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ʈʝʜʘʢʮʽʡʥʘ ʢʦʣʝʛʽʷ: ʇʘʚʣʠʯʝʥʢʦ ɸ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʧʝʨʰʠʡ ʧʨʦʨʝʢʪʦʨ ʅʊʋ 

çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʅʽʢʽʪʝʥʢʦ ɯ.ʉ., ʜ.ʪ.ʥ., ʜʦʮ., ʧʨʦʨʝʢʪʦʨ ʟ ʥʘʫʢʦʚʦʾ 

ʨʦʙʦʪʠ ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɹʝʟʫʛʣʘ ʃ.ʉ., ʜ.ʝ.ʥ., ʧʨʦʬ., 

ʟʘʚ. ʢʘʬʝʜʨʠ ʪʫʨʠʟʤʫ ʪʘ ʝʢʦʥʦʤʽʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʛʦʣʦʚʘ ʈʘʜʠ ʤʦʣʦʜʠʭ 

ʚʯʝʥʠʭ ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɹʻʣʦʙʦʨʦʜʦʚʘ ʄ.ɺ., ʢ.ʝ.ʥ., ʜʦʮ., 

ʜʦʮ. ʢʘʬʝʜʨʠ ʪʫʨʠʟʤʫ ʪʘ ʝʢʦʥʦʤʽʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʟʘʩʪʫʧʥʠʮʷ ʛʦʣʦʚʠ ʈʘʜʠ 

ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

 

 

çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025: ʤʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ, ɼʥʽʧʨʦ, 26ï28 ʙʝʨʝʟʥʷ 2025 ʨʦʢʫ 

/ ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ï ɼʥʽʧʨʦ 

: ʅʊʋ çɼʇè, 2025. 531 ʩ. 

 

 

ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʘʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷ ʩʫʯʘʩʥʦʾ ʤʦʣʦʜʽʞʥʦʾ ʥʘʫʢʠ ʪʘ ʽʥʥʦʚʘʮʽʡ 

ʪʘ ʰʣʷʭʠ ʾʭʥʴʦʛʦ ʚʠʨʽʰʝʥʥʷ. ɺʠʩʚʽʪʣʝʥʦ ʧʨʦʙʣʝʤʥʽ ʘʩʧʝʢʪʠ ʤʽʩʴʢʦʛʦ, 

ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʪʘ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʫ ʛʘʣʫʟʷʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʜʦʙʫʪʢʫ, 

ʧʝʨʝʨʦʙʢʠ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʪʝʭʥʦʣʦʛʽʡ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʪʘ ʝʥʝʨʛʦʤʝʭʘʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʛʝʦʜʝʟʽʾ ʪʘ ʟʝʤʣʝʫʩʪʨʦʶ, ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ, 

ʙʫʜʽʚʥʠʮʪʚʘ, ʛʝʦʪʝʭʥʽʢʠ ʪʘ ʛʝʦʤʝʭʘʥʽʢʠ, ʩʫʯʘʩʥʠʭ ʧʠʪʘʥʴ ʝʢʦʣʦʛʽʾ ʪʘ ʟʘʭʠʩʪʫ 

ʜʦʚʢʽʣʣʷ, ʙʝʟʧʝʢʠ ʧʨʘʮʽ, ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʪʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʠ, ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ, 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʝʢʦʥʦʤʽʢʠ ʽ ʫʧʨʘʚʣʽʥʥʷ, 

ʛʫʤʘʥʽʪʘʨʥʠʭ ʥʘʫʢ, ʽʥʞʠʥʽʨʠʥʛʫ ʽ ʜʠʟʘʡʥʫ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ʛʽʨʥʠʯʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʛʝʦʽʥʞʝʥʝʨʽʾ, ʧʫʙʣʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ, 

ʧʨʘʚʘ, ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʪʘ ʪʝʭʥʽʯʥʦʾ ʝʩʪʝʪʠʢʠ, ʭʽʤʽʯʥʠʭ, ʙʽʦʭʽʤʽʯʥʠʭ ʪʘ 

ʤʝʜʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʫʨʠʟʤʫ, ʨʝʢʨʝʘʮʽʾ ʪʘ ʛʦʩʪʠʥʥʦʩʪʽ, ʤʘʨʢʝʪʠʥʛʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʩʫʩʧʽʣʴʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʤʝʜʽʘ-ʩʪʫʜʽʡ. 
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ʆʈɻɸʅɯɿɸʎɯʁʅʀʁ ʂʆʄɯʊɽʊ 

 

ɻʦʣʦʚʘ ʦʨʛʢʦʤʽʪʝʪʫ ï ʇʘʚʣʠʯʝʥʢʦ ɸʨʪʝʤ ɺʦʣʦʜʠʤʠʨʦʚʠʯ ï ʜ.ʪ.ʥ., 

ʧʨʦʬʝʩʦʨ, ʧʝʨʰʠʡ ʧʨʦʨʝʢʪʦʨ ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. 

ɿʘʩʪʫʧʥʠʢ ʛʦʣʦʚʠ ï ʅʽʢʽʪʝʥʢʦ ɯʛʦʨ ʉʚʷʪʦʩʣʘʚʦʚʠʯ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, 

ʧʨʦʨʝʢʪʦʨ ʟ ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʦʾ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʦʾ ʨʦʙʦʪʠ. 

ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ ʩʝʢʨʝʪʘʨ ï ɹʝʟʫʛʣʘ ʃʶʜʤʠʣʘ ʉʝʨʛʽʾʚʥʘ ï ʜ.ʝ.ʥ., 

ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʪʫʨʠʟʤʫ ʪʘ ʝʢʦʥʦʤʽʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʛʦʣʦʚʘ 

ʈʄɺ ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. 

 

ʏʣʝʥʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ: 

 

ɹʻʣʦʙʦʨʦʜʦʚʘ ʄʘʨʽʷ ɺʘʣʝʨʽʾʚʥʘ ï ʟʘʩʪʫʧʥʠʮʷ ʛʦʣʦʚʠ ʈʘʜʠ ʤʦʣʦʜʠʭ 

ʚʯʝʥʠʭ ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. 

ɻʦʨʻʚ ɺôʷʯʝʩʣʘʚ ʄʠʢʦʣʘʡʦʚʠʯ ï ʩʝʢʨʝʪʘʨ ʈʄɺ ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè. 

ʆʥʠʱʝʥʢʦ ʉʝʨʛʽʡ ɺʘʣʝʨʽʡʦʚʠʯ ï ʛʦʣʦʚʘ ʈʄɺ ʤʝʭʘʥʽʢʦ-

ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ. 

ʄʘʢʫʨʽʥ ɸʥʜʨʽʡ ɸʥʜʨʽʡʦʚʠʯ ï ʛʦʣʦʚʘ ʈʄɺ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʬʘʢʫʣʴʪʝʪʫ. 

ɸʨʭʠʧʝʥʢʦ ʊʝʪʷʥʘ ɸʥʘʪʦʣʽʾʚʥʘ ï  ʛʦʣʦʚʘ ʈʄɺ ʬʘʢʫʣʴʪʝʪʫ 

ʤʝʥʝʜʞʤʝʥʪʫ. 

ɼʤʠʪʨʫʢ ʆʣʝʥʘ ʆʣʝʢʩʘʥʜʨʽʚʥʘ ï ʛʦʣʦʚʘ ʈʄɺ ʬʘʢʫʣʴʪʝʪʫ 

ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ ʪʘ ʪʝʭʥʦʣʦʛʽʡ. 

ʊʨʝʛʫʙ ʖʣʽʷ ɭʚʛʝʥʽʚʥʘ ï ʛʦʣʦʚʘ ʈʄɺ ʬʘʢʫʣʴʪʝʪʫ ʘʨʭʽʪʝʢʪʫʨʠ, 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʟʝʤʣʝʫʩʪʨʦʶ. 

ɿʘʤʢʦʚʘ ʆʣʴʛʘ ɸʥʜʨʽʾʚʥʘ ï ʛʦʣʦʚʘ ʈʄɺ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ 

ʬʘʢʫʣʴʪʝʪʫ. 

ʉʘʾʢ ʇʘʚʣʦ ɹʦʛʜʘʥʦʚʠʯ ï ʛʦʣʦʚʘ ʈʄɺ ʽʥʩʪʠʪʫʪʫ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ. 

ʍʘʙʘʨʣʘʢ ʂʦʩʪʷʥʪʠʥ ʉʝʨʛʽʡʦʚʠʯ ï ʛʦʣʦʚʘ ʈʄɺ ʬʘʢʫʣʴʪʝʪʫ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʉʦʨʦʢʽʥʘ ʅʘʪʘʣʽʷ ɻʨʠʛʦʨʽʚʥʘ ï ʛʦʣʦʚʘ ʈʄɺ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ 

ʽʥʩʪʠʪʫʪʫ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 
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ʊʝʭʥʦʣʦʛʽʾ ʚʠʜʦʙʫʪʢʫ, 

ʧʝʨʝʨʦʙʢʠ ʪʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ 
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ɸʢʦʣʴʟʽʥ ɯ.ɺ. ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 185 ʅʘʬʪʦʛʘʟʦʚʘ ʽʥʞʝʥʝʨʽʷ ʪʘ ʙʫʨʽʥʥʷ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʦʨʦʚʷʢʘ ɭʚʛʝʥʽʡ ɸʥʘʪʦʣʽʡʦʚʠʯ. ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʥʘʬʪʦʛʘʟʦʚʦʾ ʽʥʞʝʥʝʨʽʾ ʪʘ ʙʫʨʽʥʥʷ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʊʆʏʅʆʉʊɯ ʌʆʈʄʋɺɸʅʅʗ ʍʄɸʈʀ ʊʆʏʆʂ ʈɽɿɽʈɺʋɸʈɯɺ 

ɺɽʈʊʀʂɸʃʔʅʀʍ ʉʊɸʃɽɺʀʍ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʃɸɿɽʈʅʀʍ 3Dʉʂɸʅɽʈɯɺ 

ʊɸ ɯʅʊɽɻʈʆɺɸʅʆɻʆ ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ 

 

ʋ ʩʫʯʘʩʥʽʡ ʧʨʘʢʪʠʮʽ ʢʘʣʽʙʨʫʚʘʥʥʷ ʨʝʟʝʨʚʫʘʨʽʚ ʣʘʟʝʨʥʝ 3D-ʩʢʘʥʫʚʘʥʥʷ ʻ ʦʜʥʠʤ ʽʟ 

ʥʘʡʪʦʯʥʽʰʠʭ ʽ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. ʆʜʥʘʢ, ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ 

ʽʥʪʝʨʚʘʣʴʥʠʭ ʤʽʩʪʢʦʩʪʝʡ ʨʝʟʝʨʚʫʘʨʫ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ 

ʭʤʘʨʠ ʪʦʯʦʢ ʟ ʦʢʨʝʤʠʭ ʩʢʘʥʽʚ, ʷʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʟ ʣʘʟʝʨʥʠʤʠ 3D ʩʢʘʥʝʨʘʤʠ.  

ʅʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ ʟʘ ʷʢʠʤʠ ʧʨʦʚʦʜʠʪʴʩʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʨʝʟʝʨʚʫʘʨʽʚ, ɼʉʊʋ 

7473 [1] ʪʘ ISO 7507 [2], ʥʝ ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʤʝʪʦʜʠ ʬʦʨʤʫʚʘʥʥʷ ʭʤʘʨ ʪʦʯʦʢ, ʪʘ ʤʝʪʦʜʠʢʠ 

ʾʭ ʧʽʜʛʦʪʦʚʢʠ. ʇʨʦʪʝ ʙʽʣʴʰʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʨʦʟʛʣʷʜʘʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʭʤʘʨʠ ʪʦʯʦʢ ʷʢ 

ʧʨʦʮʝʩ, ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʽʥʪʝʛʨʦʚʘʥʠʤ ʜʦ ʣʘʟʝʨʥʠʭ 3D ʩʢʘʥʝʨʽʚ 

ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʧʦʭʠʙʦʢ. ʊʘʢʠʡ ʧʽʜʭʽʜ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʻ 

ʧʦʤʠʣʢʦʚʠʤ, ʦʩʢʽʣʴʢʠ ʨʽʟʥʽ ʤʝʪʦʜʠ ʬʦʨʤʫʚʘʥʥʷ ʭʤʘʨ ʪʦʯʦʢ ʤʦʞʫʪʴ ʤʘʪʠ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ 

ʥʘ ʪʦʯʥʽʩʪʴ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʫ ʩʬʦʨʤʦʚʘʥʽʡ ʭʤʘʨʽ. ʎʝ ʧʦʪʨʝʙʫʻ ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʧʽʜ ʯʘʩ ʢʘʣʽʙʨʫʚʘʥʥʷ ʨʝʟʝʨʚʫʘʨʫ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʪʘʣʝʚʦʛʦ (ʈɺʉ-20000) ʥʦʤʽʥʘʣʴʥʦʶ ʤʽʩʪʢʽʩʪʶ 20 000 ʤį ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʚʦʭ ʣʘʟʝʨʥʠʭ 3D ʩʢʘʥʝʨʽʚ Leica RTC 360 ʪʘ FARO Focus S70. ɼʘʥʠʡ ʨʝʟʝʨʚʫʘʨ ʤʘʻ ʙʫʪʠ 

ʚʽʜʢʘʣʽʙʨʦʚʘʥʦ ʟ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʶ ʧʦʭʠʙʢʦʶ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʨʚʘʣʴʥʠʭ 

ʤʽʩʪʢʦʩʪʝʡ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,05 % ʟʘ ɼʉʊʋ 7473 [1]. 

ʇʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʣʦʢʘʣʴʥʽ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ, ʚʠʤʽʨʷʥʽ ʣʘʟʝʨʥʠʤ 3D 

ʩʢʘʥʝʨʦʤ ʟ ʜʝʢʽʣʴʢʦʭ ʩʪʘʥʮʽʡ ʩʢʘʥʫʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʨʘʭʫʚʘʪʠ ʜʦ ʦʜʥʦʾ ʻʜʠʥʦʾ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʦʙôʻʢʪʫ, ʥʘʧʨʠʢʣʘʜ ʨʝʟʝʨʚʫʘʨʫ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʭʦʜʫ ʟ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʫʩʽʭ ʽʥʰʠʭ ʩʢʘʥʽʚ ʜʦ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ ʙʘʟʦʚʦʛʦ ʩʢʘʥʘ, ʱʦ ʬʘʢʪʠʯʥʦ ʻ ʩʠʩʪʝʤʦʶ ʢʦʦʨʜʠʥʘʪ ʦʙôʻʢʪʘ ʚʠʤʽʨʶʚʘʥʴ.  

ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʧʝʨʘʮʽʡ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʭʤʘʨʠ ʪʦʯʦʢ 

ʧʽʜ ʯʘʩ ʢʘʣʽʙʨʫʚʘʥʥʷ ʨʝʟʝʨʚʫʘʨʫ ʧʨʦʚʦʜʠʣʦʩʴ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʭʤʘʨʠ ʪʦʯʦʢ ʽʥʪʝʛʨʦʚʘʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ Leica REGISTER 360 

PLUS ʪʘ FaroScene.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢ (ʈʠʩ. 1), ʥʘ ʷʢʦʤʫ ʟʦʙʨʘʞʝʥʦ 

ʨʽʟʥʠʮʶ ʤʽʩʪʢʦʩʪʽ ʨʝʟʝʨʚʫʘʨʫ ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʾʭ ʤʽʩʪʢʦʩʪʝʡ ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʟʥʘʯʝʥʴ FARO CloudtoCloudʫ ʟʚôʷʟʢʫ ʟ ʡʦʛʦ ʟʥʘʯʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ. ʅʘ 

ʛʨʘʬʽʢʫ ʚʽʩʴ X ï ʨʽʚʝʥʴ ʥʘʧʦʚʥʝʥʥʷ ʨʝʟʝʨʚʫʘʨʫ (1 ï 16 ʤ), ʘ ʚʽʩʴ Y ï ʨʽʟʥʠʮʷ ʤʽʩʪʢʦʩʪʝʡ 

ʨʝʟʝʨʚʫʘʨʫ (ʤ3) 

ɺʠʷʚʣʝʥʦ, ʱʦ ʚʧʣʠʚ ʧʽʜʛʦʪʦʚʢʠ ʜʘʥʠʭ ʥʘ ʪʦʯʥʽʩʪʴ ʭʤʘʨʠ ʪʦʯʦʢ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʘʣʛʦʨʠʪʤʽʚ, ʨʝʘʣʽʟʦʚʘʥʠʭ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ. ʎʝ ʚʢʘʟʫʻ 

ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʤʝʪʦʜʽʚ ʬʦʨʤʫʚʘʥʥʷ ʭʤʘʨʠ ʪʦʯʦʢ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘʢʦʞ ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʦʪʨʝʙʫ ʚ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢʠ 

ʢʦʥʪʨʦʣʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʣʘʙʦʨʘʪʦʨʽʡ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʢʘʣʽʙʨʫʚʘʥʥʷʤ 

ʨʝʟʝʨʚʫʘʨʽʚ. ʎʝ ʩʧʨʠʷʪʠʤʝ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʩʢʘʥʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʶ 

ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʢʘʣʽʙʨʫʚʘʥʥʷ.  

 



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 

 

6 
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ʟʥʘʯʝʥʥʷ ʤʽʩʪʢʦʩʪʽ, ʙʝʟ ʚʧʣʠʚʫ FARO CloudtoCloud 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʄʝʪʨʦʣʦʛʽʷ. ʈʝʟʝʨʚʫʘʨʠ ʩʪʘʮʽʦʥʘʨʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʚʝʨʪʠʢʘʣʴʥʽ. ʄʝʪʦʜʠʢʘ 

ʧʦʚʽʨʢʠ (ʢʘʣʽʙʨʫʚʘʥʥʷ) ʛʝʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʝʦʜʝʟʠʯʥʠʭ ʧʨʠʣʘʜʽʚ: 

ɼʉʊʋ 7473:2016. (2017). ʂʠʾʚ: ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ɺʩʝʫʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ 

ʥʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʠʡ ʮʝʥʪʨ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʤʝʪʨʦʣʦʛʽʾ, ʩʝʨʪʠʬʽʢʘʮʽʾ ʪʘ ʟʘʭʠʩʪʫ ʧʨʘʚ 

ʩʧʦʞʠʚʘʯʽʚ (ʋʢʨʤʝʪʨʪʝʩʪʩʪʘʥʜʘʨʪ). https://online.budstandart.com/ua/catalog/doc-

page.html?id_doc=66443 

2. ISO 7507-2:2022. Petroleum and liquid petroleum products ï Calibration of vertical 

cylindrical tanks ï Part 2: Optical-reference-line method or electro-optical distance-ranging 

method. 
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ʋɼʂ 622.691.4.07:621.64.029:536.24.01 

 

ɺʘʩʠʣʴʯʝʥʢʦ ɼ.ʆ. ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 185 ʅʘʬʪʦʛʘʟʦʚʘ ʽʥʞʝʥʝʨʽʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʈʘʩʮʚʻʪʘʻʚ ɺ.ʆ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʥʘʬʪʦʛʘʟʦʚʦʾ ʽʥʞʝʥʝʨʽʾ 

ʪʘ ʙʫʨʽʥʥʷ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʊʈʋɼʅʆʑɯ ʇʋʉʂʋ ʊɸ ɽʂʉʇʃʋɸʊɸʎɯɰ ɻɸɿʆʇɽʈɽʂɸʏʋɺɸʃʔʅʆɻʆ 

ɸɻʈɽɻɸʊʋ ʂʆʄʇʈɽʉʆʈʅʆɰ ʉʊɸʅʎɯɰ çʇɸɺʃʆɻʈɸɼè 

ɼʅɯʇʈʆɺʉʔʂɽ ʃɺʋʄɻ ʊʆɺ çʆʇɽʈɸʊʆʈ ɻʊʉ ʋʂʈɸɰʅʀè 

 

ʇʨʷʤʠʡ ʧʫʩʢ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʛʘʟʦʧʝʨʝʢʘʯʫʚʘʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ 

(ɻʇɸ) ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 6 ï 8 ʢʨʘʪʥʠʤ ʧʫʩʢʦʚʠʤ ʩʪʨʫʤʦʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ 

ʫʜʘʨʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ. ʎʝʡ ʤʦʤʝʥʪ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ ʚʘʣ ʜʚʠʛʫʥʘ ʽ 

ʽʥʽʮʽʶʻ ʨʫʭ ʤʝʭʘʥʽʟʤʫ. ʇʨʦʪʷʛʦʤ ʧʝʨʰʠʭ 1,5 ï 2,0 ʩʝʢʫʥʜ ʤʦʤʝʥʪ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʷʢ 

ʧʦʩʪʽʡʥʫ, ʪʘʢ ʽ ʚʠʤʫʰʝʥʫ ʩʢʣʘʜʦʚʫ ʫ ʚʠʛʣʷʜʽ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʤʦʤʝʥʪʫ ʟ ʘʤʧʣʽʪʫʜʦʶ, ʱʦ 

ʜʦʩʷʛʘʻ 4 ʥʦʤʽʥʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʤʦʤʝʥʪʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. ɿʥʘʢʦʟʤʽʥʥʠʡ ʤʦʤʝʥʪ ʚʠʢʣʠʢʘʻ 

ʚʽʙʨʘʮʽʾ ʷʢ ʩʘʤʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʪʘʢ ʽ ʤʝʭʘʥʽʟʤʫ, ʱʦ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʨʫʭ. ɺʠʥʠʢʘʶʯʽ 

ʟʥʘʯʥʽ ʟʥʘʢʦʟʤʽʥʥʽ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʽ ʟʫʩʠʣʣʷ ʚ ʦʙʤʦʪʮʽ ʩʪʘʪʦʨʘ ʩʧʨʠʯʠʥʷʶʪʴ ʟʤʽʱʝʥʥʷ 

ʧʨʦʚʽʜʥʠʢʽʚ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʧʨʦʙʦʶ ʽʟʦʣʷʮʽʾ ʦʙʤʦʪʦʢ 

ʩʪʘʪʦʨʘ, ʧʦʰʢʦʜʞʝʥʥʷ ʟôʻʜʥʘʥʴ ʤʽʞ ʢʦʪʫʰʢʘʤʠ, ʧʝʨʝʛʦʨʷʥʥʷ ʚʠʚʽʜʥʠʭ ʢʽʥʮʽʚ, ʧʦʣʦʤʦʢ 

ʚʘʣʽʚ, ʟôʻʜʥʫʚʘʣʴʥʠʭ ʤʫʬʪ, ʨʝʜʫʢʪʦʨʽʚ ʪʘ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ. ʎʝ ʧʦʨʫʰʫʻ 

ʨʠʪʤʽʯʥʽʩʪʴ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʟʥʠʞʫʻ ʚʠʧʫʩʢ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʚʝʜʝ ʜʦ ʟʥʘʯʥʠʭ 

ʚʠʪʨʘʪ ʥʘ ʨʝʤʦʥʪ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʠʡʰʣʦ ʟ ʣʘʜʫ [1]. 

ʆʩʥʦʚʥʘ ʯʘʩʪʢʘ ʚʽʜʤʦʚ ɻʇɸ ʧʨʠʧʘʜʘʻ ʥʘ ʧʽʜʰʠʧʥʠʢʦʚʽ ʚʫʟʣʠ ʪʘ ʫʱʽʣʴʥʝʥʥʷ. 

ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʤʦʚ (ʚʽʜ 24% ʜʦ 48%) ʩʪʦʩʫʻʪʴʩʷ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʪʘ ʤʘʩʪʠʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ɻʇɸ, ʟʦʢʨʝʤʘ ʯʝʨʝʟ ʜʝʬʝʢʪʠ ʦʧʦʨʥʠʭ ʚʫʟʣʽʚ, ʨʝʜʫʢʪʦʨʽʚ ʽ ʥʘʩʦʩʽʚ, ʷʢʽ 

ʦʤʠʚʘʶʪʴʩʷ ʤʘʩʪʠʣʦʤ [1]. ʅʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʤʠ ʧʦʰʢʦʜʞʝʥʥʷʤʠ ʧʽʜʰʠʧʥʠʢʽʚ ʻ 

ʫʪʚʦʨʝʥʥʷ ʨʠʩʦʢ, ʥʘʪʠʨʘʥʴ, ʧʦʜʨʷʧʠʥ, ʪʨʽʱʠʥ, ʚʠʢʨʠʰʫʚʘʥʥʷ, ʨʦʟʧʣʘʚʣʝʥʥʷ ʪʘ ʚʠʧʣʘʚʢʘ 

ʙʘʙʽʪʫ. ʈʠʩʢʠ ʡ ʧʦʜʨʷʧʠʥʠ ʥʘ ʧʦʚʝʨʭʥʽ ʚʢʣʘʜʠʰʘ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʯʝʨʝʟ ʥʝʩʫʤʽʩʥʽʩʪʴ 

ʤʘʪʝʨʽʘʣʽʚ, ʥʘʜʤʽʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʥʝʜʦʩʪʘʪʥʻ ʟʤʘʱʝʥʥʷ. ʎʝ ʧʦʰʢʦʜʞʝʥʥʷ ʯʘʩʪʦ ʻ 

ʥʘʩʣʽʜʢʦʤ ʜʽʾ ʚʝʣʠʢʠʭ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʘʙʦ ʚʽʙʨʘʮʽʡ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʧʦʰʢʦʜʞʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʢʦʥʪʘʢʪʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. ʅʘʪʠʨʘʥʥʷ ʪʘ ʧʦʜʨʷʧʠʥʠ ʥʘ 

ʧʦʚʝʨʭʥʷʭ ʧʽʜʰʠʧʥʠʢʽʚ ʤʦʞʫʪʴ ʧʦʛʽʨʰʫʚʘʪʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʩʪʠʣʘ, 

ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʦʛʦ ʪʝʨʪʷ ʪʘ ʥʘʛʨʽʚʘʥʥʷ. ʊʨʽʱʠʥʠ ʽ 

ʚʠʢʨʠʰʫʚʘʥʥʷ ʻ ʙʽʣʴʰ ʩʝʨʡʦʟʥʠʤʠ ʧʦʰʢʦʜʞʝʥʥʷʤʠ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ 

ʧʦʚʪʦʨʥʽ ʮʠʢʣʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʚʪʦʤʥʝ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. ɺʠʥʠʢʥʝʥʥʷ ʪʨʽʱʠʥ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʽ, ʟʨʝʰʪʦʶ, ʜʦ ʨʫʡʥʫʚʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʧʽʜʰʠʧʥʠʢʘ, ʱʦ ʽʩʪʦʪʥʦ ʧʦʛʽʨʰʫʻ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʛʨʝʛʘʪʫ. 

ɺʠʢʨʠʰʫʚʘʥʥʷ, ʷʢʝ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ, ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ 

ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʧʽʜʰʠʧʥʠʢʘ, ʱʦ ʪʘʢʦʞ ʩʧʨʠʷʻ ʧʦʛʽʨʰʝʥʥʶ ʡʦʛʦ ʨʦʙʦʪʠ. 

ʈʦʟʧʣʘʚʣʝʥʥʷ ʪʘ ʚʠʧʣʘʚʢʘ ʙʘʙʽʪʫ, ʤʘʪʝʨʽʘʣʫ, ʟ ʷʢʦʛʦ ʯʘʩʪʦ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ 

ʧʽʜʰʠʧʥʠʢʦʚʽ ʚʢʣʘʜʠʰʽ, ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ ʩʝʨʡʦʟʥʠʭ ʧʦʰʢʦʜʞʝʥʴ. ʎʽ ʜʝʬʝʢʪʠ 

ʚʠʥʠʢʘʶʪʴ ʫ ʨʘʟʽ ʧʝʨʝʛʨʽʚʫ ʧʽʜʰʠʧʥʠʢʘ ʘʙʦ ʥʘʜʤʽʨʥʦʛʦ ʪʝʨʪʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, 

ʱʦ ʙʘʙʽʪ ʚʪʨʘʯʘʻ ʩʚʦʾ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʩʪʘʻ ʤôʷʢʠʤ ʽ ʚʪʨʘʯʘʻ ʟʜʘʪʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦ 

ʟʥʠʞʫʚʘʪʠ ʪʝʨʪʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ, ʯʘʩʪʠʥʠ ʙʘʙʽʪʫ ʤʦʞʫʪʴ ʚʽʜʧʘʜʘʪʠ, ʱʦ ʩʧʨʠʯʠʥʷʻ 

ʜʦʜʘʪʢʦʚʝ ʧʦʰʢʦʜʞʝʥʥʷ ʧʽʜʰʠʧʥʠʢʘ ʽ ʤʝʭʘʥʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʛʨʝʛʘʪʫ.  

ɺʽʜʢʦʣʝʥʽ ʯʘʩʪʠʥʠ ʤʘʪʝʨʽʘʣʫ ʤʦʞʫʪʴ ʧʦʪʨʘʧʣʷʪʠ ʚ ʟʘʟʦʨ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ 

ʧʽʜʰʠʧʥʠʢʘ ʘʙʦ ʚ ʤʘʩʪʠʣʴʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʧʦʨʫʰʫʻ ʥʦʨʤʘʣʴʥʫ ʮʠʨʢʫʣʷʮʽʶ ʤʘʩʪʠʣʘ ʪʘ 

ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʜʦʜʘʪʢʦʚʠʭ ʟʘʙʨʫʜʥʝʥʴ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʩʪʘʙʽʣʽʟʘʮʽʾ ʨʦʙʦʪʠ 

ʧʽʜʰʠʧʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʤʝʭʘʥʽʟʤʫ. ʊʘʢʽ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʞʫʪʴ ʚʢʨʘʡ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʩʽʻʾ 



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 
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ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ɻʇɸ, ʟʥʠʞʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʘ ʰʚʠʜʢʦ ʚʠʚʦʜʷʯʠ ʘʛʨʝʛʘʪ ʟ 

ʣʘʜʫ. ʋ ʧʽʜʰʠʧʥʠʢʫ, ʚ ʷʢʦʤʫ ʩʪʘʚʩʷ ʧʦʰʢʦʜʞʝʥʥʷ ʚʢʣʘʜʠʰʘ, ʥʝ ʫʪʚʦʨʶʻʪʴʩʷ 

ʥʦʨʤʘʣʴʥʠʡ ʰʘʨ ʤʘʩʪʠʣʘ, ʦʩʢʽʣʴʢʠ ʧʦʰʢʦʜʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ 

ʤʘʩʪʠʣʦ ʥʝ ʤʦʞʝ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʪʠʩʷ ʤʽʞ ʢʦʥʪʘʢʪʫʶʯʠʤʠ ʧʦʚʝʨʭʥʷʤʠ. ʎʝ 

ʧʦʨʫʰʫʻ ʦʩʥʦʚʥʠʡ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʧʽʜʰʠʧʥʠʢʽʚ ï ʧʽʜʪʨʠʤʢʫ ʰʘʨʫ ʤʘʩʪʠʣʘ ʤʽʞ 

ʨʫʭʦʤʠʤʠ ʯʘʩʪʠʥʘʤʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ, ʰʠʡʢʘ ʚʘʣʫ ʙʝʟ ʥʘʣʝʞʥʦʛʦ ʤʘʩʪʠʣʘ ʤʦʞʝ ʧʦʪʨʘʧʠʪʠ 

ʚ ʧʨʷʤʠʡ ʢʦʥʪʘʢʪ ʟ ʚʢʣʘʜʠʰʝʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʱʝ ʙʽʣʴʰʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʧʝʨʝʛʨʽʚʫ. 

ɹʝʟ ʥʘʣʝʞʥʦʾ ʟʤʘʟʢʠ ʢʦʥʪʘʢʪ ʤʝʪʘʣ-ʤʝʪʘʣ ʚʠʢʣʠʢʘʻ ʧʽʜʚʠʱʝʥʝ ʪʝʨʪʷ, ʱʦ ʩʧʨʠʯʠʥʷʻ 

ʧʦʜʘʣʴʰʝ ʨʫʡʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʧʽʜʰʠʧʥʠʢʘ, ʘ ʪʘʢʦʞ ʧʝʨʝʛʨʽʚ ʽ ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʚʥʦʾ ʡʦʛʦ ʚʽʜʤʦʚʠ. 

ʅʝʩʧʨʘʚʥʦʩʪʽ ʧʽʜʰʠʧʥʠʢʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʷʚʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ 

ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʻ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʘ, ʚʽʟʫʘʣʴʥʠʡ 

ʢʦʥʪʨʦʣʴ, ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʤʝʪʦʜʠ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ ʪʝʨʤʦʛʨʘʬʽʾ ʪʘ ʘʥʘʣʽʟʫ ʤʘʩʣʘ. 

ɺʽʙʨʦʜʽʘʛʥʦʩʪʠʢʘ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ 

ʧʽʜʰʠʧʥʠʢʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨ ʚʽʙʨʘʮʽʡ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ 

ʥʝʩʠʤʝʪʨʠʯʥʝ ʦʙʝʨʪʘʥʥʷ ʚʘʣʽʚ ʘʙʦ ʯʝʨʝʟ ʧʦʰʢʦʜʞʝʥʥʷ ʚʢʣʘʜʠʰʽʚ ʧʽʜʰʠʧʥʠʢʽʚ. ʎʝʡ 

ʤʝʪʦʜ ʤʦʞʝ ʚʠʷʚʠʪʠ ʟʤʽʥʠ ʚ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʽʙʨʘʮʽʡ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʥʘʷʚʥʽʩʪʴ ʜʝʬʝʢʪʽʚ. ɺʽʟʫʘʣʴʥʠʡ ʢʦʥʪʨʦʣʴ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʟʦʚʥʽʰʥʽ 

ʧʦʰʢʦʜʞʝʥʥʷ, ʪʘʢʽ ʷʢ ʪʨʽʱʠʥʠ, ʟʥʦʰʝʥʥʷ ʯʠ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʦʟʥʘʢʦʶ 

ʥʝʩʧʨʘʚʥʦʩʪʝʡ. ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʜʝʪʝʢʪʫʚʘʪʠ ʜʝʬʝʢʪʠ ʚ ʤʘʪʝʨʽʘʣʘʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʚʫʢʦʚʠʭ ʭʚʠʣʴ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʪʨʽʱʠʥʠ, ʟʥʦʰʫʚʘʥʥʷ 

ʪʘ ʽʥʰʽ ʚʥʫʪʨʽʰʥʽ ʜʝʬʝʢʪʠ ʚ ʧʽʜʰʠʧʥʠʢʘʭ. ʄʝʪʦʜʠ ʪʝʨʤʦʛʨʘʬʽʾ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ 

ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ ʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʘʭ 

ʧʽʜʰʠʧʥʠʢʽʚ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚôʷʟʘʥʽ ʟ ʧʽʜʚʠʱʝʥʠʤ ʪʝʨʪʷʤ ʘʙʦ ʟʥʦʰʫʚʘʥʥʷʤ. ɸʥʘʣʽʟ 

ʤʘʩʣʘ ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤ ʤʝʪʦʜʦʤ, ʦʩʢʽʣʴʢʠ ʥʘʷʚʥʽʩʪʴ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʦʢ ʫ ʤʘʩʪʠʣʽ ʤʦʞʝ 

ʩʚʽʜʯʠʪʠ ʧʨʦ ʧʨʦʮʝʩʠ ʟʥʦʰʫʚʘʥʥʷ ʘʙʦ ʨʫʡʥʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʽʜʰʠʧʥʠʢʽʚ. 

ʆʩʢʽʣʴʢʠ ʚʽʜʤʦʚʠ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ɻʇɸ, ʟʦʢʨʝʤʘ ʧʽʜʰʠʧʥʠʢʽʚ, ʯʘʩʪʦ ʥʝ 

ʧʽʜʜʘʶʪʴʩʷ ʨʝʤʦʥʪʫ ʪʘ ʚʠʤʘʛʘʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʦʨʦʛʠʭ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ, ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʝʬʝʢʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʮʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ. ɺʽʜʩʫʪʥʽʩʪʴ ʩʚʦʻʯʘʩʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʝʨʡʦʟʥʠʭ 

ʥʘʩʣʽʜʢʽʚ, ʪʘʢʠʭ ʷʢ ʟʥʘʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʚʘʣʘ, ʨʝʜʫʢʪʦʨʽʚ, ʟôʻʜʥʫʚʘʣʴʥʠʭ ʤʫʬʪ ʪʘ ʽʥʰʠʭ 

ʯʘʩʪʠʥ ʘʛʨʝʛʘʪʫ, ʱʦ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ ʚʠʪʨʘʪʠ ʥʘ ʨʝʤʦʥʪ ʪʘ ʧʨʦʩʪʽʡ ʦʙʣʘʜʥʘʥʥʷ. ʋ ʟʚôʷʟʢʫ 

ʟ ʮʠʤ, ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʻ ʚʘʞʣʠʚʠʤ 

ʘʩʧʝʢʪʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ɻʇɸ, ʟʦʢʨʝʤʘ ʚ ʫʤʦʚʘʭ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ 

ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʧʨʦʛʨʝʩʠʚʥʽ ʤʝʪʦʜʠ ʜʽʘʛʥʦʩʪʠʢʠ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʪʘ 

ʩʚʦʻʯʘʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʠʟʠʢ ʚʽʜʤʦʚ ʽ ʟʘʙʝʟʧʝʯʠʪʠ 

ʩʪʘʙʽʣʴʥʫ ʪʘ ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʦʙʣʘʜʥʘʥʥʷ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʩʪʽʡʥʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʧʨʦʛʨʝʩ, ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʢʦʤʧʨʝʩʦʨʥʠʭ ʩʪʘʥʮʽʡ, ʟʦʢʨʝʤʘ ʚ ʨʘʤʢʘʭ ʩʧʦʨʫʜʞʝʥʥʷ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʛʘʟʦʧʨʦʚʦʜʽʚ, ʥʝʦʙʭʽʜʥʘ ʧʦʩʪʽʡʥʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ. 
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OPTIMIZATION AND MATHEMATICAL MODELING OF FILTRATION 

SYSTEMS FOR DRILLING FLUIDS  

 

Drilling mud, also known as drilling fluid, is a crucial component in oil and gas drilling 

operations. It serves multiple essential functions, including lubricating the drill bit, carrying 

rock cuttings to the surface, controlling pressure in the wellbore, and preventing formation 

damage. The composition of drilling mud varies but typically includes water or oil-based fluids, 

additives, and solids like clay or barite [1]. 

The efficiency of drilling operations is heavily influenced by the quality of drilling fluids 

andtheir filtration properties. Properly designed filtration systems are critical for maintaining 

the stability of the wellbore, reducing formation damage, and ensuring smooth drilling 

operations. This article presents a mathematical model to substantiate the rational parameters 

of filtration systems for drilling fluids. The model integrates key variables such as particle size 

distribution, fluid viscosity, pressure differentials, and filter media characteristics to optimize 

filtration performance. The results provide a framework for designing efficient filtration 

systems tailored to specific drilling conditions [2, 3]. 

Drilling fluids, commonly referred to as drilling mud, play a vital role in the drilling 

process by lubricating the drill bit, carrying cuttings to the surface, and maintaining wellbore 

stability. However, the presence of solid particles in the drilling fluid can lead to equipment 

wear, formation damage, and reduced drilling efficiency. Filtration systems are employed to 

remove these particles, but their design must be optimized to balance filtration efficiency with 

operational constraints. This study focuses on developing a mathematical model to determine 

the rational parameters of filtration systems, ensuring optimal performance under varying 

drilling conditions. 

Letôs consider the mathematical model development of particle size distribution and 

filtration efficiency. 

The filtration efficiency of a system depends on the size distribution of particles in the 

drilling fluid. Let ὪὨ represent the particle size distribution function, where Ὠ is the particle 

diameter. The filtration efficiency – can be expressed as: 

– ὪὨױὨὨ 

where Ὠ is the critical particle diameter that the filter can effectively remove. 

The pressure dropῳὖ across the filter media is a critical parameter that influences the flow 

rate and energy consumption. Using Darcy's law, the pressure drop can be modeled as: 

ῳὖ
‘ὗὒ

Ὧὃ
 

where:‘ = fluid viscosity; ὗ = flow rate; ὒ = thickness of the filter media; Ὧ = permeability 

of the filter media; ὃ = cross-sectional area of the filter. 

The permeability Ὧ of the filter media is a function of its porosity ‰ and the average pore 

size Ὠ. This relationship can be approximated as: 

Ὧ
‰Ὠ

ὅρ ‰
 

where ὅ is a constant dependent on the filter material. 

To optimize the filtration system, an objective function Ὂ is defined that minimizes the 

total cost while maximizing filtration efficiency. The function can be expressed as: 



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 

 

10 

Ὂ ‌ῳὖ‍ρ – 

where ‌ and ‍ are weighting factors representing the relative importance of pressure drop 

and filtration efficiency, respectively. 

The results demonstrate that the mathematical model effectively captures the key 

relationships between particle size distribution, filter media characteristics, pressure drop, and 

filtration efficiency. By optimizing the critical diameter and porosity, the filtration system can 

achieve high efficiency while maintaining operational feasibility. The case study shows that a 

filter media with a porosity of 0.4 and a critical diameter of 20 Õm provides an excellent 

balance, removing 95% of particles while keeping the pressure drop at 12.5 kPa. These findings 

provide a practical framework for designing and optimizing filtration systems for drilling fluids 

in real-world applications (fig. 1). 

 

 
a b c 

Figure 1 ï Visualization of mathematical model: a - particle size distribution; b - 

pressure drop vs. porosity; c - filtration efficiency vs. critical diameter 

 

A case study was conducted using data from a typical drilling operation. The 

mathematical model was applied to determine the optimal filter media thickness, porosity, and 

pore size. The results demonstrated that a filter media with a porosity of 0.4 and an average 

pore size of 20 Õm provided the best balance between filtration efficiency and pressure drop. 

The optimized system reduced particle concentration by 95% while maintaining a pressure drop 

within acceptable limits. 

The proposed mathematical model provides a robust framework for optimizing the 

parameters of filtration systems for drilling fluids. By integrating particle size distribution, fluid 

viscosity, and filter media characteristics, the model enables the design of efficient and cost-

effective filtration systems. Future work will focus on validating the model with experimental 

data and extending it to account for dynamic drilling conditions. 
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MATHEMATICAL MODELING AND HIGH -SPEED IMAGING ANALYSIS OF 

ROCK FRAGMENTATION DYNAMICS DURING DRILLING OPERATIONS  

 

Rock fragmentation during drilling operations is a complex process influenced by various 

parameters, including rock properties, drill bit geometry, and operational conditions. 

Understanding the dynamics of rock destruction is critical for optimizing drilling efficiency and 

minimizing energy consumption. This study investigates the influence of rock destruction 

parameters on process dynamics using high-speed imaging and develops a mathematical model 

to describe the fragmentation process. The model integrates key variables such as rock strength, 

impact energy, and fracture propagation velocity. High-speed imaging is used to validate the 

model, providing insights into the real-time behavior of rock fragmentation. The results 

demonstrate the potential for improving drilling performance through optimized parameter 

selection [1]. 

Rock fragmentation is a fundamental process in drilling operations, impacting both the 

efficiency and cost of resource extraction. The dynamics of rock destruction are influenced by 

a combination of mechanical, geological, and operational factors. Traditional methods of 

studying rock fragmentation rely on post-process analysis, which often fails to capture the real-

time dynamics of the process. High-speed imaging offers a powerful tool for observing and 

analyzing rock fragmentation in real time. This study combines high-speed imaging with 

mathematical modeling to investigate the influence of key parameters on rock destruction 

dynamics and to develop a predictive model for optimizing drilling operations [2]. 

The initiation of fractures in rock is governed by its tensile strength „ and the applied 

stress „. The condition for fracture initiation can be expressed as: 

„ „, 

where „ is a function of the impact energy Ὁ and the contact area ὃ: 

„ . 

The velocity of fracture propagation ὺ is influenced by the rock's elastic modulus Ὁ, 

density ”, and the energy release rate Ὃ. The relationship can be modeled as: 

ὺ , 

where Ὃ is proportional to the square of the applied stress: 

Ὃᶿ„ . 

The total energy Ὁ required for rock fragmentation includes the energy for fracture 

initiation Ὁ and the energy for fracture propagation Ὁ: 

Ὁ Ὁ Ὁ. 

The energy for fracture initiation is given by: 

Ὁ „ẗὠ, 

where ὠ is the volume of rock is affected by the fracture.  

The energy for fracture propagation is: 

Ὁ ᷿ὋױὨὰ, 

where ὒ is the total length of the fracture. 

Letôs visualize mathematical model (fig. 1). 

The fracture propagation velocity is determined using the formula ὺ ςὋȾ”, where 

Ὃ ρππ J/mĮ is the energy release rate and ” ςυππ kg/mį is the rock density. The calculated 
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velocity is approximately 8.94 m/s, which is consistent with the expected behavior of brittle 

materials under dynamic loading. 

 

 
a b 

Figure 1 ï Visualization of mathematical model: a ï fracture velocity according rock 

density; b ï fracture propagation over time 

 

As rock density increases, fracture velocity decreases due to higher resistance to 

propagation. For instance, at ” ςπππ kg/mį, the velocity is around 10 m/s, while at ” σπππ 

kg/mį, it drops to 8.16 m/s. This inverse relationship aligns with fracture mechanics principles, 

where denser materials require more energy for fracture propagation. 

Fracture length increases linearly over time according to ὒ ὺẗὸ, indicating uniform 

propagation. At ὸ ρ ms, the fracture length is approximately 8.94 mm, and at ὸ ρπ ms, it 

extends to about 89.4 mm. This steady growth suggests that the fracture advances without 

significant acceleration or deceleration. 

The results highlight the importance of rock properties and operational parameters in 

determining the efficiency of rock fragmentation. The mathematical model provides a robust 

framework for predicting fragmentation dynamics and optimizing drilling operations. High-

speed imaging serves as a valuable tool for validating the model and gaining insights into the 

real-time behavior of rock destruction. Future work will focus on extending the model to 

account for more complex geological conditions and incorporating additional parameters such 

as drill bit geometry and fluid interactions. 

This study demonstrates the potential of combining mathematical modeling and high-

speed imaging to investigate the dynamics of rock fragmentation during drilling operations. 

The developed model accurately predicts fracture initiation and propagation, providing a basis 

for optimizing drilling parameters and improving efficiency. The integration of high-speed 

imaging offers a powerful tool for real-time analysis and validation, paving the way for more 

advanced studies in rock mechanics and drilling technology. 
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ARTIFICIAL INTELLIGENCE -BASED ANALYSIS OF ROCK DESTRUCTION 

PROCESSES IN DRILLING OPERATIONS 

 

Drilling operations require an in-depth understanding of rock destruction mechanics to 

improve efficiency, reduce operational costs, and extend equipment lifespan. The fragmentation 

of rock is governed by interactions between the drilling bit, rock properties, and external forces 

such as weight on bit (WOB), rotational speed, and fluid pressure. Conventional methods for 

predicting rock fragmentation rely on empirical relationships, but these approaches often fail to 

adapt to real-time changes in drilling conditions. 

Artificial intelligence (AI), particularly machine learning (ML) and deep learning (DL), 

has revolutionized drilling analysis by enabling data-driven models that improve predictive 

accuracy. AI-based approaches utilize vast datasets from sensors, high-speed imaging, and 

historical drilling logs to analyze patterns in rock failure. This paper develops a mathematical 

model incorporating AI-based predictions to optimize the rock destruction process during 

drilling. 

The drilling-induced rock failure is governed by stress-strain relationships, fracture 

mechanics, and AI-based predictive modeling. The proposed model integrates these aspects to 

create an adaptive framework for real-time optimization. 

The rock destruction rate Ὑ is a function of mechanical stress „, strain ‐, drilling 

parameters, and rock properties: 

Ὑ Ὢ„ȟ‐ȟὡὕὄȟ,‫ȟὖ 

where: „ ï applied stress on the rock; ‐ ï induced strain during drilling; ὡὕὄ ï weight 

on bit (axial force applied to the drilling tool); ï rotational speed of the drill bit; ὖ ï pore ‫ 

pressure affecting the rock's fracture behavior. 

Using Hookeôs law, the stress-strain relationship is defined as: 

„ Ὁ‐, 
where Ὁ is the rockôs elastic modulus. The failure criterion follows a modified Mohr-

Coulomb law with AI-based corrections: 

„ ὅ ‘ὖ ‰8, 

where: ὅ ï cohesion of the rock; ‘ ï friction coefficient; ‰8 ï AI-driven correction 

factor based on real-time sensor data. 

AI models are trained to refine ‰8 using high-speed imaging and historical drilling 

logs, capturing nonlinearities in rock failure dynamics. 

Machine learning techniques, such as artificial neural networks (ANN) and reinforcement 

learning (RL), optimize drilling performance by adjusting operational parameters in real-time. 

The AI-based optimization function is given by: 

ὐ ‌Ὑ ‍Ὁ, 

where ὐ ï objective function for maximizing drilling efficiency; ‌ȟ‍ ï weighting factors 

for rock destruction rate and energy consumption; Ὁ ï energy consumption per unit volume of 

rock destroyed. 

A reinforcement learning agent continuously updates WOB and ,to maximize ὐ ‫ 
ensuring optimal energy efficiency while maintaining high penetration rates. 

The AI-based analysis of rock destruction processes in drilling operations provides 

valuable insights into fracture dynamics, stress-strain behavior, and material response. The 

following results have been derived from numerical modeling and validation (fig.1): 

1. Stress-Strain Relationship (Predicted vs. Real) 
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¶ The predicted stress-strain curve (blue dashed line) closely follows the expected 

theoretical behavior of rock under compressive loading. 

¶ The real stress-strain data (red line) shows deviations, particularly in the plastic 

deformation region, due to rock heterogeneity, microcracks, and variations in drilling 

conditions. 

¶ The model successfully captures the elastic region, but some discrepancies occur in the 

post-failure stage, suggesting a need for further calibration of fracture energy and plasticity 

parameters. 

2. Fracture Propagation Over Time (Predicted vs. Real) 

¶ The AI-predicted fracture growth curve (blue dashed line) assumes a steady increase in 

fracture length over time, consistent with linear elastic fracture mechanics theory. 

¶ The real fracture propagation data (red line) demonstrates fluctuations, likely due to 

sudden crack jumps, variations in drilling fluid interaction, and local material defects. 

¶ The overall trend aligns well, confirming that the AI model effectively predicts the 

general behavior, though further refinements are needed for precise real-time fracture 

forecasting. 

 

 
a b 

Figure 1 ï Visualization of mathematical model: a - stress-strain relationship; b - 

fracture propagation over time 
 

The AI-enhanced approach reduces energy consumption while maintaining drilling 

efficiency, making it a promising tool for automated drilling optimization. 

Artificial intelligence provides a powerful framework for analyzing and optimizing rock 

destruction processes in drilling operations. By integrating AI with mathematical models of 

rock failure, drilling efficiency can be improved significantly. The proposed model offers real-

time adaptability, enhanced predictive accuracy, and automated parameter optimization, 

making it a valuable advancement in drilling technology. Future research will focus on 

extending AI-driven approaches to multi-physics simulations and real-time decision-making 

systems for fully autonomous drilling operations. 
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ɼʨʠʛʦʣʘʄ.ɸ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 185 ʅʘʬʪʦʛʘʟʦʚʘ ʽʥʞʝʥʝʨʽʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʉʫʜʘʢʦʚ ɸ.ʂ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʥʘʬʪʦʛʘʟʦʚʦʾ ʽʥʞʝʥʝʨʽʾ 

ʪʘ ʙʫʨʽʥʥʷ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ", ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʃɯʂɺɯɼɸʎɯɰ ʇʆɻʃʀʅɸʅʅʗ ʇʈʆʄʀɺʅʆɰ ʈɯɼʀʅʀ ɿ ɿɸʉʊʆʉʋɺɸʅʅʗʄ 

ʊɽʈʄʆʇʃɸʉʊʀʏʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 

 

ʇʨʦʮʝʩ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʛʝʦʣʦʛʽʯʥʠʤʠ ʫʩʢʣʘʜʥʝʥʥʷʤʠ. ʅʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤ ʫʩʢʣʘʜʥʝʥʥʷʤ ʻ ʧʦʛʣʠʥʘʥʥʷ ʧʨʦʤʠʚʘʣʴʥʦʾ ʨʽʜʠʥʠ. ʅʘ ʣʽʢʚʽʜʘʮʽʶ ʧʦʛʣʠʥʘʥʴ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʟʥʘʯʥʘ ʯʘʩʪʢʘ ʯʘʩʫ ʽ ʢʦʰʪʽʚ ʚʽʜ ʟʘʛʘʣʴʥʠʭ ʚʠʪʨʘʪ ʥʘ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ. 

ʇʦʛʣʠʥʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʙʫʨʽʥʥʷ, ʮʽʣʽʩʥʦʩʪʽ ʩʪʽʥʦʢ 

ʩʚʝʨʜʣʦʚʠʥʠ, ʧʨʦʚʦʢʫʻ ʘʚʘʨʽʾ. 

ɼʣʷ ʣʽʢʚʽʜʘʮʽʾ ʧʦʛʣʠʥʘʥʥʷ ʧʨʦʤʠʚʘʣʴʥʦʾ ʨʽʜʠʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʘʤʧʦʥʘʞʥʽ ʩʫʤʽʰʽ 

ʥʘ ʚʦʜʥʽʡ ʦʩʥʦʚʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʤʽʥʝʨʘʣʦʚ'ʷʞʫʯʠʭ ʽ ʩʠʥʪʝʪʠʯʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ 

ʜʦʩʷʛʣʠ ʤʝʞʽ ʩʚʦʻʾ ʤʦʜʝʨʥʽʟʘʮʽʾ. ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʨʦʙʦʪʠ ʟ ʧʦʣʽʧʰʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘʤʧʦʥʘʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʚʦʜʷʪʴʩʷ ʜʦ ʚʠʨʽʰʝʥʥʷ ʤʽʩʮʝʚʠʭ ʟʘʚʜʘʥʴ, ʘ ʥʝ 

ʛʦʣʦʚʥʦʛʦ ʾʭ ʥʝʜʦʣʽʢʫ ï ʫʩʫʥʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʨʦʟʚʝʜʝʥʥʷ ʚʦʜʦʶ. ʋ ʟʚ'ʷʟʢʫ ʟ 

ʥʝʤʠʥʫʯʽʩʪʶ ʢʦʥʪʘʢʪʫ ʪʘʤʧʦʥʘʞʥʦʾ ʩʫʤʽʰʽ ʟ ʨʽʜʠʥʦʶ ʫ ʩʚʝʨʜʣʦʚʠʥʽ ʪʘ ʧʣʘʩʪʽ ʪʘʢʘ 

ʩʫʤʽʰ, ʨʦʟʯʠʥʷʶʯʠʩʴ, ʚʪʨʘʯʘʻ ʩʚʦʾ ʪʘʤʧʦʥʘʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʨʦʟʪʽʢʘʶʯʠʩʴ ʚʽʜ 

ʩʚʝʨʜʣʦʚʠʥʠ ʥʘ ʟʥʘʯʥʽ ʚʽʜʩʪʘʥʽ, ʱʦ ʧʦʪʨʝʙʫʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʧʦʚʪʦʨʝʥʥʷ 

ʦʧʝʨʘʮʽʡ ʟ ʪʘʤʧʦʥʫʚʘʥʥʷ, ʟʥʘʯʥʦʾ ʚʠʪʨʘʪʠ ʪʘʤʧʦʥʘʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʘʮʽ ʪʘ ʯʘʩʫ. ʅʘ 

ʣʽʢʚʽʜʘʮʽʶ ʧʦʛʣʠʥʘʥʥʷ ʚʠʪʨʘʯʘʶʪʴ ʙʽʣʴʰ ʥʽʞ 20% ʯʘʩʫ ʽ ʢʦʰʪʽʚ ʚʽʜ ʟʘʛʘʣʴʥʠʭ ʚʠʪʨʘʪ ʥʘ 

ʩʧʦʨʫʜʞʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ. 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʫ ʪʘʤʧʦʥʘʞʥʠʭ ʩʫʤʽʰʝʡ ʚʠʭʽʜ ʦʜʠʥ ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʫʢʦʚʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʽʟʦʣʷʮʽʾ ʧʦʛʣʠʥʘʶʯʠʭ ʛʦʨʠʟʦʥʪʽʚ, ʦʩʥʦʚʘʥʦʾ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʥʝʯʫʪʣʠʚʠʭ ʜʦ ʨʦʟʚʝʜʝʥʥʷ ʚʦʜʦʶ ʪʘʤʧʦʥʘʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʨʦʟʧʣʘʚ ʷʢʠʭ, ʧʨʦʥʠʢʘʶʯʠ ʚ 

ʢʘʥʘʣʠ ʧʦʛʣʠʥʘʥʥʷ ʟ ʥʘʩʪʫʧʥʦʶ ʟʤʽʥʦʶ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʘʥʫ, ʫʪʚʦʨʶʻ ʤʘʣʦʦʙô̒ ʤʥʫ, ʘʣʝ 

ʤʽʮʥʫ ʽʟʦʣʷʮʽʡʥʫ ʦʙʦʣʦʥʢʫ ʥʘʚʢʦʣʦ ʩʪʦʚʙʫʨʘ ʙʫʨʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. 

ɼʦ ʮʴʦʛʦ ʯʘʩʫ ʟ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʩʫʤʽʰʽ ʥʘ ʦʩʥʦʚʽ 

ʙʽʪʫʤʫ [1], ʩʽʨʢʠ [2] ʽ ʩʠʥʪʝʪʠʯʥʠʭ ʪʝʨʤʦʧʣʘʩʪʽʚ (ʧʦʣʽʝʪʠʣʝʥ) [3, 4]. ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʭ ʨʝʯʦʚʠʥ ʜʦʩʠʪʴ ʜʦʙʨʝ ʚʽʜʦʤʽ ʪʘ ʜʝʪʘʣʴʥʦ ʚʠʩʚʽʪʣʝʥʽ ʚ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʜʞʝʨʝʣʘʭ. ɿ ʧʦʟʠʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʩʧʨʠʷʶʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʶ ʫ ʷʢʦʩʪʽ 

ʪʘʤʧʦʥʘʞʥʠʡ ʤʘʪʝʨʽʘʣʽʚ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ ʪʘʢʽ, ʷʢ ʥʝʨʦʟʙʦʞʫʚʘʥʽʩʪʴ ʧʣʘʩʪʦʚʠʤʠ ʚʦʜʘʤʠ ʽ 

ʥʝʨʦʟʯʠʥʥʽʩʪʴ ʫ ʥʠʭ. ɰʭ ʧʣʘʚʣʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʽ 

ʚʦʥʠ ʥʝ ʚʪʨʘʯʘʶʪʴ ʩʚʦʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʽʩʣʷ ʧʦʚʪʦʨʥʠʭ ʮʠʢʣʽʚ ʧʣʘʚʣʝʥʥʷ ʪʘ ʟʘʩʪʠʛʘʥʥʷ. 

ʎʽ ʤʘʪʝʨʽʘʣʠ ʻ ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʦʚʽʯʥʠʤ ʛʽʜʨʦʽʟʦʣʷʮʽʡʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʘʥʪʠʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʚ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 

ɸʣʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʙʤʝʞʝʥʦ. ɰʭ ʥʝʜʦʣʽʢʠ ʨʦʟʛʣʷʥʫʪʽ ʚ ʨʦʙʦʪʘʭ, 

ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʨʘʥʽʰʝ [5-7]. 

ɺ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʧʨʦʪʷʛʦʤ 

ʨʷʜʫ ʨʦʢʽʚ ʚʝʜʫʪʴʩʷ ʨʦʙʦʪʠ ʟ ʨʦʟʨʦʙʢʠ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʣʽʢʚʽʜʘʮʽʾ ʧʦʛʣʠʥʝʥʠʭ 

ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ. ʈʘʥʽʰʝ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʨʦʙʦʪʠ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʥʘʚʝʜʝʥʽ ʚ [1 - 3]. ʅʘ 

ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʮʽ ʨʦʙʦʪʠ ʦʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʦʙʣʝʥʽ: 

ʢʦʥʮʝʧʮʽʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ [8] ʽ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʪʘʤʧʦʥʫʚʘʥʥʷ ʧʦʛʣʠʥʘʶʯʦʛʦ 

ʛʦʨʠʟʦʥʪʫ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ [9]; ʢʨʽʦʛʝʥʥʘ ʪʝʭʥʦʣʦʛʽʷ ʽʟʦʣʷʮʽʾ 

ʧʦʛʣʠʥʘʶʯʠʭ ʛʦʨʠʟʦʥʪʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʠʭ ʪʘʤʧʦʥʘʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [10-11]; 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ [12] ʽ ʚʠʨʦʙʣʝʥʦ ʯʠʩʣʝʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʜʝʣʶʚʘʥʥʷ ʢʨʽʦʛʝʥʥʦʾ 

ʽʟʦʣʷʮʽʾ ʧʦʛʣʠʥʘʶʯʦʛʦ ʛʦʨʠʟʦʥʪʫ [13]. 
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ɺʠʨʽʰʝʥʥʶ ʮʽʻʾ ʘʢʪʫʘʣʴʥʦʾ ʥʘʫʢʦʚʦʾ ʟʘʜʘʯʽ, ʱʦ ʧʦʣʷʛʘʻ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʤʽʥʠ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʬʝʢʪʠʚʥʦʾ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʽʟʦʣʷʮʽʾ ʧʦʛʣʠʥʘʶʯʠʭ ʛʦʨʠʟʦʥʪʽʚ ʚʽʜ: ʩʢʣʘʜʫ ʢʦʤʧʦʟʠʪʫ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ 

ʚʠʜʫ ʥʘʧʦʚʥʶʚʘʯʘ; ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝʛʨʽʚʫ ʨʦʟʧʣʘʚʫ, ʱʽʣʴʥʦʩʪʽ, ʯʘʩʫ ʪʚʝʨʜʽʥʥʷ ʪʘ 

ʢʽʣʴʢʦʩʪʽ ʧʣʘʚʦʢ ʪʘʤʧʦʥʘʞʥʦʛʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʤʘʻ 

ʚʘʞʣʠʚʝ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʽ ʧʨʠʩʚʷʯʝʥʘ ʨʦʙʦʪʘ. 
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ɿʘʻʮʴ ɺ.ɺ. ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 185 ʅʘʬʪʦʛʘʟʦʚʘ ʽʥʞʝʥʝʨʽʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ : ʂʦʨʦʚʷʢʘ ɭʚʛʝʥʽʡ ɸʥʘʪʦʣʽʡʦʚʠʯ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʥʘʬʪʦʛʘʟʦʚʦʾ ʽʥʞʝʥʝʨʽʾ ʪʘ ʙʫʨʽʥʥʷ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʅɽɺʀɿʅɸʏɽʅɯʉʊʔ ʆɹʏʀʉʃɽʅʅʗ ɯʅʊɽʈɺɸʃʔʅʆɰ ʊɸ ɿɸɻɸʃʔʅʆɰ 

ʄɯʉʊʂʆʉʊɯ ʉʊɸʎɯʆʅɸʈʅʀʍ ʊɸ ʊʈɸʅʉʇʆʈʊɸɹɽʃʔʅʀʍ ʈɽɿɽʈɺʋɸʈɯɺ  

 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʽʩʥʫʶʯʘ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ ʚ ʩʚʽʪʽ ʥʝ ʤʽʩʪʠʪʴ 

ʯʽʪʢʠʭ ʚʠʤʦʛ ʜʦ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʦʙʯʠʩʣʝʥʥʷ ʤʽʩʪʢʦʩʪʽ ʩʪʘʮʽʦʥʘʨʥʠʭ ʪʘ 

ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʠʭ ʨʝʟʝʨʚʫʘʨʽʚ [1] [2] [3] [4]. ʄʝʪʦʜʠʢʘ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʨʚʘʣʴʥʠʭ 

ʤʽʩʪʢʦʩʪʝʡ  ʨʝʟʝʨʚʫʘʨʽʚ ʪʘ ʾʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʢʣʘʜʝʥʘ ʚ ʥʠʭ ʫ ʥʘʡʟʘʛʘʣʴʥʽʰʠʭ ʨʠʩʘʭ. 

ɺʦʥʠ ʥʝ ʻ ʽʥʩʪʨʫʢʮʽʻʶ ʘʙʦ ʘʣʛʦʨʠʪʤʦʤ ʦʙʯʠʩʣʝʥʴ, ʘ, ʰʚʠʜʰʝ, ʟʘʛʘʣʴʥʠʤʠ 

ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ. ɼʝʷʢʽ ʜʦʢʫʤʝʥʪʠ ʤʽʩʪʷʪʴ ʙʽʣʴʰ ʢʦʥʢʨʝʪʥʽʰʽ ʽʥʩʪʨʫʢʮʽʾ ʪʘ ʘʣʛʦʨʠʪʤʠ, 

ʘʣʝ ʡ ʚʦʥʠ ʜʘʣʝʢʦ ʥʝ ʜʦʩʢʦʥʘʣʽ. 

ʄʘʣʦ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʝʪʨʦʣʦʛʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ 

ʨʝʟʝʨʚʫʘʨʽʚ ʚʟʘʛʘʣʽ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʦʢʨʝʤʘ ʥʘ ʧʨʝʜʤʝʪ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʦʙʯʠʩʣʝʥʠʭ ʽʥʪʝʨʚʘʣʴʥʠʭ ʤʽʩʪʢʦʩʪʝʡ. ʅʝʤʘʻ ʞʦʜʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ 

ʤʝʪʨʦʣʦʛʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʦ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʟʘʩʪʦʩʦʚʫʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʊʦʙʪʦ, ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ ʻ ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʦʛʦ ʥʘʫʢʦʚʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʩʪʢʦʩʪʽ ʨʝʟʝʨʚʫʘʨʽʚ ʥʘ ʦʩʥʦʚʽ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʤʽʩʪʢʦʩʪʽ ʨʝʟʝʨʚʫʘʨʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʪʘ 

ʚʨʘʭʦʚʫʶʯʠ ʥʘʩʪʫʧʥʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ: 

1. ʄʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʷʚʥʠʭ ʝʪʘʣʦʥʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʘʪʠʯʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʧʦʭʠʙʦʢ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʚʠʤʽʨʶʚʘʥʴ (ʩʠʩʪʝʤʘʪʠʯʥʘ 

ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʜʘʣʝʡ ʩʢʘʥʝʨʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʢʦʤʧʘʨʫʚʘʥʥʷ ʩʪʨʽʯʦʢ ʪʘ ʨʫʣʝʪʦʢ, 

ʛʨʘʜʫʶʚʘʥʥʷ ʝʪʘʣʦʥʽʚ ʚ ʜʽʘʧʘʟʦʥʽ ʚʠʤʽʨʶʚʘʥʴ ʪʦʱʦ). 

2. ʋʤʦʚʠ ʚʠʤʽʨʶʚʘʥʴ (ʚʠʤʽʨʶʚʘʥʥʷ ʟʟʦʚʥʽ ʯʠ ʟʩʝʨʝʜʠʥʠ, ʨʦʟʤʽʨ ʪʘ ʬʦʨʤʘ 

ʨʝʟʝʨʚʫʘʨʫ, ʥʘʷʚʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ ʨʝʟʝʨʚʫʘʨʽ, ʧʦʥʪʦʥʫ, ʧʣʘʚʘʶʯʦʾ ʜʘʭʫ, 

ʥʘʷʚʥʽʩʪʴ ʧʨʦʜʫʢʪʫ ʚ ʨʝʟʝʨʚʫʘʨʽ ʪʦʱʦ) 

3. ɸʥʘʣʽʟ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʝʨʚʫʘʨ, ʟʤʽʥʶʶʯʠ ʡʦʛʦ ʬʦʨʤʫ 

ʪʘ ʨʦʟʤʽʨʠ (ʜʝʬʦʨʤʘʮʽʾ ʩʪʽʥʦʢ ʪʘ ʦʧʦʨʥʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʧʽʜ ʜʽʻʶ ʨʽʜʠʥʠ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ, 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʢʦʣʠʚʘʥʥʷ, ʚʧʣʠʚ ʨʫʭʦʤʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʠʭ 

ʨʝʟʝʨʚʫʘʨʽʚ ʪʦʱʦ). 

ʆʩʥʦʚʥʽ ʮʽʣʽ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ - ʨʦʟʨʦʙʢʘ ʪʘʢʦʾ ʤʝʪʦʜʠʢʠ ʚʠʤʽʨʶʚʘʥʴ ʣʘʟʝʨʥʠʤʠ 

ʩʢʘʥʝʨʘʤʠ ʽ ʤʝʪʦʜʽʚ ʦʙʯʠʩʣʝʥʴ ʽʥʪʝʨʚʘʣʴʥʠʭ ʤʽʩʪʢʦʩʪʝʡ ʨʝʟʝʨʚʫʘʨʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʨʦʟʰʠʨʝʥʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʟʘʛʘʣʴʥʦʾ ʤʽʩʪʢʦʩʪʽ ʨʝʟʝʨʚʫʘʨʽʚ: 

- ʚʝʨʪʠʢʘʣʴʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ - ʜʦ 0,05-0,1% (ʚʠʤʦʛʘ OIML R71 [5] - 0,2% ʽ 0,3%); 

- ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ - ʜʦ 0,1-0,2% (ʚʠʤʦʛʘ OIML R71 [5] - 0,3%); 

- ʩʬʝʨʠʯʥʠʭ - ʜʦ 0,07-0,15% (ʚʠʤʦʛʘ OIML R71 [1] - 0,5%);  

- ʜʦʚʽʣʴʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ - ʜʦ 0,1 - 0,3% (ʚʠʤʦʛʘ OIML R71 [5]- 0,5%). 

- ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʠʭ ʨʝʟʝʨʚʫʘʨʽʚ ʪʘ ʪʘʥʢʽʚ ʩʫʜʝʥ - ʜʦ 0,3% (ʚʠʤʦʛʘ OIML R95 [5] - 

0,5%). 

ʆʜʥʦʯʘʩʥʦ ʤʘʻ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʦ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʥʘ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʦʧʨʘʮʶʚʘʥʥʷ 

ʪʘ ʩʪʚʦʨʝʥʥʷ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʪʘʙʣʠʮʽ ʨʝʟʝʨʚʫʘʨʘ 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʨʦʟʰʠʨʝʥʠʭ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʟʘʛʘʣʴʥʦʾ ʤʽʩʪʢʦʩʪʽ 

ʨʝʟʝʨʚʫʘʨʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ ʪʘ ʚʚʝʩʪʠ ʚ ʥʘ ʢʦʞʝʥ ʤʽʣʽʤʝʪʨ ʽʥʪʝʨʚʘʣʴʥʦʾ ʤʽʩʪʢʦʩʪʽ 

ʨʝʟʝʨʚʫʘʨʘ ʧʦʧʨʘʚʢʠ: 

- ʟʘ ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʨʽʜʠʥʠ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʨʝʟʝʨʚʫʘʨʽ; 
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- ʟʘ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʜʣʷ ʨʝʟʝʨʚʫʘʨʽʚ ʟʙʝʨʽʛʘʥʥʷ ʩʢʨʘʧʣʝʥʠʭ ʛʘʟʽʚ; 

- ʟʘ ʧʨʠʚʝʜʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʽʥʢʠ ʨʝʟʝʨʚʫʘʨʘ ʜʦ ʨʝʬʝʨʝʥʩʥʠʭ ʫʤʦʚ (ʚ ʋʢʨʘʾʥʽ - 

15Áʉ); 

- ʟʘ ʪʦʚʱʠʥʫ ʩʪʽʥʢʠ ʨʝʟʝʨʚʫʘʨʘ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʷʭ ʟʟʦʚʥʽ; 

- ʟʘ ʥʘʷʚʥʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʜʝʪʘʣʝʡ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʨʝʟʝʨʚʫʘʨʫ; 

- ʟʘ ʥʘʷʚʥʽʩʪʴ ʚ ʨʝʟʝʨʚʫʘʨʽ ʧʦʥʪʦʥʘ ʯʠ ʧʣʘʚʘʶʯʦʾ ʢʨʠʰʠ; 

- ʟʘ ʥʝʨʽʚʥʦʩʪʽ ʜʥʠʱʘ ʪʘ ʩʪʽʥʦʢ ʨʝʟʝʨʚʫʘʨʘ; 

- ʟʘ ʟʤʽʥʫ ʧʦʚʟʜʦʚʞʥʴʦʛʦ ʪʘ ʧʦʧʝʨʝʯʥʦʛʦ ʥʘʭʠʣʫ ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʦʛʦ ʨʝʟʝʨʚʫʘʨʫ ʪʘ 
ʪʘʥʢʫ ʩʫʜʥʘ.  

ʂʨʽʤ ʪʦʛʦ ʜʣʷ ʢʦʞʥʦʾ ʧʦʧʨʘʚʢʠ ʚʠʢʦʥʫʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʽ ʨʘʟʦʤ ʟ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʩʫʤʘʨʥʘ ʨʦʟʰʠʨʝʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʥʘ ʢʦʞʝʥ 

ʤʽʣʽʤʝʪʨ ʽʥʪʝʨʚʘʣʴʥʦʾ ʤʽʩʪʢʦʩʪʽ ʨʝʟʝʨʚʫʘʨʘ.   

ʗʢ ʚʠʩʥʦʚʦʢ, ʜʦʩʷʛʥʝʥʥʷ ʚʝʣʠʯʠʥ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʷʢʽ ʦʪʨʠʤʫʶʪʴ ʧʽʩʣʷ ʚʨʘʭʫʚʘʥʥʷ 

ʚʠʱʝ ʧʝʨʝʣʽʯʝʥʠʭ ʜʽʡ, ʜʦʟʚʦʣʠʪʴ [7]:      

- ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʦʙ'ʻʤʫ ʨʽʜʠʥʠ ʧʽʜ ʯʘʩ ʢʦʤʝʨʮʽʡʥʠʭ, ʧʦʜʘʪʢʦʚʠʭ 

ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʘ ʪʘʢʦʞ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʙʣʽʢʫ ʦʙʽʛʫ ʨʽʜʠʥ, ʥʘʧʨʠʢʣʘʜ, ʥʘʬʪʠ, 

ʧʘʣʠʚʘ ʪʘ ʩʢʨʘʧʣʝʥʦʛʦ ʛʘʟʫ  

- ʚʠʢʦʥʘʪʠ ʪʦʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʚʘʨʪʦʩʪʽ ʚʽʜʚʘʥʪʘʞʝʥʠʭ ʨʽʜʠʥ ʫ ʧʨʦʮʝʩʽ ʢʦʤʝʨʮʽʡʥʠʭ 

ʽ ʧʦʜʘʪʢʦʚʠʭ ʦʧʝʨʘʮʽʡ, ʚʢʣʶʯʘʶʯʠ ʟʘʭʠʩʪ ʚʽʜ ʰʘʭʨʘʡʩʪʚʘ; 

- ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʙʣʽʢʫ ʢʽʣʴʢʦʩʪʽ ʨʽʜʠʥ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʽ ʚ 

ʦʨʛʘʥʽʟʘʮʽʷʭ, ʱʦ ʤʘʻ ʩʢʦʨʦʪʠʪʠ ʥʝʧʨʦʜʫʢʪʠʚʥʽ ʚʪʨʘʪʠ ʨʽʜʠʥ ʽ ʧʦʣʽʧʰʠʪʠ ʧʦʢʘʟʥʠʢʠ 

ʚʥʫʪʨʽʰʥʴʦʾ ʬʽʥʘʥʩʦʚʦʾ ʟʚʽʪʥʦʩʪʽ; 

- ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʜʦʟʫʚʘʥʥʷ ʨʽʜʠʥ ʫ ʧʨʦʮʝʩʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ 

ʟʤʽʰʫʚʘʥʥʷ ʘʙʦ ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʽʚ ʪʦʱʦ. 

- ʝʢʦʥʦʤʠʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʽ ʦʨʛʘʥʽʟʘʮʽʷʤ ʟʘ ʨʘʭʫʥʦʢ ʟʥʘʯʥʦʛʦ ʩʢʦʨʦʯʝʥʥʷ 

ʥʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʝʨʚʫʘʨʽʚ ʽ ʧʽʜʢʣʶʯʝʥʦʛʦ ʜʦ ʥʴʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ.  
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6. OIML R 95 Ships' tanks - General requirements 
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https://www.oiml.org/en/tc-sc-pg/en/files/pdf_r/r095-e90.pdf
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ʋɼʂ 622.24 

 

ʃʽʪʚʽʥʦʚ ɺ.ʄ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 185 ʅʘʬʪʦʛʘʟʦʚʘ ʽʥʞʝʥʝʨʽʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɯʛʥʘʪʦʚ ɸ.ʆ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʅɻɯɹ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ɼɽʗʂɯ ʆʉʆɹʃʀɺʆʉʊɯ ʇʈʆɻʈɽʉʀɺʅʀʍ ʈɯʐɽʅʔ ɺɯɼʅʆʉʅʆ 

ʉʇʆʈʋɼɾɽʅʅʗ ʈɯɿʅʀʍ ʊʀʇɯɺ ʉɺɽʈɼʃʆɺʀʅ 

 

ɼʣʷ ʬʘʭʽʚʮʽʚ ʙʝʟʟʘʧʝʨʝʯʥʠʤ ʻ ʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʢʦʤʧʣʝʢʩʥʠʡ ʚʠʨʦʙʥʠʯʠʡ ʮʠʢʣ 

ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʟʦʢʨʝʤʘ ʪʠʭ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʛʨʫʧʠ 

ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʪʘ ʪʘʢʠʭ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʜʦʙʫʪʢʫ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʩʢʣʘʜʥʠʤ ʽ ʚʢʣʶʯʘʻ ʙʝʟʣʽʯ ʪʨʫʜʦʤʽʩʪʢʠʭ, ʝʥʝʨʛʦʻʤʥʠʭ 

ʪʘ ʬʽʥʘʥʩʦʚʦ ʚʠʪʨʘʪʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʝʪʘʧʽʚ [1]. ʈʦʟʛʣʷʜʫʚʘʥʠʡ ʧʨʦʮʝʩ ʩʧʦʨʫʜʞʝʥʥʷ 

ʩʚʝʨʜʣʦʚʠʥ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ, ʘ ʩʘʤʝ: ʝʬʝʢʪʠʚʥʝ ʨʫʡʥʫʚʘʥʥʷ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʥʘ ʚʠʙʦʾ; ʩʚʦʻʯʘʩʥʝ ʽ ʰʚʠʜʢʝ ʚʠʜʘʣʝʥʥʷ ʟʨʫʡʥʦʚʘʥʦʾ ʧʦʨʦʜʠ ʟ-ʧʽʜ ʪʦʨʮʷ 

ʧʦʨʦʜʦʨʫʡʥʽʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ ʥʘʩʪʫʧʥʝ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʾʾ ʥʘ ʧʦʚʝʨʭʥʶ; ʚʠʢʦʥʘʥʥʷ 

ʧʝʚʥʦʛʦ ʨʽʟʥʦʚʠʜʫ ʨʦʙʽʪ ʱʦʜʦ ʦʪʨʠʤʘʥʥʷ ʛʝʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʢʝʨʥʽʚ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʘʙʦ ʧʨʝʜʩʪʘʚʥʠʮʴʢʦʛʦ ʰʣʘʤʫ; ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʪʽʥʦʢ 

ʩʚʝʨʜʣʦʚʠʥʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʨʫʰʝʥʥʷ ʾʭ ʮʽʣʽʩʥʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʻ 

ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʟʽ ʩʧʫʩʢʫ ʽ ʧʽʜʡʦʤʫ ʙʫʨʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ (ʜʦ ʷʢʦʛʦ ʚʽʜʥʦʩʷʪʴʩʷ 

ʙʫʨʠʣʴʥʽ ʪʨʫʙʠ ʪʘ ʚʠʙʽʡʥʽ ʢʦʤʧʦʥʦʚʢʠ), ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʪʦʯʥʦʩʪʽ, ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ 

ʚʠʢʦʥʘʥʥʷ ʪʘ ʚʩʝʙʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ [2]. ɺʩʽ ʧʝʨʝʣʽʯʝʥʽ ʧʨʦʮʝʩʠ ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ; ʚʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʝʣʠʢʠʤʠ ʚʠʪʨʘʪʘʤʠ ʯʘʩʫ ʪʘ ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʪʨʝʙʦʶ ʚ ʟʥʘʯʥʠʭ ʦʙôʻʤʘʭ ʝʥʝʨʛʽʾ  

ɼʦ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʭ ʟʘʚʜʘʥʴ ʫ ʨʦʟʚʠʪʢʫ ʙʫʨʦʚʦʾ ʛʘʣʫʟʽ ʻ ʽʩʪʦʪʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʙʫʨʽʥʥʷ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʚʠʧʘʜʢʽʚ ʛʣʠʙʦʢʠʭ ʪʘ ʥʘʜʛʣʠʙʦʢʠʭ 

ʩʚʝʨʜʣʦʚʠʥ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʙʫʨʦʚʠʭ ʨʦʙʽʪ, ʱʦ 

ʟʘʙʝʟʧʝʯʠʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ, ʟ ʛʝʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʪʦʯʥʽ ʪʘ ʚʠʩʦʢʦʷʢʽʩʥʽ 

ʟʨʘʟʢʠ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ (ʫ ʚʠʛʣʷʜʽ ʢʝʨʥʽʚ) ʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʦʜʫʢʪʠʚʥʠʭ ʧʣʘʩʪʽʚ. ʎʝ 

ʚʘʞʣʠʚʦ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʥʘʩʪʫʧʥʦʛʦ 

ʨʦʟʛʦʨʪʘʥʥʷ ʧʨʦʮʝʩʽʚ ʙʫʨʽʥʥʷ ʚʠʜʦʙʫʚʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʪʘ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʑʝ ʦʜʥʽʻʶ 

ʚʘʞʣʠʚʦʶ ʤʝʪʦʶ ʻ ʩʫʪʪʻʚʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʫʧʨʦʚʦʜʞʝʥʥʷ 

ʧʨʦʮʝʩʫ ʙʫʨʽʥʥʷ. ʎʝ ʚʢʣʶʯʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʧʨʠʡʦʤʽʚ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʙʫʨʽʥʥʷ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʙʝʟʧʝʢʫ ʚʠʢʦʥʫʚʘʥʠʭ ʙʫʨʦʚʠʭ ʨʦʙʽʪ. ɿʦʢʨʝʤʘ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʙʫʨʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʝ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʙʫʨʽʥʥʷ ʽ 

ʟʤʝʥʰʠʪʠ ʨʠʟʠʢʠ ʚʠʥʠʢʥʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥʥʠʭ ʫʩʢʣʘʜʥʝʥʴ [3]. 

ɺʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʪʝʭʥʦʣʦʛʽʾ ʩʧʦʨʫʜʞʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʻ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ, 

ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʝʬʝʢʪʠʚʥʦʶ ʙʦʨʦʪʴʙʦʶ ʟ ʫʩʢʣʘʜʥʝʥʥʷʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʽʜ ʯʘʩ 

ʙʫʨʽʥʥʷ ʚ ʩʢʣʘʜʥʠʭ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ. ɺʢʘʟʘʥʝ ʚʢʣʶʯʘʻ ʨʦʟʨʦʙʢʫ ʢʦʤʧʣʝʢʩʥʠʭ 

ʤʝʪʦʜʽʚ ʽ ʪʝʭʥʽʢ ʜʣʷ ʙʦʨʦʪʴʙʠ ʟ ʦʙʚʘʣʘʤʠ ʽ ʥʘʙʫʭʘʥʥʷʤʠ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʧʨʠʭʚʘʪʘʤʠ 

ʙʫʨʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʧʨʦʥʠʢʥʽʩʪʶ ʧʦʨʽʜ [4]. 

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʢʨʽʧʣʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʩʪʘʙʽʣʴʥʦ ʫʪʨʠʤʫʚʘʪʠ ʾʾ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʤʫ ʩʪʘʥʽ. ʇʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʪʝ, ʱʦ 

ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʯʘʩʪʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʚʝʣʠʢʠʭ ʛʣʠʙʠʥʘʭ ʘʙʦ ʚ 

ʫʩʢʣʘʜʥʝʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʨʦʟʨʽʟʘʭ, ʛʘʨʘʥʪʦʚʘʥʝ ʪʘ ʷʢʽʩʥʝ ʢʨʽʧʣʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ ʻ 

ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʙʝʟʧʝʢʠ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʢʣʘʜʫ [1]. 

ʇʝʨʝʣʽʯʝʥʽ ʘʩʧʝʢʪʠ ʚʠʤʘʛʘʶʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʧʦʩʪʽʡʥʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ, ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʦʮʝʩʽʚ, ʱʦ ʜʦʧʦʤʦʞʝ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʙʫʨʦʚʠʭ ʨʦʙʽʪ ʪʘ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ï ʚʽʜ ʧʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ 

ʙʫʨʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ [2]. 
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ʇʨʦʚʦʜʷʯʠ ʘʥʘʣʽʟ ʪʝʥʜʝʥʮʽʡ ʚ ʙʫʨʦʚʽʡ ʩʧʨʘʚʽ, ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ ʥʘʩʪʫʧʥʽ ʾʾ 

ʦʩʦʙʣʠʚʦʩʪʽ: ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʤʝʪʨʘʞʫ ʙʫʨʽʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʣʽʪ, ʦʩʥʘʱʝʥʠʭ ʩʧʝʮʽʘʣʴʥʠʤʠ ʘʣʤʘʟʥʦ-ʪʚʝʨʜʦʩʧʣʘʚʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ, 

ʚʽʜʦʤʠʤʠ ʷʢ ʜʦʣʦʪʘ ʪʠʧʫ PDC. ʆʜʥʘʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʾʭʥʽ ʷʚʥʽ ʧʝʨʝʚʘʛʠ, ʽʩʥʫʻ ʩʫʪʪʻʚʘ 

ʧʨʦʙʣʝʤʘ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟ ʽʩʥʫʚʘʥʥʷʤ ʧʝʚʥʠʭ ʧʨʦʪʠʨʽʯ ʫ ʨʝʟʫʣʴʪʘʪʘʭ ʨʦʙʦʪʠ ʪʘʢʠʭ ʜʦʣʽʪ 

ʫ ʨʽʟʥʠʭ ʪʠʧʘʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʪʘ ʛʝʦʣʦʛʦ-ʪʝʭʥʽʯʥʠʭ ʫʤʦʚʘʭ. ʊʫʪ ʩʣʽʜ ʧʦʟʥʘʯʠʪʠ, ʱʦ 

ʙʫʨʦʚʽ ʜʦʣʦʪʘ ʪʠʧʫ PDC ʜʝʤʦʥʩʪʨʫʶʪʴ ʭʦʨʦʰʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ 

ʙʫʨʽʥʥʷʤ ʤôʷʢʠʭ ʽ ʧʣʘʩʪʠʯʥʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʘ ʪʘʢʦʞ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʩʝʨʝʜʥʴʦʾ ʪʚʝʨʜʦʩʪʽ, 

ʘʣʝ ʨʘʟʦʤ ʽʟ ʧʦʟʥʘʯʝʥʠʤ, ʚʠʷʚʣʷʻʪʴʩʷ ʩʫʪʪʻʚʘ ʩʢʣʘʜʥʽʩʪʴ ʚ ʾʭʥʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʠ 

ʨʫʡʥʫʚʘʥʥʽ ʙʫʨʽʥʥʷʤ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʘʪʝʛʦʨʽʾ ʪʚʝʨʜʠʭ ʽ ʧʣʘʩʪʠʯʥʦ-

ʢʨʠʭʢʠʭ. ʇʦʟʥʘʯʝʥʝ ʟʫʤʦʚʣʝʥʦ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʟʥʦʰʫʚʘʥʥʷ ʘʣʤʘʟʥʦ-ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ 

ʧʣʘʩʪʠʥ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ ʧʨʠʚʝʜʝʥʫ 

ʽʥʬʦʨʤʘʮʽʶ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʠʡʥʷʪʥʠʭ ʨʝʞʠʤʥʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʙʫʨʽʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʦʣʽʪ ʪʠʧʫ PDC, ʷʢʽ ʙ 

ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʤʘʢʩʠʤʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ 

ʧʦʨʦʜʦʨʫʡʥʽʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʨʽʟʥʠʭ ʚʠʙʽʡʥʠʭ ʫʤʦʚʘʭ. ʂʨʽʤ ʩʢʘʟʘʥʦʛʦ, ʚʝʣʠʢʝ 

ʟʥʘʯʝʥʥʷ ʤʘʻ ʩʪʚʦʨʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʣʽʪ ʨʽʟʘʣʴʥʦʛʦ ʪʠʧʫ (ʚ ʦʩʥʦʚʥʦʤʫ 

ʢʦʣʦʥʢʦʚʦʛʦ ʚʠʢʦʥʘʥʥʷ), ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʷʢʠʭ ʫʞʝ ʨʦʟʨʦʙʣʝʥʦ ʥʘʫʢʦʚʮʷʤʠ ʢʘʬʝʜʨʠ 

ʥʘʬʪʦʛʘʟʦʚʦʾ ʽʥʞʝʥʝʨʽʾ ʪʘ ʙʫʨʽʥʥʷ (ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè). ɺ ʨʘʤʢʘʭ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘʢʦʞ ʘʢʪʠʚʥʦ ʚʠʚʯʘʻʪʴʩʷ ʤʝʭʘʥʽʟʤ ʜʽʾ ʪʘʢʠʭ 

ʜʦʣʽʪ, ʧʨʠʯʦʤʫ ʚʠʚʯʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʩʧʨʦʻʢʪʦʚʘʥʦʤʫ ʩʪʝʥʜʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʙʽʣʴʰ ʪʦʯʥʽ ʜʘʥʽ ʱʦʜʦ ʾʭʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʦʪʝʥʮʽʘʣʫ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʫʤʦʚʘʭ ʙʫʨʽʥʥʷ [3]. 

ʅʝ ʩʣʽʜ ʟʘʣʠʰʘʪʠ ʧʦʟʘ ʫʚʘʛʦʶ ʽ ʪʝ, ʱʦ ʦʜʥʠʤ ʟʽ ʩʧʦʩʦʙʽʚ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ, ʷʢʠʡ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʩʧʦʨʫʜʞʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ, ʘ ʩʘʤʝ ʚʠʢʦʥʘʥʥʷ ʩʧʫʩʢʦ-ʧʽʜʡʦʤʥʠʭ ʦʧʝʨʘʮʽʡ 

ʟ ʙʫʨʦʚʠʤ ʩʥʘʨʷʜʦʤ, ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʙʽʡʥʠʭ ʢʦʤʧʦʥʦʚʦʢ ʟ ʪʘʢ ʟʚʘʥʠʤʠ ʟʥʽʤʥʠʤʠ 

ˇʨʫʥʪʦʥʦʩʢʘʤʠ. ʇʦʟʥʘʯʝʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʽ 

ʪʨʠʚʘʣʽʩʪʴ ʩʧʫʩʢʦ-ʧʽʜʡʦʤʥʠʭ ʦʧʝʨʘʮʽʡ ʜʣʷ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʪʷʛʘʥʥʷ ʢʝʨʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʾʾ 

ʨʦʟʙʠʨʘʥʥʷ ʪʘ ʧʽʜʡʦʤʫ ʥʘ ʧʦʚʝʨʭʥʶ. ɺʢʘʟʘʥʠʡ ʧʽʜʭʽʜ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʙʫʨʦʚʠʭ ʨʦʙʽʪ ʪʘ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʜʦʧʦʤʽʞʥʽ ʨʦʙʦʪʠ ʚ 

ʩʚʝʨʜʣʦʚʠʥʘʭ, ʪʠʤ ʩʘʤʠʤ ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ ʙʫʨʽʥʥʷ. 

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʚʽʜʤʽʯʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʽʩʥʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʫ 

ʜʝʪʘʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʪʘ ʨʦʟʨʦʙʮʽ ʩʭʝʤ ʩʧʦʨʫʜʞʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ, ʱʦ ʚʢʣʶʯʘʶʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʧʦʨʦʜʦʨʫʡʥʽʚʥʠʭ ʢʦʣʦʥʢʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. ɺʢʘʟʘʥʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʾ ʷʢ ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʦʜʠ, ʪʘʢ ʽ ʦʪʨʠʤʘʥʥʷ ʢʝʨʥʘ, 

ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʽ ʟʨʫʯʥʽʩʪʴ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘʢʠʭ 

ʩʭʝʤ ʜʦʟʚʦʣʠʪʴ ʨʘʮʽʦʥʘʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʙʫʨʽʥʥʷ, ʟʨʦʙʠʪʠ ʾʭ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʤʠ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʧʨʦʛʨʝʩʠʚʥʠʤʠ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʙʫʨʦʚʠʭ ʦʧʝʨʘʮʽʡ. 
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ʃʫʙʝʥʝʮʴ ʊ.ʄ. ʟʘʚʽʜʫʚʘʯ ʩʝʢʪʦʨʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʪʚʦʨʯʦʩʪʽ ʤʦʣʦʜʽ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʦʨʦʚʷʢʘ ɭ.ɸ. ʢ.ʪ.ʥ., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʥʘʬʪʦʛʘʟʦʚʦʾ ʽʥʞʝʥʝʨʽʾ 

ʪʘ ʙʫʨʽʥʥʷ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ)  

 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʄɽʊʆɼʋ ɺʀɿʅɸʏɽʅʅʗ ʇɸʈɸʄɽʊʈɯɺ  

ʂʆʅɺɽɭʈʅʆɰ ʊʈɸʅʉʇʆʈʊʅʆɰ ʃɯʅɯɰ ʐɸʍʊʀ 

 

ʋ ʟʚ'ʷʟʢʫ ʟ ʽʥʪʝʥʩʠʬʽʢʘʮʽʻʶ ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ ʽ ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʜʥʫ 

ʣʘʚʫ ʦʪʨʠʤʘʣʠ ʨʦʟʚʠʪʦʢ ʚʫʛʽʣʴʥʽ ʰʘʭʪʠ ʟ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʤʠ ʣʘʚʘʤʠ, ʚ ʷʢʠʭ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʦʥʚʝʻʨʥʽ ʩʠʩʪʝʤʠ ʦʩʥʦʚʥʦʛʦ ʚʘʥʪʘʞʦʧʦʪʦʢʫ.  

ɸʥʘʣʽʟ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʢʦʥʚʝʻʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʰʘʭʪ ʧʦʢʘʟʘʚ, ʱʦ 

ʧʨʘʢʪʠʯʥʦ ʫʩʽ ʚʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʥʘʯʥʦʶ ʨʦʟʛʘʣʫʞʝʥʽʩʪʶ ʡ ʦʙʤʝʞʝʥʦʶ ʧʨʦʧʫʩʢʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʢʦʥʚʝʻʨʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʣʽʥʽʡ.  

ʅʝʜʦʩʪʘʪʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡ ʥʘʜʽʡʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʥʚʝʻʨʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʩʠʩʪʝʤʠ ʰʘʭʪʠ ʟʫʤʦʚʣʝʥʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʚʠʧʘʜʢʦʚʦʛʦ ʚʘʥʪʘʞʦʧʦʪʦʢʫ ʚ ʢʦʥʚʝʻʨʥʠʭ 

ʣʽʥʽʷʭ ʡ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ.  

ɼʦ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʚʝʻʨʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʣʽʥʽʾ ʚʽʜʥʦʩʷʪʴʩʷ: ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʣʽʥʽʾ; ʪʠʧ, 

ʧʦʪʫʞʥʽʩʪʴ, ʜʦʚʞʠʥʘ ʡ ʢʽʣʴʢʽʩʪʴ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ ʚ ʥʽʡ; ʪʠʧ ʢʦʥʚʝʻʨʥʦʾ ʩʪʨʽʯʢʠ; 

ʰʚʠʜʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʪʷʛʦʚʝ ʟʫʩʠʣʣʷ ʡ ʚʽʜʧʦʚʽʜʥʝ ʧʦʧʝʨʝʜʥʻ ʥʘʪʷʛʫʚʘʥʥʷ ʩʪʨʽʯʢʠ.   

ʆʜʥʘʢ, ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʚʝʻʨʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʣʽʥʽʾ ʧʨʦʚʦʜʠʪʴʩʷ ʤʝʪʦʜʦʤ, 

ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʝʜʦʩʪʦʚʽʨʥʽ ʚʠʭʽʜʥʽ ʜʘʥʽ ʟ ʚʘʥʪʘʞʦʧʦʪʦʢʫ ʡ ʥʝʦʙôʻʢʪʠʚʥʝ ʨʽʚʥʷʥʥʷ 

ʪʝʨʪʷ ʛʥʫʯʢʠʭ ʪʽʣ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʤʠʣʦʢ.  

ɺʠʭʽʜʥʽ ʜʘʥʽ ʟ ʚʠʧʘʜʢʦʚʦʛʦ ʚʘʥʪʘʞʦʧʦʪʦʢʫ ʛʦʪʫʶʪʴʩʷ ʪʽʣʴʢʠ ʟʘ ʥʦʨʤʘʣʴʥʠʤ 

ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ, ʷʢʠʡ ʟʘ ʚʽʜʦʤʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʧʨʠʪʘʤʘʥʥʠʡ 

ʥʝʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʤ ʣʘʚʘʤ.  

ʇʨʠ ʮʴʦʤʫ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʨʦʟʧʦʜʽʣ ʚʘʥʪʘʞʦʧʦʪʦʢʫ ʚ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʣʘʚʘʭ, 

ʷʢʽ ʦʙʣʘʜʥʘʥʽ ʤʝʭʘʥʽʟʦʚʘʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʰ. ɿʘʭʽʜʥʦʛʦ 

ɼʦʥʙʘʩʫ. ʊʠʤ ʧʘʯʝ, ʱʦ ʚʽʜʦʤʽ ʚʠʧʘʜʢʠ ʷʚʥʦ ʥʝʩʠʤʝʪʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʘʥʪʘʞʦʧʦʪʦʢʫ. 

ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʟ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʚʝʻʨʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʣʽʥʽʾ ʻ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʚʘʥʪʘʞʦʧʦʪʽʢ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʡʤʦʚʽʨʥʦʛʦ 

ʟʥʘʯʝʥʥʷ (ʮʝʥʪʨʫ ʛʨʫʧʫʚʘʥʥʷ) ʡ ʢʦʝʬʽʮʽʻʥʪʘ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʚʘʥʪʘʞʦʧʦʪʦʢʫ.  

ʊʘʢʦʞ, ʜʽʶʯʠʡ ʟʘʢʦʥ (ʨʽʚʥʷʥʥʷ) ʪʝʨʪʷ ʛʥʫʯʢʠʭ ʪʽʣ ɽʡʣʝʨʘ (1775 ʨ.), ʷʢʠʡ ʟ 19 ʩʪ. 

ʚʯʝʥʽ ʥʘʤʘʛʘʶʪʴʩʷ ʫʪʦʯʥʠʪʠ, ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʧʨʘʢʪʠʮʽ. ɼʠʚʠʩʴ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ, ʨʠʩ. 1.   

 

 
ʈʠʩʫʥʦʢ 1 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʦʚʟʘʥʥʷ ʛʥʫʯʢʦʛʦ ʪʽʣʘ ʧʦ ʙʣʦʢʫ: S1, S2 - ʙʽʣʴʰʘ ʡ 

ʤʝʥʰʘ ʩʠʣʠ, ʱʦ ʧʨʠʢʣʘʜʝʥʽ ʜʦ ʢʽʥʮʽʚ ʛʥʫʯʢʦʛʦ ʪʽʣʘ; r - ʨʘʜʽʫʩ; ű - ʢʫʪ ʦʙʭʚʘʪʫ; v ï 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ  

 

Ὂ ὛẗὩẗ ρȠ
 

ʜʝ F - ʩʠʣʘ ʪʝʨʪʷ; S2 - ʥʘʪʷʛ ʚ ʥʘʙʽʛʘʶʯʽʡ ʥʘ ʙʣʦʢ ʛʽʣʮʽ; f ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ.  

ɺʪʽʤ ʚ ʤʝʞʘʭ ʪʨʠʚʘʣʠʭ (2 ʩʪ.) ʥʘʤʘʛʘʥʴ ʚ ʅʊʋçɼʇè (2007) ʦʪʨʠʤʘʥʦ ʥʦʚʫ ʨʝʜʘʢʮʽʶ 

ʨʽʚʥʷʥʥʷ ʪʝʨʪʷ ʛʥʫʯʢʠʭ ʪʽʣ. ɺʦʥʘ ʦʧʠʩʫʻ ʦʙôʻʢʪʠʚʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʬʘʢʪʦʨʘʤʠ ʪʝʨʪʷ 



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 
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ʛʥʫʯʢʦʛʦ ʪʽʣʘ, ʙʦ ʩʠʣʘ ʪʝʨʪʷ ʪʦʪʦʞʥʘ ʨʽʟʥʠʮʽ ʥʘʪʷʛʽʚ ʛʥʫʯʢʦʛʦ ʪʽʣʘ ʥʘ ʙʣʦʮʽ, ʱʦ ʻ 

ʽʩʪʠʥʥʠʤ ʟʥʘʯʝʥʥʷʤ   

Ὂ Ὢẗ•
Ὓ Ὓ

ς
Ὢẗὔ

Ὓ Ὓ

ὔ
ẗὔ Ὓ ὛȠ  

ʜʝ N - ʥʦʨʤʘʣʴʥʘ ʨʝʘʢʮʽʷ ʤʽʞ ʪʽʣʘʤʠ; S1 - ʥʘʪʷʛ ʚ ʟʙʽʛʘʶʯʽʡ ʟ ʙʣʦʢʘ ʛʽʣʮʽ ʛʥʫʯʢʦʛʦ ʪʽʣʘ.  

ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʥʦʚʽ ʫʷʚʣʝʥʥʷ ʟ ʪʝʨʪʷ ʪʽʣ ʂʫʣʦʥʘ 1779 ʨ. ʡ 

ʟʙʝʨʝʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ (40-ʽ ʨʦʢʠ 19 ʩʪ.), ʷʢʽ ʩʪʘʣʠ ʚʽʜʦʤʠʤʠ ʧʽʩʣʷ ʚʠʚʝʜʝʥʴ 

ɽʡʣʝʨʘ 1775 ʨ. 

ɺ ʧʨʦʪʠʚʘʛʫ ʜʦ ʚʽʜʦʤʠʭ, ʥʦʚʘ ʨʝʜʘʢʮʽʷ ʨʽʚʥʷʥʥʷ, ʥʘʨʝʰʪʽ, ʚʽʜʧʦʚʽʜʘʻ ʧʨʘʢʪʠʮʽ, 

ʫʷʚʣʝʥʥʷʤ ʡ ʧʨʘʛʥʝʥʥʷʤ ʚʯʝʥʠʭ ʱʦʜʦ ʣʽʥʽʡʥʦʛʦ ʟʚ'ʷʟʢʫ ʩʠʣʠ ʪʝʨʪʷ ʪʘ ʥʦʨʤʘʣʴʥʦʾ ʨʝʘʢʮʽʾ, 

ʫʤʦʚʘʤ ʨʽʚʥʦʚʘʛʠ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʟʘʢʦʥʘʤ ʧʨʠʨʦʜʠ. ɸʣʝ ʚʦʥʘ ʥʝ ʚʨʘʭʦʚʫʻ 

ʰʚʠʜʢʦʩʪʽ.  

ʇʦʜʦʣʘʥʥʷ ʥʝʜʦʣʽʢʽʚ ʟ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʚʝʻʨʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʣʽʥʽʾ 

ʟʫʤʦʚʠʣʦ ʧʦʰʫʢ ʜʦʩʢʦʥʘʣʦʾ ʪʝʦʨʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʦʛʦ ʚʘʥʪʘʞʦʧʦʪʦʢʫ ʚ 

ʥʽʡ ʡ ʦʙôʻʢʪʠʚʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʨʪʷ ʛʥʫʯʢʦʛʦ ʪʽʣʘ, ʱʦ ʚʨʘʭʦʚʫʻ ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ ʨʫʭʫ.  

ɿʘ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʙʫʜʦʚʘʥʦ ʜʦʩʢʦʥʘʣʫ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʫ 

ʚʘʥʪʘʞʦʧʦʪʦʢʫ, ʛʽʣʢʠ ʷʢʦʾ ʦʧʠʩʫʶʪʴʩʷ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ ʟ ʦʢʨʝʤʦ 

ʚʠʟʥʘʯʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ:  

ώ
ςẗὛ

Ѝς“ẗ„
ẗὩ ẗ  

ʜʝ Sk ï ʧʣʦʱʘ ʬʽʛʫʨʠ ʚ ʤʝʞʘʭ ʦʜʥʦʤʘʥʽʪʥʦʾ ʟʤʽʥʠ (S1ʚ ʤʝʞʘʭ  -Ð <ʭ Ò ʭ0; S2ʚ ʤʝʞʘʭ  ʭ0 

Òʭ < Ð); ůʢ ï ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ (ů1 ʧʨʠ ʭ Ò ʭ0; ů2 ʧʨʠ ʭ Ó ʭ0); ʭ0 ï ʡʤʦʚʽʨʥʝ 

ʟʥʘʯʝʥʥʷ.  

ʈʦʟʛʣʷʥʝʤʦ ʛʨʘʬʽʢʠ ʤʦʜʝʣʝʡ ʨʦʟʧʦʜʽʣʫ ʚʘʥʪʘʞʦʧʦʪʦʢʫ ʚ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽʡ ʣʘʚʽ,  

 

 
ˉ 983  ˉ 1060   ˉ 1100 

ʈʠʩʫʥʦʢ 2 ï ɻʽʩʪʦʛʨʘʤʠ ʡ ʛʨʘʬʽʢʠ ʤʦʜʝʣʝʡ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʢʦʤʙʘʡʥʘ 

ʟʘ ʯʘʩʦʤ ʚ ʣʘʚʘʭ ʰʘʭʪʠ ʽʤ. ɻʝʨʦʾʚ ʂʦʩʤʦʩʫ ɼʊɽʂ ʢʦʤʙʽʥʘʪʫ çʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè: 

ʜʦʩʢʦʥʘʣʘ ʤʦʜʝʣʴ - ʛʦʣʫʙʽ ʪʦʯʢʠ; ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ï ʯʦʨʥʽ ʪʦʯʢʠ; ʛʘʤʘ ʨʦʟʧʦʜʽʣ ï 

ʯʝʨʚʦʥʽ ʪʦʯʢʠ 

 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʢʨʘʱʝ ʩʧʽʚʧʘʜʽʥʥʷ ʜʦʩʢʦʥʘʣʦʾ ʤʦʜʝʣʽ ʟ ʛʽʩʪʦʛʨʘʤʦʶ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʽʥʰʠʤʠ ʤʦʜʝʣʷʤʠ ʟʘ: ʮʝʥʪʨʦʤ ʛʨʫʧʫʚʘʥʥʷ, ʘʤʧʣʽʪʫʜʦʶ; ʰʚʠʜʢʽʩʪʶ ʡ ʚʽʜʭʠʣʝʥʥʷʤ [1]. 

ʊʦʙʪʦ, ʜʦʩʢʦʥʘʣʘ ʪʝʦʨʝʪʠʯʥʘ ʤʦʜʝʣʴ ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʦʧʠʩʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʚʠʧʘʜʢʠ ʨʦʟʧʦʜʽʣʫ ʚʘʥʪʘʞʦʧʦʪʦʢʫ - ʥʝʩʠʤʝʪʨʠʯʥʠʡ, ʩʠʤʝʪʨʠʯʥʠʡ ʯʠ ʥʘʙʣʠʞʝʥʠʡ ʜʦ 

ʥʴʦʛʦ ʨʦʟʧʦʜʽʣ.   

ʊʘʢʦʞ, ʥʘʤʠ ʫʪʦʯʥʝʥʦ ʥʦʚʫ ʨʝʜʘʢʮʽʶ ʨʽʚʥʷʥʥʷ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʡʦʛʦ ʚʽʜʮʝʥʪʨʦʚʽ ʩʠʣʠ:  

Ὂ Ὢẗ•
Ὓ Ὓ ςẗήẗὺ

ς
Ὢ ὔȟ 

ʜʝ q ʡ v - ʣʽʥʽʡʥʘ ʤʘʩʘ ʡ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʛʥʫʯʢʦʛʦ ʪʽʣʘ, ʱʦ ʢʦʥʪʘʢʪʫʻ ʟ ʙʣʦʢʦʤ.  

ʅʘ ʫʪʦʯʥʝʥʥʷ ʧʦʰʠʨʶʶʪʴʩʷ ʫʩʽ ʧʝʨʝʚʘʛʠ ʥʦʚʦʾ ʨʝʜʘʢʮʽʾ ʨʽʚʥʷʥʥʷ, ʱʦ ʟʛʘʜʫʚʘʣʠʩʴ 

[2].  

ʆʪʞʝ, ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʚʝʻʨʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʣʽʥʽʾ ʤʘʻ ʧʨʦʚʦʜʠʪʠʩʴ ʟʘ 

ʜʦʩʪʦʚʽʨʥʠʤʠ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʚʠʧʘʜʢʦʚʦʛʦ ʚʘʥʪʘʞʦʧʦʪʦʢʫ, ʱʦ ʛʦʪʫʶʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʩʢʦʥʘʣʦʾ ʪʝʦʨʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʡʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʧʦ ʚʽʜʦʤʽʡ ʜʦʙʨʝ 



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 
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ʚʽʜʧʨʘʮʴʦʚʘʥʽʡ ʚ ʫʥʽʚʝʨʩʠʪʝʪʽ ʤʝʪʦʜʠʮʽ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʫʤʦʚ ʨʽʚʥʦʚʘʛʠ ʤʝʭʘʥʽʯʥʦʾ 

ʩʠʩʪʝʤʠ, ʧʨʦʚʠʩʘʥʥʷ ʡ ʟʯʝʧʣʝʥʥʷ ʢʦʥʚʝʻʨʥʦʾ ʩʪʨʽʯʢʠ ʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʥʦʚʦʾ ʨʝʜʘʢʮʽʾ 

ʨʽʚʥʷʥʥʷ ʪʝʨʪʷ ʛʥʫʯʢʠʭ ʪʽʣ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ.  

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ:
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conditions of mining enterprises. Ukrainian School of Mining Engineering, E3S Web of 
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ʋɼʂ 622.233:551.49 

 

ʇʦʙ̔ʜʠʥʩʴʢʠʡ ɼ.ɯ., ʘʩʧʽʨʘʥʪ ʛʨ. 185ɸ-24-10 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʉʫʜʘʢʦʚ ɸ.ʂ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʥʘʬʪʦʛʘʟʦʚʦʾ 

ʽʥʞʝʥʝʨʽʾ ʪʘ ʙʫʨʽʥʥʷ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʆʇʋʉʂʅʆʁ ɼɺʆʐɸʈʆɺʀʁ ɻʈɸɺɯʁʅʀʁ ʌɯʃʔʊʈ 

ɿɯ ɿʅɯʄʅʀʄ ɿɸʍʀʉʅʀʄ ʂʆɾʋʍʆʄ 

 

ʗʢʽʩʪʴ ʩʚʝʨʜʣʦʚʠʥʠ, ʱʦ ʩʧʦʨʫʜʞʫʻʪʴʩʷ, ʽ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʤʧʣʝʢʩʦʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʙʽʪ, ʧʨʦʚʝʜʝʥʠʭ ʥʘ ʟʘʢʣʶʯʥʦʤʫ ʝʪʘʧʽ ʾʾ 

ʙʫʜʽʚʥʠʮʪʚʘ, ʱʦ ʚʢʣʶʯʘʻ ʨʦʟʢʨʠʪʪʷ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʜʝʢʦʣʴʤʘʪʘʮʽʶ, ʦʙʣʘʜʥʘʥʥʷ 

ʬʽʣʴʪʨʦʤ ʽ ʦʩʚʦʻʥʥʷ.  

ʆʩʦʙʣʠʚʫ ʩʢʣʘʜʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʠʪʘʥʥʷ ʧʦʚ'ʷʟʘʥʽ ʟ ʨʦʟʢʨʠʪʪʷʤ ʽ ʦʙʣʘʜʥʘʥʥʷʤ 

ʛʨʘʚʽʡʥʠʤʠ ʬʽʣʴʪʨʘʤʠ ʚʦʜʦʧʨʠʡʤʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʩʚʝʨʜʣʦʚʠʥʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʝʦʜʥʦʨʽʜʥʠʤʠ, ʩʝʨʝʜʥʴʦ-ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʤʠ ʪʘ ʧʠʣʫʚʘʪʠʤʠ ʧʽʩʢʘʤʠ. 

ʇʦʣʽʧʰʝʥʥʷʤ ʷʢʦʩʪʽ ʛʨʘʚʽʡʥʠʭ ʦʙʩʠʧʘʥʴ ʟʘʡʤʘʣʠʩʷ ʙʘʛʘʪʦ ʚʯʝʥʠʭ. ʅʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʝ ʽʩʥʫʻ ʥʘʜʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʝʥʥʷ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʛʨʘʚʽʡʥʦʛʦ 

ʬʽʣʴʪʨʘ ʟ ʷʢʽʩʥʠʤ ʛʨʘʚʽʡʥʠʤ ʦʙʩʠʧʘʥʥʷʤ. ʊʝʭʥʦʣʦʛʽʾ ʾʭʥʴʦʛʦ ʩʪʚʦʨʝʥʥʷ ʤʘʶʪʴ ʨʷʜ 

ʥʝʜʦʣʽʢʽʚ [1,2]: 

- ʟʥʘʯʥʽ ʯʘʩʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʨʘʚʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ 
ʚ ʟʦʥʫ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ; 

- ʷʢʽʩʥʝ ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʚʽʡʥʦʛʦ ʦʙʩʠʧʘʥʥʷ ʚʠʤʘʛʘʻ ʩʢʣʘʜʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʽ 
ʚʠʙʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʡ ʽʥʩʪʨʫʤʝʥʪʘ, ʱʦ ʟʜʦʨʦʞʫʻ ʚʘʨʪʽʩʪʴ ʨʦʙʽʪ; 

- ʨʦʟʰʘʨʫʚʘʥʥʷ ʛʨʘʚʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘ ʨʦʟʤʽʨʦʤ ʷʢ ʧʦ ʚʠʩʦʪʽ, ʪʘʢ ʽ ʧʦ ʜʽʘʤʝʪʨʫ 
ʩʪʚʦʨʶʚʘʥʦʛʦ ʛʨʘʚʽʡʥʦʛʦ ʦʙʩʠʧʘʥʥʷ; 

- ʟʘʚʠʩʘʥʥʷ ʛʨʘʚʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʰʣʷʭʫ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʙʦʢ, 
ʱʦ ʚʠʤʘʛʘʶʪʴ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ ʯʘʩʫ ʥʘ ʾʭʥʶ ʣʽʢʚʽʜʘʮʽʶ; 

- ʫʪʚʦʨʝʥʥʷ ʟʷʶʯʠʭ ʧʦʨʦʞʥʝʯ ʫ ʛʨʘʚʽʡʥʦʤʫ ʦʙʩʠʧʘʥʥʽ ʚ ʟʦʥʽ ʚʦʜʦʥʦʩʥʦʛʦ 
ʛʦʨʠʟʦʥʪʫ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʥʝʧʝʨʝʙʦʨʥʝ ʧʽʩʢʫʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ.  

ʋ ʨʽʟʥʠʡ ʯʘʩ ʧʨʦʧʦʥʫʚʘʣʠʩʷ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʞʫʭʦʚʠʭ ʽ ʙʣʦʯʥʠʭ ʬʽʣʴʪʨʽʚ, ʘʣʝ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʞ ʤʘʻ ʨʷʜ ʽʩʪʦʪʥʠʭ ʥʝʜʦʣʽʢʽʚ. ʂʦʞʫʰʘʥʽ ʬʽʣʴʪʨʠ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʠʡ 

ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ [3]. ʋ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʞʫʰʘʥʽ ʬʽʣʴʪʨʠ ʩʭʠʣʴʥʽ ʜʦ ʰʚʠʜʢʦʛʦ 

ʟʘʨʦʩʪʘʥʥʷ ʯʝʨʝʟ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʨʝʘʢʮʽʶ. ʋ ʧʨʦʮʝʩʽ ʩʧʫʩʢʘ ʚʦʥʠ ʜʝʬʦʨʤʫʶʪʴʩʷ, ʱʦ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʧʦ ʪʦʚʱʠʥʽ ʛʨʘʚʽʡʥʦʛʦ ʰʘʨʫ, ʘ ʽʥʦʜʽ ʽ ʬʦʨʤʫʚʘʥʥʷ 

ʚʽʜʢʨʠʪʠʭ ʢʘʥʘʣʽʚ ʽ ʧʦʨʦʞʥʝʯ. 

ɹʣʦʢʦʚʠʤ ʬʽʣʴʪʨʘʤ ʥʝʙʘʞʘʥʽ ʫʜʘʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʨʫʡʥʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʙʣʦʢʽʚ. ʂʨʽʤ ʮʴʦʛʦ, ʙʣʦʢʦʚʽ ʬʽʣʴʪʨʠ ʤʘʶʪʴ ʤʝʥʰʫ ʧʨʦʥʠʢʥʽʩʪʴ ʽ ʙʽʣʴʰʠʡ 

ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ. ɽʬʝʢʪʠʚʥʘ ʧʦʨʠʩʪʽʩʪʴ ʛʨʘʚʽʡʥʦʛʦ ʰʘʨʫ ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʘʙʦ 

ʧʦʚʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʮʽʣʦʛʦ ʨʷʜʫ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʢʘʥʘʣʽʚ ʢʣʝʻʤ, ʘʙʦ ʾʭʥʴʦʛʦ ʟʚʫʞʝʥʥʷ. ʂʨʽʤ 

ʪʦʛʦ, ʫ ʙʣʦʢʦʚʠʭ ʬʽʣʴʪʨʘʭ ʫ ʷʢʦʩʪʽ ʚ'ʷʞʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʢʣʝʾ, ʱʦ 

ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʩʘʥʽʪʘʨʥʠʭ ʥʦʨʤ ʽ ʧʨʘʚʠʣ ʜʣʷ ʩʚʝʨʜʣʦʚʠʥ ʧʠʪʥʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ [4]. 

ʎʽʣʣʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʝʥʥʷ ʛʨʘʚʽʡʥʠʭ ʬʽʣʴʪʨʽʚ ʜʣʷ 

ʦʙʣʘʜʥʘʥʥʷ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʜʣʷ ʧʠʪʥʦʛʦ ʪʘ 

ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. 

ɿʘʜʘʯʘʤʠ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʥʝʜʦʣʽʢʽʚ ʪʝʭʥʦʣʦʛʽʡ ʽ ʢʦʥʩʪʨʫʢʮʽʡ ʛʨʘʚʽʡʥʠʭ ʬʽʣʴʪʨʽʚ 

ʩʪʚʦʨʶʚʘʥʠʭ, ʷʢ ʥʘ ʜʝʥʥʽʡ ʧʦʚʝʨʭʥʽ ʪʘʢ ʽ ʫ ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʽ ʟ ʨʦʟʨʦʙʢʦʶ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʫʩʢʥʦʛʦ ʛʨʘʚʽʡʥʦʛʦ ʬʽʣʴʪʨʫ ʟʽ 

ʟʥʽʤʥʠʤ ʟʘʭʠʩʥʠʤ ʢʦʞʫʭʦʤ. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʚʽʡʥʦʛʦ ʬʽʣʴʪʨʫ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʟʚʦʣʠʪʴ ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʪʴ 

ʛʨʘʚʽʡʥʠʭ ʬʽʣʴʪʨʽʚ, ʘ ʩʘʤʝ: ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʨʘʚʽʡʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʜʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ; ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʚʽʡʥʦʛʦ 

ʦʙʩʠʧʘʥʥʷ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʢʣʘʜʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʘ ʚʠʙʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; ʫʥʠʢʥʫʪʠ 

ʪʘʢʠʭ ʷʚʠʱ, ʷʢ ʟʘʚʠʩʘʥʥʷ ʛʨʘʚʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʶ ʧʦ ʩʪʦʚʙʫʨʫ 

ʩʚʝʨʜʣʦʚʠʥʠ, ʫʪʚʦʨʝʥʥʷ ʟʷʶʯʠʭ ʧʦʨʦʞʥʝʯ ʛʨʘʚʽʡʥʦʛʦ ʬʽʣʴʪʨʫ, ʧʽʩʢʫʚʘʥʥʷ ʪʘ ʽʥ. ʇʨʠ 

ʮʴʦʤʫ ʩʚʝʨʜʣʦʚʠʥʘ ʦʙʣʘʜʥʫʻʪʴʩʷ ʛʨʘʚʽʡʥʠʤ ʬʽʣʴʪʨʦʤ ʽʟ ʟʘʜʘʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ, 

ʛʽʜʨʘʚʣʽʯʥʠʤʠ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ.  

ʆʧʫʩʢʥʠʡ ʛʨʘʚʽʡʥʠʡ ʬʽʣʴʪʨ ʟʽ ʟʥʽʤʥʠʤ ʟʘʭʠʩʥʠʤ ʢʦʞʫʭʦʤ (ʨʠʩ. 1.ʘ) ʩʢʣʘʜʘʻʪʴʩʷ ʟ: 

ʙʘʰʤʘʢʘ ʟ ʥʘʩʘʜʢʘʤʠ 1; ʰʧʠʣʴʦʢ 2, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʡ ʫʪʨʠʤʘʥʥʷ ʟʥʽʤʥʦʛʦ 

ʢʦʞʫʭʘ 3; ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʘ 4; ʚʽʜʩʪʽʡʥʠʢʘ 5; ʟʦʚʥʽʰʥʴʦʛʦ ʛʨʘʚʽʡʥʦʛʦ ʦʙʩʠʧʘʥʥʷ 6; 

ʤʘʥʞʝʪʠ 7; ʧʽʜʢʣʘʜʥʠʭ ʧʨʫʪʢʽʚ 8; ʜʨʦʪʦʚʦʾ ʦʙʤʦʪʢʠ 9; ʢʘʨʢʘʩʘ ʬʽʣʴʪʨʘ 10; ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʛʨʘʚʽʡʥʦʛʦ ʦʙʩʠʧʘʥʥʷ 11; ʩʽʪʯʘʩʪʦʛʦ ʢʘʨʢʘʩʘ 12; ʩʪʘʣʝʚʠʭ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ ʤʫʬʪʦʚʦ-

ʟʘʤʢʦʚʦʛʦ ʟ'ʻʜʥʘʥʥʷ 13; ʥʘʜʬʽʣʴʪʨʦʚʦʾ ʪʨʫʙʠ 14; ʫʧʦʨʫ ʥʠʞʥʴʦʛʦ 15, ʢʨʠʰʢʠ ʢʦʞʫʭʘ 16 

ʽ ʫʧʦʨʫ ʚʝʨʭʥʴʦʛʦ 17. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʦʧʫʩʢʥʦʛʦ ʛʨʘʚʽʡʥʦʛʦ ʬʽʣʴʪʨʘ ʟʽ ʟʥʽʤʥʠʤ ʟʘʭʠʩʥʠʤ ʢʦʞʫʭʦʤ 

ʘ ï  ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʦʣʦʞʝʥʥʽ; ʙ ï ʧʨʠʚʝʜʝʥʥʷ ʜʦ ʨʦʙʦʯʦʛʦ ʩʪʘʥʫ; ʚ ï ʬʽʣʴʪʨ ʫ 

ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʽ. 1 ï ʙʘʰʤʘʢ ʟ ʥʘʩʘʜʢʘʤʠ;  2 ï ʰʧʠʣʴʢʘ;  3 ï ʟʥʽʤʥʠʡ ʢʦʞʫʭ; 

 4 ï ʟʚʦʨʦʪʥʠʡ ʢʣʘʧʘʥ; 5 ï ʚʽʜʩʪʽʡʥʠʢ; 6 ï ʤʘʪʝʨʽʘʣ ʟʦʚʥʽʰʥʴʦʛʦ ʰʘʨʫ ʛʨʘʚʽʡʥʦʛʦ 

ʦʙʩʠʧʘʥʥʷ; 7 ï ʤʘʥʞʝʪʘ; 8 ï ʧʽʜʢʣʘʜʥʽ ʧʨʫʪʢʠ; 9 ï ʜʨʦʪʦʚʘ ʦʙʤʦʪʢʘ; 10 ï ʪʨʫʙʯʘʩʪʠʡ 

ʢʘʨʢʘʩ ʬʽʣʴʪʨʘ; 11 ï ʤʘʪʝʨʽʘʣ ʚʥʫʪʨʽʰʥʴʦʛʦ ʰʘʨʫ ʛʨʘʚʽʡʥʦʛʦ ʦʙʩʠʧʘʥʥʷ; 12 ï ʩʽʪʯʘʩʪʠʡ 

ʢʘʨʢʘʩ; 13 ï ʙʫʨʠʣʴʥʽ ʪʨʫʙʠ; 14 ï ʥʘʜʬʽʣʴʪʨʦʚʽ ʪʨʫʙʠ; 15 ï ʫʧʦʨ ʥʠʞʥʽʡ; 16 ï ʢʨʠʰʢʘ 

ʢʦʞʫʭʘ; 17 ï ʫʧʦʨ ʚʝʨʭʥʽʡ; 18 ï ʩʘʣʴʥʠʢ. 
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ʌʽʣʴʪʨʦʚʘ ʢʦʣʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʽʜʩʪʽʡʥʠʢʘ 5, ʢʘʨʢʘʩʘ ʬʽʣʴʪʨʘ 10 ʽ ʥʘʜʬʽʣʴʪʨʦʚʦʾ 

ʪʨʫʙʠ 14. ɺʽʜʩʪʽʡʥʠʢ 5 ʫ ʚʝʨʭʥʽʡ ʩʚʦʾʡ ʯʘʩʪʠʥʽ ʨʽʟʴʙʣʝʥʥʷʤ ʧʨʠʻʜʥʘʥʠʡ ʜʦ ʢʘʨʢʘʩʘ 

ʬʽʣʴʪʨʘ 10, ʘ ʫ ʥʠʞʥʽʡ ʟʚʘʨʶʚʘʥʥʷʤ ʢʨʽʧʠʪʴʩʷ ʜʦ ʙʘʰʤʘʢʘ 1, ʱʦ ʟ'ʻʜʥʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʨʽʟʥʠʭ ʰʧʠʣʴʦʢ 2 ʟʽ ʟʥʽʤʥʠʤ ʟʘʭʠʩʥʠʤ ʢʦʞʫʭʦʤ 3. ɼʦ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʢʘʨʢʘʩʘ 

ʬʽʣʴʪʨʘ 10 ʟʚʘʨʶʚʘʥʥʷʤ ʧʨʠʻʜʥʘʥʽ ʧʽʜʢʣʘʜʥʽ ʧʨʫʪʢʠ 8 ʟ ʥʘʤʦʪʘʥʦʶ ʜʨʦʪʦʚʦʶ ʦʙʤʦʪʢʦʶ 

9. ʅʘ ʪʨʫʙʯʘʩʪʦʤʫ ʢʘʨʢʘʩʽ ʬʽʣʴʪʨʘ 10 ʢʨʽʧʠʪʴʩʷ ʩʽʪʯʘʩʪʠʡ ʢʘʨʢʘʩ 12, ʫ ʚʥʫʪʨʽʰʥʽʡ 

ʧʦʨʦʞʥʠʥʽ ʷʢʦʛʦ ʧʦʤʽʱʝʥʠʡ ʤʘʪʝʨʽʘʣ ʚʥʫʪʨʽʰʥʴʦʛʦ ʰʘʨʫ ʛʨʘʚʽʡʥʦʛʦ ʦʙʩʠʧʘʥʥʷ 11. ʄʽʞ 

ʩʽʪʯʘʩʪʠʤ ʢʘʨʢʘʩʦʤ 12 ʽ ʚʥʫʪʨʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʟʥʽʤʥʦʛʦ ʢʦʞʫʭʘ 3 ʧʦ ʚʩʽʡ ʡʦʛʦ ʜʦʚʞʠʥʽ 

ʟʥʘʭʦʜʠʪʴʩʷ ʤʘʪʝʨʽʘʣ ʟʦʚʥʽʰʥʴʦʛʦ ʰʘʨʫ ʛʨʘʚʽʡʥʦʛʦ ʦʙʩʠʧʘʥʥʷ 6.  

ʆʧʫʩʢʥʠʡ ʛʨʘʚʽʡʥʠʡ ʬʽʣʴʪʨ ʟʽ ʟʥʽʤʥʠʤ ʟʘʭʠʩʥʠʤ ʢʦʞʫʭʦʤ ʜʦʩʪʘʚʣʷʻʪʴʩʷ ʥʘ ʢʦʣʦʥʽ 

ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ 13 ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʧʦʨʫ ʥʠʞʥʴʦʛʦ 15 ʪʘ ʢʨʠʰʢʠ ʢʦʞʫʭʘ 16 ʜʦ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ. ɼʦ ʟʘʭʠʩʥʦʛʦ ʢʦʞʫʭʘ 3 ʫ ʚʝʨʭʥʽʡ ʡʦʛʦ ʯʘʩʪʠʥʽ ʨʽʟʴʙʣʝʥʥʷʤ 

ʧʨʠʻʜʥʫʻʪʴʩʷ ʢʨʠʰʢʘ ʢʦʞʫʭʘ 16, ʱʦ ʫ ʧʘʨʽ ʟ ʚʝʨʭʥʽʤ ʫʧʦʨʦʤ 17 ʟʜʽʡʩʥʶʻ ʧʝʨʝʜʘʯʫ 

ʦʩʴʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʥʽʤʥʠʡ ʢʦʞʫʭ 3. ʇʽʜ ʚʘʛʦʶ ʢʦʣʦʥʠ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ 13 

(ʨʠʩ.1.ʙ) ʽ ʟʥʽʤʥʦʛʦ ʢʦʞʫʭʘ 3 ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʽʟʘʥʥʷ ʰʧʠʣʴʦʢ 2. ɺʠʪʷʛ ʟʽ ʩʚʝʨʜʣʦʚʠʥʠ 

ʟʥʽʤʥʦʛʦ ʢʦʞʫʭʘ 3 ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʣʦʥʠ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ 13 ʟ ʞʦʨʩʪʢʦ 

ʟʘʢʨʽʧʣʝʥʠʤ ʥʘ ʥʽʡ ʥʠʞʥʽʤ ʫʧʦʨʦʤ 15.  

ʆʧʫʩʢʥʠʡ ʛʨʘʚʽʡʥʠʡ ʬʽʣʴʪʨ ʟʽ ʟʥʽʤʥʠʤ ʟʘʭʠʩʥʠʤ ʢʦʞʫʭʦʤ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ ʷʢ 

ʟ ʦʜʥʦʰʘʨʦʚʠʤ, ʪʘʢ ʽ ʟ ʙʘʛʘʪʦʰʘʨʦʚʠʤ ʛʨʘʚʽʡʥʠʤ ʦʙʩʠʧʘʥʥʷʤ. ʋ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʽʪʯʘʥʦʛʦ ʢʘʨʢʘʩʫ 12 ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʽ ʪʘ ʛʽʜʨʘʚʣʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʰʘʨʫ ʛʨʘʚʽʡʥʦʛʦ ʦʙʩʠʧʘʥʥʷ 9, ʱʦ ʚʝʜʝ ʢ ʫʩʫʥʝʥʥʶ ʷʚʠʱ, 

ʧʦʚôʷʟʘʥʠʭ ʟ ʫʪʚʦʨʝʥʥʷʤ ʟʷʶʯʠʭ ʧʦʨʦʞʥʝʯ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʧʽʩʢʫʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ. 

ʇʦʩʘʜʢʘ ʛʨʘʚʽʡʥʦʛʦ ʬʽʣʴʪʨʘ ʫ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ: ʫ 

ʨʦʟʢʨʠʪʠʡ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʟ ʧʨʦʝʢʪʥʠʤ ʜʽʘʤʝʪʨʦʤ; ʚʠʢʦʥʫʶʪʴʩʷ ʧʽʩʣʷ ʨʦʟʢʨʠʪʪʷ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʧʽʣʦʪ-ʩʚʝʨʜʣʦʚʠʥʦʶ, ʧʨʠ ʮʴʦʤʫ ʡʦʛʦ ʧʦʩʘʜʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʛʽʜʨʦʚʤʠʚʦʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʭʥʽʯʥʦʾ ʚʦʜʠ; ʦʜʥʦʯʘʩʥʝ ʨʦʟʢʨʠʪʪʷ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʫ ʪʘ ʧʦʩʘʜʢʘ ʛʨʘʚʽʡʥʦʛʦ ʬʽʣʴʪʨʫ ʛʽʜʨʦʚʤʠʚʦʤ. 

ʇʽʩʣʷ ʚʤʠʚʫ ʛʨʘʚʽʡʥʦʛʦ ʬʽʣʴʪʨʘ ʽ ʟʨʽʟʫ ʰʧʠʣʴʦʢ 2 ʧʨʦʚʦʜʷʪʴ ʚʠʪʷʛʘʥʥʷ ʟʘʭʠʩʥʦʛʦ 

ʢʦʞʫʭʘ 3 ʟʽ ʩʚʝʨʜʣʦʚʠʥʠ. ʇʝʨʝʚʽʨʷʶʪʴ ʨʽʚʝʥʴ ʛʨʘʚʽʶ ʟʦʚʥʽʰʥʴʦʛʦ ʰʘʨʫ ʦʩʠʧʘʥʥʷ ʽ, ʧʨʠ 

ʥʝʦʙʭʽʜʥʦʩʪʽ, ʜʦ ʫʩʪʘʥʦʚʢʠ ʥʘ ʥʘʜʬʽʣʴʪʨʦʚʫ ʪʨʫʙʫ ʢʦʥʫʩʥʦʾ ʧʨʦʙʢʠ, ʡʦʛʦ ʜʦʩʠʧʘʶʪʴ ʟ 

ʥʘʩʪʫʧʥʠʤ ʧʝʨʝʢʨʠʪʪʷʤ ʢʽʣʴʮʝʚʦʛʦ ʟʘʟʦʨʫ ʜʝʨʝʚ'ʷʥʠʤ ʩʘʣʴʥʠʢʦʤ 18 (ʨʠʩ. 1.ʚ). 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʡ ʩʪʚʦʨʝʥʥʷ ʛʨʘʚʽʡʥʠʭ ʬʽʣʴʪʨʽʚ, ʷʢ ʥʘ ʧʦʚʝʨʭʥʽ ʪʘʢ ʽ ʥʘ 

ʚʠʙʦʾ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʜʽʣʠʪʠ ʾʭʥʽ ʥʝʜʦʣʽʢʠ; ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ 

ʦʧʫʩʢʥʦʛʦ ʛʨʘʚʽʡʥʦʛʦ ʬʽʣʴʪʨʫ ʟʽ ʟʥʽʤʥʠʤ ʟʘʭʠʩʥʠʤ ʢʦʞʫʭʦʤ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʽ ʪʝʭʥʽʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʡʦʛʦ  ʟʘʩʪʦʩʫʚʘʥʥʷ. ɺʽʜʤʽʥʥʦʶ ʨʠʩʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʦʧʫʩʢʥʦʛʦ ʛʨʘʚʽʡʥʦʛʦ ʬʽʣʴʪʨʘ ʻ ʟʘʜʘʥʽ ʽ ʥʝ ʟʤʽʥʶʚʘʥʽ ʚ ʯʘʩʽ ʪʝʭʥʦʣʦʛʽʯʥʽ, ʪʝʭʥʽʯʥʽ, 

ʛʽʜʨʘʚʣʽʯʥʽ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ. 
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ʈʠʙʘʢ ɸ.ɺ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 185 ʅʘʬʪʦʛʘʟʦʚʘ ʽʥʞʝʥʝʨʽʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʦʨʦʚʷʢʘ ɭ.ɸ., ʢ.ʪ.ʥ., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʥʘʬʪʦʛʘʟʦʚʦʾ 

ʽʥʞʝʥʝʨʽʾ ʪʘ ʙʫʨʽʥʥʷ  

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 
 

ʆɹˆʈʋʅʊʋɺɸʅʅʗ ɺʀʂʆʈʀʉʊɸʅʅʗ ɻɯɼʈʆɼʀʅɸʄɯʏʅʆɰ ʆɹʈʆɹʂʀ 

ʇʈʀɺʀɹɯʁʅʆɰ ɿʆʅʀ ɻɯɼʈʆɻɽʆʃʆɻɯʏʅʀʍ ʉɺɽʈɼʃʆɺʀʅ 
 

ɻʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʩʚʝʨʜʣʦʚʠʥʠ ʻ ʚʘʞʣʠʚʠʤ ʜʞʝʨʝʣʦʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʧʦʙʫʪʦʚʠʭ ʧʦʪʨʝʙ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʥʫ ʧʨʠʚʠʙʽʡʥʦʾ ʟʦʥʠ (ʇɿ), ʷʢʘ ʻ ʦʩʥʦʚʥʠʤ 

ʢʘʥʘʣʦʤ ʬʽʣʴʪʨʘʮʽʾ ʚʦʜʠ ʟ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʜʦ ʩʚʝʨʜʣʦʚʠʥʠ. ɿ ʯʘʩʦʤ ʫ ʇɿ ʤʦʞʫʪʴ 

ʚʠʥʠʢʘʪʠ ʨʽʟʥʽ ʚʠʜʠ ʟʘʙʨʫʜʥʝʥʴ, ʪʘʢʽ ʷʢ ʤʝʭʘʥʽʯʥʽ ʯʘʩʪʢʠ, ʭʽʤʽʯʥʽ ʚʽʜʢʣʘʜʝʥʥʷ ʪʘ 

ʙʘʢʪʝʨʽʘʣʴʥʽ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʚʝʨʜʣʦʚʠʥʠ. ɼʣʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʚʝʨʜʣʦʚʠʥ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʦʯʠʱʘʪʠ ʇɿ ʚʽʜ ʟʘʙʨʫʜʥʝʥʴ. [1] 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʩʢʘʟʘʥʦʛʦ ʥʘʙʫʚʘʶʪʴ ʘʢʪʫʘʣʴʥʦʩʪʽ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʙʘʟʦʚʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʨʠʚʠʙʽʡʥʦʾ ʟʦʥʠ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ ʜʣʷ ʩʫʯʘʩʥʠʭ ʫʤʦʚ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʩʪʨʦʶ ʥʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɻʽʜʨʦʜʠʥʘʤʽʯʥʘ ʦʙʨʦʙʢʘ ʧʨʠʚʠʙʽʡʥʦʾ ʟʦʥʠ ʩʚʝʨʜʣʦʚʠʥ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʢʦʤʧʣʝʢʩ 

ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʨʦʜʠ ʰʣʷʭʦʤ 

ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ [2]. ʆʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʻ [2, 3]: 

ʇʨʦʤʠʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ. ʇʨʦʤʠʚʘʥʥʷ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʝʪʦʜʽʚ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. ɺʦʥʦ ʧʦʣʷʛʘʻ ʫ ʧʦʜʘʯʽ ʚʦʜʠ ʘʙʦ ʩʧʝʮʽʘʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʧʽʜ 

ʪʠʩʢʦʤ ʫ ʧʨʠʚʠʙʽʡʥʫ ʟʦʥʫ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʯʘʩʪʦʢ, ʤʫʣʫ ʪʘ ʽʥʰʠʭ ʟʘʙʨʫʜʥʝʥʴ. 

ʇʝʨʝʚʘʛʠ: ʧʨʦʩʪʦʪʘ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ; ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ; ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʨʽʜʠʥ (ʚʦʜʘ, ʨʦʟʯʠʥʠ ʢʠʩʣʦʪ, ʧʦʣʽʤʝʨʠ). 

ʅʝʜʦʣʽʢʠ: ʦʙʤʝʞʝʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʚʠʜʘʣʝʥʥʽ ʭʽʤʽʯʥʠʭ ʚʽʜʢʣʘʜʝʥʴ; ʨʠʟʠʢ 

ʧʦʰʢʦʜʞʝʥʥʷ ʧʨʠʚʠʙʽʡʥʦʾ ʟʦʥʠ ʧʨʠ ʥʘʜʤʽʨʥʦʤʫ ʪʠʩʢʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ: ʇʨʦʤʠʚʘʥʥʷ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʚʝʨʜʣʦʚʠʥ ʽʟ 

ʥʝʟʥʘʯʥʠʤʠ ʟʘʙʨʫʜʥʝʥʥʷʤʠ ʘʙʦ ʷʢ ʧʦʧʝʨʝʜʥʽʡ ʝʪʘʧ ʧʝʨʝʜ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʦʙʨʦʙʢʠ. 

ɯʤʧʫʣʴʩʥʘ ʦʙʨʦʙʢʘ. ɯʤʧʫʣʴʩʥʘ ʦʙʨʦʙʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʨʦʪʢʦʯʘʩʥʠʭ 

ʽʤʧʫʣʴʩʽʚ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ, ʷʢʽ ʨʫʡʥʫʶʪʴ ʚʽʜʢʣʘʜʝʥʥʷ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʧʨʠʚʠʙʽʡʥʽʡ ʟʦʥʽ. 

ʇʝʨʝʚʘʛʠ: ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʚʠʜʘʣʝʥʥʽ ʤʽʮʥʠʭ ʚʽʜʢʣʘʜʝʥʴ (ʥʘʧʨʠʢʣʘʜ, 

ʢʘʣʴʮʽʻʚʠʭ ʘʙʦ ʟʘʣʽʟʠʩʪʠʭ); ʤʽʥʽʤʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʨʦʜʠ. 

ʅʝʜʦʣʽʢʠ: ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʽʤʧʫʣʴʩʽʚ; ʦʙʤʝʞʝʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʩʚʝʨʜʣʦʚʠʥʘʭ ʽʟ ʥʠʟʴʢʦʶ ʧʨʦʥʠʢʥʽʩʪʶ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ: ɯʤʧʫʣʴʩʥʘ ʦʙʨʦʙʢʘ ʝʬʝʢʪʠʚʥʘ ʜʣʷ ʩʚʝʨʜʣʦʚʠʥ ʽʟ ʟʥʘʯʥʠʤʠ 

ʭʽʤʽʯʥʠʤʠ ʚʽʜʢʣʘʜʝʥʥʷʤʠ ʘʙʦ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʪʘʨʠʭ ʩʚʝʨʜʣʦʚʠʥ. 

ɺʽʙʨʘʮʽʡʥʘ ʦʙʨʦʙʢʘ. ɺʽʙʨʘʮʽʡʥʘ ʦʙʨʦʙʢʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ, ʷʢʽ ʨʦʟʧʫʰʫʶʪʴ ʧʦʨʦʜʫ ʪʘ ʩʧʨʠʷʶʪʴ ʚʠʜʘʣʝʥʥʶ ʟʘʙʨʫʜʥʝʥʴ. 

ʇʝʨʝʚʘʛʠ: ʤʦʞʣʠʚʽʩʪʴ ʦʙʨʦʙʢʠ ʩʚʝʨʜʣʦʚʠʥ ʽʟ ʩʢʣʘʜʥʠʤʠ ʛʝʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ; 

ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ. 

ʅʝʜʦʣʽʢʠ: ʦʙʤʝʞʝʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʚʠʜʘʣʝʥʥʽ ʤʽʮʥʠʭ ʭʽʤʽʯʥʠʭ ʚʽʜʢʣʘʜʝʥʴ; 

ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ: ɺʽʙʨʘʮʽʡʥʘ ʦʙʨʦʙʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʩʚʝʨʜʣʦʚʠʥ ʽʟ ʥʠʟʴʢʦʶ 

ʧʨʦʥʠʢʥʽʩʪʶ ʘʙʦ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʜʨʽʙʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʯʘʩʪʦʢ. 

ʂʦʤʙʽʥʦʚʘʥʽ ʤʝʪʦʜʠ. ʂʦʤʙʽʥʦʚʘʥʽ ʤʝʪʦʜʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʦʻʜʥʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, 



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 

 

28 

ʧʦʻʜʥʘʥʥʷ ʽʤʧʫʣʴʩʥʦʾ ʪʘ ʚʽʙʨʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʜʘʣʷʪʠ ʷʢ ʤʝʭʘʥʽʯʥʽ, 

ʪʘʢ ʽ ʭʽʤʽʯʥʽ ʟʘʙʨʫʜʥʝʥʥʷ. 

ʇʝʨʝʚʘʛʠ: ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʨʽʟʥʠʭ ʫʤʦʚʘʭ; ʤʦʞʣʠʚʽʩʪʴ ʘʜʘʧʪʘʮʽʾ ʜʦ 

ʢʦʥʢʨʝʪʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ. 

ʅʝʜʦʣʽʢʠ: ʚʠʱʘ ʚʘʨʪʽʩʪʴ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʣʴʢʦʭ ʤʝʪʦʜʽʚ; ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʽʣʴʰ 

ʩʢʣʘʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ: ʂʦʤʙʽʥʦʚʘʥʽ ʤʝʪʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʩʚʝʨʜʣʦʚʠʥ ʽʟ ʩʢʣʘʜʥʠʤʠ 

ʟʘʙʨʫʜʥʝʥʥʷʤʠ ʘʙʦ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʪʘʨʠʭ ʩʚʝʨʜʣʦʚʠʥ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ 

ʍʽʤʽʯʥʘ ʦʙʨʦʙʢʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʨʝʘʛʝʥʪʽʚ (ʥʘʧʨʠʢʣʘʜ, 

ʢʠʩʣʦʪ ʘʙʦ ʣʫʛʽʚ) ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʭʽʤʽʯʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʫ ʧʨʠʚʠʙʽʡʥʽʡ ʟʦʥʽ. 

ʇʝʨʝʚʘʛʠ: ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʚʠʜʘʣʝʥʥʽ ʭʽʤʽʯʥʠʭ ʚʽʜʢʣʘʜʝʥʴ; ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʚʝʨʜʣʦʚʠʥʘʭ ʽʟ ʥʠʟʴʢʦʶ ʧʨʦʥʠʢʥʽʩʪʶ. 

ʅʝʜʦʣʽʢʠ: ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʨʝʘʛʝʥʪʽʚ; ʨʠʟʠʢ ʝʢʦʣʦʛʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ: ʭʽʤʽʯʥʘ ʦʙʨʦʙʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʩʚʝʨʜʣʦʚʠʥ ʽʟ ʟʥʘʯʥʠʤʠ 

ʭʽʤʽʯʥʠʤʠ ʚʽʜʢʣʘʜʝʥʥʷʤʠ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʜʘʣʝʥʽ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʇʨʠʩʪʨʽʡ ʜʣʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʨʠʚʠʙʽʡʥʦʾ ʟʦʥʠ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʪʠʩʢ, ʚʠʪʨʘʪʘ ʨʽʜʠʥʠ, ʪʨʠʚʘʣʽʩʪʴ 

ʽʤʧʫʣʴʩʽʚ ʪʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ. ʆʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʨʠʩʪʨʦʶ ʚʢʣʶʯʘʶʪʴ: 

¶ ʅʘʩʦʩʥʠʡ ʘʛʨʝʛʘʪ ï ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʪʠʩʢʫ ʪʘ ʚʠʪʨʘʪʠ ʨʽʜʠʥʠ. 

¶ ɯʤʧʫʣʴʩʥʠʡ ʛʝʥʝʨʘʪʦʨ ï ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʽʤʧʫʣʴʩʽʚ ʪʠʩʢʫ. 

¶ ɺʽʙʨʘʮʽʡʥʠʡ ʙʣʦʢ ï ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ. 

¶ ʉʠʩʪʝʤʫ ʢʦʥʪʨʦʣʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ï ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʧʨʠʩʪʨʦʶ ʧʦʚʠʥʥʘ ʙʫʪʠ ʢʦʤʧʘʢʪʥʦʶ ʪʘ ʤʦʙʽʣʴʥʦʶ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʡʦʛʦ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʩʪʨʦʶ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʦʜʠ, ʪʠʧ ʟʘʙʨʫʜʥʝʥʴ ʪʘ ʛʣʠʙʠʥʫ ʩʚʝʨʜʣʦʚʠʥʠ. ʆʩʥʦʚʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ: 

1. ʊʠʩʢ ʧʨʦʤʠʚʘʥʥʷ ï ʧʦʚʠʥʝʥ ʙʫʪʠ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʦʧʦʨʫ ʧʦʨʦʜʠ, ʘʣʝ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʨʫʡʥʫʚʘʥʥʷ ʧʨʠʚʠʙʽʡʥʦʾ ʟʦʥʠ. 

ʆʧʪʠʤʘʣʴʥʠʡ ʪʠʩʢ ʟʘʟʚʠʯʘʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 5-15 ʄʇʘ. 

2. ɺʠʪʨʘʪʘ ʨʽʜʠʥʠ ï ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʝʬʝʢʪʠʚʥʝ ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ, ʘʣʝ 

ʥʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʝʨʦʟʽʾ ʧʦʨʦʜʠ. ʈʝʢʦʤʝʥʜʦʚʘʥʘ ʚʠʪʨʘʪʘ ï 10-20 ʣ/ʩ. 

3. ʊʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ï ʢʦʨʦʪʢʦʯʘʩʥʽ ʽʤʧʫʣʴʩʠ (0,1-0,5 ʩ) ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ 

ʨʫʡʥʫʚʘʪʠ ʚʽʜʢʣʘʜʝʥʥʷ ʙʝʟ ʟʘʡʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʦʨʦʜʫ. 

4. ʏʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ ï ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʢʦʣʠʚʘʥʥʷ (10-50 ɻʮ) ʩʧʨʠʷʶʪʴ ʨʦʟʧʫʰʝʥʥʶ 

ʧʦʨʦʜʠ ʪʘ ʚʠʜʘʣʝʥʥʶ ʟʘʙʨʫʜʥʝʥʴ. 

ɼʣʷ ʛʣʠʙʰʦʛʦ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʧʨʠʚʠʙʽʡʥʦʾ ʟʦʥʠ ʩʚʝʨʜʣʦʚʠʥ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʧʘʨʘʤʝʪʨʠ ʧʨʠʩʪʨʦʶ. ʈʦʟʨʦʙʢʘ ʧʨʠʩʪʨʦʶ ʜʣʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʨʠʚʠʙʽʡʥʦʾ ʟʦʥʠ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʦʜʦʟʘʙʽʨʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʽ 

ʧʘʨʘʤʝʪʨʠ ʧʨʠʩʪʨʦʶ, ʪʘʢʽ ʷʢ ʪʠʩʢ, ʚʠʪʨʘʪʘ ʨʽʜʠʥʠ, ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ʪʘ ʯʘʩʪʦʪʘ 

ʢʦʣʠʚʘʥʴ, ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʽʟ ʧʨʠʚʠʙʽʡʥʦʾ ʟʦʥʠ.  
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɯʚʘʥʦʚ ʆ.ʆ. ɻʽʜʨʦʜʠʥʘʤʽʯʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʧʨʠʚʠʙʽʡʥʦʾ ʟʦʥʠ ʩʚʝʨʜʣʦʚʠʥ. ï ʂ.: 

ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 2018. ï 240 ʩ. 

2. ʇʝʪʨʝʥʢʦ ɺ.ɯ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʩʚʝʨʜʣʦʚʠʥ ʫ ʨʽʟʥʠʭ 
ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ. ï ʍ.: ɺʠʜʘʚʥʠʮʪʚʦ ʍʅʋ, 2019. ï 180 ʩ. 

3. ʉʠʜʦʨʝʥʢʦ ɸ.ʄ. ʈʦʟʨʦʙʢʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ 
ʦʙʨʦʙʢʠ ʩʚʝʨʜʣʦʚʠʥ. ï ɼ.: ɺʠʜʘʚʥʠʮʪʚʦ ɼʅʋ, 2020. ï 210 ʩ.  



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 
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ʋɼʂ 681.518.54 

 

ʉʥʽʛʫʨ ʄ.ɺ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 184 ɻʽʨʥʠʮʪʚʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʦʚʘʣʝʚʩʴʢʘ ɯ.ɸ., ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʛʽʨʥʠʯʦʾ ʽʥʞʝʥʝʨʽʾ 

ʪʘ ʦʩʚʽʪʠ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʈɸʎɯʆʅɸʃʔʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ʂʈɯʇʃɽʅʅʗ ɸʅʂɽʈɸʄʀ 

ɻʃʀɹʆʂʆɻʆ ɿɸʂʃɸɼɽʅʅʗ ɼʃʗ ʇɯɼɻʆʊʆɺʏʀʍ ɺʀʈʆɹʆʂ, ʑʆ 

ɺʀʂʆʈʀʉʊʆɺʋʖʊʔʉʗ ʇʆɺʊʆʈʅʆ 

 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʨʽʧʣʝʥʥʷ ʘʥʢʝʨʘʤʠ ʛʣʠʙʦʢʦʛʦ 

ʟʘʢʣʘʜʝʥʥʷ ʜʣʷ ʧʽʜʛʦʪʦʚʯʠʭ ʚʠʨʦʙʦʢ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʚʪʦʨʥʦ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʘʢʪʫʘʣʴʥʠʤ, ʘʜʞʝ ʧʦʥʘʜ 30% ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ ʚʠʨʦʙʣʷʻʪʴʩʷ ʟ ʚʫʛʽʣʣʷ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʙʝʟʧʝʢʫ ʧʨʘʮʽ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʫʛʣʝʚʠʜʦʙʫʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʫ ʩʢʣʘʜʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ ɿʘʭʽʜʥʦʛʦ 

ɼʦʥʙʘʩʫ. 

ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʚʠʢʣʠʢʽʚ ʻ ʜʝʬʦʨʤʘʮʽʷ ʧʦʨʽʜ ʪʘ ʚʪʨʘʪʘ ʧʝʨʝʨʽʟʫ ʚʠʨʦʙʦʢ ʧʽʜ 

ʚʧʣʠʚʦʤ ʛʽʨʥʠʯʦʛʦ ʪʠʩʢʫ. ʅʘʨʘʟʽ ʫʩʪʘʥʦʚʢʘ ʘʥʢʝʨʥʦʛʦ ʢʨʽʧʣʝʥʥʷ ʯʘʩʪʦ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ 

ʥʘʧʨʘʮʴʦʚʘʥʠʤʠ ʩʭʝʤʘʤʠ, ʷʢʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʩʧʝʮʠʬʽʯʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʎʝ 

ʧʽʜʢʨʝʩʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʘʫʢʦʚʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʨʽʧʣʝʥʥʷ 

ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʽʜʛʦʪʦʚʯʠʭ ʚʠʨʦʙʦʢ. 

ʆʩʥʦʚʥʘ ʤʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʝʬʝʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʥʢʝʨʥʦʛʦ 

ʢʨʽʧʣʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚʠʨʦʙʦʢ. ʊʘʢʦʞ ʧʣʘʥʫʶ ʚʠʚʯʠʪʠ ʚʟʘʻʤʦʜʽʶ 

ʢʨʽʧʣʝʥʥʷ ʟ ʧʦʨʦʜʥʠʤ ʤʘʩʠʚʦʤ ʽ ʨʦʟʨʦʙʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʪʴ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʧʦʢʨʘʱʠʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʧʽʜʛʦʪʦʚʯʠʭ ʚʠʨʦʙʦʢ. 

ʋ ʩʚʽʪʽ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʽ ʩʠʩʪʝʤʠ ʢʨʽʧʣʝʥʥʷ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ 

ʩʪʘʣʝʧʦʣʽʤʝʨʥʽ ʪʘ ʢʘʥʘʪʥʽ ʘʥʢʝʨʠ. ʅʘʧʨʠʢʣʘʜ, ʫ ʂʠʪʘʾ ʧʦʥʘʜ 80% ʚʠʨʦʙʦʢ ʫʢʨʽʧʣʶʶʪʴʩʷ 

ʘʥʢʝʨʘʤʠ, ʘ ʾʭ ʧʘʨʘʤʝʪʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ, ʪʘʢʠʭ ʷʢ 

FLAC3D. ʊʘʢʽ ʩʠʩʪʝʤʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʩʢʣʘʜʥʠʭ ʛʝʦʤʝʭʘʥʽʯʥʠʭ 

ʫʤʦʚʘʭ. 

ɺ ʋʢʨʘʾʥʽ ʢʦʤʙʽʥʦʚʘʥʽ ʘʥʢʝʨʥʽ ʩʠʩʪʝʤʠ ʧʦʯʘʣʠ ʚʧʨʦʚʘʜʞʫʚʘʪʠʩʷ ʫ ɿʘʭʽʜʥʦʤʫ 

ɼʦʥʙʘʩʽ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʰʘʭʪʽ "ʖʚʽʣʝʡʥʘ" ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʩʫʚʠ ʧʦʨʽʜ 

ʟʥʠʞʫʶʪʴʩʷ ʥʘ 35 ï 43%, ʘ ʚʪʨʘʪʠ ʧʝʨʝʨʽʟʫ ʚʠʨʦʙʦʢ ʩʢʦʨʦʯʫʶʪʴʩʷ ʫ 1,5 ï 2 ʨʘʟʠ. ʂʘʥʘʪʥʽ 

ʘʥʢʝʨʠ ʩʪʚʦʨʶʶʪʴ ʘʨʤʦʧʦʨʦʜʥʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʦʚʛʦʪʨʠʚʘʣʫ ʩʪʽʡʢʽʩʪʴ 

ʧʦʢʨʽʚʣʽ. 

ʇʨʦʚʝʜʝʥʽ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ FLAC3D ʽ Phase2 ʜʣʷ ʘʥʘʣʽʟʫ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʦʨʽʜ. ʅʘʪʫʨʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʚʢʣʶʯʘʣʠ ʤʦʥʽʪʦʨʠʥʛ 

ʪʠʩʢʫ ʥʘ ʘʥʢʝʨʠ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʫ ʟʦʥʽ ʚʧʣʠʚʫ ʛʽʨʥʠʯʦʛʦ ʪʠʩʢʫ. ʊʘʢʦʞ ʙʫʣʦ 

ʚʨʘʭʦʚʘʥʦ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʠʩʪʝʤ ʢʨʽʧʣʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʥʘʪʥʠʭ ʘʥʢʝʨʽʚ ʟʥʠʞʫʻ 

ʜʝʬʦʨʤʘʮʽʾ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ ʥʘ 30 ï 40 %. ʂʨʽʤ ʪʦʛʦ, ʘʨʤʦʧʦʨʦʜʥʘ ʢʦʥʩʪʨʫʢʮʽʷ, ʷʢʘ 

ʫʪʚʦʨʶʻʪʴʩʷ ʟʘʚʜʷʢʠ ʘʥʢʝʨʥʦʤʫ ʢʨʽʧʣʝʥʥʶ, ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʩʪʽʡʢʽʩʪʴ ʚʠʨʦʙʦʢ ʜʦ 

ʛʽʨʥʠʯʦʛʦ ʪʠʩʢʫ. 

ɹʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʥʢʝʨʠ ʜʽʘʤʝʪʨʦʤ ʥʝ ʤʝʥʰʝ 21,6 

ʤʤ ʪʘ ʜʦʚʞʠʥʦʶ 5 ï 8 ʤ. ʑʽʣʴʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʘʥʢʝʨʽʚ ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʽʜ ʪʘ ʨʽʚʝʥʴ ʛʽʨʩʴʢʦʛʦ ʪʠʩʢʫ. ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʻ ʘʜʘʧʪʘʮʽʷ 

ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʠʩʪʝʤ ʢʨʽʧʣʝʥʥʷ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʢʦʞʥʦʾ ʰʘʭʪʠ. ʋ ʤʘʡʙʫʪʥʴʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʩʪʘʥʜʘʨʪʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʢʝʨʥʦʛʦ ʢʨʽʧʣʝʥʥʷ ʚ ʋʢʨʘʾʥʽ. ʊʘʢʦʞ 

ʚʘʞʣʠʚʠʤ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʥʽʪʦʨʠʥʛʫ, ʪʘʢʠʭ ʷʢ ʩʝʥʩʦʨʠ ʪʘ IoT, 

ʜʣʷ ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʚʠʨʦʙʦʢ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʧʦʤʦʞʫʪʴ ʫʜʦʩʢʦʥʘʣʠʪʠ ʤʦʜʝʣʽ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ. 
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ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɹʋʈʆɺʀʍ ʈʆɹɯʊ ʅɸ ɿɸʃɯɿʆʈʋɼʅʀʍ 

ʂɸʈôɭʈɸʍ  
 

ɿʘʣʽʟʦʨʫʜʥʘ ʛʘʣʫʟʴ ʋʢʨʘʾʥʠ ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʢʨʘʾʥʠ. ɺʦʥʘ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʝʢʦʥʦʤʽʢʠ, ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ 

ʩʠʨʦʚʠʥʦʶ ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʢʦʤʧʣʝʢʩ, ʷʢʠʡ ʻ ʦʩʥʦʚʥʠʤ ʝʢʩʧʦʨʪʝʨʦʤ ʋʢʨʘʾʥʠ. ʅʘʰʘ 

ʢʨʘʾʥʘ ʚʦʣʦʜʽʻ ʟʥʘʯʥʠʤʠ ʟʘʧʘʩʘʤʠ ʟʘʣʽʟʥʦʾ ʨʫʜʠ, ʷʢʽ ʦʮʽʥʶʶʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʚ 30 

ʤʽʣʴʷʨʜʽʚ ʪʦʥ. ʆʩʥʦʚʥʠʤ ʩʧʦʩʦʙʦʤ ʚʠʜʦʙʫʪʢʫ ʟʘʣʽʟʥʦʾ ʨʫʜʠ ʥʘ ʢʘʨ'ʻʨʘʭ ʚ ʋʢʨʘʾʥʽ ʻ 

ʚʽʜʢʨʠʪʠʡ ʩʧʦʩʽʙ ʚʠʜʦʙʫʪʢʫ (ʢʘʨôʻʨʥʠʡ ʤʝʪʦʜ). ʎʝʡ ʤʝʪʦʜ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʯʝʨʝʟ ʡʦʛʦ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʨʦʟʨʦʙʮʽ ʚʝʣʠʢʠʭ ʨʦʜʦʚʠʱ ʟ 

ʥʝʛʣʠʙʦʢʠʤ ʟʘʣʷʛʘʥʥʷʤ ʨʫʜʥʠʭ ʪʽʣ. ɺʠʜʦʙʫʪʦʢ ʨʫʜʠ ʚʝʜʝʪʴʩʷ ʚʠʙʫʭʦʚʠʤ ʩʧʦʩʦʙʦʤ, ʜʣʷ 

ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ ʙʫʨʷʪʴʩʷ ʩʚʝʨʜʣʦʚʠʥʠ, ʫ ʷʢʽ ʟʘʢʣʘʜʘʶʪʴʩʷ ʚʠʙʫʭʦʚʽ 

ʨʝʯʦʚʠʥʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʦʜʨʽʙʥʠʪʠ ʧʦʨʦʜʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʾʾ ʚʠʜʦʙʫʪʢʫ.[1] 

ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʙʫʨʽʥʥʷ ʚʠʙʫʭʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ ʚʠʤʘʛʘʶʪʴ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ, ʟʜʘʪʥʠʭ ʧʨʘʮʶʚʘʪʠ ʚ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ. ʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʧʦʨʦʜʦʨʫʡʥʽʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʙʫʨʦʚʠʭ ʢʦʨʦʥʦʢ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʾʭ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ. ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʙʫʨʽʥʥʷ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʥʘ ʚʠʢʦʥʘʥʥʷ 

ʨʦʙʽʪ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʜʦʙʫʪʢʫ ʟʘʣʽʟʥʦʾ ʨʫʜʠ. ʎʝ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦ ʜʣʷ ʟʘʣʽʟʦʨʫʜʥʠʭ ʢʘʨ'ʻʨʽʚ ʋʢʨʘʾʥʠ, ʜʝ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʥʘ ʨʠʥʢʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʦʨʦʜʦʨʫʡʥʽʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʠ ʥʘ ʟʘʤʽʥʫ ʙʫʨʦʚʠʭ ʢʦʨʦʥʦʢ, ʱʦ ʪʘʢʦʞ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ.[2, 3] 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʨʦʚʠʭ ʨʦʙʽʪ ʧʨʠ ʙʫʨʽʥʥʽ ʚʠʙʫʭʦʚʠʭ 

ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʢʘʬʝʜʨʽ çʥʘʬʪʦʛʘʟʦʚʦʾ ʽʥʞʝʥʝʨʽʾ ʪʘ ʙʫʨʽʥʥʷè ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʙʫʨʦʚʘ ʢʦʨʦʥʢʘ ʟ ʫʜʦʩʢʦʥʘʣʝʥʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ 

ʪʚʝʨʜʦʩʧʣʘʚʥʦʾ ʨʽʞʫʯʦʾ ʚʩʪʘʚʢʠ ʟ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʦʛʦ ʩʧʣʘʚʫ ʨʠʩ.1. 
 

 
ʈʠʩʫʥʦʢ1 - ʈʽʞʫʯʘ ʚʩʪʘʚʢʘ ʩʧʝʮʽʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʦʛʦ ʩʧʣʘʚʫ:  

l ï ʟʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʨʽʞʫʯʘ ʚʩʪʘʚʢʘ ʩʧʝʮʽʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, l1 ï ʨʦʙʦʯʘ ʯʘʩʪʠʥʘ 

ʨʽʞʫʯʦʾ ʚʩʪʘʚʢʠ, l2  - ʮʠʣʽʥʜʨʠʯʥʘ ʽʥʩʪʘʣʷʮʽʡʥʘ ʯʘʩʪʠʥʘ ʨʽʞʫʯʦʾ ʚʩʪʘʚʢʠ 

 

ɿʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʨʽʞʫʯʘ ʚʩʪʘʚʢʘ ʩʧʝʮʽʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʢʦʥʘʥʘ ʟ ʜʚʦʭ ʰʘʨʽʚ 

ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʦʛʦ ʩʧʣʘʚʫ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʬʨʘʢʮʽʡʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ. ʎʝ ʜʦʟʚʦʣʠʣʦ 

ʧʽʜʽʙʨʘʪʠ ʩʢʣʘʜ ʪʘ ʨʦʟʤʽʨ ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ ʰʘʨʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭ ʧʨʠʟʥʘʯʝʥʥʷ: 

ʽʥʩʪʘʣʷʮʽʡʥʘ ï ʤʘʢʩʠʤʫʤ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʥʘ ʚʠʛʠʥ, ʘ ʨʦʙʦʯʘ ï ʤʘʢʩʠʤʫʤ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʪʘ 

ʫʜʘʨʦʩʪʽʡʢʦʩʪʽ.  

ʇʨʠ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʩʢʣʘʜʫ ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ ʚʩʪʘʚʦʢ ʜʣʷ ʘʨʤʫʚʘʥʥʷ 

ʧʦʨʦʜʦʨʫʡʥʽʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʘ ʩʘʤʝ: ʚʤʽʩʪ ʢʦʙʘʣʴʪʫ ʪʘ ʨʦʟʤʽʨ ʟʝʨʥʘ ʢʘʨʙʽʜʫ 



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 

 

32 

ʚʦʣʴʬʨʘʤʫ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʤʝʞʘ ʤʽʮʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʪʚʝʨʜʦʩʧʣʘʚʥʦʾ ʚʩʪʘʚʢʠ ʧʨʠ ʚʠʛʠʥʽ ʪʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʟʚʝʜʝʥʽ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʫ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ (%) ʜʣʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʚʤʽʩʪʫ ʢʦʙʘʣʴʪʫ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʨʦʟʤʽʨʫ ʢʘʨʙʽʜʫ 

ʚʦʣʴʬʨʘʤʫ (2 ʪʘ 6 ʤʢʤ) (ʨʠʩ. 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʂʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʚʤʽʩʪʫ ʢʦʙʘʣʴʪʫ (ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ 

ʨʦʟʤʽʨʫ ʢʘʨʙʽʜʫ ʚʦʣʴʬʨʘʤʫ (2 ʪʘ 6 ʤʢʤ)) ʥʘ ʤʝʞʫ ʤʽʮʥʦʩʪʽ ʧʨʠ ʚʠʛʠʥʽ (R), ʢʦʝʬʽʮʽʻʥʪʠ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ (ʂʟ) ʪʘ ʫʜʘʨʦʩʪʽʡʢʦʩʪʽ (ʂʫʜ) 

 

ʑʦʙ ʟʥʘʡʪʠ ʦʧʪʠʤʫʤ ʥʘ ʛʨʘʬʽʢʫ (ʨʠʩ. 2), ʧʦʪʨʽʙʥʦ ʟʦʩʝʨʝʜʠʪʠʩʴ ʥʘ ʪʦʯʢʘʭ, ʜʝ ʣʽʥʽʾ 

ʜʣʷ ʨʽʟʥʦʛʦ ʚʤʽʩʪʫ ʢʦʙʘʣʴʪʫ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʘʙʦ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʜʣʷ ʢʦʞʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʘʢ ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʫʤʦʚ ʙʫʨʽʥʥʷ ʚʠʙʫʭʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ ʚ 

ʧʦʨʦʜʘʭ ̫ ʢ̔ ʤʘʻ ʟʥʘʯʥʫ ʘʙʨʘʟʠʚʥʽʩʪʴ ʪʘ ʢʘʪʝʛʦʨʽʶ ʧʦ ʙʫʨʠʤʦʩʪʽ IX ʧʦʪʨʽʙʥʦ ʱʦʙ ʯʘʩʪʠʥʘ 

ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʦʾ ʪʚʝʨʜʦʩʧʣʘʚʥʦʾ ʚʩʪʘʚʢʠ ʷʢʘ ʙʫʜʝ ʢʦʥʪʘʢʪʫʚʘʪʠ ʟ ʧʦʨʦʜʦʶ ʤʘʣʘ 

ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʫʜʘʨʦʩʪʽʡʢʦʩʪʽ (ʚʨʘʭʦʚʫʶʯʠ 

ʫʜʘʨʥʦ-ʦʙʝʨʪʦʚʠʡ ʩʧʦʩʽʙ ʙʫʨʽʥʥʷ). ʇʦ ʛʨʘʬʽʢʫ ʨʠʩ. 2 ʚʠʟʥʘʯʘʻʤʦ ʱʦ ʤʘʢʩʠʤʘʣʴʥʫ 

ʫʜʘʨʦʩʪʽʡʢʽʩʪʴ ʙʫʜʝ ʤʘʪʠ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʠʡ ʪʚʝʨʜʠʡ ʩʧʣʘʚ ʟ ʟʝʨʥʦʤ ʢʘʨʙʽʜʫ ʚʦʣʴʬʨʘʤʫ 

6 ʤʢʤ ʪʘ ʤʘʢʩʠʤʘʣʴʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʨʠ ʮʴʦʤʫ ʙʫʜʝ ʧʨʠ ʚʤʽʩʪʽ ʢʦʙʘʣʴʪʫ 6,5% (ɺʂ6,5). 

ɼʣ̫ ʯʘʩʪʠʥʠ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʦʾ ʪʚʝʨʜʦʩʧʣʘʚʥʦʾ ʚʩʪʘʚʢʠ ʷʢʘ ʙʫʜʝ ʟʘʥʫʨʝʥʘ ʫ ʢʦʨʧʫʩ 

ʙʫʨʦʚʦʾ ʢʦʨʦʥʢʠ ʧʦʪʨʽʙʥʘ ʤʘʢʩʠʤʘʣʴʥʘ ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʥʘ ʚʠʛʠʥ ʪʘ ʤʘʢʩʠʤʘʣʴʥʘ 

ʫʜʘʨʦʩʪʽʡʢʽʩʪʴ, ʧʨʠ ʯʦʤʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʘ ʪʘʢ ʷʢ ʥʝ ʤʘʻ ʢʦʥʪʘʢʪʫ ʟ 

ʘʙʨʘʟʠʚʥʦʶ ʧʦʨʦʜʦʶ. ʊʦʤʫ ʟʛʽʜʥʦ ʛʨʘʬʽʢʘ ʧʨʠʡʤʘʻʤʦ ʚʤʽʩʪ ʢʦʙʘʣʴʪʫ 18% (ɺʂ18). 

ʊʝʤʘ ʧ̔ ʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʨʦʚʠʭ ʨʦʙʽʪ ʥʘ ʟʘʣʽʟʦʨʫʜʥʠʭ ʢʘʨôʻʨʘʭ ̒

ʘʢʪʫʘʣʴʥʦʶ ʯʝʨʝʟ ʾʾ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʛʨʝʩ, 

ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ ʪʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʟʘʣʽʟʦʨʫʜʥʦʾ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʮʽʡ ʛʘʣʫʟʽ ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. 
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ʋɼʂ 622.233:551.49 

 

ʐʫʤʦʚ ɸ.ʉ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 185 ʅʘʬʪʦʛʘʟʦʚʘ ʽʥʞʝʥʝʨʽʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʉʫʜʘʢʦʚ ɸ.ʂ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʥʘʬʪʦʛʘʟʦʚʦʾ 

ʽʥʞʝʥʝʨʽʾ ʪʘ ʙʫʨʽʥʥʷ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʅʆɺɯ ʈɯʐɽʅʅʗ ʇʆ ɺʀɻʆʊʆɺʃɽʅʅʖ ɹʃʆʏʅʀʍ ɻʈɸɺɯʁʅʀʍ ʌɯʃʔʊʈɯɺ 

 

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʣʦʯʥʠʭ ʛʨʘʚʽʡʥʠʭ 

ʬʽʣʴʪʨʽʚ ʚʠʥʘʭʽʜʥʠʢʠ ʧʨʦʧʦʥʫʶʪʴ ʥʦʚʝ ʨʽʰʝʥʥʷ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʨʠʨʦʜʥʦʛʦ ʚôʷʞʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ï ʜʠʩʘʭʘʨʠʜʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʦʨʽʻʥʪʦʚʘʥʘ 

ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʙʣʦʢʦʚʠʭ ʛʨʘʚʽʡʥʠʭ ʬʽʣʴʪʨʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʧʨʘʮʶʚʘʪʠ ʫ ʚʦʜʥʠʭ ʪʘ ʥʘʬʪʦʚʠʭ 

ʩʚʝʨʜʣʦʚʠʥʘʭ, ʤʽʥʽʤʽʟʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɺʨʘʭʦʚʫʶʯʠ 

ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʪʝʭʥʦʛʝʥʥʽ ʚʠʢʣʠʢʠ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʠʭ ʙʫʨʦʚʠʭ ʨʦʙʽʪ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ 

ʥʦʚʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ ʙʫʨʽʥʥʷ ʥʘ ʛʣʠʙʠʥʘʭ ʧʦʥʘʜ 200 

ʤʝʪʨʽʚ, ʘ ʪʘʢʦʞ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʽʣʴʪʨʽʚ, ʟʜʘʪʥʠʭ ʧʨʘʮʶʚʘʪʠ ʥʘ ʨʽʟʥʠʭ ʪʠʧʘʭ ˇʨʫʥʪʽʚ ʽ 

ʧʦʨʽʜ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʣʦʯʥʠʭ 

ʛʨʘʚʽʡʥʠʭ ʬʽʣʴʪʨʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʥʘ ʟʥʘʯʥʠʭ ʛʣʠʙʠʥʘʭ ʽ ʚʽʜʧʦʚʽʜʘʪʠ 

ʚʠʤʦʛʘʤ ʱʦʜʦ ʙʝʟʧʝʢʠ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʯʠʩʪʦʪʠ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʜʠʩʘʭʘʨʠʜʠ ʷʢ ʚôʷʞʫʯʽ ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʙʣʦʢʦʚʠʭ ʛʨʘʚʽʡʥʠʭ ʬʽʣʴʪʨʽʚ, ʘ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʾ ʾʭʥʴʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʋ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʘʭʘʨʠʜʽʚ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʤʽʮʥʽ ʪʘ ʝʬʝʢʪʠʚʥʽ ʙʣʦʯʥʽ ʛʨʘʚʽʡʥʽ ʬʽʣʴʪʨʠ. ʇʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʣʷʛʘʻ ʚ 

ʟʤʽʰʫʚʘʥʥʽ ʜʠʩʘʭʘʨʠʜʫ ʟ ʛʨʘʚʽʻʤ ʪʘ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʫʪʚʦʨʶʻʪʴʩʷ 

ʛʝʣʝʧʦʜʽʙʥʘ ʩʪʨʫʢʪʫʨʘ. ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʤʽʮʥʝ ʟôʻʜʥʘʥʥʷ ʛʨʘʚʽʡʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʻʜʠʥʠʡ 

ʤʦʥʦʣʽʪ. ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣ ʥʘʙʫʚʘʻ ʥʝʦʙʭʽʜʥʦʾ ʤʽʮʥʦʩʪʽ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ 

ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʙʣʦʢʦʚʠʭ ʛʨʘʚʽʡʥʠʭ ʬʽʣʴʪʨʘʭ. 

 ɿʛʽʜʥʦ ʟ ʧʨʦʚʝʜʝʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʤʠ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʣʦʢʠ ʥʘ ʦʩʥʦʚʽ 

ʜʠʩʘʭʘʨʠʜʽʚ ʤʘʶʪʴ ʥʝʦʙʭʽʜʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʜʦʩʪʘʪʥʽ ʜʣʷ ʚʠʪʨʠʤʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʪʘ ʦʙʣʘʰʪʫʚʘʥʥʽ ʩʚʝʨʜʣʦʚʠʥ. ʄʽʮʥʽʩʪʴ ʢʫʙʽʯʥʠʭ 

ʟʨʘʟʢʽʚ ʽʟ ʜʠʩʘʭʘʨʠʜʦʤ ʜʦʩʷʛʘʻ ʟʥʘʯʥʠʭ ʟʥʘʯʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʽ ʙʣʦʢʠ 

ʷʢ ʦʩʥʦʚʥʠʡ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʙʣʦʯʥʠʭ ʬʽʣʴʪʨʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʠʩʘʭʘʨʠʜʫ ʚ ʛʨʘʚʽʡʥʦʤʫ ʙʣʦʮʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ ʤʽʮʥʽʩʪʴ. ʆʧʪʠʤʘʣʴʥʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 

ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʤʽʮʥʦʩʪʽ ʚʠʷʚʠʣʘʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʠʩʘʭʘʨʠʜʫ ʥʘ ʨʽʚʥʽ 15%, ʱʦ ʨʦʙʠʪʴ 

ʤʘʪʝʨʽʘʣ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʥʝʚʝʣʠʢʠʭ ʛʣʠʙʠʥʘʭ. 

ʏʘʩ ʨʦʟʯʠʥʝʥʥʷ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ 

ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʣʦʯʥʠʭ ʛʨʘʚʽʡʥʠʭ ʬʽʣʴʪʨʽʚ ʻ ʰʚʠʜʢʽʩʪʴ 

ʨʦʟʯʠʥʝʥʥʷ ʚôʷʞʫʯʠʭ ʨʝʯʦʚʠʥ ʫ ʚʦʜʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʠʩʘʭʘʨʠʜ ʨʦʟʯʠʥʷʻʪʴʩʷ 

ʚʜʚʽʯʽ ʰʚʠʜʰʝ, ʥʽʞ ʽʥʰʽ ʨʦʟʯʠʥʥʽ ʚôʷʞʫʯʽ ʤʘʪʝʨʽʘʣʠ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʮʝʩ 

ʨʦʟʯʠʥʝʥʥʷ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʬʽʣʴʪʨʘ. ʊʘʢʘ ʦʩʦʙʣʠʚʽʩʪʴ ʻ ʩʫʪʪʻʚʦʶ ʧʝʨʝʚʘʛʦʶ, 

ʦʩʢʽʣʴʢʠ ʬʽʣʴʪʨʠ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʽʥʽʤʘʣʴʥʠʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʽ ʥʝ ʟʘʚʜʘʚʘʪʠ 

ʰʢʦʜʠ ʚʦʜʥʠʤ ʨʝʩʫʨʩʘʤ [1]. 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʚʧʣʠʚ ʥʘ ʛʣʠʙʠʥʫ ʩʚʝʨʜʣʦʚʠʥʠ 

ʈʦʟʨʘʭʫʥʢʠ ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʤʘʩʦʚʽʡ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʠʩʘʭʘʨʠʜʫ [2]: 

- 3% ð ʤʘʢʩʠʤʘʣʴʥʘ ʛʣʠʙʠʥʘ ʟʘʥʫʨʝʥʥʷ ʬʽʣʴʪʨʘ ʩʢʣʘʜʘʻ ʜʦ 10 ʤ; 

- 6% ð ʜʦ 18 ʤ; 

- 9% ð ʜʦ 25 ʤ; 

- 12% ð ʜʦ 43 ʤ; 
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- 15% ð ʜʦ 80 ʤ. 

ʎʽ ʧʘʨʘʤʝʪʨʠ ʚʠʟʥʘʯʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʙʣʦʯʥʠʭ ʛʨʘʚʽʡʥʠʭ ʬʽʣʴʪʨʽʚ 

ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʩʚʝʨʜʣʦʚʠʥʥʦʾ ʨʽʜʠʥʠ ʪʘ ʰʚʠʜʢʦʩʪʽ ʾʭʥʴʦʛʦ ʟʘʥʫʨʝʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʣʦʯʥʠʭ ʛʨʘʚʽʡʥʠʭ ʬʽʣʴʪʨʽʚ ʤʘʻ ʚʠʩʦʢʫ 

ʽʥʚʝʩʪʠʮʽʡʥʫ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʜʝʰʝʚʠʭ ʽ ʜʦʩʪʫʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʟʦʢʨʝʤʘ ʜʠʩʘʭʘʨʠʜʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʬʽʣʴʪʨʽʚ, 

ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʾ ʭʥʶ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʽ ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ. ʆʩʢʽʣʴʢʠ ʚʦʜʘ ʻ ʦʩʥʦʚʥʠʤ 

ʨʦʟʯʠʥʥʠʢʦʤ ʜʠʩʘʭʘʨʠʜʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʬʽʣʴʪʨʽʚ ʥʝ ʟʘʚʜʘʻ ʰʢʦʜʠ ʝʢʦʩʠʩʪʝʤʘʤ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʣʦʯʥʠʭ ʛʨʘʚʽʡʥʠʭ ʬʽʣʴʪʨʽʚ ʥʘ ʦʩʥʦʚʽ 

ʜʠʩʘʭʘʨʠʜʽʚ ʻ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʛʣʠʙʦʢʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ ʪʘ 

ʚʦʜʦʟʘʙʽʨʥʠʭ ʩʠʩʪʝʤʘʭ. ʇʨʦʪʝ ʚʦʥʘ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ. ɺʠʥʘʭʽʜʥʠʢʠ ʧʣʘʥʫʶʪʴ ʧʨʦʚʝʩʪʠ 

ʜʦʜʘʪʢʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʨʽʟʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʜʠʩʘʭʘʨʠʜʫ ʪʘ ʽʥʰʠʤʠ ʚôʷʞʫʯʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʣʦʯʥʠʭ ʬʽʣʴʪʨʽʚ. 

ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʣʦʯʥʠʭ ʛʨʘʚʽʡʥʠʭ ʬʽʣʴʪʨʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʠʩʘʭʘʨʠʜʽʚ ʻ ʥʦʚʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʦʙʣʘʰʪʫʚʘʥʥʷ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʚʝʣʠʢʠʭ ʛʣʠʙʠʥʘʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʬʽʣʴʪʨʘʮʽʾ ʚʦʜʠ, ʘ ʡ ʟʨʦʙʠʪʠ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʽʣʴʪʨʽʚ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʤ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʠʷʪʠʤʫʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʮʴʦʛʦ 

ʧʨʦʮʝʩʫ ʪʘ ʡʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʶ ʫ ʤʘʩʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʜʣʷ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʙʫʨʽʥʥʽ ʪʘ ʚʦʜʦʟʘʙʽʨʥʠʭ ʩʠʩʪʝʤʘʭ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɸ. Sudakov, H. Hapich, A. Shumov, L. Holub (2023). Overview of binding substances 

for manufacturing block gravel filters of hydrogeological wells. Tooling materials science, 26, 

49-57. DOI: 10.33839/2708-731ʍ-25-1-58-68 

2. ʉʫʜʘʢʦʚ ɸ.ʂ., ʐʫʤʦʚ ɸ.ʉ. (2024). ʊʝʭʥʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʫʢʨʫ ʪʘ ʮʫʢʨʦʚʠʭ 

ʚʽʜʭʦʜʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʣʦʢʦʚʠʭ ʛʨʘʚʽʡʥʠʭ ʬʽʣʴʪʨʽʚ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥè. 
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ʋɼʂ 621.9 

 

ɼʫʙʷʛʘ ɯ.ʆ., ʤʘʛʽʩʪʨ ʦʩʚʽʪʥʴʦ-ʥʘʫʢʦʚʦʾ ʧʨʦʛʨʘʤʠ çʅʘʩʢʨʽʟʥʠʡ ʽʥʞʠʥʽʨʠʥʛ 

ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘè 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɹʦʛʜʘʥʦʚ ʆ.ʆ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʡ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʆʇʊʀʄɯɿɸʎɯʗ ʈɽɾʀʄɯɺ ʊʆʏɯʅʅʗ ʇʆɺɽʈʍʅɯ ɺɸʃʋ  

ʅɸ ʊʆʂɸʈʅʆʄʋ ɺɽʈʉʊɸʊɯ ɿ ʏʇʂ ɿɸ ɼʆʇʆʄʆɻʆʖ 

ʄɸʊɽʄɸʊʀʏʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ 

 

ʆʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʜʣʷ ʚʝʨʩʪʘʪʽʚ ʟ ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʻ 

ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʩʫʯʘʩʥʦʛʦ ʤʝʪʘʣʦʦʙʨʦʙʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʎʝʡ ʧʨʦʮʝʩ ʩʧʨʷʤʦʚʘʥʠʡ 

ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ, ʧʨʦʜʦʚʞʝʥʥʷ 

ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʝʢʦʥʦʤʽʶ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʝʥʝʨʛʽʾ. ʅʘʷʚʥʽ ʤʝʪʦʜʠ 

ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʶʪʴ ʩʚʦʾ ʦʙʤʝʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʯʘʩʪʦ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʩʧʝʮʠʬʽʯʥʽ ʫʤʦʚʠ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ [1]. 

ʄʝʪʘ: ʈʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ 

ʨʽʟʘʥʥʷ ʧʨʠ ʪʦʯʽʥʥʽ ʧʦʚʝʨʭʥʽ ʚʘʣʫ (ʨʠʩ. 1) ʥʘ ʪʦʢʘʨʥʦʤʫ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɽʩʢʽʟ ʚʘʣʘ 

 

ɿʘʚʜʘʥʥʷ: 

1. ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ. 

2. ɺʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʦʙʤʝʞʝʥʴ ʜʣʷ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ. 

3. ʉʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʪʘ ʩʠʩʪʝʤʠ 

ʦʙʤʝʞʝʥʴ. 

4. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ MathCad ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʪʘ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʽ ʤʝʪʦʜʠ, ʷʢ 

ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

MathCad, ʣʦʛʘʨʠʬʤʫʚʘʥʥʷ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʫ ʣʽʥʽʡʥʽ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ: 

1. ʉʪʚʦʨʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ (ʨʠʩ. 2) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ 

ʨʽʟʘʥʥʷ ʧʨʠ ʪʦʯʽʥʥʽ ʧʦʚʝʨʭʥʽ ʚʘʣʫ ʜʦʚʞʠʥʦʶ 300 ʤʤ ʪʘ ʜʽʘʤʝʪʨʦʤ 100 ʤʤ. 

2. ɺʩʪʘʥʦʚʣʝʥʦ ʪʝʭʥʽʯʥʽ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ, 

ʧʦʪʫʞʥʽʩʪʴ ʚʝʨʩʪʘʪʘ, ʤʽʮʥʽʩʪʴ ʤʝʭʘʥʽʟʤʫ ʧʦʜʘʯʽ ʪʘ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ [2, 3]. 

3. ʆʪʨʠʤʘʥʦ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʜʘʯʽ ʪʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ ʰʧʠʥʜʝʣʷ ʜʣʷ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʴ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ (Ra = 25, 12,5, 6,3, 3,2 ʤʢʤ) (ʨʠʩ. 3). 
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ʈʠʩʫʥʦʢ 2 ï ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʜʘʯʽ ʚʽʜ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ. ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʚʠʟʥʘʯʘʪʠ 

ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʨʽʟʘʥʥʷ ʜʣʷ ʟʘʜʘʥʠʭ ʫʤʦʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ MathCad ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʦʪʨʠʤʫʚʘʪʠ 

ʨʝʟʫʣʴʪʘʪʠ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɼʽʜʠʢ ʈ.ʇ. ʈʦʟʨʘʭʫʥʢʦʚʽ ʦʧʝʨʘʮʽʾ ʨʝʞʠʤʽʚ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ: 

ʪʦʯʽʥʥʷ, ʩʚʝʨʜʣʽʥʥʷ, ʟʝʥʢʝʨʫʚʘʥʥʷ, ʨʦʟʛʦʨʪʘʥʥʷ: ʥʘʚʯ. ʧʦʩʽʙ. / ʈ.ʇ. ɼʽʜʠʢ, ɺ.ɺ. ɿʽʣʴ, ʉ.ʊ. 

ʇʘʮʝʨʘ. ī ɼ.: çʅʘʮʽʦʥʘʣʴʥʠʡ ʛʽʨʥʠʯʠʡ ʫʥʽʚʝʨʩʠʪʝʪè, 2013. ī 196 ʩ. 

2. ʇʘʚʣʝʥʢʦ ʇ.ʄ. ʆʩʥʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʽ ʧʨʦʮʝʩʽʚ: ʥʘʚʯ. 

ʧʦʩʽʙ. ï ʂ.: ʂʥʠʞʢʦʚʝ ʚʠʜ-ʚʦ ʅɸʋ, 2014. ī 274 ʩ. 

3. ʆʧʪʠʤʽʟʘʮʽʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʪʽʣ ʦʙʝʨʪʘʥʥʷ : ʤʦʥʦʛʨʘʬʽʷ / ɺ.ɭ. ʂʘʨʧʫʩʴ, ʆ.ɺ. 

ʂʦʪʣʷʨ, ɺ.ʆ. ɯʚʘʥʦʚ.; ʟʘ ʨʝʜ. ɺ.ɭ. ʂʘʨʧʫʩʷ. ï ʍʘʨʢʽʚ : ʅʊʄʊ, 2012. ï 296 ʩ. 

ʋɼʂ 621.9.014 
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ʍʘʨʶʢ ʉ.ɺ., ʤʘʛʽʩʪʨ ʦʩʚʽʪʥʴʦ-ʥʘʫʢʦʚʦʾ ʧʨʦʛʨʘʤʠ çʅʘʩʢʨʽʟʥʠʡ ʽʥʞʠʥʽʨʠʥʛ 

ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘè 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɹʦʛʜʘʥʦʚ ʆ.ʆ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʡ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʆʇʊʀʄɯɿɸʎɯʗ ʈɽɾʀʄɯɺ ʉɺɽʈɼʃɽʅʅʗ ʆʊɺʆʈɯɺ 

ɿ ʋʈɸʍʋɺɸʅʅʗʄ ɺʃɸʉʊʀɺʆʉʊɽʁ ɯʅʉʊʈʋʄɽʅʊʋ 

 

ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʤʝʪʘʣʦʦʙʨʦʙʢʠ ʩʪʘʚʣʷʪʴ ʧʝʨʝʜ ʧʨʦʤʠʩʣʦʚʽʩʪʶ 

ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʉʚʝʨʜʣʝʥʥʷ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʤʝʪʦʜʽʚ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, 

ʷʢʠʡ ʚʠʤʘʛʘʻ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʧʨʘʚʠʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʚʝʨʜʣʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʟʤʝʥʰʫʻ ʯʘʩ 

ʦʙʨʦʙʢʠ, ʘʣʝ ʡ ʧʨʦʜʦʚʞʫʻ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʤʘʻ ʟʥʘʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ 

ʝʬʝʢʪ [1]. 

ʄʝʪʘ: ʈʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ 

ʩʚʝʨʜʣʝʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʦʪʚʦʨʽʚ (ʨʠʩ. 1) ʥʘ ʩʚʝʨʜʣʠʣʴʥʦʤʫ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ. 

 
ʈʠʩʫʥʦʢ 1 ï ɽʩʢʽʟ ʦʪʚʦʨʫ 

ɿʘʚʜʘʥʥʷ: 

1. ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʩʚʝʨʜʣʝʥʥʷ. 

2. ɺʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʦʙʤʝʞʝʥʴ ʜʣʷ ʧʨʦʮʝʩʫ ʩʚʝʨʜʣʝʥʥʷ. 

3. ʉʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

MathCad ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʪʘ ʩʠʩʪʝʤʠ ʦʙʤʝʞʝʥʴ. 

4. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʫ ʩʚʝʨʜʣʘ ʥʘ ʨʝʞʠʤʠ 

ʩʚʝʨʜʣʝʥʥʷ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʽ ʤʝʪʦʜʠ: 

- ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʩʚʝʨʜʣʝʥʥʷ; 

- ʣʦʛʘʨʠʬʤʫʚʘʥʥʷ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʫ ʣʽʥʽʡʥʽ; 

- ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

MathCad; 

- ʧʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʘʨʘʤʝʪʨʽʚ ʩʚʝʨʜʣʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʘʪʝʨʽʘʣʽʚ 

ʩʚʝʨʜʣʘ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

1. ɹʫʣʘ ʩʪʚʦʨʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ 

ʩʚʝʨʜʣʝʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʦʪʚʦʨʽʚ ʜʦʚʞʠʥʦʶ 20 ʤʤ ʪʘ ʜʽʘʤʝʪʨʦʤ 12,5 ʤʤ. 

2. ɺʩʪʘʥʦʚʣʝʥʦ ʪʝʭʥʽʯʥʽ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʩʚʝʨʜʣʘ, ʧʦʪʫʞʥʽʩʪʴ 

ʚʝʨʩʪʘʪʘ, ʤʽʮʥʽʩʪʴ ʤʝʭʘʥʽʟʤʫ ʧʦʜʘʯʽ ʪʘ ʞʦʨʩʪʢʽʩʪʴ ʩʚʝʨʜʣʘ [2, 3]. 

3. ʆʪʨʠʤʘʥʦ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʦʜʘʯʽ ʪʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ ʰʧʠʥʜʝʣʷ ʜʣʷ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʴ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʫ ʩʚʝʨʜʣʘ. 
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ʈʠʩʫʥʦʢ 2 ï ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʜʘʯʽ ʪʘ ʦʩʥʦʚʥʦʛʦ ʯʘʩʫ ʚʽʜ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ 

ʤʘʪʝʨʽʘʣʫ ʩʚʝʨʜʣʘ ʨʦʟʨʠʚʫ 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʩʚʝʨʜʣʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ: 

1. ʇʦʜʘʯʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ 

ʤʘʪʝʨʽʘʣʫ ʩʚʝʨʜʣʘ. 

2. ɿʤʝʥʰʝʥʥʷ ʧʦʜʘʯʽ ʪʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʽʚ ʰʧʠʥʜʝʣʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʦʩʥʦʚʥʦʛʦ ʯʘʩʫ ʦʙʨʦʙʢʠ, ʘʣʝ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʰʫ ʨʦʙʦʪʫ ʽʥʩʪʨʫʤʝʥʪʫ. 

3. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʻ ʛʥʫʯʢʦʶ ʪʘ ʤʦʞʝ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʘ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʜʝʪʘʣʝʡ ʪʘ ʫʤʦʚ ʦʙʨʦʙʢʠ. 

4. ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʚôʷʟʘʥʽ ʟ ʨʦʟʰʠʨʝʥʥʷʤ ʤʦʜʝʣʽ ʜʣʷ ʽʥʰʠʭ 

ʚʠʜʽʚ ʦʙʨʦʙʢʠ ʪʘ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʘʪʝʨʽʘʣʽʚ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɼʽʜʠʢ ʈ.ʇ. ʈʦʟʨʘʭʫʥʢʦʚʽ ʦʧʝʨʘʮʽʾ ʨʝʞʠʤʽʚ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ: 

ʪʦʯʽʥʥʷ, ʩʚʝʨʜʣʽʥʥʷ, ʟʝʥʢʝʨʫʚʘʥʥʷ, ʨʦʟʛʦʨʪʘʥʥʷ: ʥʘʚʯ. ʧʦʩʽʙ. / ʈ.ʇ. ɼʽʜʠʢ, ɺ.ɺ. ɿʽʣʴ, ʉ.ʊ. 

ʇʘʮʝʨʘ. ī ɼ.: çʅʘʮʽʦʥʘʣʴʥʠʡ ʛʽʨʥʠʯʠʡ ʫʥʽʚʝʨʩʠʪʝʪè, 2013. ī 196 ʩ. 

2. ʇʘʚʣʝʥʢʦ ʇ.ʄ. ʆʩʥʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʽ ʧʨʦʮʝʩʽʚ: ʥʘʚʯ. 

ʧʦʩʽʙ. ï ʂ.: ʂʥʠʞʢʦʚʝ ʚʠʜ-ʚʦ ʅɸʋ, 2014. ī 274 ʩ. 

3. ʆʧʪʠʤʽʟʘʮʽʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʪʽʣ ʦʙʝʨʪʘʥʥʷ : ʤʦʥʦʛʨʘʬʽʷ / ɺ.ɭ. ʂʘʨʧʫʩʴ, ʆ.ɺ. 

ʂʦʪʣʷʨ, ɺ.ʆ. ɯʚʘʥʦʚ.; ʟʘ ʨʝʜ. ɺ.ɭ. ʂʘʨʧʫʩʷ. ï ʍʘʨʢʽʚ : ʅʊʄʊ, 2012. ï 296 ʩ.  
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ɸʢʫʣʽʥʽʥ ɼ.ʈ., ʩʪʫʜʝʥʪ ʛʨʫʧʠ 133-23-1 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʈʫʙʘʥ ɺ.ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʊʄɹʄɿ, ʐʢʫʪ ɸ.ʇ., Ph.D, 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ɯɼʄɹ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʇʈʆɻʈɸʄʀ PYTHON ʇʈʀ ʈɯʐɽʅʅɯ  

ɯʅɾɽʅɽʈʅʀʍ ɿɸɼɸʏ 

 

ʈʦʟʧʦʚʩʶʜʞʝʥʘ ʟʘʜʘʯʘ ʧʨʠ ʚʠʨʽʰʝʥʽ ʧʠʪʘʥ ɹ ʟ ʜʠʩʮʠʧʣʽʥʠ ñɺʟʘʻʤʦʟʘʤʽʥʥʽʩʪʴ, 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʷ ʪʘ ʪʝʭʥʽʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷò (ɺʉʊɺ) ʻ ʧʦʙʫʜʦʚʘ ʛʨʘʬʽʢʽʚ ʥʘ ʦʩʥʦʚʽ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ. ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʦʨʦʥʥʻ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʧʨʠʢʣʘʜ: SolidWorks [1], AutoCAD [2], ʘʣʝ ʽʥʦʜʽ ʙʫʚʘʶʪʴ ʚʠʧʘʜʢʠ ʢʦʣʠ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝ ʚʠʩʪʘʯʘʻ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʚʫʟʴʢʦʛʦ ʧʨʦʬʽʣʶ  ʟʘʜʘʯ. ʋ ʮʽʡ ʩʪʘʪʪʽ ʙʫʜʝ 

ʨʦʟʛʣʷʥʫʪʦ ʧʽʜʭʽʜ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ ʟ ʥʘʚʝʜʝʥʠʤ ʧʨʠʢʣʘʜʦʤ. 

ɿʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʙʫʣʦ ʥʘʧʠʩʘʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʚʦʶ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python [3]. ʇʣʶʩʘʤʠ ʤʦʚʠ Python ʻ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʽʩʪʴ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʧʦʪʨʝʙʠ ʚ ʢʦʤʧʽʣʷʮʽʾ ʪʘ ʟʨʫʯʥʠʡ ʩʠʥʪʘʢʩʠʩ. ʎʷ ʧʨʦʛʨʘʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʪʦʨʦʥʥʽ 

ʙʽʙʣʽʦʪʝʢʠ, ʪʘʢʽ ʷʢ NumPy [4] ʪʘ OpenCV [5]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʽʚ ʜʦʧʫʩʢʽʚ ʚʽʜʧʦʚʽʜʥʦ ʥʦʤʽʥʘʣʴʥʦʛʦ ʜʽʘʤʝʪʨʘ, ʩʠʩʪʝʤʠ ʧʦʩʘʜʦʢ 

ʽ ʢʚʘʣʽʪʝʪʫ ʟʘ ɼʉʊʋ ISO 286-2:2002 [6]. ʦʪʨʠʤʘʥʦ ʛʨʘʬʽʢ, ʷʢʠʡ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʦʣʽʚ ʜʦʧʫʩʢʽʚ ʚʘʣʽʚ ʧʨʠ ʦʩʥʦʚʥʦʤʫ ʦʪʚʦʨʽ ʜʣʷ ʜʽʘʤʝʪʨʫ 8 ʤʤ, 

5-ʛʦ ʢʚʘʣʽʪʝʪʫ 
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ʉʭʝʤʘ ʧʦʣʽʚ ʜʦʧʫʩʢʽʚ ʚʘʣʽʚ ʧʨʠ ʦʩʥʦʚʥʦʤʫ ʦʪʚʦʨʽ ʜʣʷ ʜʽʘʤʝʪʨʫ 8 ʤʤ, 5-ʛʦ ʢʚʘʣʽʪʝʪʫ 

ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʦʚʥʽʩʪʶ ʚʣʘʩʥʦ ʨʦʟʨʦʙʣʝʥʦʶ ʧʨʦʛʨʘʤʦʶ. ɼʣʷ ʮʴʦʛʦ ʣʠʰʝ ʙʫʣʦ ʧʦʪʨʽʙʥʦ 

ʚʝʩʪʠ ʚʭʽʜʥʽ ʜʘʥʥʽ ʜʦ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʫ ʟʘ ʧʨʠʢʣʘʜʦʤ, ʷʢ ʥʘ ʨʠʩʫʥʢʫ 2. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɻʨʘʥʠʯʥʽ ʚʽʜʭʠʣʠ ʦʪʚʦʨʫ ʽ ʚʘʣʽʚ 

 

ʉʧʦʯʘʪʢʫ ʧʨʦʛʨʘʤʘ ʩʦʨʪʫʻ ʜʘʥʽ ʫ ʩʣʦʚʥʠʢ. ʇʦʪʽʤ ʚʠʢʦʥʫʻʪʴʩʷ ʰʪʨʠʭʫʚʘʥʥʷ ʪʘ 

ʧʽʜʧʠʩ ʦʩʝʡ (0 ð ʚʽʜʤʽʪʢʠ ʪʘ "ʂʚʘʣʽʪʝʪ"). ɼʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʦʣʦʚʥʘ ʧʨʦʨʠʩʦʚʢʘ 

ʜʦʧʫʩʢʽʚ, ʚʨʘʭʦʚʫʶʯʠ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽ ʤʘʩʰʪʘʙ, ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʥʘʢʣʘʜʘʥʥʷʤ ʥʘ 

ʧʦʧʝʨʝʜʥʻ ʟʦʙʨʘʞʝʥʥʷ (ʰʪʨʠʭʫʚʘʥʥʷ ʪʘ ʦʩʽ). ʅʘʧʨʠʢʽʥʮʽ ʟʦʙʨʘʞʝʥʥʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ 

ʦʢʨʝʤʠʡ ʬʘʡʣ. 

ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʤʝʪʦʜ ʧʦʙʫʜʫʚʘʥʥʷ ʩʭʝʤʠ ʧʦʣʽʚ ʜʦʧʫʩʢʽʚ 

ʚʘʣʽʚ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʦʪʚʦʨʫ ʟʘʜʘʥʦʛʦ ʜʽʘʤʝʪʨʫ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɯʥʞʝʥʝʨʥʘ ʛʨʘʬʽʢʘ ʚ SolidWorks: ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ/ ʉ.ɯ. ʇʫʩʪʶʣʴʛʘ, ɺ.ʈ. 

ʉʘʤʦʩʪʷʥ, ʖ.ɺ. ʂʣʘʢ ï ʃʫʮʴʢ: ɺʝʞʘ, 2018. ï 172 ʩ. 

2. What is Autodesk AutoCAD? [ʝʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ], URL: 

https://www.autodesk.com/products/autocad/overview?_ga=2.243587779.77975839.1741866

546-1474189882.1741866544 

3. Welcome to Python.org [ʝʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ], URL: https://www.python.org 

4. NumPy [ʝʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ], URL: https://numpy.org 

5. OpenCV is the world's biggest computer vision library. [ʝʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ], URL: 

https://opencv.org 

6. ɼʉʊʋ ISO 286-2-2002 ɼʦʧʫʩʢʠ ʽ ʧʦʩʘʜʢʠ ʟʘ ʩʠʩʪʝʤʦʶ ISO. ʏʘʩʪʠʥʘ 2. ʊʘʙʣʠʮʽ 
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ʋɼʂ 629.3 

 

ɼʫʜʢʦ ɸ.ʖ. ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 274 ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʈʘʟʙʦʡʥʽʢʦʚ ʆ.ʆ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ) 

 

ʉʋʏɸʉʅɯ ɿɸʈʗɼʅɯ ʂʆʅɽʂʊʆʈʀ ʊɸ ʆʉʆɹʃʀɺʆʉʊɯ ɿɸʈʗɼɾɸʅʅʗ 

ɽʃɽʂʊʈʆʄʆɹɯʃɯɺ ʋ ɿʀʄʆɺʀʁ ʇɽʈɯʆɼ 

 

ɽʣʝʢʪʨʦʤʦʙʽʣʽ ʚʩʝ ʯʘʩʪʽʰʝ ʟôʷʚʣʷʶʪʴʩʷ ʥʘ ʜʦʨʦʛʘʭ ʋʢʨʘʾʥʠ ʪʘ ʩʚʽʪʫ ʽ ʚʦʯʝʚʠʜʴ ʚʦʥʠ 

ʻ ʘʚʪʦʤʦʙʽʣʷʤʠ ʤʘʡʙʫʪʥʴʦʛʦ. ɽʣʝʢʪʨʦʤʦʙʽʣʴ ï ʮʝ ʟʘʛʘʣʴʥʠʡ ʪʝʨʤʽʥ ʜʣʷ ʨʽʟʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʽ ʨʫʭʘʶʪʴʩʷ ʟʘʚʜʷʢʠ ʘʢʫʤʫʣʷʪʦʨʥʠʤ ʙʘʪʘʨʝʷʤ [1]. ɼʣʷ ʟʘʨʷʜʞʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʠʭ ʙʘʪʘʨʝʡ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʥʝʢʪʦʨʠ. ʂʦʥʝʢʪʦʨ ï ʮʝ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ ʨʦʟô̒ ʤʥʦʛʦ ʟô̒ ʜʥʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ. ɿʘʨʷʜʥʽ 

ʢʦʥʝʢʪʦʨʠ  ̒ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ 

ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʙʝʟʧʝʢʫ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ [2]. ɺʽʜʦʤʠʡ ʷʢ çJ-plugè ʢʦʥʝʢʪʦʨ J1772 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʨʷʜʢʠ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʜʦ 240 ɺ (ʽʥʦʜʽ ʥʘʟʠʚʘʻʪʴʩʷ çLevel 2è). 

J1772 ʥʝʩʫʤʽʩʥʠʡ ʟ ʰʚʠʜʢʦʶ ʟʘʨʷʜʢʦʶ, ʘʣʝ ʚ ʮʽʣʦʤʫ ʜʦʩʠʪʴ ʧʦʧʫʣʷʨʥʠʡ. ʅʘʧʨʠʢʣʘʜ, 

ʪʘʢʠʡ ʢʦʥʝʢʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʟʘʨʷʜʢʠ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ Nissan Leaf. ʂʦʥʝʢʪʦʨ ʪʠʧʫ 

CCS (Combined Charging System)  ̒ʚʽʜʛʘʣʫʞʝʥʥʷʤ J1772. ɺʽʥ ʧʦʻʜʥʫʻ ʟʘʨʷʜʢʫ ʟʤʽʥʥʠʤ 

(AC)  ̔ ʧʦʩʪʽʡʥʠʤ (DC) ʩʪʨʫʤʦʤ ʚ ʦʜʥʦʤʫ ʨʦʟôʻʤʽ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʠʤʠ 

ʘʚʪʦʚʠʨʦʙʥʠʢʘʤʠ, ̫ ʢ Volkswagen, BMW, Ford, Mercedes-Benz ʪʘ ̔ ʥʰʽ. Mennekes (ʘʙʦ IEC 

62196)  ̒ ʧʦʧʫʣʷʨʥʠʤ ʪʠʧʦʤ ʟʘʨʷʜʥʦʛʦ ʨʦʟôʻʤʫ ʫ ʻʚʨʦʧʝʡʩʴʢʠʭ ʚʠʨʦʙʥʠʢʽʚ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʨʷʜʢʠ ʟʤʽʥʥʠʤ ʩʪʨʫʤʦʤ. ʄʦʞʝ ʧʽʜʪʨʠʤʫʚʘʪʠ ʷʢ 

AC-ʟʘʨʷʜʢʫ, ʪʘʢ  ̔DC-ʟʘʨʷʜʢʫ ʧʨʠ ʽʥʪʝʛʨʘʮʽʾ ʟ CCS2. ʆʨʠʛʽʥʘʣʴʥʠʡ ʢʦʥʝʢʪʦʨ ʚʽʜ Tesla 

ʨʦʟʨʦʙʣʝʥʠʡ ʥʘ ʦʩʥʦʚʽ IEC 62196 Type 2. ʉʝʨʝʜ ʧʝʨʝʚʘʛ: ʚʠʩʦʢʘ ʧʦʪʫʞʥʽʩʪʴ ʟʘʨʷʜʢʠ ï 

ʧʽʜʪʨʠʤʫʻ ʜʦ 250 ʢɺʪ; ʧʨʦʩʪʦʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ï ʘʚʪʦʧʽʜʢʣʶʯʝʥʥʷ ʜʦ Supercharger ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʯʝʨʝʟ ʢʘʨʪʢʠ ʯʠ ʜʦʜʘʪʢʠ; ʚʽʜʩʫʪʥʽʩʪʴ ʦʢʨʝʤʠʭ ʢʦʥʪʘʢʪʽʚ ʜʣʷ 

AC/DC ï ʦʜʠʥ ʧʦʨʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ  ̔ ʜʣʷ ʟʤʽʥʥʦʛʦ,  ̔ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ 

ʩʧʨʦʱʫʻ ʢʦʥʩʪʨʫʢʮʽʶ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʚ ʬʽʨʤʦʚʽʡ ʤʝʨʝʞʽ ʟʘʨʷʜʦʢ Tesla 

Supercharger [2]. ɽʢʩʧʣʫʘʪʘʮʽʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʫ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʥʠʟʢʦʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʢʣʠʢʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʧʘʩ ʭʦʜʫ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʨʷʜʞʘʥʥʷ 

ʪʘ ʢʦʤʬʦʨʪ ʚʦʜʽʷ. ɺʦʜʥʦʯʘʩ, ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʪʝʨʤʦʨʝʛʫʣʶʚʘʥʥʷ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʥʝʛʘʪʠʚʥʽ ʝʬʝʢʪʠ ʭʦʣʦʜʥʦʛʦ ʢʣʽʤʘʪʫ [3]. 

ʋ ʭʦʣʦʜʥʠʭ ʫʤʦʚʘʭ ʧʨʦʮʝʩ ʟʘʨʷʜʢʠ ʤʦʞʝ ʩʧʦʚʽʣʴʥʶʚʘʪʠʩʷ, ʘ ʜʝʷʢʽ ʘʢʫʤʫʣʷʪʦʨʠ 

ʧʦʪʨʝʙʫʶʪʴ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʽʛʨʽʚʫ, ʱʦ ʜʦʜʘʪʢʦʚʦ ʚʠʪʨʘʯʘʻ ʝʥʝʨʛʽʶ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ 

ʥʘʧʨʷʤʽʚ ʫ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʻ ʝʬʝʢʪʠʚʥʝ ʪʝʨʤʦʨʝʛʫʣʶʚʘʥʥʷ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʟʘʨʷʜʞʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʟʘ ʨʽʟʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ [4]. 
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ʂʦʨʥʽʣʝʥʢʦ ʂ.ɯ. ʘʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʏʝʙʝʨʷʯʢʦ ʉ.ɯ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʪʘ 

ʮʠʚʽʣʴʥʦʾ ʙʝʟʧʝʢʠ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ɸʅɸʃɯɿ ɺɿɸɭʄʆɿɺôʗɿʂʋ ʄʆɾʃʀɺʆʉʊɯ ɽʂʆʅʆʄɯʏʅʆɻʆ ɿɼʆɹʋʊʂʋ ɯ 

ʅɽɹɽɿʇɽʂʀ ɺʊʈɸʊ ɾʀʊʊʗ ɯ ɿɼʆʈʆɺôʗ ʃʖɼɽʁ ʅɸ ʊʈɸʅʉʇʆʈʊɯ 

 

ʈʦʟʛʣʷʥʝʤʦ ʚʽʜʦʤʠʡ ʧʨʠʢʣʘʜ ʨʝʘʣʽʟʦʚʘʥʦʾ ʢʦʤʧʘʥʽʻʶ çGeneral Motorsè ʤʦʞʣʠʚʦʩʪʽ 

ʱʦʜʦ ʮʽʣʦʜʦʙʦʚʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽʩʥʫʶʯʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʧʫʩʢʫ çʜʝʰʝʚʠʭè ʤʘʨʦʢ ʘʚʪʦʤʦʙʽʣʽʚ. ʂʝʨʽʚʥʠʮʪʚʦ General Motors ʧʨʠʡʥʷʣʦ ʨʽʰʝʥʥʷ ï 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦ ʽʥʰʠʭ çʧʨʦʩʪʠʭè ʤʦʜʝʣʝʡ ʫ 

ʚʽʣʴʥʠʡ ʚʽʜ ʚʠʢʦʥʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʟʘʚʜʘʥʥʷ, ʯʘʩ. ʊʘʢ, ʟʚʠʚʘʣʘʩʴ ʽʜʝʷ ʉhevy 

Cobalt, ʷʢʫ ʫʩʧʽʰʥʦ ʨʝʘʣʽʟʫʚʘʣʠ ʫ 2005 ʨʦʮʽ. ʇʨʠ ʮʴʦʤʫ, ʝʢʦʥʦʤʽʷ ʯʘʩʫ ʪʘ ʬʽʥʘʥʩʦʚʽ 

ʦʙʤʝʞʝʥʥʷ ʧʨʠʟʚʝʣʠ ʜʦ ʪʦʛʦ, ʱʦ ʘʚʪʦʤʦʙʽʣʴ ʚʠʧʫʩʪʠʣʠ ʥʘ ʨʠʥʦʢ ʟ ʥʠʟʢʦʶ ʥʝʜʦʣʽʢʽʚ, ʷʢʽ 

ʚʘʨʪʫʚʘʣʠ ʞʠʪʪʷ ʜʝʷʢʽʡ ʢʽʣʴʢʦʩʪʽ ʚʦʜʽʾʚ ʪʘ ʧʘʩʘʞʠʨʽʚ. ɿʚʽʩʥʦ, ʧʨʠ ʟʙʦʨʮʽ ʮʴʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ ï ʧʠʪʘʥʥʷ, ʱʦʜʦ ʚʠʙʦʨʫ ʷʢʽʩʥʠʭ ʢʦʤʧʣʝʢʪʫʶʯʠʭ ʥʝ ʩʪʦʷʣʦ [1]. 

ɼʦʩʣʽʜʞʫʶʯʠ ʽʩʪʦʨʽʾ ʨʦʟʚʠʪʢʫ ʟʛʘʜʘʥʦʾ ʤʘʨʢʠ, ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʤʽʥʽʤʫʤ ʯʦʪʠʨʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʜʝʬʝʢʪʠ, ʷʢʽ ʧʨʠʟʚʝʣʠ ʜʦ ʚʽʜʢʣʠʢʘʥʥʷ ʚʞʝ ʧʨʦʜʘʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʤʦʜʝʨʥʽʟʘʮʽʾ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴ: ʚʽʜʤʦʚʫ ʧʽʜʩʠʣʶʚʘʯʘ ʢʝʨʤʘ ʥʘ ʥʠʟʴʢʠʭ ʦʙʦʨʦʪʘʭ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʧʨʦʙʣʝʤʠ ʽʟ ʟʘʤʢʦʤ ʟʘʧʘʣʶʚʘʥʥʷ, ʷʢʠʡ ʚʠʤʠʢʘʚʩʷ ʧʽʜ ʯʘʩ ʨʫʭʫ 

ʘʚʪʦʤʦʙʽʣʷ, ʧʨʦʙʣʝʤʠ ʟ ʧʨʦʪʽʢʘʥʥʷʤ ʧʘʣʠʚʥʦʛʦ ʙʘʢʫ ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʽʪʨʷ, 

ʥʝʜʦʣʽʢʠ ʜʠʟʘʡʥʫ ʧʨʦʩʪʦʨʫ ʚʦʜʽʷ, ʷʢʠʡ ʧʨʠ ʨʽʟʢʽʡ ʟʫʧʠʥʮʽ ʧʨʠʟʚʦʜʠʚ ʜʦ ʪʨʘʚʤ ʛʦʣʦʚʠ 

(ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1 ï ɺʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʤʦʞʣʠʚʦʩʪʷʤʠ ʮʽʣʦʜʦʙʦʚʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʜʝʰʝʚʣʝʥʥʷ ʤʘʨʢʠ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʰʝʚʠʭ ʢʦʤʧʣʝʢʪʫʶʯʠʭ ʪʘ 

ʧʦʷʚʦʶ ʥʝʙʝʟʧʝʢ, ʷʢʽ ʧʨʠʟʚʝʣʠ ʜʦ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ 

 

ɺʩʽ ʟʘʟʥʘʯʝʥʽ ʥʝʜʦʣʽʢʠ ʙʫʣʠ ʚʠʧʨʘʚʣʝʥʽ ʪʽʣʴʢʠ ʧʽʩʣʷ ʧʦʷʚʠ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʢʘʨʛ, 

ʘ ʽʥʦʜʽ ʡ ʧʽʩʣʷ ʚʪʨʘʪʠ ʞʠʪʪʷ ʣʶʜʝʡ. ʆʩʦʙʣʠʚʠʡ ʨʝʟʦʥʘʥʩ ʦʪʨʠʤʘʚ ʥʝʜʦʣʽʢ ʟʘʤʢʘ 

ʟʘʧʘʣʶʚʘʥʥʷ, ʯʝʨʝʟ ʷʢʠʡ ʙʫʣʦ ʦʬʽʮʽʡʥʦ ʟʘʬʽʢʩʦʚʘʥʦ 124 ʩʤʝʨʪʝʣʴʥʠʭ ʜʦʨʦʞʥʴʦ-

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜʠ [2], ʦʜʥʘʢ ʢʦʤʧʘʥʽʷ ʜʦ ʦʩʪʘʥʥʴʦʛʦ ʥʝ ʧʦʛʦʜʞʫʚʘʣʘʩʴ ʽʟ 

ʚʠʟʥʘʯʝʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʩʪʨʘʞʜʘʣʠʭ. ʈʦʟʛʦʣʦʩ ʮʽʻʾ ʩʧʨʘʚʠ ʚʽʜʙʫʚʩʷ ʞʫʨʥʘʣʽʩʪʘʤʠ, ʷʢʽ ʚ 

ʭʦʜʽ ʩʫʜʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟôʷʩʫʚʘʣʠ ʪʝ, ʱʦ ʽʥʞʝʥʝʨʠ ʱʝ ʧʨʠ ʨʦʟʨʦʙʮʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʧʘʨʪʽʾ ʘʚʪʦʤʦʙʽʣʷ ʟʥʘʣʠ ʧʨʦ ʧʨʦʙʣʝʤʫ ʽ ʥʘʚʽʪʴ ʧʨʦʧʦʥʫʚʘʣʠ ʾʾ ʚʠʨʽʰʝʥʥʷ, ʥʘʩʪʫʧʥʽʡ 

ʚʘʨʽʘʥʪʠ:  
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ʧʝʨʰʠʡ ï ʟʤʽʥʘ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʤʢʘ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʮʠʣʽʥʜʨʘ ʢʣʶʯʘ ʫ ʚʠʱʦʤʫ 

ʧʦʣʦʞʝʥʥʽ; 

ʜʨʫʛʠʡ ï ʧʦʜʦʚʞʝʥʥʷ ʩʪʦʧʦʨʥʦʛʦ ʧʣʫʥʞʝʨʘ ʚ ʟʘʤʢʫ ʟʘʧʘʣʶʚʘʥʥʷ; 

ʪʨʝʪʽʡ ï ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʙʨʝʣʦʢʘ ʜʣʷ ʢʣʶʯʘ, ʱʦʙ ʡʦʛʦ ʥʝ ʤʦʞʥʘ ʙʫʣʦ 

ʚʠʧʘʜʢʦʚʦ ʟʘʯʝʧʠʪʠ ʧʽʜ ʯʘʩ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦ (ʮʽʢʘʚʦ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʙʨʝʣʦʢʘ 

ʢʦhʪʫʚʘʣʦ 57 ʮʝʥʪʽʚ); 

ʯʝʪʚʝʨʪʠʡ ï ʟʤʽʥʘ ʟʘʤʢʘ ʟʘʧʘʣʶʚʘʥʥʷ ʥʘ ʢʥʦʧʢʫ ʟʘʧʘʣʶʚʘʥʥʷ. 

ʆʜʥʘʢ, ʚʩʽ ʧʨʦʧʦʟʠʮʽʾ ʙʫʣʠ ʚʽʜʭʠʣʝʥʽ, ʷʢ ʟʘʥʘʜʪʦ ʜʦʨʦʛʝ ʟʘʜʦʚʦʣʝʥʥʷ. ʍʦʯʘ, ʧʦʚʥʘ 

ʟʘʤʽʥʘ ʟʘʤʢʘ ʟʘʧʘʣʶʚʘʥʥʷ, ʷʢʠʡ ʢʦʰʪʫʻ ʚ ʩʝʨʝʜʥʴʦʤʫ 15 ʜʦʣʘʨʽʚ ʉʐɸ, ʚʘʨʪʫʚʘʣʘ ʙ 

ʢʦʤʧʘʥʽʾ ʚʩʴʦʛʦ ʜʦ 5 ʜʦʣʘʨʽʚ ʟʘ ʘʚʪʦʤʦʙʽʣʴ. ɭʜʠʥʝ, ʥʘ ʱʦ ʩʧʨʦʤʦʛʣʘʩʴ ʚʠʱʝ ʢʝʨʽʚʥʠʮʪʚʦ, 

ʪʘʢ ʮʝ ʥʘ ʜʦʟʚʽʣ ʚʠʧʫʩʢʫ ʙʶʣʝʪʝʥʷ, ʚ ʷʢʦʤʫ ʚʢʘʟʫʚʘʣʦʩʴ, ʱʦʜʦ ʟʘʙʦʨʦʥʠ ʜʦʜʘʚʘʥʥʷ ʜʦ 

ʢʣʶʯʘ ʜʦʜʘʪʢʦʚʠʭ ʙʨʝʣʦʢʽʚ, ʘ ʪʘʢʦʞ ʦʙʝʨʝʞʥʦʛʦ ʧʦʚʦʜʞʝʥʥʷ ʧʽʜ ʯʘʩ ʨʫʭʫ ʟ ʢʣʶʯʝʤ 

ʟʘʧʘʣʶʚʘʥʥʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʩʣʽʜʫʚʘʥʴ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ ʟʘ ʫʯʘʩʪʶ 

ʙʫʣʦ ʚʠʷʚʣʝʥʦ 124 ʩʤʝʨʪʝʣʴʥʽ ʚʠʧʘʜʢʠ. ʊʘʢʦʞ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ, 115 ʪʨʘʚʤ ʜʨʫʛʦʾ 

ʢʘʪʝʛʦʨʽʾ ʫ ʚʦʜʽʾʚ ʪʘ ʧʘʩʘʞʠʨʽʚ, ʷʢʽ ʦʪʨʠʤʘʣʠ ʯʝʨʝʟ ʟʘʟʥʘʯʝʥʠʡ ʥʝʜʦʣʽʢ. 

 

ʊʘʙʣʠʮʷ 1 

ɸʥʘʣʽʟ ʚʘʨʪʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʫʩʫʥʝʥʥʷ ʚʠʷʚʣʝʥʦʛʦ 

ʥʝʜʦʣʽʢʫ ʽʟ ʟʘʤʢʦʤ ʟʘʧʘʣʶʚʘʥʥʷ [3] 

ɿʘʭʽʜ ʧʦ 

ʟʥʠʞʝʥʥʶ 

ʨʠʟʠʢʫ, Nji 

ɺʠʪʨʘʪʠ ʥʘ 

ʟʘʧʦʙʽʞʥʽ ʽ 

ʟʘʭʠʩʥʽ 

ʟʘʭʦʜʠ, ʫ.ʦ. 

ʇʨʽʦʨʠʪʝʪ 

ʟʽ 

ʟʥʠʞʝʥʥʷ 

ʨʠʟʠʢʫ 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʭʦʜʽʚ ʜʣʷ 

ʟʥʠʞʝʥʥʷ 

ʨʠʟʠʢʽʚ, % 

ɿʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ 

ʨʝʘʣʽʟʘʮʽʾ 

ʟʘʧʦʙʽʞʥʦʛʦ 

ʟʘʭʦʜʫ ʥʘ 1,5 ʤʣʥ 

ʘʚʪʦ 

ɺʽʜʩʦʪʦʢ 

ʟʥʠʞʝʥʥʷ 

ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʟʜʦʙʫʪʢʫ, % 

N1 å100 2 85 150 ʤʣʥ 0,6 

N2 å25 3 70 37,5 ʤʣʥ 0,2 

N3 å50 5 30 75 ʤʣʥ 0,3 

N4 å250 1 95 375 ʤʣʥ 1,6 

N3+ N4 å400 4 60 600 ʤʣʥ 2,6 

*ʚʘʨʽʪʴ ʟʘʧʦʙʽʞʥʠʭ ʟʘʭʦʜʽʚ ʨʦʟʨʘʭʦʚʫʚʘʣʦʩʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ 1,5 ʤʣʥ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʢʽʣʴʢʽʩʪʴ ʚʠʟʥʘʯʘʣʘʩʴ ʽʟ ʦʬʽʮʽʡʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʽʜʢʣʠʢʘʥʥʷ 

ʜʣʷ ʚʠʧʨʘʚʣʝʥʥʷ ʥʝʜʦʣʽʢʽʚ ʚʠʟʥʘʯʥʠʭ ʩʫʜʦʚʠʤʠ ʨʽʰʝʥʥʷʤʠ ʫ ʉʐɸ. 

 

ɺ ʩʝʨʝʜʥʴʦʤʫ, ʢʦʤʧʝʥʩʘʮʽʷ ʨʦʜʠʥʘʤ ʧʦʪʝʨʧʽʣʠʭ ʟʘ ʦʜʥʦʛʦ ʧʦʩʪʨʘʞʜʘʣʦʛʦ 

ʩʪʘʥʦʚʠʣʘ 1 ʤʽʣʴʡʦʥ ʜʦʣʘʨʽʚ ʉʐɸ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʚʽʜʢʣʠʢʘʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ (1,5 ʤʣʥ ʰʪʫʢ) ï ʬʽʥʘʥʩʦʚʽ ʟʙʠʪʢʠ ʢʦʤʧʘʥʽʾ ʩʷʛʥʫʣʠ ʜʦ 2,7 ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ 

ʉʐɸ. ʗʢʱʦ ʨʦʟʨʘʭʦʚʘʥʫ ʩʫʤʫ ʧʦʨʽʚʥʷʪʠ ʟ ʦʪʨʠʤʘʥʠʤ ʧʨʠʙʫʪʢʦʤ ï 3 ʤʣʨʜ. $ (ʪʘʙʣ. 1) ʟʘ 

ʨʝʘʣʽʟʘʮʽʶ ʮʽʻʾ ʤʘʨʢʠ, ʪʦ ʙʘʯʠʤʦ, ʱʦ ʚʽʥ ʤʘʡʞʝ ʚʝʩʴ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʥʘ ʢʦʤʧʝʥʩʘʮʽʾ ʽ 

ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ. 
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ʋɼʂ 621.436.2 

 

ʂʦʨʥʽʣʝʥʢʦ ʂ.ɯ. ʘʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʉʜʚʠʞʢʦʚʘ ʆ.ʆ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʧʨʠʢʣʘʜʥʦʾ 

ʤʘʪʝʤʘʪʠʢʠ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ɾʀɺʃɽʅʅʗ ɺ ɼɺʀɻʋʅɯ 

ɺʅʋʊʈɯʐʅʔʆɻʆ ɿɻʆʈɸʅʅʗ ɻɯɹʈʀɼʅʆɰ ʉʀʃʆɺʆɰ ʋʉʊɸʅʆɺʂʀ 

 

ɻʽʙʨʠʜʥʽ ʘʚʪʦʤʦʙʽʣʽ ʤʘʶʪʴ ʜʚʘ ʪʠʧʠ ʜʚʠʛʫʥʽʚ: ʜʚʠʛʫʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ (ɼɺɿ) 

(ʥʘʧʨʠʢʣʘʜ, ʙʝʥʟʠʥʦʚʠʡ ʘʙʦ ʜʠʟʝʣʴʥʠʡ ʜʚʠʛʫʥ) ʪʘ ʝʣʝʢʪʨʠʯʥʠʡ ʜʚʠʛʫʥ. 

ʆʙʠʜʚʘ ʪʠʧʠ ʜʚʠʛʫʥʽʚ ʧʨʘʮʶʶʪʴ ʨʘʟʦʤ, ʘʣʝ ʟʘʣʝʞʥʦ ʚʽʜ ʨʷʜʫ ʬʘʢʪʦʨʽʚ ʤʦʞʫʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʦʢʨʝʤʦ ʘʙʦ ʦʜʥʦʯʘʩʥʦ [1]. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʽʙʨʠʜʥʦʾ 

ʝʥʝʨʛʦʫʩʪʘʥʦʚʢʠ, ʷʢʘ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʜʚʠʛʫʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ ʪʘ ʝʣʝʢʪʨʠʯʥʫ ʩʠʣʦʚʫ 

ʫʩʪʘʥʦʚʢʫ, ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʤʘʩʦʧʝʨʝʜʘʯʽ ʚ ʧʦʨʰʥʝʚʦʤʫ 

ʜʚʠʛʫʥʽ. 

ʆʩʥʦʚʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʻ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʽʥʦʢ, ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʽʚ, 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʘ ʢʽʥʝʪʠʢʘ ʛʦʨʽʥʥʷ. 

ʆʧʠʰʽʤʦ ʧʨʦʮʝʩʠ ʟʘʛʘʣʴʥʦʛʦ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʚ ʧʦʨʰʥʝʚʦʤʫ ʜʚʠʛʫʥʽ ʩʠʩʪʝʤʦʶ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʧʝʨʝʜʘʯʫ ʪʝʧʣʘ ʤʽʞ ʛʘʟʘʤʠ ʫ ʮʠʣʽʥʜʨʽ ʜʚʠʛʫʥʘ 

ʪʘ ʡʦʛʦ ʩʪʽʥʢʘʤʠ [2]. 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʙʘʣʘʥʩ ʜʣʷ ʛʘʟʽʚ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ [3]: 

 

άϽὧϽὝ ὗ̃ ̐̔̒ ὗ̋̄ ̏̑ ὗ̃ ̓̑, 

 

ʜʝ ά ï ʤʘʩʘ ʨʦʙʦʯʦʛʦ ʪʽʣʘ, ʧʘʣʠʚʥʦʾ ʩʫʤʽʰʽ, ʢʛ; ὧ ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ, 

ɼʞ/ʢʛĿÁC; Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʽʚ ʫ ʮʠʣʽʥʜʨʽ, ÁC; ὗ̃ ̐̔̒̋ ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʱʦ ʥʘʜʭʦʜʠʪʴ 

ʧʨʠ ʚʧʫʩʢʫ, ɼʞ; ὗ̄ ̏̑ ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʚʠʜʽʣʝʥʦʛʦ ʧʽʜ ʯʘʩ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ, ɼʞ; ὗ̃ ̓̑ ï 

ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʯʝʨʝʟ ʩʪʽʥʢʠ ʮʠʣʽʥʜʨʘ, ɼʞ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʟʘʛʘʣʴʥʦʛʦ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʫ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʘʭ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʩʠʩʪʝʤʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʥʝ ʪʽʣʴʢʠ ʧʝʨʝʜʘʯʫ ʪʝʧʣʘ ʯʝʨʝʟ ʩʪʽʥʢʠ, ʘ ʡ ʤʘʩʦʦʙʤʽʥ ʽʟ ʩʝʨʝʜʦʚʠʱʝʤ. 

ʅʘʧʨʠʢʣʘʜ, ʨʽʚʥʷʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʪʨʘʪ ʪʝʧʣʘ ʯʝʨʝʟ ʩʪʽʥʢʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ 

ʦʭʦʣʦʜʞʝʥʥʷ [3]: 

 

Ͻ
ὗ̄ ̏̑ὬϽὃϽὝ Ὕ ὯϽὝ Ὕ , 

 

ʜʝ Ὧ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʽʜ ʛʘʟʽʚ ʜʦ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ. 

ʇʨʠʧʫʩʪʠʤʦ,  ʤʘʪʨʠʯʥʝ ʨʽʚʥʷʥʥʷ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

ὢὸ ρ ὃὢὸ ὄὟὸ, 

 

ʜʝ ὢὸ ï ʚʝʢʪʦʨ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʚ ʤʦʤʝʥʪ ʯʘʩʫ (ὸ); ὃ ï ʤʘʪʨʠʮʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ, ʷʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʝʧʣʦʚʽ ʧʨʦʮʝʩʠ ʚ ʜʚʠʛʫʥʽ; ὄ ï ʤʘʪʨʠʮʷ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʧʦʪʦʢʠ ʚʽʜʥʦʚʣʝʥʦʛʦ ʪʝʧʣʘ ʪʘ ʽʥʰʽ ʟʦʚʥʽʰʥʽ ʧʘʨʘʤʝʪʨʠ; Ὗὸ ï ʚʝʢʪʦʨ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ, ʧʦʪʫʞʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʦʛʦ ʪʝʧʣʘ ʪʘ 

ʽʥʰʽ ʟʦʚʥʽʰʥʽ ʫʤʦʚʠ. 



ʉɽʂʎɯʗ ï ɸɺʊʆʄʆɹɯʃʔʅʀʁ ʊʈɸʅʉʇʆʈʊ 
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ʊʦʜʽ ʤʘʪʨʠʯʥʠʡ ʦʧʠʩ ʩʠʩʪʝʤʠ ʟʘʛʘʣʴʥʦʛʦ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ, ʪʦʙʪʦ ʚʝʢʪʦʨ ʩʪʘʥʫ 

ὢὸ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ [3]: 

 

ὢὸ

ụ
Ụ
Ụ
Ụ
ợ
Ὕ ὸ

Ὕ ὸ

ὗ̃ ̓ ὸ̑

Ὁ̃ ̨̅ὸ̎Ứ
ủ
ủ
ủ
Ủ

, 

 

ʜʝ Ὕ ὸ ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʙʦʯʦʛʦ ʪʽʣʘ (ʛʘʟʽʚ) ʫ ʮʠʣʽʥʜʨʽ ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ, ÁC; Ὕ ὸ ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʽʥʦʢ ʮʠʣʽʥʜʨʘ ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ, ÁC; ὗ̃ ̓ ὸ̑ ï ʢʽʣʴʢʽʩʪʴ ʚʪʨʘʪ ʪʝʧʣʘ ʯʝʨʝʟ 

ʩʪʽʥʢʠ, ÁC; Ὁ̃ ̨̅ὸ̎ ï ʢʽʣʴʢʽʩʪʴ ʚʽʜʥʦʚʣʝʥʦʛʦ ʪʝʧʣʘ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʜʣʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ, ÁC. 

ʄʘʪʨʠʯʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ 

ʚʠʛʣʷʜʘʻ ʪʘʢ: 
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ʜʝ Ὤ, Ὤ  ï ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʛʘʟʽʚ ʽ ʩʪʽʥʦʢ ʮʠʣʽʥʜʨʘ; ὃ , ὃ  ï ʧʣʦʱʽ 

ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʚʽʜʜʘʯʽ; ά, ὧ  ï ʤʘʩʘ ʛʘʟʽʚ ʽ ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ; ά , ὧ 

ï ʤʘʩʘ ʪʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʩʪʽʥʦʢ ʮʠʣʽʥʜʨʘ; – ï ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʧʣʘ; 
ὗ̄ ̏̑ ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʚʠʜʽʣʝʥʦʛʦ ʧʽʜ ʯʘʩ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ; ὗ̃ ̉̋̏̑ ï ʢʽʣʴʢʽʩʪʴ ʚʽʜʥʦʚʣʝʥʦʛʦ 

ʪʝʧʣʘ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʦʜʘʪʢʦʚʦʛʦ ʞʠʚʣʝʥʥʷ. 

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʚ ʧʦʨʰʥʝʚʦʤʫ ʜʚʠʛʫʥʽ ʪʘ 

ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚ (ʥʦʤʽʥʘʣʴʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ɼɺɿ, 

ʨʦʙʦʪʘ ʜʚʠʛʫʥʘ ʧʨʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʽ, ʨʦʙʦʪʘ ʜʚʠʛʫʥʘ ʧʨʠ ʟʥʠʞʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʽ 

ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ) ʥʘ ʧʨʦʮʝʩ ʟʘʛʘʣʴʥʦʛʦ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʚ ʧʦʨʰʥʝʚʦʤʫ ʜʚʠʛʫʥʽ 
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ʉɽʂʎɯʗ ï ɸɺʊʆʄʆɹɯʃʔʅʀʁ ʊʈɸʅʉʇʆʈʊ 
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ʃʠʩʝʥʢʦ ʆ.ʆ. ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 274 ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʉʽʯʢʦ ʆ.ɭ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʘʚʪʦʩʝʨʚʽʩʫ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ) 

 

ʈʆɿɺʀʊʆʂ ɽʃɽʂʊʈʀʏʅʆɻʆ ɸɺʊʆʄʆɹɯʃʔʅʆɻʆ ʊʈɸʅʉʇʆʈʊʋ ɺ ʋʂʈɸɰʅɯ: 

ɺʇʃʀɺ ɺʆɭʅʅʆɻʆ ʉʊɸʅʋ ʊɸ ɭɺʈʆʇɽʁʉʔʂʀʁ ʂʆʅʊɽʂʉʊ 

 

ɽʣʝʢʪʨʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʻ ʢʣʶʯʦʚʠʤ ʥʘʧʨʷʤʦʤ ʨʦʟʚʠʪʢʫ ʩʪʘʣʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʩʠʩʪʝʤ ʫ ʩʚʽʪʽ. ɺ ʫʤʦʚʘʭ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʢʣʠʢʽʚ, ʥʝʦʙʭʽʜʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ 

ʪʘ ʚʦʻʥʥʠʭ ʜʽʡ ʨʦʟʚʠʪʦʢ ʝʣʝʢʪʨʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʩʪʘʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ 

ʋʢʨʘʾʥʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʟʨʦʩʪʘʥʥʷ ʩʚʽʪʦʚʠʭ ʮʽʥ ʥʘ ʧʘʣʠʚʦ ʪʘ ʟʦʙʦʚôʷʟʘʥʥʷ ʱʦʜʦ ʩʢʦʨʦʯʝʥʥʷ 

ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʝʣʝʢʪʨʦʤʦʙʽʣʴʥʽʩʪʴ ʥʘʙʫʚʘʻ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʋʢʨʘʾʥʘ ʜʝʤʦʥʩʪʨʫʻ ʩʪʘʙʽʣʴʥʝ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ [1]-[5]. 

ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʩʧʨʠʷʶʪʴ ʮʴʦʤʫ, ʻ: 

- ʟʚʽʣʴʥʝʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʚʽʜ ʚʚʽʟʥʦʛʦ ʤʠʪʘ ʪʘ ʘʢʮʠʟʫ; 

- ʨʦʟʚʠʪʦʢ ʤʝʨʝʞʽ ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ; 

- ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ ʥʘʩʝʣʝʥʥʷ; 

- ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʪʨʘʜʠʮʽʡʥʝ ʧʘʣʠʚʦ; 

- ʧʦʧʫʣʷʨʠʟʘʮʽʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʩʝʨʝʜ ʛʨʦʤʘʜʷʥ ʪʘ ʧʽʜʧʨʠʻʤʩʪʚ. 

ʉʪʘʥʦʤ ʥʘ 2023 ʨʽʢ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʚ ʋʢʨʘʾʥʽ ʧʝʨʝʚʠʱʠʣʘ 60 ʪʠʩʷʯ 

ʦʜʠʥʠʮʴ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʠʡ ʧʦʧʠʪ ʪʘ ʧʦʟʠʪʠʚʥʫ ʜʠʥʘʤʽʢʫ. ɺʦʜʥʦʯʘʩ, ʚ ʋʢʨʘʾʥʽ 

ʜʦʤʽʥʫʶʪʴ ʚʞʠʚʘʥʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽ, ʧʝʨʝʚʘʞʥʦ ʽʤʧʦʨʪʦʚʘʥʽ ʟ ɭʉ ʪʘ ʉʐɸ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʧʦʪʨʝʙʫ ʫ ʨʦʟʚʠʪʢʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʈʦʩʽʡʩʴʢʘ ʘʛʨʝʩʽʷ ʪʘ ʚʚʝʜʝʥʥʷ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʚ ʋʢʨʘʾʥʽ ʤʘʣʠ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʪʘ ʝʥʝʨʛʝʪʠʯʥʫ ʩʠʩʪʝʤʫ ʢʨʘʾʥʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʨʦʟʚʠʪʦʢ 

ʝʣʝʢʪʨʦʤʦʙʽʣʴʥʦʩʪʽ ʥʝ ʟʫʧʠʥʠʚʩʷ. ʆʩʥʦʚʥʽ ʚʠʢʣʠʢʠ ʚʢʣʶʯʘʶʪʴ: 

- ʨʫʡʥʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʯʝʨʝʟ ʨʘʢʝʪʥʽ ʫʜʘʨʠ; 

- ʧʽʜʚʠʱʝʥʽ ʨʠʟʠʢʠ ʜʣʷ ʽʥʚʝʩʪʠʮʽʡ ʫ ʨʦʟʚʠʪʦʢ ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ; 

- ʟʥʠʞʝʥʥʷ ʢʫʧʽʚʝʣʴʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ; 

- ʣʦʛʽʩʪʠʯʥʽ ʧʨʦʙʣʝʤʠ ʽʤʧʦʨʪʫ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʪʘ ʢʦʤʧʣʝʢʪʫʶʯʠʭ; 

- ʦʙʤʝʞʝʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ ʫ ʧʨʠʬʨʦʥʪʦʚʠʭ ʟʦʥʘʭ. 

ʇʨʦʪʝ, ʥʘʚʽʪʴ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʟʠʪʠʚʥʘ ʜʠʥʘʤʽʢʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. ɺʦʜʥʦʯʘʩ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʡ ʽʥʪʝʨʝʩ ʜʦ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʠʭ 

ʨʽʰʝʥʴ, ʪʘʢʠʭ ʷʢ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ ʪʘ ʘʢʫʤʫʣʷʪʦʨʥʽ ʩʠʩʪʝʤʠ ʜʣʷ ʟʘʨʷʜʢʠ ʝʣʝʢʪʨʦʢʘʨʽʚ ʫ 

ʚʽʜʜʘʣʝʥʠʭ ʨʘʡʦʥʘʭ. 

ɭʚʨʦʧʝʡʩʴʢʠʡ ʉʦʶʟ ʘʢʪʠʚʥʦ ʧʽʜʪʨʠʤʫʻ ʨʦʟʚʠʪʦʢ ʝʣʝʢʪʨʦʤʦʙʽʣʴʥʦʩʪʽ ʯʝʨʝʟ ʨʽʟʥʽ 

ʧʨʦʛʨʘʤʠ ʪʘ ʽʥʽʮʽʘʪʠʚʠ. ɯʥʪʝʛʨʘʮʽʷ ʋʢʨʘʾʥʠ ʚ ʻʚʨʦʧʝʡʩʴʢʠʡ ʧʨʦʩʪʽʨ ʚʽʜʢʨʠʚʘʻ ʪʘʢʽ 

ʤʦʞʣʠʚʦʩʪʽ: 

- ʦʪʨʠʤʘʥʥʷ ʬʽʥʘʥʩʦʚʦʾ ʪʘ ʪʝʭʥʽʯʥʦʾ ʧʽʜʪʨʠʤʢʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; 

- ʩʧʽʚʧʨʘʮʷ ʫ ʩʬʝʨʽ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʦʢ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ; 

- ʛʘʨʤʦʥʽʟʘʮʽʷ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʪʘ ʩʪʘʥʜʘʨʪʽʚ ʟ ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʥʦʨʤʘʤʠ; 

- ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʛʨʘʤ ʩʪʠʤʫʣʶʚʘʥʥʷ ʧʝʨʝʭʦʜʫ ʥʘ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪ ʜʣʷ 
ʙʽʟʥʝʩʫ ʪʘ ʤʫʥʽʮʠʧʘʣʽʪʝʪʽʚ (ʨʠʩ. 1). 

ʊʘʢʦʞ ʚʘʞʣʠʚʦʶ ʻ ʨʦʣʴ ʋʢʨʘʾʥʠ ʫ ʚʠʨʦʙʥʠʯʠʭ ʣʘʥʮʶʛʘʭ ʝʣʝʢʪʨʦʤʦʙʽʣʴʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ɭʚʨʦʧʠ, ʟʦʢʨʝʤʘ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʷʚʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʟʘʣʫʯʝʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʽʥʚʝʩʪʦʨʽʚ ʩʧʨʠʷʪʠʤʝ 

ʨʦʟʚʠʪʢʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʤʝʨʝʞʽ ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ ʫ ɭʚʨʦʧʽ 

 

ɼʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚ ʋʢʨʘʾʥʽ ʥʝʦʙʭʽʜʥʽ ʪʘʢʽ 

ʟʘʭʦʜʠ: 

- ʨʦʟʰʠʨʝʥʥʷ ʜʝʨʞʘʚʥʠʭ ʧʨʦʛʨʘʤ ʩʪʠʤʫʣʶʚʘʥʥʷ (ʩʫʙʩʠʜʽʾ, ʧʦʜʘʪʢʦʚʽ ʧʽʣʴʛʠ); 

- ʩʪʚʦʨʝʥʥʷ ʨʦʟʚʠʥʝʥʦʾ ʤʝʨʝʞʽ ʰʚʠʜʢʽʩʥʠʭ ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ; 

- ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʥʦʨʤ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ; 

- ʧʦʧʫʣʷʨʠʟʘʮʽʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʩʝʨʝʜ ʥʘʩʝʣʝʥʥʷ ʯʝʨʝʟ ʽʥʬʦʨʤʘʮʽʡʥʽ ʢʘʤʧʘʥʽʾ; 

- ʟʘʣʫʯʝʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʽʥʚʝʩʪʦʨʽʚ ʪʘ ʚʠʨʦʙʥʠʢʽʚ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʜʦ ʩʧʽʚʧʨʘʮʽ ʟ 

ʋʢʨʘʾʥʦʶ. 

ʈʦʟʚʠʪʦʢ ʝʣʝʢʪʨʠʯʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚ ʋʢʨʘʾʥʽ ʤʘʻ ʟʥʘʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ, ʘʣʝ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʽ ʟʘʢʦʥʦʜʘʚʯʠʭ ʟʤʽʥ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʨʦʟʰʠʨʝʥʥʷ ʤʝʨʝʞʽ ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ, ʜʝʨʞʘʚʥʘ 

ʧʽʜʪʨʠʤʢʘ ʪʘ ʽʥʪʝʛʨʘʮʽʷ ʚ ʻʚʨʦʧʝʡʩʴʢʠʡ ʢʦʥʪʝʢʩʪ ʩʧʨʠʷʪʠʤʫʪʴ ʙʽʣʴʰ ʰʚʠʜʢʦʤʫ ʧʝʨʝʭʦʜʫ 

ʥʘ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪ ʽ ʧʦʢʨʘʱʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ʢʨʘʾʥʽ. ʆʢʨʽʤ ʪʦʛʦ, ʨʦʟʙʫʜʦʚʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʪʘ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʝ ʟʨʦʙʠʪʠ 

ʋʢʨʘʾʥʫ ʚʘʞʣʠʚʠʤ ʛʨʘʚʮʝʤ ʫ ʻʚʨʦʧʝʡʩʴʢʽʡ ʽʥʜʫʩʪʨʽʾ ʩʪʘʣʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 
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RESEARCH OF IMPACT VISCOSITY OF COMPOSITE MATERIALS  

 

The intensive development of transportation, energy, chemical and atomic engineering, 

shipbuilding, and aerospace technology imposes new requirements on structural materials. The 

quality of materials is ensured through thermal and thermomechanical treatments, alloying, and 

the application of protective coatings [1]. One of the promising ways to address the problem of 

improving the reliability and durability of machine structures and components operating under 

complex loading conditions could be the development of new layered metal composite 

materials (LMCMs), which allow for the formation of a structure with interlayer boundaries 

and provide properties in accordance with the operating conditions of the components [2]. 

LMCMs are produced by rolling and pressing, thermodiffusion welding, casting, deposition on 

one or several components' surfaces, etc. One of the methods characterized by high 

technological efficiency and cost-effectiveness is the production of LMCMs using explosion 

welding [3]. 

The aim of the work: To investigate the dependence of impact viscosity of layered 

composite materials on shock-wave loading. 

Composite material is a material consisting of two or more components and possessing 

new properties that differ from the sum of the properties of the constituent elements [2]. 

The following materials were chosen as starting materials for the production of layered 

composite materials: alloyed steel 12X18H10T and carbon steel 20 [4]-[5]. The steels had 

different structures (austenitic in steel 12X18H10T and ferrite-perlite in steel 20), as well as 

varying levels of strength and plasticity. 

Layered composite materials 12X18H10T + 20 were obtained by explosion welding 

under different welding parameters: plate velocity, contact point motion speed, collision angle, 

and pressure at the interface. LMCMs were obtained using welding modes No. 1, 2, and 3. 

As a result of explosion welding, all composite materials had wave-shaped interlayer 

boundaries. The length and amplitude of the waves were measured in the LMCMs. The 

variation among the measured values was within 10%. 

The properties and performance of composite products are largely determined by the 

compositionally heterogeneous interlayer bonding zone, the structure and properties of which 

are formed due to the melting of surface layers, their mixing, and diffusion of elements. In the 

bonding zone of materials obtained under welding mode 1, regular waves were formed. In the 

bonding zone of materials obtained under welding mode 2, regular waves were formed with 

slight vortexing at the crests. In the bonding zone of materials obtained under welding mode 3, 

large waves with pronounced vortexing at the crests were formed, and in certain areas, cast 

structure zones appeared. 

Explosion welding was accompanied by significant strengthening of the metals in the 

bonding zone. The degree of strengthening was calculated as the ratio of microhardness after 

explosion welding to the initial microhardness. The degree of strengthening of steel 

12X18H10T was 1.5 (welding mode No. 1), 1.6 (welding mode No. 2), and 1.7 (welding mode 

No. 3). For steel 20, the degree of strengthening was 1.6 (welding mode No. 1), 1.9 (welding 

mode No. 2), and 2.1 (welding mode No. 3). 

Impact viscosity is an important material characteristic that largely determines its 

susceptibility to brittle fracture. 
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Impact bending tests of layered samples with dimensions 10x10x55 mm and a Menag® 

notch (r = 0.25 mm) were conducted at a temperature of 20ÁC in accordance with DSTU ISO 

148-1:2022 on a pendulum impact testing machine with a maximum impact energy of 300 J 

[6]. In the composite materials, the notch was made in steel 12X18H10T. The bottom of the 

notch was located 4 mm away from the interlayer boundary. The fracture plane of the samples 

was perpendicular to the metal layer bonding plane. The test results are presented in Table 1. 

 

Table 1 

Impact viscosity of layered composites steel 12X18H10T + steel 20 

Material KCV, J/cm2 

Steel 12ʍ18ʅ10ʊ 215,0 

Steel 20 55,0 

Steel 12X18H10T + steel 20, welding mode 1 138,0é142,0 

Steel 12X18H10T + steel 20, welding mode 2 110,0é111,0 

Steel 12X18H10T + steel 20, welding mode 3 100,0 

 

As a result of the microhardness study in the joints of steel 12X18H10T + steel 20 welded 

under different modes, it was found that an increase in pressure at the detonation wave front 

leads to an increase in the degree of strengthening of the welded metals and the width of the 

hardened zone. 

The results of testing the composite materials 12X18H10T + 20, obtained by explosion 

welding, showed that the impact toughness of the bilayer composite materials occupies an 

intermediate position between the impact toughness values of steels 12X18H10T and 20. 

With an increase in explosion welding parameters, the impact toughness of the composite 

materials decreases. The composite materials welded under the 2nd and 3rd modes had impact 

toughness values 21% and 29% lower, respectively, compared to the composites welded under 

the 1st mode. 
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ʉʪʝʧʘʥʝʥʢʦ ɺ.ʆ. ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ ʧʦʞʝʞʥʦʾ ʽ ʪʝʭʥʦʛʝʥʥʦʾ ʙʝʟʧʝʢʠ ʦʙôʻʢʪʽʚ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʋʢʨʘʾʥʠ, ʤ. ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ) 

 

ɸʅɸʃɯɿ ʈʀɿʀʂɯɺ ʇʆɾɽɾʅʆɰ ɹɽɿʇɽʂʀ ʅɸ ɸɺʊʆʄʆɹɯʃʔʅʀʍ 

ʊʈɸʅʉʇʆʈʊʅʀʍ ɿɸʉʆɹɸʍ 

 

ʇʦʞʝʞʽ ʥʘ ʢʦʣʽʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʘʭ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʨʝʤʦʥʪʫ, ʚʥʘʩʣʽʜʦʢ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ ʽ ʧʽʜʧʘʣʽʚ, ʥʘ ʩʪʦʷʥʢʘʭ, ʧʽʜ ʯʘʩ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʦʚʠʭ ʟʨʘʟʢʽʚ ʽ ʤʦʜʝʣʝʡ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ɺʽʜʦʤʦ, ʱʦ ʥʘ 

ʚʝʣʠʯʠʥʫ ʥʘʩʣʽʜʢʽʚ ʚʽʜ ʧʦʞʝʞ (ʪʨʘʚʤʫʚʘʥʥʷ ʪʘ ʟʘʛʠʙʝʣʴ ʣʶʜʝʡ, ʤʘʪʝʨʽʘʣʴʥʽ ʟʙʠʪʢʠ) 

ʚʧʣʠʚʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʧʨʦʪʠʧʦʞʝʞʥʦʛʦ ʟʘʭʠʩʪʫ [1]. 

ʆʩʦʙʣʠʚʦʩʪʽ ʧʦʞʝʞʥʦʾ ʥʝʙʝʟʧʝʢʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʦʣʷʛʘʶʪʴ ʚ ʪʦʤʫ, ʱʦ 

ʚ ʦʙʤʝʞʝʥʠʭ ʦʙôʻʤʘʭ ʟʦʩʝʨʝʜʞʝʥʽ ʚʫʟʣʠ ʪʘ ʘʛʨʝʛʘʪʠ ʽʟ ʚʠʩʦʢʠʤʠ ʨʦʙʦʯʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʪʘ ʨʦʟʛʘʣʫʞʝʥʘ ʩʠʩʪʝʤʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʢʽʚ, ʷʢʽ ʫ ʚʠʧʘʜʢʫ ʥʝʩʧʨʘʚʥʦʩʪʽ 

ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʧʦʞʝʞʫ. ɼʣʷ ʚʠʥʠʢʥʝʥʥʷ ʧʦʞʝʞʽ ʥʝʦʙʭʽʜʥʠʡ ʜʦʩʠʪʴ ʧʦʪʫʞʥʠʡ 

ʪʝʧʣʦʚʠʡ ʽʤʧʫʣʴʩ, ʷʢʠʡ ʚʠʢʣʠʯʝ ʥʘʛʨʽʚʘʥʥʷ ʨʝʯʦʚʠʥʠ ʘʙʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʩʧʨʠʯʠʥʠʪʴ 

ʟʘʛʦʨʷʥʥʷ. ʊʘʢ ʷʢ ʤʘʡʞʝ ʢʦʞʥʘ ʜʨʫʛʘ ʧʦʞʝʞʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʦʚôʷʟʘʥʘ ʽʟ 

ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ [2]. ʉʫʯʘʩʥʽ ʘʚʪʦʤʦʙʽʣʽ ʦʙʣʘʜʥʘʥʽ ʩʠʩʪʝʤʘʤʠ ʜʽʘʛʥʦʩʪʠʢʠ, ʷʢʽ 

ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ ʧʦʪʝʥʮʽʡʥʽ ʧʨʦʙʣʝʤʠ ʱʝ ʜʦ ʾʭʥʴʦʛʦ ʚʠʥʠʢʥʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʜʘʪʯʠʢʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʠʩʢʫ ʤʦʞʫʪʴ ʩʠʛʥʘʣʽʟʫʚʘʪʠ ʚʦʜʽʶ ʧʨʦ ʥʝʥʦʨʤʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʞʠʪʠ ʟʘʭʦʜʽʚ ʜʦ ʪʦʛʦ, ʷʢ ʩʠʪʫʘʮʽʷ ʩʪʘʥʝ ʢʨʠʪʠʯʥʦʶ. 

ʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʢʣʶʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʘʶʪʴ ʚʦʛʥʝʩʪʽʡʢʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʥʝ ʣʠʰʝ ʢʫʟʦʚʘ ʘʚʪʦʤʦʙʽʣʷ, ʘʣʝ ʡ ʚʥʫʪʨʽʰʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʪʘʢʠʭ ʷʢ ʦʙʙʠʚʢʘ ʩʠʜʽʥʴ ʪʘ ʧʘʥʝʣʝʡ. ɺʠʨʦʙʥʠʢʠ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʧʦʟʠʪʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʥʝ ʪʽʣʴʢʠ ʣʝʛʰʽ, ʘʣʝ ʡ ʤʝʥʰ ʩʭʠʣʴʥʽ ʜʦ ʟʘʡʤʘʥʥʷ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʛʘʩʽʥʥʷ ʧʦʞʝʞ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ 

ʧʽʜʚʠʱʝʥʥʽ ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʽʚ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʘʢʪʠʚʦʚʘʥʽ 

ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʜʠʤʫ ʘʙʦ ʘʥʦʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ 

ʣʦʢʘʣʽʟʫʚʘʪʠ ʦʩʝʨʝʜʦʢ ʚʦʛʥʶ ʽ ʟʘʧʦʙʽʛʪʠ ʡʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʶ. ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ 

ʜʣʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʜʝ ʨʠʟʠʢ ʟʘʡʤʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰʠʤ ʯʝʨʝʟ ʩʧʝʮʠʬʽʢʫ 

ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʩʠʩʪʝʤ. 

ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟʚôʷʟʢʫ ʪʘʢʦʞ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʦʞʝʞʥʦʾ 

ʙʝʟʧʝʢʠ. ɸʚʪʦʤʦʙʽʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʩʥʘʱʝʥʽ ʩʠʩʪʝʤʘʤʠ GPS ʪʘ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʦʧʝʨʘʪʠʚʥʦ ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʘʜʟʚʠʯʘʡʥʫ ʩʠʪʫʘʮʽʶ ʨʷʪʫʚʘʣʴʥʠʤ 

ʩʣʫʞʙʘʤ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʚʠʧʘʜʢʠ ʟʘʡʤʘʥʥʷ ʽ ʟʤʝʥʰʫʻ ʯʘʩ ʧʨʠʙʫʪʪʷ 

ʜʦʧʦʤʦʛʠ. 

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʻ ʥʘʚʯʘʥʥʷ ʚʦʜʽʾʚ ʪʘ ʧʘʩʘʞʠʨʽʚ ʦʩʥʦʚʘʤ ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ. 

ʉʫʯʘʩʥʽ ʘʚʪʦʤʦʙʽʣʴʥʽ ʰʢʦʣʠ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʚʦʜʷʪʴ ʪʨʝʥʽʥʛʠ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ 

ʽʥʩʪʨʫʢʪʘʞʽ ʱʦʜʦ ʜʽʡ ʫ ʚʠʧʘʜʢʫ ʧʦʞʝʞʽ. ʎʝ ʟʥʘʥʥʷ ʤʦʞʝ ʚʨʷʪʫʚʘʪʠ ʞʠʪʪʷ ʫ ʢʨʠʪʠʯʥʽʡ 

ʩʠʪʫʘʮʽʾ. 
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ANALYSIS OF ORE DELIVERY COSTS DEPENDING ON THE 

PRODUCTIVITY OF VARIOUS TYPES OF LOAD -HAUL -DUMP MACHINES  

 

The effectiveness of extraction operations and the comprehensive quantitative and 

qualitative recovery of ore reserves are critical issues in the development of high-grade iron ore 

through sublevel caving systems in Kryvbas mines [1]. A primary technological process in this 

system is ore release through horizontal bottom drifts of the receiving levels [2]. Ore 

transportation is a crucial component of the extraction process, determining the efficiency of 

ore release and overall mining productivity [3]. The selection of transportation equipment 

significantly impacts the organization of work and the productivity of the entire block [4]. In 

modern underground ore deposit extraction systems, ore release and transportation are among 

the most labor-intensive and inefficient processes [5]. The release of fragmented ore from the 

extraction area is typically carried out from under caved surrounding rock or through a network 

of specialized drifts uniformly distributed beneath the extraction face. The ore moves through 

the extraction area and release drifts under the influence of gravity.  

However, only about 50% of pure ore is recovered due to horizontal limitations in the release 

figure dimensions. To reduce ore dilution, sequential releases from adjacent drifts are made in 

equal or varied doses, as per established release plans. However, current release methods cannot 

fulfill these plans due to frequent blockages in the release drift necks and the avalanching flow 

of ore when these blockages are cleared. Consequently, the release process is prolonged and 

marked by high ore losses and dilution, reaching up to 25% and 18%, respectively.  

Based on the calculations performed using the economic-mathematical model, graphical 

dependencies were constructed to illustrate the specific costs of ore delivery relative to the 

productivity of various types of Load-Haul-Dump (LHD) machines used in secondary ore 

transport. These relationships are presented in Fig. 1. The results provide insights into the cost-

effectiveness of different LHD machine types under varying productivity conditions, allowing 

for an optimized approach to secondary ore transportation. 

Fig. 1 shows that the lowest specific ore delivery costs are achieved when using a 

combined scraper-self-propelled transport method, utilizing multi-bucket scraper winches of 

the 55LS-2SMA type for primary delivery, and the self-propelled LHD ST7 type for secondary 

delivery. This scheme has the lowest cost indicators when the average transport distance is 

within the range of 120ï270 m. Under these conditions, the productivity of the system is 

between 720ï1110 tons per shift, which is 1.4ï3.3 times higher than when using only scraper 

winches for ore delivery. 

A significant reduction in specific ore delivery costs is achieved by increasing the average 

transport distance from 120 m to 270 m, as seen in Fig. 3. This reduction is due to a notable 

decrease in specific capital expenditure for constructing the primary ore pass, dropping from 

$1.24 per ton to $0.21 per ton. However, there is a corresponding decline in the productivity of 

the self-propelled LHDs used in secondary ore delivery, with performance decreases as follows: 

EST2D from 460 tons per shift to 264 tons per shift, ST2D from 600 tons per shift to 375 tons 

per shift, ST3.5 from 950 tons per shift to 620 tons per shift, ST7 from 1110 tons per shift to 

730 tons per shift, ST1030 from 1610 tons per shift to 1050 tons per shift, LH409E from 1500 

tons per shift to 890 tons per shift, and TORO400D from 1520 tons per shift to 990 tons per 

shift. 
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Fig. 1. The dependence of specific ore delivery costs on the productivity of various LHD 

machine types [own study] 

 

By approximating the maximum values, an empirical dependency was obtained to 

describe how specific capital costs for constructing the primary ore pass change with respect to 

the balance of ore reserves. This dependency highlights the relationship between the ore 

reserves allocated to a single ore pass and the associated capital investment required for its 

construction. As the balance of ore reserves increases, the model demonstrates how specific 

costs can be optimized, providing a clear framework for cost management. The empirical model 

also allows for adjustments based on varying reserve balances, making it adaptable to different 

mining conditions. Overall, understanding this dependency is crucial for making informed 

decisions on resource allocation and reducing construction expenses in ore pass development. 

The specific costs for constructing the primary ore pass, depending on the balance of ore 

reserves transported by one ore pass to the receiving level, can be determined by the formula: 

 
where: Bzap. ï ore reserves per primary ore pass, thousands of tons; R2 ï approximation 

accuracy 

The study concludes that the use of self-propelled equipment for ore delivery in sublevel 

caving systems, as applied in the Kryvbas mines, is both feasible and economically justified 

when employing a combined scraper-self-propelled transport approach. For secondary ore 

delivery, specific selfpropelled Load-Haul-Dump (LHD) machines, such as the EST2D, ST2D, 

ST3.5, ST7, ST1030, LH409E, and TORO400D, were found to be particularly suitable and 

cost-effective.  
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ʈɸʎɯʆʅɸʃʔʅɸ ʊɽʍʅʆʃʆɻɯʏʅɸ ʉʍɽʄɸ ɼʆʉʊɸɺʂʀ ʈʋɼʀ ɿɸ 

ɼʆʇʆʄʆɻʆʖ ʉɸʄʆʍɯɼʅʀʍ ɺɸʅʊɸɾʅʆ-ɼʆʉʊɸɺʅʀʍ ʄɸʐʀʅ ɺ 

ʋʄʆɺɸʍ ʐɸʍʊʀ çʂʈʀɺʆʈɯɿʔʂɸè ɸʊ çʂʈʀɺʆʈɯɿʔʂʀʁ ɿɸʃɯɿʆʈʋɼʅʀʁ 

ʂʆʄɹɯʅɸʊè 

 

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʧʽʜʟʝʤʥʦʾ ʨʦʟʨʦʙʢʠ ʟʘʣʽʟʦʨʫʜʥʠʭ ʧʦʢʣʘʜʽʚ ʂʨʠʚʙʘʩʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʝʣʠʢʠʤʠ ʛʣʠʙʠʥʘʤʠ ʦʯʠʩʥʠʭ ʨʦʙʽʪ, ʟʥʘʯʥʠʤ ʛʽʨʥʠʯʠʤ ʪʠʩʢʦʤ ʥʘ ʦʙʚʘʣʝʥʫ ʨʫʜʫ ʽ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʾʾ ʩʠʧʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [1]. 

ɻʣʠʙʠʥʘ ʨʦʟʨʦʙʢʠ ʚʥʦʩʠʪʴ ʢʦʨʝʢʪʠʚʠ ʚ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʧʦʨʦʜʥʦʛʦ 

ʤʘʩʠʚʫ ʪʘ ʚʽʜʙʠʪʦʾ ʨʫʜʥʦʾ ʤʘʩʠ, ʟʦʢʨʝʤʘ ʚʧʣʠʚʘʻ ʥʘ ʾʾ ʩʠʧʫʯʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʚʽʜ ʷʢʠʭ 

ʟʘʣʝʞʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʚʠʧʫʩʢʫ [2]. ɿʤʽʥʘ ʩʠʧʫʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʙʠʪʦʾ ʨʫʜʠ ʽ 

ʧʦʨʦʜʠ ʟ ʛʣʠʙʠʥʦʶ ʨʦʟʨʦʙʢʠ ʧʦʚ'ʷʟʘʥʦ ʟ ʨʦʟʚʠʪʢʦʤ ʧʨʦʮʝʩʽʚ ʫʱʽʣʴʥʝʥʥʷ, ʟʣʝʞʫʚʘʥʥʷ ʽ 

ʟʘʧʨʝʩʦʚʫʚʘʥʥʷ ʚ ʦʯʠʩʥʠʭ ʚʠʙʦʷʭ. 

ɺʽʜʦʤʦ [3], ʱʦ ʧʨʠ ʧʣʦʱʠʥʥʦʤʫ ʚʠʧʫʩʢʫ ʨʫʜʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʨʝʧʝʨʥʦʾ ʜʦʩʪʘʚʢʠ 

ʤʘʢʩʠʤʘʣʴʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʫʩʢʫ ʥʝ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 4 ʪ/ʤ2 ʟʘ ʜʦʙʫ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ ʱʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʯʠʩʥʦʛʦ ʚʠʙʦʶ ʦʙʤʝʞʫʻʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 

ʩʢʨʝʧʝʨʥʦʾ ʜʦʩʪʘʚʢʠ ʷʢʘ ʩʢʣʘʜʘʻ 150ï220 ʪ/ʟʤ. 

ɺ ʘʥʘʣʦʛʽʯʥʠʭ ʛʽʨʥʠʯʦ-ʪʝʭʥʽʯʥʠʭ ʫʤʦʚʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʘʨʽʘʥʪʫ ʩʠʩʪʝʤʠ 

ʧʽʜʧʦʚʝʨʭʦʚʦʛʦ ʦʙʚʘʣʝʥʥʷ ʟ ʚʽʜʙʽʡʢʦʶ ʚʝʨʪʠʢʘʣʴʥʠʭ ʰʘʨʽʚ ʨʫʜʠ ʥʘ ʟʘʪʠʩʥʝʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʫʩʢʫ ʨʫʜʠ ʤʘʡʞʝ ʫ 2 ʨʘʟʠ, ʘ ʥʘʡʙʽʣʴʰʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʫʩʢʫ ʦʙʚʘʣʝʥʦʾ ʨʫʜʠ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʠʩʪʝʤʠ ʟ ʪʦʨʮʝʚʠʤ 

ʚʠʧʫʩʢʦʤ. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʪʝʭʥʦʣʦʛʽʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʙʣʦʢʽʚ ʪʘ ʧʘʥʝʣʝʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʝʨʝʢʨʽʧʣʝʥʴ  ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ ʯʝʨʝʟ ʾʭ ʧʝʨʝʜʯʘʩʥʝ ʨʫʡʥʫʚʘʥʥʷ 

ʚʥʘʩʣʽʜʦʢ ʚʠʩʦʢʦʛʦ ʛʽʨʩʴʢʦʛʦ ʪʠʩʢʫ [3]. ʎʝ ʧʠʪʘʥʥʷ ʚʠʨʽʰʫʻʪʴʩʷ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʦʚʠʭ ʚʘʨʽʘʥʪʽʚ ʩʠʩʪʝʤ ʨʦʟʨʦʙʢʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʘʤʦʭʽʜʥʦʾ ʪʝʭʥʽʢʠ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ 

ʧʽʜʚʠʱʠʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʫʩʢʫ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ ʧʦʢʨʘʱʠʪʴ ʷʢʽʩʥʽ ʪʘ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ 

ʚʠʣʫʯʝʥʥʷ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʟʘʩʦʙʘʤʠ ʤʝʭʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʦʯʠʩʥʦʛʦ ʚʠʡʤʘʥʥʷ ʻ ʚʘʥʪʘʞʥʦ-

ʜʦʩʪʘʚʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʥʘ ʧʥʝʚʤʦʢʦʣʽʩʥʦʤʫ ʭʦʜʫ. ʅʘʡʜʦʮʽʣʴʥʽʰʠʤ ʚ ʫʤʦʚʘʭ ʰʘʭʪʠ 

çʂʨʠʚʦʨʽʟʴʢʘè ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʰʠʥ ʥʘ ʜʠʟʝʣʴʥʦʤʫ ʜʚʠʛʫʥʽ ʘʙʦ ʥʘ ʢʘʙʝʣʴʥʦʤʫ 

ʞʠʚʣʝʥʥʽ. 

ɺʘʥʪʘʞʥʦ-ʜʦʩʪʘʚʥʽ ʤʘʰʠʥʠ ɽST3,5 ʻ ʣʽʜʝʨʘʤʠ ʚ ʩʚʦʻʤʫ ʢʣʘʩʽ [4]. ɺʦʥʠ ʻ ʦʜʥʠʤʠ ʟ 

ʥʘʡʢʨʘʱʠʭ ʜʣʷ ʨʦʙʦʪʠ ʚ ʮʠʢʣʽ çʥʘʚʘʥʪʘʞʝʥʥʷ-ʜʦʩʪʘʚʢʘ-ʨʦʟʚʘʥʪʘʞʝʥʥʷè. ʅʘʜʽʡʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷ, ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʜʦʟʚʦʣʷʻ ʥʘʚʘʥʪʘʞʫʚʘʯʘʤ ʬʽʨʤʠ Epiroc 

ʤʘʪʠ ʧʝʨʝʚʘʛʫ ʩʝʨʝʜ ʥʘʚʘʥʪʘʞʫʚʘʯʽʚ ʘʥʘʣʦʛʽʯʥʦʛʦ ʢʣʘʩʫ ʢʦʥʢʫʨʫʶʯʠʭ ʬʽʨʤ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʜʘʥʦʾ ʤʘʰʠʥʠ ʥʘ ʰʘʭʪʽ çʂʨʠʚʦʨʽʟʴʢʘè ʜʘʣʦ ʙ ʟʤʦʛʫ ʥʝ ʣʠʰʝ ʟʙʽʣʴʰʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘ ʜʦʩʪʘʚʮʽ, ʘʣʝ ʡ ʚ ʧʦʜʘʣʴʰʦʤʫ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʠʪʠ ʥʝʛʘʪʠʚʥʝ ʛʽʨʥʠʯʦ-

ʪʝʭʥʦʣʦʛʽʯʥʝ ʩʪʘʥʦʚʠʱʝ ʟʘʛʘʣʦʤ ʥʘ ʰʘʭʪʘʭ ʂʨʠʚʙʘʩʫ. 

ʊʘʢ ʷʢ ʚ ʫʤʦʚʘʭ ʂʨʠʚʙʘʩʫ ʟʘʩʪʦʩʫʚʘʣʠʩʷ ʩʘʤʦʭʽʜʥʽ ɺɼʄ ʪʠʧʫ EST-2D [5], ʪʦ ʙʫʣʦ 

ʟʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ ʨʝʢʦʤʝʥʜʦʚʘʥʠʤ ɺɼʄ ʪʠʧʫ 

ɽST 3,5. 

ɼʣʷ ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ ʪʘ ʟʙʽʜʥʝʥʥʷ ʨʫʜʠ ʟʘʚʜʷʢʠ ʟʙʽʣʴʰʝʥʥʷ ʰʠʨʠʥʠ ʟʦʥʠ ʚʠʧʫʩʢʫ, 

ʚʠʨʦʙʢʠ ʚʠʧʫʩʢʫ ʪʘ ʜʦʩʪʘʚʢʠ ʨʫʜʥʦʾ ʤʘʩʠ ʧʨʦʚʦʜʷʪʴ ʥʘ ʜʚʦʭ ʧʨʠʡʦʤʥʠʭ ʛʦʨʠʟʦʥʪʘʭ, ʷʢʽ 

ʨʦʟʤʽʱʘʶʪʴʩʷ ʩʪʫʧʽʥʯʘʪʦ ʦʜʠʥ ʥʘʜ ʽʥʰʠʤ. ɺʩʽ ʚʠʨʦʙʢʠ ʚʠʧʫʩʢʫ ʥʘ ʚʠʱʝʚʢʘʟʘʥʠʭ 
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ʧʨʠʡʦʤʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʨʦʟʤʽʱʘʶʪʴ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʥʘ ʚʽʜʩʪʘʥʽ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ 

ʧʨʠ ʤʘʩʦʚʦʤʫ ʚʠʧʫʩʢʫ ʦʙʚʘʣʝʥʦʾ ʨʫʜʠ ʚʟʘʻʤʦʜʽʶ ʬʽʛʫʨ ʚʠʧʫʩʢʫ ʽ ʨʦʟʧʫʰʝʥʥʷ, ʪʘ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʘʤ ʩʪʽʡʢʦʩʪʽ. 

ɺʠʧʫʩʢ ʪʘ ʜʦʩʪʘʚʢʘ ʦʙʚʘʣʝʥʦʾ ʨʫʜʠ ʧʨʦʚʦʜʠʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʥʘ ʜʚʦʭ ʧʨʠʡʤʘʣʴʥʠʭ 

ʛʦʨʠʟʦʥʪʘʭ ʩʘʤʦʭʽʜʥʠʤʠ ʚʘʥʪʘʞʥʦ-ʜʦʩʪʘʚʥʠʤʠ ʤʘʰʠʥʘʤʠ. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʟʘʣʝʞʥʦʩʪʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ɺɼʄ ʚʽʜ ʜʦʚʞʠʥʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʽ ʩʢʨʝʧʝʨʥʦʾ ʣʝʙʽʜʢʠ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʪʘ 2. 

 
 

ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ EST-2D ʚʽʜ ʜʦʚʞʠʥʠ ʜʦʩʪʘʚʢʠ 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ɽST 3,5 ʚʽʜ ʜʦʚʞʠʥʠ ʜʦʩʪʘʚʢʠ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2 ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʦʭʽʜʥʠʭ ɺɼʄ ʪʠʧʫ ɽST 3,5 ʤʘʪʠʤʝ ʫ 2 ʨʘʟʠ 

ʚʠʱʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʦʩʪʘʚʢʠ ʟʘ EST-2D ʟʘ ʪʠʭ ʞʝ ʫʤʦʚ. 
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ʋɼʂ 349.414:340.13 

 

ʊʨʝʛʫʙ ʖ.ɭ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʛʝʦʜʝʟʽʾ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ2, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ɿɸʂʆʅʆɼɸɺʏɯ ɿʄɯʅʀ ʋ ʄɽʍɸʅɯɿʄɯ ʇɯɼʊɺɽʈɼɾɽʅʅʗ ʈɽɸʃɯɿɸʎɯɰ 

ʇɽʈɽɺɸɾʅʆɻʆ ʇʈɸɺɸ ʆʈɽʅɼɸʈʗ ɿɽʄɽʃʔʅʆɰ ɼɯʃʗʅʂʀ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʪʪʽ 33 ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʦʨʝʥʜʫ ʟʝʤʣʽè [1] ʽʩʥʫʻ ʧʦʥʷʪʪʷ ʪʘ 

ʤʝʭʘʥʽʟʤ ʥʘʙʫʪʪʷ ʧʝʨʝʚʘʞʥʦʛʦ ʧʨʘʚʘ ʦʨʝʥʜʘʨʷ ʥʘ ʫʢʣʘʜʝʥʥʷ ʜʦʛʦʚʦʨʫ ʦʨʝʥʜʠ ʟʝʤʣʽ ʥʘ 

ʥʦʚʠʡ ʩʪʨʦʢ. ʏʠʥʥʠʡ ʤʝʭʘʥʽʟʤ ʟʛʽʜʥʦ ʟ ʮʽʻʶ ʩʪʘʪʪʝʶ [1] ʻ ʟʦʙʦʚᾷʷʟʘʥʥʷ ʦʨʝʥʜʘʨʷ 

ʧʠʩʴʤʦʚʦ ʧʦʚʽʜʦʤʠʪʠ ʦʨʝʥʜʦʜʘʚʮʷ ʧʨʦ ʥʘʤʽʨ ʧʨʦʜʦʚʞʠʪʠ ʜʦʛʦʚʽʨ ʥʝ ʧʽʟʥʽʰʝ ʥʽʞ ʟʘ 

ʤʽʩʷʮʴ ʜʦ ʟʘʢʽʥʯʝʥʥʷ ʩʪʨʦʢʫ ʜʽʾ ʜʦʛʦʚʦʨʫ.  

ɸʣʝ ʩʪʘʪʪʷ 33 [1] ʥʝ ʢʦʥʢʨʝʪʠʟʫʻ, ʷʢʠʤʠ ʩʘʤʝ ʜʦʢʫʤʝʥʪʘʤʠ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʬʘʢʪ 

ʪʘʢʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʅʘ ʧʨʘʢʪʠʮʽ ʦʨʝʥʜʘʨ ʥʘʜʩʠʣʘʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʦʰʪʦʶ 

(ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʣʠʩʪ ʽʟ ʧʦʚʽʜʦʤʣʝʥʥʷʤ ʧʨʦ ʚʨʫʯʝʥʥʷ) ʘʙʦ ʧʝʨʝʜʘʻ ʦʩʦʙʠʩʪʦ ʽ ʷʢʱʦ 

ʦʨʝʥʜʦʜʘʚʝʮʴ ʥʝ ʦʪʨʠʤʘʚ ʣʠʩʪʘ ʘʙʦ ʥʝ ʧʽʜʧʠʩʘʚ ʡʦʛʦ ʦʪʨʠʤʘʥʥʷ ï ʦʨʝʥʜʘʨʶ ʚʘʞʢʦ 

ʜʦʢʫʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʠʪʠ ʬʘʢʪ ʧʦʚʽʜʦʤʣʝʥʥʷ.  

ʊʦʤʫ ʥʘ ʨʦʟʛʣʷʜ ʜʦ ɺʝʨʭʦʚʥʦʾ ʈʘʜʠ ʋʢʨʘʾʥʠ ʧʦʜʘʥʦ ʟʘʢʦʥʦʧʨʦʻʢʪ çʇʨʦ ʚʥʝʩʝʥʥʷ 

ʟʤʽʥ ʜʦ ʩʪʘʪʪʽ 33 ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʦʨʝʥʜʫ ʟʝʤʣʽè ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʩʧʦʩʦʙʫ 

ʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʦʨʝʥʜʘʨʝʤ ʦʙʦʚ'ʷʟʢʫ ʟ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʦʨʝʥʜʦʜʘʚʮʷ ʧʨʦ ʥʘʤʽʨ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʘʚʦ ʥʘ ʫʢʣʘʜʝʥʥʷ ʜʦʛʦʚʦʨʫ ʦʨʝʥʜʠ ʟʝʤʣʽ ʥʘ ʥʦʚʠʡ 

ʩʪʨʦʢè [2]. 

ʋ ʟʘʢʦʥʦʧʨʦʻʢʪʽ [2] ʧʨʦʧʦʥʫʻʪʴʩʷ ʫʪʦʯʥʠʪʠ ʧʦʨʷʜʦʢ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʥʘʤʽʨʫ 

ʦʨʝʥʜʘʨʷ ʩʢʦʨʠʩʪʘʪʠʩʷ ʧʝʨʝʚʘʞʥʠʤ ʧʨʘʚʦʤ ʥʘ ʫʢʣʘʜʝʥʥʷ ʜʦʛʦʚʦʨʫ ʦʨʝʥʜʠ ʟʝʤʝʣʴʥʦʾ 

ʜʽʣʷʥʢʠ ʥʘ ʥʦʚʠʡ ʩʪʨʦʢ, ʷʢʱʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʘʜʩʠʣʘʻʪʴʩʷ ʧʦʰʪʦʶ. 

ɿʦʢʨʝʤʘ, ʧʨʦʧʦʥʫʻʪʴʩʷ, ʱʦ ʦʨʝʥʜʘʨ ʚʠʢʦʥʘʻ ʩʚʽʡ ʦʙʦʚôʷʟʦʢ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ, 

ʷʢʱʦ: 

¶ ʦʨʝʥʜʦʜʘʚʝʮʴ ʦʪʨʠʤʘʚ ʧʦʰʪʦʚʝ ʚʽʜʧʨʘʚʣʝʥʥʷ: 

- ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ ʩʣʫʛʫʚʘʪʠʤʫʪʴ ʪʘʢʽ ʜʦʢʫʤʝʥʪʠ, ʷʢ ʦʧʠʩ ʚʢʣʘʜʝʥʥʷ ʜʦ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʣʠʩʪʘ, ʧʣʘʪʽʞʥʘ ʢʚʠʪʘʥʮʽʷ ʟʘ ʚʽʜʧʨʘʚʢʫ ʪʘ ʨʝʢʦʤʝʥʜʦʚʘʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʧʨʦ ʚʨʫʯʝʥʥʷ ʣʠʩʪʘ ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʜʘʥʠʭ ʦʩʦʙʠ, ʷʢʘ ʡʦʛʦ ʦʪʨʠʤʘʣʘ; 

¶ ʦʨʝʥʜʦʜʘʚʝʮʴ ʥʝ ʦʪʨʠʤʘʚ ʣʠʩʪʘ: 

- ʦʨʝʥʜʘʨ ʤʘʻ ʥʘʜʘʪʠ ʦʧʠʩ ʚʢʣʘʜʝʥʥʷ ʜʦ ʣʠʩʪʘ, ʢʚʠʪʘʥʮʽʶ ʧʨʦ ʦʧʣʘʪʫ ʧʦʰʪʦʚʠʭ 
ʧʦʩʣʫʛ, ʩʘʤʝ ʥʝʚʨʫʯʝʥʠʡ ʣʠʩʪ ʽʟ ʚʽʜʧʦʚʽʜʥʠʤ ʨʝʢʦʤʝʥʜʦʚʘʥʠʤ ʧʦʚʽʜʦʤʣʝʥʥʷʤ, ʜʝ 

ʟʘʟʥʘʯʝʥʦ ʧʨʠʯʠʥʠ ʥʝʚʨʫʯʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʚʽʜʤʦʚʘ ʦʪʨʠʤʘʪʠ ʣʠʩʪ, ʟʘʢʽʥʯʝʥʥʷ ʩʪʨʦʢʫ 

ʟʙʝʨʽʛʘʥʥʷ ʪʦʱʦ), ʱʦ ʬʽʢʩʫʻʪʴʩʷ ʧʦʰʪʦʚʠʤ ʚʽʜʜʽʣʝʥʥʷʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʨʝʥʜʘʨ ʦʪʨʠʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʢʫʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʠʪʠ ʬʘʢʪ 

ʥʘʣʝʞʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʦʨʝʥʜʦʜʘʚʮʷ ʧʨʦ ʩʚʦʻ ʙʘʞʘʥʥʷ ʧʨʦʜʦʚʞʠʪʠ ʜʦʛʦʚʽʨ, ʥʘʚʽʪʴ 

ʷʢʱʦ ʦʨʝʥʜʦʜʘʚʝʮʴ ʬʘʢʪʠʯʥʦ ʣʠʩʪʘ ʥʝ ʦʪʨʠʤʘʚ. ʎʝ ʤʘʻ ʟʤʝʥʰʠʪʠ ʨʠʟʠʢʠ ʩʧʦʨʽʚ ʱʦʜʦ 

ʜʦʪʨʠʤʘʥʥʷ ʩʪʨʦʢʽʚ ʪʘ ʧʦʨʷʜʢʫ ʧʦʚʽʜʦʤʣʝʥʥʷ ʽ ʧʦʩʠʣʠʪʠ ʟʘʭʠʩʪ ʧʨʘʚ ʩʪʦʨʽʥ ʫ ʜʦʛʦʚʽʨʥʠʭ 

ʚʽʜʥʦʩʠʥʘʭ. ʋ ʪʘʙʣʠʮʽ 1 ʦʜʠʥ ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʯʠʥʥʦʛʦ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʭʘʥʽʟʤʫ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʝʚʘʞʥʦʛʦ ʧʨʘʚʘ ʦʨʝʥʜʘʨʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ. 

 

ʊʘʙʣʠʮʷ 1 ï ʇʦʨʽʚʥʷʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʝʚʘʞʥʦʛʦ ʧʨʘʚʘ 

ʦʨʝʥʜʘʨʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ 

ʂʨʠʪʝʨʽʡ ʏʠʥʥʠʡ ʤʝʭʘʥʽʟʤ (ʩʪ. 33 [1]) 
ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʭʘʥʽʟʤ 

(ʟʘʢʦʥʦʧʨʦʻʢʪ [2]) 

ʆʙʦʚôʷʟʦʢ ʦʨʝʥʜʘʨʷ 

ʇʦʚʽʜʦʤʠʪʠ ʦʨʝʥʜʦʜʘʚʮʷ 

ʧʠʩʴʤʦʚʦ ʥʝ ʧʽʟʥʽʰʝ ʥʽʞ ʟʘ 

ʤʽʩʷʮʴ ʜʦ ʟʘʢʽʥʯʝʥʥʷ ʩʪʨʦʢʫ 

ʜʦʛʦʚʦʨʫ. 

ʇʦʚʽʜʦʤʠʪʠ ʦʨʝʥʜʦʜʘʚʮʷ ʧʠʩʴʤʦʚʦ ʥʝ 

ʧʽʟʥʽʰʝ ʥʽʞ ʟʘ ʤʽʩʷʮʴ ʜʦ ʟʘʢʽʥʯʝʥʥʷ 

ʩʪʨʦʢʫ ʜʦʛʦʚʦʨʫ. 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 1 

ʉʧʦʩʽʙ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʬʘʢʪʫ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʅʝ ʚʨʝʛʫʣʴʦʚʘʥʦ ʯʽʪʢʦ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʛʘʣʴʥʘ 

ʧʨʘʢʪʠʢʘ: ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʣʠʩʪ 

ʽʟ ʧʦʚʽʜʦʤʣʝʥʥʷʤ ʘʙʦ ʦʩʦʙʠʩʪʝ 

ʚʨʫʯʝʥʥʷ. 

ɺʠʟʥʘʯʝʥʦ ʧʝʨʝʣʽʢ ʜʦʢʫʤʝʥʪʽʚ ʜʣʷ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʬʘʢʪʫ ʧʦʚʽʜʦʤʣʝʥʥʷ 

(ʥʘʚʽʪʴ ʫ ʨʘʟʽ ʥʝʚʨʫʯʝʥʥʷ ʣʠʩʪʘ). 

ʋ ʨʘʟʽ ʦʪʨʠʤʘʥʥʷ 

ʦʨʝʥʜʦʜʘʚʮʝʤ ʣʠʩʪʘ 

ʆʨʽʻʥʪʦʚʥʦ: ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ 

ʚʨʫʯʝʥʥʷ + ʣʠʩʪ. 

ʆʧʠʩ ʚʢʣʘʜʝʥʥʷ ʜʦ ʣʠʩʪʘ + ʢʚʠʪʘʥʮʽʷ ʧʨʦ 

ʚʽʜʧʨʘʚʢʫ + ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʚʨʫʯʝʥʥʷ 

ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʦʪʨʠʤʫʚʘʯʘ. 

ʋ ʨʘʟʽ ʅɽʦʪʨʠʤʘʥʥʷ 

ʣʠʩʪʘ ʦʨʝʥʜʦʜʘʚʮʝʤ 

ʅʝ ʚʨʝʛʫʣʴʦʚʘʥʦ ï ʨʠʟʠʢʠ ʜʣʷ 

ʦʨʝʥʜʘʨʷ ʜʦʚʝʩʪʠ ʬʘʢʪ 

ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ʆʧʠʩ ʚʢʣʘʜʝʥʥʷ + ʢʚʠʪʘʥʮʽʷ + ʩʘʤ 

ʥʝʚʨʫʯʝʥʠʡ ʣʠʩʪ ʽʟ ʧʦʚʽʜʦʤʣʝʥʥʷʤ, ʜʝ 

ʟʘʟʥʘʯʝʥʦ ʧʨʠʯʠʥʠ ʥʝʚʨʫʯʝʥʥʷ 

(ʥʘʧʨʠʢʣʘʜ, ʚʽʜʤʦʚʘ ʦʪʨʠʤʘʪʠ, 

ʟʘʢʽʥʯʝʥʥʷ ʩʪʨʦʢʫ ʟʙʝʨʽʛʘʥʥʷ). 

ʖʨʠʜʠʯʥʠʡ ʥʘʩʣʽʜʦʢ 

ʜʣʷ ʦʨʝʥʜʘʨʷ 

ɺʠʩʦʢʠʡ ʨʠʟʠʢ ʦʩʢʘʨʞʝʥʥʷ 

ʧʝʨʝʚʘʞʥʦʛʦ ʧʨʘʚʘ ʯʝʨʝʟ ʙʨʘʢ 

ʜʦʢʘʟʽʚ ʥʘʣʝʞʥʦʛʦ 

ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ɿʘʭʠʱʝʥʝ ʧʨʘʚʦ ʦʨʝʥʜʘʨʷ, ʥʘʚʽʪʴ ʷʢʱʦ 

ʦʨʝʥʜʦʜʘʚʝʮʴ ʣʠʩʪʘ ʥʝ ʦʪʨʠʤʘʚ ï 

ʜʦʩʪʘʪʥʴʦ ʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʩʧʨʦʙʠ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ʄʝʪʘ ʟʤʽʥ 

ʅʝʜʦʩʪʘʪʥʽʡ ʟʘʭʠʩʪ ʧʨʘʚ 

ʦʨʝʥʜʘʨʷ ʯʝʨʝʟ ʥʝʯʽʪʢʽʩʪʴ 

ʧʨʦʮʝʜʫʨʠ. 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʜʣʷ ʫʥʠʢʥʝʥʥʷ 

ʩʧʦʨʽʚ ʪʘ ʧʦʩʠʣʝʥʥʷ ʟʘʭʠʩʪʫ ʩʪʦʨʽʥ. 

 

ʊʦʙʪʦ  [2] ʯʽʪʢʦ ʚʨʝʛʫʣʴʦʚʫʻ, ʷʢʽ ʜʦʢʫʤʝʥʪʠ ʚʠʟʥʘʶʪʴʩʷ ʥʘʣʝʞʥʠʤ ʜʦʢʘʟʦʤ 

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʦʨʝʥʜʘʨ ʦʪʨʠʤʫʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʭʠʩʪʠʪʠ ʩʚʦʻ ʧʝʨʝʚʘʞʥʝ ʧʨʘʚʦ ʥʘʚʽʪʴ ʫ ʨʘʟʽ 

ʚʽʜʤʦʚʠ ʦʨʝʥʜʦʜʘʚʮʷ ʦʪʨʠʤʘʪʠ ʣʠʩʪ, ʱʦ ʟʤʝʥʰʫʻ ʨʠʟʠʢ ʩʫʜʦʚʠʭ ʩʧʦʨʽʚ ʱʦʜʦ ʜʦʪʨʠʤʘʥʥʷ 

ʦʨʝʥʜʘʨʝʤ ʧʦʨʷʜʢʫ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 

1. ʇʨʦ ʦʨʝʥʜʫ ʟʝʤʣʽ: ɿʘʢʦʥ ʋʢʨʘʾʥʠ ʚʽʜ 06.10.1998 ˉ 161-XIV. ɼʘʪʘ ʦʥʦʚʣʝʥʥʷ 

08.11.2024. URL: https://zakon.rada.gov.ua/laws/show/161-14#Text. ɼʘʪʘ ʟʚʝʨʥʝʥʥʷ: 

18.03.2025. 

2. ʇʨʦ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʩʪʘʪʪʽ 33 ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʦʨʝʥʜʫ ʟʝʤʣʽè ʱʦʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʩʧʦʩʦʙʫ ʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʦʨʝʥʜʘʨʝʤ ʦʙʦʚ'ʷʟʢʫ ʟ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʦʨʝʥʜʦʜʘʚʮʷ ʧʨʦ ʥʘʤʽʨ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʘʚʦ ʥʘ ʫʢʣʘʜʝʥʥʷ ʜʦʛʦʚʦʨʫ ʦʨʝʥʜʠ 

ʟʝʤʣʽ ʥʘ ʥʦʚʠʡ ʩʪʨʦʢ. URL: https://ips.ligazakon.net/document/JI12490I.  
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ʋɼʂ 332 

 

ʏʘʡʢʘ ʊ.ʄ. ʘʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ʛʝʦʜʝʟʽ ʾ

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʈɽʃʆʂɸʎɯʗ ʇʈʆʄʀʉʃʆɺʀʍ ʇɯɼʇʈʀɭʄʉʊɺ ɺ ʋʄʆɺɸʍ ɺʆɭʅʅʆɻʆ 

ʉʊɸʅʋ: ʈʀɿʀʂʀ ʊɸ ɺʇʃʀɺ ʅɸ ɿɽʄɽʃʔʅɯ ʈɽʉʋʈʉʀ 

 

ɼʣʷ ʟʙʝʨʝʞʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʢʨʘʾʥʠ, ʩʪʘʙʽʣʽʟʘʮʽʾ ʝʢʦʥʦʤʽʯʥʦʾ ʩʠʪʫʘʮʽʾ, 

ʟʙʝʨʝʞʝʥʥʷ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʜʣʷ ʥʘʩʝʣʝʥʥʷ, ʘ ʦʪʞʝ ʽ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʚ ʫʤʦʚʘʭ ʜʽʾ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ, ʟʘʭʦʜʠ ʟ ʨʝʣʦʢʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚ ʻ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʠʤʠ. ʇʝʨʝʤʽʱʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ, ʯʝʨʝʟ ʙʦʡʦʚʽ ʜʽʾ, ʾʭ ʥʘʩʣʽʜʢʠ ʪʘ ʟʘʛʨʦʟʠ, ʜʦ 

ʫʤʦʚʥʦ ʙʝʟʧʝʯʥʠʭ ʨʝʛʽʦʥʽʚ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʠʤ ʷʚʠʱʝʤ, ʷʢʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʷʢ 

ʟʘ ʽʥʽʮʽʘʪʠʚʦʶ ʩʘʤʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʪʘʢ ʽ ʟʘ ʧʽʜʪʨʠʤʢʠ ʜʝʨʞʘʚʥʠʭ ʧʨʦʛʨʘʤ. ʇʨʦʮʝʩ 

ʨʝʣʦʢʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚ ʻ ʩʢʣʘʜʥʠʤ ʽ ʙʘʛʘʪʦʩʪʫʧʝʥʝʚʠʤ, ʱʦ ʚʠʤʘʛʘʻ ʨʝʪʝʣʴʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ, ʢʦʦʨʜʠʥʘʮʽʾ ʪʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʩʽʭ ʩʢʣʘʜʦʚʠʭ ʜʽʡ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʮʝ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʝʚʥʠʤʠ ʨʠʟʠʢʘʤʠ (ʨʠʩ.1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ╖ ʆʩʥʦʚʥʽ ʨʠʟʠʢʠ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʧʨʦʮʝʩ ʨʝʣʦʢʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚ 

ɼʣʷ ʩʧʨʠʷʥʥʷ ʧʨʦʮʝʩʫ ʨʝʣʦʢʘʮʽʾ ʩʪʚʦʨʝʥʦ ʻʜʠʥʫ ʙʘʟʫ ʜʘʥʠʭ, ʷʢʘ ʤʽʩʪʠʪʴ ʧʝʨʝʣʽʢ 
ʚʽʣʴʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʣʦʱ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʟʘʟʥʘʯʝʥʦʾ ʤʝʪʠ [1,2]. ʇʨʦʪʝ 

ʚʘʛʦʤʠʤ ʬʘʢʪʦʨʦʤ ʽ ʚʦʜʥʦʯʘʩ ʨʠʟʠʢʦʤ ʻ ʧʦʰʫʢ ʚʽʜʧʦʚʽʜʥʠʭ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʜʣʷ 

ʧʦʪʨʝʙ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʆʩʢʽʣʴʢʠ ʨʝʘʣʽʟʘʮʽʷ ʨʝʣʦʢʘʮʽʾ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ 

ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʦʚʠʭ ʟʘʚʜʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʽʟ 

ʾʭʥʽʤ ʮʽʣʴʦʚʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʧʨʘʚʦʚʠʤ ʩʪʘʪʫʩʦʤ, ʘʜʘʧʪʘʮʽʻʶ ʜʦ ʧʦʪʨʝʙ ʢʦʥʢʨʝʪʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʧʦʜʘʣʴʰʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ. ɸ ʦʪʞʝ ʮʝ ʽ ʩʧʨʠʯʠʥʶʻ ʦʩʥʦʚʥ ̔ʧʨʦʙʣʝʤʠ 

ʨʝʣʦʢʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ (ʨʠʩ.2). 
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ʈʠʩʫʥʦʢ 2 ╖ ʆʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʨʝʣʦʢʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ 

ʇʝʨʝʤʽʱʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʧʝʨʽʦʜ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʤʘʻ ʷʢ ʧʦʟʠʪʠʚʥʽ, ʪʘʢ ʽ ʥʝʛʘʪʠʚʥʽ 

ʥʘʩʣʽʜʢʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʚʦʥʦ ʩʧʨʠʷʻ 

ʨʘʮʽʦʥʘʣʴʥʦʤʫ ʦʩʚʦʻʥʥʶ ʟʝʤʝʣʴ ʚ ʫʤʦʚʥʦ ʙʝʟʧʝʯʥʠʭ ʨʝʛʽʦʥʘʭ, ʟ ʽʥʰʦʛʦ ð ʧʽʜʚʠʱʫʻ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʪʘ ʟʝʤʝʣʴʥʽ ʨʝʩʫʨʩʠ ʚ ʤʽʩʮʷʭ ʥʦʚʦʾ ʜʠʩʣʦʢʘʮʽʾ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʤʦʞʝ ʫʩʢʣʘʜʥʠʪʠ ʩʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʜʣʷ ʾʭʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʬʝʢʪʠʚʥʘ ʨʝʣʦʢʘʮʽʷ ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʚʦʻʥʥʠʡ ʯʘʩ ʥʝʤʦʞʣʠʚʘ ʙʝʟ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʝʤʝʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. ɺʽʜʩʫʪʥʽʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʨʦʟʧʦʜʽʣʫ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʤʦʞʝ ʟʥʠʟʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʥʝʛʘʪʠʚʥʦ 

ʧʦʟʥʘʯʠʪʴʩʷ ʥʘ ʝʢʦʥʦʤʽʯʥʦʤʫ ʚʽʜʥʦʚʣʝʥʥʽ ʋʢʨʘʾʥʠ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʈʦʟʧʦʨʷʜʞʝʥʥʷ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 25.03.2022 ˉ246-ʨ çʇʨʦ 

ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʣʘʥʫ ʥʝʚʽʜʢʣʘʜʥʠʭ ʟʘʭʦʜʽʚ ʟ ʧʝʨʝʤʽʱʝʥʥʷ ʫ ʨʘʟʽ ʧʦʪʨʝʙʠ ʚʠʨʦʙʥʠʯʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʟ ʪʝʨʠʪʦʨʽʡ, ʜʝ ʚʝʜʫʪʴʩʷ ʙʦʡʦʚʽ ʜʽʾ ʪʘ/ʘʙʦ ʻ 

ʟʘʛʨʦʟʘ ʙʦʡʦʚʠʭ ʜʽʡ, ʥʘ ʙʝʟʧʝʯʥʫ ʪʝʨʠʪʦʨʽʶè. 

2. ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʜʝʷʢʠʭ ʟʘʢʦʥʦʜʘʚʯʠʭ ʘʢʪʽʚ ʋʢʨʘʾʥʠ ʱʦʜʦ 
ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫè ʚʽʜ 

24.03.2022 ˉ2145-IX. 
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ɹʻʣʷʻʚ ɯ.ʉ. ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 103 ʅʘʫʢʠ ʧʨʦ ɿʝʤʣʶ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʅʽʢʽʪʝʥʢʦ ɯ.ʉ., ʜ.ʛʝʦʣ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʟʘʛʘʣʴʥʦʾ ʪʘ 

ʩʪʨʫʢʪʫʨʥʦʾ ʛʝʦʣʦʛʽʾ  

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 
 

ʇɽʈʉʇɽʂʊʀɺʀ ʈʆɿɺʀʊʂʋ ɻɽʆʊʋʈʀɿʄʋ ɺ ɼʅɯʇʈʆʇɽʊʈʆɺʉʔʂɯʁ 

ʆɹʃɸʉʊɯ 
 

ʆʜʠʥ ʽʟ ʩʫʯʘʩʥʠʭ ʚʠʢʣʠʢʽʚ ʣʶʜʩʪʚʘ ï ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʟʝʤʥʦʾ ʢʫʣʽ. ɿʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʨʽʯʯʷ ʫ ʟʚᾷʷʟʢʫ ʽʟ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʛʣʦʙʘʣʽʟʘʮʽʾ ʪʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʤʽʩʴʢʠʭ ʘʛʣʦʤʝʨʘʮʽʡ, ʧʦʪʨʝʙʘ ʣʶʜʠʥʠ ʚ 

ʝʢʦʣʦʛʽʯʥʽʡ ʨʝʢʨʝʘʮʽʾ ʟʨʦʩʪʘʻ.  

ɻʝʦʣʦʛʽʯʥʠʡ ʪʫʨʠʟʤ (ʛʝʦʪʫʨʠʟʤ) ʻ ʦʜʥʽʻʶ ʟ ʮʽʢʘʚʠʭ ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʪʫʨʠʟʤʫ, ʷʢʠʡ ʧʽʜʢʨʝʩʣʶʻ, ʟʙʘʛʘʯʫʻ ʟʥʘʥʥʷ ʪʘ ʧʦʛʣʠʙʣʶʻ ʨʦʟʫʤʽʥʥʷ ʧʨʦ 

ʚʘʞʣʠʚʽʩʪʴ ʛʝʦʣʦʛʽʯʥʦʾ ʩʧʘʜʱʠʥʠ. ɻʝʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʻ ʥʝʚʽʜôʻʤʥʠʤ ʝʣʝʤʝʥʪʦʤ 

ʧʨʠʨʦʜʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʝ ʻ ʥʝ ʪʽʣʴʢʠ ʜʞʝʨʝʣʦʤ ʤʽʥʝʨʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ ʧʝʨʝʜʦʚʦʛʦ 

ʨʦʟʚʠʪʢʫ ʣʶʜʩʪʚʘ, ʘ ʡ ʫʥʽʢʘʣʴʥʠʤ ʧʨʠʨʦʜʥʠʤ ʥʘʜʙʘʥʥʷʤ ʨʝʛʽʦʥʫ, ʷʢʠʡ ʚʘʨʪʠʡ ʫʚʘʛʠ ʪʘ 

ʧʦʧʫʣʷʨʠʟʘʮʽʾ ʥʝ ʪʽʣʴʢʠ ʚ ʋʢʨʘʾʥʽ, ʘʣʝ ʡ ʫ ʩʚʽʪʽ. 

ɻʝʦʣʦʛʽʯʥʠʡ ʪʫʨʠʟʤ ʻ ʚʽʜʥʦʩʥʦ ʥʦʚʦʶ ʪʝʯʽʻʶ ʪʫʨʠʩʪʠʯʥʦʾ ʛʘʣʫʟʽ. ʋ 1995 ʨʦʮʽ 

ʪʝʨʤʽʥ çɻʝʦʪʫʨʠʟʤè ʙʫʚ ʚʧʝʨʰʝ ʟʘʩʪʦʩʦʚʘʥʠʡ ʙʨʠʪʘʥʩʴʢʠʤ ʚʯʝʥʠʤ ʊʦʤʘʩʦʤ ʍʦʩʝ. ɺ 

ʡʦʛʦ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʛʝʦʪʫʨʠʟʤ ï ʮʝ ʥʘʜʘʥʥʷ ʪʘʢʠʭ ʧʽʟʥʘʚʘʣʴʥʠʭ ʧʦʩʣʫʛ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʩʫʧʨʦʚʦʜʫ, ʱʦʙ ʦʢʨʽʤ ʝʩʪʝʪʠʯʥʠʭ ʚʨʘʞʝʥʴ, ʪʫʨʠʩʪʠ ʤʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʟʥʘʥʥʷ 

ʧʨʦ ʦʩʦʙʣʠʚʦʩʪʽ ʩʘʤʝ ʛʝʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝʨʠʪʦʨʽʶ, ʷʢʫ ʪʫʨʠʩʪʠ ʚʽʜʚʽʜʫʶʪʴ [1]. 

ʆʜʥʠʤ ʟ ʧʝʨʰʠʭ ʜʦʩʣʽʜʥʠʢʽʚ, ʭʪʦ ʧʦʻʜʥʘʚ ʛʝʦʣʦʛʽʶ ʪʘ ʪʫʨʠʟʤ ʻ ʄʴʶʨʝʡ ɻʨʝʡ, ʷʢʘ 

ʚ 2004 ʨ., ʫ ʩʚʦʡʾ ʢʥʠʟʽ çɻʝʦʨʽʟʥʦʤʽʥʽʪʪʷ: ʦʮʽʥʢʘ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʘʙʽʦʪʠʯʥʦ ʾʧʨʠʨʦʜʠè 

ʜʦʚʝʣʘ, ʱʦ ʮʽ ʜʚʘ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʫʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʤʽʞ ʩʦʙʦʶ. ɸʚʪʦʨ ʚʠʷʚʣʷʻ, ʱʦ ʛʝʦʣʦʛʽʷ 

ʪʘ ʪʫʨʠʟʤ ʩʧʨʠʷʶʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʶ ʝʢʦʥʦʤʽʢʠ ʪʘ ʤʘʶʪʴ ʝʢʦʥʦʤʽʯʥʝ ʟʥʘʯʝʥʥʷ, ʘʣʝ ʮʝ 

ʤʦʞʝ ʧʦʛʽʨʰʠʪʠ ʩʪʘʥ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘ ʛʝʦʨʽʟʥʦʤʘʥʽʪʪʷ ʤʽʩʮʝʚʦʩʪʽ [2]. 

ɻʝʦʪʫʨʠʟʤ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʫʥʽʢʘʣʴʥʦʩʪʽ ʨʝʣʴʻʬʥʦʾ ʦʩʦʙʣʠʚʦʩʪʽ 

ʪʝʨʠʪʦʨʽʾ, ʟʙʝʨʝʞʝʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʧʘʤᾷʷʪʦʢ ʧʨʠʨʦʜʠ, ʚʠʚʯʝʥʥʷ ʽʩʪʦʨʽʾ ʪʘ ʛʝʦʛʨʘʬʽʾ.  

ɻʝʦʪʫʨʠʟʤ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʧʨʠʥʮʠʧʘʤʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʧʨʠʨʦʜʥʠʭ 

ʦʙᾷʻʢʪʽʚ, ʪʘ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʨʝʛʽʦʥʫ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ 

ʘʫʜʠʪʦʨʽʾ. 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ ʦʙʣʘʩʪʴ ʟʘʚʜʷʢʠ ʛʝʦʣʦʛʽʯʥʦʤʫ ʨʦʟʤʘʾʪʪʶ, ʚʢʣʶʯʘʶʯʠ ʨʽʜʢʽʩʥʽ 

ʦʙᾷʻʢʪʠ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʷʢ ʨʝʛʽʦʥʘʣʴʥʦʛʦ, ʪʘʢ ʽ ʩʚʽʪʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʤʘʻ 

ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʜʘʥʦʾ ʛʘʣʫʟʽ. ʊʫʪ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʚʠʜʠ ʩʪʨʫʢʪʫʨ ʚʽʜ 

ʜʦʢʝʤʙʨʽʡʩʴʢʠʭ ʜʦ ʘʥʪʨʦʧʦʛʝʥʦʚʠʭ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʩʢʣʘʜʦʤ ʽ ʙʫʜʦʚʦʶ [3]. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʥʘʫʢʦʚʽ ʨʦʙʦʪʠ ɹʘʨʛʘ ɯ. [4], ʂʦʨʦʪʝʥʢʦ ʅ., ʄʘʥʶʢʘ ɺ. [5], 

ʂʘʣʽʥʽʥʘ ɺ. [6] ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʠʨʦʜʥʦʶ ʩʧʘʜʱʠʥʦʶ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ ʦʙʣʘʩʪʽ, 

ʛʽʜʥʦʶ ʤʽʞʥʘʨʦʜʥʦʾ ʫʚʘʛʠ, ʻ ʩʘʤʝ ʛʝʦʣʦʛʽʯʥʽ ʧʘʤᾷʷʪʢʠ.  

ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʮʽʥʢʘ ʛʝʦʪʫʨʠʩʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʟʘ ʽʩʥʫʶʯʠʤʠ ʜʘʥʠʤʠ. 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ ʦʙʣʘʩʪʴ ʛʝʦʛʨʘʬʽʯʥʦ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʟʦʥʽ ʧʦʰʠʨʝʥʥʷ ʧʦʨʽʜ 

ʉʝʨʝʜʥʴʦʧʨʠʜʥʽʧʨʦʚʩʴʢʦʛʦ ʤʝʛʘʙʣʦʢʫ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʯʠʩʣʝʥʥʽ 

ʚʽʜʩʣʦʥʝʥʥʷ. ɼʦʢʝʤʙʨʽʡʩʴʢʽ ʢʨʠʩʪʘʣʽʯʥʽ ʧʦʨʦʜʠ ʬʫʥʜʘʤʝʥʪʫ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ ʦʩʘʜʦʚʠʤ 

ʯʦʭʣʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʧʦʨʦʜʘʤʠ, ʱʦ ʜʘʪʫʶʪʴʩʷ ʚʽʜ ʧʘʣʝʦʛʝʥʫ ʜʦ ʯʝʪʚʝʨʪʠʥʥʦʛʦ 

ʧʝʨʽʦʜʫ. 

ʉʪʘʥʦʤ ʥʘ ʩʴʦʛʦʜʥʽ, ʫ ʨʝʛʽʦʥʽ ʚʠʜʽʣʷʶʪʴ 38 ʛʝʦʣʦʛʽʯʥʠʭ ʧʘʤôʷʪʦʢ, ʩʝʨʝʜ ʷʢʠʭ ʣʠʰʝ 

13 ʚʢʣʶʯʝʥʽ ʜʦ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʋʢʨʘʾʥʠ. ɺʦʥʠ ʚʢʣʶʯʘʶʪʴ ʚʽʜʩʣʦʥʝʥʥʷ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʱʦ ʜʝʤʦʥʩʪʨʫʶʪʴ ʽʩʪʦʨʽʶ ʨʦʟʚʠʪʢʫ ɿʝʤʣʽ ʚ ʘʨʭʝʾ, ʧʨʦʪʝʨʦʟʦʾ ʪʘ ʢʘʡʥʦʟʦʾ 

[6].  

ʅʘʡʙʽʣʴʰʝ ʧʘʤ'ʷʪʦʢ ʨʦʟʪʘʰʦʚʘʥʦ ʚ ʂʨʠʚʦʨʽʟʴʢʦʤʫ ʨʘʡʦʥʽ, ʜʝ ʚʽʜʩʣʦʥʶʶʪʴʩʷ 

ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ ʂʨʠʚʦʨʽʟʴʢʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʦʪʝʨʦʟʦʶ, ʘʨʭʝʡʩʴʢʽ ʛʨʘʥʽʪʦʾʜʠ ʪʘ ʧʦʨʦʜʠ 
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ʦʩʘʜʦʚʦʛʦ ʯʦʭʣʘ. ʊʘʢʦʞ ʛʘʨʥʫ ʚʽʜʩʣʦʥʝʥʽʩʪʴ ʤʘʶʪʴ ʟʦʥʘ ʜʦʣʠʥʠ ʨ. ɼʥʽʧʨʦ ʪʘ ʥʘʡʙʽʣʴʰʠʭ 

ʧʨʠʪʦʢ (ʉʫʨʘ, ɹʘʟʘʚʣʫʢ, ʉʦʣʦʥʘ ʪʘ ʽʥ.). ʈʝʰʪʘ ʧʘʤôʷʪʦʢ ʣʦʢʘʣʽʟʦʚʘʥʽ ʚ ʨʽʟʥʠʭ ʨʘʡʦʥʘʭ 

ʦʙʣʘʩʪʽ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʾʭ ʦʙôʻʜʥʘʥʥʷ ʚ ʤʘʨʰʨʫʪʠ. 

ʆʙôʻʜʥʘʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʧʘʤôʷʪʦʢ ʫ ʤʘʨʰʨʫʪʠ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʨʦʟʢʨʠʪʪʷ 

ʪʫʨʠʩʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʨʝʛʽʦʥʫ. ʈʦʟʢʠʜʘʥʽ ʧʘʤôʷʪʢʠ ʫʩʢʣʘʜʥʶʶʪʴ ʣʦʛʽʩʪʠʢʫ ʧʦʜʦʨʦʞʽ, 

ʦʩʦʙʣʠʚʦ ʜʣʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʪʫʨʠʩʪʽʚ. ʗʢʱʦ ʦʙôʻʢʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʜʘʣʝʢʦ ʦʜʠʥ ʚʽʜ 

ʦʜʥʦʛʦ, ʪʫʨʠʩʪʠ ʟʤʫʰʝʥʽ ʚʠʪʨʘʯʘʪʠ ʙʽʣʴʰʝ ʯʘʩʫ ʪʘ ʨʝʩʫʨʩʽʚ ʥʘ ʧʝʨʝʾʟʜʠ ʤʽʞ 

ʜʝʩʪʠʥʘʮʽʷʤʠ. ʄʘʨʰʨʫʪ, ʱʦ ʦʭʦʧʣʶʻ ʜʝʢʽʣʴʢʘ ʧʘʤôʷʪʦʢ ʫ ʤʝʞʘʭ ʦʜʥʽʻʾ ʪʫʨʠʩʪʠʯʥʦʾ 

ʣʦʢʘʮʽʾ ʘʙʦ ʙʣʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʠʭ, ʨʦʙʠʪʴ ʧʦʜʦʨʦʞ ʢʦʤʬʦʨʪʥʽʰʦʶ ʪʘ ʝʢʦʥʦʤʽʯʥʦ 

ʚʠʛʽʜʥʽʰʦʶ. 

ʊʦʤʫ ʚʘʞʣʠʚʦ ʦʙᾷʻʜʥʘʪʠ ʛʝʦʣʦʛʽʯʥʽ ʧʘʤᾷʷʪʢʠ ʪʘ ʨʦʟʨʦʙʠʪʠ ʪʫʨʠʩʪʠʯʥʽ ʤʘʨʰʨʫʪʠ, 

ʷʢʽ ʟʘʮʽʢʘʚʣʷʪʴ ʪʫʨʠʩʪʽʚ, ʤʘʢʩʠʤʽʟʫʶʯʠ ʢʽʣʴʢʽʩʪʴ ʚʨʘʞʝʥʴ ʟʘ ʧʝʚʥʠʡ ʯʘʩ. ɺ ʨʦʟʨʦʙʮʽ 

ʪʫʨʠʩʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʤʝʪʦʜʠ ʪʘ ʧʽʜʭʦʜʠ, ʚʢʣʶʯʘʶʯʠ 

ʢʨʝʘʪʠʚʥʽ, ʘ ʩʘʤʝ: 

1. ɯʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʘʤôʷʪʢʠ, ʱʦ ʛʝʦʛʨʘʬʽʯʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʙʣʠʟʴʢʦ ʦʜʥʘ ʜʦ ʦʜʥʦʾ 

(ʥʘʧʨʠʢʣʘʜ, ʫ ʂʨʠʚʦʨʽʟʴʢʦʤʫ ʨʘʡʦʥʽ: ʚʽʜʩʣʦʥʝʥʥʷ ʩʢʝʣʶʚʘʪʩʴʢʦʾ ʩʚʽʪʠ ʢʨʠʚʦʨʽʟʴʢʦʾ ʩʝʨʽʾ 

ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʶ; ʚʽʜʩʣʦʥʝʥʥʷ ʘʨʢʦʟʦʚʠʭ ʤʝʪʘʧʽʩʢʦʚʠʢʽʚ ʪʘ ʤʝʪʘʢʦʥʛʣʦʤʝʨʘʪʽʚ ʥʘ 

ʧʨʘʚʦʤʫ ʙʝʨʝʟʽ ɯʥʛʫʣʴʮʷ; ʉʪʘʨʦʜʦʙʨʦʚʦʣʴʩʴʢʠʡ ʢʘʨôʻʨ), ʽ ʨʦʟʨʦʙʠʪʠ ʤʘʨʰʨʫʪʠ ʚ ʤʝʞʘʭ 

ʮʠʭ ʢʣʘʩʪʝʨʽʚ. 

2. ɯʥʪʝʛʨʫʚʘʪʠ ʛʝʦʣʦʛʽʯʥʽ ʧʘʤôʷʪʢʠ ʟ ʽʩʪʦʨʠʯʥʠʤʠ, ʢʫʣʴʪʫʨʥʠʤʠ ʘʙʦ 

ʘʨʭʝʦʣʦʛʽʯʥʠʤʠ ʦʙôʻʢʪʘʤʠ. ʎʝ ʨʦʟʰʠʨʠʪʴ ʘʫʜʠʪʦʨʽʶ ʪʫʨʠʩʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʮʽʢʘʚʣʝʥʽ ʫ ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʘʨʰʨʫʪʘʭ.   

3. ʈʦʟʨʦʙʠʪʠ ʽʥʪʝʨʘʢʪʠʚʥʽ ʢʘʨʪ ʟ ʥʘʚʽʛʘʮʽʻʶ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʨʝʞʫ ɯʥʪʝʨʥʝʪ 

ʪʘ GPS ʤʘʧʠ. 

4. ɿʘʣʫʯʘʪʠ ʽʥʚʝʩʪʠʮʽʾ ʜʣʷ ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ: ʦʙʣʘʰʪʫʚʘʥʥʷ ʜʦʨʽʛ, ʟʦʥ 

ʚʽʜʧʦʯʠʥʢʫ, ʧʘʨʢʦʚʦʢ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʮʝʥʪʨʽʚ ʥʘ ʢʣʶʯʦʚʠʭ ʪʦʯʢʘʭ ʤʘʨʰʨʫʪʽʚ. 

5. ʇʦʧʫʣʷʨʠʟʫʚʘʪʠ ʛʝʦʪʫʨʠʟʤ ʯʝʨʝʟ ʤʘʨʢʝʪʠʥʛ, ʚʢʣʶʯʘʶʯʠ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ ʪʘ 

ʧʦʰʠʨʶʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʫ ʚʠʛʣʷʜʽ ʚʽʜʝʦʨʦʣʠʢʽʚ, ʩʪʘʪʝʡ, ʷʢʽ ʚʠʩʚʽʪʣʶʶʪʴ ʤʘʨʰʨʫʪʠ ʪʘ 

ʾʭʥʶ ʫʥʽʢʘʣʴʥʽʩʪʴ. 

6. ʈʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʠ ʜʣʷ ʛʨʫʧʦʚʠʭ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʝʢʩʢʫʨʩʽʡ ʟ 

ʧʨʦʬʝʩʽʡʥʠʤʠ ʛʽʜʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʟʥʘʥʥʷ ʧʨʦ ʛʝʦʣʦʛʽʶ ʨʝʛʽʦʥʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ ʦʙʣʘʩʪʴ ʤʘʻ ʫʥʽʢʘʣʴʥʫ ʛʝʦʪʫʨʠʩʪʠʯʥʫ 

ʧʨʠʚʘʙʣʠʚʽʩʪʴ. ɻʝʦʣʦʛʽʯʥʽ ʬʦʨʤʘʮʽʾ ʦʙʣʘʩʪʽ, ʟʦʢʨʝʤʘ ʜʦʢʝʤʙʨʽʡʩʴʢʽ ʧʦʨʦʜʠ, ʻ ʦʜʥʠʤʠ ʟ 

ʥʘʡʜʘʚʥʽʰʠʭ ʚ ɭʚʨʦʧʽ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʦʩʦʙʣʠʚʦ ʮʽʢʘʚʦ ʜʣʷ ʪʠʭ, ʭʪʦ ʟʘʭʦʧʣʶʻʪʴʩʷ 

ʛʝʦʪʫʨʠʟʤʦʤ. ɿ ʤʝʪʦʶ ʨʦʟʚʠʪʢʫ ʛʝʦʪʫʨʠʟʤʫ ʚ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʻ ʜʦʮʽʣʴʥʠʤ 

ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʦʪʠ ʟ ʦʙôʻʜʥʘʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʧʘʤ'ʷʪʦʢ ʫ ʤʘʨʰʨʫʪʠ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʴ 

ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʨʝʛʽʦʥʫ ʜʣʷ ʪʫʨʠʩʪʽʚ, ʩʪʚʦʨʠʪʴ ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ ʜʣʷ ʧʦʜʦʨʦʞʝʡ ʽ 

ʩʧʨʠʷʪʠʤʝ ʨʦʟʚʠʪʢʫ ʛʝʦʪʫʨʠʟʤʫ ʷʢ ʯʘʩʪʠʥʠ ʝʢʦʥʦʤʽʢʠ ʦʙʣʘʩʪʽ, ʱʦ ʤʦʞʝ ʩʪʘʪʠ ʧʨʝʜʤʝʪʦʤ 

ʥʘʰʠʭ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʈʫʟʽʥʘ ʄ.ɺ. ʜʦʢʪ.ʛʝʦʣ.ʥʘʫʢ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ɻʈʈʂʂ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʅɽʊʈɸɼʀʎɯʁʅɯ ɸʃʄɸɿʆʅʆʉʅɯ ʌʆʈʄɸʎɯɰ ʊɸ  ʇɽʈʉʇɽʂʊʀɺʀ  ɰʍ 

ɺɯɼʂʈʀʊʊʗ ʋ ʄɽɾɸʍ ʉɽʈɽɼʅʔʆʇʈʀɼʅɯʇʈʆɺʉʔʂʆɻʆ ʊɸ 

ɯʅɻʋʃʔʉʔʂʆɻʆ ʄɽɻɸɹʃʆʂɯɺ ʋʂʈɸɰʅʉʔʂʆɻʆ ʑʀʊɸ 

 

ʉʝʨʝʜ ʛʦʣʦʚʥʠʭ  ʦʙ'ʻʢʪʽʚ ʧʨʦʤʠʩʣʦʚʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʜʦʚʠʱ ʘʣʤʘʟʫ ʚ ʪʝʧʝʨʽʰʥʽʡ 

ʯʘʩ  ʦʩʥʦʚʥʠʤʠ ʻ  ʢʽʤʙʝʨʣʽʪʦʚʽ ʨʦʜʦʚʠʱʘ ʘʣʤʘʟʽʚ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚ ʦʩʪʘʥʥʽ 

ʜʝʩʷʪʠʣʽʪʪʷ ʜʽʘʧʘʟʦʥ ʧʦʪʝʥʮʽʡʥʦ ʘʣʤʘʟʦʥʦʩʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʬʦʨʤʘʮʽʡ  ʟʥʘʯʥʦ 

ʨʦʟʰʠʨʠʚʩʷ, ʧʦʨʷʜ ʟ ʮʠʤ ʨʘʜʠʢʘʣʴʥʦ ʟʤʽʥʠʣʠʩʷ ʫʷʚʣʝʥʥʷ ʧʨʦ ʛʝʦʣʦʛʦ-ʪʝʢʪʦʥʽʯʥʽ ʫʤʦʚʠ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʜʞʝʨʝʣ ʘʣʤʘʟʦʥʦʩʥʦʩʪʽ.  

ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʥʘ ʯʘʩʪʢʫ ʣʘʤʧʨʦʾʪʦʚʠʭ ʨʦʜʦʚʠʱ  ʚʞʝ ʜʦʚʦʜʠʪʴʩʷ ʜʦ 30% 

ʚʠʜʦʙʫʪʢʫ ʘʣʤʘʟʘ.  ʃʘʤʧʨʦʾʪʠ, ʷʢʽ  ʚʧʝʨʰʝ ʙʫʣʠ ʚʽʜʢʨʠʪʽ ʚ ɸʚʩʪʨʘʣʽʾ  ʻ  ʪʨʫʙʢʘʤʠ ʚʠʙʫʭʫ, 

ʱʦ ʩʢʣʘʜʝʥʽ ʘʣʤʘʟʦʥʦʩʥʦʶ ʧʦʨʦʜʦʶ ï ʣʘʤʧʨʦʾʪʦʤ (ʣʫʞʥʦʶ ʧʦʨʦʜʦʶ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʽʜ ʢʽʤʙʝʨʣʽʪʽʚ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʢʘʣʽʶ, ʬʪʦʨʫ, ʪʠʪʘʥʫ, ʬʦʩʬʦʨʫ ʪʘ ʽʥʰʠʤʠ 

ʧʝʪʨʦʭʽʤʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ). ʅʘʟʚʫ ʣʘʤʧʨʦʾʪ ʙʫʣʦ ʜʘʥʦ ʚʽʜ ʛʨʝʮʴʢʦʛʦ çʣʘʤʧʨʦʩè - 

ʙʣʠʩʢʫʯʠʡ ʯʝʨʝʟ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʮʽʻʾ ʛʨʫʧʠ ʚʢʨʘʧʣʝʥʠʢʠ ʬʣʦʛʦʧʽʪʫ. ʋ ʩʢʣʘʜʽ ʣʘʤʧʨʦʾʪʽʚ 

ʚʩʪʘʥʦʚʣʝʥʦ ʤʘʛʥʝʟʽʡʥʠʡ ʦʣʽʚʽʥ, ʬʣʦʛʦʧʽʪ, ʜʽʦʧʩʠʜ, ʣʝʡʮʠʪ, ʩʘʥʽʜʠʥ, ʨʽʭʪʝʨʠʪ. ʋʪʚʦʨʝʥʥʷ 

ʣʘʤʧʨʦʾʪʦʚʦʾ ʤʘʛʤʠ ʧʦʚôʷʟʘʥʝ ʟ ʯʘʩʪʢʦʚʠʤ ʧʣʘʚʣʝʥʥʷʤ ʣʽʪʦʩʬʝʨʥʦʾ ʤʘʥʪʽʾ ʥʘ ʛʣʠʙʠʥʘʭ 

ʧʦʥʘʜ 150 ʢʤ. ʃʘʤʧʨʦʾʪʠ ʯʘʩʪʦ ʤʽʩʪʷʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʛʣʠʙʠʥʥʠʭ ʢʩʝʥʦʣʽʪʽʚ 

ʧʝʨʠʜʦʪʠʪʽʚ ʽ ʝʢʣʦʛʽʪʽʚ. ʏʠʩʣʝʥʥʽ ʪʽʣʘ ʘʣʤʘʟʦʥʦʩʥʠʭ ʣʘʤʧʨʦʾʪʽʚ ʧʦʨʷʜ ʟ ʢʽʤʙʝʨʣʽʪʘʤʠ 

ʚʠʷʚʣʝʥʽ ʚ ɿʘʭʽʜʥʽʡ ɸʚʩʪʨʘʣʽʾ, ʜʝ ʫ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʚʠʜʽʣʝʥʦ ɸʚʩʪʨʘʣʽʡʩʴʢʫ ʘʣʤʘʟʦʥʦʩʥʫ 

ʧʨʦʚʽʥʮʽʶ. ʊʨʫʙʢʘ ɸʨʛʘʡʣ ʜʘʥʦʾ ʧʨʦʚʽʥʮʽʾ ʻ ʛʦʣʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʨʽʜʢʽʩʥʠʭ ʨʦʞʝʚʠʭ 

ʘʣʤʘʟʽʚ [1].   

ʄʝʪʘʤʦʨʬʽʟʦʚʘʥʽ ʚʫʣʢʘʥʦʢʣʘʩʪʠʯʥʽ ʢʦʤʘʪʠʾʪʠ ʻ ʦʩʦʙʣʠʚʠʤ ʪʠʧʦʤ ʘʣʤʘʟʦʥʦʩʥʠʭ 

ʧʦʨʽʜ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʢʽʤʙʝʨʣʽʪʽʚ ʽ ʣʘʤʧʨʦʾʪʽʚ.  ɺʫʣʢʘʥʦʢʣʘʩʪʠʯʥʽ ʢʦʤʘʪʠʾʪʠ 

ʚʧʝʨʰʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʚ ʦʜʥʦʤʫ ʟ  ʨʘʡʦʥʽʚ ʌʨʘʥʮʫʟʴʢʦʾ ɻʚʽʘʥʠ (Capdevila et al., 1999) 

ɸʣʤʘʟʦʥʦʩʥʽ ʫʣʴʪʨʘʦʩʥʦʚʥʽ ʧʦʨʦʜʠ ʚʠʷʚʣʝʥʦ ʩʝʨʝʜ ʧʦʨʽʜ ʚʫʣʢʘʥʽʯʥʦʾ ʧʘʯʢʠ . ʋ ʙʽʣʴʰʦʩʪʽ 

ʜʽʣʷʥʦʢ ʧʦʨʦʜʠ ʧʝʨʝʪʚʦʨʝʥʽ ʚ ʪʦʥʢʦʰʘʨʦʚʽ ʘʣʴʙʽʪ-ʢʘʨʙʦʥʘʪ-ʭʣʦʨʠʪ-ʪʘʣʴʢʦʚʽ ʩʣʘʥʮʽ, ʚ 

ʜʝʷʢʠʭ ʚʽʜʩʣʦʥʝʥʥʷʭ ʜʦʙʨʝ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʝʨʚʠʥʥʘ ʧʽʨʦʢʣʘʩʪʠʯʥʘ ʘʙʦ ʛʽʘʣʦʢʣʘʩʪʠʯʥʘ 

ʚʫʣʢʘʥʽʯʥʘ ʩʪʨʫʢʪʫʨʘ. ɼʦʩʣʽʜʥʠʢʠ ʘʣʤʘʟʦʥʦʩʥʠʭ ʢʦʤʘʪʠʾʪʽʚ ʧʨʠʧʫʩʢʘʶʪʴ ʢʩʝʥʦʛʝʥʥʝ 

ʧʦʭʦʜʞʝʥʥʷ ʘʣʤʘʟʫ ʚ ʮʠʭ ʧʦʨʦʜʘʭ.  

ʋ 60-ʪʽ ʨʦʢʠ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ,  ʚ ʨʘʡʦʥʽ ʄʽʪʮʠʢ (ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʠʡ ɻʘʙʦʥ), 

ʚʠʷʚʣʝʥʽ  ʜʝʢʽʣʴʢʘ ʫʣʴʪʨʘʦʩʥʦʚʥʠʭ ʜʘʡʦʢ, ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʷʢ ʤʝʪʘʢʽʤʙʝʨʣʽʪʠ ʥʘ ʧʽʜʩʪʘʚʽ 

ʧʨʠʩʫʪʥʦʩʪʽ ʟʚʠʯʘʡʥʠʭ ʜʣʷ ʢʽʤʙʝʨʣʽʪʽʚ ʭʨʦʤʦʚʦʾ ʰʧʽʥʝʣʽ ʽ ʘʣʤʘʟʫ [2]. ɯʥʰʽ ʽʥʜʠʢʘʪʦʨʥʽ 

ʤʽʥʝʨʘʣʠ ʢʽʤʙʝʨʣʽʪʽʚ, -  ʧʽʨʦʧʦʚʠʡ ʛʨʘʥʘʪ, ʧʽʢʨʦʽʣʴʤʝʥʽʪ ʽ ʭʨʦʤʜʽʦʧʩʠʜ  ʚʢʨʘʡ ʨʽʜʢʽʩʥʽ 

ʘʙʦ ʚʽʜʩʫʪʥʽ. ʄʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʦʩʥʦʚʥʦʾ ʤʘʩʠ ʻ ʥʝʧʦʩʪʽʡʥʠʤ,  ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʪʘʣʴʢ, 

ʬʣʦʛʦʧʽʪ, ʘʤʬʽʙʦʣʠ,  ʰʧʽʥʝʣʴ, ʨʽʜʰʝ ʟʫʩʪʨʽʥʫʪʽ ʩʫʣʴʬʽʜʠ, ʝʧʽʜʦʪ, ʪʫʨʤʘʣʽʥ, ʽʣʴʤʝʥʽʪ, 

ʩʝʨʧʝʥʪʠʥ, ʢʚʘʨʮ, ʤʽʢʨʦʢʣʽʥ, ʢʘʨʙʦʥʘʪ, ʢʣʽʥʦʧʽʨʦʢʩʝʥ, ʭʣʦʨʠʪ, ʮʠʨʢʦʥ, ʨʫʪʠʣ, ʧʝʨʦʚʩʢʽʪ 

ʽ ʩʬʝʥ. 

ɸʣʤʘʟʦʥʦʩʥʽ ʬʽʣʽʪʠ ʟʫʩʪʨʽʥʫʪʽ ʚ ʨʘʡʦʥʽ ɼʽʘʤʘʥʪʠʥʘ (ɹʨʘʟʠʣʽʷ,  ʟʘʭʽʜʥʘ ʯʘʩʪʠʥʘ 

ʉʭʽʜʥʦ-ɹʨʘʟʠʣʴʩʴʢʦʛʦ ʱʠʪʘ (ɹ.ʄ.ɿʫʙʘʨʝʚ, 1989). ɺʦʥʠ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ ʩʣʘʥʮʝʚʦ-

ʢʚʘʨʮʠʪʦʚʦʾ ʩʝʨʽʻʶ ʄʽʥʘʩ, ʱʦ ʤʽʩʪʠʪʴ ʢʘʨʙʦʥʘʪʥʽ, ʚʫʣʢʘʥʽʯʥʽ ʽ ʛʨʫʙʦʫʣʘʤʢʦʚʽ ʪʝʨʠʛʝʥʥʽ 

ʚʽʜʢʣʘʜʠ [2]. ʌʦʨʤʘ ʟʘʣʷʛʘʥʥʷ - ʜʘʡʢʦʚʽ ʪʽʣʘ. ʄʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʩʝʨʠʮʠʪʦʤ, ʭʣʦʨʠʪʦʤ, ʤʘʨʪʠʪʠʟʦʚʘʥʠʤ ʤʘʛʥʝʪʠʪʦʤ, ʨʫʪʠʣʦʤ, ʘʥʘʪʘʟʦʤ. ʋ ʩʝʨʠʮʠʪʦʚʽʡ 

ʤʘʩʽ ʟʙʝʨʝʞʝʥʽ ʨʝʣʽʢʪʠ ʬʣʶʾʜʘʣʴʥʦʾ ʪʝʢʩʪʫʨʠ ʽ ʨʝʣʽʢʪʠ ʚʢʨʘʧʣʝʥʠʢʽʚ, ʷʢʽ ʟʘʤʽʱʝʥʽ 

ʩʝʨʠʮʠʪʦʤ. ɸʣʤʘʟʦʥʦʩʥʽ ʬʽʣʽʪʠ ʦʪʨʠʤʘʣʠ ʮʶ ʥʘʟʚʫ ʯʝʨʝʟ ʟʦʚʥʽʰʥʶ ʩʭʦʞʽʩʪʴ ʩʠʣʴʥʦ 



ʉɽʂʎɯʗ - ʅɸʋʂʀ ʇʈʆ ɿɽʄʃʖ 

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 
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ʟʤʽʥʝʥʠʭ ʩʝʨʽʮʠʪʠʟʦʚʘʥʠʭ ʽ ʨʦʟʩʣʘʥʮʴʦʚʘʥʠʭ ʧʝʨʚʠʥʥʠʭ ʧʦʨʽʜ ʟ ʬʽʣʽʪʘʤʠ. ʇʦʨʦʜʠ 

ʯʘʩʪʽʰʝ ʤʘʩʠʚʥʽ, ʘʣʝ ʽʥʦʜʽ ʤʘʶʪʴ ʚʠʛʣʷʜ ʙʨʝʢʯʽʡ, ʱʦ ʤʽʩʪʷʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʫʣʘʤʢʽʚ 

ʧʦʨʽʜ, ʱʦ ʚʤʽʱʘʶʪʴ ʧʦʨʦʜʠ ʩʝʨʽʾ ɯʪʘʢʦʣʫʤʽ. ɺ ʩʝʨʠʮʠʪʦʚʽʡ ʤʘʩʽ ʥʘ ʤʽʢʨʦʨʽʚʥʽ  

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʣʽʜʠ ʬʣʶʾʜʘʣʴʥʦʾ ʪʝʢʩʪʫʨʠ ʽ ʨʝʣʽʢʪʠ ʚʢʨʘʧʣʝʥʠʢʽʚ, ʙʝʟ ʦʩʪʘʯʽ 

ʟʘʤʽʱʝʥʠʭ ʩʝʨʽʮʠʪʦʤ ʟ ʛʝʤʘʪʠʪʦʚʦʶ ʦʙʣʷʤʽʚʢʦʶ. ɹʫʣʦ ʚʠʩʣʦʚʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ 

ʬʽʣʽʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʟʤʽʥʝʥʽ ʢʽʤʙʝʨʣʽʪʠ. ɸʣʤʘʟʠ ʚʠʷʚʣʝʥʦ ʚ ʙʽʣʴʰʦʩʪʽ ʜʘʡʦʢ 

ʬʽʣʽʪʽʚ, ʫ ʙʘʛʘʪʴʦʭ ʟ ʥʠʭ - ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ. ʎʽ ʜʘʡʢʠ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ 

ʜʞʝʨʝʣ ʘʣʤʘʟʥʠʭ ʨʦʟʩʠʧʽʚ ʙʽʣʴʰ ʤʦʣʦʜʦʛʦ ʚʽʢʫ. ʇʦʨʦʜʠ ʘʥʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʟʫʩʪʨʽʥʫʪʽ 

ʘʚʪʦʨʘʤʠ  ʫ ʤʝʞʘʭ ʤʠʭʘʡʣʽʚʩʴʢʦʾ ʩʚʽʪʠ ʙʽʣʦʟʝʨʩʴʢʦʾ ʩʝʨʽʾ ʘʨʭʝʶ ʚ ʦʜʥʦʡʤʝʥʥʽʡ 

ʟʝʣʝʥʦʢʘʤ`ʷʥʽʡ ʩʪʨʫʢʪʫʨʽ ʉʝʨʝʜʥʴʦʧʨʠʜʥʽʧʨʦʚʩʴʢʦʛʦ ʤʝʛʘʙʣʦʢʫ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ 

(ʨʠʩ. 1)  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʚʘʨʮʠʪ ʟ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪ-ʩʝʨʠʮʠʪʦʚʠʤ ʮʝʤʝʥʪʦʤ ʪʘ ʫʣʘʤʢʦʤ  

ʪʘʣʴʢʦʚʦʛʦ ʩʣʘʥʮʶ (ʘʥʘʣʦʛ çʛʥʫʯʢʦʛʦè ʘʣʤʘʟʦʚʤʽʱʫʶʯʦʛʦ ʩʣʘʥʮʶ ʽʪʘʢʦʣʫʤʽʪʫ  ʨʘʡʦʥʫ 

ɼʽʘʤʘʥʪʽʥʘ, ɹʨʘʟʠʣʽʷ). ʐʣʽʬ, ʥʽʢ +, ʟʙ.90. 

 

ɸʣʤʘʟʦʧʝʨʩʧʝʢʪʠʚʥʽ ʬʣʶʾʜʥʦ-ʝʢʩʧʣʦʟʠʚʥʽ ʫʪʚʦʨʝʥʥʷ ʚʠʷʚʣʝʥʽ ʚ ʙʘʛʘʪʴʦʭ 

ʤʝʪʘʣʦʛʝʥʽʯʥʠʭ ʧʨʦʚʽʥʮʽʷʭ ʩʚʽʪʫ, ʟʦʢʨʝʤʘ ʽ ʚ ʤʝʞʘʭ ɯʥʛʫʣʴʩʴʢʦʛʦ ʪʘ 

ʉʝʨʝʜʥʴʦʧʨʠʜʥʽʧʨʦʚʩʴʢʦʛʦ  ʤʝʛʘʙʣʦʢʽʚ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ [3-5]. ʋ ʤʝʞʘʭ ɯʥʛʫʣʴʩʴʢʦʛʦ 

ʤʝʛʘʙʣʦʢʫ, ʫ ʩʢʣʘʜʽ ʨʘʡʛʦʨʦʜʩʴʢʦʾ ʪʦʚʱʽ ʊʷʩʤʠʥʩʴʢʦʾ ʧʘʣʝʦʜʝʧʨʝʩʽʾ, ʚʩʪʘʥʦʚʣʝʥʽ 

ʬʣʶʾʜʥʦ-ʝʢʩʧʣʦʟʠʚʥʽ ʫʪʚʦʨʝʥʥʷ, ʷʢʽ ʧʨʦʩʪʦʨʦʚʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʃʝʣʝʢʽʚʩʴʢʦʶ ʟʦʥʦʶ 

ʛʣʠʙʠʥʥʠʭ ʨʦʟʣʦʤʽʚ, ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʱʦʜʦ ʘʣʤʘʟʦʥʦʩʥʦʩʪʽ. ɿʘ ʧʝʪʨʦʛʨʘʬʽʯʥʠʤ ʩʢʣʘʜʦʤ 

ʧʦʨʦʜʠ ʻ  ʘʥʘʣʦʛʽʯʥʠʤʠ ʘʣʤʘʟʦʥʦʩʥʠʤ ʩʣʶʜʷʥʠʤ ʣʘʤʧʨʦʬʽʨʘʤ ʟʦʥʠ ʇʘʨʢʝʨ ʃʝʡʢ, 

ʂʘʥʘʜʘ, ʽ ʘʣʤʘʟʦʥʦʩʥʠʤ ʨʽʚʥʝʥʩʴʢʽʪʘʤ ʅʦʚʦʫʢʨʘʾʥʩʴʢʦʛʦ ʤʘʩʠʚʫ ɯʥʛʫʣʴʩʴʢʦʛʦ ʤʝʛʘʙʣʦʢʫ 

ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ.  ɺ ʧʨʠʙʝʨʝʞʥʦ-ʤʦʨʩʴʢʠʭ ʧʦʨʦʜʘʭ ʨʘʡʛʦʨʦʜʩʴʢʦʾ ʪʦʚʱʽ 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʛʦ ʨʘʡʦʥʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʦʷʚʠ ʘʣʤʘʟʽʚ, ʷʢʽ  ʧʨʦʷʚʣʷʶʪʴ ʩʭʦʞʽʩʪʴ 

ʬʦʨʤʘʮʽʡʥʦʛʦ ʪʠʧʫ ʟ ʧʽʨʦʢʣʘʩʪʠʯʥʠʤʠ ʢʽʤʙʝʨʣʽʪʘʤʠ ʦʙʣʘʩʪʽ ʌʦʨʪ ʘ ʣʷ ʂʦʨʥ (ʉʘʩʢʘʯʝʚʘʥ, 

ʂʘʥʘʜʘ, [3, 5] ). 

ʋ ʤʝʞʘʭ ʉʝʨʝʜʥʴʦʧʨʠʜʥʽʧʨʦʚʩʴʢʦʛʦ ʤʝʛʘʙʣʦʢʫ ʧʦʪʝʥʮʽʡʥʦ ʘʣʤʘʟʦʥʦʩʥʽ ʬʣʶʾʜʥʦ-

ʝʢʩʧʣʦʟʠʚʥʽ ʫʪʚʦʨʝʥʥʷ ʚʠʷʚʣʝʥʽ ʫ ʩʢʣʘʜʽ ʪʠʤʦʰʦʚʩʴʢʦʾ ʪʦʚʱʽ ʫ ʤʝʞʘʭ ɹʽʣʦʟʝʨʩʴʢʦʾ 

ʟʝʣʝʥʦʢʘʤ`ʷʥʦʾ ʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ [6].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʤʝʞʘʭ ʉʝʨʝʜʥʴʦʧʨʠʜʥʽʧʨʦʚʩʴʢʦʛʦ ʪʘ ɯʥʛʫʣʴʩʴʢʦʛʦ ʤʝʛʘʙʣʦʢʽʚ 

ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ ʚʠʷʚʣʝʥʦ  ʧʦʪʝʥʮʽʡʥʦ ʘʣʤʘʟʦʥʦʩʥʽ ʛʝʦʣʦʛʽʯʥʽ ʬʦʨʤʘʮʽʾ   

ʢʽʤʙʝʨʣʽʪʦʚʦʛʦ ʪʘ ʥʝʢʽʤʙʝʨʣʽʪʦʚʦʛʦ ʪʠʧʫ. 
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ʋɼʂ 553.042 

   
ʂʦʣʯʝʚ ʂ.ʄ. ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʽʩʪʴ 103 ʅʘʫʢʠ ʧʨʦ ɿʝʤʣʶ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʐʝʚʯʝʥʢʦ ʉ.ɺ., ʜ.ʛ.ʥ., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʟʘʛʘʣʴʥʦʾ ʪʘ 

ʩʪʨʫʢʪʫʨʥʦʾ ʛʝʦʣʦʛʽʾ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʈʀɿʀʂʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ʅɽɼʆʉʊʆɺɯʈʅʆɰ ɻɽʆʃʆɻɯʏʅʆɰ ɯʅʌʆʈʄɸʎɯɰ  

 ʇʈʀ ʆʎɯʅʎɯ ʇʈʆʄʀʉʃʆɺʆɰ ʈʆɿʈʆɹʂʀ ʆʉʋʐɽʅʀʍ ʈʆɼʆɺʀʑ ʊʆʈʌʋ 
 

ʈʝʩʫʨʩʠ ʪʦʨʬʫ ʦʩʫʰʝʥʠʭ ʨʦʜʦʚʠʱ ʧʦʪʨʝʙʫʶʪʴ ʢʦʤʧʣʝʢʩʥʦʾ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʛʝʦʣʦʛʦ-

ʝʢʦʥʦʤʽʯʥʦʾ ʦʮʽʥʢʠ ʮʽʻʾ ʩʠʨʦʚʠʥʠ ʽ ʧʨʦʜʫʢʪʽʚ ʾʾ ʧʝʨʝʨʦʙʢʠ ʟʘ ʧʨʠʜʘʪʥʽʩʪʶ ʜʣʷ ʨʽʟʥʠʭ 

ʚʠʨʦʙʥʠʮʪʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʦʨʬʫ ʜʘʥʠʭ ʨʦʜʦʚʠʱ ʤʦʞʝ ʙʫʪʠ ʦʜʥʦʤʘʥʽʪʥʠʤ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʽ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʦʨʬʫ ʜʘʩʪʴ ʟʤʦʛʫ ʧʦʚʥʦʛʦ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʘʩʽʚ ʦʩʫʰʝʥʠʭ ʨʦʜʦʚʠʱ. 

ʉʴʦʛʦʜʥʽ ʥʘʫʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ, ʷʢ ʜʽʷʣʴʥʽʩʪʴ ʧʽʟʥʘʥʥʷ ʽʩʥʫʶʯʦʾ 

ʜʽʡʩʥʦʩʪʽ ʩʪʘʥʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʻ ʥʝʦʙʭʽʜʥʠʤ ʙʘʟʠʩʦʤ ʜʣʷ ʢʦʨʝʢʪʥʦʾ ʦʮʽʥʢʠ ʽʩʥʫʚʘʥʥʷ 

ʩʠʨʦʚʠʥʥʦʾ ʤʽʥʝʨʘʣʴʥʦʾ ʙʘʟʠ ʢʨʘʾʥʠ ʷʢ ʫ ʧʦʣʽ ʪʘʢ ʽ ʥʘ ʧʘʧʝʨʽ. ɹʫʜʴ-ʷʢʘ ʛʦʩʧʦʜʘʨʩʴʢʘ 

ʜʽʷʣʴʥʽʩʪʴ ʫ ʛʘʣʫʟʽ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʫ ʧʝʨʰʽʡ ʯʝʨʟʽ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʛʝʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ɻɼ). ɻɼ  ʫ ʩʚʦʶ ʯʝʨʛʫ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ ʘʥʘʣʽʟʽ ʪʘ 

ʩʠʥʪʝʟʽ ʥʘʫʢʦʚʠʭ ʟʥʘʥʴ ʫ ʜʘʥʦʤʫ ʧʠʪʘʥʥʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʽ 

ʟʚ'ʷʟʢʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʚʥʝ ʪʘ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʨ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʜʝʨʞʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʥʦʩʠʥ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʘʩʽʚ ʪʦʨʬʫ ʫ ʩʢʣʘʜʽ ʩʠʨʦʚʠʥʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʢʨʘʾʥʠ, ʥʝʦʙʭʽʜʥʘ ʢʦʤʧʣʝʢʩʥʘ ʪʘ ʝʬʝʢʪʠʚʥʘ ʦʮʽʥʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʨʬ'ʷʥʠʭ ʨʝʩʫʨʩʽʚ 

ʦʩʫʰʝʥʠʭ ʨʦʜʦʚʠʱ. ɼʣʷ ʪʘʢʦʾ ʦʮʽʥʢʠ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʤʘʪʠ ʧʨʦʤʠʩʣʦʚʽ 

ʟʘʧʘʩʠ ʮʠʭ ʨʦʜʦʚʠʱ ʟʘ ʷʢʽʩʪʶ ʧʦʢʘʟʥʠʢʽʚ ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʾʭ  ʧʨʠʜʘʪʥʽʩʪʴ ʜʣʷ ʨʽʟʥʠʭ 

ʚʠʨʦʙʥʠʮʪʚ. 

ʂʦʤʧʣʝʢʩʥʘ ʦʮʽʥʢʘ ʤʘʻ ʙʫʪʠ ʟʨʦʙʣʝʥʘ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʧʨʠ ʧʨʦʤʠʩʣʦʚʦʾ 

ʨʦʟʨʦʙʮʽ ʨʦʜʦʚʠʱ, ʫ ʪʦʤʫ ʯʠʩʣʽ: ʛʝʦʣʦʛʽʯʥʠʭ, ʛʽʨʥʠʯʦʪʝʭʥʽʯʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ, 

ʝʢʦʥʦʤʽʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʧʨʘʚʦʚʠʭ. ʇʨʠʯʦʤʫ ʮʽ ʨʠʟʠʢʠ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʟʘ ʚʩʽʤʘ 

ʥʘʧʨʷʤʢʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʨʬʫ. 

ɼʝʨʞʘʚʥʠʤ ʙʘʣʘʥʩʦʤ ʟʘʧʘʩʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʋʢʨʘʾʥʠ ʚʨʘʭʦʚʘʥʦ ʧʦʥʘʜ 125 

ʦʩʫʰʝʥʠʭ ʨʦʜʦʚʠʱ ʪʦʨʬʫ ʽʟ ʩʫʤʘʨʥʠʤʠ ʟʘʧʘʩʘʤʠ 157 205 ʪʠʩ. ʪ. [1], ʱʦ ʩʢʣʘʜʘʻ 34,1% ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʧʘʩʽʚ ʢʘʪʝʛʦʨʽʾ ɸ+ɺ+ʉ1+ʉ2+ʟʘʙʘʣʘʥʩʦʚʽ. ɸʣʝ ʮʶ ʢʽʣʴʢʽʩʪʴ ʟʘʟʥʘʯʝʥʠʭ 

ʟʘʧʘʩʽʚ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʫʤʦʚʥʠʤʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʦʩʫʰʝʥʠʭ ʨʦʜʦʚʠʱ ʪʦʨʬʫ ʙʫʣʘ ʨʦʟʚʽʜʘʥʘ ʫ 1960-1980 ʨʨ. ʋ 

ʨʘʜʷʥʩʴʢʽ ʯʘʩʠ, ʧʨʠ ʚʠʚʯʝʥʥʽ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʪʦʨʬ'ʷʥʘ ʛʝʦʣʦʛʽʷ ʨʦʟʚʠʚʘʣʘʩʷ ʷʢ ʦʢʨʝʤʘ 

ʩʘʤʦʩʪʽʡʥʘ  ʛʘʣʫʟʴ. ɯʩʥʫʚʘʣʠ ʚʥʫʪʨʽʰʥʴʦʛʘʣʫʟʝʚʽ ʽʥʩʪʨʫʢʮʽʾ ʟ ʨʦʟʚʽʜʢʠ ʨʦʜʦʚʠʱ ʪʦʨʬʫ, 

ʩʢʣʘʜʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʥʮʠʧʽʚ ʧʣʘʥʦʚʦʾ ʝʢʦʥʦʤʽʢʠ [2]. ɺ ʛʝʦʣʦʛʽʯʥʠʭ ʟʚʽʪʘʭ ʨʦʟʚʽʜʢʠ 

ʜʘʥʠʭ ʨʦʜʦʚʠʱ ʪʦʨʬʫ ʪʠʭ ʨʦʢʽʚ ʥʝ ʙʫʣʦ ʧʝʨʝʜʙʘʯʝʥʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʜʠʮʽʡ 

ʜʣʷ ʧʽʜʨʘʭʫʥʢʫ ʟʘʧʘʩʽʚ ʩʠʨʦʚʠʥʠ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (ʊɽʇ) 

ʧʨʦʤʠʩʣʦʚʦʾ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱʘ, ʷʢ ʮʝ ʨʝʛʣʘʤʝʥʪʫʻ ʜʽʶʯʘ ʥʦʨʤʘʪʠʚʥʘ ʙʘʟʘ [3,4,5,6].  

ʇʠʪʘʥʥʷ ʨʠʟʠʢʽʚ ʨʦʟʨʦʙʢʠ ʦʩʫʰʝʥʠʭ ʨʦʜʦʚʠʱ ʪʦʨʬʫ ʻ ʚʢʨʘʡ ʘʢʪʫʘʣʴʥʠʤ. ʇʨʠ 

ʜʚʦʩʪʦʨʦʥʥʽʡ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ ʜʝʨʞʘʚʠ ʪʘ ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʯʘ ʫ ʨʦʟʨʦʙʮʽ ʦʩʫʰʝʥʠʭ ʨʦʜʦʚʠʱ 

ʪʦʨʬʫ ʦʙʠʜʚʽ ʩʪʦʨʦʥʠ ʤʦʞʫʪʴ ʚʠʷʚʠʪʠʩʷ ʥʝ ʟʘʜʦʚʦʣʝʥʽ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

ɿ ʦʜʥʦʛʦ ʙʦʢʫ ʜʝʨʞʘʚʘ, ʧʨʠ ʚʠʜʘʯʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʜʦʟʚʦʣʫ (ʉɼ) ʥʘ ʧʨʘʚʦ ʢʦʨʠʩʪʫʚʘʥʥʷ 

ʥʘʜʨʘʤʠ ʘʙʦ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʪʦʨʛʽʚ (ʘʫʢʮʽʦʥʫ), ʨʦʟʨʘʭʦʚʫʻ ʦʪʨʠʤʫʚʘʪʠ 

ʜʦʭʦʜʠ ʜʦ ʙʶʜʞʝʪʫ ʫ ʚʠʛʣʷʜʽ ʨʘʟʦʚʠʭ (ʚʘʨʪʽʩʪʴ ʉɼ), ʨʝʛʫʣʷʨʥʠʭ (ʨʝʥʪʥʘ ʧʣʘʪʘ, ʝʢʦʣʦʛʽʯʥʠʡ 

ʧʦʜʘʪʦʢ) ʜʦʭʦʜʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʧʣʘʪʝʞʽʚ. ʅʘ ʩʪʘʜʽʾ ʨʦʟʨʘʭʫʥʢʫ ʚʘʨʪʦʩʪʽ ʉɼ ʽʥʬʦʨʤʘʮʽʷ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʘʥʠʭ ʬʦʥʜʦʚʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʟʚʽʪʽʚ ʪʘ ʜʽʶʯʽʡ ʮʽʥʠ 

ʦʜʠʥʠʮʽ ʪʦʚʘʨʥʦʾ ʧʨʦʜʫʢʮʽʾ [7]. ɺʽʜʧʦʚʽʜʥʦ ʽʩʥʫʻ ʨʠʟʠʢ ʥʝʢʦʨʝʢʪʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʚʘʨʪʦʩʪʽ 



ʉɽʂʎɯʗ - ʅɸʋʂʀ ʇʈʆ ɿɽʄʃʖ 

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 

72 

ʜʦʟʚʦʣʫ ʟ ʦʜʥʦʤʘʥʽʪʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʨʦʚʠʥʠ ʪʘ  ʥʝ ʧʦʚʥʦʛʦ ʧʝʨʝʣʽʢʘ ʥʘʧʨʷʤʢʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʨʠʩʥʦʾ ʢʦʧʘʣʠʥʽ ʚ ʩʧʝʮʽʘʣʴʥʦʤʫ ʜʦʟʚʦʣʽ ʥʘ ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘʜʨʘʤʠ.   

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʯ, ʽʥʚʝʩʪʫʶʯʠ ʫ çʧʨʦʝʢʪ  ʢʦʨʠʩʥʘ ʢʦʧʘʣʠʥʘè, ʧʣʘʥʫʻ 

ʚʠʜʦʙʫʪʦʢ ʢʽʣʴʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ʽʟ ʟʘʟʥʘʯʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʚʢʘʟʘʥʠʤʠ ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ 

ʟʚʽʪʽ ʪʘ ʦʪʨʠʤʘʥʥʷ ʜʦʭʦʜʫ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʩʠʨʦʚʠʥʠ ʘʙʦ ʧʨʦʜʫʢʮʽʾ ʟ ʥʝʾ.  

ɸʣʝ ʥʘʩʧʨʘʚʜʽ ʤʦʞʝ ʩʪʘʪʠʩʷ ʪʘʢʘ ʩʠʪʫʘʮʽʷ ʢʦʣʠ ʥʝʜʦʩʪʦʚʽʨʥʘ ʛʝʦʣʦʛʽʯʥʘ ʽʥʬʦʨʤʘʮʽʷ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʛʦʩʧʦʜʘʨʩʴʢʽʡ ʜʽʷʣʴʥʦʩʪʽ ʟʥʠʞʝʥʥʷʤ ʦʯʽʢʫʚʘʥʠʭ ʊɽʇ. 

ʅʘʜʨʦʢʦʨʠʩʪʫʚʘʯ, ʚʽʜʧʦʚʽʜʥʦ çʇʨʦʛʨʘʤʠ ʨʦʙʽʪ ʟ ʚʠʜʦʙʫʚʘʥʥʷ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥè (ʜʦʜʘʪʦʢ 

ʜʦ ʋʛʦʜʠ ʧʨʦ ʫʤʦʚʠ ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘʜʨʘʤʠ ʟ ʤʝʪʦʶ ʚʠʜʦʙʫʚʘʥʥʷ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ), 

ʚʠʢʦʥʫʻ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘ ʯʘʩʦʤ ʨʦʙʦʪʠ. ʅʘ ʝʪʘʧʽ ʧʦʯʘʪʢʘ ʧʨʦʤʠʩʣʦʚʦʾ ʨʦʟʨʦʙʢʠ ʟôʷʩʫʚʘʣʦʩʴ 

ʱʦ ʚʥʘʩʣʽʜʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʩʫʰʝʥʦʾ ʧʣʦʱ̔ ʨʦʜʦʚʠʱʘ ʟʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤ 

ʧʨʠʟʥʘʯʝʥʥʷʤ, ʚʣʘʩʪʠʚʦʩʪʽ ʪʦʨʬʫ ʟʘʟʥʘʣʠ ʟʤʽʥ ʚ ʯʘʩʪʠʥʽ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʾʭ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʂʦʨʠʩʥʘ ʩʝʨʝʜʥʷ ʛʝʦʣʦʛʽʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʦʢʣʘʜʫ  

ʟʤʝʥʰʠʣʘʩʴ ʜʦ 0,5 ʤʝʪʨʘ, ʱʦ ʩʢʣʘʜʘʻ 18% ʛʝʦʣʦʛʽʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʧʘʩʽʚ. ʇʦʧʝʨʝʜʥʷ 

ʦʮʽʥʢʘ ʬʽʥʘʥʩʦʚʠʭ ʚʪʨʘʪ, ʧʨʠ ʧʨʦʜʘʞʫ ʩʠʨʦʚʠʥʠ ʷʢ ʢʫʩʢʦʚʠʡ ʪʦʨʬ, ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 1,2 

ʤʣʥ. ʛʨʥ.  

ɼʦʩʚʽʜ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʧʦʢʘʟʫʻ, ʱʦ ʟʥʠʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʚ 

ʦʢʨʝʤʽ ʧʝʨʽʦʜʠ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 30%, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚʝʩʪʠ ʜʦ ʟʙʠʪʢʦʚʠʭ ʥʘʩʣʽʜʢʽʚ. 

ʈʘʥʽʰʝ ʫ ʨʽʟʥʠʡ  ʢʨʘʾʥʘʭ ʪʦʨʬ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʷʢ ʧʘʣʠʚʦ. ɺ ʦʩʪʘʥʥʽ 

ʯʘʩʠ ʙʣʠʟʴʢʦ 81% ʚʠʜʦʙʫʪʦʛʦ ʚ ʋʢʨʘʾʥʽ ʪʦʨʬʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʧʘʣʠʚʦ, ʘ ʨʝʰʪʘ 19% ï ʷʢ 

ʜʦʙʨʠʚʘ [8]. ʇʨʠ ʮʴʦʤʫ ʨʦʟʛʣʷʜʘʪʠ ʪʦʨʬ ʚʠʢʣʶʯʥʦ ʷʢ ʧʘʣʠʚʦ ʽ ʜʦʙʨʠʚʘ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ 

ʥʝʜʦʮʽʣʴʥʦ. ɻʣʠʙʦʢʘ ʽ ʢʦʤʧʣʝʢʩʥʘ ʧʝʨʝʨʦʙʢʘ ʪʦʨʬʫ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʥʘ ʚʠʭʦʜʽ ʮʽʣʠʡ 

ʩʧʝʢʪʨ ʧʨʦʜʫʢʪʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʤʝʜʠʮʠʥʽ, ʙʫʜʽʚʥʠʮʪʚʽ, 

ʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʨʠʩ.1). 

 

  

 

 

 

 

 

 

 

 

 

ʈʠʩ.1. ʂʦʤʧʣʝʢʩʥʘ ʧʝʨʝʨʦʙʢʘ ʪʦʨʬʫ 

 

ɸʣʝ ʮʝ ʥʝ ʩʢʘʩʦʚʫʻ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʨʬʫ ʥʘ ʨʽʚʥʽ ʨʝʛʽʦʥʫ ʷʢ ʤʽʩʮʝʚʦʾ 

ʩʠʨʦʚʠʥʠ ʜʣʷ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ. ɼʦʜʘʪʢʦʚʘ ʧʝʨʝʚʘʛʘ ʪʘ ʜʦʜʘʪʢʦʚʠʡ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʧʨʠ ʮʴʦʤʫ ʤʦʞʝ ʙʫʪʠ ʤʦʞʣʠʚʽʩʪʶ ʙʫʜʫʚʘʪʠ  ʜʠʚʝʨʩʠʬʽʢʦʚʘʥʫ 

ʝʢʦʥʦʤʽʢʫ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʢʣʘʜʝʥʦʛʦ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ : 

1. ɺʣʘʩʪʠʚʦʩʪʽ ʪʦʨʬʫ ʦʩʫʰʝʥʠʭ ʨʦʜʦʚʠʱ ʟʘʟʥʘʣʠ ʟʤʽʥʠ ʷʢʽ ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʧʦʜʘʣʴʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʩʠʨʦʚʠʥʠ. 

2. ʋ ʧʦʪʦʯʥʠʭ ʫʤʦʚʘʭ ʛʝʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʦʩʫʰʝʥʠʭ ʨʦʜʦʚʠʱ ʚʽʜʦʙʨʘʞʝʥʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʚʠʥʥʦʾ ʛʝʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʨʠʟʠʢ ʫ ʧʦʣʽ ʦʪʨʠʤʘʪʠ 

ʫʩʽʯʝʥʫ ʛʝʦʣʦʛʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʫʤʦʚʠ ʪʘ ʬʦʨʤʠ ʟʘʣʷʛʘʥʥʷ ʧʦʢʣʘʜʫ, ʨʝʯʦʚʠʡ ʩʢʣʘʜ ʤʘʻ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʚʽʜʭʠʣʝʥʥʷ. 

3. ʇʦʦʜʠʥʦʢʦ ʩʪʠʢʘʶʯʠʩʴ ʟ ʮʠʤʠ, ʥʝʦʙʭʽʜʥʦ ʧʦʨʫʰʠʪʠ ʧʠʪʘʥʥʷ, ʥʘʩʢʽʣʴʢʠ 

ʢʽʣʴʢʽʩʥʠʡ ʧʦʢʘʟʥʠʢ ʙʘʣʘʥʩʦʚʠʭ ʟʘʧʘʩʽʚ ʪʦʨʬʫ ʦʩʫʰʝʥʠʭ ʨʦʜʦʚʠʱ ʟʤʽʥʠʪʴʩʷ ʫ ʟʚ'ʷʟʢʫ ʟʽ 

ʟʤʽʥʦʶ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʨʦʚʠʥʠ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʦʯʥʠʤ 

ʚʠʤʦʛʘʤ ʥʘʮʽʦʥʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʧʦʪʨʝʙ ʝʢʦʥʦʤʽʢʠ. 
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4. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʽʩʪʴ ʜʝʪʘʣʽʟʘʮʽʾ ʦʮʽʥʢʠ 

ʪʦʨʬʫ ʷʢ ʩʠʨʦʚʠʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ʚ ʭʽʤʽʯʥʽʡ ʛʘʣʫʟʽ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 

1. ɼʝʨʞʘʚʥʠʡ ʙʘʣʘʥʩ ʟʘʧʘʩʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʋʢʨʘʾʥʠ ʟʘ 2023 ʨ. ʊʦʨʬ. 

(2024). ɼʝʨʞʘʚʥʝ ʥʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ñɼʝʨʞʘʚʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʛʝʦʣʦʛʽʯʥʠʡ ʬʦʥʜ ʋʢʨʘʾʥʠò.  

2.  ʀʥʩʪʨʫʢʮʠʷ ʧʦ ʨʘʟʚʝʜʢʝ ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʉʉʈ, ʊʦʨʬʛʝʦʣʦʛʠʷ, 

ʄʦʩʢʚʘ 1983ʛ. 

3. ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʧʦʨʷʜʦʢ ʨʦʟʨʦʙʢʠ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʥʜʠʮʽʡ ʥʘ 

ʤʽʥʝʨʘʣʴʥʫ ʩʠʨʦʚʠʥʫ ʜʣʷ ʧʽʜʨʘʭʫʥʢʫ ʟʘʧʘʩʽʚ ʪʚʝʨʜʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ʅʘʢʘʟ ɼʂɿ 

ʋʢʨʘʾʥʠ 07.12.2005 ˉ 300 

4. ɯʥʩʪʨʫʢʮʽʷ ʧʨʦ ʟʤʽʩʪ, ʦʬʦʨʤʣʝʥʥʷ ʽ ʧʦʨʷʜʦʢ ʧʦʜʘʥʥʷ ʥʘ ʨʦʟʛʣʷʜ ɼʝʨʞʘʚʥʦʾ 

ʢʦʤʽʩʽʾ ʋʢʨʘʾʥʠ ʧʦ ʟʘʧʘʩʘʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʧʨʠ ɼʝʨʞʘʚʥʦʤʫ ʢʦʤʽʪʝʪʽ ʋʢʨʘʾʥʠ ʧʦ 

ʛʝʦʣʦʛʽʾ ʽ ʚʠʢʦʨʠʩʪʘʥʥʶ ʥʘʜʨ ʤʘʪʝʨʽʘʣʽʚ ʛʝʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʦʮʽʥʦʢ ʨʦʜʦʚʠʱ 

ʤʝʪʘʣʽʯʥʠʭ ʽ ʥʝʤʝʪʘʣʽʯʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ɼʂɿ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 1995ʨ. 

5. ɯʥʩʪʨʫʢʮ̔ ʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥ̫ ʂʣʘʩʠʬʽʢʘʮ̔ʾ ʟʘʧʘʩ̔ʚ ʽ ʨʝʩʫʨʩʽʚ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ ʜʝʨʞʘʚʥʦʛʦ ʬʦʥʜʫ ʥʘʜʨ ʜʦ ʪʦʨʬʦʚʠʭ ʨʦʜʦʚʠʱ, ɼʂɿ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2004 ʨ  

6. ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʧʦʨʷʜʦʢ ʨʦʟʨʦʙʢʠ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʥʜʠʮʽʡ ʥʘ 

ʤʽʥʝʨʘʣʴʥʫ ʩʠʨʦʚʠʥʫ ʜʣʷ ʧʽʜʨʘʭʫʥʢʫ ʟʘʧʘʩʽʚ ʪʚʝʨʜʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ɼʂɿ ʋʢʨʘʾʥʠ, 

ʂʠʾʚ, 2006 ʨ. 

7. ʎʽʥʘ ʦʜʠʥʠʮʽ ʪʦʚʘʨʥʦʾ ʧʨʦʜʫʢʮʽʾ ʛʽʨʥʠʯʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ï ʚʠʜʦʙʫʪʦʾ 

ʢʦʨʠʩʥʦʾ ʢʦʧʘʣʠʥʠ (ʤʽʥʝʨʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ) [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]-2025. ʈʝʞʠʤ ʜʦʩʪʫʧʫ 

ʜʦ ʨʝʩʫʨʩʫ: https://www.geo.gov.ua/nadrokorystuvannya/tsina-odynytsi-tovarnoyi-

produktsiyi/ 

8. ɺʠʜʦʙʫʪʦʢ ʪʦʨʬʫ ʚ ʋʢʨʘʾʥʽ: ʜʦʮʽʣʴʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʪʦʨʬʦʚʠʱ 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]-2022. - ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: (https://eba.com.ua/vydobutok-

torfu-v-ukrayini-dotsilnist-vidnovlennya-torfovyshh) 
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ʋɼʂ 550.3 

 

ʇʽʩʢʫʥʦʚ ʆ.ɺ. ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 103 ʅʘʫʢʠ ʧʨʦ ɿʝʤʣʶ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʊʷʧʢʽʥ ʆ.ʂ., ʜʦʢʪʦʨ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʈɯɺʅɯɺ ʇɯɼɿɽʄʅʀʍ ɺʆɼ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ Vs30 ʊɸ 

ʄɽʊʆɼɯɺ ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ 

 

ʇʽʜ ʯʘʩ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ, ʦʩʦʙʣʠʚʦ ʚ ʥʘʬʪʦʛʘʟʦʚʠʭ ʨʝʛʽʦʥʘʭ, 

ʚʠʪʨʘʯʘʶʪʴʩʷ ʟʥʘʯʥʽ ʨʝʩʫʨʩʠ ʥʘ ʚʠʚʯʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ (ɺʏɻʈ). ʇʨʦʪʝ ʦʪʨʠʤʘʥʘ ʤʦʜʝʣʴ ʯʘʩʪʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʜʘʣʽ, 

ʧʦʧʨʠ ʪʝ ʱʦ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʥʘʜʽʡʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʽ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʟʘʜʘʯ, ʟʦʢʨʝʤʘ ʧʽʜ ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʛʽʦʥʽʚ (Pigulevskiy & Svistun, 

2024). ɺʦʜʥʦʯʘʩ ʟʘʬʽʢʩʦʚʘʥʽ ʣʠʰʝ ʧʦʦʜʠʥʦʢʽ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ɺʏɻʈ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʷʢ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʠ ʧʦʰʫʢʘʭ ʚʫʛʣʝʚʦʜʥʽʚ (Tiapkin et al., 2016). 

ʉʝʨʝʜ ʢʣʶʯʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʏɻʈ ʚʠʜʽʣʷʻʪʴʩʷ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʟʩʫʚʥʦʾ ʭʚʠʣʽ ʫ 

ʚʝʨʭʥʽʭ 30ʤ (Vs30), ʱʦ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʡʩʤʽʯʥʦʛʦ ʪʠʧʫ ˇʨʫʥʪʽʚ 

ʽ ʥʝʧʨʷʤʦʾ ʦʮʽʥʢʠ ʛʝʦʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʆʩʢʽʣʴʢʠ ʚʦʣʦʛʽʩʪʴ ʽ ʱʽʣʴʥʽʩʪʴ ʤʦʞʫʪʴ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʰʚʠʜʢʽʩʪʴ ʭʚʠʣʴ, ʧʨʠʧʫʩʢʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ Vs30 ʷʢ 

ʧʨʦʢʩʽ-ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʽʚʥʽʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʷʤʠʭ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʛʽʧʦʪʝʟʠ ʙʫʣʦ ʦʙʨʘʥʦ ʰʪʘʪ ʊʝʭʘʩ (ʉʐɸ) ʟ ʚʽʜʢʨʠʪʠʤʠ ʜʘʥʠʤʠ ʧʨʦ 

Vs30 (Li et al., 2020), ʛʣʠʙʠʥʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ (Jasechko, 2023) ʪʘ ʣʽʪʦʣʦʛʽʶ. ʋʩʽ ʜʘʥʽ ʙʫʣʦ 

ʧʨʠʚʝʜʝʥʦ ʜʦ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ EPSG:4326 ʪʘ ʟʽʩʪʘʚʣʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʣʛʦʨʠʪʤʫ cKDTree, ʱʦ ʥʘʜʘʻ ʧʨʷʤʝ ʧʨʦʩʪʦʨʦʚʝ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʙʝʟ ʽʥʪʝʨʧʦʣʷʮʽʾ. ɼʣʷ 

ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʣʽʪʦʣʦʛʽʾ ʤʦʜʝʣʽ ʪʨʝʥʫʚʘʣʠʩʷ ʷʢ ʙʝʟ, ʪʘʢ ʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʣʽʪʦʣʦʛʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɹʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʨʠ ʤʦʜʝʣʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ: 

1. ʇʨʦʩʪʘ ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ ï ʩʧʨʦʙʘ ʚʽʜʦʙʨʘʟʠʪʠ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ 

2. Random Forest ï ʤʝʪʦʜ ʘʥʩʘʤʙʣʝʚʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ ʙʫʜʫʻ ʥʘʙʽʨ ʜʝʨʝʚ 

ʨʽʰʝʥʴ ʽ ʫʩʝʨʝʜʥʶʻ ʧʨʦʛʥʦʟʠ 

3. Extra Trees ï ʚʘʨʽʘʥʪ Random Forest ʟ ʜʦʜʘʪʢʦʚʦʶ ʚʠʧʘʜʢʦʚʽʩʪʶ, ʱʦ ʤʦʞʝ 

ʧʦʣʽʧʰʠʪʠ ʟʙʽʞʥʽʩʪʴ. 

ʅʘʙʽʨ ʙʫʣʦ ʧʦʜʽʣʝʥʦ ʥʘ 80% ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ ʽ 20% ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ. ʆʮʽʥʶʚʘʥʥʷ 

ʚʠʢʦʥʫʚʘʣʦʩʴ ʟʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʝʪʝʨʤʽʥʘʮʽʾ (R2) ʽ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʶ ʧʦʤʠʣʢʦʶ 

(RMSE), ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʽʜʩʦʪʦʢ ʧʦʷʩʥʝʥʦʾ ʜʠʩʧʝʨʩʽʾ ʪʘ ʩʝʨʝʜʥʶ ʚʝʣʠʯʠʥʫ ʚʽʜʭʠʣʝʥʴ 

ʤʽʞ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʡ ʬʘʢʪʠʯʥʠʤʠ ʛʣʠʙʠʥʘʤʠ ʚʦʜʠ ʚʽʜʧʦʚʽʜʥʦ. 

ʃʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ ʥʝ ʧʦʢʘʟʘʣʘ ʩʫʪʪʻʚʦʛʦ ʟʚôʷʟʢʫ (R2=0.002, RMSE=8.9). ʅʘʪʦʤʽʩʪʴ 

ʘʥʩʘʤʙʣʝʚʽ ʤʝʪʦʜʠ ʟʥʘʯʥʦ ʢʨʘʱʝ ʚʨʘʭʦʚʫʶʪʴ ʥʝʣʽʥʽʡʥʽʩʪʴ (ʊʘʙʣ. 1). 

 

ʊʘʙʣʠʮʷ 1 ï ʄʝʪʨʠʢʠ ʧʦʙʫʜʦʚʘʥʠʭ ʤʦʜʝʣʝʡ 

Model R2 RMSE 

Linear 

regression 

0.002 8.9 

Random Forest 0.728 4.296 

Extra Trees 0.733 4.255 

ɼʦʜʘʚʘʥʥʷ ʣʽʪʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʟʙʽʣʴʰʠʣʦ R2 ʣʠʰʝ ʥʘ 2ï3%, ʱʦ ʚʢʘʟʫʻ ʥʘ ʚʞʝ 

ʜʦʩʠʪʴ ʚʠʩʦʢʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʘʨʘʤʝʪʨʘ Vs30. ʅʘ ʈʠʩ. 2 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ 

ʧʦʨʽʚʥʷʥʥʷ ʬʘʢʪʠʯʥʠʭ ʽ ʧʝʨʝʜʙʘʯʝʥʠʭ ʛʣʠʙʠʥ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟʘ ʤʦʜʝʣʣʶ Extra Trees, ʷʢʘ 

ʧʦʷʩʥʶʻ ~73% ʚʘʨʽʘʮʽʡ. 
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ʈʠʩʫʥʦʢ 2 ï ʇʦʨʽʚʥʷʥʥʷ ʬʘʢʪʠʯʥʠʭ ʽ ʧʝʨʝʜʙʘʯʝʥʠʭ ʟʥʘʯʝʥʴ ʛʣʠʙʠʥ ʧʽʜʟʝʤʥʠʭ 

ʚʦʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Extra Trees 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ Vs30 ʷʢ ʧʨʦʢʩʽ-

ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʦʮʽʥʢʠ ʨʽʚʥʽʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ ʛʣʠʙʠʥʘʭ ʜʦ 30 ʤ. ɸʥʩʘʤʙʣʝʚʽ ʤʝʪʦʜʠ, 

ʟʦʢʨʝʤʘ Random Forest ʽ Extra Trees, ʚʨʘʭʦʚʫʶʪʴ ʥʝʣʽʥʽʡʥʽ ʪʘ ʧʨʦʩʪʦʨʦʚʦ ʥʝʦʜʥʦʨʽʜʥʽ 

ʟʚôʷʟʢʠ ʤʽʞ ʰʚʠʜʢʽʩʪʶ ʟʩʫʚʥʦʾ ʭʚʠʣʽ ʪʘ ʨʽʚʥʷʤʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʇʨʠ ʮʴʦʤʫ ʜʦʣʫʯʝʥʥʷ 

ʣʽʪʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʟʙʽʣʴʰʠʣʦ R2 ʣʠʰʝ ʥʘ 2ï3%, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʞʝ ʜʦʩʠʪʴ ʚʠʩʦʢʠʡ 

ʧʦʪʝʥʮʽʘʣ ʩʘʤʦʛʦ Vs30 ʫ ʚʽʜʦʙʨʘʞʝʥʥʽ ʛʝʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʏɻʈ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʟʘʛʘʣʴʥʶʚʘʥʦʩʪʽ 

ʤʝʪʦʜʠʢʠ ʚʘʞʣʠʚʦ ʧʝʨʝʚʽʨʠʪʠ ʨʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ ʚ ʨʽʟʥʠʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʭ ʫʤʦʚʘʭ. 

ʊʘʢʦʞ ʩʣʽʜ ʫʨʘʭʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʽ ʦʙʤʝʞʝʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʪʘ ʧʦʚʥʦʪʦʶ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʧʝʨʝʜʙʘʯʘʪʠ 

ʚʢʣʶʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʥʘʧʨʠʢʣʘʜ, ʧʦʨʠʩʪʽʩʪʴ ʪʘ ʧʨʦʥʠʢʥʽʩʪʴ) ʽ ʨʦʟʛʣʷʜ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ 

ʘʙʦ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ) ʟʘʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʧʨʦʛʥʦʟʽʚ. 
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ɻɸʃʊʋɺɸʅʅʗ ʗʂ ʉʋʏɸʉʅɽ ʊɽʍʅʆʃʆɻɯʏʅɽ ʈɯʐɽʅʅʗ ɼʃʗ ʄɸʈʂɽʊʀʅɻʋ 

ʂʆʐʊʆɺʅʆɻʆ ʂɸʄɯʅʅʗ 

 

ɻʘʣʪʫʚʘʥʥʷ ʢʦʰʪʦʚʥʦʛʦ ʢʘʤʽʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʧʨʦʮʝʩʦʤ ʫ ʶʚʝʣʽʨʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʪʘ ʜʝʢʦʨʘʪʠʚʥʦʤʫ ʤʠʩʪʝʮʪʚʽ. ʎʷ ʪʝʭʥʽʢʘ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʢʘʤʝʥʽʚ ʜʦ ʛʣʘʜʢʠʭ, ʦʢʨʫʛʣʠʭ 

ʬʦʨʤ ʙʝʟ ʛʦʩʪʨʠʭ ʢʨʘʾʚ ʧʦʢʨʘʱʫʻ ʾʭʥʽʡ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʽ ʨʦʙʠʪʴ ʙʝʟʧʝʯʥʽʰʠʤʠ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʠʨʦʙʘʭ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʛʘʣʪʫʚʘʥʥʷ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʽʜʛʦʪʦʚʮʽ 

ʢʘʤʝʥʽʚ ʜʣʷ ʶʚʝʣʽʨʥʠʭ ʧʨʠʢʨʘʩ, ʜʠʟʘʡʥʫ ʽʥʪʝʨôʻʨʫ ʪʘ ʩʫʚʝʥʽʨʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ɻʘʣʪʫʚʘʥʥʷ ʚʠʢʦʥʫʻ ʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ. ɺʦʥʦ ʧʦʢʨʘʱʫʻ ʪʘʢʪʠʣʴʥʽ ʪʘ ʚʽʟʫʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʘʤʝʥʽʚ, ʥʘʜʘʶʯʠ ʾʤ ʛʣʘʜʢʦʩʪʽ ʡ ʙʣʠʩʢʫ, ʱʦ ʧʽʜʚʠʱʫʻ ʾʭʥʶ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʜʣʷ 

ʩʧʦʞʠʚʘʯʽʚ. ʅʘʧʨʠʢʣʘʜ, ʘʤʝʪʠʩʪ ʘʙʦ ʘʛʘʪ ʧʽʩʣʷ ʛʘʣʪʫʚʘʥʥʷ ʥʘʙʫʚʘʶʪʴ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʧʦʧʫʣʷʨʥʠʤʠ ʚ ʤʘʩʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʙʽʞʫʪʝʨʽʾ. ʂʨʽʤ ʪʦʛʦ, ʮʝʡ 

ʧʨʦʮʝʩ ʫʩʫʚʘʻ ʜʨʽʙʥʽ ʜʝʬʝʢʪʠ, ʪʘʢʽ ʷʢ ʪʨʽʱʠʥʠ ʯʠ ʥʝʨʽʚʥʦʩʪʽ, ʧʽʜʚʠʱʫʶʯʠ ʝʩʪʝʪʠʯʥʫ 

ʮʽʥʥʽʩʪʴ ʢʘʤʝʥʶ. ɿʘ ʜʘʥʠʤʠ ʶʚʝʣʽʨʥʦʾ ʽʥʜʫʩʪʨʽʾ, ʦʙʨʦʙʣʝʥʽ ʢʘʤʝʥʽ ʤʦʞʫʪʴ ʢʦʰʪʫʚʘʪʠ 

ʟʥʘʯʥʦ ʜʦʨʦʞʯʝ ʟʘʚʜʷʢʠ ʧʦʢʨʘʱʝʥʽʡ ʷʢʦʩʪʽ. 

ɻʘʣʪʫʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ. ʅʘʡʧʦʰʠʨʝʥʽʰʠʡ ʤʝʪʦʜ ð 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʝʨʪʦʚʠʭ ʙʘʨʘʙʘʥʽʚ, ʜʝ ʢʘʤʝʥʽ ʨʘʟʦʤ ʽʟ ʘʙʨʘʟʠʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ 

(ʥʘʧʨʠʢʣʘʜ, ʧʽʩʢʦʤ ʘʙʦ ʩʠʣʽʮʽʻʚʠʤ ʢʘʨʙʽʜʦʤ) ʦʙʨʦʙʣʷʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʪʠʞʥʽʚ. ʎʝʡ 

ʤʝʪʦʜ ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʧʘʨʪʽʡ ʢʘʤʝʥʽʚ. ɯʥʰʠʡ ʧʽʜʭʽʜ ð ʚʽʙʨʘʮʽʡʥʽ 

ʤʘʰʠʥʠ, ʷʢʽ ʧʨʠʩʢʦʨʶʶʪʴ ʧʨʦʮʝʩ ʽ ʜʦʟʚʦʣʷʶʪʴ ʦʜʥʦʯʘʩʥʦ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʅʘʧʨʠʢʣʘʜ, 

ʚʽʙʨʘʮʽʡʥʽ ʛʘʣʪʫʚʘʣʴʥʽ ʤʘʰʠʥʠ ʤʦʞʫʪʴ ʟʘʚʝʨʰʠʪʠ ʦʙʨʦʙʢʫ ʟʘ 1ï2 ʜʥʽ ʟʘʤʽʩʪʴ ʪʠʞʥʽʚ. 

ʈʫʯʥʝ ʛʘʣʪʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʨʽʜʰʝ, ʘʣʝ ʚʦʥʦ ʥʝʟʘʤʽʥʥʝ ʜʣʷ ʜʝʣʽʢʘʪʥʠʭ ʢʘʤʝʥʽʚ, 

ʪʘʢʠʭ ʷʢ ʦʧʘʣ ʯʠ ʪʫʨʤʘʣʽʥ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʦʙʝʨʝʞʥʦʛʦ ʧʽʜʭʦʜʫ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ 

ʤʘʡʩʪʨʘʤ ʢʦʥʪʨʦʣʶʚʘʪʠ ʢʦʞʝʥ ʝʪʘʧ ʦʙʨʦʙʢʠ. ɻʘʣʪʦʚʘʥʽ ʢʘʤʝʥʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʥʝ ʣʠʰʝ ʚ ʶʚʝʣʽʨʥʠʭ ʚʠʨʦʙʘʭ, ʘ ʡ ʫ ʜʝʢʦʨʘʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ, ʪʘʢʠʭ ʷʢ ʤʦʟʘʾʢʠ ʯʠ ʥʘʩʪʽʣʴʥʽ 

ʧʨʠʢʨʘʩʠ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʛʘʣʪʫʚʘʥʥʷ 

ʇʦʨʽʚʥʷʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʽ ʦʙʝʨʪʦʚʠʭ ʙʘʨʘʙʘʥʽʚ ʧʦʢʘʟʫʻ ʾʭʥʽ ʧʝʨʝʚʘʛʠ ʟʘʣʝʞʥʦ 

ʚʽʜ ʮʽʣʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɺʽʙʨʘʮʽʡʥʽ ʤʘʰʠʥʠ ʟʘʚʝʨʰʫʶʪʴ ʦʙʨʦʙʢʫ ʟʘ 1ï2 ʪʠʞʥʽ (ʘʙʦ 1ï4 ʜʥʽ 

ʥʘ ʝʪʘʧ), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʦ 75% ʤʝʥʰʝ ʘʙʨʘʟʠʚʽʚ (0,5 ʫʥʮʽʾ/ʢʛ ʧʨʦʪʠ 2 ʫʥʮʽʡ/ʢʛ ʫ 

ʙʘʨʘʙʘʥʘʭ), ʱʦ ʝʢʦʥʦʤʠʪʴ ʚʠʪʨʘʪʠ (rocktumbler.com). ɺʦʥʠ ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʷʪʴ ʜʣʷ 

ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʚʜʷʢʠ ʰʚʠʜʢʦʩʪʽ ʪʘ ʟʜʘʪʥʦʩʪʽ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʽ ʧʘʨʪʽʾ (ʜʦ 75 ʢʛ), 

ʟʙʝʨʽʛʘʶʯʠ ʧʨʠʨʦʜʥʫ ʬʦʨʤʫ ʢʘʤʝʥʽʚ. ʆʙʝʨʪʦʚʽ ʙʘʨʘʙʘʥʠ, ʭʦʯʘ ʡ ʧʦʚʽʣʴʥʽʰʽ (4ï6 ʪʠʞʥʽʚ), 

ʻ ʝʢʦʥʦʤʽʯʥʽʰʠʤʠ ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʝʣʽʢʘʪʥʫ ʦʙʨʦʙʢʫ ʤôʷʢʠʭ ʢʘʤʝʥʽʚ 

ʽ ʧʨʦʩʪʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʢʨʘʱʠʤʠ ʜʣʷ ʭʦʙʽʩʪʽʚ (mamasminerals.com). ɿ ʦʛʣʷʜʫ 

ʥʘ ʰʚʠʜʢʽʩʪʴ, ʝʢʦʥʦʤʽʶ ʤʘʪʝʨʽʘʣʽʚ ʽ ʨʠʥʢʦʚʠʡ ʧʦʧʠʪ, ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʦʙʨʘʥʦ ʚʽʙʨʘʮʽʡʥʽ ʤʘʰʠʥʠ, ʷʢʽ ʦʧʪʠʤʽʟʫʶʪʴ ʧʨʦʮʝʩ ʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʢʦʤʝʨʮʽʡʥʠʤ ʧʦʪʨʝʙʘʤ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʰʚʠʜʢʽʩʪʴ, ʝʢʦʥʦʤʽʶ ʤʘʪʝʨʽʘʣʽʚ ʽ ʟʜʘʪʥʽʩʪʴ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʽ ʧʘʨʪʽʾ, 

ʚʽʙʨʘʮʽʡʥʝ ʛʘʣʪʫʚʘʥʥʷ ʚʠʟʥʘʥʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ, ʷʢʠʡ ʙʫʜʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʚ ʤʦʾʭ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʽ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʝʢʦʥʦʤʽʯʥʦʛʦ ʧʨʦʨʘʭʫʥʢʫ ʢʦʤʝʨʮʽʡʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. 
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ʊʘʙʣʠʮʷ 1 

ʇʦʨʽʚʥʷʥʥʷ ʤʝʪʦʜʽʚ ʦʙʝʨʪʦʚʦʛʦ ʪʘ ʚʽʙʨʘʮʽʡʥʦʛʦ ʤʝʪʦʜʽʚ ʛʘʣʪʫʚʘʥʥʷ 

 

ʂʨʠʪʝʨʽʡ ʆʙʝʨʪʦʚʽ ʙʘʨʘʙʘʥʠ ɺʽʙʨʘʮʽʡʥʽ ʤʘʰʠʥʠ 

ʐʚʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ 4ï6 ʪʠʞʥʽʚ ʥʘ ʧʦʚʥʠʡ ʮʠʢʣ 1ï2 ʪʠʞʥʽ (ʘʙʦ 1ï4 ʜʥʽ ʥʘ ʝʪʘʧ) 

ʆʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ 
ʅʝʚʝʣʠʢʽ ʧʘʨʪʽʾ (1ï3 ʢʛ ʜʣʷ 

ʭʦʙʽ) 

ɺʝʣʠʢʽ ʧʘʨʪʽʾ (ʜʦ 75 ʢʛ ʜʣʷ 

ʧʨʦʤʠʩʣʦʚʠʭ) 

ɺʠʪʨʘʪʠ ʥʘ ʘʙʨʘʟʠʚʠ ɺʠʩʦʢʽ (2 ʫʥʮʽʾ/ʢʛ ʢʘʤʝʥʽʚ) ʅʠʟʴʢʽ (0,5 ʫʥʮʽʾ/ʢʛ ʢʘʤʝʥʽʚ) 

ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ 
ɺʠʱʽ ʚʠʪʨʘʪʠ ʯʝʨʝʟ ʜʦʚʰʠʡ 

ʯʘʩ 
ʅʠʞʯʽ ʚʠʪʨʘʪʠ ʟʘʚʜʷʢʠ ʰʚʠʜʢʦʩʪʽ 

ʗʢʽʩʪʴ ʦʙʨʦʙʢʠ 
ʆʢʨʫʛʣʶʻ ʢʘʤʝʥʽ, ʜʝʣʽʢʘʪʥʘ 

ʦʙʨʦʙʢʘ 

ɿʙʝʨʽʛʘʻ ʬʦʨʤʫ, ʽʜʝʘʣʴʥʦ ʜʣʷ 

ʧʣʦʩʢʠʭ ʢʘʤʝʥʽʚ 

ʐʫʤ 
ʊʠʭʽ (ʦʩʦʙʣʠʚʦ ʟ ʛʫʤʦʚʠʤʠ 

ʙʘʨʘʙʘʥʘʤʠ) 
ɻʫʯʥʽ (3000 ʚʽʙʨʘʮʽʡ/ʭʚ) 

ʇʨʦʩʪʦʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʇʨʦʩʪʽ, ʥʝ ʧʦʪʨʝʙʫʶʪʴ 

ʯʘʩʪʦʛʦ ʥʘʛʣʷʜʫ 

ʇʦʪʨʝʙʫʶʪʴ ʥʘʛʣʷʜʫ 

(ʨʝʛʫʣʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ) 

 

ʊʝʭʥʦʣʦʛʽʷ ʛʘʣʪʫʚʘʥʥʷ 

ʇʨʦʮʝʩ ʛʘʣʪʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ. ʉʧʦʯʘʪʢʫ ʧʨʦʚʦʜʠʪʴʩʷ 

ʰʣʽʬʫʚʘʥʥʷ: ʢʘʤʝʥʽ ʧʦʤʽʱʘʶʪʴ ʫ ʙʘʨʘʙʘʥ ʽʟ ʛʨʫʙʠʤʠ ʘʙʨʘʟʠʚʘʤʠ (ʥʘʧʨʠʢʣʘʜ, ʩʠʣʽʮʽʻʚʠʤ 

ʢʘʨʙʽʜʦʤ ʽʟ ʟʝʨʥʠʩʪʽʩʪʶ 60ï80) ʽ ʚʦʜʦʶ. ʎʝʡ ʝʪʘʧ ʪʨʠʚʘʻ ʚʽʜ 7 ʜʦ 14 ʜʥʽʚ ʫ ʦʙʝʨʪʦʚʠʭ 

ʙʘʨʘʙʘʥʘʭ, ʬʦʨʤʫʶʯʠ ʦʢʨʫʛʣʫ ʬʦʨʤʫ. ɼʘʣʽ ʥʘʩʪʘʻ ʜʦʚʝʜʝʥʥʷ, ʢʦʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʨʽʙʥʽʰʽ ʘʙʨʘʟʠʚʠ (ʟʝʨʥʠʩʪʽʩʪʴ 120ï220), ʱʦʙ ʫʩʫʥʫʪʠ ʧʦʜʨʷʧʠʥʠ ʡ ʟʨʦʙʠʪʠ ʧʦʚʝʨʭʥʶ 

ʛʣʘʜʰʦʶ; ʮʝ ʟʘʡʤʘʻ 5ï10 ʜʥʽʚ. ɿʘʚʝʨʰʫʻ ʧʨʦʮʝʩ ʧʦʣʽʨʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʢʩʠʜʫ 

ʘʣʶʤʽʥʽʶ ʘʙʦ ʦʢʩʠʜʫ ʮʝʨʽʶ, ʱʦ ʥʘʜʘʻ ʢʘʤʝʥʷʤ ʙʣʠʩʢʫ; ʪʨʠʚʘʣʽʩʪʴ ð 3ï7 ʜʥʽʚ. 

ɼʣʷ ʰʣʽʬʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʛʨʫʙʽ ʘʙʨʘʟʠʚʠ, ʪʘʢʽ ʷʢ ʩʠʣʽʮʽʻʚʠʡ ʢʘʨʙʽʜ, ʷʢʠʡ 

ʝʬʝʢʪʠʚʥʦ ʚʠʜʘʣʷʻ ʥʝʨʽʚʥʦʩʪʽ. ʅʘ ʝʪʘʧʽ ʜʦʚʝʜʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʨʽʙʥʽʰʠʡ ʩʠʣʽʮʽʻʚʠʡ 

ʢʘʨʙʽʜ ʘʙʦ ʘʣʶʤʽʥʽʻʚʠʡ ʦʢʩʠʜ. ɼʣʷ ʧʦʣʽʨʫʚʘʥʥʷ ʧʦʧʫʣʷʨʥʽ ʦʢʩʠʜ ʮʝʨʽʶ (ʜʣʷ ʪʚʝʨʜʠʭ 

ʢʘʤʝʥʽʚ, ʷʢ ʢʚʘʨʮ) ʘʙʦ ʦʢʩʠʜ ʟʘʣʽʟʘ (ʜʣʷ ʤôʷʢʠʭ, ʷʢ ʤʘʣʘʭʽʪ). ɺʠʙʽʨ ʘʙʨʘʟʠʚʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʚʝʨʜʦʩʪʽ ʢʘʤʝʥʶ ʟʘ ʰʢʘʣʦʶ ʄʦʦʩʘ. 

ʄʝʭʘʥʽʯʥʝ ʛʘʣʪʫʚʘʥʥʷ ʤʘʻ ʥʠʟʢʫ ʧʝʨʝʚʘʛ: 

ɽʩʪʝʪʠʢʘ: ɻʣʘʜʢʽ, ʙʣʠʩʢʫʯʽ ʢʘʤʝʥʽ ʚʠʛʣʷʜʘʶʪʴ ʧʨʠʚʘʙʣʠʚʽʰʝ, ʱʦ ʧʽʜʚʠʱʫʻ ʾʭʥʶ 

ʧʦʧʫʣʷʨʥʽʩʪʴ. 

ɹʝʟʧʝʢʘ: ɺʽʜʩʫʪʥʽʩʪʴ ʛʦʩʪʨʠʭ ʢʨʘʾʚ ʨʦʙʠʪʴ ʢʘʤʝʥʽ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʥʦʩʽʥʥʷ. 

ʋʥʽʚʝʨʩʘʣʴʥʽʩʪʴ: ʆʙʨʦʙʣʝʥʽ ʢʘʤʝʥʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʶʚʝʣʽʨʥʠʭ ʚʠʨʦʙʘʭ, ʜʝʢʦʨʽ ʪʘ 

ʥʘʚʽʪʴ ʘʢʚʘʨʽʫʤʥʦʤʫ ʜʠʟʘʡʥʽ. 

ɻʘʣʪʫʚʘʥʥʷ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʨʠʥʢʦʚʫ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʢʘʤʝʥʽʚ. ɿʘ ʜʘʥʠʤʠ ʟʚʽʪʫ 

Gemological Institute of America (GIA), ʦʙʨʦʙʣʝʥʽ ʢʘʤʝʥʽ ʩʧʨʠʡʤʘʶʪʴʩʷ ʷʢ ʙʽʣʴʰ ʷʢʽʩʥʽ 

ʯʝʨʝʟ ʾʭʥʽʡ ʙʣʠʩʢ ʽ ʦʜʥʦʨʽʜʥʽʩʪʴ. ʅʘʧʨʠʢʣʘʜ, ʛʘʣʪʦʚʘʥʠʡ ʢʚʘʨʮ ʯʘʩʪʦ ʧʨʦʜʘʻʪʴʩʷ ʜʦʨʦʞʯʝ 

ʟʘ ʥʝʦʙʨʦʙʣʝʥʠʡ ʯʝʨʝʟ ʜʦʜʘʥʫ ʝʩʪʝʪʠʯʥʫ ʮʽʥʥʽʩʪʴ. 

ʇʨʠʢʣʘʜʠ ʫʩʧʽʰʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʣʴʪʦʚʘʥʠʭ ʢʘʤʝʥʽʚ ʫ ʶʚʝʣʽʨʥʠʭ ʚʠʨʦʙʘʭ 

Pandora: ʋ 2020 ʨʦʮʽ Pandora ʚʠʧʫʩʪʠʣʘ ʢʦʣʝʢʮʽʶ ñTimeless Eleganceò ʽʟ ʛʘʣʪʦʚʘʥʠʤ 

ʨʦʞʝʚʠʤ ʢʚʘʨʮʦʤ, ʱʦ ʧʽʜʢʨʝʩʣʠʣʦ ʥʽʞʥʽʩʪʴ ʜʠʟʘʡʥʫ ʡ ʦʪʨʠʤʘʣʦ ʧʦʟʠʪʠʚʥʽ ʚʽʜʛʫʢʠ 

ʧʦʢʫʧʮʽʚ. 

Swarovski: ʂʦʤʧʘʥʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʛʘʣʪʦʚʘʥʽ ʢʨʠʩʪʘʣʠ ʫ ʩʚʦʾʭ ʧʨʠʢʨʘʩʘʭ, ʥʘʧʨʠʢʣʘʜ, 

ʫ ʢʦʣʝʢʮʽʾ ñCrystal Dustò (2016), ʜʝ ʛʣʘʜʢʘ ʧʦʚʝʨʭʥʷ ʜʦʜʘʣʘ ʚʠʰʫʢʘʥʦʩʪʽ. 

ɽʢʦʥʦʤʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʚʠʨʦʙʥʠʮʪʚʘ ʛʘʣʪʦʚʘʥʦʾ ʷʰʤʠ 

ʇʨʠ ʧʦʯʘʪʢʦʚʠʭ ʚʢʣʘʜʝʥʥʷʭ ʙʣʠʟʴʢʦ $2000 ʥʘ ʟʘʢʫʧʽʚʣʶ ʚʽʙʨʘʮʽʡʥʦʾ ʤʘʰʠʥʠ, 

ʩʪʚʦʨʝʥʥʷ ʩʘʡʪʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʪʨʘʪ ʥʘ ʩʠʨʦʚʠʥʫ, ʘʙʨʘʟʠʚʠ, ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʟʘʨʧʣʘʪʫ 
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ʪʘ ʧʦʜʘʪʢʠ, ʦʢʫʧʥʽʩʪʴ ʥʘ ʫʤʦʚʘʭ ʧʦʚʥʦʛʦ ʧʨʦʜʘʞʫ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ ʤʽʩʷʮʴ - ʜʚʘ. 

ʏʠʩʪʠʡ ʧʨʠʙʫʪʦʢ: $130/ʜʝʥʴ ʘʙʦ $2500/ʤʽʩʷʮʴ. 

ʉʪʨʘʪʝʛʽʾ ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʜʣʷ ʛʘʣʪʦʚʘʥʠʭ ʢʘʤʝʥʽʚ 

ʇʨʝʤʽʫʤ-ʮʽʥʦʫʪʚʦʨʝʥʥʷ: ɻʘʣʪʦʚʘʥʽ ʢʘʤʝʥʽ ʧʨʦʜʘʶʪʴʩʷ ʟʘ ʚʠʱʠʤʠ ʮʽʥʘʤʠ ʯʝʨʝʟ 

ʚʠʪʨʘʪʠ ʥʘ ʦʙʨʦʙʢʫ ʪʘ ʧʦʢʨʘʱʝʥʫ ʷʢʽʩʪʴ. ʅʘʧʨʠʢʣʘʜ, ʛʘʣʪʦʚʘʥʠʡ ʘʤʝʪʠʩʪ ʤʦʞʝ ʢʦʰʪʫʚʘʪʠ 

ʥʘ 15ï20% ʜʦʨʦʞʯʝ ʟʘ ʥʝʦʙʨʦʙʣʝʥʠʡ. 

ʈʦʟʤʽʨ ʽ ʷʢʽʩʪʴ: ɹʽʣʴʰʽ ʪʘ ʽʜʝʘʣʴʥʦ ʚʽʜʧʦʣʽʨʦʚʘʥʽ ʢʘʤʝʥʽ ʤʘʶʪʴ ʚʠʱʫ ʮʽʥʫ; ʥʘʧʨʠʢʣʘʜ, 

ʛʘʣʪʦʚʘʥʠʡ ʘʛʘʪ ʜʽʘʤʝʪʨʦʤ 20 ʤʤ ʢʦʰʪʫʻ ʙʽʣʴʰʝ ʟʘ ʜʨʽʙʥʽʰʽ ʟʨʘʟʢʠ. 

ʉʝʟʦʥʥʽʩʪʴ: ʎʽʥʠ ʥʘ ʶʚʝʣʽʨʥʽ ʚʠʨʦʙʠ ʟ ʛʘʣʪʦʚʘʥʠʤ ʢʘʤʝʥʷʤʠ ʟʨʦʩʪʘʶʪʴ ʧʝʨʝʜ 

ʩʚʷʪʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʈʽʟʜʚʦ, ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʠʡ ʧʦʧʠʪ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʛʘʣʪʫʚʘʥʥʷ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʫʩʧʽʭ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʢʘʤʧʘʥʽʡ. 

ʊʘʢ: 

Swarovski ñCrystal Dustò (2016): ʂʦʣʝʢʮʽʷ ʙʨʘʩʣʝʪʽʚ ʽʟ ʛʘʣʪʦʚʘʥʠʤ ʢʨʠʩʪʘʣʘʤʠ ʩʪʘʣʘ 

ʭʽʪʦʤ ʟʘʚʜʷʢʠ ʛʣʘʜʢʽʡ ʪʝʢʩʪʫʨʽ ʡ ʙʣʠʩʢʫ, ʱʦ ʧʽʜʢʨʝʩʣʠʣʠ ʫ ʨʝʢʣʘʤʥʽʡ ʢʘʤʧʘʥʽʾ. 

Pandora ñTimeless Eleganceò (2020): ɻʘʣʪʦʚʘʥʠʡ ʨʦʞʝʚʠʡ ʢʚʘʨʮ ʧʨʠʚʝʨʥʫʚ ʫʚʘʛʫ 

ʤʦʣʦʜʦʾ ʘʫʜʠʪʦʨʽʾ, ʩʧʨʠʷʶʯʠ ʟʨʦʩʪʘʥʥʶ ʧʨʦʜʘʞʽʚ ʥʘ 10% ʫ ʯʝʪʚʝʨʪʦʤʫ ʢʚʘʨʪʘʣʽ 2020 ʨʦʢʫ 

(ʟʘ ʜʘʥʠʤʠ ʨʽʯʥʦʛʦ ʟʚʽʪʫ Pandora). 

ɻʘʣʪʫʚʘʥʥʷ ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ ʢʘʤʝʥʽʚ, ʨʦʙʣʷʯʠ ʾʭ ʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʤʠ ʡ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤʠ. ɿʘ ʦʮʽʥʢʘʤʠ ʨʠʥʢʫ, ʦʙʨʦʙʣʝʥʽ ʢʘʤʝʥʽ ʩʢʣʘʜʘʶʪʴ ʜʦ 70% 

ʧʨʦʜʘʞʽʚ ʫ ʩʝʛʤʝʥʪʽ ʙʽʞʫʪʝʨʽʾ. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ ʷʢ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʚʽʙʨʘʮʽʡʥʽ 

ʤʘʰʠʥʠ, ʩʢʦʨʦʯʫʶʪʴ ʯʘʩ ʦʙʨʦʙʢʠ ʜʦ ʢʽʣʴʢʦʭ ʛʦʜʠʥ. ʈʦʟʨʦʙʢʘ ʝʢʦʣʦʛʽʯʥʠʭ ʘʙʨʘʟʠʚʽʚ 

(ʥʘʧʨʠʢʣʘʜ, ʽʟ ʧʝʨʝʨʦʙʣʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ) ʪʘʢʦʞ ʥʘʙʠʨʘʻ ʦʙʝʨʪʽʚ. 

ɻʘʣʪʫʚʘʥʥʷ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʨʠʥʢʦʚʫ ʮʽʥʥʽʩʪʴ ʢʘʤʝʥʽʚ: ʆʙʨʦʙʣʝʥʽ ʢʘʤʝʥʽ, ʪʘʢʽ ʷʢ 

ʛʘʣʪʦʚʘʥʠʡ ʘʤʝʪʠʩʪ ʯʠ ʢʚʘʨʮ, ʤʦʞʫʪʴ ʢʦʰʪʫʚʘʪʠ ʥʘ 15ï20% ʜʦʨʦʞʯʝ ʟʘ ʥʝʦʙʨʦʙʣʝʥʽ 

ʘʥʘʣʦʛʠ ʟʘʚʜʷʢʠ ʧʦʢʨʘʱʝʥʽʡ ʝʩʪʝʪʠʮʽ ʪʘ ʙʝʟʧʝʮʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʶʚʝʣʽʨʥʠʭ ʚʠʨʦʙʘʭ.  

ʊʝʭʥʦʣʦʛʽʯʥʽ ʽʥʥʦʚʘʮʽʾ ʩʢʦʨʦʯʫʶʪʴ ʯʘʩ ʦʙʨʦʙʢʠ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ 

ʜʦʟʚʦʣʷʻ ʟʘʚʝʨʰʠʪʠ ʛʘʣʪʫʚʘʥʥʷ ʟʘ 1ï2 ʜʥʽ ʟʘʤʽʩʪʴ ʢʽʣʴʢʦʭ ʪʠʞʥʽʚ ʫ ʪʨʘʜʠʮʽʡʥʠʭ ʦʙʝʨʪʦʚʠʭ 

ʙʘʨʘʙʘʥʘʭ, ʱʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ.  

ɻʘʣʪʦʚʘʥʽ ʢʘʤʝʥʽ ʩʧʨʠʷʶʪʴ ʤʘʨʢʝʪʠʥʛʦʚʦʤʫ ʫʩʧʽʭʫ: ʂʦʣʝʢʮʽʾ, ʪʘʢʽ ʷʢ Pandora 

ñTimeless Eleganceò (2020) ʽʟ ʛʘʣʪʦʚʘʥʠʤ ʨʦʞʝʚʠʤ ʢʚʘʨʮʦʤ, ʧʦʢʘʟʘʣʠ ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʘʞʽʚ 

ʥʘ 10% ʫ ʯʝʪʚʝʨʪʦʤʫ ʢʚʘʨʪʘʣʽ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʾʭʥʶ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ.  

ɽʢʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʩʪʘʶʪʴ ʪʨʝʥʜʦʤ: ʨʦʟʨʦʙʢʘ ʝʢʦʣʦʛʽʯʥʠʭ ʘʙʨʘʟʠʚʽʚ ʽʟ ʧʝʨʝʨʦʙʣʝʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʤʝʥʰʫʶʪʴ ʚʧʣʠʚ ʛʘʣʪʫʚʘʥʥʷ ʥʘ 

ʜʦʚʢʽʣʣʷ, ʚʽʜʧʦʚʽʜʘʶʯʠ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 

1. Gemological Institute of America (GIA) ï ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʦʙʨʦʙʢʫ ʢʘʤʝʥʽʚ: 

www.gia.edu/gem-treatment 

2. ñRock Tumbling Basicsò ï ʪʝʭʥʽʯʥʽ ʘʩʧʝʢʪʠ ʛʘʣʪʫʚʘʥʥʷ: 

rocktumbler.com/tips/rock-tumbling-basics/ 

3. Pandora Annual Report 2020 ï ʜʘʥʽ ʧʨʦ ʧʨʦʜʘʞʽ: 

pandoragroup.com/investor/annual-reports 

4. Rock Tumbling Before and After: A Guide to Polishing Stones - ʪʝʭʥʽʢʠ ʪʘ 

ʨʝʟʫʣʴʪʘʪʠ ʛʘʣʪʫʚʘʥʥʷ: https://www.rockpow.com/rock-tumbling-before-and-after-a-guide-to-

polishing-stones/ 

5. Rock Tumbler ï ʧʦʨʽʚʥʷʥʥʷ ʤʝʪʦʜʽʚ ʛʘʣʪʫʚʘʥʥʷ: rocktumbler.com  

6. Mamaôs Minerals ï ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʦʙʨʦʙʢʫ ʢʘʤʝʥʽʚ: mamasminerals.com 

  

https://www.gia.edu/gem-treatment
https://rocktumbler.com/
https://pandoragroup.com/investor/annual-reports
https://www.rockpow.com/rock-tumbling-before-and-after-a-guide-to-polishing-stones/
https://www.rockpow.com/rock-tumbling-before-and-after-a-guide-to-polishing-stones/
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ʋɼʂ 626.5:556.33(013) 

 

ʉʽʥʢʝʚʠʯ ɼ.ʉ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 103 ʅʘʫʢʠ ʧʨʦ ɿʝʤʣʶ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʊʠʤʦʱʫʢ ɺ.ɯ. ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʛʽʜʨʦʛʝʦʣʦʛʽʾ ʪʘ 

ʽʥʞʝʥʝʨʥʦʾ ʛʝʦʣʦʛʽʾ  

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʇʈʆɻʅʆɿʋɺɸʅʅʗ ɻɯɼʈʆɼʀʅɸʄɯʏʅʆɻʆ ʈɽɾʀʄʋ ʍɺʆʉʊʆʉʍʆɺʀʑɸ ʅɸ 

ʆʉʅʆɺɯ ʌɯʃʔʊʈɸʎɯʁʅʀʍ ʊɸ ɺʆɼʅʆ-ɹɸʃɸʅʉʆɺʀʍ ʈʆɿʈɸʍʋʅʂɯɺ 

 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʦʝʢʪʽʚ ʙʫʜʽʚʥʠʮʪʚʘ, ʦʩʦʙʣʠʚʦ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ, ʪʘʢʠʭ ʷʢ 

ʭʚʦʩʪʦʩʭʦʚʠʱʘ, ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʠʭ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʪʘ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʻ ʦʮʽʥʢʘ ʩʪʘʥʫ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʡʦʛʦ ʟʤʽʥ ʧʽʜ ʚʧʣʠʚʦʤ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ. ɺ ʩʫʯʘʩʥʠʭ 

ʫʤʦʚʘʭ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʛʝʦʪʝʭʥʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ ʪʘ ʪʝʭʥʦʛʝʥʥʦʶ ʙʝʟʧʝʢʦʶ ʦʙ'ʻʢʪʽʚ ʙʫʜʽʚʥʠʮʪʚʘ, ʚʽʜʽʛʨʘʶʪʴ 

ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ [1,2]. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʨʦʛʥʦʟʥʘ ʦʮʽʥʢʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ʧʨʦʝʢʪʦʚʘʥʦʛʦ 

ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʚ ʫʤʦʚʘʭ ʉʭʽʜʥʦ-ɺʘʣʷʚʢʠʥʩʴʢʦʛʦ ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʨʦʜʦʚʠʱʘ ʜʣʷ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʡʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ. 

ɼʣʷ ʧʨʦʛʥʦʟʫ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʦʮʽʥʢʠ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʚʪʨʘʪ ʟ 

ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʚʠʢʦʨʠʩʪʘʥʘ ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ ʛʝʦʬʽʣʴʪʨʘʮʽʾ, ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʧʨʦʛʨʘʤʥʦʤʫ 

ʢʦʤʧʣʝʢʩʽ Visual MODFLOW. ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʪʨʠʚʠʤʽʨʥʠʡ ʧʦʪʽʢ ʧʽʜʟʝʤʥʠʭ 

ʚʦʜ ʧʦʩʪʽʡʥʦʾ ʱʽʣʴʥʦʩʪʽ ʚ ʧʦʨʠʩʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ [3]. ʄʝʪʦʜʠʢʘ ʧʝʨʝʜʙʘʯʘʣʘ ʚʠʢʦʥʘʥʥʷ 

ʢʦʤʧʣʝʢʩʫ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʪʘ ʚʦʜʥʦ-ʙʘʣʘʥʩʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʧʦʨʽʚʥʷʣʴʥʦʶ ʦʮʽʥʢʦʶ ʟʤʽʥ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʜʣʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʪʘʰʫʚʘʥʥʷ ʭʚʦʩʪʦʩʭʦʚʠʱʘ. 

ʄʦʜʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʽ ʜʣʷ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʪʘʰʫʚʘʥʥʷ ʭʚʦʩʪʦʩʭʦʚʠʱʘ 

(ʨʠʩ.1): 

- ɺʘʨʽʘʥʪ 1 ï ʥʘ ʤʘʡʜʘʥʯʠʢʫ ʽʩʥʫʶʯʦʾ ʘʚʘʨʽʡʥʦʾ ʻʤʥʦʩʪʽ; 

- ɺʘʨʽʘʥʪ 2 ï ʥʘ ʤʘʡʜʘʥʯʠʢʫ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʤʘʛʥʽʪʥʦʛʦ ʟʙʘʛʘʯʝʥʥʷ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʥʦʟ ʟʤʽʥ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ ʜʽʣʷʥʮʽ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʚʠʢʦʥʘʥʘ ʦʮʽʥʢʘ 

ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʚʪʨʘʪ ʜʣʷ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʪʘʰʫʚʘʥʥʷ ʭʚʦʩʪʦʩʭʦʚʠʱʘ. ɸʥʘʣʽʟ 

ʙʘʣʘʥʩʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨ ʞʠʚʣʝʥʥʷ ʽ 

ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʧʘʨʘʤʝʪʨʠ ʾʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʟ 

ʧʦʚʝʨʭʥʝʚʠʤʠ ʚʦʜʘʤʠ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʙʫʜʽʚʥʠʮʪʚʦ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʚʧʣʠʚʘʻ ʥʘ ʨʽʚʥʝʚʠʡ 

ʨʝʞʠʤ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʈʦʟʤʽʱʝʥʥʷ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ˉ 1 ʫ ʚʽʜʩʽʢʫ ʘʚʘʨʽʡʥʦʾ ʻʤʥʦʩʪʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʥʷʪʪʷ ʨʽʚʥʷ ʚʦʜʠ ʥʘ ʧʨʠʣʝʛʣʽʡ ʪʝʨʠʪʦʨʽʾ, ʘ ʪʘʢʦʞ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʥʘʜʭʦʜʞʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʜʦ ʚʽʜʩʽʢʫ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʤʘʛʥʽʪʥʦʛʦ ʟʙʘʛʘʯʝʥʥʷ. 

ʈʦʟʤʽʱʝʥʥʷ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ˉ 2 ʫ ʚʽʜʩʽʢʫ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʤʘʛʥʽʪʥʦʛʦ ʟʙʘʛʘʯʝʥʥʷ ʪʘʢʦʞ 

ʚʠʢʣʠʢʘʻ ʧʽʜʥʷʪʪʷ ʨʽʚʥʷ ʚʦʜʠ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʚʦʜ ʚ ʙʽʢ 

ʘʚʘʨʽʡʥʦʾ ʻʤʥʦʩʪʽ ʻ ʤʝʥʰʠʤ. 

ʆʮʽʥʢʘ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʚʪʨʘʪ ʧʦʢʘʟʘʣʘ, ʱʦ ʧʨʠ ʨʦʟʤʽʱʝʥʥʽ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ˉ 1 

ʚʝʣʠʯʠʥʘ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʚʪʨʘʪ ʩʪʘʥʦʚʠʪʴ 144,50 ʤ3/ʜʦʙʫ, ʘ ʧʨʠ ʨʦʟʤʽʱʝʥʥʽ 

ʭʚʦʩʪʦʩʭʦʚʠʱʘ ˉ 2 ï 149,18 ʤ3/ʜʦʙʫ. 

ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʦʮʽʥʢʠ 

ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʚʪʨʘʪ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦ ʜʦʮʽʣʴʥʦʛʦ ʚʘʨʽʘʥʪʘ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʭʚʦʩʪʦʩʭʦʚʠʱʘ. ɿʚʘʞʘʶʯʠ ʥʘ ʤʝʥʰʽ ʦʙʩʷʛʠ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʚʪʨʘʪ ʪʘ 

ʧʨʘʢʪʠʯʥʫ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʜʦ ʚʽʜʩʽʢʫ ʘʚʘʨʽʡʥʦʾ ʻʤʥʦʩʪʽ, ʙʽʣʴʰ 

ʜʦʮʽʣʴʥʠʤ ʻ ʙʫʜʽʚʥʠʮʪʚʦ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ˉ 2 ʥʘ ʜʽʣʷʥʮʽ ʚʽʜʩʽʢʫ ʭʚʦʩʪʦʩʭʦʚʠʱʘ 

ʤʘʛʥʽʪʥʦʛʦ ʟʙʘʛʘʯʝʥʥʷ. 
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ʈʠʩ. 1. ʈʦʟʨʘʭʫʥʢʦʚʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʘ ʩʭʝʤʘ ʤʦʜʝʣʴʦʚʘʥʦʾ ʦʙʣʘʩʪʽ 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʜʽʣʷʥʦʢ ʙʫʜʽʚʥʠʮʪʚʘ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ, ʟʦʢʨʝʤʘ 

ʭʚʦʩʪʦʩʭʦʚʠʱ. ɺʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʟʘʻʤʦʜʽʾ ʧʽʜʟʝʤʥʠʭ ʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʘ ʪʘʢʦʞ 

ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʛʝʦʬʽʣʴʪʨʘʮʽʡʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʝʢʪʥʽ 

ʨʽʰʝʥʥʷ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʛʝʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ. 
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ʂʠʾʚ, ʋʢʨʘʾʥʘ)    

 

ɺʇʃʀɺ ʅɸɻʈɯɺʋ ʅɸ ɻɽʄɸʊʀʊ-ɻɽʊʀʊʆɺʋ ʈʋɼʋ ɿɸ ɼɸʅʀʄʀ 

ʄɸɻʅɯʊʆʄɽʊʈɯɰ ɯ ʊɽʈʄʆʄɸɻʅɯʊʆʄɽʊʈɯɰ 

 

ɿʘʣʽʟʦʨʫʜʥʘ ʪʦʚʱʘ ʂʨʠʚʦʨʽʟʴʢʦʛʦ ʙʘʩʝʡʥʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʢʣʘʜʥʦʶ ʛʝʦʣʦʛʽʯʥʦʶ 

ʙʫʜʦʚʦʶ, ʱʦ ʬʦʨʤʫʚʘʣʘʩʴ ʧʽʜ ʚʧʣʠʚʦʤ ʙʘʛʘʪʴʦʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ [1]. ʎʝ ʦʙʫʤʦʚʠʣʦ 

ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʜʠ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʨʦʜʦʚʠʱ. 

ɻʝʤʘʪʠʪ-ʛʝʪʠʪʦʚʽ ʨʫʜʠ ʤʽʩʪʷʪʴ, ʚ ʦʩʥʦʚʥʦʤʫ, ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʘʙʽʣʴʥʽ 

ʘʥʪʠʬʝʨʦʤʘʛʥʽʪʥʽ ʛʝʤʘʪʠʪ (Ŭ-Fe2O3) ʽ ʛʝʪʠʪ (FeOOH) ʧʨʠ ʨʷʜʽ ʜʦʤʽʰʢʦʚʠʭ ʬʘʟ [1, 2]. 

ɿʦʢʨʝʤʘ, ʤʦʞʣʠʚʽ ʜʦʤʽʰʢʠ ʢʘʨʙʦʥʘʪʽʚ ʽ ʩʫʣʴʬʽʜʽʚ ʟʘʣʽʟʘ, ʧʦ ʷʢʠʤ ʧʨʠ ʥʘʛʨʽʚʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʬʝʨʦʤʘʛʥʽʪʥʽ (FM) ʬʘʟʠ ʤʘʛʥʝʪʠʪʫ (Fe3O4), ʤʘʛʝʤʽʪʫ (ɔ-Fe2O3) ʪʘ ʧʽʨʦʪʠʥʫ 

[1, 3]. ʄʝʭʘʥʽʟʤʠ ʧʝʨʝʪʚʦʨʝʥʴ ʩʣʘʙʦʤʘʛʥʽʪʥʠʭ ʛʝʤʘʪʠʪʫ (Hem) ʽ ʛʝʪʠʪʫ (Gth) ʧʨʠ ʥʘʛʨʽʚʽ 

ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʥʘ ʬʝʨʦʤʘʛʥʽʪʥʠʡ (FM) ʤʘʛʥʝʪʠʪ (Mag), ʥʘ ʪʝʧʝʨʽʰʥʽʡ 

ʯʘʩ ʜʦʩʣʽʜʞʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦ [1, 2]. ɺʩʪʘʥʦʚʣʝʥʥʷ ʪʘʢʠʭ ʤʝʭʘʥʽʟʤʽʚ ʩʪʘʥʦʚʣʷʪʴ ʟʥʘʯʥʠʡ 

ʽʥʪʝʨʝʩ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʢʠʩʣʝʥʠʭ ʟʘʣʽʟʥʠʭ ʨʫʜ ʪʘ 

ʚʽʜʭʦʜʽʚ ɻɿʂ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʣʽʟʦʨʫʜʥʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ [1, 2]. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʚʩʪʘʥʦʚʠʪʠ FM-ʬʘʟʠ, ʷʢʽ ʧʨʠʩʫʪʥʽ ʫ ʚʠʭʽʜʥʽʡ ʛʝʤʘʪʠʪ-

ʛʝʪʠʪʦʚʽʡ ʨʫʜʽ ʪʘ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʾʾ ʥʘʛʨʽʚʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʨʤʦʤʘʛʥʽʪʥʽ ʤʝʪʦʜʠ. 

ʆʙô̒ ʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʚ ʟʨʘʟʦʢ (ʟʨ.) ɺʨ.7 ʛʝʤʘʪʠʪ-ʛʝʪʠʪʦʚʦʾ ʨʫʜʠ ɯʥʛʫʣʝʮʴʢʦʛʦ 

ʨʦʜʦʚʠʱʘ (ʽʟ ʢʦʣʝʢʮʽʾ ɹʝʩʧʦʷʩʢʦ ɽ.ʆ.), ʜʘʣʽ ï R. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜʠ ʤʘʛʥʽʪʦʤʝʪʨʽʾ 

ʽ ʪʝʨʤʦʤʘʛʥʽʪʥʦʛʦ ʘʥʘʣʽʟʫ (ʊʄɸ), ʜʦʜʘʪʢʦʚʦ ï ʜʘʥʽ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ (ʈʌɸ) ʽ 

ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ (ɼʊɸ). ʅʘʤʘʛʥʽʯʝʥʽʩʪʴ ʥʘʩʠʯʝʥʥʷ Ms ʚʠʤʽʨʶʚʘʣʠ 

ʤʘʛʥʽʪʦʤʝʪʨʦʤ ʟ ʜʘʪʯʠʢʦʤ ʍʦʣʣʘ. ʊʄɸ ʚ ʨʝʞʠʤʽ ʥʘʛʨʽʚ/ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʽʟ 

ʰʚʠʜʢʽʩʪʶ 60 ʦC/ʭʚ. ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʥʘʩʠʯʝʥʥʷ ʤʘʛʥʝʪʠʪʫ ʟ ʦʙʤʝʞʝʥʠʤ ʜʦʩʪʫʧʦʤ 

ʧʦʚʽʪʨʷ: ʚʠʟʥʘʯʘʣʠ ʟʘʣʝʞʥʦʩʪʽ Ms(T) ʽ dMs(T)/dT (DTMC) ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʂʨʽʤ ʪʦʛʦ, 

ʜʦʩʣʽʜʞʝʥʦ ʟʨʘʟʢʠ ʨʫʜʠ R ʧʽʩʣʷ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʨʦʛʨʽʚʫ ʥʘ ʧʦʚʽʪʨʽ ʟʘ ʊ = 20 ï 900 ʦʉ ʟ 

ʢʨʦʢʦʤ 100 ʦʉ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ ʧʨʠ ʢʦʞʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ɿʘ ʜʘʥʠʤʠ ʈʌɸ ʽ ɼʊɸ, ʨʫʜʘ R ʻ ʛʝʤʘʪʠʪ-ʛʝʪʠʪʦʚʠʤ ʢʚʘʨʮʠʪʦʤ ʽ ʤʽʩʪʠʪʴ ~ 20 % 

ʛʝʪʠʪʫ, ʜʦ 10 % ï ʟʘʣʽʟʠʩʪʠʭ ʩʝʧʪʠʭʣʦʨʠʪʽʚ, ʤʝʥʰ ʡʤʦʚʽʨʥʦ ï ʢʘʦʣʽʥʽʪʫ. ʈʝʬʣʝʢʩʠ Mag 

ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʽ ʥʝ ʧʨʦʷʚʣʷʶʪʴʩʷ, ʚʥʘʩʣʽʜʦʢ ʡʦʛʦ ʤʘʣʦʛʦ ʚʤʽʩʪʫ, ʜʦ 3 %, ʚʠʭʦʜʷʯʠ ʟ Ms 

= 0,64 ɸʤ2/ʢʛ ʚʠʭʽʜʥʦʾ ʨʫʜʠ. 

ʊʄɸ-1 ʧʦʢʘʟʘʚ (ʈʠʩ., a) ʩʫʪʪʻʚʝ ʧʽʜʚʠʱʝʥʥʷ Ms ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʟʘ 569 
ʦʉ, ʪʦʯʢʠ 

ʂʶʨʽ ʧʨʠ ʥʘʛʨʽʚʽ (ʊC
h) ʪʘ ʦʭʦʣʦʜʞʝʥʥʽ (ʊC

c) ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ, ʪʨʦʭʠ ʥʠʞʯʽ, ʥʽʞ 

ʤʘʛʥʝʪʠʪʫ (580 ʦʉ) [3]. ɿʘʣʠʰʢʦʚʘ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ (MT) ʟʨʦʩʣʘ ʚ å 7 ʨʘʟʽʚ (ʊʘʙʣ.).. 

ʅʘʩʪʫʧʥʽ ʊʄɸ ʧʦʢʘʟʘʣʠ, ʟʥʠʞʝʥʥʷ Ms ʥʘ å 20, 35 ʪʘ 40% ʟʘ ʊ å 300 ï 400 ʦʉ, ʥʘ 50, 36 ʪʘ 

33 % ʟʘ ʊ å  500 ï 650 ʦʉ ʽ ʧʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ (ʊʘʙʣ.) ʥʘ å 20, 40 ʪʘ 60% ʟʘ n = 2, 3 ʽ 4, 

ʚʽʜʧʦʚʽʜʥʦ. ʊʨʠʚʘʣʠʡ ʧʨʦʛʨʽʚ ʧʨʠʚʽʚ ʜʦ ʩʫʪʪʻʚʠʭ ʟʤʽʥʠ Ms ʪʘ ʊʉ: ʟʘ ʊʄɸ-4 ʧʨʠ ʥʘʛʨʽʚʽ Ms 

ʟʥʠʞʫʻʪʴʩʷ ʥʝʚʽʜʥʦʚʣʶʚʘʥʦ ʥʘ å 40% ʟʘ ʊ å 300
 ʦʉ, ʪʦʯʢʘ ʂʶʨʽ ʊʉ

c å ʊC
Mag (ʈʠʩ., b), 

ʟʘʣʠʰʢʦʚʘ ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ å 1,4Ms ʚʠʭʽʜʥʦʾ ʨʫʜʠ (ʊʘʙʣ.). ʇʨʠ ʊʄɸ ʚ ʨʫʜʽ R, 

ʢʨʽʤ ʦʩʥʦʚʥʦʾ FM-ʬʘʟʠ, ʫʪʚʦʨʶʶʪʴʩʷ ʽʥʰʽ FM-ʬʘʟʠ, ʟ ʊʉ å 300, 350 ʪʘ 500
 ʦʉ (ʊʘʙʣ.), 

ʡʤʦʚʽʨʥʦ ï ʯʘʩʪʢʦʚʦ ʦʢʠʩʣʝʥʠʡ Mag ʪʘ/ʘʙʦ ʤʘʛʛʝʤʽʪ (Mgh) ʟ ʜʦʤʽʰʢʘʤʠ [3].  
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ʈʠʩʫʥʦʢ ï DTMC ʧʨʠ ʊʄɸ-1 (a) ʽ ʊʄɸ-4 (b) ʛʝʤʘʪʠʪ-ʛʝʪʠʪʦʚʦʾ ʨʫʜʠ R 

 
ʇʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ ʧʨʦʛʨʽʚʽ ʨʫʜʠ R ʥʘ ʧʦʚʽʪʨʽ Ms ʥʝ ʟʤʽʥʶʚʘʣʘʩʴ ʜʦ T Ò 500 ʦʉ, 

ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʚʘʣʘʩʴ (ʚ ~ 10 ʨʘʟ) ʟʘ T = 600 ʦʉ, ʟʥʠʞʫʶʯʠʩʴ ʚ å 2 ʨʘʟʠ ʟʘ 800 ʦʉ ʽ ʥʝ 

ʟʤʽʥʶʶʯʠʩʴ ʟʘ 900 ʦʉ.  

 

ʊʘʙʣʠʮʷ  

ʅʘʤʘʛʥʽʯʝʥʽʩʪʴ ʥʘʩʠʯʝʥʥʷ (Ms)  ʪʘ ʟʘʣʠʰʢʦʚʘ (MT) ʽ ʝʢʩʪʨʝʤʫʤʠ DTMC ʨʫʜʠ R   

n 
ʅʘʤʘʛʥʽʯʝʥʽʩʪʴ (ɸĿʤ2/ʢʛ) ɽʢʩʪʨʝʤʫʤʠ DTMC (ʦʉ) 

Ms MT ʊʉ
h / ʊʉ

c
 h / c h / c h / c 

1 0,64 4,52 566 / 569 330 / - - / 250 - / 400 

2 4,50 3,53 555 / 569 530 / 495 305 / 310 340 / 375 

3 3,53 2,20 561 / 567 285 / - 540 / 520 340 / - 

4 2,20 0,91 545 / 576 300 / 280 350 / 330 450 / 420, 500 

ʇʨʠʤʽʪʢʠ: - ʥʝ ʚʠʷʚʣʝʥʦ; n ï ʮʠʢʣʠ ʊʄɸ; h / c - ʧʨʠ ʥʘʛʨʽʚʽ (h) ʪʘ ʦʭʦʣʦʜʞʝʥʥʽ (c) ʜʣʷ 

ʬʘʟ ʧʦ ʤʽʨʽ ʟʥʠʞʝʥʥʷ ʚʢʣʘʜʫ ʚ Ms, ʊʉ
h / ʊʉ

c  ï ʪʦʯʢʠ ʂʶʨʽ ʦʩʥʦʚʥʦʾ FM-ʬʘʟʠ 
 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʥʘʛʨʽʚʽ ʨʫʜʠ R ʚ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʘʪʤʦʩʬʝʨʽ 

ʟʘ T å 600 oC ʫʪʚʦʨʶʻʪʴʩʷ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʡ ʤʘʛʥʝʪʠʪ, ʱʦ ʦʢʠʩʣʶʻʪʴʩʷ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʥʘʛʨʽʚʽ. ʁʤʦʚʽʨʥʦ, ʤʘʛʥʝʪʠʪ ʚ ʨʫʜʽ R ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʛʝʤʘʪʠʪʫ. ʎʝ ʤʦʞʝ 

ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʝ ʚʟʘʻʤʦʜʽʻʶ ʟ ʚʫʛʣʝʮʝʤ ʪʘ/ʘʙʦ ʨʦʟʢʣʘʜʘʥʥʷʤ ʉ-ʚʤʽʩʥʠʭ ʩʧʦʣʫʢ [2], ʷʢʽ 

ʤʦʞʫʪʴ ʤʽʩʪʠʪʠʩʷ ʚ ʨʫʜʽ R. ʄʦʞʣʠʚʠʤ ʻ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʛʝʤʘʪʠʪʫ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʚʦʜʥʝʤ, 

ʦʩʦʙʣʠʚʦ ï ʧʨʠ ʊʄɸ. ʅʘ ʮʝ ʚʢʘʟʫʻ ʩʫʪʪʻʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʤʽʥʝʨʘʣʽʚ ʨʫʜʠ 

R ʟʘ ʥʘʛʨʽʚʫ ʧʨʠ ʊʄɸ (ʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ). ʎʝ ʧʦʢʘʟʫʻ, ʱʦ ʪʘʢʽ ʧʨʦʮʝʩʠ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʧʝʨʝʤʽʱʝʥʥʷʤ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʩʪʨʫʢʪʫʨʽ, ʤʦʞʣʠʚʦ, ʽʦʥʽʚ H+, ʱʦ ʟ'ʷʚʣʷʶʪʴʩʷ ʧʨʠ 

ʜʝʛʽʜʨʦʢʩʠʣʘʮʽʾ ʆʅ-ʚʤʽʱʫʶʯʠʭ ʩʪʨʫʢʪʫʨ ï ʛʝʪʠʪʫ (~ 300 oC) [2] ʪʘ ʩʝʧʪʠʭʣʦʨʠʪʽʚ (~ 600 
oC).  
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ɿɸʂʆʅʆʄɯʈʅʆʉʊɯ ʈʆɿɺʀʊʂʋ ɺ ʏɸʉɯ ɻɯɼʈʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ  

ɺ ɹɸʉɽʁʅɯ ʈ. ʉɸʄɸʈɸ ɺ ʋʄʆɺɸʍ ʂʃɯʄɸʊʀʏʅʀʍ ɿʄɯʅ 

 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʤʽʥ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʽ 

ʢʣʽʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʙʘʩʝʡʥʽ ʨ. ʉʘʤʘʨʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʙʘʟ 

ʜʘʥʠʭ ʙʘʛʘʪʦʨʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣʽʪʴ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʻ ʛʽʜʨʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʙʘʩʝʡʥʽ ʨ. ʉʘʤʘʨʘ. 

ʂʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣʽʪʴ, ʧʦʩʪʘʚʠʣʠ 

ʧʠʪʘʥʥʷ ʧʨʦ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. ɿʛʽʜʥʦ 

ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʩʪʦʩʦʚʥʦ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ [1, 2], ʥʘʡʙʽʣʴʰ 

ʧʦʤʽʪʥʽ ʟʤʽʥʠ ʧʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʠʭ 25ï50 ʨʦʢʽʚ ʥʘʡʙʽʣʴʰʝ ʪʦʨʢʥʫʪʴʩʷ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʠʭ 

ʨʝʛʽʦʥʽʚ, ʥʘʩʘʤʧʝʨʝʜ ʩʪʝʧʦʚʦʾ ʟʦʥʠ ʃʽʚʦʙʝʨʝʞʞʷ ɼʥʽʧʨʘ. ʆʜʥʠʤ ʽʟ ʨʝʛʽʦʥʽʚ ʧʽʜ ʨʠʟʠʢʦʤ 

ʟʨʦʩʪʘʥʥʷ ʧʦʩʫʭʠ ʻ ʙʘʩʝʡʥ ʨ. ʉʘʤʘʨʘ, ʚ ʷʢʦʤʫ ʚʞʝ ʟʘʨʘʟ ʥʘʷʚʥʽ ʧʨʦʙʣʝʤʠ ʟ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷʤ ʪʘ ʷʢʽʩʪʶ ʚʦʜʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʫ 

ɿʘʭʽʜʥʦʤʫ ɼʦʥʙʘʩʽ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ɺ ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ ʫʛʦʜʠ ʧʨʦ ɸʩʦʮʽʘʮʽʶ ʟ ɭʉ ʋʢʨʘʾʥʘ ʨʝʘʣʽʟʫʻ ɺʦʜʥʽ ʜʠʨʝʢʪʠʚʠ 

ɭʉ, ʚ ʷʢʠʭ, ʟʦʢʨʝʤʘ, ʧʦʢʣʘʜʝʥʦ ʙʘʩʝʡʥʦʚʠʡ ʧʨʠʥʮʠʧ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. ɼʣʷ 

ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʧʦʪʨʽʙʥʽ ʥʘʜʽʡʥʽ ʧʨʦʛʥʦʟʥʽ 

ʦʮʽʥʢʠ ʨʦʟʚʠʪʢʫ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ. ʇʝʨʰʠʤ 

ʢʨʦʢʦʤ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʻ ʚʠʟʥʘʯʝʥʥʷ ʨʝʛʽʦʥʘʣʴʥʠʭ ʪʨʝʥʜʽʚ ʝʚʦʣʶʮʽʾ ʛʽʜʨʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘ ʾʭ ʢʦʨʝʣʷʮʽʾ ʟ ʪʨʝʥʜʘʤʠ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʜʣʷ ʫʤʦʚ ʨʽʟʥʠʭ ʙʘʩʝʡʥʽʚ, ʱʦ ʜʘʩʪʴ 

ʟʤʦʛʫ ʬʦʨʤʫʚʘʪʠ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʟʘʭʦʜʠ ʟ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʯʘʩʦʚʽ ʨʷʜʠ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ ʦʧʘʜʽʚ 

ʪʘ ʪʝʤʧʝʨʘʪʫʨ ʟ ʙʘʟ ʢʣʽʤʘʪʠʯʥʠʭ ʜʘʥʠʭ [3], ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧôʷʪʠ ʟʘʢʦʥʦʜʘʚʯʦ 

ʚʠʟʥʘʯʝʥʠʤ ʚʦʜʦʛʦʩʧʦʜʘʨʩʴʢʠʤ ʜʽʣʷʥʢʘʤ (ɺɻɼ) ʄ5.1.3.30ïʄ5.1.3.34 ʫ ʙʘʩʝʡʥʽ ʨ. 

ʉʘʤʘʨʘ, ʷʢʠʡ ʦʭʦʧʣʶʻʪʴʩʷ ʜʽʣʷʥʢʦʶ ʚ ʜʽʘʧʘʟʦʥʽ ʜʝʩʷʪʠʥʥʠʭ ʢʦʦʨʜʠʥʘʪ (35,2, 47,8) ï 

(36,8, 48,9). ʇʨʦʩʪʦʨʦʚʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʪʦʯʦʢ ʪʝʨʠʪʦʨʽʷʤ ɺɻɼ ʚʠʟʥʘʯʘʣʘʩʷ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʾʭ ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʮʝʥʪʨʽʚ, ʘ ʨʷʜʠ ʟʥʘʯʝʥʴ ʽʥʪʝʨʧʦʣʶʚʘʣʠʩʷ ʟʘ ʜʘʥʠʤʠ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ [3]. ɼʘʥʽ ʱʦʜʦ ʚʠʪʨʘʪ ʫ ʚʦʜʦʧʫʥʢʪʽ ʥʘ ʨ. ʉʘʤʘʨʘ (ʩ. 

ʂʦʯʝʨʝʞʢʠ) ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚʽʜ ʆʬʽʩʫ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. 

ɼʦʩʣʽʜʞʫʚʘʚʩʷ ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟ ʧʦʯʘʪʢʫ 1981 ʨ. ʧʦ ʢʽʥʝʮʴ 2020 ʨ. ʟʘ 

ʩʝʨʝʜʥʴʦʨʽʯʥʠʤʠ ʽ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʠʪʨʘʪʠ ʨʽʯʢʠ, ʦʧʘʜʽʚ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʚʽʪʨʷ. ʅʘʡʙʽʣʴʰ ʚʘʨʽʘʪʠʚʥʠʤʠ ʻ ʯʘʩʦʚʠʡ ʨʷʜ ʚʠʪʨʘʪ (58.7%), ʪʦʜʽ ʷʢ ʢʦʝʬʽʮʽʻʥʪʠ 

ʚʘʨʽʘʮʽʾ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʦʧʘʜʽʚ ʫ ʨʽʟʥʠʭ ʪʦʯʢʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ ɺɻɼ, 

ʩʪʘʥʦʚʣʷʪʴ 13ï14% ʪʘ 16ï18%, ʚʽʜʧʦʚʽʜʥʦ. 

ɼʣʷ ʩʝʨʝʜʥʴʦʨʽʯʥʠʭ ʟʥʘʯʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ: 

ʟʚʦʨʦʪʥʽʡ ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʚʠʪʨʘʪʦʶ ʚʦʜʠ ʚ ʨʽʯʮʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʧʦʚʽʪʨʷ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ ï0,46 ʜʦ ï0,52, ʱʦ ʟʘ ʢʨʠʪʝʨʽʻʤ ʉʪʴʶʜʝʥʪʘ ʚʢʘʟʫʻ ʥʘ ʩʪʘʪʠʩʪʠʯʥʦ 

ʟʥʘʯʫʱʠʡ ʟʚôʷʟʦʢ ʟ ʜʦʚʽʨʯʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʚʠʱʝ 0,999; 

ʧʨʷʤʠʡ ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʚʠʪʨʘʪʦʶ ʚʦʜʠ ʚ ʨʽʯʮʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʚʽʪʨʷ 

ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0,27 ʜʦ 0,39, ʱʦ ʟʘ ʢʨʠʪʝʨʽʻʤ ʉʪʴʶʜʝʥʪʘ ʚʢʘʟʫʻ ʥʘ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʠʡ 

ʟʚôʷʟʦʢ ʟ ʜʦʚʽʨʯʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʚʠʱʝ 0,95. 

ɽʤʧʽʨʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʟʚʦʨʦʪʥʦʾ ʚʠʪʨʘʪʠ ʚʦʜʠ ʚ ʨʽʯʮʽ Q ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ 

T ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʠʜʫ Q = a T + b, ʜʝ ʢʦʝʬʽʮʽʻʥʪ a ʟʤʥ̔ʶʻʪʴʩʷ 

ʜʣʷ ʧôʷʪʠ ɺɻɼ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ï3.9 ʜʦ ï4,1, b ï ʚʽʜ 47.1 ʜʦ 50.0 ʧʨʠ R2 = 0,21ï0,27. 

ɽʤʧ̔ʨʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʨʷʤʦʾ ʚʠʪʨʘʪʠ ʚʦʜʠ ʚ ʨʽʯʮʽ Q ʚʽʜ ʨʽʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ wʘ ʤʦʞʝ 



ʉɽʂʎɯʗ - ʅɸʋʂʀ ʇʈʆ ɿɽʄʃʖ 

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 

84 

ʙʫʪʠ ʦʧʠʩʘʥʘ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʠʜʫ Q = a wʘ + b, ʜʝ ʢʦʝʬʽʮʽʻʥʪ a ʜʣʷ ʧôʷʪʠ ɺɻɼ 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0.28 ʜʦ 0,42, b ï ʚʽʜ ï3.0 ʜʦ 2,2 ʧʨʠ R2 =0,07ï0,15. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʯʘʩʦʚʠʭ ʟʤʽʥ ʚʠʪʨʘʪ ʨ. ʉʘʤʘʨʘ ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʫ ʤʦʜʝʣʴ ʯʘʩʦʚʦʛʦ ʨʷʜʫ [4], ʟʛʽʜʥʦ ʷʢʦʾ ʢʦʞʥʠʡ 

ʨʽʚʝʥʴ ʨʷʜʫ ʤʦʞʝ ʙʫʪʠ ʧʦʜʘʥʠʡ ʷʢ ʜʦʙʫʪʦʢ ʪʨʝʥʜʦʚʦʾ (ʊ), ʮʠʢʣʽʯʥʦʾ (ʉ), ʩʝʟʦʥʥʦʾ (S), ʽ 

ʚʠʧʘʜʢʦʚʦʾ (R) ʢʦʤʧʦʥʝʥʪ: 

Y = TĀʉĀSĀR.      (1) 

ʊʘʢʘ ʤʦʜʝʣʴ ʟʘʩʪʦʩʦʚʥʘ, ʢʦʣʠ ʘʤʧʣʽʪʫʜʘ ʩʝʟʦʥʥʠʭ ʢʦʣʠʚʘʥʴ ʟʤʽʥʶʻʪʴʩʷ, ɦ ʦ ʢʨʘʱʝ 

ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘʤ ʙʘʛʘʪʦʨʽʯʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ, ʚ ʷʢʠʭ ʜʘʥʘ ʘʤʧʣʽʪʫʜʘ ʥʝ ʻ 

ʢʦʥʩʪʘʥʪʦʶ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʚ ʨʽʯʮʽ ʷʢ ʬʫʥʢʮʽʾ ʚʽʜ ʦʧʘʜʽʚ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʩʝʟʦʥʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ, ʦʩʢʽʣʴʢʠ ʯʘʩʦʚʠʡ ʨʷʜ ʦʧʘʜʽʚ ʥʝ ʜʝʤʦʥʩʪʨʫʻ 

ʩʝʟʦʥʥʽʩʪʴ (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ɼʠʥʘʤʽʢʘ ʟʤʽʥ ʦʧʘʜʽʚ ʪʘ ʚʠʪʨʘʪ ʚʦʜʠ ʚ ʨ. ʉʘʤʘʨʘ  

ʫ ʩ. ʂʦʯʝʨʝʞʢʠ (ʬʘʢʪ ʪʘ ʢʦʚʟʥʝ ʩʝʨʝʜʥʻ ʟʘ 3 ʤʽʩʷʮʷʤʠ) 

 

ʊʝʩʪʫʚʘʥʥʷ ʧʨʦʛʥʦʟʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʚʝʜʝʥʦ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʟʘ 2011ï2020 ʨʨ. ʥʘ ʦʩʥʦʚʽ ʚʠʤʽʨʶʚʘʥʴ ʧʦʧʝʨʝʜʥʽʭ ʪʨʴʦʭ ʜʝʢʘʜ 

1981ï2010 ʨʨ. ʟ ʬʘʢʪʠʯʥʠʤʠ ʜʘʥʠʤʠ. ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʤʽʞ ʮʠʤʠ 

ʯʘʩʦʚʠʤʠ ʨʷʜʘʤʠ ʟʘ 2011ï2020 ʨʨ. ʜʣʷ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʪʘ ʧʨʦʩʪʦʛʦ ʢʦʚʟʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ 

ʩʪʘʥʦʚʠʪʴ 2ï2,5  Áʉ, ʱʦ ʩʪʘʥʦʚʠʪʴ 6.9ï7.7% ʚʽʜ ʜʽʘʧʘʟʦʥʫ ʤʽʞ ʤʘʢʩʠʤʘʣʴʥʠʤ ʪʘ 

ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʪʨʝʥʜ ʥʘ ʟʨʦʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʨʽʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʽ ʰʚʠʜʢʽʩʪʶ 0,076 Áʉ/ʨʽʢ, ʧʨʠʯʦʤʫ ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʧʝʨʽʦʜ 2001ï2020 ʨʨ. ʟʨʦʩʣʘ 

ʥʘ 1,1 Áʉ ʧʦʨʽʚʥʷʥʦ ʟ ʧʝʨʽʦʜʦʤ 1981ï2000 ʨʨ. 

ʆʪʨʠʤʘʥʽ ʨʽʚʥʷʥʥʷ ʪʘ ʩʪʘʪʠʩʪʠʯʥʽ ʦʮʽʥʢʠ ʪʘ ʾʭ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʘʜʘʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʞʠʚʣʝʥʥʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ 

ʧʨʦʛʥʦʟʽʚ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʪʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʙʘʩʝʡʥʽ ʨ. ʉʘʤʘʨʠ. 
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ANALYSIS OF THE CHANGES IN STRENGTH AND DEFORMATION 

CHARACTERISTICS OF LOESS SOLID MASS AS A RESULT  

OF DYNAMIC LOADS  

 

The necessity to provide stability of slopes, structures, and bearing capacity of rock 

masses disturbed by blast loading depends upon the temporal and spatial changes in soil 

parameters. Hence, we have analyzed the regularities characterizing a range of changes in loess 

soil resulting from dynamic (namely, blasting) loads taking into consideration their 

technogenesis under various conditions. The research territory is within the terraced right-bank 

share of Dnipro city in its southern part. The territory is represented by a sedimentation mass 

of the Anthropogene and Upper Pliocene deposits occurring on crystalline rocks and their 

weathering crust (i.e. kaolin and granitic subsoil). They contain Poltava series sand; mottled 

and red-brown clay; and loess-soil series. In this place, loess clay loam was sampled after blast 

loading on the formation happened.   

Mainly, the loess types are of siliceous-argillic composition with the impurities of 

carbonates and metal oxides. Siliceous (SiOі) is the key component which content varies from 

55 up to 65%. A significant share of aluminium oxide (AlіOї) is 10ï15%; the one of iron oxides 

(FeіOї) is 4ï7%. Generally, carbonates are represented by calcium oxide (CaO) and 

magnesium oxide (MgO) (3ï7% and 1ï3%, respectively). The content of such alkaline 

elements as potassium oxide (KіO) and sodium oxide (NaіO) is 2ï4% and 1ï2%, respectively.  

Soil moisture is among the main factors determining their condition under loading. It 

especially concerns loess rocks which specific properties complicate their behavioural 

forecasting both   under natural conditions and under technogenic load. Consequently, dynamic 

load involve an idea of optimum humidity in terms of which irreversible soil deformations will 

be the greatest. Moreover, for each soil type the indicator will not be constant since it depends 

upon load and its rate.  

Based upon the analysis of the taken samples as well as relevant laboratory tests, it has 

been defined that in the context of cohesive soil the maximum changes in density take place 

within an area adjoining excavation operations. Accordingly, compaction is significantly higher 

(18-20%) if soil moisture increases. If the values are close to complete water saturation then 

the consolidated zone geometry increase and change in density of the zone is insignificant.  

It has been proved experimentally that blast loading influences heavily 

physicomechanical characteristics of loess clay loam in Prydniproviya stipulating certain 

changes in its density, adhesion, and internal angle friction. It has been defined that within a 

zone of immediate blast impact (i.e. near the explosive cavity), 2-2.5 times increase in the 

specific soil adhesion is observed to compare with its natural condition. Then the value 

decreases gradually because of distancing from the explosion epicenter achieving its natural 

values at 13-14-m distance decreasing in the certain areas to the level being 1.5-2 times less 

compared to the initial values. The obtained results demonstrate the necessity to take into 

consideration the changes in physicomechanical parameters of loess clay loam while designing 

and operating engineering structures within the territories experiencing blast loading to provide 

their stability and durability. 
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ɯʚʘʥʦʚʘ ɻ. ʇ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʙʫʜʽʚʥʠʮʪʚʘ, ʛʝʦʪʝʭʥʽʢʠ ʽ ʛʝʦʤʝʭʘʥʽʢʠ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʏʀʉɽʃʔʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʉʊɯʁʂʆʉʊɯ ʉʍʀʃɯɺ ʋ ʇʈʆɻʈɸʄʅʆʄʋ 

ʂʆʄʇʃɽʂʉɯ PHASE2 

 

ʉʪʽʡʢʽʩʪʴ ʩʭʠʣʽʚ ʻ ʢʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʫ ʛʝʦʪʝʭʥʽʯʥʽʡ ʽʥʞʝʥʝʨʽʾ, ʦʩʢʽʣʴʢʠ ʟʩʫʚʥʽ 

ʧʨʦʮʝʩʠ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʥʘʯʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ [1].  

ʊʨʘʜʠʮʽʡʥʠʡ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ, ʪʘʢʠʡ ʷʢ ʤʝʪʦʜ ʤʝʞ ʨʽʚʥʦʚʘʛʠ, ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʧʨʦʪʝ ʚʽʥ ʥʝ ʚʨʘʭʦʚʫʻ ʨʝʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ ʫ 

ˇʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ Phase2 ʢʦʤʧʘʥʽʾ Rocscience, ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʪʦʯʥʠʡ ʘʥʘʣʽʟ 

ʩʪʽʡʢʦʩʪʽ ʩʭʠʣʽʚ ʟʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʦʨʽʜ 

ʪʘ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. 

ʇʨʦʛʨʘʤʘ Phase2 ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʜʚʦʚʠʤʽʨʥʠʡ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ 

ʩʪʘʥ ˇʨʫʥʪʽʚ ʽ ʧʦʨʽʜ, ʚʠʟʥʘʯʘʪʠ ʢʨʠʪʠʯʥʽ ʟʦʥʠ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʦʮʽʥʶʚʘʪʠ 

ʩʪʽʡʢʽʩʪʴ ʩʭʠʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ. ʎʝʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ 

ʧʦʝʪʘʧʥʝ ʟʤʝʥʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʯʝʧʣʝʥʥʷ ʪʘ ʢʫʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ˇʨʫʥʪʫ ʰʣʷʭʦʤ 

ʚʚʝʜʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ F, ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ 
ʩʪʘʥʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʩʪʽʡʢʦʩʪʽ.  

ʌʦʨʤʘʣʴʥʦ ʮʝʡ ʤʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʝʜʫʢʮʽʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʟʛʽʜʥʦ ʟ 

ʨʽʚʥʷʥʥʷʤʠ 

ʩ
ʩ

F
¡=  ʪʘ 

tg
tg

F
¡=

j
j , 

ʜʝ ʩ¡ʪʘ ¡jʟʥʠʞʝʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ 
ʘʥʘʣʽʟʫ. ʏʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʨʘʤʢʘʭ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʙʦ 

ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ 

ʤʘʩʠʚʫ. 

ʉʪʽʡʢʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʩʪʫʧʦʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ F  ʜʦ ʪʦʛʦ ʤʦʤʝʥʪʫ, ʢʦʣʠ 

ʚʠʥʠʢʘʻ ʥʝʟʚʦʨʦʪʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʘʙʦ ʢʦʣʠ ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ ʧʝʨʝʩʪʘʻ ʟʙʽʛʘʪʠʩʷ. 

ɿʥʘʯʝʥʥʷ F, ʧʨʠ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʨʫʰʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʩʠʩʪʝʤʠ, ʚʽʜʧʦʚʽʜʘʻ 
ʢʦʝʬʽʮʽʻʥʪʫ ʩʪʽʡʢʦʩʪʽ ʩʭʠʣʫ ʘʙʦ ʫʢʦʩʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʜ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʟʦʥʠ ʤʦʞʣʠʚʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʩʫʚʥʠʭ 

ʧʨʦʮʝʩʽʚ ʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ. 

ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ Phase2 ʧʝʨʝʜʙʘʯʘʻ ʧʦʙʫʜʦʚʫ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʩʭʠʣʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʽʚ, ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, 

ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʪʘ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʪʘʢʠʭ ʷʢ ʪʨʘʥʩʧʦʨʪʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʠ ʩʝʡʩʤʽʯʥʽ ʚʧʣʠʚʠ. ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʟʘʜʘʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʨʝʢʪʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʟ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ, ʧʨʠ ʮʴʦʤʫ ʥʠʞʥʷ ʤʝʞʘ ʤʦʜʝʣʽ ʻ ʥʝʨʫʭʦʤʦʶ, ʘ ʙʽʯʥʽ ʤʝʞʽ ʤʦʞʫʪʴ 

ʜʦʧʫʩʢʘʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ [2]. 

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʚʠʙʽʨ ʚʽʜʧʦʚʽʜʥʦʾ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʦʾ ʤʦʜʝʣʽ 

ˇʨʫʥʪʫ. ʆʢʨʽʤ ʮʴʦʛʦ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ 

ʚʦʜʠ, ʚʧʣʠʚ ʜʨʝʥʘʞʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʦʜʝʣʶʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʩʭʠʣʫ ʧʨʠ ʟʤʽʥʽ ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ 

ʚʦʜ [3]. ʇʨʠ ʘʥʘʣʽʟʽ ʩʭʠʣʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Phase2 ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʦʥʠ ʧʣʘʩʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ, ʤʦʞʣʠʚʽ ʢʨʠʪʠʯʥʽ ʧʦʚʝʨʭʥʽ ʢʦʚʟʘʥʥʷ ʪʘ ʦʮʽʥʶʻʪʴʩʷ ʤʝʭʘʥʽʟʤ ʟʩʫʚʫ, ʱʦ 
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ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʫʢʨʽʧʣʝʥʥʷ ʩʭʠʣʫ ʘʙʦ ʟʤʽʥʠ ʧʨʦʻʢʪʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ [4]. 

ʆʮʽʥʢʘ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʘʩʫ ʩʪʽʡʢʦʩʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ 

ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ, ʢʦʣʠ ʧʘʨʘʤʝʪʨʠ ʟʯʝʧʣʝʥʥʷ ʪʘ ʢʫʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʧʦʩʪʫʧʦʚʦ 

ʟʤʝʥʰʫʶʪʴʩʷ ʜʦ ʤʦʤʝʥʪʫ ʜʦʩʷʛʥʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ. ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʟʘʧʘʩʫ ʩʪʽʡʢʦʩʪʽ ʤʝʥʰʝ ʥʦʨʤʘʪʠʚʥʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʟʘʭʦʜʠ ʱʦʜʦ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʭʠʣʫ, ʪʘʢʽ ʷʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥ, ʘʥʢʝʨʥʠʭ ʩʠʩʪʝʤ, ʛʝʦʨʝʰʽʪʦʢ ʘʙʦ 

ʟʤʽʥʘ ʛʝʦʤʝʪʨʽʾ ʩʭʠʣʫ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ ʧʨʠʨʦʜʥʠʭ ʪʘ ʰʪʫʯʥʠʭ 

ʩʭʠʣʽʚ, ʧʨʦʻʢʪʫʚʘʥʥʷ ʧʽʜʧʽʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʭʦʜʽʚ ʽʟ ʟʘʢʨʽʧʣʝʥʥʷ ʩʭʠʣʽʚ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʠʟʠʢʽʚ ʧʨʠʨʦʜʥʠʭ ʢʘʪʘʩʪʨʦʬ. ɿʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʷʤ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ Phase2 ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʽʥʞʝʥʝʨʽʚ-ʛʝʦʪʝʭʥʽʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʥʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʩʪʽʡʢʦʩʪʽ ʩʭʠʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʢʣʘʜʥʠʭ ʛʝʦʪʝʭʥʽʯʥʠʭ, 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʪʘ ʩʝʡʩʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ. ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ Phase2 ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʨʫʡʥʫʚʘʥʥʷ ʩʭʠʣʫ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ ʦʮʽʥʢʠ 

ʪʘ ʧʨʠʡʥʷʪʪʷ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ ʫ ʩʬʝʨʽ ʛʝʦʪʝʭʥʽʯʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. Olishevska S. O. Overview of Landslide Trends in the World and in Ukraine. Science 

and Transport Progress. 2024. No. 2(106). P. 100ï106. 

DOI: https://doi.org/10.15802/stp2024/306141  

2. Numerical modelling of the pit wall stability while optimizing its boundaries to ensure 

the ore mining completeness / O. Sdvyzhkova et al. Mining of Mineral Deposits. 2024. Vol. 18, 

no. 2. P. 1ï10. DOI: https://doi.org/10.33271/mining18.02.001 

3. Mathematical modeling the quarry wall stability under conditions of heavily jointed 

rocks / S. Aitkazinova et al. Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu. 2022. 

No. 6. P. 18ï24. DOI: https://doi.org/10.33271/nvngu/2022-6/018  

4. Sensitivity of Multistage Fill Slope Based on Finite Element Model / B. Yuan et 

al. Advances in Civil Engineering. 2021. Vol. 2021. P. 1ï13. 

DOI: https://doi.org/10.1155/2021/6622936  

 

 

 

 

 

 

 

 

 

 

 

  

https://doi.org/10.15802/stp2024/306141
https://doi.org/10.33271/mining18.02.001
https://doi.org/10.33271/nvngu/2022-6/018
https://doi.org/10.1155/2021/6622936


ʉɽʂʎɯʗ - ɹʋɼɯɺʅʀʎʊɺʆ, ɻɽʆʊɽʍʅɯʂɸ ʊɸ ɻɽʆʄɽʍɸʅɯʂɸ 

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 

90 

ʋɼʂ 69.059.25 

 

ɻʘʨʢʫʰʘ ɺ.ʉ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ çɸʨʭʽʪʝʢʪʫʨʘè 

ɻʘʣʠʯ ɺ.ʄ., ʩʪʫʜʝʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 192 çʇʨʦʤʠʩʣʦʚʝ ʽ ʮʠʚʽʣʴʥʝ ʙʫʜʽʚʥʠʮʪʚʦè 

ɻʘʣʠʯ ʊ.ʄ., ʩʪʫʜʝʥʪʢʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 192 çʇʨʦʤʠʩʣʦʚʝ ʽ ʮʠʚʽʣʴʥʝ ʙʫʜʽʚʥʠʮʪʚʦè 

(ɼɺʅɿ çʇʨʠʘʟʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè, ʤ. ʄʘʨʽʫʧʦʣʴ (ɼʥʽʧʨʦ), 

ʋʢʨʘʾʥʘ) 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʉʊɸʅʋ ɹɸʃʂʆʅʅʀʍ ʇʃʀʊ ɾʀʊʃʆɺʀʍ ɹʋɼʀʅʂɯɺ 

 

ɺ ʋʢʨʘʾʥʽ ʤʘʻ ʤʽʩʮʝ ʧʨʦʙʣʝʤʘ ʟʥʦʰʝʥʦʩʪʽ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ, ʦʩʢʽʣʴʢʠ ʦʩʥʦʚʥʘ 

ʯʘʩʪʠʥʘ ʙʫʜʽʚʝʣʴ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʚ 1950-1970-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ. 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʪʝʨʤʽʥʠ ʮʠʭ ʙʫʜʽʚʝʣʴ ʜʦʙʽʛʘʶʪʴ ʢʽʥʮʷ, ʽ ʧʨʦʙʣʝʤʘ ʦʮʽʥʢʠ ʾʭ ʩʪʘʥʫ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʧʦʜʘʣʴʰʦʾ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʦʶ. ɺʽʡʥʘ ʟʨʦʙʠʣʘ ʮʶ ʧʨʦʙʣʝʤʫ 

ʱʝ ʘʢʪʫʘʣʴʥʽʰʦʶ. ɹʽʣʴʰʽʩʪʴ ʙʫʜʽʚʝʣʴ ʞʦʜʥʦʛʦ ʨʘʟʫ ʥʝ ʨʝʤʦʥʪʫʚʘʣʠʩʷ ʽ ʥʝ 

ʦʙʩʪʝʞʫʚʘʣʠʩʷ, ʭʦʯʘ ʚ ʜʝʷʢʠʭ ʙʫʜʠʥʢʘʭ ʧʦʯʘʣʠʩʷ ʨʫʡʥʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɸʥʘʣʽʟ ʩʠʪʫʘʮʽʾ ʟ ʙʘʣʢʦʥʥʠʤʠ ʧʣʠʪʘʤʠ ʬʘʢʪʠʯʥʦ ʥʝ ʧʨʦʚʦʜʠʚʩʷ, ʭʦʯʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ ʙʘʣʢʦʥʥʦʾ ʧʣʠʪʠ ʚ ʜʝʷʢʠʭ ʙʫʜʠʥʢʘʭ ʚʠʜʥʦ ʥʝʦʟʙʨʦʻʥʠʤ ʦʢʦʤ. ʅʘ 

ʮʝ ʚʢʘʟʫʻ ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʛʣʠʙʦʢʠʭ ʪʨʽʱʠʥ ʧʦ ʚʩʽʡ ʧʣʠʪʽ, ʦʙʚʘʣʝʥʥʷ ʾʾ 

ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ. ʏʘʩʪʽʰʝ ʮʽ ʨʫʡʥʫʚʘʥʥʷ ʥʘʤʘʛʘʶʪʴʩʷ ʫʩʫʥʫʪʠ ʩʘʤʽ ʤʝʰʢʘʥʮʽ, ʭʦʯʘ 

ʢʘʧʽʪʘʣʴʥʠʡ ʘʙʦ ʘʚʘʨʽʡʥʠʡ ʨʝʤʦʥʪ ʙʘʣʢʦʥʽʚ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠ ʪʽʣʴʢʠ ʬʘʭʽʚʮʽ [1]. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʙʦʡʦʚʠʭ ʜʽʡ, ʷʢ ̔ʟʤʝʥʰʫʶʪʴ ʞʠʪʣʦʚʠʡ ʬʦʥʜ ʋʢʨʘʾʥʠ ʢʦʞʝʥ ʜʝʥʴ, 

ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʽʡʥʠ ʤʠ ʙʫʜʝʤʦ ʤʘʪʠ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ, ʪʦʤʫ ʚʞʝ 

ʟʘʨʘʟ ʪʨʝʙʘ ʚʠʨʽʰʫʚʘʪʠ ʱʦ ʨʦʙʠʪʠ ʟ ʙʫʜʽʚʣʷʤʠ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʟʙʽʣʴʰʠʪʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʪʝʨʤʽʥʠ. ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʟ ʨʫʡʥʘʮʽʻʶ ʙʘʣʢʦʥʽʚ ʻ ʦʜʥʠʤ ʟ ʤʝʪʦʜʽʚ ʧʦʢʨʘʱʝʥʥʷ 

ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ. 

ʆʩʦʙʣʠʚʘ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʧʨʦʩʪʦʨʦʚʘ ʚʠʨʘʟʥʽʩʪʴ ʽ ʚʘʞʣʠʚʝ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʨʦʙʣʷʪʴ ʙʘʣʢʦʥ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʢʚʘʨʪʠʨʠ, ʬʘʩʘʜʫ ʙʫʜʠʥʢʫ ʪʘ ʘʥʩʘʤʙʣʶ ʚʫʣʠʮʽ. 

ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʦʛʦʨʦʜʞʝʥʥʷ ʙʘʣʢʦʥʽʚ, ʷʢʽ ʚ ʩʠʣʫ ʩʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ 

ʨʦʟʪʘʰʫʚʘʥʥʷ, ʚʠʢʦʥʫʶʪʴ ʜʝʢʦʨʘʪʠʚʥʫ ʬʫʥʢʮʽʶ ʷʢ ʩʢʣʘʜʦʚʘ ʯʘʩʪʠʥʘ ʬʘʩʘʜʥʦʾ ʧʣʦʱʽ ʪʘ 

ʤʝʞʘ ʤʽʞ ʚʥʫʪʨʽʰʥʽʤ ʧʨʦʩʪʦʨʦʤ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʪʘ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ [2]. 

ʂʦʥʩʪʨʫʢʮʽʾ ʙʘʣʢʦʥʽʚ - ʮʝ ʟʙʽʨʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʢʦʥʩʦʣʴʥʽ ʧʣʠʪʠ ʩʝʨʽʡʥʦʛʦ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʦʟʤʽʨʦʤ 0,9Ĭ3,2 ʤ. ɹʘʣʢʦʥʥʽ ʧʣʠʪʠ ʪʘ ʢʦʟʠʨʢʠ ʥʘʜ ʚʭʦʜʘʤʠ ʚ ʧʽʜôʾʟʜʠ 

ʤʘʶʪʴ ʤʘʩʦʚʝ ʨʫʡʥʫʚʘʥʥʷ ʙʝʪʦʥʫ (ʪʨʽʱʠʥʠ, ʚʽʜʢʦʣʠ) ʧʦ ʧʝʨʠʤʝʪʨʫ ʙʘʣʢʦʥʥʠʭ ʧʣʠʪ, 

ʦʛʦʣʝʥʥʷ ʪʘ ʟʥʘʯʥʫ ʢʦʨʦʟʽʶ ʘʨʤʘʪʫʨʠ. 

ʅʘ ʦʩʥʦʚʽ ʚʽʟʫʘʣʴʥʦʛʦ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʴ ʢʦʥʩʪʨʫʢʮʽʡ ʽʩʥʫʶʯʠʭ 

ʙʘʣʢʦʥʽʚ ʪʘ ʢʦʟʠʨʢʽʚ ʥʘʜ ʚʭʦʜʘʤʠ ʜʦ ʧʽʜôʾʟʜʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ: 

- ʧʦʚʥʝ ʦʙʚʘʣʝʥʥʷ ʦʜʥʽʻʾ ʙʘʣʢʦʥʥʦʾ ʧʣʠʪʠ; 

- ʟʥʘʯʥʝ ʨʫʡʥʫʚʘʥʥʷ ʙʝʪʦʥʫ ʧʦ ʧʝʨʠʤʝʪʨʫ ʙʘʣʢʦʥʥʠʭ ʧʣʠʪ ʟ ʦʛʦʣʝʥʥʷʤ ʽ ʢʦʨʦʟʽʻʶ 

ʘʨʤʘʪʫʨʠ; 

- ʪʨʽʱʠʥʠ ʚ ʙʝʪʦʥʽ, ʣʦʢʘʣʴʥʽ ʚʠʙʦʾʥʠ ʪʘ ʚʽʜʢʦʣʠ ʙʝʪʦʥʫ; 

- ʢʦʨʦʟʽʷ ʝʣʝʤʝʥʪʽʚ ʦʛʦʨʦʞʽ ʙʘʣʢʦʥʫ; 

- ʨʫʡʥʫʚʘʥʥʷ ʧʦʢʨʽʚʣʽ ʢʦʟʠʨʢʽʚ; 

- ʩʣʽʜʠ ʟʘʪʽʢʘʥʥʷ ʥʘ ʩʪʽʥʘʭ, ʩʫʤʽʞʥʠʭ ʟ ʢʦʟʠʨʢʘʤʠ. 

ɼʝʬʝʢʪʠ ʧʣʠʪ ʙʘʣʢʦʥʽʚ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʈʠʩ.1. 

ʉʫʯʘʩʥʠʡ ʞʠʪʣʦʚʠʡ ʬʦʥʜ ʋʢʨʘʾʥʠ ʧʦʪʨʝʙʫʻ ʥʝ ʪʽʣʴʢʠ ʧʦʥʦʚʣʝʥʥʷ ʥʦʚʠʤʠ 

ʙʫʜʠʥʢʘʤʠ, ʘ ʡ ʧʨʦʚʝʜʝʥʥʷ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʜʣʷ ʩʪʘʨʦʛʦ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ. ʊʘʢʽ ʜʝʬʝʢʪʠ, 

ʷʢʽ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʈʠʩ.1, ʤʦʞʥʘ ʟʫʩʪʨʽʪʠ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʤʽʩʪʽ ʋʢʨʘʾʥʠ. ʅʘ ʧʝʨʰʠʡ 

ʧʦʛʣʷʜ ʚʦʥʠ ʟʜʘʶʪʴʩʷ ʥʝ ʟʥʘʯʥʠʤʠ, ʦʜʥʘʢ ʷʢʱʦ ʥʝ ʚʠʢʦʥʫʚʘʪʠ ʞʦʜʥʠʭ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ 

ʟ ʧʣʠʥʦʤ ʯʘʩʫ ʪʘʢʽ ʨʫʡʥʫʚʘʥʥʷ ʩʪʘʚʘʪʠʤʫʪʴ ʙʽʣʴʰ ʩʝʨʡʦʟʥʠʤʠ, ʪʦʤʫ ʚʽʜʥʦʚʣʝʥʥʷ 

ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʤʝʪʘʣʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʜʽʙʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ. ʎʝ 

ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʧʦʜʽʙʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [3]. 
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ʈʠʩ. 1. ɼʝʬʝʢʪʠ ʧʣʠʪ ʙʘʣʢʦʥʽʚ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ 

(ʩʢʦʣʠ, ʪʨʽʱʠʥʠ, ʦʛʦʣʝʥʥʷ ʪʘ ʢʦʨʦʟʽʷ ʘʨʤʘʪʫʨʠ) 

 

ʋ ʟʚôʷʟʢʫ ʟ ʤʘʩʦʚʠʤ ʟʥʦʩʦʤ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ, ʪʘ ʙʦʡʦʚʠʤʠ ʜʽʷʤʠ, ʧʠʪʘʥʥʷ ʨʝʤʦʥʪʫ, 

ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʫʢʨʽʧʣʝʥʥʷ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ, ʪʦʤʫ ʪʨʝʙʘ ʧʨʠʜʽʣʷʪʠ 

ʟʥʘʯʥʫ ʫʚʘʛʫ ʩʠʪʫʘʮʽʾ ʟʽ ʩʪʘʥʦʤ ʙʘʣʢʦʥʽʚ ʪʘ ʾʭ ʝʣʝʤʝʥʪʽʚ, ʧʨʦʙʣʝʤʠ ʟ ʷʢʠʤʠ ʻ ʫ ʢʦʞʥʦʤʫ 

ʤʽʩʪʽ ʋʢʨʘʾʥʠ. ɹʝʟʢʦʥʪʨʦʣʴʥʝ ʚʪʨʫʯʘʥʥʷ ʞʠʪʝʣʽʚ, ʩʢʦʨʽʰʝ ʨʦʙʠʪʴ ʙʽʣʴʰʝ ʧʨʦʙʣʝʤ, ʥʽʞ 

ʜʦʧʦʤʘʛʘʻ ʚʠʧʨʘʚʠʪʠ ʩʠʪʫʘʮʽʶ. ɺ ʋʢʨʘʾʥʽ ʥʝʤʘʻ ʚʽʜʧʦʚʽʜʝʡ ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʘʚʘʨʽʡʥʠʭ 

ʙʘʣʢʦʥʽʚ, ʷʢ ʥʝʤʘʻ ʚʽʜʧʦʚʽʜʝʡ ʷʢ ʚʠʧʨʘʚʠʪʠ ʮʶ ʩʠʪʫʘʮʽʶ, ʭʦʯʘ ʟʚʠʯʘʡʥʦ ʻ ʦʙôʻʢʪʠ, ʷʢʽ 

ʤʦʞʥʘ ʙʫʜʝ ʨʝʢʦʥʩʪʨʫʶʚʘʪʠ ʘʙʦ ʚʽʜʨʝʤʦʥʪʫʚʘʪʠ, ʽ ʮʝ ʙʫʜʝ ʚʠʛʽʜʥʽʰʝ, ʥʽʞ ʟʚʝʜʝʥʥʷ 

ʥʦʚʦʛʦ ʞʠʪʣʘ ʜʣʷ ʣʶʜʝʡ. 
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ʍʦʤʫʪʝʥʢʦ ɼ. ɻ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 192 ɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʄʘʣʷʨ ɺ. ɺ., ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʊɼɹʄʽʍ 

(ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ) 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼɯɺ ʎʀʌʈʆɺʆɰ ʆɹʈʆɹʂʀ ɿʆɹʈɸɾɽʅʔ ʇʈʀ 

ɼʆʉʃɯɼɾɽʅɯ ʇʆʈʆɺʆɰ ʉʊʈʋʂʊʋʈʀ ɸʉʌɸʃʔʊʆɹɽʊʆʅʋ 

 

ɸʩʬʘʣʴʪʦʙʝʪʦʥ ʻ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʤ, ʙʘʛʘʪʦʬʘʟʥʠʤ, ʛʨʫʙʦʜʠʩʧʝʨʩʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ʟ ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ʗʢ ʚʽʜʦʤʦ ʚʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʨʫʧʥʦʛʦ 

ʟʘʧʦʚʥʶʚʘʯʘ - ʱʝʙʥʶ, ʜʨʽʙʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ - ʚʽʜʩʽʚʫ, ʘʩʬʘʣʴʪʦʚʷʞʫʯʦʛʦ - ʙʽʪʫʤʫ, 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʫ, ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ, ʘ ʪʘʢʦʞ ʧʦʨ (ʧʦʚʽʪʨʷʥʠʭ ʧʫʩʪʦʪ). ʁʦʛʦ 

ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ʪʘ ʚʟʘʻʤʦʜʽʻʶ ʤʽʞ ʥʠʤʠ. ɺ ʩʚʦʶ 

ʯʝʨʛʫ ʧʦʨʠ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʘ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ [0]. 

ʉʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ ʥʘʨʘʟʽ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʠʰʢʦʚʦʾ ʧʦʨʠʩʪʦʩʪʽ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʟʥʘʯʝʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ ʜʦ ʜʽʡʩʥʦʾ ʛʫʩʪʠʥʠ ʩʫʤʽʰʽ [0]. ɼʘʥʠʡ ʤʝʪʦʜ ʤʘʻ ʨʷʜ ʦʙʤʝʞʝʥʴ: 

ʚʠʟʥʘʯʝʥʥʷ ʪʽʣʴʢʠ ʦʙôʻʤʫ ʧʦʨ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʟʨʘʟʢʫ, ʙʝʟ ʨʦʟʧʦʜʽʣʫ ʥʘ ʧʦʨʠ ʤʽʥʝʨʘʣʴʥʦʛʦ 

ʢʽʩʪʷʢʫ ʪʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ, ʘ ʪʘʢʦʞ ʥʝʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤʠ, ʨʦʟʤʽʨʫ ʪʘ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʦʨ ʚ ʦʙôʻʤʽ ʟʨʘʟʢʫ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʜʘʥʠʭ ʱʦʜʦ ʨʦʟʧʦʜʽʣʫ ʧʦʨ ʤʽʥʝʨʘʣʴʥʦʛʦ ʢʽʩʪʷʢʫ ʪʘ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ, ʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʦʨʤʠ, ʨʦʟʤʽʨʫ ʪʘ ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʦʨ ʚ ʦʙôʻʤʽ 

ʟʨʘʟʢʫ, ʜʦʮʽʣʴʥʠʤ ʻ ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʟʦʢʨʝʤʘ ʤʝʪʦʜʫ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ [0].  

ʇʽʜ ʮʠʬʨʦʚʦʶ ʦʙʨʦʙʢʦʶ ʟʦʙʨʘʞʝʥʴ ʨʦʟʫʤʽʻʪʴʩʷ ʦʙʨʦʙʣʝʥʥʷ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʘʰʠʥ (ʢʦʤʧ'ʶʪʝʨʽʚ) [0]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʧʫʩʪʦʪ ʤʝʪʦʜʦʤ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ ʤʘʻ ʩʚʦʾ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʚôʷʟʘʥʽ ʟ ʪʠʤ, ʱʦ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʢʪʠʯʥʦ ʻ ʧʦʨʦʞʥʽʡ ʧʨʦʩʪʽʨ. 

ʊʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʩʪʠʢʘʻʪʴʩʷ ʟ ʨʷʜʦʤ ʧʨʦʙʣʝʤʥʠʭ 

ʧʠʪʘʥʴ, ʜʦ ʷʢʠʭ ʤʦʞʣʠʚʦ ʚʽʜʥʝʩʪʠ:  

- ʥʘʷʚʥʽʩʪʴ ʩʧʦʣʫʯʝʥʠʭ ʪʘ ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʧʫʩʪʦʪ, ʷʢʽ ʚʘʞʢʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʟ 

ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ;  

- ʷʢʽʩʪʴ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ; 

- ʪʝʤʥʠʡ ʢʦʣʽʨ ʙʽʪʫʤʥʦʛʦ ʚôʷʞʫʯʦʛʦ; 

- ʥʘʷʚʥʽʩʪʴ ʧʨʦʟʦʨʦʛʦ ʜʨʽʙʥʦʛʦ ʪʘ ʢʨʫʧʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʨʦʚʦʾ 

ʩʪʨʫʢʪʫʨʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ, ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʝʪʘʧʠ [0, 0]: 

- ʧʽʜʛʦʪʦʚʢʫ ʟʨʘʟʢʘ; 

- ʦʪʨʠʤʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ; 

- ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʥʷ; 

- ʩʝʛʤʝʥʪʘʮʽʷ ʧʦʨ; 

- ʪʨʠʚʠʤʽʨʥʘ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʧʦʨ; 

- ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʦʾ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ. 

ʇʽʜʛʦʪʦʚʢʘ ʟʨʘʟʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʘʣʝ 

ʟʘʛʘʣʦʤ ʟʨʘʟʦʢ ʧʦʚʠʥʝʥ ʙʫʪʠ ʯʠʩʪʠʡ ʪʘ ʩʫʭʠʡ, ʘ ʪʘʢʦʞ ʤʘʪʠ ʚʠʟʥʘʯʝʥʽ ʛʝʦʤʝʪʨʠʯʥʽ 

ʨʦʟʤʽʨʠ. 

ʋ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʨ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʝʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ 

ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʟ ʷʢʠʭ ʤʦʞʣʠʚʦ ʚʠʜʽʣʠʪʠ: ʢʦʤʧôʶʪʝʨʥʫ ʪʦʤʦʛʨʘʬʽʶ, ʩʢʘʥʫʶʯʫ 

ʝʣʝʢʪʨʦʥʥʫ ʤʽʢʨʦʩʢʦʧʽʶ, ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʮʠʬʨʦʚʦʶ ʢʘʤʝʨʦʶ [0]. 

ʂʦʞʥʠʡ ʽʟ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʤʝʪʦʜʽʚ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ, ʥʘ ʞʘʣʴ, ʥʝʜʦʣʽʢʠ [0]. 
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ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʟʦʙʨʘʞʝʥʥʷ ʦʙʨʦʙʣʷʶʪʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʝʪʦʜʫ ʾʭ ʦʪʨʠʤʘʥʥʷ. 

ɿʘʛʘʣʦʤ ʚʠʟʥʘʯʘʶʪʴ ʥʘʩʪʫʧʥʽ ʩʪʘʜʽʾ ʦʙʨʦʙʢʠ: ʬʽʣʴʪʨʘʮʽʶ ʽ ʧʦʢʨʘʱʝʥʥʷ ʟʦʙʨʘʞʝʥʴ, 

ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʦʙʨʦʙʢʫ ʢʦʣʴʦʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʩʪʠʩʥʝʥʥʷ ʟʦʙʨʘʞʝʥʴ, 

ʤʦʨʬʦʣʦʛʽʯʥʫ ʦʙʨʦʙʢʫ ʟʦʙʨʘʞʝʥʴ. 

ʉʝʛʤʝʥʪʘʮʽʷ ʧʦʨ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʝʪʘʧʽʚ. ʅʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʩʝʛʤʝʥʪʘʮʽʶ ʥʘ ʦʩʥʦʚʽ ʢʦʥʪʫʨʽʚ ʪʘ ʩʝʛʤʝʥʪʘʮʽʶ ʥʘ ʦʩʥʦʚʽ ʦʙʣʘʩʪʝʡ. ʇʦʢʘʟʥʠʢʦʤ ʷʢʦʩʪʽ 

ʧʨʦʚʝʜʝʥʦʾ ʩʝʛʤʝʥʪʘʮʽʾ ʻ ʪʦʯʥʽʩʪʴ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʢʘʟʥʠʢ 

MIoU (Mean of intersection over Union), ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʪʦʯʥʽʩʪʴ ʩʝʛʤʝʥʪʘʮʽʾ ʧʦʨ ʪʘ 

ʪʦʯʥʽʩʪʴ ʩʝʛʤʝʥʪʘʮʽʾ ʥʝ ʧʦʚʽʪʨʷʥʠʭ ʧʦʨ [0]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʦʨ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʛʨʘʤʥʽ 

ʢʦʤʧʣʝʢʩʠ ʪʘʢʽ ʷʢ  DragonFly, 3D Slicer, XCAT, Avizo, ʪʘ ʽʥʰʽ. 

ɸʥʘʣʽʟʫ ʦʪʨʠʤʘʥʦʾ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʻ: 

- ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʢʽʣʴʢʦʩʪʽ, ʨʦʟʤʽʨʫ ʪʘ ʨʦʟʧʦʜʽʣʫ ʧʦʨ ʥʘ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ; 

- ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʤʽʞ ʩʢʣʘʜʦʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʪʘ ʢʽʣʴʢʦʩʪʽ, 

ʨʦʟʤʽʨʫ ʪʘ ʨʦʟʧʦʜʽʣʫ ʧʦʨ ʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʽ; 

- ʤʦʜʝʣʶʚʘʪʠ ʨʝʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʯʠʩʝʣʴʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʽʜʚʠʱʠʪʴ ʡʦʛʦ ʪʦʯʥʽʩʪʴ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʜʣʷ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʘʢʪʠʚʥʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ [0].  

ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʧʨʠ ʜʦʩʣʽʜʞʝʥʽ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ, ʟʦʢʨʝʤʘ ʡʦʛʦ ʧʦʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ, ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ.  ʇʨʦʪʝ, ʜʣʷ ʮʴʦʛʦ 

ʥʝʦʙʭʽʜʥʝ ʧʨʦʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʧʨʘʚʣʝʥʠʭ ʥʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʶ ʧʨʦʮʝʩʫ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ. 
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ʋɼʂ 622.831.3.02 

 

ʂʫʨʦʧ ʃ.ɺ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 131 ʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ɼʆʉʃɯɼɾɽʅʅʗ  ʅɸʇʈʋɾɽʅʆ-ɼɽʌʆʈʄʆɺɸʅʆɻʆ ʉʊɸʅʋ ʉʊɸʃɽɺʆɻʆ 

ɸʈʂʆɺʆɻʆ ʂʈɯʇʃɽʅʅʗ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʧʨʦʪʷʞʥʠʭ ʚʠʨʦʙʦʢ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦʚôʷʟʘʥʝ ʟ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʢʨʽʧʣʝʥʥʷ, ʷʢʝ ʩʧʨʠʡʤʘʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʙʦʢʫ ʦʪʦʯʫʶʯʦʛʦ 

ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ. ʅʘ ʚʝʣʠʢʠʭ ʛʣʠʙʠʥʘʭ ʥʘʚʢʦʣʦ ʧʨʦʪʷʞʥʠʭ ʚʠʨʦʙʦʢ ʫʪʚʦʨʶʻʪʴʩʷ ʟʦʥʘ 

ʥʝʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʧʦʨʦʜʽ ʚ ʤʝʞʘʭ ʷʢʦʾ ʧʣʘʩʪʠʯʥʦ ʨʦʟʧʫʰʝʥʽ. ʎʝʡ ʬʘʢʪ ʩʧʨʠʷʻ 

ʪʦʤʫ, ʱʦ ʦʙʩʷʛ ʮʠʭ ʧʦʨʽʜ, ʷʢʽ ʻ ʢʨʠʭʢʠʤʠ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʽ ʛʝʥʝʟʠʩʦʤ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ 

ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚ ʙʽʢ ʢʨʽʧʣʝʥʥʷ, ʬʦʨʤʫʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʪʘʣʝʚʽ ʘʨʢʠ 

ʚʽʜ ʥʫʣʷ ʜʦ ʷʢʦʾʩʴ ʢʽʥʮʝʚʦʾ ʚʝʣʠʯʠʥʽ, ʷʢʘ ʤʦʞʝ ʩʪʘʪʠ ʢʨʠʪʠʯʥʦʶ ʟʘ ʚʽʜʧʦʚʽʜʥʠʭ ʫʤʦʚ 

[1,2]. ʅʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʪʘʢʦʛʦ ʢʨʽʧʣʝʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʦʮʽʥʶʻʪʴʩʷ ʚ ʨʝʞʠʤʽ 

ʟʘʜʘʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ ʘʨʢʠ ʚʽʜʦʤʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ. ʱʦ ʻ 

ʩʪʘʪʠʯʥʦ ʦʜʠʥ ʨʘʟ ʥʝʚʠʟʥʘʯʝʥʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ. ɯʩʥʫʶʪʴ ʩʪʘʥʜʘʨʪʥʽ ʤʝʪʦʜʠʢʠ 

ʨʦʟʨʘʭʫʥʢʫ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʚʥʫʪʨʽʰʥʽ ʩʠʣʦʚʽ ʬʘʢʪʦʨʠ ʪʘʢʽ, 

ʷʢ ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ, ʧʨʦʜʦʣʴʥʽ ʽ ʧʝʨʝʨʽʟʫʶʯʽ ʩʠʣʠ. ʋ ʩʧʝʮʽʘʣʴʥʽʡ ʣʽʪʝʨʘʪʫʨʽ 

(ʆ.ʇ. ʄʘʢʩʠʤʦʚ, ɯ.ɺ. ɹʘʢʣʘʰʦʚ, ɹ.ɸ. ʂʘʨʪʦʟʽ,̫ ʆ.ʄ. ʐʘʰʝʥʢʦ ʪʘ ʽʥ.) ʤʦʞʥʘ ʟʥʘʡʪʠ 

ʝʧʶʨʠ ʮʠʭ ʚʝʣʠʯʠʥ . ʎʝʡ ʬʘʢʪ ʦʩʪʘʚʘʚʩʷ ʥʘʩʪʽʣʴʢʠ ʫʩʪʘʣʝʥʠʤ, ʱʦ ʦʩʪʘʥʥʽ ʨʦʢʽʚ ʩʦʨʦʢ 

ʥʽʭʪʦ ʥʝ ʟʘʡʤʘʚʩʷ ʧʨʦʙʣʝʤʦʶ ʨʦʟʧʦʜʽʣʫ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʚʚʘʞʘʶʯʠ ʾʾ 

ʚʠʯʝʨʧʘʥʦ ʜʦʚʝʜʝʥʦʶ. 

ɸʣʝ ʟʘ ʮʝʡ ʯʘʩ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʥʘʪʫʨʥʽ ʚʠʤʽʨʠ ʜʝʬʦʨʤʘʮʽʡ ʩʪʘʣʝʚʠʭ ʘʨʦʢ ʢʨʽʧʣʝʥʥʷ 

ʥʘ ʜʝʷʢʠʭ ʰʘʭʪʘʭ ɼʦʥʙʘʩʫ, ʷʢʽ ʧʦʢʘʟʘʣʠ ʩʫʪʪʻʚʫ ʚʽʜʤʽʥʥʽʩʪʴ ʨʝʘʣʴʥʠʭ ʝʧʶʨ ʨʦʟʧʦʜʽʣʫ 

ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʚʽʜ ʪʝʦʨʝʪʠʯʥʠʭ. ɸ ʦʩʢʽʣʴʢʠ ʟ ʚʝʣʠʯʠʥʘʤʠ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʧʦʚôʷʟʘʥʽ ʧʝʨʝʨʽʟʫʶʯʽ ʽ ʥʦʨʤʘʣʴʥʽ ʩʠʣʠ, ʪʦ, ʚʽʜʧʦʚʽʜʥʦ, ʽ ʨʦʟʧʦʜʽʣ ʮʠʭ 

ʩʠʣʦʚʠʭ ʬʘʢʪʦʨʽʚ ʪʘʢʦʞ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʝʦʨʝʪʠʯʥʠʭ.  

ʎʷ ʦʙʩʪʘʚʠʥʘ ʚʠʢʣʠʢʘʣʘ ʙʘʛʘʪʦ ʧʠʪʘʥʴ, ʷʢʽ ʪʦʨʢʥʫʣʠʩʷ, ʧʝʨʰ ʟʘ ʚʩʝ, ʟʚʠʯʥʦʾ 

ʧʦʯʘʪʢʦʚʦʾ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʨʽʧʣʝʥʥʷ. ʇʝʨʰʠʤʠ ʟʚʝʨʥʫʣʠ 

ʥʘ ʮʝ ʫʚʘʛʫ ʩʧʝʮʽʘʣʽʩʪʠ ʢʘʬʝʜʨʠ ʙʫʜʽʚʥʠʮʪʚʘ, ʛʝʦʪʝʭʥʽʢʠ ʽ ʛʝʦʤʝʭʘʥʽʢʠ ʅʊʋ 

çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʪʫʨʥʠʭ ʚʠʤʽʨʽʚ ʜʦʟʚʦʣʠʚ 

ʨʦʟʨʦʙʠʪʠ ʥʦʚʫ, ʙʽʣʴʰ ʩʢʣʘʜʥʫ ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʪʘʣʝʚʝ 

ʘʨʢʦʚʝ ʢʨʽʧʣʝʥʥʷ, ʷʢʝ ʻ ʧʝʨʝʚʘʞʥʠʤ ʥʘ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪʘʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʚʦʝʪʘʧʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʟʨʦʩʪʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʤʦʤʝʥʪʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʨʢʠ ʫ ʚʠʙʦʾ ʚʠʨʦʙʢʠ, ʜʦ ʤʦʤʝʥʪʫ ʜʦʩʷʛʥʝʥʥʷ 

ʤʝʭʘʥʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʩʠʩʪʝʤʠ çʢʨʽʧʣʝʥʥʷ-ʧʦʨʦʜʥʠʡ ʤʘʩʠʚè. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʞʠʤʽ ʟʘʜʘʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʜʦ ʚʠʯʝʨʧʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʾ 

ʧʽʜʜʘʪʣʠʚʦʩʪʽ ʚ ʟʘʤʢʘʭ. ʎʝʡ ʝʪʘʧ ʪʨʠʚʘʻ ʧʦʢʠ ʚʠʙʽʡ ʚʠʨʦʙʢʠ ʥʝ ʧʦʩʫʥʝʪʴʩʷ ʥʘ ʜʝʷʢʫ 

ʚʽʜʩʪʘʥʴ, ʷʢʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʤʦʞʝ ʢʦʣʠʚʘʪʠʩʴ ʚʽʜ ʜʝʢʽʣʴʢʦʭ 

ʜʦ ʜʝʩʷʪʢʽʚ ʤʝʪʨʽʚ. ʇʝʨʝʤʽʱʝʥʥʷ ʢʦʥʪʫʨʫ ʚʠʨʦʙʢʠ ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥʠ 

ʥʝʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʤʦʞʫʪʴ ʜʦʩʷʛʘʪʠ ʚʝʣʠʯʠʥʠ 0.3 ʤ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʧʨʠʢʦʥʪʫʨʥʦʛʦ ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ.  

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʢʨʠʪʠʯʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʨʘʧʪʦʚʝ ʧʽʜʥʷʪʪʷ ʧʦʨʽʜ ʧʽʜʦʰʚʠ, ʱʦ ʪʨʘʢʪʫʻʪʴʩʷ, ʷʢ ʚʪʨʘʪʘ ʧʨʫʞʥʦʧʣʘʩʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʧʨʠʢʦʥʪʫʨʥʦʛʦ ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ. ʎʝ ʷʚʠʱʝ ʦʪʨʠʤʘʣʦ ʥʘʟʚʫ ʧʫʯʽʥʥʷ ʧʦʨʽʜ ʧʽʜʦʰʚʠ ʽ 

ʦʧʠʩʫʻʪʴʩʷ ʙʽʬʫʨʢʘʮʽʡʥʦʶ ʤʦʜʝʣʣʶ [3]. ɺʠʤʽʨʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʽʩʣʷ ʮʴʦʛʦ 

ʧʨʠʧʠʥʷʶʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʥʪʫʨʫ ʚʠʨʦʙʢʠ, ʦʢʨʽʤ ʧʦʨʽʜ ʧʽʜʦʰʚʠ, ʘ ʫ ʩʬʦʨʤʦʚʘʥʽʡ 

ʦʙʣʘʩʪʽ ʥʝʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚ ʧʦʨʦʜʘʭ ʧʦʢʨʽʚʣʽ ʬʦʨʤʫʻʪʴʩʷ ʟʦʥʘ ʦʙʚʘʣʝʥʥʷ, ʷʢʘ 

ʧʝʨʝʚʦʜʠʪʴ ʤʝʭʘʥʽʯʥʫ ʩʠʩʪʝʤʫ çʢʨʽʧʣʝʥʥʽ-ʧʦʨʦʜʥʠʡ ʤʘʩʠʚè ʚ ʨʝʞʠʤ ʟʘʜʘʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ʎʝʡ ʧʨʦʮʝʩ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʪʨʠʚʘʻ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʜʽʙ ʜʦ 

ʜʝʢʽʣʴʢʦʭ ʤʽʩʷʮʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʫʤʫʚʘʥʥʷ ʝʧʶʨ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʽ 

ʟʘʚʝʨʰʘʣʴʥʘ ʝʧʶʨʘ ʤʘʻ ʚʠʛʣʷʜ, ʱʦ ʻ ʙʣʠʟʴʢʠʤ ʜʦ ʚʠʤʽʨʷʥʦʾ ʚ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ. ʇʨʠ 

ʮʴʦʤʫ ʩʪʘʣʝʚʝ ʘʨʢʦʚʝ ʢʨʽʧʣʝʥʥʷ ʤʦʞʝ ʘʙʦ ʚʠʪʨʠʤʘʪʠ ʩʫʤʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʙʦ ʥʝ 

ʚʠʪʨʠʤʘʪʠ ʽ ʙʫʜʝ ʟʨʫʡʥʦʚʘʥʝ, ʦʪʨʠʤʘʻ ʥʝʟʚʦʨʦʪʥʽ ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ. ʗʢʱʦ ʧʨʠ ʮʴʦʤʫ 

ʟʘʤʢʦʚʽ ʝʣʝʤʝʥʪʠ ʥʝ ʙʫʜʫʪʴ ʟʨʫʡʥʦʚʘʥʽ, ʪʦ ʢʨʽʧʣʝʥʥʷ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʚʪʨʘʪʫ ʬʦʨʤʠ, 

ʧʨʦʜʦʚʞʫʻ ʚʠʢʦʥʫʚʘʪʠ ʩʚʦʻ ʧʨʠʟʥʘʯʝʥʥʷ, ʪʦʙʪʦ ʟʙʝʨʽʛʘʻ ʜʣʷ ʚʠʨʦʙʢʠ ʤʦʞʣʠʚʽʩʪʴ 

ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʛʝʦʤʝʭʘʥʽʯʥʘ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʪʘʣʝʚʝ ʘʨʢʦʚʝ 

ʢʨʽʧʣʝʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʡʦʛʦ ʬʦʨʤʠ ʧʨʠ ʷʢʽʡ ʤʦʞʥʘ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʡʦʛʦ 

ʤʝʪʘʣʦʻʤʥʽʩʪʴ, ʱʦ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. ɰʾ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʢʣʠʢʘʥʘ ʪʠʤ, ʱʦ ʦʩʥʦʚʥʽ 

ʤʝʪʘʣʫʨʛʽʡʥʽ ʟʘʚʦʜʠ, ʪʘʢʽ ʷʢ çɸʟʦʚʩʪʘʣʴè ʪʘ çɯʤ. ɯʣʣʽʯʘè, ʱʦ ʟʥʘʭʦʜʠʣʠʩʴ ʚ ʄʘʨʽʫʧʦʣʽ, 

ʟʨʫʡʥʦʚʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʦʻʥʥʦʾ ʘʛʨʝʩʽʾ ʈʦʩʽʾ, ʽ ʪʝʧʝʨ ʩʪʘʣʝʚʠʡ ʧʨʦʢʘʪ ʪʠʧʫ ʉɺʇ 

ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʝ ʤʝʥʰʝ ʧʨʠʩʪʦʩʦʚʘʥʝ ʜʦ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ. ʎʝ ʧʨʠʚʝʣʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʪʘʢʦʛʦ ʧʨʦʢʘʪʫ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʧʨʦʭʦʜʢʠ ʧʽʜʟʝʤʥʠʭ ʚʠʨʦʙʦʢ ʥʘ ʰʘʭʪʘʭ, ʟʙʽʣʴʰʝʥʥʶ ʩʦʙʽʚʘʨʪʦʩʪʽ 

ʚʫʛʽʣʣʷ. 
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ɸʂʊʋɸʃʔʅɯ ʇʈʆɹʃɽʄʀ ɽʂʆʃʆɻɯɰ, ɹɯʆʃʆɻɯɰ  

ʊɸ ɿɸʍʀʉʊʋ ɼʆɺʂɯʃʃʗ  
 

 

 

 

ʅʘ ʢʘʬʝʜʨʽ ʝʢʦʣʦʛʽʾ ʽ ʪʝʭʥʦʣʦʛʽʡ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè ʨʝʘʣʽʟʫʶʪʴʩʷ ʤʽʞʥʘʨʦʜʥʽ ʧʨʦʝʢʪʠ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʠ ɾʘʥʘ ʄʦʥʝ ʟʘ ʬʽʥʘʥʩʦʚʦʾ 

ʧʽʜʪʨʠʤʢʠ ʧʨʦʛʨʘʤʠ ɽʨʘʟʤʫʩ+ ʚ ʋʢʨʘʾʥʽ (https://erasmusplus.org.ua/):  

çʉʪʘʥʜʘʨʪʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ ʱʦʜʦ ʝʢʦʣʦʛʽʯʥʦʾ ʨʝʘʙʽʣʽʪʘʮʽʾ ʛʽʨʥʠʯʦʧʨʦʤʠʩʣʦʚʠʭ ʟʝʤʝʣʴè 

(EUSERML), 2022ï2025; 

çɿʘʙʝʟʧʝʯʝʥʥʷ ʢʨʠʪʠʯʥʦʶ ʤʽʥʝʨʘʣʴʥʦʶ ʩʠʨʦʚʠʥʦʶ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫè (CRMPEU), 2023ï

2026. 
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ɼʠʩʢʣʝʡʤʝʨ 

ʌʽʥʘʥʩʫʻʪʴʩʷ ɭʚʨʦʧʝʡʩʴʢʠʤ ʉʦʶʟʦʤ. ʆʜʥʘʢ ʚʠʩʣʦʚʣʝʥʽ ʧʦʛʣʷʜʠ ʪʘ ʜʫʤʢʠ ʥʘʣʝʞʘʪʴ ʣʠʰʝ 

ʘʚʪʦʨʘʤ (ʘʚʪʦʨʘʤ) ʽ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʦʛʣʷʜʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʯʠ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʚʠʢʦʥʘʚʯʦʛʦ ʘʛʝʥʪʩʪʚʘ ʟ ʦʩʚʽʪʠ ʪʘ ʢʫʣʴʪʫʨʠ (EACEA). ʅʽ ɭʚʨʦʧʝʡʩʴʢʠʡ ʉʦʶʟ, ʥʽ 

ʦʨʛʘʥ, ʱʦ ʥʘʜʘʻ ʛʨʘʥʪʠ, ʥʝ ʤʦʞʫʪʴ ʥʝʩʪʠ ʟʘ ʥʠʭ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ. 
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ʋɼʂ 502.53:504.06 

 

ʄʦʩʢʘʣʴʦʚ ʄ.ʆ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 183 ʊʝʭʥʦʣʦʛʽʾ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʗʢʦʚʠʰʠʥʘ ʊ.ʌ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨʢʘ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ)  

 

ʆʉʆɹʃʀɺʆʉʊɯ ʌʆʈʄʋɺɸʅʅʗ ˆʈʋʅʊɯɺ ʋʈɹʆɽʂʆʉʀʉʊɽʄʀ  

ɿɸ ʋʄʆɺ ʊʈʀɺɸʃʆɻʆ ɸʅʊʈʆʇʆɻɽʅʅʆɻʆ ɺʇʃʀɺʋ 

 

ɺ ʫʤʦʚʘʭ ʤʽʩʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʻʜʥʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʯʠʥʥʠʢʽʚ ˇʨʫʥʪʦʫʪʚʦʨʝʥʥʷ 

(ʢʣʽʤʘʪ, ʨʝʣʴʻʬ) ʟ ʘʥʪʨʦʧʦʛʝʥʥʠʤʠ (ʙʫʜʽʚʥʠʮʪʚʦ, ʧʨʦʤʠʩʣʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʪʨʘʥʩʧʦʨʪ), 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʪʝʭʥʦʛʝʥʥʦ ʥʘʚʘʥʪʘʞʝʥʠʭ ʫʨʙʦʝʢʦʩʠʩʪʝʤ 

ʩʧʝʮʠʬʽʯʥʠʭ ˇʨʫʥʪʽʚ ʽ ˇʨʫʥʪʦʧʦʜʽʙʥʠʭ ʪʽʣ, ʷʢʽ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʟʦʥʘʣʴʥʠʭ. ɺ 

ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʛʦ ʫʨʙʦʧʝʜʦʛʝʥʝʟʫ ˇʨʫʥʪ ʥʝ ʪʽʣʴʢʠ ʚʠʩʪʫʧʘʻ ʦʙôʻʢʪʦʤ ʧʦʪʝʥʮʽʡʥʦʾ 

ʨʦʜʶʯʦʩʪʽ, ʱʦ ʜʘʨʫʻ ʞʠʪʪʷ ʨʦʩʣʠʥʘʤ, ʽ ʻ ʙʘʟʠʩʦʤ ʝʢʦʩʠʩʪʝʤʠ, ʘ ʡ ʚʠʢʦʥʫʻ ʧʨʦʪʝʢʪʦʨʥʽ 

ʬʫʥʢʮʽʾ ʱʦʜʦ ʚʠʢʣʶʯʝʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʟ ʢʦʣʦʦʙʽʛʽʚ, ʚʠʩʪʫʧʘʶʯʠ ʛʝʦʭʽʤʽʯʥʠʤ 

ʙʘʨôʻʨʦʤ ʥʘ ʰʣʷʭʫ ʾʭ ʤʽʛʨʘʮʽʾ, ʷʢ ʧʦ ʪʨʦʬʽʯʥʠʤ ʣʘʥʮʶʛʘʤ, ʪʘʢ ʽ ʚ ʩʫʤʽʞʥʽ ʩʝʨʝʜʦʚʠʱʘ ï 

ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʽ ˇʨʫʥʪʦʚʽ ʚʦʜʠ, ʦʪʞʝ, ʧʽʜʪʨʠʤʫʻ ʝʢʦʣʦʛʽʯʥʫ ʨʽʚʥʦʚʘʛʫ ʪʝʨʠʪʦʨʽʾ. 

ʊʦʤʫ ʤʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʤʽʩʴʢʠʭ ˇʨʫʥʪʽʚ ʟʘ 

ʫʤʦʚ ʪʨʠʚʘʣʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʧʨʠ ʨʦʟʙʫʜʦʚʽ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ 

ʫʨʙʦʝʢʦʩʠʩʪʝʤʠ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʦʞʣʠʚʦʛʦ ʽʥʛʨʝʜʽʻʥʪʥʦʛʦ, ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ, 

ʙʽʦʮʝʥʦʪʠʯʥʦʛʦ ʪʘ ʩʪʘʮʽʘʣʴʥʦ-ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ.  

ɻʦʣʦʚʥʘ ʧʨʠʯʠʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʫʨʙʦʝʢʦʩʠʩʪʝʤ ʧʦʣʷʛʘʻ ʫ 

ʧʨʦʛʨʝʩʫʶʯʽʡ ʙʫʜʽʚʝʣʴʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʩʪʚʘ, ʱʦ ʟʫʤʦʚʣʶʻ ʟʤʽʥʠ ˇʨʫʥʪʽʚ, ʷʢʽ 

ʚʢʣʶʯʘʶʪʴ ʟʥʷʪʪʷ, ʟʥʠʱʝʥʥʷ ʘʙʦ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʜʶʯʦʛʦ ʰʘʨʫ, ʘ ʚʞʝ ʧʦʪʽʤ ʚ ʧʨʦʮʝʩʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫʨʙʦʝʢʦʩʠʩʪʝʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʙʨʫʜʥʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʠʤʠ 

ʩʧʦʣʫʢʘʤʠ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʫ ʚʠʢʠʜʘʭ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʪʨʘʥʩʧʦʨʪʫ. 

ʉʪʘʮʽʘʣʴʥʦ-ʜʝʩʪʨʫʢʪʠʚʥʝ ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʦ ʟ ʧʨʦʮʝʩʦʤ 

ʙʫʜʽʚʥʠʮʪʚʘ ʙʫʜʴ-ʷʢʦʛʦ ʦʙôʻʢʪʫ ʤʽʩʪʘ ʚ ʤʝʞʘʭ ʫʨʙʘʥʽʟʦʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ, ʚʽʜʙʠʚʘʻʪʴʩʷ 

ʯʝʨʝʟ ʧʦʨʫʰʝʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʧʨʦʬʽʣʶ ʪʘ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ˇʨʫʥʪʫ, ʢʘʤʝʥʷʩʪʽʩʪʴ ʪʘ 

ʟʘʧʝʯʘʪʘʥʽʩʪʴ (ʨʠʩ. 1). ɯʥʛʨʝʜʽʻʥʪʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʩʴʢʠʭ ˇʨʫʥʪʽʚ ʟʫʤʦʚʣʝʥʦ 

ʧʦʪʨʘʧʣʷʥʥʷʤ ʥʘ ʾʭ ʧʦʚʝʨʭʥʶ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, 

ʧʝʩʪʠʮʠʜʽʚ ʪʘ ʩʪʽʡʢʠʭ ʦʨʛʘʥʽʯʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚʥʘʩʣʽʜʦʢ ʨʦʙʦʪʠ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʪʨʘʥʩʧʦʨʪʫ. ʉʝʨʝʜ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʤʽʩʴʢʠʭ ˇʨʫʥʪʽʚ ʚʠʜʽʣʷʶʪʴ ʪʝʧʣʦʚʝ, ʰʫʤʦʚʝ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ, ʩʝʨʝʜ ʷʢʠʭ 

ʧʝʨʰʝ ʟ ʦʟʥʘʯʝʥʠʭ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʽ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ, ʘ ʦʩʪʘʥʥʽ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ˇʨʫʥʪʦʚʦʾ ʙʽʦʪʠ. ɹʽʦʮʝʥʦʪʠʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽʥʚʘʟʽʡʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʧʘʪʦʛʝʥʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʚ ˇʨʫʥʪʽ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʥʘʯʥʽ ʟʤʽʥʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʽ ʚʝʨʪʠʢʘʣʴʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʟʦʥʘʣʴʥʦʛʦ ˇʨʫʥʪʫ, ʧʦʨʫʰʝʥʥʷ ʡʦʛʦ ʤʦʨʬʦʣʦʛʽʯʥʦʾ 

ʙʫʜʦʚʠ, ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [12]. ʈʝʟʫʣʴʪʘʪʦʤ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʮʝʩʽʚ ʻ 

ʬʦʨʤʫʚʘʥʥʷ ˇʨʫʥʪʽʚ ʫʨʙʦʝʢʦʩʠʩʪʝʤʠ, ʩʝʨʝʜ ʷʢʠʭ ʚʠʜʽʣʷʶʪʴ ʟʘʧʝʯʘʪʘʥʽ, ʧʦʚʝʨʭʥʝʚʦ ʪʘ 

ʛʣʠʙʦʢʦ ʧʝʨʝʪʚʦʨʝʥʽ ʟʘʣʝʞʥʦ ʚʽʜ ʧʝʨʝʚʘʞʘʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʚʧʣʠʚʫ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ 

ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ʇʨʦʚʽʜʥʝ ʤʽʩʮʝ ʩʝʨʝʜ ʤʽʩʴʢʠʭ ˇʨʫʥʪʽʚ ʟʘʡʤʘʶʪʴ ʬʽʟʠʯʥʦ ʪʘ ʭʽʤʽʯʥʦ 

ʧʦʨʫʰʝʥʽ ʫʨʙʘʥʦʟʝʤʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ, ʜʝ ʧʦʪʦʢʠ ʨʝʯʦʚʠʥʠ ʽ ʝʥʝʨʛʽʾ 

ʟʙʘʣʘʥʩʦʚʘʥʽ, ʚ ˇʨʫʥʪʘʭ ʪʝʭʥʦʛʝʥʥʦ ʥʘʚʘʥʪʘʞʝʥʠʭ ʫʨʙʦʝʢʦʩʠʩʪʝʤʘʭ ʟʜʝʙʽʣʴʰʦʛʦ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʩʘʤʝ ʧʦʪʦʢʠ ʦʜʥʦʥʘʧʨʷʤʣʝʥʽ, ʧʨʠʤʽʨʦʤ, ʘʥʦʤʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʨʦʟʩʽʷʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʟʘʙʨʫʜʥʝʥʥʷ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ, ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ) ʚ ˇʨʫʥʪʦʪʚʦʨʥʽʡ 

ʪʦʚʱʽ ʘʙʦ ʥʘʢʦʧʠʯʝʥʥʷ ʥʝʨʦʟʢʣʘʜʝʥʦʾ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ, ʪʦʱʦ. 
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ʈʠʩʫʥʦʢ 1 ï ʆʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ˇʨʫʥʪʽʚ ʫʨʙʦʝʢʦʩʠʩʪʝʤ 

 

ʂʨʽʤ ʪʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʽʥʪʝʥʩʠʚʥʦʾ ʘʥʪʨʦʧʦʛʝʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫ ʤʽʩʴʢʠʭ ˇʨʫʥʪʘʭ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʥʝʛʘʪʠʚʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʽʩʪʦʪʥʦ ʧʦʛʽʨʰʫʶʪʴ ʾʭ ʝʢʦʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ, ʷʢ ʪʦ 

ʨʦʜʶʯʽʩʪʴ ʽ ʧʨʦʪʝʢʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʚʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʥʷ ʽ ʨʫʡʥʫʚʘʥʥʷ ˇʨʫʥʪʦʚʦʛʦ 

ʧʨʦʬʽʣʶ; ʜʝʛʫʤʽʬʽʢʘʮʽʾ; ʧʝʨʝʫʱʽʣʴʥʝʥʥʷ; ʟʤʽʥʠ ʚʦʜʥʦ-ʧʦʚʽʪʨʷʥʦʛʦ, ʪʝʧʣʦʚʦʛʦ, 

ʧʦʞʠʚʥʦʛʦ ʽ ʛʘʟʦʚʦʛʦ ʨʝʞʠʤʽʚ; ʭʽʤʽʯʥʦʛʦ ʽ ʙʽʦʣʦʛʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ; ʩʢʦʨʦʯʝʥʥʷ 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ.  

ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʱʝ ʚʠʢʣʘʜʝʥʝ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʨʠʚʘʣʠʡ ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʚʧʣʠʚ 

ʧʨʠ ʨʦʟʙʫʜʦʚʽ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʫʨʙʦʝʢʦʩʠʩʪʝʤʠ ʟʘ ʫʤʦʚ ʨʽʟʥʦʛʦ ʟʘ ʥʘʧʨʷʤʦʤ ʪʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʽʥʛʨʝʜʽʻʥʪʥʦʛʦ, ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ, ʙʽʦʮʝʥʦʪʠʯʥʦʛʦ ʪʘ ʩʪʘʮʽʘʣʴʥʦ-

ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʾ ʩʪʨʦʢʘʪʦʩʪʽ ʤʽʩʴʢʠʭ ˇʨʫʥʪʽʚ.  
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ʋɼʂ 502.35 

 

ʇʨʫʩ ʄ.ɺ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 183 ʊʝʭʥʦʣʦʛʽʾ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʗʢʦʚʠʰʠʥʘ ʊ.ʌ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨʢʘ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ)  

 

ʉɽʂɺɽʉʊʈɸʎɯʗ CO2 ʈʆʉʃʀʅɸʄʀ ʊɽʇʃʀʎɯ  

 

ʈʽʚʝʥʴ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʧʨʦʜʦʚʞʫʻ ʟʨʦʩʪʘʪʠ, ʤʘʡʞʝ ʧʦʜʚʦʾʚʰʠʩʴ ʟʘ 

ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ, ʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ (CO2) ʚ ʘʪʤʦʩʬʝʨʽ ʜʦʩʷʛʣʘ 400 

pmm, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʣʴʰ ʥʽʞ 2 ÁC ʜʦ 2050 ʨʦʢʫ ʪʘ 

ʛʣʦʙʘʣʴʥʦʾ ʢʘʪʘʩʪʨʦʬʠ, ʦʪʞʝ ʧʦʪʨʝʙʫʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʝʛʘʡʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʾʾ ʟʥʠʞʝʥʥʷ.  

ʆʢʨʽʤ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʚʫʛʣʝʮʶ, ʫʪʚʦʨʝʥʠʭ ʚʥʘʩʣʽʜʦʢ ʘʥʪʨʦʧʦʛʝʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, 

CO2 ʤʦʞʥʘ ʚʠʣʫʯʘʪʠ ʟ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʰʣʷʭʦʤ ʩʝʢʚʝʩʪʨʘʮʽʾ ʨʦʩʣʠʥʘʤʠ ʚ ʧʨʦʮʝʩʽ 

ʬʦʪʦʩʠʥʪʝʟʫ, ʘ ʮʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʤôʷʢʰʝʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ. 

ɸʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʟʘʟʚʠʯʘʡ ʤʽʩʪʠʪʴ ʧʨʠʙʣʠʟʥʦ 350 ppm ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ɺ 

ʜʘʥʠʡ ʯʘʩ ʟʥʘʯʥʠʡ ʜʝʬʽʮʠʪ ʉʆ2 ʚ ʧʦʚʽʪʨʽ ʪʝʧʣʠʮʴ ʚʠʩʪʫʧʘʻ ʣʽʤʽʪʫʶʯʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ 

ʨʦʩʣʠʥ ʟʘʢʨʠʪʦʛʦ ˇʨʫʥʪʫ ʱʦʜʦ ʬʦʪʦʩʠʥʪʝʟʫ ʽ ʘʩʠʤʽʣʷʮʽʾ ʚʫʛʣʝʚʦʜʽʚ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʫʪʪʻʚʦʛʦ ʟʥʠʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʫʣʴʪʫʨ ʚ ʫʤʦʚʘʭ ʟʘʢʨʠʪʦʛʦ ˇʨʫʥʪʫ. ʉʪʚʦʨʝʥʥʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʪʝʧʣʠʮʷʭ ʪʘʢ ʩʘʤʦ ʚʘʞʣʠʚʦ, ʷʢ ʽ ʧʽʜʪʨʠʤʢʘ 

ʥʦʨʤʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ, ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ, ʩʠʩʪʝʤʠ ʤʽʥʝʨʘʣʴʥʦʛʦ ʧʽʜʞʠʚʣʝʥʥʷ, 

ʪʦʱʦ. 

ʗʢʱʦ ʫ ʩʦʥʷʯʥʫ ʧʦʛʦʜʫ ʪʝʧʣʠʮʷ ʟʘʢʨʠʪʘ ʛʝʨʤʝʪʠʯʥʦ, ʽʩʥʫʻ ʡʤʦʚʽʨʥʽʩʪʴ, ʱʦ ʚʝʩʴ 

ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ ʫʩʝʨʝʜʠʥʽ ʪʝʧʣʠʮʽ ʙʫʜʝ ʩʧʦʞʠʪʠʡ ʨʦʩʣʠʥʘʤʠ. ʉʘʤʝ ʪʦʤʫ ʚʠʥʠʢʘʻ 

ʧʦʪʨʝʙʘ, ʧʦ-ʧʝʨʰʝ, ʢʦʥʪʨʦʣʶ ʨʽʚʥʷ ʉʆ2 ʚ ʧʦʚʽʪʨʽ, ʘ, ʧʦ-ʜʨʫʛʝ, ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ 

ʟʙʘʛʘʯʝʥʥʷ ʧʦʚʽʪʨʷ ʪʝʧʣʠʮʽ ʚʫʛʣʝʢʠʩʣʠʤ ʛʘʟʦʤ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʦʪʦʩʠʥʪʝʟʫ ʨʦʩʣʠʥ ʥʝʦʙʭʽʜʥʦ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʽʜʚʠʱʝʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʉʆ2 ʧʦʚʽʪʨʷ. ʌʦʪʦʩʠʥʪʝʟ ʫ ʨʦʩʣʠʥ ʧʨʦʭʦʜʠʪʴ ʫ 

ʢʽʣʴʢʘ ʧʦʩʣʽʜʦʚʥʠʭ ʝʪʘʧʽʚ:  

ü ʬʦʪʦʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʬʽʢʩʘʮʽʶ ʝʥʝʨʛʽʾ ʨʘʜʽʘʮʽʾ ʪʘ ʾʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʫ ʭʽʤʽʯʥʫ ʝʥʝʨʛʽʶ;  

ü ʬʦʪʦʣʽʟ ʚʦʜʠ ʪʘ ʧʝʨʝʥʝʩʝʥʥʷ ʚʦʜʥʶ, ʧʦʚôʷʟʘʥʠʡ ʟ ʫʪʚʦʨʝʥʥʷʤ ɸʊʌ ʪʘ ʅɸɼʌ;  

ü ʙʽʦʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʉʆ2 ʟ ʧʦʜʘʣʴʰʠʤ ʚʢʣʶʯʝʥʥʷʤ 

ʜʦ ʩʢʣʘʜʫ ʚʫʛʣʝʚʦʜʽʚ.  

ʅʘʡʙʽʣʴʰʝ ʟʨʦʩʪʘʥʥʷ ʪʦʚʘʨʥʦʾ ʙʽʦʤʘʩʠ ʢʫʣʴʪʫʨ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ CO2 ʜʦ 700-800 ppm, ʧʨʦʪʝ ʧʨʠ ʟʥʘʯʝʥʥʽ ʧʦʥʘʜ 1000 ppm ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʨʽʟʢʦ ʧʘʜʘʻ, ʦʪʞʝ ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʚʞʠʚʘʥʥʷ ʩʚʦʻʯʘʩʥʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ 

ʧʽʜʪʨʠʤʢʠ ʢʦʥʮʝʥʪʨʘʮʽʾ CO2 ʥʘ ʥʘʣʝʞʥʦʤʫ ʜʣʷ ʨʦʩʣʠʥ ʨʽʚʥʽ. 

ʂʨʽʤ ʪʦʛʦ ʜʦʮʽʣʴʥʦ ʥʝ ʚʽʜʨʠʚʘʪʠ ʧʦʢʘʟʥʠʢ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʧʦʚʽʪʨʷ ʪʝʧʣʠʮʽ ʚʽʜ 

ʨʝʰʪʠ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʩʧʨʠʯʠʥʷʶʪʴ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʨʽʩʪ ʽ ʨʦʟʚʠʪʦʢ ʨʦʩʣʠʥ ʚ ʟʘʢʨʠʪʦʤʫ 

ˇʨʫʥʪʽ, ʬʦʨʤʫʶʪʴ ʾʭ ʚʨʦʞʘʡʥʽʩʪʴ ʟʘ ʫʤʦʚ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʪʦʚʘʨʥʦʾ ʧʨʦʜʫʢʮʽʾ. ʊʦʤʫ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʧʦʨʷʜ ʟ ʚʤʽʩʪʦʤ CO2 ʜʦʮʽʣʴʥʦ ʪʘʢʦʞ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʘ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ, ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʘʪʥʻ ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʟʘʧʘʩʠ ʚʦʣʦʛʠ ʚ 

ˇʨʫʥʪʽ ʟʘ ʫʤʦʚ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʤʽʥʝʨʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ.  

ʇʽʜʪʨʠʤʢʘ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʜʘʥʠʭ ʯʠʥʥʠʢʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʨʠʩʢʦʨʝʥʥʷ ʨʦʩʪʫ 

ʽ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʚʨʦʞʘʡʥʦʩʪʽ ʧʨʠʙʣʠʟʥʦ ʥʘ 3040 % [1]. ʇʨʠʤʽʨʦʤ 

ʚʨʦʞʘʡʥʽʩʪʴ ʩʘʣʘʪʫ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ 40 %, ʜʦʟʨʽʚʘʥʥʷ ʧʨʠʰʚʠʜʰʫʻʪʴʩʷ ʥʘ 1015 ʜʥʽʚ ʟʘ 

ʫʤʦʚ ʧʽʜʚʠʱʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʉʆ2 ʚ ʧʦʚʽʪʨʽ ʪʝʧʣʠʮʽ. ʆʚʦʯʽ ʧʦ-ʨʽʟʥʦʤʫ ʨʝʘʛʫʶʪʴ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʘ ʩʘʤʝ: ʥʘʡʙʽʣʴʰ ʚʠʙʘʛʣʠʚʠʤʠ ʻ ʦʛʽʨʢʠ, ʪʦʤʘʪʠ ʪʘ 

ʢʚʘʩʦʣʷ ʧʦʢʘʟʫʶʪʴ ʚʠʩʦʢʠʡ ʧʨʠʨʽʩʪ ʧʨʠ ʟʥʘʯʥʦ ʤʝʥʰʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʉʆ2. ʅʝʩʪʘʯʘ 
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ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʚʟʠʤʢʫ, ʷʢʘ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʧʝʨʰʠʭ ʩʫʮʚʽʪʴ ʫ ʪʦʤʘʪʫ, 

ʫʩʧʽʰʥʦ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ2 ʜʦ 0,1 %.  

ʂʽʣʴʢʽʩʪʴ ʚʫʛʣʝʢʠʩʣʦʪʠ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʨʦʧʦʨʮʽʡʥʘ ʧʣʦʱʽ 

ʪʝʧʣʠʮʽ. ʄʽʞ ʚʠʪʨʘʪʘʤʠ ʚʫʛʣʝʢʠʩʣʦʪʠ, ʧʨʠʚʝʜʝʥʦʾ ʜʦ ʦʜʠʥʠʮʽ ʧʣʦʱʽ ʪʝʧʣʠʮʽ ʪʘ 

ʧʨʠʨʦʩʪʦʤ ʚʨʦʞʘʡʥʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʷʤʘ ʟʘʣʝʞʥʽʩʪʴ.  

ʈʽʯʥʝ ʧʦʛʣʠʥʘʥʥʷ CO2 ʟ ʘʪʤʦʩʬʝʨʠ ʨʦʩʣʠʥʘʤʠ ʚ ʧʨʦʮʝʩʽ ʬʦʪʦʩʠʥʪʝʟʫ ʻ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʠʤ ʧʨʠʨʦʩʪʫ ʙʽʦʤʘʩʠ ʽ ʚʤʽʩʪʫ ʚ ʥʽʡ ʚʫʛʣʝʮʶ ʪʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ (1) [2 3]:  

 

Cstock = ((Wt1 ī Wt0) Ĭ CC) Ĭ 44/12                                   (1) 

 

ʜʝ Cstock ï ʚʤʽʩʪ ʚʫʛʣʝʮʶ ʚ ʝʢʚʽʚʘʣʝʥʪʽ CO2, ʷʢʠʡ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʦʜʥʫ ʨʦʩʣʠʥʫ, 

ʢʛ/ʨʦʩʣʠʥʫ,  

Wt1 ï ʨʽʯʥʘ ʙʽʦʤʘʩʘ ʥʘʧʨʠʢʽʥʮʽ ʧʝʨʽʦʜʫ ʚʠʨʦʱʫʚʘʥʥʷ (ʢʛ);  

Wt0 ï ʨʽʯʥʘ ʙʽʦʤʘʩʘ ʥʘ ʧʦʯʘʪʢʫ ʧʝʨʽʦʜʫ ʚʠʨʦʱʫʚʘʥʥʷ (ʢʛ);  

CC ï ʚʤʽʩʪ ʚʫʛʣʝʮʶ ʚ ʙʽʦʤʘʩʽ (%);  

44/12 ï ʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʧʝʨʝʪʚʦʨʶʻ ʚʫʛʣʝʮʴ ʥʘ CO2. 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʤʽʩʪ ʚʫʛʣʝʮʶ ʚ ʨʦʩʣʠʥʘʭ ʟʜʝʙʽʣʴʰʦʛʦ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 42,5 ʜʦ 

44,7 % ʽʥʦʜʽ ʜʦʭʦʜʷʯʠ ʜʦ 50 %  [4]. 

ʇʨʠ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʜʣʷ ʨʦʩʪʫ ʽ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥ ʾʭ ʚʨʦʞʘʡʥʽʩʪʴ ʩʫʪʪʻʚʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʧʨʠʤʽʨʦʤ ʫ ʪʦʤʘʪʫ ʚʦʥʘ ʩʪʘʥʦʚʠʪʴ 18 ʢʛ/ʤ3 ï ʚʽʜʢʨʠʪʠʡ ˇʨʫʥʪ ʽ ʩʷʛʘʻ ʜʦ 30 

ʢʛ/ʤ3 ʚ ʪʝʧʣʠʮʽ. ɺʽʜʧʦʚʽʜʥʦ, ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʽ ʧʦʛʣʠʥʘʥʥʷ CO2 ʟ 11,9 ʜʦ 18,9 ʢʛ ʥʘ 

ʦʜʥʫ ʨʦʩʣʠʥʫ. ɿʘ ʫʤʦʚ ʱʽʣʴʥʦʩʪʽ ʧʦʩʘʜʢʠ 2,2-2,5 ʨʦʩʣʠʥ ʥʘ ʤ2 ʪʦʤʘʪʠ ʚ ʧʨʦʤʠʩʣʦʚʽʡ 

ʪʝʧʣʠʮʽ 500 ʤ2 ʟʜʘʪʥʽ ʧʦʛʣʠʥʘʪʠ ʙʣʠʟʴʢʦ 24,7 ʪ CO2 ʱʦʨʽʯʥʦ.  

ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʱʝ ʚʠʢʣʘʜʝʥʝ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʨʦʩʣʠʥʠ, ʷʢʽ ʚʠʨʦʱʫʶʪʴʩʷ ʚ 

ʟʘʢʨʠʪʦʤʫ ˇʨʫʥʪʽ ʧʨʠ ʟʙʘʣʘʥʩʦʚʘʥʦʤʫ ʚʧʣʠʚʽ ʪʘʢʠʭ ʯʠʥʥʠʢʽʚ, ʷʢ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ, 

ʟʚʦʣʦʞʝʥʥʷ, ʩʠʩʪʝʤʘ ʫʜʦʙʨʝʥʥʷ ʚ ʫʤʦʚʘʭ ʪʝʧʣʠʮʽ ʟʜʘʪʥʽ ʥʝ ʪʽʣʴʢʠ ʬʦʨʤʫʚʘʪʠ ʟʥʘʯʥʠʡ 

ʧʨʠʨʽʩʪ ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʘʩʝʣʝʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʦʶ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʶ 

ʧʨʦʜʫʢʮʽʻʶ ʨʦʩʣʠʥʥʠʮʪʚʘ ʧʨʦʪʷʛʦʤ ʨʦʢʫ, ʘ ʡ ʩʧʨʠʷʪʠ ʩʝʢʚʝʩʪʨʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʟ 

ʧʦʚʽʪʨʷ, ʪʠʤ ʩʘʤʠʤ ʟʘʧʦʙʽʛʘʶʯʠ ʟʤʽʥʘʤ ʢʣʽʤʘʪʫ. 
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ɹʝʨʝʟʥʷʢ ʆ.ʆ., ʘʩʧʽʨʘʥʪʢʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 183 ʊʝʭʥʦʣʦʛʽʾ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɹʦʨʠʩʦʚʩʴʢʘ ʆ.ʆ., ʢ.ʪ.ʥ., ʟʘʚ. ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʡ 

ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʆʎɯʅʂɸ ɽʂʆʃʆɻɯʏʅʀʍ ʈʀɿʀʂɯɺ ɺɯɼ ɿɸɹʈʋɼʅɽʅʅʗ ɸʊʄʆʉʌɽʈʅʆɻʆ 

ʇʆɺɯʊʈʗ ʄɯʉʊɸ ɼʅɯʇʈʆ ɺ ʈɽɿʋʃʔʊɸʊɯ ʇʀʃʆɺʀʅʆʉʋ ɯɿ ɿʆʃʆʉʍʆɺʀʑ 

ʇʈʀɼʅɯʇʈʆɺʉʔʂʆɰ ʊɽʉ 

 

ʋʢʨʘʾʥʩʴʢʘ ʤʝʨʝʞʘ ʛʨʦʤʘʜʩʴʢʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ EcoCity ʧʨʦʚʦʜʠʪʴ ʧʝʨʽʦʜʠʯʥʠʡ 

ʤʦʥʽʪʦʨʠʥʛ ʷʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʨʘʜʽʘʮʽʡʥʦʛʦ ʬʦʥʫ ʚ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ, 

ɿʘʧʦʨʽʟʴʢʽʡ ʪʘ ʍʘʨʢʽʚʩʴʢʽʡ ʦʙʣʘʩʪʷʭ. ɿʘ ʜʘʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚ ʛʨʫʜʥʽ 2023 ʨʦʢʫ 

ʩʪʦʩʦʚʥʦ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʩʪʘʥʮʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʬʽʢʩʫʚʘʣʠ ʥʘʩʪʫʧʥʽ ʰʢʽʜʣʠʚʽ 

ʨʝʯʦʚʠʥʠ, ʷʢʽ ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʣʠ ʥʘ ʷʢʽʩʪʴ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ [1]: ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʡ 

ʧʠʣ (PM2.5 ʪʘ PM10) ʫ ɼʥʽʧʨʽ, ʂʨʠʚʦʤʫ ʈʦʟʽ ʪʘ ʅʽʢʦʧʦʣʽ; ʦʢʩʠʜ ʚʫʛʣʝʮʶ (ʉʆ) ï ʫ 

ʂʨʠʚʦʤʫ ʈʦʟʽ ʪʘ ɼʥʽʧʨʽ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʧʘʩʧʦʨʪʫ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʟʘ 2023 ʨʽʢ, 

ʢʽʣʴʢʽʩʪʴ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʚʠʛʣʷʜʽ ʩʫʩʧʝʥʜʦʚʘʥʠʭ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʚ 

ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʩʢʣʘʣʘ 54,2 ʪʠʩ. ʪʦʥʥ [2]. ʂʽʣʴʢʽʩʪʴ ʩʫʩʧʝʥʜʦʚʘʥʠʭ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ, ʱʦ ʥʝ ʚʣʦʚʣʶʶʪʴʩʷ ʝʣʝʢʪʨʦʬʽʣʴʪʨʘʤʠ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʊɽʉ, ʩʢʣʘʣʘ 1750 

ʪʦʥʥ [2]. ɿʘ ʜʘʥʠʤʠ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʛʦ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʫ ʟ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʾ, 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʚʠʩʣʠʭ ʯʘʩʪʠʥʦʢ ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʟʥʘʭʦʜʠʣʘʩʷ ʥʘ ʨʽʚʥʽ 0,2-0,3 

ʤʛ/ʤ3 [2]. ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [3] ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘ ʪʝʨʠʪʦʨʽʾ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʣʝʛʣʽʡ 

ʜʦ ʟʦʣʦʩʭʦʚʠʱʘ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʚʠʩʣʠʭ ʯʘʩʪʠʥʦʢ ʤʦʞʝ ʩʷʛʘʪʠ 7 ʤʛ/ʤ3. ʎʝ ʫ 20 ʨʘʟʽʚ 

ʧʝʨʝʚʠʱʫʻ ʩʝʨʝʜʥʴʦʜʦʙʦʚʫ ʛʨʘʥʠʯʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʧʠʣʫ ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʠʢʠ, ʥʘʚʝʜʝʥʽʡ ʫ [4], ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʦʮʽʥʢʫ ʧʦʪʝʥʮʽʡʥʦʛʦ 

ʨʠʟʠʢʫ ʟʜʦʨʦʚôʶ ʥʘʩʝʣʝʥʥʷ ʧʨʠ ʭʨʦʥʽʯʥʦʤʫ ʚʧʣʠʚʽ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ.  

ʁʤʦʚʽʨʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʥʝʩʧʝʮʠʬʽʯʥʠʭ ʪʦʢʩʠʯʥʠʭ ʝʬʝʢʪʽʚ ʧʨʠ ʭʨʦʥʽʯʥʽʡ 

ʽʥʪʦʢʩʠʢʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

ὙὭίὯρ Ὡ
ȟ Ͻ

ːˑ˗̒̅ϳ

ȟ     (1) 

ʜʝ ὅ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʝʯʦʚʠʥʠ, ʱʦ ʯʠʥʠʪʴ ʚʧʣʠʚ ʟʘ ʟʘʜʘʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ; ːˑ˗̒̅ ï 

ʩʝʨʝʜʥʴʦʜʦʙʦʚʘ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ; ὑ ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ (ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʣʘʩʫ ʥʝʙʝʟʧʝʢʠ ʨʝʯʦʚʠʥʠ); ὦ ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʚʧʣʠʚ ʜʦʤʽʰʦʢ ʨʽʟʥʠʭ 
ʢʣʘʩʽʚ ʥʝʙʝʟʧʝʢʠ. 

ɿʘʚʠʩʣʽ ʯʘʩʪʠʥʢʠ ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʥʝʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ 

ʟʘ ʩʢʣʘʜʦʤ ʧʠʣʫ, ʮʝ ʨʝʯʦʚʠʥʘ 3-ʛʦ ʢʣʘʩʫ ʥʝʙʝʟʧʝʯʥʦʩʪʽ, ʦʪʞʝ, ὑ τȟυ; ὦ ρȟπ. 
ʇʽʜʩʪʘʚʠʚʰʠ ʥʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʚ ʨʽʚʥʷʥʥʷ (1), ʦʪʨʠʤʘʻʤʦ: 

ὙὭίὯρ Ὡ
ȟ Ͻ

ȟ ȟϳ
ȟ πȟπχυ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʚʧʣʠʚʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʟʘʙʨʫʜʥʝʥʦʛʦ 

ʟʚʘʞʝʥʠʤʠ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 0,3 ʤʛ/ʤ3, ʫ 75 ʯʦʣʦʚʽʢ ʟ 1000, 

ʱʦ ʧʦʩʪʽʡʥʦ ʧʨʦʞʠʚʘʶʪʴ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ, ʤʦʞʫʪʴ ʧʨʦʷʚʠʪʠʩʷ ʩʠʤʧʪʦʤʠ 

ʭʨʦʥʽʯʥʦʾ ʽʥʪʦʢʩʠʢʘʮʽʾ.  

ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʠʣʫ ʜʦ 7 ʤʛ/ʤ3 ʽʤʦʚʽʨʥʽʩʥʠʡ 

ʨʠʟʠʢ ʨʦʟʚʠʪʢʫ ʭʨʦʥʽʯʥʠʭ ʥʝʩʧʝʮʠʬʽʯʥʠʭ ʝʬʝʢʪʽʚ ʚʽʜ ʧʠʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʟʨʦʩʪʘʻ ʚ 11 ʨʘʟʽʚ: 

ὙὭίὯρ Ὡ
ȟ Ͻ

ȟϳ
ȟ πȟψσφ 



ʉɽʂʎɯʗ - ɸʂʊʋɸʃʔʅɯ ʇʈʆɹʃɽʄʀ ɽʂʆʃʆɻɯɰ, ɹɯʆʃʆɻɯɰ ʊɸ ɿɸʍʀʉʊʋ ɼʆɺʂɯʃʃʗ  
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ɺ ʨʦʙʦʪʽ [5] ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʦʮʽʥʢʫ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʤʽʩʪʘ ɼʥʽʧʨʦ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʠʣʦʚʠʥʦʩʫ ʽʟ ʟʦʣʦʩʭʦʚʠʱ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʊɽʉ. ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʤʘʡʞʝ 

100% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʟʘʩʢʣʘʜʦʚʘʥʦʾ ʟʦʣʠ ʩʪʘʥʦʚʣʷʪʴ ʯʘʩʪʠʥʢʠ ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 80 

ʤʢʤ, ʚʤʽʩʪ ʯʘʩʪʠʥʦʢ ʤʝʥʰʝ 10 ʪʘ 2,5 ʤʢʤ ʩʪʘʥʦʚʠʪʴ 27,7 ʪʘ 8,2% ʚʽʜʧʦʚʽʜʥʦ. ɺʘʣʦʚʠʡ 

ʚʠʢʠʜ ʨʝʯʦʚʠʥ ʫ ʚʠʛʣʷʜʽ ʩʫʩʧʝʥʜʦʚʘʥʠʭ ʪʦʥʢʦʟʝʨʥʠʩʪʠʭ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʟ ʧʦʚʝʨʭʥʽ 

ʩʫʭʠʭ ʧʣʷʞʽʚ ʟʦʣʦʩʭʦʚʠʱ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʊɽʉ ʩʪʘʥʦʚʠʪʴ 18,654 ʪʦʥʥ ʥʘ ʨʽʢ [5]. 

ʊʝʨʠʪʦʨʽʘʣʴʥʦ ʇʨʠʜʥʽʧʨʦʚʩʴʢʘ ʊɽʉ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʉʘʤʘʨʩʴʢʦʤʫ ʨʘʡʦʥʽ ʤ. ɼʥʽʧʨʦ 

ʟ ʥʘʩʝʣʝʥʥʷʤ 77 900 ʦʩʽʙ. ʅʘʩʝʣʝʥʥʷ ʤ. ɼʥʽʧʨʦ ʩʪʘʥʦʤ ʥʘ ʩʽʯʝʥʴ 2022 ʨʦʢʫ ʦʮʽʥʶʻʪʴʩʷ ʫ 

968 502 ʦʩʦʙʠ. ʇʨʦʪʝ, ʧʣʦʱʘ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʤʽʩʪʘ ɼʥʽʧʨʦ ʟʚʘʞʝʥʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʙʣʠʟʴʢʦ 850 ʢʤ2 [5], ʱʦ ʦʭʦʧʣʶʚʘʪʠʤʝ ʥʝ ʣʠʰʝ ʉʘʤʘʨʩʴʢʠʡ, 

ʘʣʝ ʽ ʉʦʙʦʨʥʠʡ, ʯʘʩʪʠʥʫ ɯʥʜʫʩʪʨʽʘʣʴʥʦʛʦ ʪʘ ʐʝʚʯʝʥʢʽʚʩʴʢʦʛʦ ʨʘʡʦʥʽʚ ʤʽʩʪʘ ɼʥʽʧʨʦ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʝʤʦ ʚʠʟʥʘʯʠʪʠ ʽʥʜʝʢʩ ʧʦʨʽʚʥʷʣʴʥʦʾ ʥʝʢʘʥʮʝʨʦʛʝʥʥʦʾ ʥʝʙʝʟʧʝʢʠ 

[6] ʚʽʜ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʚʘʞʝʥʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʚʠʥʦʩʷʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʽʟ ʦʩʫʰʝʥʦʾ 

ʯʘʩʪʠʥʠ ʟʦʣʦʩʭʦʚʠʱʘ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʊɽʉ.  

ɼʣʷ ʞʠʪʝʣʽʚ ʉʘʤʘʨʩʴʢʦʛʦ ʨʘʡʦʥʫ ʤ. ɼʥʽʧʨʦ: 

ὌὙὍ
ὉϽὝὡϽὖ

ρπ πππ

ρψ φυτϽρππϽχχ ωππ

ρπ πππ
ρτ υσρ τφφ 

ɼʣʷ ʞʠʪʝʣʽʚ ʤ. ɼʥʽʧʨʦ: 

ὌὙὍ
ὉϽὝὡϽὖ

ρπ πππ

ρψ φυτϽρππϽωφψ υπς

ρπ πππ
υφ χρυ τχχ 

ʜʝ: ὌὙὍ ï ʽʥʜʝʢʩ ʧʦʨʽʚʥʷʣʴʥʦʾ ʥʝʢʘʥʮʝʨʦʛʝʥʥʦʾ ʥʝʙʝʟʧʝʢʠ; Ὕὡ ï ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ 
ʚʧʣʠʚʫ ʥʘ ʟʜʦʨʦʚ'ʷ (100 ʜʣʷ ɻɼʂ ʟʘʚʠʩʣʠʭ ʯʘʩʪʠʥʦʢ 0,15 ʤʛ/ʤ3); ὖ ï ʯʠʩʝʣʴʥʽʩʪʴ 

ʧʦʧʫʣʷʮʽʾ; Ὁ ï ʚʝʣʠʯʠʥʘ ʫʤʦʚʥʦʾ ʝʢʩʧʦʟʠʮʽʾ (ʪ/ʨʽʢ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʧʠʣʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʤ. ɼʥʽʧʨʦ ʚʥʘʩʣʽʜʦʢ ʧʠʣʦʚʠʥʦʩʫ ʽʟ ʩʫʭʠʭ ʧʣʷʞʽʚ ʟʦʣʦʩʭʦʚʠʱ 

ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʊɽʉ ʤʘʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʝʢʘʥʮʝʨʦʛʝʥʥʦʾ ʥʝʙʝʟʧʝʢʠ ʪʘ ʤʦʞʝ 

ʩʧʨʠʯʠʥʠʪʠ ʟʥʘʯʥʠʡ ʨʠʟʠʢ ʨʦʟʚʠʪʢʫ ʭʨʦʥʽʯʥʠʭ ʥʝʩʧʝʮʠʬʽʯʥʠʭ ʝʬʝʢʪʽʚ ʫ ʥʘʩʝʣʝʥʥʷ, ʷʢʝ 

ʧʨʦʞʠʚʘʻ ʥʘ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʧʽʜʜʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʤʫ ʚʧʣʠʚʫ ʪʘʢʦʛʦ ʪʠʧʫ ʟʘʙʨʫʜʥʝʥʥʷ. ʆʪʞʝ, 

ʟʘʭʦʜʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʝʨʝʨʦʙʢʫ ʟʦʣʠ ʚʠʥʦʩʫ, ʧʦʪʝʥʮʽʡʥʦ ʜʦʟʚʦʣʷʪʴ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ 

ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʤ. ɼʥʽʧʨʦ ʱʦ ʟʤʝʥʰʠʪʴ ʨʠʟʠʢ ʭʨʦʥʽʯʥʦʾ 

ʽʥʪʦʢʩʠʢʘʮʽʾ ʥʘʩʝʣʝʥʥʷ ʤʽʩʪʘ. 
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1ɻʘʣʴʯʝʥʢʦ ɿ.ʉ., ʘʩʧʽʨʘʥʪʢʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 131 ʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘ  
1ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʄʝʜʚʝʜʻʚʘ ʆ.ʆ., ʜ.ʪ.ʥ., ʩ.ʥ.ʩ. ʪ.ʚ.ʦ. ʟʘʚ. ʚʽʜʜʽʣʫ ʝʢʦʣʦʛʽʾ 

ʦʩʚʦʻʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ 
2ɼʝʤʯʝʥʢʦ ʆ.ʆ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 161 ʍʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʞʝʥʝʨʽʷ  
2ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʅʽʢʦʣʝʥʢʦ ʄ. ɺ., ʜ.ʭ.ʥ., ʧʨʦʬ. ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʘʥʘʣʽʪʠʯʥʦʾ 

ʭʽʤʽʾ ʪʘ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʭʘʨʯʦʚʠʭ ʜʦʙʘʚʦʢ ʪʘ ʢʦʩʤʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ  

(1ɯʥʩʪʠʪʫʪ ʛʝʦʪʝʭʥʽʯʥʦʾ ʤʝʭʘʥʽʢʠ ʽʤ. ʄ.ʉ. ʇʦʣʷʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ; 
2ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ)  

 

ʇɽʈʉʇɽʂʊʀɺʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ɺɯʊʈʆɽʅɽʈɻɽʊʀʏʅʀʍ ʋʉʊɸʅʆɺʆʂ. 

ɽʅɽʈɻɽʊʀʏʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɺɯʊʈʋ 

 

ʆʙʤʝʞʝʥʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʧʘʣʠʚʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʪʨʘʜʠʮʽʡʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʧʦʩʪʽʡʥʝ 

ʟʨʦʩʪʘʥʥʷ ʪʘʨʠʬʽʚ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

ʥʘ ʜʦʚʢʽʣʣʷ ʩʪʚʦʨʶʶʪʴ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ, ʪʘʢʠʭ ʷʢ ʩʦʥʷʯʥʘ ʪʘ ʚʽʪʨʦʚʘ ʝʥʝʨʛʽʷ, ʙʽʦʤʘʩʘ ʪʦʱʦ. ɿʛʽʜʥʦ ʜʘʥʠʭ ɻʉ çʋɺɽɸè ʟʘ 

2021 ʨ. ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʘ ʙʫʣʘ ʜʨʫʛʦʶ, ʧʽʩʣʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʚ ʥʘʮʽʦʥʘʣʴʥʦʤʫ 

ʩʝʢʪʦʨʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ɿʘʛʘʣʴʥʘ ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ (ɺɽʋ) ʥʘ ʢʽʥʝʮʴ 2021 ʨʦʢʫ ʩʢʣʘʣʘ 1672,9 ʄɺʪ. ɼʦ ʧʦʯʘʪʢʫ 

ʚʽʡʥʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʧʨʘʮʶʚʘʣʠ 34 ʚʽʪʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ɺɽʉ) ʘʙʦ 699 ʚʽʪʨʦʚʠʭ 

ʪʫʨʙʽʥ [1]. ʉʴʦʛʦʜʥʽ ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ɺɽʉ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʦʢʫʧʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʷʭ, ʘʣʝ 

ʽʩʥʫʻ ʧʝʨʩʧʝʢʪʠʚʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʣʠʭ ɺɽʋ ʟ ʚʝʨʪʠʢʘʣʴʥʦʶ ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ ʥʘ 

ʪʝʨʠʪʦʨʽʷʭ ʟ ʜʦʩʠʪʴ ʥʠʟʴʢʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʚʽʪʨʫ. ʅʘʧʨʠʢʣʘʜ, ʂʨʠʚʙʘʩ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʨʝʛʽʦʥʦʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɽʋ ʥʘ ʧʦʨʦʜʥʠʭ ʚʽʜʚʘʣʘʭ [2, 3]. ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʨʦʟʚʠʪʢʫ 

ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʠ: ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʘ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ; ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɽʋ ʤʦʞʝ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ  ʝʥʝʨʛʝʪʠʯʥʫ ʥʝʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʘʙʦ ʦʢʨʝʤʠʭ ʨʝʛʽʦʥʽʚ; 

ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʘ ï ʮʝ çʟʝʣʝʥʘ ʝʥʝʨʛʝʪʠʢʘè, ʪʦʤʫ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʯʥʦ ʟʥʠʞʫʻ 

ʝʢʦʣʦʛʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ɼʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʪʨʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʧʝʚʥʦʤʫ ʨʝʛʽʦʥʽ ʟ ʤʝʪʦʶ ʾʾ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʚʽʪʨʦʚʠʡ ʢʘʜʘʩʪʨ. ɺʽʥ ʚʨʘʭʦʚʫʻ: ʩʝʨʝʜʥʴʦʨʽʯʥʫ 

ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ; ʨʽʯʥʠʡ ʪʘ ʜʦʙʦʚʠʡ ʭʽʜ ʚʽʪʨʫ; ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʰʚʠʜʢʦʩʪʝʡ ʚʽʪʨʫ; 

ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʥʘʧʨʷʤʢʽʚ ʚʽʪʨʫ; ʧʠʪʦʤʫ ʧʦʪʫʞʥʽʩʪʴ ʽ ʧʠʪʦʤʫ ʝʥʝʨʛʽʶ ʚʽʪʨʫ; 

ʚʽʪʨʦʝʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ ʨʘʡʦʥʫ. ɼʞʝʨʝʣʘʤʠ ʦʪʨʠʤʘʥʥʷ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʻ:  

1) ʤʝʪʝʦʩʪʘʥʮʽʾ, ʥʘ ʷʢʠʭ ʟʜʽʡʩʥʶʶʪʴʩʷ ʚʠʤʽʨʠ ʚʩʽʭ ʢʣʽʤʘʪʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʟʘʟʚʠʯʘʡ 4 ʨʘʟʠ ʥʘ ʜʦʙʫ. ʅʘ ʩʫʯʘʩʥʠʭ ʤʝʪʝʦʩʪʘʥʮʽʷʭ ʚʠʤʽʨʠ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʟʘ 8 ʨʫʤʙʘʤʠ (ʙʘʛʘʪʦʨʽʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ); 

2) ʤʝʪʝʦʩʪʘʥʮʽʾ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ 

ʜʽʣʷʥʢʘʭ, ʷʢʽ ʛʦʪʫʶʪʴʩʷ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ɺɽʋ; 

3) ʘʝʨʦʣʦʛʽʯʥʽ ʩʪʘʥʮʽʾ (ʟʦʥʜʠ ʪʘ ʰʘʨʠ), ʱʦ ʧʝʨʽʦʜʠʯʥʦ ʟʘʧʫʩʢʘʶʪʴʩʷ ʥʘ ʨʽʟʥʽ ʚʠʩʦʪʠ.  

ʈʦʟʛʣʷʥʝʤʦ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʪʨʫ. ɼʦ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʽʜʥʦʩʷʪʴ ʚʘʣʦʚʠʡ, ʪʝʭʥʽʯʥʠʡ ʽ ʝʢʦʥʦʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣʠ [4]. 

ɺʘʣʦʚʠʡ ʧʦʪʝʥʮʽʘʣ ʚʽʪʨʦʚʦʾ ʝʥʝʨʛʽʾ ʨʝʛʽʦʥʫ ï ʮʝ ʯʘʩʪʠʥʘ ʩʝʨʝʜʥʴʦ ʙʘʛʘʪʦʨʽʯʥʦʾ 

ʩʫʤʘʨʥʦʾ ʚʽʪʨʦʚʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ ʜʦʩʪʫʧʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʣʦʱʽ ʨʝʛʽʦʥʫ ʧʨʦʪʷʛʦʤ 

ʦʜʥʦʛʦ ʨʦʢʫ. ɺʘʣʦʚʠʡ ʧʦʪʝʥʮʽʘʣ ʨʝʛʽʦʥʫ ʩʢʣʘʜʘʻ ʩʫʤʘ ʚʘʣʦʚʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʟʦʥ, ʱʦ 

ʩʢʣʘʜʘʶʪʴ ʮʝʡ ʨʝʛʽʦʥ. ɺʘʣʦʚʠʡ ʧʦʪʝʥʮʽʘʣ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (1): 

 

 (1) 

 

 

ʜʝ ɟ ï ʱʽʣʴʥʽʩʪʴ ʧʦʚʽʪʨʷ, ʢʛ/ʤ3; ʊ = 8760 ï ʢʽʣʴʢʽʩʪʴ ʛʦʜʠʥ ʚ ʨʦʮʽ; S ï ʧʣʦʱʘ 

ʪʝʨʠʪʦʨʽʾ, ʤ2; ɜ ï ʩʝʨʝʜʥʴʦ ʙʘʛʘʪʦʨʽʯʥʘ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʚ ʜʽʘʧʘʟʦʥʽ ;̔ t ï ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʥʘʭʦʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚ ʜʽʘʧʘʟʦʥʽ .̔  
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ʊʝʭʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚʽʪʨʦʚʦʾ ʝʥʝʨʛʽʾ ʨʝʛʽʦʥʫ ï ʮʝ ʩʫʤʘʨʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ, ʷʢʘ 

ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʚ ʨʝʛʽʦʥʽ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʣʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʚʽʪʨʦʚʦʾ ʝʥʝʨʛʽʾ ʧʨʠ 

ʩʫʯʘʩʥʦʤʫ ʨʽʚʥʽ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʦʙʽʚ ʽ ʜʦʪʨʠʤʘʥʥʽ ʝʢʦʣʦʛʽʯʥʠʭ ʥʦʨʤ. 

ʊʝʭʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʨʝʛʽʦʥʫ ʩʢʣʘʜʘʻ ʩʫʤʘ ʪʝʭʥʽʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʟʦʥ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʮʝʡ 

ʨʝʛʽʦʥ. 

ʊʝʭʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ɺɽʋ, ʩʝʨʝʜʥʴʦʨʽʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ 

ʚ ʟʦʥʽ ʥʘ ʚʠʩʦʪʽ ʚʝʨʭʽʚʢʠ ɺɽʋ, ʘ ʪʘʢʦʞ ʯʘʩʪʠʥʠ ʧʣʦʱʽ ʟʦʥʠ, ʷʢʘ ʧʨʠʜʘʪʥʘ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ɺɽʋ. ʊʝʭʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2): 

 

 

(2) 

 

ʜʝ ʉʨ ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʫ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, 

ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ 0,2; ɖʛ ʪʘ ɖʨ ï ʚʽʜʧʦʚʽʜʥʦ ʂʂɼ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʨʝʜʫʢʪʦʨʘ ɺɽʋ, 

ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʨʽʚʥʠʤ 0,9; Sʊ ï ʧʣʦʱʘ ʟʦʥʠ (ʨʝʛʽʦʥʫ) ʥʘ ʷʢʽʡ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʽʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʤʦʞʣʠʚʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ɺɽʋ.  

ɽʢʦʥʦʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚʽʪʨʦʚʦʾ ʝʥʝʨʛʽʾ ʨʝʛʽʦʥʫ ï ʮʝ ʚʝʣʠʯʠʥʘ ʨʽʯʥʦʛʦ 

ʥʘʜʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʨʝʛʽʦʥʽ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɽʋ, ʦʪʨʠʤʘʥʥʷ ʷʢʦʾ 

ʝʢʦʥʦʤʽʯʥʦ ʚʠʧʨʘʚʜʘʥʝ ʜʣʷ ʨʝʛʽʦʥʫ ʧʨʠ ʽʩʥʫʶʯʦʤʫ ʧʦʣʦʞʝʥʥʽ ʪʘ ʨʽʚʥʽ ʮʽʥ ʥʘ ʙʫʜʽʚʝʣʴʥʽ 

ʨʦʙʦʪʠ, ʦʙʣʘʜʥʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʦ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʨʦʟʧʦʜʽʣ ʝʥʝʨʛʽʾ ʽ ʧʘʣʠʚʘ ʪʘ 

ʜʦʪʨʠʤʘʥʥʽ ʝʢʦʣʦʛʽʯʥʠʭ ʥʦʨʤ. ɽʢʦʥʦʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʨʝʛʽʦʥʫ ʩʢʣʘʜʘʻ ʩʫʤʘ ʝʢʦʥʦʤʽʯʥʠʭ 

ʧʦʪʝʥʮʽʘʣʽʚ ʟʦʥ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʮʝʡ ʨʝʛʽʦʥ. 

 ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʱʦʜʦ ʚʽʜʚʦʜʫ ʧʣʦʱ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ɺɽʋ ʽ ʪʝʭʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺɽʋ ʫ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥʘʭ ʧʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʪʝʭʥʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʨʝʛʽʦʥʫ 

ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 2% ʚʽʜ ʡʦʛʦ ʚʘʣʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʘ ʝʢʦʥʦʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʩʢʣʘʜʘʻ 0,5% 

ʚʽʜ ʪʝʭʥʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʮʴʦʛʦ ʨʝʛʽʦʥʫ [1, 4]. 

 ɺʽʪʨʦʚʘ ʝʥʝʨʛʝʪʠʢʘ ʻ ʦʜʥʠʤ ʽʟ ʚʠʜʽʚ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʷʢʽ ʤʘʶʪʴ 

ʥʠʟʴʢʫ ʚʘʨʪʽʩʪʴ. ʐʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺɽʋ ʩʴʦʛʦʜʥʽ ʧʦʚôʷʟʘʥʦ ʟ ʾʭ ʝʢʦʥʦʤʽʯʥʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʽ ʝʢʦʣʦʛʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ɺɽʋ, ʾʾ ʨʦʟʤʽʨʽʚ, 

ʪʠʧʫ, ʤʦʞʣʠʚʦʾ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʽʥʞʝʥʝʨʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʦʙôʻʢʪʘ ʝʥʝʨʛʦʩʧʦʞʠʚʘʯʘ ʽ ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʛʽʦʥʫ. ʂʽʣʴʢʽʩʪʴ 

ʚʽʪʨʦʚʦʾ ʝʥʝʨʛʽʾ, ʷʢʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʝʭʥʽʯʥʠʤ ʚʽʪʨʦʝʥʝʨʛʝʪʠʯʥʠʤ 

ʧʦʪʝʥʮʽʘʣʦʤ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʽ ʚʠʜʫ ɺɽʋ. ɿʘ ʦʩʥʦʚʫ ʙʝʨʫʪʴʩʷ ʩʝʨʝʜʥʽ 

ʙʘʛʘʪʦʨʽʯʥʽ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʚʽʪʨʫ ʥʘ ʚʠʩʦʪʽ ʬʣʶʛʝʨʘ, ʧʝʨʝʨʘʭʦʚʘʥʽ ʥʘ ʚʠʩʦʪʫ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ɺɽʋ. 
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ʟʚʝʨʥʝʥʥʷ: 17.03.2025). 

2. ʇʽʚʥʷʢ ɻ., ʐʢʨʘʙʝʮʴ ʌ., ʅʦʡʙʝʨʛʝʨ ʅ., ʎʠʧʣʝʥʢʦʚ ɼ. ʆʩʥʦʚʠ ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʠ: 

ʧʽʜʨʫʯʥʠʢ. ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ : ʅɻʋ, 2015. 335 ʩ. 

3. Medvedieva ʆ.ʆ., Larionov H.I. and Halchenko Z.ʉ. To the selection of technology 

parameters for the use of renewable energy sources on man-made disturbed lands. IOP 

Conference Series: Earth and Environmental Science. 2024. Issue 1319. ʈ. 012011. 

doi:10.1088/1755-1315/1319/1/012011. 

4. Medvedieva O.O., Halchenko Z.S., Shustov O.O. and Akhmetkanov D.K. Prospects 

for use of man-made disturbed lands in mining regions for the location of renewable energy 

sources facilities. Geo-Technical mechanics  Interdepartmental collection of scientific works. 

2023. Issue 165. ʈ. 17-26. DOI: https://doi.org/10.15407/geotm2023.165.017. 
  

,
ʛ

S

SCW
W

TppB

T

ÖÖÖÖ
=

hh

http://uwea.com.ua/


ʉɽʂʎɯʗ - ɸʂʊʋɸʃʔʅɯ ʇʈʆɹʃɽʄʀ ɽʂʆʃʆɻɯɰ, ɹɯʆʃʆɻɯɰ ʊɸ ɿɸʍʀʉʊʋ ɼʆɺʂɯʃʃʗ  

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 

105 
 

ʋɼʂ 628.473.6:631.879.4 

 

ɻʝʪʪʘ ɸ.ɸ., ʘʩʧʽʨʘʥʪʢʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 183 ʊʝʭʥʦʣʦʛʽʾ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʦʚʨʦʚ ʆ.ʉ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʡ 

ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʉʋʏɸʉʅɯ ʂʆʄʇʆʉʊɽʈʀ ɺ ʇʈɸʂʊʀʎɯ ɺɽʈʄɯʂʋʃʔʊʀɺʋɺɸʅʅʗ 

 

 ɺʩʝ ʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʘʙʫʚʘʻ ʚʝʨʤʽʢʦʤʧʦʩʪʫʚʘʥʥʷ, ʷʢ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ 

ʧʝʨʝʨʦʙʢʠ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ ʫ ʮʽʥʥʝ ʙʽʦʜʦʙʨʠʚʦ [1]. ʎʝʡ ʧʨʦʮʝʩ ʥʝ ʣʠʰʝ ʩʧʨʠʷʻ 

ʟʤʝʥʰʝʥʥʶ ʦʙʩʷʛʽʚ ʚʽʜʭʦʜʽʚ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʧʦʣʽʛʦʥʠ, ʘʣʝ ʡ ʚʠʨʦʙʣʷʻ ʙʘʛʘʪʝ 

ʧʦʞʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʦʨʛʘʥʽʯʥʝ ʜʦʙʨʠʚʦ, ʷʢʝ ʧʦʢʨʘʱʫʻ ʩʪʨʫʢʪʫʨʫ ˇʨʫʥʪʫ ʪʘ ʩʧʨʠʷʻ 

ʨʦʩʪʫ ʨʦʩʣʠʥ [2]. ɿ ʯʘʩʦʤ ʧʨʘʢʪʠʢʠ ʚʝʨʤʽʢʦʤʧʦʩʪʫʚʘʥʥʷ ʝʚʦʣʶʮʽʦʥʫʚʘʣʠ, ʱʦ ʧʨʠʟʚʝʣʦ 

ʜʦ ʨʦʟʨʦʙʢʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʫʯʘʩʥʠʭ ʢʦʤʧʦʩʪʝʨʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʪʘ ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ [3]. ʄʝʪʦʶ 

ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ ʩʫʯʘʩʥʠʭ ʢʦʤʧʦʩʪʝʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʫ ʚʝʨʤʽʢʫʣʴʪʠʚʫʚʘʥʥʽ. 

ʉʫʯʘʩʥʽ ʢʦʤʧʦʩʪʝʨʠ ʜʣʷ ʚʝʨʤʽʢʦʤʧʦʩʪʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ [3]. ɰʭ ʤʦʞʥʘ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʜʠʟʘʡʥʦʤ ʪʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ. 

ʆʜʥʦʢʘʤʝʨʥʽ ʢʦʥʪʝʡʥʝʨʠ ʚʚʘʞʘʶʪʴʩʷ ʜʦʩʪʫʧʥʠʤʠ ʪʘ ʥʘʡʧʨʦʩʪʽʰʠʤʠ ʪʠʧʘʤʠ ʫ 
ʚʠʢʦʨʠʩʪʘʥʥʽ. ɰʭ ʚʠʛʦʪʦʚʣʷʪʴ ʟ ʧʣʘʩʪʠʢʫ ʘʙʦ ʜʝʨʝʚʘ [4]. ɿʘʟʚʠʯʘʡ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ ʫ ʜʦʤʘʰʥʽʭ ʫʤʦʚʘʭ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʝʨʘʮʽʾ 

ʪʘ ʜʨʝʥʘʞʫ ʚ ʪʘʢʠʭ ʢʦʥʪʝʡʥʝʨʘʭ ʯʘʩʪʦ ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ ʦʪʚʦʨʠ [5]. ɸʣʝ ʢʦʥʪʝʡʥʝʨʠ 

ʤʦʞʫʪʴ ʚʠʤʘʛʘʪʠ ʙʽʣʴʰ ʘʢʪʠʚʥʦʛʦ ʨʫʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ ʯʝʨʚôʷʢʽʚ ʚʽʜ 

ʛʦʪʦʚʦʛʦ ʢʦʤʧʦʩʪʫ. 

ɹʘʛʘʪʦʷʨʫʩʥʽ ʚʝʨʪʠʢʘʣʴʥʽ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʣʦʪʢʽʚ, ʱʦ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʦʜʠʥ ʥʘʜ ʦʜʥʠʤ [6]. ɼʥʦ ʢʦʞʥʦʛʦ ʣʦʪʢʘ ʧʝʨʬʦʨʦʚʘʥʝ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʯʝʨʚôʷʢʘʤ ʤʽʛʨʫʚʘʪʠ ʚʛʦʨʫ ʜʦ ʩʚʽʞʦʾ ʾʞʽ, ʟʘʣʠʰʘʶʯʠ ʛʦʪʦʚʠʡ ʢʦʤʧʦʩʪ ʫ ʥʠʞʥʽʭ ʣʦʪʢʘʭ, 

ʟʚʽʜʢʠ ʡʦʛʦ ʣʝʛʢʦ ʟʙʠʨʘʪʠ. ɹʘʛʘʪʦʷʨʫʩʥʽ ʩʠʩʪʝʤʠ ʯʘʩʪʦ ʦʩʥʘʱʝʥʽ ʧʽʜʜʦʥʦʤ ʜʣʷ ʟʙʦʨʫ 

ʚʝʨʤʽʯʘʶ ï ʨʽʜʢʦʛʦ ʧʨʦʜʫʢʪʫ, ʙʘʛʘʪʦʛʦ ʥʘ ʧʦʞʠʚʥʽ ʨʝʯʦʚʠʥʠ [7]. ʇʨʠʢʣʘʜ ʙʘʛʘʪʦʷʨʫʩʥʦʾ 

ʩʠʩʪʝʤʠ ʫ ʚʠʛʣʷʜʽ ʪʨʠʩʝʢʮʽʡʥʦʛʦ ʢʦʤʧʦʩʪʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩʫʥʦʢ 1  ʉʭʝʤʘ ʪʨʠʩʝʢʮʽʡʥʦʛʦ ʢʦʤʧʦʩʪʝʨʘ ʜʣʷ ʯʝʨʚ'ʷʢʽʚ 

 

ʅʠʞʥʽʡ ʢʦʥʪʝʡʥʝʨ ʤʦʞʝ ʙʫʪʠ ʦʩʥʘʱʝʥʠʡ ʢʨʘʥʦʤ ʜʣʷ ʟʨʫʯʥʦʛʦ ʟʣʠʚʫ. ʉʧʦʯʘʪʢʫ 

ʯʝʨʚ'ʷʢʠ ʪʘ ʩʫʙʩʪʨʘʪ ʨʦʟʤʽʱʫʶʪʴʩʷ ʚ ʦʜʥʦʤʫ ʟ ʚʝʨʭʥʽʭ ʢʦʥʪʝʡʥʝʨʽʚ, ʢʫʜʠ ʜʦʜʘʶʪʴʩʷ 

ʭʘʨʯʦʚʽ ʚʽʜʭʦʜʠ. ʇʽʩʣʷ ʟʘʧʦʚʥʝʥʥʷ ʮʴʦʛʦ ʢʦʥʪʝʡʥʝʨʘ, ʜʨʫʛʠʡ ʚʝʨʭʥʽʡ ʢʦʥʪʝʡʥʝʨ 

ʥʘʧʦʚʥʶʻʪʴʩʷ ʩʚʽʞʠʤ ʩʫʙʩʪʨʘʪʦʤ ʪʘ ʧʦʯʠʥʘʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʥʦʚʠʭ 



ʉɽʂʎɯʗ - ɸʂʊʋɸʃʔʅɯ ʇʈʆɹʃɽʄʀ ɽʂʆʃʆɻɯɰ, ɹɯʆʃʆɻɯɰ ʊɸ ɿɸʍʀʉʊʋ ɼʆɺʂɯʃʃʗ  
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ʚʽʜʭʦʜʽʚ.  

ʂʦʤʧʦʩʪʝʨʠ ʟ ʧʨʦʪʦʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʥʦ- ʘʙʦ ʙʘʛʘʪʦʢʘʤʝʨʥʠʤʠ, ʚ 

ʷʢʠʭ ʦʨʛʘʥʽʯʥʽ ʚʽʜʭʦʜʠ ʧʦʩʪʽʡʥʦ ʜʦʜʘʶʪʴʩʷ ʟʚʝʨʭʫ, ʘ ʛʦʪʦʚʠʡ ʚʝʨʤʽʢʦʤʧʦʩʪ ʙʝʟʧʝʨʝʨʚʥʦ 

ʘʙʦ ʧʝʨʽʦʜʠʯʥʦ ʚʠʚʘʥʪʘʞʫʻʪʴʩʷ ʟʥʠʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʥʘʧʨʠʢʣʘʜ, 

ʚʽʜʙʽʡʥʦʛʦ ʚʘʣʫ [6]. ʊʘʢʽ ʩʠʩʪʝʤʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʚʽʜʭʦʜʽʚ ʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʽʥʽʤʘʣʴʥʝ ʚʪʨʫʯʘʥʥʷ ʚ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʯʝʨʚôʷʢʽʚ. 

ɻʨʷʜʢʦʚʽ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʜʦʚʛʽ ʪʨʘʥʰʝʾ, ʚʠʢʦʧʘʥʽ ʚ ʟʝʤʣʽ, ʘʙʦ ʧʽʜʥʷʪʽ 

ʛʨʷʜʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʝʨʤʽʢʦʤʧʦʩʪʫʚʘʥʥʷ ʟʥʘʯʥʠʭ ʦʙʩʷʛʽʚ ʦʨʛʘʥʽʯʥʠʭ 

ʚʽʜʭʦʜʽʚ, ʧʝʨʝʚʘʞʥʦ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ [3]. ɻʨʷʜʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰ ʧʨʠʨʦʜʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʯʝʨʚôʷʢʽʚ, ʘʣʝ ʟʙʽʨ ʢʦʤʧʦʩʪʫ ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰ ʪʨʫʜʦʤʽʩʪʢʠʤ. 

ɹʫʨʪʥʽ ʩʠʩʪʝʤʠ ʚʝʣʠʢʽ ʜʦʚʛʘʩʪʽ ʢʫʧʠ ʦʨʛʘʥʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʟʤʽʰʘʥʦʛʦ ʟ 

ʯʝʨʚôʷʢʘʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʦʛʦ ʢʦʤʝʨʮʽʡʥʦʛʦ 

ʚʝʨʤʽʢʦʤʧʦʩʪʫʚʘʥʥʷ [8]. ɹʫʨʪʥʽ ʩʠʩʪʝʤʠ ʻ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ 

ʚʽʜʭʦʜʽʚ, ʘʣʝ ʤʦʞʫʪʴ ʧʦʪʨʝʙʫʚʘʪʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʉʫʯʘʩʥʽ ʢʦʤʧʦʩʪʝʨʠ ʜʣʷ ʚʝʨʤʽʢʦʤʧʦʩʪʫʚʘʥʥʷ ʧʨʦʧʦʥʫʶʪʴ ʨʷʜ ʟʥʘʯʥʠʭ ʧʝʨʝʚʘʛ 

ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʇʨʦʜʫʤʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʦʩʦʙʣʠʚʦ ʧʨʦʪʦʯʥʽ ʪʘ ʙʘʛʘʪʦʷʨʫʩʥʽ ʩʠʩʪʝʤʠ, ʦʧʪʠʤʽʟʫʶʪʴ 

ʧʨʦʮʝʩʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʭʦʜʽʚ ʪʘ ʟʙʦʨʫ ʛʦʪʦʚʦʛʦ ʢʦʤʧʦʩʪʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʝʨʝʨʦʙʣʷʪʠ 

ʙʽʣʴʰʽ ʦʙʩʷʛʠ ʦʨʛʘʥʽʢʠ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ [9]. ɹʝʟʧʝʨʝʨʚʥʝ ʜʦʜʘʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʪʘ 

ʝʬʝʢʪʠʚʥʝ ʚʽʜʜʽʣʝʥʥʷ ʢʦʤʧʦʩʪʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. 

ɺʝʨʤʽʢʦʤʧʦʩʪ, ʚʠʨʦʙʣʝʥʠʡ ʫ ʜʦʙʨʝ ʢʝʨʦʚʘʥʠʭ ʩʫʯʘʩʥʠʭ ʢʦʤʧʦʩʪʝʨʘʭ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʘʢʪʠʚʥʦʶ ʤʽʢʨʦʬʣʦʨʦʶ ʪʘ ʚʽʜʤʽʥʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ˇʨʫʥʪʦʫʪʚʦʨʶʚʘʯʘ [1] ɼʝʷʢʽ ʩʠʩʪʝʤʠ ʩʧʨʠʷʶʪʴ ʢʨʘʱʽʡ ʘʝʨʘʮʽʾ, ʱʦ ʻ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʘʝʨʦʙʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ [7]. 

ʆʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʩʫʯʘʩʥʠʤʠ ʢʦʤʧʦʩʪʝʨʘʤʠ, ʪʘʢʽ ʷʢ ʢʦʥʪʨʦʣʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ, ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʠʪʠ ʧʨʦʮʝʩ ʨʦʟʢʣʘʜʘʥʥʷ 

ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʢʦʤʧʦʩʪʫʚʘʥʥʷ [8]. ʐʚʠʜʰʠʡ ʯʘʩ ʦʙʨʦʙʢʠ ʜʦʟʚʦʣʷʻ 

ʰʚʠʜʰʝ ʦʪʨʠʤʫʚʘʪʠ ʢʦʨʠʩʥʠʡ ʚʝʨʤʽʢʦʤʧʦʩʪ. 

ɸʝʨʦʙʥʽ ʫʤʦʚʠ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʚ ʜʦʙʨʝ ʩʧʨʦʝʢʪʦʚʘʥʠʭ ʢʦʤʧʦʩʪʝʨʘʭ, 

ʤʽʥʽʤʽʟʫʶʪʴ ʫʪʚʦʨʝʥʥʷ ʥʝʧʨʠʻʤʥʠʭ ʟʘʧʘʭʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʘʥʘʝʨʦʙʥʠʤ ʨʦʟʢʣʘʜʘʥʥʷʤ. 

ʂʦʥʪʨʦʣʴ ʟʘʧʘʭʫ ʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʚʝʨʤʽʢʦʤʧʦʩʪʫʚʘʥʥʷ ʚ ʧʨʠʤʽʱʝʥʥʷʭ. 

ɿʘʢʨʠʪʽ ʩʠʩʪʝʤʠ, ʦʩʦʙʣʠʚʦ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʪʘ ʙʘʛʘʪʦʷʨʫʩʥʦʛʦ ʪʠʧʫ ʟ ʢʨʠʰʢʘʤʠ, 

ʜʦʧʦʤʘʛʘʶʪʴ ʟʘʧʦʙʽʛʪʠ ʟʘʨʘʞʝʥʥʶ ʬʨʫʢʪʦʚʠʤʠ ʤʫʰʢʘʤʠ ʪʘ ʽʥʰʠʤʠ ʰʢʽʜʥʠʢʘʤʠ [5]. 

ʌʽʟʠʯʥʽ ʙʘʨôʻʨʠ ʚ ʩʫʯʘʩʥʠʭ ʢʦʤʧʦʩʪʝʨʘʭ ʟʥʠʞʫʶʪʴ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʰʢʽʜʥʠʢʽʚ. 

ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʩʫʯʘʩʥʠʭ ʢʦʤʧʦʩʪʝʨʽʚ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ 

ʚʝʨʤʽʢʦʤʧʦʩʪʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʘʭ, ʚʽʜ ʥʝʚʝʣʠʢʠʭ ʜʦʤʘʰʥʽʭ ʢʦʥʪʝʡʥʝʨʽʚ ʜʦ 

ʚʝʣʠʢʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʙʫʨʪʽʚ ʘʙʦ ʧʨʦʪʦʯʥʠʭ ʨʝʘʢʪʦʨʽʚ [3]. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʚʝʨʤʽʢʦʤʧʦʩʪʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʨʽʟʥʠʭ ʧʦʪʨʝʙ ʪʘ ʦʙʩʷʛʽʚ ʦʨʛʘʥʽʯʥʠʭ 

ʚʽʜʭʦʜʽʚ. 

ɹʘʛʘʪʦʷʨʫʩʥʽ ʣʦʪʢʠ ʪʘ ʧʨʦʪʦʯʥʝ ʟʙʠʨʘʥʥʷ, ʩʧʨʦʱʫʶʪʴ ʧʨʦʮʝʩʠ ʟʘʚʘʥʪʘʞʝʥʥʷ, 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʟʙʦʨʫ ʚʝʨʤʽʢʦʤʧʦʩʪʫ, ʟʤʝʥʰʫʶʯʠ ʥʝʦʙʭʽʜʥʠʡ ʦʙʩʷʛ ʨʫʯʥʦʾ ʧʨʘʮʽ [7].  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʯʠʩʣʝʥʥʽ ʧʝʨʝʚʘʛʠ, ʩʫʯʘʩʥʽ ʢʦʤʧʦʩʪʝʨʠ ʜʣʷ ʚʝʨʤʽʢʦʤʧʦʩʪʫʚʘʥʥʷ 

ʪʘʢʦʞ ʤʘʶʪʴ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ ʪʘ ʧʨʦʙʣʝʤʠ. 

ʂʦʤʝʨʮʽʡʥʽ ʩʫʯʘʩʥʽ ʚʝʨʤʽʢʦʤʧʦʩʪʝʨʠ, ʦʩʦʙʣʠʚʦ ʧʨʦʪʦʯʥʽ ʪʘ ʙʘʛʘʪʦʷʨʫʩʥʽ ʩʠʩʪʝʤʠ, 

ʤʦʞʫʪʴ ʤʘʪʠ ʚʠʱʫ ʧʦʯʘʪʢʦʚʫ ʚʘʨʪʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʩʘʤʦʨʦʙʥʠʤʠ ʘʙʦ ʧʨʦʩʪʠʤʠ 

ʢʦʥʪʝʡʥʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ [9].  

ʇʽʜʪʨʠʤʘʥʥʷ ʧʨʘʚʠʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʝʢʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘʢʠʭ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʚʦʣʦʛʽʩʪʴ ʪʘ pH ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʟʜʦʨʦʚôʷ ʯʝʨʚôʷʢʽʚ, ʾʭ ʦʧʪʠʤʘʣʴʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ ʫʩʧʽʰʥʦʛʦ ʚʝʨʤʽʢʦʤʧʦʩʪʫʚʘʥʥʷ [8]. ʇʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ 

ʨʽʚʥʷ ʚʦʣʦʛʦʩʪʽ ʯʝʨʚôʷʢʠ ʤʦʞʫʪʴ ʤʽʛʨʫʚʘʪʠ ʚʥʠʟ ʫ ʟʽʙʨʘʥʠʡ ʢʦʤʧʦʩʪ ʫ ʧʨʦʪʦʯʥʠʭ 

ʩʠʩʪʝʤʘʭ, ʱʦ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʜʽʣʝʥʥʷ [10]. ʇʨʘʚʠʣʴʥʠʡ ʢʦʥʪʨʦʣʴ ʚʦʣʦʛʦʩʪʽ ʻ 
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ʚʠʨʽʰʘʣʴʥʠʤ ʜʣʷ ʥʘʣʝʞʥʦʾ ʨʦʙʦʪʠ ʧʨʦʪʦʯʥʠʭ ʩʠʩʪʝʤ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʘʢʨʠʪʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʧʨʦʙʣʝʤʠ ʟ ʬʨʫʢʪʦʚʠʤʠ ʤʫʰʢʘʤʠ, ʢʣʽʱʘʤʠ ʪʘ 

ʽʥʰʠʤʠ ʰʢʽʜʥʠʢʘʤʠ ʤʦʞʫʪʴ ʚʩʝ ʱʝ ʚʠʥʠʢʘʪʠ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ 

ʢʦʤʧʦʩʪʝʨʦʤ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʧʝʨʝʛʦʜʦʚʫʚʘʥʥʽ ʘʙʦ ʥʝʜʦʩʪʘʪʥʴʦʤʫ ʟʘʛʣʠʙʣʝʥʥʽ ʭʘʨʯʦʚʠʭ 

ʚʽʜʭʦʜʽʚ [5]. ʇʨʘʚʠʣʴʥʘ ʧʨʘʢʪʠʢʘ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʻ ʚʘʞʣʠʚʦʶ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʟʘʨʘʞʝʥʥʶ ʰʢʽʜʥʠʢʘʤʠ ʥʘʚʽʪʴ ʫ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʇʝʨʝʛʦʜʦʚʫʚʘʥʥʷ, ʥʝʜʦʩʪʘʪʥʽʡ ʜʨʝʥʘʞ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʘʝʨʘʮʽʾ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʪʠʧʽ 

ʢʦʤʧʦʩʪʝʨʘ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʘʥʘʝʨʦʙʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʪʘ ʫʪʚʦʨʝʥʥʷ ʥʝʧʨʠʻʤʥʠʭ 

ʟʘʧʘʭʽʚ [5].  

ʅʝʚʝʣʠʢʽ ʢʦʥʪʝʡʥʝʨʥʽ ʩʠʩʪʝʤʠ ʪʘ ʥʘʚʽʪʴ ʜʝʷʢʽ ʙʘʛʘʪʦʷʨʫʩʥʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʤʘʪʠ 

ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʦʙʩʷʛʫ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ, ʷʢʽ ʚʦʥʠ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʧʝʨʝʨʦʙʣʷʪʠ, 

ʦʩʦʙʣʠʚʦ ʜʣʷ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ ʟʽ ʟʥʘʯʥʠʤ ʫʪʚʦʨʝʥʥʷʤ ʚʽʜʭʦʜʽʚ [9].  

ʅʠʞʥʽ ʣʦʪʢʠ ʚ ʙʘʛʘʪʦʷʨʫʩʥʠʭ ʩʠʩʪʝʤʘʭ ʤʦʞʫʪʴ ʫʱʽʣʴʥʶʚʘʪʠʩʷ ʧʽʜ ʚʘʛʦʶ ʚʝʨʭʥʽʭ 

ʣʦʪʢʽʚ, ʱʦ ʤʦʞʝ ʧʝʨʝʰʢʦʜʞʘʪʠ ʮʠʨʢʫʣʷʮʽʾ ʧʦʚʽʪʨʷ ʪʘ ʧʝʨʝʤʽʱʝʥʥʶ ʯʝʨʚôʷʢʽʚ [11].  

ɿʘʛʘʣʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʢʦʤʧʦʩʪʝʨʽʚ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʥʘʧʨʷʤʢʫ 

ʩʪʘʣʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʦʨʛʘʥʽʯʥʠʤʠ ʚʽʜʭʦʜʘʤʠ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ ʮʽʥʥʠʭ ˇʨʫʥʪʦʚʠʭ ʜʦʙʘʚʦʢ, 

ʩʧʨʠʷʶʯʠ ʮʠʨʢʫʣʷʨʥʽʡ ʝʢʦʥʦʤʽʮʽ ʪʘ ʟʤʝʥʰʫʶʯʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ [1].  

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. Robatjazi, J., (2023). An Overview on Vermicompost Environmental Impacts (From 

Past to Future), Journal of Agricultural Science and Food Research 14 (4), 1-10. 

2. Vermicomposting: Why Venture Into It? - Chelsea Green Publishing, URL: 

https://www.chelseagreen.com/2020/why-venture-into-vermicomposting/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 

19.03. 2025). 

3. The Basics of Vermicomposting - Oklahoma State University Extension, URL: 

https://extension.okstate.edu/fact-sheets/the-basics-of-vermicomposting.html (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 

19.03. 2025). 

4. Vermicomposting for Beginners - Rodale Institute, URL: 

https://rodaleinstitute.org/science/articles/vermicomposting-for-beginners/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 

19.03. 2025). 

5.  Indoor Worm Composting or Vermicomposting | University of Maryland Extension, 

URL:  https://extension.umd.edu/resource/indoor-worm-composting-or-vermicomposting 

(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 19.03. 2025). 

6. Choosing the Worm Bin for Composting Worms, URL: 

https://unclejimswormfarm.com/organic-gardening-how-to-choose-the-most-suitable-worm-

bin-for-your-composting-worms/  (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 19.03. 2025). 

7. What Are The Advantages Of Using Stackable Worm Bins?, URL: 

https://www.wormfarmingsecrets.com/worm-farming-equipment/what-are-the-advantages-of-

using-stackable-worm-bins/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 19.03. 2025). 

8. Vermicompost - Wikipedia, ʜʦʩʪʫʧ ʦʪʨʠʤʘʥʦ ʙʝʨʝʟʥʷ 19, 2025, URL: 

https://en.wikipedia.org/wiki/Vermicompost (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 19.03. 2025). 

9. Vermiculture: Reduce Your Manure through Worm Composting - University of 

Connecticut, URL: https://animalscience-cahnr.media.uconn.edu/wp-

content/uploads/sites/3396/2023/05/Vermiculture-Reduce-Your-Manure-through-Worm-

Composting.pdf  (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 19.03. 2025). 

10. Complete Guide to Continuous Flow Vermicomposting - Urban Worm Company, 

URL: https://urbanwormcompany.com/complete-guide-to-continuous-flow-vermicomposting/ 

(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 19.03. 2025). 

11. Worm Towers & Worm Stacking Systems, URL: 

https://www.wormfarmingsecrets.com/worm-beds/worm-towers-worm-stacking-systems/ 

(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 19.03. 2025).  

https://www.chelseagreen.com/2020/why-venture-into-vermicomposting/
https://extension.okstate.edu/fact-sheets/the-basics-of-vermicomposting.html
https://rodaleinstitute.org/science/articles/vermicomposting-for-beginners/
https://extension.umd.edu/resource/indoor-worm-composting-or-vermicomposting
https://unclejimswormfarm.com/organic-gardening-how-to-choose-the-most-suitable-worm-bin-for-your-composting-worms/
https://unclejimswormfarm.com/organic-gardening-how-to-choose-the-most-suitable-worm-bin-for-your-composting-worms/
https://www.wormfarmingsecrets.com/worm-farming-equipment/what-are-the-advantages-of-using-stackable-worm-bins/
https://www.wormfarmingsecrets.com/worm-farming-equipment/what-are-the-advantages-of-using-stackable-worm-bins/
https://en.wikipedia.org/wiki/Vermicompost
https://animalscience-cahnr.media.uconn.edu/wp-content/uploads/sites/3396/2023/05/Vermiculture-Reduce-Your-Manure-through-Worm-Composting.pdf
https://animalscience-cahnr.media.uconn.edu/wp-content/uploads/sites/3396/2023/05/Vermiculture-Reduce-Your-Manure-through-Worm-Composting.pdf
https://animalscience-cahnr.media.uconn.edu/wp-content/uploads/sites/3396/2023/05/Vermiculture-Reduce-Your-Manure-through-Worm-Composting.pdf
https://urbanwormcompany.com/complete-guide-to-continuous-flow-vermicomposting/
https://www.wormfarmingsecrets.com/worm-beds/worm-towers-worm-stacking-systems/


ʉɽʂʎɯʗ - ɸʂʊʋɸʃʔʅɯ ʇʈʆɹʃɽʄʀ ɽʂʆʃʆɻɯɰ, ɹɯʆʃʆɻɯɰ ʊɸ ɿɸʍʀʉʊʋ ɼʆɺʂɯʃʃʗ  

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 

108 
 

ʋɼʂ 004.8:504.3. 

 

ʃʦʤʘʟʦʚ ʇ.ʂ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 183 ʊʝʭʥʦʣʦʛʽʾ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ  

ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ: ʇʘʚʣʠʯʝʥʢʦ ɸ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ɹʫʯʘʚʠʡ ʖ.ɺ., ʢ.ʙ.ʥ., ʜʦʮʝʥʪ 

ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ). 

 

ʉʋʏɸʉʅɯ ʇɯɼʍʆɼʀ ɼʆ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʗʂʆʉʊɯ ʇʆɺɯʊʈʗ  

ɿɸ ɼʆʇʆʄʆɻʆʖ ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ 

 

ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʘʟʫʶʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʜʘʥʠʭ ʪʘ ʘʣʛʦʨʠʪʤʘʭ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʟʦʢʨʝʤʘ Random Forest ʽ LSTM. ɺʦʥʠ ʚʨʘʭʦʚʫʶʪʴ ʟʚôʷʟʦʢ ʤʽʞ 

ʜʞʝʨʝʣʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ, ʘʪʤʦʩʬʝʨʥʠʤʠ ʫʤʦʚʘʤʠ ʪʘ ʾʭʥʴʦʶ ʜʠʥʘʤʽʢʦʶ. ɸʥʘʣʽʟ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ ʪʘ ʚʽʪʨʫ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʧʦʧʝʨʝʜʞʝʥʥʷ ʥʘʩʝʣʝʥʥʷ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʥʝʦʙʭʽʜʥʠʡ ʟʙʽʨ ʪʦʯʥʠʭ ʪʘ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʘʥʠʭ. ɻʦʣʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʽʥʬʦʨʤʘʮʽʾ ʻ: 

ʉʪʘʥʮʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ï ʩʪʘʮʽʦʥʘʨʥʽ ʪʘ ʤʦʙʽʣʴʥʽ ʝʢʦʣʦʛʽʯʥʽ ʧʦʩʪʠ, ʦʩʥʘʱʝʥʽ 

ʩʝʥʩʦʨʘʤʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ NO2, CO, SO2, O3, PM10 ʪʘ PM2.5. ɺʦʥʠ 

ʥʘʜʘʶʪʴ ʣʦʢʘʣʴʥʽ, ʚʠʩʦʢʦʪʦʯʥʽ ʜʘʥʽ, ʧʨʦʪʝ ʾʭʥʷ ʢʽʣʴʢʽʩʪʴ ʦʙʤʝʞʝʥʘ, ʱʦ ʫʩʢʣʘʜʥʶʻ 

ʩʪʚʦʨʝʥʥʷ ʧʦʚʥʦʾ ʢʘʨʪʠʥʠ ʟʘʙʨʫʜʥʝʥʥʷ. 

ʉʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ ï ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ʘʪʤʦʩʬʝʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʧʫʪʥʠʢʽʚ 

NASA, ESA ʪʘ ʽʥʰʠʭ ʧʣʘʪʬʦʨʤ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʛʣʦʙʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʧʠʣ, 

ʦʟʦʥ, ʧʘʨʥʠʢʦʚʽ ʛʘʟʠ, ʜʦʧʦʚʥʶʶʯʠ ʽʥʬʦʨʤʘʮʽʶ ʟʽ ʩʪʘʥʮʽʡ ʫ ʚʽʜʜʘʣʝʥʠʭ ʨʝʛʽʦʥʘʭ. 

ɻʨʦʤʘʜʩʴʢʽ ʜʘʪʯʠʢʠ ï ʢʦʤʧʘʢʪʥʽ ʧʨʠʩʪʨʦʾ, ʨʦʟʤʽʱʝʥʽ ʫ ʤʽʩʪʘʭ ʪʘ ʧʨʠʚʘʪʥʠʭ 

ʦʙ'ʻʢʪʘʭ, ʷʢʽ ʧʝʨʝʜʘʶʪʴ ʜʘʥʽ ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʠʨʦʢʫ ʤʝʨʝʞʫ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʘʣʝ ʧʦʪʨʝʙʫʶʪʴ ʢʘʣʽʙʨʫʚʘʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ [1]. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʚ ʘʣʛʦʨʠʪʤʘʭ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʾʭ ʨʝʪʝʣʴʥʫ ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ, ʦʩʢʽʣʴʢʠ ʧʝʨʚʽʩʥʽ ʜʘʥʽ ʯʘʩʪʦ ʤʽʩʪʷʪʴ 

ʰʫʤ, ʚʽʜʩʫʪʥʽ ʟʥʘʯʝʥʥʷ ʪʘ ʽʥʰʽ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʪʦʯʥʽʩʪʴ 

ʧʨʦʛʥʦʟʽʚ (ʪʘʙʣ. 1) [2].  

 

ʊʘʙʣʠʮʷ 1 

ɺʠʜʠ ʧʨʦʮʝʩʽʚ 
ʅʘʟʚʘ ʧʨʦʮʝʩʫ ʆʧʠʩ ʄʝʪʦʜʠ ʦʙʨʦʙʢʠ 

ʆʙʨʦʙʢʘ ʰʫʤʽʚ ʋʩʫʥʝʥʥʷ ʘʙʦ ʟʛʣʘʜʞʫʚʘʥʥʷ 

ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʽ 

ʥʝʨʝʣʝʚʘʥʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (çʰʫʤʫè) 

ʚ ʜʘʥʠʭ. 

ʌʽʣʴʪʨʘʮʽʷ ʜʘʥʠʭ (ʥʘʧʨ., ʤʝʜʽʘʥʥʠʡ ʬʽʣʴʪʨ); 

ʟʛʣʘʜʞʫʚʘʥʥʷ ʩʠʛʥʘʣʫ; ʚʠʜʘʣʝʥʥʷ ʚʠʢʠʜʽʚ. 

ɺʽʜʩʫʪʥʽ ʟʥʘʯʝʥʥʷ ʈʦʙʦʪʘ ʟ ʚʽʜʩʫʪʥʽʤʠ (ʧʨʦʧʫʱʝʥʠʤʠ) 

ʜʘʥʠʤʠ, ʱʦ ʤʦʞʫʪʴ ʩʧʦʪʚʦʨʶʚʘʪʠ 

ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʘʙʦ ʧʨʠʟʚʦʜʠʪʠ 

ʜʦ ʥʝʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ. 

ɺʠʜʘʣʝʥʥʷ ʟʘʧʠʩʽʚ ʟ ʧʨʦʧʫʩʢʘʤʠ; 

ʟʘʧʦʚʥʝʥʥʷ ʧʨʦʧʫʱʝʥʠʭ ʟʥʘʯʝʥʴ ʩʝʨʝʜʥʽʤ, 

ʤʝʜʽʘʥʥʠʤ ʯʠ ʤʦʜʦʶ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ 

ʽʤʧʫʪʘʮʽʾ (ʥʘʧʨ., ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʽʜʩʫʪʥʽʭ 

ʟʥʘʯʝʥʴ). 

ʅʦʨʤʘʣʽʟʘʮʽʷ 

ʜʘʥʠʭ 

ʇʨʠʚʝʜʝʥʥʷ ʨʽʟʥʦʨʽʜʥʠʭ ʜʘʥʠʭ ʜʦ 

ʩʧʽʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ 

ʘʥʘʣʽʟʫ. 

ʄʘʩʰʪʘʙʫʚʘʥʥʷ ʜʦ ʜʽʘʧʘʟʦʥʫ [0,1] 

(ʤʽʥʽʤʘʢʩʥʘ ʥʦʨʤʘʣʽʟʘʮʽʷ); ʩʪʘʥʜʘʨʪʠʟʘʮʽʷ 

(Z-ʥʦʨʤʘʣʽʟʘʮʽʷ). 

 

ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʟʘʚʜʷʢʠ ʦʙʨʦʙʮʽ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʽ ʧʽʜʭʦʜʠ ʚʢʣʶʯʘʶʪʴ Random Forest, LSTM, Gradient Boosting Machines 

(GBM), Support Vector Machines (SVM) ʽ Multilayer Perceptron (MLP) [3]. 
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Random Forest (RF) ʻ ʘʥʩʘʤʙʣʝʚʠʤ ʤʝʪʦʜʦʤ ʥʘ ʦʩʥʦʚʽ ʜʝʨʝʚ ʨʽʰʝʥʴ, ʱʦ ʧʽʜʚʠʱʫʻ 

ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʽʚ ʟʘʚʜʷʢʠ ʙʝʛʛʽʥʛʫ. ʁʦʛʦ ʧʝʨʝʚʘʛʦʶ ʻ ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʝʨʝʦʙʯʠʩʣʝʥʥʷ, 

ʧʨʦʪʝ ʚʽʥ ʥʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʯʘʩʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʽ ʤʦʞʝ ʙʫʪʠ ʯʫʪʣʠʚʠʤ ʜʦ ʨʦʟʤʽʨʥʦʩʪʽ 

ʜʘʥʠʭ. 

LSTM ï ʮʝ ʨʝʢʫʨʝʥʪʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, ʱʦ ʜʦʙʨʝ ʤʦʜʝʣʶʻ ʯʘʩʦʚʽ ʨʷʜʠ, ʟʦʢʨʝʤʘ 

ʜʠʥʘʤʽʯʥʽ ʟʤʽʥʠ ʟʘʙʨʫʜʥʝʥʥʷ. ɰʾ ʥʝʜʦʣʽʢʘʤʠ ʻ ʚʠʩʦʢʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʽ ʧʦʪʨʝʙʘ 

ʫ ʚʝʣʠʢʦʤʫ ʦʙʩʷʟʽ ʜʘʥʠʭ. 

GBM (XGBoost, LightGBM, CatBoost) ʻ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʝʣʠʢʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, 

ʦʩʢʽʣʴʢʠ ʥʘʚʯʘʶʪʴʩʷ ʧʦʝʪʘʧʥʦ, ʤʽʥʽʤʽʟʫʶʯʠ ʧʦʤʠʣʢʠ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ 

ʪʦʯʥʽʩʪʴ, ʧʨʦʪʝ ʤʦʞʫʪʴ ʙʫʪʠ ʯʫʪʣʠʚʠʤʠ ʜʦ ʰʫʤʽʚ ʽ ʚʠʤʘʛʘʪʠ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ. 

SVM ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʨʝʛʨʝʩʽʾ, ʦʩʦʙʣʠʚʦ ʥʘ ʤʘʣʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ, 

ʦʜʥʘʢ ʜʣʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ ʤʘʻ ʦʙʤʝʞʝʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʯʝʨʝʟ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʚʠʪʨʘʪʠ ʪʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʚʠʙʦʨʫ ʷʜʨʘ. 

MLP ï ʙʘʟʦʚʘ ʥʝʡʨʦʤʝʨʝʞʘ, ʟʜʘʪʥʘ ʤʦʜʝʣʶʚʘʪʠ ʥʝʣʽʥʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ. ɺʦʥʘ ʤʝʥʰ 

ʨʝʩʫʨʩʦʤʽʩʪʢʘ, ʥʽʞ LSTM, ʘʣʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʾʡ ʫ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʯʘʩʦʚʠʭ ʨʷʜʽʚ. ɼʣʷ 

ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ MLP ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʦʾ ʛʣʠʙʠʥʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʾʾ ʥʘʚʯʘʥʥʷ. 

ɺʠʙʽʨ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʜʘʥʠʭ. 

Random Forest ʽ GBM ʝʬʝʢʪʠʚʥʽ ʜʣʷ ʩʪʘʪʠʯʥʠʭ ʜʘʥʠʭ, ʪʦʜʽ ʷʢ LSTM ʦʧʪʠʤʘʣʴʥʘ ʜʣʷ 

ʯʘʩʦʚʠʭ ʨʷʜʽʚ. ʋ ʨʘʟʽ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ SVM ʘʙʦ MLP. ʇʦʻʜʥʘʥʥʷ 

GBM ʜʣʷ ʚʠʙʦʨʫ ʦʟʥʘʢ ʽ LSTM ʜʣʷ ʯʘʩʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʘʻ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ. 

ʊʘʢ, ʢʦʤʙʽʥʘʮʽʷ Random Forest ʽ LSTM ʜʦʟʚʦʣʷʻ ʦʙôʻʜʥʘʪʠ ʾʭʥʽ ʩʠʣʴʥʽ ʩʪʦʨʦʥʠ: RF 

ʚʠʜʽʣʷʻ ʢʣʶʯʦʚʽ ʦʟʥʘʢʠ, ʘ LSTM ʚʨʘʭʦʚʫʻ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʧʦʢʨʘʱʫʻ ʧʨʦʛʥʦʟʠ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʧʦʤʘʛʘʻ ʘʥʘʣʽʟʫʚʘʪʠ ʷʢ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽ, ʪʘʢ ʽ ʜʦʚʛʦʪʨʠʚʘʣʽ ʟʤʽʥʠ 

ʟʘʙʨʫʜʥʝʥʥʷ. ʄʦʜʝʣʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʤʦʞʫʪʴ ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʫ ʤʽʩʴʢʝ 

ʫʧʨʘʚʣʽʥʥʷ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʦʧʝʨʘʪʠʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʩʪʚʦʨʶʚʘʪʠ ʩʠʩʪʝʤʠ 

ʨʘʥʥʴʦʛʦ ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʪʨʘʥʩʧʦʨʪʥʽ ʧʦʪʦʢʠ ʜʣʷ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʧʨʦʛʥʦʟ ʢʦʥʮʝʥʪʨʘʮʽʾ PM2.5 ʜʦʧʦʤʘʛʘʻ ʽʥʬʦʨʤʫʚʘʪʠ ʛʨʦʤʘʜʩʴʢʽʩʪʴ ʽ 

ʘʜʘʧʪʫʚʘʪʠ ʤʽʩʴʢʫ ʧʦʣʽʪʠʢʫ [3]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʝʡ, ʪʘʢʠʭ ʷʢ Random Forest, LSTM, GBM, SVM ʪʘ MLP, ʜʦʟʚʦʣʷʻ 

ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʢʽ ʤʘʩʠʚʠ ʜʘʥʠʭ ʽ ʚʠʷʚʣʷʪʠ ʩʢʣʘʜʥʽ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ. 

Random Forest ʽ GBM ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʨʦʙʦʪʠ ʟʽ ʩʪʘʪʠʯʥʠʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ, 

ʪʦʜʽ ʷʢ LSTM ʝʬʝʢʪʠʚʥʦ ʤʦʜʝʣʶʻ ʯʘʩʦʚʽ ʨʷʜʠ. ʂʦʤʙʽʥʫʚʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ 

ʧʦʢʨʘʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʽʚ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʾʭʥʽʭ ʫʥʽʢʘʣʴʥʠʭ ʧʝʨʝʚʘʛ. 
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ʏʝʙʝʨʷʯʢʦ ʃ.ʄ., ʘʩʧʽʨʘʥʪʢʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 183 ʊʝʭʥʦʣʦʛʽʾ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɹʦʨʠʩʦʚʩʴʢʘ ʆ.ʆ. ʢ.ʪ.ʥ., ʟʘʚ. ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʡ 

ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʆʎɯʅʂɸ ʈʀɿʀʂɯɺ ʅɽɹɽɿʇɽʂʀ ʇɯɼ ʏɸʉ ɺʀɿʅɸʏɽʅʅʗ ʊʗɾʂʆʉʊɯ 

ʅɸʉʃɯɼʂɯɺ ɺɯɼ ɺʀɹʋʍʋ ʇɸʃʔʅʆɻʆ ʅɸ ɸɿʉ 

 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʥʝʙʝʟʧʝʢʠ ʧʦʪʨʽʙʥʦ ʜʚʽ ʩʢʣʘʜʦʚʽ: ʡʤʦʚʽʨʥʽʩʪʴ ʥʘʩʪʘʥʥʷ 

ʥʝʙʝʟʧʝʯʥʦʾ ʩʠʪʫʘʮʽʾ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ï ʚʠʙʫʭ ʥʝʙʝʟʧʝʯʥʦʾ ʨʝʯʦʚʠʥʠ) ʽ ʪʷʞʢʦʩʪʽ 

ʥʘʩʣʽʜʢʽʚ ʚʽʜ ʾʾ ʥʘʩʪʘʥʥʷ. ɺʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʩʪʘʥʥʷ ʥʝʙʝʟʧʝʯʥʦʾ ʧʦʜʽʾ ʪʘ ʪʷʞʢʦʩʪʽ 

ʥʘʩʣʽʜʢʽʚ ʢʦʨʠʩʪʫʶʪʴʩʷ ʷʢʽʩʥʠʤʠ ʰʢʘʣʘʤʠ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʜʝʣʴ ʨʠʟʠʢʽʚ. ʄʦʜʝʣʴ ʨʠʟʠʢʽʚ  ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʽʥʩʪʨʫʤʝʥʪ 

ʨʘʥʞʫʚʘʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʠʟʠʢʽʚ. ʄʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʰʢʘʣʠ 

ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʩʪʘʥʥʷ ʥʝʙʝʟʧʝʯʥʦʾ ʧʦʜʽʾ ʪʘ ʪʷʞʢʦʩʪʽ ʥʘʩʣʽʜʢʽʚ. ʎʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʜʘʥʦʛʦ 

ʩʪʫʧʝʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʪʘ ʥʘʷʚʥʦʩʪʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ. ɻʦʣʦʚʥʦʶ 

ʫʤʦʚʦʶ ʜʣʷ ʾʭ ʧʦʙʫʜʦʚʠ ʻ ʜʦʩʪʫʧʥʽʩʪʴ ʜʣʷ ʨʦʟʫʤʽʥʥʷ. ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʰʢʘʣʫ ʟ ʧôʷʪʠ ʽʥʪʝʨʚʘʣʽʚ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʩʪʘʥʥʷ ʥʝʙʝʟʧʝʯʥʦʾ ʧʦʜʽʾ ï ʮʝ  ʥʝ 

ʙʽʣʴʰʝ ʥʽʞ ʦʜʠʥ ʨʘʟ ʥʘ ʜʝʥʴ; ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʦʜʠʥ ʨʘʟ ʥʘ ʪʠʞʜʝʥʴ; ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʦʜʠʥ ʨʘʟ 

ʥʘ ʤʽʩʷʮʴ; ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʦʜʠʥ ʨʘʟ ʥʘ ʧʽʚʨʦʢʫ;  ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʦʜʠʥ ʨʘʟ ʥʘ ʨʽʢ. ʏʘʩʪʦ ʰʢʘʣʫ 

ʪʷʞʢʦʩʪʽ ʥʘʩʣʽʜʢʽʚ ʚʽʜ ʥʘʩʪʘʥʥʷ ʥʝʙʝʟʧʝʯʥʦʾ ʧʦʜʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʠʟʥʘʯʝʥʥʷ ʟʘ 

ʢʨʠʪʝʨʽʷʤʠ: ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʦʜʥʘ ʩʤʝʨʪʴ ʘʙʦ ʛʨʫʧʦʚʽ ʪʷʞʢʽ ʪʨʘʚʤʠ; ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʦʜʥʘ 

ʪʷʞʢʘ ʪʨʘʚʤʘ ʘʙʦ ʛʨʫʧʦʚʽ ʩʝʨʝʜʥʽ ʪʨʘʚʤʠ; ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʦʜʥʘ ʩʝʨʝʜʥʷ ʪʨʘʚʤʘ ʘʙʦ ʛʨʫʧʦʚʽ 

ʣʝʛʢʽ ʪʨʘʚʤʠ; ʥʝ ʙʽʣʴʰ ʥʽʞ ʦʜʥʘ ʣʝʛʢʘ ʪʨʘʚʤʘ ʘʙʦ ʛʨʫʧʦʚʽ ʟʘʙʠʪʪʷ;  ʥʝ ʙʽʣʴʰ ʥʽʞ ʦʜʥʘ ʙʝʟ 

ʥʘʩʣʽʜʢʽʚ. ʗʢʱʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʙʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʰʢʘʣʠ ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʩʪʘʥʥʷ 

ʥʝʙʝʟʧʝʯʥʦʾ ʧʦʜʽʾ ʧʦʪʨʽʙʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ, ʷʢʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʨʽʟʥʠʭ ʦʬʽʮʽʡʥʠʭ 

ʜʞʝʨʝʣ, ʘ ʪʘʢʦʞ ʥʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʠ ʧʨʦʛʥʦʟʥʠʭ ʤʦʜʝʣʝʡ, ʪʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʘʣʽʚ ʟʘ 

ʰʢʘʣʦʶ ʪʷʞʢʦʩʪʽ ʥʘʩʣʽʜʢʽʚ ʚʠʥʠʢʘʶʪʴ ʩʢʣʘʜʥʦʱʽ. ɺʦʥʠ ʧʦʚôʷʟʘʥʽ ʟ ʚʽʜʩʫʪʥʽʩʪʶ 

ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʚʠʥʠʢʥʝʥʥʷ  ʧʦʪʝʥʮʽʡʥʦ ʩʤʝʨʪʝʣʴʥʠʭ ʟʦʥ ʜʣʷ ʣʶʜʠʥʠ ʧʽʩʣʷ ʚʠʙʫʭʫ, ʪʠʭ 

ʯʠ ʽʥʰʠʭ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ ʟ ʨʽʟʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʚʠʷʚʣʝʥʦʛʦ 

ʥʝʜʦʣʽʢʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʟʦʥ ʜʽʾ ʥʝʙʝʟʧʝʢʠ ʚʽʜ ʨʦʟʚʠʪʢʫ ʨʽʟʥʠʭ 

ʚʘʨʽʘʥʪʽʚ ʘʚʘʨʽʾ, ʱʦ ʤʦʞʫʪʴ ʩʪʘʪʠʩʷ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʷʞʢʦʩʪʽ ʥʘʩʣʽʜʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʚʠʙʫʭʫ ʧʘʣʴʥʦʛʦ ʥʘ ɸɿʉ, ʩʢʦʨʠʩʪʘʪʠʩʴ ʤʦʜʝʣʣʶ ʢʨʘʚʘʪʢʘ-ʤʝʪʝʣʠʢ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʘʚôʷʟʢʽʚ ʤʽʞ ʥʝʙʝʟʧʝʢʦʶ (ʧʘʣʠʚʦ) ʽ ʥʝʙʝʟʧʝʯʥʦʶ 

ʧʦʜʽʻʶ (ʚʠʙʫʭ) ʪʘ ʥʘʩʣʽʜʢʘʤʠ: ʚʪʨʘʪʦʶ ʞʠʪʪʷ ʽ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ, ʨʫʡʥʫʚʘʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʆʩʦʙʣʠʚʽʩʪʶ ʮʽʻʾ ʤʦʜʝʣʽ ʻ ʪʝ, 

ʱʦ ʚʠʙʫʭ ʧʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʯʦʪʠʨʴʦʤʘ ʚʨʘʞʘʶʯʠʤʠ ʯʠʥʥʠʢʘʤʠ: ʧʦʚʽʪʨʷʥʦʶ 

ʫʜʘʨʥʦʶ ʭʚʠʣʝʶ, ʧʦʪʫʞʥʠʤ ʪʝʧʣʦʚʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʦʙʩʷʛʦʤ ʛʘʟʦʧʦʜʽʙʥʠʭ 

ʧʨʦʜʫʢʪʽʚ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʚʠʙʫʭʽ ʪʘ ʨʦʟʣʽʪʘʥʥʷʤ ʫʣʘʤʢʽʚ ʚʽʜ ʟʨʫʡʥʦʚʘʥʠʭ ʙʫʜʽʚʝʣʴ 

(ʨʠʩ. 1). ɿʚʽʜʩʠ ʪʷʞʢʽʩʪʴ ʥʘʩʣʽʜʢʽʚ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʟʦʥʫ ʩʫʤʘʨʥʦʾ ʜʽʾ ʚʩʽʭ ʚʨʘʞʘʶʯʠʭ 

ʯʠʥʥʠʢʽʚ ʚʠʙʫʭʫ, ʷʢʘ ʧʨʠʟʚʝʜʝ ʜʦ ʟʘʛʠʙʝʣʽ ʪʘ ʪʨʘʚʤʫʚʘʥʥʷ ʣʶʜʝʡ ʽ ʨʫʡʥʫʚʘʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʢʘʣʠ ʪʷʞʢʦʩʪʽ ʥʘʩʣʽʜʢʽʚ ʚʽʜ ʚʠʙʫʭʫ ʧʘʣʴʥʦʛʦ ʧʨʦʧʦʥʫʻʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ALOHA (Areal Locations of Hazardous Atmospheres) ï ʩʧʝʮʽʘʣʽʟʦʚʘʥʫ 

ʧʨʦʛʨʘʤʠ, ʨʦʟʨʦʙʣʝʥʦʾ ʜʣʷ ʥʘʜʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʩʣʫʞʙ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ 

ʦʮʽʥʢʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʘʩʰʪʘʙʫ ʜʝʷʢʠʭ ʧʦʰʠʨʝʥʠʭ ʥʝʙʝʟʧʝʢ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʨʦʟʣʠʚʘʤʠ 

ʭʽʤʽʢʘʪʽʚ, ʧʦʞʝʞ, ʚʠʙʫʭʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʧʨʦʛʨʘʤʠ ʤʦʞʥʘ ʚʠʟʥʘʯʝʥʦ ʪʷʞʢʽʩʪʴ 

ʥʘʩʣʽʜʢʽʚ ʚʽʜ ʚʠʙʫʭʫ ʥʝʙʝʟʧʝʯʥʦʾ ʨʝʯʦʚʠʥʠ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʨʘʜʽʫʩʽʚ ʟʦʥ ʫʨʘʞʝʥʥʷ 
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ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʮʠʚʽʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ,  ʧʝʨʩʦʥʘʣʫ ʪʘ ʮʠʚʽʣʴʥʦʛʦ 

ʥʘʩʝʣʝʥʥʷ, ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʯʦʪʠʨʴʦʭ ʚʨʘʞʘʶʯʠʭ ʯʠʥʥʠʢʽʚ 

ʚʠʙʫʭʫ: ʧʦʚʽʪʨʷʥʦʾ ʫʜʘʨʥʦʾ ʭʚʠʣʽ, ʧʦʪʫʞʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʤʝʭʘʥʽʯʥʦʛʦ 

ʚʧʣʠʚʫ ʦʩʢʦʣʢʽʚ ʽ ʬʨʘʛʤʝʥʪʽʚ, ʦʙʩʷʛʫ ʛʘʟʦʧʦʜʽʙʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ ʧʽʜ ʯʘʩ 

ʚʠʙʫʭʫ (ʨʠʩ. 2).  

 
ʈʠʩʫʥʦʢ 1  ʄʦʜʝʣʴ ʨʠʟʠʢʫ ʚʠʙʫʭʫ ʧʘʣʴʥʦʛʦ ʥʘ ɸɿʉ 

 

  
 

ʘ ʙ 

 
 

ʚ ʛ 

ʈʠʩʫʥʦʢ 2  ʈʦʟʨʘʭʫʥʦʢ ʧʣʦʱ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʫʜʘʨʥʦʾ ʭʚʠʣʽ (ʘ), ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʙ), ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʚ), ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ 

ʧʦʰʢʦʜʞʝʥʴ ʥʘ ɸɿʉ (ʛ) 
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ʇʨʦʧʦʥʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʦ ʪʷʞʢʽʩʪʴ ʥʘʩʣʽʜʢʽʚ ʚʽʜ ʚʠʙʫʭʫ ʥʝʙʝʟʧʝʯʥʦʾ ʨʝʯʦʚʠʥʠ 

ʧʨʦʚʦʜʠʪʠ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʨʘʜʽʫʩʽʚ ʟʦʥ ʫʨʘʞʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ 

ʮʠʚʽʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ,  ʧʝʨʩʦʥʘʣʫ ʪʘ ʮʠʚʽʣʴʥʦʛʦ ʥʘʩʝʣʝʥʥʷ, ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʯʦʪʠʨʴʦʭ ʚʨʘʞʘʶʯʠʭ ʯʠʥʥʠʢʽʚ ʚʠʙʫʭʫ: ʧʦʚʽʪʨʷʥʦʾ 

ʫʜʘʨʥʦʾ ʭʚʠʣʽ, ʧʦʪʫʞʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ ʦʩʢʦʣʢʽʚ ʽ 

ʬʨʘʛʤʝʥʪʽʚ, ʦʙʩʷʛʫ ʛʘʟʦʧʦʜʽʙʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ ʧʽʜ ʯʘʩ ʚʠʙʫʭʫ. 
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ʄʽʨʦʥʦʚ ɯ.ɺ., ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ 
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ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ɹʫʯʘʚʠʡ ʖ.ɺ., ʢ.ʙ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ 

ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ɽʂʆʃʆɻɯʏʅɯ ʅɸʉʃɯɼʂʀ ɺɯʁʉʔʂʆɺʀʍ ɼɯʁ  

ɼʃʗ ɿɽʄɽʃʔʅʆɻʆ ʌʆʅɼʋ ʋʂʈɸɰʅʀ 
 

ɿʝʤʝʣʴʥʽ ʨʝʩʫʨʩʠ ʻ ʩʪʨʘʪʝʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʙʫʜʴ-ʷʢʦʾ ʢʨʘʾʥʠ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʦʜʦʚʦʣʴʯʫ ʙʝʟʧʝʢʫ ʪʘ ʩʪʽʡʢʽʩʪʴ ʝʢʦʩʠʩʪʝʤ. ɺ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʢʦʥʬʣʽʢʪʫ 

ʩʪʘʥ ˇʨʫʥʪʽʚ ʟʘʟʥʘʻ ʟʥʘʯʥʠʭ ʟʤʽʥ, ʱʦ ʟʫʤʦʚʣʝʥʽ ʷʢ ʧʨʷʤʠʤʠ ʨʫʡʥʫʚʘʥʥʷʤʠ, ʪʘʢ ʽ 

ʟʘʙʨʫʜʥʝʥʥʷʤ ʥʝʙʝʟʧʝʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʥʘ 

ʟʝʤʝʣʴʥʠʡ ʬʦʥʜ ʋʢʨʘʾʥʠ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ ʪʘ 

ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʟ ʾʭʥʴʦʾ ʤʽʥʽʤʽʟʘʮʽʾ. 

ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʤʘʩʰʪʘʙʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʫ ʋʢʨʘʾʥʠ ʟʘʨʘʟ 

ʫʩʢʣʘʜʥʝʥʠʡ ʯʝʨʝʟ ʙʦʡʦʚʽ ʜʽʾ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʙʝʟʧʝʯʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʙʘʛʘʪʴʦʭ ʪʝʨʠʪʦʨʽʡ. 

ɺʦʜʥʦʯʘʩ, ʧʦʪʨʽʙʥʦ ʟʙʠʨʘʪʠ ʜʘʥʽ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ ʜʝʛʨʘʜʘʮʽʾ ˇʨʫʥʪʽʚ ʪʘ 

ʨʦʟʨʦʙʠʪʠ ʩʪʨʘʪʝʛʽʾ ʜʣʷ ʾʭ ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʢʦʥʬʣʽʢʪʫ. ʄʦʥʽʪʦʨʠʥʛ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʫ ʧʨʦʮʝʩʽ ʧʦʜʘʣʴʰʦʾ 

ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʟʝʤʝʣʴ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʾʭʥʴʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ʆʜʥʠʤ ʽʟ ʥʘʡʧʦʤʽʪʥʽʰʠʭ ʥʘʩʣʽʜʢʽʚ ʦʙʩʪʨʽʣʽʚ ʻ ʫʪʚʦʨʝʥʥʷ ʚʠʨʚ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ, ʱʦ 

ʟʤʽʥʶʶʪʴ ʪʦʧʦʛʨʘʬʽʶ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʚʦʜʥʠʡ ʙʘʣʘʥʩ ˇʨʫʥʪʽʚ. ʆʮʽʥʠʪʠ ʧʘʨʘʤʝʪʨʠ ʪʘʢʠʭ 

ʫʪʚʦʨʝʥʴ ʤʦʞʥʘ ʜʚʦʤʘ ʦʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʂʦʥʪʘʢʪʥʽ ʛʝʦʜʝʟʠʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ, ʧʨʦʪʝ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʦʙʤʝʞʝʥʠʤ ʯʝʨʝʟ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʥʝʙʝʟʧʝʢʠ. ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʻ ʤʝʪʦʜʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ), ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʧʣʦʱʫ ʪʘ ʦʙ'ʻʤ ʚʠʨʚ ʥʘ ʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʷʭ. ʆʜʥʘʢ ʫ ʧʝʨʽʦʜ 

ʘʢʪʠʚʥʠʭ ʙʦʡʦʚʠʭ ʜʽʡ ʜʦʩʪʫʧʥʽʩʪʴ ʮʠʭ ʜʘʥʠʭ ʤʦʞʝ ʙʫʪʠ ʯʘʩʪʢʦʚʦ ʦʙʤʝʞʝʥʘ [1]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ɻɯʉ) ʜʣʷ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ 

ʚʦʻʥʥʦʛʦ ʢʦʥʬʣʽʢʪʫ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʤʘʩʰʪʘʙʽʚ ʟʘʚʜʘʥʦʾ ʰʢʦʜʠ. 

ɿʘʚʜʷʢʠ ɻɯʉ ʤʦʞʥʘ ʥʝ ʣʠʰʝ ʢʘʨʪʦʛʨʘʬʫʚʘʪʠ ʧʦʰʢʦʜʞʝʥʽ ʜʽʣʷʥʢʠ, ʘ ʡ ʚʽʜʩʪʝʞʫʚʘʪʠ 

ʜʠʥʘʤʽʢʫ ʟʤʽʥ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʪʨʘʪʝʛʽʾ ʚʽʜʥʦʚʣʝʥʥʷ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʫ 

ʋʢʨʘʾʥʠ [2]. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʥʘ ʟʝʤʝʣʴʥʽ ʨʝʩʫʨʩʠ ɿʘʧʦʨʽʟʴʢʦʾ ʦʙʣʘʩʪʽ 

ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʩʫʯʘʩʥʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ. ɿʦʢʨʝʤʘ, 

ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ SAS.Planet. ʇʨʦʛʨʘʤʘ ʥʘʜʘʻ ʜʦʩʪʫʧ ʜʦ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʜʦʟʚʦʣʷʶʯʠ ʧʨʦʚʦʜʠʪʠ ʾʭ ʘʥʘʣʽʟ ʪʘ 

ʢʘʨʪʦʛʨʘʬʽʯʥʫ ʽʥʪʝʨʧʨʝʪʘʮʽʶ. ʅʘ ʦʪʨʠʤʘʥʠʭ ʟʥʽʤʢʘʭ ʧʨʠʬʨʦʥʪʦʚʠʭ ʪʝʨʠʪʦʨʽʡ ʯʽʪʢʦ 

ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʥʘʩʣʽʜʢʠ ʙʦʡʦʚʠʭ ʜʽʡ. ɺʠʜʥʦ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʭʽʤʽʯʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ, ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ, ʘ ʪʘʢʦʞ ʯʠʩʣʝʥʥʽ ʚʠʨʚʠ, ʫʪʚʦʨʝʥʽ ʚʥʘʩʣʽʜʦʢ 

ʘʨʪʠʣʝʨʽʡʩʴʢʠʭ ʦʙʩʪʨʽʣʽʚ. 

ʂʘʨʪʦʛʨʘʬʽʯʥʠʡ ʤʘʪʝʨʽʘʣ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʧʦʰʢʦʜʞʝʥʽ ʜʽʣʷʥʢʠ ʪʘ ʾʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʚ ʩʝʨʝʜʦʚʠʱʽ QGIS. ɼʣʷ ʦʮʽʥʢʠ ʟʤʽʥ ʫ ʨʦʩʣʠʥʥʦʤʫ 

ʧʦʢʨʠʚʽ ʟʘʩʪʦʩʦʚʘʥʦ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ Sentinel-2. ʅʘ ʾʭ ʦʩʥʦʚʽ 

ʩʪʚʦʨʝʥʦ ʮʠʬʨʦʚʽ ʢʘʨʪʠ ʨʦʟʧʦʜʽʣʫ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ (NDVI) ʟʘ ʣʽʪʥʽ ʧʝʨʽʦʜʠ 2021 ʪʘ 

2023 ʨʦʢʽʚ. 

ɸʥʘʣʽʟ ʟʦʙʨʘʞʝʥʴ 2021 ʨʦʢʫ (ʨʠʩ. 1) ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʯʽʪʢʦ ʦʢʨʝʩʣʝʥʠʭ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʟ ʚʠʩʦʢʦʶ ʘʢʪʠʚʥʽʩʪʶ ʬʦʪʦʩʠʥʪʝʟʫ. ʆʢʨʝʤʽ ʜʽʣʷʥʢʠ, ʜʝ ʚʞʝ 

ʟʽʙʨʘʣʠ ʚʨʦʞʘʡ, ʤʘʶʪʴ ʦʟʥʘʢʠ ʚʽʜʢʨʠʪʦʛʦ ˇʨʫʥʪʫ ʟʛʽʜʥʦ ʟ NDVI-ʢʣʘʩʠʬʽʢʘʮʽʻʶ. ʅʘ ʤʘʧʽ 



ʉɽʂʎɯʗ - ɸʂʊʋɸʃʔʅɯ ʇʈʆɹʃɽʄʀ ɽʂʆʃʆɻɯɰ, ɹɯʆʃʆɻɯɰ ʊɸ ɿɸʍʀʉʊʋ ɼʆɺʂɯʃʃʗ  

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 
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ʪʘʢʦʞ ʚʠʜʥʦ ʪʝʨʠʪʦʨʽʾ, ʷʢʽ ʧʝʨʝʙʫʚʘʣʠ ʧʽʜ ʧʘʨʦʤ ʘʙʦ ʚʽʜʥʦʚʣʶʚʘʣʠʩʷ ʧʽʩʣʷ ʟʙʦʨʫ 

ʚʨʦʞʘʶ. ɺʦʥʠ ʧʦʟʥʘʯʝʥʽ ʥʘ ʤʘʧʽ ʟʤʽʰʘʥʠʤʠ ʢʣʘʩʘʤʠ ʱʽʣʴʥʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ, 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʧʨʠʨʦʜʥʠʭ ʣʘʥʜʰʘʬʪʽʚ, ʟʦʢʨʝʤʘ ʩʪʝʧʽʚ ʽ ʣʫʢʽʚ. 

ʈʠʩʫʥʦʢ 1  ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ 2021 ʨʦʢʫ (ʣʽʚʦʨʫʯ)  

ʪʘ 2023 ʨʦʢʫ 

 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ 2021 ʨʦʢʦʤ, ʣʽʪʥʽ ʟʥʽʤʢʠ 2023 ʨʦʢʫ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ 

ʽʥʜʝʢʩʫ NDVI ʥʘ ʙʽʣʴʰʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʜʽʣʷʥʦʢ. ʊʘʢʠʡ ʨʝʟʫʣʴʪʘʪ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʟʤʝʥʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʟʘ ʧʨʷʤʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʫʥʘʩʣʽʜʦʢ ʙʦʡʦʚʠʭ ʜʽʡ. 

ɹʽʣʴʰʽʩʪʴ ʫʛʽʜʴ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʤʽʰʘʥʽ ʢʣʘʩʠ ʱʽʣʴʥʦʩʪʽ ʨʦʩʣʠʥʥʦʩʪʽ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʨʦʮʝʩ 

ʧʨʠʨʦʜʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʙʝʟ ʘʢʪʠʚʥʦʛʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʆʢʨʽʤ ʦʧʪʠʯʥʠʭ ʜʘʥʠʭ Sentinel-2, ʜʣʷ ʘʥʘʣʽʟʫ ʟʤʽʥ ʨʝʣʴʻʬʫ ʟʘʩʪʦʩʦʚʘʥʦ ʨʘʜʘʨʥʽ 

ʟʥʽʤʢʠ Sentinel-1. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʮʠʬʨʦʚʽ 3D-ʤʦʜʝʣʽ ʧʦʚʝʨʭʥʽ ʽʟ 

ʩʝʨʝʜʥʴʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 10 ʤ/ʧʽʢʩʝʣʴ. ɼʘʥʽ ʨʘʜʘʨʥʦʾ ʟʡʦʤʢʠ 

ʦʥʦʚʣʶʶʪʴʩʷ ʢʦʞʥʽ 6ï12 ʜʥʽʚ ʪʘ ʜʦʩʪʫʧʥʽ ʯʝʨʝʟ ʧʣʘʪʬʦʨʤʫ Copernicus Open Hub 

Access [3]. 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʦʨʽʚʥʷʥʥʷ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʚʠʩʦʪ 2022 ʪʘ 2024 ʨʦʢʽʚ ʻ ʨʘʩʪʨ ʟʤʽʥ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ  (ʨʠʩ. 2). ʅʘ ʨʘʩʪʨʽ ʚʽʜʦʙʨʘʞʝʥʦ ʚʝʨʪʠʢʘʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ ʨʝʣʴʻʬʫ, 

ʟʦʢʨʝʤʘ ʟʦʥʠ ʧʨʦʩʽʜʘʥʥʷ ʪʘ ʧʽʜʥʷʪʪʷ. ɺʽʟʫʘʣʽʟʘʮʽʷ ʮʠʭ ʟʤʽʥ ʜʘʻ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʥʘʩʣʽʜʢʠ 

ʜʚʦʭ ʨʦʢʽʚ ʘʢʪʠʚʥʠʭ ʙʦʡʦʚʠʭ ʜʽʡ (ʣʶʪʠʡ 2022 ï ʣʶʪʠʡ 2024) ʪʘ ʚʠʟʥʘʯʠʪʠ ʪʝʨʠʪʦʨʽʾ, ʱʦ 

ʟʘʟʥʘʣʠ ʥʘʡʙʽʣʴʰʦʛʦ ʚʧʣʠʚʫ ʚʽʡʩʴʢʦʚʠʭ ʬʘʢʪʦʨʽʚ. 

ʈʠʩʫʥʦʢ 2 ï ɸʥʘʣʽʟ ʟʤʽʥ ʚʠʩʦʪʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʧʝʨʽʦʜ ʟ 2022 ʜʦ 2024 ʨʦʢʫ 

 

ɼʣʷ ʦʮʽʥʢʠ ʟʤʽʥ ʨʝʣʴʻʬʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʟʦʥʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ, ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ ʨʦʟʧʦʜʽʣ ʧʣʦʱ ʟʘ ʢʣʘʩʘʤʠ 

ʜʝʬʦʨʤʘʮʽʾ (ʨʠʩ. 3). 

ʆʢʨʽʤ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ, ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ 

ʧʨʠʨʦʜʥʽ ʬʘʢʪʦʨʠ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠʨʦʜʥʽ ʷʚʠʱʘ, ʪʘʢʽ ʷʢ ʟʩʫʚʠ, ʧʽʜʪʦʧʣʝʥʥʷ ʪʘ ʝʨʦʟʽʷ 

ˇʨʫʥʪʽʚ, ʪʘʢʦʞ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ. 
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ʈʠʩʫʥʦʢ 3 ï ɿʦʥʘʣʴʥʘ ʩʪʘʪʠʩʪʠʢʘ ʜʝʬʦʨʤʘʮʽʾ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (ʧʝʨʰʽ 10 ʜʽʣʷʥʦʢ) 

 

ʆʜʥʘʢ, ʟʚʘʞʘʶʯʠ ʥʘ ʨʽʚʥʠʥʥʠʡ ʭʘʨʘʢʪʝʨ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʪʘ ʚʽʜʥʦʩʥʦ 

ʢʦʨʦʪʢʠʡ ʯʘʩʦʚʠʡ ʧʨʦʤʽʞʦʢ ʫ ʜʚʘ ʨʦʢʠ ʤʽʞ ʘʥʘʣʽʟʦʚʘʥʠʤʠ ʟʥʽʤʢʘʤʠ, ʥʘʡʙʽʣʴʰ 

ʡʤʦʚʽʨʥʦʶ ʧʨʠʯʠʥʦʶ ʟʘʬʽʢʩʦʚʘʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʻ ʩʘʤʝ ʙʦʡʦʚʽ ʜʽʾ. 

ɿʥʘʯʥʠʡ ʦʙʩʷʛ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʽʥʪʝʛʨʦʚʘʥʦ ʜʦ ɻɯʉ ʫ ʚʠʛʣʷʜʽ ʘʪʨʠʙʫʪʠʚʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʢʦʥʪʫʨʘʤʠ ʜʦʩʣʽʜʞʝʥʠʭ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ. ʋ ʨʝʟʫʣʴʪʘʪʽ, ʚ 

ʧʦʻʜʥʘʥʥʽ ʟ ʽʥʰʠʤʠ ʢʘʨʪʦʛʨʘʬʽʯʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʝʣʝʢʪʨʦʥʥʫ ʢʘʨʪʫ ʫ 

ʬʦʨʤʘʪʽ Leaflet, ʜʦʩʪʫʧʥʫ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʪʘ ʘʥʘʣʽʟʫ ʥʘ ʚʝʙ-ʛʝʦʧʦʨʪʘʣʽ ʟʘ ʧʦʩʠʣʘʥʥʷʤ: 

http://detep.info/Mironov/ECOGIS_ZP_200524/index.html 

ʇʫʙʣʽʢʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʘʨʪ ʥʘ ʚʝʙ-

ʧʣʘʪʬʦʨʤʘʭ (ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ Leaflet ʯʠ ArcGIS Online) ʩʧʨʠʷʪʠʤʝ ʜʦʩʪʫʧʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʜʦʩʣʽʜʥʠʢʽʚ, ʜʝʨʞʘʚʥʠʭ ʦʨʛʘʥʽʚ ʽ ʛʨʦʤʘʜʩʴʢʦʩʪʽ. 

ʉʫʯʘʩʥʽ ʮʠʬʨʦʚʽ ɻɯʉ-ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʟʤʽʥ ʫ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʘʭ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʰʚʠʜʢʫ ʡ ʪʦʯʥʫ ʦʙʨʦʙʢʫ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ 

ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʽʟ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ. ɺʦʥʠ ʜʘʶʪʴ ʟʤʦʛʫ ʥʝ ʣʠʰʝ ʦʮʽʥʶʚʘʪʠ 

ʤʘʩʰʪʘʙʠ ʧʦʰʢʦʜʞʝʥʴ, ʘ ʡ ʚʠʟʥʘʯʘʪʠ ʧʨʽʦʨʠʪʝʪʥʽ ʪʝʨʠʪʦʨʽʾ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ. ɿʘʚʜʷʢʠ 

ɻɯʉ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʪʝʨʠʪʦʨʽʾ, ʷʢʽ ʟʘʣʠʰʘʶʪʴʩʷ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʘʛʨʘʨʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʽʣʷʥʢʠ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʨʝʤʝʜʽʘʮʽʾ ʘʙʦ ʢʦʥʩʝʨʚʘʮʽʾ. ʊʘʢʽ ʜʘʥʽ 

ʚʘʞʣʠʚʽ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʫ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʙʦʡʦʚʠʭ ʜʽʡ.  

ɻɯʉ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʢʘʨʪʦʛʨʘʬʫʚʘʪʠ ʧʦʰʢʦʜʞʝʥʥʷ ʟʝʤʝʣʴ, ʘ ʡ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ 

ʧʨʦʮʝʩ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʧʨʦʩʪʦʨʦʚʦʾ ʩʪʘʪʠʩʪʠʢʠ ʤʦʞʝ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʦʮʽʥʢʠ 

ʩʪʘʥʫ ˇʨʫʥʪʽʚ. ɸʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʾʭʥʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ. ʅʝʟʘʙʘʨʦʤ ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʪʽʩʥʠʪʠ ʪʨʘʜʠʮʽʡʥʽ 

ʧʽʜʭʦʜʠ ʜʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʝʤʝʣʴ. 

ʈʦʟʚʠʪʦʢ ʮʠʬʨʦʚʠʭ ʤʝʪʦʜʽʚ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʩʧʨʠʷʻ ʚʧʨʦʚʘʜʞʝʥʥʶ ʥʦʚʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʟʝʤʝʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʚ ʫʤʦʚʘʭ 

ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʢʣʠʢʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʟʙʝʨʝʞʝʥʥʽ ʜʦʚʢʽʣʣʷ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥʠ. 
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ɸʤʽʨʦʚ ʄ.ɻ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 183 ʊʝʭʥʦʣʦʛʽʾ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʦʣʝʩʥʠʢ ɺ.ɽ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʡ 

ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʊɽʇʃʆɿɹɽʈɽɾɽʅʅʗ ɺ ʃʖɼʉʔʂʀʍ ʇʆʄɽʐʂɸʅʅʗʍ  

ʇɯɼ ʏɸʉ ʅɸɼɿɺʀʏɸʎʅʀʍ ʉʀʊʋɸʎɯʁ  

 

ʅʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ, ʷʢ ʧʨʠʨʦʜʥʦʛʦ, ʪʘʢ ʽ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʙʦʡʦʚʠʭ ʜʽʡ, ʯʘʩʪʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʨʠʧʠʥʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ 

ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʣʶʜʩʴʢʠʭ ʧʦʤʝʰʢʘʥʴ (ʛʨʦʤʘʜʩʴʢʠʭ ʘʙʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʙʫʜʠʥʢʽʚ) 

ʝʣʝʢʪʨʠʢʦʶ ʯʠ ʛʘʟʦʤ.  

ʆʪʞʝ, ʥʘ ʯʘʩ ʣʽʢʚʽʜʘʮʽʾ ʘʚʘʨʽʡ ʯʠ ʨʫʡʥʫʚʘʥʴ ʜʘʭʽʚ, ʧʦʚʝʨʭʦʥʴ ʬʘʩʘʜʥʠʭ ʩʪʽʥ, ʚʽʢʦʥ 

ʪʘ ʚʟʘʛʘʣʽ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ, ʩʪʘʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʘ ʝʬʝʢʪʠʚʥʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʪʝʧʣʘ ʚ 

ʧʨʠʤʽʱʝʥʥʷʭ, ʦʩʦʙʣʠʚʦ ʚ ʭʦʣʦʜʥʽ ʧʦʨʠ ʨʦʢʫ, ʱʦ ʻ ʯʘʩʪʢʦʶ ʟʘʛʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ 

ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ, ʨʝʩʫʨʩʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʤʽʩʴʢʠʭ ʞʠʣʠʭ 

ʪʝʨʠʪʦʨʽʡ. 

ɿʘʟʚʠʯʘʡ ʟʙʝʨʝʞʝʥʥʷ ʪʝʧʣʘ ʚ ʙʫʜʠʥʢʘʭ ʚʠʢʦʥʫʶʪʴ ʰʣʷʭʦʤ ʫʪʝʧʣʝʥʥʷ ʨʽʟʥʠʤʠ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʫʩʽʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʜʘʭʽʚ, ʧʦʚʝʨʭʦʥʴ 

ʬʘʩʘʜʥʠʭ ʩʪʽʥ, ʚʽʢʦʥ) ʙʫʜʠʥʢʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʧʦʰʢʦʜʞʝʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʧʦʜʽʡ. ʅʘʧʨʠʢʣʘʜ ʥʘ ʬʘʩʘʜʥʽ ʩʪʽʥʠ ʟʦʚʥʽ ʥʘʢʣʘʜʘʶʪʴ ʰʘʨʠ ʧʽʥʦʧʣʘʩʪʫ ʯʠ ʽʥʰʠʭ ʪʝʧʣʦ-

ʽʟʦʣʷʪʦʨʽʚ. ɺ ʩʝʨʝʜʠʥʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʛʽʧʩʦʢʘʨʪʦʥ, ʧʨʦʙʢʦʚʽ ʪʘ ʽʥʰʽ ʧʦʨʠʩʪʽ ʰʧʘʣʝʨʠ 

ʧʝʚʥʦʾ ʪʦʚʱʠʥʠ. ɼʘʭʠ ʚʩʝʨʝʜʠʥʽ ʥʘʢʨʠʚʘʶʪʴ ʰʘʨʘʤʠ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʰʣʘʢʫ, ʢʝʨʘʤʟʽʪʫ, 

ʜʝʨʝʚʥʦʶ ʪʠʨʩʦʶ, ʤʽʥʝʨʘʣʴʥʦʶ ʚʘʪʦʶ ʪʦʱʦ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʧʦʩʪʘʻ ʟʘʚʜʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʦʯʽʢʫʚʘʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʝʬʝʢʪʫ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʘʨʫ ʧʝʚʥʦʛʦ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʦʙʨʘʥʦʾ ʪʦʚʱʠʥʠ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʧʦʪʨʽʙʥʦ ʦʮʽʥʠʪʠ ʪʝʧʣʦʚʽ ʦʧʦʨʠ ʫʪʚʦʨʝʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. 

ʅʘʛʘʜʘʻʤʦ, ʱʦ ʪʨʘʥʩʤʽʩʽʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʪʦʙʪʦ ʚʪʨʘʪʠ ʪʝʧʣʘ ʯʝʨʝʟ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʠʥʢʽʚ, ʟʦʢʨʝʤʘ ʯʝʨʝʟ ʾʭ ʬʘʩʘʜʥʽ ʩʪʽʥʠ, ʟʘʟʚʠʯʘʡ 

ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʩʝʨʝʜʠʥʽ ʙʫʜʠʥʢʫ ʊ1 ʪʘ ʟʦʚʥʽ ï ʊ2, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʌʫʨôʻ ʜʣʷ ʧʣʘʩʢʦʾ ʩʪʽʥʠ [1, 2]: 

 

 W = lÖSÖ(ʊ1 ï ʊ2)/d, ɺʪ,      (1) 

 

ʜʝ l ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʩʪʽʥʠ, ɺʪ/ʤÖʂ, d ï ʩʫʤʘʨʥʘ ʪʦʚʱʠʥʘ 

ʩʪʽʥʠ, ʤ, S ï ʧʦʚʥʘ ʧʣʦʱʘ, ʯʝʨʝʟ ʷʢʫ ʪʝʧʣʦ ʥʘʜʭʦʜʠʪʴ ʥʘʟʦʚʥʽ; ʨʽʟʥʠʮʷ (ʊ1 ï ʊ2) ʚʠʟʥʘʯʘʻ 

ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʥʦʩ ʪʝʧʣʘ ʫ ʙʽʢ ʭʦʣʦʜʥʦʾ ʩʪʽʥʢʠ, ʪʦʙʪʦ 

ʥʘʟʦʚʥʽ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʪʝʧʣʝʥʥʷ ʬʘʩʘʜʥʦʾ ʩʪʽʥ ʧʝʚʥʠʤʠ ʰʘʨʘʤʠ 

ʪʝʨʤʦʽʟʦʣʷʮʽʾ, ʜʦʮʽʣʴʥʦ ʦʧʝʨʫʚʘʪʠ ʟʥʘʯʝʥʥʷʤ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ: R = d / l, ʤ2Öʂ/ɺʪ [2] ʪʘ 

ʧʠʪʦʤʠʤ ʧʦʢʘʟʥʠʢʦʤ ʪʨʘʥʩʤʽʩʽʾ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟ ʢʦʞʥʦʛʦ ʢʚʘʜʨʘʪʥʦʛʦ ʤʝʪʨʫ ʩʪʽʥʠ: 

U = 1 / R = l / d, ɺʪ/ʤ2Öʂ. 
ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʤʘʪʠʤʝʤʦ ʨʽʚʥʷʥʥʷ ʧʠʪʦʤʦʾ ʪʨʘʥʩʤʽʩʽʾ, ʪʦʙʪʦ ʧʠʪʦʤʦʾ ʚʪʨʘʪʠ ʪʝʧʣʘ ʫ 

ʚʠʛʣʷʜʽ: 

 

W*  = (ʊ1 ï ʊ2)/ R =UÖ (ʊ1 ï ʊ2) , ɺʪ/ʤ
2.   (2) 
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ʗʢ ʧʨʠʢʣʘʜ, ʦʮʽʥʠʤʦ ʪʝʧʣʦʚʠʡ ʦʧʽʨ ʬʘʩʘʜʥʦʾ ʩʪʽʥʠ ʙʫʜʠʥʢʫ, ʥʘʧʨʠʢʣʘʜ, ʪʦʚʱʠʥʦʶ 

d = 0,625 ʤ (ʪʠʧʦʚʘ ʪʦʚʱʠʥʘ ʩʪʽʥʠ ʤʽʩʴʢʦʛʦ, ʚʠʢʦʥʘʥʦʾ ʟ ʩʠʣʽʢʘʪʥʦʾ ʮʝʛʣʠ, ʜʣʷ ʷʢʦʾ 

l = 0,7 ɺʪ/ʤÖʂ). ʗʢ ʫʪʝʧʣʶʚʘʯ ʚʽʟʴʤʝʤʦ ʰʘʨ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ ʪʦʚʱʠʥʦʶ d1 = 0,05 ʤ. ʇʨʠ 

ʛʫʩʪʠʥʽ ʨʝʯʦʚʠʥʠ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ 150 ʢʛ/ʤ3 ʡʦʛʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʷʢ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʨʽʚʥʶʻ l = 0,047 ɺʪ/ʤÖʂ. 

ʊʝʧʣʦʚʽ ʦʧʦʨʠ ʜʚʦʰʘʨʦʚʦʾ ʦʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʪʦʙʪʦ ʽʩʥʫʶʯʦʾ ʬʘʩʘʜʥʦʾ 

ʩʪʽʥʠ + ʫʪʝʧʣʶʚʘʯ, ʦʮʽʥʠʤʦ ʩʧʨʦʱʝʥʦ, ʷʢ ʩʫʤʫ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʮʝʛʣʷʥʦʾ ʩʪʽʥʠ, ʱʦ 

ʜʦʨʽʚʥʶʻ: 

 

R= d / l = 0,625/0,7 = 0,89 ʤ2Öʂ/ɺʪ, (U = 1,12 ɺʪ/ʤ2Öʂ) 

 

ʪʘ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʥʘʢʣʘʜʝʥʦʛʦ ʥʘ ʩʪʽʥʫ ʰʘʨʫ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ: 

 

R1 =  d1 / l1 = 0,05/0,047 = 1,064 ʤ2Öʂ/ɺʪ, (U1 = 0,94 ɺʪ/ʤ
2Öʂ). 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ, ʪʝʧʣʦʚʠʡ ʦʧʽʨ ʜʚʦʰʘʨʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʢʣʘʜʝ: 

 

R1 = R+ R1 = 0,89 + 1,064 = 1,954 ʤ2Öʂ/ɺ, (U1 = 0,512 ɺʪ/ʤ
2Öʂ). 

 

ʈʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ, ʪʝʧʣʦʚʠʡ ʦʧʽʨ ʫʪʝʧʣʝʥʦʾ ʬʘʩʘʜʥʦʾ ʩʪʽʥ ʟʙʽʣʴʰʠʪʴʩʷ ʫ 2,2 

ʨʘʟʠ, ʘ ʧʠʪʦʤʘ ʪʨʘʥʩʤʽʩʽʷ ʪʝʧʣʘ ʥʘ ʢʦʞʥʠʡ 1 ʛʨʘʜʫʩ ʛʨʘʜʽʻʥʪʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʥʘʚʧʘʢʠ, 

ʟʤʝʥʰʠʪʴʩʷ ʫ 2,2 ʨʘʟʠ, ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʚʪʨʘʪʠ ʪʝʧʣʘ ʢʨʽʟʴ ʫʪʝʧʣʝʥʫ ʩʪʽʥʫ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʥʦʾ ʪʨʘʥʩʤʽʩʽʾ ʪʝʧʣʘ ʢʨʽʟʴ ʫʪʝʧʣʝʥʫ ʬʘʩʘʜʥʫ ʩʪʽʥʫ 

ʚ ʧʝʚʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ, ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʢʦʥʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ 

ʦʧʦʨʫ ʦʙʨʘʥʦʛʦ ʫʪʝʧʣʶʚʘʯʘ, ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʽʻʥʪʫ ʪʘ ʧʣʦʱʽ ʩʪʽʥʠ. 

ɿʥʘʯʝʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʦʧʦʨʫ ʢʦʥʩʪʨʫʢʮʽʾ ʩʣʽʜ ʦʙʠʨʘʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʽʩʥʫʶʯʠʭ ʥʦʨʤ, ʘʣʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʥʘʷʚʥʠʭ ʪʠʤʯʘʩʦʚʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ ʫ ʥʘʜʟʚʠʯʘʡʥʽʡ ʩʠʪʫʘʮʽʾ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʗʢ ʨʦʟʨʘʭʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 
ʩʪʽʥʢʠ . URL: https://lutsk.hutsul.cx.ua 

2. ʗʢ ʨʦʟʨʘʭʫʚʘʪʠ ʪʝʧʣʦ-ʦʧʽʨ ʩʪʽʥʠ . URL: http://pro-teplo.in.ua 

  

https://lutsk.hutsul.cx.ua/
http://pro-teplo.in.ua/
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ʋɼʂ 628.16:504   
 

ɿʫʜʽʢʦʚ ɸ.ʆ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 183 ʊʝʭʥʦʣʦʛʽʾ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʄʘʪʫʭʥʦ ʆ.ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪʢʘ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʡ 

ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ)  
 

ɸʅɸʃɯɿ ɿɺʆʈʆʊʅʀʍ ɺʆɼ ʇʆʉʇ çʋʄɸʅʉʔʂʀʁ ʊɽʇʃʀʏʅʀʁ ʂʆʄɹIʅɸʊè 
 

ɽʢʩʧʝʨʠʤʝʥʪ, ʧʨʦʚʝʜʝʥʠʡ ʥʘ ʇʆʉʇ çʋʤʘʥʩʴʢʠʡ ʪʝʧʣʠʯʥʠʡ ʢʦʤʙʽʥʘʪè, ʤʘʚ ʥʘ ʤʝʪʽ 

ʦʮʽʥʠʪʠ ʩʢʣʘʜ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʟʚʦʨʦʪʥʠʭ ʚʦʜ ʪʝʧʣʠʯʥʦʛʦ ʢʦʤʙʽʥʘʪʫ. ɺʠʤʽʨʶʚʘʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʩʢʣʘʜʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ 

ʜʦʢʫʤʝʥʪʽʚ ʪʘ ʤʝʪʦʜʠʢ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ. ʇʨʦʙʠ ʚʦʜʠ ʙʫʣʠ ʚʽʜʽʙʨʘʥʽ ʚʽʜʧʦʚʽʜʥʦ 

ɯʥʩʪʨʫʢʮʽʡ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʙʶʨʝʪʢʘ, ʚʘʛʠ ʣʘʙʦʨʘʪʦʨʥʽ, ʢʦʣʦʨʠʤʝʪʨ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʡ, ʽʦʥʦʤʽʨ ʫʥʽʚʝʨʩʘʣʴʥʠʡ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ (ɻɼʂ) ʪʘ ʟʘʪʚʝʨʜʞʝʥʠʭ ʨʝʛʣʘʤʝʥʪʽʚ ʩʢʠʜʫ (ʪʘʙʣ. 1). 
 

ʊʘʙʣʠʮʷ 1 

ʇʦʢʘʟʥʠʢʠ ʩʢʣʘʜʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜ ʜʣʷ ʨʽʟʥʠʭ ʪʦʯʦʢ ʚʽʜʙʦʨʫ (ʟʚʦʨʦʪʥʽ ʚʦʜʠ ˉ 1 5): 

ʇʦʢʘʟʥʠʢ 
ʆʜʠʥʠʮʷ 

ʚʠʤʽʨʶʚʘʥʥʷ 

ɿʚʦʨʦʪʥʽ 

ʚʦʜʠ ˉ1 

ɿʚʦʨʦʪʥʽ 

ʚʦʜʠ ˉ2 

ɿʚʦʨʦʪʥʽ 

ʚʦʜʠ ˉ3 

ɿʚʦʨʦʪʥʽ 

ʚʦʜʠ ˉ4 

ɿʚʦʨʦʪʥʽ 

ʚʦʜʠ ˉ5 

ɿʘʚʠʩʣʽ ʨʝʯʦʚʠʥʠ ʤʛ/ʜʤį 25 38 41 49 51 

ʍʣʦʨʠʜ ʽʦʥʠ ʤʛ/ʜʤį 110 112 121 124 127 

ɸʟʦʪ ʘʤʦʥʽʡʥʠʡ ʤʛ/ʜʤį 6,5 10,2 11,8 10 12 

ʌʦʩʬʘʪʠ ʤʛ/ʜʤį 5,7 8,2 9 8,9 8,5 

ʍʉʂ ʤʛʆ2/ʜʤį 76 89 91 94 89 

ɺʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ ʦʜ.ʨʅ 7,5 7,8 7,9 7,8 7,6 

ɹʉʂ5 ʤʛʆ2/ʜʤį 36 45 47 49 43 

ʅʘʬʪʦʧʨʦʜʫʢʪʠ ʤʛ/ʜʤį 0,03 0,04 0,05 0,05 0,05 

ʅʽʪʨʠʪ-ʽʦʥʠ ʤʛ/ʜʤį 1,8 2,1 2 2,3 2 

ʅʽʪʨʘʪ-ʽʦʥʠ ʤʛ/ʜʤį 6 20 22 21 20 

ʉʫʣʴʬʘʪʠ ʤʛ/ʜʤį 59 59 61 62 61 

ɿʘʣʽʟʦ ʤʛ/ʜʤį 0,03 0,05 0,05 0,04 0,04 

ʉʫʭʠʡ ʟʘʣʠʰʦʢ ʤʛ/ʜʤį 605 651 670 675 670 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ: 

1. ɿʘʚʠʩʣʽ ʨʝʯʦʚʠʥʠ: ʅʘʡʥʠʞʯʠʡ ʨʽʚʝʥʴ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ ʙʫʚ ʟʘʬʽʢʩʦʚʘʥʠʡ ʫ 

ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ ˉ1 (25 ʤʛ/ʜʤį), ʘ ʥʘʡʚʠʱʠʡ - ʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ ˉ5 (51 ʤʛ/ʜʤį). ɺʤʽʩʪ 

ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ ʚʘʨʽʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ. 

- ʍʣʦʨʠʜ ʽʦʥʠ: ʂʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʽʚ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 110 ʤʛ/ʜʤį ʫ ʟʚʦʨʦʪʥʠʭ 
ʚʦʜʘʭ ˉ1 ʜʦ 127 ʤʛ/ʜʤį ʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ ˉ5. ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʭʣʦʨʠʜʽʚ ʤʦʞʝ ʙʫʪʠ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʦʣʝʡ ʫ ʧʨʦʮʝʩʽ ʪʝʧʣʠʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

- ɸʟʦʪ ʘʤʦʥʽʡʥʠʡ: ɺʤʽʩʪ ʘʟʦʪʫ ʘʤʦʥʽʡʥʦʛʦ ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ 6,5 ʤʛ/ʜʤį ʫ ʟʚʦʨʦʪʥʠʭ 
ʚʦʜʘʭ ˉ1 ʜʦ 12 ʤʛ/ʜʤį ʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ ˉ5. ɸʟʦʪ ʘʤʦʥʽʡʥʠʡ ʻ ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ, ʽ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʢʦʥʪʨʦʣʴʦʚʘʥʘ. 

- ʌʦʩʬʘʪʠ: ʂʦʥʮʝʥʪʨʘʮʽʷ ʬʦʩʬʘʪʽʚ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 5,7 ʤʛ/ʜʤį ʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ 
ˉ1 ʜʦ 9 ʤʛ/ʜʤį ʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ ˉ3. ʌʦʩʬʘʪʠ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʝʚʪʨʦʬʽʢʘʮʽʾ ʚʦʜʥʠʭ 

ʦʙ'ʻʢʪʽʚ, ʪʦʤʫ ʾʭ ʨʽʚʝʥʴ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʥʠʞʝʥʠʡ. 

- ʍʉʂ (ʭʽʤʽʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʢʠʩʥʶ): ʍʉʂ ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ 76 ʤʛʆ2/ʜʤį ʫ ʟʚʦʨʦʪʥʠʭ 

ʚʦʜʘʭ ˉ1 ʜʦ 94 ʤʛʆ2/ʜʤį ʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ ˉ4. ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʍʉʂ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʘʷʚʥʽʩʪʴ ʦʨʛʘʥʽʯʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʫ ʚʦʜʽ. 

- ɺʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ (ʨʅ): ʨʅ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 7,5 ʜʦ 7,9, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 



ʉɽʂʎɯʗ - ɸʂʊʋɸʃʔʅɯ ʇʈʆɹʃɽʄʀ ɽʂʆʃʆɻɯɰ, ɹɯʆʃʆɻɯɰ ʊɸ ɿɸʍʀʉʊʋ ɼʆɺʂɯʃʃʗ  

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 
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ʥʝʡʪʨʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʫ. ʅʝʡʪʨʘʣʴʥʠʡ ʨʅ ʻ ʩʧʨʠʷʪʣʠʚʠʤ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʙʽʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ. 

- ɹʉʂ5 (ʙʽʦʭʽʤʽʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʢʠʩʥʶ): ɹʉʂ5 ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ 36 ʤʛʆ2/ʜʤį ʫ 

ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ ˉ1 ʜʦ 49 ʤʛʆ2/ʜʤį ʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ ˉ4. ɹʉʂ5 ʻ ʧʦʢʘʟʥʠʢʦʤ 

ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ, ʽ ʡʦʛʦ ʨʽʚʝʥʴ ʧʦʚʠʥʝʥ ʙʫʪʠ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ. 

- ʅʘʬʪʦʧʨʦʜʫʢʪʠ: ʂʦʥʮʝʥʪʨʘʮʽʷ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,03 ʤʛ/ʜʤį ʫ 
ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ ˉ1 ʜʦ 0,05 ʤʛ/ʜʤį ʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ ˉ5. ʅʠʟʴʢʠʡ ʨʽʚʝʥʴ 

ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ. 

- ʅʽʪʨʠʪ-ʽʦʥʠ: ʂʦʥʮʝʥʪʨʘʮʽʷ ʥʽʪʨʠʪ-ʽʦʥʽʚ ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ 1,8 ʤʛ/ʜʤį ʫ ʟʚʦʨʦʪʥʠʭ 

ʚʦʜʘʭ ˉ1 ʜʦ 2,3 ʤʛ/ʜʤį ʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ ˉ4. ʅʽʪʨʠʪʠ ʻ ʪʦʢʩʠʯʥʠʤʠ ʜʣʷ ʚʦʜʥʠʭ 

ʦʨʛʘʥʽʟʤʽʚ, ʪʦʤʫ ʾʭ ʨʽʚʝʥʴ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʥʠʞʝʥʠʡ. 

- ʅʽʪʨʘʪ-ʽʦʥʠ: ɺʤʽʩʪ ʥʽʪʨʘʪ-ʽʦʥʽʚ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 6 ʤʛ/ʜʤį ʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ ˉ1 ʜʦ 

22 ʤʛ/ʜʤį ʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ ˉ3. ʅʽʪʨʘʪʠ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʝʚʪʨʦʬʽʢʘʮʽʾ ʚʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ, 

ʪʦʤʫ ʾʭ ʨʽʚʝʥʴ ʧʦʚʠʥʝʥ ʙʫʪʠ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ. 

- ʉʫʣʴʬʘʪʠ: ʂʦʥʮʝʥʪʨʘʮʽʷ ʩʫʣʴʬʘʪʽʚ ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ 59 ʤʛ/ʜʤį ʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ 
ˉ1 ʜʦ 62 ʤʛ/ʜʤį ʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ ˉ4. ʉʫʣʴʬʘʪʠ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʩʤʘʢ ʚʦʜʠ ʪʘ ʾʾ 

ʢʦʨʦʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

- ɿʘʣʽʟʦ: ɺʤʽʩʪ ʟʘʣʽʟʘ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,03 ʤʛ/ʜʤį ʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ ˉ1 ʜʦ 0,05 
ʤʛ/ʜʤį ʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ ˉ2 ʪʘ ˉ3. ɿʘʣʽʟʦ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʢʦʣʽʨ ʚʦʜʠ ʪʘ ʾʾ ʩʤʘʢʦʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. 

- ʉʫʭʠʡ ʟʘʣʠʰʦʢ: ʉʫʭʠʡ ʟʘʣʠʰʦʢ ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ 605 ʤʛ/ʜʤį ʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ ˉ1 
ʜʦ 675 ʤʛ/ʜʤį ʫ ʟʚʦʨʦʪʥʠʭ ʚʦʜʘʭ ˉ4. ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʫʭʦʛʦ ʟʘʣʠʰʢʫ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʘʷʚʥʽʩʪʴ ʨʦʟʯʠʥʝʥʠʭ ʩʦʣʝʡ ʫ ʚʦʜʽ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʽʚ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʟʘʙʨʫʜʥʶʚʘʯʽʚ, ʷʢʽ 

ʧʦʪʨʽʙʥʦ ʚʠʜʘʣʠʪʠ, ʘ ʪʘʢʦʞ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɯʥʥʦʚʘʮʽʡʥʠʤ ʤʝʪʦʜʦʤ 

ʜʣʷ ʦʙʨʦʙʢʠ ʟʚʦʨʦʪʥʠʭ ʚʦʜ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʤʦʞʝ ʟʥʘʯʥʦ 

ʟʤʽʥʠʪʠ ʾʭ ʩʢʣʘʜ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʩʘʤʝ: ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ; 

ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ; ʟʥʠʞʝʥʥʷ ʙʽʦʭʽʤʽʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʢʠʩʥʶ (ɹʉʂ5); ʟʥʠʞʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ; ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʽʪʨʠʪ-ʽʦʥʽʚ ʪʘ ʥʽʪʨʘʪ-ʽʦʥʽʚ; 

ɿʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʣʴʬʘʪʽʚ; ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʭʦʛʦ ʟʘʣʠʰʢʫ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ ʷʢʦʩʪʽ ʟʚʦʨʦʪʥʠʭ ʚʦʜ ʇʆʉʇ çʋʤʘʥʩʴʢʠʡ ʪʝʧʣʠʯʥʠʡ 

ʢʦʤʙʽʥʘʪè ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ. ɺʦʜʘ ʤʽʩʪʠʪʴ ʨʽʟʥʽ ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ. 

ɼʝʷʢʽ ʧʦʢʘʟʥʠʢʠ ʧʝʨʝʚʠʱʫʶʪʴ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʽ ʢʦʥʮʝʥʪʨʘʮʽʾ (ɻɼʂ), ʱʦ ʤʦʞʝ 

ʩʚʽʜʯʠʪʠ ʧʨʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ. ɺʠʷʚʣʝʥʦ ʧʝʨʝʚʠʱʝʥʥʷ ʜʦʧʫʩʪʠʤʠʭ ʥʦʨʤ ʜʣʷ ʟʘʚʠʩʣʠʭ 

ʨʝʯʦʚʠʥ, ʭʣʦʨʠʜ ʽʦʥʽʚ, ʘʟʦʪʫ ʘʤʦʥʽʡʥʦʛʦ, ʬʦʩʬʘʪʽʚ, ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʥʽʪʨʠʪ-ʽʦʥʽʚ, ʥʽʪʨʘʪ-

ʽʦʥʽʚ, ʩʫʣʴʬʘʪʽʚ ʪʘ ʟʘʣʽʟʘ ʚ ʜʝʷʢʠʭ ʧʨʦʙʘʭ. ʎʝ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʜʞʝʨʝʣ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʫʩʫʥʝʥʥʷ. ʅʝʦʙʭʽʜʥʦ ʚʞʠʪʠ 

ʟʘʭʦʜʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʾʾ ʷʢʦʩʪʽ. ʈʝʛʫʣʷʨʥʠʡ 

ʤʦʥʽʪʦʨʠʥʛ ʷʢʦʩʪʽ ʚʦʜʠ ʜʦʧʦʤʦʞʝ ʩʚʦʻʯʘʩʥʦ ʚʠʷʚʣʷʪʠ ʟʤʽʥʠ ʪʘ ʚʞʠʚʘʪʠ ʥʝʦʙʭʽʜʥʠʭ 

ʟʘʭʦʜʽʚ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʜʘʣʴʰʦʤʫ ʟʘʙʨʫʜʥʝʥʥʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʘʚʽʪʘʮʽʡʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ ʟʚʦʨʦʪʥʠʭ ʚʦʜ ʤʦʞʝ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʾʭ ʷʢʽʩʪʴ, ʟʥʠʟʠʪʠ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʪʘ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʠʪʠ ʙʽʦʭʽʤʽʯʥʝ 

ʩʧʦʞʠʚʘʥʥʷ ʢʠʩʥʶ. 
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ʇʝʪʨʝʥʢʦ ɺ.ɺ, ʩʪ. ʛʨ. 183ʤ-23ʥ-1 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʇʘʚʣʠʯʝʥʢʦ ɸ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ)  
 

ɽʂʆʃʆɻɯʏʅɸ ʅɽɹɽɿʇɽʂɸ ɿʆʃʆʐʃɸʂʆɺʀʍ ɺɯɼʍʆɼɯɺ ʊɽʇʃʆɺʀʍ 

ɽʃɽʂʊʈʆʉʊɸʅʎɯʁ 

 

ʗʢʽʩʥʦʛʦ ʚʫʛʽʣʣʷ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʪʝʧʣʦʚʽʡ ʛʝʥʝʨʘʮʽʾ ʥʝ ʚʠʩʪʘʯʘʻ, ʽ ʙʽʣʴʰʽʩʪʴ 

ʩʪʘʥʮʽʡ ʧʨʘʮʶ ̒ʥʘ ʧʘʣʠʚʽ ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ. ʇʨʠ ʩʧʘʣʶʚʘʥʽ ʚʫʛʽʣʣʷ ʟ ʚʠʩʦʢʦʶ ʟʦʣʴʥʽʩʪʶ ʚ 

ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʨʘʟʦʤ ʟ ʚʠʢʠʜʘʤʠ ʧʦʪʨʘʧʣʷʻ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʨʝʯʦʚʠʥ, ʷʢʽ, ʧʦʪʨʘʧʣʷʶʯʠ ʚ ʘʪʤʦʩʬʝʨʫ, ʚʠʢʣʠʢʘʶʪʴ ʚʠʧʘʜʘʥʥʷ ʢʠʩʣʦʪʥʠʭ ʜʦʱʽʚ ʽ 

ʧʽʜʩʠʣʶʶʪʴ ʧʘʨʥʠʢʦʚʠʡ ʝʬʝʢʪ [1-3]. 

ɺʽʜʭʦʜʠ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʚʫʛʽʣʴʥʠʭ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ 

(ʊɽʉ), ʫ ʚʠʛʣʷʜʽ ʟʦʣʠ ʪʘ ʰʣʘʢʫ, ʨʦʟʤʽʱʫʶʪʴʩʷ ʫ ʟʦʣʦʚʽʜʚʘʣʘʭ. ɿʦʣʦʚʽʜʚʘʣʠ ʻ ʩʝʨʡʦʟʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ï ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ. ʉʢʣʘʜʫʚʘʥʥʷ ʟʦʣʠ ʧʦʨʫʰʫʻ ʝʢʦʣʦʛʽʯʥʠʡ ʙʘʣʘʥʩ ʪʝʨʠʪʦʨʽʡ. 

ɼʦ ʯʠʩʣʘ ʥʘʡʛʦʣʦʚʥʽʰʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʽ 

ʨʦʟʤʽʱʝʥʥʽ ʟʦʣʦʰʣʘʢʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: ʥʘʢʦʧʠʯʝʥʥʷ ʪʦʢʩʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʫ ʧʨʦʜʫʢʪʘʭ ʩʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʣʷ; ʨʦʟʤʽʱʝʥʥʷ ʚʽʜʚʘʣʽʚ ʥʘ ʪʝʨʠʪʦʨʽʷʭ, ʱʦ ʧʨʠʣʷʛʘʶʪʴ ʜʦ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ; ʧʦʪʨʘʧʣʷʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ, 

ʧʦʚʝʨʭʥʝʚʽ ʽ ʧʽʜʟʝʤʥʽ ʚʦʜʠ, ʟʝʤʝʣʴʥʽ ʨʝʩʫʨʩʠ, ˇʨʫʥʪʠ ʪʦʱʦ; ʚʽʜʚʝʜʝʥʥʷ ʪʘ ʚʪʨʘʪʘ ʟʥʘʯʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʜʣʷ ʩʧʦʨʫʜʞʝʥʥʷ ʟʦʣʦʚʽʜʚʘʣʽʚ; ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ 

ʟʘʩʪʘʨʽʣʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ; 

ʥʠʟʴʢʠʡ ʚʽʜʩʦʪʦʢ ʫʪʠʣʽʟʘʮʽʾ ʟʦʣʠ ʪʘ ʰʣʘʢʽʚ ʚ ʷʢʦʩʪʽ ʪʦʚʘʨʥʦʾ ʧʨʦʜʫʢʮʽʾ [4-6]. 

ʊʦʤʫ ʜʫʞʝ ʘʢʪʫʘʣʴʥʦʶ ʥʘ ʩʴʦʛʦʜʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʨʘʮʽʦʥʘʣʴʥʦʾ ʫʪʠʣʽʟʘʮʽʾ 

ʪʘ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʷʢʽ ʤʘʶʪʴ ʭʦʨʦʰʫ 

ʧʝʨʩʧʝʢʪʠʚʫ ʜʣʷ ʰʠʨʦʢʦʛʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʚʠʨʽʰʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʧʨʦʙʣʝʤ, 

ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʆʩʥʦʚʥʠʤʠ ʟʘʜʘʯʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ: ʚʠʟʥʘʯʝʥʥʷ ʨʝʘʣʴʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʟʦʥʽ ʨʦʟʤʽʱʝʥʥʷ ʧʠʣʦʧʦʜʽʙʥʠʭ ʚʽʜʭʦʜʽʚ ʊɽʉ; ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʦʟʩʽʶʚʘʥʥʷ ʚʠʢʠʜʽʚ, ʱʦʙ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʦʙʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʟʘʭʦʜʠ, 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ ʪʘ ʥʽʚʝʣʶʚʘʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʟʦʣʦʰʣʘʢʦʚʠʭ ʚʽʜʭʦʜʽʚ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ɿʦʣʦʰʣʘʢʦʚʽ ʚʽʜʭʦʜʠ ʟʘ ʭʽʤʽʯʥʠʤ ʪʘ ʤʽʥʝʨʘʣʦʛʽʯʥʦʤʫ ʩʢʣʘʜʦʤ ʙʘʛʘʪʦ ʚ ʯʦʤʫ 

ʽʜʝʥʪʠʯʥʽ ʤʽʥʝʨʘʣʴʥʽʡ ʩʠʨʦʚʠʥ.̔ ɺʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʙʫʜʽʚʝʣʴʥʽʡ ʽʥʜʫʩʪʨʽʾ 

ʪʘ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ï ʦʜʠʥ ʟ ʩʪʨʘʪʝʛʽʯʥʠʭ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ 

ʧʨʦʙʣʝʤʠ ʚ ʟʦʥʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊɽʉ. ʐʣʘʢʠ ʽ ʟʦʣʠ ʤʘʶʪʴ ʭʦʨʦʰʫ ʧʝʨʩʧʝʢʪʠʚʫ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟ ʤʝʪʦʶ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ, ʪʦʙʪʦ ʚʠʨʽʰʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ 

ʧʨʦʙʣʝʤ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʟʙʝʨʝʞʝʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʢʦʣʴʦʨʦʚʠʭ, ʨʽʜʢʽʩʥʠʭ ʤʝʪʘʣʽʚ 

ʪʘ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʊʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʭʦʜʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʜʽʷʣʴʥʦʩʪʽ ʊɽʉ, ʫ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɿʤʝʥʰʝʥʥʷ ʦʙ'ʻʤʽʚ ʨʦʟʤʽʱʝʥʠʭ ʟʦʣʦʰʣʘʢʦʚʠʭ ʚʽʜʭʦʜʽʚ ʟʥʠʟʠʪʴ ʨʽʚʝʥʴ ʚʧʣʠʚʫ ʥʘ 

ʜʦʚʢʽʣʣʷ, ʟʘʙʝʟʧʝʯʠʪʴ ʚʪʦʨʠʥʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʣʠ-ʚʠʥʦʩʫ ʷʢ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʙʫʜʽʚʝʣʴʥʦʾ 

ʛʘʣʫʟʽ. ʈʦʟʨʦʙʣʝʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʣʠ-ʚʠʥʦʩʫ ʷʢ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ 

ʚ ʷʢʦʩʪʽ ʚ'ʷʞʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʟʤʝʥʰʝʥʥʶ 

ʦʙ'ʻʤʽʚ ʚʽʜʚʘʣʽʚ ʊɽʉ. 

ɽʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʦʯʽʢʫʻʪʴʩʷ 

ʧʦʟʠʪʠʚʥʠʤ ʟʘʚʜʷʢʠ ʧʝʨʝʨʦʙʮʽ ʚʽʜʭʦʜʽʚ ʊɽʉ ʪʘ ʧʦʣʽʧʰʝʥʥʶ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙôʻʢʪʽʚ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʟʦʥʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙôʻʢʪʽʚ. 
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ʋɼʂ 504.062:669 

 

ʂʦʨʦʙʢʦ ʉ.ʉ., ʩʪ. ʛʨ. 183ʤ-23ʥ-1 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʇʘʚʣʠʯʝʥʢʦ ɸ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ)  
 

ɽʂʆʃʆɻɯʏʅɯ ʅɸʉʃɯɼʂʀ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ ʄɽʊɸʃʋʈɻɯʁʅʀʍ 

ʇɯɼʇʈʀɭʄʉʊɺ 

 

ʄʝʪʘʣʫʨʛʽʡʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʦʩʥʦʚʦʶ ʝʢʩʧʦʨʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʢʨʘʾʥʠ. 

ɸʣʝ ʚʦʥʘ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʤʘʪʝʨʽʘʣʴʥʠʭ, ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ, 

ʪʨʫʜʦʚʠʭ ʪʘ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʪʘʣʫʨʛʽʻʶ ʽʥʰʠʭ ʢʨʘʾʥ.  

ʄʝʪʘʣʫʨʛʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ï ʩʢʣʘʜʥʝ, ʪʨʫʜʦʤʽʩʪʢʝ ̔ ʟʘʚʜʘʻ ʰʢʦʜʠ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʫ, ʚʢʣʶʯʘʻ ʜʦʙʫʚʘʥʥʷ ʟʘʣʽʟʥʦʾ ʨʫʜʠ, ʚʘʧʥʷʢʫ, ʦʜʝʨʞʘʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʧʘʣʠʚʘ ï ʢʦʢʩʫ, ʧʽʜʛʦʪʦʚʢʫ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ (ʧʦʜʨʽʙʥʝʥʥʷ, ʟʙʘʛʘʯʝʥʥʷ, ʩʦʨʪʫʚʘʥʥʷ ʟʘ 

ʨʦʟʤʽʨʦʤ ʢʫʩʢʽʚ ʪʦʱʦ); ʚʠʧʣʘʚʢʫ ʯʘʚʫʥʫ ʚ ʜʦʤʝʥʥʠʭ ʧʝʯʘʭ, ʡʦʛʦ ʨʦʟʣʠʚʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ 

ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ʅʘ ʜʦʣʶ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʧʨʠʧʘʜʘʻ ʚʽʜ 15 ʜʦ 50% 

ʟʘʛʘʣʴʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʜʦʚʢʽʣʣʷ ʧʨʦʤʠʩʣʦʚʽʩʪʶ [1-3]. 

ʉʫʯʘʩʥʝ ʤʝʪʘʣʫʨʛʽʡʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʦʙ'ʻʜʥʫʻ ʪʘʢʽ ʦʩʥʦʚʥʽ ʚʠʨʦʙʥʠʮʪʚʘ: ʚʠʧʫʩʢ 

ʦʢʘʪʠʰʽʚ ʪʘ ʘʛʣʦʤʝʨʘʪʽʚ, ʢʦʢʩʦʭʽʤʽʯʥʝ, ʜʦʤʝʥʥʝ, ʩʪʘʣʝʧʣʘʚʠʣʴʥʝ ʪʘ ʧʨʦʢʘʪʥʝ, ʪʘʢʦʞ ʤʘʻ 

ʫ ʩʢʣʘʜʽ ʬʝʨʦʩʧʣʘʚʥ,̔ ʚʦʛʥʝʪʨʠʚʢ ̔ʪʘ ʣʠʚʘʨʥʽ ʧʨʦʮʝʩʠ. ʋʩʽ ʚʦʥʠ ʻ ʜʞʝʨʝʣʘʤʠ ʧʨʷʤʦʛʦ ʘʙʦ 

ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

[4, 5]. ʄʝʪʘʣʫʨʛʽʡʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʟʥʘʯʥʠʭ ʪʝʨʠʪʦʨʽʷʭ, ʢʨʽʤ ʪʦʛʦ, ʜʣʷ 

ʨʦʟʤʽʱʝʥʥʷ ʨʽʜʢʠʭ ʪʘ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ ʜʦʜʘʪʢʦʚʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʯʫʞʝʥʥʷ ʟʝʤʝʣʴ. 

ʂʦʥʮʝʥʪʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʘʪʤʦʩʬʝʨʽ ʪʘ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ˇʨʫʥʪʽ ʚ 

ʧʨʦʤʠʩʣʦʚʠʭ ʮʝʥʪʨʘʭ ʋʢʨʘʾʥʠ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʥʦʨʤʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ. ʆʩʥʦʚʥʠʤʠ 

ʟʘʙʨʫʜʥʶʶʯʠʤʠ ʘʪʤʦʩʬʝʨʫ ʨʝʯʦʚʠʥʘʤʠ  ̒ʧʠʣ, ʦʢʩʠʜʠ ʚʫʛʣʝʮʶ ʪʘ ʩʽʨʢʠ. 

ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʽʚ ʪʘ ʻ ʧʦʪʫʞʥʠʤ ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ, ˇʨʫʥʪʫ, ʧʽʜʟʝʤʥʠʭ ʪʘ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʥʝ ʪʽʣʴʢʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ, ʘ ʡ ʟʘ ʡʦʛʦ ʤʝʞʘʤʠ. ʇʨʠ ʮʴʦʤʫ, ʟʛʽʜʥʦ ʥʦʨʤ 

ʜʝʨʞʘʚʥʠʭ ʩʘʥʽʪʘʨʥʠʭ ʧʨʘʚʠʣ ʟʘʙʫʜʦʚʠ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʤʝʪʘʣʫʨʛʽʡʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ɯ ʢʣʘʩʫ ʥʝʙʝʟʧʝʢʠ ʧʽʜʧʨʠʻʤʩʪʚ, ʜʣʷ ʷʢʠʭ ʥʦʨʤʘʪʠʚʥʠʡ ʨʦʟʤʽʨ ʩʘʥʽʪʘʨʥʦ-

ʟʘʭʠʩʥʦʾ ʟʦʥʠ ʚʩʪʘʥʦʚʣʝʥʠʡ ʫ ʨʦʟʤʽʨʽ 1000 ʤ. ʌʘʢʪʠʯʥʦ ʞ ʚʽʜʩʪʘʥʴ ʜʦ ʞʠʣʠʭ ʨʘʡʦʥʽʚ 

ʩʢʣʘʜʘʻ 350-400 ʤ, ʘ ʦʪʞʝ ʽʩʥʫʻ ʨʝʘʣʴʥʘ ʟʘʛʨʦʟʘ ʟʜʦʨʦʚ'ʶ ʣʶʜʝʡ, ʷʢʽ ʧʨʦʞʠʚʘʶʪʴ ʚ 

ʨʘʡʦʥʽ, ʦʩʦʙʣʠʚʦ ʫ ʤʝʞʘʭ ʩʘʥʽʪʘʨʥʦ-ʟʘʭʠʩʥʦʾ ʟʦʥʠ. 

ɹʽʣʴʰʽʩʪʴ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʬʫʥʢʮʽʦʥʫʻ ʧʦʥʘʜ 50 ʨʦʢʽʚ, ʪʦʤʫ 

ʦʙʣʘʜʥʘʥʥʷ, ʘ ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʘʧʘʨʘʪʠ ʦʯʠʩʥʠʭ ʩʠʩʪʝʤ,  ̒ʟʘʩʪʘʨʽʣʠʤʠ ʽ ʧʦʪʨʝʙʫʶʪʴ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʝʨʝʦʩʥʘʱʝʥʥʷ. ʉʘʤʝ ʪʦʤʫ, ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ 

ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ: ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤ 

ʦʯʠʱʝʥʥʷ ʛʘʟʦʚʠʭ ʚʠʢʠʜʽʚ, ʩʢʠʜʽʚ ʩʪʽʯʥʠʭ ʚʦʜ, ʨʦʟʨʦʙʢʘ ʽ ʝʢʩʧʣʫʘʪʘʮʽʷ ʥʦʚʠʭ, ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʰʣʘʤʫ ʚ ʷʢʦʩʪʽ 

ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ, ʥʘʜʽʡʥʘ ʫʪʠʣʽʟʘʮʽʷ ʪʦʢʩʠʯʥʠʭ ʚʽʜʭʦʜʽʚ. 
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ʋɼʂ 614.8 

 

ɹʝʜʥʶʢ ʆ.ɺ. ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 263 ʎʠʚʽʣʴʥʘ ʙʝʟʧʝʢʘ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʏʝʙʝʨʷʯʢʦ ʖ.ɯ.., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʦʭʦʨʦʥʠ 

ʧʨʘʮʽ ʪʘ ʮʠʚʽʣʴʥʦʾ ʙʝʟʧʝʢʠ  

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ɸʅɸʃɯɿ ʇɸʈɸʄɽʊʈɯɺ ɺʀɹʋʍʋ ʅɸ ʆʉʅʆɺɯ ʂɸʅʂʋʃʗʊʆʈɸ  ʂɯʅɻɽʈʀ-

ɹʋʃʄɸʐ 

 

ʂʘʣʴʢʫʣʷʪʦʨ ʧʘʨʘʤʝʪʨʽʚ ʚʠʙʫʭʫ Kingery-Bulmash ʨʦʟʨʘʭʦʚʫʻ ʧʘʨʘʤʝʪʨʠ 

ʚʠʙʫʭʦʚʦʾ ʭʚʠʣʽ ʥʘʧʽʚʩʬʝʨʠʯʥʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʚʠʙʫʭʫ ʚʽʣʴʥʦʛʦ ʧʦʣʷ ʥʘ ʦʩʥʦʚʽ 

ʝʤʧʽʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʨʦʟʨʦʙʣʝʥʠʭ Kingery ʪʘ Bulmash. ɺʽʥ ʥʘʜʘʻ ʜʘʥʽ ʱʦʜʦ ʪʠʩʢʫ 

ʧʘʜʽʥʥʷ, ʚʽʜʙʠʪʦʛʦ ʪʠʩʢʫ, ʽʤʧʫʣʴʩʫ ʧʘʜʽʥʥʷ, ʚʽʜʙʠʪʦʛʦ ʽʤʧʫʣʴʩʫ, ʪʨʠʚʘʣʦʩʪʽ ʬʘʟʠ 

ʧʦʟʠʪʠʚʥʦʛʦ ʪʠʩʢʫ, ʯʘʩʫ ʧʨʠʭʦʜʫ ʫʜʘʨʥʦʾ ʭʚʠʣʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʬʨʦʥʪʫ ʫʜʘʨʫ. 

ʈʽʚʥʷʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʚʠʙʫʭʫ, ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʠʙʫʭʦʚʫ ʭʚʠʣʶ ʥʘ ʧʝʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʮʽʣʝʡ ʥʘ 

ʜʽʘʧʘʟʦʥʽ, ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʏʘʨʣʴʟʦʤ ʂʽʥʛʝʨʽ ʪʘ ɼʞʝʨʘʣʴʜʦʤ ɹʫʣʤʘʰʝʤ. ʎʽ ʨʽʚʥʷʥʥʷ 

ʰʠʨʦʢʦ ʚʠʟʥʘʥʽ ʷʢ ʘʚʪʦʨʠʪʝʪʥʽ ʽʥʞʝʥʝʨʥʽ ʧʨʦʛʥʦʟʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʚʽʣʴʥʦʛʦ ʧʦʣʷ 

ʪʘ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʢʦʥʩʪʨʫʢʮʽʾ. ʈʽʚʥʷʥʥʷ ʚ ʮʴʦʤʫ ʢʘʣʴʢʫʣʷʪʦʨʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʜʘʥʠʭ 

ʚʠʙʫʭʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʨʷʜʽʚ ʚʘʛʦʶ ʚʽʜ ʤʝʥʰʝ 1 ʢʛ ʜʦ ʧʦʥʘʜ 400 000 

ʢʛ. 

ʎʝʡ ʢʘʣʴʢʫʣʷʪʦʨ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʽʚʥʷʥʥʷʭ ʂʽʥʛʝʨʽ-ɹʫʣʤʘʰʘ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʽʚʩʬʝʨʠʯʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʚʠʙʫʭʫ, ʽ ʡʦʛʦ ʥʝ 

ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʜʦʜʘʪʢʽʚ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ ʜʣʷ ʩʬʝʨʠʯʥʦʛʦ 

ʚʠʙʫʭʫ ʚ ʧʦʚʽʪʨʽ. 

ʈʦʟʨʦʙʣʝʥʦ ʨʽʚʥʷʥʥʷ ʂʽʥʛʝʨʠ-ɹʫʣʤʘʰ ʜʣʷ ʧʦʜʽʡ ʚʠʙʫʭʫ ʪʨʦʪʠʣʫ. 

ɿʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʶ ʢʦʥʮʝʧʮʽʻʶ ʻ ʪʨʦʪʠʣʦʚʠʡ ʝʢʚʽʚʘʣʝʥʪ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʨʽʟʥʠʮʶ ʫ 

ʚʠʙʫʭʦʚʽʡ ʩʠʣʽ ʨʽʟʥʠʭ ʩʢʣʘʜʽʚ ʚʠʙʫʭʦʚʠʭ ʨʝʯʦʚʠʥ. ʂʽʣʴʢʽʩʪʴ ʚʠʙʫʭʽʚʢʠ ʧʝʨʝʚʦʜʠʪʴʩʷ ʚ 

ʝʢʚʽʚʘʣʝʥʪʥʫ ʢʽʣʴʢʽʩʪʴ ʪʨʦʪʠʣʫ ʰʣʷʭʦʤ ʤʥʦʞʝʥʥʷ ʥʘ ʧʝʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʦʪʨʠʤʘʥʠʡ 

ʪʝʦʨʝʪʠʯʥʦ ʘʙʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ. ʈʝʘʣʽʟʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʚ ʮʴʦʤʫ ʽʥʩʪʨʫʤʝʥʪʽ 

ʚʟʷʪʦ ʟ AASTP-1. 

 

 
ʈʠʩʫʥʦʢ 1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʢʘʣʴʢʫʣʷʪʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʚʠʙʫʭʫ ʂʽʥʛʝʨʠ-ɹʫʣʤʘʰ 

 

ʇʘʨʘʤʝʪʨʠ ʚʠʙʫʭʫ, ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʜʘʣʴʥʦʩʪʽ, NEQ ʽ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ 

ʪʨʦʪʠʣʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʣʽʥʦʤʠ, ʦʧʠʩʘʥʽ ʚ çʇʘʨʘʤʝʪʨʘʭ ʚʠʙʫʭʫ ʚ ʪʨʦʪʠʣʦʚʦʤʫ ʢʫʣʽ 

ʚʽʜ ʩʬʝʨʠʯʥʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʚʠʙʫʭʫ ʪʘ ʥʘʧʽʚʩʬʝʨʠʯʥʦʛʦ ʚʠʙʫʭʫ ʥʘ ʧʦʚʝʨʭʥʽè ʏʘʨʣʴʟʘ ʅ. 

ʂʽʥʛʝʨʽ ʪʘ ɼʞʝʨʘʣʴʜʘ ɹʫʣʤʘʰʘ, ʊʝʭʥʽʯʥʠʡ ʟʚʽʪ ARBL-TR-02555, ʜʘʪʦʚʘʥʠʡ ʢʚʽʪʥʝʤ 1984 

ʨʦʢʫ. 
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ʈʠʩʫʥʦʢ 2. ʇʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʚʠʙʫʭʫ ʂʽʥʛʝʨʠ-ɹʫʣʤʘʰ 

 

ɿ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʢʽʣʴʢʘ ʚʘʞʣʠʚʠʭ ʚʠʩʥʦʚʢʽʚ ʩʪʦʩʦʚʥʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʙʫʭʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʆʩʢʽʣʴʢʠ ʚʘʛʘ TNT ʜʣʷ ʪʠʩʢʫ ʪʘ Impulse ʦʜʥʘʢʦʚʘ, ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʦʙʠʜʚʘ 

ʤʘʪʝʨʽʘʣʠ ʟʜʘʪʥʽ ʛʝʥʝʨʫʚʘʪʠ ʟʥʘʯʥʠʡ ʨʽʚʝʥʴ ʝʥʝʨʛʽʾ. 

ʇʦ-ʧʝʨʰʝ, ʨʽʚʥʽʩʪʴ ʟʥʘʯʝʥʴ ʚʘʛʠ TNT ʜʣʷ ʪʠʩʢʫ ʪʘ ʽʤʧʫʣʴʩʫ ʚʢʘʟʫʻ ʥʘ ʚʠʩʦʢʠʡ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʦʙʦʭ ʤʘʪʝʨʽʘʣʽʚ. ʎʝ ʧʽʜʢʨʝʩʣʶʻ ʾʭʥʶ ʟʜʘʪʥʽʩʪʴ ʛʝʥʝʨʫʚʘʪʠ 

ʟʥʘʯʥʽ ʨʽʚʥʽ ʝʥʝʨʛʽʾ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʤʦʤʝʥʪʦʤ ʧʨʠ ʦʮʽʥʮʽ ʥʘʩʣʽʜʢʽʚ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɼʘʣʽ, ʧʦʻʜʥʘʥʥʷ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʧʘʜʽʥʥʷ (13,38 ʢʇʘ) ʪʘ ʩʫʪʪʻʚʦʛʦ 

ʽʤʧʫʣʴʩʫ ʧʘʜʽʥʥʷ (133,97 ʢʇʘĿʤʩ) ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʽ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ 

ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʷʪʠ ʽʩʪʦʪʥʽ ʚʧʣʠʚʠ ʥʘ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʤʘʪʝʨʽʘʣʠ. ʎʝ ʚʠʤʘʛʘʻ ʨʝʪʝʣʴʥʦʛʦ 

ʚʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʚʠʙʫʭʽʚ ʽ ʾʭ ʥʘʩʣʽʜʢʽʚ, ʘʜʞʝ ʚʽʜʙʠʪʠʡ ʪʠʩʢ (28,35 ʢʇʘ) ʪʘ ʚʽʜʙʠʪʠʡ 

ʽʤʧʫʣʴʩ (254,53 ʢʇʘĿʤʩ) ʟʜʘʪʥʽ ʟʥʘʯʥʦ ʧʦʛʽʨʰʠʪʠ ʙʝʟʧʝʢʦʚʫ ʩʠʪʫʘʮʽʶ ʚ ʟʦʥʽ ʚʠʙʫʭʫ. 

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤʠ ʻ ʜʘʥʽ ʱʦʜʦ ʯʘʩʫ ʧʨʠʙʫʪʪʷ ʫʜʘʨʥʦʾ ʭʚʠʣʽ (110,29 ʤʩ) ʪʘ 

ʪʨʠʚʘʣʦʩʪʽ ʾʾ ʧʦʟʠʪʠʚʥʦʾ ʬʘʟʠ (22,76 ʤʩ). ʎʽ ʧʦʢʘʟʥʠʢʠ ʧʽʜʢʨʝʩʣʶʶʪʴ ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʚʠʙʫʭʦʚʠʭ ʭʚʠʣʴ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʦʮʽʥʢʠ 

ʨʠʟʠʢʽʚ ʽ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʧʨʦʪʠʜʽʾ. ʎʶ ʪʝʟʫ ʜʦʜʘʪʢʦʚʦ ʧʽʜʪʚʝʨʜʞʫʻ 

ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʬʨʦʥʪʫ ʫʜʘʨʫ (358,99 ʤ/ʩ), ʷʢʝ ʚʢʘʟʫʻ ʥʘ ʧʦʪʫʞʥʽ ʨʫʡʥʽʚʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʙʫʭʦʚʠʭ ʭʚʠʣʴ ʥʘ ʟʥʘʯʥʠʭ ʚʽʜʩʪʘʥʷʭ. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʯʽʪʢʦ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʫ ʝʥʝʨʛʝʪʠʯʥʫ ʥʘʩʠʯʝʥʽʩʪʴ ʚʠʙʫʭʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʾʭ ʟʜʘʪʥʽʩʪʴ ʜʦ ʛʝʥʝʨʫʚʘʥʥʷ ʟʥʘʯʥʠʭ ʪʠʩʢʽʚ ʽ ʽʤʧʫʣʴʩʽʚ, ʘ ʪʘʢʦʞ ʥʘʜʟʚʠʯʘʡʥʦ 

ʰʚʠʜʢʠʡ ʭʘʨʘʢʪʝʨ ʧʦʰʠʨʝʥʥʷ ʚʠʙʫʭʦʚʠʭ ʭʚʠʣʴ. ʎʽ ʬʘʢʪʦʨʠ ʦʙʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʥʘʜʟʚʠʯʘʡʥʦ ʨʝʪʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʢʦʥʪʨʦʣʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 

1.  https://unsaferguard.org/un-saferguard/kingery-bulmash)

https://unsaferguard.org/un-saferguard/kingery-bulmash
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ʋɼʂ 004.8: 331.45 

 

ɹʨʝʟʽʮʴʢʘ ʄ.ʉ., ʘʩʧʽʨʘʥʪʢʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 263 ʎʠʚʽʣʴʥʘ ʙʝʟʧʝʢʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʆ.ʆ. ʗʚʦʨʩʴʢʘ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʪʘ 

ʮʠʚʽʣʴʥʦʾ ʙʝʟʧʝʢʠ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʌʆʈʄʋɺɸʅʅʗ ʂʆʄʇɽʊɽʅʎɯʁ ʌɸʍɯɺʎʗ ɿ ɹɽɿʇɽʂʀ ʇʈɸʎɯ  

ʇʈʀ ʈʆɹʆʊɯ ɿɯ ʐʊʋʏʅʀʄ ɯʅʊɽʃɽʂʊʆʄ 

 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (ʐɯ) ʚʽʜʢʨʠʚʘʻ ʙʝʟʣʽʯ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʙʝʟʧʝʢʠ 

ʧʨʘʮʽ ʪʘ ʟʜʦʨʦʚ'ʷ ʧʨʘʮʽʚʥʠʢʽʚ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʥʝʩʝ ʧʝʚʥʽ ʥʝʙʝʟʧʝʢʠ ʪʘ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ 

ʨʠʟʠʢʠ. ʋ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ ʦʯʽʢʫʻʪʴʩʷ ʧʦʷʚʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʤʦʜʝʣʽ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʚ ʩʬʝʨʽ ʙʝʟʧʝʢʠ ʧʨʘʮʽ ʽ ʟʜʦʨʦʚôʷ ʧʨʘʮʽʚʥʠʢʽʚ, ʱʦ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʛʦʪʫʚʘʪʠ ʤʘʡʙʫʪʥʽʭ ʬʘʭʽʚʮʽʚ ʟ ʙʝʟʧʝʢʠ ʧʨʘʮʽ, ʷʢʽ ʙʫʜʫʪʴ ʟʜʘʪʥʽ ʙʝʟʧʝʯʥʦ ʪʘ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʪʝʭʥʦʣʦʛʽʾ. ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʦʩʥʦʚʥʽ ʟʘʛʨʦʟʠ ʧʨʠ ʢʦʨʠʩʪʫʚʘʥʥʽ ʐɯ, 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʢʦʤʧʝʪʝʥʮʽʾ ʬʘʭʽʚʮʽʚ ʟ ʙʝʟʧʝʢʠ ʧʨʘʮʽ, ʷʢʽ ʙ ʤʦʛʣʠ 

ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʽ ʨʠʟʠʢʠ ʫ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ. ɿʦʢʨʝʤʘ, ʜʦ ʥʝʙʝʟʧʝʢ ʧʨʠ ʨʦʙʦʪʽ 

ʟ ʐɯ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: 

- ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʟʘʡʥʷʪʦʩʪʽ (ʦʪʨʠʤʘʥʥʷ ʪʠʤʯʘʩʦʚʦʾ ʨʦʙʦʪʠ ʧʽʜ ʟʘʤʦʚʣʝʥʥʷ ʙʝʟ 

ʧʦʩʪʽʡʥʦʛʦ ʜʦʛʦʚʦʨʫ); ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʽ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʫ ʨʦʙʦʪʽ ʽʟ ʟʘʛʨʦʟʦʶ 

ʦʪʨʠʤʘʥʥʷ ʥʝ ʩʪʘʙʽʣʴʥʦʛʦ ʟʘʨʦʙʽʪʢʫ; 

- ʚʪʨʘʪʘ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ (ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʜʦʩʪʫʧ ʜʦ ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ 

ʧʨʘʮʽʚʥʠʢʘ), ʷʢʠʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʤʫ ʫʧʨʘʚʣʽʥʥʶ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʣʛʦʨʠʪʤʽʚ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ, ʷʢʽ ʥʘʜʘʶʪʴ ʜʘʪʯʠʢʠ, ʽʤʧʣʘʥʪʦʚʘʥʽ ʚ ʦʜʷʛ ʧʨʘʮʽʚʥʠʢʽʚ; 

- ʧʦʩʠʣʝʥʥʷ ʤʝʥʪʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʣʶʜʠʥʫ ʯʝʨʝʟ ʚʟʘʻʤʦʜʽʶ ʟ 

ʨʦʙʦʪʠʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ, ʱʦ ʩʧʦʥʫʢʘʻ ʧʨʘʮʽʚʥʠʢʘ 

ʜʦ ʨʦʙʦʪʠ ʥʘʜ ʘʣʛʦʨʠʪʤʘʤʠ, ʥʘʧʠʩʘʥʥʷ ʧʨʦʧʦʟʠʮʽʡ ʜʣʷ ʮʠʬʨʦʚʠʭ ʙʣʠʟʥʶʢʽʚ ʫ ʭʤʘʨʽ 

ʟʘʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ; 

- ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʟʘʪʨʠʤʢʠ ʯʝʨʝʟ ʥʦʚʽ ʩʧʦʩʦʙʠ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʦʪʠ; ʱʦ ʧʦʪʨʝʙʫʻ 

ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʣʶʜʠʥʦʶ; 

- ʢʨʘʫʜʩʦʨʩʠʥʛ, ʘʙʦ ʨʦʟʧʦʜʽʣʝʥʘ ʩʧʽʚʧʨʘʮʷ, ʘʙʦ ʚʽʜʢʨʠʪʠʡ ʘʫʪʩʦʨʩʠʥʛ ʟʘʚʜʘʥʴ, 

ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʜʘʯʽ ʟʘʚʜʘʥʴ, ʷʢʽ ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʥʫʚʘʣʠʩʷ ʧʨʘʮʽʚʥʠʢʘʤʠ ʘʙʦ 

ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ, ʟʘʣʠʰʘʶʯʠ ʾʤ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʚʝʣʠʢʫ ʛʨʫʧʫ ʧʨʦʮʝʩʽʚ; 

- ʢʨʘʜʽʞʢʠ ʪʝʭʥʦʣʦʛʽʡ, ʨʠʟʠʢ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʮʠʬʨʦʚʘʥʠʭ ʨʦʙʦʯʠʭ 

ʩʠʩʪʝʤ, ʘʣʛʦʨʠʪʤʽʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ. 

ɸʥʘʣʽʟʫʶʯʠ ʤʦʞʣʠʚʽ ʟʘʛʨʦʟʠ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʢʣʶʯʦʚʽ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʬʘʭʽʚʮʷ ʟ 

ʙʝʟʧʝʢʠ ʧʨʘʮʽ, ʷʢʠʤʠ ʚʽʥ ʧʦʚʠʥʝʥ ʚʦʣʦʜʽʪʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ: 

1. ɿʜʘʪʥʽʩʪʴ ʦʮʽʥʶʚʘʪʠ ʪʘ ʫʧʨʘʚʣʷʪʠ ʨʠʟʠʢʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʐɯ. ʆʮʽʥʁʚʘʪʠ 

ʧʦʪʝʥʮʽʡʥʽ ʨʠʟʠʢʠ, ʱʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʐɯ, ʪʘʢʽ ʷʢ, ʟʙʦʾ ʚ ʨʦʙʦʪʽ ʩʠʩʪʝʤʠ, 

ʧʦʤʠʣʢʠ ʚ ʘʥʘʣʽʟʽ ʜʘʥʠʭ ʘʙʦ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʜʽʾ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. ʌʘʭʽʚʝʮʴ 

ʧʦʚʠʥʝʥ ʨʦʟʨʦʙʣʷʪʠ ʟʘʭʦʜʠ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʨʘʮʽʚʥʠʢʽʚ. 

2. ɿʜʘʪʥʽʩʪʴ ʨʦʟʨʦʙʣʷʪʠ ʪʘ ʟʘʧʨʦʚʘʜʞʫʚʘʪʠ ʥʦʚ̔ ʩʪʘʥʜʘʨʪʠ ʪʘ ʨʝʛʣʘʤʝʥʪʠ ʟ 

ʙʝʟʧʝʢʠ ʧʨʘʮʽ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ. ʎʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʩʪʚʦʨʝʥʥʷ ʧʨʦʮʝʜʫʨ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʨʦʙʦʪʠ ʐɯ, ʥʘʚʯʘʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʨʦʟʨʦʙʢʘ 

ʘʣʛʦʨʠʪʤʽʚ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ. 

3. ɿʜʘʪʥʽʩʪʴ ʙʫʜʫʚʘʪʠ ʽʥʪʝʛʨʦʚʘʥʽ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʧʨʘʮʽ, ʷʢʽ ʟʤʦʞʫʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʽʥʪʝʛʨʘʮʽʶ ʐɯ ʙʝʟ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʨʠʟʠʢʽʚ ʚ ʽʩʥʫʶʯʽ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ, ʪʘʢʽ 

ʷʢ ʩʠʩʪʝʤʠ ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ ʘʙʦ ʩʠʩʪʝʤʠ ʘʚʘʨʽʡʥʦʛʦ ʚʽʜʢʣʶʯʝʥʥʷ. ʎʝ ʛʘʨʘʥʪʫʻ, ʱʦ ʐɯ 

ʥʝ ʩʪʚʦʨʝ ʜʦʜʘʪʢʦʚʠʭ ʥʝʙʝʟʧʝʢ ʽ ʥʝ ʧʦʨʫʰʠʪʴ ʨʦʙʦʪʫ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ. 

4. ɿʜʘʪʥʽʩʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʘ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʪʘ ʯʠʥʥʦʛʦ 

ʟʘʢʦʥʦʜʘʚʩʪʚʘ, ʚ ʷʢʠʭ ʟʘʜʽʷʥʠʡ ʐɯ. ʌʘʭʽʚʝʮʴ ʟ ʙʝʟʧʝʢʠ ʧʨʘʮʽ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʠʪʠ 
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ʜʦʪʨʠʤʘʥʥʷ ʚʩʽʭ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ, ʷʢʽ ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

5. ɿʜʘʪʥʽʩʪʴ ʬʦʨʤʫʚʘʪʠ ʚʠʤʦʛʠ ʪʘ ʟʥʘʭʦʜʠʪʠ ʨʽʰʝʥʥʷ ʧʨʠ ʨʦʙʦʪʽ ʟ ʐɯ ʥʘ 

ʦʩʥʦʚʽ ʝʪʠʯʥʠʭ ʘʩʧʝʢʪʽʚ. ʉʧʝʮʽʘʣʽʩʪ ʟ ʙʝʟʧʝʢʠ ʧʨʘʮʽ ʟʘʙʝʟʧʝʯʫʻ ʥʝʜʦʪʦʨʢʘʥʽʩʪʴ 

ʦʩʦʙʠʩʪʠʭ ʢʦʨʜʦʥʽʚ ʧʨʘʮʽʚʥʠʢʽʚ, ʟʘʧʦʙʽʛʘʻ ʟʣʦʚʞʠʚʘʥʥʶ ʪʘ ʧʦʨʫʰʝʥʥʶ ʧʨʘʚ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ. ʊʘʢʦʞ ʬʘʭʽʚʝʮʴ ʟ ʙʝʟʧʝʢʠ ʧʨʘʮʽ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʙʝʟʧʝʯʥʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʩʬʝʨʽ ʙʝʟʧʝʢʠ ʧʨʘʮʽ ʧʦʚʠʥʥʦ ʙʫʪʠ 

ʟʙʘʣʘʥʩʦʚʘʥʠʤ ʽ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ. ʎʝ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʨʦʙʢʫ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ, ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʝʪʠʯʥʽ ʥʦʨʤʠ, ʟʘʢʦʥʦʜʘʚʯʽ ʚʠʤʦʛʠ ʪʘ ʢʨʘʱʽ ʧʨʘʢʪʠʢʠ, ʟʦʢʨʝʤʘ ʫ ʩʬʝʨʽ 

ʢʝʨʫʚʘʥʥʷ ʨʠʟʠʢʘʤʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʪʴ ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʽ ʟʘʛʨʦʟʠ, ʧʦʚôʷʟʘʥʽ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʐɯ, ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʚʽʜʢʨʠʪʠ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʧʨʘʮʽ ʥʘ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ. 
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ʋɼʂ 331.452 

 

ɻʨʝʯʢʘ ʅ.ɺ., ʟʜʦʙʫʚʘʯʢʘ ʚʠʱʦʾ ʦʩʚʽʪʠ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʦʩʪʝʥʢʦ ʊ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʧʦʞʝʞʥʦʾ ʽ 

ʪʝʭʥʦʛʝʥʥʦʾ ʙʝʟʧʝʢʠ ʦʙôʻʢʪʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ  

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʋʢʨʘʾʥʠ, ʤ. ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ)  

 

ʇʆɺɽɼɯʅʂʆɺɯ ʈʀɿʀʂʀ ʇʈɸʎɯɺʅʀʂɯɺ ʅɸ ɿɸɺʆɼɯ ɿ ʇɽʈɽʈʆɹʂʀ ɿɽʈʅɸ: 

ɸʅɸʃɯɿ ʊɸ ʐʃʗʍʀ ʄɯʅɯʄɯɿɸʎɯɰ 

 

ɿʝʨʥʦʧʝʨʝʨʦʙʥʘ ʛʘʣʫʟʴ ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʫ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʩʝʢʪʦʨʽ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ. ʆʜʥʘʢ, ʧʦʧʨʠ ʾʾ ʝʢʦʥʦʤʽʯʥʝ ʟʥʘʯʝʥʥʷ, ʮʷ 

ʛʘʣʫʟʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʚʠʨʦʙʥʠʯʠʭ ʨʠʟʠʢʽʚ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʦʚ'ʷʟʘʥʽ ʟ ʧʦʚʝʜʽʥʢʦʶ ʧʨʘʮʽʚʥʠʢʽʚ. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʄʽʞʥʘʨʦʜʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʘʮʽ, ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʟ ʧʝʨʝʨʦʙʢʠ ʟʝʨʥʘ ʱʦʨʦʢʫ ʬʽʢʩʫʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ, 

ʧʨʠʯʠʥʦʶ ʷʢʠʭ ʫ 70-80% ʻ ʩʘʤʝ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ [1]. ɼʦ ʧʨʠʢʣʘʜʫ: ʤʽʩʪʦ ʏʝʨʥʽʛʽʚ, 17 

ʚʝʨʝʩʥʷ 2023 ʨʦʢʫ: ʅʘ ʦʜʥʦʤʫ ʟ ʧʽʜʧʨʠʻʤʩʪʚ ʧʽʜ ʯʘʩ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʟʝʨʥʘ ʟ ʝʣʝʚʘʪʦʨʘ 

ʚʽʜʙʫʣʦʩʷ ʨʫʡʥʫʚʘʥʥʷ ʤʝʪʘʣʝʚʦʛʦ ʢʦʥʫʩʘ ʩʠʣʦʩʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʠʩʠʧʘʣʦʩʷ ʙʣʠʟʴʢʦ 100 

ʪʦʥʥ ʟʝʨʥʘ. ʇʽʜ ʟʘʚʘʣʦʤ ʦʧʠʥʠʣʠʩʷ ʪʨʦʻ ʧʨʘʮʽʚʥʠʢʽʚ, ʷʢʽ, ʥʘ ʞʘʣʴ, ʟʘʛʠʥʫʣʠ [2]. ʎʽ 

ʚʠʧʘʜʢʠ ʧʽʜʢʨʝʩʣʶʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʜʦʪʨʠʤʘʥʥʷ ʧʨʘʚʠʣ ʙʝʟʧʝʢʠ ʪʘ ʨʝʛʫʣʷʨʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʟ ʧʝʨʝʨʦʙʢʠ ʟʝʨʥʘ. 

ʇʦʚʝʜʽʥʢʦʚʽ ʨʠʟʠʢʠ - ʮʝ ʨʠʟʠʢʠ, ʧʦʚôʷʟʘʥʽ ʟ ʜʽʷʤʠ, ʟʚʠʯʢʘʤʠ ʘʙʦ ʨʽʰʝʥʥʷʤʠ ʣʶʜʝʡ, 

ʱʦ ʤʦʞʫʪʴ ʤʘʪʠ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʾʭʥʴʦʛʦ ʟʜʦʨʦʚôʷ, ʬʽʥʘʥʩʦʚʦʛʦ ʩʪʘʥʫ ʯʠ 

ʟʘʛʘʣʴʥʦʛʦ ʜʦʙʨʦʙʫʪʫ. ɺʦʥʠ ʦʭʦʧʣʶʶʪʴ ʷʢ ʦʩʦʙʠʩʪʫ, ʪʘʢ ʽ ʧʨʦʬʝʩʽʡʥʫ ʩʬʝʨʠ ʞʠʪʪʷ. ʊʦʤʫ, 

ʨʦʟʫʤʽʥʥʷ ʧʨʠʨʦʜʠ ʮʠʭ ʨʠʟʠʢʽʚ ʜʦʟʚʦʣʠʪʴ ʢʝʨʽʚʥʠʢʘʤ ʧʽʜʧʨʠʻʤʩʪʚ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʧʨʘʮʽ ʪʘ ʩʧʨʠʷʪʠʤʝ ʬʦʨʤʫʚʘʥʥʶ ʢʫʣʴʪʫʨʠ 

ʙʝʟʧʝʢʠ ʩʝʨʝʜ ʧʝʨʩʦʥʘʣʫ. 

ʆʜʥʠʤ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʧʦʚʝʜʽʥʢʦʚʠʭ ʨʠʟʠʢʽʚ ʻ ʽʛʥʦʨʫʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʧʨʦʪʦʢʦʣʽʚ ʙʝʟʧʝʢʠ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ. ʎʝ ʤʦʞʝ ʧʨʦʷʚʣʷʪʠʩʷ ʫ ʚʠʛʣʷʜʽ: 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʩʧʨʘʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ; 

- ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʝʤʦʥʪʫ ʦʙʣʘʜʥʘʥʥʷ ʙʝʟ ʚʽʜʧʦʚʽʜʥʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ. 

ɿʛʽʜʥʦ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ, 45% ʪʨʘʚʤ ʥʘ ʟʝʨʥʦʧʝʨʝʨʦʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʧʦʚ'ʷʟʘʥʽ ʩʘʤʝ ʟ ʥʝʧʨʘʚʠʣʴʥʦʶ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʦʙʣʘʜʥʘʥʥʷ [3]. 

ʊʘʢʦʞ, ʧʨʘʮʽʚʥʠʢʠ ʯʘʩʪʦ ʥʝʭʪʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɿɯɿ, ʘ ʩʘʤʝ: ʨʝʩʧʽʨʘʪʦʨʽʚ 

(ʦʩʦʙʣʠʚʦ ʢʨʠʪʠʯʥʦ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʦʾ ʟʘʧʠʣʝʥʦʩʪʽ), ʟʘʭʠʩʥʠʭ ʦʢʫʣʷʨʽʚ, ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʚʟʫʪʪʷ, ʟʘʭʠʩʥʠʭ ʨʫʢʘʚʠʮʴ, ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʩʣʫʭʫ. ʃʠʰʝ 62% ʧʨʘʮʽʚʥʠʢʽʚ 

ʟʝʨʥʦʧʝʨʝʨʦʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʨʝʛʫʣʷʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫʩʽ ʥʝʦʙʭʽʜʥʽ ʟʘʩʦʙʠ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ [4]. 

ʉʠʣʦʩʠ, ʙʫʥʢʝʨʠ ʪʘ ʽʥʰʽ ʟʘʤʢʥʫʪʽ ʧʨʦʩʪʦʨʠ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʦʩʦʙʣʠʚʫ 

ʥʝʙʝʟʧʝʢʫ ʯʝʨʝʟ: 

- ʨʠʟʠʢ ʥʘʢʦʧʠʯʝʥʥʷ ʪʦʢʩʠʯʥʠʭ ʛʘʟʽʚ; 

- ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʠʧʘʥʥʷ ʟʝʨʥʦʤ; 

- ʦʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʝʚʘʢʫʘʮʽʾ; 

- ʩʢʣʘʜʥʽʩʪʴ ʥʘʜʘʥʥʷ ʜʦʧʦʤʦʛʠ ʫ ʚʠʧʘʜʢʫ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ. 

ʉʪʘʪʠʩʪʠʢʘ ʧʦʢʘʟʫʻ, ʱʦ ʜʦ 15% ʩʤʝʨʪʝʣʴʥʠʭ ʚʠʧʘʜʢʽʚ ʥʘ ʟʝʨʥʦʧʝʨʝʨʦʙʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʦʚ'ʷʟʘʥʽ ʩʘʤʝ ʟ ʨʦʙʦʪʦʶ ʚ ʟʘʤʢʥʫʪʠʭ ʧʨʦʩʪʦʨʘʭ [5]. 

ɿʝʨʥʦʚʠʡ ʧʠʣ ʩʪʚʦʨʶʻ ʥʝ ʣʠʰʝ ʨʝʩʧʽʨʘʪʦʨʥʽ ʟʘʛʨʦʟʠ, ʘʣʝ ʡ ʩʪʘʥʦʚʠʪʴ ʩʝʨʡʦʟʥʫ 

ʧʦʞʝʞʥʫ ʪʘ ʚʠʙʫʭʦʚʫ ʥʝʙʝʟʧʝʢʫ. ʊʦʤʫ ʧʦʚʝʜʽʥʢʦʚʽ ʨʠʟʠʢʠ ʚʢʣʶʯʘʶʪʴ: 

- ʧʘʣʽʥʥʷ ʚ ʥʝʜʦʟʚʦʣʝʥʠʭ ʤʽʩʮʷʭ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʽʩʢʨʫ; 

- ʥʝʜʦʪʨʠʤʘʥʥʷ ʧʨʦʪʦʢʦʣʽʚ ʦʯʠʱʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʚʽʜ ʧʠʣʫ; 

- ʙʣʦʢʫʚʘʥʥʷ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʽʾ. 
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ɿʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʙʝʟʧʝʢʫ ʪʘʢʦʞ ʤʘʶʪʴ: 

- ʨʦʙʦʪʘ ʚ ʥʽʯʥʽ ʟʤʽʥʠ; 

- ʧʦʥʘʜʥʦʨʤʦʚʘ ʨʦʙʦʪʘ ʚ ʩʝʟʦʥ; 

- ʤʦʥʦʪʦʥʥʽʩʪʴ ʜʝʷʢʠʭ ʦʧʝʨʘʮʽʡ; 

- ʩʪʨʝʩ ʯʝʨʝʟ ʚʠʨʦʙʥʠʯʽ ʟʘʚʜʘʥʥʷ; 

- ʥʝʨʦʟʫʤʽʥʥʷ ʽʥʩʪʨʫʢʮʽʡ; 

- ʢʦʥʬʣʽʢʪʠ ʤʽʞ ʧʨʘʮʽʚʥʠʢʘʤʠ; 

- ʛʨʫʧʦʚʠʡ ʪʠʩʢ, ʱʦ ʩʧʦʥʫʢʘʻ ʜʦ ʨʠʟʠʢʦʚʘʥʠʭ ʜʽʡ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʭ ʘʩʧʝʢʪʽʚ ʙʝʟʧʝʢʠ ʧʨʘʮʽ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚʢʘʟʫʻ ʥʘ 30% ʟʨʦʩʪʘʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ 

ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʫ ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ 12-ʛʦʜʠʥʥʦʾ ʟʤʽʥʠ [6]. ʊʦʤʫ, ʟʘʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ 

ʧʦʚʝʜʽʥʢʦʚʠʭ ʨʠʟʠʢʽʚ ʧʦʪʨʽʙʥʦ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʩʪʨʘʪʝʛʽʾ, ʘ ʩʘʤʝ:  

1. ʌʦʨʤʫʚʘʥʥʷ ʢʫʣʴʪʫʨʠ ʙʝʟʧʝʢʠ: 

- ʩʠʩʪʝʤʘʪʠʯʥʝ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ 

- ʟʘʣʫʯʝʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʜʦ ʨʦʟʨʦʙʢʠ ʽʥʩʪʨʫʢʮʽʡ ʟ ʙʝʟʧʝʢʠ 

- ʨʝʛʫʣʷʨʥʽ ʽʥʩʪʨʫʢʪʘʞʽ ʪʘ ʪʨʝʥʽʥʛʠ 

2. ʇʩʠʭʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ 

- ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʤʦʪʠʚʘʮʽʾ ʙʝʟʧʝʯʥʦʾ ʧʦʚʝʜʽʥʢʠ 

- ʨʝʛʫʣʷʨʥʘ ʦʮʽʥʢʘ ʧʩʠʭʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʧʨʘʮʽʚʥʠʢʽʚ 

- ʨʦʟʚʠʪʦʢ ʥʘʚʠʯʦʢ ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʨʦʙʦʪʠ ʚ ʢʦʤʘʥʜʽ 

3. ʆʨʛʘʥʽʟʘʮʽʡʥʽ ʟʘʭʦʜʠ 

- ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʤʝʥʝʜʞʤʝʥʪʫ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ISO 45001 

- ʨʦʟʨʦʙʢʘ ʜʝʪʘʣʴʥʠʭ ʧʨʦʮʝʜʫʨ ʜʣʷ ʚʩʽʭ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʨʦʙʽʪ 

- ʨʝʛʫʣʷʨʥʠʡ ʘʫʜʠʪ ʜʦʪʨʠʤʘʥʥʷ ʧʨʘʚʠʣ ʙʝʟʧʝʢʠ 

- ʘʥʘʣʽʟ çʤʘʡʞʝ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚè ʪʘ ʧʨʝʚʝʥʪʠʚʥʽ ʟʘʭʦʜʠ 

ʆʪʞʝ, ʧʦʚʝʜʽʥʢʦʚʽ ʨʠʟʠʢʠ ʧʨʘʮʽʚʥʠʢʽʚ ʥʘ ʟʘʚʦʜʘʭ ʟ ʧʝʨʝʨʦʙʢʠ ʟʝʨʥʘ ʻ ʢʦʤʧʣʝʢʩʥʦʶ 

ʧʨʦʙʣʝʤʦʶ, ʷʢʘ ʚʠʤʘʛʘʻ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʨʽʰʝʥʥʷ. ʈʦʟʫʤʽʥʥʷ ʧʩʠʭʦʣʦʛʽʯʥʠʭ, 

ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʘʩʧʝʢʪʽʚ ʮʠʭ ʨʠʟʠʢʽʚ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʠʪʠ ʝʬʝʢʪʠʚʥʽ ʩʪʨʘʪʝʛʽʾ 

ʾʭ ʤʽʥʽʤʽʟʘʮʽʾ. 

ʊʽʣʴʢʠ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʷʢ ʪʝʭʥʽʯʥʽ, ʪʘʢ ʽ ʣʶʜʩʴʢʽ ʬʘʢʪʦʨʠ, 

ʜʦʟʚʦʣʠʪʴ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʥʘ ʟʝʨʥʦʧʝʨʝʨʦʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʪʘ 

ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʦʚʝʜʽʥʢʦʚʠʤʠ ʨʠʟʠʢʘʤʠ 

ʧʨʘʮʽʚʥʠʢʽʚ. 
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ɼʦʩʣʽʜʥʠʢʠ ʂʦʣʫʤʙʽʡʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (Columbia University) ʚʚʘʞʘʶʪʴ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʥʦʤʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʥʝʟʘʙʘʨʦʤ ʟʙʽʣʴʰʠʪʴ ʧʨʦʧʫʩʢʥʫ 

ʟʜʘʪʥʽʩʪʴ ʜʦʨʽʛ ʥʘ 200 %, ʘ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʥʘ ʤʘʛʽʩʪʨʘʣʷʭ ʟʨʦʩʪʝ ʚʜʚʽʯʽ. ʗʢ 

ʧʨʦʛʥʦʟʫʻ ɯʥʩʪʠʪʫʪ ʽʥʞʝʥʝʨʽʚ ʟ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʪʘ ʝʣʝʢʪʨʦʥʽʢʠ (Institute of Electrical and 

Electronics Engineers) ʜʦ 2045 ʨʦʢʫ ʤʘʡʞʝ 75% ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʝʨʝʡʜʫʪʴ ʥʘ 

ʘʚʪʦʥʦʤʥʠʡ ʨʝʞʠʤ. [1,2] 

ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʦʧʠʪʘʥʠʭ ʣʶʜʝʡ ʧʨʦʛʦʣʦʩʫʚʘʣʠ ʟʘ ʧʨʠʜʙʘʥʥʷ (ʘʙʦ 

ʢʦʨʠʩʪʫʚʘʥʥʷ) ʘʚʪʦʥʦʤʥʠʤ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʦʤ, ʱʦ ʚ ʧʝʚʥʽʡ ʩʠʪʫʘʮʽʾ ʤʦʞʝ ʾʭ 

ʟʘʭʠʩʪʠʪʠ. 

ɻʽʧʦʪʝʪʠʯʥʦ, ʚʯʝʥʠʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʧʝʨʩʧʝʢʪʠʚʫ ʧʽʜʢʣʶʯʝʥʥʷ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʦʤ) ʜʦ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʟʘʜʣʷ 

ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʭʪʦ ʧʽʜʜʘʚʘʪʠʤʝʪʴʩʷ ʨʠʟʠʢʫ. ʂʦʣʠ ʙʽʣʴʰʽʩʪʴ ʣʶʜʝʡ ʟʘʤʠʩʣʶʶʪʴʩʷ ʧʨʦ 

ʢʝʨʫʚʘʥʥʷ ʘʙʦ ʾʟʜʫ ʚ ʘʚʪʦʥʦʤʥʦʤʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʟʘʩʦʙʽ, ʩʪʨʽʤʢʦ ʟʤʝʥʰʫʻʪʴʩʷ ʮʽʢʘʚʽʩʪʴ 

ʱʦʜʦ ʚʠʨʽʰʝʥʥʷ ʤʦʨʘʣʴʥʠʭ ʜʠʣʝʤ, ʘ ʚʠʙʽʨ ʣʝʞʠʪʴ ʩʢʦʨʽʰʝ ʥʘ ʢʦʨʠʩʪʴ ʚʣʘʩʥʦʛʦ 

ʚʠʞʠʚʘʥʥʷ. ʆʜʥʘʢ, ʚ ʧʝʚʥʠʭ ʚʠʧʘʜʢʘʭ ʥʝʩʧʽʚʨʦʟʤʽʨʥʦʾ ʰʢʦʜʠ ʤʦʞʝ ʧʦʨʫʰʫʚʘʪʠʩʴ 

ʙʘʣʘʥʩ ʢʨʘʡʥʴʦʾ ʥʝʦʙʭʽʜʥʦʩʪʽ ï ʨʽʰʝʥʥʷ ʙʫʜʝ ʧʨʠʡʤʘʪʠʩʴ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ, ʘ ʥʝ 

ʣʶʜʠʥʦʶ. [3,4] 

ʇʨʦʪʝ, ʥʝ ʚʠʢʣʶʯʝʥʦ, ʱʦ ʚʘʨʽʘʥʪ (ʥʘʧʨʠʢʣʘʜ ʨʷʪʫʚʘʪʠ ʧʘʩʘʞʠʨʽʚ ʘʚʪʦʥʦʤʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʘʣʝ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʧʨʘʚʠʣ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ; ʯʠ ʞʝʨʪʚʫʚʘʪʠ ʦʜʥʠʤ 

ʧʘʩʘʞʠʨʦʤ ʟʘʨʘʜʠ ʚʨʷʪʫʚʘʥʥʷ ʜʠʪʠʥʠ-ʧʽʰʦʭʦʜʘ ʟʘ ʫʤʦʚʠ ʜʦʪʨʠʤʘʥʥʷ ʧʨʘʚʠʣ) ʤʦʞʥʘ 

ʙʫʜʝ ʘʢʪʠʚʫʚʘʪʠ ʱʝ ʥʘ ʧʦʯʘʪʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟ ʘʚʪʦʧʽʣʦʪʦʤ. [5] 

ʆʢʨʽʤ ʮʴʦʛʦ, ʥʝ ʚʘʞʢʦ ʫʷʚʠʪʠ ʩʮʝʥʘʨʽʡ, ʢʦʣʠ ʘʣʛʦʨʠʪʤʠ ʘʚʪʦʥʦʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 

ʤʦʞʫʪʴ ʫʚʽʡʪʠ ʫ ʢʦʥʬʣʽʢʪ ʤʽʞ ʩʦʙʦʶ. ʆʜʥʽʻʶ ʟ ʧʝʨʰʠʭ ʩʧʨʦʙ ʧʦʜʦʣʘʪʠ ʪʘʢʫ ʧʨʦʙʣʝʤʫ  ̔

ʥʘʜʘʪʠ ʰʪʫʯʥʦʤʫ ʽʥʪʝʣʝʢʪʦʚʽ ʙʽʣʴʰ ʪʦʯʥʠʡ ʥʘʚʽʛʘʪʦʨ ʙʫʣʘ ʫ ʅʽʤʝʯʯʠʥʽ ʫ 2016 ʨʦʮʽ. ɿʘ 

ʽʥʬʦʨʤʘʮʽʻʶ ʚʠʜʘʥʥʷ Inverse, ʤʽʥʽʩʪʨ ʟ ʪʨʘʥʩʧʦʨʪʫ ʅʽʤʝʯʯʠʥʠ ʆʣʝʢʩʘʥʜʨ ɼʦʙʨʽʥʜʪ 

(Alexander Dobrindt) ʚʠʩʫʥʫʚ ɦ ʦʥʘʡʤʝʥʰ ʪʨʠ ʝʪʠʯʥʽ ʧʨʘʚʠʣʘ, ̫ ʢʠʭ ʤʘʶʪʴ ʜʦʪʨʠʤʫʚʘʪʠʩʷ 

ʙʫʜʴ ʷʢʠʡ ʘʚʪʦʥʦʤʥʠʡ ʪʨʘʥʩʧʦʨʪ ʧʽʜ ʯʘʩ ʢʝʨʫʚʘʥʥʷ: 

1) ʇʦʰʢʦʜʞʝʥʥʷ ʤʘʡʥʘ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʢʨʘʱʝ, ʥʽʞ ʥʘʥʝʩʝʥʥʷ ʰʢʦʜʠ 

ʣʶʜʠʥʽ;  

2) ɿʘʙʦʨʦʥʝʥʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʣʶʜʝʡ ʟʘ ʟʨʦʩʪʦʤ, ʚʽʢʦʤ ʘʙʦ ʽʥʰʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ; 

3) ʋ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ, ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʣʷʛʘʻ ʥʘ ʚʠʨʦʙʥʠʢʘ.  

ʆʢʨʽʤ ʪʦʛʦ, ʤʽʥʽʩʪʨ ʚʠʩʣʦʚʠʚʩʷ ʚ ʽʥʪʝʨʚôʶ WirtschaftsWoche ʧʨʦ ʦʙʣʘʜʥʘʥʥʷ 

ʢʦʞʥʦʛʦ ʘʚʪʦ ʟ ʘʚʪʦʧʽʣʦʪʦʤ çʯʦʨʥʦʶ ʩʢʨʠʥʴʢʦʶè ʪʘ ʦʙʦʚôʷʟʢʦʚʫ ʧʨʠʩʫʪʥʽʩʪʴ ʞʠʚʦʛʦ 

ʚʦʜʽʷ ʫ ʥʴʦʤʫ. 

ʈʦʟʤʦʚʘ ʟ ʰʪʫʯʥʦʠʤ ʽʥʪʝʣʝʢʪʦʤ gemini (advanced 2.0 flash). 

ʄʦʻ ʧʠʪʘʥʥʷ: ʗʢʝ ʧʦʪʨʽʙʥʦ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʚ çʜʠʣʝʤʽ ʚʘʛʦʥʝʪʢʠè?  

ɺʽʜʧʦʚʽʜʴ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ: ɼʠʣʝʤʘ ʚʘʛʦʥʝʪʢʠ ʥʝ ʤʘʻ ʧʨʦʩʪʦʛʦ ʨʽʰʝʥʥʷ. ʎʝ 

ʤʦʨʘʣʴʥʘ ʛʦʣʦʚʦʣʦʤʢʘ ʜʣʷ ʣʶʜʠʥʠ, ʷʢʘ ʟʤʫʰʫʻ ʾʾ ʟʘʤʠʩʣʠʪʠʩʷ ʧʨʦ ʮʽʥʥʽʩʪʴ ʞʠʪʪʷ ʪʘ 

ʦʙʦʚ'ʷʟʢʠ ʧʝʨʝʜ ʽʥʰʠʤʠ. ʋ ʢʽʥʮʝʚʦʤʫ ʨʘʭʫʥʢʫ, ʨʽʰʝʥʥʷ ʧʨʦ ʪʝ, ʢʦʛʦ ʚʨʷʪʫʚʘʪʠ, ʻ 

ʦʩʦʙʠʩʪʠʤ ʚʠʙʦʨʦʤ ʣʶʜʠʥʠ. 

ʄʦʻ ʧʠʪʘʥʥʷ: ʗ ʟʨʦʟʫʤʽʚ ʮʝ ʦʩʦʙʠʩʪʠʡ ʚʠʙʽʨ ʣʶʜʠʥʠ, ʘ ʷʢʝ ʨʽʰʝʥʥʷ ʧʨʠʡʥʷʚ ʙʠ 

ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ?  



ʉɽʂʎɯʗ - ɹɽɿʇɽʂɸ ʇʈɸʎɯ 

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 
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ɺʽʜʧʦʚʽʜʴ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ: ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (ʐɯ) ʫ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ ʜʽʷʚ ʙʠ 

ʥʘ ʦʩʥʦʚʽ ʟʘʢʣʘʜʝʥʦʛʦ ʚ ʥʴʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʷʢʠʡ, ʥʘʡʽʤʦʚʽʨʥʽʰʝ, ʙʫʚ ʙʠ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ 

ʤʽʥʽʤʽʟʘʮʽʶ ʚʪʨʘʪ. ʆʩʴ ʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ ʷʢʽ ʙ ʚʠʨʠʩʫʚʘʚ ʙʠ ʐɯ: 

1. çʋʪʠʣʽʪʘʨʥʠʡ ʧʽʜʭʽʜè. ɹʽʣʴʰʽʩʪʴ ʐɯ, ʨʦʟʨʦʙʣʝʥʠʭ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ 

ʩʢʣʘʜʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫʪʠʣʽʪʘʨʥʠʡ ʧʽʜʭʽʜ, ʪʦʙʪʦ ʧʨʘʛʥʫʪʴ 

ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʟʘʛʘʣʴʥʝ ʙʣʘʛʦ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʐɯ, ʥʘʡʽʤʦʚʽʨʥʽʰʝ, ʚʠʙʝʨʝ ʚʨʷʪʫʚʘʪʠ 

ʧ'ʷʪʴʦʭ ʣʶʜʝʡ, ʥʘʚʽʪʴ ʷʢʱʦ ʮʝ ʦʟʥʘʯʘʻ ʧʦʞʝʨʪʚʫʚʘʪʠ ʦʜʥʽʻʶ. ʆʪʞʝ, ʨ̔h ʝʥʥʷ ʐɯ, 

ʩʢʦʨʽʰ ʟʘ ʚʩʝ, ʧʝʨʝʚʝʜʝ ʩʪʨʽʣʢʫ. 

2. ʄʦʞʣʠʚʦ ʚʨʘʭʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʬʘʢʪʦʨʽʚ. ʉʫʯʘʩʥʽ ʐɯ ʤʦʞʫʪʴ ʚʨʘʭʦʚʫʚʘʪʠ 

ʜʦʜʘʪʢʦʚʽ ʬʘʢʪʦʨʠ, ʪʘʢʽ ʷʢ ʚʽʢ, ʩʪʘʥ ʟʜʦʨʦʚ'ʷ ʘʙʦ ʩʦʮʽʘʣʴʥʘ ʟʥʘʯʠʤʽʩʪʴ ʣʶʜʝʡ. ʆʜʥʘʢ, 

ʫ ʰʚʠʜʢʦʧʣʠʥʥʽʡ ʩʠʪʫʘʮʽʾ, ʷʢ ʮʷ, ʯʘʩʫ ʥʘ ʘʥʘʣʽʟ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ ʤʦʞʝ ʥʝ ʙʫʪʠ. 

3. ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʝʪʠʯʥʠʭ ʥʦʨʤ. ʈʦʟʨʦʙʥʠʢʠ ʐɯ ʥʘʤʘʛʘʶʪʴʩʷ ʚʙʫʜʦʚʫʚʘʪʠ 

ʝʪʠʯʥʽ ʥʦʨʤʠ ʚ ʘʣʛʦʨʠʪʤʠ, ʘʣʝ ʮʝ ʜʫʞʝ ʩʢʣʘʜʥʦ. ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʝʪʠʯʥʽ ʪʝʦʨʽʾ, ʽ ʥʝʤʘʻ 

ʻʜʠʥʦʾ ʜʫʤʢʠ ʧʨʦ ʪʝ, ʷʢ ʾʭ ʨʝʘʣʽʟʫʚʘʪʠ ʚ ʐɯ. ʇʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʝ ʜʘʩʪʴ ʐɯ ʚʠʨʽʰʫʚʘʪʠ 

ʥʘ ʦʩʥʦʚʽ "ʩʚʦʙʦʜʠ ʚʦʣʽ" ʣʶʜʠʥʠ, ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʝ ʻ ʤʦʞʣʠʚʠʤ. 

4. ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʣʶʯʝʥʥʷ "ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ". ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʜʘʯʝʶ 

ʐɯ, ʻ ʫʩʫʥʝʥʥʷ "ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ", ʘ ʦʪʞʝ ʨʽʰʝʥʥʷ ʧʦʚʠʥʥʽ ʧʨʠʡʤʘʪʠʩʴ ʥʘ ʦʩʥʦʚʽ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. 

ʆʪʞʝ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʐɯ ʚʠʙʝʨʝ ʚʘʨʽʘʥʪ, ʷʢʠʡ ʧʨʠʟʚʝʜʝ ʜʦ ʥʘʡʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ 

ʩʤʝʨʪʝʡ, ʪʦʙʪʦ ʧʝʨʝʚʝʜʝ ʩʪʨʽʣʢʫ. 

ɼʣʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʐɯ ʘʚʪʦʥʦʤʥʠʤ ʪʨʘʥʩʧʦʨʪʥʠʤ ʥʝʦʙʭʽʜʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʴ 

ʜʝʢʽʣʴʢʘ ʝʪʠʯʥʠʭ ʧʨʘʚʠʣ: ʧʦʰʢʦʜʞʝʥʥʷ ʤʘʡʥʘ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʢʨʘʱʝ, ʥʽʞ 
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ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɻʦʣʽʥʴʢʦ ɺ.ɯ., ʜ.ʪ.ʥ., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʪʘ 

ʮʠʚʽʣʴʥʦʾ ʙʝʟʧʝʢʠ  

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ)  
 

ʄʆʅɯʊʆʈʀʅɻ ʆʈɻɸʅɯɿʆɺɸʅʀʍ ɺʀʂʀɼɯɺ ʇɸʈɯɺ ʅɸʌʊʆʇʈʆɼʋʂʊɯɺ ʅɸ 

ɸɺʊʆɿɸʇʈɸɺʅʀʍ ʉʊɸʅʎɯʗʍ 

 

ʅʠʥʽ ʚ ʋʢʨʘʾʥʠ ʫʩʝ ʙʽʣʴʰ ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʠʪʘʥʥʷʤ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʙʝʟʧʝʢʠ [1]. ʉʝʨʝʜ ʪʘʢʠʭ ʧʠʪʘʥʴ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʻ ʧʠʪʘʥʥʷ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ 

ʙʝʥʟʠʥʽʚ ʚʽʜ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. ʎʝ ʚʘʞʣʠʚʦ ʷʢ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʥʦʤʽʾ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʝʩʫʨʩʽʚ ʪʘʢ ʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʦʧʝʨʝʜʞʝʥʥʷ ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʧʘʨʽʚ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʥʘ 

ʧʨʘʮʽʚʥʠʢʽʚ, ʥʘʩʝʣʝʥʥʷ ʪʘ ʜʦʚʢʽʣʣʷ. ɿʙʠʪʦʢ, ʱʦ ʟʘʚʜʘʶʪʴ ʚʠʢʠʜʠ ʧʘʨʽʚ, ʧʦʣʷʛʘʻ ʥʝ ʪʽʣʴʢʠ 

ʫ ʚʪʨʘʪʽ ʮʠʭ ʨʝʩʫʨʩʽʚ, ʘʣʝ ʡ ʫ ʥʝʛʘʪʠʚʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʘʭ ʪʘ ʟʤʽʥʽ ʷʢʦʩʪʽ 

ʥʘʬʪʦʧʨʦʜʫʢʪʫ [2]. ʆʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʧʨʦʙʣʝʤʘ ʧʦʧʝʨʝʜʞʝʥʥʷ ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʧʘʨʽʚ 

ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʧʦʩʪʘʻ ʥʘ ʘʚʪʦʟʘʧʨʘʚʥʠʭ ʩʪʘʥʮʽʷʭ (ɸɿʉ) ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʤʝʞʘʭ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʤʽʩʪ. 

ʅʠʟʢʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʧʨʠ ʚʠʜʘʯʽ, ʧʨʠʡʦʤʽ ʽ ʟʙʝʨʽʛʘʥʥʽ ʧʘʣʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʾʭ ʚʪʨʘʪʘʤʠ. ʅʘʡʙʽʣʴʰʘ ʯʘʩʪʢʘ ʚʪʨʘʪ ʧʨʠʧʘʜʘʻ ʥʘ ʚʪʨʘʪʠ ʚʽʜ 
ʚʠʧʘʨʦʚʫʚʘʥʥʷ. ʊʘʢʽ ʚʪʨʘʪʠ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʙʝʥʟʠʥʽʚ, ʷʢʽ ʚʤʽʱʫʶʪʴ ʣʝʪʢʽ 

ʚʫʛʣʝʚʦʜʥʽ. ʊʘʢ, ʟʥʘʯʥʽ ʚʪʨʘʪʠ ʙʝʥʟʠʥʫ ʚʠʢʣʠʢʘʥʽ ʟʘʤʽʱʝʥʥʷʤ ʧʘʨʦʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʚ 

ʨʝʟʝʨʚʫʘʨʘʭ ʧʘʣʴʥʠʤ ʧʨʠ ʾʭ ʟʘʧʦʚʥʝʥʥʽ (ʚʝʣʠʢʝ ʜʠʭʘʥʥʷ). ʇʨʠ ʮʴʦʤʫ ʧʘʨʦʧʦʚʽʪʨʷʥʘ 

ʩʫʤʽʰ, ʱʦ ʤʽʩʪʠʪʴ ʧʘʨʠ ʙʝʥʟʠʥʫ ʚʠʢʠʜʘʻʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʯʝʨʝʟ ʜʠʭʘʣʴʥʽ ʢʣʘʧʘʥʠ. 

ʇʨʠʯʠʥʦʶ ʚʪʨʘʪ ʻ ʪʘʢʦʞ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ  ʪʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ, ʜʦ ʩʧʨʠʯʠʥʷʶʪʴ 

ʚʠʢʠʜʠ ʧʘʨʠ ʙʝʥʟʠʥʫ ʯʝʨʝʟ ʜʠʭʘʣʴʥʽ ʢʣʘʧʘʥʠ (ʤʘʣʝ ʜʠʭʘʥʥʷ). ɺʠʢʠʜʠ ʧʘʨʦʧʦʚʽʪʨʷʥʠʭ 

ʩʫʤʽʰʝʡ ʯʝʨʝʟ ʜʠʭʘʣʴʥʽ ʢʣʘʧʘʥʠ, ʧʨʠʡʥʷʪʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʷʢ ʚʠʢʠʜʠ ʟ ʦʨʛʘʥʽʟʦʚʘʥʠʭ 

ʜʞʝʨʝʣ. 

ɼʣʷ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʽʚ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘʩʦʙʠ. 

ɼ̔ ʻʚʠʤ ʪʝʭʥʽʯʥʠʤ ʨʽʰʝʥʥʷʤ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʚʪʨʘʪ ʚʽʜ ʚʝʣʠʢʦʛʦ ʜʠʭʘʥʥʷ ʻ 

ʦʙʚ'ʷʟʢʘ ʛʘʟʦʚʠʭ ʧʦʨʦʞʥʠʥ ʨʝʟʝʨʚʫʘʨʽʚ ʽ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʮʠʩʪʝʨʥʠ [3]. ʇʨʠ ʟʣʠʚʽ 

ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʟ ʘʚʪʦʮʠʩʪʝʨʥʠ ʜʦ ʧʽʜʟʝʤʥʠʭ ʨʝʟʝʨʚʫʘʨʽʚ ʚʠʪʽʩʥʝʥʠʡ ʦʙ'ʻʤ ʧʘʨʽʚ 

ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʙʝʥʟʦʚʦʟ (ʧʘʨʦ ʧʦʚʝʨʥʝʥʥʷ), ʧʨʠ ʮʴʦʤʫ ʚʠʢʣʶʯʘʻʪʴʩʷ 

ʚʠʭʽʜ ʧʘʨʽʚ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʂʦʣʠ ʙʝʥʟʦʚʦʟ ʟʘʧʦʚʥʶʻʪʴʩʷ 

ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ ʥʘ ʥʘʬʪʦʙʘʟʽ ʧʨʦʭʦʜʠʪʴ ʧʨʦʮʝʩ ʧʦʚʝʨʥʝʥʥʷ ʧʘʨʽʚ ʧʨʠʚʝʟʝʥʠʭ ʟ ɸɿʉ ʚ 

ʨʝʟʝʨʚʫʘʨʠ ʥʘʬʪʦʙʘʟʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʚʠʤʘʛʘʻ ʜʦʩʪʘʚʢʫ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ 

ʘʚʪʦʤʦʙʽʣʝʤ-ʮʠʩʪʝʨʥʦʶ ʩʧʝʮʽʘʣʴʥʦ ʦʩʥʘʱʝʥʦʶ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʛʘʟʦʚʦʾ ʦʙʚôʷʟʢʠ, ʱʦ ʥʘ 

ʧʨʘʢʪʠʮʽ ʯʘʩʪʦ ʥʝ ʟʜʽʡʩʥʶʻʪʴʩʷ. 

ʊʦʤʫ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʧʘʣʠʚʘ ʪʘ ʚʠʢʠʜʽʚ ʧʘʨʽʚ ʧʘʣʠʚʘ ʚ ʘʪʤʦʩʬʝʨʫ ʚʘʞʣʠʚʦ 

ʚʩʪʘʥʦʚʠʪʠ ʷʢ ʥʦʨʤʘʪʠʚʠ ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʪʘʢ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʩʪʽʡʥʠʡ ʢʦʥʪʨʦʣʴ 

ʚʝʣʠʯʠʥʠ ʪʘʢʠʭ ʚʠʢʠʜʽʚ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙôʻʢʪʘ. ʆʙʦʚ'ʷʟʢʦʚʠʡ ʭʘʨʘʢʪʝʨ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʨʤʘʪʠʚʽʚ ʜʠʢʪʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʟ ʨʦʟʨʦʙʢʠ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʜʞʝʨʝʣ ʚʠʜʽʣʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ɸɿʉ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʬʦʨʤʫʚʘʪʠ ʽ ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʠʤʦʛʠ ʜʦ ʥʦʨʤʘʪʠʚʽʚ ʚʪʨʘʪ ʽ ʛʨʘʥʠʯʥʦ 

ʜʦʧʫʩʪʠʤʠʭ ʚʠʢʠʜʽʚ, ʚʠʙʽʨ ʽ ʨʦʟʨʦʙʢʫ ʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ ʾʭ ʟʥʠʞʝʥʥʷ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʚʠʢʠʜʽʚ ʙʝʥʟʠʥʫ ʚ ʜʦʚʢʽʣʣʷ ʚʽʜ ɸɿʉ ʥʝʦʙʭʽʜʥʦ 

ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʩʪʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʚʠʢʠʜʽʚ  ʢʦʥʪʨʦʣʴ ʤʘʩʠ ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʚʠʢʠʜʽʚ ʧʘʣʠʚʘ 

ʚ ʜʦʚʢʽʣʣʷ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʩʪʽʡʥʠʡ ʘʚʪʦʤʘʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ  ʚʤʽʩʪʫ 

ʧʘʨʽʚ ʫ ʚʠʢʠʜʘʭ ʽ ʦʙôʻʤʫ ʮʠʭ ʚʠʢʠʜʽʚ. ʆʩʥʦʚʥʠʤʠ ʽ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʠʜʽʚ ʻ ʟʘʩʦʙʠ ʢʦʥʪʨʦʣʶ ʚʤʽʩʪʫ ʧʘʨʽʚ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʫ ʚʠʢʠʜʘʭ 

ʚʽʜ ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʜʞʝʨʝʣ ɸɿʉ. 
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ɺ ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʶ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʨʤʦʢʘʪʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʶ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʧʨʦʩʪʦʶ 

ʢʦʥʩʪʨʫʢʮʽʻʶ ʪʝʨʤʦʢʘʪʘʣʽʪʠʯʥʠʭ ʜʘʪʯʠʢʽʚ, ʤʘʣʠʤʠ ʨʦʟʤʽʨʘʤʠ, ʥʝʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ, 

ʤʦʞʣʠʚʽʩʪʶ ʾʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ (ʚʠʥʦʩʥʽ ʜʘʪʯʠʢʠ) ʧʦ ʪʝʨʠʪʦʨʽʾ ʪʘ 

ʧʨʠʤʽʱʝʥʥʷʤ ʟ ʥʘʩʪʫʧʥʦʶ ʽʥʪʝʛʨʘʮʽʻʶ ʟ ʻʜʠʥʠʤ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ. ʊʘʢʽ 

ʜʘʪʯʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʨʠʚʘʣʠʤ ʪʝʨʤʽʥʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʤʽʥʽʤʘʣʴʥʠʤ ʚʧʣʠʚʦʤ ʥʘ 

ʾʭʥʶ ʨʦʙʦʪʫ ʛʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʪʘ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ, ʧʠʣʫ, ʪʝʤʧʝʨʘʪʫʨʠ [4]. ɿʘ ʥʝʚʠʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʘʨʽʚ ʙʝʥʟʠʥʫ ʚ ʧʦʚʽʪʨʽ ʮʽ ʜʘʪʯʠʢʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʽʥʪʝʛʨʘʣʴʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʦʩʪʽ . 

ɺʠʢʦʥʘʥʠʡ ʥʘʤʠ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʙʦʪʠ ʪʝʨʤʦʢʘʪʘʣʽʪʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʫ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽʡ ʩʫʤʽʰʽ ʧʘʨʽʚ ʙʝʥʟʠʥʫ ʧʦʢʘʟʫʻ, ʱʦ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʥʘ ʨʦʙʦʯʦʤʫ 

ʪʝʨʤʦʝʣʝʤʝʥʪʽ ʟʘ ʦʜʥʘʢʦʚʦʾ ʤʘʩʠ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʜʝʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ  ̔ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʜʦʙʫʪʢʫ ʥʠʞʯʦʾ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʢʦʤʧʦʥʝʥʪʫ  ̔ʡʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ [5]. ʅʘʡʚʠʱʘ 

ʯʫʪʣʠʚʽʩʪʴ ʜʘʪʯʠʢʘ  ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʥʘʡʙʽʣʴʰ ʣʝʪʢʠʭ ʩʢʣʘʜʦʚʠʭ ʙʝʥʟʠʥʫ (ʧʝʥʪʘʥʫ, 

ʙʝʥʟʦʣʫ, ʪʦʣʫʦʣʫ ʪʦʱʦ). ɼʦ ʙʽʣʴʰ ʚʘʞʢʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʯʫʪʣʠʚʽʩʪʴ ʜʘʪʯʠʢʘ ʟʥʠʞʫʻʪʴʩʷ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʪʘ ʤʽʥʣʠʚʽʩʪʴ ʩʢʣʘʜʫ ʧʘʨʽʚ ʙʝʥʟʠʥʫ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ ʧʦʪʨʽʙʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦ ʧʦʚʽʨʦʯʥʽʡ ʩʫʤʽʰʽ ʢʦʤʧʦʥʝʥʪʫ ʧʘʨʽʚ ʙʝʥʟʠʥʫ, 

ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʧʨʠ ʦʢʠʩʣʝʥʥʽ ̫ ʢʦʛʦ ʙʣʠʟʴʢʝ ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʚʽʜ 

ʫʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɺ ʷʢʦʩʪʽ ʪʘʢʦʾ ʩʫʤʽʰʽ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʚʽʨʦʯʥʫ ʩʫʤʽʰ 

ʛʝʢʩʘʥʫ ʚ ʧʦʚʽʪʨʽ. ɿʘ ʮʽʻʾ ʫʤʦʚʠ ʦʯʽʢʫʚʘʥʘ ʚʝʣʠʯʠʥʘ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʩʠ ʚʠʢʠʜʽʚ 

ʧʘʨʽʚ ʙʝʥʟʠʥʫ ʚʽʜ ʟʤʽʥʠ ʾʭ ʩʢʣʘʜʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 5% [5]. 

ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʪʝʨʤʦʢʘʪʘʣʽʪʠʯʥʦʛʦ ʜʘʪʯʠʢʘ ʧʨʦʧʦʨʮʽʡʥʠʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʘʨʽʚ 

ʙʝʥʟʠʥʫ ʚ ʧʘʣʠʚʦʧʦʚʽʪʨʷʥʽʡ ʩʫʤʽʰʽ ʟʘ ʫʤʦʚʠ, ʱʦ ʣʽʤʽʪʫʶʯʠʤ ʘʛʝʥʪʦʤ ʚ ʩʫʤʽʰʽ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ,  ̒ʧʘʨʠ ʙʝʥʟʠʥʫ. ɿʘ ʚʠʩʦʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʘʨʽʚ ʣʽʤʽʪʫʶʯʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʩʫʤʽʰʽ ʩʪʘʻ ʢʠʩʝʥʴ ʧʦʚʽʪʨʷ ̔  ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ɦ ʦ ʚʠʜʽʣʷʻʪʴʩʷ ʥʘ ʨʦʙʦʯʦʤʫ 

ʝʣʝʤʝʥʪʽ, ʙʫʜʝ ʧʨʦʧʦʨʮʽʡʥʘ ʧʦʪʦʢʫ ʢʠʩʥʶ ʜʦ ʧʦʚʝʨʭʥʽ ʮʴʦʛʦ ʝʣʝʤʝʥʪʘ. ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ, 

ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʽʚ ʙʝʥʟʠʥʫ ʚ ʫʩʴʦʤʫ ʤʦʞʣʠʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʥʝʦʙʭʽʜʥʘ ʧʦʧʝʨʝʜʥʷ ʧʽʜʛʦʪʦʚʢʘ ʩʫʤʽʰʽ ʜʣʷ ʢʦʥʪʨʦʣʶ, ʰʣ̫ ʭʦʤ ʜʦʟʦʚʘʥʦʾ ʧʦʜʘʯʽ ʫ 

ʚʠʤʽʨʶʚʘʣʴʥʫ ʢʘʤʝʨʫ ʟ ʜʘʪʯʠʢʦʤ ʚʠʢʠʜʽʚ  ̔ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʪʝʨʤʦʢʘʪʘʣʽʪʠʯʥʽ ʜʘʪʯʠʢʠ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʤʦʥʽʪʦʨʠʥʛʫ ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʚʠʢʠʜʽʚ ʦʙ'ʻʢʪʽʚ ʥʘʬʪʦʧʘʣʠʚʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʬʦʨʤʫʚʘʪʠ ʽ ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʠʤʦʛʠ ʜʦ ʥʦʨʤʘʪʠʚʽʚ ʚʪʨʘʪ ʽ 

ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʨʽʚʥʽʚ ʚʠʢʠʜʽʚ, ʪʘ ʧʨʠʩʢʦʨʠʪʠ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ ʾʭ ʟʥʠʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʚʠʙʽʨ  ̔ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʩʧʦʩʦʙʫ 

ʧʽʜʛʦʪʦʚʢʠ ʩʫʤʽʰʽ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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ʮʠʚʽʣʴʥʦʾ ʙʝʟʧʝʢʠ  

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ)  

ʆʉʆɹʃʀɺʆʉʊɯ ʆʎɯʅʂʀ ʇʈʆʌɽʉɯʁʅʀʍ ʈʀɿʀʂɯɺ ʇʈɸʎɯɺʅʀʂɯɺ 

ɻɯʈʅʀʏʀʍ ʇɯɼʇʈʀɭʄʉʊɺ 

ɻʽʨʥʠʯʦʜʦʙʫʚʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʘʜʟʚʠʯʘʡʥʦ ʩʢʣʘʜʥʫ ʪʝʭʥʦʣʦʛʽʯʥʦ-

ʚʠʨʦʙʥʠʯʫ ʩʠʩʪʝʤʫ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʧʦʪʝʥʮʽʡʥʠʭ ʥʝʙʝʟʧʝʢ (ʥʝʙʝʟʧʝʢʠ ʚʠʙʫʭʽʚ ʪʘ 

ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ, ʦʙʚʘʣʝʥʴ, ʟʘʪʦʧʣʝʥʴ, ʧʦʞʝʞ ʪʘ ʽʥ.) ʪʘ ʰʢʽʜʣʠʚʠʤʠ ʫʤʦʚʘʤʠ ʧʨʘʮʽ, 

ʷʢʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʨʦʙʦʯʠʭ ʤʽʩʮʴ (ʚʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʠʣʫ ʚ ʧʦʚʽʪʨʽ ʨʦʙʦʯʦʾ 

ʟʦʥʠ, ʚʠʩʦʢʘ ʚʦʣʦʛʽʩʪʴ, ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʠʨʦʜʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʪʦʱʦ). ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʟʤʽʥʠ ʫʤʦʚ ʚʠʜʦʙʫʪʢʫ ʢʦʧʘʣʠʥ, ʥʝʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʥʦʨʤʘʪʠʚʥʠʭ 

ʨʝʛʣʘʤʝʥʪʽʚ ʙʝʟʧʝʢʠ ʘʙʦ ʥʝʢʦʨʝʢʪʥʽ ʥʝʙʝʟʧʝʯʥʽ ʜʽʾ ʧʝʨʩʦʥʘʣʫ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʪʷʞʢʠʭ ʥʘʩʣʽʜʢʽʚ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʬʝʩʽʡʥʘ ʜʽʷʣʴʥʽʩʪʴ ʧʝʨʝʚʘʞʥʦʾ ʙʽʣʴʰʦʩʪʽ 

ʧʨʘʮʽʚʥʠʢʽʚ ʦʩʥʦʚʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ ʛʽʨʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʷʢ 

ʚʘʞʢʘ ʬʽʟʠʯʥʘ ʧʨʘʮʷ ʚ ʰʢʽʜʣʠʚʠʭ ʫʤʦʚʘʭ.  

ʅʘ ʬʦʨʤʫʚʘʥʥʷ ʫʤʦʚ ʧʨʘʮʽ, ʧʦʢʘʟʥʠʢʠ ʪʨʘʚʤʘʪʠʟʤʫ ʪʘ ʧʨʦʬʝʩʽʡʥʦʾ 

ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʤʘʶʪʴ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʷʢ ʚʥʫʪʨʽʰʥʽ ʪʘʢ ʽ ʟʦʚʥʽʰʥʽ ʬʘʢʪʦʨʠ. ɺʥʫʪʨʽʰʥʽ 

ʬʘʢʪʦʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʻʶ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ 

ʩʪʘʥʦʤ ʥʘʷʚʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʩʪʘʥʦʤ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ, ʚʝʥʪʠʣʷʮʽʾ, 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʝʨʝʞ, ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʽʪ ʪʘ ʮʽʣʦʶ ʥʠʟʢʦʶ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. ɺʥʫʪʨʽʰʥʽ 

ʬʘʢʪʦʨʠ ʻ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʧʝʨʝʜʙʘʯʫʚʘʥʠʤʠ ʽ ʢʝʨʦʚʘʥʠʤʠ. ɿʦʚʥʽʰʥʽ ʬʘʢʪʦʨʠ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢ ʧʨʘʚʠʣʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʥʝʢʝʨʦʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʷʢʘ ʜʣʷ ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʧʦʚôʷʟʘʥʘ ʟ ʚʧʣʠʚʦʤ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʦʪʦʯʫʶʯʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʚʽʜ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʨʦʟʨʦʙʢʠ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ʇʨʠ ʮʴʦʤʫ ʚʧʣʠʚ 

ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʨʠʨʦʜʥʠʭ ʧʨʠ ʚʠʜʦʙʫʪʢʫ ʧʝʚʥʠʭ ʚʠʜʽʚ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ ʤʦʞʝ ʤʘʪʠ ʚʠʟʥʘʯʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʠʨʦʙʥʠʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʫʤʦʚ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ. ʎʝ ʜʦʩʠʪʴ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʚʫʛʣʝʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ [1]. 

ɺʫʛʽʣʴʥʽ ʰʘʭʪʠ ʟʘʣʠʰʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʱʦʜʦ 

ʚʠʨʦʙʥʠʯʦʛʦ ʪʨʘʚʤʘʪʠʟʤʫ, ʚʢʣʶʯʘʶʯʠ ʚʠʧʘʜʢʠ ʟ ʣʝʪʘʣʴʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ. ʅʘʡʚʠʱʘ 

ʯʘʩʪʦʪʘ ʪʷʞʢʠʭ ʪʨʘʚʤ ʧʦʚ'ʷʟʘʥʘ ʟ ʘʚʘʨʽʡʥʠʤʠ ʩʠʪʫʘʮʽʷʤʠ (ʝʢʟʦʛʝʥʥʠʤʠ ʪʘ ʝʥʜʦʛʝʥʥʠʤʠ 

ʧʦʞʝʞʘʤʠ,ʚʠʙʫʭʘʤʠ ʤʝʪʘʥʦ-ʧʦʚʽʪʨʷʥʠʭ ʩʫʤʽʰʝʡ ʪʘ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ, ʦʙʚʘʣʘʤʠ 

ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ), ʘ ʪʘʢʦʞ ʟ ʥʝʱʘʩʥʠʤʠ ʚʠʧʘʜʢʘʤʠ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʟʝʤʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ, ʧʽʜʡʦʤʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ. 

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʫ ʚʩʽʭ ʩʬʝʨʘʭ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʚʢʣʶʯʘʶʯʠ 

ʛʽʨʥʠʯʦʜʦʙʫʚʥʫ ʽʥʜʫʩʪʨʽʶ, ʧʨʠ ʦʮʽʥʮʽ ʷʢ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʙʝʟʧʝʢʠ ʪʘ ʫʤʦʚ ʧʨʘʮʽ, ʪʘʢ ʽ 

ʧʨʠ ʧʨʦʛʥʦʩʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʾʭ ʜʠʥʘʤʽʢʠ ʟʘ ʫʤʦʚʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʾ 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʜʦʩʢʦʥʘʣʽʰʦʾ ʪʝʭʥʽʢʠ, ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʚʠʜʦʙʫʪʢʫ ʤʽʥʝʨʘʣʴʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʦʥʮʝʧʮʽʷ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ.  

ʇʦʥʷʪʪʷ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ ʟʥʘʭʦʜʠʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʞ ʧʨʠ ʨʦʟʨʦʙʮʽ, ʚʠʙʦʨʽ 

ʪʘ ʧʨʘʢʪʠʯʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ (ʢʦʣʝʢʪʠʚʥʦʛʦ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ), ʧʨʠ 

ʦʮʽʥʮʽ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʠʭ ʯʠ ʽʥʰʠʭ ʨʽʰʝʥʴ ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʦʣʽʧʰʝʥʥʷ ʫʤʦʚ 

ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʧʨʘʮʽ, ʧʨʠ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʩʪʨʘʪʝʛʽʯʥʠʭ ʨʽʰʝʥʴ ʟ ʧʠʪʘʥʴ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʦʭʦʨʦʥʦʶ ʧʨʘʮʽ. 

ʈʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʫʤʦʚ ʧʨʘʮʽ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʤʘʰʠʥ, ʤʝʭʘʥʽʟʤʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʛʽʨʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ,  ʦʙʫʤʦʚʣʶʻ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʧʨʦʷʚʫ 

ʥʝʙʝʟʧʝʢʠ. ɸ ʮʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʦʙʫʤʦʚʣʶʻ ʟʥʘʯʥʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʦʢ 
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ʨʠʟʠʢʫ ʪʘ ʪʠʭ ʦʟʥʘʢ, ʟʘ ʷʢʠʤʠ ʧʨʠʡʥʷʪʦ ʟʜʽʡʩʥʶʚʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʶ. ʊʘʢ, ʥʠʥʽ ʧʨʠ 

ʢʝʨʫʚʘʥʥʽ ʦʭʦʨʦʥʦʶ  ʧʨʘʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʥʷʪʪʷ ʚʠʨʦʙʥʠʯʠʡ ʨʠʟʠʢ ʪʘ ʧʨʦʬʝʩʽʡʥʠʡ 

ʨʠʟʠʢ. ʇʨʠ ʮʴʦʤʫ ʚ ɼʉʊʋ 2293-99. çʆʭʦʨʦʥʘ ʧʨʘʮʽ ʪʝʨʤʽʥʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʧʦʥʷʪʴè ʧʦʥʷʪʪʷ çɺʠʨʦʙʥʠʯʠʡ ʨʠʟʠʢè ʚʠʟʥʘʯʝʥʦ ʷʢ ʽʤʦʚʽʨʥʽʩʪʴ ʫʰʢʦʜʞʝʥʥʷ ʟʜʦʨʦʚôʷ 

ʧʨʘʮʽʚʥʠʢʘ ʚ ʧʨʦʮʝʩʽ ʪʨʫʜʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʰʢʦʜʠ ʤʘʡʥʫ, ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ, 

ʷʢʫ ʟʫʤʦʚʣʝʥʦ ʰʢʽʜʣʠʚʽʩʪʶ ʪʘ/ʯʠ ʥʝʙʝʟʧʝʯʥʽʩʪʶ ʚʠʨʦʙʥʠʯʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

[2]. ʇʨʦʬʝʩʽʡʥʠʡ ʨʠʟʠʢ, ʟʛʽʜʥʦ ʯʠʥʥʦʾ ʛʽʛʽʻʥʽʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʫʤʦʚ ʧʨʘʮʽ [3], ʚʠʟʥʘʯʝʥʦ 

ʷʢ ʚʝʣʠʯʠʥʫ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʨʫʰʝʥʥʷ (ʫʰʢʦʜʞʝʥʥʷ) ʟʜʦʨʦʚôʷ ʧʨʘʮʽʚʥʠʢʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʪʷʞʢʦʩʪʽ ʥʘʩʣʽʜʢʽʚ ʚʥʘʩʣʽʜʦʢ ʥʝʩʧʨʠʷʪʣʠʚʦʛʦ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ʚʠʨʦʙʥʠʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʽ ʪʨʫʜʦʚʦʛʦ ʧʨʦʮʝʩʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʦʥʷʪʪʷ ʚʠʨʦʙʥʠʯʦʛʦ ʨʠʟʠʢʫ ʛʘʨʤʦʥʽʟʦʚʘʥʝ ʟ 

ʧʦʥʷʪʪʷʤ ʚʠʟʥʘʯʝʥʠʤ ʤʽʞʥʘʨʦʜʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ [4]. 

ɿʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ ʚ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ 

ʦʭʦʨʦʥʦʶ ʟʜʦʨʦʚôʷ ʪʘ ʙʝʟʧʝʢʦʶ ʧʨʘʮʽ ʚʠʢʣʘʜʝʥʽ ʚ ɼʉʊʋ IEC/ISO 31010:2013 ʂʝʨʫʚʘʥʥʷ 

ʨʠʟʠʢʦʤ. ʄʝʪʦʜʠ ʟʘʛʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ (ʛʘʨʤʦʥʽʟʦʚʘʥʦ ʟ IEC/ISO 31010:2009) 

[5]. ɿʛʽʜʥʦ ʮʴʦʛʦ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʘʢʪʫ ʧʨʦʮʝʩ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ 

ʧʦʣʷʛʘʻ ʚʠʟʥʘʯʝʥʦ ʷʢ ʧʦʩʣʽʜʦʚʥʝ ʧʨʦʚʝʜʝʥʥʷ ʥʠʟʢʠ ʝʪʘʧʽʚ, ʘ ʩʘʤʝ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʘʥʘʣʽʟʫ 

ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʣʷʛʘʻ ʫ ʚʠʷʚʣʝʥʥʽ, ʫʩʚʽʜʦʤʣʝʥʥʽ ʪʘ 

ʦʧʠʩʫ ʨʠʟʠʢʫ. ɸʥʘʣʽʟ ʨʠʟʠʢʫ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʥʘʩʣʽʜʢʽʚ ʪʘ ʡʤʦʚʽʨʥʦʩʪʝʡ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʨʠʟʠʢʦʚʠʭ ʧʦʜʽʡ.  

ʇʨʠ ʦʮʽʥʮʽ ʨʠʟʠʢʽʚ ʚʨʘʭʦʚʫʶʪʴ ʥʘʷʚʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʭʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʙʝʟʧʝʢʠ, 

ʥʘʷʚʥʽʩʪʴ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ, ʤʦʞʣʠʚʽʩʪʴ ʩʚʦʻʯʘʩʥʦʛʦ ʥʘʜʘʥʥʷ ʤʝʜʠʯʥʦʾ 

ʜʦʧʦʤʦʛʦ, ʚʧʣʠʚ ʫʤʦʚ ʧʨʘʮʽ ʥʘ ʥʘʩʣʽʜʢʠ ʪʘ ʽʤʦʚʽʨʥʽʩʪʴ ʧʨʦʷʚʫ ʧʦʜʽʡ ʪʘ ʽʥ. ʯʠʥʥʠʢʠ. 

ʉʝʨʝʜ ʧʨʠʯʠʥ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ ʥʘ ʛʽʨʥʠʯʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʧʨʦʚʽʜʥʘ ʨʦʣʴ ʥʘʣʝʞʠʪʴ ʦʨʛʘʥʽʟʘʮʽʡʥʠʤ, ʪʝʭʥʽʯʥʠʤ ʪʘ ʩʘʥʽʪʘʨʥʦ-

ʛʽʛʽʻʥʽʯʥʠʤ ʯʠʥʥʠʢʘʤ. ʇʨʦʪʝ ʥʠʥʽ, ʦʩʦʙʣʠʚʦ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʨʦʩʽʡʩʴʢʦʾ ʟʙʨʦʡʥʦʾ ʘʛʨʝʩʽʾ 

ʧʨʦʪʠ ʋʢʨʘʾʥʠ, ʦʜʥʽʻʶ ʟ ʜʦʤʽʥʫʶʯʠʭ ʛʨʫʧ ʮʠʭ ʧʨʠʯʠʥ ʩʪʘʣʠ ʧʨʠʯʠʥʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ 

ʧʩʠʭʦʩʦʮʽʘʣʴʥʠʤʠ ʪʘ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʘʤʠ. ɺʧʣʠʚ ʮʠʭ ʛʨʫʧ ʧʨʠʯʠʥ ʥʘ 

ʡʤʦʚʽʨʥʽʩʪʴ ʪʨʘʚʤʘʪʠʟʤʫ ʪʘ ʪʷʞʢʽʩʪʴ ʡʦʛʦ ʥʘʩʣʽʜʢʽʚ ʚ ʥʠʥʽʰʥʽʭ ʫʤʦʚʘʭ ʚ ʜʦʩʪʘʪʥʽʡ ʤʽʨʽ 

ʥʘ ʜʦʩʣʽʜʞʝʥʦ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʨʠʡʥʷʪʪʷ ʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʠʟʠʢʫ. 

ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʧʠʪʘʥʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʦʮʽʥʢʠ ʧʨʦʬʝʩʽʡʥʠʭ ʨʠʟʠʢʽʚ, 

ʦʩʦʙʣʠʚʦ ʚ ʯʘʩʪʠʥʽ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʥʘ ʾʭ ʨʽʚʝʥʴ ʧʩʠʭʦʩʦʮʽʘʣʴʥʠʭ ʪʘ 

ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ, ʻ ʥʠʥʽ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ, ʷʢʘ ʧʦʪʨʝʙʫʻ 

ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ.  
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ʂʨʘʚʯʝʥʢʦ ɹ.ɼ. ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 263 ʎʠʚʽʣʴʥʘ ʙʝʟʧʝʢʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɻʦʣʽʥʴʢʦ ɺ.ɯ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʪʘ 

ʮʠʚʽʣʴʥʦʾ ʙʝʟʧʝʢʠ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʂʈʀʊɽʈɯɰ ɺʀɹʆʈʋ ɿɸʉʆɹɯɺ ɯʅɼʀɺɯɼʋɸʃʔʅʆɻʆ ɿɸʍʀʉʊʋ ɿ 

ʋʈɸʍʋɺɸʅʅʗʄ ɯʅʊɽɻʈɸʃʔʅʆɰ ʆʎɯʅʂʀ ʈʀɿʀʂɯɺ 

 

ɿʘʩʦʙʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ (ɿɯɿ) ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤʠ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

ʚʠʨʦʙʥʠʮʪʚʘ. ɰʭʥʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʝ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʙʽʪ ʚ ʰʢʽʜʣʠʚʠʭ ʪʘ 

ʥʝʙʝʟʧʝʯʥʠʭ ʫʤʦʚʘʭ ʧʨʘʮʽ, ʥʘʧʨʠʢʣʘʜ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʛʽʨʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ʊʘʢʽ ɿɯɿ  ̫ ʢ 

ʧʨʦʪʠʧʠʣʦʚʽ ʨʝʩʧʽʨʘʪʦʨʠ, ʩʘʤʦʨʷʪʽʚʥʠʢʠ ʪʘ ʩʧʝʮʦʜʷʛ, ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ 

ʟʘʧʦʙʽʛʘʥʥʽ ʪʨʘʚʤʘʤ ʪʘ ʟʘʭʚʦʨʶʚʘʥʥʷʤ ʩʝʨʝʜ ʛʽʨʥʠʢʽʚ. 

ʇʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ɿɯɿ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ 

ʻ ʢʦʤʧʣʝʢʩʥʘ ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʦʙʽʚ ʫ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʧʨʘʮʽ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʚʠʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʧʨʘʮʽ, ʪʠʤ ʩʘʤʠʤ ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʤʘʢʩʠʤʘʣʴʥʫ ʙʝʟʧʝʢʫ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʪʨʘʚʤ ʪʘ ʟʘʭʚʦʨʶʚʘʥʴ [1]. ʇʨʠ 

ʚʠʙʦʨʽ ɿɯɿ ʢʣʶʯʦʚʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʻ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʪʘ ʘʥʘʣʽʟ ʨʠʟʠʢʽʚ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ, ʩʧʝʮʠʬʽʢʘ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ, ʝʨʛʦʥʦʤʽʢʘ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʧʦʪʨʝʙʠ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʱʦ. 

ʇʝʨʰ ʟʘ ʚʩʝ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʭʘʨʘʢʪʝʨ ʥʝʙʝʟʧʝʢ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ. 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʪʠʧ ʥʝʙʝʟʧʝʢʠ, ʟ ʷʢʦʶ ʩʪʠʢʘʶʪʴʩʷ ʧʨʘʮʽʚʥʠʢʠ [2]. ʅʝʙʝʟʧʝʢʠ ʤʦʞʥʘ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, ʚʢʣʶʯʘʶʯʠ ʬʽʟʠʯʥʽ (ʤʝʭʘʥʽʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ, 

ʪʝʨʤʽʯʥʽ ʫʨʘʞʝʥʥʷ, ʚʽʙʨʘʮʽʷ ʪʘ ʰʫʤ ʪʦʱʦ), ʭʽʤʽʯʥʽ (ʰʢʽʜʣʠʚʽ ʨʝʯʦʚʠʥʠ), ʙʽʦʣʦʛʽʯʥʽ 

(ʰʢʽʜʣʠʚʽ ʙʘʢʪʝʨʽʾ, ʚʽʨʫʩʠ ʪʘ ʽʥ.) ʪʘ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʽ (ʬʽʟʠʯʥʽ ʪʘ ʥʝʨʚʦʚʦ-ʧʩʠʭʽʯʥʽ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ) ʯʠʥʥʠʢʠ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʥʝʙʝʟʧʝʢ ʽʩʥʫʶʪʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ɿɯɿ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʽʚ ʪʘ ʟʘʭʠʩʪʫ ʧʨʘʮʽʚʥʠʢʽʚ ʚʽʜ ʰʢʽʜʣʠʚʠʭ ʯʠʥʥʠʢʽʚ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʟʘʭʠʩʪʫ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʽʩʥʫʶʪʴ ʟʘʭʠʩʥʽ ʢʘʩʢʠ, ʰʦʣʦʤʠ, ʩʧʝʮʚʟʫʪʪʷ ʟ 

ʤʝʪʘʣʝʚʠʤʠ ʚʩʪʘʚʢʘʤʠ, ʟʘʭʠʩʥʽ ʨʫʢʘʚʠʯʢʠ ʪʘ ʦʜʷʛ; ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʪʝʨʤʽʯʥʠʭ ʫʨʘʞʝʥʴ ï 

ʪʝʨʤʦʩʪʽʡʢʝ ʩʧʝʮʚʟʫʪʪʷ, ʟʘʭʠʩʥʽ ʢʦʤʙʽʥʝʟʦʥʠ; ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʚʽʙʨʘʮʽʾ ʪʘ ʰʫʤʫ ï 

ʥʘʚʫʰʥʠʢʠ, ʚʢʣʘʜʠʰʽ ʜʣʷ ʚʫʭ; ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʝʩʧʽʨʘʪʦʨʠ, ʤʘʩʢʠ; ʟʘʭʠʩʥʽ ʨʫʢʘʚʠʯʢʠ ʪʘ ʢʦʤʙʽʥʝʟʦʥʠ ʜʣʷ ʟʘʭʠʩʪʫ ʰʢʽʨʠ 

ʚʽʜ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʚʽʜ ʰʢʽʜʣʠʚʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ï ʤʝʜʠʯʥʽ ʤʘʩʢʠ, ʟʘʭʠʩʥʽ ʦʢʫʣʷʨʠ, 

ʭʘʣʘʪʠ [3]. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʭ ʥʝʙʝʟʧʝʢ, ʪʦ ʭʦʯʘ ɿɯɿ ʥʝ ʤʦʞʫʪʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʭʠʩʪʠʪʠ ʚʽʜ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʠʭ 

ʫʤʦʚ ʧʨʘʮʽ ʪʘ ʨʝʛʫʣʷʨʥʠʭ ʧʝʨʝʨʠʚʽʚ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʮʠʭ ʨʠʟʠʢʽʚ. ʂʦʞʝʥ ʪʠʧ 

ɿɯɿ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʧʝʚʥʦʛʦ ʚʠʜʫ ʥʝʙʝʟʧʝʢʠ, ʪʦʤʫ ʚʠʙʽʨ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ 

ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ ʢʦʥʢʨʝʪʥʠʤ ʫʤʦʚʘʤ ʧʨʘʮʽ ʪʘ ʭʘʨʘʢʪʝʨʫ ʨʠʟʠʢʽʚ. 

ʊʨʠʚʘʣʽʩʪʴ ʚʧʣʠʚʫ ʥʝʙʝʟʧʝʢ ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤ ʢʨʠʪʝʨʽʻʤ. ʎʝ ʦʮʽʥʢʘ ʯʘʩʫ, ʧʨʦʪʷʛʦʤ 

ʷʢʦʛʦ ʧʨʘʮʽʚʥʠʢ ʧʝʨʝʙʫʚʘʻ ʧʽʜ ʜʽʻʶ ʥʝʙʝʟʧʝʢʠ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʧʨʘʮʽʚʥʠʢ ʧʝʨʝʙʫʚʘʻ 

ʧʽʜ ʚʧʣʠʚʦʤ ʰʫʤʫ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦ ʚʠʙʠʨʘʪʠ ɿɯɿ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʜʦʚʛʦʪʨʠʚʘʣʫ ʟʘʭʠʩʪ ʦʨʛʘʥʽʚ ʩʣʫʭʫ [2]. 

ɼʘʣʽ ʦʮʽʥʶʻʪʴʩʷ ʩʪʫʧʽʥʴ ʨʠʟʠʢʫ, ʧʦʚ'ʷʟʘʥʦʛʦ ʟ ʧʝʚʥʠʤʠ ʥʝʙʝʟʧʝʢʘʤʠ, ʪʦʙʪʦ ʨʽʚʝʥʴ 

ʥʝʙʝʟʧʝʢʠ. ʎʝ ʧʝʨʝʜʙʘʯʘʻ ʷʢʽʩʥʫ ʪʘ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʨʠʟʠʢʽʚ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʨʽʚʝʥʴ 

ʥʝʙʝʟʧʝʢʠ ʪʘ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʦʜʘʣʴʰʠʭ ʜʽʡ. ʗʢʽʩʥʘ ʦʮʽʥʢʘ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʪʝʛʦʨʽʡ (ʥʘʧʨʠʢʣʘʜ, ʥʠʟʴʢʠʡ, ʩʝʨʝʜʥʽʡ, ʚʠʩʦʢʠʡ), ʪʦʜʽ 

ʷʢ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʪʘ 

ʥʘʩʣʽʜʢʽʚ ʨʠʟʠʢʫ [4]. ʈʠʟʠʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʢʦʤʙʽʥʘʮʽʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʧʝʚʥʦʾ 

ʥʝʙʝʟʧʝʢʠ ʪʘ ʤʦʞʣʠʚʠʭ ʥʘʩʣʽʜʢʽʚ ʾʾ ʨʝʘʣʽʟʘʮʽʾ. ɺʽʥ ʤʦʞʝ ʙʫʪʠ ʢʣʘʩʠʬʽʢʦʚʘʥʠʡ ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʤʘʪʨʠʮʴ ʨʠʟʠʢʽʚ, ʜʝ ʨʠʟʠʢʠ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʷʢ ʜʦʙʫʪʦʢ ʡʤʦʚʽʨʥʦʩʪʽ ʪʘ 

ʪʷʞʢʦʩʪʽ ʥʘʩʣʽʜʢʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʧʨʽʦʨʠʪʝʪ ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʽʚ ʥʘ 

ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ [4]. 

ɺʠʙʽʨ ɿɯɿ ʧʦʚʠʥʝʥ ˇʨʫʥʪʫʚʘʪʠʩʷ ʪʘʢʦʞ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʨʦʙʦʯʠʭ ʤʽʩʮʴ. ʎʝ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʫʤʦʚʠ ʧʨʘʮʽ, ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʪʘ ʤʦʞʣʠʚʽ ʜʦʜʘʪʢʦʚʽ ʨʠʟʠʢʠ 

[5]. ɺʨʘʭʦʚʫʶʪʴʩʷ ʫʤʦʚʠ ʧʨʘʮʽ, ʪʘʢʽ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʣʦʛʽʩʪʴ ʪʘ ʽʥʰʽ ʬʘʢʪʦʨʠ, ʱʦ 

ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ɿɯɿ. ɽʬʝʢʪʠʚʥʽʩʪʴ ɿɯɿ ʻ ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʾʭ 

ʚʠʙʦʨʫ. ɺʘʨʪʦ ʨʦʙʠʪʠ ʚʠʙʽʨ ɿɯɿ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷ ʟʘʭʠʩʪʫ, ʧʦʪʨʽʙʥʦʛʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ 

ʥʝʙʝʟʧʝʢʠ. ʅʝʦʙʭʽʜʥʦ ʧʦʨʽʚʥʶʚʘʪʠ ʨʽʟʥʽ ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ ʱʦʜʦ ʾʭʥʴʦʾ ʟʜʘʪʥʦʩʪʽ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʠʟʠʢʠ ʚ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ ʧʨʘʮʽ [4]. ʆʙʠʨʘʶʪʴʩʷ ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ, ʷʢʽ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʟʘʭʠʱʘʶʪʴ ʚʽʜ ʚʠʟʥʘʯʝʥʠʭ ʥʝʙʝʟʧʝʢ. 

ʂʨʽʤ ʪʦʛʦ, ɿɯɿ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʤ ʚʠʤʦʛʘʤ, ʟʦʢʨʝʤʘ 

ʊʝʭʥʽʯʥʦʤʫ ʨʝʛʣʘʤʝʥʪʫ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʥʘʷʚʥʦʩʪʽ 

ʽʥʩʪʨʫʢʮʽʡ ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ ʟ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʟʙʝʨʽʛʘʥʥʷ, ʜʦʛʣʷʜ ʪʘ ʪʝʭʥʽʯʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ɿɯɿ. ɿʥʘʢ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʘʥʝʩʝʥʠʡ ʥʘ ɿɯɿ ʧʝʨʝʜ ʾʭʥʽʤ 

ʚʚʝʜʝʥʥʷʤ ʚ ʦʙʽʛ [6]. 

ʇʨʠ ʚʠʙʦʨʽ ɿɯɿ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ, ʪʘʢʽ 

ʷʢ ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʦʟʤʽʨ, ʚʘʛʘ ʪʦʱʦ) ʪʘ ʩʪʘʥ ʟʜʦʨʦʚ'ʷ (ʤʦʞʣʠʚʽ ʧʨʦʪʠʧʦʢʘʟʘʥʥʷ 

ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʚʥʠʭ ʚʠʜʽʚ ɿɯɿ), ʧʦʚ'ʷʟʘʥʽ ʟʽ ʩʪʘʥʦʤ ʟʜʦʨʦʚ'ʷ ʧʨʘʮʽʚʥʠʢʘ [5]. ʎʝ 

ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʭʠʩʪʫ ʪʘ ʢʦʤʬʦʨʪʫ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ. 

ɺʠʙʽʨ ɿɯɿ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʾʭʥʴʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɿʙʝʨʽʛʘʥʥʷ ɿɯɿ ʧʦʚʠʥʥʦ ʙʫʪʠ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʫʤʦʚʘʭ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʾʭʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʷʢ ʽ ʨʝʛʫʣʷʨʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʧʝʨʝʚʽʨʢʘ ʩʪʘʥʫ ɿɯɿ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭʥʴʦʾ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʧʘʤôʷʪʘʪʠ ʧʨʦ ʚʠʤʦʛʠ ʱʦʜʦ ʦʯʠʱʝʥʥʷ, ʜʦʛʣʷʜʫ ʪʘ 

ʜʝʟʽʥʬʝʢʮʽʾ ɿɯɿ [5]. 

ʆʪʞʝ, ʚʠʙʽʨ ɿɯɿ ʧʦʚʠʥʝʥ ˇʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤʫ ʘʥʘʣʽʟʽ ʨʠʟʠʢʽʚ ʪʘ ʫʤʦʚ 

ʧʨʘʮʽ. ɼʣʷ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʢʫʤʫʣʷʪʠʚʥʠʡ ʚʧʣʠʚ ʨʽʟʥʠʭ 

ʬʘʢʪʦʨʽʚ. ʎʷ ʦʮʽʥʢʘ ʜʦʟʚʦʣʠʪʴ ʚʠʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ɿɯɿ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ ʧʨʘʮʽ, ʱʦ 

ʟʘʙʝʟʧʝʯʠʪʴ ʝʬʝʢʪʠʚʥʠʡ ʟʘʭʠʩʪ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʽʚ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʛʣʷʥʫʪʠʭ ʢʨʠʪʝʨʽʾʚ ʚʠʙʦʨʫ ɿɯɿ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ 

ʧʨʘʮʽ ʪʘ ʟʘʭʠʩʪʠʪʠ ʟʜʦʨʦʚ'ʷ ʧʨʘʮʽʚʥʠʢʽʚ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʇʨʦ ʟʘʩʦʙʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ: ʩʝʨʪʠʬʽʢʘʮʽʷ, ʤʘʨʢʫʚʘʥʥʷ ʪʘ ʙʝʟʧʝʯʥʘ 

ʝʢʩʧʣʫʘʪʘʮʽʷ. ʇʨʦʬʝʩʽʡʥʠʡ ʧʦʨʪʘʣ çʆʭʦʨʦʥʘ ʧʨʘʮʽ ʽ ʧʦʞʝʞʥʘ ʙʝʟʧʝʢʘè URL: 

https://oppb.com.ua/news/pro-zasoby-indyvidualnogo-zahystu-sertyfikatsiya-markuvannya-

ta-bezpechna-ekspluatatsiya (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 18.03.2025). 

2. ʗʢʽ ʙʫʚʘʶʪʴ ʟʘʩʦʙʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ. ʇʦʞʝʞʥʘ ʙʝʟʧʝʢʘ ʋʢʨʘʾʥʠ. URL: 

https://euroservis.com.ua/ua/sredstva-individualnoy-zashchity-raznovidnosti-i-klassifikatsiya/ 

(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 18.03.2025). 

3. 4 ʧʦʨʘʜʠ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ. ɾʫʨʥʘʣ 

çɼʦʚʽʜʥʠʢ ʩʧʝʮʽʘʣʽʩʪʘ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽè. ˉ1. ʩʽʯʝʥʴ 2021 ʨʦʢʫ. URL: 

https://esop.expertus.com.ua/535919 (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 19.03.2025). 

4. ʇʦʩʽʙʥʠʢ ʟ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ. ɭʚʨʦʧʝʡʩʴʢʘ ʢʦʤʽʩʽʷ. ʃʶʢʩʝʤʙʫʨʛ: 

ɹʶʨʦ ʦʬʽʮʽʡʥʠʭ ʧʫʙʣʽʢʘʮʽʡ ɭʚʨʦʧʝʡʩʴʢʠʭ ʉʧʽʚʪʦʚʘʨʠʩʪʚ, 1996. 57 ʩ. URL: 

https://maup.com.ua/assets/files/wcms_650135.pdf. 

5. ɺʠʤʦʛʠ ʜʦ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ. ɼʦʚʽʜʥʠʢ ʩʧʝʮʽʘʣʽʩʪʘ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ. 

URL: https://pro-op.com.ua/news/67120-vimogi-do-zasobiv-individualnogo-zakhistu. 

6. ʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ, 

ʟʘʪʚʝʨʜʞʝʥʝ ʧʦʩʪʘʥʦʚʦʶ ʂʘʙʽʥʝʪʫ ʤʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 21 ʩʝʨʧʥʷ 2019 ʨ. ˉ 771 ʟʽ ʟʤʽʥ. 

ʪʘ ʜʦʧ. URL: https://zakon.rada.gov.ua/laws/show/771-2019-%D0%BF#n2  

https://esop.expertus.com.ua/535919
https://maup.com.ua/assets/files/wcms_650135.pdf
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ʋɼʂ 504.054 

 

ʂʫʟʥʝʮʦʚ ʆ.ʂ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 263 ʎʠʚʽʣʴʥʘ ʙʝʟʧʝʢʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɻʦʣʽʥʴʢʦ ɺ.ɯ., ʜ.ʪ.ʥ., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʪʘ 

ʮʠʚʽʣʴʥʦʾ ʙʝʟʧʝʢʠ  

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ)  

 
ɺɼʆʉʂʆʅɸʃɽʅʅʗ ɿɸʉʆɹɯɺ ʂʆʅʊʈʆʃʖ ʉʊɸʅʋ ɹɽɿʇɽʂʀ 

ʊɽʍʅʆɻɽʅʅʀʍ ʆɹôɭʂʊɯɺ 

 

ʉʫʪʪʻʚʫ ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʣʶʜʠʥʠ ʪʘ ʜʦʚʢʽʣʣʷ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʪʝʭʥʦʛʝʥʥʽ ʦʙ'ʻʢʪʠ ʜʝ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʛʘʟʽʚ (ʤʝʪʘʥʫ, ʧʨʦʧʘʥʫ, 

ʙʫʪʘʥʫ) ʪʘ ʣʝʪʢʠʭ ʛʦʨʶʯʠʭ ʨʽʜʠʥ (ʙʝʥʟʠʥʫ, ʛʘʩʫ, ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ʪʦʱʦ). ɹʘʛʘʪʦ ʪʘʢʠʭ 

ʦʙôʻʢʪʽʚ ʨʦʟʪʘʰʦʚʘʥʦ ʚ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ ʚ ʪʦʤʫ ʯʠʩʣʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʞʠʪʣʦʚʠʭ 

ʙʫʜʠʥʢʘʭ (ʘʚʪʦʟʘʧʨʘʚʥʽ ʩʪʘʥʮʽʾ, ʢʦʪʝʣʴʥʽ, ʧʽʜʟʝʤʥʽ ʧʘʨʢʽʥʛʠ ʪʦʱʦ). ʇʦʨʫʰʝʥʥʷ 

ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʧʦʰʢʦʜʞʝʥʥʷ ʫʩʪʘʪʢʦʚʘʥʥʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʛʘʟʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ 

ʨʝʯʦʚʠʥ ʚ ʧʦʚʽʪʨʽ ʪʘ ʫʪʚʦʨʝʥʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʧʘʣʠʚʦ ʧʦʚʽʪʨʷʥʠʭ ʩʫʤʽʰʝʡ. ɺʠʙʫʭʠ, 

ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʥʝʩʚʦʻʯʘʩʥʦʤʫ ʚʠʷʚʣʝʥʥʶ ʚʠʪʦʢʽʚ ʪʘ ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʞʝʨʝʣ ʟʘʧʘʣʝʥʥʷ 

ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʦʾ ʩʫʤʽʰʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʘʯʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʪʨʘʪ, ʨʫʡʥʫʚʘʥʥʷ 

ʙʫʜʽʚʝʣʴ, ʩʧʦʨʫʜ, ʤʘʰʠʥ, ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʦʙʣʘʜʥʘʥʥʷ ʪʦʱʦ [1].  

ɼʽʻʚʠʤ ʟʘʭʦʜʦʤ ʟ ʧʦʧʝʨʝʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʚʠʙʫʭʽʚ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʠʩʪʝʤ ʨʘʥʥʴʦʛʦ ʚʠʷʚʣʝʥʥʷ ʥʝʙʝʟʧʝʢ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʙʝʟʧʝʨʝʨʚʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʥʪʨʦʣʴ 

ʚʤʽʩʪʫ ʧʘʨʽʚ ʣʝʪʢʠʭ ʛʦʨʶʯʠʭ ʨʝʯʦʚʠʥ ʯʠ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʛʘʟʽʚ  ʚ ʤʽʩʮʷʭ ʾʭ ʤʦʞʣʠʚʦʛʦ 

ʥʘʜʭʦʜʞʝʥʥʷ ʚ ʧʦʚʽʪʨʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʚʯʘʩʥʦ, ʷʢ ʧʨʘʚʠʣʦ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʙʽʣʷ 10% ʚʽʜ ʥʠʞʥʴʦʾ ʤʝʞʽ ʟʘʧʘʣʶʚʘʥʥʷ (ʅʄɿ) ʩʫʤʽʰʽ, 

ʽʥʬʦʨʤʫʚʘʪʠ ʧʝʨʩʦʥʘʣ (ʰʣʷʭʦʤ ʚʢʣʶʯʝʥʥʷ ʟʚʫʢʦʚʦʾ ʪʘ ʚʽʟʫʘʣʴʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ) ʧʨʦ 

ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʢʠ (ʰʣʷʭʦʤ ʚʢʣʶʯʝʥʥʷ ʟʚʫʢʦʚʦʾ ʪʘ ʚʽʟʫʘʣʴʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ) ʪʘ 

ʩʚʦʻʯʘʩʥʦ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʠʙʫʭʫ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʧʦʚʽʪʨʽ (ʷʢ ʧʨʘʚʠʣʦ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ 

20% ʅʄɿ) ʪʘʢʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʚʢʣʶʯʠʪʠ ʟʘʩʦʙʠ ʘʚʘʨʽʡʥʦʾ ʚʝʥʪʠʣʷʮʽʾ, 

ʚʠʢʣʶʯʠʪʠ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʜʞʝʨʝʣʦʤ ʟʘʧʘʣʝʥʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʦʾ ʩʫʤʽʰʽ ʢ 

ʟʘʭʠʩʪʫ, ʪʘ ʟʜʽʡʩʥʠʪʠ ʥʠʟʢʫ ʽʥʰʠʭ ʤʦʞʣʠʚʠʭ ʟʘʭʦʜʽʚ ʩʧʨʷʤʦʚʘʥʠʭ ʷʢ ʥʘ ʟʥʠʞʝʥʥʷ 

ʽʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʚʠʙʫʭʫ, ʪʘʢ ʽ ʥʘ ʟʤʝʥʰʝʥʥʷ ʪʷʞʢʦʩʪʽ ʥʘʩʣʽʜʢʽʚ ʟʘ ʫʤʦʚʠ 

ʚʠʥʠʢʥʝʥʥʷ ʚʠʙʫʭʫ ʥʘ ʦʙôʻʢʪʽ. 

ʉʝʨʝʜ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʶ, ʷʢʽ ʥʠʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ, ʥʘʡʙʽʣʴʰʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʙʫʣʠ ʟʘʩʦʙʠ, ʱʦ 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʪʝʨʤʦʢʘʪʘʣʽʪʠʯʥʦʤʫ ʪʘ  ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʤʫ ʤʝʪʦʜʘʭ. ʊʘʢ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʚʤʽʩʪʫ ʤʝʪʘʥʫ ʚ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʢʘʭ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʝʨʤʦʢʘʪʘʣʽʪʠʯʥʽ ʜʘʪʯʠʢʠ [2]. ɺʦʥʠ ʧʨʦʩʪʽ ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ, ʜʝʰʝʚʽ ʽ ʧʨʠʜʘʪʥʽ ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʢʣʘʜʥʠʭ ʧʽʜʟʝʤʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʘ ʚʠʩʦʢʘ 

ʚʦʣʦʛʽʩʪʴ ʪʘ ʟʥʘʯʥʘ ʟʘʧʠʣʝʥʽʩʪʴ ʧʦʚʽʪʨʷ. ʂʨʽʤ ʪʦʛʦ ʮʽ ʜʘʪʯʠʢʠ ʥʝ ʚʪʨʘʯʘʶʪʴ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʟʘ ʚʠʙʫʭʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʤʝʪʘʥʫ, ʫʪʚʦʨʝʥʥʷ ʷʢʠʭ ʤʦʞʣʠʚʝ ʟʘ ʘʚʘʨʽʡʥʠʭ 

ʟʘʛʘʟʫʚʘʥʴ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ.  

ɺʽʜʥʦʩʥʦ ʧʨʦʩʪʠʤʠ ʽ ʜʝʰʝʚʠʤʠ ʻ ʪʘʢʦʞ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ (ʤʝʪʘʣʦʦʢʩʠʜʥʽ) 

ʜʘʪʯʠʢʠ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʪʘ ʪʨʠʚʘʣʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ ʢʦʥʪʨʦʣʶ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʛʦʨʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʇʨʦʪʝ ʚʦʥʠ 

ʥʝʜʦʩʪʘʪʥʴʦ ʩʪʘʙʽʣʴʥʽ ʚ ʯʘʩʽ, ʟʘ ʥʘʷʚʥʦʩʪʽ ʚ ʧʦʚʽʪʨʽ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʛʦʨʶʯʠʭ ʧʘʨʽʚ 

ʯʠ ʛʘʟʽʚ [3]. ʊʘʢʽ ʜʘʪʯʠʢʠ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʦʩʪʽ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʘʭ ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʠ ʟʙʝʨʽʛʘʶʪʴʩʷ 

ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʽ ʛʘʟʠ ʯʠ ʣʝʪʢʽ ʛʦʨʶʯʽ ʨʽʜʠʥʠ, ʘʚʪʦʟʘʧʨʘʚʥʠʭ ʩʪʘʥʮʽʷʭ, ʘ ʪʘʢʦʞ ʚ 

ʩʠʩʪʝʤʘʭ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ, ʘ ʪʘʢʦʞ ʚ ʧʝʨʝʥʦʩʥʠʭ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘʭ.  
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ɺ ʋʢʨʘʾʥʽ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʤʽʩʪʫ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ 

ʛʘʟʽʚ ʪʘ ʧʘʨʽʚ ʣʝʪʢʠʭ ʛʦʨʶʯʠʭ ʨʝʯʦʚʠʥ (ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ) ʟʥʘʭʦʜʷʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʘʟʦʩʠʛʥʘʣʽʟʘʪʦʨʠ ɺɸʈʊɸ 1 ʨʽʟʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ [4]. ɺ ʮʴʦʤʫ 

ʛʘʟʦʩʠʛʥʘʣʽʟʘʪʦʨʽ ʜʣʷ ʢʦʥʪʨʦʣʶ ʚʤʽʩʪʫ ʤʝʪʘʥʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ 

ɼʄ-24, ʜʣʷ ʢʦʥʪʨʦʣʶ ʚʤʽʩʪʫ ʧʨʦʧʘʥʫ ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ɼʇ-24 (ʦʙʠʜʚʘ ʟ 

ʩʝʣʝʢʪʠʚʥʠʤʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʜʘʪʯʠʢʘʤʠ), ʘ ʪʘʢʦʞ ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ɼɻɻ-24 

ʟ ʥʝʩʝʣʝʢʪʠʚʥʠʤʠ ʪʝʨʤʦʢʘʪʘʣʽʪʠʯʥʠʤʠ ʜʘʪʯʠʢʘʤʠ ʷʢʽ  ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʩʫʤʽʰʝʡ ʥʘ ʢʦʥʢʨʝʪʥʠʡ ʚʠʜ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ʯʠ ʧʘʨʽʚ ʣʝʪʢʠʭ ʛʦʨʶʯʠʭ 

ʨʝʯʦʚʠʥ. ʇʨʠ ʢʦʥʪʨʦʣʽ ʚʤʽʩʪʫ ʧʘʨʽʚ ʙʝʥʟʠʥʫ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘʢʠʭ ʜʘʪʯʠʢʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʟʘ ʛʝʢʩʘʥʦʤ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʟʥʘʯʝʥʦʛʦ ʛʘʟʦʩʠʛʥʘʣʽʟʘʪʦʨʘ, ʟʘ ʫʤʦʚʠ ʤʦʞʣʠʚʦʩʪʽ 

ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʧʦʚʽʪʨʽ ʨʽʟʥʠʭ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʛʘʟʽʚ (ʤʝʪʘʥʫ, ʙʫʪʘʥʫ, ʧʨʦʧʘʥʫ), ʘ 

ʪʘʢʦʞ ʧʘʨʽʚ ʛʦʨʶʯʠʭ ʨʽʜʠʥ (ʙʝʥʟʠʥʫ, ʝʪʘʥʦʣʫ, ʛʘʩʫ, ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ʪʦʱʦ) ʧʦʪʨʽʙʥʝ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʨʝʘʛʫʶʯʠʭ ʥʘ ʦʢʨʝʤʽ ʚʠʜʠ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ 

ʨʝʯʦʚʠʥ. ʎʝ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʶ ʽ ʟʙʽʣʴʰʫʻ ʾʾ ʷʢ ʧʦʯʘʪʢʦʚʫ ʚʘʨʪʽʩʪʴ ʪʘʢ 

ʽ ʚʠʪʨʘʪʠ ʥʘ ʾʾ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ ʟʘ ʪʘʢʠʭ ʫʤʦʚ ʚʠʙʫʭʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʘʣʠʚʦʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʟʘʣʝʞʘʪʴ ʥʝ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʧʦʚʽʪʨʽ ʦʜʥʦʛʦ ʦʢʨʝʤʦ ʚʟʷʪʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ, ʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ ʩʫʢʫʧʥʠʤ ʚʤʽʩʪʦʤ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʞʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʠʢʣʘʜʝʥʝ ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʾ 

ʦʮʽʥʢʠ ʚʠʙʫʭʦʚʦʩʪʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʾ ʩʫʤʽʰʽ ʦʜʥʠʤ ʜʘʪʯʠʢʦʤ ʷʢ ʟʘ ʦʢʨʝʤʠʤʠ 

ʛʦʨʶʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʘʢ ʽ ʧʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʚ ʧʦʚʽʪʨʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʾ ʩʫʤʽʰʽ. 

ʉʝʨʝʜ ʫʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʻʜʠʥʠʤ ʤʝʪʦʜʦʤ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʜʘʪʯʠʢʽʚ, ʻ ʪʝʨʤʦʢʘʪʘʣʽʪʠʯʥʠʡ ʟ ʥʝʩʝʣʝʢʪʠʚʥʠʤ ʧʣʘʪʠʥʦ-ʧʘʣʘʜʽʻʚʠʤ 

ʢʘʪʘʣʽʟʘʪʦʨʦʤ, ʦʩʢʽʣʴʢʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʛʦʨʶʯʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʧʨʦʪʽʢʘʻ ʡʦʛʦ 

ʦʢʠʩʣʝʥʥʷ ʥʘ ʢʘʪʘʣʽʪʠʯʥʦ ʘʢʪʠʚʥʦʤʫ ʪʝʨʤʦʝʣʝʤʝʥʪʽ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ 

ʪʝʧʣʘ, ʟʨʦʩʪʘʥʥʷʤ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʦʧʦʨʫ. ʊʘʢʘ ʤʦʞʣʠʚʽʩʪʴ ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ 

ʯʫʪʣʠʚʽʩʪʴ ʜʘʪʯʠʢʘ ʜʦ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʤʦʞʝ ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʘ ʰʣʷʭʦʤ 

ʚʠʙʦʨʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʜʘʪʯʠʢʘ, ʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʩʫʯʘʩʥʠʭ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʟʘʩʦʙʽʚ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʰʣʷʭʦʤ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʜʘʪʯʠʢʘ  ̒ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʚʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʟʜʽʡʩʥʠʪʠ 

ʽʥʪʝʛʨʘʣʴʥʫ ʦʮʽʥʢʫ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ.  

ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʧʦʣʷʛʘʶʪʴ ʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʨʽʰʝʥʴ ʩʪʦʩʦʚʥʦ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʜʘʪʯʠʢʘ ʜʣʷ  

ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʦʩʪʽ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʾ 

ʧʘʣʠʚʦʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʪʘ ʨʽʰʝʥʴ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʚʠʜʫ ʛʦʨʶʯʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʟʘ ʷʢʠʤ 

ʚʠʷʚʣʝʥʘ ʥʝʙʝʟʧʝʯʥʘ ʩʠʪʫʘʮʽʷ. 
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ʄʠʭʘʡʣʝʥʢʦ ɭ.ʂ., ɻʦʨʙʘʪʶʢ ʈ.ɼ., ʟʜʦʙʫʚʘʯʢʠ ʚʠʱʦʾ ʦʩʚʽʪʠ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʦʩʪʝʥʢʦ ʊ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʧʦʞʝʞʥʦʾ ʽ 

ʪʝʭʥʦʛʝʥʥʦʾ ʙʝʟʧʝʢʠ ʦʙôʻʢʪʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʋʢʨʘʾʥʠ, ʤ. ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ)  

 

ʅɽɹɽɿʇɽʂɸ ʋʈɸɾɽʅʅʗ ʅɸʉɽʃɽʅʅʗ ɺ ʋʄʆɺɸʍ ʇɯɼɿɽʄʅʆɻʆ ʋʂʈʀʊʊʗ 

 

ɿʘ ʨʦʢʠ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʨʬ ʧʦʯʘʣʘ ʘʢʪʠʚʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘ ʙʝʟʧʽʣʦʪʥʠʭ ʣʝʪʘʣʴʥʠʭ ʘʧʘʨʘʪʘʭ ʪʝʨʤʦʙʘʨʠʯʥʫ ʙʦʡʦʚʫ ʯʘʩʪʠʥʫ, ʷʢʘ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʟʘʛʨʦʟʫ ʧʽʜ ʯʘʩ ʘʪʘʢʠ ʥʘ ʧʨʠʤʽʱʝʥʥʷ.  

ʊʝʨʤʦʙʘʨʠʯʥʘ ʟʙʨʦʷ ʻ ʦʩʦʙʣʠʚʠʤ ʚʠʜʦʤ ʚʠʙʫʭʦʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʘʝʨʦʟʦʣʴʥʫ ʚʠʙʫʭʦʚʫ ʩʫʤʽʰ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʪʫʞʥʦʾ ʫʜʘʨʥʦʾ ʭʚʠʣʽ ʪʘ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʠʙʫʭʫ. ʎʝ ʦʜʠʥ ʽʟ ʥʘʡʙʽʣʴʰ ʨʫʡʥʽʚʥʠʭ ʚʠʜʽʚ ʥʝʷʜʝʨʥʦʛʦ 

ʦʟʙʨʦʻʥʥʷ, ʷʢʠʡ ʦʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʠʡ ʜʣʷ ʣʶʜʝʡ ʫ ʟʘʢʨʠʪʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʪʘ ʧʽʜʟʝʤʥʠʭ 

ʫʢʨʠʪʪʷʭ [1]. 

ʊʝʨʤʦʙʘʨʠʯʥʽ ʙʦʻʧʨʠʧʘʩʠ ʫ ʧʝʨʰʽʡ ʬʘʟʽ ʨʦʟʧʠʣʶʶʪʴ ʘʝʨʦʟʦʣʴʥʫ ʚʠʙʫʭʦʚʫ ʩʫʤʽʰ, 

ʷʢʘ ʤʦʞʝ ʧʨʦʥʠʢʘʪʠ ʚ ʱʽʣʠʥʠ, ʚʝʥʪʠʣʷʮʽʶ ʪʘ ʚʽʜʢʨʠʪʽ ʧʨʦʭʦʜʠ ʫʢʨʠʪʪʽʚ, ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ 

ʚʩʝʨʝʜʠʥʽ ʟʘʤʢʥʝʥʠʭ ʧʨʦʩʪʦʨʽʚ, ʚʠʢʣʠʢʘʪʠ ʜʝʪʦʥʘʮʽʶ ʚʩʝʨʝʜʠʥʽ ʩʭʦʚʠʱʘ, ʱʦ ʟʥʠʱʫʻ ʚʩʝ 

ʚ ʦʙʤʝʞʝʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʇʽʜ ʯʘʩ ʚʠʙʫʭʫ ʩʪʚʦʨʶʻʪʴʩʷ ʫʜʘʨʥʘ ʭʚʠʣʷ, ʷʢʘ ʟʥʘʯʥʦ ʜʦʚʰʘ ʪʘ 

ʧʦʪʫʞʥʽʰʘ ʟʘ ʫʜʘʨʥʫ ʭʚʠʣʶ ʟʚʠʯʘʡʥʠʭ ʙʦʻʧʨʠʧʘʩʽʚ. ʗʢʱʦ ʫʢʨʠʪʪʷ ʧʽʜ ʜʽʻʶ ʮʽʻʾ ʫʜʘʨʥʦʾ 

ʭʚʠʣʽ ʥʝ ʨʫʡʥʫʻʪʴʩʷ ʧʦʚʥʽʩʪʶ, ʪʦ ʫʜʘʨʥʠʡ ʽʤʧʫʣʴʩ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʩʤʝʨʪʝʣʴʥʽ 

ʚʥʫʪʨʽʰʥʽ ʪʨʘʚʤʠ (ʨʦʟʨʠʚʠ ʣʝʛʝʥʽʚ ʪʘ ʽʥʰʠʭ ʦʨʛʘʥʽʚ ʯʝʨʝʟ ʨʽʟʢʠʡ ʧʝʨʝʧʘʜ ʪʠʩʢʫ, ʽʥʰʽ 

ʤʝʭʘʥʽʯʥʽ ʫʨʘʞʝʥʥʷ). ʇʽʜ ʯʘʩ ʚʠʙʫʭʫ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝ ʩʷʛʘʪʠ 2500ï3000ÁC, ʱʦ ʟʤʝʥʰʫʻ 

ʚʤʽʩʪ ʢʠʩʥʶ ʫ ʟʘʤʢʥʝʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʃʶʜʠ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʫʢʨʠʪʪʽ, ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ 

ʟʥʘʯʥʽ ʦʧʽʢʠ ʪʘ ʦʪʨʠʤʘʪʠ ʩʫʪʪʻʚʽ ʫʨʘʞʝʥʥʷ ʯʝʨʝʟ ʥʝʩʪʘʯʫ ʢʠʩʥʶ [2]. 

ʂʨʽʤ ʪʦʛʦ, ʧʦʪʫʞʥʠʡ ʚʠʙʫʭ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʦʙʚʘʣ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜʟʝʤʥʦʛʦ ʫʢʨʠʪʪʷ. ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʚʝʥʪʠʣʷʮʽʷ ʯʠ ʚʠʭʦʜʠ ʟʘʙʣʦʢʦʚʘʥʽ, 

ʣʶʜʠ ʤʦʞʫʪʴ ʪʨʠʚʘʣʠʡ ʯʘʩ ʟʘʣʠʰʘʪʠʩʷ ʧʽʜ ʟʘʚʘʣʘʤʠ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʠʣʫ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʘʜʫʭʠ ʪʘ ʦʪʨʫʻʥʥʷ ʪʦʢʩʠʯʥʠʤʠ ʛʘʟʘʤʠ. 

ɼʣʷ ʟʥʠʞʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʫʨʘʞʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʪʝʨʤʦʙʘʨʠʯʥʦʶ ʟʙʨʦʻʶ ʚ ʫʤʦʚʘʭ 

ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʧʽʜʟʝʤʥʦʤʫ ʫʢʨʠʪʪʽ ʥʝʦʙʭʽʜʥʦ, ʥʘʩʘʤʧʝʨʝʜ, ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʷʚʥʽʩʪʴ 

ʜʝʢʽʣʴʢʦʭ ʚʠʭʦʜʽʚ ʟ ʫʢʨʠʪʪʷ ʜʣʷ ʝʚʘʢʫʘʮʽʾ ʚ ʨʘʟʫ ʦʙʚʘʣʫ ʢʦʥʩʪʨʫʢʮʽʡ. ʆʙʣʘʰʪʫʚʘʥʥʷ 

ʚʥʫʪʨʽʰʥʽʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʝʨʝʛʦʨʦʜʦʢ ʤʦʞʝ ʨʦʟʩʽʶʚʘʪʠ ʪʠʩʢ, ʱʦ ʟʘʭʠʱʘʪʠʤʝ ʚʽʜ ʜʽʾ 

ʫʜʘʨʥʦʾ ʭʚʠʣʽ.  

ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʟʘʭʠʩʪʫ 

ʣʶʜʝʡ ʚ ʧʽʜʟʝʤʥʦʤʫ ʫʢʨʠʪʪʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʟʘʚʯʘʩʥʦʛʦ 

ʧʨʠʧʠʥʝʥʥʷ ʧʦʜʘʚʘʥʥʷ ʜʦ ʫʢʨʠʪʪʷ ʧʦʚʽʪʨʷ, ʱʦ ʤʽʩʪʠʪʴ ʛʘʟʦʧʦʜʽʙʥʽ ʩʢʣʘʜʦʚʽ 

ʪʝʨʤʦʙʘʨʠʯʥʦʾ ʟʙʨʦʾ, ʟʥʠʞʝʥʥʷ ʜʦ ʥʝʚʠʙʫʭʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʦʨʶʯʠʭ ʩʢʣʘʜʦʚʠʭ 

ʪʝʨʤʦʙʘʨʠʯʥʦʾ ʟʙʨʦʾ ʪʘ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʧʨʦʜʫʢʪʽʚ ʚʠʙʫʭʫ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ 

ʧʨʦʮʝʩʫ ʚʝʥʪʠʣʷʮʽʾ ʟʙʽʣʴʰʠʪʴ ʥʘʜʽʡʥʽʩʪʴ ʟʘʭʠʩʪʫ ʚʽʜ ʥʝʙʝʟʧʝʢ. 
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ʈʠʙʘʣʴʯʝʥʢʦ ʊ.ʇ. ʘʩʧʽʨʘʥʪʢʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 175 ɯʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʽ 

ʪʝʭʥʦʣʦʛʽʾ 

ʏʝʨʥʷʢ ʂ.ʄ. ʘʩʧʽʨʘʥʪʢʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 151 ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʦ-

ʽʥʪʝʛʨʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʏʝʨʥʷʢ ʆ.ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʤʝʭʘʪʨʦʥʽʢʠ ʪʘ 

ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ. 

ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ) 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɰ ʉʀʉʊɽʄʀ ʂʆʅʊʈʆʃʖ ʊɸ 

ʈɽɻʋʃʖɺɸʅʅʗ ɹɽɿʇɽʂʀ ʇʈɸʎɯ ʅɸ ɺʀʈʆɹʅʀʎʊɺɯ 

 

ʉʫʯʘʩʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʧʨʘʮʽ. ʋʤʦʚʠ ʧʨʘʮʽ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʯʘʩʪʦ ʧʦʚôʷʟʘʥʽ ʟ ʨʠʟʠʢʘʤʠ ʜʣʷ ʟʜʦʨʦʚôʷ ʧʨʘʮʽʚʥʠʢʽʚ, ʱʦ ʚʠʤʘʛʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʾʭ ʤʽʥʽʤʽʟʘʮʽʾ [1-2]. ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʧʽʜʭʦʜʽʚ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʙʝʟʧʝʢʠ ʧʨʘʮʽ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʽʥʪʝʛʨʫʚʘʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʽ, ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʠʭ ʫʤʦʚ 

ʧʨʘʮʽ. 

ɿʨʦʩʪʘʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʧʨʘʮʽ ʟʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʙʝʟʧʝʢʠ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʽ [3-4]. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ ʯʘʩʪʦ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʠʤʠ ʯʝʨʝʟ 

ʩʫʙôʻʢʪʠʚʥʽʩʪʴ ʦʮʽʥʦʢ, ʦʙʤʝʞʝʥʽʩʪʴ ʨʝʩʫʨʩʽʚ ʪʘ ʥʝʜʦʩʪʘʪʥʶ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʨʝʘʛʫʚʘʥʥʷ ʥʘ 

ʟʘʛʨʦʟʠ. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʙʝʟʧʝʢʠ ʧʨʘʮʽ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ 

ʧʨʦʮʝʩʠ ʟʙʦʨʫ, ʘʥʘʣʽʟʫ ʪʘ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʜʘʥʽ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʙʝʟʧʝʢʠ ʧʨʘʮʽ, ʱʦ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʙʝʟʧʝʢʠ ʧʨʘʮʽ 

ʚʽʜʥʦʩʷʪʴʩʷ:  

- ʘʚʪʦʤʘʪʠʯʥʝ ʟʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ ʟ ʜʘʪʯʠʢʽʚ, ʷʢʽ ʬʽʢʩʫʶʪʴ ʧʘʨʘʤʝʪʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ (ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʣʦʛʽʩʪʴ, ʨʽʚʝʥʴ ʰʫʤʫ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ 

ʪʦʱʦ); 

- ʘʚʪʦʤʘʪʠʯʥʝ ʩʧʦʚʽʱʝʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʢʝʨʽʚʥʠʮʪʚʘ ʧʨʦ ʧʦʨʫʰʝʥʥʷ ʙʝʟʧʝʯʥʠʭ 

ʫʤʦʚ ʧʨʘʮʽ; 

- ʽʥʪʝʛʨʘʮʽʷ ʟ ʩʠʩʪʝʤʘʤʠ ʢʝʨʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʠʤʠ ʧʨʦʮʝʩʘʤʠ ʜʣʷ ʰʚʠʜʢʦʛʦ 

ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʘʛʨʦʟʠ (ʥʘʧʨʠʢʣʘʜ, ʟʫʧʠʥʢʘ ʦʙʣʘʜʥʘʥʥʷ, ʘʢʪʠʚʘʮʽʷ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʽʾ 

ʪʦʱʦ); 

- ʬʦʨʤʫʚʘʥʥʷ ʟʚʽʪʽʚ ʜʣʷ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʭʦʜʽʚ ʟ ʙʝʟʧʝʢʠ ʧʨʘʮʽ ʪʘ ʧʣʘʥʫʚʘʥʥʷ 

ʧʦʜʘʣʴʰʠʭ ʧʦʢʨʘʱʝʥʴ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ 

ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ. 

ʇʝʨʝʚʘʛʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʙʝʟʧʝʢʠ ʧʨʘʮʽ 

ʚʢʣʶʯʘʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʟʘʚʜʷʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʢʦʥʪʨʦʣʶ, ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʚʠʷʚʣʷʪʠ ʪʘ ʫʩʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʽ ʟʘʛʨʦʟʠ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʩʧʨʠʷʻ 

ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ ʥʘ ʧʦʧʝʨʝʜʞʝʥʥʷ ʘʚʘʨʽʡ, ʣʽʢʫʚʘʥʥʷ ʪʨʘʚʤ, ʢʦʤʧʝʥʩʘʮʽʾ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. ʂʨʽʤ ʪʦʛʦ, ʙʝʟʧʝʯʥʽ ʫʤʦʚʠ ʧʨʘʮʽ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽʚʥʠʢʽʚ, ʧʽʜʚʠʱʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭʥʴʦʾ ʨʦʙʦʪʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʜʦʪʨʠʤʘʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ, ʦʩʢʽʣʴʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ 

ʤʝʭʘʥʽʟʤʠ ʜʦʧʦʤʘʛʘʶʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʩʪʘʥʜʘʨʪʘʤ ʟ ʙʝʟʧʝʢʠ ʧʨʘʮʽ. ʆʢʨʝʤʦʶ ʧʝʨʝʚʘʛʦʶ ʻ 
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ʟʨʫʯʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ, ʘʜʞʝ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʢʦʥʪʨʦʣʴ ʽ ʘʥʘʣʽʟ ʜʘʥʠʭ ʟʥʘʯʥʦ ʩʧʨʦʱʫʶʪʴ 

ʧʨʦʮʝʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʙʝʟʧʝʢʠ 

ʧʨʘʮʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ, ʜʦ ʥʠʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: 

ʧʽʜʢʣʶʯʝʥʥʷ ʜʘʪʯʠʢʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʦ ʻʜʠʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ; 

ʘʥʘʣʽʟ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ; ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʥʘ ʚʽʜʜʘʣʝʥʠʭ ʩʝʨʚʝʨʘʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʫʧ ʜʦ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʠʩʪʨʦʶ; ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʢʣʘʜʘʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʢʦʤʫʥʽʢʘʮʽʡ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʪʽʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʱʦ 

ʟʥʠʞʫʻ ʨʠʟʠʢ ʜʣʷ ʧʨʘʮʽʚʥʠʢʽʚ. 

ɽʪʘʧʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʙʝʟʧʝʢʠ ʧʨʘʮʽ 

ʚʢʣʶʯʘʶʪʴ ʘʥʘʣʽʟ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʨʠʟʠʢʽʚ ʪʘ 

ʥʝʙʝʟʧʝʯʥʠʭ ʟʦʥ, ʧʽʩʣʷ ʯʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʟ ʚʠʙʦʨʦʤ 

ʥʝʦʙʭʽʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʡʥʠʭ ʨʽʰʝʥʴ. ɼʘʣʽ 

ʧʨʦʚʦʜʠʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʧʝʨʝʜʙʘʯʘʻ ʤʦʥʪʘʞ ʜʘʪʯʠʢʽʚ, ʢʘʤʝʨ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ ʢʦʥʬʽʛʫʨʘʮʽʶ ʘʣʛʦʨʠʪʤʽʚ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘ ʽʥʪʝʛʨʘʮʽʶ ʟ 

ʽʩʥʫʶʯʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʻ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ, ʧʽʜ ʯʘʩ 

ʷʢʦʛʦ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʪʘ ʧʨʦʚʦʜʠʪʴʩʷ ʽʥʩʪʨʫʢʪʘʞ ʧʨʘʮʽʚʥʠʢʽʚ 

ʱʦʜʦ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɿʘʚʝʨʰʘʣʴʥʠʤ ʝʪʘʧʦʤ ʻ ʝʢʩʧʣʫʘʪʘʮʽʷ ʪʘ ʧʽʜʪʨʠʤʢʘ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ 

ʧʦʩʪʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʪʘ ʩʚʦʻʯʘʩʥʝ ʦʥʦʚʣʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʙʝʟʧʝʢʠ ʧʨʘʮʽ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ 

ʻ ʥʝʦʙʭʽʜʥʠʤ ʢʨʦʢʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʠʭ ʫʤʦʚ ʧʨʘʮʽ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʛʦ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʽʥʪʝʛʨʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ, 

ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʽʰʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʧʝʨʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ, ʘʥʘʣʽʟ ʪʘ 

ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʪʝʥʮʽʡʥʽ ʟʘʛʨʦʟʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʙʝʟʧʝʢʠ ʧʨʘʮʽ ʩʧʨʠʷʻ ʥʝ ʣʠʰʝ ʟʥʠʞʝʥʥʶ ʨʠʟʠʢʽʚ ʜʣʷ ʟʜʦʨʦʚôʷ ʧʨʘʮʽʚʥʠʢʽʚ, ʘʣʝ ʡ 

ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʦʥʢʫʨʝʥʪʥʠʭ ʧʝʨʝʚʘʛ ʥʘ ʩʫʯʘʩʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʙʝʟʧʝʢʠ ʧʨʘʮʽ ʩʪʘʶʪʴ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ 

ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪʢʫ ʙʫʜʴ-ʷʢʦʛʦ ʩʫʯʘʩʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʧʨʘʛʥʝ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʽ 

ʩʪʘʥʜʘʨʪʠ ʙʝʟʧʝʢʠ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. 
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ɸʅɸʃɯɿ ʈɯɺʅʗ ʉʊɯʁʂʆʉʊɯ ɼʆ ʉʊʈɽʉʋ ʆʌɯʉʅʀʍ ʇʈɸʎɯɺʅʀʂɯɺ 

ʋʂʈɸɰʅʉʔʂʀʍ ʇɯɼʇʈʀɭʄʉʊɺ 

ɹʝʟʧʝʢʘ ʧʨʘʮʽ ʻ ʦʜʥʠʤ ʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʟʘʚʜʘʥʴ ʙʫʜʴ-ʷʢʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʆʜʥʘʢ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ, ʪʨʘʚʤʘʪʠʟʤ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʽ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ. ʆʜʥʘ ʟ ʧʨʠʯʠʥ ʮʴʦʛʦ ʻ ʥʝʜʦʩʪʘʪʥʷ 

ʫʚʘʛʘ ʜʦ ʧʩʠʭʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʧʨʘʮʽʚʥʠʢʽʚ, ʟʦʢʨʝʤʘ ʜʦ ʾʭʥʴʦʾ ʩʪʨʝʩʦʩʪʽʡʢʦʩʪʽ. 

ɺʽʡʥʘ ʚ ʋʢʨʘʾʥʽ ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʣʘ ʥʘ ʚʩʽ ʘʩʧʝʢʪʠ ʞʠʪʪʷ, ʚʢʣʶʯʘʶʯʠ ʫʤʦʚʠ ʧʨʘʮʽ ʪʘ 

ʤʝʥʪʘʣʴʥʝ ʟʜʦʨʦʚôʷ ʧʨʘʮʽʚʥʠʢʽʚ. ʋʢʨʘʾʥʩʴʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʦʧʠʥʠʣʠʩʷ ʚ ʫʤʦʚʘʭ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʝʩʫ, ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʥʝʙʝʟʧʝʢʠ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʟʥʠʞʝʥʥʷ 

ʩʪʨʝʩʦʩʪʽʡʢʦʩʪʽ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʧʩʠʭʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʧʨʘʮʽʚʥʠʢʽʚ.  

ʉʪʨʝʩʦʩʪʽʡʢʽʩʪʴ ï ʮʝ ʟʜʘʪʥʽʩʪʴ ʣʶʜʠʥʠ ʧʨʦʪʠʩʪʦʷʪʠ ʩʪʨʝʩʦʚʠʤ ʬʘʢʪʦʨʘʤ ʙʝʟ 

ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʪʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ. ʎʝ ʢʦʤʧʣʝʢʩ ʦʩʦʙʠʩʪʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʨʘʮʽʚʥʠʢʫ ʝʬʝʢʪʠʚʥʦ ʩʧʨʘʚʣʷʪʠʩʷ ʟ ʚʠʩʦʢʠʤʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ, ʚʦʣʴʦʚʠʤʠ ʪʘ ʝʤʦʮʽʡʥʠʤʠ ʚʠʤʦʛʘʤʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʦʮʝʩʽ 

ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʠʭ ʟʤʽʥ. 

ʉʪʽʡʢʽʩʪʴ ʜʦ ʩʪʨʝʩʫ ʻ ʚʘʞʣʠʚʦʶ ʷʢʽʩʪʶ ʜʣʷ ʧʨʘʮʽʚʥʠʢʽʚ, ʦʩʦʙʣʠʚʦ ʚ ʩʫʯʘʩʥʠʭ 

ʫʤʦʚʘʭ, ʷʢʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʫʢʨʘʾʥʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ. ʇʦʚʥʦʤʘʩʰʪʘʙʥʘ ʚʽʡʥʘ, ʷʢʫ 

ʨʦʟʚ'ʷʟʘʣʘ ʨʦʩʽʡʩʴʢʘ ʬʝʜʝʨʘʮʽʷ, ʻ ʧʦʪʫʞʥʠʤ ʩʪʨʝʩʦʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʩʴʦʛʦ ʫʢʨʘʾʥʩʴʢʦʛʦ 

ʩʫʩʧʽʣʴʩʪʚʘ, ʚʢʣʶʯʘʶʯʠ ʧʨʘʮʽʚʥʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚ. ʂʨʽʤ ʪʦʛʦ, ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ 

ʚʽʡʥʘ ʤʦʞʝ ʧʦ-ʨʽʟʥʦʤʫ ʚʧʣʠʚʘʪʠ ʥʘ ʯʦʣʦʚʽʢʽʚ ʽ ʞʽʥʦʢ, ʟ ʦʛʣʷʜʫ ʥʘ ʾʭʥʽ ʩʦʮʽʘʣʴʥʽ ʨʦʣʽ ʪʘ 

ʧʩʠʭʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ.  

ʅʠʟʴʢʠʡ ʨʽʚʝʥʴ ʩʪʨʝʩʦʩʪʽʡʢʦʩʪʽ ʫ ʧʨʘʮʽʚʥʠʢʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʠʞʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʫʚʘʛʠ, ʧʦʛʽʨʰʝʥʥʷ ʨʝʘʢʮʽʾ, ʟʥʠʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ ʪʘ ʨʦʟʚʠʪʢʫ 

ʧʨʦʬʝʩʽʡʥʦʛʦ ʚʠʛʦʨʘʥʥʷ. ɺ ʫʤʦʚʘʭ ʩʪʨʝʩʫ ʪʘʢʽ ʧʨʘʮʽʚʥʠʢʠ ʤʦʞʫʪʴ ʧʘʥʽʢʫʚʘʪʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʤʠʣʦʢ, ʥʝʘʜʝʢʚʘʪʥʠʭ ʜʽʡ ʪʘ ʧʨʠʡʥʷʪʪʷ 

ʥʝʦʙʜʫʤʘʥʠʭ ʨʽʰʝʥʴ. ɺʦʥʠ ʪʘʢʦʞ ʙʽʣʴʰ ʩʭʠʣʴʥʽ ʜʦ ʢʦʥʬʣʽʢʪʽʚ ʟ ʢʦʣʝʛʘʤʠ, ʱʦ ʤʦʞʝ 

ʩʪʚʦʨʶʚʘʪʠ ʥʝʙʝʟʧʝʯʥʫ ʘʪʤʦʩʬʝʨʫ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ. ʋʩʽ ʮʽ ʬʘʢʪʦʨʠ ʧʽʜʚʠʱʫʶʪʴ ʨʠʟʠʢ 

ʪʨʘʚʤʘʪʠʟʤʫ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʨʽʚʥʷ ʩʪʨʝʩʦʩʪʽʡʢʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ ʻ 

ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʛʨʘʤ ʧʩʠʭʦʩʦʮʽʘʣʴʥʦʾ ʧʽʜʪʨʠʤʢʠ 

ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ. ʎʽ ʧʨʦʛʨʘʤʠ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ ʷʢ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʽ 

ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫʢʨʘʾʥʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʚ 

ʮʽʣʦʤʫ, ʪʘʢ ʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʨʘʮʽ ʧʨʘʮʽʚʥʠʢʽʚ ʟʦʢʨʝʤʘ. 

ɼʣʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʩʪʨʝʩʫ ʧʨʦʚʦʜʠʣʠʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʝʨʝʜ ʦʬʽʩʥʠʭ 

ʧʨʘʮʽʚʥʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘʬʪʦʛʘʟʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʨʝʛʽʦʥʫ ʚ ʩʽʯʥʽ 2025 

ʨʦʢʫ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʪʝʩʪ ʜʣʷ ʩʘʤʦʦʮʽʥʢʠ çʉʪʽʡʢʽʩʪʴ ʜʦ ʩʪʨʝʩʫè [1], ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʨʽʚʝʥʴ ʩʪʨʝʩʦʩʪʽʡʢʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʨʦʟʧʦʜʽʣʠʪʠ ʾʭ ʥʘ ʛʨʫʧʠ ʟ 

ʥʠʟʴʢʠʤ, ʩʝʨʝʜʥʽʤ ʪʘ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʩʪʽʡʢʦʩʪʽ. ɿʘʛʘʣʦʤ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʟʷʣʠ ʫʯʘʩʪʴ 142 

ʧʨʘʮʽʚʥʠʢʘ (62 ʯʦʣʦʚʽʢʘ ʽ 80 ʞʽʥʦʢ) ʚʽʢʦʤ ʚʽʜ 21 ʜʦ 59 ʨʦʢʽʚ. ʉʝʨʝʜ ʫʯʘʩʥʠʢʽʚ ʙʫʣʠ 

ʢʝʨʽʚʥʠʢʠ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ (11,8%); ʤʝʥʝʜʞʝʨʠ ʩʝʨʝʜʥʴʦʾ ʣʘʥʢʠ (33,2%), 

ʧʨʘʮʽʚʥʠʢʠ (55,0%).  

ɼʦʩʣʽʜʞʝʥʥʷ ʨʽʚʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʩʪʨʝʩʫ ʩʝʨʝʜ ʧʨʘʮʽʚʥʠʢʽʚ ʚʠʷʚʠʣʦ ʟʥʘʯʥʽ ʛʝʥʜʝʨʥʽ 

ʚʽʜʤʽʥʥʦʩʪʽ. (ʨʠʩ. 1). ɼʽʘʛʨʘʤʘ ʯʽʪʢʦ ʧʦʢʘʟʫʻ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʷʢ ʞʽʥʦʢ, ʪʘʢ ʽ ʯʦʣʦʚʽʢʽʚ ʤʘʶʪʴ 

ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʩʪʽʡʢʦʩʪʽ ʜʦ ʩʪʨʝʩʫ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʧʨʘʮʽʚʥʠʢʽʚ ʤʦʞʫʪʴ 

ʚʽʜʯʫʚʘʪʠ ʜʝʷʢʠʡ ʜʠʩʢʦʤʬʦʨʪ ʪʘ ʪʨʠʚʦʛʫ, ʧʨʦʪʝ ʩʧʨʘʚʣʷʪʠʩʷ ʟ ʨʫʪʠʥʥʠʤʠ ʩʪʨʝʩʦʚʠʤʠ 



ʉɽʂʎɯʗ - ɹɽɿʇɽʂɸ ʇʈɸʎɯ 
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ʩʠʪʫʘʮʽʷʤʠ. ɸʣʝ ʚ ʫʤʦʚʘʭ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʧʦʜʽʡ ʘʙʦ ʩʠʣʴʥʦʛʦ ʩʪʨʝʩʫ ʾʭʥʷ ʨʝʘʢʮʽʷ 

ʤʦʞʝ ʙʫʪʠ ʥʝʘʜʝʢʚʘʪʥʦʶ ʪʘ ʧʨʠʚʝʩʪʠ ʜʦ ʧʦʤʠʣʢʦʚʠʭ ʨʽʰʝʥʴ.  

 

 
ʈʠʩʫʥʦʢ 1 - ʈʽʚʝʥʴ ʩʪʽʡʢʦʩʪʽ ʜʦ ʩʪʨʝʩʫ ʫ ʞʽʥʦʢ ʪʘ ʯʦʣʦʚʽʢʽʚ  

 

ɼʦ ʪʦʛʦ ʞ, ʚʠʱʠʡ ʚʽʜʩʦʪʦʢ (75%) ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʩʪʨʝʩʫ ʫ ʞʽʥʦʢ 

ʧʦʨʽʚʥʷʥʦ ʟ ʯʦʣʦʚʽʢʘʤʠ (66%) ʩʚʽʜʯʠʪʠ ʧʨʦ ʪʝ, ʱʦ ʞʽʥʢʠ ʯʘʩʪʽʰʝ, ʥʽʞ ʯʦʣʦʚʽʢʠ, 

ʚʽʜʯʫʚʘʶʪʴ ʧʦʤʽʨʥʠʡ ʩʪʨʝʩ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʟʜʘʪʥʽ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʴʦʛʦ.  

ʂʣʶʯʦʚʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʪʝ, ʱʦ ʯʦʣʦʚʽʢʠ ʟʥʘʯʥʦ ʯʘʩʪʽʰʝ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʩʪʽʡʢʦʩʪʽ ʜʦ ʩʪʨʝʩʫ. 12% ʯʦʣʦʚʽʢʽʚ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʮʶ 

ʢʘʪʝʛʦʨʽʶ, ʧʦʨʽʚʥʷʥʦ ʟ ʣʠʰʝ 4% ʞʽʥʦʢ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʯʦʣʦʚʽʢʠ ʙʽʣʴʰ ʚʨʘʟʣʠʚʽ 

ʜʦ ʩʪʨʝʩʦʚʠʭ ʬʘʢʪʦʨʽʚ ʽ ʤʘʶʪʴ ʤʝʥʰʝ ʨʝʩʫʨʩʽʚ ʜʣʷ ʾʭ ʧʦʜʦʣʘʥʥʷ. 

ʇʦʟʠʪʠʚʥʠʤ ʘʩʧʝʢʪʦʤ ʻ ʪʝ, ʱʦ ʷʢ ʩʝʨʝʜ ʞʽʥʦʢ, ʪʘʢ ʽ ʩʝʨʝʜ ʯʦʣʦʚʽʢʽʚ ʦʜʥʘʢʦʚʘ ʯʘʩʪʢʘ 

(22%) ʜʝʤʦʥʩʪʨʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʪʽʡʢʦʩʪʽ ʜʦ ʩʪʨʝʩʫ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʩʪʘʪʽ, ʻ ʧʨʘʮʽʚʥʠʢʠ, ʷʢʽ ʰʚʠʜʢʦ ʘʜʘʧʪʫʶʪʴʩʷ ʜʦ ʥʦʚʠʭ ʩʠʪʫʘʮʽʡ, ʧʨʠʡʤʘʶʪʴ ʝʬʝʢʪʠʚʥʽ 

ʨʽhʝʥʥʷ ʪʘ ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ ʝʬʝʢʪʠʚʥʦ ʩʧʨʘʚʣʷʪʠʩʷ ʟʽ ʩʪʨʝʩʦʤ. 

ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʢʨʝʩʣʶʶʪʴ, ʱʦ, ʭʦʯʘ ʙʽʣʴʰʽʩʪʴ ʧʨʘʮʽʚʥʠʢʽʚ ʤʘʶʪʴ 

ʩʝʨʝʜʥʽʡ ʨʽʚʝʥʴ ʩʪʽʡʢʦʩʪʽ ʜʦ ʩʪʨʝʩʫ, ʽʩʥʫʶʪʴ ʩʫʪʪʻʚʽ ʛʝʥʜʝʨʥʽ ʚʽʜʤʽʥʥʦʩʪʽ. ʏʦʣʦʚʽʢʠ, ʚ 

ʮʽʣʦʤʫ, ʚʠʷʚʣʷʶʪʴʩʷ ʙʽʣʴʰ ʚʨʘʟʣʠʚʠʤʠ ʜʦ ʩʪʨʝʩʫ, ʥʽʞ ʞʽʥʢʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʦ ʟ 

ʨʽʟʥʠʤʠ ʩʦʮʽʘʣʴʥʠʤʠ, ʧʩʠʭʦʣʦʛʽʯʥʠʤʠ ʪʘ ʬʽʟʽʦʣʦʛʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ  

ɼʦ ʪʦʛʦ ʞ, ʨʽʚʝʥʴ ʩʪʨʝʩʦʩʪʽʡʢʦʩʪʽ ʚʩʽʭ ʧʨʘʮʽʚʥʠʢʽʚ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʙʝʟʧʝʢʠ 

ʧʨʘʮʽ ʪʘ ʾʭʥʴʦʾ ʨʝʘʢʮʽʾ ʥʘ ʥʦʚʽ ʧʦʜʽʾ. ʊʦʤʫ ʨʦʙʦʪʦʜʘʚʮʷʤ ʩʣʽʜ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʧʨʦʛʨʘʤʠ 

ʧʩʠʭʦʩʦʮʽʘʣʴʥʦʾ ʧʽʜʪʨʠʤʢʠ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ, ʧʨʠʜʽʣʷʶʯʠ ʫʚʘʛʫ ʟʘʭʦʜʘʤ ʱʦ 

ʧʽʜʚʠʱʫʶʪʴ ʩʪʨʝʩʦʩʪʽʡʢʽʩʪʴ ʧʨʘʮʽʚʥʠʢʽʚ, ʩʪʚʦʨʶʶʪʴ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʧʨʘʮʽ, 

ʨʦʟʚʠʚʘʶʪʴ ʥʘʚʠʯʢʠ ʫʧʨʘʚʣʽʥʥʷ ʩʪʨʝʩʦʤ ʪʘ ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʩʪʨʝʩʦʩʪʽʡʢʦʩʪʽ. 

ɺʨʘʭʫʚʘʥʥʷ ʛʝʥʜʝʨʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʜʦʧʦʤʦʞʝ ʩʪʚʦʨʠʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʧʨʦʛʨʘʤʠ 

ʧʽʜʪʨʠʤʢʠ ʧʨʘʮʽʚʥʠʢʽʚ. ʂʨʽʤ ʪʦʛʦ, ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʥʝʦʙʭʽʜʥʦ ʧʨʠʜʽʣʷʪʠ ʤʦʥʽʪʦʨʠʥʛʫ, 

ʦʮʽʥʮʽ ʪʘ ʘʥʘʣʽʟʫʚʘʥʥʶ ʚʩʽʭ ʩʢʣʘʜʥʠʢʽʚ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʪʞʝ, ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʚʥʽʚ 

ʩʪʨʝʩʦʩʪʽʡʢʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ ʻ ʚʢʨʘʡ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʣʶʜʩʴʢʦʛʦ 

ʢʘʧʽʪʘʣʫ, ʧʽʜʪʨʠʤʢʠ ʝʢʦʥʦʤʽʢʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʝʥʪʘʣʴʥʦʛʦ ʟʜʦʨʦʚ'ʷ ʥʘʮʽʾ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʄʘʢʩʠʤʝʥʢʦ, ʉ. ɼ., ʂʘʨʘʤʫʰʢʘ, ʃ. ʄ., ɿʘʡʯʠʢʦʚʘ, ʊ. ɺ. (ʈʝʜ.). (2006). ʉʠʥʜʨʦʤ 

çʧʨʦʬʝʩʽʡʥʦʛʦ ʚʠʛʦʨʘʥʥʷè ʪʘ ʧʨʦʬʝʩʽʡʥʘ ʢʘʨôʻʨʘ ʧʨʘʮʽʚʥʠʢʽʚ ʦʩʚʽʪʥʽʭ ʦʨʛʘʥʽʟʘʮʽʡ: 

ˇʝʥʜʝʨʥʽ ʘʩʧʝʢʪʠ. ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʪʘ 

ʩʣʫʭʘʯʽʚ ʽʥʩʪʠʪʫʪʽʚ ʧʽʩʣʷʜʠʧʣʦʤʥʦʾ ʦʩʚʽʪʠ. 2-ʝ ʚʠʜ. ʂʠʾʚ: ʄʽʣʝʥʽʫʤ.  
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ʏʝʤʠʢʦʩ ʉ.ɺ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 263 ʎʠʚʽʣʴʥʘ ʙʝʟʧʝʢʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɻʦʣʽʥʴʢʦ ɺ.ɯ., ʜ.ʪ.ʥ., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʪʘ 

ʮʠʚʽʣʴʥʦʾ ʙʝʟʧʝʢʠ  

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ)  

 

ʆʎɯʅʂɸ ʇʈʆʌɽʉɯʁʅʀʍ ʈʀɿʀʂɯɺ ɿ ɹɽɿʇɽʂʀ ʇʈɸʎɯ ʋ ɸɻʈɸʈʅɯʁ ʉʌɽʈɯ: 

ʉʋʏɸʉʅɯ ʇɯɼʍʆɼʀ, ɯʅʅʆɺɸʎɯɰ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ʈʆɿɺʀʊʂʋ 

 

ʇʨʦʙʣʝʤʘʪʠʢʘ ʧʨʦʬʝʩʽʡʥʠʭ ʨʠʟʠʢʽʚ ʫ ʘʛʨʘʨʥʦʤʫ ʩʝʢʪʦʨʽ ʋʢʨʘʾʥʠ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʘʢʪʫʘʣʴʥʦʶ ʯʝʨʝʟ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʚʠʨʦʙʥʠʯʦʛʦ ʪʨʘʚʤʘʪʠʟʤʫ ʪʘ ʧʨʦʬʝʩʽʡʥʦʾ 

ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ. ʉʫʯʘʩʥʝ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʝ ʚʠʨʦʙʥʠʮʪʚʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʦʩʪʽʡʥʠʤ ʫʩʢʣʘʜʥʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʰʠʨʦʢʠʤ ʚʧʨʦʚʘʜʞʝʥʥʷʤ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʽʥʪʝʥʩʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʽʤʽʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʽ 

ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ, ʱʦ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʪʘ 

ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ. ɿʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʨʽʚʝʥʴ ʨʠʟʠʢʽʚ ʤʘʶʪʴ ʪʘʢʦʞ ʩʝʟʦʥʥʠʡ ʭʘʨʘʢʪʝʨ 

ʨʦʙʽʪ ʪʘ ʚʠʩʦʢʽ ʬʽʟʠʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʘʮʽʚʥʠʢʽʚ. ɺʽʜʪʘʢ, ʩʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʬʝʩʽʡʥʠʤʠ ʨʠʟʠʢʘʤʠ ʧʦʚʠʥʥʽ ʧʝʨʝʜʙʘʯʘʪʠ ʷʢ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ 

ʢʦʥʪʨʦʣʶ, ʪʘʢ ʽ ʥʦʚʽʪʥʽ ʽʥʥʦʚʘʮʽʡʥʽ ʨʽʰʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʨʦʬʽʣʘʢʪʠʢʫ ʨʠʟʠʢʽʚ, ʾʭ 

ʩʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʽ ʦʧʝʨʘʪʠʚʥʝ ʫʩʫʥʝʥʥʷ. 

ʂʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ ʯʠʥʥʦʾ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʾ ʙʘʟʠ ʋʢʨʘʾʥʠ ʫ ʩʬʝʨʽ ʦʭʦʨʦʥʠ 

ʧʨʘʮʽ ʟʘʩʚʽʜʯʠʚ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʾ ʛʘʨʤʦʥʽʟʘʮʽʾ ʟ ʤʽʞʥʘʨʦʜʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʥʘʩʘʤʧʝʨʝʜ ʟ 

ISO 45001. ʎʝʡ ʩʪʘʥʜʘʨʪ ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʫʧʨʘʚʣʽʥʥʷ 

ʨʠʟʠʢʘʤʠ ʯʝʨʝʟ ʙʝʟʧʝʨʝʨʚʥʠʡ ʮʠʢʣ ʫʜʦʩʢʦʥʘʣʝʥʥʷ PDCA (ʧʣʘʥʫʚʘʥʥʷ ï ʚʠʢʦʥʘʥʥʷ ï 

ʧʝʨʝʚʽʨʢʘ ï ʢʦʨʠʛʫʚʘʥʥʷ). ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ, ʦʧʝʨʘʪʠʚʥʦ 

ʚʠʷʚʣʷʪʠ ʧʦʪʝʥʮʽʡʥʽ ʥʝʙʝʟʧʝʢʠ ʪʘ ʚʞʠʚʘʪʠ ʧʨʝʚʝʥʪʠʚʥʽ ʟʘʭʦʜʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʾʭ 

ʚʠʥʠʢʥʝʥʥʶ. ɺʘʞʣʠʚʠʤ ʻ ʪʘʢʦʞ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʥʘ ʚʩʽʭ 

ʨʽʚʥʷʭ ʧʽʜʧʨʠʻʤʩʪʚ ï ʚʽʜ ʢʝʨʽʚʥʠʮʪʚʘ ʜʦ ʚʠʢʦʥʘʚʮʽʚ ʨʦʙʽʪ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʮʽʣʽʩʥʽʩʪʴ ʽ 

ʢʦʤʧʣʝʢʩʥʽʩʪʴ ʫ ʚʠʨʽʰʝʥʥʽ ʧʠʪʘʥʴ ʙʝʟʧʝʢʠ. 

ʉʫʯʘʩʥʝ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʬʝʩʽʡʥʠʤʠ 

ʨʠʟʠʢʘʤʠ ʚ ʘʛʨʘʨʥʽʡ ʛʘʣʫʟʽ ʚʢʣʶʯʘʻ: 

1. ʂʦʥʚʝʥʮʽʶ ʄʆʇ ˉ184 (2001 ʨ.), ʱʦ ʚʠʟʥʘʯʘʻ ʤʽʞʥʘʨʦʜʥʽ ʩʪʘʥʜʘʨʪʠ ʙʝʟʧʝʢʠ 
ʧʨʘʮʽ ʚ ʘʛʨʦʩʬʝʨʽ ʪʘ ʦʢʨʝʩʣʶʻ ʟʦʙʦʚ'ʷʟʘʥʥʷ ʜʝʨʞʘʚ ʱʦʜʦ ʝʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʽ 

ʥʘʛʣʷʜʫ ʟʘ ʫʤʦʚʘʤʠ ʧʨʘʮʽ[1]. 

2. ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʦʭʦʨʦʥʫ ʧʨʘʮʽè, ʷʢʠʡ ʬʦʨʤʫʻ ʧʨʘʚʦʚʫ ʦʩʥʦʚʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 
ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʬʝʩʽʡʥʠʤʠ ʨʠʟʠʢʘʤʠ, ʨʝʛʫʣʶʶʯʠ 

ʧʨʘʚʘ ʪʘ ʦʙʦʚôʷʟʢʠ ʷʢ ʨʦʙʦʪʦʜʘʚʮʽʚ, ʪʘʢ ʽ ʧʨʘʮʽʚʥʠʢʽʚ[2]. 

3. ɼʉʊʋ ISO 45001:2019, ʷʢʠʡ ʦʧʠʩʫʻ ʩʫʯʘʩʥʽ ʩʪʘʥʜʘʨʪʠ ʪʘ ʧʽʜʭʦʜʠ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ 
ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʪʘ ʟʜʦʨʦʚôʷʤ ʧʨʘʮʽʚʥʠʢʽʚ, ʚʢʣʶʯʘʶʯʠ ʢʦʥʢʨʝʪʥʽ ʤʝʭʘʥʽʟʤʠ 

ʧʨʦʬʽʣʘʢʪʠʢʠ ʽ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʽʚ[2]. 

4. ʇʨʘʚʠʣʘ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ 
ʜʝʪʘʣʴʥʽ ʥʦʨʤʘʪʠʚʥʽ ʚʠʤʦʛʠ ʱʦʜʦ ʙʝʟʧʝʯʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʨʦʙʥʠʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ[4]. 

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʬʝʩʽʡʥʠʤʠ 

ʨʠʟʠʢʘʤʠ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽʥʥʦʚʘʮʽʡ. ɿʦʢʨʝʤʘ, ʜʦ ʪʘʢʠʭ 

ʽʥʥʦʚʘʮʽʡ ʥʘʣʝʞʘʪʴ ʙʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ (ʜʨʦʥʠ) ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʩʪʘʥʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ ʪʘ ʪʝʭʥʽʢʠ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ, GPS-ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʨʰʨʫʪʽʚ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ 

ʘʚʘʨʽʡʥʠʤ ʩʠʪʫʘʮʽʷʤ, ʘ ʪʘʢʦʞ ʽʥʪʝʛʨʘʮʽʷ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʟʽ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ ʜʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʛʣʠʙʦʢʦʛʦ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ, ʾʭ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʦʧʝʨʘʪʠʚʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʾʭ ʤʽʥʽʤʽʟʘʮʽʾ. ʆʢʨʝʤʦ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT) ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʝʨʝʞʽ ʩʝʥʩʦʨʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʙʝʟʧʝʨʝʨʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʫʤʦʚ ʧʨʘʮʽ. 

ʂʣʶʯʦʚʦʶ ʧʝʨʝʜʫʤʦʚʦʶ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʻ ʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʧʽʜʪʨʠʤʢʘ ʢʫʣʴʪʫʨʠ ʙʝʟʧʝʢʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʫ. ʎʝ ʚʢʣʶʯʘʻ ʨʝʛʫʣʷʨʥʝ 

ʥʘʚʯʘʥʥʷ ʪʘ ʪʨʝʥʽʥʛʠ ʜʣʷ ʧʨʘʮʽʚʥʠʢʽʚ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʢʘʤʧʘʥʽʾ ʱʦʜʦ ʧʨʘʚʠʣ ʙʝʟʧʝʢʠ ʧʨʘʮʽ, 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʛʨʘʤ ʧʩʠʭʦʣʦʛʽʯʥʦʾ ʧʽʜʪʨʠʤʢʠ, ʘʢʪʠʚʥʝ ʟʘʣʫʯʝʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʜʦ 

ʧʨʦʮʝʩʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʪʝʥʮʽʡʥʠʭ ʥʝʙʝʟʧʝʢ ʪʘ ʨʦʟʨʦʙʢʠ ʟʘʭʦʜʽʚ ʱʦʜʦ ʾʭ ʟʘʧʦʙʽʛʘʥʥʷ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʷʪʠ ʤʦʪʠʚʘʮʽʾ ʧʨʘʮʽʚʥʠʢʽʚ ʜʦ ʜʦʪʨʠʤʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʙʝʟʧʝʢʠ, 

ʨʦʟʚʠʪʢʫ ʩʚʽʜʦʤʦʛʦ ʩʪʘʚʣʝʥʥʷ ʜʦ ʚʣʘʩʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʙʝʟʧʝʢʠ ʢʦʣʝʛ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʥʶ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʢʝʨʽʚʥʠʢʽʚ ʟʘ ʧʽʜʪʨʠʤʢʫ ʥʘʣʝʞʥʠʭ ʫʤʦʚ ʧʨʘʮʽ. 

ʇʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʠ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʬʝʩʽʡʥʠʤʠ ʨʠʟʠʢʘʤʠ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʦʜʘʣʴʰʫ ʮʠʬʨʦʚʽʟʘʮʽʶ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʧʨʦʮʝʩʽʚ, 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʽʞʥʘʨʦʜʥʦʛʦ ʜʦʩʚʽʜʫ ʪʘ ʩʪʘʥʜʘʨʪʽʚ, ʧʦʩʠʣʝʥʥʷ ʜʝʨʞʘʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʽ 

ʨʝʛʫʣʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʘʢʪʠʚʽʟʘʮʽʶ ʨʦʣʽ ʙʽʟʥʝʩʫ ʪʘ ʛʨʦʤʘʜʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʫ ʩʬʝʨʽ 

ʙʝʟʧʝʢʠ ʧʨʘʮʽ. ʈʝʘʣʽʟʘʮʽʷ ʮʠʭ ʥʘʧʨʷʤʽʚ ʟʘʙʝʟʧʝʯʠʪʴ ʥʝ ʪʽʣʴʢʠ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ gjljkf  ʥʘʩʣʽʜʢʽʚ ʪʨʘʚʤʘʪʠʟʤʫ, ʘʣʝ ʡ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʛʨʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʧʦʩʠʣʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʛʘʣʫʟʽ ʥʘ 

ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʽ. 

ʆʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʧʦʪʨʝʙʫʻ ʧʠʪʘʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʧʽʜʙʦʨʫ, ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ 

ʧʨʦʚʝʜʝʥʥʷ ʥʘʚʯʘʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʱʦʜʦ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ (ɿɯɿ). ɺ ʘʛʨʘʨʥʽʡ ʩʬʝʨʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ɿɯɿ ʤʘʻ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʯʝʨʝʟ ʧʦʩʪʽʡʥʠʡ ʢʦʥʪʘʢʪ ʧʨʘʮʽʚʥʠʢʽʚ ʟ ʥʝʙʝʟʧʝʯʥʠʤʠ ʘʛʨʦʭʽʤʽʢʘʪʘʤʠ, ʙʽʦʣʦʛʽʯʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ, ʧʠʣʦʤ, ʰʫʤʦʤ ʪʘ ʚʽʙʨʘʮʽʻʶ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ çʄʽʥʽʤʘʣʴʥʠʭ ʚʠʤʦʛ ʱʦʜʦ 

ʙʝʟʧʝʢʠ ʽ ʟʜʦʨʦʚôʷ ʧʨʘʮʽʚʥʠʢʽʚ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʥʘ 

ʨʦʙʦʯʦʤʫ ʤʽʩʮʽè (ʟʘʪʚʝʨʜʞʝʥʠʭ ʥʘʢʘʟʦʤ ʄʽʥʩʦʮʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ ˉ1804 ʚʽʜ 29.11.2018 

ʨ.) [5], ʨʦʙʦʪʦʜʘʚʮʽ ʟʦʙʦʚôʷʟʘʥʽ ʥʝ ʣʠʰʝ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʘʮʽʚʥʠʢʽʚ ʥʝʦʙʭʽʜʥʠʤʠ ɿɯɿ, ʘʣʝ ʡ 

ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʽʥʩʪʨʫʢʪʘʞʽ ʪʘ ʥʘʚʯʘʥʥʷ ʟ ʧʨʘʚʠʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, 

ʜʦʛʣʷʜʫ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʪʘʢʠʭ ʟʘʩʦʙʽʚ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʨʝʛʫʣʷʨʥʦʾ ʘʢʪʫʘʣʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʠʭ 

ʧʨʦʛʨʘʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʬʦʨʤ ʧʨʦʚʝʜʝʥʥʷ ʟʘʥʷʪʴ, ʪʨʝʥʽʥʛʽʚ ʽ ʧʨʘʢʪʠʯʥʠʭ 

ʚʧʨʘʚ ʻ ʦʙʦʚôʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ ʢʫʣʴʪʫʨʠ ʙʝʟʧʝʢʠ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʧʦʢʘʟʥʠʢʠ ʪʨʘʚʤʘʪʠʟʤʫ 

ʪʘ ʧʨʦʬʝʩʽʡʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʫ ʛʘʣʫʟʽ. 
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ʋɼʂ 614.89 

 

ʐʦʰʠʥ ɼ.ɺ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 184 ɻʽʨʥʠʮʪʚʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʄʫʭʘ ʆ.ɸ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʪʘ ʮʠʚʽʣʴʥʦʾ 

ʙʝʟʧʝʢʠ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ɸʅɸʃɯɿ ʅɽɼʆʃɯʂɯɺ ʇʈʆʎɽʉʋ ɺʀɹʆʈʋ ʌɯʃʔʊʈʋɺɸʃʔʅʀʍ ʈɽʉʇɯʈɸʊʆʈɯɺ 

 

ʉʫʯʘʩʥʽ ʚʠʨʦʙʥʠʯʽ ʫʤʦʚʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʽʥʜʫʩʪʨʽʘʣʽʟʘʮʽʾ ʽ 

ʫʨʙʘʥʽʟʘʮʽʾ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʡ ʢʦʥʪʘʢʪ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ 

ʪʝʭʥʦʛʝʥʥʠʤʠ ʯʠʥʥʠʢʘʤʠ (ʧʠʣ, ʜʠʤ, ʪʫʤʘʥ ʘʙʦ ʛʘʟ ʪʘ ʧʘʨʘ), ʚʤʽʩʪ ʷʢʠʭ ʫ ʧʦʚʽʪʨʽ ʨʦʙʦʯʦʾ 

ʟʦʥʠ ʧʝʨʝʚʠʱʫʻ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʽ ʢʦʥʮʝʥʪʨʘʮʽʾ. ɿʘʭʚʦʨʶʚʘʥʥʷ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ 

ʘʩʦʮʽʡʦʚʘʥʽ ʟ ʽʥʛʘʣʷʮʽʡʥʠʤ ʤʽʥʝʨʘʣʴʥʠʤ ʧʠʣʦʤ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʧʥʝʚʤʦʢʦʥʽʦʟʠ, ʷʢʽ ʻ 

ʥʝʚʠʣʽʢʦʚʥʠʤʠ, ʥʝʟʚʦʨʦʪʥʠʤʠ ʪʘ ʩʪʘʥʦʚʣʷʪʴ ʩʫʪʪʻʚʫ ʯʘʩʪʢʫ ʩʝʨʝʜ ʧʨʦʬʝʩʽʡʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʪʪʽ 13 ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʦʭʦʨʦʥʫ ʧʨʘʮʽè [1] 

ʨʦʙʦʪʦʜʘʚʝʮʴ ʟʦʙʦʚôʷʟʘʥʠʡ ʩʪʚʦʨʠʪʠ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ ʚ ʢʦʞʥʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ 

ʧʽʜʨʦʟʜʽʣʽ ʫʤʦʚʠ ʧʨʘʮʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ 

ʜʦʜʝʨʞʘʥʥʷ ʚʠʤʦʛ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʱʦʜʦ ʧʨʘʚ ʧʨʘʮʽʚʥʠʢʽʚ ʫ ʛʘʣʫʟʽ ʦʭʦʨʦʥʠ ʧʨʘʮʽ. ʗʢʱʦ ʞ 

ʩʫʯʘʩʥʠʡ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʥʝ ʜʦʟʚʦʣʷʻ ʮʝ ʟʨʦʙʠʪʠ, ʪʦ ʜʣʷ ʟʘʭʠʩʪʫ ʧʦʚʠʥʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʟʘʩʦʙʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ (ɿɯɿʆɼ). ɰʭ ʚʠʙʽʨ 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʦ ɼʉʊʋ EN 529:2006 ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʝʪʘʧʽʚ: ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʧʦʚʽʪʨʽ ʨʦʙʦʯʦʾ, ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ɿɯɿʆɼ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʡʦʛʦ ʟʘʭʠʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʚʯʘʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [2]. 

ʅʘʚʝʜʝʥʘ ʧʨʦʮʝʜʫʨʘ ʤʘʻ ʜʝʢʽʣʴʢʘ ʥʝʜʦʣʽʢʽʚ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʨʦʟôʷʩʥʝʥʥʷ. 

ʇʝʨʰʝ, ʜʦʢʫʤʝʥʪ ʥʝ ʨʝʛʫʣʶʻ ʚʠʙʽʨ ʽ ʦʨʛʘʥʽʟʘʮʽʶ ʝʢʩʧʣʫʘʪʘʮʽʾ ɿɯɿʆɼ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʾʭ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢ ʚʠʤʘʛʘʻ ʅʇɸʆʇ 0.00-7.17-18 [3]. ʅʝ ʷʩʥʦ, ʫ ʷʢʠʭ ʚʠʧʘʜʢʘʭ ʢʨʘʱʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʥʦʨʘʟʦʚʽ ʯʠ ʙʘʛʘʪʦʨʘʟʦʚʽ ɿɯɿʆɼ, ʢʣʘʧʘʥʥʽ ʯʠ ʙʝʟʢʣʘʧʘʥʥʽ, ʟ 

ʬʽʣʴʪʨʫʶʯʦʶ ʣʠʮʝʚʦʶ ʯʘʩʪʠʥʦʶ ʯʠ ʽʟʦʣʶʶʯʦʶ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʷʢʽʩʥʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ɿɯɿʆɼ, ʷʢʘ ʙ ʫ ʧʦʚʥʽʡ ʤʽʨʽ ʚʠʩʚʽʪʣʠʣʘ ʚʩʝ ʾʭ ʨʽʟʥʦʤʘʥʽʪʪʷ ʟʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ. ʆʩʦʙʣʠʚʦ ʚʦʥʘ 

ʧʦʪʨʽʙʥʘ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ɿɯɿʆɼ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʝʨʛʦʥʦʤʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ: ʚʝʣʠʯʠʥʠ ʦʧʦʨʫ ʜʠʭʘʥʥʶ ʬʽʣʴʪʨʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʘʞʢʦʩʪʽ 

ʚʠʢʦʥʫʚʘʥʠʭ ʨʦʙʽʪ ʘʙʦ ʤʘʩʠ ʨʝʩʧʽʨʘʪʦʨʘ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʬʽʣʴʪʨʽʚ, ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʛʦʣʽʚôʷ. 

ɼʦ ʨʝʯʽ, ʥʦʤʽʥʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʭʠʩʪʫ ʨʝʩʧʽʨʘʪʦʨʽʚ, ʚʠʟʥʘʯʝʥʠʡ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʫʤʦʚʘʭ ʽ ʥʘʚʝʜʝʥʠʡ ʫ ʜʦʜʘʪʢʫ ʉ ʚʠʱʝ ʟʛʘʜʘʥʦʛʦ ʜʦʢʫʤʝʥʪʫ, ʥʝ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʫʧʝʥʶ ʟʘʭʠʩʪʫ ʧʨʘʮʽʚʥʠʢʽʚ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ. ɯʩʥʫʶʪʴ ʙʘʛʘʪʦ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʤʦʞʫʪʴ ʧʦʛʽʨʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ɿɯɿʆɼ, ʷʢʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ 

ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʽʡ ʧʝʨʝʚʽʨʮʽ. ɿʦʢʨʝʤʘ ʪʘ ʞ ʱʽʣʴʥʽʩʪʴ ʧʨʠʣʷʛʘʥʥʷ ʧʽʚʤʘʩʢʠ ʜʦ ʦʙʣʠʯʯʷ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʤʦʢʪʫʚʘʥʥʷ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʥʝ ʜʦʧʫʩʢʘʶʪʴʩʷ 

ʦʩʦʙʠ, ʷʢʠʤ ʥʝ ʚʜʘʣʦʩʴ ʧʽʜʽʙʨʘʪʠ ʟʨʫʯʥʫ ʧʽʚʤʘʩʢʫ [4]. 

ɼʨʫʛʝ, ʫ ɼʉʊʋ EN 529:2006 ʥʝ ʟʨʦʟʫʤʽʣʠʤ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʨʤʽʥʫ ʟʘʭʠʩʥʦʾ ʜʽʾ 

ɿɯɿʆɼ. ɺʠʥʷʪʦʢ ʩʢʣʘʜʘʶʪʴ ʪʽʣʴʢʠ ʬʽʣʴʪʨʠ ʟ ʽʥʜʠʢʘʪʦʨʦʤ ʟʘʢʽʥʯʝʥʥʷ ʪʝʨʤʽʥʫ ʟʘʭʠʩʥʦʾ ʜʽʾ. 

ʗʢʱʦ ʜʣʷ ʧʨʦʪʠʘʝʨʦʟʦʣʴʥʠʭ ʬʽʣʴʪʨʽʚ ʡʦʛʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʫʪʨʫʜʥʝʥʥʷʤ ʜʠʭʘʥʥʷ, ʪʦ 

ʜʣʷ ʧʨʦʪʠʛʘʟʦʚʠʭ ï ʟʘ ʩʫʙôʻʢʪʠʚʥʠʤ ʚʽʜʯʫʪʪʷʤ ʟʘʧʘʭʫ ʻ ʥʝʢʦʨʝʢʪʥʠʤ, ʘʜʞʝ ʫ ʧʨʘʮʽʚʥʠʢʽʚ 

ʨʽʟʥʠʡ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʡ ʧʦʨʽʛ. ʊʘʢʦʞ ʚ ʩʪʘʥʜʘʨʪʽ ʥʝ ʚʢʘʟʘʥʦ, ʷʢʽ ʰʢʽʜʣʠʚʽ ʛʘʟʠ ʤʦʞʥʘ 

ʚʠʷʚʣʷʪʠ ʟʘ ʟʘʧʘʭʦʤ, ʘ ʷʢʽ ï ʢʘʪʝʛʦʨʠʯʥʦ çʥʝ ʤʦʞʥʘè. 

ʊʨʝʪʻ, ʘʣʛʦʨʠʪʤ ʚʠʙʦʨʫ ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʠʛʘʟʦʚʠʭ 

ʨʝʩʧʽʨʘʪʦʨʽʚ (ʙʝʟ ʧʨʠʤʫʩʦʚʦʾ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ) ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ɻɼʂ ʫ 1000 ʨʘʟʽʚ. ʆʜʥʘʢ 

ʚʽʜʦʤʦ, ʱʦ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘʢʠʭ ɿɯɿʆɼ ʧʽʚʤʘʩʢʘ (ʤʘʩʢʘ) ʤʦʞʝ ʩʧʦʚʟʪʠ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ, 



ʉɽʂʎɯʗ - ɹɽɿʇɽʂɸ ʇʈɸʎɯ 

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 

149 

ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʦʩʣʘʙʣʝʥʥʷ ʩʪʨʽʯʦʢ ʢʨʽʧʣʝʥʥʷ ʧʽʚʤʘʩʢʠ ʽ ʟʙʽʣʴʰʠʪʠ ʧʽʜʩʤʦʢʪʫʚʘʥʥʷ ʜʦ 

9 %. ʋʪʚʦʨʝʥʘ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʧʽʜʤʘʩʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ ʤʦʞʝ ʙʫʪʠ 

ʥʝʙʝʟʧʝʯʥʘ ʜʣʷ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ. 
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ʋɼʂ 681.518.54  
 

ʗʮʠʢ ʉ.ɺ., ʟʜʦʙʫʚʘʯ ʚʠʱʦʾ ʦʩʚʽʪʠ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʦʩʪʝʥʢʦ ʊ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʧʦʞʝʞʥʦʾ ʽ 

ʪʝʭʥʦʛʝʥʥʦʾ ʙʝʟʧʝʢʠ ʦʙôʻʢʪʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ  

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʋʢʨʘʾʥʠ, ʤ. ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ)  

 

ɸʅɸʃɯɿ ʅɽɹɽɿʇɽʂ ɼʃʗ ʈʗʊʋɺɸʃʔʅʀʂɯɺ ɼʉʅʉ ʋʂʈɸɰʅʀ ʇɯɼ ʏɸʉ 

ʃɯʂɺɯɼɸʎɯɰ ʅɸʉʃɯɼʂɯɺ ʇʆɾɽɾ ʇɯʉʃʗ ʈɸʂɽʊʅʀʍ ʊɸ ɸʈʊʀʃɽʈɯʁʉʔʂʀʍ 

ʆɹʉʊʈɯʃɯɺ 

 

ʈʦʙʦʪʘ ʨʷʪʫʚʘʣʴʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ɼʉʅʉ ʋʢʨʘʾʥʠ ʧʦʚôʷʟʘʥʘ ʟ ʨʝʛʫʣʷʨʥʠʤʠ ʨʠʟʠʢʘʤʠ 

ʪʘ ʥʝʙʝʟʧʝʢʘʤʠ. ɸʢʪʠʚʥʽ ʚʽʡʩʴʢʦʚʽ ʜʽʾ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʶʪʴ ʚʝʜʝʥʥʷ 

ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʪʘ ʟʙʽʣʴʰʫʶʪʴ ʢʽʣʴʢʽʩʪʴ ʥʝʙʝʟʧʝʢ ʜʣʷ ʦʩʦʙʦʚʦʛʦ ʩʢʣʘʜʫ.  

ʇʽʜ ʯʘʩ ʛʘʩʽʥʥʷ ʧʦʞʝʞ, ʩʧʨʠʯʠʥʝʥʠʭ ʦʙʩʪʨʽʣʘʤʠ ʟ ʙʦʢʫ ʨʬ, ʦʩʦʙʦʚʠʡ ʩʢʣʘʜ 

ʥʝʦʜʥʦʨʘʟʦʚʦ ʟʘʟʥʘʚʘʚ ʪʨʘʚʤʫʚʘʥʴ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʩʤʝʨʪʝʣʴʥʠʭ. ʆʩʦʙʣʠʚʦ ʮʠʥʽʯʥʠʤʠ ʪʘ 

ʥʝʙʝʟʧʝʯʥʠʤʠ ʻ ʧʦʚʪʦʨʥʽ ʦʙʩʪʨʽʣʠ, ʢʦʣʠ ʨʷʪʫʚʘʣʴʥʠʢʠ ʚʞʝ ʧʨʘʮʶʶʪʴ ʥʘ ʤʽʩʮʽ ʧʦʜʽʾ. ʎʝ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʥʝʱʘʩʥʽ ʚʠʧʘʜʢʠ, ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ. 

15 ʙʝʨʝʟʥʷ 2023 ʨʦʢʫ ʚʥʘʩʣʽʜʦʢ ʧʦʚʪʦʨʥʦʛʦ ʨʘʢʝʪʥʦʛʦ ʦʙʩʪʨʽʣʫ ʥʘ ʆʜʝʱʠʥʽ ʟʘʛʠʥʫʚ 

ʩʧʽʚʨʦʙʽʪʥʠʢ ɼʉʅʉ, ʷʢʠʡ ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʚʠʙʫʭʫ ʧʨʠʙʫʚ ʥʘ ʤʽʩʮʝ ʜʣʷ ʥʘʜʘʥʥʷ ʜʦʧʦʤʦʛʠ. 

ʈʘʟʦʤ ʽʟ ʥʠʤ ʟʘʛʠʥʫʚ ʬʝʣʴʜʰʝʨ, ʘ ʪʘʢʦʞ ʙʫʣʠ ʪʷʞʢʦ ʧʦʨʘʥʝʥʽ ʽʥʰʽ ʤʝʜʠʢʠ ʪʘ 

ʨʷʪʫʚʘʣʴʥʠʢʠ [1].  

4 ʙʝʨʝʟʥʷ 2024 ʨʦʢʫ ʧʽʜ ʯʘʩ ʛʘʩʽʥʥʷ ʧʦʞʝʞʽ ʟʘ ʤʝʞʘʤʠ ʩʝʣʘ ʄʘʷʢʠ ʂʨʘʤʘʪʦʨʩʴʢʦʛʦ 

ʨʘʡʦʥʫ ɼʦʥʝʮʴʢʦʾ ʦʙʣʘʩʪʽ ʚʥʘʩʣʽʜʦʢ ʧʦʚʪʦʨʥʦʛʦ ʦʙʩʪʨʽʣʫ ʟʘʛʠʥʫʚ ʨʷʪʫʚʘʣʴʥʠʢ ɼʉʅʉ [2]. 

ʋʥʘʩʣʽʜʦʢ ʧʦʚʪʦʨʥʦʛʦ ʦʙʩʪʨʽʣʫ ʧʽʜ ʯʘʩ ʣʽʢʚʽʜʘʮʽʾ ʥʘʩʣʽʜʢʽʚ ʨʦʩʽʡʩʴʢʦʛʦ ʦʙʩʪʨʽʣʫ 

ɼʦʙʨʦʧʽʣʣʷ, ɼʦʥʝʮʴʢʘ ʦʙʣʘʩʪʴ, 7 ʙʝʨʝʟʥʷ 2025 ʨʦʢʫ ʟʘʛʠʥʫʚ ʨʷʪʫʚʘʣʴʥʠʢ ɼʉʅʉ ʪʘ 

ʨʷʪʫʚʘʣʴʥʠʢ ʚʦʻʥʽʟʦʚʘʥʦ-ʛʽʨʥʠʯʦʛʦ ʟʘʛʦʥʫ [3].  

8 ʯʝʨʚʥʷ 2024 ʨʦʢʫ ʫ ʅʽʢʦʧʦʣʴʩʴʢʦʤʫ ʨʘʡʦʥʽ ʧʽʜ ʯʘʩ ʣʽʢʚʽʜʘʮʽʾ ʥʘʜʟʚʠʯʘʡʥʦʾ 

ʩʠʪʫʘʮʽʾ, ʩʧʨʠʯʠʥʝʥʦʾ ʚʦʨʦʞʠʤʠ ʦʙʩʪʨʽʣʘʤʠ, ʨʷʪʫʚʘʣʴʥʠʢ ʧʦʪʨʘʧʠʚ ʧʽʜ ʧʽʜʩʪʫʧʥʠʡ 

ʧʦʚʪʦʨʥʠʡ ʫʜʘʨ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʥʷ ʚʘʞʢʠʭ ʪʨʘʚʤ ʟʘʛʠʥʫʚ [4].  

ʆʩʥʦʚʥʠʤʠ ʥʝʙʝʟʧʝʢʘʤʠ ʧʽʜ ʯʘʩ ʛʘʩʽʥʥʷ ʧʦʞʝʞ ʧʽʩʣʷ ʨʘʢʝʪʥʠʭ ʪʘ ʘʨʪʠʣʝʨʽʡʩʴʢʠʭ 

ʦʙʩʪʨʽʣʽʚ ʻ ʧʦʚʪʦʨʥʽ ʫʜʘʨʠ ʥʘ ʤʽʩʮʝ ʧʦʞʝʞʽ, ʥʘʷʚʥʽʩʪʴ ʥʝʨʦʟʽʨʚʘʥʠʭ ʙʦʻʧʨʠʧʘʩʽʚ, 

ʩʥʘʨʷʜʽʚ, ʢʘʩʝʪʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʚʝʣʠʢʘ ʧʣʦʱʘ ʟʘʛʦʨʷʥʥʷ, ʩʢʣʘʜʥʽʩʪʴ ʝʚʘʢʫʘʮʽʾ ʧʦʪʝʨʧʽʣʠʭ, 

ʨʫʡʥʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʧʽʜ ʯʘʩ ʛʘʩʽʥʥʷ, ʚʧʣʠʚ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʪʦʢʩʠʯʥʠʭ ʧʨʦʜʫʢʪʽʚ 

ʛʦʨʽʥʥʷ ʚʽʜ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ, ʤʝʪʘʣʽʚ, ʧʣʘʩʪʠʢʫ ʪʦʱʦ. 

ɼʣʷ ʫʤʦʚ ʛʘʩʽʥʥʷ ʧʦʞʝʞ ʥʘ ʦʙôʻʢʪʘʭ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʪʘʢʠʭ ʷʢ ʊɽʎ, 

ʥʘʬʪʦʙʘʟʠ, ʛʘʟʦʧʨʦʚʦʜʠ ʧʨʠʪʘʤʘʥʥʽ ʥʘʩʪʫʧʥʽ ʚʠʜʠ ʥʝʙʝʟʧʝʢ: ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʫʭʽʚ ʛʘʟʫ, 

ʧʘʣʴʥʦʛʦ, ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ, ʚʠʢʠʜʠ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ (ʯʘʜʥʠʡ ʛʘʟ, ʙʝʥʟʦʣ, 

ʩʽʨʢʦʚʦʜʝʥʴ ʪʦʱʦ), ʨʫʡʥʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʦʙʤʝʞʝʥʠʡ ʜʦʩʪʫʧ ʜʦ ʦʩʝʨʝʜʢʽʚ ʟʘʡʤʘʥʥʷ ʯʝʨʝʟ ʟʘʚʘʣʠ. 

ʋ 2024 ʨʦʮʽ ʚʥʘʩʣʽʜʦʢ ʚʽʡʩʴʢʦʚʦʾ ʘʛʨʝʩʽʾ ʨʬ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚʽʜʙʫʣʠʩʷ 

ʤʘʩʰʪʘʙʥʽ ʣʽʩʦʚʽ ʧʦʞʝʞʽ ʚ ʏʝʨʢʘʩʴʢʽʡ, ʇʦʣʪʘʚʩʴʢʽʡ, ʂʠʾʚʩʴʢʠʡ ʪʘ ɼʦʥʝʮʴʢʽʡ ʦʙʣʘʩʪʷʭ. 

ʇʽʜ ʯʘʩ ʛʘʩʽʥʥʷ ʣʽʩʦʚʠʭ ʧʦʞʝʞ ʚʥʘʩʣʽʜʦʢ ʙʦʡʦʚʠʭ ʜʽʡ ʪʘ ʚ ʨʝʛʽʦʥʘʭ ʚʝʜʝʥʥʷ ʘʢʪʠʚʥʠʭ 

ʙʦʡʦʚʠʭ ʜʽʡ ʧʨʠʩʫʪʥʽ ʥʘʩʪʫʧʥʽ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʦʩʦʙʦʚʦʛʦ ʩʢʣʘʜʫ ɼʉʅʉ: ʤʦʞʣʠʚʝ 

ʤʽʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ (ʤʽʥʠ, ʨʦʟʪʷʞʢʠ, ʩʥʘʨʷʜʠ, ʱʦ ʥʝ ʚʠʙʫʭʥʫʣʠ), ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʨʽʛ ʜʣʷ 

ʧʽʜʭʦʜʫ ʦʧʝʨʘʪʠʚʥʦʾ ʩʧʝʮʽʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʚʝʣʠʢʘ ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʚʦʛʥʶ ʯʝʨʝʟ ʩʫʭʫ 

ʨʦʩʣʠʥʥʽʩʪʴ, ʦʙʤʝʞʝʥʠʡ ʟʚôʷʟʦʢ ʪʘ ʢʦʦʨʜʠʥʘʮʽʷ ʜʽʡ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʢ ʥʝʦʙʭʽʜʥʦ ʚʞʠʚʘʪʠ ʟʘʭʦʜʽʚ 

ʧʦʯʠʥʘʶʯʠ ʟ ʝʪʘʧʫ ʨʦʟʚʽʜʢʠ ʧʦʞʝʞʽ. ʇʽʩʣʷ ʧʨʠʙʫʪʪʷ ʥʘ ʤʽʩʮʝ ʣʽʢʚʽʜʘʮʽʾ ʧʦʞʝʞʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʧʝʨʝʜʥʷ ʨʦʟʚʽʜʢʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʥʦʚʥʠʭ ʟʘʛʨʦʟ: ʧʦʚʪʦʨʥʽ ʫʜʘʨʠ (ʘʥʘʣʽʟ 

ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʚʪʦʨʥʦʛʦ ʦʙʩʪʨʽʣʫ.), ʥʝʨʦʟʽʨʚʘʥʽ ʙʦʻʧʨʠʧʘʩʠ (ʟʘʣʫʯʝʥʥʷ, ʟʘ ʤʦʞʣʠʚʦʩʪʽ, 

ʩʘʧʝʨʽʚ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʪʝʨʠʪʦʨʽʾ), ʤʦʞʣʠʚʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 
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(ʚʠʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ, ʟʘ ʤʦʞʣʠʚʦʩʪʽ, ʦʮʽʥʢʘ ʨʠʟʠʢʫ ʦʙʚʘʣʽʚ), ʫʨʘʞʝʥʥʷ 

ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ (ʘʥʘʣʽʟ, ʯʠ ʻ ʧʦʨʫʯ ʩʢʣʘʜʠ ʧʘʣʴʥʦʛʦ, ʛʘʟʦʚʽ ʨʝʟʝʨʚʫʘʨʠ, 

ʭʽʤʽʯʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʦʱʦ), ʥʝʙʝʟʧʝʢʘ ʫʨʘʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ (ʦʮʽʥʢʘ ʩʪʘʥʫ 

ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ, ʨʦʟʧʦʜʽʣʴʯʠʭ ʧʫʥʢʪʽʚ ʪʦʱʦ). 

ɼʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʙʝʟʧʝʢʠ ʦʩʦʙʦʚʦʛʦ ʩʢʣʘʜʫ ɼʉʅʉ ʋʢʨʘʾʥʠ ʥʝʦʙʭʽʜʥʦ ʚʞʠʚʘʪʠ 

ʥʘʩʪʫʧʥʠʭ ʟʘʭʦʜʽʚ [5]: 

- ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʟʦʥʠ ʙʝʟʧʝʢʠ (ʚʠʜʽʣʠʪʠ ʥʝʙʝʟʧʝʯʥʫ, ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʫ ʪʘ 
ʙʝʟʧʝʯʥʫ ʟʦʥʠ); 

- ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʭʠʩʥʝ ʩʧʦʨʷʜʞʝʥʥʷ (ʚʽʜʧʦʚʽʜʥʠʡ ʟʘʭʠʩʥʠʡ ʦʜʷʛ, ʨʝʩʧʽʨʘʪʦʨʠ, 
ʙʨʦʥʝʟʘʭʠʩʥʠʡ ʦʜʷʛ, ʰʦʣʦʤʠ (ʧʨʠ ʟʘʛʨʦʟʽ ʧʦʚʪʦʨʥʠʭ ʫʜʘʨʽʚ)); 

- ʚʨʘʭʦʚʫʚʘʪʠ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ (ʥʘʧʨʷʤʦʢ ʚʽʪʨʫ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʧʦʰʠʨʝʥʥʷ 
ʜʠʤʫ ʪʘ ʦʪʨʫʡʥʠʭ ʨʝʯʦʚʠʥ); 

- ʢʦʦʨʜʠʥʫʚʘʪʠ ʜʽʾ ʟ ʚʽʡʩʴʢʦʚʠʤʠ. 

ɺʠʢʦʥʫʶʯʠ ʨʦʙʦʪʠ ʟ ʛʘʩʽʥʥʷ ʧʦʞʝʞʽ, ʩʣʽʜ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʥʘʩʪʫʧʥʠʭ ʟʘʭʦʜʽʚ: 

- ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʚʽʜʩʪʘʥʴ ʧʨʠ ʧʦʜʘʯʽ ʚʦʜʠ ʪʘ ʧʽʥʠ ʟ ʤʝʪʦʶ 
ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʚʠʙʫʭʽʚ; 

- ʧʨʘʮʶʚʘʪʠ ʤʘʣʠʤʠ ʛʨʫʧʘʤʠ ʜʣʷ ʰʚʠʜʢʦʛʦ ʚʽʜʭʦʜʫ ʧʨʠ ʟʘʛʨʦʟʽ ʦʙʚʘʣʫ ʘʙʦ ʚʠʙʫʭʫ; 

- ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʣʽʢʚʽʜʦʚʫʚʘʪʠ ʜʞʝʨʝʣʘ ʛʦʨʽʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʜʝʪʦʥʘʮʽʶ 
ʯʠ ʦʙʚʘʣ; 

- ʢʦʥʪʨʦʣʶʚʘʪʠ ʛʘʟʦʚʽ ʢʦʤʫʥʽʢʘʮʽʾ, ʧʝʨʝʢʨʠʪʠ ʧʦʜʘʯʫ ʛʘʟʫ ʪʘ ʽʥʰʠʭ ʛʦʨʶʯʠʭ 
ʨʝʯʦʚʠʥ; 

- ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ɹʇʃɸ ʪʘ ʢʘʤʝʨʠ ʪʝʧʣʦʚʽʟʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʜʣʷ ʦʮʽʥʢʠ ʦʩʝʨʝʜʢʽʚ 

ʟʘʡʤʘʥʥʷ. 

ɺ ʫʤʦʚʘʭ ʝʚʘʢʫʘʮʽʾ ʧʦʩʪʨʘʞʜʘʣʠʭ ʪʘ ʦʩʦʙʦʚʦʛʦ ʩʢʣʘʜʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʟʘʙʣʦʢʦʚʘʥʠʭ ʧʦʩʪʨʘʞʜʘʣʠʭ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ 

ʨʦʟʙʦʨʫ ʟʘʚʘʣʽʚ, ʦʮʽʥʶʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʦʙʚʘʣʫ ʧʽʜ ʯʘʩ ʨʷʪʫʚʘʣʴʥʠʭ ʨʦʙʽʪ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʩʢʠ ʪʘ ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʫ ʟʦʥʽ ʟʥʘʯʥʦʾ ʟʘʜʠʤʣʝʥʦʩʪʽ, 

ʧʦʩʪʽʡʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʪʘʥ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʂʨʽʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʘʥʘʣʽʟʫ ʥʝʙʝʟʧʝʢ ʧʽʜ ʯʘʩ ʣʽʢʚʽʜʘʮʽʾ ʥʘʩʣʽʜʢʽʚ ʧʦʞʝʞ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʦʙʩʪʨʽʣʽʚ, ʜʝʪʘʣʴʥʠʡ ʾʭ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʰʣʷʭʠ ʝʚʘʢʫʘʮʽʾ ʪʘ 

ʙʝʟʧʝʯʥʽ ʟʦʥʠ ʚʝʜʝʥʥʷ ʨʦʙʽʪ; ʧʣʘʥʫʚʘʪʠ ʨʘʮʽʦʥʘʣʴʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʷʪʫʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʠʟʠʢʠ ʫʨʘʞʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʦʙʩʪʨʽʣʽʚ; ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʪʘʢʪʠʯʥʠʭ ʧʨʠʡʦʤʽʚ ʨʷʪʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ, ʥʘʧʨʠʢʣʘʜ, ʜʠʩʪʘʥʮʽʡʥʝ ʛʘʩʽʥʥʷ 

ʘʙʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ɹʇʃɸ ʜʣʷ ʨʦʟʚʽʜʢʠ ʪʦʱʦ. ɺʩʽ ʨʦʟʛʣʷʥʫʪʽ ʟʘʭʦʜʠ ʜʦʟʚʦʣʷʶʪʴ, ʚ ʧʝʨʰʫ 

ʯʝʨʛʫ, ʤʽʥʽʤʽʟʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʪʨʘʚʤʘʪʠʟʤʫ ʪʘ ʚʪʨʘʪ ʩʝʨʝʜ ʦʩʦʙʦʚʦʛʦ ʩʢʣʘʜʫ ɼʉʅʉ 

ʋʢʨʘʾʥʠ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ ʚ ʫʤʦʚʘʭ ʚʽʡʩʴʢʦʚʦʾ ʘʛʨʝʩʽʾ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

3. ɺ ʆʜʝʩʽ ʚʥʘʩʣʽʜʦʢ ʧʦʚʪʦʨʥʦʛʦ ʨʘʢʝʪʥʦʛʦ ʦʙʩʪʨʽʣʫ ʟʘʛʠʥʫʚ ʨʷʪʫʚʘʣʴʥʠʢ. 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ - https://glavcom.ua/odesa/news/v-odesi-vnaslidok-povtornoho-raketnoho-

obstrilu-zahinuv-rjatuvalnik-foto-990869.html?utm_source=chatgpt.com 

4. ʅʘ ʄʠʢʦʣʘʾʚʱʠʥʽ ʨʦʩʽʷʥʠ ʦʙʩʪʨʽʣʷʣʠ ʨʷʪʫʚʘʣʴʥʠʢʽʚ ʧʽʜ ʯʘʩ ʛʘʩʽʥʥʷ 

ʧʦʞʝʞʽ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ - https://24.mk.ua/na-mykolayivshhyni-rosiyany-obstrilyaly-

ryatuvalnykiv-pid-chas-gasinnya-pozhezhi/?utm_source=chatgpt.com 

5. ʇʽʜ ʯʘʩ ʦʙʩʪʨʽʣʫ ɼʦʙʨʦʧʽʣʣʷ ʟʘʛʠʥʫʣʠ ʜʚʦʻ ʨʷʪʫʚʘʣʴʥʠʢʽʚ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ 

- https://hromadske.ua/viyna/241098-pid-chas-obstrilu-dobropillia-zahynuly-dvoye-

riatuvalnykiv 

6. ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ ʦʙʣʘʩʪʴ: ʪʨʘʛʽʯʥʘ ʟʚʽʩʪʢʘ ʫ ʨʦʜʠʥʽ ʨʷʪʫʚʘʣʴʥʠʢʽʚ. ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ - https://dsns.gov.ua/news/ostanni-novini/dnipropetrovska-oblast-tragicna-zvistka-u-

rodini-riatuvalnikiv 

7. ɼʽʾ ʧʽʜʨʦʟʜʽʣʽʚ ɼʉʅʉ ʋʢʨʘʾʥʠ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ. ʅʘʚʯʘʣʴʥʠʡ 

ʧʦʩʽʙʥʠʢ ʟʘ ʟʘʛʘʣʴʥʦʶ ʨʝʜʘʢʮʽʻʶ ʄʠʨʦʩʣʘʚʘ ʂʦʚʘʣʷ. ï ʃʴʚʽʚ ʃɼʋɹɾɼ, 2023. ï 308 ʩ. 
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ʋɼʂ 681.518.54 

 

ɸʣʝʢʩʝʥʢʦ ʉ.ɼ. ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 141 ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ ʪʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʎʠʧʣʝʥʢʦʚ ɼ. ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 1ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ1,  ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ ʚʽʜʜʽʣʫ ʙʝʟʧʝʢʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ, ʦʭʦʨʦʥʠ 

ʧʨʘʮʽ ʪʘ ʧʨʦʤʠʩʣʦʚʦʾ ʙʝʟʧʝʢʠ ʣʘʙʦʨʘʪʦʨʽʾ  ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ,  ʝʢʩʧʝʨʪ 

ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ2  
1(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 
2 (ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ)  

 

ʇʈʆɻʅʆɿʋɺɸʅʅʗ ɻɽʅɽʈɸʎɯɰ ʌʆʊʆɽʃɽʂʊʈʀʏʅʀʍ ʉʊɸʅʎɯʁ ɿɸ 

ɼʆʇʆʄʆɻʆʖ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ 

 

ʐʚʠʜʢʽ ʪʝʤʧʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʧʨʠʟʚʝʣʠ ʜʦ ʪʦʛʦ, ʱʦ 

ʚʠʨʦʙʥʠʢʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʤʝʨʝʞʝʚʽ ʦʧʝʨʘʪʦʨʠ ʽʟ ʩʝʨʡʦʟʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʧʽʜ ʯʘʩ 

ʽʥʪʝʛʨʘʮʽʾ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʫ ʝʣʝʢʪʨʠʯʥʽ ʤʝʨʝʞʽ. ʇʨʦʙʣʝʤʠ ʧʦʚ'ʷʟʘʥʽ ʥʘʩʘʤʧʝʨʝʜ 

ʽʟ ʤʽʥʣʠʚʽʩʪʶ ʪʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤʠ ʩʪʘʥʮʽʷʤʠ. 

ʇʨʘʚʠʣʴʥʝ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʝ ʧʝʨʝʜʙʘʯʝʥʥʷ ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʻ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʦʤʝʨʝʞ ʽ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ. [1] 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (ʐɯ) ʪʘ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʆʢʨʽʤ ʮʴʦʛʦ, ʐɯ ʪʘʢʦʞ ʜʦʧʦʤʘʛʘʻ ʧʨʠ ʚʠʙʦʨʽ ʦʧʪʠʤʘʣʴʥʠʭ ʤʽʩʮʴ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʦʙ'ʻʢʪʽʚ 

ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʪʘʢʠʭ ʷʢ ʚʽʪʨʦʚʽ, ʩʦʥʷʯʥʽ ʯʠ ʛʝʦʪʝʨʤʘʣʴʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. ʎʝ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʘʥʘʣʽʟʫ ʢʣʽʤʘʪʠʯʥʠʭ ʽ ʛʝʦʛʨʘʬʽʯʥʠʭ ʫʤʦʚ, ʘ ʪʘʢʦʞ ʪʝʥʜʝʥʮʽʡ ʟʤʽʥ 

ʢʣʽʤʘʪʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʛʥʦʟʠ ʧʦʛʦʜʠ, ʦʮʽʥʢʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ, ʤʦʞʥʘ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʝʥʝʨʛʦʤʝʨʝʞ. ʐɯ, ʘʥʘʣʽʟʫʶʯʠ ʽʩʪʦʨʠʯʥʽ ʧʦʛʦʜʥʽ ʜʘʥʽ, ʨʝʘʣʴʥʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʽʚ, ʘ 

ʪʘʢʦʞ ʦʧʨʘʮʴʦʚʫʶʯʠ ʩʫʧʫʪʥʠʢʦʚʽ ʟʦʙʨʘʞʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʤʘʨʥʦʩʪʽ), 

ʟʜʘʪʝʥ ʬʦʨʤʫʚʘʪʠ ʪʦʯʥʽ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʽ ʧʨʦʛʥʦʟʠ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. [2] 

ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʚʞʝ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʙʦʪʠ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʘ ʪʘʢʦʞ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʤʝʨʝʞ. ʐʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʫʩʧʽʰʥʦ ʨʝʘʣʽʟʦʚʘʥʠʭ ʜʦʩʣʽʜʥʠʢʘʤʠ ʟʘʩʪʦʩʫʚʘʥʴ ʧʽʜʢʨʝʩʣʶʻ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʅʘʧʨʠʢʣʘʜ, ʐɯ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʦʨʛʽʚʣʽ ʝʥʝʨʛʽʻʶ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʛʝʥʝʨʘʮʽʾ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʜʝʥʴ ʚʧʝʨʝʜ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʦʮʽʥʶʚʘʥʥʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ, ʤʦʥʽʪʦʨʠʥʛʫ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ, ʚʠʷʚʣʝʥʥʷ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʫ ʚʽʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ 

ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʄʝʪʦʜʠ ʐɯ ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʫ ʩʬʝʨʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʝʪʠʢʠ 

ʟʘʚʜʷʢʠ ʾʭ ʟʜʘʪʥʦʩʪʽ ʚʠʷʚʣʷʪʠ ʩʢʣʘʜʥʽ ʥʝʣʽʥʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʯʠʩʣʝʥʥʠʤʠ ʚʭʽʜʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʛʣʠʙʦʢʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ, ʚʨʘʭʦʚʫʚʘʪʠ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʪʘ ʽʥʰʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʊʝʨʤʽʥ çʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪè ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʟʘʛʘʣʴʥʠʡ, ʷʢʠʡ ʦʭʦʧʣʶʻ 

ʙʘʛʘʪʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʦʜʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ, ʥʘʚʯʘʥʥʷ ʟ ʫʯʠʪʝʣʝʤ, 

ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ, ʤʝʪʦʜʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʽ ʨʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ. ʆʜʥʽʻʶ ʟ 

ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ, ʱʦ ʧʨʠʪʘʤʘʥʥʽ ʤʝʪʦʜʘʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʻ ʾʭʥʷ ʟʜʘʪʥʽʩʪʴ 

ʨʦʟʚ'ʷʟʫʚʘʪʠ ʩʢʣʘʜʥʽ ʟʘʜʘʯʽ, ʜʣʷ ʷʢʠʭ ʥʝʤʦʞʣʠʚʦ ʟʥʘʡʪʠ ʷʚʥʽ ʘʣʛʦʨʠʪʤʠ ʘʙʦ ʤʘʪʝʤʘʪʠʯʥʽ 

ʨʽʰʝʥʥʷ. ʏʘʩʪʦ ʜʦ ʪʘʢʠʭ ʟʘʜʘʯ ʥʘʣʝʞʠʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫ ʚʝʣʠʢʠʭ 



ʉɽʂʎɯʗ - ɽʃɽʂʊʈʆɽʅɽʈɻɽʊʀʂɸ, ɽʃɽʂʊʈʆʊɽʍʅɯʂɸ ʊɸ ɽʃɽʂʊʈʆʄɽʍɸʅɯʂɸ 

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 

154 

ʥʘʙʦʨʘʭ ʜʘʥʠʭ, ʢʦʣʠ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʯʠ ʟʘʣʝʞʥʦʩʪʽ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʩʢʣʘʜʥʠʤʠ ʘʙʦ 

ʥʝʚʽʜʦʤʠʤʠ. ɿʨʦʩʪʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʙʫʣʦ 

ʧʽʜʪʨʠʤʘʥʦ ʩʫʪʪʻʚʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 

ʜʝʩʷʪʠʣʽʪʴ [3]. ʆʜʥʠʤ ʽʟ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʝʪʦʜʽʚ ʐɯ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʨʦʙʦʪʠ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʻ ʰʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (ANN). ʇʝʨʝʚʘʛʘ ANN 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʛʣʠʙʦʢʠʭ ʟʥʘʥʴ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ. ɿʦʢʨʝʤʘ, ʥʝʣʽʥʽʡʥʽ, ʩʪʦʭʘʩʪʠʯʥʽ ʘʙʦ ʤʘʪʝʤʘʪʠʯʥʦ ʧʦʛʘʥʦ 

ʚʠʟʥʘʯʝʥʽ ʟʘʜʘʯʽ (ʥʘʧʨʠʢʣʘʜ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʘʙʦ ʢʣʘʩʠʬʽʢʘʮʽʷ) ʦʩʦʙʣʠʚʦ ʜʦʙʨʝ 

ʧʽʜʭʦʜʷʪʴ ʜʣʷ ANN. 

ɯʥʰʽ ʧʦʧʫʣʷʨʥʽ ʤʝʪʦʜʠ ʚʢʣʶʯʘʶʪʴ ʩʝʟʦʥʥʫ ʘʚʪʦʨʝʛʨʝʩʽʡʥʘ ʽʥʪʝʛʨʦʚʘʥʘ ʤʦʜʝʣʴ 

ʢʦʚʟʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ (SARIMA - Seasonal Autoregressive Integrated Moving Average), ʤʝʪʦʜ 

ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ (SVM), ʤʝʪʦʜ k-ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ (kNN), ʤʝʪʦʜ ʚʠʧʘʜʢʦʚʠʡ ʣʽʩ 

(Random Forest), ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʣʘʥʮʶʛʠ ʄʘʨʢʦʚʘ. ʐʠʨʦʢʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʞ ʥʘʙʫʣʦ ʢʝʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ (Fuzzy Logic Control, FLC) 

ʜʣʷ ʢʦʥʪʨʦʣʶ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʨʦʟʫʤʥʠʭ ʤʝʨʝʞ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʚʨʘʭʦʚʫʚʘʪʠ ʝʢʩʧʝʨʪʥʽ ʟʥʘʥʥʷ 

ʣʶʜʠʥʠ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʚʠʨʘʟʽʚ [4]. 

ʄʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʘʶʪʴ ʨʽʟʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʱʦʜʦ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ ʜʦ ʰʫʤʫ, ʚʨʘʭʫʚʘʥʥʷ ʩʝʟʦʥʥʦʩʪʽ ʡ ʪʨʝʥʜʽʚ, ʘ ʪʘʢʦʞ ʩʢʣʘʜʥʦʩʪʽ 

ʥʘʣʘʰʪʫʚʘʥʴ ʛʽʧʝʨʧʘʨʘʤʝʪʨʽʚ. ʅʘʧʨʠʢʣʘʜ, ʰʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (ANN) ʤʘʶʪʴ ʥʠʟʴʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʣʷ ʚʝʣʠʢʠʭ ʤʝʨʝʞ ʯʝʨʝʟ ʚʠʩʦʢʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ, ʩʝʨʝʜʥʶ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʰʫʤʫ ʪʘ ʟʜʘʪʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʪʨʝʥʜʠ, ʦʜʥʘʢ ʩʝʟʦʥʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʚʘʪʠ 

ʚʨʫʯʥʫ. ʅʘʣʘʰʪʫʚʘʥʥʷ ANN ʩʢʣʘʜʥʝ ʽ ʚʢʣʶʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʰʘʨʽʚ, ʥʝʡʨʦʥʽʚ ʽ 

ʰʚʠʜʢʦʩʪʽ ʥʘʚʯʘʥʥʷ. ʄʝʪʦʜ SARIMA ʤʘʻ ʚʠʩʦʢʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʣʷ 

ʦʜʥʦʤʽʨʥʠʭ ʜʘʥʠʭ, ʧʨʦʪʝ ʥʠʟʴʢʫ ʜʣʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʝʨʝʜʥʴʦʶ 

ʩʪʽʡʢʽʩʪʶ ʜʦ ʰʫʤʫ ʽ ʚʨʘʭʦʚʫʻ ʩʝʟʦʥʥʽʩʪʴ ʽ ʪʨʝʥʜʠ ʟ ʧʨʦʩʪʠʤʠ ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ 

(p, d, q, P, D, Q). ʄʝʪʦʜ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ (SVM) ʜʝʤʦʥʩʪʨʫʶʪʴ ʩʝʨʝʜʥʶ ʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙʩʷʛʫ ʜʘʥʠʭ ʪʘ ʦʙʨʘʥʦʛʦ ʷʜʨʘ, ʤʘʶʪʴ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʰʫʤʫ ʟʘ ʫʤʦʚʠ 

ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʷʜʨʘ, ʘʣʝ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʩʝʟʦʥʥʽʩʪʴ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

ʄʝʪʦʜ kNN ̒ ʤʘʣʦʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʚʝʣʠʢʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʯʝʨʝʟ ʟʥʘʯʥʽ ʚʠʤʦʛʠ ʜʦ ʧʘʤ'ʷʪʽ, 

ʘʣʝ ʤʘʻ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʰʫʤʫ, ʭʦʯʘ ʡ ʥʝ ʚʨʘʭʦʚʫʻ ʩʝʟʦʥʥʽʩʪʴ ʙʝʟ ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʦʟʥʘʢ ʪʘ ʤʘʻ ʤʽʥʽʤʘʣʴʥʽ ʚʠʤʦʛʠ ʜʦ ʥʘʣʘʰʪʫʚʘʥʴ (ʢʽʣʴʢʽʩʪʴ ʩʫʩʽʜʽʚ, ʤʝʪʨʠʢʘ ʚʽʜʩʪʘʥʽ). 

ʅʘʨʝʰʪʽ, ʤʝʪʦʜ ʚʠʧʘʜʢʦʚʦʛʦ ʣʽʩʫ (Random Forest) ʤʘʻ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʚʜʷʢʠ 

ʤʦʞʣʠʚʦʩʪʽ ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʜʫʞʝ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʰʫʤʫ ʯʝʨʝʟ ʫʩʝʨʝʜʥʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʘʣʝ ʥʝ ʚʨʘʭʦʚʫʻ ʩʝʟʦʥʥʽʩʪʴ ʙʝʟ ʜʦʜʘʪʢʦʚʦʾ ʦʙʨʦʙʢʠ ʪʘ ʧʦʪʨʝʙʫʻ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʜʝʨʝʚ, ʛʣʠʙʠʥʠ ʜʝʨʝʚ ʽ ʦʟʥʘʢ. [5] 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʐɯ ʚ ʤʦʞʝ ʦʭʦʧʣʶʚʘʪʠ ʜʝʢʽʣʴʢʘ ʥʘʧʨʷʤʽʚ ʚ ʝʥʝʨʛʝʪʠʮʽ ʽ ʧʽʜʢʨʝʩʣʶʻ 

ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʪʘ ʧʦʪʝʥʮʽʘʣ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʩʫʯʘʩʥʽʡ ʝʥʝʨʛʝʪʠʯʥʽʡ 

ʛʘʣʫʟʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʐɯ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʥʘʧʨʷʤʢʦʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʦʩʦʙʣʠʚʦ ʚ 

ʢʦʥʪʝʢʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 
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ɿʘʤʢʦʚʘ ʆ.ɸ., ʘʩʧʽʨʘʥʪʢʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 141 ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ ʪʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘ 

ʂʦʰʝʣʝʥʢʦ ɸ.ʆ., ʘʩʧʽʨʘʥʪʢʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 141 ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ 

ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʆʉʅʆɺʅɯ ɿɸʉɸɼʀ ʂʃɯʄɸʊʀʏʅʆɰ ʅɽʁʊʈɸʃʔʅʆʉʊɯ ʊɸ ɿɽʃɽʅʆɻʆ 

ʇɽʈɽʍʆɼʋ ʋʂʈɸɰʅʀ 

 

ɿʛʽʜʥʦ ʟ ʇʘʨʠʟʴʢʦʶ ʢʣʽʤʘʪʠʯʥʦʶ ʫʛʦʜʦʶ, ʱʦ ʙʫʣʘ ʧʽʜʧʠʩʘʥʘ ʫ ʤ. ʇʘʨʠʞʽ 12 ʛʨʫʜʥʷ 

2015 ʨʦʢʫ ʥʘ ɼʚʘʜʮʷʪʴ ʧʝʨʰʽʡ ʂʦʥʬʝʨʝʥʮʽʾ ʉʪʦʨʽʥ ʈʘʤʢʦʚʦʾ ʢʦʥʚʝʥʮʽʾ ʆʨʛʘʥʽʟʘʮʽʾ 

ʆʙôʻʜʥʘʥʠʭ ʅʘʮʽʡ ʧʨʦ ʟʤʽʥʫ ʢʣʽʤʘʪʫ ʪʘ ʧʽʜʧʠʩʘʥʫ ʚʽʜ ʽʤʝʥʽ ʋʢʨʘʾʥʠ 22 ʢʚʽʪʥʷ 2016 ʨʦʢʫ 

ʫ ʤ. ʅʴʶ-ʁʦʨʢʫ, ʟ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʋʢʨʘʾʥʘ ʟʦʙʦʚôʷʟʘʣʘʩʴ ʩʪʨʠʤʫʚʘʪʠ 

ʟʨʦʩʪʘʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʥʘʯʥʦ ʥʠʞʯʝ 2Á ʉ ʧʦʥʘʜ ʜʦʽʥʜʫʩʪʨʽʘʣʴʥʽ 

ʨʽʚʥʽ ʽ ʜʦʢʣʘʜʘʪʠ ʟʫʩʠʣʣʷ ʟ ʤʝʪʦʶ ʦʙʤʝʞʝʥʥʷ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 1,5Á ʉ ʧʦʥʘʜ 

ʜʦʽʥʜʫʩʪʨʽʘʣʴʥʽ ʨʽʚʥʽ, ʚʠʟʥʘʶʯʠ, ʱʦ ʮʝ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʴ ʨʠʟʠʢʠ ʪʘ ʥʘʩʣʽʜʢʠ ʟʤʽʥʠ ʢʣʽʤʘʪʫ. 

ɺ ʨʘʤʢʘʭ ʧʽʜʧʠʩʘʥʦʾ ʫʛʦʜʠ, ʢʦʞʥʘ ʢʨʘʾʥʘ-ʫʯʘʩʥʠʮʷ ʧʨʝʜʩʪʘʚʠʣʘ ʅʘʮʽʦʥʘʣʴʥʦ 

ʚʠʟʥʘʯʝʥʠʡ ʚʥʝʩʦʢ (ʅɺɺ) ʱʦʜʦ ʛʣʦʙʘʣʴʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʤʽʥʫ ʢʣʽʤʘʪʫ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʇʝʨʰʦʛʦ ʅɺɺ ʋʢʨʘʾʥʘ ʩʢʦʨʦʪʠʣʘ ʚʠʢʠʜʠ CO2 ʜʦ 40% ʚʽʜ ʨʽʚʥʷ 1990 ʨʦʢʫ. 

ʇʨʦʻʢʪ ɼʨʫʛʦʛʦ ʅɺɺ ʧʝʨʝʜʙʘʯʘʻ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʜʦ ʨʽʚʥʷ 65%. 

ʉʪʘʥʦʤ ʥʘ 2019 ʨʽʢ ʋʢʨʘʾʥʘ ʩʢʦʨʦʪʠʣʘ ʚʠʢʠʜʠ ʥʘ 63%. ɿʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʜʦ 2030 

ʨʦʢʫ ʧʦʚʠʥʥʦ ʙʫʪʠ ʥʘ ʨʽʚʥʽ 1990 ʨʦʢʫ, ʪʦʙʪʦ ʩʢʦʨʦʪʠʪʠʩʴ ʥʘ 65%. 

8 ʞʦʚʪʥʷ 2024 ʨʦʢʫ ɺʝʨʭʦʚʥʘ ʨʘʜʘ ʫʭʚʘʣʠʣʘ ʚ ʜʨʫʛʦʤʫ ʯʠʪʘʥʥʽ ʨʘʤʢʦʚʠʡ 

ʢʣʽʤʘʪʠʯʥʠʡ ʟʘʢʦʥ ˉ 11310. ɺʽʥ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʋʢʨʘʾʥʘ ʤʘʻ ʜʦʩʷʛʪʠ ʢʣʽʤʘʪʠʯʥʦʾ 

ʥʝʡʪʨʘʣʴʥʦʩʪʽ ʜʦ 2050 ʨʦʢʫ ʰʣʷʭʦʤ ʧʦʩʪʫʧʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʥʘ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ 

ʝʥʝʨʛʽʾ, ʨʦʟʚʠʪʦʢ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʢʦʧʥʠʭ 

ʚʠʜʽʚ ʧʘʣʠʚʘ, ʪʘʢʠʭ ʷʢ ʚʫʛʽʣʣʷ ʪʘ ʛʘʟ.  

ʂʣʽʤʘʪʠʯʥʘ ʘʙʦ ʚʫʛʣʝʮʝʚʘ ʥʝʡʪʨʘʣʴʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʙʩʷʛʦʤ ʥʝʙʝʟʧʝʯʥʠʭ ʚʠʢʠʜʽʚ 

ʚ ʘʪʤʦʩʬʝʨʫ, ʱʦ ʥʝ ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʠʨʦʜʠ ʧʦʛʣʠʥʫʪʠ ʾʭ. ʎʝ ʢʦʥʮʝʧʮʽʷ, 

ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʜʦʩʷʛʥʝʥʥʷ ʥʫʣʴʦʚʠʭ ʯʠʩʪʠʭ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʱʦ ʩʧʨʠʷʶʪʴ 

ʛʣʦʙʘʣʴʥʦʤʫ ʧʦʪʝʧʣʽʥʥʶ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ (CO ) ʪʘ 

ʽʥʰʠʭ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ ʧʦʚʠʥʥʘ ʙʫʪʠ ʢʦʤʧʝʥʩʦʚʘʥʘ ʘʙʦ ʟʤʝʥʰʝʥʘ ʜʦ ʨʽʚʥʷ, ʷʢʠʡ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʢʣʽʤʘʪ. 

ʆʩʥʦʚʥʠʤʠ ʟʘʩʘʜʘʤʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʣʽʤʘʪʠʯʥʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ ʻ: 

- ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʯʠʩʪʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 
ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ; 

- ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ ʚ 
ʨʽʟʥʠʭ ʩʝʢʪʦʨʘʭ, ʪʘʢʠʭ ʷʢ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʪʨʘʥʩʧʦʨʪ ʽ ʙʫʜʽʚʥʠʮʪʚʦ; 

- ʟʙʝʨʝʞʝʥʥʷ ʣʽʩʽʚ ʪʘ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ; 

- ʢʦʤʧʝʥʩʘʮʽʷ ʚʠʢʠʜʽʚ. 

ʑʦʙ ʜʦʩʷʛʪʠ ʧʦʩʪʘʚʣʝʥʠʭ ʮʽʣʝʡ, 11 ʛʨʫʜʥʷ 2019 ʨʦʢʫ ɭʚʨʦʧʘʨʣʘʤʝʥʪʽ ʙʫʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ɭʚʨʦʧʝʡʩʴʢʠʡ ɿʝʣʝʥʠʡ ʂʫʨʩ (ɭɿʂ). ɺʽʥ ʟʘʪʚʝʨʜʞʫʻ ʨʫʭ ʜʦ ʢʣʽʤʘʪʠʯʥʦ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʢʦʥʪʠʥʝʥʪʫ ʫ 2050 ʨʦʮʽ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ɿʝʣʝʥʦʛʦ ʂʫʨʩʫ ʻ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ɭʚʨʦʧʠ ʜʦ 2050 ʨʦʢʫ ʥʘ ʧʝʨʰʠʡ ʢʣʽʤʘʪʠʯʥʦ-ʥʝʡʪʨʘʣʴʥʠʡ ʢʦʥʪʠʥʝʥʪ. 

ɼʣʷ ʜʦʣʫʯʝʥʥʷ ʋʢʨʘʾʥʠ ʜʦ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ɿʝʣʝʥʦʛʦ ʂʫʨʩʫ, ʚʠʢʦʥʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ 

ʢʨʦʢʠ: 

- ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʻʢʪ ʂʦʥʮʝʧʮʽʾ ñʟʝʣʝʥʦʛʦò ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʝʨʝʭʦʜʫ ʋʢʨʘʾʥʠ 
ʜʦ 2050 ʨʦʢʫ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʂʦʥʮʝʧʮʽʾ ʻ ʜʦʩʷʛʥʝʥʥʷ ʯʘʩʪʢʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

ʚʠʨʦʙʣʝʥʦʾ ʟ ɺɼɽ, ʜʦ 70% ʯʝʨʝʟ 30 ʨʦʢʽʚ. ʆʜʥʘʢ ʋʢʨʘʾʥʘ ʧʨʦʛʦʣʦʩʠʣʘ ʧʨʦ ʥʘʤʽʨ 

ʜʦʩʷʛʪʠ ʢʣʽʤʘʪʠʯʥʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ ʫ 2060 ʨʦʮʽ, ʱʦ ʥʘ 10 ʨʦʢʽʚ ʧʽʟʥʽʰʝ ʻʚʨʦʧʝʡʩʴʢʦʾ ʮʽʣʽ. 



ʉɽʂʎɯʗ - ɽʃɽʂʊʈʆɽʅɽʈɻɽʊʀʂɸ, ɽʃɽʂʊʈʆʊɽʍʅɯʂɸ ʊɸ ɽʃɽʂʊʈʆʄɽʍɸʅɯʂɸ 

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 
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ʋ ʣʠʧʥʽ 2021 ʨʦʢʫ ʋʨʷʜ ʟʘʪʚʝʨʜʠʚ ʥʦʚʫ ʮʽʣʴ ʋʢʨʘʾʥʠ ð ʜʦ 2030 ʨʦʢʫ ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʜʦ 35% ʚʽʜ ʨʽʚʥʷ 1990 ʨʦʢʫ.  

- 13 ʩʝʨʧʥʷ 2020 ʨʦʢʫ ʋʢʨʘʾʥʘ ʧʝʨʝʜʘʣʘ ɭʚʨʦʢʦʤʽʩʽʾ ʧʦʟʠʮʽʡʥʠʡ ʜʦʢʫʤʝʥʪ ʱʦʜʦ 
ʫʯʘʩʪʽ ʋʢʨʘʾʥʠ ʫ ɿʝʣʝʥʦʤʫ ʂʫʨʩʽ. ɺ ʥʴʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʩʪʘʥʦʚʠʪʠ ʨʝʛʫʣʷʨʥʠʡ ʜʽʘʣʦʛ ʟ 

ɭʉ ʱʦʜʦ ʟʘʣʫʯʝʥʥʷ ʋʢʨʘʾʥʠ ʜʦ ʨʦʟʨʦʙʢʠ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʧʦʣʽʪʠʢ ʫ ʨʘʤʢʘʭ ɭɿʂ ʽ ʨʦʟʨʦʙʠʪʠ 

ʩʧʽʣʴʥʫ ɼʦʨʦʞʥʶ ʢʘʨʪʫ ʫʯʘʩʪʽ ʋʢʨʘʾʥʠ ʫ ɭʚʨʦʧʝʡʩʴʢʦʤʫ ɿʝʣʝʥʦʤʫ ʂʫʨʩʽ. 

- 6 ʞʦʚʪʥʷ 2020 ʨʦʢʫ ʥʘ ʩʘʤʽʪʽ ʋʢʨʘʾʥʘ-ɭʉ ʙʫʣʦ ʧʽʜʧʠʩʘʥʦ ʫʛʦʜʫ ñʂʣʽʤʘʪʠʯʥʠʡ 

ʧʘʢʝʪ ʜʣʷ ʩʪʘʙʽʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ ʚ ʋʢʨʘʾʥʽò (CASE) ʥʘ ʩʫʤʫ 10 ʤʣʥ ʻʚʨʦ, ʱʦ ʤʘʣʘ ʩʧʨʠʷʪʠ 

ʬʽʥʘʥʩʫʚʘʥʥʶ ʧʨʦʝʢʪʽʚ ʟ ʧʝʨʝʭʦʜʫ ʜʦ ʯʠʩʪʦʾ ʽ ʢʣʽʤʘʪʠʯʥʦ ʥʝʡʪʨʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ. 

- ʋ 2021 ʨʦʮʽ ʈʅɹʆ ʋʢʨʘʾʥʠ ʜʣʷ ʧʨʦʪʠʜʽʾ ʟʤʽʥʽ ʢʣʽʤʘʪʫ ʪʘ ʘʜʘʧʪʘʮʽʾ ʜʦ ʥʝʾ 

ʧʝʨʝʜʙʘʯʠʣʘ ʨʦʟʨʦʙʢʫ ʪʘ ʟʘʪʚʝʨʜʞʝʥʥʷ çʅʘʮʽʦʥʘʣʴʥʦʛʦ ʧʣʘʥʫ ʟ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʟʤʽʥʠ 

ʢʣʽʤʘʪʫ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫè. ʇʣʘʥ ʪʘʢ ʽ ʥʝ ʧʨʠʡʥʷʪʦ. 

ʅʘʡʙʽʣʴʰʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ ʻ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʪʘ ʧʦʙʫʪʦʚʠʡ ʩʝʢʪʦʨ. 

ɿʘʟʚʠʯʘʡ, ʥʘʜʤʽʨʥʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʨʠʧʘʜʘʻ ʥʘ ʢʣʽʤʘʪʠʟʘʮʽʶ ʙʫʜʽʚʝʣʴ ʞʠʪʣʦʚʦʛʦ ʪʘ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʩʝʢʪʦʨʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʝʣʝʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʢʣʽʤʘʪʠʯʥʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ ʫ ʙʫʜʽʚʥʠʮʪʚʽ 

ʪʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʠʟʢʫ ʫʤʦʚ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʻ ʛʦʣʦʚʥʠʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʣʽʤʘʪʠʯʥʦʾ 

ʥʝʡʪʨʘʣʴʥʦʩʪʽ. ʑʦʜʦ ʞʠʪʣʦʚʦʛʦ ʩʝʢʪʦʨʘ, ʪʦ ʜʣʷ ʥʴʦʛʦ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʥʝʦʙʭʽʜʥʦ ʧʦʚʝʩʪʠ 

ʢʦʤʧʣʝʢʩʥʫ ʨʝʥʦʚʘʮʽʶ ʙʫʜʽʚʝʣʴ ʟʘʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʤʦʛ ʨʽʚʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ.  

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʙʫʜʽʚʣʽ, ʢʣʘʩ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʦʚʠʥʝʥ ʜʦʩʷʛʘʪʠ ʤʽʥʽʤʫʤ ʨʽʚʥʷ çʉè.  

ʋ ʧʨʦʤʠʩʣʦʚʠʭ ʩʝʢʪʦʨʘʭ ʜʣʷ ʧʝʨʝʭʦʜʫ ʜʦ ʢʣʽʤʘʪʠʯʥʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ ʚʘʞʣʠʚʦ: 

- ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ: ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʷʢʽ ʟʤʝʥʰʫʶʪʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ; 

- ʧʝʨʝʭʽʜ ʟ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʚʽʜʥʦʚʣʶʚʘʥʫ ʝʥʝʨʛʽʶ, ʟʦʢʨʝʤʘ, ʝʣʝʢʪʨʠʯʥʫ 

ʝʥʝʨʛʽʶ, ʚʠʨʦʙʣʝʥʫ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤʠ, ʚʽʪʨʦʚʠʤʠ ʩʪʘʥʮʽʷʤʠ ʪʦʱʦ; 

- ʜʝʢʘʨʙʦʥʽʟʘʮʽʷ: ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʚʠʨʦʙʥʠʮʪʚʽ, 

ʥʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʶ ʘʙʦ ʙʽʦʧʘʣʠʚʘ ʟʘʤʽʩʪʴ ʚʫʛʽʣʣʷ ʯʠ ʛʘʟʫ; 

- ʟʘʭʦʧʣʝʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʚʫʛʣʝʮʶ (CCS): ʪʝʭʥʦʣʦʛʽʾ ʟʘʭʦʧʣʝʥʥʷ ʉʆ2 ʟ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ̔  ʡʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʚ ʧʽʜʟʝʤʥʠʭ ʨʝʟʝʨʚʫʘʨʘʭ ʘʙʦ ʧʦʚʪʦʨʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ; 

- ʩʪʚʦʨʝʥʥʷ ʟʘʤʢʥʫʪʠʭ ʮʠʢʣʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʢʦʣʠ ʚʽʜʭʦʜʠ ʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʩʪʘʶʪʴ 
ʨʝʩʫʨʩʦʤ ʜʣʷ ʽʥʰʦʛʦ; 

- ʧʝʨʝʨʦʙʢʘ ʪʘ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʆʢʨʽʤ ʚʠʱʝ ʟʘʟʥʘʯʝʥʠʭ ʟʘʭʦʜʽʚ, ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʘʞʣʠʚʦ ʧʨʦʚʦʜʠʪʠ 

ʨʝʛʫʣʷʨʥʽ ʝʥʝʨʛʦʘʫʜʠʪʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʘ ʚʠʢʠʜʘʤʠ ʉʆ2 ʪʘ ʽʥʰʠʭ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʣʽʤʘʪʠʯʥʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʚʠʤʦʛʠ 

ʥʘʮʽʦʥʘʣʴʥʠʭ ʽ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ,Шʩʝʨʪʠʬʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, 
ʪʘʢʠʭ ʷʢ LEED (Leadership in Energy and Environmental Design) ʪʘ BREEAM (Building 

Research Establishment Environmental Assessment Method), ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʙʫʜʽʚʝʣʴ. 

ʊʘʢʦʞ, ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʘʩʧʝʢʪʽʚ ʻ ʽʥʪʝʛʨʘʮʽʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

ʫ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ ʪʘ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ "ʟʝʣʝʥʠʭ" ʝʥʝʨʛʦʤʝʨʝʞ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

 

1. ɼɹʅ ɺ.2.6-31:2021 ʊʝʧʣʦʚʘ ʽʟʦʣʷʮʽʷ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ. 
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2. ʅʘʢʘʟ ʄʽʥʽʩʪʝʨʩʪʚʘ ʨʦʟʚʠʪʢʫ ʛʨʦʤʘʜ ʪʘ ʪʝʨʠʪʦʨʽʡ ʋʢʨʘʾʥʠ ʚʽʜ 27 ʞʦʚʪʥʷ 2020 
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ʙʫʜʽʚʝʣʴò, ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʚ ʄʽʥʽʩʪʝʨʩʪʚʽ ʶʩʪʠʮʽʾ ʋʢʨʘʾʥʠ ʚʽʜ 18 ʛʨʫʜʥʷ 2020 ʨ. ʟʘ ˉ 

1257/35540. 
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ʋɼʂ 621.316 

 

ʄʘʣʠʰʢʦ ʄ.ʄ. ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 141 ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ ʪʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʇʘʧʘʾʢʘ ʖ.ɸ.., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʄɽʊʆɼʀ ɯ ɿɸʉʆɹʀ ʇɯɼɺʀʑɽʅʅʗ ʅɸɼɯʁʅʆʉʊɯ ʉʀʉʊɽʄ 

ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʅʅʗ ʅɸ ʆʉʅʆɺɯ ʆʇʊʀʄɯɿɸʎɯɰ ʈɽɾʀʄɯɺ ʈʆɹʆʊʀ 

ʅɽʁʊʈɸʃɯ 

 

ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʨʦʟʧʦʜʽʣʴʯʠʭ ʤʝʨʝʞ ʽ ʦʙʣʘʜʥʘʥʥʷ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ ʡʤʦʚʽʨʥʦʩʪʽ 

ʧʦʰʢʦʜʞʝʥʴ, ʘ ʪʘʢʦʞ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʫʤʦʚ ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ. ɿʘ ʜʘʥʠʤʠ ʝʥʝʨʛʦʩʣʫʞʙ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʦʜʥʦʬʘʟʥʽ ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʝʤʣʶ ʩʪʨʫʤʦʥʝʩʫʯʠʭ ʯʘʩʪʠʥ 

ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʻ ʪʠʧʦʚʠʤ ʚʠʜʦʤ ʧʦʰʢʦʜʞʝʥʴ ʫ ʨʦʟʧʦʜʽʣʴʯʠʭ ʤʝʨʝʞʘʭ 6 ʽ 10 ʢɺ ʽ 

ʩʪʘʥʦʚʣʷʪʴ ʙʽʣʴʰʝ ʧʦʣʦʚʠʥʠ ʚʩʽʭ ʧʦʰʢʦʜʞʝʥʴ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ. ɺʽʜʧʦʚʽʜʥʦ, ʚʦʥʠ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ. 

ʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʽ ʨʦʟʧʦʜʽʣʴʯʠʭ ʤʝʨʝʞ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʝʥʥʷ ʫʤʦʚ ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʫʩʧʽʰʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʧʠʪʘʥʴ. ʉʝʨʝʜ ʥʠʭ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʧʠʪʘʥʥʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʥʝʡʪʨʘʣʽ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʥʘʧʨʫʛʦʶ 6 ʽ 10 ʢɺ, ʩʪʚʦʨʝʥʥʷ 

ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʟʘʩʦʙʽʚ ʨʝʣʝʡʥʦʛʦ ʟʘʭʠʩʪʫ 

ʜʣʷ ʨʦʟʧʦʜʽʣʴʯʠʭ ʤʝʨʝʞ ʟʘʟʥʘʯʝʥʠʭ ʢʣʘʩʽʚ ʥʘʧʨʫʛ. 

ɺʠʨʽʰʝʥʥʷ ʚʘʞʣʠʚʦʛʦ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʚʜʘʥʥʷ, ʷʢʝ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ 

ʧʨʠʥʮʠʧʽʚ ʽ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʪʘ 

ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ ʨʦʟʧʦʜʽʣʴʯʠʭ ʤʝʨʝʞ ʥʘʧʨʫʛʦʶ 6 ʽ 10 ʢɺ ʥʘ ʦʩʥʦʚʽ ʦʙʤʝʞʝʥʥʷ ʪʘ 

ʧʨʠʜʫʰʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʧʦʰʢʦʜʞʝʥʥʷʭ, ʘ ʪʘʢʦʞ ʚʠʷʚʣʝʥʥʷ 

ʽ ʣʦʢʘʣʽʟʘʮʽʾ ʤʽʩʮʴ ʧʦʰʢʦʜʞʝʥʥʷ. 

ɯʜʝʷ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʢʦʥʽʚ ʧʨʦʪʽʢʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʽ ʩʪʘʣʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ 

ʟʘʤʠʢʘʥʥʷʭ ʥʘ ʟʝʤʣʶ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ ʟ ʨʽʟʥʠʤʠ ʨʝʞʠʤʘʤʠ ʥʝʡʪʨʘʣʽ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʥʝʡʪʨʘʣʽ ʪʘ ʧʨʠʥʮʠʧʽʚ ʚʠʢʦʥʘʥʥʷ ʽ 

ʨʝʘʣʽʟʘʮʽʾ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʤʝʨʝʞ ʚʽʜ ʟʘʤʠʢʘʥʴ ʥʘ ʟʝʤʣʶ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʢʦʤʧʝʥʩʘʮʽʾ ʻʤʥʽʩʥʠʭ ʩʪʨʫʤʽʚ ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʝʤʣʶ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʙʦʪʠ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʟ ʢʦʤʧʝʥʩʦʚʘʥʦʶ ʥʝʡʪʨʘʣʣʶ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʝʞʠʤʫ ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʦʤʧʝʥʩʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ (ʜʫʛʦʛʘʩʠʣʴʥʦʛʦ ʨʝʘʢʪʦʨʘ). 

ɺʨʘʭʦʚʫʶʯʠ ʟʥʘʯʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʘʚʘʨʽʡʥʠʭ ʩʪʨʫʤʽʚ ʪʘ ʨʽʚʥʽ ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʝʥʘʧʨʫʛ ʧʨʠ 

ʜʫʛʦʚʠʭ ʟʘʤʠʢʘʥʥʷʭ ʥʘ ʟʝʤʣʶ, ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʨʝʟʦʥʘʥʩʥʦʤʫ 

ʥʘʣʘʰʪʫʚʘʥʥʶ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʢʦʤʧʝʥʩʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʟ ʻʤʥʽʩʪʶ ʤʝʨʝʞʽ ʚʽʜʥʦʩʥʦ 

ʟʝʤʣʽ, ʪʦʙʪʦ 

ὼ ὼ ̘  ̉‫ὒ      (1) 

ʜʝ ʭL, xC-ʚʽʜʧʦʚʽʜʥʦ, ʽʥʜʫʢʪʠʚʥʠʡ ʦʧʽʨ ʢʦʤʧʝʥʩʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʪʘ ʻʤʥʽʩʥʠʡ ʦʧʽʨ ʫʩʽʻʾ 

ʝʣʝʢʪʨʠʯʥʦ ʧʦʚ'ʷʟʘʥʦʾ ʤʝʨʝʞʽ ʚʽʜʥʦʩʥʦ ʟʝʤʣʽ; Lʂ ï ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʢʦʤʧʝʥʩʫʶʯʦʛʦ 

ʧʨʠʩʪʨʦʶ; ʉ ï ʻʤʥʽʩʪʴ ʦʜʥʽʻʾ ʬʘʟʠ ʚʩʽʻʾ ʝʣʝʢʪʨʠʯʥʦ ʧʦʚ'ʷʟʘʥʦʾ ʤʝʨʝʞʽ ʚʽʜʥʦʩʥʦ ʟʝʤʣʽ. 

ʉʭʝʤʥʘ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʟʘʚʦʜʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʩʘʤʦʶ ʩʪʨʫʢʪʫʨʦʶ ʩʭʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʥʘʜʽʡʥʽʩʪʶ ʢʦʤʫʪʘʮʽʡʥʦʾ 

ʘʧʘʨʘʪʫʨʠ, ʘ ʪʘʢʦʞ ʷʢʽʩʪʶ ʪʘ ʦʙʩʷʛʦʤ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʽ ʩʠʩʪʝʤʥʦʾ 

ʘʚʪʦʤʘʪʠʢʠ. ʉʪʨʫʢʪʫʨʘ ʩʭʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʭʝʤʘʤʠ ʨʦʟʤʽʱʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟ'ʻʜʥʘʥʥʷ ʘʛʨʝʛʘʪʽʚ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʦʪʦʮʽ, ʚʠʤʦʛʘʤʠ ʜʦ 



ʉɽʂʎɯʗ - ɽʃɽʂʊʈʆɽʅɽʈɻɽʊʀʂɸ, ɽʃɽʂʊʈʆʊɽʍʅɯʂɸ ʊɸ ɽʃɽʂʊʈʆʄɽʍɸʅɯʂɸ 
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ʙʝʟʧʝʨʝʙʽʡʥʦʩʪʽ ʞʠʚʣʝʥʥʷ, ʨʽʚʥʷʤʠ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʨʦʙʦʯʠʭ ʥʘʧʨʫʛ ʪʘ ʽʥʰʠʤʠ 

ʬʘʢʪʦʨʘʤʠ.   

ɼʦʩʠʪʴ ʞʦʨʩʪʢʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʚʠʨʦʙʥʠʮʪʚ ʚʠʟʥʘʯʘʶʪʴ ʧʦʰʢʦʜʞʫʚʘʥʽʩʪʴ ʨʦʟʧʦʜʽʣʴʯʠʭ ʤʝʨʝʞ ʽ ʦʙʣʘʜʥʘʥʥʷ. ʆʩʥʦʚʥʘ 

ʤʘʩʘ ʧʦʰʢʦʜʞʝʥʴ ʫ ʨʦʟʧʦʜʽʣʴʯʠʭ ʤʝʨʝʞʘʭ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʦʨʫʰʝʥʥʷʤ ʽʟʦʣʷʮʽʾ ʬʘʟ ʤʝʨʝʞʽ 

ʚʽʜʥʦʩʥʦ ʟʝʤʣʽ, ʪʦʙʪʦ ʧʦʷʚʦʶ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ, ʷʢʽ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʪʨʠ 

ʦʩʥʦʚʥʽ ʚʠʜʠ: 

¶ ʟʘʤʠʢʘʥʥʷ ʦʜʥʽʻʾ ʬʘʟʠ ʨʦʟʧʦʜʽʣʴʯʦʾ ʤʝʨʝʞʽ ʥʘ ʟʝʤʣʶ; 

¶ ʧʦʜʚʽʡʥʽ ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʝʤʣʶ (ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʝʤʣʶ ʚ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʨʦʟʧʦʜʽʣʴʯʦʾ 

ʤʝʨʝʞʽ); 

¶ ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʝʤʣʶ ʟ ʙʦʢʫ ʝʣʝʢʪʨʦʧʨʠʡʤʘʯʘ. 

ɿʘ ʭʘʨʘʢʪʝʨʦʤ ʧʦʰʢʦʜʞʝʥʴ ʩʣʽʜ ʨʦʟʨʽʟʥʷʪʠ ʤʝʪʘʣʝʚʽ (ʛʣʫʭʽ) ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʝʤʣʶ, 

ʜʫʛʦʚʽ (ʯʝʨʝʟ ʧʝʨʝʤʝʞʦʚʘʥʫ ʜʫʛʫ) ʽ ʯʝʨʝʟ ʧʝʨʝʭʽʜʥʽ ʦʧʦʨʠ ʫ ʪʦʯʢʘʭ ʧʦʰʢʦʜʞʝʥʥʷ. ʋʩʽ 

ʥʝʩʠʤʝʪʨʠʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʷʚʦʶ ʩʢʣʘʜʦʚʠʭ (ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ) 

ʥʫʣʴʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʘʤʝʪʨʽʚ ʥʫʣʴʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʜʦʤ ʧʦʰʢʦʜʞʝʥʥʷ, ʧʘʨʘʤʝʪʨʘʤʠ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ, ʤʽʩʮʷʤʠ 

ʧʦʰʢʦʜʞʝʥʴ ʽ, ʟʥʘʯʥʦʶ ʤʽʨʦʶ, ʨʝʞʠʤʘʤʠ ʥʝʡʪʨʘʣʽ ʨʦʟʧʦʜʽʣʴʯʦʾ ʤʝʨʝʞʽ [28]. 

ɸʥʘʣʽʟ ʭʘʨʘʢʪʝʨʫ ʪʘ ʤʽʩʮʴ ʧʦʰʢʦʜʞʝʥʴ ʧʦʢʘʟʫʻ, ʱʦ ʙʽʣʴʰʝ 65% ʫʩʽʭ ʧʦʰʢʦʜʞʝʥʴ 

ʧʨʠʧʘʜʘʻ ʥʘ ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʝʤʣʶ, ʘ ʤʝʥʰ ʥʘʜʽʡʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʢʘʙʝʣʴʥʦʾ ʣʽʥʽʾ ʻ ʢʽʥʮʝʚʽ 

ʪʘ ʟ'ʻʜʥʫʚʘʣʴʥʽ ʤʫʬʪʠ. 

ʏʘʩʪʦʪʘ ʧʦʷʚʠ ʧʦʜʚʽʡʥʠʭ ʟʘʤʠʢʘʥʴ ʥʘ ʟʝʤʣʶ ʩʪʘʥʦʚʠʪʴ ʟʘ ʜʘʥʠʤʠ ʚʽʜ 9 ʜʦ 17 % ʚʽʜ 

ʫʩʽʭ ʧʦʰʢʦʜʞʝʥʴ ʬʘʟʥʦʾ ʽʟʦʣʷʮʽʾ. ʆʩʥʦʚʥʘ ʧʨʠʯʠʥʘ ʚʠʥʠʢʥʝʥʥʷ ʧʦʜʚʽʡʥʠʭ ʟʘʤʠʢʘʥʴ ð 

ʚʧʣʠʚ ʧʝʨʝʥʘʧʨʫʛ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʦʜʥʦʬʘʟʥʽ ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʝʤʣʶ. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʟʧʦʜʽʣʴʯʠʭ ʤʝʨʝʞ ʥʘʧʨʫʛʦʶ 6 ʽ 10 ʢɺ 

ʅʽʢʦʧʦʣʴʩʴʢʦʛʦ ʟʘʚʦʜʫ ʬʝʨʦʩʧʣʘʚʽʚ. ʇʨʠ ʮʴʦʤʫ ʧʨʠʧʫʩʢʘʣʦʩʷ, ʱʦ ʧʦʪʽʢ ʚʽʜʤʦʚ ʻ 

ʧʨʦʩʪʠʤ, ʪʦʙʪʦ: 

- ʚʽʜʤʦʚʘ ʝʣʝʤʝʥʪʘ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ ʻ ʚʠʧʘʜʢʦʚʦʶ ʪʘ ʥʝʟʘʣʝʞʥʦʶ ʧʦʜʽʻʶ; 

- ʚʩʽ ʚʽʜʤʦʚʠ ʩʠʩʪʝʤʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʨʘʧʪʦʚʦ; 

- ʧʨʠ ʚʽʜʤʦʚʽ ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʩʠʩʪʝʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʤʦʚʘ ʚʩʽʻʾ ʩʠʩʪʝʤʠ; 

- ʝʣʝʤʝʥʪʠ ʦʜʥʦʛʦ ʪʠʧʫ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʥʘʜʽʡʥʽʩʪʴ; 

- ʧʝʨʽʦʜ ʧʨʠʨʘʙʦʪʢʠ ʝʣʝʤʝʥʪʽʚ ʟʘʢʽʥʯʝʥʦ. 

ɼʘʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟ ʨʘʧʦʨʪʽʚ ʥʘʯʘʣʴʥʠʢʘ ʟʤʽʥʠ, 

ʪʨʠʚʘʣʽʩʪʴ ʨʦʟʛʣʷʥʫʪʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʩʪʘʥʦʚʠʣʘ 24 ʛʦʜʠʥʠ. 

 

ʊʘʙʣʠʮʷ1. ʇʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʨʦʟʧʦʜʽʣʴʯʦʾ ʤʝʨʝʞʽ ʟʘʚʦʜʫ 

ʇʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʟʥʘʯʝʥʥʷ 

ʁʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ P(t) 0,967 

ʁʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ Q(t) 0,033 

ʅʘʨʘʙʦʪʢʘ ʥʘ ʚʽʜʤʦʚʫ Tt, ʛʦʜʠʥʠ 10,68 

ʇʘʨʘʤʝʪʨ ʧʦʪʦʢʫ ʚʽʜʤʦʚ Z, ʜʦʙʘ 0,042 

ʂʦʝʬʽʮʽʻʥʪ ʛʦʪʦʚʥʦʩʪʽ ʂ 0,86 

ʉʝʨʝʜʥʽʡ ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ʊʚ. ʛʦʜ. 1,28 

 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʤʝʪʘʣʝʚʦʛʦ ʟʘʤʠʢʘʥʥʷ ʬʘʟʠ ʥʘ ʟʝʤʣʶ ʻ ʥʘʷʚʥʽʩʪʴ ʫ 

ʩʪʨʫʤʽ ʟʘʤʠʢʘʥʥʷ ʪʘ ʚʠʱʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ. ʅʘʡʙʽʣʴʰ ʚʠʨʘʞʝʥʽ ʪʨʝʪʽ ʪʘ ʧôʷʪʽ 

ʛʘʨʤʦʥʽʢʠ. ʉʫʤʘʨʥʠʡ ʨʽʚʝʥʴ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ 12% ʚʽʜ ʧʝʨʰʦʾ ʛʘʨʤʦʥʽʢʠ 

[1]. 

ɼʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʩʧʝʮʽʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [2,3,4]ʚʢʘʟʫʶʪʴ ʥʘ ʽʩʥʫʚʘʥʥʷ 

ʟʘʤʠʢʘʥʴ ʬʘʟʠ ʥʘ ʟʝʤʣʶ ʯʝʨʝʟ ʧʝʨʝʤʽʞʥʫ ʜʫʛʫ ʚ ʤʝʨʝʞʘʭ ʟ ʽʟʦʣʴʦʚʘʥʦʶ ʪʘ 

ʢʦʤʧʝʥʩʦʚʘʥʦʶ ʥʝʡʪʨʘʣʣʶ, ʧʨʠʯʦʤʫ ʚ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʦʤʧʝʥʩʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ. ɸʥʘʣʽʟ ʚʠʢʦʥʘʥʠʭ ʟ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ 



ʉɽʂʎɯʗ - ɽʃɽʂʊʈʆɽʅɽʈɻɽʊʀʂɸ, ɽʃɽʂʊʈʆʊɽʍʅɯʂɸ ʊɸ ɽʃɽʂʊʈʆʄɽʍɸʅɯʂɸ 

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 
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[4,5] ʧʦʢʘʟʘʥʦ, ʱʦ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ ʟʘʤʠʢʘʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʙʦʾ ʧʦ 

ʦʜʥʦʤʫ ʘʙʦ ʢʽʣʴʢʦʭ ʚ ʢʦʞʥʦʤʫ ʥʘʧʽʚʧʝʨʽʦʜʽ ʥʘʧʨʫʛʠ ʧʦʰʢʦʜʞʝʥʦʾ ʬʘʟʠ, ʧʨʠʯʦʤʫ 

ʢʽʣʴʢʽʩʪʴ ʧʨʦʙʦʾʚ ʟʨʦʩʪʘʻ ʟ ʟʙʽʣʴʰʝʥʥʷʤ ʻʤʥʦʩʪʽ ʤʝʨʝʞʽ, ʪʦʙʪʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʫʩʪʘʣʝʥʦʛʦ 

ʩʪʨʫʤʫ ʟʘʤʠʢʘʥʥʷ. ʅʘ ʮʽʡ ʩʪʘʜʽʾ ʩʪʨʫʤ ʜʫʛʠ ʧʝʨʝʨʠʚʘʻʪʴʩʷ ʧʨʠ ʧʝʨʰʦʤʫ ʧʝʨʝʭʦʜʽ ʯʝʨʝʟ 

ʥʫʣʴ, ʪʦʤʫ ʚʽʥ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʯʝʨʝʜʫʶʯʠ ʽʤʧʫʣʴʩʠ ʨʽʟʥʠʭ ʧʦʣʷʨʥʦʩʪʝʡ ʪʨʠʚʘʣʽʩʪʶ 

ʧʨʠʙʣʠʟʥʦ 0,05 ʤʩ. ɯʥʪʝʨʚʘʣʠ ʤʽʞ ʽʤʧʫʣʴʩʘʤʠ ʪʘ ʤʘʢʩʠʤʘʣʴʥʽ ʘʤʧʣʽʪʫʜʠ ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʪʦʙʪʦ ʤʘʻ ʤʽʩʮʝ ʧʦʨʫʰʝʥʥʷ ʧʝʨʽʦʜʠʯʥʦʩʪʽ (ʧʨʦʙʽʡ ʽʟʦʣʷʮʽʾ ʥʝ ʚ ʢʦʞʥʦʤʫ 

ʥʘʧʽʚʧʝʨʽʦʜʽ) ʪʘ ʩʠʤʝʪʨʽʾ ʱʦʜʦ ʦʩʽ ʯʘʩʫ. ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʘʤʧʣʽʪʫʜʠ ʽʤʧʫʣʴʩʽʚ ʤʦʞʫʪʴ 

ʜʦʩʷʛʘʪʠ ʩʦʪʝʥʴ ʘʤʧʝʨ, ʚʽʜʧʦʚʽʜʥʦ ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ ʚʠʩʦʢʽ ʨʽʚʥʽ ʷʢ ʧʘʨʥʠʭ, ʪʘʢ ʽ 

ʥʝʧʘʨʥʠʭ ʚʠʱʠʭ ʛʘʨʤʦʥʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ. 

ɿ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʤʘʪʝʨʽʘʣʽʚ ʱʦʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʫʛʦʚʠʭ ʟʘʤʠʢʘʥʴ [3,4] ʚʠʭʦʜʠʪʴ, 

ʱʦ ʭʘʨʘʢʪʝʨʥʠʤʠ, ʘ ʦʪʞʝ, ʽ ʚʽʜʤʽʥʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʮʴʦʛʦ ʚʠʜʫ ʟʘʤʠʢʘʥʥʷ ʻ: 

¶ ʩʪʨʫʤ ʧʦʰʢʦʜʞʝʥʦʛʦ ʪʘ ʥʝʧʦʰʢʦʜʞʝʥʦʛʦ ʧʨʠʻʜʥʘʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʽʤʧʫʣʴʩʠ ʟ ʘʤʧʣʽʪʫʜʦʶ ʚ ʜʝʩʷʪʢʠ ʨʘʟʽʚ ʙʽʣʴʰʦʶ ʟʘ ʘʤʧʣʽʪʫʜʫ 

ʫʩʪʘʣʝʥʦʛʦ ʩʪʨʫʤʫ ʟʘʤʠʢʘʥʥʷ; 

¶ ʚ ʩʪʨʫʤʽ ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʝʤʣʶ ʪʘ ʚ ʩʪʨʫʤʘʭ ʧʦʰʢʦʜʞʝʥʠʭ ʽ ʥʝʧʦʰʢʦʜʞʝʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʤʽʩʪʷʪʴʩʷ ʚʠʱʽ ʛʘʨʤʦʥʽʢʠ, ʨʽʚʝʥʴ ʷʢʠʭ ʱʦʥʘʡʤʝʥʰʝ ʥʘ ʧʦʨʷʜʦʢ 

ʧʝʨʝʚʠʱʫʻ ʨʽʚʝʥʴ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʫʩʪʘʣʝʥʦʛʦ ʤʝʪʘʣʝʚʦʛʦ ʟʘʤʠʢʘʥʥʷ ʬʘʟʠ ʥʘ 

ʟʝʤʣʶ; 

¶ ʜʽʶʯʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʟʘʤʠʢʘʥʥʷ ʯʝʨʝʟ ʚʝʣʠʢʽ ʚʽʣʴʥʽ ʩʢʣʘʜʦʚʽ ʧʝʨʝʭʽʜʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚ 3-5 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʫʩʪʘʣʝʥʠʡ ʩʪʨʫʤ ʤʝʪʘʣʝʚʦʛʦ ʟʘʤʠʢʘʥʥʷ; 

ɿʥʘʯʝʥʥʷ ʻʤʥʽʩʥʦʛʦ ʩʪʨʫʤʫ ʦʜʥʦʬʘʟʥʦʛʦ ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʝʤʣʶ ʜʣʷ ʫʩʪʘʣʝʥʦʛʦ ʨʝʞʠʤʫ 

ʟʘʤʠʢʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʻʤʥʦʩʪʝʡ ʚʽʜʥʦʩʥʦ ʟʝʤʣʽ ʚʩʽʭ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʦʟʧʦʜʽʣʴʯʦʾ 

ʤʝʨʝʞʽ ʪʘ ʧʽʜʢʣʶʯʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 

Ὅ σὟl‫ρπ В ὅ ὰ В ὅ̠ ὰ̠ В ὅὔ В ὅ ὔ                      (2) 

ʜʝ Uʌ ï ʬʘʟʥʘ ʥʘʧʨʫʛʘ ʤʝʨʝʞʽ, ʢɺ, ʉBiCKi ʻʤʥʽʩʪʴ ʥʘ ʬʘʟʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʝʤʣʽ 

ʩʪʨʫʤʦʚʝʜʫʯʠʭ ʞʠʣ (ʤʢʬ/ʢʤ) ʚʽʜʧʦʚʽʜʥʦ 1 ʢʤ ʧʦʚʽʪʨʷʥʦʾ ʪʘ ʢʘʙʝʣʴʥʦʾ ʣʽʥʽʾ ʧʝʚʥʦʛʦ 

ʧʝʨʝʨʽʟʫ; ὰ ,ὰ̠  -ʩʫʤʘʨʥʽ ʜʦʚʞʠʥʠ ʧʦʚʽʪʨʷʥʠʭ ʽ ʢʘʙʝʣʴʥʠʭ ʣʽʥʽʡ ʟʘʜʘʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʢʤ; 

ὅ ,ὅ   -ʻʤʥʦʩʪʽ ʥʘ ʬʘʟʫ ʚʽʜʧʦʚʽʜʥʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʪʘ ʩʠʣʦʚʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʱʦʜʦ 

ʢʦʨʧʫʩʫ ʦʙʣʘʜʥʘʥʥʷ, ʤʢʬ; ὔ ȟὔ  -ʚʽʜʧʦʚʽʜʥʦ ʯʠʩʣʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʪʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʟʘʜʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ʤʝʨʝʞʽ. 
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ʌʝʜʦʨʦʚ ʇ.ɸ. ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 141 ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ ʪʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɼʷʯʝʥʢʦ ɻ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ɸʇɸʈɸʊʅʆ-ʇʈʆɻʈɸʄʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʉʀʉʊɽʄ 

ʇʆɿʀʎɯʆʅʋɺɸʅʅʗ ʐɺʀɼʂʆɼɯʖʏʀʍ ɽʃɽʂʊʈʆʄɽʍɸʅɯʏʅʀʍ 

ʂʆʄʇʃɽʂʉɯɺ ɿɯ ʉʂʃɸɼʅʆʖ ʂɯʅɽʄɸʊʀʂʆʖ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ. ʉʠʩʪʝʤʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʰʚʠʜʢʦʜʽʶʯʠʭ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʻ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʣʽʥʽʡ, 

ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʪʘʢʠʭ ʷʢ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʘʝʨʦʢʦʩʤʽʯʥʘ ʪʝʭʥʽʢʘ, ʤʝʜʠʮʠʥʘ ʪʦʱʦ. ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʻ ʪʦʯʥʽʩʪʴ ʽ ʰʚʠʜʢʽʩʪʴ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʧʨʠ ʩʢʣʘʜʥʽʡ ʢʽʥʝʤʘʪʠʮʽ, ʱʦ ʚʠʤʘʛʘʻ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʨʦʟʨʦʙʢʠ ʘʧʘʨʘʪʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɿʙʽʣʴʰʝʥʥʷ 

ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʘ 

ʪʘʢʦʞ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʽ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʫʧʨʘʚʣʽʥʥʷ ʚʠʤʘʛʘʶʪʴ 

ʧʽʜʚʠʱʝʥʦʾ ʪʦʯʥʦʩʪʽ ʾʭ ʨʦʙʦʪʠ [1]. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʘʧʘʨʘʪʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʢʣʶʯʦʚʦʶ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʫʩʢʣʘʜʥʝʥʥʷ ʬʫʥʢʮʽʡ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʧʨʠ 

ʩʢʣʘʜʥʽʡ ʢʽʥʝʤʘʪʠʮʽ. 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʢʦʨʝʢʪʥʝ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʫ ʙʫʜʴ-̫ ʢʠʭ ʫʤʦʚʘʭ ʪʘ ʤʽʥʽʤʽʟʘʮʽʷ ʧʦʤʠʣʦʢ ʫ 

ʧʨʦʮʝʩʽ ʦʪʨʠʤʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʫʩʢʣʘʜʥʝʥʥʷ ʬʫʥʢʮʽʡ ʱʦ 

ʚʠʢʦʥʫʶʪʴʩʷ ʩʠʩʪʝʤʘʤʠ, ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɸʥʘʣʽʟ ʩʚʽʪʦʚʦʛʦ ʜʦʩʚʽʜʫ [2] ʩʪʚʦʨʝʥʥʷ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ 

ʜʽʶʯʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʜʝʤʦʥʩʪʨʫʻ ʚʠʩʦʢʫ ʜʠʥʘʤʽʢʫ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʽ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. 

ʐʚʠʜʢʦʜʽʶʯʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʢʦʤʧʣʝʢʩʠ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʩʢʣʘʜʥʫ ʢʽʥʝʤʘʪʠʢʫ, ʱʦ 

ʚʢʣʶʯʘʻ ʙʘʛʘʪʦʟʚôʷʟʢʦʚʽ ʤʝʭʘʥʽʟʤʠ ʪʘ ʩʢʣʘʜʥʽ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ [3]. ʎʝ ʤʦʞʝ ʩʧʨʠʯʠʥʷʪʠ 

ʥʠʟʢʫ ʪʨʫʜʥʦʱʽʚ ʫ ʪʦʯʥʦʤʫ ʧʨʦʛʥʦʟʫʚʘʥʥʽ, ʰʚʠʜʢʦʩʪʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʧʨʠ ʩʢʣʘʜʥʽʡ 

ʢʽʥʝʤʘʪʠʮʽ ʪʘ ʦʪʨʠʤʘʥʥʽ ʢʽʥʮʝʚʠʭ ʜʘʥʠʭ. 

ʆʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʻ 

ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. ʉʝʨʝʜ ʥʠʭ: 

-  ʧʨʷʤʽ ʪʘ ʦʙʝʨʥʝʥʽ ʢʽʥʝʤʘʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ; 

-  ʤʝʪʦʜ ʯʠʩʣʦʚʠʭ ʽʥʪʝʛʨʘʣʽʚ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ; 

-  ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʤʫʣʷʮʽʡʥʠʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʜʝʪʘʣʴʥʽʰʝ ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʰʚʠʜʢʦʜʽʶʯʠʭ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ, ʩʣʽʜ ʘʢʮʝʥʪʫʚʘʪʠ ʫʚʘʛʫ ʥʘ ʚʠʩʦʢʽʡ ʰʚʠʜʢʦʩʪʽ ʾʭ ʨʝʘʢʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʤʠʪʪʻʚʝ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜ ʯʠ ʜʽʡ, ʟʘʚʜʷʢʠ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʪʘ 

ʤʝʭʘʥʽʯʥʠʤ ʝʣʝʤʝʥʪʘʤ. ʎʽ ʢʦʤʧʣʝʢʩʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʟʘʜʘʯʽ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʱʦ 

ʥʝʦʙʭʽʜʥʦ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʘʭ ʯʠ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ. ɼʦ 

ʪʦʛʦ ʞ, ʚʦʥʠ ʽʥʪʝʛʨʫʶʪʴ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʾ: ʩʝʥʩʦʨʠ, ʝʣʝʢʪʨʦʥʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʤʝʭʘʥʽʟʤʠ 

ʨʫʭʫ ʪʘ ʽʥʰʽ ʝʣʝʤʝʥʪʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʟʛʦʜʞʝʥʦʾ ʨʦʙʦʪʠ [4]. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ, ʱʦ 

ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʧʨʦʛʨʘʤʦʚʘʥʽ, ʥʘʣʘʰʪʦʚʘʥʽ ʪʘ ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʟʤʽʥʶʚʘʥʠʭ ʫʤʦʚ ʘʙʦ 

ʥʦʚʠʭ ʟʘʚʜʘʥʴ. 

ʇʨʦʛʨʘʤʥʝ ʪʘ ʘʧʘʨʘʪʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʮʶʶʪʴ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʦ ʽ ʚ ʙʝʟʧʝʨʝʨʚʥʽʡ 

ʚʟʘʻʤʦʜʽʾ.  ʆʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʘʧʘʨʘʪʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʚʝʜʝʥʦ ʫ 

ʪʘʙʣʠʮʽ 1. ʊʘʢʦʞ ʫʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʧʦʢʘʟʘʥʘ ʥʘ 
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ʨʠʩʫʥʢʫ 1. 

                                                                                                                                  

ʊʘʙʣʠʮʷ 1 ï ʂʦʤʧʦʥʝʥʪʠ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʂʦʤʧʦʥʝʥʪʠ ʌʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ 

ʄʽʢʨʦʧʨʦʮʝʩʦʨʠ ʆʙʨʦʙʢʘ ʜʘʥʠʭ ʟ ʜʘʪʯʠʢʽʚ 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨʠ ʆʙʨʦʙʢʘ ʜʘʥʠʭ ʟ ʜʘʪʯʠʢʽʚ 

ʉʧʝʮʽʘʣʽʟʦʚʘʥʽ 

ʧʨʦʮʝʩʦʨʠ 

ʈʦʟʚôʷʟʘʥʥʷ ʩʢʣʘʜʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ; 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʧʨʠʚʽʜʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ 

ɸʣʛʦʨʠʪʤʠ 

ʦʙʯʠʩʣʝʥʥʷ 

ʪʨʘʻʢʪʦʨʽʡ 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʛʦ ʨʫʭʫ ʚ ʧʨʦʩʪʦʨʽ 

ɸʣʛʦʨʠʪʤʠ ʢʦʨʝʢʮʽʾ 

ʧʦʤʠʣʦʢ 

ʋʩʫʥʝʥʥʷ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʥʘ ʪʦʯʥʽʩʪʴ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ 

ɯʥʪʝʨʬʝʡʩ 

ʢʦʨʠʩʪʫʚʘʯʘ 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 

 

 
ʈʠʩʫʥʦʢ 1 ï ʋʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʰʚʠʜʢʦʜʽʶʯʠʭ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟʽ ʩʢʣʘʜʥʦʶ ʢʽʥʝʤʘʪʠʢʦʶ 

 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʤʦʛʫ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʜʛʫʢʫ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʻ 

ʨʝʘʣʽʟʫʚʘʪʠ ʧʘʨʘʣʝʣʴʥʽ ʦʙʯʠʩʣʝʥʥʷ ʜʣʷ ʰʚʠʜʢʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʽʟʘʮʽʶ ʯʘʩʫ ʥʘ ʢʦʨʝʢʮʽʶ ʧʦʤʠʣʦʢ ʘʙʦ ʟʤʽʥʫ ʪʨʘʻʢʪʦʨʽʾ. 

ʈʦʟʨʦʙʢʘ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʩʠʩʪʝʤ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ 

ʰʚʠʜʢʦʜʽʶʯʠʭ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽʟ ʩʢʣʘʜʥʦʶ ʢʽʥʝʤʘʪʠʢʦʶ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ, ʷʢʝ ʧʦʪʨʝʙʫʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʧʝʨʝʜʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʘʧʘʨʘʪʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʪʦʯʥʠʭ ʜʘʪʯʠʢʽʚ, 

ʩʫʯʘʩʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʪʘ ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʾ 

ʪʦʯʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ. 
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ʋɼʂ 629.349:62-83:621.317.38 

 

ʍʘʣʘʽʤʦʚ ʊ.ʆ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 141 ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ ʪʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ.ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ)  

 

ʂʆʄʇʆʅɽʅʊʀ ʉʊɽʅɼʋ ɼʃʗ ɼʆʉʃɯɼɾɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ 

ɽʃɽʂʊʈʀʏʅʆɻʆ ʊʈʀʎʀʂʃʋ 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʠʪʘʥʥʷ ʦʮʽʥʢʠ ʨʝʘʣʴʥʦʛʦ ʧʨʦʙʽʛʫ ʝʣʝʢʪʨʠʯʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʦʩʢʽʣʴʢʠ ʟʘʷʚʣʝʥʽ ʚʠʨʦʙʥʠʢʘʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʦ ʥʝ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʤʦʚʘʤ ʨʝʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ [1] [2]. ʎʝ ʟʫʤʦʚʣʝʥʦ ʨʽʟʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʪʘʢʠʤʠ ʷʢ ʧʨʦʬʽʣʴ ʤʘʨʰʨʫʪʫ, ʩʪʘʥ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ, ʜʠʥʘʤʽʢʘ ʨʫʭʫ, ʩʪʘʥ 

ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ (ɸʂɹ) ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʨʝʢʫʧʝʨʘʮʽʾ ʝʥʝʨʛʽʾ. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʦʙ'ʻʢʪʠʚʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ ʥʝʦʙʭʽʜʥʽ 

ʢʦʤʧʣʝʢʩʥʽ ʣʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʫʤʦʚ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʢʰʪʘʣʪ Worldwide Harmonised Light vehicles Test 

Procedure (WLTP). 

ɼʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʨʠʮʠʢʣʫ (ʨʠʩ.1), ʷʢʠʡ ʧʦʙʫʜʦʚʘʥʦ 

ʥʘ ʙʘʟʽ BLDC ʤʦʪʦʨ-ʢʦʣʝʩʘ ʧʦʪʫʞʥʽʩʪʶ 2 ʢɺʪ, ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʥʘ ʩʪʝʥʜʽ, 

ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ: 

1. ɸʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʜʘʥʠʭ ʽʟ ʬʫʥʢʮʽʻʶ ʟʘʧʠʩʫ 

ʢʣʶʯʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʩʪʨʫʤ ɸʂɹ, ʥʘʧʨʫʛʘ ɸʂɹ ʪʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ 

ʤʦʪʦʨ-ʢʦʣʝʩʘ. 

2. ʈʘʤʫ ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʪʨʠʮʠʢʣʫ (ʨʠʩ.1), ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʨʦʚʦʜʠʪʠ 
ʪʨʠʚʘʣʽ ʮʠʢʣʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʫʤʦʚʘʭ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ 

ʙʝʟʧʝʢʠ. 

3. ʅʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʤʝʭʘʥʽʟʤ ʚʝʜʫʯʦʛʦ ʢʦʣʝʩʘ ʟ ʧʨʠʚʦʜʥʠʤ ʜʚʠʛʫʥʦʤ, ʷʢʠʡ 
ʜʦʟʚʦʣʠʪʴ ʽʤʽʪʫʚʘʪʠ ʜʦʜʘʪʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʻ ʧʽʜ ʯʘʩ ʨʫʭʫ, ʟʦʢʨʝʤʘ 

ʚʧʣʠʚ ʩʪʘʥʫ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ ʪʦʧʦʣʦʛʽʶ ʤʘʨʰʨʫʪʫ (ʧʽʜʡʦʤʠ ʪʘ ʩʧʫʩʢʠ). 

4. ʉʠʩʪʝʤʫ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ʪʨʠʮʠʢʣʫ, ʷʢʘ ʬʦʨʤʫʻ ʟʘʚʜʘʥʥʷ ʥʘ 
ʰʚʠʜʢʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʚʠʧʨʦʙʫʚʘʥʴ, ʟʦʢʨʝʤʘ 

WLTP [3], [4] (ʨʠʩ. 2), ʽʤʽʪʫʶʯʠ ʥʘʪʠʩʢʘʥʥʷ ʧʝʜʘʣʽ ʛʘʟʫ ʪʘ ʛʘʣʴʤ. 

5. ʉʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʤ ʤʝʭʘʥʽʟʤʦʤ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʽʤʽʪʫʚʘʪʠ ʟʤʽʥʫ 
ʪʦʧʦʣʦʛʽʯʥʦʛʦ ʧʨʦʬʽʣʶ ʤʘʨʰʨʫʪʫ ʚʧʨʦʜʦʚʞ ʨʫʭʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʦʯʥʦʛʦ 

ʟʘʚʜʘʥʥʷ ʥʘ ʰʚʠʜʢʽʩʪʴ 

6. ʉʠʩʪʝʤʫ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ. 
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ɼʘʥʠʡ ʣʘʙʦʨʘʪʦʨʥʠʡ ʩʪʝʥʜ ʜʦʟʚʦʣʠʪʴ ʦʮʽʥʶʚʘʪʠ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʪʨʠʮʠʢʣʦʤ ʧʨʠ 

ʨʫʩʽ ʧʽʜ ʨʽʟʥʠʤ ʢʫʪʦʤ ʥʘʭʠʣʫ ʚ ʛʦʨʫ ʪʘ ʧʽʜ ʛʦʨʫ, ʽʤʽʪʫʚʘʪʠ ʧʨʦʭʦʜʞʝʥʥʷ ʟʘʜʘʥʦʛʦ 

ʤʘʨʰʨʫʪʫ ʽʟ ʚʽʜʪʚʦʨʝʥʥʷʤ ʡʦʛʦ ʪʦʧʦʣʦʛʽʯʥʦʛʦ ʧʨʦʬʽʣʶ ʪʘ ʟʘʚʜʘʥʥʷ ʧʝʚʥʦʾ ʜʠʥʘʤʽʢʠ ʨʫʭʫ 

(ʤʘʥʝʨʠ ʢʝʨʫʚʘʥʥʷ ʚʦʜʽʷ), ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʨʝʢʫʧʝʨʘʮʽʾ 

ʝʥʝʨʛʽʾ ʪʘ ʚʠʟʥʘʯʘʪʠ ʧʨʦʙʽʛ ʥʘ ʦʜʥʦʤʫ ʟʘʨʷʜʽ ɸʂɹ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ ʮʠʢʣ WLTP Class 3b [5] 
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ʋɼʂ 620.92 

ʏʘʡʢʘ ɼ.ɸ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 141 ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ ʪʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘ 

ʎʠʛʘʥ ʇ.ʉ., phD, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

ɸʃʔʊɽʈʅɸʊʀɺʅɯ ɼɾɽʈɽʃɸ ɽʅɽʈɻɯɰ 

 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʜʝ ʧʨʦʙʣʝʤʠ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʚʠʩʥʘʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ 

ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ, ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ 

ʥʘʙʫʚʘʶʪʴ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ. ɺʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʟʦʢʨʝʤʘ ʩʦʥʷʯʥʘ, 

ʚʽʪʨʦʚʘ, ʛʽʜʨʦʝʥʝʨʛʽʷ ʪʘ ʙʽʦʤʘʩʘ, ʧʨʦʧʦʥʫʶʪʴ ʩʪʽʡʢʝ ʨʽʰʝʥʥʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʚʫʛʣʝʚʦʜʥʽʚ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ - ʮʝ ʨʝʩʫʨʩʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ ʙʝʟ ʚʠʯʝʨʧʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. ɺʦʥʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ, ʪʘʢʠʭ ʷʢ ʥʘʬʪʘ, ʛʘʟ ʪʘ ʚʫʛʽʣʣʷ, ʻ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʤʠ. ɼʦ ʦʩʥʦʚʥʠʭ 

ʚʠʜʽʚ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʥʘʣʝʞʘʪʴ: 

- ʉʦʥʷʯʥʘ ʝʥʝʨʛʽʷ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʦʛʦ 

ʩʚʽʪʣʘ ʚ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ. 

- ɺʽʪʨʦʚʘ ʝʥʝʨʛʽʷ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʪʨʦʚʠʭ ʪʫʨʙʽʥ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʽʥʝʪʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʥʘ ʝʣʝʢʪʨʠʯʥʫ. 

- ɻʽʜʨʦʝʥʝʨʛʽʷ: ʆʪʨʠʤʘʥʥʷ ʝʣʝʢʪʨʠʢʠ ʟ ʨʫʭʦʤʦʾ ʚʦʜʠ, ʟʘʟʚʠʯʘʡ ʯʝʨʝʟ 

ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. 

- ɹʽʦʤʘʩʘ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʜʨʝʚʝʩʠʥʘ, ʭʘʨʯʦʚʽ ʚʽʜʭʦʜʠ) ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʝʥʝʨʛʽʾ. 

ʎʽ ʜʞʝʨʝʣʘ ʻ ʥʝʚʠʯʝʨʧʥʠʤʠ ʪʘ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʙʝʟ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ[1]. 

ʆʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʧʦʣʷʛʘʻ ʚ ʾʭʥʴʦʤʫ ʚʧʣʠʚʽ 

ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɺʠʨʦʙʥʠʮʪʚʦ ʝʥʝʨʛʽʾ ʟ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ, ʪʘʢʠʭ ʷʢ ʚʫʛʽʣʣʷ 

ʪʘ ʥʘʬʪʘ, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʚʠʢʠʜʦʤ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʱʦ ʩʧʨʠʷʻ ʛʣʦʙʘʣʴʥʦʤʫ 

ʧʦʪʝʧʣʽʥʥʶ. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʤʦʞʣʠʚʝ ʟʥʘʯʥʝ 

ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʽ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ. ʅʘʧʨʠʢʣʘʜ, ʩʦʥʷʯʥʽ 

ʧʘʥʝʣʽ ʪʘ ʚʽʪʨʦʚʽ ʪʫʨʙʽʥʠ ʥʝ ʣʠʰʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʯʠʩʪʫ ʝʥʝʨʛʽʶ, ʘʣʝ ʡ ʟʤʝʥʰʫʶʪʴ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚʠʢʦʧʥʠʭ ʚʠʜʽʚ ʧʘʣʴʥʦʛʦ. ʂʦʣʠ ʩʫʩʧʽʣʴʩʪʚʦ ʧʝʨʝʭʦʜʠʪʴ ʥʘ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʚʦʥʦ ʪʘʢʦʞ ʦʪʨʠʤʫʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʨʦʙʦʯʠʭ 

ʤʽʩʮʴ ʫ ʩʬʝʨʽ ʟʝʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. ɯʥʰʘ 

ʚʘʞʣʠʚʘ ʧʝʨʝʚʘʛʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʧʦʣʷʛʘʻ ʚ ʾʭʥʽʡ ʩʪʽʡʢʦʩʪʽ ʪʘ ʙʝʟʧʝʮʽ. 

ɺʦʥʠ ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʢʦʣʠʚʘʥʥʷʤ ʮʽʥ ʥʘ ʩʚʽʪʦʚʠʭ ʨʠʥʢʘʭ ʘʙʦ ʛʝʦʧʦʣʽʪʠʯʥʠʤ ʨʠʟʠʢʘʤ, ʷʢʽ 

ʯʘʩʪʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʪʨʘʜʠʮʽʡʥʽ ʚʠʜʠ ʧʘʣʴʥʦʛʦ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʽʩʮʝʚʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ ʤʦʞʝ ʩʧʨʠʷʪʠ ʟʤʽʮʥʝʥʥʶ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʜʝʨʞʘʚʠ ʪʘ 

ʟʤʝʥʰʝʥʥʶ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ. ʆʜʥʘʢ, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʩʽʭ ʮʠʭ ʧʝʨʝʚʘʛ ʥʝʦʙʭʽʜʥʘ 

ʧʽʜʪʨʠʤʢʘ ʟ ʙʦʢʫ ʫʨʷʜʽʚ ʽ ʧʨʠʚʘʪʥʦʛʦ ʩʝʢʪʦʨʫ ʚ ʽʥʚʝʩʪʠʮʽʷʭ ʫ ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ.  

ʇʦʧʨʠ ʯʠʩʣʝʥʥʽ ʧʝʨʝʚʘʛʠ, ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʥʝ ʪʘʢʽ ʙʝʟʜʦʛʘʥʥʽ. 

ʅʘʧʨʠʢʣʘʜ, ʝʥʝʨʛʽʷ ʚʽʪʨʦʚʠʭ ʪʫʨʙʽʥ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʠʣʠ ʚʽʪʨʫ, ʘ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ - ʚʽʜ 

ʥʘʷʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʧʦʩʪʽʡʥʦʩʪʽ ʚ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʽ, ʱʦ 

ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤ 

ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ. ʍʦʯʘ ʚʘʨʪʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʩʫʪʪʻʚʦ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʧʦʯʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʦʥʷʯʥʠʭ ʪʘ ʚʽʪʨʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ 

ʚʩʝ ʱʝ ʟʘʣʠʰʘʶʪʴʩʷ ʚʠʩʦʢʠʤʠ. ʎʝ ʤʦʞʝ ʩʪʘʪʠ ʩʝʨʡʦʟʥʦʶ ʧʝʨʝʰʢʦʜʦʶ ʜʣʷ ʪʠʭ, ʭʪʦ ʭʦʯʝ 

ʽʥʚʝʩʪʫʚʘʪʠ ʚ ʯʠʩʪʫ ʝʥʝʨʛʽʶ. ʘʙʦ ʧʝʨʝʡʪʠ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ.  
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ɹʘʛʘʪʦ ʩʧʦʞʠʚʘʯʽʚ ʘʙʦ ʧʽʜʧʨʠʻʤʩʪʚ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʝʨʝʞʥʠʤʠ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʥʘʯʥʠʭ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ, ʷʢʽ ʥʝ ʟʘʚʞʜʠ ʦʢʫʧʘʶʪʴʩʷ ʰʚʠʜʢʦ. ɼʦʜʘʪʢʦʚʠʤ ʬʘʢʪʦʨʦʤ, 

ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʚʠʪʦʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʻ ʛʝʦʛʨʘʬʽʯʥʽ ʦʙʤʝʞʝʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʨʝʛʽʦʥʠ ʟ ʥʠʟʴʢʦʶ ʩʦʥʷʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʘʙʦ ʥʝʩʪʘʙʽʣʴʥʠʤʠ ʚʽʪʨʦʚʠʤʠ 

ʫʤʦʚʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʤʝʥʰ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. 

ʎʝ ʩʪʚʦʨʶʻ ʥʝʨʽʚʥʦʤʽʨʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ ʨʝʩʫʨʩʽʚ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʤʽʞ 

ʨʽʟʥʠʤʠ ʯʘʩʪʠʥʘʤʠ ʩʚʽʪʫ. ʊʘʢʦʞ ʚʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʝʜʦʩʪʘʪʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʤʦʞʝ ʫʩʢʣʘʜʥʶʚʘʪʠ ʾʾ ʽʥʪʝʛʨʘʮʽʶ ʚ 

ʽʩʥʫʶʯʫ ʝʥʝʨʛʦʩʠʩʪʝʤʫ. ɹʘʛʘʪʦ ʢʨʘʾʥ ʧʦʪʨʝʙʫʶʪʴ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʚʦʾʭ ʝʣʝʢʪʨʦʤʝʨʝʞ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʝʬʝʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʘʙʽʣʴʥʝ 

ʧʦʩʪʘʯʘʥʥʷ ʝʥʝʨʛʽʾ[2]. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʽ ʚʠʢʣʠʢʠ, ʚʘʞʣʠʚʦ ʧʨʦʜʦʚʞʫʚʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʽ 

ʨʦʟʚʠʪʦʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ.  

ɸʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʪʘʢʽ ʷʢ ʩʦʥʷʯʥʘ, ʚʽʪʨʦʚʘ, ʛʽʜʨʦʝʥʝʨʛʽʷ ʽ ʙʽʦʤʘʩʘ, ʻ 

ʢʣʶʯʦʚʠʤʠ ʚ ʙʦʨʦʪʴʙʽ ʟ ʧʨʦʙʣʝʤʘʤʠ, ʱʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ. 

ʍʦʯʘ ʽʩʥʫʶʪʴ ʜʝʷʢʽ ʥʝʜʦʣʽʢʠ, ʪʘʢʽ ʷʢ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʽ ʚʠʩʦʢʽ ʧʦʯʘʪʢʦʚʽ 

ʚʠʪʨʘʪʠ, ʧʝʨʝʚʘʛʠ ʟʥʘʯʥʦ ʧʝʨʝʚʘʞʘʶʪʴ. ɿ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʽʥʥʦʚʘʮʽʷʤʠ, ʽʥʪʝʛʨʘʮʽʻʶ 

ʩʠʩʪʝʤ ʪʘ ʧʽʜʪʨʠʤʢʦʶ ʟ ʙʦʢʫ ʜʝʨʞʘʚ, ʟʝʣʝʥʘ ʝʥʝʨʛʝʪʠʢʘ ʤʘʻ ʚʩʽ ʰʘʥʩʠ ʩʪʘʪʠ ʦʩʥʦʚʥʠʤ 

ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʫ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ. 
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ʋɼʂ 652.1:586.24 

ʐʠʭʦʚ ʉ. ʂ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 141 ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ ʪʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɸʟʶʢʦʚʩʴʢʠʡ ʆ. ʆ., ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʄʆɼɽʃʖɺɸʅʅʗ ʇɯɼɿɽʄʅʆɻʆ ʉʊɸʃɽɺʆɻʆ ʊʈʋɹʆʇʈʆɺʆɼʋ ɿ 

ʋʈɸʍʋɺɸʅʅʗʄ ʁʆɻʆ ɽʃɽʂʊʈʆʊɽʍʅɯʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ 

 

ʇʽʜʟʝʤʥʽ ʩʪʘʣʝʚʽ ʪʨʫʙʦʧʨʦʚʦʜʠ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʛʘʟʫ, 

ʥʘʬʪʠ ʪʘ ʽʥʰʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʘʣʝ ʾʭʥʷ ʝʢʩʧʣʫʘʪʘʮʽʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʧʣʠʚʦʤ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʢʦʨʦʟʽʾ. ʂʘʪʦʜʥʠʡ ʟʘʭʠʩʪ (ʂɿ) ʻ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʦʜʥʘʢ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʧʨʷʤʣʷʯʽʚ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʨʦʟʚʠʪʦʢ ʩʠʣʦʚʦʾ 

ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʫʪʪʻʚʦ ʟʤʽʥʠʚ ʧʨʠʥʮʠʧʠ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʢʘʪʦʜʥʦʛʦ ʟʘʭʠʩʪʫ. 

ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʧʽʜʟʝʤʥʦʛʦ ʩʪʘʣʝʚʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ 

ɼʣʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚʠʧʨʷʤʣʷʯʽʚ ʢʘʪʦʜʥʦʛʦ ʟʘʭʠʩʪʫ (ʂɿ) ʥʘ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʚʠʢʦʨʠʩʪʘʥʦ ʝʢʚʽʚʘʣʝʥʪʥʫ ʩʭʝʤʫ ʧʽʜʟʝʤʥʦʛʦ ʩʪʘʣʝʚʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʫ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʧʽʜʟʝʤʥʦʛʦ ʩʪʘʣʝʚʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ 

ʆʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʩʭʝʤʠ: 

Ὑ  ï ʦʧʽʨ ʢʦʥʪʘʢʪʥʦʛʦ ʧʨʦʚʽʜʥʠʢʘ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʚʞʠʥʠ ʪʘ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʧʨʦʚʦʜʫ. Ὑ ï ʦʧʽʨ ʘʥʦʜʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʢʣʘʜʦʤ ʘʥʦʜʘ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 
ʘʥʦʜʥʦʛʦ ʟʘʟʝʤʣʝʥʥʷ. Ὑ , ὒ ï ʦʧʽʨ ʪʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʨʫʙʠ ʪʘ ʾʾ ʤʘʪʝʨʽʘʣʫ. ὠ ï ʧʦʯʘʪʢʦʚʠʡ ʧʦʣʷʨʠʟʘʮʽʡʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʪʨʫʙʦʧʨʦʚʦʜʫ. ὅ ï ʻʤʥʽʩʪʴ ʽʟʦʣʷʮʽʾ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʽʟʦʣʷʮʽʡʥʝ 
ʧʦʢʨʠʪʪʷ ʪʨʫʙʠ. Ὑ  ï ʦʧʽʨ "ʪʨʫʙʦʧʨʦʚʽʜ-ˇʨʫʥʪ", ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʪʘ ʩʪʘʥʫ 

ʽʟʦʣʷʮʽʾ ʪʨʫʙʦʧʨʦʚʦʜʫ 

ʉʠʩʪʝʤʘ ʬʦʨʤʫʻʪʴʩʷ ʷʢ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʘ ʤʝʨʝʞʘ ʨʝʟʠʩʪʠʚʥʠʭ, ʽʥʜʫʢʪʠʚʥʠʭ ʪʘ 

ʻʤʥʽʩʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʟʫʤʦʚʣʝʥʽ ʢʘʪʦʜʥʠʤ ʟʘʭʠʩʪʦʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

1. ɺʧʣʠʚ ʬʦʨʤʠ ʩʠʛʥʘʣʫ ʚʠʧʨʷʤʣʷʯʽʚ. ɺʠʧʨʷʤʣʝʥʽ ʩʠʛʥʘʣʠ ʤʽʩʪʷʪʴ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʛʘʨʤʦʥʽʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʧʦʜʽʣ ʟʘʭʠʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʪʨʫʙʦʧʨʦʚʦʜʫ. ʇʦʪʫʞʥʽʩʪʴ ʟʤʽʥʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 1 ʤɺʪ ʫ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ (ʜʦ 2.4 ʢɻʮ), ʱʦ ʧʽʜʚʠʱʫʻ ʩʪʨʫʤʠ ʚʠʪʦʢʫ ʯʝʨʝʟ ʽʟʦʣʷʮʽʶ. 
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ʈʠʩʫʥʦʢ 2 ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʟʘʭʠʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʨʦʟʛʣʷʜʘʻʤʦʤʫ ʚʽʜʨʽʟʢʫ ʪʨʫʙʠ 

2. ʂʦʣʠʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚʠʧʨʷʤʣʷʯʽʚ ʟʤʽʥʶʶʪʴ ʽʤʧʝʜʘʥʩ ʪʨʫʙʦʧʨʦʚʦʜʫ. 
ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʩʪʨʫʤ ʚʠʪʦʢʫ ʟʨʦʩʪʘʻ, ʱʦ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʘʪʦʜʥʦʛʦ 

ʟʘʭʠʩʪʫ. 

3. ʆʧʪʠʤʽʟʘʮʽʷ ʨʦʙʦʪʠ ʚʠʧʨʷʤʣʷʯʽʚ. ʈʝʛʫʣʶʚʘʥʥʷ ʩʧʝʢʪʨʘ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 
ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʥʘ ʪʘ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʘʪʦʜʥʦʛʦ ʟʘʭʠʩʪʫ. ɸʜʘʧʪʠʚʥʝ 

ʢʝʨʫʚʘʥʥʷ ʤʽʥʽʤʽʟʫʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʟʤʝʥʰʫʻ ʨʠʟʠʢ ʣʦʢʘʣʴʥʦʾ 

ʢʦʨʦʟʽʾ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 
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ʋɼʂ 681.518.54 

ʗʨʦʰʝʥʢʦ ʗ.ɺ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 141 ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ ʪʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʎʠʧʣʝʥʢʦʚ ɼ. ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ1,  ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ ʚʽʜʜʽʣʫ ʙʝʟʧʝʢʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ, ʦʭʦʨʦʥʠ 

ʧʨʘʮʽ ʪʘ ʧʨʦʤʠʩʣʦʚʦʾ ʙʝʟʧʝʢʠ ʣʘʙʦʨʘʪʦʨʽʾ  ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ,  ʝʢʩʧʝʨʪ 

ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ2  
1(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 
2 (ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʛʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʛʦʛʦ ̔ʥʩʪʠʪʫʪʫ ʩʫʜʦʚʦʾ ʝʢʩʧʝʨʪʠʟʠ)  

 

ɸʃɻʆʈʀʊʄ ʈʆɹʆʊʀ ʄɸʊɽʄɸʊʀʏʅʆɰ ʄʆɼɽʃɯ ʆɹôɭɼʅɸʅʆɰ 

ɽʅɽʈɻʆʉʀʉʊɽʄʀ ʋʂʈɸɰʅʀ 

 

ʈʦʟʨʦʙʢʘ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʤʦʞʫʪʴ ʜʦʟʚʦʣʠʪʠ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʡʤʦʚʽʨʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʚʦʜʥʶ ʷʢ ʨʝʟʝʨʚʥʦʛʦ ʝʥʝʨʛʦʥʦʩʽʷ. 

ʆʩʦʙʣʠʚʠʡ ʘʢʮʝʥʪ ʥʝʦʙʭʽʜʥʦ ʨʦʙʠʪʠ ʥʘ ʽʥʪʝʛʨʘʮʽʶ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ 

ʩʠʩʪʝʤʫ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʚʨʘʭʫʚʘʪʠ ʚʠʢʣʠʢʠ ʧʽʩʣʷʚʦʻʥʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ. 

ɸʣʛʦʨʠʪʤ ʧʨʘʮʶʻ ʥʘ ʦʩʥʦʚʽ ʜʝʢʽʣʴʢʦʭ ʝʪʘʧʽʚ: ʟʙʽʨ ʪʘ ʦʙʨʦʙʢʘ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, 

ʧʨʠʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʪʦʾ, ʱʦ ʤʦʞʝ ʦʙʨʦʙʣʶʚʘʪʠʩʷ ʧʦʪʫʞʥʦʩʪʷʤʠ ʜʞʝʨʝʣʘ 

ʤʦʜʝʣʶʚʘʥʥʷ (ʨʦʟʨʘʭʫʥʦʢ ʩʢʦʨʠʛʦʚʘʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʦʱʦ), ʦʙʨʘʭʫʚʘʥʥʷ 

ʥʘʜʣʠʰʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʧʝʨʝʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ), ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ 

ʚʦʜʥʶ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟ ʩʮʝʥʘʨʽʾʚ ʥʘʢʦʧʠʯʝʥʥʷ.  

ʂʦʞʝʥ ʽʟ ʝʪʘʧʽʚ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ. 

ʅʘʧʨʠʢʣʘʜ, ʘʥʘʣʽʟʫʶʪʴʩʷ ʽʩʪʦʨʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

ʚʢʣʶʯʥʦ ʟ ʜʘʥʠʤʠ ɸɽʉ, ʊɽʉ, ɺɼɽ, ɻɽʉ ʪʘ ɻɸɽʉ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʨʦʭʦʜʷʪʴ ʥʦʨʤʘʣʽʟʘʮʽʶ 

ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ. ɺʠʟʥʘʯʘʻʪʴʩʷ ʤʘʥʝʚʨʦʚʘ ʯʘʩʪʠʥʘ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʰʣʷʭʦʤ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʙʘʟʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ɸɽʉ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

 ὒǬὸ Ὓὸ ὃὸ                                                                ρ 

ʜʝ ὒǬὸ ï ʩʢʦʨʠʛʦʚʘʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ; Ὓὸ  ʧʦʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ὃὸ  ʥʘʚʘʥʪʘʞʝʥʥʷ 
ʚʽʜ ɸɽʉ 

ɺ ʧʦʜʘʣʴʰʦʤʫ, ʚ ʤʦʜʝʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʨʦʙʥʠʮʪʚʦ ʚʦʜʥʶ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʷʢʦʛʦ, 

ʟʛʽʜʥʦ ʬʽʟʠʯʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ, ʥʘʜʣʠʰʢʦʚʘ ʝʥʝʨʛʽʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʚʦʜʝʥʴ ʯʝʨʝʟ 

ʝʣʝʢʪʨʦʣʽʟ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʠʩʥʦʾ ʜʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙʤʝʞʝʥʴ. 

ɸʣʛʝʙʨʘʾʯʥʦ ʮʝ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

 Ὄȟ ὸ άὭὲ
Ў

ȟὌ                                            (2) 

 

ʜʝ Ὄȟ ὸ ï - ʢʽʣʴʢʽʩʪʴ ʚʦʜʥʶ (ʫ ʢʛ),ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t, Ўὸ

 ʥʘʜʣʠʰʢʦʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ, ʜʦʩʪʫʧʥʘ ʜʣʷ ʝʣʝʢʪʨʦʣʽʟʫ (ʄɺʪ), Ὁ  ʝʥʝʨʛʽʷ, ʥʝʦʙʭʽʜʥʘ 

ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 1 ʢʛ ʚʦʜʥʶ (ʄɺʪĿʛʦʜ/ʢʛ), Ὄ   ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʦʜʥʶ, ʷʢʫ 

ʤʦʞʥʘ ʚʠʨʦʙʠʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʣʽʟʝʨʽʚ. 1000  ï ʢʦʝʬʽʮʽʻʥʪ 

ʧʝʨʝʨʘʭʫʥʢʫ, ʦʩʢʽʣʴʢʠ Ὁ  ʟʘʟʚʠʯʘʡ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʤʝʛʘʚʘʪ-ʛʦʜʠʥʘʭ ʥʘ ʢʽʣʦʛʨʘʤ, ʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ ʜʦʩʪʫʧʥʘ ʫ ʤʝʛʘʚʘʪʘʭ. 

ɼʘʣʽ, ʘʣʛʦʨʠʪʤ ʟʘʡʤʘʻʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʤ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʚʠʛʣʷʜʽ 

ʚʦʜʥʶ, ʟʘ ʧʨʠʥʮʠʧʦʤ, ʢʦʣʠ,  ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʦʜʥʶ ʦʙʯʠʩʣʶʻʪʴʩʷ ʤʝʪʦʜʦʤ 



ʉɽʂʎɯʗ - ɽʃɽʂʊʈʆɽʅɽʈɻɽʊʀʂɸ, ɽʃɽʂʊʈʆʊɽʍʅɯʂɸ ʊɸ ɽʃɽʂʊʈʆʄɽʍɸʅɯʂɸ 
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ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʰʣʷʭʦʤ ʩʫʤʫʚʘʥʥʷ ʚʠʨʦʙʣʝʥʠʭ ʦʙʩʷʛʽʚ ʟʘ ʧʝʚʥʽ ʯʘʩʦʚʽ 

ʽʥʪʝʨʚʘʣʠ. ʌʦʨʤʫʣʘ ʨʦʟʨʘʭʫʥʢʫ: 

 

                                        ὔὸ ВὌȟ ὸ                                                           σ 

 

ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʥʘʢʦʧʠʯʝʥʥʷ, ʪʘʢʠʭ ʷʢ: ʨʽʟʥʘ ʻʤʥʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ, 

ʨʽʟʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʨʽʟʥʘ ʜʠʥʘʤʽʢʘ ʥʘʢʦʧʠʯʝʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʢʦʧʠʯʝʥʦʾ ʝʥʝʨʛʽʾ, ʪʦʱʦ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʨʽʚʥʷ ʟʘʧʘʩʽʚ ʚʦʜʥʶ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʧʦʢʨʠʪʪʷ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘʢʦʧʠʯʝʥʦʶ ʝʥʝʨʛʽʻʶ ʟ ɺɼɽ. ɸʥʘʣʽʟ ʦʭʦʧʣʶʻ 

ʯʘʩʦʚʽ ʧʝʨʽʦʜʠ ʚʽʜ 1-ʻʾ ʜʦʙʠ ʜʦ ʢʘʣʝʥʜʘʨʥʦʛʦ ʨʦʢʫ. 

ɺ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʧʦʻʜʥʘʥʽ ʽ ʜʦʧʦʚʥʶʶʪʴ ʦʜʠʥ ʦʜʥʦʛʦ ʪʘʢʽ ʤʝʪʦʜʠ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢ:  

ü ɼʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ï ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʛʦʜʠʥʥʫ ʜʠʩʢʨʝʪʠʟʘʮʽʶ ʜʣʷ 

ʚʽʜʩʪʝʞʝʥʥʷ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʚ ʯʘʩʽ. 

ü ʉʪʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ï ʟʘʩʪʦʩʦʚʫʻ ʩʪʘʣʽ ʧʘʨʘʤʝʪʨʠ (ʂʂɼ, ʧʦʪʫʞʥʽʩʪʴ 

ʝʣʝʢʪʨʦʣʽʟʝʨʽʚ ʪʦʱʦ) ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ. 

ü ʉʪʦʭʘʩʪʠʯʥʝ (ʩʮʝʥʘʨʥʝ) ʤʦʜʝʣʶʚʘʥʥʷ ï ʦʮʽʥʶʻ ʚʧʣʠʚ ʩʝʟʦʥʥʠʭ ʟʤʽʥ ʽ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. 

ü ʆʧʪʠʤʽʟʘʮʽʡʥʽ ʤʝʪʦʜʠ ʪʘ ʯʠʩʝʣʴʥʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ï ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʦʰʫʢʫ ʥʘʡʢʨʘʱʠʭ ʨʝʞʠʤʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ ʪʘ ʡʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ. 

ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ 

ʚʦʜʥʶ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʽʩʪʴ ʽ ʡʤʦʚʽʨʥʦ ʽʥʪʝʛʨʫʚʘʪʠ ʥʘʜʣʠʰʢʦʚʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʫ ʻʜʠʥʫ ʝʥʝʨʛʦʩʠʩʪʝʤʫ ʋʢʨʘʾʥʠ ʜʣʷ ʧʦʛʘʰʝʥʥʷ 

ʧʽʢʦʚʠʭ ʧʨʦʩʘʜʦʢ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ. ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʠʪʴ ʧʦʩʧʨʠʷʪʠ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ, ʦʙˇʨʫʥʪʫʚʘʥʥʶ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʚʦʜʥʝʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʢʨʘʾʥʠ ʚ 

ʧʽʩʣʷʚʦʻʥʥʦʤʫ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ. 
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ʋɼʂ 65.011.56 

 

ɹʦʡʢʦ ʆ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʢʘʬʝʜʨʠ ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ 

ɺʦʩʢʦʙʦʡʥʠʢ ɭ., ʘʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʈʆɿʈʆɹʂɸ ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ ʉʀʉʊɽʄʀ 

ʂɽʈʋɺɸʅʅʗ ʉʊɸʅʆʄ ˆʈʋʅʊʋ ɺɽʈʄʀʌɽʈʄʀ 

 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʇɿ) ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʇɿ 

ʥʠʞʥʴʦʛʦ ʪʘ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʽʚ. ɼʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ ʚʽʜʥʦʩʠʪʴʩʷ 

ʇɿ ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʥʪʨʦʣʝʨʽʚ, ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʣʦʛʽʯʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ, ʦʜʥʦʧʣʘʪʥʠʭ 

ʢʦʥʪʨʦʣʝʨʽʚ ʪʘ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ ʢʝʨʫʚʘʥʥʷ. ɼʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʘʣʽʟʫʻ 

ʘʣʛʦʨʠʪʤʠ ʢʝʨʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʪʘ ʤʦʞʝ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʩʘʤʦʩʪʽʡʥʦ ʙʝʟ ʇɿ 

ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʣʶʜʠʥʦ-ʤʘʰʠʥʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʮʝʩ ʢʝʨʫʚʘʥʥʷ, ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʦʨʫ 

ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʡʦʛʦ ʧʘʨʘʤʝʪʨʠ ʪʘ ʨʝʻʩʪʨʫʻ ʦʪʨʠʤʫʚʘʥʽ ʜʘʥʽ [1]. 

ɸʚʪʦʨʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʩʪʝʥʜ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʩʪʘʥʦʤ ˇʨʫʥʪʫ ʜʚʦʭ ʚʝʨʤʠʬʝʨʤ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʢʝʨʫʚʘʥʥʷ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʇɿ ʢʦʥʪʨʦʣʝʨʘ WEMOS D1 R32 ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

SCADA ʩʠʩʪʝʤʠ zenon Supervisor 7.10. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ ʨʝʘʣʽʟʫʻ ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ ʩʪʘʥʦʤ 

ˇʨʫʥʪʫ ʚʝʨʤʠʬʝʨʤʠ ʟʘ ʛʦʜʠʥʥʠʢʦʤ (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1 ï ɸʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ ʩʪʘʥʦʤ ˇʨʫʥʪʫ ʚʝʨʤʠʬʝʨʤʠ 

 

ʇʦ ʜʦʩʷʛʥʝʥʥʶ ʯʘʩʫ ʧʦʣʠʚʫ ʚʠʢʦʥʫʻʪʴʩʷ ʡʦʛʦ ʬʽʢʩʘʮʽʷ ʪʘ ʯʘʩʫ ʧʦʜʘʯʽ ʚʦʜʠ, 

ʚʢʣʶʯʘʻʪʴʩʷ ʥʘʩʦʩ. ʋ ʥʘʩʪʫʧʥʠʭ ʮʠʢʣʘʭ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʟʘʢʽʥʯʝʥʥʷ ʯʘʩʫ ʧʦʜʘʯʽ ʚʦʜʠ ̫ ʢʱʦ 
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ʜʘʥʘ ʧʦʜʽʷ ʱʝ ʥʝ ʥʘʩʪʘʣʘ ʚʽʥ ʟʤʝʥʰʫʻʪʴʩʷ. ʇʦ ʟʘʢʽʥʯʝʥʥʶ ʯʘʩʫ ʧʦʜʘʯʽ ʚʦʜʠ ʚʠʤʠʢʘʻʪʴʩʷ 

ʥʘʩʦʩ ʪʘ ʦʯʽʢʫʻʪʴʩʷ ʟʤʽʥʘ ʧʦʪʦʯʥʦʛʦ ʯʘʩʫ ʪʘʢʠʤ ʯʠʥʦʤ ʱʦʙ ʚʽʥ ʙʫʚ ʙʽʣʴʰʠʡ ʟʘ ʯʘʩ 

ʧʦʣʠʚʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʘʭʠʩʪ ʚʽʜ ʧʦʚʪʦʨʥʦʛʦ ʟʘʧʫʩʢʫ ʧʦʣʠʚʫ. ʆʩʪʘʥʥʻ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, 

ʱʦ ʯʘʩ ʧʦʣʠʚʫ ʟʘʜʘʻʪʴʩʷ ʫ ʛʦʜʠʥʘʭ ʪʘ ʭʚʠʣʠʥʘʭ, ʘ ʯʘʩ ʧʦʜʘʯʽ ʚʦʜʠ ʟʘʜʘʻʪʴʩʷ ʫ ʩʝʢʫʥʜʘʭ. 

ʈʦʟʨʦʙʣʝʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʮʝʩ ʢʝʨʫʚʘʥʥʷ 

ʩʪʘʥʦʤ ˇʨʫʥʪʫ ʜʚʦʭ ʚʝʨʤʠʬʝʨʤ, ʜʦʟʚʦʣʷʻ ʟʘʜʘʚʘʪʠ ʯʘʩ ʧʦʣʠʚʫ ʪʘ ʯʘʩ ʧʦʜʘʯʽ ʚʦʜʠ, 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʧʝʨʝʚʦʜʠʪʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʫ ʨʫʯʥʠʡ 

ʨʝʞʠʤ ʨʦʙʦʪʠ ʪʘ ʚʢʣʶʯʘʪʠ / ʚʠʢʣʶʯʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʥʘʩʦʩʠ (ʨʠʩ. 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʃʶʜʠʥʦ-ʤʘʰʠʥʥʠʡ ʽʥʪʝʨʬʝʡʩ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʩʪʘʥʦʤ ˇʨʫʥʪʫ 

ʚʝʨʤʠʬʝʨʤʠ 

 

ʇʝʨʝʚʽʨʢʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʩʪʘʥʦʤ 

ˇʨʫʥʪʫ ʚʝʨʤʠʬʝʨʤʠ ʧʦʢʘʟʘʣʘ, ʱʦ ʚʦʥʦ ʬʫʥʢʮʽʦʥʫʻ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ. ʋ ʷʢʦʩʪʽ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ʧʦ ʟʘʤʦʚʯʝʥʥʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ñɿʘ ʛʦʜʠʥʥʠʢʦʤò. ʇʦ ʜʦʩʷʛʥʝʥʥʶ ʯʘʩʫ ʧʦʣʠʚʫ 

ʚʤʠʢʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ ʥʘʩʦʩ ʪʘ ʧʨʘʮʶʻ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʧʦʜʘʯʽ ʚʦʜʠ. ʇʦ ʜʦʩʷʛʥʝʥʥʶ ʯʘʩʫ 

ʧʦʣʠʚʫ ʥʘʩʪʫʧʥʦʛʦ ʜʥʷ ʮʠʢʣ ʧʦʚʪʦʨʶʻʪʴʩʷ. ɿʚôʷʟʦʢ ʤʽʞ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʠʞʥʴʦʛʦ ʪʘ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʙʘʟʽ ʙʝʟʜʨʦʪʦʚʦʾ ʤʝʨʝʞʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʨʦʪʦʢʦʣʫ Modbus TCP. ʅʘʣʘʰʪʫʚʘʥʥʷ ʪʘ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ 

ʣʶʜʠʥʦ-ʤʘʰʠʥʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʠʞʥʴʦʛʦ 

ʨʽʚʥʷ. ʇʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʢʝʨʫʚʘʥʥʷ ʩʪʘʥʦʤ ˇʨʫʥʪʫ 

ʚʝʨʤʠʬʝʨʤʠ ʥʘ ʚʝʣʠʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ʇʫʰʢʘʨʴ ʄ.ʉ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ: ʥʘʚʯ. ʧʦʩʽʙʥʠʢ / ʄ.ʉ. 

ʇʫʰʢʘʨʴ, ʉ.ʄ. ʇʨʦʮʝʥʢʦ. ï ɼ.: ʅʘʮʽʦʥʘʣʴʥʠʡ ʛʽʨʥʠʯʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 2013. ï 268 ʩ. 
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ʋɼʂ 621.3                                                 

 

ɿʠʙʘʣʦʚ ɼ.ʉ. ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 151 ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʢʦʤʧôʶʪʝʨʥʦ-

ʽʥʪʝʛʨʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɹʫʙʣʽʢʦʚ ɸ.ɺ., ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ 

ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʄɽʊʆɼ ɺʀʄɯʈʖɺɸʅʅʗ ʍɺʀʃʔʆɺʆɻʆ ʆʇʆʈʋ ʂɸʆʂʉʀɸʃʔʅʆɻʆ ɼʈʆʊʋ 

 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʩʝʨʝʜ ʨʦʟʨʦʙʥʠʢʽʚ ʨʘʜʽʦʘʧʘʨʘʪʫʨʠ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʪʘ ʧʝʨʝʚʽʨʢʘ ʭʚʠʣʴʦʚʦʛʦ ʦʧʦʨʫ ʢʘʦʢʩʠʘʣʴʥʦʛʦ ʜʨʦʪʫ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʜʝʷʢʽ 

ʚʠʨʦʙʥʠʢʠ ʥʝ ʜʦʪʨʠʤʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʭʚʠʣʴʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʜʨʦʪʫ. ʋʟʛʦʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʭʚʠʣʴʦʚʦʛʦ ʦʧʦʨʫ ʜʨʦʪʫ ʜʦ ʦʧʦʨʫ ʚʭʦʜʫ ʘʙʦ 

ʚʠʭʦʜʫ ʧʨʠʩʪʨʦʶ ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʚʽʜʙʠʪʪʷ ʩʠʛʥʘʣʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʾ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʪʦʤʫ ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʭʚʠʣʴʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʜʨʦʪʫ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʧʨʠ ʧʝʨʝʜʘʯʽ ʪʘ ʧʨʠʡʦʤʽ ʩʠʛʥʘʣʫ. 

ʇʨʠʥʮʠʧ ʚʠʤʽʨʶʚʘʥʥʷ ʭʚʠʣʴʦʚʦʛʦ ʦʧʦʨʫ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʥʘʣʽʟʽ ʧʨʦʭʦʜʞʝʥʥʷ 

ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʽʟ ʟʘʜʘʥʦʶ ʯʘʩʪʦʪʦʶ ʯʝʨʝʟ ʣʘʥʮʶʛ ʽʟ ʢʦʤʧʣʝʢʩʥʠʤ ʦʧʦʨʦʤ ʽʟ 

ʧʦʜʘʣʴʰʠʤ ʧʦʨʽʚʥʷʥʥʷʤ ʟ ʦʧʦʨʥʦʶ ʥʘʧʨʫʛʦʶ. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʨʠʣʘʜʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɸʥʪʝʥʥʠʡ ʘʥʘʣʽʟʘʪʦʨ 

 

ʎʝʡ ʧʨʠʣʘʜ ʚʽʜʦʙʨʘʞʘʻ ʭʚʠʣʴʦʚʠʡ ʦʧʽʨ (Z0)  ʪʘ ʜʦʚʞʠʥʫ (Length) ʧʽʜôʻʜʥʘʥʦʛʦ 

ʜʨʦʪʫ.  

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ, ʥʝʦʙʭʽʜʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʜʨʦʪʫ ʚʠʟʥʘʯʠʪʠ ʭʚʠʣʴʦʚʠʡ ʦʧʽʨ ʪʘ ʧʦʨʽʚʥʷʪʠ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ 

ʨʝʘʣʴʥʠʤʠ.  

ʉʝʨʝʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʨʦʪʫ. ʂʘʦʢʩʽʘʣʴʥʠʡ ʜʨʽʪ ʫ ʧʝʨʝʨʽʟʽ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.  

  

 
ʈʠʩʫʥʦʢ 2 ï ʂʘʦʢʩʠʘʣʴʥʠʡ ʜʨʽʪ ʫ ʧʝʨʝʨʽʟʽ 

ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʚʠʤʽʨʷʪʠ ʜʽʘʤʝʪʨʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʘ ʝʢʨʘʥʫʶʯʦʛʦ  ʧʨʦʚʽʜʥʠʢʽʚ 

ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʟ ʷʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʛʦʪʦʚʣʝʥʘ ʽʟʦʣʷʮʽʷ ʤʽʞ ʮʝʥʪʨʘʣʴʥʠʤ ʪʘ ʝʢʨʘʥʫʶʯʠʤ 

ʧʨʦʚʽʜʥʠʢʘʤʠ.  ɼʘʣʽ ʪʨʝʙʘ ʚʩʪʘʥʦʚʠʪʠ ʟ ʷʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʛʦʪʦʚʣʝʥʦ ʜʽʝʣʝʢʪʨʠʢ. 

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʜʨʦʪʽʚ ʟ ʨʽʟʥʠʤʠ ʜʽʝʣʝʢʪʨʠʢʘʤʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.  
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ʈʠʩʫʥʦʢ 3 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʜʨʦʪʽʚ 

 

ɿʘ ʬʦʨʤʫʣʦʶ 1 ʨʦʟʨʘʭʫʚʘʪʠ ʭʚʠʣʴʦʚʠʡ ʦʧʽʨ ʜʨʦʪʫ [1]. 
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ʜʝ 0m - ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʝʥʽʩʪʴ ʚʘʢʫʫʤʘ,0ʩ- ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ,re- ʜʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʝʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ[2],D - ʜʽʘʤʝʪʨ ʝʢʨʘʥʘ,d - ʜʽʘʤʝʪʨ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʚʽʜʥʠʢʘ. 

 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʚ ʧʨʠʜʙʘʥʠʡ ʜʨʽʪ RG-174/U ʟ ʭʚʠʣʴʦʚʠʤ ʦʧʦʨʦʤ 50 

ʆʤ. ʐʪʘʥʛʝʣʴʮʠʨʢʫʣʝʤ ʙʫʣʠ ʚʠʤʽʨʷʥʽ ʜʽʘʤʝʪʨʠ. ʄʘʪʝʨʽʘʣ ʽʟʦʣʷʮʽʾ ïʧʦʣʽʝʪʠʣʝʥ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʝʜʝʥʦ ʚ ʧʘʢʝʪʽ MathCad [3] ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 4. 

 
ʈʠʩʫʥʦʢ 4 ï  ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʢʘʦʢʩʠʘʣʴʥʦʛʦ ʜʨʦʪʫ ʚ ʧʘʢʝʪʽ MathCad 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʦʩʪʦʚʽʨʥʽʩʪʴ  ʤʝʪʦʜʫ 

ʚʠʟʥʘʯʝʥʥʷ ʭʚʠʣʴʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ  ʢʘʦʢʩʠʘʣʴʥʦʛʦ ʜʨʦʪʫ ʟʘ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʘʢʪʠʯʥʦ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʥʪʝʥʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ, ʱʦ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 4. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʘʥʪʝʥʥʠʡ ʘʥʘʣʽʟʘʪʦʨ LiteVNA 64 ʪʘ 

ʰʪʘʥʛʝʣʴʮʠʨʢʫʣʴ ʟ ʪʦʯʥʽʩʪʶ 0.02 ʤʤ. 
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ʇʝʨʯʝʥʢʦ ɸ.ɺ. ʘʩʧʽʨʘʥʪ ʛʨʫʧʠ 174ɸ-24-10 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʅʦʚʠʮʴʢʠʡ ɯ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʽʙʝʨʬʽʟʠʯʥʠʭ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʂʈʀʊɽʈɯʖ ɸɺʊʆʄɸʊʀʏʅʆɻʆ ʂɽʈʋɺɸʅʅʗ 

ʇʈʆʎɽʉʆʄ ɼʈʆɹʃɽʅʅʗ ʋ ɼʈʆɹɸʈʂɸʍ ʂɺʂɼ 

 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʫ ɼʇʂ ʫʤʦʚʥʦ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ: 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʜʨʦʙʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʽ ʢʦʥʚʝʻʨʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʪʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʦʮʝʩ ʜʨʦʙʣʝʥʥʷ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʢʦʤʧʣʝʢʩʫ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʜʨʦʙʘʨʢʠ, ʷʢʘ ʻ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʠʤ ʘʧʘʨʘʪʦʤ ʫ ʩʠʩʪʝʤʽ. ɺʠʩʦʢʝ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʨʠ ʥʝʝʬʝʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʜʨʦʙʘʨʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʽʜʚʠʱʝʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʪʘ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʢʦʤʧʣʝʢʩʫ 

[1]. 

ʂʦʥʩʪʨʫʢʮʽʷ ʜʨʦʙʘʨʢʠ ʂɺʂɼ ʧʝʨʝʜʙʘʯʘʻ ʚʽʣʴʥʝ ʧʨʦʭʦʜʞʝʥʥʷ ʰʤʘʪʢʽʚ ʨʫʜʠ ʢʣʘʩʫ 

<200 ʤʤ ʯʝʨʝʟ ʢʘʤʝʨʫ ʜʨʦʙʣʝʥʥʷ ʚ ʟʦʥʽ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʪʦʜʽ ʷʢ ʙʽʣʴʰ ʢʨʫʧʥʽ ʰʤʘʪʢʠ (>200 

ʤʤ) ʧʽʜʣʷʛʘʶʪʴ ʧʦʜʨʽʙʥʝʥʥʶ. ʊʘʢʘ ʦʩʦʙʣʠʚʽʩʪʴ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʧʠʪʦʤʫ ʝʥʝʨʛʦʻʤʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʚ ʜʨʦʙʘʨʮʽ ʂɺʂɼ 1200/200 ʧʦʨʽʚʥʷʥʦ ʟ ʜʨʦʙʘʨʢʦʶ ʂʂɼ 1500/180. ʆʜʥʘʢ, ʧʨʠ 

ʧʝʚʥʦʤʫ ʚʭʽʜʥʦʤʫ ʧʦʪʦʮʽ ὗᶻ ʯʘʩʪʠʥʘ ʤʽʣʢʦʾ ʨʫʜʠ <200 ʤʤ ʤʦʞʝ ʥʝ ʚʩʪʠʛʘʪʠ ʧʨʦʩʠʧʘʪʠʩʷ 
ʢʨʽʟʴ ʱʽʣʠʥʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʾ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʟʦʥʽ ʜʨʦʙʣʝʥʥʷ ʨʘʟʦʤ ʽʟ ʢʨʫʧʥʠʤʠ 

ʬʨʘʢʮʽʷʤʠ. ʎʝ ʩʧʨʠʯʠʥʷʻ ʜʦʜʘʪʢʦʚʝ ʧʦʜʨʽʙʥʝʥʥʷ ʜʨʽʙʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʽʜʚʠʱʫʻ ʧʠʪʦʤʝ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʧʨʠʩʢʦʨʶʻ ʟʥʦʩ ʙʨʦʥʽ ʯʘʰʽ ʪʘ ʢʦʥʫʩʘ, ʘ ʪʘʢʦʞ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ 

ʘʚʘʨʽʡʥʝ ʟʘʧʨʝʩʦʚʫʚʘʥʥʷ ʢʘʤʝʨʠ ʜʨʦʙʣʝʥʥʷ. ʋ ʭʦʜʽ ʨʦʙʦʪʠ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ 

ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʫʥʘ ʚʽʜ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʨʦʙʘʨʢʠ ʟʘ ʚʠʭʽʜʥʦʶ 

ʨʫʜʦʶ [2,3]. ʅʘ ʨʠʩʫʥʢʫ 1 ʚʽʜʦʙʨʘʞʝʥʘ ʮʷ ʟʘʣʝʞʥʽʩʪʴ, ʜʝ ʧʦʟʥʘʯʝʥʽ: ὖ ï ʧʦʪʫʞʥʽʩʪʴ, ὗ ï 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ὖxx - ʧʦʪʫʞʥʽʩʪʴ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ,  ὖ̖̖̔̍ - ʧʦʪʫʞʥʽʩʪʴ ʫʤʦʚʥʦʛʦ ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʫ, ὖʜʨ - ʧʦʪʫʞʥʽʩʪʴ, ʚʠʪʨʘʯʝʥʘ ʥʘ ʜʨʦʙʣʝʥʥʷ ʢʨʫʧʥʠʭ ʰʤʘʪʢʽʚ, ὖʪʨ - ʧʦʪʫʞʥʽʩʪʴ ʥʘ 

ʜʨʦʙʣʝʥʥʷ (ʩʪʠʨʘʥʥʷ) ʜʨʽʙʥʠʭ ʰʤʘʪʢʽʚ.   

 

ʈʠʩʫʥʦʢ 1 - ɿʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʜʨʦʙʘʨʢʠ ʚʽʜ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 
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ʗʢʱʦ ὖʭʭʫʤ ʤʝʥʰʝ ʥʫʣʷ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʠʭ ʝʥʝʨʛʦʟʘʪʨʘʪ Ὡ  (ʜʝ 

ὖ ï ʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʨʦʙʘʨʢʠ, ʘ ὗ ï ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ) ʤʘʻ ʝʢʩʪʨʝʤʫʤ ʤʽʥʽʤʫʤ (ʨʠʩʫʥʦʢ 

2) [4]. 

ʎʝʡ ʤʽʥʽʤʫʤ ʦʟʥʘʯʘʻ, ʱʦ ʽʩʥʫʻ ʦʧʪʠʤʘʣʴʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ὗʦʧʪ, ʧʨʠ ʷʢʽʡ ʧʠʪʦʤʽ 
ʝʥʝʨʛʦʟʘʪʨʘʪʠ ʜʦʩʷʛʘʶʪʴ ʥʘʡʤʝʥʰʦʛʦ ʟʥʘʯʝʥʥʷ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʠ ὗʦʧʪ ʜʨʦʙʘʨʢʘ 
ʧʨʘʮʶʻ ʫ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ, ʚʠʪʨʘʯʘʶʯʠ ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ 

ʥʘ ʦʜʠʥʠʮʶ ʧʨʦʜʫʢʮʽʾ. 

ʎʷ ʦʩʦʙʣʠʚʽʩʪʴ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʘʚʪʦʤʘʪʠʯʥʫ ʝʢʩʪʨʝʤʘʣʴʥʫ ʧʦʰʫʢʦʚʫ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ ʙʫʜʝ ʢʦʨʠʛʫʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʨʦʙʘʨʢʠ, ʫʪʨʠʤʫʶʯʠ ʾʾ ʚ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʩʘʤʦʥʘʩʪʨʦʶʚʘʥʥʷ, ʘʥʘʣʽʟʫʶʯʠ ʧʦʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ὖ ʽ Ὡ ʪʘ ʘʜʘʧʪʫʶʯʠ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ 
ʜʨʦʙʘʨʢʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʽʥʽʤʘʣʴʥʠʭ ʝʥʝʨʛʦʚʠʪʨʘʪ [5]. 

 

ʈʠʫʥʦʢ 2 - ɿʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʠʭ ʝʥʝʨʛʦʚʠʪʨʘʪ ʜʨʦʙʘʨʢʠ  ʚʽʜ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʊʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʜ ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʠʭ ʝʥʝʨʛʦʟʘʪʨʘʪ, ʷʢʘ ʤʘʻ 

ʝʢʩʪʨʝʤʫʤ ʤʽʥʽʤʫʤ. ʎʝ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʧʦʰʫʢʦʚʫ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʜʨʦʙʘʨʢʠ ʂɺʂɼ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʦʙʦʪʫ ʫ ʨʝʞʠʤʽ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʜʘʻ ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʨʝʞʠʤ ʨʦʙʦʪʠ ʜʨʦʙʘʨʢʠ, ʟʤʝʥʰʠʪʠ ʧʝʨʝʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ, ʟʥʠʟʠʪʠ ʟʥʦʩ ʨʦʙʦʯʠʭ ʝʣʝʤʝʥʪʽʚ 

ʪʘ ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʨʦʙʠʣʴʥʦ-ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 
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ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ɸɺʊʆʄɸʊʀɿɸʎɯʗ ʇʈʆʎɽʉʋ ʂʆʅʊʈʆʃʖ ʗʂʆʉʊɯ ʇʈʆɼʋʂʎɯɰ 

ɼɽʅʊɸʃʔʅʆɰ ɯʄʇʃɸʅʊɸʎɯɰ 

 

ʂʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʝʪʘʧʽʚ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʜʝʥʪʘʣʴʥʠʭ 

ʽʤʧʣʘʥʪʘʪʽʚ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʫ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʨʦʮʝʩʫ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʥʘ 

ʩʫʯʘʩʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʽʤʧʣʘʥʪʘʪʽʚ ʟʜʝʙʽʣʴʰʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʨʫʯʥʫ 

ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʜʫʢʮʽʾ. ʇʨʦʮʝʩ ʚʢʣʶʯʘʻ 

ʨʫʯʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʚʽʟʫʘʣʴʥʠʡ ʦʛʣʷʜ ʧʽʜ ʤʽʢʨʦʩʢʦʧʦʤ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʤʘʻ ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ, ʩʝʨʝʜ ʷʢʠʭ: ʚʠʩʦʢʽ ʚʠʪʨʘʪʠ ʯʘʩʫ, ʤʦʞʣʠʚʽʩʪʴ ʧʦʤʠʣʦʢ 

ʯʝʨʝʟ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ ʽ ʩʢʣʘʜʥʽʩʪʴ ʩʚʦʻʯʘʩʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ, ʱʦ ʟʥʠʞʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʤʦʞʝ ʤʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʙʣʝʤ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʟʦʨʫ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʤʦʞʝ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʽ ʰʚʠʜʢʽʩʪʴ ʢʦʥʪʨʦʣʶ, ʫʩʫʥʫʚʰʠ ʚʧʣʠʚ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ 

ʪʘ ʩʢʦʨʦʪʠʚʰʠ ʯʘʩ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʧʨʦʮʝʩ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʜʝʥʪʘʣʴʥʦʾ ʽʤʧʣʘʥʪʘʮʽʾ ʤʦʞʣʠʚʦ 

ʯʘʩʪʢʦʚʦ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʽʥʴʦʚʽ ʦʧʪʠʯʥʽ ʧʨʦʻʢʪʦʨʠ ʪʘ 

ʦʧʪʠʯʥʽ ʚʠʤʽʨʶʚʘʯʽ ʜʚʦʚʠʤʽʨʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʇʝʨʰʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʻʢʮʽʶ ʪʽʥʽ ʚʠʨʦʙʫ 

ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʡʦʛʦ ʨʦʟʤʽʨʽʚ, ʦʜʥʘʢ ʾʭʥʷ ʪʦʯʥʽʩʪʴ ʦʙʤʝʞʝʥʘ, ʘ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ 

ʧʦʚʝʨʭʥʶ ʚʠʨʦʙʫ ʚʽʜʩʫʪʥʷ [1]. ɼʨʫʛʽ ʦʩʥʘʱʝʥʽ ʤʽʢʨʦʩʢʦʧʘʤʠ ʟ ʢʘʤʝʨʘʤʠ, ʱʦ ʧʝʨʝʜʘʶʪʴ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʢʦʤʧôʶʪʝʨ, ʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʪʦʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʘʣʝ ʪʘʢʦʞ 

ʧʦʪʨʝʙʫʶʪʴ ʫʯʘʩʪʽ ʣʶʜʠʥʠ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʚʠʤʽʨʶʚʘʥʴ [2]. 

ʆʜʥʠʤ ʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʨʽʰʝʥʴ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʤʘʰʠʥʥʦʛʦ ʟʦʨʫ, ʷʢʽ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʽ ʪʘ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ. ʇʝʨʰʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʘʤʝʨʠ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʪʘ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʦʯʥʝ ʽ ʰʚʠʜʢʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʦʜʥʘʢ ʜʣʷ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʜʝʥʪʘʣʴʥʠʭ 

ʽʤʧʣʘʥʪʘʪʽʚ ʾʭʥʽʭ ʤʦʞʣʠʚʦʩʪʝʡ ʥʝʜʦʩʪʘʪʥʴʦ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʪʘʪʥʴʦʛʦ 

ʦʧʪʠʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʪʘ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʫ ʪʦʯʥʽʩʪʴ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʨʦʟʤʽʨʽʚ 

ʜʨʽʙʥʠʭ ʦʙôʻʢʪʽʚ. ɼʨʫʛʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʘʤʝʨʠ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʪʘ 

ʢʦʥʪʨʦʣʝʨʘ ʘʙʦ ʢʦʤʧôʶʪʝʨʘ ʜʣʷ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ. ɼʣʷ ʘʥʘʣʽʟʫ ʤʘʣʠʭ ʦʙôʻʢʪʽʚ ʜʦʮʽʣʴʥʦ 

ʨʘʟʦʤ ʟ ʢʘʤʝʨʦʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʽʢʨʦʩʢʦʧ ʟ ʪʝʣʝʮʝʥʪʨʠʯʥʦʶ ʣʽʥʟʦʶ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʙʝʟ ʦʧʪʠʯʥʠʭ ʩʧʦʪʚʦʨʝʥʴ. ʉʧʝʮʽʘʣʽʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʽʰʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ [3, 4]. ʋ 

ʛʘʣʫʟʽ ʜʝʬʝʢʪʦʩʢʦʧʽʾ ʚʽʜʦʤʽ ʨʽʰʝʥʥʷ, ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ USB-ʤʽʢʨʦʩʢʦʧʫ ʟ 

ʚʝʣʠʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʥʘ ʦʙôʻʢʪʘʭ ʧʽʜ ʯʘʩ ʦʙʝʨʪʘʥʥʷ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʚʠʷʚʣʷʪʠ ʜʝʬʝʢʪʠ ʟ ʨʽʟʥʠʭ ʩʪʦʨʽʥ ʚʠʨʦʙʽʚ [5]. 

ʋ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʨʦʙʠʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʶ 

ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʜʝʥʪʘʣʴʥʦʾ ʽʤʧʣʘʥʪʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʟʦʨʫ. ʉʠʩʪʝʤʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ USB-ʤʽʢʨʦʩʢʦʧ ʟ ʪʝʣʝʮʝʥʪʨʠʯʥʦʶ ʣʽʥʟʦʶ ʪʘ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 5 ʄʇ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʯʽʪʢʝ ʟʙʽʣʴʰʝʥʝ ʟʦʙʨʘʞʝʥʥʷ ʙʝʟ ʩʧʦʪʚʦʨʝʥʴ. ɼʣʷ ʦʙʨʦʙʢʠ 

ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʽʢʨʦʢʦʤʧôʶʪʝʨ, ʱʦ ʤʘʻ ʜʦʩʪʘʪʥʶ 

ʧʦʪʫʞʥʽʩʪʴ ʜʣʷ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʽ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɼʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʬʦʢʫʩʫʚʘʥʥʷ ʥʘ ʧʝʚʥʠʭ ʯʘʩʪʠʥʘʭ ʟʨʘʟʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠʚʽʜ, ʱʦ 

ʨʝʛʫʣʶʻ ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʙôʻʢʪʠʚʦʤ ʤʽʢʨʦʩʢʦʧʘ ʪʘ ʟʨʘʟʢʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʜʘʧʪʫʚʘʪʠ 

ʩʠʩʪʝʤʫ ʜʣʷ ʨʦʙʦʪʠ ʟ ʨʽʟʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʪʘ ʪʠʧʘʤʠ ʚʠʨʦʙʽʚ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʥʦʛʦ 
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ʦʛʣʷʜʫ ʟʨʘʟʢʘ ʩʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʥʰʠʡ ʧʨʠʚʽʜ, ʱʦ ʦʙʝʨʪʘʻ ʟʨʘʟʦʢ. ʊʘʢʘ ʩʪʨʫʢʪʫʨʘ 

ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʻ ʜʝʪʘʣʴʥʦ ʧʝʨʝʚʽʨʠʪʠ ʚʩʽ ʧʦʚʝʨʭʥʽ ʜʝʥʪʘʣʴʥʦʛʦ ʽʤʧʣʘʥʪʘʪʫ ʪʘ ʦʮʽʥʠʪʠ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ ʷʢʦʩʪʽ. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ 

 

ʋʟʘʛʘʣʴʥʝʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʝʪʘʧʽʚ. ʇʽʩʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʨʘʟʢʫ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʟʘʪʠʩʢʘʯ ʪʘ ʚʠʙʦʨʫ ʚ ʛʨʘʬʽʯʥʦʤʫ ʽʥʪʝʨʬʝʡʩʽ ʪʠʧʫ 

ʚʠʨʦʙʫ ʩʠʩʪʝʤʘ ʟʘʚʘʥʪʘʞʫʻ ʜʘʥʽ ʧʨʦ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʚʠʨʽʙ ʽ ʧʦʯʠʥʘʻ ʩʢʘʥʫʚʘʥʥʷ. ʋ ʧʨʦʮʝʩʽ 

ʩʢʘʥʫʚʘʥʥʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʶʻ ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʙôʻʢʪʠʚʦʤ ʪʘ ʟʨʘʟʢʦʤ, ʬʦʢʫʩʫʶʯʠʩʴ ʥʘ ʡʦʛʦ 

ʢʦʥʪʫʨʘʭ, ʽ ʚʠʤʽʨʶʻ ʡʦʛʦ ʨʦʟʤʽʨʠ. ʇʽʩʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ ʬʦʢʫʩ ʟʤʽʱʫʻʪʴʩʷ ʥʘ 

ʧʦʚʝʨʭʥʶ ʽ ʩʠʩʪʝʤʘ ʤʘʰʠʥʥʦʛʦ ʟʦʨʫ ʘʥʘʣʽʟʫʻ ʾʾ ʥʘ ʥʘʷʚʥʽʩʪʴ ʜʝʬʝʢʪʽʚ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʘʥʘʣʽʟʫ ʟʨʘʟʦʢ ʦʙʝʨʪʘʻʪʴʩʷ ʽ ʧʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ, ʧʦʢʠ ʟʨʘʟʦʢ ʥʝ ʙʫʜʝ ʦʛʣʷʥʫʪʦ ʟ ʫʩʽʭ 

ʩʪʦʨʽʥ. ɼʣʷ ʦʛʣʷʜʫ ʙʦʢʦʚʠʭ ʯʘʩʪʠʥ ʟʨʘʟʢʫ, ʚʽʥ ʧʝʨʝʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʽʜ ʢʫʪʦʤ 90Á 

ʚʝʨʪʠʢʘʣʴʥʦ, ʧʽʩʣʷ ʯʦʛʦ ʩʠʩʪʝʤʘ ʟʥʦʚʫ ʚʠʢʦʥʫʻ ʩʢʘʥʫʚʘʥʥʷ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʩʢʘʥʫʚʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʠ, ʚʢʣʶʯʘʶʯʠ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʦʧʠʩ ʟʥʘʡʜʝʥʠʭ ʜʝʬʝʢʪʽʚ, ʚʠʚʦʜʷʪʴʩʷ ʥʘ ʝʢʨʘʥ. 

ʈʦʟʨʦʙʢʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʜʝʥʪʘʣʴʥʠʭ ʽʤʧʣʘʥʪʘʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʟʦʨʫ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʚʽʨʢʠ 

ʧʨʦʜʫʢʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʩʢʦʧʘ ʟ ʪʝʣʝʮʝʥʪʨʠʯʥʦʶ ʣʽʥʟʦʶ, ʤʽʢʨʦʢʦʤʧôʶʪʝʨʘ ʜʣʷ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ̔  ʧʨʠʚʦʜʽʚ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʟʨʘʟʢʘ ʪʘ ʦʙôʻʢʪʠʚʘ ʜʦʟʚʦʣʠʪʴ ʚʠʢʣʶʯʠʪʠ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʪʘ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ, ʱʦ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. 
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IMPROVEMENT OF TECHNOLOGICAL SAFETY SYSTEMS AT MINING 

FACILITIES  

 

Nowadays, process safety at mining companies plays a key role in ensuring the efficiency 

and sustainability of production processes. The mining industry is one of the most hazardous 

industries, with high risks of accidents and incidents due to difficult mining and geological 

conditions, high gas pollution and the possibility of sudden emissions of methane and coal dust. 

Therefore, improving the process safety systems at mining enterprises is a priority task to 

increase the reliability of production processes and protect the lives of workers [1]. 

Effective degassing of mine workings is one of the key areas of mine safety, as methane 

released during coal mining poses a serious explosive threat. Modern technologies make it 

possible to remove gas from the massif by preliminary degassing coal deposits from the ground 

surface, coal seams degassing systems, mined spaces, etc. The introduction of digital solutions, 

such as automated monitoring and intelligent analytics, increases the efficiency of these 

systems, minimizing the risk of gas accumulation and sudden releases. 

One of the main causes of accidents at coal mines is the release of methane, which 

accumulates in the workings, posing a danger to miners and leading to forced production 

shutdowns. The risk of methane in mines depends on a variety of factors, including natural 

conditions, deposit characteristics, coal depth and rock properties, as well as the organization 

of mining, equipment condition and personnel training. The availability of modern control and 

protection systems plays a crucial role in reducing the likelihood of accidents [2]. 

One of the most effective ways to prevent such accidents is to remove methane from the 

seams before and during mining. This method helps to significantly reduce the concentration 

of methane in the mine air and reduce the risk of gas contamination. In addition to improving 

safety, it also helps to avoid cases of coal production stoppages caused by gassing of mine 

workings due to high methane gas content. In addition, the captured methane can be used as an 

energy source, making the mining process not only safer but also more cost-effective. 

Currently, the methane content in the air of mine workings is mostly monitored using 

thermocatalytic sensors, and in degassing systems, thermoconductometric sensors. The 

thermocatalytic method is widely used due to its simplicity, low cost, and high sensitivity. 

However, it is effective only at methane concentrations of up to 5 vol%, and at higher 

concentrations and with significant changes in the value of the concentration, such as those 

characteristic of methane-air mixtures in degassing pipelines, it does not provide the required 

control accuracy [3]. 

Thermoconductometric sensors are less sensitive, but they can measure methane 

concentrations over a wide range of concentrations and are not sensitive to changes in pressure. 

However, their accuracy can be affected by changes in temperature, humidity, and gas mixture 

composition. In addition, such sensors have a higher inertia, which limits their use in process 

safety systems. 

The use of microcontrollers in methane monitoring systems based on 

thermoconductometric sensors significantly increases the accuracy, reliability, and efficiency 

of measurements. One of the main advantages is digital data processing, which makes it 

possible to compensate for the nonlinearity of the thermocatalytic sensor signal at methane 

concentrations above 5%. This is especially important because at higher gas concentrations, 
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changes in the composition of the mixture, such as a decrease in oxygen content, can distort 

sensor readings. Thanks to microcontrollers, correction algorithms can be applied that take into 

account the influence of external factors such as temperature, humidity, and pressure, which 

significantly reduces measurement error and makes the system more resistant to environmental 

changes. 

Another significant improvement is the reduction of sensor inertia. Under normal 

conditions, such sensors react to changes in gas concentration with a delay, which can be critical 

in emergency situations. However, the use of microcontrollers makes it possible to use fast 

filtering and adaptive correction algorithms, which reduces the system response time. This 

makes it possible to quickly detect leaks or dangerous increases in methane levels, ensuring a 

timely response. 

In addition, microcontrollers allow for automatic diagnostics and calibration of sensors. 

Built-in self-diagnostic algorithms can monitor the condition of sensors, detect degradation of 

sensors, sensor contamination, and other malfunctions that affect measurement accuracy. 

Automatic calibration eliminates the need for frequent manual intervention, increasing system 

stability and reducing operating costs. 

Energy efficiency is also becoming an important factor when using microcontrollers. 

Optimized control algorithms allow you to adjust the operating modes of sensors, turning them 

on only when necessary, which reduces energy consumption. This is especially important for 

autonomous control systems that operate on battery power or in conditions of limited power 

supply. 

Another important aspect is to increase the reliability of the control equipment in difficult 

underground conditions. In mines and degassing systems, dust, steam, and other gas impurities 

can be present, which affect the accuracy of measurements. The use of microcontrollers makes 

it possible to apply algorithms for compensation, data filtering, and adaptation to changing 

conditions. This makes measurements more accurate and reliable even in aggressive 

environments. 

Conclusions. Improving the technological safety systems of mining enterprises is a 

crucial area of development for the mining industry, which ensures a reduction in accidents and 

an increase in production efficiency. One of the key aspects of improving safety is the 

development and optimization of degassing systems through the use of information technology 

by introducing microcontrollers into methane control systems based on thermoconductometric 

sensors, which significantly improves their accuracy, reduces inertia, increases reliability in 

difficult conditions and expands the possibilities of integration with modern digital systems. 

These technologies provide a higher level of safety at mining enterprises, allowing them to 

detect potential threats in a timely manner and minimize the risk of accidents. 
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COMPARISON OF DIFFERENT CHEBYSHEV POLYNOMIAL SYSTEMS FOR 

MFSD HEAVY -TAIL PROCESS PREDICTION  

 

Introduction and the results. We investigate continuous KolmogorovïWiener prediction 

of the MFSD heavy-tail process [1]. Our previous paper [2] was devoted to the corresponding 

investigation based on the Chebyshev polynomials of the first kind. This investigation is based 

on the Chebyshev polynomials of the second kind for the same parameters as indicated in [2]. 

The corresponding comparison of the mean absolute percentage errors (MAPEs) of the 

misalignment of the left-hand side and the right-hand side of the Wiener-Hopf integral equation 

is made. The results for the packet rate equal to 211 p/s are given in Table 1. 

Table 1. MAPE for different numbers n of ʉhebyshev polynomials of the second kind 

n ʄɸʈɽ, %  n ʄɸʈɽ, % 

1 27.39  7 3.49 

2 18.58  8 2.92 

3 11.77  9 2.03 

4 8.67  10 1.69 

5 6.01  11 1.57 

6 4.71  12 1.34 

As can be seen, the obtained results coincide with the corresponding results calculated on 

the basis of the Chebyshev polynomials of the first kind [2]. 

Conclusions and plans for the future. The results for the Chebyshev polynomials of the 

first kind are identical to the results for the Chebyshev polynomials of the second kind. It is 

expected that a similar situation will occur for other packet rates, not only for 211 p/s. The heavy-

tail processes are used in agriculture, see [3], so the considered approach may be used to not 

only to the traffic investigation [1], but also to agriculture. A plan for the future is to investigate 

the corresponding problem on the basis of another function set.  
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ɼʆʉʃɯɼɾɽʅʅʗ ʉʀʅʊɽʊʀʏʅʀʍ ɼɾɽʈɽʃ ɼɸʅʀʍ ʋ ʉʀʉʊɽʄɸʍ 

ʂʆʄʇ'ʖʊɽʈʅʆɻʆ ɿʆʈʋ ɹɽɿʇɯʃʆʊʅʀʍ ʃɯʊɸʃʔʅʀʍ ɸʇɸʈɸʊɯɺ 

 

 ʋ ʩʫʯʘʩʥʠʭ ʘʣʛʦʨʠʪʤʘʭ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ ʜʘʥʽ ʚʠʩʪʫʧʘʶʪʴ ʢʣʶʯʦʚʠʤ 

ʝʣʝʤʝʥʪʦʤ, ʚʽʜ ʷʢʦʛʦ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʷʢʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤ. ɺ 

ʫʤʦʚʘʭ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʚʝʣʠʯʝʟʥʘ 

ʢʽʣʴʢʽʩʪʴ ʷʢʽʩʥʦ ʘʥʦʪʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʯʠ ʚʽʜʝʦʤʘʪʝʨʽʘʣʽʚ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ 

ʤʦʜʝʣʝʡ, ʟʜʘʪʥʠʭ ʢʦʨʝʢʪʥʦ ʨʦʟʧʽʟʥʘʚʘʪʠ ʦʙôʻʢʪʠ, ʘʥʘʣʽʟʫʚʘʪʠ ʩʮʝʥʠ ʪʘ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ 

ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʫʯʘʩʥʽ ʩʠʤʫʣʷʪʦʨʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʛʝʥʝʨʫʚʘʪʠ ʚʠʩʦʢʦʷʢʽʩʥʽ ʩʠʥʪʝʪʠʯʥʽ ʜʘʥʽ ʜʣʷ ʩʠʩʪʝʤ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ ʙʝʟʧʽʣʦʪʥʠʭ 

ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. 

  ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʜʦʩʪʫʧʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʥʘʚʯʘʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʥʪʝʪʠʯʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ ʧʦʜʦʣʘʪʠ 

ʯʠʩʣʝʥʥʽ ʧʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟ ʦʪʨʠʤʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʟʦʢʨʝʤʘ: 

ǒ ʆʙʤʝʞʝʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʪʘ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʥʘʚʯʘʣʴʥʠʭ ʚʠʙʽʨʦʢ. ʈʝʘʣʴʥʽ ʜʘʥʽ 

ʯʘʩʪʦ ʩʢʣʘʜʥʦ ʟʜʦʙʫʪʠ ʯʝʨʝʟ ʧʦʪʨʝʙʫ ʫ ʩʧʝʮʠʬʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʪʨʫʜʦʤʽʩʪʢʠʡ ʧʨʦʮʝʩ 

ʘʥʦʪʫʚʘʥʥʷ ʪʘ ʨʝʛʫʣʷʪʦʨʥʽ ʦʙʤʝʞʝʥʥʷ. 

ǒ ʅʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ: ʈʝʘʣʴʥʽ ʜʘʥʽ ʤʦʞʫʪʴ ʥʝ ʦʭʦʧʣʶʚʘʪʠ ʚʩʽ 

ʥʝʦʙʭʽʜʥʽ ʩʮʝʥʘʨʽʾ ʧʦʣʴʦʪʫ ʪʘ ʟʤʽʥʥʽ ʫʤʦʚʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ 

ʜʣʷ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞ. 

 UnrealCV[1] ð ʧʣʘʛʽʥ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ, ʥʘ ʦʩʥʦʚʽ Unreal Engine 

4(UE4). ʊʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʩʠʥʪʝʪʠʯʥʠʭ ʜʘʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ 

ʪʨʫʜʦʤʽʩʪʢʠʤʠ ʪʘ ʦʙʤʝʞʝʥʠʤʠ ʫ ʚʘʨʽʘʪʠʚʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʩʦʢʦʷʢʽʩʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ UE4, UnrealCV ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʥʠʢʘʤ ʣʝʛʢʦ ʛʝʥʝʨʫʚʘʪʠ 

ʨʝʘʣʽʩʪʠʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʨʘʟʦʤ ʽʟ ʜʝʪʘʣʴʥʠʤʠ ʘʥʦʪʘʮʽʷʤʠ, ʚʢʣʶʯʘʶʯʠ ʤʘʩʢʠ ʦʙôʻʢʪʽʚ, 

ʢʘʨʪʠ ʛʣʠʙʠʥʠ ʪʘ ʥʦʨʤʘʣʽ ʧʦʚʝʨʭʥʽ. ɼʦʩʪʫʧ ʜʦ ʧʣʘʛʽʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʩʪʦʛʦ ʪʝʢʩʪʦʚʦʛʦ ʧʨʦʪʦʢʦʣʫ. ʎʷ ʘʨʭʽʪʝʢʪʫʨʘ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʽʨʪʫʘʣʴʥʽ 

ʢʘʤʝʨʠ ʪʘ ʧʘʨʘʤʝʪʨʠ ʩʮʝʥʠ, ʪʘʢʽ ʷʢ ʦʩʚʽʪʣʝʥʥʷ, ʧʦʣʦʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʽ ʤʘʪʝʨʽʘʣʠ. 

ɼʦʩʣʽʜʥʠʢʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʜʚʘ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʛʝʥʝʨʘʮʽʶ 

ʥʘʙʦʨʫ ʟʦʙʨʘʞʝʥʴ ʪʘ ʦʮʽʥʢʫ ʤʦʜʝʣʽ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʟʘ ʨʽʟʥʠʭ ʨʘʢʫʨʩʽʚ ʪʘ ʫʤʦʚ 

ʚʽʟʫʘʣʽʟʘʮʽʾ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ ʟʥʘʯʥʫ ʯʫʪʣʠʚʽʩʪʴ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʦʜʝʣʽ ʜʦ ʟʤʽʥ ʫ ʢʦʥʬʽʛʫʨʘʮʽʾ ʢʘʤʝʨʠ, ʪʘʢʠʤ ʯʠʥʦʤ ʧʽʜʢʨʝʩʣʶʶʯʠ 

ʮʽʥʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʨʦʟʫʤʽʥʥʷ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʦʙʤʝʞʝʥʴ. 

AirSim[2] ʧʨʝʜʩʪʘʚʣʷʻ ʢʦʤʧʣʝʢʩʥʫ ʧʣʘʪʬʦʨʤʫ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʘ ʦʙôʻʜʥʫʻ 

ʚʠʩʦʢʦʪʦʯʥʝ ʚʽʟʫʘʣʴʥʝ ʚʽʜʪʚʦʨʝʥʥʷ ʟ ʜʝʪʘʣʴʥʠʤ ʬʽʟʠʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʜʣʷ 

ʘʚʪʦʥʦʤʥʠʭ ʟʘʩʦʙʽʚ. ʉʠʤʫʣʷʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʻ UE4 ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʨʝʘʣʽʩʪʠʯʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʪʘ ʧʦʢʨʘʱʝʥʠʭ ʤʦʜʝʣʝʡ ʜʘʪʯʠʢʽʚ. ʉʠʤʫʣʷʪʦʨ ʨʝʘʣʽʟʫʻ ʤʦʜʫʣʴʥʫ ʩʪʨʫʢʪʫʨʫ 

ʜʠʥʘʤʽʢʠ ʘʧʘʨʘʪʽʚ ʽ ʥʘʜʽʡʥʠʡ ʬʽʟʠʯʥʠʡ ʨʫʰʽʡ, ʷʢʠʡ ʟʜʘʪʥʠʡ ʜʦ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ 

ʦʥʦʚʣʝʥʴ. ʇʣʘʪʬʦʨʤʘ ʨʦʟʨʦʙʣʝʥʘ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʩʠʥʪʝʪʠʯʥʠʭ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ, 

ʘʣʝ ʡ ʜʣʷ ʮʠʢʣʽʯʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʩʧʨʠʷʻ ʙʽʣʴʰ ʧʣʘʚʥʦʤʫ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʠʤʫʣʷʮʽʾ ʜʦ ʨʝʘʣʴʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. ɼʝʪʘʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ  ʧʦʨʽʚʥʶʶʪʴ 

ʟʤʦʜʝʣʴʦʚʘʥʽ ʪʨʘʻʢʪʦʨʽʾ ʧʦʣʴʦʪʫ ʟ ʜʘʥʠʤʠ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ, ʧʽʜʢʨʝʩʣʶʶʪʴ ʟʜʘʪʥʽʩʪʴ 

ʧʣʘʪʬʦʨʤʠ ʪʦʯʥʦ ʽʤʽʪʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʪʘ ʰʫʤʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʘʪʯʠʢʽʚ. AirSim ʥʘʜʘʻ ʮʽʣʽʩʥʫ ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʘ ʦʙôʻʜʥʫʻ ʨʝʘʣʽʩʪʠʯʥʫ 
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ʜʠʥʘʤʽʢʫ, ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ ʜʘʪʯʠʢʽʚ ʽ ʬʘʢʪʦʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʘʚʪʦʥʦʤʥʠʭ ʩʠʩʪʝʤ. 

Sim4CV[3] ð ʮʝ ʩʠʤʫʣʷʪʦʨ, ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ UE4 ʜʣʷ ʥʘʚʯʘʥʥʷ ʪʘ ʦʮʽʥʢʠ 

ʘʣʛʦʨʠʪʤʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ. ʆʩʥʦʚʥʽ ʚʥʝʩʢʠ ʚʢʣʶʯʘʶʪʴ ʧʨʦʮʝʜʫʨʥʫ ʛʝʥʝʨʘʮʽʶ 

ʩʚʽʪʫ, ʦʮʽʥʢʫ ʚʽʜʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ɹʇʃɸ ʧʣʘʪʬʦʨʤʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ 

ʤʦʜʫʣʴʥʠʡ ʧʽʜʭʽʜ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ʉʠʤʫʣʷʪʦʨ ʽʥʪʝʛʨʫʻ 

ɹʇʃɸ, ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʪʘ ʜʠʥʘʤʽʯʥʽ ʘʛʝʥʪʠ ʚ ʢʦʥʬʽʛʫʨʘʙʝʣʴʥʽ ʩʝʨʝʜʦʚʠʱʘ, 

ʩʪʚʦʨʶʶʯʠ ʩʠʥʪʝʪʠʯʥʽ ʜʘʥʽ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤʠ ʘʥʦʪʘʮʽʷʤʠ (ʥʘʧʨʠʢʣʘʜ, ʩʝʛʤʝʥʪʘʮʽʷ, 

ʛʣʠʙʠʥʘ). Sim4CV ʧʨʦʧʦʥʫʻ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ, ʚʢʣʶʯʘʶʯʠ ʧʨʦʮʝʜʫʨʥʫ ʛʝʥʝʨʘʮʽʶ ʩʚʽʪʫ 

ʜʣʷ ʫʩʫʥʝʥʥʷ ʧʨʦʛʘʣʠʥ ʫ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʜʣʷ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ. 

Unity Perception[4] ð ʮʝ ʧʘʢʝʪ, ʱʦ ʥʘʜʘʻ ʩʫʯʘʩʥʠʡ ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʛʝʥʝʨʘʮʽʾ 

ʘʥʦʪʦʚʘʥʠʭ ʩʠʥʪʝʪʠʯʥʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʜʣʷ ʟʘʚʜʘʥʴ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ. ʉʪʚʦʨʝʥʠʡ ʷʢ 

ʨʦʟʰʠʨʝʥʥʷ Unity Editor, ʧʨʦʧʦʥʫʻ ʛʥʫʯʢʠʡ ʬʨʝʡʤʚʦʨʢ, ʷʢʠʡ ʽʥʪʝʛʨʫʻ ʛʝʥʝʨʘʮʽʶ 

ʨʦʟʤʽʪʢʠ ʟ ʥʘʜʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʨʘʥʜʦʤʽʟʘʮʽʾ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʟʙʦʨʫ ʜʘʥʠʭ, 

ʡʦʛʦ ʧʽʜʭʽʜ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʮʝʜʫʨʥʽ ʚʘʨʽʘʮʽʾ ð ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʧʘʜʢʦʚʦʛʦ ʨʦʟʤʽʱʝʥʥʷ 

ʦʙôʻʢʪʽʚ, ʪʝʢʩʪʫʨ, ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʢʘʤʝʨʠ ð ʜʣʷ ʰʚʠʜʢʦʛʦ ʩʪʚʦʨʝʥʥʷ ʚʝʣʠʢʠʭ 

ʦʙʩʷʛʽʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ, ʽʜʝʘʣʴʥʦ ʘʥʦʪʦʚʘʥʠʭ ʜʘʥʠʭ. ʂʣʶʯʦʚʦʶ ʧʝʨʝʚʘʛʦʶ Unity 

Perception ʻ ʡʦʛʦ ʨʦʟʰʠʨʶʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʨʘʥʜʦʤʽʟʘʮʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʥʠʢʘʤ 

ʩʠʩʪʝʤʘʪʠʯʥʦ ʟʤʽʥʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʛʝʥʝʨʫʚʘʪʠ ʨʽʜʢʽʩʥʽ ʩʮʝʥʘʨʽʾ, ʷʢʽ 

ʚʘʞʢʦ ʚʽʜʦʙʨʘʟʠʪʠ ʚ ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ. ʇʘʢʝʪ ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʣʝʛʢʫ ʩʭʝʤʫ ʥʘ ʦʩʥʦʚʽ JSON 

ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʜʘʥʠʤʠ, ʱʦ ʩʧʨʠʷʻ ʰʚʠʜʢʽʡ ʽʪʝʨʘʮʽʾ ʚ ʢʦʥʚʝʻʨʘʭ ʥʘʚʯʘʥʥʷ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ 

UnrealCV ʽ AirSim, Unity Perception ʟʤʽʱʫʻ ʬʦʢʫʩ ʟ ʫʧʨʘʚʣʽʥʥʷ ʚʽʨʪʫʘʣʴʥʠʤ ʩʚʽʪʦʤ ʽ 

ʨʝʘʣʽʩʪʠʯʥʦʾ ʬʽʟʠʯʥʦʾ ʩʠʤʫʣʷʮʽʾ ʥʘ ʝʬʝʢʪʠʚʥʝ ʽ ʤʘʩʰʪʘʙʦʚʘʥʝ ʛʝʥʝʨʫʚʘʥʥʷ ʜʘʥʠʭ. Unity 

Perception ʚʠʜʽʣʷʻʪʴʩʷ ʪʠʤ, ʱʦ ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ 

ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʧʨʦʛʨʘʤ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ 

ʦʧʪʠʤʘʣʴʥʠʤ ʜʣʷ ʩʮʝʥʘʨʽʾʚ, ʜʝ ʰʚʠʜʢʘ ʛʝʥʝʨʘʮʽʷ ʜʘʥʠʭ ʽ ʚʠʧʘʜʢʦʚʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʻ 

ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʤʫʣʷʪʦʨʽʚ ʟʘʙʝʟʧʝʯʫʻ ʛʝʥʝʨʘʮʽʶ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʜʘʥʠʭ ʟ ʜʝʪʘʣʴʥʦʶ 

ʨʦʟʤʽʪʢʦʶ, ʜʦʟʚʦʣʷʶʪʴ ʤʦʜʝʣʶʚʘʪʠ ʨʝʘʣʽʩʪʠʯʥʽ ʚʽʟʫʘʣʴʥʽ ʩʮʝʥʠ ʪʘ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, 

ʚʢʣʶʯʘʶʯʠ ʧʦʚʝʜʽʥʢʫ ʜʘʪʯʠʢʽʚ ʽ ʜʠʥʘʤʽʢʫ ʦʙ'ʻʢʪʽʚ. ɿʘʚʜʷʢʠ ʧʨʦʮʝʜʫʨʥʽʡ ʛʝʥʝʨʘʮʽʾ 

ʩʪʚʦʨʶʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʮʝʥʘʨʽʾ, ʱʦ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʝʥʫʚʘʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1.Qiu, W., & Yuille, A. (2016). Unrealcv: Connecting computer vision to unreal engine. 

In Computer VisionïECCV 2016 Workshops: Amsterdam, The Netherlands, October 8-10 and 

15-16, 2016, Proceedings, Part III 14 (pp. 909-916). Springer International Publishing. 

2. Shah, S., Dey, D., Lovett, C., & Kapoor, A. (2018). Airsim: High-fidelity visual and 

physical simulation for autonomous vehicles. In Field and Service Robotics: Results of the 11th 

International Conference (pp. 621-635). Springer International Publishing. 

3. M¿ller, M., Casser, V., Lahoud, J., Smith, N., & Ghanem, B. (2018). Sim4cv: A photo-

realistic simulator for computer vision applications. International Journal of Computer Vision, 

126, 902-919. 

4. Borkman, S., Crespi, A., Dhakad, S., Ganguly, S., Hogins, J., Jhang, Y. C., ... & Yadav, 

N. (2021). Unity perception: generate synthetic data for computer vision. arXiv preprint 

arXiv:2107.04259. 

 

 

  



ʉɽʂʎɯʗ - ɯʅʌʆʈʄɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ʊɸ ʊɽʃɽʂʆʄʋʅɯʂɸʎɯɰ 

ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 

187 

 

ʋɼʂ 681.518.54 

ʂʘʟʠʤʠʨʝʥʢʦ ʆ.ɺ., ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 126 ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɻʥʘʪʫʰʝʥʢʦ ɺ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʽʥʞʝʥʝʨʽʾ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʆɻʃʗɼ ʅɽʁʈʆʄɽʈɽɾɽɺʀʍ ʄɽʊʆɼɯɺ ɺʀʗɺʃɽʅʅʗ ʊʈɸʅʉʇʆʈʊʅʀʍ 

ɿɸʉʆɹɯɺ  

 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʻ ʢʣʶʯʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʫ ʩʬʝʨʽ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʯʥʫ ʽʜʝʥʪʠʬʽʢʘʮʽʶ 

ʦʙ'ʻʢʪʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʽ ʚʽʜʝʦʟʘʧʠʩʘʭ. ʎʝ ʟʘʚʜʘʥʥʷ ʻ ʥʘʧʨʷʤʦʤ ʜʦʩʣʽʜʞʝʥʴ ʫ 

ʢʦʤʧ'ʶʪʝʨʥʦʤʫ ʟʦʨʽ, ʱʦ ʧʦʻʜʥʫʻ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ 

ʛʣʠʙʦʢʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʊʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʫʯʥʦʤʫ ʚʠʣʫʯʝʥʥʽ ʦʟʥʘʢ, 

ʪʘʢʠʭ ʷʢ ʢʦʥʪʫʨʠ, ʪʝʢʩʪʫʨʠ ʪʘ ʢʦʣʽʨ, ʘ ʧʦʪʽʤ ʷʢ ʩʫʯʘʩʥʽ ʘʣʛʦʨʠʪʤʠ, ʟʦʢʨʝʤʘ ʟʛʦʨʪʢʦʚʽ 

ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (CNN), ʘʚʪʦʤʘʪʠʯʥʦ ʥʘʚʯʘʶʪʴʩʷ ʨʦʟʧʽʟʥʘʚʘʪʠ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʠʭ ʘʥʦʪʦʚʘʥʠʭ ʥʘʙʦʨʽʚ 

ʜʘʥʠʭ ʪʘ ʧʝʨʝʜʦʚʠʭ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʪʘʢʠʭ ʷʢ SVM ʽ ʛʣʠʙʦʢʝ ʥʘʚʯʘʥʥʷ, ʜʦʟʚʦʣʷʻ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ [1].  

ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʤʝʪʦʜʽʚ 

ʚʠʷʚʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 

ɻʣʠʙʦʢʽ ʟʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʷʚʣʝʥʥʷ ʦʟʥʘʢ, ʱʦ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʜʘʥʠʭ ʽ ʧʦʢʨʘʱʫʚʘʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. CNN ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʥʘʯʥʦ ʚʠʱʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʽ ʚʽʟʫʘʣʴʥʽ ʦʟʥʘʢʠ. 

ʅʘʚʽʪʴ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʦʙʩʷʛʫ ʜʘʥʠʭ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʘʢʦʛʦ ʞ ʨʽʚʥʷ 

ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 

ɻʣʠʙʦʢʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʘʜʘʧʪʠʚʥʦ ʬʦʨʤʫʶʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʟʥʘʢ ʥʘ ʦʩʥʦʚʽ 

ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʟʜʘʪʥʽʩʪʴ ʜʦ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫ ʨʽʟʥʠʭ ʫʤʦʚʘʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʽʰʝ ʦʙʨʦʙʣʷʪʠ ʛʝʦʤʝʪʨʠʯʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʟʤʽʥʠ ʦʩʚʽʪʣʝʥʥʷ, ʱʦ ʻ ʚʘʞʣʠʚʠʤʠ ʯʠʥʥʠʢʘʤʠ ʜʣʷ ʪʦʯʥʦʛʦ 

ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ. ɺ ʨʦʙʦʪʽ [2] ʜʦʚʝʜʝʥʦ, ʱʦ ʘʜʘʧʪʠʚʥʽʩʪʴ ʛʣʠʙʦʢʠʭ ʤʝʨʝʞ ʨʦʙʠʪʴ ʾʭ 

ʝʬʝʢʪʠʚʥʽʰʠʤʠ ʫ ʨʝʘʣʴʥʠʭ ʩʮʝʥʘʨʽʷʭ. 

ʆʜʥʽʻʶ ʟ ʝʬʝʢʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʻ ʨʝʛʽʦʥʘʣʴʥʽ ʟʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (R-CNN), 

ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʚʽ ʬʫʥʢʮʽʾ ʚʪʨʘʪ: ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʨʝʛʨʝʩʽʾ ʦʙʤʝʞʫʚʘʣʴʥʠʭ ʨʘʤʦʢ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʤʝʨʝʞʽ. ʋ ʨʦʙʦʪʽ [3] ʚʠʢʦʨʠʩʪʘʥʦ R-CNN, 

ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʪʘ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʦʯʥʦʩʪʽ, ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʩʧʝʮʠʬʽʯʥʦʩʪʽ. 

ʋ ʨʦʙʦʪʽ [4] ʟʘʩʪʦʩʦʚʘʥʦ ʧʨʦʩʪʦʨʦʚʝ ʧʽʨʘʤʽʜʘʣʴʥʝ ʦʙ'ʻʜʥʘʥʥʷ ʜʣʷ ʧʦʻʜʥʘʥʥʷ 

ʣʦʢʘʣʴʥʠʭ ʪʘ ʛʣʦʙʘʣʴʥʠʭ ʦʟʥʘʢ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʦʢʨʘʱʠʪʠ ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʨʠ ʨʽʟʥʠʭ ʨʦʟʤʽʨʘʭ ʦʙ'ʻʢʪʽʚ. ʇʨʦʪʝ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ 

ʧʦʪʨʝʙʫʻ ʜʝʢʽʣʴʢʦʭ ʝʪʘʧʽʚ ʥʘʚʯʘʥʥʷ, ʘ ʪʘʢʦʞ ʟʙʝʨʝʞʝʥʥʷ ʦʟʥʘʢ, ʱʦ ʦʙʤʝʞʫʻ ʰʚʠʜʢʦʜʽʶ 

ʩʠʩʪʝʤʠ. 

ɿ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʙʘʣʘʥʩʫ ʤʽʞ ʰʚʠʜʢʽʩʪʶ ʽ ʪʦʯʥʽʩʪʶ ʚ ʨʦʙʦʪʽ [5] ʙʫʣʦ ʟʘʤʽʥʝʥʦ 

ResNet-101 ʥʘ ResNet-86 ʫ ʤʦʜʝʣʽ Mask R-CNN. ʎʝ ʜʦʟʚʦʣʠʣʦ ʟʤʝʥʰʠʪʠ ʯʘʩ ʦʙʨʦʙʢʠ, 

ʟʙʝʨʽʛʘʶʯʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ɼʦʜʘʪʢʦʚʽ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ, ʷʢ ʰʘʨ ROI Align ʪʘ ʤʘʩʢʘ, ʧʽʜʚʠʱʠʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʝʛʤʝʥʪʘʮʽʾ. 

ʋ ʨʦʙʦʪʽ [6] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʘʣʛʦʨʠʪʤ ʚʠʷʚʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ YOLO ʪʘ ʤʝʨʝʞʽ Darknet53. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʛʣʠʙʰʫ ʟʛʦʨʪʢʦʚʫ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ ʜʣʷ ʢʨʘʱʦʛʦ ʘʥʘʣʽʟʫ ʦʟʥʘʢ. ʆʩʥʦʚʥʠʤ 
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ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʻ ʚʚʝʜʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʧʦʨʦʛʫ ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ ʦʙʤʝʞʫʚʘʣʴʥʠʭ ʨʘʤʦʢ, 

ʱʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʚ ʫʤʦʚʘʭ ʰʫʤʫ ʪʘ ʟʤʽʥʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʙ'ʻʢʪʽʚ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʾʭ ʧʝʨʝʚʘʛ ʽ ʚʠʢʣʠʢʽʚ. ʄʝʪʦʜʠ ʥʘ ʦʩʥʦʚʽ ʘʨʭʽʪʝʢʪʫʨ YOLO ʪʘ SSD, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ ʦʙʨʦʙʢʠ ʽ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘʚʜʷʢʠ 

ʪʦʯʥʦʤʫ ʧʨʦʛʥʦʟʫʚʘʥʥʶ ʧʦʣʦʞʝʥʥʷ ʪʘ ʢʘʪʝʛʦʨʽʡ ʦʙ'ʻʢʪʽʚ. ʄʝʪʦʜʠ ʥʘ ʦʩʥʦʚʽ Faster R-

CNN, ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʱʫ ʪʦʯʥʽʩʪʴ ʟʘʚʜʷʢʠ ʜʦʜʘʪʢʦʚʦʤʫ ʝʪʘʧʫ ʨʝʛʽʦʥʘʣʴʥʦʛʦ 

ʧʦʟʠʮʽʡʥʦʛʦ ʧʦʰʫʢʫ, ʘʣʝ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ 

ʦʙʤʝʞʫʻ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ɯʥʪʝʛʨʘʮʽʷ ʘʣʛʦʨʠʪʤʽʚ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʩʝʥʩʦʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʘʢʠʤʠ ʷʢ 

ʨʘʜʘʨ ʽ LiDAR, ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʚʽʜʩʪʝʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʩʪʚʦʨʠʪʠ ʙʽʣʴʰ ʥʘʜʽʡʥʽ ʨʽʰʝʥʥʷ ʜʣʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʪʘ ʘʚʪʦʥʦʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. 
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ʂʦʟʫʙ ɼ. ʉ., ʟʜʦʙʫʚʘʯ ʚʠʱʦʾ ʦʩʚʽʪʠ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 126 ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ 

ʪʝʭʥʦʣʦʛʽʾ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʄʝʣʴʥʠʢʦʚ ʆ. ʖ., ʢ. ʪ. ʥ., ʜʦʮʝʥʪ, ʚ. ʦ. ʟʘʚ. ʢʘʬʝʜʨʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

(ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ, ʋʢʨʘʾʥʘ)  
 

ɸʅɸʃɯɿ ɺʇʃʀɺʋ ʌɸʂʊʆʈɯɺ ʆʉʆɹʃʀɺʆʉʊɯ ʂʈɸɰʅʀ ʅɸ ʈɯɺɽʅʔ 

ɿɸʍɺʆʈʖɺɸʅʆʉʊɯ ʇɯɼ ʏɸʉ ʇɸʅɼɽʄɯɰ 
 

ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʮʠʬʨʦʚʽʟʘʮʽʾ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʚʘʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʶʪʴ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʥʝ ʣʠʰʝ ʘʥʘʣʽʟʫʚʘʪʠ ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʫ ʩʠʪʫʘʮʽʶ, ʘ 

ʡ ʧʨʦʛʥʦʟʫʚʘʪʠ ʜʠʥʘʤʽʢʫ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʠʟʢʠ ʯʠʥʥʠʢʽʚ, ʪʘʢʠʭ ʷʢ ʢʣʽʤʘʪ, 

ʛʫʩʪʦʪʘ ʥʘʩʝʣʝʥʥʷ, ʚʽʢ, ʩʦʮʽʘʣʴʥʽ ʫʤʦʚʠ ʪʦʱʦ. ʎʝ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʫ ʛʘʣʫʟʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʪʘ ʩʚʦʻʯʘʩʥʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʶ 

ʥʝʦʙʭʽʜʥʠʭ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʟʘʭʦʜʽʚ [1]. 

ɹʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʟʘʜʘʯʫ ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʴ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʨʽʚʝʥʴ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʧʽʜ ʯʘʩ ʧʘʥʜʝʤʽʾ. 

ʈʘʥʽʰʝ ʘʚʪʦʨʠ ʩʪʚʦʨʠʣʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚʘʢʮʠʥʦʚʘʥʠʭ 

ʩʪʫʜʝʥʪʽʚ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʟʘʢʣʘʜʽ [2], ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʪʠʝʧʽʜʝʤʽʯʥʠʭ ʟʘʭʦʜʽʚ ʧʽʜ ʯʘʩ ʧʘʥʜʝʤʽʾ ʢʦʚʽʜ-19 [3], ʟʜʽʡʩʥʠʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʪʠʝʧʽʜʝʤʽʯʥʠʭ ʟʘʭʦʜʽʚ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥʠ ʚʽʜʩʦʪʢʘ ʽʥʬʽʢʦʚʘʥʠʭ ʪʘ ʧʝʨʝʥʝʩʝʥʠʭ ʭʚʦʨʦʙ ʫ ʪʷʞʢʽʡ ʬʦʨʤʽ [4]. 

ʆʩʥʦʚʥʠʤʠ ʚʭʽʜʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠ ʮʴʦʤʫ ʙʫʣʠ ʥʘʷʚʥʽʩʪʴ ʦʙʦʚ'ʷʟʢʦʚʦʛʦ çʤʘʩʢʦʚʦʛʦ 

ʨʝʞʠʤʫè, ʚʚʝʜʝʥʥʷ ʢʘʨʘʥʪʠʥʫ, ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʥʘʷʚʥʽʩʪʴ 

ʤʦʞʣʠʚʦʩʪʽ ʚʽʣʴʥʦʾ ʚʘʢʮʠʥʘʮʽʾ ʪʘ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʦʙʦʚ'ʷʟʢʦʚʦʾ ʚʘʢʮʠʥʘʮʽʾ, ʚʽʜʩʦʪʦʢ 

ʚʘʢʮʠʥʦʚʘʥʠʭ. 

ʗʢ ʧʨʦʜʦʚʞʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚʫ 

ʬʘʢʪʦʨʽʚ ʦʩʦʙʣʠʚʦʩʪʽ ʢʨʘʾʥʠ ʥʘ ʨʽʚʝʥʴ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʧʽʜ ʯʘʩ ʧʘʥʜʝʤʽʾ [5]. ɼʘʥʽ ʜʣʷ 

ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʥʠʟʢʠ ʜʞʝʨʝʣ, ʥʘʧʨʠʢʣʘʜ ï çOur World in Dataè ï ʧʣʘʪʬʦʨʤʘ, 

ʷʢʘ ʥʘʜʘʻ ʚʽʜʢʨʠʪʽ ʜʘʥʽ ʟ ʙʘʛʘʪʴʦʭ ʛʣʦʙʘʣʴʥʠʭ ʧʨʦʙʣʝʤ, ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʪʘʪʠʩʪʠʢʠ ʧʦ 

COVID-19 ʜʣʷ ʚʩʽʭ ʢʨʘʾʥ, ʚʢʣʶʯʘʶʯʠ ʜʘʥʽ ʧʨʦ ʚʧʣʠʚ ʧʘʥʜʝʤʽʾ ʥʘ ʝʢʦʥʦʤʽʢʫ ʪʘ 

ʩʫʩʧʽʣʴʩʪʚʦ [6]. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʢʨʘʾʥʠ: ɹʨʘʟʠʣʽʷ, 

ʅʽʤʝʯʯʠʥʘ, ʗʧʦʥʽʷ, ʋʢʨʘʾʥʘ, ʉʐɸ. ʇʝʨʝʣʽʢ ʚʭʽʜʥʠʭ ʬʘʢʪʦʨʽʚ: 

ï T, Vol, Op ï ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ï ʜʘʥʽ ʧʨʦ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʫ ʪʝʤʧʝʨʘʪʫʨʫ, 

ʚʦʣʦʛʽʩʪʴ, ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ ʫ ʨʝʛʽʦʥʽ; 

ï Age ï ʩʝʨʝʜʥʽʡ ʚʽʢ ʥʘʩʝʣʝʥʥʷ ʘʙʦ ʨʦʟʧʦʜʽʣ ʟʘ ʚʽʢʦʚʠʤʠ ʢʘʪʝʛʦʨʽʷʤʠ; 

ï G ï ʛʫʩʪʦʪʘ ʥʘʩʝʣʝʥʥʷ ï ʢʽʣʴʢʽʩʪʴ ʦʩʽʙ ʥʘ ʢʚʘʜʨʘʪʥʠʡ ʢʽʣʦʤʝʪʨ; 

ï PZ ï ʧʝʨʝʣʽʢ ʧʨʦʪʠʝʧʽʜʝʤʽʯʥʠʭ ʟʘʭʦʜʽʚ: ʢʘʨʘʥʪʠʥ, ʚʘʢʮʠʥʘʮʽʷ, ʦʙʤʝʞʝʥʥʷ 

ʤʦʙʽʣʴʥʦʩʪʽ; 

ï E ï ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʽ ʫʤʦʚʠ ï ʨʽʚʝʥʴ ʜʦʭʦʜʽʚ, ʜʦʩʪʫʧ ʜʦ ʤʝʜʠʯʥʠʭ ʧʦʩʣʫʛ; 

ï V ï ʨʽʚʝʥʴ ʚʘʢʮʠʥʘʮʽʾ ï ʚʽʜʩʦʪʦʢ ʥʘʩʝʣʝʥʥʷ, ʱʦ ʦʪʨʠʤʘʣʦ ʚʘʢʮʠʥʘʮʽʶ; 

ï Sm ï ʩʫʢʫʧʥʘ ʢʽʣʴʢʽʩʪʴ ʧʽʜʪʚʝʨʜʞʝʥʠʭ ʩʤʝʨʪʝʡ ʚʽʜ COVID-19 ʥʘ ʤʽʣʴʡʦʥ ʦʩʽʙ. 

ɺʠʭʽʜʥʠʡ ʬʘʢʪʦʨ ï Z ï ʨ̔ ʚʝʥʴ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ï ʯʘʩʪʢʘ ʥʘʩʝʣʝʥʥʷ, ʱʦ ʟʘʭʚʦʨʽʣʘ ʟʘ 

ʧʝʚʥʠʡ ʧʝʨʽʦʜ (ʢʽʣʴʢʽʩʪʴ ʚʠʧʘʜʢʽʚ ʥʘ ʤʽʣʴʡʦʥ ʦʩʽʙ). ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ 

ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʙʫʜʝʤʦ ʟʜʽʡʩʥʶʚʘʪʠ ʤʝʪʦʜʦʤ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ [7]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ R [8]. ʇʽʩʣʷ ʯʠʩʣʝʥʥʠʭ ʟʘʧʫʩʢʽʚ ʩʪʚʦʨʝʥʦʛʦ ʩʢʨʠʧʪʫ ʜʣʷ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʢʽʣʴʢʦʩʪʽ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʪʘ ʢʽʣʴʢʦʩʪʽ ʥʝʡʨʦʥʽʚ ʫ ʥʠʭ ʟôʷʩʦʚʘʥʦ, ʱʦ ʥʘʡʢʨʘʱʠʡ 

ʨʝʟʫʣʴʪʘʪ (ʩʝʨʝʜʥʷ ʘʙʩʦʣʶʪʥʘ ʧʨʠʚʝʜʝʥʘ ʧʦʤʠʣʢʘ ï 0,03684) ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʩʝʧʪʨʦʥ ʟ 

ʜʚʦʤʘ ʧʨʠʭʦʚʘʥʠʤʠ ʰʘʨʘʤʠ ʪʘ ʧôʷʪʴʦʤʘ ʥʝʡʨʦʥʘʤʠ ʫ ʢʦʞʥʦʤʫ ʰʘʨʽ (ʨʠʩ. 1). 
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ʄʘʪʝʨʽʘʣʠ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2025 
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ʈʠʩʫʥʦʢ 1 ï ɸʨʭʽʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (ʘ) ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ (ʙ) 

 

ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʽʚʝʥʴ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ, ʷʢ ʛʫʩʪʦʪʘ ʥʘʩʝʣʝʥʥʷ, ʨʽʚʝʥʴ ʚʘʢʮʠʥʘʮʽʾ ʪʘ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʽ ʫʤʦʚʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʩʪʨʘʪʝʛʽʡ ʧʨʦʪʠʝʧʽʜʝʤʽʯʥʠʭ ʟʘʭʦʜʽʚ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʫ ʩʬʝʨʽ 

ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʰʠʨʝʥʥʷ ʥʘʙʦʨʫ 

ʬʘʢʪʦʨʽʚ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ. 
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