄɯ ʪʘ ʩʠʩʪʝʤʫ ʦʧʦʚʽʱʝʥʥʷ ʮʠʚʽʣʴʥʦʾ 

ʦʙʦʨʦʥʠ[1 ,ʩ.59 ]. 

 ɺʢʘʟʘʥʽ ʨʘʥʽʰʝ ʧʽʜʩʪʘʚʠ ʪʘ ʫʤʦʚʠ ʢʦʪʨʽ ʚʠʟʥʘʯʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʦʛʦʣʦʰʝʥʥʷ ʧʝʚʥʦʾ ʤʽʩʮʝʚʦʩʪʽ ʟʦʥʦʶ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ  ʚʠʟʥʘʯʝʥʽ   ʚ ʩʪ. 
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3, 5 ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʟʦʥʫ ʥʘʜʟʚʠʯʘʡʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾè ʜʝ 

ʚʠʟʥʘʯʝʥʦ , ʱʦ ʟʘ ʫʤʦʚʠ ʟʥʘʯʥʦʛʦ ʧʝʨʝʚʠʱʝʥʥʷ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʥʦʨʤ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʠʥʠʢʥʝʥʥʷ  

ʨʝʘʣʴʥʦʾ ʟʘʛʨʦʟʠ ʞʠʪʪʶ ʪʘ ʟʜʦʨʦʚ'ʶ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ ʘʙʦ ʟʘʧʦʜʽʷʥʥʷ 

ʟʥʘʯʥʦʾ ʤʘʪʝʨʽʘʣʴʥʦʾ ʰʢʦʜʠ ʶʨʠʜʠʯʥʠʤ, ʬʽʟʠʯʥʠʤ ʦʩʦʙʘʤ, ʥʝʤʦʞʣʠʚʦʩʪʽ 

ʫʩʫʥʫʪʠ  ʥʝʛʘʪʠʚʥʽ ʟʤʽʥʠ, ʱʦ ʩʪʘʣʠʩʷ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʧʨʠʨʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʙʝʟ ʜʝʨʞʘʚʥʦʛʦ ʚʪʨʫʯʘʥʥʷ,  ʘʙʦ ʢʦʪʨʽ ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʶʪʴ ʘʙʦ 

ʚʠʢʣʶʯʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʞʠʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʽ ʧʨʦʚʘʜʞʝʥʥʷ 

ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʧʝʚʥʽʡ ʪʝʨʠʪʦʨʽʾ  ʤʦʞʝ ʙʫʪʠ ʦʛʦʣʦʰʝʥʦ ʩʪʘʥ 

ʥʘʜʟʚʠʯʘʡʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ. 

ɺʽʜʧʦʚʽʜʥʝ ʨʽʰʝʥʥʷ ʧʨʦ ʦʛʦʣʦʰʝʥʥʷ ʪʘʢʦʛʦ ʩʪʘʥʫ ʟʛʽʜʥʦ ʟ ʩʪ.10 ʮʴʦʛʦ 

ʟʘʢʦʥʫ ʧʝʨʝʜʙʘʯʘʻ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʧʨʘʚʦʚʦʛʦ ʨʝʞʠʤʫ ʟʦʥʠ ʥʘʜʟʚʠʯʘʡʥʦʾ 

ʩʠʪʫʘʮʽʾ ʪʘ ʧʝʨʝʜʙʘʯʝʥʥʷ ʚʠʜʽʣʝʥʥʷ ʢʦʰʪʽʚ ʜʝʨʞʙʶʜʞʝʪʫ. ɺ ʧʦʜʘʣʴʰʦʤʫ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪ. 11 ʟʛʘʜʘʥʦʛʦ ʟʘʢʦʥʫ ʋʢʨʘʾʥʠ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʪʘʥʦʤ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ, ʟʙʽʨ ʪʘ ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʮʶ ʟʦʥʫ, ʘ ʩʪ. 12 ʧʝʨʝʜʙʘʯʘʻ  ʚʩʪʘʥʦʚʣʝʥʥʷ  ʦʙʤʝʞʝʥʥʷ  ʱʦʜʦ ʧʝʚʥʠʭ ʚʠʜʽʚ 

ʜʽʷʣʴʥʦʩʪʽ ʥʘ  ʪʘʢʽʡ ʪʝʨʠʪʦʨʽʾ. ʇʦʜʦʣʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʢʨʠʟʦʚʦʾ ʝʢʦʣʦʛʽʯʥʦʾ 

ʩʠʪʫʘʮʽʾ ʧʝʨʝʜʙʘʯʘʻ  ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪ.15 ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʟʦʥʫ 

ʥʘʜʟʚʠʯʘʡʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾè ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʧʦʩʪʨʘʞʜʘʣʠʤ, ʘ,ʪʘʢʦʞ, 

ʦʧʣʘʪʫ ʧʨʘʮʽ ʛʨʦʤʘʜʷʥʘʤ ʟʘʣʫʯʝʥʠʭ ʜʦ ʧʨʦʮʝʩʫ ʧʦʜʦʣʘʥʥʷ ʮʠʭ ʰʢʽʜʣʠʚʠʭ 

ʥʘʩʣʽʜʢʽʚ[  3]. 
ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ  çʇʨʦ ʟʦʥʫ ʥʘʜʟʚʠʯʘʡʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾè ʪʘʢʦʞ 

ʧʝʨʝʜʙʘʯʝʥʦ, ʟʛʽʜʥʦ ʟ ʩʪ.17,  ʤʽʞʥʘʨʦʜʥʝ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ ʜʝʨʞʘʚʠ ʋʢʨʘʾʥʘ 

ʫ ʩʬʝʨʽ ʧʦʧʝʨʝʜʞʝʥʥʷ, ʣʽʢʚʽʜʘʮʽʾ ʥʘʩʣʽʜʢʽʚ  ʥʘʜʟʚʠʯʘʡʥʠʭ  ʝʢʦʣʦʛʽʯʥʠʭ 

ʩʠʪʫʘʮʽʡ ʪʘ ʥʘʜʘʥʥʷ ʚʟʘʻʤʥʦʾ ʜʦʧʦʤʦʛʠ  ʚʽʜʧʦʚʽʜʥʦ ʜʦ   ʤʽʞʥʘʨʦʜʥʠʭ 

ʜʦʛʦʚʦʨʽʚ  ʪʘ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʋʢʨʘʾʥʠ[ 3 ].  ʆʪʞʝ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʠʪʘʥʥʷ 

ʦʮʽʥʢʠ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʋʢʨʘʾʥʽ ʨʝʛʫʣʶʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ 

ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʚʽʜʧʦʚʽʜʥʫ ʝʢʩʧʝʨʪʠʟʫ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ 

ʜʦʚʢʽʣʣʷ, ʘ ʡ çʂʦʥʚʝʥʮʽʻʶ ʧʨʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʫ 

ʪʨʘʥʩʢʦʨʜʦʥʥʦʤʫ ʢʦʥʪʝʢʩʪʽè, ʱʦ ʙʫʣʘ ʨʘʪʠʬʽʢʦʚʘʥʘ  ʋʢʨʘʾʥʦʶ 19.03.1999 ʨ. 

ɿ ʪʦʛʦ ʯʘʩʫ ʋʢʨʘʾʥʘ ʧʨʠʻʜʥʘʣʘʩʷ ʜʦ ʛʨʫʧʠ 40 ʢʨʘʾʥ ʢʦʪʨʽ ʚʧʨʦʚʘʜʠʣʠ ʫ ʩʝʙʝ 

ʜʽʶ ʧʦʣʦʞʝʥʴ ʢʦʥʚʝʥʮʽʾ. ʎʝʡ ʜʦʢʫʤʝʥʪ (ʩʪ.3, ʧ.1) ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʚʽʜʦʤʣʝʥʥʷ  ʢʨʘʾʥʦʶ ʧʨʦ ʤʦʞʣʠʚʠʡ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ, 

ʢʦʪʨʦʛʦ ʤʦʞʫʪʴ ʟʘʟʥʘʪʠ ʽʥʰʽ ʢʨʘʾʥʠ, ʚʢʣʶʯʘʶʯʠ ʽʥʬʦʨʤʘʮʽʶ ʷʢʘ ʩʪʦʩʫʻʪʴʩʷ 

ʧʨʦʮʝʜʫʨʠ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʤʦʞʣʠʚʫ ʜʽʷʣʴʥʽʩʪʴ ʪʘ ʾʾ ʤʦʞʣʠʚʠʡ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ( ʩʪ.3 ʧ.5). ʉʪʘʪʪʷ 9 

ʂʦʥʚʝʥʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʨʦʙʢʫ ʧʨʦʛʨʘʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʽʚ ʥʘ ʜʦʚʢʽʣʣʷ,  

ʘ, ʪʘʢʦʞ, ʩʪ.11 ʂʦʥʚʝʥʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʨʦʙʢʫ ʤʝʪʦʜʦʣʦʛʽʾ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ  

ʚʠʢʦʥʘʥʥʷ ʾʾ ʧʦʣʦʞʝʥʴ [ 7 ]. 

ɺʘʨʪʦ, ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʦʩʽʡʩʴʢʘ ʬʝʜʝʨʘʮʽʷ ʧʨʠʯʝʪʥʘ ʜʦ ʯʠʩʝʣʴʥʠʭ 

ʟʙʠʪʢʽʚ ʋʢʨʘʾʥʠ  ʫ ʮʠʚʽʣʴʥʽʡ, ʢʨʠʪʠʯʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ  ʪʘ ʜʦʚʢʽʣʣʶ  

ʟʘʚʜʘʥʠʭ ʟʘ ʦʩʪʘʥʥʽ 2 ʨʦʢʠ ʥʝ ʨʘʪʠʬʽʢʫʚʘʣʘ ʧʽʜʧʠʩʘʥʫ ʱʝ ʫ ʯʝʨʚʥʽ 1991 ʨ. 

ʂʦʥʚʝʥʮʽʶ, ʘ ʩʧʨʦʙʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʘʥʢʮʽʡ ʜʦ ʮʽʻʾ ʜʝʨʞʘʚʠ ʫ  ʛʨʫʜʥʽ 2018 ʨ. 
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ʟʘ ʧʦʨʫʰʝʥʥʷ ʩʪ. 2-7 ʮʽʻʾ ʂʦʥʚʝʥʮʽʾ  ʰʣʷʭʦʤ ʟʚʝʨʥʝʥʥʷ ʜʦ ɸʨʙʽʪʨʘʞʫ  ʫ 

ʧʝʨʽʦʜ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ  ʧʦʙʫʜʦʚʠ ʂʨʠʤʩʴʢʦʛʦ ʤʦʩʪʫ ʫʩʧʽʭʫ ʥʝ ʤʘʣʠ  [ 9  ] . 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʽʾ ʮʽʻʾ ʢʨʘʾʥʠ ʦʢʨʽʤ ʩʫʤʥʦʟʚʽʩʥʠʭ ʧʦʜʽʡ ʨʫʡʥʫʚʘʥʥʷ 

ʂʘʭʦʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʡ ʚ ʧʦʜʘʣʴʰʦʤʫ  ʤʘʶʪʴ ʟʘʛʨʦʟʣʠʚʽ ʧʝʨʩʧʝʢʪʠʚʠ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ, ʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, 

ʟʦʢʨʝʤʘ ʰʣʷʭʦʤ ʧʦʨʫʰʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ɿʘʧʦʨʽʟʴʢʦʾ ɸɽʉ[ 8  ].   

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʠʪʘʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʟʘ ʪʝʨʠʪʦʨʽʻʶ 

ʩʪʘʪʫʩʫ ʪʝʨʠʪʦʨʽʾ ʟ ʥʘʜʟʚʠʯʘʡʥʦʶ ʝʢʦʣʦʛʽʯʥʦʶ ʩʠʪʫʘʮʽʻʶ ʚʠʤʘʛʘʻ 

ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʢʘʟʘʥʦʾ ʜʽʣʷʥʢʠ ʥʘ  ʧʨʝʜʤʝʪ ʾʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʚʠʤʦʛʘʤ ʷʢʦʩʪʽ ʙʝʟʧʝʯʥʦʛʦ  ʧʨʦʞʠʚʘʥʥʷ. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʩʚʽʪʣʶʻʪʴʩʷ, ʱʦ 

ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʩʥʫʶʯʠʭ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ 

ʩʪʨʫʢʪʫʨ ʩʫʙᾷʻʢʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʬʫʥʢʮʽʦʥʫʻ ʥʘ ʦʩʥʦʚʽ ʻʜʠʥʦʛʦ 

ʥʦʨʤʘʪʠʚʥʦʛʦ, ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ, ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ, ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʦʙᾷʻʜʥʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʪʘ ʫʥʽʬʽʢʦʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʮʽʻʾ ʩʠʩʪʝʤʠ. ɺʦʜʥʦʯʘʩ, ʦʨʛʘʥʽʟʘʮʽʡʥʘ ʽʥʪʝʛʨʘʮʽʷ ʩʫʙᾷʻʢʪʽʚ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʄʽʥʝʢʦʝʥʝʨʛʦ ʪʘ ʦʙʣʘʩʥʠʤʠ ʜʝʨʞʘʚʥʠʤʠ 

ʘʜʤʽʥʽʩʪʨʘʮʽʷʤʠ . 

ʊʘʢʦʞ ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ  ʤʦʥʽʪʦʨʠʥʛ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ  ʻʜʠʥʦʾ 

ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʦʾ ʙʘʟʠ ʱʦʜʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ, ʜʞʝʨʝʣ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʠʭ, 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʫʥʽʬʽʢʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʜʦʚʢʽʣʣʷ. ɺʦʜʥʦʯʘʩ,  ʤʝʪʦʜʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙᾷʻʜʥʘʥʥʷ ʩʢʣʘʜʦʚʠʭ 

ʯʘʩʪʠʥ ʽ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʢʣʘʜʘʻʪʴʩʷ ʥʘ ʄʽʥʝʢʦʝʥʝʨʛʦ ʽʟ 

ʟʘʣʫʯʝʥʥʷʤ ʩʫʙôʻʢʪʽʚ ʮʽʻʾ ʩʠʩʪʝʤʠ. ɺ ʮʝʡ ʧʨʦʮʝʩ ʪʘʢʦʞ ʟʘʣʫʯʘʻʪʴʩʷ  

ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʥʘʫʢ, ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʘʛʨʘʨʥʠʭ ʥʘʫʢ, ɼʝʨʞʘʚʥʝ 

ʂʦʩʤʽʯʥʝ ʘʛʝʥʩʪʚʦ ʋʢʨʘʾʥʠ, ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʟʚᾷʷʟʢʫ ʪʘ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ. 

ʄʝʪʨʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙᾷʻʜʥʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʽ 

ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʻʜʠʥʦʾ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʾ ʧʦʣʽʪʠʢʠ ʱʦʜʦ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʤʝʪʨʦʣʦʛʽʾ ʪʘ ʩʝʨʪʠʬʽʢʘʮʽʾ 

ʦʙʣʘʜʥʘʥʥʷ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʻʜʠʥʦʾ ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʥʦʾ 

ʙʘʟʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽ ʧʦʨʽʚʥʷʥʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ.  

ʄʽʥʝʢʦʝʥʝʨʛʦ ʨʘʟʦʤ ʟ ɼʝʨʞʘʚʥʦʶ ʩʣʫʞʙʦʶ ʟ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʽʥʰʽ 

ʩʫʙᾷʻʢʪʠ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʚʩʪʘʥʦʚʣʶʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʨʝʛʣʘʤʝʥʪʠ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʠʤʠ ʦʙᾷʻʢʪʘʤʠ, ʢʨʠʪʝʨʽʾ ʚʠʟʥʘʯʝʥʥʷ 

ʽ ʚʪʨʫʯʘʥʥʷ ʫ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʘʙʦ ʟʘʛʨʦʟʠ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʪʫʘʮʽʡ.     

ʄʽʥʝʢʦʝʥʝʨʛʦ ʨʘʟʦʤ ʟ ɼʉʅʉ ʾʭʥʽ ʩʪʨʫʢʪʫʨʥʽ ʦʨʛʘʥʠ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚʩʪʘʥʦʚʣʶʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʨʝʛʣʘʤʝʥʪʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ 

ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʠʤʠ ʦʙᾷʻʢʪʘʤʠ, ʢʨʠʪʝʨʽʾ ʚʠʟʥʘʯʝʥʥʷ ʽ ʚʪʨʫʯʘʥʥʷ ʫ ʨʘʟʽ 

ʚʠʥʠʢʥʝʥʥʷ ʘʙʦ ʟʘʛʨʦʟʠ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʪʫʘʮʽʡ. 

ʆʨʛʘʥʠ ɼʝʨʞʛʝʦʢʘʜʘʩʪʨʫ ʥʘʜʘʶʪʴ ʫʩʽʤ ʟʘʮʽʢʘʚʣʝʥʠʤ ʩʫʙᾷʻʢʪʘʤ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʫ, ʩʪʨʫʢʪʫʨʫ 
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ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʟʝʤʝʣʴ, ʟʘʭʦʜʠ ʱʦʜʦ ʟʘʧʦʙʽʛʘʥʥʷ 

ʥʝʛʘʪʠʚʥʠʤ ʧʨʦʮʝʩʘʤ ʽ ʣʽʢʚʽʜʘʮʽʾ ʾʭ ʥʘʩʣʽʜʢʽʚ.  ʄʽʥʝʢʦʝʥʝʨʛʦ, ɼʉʅʉ ʪʘ ʾʭ 

ʪʝʨʠʪʦʨʽʘʣʴʥʽ ʦʨʛʘʥʠ  ʟʦʙʦʚôʷʟʘʥʽ  ʟʜʽʡʩʥʶʚʘʪʠ ʦʧʝʨʘʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʬʦʨʤʘʮʽʻʶ, ʦʜʝʨʞʘʥʦʶ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ. [ 6,ʩ.15-18 ]   

ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʛʽʜʥʦ ʟ ʉʪ.17 2-2 ʪʠʤʯʘʩʦʚʦ, ʥʘ ʧʝʨʽʦʜ ʜʽʾ 

ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʚʚʝʜʝʥʦʛʦ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ 

"ʇʨʦ ʚʚʝʜʝʥʥʷ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʚ ʋʢʨʘʾʥʽ" ʚʽʜ 24 ʣʶʪʦʛʦ 2022 ʨʦʢʫ ˉ 

64/2022, ʟʘʪʚʝʨʜʞʝʥʠʤ ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ "ʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʋʢʘʟʫ 

ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ "ʇʨʦ ʚʚʝʜʝʥʥʷ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʚ ʋʢʨʘʾʥʽ" ʚʽʜ 24 ʣʶʪʦʛʦ 

2022 ʨʦʢʫ ˉ 2102-IX, ʟʘʟʥʘʯʝʥʦ, ʱʦ ʫ ʮʝʡ ʧʝʨʽʦʜ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ 

ʧʣʘʥʦʚʘʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʧʨʦʚʘʜʠʪʠʤʝʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ 

ʛʨʦʤʘʜ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʨʘʡʦʥʽ ʧʨʦʚʝʜʝʥʥʷ ʚʦʻʥʥʠʭ (ʙʦʡʦʚʠʭ) ʜʽʡ ʘʙʦ ʷʢʽ 

ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʪʠʤʯʘʩʦʚʽʡ ʦʢʫʧʘʮʽʾ, ʦʪʦʯʝʥʥʽ (ʙʣʦʢʫʚʘʥʥʽ), ʥʝ ʟʜʽʡʩʥʶʻʪʴʩʷ, 

ʩʪʨʦʢʠ ʨʦʟʛʣʷʜʫ ʧʦʜʘʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʟʫʧʠʥʷʶʪʴʩʷ, ʚʠʩʥʦʚʢʠ ʟ ʦʮʽʥʢʠ 

ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʱʦʜʦ ʪʘʢʦʾ ʧʣʘʥʦʚʘʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʝ ʚʠʜʘʶʪʴʩʷ. ɿʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʫʙôʻʢʪ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʟ ʚʣʘʩʥʦʾ ʽʥʽʮʽʘʪʠʚʠ ʤʘʻ ʧʨʘʚʦ 

ʽʥʽʮʽʶʚʘʪʠ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʧʣʘʥʦʚʘʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ 

ʪʝʨʠʪʦʨʽʷʭ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʨʘʡʦʥʽ ʧʨʦʚʝʜʝʥʥʷ 

ʚʦʻʥʥʠʭ (ʙʦʡʦʚʠʭ) ʜʽʡ, ʘʣʝ ʟʘ ʫʤʦʚʠ, ʱʦ ʥʘ ʪʝʨʠʪʦʨʽʾ ʪʘʢʦʾ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ 

ʛʨʦʤʘʜʠ ʟʜʽʡʩʥʶʶʪʴ ʩʚʦʾ ʧʦʚʥʦʚʘʞʝʥʥʷ ʦʨʛʘʥʠ ʜʝʨʞʘʚʥʦʾ ʚʣʘʜʠ ʋʢʨʘʾʥʠ ʪʘ 

ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʮʴʦʛʦ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ  ʇʨʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ [ 

5 ]. 

ʆʪʞʝ, ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʟʦʥʠ ʙʦʡʦʚʠʭ ʜʽʡ  ʚʽʜʧʦʚʽʜʥʦ  ʥʝ 

ʜʽʻ ʩʪʘʪʪʽ15. ʧʨʦ  ʚ̔ ʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʧʦʨʫʰʝʥʥʷ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʧʨʦ ʦʮʽʥʢʫ 

ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ, ʟʦʢʨʝʤʘ ʧ.5 ʧʨʦ ʥʝʟʘʢʦʥʥʝ ʚʪʨʫʯʘʥʥʷ ʫ ʧʽʜʛʦʪʦʚʢʫ ʪʘ 

ʥʘʜʘʥʥʷ ʚʠʩʥʦʚʢʫ ʟ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ. ʊʘʢʦʞ  ʥʝ ʜʽʻ  ʧ. 2 ʩʪʘʪʪʽ 15 

ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʦʩʦʙʠ ʚʠʥʥʽ ʚ ʧʦʨʫʰʝʥʥʽ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʧʨʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʥʘ 

ʜʦʚʢʽʣʣʷ, ʧʨʠʪʷʛʘʶʪʴʩʷ ʜʦ ʜʠʩʮʠʧʣʽʥʘʨʥʦʾ, ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ, ʮʠʚʽʣʴʥʦʾ ʯʠ 

ʢʨʠʤʽʥʘʣʴʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ. 
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: https: //  petition.  president.gov.ua/petition/48973   

10. ʌʝʢʝʪʘ ɯ.ʖ.ʄʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʢʫʨʩʫ çɽʢʦʣʦʛʽʯʥʘ 

ʝʢʩʧʝʨʪʠʟʘ ʽ ʘʫʜʠʪè (ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ 

ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ 014.07 ʉʝʨʝʜʥʷ ʦʩʚʽʪʘ (ɻʝʦʛʨʘʬʽʷ), 106 ñɻʝʦʛʨʘʬʽʷ òï

ʋʞʛʦʨʦʜ: ɺʠʜʘʚʥʠʮʪʚʦ ʌʆʇ ɹʨʝʟʘ ɸ.ɽ., 2016.ï70 ʩ. 

 

ɿɽʃɽʅɽ ɹʋɼɯɺʅʀʎʊɺʆ ʗʂ ʂʆʅʂʋʈɽʅʊʅɸ ʇɽʈɽɺɸɻɸ 

ɹʋɼɯɺɽʃʔʅʆɰ ʂʆʄʇɸʅɯɰ 

 

ɭʨʽʩʪʦʚ ɼʝʥʠʩ  ʄʠʢʦʣʘʡʦʚʠʯ1 

1ɼʝʨʞʘʚʥʠʡ ʪʦʨʛʦʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ, ʊʆɺ çʉʪʦʬʬʤʘʨʢè 

d.yeristov@knute.edu.ua 

 

ɺ 21 ʩʪʦʣʽʪʪʽ ʨʽʟʥʦʤʘʥʽʪʥʘ ʘʥʪʨʦʧʦʛʝʥʥʘ ʜʽʷʣʴʥʽʩʪʴ ʫ ʨʽʟʥʠʭ ʩʝʢʪʦʨʘʭ 

ʩʚʽʪʦʚʦʾ ʝʢʦʥʦʤʽʢʠ ʤʘʻ ʥʠʟʢʫ ʧʦʪʝʥʮʽʡʥʠʭ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʜʣʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʉʝʢʪʦʨ ʘʨʭʽʪʝʢʪʫʨʠ, ʽʥʞʝʥʝʨʽʾ ʪʘ ʙʫʜʽʚʥʠʮʪʚʘ 

https://zakon.rada.gov.ua/laws/show/3505-20#n44
https://zakon.rada.gov.ua/laws/show/534-14
https://zakon.rada.gov.ua/laws/show/995_272#Text
https://mev.gov.ua/novyna/rada-keruyuchykh-mahate-skhvalyla-rezolyutsiyu-pro-terminove-povernennya-zaporizkoyi-aes-pid
https://mev.gov.ua/novyna/rada-keruyuchykh-mahate-skhvalyla-rezolyutsiyu-pro-terminove-povernennya-zaporizkoyi-aes-pid
https://mev.gov.ua/novyna/rada-keruyuchykh-mahate-skhvalyla-rezolyutsiyu-pro-terminove-povernennya-zaporizkoyi-aes-pid
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ʥʝ ʻ ʚʠʥʷʪʢʦʤ, ʘ ʥʘʚʧʘʢʠ, ʩʧʨʠʷʻ ʚʠʨʽʰʝʥʥʶ ʮʽʻʾ ʧʨʦʙʣʝʤʠ, ʦʩʢʽʣʴʢʠ ʥʘ 

ʙʫʜʽʚʣʽ ʧʨʠʧʘʜʘʻ ʙʣʠʟʴʢʦ 40% ʩʚʽʪʦʚʠʭ ʢʽʥʮʝʚʠʭ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʪʘ ʚʠʢʠʜʽʚ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ (ʇɻ), ʦʩʦʙʣʠʚʦ ʚ ʝʧʦʭʫ ʩʪʨʽʤʢʦʾ ʫʨʙʘʥʽʟʘʮʽʾ ( ʥʘʧʨʠʢʣʘʜ [1; 

2]). ɾʘʭʣʠʚʽ ʥʘʩʣʽʜʢʠ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʚʠʢʣʠʢʘʣʠ ʛʣʦʙʘʣʴʥʝ ʟʘʥʝʧʦʢʦʻʥʥʷ ʪʘ 

ʫʟʛʦʜʞʝʥʽ ʟʫʩʠʣʣʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʩʠʣʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ. 

ʏʘʩʪʠʥʦʶ ʮʠʭ ʦʙ'ʻʜʥʘʥʠʭ ʟʫʩʠʣʴ ʻ ʨʦʟʚʠʪʦʢ ʢʦʥʮʝʧʮʽʾ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, 

ʷʢʘ ʚʠʥʠʢʣʘ ʚ ʨʝʟʫʣʴʪʘʪʽ "ʝʥʝʨʛʝʪʠʯʥʦʾ ʢʨʠʟʠ" ʪʘ "ʟʝʣʝʥʦʾ ʨʝʚʦʣʶʮʽʾ" ʫ 70-ʭ 

ʪʘ 80-ʭ ʨʦʢʘʭ ʚʽʜʧʦʚʽʜʥʦ [3].  

ɼʣʷ ʧʦʟʥʘʯʝʥʥʷ çʟʝʣʝʥʦʾè ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʚ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ  

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʪʝʨʤʽʥʠ. ʎʽ ʪʝʨʤʽʥʠ ʚʢʣʶʯʘʶʪʴ "ʟʝʣʝʥʝ 

ʙʫʜʽʚʥʠʮʪʚʦ", "ʩʪʽʡʢʝ ʙʫʜʽʚʥʠʮʪʚʦ", "ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʝ ʙʫʜʽʚʥʠʮʪʚʦ", "ʩʪʘʣʠʡ 

ʜʠʟʘʡʥ", "ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʘ ʙʫʜʽʚʣʷ", "ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʘ ʙʫʜʽʚʣʷ", "ʜʠʟʘʡʥ 

ʚʩʽʻʾ ʙʫʜʽʚʣʽ" ʪʘ "ʽʥʪʝʛʨʦʚʘʥʠʡ ʜʠʟʘʡʥ" [4]. ɭʜʠʥʦʛʦ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ "ʟʝʣʝʥʦʛʦ" ʙʫʜʽʚʥʠʮʪʚʘ ʥʝ ʽʩʥʫʻ. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʽ ʚʠʟʥʘʯʝʥʥʷ 

ʩʪʘʣʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʧʦʢʘʟʫʶʪʴ, ʱʦ, ʭʦʯʘ ʾʭ ʟʥʘʯʝʥʥʷ ʤʦʞʝ 

ʜʝʱʦ ʚʽʜʨʽʟʥʷʪʠʩʷ, ʚʩʽ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʢʦʥʮʝʧʮʽʾ ʦʜʥʦʩʪʘʡʥʦ ʚʨʘʭʦʚʫʶʪʴ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʨʝʩʫʨʩʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʚʠʢʠʜʽʚ ʚʽʜʭʦʜʽʚ 

ʪʘ ʷʢʽʩʪʴ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʧʨʠʤʽʱʝʥʥʽ.  

ʋʧʨʘʚʣʽʥʥʷ ʙʫʜʽʚʥʠʮʪʚʦʤ ʧʝʨʝʜʙʘʯʘʻ ʦʨʛʘʥʽʟʘʮʽʶ ʙʘʛʘʪʴʦʭ ʚʘʞʣʠʚʠʭ 

ʟʘʭʦʜʽʚ ʥʘ ʙʫʜʽʚʝʣʴʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ, ʙʝʟ ʷʢʠʭ ʙʫʜʽʚʣʷ ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʘʚʝʨʰʝʥʘ. 

ɿʦʢʨʝʤʘ, ʮʝ ʦʬʦʨʤʣʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ, ʬʦʨʤʫʚʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʤʦʜʝʣʽ 

ʧʨʦʝʢʪʫ, ʱʦ ʙʫʜʫʻʪʴʩʷ, ʦʪʨʠʤʘʥʥʷ ʜʦʟʚʦʣʽʚ ʥʘ ʙʫʜʽʚʥʠʮʪʚʦ, ʧʝʨʝʛʦʚʦʨʠ ʟ 

ʦʨʛʘʥʘʤʠ ʚʣʘʜʠ, ʨʦʟʨʦʙʢʘ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ, ʧʝʨʝʜʧʨʦʝʢʪʥʘ ʧʽʜʛʦʪʦʚʢʘ, 

ʦʪʨʠʤʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ ʥʘ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ, ʩʫʧʨʦʚʽʜ 

ʧʨʦʝʢʪʥʠʭ ʨʦʙʽʪ ʜʦ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʝʨʞʘʚʥʦʾ ʝʢʩʧʝʨʪʠʟʠ. ʂʨʽʤ ʪʦʛʦ, 

ʫʧʨʘʚʣʽʥʥʷ ʙʫʜʽʚʥʠʮʪʚʦʤ ʚʢʣʶʯʘʻ ʤʦʥʽʪʦʨʠʥʛ ʽ ʪʝʭʥʽʯʥʠʡ ʥʘʛʣʷʜ ʟʘ ʧʨʦʮʝʩʦʤ 

ʙʫʜʽʚʥʠʮʪʚʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ, ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ, 

ʫʧʨʘʚʣʽʥʥʷ ʦʭʦʨʦʥʦʶ ʧʨʘʮʽ ʪʘ ʪʝʭʥʽʢʦʶ ʙʝʟʧʝʢʠ, ʘ ʪʘʢʦʞ ʢʦʥʪʨʦʣʴ ʟʘ 

ʧʨʠʡʤʘʥʥʷʤ ʚʠʢʦʥʘʥʠʭ ʨʦʙʽʪ. ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ 

ʟʝʣʝʥʠʤʠ ʧʨʦʝʢʪʘʤʠ ʙʽʟʥʝʩ-ʦʨʽʻʥʪʦʚʘʥʽʩʪʴ ʙʫʜʽʚʝʣʴʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ 

ʜʦʟʚʦʣʷʻ ʚʧʨʦʚʘʜʠʪʠ ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩʪʝʤʫ ʤʝʥʝʜʞʤʝʥʪʫ, ʨʦʟʨʦʙʣʝʥʫ ʟ ʥʘʙʦʨʫ 

ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʩʝʨʪʠʬʽʢʦʚʘʥʠʭ "ʟʝʣʝʥʠʭ" ʩʪʘʥʜʘʨʪʽʚ. ʎʝ ʻ ʦʜʥʠʤ ʟ 

ʚʘʞʣʠʚʠʭ ʘʩʧʝʢʪʽʚ ʚʽʜʤʽʥʥʦʩʪʽ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʚʽʜ ʟʚʠʯʘʡʥʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ - ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʨʝʡʪʠʥʛʫ ʘʙʦ ʦʮʽʥʢʠ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ 

ʥʝʟʘʣʝʞʥʦʶ ʪʨʝʪʴʦʶ ʩʪʦʨʦʥʦʶ. ʈʷʜ  ʦʨʛʘʥʽʟʘʮʽʡ ʘʙʦ ʜʝʨʞʘʚʥʠʭ ʘʜʤʽʥʽʩʪʨʘʮʽʡ 

ʨʦʟʨʦʙʠʣʠ ʢʽʣʴʢʘ ʪʠʧʽʚ ʩʠʩʪʝʤ ʦʮʽʥʢʠ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʪʘʢʠʭ ʷʢ: 

- LEED (Leadership in Energy and Environmental Design, ʉʐɸ), 

ʧʦʯʠʥʘʶʯʠ ʟ 2000 ʨʦʢʫ, ʩʝʨʪʠʬʽʢʫʚʘʣʘ ʙʣʠʟʴʢʦ 70 ʪʠʩʷʯ ʙʫʜʽʚʝʣʴ ʫ ʰʝʩʪʠ 

ʨʦʟʜʽʣʘʭ (ʩʪʘʣʽ ʦʙ'ʻʢʪʠ; ʝʥʝʨʛʽʷ ʪʘ ʘʪʤʦʩʬʝʨʘ; ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʦʜʠ; ʤʘʪʝʨʽʘʣʠ ʪʘ ʨʝʩʫʨʩʠ; ʷʢʽʩʪʴ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʧʨʠʤʽʱʝʥʥʽ; ʽʥʥʦʚʘʮʽʾ). 

- DGNB (Deutsche Gesellschaft f¿r Nachhaltiges Bauen, ʅʽʤʝʯʯʠʥʘ), 

ʧʦʯʠʥʘʶʯʠ ʟ 2009 ʨʦʢʫ, ʩʝʨʪʠʬʽʢʫʚʘʣʘ ʙʣʠʟʴʢʦ ʪʠʩʷʯʽ ʙʫʜʽʚʝʣʴ; ʻ 
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ʨʝʡʪʠʥʛʦʚʦʶ ʩʠʩʪʝʤʦʶ "ʜʨʫʛʦʛʦ ʧʦʢʦʣʽʥʥʷ", ʱʦ ʜʘʻ ʙʽʣʴʰ ʮʽʣʽʩʥʫ ʦʮʽʥʢʫ 

ʚʩʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʙʫʜʽʚʣʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

- CASBEE (Comprehensive Assessment System for Built Environment 

Efficiency, ʗʧʦʥʽʷ), ʧʝʨʰʠʡ ʽʥʩʪʨʫʤʝʥʪ ʦʮʽʥʢʠ, CASBEE ʜʣʷ ʦʬʽʩʽʚ, ʙʫʚ 

ʟʘʧʫʱʝʥʠʡ ʫ 2002 ʨʦʮʽ. ɿʘʨʘʟ CASBEE ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʦʮʽʥʢʠ, ʧʨʠʩʪʦʩʦʚʘʥʠʭ ʜʦ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʽʚ ʧʨʦʝʢʪʽʚ. 

- BREEAM (Building Research Establishment's Environmental Assessment 

Method, ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ), ʟ 1990 ʨʦʢʫ ʩʝʨʪʠʬʽʢʦʚʘʥʦ ʙʣʠʟʴʢʦ 200 ʪʠʩʷʯ 

ʙʫʜʽʚʝʣʴ ʫ 50 ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʟʘ ʜʝʚ'ʷʪʴʤʘ ʝʢʦʣʦʛʽʯʥʠʤʠ ʨʦʟʜʽʣʘʤ (ʤʝʥʝʜʞʤʝʥʪ; 

ʟʜʦʨʦʚ'ʷ ʪʘ ʙʣʘʛʦʧʦʣʫʯʯʷ; ʝʥʝʨʛʝʪʠʢʘ; ʪʨʘʥʩʧʦʨʪ; ʚʦʜʘ; ʤʘʪʝʨʽʘʣʠ; ʚʽʜʭʦʜʠ; 

ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʝʢʦʣʦʛʽʷ; ʟʘʙʨʫʜʥʝʥʥʷ). 

- BEAM (the Building Environmental Assessment Method, ɻʦʥʢʦʥʛ), 

ʂʦʤʧʘʥʽʷ BEAM Society Limited (BSL) ʙʫʜʫʯʠ ʨʦʟʨʦʙʥʠʢʦʤ ʽ ʚʣʘʩʥʠʢʦʤ ʄʝʪʦʜʫ 

ʝʢʦʣʦʛʽʯʥʦʾ ʦʮʽʥʢʠ ʙʫʜʽʚʝʣʴ (BEAM), ʙʝʨʝ ʥʘ ʩʝʙʝ ʟʦʙʦʚ'ʷʟʘʥʥʷ ʱʦʜʦ 

ʘʜʤ̔ʥʽʩʪʨʫʚʘʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʽʥʩʪʨʫʤʝʥʪʽʚ ʦʮʽʥʢʠ BEAM Plus. ʆʩʥʦʚʥʘ 

ʜʽʷʣʴʥʽʩʪʴ ʮʝ ʥʝʫʧʝʨʝʜʞʝʥʘ ʦʮʽʥʢʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʙʫʜʽʚʝʣʴ ʪʘ 

ʨʦʟʙʫʜʦʚʫʻʤʦ ʧʦʪʝʥʮʽʘʣ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʪʨʝʥʽʥʛʽʚ ʜʣʷ ʬʘʭʽʚʮʽʚ-

ʧʨʘʢʪʠʢʽʚ BEAM - BEAM Professionals (BEAM Pro) ʪʘ BEAM Affiliates 

(BEAM Affiliates). 

- Green Star (ɸʚʩʪʨʘʣʽʷ), ʮʝ ʤʽʞʥʘʨʦʜʥʦ ʚʠʟʥʘʥʘ ʨʝʡʪʠʥʛʦʚʘ ʩʠʩʪʝʤʘ, 

ʱʦ ʚʩʪʘʥʦʚʣʶʻ ʩʪʘʥʜʘʨʪʠ ʜʣʷ ʟʜʦʨʦʚʠʭ, ʩʪʽʡʢʠʭ, ʧʦʟʠʪʠʚʥʠʭ ʙʫʜʽʚʝʣʴ ʪʘ 

ʤʽʩʮʴ, ʷʢʘ ʟʘʩʥʦʚʘʥʘ ɸʚʩʪʨʘʣʽʡʩʴʢʦʶ ʨʘʜʦʶ ʟ ʧʠʪʘʥʴ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ 

ʫ 2003 ʨʦʮʽ. ʉʠʩʪʝʤʘ ʚʨʘʭʦʚʫʻ ʦʮʽʥʢʠ ʪʘ ʨʘʥʞʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴ, ʦʙʣʘʜʥʘʥʥʷ 

ʪʘ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʟʘ ʥʠʟʢʦʶ ʢʘʪʝʛʦʨʽʡ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ 

ʽ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʘʦʭʦʯʝʥʥʷ ʣʽʜʝʨʩʪʚʘ ʚ ʝʢʦʣʦʛʽʯʥʦ ʩʪʘʣʦʤʫ ʧʨʦʻʢʪʫʚʘʥʥʽ ʪʘ 

ʙʫʜʽʚʥʠʮʪʚʽ, ʜʝʤʦʥʩʪʨʘʮʽʶ ʽʥʥʦʚʘʮʽʡ ʫ ʩʪʘʣʠʭ ʤʝʪʦʜʘʭ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ 

ʚʨʘʭʫʚʘʥʥʷ ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʡ ʝʢʦʥʦʤʽʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʠʪʨʘʪ. 

ɺʩʽ ʮʽ ʩʠʩʪʝʤʠ ʧʨʦʧʦʥʫʶʪʴ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʦʮʽʥʢʠ ʪʘ ʩʝʨʪʠʬʽʢʘʮʽʾ 

ʙʫʜʽʚʝʣʴ. ʉʠʩʪʝʤʘ ʨʝʡʪʠʥʛʫʚʘʥʥʷ ʤʘʻ ʚʽʜʢʨʠʪʠʡ ʧʨʦʮʝʩ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʟʨʦʟʫʤʽʪʠ ʪʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ "ʟʝʣʝʥʽ" ʙʫʜʽʚʣʽ. ʉʠʩʪʝʤʠ 

ʨʝʡʪʠʥʛʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʧʽʟʥʘʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ 

ʦʨʛʘʥʽʟʦʚʫʻ ʥʘʙʽʨ ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟ ʧʨʠʩʚʦʻʥʠʤʠ ʙʘʣʘʤʠ ʜʣʷ ʦʮʽʥʢʠ 

ʚʧʣʠʚʫ ʙʫʜʽʚʣʽ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʦʭʦʧʣʶʻ ʜʽʣʷʥʢʫ, ʚʦʜʫ, ʝʥʝʨʛʽʶ, 

ʤʘʪʝʨʽʘʣʠ, ʝʢʦʣʦʛʽʯʥʽ ʷʢʦʩʪʽ ʪʘ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ [5]). 

ʊʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʩʪʘʻ ʜʦʜʘʪʢʦʚʦʶ 

ʤʘʨʢʝʪʠʥʛʦʚʦʶ ʩʪʨʘʪʝʛʽʻʶ ʜʣʷ ʢʦʤʧʘʥʽʾ. ʎʝ ʩʧʨʠʷʻ ʟʤʽʮʥʝʥʥʶ 

ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʢʫʣʴʪʫʨʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʟʘʣʫʯʝʥʥʶ ʢʨʘʱʠʭ ʬʘʭʽʚʮʽʚ ʫ ʩʬʝʨʽ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ, ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʧʨʦʝʢʪʥʽ ʨʠʟʠʢʠ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʝʢʦʥʦʤʽʾ ʧʨʦʝʢʪʥʠʭ ʨʝʩʫʨʩʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʝʥʝʨʛʝʪʠʯʥʠʭ. ʂʨʽʤ ʪʦʛʦ, ʧʦʰʫʢ 

ʤʦʞʣʠʚʦʩʪʝʡ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʽʜʚʠʱʫʻ 

ʡʤʦʚʽʨʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ "ʧʨʦʨʠʚʥʦʾ" ʽʥʥʦʚʘʮʽʾ ʚ ʙʫʜʽʚʝʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʦʢ (R&D). ʆʪʘʢʠʤ ʯʠʥʦʤ çʟʝʣʝʥʝ ʙʫʜʽʚʥʠʮʪʚʦè ʤʦʞʥʘ 
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ʚʠʟʥʘʯʠʪʠ ʷʢ ʪʘʢʝ, ʱʦ ʟʜʘʪʥʝ ʟʤʝʥʰʠʪʠ ʘʙʦ ʫʩʫʥʫʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʘ ʪʘʢʦʞ ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ 

ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʩʚʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʟʘ ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ. ɯ ʩʘʤʝ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʢʦʥʢʫʨʝʥʪʥʽ ʧʝʨʝʚʘʛʠ ʜʣʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʤʧʘʥʽʡ: ʚʠʩʦʢʦʷʢʽʩʥʽ ʣʶʜʩʴʢʽ ʨʝʩʫʨʩʠ (ʨʦʙʽʪʥʠʢʠ ʪʘ 

ʤʝʥʝʜʞʝʨʠ); ʚʠʩʦʢʘ ʢʨʝʘʪʠʚʥʽʩʪʴ ʪʘ ʤʦʪʠʚʘʮʽʷ; ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ;  ʨʝʟʫʣʴʪʘʪʠʚʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʩʪʨʫʢʪʫʨʠ; ʩʪʘʣʝ ʙʘʯʝʥʥʷ ʧʨʦʜʫʢʮʽʾ/ʧʦʩʣʫʛ ʪʘ ʩʝʨʝʜʦʚʠʱʘ 

ʥʘʚʢʦʣʦ ʙʽʟʥʝʩʫ ʪʦʱʦ. 

ɯʥʥʦʚʘʮʽʾ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʘ ʪʠʧʠ: ʨʘʜʠʢʘʣʴʥʽ ʪʘ ʽʥʢʨʝʤʝʥʪʘʣʴʥʽ. 

ʈʘʜʠʢʘʣʴʥʘ ʽʥʥʦʚʘʮʽʷ - ʮʝ ʢʦʣʠ ʢʘʨʜʠʥʘʣʴʥʦ ʽʥʰʘ ʽ ʥʦʚʘ ʽʥʥʦʚʘʮʽʷ ʩʪʘʻ 

ʦʩʥʦʚʥʠʤ ʨʽʰʝʥʥʷʤ ʫ ʛʘʣʫʟʽ. ʅʘʪʦʤʽʩʪʴ ʽʥʢʨʝʤʝʥʪʥʽ ʽʥʥʦʚʘʮʽʾ - ʮʝ ʽʥʥʦʚʘʮʽʾ, 

ʷʢʽ ʚʥʦʩʷʪʴ ʥʝʟʥʘʯʥʽ ʟʤʽʥʠ ʪʘ ʢʦʨʝʢʪʠʚʠ ʚ ʽʩʥʫʶʯʽ ʧʨʘʢʪʠʢʠ. ɯʥʥʦʚʘʮʽʾ ʻ 

ʢʣʶʯʝʤ ʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ ʢʦʤʧʘʥʽʾ, ʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʽʥʥʦʚʘʮʽʡ ʤʘʻ 

ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʪʘ ʦʧʝʨʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ. ʍʦʯʘ ʦʩʪʘʥʥʻ ʥʝ 

ʤʘʻ ʧʨʷʤʦʛʦ ʚʧʣʠʚʫ ʥʘ ʬʽʥʘʥʩʦʚʽ ʧʦʢʘʟʥʠʢʠ ʢʦʤʧʘʥʽʾ, ʘ ʩʢʦʨʽʰʝ 

ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʚʧʣʠʚʘʻ ʥʘ ʾʾ ʦʧʝʨʘʮʽʡʥʫ ʜʽʷʣʴʥʽʩʪʴ, ʢʦʤʧʘʥʽʾ ʤʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʢʨʘʱʠʪʠ ʩʚʦʾ ʟʘʛʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫʩʧʽʭ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘʢʦʞ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʬʝʩʽʡʥʠʭ ʥʘʚʠʯʦʢ ʪʘ ʛʣʠʙʦʢʠʭ ʟʥʘʥʴ ʟʘʣʫʯʝʥʦʛʦ ʧʝʨʩʦʥʘʣʫ. 

ɿʦʢʨʝʤʘ, ʟʥʘʥʥʷ ʪʘ ʥʘʚʠʯʢʠ ʟ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ 

ʚʢʣʶʯʘʶʪʴ: ʜʦʙʨʝ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʪʘ ʨʦʟʫʤʽʪʠ ʩʪʘʥʜʘʨʪʠ ɸʤʝʨʠʢʘʥʩʴʢʦʛʦ 

ʪʦʚʘʨʠʩʪʚʘ ʽʥʞʝʥʝʨʽʚ ʟ ʦʧʘʣʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʧʦʚʽʪʨʷ 

(ASHRAE); ʨʦʟʫʤʽʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ ʽʥʰʠʭ ʢʨʘʾʥ; 

ʦʙʽʟʥʘʥʽʩʪʴ ʟ ʪʝʦʨʽʻʶ ʪʘ ʧʨʘʢʪʠʢʦʶ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʟ CO2, 

ʭʦʣʦʜʦʘʛʝʥʪʘʤʠ, nox4 ʪʘ ʽʥʰʠʤʠ ʚʠʢʠʜʘʤʠ; ʟʥʘʥʥʷ ʢʣʽʤʘʪʦʣʦʛʽʾ ʪʘ ʩʫʯʘʩʥʦʾ 

ʢʣʽʤʘʪʠʯʥʦʾ ʜʦʢʪʨʠʥʠ, ʘ ʪʘʢʦʞ ʚʤʽʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʮʽ ʟʥʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ. 

ʂʨʽʤ ʪʦʛʦ, ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʽʜʝʶ ʪʘ ʚʤʽʪʠ ʾʾ ʨʝʘʣʽʟʫʚʘʪʠ ʯʝʨʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ: ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ 

ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʚʩʝʨʝʜʠʥʽ ʙʫʜʽʚʣʽ; 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ; ʦʮʽʥʢʘ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ; ʘʥʘʣʽʟʫ ʚʘʨʪʦʩʪʽ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ; ʽʥʬʦʨʤʘʮʽʡʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʪʦʱʦ. 

ɺ ʜʨʫʛʽʡ ʯʚʝʨʪʽ ʍʍɯ ʩʪʦʣʽʪʪʷ ʩʘʤʝ ʟʝʣʝʥʝ ʙʫʜʽʚʥʠʮʪʚʦ ʟʤʦʞʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʟ ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ ʷʢʽʩʪʴ ʞʠʪʪʷ ʣʶʜʠʥʠ ʪʘ ʙʝʟʧʝʢʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʟ ʽʥʰʦʛʦ ʥʘʜʘʪʠ ʜʦʜʘʪʢʦʚʽ ʢʦʥʢʫʨʝʥʪʥʽ 

ʧʝʨʝʚʘʛʠ ʙʫʜʽʚʝʣʴʥʠʤ ʢʦʤʧʘʥʽʷʤ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʾʭ ʧʦʩʣʫʛ. 

ʂʦʥʮʝʧʮʽʷ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘʢʦʞ ʜʦʧʦʤʘʛʘʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ ʪʘ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. ʂʨʽʤ 

ʪʦʛʦ, ʪʝʭʥʦʣʦʛʽʾ ʟʝʣʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʜʦʟʚʦʣʷʶʪʴ ʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʚʽʜʥʦʚʣʶʚʘʥʽ ʨʝʩʫʨʩʠ. 
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ɺɯɼʅʆɺʃɽʅʅʖ ʋʂʈɸɰʅʀ 

 

ʂʨʘʚʯʝʥʢʦ ʊʝʪʷʥʘ ʆʣʝʢʩʘʥʜʨʽʚʥʘ1, ɼʦʣʦʙʘʥ ɸʥʥʘ ɺʘʜʠʤʽʚʥʘ1,  

ɾʫʨʘʚʩʴʢʘ ʅʘʪʘʣʽʷ ɭʚʛʝʥʽʚʥʘ1 
1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ  ̔ʘʨʭʽʪʝʢʪʫʨʠ, 

nzhur@ua.fm 

 

ɺʥʘʩʣʽʜʦʢ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʪʘ ʩʧʨʠʯʠʥʝʥʠʭ ʥʠʤʠ ʪʝʭʥʦʛʝʥʥʠʭ 

ʟʘʙʨʫʜʥʝʥʴ ʝʢʦʣʦʛʽʯʥʽ ʟʘʛʨʦʟʠ ʪʘ ʚʠʢʣʠʢʠ, ʷʢʽ ʩʪʦʷʣʠ ʧʝʨʝʜ ʋʢʨʘʾʥʦʶ ʜʦ 24 

ʣʶʪʦʛʦ (ʨʠʩ. 1, 2, 3), ʟʘʣʠʰʠʣʠʩʴ ʥʝ ʚʠʨʽʰʝʥʠʤʠ, ʪʘ ʪʽʣʴʢʠ ʱʝ ʙʽʣʴʰ 

ʧʦʛʣʠʙʠʣʠʩʴ. ɺʦʜʥʦʯʘʩ ʧʨʦʮʝʩ ʻʚʨʦʽʥʪʝʛʨʘʮʽʾ ʪʘ ʚʽʡʥʘ ʩʪʘʚʣʷʪʴ ʧʝʨʝʜ 

ʥʘʰʦʶ ʢʨʘʾʥʦʶ ʚʝʣʠʢʽ ʚʠʢʣʠʢʠ. 

ʗʢ ʚʽʜʦʤʦ, 2022 ʨ. ʚʠʧʦʚʥʠʣʦʩʷ 30 ʨʦʢʽʚ ʚʽʜ ʯʘʩʫ ʧʨʦʚʝʜʝʥʥʷ 

ʄʽʞʥʘʨʦʜʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʆʆʅ ʟ ʧʠʪʘʥʴ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʈʽʦ-

ʜʝ-ɾʘʥʝʡʨʦ (ʯʝʨʚʝʥʴ, 1992 ʨʽʢ), ʷʢʘ ʚʠʟʥʘʯʠʣʘ ʦʩʥʦʚʥʽ ʬʦʨʤʠ ʩʧʽʚʽʩʥʫʚʘʥʥʷ 

ʣʶʜʠʥʠ ʚ ʧʨʠʨʦʜʽ. ʎʝʡ ʧʝʨʽʦʜ ʧʦʢʘʟʘʚ, ʱʦ ʣʶʜʩʪʚʦ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ 

ʨʦʟʚʠʪʢʫ ʤʘʣʦ ʯʦʤʫ ʥʘʚʯʠʣʦʩʴ ʪʘ ʙʦʨʦʪʴʙʘ ʟ ʧʨʠʨʦʜʦʶ ʪʽʣʴʢʠ ʥʘʙʫʚʘʶʪʴ 

ʥʦʚʠʭ ʽ ʚʝʣʠʯʝʟʥʠʭ ʬʦʨʤ. 

ʇʨʦʮʝʩ ʜʝʨʞʘʚʦʪʚʦʨʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʟʘʛʦʩʪʨʠʚ ʩʫʧʝʨʝʯʥʦʩʪʽ 

ʩʫʩʧʽʣʴʩʪʚʘ ʽ ʧʨʠʨʦʜʠ, ʚʠʷʚʠʚ ʮʽʣʽ ʢʦʤʧʣʝʢʩʠ ʧʨʦʙʣʝʤ, ʷʢʽ ʜʦʚʦʜʠʪʴʩʷ 

ʜʦʣʘʪʠ ʟ ʚʝʣʠʢʠʤʠ ʪʨʫʜʥʦʱʘʤʠ. ɺ̔ʜʦʤʦʶ ʟ ʩʫʧʝʨʝʯʥʦʩʪʝʡ ʻ ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʩʪʫ, ʨʽʚʥʝʤ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ 

ʭʘʨʘʢʪʝʨʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ [2-3]. 

 

https://doi.org/10.1016/j.jobe.2022.104072
https://doi.org/10.1016/j.solener.2021.05.018
https://doi.org/10.1016/j.solener.2021.05.018
https://doi.org/10.1016/j.enbuild.2019.02.010
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000030
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000030
mailto:nzhur@ua.fm
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ʥʠʞʯʝ ʩʝʨʝʜʥʴʦʾ (ʤʝʥʰʝ -0,40) 

 

ʩʝʨʝʜʥʷ (ʚʽʜ -0,40 ʜʦ +0,45) 

 

ʚʠʰʝ ʩʝʨʝʜʥʴʦʾ (ʚʽʜ +0,45 ʜʦ +1,25) 

 

ʚʠʩʦʢʘ (ʚʽʜ +1,25 ʜʦ +2,10) 

 

ʜʫʞʝ ʚʠʩʦʢʘ (ʙʽʣʴʰʝ +2,11) 

 

ʈʠʩ. 1. ɽʢʦʣʦʛʽʯʥʘ ʢʘʨʪʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʠʨʦʜʥʝ 

ʩʝʨʝʜʦʚʠʱʝ, ʩʪʫʧʽʥʴ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ (ʟʘ ʢʨʘʪʥʽʩʪʶ ʩʫʤʘʨʥʠʭ 

ʜʦʧʫʩʪʠʤʠʭ ʚʝʣʠʯʠʥ)[1] 

 

ʋ ʣʠʧʥʽ ʧʨʝʜʩʪʘʚʥʠʢʠ ʧʦʥʘʜ 40 ʢʨʘʾʥ ʽ ʙʣʠʟʴʢʦ 20 ʤʽʞʥʘʨʦʜʥʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡ ʥʘ ʤʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʚʽʜʥʦʚʣʝʥʥʷ ʋʢʨʘʾʥʠ ʚ 

ʧʽʚʜʝʥʥʦʰʚʝʡʮʘʨʩʴʢʦʤʫ ʤʽʩʪʝʯʢʫ ʃʫʛʘʥʦ, ʐʚʝʡʮʘʨʽʷ, 2022, ʦʙʛʦʚʦʨʶʚʘʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʋʢʨʘʾʥʦʶ ʧʣʘʥ ʚʽʜʙʫʜʦʚʠ, ʧʣʘʥ ʚʽʜʥʦʚʣʝʥʥʷ ʋʢʨʘʾʥʠ ʚʞʝ 

ʟʘʨʘʟ ʦʮʽʥʶʻʪʴʩʷ ʫ 750 ʤʣʨʜ ʜʦʣʘʨʽʚ, ʮʠʬʨʘ ʟʨʦʩʪʘʪʠʤʝ [2]. 21-22 ʯʝʨʚʥʷ 

2023 ʨʦʢʫ ɺʝʣʠʢʘ ɹʨʠʪʘʥʽʷ ʩʧʽʣʴʥʦ ʟ ʋʢʨʘʾʥʦʶ ʧʨʦʚʝʣʠ ʫ ʃʦʥʜʦʥʽ 

ʤʽʞʥʘʨʦʜʥʫ ʂʦʥʬʝʨʝʥʮʽʶ ʟ ʧʠʪʘʥʴ ʚʽʜʥʦʚʣʝʥʥʷ ʋʢʨʘʾʥʠ (URC 2023). 

ʂʦʥʬʝʨʝʥʮʽʷ ʦʙôʻʜʥʘʣʘ ʣʽʜʝʨʽʚ, ʤʽʥʽʩʪʨʽʚ ʽ ʧʨʝʜʩʪʘʚʥʠʢʽʚ 59-ʪʠ ʜʝʨʞʘʚ, 

32 ʤʽʞʥʘʨʦʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ ʄʽʞʥʘʨʦʜʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʧʦʥʘʜ 

500 ʢʦʤʧʘʥʽʡ ʪʘ 130 ʦʨʛʘʥʽʟʘʮʽʡ ʛʨʦʤʘʜʷʥʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʥʘ ʤʦʙʽʣʽʟʘʮʽʾ 

ʤʽʞʥʘʨʦʜʥʦʾ ʧʽʜʪʨʠʤʢʠ ʜʣʷ ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʩʦʮʽʘʣʴʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʋʢʨʘʾʥʠ 

ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʚʽʜ ʥʘʩʣʽʜʢʽʚ ʚʽʡʥʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʰʣʷʭʦʤ ʝʢʩʪʨʝʥʦʾ ʜʦʧʦʤʦʛʠ ʜʣʷ ʥʝʛʘʡʥʠʭ ʧʦʪʨʝʙ ʪʘ ʬʽʥʘʥʩʫʚʘʥʥʷ ʫʯʘʩʪʽ 

ʧʨʠʚʘʪʥʦʛʦ ʩʝʢʪʦʨʫ ʚ ʧʨʦʮʝʩʽ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʮʴʦʛʦʨʽʯ ʥʘ ʄʶʥʭʝʥʩʴʢʫ 

ʙʝʟʧʝʢʦʚʫ ʢʦʥʬʝʨʝʥʮʽʶ, 16 18 ʣʶʪʦʛʦ, 2024 ʨ [3, 4]. 

https://www.ukrinform.ua/rubric-ato/3521729-vidbudova-ukraini-bude-najbilsim-vneskom-u-pidtrimku-globalnogo-miru-zelenskij.html
https://www.ukrinform.ua/rubric-ato/3521729-vidbudova-ukraini-bude-najbilsim-vneskom-u-pidtrimku-globalnogo-miru-zelenskij.html
https://www.ukrinform.ua/rubric-ato/3521729-vidbudova-ukraini-bude-najbilsim-vneskom-u-pidtrimku-globalnogo-miru-zelenskij.html
https://www.ukrinform.ua/rubric-ato/3521729-vidbudova-ukraini-bude-najbilsim-vneskom-u-pidtrimku-globalnogo-miru-zelenskij.html
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ʉʪʫʧʽʥʴ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ (ʟʘ ʢʨʘʪʥʽʩʪʶ ʩʫʤʘʨʥʠʭ ʜʦʧʫʩʪʠʤʠʭ ʚʝʣʠʯʠʥ) [1]: 

 

ʫʤʦʚʥʦ ʯʠʩʪʘ 
 

ʜʫʞʝ ʟʘʙʨʫʜʥʝʥʘ 

 

ʧʦʤʽʨʥʦ ʟʘʙʨʫʜʥʝʥʘ 
 

ʥʘʜʟʚʠʯʘʡʥʦ ʟʘʙʨʫʜʥʝʥʘ 

 

ʟʘʙʨʫʜʥʝʥʘ 
 

ʝʢʦʣʦʛʽʯʥʘ ʢʘʪʘʩʪʨʦʬʘ 

ʈʠʩ. 2. ɽʢʦʣʦʛʽʯʥʘ ʢʘʨʪʘ ʉʫʤʘʨʥʘ ʟʘʙʨʫʜʥʝʥʽʩʪʴ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʽʜʭʦʜʫ, ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʘʢʪʠʚʥʦʾ ʫʯʘʩʪʽ ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʤʦʞʣʠʚʦ 

ʜʦʩʷʛʪʠ ʟʥʘʯʥʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʽʩʣʷʚʦʻʥʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ 

ʋʢʨʘʾʥʠ, ʚʟʘʻʤʦʜʽʷʪʠ, ʚʯʠʪʠʩʷ ʦʜʠʥ ʚ ʦʜʥʦʛʦ ʙʫʜʫʚʘʪʠ ʥʦʚʽ ʧʘʨʪʥʝʨʩʪʚʘ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʨʦʟʚʠʚʘʪʠ ʝʬʝʢʪʠʚʥʽ ʩʪʨʘʪʝʛʽʾ ʦʭʦʨʦʥʠ ʜʦʚʢʽʣʣʷ. 

 

ʃɯʊɽʈɸʊʋʈɸ 
1. ʂʘʨʪʠ ʋʢʨʘʾʥʠ. ï [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://geomap.land.kiev.ua/ecology-14.html (ɼʘʪʘ ʟʚʝʨʥʝʥʥʷ: 13.03.2024). 

2. ʄʽʩʪʝʯʢʦ ʃʫʛʘʥʦ... - [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʫ; 

https://www.ukrinform.ua/rubric-economy/3523261-konferencia-u-lugano-

principi-i-umovi-miznarodnoi-dopomogi-z-vidbudovi.html (ɼʘʪʘ ʟʚʝʨʥʝʥʥʷ 

07.02.2024). 

3. ʆʨʽʻʥʪʘʮʽʷ ʥʘ ʫʩʫʥʝʥʥʷ ʢʨʠʟʦʚʠʭ ʷʚʠʱ. - [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.radiosvoboda.org/a/24603476.html (ɼʘʪʘ 

ʟʚʝʨʥʝʥʥʷ 02.02.2024). 

4. ʇʽʜʪʨʠʤʢʠ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ, ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʨʝʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʋʢʨʘʾʥʠ. - [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: https://www.urc-international.com/(ɼʘʪʘ ʟʚʝʨʥʝʥʥʷ 17.02.2024). 

https://geomap.land.kiev.ua/ecology-14.html
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ʈʠʩ. 3. ɽʢʦʣʦʛʽʯʥʘ ʢʘʨʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ. ɿʦʥʫʚʘʥʥʷ 

ʪʝʨʠʪʦʨʽʾ ʟʘ ʩʪʫʧʝʥʝʤ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ (ʛʽʛʽʻʥʽʯʥʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ)[3] 

 

 ʉʪʫʧʽʥʴ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ (ʩʫʤʘʨʥʽ ʽʥʜʝʢʩʠ) 
ɽʢʦʣʦʛʽʯʥʘ ʦʮʽʥʢʘ ʷʢʦʩʪʽ 

ʚʦʜʠ 

 ʤʝʥʰʝ 5,0 ʜʦʧʫʩʪʠʤʘ ʯʠʩʪʘ 

 ʚʽʜ 5,0 ʜʦ 10,0 ʧʦʤʽʨʥʘ ʫʤʦʚʥʦ ʯʠʩʪʘ 

 ʚʽʜ 10,0 ʜʦ 15,0 ʧʽʜʚʠʱʝʥʘ 
ʟʘʙʨʫʜʥʝʥʘ(ʰʢʽʜʣʠʚʘ ʜʣʷ 

ʧʠʪʥʦʛʦ ʚʞʠʚʘʥʥʷ) 

 ʚʽʜ 15,0 ʜʦ 20,0 ʚʠʩʦʢʘ 
ʟʘʙʨʫʜʥʝʥʘ(ʰʢʽʜʣʠʚʘ ʜʣʷ 

ʧʠʪʥʦʛʦ ʚʞʠʚʘʥʥʷ) 

 ʙʽʣʴʰʝ 20,0 ʜʫʞʝ ʚʠʩʦʢʘ 

ʟʘʙʨʫʜʥʝʥʘ(ʰʢʽʜʣʠʚʘ ʜʣʷ 

ʧʠʪʥʦʛʦ ʚʞʠʚʘʥʥʷ) 

 

 

ʇʆʊʆʏʅʀʁ ʉʊɸʅ ʇʆʊɽʅʎɯɸʃʋ ɸʃʔʊɽʈʅɸʊʀɺʅʆɰ 

ɽʅɽʈɻɽʊʀʂʀ ʋʂʈɸɰʅʀ  

 

ɿʘʙʘʨʠʣʦ ʇʘʚʣʦ ʆʣʝʢʩʽʡʦʚʠʯ1, ʇʣʦʩʢʠʡ ɺʽʪʘʣʽʡ ʆʣʝʢʩʽʡʦʚʠʯ1 

1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, 

zabarylo_po-2023@knuba.edu.ua,, ploskyi.vo@knuba.edu.ua 

 

ɼʣʷ ʋʢʨʘʾʥʠ ʨʦʟʚʠʪʦʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ(ʘʙʦ ʚʽʜʥʦʚʣʶʚʘʥʦʾ) ʝʥʝʨʛʝʪʠʢʠ 

ʟʘʚʞʜʠ ʙʫʚ ʩʝʨʝʜ ʦʜʥʠʭ ʽʟ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʟʘʚʜʘʥʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʽ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʠ, ʘ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʣʠʰʝ ʟʨʦʩʪʘʻ, ʘʜʞʝ ʮʝ ʩʧʨʠʷʻ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʩʢʦʨʦʯʝʥʥʶ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ. ɿʘ ʧʝʨʽʦʜ ʥʝʟʘʣʝʞʥʦʩʪʽ ʥʘʰʘ ʢʨʘʾʥʘ 

ʜʦʩʷʛʣʘ ʩʫʪʪʻʚʠʭ ʫʩʧʽʭʽʚ ʫ ʧʠʪʘʥʥʽ ʥʘʨʦʱʝʥʥʷ ʪʝʤʧʽʚ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʫ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʜʞʝʨʝʣʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ, 

ʨʦʟʚʠʚʘʶʯʠ ʚʽʜʧʦʚʽʜʥʝ ʟʘʢʦʥʦʜʘʚʩʪʚʦ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ɿʘʢʦʥʽ ʋʢʨʘʾʥʠ çʇʨʦ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷè ʚʽʜ 1 ʣʠʧʥʷ 1994-ʛʦ ʨʦʢʫ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢ ʟʚʘʥʦʛʦ 

çʟʝʣʝʥʦʛʦ ʪʘʨʠʬʫè ʚ 2009-ʤʫ ʨʦʮʽ ʽ ʟʘʢʽʥʯʫʶʯʠ ʨʦʟʨʦʙʣʝʥʥʷʤ çɽʥʝʨʛʝʪʠʯʥʦʾ 
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ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2050 ʨʦʢʫè ʚ 2023-ʤʫ ʨʦʮʽ. ʉʝʨʝʜ ʥʘʡʙʽʣʴʰ 

ʟʥʘʯʫʱʠʭ ʜʦʩʷʛʥʝʥʴ ʥʘ ʤʽʞʥʘʨʦʜʥʽʡ ʘʨʝʥʽ ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ ʚʭʽʜ ʫ ʊʆʇ-10 

ʢʨʘʾʥ ʩʚʽʪʫ ʟʘ ʪʝʤʧʘʤʠ ʨʦʟʚʠʪʢʫ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ 2019-ʛʦ ʨʦʢʫ, 

ʚʭʽʜ ʫ ʊʆʇ-5 ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ ʟʘ ʪʝʤʧʘʤʠ ʨʦʟʚʠʪʢʫ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ 

2020-ʛʦ ʨʦʢʫ, 48 ʤʽʩʮʝ ʟʘʛʘʣʴʥʦʛʦ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʜʝʨʞʘʚʠ ʫ 

ʧʠʪʘʥʥʽ ʨʦʟʚʠʪʢʫ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʽ ʙʫʜʽʚʥʠʮʪʚʘ çʟʝʣʝʥʦʾè 

ʝʢʦʥʦʤʽʢʠ ʩʝʨʝʜ 136 ʢʨʘʾʥ ʩʚʽʪʫ ʚ ʨʝʡʪʠʥʛʫ BloombergNEF ʫ 2021-ʤʫ [1]. 

ʆʜʠʥ ʟ ʝʪʘʧʽʚ ʩʧʨʠʷʥʥʷ ʧʨʦʮʝʩʫ ʫʩʧʽʰʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʽʢʠ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʢʦʞʥʦʛʦ ʟ ʚʠʜʽʚ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʥʘ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ 

ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʢʨʝʤʠʭ ʾʾ ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥ(ʨʠʩ. 1). ʅʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʦʩʚʦʻʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʻ ʥʘʩʪʫʧʥʽ ʨʽʟʥʦʚʠʜʠ 

ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ: ʩʦʥʷʯʥʘ ʝʥʝʨʛʽʷ, ʝʥʝʨʛʽʷ ʚʽʪʨʫ, ʝʥʝʨʛʽʷ ʤʘʣʠʭ 

ʨʽʯʦʢ, ʛʝʦʪʝʨʤʘʣʴʥʘ ʝʥʝʨʛʽʷ ʪʘ ʝʥʝʨʛʽʷ ʙʽʦʤʘʩʠ. 

 

 
ʈʠʩ 1. ʄʘʧʘ ʨʦʟʧʦʜʽʣʫ ʧʨʠʨʦʜʥʠʭ ʟʦʥ ʋʢʨʘʾʥʠ 

 

ʉʦʥʷʯʥʘ ʝʥʝʨʛʝʪʠʢʘ. ɺ ʋʢʨʘʾʥʽ ʽʩʥʫʶʪʴ ʜʦʩʪʘʪʥʴʦ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ 

ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʦʥʷʯʥʫ ʝʥʝʨʛʽʶ. 

ʉʝʨʝʜʥʴʦʨʽʯʥʘ ʢʽʣʴʢʽʩʪʴ ʩʫʤʘʨʥʦʾ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʥʘ 1 ʤĮ 

ʧʦʚʝʨʭʥʽ, ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 1070 ʢɺʪĿʛʦʜ/ʤĮ ʚ ʾʾ 

ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʜʦ 1400 ʢɺʪĿʛʦʜ/ʤĮ ̔ ʚʠʱʝ ʥʘ ʧʽʚʜʥʽ ʋʢʨʘʾʥʠ. ʈʦʟʧʦʜʽʣ 

ʦʩʥʦʚʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘʢʠʡ: ʨʘʜʽʘʮʽʡʥʠʡ ʨʝʞʠʤ ʪʝʨʠʪʦʨʽʾ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʽʥʦʶ ʪʨʠʚʘʣʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʩʷʡʚʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʘ ʨʽʢ ʚʽʜ 

1690 ï 1850 ʛʦʜʠʥ ʫ ʟʘʭʽʜʥʠʭ ʨʘʡʦʥʘʭ ʇʦʣʽʩʩʷ ʪʘ ʃʽʩʦʩʪʝʧʫ ʜʦ 2150 ï 2450 

ʛʦʜʠʥ ʫ ʂʨʠʤʫ ʪʘ ʥʘ ʫʟʙʝʨʝʞʞʷʭ ʏʦʨʥʦʛʦ ʡ ɸʟʦʚʩʴʢʦʛʦ ʤʦʨʽʚ.  

ʈʦʟʤʽʨʢʦʚʫʶʯʠ ʧʨʦ ʥʝʜʦʣʽʢʠ, ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʥʝʦʙʭʽʜʥʦ ʚʽʜʚʝʜʝʥʥʷ ʚʝʣʠʢʠʭ ʧʣʦʱ ʟʝʤʣʽ ʧʽʜ ʙʫʜʽʚʥʠʮʪʚʦ 
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ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʘ ʬʦʪʦʝʣʝʤʝʥʪʠ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ, ʤʽʩʪʷʪʴ ʦʪʨʫʡʥʽ ʨʝʯʦʚʠʥʠ, ʪʘʢʽ ʷʢ ʩʚʠʥʝʮʴ, 

ʢʘʜʤʽʡ, ʛʘʣʽʡ, ʤʠʰô̫ ʢ ʪʦʱʦ 

ɺʽʪʨʦʚʘ ʝʥʝʨʛʝʪʠʢʘ. ɺ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʩʝʢʪʦʨʽ ɺɼɽ ʚʽʪʨʦʚʘ ʝʥʝʨʛʽʷ ʻ 

ʜʨʫʛʦʶ ʧʽʩʣʷ ʩʦʥʷʯʥʦʾ ʟʘ ʟʘʛʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʠʤ ʦʙô̒ ʤʦʤ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ. 

ʈʦʟʧʦʜʽʣ ʧʦʪʝʥʮʽʘʣʫ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʧʦ ʪʝʨʠʪʦʨʽʾ ʻ ʜʦʩʪʘʪʥʴʦ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʽ 

ʟʘʣʝʞʠʪʴ ʥʘʩʘʤʧʝʨʝʜ ʚʽʜ: 

Å ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʢʫ ʚʽʪʨʫ ʙʽʣʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ; 

Å ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ ʚʽʪʨʫ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʧʽʜʩʪʠʣʴʥʦʾ 
ʧʦʚʝʨʭʥʽ; 

Å ʨʝʣʴʻʬʫ ʧʽʜʩʪʠʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʚʽʜʩʪʘʥʽ ʜʦ ʚʝʣʠʢʠʭ ʚʦʜʦʡʤ. 

ɸʥʘʣʽʟ ʙʘʛʘʪʦʨʽʯʥʦʾ ʜʠʥʘʤʽʢʠ ʩʝʨʝʜʥʴʦʨʽʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʟʘ 

ʦʩʪʘʥʥʽ ʨʦʢʠ, ʧʦʢʘʟʘʚ, ʱʦ ʩʝʨʝʜʥʷ ʙʘʛʘʪʦʨʽʯʥʘ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 2,5 ʤ/ʩ ʜʦ 5,7 ʤ/ʩ ʥʘ ʚʠʩʦʪʽ ʬʣʶʛʝʨʘ (å10 ʤ). ʅʘʡʚʠʱʽ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʇʨʠʘʟʦʚʩʴʢʦʾ ʚʠʩʦʯʠʥʠ, 

ʇʨʠʯʦʨʥʦʤʦʨʩʴʢʦʾ ʥʠʟʦʚʠʥʠ, ʂʨʠʤʩʴʢʠʭ ʪʘ ʂʘʨʧʘʪʩʴʢʠʭ ʛʽʨ, ɺʦʣʠʥʩʴʢʦʾ ʪʘ 

ɼʦʥʝʮʴʢʦʾ ʚʠʩʦʯʠʥ. ɿʘʭʽʜʥʽ ʚʽʪʨʠ ʻ ʧʝʨʝʚʘʞʘʶʯʠʤʠ ʜʣʷ ʟʘʭʽʜʥʠʭ, 

ʮʝʥʪʨʘʣʴʥʠʭ ʪʘ ʧʽʚʥʽʯʥʠʭ ʦʙʣʘʩʪʝʡ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʩʭʽʜʥʠʭ ʪʘ ʧʽʚʜʝʥʥʠʭ 

ʦʙʣʘʩʪʝʡ, ʟʦʢʨʝʤʘ ʪʠʤʯʘʩʦʚʦ ʦʢʫʧʦʚʘʥʠʭ ʧʝʨʝʚʘʞʘʶʯʠʤʠ ʻ ʩʭʽʜʥʽ ʪʘ 

ʧʽʚʥʽʯʥʽ ʚʽʪʨʠ. 

ʅʘʡʩʢʣʘʜʥʽʰʠʤʠ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʚʽʪʨʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ(ɺɽʉ) ʻ 

ʛʽʨʩʴʢʽ ʨʘʡʦʥʠ. ɹʫʜʽʚʥʠʮʪʚʦ ʚ ʮʠʭ ʨʘʡʦʥʘʭ ʧʦʪʨʝʙʫʻ ʩʫʪʪʻʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʪʨʘʪ ʯʘʩʫ ʽ ʢʦʰʪʽʚ ʥʘ ʚʠʙʽʨ ʧʣʦʱʘʜʦʢ ʜʣʷ ɺɽʉ, ʧʨʦʢʣʘʜʘʥʥʷ ʰʣʷʭʽʚ ʽ ʣʽʥʽʡ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ, ʜʦʩʪʘʚʢʫ ʙʫʜʤʘʪʝʨʽʘʣʽʚ ʽ ʢʨʘʥʽʚ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʦʱʦ. 

ʊʘʢʦʞ ʤʘʣʦʧʨʠʚʘʙʣʠʚʦʶ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ɺɽʉ ʻ ʣʽʩʦʚʘ ʟʦʥʘ(ʃʽʩʠ ʻ 

ʧʨʠʨʦʜʥʽʤʠ ʧʝʨʝʰʢʦʜʘʤʠ ʚʽʪʨʦʚʠʤ ʧʦʪʦʢʘʤ. ʅʘʚʽʪʴ ʩʫʪʪʻʚʦ ʥʠʞʯʽ ʥʠʞʥʴʦʛʦ 

ʢʨʘʶ ʚʽʪʨʦʢʦʣʝʩʘ ɺɽʉ, ʚʦʥʠ ʟʙʽʣʴʰʫʶʪʴ ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʟʤʝʥʰʫʻ ʚʠʨʦʙʽʪʦʢ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ɺɽʉ ʽ ʧʨʠʩʢʦʨʶʻ ʾʾ 

ʟʥʦʩ). ʊʝʨʠʪʦʨʽʷ ʟʦʥʠ ʣʽʩʦʩʪʝʧʫ, ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ ʧʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʣʽʩʦʚʠʭ 

ʜʽʣʷʥʦʢ ʽ ʧʝʨʝʰʢʦʜ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʻ ʮʽʣʢʦʤ ʧʨʠʜʘʪʥʦʶ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʭ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʝʢʪʽʚ ɺɽʉ. ʅʘʡʙʽʣʴʰ 

ʧʨʠʚʘʙʣʠʚʦʶ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʧʨʦʝʢʪʽʚ ʻ ʩʪʝʧʦʚʘ ʟʦʥʘ. ʉʠʣʴʥʽ ʚʽʪʨʠ ʚ 

ʭʦʣʦʜʥʫ ʧʦʨʫ ʨʦʢʫ, ʚ ʪʝʧʣʫ ʧʦʨʫ ʨʦʢʫ ʟʤʝʥʰʫʶʪʴ ʩʚʦʶ ʩʠʣʫ, ʘʣʝ 

ʢʦʤʧʝʥʩʫʶʪʴ ʮʝ ʟʤʝʥʰʝʥʥʷ ʜʦʜʘʪʢʦʚʠʤʠ ʣʦʢʘʣʴʥʠʤʠ ʚʽʪʨʘʤʠ ï ʙʨʠʟʘʤʠ. 

ʅʘʷʚʥʽʩʪʴ ʚ ʩʪʝʧʦʚʽʡ ʟʦʥʽ ʧʦʪʫʞʥʠʭ ʤʦʨʩʴʢʠʭ ʧʦʨʪʽʚ ʽ ʤʝʨʝʞ ʘʚʪʦʰʣʷʭʽʚ 

ʩʧʨʦʱʫʶʪʴ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʣʦʛʽʩʪʠʢʠ. 

ɺʘʨʪʦ ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚʽʪʨʦʚʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʩʪʚʦʨʶʶʪʴ ʰʫʤ 

ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ, ʟʘʚʘʞʘʶʯʠ ʙʣʠʟʴʢʠʤ ʥʘʩʝʣʝʥʠʤ ʧʫʥʢʪʘʤ, ʘ ʛʝʥʝʨʘʪʦʨʠ 

ʚʝʣʠʢʠʭ ʚʽʪʨʦʜʚʠʛʫʥʽʚ ʦʙʝʨʪʘʶʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʙʣʠʟʴʢʦʶ ʜʦ ʯʘʩʪʦʪʠ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʪʝʣʝʙʘʯʝʥʥʷ, ʪʦʤʫ ʚʝʣʠʢʽ ʚʽʪʨʦʜʚʠʛʫʥʠ ʤʦʞʫʪʴ ʟʘʚʘʞʘʪʠ 

ʧʨʠʡʦʤʫ ʧʝʨʝʜʘʯ ʥʘ ʚʽʜʩʪʘʥʽ ʜʦ 1,6 ʢʽʣʦʤʝʪʨʽʚ. 

ɻʽʜʨʦʝʥʝʨʛʝʪʠʢʘ. ɻʽʜʨʦʝʥʝʨʛʝʪʠʢʘ ʤʘʻ ʥʘʡʤʝʥʰʫ ʩʦʙʽʚʘʨʪʽʩʪʴ ʩʝʨʝʜ 

ʪʨʘʜʠʮʽʡʥʠʭ ʪʘ ʙʽʣʴʰʦʩʪʽ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ(ʂʂɼ ʙʣʠʟʴʢʦ 70-90%) ʽ 
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ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ ʨʝʩʫʨʩʦʤ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚ ʋʢʨʘʾʥʽ ʪʝʭʥʽʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʣʠʰʝ ʤʘʣʠʭ ʨʽʯʦʢ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʽʚʥʽ 1270 ʤʣʥ. ʢɺʪĿʛʦʜ/ʨʽʢ. ɯ 

ʙʽʣʷ 1000 ʤʣʥ. ʢɺʪĿʛʦʜ/ʨʽʢ ʟ ʥʠʭ ʜʦʩʽ ʱʝ ʥʝ ʦʩʚʦʻʥʦ. ɹʫʜʽʚʥʠʮʪʚʦ ʢʘʩʢʘʜʽʚ 

ʤʘʣʠʭ ɻɽʉ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʛʽʜʨʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʽ ʫʯʘʩʪʽ ʚ ʢʝʨʦʚʘʥʦʤʫ 

ʟʘʭʠʩʪʫ ʪʝʨʠʪʦʨʽʡ ʚʽʜ ʧʦʚʝʥʝʡ ʅʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʠ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ ʟʦʩʝʨʝʜʞʝʥʽ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ: 

ɿʘʢʘʨʧʘʪʩʴʢʘ(35%), ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ (16%), ʃʴʚʽʚʩʴʢʘ (12%), ʏʝʨʥʽʚʝʮʴʢʘ 

(6%), ʂʽʨʦʚʦʛʨʘʜʩʴʢʘ (4%), ʊʝʨʥʦʧʽʣʴʩʴʢʘ (3%). ʅʘʡʤʝʥʰʽ ʟʥʘʯʝʥʥʷ 

ʧʨʠʪʘʤʘʥʥʽ ʦʙʣʘʩʪʷʤ: ʆʜʝʩʴʢʘ (0,37%), ɺʦʣʠʥʩʴʢʘ(0,27%), ʍʝʨʩʦʥʩʴʢʘ 

(0,18%), ʏʝʨʥʽʛʽʚʩʴʢʘ (0,16%), ɿʘʧʦʨʽʟʴʢʘ (0,05%)[2]. 

ʅʝʜʦʣʽʢʦʤ ʤʘʣʦʾ ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʠ ʻ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʫʩʠʭʘʥʥʷ 

ʤʘʣʠʭ ʨʽʯʦʢ, ʘ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʤʽʩʮʽ ʧʣʘʥʫʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʘʤʙʠ ʘʙʦ 

ʛʨʝʙʣʽ ʤʦʞʫʪʴ ʚʽʜʙʫʪʠʩʷ ʟʤʽʥʘ ʝʢʦʩʠʩʪʝʤ ʽ ʚʪʨʘʪʘ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, ʪʦʤʫ 

ʚʘʨʪʦ ʦʩʦʙʣʠʚʦ ʚʽʜʧʦʚʽʜʘʣʴʥʦ ʚʽʜʥʦʩʠʪʠʩʴ ʜʦ ʧʠʪʘʥʥʷ ʨʦʟʤʽʱʝʥʥʷ 

ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʩʽʭ ʤʦʞʣʠʚʠʭ ʥʘʩʣʽʜʢʽʚ. 

ɻʝʦʪʝʨʤʘʣʴʥʘ ʝʥʝʨʛʽʷ. ʋʤʦʚʥʦ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʩʫʙʛʝʦʪʝʨʤʘʣʴʥʫ, 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʫ ʪʘ ʧʝʪʨʦʪʝʨʤʘʣʴʥʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʪʝʤʧʠ ʥʘʨʦʱʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʛʝʦʪʝʨʤʘʣʴʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ʚ ʋʢʨʘʾʥʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʥʘʯʥʦ ʧʦʚʽʣʴʥʽʰʝ, ʧʦʧʨʠ ʪʝ, ʱʦ 

ʛʝʦʪʝʨʤʘʣʴʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʤʘʶʪʴ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ. ɺʦʥʠ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʜʦʙʠ ʘʙʦ ʧʦʨʠ ʨʦʢʫ, ʩʦʙʽʚʘʨʪʽʩʪʴ ʪʝʧʣʦʚʦʾ ʽ ʝʣʝʢʪʨʠʯʥʦʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ 

ʝʥʝʨʛʽʾ ʤʘʻ ʥʠʟʴʢʽ ʧʦʢʘʟʥʠʢʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

(0,8-0,95) ʪʘ ʤʘʣʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ.  

ʈʦʟʚʠʪʦʢ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʣʠʙʠʥʥʠʭ 

ʧʽʜʟʝʤʥʠʭ ʝʥʝʨʛʦʜʞʝʨʝʣ ʙʫʚ ʟʦʩʝʨʝʜʞʝʥʠʡ ʥʘ ʧʽʚʦʩʪʨʦʚʽ ʂʨʠʤ, ʘ ʪʘʢʦʞ 

ʯʘʩʪʢʦʚʦ ʫ ʍʝʨʩʦʥʩʴʢʽʡ ʪʘ ɿʘʢʘʨʧʘʪʩʴʢʽʡ ʦʙʣʘʩʪʷʭ.  

ʅʘ ʜʘʥʥʦʤʫ ʝʪʘʧʽ ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʦʩʚʦʻʥʥʷ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʠʡ (ʃʴʚʽʚʩʴʢʘ, 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ, ʯʘʩʪʢʦʚʦ ʏʝʨʥʽʚʝʮʴʢʘ ʦʙʣʘʩʪʽ) ʪʘ ɿʘʢʘʨʧʘʪʩʴʢʠʡ 

(ɿʘʢʘʨʧʘʪʩʴʢʘ ʦʙʣʘʩʪʴ) ʧʨʦʛʠʥʠ, ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʘ ʟʘʧʘʜʠʥʘ 

(ʏʝʨʥʽʛʽʚʩʴʢʘ, ʇʦʣʪʘʚʩʴʢʘ, ʉʫʤʩʴʢʘ, ʍʘʨʢʽʚʩʴʢʘ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ ʦʙʣʘʩʪʽ), 

ʉʪʝʧʦʚʠʡ ʂʨʠʤ ʪʘ ʫʟʙʝʨʝʞʞʷ ʏʦʨʥʦʛʦ ʤʦʨʷ (ʍʝʨʩʦʥʩʴʢʘ ʪʘ ʆʜʝʩʴʢʘ 

ʦʙʣʘʩʪʽ). ʇʝʪʨʦʛʝʦʪʝʨʤʘʣʴʥʽ ʨʝʩʫʨʩʠ ʧʦʰʠʨʝʥʥʽ ʥʘ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, 

ʘʣʝ ʥʘʡʤʝʥʰʘ ʛʣʠʙʠʥʘ ʾʭ ʟʘʣʷʛʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ɿʘʢʘʨʧʘʪʪʽ, ʚʥʫʪʨʽʰʥʽʡ 

ʟʦʥʽ ʇʨʠʢʘʨʧʘʪʪʷ ʽ ʧʽʚʜʝʥʥʽʡ ʯʘʩʪʠʥʽ ʆʜʝʩʴʢʦʾ ʽ ʍʝʨʩʦʥʩʴʢʦʾ ʦʙʣʘʩʪʝʡ. 

ʅʝʜʦʣʽʢʘʤʠ ʨʦʟʚʠʪʢʫ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʻ ʚʠʩʦʢʽ 

ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ, ʟʦʢʨʝʤʘ ʚʠʪʨʘʪʠ ʥʘ ʝʥʝʨʛʝʪʠʯʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʯʠ ʚʠʪʨʘʪʠ ʥʘ 

ʙʫʨʠʣʴʥʽ ʨʦʙʦʪʠ. 

ɽʥʝʨʛʽʷ ʙʽʦʤʘʩʠ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʨʦʩʪʘʥʥʷ 

ʧʦʪʝʥʮʽʘʣʫ ʪʚʝʨʜʦʾ ʙʽʦʤʘʩʠ, ʱʦ ʙʫʣʦ ʟʫʤʦʚʣʝʥʦ ʟʙʽʣʴʰʝʥʥʷʤ 
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ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʟʤʽʥʘʤʠ ʫ ʚʝʜʝʥʥʽ ʣʽʩʦʚʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ, ʟʤʽʥʘʤʠ ʫ ʧʦʚʦʜʞʝʥʥʽ ʟ ʧʦʙʫʪʦʚʠʤʠ ʪʘ ʧʨʦʤʠʩʣʦʚʠʤʠ 

ʚʽʜʭʦʜʘʤʠ. ʈʽʯʥʠʡ ʪʝʭʥʽʯʥʦ-ʜʦʩʷʞʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚ ʋʢʨʘʾʥʽ ʚ 

ʜʦʚʦʻʥʥʽ ʯʘʩʠ ʙʫʚ ʝʢʚʽʚʘʣʝʥʪʥʠʤ 35 ʤʣʥ ʪ ʽ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʘʚʘʣʦ 

ʟʤʦʛʫ ʱʦʨʽʯʥʦ ʟʘʦʱʘʜʞʫʚʘʪʠ ʙʣʠʟʴʢʦ 40 ʤʣʨʜ ʤį ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. 

ʅʘʡʙʽʣʴʰʠʡ ʧʦʪʝʥʮʽʘʣ ʪʚʝʨʜʦʾ ʙʽʦʤʘʩʠ ʟʦʩʝʨʝʜʞʝʥʠʡ ʫ ɺʽʥʥʠʮʴʢʽʡ, 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ, ɾʠʪʦʤʠʨʩʴʢʽʡ, ʂʠʾʚʩʴʢʽʡ, ʆʜʝʩʴʢʽʡ, ʇʦʣʪʘʚʩʴʢʽʡ, 

ʉʫʤʩʴʢʽʡ, ʍʘʨʢʽʚʩʴʢʽʡ ʪʘ ʏʝʨʥʽʛʽʚʩʴʢʽʡ ʦʙʣʘʩʪʷʭ ʽ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 2,0 ʤʣʥ 

ʪ/ʨʽʢ[3]. ʆʩʥʦʚʥʠʤʠ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʩʠʨʦʚʠʥʠ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʨʝʙ ʻ 

ʩʽʣʴʩʴʢʝ ʪʘ ʣʽʩʦʚʝ ʛʦʩʧʦʜʘʨʩʪʚʦ, ʟʦʢʨʝʤʘ ʚʠʨʦʱʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʢʫʣʴʪʫʨ ï ʮʝ ʦʢʨʝʤʽ ʚʠʜʠ ʜʝʨʝʚ ʪʘ ʨʦʩʣʠʥ, ʱʦ ʩʧʝʮʽʘʣʴʥʦ ʚʠʨʦʱʫʶʪʴʩʷ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʚʝʨʜʦʛʦ ʙʽʦʧʘʣʠʚʘ. ɿʥʘʯʥʫ ʯʘʩʪʢʫ ʪʚʝʨʜʦʾ ʙʽʦʤʘʩʠ ʟʘʡʤʘʻ 

ʪʦʨʬ. ʈʽʯʥʠʡ ʧʨʠʨʽʩʪ ʪʦʨʬô̫ ʥʦʛʦ ʰʘʨʫ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 1 ʤʤ ʽ ʚʽʜʧʦʚʽʜʥʠʡ 

ʦʙʩʷʛ ʪʦʨʬʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʚʽʜʥʦʚʣʶʚʘʥʠʤ. ʅʘʡʙʽʣʴʰʽ ʧʦʢʣʘʜʠ ʪʦʨʬʫ 

ʤʘʶʪʴ ʪʨʠ ʧʦʣʽʩʴʢʽ ʦʙʣʘʩʪʽ: ɺʦʣʠʥʩʴʢʘ, ʈʽʚʥʝʥʩʴʢʘ ʪʘ ʏʝʨʥʽʛʽʚʩʴʢʘ. ʅʘ ʾʭ 

ʪʝʨʠʪʦʨʽʷʭ ʚʠʷʚʣʝʥʦ ʽ ʨʦʟʚʽʜʘʥʦ 836 ʨʦʜʦʚʠʱ (38 % ʚʩʽʭ ʨʦʜʦʚʠʱ ʢʨʘʾʥʠ), ʘ 

ʛʝʦʣʦʛʽʯʥʽ ʟʘʧʘʩʠ ʪʦʨʬʫ ʩʪʘʥʦʚʣʷʪʴ 1,0 ʤʣʨʜ. ʪ.  

ʄʘʩʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʤʘʻ ʥʠʟʢʫ 

ʙʝʟʟʘʧʝʨʝʯʥʠʭ ʧʝʨʝʚʘʛ, ʦʜʥʘʢ ʦʢʨʝʤʦ ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ ʧʦʩʪʫʧʦʚʫ 

ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʛʣʦʙʘʣʴʥʠʭ ʮʽʥʦʚʠʭ ʢʦʣʠʚʘʥʴ ʥʘ ʧʘʣʠʚʦ. ɺʦʥʠ ʪʘʢʦʞ 

ʛʘʨʘʥʪʫʶʪʴ ʙʝʟʧʝʢʫ ʪʘ ʟʜʦʨʦʚô̫  ʩʫʩʧʽʣʴʩʪʚʘ ʽ ʤʘʶʪʴ ʚ ʧʝʨʩʧʝʢʪʠʚʽ ʩʪʘʪʠ 

ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʧʨʦʮʝʩʽ ʚʽʜʥʦʚʣʝʥʥʷ ʢʨʘʾʥʠ ʫ ʧʽʩʣʷʚʦʻʥʥʽ 

ʯʘʩʠ. ʇʨʦʪʝ ʙʝʟ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʧʨʠʷʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʶ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ, ʪʝʤʧʠ ʥʘʨʦʱʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʢʨʘʾʥʠ ʧʝʨʝʙʫʚʘʪʠʤʫʪʴ ʥʘ ʥʝʜʦʩʪʘʪʥʴʦʤʫ ʨʽʚʥʽ. 

ɿʘ ʩʴʦʛʦʜʥʽʰʥʽʭ ʫʤʦʚ ʦʜʥʠʤ ʟʽ ʰʣʷʭʽʚ ʩʧʨʠʷʥʥʷ ʨʦʟʚʠʪʢʫ ʩʝʢʪʦʨʫ çʟʝʣʝʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠè ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʤʦʜʝʣʽ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʦʨʠʩʪʫʚʘʥʥʷ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʦʛʝʥʝʨʘʮʽʾ ʽʟ 

ʟʘʣʫʯʝʥʥʷʤ ʥʦʚʽʪʥʽʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ.  
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ʆʟʝʣʝʥʝʥʥʷ ʥʘʩʝʣʝʥʠʭ ʤʽʩʮʴ ʻ ʯʘʩʪʠʥʦʶ ʟʘʛʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ ʷʢʦʩʪʽ 

ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʧʦʚôʷʟʘʥʝ ʟ ʨʦʟʚôʷʟʘʥʥʷʤ ʮʽʣʦʾ ʥʠʟʢʠ ʧʣʘʥʫʚʘʣʴʥʠʭ ʽ 

ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʧʠʪʘʥʴ ʟʽ ʩʪʚʦʨʝʥʥʷ ʣʘʥʜʰʘʬʪʥʠʭ ʦʙôʻʢʪʽʚ ʨʽʟʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʋ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ ʟʥʘʯʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ 

ʦʙôʻʢʪʠ ʦʟʝʣʝʥʝʥʥʷ ʨʘʡʦʥʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʟʦʢʨʝʤʘ ʨʘʡʦʥʥʽ ʧʘʨʢʠ ï ʟʝʣʝʥʽ 

ʤʘʩʠʚʠ, ʥʘʙʣʠʞʝʥʽ ʜʦ ʤʽʩʮʴ ʧʨʦʞʠʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʫ ʟʨʫʯʥʦʤʫ ʨʝʞʠʤʽ 

ʚʜ̔ʚʽʜʫʚʘʪʠ ʧʘʨʢʦʚʽ ʟʦʥʠ ʨʽʟʥʠʤ ʛʨʫʧʘʤ ʥʘʩʝʣʝʥʥʷ [1]. ʄʦʪʠʚʘʮʽʡʥʽ ʘʩʧʝʢʪʠ 

ʚʽʜʚʽʜʫʚʘʥʦʩʪʽ ʧʘʨʢʘ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʟʦʥʫʚʘʥʥʷʤ 

ʪʝʨʠʪʦʨʽʾ ʧʘʨʢʘ, ʡʦʛʦ ʜʝʢʦʨʘʪʠʚʥʠʤ ʦʬʦʨʤʣʝʥʥʷʤ ʽ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 

ʙʣʘʛʦʫʩʪʨʦʶ, ʧʽʜʙʦʨʦʤ ʘʩʦʨʪʠʤʝʥʪʫ ʨʦʩʣʠʥ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʥʝ ʪʽʣʴʢʠ 

ʜʝʢʦʨʘʪʠʚʥʦ-ʝʩʪʝʪʠʯʥʫ ʪʘ ʣʘʥʜʰʘʬʪʥʦ-ʢʦʤʧʦʟʠʮʽʡʥʫ ʬʫʥʢʮʽʾ, ʘʣʝ ʡ ʜʫʞʝ 

ʚʘʞʣʠʚʫ ʚ ʫʨʙʘʥʽʟʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʫ ʨʦʣʴ  [2].  

ʇʦʜʽʙʥʽ ʚʠʤʦʛʠ ʜʦ ʣʘʥʜʰʘʬʪʥʦ-ʧʣʘʥʫʚʘʣʴʥʦʾ ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʧʨʝʜôʷʚʣʷʶʪʴʩʷ ʽ ʜʦ ʧʘʨʢʘ ʨʘʡʦʥʥʦʛʦ ʟʥʘʯʝʥʥʷ ï ʧʘʨʢʘ çʇʘʤôʷʪʽ ʽ 

ʇʨʠʤʠʨʝʥʥʷè, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʦʜʥʦʤʫ ʽʟ ʥʘʡʩʪʘʨʽʰʠʭ ʨʦʙʦʯʠʭ ʨʘʡʦʥʽʚ 

ʤʽʩʪʘ ɼʥʽʧʨʦ. ʇʨʠ ʚʝʣʠʢʽʡ ʱʽʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʪʘ ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʠʭ 

ʧʨʦʤʠʩʣʦʚʠʭ ʟʘʚʦʜʽʚ ʫ ʨʘʡʦʥʽ ʧʘʨʢ ʻ ʤʘʡʞʝ ʻʜʠʥʠʤ çʟʝʣʝʥʠʤ ʦʘʟʠʩʦʤè ʫ 

ʞʠʪʣʦʚʽʡ ʪʘ ʧʨʦʤʠʩʣʦʚʽʡ ʟʘʙʫʜʦʚʽ. ʇʨʷʤʦʢʫʪʥʘ ʟʘ ʬʦʨʤʦʶ ʜʽʣʷʥʢʘ ʧʘʨʢʫ 

ʧʣʦʱʝʶ 2,3 ʛʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʝʨʝʭʨʝʩʪʽ ʘʚʪʦʤʘʛʽʩʪʨʘʣʝʡ ʤʽʩʴʢʦʛʦ ʽ 

ʤʽʞʤʽʩʴʢʦʛʦ ʟʥʘʯʝʥʥʷ ʟ ʚʝʣʠʢʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʨʫʭʫ, ʧʦʨʷʜ ʟ 

ʎʝʥʪʨʘʣʴʥʠʤ ʤʽʩʴʢʠʤ ʘʚʪʦʚʦʢʟʘʣʦʤ ʪʘ ʟʘʣʽʟʥʠʯʠʤ ʚʦʢʟʘʣʦʤ. ʆʜʥʘ ʟ 

ʘʚʪʦʤʘʛʽʩʪʨʘʣʝʡ (ʚʫʣ. ʃʝʚʘʥʝʚʩʴʢʦʛʦ) ʻ ʦʩʥʦʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʫ 

ʚʽʜ ʘʚʪʦʚʦʢʟʘʣʫ, ʽʥʰʘ (ʧʨʦʩʧ. ʉʝʨʛʽʷ ʅʽʛʦʷʥʘ, ʥʘʟʚʘʥʠʡ ʥʘ ʯʝʩʪʴ ʟʘʛʠʙʣʦʛʦ 

ʛʝʨʦʷ ʅʝʙʝʩʥʦʾ ʉʦʪʥʽ) ʻ ʮʝʥʪʨʘʣʴʥʠʤ ʧʨʦʩʧʝʢʪʦʤ ʩʪʘʨʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʨʘʡʦʥʫ ʤʽʩʪʘ.  ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʨʠʪʦʨʽʷ ʧʘʨʢʫ ʟʘʟʥʘʻ ʟʥʘʯʥʠʭ ʨʝʢʨʝʘʮʽʡʥʠʭ ʽ 

ʫʨʙʦʪʝʭʥʦʛʝʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʩʠʣʝʥʠʭ 

ʟʘʭʦʜʽʚ ʟ ʜʦʛʣʷʜʫ ʟʘ ʥʘʩʘʜʞʝʥʥʷʤʠ.      

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʥʷ ʣʘʥʜʰʘʬʪʥʦ-ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ 

ʧʣʘʥʫʚʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʥʘʩʘʜʞʝʥʴ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʧʘʨʢʫ. 

ʇʣʘʥʫʚʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʧʘʨʢʫ ʤʘʻ ʨʝʛʫʣʷʨʥʠʡ ʭʘʨʘʢʪʝʨ. ʆʩʥʦʚʫ ʾʾ ʩʢʣʘʜʘʻ 

ʛʦʣʦʚʥʘ ʘʣʝʷ, ʱʦ ʚʝʜʝ ʚʽʜ ʚʭʽʜʥʦʾ ʟʦʥʠ ʯʝʨʝʟ ʚʝʩʴ ʧʘʨʢ ʜʦ ʤʝʤʦʨʽʘʣʫ, ʜʝ 

ʧʦʭʦʚʘʥʽ ʚʦʾʥʠ ɼʨʫʛʦʾ ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ. ʄʝʤʦʨʽʘʣ ʻ ʢʦʤʧʦʟʠʮʽʡʥʦʶ ʜʦʤʽʥʘʥʪʦʶ 

ʧʘʨʢʫ, ʷʢʽʡ ʧʽʜʧʦʨʷʜʢʦʚʘʥʽ ʫʩʽ ʽʥʰʽ ʧʣʘʥʫʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ. ʎʝ ʚʠʟʥʘʯʠʣʦ 

ʩʪʘʪʫʩ ʜʘʥʦʛʦ ʧʘʨʢʫ ʧʨʠ ʡʦʛʦ ʩʪʚʦʨʝʥʥʽ ʚ ʩʝʨʝʜʠʥʽ ʍʍ ʩʪ. ʷʢ ʤʝʤʦʨʽʘʣʴʥʠʡ. 

ʊʘʢʝ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʪʝʨʠʪʦʨʽʾ, ʚʽʜʚʝʜʝʥʦʾ ʧʽʜ ʧʘʨʢ, ʽʩʥʫʚʘʣʦ ʡ ʚ 

ʽʩʪʦʨʠʯʥʦʤʫ ʤʠʥʫʣʦʤʫ, ʢʦʣʠ ʪʫʪ ʙʫʣʘ ʚʽʜʜʘʣʝʥʘ ʚʽʜ ʤʽʩʪʘ ʨʦʙʦʯʘ ʩʣʦʙʦʜʘ 
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ʧʦʨʷʜ ʟ ʬʘʙʨʠʢʦʶ, ʱʦ ʙʫʣʘ ʟʙʫʜʦʚʘʥʘ ʱʝ ʥʘʧʨʠʢʽʥʮʽ ʍVIII ʩʪ. ʊʝʨʠʪʦʨʽʷ 

ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʧʦʨʷʜ ʽʟ ʏʝʯʝʣʽʚʩʴʢʦʶ ʩʣʦʙʦʜʦʶ ʢʣʘʜʦʚʠʱʘ ʫ ʧʦʜʘʣʴʰʦʤʫ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʝʟʘʙʫʜʦʚʘʥʦʶ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʽʥʪʝʥʩʠʚʥʠʡ ʨʽʩʪ ʱʽʣʴʥʦʩʪʽ 

ʟʘʙʫʜʦʚʠ ʨʘʡʦʥʫ, ʽ ʯʝʨʝʟ ʧʽʚʪʦʨʘ ʩʪʦʣʽʪʪʷ ʚʦʥʘ ʬʫʥʢʮʽʦʥʫʻ ʷʢ ʚʘʞʣʠʚʠʡ 

ʝʣʝʤʝʥʪ ʤʽʩʴʢʦʾ ʩʠʩʪʝʤʠ ʦʟʝʣʝʥʝʥʥʷ. ʗʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ, ʫ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ 

ʯʘʩʪʠʥʘ ʧʘʨʢʦʚʠʭ ʦʙ`ʻʢʪʽʚ, ʷʢʽ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ 

ʧʨʠʟʥʘʯʝʥʥʷʤ ʻ ʧʘʨʢʘʤʠ ʪʠʭʦʛʦ ʚʽʜʧʦʯʠʥʢʫ, ʧʦʭʦʜʷʪʴ ʚʽʜ ʪʘʢʠʭ ʪʝʨʠʪʦʨʽʡ 

ʤʝʤʦʨʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ ʽʩʪʦʨʠʯʥʦ ʚʧʨʦʜʦʚʞ ʩʪʦʣʽʪʴ ʬʦʨʤʫʚʘʣʠʩʷ 

ʙʽʣʷ ʞʠʪʣʦʚʦʾ ʟʘʙʫʜʦʚʠ. 

ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʙʽʣʷ ʟʘʭʽʜʥʦʾ ʩʪʦʨʦʥʠ ʧʘʨʢʫ ʟʥʘʭʦʜʠʪʴʩʷ ʮʝʨʢʚʘ, ʷʢʘ 

ʙʫʣʘ ʟʘʩʥʦʚʘʥʘ ʨʘʟʦʤ ʽʟ ʩʣʦʙʦʜʦʶ, ʟʨʫʡʥʦʚʘʥʘ ʫ 30-ʭ ʨʦʢʘʭ ʍʍ ʩʪ. ʽ 

ʥʝʱʦʜʘʚʥʦ ʚʽʜʙʫʜʦʚʘʥʘ ʟʘʥʦʚʦ. ɯʩʪʦʨʠʯʥʦ ʦʙʫʤʦʚʣʝʥʠʡ ʤʝʤʦʨʽʘʣʴʥʠʡ 

ʭʘʨʘʢʪʝʨ ʪʝʨʠʪʦʨʽʾ ʧʘʨʢʫ ʪʘ ʡʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʷʢ ʟʦʥʠ ʪʠʭʦʛʦ ʚʽʜʧʦʯʠʥʢʫ 

ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʰʠʨʠʣʦʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʢʣʶʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʜʠʪʷʯʦʾ ʪʘ 

ʬʽʟʢʫʣʴʪʫʨʥʦ-ʦʟʜʦʨʦʚʯʦʾ ʟʦʥ, ʭʦʯʘ ʚʦʥʠ ʥʝ ʤʘʶʪʴ ʯʽʪʢʦ ʚʠʨʘʞʝʥʦʾ 

ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʫ ʧʘʨʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ.  

ʇʣʘʥʫʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʤʘʶʪʴ ʦʙôʻʜʥʫʚʘʪʠ ʜʽʣʷʥʢʠ ʧʘʨʢʫ ʚ ʻʜʠʥʝ ʮʽʣʝ, 

ʦʜʥʘʢ ʘʥʘʣʽʟ ʧʣʘʥʫʚʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʢʘʟʘʚ, ʱʦ ʜʦʨʦʞʥʴʦ-ʩʪʝʞʢʦʚʘ 

ʤʝʨʝʞʘ ʧʘʨʢʫ ʥʝ ʟʘʚʞʜʠ ʚʽʜʧʦʚʽʜʘʻ ʮʴʦʤʫ ʧʨʠʥʮʠʧʫ, ʘ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʫʩʽʤ 

ʟʨʫʯʥʽ ʪʨʘʥʟʠʪʥʽ ʰʣʷʭʠ ʢʨʽʟʴ ʪʝʨʠʪʦʨʽʶ ʧʘʨʢʫ (ʨʠʩ. 1). 

ʎʠʤ ʧʦʷʩʥʶʻʪʴʩʷ ʪʘʢʘ ʦʩʦʙʣʠʚʽʩʪʴ ʩʠʩʪʝʤʠ ʧʽʰʦʭʽʜʥʠʭ ʟʚôʷʟʢʽʚ ʫ 

ʧʘʨʢʫ, ʷʢ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ˇʨʫʥʪʦʚʠʭ ʩʪʝʞʦʢ, ʱʦ ʫ ʨʽʟʥʠʭ ʥʘʧʨʷʤʘʭ 

ʧʝʨʝʪʠʥʘʶʪʴ ʪʝʨʠʪʦʨʽʶ ʧʘʨʢʫ. ʂʨʽʤ ʛʦʣʦʚʥʦʾ ʘʣʝʾ, ʷʢʘ ʩʧʨʷʤʦʚʘʥʘ ʚʽʜ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʭʦʜʫ ʜʦ ʤʝʤʦʨʽʘʣʫ, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʜʨʫʛʫ ʟʘ ʟʥʘʯʠʤʽʩʪʶ 

ʘʣʝʶ, ʷʢʘ ʧʦ ʜʽʘʛʦʥʘʣʽ ʟʚôʷʟʫʻ ʜʦʜʘʪʢʦʚʠʡ ʚʭʽʜ ʚ ʧʘʨʢ ʚʽʜ ʧʝʨʝʭʨʝʩʪʷ 

ʤʘʛʽʩʪʨʘʣʝʡ ʟ ʮʝʥʪʨʘʣʴʥʦʶ ʯʘʩʪʠʥʦʶ ʧʘʨʢʫ. 

ʅʘʩʘʜʞʝʥʥʷ ʫʟʜʦʚʞ ʧʘʨʢʦʚʠʭ ʘʣʝʡ ʪʘ ʙʽʣʷ ʧʽʚʥʽʯʥʦʾ ʤʝʞʽ ʧʘʨʢʫ, ʱʦ 

ʧʨʠʤʠʢʘʻ ʜʦ ʧʨʦʩʧʝʢʪʫ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʷʜʦʚʠʤʠ ʧʦʩʘʜʢʘʤʠ. ʊʽʣʴʢʠ ʚ 

ʦʬʦʨʤʣʝʥʥʽ ʛʦʣʦʚʥʦʾ ʘʣʝʾ ʚʠʢʦʨʠʩʪʘʥʽ ʭʚʦʡʥʽ, ʘ ʩʘʤʝ Picea pungens f. glauca. 

ʉʪʘʨʽ ʧʦʚʥʦʢʨʦʥʥʽ ʷʣʠʥʠ ʫʪʚʦʨʶʶʪʴ ʩʪʨʫʥʢʽ ʨʠʪʤʽʯʥʽ ʨʷʜʠ ʟ ʜʚʦʭ ʙʦʢʽʚ ʘʣʝʾ, ʚ 

ʛʣʠʙʠʥʽ ʷʢʦʾ ʧʨʦʛʣʷʜʘʻʪʴʩʷ, ʷʢ ʬʦʢʫʩʥʘ ʪʦʯʢʘ, ʤʝʤʦʨʽʘʣ. ʊʘʢʘ ʢʦʤʧʦʟʠʮʽʷ 

ʥʘʩʘʜʞʝʥʴ ʜʦʙʨʝ ʧʽʜʢʨʝʩʣʶʻ ʥʘʩʪʨʽʡ ʩʢʦʨʙʦʪʠ ʪʘ ʫʨʦʯʠʩʪʦʩʪʽ ʧʨʠ ʧʽʜʭʦʜʽ ʜʦ 

ʤʝʤʦʨʽʘʣʫ. ʉʝʨʝʜ ʫʩʽʭ ʥʘʩʘʜʞʝʥʴ ʧʘʨʢʫ ʷʣʠʥʦʚʘ ʘʣʝʷ ï ʮʝ ʻʜʠʥʠʡ 

ʢʦʤʧʦʟʠʮʽʡʥʦ ʚʠʨʘʞʝʥʠʡ ʝʣʝʤʝʥʪ. ʅʘ ʤʝʞʽ ʧʘʨʢʫ ʚʟʜʦʚʞ ʧʨʦʩʧʝʢʪʫ ï ʨʷʜʦʚʘ 

ʧʦʩʘʜʢʘ Aesculus hippocastanea, ̫ ʢʘ ʤʘʻ ʚʽʢ ʙʣʠʟʴʢʦ 60 ʨʦʢʽʚ ʽ ʷʚʣʷʻʪʴʩʷ ʦʜʥʽʻʶ 

ʟ ʥʘʡʩʪʘʨʽʰʠʭ ʘʣʝʡʥʠʭ ʧʦʩʘʜʦʢ ʛʽʨʢʦʢʘʰʪʘʥʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ. ʉʪʘʥ ʜʝʨʝʚ 

ʟʘʜʦʚʽʣʴʥʠʡ, ʘʣʝ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʝ ʧʦʰʢʦʜʞʝʥʥʷ ʣʠʩʪʷ 

ʛʽʨʢʦʢʘʰʪʘʥʦʚʠʤ ʤʝʪʝʣʠʢʦʤ. 

ʈʷʜʦʚʽ ʧʦʩʘʜʢʠ ʣʠʩʪʷʥʠʭ ʧʦʨʽʜ ʥʘ ʜʽʘʛʦʥʘʣʴʥʽʡ ʘʣʝʾ ʯʘʩʪʢʦʚʦ ʟʨʽʜʞʝʥʽ 

ʯʝʨʝʟ ʚʠʙʦʨʢʫ ʩʪʘʨʠʭ ʜʝʨʝʚ, ʽ ʯʘʩʪʢʦʚʦ ʜʦʧʦʚʥʝʥʽ ʤʦʣʦʜʠʤʠ ʩʘʜʞʘʥʮʷʤʠ 

ʨʽʟʥʠʭ ʚʠʜʽʚ, ʱʦ ʥʝʧʨʠʧʫʩʪʠʤʦ ʚ ʢʦʤʧʦʟʠʮʽʾ  ʘʣʝʡʥʠʭ ʥʘʩʘʜʞʝʥʴ ʨʝʛʫʣʷʨʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ. 
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ʈʠʩ. 1. ʇʣʘʥʫʚʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʧʘʨʢʫ 

çʇʘʤ`ʷʪʽ ʪʘ ʧʨʠʤʠʨʝʥʥʷè ʚ ʤʽʩʴʢʽʡ ʟʘʙʫʜʦʚʽ 
1, 2  - ʘʚʪʦʤʘʛʽʩʪʨʘʣʽ ʤʽʞʤʽʩʴʢʦʛʦ ʪʘ ʤʽʩʴʢʦʛʦ ʟʥʘʯʝʥʥʷ; 3 ï ʤʝʤʦʨʽʘʣ; 

4 -  ʭʨʘʤ ʉʚʷʪʦʛʦ ʙʣʘʛʦʚʽʨʥʦʛʦ ɺʝʣʠʢʦʛʦ ʢʥʷʟʷ ʆʣʝʢʩʘʥʜʨʘ; 

5 ï ʛʦʣʦʚʥʘ ʘʣʝʷ ʧʘʨʢʘ; 6 ï ʜʽʘʛʦʥʘʣʴʥʘ ʘʣʝʷ. 

 

ɺ ʦʙʤʝʞʝʥʠʭ ʜʦʨʽʞʢʘʤʠ ʩʝʢʪʦʨʘʭ ʧʘʨʢʫ ʥʘʩʘʜʞʝʥʥʷ ʣʽʩʦʧʘʨʢʦʚʦʛʦ ʪʠʧʫ, 

ʜʦʩʠʪʴ ʟʨʽʜʞʝʥʽ ʯʝʨʝʟ ʚʠʜʘʣʝʥʥʷ ʩʪʘʨʠʭ ʝʢʟʝʤʧʣʷʨʽʚ. ɺʠʜʦʚʠʡ ʩʢʣʘʜ 

ʥʘʩʘʜʞʝʥʴ ʥʝ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʪʷʤ, ʧʝʨʝʚʘʞʘʶʪʴ Robinia pseudoacacia, 

Ulmus pinnato-ramosa, Acer platanoides, Acer pseudoplatanus. ɿʫʩʪʨʽʯʘʶʪʴʩʷ 

ʪʘʢʦʞ Acer negundo, Armeniaca vulgaris, Salix alba, Morus nigra, Fraxinus viridis, 

Populus bolleana. ʄʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ ʦʜʠʥʠʯʥʽ ʝʢʟʝʤʧʣʷʨʠ ʙʽʣʴʰ ʮʽʥʥʠʭ 

ʜʝʢʦʨʘʪʠʚʥʠʭ ʧʦʨʽʜ ï Biota orientalis, Betula pendula, Catalpa bignonioides, 

Prunus cerasifera f. atropurpurea. ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʢʚʽʪʢʦʚʝ ʦʬʦʨʤʣʝʥʥʷ 

ʚʽʜʩʫʪʥʻ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʘʨʢʫ, ʢʨʽʤ ʢʚʽʪʥʠʢʽʚ ʙʽʣʷ ʜʦʜʘʪʢʦʚʦʛʦ ʚʭʦʜʫ ʪʘ 

ʤʝʤʦʨʽʘʣʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʦʛʦ ʩʪʘʥʫ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʨʦʚʝʜʝʥʥʷ ʯʘʩʪʢʦʚʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʯʝʨʝʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʜʦʨʦʞʥʴʦ-ʩʪʝʞʢʦʚʦʾ 

ʤʝʨʝʞʽ ʪʘ ʢʦʤʧʦʟʠʮʽʾ ʧʘʨʢʦʚʠʭ ʥʘʩʘʜʞʝʥʴ, ʟʙʽʣʴʰʝʥʥʷ ʚʠʜʦʚʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʟʘʛʘʣʴʥʦʛʦ ʙʣʘʛʦʫʩʪʨʦʶ ʪʝʨʠʪʦʨʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʣʠʭ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʬʦʨʤ 

ʪʘ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʘʜʦʚʦ-ʧʘʨʢʦʚʦʛʦ ʜʠʟʘʡʥʫ. 
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Indoor Air Quality (IAQ), microclimatic parameters, and Outdoor Air 

Quality (OAQ) are very important factors of health. The factors are joined because 

the IAQ is formed by ventilation systems, which use the outdoor air, characterised 

by OAQ. Low IAQ is the reason for Sick Building Syndrome (SBS) [1-3]. The 

energy efficiency of ventilation is dependent on the air exchange. The last one is 

dependent on the air parameters at the intake, which in cooling and transition 

periods are accepted as outdoor [4]. They are assumed as uncontrolled. But this 

isnôt true. 

There is one measure which can control the temperature/humidity and 

pollution of the intake air ï green structures. Plants can clean, cool and humidify 

the air. Thus, green structures are the promising place for air intake in ventilation. 

The field studies of the CO2 content on the plants on a sunny day is 320...329 

due to photosynthesis, while on the street itôs 501 ppm. Thus, at such weather 

conditions, ȹqpl = 170 ppm decrease appears. This is very good, especially, for 

the variable-air-volume (VAV) ventilation. The calculation of air exchange by the 

CO2 dissolving due to the equivalence in the inlet and outdoor airflow rate is 

[m3/h] 

 LCO = MCO / (ql ï qin) = MCO / (ql ï qext) = MCO / (1,83 Ŀ (Yl ï Yext)), (2) 

where MCO ï the CO2 gain [mg/h], (ql ï qin) ï the CO2  concentration difference 

between the leaving an inlet air [mg/m3]; (ql ï qext) ï the normative CO2 

concentration difference between the leaving an inlet air [mg/m3];  (Yl ï Yexi) ï the 

CO2 content difference between the leaving an outdoor air [ppm]. 

The field studies of the CO2 content on the plants on a sunny day is 

320...329 ppm due to photosynthesis, while on the street itôs 501 ppm. Thus, at 

such weather conditions, ȹY = 170 ppm decrease appears. This is very good, 

especially, for the variable-air-volume (VAV) ventilation. In the inlet air, the CO2 

content in the inlet air Yin [ppm] is less than in the outdoor air Yext [ppm]. The 

mailto:tkachenko.tm@knuba.edu.ua
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current airflow rate by the CO2 dissolving is [m
3/h] 

 L'CO = MCO / (ql ï qin) = MCO / (1,83 Ŀ (Yl ï Yin ï ȹY)). (3) 

The relative decrease between the flow rates is 21,25 % at the permissible 

[4] indoor microclimate parameters (Yl  ï Yext = 800 ppm) and 34 % for optimal 

ones 

(Yl ï Yext = 500 ppm). 

At constant air volume systems without cooling, the determinant air 

exchange is usually by heat and moisture assimilation. Thus, to save energy we 

should use a cooling effect. To use it, we can intake the air under the vertical wall 

greening. But this limits the velocity to avoid overdrying the foliage, usually, no 

more than 1 m/s. Air intake from a green roof can damage the design. But there is 

a solution, which kills two birds with one stone ï the use of the cooling effect and 

shading the intake. This is a false pergola around it (Fig. 1 a). The surface should 

be not less than necessary to achieve the velocity of 1 m/s. The cooling effect is 

based on the evaporative cooling. This process ext ï pl can be represented as near 

to adiabatic (Fig. 1 b). The cooling effect can be found by the equation [5]: 

 ȹtc.e. = tpl ï text = (0,508Āarctg(v) + 0,543) arctg2 (v)+ 1,23, K, (4) 

where tpl ï the temperature of the air after plant treatment, v ï the velocity around 

the plants, in the worse case ï the flow divided by the area of the greening. Using 

equation (1), 

 tpl = text ï (0,508Āarctg(v) + 0,543) arctg2 (v) ï 1,23, K. (5) 

The algorithm is (green lines in Fig. 1 b): 

1. Calculating the air temperature after treatment of the plants using equation (5); 

2. Setting the point ext of the outdoor (external) air; 

3. Building the process ray Ů; 

4. Building the treatment of the plants along constant enthalpy up to the point pl 

with the temperature tpl [ÁC]; 

5. Parallel movement of the ray to the point ext; 

6. The points wz and l are the intersections of the moved ray and isotherms, 

correspondingly, twz ̔  tl. 

The necessary air exchange [4] using the full heat gains ȹQhf [W] and the 

moisture gain W [g/h] without local suctions [m3/h] is 

 L = 3,6ĿȹQhf / (Il ï Ipl) = W / (dl ï dpl), (6) 

where Il and dl ï the enthalpy [kJ/kg] and the moisture content [g/kg] of the 

exhaust air; Ipl and dpl ï the enthalpy [kJ/kg] and the moisture content [g/kg] of 

the air after plant treatment. 

Without plants, we should skip step 4 of the algorithm and move the ray to 

point ext at step 5 (red line in Fig. 1 b). The equation of the air exchange is 

 L = 3,6ĿȹQhf / (Il ï Iext) = W / (dl ï dext), (7) 

where Iext and dext ï the enthalpy [kJ/kg] and the moisture content [g/kg] of the 

outdoor (external) air; Ipl and dpl ï the enthalpy [kJ/kg] and the moisture content 

[g/kg] of the air after plant treatment. 
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a      b  

Fig. 1. Air intake in a false pergola: a ï general view; b ï the processes on I-d 

diagram: red ï without plants; green ï for intake inside false pergola: Ů ï heat-

moisture relation; text ï outdoor (external) air temperature [ÁC]; twz ï temperature 

of the working zone [ÁC]; tl ï temperature of the outlet air [ÁC]; Iext and dextï the 

enthalpy [kJ/kg] and the moisture content [g/kg] of the outdoor (external) air; Ipl 

and dpl ï the same for the air after plant treatment; Il and dl ï the same for the 

exhaust air; ext Ÿ wz Ÿ l ï the process in a room for intake without plants 

ext ï pl ï the cooling effect process; pl ï wz ï l ï  the process in a room for 

intake inside a false pergola (green) 

 

As the differences in the enthalpy and moisture content rise after introducing 

plants air exchange by equations (6) and (7) decrease (approx. 15 %). This makes 

ventilation more energy efficient. 
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ʉʤʘʨʘʛʜʦʚʘ ʤʝʨʝʞʘ ʻ ʚʘʞʣʠʚʦʶ ʩʠʩʪʝʤʦʶ ʦʙôʻʢʪʽʚ ʦʩʦʙʣʠʚʦʛʦ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʛʦ ʟʥʘʯʝʥʥʷ ʫ ɭʚʨʦʧʽ. ʉʪʚʦʨʝʥʥʷ ʤʝʨʝʞʽ ʟʘʧʦʯʘʪʢʦʚʘʥʦ ʥʘ 

ʚʠʤʦʛʫ ɹʝʨʥʩʴʢʦʾ ʢʦʥʚʝʥʮʽʾ ʧʨʦ ʦʭʦʨʦʥʫ ʜʠʢʦʾ ʬʣʦʨʠ ʪʘ ʬʘʫʥʠ ʽ ʧʨʠʨʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʽʩʥʫʚʘʥʥʷ, ʷʢʘ ʥʘʙʫʣʘ ʯʠʥʥʦʩʪʽ ʱʝ ʫ 1982 ʨʦʮʽ. ʄʝʪʦʶ ʫʭʚʘʣʝʥʥʷ 

ʢʦʥʚʝʥʮʽʾ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʩʪʚʦʨʝʥʥʷ ʤʝʨʝʞʽ, ʩʪʘʣʦ ʟʙʝʨʝʞʝʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ 

ʚʠʜʽʚ ʽ ʾʭʥʽʭ ʦʩʝʣʠʱ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʾʤ ʟʘʛʨʦʞʫʻ ʟʥʠʢʥʝʥʥʷ ʚ ʤʘʩʰʪʘʙʘʭ 

ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʢʦʥʪʠʥʝʥʪʫ. ʋ ʢʨʘʾʥʘʭ ɭʉ ʮʷ ʤʝʨʝʞʘ ʨʦʟʙʫʜʦʚʫʻʪʴʩʷ ʧʽʜ 

ʥʘʟʚʦʶ çʅʘʪʫʨʘ 2000è ʪʘ ʟʛʽʜʥʦ ʟ ʜʚʦʤʘ ɼʠʨʝʢʪʠʚʘʤʠ ɭʉ ʫ ʩʬʝʨʽ ʦʭʦʨʦʥʠ 

ʧʨʠʨʦʜʠ ï ɼʠʨʝʢʪʠʚʦʶ 2009/147/ɭʉ ʧʨʦ ʟʘʭʠʩʪ ʜʠʢʠʭ ʧʪʘʭʽʚ ʪʘ ɼʠʨʝʢʪʠʚʦʶ 

92/43/ɭʉ ʧʨʦ ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽʩʥʫʚʘʥʥʷ ʜʠʢʦʾ ʬʣʦʨʠ ʪʘ 

ʬʘʫʥʠ.  

ʉʪʚʦʨʝʥʥʷ ʫʢʨʘʾʥʩʴʢʦʾ ʯʘʩʪʠʥʠ ʉʤʘʨʘʛʜʦʚʦʾ ʤʝʨʝʞʽ ʨʦʟʧʦʯʘʣʦʩʷ ʱʝ ʫ 

2009 ʨʦʮʽ. ʉʪʘʥʦʤ ʥʘ 2020 ʨʽʢ ʤʝʨʝʞʘ ʚʢʣʶʯʘʣʘ 377 ʦʙôʻʢʪʽʚ ʧʣʦʱʝʶ 

ʙʣʠʟʴʢʦ 8 ʤʣʥ. ʛʘ. ʍʦʯʘ ʪʝʨʠʪʦʨʽʾ ʤʝʨʝʞʽ ʧʨʘʢʪʠʯʥʦ ʜʫʙʣʶʶʪʴ ʤʝʞʽ ʚʞʝ 

ʩʪʚʦʨʝʥʠʭ ʦʙôʻʢʪʽʚ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ, ʧʦʜʘʣʴʰʘ ʨʦʟʙʫʜʦʚʘ 

ʉʤʘʨʘʛʜʦʚʦʾ ʤʝʨʝʞʽ ʻ ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʻʚʨʦʧʝʡʩʴʢʦʾ ʽʥʪʝʛʨʘʮʽʾ ʜʝʨʞʘʚʠ 

ʪʘ ʧʝʨʝʜʫʤʦʚʦʶ ʽʥʪʝʛʨʘʮʽʾ ʜʦ ʩʠʩʪʝʤʠ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ ɭʉ.  

ɿʘ ʩʪʚʦʨʝʥʥʷ ʉʤʘʨʘʛʜʦʚʦʾ ʤʝʨʝʞʽ ʚʽʜʧʦʚʽʜʘʻ ʄʽʥʽʩʪʝʨʩʪʚʦ ʟʘʭʠʩʪʫ 

ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ, ʷʢʝ ʥʘʚʽʪʴ ʧʦʧʨʠ ʚʦʻʥʥʽ ʜʽʾ ʥʝ 

ʧʨʠʧʠʥʷʻ ʩʧʨʦʙʠ ʤʦʥʽʪʦʨʠʥʛʫ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʨʫʰʝʥʴ ʥʘ ʦʩʦʙʣʠʚʦ ʮʽʥʥʠʭ 

ʧʨʠʨʦʜʥʠʭ ʜʽʣʷʥʢʘʭ. ɺʦʜʥʦʯʘʩ ʪʨʠʚʘʻ ʨʦʙʦʪʘ ʥʘʜ ʟʘʢʦʥʦʜʘʚʯʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʉʤʘʨʘʛʜʦʚʦʾ ʤʝʨʝʞʽ. ʅʘʨʘʟʽ ʦʩʥʦʚʥʠʤ 

ʥʝʜʦʣʽʢʦʤ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʻ ʪʝ, ʱʦ ʚ ʥʴʦʤʫ ʜʦʩʽ ʥʝ 

ʚʧʨʦʚʘʜʞʝʥʦ ʧʨʠʥʮʠʧ ʟʙʝʨʝʞʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʥʘ ʨʽʚʥʽ ʧʨʠʨʦʜʥʠʭ 

ʦʩʝʣʠʱ. ʊʘʢʠʡ ʧʨʠʥʮʠʧ ʚʠʟʥʘʯʘʻ ʦʜʠʥ ʽʟ ʢʣʶʯʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʦʭʦʨʦʥʠ 

ʧʨʠʨʦʜʠ ʚ ɭʉ, ʦʩʢʽʣʴʢʠ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʥʝ ʣʠʰʝ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʚʠʜʽʚ, ʘʣʝ ʡ 

ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʾʭʥʽʭ ʧʦʧʫʣʷʮʽʡ. ʂʨʽʤ ʪʦʛʦ, ʱʦ ʯʠʥʥʝ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʥʝ 

ʜʦʩʪʘʪʥʴʦʶ ʤʽʨʦʶ ʦʮʽʥʶʻ ʚʧʣʠʚ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʩʪʘʥ ʚʠʜʽʚ ʪʘ 

ʦʩʝʣʠʱ, ʪʘʢʘ ʦʮʽʥʢʘ ʧʦʪʨʝʙʫʻ ʜʽʻʚʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ.    

ʅʘ ʨʦʟʛʣʷʜʽ ʫ ɺʝʨʭʦʚʥʽʡ ʈʘʜʽ ʋʢʨʘʾʥʠ ʧʝʨʝʙʫʚʘʻ ʧʨʦʝʢʪ ɿʘʢʦʥʫ ʧʨʦ 

ʪʝʨʠʪʦʨʽʾ ʉʤʘʨʘʛʜʦʚʦʾ ʤʝʨʝʞʽ ˉ4461 ʚʽʜ 04.12.2020 [1], ʷʢʠʡ ʤʘʻ ʥʘ ʤʝʪʽ 

ʚʨʝʛʫʣʶʚʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʟʦʥ ʟʘʭʠʩʪʫ ʚʠʜʽʚ, ʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚʠʪʠ 

https://doi.org/10.32347/2409-2606.2019.31.16-23
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ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʛʦ ʩʪʘʪʫʩʫ ʮʠʭ ʚʠʜʽʚ ʪʘ ʦʩʝʣʠʱ. 

ʇʨʦʝʢʪʦʤ ɿʘʢʦʥʫ ʧʝʨʝʜʙʘʯʝʥʦ: 

- ʟʤʽʥʘ ʧʽʜʭʦʜʫ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʶ ʪʝʨʠʪʦʨʽʻʶ ʟ 

ʦʭʦʨʦʥʥʦʛʦ ʥʘ ʧʨʠʨʦʜʦʟʙʝʨʽʛʘʶʯʠʡ;  

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʚʽʜʙʦʨʫ ʪʝʨʠʪʦʨʽʡ ʉʤʘʨʘʛʜʦʚʦʾ ʤʝʨʝʞʽ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʣʽʢʽʚ ʚʠʜʽʚ ʬʣʦʨʠ, ʬʘʫʥʠ, ʪʠʧʽʚ ʧʨʠʨʦʜʥʠʭ ʦʩʝʣʠʱ; 

- ʩʪʚʦʨʝʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʨʝʻʩʪʨʫ ʪʝʨʠʪʦʨʽʡ ʤʝʨʝʞʽ ʪʘ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʚʠʜʽʚ ʪʘ ʧʨʠʨʦʜʥʠʭ ʦʩʝʣʠʱ;  

- ʨʦʟʨʦʙʣʝʥʥʷ ʧʣʘʥʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʝʨʠʪʦʨʽʷʤʠ ʤʝʨʝʞʽ ʟ ʤʝʪʦʶ 

ʟʙʝʨʝʞʝʥʥʷ ʢʦʞʥʦʛʦ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʚʠʜʫ ʪʘ ʦʩʝʣʠʱʘ;  

- ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʤʝʨʝʞʽ;  

- ʩʪʚʦʨʝʥʥʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʨʛʘʥʫ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʨʝʘʣʽʟʘʮʽʶ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʫ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ, ʝʢʦʣʦʛʽʯʥʦʾ ʪʘ ʉʤʘʨʘʛʜʦʚʦʾ 

ʤʝʨʝʞ, ʟʙʝʨʝʞʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ.  

ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʉʤʘʨʘʛʜʦʚʦʾ ʤʝʨʝʞʽ ʤʘʻ ʩʪʘʪʠ 

ʦʙʦʚôʷʟʢʦʚʦʶ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʧʦʪʨʝʙʫʻ ʩʪʨʘʪʝʛʽʯʥʦʾ 

ʝʢʦʣʦʛʽʯʥʦʾ ʦʮʽʥʢʠ ʘʙʦ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ. ɯʥʰʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ 

ʨʝʘʣʽʟʘʮʽʾ ʧʦʣʦʞʝʥʴ ʤʘʡʙʫʪʥʴʦʛʦ ʟʘʢʦʥʫ ʚʠʟʥʘʯʝʥʦ:  

- ʚʠʷʚʣʝʥʥʷ ʤʽʩʮʴ ʧʝʨʝʙʫʚʘʥʥʷ ʯʠ ʟʨʦʩʪʘʥʥʷ ʚʠʜʽʚ ʬʘʫʥʠ ʽ ʬʣʦʨʠ ʪʘ 

ʧʨʠʨʦʜʥʠʭ ʦʩʝʣʠʱ;  

- ʨʦʟʨʦʙʢʘ ʽ ʨʝʘʣʽʟʘʮʽʷ ʧʣʘʥʫ ʫʧʨʘʚʣʽʥʥʷ ʪʝʨʠʪʦʨʽʻʶ ʉʤʘʨʘʛʜʦʚʦʾ 

ʤʝʨʝʞʽ;  

- ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʨʫʰʝʥʠʭ ʧʨʠʨʦʜʥʠʭ ʦʩʝʣʠʱ ʪʘ ʚʠʜʽʚ; 

- ʟʙʝʨʝʞʝʥʥʷ ʩʧʨʠʷʪʣʠʚʦʛʦ ʩʪʘʥʫ ʧʨʠʨʦʜʥʠʭ ʦʩʝʣʠʱ ʪʘ ʚʠʜʽʚ; 

- ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ ʧʨʦʚʘʜʞʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʉʤʘʨʘʛʜʦʚʦʾ 

ʤʝʨʝʞʽ, ʷʢʱʦ ʪʘʢʘ ʜʽʷʣʴʥʽʩʪʴ ʤʦʞʝ ʤʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ; 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʙʦʨʦʥʠ ʥʘ ʟʥʠʱʝʥʥʷ, ʧʦʛʽʨʰʝʥʥʷ ʫʤʦʚ ʧʨʦʞʠʚʘʥʥʷ 

ʚʠʜʽʚ ʬʘʫʥʠ ʪʘ ʤʽʩʮʝʟʨʦʩʪʘʥʥʷ ʚʠʜʽʚ ʬʣʦʨʠ. 

ʇʦʟʠʪʠʚʥʠʤ ʻ ʪʝ, ʱʦ ʧʨʦʝʢʪʦʤ ɿʘʢʦʥʫ ʧʝʨʝʜʙʘʯʝʥʘ ʽʥʪʝʛʨʘʮʽʷ 

ʤʝʭʘʥʽʟʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʧʨʠʨʦʜʥʠʭ ʦʩʝʣʠʱ ʪʘ ʚʠʜʽʚ ʬʘʫʥʠ ʽ ʬʣʦʨʠ ʫ 

ʜʝʨʞʘʚʥʫ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ. ɯʥʰʦʶ ʧʝʨʝʚʘʛʦʶ ʟʘʢʦʥʦʧʨʦʝʢʪʫ 

ʚʚʘʞʘʻʤʦ ʪʝ, ʱʦ ʚʽʥ ʥʝ ʨʫʡʥʫʻ ʪʘ ʥʝ ʚʽʜʢʠʜʘʻ ʯʠʥʥʫ ʚʽʪʯʠʟʥʷʥʫ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʤʠ ʪʝʨʠʪʦʨʽʷʤʠ ʪʘ ʦʙôʻʢʪʘʤʠ (ɿʘʢʦʥ 

ʋʢʨʘʾʥʠ çʇʨʦ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʡ ʬʦʥʜ ʋʢʨʘʾʥʠè [2]). ʊʘʢ, ʫ 

ʟʘʢʦʥʦʧʨʦʝʢʪʽ ʧʨʦ ʉʤʘʨʘʛʜʦʚʫ ʤʝʨʝʞʫ ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʟ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʥʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʧʨʠʨʦʜʥʠʭ ʦʩʝʣʠʱ ʪʘ ʚʠʜʽʚ ʬʘʫʥʠ ʽ ʬʣʦʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʛʦʣʦʚʥʽ ʫʩʪʘʥʦʚʠ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ, ʜʝ ʩʪʚʦʨʶʻʪʴʩʷ ʦʢʨʝʤʠʡ 

ʧʽʜʨʦʟʜʽʣ ʟ ʤʦʥʽʪʦʨʠʥʛʫ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʢʨʝʤʠʭ ʨʦʙʽʪ ʛʦʣʦʚʥʘ ʫʩʪʘʥʦʚʘ 

ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʤʦʞʝ ʟʘʣʫʯʘʪʠ ʥʘʫʢʦʚʽ ʫʩʪʘʥʦʚʠ, ʚʠʱʽ 

ʥʘʚʯʘʣʴʥʽ ʟʘʢʣʘʜʠ ʪʘ ʛʨʦʤʘʜʩʴʢʽʩʪʴ. ʎʝ, ʙʝʟʫʤʦʚʥʦ, ʩʫʪʪʻʚʦ ʧʦʩʠʣʠʪʴ 
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ʩʧʨʦʤʦʞʥʽʩʪʴ ʥʘʮʽʦʥʘʣʴʥʠʭ ʦʨʛʘʥʽʚ ʚʣʘʜʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʴ ʟʘʣʫʯʝʥʥʷ ʜʦ 

ʫʭʚʘʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʰʝʥʴ ʫʩʽʭ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥ [3]. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʩʬʝʨʘ ʨʝʛʫʣʶʚʘʥʥʷ ɿʘʢʦʥʫ çʇʨʦ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʡ 

ʬʦʥʜ ʋʢʨʘʾʥʠè ̒ ʥʘʙʘʛʘʪʦ ʰʠʨʰʦʶ, ʘʥʽʞ ʪʝʨʠʪʦʨʽʾ ʉʤʘʨʘʛʜʦʚʦʾ ʤʝʨʝʞʽ. 

ɺʠʜʽʣʝʥʥʷ ʽ ʟʘʪʚʝʨʜʞʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʤʝʨʝʞʽ ʤʘʶʪʴ ʥʘ ʤʝʪʽ ʟʙʝʨʝʞʝʥʥʷ 

ʚʠʥʷʪʢʦʚʦ ʯʽʪʢʦ ʦʢʨʝʩʣʝʥʦʛʦ ʧʝʨʝʣʽʢʫ ʚʠʜʽʚ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ ʜʦʜʘʪʢʘʭ ʜʦ 

ʟʘʢʦʥʦʧʨʦʝʢʪʫ. ʅʘʪʦʤʽʩʪʴ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʡ ʬʦʥʜ ʩʪʘʥʦʚʣʷʪʴ ʧʨʠʨʦʜʥʽ 

ʢʦʤʧʣʝʢʩʠ ʪʘ ʦʙô̒ ʢʪʠ, ʷʢʽ ʚʠʜʽʣʝʥʽ ʟ ʤʝʪʦʶ ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʦʾ 

ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʣʘʥʜʰʘʬʪʽʚ, ʛʝʥʦʬʦʥʜʫ ʪʚʘʨʠʥʥʦʛʦ ʽ ʨʦʩʣʠʥʥʦʛʦ ʩʚʽʪʫ, 

ʧʽʜʪʨʠʤʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʙʘʣʘʥʩʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʦʥʦʚʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʱʦʜʦ 

ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʋʢʨʘʾʥʠ ʚʩʪʘʥʦʚʣʝʥʦ ʦʩʦʙʣʠʚʠʡ ʨʝʞʠʤ 

ʦʭʦʨʦʥʠ, ʚʽʜʪʚʦʨʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʦʙô̒ ʢʪʽʚ; ʟʜʽʡʩʥʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ 

ʪʝʨʠʪʦʨʽʡ ʪʘ ʚʠʟʥʘʯʝʥʦ ʾʭ ʟʘʚʜʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, 

ʷʢʝ ʻ ʟʥʘʯʥʦ ʰʠʨʰʠʤʠ, ʘʥʽʞ ʫ ʚʠʧʘʜʢʫ ʪʝʨʠʪʦʨʽʡ ʉʤʘʨʘʛʜʦʚʦʾ ʤʝʨʝʞʽ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʚʦʻʥʥʽ ʜʽʾ, ʟʥʘʯʥʽ ʨʫʡʥʫʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤ ʽ ʣʘʥʜʰʘʬʪʽʚ, 

ʟʘʛʠʙʝʣʴ ʪʘ ʚʠʤʫʰʝʥʫ ʤʽʛʨʘʮʽʶ ʚʠʜʽʚ [4], ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʶʪʴ 

ʥʦʨʤʠ ʟʘʢʦʥʦʧʨʦʝʢʪʫ ʚ ʯʘʩʪʠʥʽ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʟʙʠʪʢʽʚ, ʟʘʚʜʘʥʠʭ ʪʝʨʠʪʦʨʽʷʤ 

ʉʤʘʨʘʛʜʦʚʦʾ ʤʝʨʝʞʽ. ʅʘʡʙʽʣʴʰ ʥʝʛʘʪʠʚʥʦ ʚʦʻʥʥʽ ʜʽʾ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʪʫʩ 

ʟʙʝʨʝʞʝʥʥʷ ʚʠʜʫ (ʩʪʘʥ, ʷʢʠʡ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʚʛʦʪʨʠʚʘʣʫ ʩʘʤʦʨʝʛʫʣʷʮʽʶ 

ʚʠʜʫ, ʢʦʣʠ ʘʨʝʘʣ ʚʠʜʫ ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ, ʪʘ ʽʩʥʫʻ ʦʩʝʣʠʱʝ, ʜʦʩʪʘʪʥʻ ʜʣʷ 

ʧʽʜʪʨʠʤʘʥʥʷ/ʟʙʝʨʝʞʝʥʥʷ ʧʦʧʫʣʷʮʽʾ ʫ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ) ʪʘ ʩʪʘʪʫʩ 

ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʦʩʝʣʠʱʘ (ʩʪʘʥ, ʢʦʣʠ ʜʽʣʷʥʢʠ ʧʨʠʨʦʜʥʦʛʦ ʦʩʝʣʠʱʘ ʻ 

ʩʪʘʙʽʣʴʥʠʤʠ ʘʙʦ ʟʙʽʣʴʰʫʶʪʴʩʷ, ʪʘ ʚʠʢʦʥʫʶʪʴ ʥʘʣʝʞʥʽ ʾʤ ʬʫʥʢʮʽʾ). ʊʦʤʫ ʫ 

ʟʘʢʦʥʦʧʨʦʝʢʪʽ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʚʣʘʩʥʠʢʠ ʟʝʤʣʽ ʪʘ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʯʽ, ʷʢʽ 

ʟʘʟʥʘʣʠ ʟʙʠʪʢʽʚ, ʤʘʶʪʴ ʧʨʘʚʦ ʥʘ ʾʭ ʚʽʜʰʢʦʜʫʚʘʥʥʷ. ʆʜʥʘʢ ʜʣʷ ʮʴʦʛʦ 

ʧʦʧʝʨʝʜʥʴʦ ʤʘʻ ʙʫʪʠ ʟʘʪʚʝʨʜʞʝʥʦ ʧʣʘʥ ʫʧʨʘʚʣʽʥʥʷ ʪʝʨʠʪʦʨʽʻʶ; ʪʘʢʦʞ 

ʂʘʙʽʥʝʪ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʤʘʻ ʨʦʟʨʦʙʠʪʠ ʧʦʨʷʜʦʢ ʚʠʟʥʘʯʝʥʥʷ ʪʘ 

ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʟʙʠʪʢʽʚ. ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʘ ʘʙʦ ʢʨʠʤʽʥʘʣʴʥʘ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ 

ʟʘ ʧʦʨʫʰʝʥʥʷ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʧʨʦ ʪʝʨʠʪʦʨʽʾ ʉʤʘʨʘʛʜʦʚʦʾ ʤʝʨʝʞʽ ʥʘʩʪʫʧʘʪʠʤʝ 

ʫ ʨʘʟʽ ʥʝʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʦʮʽʥʢʠ ʚʧʣʠʚʫ, ʧʨʦʚʘʜʞʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʙʝʟ 

ʨʝʘʣʽʟʘʮʽʾ ʟʘʭʦʜʽʚ ʽʟ ʟʘʧʦʙʽʛʘʥʥʷ, ʧʦʤôʷʢʰʝʥʥʷ ʪʘ ʫʩʫʥʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ ʪʘ ʽʥ..  

 

ʃɯʊɽʈɸʊʋʈɸ 

ʇʨʦʝʢʪ ɿʘʢʦʥʫ ʧʨʦ ʪʝʨʠʪʦʨʽʾ ʉʤʘʨʘʛʜʦʚʦʾ ʤʝʨʝʞʽ. ɺʝʨʭʦʚʥʘ ʈʘʜʘ 

ʋʢʨʘʾʥʠ. URL: https://itd.rada.gov.ua/billInfo/Bills/Card/4847 (ʜʘʪʘ ʜʦʩʪʫʧʫ: 

07.04.2023). 

ʇʨʦ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʡ ʬʦʥʜ ʋʢʨʘʾʥʠ : ɿʘʢʦʥ ʋʢʨʘʾʥʠ ʚʽʜ 16.06.1992 

ʨ. ̄  2456-XII : ʩʪʘʥʦʤ ʥʘ 01 ʩʽʯʥʷ 2024 ʨ. URL: 

https://zakon.rada.gov.ua/laws/show/2456-12#Text (ʜʘʪʘ ʜʦʩʪʫʧʫ: 07.04.2023). 

ɯʣʴʾʥʘ ʄ.ɺ., ʐʧʠʣʴʦʚʘ ʖ.ɹ. ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʚʦʻʥʥʦʛʦ ʨʦʟʚʠʪʢʫ ʛʨʦʤʘʜ 

ʽ ʪʝʨʠʪʦʨʽʡ ʋʢʨʘʾʥʠ. ɽʬʝʢʪʠʚʥʘ ʝʢʦʥʦʤʽʢʘ. 2023. ˉ 5. URL: 

https://itd.rada.gov.ua/billInfo/Bills/Card/4847
https://zakon.rada.gov.ua/laws/show/2456-12#Text
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https://www.nayka.com.ua/index.php/ee/article/view/1546 (ʜʘʪʘ ʜʦʩʪʫʧʫ: 

07.04.2023). 

ɯʣʴʾʥʘ ʄ.ɺ., ʃʦʧʝʩ ɸ.ʌ. ɽʢʦʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʾ 

ʰʢʦʜʠ ʪʘ ʟʙʠʪʢʽʚ. ʉʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʝʢʦʥʦʤʽʢʠ. 2023.  ̄2 (47). ʉ. 77-85. 

URL: https://economdevelopment.in.ua/index.php/journal/article/view/850 (ʜʘʪʘ 

ʜʦʩʪʫʧʫ: 07.04.2023). 

 

ɽʃɽʄɽʅʊʀ ʊɽʈɸʇɽɺʊʀʏʅʆɻʆ ʉɸɼʋ ɺ ʅɸʎɯʆʅɸʔʅʆʄʋ 

ɼɽʅɼʈʆʃʆɻɯʏʅʆʄʋ ʇɸʈʂʋ çʉʆʌɯɰɺʂɸè ʅɸʅ ʋʂʈɸɰʅʀ 

ɯʱʫʢ ʃʶʙʦʚ ʇʝʪʨʽʚʥʘ1, ɻʨʘʙʦʚʠʡ ɺʦʣʦʜʠʤʠʨ ʄʠʢʦʣʘʡʦʚʠʯ1,  

ɯʱʫʢ ɻʘʣʠʥʘ ʇʝʪʨʽʚʥʘ2 

1ʅʘʮʽʦʥʘʣʴʥʠʡ ʜʝʥʜʨʦʣʦʛʽʯʥʠʡ ʧʘʨʢ çʉʦʬʽʾʚʢʘè ʅɸʅ ʋʢʨʘʾʥʠ, 

ishchuk29@gmail.com, konf_sofievka2011@ukr.net  
2ʋʤʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʘʜʽʚʥʠʮʪʚʘ, 

sobaka.kot2011@gmail.com  

 

ɺʠʢʣʠʢʠ ʚʽʡʩʴʢʦʚʦʛʦ ʯʘʩʫ ʜʠʢʪʫʶʪʴ ʩʚʦʾ ʧʨʘʚʠʣʘ ʽ ʫ ʩʘʜʦʚʦ-ʧʘʨʢʦʚʦʤʫ 

ʤʠʩʪʝʮʪʚʽ: ʟôʷʚʣʷʶʪʴʩʷ ʤʦʜʥʽ ʪʨʝʥʜʠ ʽ ʥʦʚʽ ʢʦʨʠʩʥʽ ʣʦʢʘʮʽʾ, ʟʦʢʨʝʤʘ ʪʘʢʽ ʷʢ 

ʪʝʨʘʧʝʚʪʠʯʥʽ ʩʘʜʠ. ɿʘ ʜʘʥʠʤʠ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʩʪʘʪʠʩʪʠʢʠ ʩʪʘʥʦʤ ʥʘ 

ʧʝʨʰʝ ʩʽʯʥʷ 2021 ʨ. ʚ ʋʢʨʘʾʥʽ ʟʘʨʝʻʩʪʨʦʚʘʥʦ 2 ʤʽʣʴʡʦʥʠ 703 ʪʠʩʷʯʽ ʦʩʽʙ ʟ 

ʽʥʚʘʣʽʜʥʽʩʪʶ. ɺ ʪʦʤʫ ʯʠʩʣʽ 163,9 ʪʠʩʷʯʽ ʜʽʪʝʡ. ʋ ɼʝʨʞʩʪʘʪʽ ʟʘʟʥʘʯʠʣʠ, ʱʦ ʚ 

ʋʢʨʘʾʥʽ ʥʘʣʽʯʫʻʪʴʩʷ 222,3 ʪʠʩʷʯʽ ʣʶʜʝʡ ʟ ʽʥʚʘʣʽʜʥʽʩʪʶ ʧʝʨʰʦʾ ʛʨʫʧʠ, 900,8 

ʪʠʩʷʯʽ ï ʜʨʫʛʦʾ ʛʨʫʧʠ, 1 ʤʽʣʴʡʦʥ 416 ʪʠʩʷʯ ï ʪʨʝʪʴʦʾ ʛʨʫʧʠ [10]. 

ʉʪʘʥʦʤ ʥʘ ʚʝʨʝʩʝʥʴ 2023 ʨ. ʚ ʋʢʨʘʾʥʽ ʚʞʝ ʟʘʬʽʢʩʦʚʘʥʦ ʧʦʥʘʜ 3 ʤʣʥ 

ʣʶʜʝʡ ʟ ʽʥʚʘʣʽʜʥʽʩʪʶ. ɿʘ ʧʽʚʪʦʨʘ ʨʦʢʫ ʤʠ ʙʘʯʠʤʦ ʧʨʠʨʽʩʪ ʧʨʠʙʣʠʟʥʦ ʫ 300 

ʪʠʩ. ɿʘ ʮʠʬʨʘʤʠ, ʱʦ ʥʘʚʦʜʷʪʴ ʫ ʤʘʪʝʨʽʘʣʘʭ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʩʪʘʪʠʩʪʠʢʠ 

ʚʽʜ 20 ʜʦ 50 ʪʠʩ. ʦʩʽʙ ʚʪʨʘʪʠʣʠ ʦʜʥʫ ʘʙʦ ʙʽʣʴʰʝ ʢʽʥʮʽʚʦʢ ʽ ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ 

ʦʩʽʙ ʱʦʜʥʷ ʟʨʦʩʪʘʻ. ɼʦ ʪʦʛʦ ʞ ʚʩʝ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʚʥʘʩʣʽʜʦʢ ʧʦʩʪʽʡʥʠʭ 

ʨʘʢʝʪʥʠʭ ʽ ʜʨʦʥʦʚʠʭ ʘʪʘʢ, ʟʚʫʢʽʚ ʩʠʨʝʥ ʟʘʟʥʘʻ ʧʩʠʭʦʣʦʛʽʯʥʦʛʦ ʪʠʩʢʫ. ɺ 

ʋʢʨʘʾʥʽ ʥʠʥʽ ʥʝ ʚʠʩʪʘʯʘʻ ʬʘʭʽʚʮʽʚ ʟ ʨʝʘʙʽʣʽʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʤʽʩʮʴ, ʜʝ ʮʶ 

ʨʝʘʙʽʣʽʪʘʮʽʶ ʤʦʞʥʘ ʙʫʣʦ ʙ ʧʨʦʡʪʠ. 

ʊʦʤʫ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʫ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʥʘʙʠʨʘʻ 

ʧʦʧʫʣʷʨʥʦʩʪʽ ʛʘʨʜʝʥʦʪʝʨʘʧʽʷ (garden therapy (ʘʥʛ.) ï ʣʽʢʫʚʘʥʥʷ ʩʘʜʦʤ. ʎʝ 

ʦʩʦʙʣʠʚʠʡ ʥʘʧʨʷʤ ʨʝʘʙʽʣʽʪʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʦʭʦʯʝʥʥʷ ʣʶʜʝʡ ʜʦ ʨʦʙʦʪʠ ʟ 

ʨʦʩʣʠʥʘʤʠ. 

ʊʝʨʘʧʝʚʪʠʯʥʽ ʩʘʜʠ ï ʮʝ ʦʙʣʘʰʪʦʚʘʥʽ ʤʽʩʮʷ, ʷʢʽ ʤʘʶʪʴ ʣʽʢʫʚʘʣʴʥʠʡ 

ʝʬʝʢʪ. ɿʘ ʜʘʥʠʤʠ ɸʤʝʨʠʢʘʥʩʴʢʦʾ ʘʩʦʮʽʘʮʽʾ ʩʘʜʽʚʥʠʯʦʾ ʪʝʨʘʧʽʾ, ʮʝ 

çʩʝʨʝʜʦʚʠʱʝ, ʜʝ ʧʝʨʝʚʘʞʘʶʪʴ ʨʦʩʣʠʥʠ, ʩʪʚʦʨʝʥʝ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʚʟʘʻʤʦʜʽʾ 

ʟ ʮʽʣʶʱʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʧʨʠʨʦʜʠè. ɿʘʣʝʞʥʦ ʚʽʜ ʜʠʟʘʡʥʫ ʩʘʜʫ ʪʘ ʧʦʪʨʝʙ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʟʘʻʤʦʜʽʷ ʤʦʞʝ ʙʫʪʠ ʧʘʩʠʚʥʦʶ ʘʙʦ ʘʢʪʠʚʥʦʶ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʪʠʧʫ ʚʪʨʘʪʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʭʚʦʨʦʙʠ, ʪʝʨʘʧʝʚʪʠʯʥʽ ʩʘʜʠ 

ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʣʶʜʷʤ ʨʦʟʚʠʥʫʪʠ ʜʨʽʙʥʫ ʤʦʪʦʨʠʢʫ, ʢʦʥʮʝʥʪʨʘʮʽʶ, 

ʚʠʪʨʠʚʘʣʽʩʪʴ, ʢʦʦʨʜʠʥʘʮʽʶ, ʢʦʥʪʨʦʣʴ, ʧʦʟʙʫʪʠʩʷ ʩʪʨʝʩʫ, ʦʪʨʠʤʘʪʠ 

https://www.nayka.com.ua/index.php/ee/article/view/1546
https://economdevelopment.in.ua/index.php/journal/article/view/850.
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ʧʦʟʠʪʠʚʥʽ ʚʽʜʯʫʪʪʷ [6] . ɺʽʜʪʘʢ ʟʘ ʢʦʨʜʦʥʦʤ ʥʘʡʯʘʩʪʽʰʝ ʪʘʢʽ ʧʨʦʩʪʦʨʠ 

ʦʙʣʘʰʪʦʚʫʶʪʴ ʫ ʣʽʢʘʨʥʷʭ, ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ, ʩʦʮʽʘʣʴʥʠʭ ʮʝʥʪʨʘʭ ʪʘ 

ʚôʷʟʥʠʮʷʭ.  

ʇʝʨʰʠʡ ʪʝʨʘʧʝʚʪʠʯʥʠʡ ʤʽʩʴʢʠʡ ʧʨʦʩʪʽʨ ʟ'ʷʚʠʚʩʷ ʱʝ ʫ 1924 ʨʦʮʽ ʫ 

ʅʶʨʥʙʝʨʛʫ. ɿ ʪʦʛʦ ʯʘʩʫ ʚʽʜʙʫʚʩʷ ʟʥʘʯʥʠʡ ʧʦʩʪʫʧ ʫ ʨʦʟʚʠʪʢʫ ʽʜʝʾ 

ʽʥʢʣʶʟʠʚʥʦʩʪʽ. ɯ ʩʪʘʥʦʤ ʥʘ ʩʴʦʛʦʜʥʽ ʩʝʥʩʦʨʥʽ ʪʘ ʪʝʨʘʧʝʚʪʠʯʥʽ ʩʘʜʠ ʥʘʙʘʛʘʪʦ 

ʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʤʽʩʴʢʦʤʫ ʧʣʘʥʫʚʘʥʥʽ ʚ ʗʧʦʥʽʾ, ʂʦʨʝʾ, 

ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ, ʅʽʤʝʯʯʠʥʽ, ɯʪʘʣʽʾ, ɼʘʥʽʾ ʪʘ ʐʚʝʮʽʾ [2, 3, 4]. ɺ ʋʢʨʘʾʥʽ ʪʘʢʦʞ 

ʘʢʪʠʚʥʦ ʨʦʟʙʫʜʦʚʫʶʪʴʩʷ ʪʝʨʘʧʝʚʪʠʯʥʽ ʩʘʜʠ, ʘ ʧʨʦʻʢʪʠ ʪʘʢʠʭ ʩʘʜʽʚ 

ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʛʨʦʤʘʜʩʴʢʽʩʪʶ. ʇʝʨʰʠʡ ʚ ʋʢʨʘʾʥʽ ʨʝʘʙʽʣʽʪʘʮʽʡʥʠʡ ʤʽʥʽ-ʩʘʜ, 

ʜʝ ʣʽʢʫʶʪʴ ʩʘʤʝ ʨʦʩʣʠʥʘʤʠ, ʟ'ʷʚʠʚʩʷ ʫ ɿʘʧʦʨʽʞʞʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʍʦʨʪʠʮʴʢʦʾ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʥʘʚʯʘʣʴʥʦ-ʨʝʘʙʽʣʽʪʘʮʽʡʥʦʾ ʘʢʘʜʝʤʽʾ [6]. ʅʘʡʙʽʣʴʰ ʚʽʜʦʤʽ ʚʞʝ 

ʨʝʘʣʽʟʦʚʘʥʽ ʧʨʦʻʢʪʠ ʩʘʜʽʚ ï ʮʝ ʪʝʨʘʧʝʚʪʠʯʥʠʡ ʩʘʜ ʙʽʣʷ ʣʽʢʘʨʥʽ ʆʭʤʘʪʜʠʪ ʫ 

ʂʠʻʚʽ, ʨʝʘʙʽʣʽʪʘʮʽʡʥʠʡ ʮʝʥʪʨ çɿʝʣʝʥʠʡ ʛʘʡè ʥʘ ɼʥʽʧʨʦʧʝʪʨʦʚʱʠʥʽ, 

ʧʨʠʚʘʪʥʠʡ ʩʘʜ ɺʽʢʪʦʨʘ ʉʚʽʪʝʣʴʩʢʦʛʦ ʥʘ ʂʠʾʚʱʠʥʽ [8]. ʅʘ ʩʪʘʜʽʾ ʧʫʙʣʽʯʥʦʛʦ 

ʦʙʛʦʚʦʨʝʥʥʷ ʧʝʨʝʙʫʚʘʶʪʴ ʧʨʦʻʢʪʠ ʧʫʙʣʽʯʥʠʭ ʪʝʨʘʧʝʚʪʠʯʥʠʭ ʩʘʜʽʚ ʫ ʂʠʻʚʽ 

ʥʘ ʇʦʜʦʣʽ, ʫ ʃʴʚʦʚʽ ʙʽʣʷ ʉʝʥʩʦʪʝʢʠ ʪʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ʃʫʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ [2, 3, 4, 5, 9]. 

ʅʝ ʩʪʦʾʪʴ ʦʩʪʦʨʦʥʴ ʧʠʪʘʥʥʷ ʦʙʣʘʰʪʫʚʘʥʥʷ ʪʝʨʘʧʝʚʪʠʯʥʠʭ ʣʦʢʘʮʽʡ ʽ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʜʝʥʜʨʦʣʦʛʽʯʥʠʡ ʧʘʨʢ çʉʦʬʽʾʚʢʘè ʅɸʅ ʋʢʨʘʾʥʠ, ʷʢʠʡ ʻ ʦʜʥʠʤ 

ʟ 16 ʩʧʽʚʟʘʩʥʦʚʥʠʢʽʚ ɸʩʦʮʽʘʮʽʾ çɯʥʢʣʶʟʠʚʥʦʛʦ ʨʝʘʙʽʣʽʪʘʮʽʡʥʦ-ʩʦʮʽʘʣʴʥʦʛʦ 

ʪʫʨʠʟʤʫè ʩʪʚʦʨʝʥʦʾ ʫ 2016 ʨ. [1, 7] ɿ ʪʠʭ ʧʽʨ ʫ ʧʘʨʢʫ ʟʥʘʯʥʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʦʙʣʘʰʪʫʚʘʥʥʶ ʙʝʟʙʘʨôʻʨʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʣʷ ʦʩʽʙ ʟ 

ʽʥʢʣʶʟʠʚʥʠʤʠ ʧʦʪʨʝʙʘʤʠ. ɸ ʟ ʚʝʨʝʩʥʷ 2022 ʨʦʢʫ ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʜʝʥʜʨʦʣʦʛʽʯʥʠʡ ʧʘʨʢ çʉʦʬʽʾʚʢʘè ʅɸʅ ʋʢʨʘʾʥʠ ʩʪʘʚ ʧʦʚʥʦʧʨʘʚʥʠʤ ʯʣʝʥʦʤ 

ʘʩʦʮʽʘʮʽʾ çɭʚʨʦʧʝʡʩʴʢʠʡ ʤʘʨʰʨʫʪ ʽʩʪʦʨʠʯʥʠʭ ʩʘʜʽʚè (European Route of 

Historic Gardens (ERHG)), ʜʝ ʪʘʢʦʞ ʟʥʘʯʥʘ ʫʚʘʛʘ ʘʢʮʝʥʪʫʻʪʴʩʷ ʥʘ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʦʪʨʝʙ ʽʥʢʣʶʟʠʚʥʦʛʦ ʪʫʨʠʟʤʫ. ʊʦʤʫ ʚʭʽʜʥʽ ʟʦʥʠ çʉʦʬʽʾʚʢʠè 

ʦʙʣʘʜʥʘʥʽ ʧʘʥʜʫʩʘʤʠ, ʜʦʨʽʞʢʘʤʠ ʜʣʷ ʚʽʟʢʽʚ, ʜʦ ʧʦʩʣʫʛ ʦʩʽʙ ʟ ʦʩʦʙʣʠʚʠʤʠ 

ʧʦʪʨʝʙʘʤʠ ʝʢʩʢʫʨʩʽʾ ʥʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽ, ʢʘʨʝʪʽ, ʢʽʥʥʽ ʧʨʦʛʫʣʷʥʢʠ, ʘ ʩʝʨʝʜ 

ʚʽʜʚʽʜʫʚʘʯʽʚ ʧʘʨʢʫ ʩʪʘʨʰʦʛʦ ʚʽʢʫ ʜʫʞʝ ʧʦʧʫʣʷʨʥʘ ʩʢʘʥʜʠʥʘʚʩʴʢʘ ʭʦʜʴʙʘ.  

ɺ ʅɼʇ çʉʦʬʽʾʚʢʘè ʧʦʚʥʦʮʽʥʥʠʡ ʪʝʨʘʧʝʚʪʠʯʥʠʡ ʩʘʜ ʚʽʜʩʫʪʥʽʡ. ʇʨʦʪʝ 

ʝʣʝʤʝʥʪʠ ʪʘʢʦʛʦ ʩʘʜʫ ʻ ʷʢ ʚ ʽʩʪʦʨʠʯʥʽʡ ʯʘʩʪʠʥʽ ʧʘʨʢʫ, ʪʘʢ ʽ ʫ ʥʦʚʽʡ ʯʘʩʪʠʥʽ ï 

ʌʝʥʪʝʟʽ-ʧʘʨʢʫ. ɿʘʟʚʠʯʘʡ ʫ ʪʝʨʘʧʝʚʪʠʯʥʠʭ  ʩʘʜʘʭ ʦʩʦʙʣʠʚʠʡ ʘʢʮʝʥʪ ʨʦʙʠʪʴʩʷ 

ʥʘ ʧʦʟʘʟʦʨʦʚʽ ʧʦʜʨʘʟʥʠʢʠ. ʇʨʠ ʮʴʦʤʫ ʚʘʨʪʦ ʚʨʘʭʫʚʘʪʠ ʫʩʽ ʧʦʪʝʥʮʽʡʥʦ 

ʤʦʞʣʠʚʽ ʬʽʟʠʯʥʽ ʽ ʧʩʠʭʦʣʦʛʽʯʥʽ ʙʘʨôʻʨʠ ʜʣʷ ʚʽʜʚʽʜʫʚʘʯʽʚ. ʉʣʽʜ ʧʘʤôʷʪʘʪʠ, ʱʦ 

ʫ ʣʶʜʝʡ ʽʟ ʘʫʪʠʟʤʦʤ, ʚ ʽʥʚʘʣʽʜʥʦʤʫ ʚʽʟʢʫ, ʘʙʦ ʟ ʧʦʨʫʰʝʥʥʷʤʠ ʟʦʨʫ ʯʠ ʩʣʫʭʫ 

ʙʫʜʫʪʴ ʨʽʟʥʽ ʧʦʪʨʝʙʠ ʱʦʜʦ ʽʥʢʣʶʟʠʚʥʦʩʪʽ ʩʘʜʦʚʦʛʦ ʧʨʦʩʪʦʨʫ. 

ʍʚʠʣʷʩʪʠʡ ʨʝʣʴʻʬ ʧʘʨʢʫ ʟʫʤʦʚʠʚ ʙʫʜʽʚʥʠʮʪʚʦ ʤʝʨʝʞʽ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥʦʢ, 

ʷʢʽ ʟ ʯʘʩʦʤ ʙʫʣʠ ʟʘʜʝʢʦʨʦʚʘʥʽ ʚʠʜʘʤʠ ʽ ʩʦʨʪʘʤʠ ʨʦʜʫ Juniperus, 

Parthenocissus quinquefolia (L.) Planch., Vinca minor L. ɹʝʟʙʘʨôʻʨʥʘ 

ʜʦʩʪʫʧʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʜʽʩʪʘʪʠʩʷ ʜʦ ʧʽʜʧʽʨʥʦʾ ʩʪʽʥʢʠ ʣʶʜʷʤ ʚ ʽʥʚʘʣʽʜʥʦʤʫ 

ʚʽʟʢʫ, ʩʧʨʦʙʫʚʘʪʠ ʨʦʩʣʠʥʠ ʥʘ ʜʦʪʠʢ, ʚʜʠʭʥʫʪʠ ʾʭ ʩʤʦʣʷʥʠʩʪʠʡ ʘʨʦʤʘʪ (ʨʠʩ. 

https://europeanhistoricgardens.eu/en/the-european-route-of-historic-gardens-erhg-has-celebrated-its-v-annual-forum-on-september-22nd-in-budapest-hosted-by-the-hungarian-garden-heritage-foundation-partner-of-the-erhg/
https://europeanhistoricgardens.eu/en/the-european-route-of-historic-gardens-erhg-has-celebrated-its-v-annual-forum-on-september-22nd-in-budapest-hosted-by-the-hungarian-garden-heritage-foundation-partner-of-the-erhg/
https://europeanhistoricgardens.eu/en/the-european-route-of-historic-gardens-erhg-has-celebrated-its-v-annual-forum-on-september-22nd-in-budapest-hosted-by-the-hungarian-garden-heritage-foundation-partner-of-the-erhg/
https://europeanhistoricgardens.eu/en/the-european-route-of-historic-gardens-erhg-has-celebrated-its-v-annual-forum-on-september-22nd-in-budapest-hosted-by-the-hungarian-garden-heritage-foundation-partner-of-the-erhg/
https://europeanhistoricgardens.eu/en/the-european-route-of-historic-gardens-erhg-has-celebrated-its-v-annual-forum-on-september-22nd-in-budapest-hosted-by-the-hungarian-garden-heritage-foundation-partner-of-the-erhg/
https://europeanhistoricgardens.eu/en/the-european-route-of-historic-gardens-erhg-has-celebrated-its-v-annual-forum-on-september-22nd-in-budapest-hosted-by-the-hungarian-garden-heritage-foundation-partner-of-the-erhg/
https://europeanhistoricgardens.eu/en/the-european-route-of-historic-gardens-erhg-has-celebrated-its-v-annual-forum-on-september-22nd-in-budapest-hosted-by-the-hungarian-garden-heritage-foundation-partner-of-the-erhg/
https://europeanhistoricgardens.eu/en/the-european-route-of-historic-gardens-erhg-has-celebrated-its-v-annual-forum-on-september-22nd-in-budapest-hosted-by-the-hungarian-garden-heritage-foundation-partner-of-the-erhg/
https://europeanhistoricgardens.eu/en/the-european-route-of-historic-gardens-erhg-has-celebrated-its-v-annual-forum-on-september-22nd-in-budapest-hosted-by-the-hungarian-garden-heritage-foundation-partner-of-the-erhg/
https://uk.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0%BB_%D0%9B%D1%96%D0%BD%D0%BD%D0%B5%D0%B9
https://uk.wikipedia.org/w/index.php?title=Planch&action=edit&redlink=1
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1). ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʜʦʨʽʞʢʠ ʥʘ ʂʘʤʷʥʽʡ ʛʨʷʜʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʝʣʝʤʝʥʪʠ 

ʘʨʦʤʘʪʠʯʥʦʛʦ ʩʘʜʫ, ʜʝ ʥʘ ʩʭʠʣʽ ʚʠʩʘʜʞʝʥʽ ʜʫʭʤʷʥʽ ʪʨʘʚôʷʥʠʩʪʽ ʨʦʩʣʠʥʠ ï 

ʚʠʜʠ ʽ ʩʦʨʪʠ Mentha L., Melissa L., Salvia L., Artemisia L. Lavandula L. ʪʦʱʦ. 

 

 
ʈʠʩ. 1. ʇʽʜʧʽʨʥʘ ʩʪʽʥʢʘ ʟ ʚʠʜʽʚ ʽ ʩʦʨʪʽʚ ʨʦʜʫ Juniperus (ʩʧʨʘʚʘ) ʪʘ 

ʝʣʝʤʝʥʪʠ ʘʨʦʤʘʪʠʯʥʦʛʦ ʪʝʨʘʧʝʚʪʠʯʥʦʛʦ ʩʘʜʫ (ʟʣʽʚʘ) 

ʋ çʉʦʬʽʾʚʮʽè ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʠʡ ʙʝʟʙʘʨôʻʨʥʠʡ ʜʦʩʪʫʧ ʜʦ ʦʜʥʦʛʦ ʟ 

ʥʘʡʙʽʣʴʰ ʚʽʜʚʽʜʫʚʘʥʠʭ ʦʙôʻʢʪʽʚ ï ʨʦʟʘʨʽʶ, ʜʝ ʯʠʩʝʣʴʥʽ ʨʝʤʦʥʪʘʥʪʥʽ ʘʨʦʤʘʪʥʽ 

ʩʦʨʪʠ ʪʨʦʷʥʜ ʢʚʽʪʥʫʪʴ ʜʦ ʢʽʥʮʷ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʩʝʟʦʥʫ (ʨʠʩ. 2). ʅʝʚʽʜôʻʤʥʠʤ 

ʝʣʝʤʝʥʪʦʤ ʪʝʨʘʧʝʚʪʠʯʥʦʛʦ ʩʘʜʫ ʻ ʟʝʣʝʥʘ ʩʢʫʣʴʧʪʫʨʘ ʫ ʌʝʥʪʝʟʽ-ʧʘʨʢʫ, ʷʢʘ 

ʦʩʦʙʣʠʚʦʶ ʧʦʧʫʣʷʨʥʽʩʪʶ ʢʦʨʠʩʪʫʻʪʴʩʷ ʫ ʜʽʪʝʡ (ʨʠʩ. 3). ʊʫʪ ʪʘʢʦʞ ʚʘʞʣʠʚʦ 

ʦʨʛʘʥʽʟʫʚʘʪʠ ʚʽʣʴʥʠʡ ʜʦʩʪʫʧ ʜʦ ʩʢʫʣʴʧʪʫʨʠ. ʋ ʌʝʥʪʝʟʽ-ʧʘʨʢʫ ʦʩʦʙʣʠʚʠʤ 

ʦʙôʻʢʪʦʤ ʘʨʪ-ʪʝʨʘʧʽʾ ʻ ʫʢʨʘʾʥʩʴʢʘ ʩʘʜʠʙʘ, ʜʝ ʤʦʞʥʘ ʟʙʘʛʘʪʠʪʠʩʴ ʧʦʟʠʪʠʚʥʦʶ 

ʝʥʝʨʛʝʪʠʢʦʶ, ʟʘʥʫʨʠʚʰʠʩʴ ʫ ʧʦʙʫʪ ʥʘʰʠʭ ʧʨʘʱʫʨʽʚ, ʜʦʪʦʨʢʥʫʪʠʩʷ ʜʦ 

ʜʫʭʤʷʥʠʭ ʨʦʩʣʠʥ (Tagetes L., Matthiola W.T. Aiton., Ipomoea L.,) ʪʘ ʨʦʩʣʠʥ-

ʦʙʝʨʝʛʽʚ ʽ ʩʠʤʚʦʣʽʚ ʋʢʨʘʾʥʠ (Malva L., Helianthus L., Salix L.), 

ʧʦʟʥʘʡʦʤʠʪʠʩʷ ʟʽ ʩʢʫʣʴʧʪʫʨʘʤʠ ʧʝʨʩʦʥʘʞʽʚ ʩʣʦʚôʷʥʩʴʢʦʾ ʤʽʬʦʣʦʛʽʾ (ʨʠʩ. 4). 

ɺʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʙʫʜʴ-ʷʢʦʛʦ ʩʘʜʫ ʻ ʛʘʟʦʥ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʨʷʜ 

ʝʢʦʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ. ʋ ʪʝʨʘʧʝʚʪʠʯʥʦʤʫ ʩʘʜʫ ʥʘ ʛʘʟʦʥʘʭ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ 

ʨʝʘʙʽʣʽʪʘʮʽʶ, ʤʝʜʠʪʘʮʽʶ ʘʙʦ ʞ ʧʨʦʩʪʦ ʚʠʢʦʨʠʩʪʘʪʠ ʡʦʛʦ ʜʣʷ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ 

ʧʝʨʝʧʦʯʠʥʢʫ. ʋ çʉʦʬʽʾʚʮʽè ʷʢ ʧʨʦʩʪʽʨ ʪʝʨʘʧʝʚʪʠʯʥʦʛʦ ʩʘʜʫ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʛʘʟʦʥʠ ʥʘ ʇʘʨʪʝʨʥʦʤʫ ʘʤʬʽʪʝʘʪʨʽ, ʙʽʣʷ ʃʽʩʦʚʦʛʦ ʦʟʝʨʘ ʪʘ ʫ 

ʌʝʥʪʝʟʽ-ʧʘʨʢʫ (ʨʠʩ. 5). 

ɼʣʷ ʦʙʣʘʰʪʫʚʘʥʥʷ ʚʦʜʥʠʭ ʫʩʪʨʦʾʚ ʚʦʜʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʚ 

ʩʪʘʪʠʯʥʦʤʫ, ʪʘʢ ʽ ʜʠʥʘʤʽʯʥʦʤʫ ʩʪʘʥʘʭ. ɺʯʝʥʽ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʰʫʤ ʚʦʜʠ 

ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʩʠʭʽʢʫ ʣʶʜʠʥʠ, ʟʘʩʧʦʢʦʶʶʯʠ ʾʾ ʽ ʜʦʧʦʤʘʛʘʶʯʠ 

ʩʧʨʘʚʠʪʠʩʷ ʟʽ ʩʪʨʝʩʦʤ. 

https://uk.wikipedia.org/wiki/W.T.Aiton
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ʈʠʩ. 2. ʈʦʟʘʨʽʡ ʷʢ ʝʣʝʤʝʥʪ ʪʝʨʘʧʝʚʪʠʯʥʦʛʦ ʩʘʜʫ 

 

  

 
ʈʠʩ. 3. ɽʣʝʤʝʥʪʠ ʟʝʣʝʥʦʾ ʩʢʫʣʴʧʪʫʨʠ ʫ ʌʝʥʪʝʟʽ-ʧʘʨʢʫ 

 

ʄʘʣʽ ʽ ʚʝʣʠʢʽ ʚʦʜʦʛʨʘʾ ʪʘ ʧʦʚʽʣʴʥʦʪʝʢʫʯʽ ʩʪʨʫʤʢʠ çʉʦʬʽʾʚʢʠè, ʪʠʭʘ 

ʚʦʜʥʘ ʛʣʘʜʴ ʚʦʜʦʡʤ, ʪʘʻʤʥʠʯʘ ʧʽʜʟʝʤʥʘ ʨʽʯʢʘ ɸʭʝʨʦʥʪ ʪʘʢʦʞ ʩʣʫʞʠʪʴ 

ʥʝʚʽʜôʻʤʥʠʤ ʘʪʨʠʙʫʪʦʤ ʣʽʢʫʚʘʣʴʥʦʛʦ ʩʘʜʫ. ʌʽʣʦʩʦʬʩʴʢʽ ʨʦʟʜʫʤʠ ʫ 

ʷʧʦʥʩʴʢʦʤʫ ʩʘʜʫ, ʜʝ ʧʝʨʝʚʘʞʘʻ ʢʘʤʽʥʴ ʽ ʚʦʜʘ, (ʌʝʥʪʝʟʽ-ʧʘʨʢ) ʩʧʨʠʷʶʪʴ 

ʟʥʷʪʪʶ ʩʪʨʝʩʫ, ʧʦʢʨʘʱʝʥʥʶ ʥʘʩʪʨʦʶ ʪʘ ʧʩʠʭʦʣʦʛʽʯʥʦʤʫ ʚʽʜʥʦʚʣʝʥʥʶ. 

ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʪʝʨʘʧʝʚʪʠʯʥʦʛʦ ʩʘʜʫ ʪʘʢʦʞ ʻ ʧʽʰʽ ʽ ʢʽʥʥʽ 

ʧʨʦʛʫʣʷʥʢʠ ʧʘʨʢʦʤ ʧʽʜ ʜʟʚʽʥʢʠʡ ʩʧʽʚ ʯʠʩʝʣʴʥʠʭ ʧʝʨʝʣʽʪʥʠʭ ʽ ʤʽʩʮʝʚʠʭ 

ʧʪʘʭʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʜʝʥʜʨʦʣʦʛʽʯʥʦʤʫ ʧʘʨʢʫ çʉʦʬʽʾʚʢʘè 

ʅɸʅʋ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʘʩʠʚʥʽ ʣʦʢʘʮʽʾ ʪʝʨʘʧʝʚʪʠʯʥʦʛʦ ʩʘʜʫ ʫ ʚʠʛʣʷʜʽ 

ʦʟʝʣʝʥʝʥʠʭ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥʦʢ, ʛʘʟʦʥʽʚ, ʞʠʚʦʧʣʦʪʽʚ, ʟʝʣʝʥʦʾ ʩʢʫʣʴʧʪʫʨʠ, 

ʩʪʘʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ ʚʦʜʥʠʭ ʫʩʪʨʦʾʚ. 
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ʈʠʩ. 4. ɽʣʝʤʝʥʪʠ ʘʨʪ-ʪʝʨʘʧʽʾ ʫ ʢʫʪʦʯʢʫ ʫʢʨʘʾʥʩʴʢʦʾ ʩʘʜʠʙʠ ʫ ʌʝʥʪʝʟʽ-

ʧʘʨʢʫ 

 
ʈʠʩ. 5. ɻʘʟʦʥ ʷʢ ʧʨʦʩʪʽʨ ʪʝʨʘʧʝʚʪʠʯʥʦʛʦ ʩʘʜʫ ʥʘ ʇʘʨʪʝʨʥʦʤʫ 

ʘʤʬʽʪʝʘʪʨʽ 

 

ʎʽ ʧʨʦʩʪʦʨʠ ʧʦʢʨʘʱʫʶʪʴ ʧʩʠʭʦʝʤʦʮʽʡʥʠʡ ʩʪʘʥ ʚʽʜʚʽʜʫʚʘʯʽʚ ʯʝʨʝʟ 

ñôʻʜʥʘʥʥʷò ʟ ʧʨʠʨʦʜʦʶ ʪʘ ʥʘʣʘʛʦʜʞʝʥʥʷ ʩʦʮʽʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽ ʩʧʨʠʷʶʪʴ 

ʧʦʧʫʣʷʨʠʟʘʮʽʾ ʽʥʢʣʶʟʠʚʥʦʛʦ ʪʫʨʠʟʤʫ. 

 

ʃɯʊɽʈɸʊʋʈɸ. 
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Urban Air Mobility (UAM) promises to revolutionize city travel, offering 

faster, safer, and more flexible transportation. It will boost economic growth, 

create jobs, and enhance productivity by allowing more time for personal and 

professional activities. By 2030, 340 million Europeans will benefit from UAM, 

generating 90,000 new jobs. UAM's advantages include reduced travel time, zero 

local emissions with electric propulsion, and flexible route optimization to 
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consider energy use, noise, safety, and restricted zones. However, the widespread 

adoption of UAM, including unmanned aerial vehicles (UAVs), requires effective 

management and regulation to address potential risks and concerns. The rapid 

advancement of air transportation technology brings benefits and risks, impacting 

passengers, operators, and bystanders. Current certification lacks specific 

requirements for third-party risk, assuming internal safety measures suffice. 

However, experiences with airports suggest additional safeguards are needed, 

especially in high-density operations.  

Experience of Public Safety Zones (PSZ) for airports. According to Article 

84 of the Air Code of Ukraine [1], protection of the population from the harmful 

effects of the risk of air pollution is one of the technogenic factors that must be 

ensured during the operation of airports through spatial zoning of the area around 

the airport, appropriate planning, and construction. The concept of third-party risk 

is one of the central recommendations of the International Civil Aviation 

Organization (ICAO), alongside flight safety and aviation security. 

In particular, the issue of safety for the population that may be on the airport 

premises is included in the requirements for airport design in ICAO Doc 9184 [2]. 

The management defines requirements and recommendations for zoning the 

territory to protect the population from third-party risks, as well as 

recommendations on land use in high-risk areas [2]. The ICAO identifies land use 

management as the most effective and economically viable means of preventing 

losses among residents, specifically creating PSZ around civil aviation objects 

[2]. 

PSZ is the area around the airport or runway aimed at limiting the number of 

people (residents and workers) who are present on the territory and around the 

airport and are exposed to the risk of death or injury in the event of an aircraft 

accident or incident during takeoff or landing [3]. Within safety zones around 

airports, various degrees of construction prohibition are rational. ICAO 

recommendations envisaged the demolition of all residential buildings within 

such zones by 2015 [2]. The assessment of PSZ is based on individual risk 

modeling, which is carried out using appropriate data on aircraft accidents to 

determine the degree of risk for the population living around airports, taking into 

account the rapid improvement of transport infrastructure, the emergence of 

modern types of air transport, management systems and periodic replacement of 

the fleet of aircraft [2]. 

The boundaries of high-risk facility areas and third-party individual risk 

contours should be marked on maps that complement local development plans 

(Fig. 1 shows an example of a high-risk facility map for International Airport of 

Kyiv). Maps of terrain on which high-risk facility areas and third-party risk 

contours of 10-4, 10-5, and 10-6 are marked should be submitted to local authorities 

[3]. 
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Fig. 1. Third party risk zones for UKKK airport (from the official website of the 

airport https://iev.aero/downloads/characteristics/risk.JPG): green - 10-6, blue - 

10-5, red - 10-4 

 

UAM in term of third-party risks. As UAM vehicles operate in densely 

populated urban areas, there's a heightened need to address the safety of 

bystanders and residents. Current certification standards often overlook third-

party risks, focusing primarily on internal vehicle safety. However, experiences 

with traditional air transportation highlight the necessity for additional measures 

to protect bystanders in high-density environments. Implementing strategies such 

as defining restricted public safety zones and considering mutual planning 

constraints between residential areas and air transport hubs becomes crucial. 

Balancing the benefits of UAM with potential third-party risks requires 

comprehensive regulation and management to ensure the safety of all stakeholders 

involved. 

For selecting optimal UAM operational modes based on third-party risk 

conditions and other important system functioning parameters, the following 

groups of output data are necessary: 1) UAM fleet structure and its characteristics; 

2) Grid of available vehicle routes and vertical profiles; 3) Control points 

requiring adherence to limiting parameters; 4) Prior operational data on UAM 

vehicles: 5) Operational constraints (regarding the number of vehicle operations 

on a route, restrictions on using specific procedures, etc.); 6) Risk levels and other 

parameters at control points for each type of vehicle and combination of its 

elements; 7) Other available information about the urbanized area (population 

density, distances to critical infrastructure objects, etc.). 

Each of these groups of characteristics for the UAM system potentially 

covers a wide range due to the diverse spectrum of vehicles available today in the 

market, including both unmanned and piloted vehicles. Additionally, there are 

complex interaction systems and various connectivity pathways to consider. 



140 
 

Method for assessment and management of UAM third-party risk. It is 

proposed to use the assessment of the individual risk of a UAM aircraft accident 

according to the following integral in this research: 

ὍὙ Ὑ Ͻὓ ϽὪ  ὼȟώ
Ⱦ

Ⱦ

Ⱦ

Ⱦ

ὨὼὨώ 

The distribution model of a UAM aircraft accident has the form: 

Ὢ  ὶȟ— ψϽρπϽὩὼὴ ϽÅØÐ .. 

The total individual risk at a given point is the sum of individual risks from 

individual types of UAM aircraft. The shape of the contour of individual risk, as 

a rule, is similar to a triangle. For the contour of the individual risk, the most 

remote point is far from the end of the runway on the elongated central axis of the 

runway and is the "vertex" of the triangle. 

The dimensions for each triangle are determined as follows (Fig. 2): 

 

 

Fig.2. Triangle calculation scheme  

 

- determine the maximum distance (Ymax) along the elongated central axis of 

the runway, at which the value of the individual risk is equal to or exceeds 

the specified; 

- determine the maximum perpendicular distance (Xmw) from the elongated 

central axis of the runway. 

The width of the triangle base is calculated according to the following 

formula: ὣ
Ͻ

.  

Results of risk management. In order to provide passenger and cargo 

transportation between several promising transport hubs of the Kyiv 

agglomeration, a fleet of vehicles has been formed that meets the general aviation 

and technical requirements and functional purpose according to the 

manufacturer's specifications. The UAM vehicles that will be operated are multi-

copters, which makes it possible to work within the density of urban development 
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from the point of view of flight safety. Also, in the conditions of using a mixed 

UAM fleet, one type of UAV and AAV equipped with remote control devices will 

be included in the calculated scenarios to assess third-party risks. In this study, 

the NAU model (3PRisk) [was used to assess third-party risks for UAM vehicles, 

which was enhanced to account for UAM accident risk and vehicle size. To 

calculate the third-party risk for a typical UAM operation, operational scenarios 

must first be developed. The calculation scenario pertains to a hypothetical 

situation where UAM vehicles are permitted to operate over the city, transporting 

passengers to and from the central part of the city, which is overloaded with 

ground transportation. It is assumed that these scenarios will be profitable and 

optimal for efficient transportation of travelers between the airport and railway 

station and between two airports. The scenarios that can be integrated into the 

Kyiv intermodal transportation system are presented in Table 1. 

 

Table 1 

Operational Scenarios UAM for Vertiport 1  

UAM vehicle 

type 

Calculated takeoff 

weight, kg 

Number of LTOs 

per year 

Average number 

per day   

Scenario 1, track 1 

GAIA 190MP 60 1000 2,7 

Ehang 216 620 3000 8.2 

Joby S2 900 600 1 

Scenario 2, track 2 

Joby S2 900 3000 8.2 

Joby S4 1815 600 2 

Scenario 3, track 1, track 2 

GAIA 190MP 60 1000 2,7 

Ehang 216 620 3000 8,2 

Joby S2 900 3600 9,8 

Joby S4 1815 600 2 

 

The results of individual risk calculations are composed of the results of a series 

of separate risk calculations for the route and takeoff/landing risks. For the calculation 

of individual risk, a zone of 10*10 square kilometers and a calculation grid of 

1000*1000 points were selected. The results of third-party risk assessment using the 

improved 3PRisk model for scenarios 1-2 are presented at fig.3.   

Spatial modeling using the improved 3PRisk model allowed the contours of 

individual risk at the 10-6 level to be determined for 3 operation scenarios and two sets 

of routes (Table 1, fig. 3-4). The forecast results presented at fig.4 demonstrate the need 

to establish safety zones near the vertiport and along the route (up to a certain distance 

depending on the UAM vehicle fleet) to maintain the recommended level of individual 

risk of 10-6. However, the implementation of the optimized scenario allows reducing the 

risk levels for sensitive zones (similar to areas with multi-story buildings). 
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Fig. 3. Third-party risk levels for Scenarios 1 and 2: blue area - Vertiport area; 

the red line is the straight trajectory of the UAM aircraft (Track 1 and 2), light 

green ï equal risk contour 10-6, yellow circles are areas of multi-story buildings 

crossing the trajectory of the UAM aircraft.  

 

Fig. 4. Third-party risk levels for Optimized Scenario 3: blue area - Vertiport 

area; the red line is the straight trajectory of the UAM aircraft (Track 1X), light 

green ï equal risk contour 10-6, yellow circles are areas of multi-story buildings 

crossing the trajectory of the UAM aircraft.  
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ʜʦʩʪʫʧʫ: https://www.eurocontrol.int/sites/default/files/publication/files/d2-

report-on-the-feasibillity-of-integrating-tpr-into-impact.pdf 
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ɺ ʫʤʦʚʘʭ ʏʝʨʢʘʩʴʢʦʾ ʦʙʣʘʩʪʽ ʝʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ ʩʪʚʦʨʶʶʪʴ ʥʝʛʘʪʠʚʥʫ 

ʘʛʨʦʝʢʦʣʦʛʽʯʥʫ ʩʠʪʫʘʮʽʶ ʚ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʽ, ʟʥʠʞʫʶʪʴ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʟʝʨʥʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʦʙʣʘʩʪʽ [1]. ʊʦʤʫ, ʥʘʜʘʶʯʠ ʩʠʩʪʝʤʘʤ ʟʝʤʣʝʨʦʙʩʪʚʘ 

ʘʜʘʧʪʠʚʥʽʩʪʴ ʪʘ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ, ʥʝʦʙʭʽʜʥʦ ʪʽʩʥʦ ʧʦʚ'ʷʟʫʚʘʪʠ ʾʭ ʟ ʨʝʣʴʻʬʦʤ 

ʪʘ ʣʘʥʜʰʘʬʪʦʤ ʤʽʩʮʝʚʦʩʪʽ, ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʨʦʷʚʫ ʝʨʦʟʽʾ ˇʨʫʥʪʽʚ. ʎʠʤ 

ʚʠʤʦʛʘʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʘʜʘʧʪʠʚʥʦ-ʣʘʥʜʰʘʬʪʥʽ ʩʠʩʪʝʤʠ ʟʝʤʣʝʨʦʙʩʪʚʘ, ʫ ʷʢʠʭ 

ʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʦʨʥʽ ʟʝʤʣʽ, ʘʣʝ  ʣʽʩʠ, ʣʫʢʠ, 

ʧʘʩʦʚʠʱʘ, ʟʘʭʠʩʥʽ ʥʘʩʘʜʞʝʥʥʷ, ʤʝʣʽʦʨʘʪʠʚʥʦ-ʛʦʩʧʦʜʘʨʩʴʢʽ ʩʧʦʨʫʜʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʚʯʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʠʝʨʦʟʽʡʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʉʊʆɺ çʃʘʱʦʚʘè ʩ. ʃʘʱʦʚʘ ɿʚʝʥʠʛʦʨʦʜʩʴʢʦʛʦ 

ʨʘʡʦʥʫ ʏʝʨʢʘʩʴʢʦʾ ʦʙʣʘʩʪʽ.  

ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʟʝʤʝʣʴ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʨʝʥʜʽ ʉʊʆɺ çʃʘʱʦʚʘè ʫ 

ʤʝʞʘʭ ʊʘʣʴʥʽʚʩʴʢʦʾ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ ɿʚʝʥʠʛʦʨʦʜʩʴʢʦʛʦ ʨʘʡʦʥʫ 

ʏʝʨʢʘʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʩʪʘʥʦʚʠʪʴ 2045 ʛʘ. ʅʘʧʨʷʤʦʢ ʛʦʩʧʦʜʘʨʩʪʚʘ ï 

ʚʠʨʦʱʫʚʘʥʥʷ ʟʝʨʥʦʚʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʢʫʣʴʪʫʨ. 

ɺ ˇʨʫʥʪʦʚʦʤʫ ʧʦʢʨʠʚʽ ʛʦʩʧʦʜʘʨʩʪʚʘ ʧʝʨʝʚʘʞʘʶʪʴ ʯʦʨʥʦʟʝʤʠ ʦʧʽʜʟʦʣʝʥʽ 

ʥʝ ʟʤʠʪʽ, ʩʣʘʙʢʦʟʤʠʪʽ ʽ ʩʝʨʝʜʥʴʦʟʤʠʪʽ.  

ɿʘ ʜʘʥʠʤʠ ʘʛʨʦʢʣʽʤʘʪʠʯʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ ʏʝʨʢʘʩʴʢʦʾ ʦʙʣʘʩʪʽ ʪʝʨʠʪʦʨʽʷ 

ʊʘʣʴʥʽʚʩʴʢʦʾ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʤʽʨʥʦ ï 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʤ ʢʣʽʤʘʪʦʤ ʟ ʚʽʜʥʦʩʥʦ ʤ'ʷʢʦʶ ʟʠʤʦʶ ʽ ʪʝʧʣʠʤ ʣʽʪʦʤ. 

https://www.eurocontrol.int/sites/default/files/publication/files/d2-report-on-the-feasibillity-of-integrating-tpr-into-impact.pdf
https://www.eurocontrol.int/sites/default/files/publication/files/d2-report-on-the-feasibillity-of-integrating-tpr-into-impact.pdf
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ɿʘ ʜʘʥʠʤʠ ʤʝʪʝʦʩʪʘʥʮʽʾ ɿʚʝʥʠʛʦʨʦʜʢʘ ʦʧʘʜʽʚ ʟʘ ʨʽʢ ʚʠʧʘʜʘʻ 595 ʤʤ, ʟ 

ʥʠʭ 381 ʤʤ ʟʘ ʧʝʨʽʦʜ ʚʝʛʝʪʘʮʽʾ (ʢʚʽʪʝʥʴ ï ʞʦʚʪʝʥʴ). ʉʝʨʝʜʥʷ ʙʘʛʘʪʦʨʽʯʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʨʽʢ +7,4Áʉ. ʉʝʨʝʜʥʴʦʤʽʩʷʯʥʘ ʥʘʡʙʽʣʴʰ ʞʘʨʢʦʛʦ ʤʽʩʷʮʷ ʣʠʧʥʷ 

+19,2Áʉ. ɺ ʮʽʣʦʤʫ ʚʝʛʝʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ʧʨʦʜʦʚʞʫʻʪʴʩʷ 205 ʜʥʽʚ, ʘ ʧʝʨʽʦʜ 

ʘʢʪʠʚʥʦʾ ʚʝʛʝʪʘʮʽʾ (ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʱʝ +100ʉ) ï 160 ï165 ʜʥʽʚ. 

ʆʨʥʽ ʟʝʤʣʽ ʛʦʩʧʦʜʘʨʩʪʚʘ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ ʰʠʨʦʢʠʭ 

ʚʦʜʦʨʦʟʜʽʣʴʥʠʭ ʨʽʚʥʠʥʘʭ ʽ ʾʭ ʩʣʘʙʢʦ ʧʦʭʠʣʠʭ ʩʭʠʣʘʭ. ʇʝʨʝʚʘʞʘʶʪʴ ʩʭʠʣʠ 

ʢʨʫʪʠʟʥʦʶ ʜʦ 3Á, ʷʢʽ ʟʘʡʤʘʶʪʴ 86 % ʧʣʦʱʽ ʨʽʣʣʽ. ɿʘ ʢʨʫʪʠʟʥʦʶ ʩʭʠʣʫ ʟʝʤʣʽ 

ʧʦʣʴʦʚʦʾ ʩʽʚʦʟʤʽʥʠ ʧʦʜʽʣʷʶʪʴ ʪʘʢ: ʜʦ 1Á ï 44,1 %; 1ï3Áï 49,4 %; 3ï5Á ï 6,4 %; 

5ï7Á ï 0,1 %. 

ɿʥʘʯʥʫ ʯʘʩʪʠʥʫ ʪʝʨʠʪʦʨʽʾ ʛʦʩʧʦʜʘʨʩʪʚʘ ʟʘʡʤʘʶʪʴ ʝʨʦʜʦʚʘʥʽ ˇʨʫʥʪʠ. 

ɺʦʥʠ ʤʘʶʪʴ ʫʢʦʨʦʯʝʥʠʡ ʛʫʤʫʩʦʚʠʡ ʛʦʨʠʟʦʥʪ, ʙʽʜʥʽʰʽ ʥʘ ʧʦʞʠʚʥʽ ʨʝʯʦʚʠʥʠ, 

ʤʽʩʪʷʪʴ ʥʘ 15-50% ʤʝʥʰʝ ʛʫʤʫʩʫ ʽ ʤʝʥʰʽ ʟʚʦʣʦʞʝʥʽ ʚʥʘʩʣʽʜʦʢ ʟʥʘʯʥʦʛʦ 

ʩʪʦʢʫ ʜʦʱʦʚʠʭ ʽ ʪʘʣʠʭ ʚʦʜ.  

ɿʘ ʨʽʚʥʝʤ ʝʨʦʜʦʚʘʥʦʩʪʽ ʮʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʻ ʪʠʧʦʚʠʤ ʜʣʷ ʧʨʘʚʦʙʝʨʝʞʥʦʾ 

ʯʘʩʪʠʥʠ ʏʝʨʢʘʩʴʢʦʾ ʦʙʣʘʩʪʽ. 

ʈʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʨʦʜʦʚʘʥʠʭ ˇʨʫʥʪʽʚ ʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʤʦʞʥʘ 

ʜʦʩʷʛʪʠ ʣʠʰʝ ʚ ʪʦʤʫ ʨʘʟʽ, ʷʢʱʦ ʧʨʦʮʝʩ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʝ ʦʜʥʦʯʘʩʥʦ ʽ 

ʧʨʦʮʝʩʦʤ ʧʦʩʣʘʙʣʝʥʥʷ ʪʘ ʧʨʠʧʠʥʝʥʥʷ ʝʨʦʟʽʾ. 

ʇʨʦʪʠʝʨʦʟʽʡʥʠʡ ʢʦʤʧʣʝʢʩ ʚʢʣʶʯʘʻ ʪʘʢʽ ʝʣʝʤʝʥʪʠ: ʧʨʘʚʠʣʴʥʫ 

ʧʨʦʪʠʝʨʦʟʽʡʥʫ ʦʨʛʘʥʽʟʘʮʽʶ ʟʝʤʝʣʴʥʦʾ ʪʝʨʠʪʦʨʽʾ, ʩʠʩʪʝʤʫ ʩʽʚʦʟʤʽʥ, 

ʘʛʨʦʪʝʭʥʽʯʥʽ ʧʨʦʪʠʝʨʦʟʽʡʥʽ ʟʘʭʦʜʠ, ʩʠʩʪʝʤʠ ʧʨʦʪʠʝʨʦʟʽʡʥʠʭ ʣʽʩʦʚʠʭ 

ʥʘʩʘʜʞʝʥʴ, ʟʤʽʮʥʝʥʥʷ ʚʝʨʰʠʥ ʜʽʶʯʠʭ ʷʨʽʚ ʛʽʜʨʦʪʝʭʥʽʯʥʠʤʠ ʩʧʦʨʫʜʘʤʠ ʪʘ 

ʚʦʜʦʚʽʜʚʽʜʥʠʤʠ ʚʘʣʘʤʠ. 

ʆʨʥʽ ʟʝʤʣʽ ʚ ʛʦʩʧʦʜʘʨʩʪʚʽ ʦʨʛʘʥʽʟʦʚʘʥʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʤʦʛʘʤʠ 

ˇʨʫʥʪʦʟʘʭʠʩʥʦʾ ʩʠʩʪʝʤʠ ʟʝʤʣʝʨʦʙʩʪʚʘ, ʪʦʙʪʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʞʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʛʨʫʧʠ ʟʝʤʝʣʴ. 

ɺ ʦʢʨʝʤʠʭ ʧʦʣʷʭ ʧʨʦʚʝʜʝʥʘ ʚʥʫʪʨʽʰʥʴʦʧʦʣʴʦʚʘ ʦʨʛʘʥʽʟʘʮʽʷ ʧʨʠ ʷʢʽʡ 

ʚʠʜʽʣʝʥʽ ʨʦʙʦʯʽ ʜʽʣʷʥʢʠ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʩʢʣʘʜʥʽʩʪʶ ʨʝʣʴʻʬʫ, ʘ ʪʘʢʦʞ 

ʩʪʘʥʦʤ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. ʄʝʞʽ ʧʦʣʽʚ ʩʽʚʦʟʤʽʥʠ ʪʘ ʨʦʙʦʯʠʭ ʜʽʣʷʥʦʢ 

ʟʘʧʨʦʻʢʪʦʚʘʥʽ ʝʨʦʟʽʡʥʦ ʩʪʽʡʢʠʤʠ, ʷʢ ʧʨʘʚʠʣʦ ʚʟʘʻʤʥʦ ʧʘʨʘʣʝʣʴʥʠʤʠ. ɿʘ 

ʢʦʥʬʽʛʫʨʘʮʽʻʶ, ʨʦʟʤʽʨʘʤʠ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʶ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʧʦʣʷ ʟʨʫʯʥʽ ʜʣʷ 

ʘʛʨʦʪʝʭʥʽʯʥʦ-ʧʨʘʚʠʣʴʥʦʛʦ ʽ ʩʚʦʻʯʘʩʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʤʝʭʘʥʽʟʦʚʘʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʨʦʙʽʪ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʢʪʦʨʥʠʭ ʘʛʨʝʛʘʪʽʚ ʪʘ 

ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ. 

ʇʨʦʩʘʧʥʽ ʢʫʣʴʪʫʨʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʘ ʨʽʚʥʠʭ ʟʝʤʣʷʭ ʽ ʩʭʠʣʘʭ 

ʢʨʫʪʠʟʥʦʶ ʜʦ 3Á ʟ ʥʝʟʤʠʪʠʤʠ ʪʘ ʩʣʘʙʦʟʤʠʪʠʤʠ ˇʨʫʥʪʘʤʠ.  

ʆʩʥʦʚʦʶ ʧʨʦʪʠʝʨʦʟʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚ ʛʦʩʧʦʜʘʨʩʪʚʽ ʻ ʘʛʨʦʪʝʭʥʽʯʥʽ 

ʧʨʦʪʠʝʨʦʟʽʡʥʽ ʟʘʭʦʜʠ. ɺʦʥʠ ʥʘʡʙʽʣʴʰ ʜʦʩʪʫʧʥʽ, ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʚʝʣʠʢʠʭ 

ʟʘʪʨʘʪ ʧʨʘʮʽ, ʟʘʩʦʙʽʚ ʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. ɺ 

ʛʦʩʧʦʜʘʨʩʪʚʽ ʧʨʦʚʦʜʷʪʴʩʷ ʪʘʢʽ ʘʛʨʦʪʝʭʥʽʯʥʽ ʟʘʭʦʜʠ: ʢʦʥʪʫʨʥʘ ʦʙʨʦʙʢʘ 

ˇʨʫʥʪʫ, ʦʙʨʦʙʢʘ ˇʨʫʥʪʫ ʧʦʧʝʨʝʢ ʩʭʠʣʫ, ʧʣʦʩʢʦʨʽʟʥʠʡ ʦʙʨʦʙʽʪʦʢ ˇʨʫʥʪʫ, 



145 
 

ʟʘʢʨʠʪʪʷ ʚʦʣʦʛʠ ʛʦʣʯʘʩʪʠʤʠ ʙʦʨʦʥʘʤʠ, ʱʽʣʶʚʘʥʥʷ ʟʷʙʫ, ʧʦʩʽʚʽʚ ʦʟʠʤʠʭ, 

ʙʘʛʘʪʦʨʽʯʥʠʭ ʪʨʘʚ. ʆʙôʻʤʠ ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. 

ʃʽʩʦʚʽ ʥʘʩʘʜʞʝʥʥʷ, ʱʦ ʨʦʟʤʽʱʝʥʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ 

ʛʦʩʧʦʜʘʨʩʪʚʘ, ʤʘʶʪʴ ʩʪʚʦʨʠʪʠ ʥʘʜʽʡʥʫ ʟʘʭʠʩʥʫ ʩʠʩʪʝʤʫ ʜʣʷ ʚʠʨʦʱʫʚʘʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʪʘ ʚʙʝʨʝʛʪʠ ˇʨʫʥʪ ʚʽʜ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ 

ʚʧʣʠʚʫ ʚʦʜʥʦʾ ʝʨʦʟʽʾ. 

ʃʽʩʦʤʝʣʽʦʨʘʪʠʚʥʽ ʟʘʭʦʜʠ ʧʨʦʚʝʜʝʥʽ ʥʘ ʧʣʦʱʽ 19,6 ʛʘ, ʚ ʪʦʤʫ ʨʘʭʫʥʢʫ: 

ʧʦʣʝʟʘʭʠʩʥʽ ʽ ʩʪʦʢʦʨʝʛʫʣʶʚʘʣʴʥʽ ʣʽʩʦʩʤʫʛʠ ï 9,5 ʛʘ; ʚʦʜʦʦʭʦʨʦʥʥʽ 

ʣʽʩʦʥʘʩʘʜʞʝʥʥʷ ï 4,7 ʛʘ; ʩʫʮʽʣʴʥʝ ʟʘʣʽʩʝʥʥʷ ï 3,6 ʛʘ; ʽʥʰʽ ʣʽʩʦʥʘʩʘʜʞʝʥʥʷ 

(ʟʘʭʠʩʥʘ ʟʦʥʘ) ï 1,8 ʛʘ. 

ʇʦʣʝʟʘʭʠʩʥʽ ʣʽʩʦʚʽ ʥʘʩʘʜʞʝʥʥʷ ʩʪʚʦʨʝʥʽ ʟʘ ʪʠʧʦʤ ʘʞʫʨʥʦʾ ʪʘ 

ʧʨʦʜʫʚʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʙʽʣʷ ʷʨʽʚ ʽ ʩʭʠʣʘʭ ï ʱʽʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ 

ʥʘʡʢʨʘʱʝ ʩʧʨʠʷʻ ʧʨʦʷʚʫ ʾʭʥʽʭ ʟʘʭʠʩʥʠʭ ʬʫʥʢʮʽʡ. ʃʽʩʦʚʽ ʥʘʩʘʜʞʝʥʥʷ ʙʽʣʷ 

ʷʨʽʚ ʟʘʢʣʘʜʝʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʩʧʨʠʷʪʠ ʟʘʢʨʽʧʣʝʥʥʶ ʾʭ ʩʪʽʥʦʢ. 

 

ʊʘʙʣʠʮʷ 1 

ɸʛʨʦʪʝʭʥʽʯʥʽ ʧʨʦʪʠʝʨʦʟʽʡʥʽ ʟʘʭʦʜʠ 

ʅʘʟʚʘ ʟʘʭʦʜʽʚ ʇʣʦʱʘ, ʛʘ 

1. ʆʨʘʥʢʘ ʚʧʦʧʝʨʝʢ ʩʭʠʣʫ 952 

2. ʇʣʦʩʢʦʨʽʟʥʠʡ ʦʙʨʦʙʽʪʦʢ ˇʨʫʥʪʫ 355 

3. ʂʫʣʴʪʠʚʘʮʽʷ ʧʨʦʪʠʝʨʦʟʽʡʥʠʤʠ ʢʫʣʴʪʠʚʘʪʦʨʘʤʠ 475 

4. ʆʙʨʦʙʽʪʦʢ ˇʨʫʥʪʫ ʢʦʤʙʽʥʦʚʘʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ 307 

5. ʑʽʣʶʚʘʥʥʷ 650 

6.ʇʦʚʝʨʭʥʝʚʠʡ ʦʙʨʦʙʽʪʦʢ ˇʨʫʥʪʫ ʜʠʩʢʦʚʠʤʠ 

ʟʥʘʨʷʜʜʷʤʠ 

550 

7. ʄʝʭʘʥʽʟʦʚʘʥʝ ʩʥʽʛʦʟʘʪʨʠʤʘʥʥʷ 930 

 

ɼʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʽʩʦʚʠʭ ʥʘʩʘʜʞʝʥʴ ʫʩʽʭ ʧʨʠʟʥʘʯʝʥʴ ʚ 

ʛʦʩʧʦʜʘʨʩʪʚʽ ʥʝʦʙʭʽʜʥʦ ʧʨʠʚʝʩʪʠ ʾʭ ʚ ʥʘʣʝʞʥʠʡ ʩʘʥʽʪʘʨʥʠʡ ʩʪʘʥ ʰʣʷʭʦʤ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʙʽʨʢʦʚʠʭ ʩʘʥʽʪʘʨʥʠʭ ʨʫʙʦʢ. ɿʘʙʝʟʧʝʯʠʪʠ ʦʭʦʨʦʥʫ ʣʽʩʦʚʠʭ 

ʥʘʩʘʜʞʝʥʴ ʽ ʚʝʩʪʠ ʙʦʨʦʪʴʙʫ ʟ ʩʘʤʦʚʽʣʴʥʠʤʠ ʨʫʙʢʘʤʠ. 

ʅʘ ʩʭʠʣʦʚʠʭ ʟʝʤʣʷʭ ʚʦʜʦʨʝʛʫʣʶʶʯʽ ʣʽʩʦʚʽ ʥʘʩʘʜʞʝʥʥʷ ʟʘʧʨʦʻʢʪʦʚʘʥʽ ʫ 

ʧʦʻʜʥʘʥʥʽ ʟ ʥʘʡʧʨʦʩʪʽʰʠʤʠ ʛʽʜʨʦʪʝʭʥʽʯʥʠʤʠ ʩʧʦʨʫʜʘʤʠ (ʟʝʤʣʷʥʽ ʚʘʣʠ). 

ɺʝʨʰʠʥʠ ʜʽʶʯʠʭ ʷʨʽʚ ʫʢʨʽʧʣʝʥʽ ʩʢʣʘʜʥʠʤʠ ʪʘ ʥʘʡʧʨʦʩʪʽʰʠʤʠ 

ʛʽʜʨʦʪʝʭʥʽʯʥʠʤʠ ʩʧʦʨʫʜʘʤʠ.  

ɺʦʜʦʟʘʪʨʠʤʫʶʯʠʤʠ ʟʝʤʣʷʥʠʤʠ ʚʘʣʘʤʠ ʫʢʨʽʧʣʝʥʦ 8 ʚʝʨʰʠʥ ʷʨʽʚ. ɺʦʥʠ 

ʚʣʘʰʪʦʚʫʚʘʣʠʩʷ ʥʘ ʷʨʘʭ ʽʟ ʚʦʜʦʟʙʽʨʥʠʤʠ ʧʣʦʱʘʤʠ ʜʦ 30 ʛʝʢʪʘʨʽʚ ʟ ʪʘʢʠʤ 

ʨʦʟʨʘʭʫʥʢʦʤ, ʱʦʙ ʟʘʪʨʠʤʘʪʠ ʩʪʽʢ 10% ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ. ʇʦ ʢʽʥʮʷʭ ʚʘʣʫ ʧʽʜ 

ʢʫʪʦʤ 110ï130Á ʟʘʧʨʦʻʢʪʦʚʘʥʦ ʰʧʦʨʠ, ʱʦʙ ʫʪʨʠʤʘʪʠ ʚʦʜʫ. ɺ ʢʽʥʮʽ ʰʧʦʨ 

ʚʣʘʰʪʦʚʘʥʦ ʪʨʘʧʝʮʽʻʚʠʜʥʽ ʚʦʜʦʦʙʭʦʜʠ ʜʣʷ ʦʨʛʘʥʽʟʦʚʘʥʦʛʦ ʚʽʜʚʝʜʝʥʥʷ ʚʦʜʠ . 

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ ʚʘʣʠ ʟʘʩʽʚʘʣʠʩʷ ʙʘʛʘʪʦʨʽʯʥʠʤʠ 

ʪʨʘʚʘʤʠ. ɺʦʜʦʟʘʪʨʠʤʫʶʯʽ ʚʘʣʠ, ʧʦʙʫʜʦʚʘʥʽ ʙʽʣʷ ʚʝʨʰʠʥ ʜʽʶʯʠʭ ʷʨʽʚ ʫ 

ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʩʭʠʣʫ, ʥʝ ʪʽʣʴʢʠ ʧʨʠʟʫʧʠʥʠʣʠ ʧʦʜʘʣʴʰʠʡ ʨʽʩʪ ʷʨʽʚ, ʘʣʝ ʚʦʥʠ 




