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

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

ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʦʾ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʦʾ 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. ʢʘʬʝʜʨʠ ʪʫʨʠʟʤʫ ʪʘ 

ʝʢʦʥʦʤʽʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʟʘʩʪʫʧʥʠʮʷ ʛʦʣʦʚʠ ʈʘʜʠ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʅʊʋ 
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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, ʝʥʝʨʛʦʤʝʭʘʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʘ 

ʛʽʨʥʠʯʦʨʫʜʥʦ ʾ ʽʥʞʝʥʝʨʽ,ʾ ʛʝʦʜʝʟʽʾ ʪʘ ʟʝʤʣʝʫʩʪʨʦʶ, ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ, 

ʙʫʜʽʚʥʠʮʪʚʘ, ʛʝʦʪʝʭʥʽʢʠ ʪʘ ʛʝʦʤʝʭʘʥʽʢʠ, ʩʫʯʘʩʥʠʭ ʧʠʪʘʥʴ ʝʢʦʣʦʛʽʾ, ʙʽʦʣʦʛʽʾ 

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, ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ ʪʘ ʪʦʨʛʽʚʣʽ, ʪʫʨʠʟʤʫ, 

ʨʝʢʨʝʘʮʽʾ ʪʘ ʛʦʩʪʠʥʥʦʩʪʽ, ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʩʫʩʧʽʣʴʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʤʝʜʽʘ-ʩʪʫʜʽʡ. 
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çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, 2024 
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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, ʟʘʚʽʜʫʚʘʯ00 ʢʘʬʝʜʨʠ ʪʫʨʠʟʤʫ ʪʘ ʝʢʦʥʦʤʽʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʛʦʣʦʚʘ 

ʈʄɺ ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. 

 

ʏʣʝʥʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ: 

 

ɼʝʨʝʚʷʛʽʥʘ ʅʘʪʘʣʽʷ ɯʚʘʥʽʚʥʘ ï ʛʦʣʦʚʘ ʈʘʜʠ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. 

ɹʻʣʦʙʦʨʦʜʦʚʘ ʄʘʨʽʷ ɺʘʣʝʨʽʾʚʥʘ ï ʟʘʩʪʫʧʥʠʮʷ ʛʦʣʦʚʠ ʈʄɺ 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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ʋɼʂ 622.24 

 

ɸʜʦʜʽʥ ʇ.ɸ., ʩʪʫʜʝʥʪ ʛʨ. 185ʤ-23-2 ʌʇʅʊ 

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

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

 

ʇʈʀʅʎʀʇʀ ʃɯʂɺɯɼɸʎɯɰ ɻɽʆʃʆɻɯʏʅʀʍ ʋʉʂʃɸɼʅɽʅʔ ɺ ʉɺɽʈɼʃʆɺʀʅɸʍ 

ʅɸ ʇɯɼʉʊɸɺɯ ʈɽɻʋʃʖɺɸʅʅʗ ɺʃɸʉʊʀɺʆʉʊɽʁ ʇʈʆʄʀɺɸʃʔʅʀʍ ʈɯɼʀʅ 

 

ɺʠʥʠʢʥʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʫʩʢʣʘʜʥʝʥʴ ʚ ʩʪʦʚʙʫʨʽ ʥʘʬʪʦʛʘʟʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ, 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʩʧʨʠʯʠʥʷʶʪʴʩʷ ʚʪʨʘʪʦʶ ʩʪʽʡʢʦʩʪʽ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ, ʱʦ ʩʢʣʘʜʘʻ ʩʪʽʥʢʠ 

ʩʪʦʚʙʫʨʘ ʩʧʦʨʫʜʞʫʚʘʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. ʉʪʘʪʠʩʷ ʮʝ ʤʦʞʝ ʷʢ ʧʽʜ ʯʘʩ ʙʫʨʽʥʥʷ, ʪʘʢ ʽ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʬʽʟʠʯʥʦʾ ʪʘ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʩʠʩʪʝʤʽ çʙʫʨʦʚʘ ʧʨʦʤʠʚʘʣʴʥʘ ʨʽʜʠʥʘ ï 

ʛʽʨʩʴʢʘ ʧʦʨʦʜʘè [1]. ʅʘʧʨʫʛʠ, ʷʢʽ ʜʽʶʪʴ ʚ ʛʽʨʩʴʢʽʡ ʧʦʨʦʜʽ, ʨʘʟʦʤ ʽʟ ʧʦʨʦʚʠʤ ʪʠʩʢʦʤ 

ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʚ ʧʝʨʝʙʫʨʝʥʠʭ ʧʣʘʩʪʘʭ, ʱʦ 

ʟʘʢʦʥʦʤʽʨʥʦ ʧʨʠʤʫʰʫʻ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ ʜʝʬʦʨʤʫʚʘʪʠʩʷ ʫ ʥʘʧʨʷʤʢʫ ʩʪʦʚʙʫʨʘ. 

ʇʨʠʩʫʪʥʽʩʪʴ ʟʦʚʥʽʰʥʴʦʛʦ ʘʢʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʚʠʛʣʷʜʽ ʙʫʨʦʚʦʾ ʧʨʦʤʠʚʘʣʴʥʦʾ 

ʨʽʜʠʥʠ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʟʦʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʫ ʽʟ ʛʽʨʩʴʢʠʤʠ ʧʦʨʦʜʘʤʠ, ʪʷʛʥʝ 

ʟʘ ʩʦʙʦʶ ʚʠʥʠʢʥʝʥʥʷ ʽ ʨʦʟʚʠʪʦʢ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʜʠʩʣʦʢʦʚʘʥʠʭ 

ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʬʘʟ (ʩʶʜʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʦʩʤʦʪʠʯʥʽ ʷʚʠʱʘ, ʛʽʜʨʘʪʘʮʽʶ ʪʘ ʨʦʟʯʠʥʝʥʥʷ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʢʘʧʽʣʷʨʥʝ ʧʨʦʥʠʢʥʝʥʥʷ ʬʽʣʴʪʨʘʪʫ ʧʨʦʤʠʚʘʣʴʥʠʭ ʨʽʜʠʥ ʽ ʪʦʤʫ ʧʦʜʽʙʥʝ) 

[2]. ɼʣʷ ʜʝʷʢʠʭ ʧʦʨʽʜ, ʟ ʦʛʣʷʜʫ ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʪʽʢʘʥʥʷ ʧʝʨʝʣʽʯʝʥʠʭ ʥʘʤʠ ʷʚʠʱ, 

ʭʘʨʘʢʪʝʨʥʦ ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʝʜʫʤʦʚ ʟʤʽʥʠ ʾʭ ʥʘʷʚʥʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʘʥʫ ʪʘ ʽʩʪʦʪʥʝ 

ʟʤʝʥʰʝʥʥʷ ʩʠʣ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʯʝʧʣʝʥʥʷ, ʱʦ ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʤʽʪʥʦʾ 

ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʚ ʥʘʚʢʦʣʦʩʪʦʚʙʫʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʩʧʦʨʫʜʞʫʚʘʥʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʠʨʦʜʥʠʤ ʩʪʘʥʦʤ. ʆʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʠʤ ʷʚʠʱʝʤ ʧʨʠ 

ʩʧʦʨʫʜʞʝʥʥʽ ʩʚʝʨʜʣʦʚʠʥ ʚ ʦʩʘʜʦʚʠʭ ʪʦʚʱʘʭ ʻ ʧʽʜʚʠʱʝʥʥʷ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʛʣʠʥʠʩʪʠʭ 

ʨʽʟʥʠʮʴ ʪʘ ʭʝʤʦʛʝʥʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʜʦ ʧʣʘʩʪʠʯʥʦʾ ʪʝʯʽʾ. 

ˆʨʫʥʪʫʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʘʥʘʣʽʟʫ ʜʦʩʪʫʧʥʦʾ ʟʚʽʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʟ ʧʠʪʘʥʴ 

ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʙʫʨʦʚʠʭ ʧʨʦʤʠʚʘʣʴʥʠʭ ʨʽʜʠʥ ʥʘ ʧʨʦʮʝʩ ʥʘʙʫʭʘʥʥʷ ʛʣʠʥʠʩʪʠʭ ʧʦʨʽʜ, 

ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ ʥʘʩʪʫʧʥʝ. ɺʝʣʴʤʠ ʦʧʝʨʘʪʠʚʥʠʤ ʽ ʜʦʩʪʘʪʥʴʦ ʧʦʢʘʟʦʚʠʤ ʧʘʨʘʤʝʪʨʦʤ, 

ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʦʮʝʩ ʚʟʘʻʤʦʜʽʾ ʚʝʣʠʢʦʛʦ ʢʣʘʩʫ ʛʣʠʥʠʩʪʠʭ ʧʦʨʽʜ ʽʟ ʬʽʣʴʪʨʘʪʦʤ 

ʙʫʨʦʚʦʾ ʧʨʦʤʠʚʘʣʴʥʦʾ ʨʽʜʠʥʠ ʚʠʩʪʫʧʘʻ ʩʪʫʧʽʥʴ ʥʘʙʫʭʘʥʥʷ, ʷʢʘ ʧʦʢʘʟʫʻ ʚ ʩʢʽʣʴʢʠ ʨʘʟʽʚ 

ʟʙʽʣʴʰʠʚʩʷ ʦʙ'ʻʤ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʛʣʠʥʠʩʪʠʭ ʯʘʩʪʠʥʦʢ. ʅʘʡʙʽʣʴʰ ʩʭʠʣʴʥʠʤʠ ʜʦ 

ʥʘʙʫʭʘʥʴ ʷʚʣʷʶʪʴʩʷ ʤʦʥʪʤʦʨʠʣʦʥʽʪʦʚʽ ʛʣʠʥʠ. 

ʇʽʜʚʦʜʷʯʠ ʧʽʜʩʫʤʦʢ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʛʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʟ ʦʛʣʷʜʫ ʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʫʪʪʻʚʦʛʦ ʟʥʠʞʝʥʥʷ ʟʘʡʚʠʭ ʚʠʪʨʘʪ ʥʘ ʙʫʨʽʥʥʷ, ʚʠʩʪʫʧʘʻ ʨʦʟʨʦʙʢʘ ʽ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʦʾ ʛʽʜʨʘʚʣʽʯʥʦʾ ʧʨʦʛʨʘʤʠ ʧʨʦʤʠʚʘʥʥʷ ʚʠʙʦʶ ʽ ʩʪʦʚʙʫʨʘ 

ʩʧʦʨʫʜʞʫʚʘʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. ɺʢʘʟʘʥʘ ʧʨʦʛʨʘʤʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʘʜʘʧʪʦʚʘʥʦʶ 

ʜʦ ʥʘʷʚʥʠʭ ʛʝʦʣʦʛʦ-ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ ʩʧʦʨʫʜʞʫʚʘʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. ʈʝʘʣʽʟʘʮʽʷ ʦʟʥʘʯʝʥʦʾ 

ʧʨʦʛʨʘʤʠ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʫʤʦʚ, ʟʘ ʷʢʠʭ ʧʦʪʽʢ ʧʨʦʤʠʚʘʣʴʥʦʾ ʨʽʜʠʥʠ 

ʟʘʙʝʟʧʝʯʫʻ ʩʚʦʻʯʘʩʥʝ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʨʫʡʥʦʚʘʥʦʾ ʧʦʨʦʜʠ ʟ ʚʠʙʦʶ ʩʚʝʨʜʣʦʚʠʥʠ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʷ ʙʫʨʦʚʦʛʦ ʧʦʨʦʜʦʨʫʡʥʽʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʽʟ ʧʘʨʘʣʝʣʴʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʩʪʽʡʢʦʩʪʽ ʩʪʽʥʦʢ ʩʪʦʚʙʫʨʘ ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʙʦʪʠ, ʙʝʟ ʧʨʠʭʚʘʪʽʚ, ʙʫʨʠʣʴʥʦʾ 

ʢʦʣʦʥʠ. ʇʝʨʝʣʽʯʝʥʝ, ʫ ʢʦʤʧʣʝʢʩʽ, ʩʧʨʠʷʪʠʤʝ ʽʩʪʦʪʥʦʤʫ ʧʽʜʚʠʱʝʥʥʶ ʨʝʡʩʦʚʦʾ ʪʘ 

ʤʝʭʘʥʽʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʙʫʨʽʥʥʷ ʨʽʟʥʠʭ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ ʩʚʝʨʜʣʦʚʠʥ. 
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ʆʨʣʦʚʩʴʢʠʡ ɺ. ʄ., ɺʽʪʨʠʢ ɺ. ɻ. - ʃʴʚʽʚ: çʅʦʚʠʡ ʉʚʽʪ-2000è, 2019 - 416 ʩ. 
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ɸʥʜʨʝʻʚ ʂ.ʆ. ʩʪʫʜʝʥʪ ʛʨʫʧʠ 185ʤ-23-2 ʌʇʅʊ 

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

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

ɼʆ ʇʀʊɸʅʅʗ ʇʈʆɹʃɽʄ ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɺʀʂʆʅɸʅʅʗ 

ʈɽʄʆʅʊʅʀʍ ʈʆɹɯʊ ɺ ʋʄʆɺɸʍ ʉɺɽʈɼʃʆɺʀʅʀ ˉ 134 ɹɽʈɽɿɯɺʉʔʂʆɻʆ 

ʅɻʂʈ ʌɯʃɯɰ çʋɻɺ-ʉɽʈɺɯʉè ɸʊ çʋʂʈɻɸɿɺʀɼʆɹʋɺɸʅʅʗè 
 

ʅʘʬʪʦʛʘʟʦʚʘ ʛʘʣʫʟʴ ʋʢʨʘʾʥʠ ʤʘʻ ʦʜʥʫ ʟ ʥʘʡʩʪʘʨʽʰʠʭ ʽʩʪʦʨʽʡ ʫ ʩʚʽʪʽ. 

ʄʘʢʩʠʤʘʣʴʥʠʭ ʚʠʜʦʙʫʪʢʽʚ ʜʦʩʷʛʥʫʪʦ ʧʦ ʥʘʬʪʽ ʟ ʢʦʥʜʝʥʩʘʪʦʤ ʫ 1972 ʨ. ï 14,4 ʤʣʥ. ʪ, ʧʦ 

ʛʘʟʫ ʫ 1975 ʨ. ï 68,7 ʤʣʨʜ. ʤ
3
. ɺʽʜ ʪʦʛʦ ʯʘʩʫ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠʨʦʜʥʻ ʧʘʜʽʥʥʷ, ʟʘ ʷʢʦʛʦ ʥʘ 

ʢʽʥʝʮʴ 2018 ʨʦʢʫ, ʚʠʩʥʘʞʝʥʽʩʪʴ ʨʝʩʫʨʩʥʦʾ ʙʘʟʠ ʋʢʨʘʾʥʠ ʧʦ ʛʘʟʫ ʩʪʘʥʦʚʠʣʘ 80,5% ʘ 

ʙʽʣʴʰʽʩʪʴ ʚʠʜʦʙʫʪʢʫ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʥʘʧʨʠʢʣʘʜ, ʧʦ ɸʊ çʋʢʨʛʘʟʚʠʜʦʙʫʚʘʥʥʷè 

ʥʘʜʭʦʜʠʪʴ ʟ ʨʦʜʦʚʠʱ ʽʟ ʚʠʩʥʘʞʝʥʽʩʪʶ ʙʽʣʴʰʝ 75%, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʢʦʣʝʢʪʦʨʘʤʠ, ʧʨʠ ʯʦʤʫ 80% ʚʠʜʦʙʫʪʢʫ ʟʘʙʝʟʧʝʯʫʶʪʴ 23 ʨʦʜʦʚʠʱʘ, ʘʙʦ 18% ʪʠʭ, ʱʦ 

ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʙʘʣʘʥʩʽ ʪʦʚʘʨʠʩʪʚʘ. ʆʜʥʘʢ, ʚ ʮʠʭ ʨʦʜʦʚʠʱʘʭ ʱʝ ʟʥʘʭʦʜʷʪʴʩʷ ʟʥʘʯʥʽ 

ʟʘʣʠʰʢʦʚʽ ʟʘʧʘʩʠ ʧʨʠʨʦʜʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ. ɺ ʫʤʦʚʘʭ ʜʝʬʽʮʠʪʫ ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʩʠʨʦʚʠʥʠ ʚ 

ʋʢʨʘʾʥʽ ʪʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ ʻ ʟʤʝʥʰʝʥʥʷ 

ʪʝʤʧʫ ʧʘʜʽʥʥʷ ʚʠʜʦʙʫʪʢʫ ʛʘʟʫ, ʢʦʥʜʝʥʩʘʪʫ ʽ ʥʘʬʪʠ ʟ ʨʦʜʦʚʠʱ, ʱʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ, ʟ 

ʤʦʞʣʠʚʦʶ ʩʪʘʙʽʣʽʟʘʮʽʻʶ ʯʠ ʥʘʚʽʪʴ ʥʘʨʦʱʫʚʘʥʥʷʤ ʧʦʪʦʯʥʠʭ ʚʽʜʙʦʨʽʚ ʾʭ ʟʘ ʨʘʭʫʥʦʢ 

ʙʽʣʴʰ ʧʦʚʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʟʘʧʘʩʽʚ ʮʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʟ ʧʨʦʜʫʢʪʠʚʥʠʭ ʧʣʘʩʪʽʚ. 

ʎʝ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʧʽʜʚʠʱʝʥʥʷ 

ʥʘʬʪʦʛʘʟʦʢʦʥʜʝʥʩʘʪʦʚʠʣʫʯʝʥʥʷ ʟ ʨʦʜʦʚʠʱ ʧʨʠʨʦʜʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ 

ʨʦʟʨʦʙʢʠ [1].  

ɹʘʛʘʪʦ ʛʘʟʦʚʠʭ ʽ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʠʭ ʨʦʜʦʚʠʱ ʋʢʨʘʾʥʠ ʥʘ ʩʴʦʛʦʜʥʽ ʤʘʶʪʴ ʟʥʘʯʥʠʡ 

ʩʪʫʧʽʥʴ ʚʠʩʥʘʞʝʥʥʷ, ʱʦ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʦʙʤʝʞʫʻ 

ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʚʠʜʦʙʫʪʢʫ. ʎʝ ʷʚʠʱʝ ʦʩʦʙʣʠʚʦ ʭʘʨʘʢʪʝʨʥʝ ʜʣʷ ʨʦʜʦʚʠʱ, ʜʝ 

ʧʨʠʨʦʜʥʠʡ ʧʣʘʩʪʦʚʠʡ ʪʠʩʢ ʟ ʯʘʩʦʤ ʟʥʠʞʫʻʪʴʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʛʘʟʫ ʪʘ ʟʤʝʥʰʝʥʥʷ ʜʝʙʽʪʫ ʩʚʝʨʜʣʦʚʠʥ. ʆʩʦʙʣʠʚʽʩʪʶ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʠʭ 

ʨʦʜʦʚʠʱ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʨʠ ʟʥʠʞʝʥʥʽ ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ ʟ ʛʘʟʦʚʦʾ ʬʘʟʠ ʧʦʯʠʥʘʶʪʴ 

ʢʦʥʜʝʥʩʫʚʘʪʠʩʷ ʚʘʞʢʽ ʚʫʛʣʝʚʦʜʥʽ, ʱʦ ʫʪʚʦʨʶʻ ʨʽʜʢʫ ʚʫʛʣʝʚʦʜʥʝʚʫ ʬʘʟʫ. ʎʝʡ ʧʨʦʮʝʩ 

ʢʦʥʜʝʥʩʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʟʤʽʥ ʫ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʛʘʟʫ ʪʘ 

ʚʠʢʣʠʢʘʻ ʫʪʚʦʨʝʥʥʷ ʨʽʜʢʦʾ ʬʘʟʠ, ʷʢʘ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʢʨʠʪʠʯʥʦʛʦ ʨʽʚʥʷ ʥʘʩʠʯʝʥʥʷ ʩʪʘʻ 

ʨʫʭʣʠʚʦʶ. 

ʈʽʜʢʘ ʚʫʛʣʝʚʦʜʥʝʚʘ ʬʘʟʘ ʤʦʞʝ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʚ ʧʨʠʚʠʙʽʡʥʽʡ ʟʦʥʽ ʩʚʝʨʜʣʦʚʠʥʠ, 

ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʚʝʨʜʣʦʚʠʥ. ɺʠʥʠʢʥʝʥʥʷ ʨʽʜʢʦʾ 

ʬʘʟʠ ʦʙʤʝʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʘʟʦʚʠʜʦʙʫʪʢʫ, ʦʩʢʽʣʴʢʠ ʨʽʜʠʥʘ ʤʦʞʝ ʙʣʦʢʫʚʘʪʠ ʰʣʷʭ ʛʘʟʫ 

ʜʦ ʩʚʝʨʜʣʦʚʠʥʠ, ʟʥʠʞʫʶʯʠ ʜʝʙʽʪ ʽ ʫʩʢʣʘʜʥʶʶʯʠ ʧʦʜʘʣʴʰʠʡ ʚʠʜʦʙʫʪʦʢ. ʂʨʽʤ ʪʦʛʦ, ʮʝʡ 

ʧʨʦʮʝʩ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʟʘʛʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱʘ, ʦʩʢʽʣʴʢʠ 

ʥʘʢʦʧʠʯʝʥʥʷ ʨʽʜʢʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʚʠʜʦʙʫʪʦʢ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʢʦʥʜʝʥʩʘʮʽʾ ʚʘʞʢʠʭ 

ʚʫʛʣʝʚʦʜʥʽʚ ʪʘ ʫʥʠʢʥʫʪʠ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʨʽʜʢʦʾ 

ʬʘʟʠ, ʨʦʟʨʦʙʢʘ ʪʘʢʠʭ ʨʦʜʦʚʠʱ ʧʦʚʠʥʥʘ ʧʨʦʚʦʜʠʪʠʩʴ ʟ ʧʽʜʪʨʠʤʢʦʶ ʩʪʘʙʽʣʴʥʦʛʦ 

ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ. ʇʽʜʪʨʠʤʢʘ ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ ʥʘ ʥʝʦʙʭʽʜʥʦʤʫ ʨʽʚʥʽ ʻ ʚʘʞʣʠʚʦʶ 

ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʟʘʜʘʯʝʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʢʦʥʜʝʥʩʘʮʽʾ ʚʘʞʢʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʽʟ ʛʘʟʫ ʽ 

ʟʙʝʨʽʛʘʪʠ ʩʪʘʙʽʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʚʝʨʜʣʦʚʠʥ. ʎʝʡ ʧʨʦʮʝʩ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʠʡ 

ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʪʨʠʤʢʠ ʪʠʩʢʫ, ʪʘʢʠʭ ʷʢ ʟʘʢʘʯʫʚʘʥʥʷ ʚʦʜʠ, ʛʘʟʫ 

ʘʙʦ ʽʥʰʠʭ ʨʝʯʦʚʠʥ ʚ ʧʣʘʩʪ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʥʦʚʠʪʠ ʧʣʘʩʪʦʚʠʡ ʪʠʩʢ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʟʘʧʦʙʽʛʪʠ ʫʪʚʦʨʝʥʥʶ ʨʽʜʢʦʾ ʬʘʟʠ. 

ʂʨʽʤ ʪʦʛʦ, ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʦʙʫʪʢʫ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʪʘʢʦʞ ʚʠʚʝʜʝʥʥʷ ʨʽʜʢʠʭ 

ʚʫʛʣʝʚʦʜʥʽʚ ʽʟ ʩʠʩʪʝʤʠ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʾʭ ʚʽʜʚʝʜʝʥʥʷ ʽ ʟʘʧʦʙʽʛʘʪʠ ʥʘʢʦʧʠʯʝʥʥʶ ʚ ʧʨʠʚʠʙʽʡʥʽʡ ʟʦʥʽ ʩʚʝʨʜʣʦʚʠʥʠ. 



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʠʭ ʨʦʜʦʚʠʱ ʥʝʦʙʭʽʜʥʦ 

ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʽʜʪʨʠʤʢʠ ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ, ʱʦ ʥʝ ʣʠʰʝ 

ʟʙʝʨʽʛʘʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʚʝʨʜʣʦʚʠʥ, ʘʣʝ ʡ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʫ ʪʘ ʝʢʦʥʦʤʽʯʥʦ 

ʝʬʝʢʪʠʚʥʫ ʨʦʟʨʦʙʢʫ ʨʦʜʦʚʠʱ ʫ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ [2, 3]. 

ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʠʡ ʨʽʚʝʥʴ 

ʚʠʜʦʙʫʪʢʫ ʛʘʟʫ ʽ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʨʠʟʠʢʠ, ʧʦʚôʷʟʘʥʽ ʟ ʚʠʩʥʘʞʝʥʥʷʤ ʨʦʜʦʚʠʱ, ʱʦ 

ʩʧʨʠʷʪʠʤʝ ʷʢ ʝʢʦʥʦʤʽʯʥʽʡ, ʪʘʢ ʽ ʝʢʦʣʦʛʽʯʥʽʡ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ ʛʘʟʦʚʠʜʦʙʫʪʢʫ ʚ 

ʋʢʨʘʾʥʽ. 

ɺʨʘʭʦʚʫʶʯʠ ʜʦʩʷʛʥʫʪʽ ʧʦʟʠʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ɹʝʨʝʟʽʚʩʴʢʦʤʫ ʨʦʜʦʚʠʱʽ, ʨʦʙʦʪʘ, 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʥʘ ʩʚʝʨʜʣʦʚʠʥʘʭ 

ʮʴʦʛʦ ʨʦʜʦʚʠʱʘ, ʥʘʙʫʚʘʻ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ. ʋʩʧʽʰʥʝ ʧʨʦʜʦʚʞʝʥʥʷ ʨʦʟʨʦʙʢʠ 

ʚʠʩʥʘʞʝʥʠʭ ʨʦʜʦʚʠʱ ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʪʘ ʨʝʤʦʥʪʫ ʩʚʝʨʜʣʦʚʠʥ, ʘʜʞʝ ʩʘʤʝ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʻ 

ʟʘʧʦʨʫʢʦʶ ʩʪʘʙʽʣʴʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʥʘ ʪʘʢʠʭ ʦʙôʻʢʪʘʭ. ɺ ʫʤʦʚʘʭ ʚʠʩʥʘʞʝʥʥʷ ʨʦʜʦʚʠʱʘ ʪʘ 

ʟʥʠʞʝʥʥʷ ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ, ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʽ ʧʦʣʽʧʰʝʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʾ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʫʪʪʻʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʜʦʙʫʪʢʫ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʚʠʪʨʘʪ ʥʘ ʡʦʛʦ ʧʽʜʪʨʠʤʢʫ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʨʝʤʦʥʪʫ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʪʘʢʠʭ ʨʦʜʦʚʠʱʘʭ 

ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʛʘʟʦʚʠʜʦʙʫʪʢʫ, ʘ ʡ ʩʪʚʦʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʧʦʩʪʫʧʦʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʦʙʩʷʛʽʚ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʢʨʘʾʥʠ, ʦʩʢʽʣʴʢʠ ʚʠʩʥʘʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʛʘʟʦʚʠʭ 

ʨʝʩʫʨʩʽʚ ʚʠʤʘʛʘʻ ʧʦʰʫʢʫ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʟʙʝʨʝʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽʩʥʫʶʯʠʭ 

ʨʦʜʦʚʠʱ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʤʝʪʦʜʽʚ ʧʽʜʪʨʠʤʢʠ ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ, ʩʚʦʻʯʘʩʥʫ ʟʘʤʽʥʫ ʽ ʤʦʜʝʨʥʽʟʘʮʽʶ ʦʙʣʘʜʥʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʧʦʢʨʘʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʟʘʢʘʯʫʚʘʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʩʫʤʽʰʝʡ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʚʝʨʜʣʦʚʠʥ. 

ʂʨʽʤ ʪʦʛʦ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʝʤʦʥʪʫ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥ 

ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʪʝʭʥʽʯʥʽ ʨʠʟʠʢʠ, ʟʤʝʥʰʠʪʠ ʯʘʩ ʧʨʦʩʪʦʶ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ, ʦʩʢʽʣʴʢʠ ʨʝʤʦʥʪʥʽ ʨʦʙʦʪʠ ʥʘ ʚʠʩʥʘʞʝʥʠʭ ʨʦʜʦʚʠʱʘʭ ʯʘʩʪʦ 

ʧʦʚôʷʟʘʥʽ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʠʟʠʢʦʤ ʯʝʨʝʟ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʪʘ ʥʝʩʪʘʙʽʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʣʘʩʪʦʚʠʭ ʫʤʦʚ. ʊʦʤʫ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʤʦʥʪʫ ʥʝ ʪʽʣʴʢʠ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ 

ʥʘ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʘ ʡ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʪʝʭʥʦʛʝʥʥʠʭ ʨʠʟʠʢʽʚ. 

ʋʨʘʭʫʚʘʥʥʷ ʚʩʽʭ ʮʠʭ ʘʩʧʝʢʪʽʚ ʨʦʙʠʪʴ ʨʦʙʦʪʫ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʤʦʥʪʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ 

ɹʝʨʝʟʽʚʩʴʢʦʤʫ ʅɻʂʈ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʩʪʨʘʪʝʛʽʾ ʧʽʜʪʨʠʤʢʠ ʩʪʘʙʽʣʴʥʦʛʦ 

ʛʘʟʦʚʠʜʦʙʫʪʢʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʢʨʘʾʥʠ ʥʘ ʪʨʠʚʘʣʫ 

ʧʝʨʩʧʝʢʪʠʚʫ. ɺ ʫʤʦʚʘʭ ʚʠʩʥʘʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʛʘʟʦʚʠʭ ʨʦʜʦʚʠʱ ʢʨʘʾʥʠ ʮʷ ʧʨʦʙʣʝʤʘ ʩʪʘʻ 

ʱʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʦʶ, ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʩʥʫʶʯʠʭ 

ʨʝʩʫʨʩʽʚ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ 

ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʜʝʨʞʘʚʠ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɹʫʨʘʯʦʢ ʆ.ɺ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʣʫʯʝʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ ʥʘ ʨʽʟʥʠʭ 

ʩʪʘʜʽʷʭ ʨʦʟʨʦʙʢʠ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʠʭ ʨʦʜʦʚʠʱ. ï ʂʚʘʣ.. ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ. ɼʠʩ. ʥʘ ʟʜʦʙʫʪʪʷ ʥ.ʩ. ʜ. ʬ. ʟʘ ʩʧʝʮ. 185 ï ʅʘʬʪʦʛʘʟʦʚʘ ʽʥʞʝʥʝʨʽʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ. 

ï ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮ. ʪʝʭʥ.. ʫʥ-ʪ ʥʘʬʪʠ ʽ ʛʘʟʫ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, 2021. 

2. ɹʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ: ʥʘʚʯ. ʧʦʩʽʙ. / ɭ.ɸ. ʂʦʨʦʚʷʢʘ, ɺ.ʃ. ʍʦʤʝʥʢʦ, ʖ.ʃ. 

ɺʠʥʥʠʢʦʚ, ʄ.ʆ. ʍʘʨʯʝʥʢʦ, ɺ.ʆ. ʈʘʩʮʚʻʪʘʻʚ ; ʄ-ʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ʅʘʮ. ʪʝʭʥ. 

ʫʥ-ʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. ï ɼʥʽʧʨʦ: ʅʊʋ çɼʇè, 2021. ï 292 ʩ. 

3. ɽʢʩʧʣʫʘʪʘʮʽʷ ʙʫʨʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ : ʥʘʚʯ. ʧʦʩʽʙ. / ʆ.ɸ. ʇʘʱʝʥʢʦ, ɭ.ɸ. 

ʂʦʨʦʚʷʢʘ, ɺ.ʃ. ʍʦʤʝʥʢʦ, ɺ.ʆ. ʈʘʩʮʚʻʪʘʻʚ, ʆ.ʄ. ʌʝʜʠʢ, ʉ.ɺ. ʂʘʣʠʥʦʚʠʯ ; ʄ-ʚʦ ʦʩʚʽʪʠ ʽ 

ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ʅʊʋçɼʇè. ï ɼʨʦʛʦʙʠʯ : ʇʦʩʚʽʪ, 2024. ï 300 ʩ.  
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ʋɼʂ 691 

 

ɹʦʛʜʘʥ ɺ.ʉ., ʩʪʫʜʝʥʪ ʛʨ.185ʤ-23-1, ɼʨʠʛʦʣʘ ʄ.ɸ. ʘʩʧʽʨʘʥʪ  ʛʨ.. 185ʘ-23 

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

ʙʫʨʽʥʥʷ  

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

 

ʈʆɿʈʆɹʂɸ ʂʆʄʇʆɿʀʊʅʀʍ ʇʆʃɯʄɽʈʅʀʍ ʄɸʊɽʈɯɸʃɯɺ ɼʃʗ  ʋʂʈʀʊʊʗ 

ʆɹ'ɭʂʊɯɺ ʂʈʀʊʀʏʅʆɰ ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ ʋʂʈɻɸɿɺʀɼʆɹʋɺɸʅʅʗ ɺɯɼ 

ʋɼɸʈɯɺ ɿ ʇʆɺɯʊʈʗ 

 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ ʷʢ : ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ (ʇɽʊ), 

ʧʦʣʽʧʨʦʧʽʣʝʥ(ʇʇʅ) ʪʘ ʧʦʣʽʝʪʠʣʝʥ(ʇʅ). ʎʽ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʚʠʩʦʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʽʮʥʦʩʪʽ, ʥʠʟʴʢʠʡ ʧʦʢʘʟʥʠʢ ʧʦʛʣʠʥʘʥʥʷ ʚʦʜʠ ʪʘ ʰʠʨʦʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʨʦʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. 

 

 
ʈʠʩʫʥʦʢ1. ʇʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇɽʊ, ʇʇʈ, ʇʅ 

 

ʆʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʜʦʩʣʽʜʞʝʥʴ ʻ: ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʦʙ'ʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʟʘʭʠʩʪʫ; ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʟʘʭʠʩʥʠʭ ʩʧʦʨʫʜ; ʨʦʟʨʦʙʢʘ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʩʧʦʨʫʜ ʪʘ ʫʢʨʠʪʪ;̫ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʬʦʨʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʟʘʭʠʩʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʣʦʢʽʚ: ʛʨʘʚʽʡ; ʧʽʩʦʢ; ʘʨʤʘʪʫʨʘ; ʚʪʦʨʠʥʥʽ ʦʨʛʘʥʽʯʥʽ 

ʧʦʣʽʤʝʨʠ. 

ʂʦʥʩʪʨʫʢʮʽʾ ʟʘʭʠʩʥʠʭ ʩʧʦʨʫʜ: ʫʢʨʠʪʪʷ ʪʠʧʫ çɹʘʩʪʽʦʥè; çʍʦʙʙʽʪ 2.0è; çʌʦʨʪʝʮʷ 

ʍʄè [1]. 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʣʦʢʠ ʟ ʧʦʣʽʤʝʨʙʝʪʦʥʫ. ʇʨʠʢʣʘʜʦʤ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʙʣʦʢʠ ʪʠʧʫ 

ʃʝʛʦ-ʙʣʦʢʠ [2], ʢʨʦʩ-ʙʣʦʢʠ [3] ʪʘ ʌɹʉ-ʙʣʦʢʠ (ʨʠʩ.2). ɹʣʦʢʠ ʤʘʶʪʴ ʬʦʨʤʫ, ʷʢʘ ʤʽʥʽʤʽʟʫʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚôʷʞʫʯʠʭ  ʪʘ ʟ'ʻʜʥʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

  
ʃʝʛʦ-ʙʣʦʢ ʂʨʦʩ ʙʣʦʢ 

ʈʠʩʫʥʦʢ 2. ɿʦʚʥʽʰʥʽʡ ʚʠʜ ʙʣʦʢʽʚ  

https://hhshelter.com.ua/shelters
file:///D:/Мои%20документы/Aндрей/Кафедральная%20нагрузка/Аспиранты/Дригола/Богдан/Тезисы%20Полтава%206.11.2024/2
file:///D:/Мои%20документы/Aндрей/Кафедральная%20нагрузка/Аспиранты/Дригола/Богдан/Тезисы%20Полтава%206.11.2024/2


ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 

ʄʘʪʝʨʽʘʣʠ XIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè 2024 

 

9 

ʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʣʽʤʝʨʙʝʪʦʥʫ: ʇɽʊ ʥʘʛʨʽʚʘʻʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 

280Áʉ ʪʘ ʟʤʽʰʫʻʪʴʩʷ ʟ ʛʨʘʚʽʻʤ. ʇʽʩʣʷ ʯʦʛʦ ʜʦʜʘʶʪʴʩʷ ʚʦʣʦʢʥʠʩʪʽ ʤʘʪʝʨʽʘʣʠ, ʥʘʧʨʠʢʣʘʜ, 

ʤʽʥʝʨʘʣʴʥʘ ʚʘʪʘ. ʗʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ  ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʙʣʦʢʽʚ. 

ʂʨʠʪʠʯʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 1. ɺʠʨʽʙ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʽʩʣʷ 

ʡʦʛʦ ʟʘʩʪʠʛʘʥʥʷ. ʏʘʩ ʟʘʩʪʠʛʘʥʥʷ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 20Áʉ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ.. 1 

 

ʊʘʙʣʠʮʷ 1. ʊʝʤʧʝʨʘʪʫʨʥʽ ʧʦʢʘʟʥʠʢʠ ʚʠʙʨʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ  [4-6] 

ʅʘʟʚʘ 

ʧʣʘʩʪʠʢʫ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʩʢʣʫʚʘʥʥʷ, Áʉ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʥʷ, Áʉ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʨʫʡʥʫʚʘʥʥʷ, Áʉ 

ʏʘʩ ʟʘʩʪʠʛʘʥʥʷ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ 20Áʉ, 

ʭʚ 

ʇɽʊ 70 260-280 300 3-5 

ʇʇʈ 80 160-180 250 15-20 

ʇʅ 80 130-160 240 25-30 

 

ɸʨʤʫʚʘʥʥʷ. ɼʣʷ ʘʨʤʫʚʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʧʦʟʠʪʥʫ 

ʩʢʣʦʧʣʘʩʪʠʢʦʚʫ ʘʨʤʘʪʫʨʫ, ʷʢʘ ʚʠʛʦʪʦʚʣʷʪ̒ʴʩʷ ʟʽ ʚʪʦʨʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʧʨʠʢʣʘʜ 

ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʘʥʽʾ çʈʝʙʘʨè (ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ). ɸʨʤʘʪʫʨʘ ʤʘʻ ʚʠʩʦʢʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ, ʩʪʽʡʢʘ ʜʦ ʢʦʨʦʟʽʾ, ʱʦ ʨʦʙʠʪʴ ʾʾ ʝʬʝʢʪʠʚʥʽʰʦʶ ʟʘ ʩʪʘʣʝʚʫ 

ʘʨʤʘʪʫʨʫ [7]. 

ʇʝʨʝʚʘʛʠ ʪʝʭʥʦʣʦʛʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ, ʝʢʦʣʦʛʽʯʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ, ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ, ʰʚʠʜʢʽʩʪʴ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʧʦʢʨʘʱʝʥʥʷ ʟʘʭʠʩʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʣʦʢʽʚ. ʊʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʟʝʢʦʥʦʤʠʪʠ ʯʘʩ ʪʘ ʨʝʩʫʨʩʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʟʘʭʠʩʪ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʦʙ'ʻʢʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ʇʦʪʦʯʥʠʡ ʩʪʘʥ ʜʦʩʣʽʜʞʝʥʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʜʦʚʞʫʻʪʴʩʷ 

ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʫ ʤʘʪʝʨʽʘʣʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʋʢʨʠʪʪʷ ʚʽʜ ñHobbit Houseò [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://hhshelter.com.ua/shelters ï ɿʘʛʦʣʦʚʦʢ ʟ ʝʢʨʘʥʫ  

2. ʃʝʛʦ-ʙʣʦʢʠ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ 

https://betonenergo.com.ua/lego-blok/ ï ɿʘʛʦʣʦʚʦʢ ʟ ʝʢʨʘʥʫ 

3. Sudakov ɸ., Dreus A., Sudakovʘ D., Khamininch ʆ. (2018) The study of melting 

process of the new plugging material at thermomechanical isolation technology of permeable 

horizons of mine opening. E3S Web of Conferences. 60, 1-

10. https://doi.org/10.1051/e3sconf/20186000027. 

4. Peacock, A. J. 2000. " Handbook of Polyethylene: Structures, Properties, and 

Applications". CRC Press. 

5. Sudakov A, Chudyk I., Sudakova D., Dziubyk L. (2019). Innovative  isolation 

technology for swallowing zones by thermoplastic materials . E3S Web of Conferences. 

Volume 123. 1-10. https://doi.org/10.1051/e3sconf/201912301033. 

6. ʂʦʤʧʦʟʠʪʥʘ ʩʢʣʦʧʣʘʩʪʠʢʦʚʘ ʘʨʤʘʪʫʨʘ Rebar ʜʽʘʤʝʪʨʦʤ 12ʤʤ. [ɽʣʝʢʪʨʦʥʥʠʡ 
ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ:  https://rebar.com.ua/shop  ï ɿʘʛʦʣʦʚʦʢ ʟ ʝʢʨʘʥʫ 
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ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 

ʄʘʪʝʨʽʘʣʠ XIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè 2024 
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ɹʦʨʦʚʩʴʢʠʡ ɸ.ɺ. ʤʘʛʽʩʪʨ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 185 ʅʘʬʪʦʛʘʟʦʚʘ ʽʥʞʝʥʝʨʽʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɼʘʚʠʜʝʥʢʦ ʆ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʥʘʬʪʦʛʘʟʦʚʦʾ 

ʽʥʞʝʥʝʨʽʾ ʪʘ ʙʫʨʽʥʥʷ 

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

 

ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɽʂʉʇʃʋɸʊɸʎɯɰ ɻʆʈʀɿʆʅʊɸʃʔʅʀʍ 

ʅɸʌʊʆɺʀʍ ʉɺɽʈɼʃʆɺʀʅ 

 

ʇʽʜʚʠʱʝʥʥʷ ʥʘʬʪʦʚʽʜʜʘʯʽ ʧʨʦʜʫʢʪʠʚʥʠʭ ʧʣʘʩʪʽʚ ʪʘ ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʾʾ 

ʚʠʜʦʙʫʪʢʫ ʻ ʧʨʽʦʨʠʪʝʪʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʅʠʥʽ ʻ ʤʘʣʦ ʥʘʬʪʦʚʠʭ ʨʦʜʦʚʠʱ ʽʟ ʧʨʦʩʪʠʤʠ 

ʛʝʦʣʦʛʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʅʘʩʘʤʧʝʨʝʜ ʮʝ ʙʫʜʽʚʥʠʮʪʚʦ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ 

ʩʧʦʩʦʙʽʚ ʚʠʪʽʩʥʝʥʥʷ ʟʘʣʠʰʢʽʚ ʥʘʬʪʠ, ʚʠʪʷʛʪʠ ʷʢʽ ʥʝ ʚʜʘʣʦʩʷ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʦ ʨʦʟʛʘʣʫʞʝʥʽ ʩʚʝʨʜʣʦʚʠʥʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʙʘʛʘʪʦʩʪʚʦʣʴʥʽ ʪʘ 

ʙʘʛʘʪʦʚʠʙʽʡʥʽ ʩʚʝʨʜʣʦʚʠʥʠ. ɹʘʛʘʪʦʩʪʚʦʣʴʥʘ ʩʚʝʨʜʣʦʚʠʥʘ (ʄʉʉ) ï ʩʚʝʨʜʣʦʚʠʥʘ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʩʪʚʦʣʘ, ʟ ʷʢʦʛʦ ʧʨʦʙʫʨʝʥʠʡ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʙʽʯʥʠʭ ʩʪʚʦʣʽʚ 

(ʚʽʜʛʘʣʫʞʝʥʴ) ʥʘ ʨʽʟʥʽ ʧʨʦʜʫʢʪʠʚʥʽ ʛʦʨʠʟʦʥʪʠ (ʧʣʘʩʪʠ), ʧʨʠ ʮʴʦʤʫ ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ 

ʙʽʯʥʠʭ ʩʪʚʦʣʽʚ ʟ ʦʩʥʦʚʥʠʤ ʩʪʚʦʣʦʤ ʟʥʘʭʦʜʠʪʴʩʷ ʚʠʱʝ ʟʘ ʛʦʨʠʟʦʥʪʠ, ʱʦ ʨʦʟʢʨʠʚʘʶʪʴʩʷ. 

ʇʝʨʝʚʘʛʘʤʠ ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ ʙʫʨʽʥʥʷ ʻ: ʧʽʜʚʠʱʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʭʦʧʣʝʥʥʷ ʧʣʘʩʪʘ, 

ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʚʠʪʨʘʪ ʥʘ ʙʫʨʽʥʥʷ ʪʘ ʟʘʢʽʥʯʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ, ʟʙʽʣʴʰʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʥʽʰʦʛʦ ʧʨʠʧʣʠʚʫ ʥʘʬʪʠ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʣʫʯʝʥʥʷ ʥʘʬʪʠ. ʆʙʩʷʛʠ ʚʠʜʦʙʫʪʢʫ ʥʘʬʪʠ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʶʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʙʫʜʽʚʥʠʮʪʚʘ ʙʘʛʘʪʦʩʚʝʨʜʣʦʚʠʥʠ. ɯʥʦʜʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʴ ʪʝʭʥʽʯʥʦʾ 

ʤʦʞʣʠʚʦʩʪʽ ʙʫʨʽʥʥʷ ʥʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ ʽʟ ʧʦʚʝʨʭʥʽ, ʘʙʦ ʟʜʽʡʩʥʝʥʥʷ ʥʦʚʦʛʦ ʧʨʦʝʢʪʫ 

ʧʦʪʨʝʙʫʻ ʥʘʜʪʦ ʚʠʩʦʢʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʚʠʪʨʘʪ. 

ʉʚʝʨʜʣʦʚʠʥʘ ʟ ʙʽʯʥʠʤ ʩʪʚʦʣʦʤ, ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʥʘʙʘʛʘʪʦ ʝʬʝʢʪʠʚʥʽʰʦʶ ʟʘ ʢʽʣʴʢʘ 

ʩʚʝʨʜʣʦʚʠʥ, ʧʦʙʫʜʦʚʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʆʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʧʽʜʚʠʱʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʥʘ 

ʙʫʜʽʚʥʠʮʪʚʦ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʦʙʩʷʛ ʥʘʬʪʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟ ʧʣʘʩʪʘ. ɻʨʘʤʦʪʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ɿɹʉ ʜʦʟʚʦʣʷʻ ʷʢʽʩʥʽʰʝ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʦʙʢʫ ʨʦʜʦʚʠʱʘ. 

ɹʽʣʴʰʽʩʪʴ ʙʘʛʘʪʦʩʪʚʦʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʧʨʦʙʫʨʝʥʠʭ ʟ 1953 ʨʦʢʫ, ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʨʽʚʥʽʚ ʩʢʣʘʜʥʦʩʪʽ 1 ʽ 2 ʟʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ TAML. ɹʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʮʠʭ ʨʽʚʥʽʚ 

ʩʢʣʘʜʥʦʩʪʽ ʩʪʘʣʦ ʥʘʩʪʽʣʴʢʠ ʧʦʰʠʨʝʥʠʤ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʩʪʘʪʠʩʪʠʢʘ ʟʘ ʾʭ ʢʽʣʴʢʽʩʪʶ ʚʞʝ 

ʥʝ ʚʝʜʝʪʴʩʷ. ɰʭʥʷ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʫ ʩʚʽʪʽ ʦʮʽʥʶʻʪʴʩʷ ʚ ʧʦʥʘʜ 10000 ʩʚʝʨʜʣʦʚʠʥ. 

ʐʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʩʪʚʦʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʫ ʩʪʚʦʨʝʥʥʽ ʨʦʜʦʚʠʱ 

ʧʨʠʟʚʝʣʦ ʜʦ ʨʦʟʚʠʪʢʫ ʪʘ ʫʩʢʣʘʜʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ. ʊʘʢ, ʚ 1993 ʨʦʮʽ ʙʫʣʘ ʧʨʦʙʫʨʝʥʘ 

ʧʝʨʰʘ ʙʘʛʘʪʦʩʪʚʦʣʴʥʘ ʩʚʝʨʜʣʦʚʠʥʘ ʟʘ ʨʽʚʥʝʤ 3 (ʂʘʥʘʜʘ, ʧʨʦʚʽʥʮʽʷ ɸʣʴʙʝʨʪʘ, ʢʦʤʧʘʥʽʷ 

Shell). ʋ 1994 ʨ. ï ʧʨʦʙʫʨʝʥʦ ʧʝʨʰʫ ʙʘʛʘʪʦʩʪʚʦʣʴʥʫ ʩʚʝʨʜʣʦʚʠʥʫ ʟʘ ʨʽʚʥʝʤ 4 (ʂʘʥʘʜʘ, 

ʧʨʦʚʽʥʮʽʷ ɸʣʴʙʝʨʪʘ, ʢʦʤʧʘʥʽʷ Shell). ʋ 1995 ʨ. ï ʧʨʦʙʫʨʝʥʘ ʧʝʨʰʘ ʙʘʛʘʪʦʩʪʚʦʣʴʥʘ 

ʩʚʝʨʜʣʦʚʠʥʘ ʟʘ ʨʽʚʥʝʤ 5 (ʉʐɸ, ʄʝʢʩʠʢʘʥʩʴʢʘ ʟʘʪʦʢʘ, ʢʦʤʧʘʥʽʷ BP). ʇʦʯʘʪʦʢ ʨʦʟʚʠʪʢʫ 

ʪʝʨʤʽʥʦʣʦʛʽʾ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʘʛʘʪʦʩʪʚʦʣʴʥʦʛʦ ʙʫʨʽʥʥʷ ʙʫʣʦ ʧʦʢʣʘʜʝʥʦ ʫ 1997 ʨ. ʋ 

ʙʝʨʝʟʥʽ 1997 ʨ. ɽʨʽʢʦʤ ɼʽˇʛʽʥʦʤ (ʧʨʝʜʩʪʘʚʥʠʢ ʢʦʤʧʘʥʽʾ ʐʝʣʣ) ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʩʢʣʠʢʘʪʠ ʤʽʞʥʘʨʦʜʥʠʡ ʬʦʨʫʤ, ʷʢʠʡ ʙʫʚ ʥʘʟʚʘʥʠʡ çTechnology Advancement ð Multi -

Laterals (TAML)è. ʌʦʨʫʤ ʻ ʥʝʢʦʤʝʨʮʽʡʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ. 

ʊʝʭʥʦʣʦʛʽʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʣʫʯʠʪʠ ʟʘʣʠʰʢʦʚʽ ʟʘʧʘʩʠ ʥʘʬʪʠ, ʧʽʜʚʠʱʠʪʠ ʦʭʦʧʣʝʥʥʷ 

ʧʣʘʩʪʘ, ʟʙʽʣʴʰʠʪʠ ʂɯʅ ʽ ʚʠʚʝʩʪʠ ʩʚʝʨʜʣʦʚʠʥʠ, ʱʦ ʧʨʦʩʪʦʶʶʪʴ, ʚ ʨʦʙʦʪʫ - ʙʫʨʽʥʥʷ 

ʙʽʯʥʠʭ ʩʪʚʦʣʽʚ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ TAML. 

ɺʠʙʽʨ ʪʝʭʥʦʣʦʛʽʾ ʟʘʢʽʥʯʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ TAML ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ. ʊʘʢ ʪʝʭʥʦʣʦʛʽʶ TAML 1, TAML 2 ʽ TAML 3 ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʽʣʴʢʠ ʚ 

ʩʠʣʴʥʦ-ʩʮʝʤʝʥʪʦʚʘʥʠʭ ʧʣʘʩʪʘʭ, ʪʘʢ ʷʢ ʙʽʯʥʠʡ ʩʪʦʚʙʫʨ ʥʝ ʮʝʤʝʥʪʫʻʪʴʩʷ, ʽ ʚʥʘʩʣʽʜʦʢ 
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ʮʴʦʛʦ ʥʝʤʘʻ ʤʝʭʘʥʽʯʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ. ɸ ʪʘʢʦʞ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʛʽʜʨʘʚʣʽʯʥʦʾ ʽʟʦʣʷʮʽʾ 

ʧʣʘʩʪʽʚ, ʧʨʦʜʫʢʮʽʷ ʧʦʻʜʥʫʻʪʴʩʷ. 

ʆʩʥʦʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʜʣʷ ʟʘʨʽʟʫʚʘʥʥʷ ɹʉ ʻ: 

1. ɯʟʦʣʷʮʽʷ ʥʘʬʪʦʥʦʩʥʠʭ ʪʘ ʚʦʜʦʥʦʩʥʠʭ ʧʣʘʩʪʽʚ ʧʦ ʚʩʴʦʤʫ ʨʦʟʢʨʠʪʦʤʫ ʨʦʟʨʽʟʫ; 

2. ʄʘʢʩʠʤʘʣʴʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʢʨʠʚʣʝʥʥʷ ʩʪʦʚʙʫʨʘ ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ 4-6Á ʥʘ 

10 ʤʝʪʨʽʚ; 

3. ɻʝʨʤʝʪʠʯʥʽʩʪʴ ʫʩʽʭ ʪʝʭʥʽʯʥʠʭ ʪʘ ʦʙʩʘʜʥʠʭ ʢʦʣʦʥʥʠʭ ʪʨʫʙ, ʾʭ ʷʢʽʩʥʝ 

ʮʝʤʝʥʪʫʚʘʥʥʷ; 

4. ɿʘʧʦʙʽʛʘʥʥʷ ʧʦʛʽʨʰʝʥʥʶ ʢʦʣʝʢʪʦʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʜʫʢʪʠʚʥʠʭ ʧʣʘʩʪʽʚ, 
ʟʙʝʨʝʞʝʥʥʷ ʾʭ ʧʨʠʨʦʜʥʦʛʦ ʩʪʘʥʫ ʧʨʠ ʨʦʟʪʠʥʽ, ʢʨʽʧʣʝʥʥʽ ʪʘ ʦʩʚʦʻʥʥʽ. 

ɼʣʷ ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʝʨʟʣʠʤʠ ʧʦʨʦʜʘʤʠ ʪʘ ʧʦʨʽʚʥʷʥʦ 

ʚʠʩʦʢʠʤʠ ʚʤʽʩʪʘʤʠ ʛʣʠʥʠʩʪʦʛʦ ʮʝʤʝʥʪʫ ï ʘʣʝʚʨʦʣʽʪʫ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʙʫʜʫʚʘʪʠ 

ʩʚʝʨʜʣʦʚʠʥʠ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ TAML 4 ʟʘʚʜʷʢʠ ʛʝʨʤʝʪʠʯʥʦʤʫ ʟ'ʻʜʥʘʥʥʶ ʤʽʞ ʦʩʥʦʚʥʠʤ 

ʩʪʚʦʣʦʤ ʽ ʙʽʯʥʠʤ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʶ ʪʝʭʥʦʣʦʛʽʶ, ʤʘʪʝʨʠʥʩʴʢʠʡ ʽ ʙʽʯʥʠʡ ʩʪʦʚʙʫʨ 

ʦʙʩʘʜʞʫʻʪʴʩʷ ʪʨʫʙʘʤʠ ʽ ʮʝʤʝʥʪʫʻʪʴʩʷ, ʻ ʧʦʚʥʠʡ ʜʦʩʪʫʧ ʜʦ ʦʩʥʦʚʥʦʛʦ ʪʘ ʙʽʯʥʦʛʦ 

ʩʪʦʚʙʫʨʘ. 

ɿʘʨʽʟʢʘ ʙʦʢʦʚʦʛʦ ʩʪʚʦʣʘ ʩʘʤʝ ʤʘʣʝʥʴʢʦʛʦ ʜʽʘʤʝʪʨʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʦʙʫʪʢʫ. ɿʘ ʬʦʨʤʫʣʦʶ ɹʝʨʥʫʣʣʽ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʤʘʣʦʤʫ ʜʽʘʤʝʪʨʽ 

ʦʙʩʘʜʥʦʾ ʪʨʫʙʠ, ʪʠʩʢ ʨʽʜʠʥʠ ʧʽʜʚʠʱʫʻʪʴʩʷ. 

ɽʢʩʧʣʫʘʪʘʮʽʷ ʜʘʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʧʨʦʚʦʜʠʪʴʩʷ ʤʘʣʦʛʘʙʘʨʠʪʥʠʤʠ ʋɽʎʅ 2ɸ ʪʘ 5ɸ 

ʛʘʙʘʨʠʪʫ. ʄʘʣʠʡ ʜʽʘʤʝʪʨ ʪʘ ʜʦʚʞʠʥʘ ʜʦʟʚʦʣʷʶʪʴ ʙʝʟʧʝʯʥʦ ʩʧʫʩʢʘʪʠ ʋɽʎʅ ʫ 

ʩʚʝʨʜʣʦʚʠʥʫ ʟ ʚʠʩʦʢʠʤ ʪʝʤʧʦʤ ʥʘʙʦʨʫ ʢʨʠʚʠʟʥʠ, ʱʦ ʜʦʭʦʜʠʪʴ ʜʦ 4-8Á ʥʘ 10ʤ, ʘ ʪʘʢʦʞ 

ʚʽʜʭʠʣʝʥʥʷʤ ʚʽʜ ʚʝʨʪʠʢʘʣʽ ʜʦ 90Á 

ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʋɽʎʅ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʱʘʙʣʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʘ ʧʦʨʦʰʢʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʾʭ ʧʦʚʝʨʭʥʷ ʤʘʻ 

ʤʝʥʰʫ ʰʦʨʩʪʢʽʩʪʴ, ʱʦ ʪʘʢʦʞ ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʫʩʪʘʥʦʚʢʠ ʪʘ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʩʧʨʠʷʻ ʟʘʩʪʦʩʫʚʘʥʥʶ ʚʠʩʦʢʦʦʙʦʨʦʪʥʦʛʦ ʚʝʥʪʠʣʴʥʦʛʦ ʜʚʠʛʫʥʘ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʥʘʙʠʨʘʪʠ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʜʦ 6000 ʦʙ/ʭʚ. ʽ ʧʽʜʚʠʱʫʚʘʪʠ ʪʠʩʢ. 

ʈʦʙʦʪʘ ʫʩʪʘʥʦʚʢʠ ʚ ʚʠʢʨʠʚʣʝʥʠʭ ʜʽʣʷʥʢʘʭ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʽʜʚʠʱʝʥʠʤʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʥʘ ʢʽʥʮʷʭ ʚʘʣʽʚ ʚʭʽʜʥʠʭ ʚʠʨʦʙʽʚ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʾʭ 

ʧʝʨʝʜʯʘʩʥʦʛʦ ʟʣʘʤʫ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʙʝʟʘʚʘʨʽʡʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʋɽʎʅ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʥʫʯʢʽ ʤʫʬʪʠ ʜʣʷ ʧʨʦʛʠʥʫ ʫʩʪʘʥʦʚʢʠ ʤʽʞ ɽʎʅ ʽ ʅʂʊ ʪʨʫʙʘʤʠ ʟʽ 

ʟʙʝʨʝʞʝʥʥʷʤ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʚ ʤʽʩʮʷʭ ʾʭ ʟ'ʻʜʥʘʥʥʷ. ɺ ʫʩʪʘʥʦʚʮʽ ʻ ʮʝʥʪʨʘʪʦʨ, ʷʢʠʡ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʭʦʜʫ ʚ ʩʪʚʦʣ. ʋ ʢʦʤʧʦʥʫʚʘʥʥʽ ʧʝʨʝʜʙʘʯʝʥʦ ʧʨʦʪʝʢʪʦʣʘʡʟʝʨ, ʷʢʠʡ 

ʥʘʜʽʡʥʦ ʟʘʭʠʱʘʻ ʢʘʙʝʣʴ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ, ʱʦ ʜʫʞʝ ʚʘʞʣʠʚʦ ʧʨʠ 

ʚʩʪʘʥʦʚʣʝʥʥʽ ʥʘʩʦʩʘ ʚ ɹʉ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʱʽʣʠʥʥʦʛʦ ʬʽʣʴʪʨʘ ʪʘ ʢʦʥʪʝʡʥʝʨʘ ʟ ʽʥʛʽʙʽʪʦʨʦʤ 

ʩʦʣʝʚʽʜʢʣʘʜʝʥʥʷ ʦʙʦʚ'ʷʟʢʦʚʦ, ʯʝʨʝʟ ʛʝʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʨʦʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ 

ʯʝʨʝʟ ʤʦʞʣʠʚʝ ʟʘʩʤʽʯʝʥʥʷ ʯʝʨʝʟ ʤʘʣʠʡ ʧʨʦʭʽʜʥʠʡ ʧʝʨʝʨʽʟ ʫ ʨʦʙʦʯʠʭ ʢʦʣʝʩʘʭ. 

ʇʦʨʽʚʥʶʶʯʠ ʨʦʙʦʪʫ ʥʘʩʦʩʘ 2ɸ ʛʘʙʘʨʠʪʫ ʪʘ 5ɸ ʛʘʙʘʨʠʪʫ, ʧʨʠʭʦʜʠʤʦ ʜʦ ʚʠʩʥʦʚʢʫ, 

ʱʦ ʯʝʨʝʟ ʤʘʣʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʋɽʎʅ 2ɸ ʛʘʙʘʨʠʪʫ ʜʽʘʤʝʪʨʦʤ ɽʎʅ 69ʤʤ, ʢʨʘʱʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʋɽʎʅ 5ɸ ʛʘʙʘʨʠʪʫ ʟ ʜʽʘʤʝʪʨʦʤ ʥʘʩʦʩʘ 86 ʤʤ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 50-35. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. Ratov, B. T., Fedorov, B. V., Khomenko, V. L., Baiboz, A. R., & Korgasbekov, D. R. 

(2020). Some features of drilling technology with PDC bits. Natsional'nyi Hirnychyi 

Universytet. Naukovyi Visnyk, (3), 13-18. 

2. Drilling and operation of oil and gas wells in difficult conditions : monograph / O.O. 

Aziukovskyi, Ye.A. Koroviaka, A.O. Ihnatov; Ministry of Education and Science of Ukraine, 

Dnipro University of Technology. ï Dnipro: Zhurfond, 2023. ï 159 p. 

3. ʇʘʱʝʥʢʦ, ʆ. ɸ. ʐʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʨʦʚʦʛʦ 
ʦʙʣʘʜʥʘʥʥʷ. ʌʦʨʫʤ ʛʽʨʥʠʢʽʚ-2016: ʤʘʪʝʨ. ʤʽʞʥʘʨ. ʢʦʥʬ., ʤ. ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ (pp. 5-6). 

4. Ihnatov, A., Koroviaka, Y., Rastsvietaiev, V., Tokar, L. (2021). Development of the 



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 

ʄʘʪʝʨʽʘʣʠ XIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè 2024 

 

12 

rational bottomhole assemblies of the directed well drilling. Gas Hydrate Technologies: 

Global Trends, Challenges and Horizons ï 2020, E3S Web of Conferences 230, 01016 

(2021). https://doi.org/10.1051/e3sconf/202123001016 

5. ɯʛʥʘʪʦʚ, ɸ.ʆ., ʇʘʱʝʥʢʦ, ʆ.ɸ., ʂʦʨʦʚʷʢʘ, ɭ.ɸ., ʉʝʤʝʭʽʥ, ɺ.ʖ., ʃʦʛʚʠʥʝʥʢʦ ʆ.ʆ., 
ɸʩʢʝʨʦʚ ɯ.ʂ. (2021). ɼʝʷʢʽ ʧʦʷʩʥʝʥʥʷ ʫʜʘʨʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʚʧʣʠʚʫ ʥʘ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ ʧʨʠ 

ʙʫʨʽʥʥʽ ʩʚʝʨʜʣʦʚʠʥ. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʅɻʋ, 66, 177-192. 
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ɺʝʨʙʝʱʫʢ ʅ.ʄ., ʩʪʫʜʝʥʪ ʛʨʫʧʠ 185ʤ-23-2 ʌʇʅʊ 

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

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

ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʉʂʃɸɼʋ ʊɸʄʇʆʅɸɾʅʆɻʆ ʈʆɿʏʀʅʋ ɼʃʗ ɹʋʈɯʅʅʗ 

ʉɺɽʈɼʃʆɺʀʅ 
 

ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʩʢʣʘʜʫ ʪʘʤʧʦʥʘʞʥʦʛʦ ʨʦʟʯʠʥʫ ʜʣʷ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʤʘʻ 

ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʥʘʜʽʡʥʦʾ ʛʝʨʤʝʪʠʟʘʮʽʾ ʽ ʟʤʽʮʥʝʥʥʷ ʩʪʽʥʦʢ ʩʚʝʨʜʣʦʚʠʥʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʾʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʟʥʠʞʫʻ ʨʠʟʠʢ ʧʨʦʥʠʢʥʝʥʥʷ ʬʣʶʾʜʽʚ. ʆʩʥʦʚʥʽ 

ʥʘʧʨʷʤʢʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʢʣʶʯʘʶʪʴ ʧʽʜʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʨʦʟʯʠʥʫ, ʪʘʢʠʭ ʷʢ ʪʨʠʚʢʽʩʪʴ, ʩʪʘʙʽʣʴʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʩʪʽʡʢʽʩʪʴ ʜʦ ʭʽʤʽʯʥʠʭ ʽ ʪʝʨʤʽʯʥʠʭ 

ʫʤʦʚ, ʱʦ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʧʨʦʮʝʩʽ ʙʫʨʽʥʥʷ. 

ʆʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ [1]: 

ʆʧʪʠʤʽʟʘʮʽʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ: 

ɼʦʜʘʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʙʘʚʦʢ, ʥʘʧʨʠʢʣʘʜ, ʣʘʪʝʢʩʽʚ, ʧʦʣʽʤʝʨʽʚ ʘʙʦ 

ʤʽʢʨʦʢʨʝʤʥʝʟʝʤʫ, ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʘʜʛʝʟʽʾ ʨʦʟʯʠʥʫ ʜʦ ʩʪʽʥʦʢ ʩʚʝʨʜʣʦʚʠʥʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʧʘʜʽʥʥʶ ʦʩʘʜʫ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʜʥʦʨʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ ʨʦʟʯʠʥʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ, ʱʦ ʧʦʢʨʘʱʫʶʪʴ ʧʣʠʥʥʽʩʪʴ ʨʦʟʯʠʥʫ, ʦʩʦʙʣʠʚʦ ʧʨʠ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʇʽʜʚʠʱʝʥʥʷ ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʜʦ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: 

ɼʦʜʘʚʘʥʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʘʣʶʤʦʩʠʣʽʢʘʪʠ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʯʠʥ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʙʘʚʦʢ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʠʩʣʦʪ ʪʘ ʣʫʛʽʚ, ʷʢʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʨʠʩʫʪʥʽʤʠ ʚ ʧʽʜʟʝʤʥʠʭ ʬʣʶʾʜʘʭ. 

ʇʦʣʽʧʰʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ: 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʽʢʨʦʥʘʧʦʚʥʶʚʘʯʽʚ, ʪʘʢʠʭ ʷʢ ʢʚʘʨʮʦʚʠʡ ʧʽʩʦʢ ʘʙʦ ʚʦʣʦʢʥʘ, ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʨʦʟʯʠʥʫ. 

ɺʚʝʜʝʥʥʷ ʘʨʤʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʟʥʠʞʫʶʪʴ ʫʩʘʜʢʫ ʽ ʨʠʟʠʢ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ 

ʧʨʠ ʟʘʩʪʠʛʘʥʥʽ ʨʦʟʯʠʥʫ. 

ʇʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ: 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʨʦʟʢʣʘʜʥʠʭ ʘʙʦ ʥʝʪʦʢʩʠʯʥʠʭ ʜʦʙʘʚʦʢ, ʱʦʙ ʟʤʝʥʰʠʪʠ 

ʧʦʪʝʥʮʽʡʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʮʽʡ ʩʬʝʨʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʱʫ ʤʽʮʥʽʩʪʴ ʽ ʢʨʘʱʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. ʅʘʧʨʠʢʣʘʜ, ʜʦʜʘʚʘʥʥʷ ʥʘʥʦʯʘʩʪʦʢ 

ʛʨʘʬʝʥʫ ʘʙʦ ʥʘʥʦʪʨʫʙʦʢ ʤʦʞʝ ʧʦʢʨʘʱʠʪʠ ʩʪʽʡʢʽʩʪʴ ʨʦʟʯʠʥʫ ʜʦ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚ 

ʙʫʨʽʥʥʷ [2]. ʊʘʢʦʞ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʤʧʦʥʘʞʥʠʭ ʨʦʟʯʠʥʽʚ ʟ 

ʥʠʟʴʢʦʶ ʱʽʣʴʥʽʩʪʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʪʠʩʢ ʥʘ ʧʣʘʩʪʦʚʽ ʧʦʨʦʜʠ. ʎʝ ʦʩʦʙʣʠʚʦ 

ʢʦʨʠʩʥʦ ʧʨʠ ʙʫʨʽʥʥʽ ʚ ʥʝʩʪʘʙʽʣʴʥʠʭ ʘʙʦ ʩʭʠʣʴʥʠʭ ʜʦ ʦʙʚʘʣʽʚ ʧʦʨʦʜʘʭ. [2,3]. 

ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʩʢʣʘʜʫ ʪʘʤʧʦʥʘʞʥʦʛʦ ʨʦʟʯʠʥʫ ï ʮʝ ʢʦʤʧʣʝʢʩʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ 

ʫʤʦʚʠ ʙʫʨʽʥʥʷ, ʪʠʧ ˇʨʫʥʪʽʚ ʪʘ ʥʘʷʚʥʽʩʪʴ ʧʽʜʟʝʤʥʠʭ ʬʣʶʾʜʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʨʽʥʥʷ, ʙʝʟʧʝʢʫ ʨʦʙʽʪ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʩʚʝʨʜʣʦʚʠʥʠ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʅʘʣʠʚʘʡʢʦ, ʆʣʝʢʩʘʥʜʨ ɯʚʘʥʦʚʠʯ, ɸʥʛʝʣʽʥʘ ɺʦʣʦʜʠʤʠʨʽʚʥʘ ʄʝʣʝʞʠʢ, and 

ʆʣʝʢʩʘʥʜʨ ɺʘʩʠʣʴʦʚʠʯ ʈʦʤʘʰʢʦ. ʇʦʢʨʘʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘʤʧʦʥʘʞʥʠʭ 

ʨʦʟʯʠʥʽʚ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʦʙʩʘʜʥʠʭ ʢʦʣʦʥ ʩʚʝʨʜʣʦʚʠʥ. 141-145. 

2. ʊʝʨʰʘʢ, ɹ.ɸ. ʇʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘʤʧʦʥʘʞʥʠʭ ʩʫʩʧʝʥʟʽʡ 

ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ. (2010).  

3. ʆʨʣʦʚʩʴʢʠʡ, ɺ.ʄ. ʊʝʨʤʦʩʪʽʡʢʽ ʪʘʤʧʦʥʘʞʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʨʦʟʰʠʨʶʶʪʴʩʷ ʧʨʠ 

ʪʚʝʨʜʽʥʥʽ. ɻʽʨʥʠʯʠʡ ʚʽʩʥʠʢ 98 (2014): 63-68.   



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 
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ɺʠʙʨʠʢ ʄ. ɺ.,  ʩʪʫʜʝʥʪ ʛʨ. 185ʤ-23-1 ʌʇʅʊ  

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

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

 

ʈʆɿʈʆɹʂɸ ʊɽʍʅʆʃʆɻɯʁ ʆɹʄɽɾɽʅʅʗ ɺʆɼʆ ʇʈʀʇʃʀɺʋ ɺ 

ʅɸʌʊʆɺɯ ʉɺɽʈɼʃʆɺʀʅʀ ɿ ʊʈɯʑʀʅʆ-ʇʆʈʆɺʀʄ ʊʀʇʆʄ ʂʆʃɽʂʊʆʈʋ 

 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʽʩʥʫʚʘʥʥʷ ʙʝʟʣʽʯʽ ʪʝʭʥʦʣʦʛʽʡ ʽ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ ʜʣʷ ʙʦʨʦʪʴʙʠ ʟ 

ʧʝʨʝʜʯʘʩʥʠʤ ʦʙʚʦʜʥʝʥʥʷʤ ʩʚʝʨʜʣʦʚʠʥ, ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʫʤʽʚ ʧʦʨʦʚʠʭ 

ʢʦʣʝʢʪʦʨʽʚ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ ʟʘʚʞʜʠ ʝʬʝʢʪʠʚʥʦ ʚ ʫʤʦʚʘʭ ʩʝʨʝʜʦʚʠʱʘ 

ʟ ʧʦʜʚʽʡʥʦʶ ʧʦʨʠʩʪʽʩʪʶ, ʚ ʷʢʽʡ ʚʦʜʦʽʟʦʣʷʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ ʧʦʚʠʥʥʠʡ ʧʨʦʥʠʢʘʪʠ ʫ 

ʚʦʜʦʥʘʩʠʯʝʥʽ ʪʨʽʱʠʥʠ ʙʝʟ ʟʥʘʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʫʶ ʥʘʬʪʦʥʘʩʠʯʝʥʫ 

ʤʘʪʨʠʮʶ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ [1]. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʥʘʬʪʦʚʠʭ ʨʦʜʦʚʠʱ ʟ ʧʦʨʦʚʠʤ 

ʪʘ ʪʨʽʱʠʥʠʤ ʪʠʧʦʤ ʢʦʣʝʢʪʦʨʘ. 

ɯʜʝʷ ʨʦʙʦʪʠ. ɿʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʙʚʦʜʥʝʥʥʷ ʥʘʬʪʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ ʟʘ 

ʨʘʭʫʥʦʢ ʩʧʨʷʤʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʚʠʩʦʢʦʧʨʦʥʠʢʥʠʭ ʢʘʥʘʣʽʚ ʪʨʽʱʠʥ ʛʝʣʝʫʪʚʦʨʶʶʯʠʤ 

ʩʢʣʘʜʦʤ. 

ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ : 

1. ɺʠʚʯʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʨʦʙʢʠ, ʘ ʪʘʢʦʞ ʜʞʝʨʝʣʘ ʽ ʭʘʨʘʢʪʝʨ ʦʙʚʦʜʥʝʥʥʷ 
ʩʚʝʨʜʣʦʚʠʥ ʚ ʥʘʬʪʦʚʠʭ ʧʦʢʣʘʜʘʭ ʜʣʷ ʫʤʦʚ ʢʦʣʝʢʪʦʨʽʚ ʪʨʽʱʽʥʦ-ʰʧʘʨʠʩʪʦʛʦ ʪʠʧʫ. 

2. ɺʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʪʝʭʥʦʣʦʛʽʡ ʽ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʚʞʠʚʘʥʠʭ 

ʧʨʠ ʦʙʤʝʞʝʥʥʽ ʚʦʜʦʧʨʠʧʣʠʚʫ. 

3. ɺʠʚʯʠʪʠ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʚʝʜʝʥʥʷ ʚʦʜʦʽʟʦʣʷʮʽʡʥʠʭ ʨʦʙʽʪ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ 
ʩʚʝʨʜʣʦʚʠʥʘʭ. 

4. ʈʦʟʨʦʙʠʪʠ ʚʦʜʦʽʟʦʣʷʮʽʡʥʠʡ ʛʝʣʝʫʪʚʦʨʶʶʯʠʡ ʩʢʣʘʜ ʜʣʷ ʫʤʦʚ ʢʦʣʝʢʪʦʨʽʚ 
ʪʨʽʱʽʥʦ-ʰʧʘʨʠʩʪʦʛʦ ʪʠʧʫ. 

5. ʈʦʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʶ ʟʘʢʘʯʫʚʘʥʥʷ ʚ ʧʣʘʩʪ ʛʝʣʝʫʪʚʦʨʶʶʯʦʛʦ 

ʚʦʜʦʽʟʦʣʷʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʽ ʚʠʟʥʘʯʠʪʠ ʛʘʣʫʟʴ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ, ʘ ʪʘʢʦʞ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦ-ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʠʢ. ʆʙʨʦʙʢʘ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʨʦʚʦʜʠʣʘʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ:  

1. ʈʦʟʨʦʙʣʝʥʦ ʛʝʣʝʫʪʚʦʨʶʶʯʠʡ ʚʦʜʦʽʟʦʣʷʮʽʡʥʠʡ ʩʢʣʘʜ ʥʘ ʦʩʥʦʚʽ ʩʠʣʽʢʘʪʫ 

ʥʘʪʨʽʶ ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʚʦʜʦʧʨʠʧʣʠʚʫ ʚ ʜʦʙʫʚʥʽ ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʨʦʬʽʣʶ 

ʧʨʠʡʦʤʠʩʪʦʩʪʽ ʥʘʛʥʽʪʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʚ ʫʤʦʚʘʭ ʢʦʣʝʢʪʦʨʽʚ ʪʨʽʱʽʥʦ-ʰʧʘʨʠʩʪʦʛʦ ʪʠʧʫ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʙʤʝʞʝʥʥʷ ʚʦʜʦʧʨʠʧʣʠʚʫ ʚ ʢʦʣʝʢʪʦʨʘʭ 
ʪʨʽʱʽʥʦ-ʰʧʘʨʠʩʪʦʛʦ ʪʠʧʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʣʝʫʪʚʦʨʶʶʯʦʛʦ ʚʦʜʦʽʟʦʣʷʮʽʡʥʦʛʦ ʩʢʣʘʜʫ. 

ɿʘʛʘʣʴʥʽ ʚʠʩʥʦʚʢʠ 

1. ɸʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʽ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʥʘʬʪʦʥʘʩʠʯʝʥʠʭ ʢʦʣʝʢʪʦʨʘʭ ʪʨʽʱʠʥ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘʧʘʩʠ ʥʘʬʪʠ 

ʟʦʩʝʨʝʜʞʝʥʽ ʚ ʙʣʦʢʘʭ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ, ʪʦʜʽ ʷʢ ʬʽʣʴʪʨʘʮʽʷ ʬʣʶʾʜʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ 

ʩʠʩʪʝʤʘʭ ʪʨʽʱʠʥ. ʅʘ ʬʽʣʴʪʨʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʧʨʦʥʠʢʥʦʩʪʽ ʪʨʽʱʠʥ ʽ ʙʣʦʢʽʚ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ - ʧʨʠ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʬʽʣʴʪʨʘʮʽʾ ʤʦʞʝ 

ʚʽʜʙʫʚʘʪʠʩʷ ʚʠʧʝʨʝʜʞʘʶʯʠʡ ʧʽʜʡʦʤ ʨʽʚʥʷ ɺʅʂ ʚ ʩʠʩʪʝʤʽ ʪʨʽʱʠʥ ʧʦʨʽʚʥʷʥʦ ʟ ʙʣʦʢʘʤʠ 

ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʧʝʨʝʜʞʘʶʯʦʛʦ ʧʨʦʨʠʚʫ ʚʦʜʠ. 

2. ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʨʦʙʢʠ ʧʦʢʣʘʜʽʚ ʥʘʬʪʠ ʚ ʧʦʨʦʚʠʭ ʜʣʷ ʪʨʽʱʠʥʠ 
ʚʘʧʥʷʢʘʭ. ɸʥʘʣʽʟ ʬʦʥʜʫ ʩʚʝʨʜʣʦʚʠʥ ʧʦʢʘʟʘʚ, ʱʦ ʚʽʨʦʛʽʜʥʦʶ ʧʨʠʯʠʥʦʶ ʦʙʚʦʜʥʝʥʥʷ 

ʩʚʝʨʜʣʦʚʠʥ ʻ ʧʨʦʨʠʚʠ ʧʽʜʩʪʠʣʘʶʯʦʾ ʚʦʜʠ ʜʦ ʟʘʙʦʾʚ ʩʚʝʨʜʣʦʚʠʥ. 

http://dspace.nbuv.gov.ua/bitstream/handle/123456789/139065/21-Vdovichenko.pdf?sequence=1
http://dspace.nbuv.gov.ua/bitstream/handle/123456789/139065/21-Vdovichenko.pdf?sequence=1
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3. ɸʥʘʣʽʟ ʚʞʠʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʚʦʜʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦʢʘʟʘʚ, ʱʦ 

ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʣʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʦʙʤʝʞʝʥʥʷ 

ʚʦʜʦʧʨʠʧʣʠʚʫ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʦʩʥʦʚʽ ʩʠʣʽʢʘʪʫ ʥʘʪʨʽʶ. ʇʨʦʪʝ, ʥʝʟʚʘʞʘʶʯʠ 

ʥʘ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʤʘʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʧʦʚ'ʷʟʘʥʠʭ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʟ 

ʤʠʪʪʻʚʠʤ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʚʠʧʘʜʘʥʥʷʤ ʦʩʘʜʫ ʚ ʧʨʠʚʠʙʽʡʥʦʡ ʟʦʥʽ ʧʣʘʩʪʘ ʽ ʚʠʩʦʢʦʶ 

ʢʦʨʦʟʽʡʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʚʝʨʜʣʦʚʠʥʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. ɺ ʟʚ'ʷʟʢʫ ʟ 

ʮʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʘ ʨʦʟʨʦʙʢʠ ʚʦʜʦʽʟʦʣʷʮʽʡʥʠʭ ʩʢʣʘʜʽʚ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʦʪʨʠʤʫʚʘʪʠ ʛʝʣʽ ʚ ʫʩʴʦʤʫ ʦʙ'ʻʤʽ ʧʦʯʘʪʢʦʚʦʾ ʢʦʤʧʦʟʠʮʽʾ. 

4. ɼʣʷ ʦʙʤʝʞʝʥʥʷ ʚʦʜʦʧʨʠʧʣʠʚʫ ʚ ʫʤʦʚʘʭ ʢʦʣʝʢʪʦʨʽʚ ʪʨʽʱʽʥʦ-ʰʧʘʨʠʩʪʦʛʦ ʪʠʧʫ 

ʨʦʟʨʦʙʣʝʥʠʡ ʛʝʣʝʫʪʚʦʨʶʶʯʠʡ ʩʢʣʘʜ  ʥʘ ʦʩʥʦʚʽ ʩʠʣʽʢʘʪʫ ʥʘʪʨʽʶ, ʽʥʽʮʽʘʪʦʨʦʤ 

ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʷʢʦʛʦ ʚʠʩʪʫʧʘʻ ʭʨʦʤʦʢʘʣʽʻʚʽ ʛʘʣʫʥ. ɺʘʨʽʶʶʯʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʨʝʘʛʝʥʪʽʚ, 

ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ ʛʝʣʽ ʟ ʤʽʮʥʽʩʪʶ ʚʽʜ 1000 ʜʦ 14000 ʇʘ ʽ ʯʘʩʦʤ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʚʽʜ 1 ʜʦ 

1200 ʭʚʠʣʠʥ.  

5. ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʦʙʤʝʞʝʥʥʷ ʚʦʜʦʧʨʠʧʣʠʚʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʝʣʝʫʪʚʦʨʶʶʯʦʛʦ ʩʢʣʘʜʫ  ʟ ʧʦʧʝʨʝʜʥʽʤ ʧʨʦʢʘʯʫʚʘʥʥʷʤ ʙʫʬʝʨʥʦʾ ʦʙʣʷʤʽʚʢʠ ʚʦʜʥʦʛʦ 

ʨʦʟʯʠʥʫ . 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʌʝʤôʷʢ ʗ.ʄ., ʏʫʜʠʢ ɯ.ɯ., ʉʫʜʘʢʦʚ ɸ,ʂ., ʗʢʠʤʝʯʢʦ ʗ.ʗ., ʌʝʜʠʢ ʆ.ʄ. ʇʨʘʢʪʠʯʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʚʽʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʙʫʨʽʥʥʽ ʩʚʝʨʜʣʦʚʠʥ: ʄʦʥʦʛʨʘʬʽʷ. - ɼʨʦʛʦʙʠʯ: 

çʇʦʩʚʽʪè, 2021. 232 ʩ.  

2. ʉʫʜʘʢʦʚ ɸ.ʂ., ɼʟʶʙʠʢ ɸ.ʈ., ʂʫʟʽʥ ʖ.ʃ., ʅʘʟʘʨ ɯ.ɹ., ʉʫʜʘʢʦʚʘ ɼ. ɸ. ɯʟʦʣʷʮʽʷ 

ʧʦʛʣʠʥʘʶʯʠʭ ʛʦʨʠʟʦʥʪʽʚ ʙʫʨʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. 

ʄʦʥʦʛʨʘʬʠʷ. ï ɼʨʦʛʦʙʠʯ.: çʇʨʦʩʚʽʪè, 2019. 182ʩ. 
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ɺʦʡʪʘ ʄ.ʆ. ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 185 ʅʘʬʪʦʛʘʟʦʚʘ ʽʥʞʝʥʝʨʽʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʇʘʱʝʥʢʦ ʆ.ɸ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʥʘʬʪʦʛʘʟʦʚʦʾ ʽʥʞʝʥʝʨʽʾ 

ʪʘ ʙʫʨʽʥʥʷ 

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

ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉɯɺ ʌɯʃʔʊʈɸʎɯɰ ɺ ʉʀʉʊɽʄɸʍ ʆʏʀʑɽʅʅʗ 

ɹʋʈʆɺʀʍ ʈɯɼʀʅ 
 

ʌʽʣʴʪʨʘʮʽʷ ʙʫʨʦʚʠʭ ʨʽʜʠʥ ʻ ʢʨʠʪʠʯʥʠʤ ʝʪʘʧʦʤ ʫ ʧʨʦʮʝʩʽ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʦʙôʻʤ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʫ ʨʽʜʠʥʽ, ʱʦ ʧʦʟʠʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʨʽʥʥʷ, ʟʥʠʞʫʻ ʟʥʦʩ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʽʥʽʤʽʟʫʻ ʝʢʦʣʦʛʽʯʥʠʡ 

ʚʧʣʠʚ. ɹʫʨʦʚʘ ʨʽʜʠʥʘ, ʷʢʘ ʮʠʨʢʫʣʶʻ ʫ ʩʚʝʨʜʣʦʚʠʥʽ, ʧʽʜʥʽʤʘʻ ʯʘʩʪʠʥʢʠ ʧʦʨʦʜʠ ʪʘ ʰʣʘʤ 

ʥʘ ʧʦʚʝʨʭʥʶ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʨʦʙʦʪʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ. 

ʊʦʤʫ ʬʽʣʴʪʨʘʮʽʷ ʙʫʨʦʚʠʭ ʨʽʜʠʥ ʻ ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʯʠʩʪʦʪʠ ʩʠʩʪʝʤʠ ʪʘ 

ʥʘʣʝʞʥʦʾ ʨʦʙʦʪʠ ʙʫʨʦʚʦʾ ʫʩʪʘʥʦʚʢʠ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʬʽʣʴʪʨʘʮʽʾ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʦʙʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʽ ʙʫʜʫʪʴ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤʠ ʟʘ ʫʤʦʚ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʝʢʪʫ. 

ʇʨʦʮʝʩʠ ʬʽʣʴʪʨʘʮʽʾ ʙʫʨʦʚʠʭ ʨʽʜʠʥ ʤʦʞʥʘ ʤʦʜʝʣʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʽʣʴʢʦʭ 

ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʽʚ: ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ (CFD) 

ʪʘ ʝʤʧʽʨʠʯʥʠʭ ʤʝʪʦʜʽʚ. ʂʦʞʝʥ ʽʟ ʮʠʭ ʧʽʜʭʦʜʽʚ ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʨʽʟʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʚʥʷʥʴ, ʷʢʽ ʦʧʠʩʫʶʪʴ 

ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʬʽʣʴʪʨʘʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʤʦʜʝʣʴ ɼʘʨʩʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʯʝʨʝʟ ʧʦʨʠʩʪʝ ʩʝʨʝʜʦʚʠʱʝ. ʎʝ ʨʽʚʥʷʥʥʷ 

ʚʨʘʭʦʚʫʻ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ ʧʨʦʥʠʢʥʽʩʪʴ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʚ'ʷʟʢʽʩʪʴ ʨʽʜʠʥʠ ʪʘ 

ʪʠʩʢ. ʇʨʦʪʝ ʨʽʚʥʷʥʥʷ ɼʘʨʩʽ ʤʘʻ ʦʙʤʝʞʝʥʥʷ ʽ ʥʝ ʚʨʘʭʦʚʫʻ ʥʝʣʽʥʽʡʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʤʘʪʠ ʟʥʘʯʝʥʥʷ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʦʪʦʢʫ ʘʙʦ ʧʨʠ 

ʚʝʣʠʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʫ ʨʽʜʠʥʽ. 

ɼʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʨʽʚʥʷʥʥʷ ʅʘʚ'ʻ-

ʉʪʦʢʩʘ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʷʢ ʣʽʥʽʡʥʽ, ʪʘʢ ʽ ʥʝʣʽʥʽʡʥʽ ʩʢʣʘʜʦʚʽ ʧʦʪʦʢʫ. ʎʝ ʨʽʚʥʷʥʥʷ 

ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʝ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʫ ʙʫʨʦʚʦʾ ʨʽʜʠʥʠ ʯʝʨʝʟ 

ʧʦʨʠʩʪʝ ʩʝʨʝʜʦʚʠʱʝ. ʋ ʢʦʤʧʣʝʢʩʽ ʟ ʨʽʚʥʷʥʥʷʤ ɼʘʨʩʽ, ʨʽʚʥʷʥʥʷ ʅʘʚ'ʻ-ʉʪʦʢʩʘ ʜʦʟʚʦʣʷʶʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʙʽʣʴʰ ʪʦʯʥʽ ʤʦʜʝʣʽ ʬʽʣʴʪʨʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʬʽʣʴʪʨʽʚ ʟ ʚʠʩʦʢʦʶ 

ʧʨʦʥʠʢʥʽʩʪʶ, ʜʝ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʻ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʶ ʜʣʷ ʚʠʥʠʢʥʝʥʥʷ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. 

ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʛʽʜʨʦʜʠʥʘʤʽʢʘ ʘʙʦ CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʜʣʷ ʚʠʚʯʝʥʥʷ ʧʦʪʦʢʽʚ ʨʽʜʠʥʠ ʯʝʨʝʟ ʩʢʣʘʜʥʽ ʛʝʦʤʝʪʨʽʾ ʬʽʣʴʪʨʽʚ. CFD ʜʦʟʚʦʣʷʻ 

ʤʦʜʝʣʶʚʘʪʠ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ ʪʘ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʜʽʘʤʝʪʨ ʧʦʨ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, ʨʦʟʤʽʨ 

ʯʘʩʪʠʥʦʢ ʪʘ ʽʥʰʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ CFD, 

ʪʘʢʦʛʦ ʷʢ ANSYS Fluent ʘʙʦ OpenFOAM, ʤʦʞʥʘ ʟʤʦʜʝʣʶʚʘʪʠ ʧʨʦʮʝʩʠ ʦʩʘʜʞʝʥʥʷ 

ʯʘʩʪʠʥʦʢ ʫ ʧʦʨʠʩʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʬʽʣʴʪʨʘ ʪʘ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦʾ ʬʽʣʴʪʨʘʮʽʾ. 

ʆʜʥʽʻʶ ʟ ʧʝʨʝʚʘʛ CFD ʻ ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʝʣʶʚʘʪʠ ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ ʪʘ ʪʝʩʪʫʚʘʪʠ ʨʽʟʥʽ 

ʫʤʦʚʠ ʙʝʟ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʩʢʦʨʦʪʠʪʠ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʝ ʜʣʷ ʦʮʽʥʢʠ ʩʢʣʘʜʥʠʭ ʚʟʘʻʤʦʜʽʡ ʫ ʩʠʩʪʝʤʘʭ 

ʬʽʣʴʪʨʘʮʽʾ, ʪʘʢʠʭ ʷʢ ʚʧʣʠʚ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ ʫ ʙʫʨʦʚʽʡ ʨʽʜʠʥʽ ʘʙʦ ʟʤʽʥʠ ʚôʷʟʢʦʩʪʽ ʪʘ 

ʱʽʣʴʥʦʩʪʽ ʧʽʜ ʯʘʩ ʨʽʟʥʠʭ ʬʘʟ ʙʫʨʽʥʥʷ. 

ɽʤʧʽʨʠʯʥʽ ʤʝʪʦʜʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʱʦ ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʦʣʴʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. ʎʽ ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʠʪʠ 

ʧʨʦʩʪʽ, ʘʣʝ ʝʬʝʢʪʠʚʥʽ ʤʦʜʝʣʽ ʬʽʣʴʪʨʘʮʽʾ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʨʝʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʘʭ. ʅʘʧʨʠʢʣʘʜ, 



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 

ʄʘʪʝʨʽʘʣʠ XIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè 2024 
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ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ ʙʫʨʦʚʠʭ ʨʽʜʠʥ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʤʧʽʨʠʯʥʽ ʢʦʨʝʣʷʮʽʾ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ. ɽʤʧʽʨʠʯʥʽ ʤʝʪʦʜʠ 

ʪʘʢʦʞ ʜʦʧʦʤʘʛʘʶʪʴ ʢʘʣʽʙʨʫʚʘʪʠ CFD-ʤʦʜʝʣʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʜʦʜʘʪʢʦʚʫ ʪʦʯʥʽʩʪʴ ʽ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʇʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʙʫʨʦʚʠʭ ʨʽʜʠʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʦʩʥʦʚʥʠʭ 

ʝʪʘʧʽʚ: 

1. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʽʙʨʘʪʠ ʜʘʥʽ ʧʨʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʙʫʨʦʚʦʾ ʨʽʜʠʥʠ, ʪʘʢʽ ʷʢ ʚ'ʷʟʢʽʩʪʴ, ʱʽʣʴʥʽʩʪʴ, ʨʦʟʤʽʨ ʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʘʩʪʠʥʦʢ. 

ʎʽ ʧʘʨʘʤʝʪʨʠ ʻ ʦʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʚʝʜʽʥʢʫ ʨʽʜʠʥʠ ʧʽʜ 

ʯʘʩ ʬʽʣʴʪʨʘʮʽʾ. 

2. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ 
ʬʽʣʴʪʨʘʮʽʾ, ʪʘʢʽ ʷʢ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, ʧʨʦʥʠʢʥʽʩʪʴ ʬʽʣʴʪʨʘ ʪʘ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ. ɺʠʙʽʨ 

ʧʘʨʘʤʝʪʨʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʝʢʪʫ ʽ ʧʦʚʠʥʝʥ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ 

ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʜʠʥʠ, ʘʣʝ ʡ ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʨʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. 

3. ʇʽʩʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʤʧôʶʪʝʨʥʘ ʩʠʤʫʣʷʮʽʷ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʧʨʦʛʥʦʟʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʬʽʣʴʪʨʘʮʽʾ. ɿʘ ʜʦʧʦʤʦʛʦʶ CFD ʤʦʞʥʘ 

ʟʤʦʜʝʣʶʚʘʪʠ, ʷʢ ʨʽʟʥʽ ʧʘʨʘʤʝʪʨʠ (ʥʘʧʨʠʢʣʘʜ, ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ ʽ 

ʪʠʩʢ) ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʩʠʤʫʣʷʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʠʪʠ 

ʩʣʘʙʢʽ ʤʽʩʮʷ ʩʠʩʪʝʤʠ ʪʘ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ. 

4. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʥʘʡʢʨʘʱʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʬʽʣʴʪʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ʎʝ ʤʦʞʝ ʚʢʣʶʯʘʪʠ 

ʧʽʜʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʬʽʣʴʪʨʘ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ, ʘ ʪʘʢʦʞ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʦʯʠʱʝʥʥʷ ʨʽʜʠʥʠ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʯʠʩʣʝʥʥʽ ʧʝʨʝʚʘʛʠ, ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʬʽʣʴʪʨʘʮʽʾ ʙʫʨʦʚʠʭ 

ʨʽʜʠʥ ʤʘʻ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ: 

¶ ɺʠʙʽʨ ʥʝʧʨʘʚʠʣʴʥʦʾ ʤʦʜʝʣʽ ʘʙʦ ʩʧʨʦʱʝʥʥʷ ʧʨʦʮʝʩʫ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʧʦʭʠʙʦʢ ʫ ʨʝʟʫʣʴʪʘʪʘʭ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ. 

¶ CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʽ ʯʘʩʫ, ʱʦ 

ʤʦʞʝ ʦʙʤʝʞʫʚʘʪʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ. 

¶ ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʝʡ ʧʦʪʨʽʙʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ, ʘʣʝ ʦʪʨʠʤʘʥʥʷ ʪʘʢʠʭ ʜʘʥʠʭ ʤʦʞʝ ʙʫʪʠ ʜʦʨʦʛʠʤ ʽ 

ʪʨʠʚʘʣʠʤ ʧʨʦʮʝʩʦʤ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʬʽʣʴʪʨʘʮʽʾ ʚ ʩʠʩʪʝʤʘʭ ʦʯʠʱʝʥʥʷ ʙʫʨʦʚʠʭ ʨʽʜʠʥ ʻ 

ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʙʫʨʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʪʘ ʟʥʠʞʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʽ 

ʝʤʧʽʨʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʝʬʝʢʪʠʚʥʽ ʬʽʣʴʪʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʱʦ 

ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʨʦʚʠʭ ʨʽʜʠʥ, ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʫʤʦʚ ʙʫʨʽʥʥʷ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʜʦʧʦʤʘʛʘʻ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʯʘʩ ʽ ʚʘʨʪʽʩʪʴ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʬʽʣʴʪʨʘʮʽʾ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. 
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(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 
 

ɼɽʗʂɯ ʆʉʆɹʃʀɺʆʉʊɯ ʈɽɻʃɸʄɽʅʊʋ ʉʇʆʈʋɼɾɽʅʅʗ ʉɺɽʈɼʃʆɺʀʅ ʇʈʀ 

ʅɸʇʈɸɺʃɽʅʆʄʋ ɹʋʈɯʅʅɯ 
 

ʇʨʠ ʦʩʚʦʻʥʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʨʦʜʦʚʠʱ ʥʘʬʪʠ ʽ ʛʘʟʫ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜʠ 

ʨʦʟʢʨʠʪʪʷ ʧʨʦʜʫʢʪʠʚʥʦʾ ʪʦʚʱʽ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ ʩʧʨʷʤʦʚʘʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ, 

ʩʝʨʝʜ ʥʠʭ ʤʠ ʤʘʻʤʦ ʪʘʢʦʞ ʥʘ ʫʚʘʟʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʩʚʝʨʜʣʦʚʠʥʠ [1]. ɺʢʘʟʘʥʽ ʥʘʤʠ 

ʩʚʝʨʜʣʦʚʠʥʠ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʥʘʩʪʫʧʥʽ ʧʦʟʠʪʠʚʥʽ ʯʠʥʥʠʢʠ: ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʜʦʙʫʚʥʠʭ ʩʚʝʨʜʣʦʚʠʥʠ ʟʘ ʨʘʭʫʥʦʢ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ 

ʬʽʣʴʪʨʘʮʽʾ ʧʣʘʩʪʦʚʠʭ ʬʣʶʾʜʽʚ [2]; ʧʦʜʦʚʞʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦ ʚʠʛʽʜʥʠʡ ʧʝʨʽʦʜ ʙʝʟʚʦʜʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʨʦʜʦʚʠʱʽ; ʧʽʜʚʠʱʠʪʠ ʩʪʫʧʽʥʴ ʢʽʥʮʝʚʦʛʦ ʚʠʣʫʯʝʥʥʷ 

ʚʫʛʣʝʚʦʜʥʽʚ ʟ ʝʢʩʧʣʫʘʪʦʚʘʥʠʭ ʧʨʦʜʫʢʪʠʚʥʠʭ ʛʦʨʠʟʦʥʪʽʚ (ʦʩʦʙʣʠʚʦʾ ʚʘʞʣʠʚʦʩʪʽ ʚʢʘʟʘʥʝ 

ʥʘʙʫʚʘʻ ʜʣʷ ʪʠʭ ʨʦʜʦʚʠʱ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʧʽʟʥʽʭ ʩʪʘʜʽʷʭ ʨʦʟʨʦʙʢʠ ʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʥʠʟʴʢʠʤʠ ʜʝʙʽʪʘʤʠ; ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʢʘʯʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʪʠʤʫʣʶʶʯʠʭ 

ʘʛʝʥʪʽʚ ʚ ʧʣʘʩʪʠ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʥʘʬʪʦʛʘʟʦʚʠʣʫʯʝʥʥʷ; ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʣʫʯʝʥʥʷ ʚ ʘʢʪʠʚʥʫ ʨʦʟʨʦʙʢʫ ʧʨʦʜʫʢʪʠʚʥʠʭ ʧʣʘʩʪʽʚ 

ʟ ʜʦʩʪʘʪʥʴʦ ʥʠʟʴʢʠʤʠ ʢʦʣʝʢʪʦʨʩʴʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʚ ʷʢʠʭ ʥʘʬʪʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʠʩʦʢʦʶ ʚ'ʷʟʢʽʩʪʶ; ʩʪʚʦʨʠʪʠ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʟʨʦʙʢʠ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʨʦʜʦʚʠʱ ʚʫʛʣʝʚʦʜʥʽʚ (ʨʠʩ. 1) [3]. 
 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʚʠʢʦʥʘʥʥʷ ʙʫʨʦʚʠʭ ʨʦʙʽʪ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ ʤʘʡʜʘʥʯʠʢʫ 

 

ɼʦ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʚʽʜʥʦʩʷʪʴʩʷ ʩʧʝʮʠʬʽʯʥʽ ʛʽʨʩʴʢʽ ʚʠʨʦʙʢʠ [4], 

ʦʪʨʠʤʘʥʽ ʚ ʪʦʚʱʽ ʧʦʨʽʜ, ʱʦ ʤʘʶʪʴ ʜʦʩʠʪʴ ʧʨʦʪʷʞʥʫ ʬʽʣʴʪʨʦʚʫ ʜʽʣʷʥʢʫ, ʷʢʘ ʟʘ ʩʫʤʘʨʥʦʶ 

ʜʦʚʞʠʥʦʶ ʤʦʞʝ ʙʫʪʠ ʟʽʩʪʘʚʣʝʥʘ ʟ ʚʝʨʪʠʢʘʣʴʥʦʶ ʯʘʩʪʠʥʦʶ ʩʪʦʚʙʫʨʘ ʩʚʝʨʜʣʦʚʠʥʠ, 

ʧʨʦʙʫʨʝʥʦʛʦ ʧʝʨʝʚʘʞʥʦ ʚ ʥʝʧʨʦʜʫʢʪʠʚʥʠʭ ʛʦʨʠʟʦʥʪʘʭ. ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʧʨʠ ʾʭ ʷʢʽʩʥʦʤʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ 

ʚʝʨʪʠʢʘʣʴʥʠʤʠ, ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʽʩʪʦʪʥʝ ʟʙʽʣʴʰʝʥʥʷ ʜʝʙʽʪʫ (ʧʨʠʙʣʠʟʥʦ ʚ 2 - 10 ʨʘʟʽʚ), ʱʦ 

ʻ ʤʦʞʣʠʚʠʤ ʟ ʦʛʣʷʜʫ ʥʘ ʩʪʚʦʨʝʥʥʷ ʟʥʘʯʥʦʾ ʦʙʣʘʩʪʽ ʜʨʝʥʫʚʘʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ, ʷʢʝ 

ʧʘʨʘʣʝʣʴʥʦ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʬʽʣʴʪʨʘʮʽʡʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʧʨʦʬʽʣʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ [5], ʚ ʥʴʦʤʫ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʥʘʧʨʘʚʣʷʶʯʫ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʜʽʣʷʥʢʠ. ʅʘʧʨʘʚʣʷʶʯʘ ʜʽʣʷʥʢʘ ʩʪʦʚʙʫʨʘ ʩʚʝʨʜʣʦʚʠʥʠ 

ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʟʚôʷʟʫʚʘʥʥʷ ʛʠʨʣʘ ʩʚʝʨʜʣʦʚʠʥʠ ʽʟ ʧʦʢʨʽʚʣʝʶ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʘ ʜʽʣʷʥʢʘ, ʷʢ ʧʨʘʚʠʣʦ, ʨʦʟʤʽʱʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʨʦʜʫʢʪʠʚʥʽʡ ʪʦʚʱʽ. 

ʅʘʤʠ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʚʥʠʭ ʧʨʦʬʽʣʽʚ ʩʚʝʨʜʣʦʚʠʥ, 
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ʷʢʽ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʟʘ ʢʽʣʴʢʽʩʪʶ ʭʘʨʘʢʪʝʨʥʠʭ ʽʥʪʝʨʚʘʣʽʚ, ʟ ʧʦʟʠʮʽʡ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʦʚʥʦʪʠ ʚʠʢʦʥʘʥʥʷ ʛʝʦʣʦʛʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ [6], ʱʦ ʧʦʣʷʛʘʻ ʚ ʪʦʯʥʦʤʫ ʧʦʪʨʘʧʣʷʥʥʽ 

ʩʚʝʨʜʣʦʚʠʥʠ ʚ ʪʘʢ ʟʚʘʥʫ ʦʩʦʙʣʠʚʫ ʪʦʯʢʫ ʟ ʥʘʩʪʫʧʥʠʤ ʧʝʨʝʭʦʜʦʤ ʚ ʽʥʪʝʨʚʘʣ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ. ʍʘʨʘʢʪʝʨʥʠʤ ʽʥʪʝʨʚʘʣʦʤ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʢʦʞʥʫ ʦʢʨʝʤʫ 

ʜʽʣʷʥʢʫ ʩʧʦʨʫʜʞʫʚʘʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʚʠʢʨʠʚʣʝʥʥʷ. ʇʨʠ ʙʫʨʽʥʥʽ, ʯʝʨʝʟ ʥʠʟʢʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʠʯʠʥ ʧʨʠʨʦʜʥʦʛʦ ʽ ʰʪʫʯʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ, ʪʦʯʥʝ ʧʦʪʨʘʧʣʷʥʥʷ ʚ ʦʩʦʙʣʠʚʫ ʪʦʯʢʫ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ, ʽ 

ʩʘʤʝ ʪʦʤʫ ʟʘʜʘʻʪʴʩʷ ʪʘʢ ʟʚʘʥʘ ʜʦʧʫʩʪʠʤʘ ʦʙʣʘʩʪʴ ʧʨʦʻʢʪʥʦʛʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ 

ʬʘʢʪʠʯʥʦʛʦ ʚʠʙʦʶ ʩʚʝʨʜʣʦʚʠʥʠ, ʟʛʽʜʥʦ ʷʢʦʛʦ ʽ ʧʨʦʚʦʜʷʪʴʩʷ ʧʦʜʘʣʴʰʽ ʨʦʟʨʘʭʫʥʢʠ. 

ʈʦʟʨʦʙʣʷʶʯʠ ʧʨʦʬʽʣʴ ʩʚʝʨʜʣʦʚʠʥʠ, ʥʝʦʙʭʽʜʥʦ ʥʘʤʘʛʘʪʠʩʷ ʚʠʢʦʥʘʪʠ ʚʩʽ ʨʦʙʦʪʠ 

ʪʘʢ, ʱʦʙ ʧʨʠ ʦʙʤʝʞʝʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ ʥʘ ʩʧʦʨʫʜʞʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ, 

ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʦʚʽʣʴʥʝ ʧʦʧʘʜʘʥʥʷ ʩʪʦʚʙʫʨʫ ʩʚʝʨʜʣʦʚʠʥʠ ʚ ʟʘʜʘʥʫ ʜʽʣʷʥʢʫ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ. 

ɺ ʮʽʣʦʤʫ ʧʨʦʻʢʪʥʘ ʪʨʘʩʘ ʧʦʭʠʣʦ ʩʧʨʷʤʦʚʘʥʠʭ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ [7]: ʥʝ 

ʧʦʚʠʥʥʘ ʚʠʭʦʜʠʪʠ ʟʘ ʧʝʚʥʽ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʙʤʝʞʝʥʥʷ, ʩʫʪʥʽʩʪʴ ʷʢʠʭ ʧʦʣʷʛʘʻ ʚ 

ʥʝʜʦʧʫʱʝʥʥʽ ʧʝʨʝʚʠʱʝʥʥʷ ʟʥʘʯʝʥʴ ʜʦʧʫʩʪʠʤʠʭ ʙʽʯʥʠʭ ʚʽʜʭʠʣʝʥʴ ʩʪʦʚʙʫʨʘ; ʥʝ ʧʦʚʠʥʥʘ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʜʦʧʫʩʪʠʤʽ ʽ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʦʟʨʘʭʫʥʢʦʤ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʧʨʠʨʦʜʥʦʛʦ ʽ ʰʪʫʯʥʦʛʦ ʚʠʢʨʠʚʣʝʥʥʷ (ʦʩʦʙʣʠʚʦ ʟ ʦʛʣʷʜʫ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʨʝʰʢʦʜʥʦʛʦ ʩʧʫʩʢʫ ʦʙʩʘʜʥʦʾ ʢʦʣʦʥʠ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ) ʽ ʪ.ʜ. 

ɺʠʢʦʥʘʥʥʷ ʦʟʥʘʯʝʥʠʭ ʚʠʤʦʛ ʙʫʜʝ ʥʘʜʽʡʥʦʶ ʟʘʧʦʨʫʢʦʶ: ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʫʤʦʚ 

ʧʝʨʝʜʘʚʘʥʥʷ ʦʩʴʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʙʫʨʦʚʝ ʜʦʣʦʪʦ ʽʟ ʧʘʨʘʣʝʣʴʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʥʝʜʦʧʫʱʝʥʥʷ ʟʥʘʯʥʠʭ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʦʙʝʨʪʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʯʝʨʝʟ ʟʥʘʯʥʫ 

ʧʣʦʱʫ ʾʾ ʢʦʥʪʘʢʪʫ ʽʟ ʩʪʽʥʢʘʤʠ ʩʪʦʚʙʫʨʘ ʩʚʝʨʜʣʦʚʠʥʠ; ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʩʧʫʩʢʫ ʧʦ ʩʪʦʚʙʫʨʫ 

ʩʚʝʨʜʣʦʚʠʥʠ ʥʝʦʙʭʽʜʥʦʛʦ ʙʫʨʠʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʛʝʦʬʽʟʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʧʨʠ ʢʨʽʧʣʝʥʥʽ ʩʚʝʨʜʣʦʚʠʥ [8]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʧʝʚʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʥʘʤʠ 

ʦʪʨʠʤʘʥʦ ʧʨʠʙʣʠʟʥʽ ʯʠʩʣʦʚʽ ʜʘʥʽ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʦʢʨʝʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʬʽʣʶ 

ʩʪʦʚʙʫʨʫ ʨʦʟʚʽʜʫʚʘʣʴʥʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. ʈʝʘʣʽʟʘʮʽʷ ʨʦʟʨʘʭʦʚʘʥʦʛʦ 

ʧʨʦʬʽʣʶ ʤʦʞʣʠʚʘ ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ ʩʢʣʘʜʫ ʚʠʙʽʡʥʦʛʦ ʢʦʤʧʦʥʫʚʘʥʥʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ 

ʚʜʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʠ ʚʝʣʠʯʠʥʦʶ ʽ ʥʘʧʨʷʤʦʤ ʜʦʧʫʩʪʠʤʦʛʦ ʚʠʛʠʥʫ ʙʫʨʠʣʴʥʦʾ 

ʢʦʣʦʥʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʩʷʛʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦ ʥʝʦʙʭʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ  

ʢʫʪʫ ʚʽʜʭʠʣʝʥʥʷ ʚʠʙʦʶ ʽʟ ʥʘʜʽʡʥʠʤ ʧʦʪʨʘʧʣʷʥʥʷ ʚ ʟʘʜʘʥʠʡ ʽʥʪʝʨʚʘʣ. 
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ɻʘʥʞʘ ʖ.ɺ. ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 185 ʅʘʬʪʦʛʘʟʦʚʘ ʽʥʞʝʥʝʨʽʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʇʘʱʝʥʢʦ ʆ.ɸ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʥʘʬʪʦʛʘʟʦʚʦʾ ʽʥʞʝʥʝʨʽʾ 

ʪʘ ʙʫʨʽʥʥʷ 

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

 

ɺʀʉʆʂʆʐɺʀɼʂɯʉʅɸ ɿʁʆʄʂɸ ʗʂ ɯʅʉʊʈʋʄɽʅʊ ɺʀɺʏɽʅʅʗ ɼʀʅɸʄɯʂʀ 

ʈʋʁʅʋɺɸʅʅʗ ɻɯʈʉʔʂʀʍ ʇʆʈɯɼ 

 

ʈʦʟʚʠʪʦʢ ʛʽʨʥʠʯʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʚʠʜʦʙʫʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʤʘʛʘʻ ʨʦʟʫʤʽʥʥʷ 

ʧʨʦʮʝʩʽʚ ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʨʽʥʥʷ ʪʘ 

ʙʝʟʧʝʢʠ ʨʦʙʽʪ. ɺʠʩʦʢʦʰʚʠʜʢʽʩʥʘ ʟʡʦʤʢʘ (ɺʐɿ) ʻ ʩʫʯʘʩʥʠʤ ʪʘ ʧʦʪʫʞʥʠʤ ʤʝʪʦʜʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʚʯʘʪʠ ʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʧʦʨʽʜ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ɺʐɿ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʦʮʝʩʽʚ ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ 

ʧʦʨʽʜ ʜʦʧʦʤʘʛʘʻ ʚʠʷʚʠʪʠ ʪʦʥʢʽ ʤʝʭʘʥʽʟʤʠ ʪʘ ʚʟʘʻʤʦʜʽʾ ʧʽʜ ʯʘʩ ʙʫʨʽʥʥʷ, ʱʦ ʤʘʻ ʚʝʣʠʢʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʫ ʛʽʨʥʠʯʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ [1]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ ʟʡʦʤʢʠ ʚ ʫʤʦʚʘʭ ʙʫʨʽʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʜʘʥʽ ʧʨʦ ʧʨʦʮʝʩʠ ʜʝʬʦʨʤʘʮʽʾ, ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ɺʐɿ ʤʦʞʥʘ ʜʦʩʣʽʜʠʪʠ ʢʽʥʝʪʠʢʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʨʽʱʠʥ ʫ ʤʘʪʝʨʽʘʣʽ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʚʧʣʠʚ ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ 

ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʽʜ. ɺʠʩʦʢʦʰʚʠʜʢʽʩʥʘ ʢʘʤʝʨʘ ʬʽʢʩʫʻ ʧʨʦʮʝʩʠ ʟ ʯʘʩʪʦʪʦʶ ʚʽʜ ʢʽʣʴʢʦʭ 

ʪʠʩʷʯ ʜʦ ʤʽʣʴʡʦʥʘ ʢʘʜʨʽʚ ʥʘ ʩʝʢʫʥʜʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʥʫʪʠ ʧʦʜʽʾ ʚ ʜʝʪʘʣʷʭ, 

ʥʝʜʦʩʪʫʧʥʠʭ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʘʥʜʘʨʪʥʠʭ ʤʝʪʦʜʽʚ [2]. 

ʆʜʥʽʻʶ ʟ ʧʝʨʝʚʘʛ ɺʐɿ ʻ ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʩʪʢʘʜʨʦʚʦʾ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʩʪʝʞʫʚʘʪʠ ʟʤʽʥʫ ʧʘʨʘʤʝʪʨʽʚ ʨʫʡʥʫʚʘʥʥʷ ʚ 

ʯʘʩʽ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʙʫʨʽʥʥʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʨʽʟʮʝʤ ʟ ʥʘʜʪʚʝʨʜʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʘʢʠʤ ʷʢ 

PDC (Polycrystalline Diamond Compact), ʤʦʞʥʘ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ 

ʯʘʩʪʠʥʦʢ ʧʦʨʦʜʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʟʽʪʢʥʝʥʥʽ ʟ ʨʽʟʮʝʤ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʟʨʦʟʫʤʽʪʠ, 

ʷʢʠʤ ʯʠʥʦʤ ʟʤʽʥʶʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʽʟʮʷ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɿʥʘʯʥʫ ʫʚʘʛʫ ʫ ɺʐɿ ʧʨʠʜʽʣʷʶʪʴ ʧʠʪʘʥʥʷʤ ʚʧʣʠʚʫ ʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʥʘ ʧʨʦʮʝʩ ʾʭ ʨʫʡʥʫʚʘʥʥʷ. ʂʦʞʝʥ ʪʠʧ ʧʦʨʦʜʠ ʤʘʻ ʫʥʽʢʘʣʴʥʽ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʽ ʷʢ ʱʽʣʴʥʽʩʪʴ, ʧʦʨʠʩʪʽʩʪʴ, ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʪʘ ʟʩʫʚ. 

ɺʠʩʦʢʦʰʚʠʜʢʽʩʥʘ ʟʡʦʤʢʘ ʜʦʟʚʦʣʷʻ ʚʠʚʯʠʪʠ, ʷʢ ʨʽʟʥʽ ʧʦʨʦʜʠ ʧʦʚʦʜʷʪʴ ʩʝʙʝ ʧʽʜ ʜʽʻʶ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʩʧʨʠʷʻ ʧʽʜʙʦʨʫ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʤʝʪʦʜʠʢʠ 

ʙʫʨʽʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʧʦʨʦʜʠ. ʊʘʢ, ʪʚʝʨʜʽʩʪʴ ʪʘ ʢʨʠʭʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʭʘʨʘʢʪʝʨ ʪʨʽʱʠʥ ʽ ʰʚʠʜʢʽʩʪʴ ʾʭ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʪʦʯʥʦ ʟʘʬʽʢʩʦʚʘʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ ʟʡʦʤʢʠ [3]. 

ʄʝʪʦʜʠʢʘ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ ʟʡʦʤʢʠ (ɺʐɿ) ʜʦʟʚʦʣʷʻ ʜʝʪʘʣʴʥʦ ʚʠʤʽʨʶʚʘʪʠ 

ʧʘʨʘʤʝʪʨʠ ʫʜʘʨʥʦʛʦ ʚʧʣʠʚʫ ʪʘ ʟʫʩʠʣʴ ʥʘ ʨʽʟʝʮʴ ʫ ʧʨʦʮʝʩʽ ʙʫʨʽʥʥʷ. ʎʝ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʦ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ, ʘʜʞʝ ʪʦʯʥʝ ʨʦʟʫʤʽʥʥʷ ʚʧʣʠʚʫ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʘʪʠ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ, ʧʨʠ ʷʢʠʭ ʨʽʟʝʮʴ ʥʝ 

ʪʽʣʴʢʠ ʝʬʝʢʪʠʚʥʦ ʨʦʟʱʝʧʣʶʻ ʧʦʨʦʜʫ, ʘ ʡ ʟʙʝʨʽʛʘʻ ʩʚʦʶ ʮʽʣʽʩʥʽʩʪʴ ʥʘ ʪʨʠʚʘʣʠʡ ʯʘʩ [4]. 

ʇʘʨʘʤʝʪʨʠ ʫʜʘʨʥʦʛʦ ʚʧʣʠʚʫ ʚʠʤʽʨʶʶʪʴʩʷ ʰʣʷʭʦʤ ʟʡʦʤʢʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʶ 

ʢʘʤʝʨʦʶ ʟʽ ʰʚʠʜʢʽʩʪʶ ʜʦ ʜʝʢʽʣʴʢʦʭ ʤʽʣʴʡʦʥʽʚ ʢʘʜʨʽʚ ʥʘ ʩʝʢʫʥʜʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʬʽʢʩʫʚʘʪʠ ʥʘʚʽʪʴ ʥʘʡʤʝʥʰʽ ʟʤʽʥʠ ʚ ʤʦʤʝʥʪ ʢʦʥʪʘʢʪʫ ʨʽʟʮʷ ʟ ʧʦʚʝʨʭʥʝʶ ʧʦʨʦʜʠ. ʎʝʡ 

ʧʨʦʮʝʩ ʜʦʟʚʦʣʷʻ ʧʦʙʘʯʠʪʠ, ʷʢ ʩʠʣʘ ʫʜʘʨʫ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʨʽʟʥʽ ʜʽʣʷʥʢʠ ʨʽʟʮʷ, ʘ ʪʘʢʦʞ 

ʷʢ ʧʦʨʦʜʘ ʚʽʜʧʦʚʽʜʘʻ ʥʘ ʮʝʡ ʚʧʣʠʚ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʟʡʦʤʢʘʭ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʝʪʘʧʠ 

ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʽ ʰʚʠʜʢʽʩʪʴ ʾʭ ʧʦʰʠʨʝʥʥʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ, ʷʢ ʨʽʟʝʮʴ 

ʚʭʦʜʠʪʴ ʚ ʧʦʨʦʜʫ ʪʘ ʷʢ ʧʦʨʦʜʘ ʨʫʡʥʫʻʪʴʩʷ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʥʠʤ. 



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 

ʄʘʪʝʨʽʘʣʠ XIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè 2024 
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ʂʨʽʤ ʪʦʛʦ, ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʚʠʤʽʨʷʪʠ ʟʫʩʠʣʣʷ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʨʽʟʝʮʴ ʧʽʜ ʯʘʩ 

ʙʫʨʽʥʥʷ. ɿʤʽʥʠ ʫ ʧʨʠʢʣʘʜʝʥʽʡ ʩʠʣʽ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ ʘʪʘʢʠ ʨʽʟʮʷ ʽ ʧʨʠ ʨʽʟʥʠʭ 

ʰʚʠʜʢʦʩʪʷʭ ʦʙʝʨʪʘʥʥʷ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʟʤʽʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʽʥʩʪʨʫʤʝʥʪʘ. ʅʘ 

ʦʩʥʦʚʽ ʪʘʢʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʢʫʪ ʚʭʦʜʫ ʨʽʟʮʷ ʚ ʧʦʨʦʜʫ ʽ 

ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ, ʟʘ ʷʢʠʭ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʙʫʜʫʪʴ ʤʽʥʽʤʘʣʴʥʠʤʠ, ʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʫʡʥʫʚʘʥʥʷ ï ʤʘʢʩʠʤʘʣʴʥʦʶ. 

ɿʘʚʜʷʢʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʽʡ ʟʡʦʤʮʽ ʪʘʢʦʞ ʤʦʞʣʠʚʦ ʧʨʦʚʦʜʠʪʠ ʦʮʽʥʢʫ ʟʥʦʩʫ ʨʽʟʮʷ, 

ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʡʦʛʦ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ. ʉʧʦʩʪʝʨʽʛʘʶʯʠ ʟʘ 

ʧʨʦʮʝʩʦʤ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʽ ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʦʜʠ, ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʦʙʣʘʩʪʽ ʨʽʟʮʷ, ʱʦ 

ʧʽʜʜʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ, ʪʘ ʚʠʟʥʘʯʠʪʠ ʧʨʠʯʠʥʠ ʡʦʛʦ ʟʥʦʰʫʚʘʥʥʷ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʽʥʞʝʥʝʨʘʤ ʤʦʜʠʬʽʢʫʚʘʪʠ ʜʠʟʘʡʥ ʽʥʩʪʨʫʤʝʥʪʘ ʪʘ ʦʙʠʨʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ 

ʜʣʷ ʡʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʟʚʘʞʘʶʯʠ ʥʘ ʩʧʝʮʠʬʽʯʥʽ ʫʤʦʚʠ ʨʦʙʦʪʠ ʟ ʧʝʚʥʠʤ ʪʠʧʦʤ ʧʦʨʽʜ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ɺʐɿ ʪʘʢʦʞ ʩʧʨʠʷʻ ʧʽʜʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʡʢʨʘʱʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʟʮʷ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʦʨʽʜ. ɿʘʣʝʞʥʦ ʚʽʜ ʞʦʨʩʪʢʦʩʪʽ, 

ʚ'ʷʟʢʦʩʪʽ ʽ ʢʨʠʭʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʝʥʘ ʧʦʨʦʜʘ, ʨʽʟʝʮʴ ʤʦʞʝ ʧʦʚʦʜʠʪʠʩʷ ʧʦ-

ʨʽʟʥʦʤʫ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʪʚʝʨʜʠʭ ʧʦʨʽʜ, ʱʦ ʣʝʛʢʦ ʨʦʟʪʨʽʩʢʫʶʪʴʩʷ, ʧʽʜʭʦʜʷʪʴ ʤʘʪʝʨʽʘʣʠ 

ʨʽʟʮʷ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʚʝʨʜʽʩʪʶ, ʪʦʜʽ ʷʢ ʜʣʷ ʚ'ʷʟʢʠʭ ʧʦʨʽʜ ʝʬʝʢʪʠʚʥʠʤʠ ʙʫʜʫʪʴ ʤʘʪʝʨʽʘʣʠ 

ʟ ʚʠʩʦʢʦʶ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ ʽ ʞʦʨʩʪʢʽʩʪʶ. ʉʧʦʩʪʝʨʝʞʝʥʥʷ, ʟʨʦʙʣʝʥʽ ʟʘʚʜʷʢʠ ɺʐɿ, 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʮʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽ ʧʽʜʙʠʨʘʪʠ ʤʘʪʝʨʽʘʣʠ ʪʘ ʨʝʞʠʤʠ ʨʦʙʦʪʠ, ʷʢʽ 

ʩʧʨʠʷʶʪʴ ʧʨʦʜʦʚʞʝʥʥʶ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʽʥʩʪʨʫʤʝʥʪʽʚ. ɺʐɿ ʜʘʻ ʟʤʦʛʫ ʚʽʜʩʪʝʞʫʚʘʪʠ 

ʝʚʦʣʶʮʽʶ ʪʨʽʱʠʥ ʫ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʻ ʢʦʨʠʩʥʠʤ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʤʦʞʫʪʴ 

ʙʫʪʠ ʩʪʚʦʨʝʥʽ ʩʠʤʫʣʷʮʽʾ ʧʨʦʮʝʩʫ ʙʫʨʽʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʱʝ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʦʙʠʨʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʪʘ ʨʝʞʠʤʠ ʙʫʨʽʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ ʟʡʦʤʢʠ, 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʽʜ ʪʘ 

ʨʦʟʢʨʠʪʪʷ ʤʝʭʘʥʽʟʤʽʚ ʚʟʘʻʤʦʜʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʤʘʪʝʨʽʘʣʦʤ. ɺʐɿ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʠʭ ʽ ʜʦʚʛʦʚʽʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʥʦʩʫ ʽ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʧʨʠ ʚʠʜʦʙʫʪʢʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ ʟʡʦʤʢʠ ʷʢ ʽʥʩʪʨʫʤʝʥʪʘ ʜʣʷ 

ʚʠʚʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʫ ʥʘʫʮʽ ʽ 

ʪʝʭʥʽʮʽ, ʱʦ ʤʘʻ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʨʦʟʚʠʪʢʫ ʛʽʨʥʠʯʦʾ ʛʘʣʫʟʽ. 
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ɼʆ ʇʀʊɸʅʅʗ ʇʈʆɹʃɽʄ ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʈʆɹʆʊʀ 

ɽʃɽʂʊʈʆʇʈʀɺʆɼʋ ɻɸɿʆʇɽʈɽʂɸʏʋɺɸʃʔʅʆɻʆ ɸɻʈɽɻɸʊʋ ɺ ʋʄʆɺɸʍ 

ʂʆʄʇʈɽʉʆʈʅʆɰ ʉʊɸʅʎɯɰ çʇɸɺʃʆɻʈɸɼè ɼʅɯʇʈʆɺʉʔʂɽ ʃɺʋʄɻ ʊʆɺ 

çʆʇɽʈɸʊʆʈ ɻʊʉ ʋʂʈɸɰʅʀè 

 

ʈʦʟʚʠʪʦʢ ʛʘʟʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʩʫʤʽʞʥʠʭ ʛʘʣʫʟʝʡ ʩʴʦʛʦʜʥʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʪʨʫʙʦʧʨʦʚʽʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʟʦʢʨʝʤʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʨʝʩʫʨʩʫ ʟ 

ʚʽʜʜʘʣʝʥʠʭ ʪʘ ʯʘʩʪʦ ʤʘʣʦʚʠʚʯʝʥʠʭ ʨʝʛʽʦʥʽʚ ʜʦ ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʮʝʥʪʨʘʣʴʥʠʭ ʨʘʡʦʥʽʚ 

ʢʨʘʾʥʠ. ɺʩʽ ʦʩʥʦʚʥʽ ʨʦʜʦʚʠʱʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʟʥʘʯʥʠʭ ʚʽʜʩʪʘʥʷʭ ʚʽʜ 

ʦʩʥʦʚʥʠʭ ʩʧʦʞʠʚʘʯʽʚ, ʽ ʧʦʜʘʯʘ ʛʘʟʫ ʜʦ ʥʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʤʘʛʽʩʪʨʘʣʴʥʽ 

ʛʘʟʦʧʨʦʚʦʜʠ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʫ [1]. 

ʆʩʢʽʣʴʢʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʯʝʨʝʟ ʪʨʫʙʦʧʨʦʚʦʜʠ ʚʠʥʠʢʘʻ 

ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʚʥʘʩʣʽʜʦʢ ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʽʚ, ʮʝ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ 

ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʛʘʟʦʧʨʦʚʦʜʽʚ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ 

ʪʨʫʙʦʧʨʦʚʦʜʫ ʚʥʘʩʣʽʜʦʢ ʪʝʨʪʷ ʛʘʟʫ ʦʙ ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ ʪʨʫʙ, ʘ ʪʘʢʦʞ ʯʝʨʝʟ ʚʧʣʠʚ 

ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʟʤʽʥʠ ʚ ʛʝʦʤʝʪʨʽʾ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʥʘʷʚʥʽʩʪʴ ʟôʻʜʥʘʥʴ, ʧʦʚʦʨʦʪʽʚ 

ʽ ʘʨʤʘʪʫʨʠ, ʘ ʪʘʢʦʞ ʯʝʨʝʟ ʥʝʟʤʽʥʥʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʫ. ʇʘʜʽʥʥʷ ʪʠʩʢʫ ʧʦ ʜʦʚʞʠʥʽ 

ʪʨʫʙʦʧʨʦʚʦʜʫ ʟʥʠʞʫʻ ʧʦʪʽʢ ʛʘʟʫ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ, ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʤʝʥʰʫʻ ʡʦʛʦ 

ʟʘʛʘʣʴʥʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ. ʎʝ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʧʝʨʝʰʢʦʜʠ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ, ʫʩʢʣʘʜʥʶʶʯʠ ʧʽʜʪʨʠʤʢʫ ʩʪʘʣʦʛʦ ʽ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʪʦʢʫ ʛʘʟʫ ʥʘ 

ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ, ʦʩʦʙʣʠʚʦ ʟ ʚʽʜʜʘʣʝʥʠʭ ʨʦʜʦʚʠʱ ʜʦ ʩʧʦʞʠʚʘʯʽʚ. ɺʘʞʣʠʚʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʛʘʟʦʧʨʦʚʦʜʽʚ ʻ ʪʝ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʧʦʪʦʢʫ ʛʘʟʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʠʨʦʜʥʦʛʦ ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ, ʷʢʠʡ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʚʣʘʩʥʦʛʦ ʪʠʩʢʫ ʛʘʟʫ ʚ 

ʨʦʜʦʚʠʱʽ, ʮʴʦʛʦ ʥʝʜʦʩʪʘʪʥʴʦ. ɿʘ ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʝʡ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʥʘʚʽʪʴ ʧʨʠ 

ʟʥʘʯʥʦʤʫ ʧʦʯʘʪʢʦʚʦʤʫ ʪʠʩʢʫ, ʚʥʘʩʣʽʜʦʢ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʥʘ ʰʣʷʭʫ ʛʘʟʫ, ʧʨʠʨʦʜʥʦʛʦ 

ʧʣʘʩʪʦʚʦʛʦ ʪʠʩʢʫ ʚʞʝ ʥʝ ʚʠʩʪʘʯʘʻ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʥʝʦʙʭʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʘ ʦʙʩʷʛʫ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. 

ʗʢʱʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʣʠʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʨʦʜʥʦʛʦ ʧʣʘʩʪʦʚʦʛʦ 

ʪʠʩʢʫ, ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʟʦʧʨʦʚʦʜʫ. ʊʦʤʫ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʣʠʡ ʧʦʪʽʢ ʛʘʟʫ ʽ ʧʽʜʪʨʠʤʘʪʠ ʥʘʣʝʞʥʠʡ ʪʠʩʢ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ 

ʪʨʫʙʦʧʨʦʚʦʜʫ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ, 

ʟʦʢʨʝʤʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʤʧʨʝʩʦʨʥʠʭ ʩʪʘʥʮʽʡ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʢʦʤʧʝʥʩʫʚʘʪʠ ʚʪʨʘʪʠ 

ʪʠʩʢʫ, ʩʧʨʠʯʠʥʝʥʽ ʛʽʜʨʘʚʣʽʯʥʠʤʠ ʦʧʦʨʘʤʠ, ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ 

ʛʘʟʦʧʨʦʚʦʜʫ, ʥʘʚʽʪʴ ʥʘ ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʽ ʪʘʢʦʞ ʤʘʻ ʚʘʞʣʠʚʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʪʨʘʥʩʧʦʨʪʫ ʛʘʟʫ. ɿʥʠʞʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʦʞʝ ʚʠʤʘʛʘʪʠ ʟʥʘʯʥʠʭ ʜʦʜʘʪʢʦʚʠʭ 

ʚʠʪʨʘʪ ʥʘ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʧʨʝʩʦʨʥʠʭ ʩʪʘʥʮʽʡ ʪʘ ʥʘ ʤʦʜʝʨʥʽʟʘʮʽʶ ʪʨʫʙʦʧʨʦʚʦʜʽʚ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʟʨʦʩʪʘʶʪʴ ʚʠʤʦʛʠ ʜʦ 

ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʠ ʛʘʟʦʚʠʤʠ ʧʦʪʦʢʘʤʠ ʪʘ 

ʟʤʝʥʰʫʚʘʪʠ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʚʥʘʩʣʽʜʦʢ 

ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʽʚ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʱʦ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʪʨʘʥʩʧʦʨʪʫ ʛʘʟʫ ʪʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤ ʛʘʟʦʧʨʦʚʦʜʽʚ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʚʠʪʨʘʪ ʛʘʟʫ ʪʘ ʧʽʜʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 
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ʪʠʩʢʫ ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʢʦʤʧʨʝʩʦʨʥʽ ʩʪʘʥʮʽʾ (ʂʉ), ʷʢʽ ʚʠʢʦʥʫʶʪʴ 

ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʨʦʮʝʩʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. ʉʫʯʘʩʥʽ ʢʦʤʧʨʝʩʦʨʥʽ ʩʪʘʥʮʽʾ 

ʻ ʩʢʣʘʜʥʠʤʠ ʽʥʞʝʥʝʨʥʠʤʠ ʦʙôʻʢʪʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ 

ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʘʟʫ. ɺʦʥʠ ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ 

ʛʘʟʦʧʨʦʚʦʜʫ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʠʡ ʪʨʘʥʩʧʦʨʪ ʛʘʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʩʪʘʥʮʽʷʭ. ʉʘʤʝ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʂʉ ʚʠʟʥʘʯʘʶʪʴ ʨʝʞʠʤ 

ʨʦʙʦʪʠ ʛʘʟʦʧʨʦʚʦʜʫ.  

ʂʦʤʧʨʝʩʦʨʥʽ ʩʪʘʥʮʽʾ ʟʘʡʤʘʶʪʴ ʙʣʠʟʴʢʦ 25% ʚʽʜ ʟʘʛʘʣʴʥʠʭ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʥʘ 

ʙʫʜʽʚʥʠʮʪʚʦ ʩʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʫ ʛʘʟʫ ʪʘ ʧʦʥʘʜ 60% ʚʠʪʨʘʪ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʮʠʭ ʩʠʩʪʝʤ. 

ɺʨʘʭʦʚʫʶʯʠ ʟʘʟʥʘʯʝʥʝ, ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʂʉ ʩʧʨʷʤʦʚʘʥʘ 

ʥʘ ʛʘʟʦʧʝʨʝʢʘʯʫʚʘʣʴʥʽ ʘʛʨʝʛʘʪʠ (ɻʇɸ) ʪʘ ʜʦʧʦʤʽʞʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʅʘʜʽʡʥʽʩʪʴ ʪʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫ ʛʘʟʫ ʟʥʘʯʥʦʶ 

ʤʽʨʦʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʢʦʤʧʨʝʩʦʨʥʠʭ ʩʪʘʥʮʽʡ. ʊʦʤʫ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʂʉ ʧʦʚʠʥʥʽ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʜʦʩʷʛʥʝʥʥʷʭ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ ʽ 

ʪʝʭʥʽʢʠ, ʘ ʪʘʢʦʞ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ʨʘʡʦʥʽʚ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ. 

ʗʢ ʧʨʠʢʣʘʜ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʪʘʥ ʚʢʣʘʜʠʰʽʚ ʦʧʦʨʥʦʛʦ ʪʘ ʦʧʦʨʥʦ-ʫʧʦʨʥʦʛʦ 

ʧʽʜʰʠʧʥʠʢʽʚ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʥʘʛʥʽʪʘʯʘ ʛʘʟʦʧʝʨʝʢʘʯʫʚʘʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ʢʦʤʧʨʝʩʦʨʥʦʾ 

ʩʪʘʥʮʽʾ çʇʘʚʣʦʛʨʘʜè ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʃɺʋʄɻ ʊʆɺ çʆʧʝʨʘʪʦʨ ɻʊʉ ʋʢʨʘʾʥʠè, ʥʘ ʷʢʦʤʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʾʤʢʘ ʰʤʘʪʢʘ ʙʘʙʽʪʫ, ʱʦ ʚʽʜʢʦʣʦʚʩʷ ʚʥʘʩʣʽʜʦʢ ʚʪʦʤʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ 

ʙʘʙʽʪʦʚʦʛʦ ʰʘʨʫ. ɺʽʜʢʦʣʦʪʽ ʯʘʩʪʠʥʠ ʤʦʞʫʪʴ ʧʦʪʨʘʧʠʪʠ ʚ ʟʘʟʦʨ ʽ ʤʘʩʪʠʣʴʥʫ ʩʠʩʪʝʤʫ 

ʧʽʜʰʠʧʥʠʢʘ, ʧʦʨʫʰʫʶʯʠ ʥʦʨʤʘʣʴʥʫ ʨʦʙʦʪʫ ʘʛʨʝʛʘʪʫ. ʋ ʚʠʧʘʜʢʫ ʧʦʰʢʦʜʞʝʥʥʷ 

ʚʢʣʘʜʠʰʘ ʚ ʧʽʜʰʠʧʥʠʢʫ ʥʝʤʦʞʣʠʚʦ ʫʪʚʦʨʠʪʠ ʥʦʨʤʘʣʴʥʠʡ ʰʘʨ ʤʘʩʪʠʣʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʫ ʤʽʞ ʰʠʡʢʦʶ ʪʘ ʚʢʣʘʜʠʰʝʤ [2, 3]. 

ʅʝʩʧʨʘʚʥʦʩʪʽ ʧʽʜʰʠʧʥʠʢʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʷʚʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ 

ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʟʦʢʨʝʤʘ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʚʽʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ. ʋ ʨʘʟʽ 

ʚʠʷʚʣʝʥʥʷ ʧʨʦʙʣʝʤ ʟ ʧʫʩʢʦʤ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʛʘʟʦʧʝʨʝʢʘʯʫʚʘʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ 

ʢʦʤʧʨʝʩʦʨʥʦʾ ʩʪʘʥʮʽʾ çʇʘʚʣʦʛʨʘʜè ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʃɺʋʄɻ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʨʽʰʠʪʠ 

ʧʠʪʘʥʥʷ ʟʥʠʞʝʥʥʷ ʫʜʘʨʥʠʭ ʧʫʩʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʪʘ 

ʫʩʫʥʝʥʥʷ ʦʙʤʝʞʝʥʴ ʥʘ ʢʽʣʴʢʽʩʪʴ ʧʫʩʢʽʚ ʽ ʟʫʧʠʥʦʢ ʘʛʨʝʛʘʪʽʚ ʟ ʚʠʩʦʢʦʚʦʣʴʪʥʠʤʠ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ, ʘ ʪʘʢʦʞ ʟʥʠʞʝʥʥʷ ʧʨʦʩʽʜʘʥʥʷ ʥʘʧʨʫʛʠ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʧʨʦʙʣʝʤ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ, ʪʘ 

ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʾʭ ʚʠʨʽʰʝʥʥʷ. 

2. ʆʟʥʘʡʦʤʠʪʠʩʷ ʟ ʢʦʥʩʪʨʫʢʮʽʻʶ ʙʝʟʫʜʘʨʥʦʛʦ ʧʫʩʢʫ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ ʩʠʥʭʨʦʥʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ. 

3. ʆʮʽʥʠʪʠ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʫʜʘʨʥʦʛʦ ʧʫʩʢʫ ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʥʘ ʦʩʥʦʚʽ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

4. ʇʨʦʚʝʩʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʨʽʰʝʥʴ. 

ʋ ʧʽʜʩʫʤʢʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʩʪʽʡʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʦʩʥʦʚʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ, ʙʫʜʽʚʥʠʮʪʚʦ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʷ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʛʘʟʦʧʨʦʚʦʜʽʚ, ʟʦʢʨʝʤʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʢʦʤʧʨʝʩʦʨʥʠʭ 

ʩʪʘʥʮʽʡ, ʚʠʤʘʛʘʶʪʴ ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʚʦʾʭ ʩʢʣʘʜʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘʬʪʠ, ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʽ ʛʘʟʫ : ʥʘʚʯ. ʧʦʩʽʙ. / ʃ.ʅ. ʐʠʨʽʥ, ʆ.ɺ. 

ɼʝʥʠʱʝʥʢʦ, ʉ.ɭ. ɹʘʨʪʘʰʝʚʩʴʢʠʡ, ɭ.ɸ. ʂʦʨʦʚʷʢʘ, ɺ.ʆ. ʈʘʩʮʚʻʪʘʻʚ; ʄ-ʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ 

ʋʢʨʘʾʥʠ; ʅʘʮ. ʪʝʭʥ. ʫʥ-ʪ. çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. ï ɼʥʽʧʨʦ: ʅʊʋ çɼʇè, 2019. ï 

203 ʩ. 

2. ʉʣʠʚʘ, ʄ.ʉ., ʈʘʩʮʚʻʪʘʻʚ, ɺ.ʆ. (2023). ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʛʘʟʦʧʝʨʝʢʘʯʫʚʘʣʴʥʦʛʦ 

ʘʛʨʝʛʘʪʫ ʚ ʫʤʦʚʘʭ ʂʉ çʂʨʘʩʥʦʧʽʣʣʷè ɿʘʧʦʨʽʟʴʢʦʛʦ ʃɺʋʄɻ. ʊʠʞʜʝʥʴ ʩʪʫʜʝʥʪʩʴʢʦʾ 
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ʥʘʫʢʠ - 2023: ʄʘʪʝʨʽʘʣʠ ʩʽʤʜʝʩʷʪ ʚʦʩʴʤʦʾ ʩʪʫʜʝʥʪʩʴʢʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

(ɼʥʽʧʨʦ, 24-28 ʢʚʽʪʥʷ 2023 ʨʦʢʫ). ï ɼ.: ʅʊʋ çɼʇè, 2023 ï ʉ. 78-79. 

3. ɺʘʩʠʣʴʯʝʥʢʦ ɼ.ʆ., ʈʘʩʮʚʻʪʘʻʚ ɺ.ʆ. ʇʨʦʙʣʝʤʘ ʧʫʩʢʫ ʽ ʨʦʙʦʪʠ 
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ʃɺʋʄɻ // çʅʘʫʢʦʚʘ ʚʝʩʥʘè 2024: ʤʘʪʝʨʽʘʣʠ XIV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ, ɼʥʽʧʨʦ, 27ï29 ʙʝʨʝʟʥʷ 2024 ʨʦʢʫ / ʅʊʋ 

çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ï ɼʥʽʧʨʦ : ʅʊʋ çɼʇè, 2024. ʉ. 7-8. 
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ʂʘʣʶʞʥʘ ɺ.ɸ., ʩʪʫʜʝʥʪʢʘ ʛʨ. 185ʤ-23ʟ-1 ʌʇʅʊ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʦʨʦʚʷʢʘ ɭ.ɸ., ʢ.ʪ.ʥ., ʟʘʚ. ʢʘʬʝʜʨʠ ʅɻɯɹ 

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

 

ɼʆ ʇʀʊɸʅʅʗ ʇʈʆ ʇɯɼɺʀʑɽʅʅʗ ʉʊʋʇɽʅʖ ʉɺɽʈɼʃʆɺʀʅʅʆɻʆ 

ɺʀʃʋʏɽʅʅʗ ɺʋɻʃɽɺʆɼʅɯɺ 

 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʩʫʪʥʦʩʪʽ ʤʝʭʘʥʽʟʤʫ ʧʨʦʮʝʩʫ ʪʘ ʚʠʜʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʝʥʝʨʛʽʾ, 

ʥʘʷʚʥʽ ʥʘ ʩʴʦʛʦʜʥʽ ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʥʘʬʪʦʚʽʜʜʘʯʽ ʧʦʜʽʣʷʶʪʴ ʥʘ ʪʘʢʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ 

[1]: ʬʽʟʠʢʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ (ʤʝʪʦʜʠ ʮʽʻʾ ʛʨʫʧʠ ʚʢʣʶʯʘʶʪʴ ʫʩʽ ʚʠʜʠ ʟʘʚʦʜʥʝʥʥʷ ʧʣʘʩʪʽʚ), 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ (ʧʦʢʣʠʢʘʥʽ ʧʦʣʽʧʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʽʚ 

ʟʘʚʦʜʥʝʥʥʷ), ʤʝʪʦʜʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʬʪʦʚʽʜʜʘʯʽ; 

ʪʝʧʣʦʚʽ ʤʝʪʦʜʠ ʚʧʣʠʚʫ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽ ʧʣʘʩʪʠ (ʨʠʩ. 1.). 
 

 
ʈʠʩʫʥʦʢ  1 ï ʉʭʝʤʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʟ ʧʽʜʚʠʱʝʥʥʷ ʥʘʬʪʦʚʽʜʜʘʯʽ 

 

ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʥʘʤʠ ʧʝʨʝʣʽʯʝʥʠʭ ʤʝʪʦʜʽʚ ʽʩʥʫʻ ʮʽʣʢʦʤ ʚʠʟʥʘʯʝʥʘ ʩʬʝʨʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʜʝ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʥʘʡʙʽʣʴʰʦʤʫ ʩʪʫʧʝʥʽ. ɺʠʟʥʘʯʘʣʴʥʠʤʠ 

ʦʙʩʪʘʚʠʥʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʦʟʥʘʯʝʥʠʭ ʤʝʪʦʜʽʚ ʚʠʩʪʫʧʘʶʪʴ ʛʝʦʣʦʛʽʯʥʽ ʽ ʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ-ʢʦʣʝʢʪʦʨʽʚ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʣʘʩʪʦʚʠʭ ʬʣʶʾʜʽʚ, 

ʤʝʪʦʜʠ ʽ ʧʦʪʦʯʥʘ ʩʪʘʜʽʷ ʨʦʟʨʦʙʢʠ ʧʦʢʣʘʜʫ, ʩʪʫʧʽʥʴ ʟʘʚʦʜʥʝʥʥʷ ʧʦʢʣʘʜʽʚ, ʚʝʣʠʯʠʥʘ 

ʥʘʬʪʦʥʘʩʠʯʝʥʦʩʪʽ ʝʢʩʧʣʫʘʪʦʚʘʥʠʭ ʧʨʦʜʫʢʪʠʚʥʠʭ ʛʦʨʠʟʦʥʪʽʚ [2]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʽʩʥʫʶʯʦʾ ʧʨʘʢʪʠʢʠ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʨʦʜʦʚʠʱ ʚʫʛʣʝʚʦʜʥʽʚ, ʥʘ 

ʧʨʠʢʽʥʮʝʚʽʡ ʩʪʘʜʽʾ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʨʦʟʨʦʙʢʠ ʥʘʬʪʦʚʠʭ ʧʦʢʣʘʜʽʚ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʦʩʥʦʚʥʽ 

ʦʙôʻʤʠ ʥʘʬʪʠ ʽ ʨʦʟʯʠʥʝʥʦʛʦ ʛʘʟʫ ʚʞʝ ʚʠʜʦʙʫʪʽ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʯʠʩʣʘ 

ʧʦʢʣʘʜʽʚ ʢʽʥʮʝʚʝ ʥʘʬʪʦʚʠʣʫʯʝʥʥʷ ʟʨʽʜʢʘ ʜʦʩʷʛʘʻ 50%, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚʦʥʦ 

ʩʪʘʥʦʚʠʪʴ ʥʝʟʥʘʯʥʽ 10%. ʉʘʤʝ ʪʦʤʫ ʧʽʜʚʠʱʝʥʥʷ ʥʘʬʪʦʚʠʣʫʯʝʥʥʷ ʥʘʚʽʪʴ ʥʘ ʜʝʢʽʣʴʢʘ 

ʚʽʜʩʦʪʢʽʚ ʤʦʞʝ ʙʫʪʠ ʧʦʨʽʚʥʷʥʦ ʽʟ ʚʽʜʧʨʘʮʶʚʘʥʥʷʤ ʥʦʚʦʛʦ ʧʦʢʣʘʜʫ ʙʝʟ ʚʘʛʦʤʠʭ 

ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ ʥʘ ʚʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʠʜʦʙʫʪʢʫ. ʇʦʪʨʽʙʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʫʪ 

ʥʝ ʦʙʽʡʪʠʩʷ ʙʝʟ ʟʘʣʫʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʩʪʠʤʫʣʷʮʽʾ ʧʨʠʪʦʢʫ ʚʫʛʣʝʚʦʜʥʽʚ. 

ɼʦ ʝʬʝʢʪʠʚʥʠʭ ʚʪʦʨʠʥʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʶ ʚʠʣʫʯʝʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʤʝʪʦʜʠ ʮʠʢʣʽʯʥʦʛʦ ʥʘʛʥʽʪʘʥʥʷ ʘʢʪʠʚʦʚʘʥʦʾ ʨʽʟʥʠʤʠ ʭʽʤʽʯʥʠʤʠ 

ʩʧʦʣʫʢʘʤʠ ʚʦʜʠ, ʪʝʧʣʦʚʠʡ ʚʧʣʠʚ ʫ ʨʽʟʥʠʭ ʚʘʨʽʘʮʽʷʭ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʠʩʣʦʪʥʠʭ ʦʙʨʦʙʦʢ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
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2. ʆʨʣʦʚʩʴʢʠʡ ɺ. ʄ., ɹʽʣʝʮʴʢʠʡ ɺ. ʉ., ɺʽʪʨʠʢ ɺ. ɻ. ʊʝʭʥʦʣʦʛʽʷ ʨʦʟʨʦʙʢʠ ʥʘʬʪʦʚʠʭ 

ʨʦʜʦʚʠʱ. [ʊʝʢʩʪ]: ʥʘʚʯ. ʧʦʩʽʙ.; ʍʅʋʄɻ ʽʤ. ʆ. ʄ. ɹʝʢʝʪʦʚʘ; ʅʊʋ çʍʇɯè. - ʇʦʣʪʘʚʘ: 

ʊʆɺ "ʌʽʨʤʘ çʊʝʭʩʝʨʚʽʩè, 2020. - 243 ʩ.  
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ʂʘʤʠʰʘʮʴʢʠʡ ʆ.ʌ. ʜʦʢʪʦʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 161 ʍʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʞʝʥʝʨʽʷ 

ʅʘʫʢʦʚʠʡ ʢʦʥʩʫʣʴʪʘʥʪ: ɿʘʡʯʫʢ ʆ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʧʝʨʰʠʡ ʧʨʦʨʝʢʪʦʨ 

(ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ɺʇʃʀɺ ʍɯʄɯʏʅʆɻʆ ʉʂʃɸɼʋ ʅɸ ɿʅʆʉʆʉʊɯʁʂɯʉʊʔ ʊɸ ʄɯʎʅɯʉʊʔ 

ʊɺɽʈɼʀʍ ʉʇʃɸɺɯɺ ʋ ʉʂʃɸɼʅʀʍ ɻɯʈʅʀʏʀʍ ʋʄʆɺɸʍ 

 

ʋ ʛʽʨʥʠʯʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʜʝ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʫʤʦʚʠ ʤʦʞʫʪʴ ʙʫʪʠ ʝʢʩʪʨʝʤʘʣʴʥʠʤʠ, 

ʚʘʞʣʠʚʦ ʨʦʟʫʤʽʪʠ, ʷʢ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʧʣʠʚʘʻ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʣʘʚʽʚ. ɺ 

ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʧʪʠʤʽʟʘʮʽʷ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʩʧʣʘʚʽʚ ʩʪʘʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʥʝ ʣʠʰʝ ʧʦʢʨʘʱʠʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʩʥʫʶʯʠʭ ʩʧʣʘʚʽʚ, ʘʣʝ ʡ ʨʦʟʨʦʙʠʪʠ ʥʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʟʜʘʪʥʽ 

ʚʠʪʨʠʤʫʚʘʪʠ ʚʘʞʢʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʚʝʨʜʽ ʩʧʣʘʚʠ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʚʦʣʴʬʨʘʤʫ ʪʘ ʢʦʙʘʣʴʪʫ, ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʞʫʯʠʭ ʽʥʩʪʨʫʤʝʥʪʘʭ, 

ʙʫʨʦʚʽʡ ʪʝʭʥʽʮʽ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʽ ʟʥʦʩʦʩʪʽʡʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʅʘʧʨʠʢʣʘʜ, ʩʧʣʘʚʠ ʟ 

ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʚʦʣʴʬʨʘʤʫ ʜʝʤʦʥʩʪʨʫʶʪʴ ʢʨʘʱʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʪʦʜʽ ʷʢ ʢʦʙʘʣʴʪ 

ʧʦʢʨʘʱʫʻ ʾʭ ʝʣʘʩʪʠʯʥʽʩʪʴ. ɿ ʦʛʣʷʜʫ ʥʘ ʟʨʦʩʪʘʶʯʫ ʧʦʪʨʝʙʫ ʚ ʨʝʩʫʨʩʘʭ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ 

ʩʪʘʻ ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʫʩʧʽʭʫ ʧʽʜʧʨʠʻʤʩʪʚ [1]. 

ʊʚʝʨʜʽ ʩʧʣʘʚʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʞʫʯʠʭ ʽʥʩʪʨʫʤʝʥʪʘʭ, ʪʘʢʠʭ ʷʢ ʩʚʝʨʜʣʘ 

ʪʘ ʨʽʟʮʽ, ʘ ʪʘʢʦʞ ʫ ʙʫʨʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʘʭ ʜʣʷ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ɺʦʥʠ ʪʘʢʦʞ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʫʩʪʘʪʢʫʚʘʥʥʽ, ʷʢʝ 

ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʩʫ. ɰʭ ʦʩʦʙʣʠʚʽ 

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʛʽʨʥʠʯʠʭ 

ʦʧʝʨʘʮʽʡ [2]. 

ʈʦʟʛʣʷʥʝʤʦ ʚʧʣʠʚ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʽ ʤʽʮʥʽʩʪʴ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ, ʘ 

ʪʘʢʦʞ ʚʠʚʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. ʂʣʶʯʦʚʽ ʧʠʪʘʥʥʷ, ʷʢʽ 

ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ: ʷʢʽ ʣʝʛʫʶʯʽ ʝʣʝʤʝʥʪʠ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʣʘʚʽʚ, ʪʘ ʷʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʚʧʣʠʚʘʻ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʪʘ 

ʤʽʮʥʽʩʪʴ ʩʧʣʘʚʽʚ ʫ ʨʝʘʣʴʥʠʭ ʛʽʨʥʠʯʠʭ ʫʤʦʚʘʭ. 

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʻ, ʱʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ 

ʚʠʟʥʘʯʘʻ ʾʭ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʘʢʮʝʥʪʫʶʪʴ ʫʚʘʛʫ ʥʘ ʚʘʞʣʠʚʦʩʪʽ 

ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʚʦʣʴʬʨʘʤ, ʢʦʙʘʣʴʪ, ʤʦʣʽʙʜʝʥ ʽ ʪʠʪʘʥ. ɺʦʣʴʬʨʘʤ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʪʚʝʨʜʽʩʪʴ, ʢʦʙʘʣʴʪ ʧʦʢʨʘʱʫʻ ʧʣʘʩʪʠʯʥʽʩʪʴ, ʤʦʣʽʙʜʝʥ ʧʽʜʚʠʱʫʻ ʢʦʨʦʟʽʡʥʫ 

ʩʪʽʡʢʽʩʪʴ, ʘ ʪʠʪʘʥ ʧʦʢʨʘʱʫʻ ʟʘʛʘʣʴʥʽ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ, ʪʘʢʠʭ ʷʢ ʢʘʨʙʽʜʠ, ʥʠʪʨʠʜʠ ʪʘ ʙʦʨʠʜʠ, ʚʠʷʚʣʷʻ ʩʧʝʮʠʬʽʯʥʽ 

ʧʝʨʝʚʘʛʠ ʢʦʞʥʦʛʦ ʪʠʧʫ ʚ ʫʤʦʚʘʭ ʛʽʨʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ [3]. 

ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʾʭ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʘ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ. ɹʫʣʦ ʦʙʨʘʥʦ ʢʽʣʴʢʘ ʟʨʘʟʢʽʚ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ ʟ ʨʽʟʥʠʤʠ ʧʨʦʧʦʨʮʽʷʤʠ 

ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʨʽʚʥʷʪʠ ʾʭ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʽ ʤʽʮʥʽʩʪʴ. ɼʣʷ ʦʮʽʥʢʠ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʩʫ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʦʮʽʥʢʠ 

ʤʽʮʥʦʩʪʽ ʧʨʦʚʦʜʷʪʴʩʷ ʪʝʩʪʠ ʥʘ ʨʦʟʪʷʛʥʝʥʥʷ ʪʘ ʫʜʘʨʥʫ ʚ'ʷʟʢʽʩʪʴ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʽʤʽʪʫʶʪʴ 

ʫʤʦʚʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʩʦʢʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʪʝʤʧʝʨʘʪʫʨ 

ʪʘ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ, ʪʘʢʽ ʷʢ ʚʦʣʴʬʨʘʤ, 

ʢʦʙʘʣʴʪ ʪʘ ʪʠʪʘʥʦʚʽ ʢʘʨʙʽʜʠ, ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʩʧʣʘʚʽʚ. ɺʦʣʴʬʨʘʤ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʚʝʨʜʽʩʪʴ, ʪʦʜʽ ʷʢ ʢʦʙʘʣʴʪ ʧʦʢʨʘʱʫʻ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. ʊʠʪʘʥʦʚʽ ʢʘʨʙʽʜʠ 

ʪʘʢʦʞ ʧʽʜʚʠʱʫʶʪʴ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʉʧʦʩʪʝʨʝʞʝʥʦ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ 

ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʫ ʩʧʣʘʚʽ ʻ ʥʝʣʽʥʽʡʥʦʶ; ʦʧʪʠʤʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ 



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 

ʄʘʪʝʨʽʘʣʠ XIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè 2024 
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ʜʦʩʷʛʘʶʪʴʩʷ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʚʦʣʴʬʨʘʤʫ ʪʘ ʢʦʙʘʣʴʪʫ ʚ ʤʝʞʘʭ 80% ʪʘ 20% 

ʚʽʜʧʦʚʽʜʥʦ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʟ ʦʮʽʥʢʠ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ ʭʽʤʽʯʥʠʭ ʩʢʣʘʜʽʚ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʮʶ ʟʘʣʝʞʥʽʩʪʴ, ʚʠʷʚʣʷʶʯʠ, ʱʦ ʩʧʣʘʚʠ ʟ ʚʠʱʠʤ ʚʤʽʩʪʦʤ ʚʦʣʴʬʨʘʤʫ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʢʨʘʱʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʩʫ. 

ʃʝʛʫʶʯʽ ʝʣʝʤʝʥʪʠ ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʽʮʥʽʩʪʴ ʽ ʞʦʨʩʪʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ. ʉʧʣʘʚʠ ʟ 

ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʚʦʣʴʬʨʘʤʫ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ ʪʚʝʨʜʽʩʪʴ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʢʦʙʘʣʴʪ, ʥʘʜʘʶʯʠ 

ʝʣʘʩʪʠʯʥʽʩʪʴ, ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʢʨʠʭʢʦʩʪʽ. ɺʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʤʽʮʥʽʩʪʶ ʪʘ ʭʽʤʽʯʥʠʤ 

ʩʢʣʘʜʦʤ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʛʽʨʥʠʯʠʭ ʫʤʦʚ, ʜʦʚʦʜʠʪʴ, ʱʦ ʩʧʣʘʚʠ ʟ 

ʦʧʪʠʤʘʣʴʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʢʘʟʫʶʪʴ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʚ 

ʪʝʩʪʘʭ ʥʘ ʨʦʟʪʷʛʫʚʘʥʥʷ ʪʘ ʫʜʘʨʥʫ ʚ'ʷʟʢʽʩʪʴ. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, 

ʱʦ ʚʤʽʩʪ ʢʦʙʘʣʴʪʫ ʚ ʤʝʞʘʭ 15-20% ʥʘʜʘʻ ʩʧʣʘʚʘʤ ʥʝʦʙʭʽʜʥʫ ʤʽʮʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʪʨʽʱʠʥ. 

ʇʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʢʘʟʫʻ ʥʘ 

ʫʟʛʦʜʞʝʥʽʩʪʴ ʚʠʩʥʦʚʢʽʚ. ɹʘʛʘʪʦ ʘʚʪʦʨʽʚ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʦʧʪʠʤʽʟʘʮʽʷ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʻ ʢʣʶʯʝʤ ʜʦ ʧʦʣʽʧʰʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʧʣʘʚʠ ʟ ʦʧʪʠʤʘʣʴʥʠʤ ʚʤʽʩʪʦʤ ʚʦʣʴʬʨʘʤʫ ʪʘ ʢʦʙʘʣʴʪʫ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʫʤʦʚʘʭ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʧʣʠʚ ʨʽʟʥʠʭ 

ʩʧʦʣʫʢ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʽ ʤʽʮʥʽʩʪʴ ʩʧʣʘʚʽʚ ʚ ʘʛʨʝʩʠʚʥʠʭ ʫʤʦʚʘʭ ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ 

ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʆʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ 

ʧʦʚʠʥʝʥ ʤʽʩʪʠʪʠ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʚʦʣʴʬʨʘʤʫ (75-85%) ʪʘ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʢʦʙʘʣʴʪʫ (15 ï 

25%). ʎʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʢʨʘʱʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʧʽʜʚʠʱʫʶʯʠ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʽ ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ. 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʽ 

ʩʢʣʘʜʫ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʛʽʨʥʠʯʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺʠʨʦʙʥʠʢʘʤ ʩʣʽʜ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʩʧʣʘʚʽʚ, ʱʦʙ ʜʦʩʷʛʪʠ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʧʦʚʠʥʝʥ ʙʘʟʫʚʘʪʠʩʷ ʥʘ 

ʜʝʪʘʣʴʥʦʤʫ ʘʥʘʣʽʟʽ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ 

ʽ ʤʽʮʥʽʩʪʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ ʤʘʻ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʾʭ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʪʘ ʤʽʮʥʦʩʪʽ. ʆʧʪʠʤʽʟʘʮʽʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʦʣʴʬʨʘʤʫ ʽ ʢʦʙʘʣʴʪʫ, ʘ ʪʘʢʦʞ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʧʦʣʽʧʰʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʧʣʘʚʽʚ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʽʜʚʠʱʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʽʨʥʠʯʠʭ ʦʧʝʨʘʮʽʡ. ʇʝʨʩʧʝʢʪʠʚʠ 

ʤʘʡʙʫʪʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ ʟʥʦʩʦʩʪʽʡʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʛʽʨʥʠʯʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʧʦʚʠʥʥʽ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʚʠʚʯʝʥʥʽ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʩʧʦʣʫʢ, ʷʢʽ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʱʝ 

ʚʠʱʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ. ʎʝ ʪʘʢʦʞ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʨʦʟʨʦʙʦʢ, ʟʦʢʨʝʤʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ, ʷʢʽ 

ʟʤʦʞʫʪʴ ʜʦʚʰʝ ʧʨʦʪʠʩʪʦʷʪʠ ʘʛʨʝʩʠʚʥʠʤ ʚʧʣʠʚʘʤ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ 

ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʡ ʟʘʤʽʥʫ ʦʙʣʘʜʥʘʥʥʷ. 
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(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 
 

ʊɽʍʅɯʏʅʀʁ ʇʈʆɭʂʊ ɹʋʈɯʅʅʗ ʈʆɿɺɯɼʋɺɸʃʔʅʆɰ ʉɺɽʈɼʃʆɺʀʅʀ ʅɸ 

ɿɸʍɯɼʅʆ-ʇʆʃʊɸɺʉʔʂʆɰ ʇʃʆʑɯ ɻʂʈ ɿ ʋɼʆʉʂʆʅɸʃɽʅʅʗʄ ʊɽʍʅʆʃʆɻɯɰ 

ʊɸʄʇʆʅʋɺɸʅʅʗ ʇʆɻʃʀʅɸʖʏʀʍ ɻʆʈʀɿʆʅʊɯɺ 
 

ʋ ʛʝʦʣʦʛʽʯʥʽʡ ʯʘʩʪʠʥʽ ʚʠʢʣʘʜʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʣʽʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʡ 

ʨʦʟʨʽʟ ʩʚʝʨʜʣʦʚʠʥʠ, ʤʦʞʣʠʚʽ ʫʩʢʣʘʜʥʝʥʥʷ ʫ ʧʨʦʮʝʩʽ ʙʫʨʽʥʥʷ. ʅʘʚʝʜʝʥʠʡ ʢʦʤʧʣʝʢʩ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʚʝʨʜʣʦʚʠʥʠ. ʋ ʪʝʭʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʚʠʢʦʥʘʥʦ 

ʨʦʟʨʘʭʫʥʢʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʚʜʘʥʥʶ. ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʢʦʥʩʪʨʫʢʮʽʾ 

ʩʚʝʨʜʣʦʚʠʥʠ. ʆʙˇʨʫʥʪʦʚʘʥʦ: ʩʧʦʩʽʙ ʙʫʨʽʥʥʷ, ʚʠʙʽʨ ʙʫʨʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʦʙʣʘʜʥʘʥʥʷ. 

ʇʨʦʤʠʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ ʚ ʽʥʪʝʨʚʘʣʽ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʫʨʦʚʠʤ 

ʨʦʟʯʠʥʦʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʢʨʘʱʽ ʫʤʦʚʠ ʡʦʛʦ ʨʦʟʢʨʠʪʪʷ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ 

ʦʙʩʘʜʥʠʭ ʢʦʣʦʥ ʪʘ ʾʭ ʮʝʤʝʥʪʫʚʘʥʥʷ ʟʜʽʡʩʥʝʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʟʥʘʯʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ. 

ʇʨʦʝʢʪʽ ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ, ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʩʚʝʨʜʣʦʚʠʥʠ, 

ʨʦʟʨʘʭʦʚʘʥʦ ʦʙʩʘʜʥʽ ʢʦʣʦʥʠ ʪʘ ʾʭ ʮʝʤʝʥʪʫʚʘʥʥʷ ʜʣʷ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʤʝʪʦʶ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʟʚʽʜʢʠ ʫ ʥʠʞʥʴʦʤʫ ʢʘʨʙʦʥʽ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʠʭ ʧʦʢʣʘʜʽʚ ɿʘʭʽʜʥʦ-

ʇʦʣʪʘʚʩʴʢʦʾ ʧʣʦʱʽ. ʈʦʟʨʦʙʣʝʥʦ ʟʘʭʦʜʠ ʱʦʜʦ ʦʭʦʨʦʥʠ ʧʨʘʮʽ, ʚʠʨʦʙʥʠʯʦʾ ʩʘʥʽʪʘʨʽʾ, 

ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ, ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʅʘʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʫʜʽʚʥʠʮʪʚʘ ʩʚʝʨʜʣʦʚʠʥʠ. ʉʧʝʮʽʘʣʴʥʘ ʯʘʩʪʠʥʘ ʨʦʙʦʪʠ 

ʧʨʠʩʚʷʯʝʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʪʝʭʥʦʣʦʛʽʾ ʮʝʤʝʥʪʫʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʧʦʣʷʛʘʻ ʫ ʤʘʛʥʽʪʥʽʡ ʦʙʨʦʙʮʽ ʢʦʤʧʦʥʝʥʪʽʚ ʮʝʤʝʥʪʥʦʛʦ ʨʦʟʯʠʥʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʤʘʛʥʽʪʥʦʾ ʦʙʨʦʙʢʠ ʨʦʟʯʠʥʫ. ɽʬʝʢʪ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʨʫʡʥʫʻ ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʨ'ʻʨ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ, ʟʤʽʥʶʻ ʚʝʣʠʯʠʥʫ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʥʠʤʠ ʪʘ ʪʘʢʠʤ ʯʠʥʦʤ ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩ ʢʦʘʛʫʣʷʮʽʾ. 

ʂʨʽʤ ʪʦʛʦ, ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʚʧʣʠʚʘʻ ʥʘ ʢʦʣʦʾʜʘʣʴʥʽ ʯʘʩʪʠʥʢʠ ʬʝʨʦ-ʜʦʤʽʰʦʢ, ʷʢʽ ʪʘʢʦʞ 

ʤʦʞʥʘ ʚʚʦʜʠʪʠ ʚ ʨʦʟʯʠʥ ʜʣʷ ʡʦʛʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ. 

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʮʝʤʝʥʪʥʠʤ ʨʦʟʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 1. ʄʘʛʥʽʪʥʝ ʧʦʣʝ ʚʧʣʠʚʘʻ ʥʘ ʽʦʥʠ, ʧʨʠʩʫʪʥʽ ʚ ʨʽʜʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʽ ʟʙʽʣʴʰʫʻ ʯʠʩʣʦ ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʠʭʦʜʠʪʴ 

ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʘ, ʤʘʣʦʧʦʨʠʩʪʘ ʩʪʨʫʢʪʫʨʘ ʟ ʢʨʘʱʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʽʮʥʦʩʪʽ ʽ 

ʬʽʣʴʪʨʘʮʽʾ. ɸʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʚʧʣʠʚʫ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʜʠʩʧʝʨʩʥʦ-ʢʦʣʦʾʜʥʽ ʩʠʩʪʝʤʠ 

ʚʧʝʨʰʝ ʜʦʟʚʦʣʠʚ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʨʠʩʢʦʨʝʥʥʷ ʢʦʘʛʫʣʷʮʽʾ ʽ ʧʦʢʘʟʘʚ, 

ʱʦ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩʠ ʢʦʘʛʫʣʷʮʽʾ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 10%. 2. ʆʙʨʦʙʢʘ ʚ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʧʦʯʘʪʢʫ ʩʭʦʧʣʶʚʘʥʥʷ: ʚʽʜ 2 ï 4 %  ʜʦ 6 

ï 10%. 3. ʏʘʩ ʢʽʥʮʷ ʩʭʦʧʣʶʚʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 9 - 12%, ʥʽʞ ʜʣʷ ʨʦʟʯʠʥʽʚ, 

ʥʝʦʙʨʦʙʣʝʥʠʭ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʝ. 4. ʉʪʨʫʢʪʫʨʥʘ ʚ'ʷʟʢʽʩʪʴ ʮʝʤʝʥʪʥʠʭ ʨʦʟʯʠʥʽʚ ʚʥʘʩʣʽʜʦʢ 

ʤʘʛʥʽʪʥʦʾ ʦʙʨʦʙʢʠ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 16 % ï 24 %. 5. ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ 

ʦʙʨʦʙʢʠ ʨʽʜʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ.  

ʅʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ 

ʧʨʦ ʪʝ, ʱʦ ʤʘʛʥʽʪʥʘ ʦʙʨʦʙʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʮʝʤʝʥʪʥʠʭ ʨʦʟʯʠʥʽʚ ʢʨʘʱʘ, ʥʽʞ ʦʙʨʦʙʢʘ ʚ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʚʦʜʠ ʜʣʷ ʾʭ ʧʨʠʛʦʪʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʜʘʻ ʚʝʣʠʢʫ ʤʽʮʥʽʩʪʴ ʟʘʢʨʽʧʣʝʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦ ʧʨʦʩʪʽʰʝ ʟʜʽʡʩʥʶʻʪʴʩʷ. ʊʦʤʫ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʢʪʠʚʽʟʘʮʽʶ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʨʦʟʯʠʥʽʚ, 

ʱʦ ʟʘʢʨʽʧʣʶʶʪʴ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʌʝʤôʷʢ ʗ. ʄ., ʏʫʜʠʢ ɯ. ɯ., ʉʫʜʘʢʦʚ ɸ,ʂ., ʗʢʠʤʝʯʢʦ ʗ. ʗ., ʌʝʜʠʢ ʆ.ʄ. 
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ʂʝʩʴ ʉ.ʉ., ʩʪʫʜʝʥʪ ʛʨʫʧʠ 015-22-1 ʌʇʅʊ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʗʚʦʨʩʴʢʘ ɺ.ɺ., ʘʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ʥʘʬʪʦʛʘʟʦʚʦʾ ʽʥʞʝʥʝʨʽʾ ʪʘ 

ʙʫʨʽʥʥʷ 

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

 

ɯʅʅʆɺɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ɺ ʇʈʆʌɽʉɯʁʅɯʁ ʆʉɺɯʊɯ ɼʃʗ ɻɯʈʅʀʏʆɰ 

ʇʈʆʄʀʉʃʆɺʆʉʊɯ 

 

ɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʽʛʨʘʶʪʴ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ 

ʧʨʦʬʝʩʽʡʥʦʾ ʦʩʚʽʪʠ ʜʣʷ ʛʽʨʥʠʯʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɰʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ 

ʧʽʜʛʦʪʫʚʘʪʠ ʬʘʭʽʚʮʽʚ ʜʦ ʩʫʯʘʩʥʠʭ ʚʠʢʣʠʢʽʚ, ʱʦ ʧʦʩʪʘʶʪʴ ʧʝʨʝʜ ʛʽʨʥʠʯʦʶ ʛʘʣʫʟʟʶ, 

ʟʦʢʨʝʤʘ ʚ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʠʭ ʚʠʤʦʛ ʜʦ ʙʝʟʧʝʢʠ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 

[1]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʛʨʘʤʘʭ ʜʦʧʦʤʘʛʘʻ ʩʪʫʜʝʥʪʘʤ 

ʟʜʦʙʫʚʘʪʠ ʥʝ ʣʠʰʝ ʙʘʟʦʚʽ ʧʨʦʬʝʩʽʡʥʽ ʟʥʘʥʥʷ, ʘʣʝ ʡ ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ, ʘʜʘʧʪʦʚʘʥʽ ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ [2]. 

ɺʽʨʪʫʘʣʴʥʘ ʨʝʘʣʴʥʽʩʪʴ (VR) ʪʘ ʜʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ (AR) ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ 

ʽʥʪʝʨʘʢʪʠʚʥʽ ʥʘʚʯʘʣʴʥʽ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʽ ʜʦ ʨʝʘʣʴʥʠʭ ʫʤʦʚ 

ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ. ʉʪʫʜʝʥʪʠ ʤʦʞʫʪʴ ʚʽʨʪʫʘʣʴʥʦ çʧʝʨʝʙʫʚʘʪʠè ʥʘ ʚʠʨʦʙʥʠʯʠʭ ʦʙôʻʢʪʘʭ, 

ʚʠʚʯʘʪʠ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʪʠ ʨʦʙʦʯʽ ʧʨʦʮʝʩʠ ʙʝʟ ʨʠʟʠʢʫ ʜʣʷ ʟʜʦʨʦʚôʷ. ɺʽʨʪʫʘʣʴʥʽ 

ʪʨʝʥʘʞʝʨʠ ʜʦʧʦʤʘʛʘʶʪʴ ʚʽʜʧʨʘʮʴʦʚʫʚʘʪʠ ʥʘʚʠʯʢʠ ʨʦʙʦʪʠ ʟ ʤʘʰʠʥʘʤʠ ʪʘ ʤʝʭʘʥʽʟʤʘʤʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʙʝʟʧʝʯʥʦʛʦ ʧʦʚʦʜʞʝʥʥʷ ʫ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʥʘʧʨʠʢʣʘʜ, 

ʧʽʜ ʯʘʩ ʦʙʚʘʣʽʚ ʘʙʦ ʚʠʚʽʣʴʥʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʛʘʟʽʚ [3]. ʋ ʥʘʚʯʘʥʥʽ ʛʽʨʥʠʯʠʭ ʬʘʭʽʚʮʽʚ ʮʝ 

ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʧʽʜʛʦʪʫʚʘʪʠ ʾʭ ʜʦ ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ ʙʝʟ 

ʨʠʟʠʢʫ ʪʨʘʚʤʫʚʘʥʴ. 

ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT) ʪʘ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʚʽʜʜʘʣʝʥʠʭ ʦʙôʻʢʪʽʚ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʘʣʴʥʽ ʜʘʥʽ ʟ ʚʽʜʜʘʣʝʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʦʙôʻʢʪʽʚ ʜʣʷ ʥʘʚʯʘʣʴʥʠʭ ʮʽʣʝʡ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʫʜʝʥʪʘʤ ʧʨʘʮʶʚʘʪʠ ʟ ʘʢʪʫʘʣʴʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ, 

ʘʥʘʣʽʟʫʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʧʨʦʙʣʝʤʥʽ ʜʽʣʷʥʢʠ ʫ ʧʨʦʮʝʩʽ ʚʠʜʦʙʫʪʢʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʥʘʚʠʯʦʢ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʤʠʩʣʝʥʥʷ ʪʘ ʥʘʚʯʘʻ ʩʪʫʜʝʥʪʽʚ ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʥʽ ʬʘʢʪʦʨʠ. IoT ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ 

ʨʦʟʚʠʚʘʪʠ ʥʘʚʠʯʢʠ ʚ ʫʧʨʘʚʣʽʥʥʽ ʢʦʤʧʣʝʢʩʥʠʤʠ ʛʽʨʥʠʯʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʚ ʷʢʠʭ ʜʘʥʽ 

ʧʝʨʝʜʘʶʪʴʩʷ ʤʽʞ ʨʽʟʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʽ ʧʽʜʨʦʟʜʽʣʘʤʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʢʨʘʱʫ 

ʢʦʦʨʜʠʥʘʮʽʶ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ [4]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʠʭ ʜʘʥʠʭ (Big Data) ʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (ML). ɸʥʘʣʽʟ 

ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʜʦʧʦʤʘʛʘʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʚʠʜʦʙʫʪʢʫ ʪʘ ʟʥʠʞʫʚʘʪʠ 

ʚʠʪʨʘʪʠ. ʅʘʧʨʠʢʣʘʜ, ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʞʫʪʴ ʧʝʨʝʜʙʘʯʠʪʠ ʧʦʣʦʤʢʠ 

ʦʙʣʘʜʥʘʥʥʷ, ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʙʫʨʽʥʥʷ ʪʘ ʚʠʜʦʙʫʪʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʽʰʝ ʧʣʘʥʫʚʘʪʠ ʨʦʙʦʪʠ ʥʘ ʰʘʭʪʘʭ. ʅʘʚʯʘʣʴʥʽ ʧʨʦʛʨʘʤʠ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʦʩʥʦʚʠ 

ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤʠ ʜʘʥʠʤʠ ʽ ML, ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʫʜʝʥʪʽʚ ʚʘʞʣʠʚʠʤʠ ʥʘʚʠʯʢʘʤʠ ʚ ʛʘʣʫʟʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʤʘʶʪʴ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʫʯʘʩʥʠʭ ʛʽʨʥʠʯʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ [5]. 

3D-ʜʨʫʢ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʤʘʢʝʪʽʚ ʽ ʧʨʦʪʦʪʠʧʽʚ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ 

ʤʘʢʝʪʠ ʰʘʭʪʥʠʭ ʩʠʩʪʝʤ ʪʘ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʥʘʚʯʘʥʥʷ. ʎʝ ʜʘʻ ʟʤʦʛʫ 

ʩʪʫʜʝʥʪʘʤ ʚʠʚʯʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʪʘ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ ʚ ʜʝʪʘʣʷʭ. ɺʘʞʣʠʚʠʤ ʻ 

ʪʝ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 3D-ʜʨʫʢʫ ʩʪʫʜʝʥʪʠ ʤʦʞʫʪʴ ʤʦʜʝʣʶʚʘʪʠ ʪʘ ʪʝʩʪʫʚʘʪʠ ʚʣʘʩʥʽ 

ʨʦʟʨʦʙʢʠ, ʱʦ ʧʽʜʚʠʱʫʻ ʾʭʥʶ ʟʘʣʫʯʝʥʽʩʪʴ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʽ ʩʪʠʤʫʣʶʻ ʢʨʝʘʪʠʚʥʽʩʪʴ 

[6]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʤʫʣʷʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʨʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. 

ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʩʪʫʜʝʥʪʘʤ ʚʽʜʧʨʘʮʴʦʚʫʚʘʪʠ ʧʨʦʮʝʩʠ ʚʠʜʦʙʫʪʢʫ, 

ʚʝʥʪʠʣʷʮʽʾ ʰʘʭʪ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʎʝ 



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 
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ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʦ ʧʨʠ ʥʘʚʯʘʥʥʽ ʥʘʚʠʯʦʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʟʦʥ, 

ʚʠʙʦʨʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟʧʝʢʠ. ʉʠʤʫʣʷʮʽʾ 

ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʟʤʽʥʥʽ ʫʤʦʚʠ ʪʘ ʧʦʪʝʥʮʽʡʥʽ ʨʠʟʠʢʠ, ʱʦ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʫ 

ʩʪʫʜʝʥʪʽʚ ʮʽʣʽʩʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʽʚ ʛʽʨʥʠʯʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [7]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʪʘʥʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤ ʜʣʷ ʧʨʦʬʝʩʽʡʥʦʾ 

ʦʩʚʽʪʠ. ɯʥʥʦʚʘʮʽʡʥʽ ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʩʪʫʜʝʥʪʘʤ ʟ ʨʽʟʥʠʭ ʨʝʛʽʦʥʽʚ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʷʢʽʩʥʦʾ ʦʩʚʽʪʠ. ʆʥʣʘʡʥ-ʢʫʨʩʠ 

ʜʦʟʚʦʣʷʶʪʴ ʟʜʦʙʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʟʥʘʥʥʷ ʽ ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʽʩʮʷ 

ʧʨʦʞʠʚʘʥʥʷ ʩʪʫʜʝʥʪʘ, ʱʦ ʨʦʙʠʪʴ ʦʩʚʽʪʫ ʜʦʩʪʫʧʥʽʰʦʶ. ʂʨʽʤ ʪʦʛʦ, ʽʥʪʝʨʘʢʪʠʚʥʽ 

ʧʣʘʪʬʦʨʤʠ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʙʤʽʥʫ ʜʦʩʚʽʜʦʤ ʪʘ ʩʧʽʚʧʨʘʮʽ ʤʽʞ ʩʪʫʜʝʥʪʘʤʠ ʽ 

ʬʘʭʽʚʮʷʤʠ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʧʨʦʬʝʩʽʡʥʽʡ ʦʩʚʽʪʽ ʜʣʷ ʛʽʨʥʠʯʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʤʘʶʪʴ 

ʯʠʩʣʝʥʥʽ ʧʝʨʝʚʘʛʠ, ʱʦ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ ʥʘʚʯʘʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ. 

ɺʦʥʠ ʜʦʧʦʤʘʛʘʶʪʴ ʤʘʡʙʫʪʥʽʤ ʩʧʝʮʽʘʣʽʩʪʘʤ ʨʦʟʚʠʚʘʪʠ ʥʝ ʣʠʰʝ ʪʝʭʥʽʯʥʽ ʟʥʘʥʥʷ, ʘʣʝ ʡ 

ʥʘʚʠʯʢʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʜʦ ʩʫʯʘʩʥʠʭ ʫʤʦʚ ʚʠʨʦʙʥʠʮʪʚʘ. ʅʘʧʨʠʢʣʘʜ, ʚʽʨʪʫʘʣʴʥʘ 

ʨʝʘʣʴʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʽʤʽʪʫʚʘʪʠ ʥʝʙʝʟʧʝʯʥʽ ʩʠʪʫʘʮʽʾ, ʥʘʚʯʘʶʯʠ ʩʪʫʜʝʥʪʽʚ ʝʬʝʢʪʠʚʥʦ 

ʨʝʘʛʫʚʘʪʠ ʙʝʟ ʨʠʟʠʢʫ ʜʣʷ ʟʜʦʨʦʚ'ʷ. ʊʘʢʽ ʪʝʭʥʦʣʦʛʽʾ ʩʧʨʠʷʶʪʴ ʬʦʨʤʫʚʘʥʥʶ ʧʨʦʬʝʩʽʡʥʠʭ 

ʢʦʤʧʝʪʝʥʮʽʡ ʪʘ ʨʦʟʚʠʪʢʫ ʥʘʚʠʯʦʢ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ. 

ɯʥʪʝʨʘʢʪʠʚʥʽ ʪʨʝʥʘʞʝʨʠ ʪʘ ʧʣʘʪʬʦʨʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʧʽʜʚʠʱʫʶʪʴ 

ʜʦʩʪʫʧʥʽʩʪʴ ʦʩʚʽʪʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʤʦʞʣʠʚʽʩʪʴ ʥʘʚʯʘʪʠʩʷ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʤʽʩʮʽ ʪʘ ʫ 

ʟʨʫʯʥʠʡ ʯʘʩ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʛʽʨʥʠʯʦʾ ʛʘʣʫʟʽ, ʦʩʢʽʣʴʢʠ ʜʘʻ ʟʤʦʛʫ ʩʪʫʜʝʥʪʘʤ ʫ 

ʚʽʜʜʘʣʝʥʠʭ ʨʝʛʽʦʥʘʭ ʦʪʨʠʤʫʚʘʪʠ ʘʢʪʫʘʣʴʥʽ ʟʥʘʥʥʷ ʪʘ ʜʦʩʚʽʜ. ʆʢʨʽʤ ʮʴʦʛʦ, ʽʥʪʝʛʨʘʮʽʷ 

ʪʝʭʥʦʣʦʛʽʡ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʫ ʥʘʚʯʘʣʴʥʽ ʧʨʦʛʨʘʤʠ ʜʦʟʚʦʣʷʻ 

ʩʪʫʜʝʥʪʘʤ ʦʩʚʦʶʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪʠ ʘʥʘʣʽʟʫ ʡ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ, ʱʦ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ 

ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ ʪʘ ʢʨʘʱʽʡ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʤʽʥ. 

ʈʝʘʣʽʩʪʠʯʥʽ ʩʠʤʫʣʷʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚ ʜʦʟʚʦʣʷʶʪʴ ʧʨʘʢʪʠʯʥʦ ʧʽʜʛʦʪʫʚʘʪʠ 

ʬʘʭʽʚʮʽʚ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤʠ ʥʘ ʨʠʥʢʫ ʧʨʘʮʽ ʪʘ ʜʘʻ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ 

ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ. ʋ ʤʘʡʙʫʪʥʴʦʤʫ, ʨʦʟʚʠʪʦʢ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʪʘ ʨʦʙʦʪʠʟʘʮʽʾ ʚ ʧʨʦʬʝʩʽʡʥʽʡ ʦʩʚʽʪʽ ʜʣʷ ʛʽʨʥʠʯʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʤʦʞʝ ʩʧʨʠʷʪʠ 

ʧʽʜʛʦʪʦʚʮʽ ʬʘʭʽʚʮʽʚ ʜʣʷ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ ʧʦʚʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. ʎʝ 

ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦʛʦ ʪʘ ʙʝʟʧʝʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʢʣʠʢʘʤ ʫ ʛʘʣʫʟʽ. 
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ʂʠʩʣʠʮʷ ɸ.ʄ., ʩʪʫʜʝʥʪ ʛʨ. 185ʤ-23ʟ-1 ʌʇʅʊ 

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

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

 

ɺʀɺʏɽʅʅʗ ʈɸʎɯʆʅɸʃʔʅʀʍ ʇɯɼʍʆɼɯɺ ɼʆ ʋɼʆʉʂʆʅɸʃɽʅʅʗ ɹʋʈʆɺʆɻʆ 

ɯʅʉʊʈʋʄɽʅʊʋ ɼʃʗ ʉʇʆʈʋɼɾɽʅʅʗ ʉɺɽʈɼʃʆɺʀʅ 

 

ʇʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʪʝ, ʱʦ ʥʘʬʪʘ ʽ ʛʘʟ ʥʘ ʜʘʥʠʡ ʯʘʩ ʚʠʩʪʫʧʘʶʪʴ ʦʩʥʦʚʥʠʤʠ 

ʝʥʝʨʛʦʥʦʩʽʷʤʠ (ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʧʘʤôʷʪʘʪʠ ʧʨʦ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʦʾ ʧʝʨʝʨʦʙʢʠ ʦʟʥʘʯʝʥʦʾ ʩʠʨʦʚʠʥʠ), ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʚʠʜʦʙʫʚʥʠʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʙʫʨʦʚʠʭ, ʨʦʙʽʪ (ʨʠʩ. 1) [1]. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʚʠʢʦʥʘʥʥʷ ʙʫʨʦʚʠʭ ʪʘ ʚʠʜʦʙʫʚʥʠʭ ʨʦʙʽʪ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʤʘʡʜʘʥʯʠʢʫ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ ʟ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʙʫʨʦʚʠʭ ʨʦʙʽʪ, 

ʥʘʤʠ ʚʠʢʦʥʘʥʦ ʨʦʟʛʣʷʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʫ ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʥʘ ʚʠʙʦʾ 

ʩʧʦʨʫʜʞʫʚʘʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ (ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʧʨʦʮʝʩ ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʥʘ ʚʠʙʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ ʨʽʟʥʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚʠʩʪʫʧʘʻ ʥʘʡʛʦʣʦʚʥʽʰʠʤ ʮʠʢʣʦʤ 

ʙʫʨʦʚʦʛʦ ʧʨʦʮʝʩʫ) ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʩʭʝʤʠ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʙʫʨʦʚʦʛʦ 

ʧʦʨʦʜʦʨʫʡʥʽʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ɺʢʘʟʘʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʟʘʙʝʟʧʝʯʠʪʴ ʩʪʘʣʽʩʪʴ ʧʨʦʮʝʩʫ 

ʧʦʛʣʠʙʣʝʥʥʷ ʚʠʙʦʶ ʩʚʝʨʜʣʦʚʠʥ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʨʦʜʘʭ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʘʥʘʣʽʟʫ ʫʤʦʚ ʨʦʙʦʪʠ ʙʫʨʦʚʦʛʦ ʧʦʨʦʜʦʨʫʡʥʽʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ ʚʠʙʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ ʩʪʘʣʦ ʬʦʨʤʫʣʶʚʘʥʥʷ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ ʽʥʞʝʥʝʨʥʦʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʝʣʝʤʝʥʪʽʚ ʦʟʙʨʦʻʥʥʷ ʙʫʨʦʚʦʛʦ ʧʦʨʦʜʦʨʫʡʥʽʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ [2]. 

ʈʘʮʽʦʥʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʽ ʩʘʤʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ 

ʧʦʨʽʜ ʥʘ ʚʠʙʦʾ ʩʧʦʨʫʜʞʫʚʘʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʪʽʣʴʢʠ ʥʘ ʧʽʜʩʪʘʚʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʪʝʥʜʦʚʠʭ ʪʘ ʥʘʪʫʨʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʨʘʢʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʚʠʢʦʥʘʥʦʾ ʨʦʙʦʪʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʨʦʟʨʦʙʢʫ ʧʨʠʥʮʠʧʦʚʦ 

ʥʦʚʦʾ ʩʭʝʤʠ ʢʦʤʧʦʥʫʚʘʥʥʷ ʙʫʨʦʚʦʛʦ ʧʦʨʦʜʦʨʫʡʥʽʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʦʜʥʦʯʘʩʥʽʡ 

ʨʦʟʨʦʙʮʽ ʨʝʞʠʤʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʦʟʥʘʯʝʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ, ʫ 

ʢʦʤʧʣʝʢʩʽ, ʟʘʙʝʟʧʝʯʠʪʴ ʩʫʪʪʻʚʝ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʙʫʨʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥʥʠʭ 

ʨʦʙʽʪ ʪʘ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʥʘ ʚʠʢʦʥʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʦʧʝʨʘʮʽʡ ʙʫʨʦʚʦʛʦ 

ʮʠʢʣʫ ʽʟ ʚʠʩʦʢʠʤʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. Aziukovskyi O.O., Koroviaka Ye.A., Ihnatov A.O. (2023). Drilling and operation of 

oil and gas wells in difficult conditions. Dnipro: Zhurfond. 

2. ɹʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ. ɭ.ɸ. ʂʦʨʦʚʷʢʘ, ɺ.ʃ. ʍʦʤʝʥʢʦ, ʖ.ʃ. ɺʠʥʥʠʢʦʚ, ʄ.ʆ. 

ʍʘʨʯʝʥʢʦ, ɺ.ʆ. ʈʘʩʮʚʻʪʘʻʚ; ɼʥʽʧʨʦ: ʅʊʋ "ɼʇ", 2021. - 294 ʩ.  
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ʂʦʨʦʚʷʢʘ ɺ.ɭ., ʩʪʫʜʝʥʪʢʘ ʛʨ. 185ʤ-23-1 ʌʇʅʊ 

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

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

 

ɼɽʗʂɯ ʇʀʊɸʅʅʗ ʈɸʎɯʆʅɸʃɯɿɸʎɯɰ ʆʂʈɽʄʀʍ ʉʂʃɸɼʆɺʀʍ ʇʈʆʎɽʉʋ 

ʉʇʆʈʋɼɾɽʅʅʗ ʅɸʌʊʆɻɸɿʆɺʀʍ ʉɺɽʈɼʃʆɺʀʅ 

 

ʅʝʦʙʭʽʜʥʦ ʧʦʟʥʘʯʠʪʠ, ʱʦ ʽʩʥʫʶʯʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʩʪʦʩʦʚʥʦ ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ, ʘ ʩʘʤʝ: ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʩʧʦʩʦʙʽʚ ʙʫʨʽʥʥʷ, 

ʝʬʝʢʪʠʚʥʠʭ ʪʠʧʽʚ ʙʫʨʦʚʦʛʦ (ʜʦʧʦʤʽʞʥʦʛʦ) ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ 

ʧʦʨʦʜʦʨʫʡʥʽʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʨʘʟʦʤ ʽʟ ʨʦʟʨʘʭʫʥʢʦʤ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʽʚ ʙʫʨʽʥʥʷ, ʥʘ 

ʜʘʥʠʡ ʯʘʩ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ ʦʙˇʨʫʥʪʦʚʘʥʽ, ʘ ʮʝ ʟʥʘʯʥʦ ʩʪʨʠʤʫʻ ʨʦʟʚʠʪʦʢ ʽʥʥʦʚʘʮʽʡʥʦʾ 

ʪʝʭʥʽʢʠ ʽ ʧʨʦʛʨʝʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʦʨʫʜʞʝʥʥʷ ʙʫʨʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ (ʨʠʩ. 1) [1]. 
 

 
ʈʠʩʫʥʦʢ 1 ï ʊʝʭʥʽʢʘ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ 

 

ʇʨʦʚʦʜʷʯʠ ʘʥʘʣʽʟ ʩʚʽʪʦʚʦʾ ʪʘ ʚʽʪʯʠʟʥʷʥʦʾ ʧʨʘʢʪʠʢʠ ʩʧʦʨʫʜʞʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ 

ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʚʝʨʜʣʦʚʠʥ 

ʙʫʨʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʯʥʦʛʦ ʧʦʨʦʜʦʨʫʡʥʽʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʘ ʩʘʤʝ 

ʰʘʨʦʰʢʦʚʠʭ ʜʦʣʽʪ ʪʘ ʾʭ ʥʘʡʧʦʰʠʨʝʥʽʰʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ï ʪʨʠʰʘʨʦʰʢʦʚʠʭ [2]. 

ɺʢʘʟʘʥʠʡ ʪʠʧ ʙʫʨʦʚʠʭ ʜʦʣʽʪ ʚʠʩʪʫʧʘʻ, ʚ ʙʘʛʘʪʴʦʭ ʚʽʜʥʦʰʝʥʥʷʭ, ʥʘʡʩʢʣʘʜʥʽʰʠʤ 

ʧʦʨʦʜʦʨʫʡʥʽʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʧʨʠʯʦʤʫ ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʚʠʢʦʥʘʥʥʷʤ ʚʽʥ ʤʦʞʝ 

ʙʫʪʠ ʩʫʮʽʣʴʥʦʶ ʥʝʨʦʟʙʽʨʥʦʶ ʢʦʤʧʦʥʦʚʢʦʶ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʟʚʘʨʝʥʠʭ ʤʽʞ ʩʦʙʦʶ 

ʩʝʢʮʽʡ, ʘʙʦ ʩʫʮʽʣʴʥʦʣʠʪʦʛʦ ʚʠʢʦʥʘʥʥʷ ʢʦʨʧʫʩʫ, ʜʦ ʷʢʦʛʦ ʧʨʠʚʘʨʝʥʽ ʦʢʨʝʤʽ ʩʝʢʮʽʾ (ʮʝ ʪʘʢ 

ʟʚʘʥʽ ʣʘʧʠ, ʥʘ ʷʢʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʜʰʠʧʥʠʢʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʰʘʨʦʰʢʠ ï 

ʧʦʨʦʜʦʨʫʡʥʽʚʥʠʡ ʝʣʝʤʝʥʪ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ, ʚʣʘʩʥʝ, ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ 

ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ) [3]. ʇʦʰʫʢ ʟʥʦʩʦʩʪʽʡʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʘʨʦʰʦʢ, ʘʙʦ ʾʭ 

ʟʫʙʽʚ, ʘ ʪʘʢʦʞ ʧʨʘʮʝʟʜʘʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʦʧʦʨ ʰʘʨʦʰʦʢ (ʧʽʜʰʠʧʥʠʢʦʚʦʛʦ ʚʫʟʣʫ), ʻ 

ʚʘʞʣʠʚʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʦʟʥʘʯʝʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ [4]. 

ɺʠʚʯʝʥʥʷ ʥʘʷʚʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʨʦʛʨʘʤ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʧʨʦʤʠʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʜʦʚʦʜʠʪʴ, ʱʦ ʟʘʩʪʦʩʦʚʫʚʘʥʽ ʥʠʥʽ ʙʫʨʦʚʽ ʧʨʦʤʠʚʘʣʴʥʽ ʨʽʜʠʥʠ, ʻ 

ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʠʤʠ ʜʠʩʧʝʨʩʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʽʟ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʦʨʦʟʚʠʥʝʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʨʦʟʜʽʣʫ ʬʘʟ [5]. ʇʨʠ ʜʘʥʽʡ ʩʭʝʤʽ ʩʧʦʨʫʜʞʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ, ʙʫʨʦʚʽ 

ʧʨʦʤʠʚʘʣʴʥʽ ʨʽʜʠʥʠ ʩʪʚʦʨʶʶʪʴ ʩʝʨʝʜʦʚʠʱʝ, ʚ ʷʢʦʤʫ ʧʨʦʪʽʢʘʶʪʴ ʤʘʡʞʝ ʚʩʽ 

ʥʘʡʛʦʣʦʚʥʽʰʽ ʧʨʦʮʝʩʠ ʮʠʢʣʫ ʧʦʛʣʠʙʣʝʥʥʷ ʚʠʙʦʶ ʩʚʝʨʜʣʦʚʠʥʠ. ɹʫʨʦʚʽ ʧʨʦʤʠʚʘʣʴʥʽ 

ʨʽʜʠʥʠ ʚʠʟʥʘʯʘʶʪʴ ʩʪʫʧʽʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʦʙʝʨʪʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ, 

ʱʦ ʧʦʚôʷʟʘʥʦ ʽʟ ʾʭ ʟʜʘʪʥʽʩʪʶ ʟʥʠʞʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʤʽʞ ʙʫʨʠʣʴʥʠʤʠ 

ʪʨʫʙʘʤʠ ʽ ʩʪʽʥʢʘʤʠ ʩʚʝʨʜʣʦʚʠʥʠ [6]. ɺʢʘʟʘʥʘ ʦʙʩʪʘʚʠʥʘ ʧʽʜʢʨʝʩʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʦʰʫʢʫ ʪʘʢʠʭ ʨʝʮʝʧʪʫʨ ʧʨʦʤʠʚʘʣʴʥʠʭ ʨʽʜʠʥ (ʨʠʩ. 2), ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 
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ʝʬʝʢʪʠʚʥʦ ʧʝʨʝʜʘʚʘʪʠ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʜʦ ʧʦʨʦʜʦʨʫʡʥʽʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʙʝʟ ʟʘʡʚʠʭ 

ʚʪʨʘʪ. ʊʘʢʦʞ ʧʨʦʤʠʚʘʣʴʥʽ ʨʽʜʠʥʠ ʧʦʢʣʠʢʘʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʣʝʞʥʠʡ ʨʽʚʝʥʴ ʦʭʦʣʦʜʞʝʥʥʷ 

ʚʠʙʽʡʥʦʛʦ ʙʫʨʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʫʩʫʚʘʪʠ ʧʝʨʝʜʫʤʦʚʠ ʚʠʥʠʢʥʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʫʩʢʣʘʜʥʝʥʴ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʧʦʚʽʜʥʦʾ ʾʭ ʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ [7]. 

 
ʈʠʩʫʥʦʢ 2 ï ɽʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʘʣʽʟʘʮʽʾ ʛʽʜʨʘʚʣʽʯʥʦʾ ʧʨʦʛʨʘʤʠ 

ʧʨʦʤʠʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥ 

 

ʇʦʚʥʽʩʪʶ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʦʾ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʧʨʦʤʠʚʘʣʴʥʦʾ ʨʽʜʠʥʠ ʧʦʚʠʥʝʥ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ 

ʚʠʤʦʛʘʭ [8], ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʨʦʙʦʯʠʭ ʩʝʨʝʜʦʚʠʱ, ʷʢ ʦʪ: 

1) ʧʨʦʚʝʜʝʥʥʷ ʦʯʠʱʝʥʥʷ ʚʠʙʦʶ ʩʚʝʨʜʣʦʚʠʥʠ ʚʽʜ ʧʨʦʜʫʢʪʽʚ ʨʫʡʥʫʚʘʥʥʷ ʽ ʚʠʥʝʩʝʥʥʷ ʾʭ 

ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ; 2) ʫʪʨʠʤʘʥʥʷ ʰʣʘʤʦʚʠʭ ʯʘʩʪʠʥʦʢ ʫ ʟʘʚʠʩʣʦʤʫ ʩʪʘʥʽ ʚ ʩʪʦʚʙʫʨʽ 

ʩʚʝʨʜʣʦʚʠʥʠ ʧʽʜ ʯʘʩ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦʾ ʟʫʧʠʥʢʠ ʮʠʨʢʫʣʷʮʽʾ; 3) ʥʘʜʽʡʥʝ ʟʘʢʨʽʧʣʝʥʥʷ 

ʚʝʣʴʤʠ ʥʝʩʪʽʡʢʠʭ ʩʪʽʥʦʢ ʩʚʝʨʜʣʦʚʠʥʠ ʚʽʜ ʾʭ ʦʙʚʘʣʝʥʥʷ ʰʣʷʭʦʤ ʫʪʚʦʨʝʥʥʷ ʬʽʣʴʪʨʘʮʽʡʥʦʾ 

ʢʽʨʢʠ ʥʘ ʩʪʽʥʢʘʭ ʩʪʦʚʙʫʨʘ ʩʚʝʨʜʣʦʚʠʥʠ; 4) ʽʩʪʦʪʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʦʾ 

ʧʦʨʦʜʠ ʥʘ ʚʠʙʦʾ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʫ ʬʽʟʠʢʦ-ʭ̔ ʤʽʯʥʦʛʦ ʚʧʣʠʚʫ; 5) 

ʦʭʦʣʦʜʞʝʥʥʷ ʙʫʨʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ; 6) ʟʤʝʥʰʝʥʥʷ ʟʘʡʚʠʭ ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ ʙʫʨʽʥʥʷ ʟʘ 

ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʦʧʦʨʫ ʨʫʭʫ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʪʘ ʧʨʦʤʠʚʘʣʴʥʠʭ ʨʽʜʠʥ. 
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ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɼʤʠʪʨʫʢ ʆ.ʆ., ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ ʥʘʬʪʦʛʘʟʦʚʦʾ 

ʽʥʞʝʥʝʨʽʾ ʪʘ ʙʫʨʽʥʥʷ 

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

 

ʇɽʈʉʇɽʂʊʀɺʀ ɺʀɼʆɹʋʊʂʋ ʉʃɸʅʎɽɺʆɰ ʅɸʌʊʀ ɺ ʋʂʈɸɰʅɯ 

 

ʋʢʨʘʾʥʘ ʪʨʘʜʠʮʽʡʥʦ ʻ ʟʘʣʝʞʥʦʶ ʚʽʜ ʽʤʧʦʨʪʫ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʱʦ ʩʪʚʦʨʶʻ 

ʚʨʘʟʣʠʚʽʩʪʴ ʾʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ. ɺʣʘʩʥʠʡ ʚʠʜʦʙʫʪʦʢ 

ʩʣʘʥʮʝʚʦʾ ʥʘʬʪʠ ʤʦʞʝ ʩʪʘʪʠ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʫ ʟʤʝʥʰʝʥʥʽ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ.  

ʆʩʥʦʚʥʽ ʧʨʠʯʠʥʠ ʘʢʪʫʘʣʴʥʦʩʪʽ ʪʝʤʠ: 

Å ɽʥʝʨʛʝʪʠʯʥʘ ʥʝʟʘʣʝʞʥʽʩʪʴ: ɿʤʝʥʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʤʧʦʨʪʫ ʥʘʬʪʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ʟʘʙʝʟʧʝʯʠʪʴ ʩʪʘʙʽʣʴʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʫ. 

Å ɽʢʦʥʦʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ: ʈʦʟʚʠʪʦʢ ʩʣʘʥʮʝʚʦʾ ʥʘʬʪʦʚʦʾ ʛʘʣʫʟʽ ʩʧʨʠʷʪʠʤʝ 

ʩʪʚʦʨʝʥʥʶ ʥʦʚʠʭ ʨʦʙʦʯʠʭ ʤʽʩʮʴ, ʟʘʣʫʯʝʥʥʶ ʽʥʚʝʩʪʠʮʽʡ ʪʘ ʟʨʦʩʪʘʥʥʶ ɺɺʇ. 

Å ɯʥʥʦʚʘʮʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʛʨʝʩ: ɺʧʨʦʚʘʜʞʝʥʥʷ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʜʦʙʫʪʢʫ ʩʧʨʠʷʪʠʤʝ ʨʦʟʚʠʪʢʫ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʮʝʥʪʨʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʢʚʘʣʽʬʽʢʘʮʽʾ 

ʢʘʜʨʽʚ. 

ʉʣʘʥʮʝʚʠʡ ʛʘʟ (ʘʥʛʣ. natural shale gas) ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʠʨʦʜʥʠʡ ʛʘʟ, ʩʢʣʘʜʘʻʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʟ ʤʝʪʘʥʫ, ʥʘʡʧʨʦʩʪʽʰʦʛʦ ʚʫʛʣʝʚʦʜʥʶ, ʟ ʭʽʤʽʯʥʦʶ ʬʦʨʤʫʣʦʶ ʉʅ4, ʷʢʠʡ 

ʟʘʣʷʛʘʻ ʚ ʩʣʘʥʮʝʚʠʭ ʧʣʘʩʪʘʭ ï ʛʽʨʩʴʢʠʭ ʧʦʨʦʜʘʭ ʟ ʭʘʨʘʢʪʝʨʥʠʤ ʧʦʰʘʨʦʚʠʤ ʨʦʟʤʽʱʝʥʥʷʤ 

ʤʽʥʝʨʘʣʽʚ. 

ʋʢʨʘʾʥʘ ʥʘʣʝʞʠʪʴ ʜʦ ʢʨʘʾʥ, ʝʢʦʥʦʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʷʢʠʭ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʩʪʨʠʤʫʻʪʴʩʷ ʥʝʩʪʘʯʝʶ ʚʣʘʩʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. ʌʦʨʤʫʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʦʩʪʽ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʨʦʜʦʚʠʱ ʚʫʛʣʝʚʦʜʥʽʚ, ʟʦʢʨʝʤʘ ʚʠʜʦʙʫʪʦʢ 

ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʚʠʜʽʚ ʛʘʟʫ (ʩʣʘʥʮʝʚʠʡ ʛʘʟ, ʤʝʪʘʥ ʚʫʛʽʣʴʥʠʭ ʨʦʜʦʚʠʱ, ʛʘʟ ʱʽʣʴʥʠʭ 

ʢʦʣʝʢʪʦʨʽʚ ʪʦʱʦ). ʇʨʠʚʘʙʣʠʚʠʤ ʻ ʬʘʢʪ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʣʘʜʽʚ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʚ ʤʝʞʘʭ 

ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʨʦʟʚʠʥʝʥʦʾ ʤʝʨʝʞʽ ʛʘʟʦʧʨʦʚʦʜʽʚ, 

ʷʢʽ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʝʨʘʪʠʚʥʫ ʜʦʩʪʘʚʢʫ ʚʠʜʦʙʫʪʦʛʦ ʛʘʟʫ. ʂʨʽʤ ʪʦʛʦ, ʮʝ ʚʠʢʣʶʯʘʻ 

ʚʠʪʨʘʪʠ ʟʥʘʯʥʠʭ ʢʦʰʪʽʚ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʥʦʚʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʚʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʨʝʛʽʦʥʠ ʟ ʧʦʢʣʘʜʘʤʠ 

ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ: ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʠʡ ʪʘ ʃʶʙʣʠʥʩʴʢʠʡ ʟ ʟʘʧʘʩʘʤʠ 1,36 ʪʨʣʥ. ʤ
3
 ʪʘ 

4,22 ʪʨʣʥ. ʤ
3 
ʚʽʜʧʦʚʽʜʥʦ. 

ʊʝʭʥʦʣʦʛʽʷ ʚʠʜʦʙʫʚʘʥʥʷ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʪʨʴʦʭ ʛʦʣʦʚʥʠʭ ʝʪʘʧʽʚ: 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʜʦ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʛʘʟʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ (ʚʽʜ 1 ʜʦ 

4 ʢʤ), ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʙʫʨʽʥʥʷ ʚʟʜʦʚʞ ʛʘʟʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ ʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʦʟʨʠʚʫ 

ʛʘʟʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ ʚ ʨʘʜʽʫʩʽ ʜʝʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʤʝʪʨʽʚ ʥʘʚʢʦʣʦ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʢʘʥʘʣʫ.  

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʚʠʜʦʙʫʚʘʥʥʷ ʩʣʘʥʮʝʚʦʾ ʥʘʬʪʠ 

 

ʉʚʽʪʦʚʠʡ ʜʦʩʚʽʜ ʚʠʜʦʙʫʪʢʫ ʩʣʘʥʮʝʚʦʾ ʥʘʬʪʠ. 



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 
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ʇʦʣʴʱʘ, ʥʘʰ ʩʫʩʽʜ, ʷʢʠʡ ʥʘʨʘʟʽ ʥʘʡʘʢʪʠʚʥʽʰʝ ʚ ɭʚʨʦʧʽ ʦʩʚʦʶʻ ʩʣʘʥʮʝʚʠʡ 

ʥʘʧʨʷʤʦʢ, ʤʘʻ ʟʘʧʘʩʠ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ : 5295.25 ʤʣʨʜ ʢʫʙ ʤ - ʤʘʡʞʝ ʚʧ'ʷʪʝʨʦ ʙʽʣʴʰʝ, ʥʽʞ 

ʋʢʨʘʾʥʘ. ʇʨʠʯʠʥʘ ʥʝ ʚ ʪʦʤʫ, ʱʦ ʚ ʥʘʩ ʤʝʥʰʝ ʩʣʘʥʮʽʚ - ʧʨʦʩʪʦ ʇʦʣʴʱʘ ʟʘʚʜʷʢʠ 

ʟʘʣʫʯʝʥʥʶ ʟʘʭʽʜʥʠʭ ʛʘʟʦʚʠʭ ʢʦʤʧʘʥʽʡ ʽ ʧʨʦʚʝʜʝʥʥʶ ʘʢʪʠʚʥʦʾ ʨʦʟʚʽʜʢʠ (ʜʚʽ ʧʝʨʰʽ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʩʚʝʨʜʣʦʚʠʥʠ ʥʘ ʩʣʘʥʮʝʚʠʡ ʛʘʟ ʙʫʣʦ ʧʨʦʙʫʨʝʥʦ ʮʠʤ ʣʽʪʦʤ) ʦʪʨʠʤʘʣʘ 

ˇʨʫʥʪʦʚʥʫ ʦʮʽʥʢʫ ʩʚʦʾʭ ʩʣʘʥʮʝʚʠʭ ʨʝʟʝʨʚʽʚ. 

ʇʦʣʴʱʘ, ʟ ʾʾ ʧʦʨʽʚʥʷʥʦ ʥʝʟʥʘʯʥʠʤ ʩʧʦʞʠʚʘʥʥʷʤ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ (16.424 ʤʣʨʜ ʢʫʙ 

ʤ) ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʩʪʘʪʠ ʥʘʡʙʽʣʴʰʠʤ ʻʚʨʦʧʝʡʩʴʢʠʤ ʝʢʩʧʦʨʪʝʨʦʤ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ - 

ʟʘʚʜʷʢʠ ʩʣʘʥʮʷʤ. 

ʂʠʪʘʡ - ʘʙʩʦʣʶʪʥʠʡ ʩʚʽʪʦʚʠʡ ʣʽʜʝʨ ʽʟ ʟʘʧʘʩʽʚ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ (36,103.979 ʤʣʨʜ 

ʢʫʙ ʤ). ʊʨʠʜʮʷʪʴ ʰʽʩʪʴ ʪʨʠʣʴʡʦʥʽʚ ʢʫʙʦʤʝʪʨʽʚ - ʮʝ ʢʦʣʦʩʘʣʴʥʽ ʨʝʩʫʨʩʠ. ʅʘʨʘʟʽ ʂʠʪʘʡ 

ʩʧʦʞʠʚʘʻ ʧʨʘʢʪʠʯʥʦ ʩʪʽʣʴʢʠ ʞ ʛʘʟʫ, ʩʢʽʣʴʢʠ ʚʠʜʦʙʫʚʘʻ. ɯʟ ʦʩʚʦʻʥʥʷʤ ʩʣʘʥʮʝʚʠʭ 

ʨʦʜʦʚʠʱ ʛʘʟʦʚʠʡ ʧʦʪʝʥʮʽʘʣ ʂʠʪʘʶ ʟʨʦʩʪʝ ʤʘʡʞʝ ʫ ʧ'ʷʪʜʝʩʷʪ ʨʘʟʽʚ.  

ʌʨʘʥʮʽʷ, ʷʢʘ ʚ ɭʚʨʦʧʽ ʟʘ ʟʘʧʘʩʘʤʠ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ (5097.032 ʤʣʨʜ ʢʫʙ ʤ) ʟʘʡʤʘʻ 

ʜʨʫʛʝ ʧʽʩʣʷ ʇʦʣʴʱʽ ʤʽʩʮʝ, ʤʦʛʣʘ ʙ ʥʝ ʣʠʰʝ ʧʦʚʥʽʩʪʶ ʟʘʙʝʟʧʝʯʠʪʠ ʩʝʙʝ ʛʘʟʦʤ, ʘʣʝ ʡ 

ʩʪʘʪʠ ʝʢʩʧʦʨʪʝʨʦʤ. ʆʜʥʘʢ, ʥʘʨʘʟʽ ʬʨʘʥʮʫʟʴʢʘ ʝʥʝʨʛʝʪʠʢʘ ʧʦʚʥʽʩʪʶ ʟʘʚ'ʷʟʘʥʘ ʥʘ ɸɽʉ 

(80% ʚʽʜ ʦʙʩʷʛʽʚ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ - ʘʪʦʤ). ʗʢ ʥʘʩʣʽʜʦʢ, ʨʦʟʚʽʜʢʘ ʪʘ ʚʠʜʦʙʫʪʦʢ 

ʛʘʟʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʽʜʨʦʨʦʟʨʠʚʫ ʧʣʘʩʪʽʚ ʫ ʌʨʘʥʮʽʾ ʚ ʮʴʦʤʫ ʨʦʮʽ ʙʫʣʘ ʟʘʙʦʨʦʥʝʥʘ 

ʟʘʢʦʥʦʤ - ʘ ʦʪʞʝ, ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʫ ʮʽʡ ʢʨʘʾʥʽ ʥʝ ʙʫʜʝ. 
 

  
ʈʠʩʫʥʦʢ 2 ï ʂʘʨʪʘ ʟʘʧʘʩʽʚ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʚ ʩʚʽʪʽ 

 

ɺʠʩʥʦʚʦʢ. ɺʠʜʦʙʫʪʦʢ ʩʣʘʥʮʝʚʦʾ ʥʘʬʪʠ ʚ ʋʢʨʘʾʥʽ ʤʘʻ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ. ʇʨʦʪʝ ʜʣʷ ʫʩʧʽʰʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʛʝʦʣʦʛʽʯʥʽ, ʪʝʭʥʦʣʦʛʽʯʥʽ, ʝʢʦʥʦʤʽʯʥʽ 

ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʯʝʨʝʟ ʝʬʝʢʪʠʚʥʝ ʧʨʘʚʦʚʝ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʫ ʜʝʨʞʘʚʠ. 

ʋʢʨʘʾʥʘ ʤʘʻ ʚʩʽ ʰʘʥʩʠ ʩʪʘʪʠ ʟʥʘʯʫʱʠʤ ʛʨʘʚʮʝʤ ʥʘ ʨʠʥʢʫ ʩʣʘʥʮʝʚʦʾ ʥʘʬʪʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʚʦʾ ʛʝʦʣʦʛʽʯʥʽ ʨʝʩʫʨʩʠ, ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ ʪʘ ʩʪʨʘʪʝʛʽʯʥʠʡ ʧʽʜʭʽʜ 

ʜʦ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʚʢʣʶʯʘʻ ʽʥʚʝʩʪʠʮʽʾ ʚ 

ʪʝʭʥʦʣʦʛʽʾ, ʨʦʟʚʠʪʦʢ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʧʽʜʛʦʪʦʚʢʫ ʢʘʜʨʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ 

ʙʝʟʧʝʢʠ, ʩʪʘʥʝ ʢʣʶʯʝʤ ʜʦ ʫʩʧʽʭʫ ʚ ʮʽʡ ʧʝʨʩʧʝʢʪʠʚʥʽʡ ʩʬʝʨʽ. 
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ʂʨʫʪʫʭʘ ɼ.ɯ. ʤʘʛʽʩʪʨ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 185 ʅʘʬʪʦʛʘʟʦʚʘ ʽʥʞʝʥʝʨʽʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɼʘʚʠʜʝʥʢʦ ʆ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʥʘʬʪʦʛʘʟʦʚʦʾ 

ʽʥʞʝʥʝʨʽʾ ʪʘ ʙʫʨʽʥʥʷ 

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

ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʊɽʍʅʆʃʆɻɯɰ ʇɯɼɻʆʊʆɺʂʀ ʅɸʌʊʆɺʆɻʆ 

ɻɸɿʋ 
 

ɿ ʚʚʝʜʝʥʥʷʤ ʥʦʚʠʭ ʧʨʘʚʠʣ ʚʩʽ ʢʦʤʧʘʥʽʾ ʥʘʬʪʦʛʘʟʦʚʦʾ ʛʘʣʫʟʽ ʚʞʝ ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ 

ʨʦʢʽʚ ʨʝʘʣʽʟʫʶʪʴ ʧʨʦʛʨʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʧʫʪʥʦʛʦ ʥʘʬʪʦʚʦʛʦ ʛʘʟʫ ʜʣʷ 

ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ ʥʘ ʧʨʦʤʠʩʣʘʭ, ʘ ʪʘʢʦʞ ʰʫʢʘʶʪʴ ʩʧʦʩʦʙʠ ʦʪʨʠʤʘʥʥʷ 

ʧʨʠʙʫʪʢʫ ʟ ʧʝʨʝʨʦʙʢʠ ʥʘʬʪʦʚʦʛʦ ʛʘʟʫ. ʋ ʚʠʜʦʙʫʪʢʫ ʧʦʧʫʪʥʠʡ ʥʘʬʪʦʚʠʡ ʛʘʟ ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ ʚʣʘʩʥʦʾ ʪʝʧʣʦ- ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʷʢ ʧʘʣʠʚʦ 

ʜʣʷ ʢʦʣʽʡʥʠʭ ʧʽʜʽʛʨʽʚʘʯʽʚ ʥʘʬʪʠ. 

ɼʦ ʩʢʣʘʜʫ ʧʦʧʫʪʥʦʛʦ ʥʘʬʪʦʚʦʛʦ ʛʘʟʫ ʚʭʦʜʠʪʴ ʰʠʨʦʢʘ ʬʨʘʢʮʽʷ ʣʝʛʢʠʭ ʚʫʛʣʝʚʦʜʥʽʚ, 

ʷʢʘ ʟʤʽʥʶʻ ʩʚʽʡ ʩʢʣʘʜ ʫ ʤʝʞʘʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʚʦʜʠʪʴʩʷ ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ, 

ʧʦʚ'ʷʟʘʥʽ ʟ ʧʽʜʛʦʪʦʚʢʦʶ ʛʘʟʫ ʪʘ ʤʝʪʦʜʦʤ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ [1]. 

ʆʩʥʦʚʥʠʤʠ ʰʣʷʭʘʤʠ ʫʪʠʣʽʟʘʮʽʾ ʧʦʧʫʪʥʦʛʦ ʥʘʬʪʦʚʦʛʦ ʛʘʟʫ ʻ: ʩʧʘʣʶʚʘʥʥʷ 

ʅʘʡʧʨʦʩʪʽʰʠʤ ʩʧʦʩʦʙʦʤ ʫʪʠʣʽʟʘʮʽʾ ʧʦʧʫʪʥʦʛʦ ʥʘʬʪʦʚʦʛʦ ʛʘʟʫ ʻ ʡʦʛʦ ʩʧʘʣʶʚʘʥʥʷ 

ʥʘ ʬʘʢʝʣʴʥʠʭ ʫʩʪʘʥʦʚʢʘʭ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʨʦʜʦʚʠʱʽ [2]. 

ʇʦʧʫʪʥʠʡ ʥʘʬʪʦʚʠʡ ʛʘʟ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʚʝʣʠʢʠʭ ʤʦʙʽʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʫʩʪʘʥʦʚʦʢ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʤʝʪʘʥ, ʝʪʘʥ ʪʘ ʧʨʦʧʘʥ-ʙʫʪʘʥ. ʄʝʪʘʥ ʪʘ ʝʪʘʥ ʟʘʢʘʯʫʶʪʴʩʷ ʚ 

ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʫ ʤʝʨʝʞʫ, ʘ ʧʨʦʧʘʥ-ʙʫʪʘʥ ʟʘʢʘʯʫʻʪʴʩʷ ʜʦ ʮʠʩʪʝʨʥ ʪʘ ʚʠʨʫʰʘʻ 

ʩʧʦʞʠʚʘʯʘʤ. 

ɻʘʟ ʧʦʩʪʘʚʣʷʻʪʴʩʷ ʥʘ ʚʝʣʠʢʽ ʛʘʟʦʧʝʨʝʨʦʙʥʽ ʟʘʚʦʜʠ, ʜʝ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʤʝʪʘʥ (ʩʫʭʠʡ 

ʚʽʜʙʝʥʟʠʥʝʥʠʡ ʛʘʟ) ʪʘ ʰʠʨʦʢʫ ʬʨʘʢʮʽʶ ʣʝʛʢʠʭ ʚʫʛʣʝʚʦʜʥʽʚ. ʉʫʭʠʡ ʛʘʟ ʧʦʩʪʘʚʣʷʻʪʴʩʷ ʜʦ 

ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ. ɸ ʐʌʃʋ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʝʛʣʠʙʦʢʦʾ ʧʝʨʝʨʦʙʢʠ, 

ʧʨʷʤʫʻ ʥʘ ʧʦʜʘʣʴʰʽ ʧʝʨʝʜʽʣʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʰʠʨʦʢʦʾ ʣʽʥʽʡʢʠ ʥʘʬʪʦʭʽʤʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ 

[2]. 

ʇʦʧʫʪʥʠʡ ʥʘʬʪʦʚʠʡ ʛʘʟ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʧʘʣʠʚʦ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʥʘʬʪʦʚʠʭ ʨʦʜʦʚʠʱʘʭ ʘʙʦ ʧʦʙʣʠʟʫ ʥʠʭ [3]. 

ʇʽʩʣʷ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʚʽʜ ʥʘʬʪʦʚʦʾ ʨʽʜʠʥʠ ʧʦʧʫʪʥʠʡ ʥʘʬʪʦʚʠʡ ʛʘʟ ʟʙʠʨʘʻʪʴʩʷ ʽ 

ʟʘʢʘʯʫʻʪʴʩʷ ʥʘʟʘʜ ʫ ʥʘʬʪʦʚʠʡ ʧʣʘʩʪ [4]. 

ɻʘʟʣʽʬʪ ʻ ʦʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʰʪʫʯʥʦʛʦ ʧʽʜʡʦʤʫ ʨʽʜʠʥʠ ʧʨʠ ʚʠʜʦʙʫʪʢʫ ʚʫʛʣʝʚʦʜʥʽʚ. 

ʉʧʦʩʽʙ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʧʫʪʥʦʛʦ ʥʘʬʪʦʚʦʛʦ ʛʘʟʫ ʜʣʷ ʟʘʢʘʯʫʚʘʥʥʷ ʚ 

ʩʚʝʨʜʣʦʚʠʥʫ. ʅʘʬʪʘ ʽʟ ʧʣʘʩʪʘ ʧʽʜʥʽʤʘʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʶ ʝʥʝʨʛʽʻʶ ʛʘʟʫ. ɻʘʟʣʽʬʪʥʠʡ 

ʩʧʦʩʽʙ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʽ ʚʽʜʙʦʨʠ ʨʽʜʠʥʠ ʽʟ ʩʚʝʨʜʣʦʚʠʥ. ʂʦʥʩʪʨʫʢʮʽʾ 

ʛʘʟʣʽʬʪʥʦʛʦ ʪʠʧʫ ʥʘʜʽʡʥʽ ʪʘ ʣʝʛʢʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʦʩʷʛʘʶʪʴʩʷ ʚʠʱʽ ʧʦʢʘʟʥʠʢʠ 

ʫʪʠʣʽʟʘʮʽʾ ʥʘʬʪʦʚʦʛʦ ʛʘʟʫ. ɻʘʟ, ʱʦ ʟʘʢʘʯʫʻʪʴʩʷ ʚ ʩʚʝʨʜʣʦʚʠʥʫ, ʟʛʦʜʦʤ ʤʦʞʝ ʙʫʪʠ ʟʥʦʚʫ 

ʚʠʢʦʨʠʩʪʘʥʠʡ, ʭʦʯʘ ʚʠʤʘʛʘʻ ʧʦʚʪʦʨʥʦʾ ʢʦʤʧʨʝʩʽʾ ʧʝʨʝʜ ʟʘʢʘʯʫʚʘʥʥʷʤ. 

ʅʘʬʪʦʚʠʡ ʛʘʟ ʤʦʞʥʘ ʥʘʧʨʘʚʠʪʠ ʜʦ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʫ ʜʣʷ ʧʨʦʜʘʞʫ 

ʩʧʦʞʠʚʘʯʘʤ ʫ ʩʢʣʘʜʽ ʟʚʠʯʘʡʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. ʆʜʥʘʢ ʟʘʢʘʯʫʚʘʥʥʷ ʧʦʧʫʪʥʦʛʦ 

ʥʘʬʪʦʚʦʛʦ ʛʘʟʫ ʜʦ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ ʧʦʚ'ʷʟʘʥʝ ʟ ʥʠʟʢʦʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʙʤʝʞʝʥʴ. ʇʦʧʫʪʥʠʡ ʥʘʬʪʦʚʠʡ ʛʘʟ ʤʘʻ ʙʫʪʠ ʦʩʫʰʝʥʠʡ, ʦʯʠʱʝʥʠʡ ʚʽʜ ʘʝʨʦʟʦʣʽʚ, 

ʩʽʨʢʦʚʦʜʥʶ, ʤʝʨʢʘʧʪʘʥʽʚ ʪʘ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʚʘʞʢʠʭ ʚʫʛʣʝʚʦʜʥʽʚ [2]. ɻʘʟ, ʱʦ ʧʦʜʘʻʪʴʩʷ 

ʚ ʤʘʛʽʩʪʨʘʣʴʥʠʡ ʛʘʟʦʧʨʦʚʽʜ, ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʛʘʣʫʟʝʚʦʛʦ ʩʪʘʥʜʘʨʪʫ ʪʘ 

ʪʝʭʥʽʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʨʦʟʨʦʙʣʝʥʠʤʠ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʜʦʢʫʤʝʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʯʢʠ ʨʦʩʠ ʧʦ ʚʦʜʽ ʜʦʨʽʚʥʶʻ ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʤʽʥʫʩ 14 Áʉ ʟʘ ʫʤʦʚʠ 

ʘʙʩʦʣʶʪʥʦʛʦ ʪʠʩʢʫ ʨʽʚʥʦʛʦ 3,92 ʄʇʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʪʦʯʢʠ ʨʦʩʠ ʟʘ ʚʫʛʣʝʚʦʜʥʷʤʠ -ʤʽʥʫʩ 

5 Á ʉ ʟʘ ʫʤʦʚʠ ʘʙʩʦʣʶʪʥʦʛʦ ʪʠʩʢʫ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 2,5 ʜʦ 7,5 ʄʇʘ [4]. 

ʇʨʠʨʦʜʥʠʡ ʛʘʟ ʤʽʩʪʠʪʴ ʤʝʭʘʥʽʯʥʽ ʜʦʤʽʰʢʠ, ʜʦ ʪʚʝʨʜʠʭ ʜʦʤʽʰʦʢ ʥʘʣʝʞʘʪʴ ʦʢʩʠʜʠ 

ʘʣʶʤʽʥʽʶ, ʩʧʦʣʫʢʠ ʢʨʝʤʥʽʶ, ʟʘʣʽʟʘ, ʢʘʣʴʮʽʶ, ʤʘʛʥʽʶ, ʩʽʨʢʠ ʪʘ ʽʥʰʽ; ʜʦ ʨʽʜʢʠʭ ʪʘ 
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ʛʘʟʦʧʦʜʽʙʥʠʭ ï ʚʦʜʘ, ʾʾ ʧʘʨʠ ʪʘ ʚʘʞʢʽ ʚʫʛʣʝʚʦʜʥʽ. ʄʝʭʘʥʽʯʥʽ ʜʦʤʽʰʢʠ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ 

ʛʘʟʽ, ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʝʨʦʟʽʾ, ʟʥʦʩʫ ʛʘʟʦʧʨʦʚʦʜʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʢʦʤʧʨʝʩʦʨʥʠʭ 

ʩʪʘʥʮʽʡ, ʟʘʩʤʽʯʫʶʪʴ ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ ʪʘ ʟʙʽʣʴʰʫʶʪʴ ʡʤʦʚʽʨʥʽʩʪʴ 

ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘ ʂʉ, ɻʈʉ ʪʘ ʛʘʟʦʧʨʦʚʦʜʘʭ [5]. 

ɺʤʽʩʪ ʩʽʨʢʦʚʦʜʥʶ ʚʠʱʝ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʢʦʨʦʟʽʾ ʚʥʫʪʨʽʰʥʴʦʾ 

ʧʦʚʝʨʭʥʽ ʛʘʟʦʧʨʦʚʦʜʽʚ, ʛʘʟʦʧʝʨʝʢʘʯʫʚʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʘʨʤʘʪʫʨʠ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ 

ʘʪʤʦʩʬʝʨʠ ʧʨʠʤʽʱʝʥʴ ʪʦʢʩʠʯʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ. ʂʠʩʝʥʴ ʟ ʘʪʤʦʩʬʝʨʠ ʧʦʪʨʘʧʣʷʻ ʚ 

ʛʘʟʦʧʨʦʚʽʜ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʂʉ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʨʝʤʦʥʪʽ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʻ ʧʨʦʜʫʚʘʥʥʷ. 

ʅʘʷʚʥʽʩʪʴ ʢʠʩʥʶ ʚ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ 

ʩʫʤʽʰʝʡ ʘʙʦ ʚʠʜʽʣʝʥʥʷ ʝʣʝʤʝʥʪʘʨʥʦʾ ʩʽʨʢʠ ʟʘ ʥʘʷʚʥʦʩʪʽ ʩʽʨʢʦʚʦʜʥʶ. ɺʤʽʩʪ ʜʽʦʢʩʠʜʫ 

ʚʫʛʣʝʮʶ ʟʥʠʞʫʻ ʢʘʣʦʨʽʡʥʽʩʪʴ ʛʘʟʫ. 

ʅʘʷʚʥʽʩʪʴ ʧʘʨʽʚ ʚʦʜʠ ʫ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʛʘʟʘʭ ʧʦʚ'ʷʟʘʥʘ ʟ ʢʦʥʪʘʢʪʦʤ ʛʘʟʫ ʪʘ ʚʦʜʠ ʫ 

ʧʣʘʩʪʦʚʠʭ ʫʤʦʚʘʭ, ʘ ʪʘʢʦʞ ʟ ʫʤʦʚʘʤʠ ʾʭ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ (ʩʝʧʘʨʘʮʽʾ, ʦʯʠʱʝʥʥʷ ʚʽʜ 

ʜʦʤʽʰʦʢ ʪʘ ʽʥ.). 

ʇʨʠʩʫʪʥʽʩʪʴ ʫ ʛʘʟʽ ʚʦʣʦʛʠ ʥʝʙʘʞʘʥʘ (ʘ ʽʥʦʜʽ ʥʝʙʝʟʧʝʯʥʘ) ʜʣʷ ʧʨʦʮʝʩʫ ʡʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʣʦʛʘ ʤʦʞʝ ʚʠʧʘʜʘʪʠ ʫ ʯʠʩʪʦʤʫ ʚʠʛʣʷʜʽ ʘʙʦ ʫ ʚʠʛʣʷʜʽ 

ʛʽʜʨʘʪʽʚ ʟ ʚʫʛʣʝʚʦʜʥʷʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʩʢʣʘʜʥʝʥʴ ʫ ʨʦʙʦʪʽ ʩʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʨʠʩʪʨʦʶ. ʅʝʙʘʞʘʥʘ ʚʦʣʦʛʘ ʚ ʛʘʟʽ, ʷʢʱʦ ʧʦʜʘʣʴʰʘ ʡʦʛʦ ʧʝʨʝʨʦʙʢʘ ʚʝʜʝʪʴʩʷ ʧʨʠ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʠ ʮʴʦʤʫ ʪʦʯʢʘ ʡʦʛʦ ʨʦʩʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʠʞʯʦʶ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʝʨʝʨʦʙʢʠ ʛʘʟʫ. 

ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʧʫʪʥʦʛʦ ʥʘʬʪʦʚʦʛʦ ʛʘʟʫ ʡʦʛʦ ʩʣʽʜ ʧʽʜʛʦʪʫʚʘʪʠ. 

ɽʪʘʧʠ ʧʽʜʛʦʪʦʚʢʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ: ʜʦʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʪʠʩʢʫ; ʦʯʠʱʝʥʥʷ ʚʽʜ 

ʩʽʨʯʠʩʪʠʭ ʢʦʤʧʦʥʝʥʪʽʚ; ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʘ ʚʽʜʙʝʥʟʠʥʶʚʘʥʥʷ; ʦʩʫʰʝʥʥʷ; ʦʯʠʱʝʥʥʷ ʚʽʜ 

ʭʫʪʨʷʥʠʭ ʜʦʤʽʰʦʢ. 

ʎʽʣʴ ʚʽʜʙʝʥʟʠʥʶʚʘʥʥʷ ʧʦʧʫʪʥʦʛʦ ʥʘʬʪʦʚʦʛʦ ʛʘʟʫ - ʚʠʜʘʣʝʥʥʷ ʢʨʘʧʣʠʥʥʦʾ ʨʽʜʠʥʠ. 

ɺʠʜʘʣʝʥʥʷ ʢʨʘʧʣʠʥʥʦʾ ʨʽʜʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʪʨʠ ʝʪʘʧʠ: 

ʅʘ ʚʝʣʠʢʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʨʦʜʦʚʠʱʘʭ ʨʘʮʽʦʥʘʣʴʥʠʤ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ 

ʨʽʰʝʥʥʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʧʫʪʥʦʛʦ ʥʘʬʪʦʚʦʛʦ ʛʘʟʫ ʻ ʤʦʥʪʘʞ ʩʪʘʮʽʦʥʘʨʥʠʭ ʫʩʪʘʥʦʚʦʢ 

ʧʽʜʛʦʪʦʚʢʠ ʟʘʚʦʜʩʴʢʦʛʦ ʪʠʧʫ. ɼʣʷ ʩʝʨʝʜʥʽʭ ʪʘ ʤʘʣʠʭ ʨʦʜʦʚʠʱ ʧʦʪʨʽʙʝʥ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ 

ʧʽʜʭʽʜ ʜʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʦʝʢʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʧʫʪʥʦʛʦ ʥʘʬʪʦʚʦʛʦ ʛʘʟʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʦʥʦʤʽʯʥʦʾ ʚʠʛʦʜʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝ ʚʩʽ ʤʝʪʦʜʠ ʫʪʠʣʽʟʘʮʽʾ ʧʦʧʫʪʥʦʛʦ ʥʘʬʪʦʚʦʛʦ ʛʘʟʫ ʝʬʝʢʪʠʚʥʽ ʜʣʷ 

ʨʽʟʥʠʭ ʟʘ ʦʙʩʷʛʘʤʠ ʪʘ ʫʤʦʚʘʤʠ ʚʠʜʦʙʫʪʢʫ ʨʦʜʦʚʠʱ, ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʾʭ ʧʝʨʝʚʘʛʠ ʪʘ 

ʥʝʜʦʣʽʢʠ, ʘ ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. 
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ʽʥʞʝʥʝʨʽʾ ʪʘ ʙʫʨʽʥʥʷ. 

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

ɼʆ ʇʀʊɸʅʅʗ ʈʆɿʈʆɹʂʀ ʊɸ ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʄɽʊʆɼʀʂʀ ɺʀɹʆʈʋ 

ɹʋʈʆɺʆɻʆ ʆɹʃɸɼʅɸʅʅʗ ɼʃʗ ʉʇʆʈʋɼɾɽʅʅʗ ʅɸʌʊʆɻɸɿʆɺʀʍ 

ʉɺɽʈɼʃʆɺʀʅ 
 

ɺ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʛʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʧʦʪʨʝʙʘ ʫ ʧʦʩʪʽʡʥʦʤʫ 

ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʦʶ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʚʠʢʦʥʫʚʘʥʠʭ ʨʦʙʽʪ, ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʨʝʩʫʨʩʥʦʾ ʙʘʟʠ ʢʨʘʾʥʠ, ʥʝʦʙʭʽʜʥʦ ʧʦʩʪʽʡʥʦ 

ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ, ʟʦʢʨʝʤʘ ʫ ʪʘʢʠʭ ʛʘʣʫʟʷʭ, ʷʢ ʥʘʬʪʦʛʘʟʦʚʘ. ɺʧʨʦʚʘʜʞʝʥʥʷ 

ʥʦʚʽʪʥʽʭ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʦʢʨʝʤʘ ʧʝʨʩʦʥʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʽʚ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʠʭ ʮʽʣʝʡ [1, 2]. 

ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʥʘʧʨʷʤʽʚ ʽʥʥʦʚʘʮʽʡ ʫ ʥʘʬʪʦʛʘʟʦʚʦʤʫ ʩʝʢʪʦʨʽ ʻ ʘʚʪʦʤʘʪʠʟʘʮʽʷ 

ʙʫʨʦʚʠʭ ʫʩʪʘʥʦʚʦʢ. ɹʫʨʦʚʽ ʫʩʪʘʥʦʚʢʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʤʧʣʝʢʩʫ ʙʫʨʦʚʦʛʦ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʥʘʟʝʤʥʠʭ ʩʧʦʨʫʜ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʩʧʦʨʫʜʞʝʥʥʷ 

ʩʚʝʨʜʣʦʚʠʥ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ɿ ʨʦʟʚʠʪʢʦʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʥʠʢʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʝ 

ʣʠʰʝ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʨʦʚʠʭ ʨʦʙʽʪ, ʘʣʝ ʡ ʟʥʠʟʠʪʠ ʚʧʣʠʚ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʘ, 

ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʩʢʦʨʦʪʠʪʠ ʨʠʟʠʢʠ ʪʝʭʥʦʛʝʥʥʠʭ ʘʚʘʨʽʡ [3]. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʘʨʽʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ, ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʽ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʢʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. ɺʨʘʭʦʚʫʶʯʠ ʚʠʩʦʢʫ ʩʢʣʘʜʥʽʩʪʴ ʪʘ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʟʘʜʘʯ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʙʫʨʦʚʠʭ ʫʩʪʘʥʦʚʦʢ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʽ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʩʪʘʻ ʥʝʦʙʭʽʜʥʠʤ. ɺʠʤʦʛʠ ʜʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫ ʙʫʨʦʚʽʡ ʩʬʝʨʽ ʦʙʫʤʦʚʣʝʥʽ ʧʦʪʨʝʙʦʶ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʠʩʦʢʦʾ 

ʪʦʯʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʟʜʘʪʥʽʩʪʶ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʎʝ ʚʠʤʘʛʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʫʪʴ ʩʘʤʦʩʪʽʡʥʦ ʢʦʨʠʛʫʚʘʪʠ 

ʩʚʦʶ ʜʽʷʣʴʥʽʩʪʴ ʟʘʣʝʞʥʦ ʚʽʜ ʟʤʽʥ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ. 

ʇʨʠʥʮʠʧ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʢʨʘʱʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʴ. ʆʧʪʠʤʽʟʘʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ʪʘʢ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʡʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ, ʤʽʥʽʤʽʟʫʚʘʪʠ ʝʥʝʨʛʦʚʠʪʨʘʪʠ, 

ʟʤʝʥʰʠʪʠ ʨʠʟʠʢʠ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 

ʋ ʚʠʧʘʜʢʫ ʟ ʙʫʨʦʚʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʦʧʪʠʤʽʟʘʮʽʷ ʩʪʦʩʫʻʪʴʩʷ ʷʢ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ 

ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ, ʪʘʢ ʽ ʤʘʢʩʠʤʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ, ʟʦʢʨʝʤʘ 

ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʫʨʽʥʥʷ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ. 

ʂʨʽʤ ʪʦʛʦ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʦʧʦʤʘʛʘʻ ʟʘʧʦʙʽʛʪʠ ʧʝʨʝʛʨʽʚʫ, 

ʟʥʦʰʝʥʥʶ ʽ ʧʦʣʦʤʢʘʤ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʚʠʪʨʘʪʠ ʥʘ ʨʝʤʦʥʪʥʽ 

ʨʦʙʦʪʠ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʙʫʨʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʚʘʞʣʠʚʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʣʠʰʝ ʪʝʭʥʽʯʥʽ, ʘ ʡ ʝʢʦʥʦʤʽʯʥʽ ʚʠʤʦʛʠ. ɿʘʜʘʯʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ 

ʩʠʩʪʝʤʘ ʥʝ ʪʽʣʴʢʠ ʚʠʢʦʥʫʚʘʣʘ ʦʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʢʝʨʫʚʘʥʥʷ, ʘʣʝ ʡ ʦʧʪʠʤʽʟʫʚʘʣʘ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʝʟʫʣʴʪʘʪ ʟʘ 

ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪ. ɼʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʽ ʘʣʛʦʨʠʪʤʠ 

ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ 

ʨʝʞʠʤ ʨʦʙʦʪʠ ʙʫʨʦʚʦʾ ʫʩʪʘʥʦʚʢʠ. 
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ɿʘʟʥʘʯʠʤʦ, ʱʦ ʧʨʠʥʮʠʧ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʶ ʙʫʨʦʚʠʭ ʫʩʪʘʥʦʚʦʢ. ʎʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʤʦʥʽʪʦʨʠʥʛ ʫʩʽʭ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʪʘʢʠʭ ʷʢ ʪʠʩʢ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ, ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʙʫʨʘ ʪʦʱʦ. ʋ ʨʘʟʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʩʧʨʘʮʴʦʚʫʚʘʪʠ ʽ ʢʦʨʠʛʫʚʘʪʠ ʨʦʙʦʪʫ ʦʙʣʘʜʥʘʥʥʷ. 

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʮʽʣʝʡ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ ʻ ʟʘʧʦʙʽʛʘʥʥʷ 

ʚʠʥʠʢʥʝʥʥʶ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. ɼʣʷ ʮʴʦʛʦ ʚʘʞʣʠʚʦ ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʠʷʚʣʷʪʠ ʧʦʪʝʥʮʽʡʥʽ ʧʨʦʙʣʝʤʠ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ, 

ʘʣʝ ʡ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʥʠʭ, ʟʤʽʥʶʶʯʠ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʘʙʦ ʧʽʜʚʠʱʫʶʯʠ ʥʘʛʣʷʜ 

ʟʘ ʢʨʠʪʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʘ ʙʫʨʦʚʠʭ ʫʩʪʘʥʦʚʢʘʭ 

ʜʦʧʦʤʦʞʝ ʟʥʠʟʠʪʠ ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ ʨʦʙʦʪʠ ʧʝʨʩʦʥʘʣʫ. 

ɼʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʨʘʥʥʴʦʛʦ ʚʠʷʚʣʝʥʥʷ ʥʝʧʦʣʘʜʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʧʨʦ ʩʪʘʥ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʟʥʘʯʘʪʠ ʡʤʦʚʽʨʥʽ ʧʦʣʦʤʢʠ ʘʙʦ ʘʥʦʤʘʣʽʾ. ɯʥʪʝʛʨʦʚʘʥʽ ʢʨʠʪʝʨʽʾ ʷʢʦʩʪʽ, ʱʦ ʚʢʣʶʯʘʶʪʴ 

ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʽ ʤʽʥʽʤʘʣʴʥʽ ʚʠʪʨʘʪʠ, ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ. ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʫ ʨʦʟʨʦʙʮʽ ʦʧʪʠʤʘʣʴʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʻ 

ʤʝʪʦʜ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʥʘʭʦʜʠʪʠ ʥʘʡʢʨʘʱʝ ʨʽʰʝʥʥʷ ʥʘ 

ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʧʨʦʮʝʩʫ, ʚʨʘʭʦʚʫʶʯʠ ʧʦʧʝʨʝʜʥʽ ʨʝʟʫʣʴʪʘʪʠ. ɼʣʷ ʙʫʨʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʮʝ 

ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʦʧʪʠʤʽʟʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʙʫʨʽʥʥʷ ʚ ʫʤʦʚʘʭ ʟʤʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʙʦ 

ʢʦʨʠʛʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʡ ʨʦʙʦʪʠ ʥʘ ʦʩʥʦʚʽ ʚʠʷʚʣʝʥʠʭ ʜʘʥʠʭ ʧʨʦ ʩʪʘʥ ʩʚʝʨʜʣʦʚʠʥʠ ʪʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʉʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʽ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ 

ʙʫʨʽʥʥʷ, ʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʫʶʯʠ ʚʠʪʨʘʪʠ ʥʘ 

ʝʥʝʨʛʽʶ, ʧʘʣʠʚʦ ʽ ʟʥʠʞʫʶʯʠ ʡʤʦʚʽʨʥʽʩʪʴ ʟʥʦʰʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. 

ʆʜʠʥ ʟ ʚʘʞʣʠʚʠʭ ʘʩʧʝʢʪʽʚ ʨʦʟʚʠʪʢʫ ʪʘʢʠʭ ʩʠʩʪʝʤ ð ʮʝ ʤʦʞʣʠʚʽʩʪʴ ʾʭ 

ʩʘʤʦʥʘʩʪʨʦʶʚʘʥʥʷ. ʉʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʚʙʫʜʦʚʘʥʽ ʤʝʭʘʥʽʟʤʠ ʘʜʘʧʪʘʮʽʾ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʢʦʨʠʛʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʽ ʧʘʨʘʤʝʪʨʠ ʨʝʛʫʣʷʪʦʨʽʚ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ ʙʫʨʦʚʦʾ ʫʩʪʘʥʦʚʢʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʙʫʨʽʥʥʷ, ʘʣʝ ʡ ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ. 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʙʫʨʦʚʠʤʠ 

ʫʩʪʘʥʦʚʢʘʤʠ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʨʦʟʚʠʪʢʫ ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʩʝʢʪʦʨʫ ʋʢʨʘʾʥʠ. 

ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʥʮʠʧʫ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʫ ʜʽʘʛʥʦʩʪʠʮʽ ʪʘ ʫʧʨʘʚʣʽʥʥʽ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ 

ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ, ʘʣʝ ʡ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʙʝʟʧʝʢʫ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ. ɯʥʪʝʛʨʘʮʽʷ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʽ ʩʘʤʦʥʘʣʘʰʪʫʚʘʥʥʷ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʩʧʨʠʷʻ 

ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ ʥʘʬʪʦʛʘʟʦʚʠʜʦʙʫʪʢʫ, ʧʦʢʨʘʱʫʶʯʠ ʷʢʽʩʪʴ ʙʫʨʦʚʠʭ ʨʦʙʽʪ ʪʘ 

ʟʤʝʥʰʫʶʯʠ ʝʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ. 
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ʄɽʊʆɼʆʃʆɻɯʗ ɯʅʊɽɻʈʆɺɸʅʆɻʆ ʅɸɺʏɸʅʅʗ ɺ ʇʈʆʌɽʉɯʁʅɯʁ ʆʉɺɯʊɯ 
 

ɯʥʪʝʛʨʦʚʘʥʝ ʥʘʚʯʘʥʥʷ ʷʢ ʤʝʪʦʜʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʬʦʨʤʫʻ ʦʩʥʦʚʫ ʩʫʯʘʩʥʦʾ 

ʧʨʦʬʝʩʽʡʥʦʾ ʦʩʚʽʪʠ, ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ, ʷʢʽ 

ʟʜʘʪʥʽ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʫ ʩʢʣʘʜʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʽ ʰʚʠʜʢʦ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ 

ʟʤʽʥ. ɺ ʦʩʥʦʚʽ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʣʝʞʠʪʴ ʽʜʝʷ ʩʠʩʪʝʤʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ 

ʟʥʘʥʴ ʽʟ ʧʨʘʢʪʠʯʥʠʤʠ ʥʘʚʠʯʢʘʤʠ, ʱʦ ʥʘʜʘʻ ʩʪʫʜʝʥʪʘʤ ʮʽʣʽʩʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʾʭʥʶ 

ʤʘʡʙʫʪʥʶ ʧʨʦʬʝʩʽʡʥʫ ʜʽʷʣʴʥʽʩʪʴ. ʊʘʢʝ ʥʘʚʯʘʥʥʷ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ 

ʪʝʭʥʽʯʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ, ʦʩʦʙʣʠʚʦ ʫ ʛʘʣʫʟʽ ʚʠʜʦʙʫʪʢʫ, ʧʝʨʝʨʦʙʢʠ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʜʝ ʫʩʧʽʰʥʘ ʨʦʙʦʪʘ ʚʠʤʘʛʘʻ ʨʦʟʫʤʽʥʥʷ ʽ ʢʦʦʨʜʠʥʘʮʽʾ ʙʘʛʘʪʴʦʭ 

ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʧʨʦʮʝʩʽʚ [1, 2]. 

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʻ 

ʤʫʣʴʪʠʜʠʩʮʠʧʣʽʥʘʨʥʽʩʪʴ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʩʪʫʜʝʥʪʘʤ ʧʦʻʜʥʫʚʘʪʠ ʟʥʘʥʥʷ ʟ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ, 

ʪʘʢʠʭ ʷʢ ʛʝʦʣʦʛʽʷ, ʽʥʞʝʥʝʨʽʷ, ʝʢʦʣʦʛʽʷ, ʝʢʦʥʦʤʽʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʭʦʨʦʥʘ ʧʨʘʮʽ. ʎʝ 

ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʩʠʩʪʝʤʥʦʛʦ ʤʠʩʣʝʥʥʷ, ʷʢʝ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʢʦʤʧʣʝʢʩʥʠʭ ʟʘʜʘʯ ʩʫʯʘʩʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʉʪʫʜʝʥʪʠ ʚʯʷʪʴʩʷ ʙʘʯʠʪʠ ʧʨʦʙʣʝʤʠ ʫ 

ʰʠʨʰʦʤʫ ʢʦʥʪʝʢʩʪʽ, ʦʮʽʥʶʚʘʪʠ ʚʧʣʠʚ ʩʚʦʾʭ ʜʽʡ ʥʘ ʝʢʦʣʦʛʽʯʥʽ, ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʩʦʮʽʘʣʴʥʽ 

ʘʩʧʝʢʪʠ, ʘ ʪʘʢʦʞ ʰʫʢʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʰʣʷʭʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʙʘʣʘʥʩʫ ʤʽʞ ʝʬʝʢʪʠʚʥʽʩʪʶ 

ʪʘ ʩʪʽʡʢʽʩʪʶ [3]. 

ʂʣʶʯʦʚʠʡ ʝʣʝʤʝʥʪ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʧʨʘʢʪʠʯʥʽʡ ʦʨʽʻʥʪʘʮʽʾ ï ʮʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʩʪʫʜʝʥʪʠ ʚʠʢʦʥʫʶʪʴ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʽ ʜʦ ʨʝʘʣʴʥʠʭ 

ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚ. ʅʘʧʨʠʢʣʘʜ, ʧʽʜ ʯʘʩ ʚʠʚʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʚʠʜʦʙʫʪʢʫ ʽ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʣʘʙʦʨʘʪʦʨʥʽ ʨʦʙʦʪʠ, 

ʨʦʟʚ'ʷʟʫʚʘʪʠ ʚʠʨʦʙʥʠʯʽ ʟʘʚʜʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʽʜʚʽʜʫʚʘʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʜʝ 

ʦʟʥʘʡʦʤʣʶʶʪʴʩʷ ʟ ʨʦʙʦʪʦʶ ʦʙʣʘʜʥʘʥʥʷ ʽ ʦʨʛʘʥʽʟʘʮʽʻʶ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. ʊʘʢʽ 

ʧʨʘʢʪʠʯʥʽ ʟʘʥʷʪʪʷ ʜʦʧʦʤʘʛʘʶʪʴ ʥʝ ʣʠʰʝ ʟʘʢʨʽʧʠʪʠ ʟʥʘʥʥʷ, ʘʣʝ ʡ ʨʦʟʚʠʥʫʪʠ ʧʨʘʢʪʠʯʥʽ 

ʥʘʚʠʯʢʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʤʘʡʙʫʪʥʴʦʾ ʨʦʙʦʪʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʫʜʝʥʪʠ ʦʪʨʠʤʫʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʯʘʪʠ ʧʨʦʬʝʩʽʡʥʽ ʘʩʧʝʢʪʠ ʥʘ ʧʨʘʢʪʠʮʽ, ʱʦ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ ʧʝʨʝʭʽʜ ʜʦ 

ʨʝʘʣʴʥʦʛʦ ʪʨʫʜʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [4]. 

ɯʥʪʝʛʨʦʚʘʥʽ ʧʨʦʝʢʪʠ ʻ ʱʝ ʦʜʥʽʻʶ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʤʝʪʦʜʦʣʦʛʽʾ ʽʥʪʝʛʨʦʚʘʥʦʛʦ 

ʥʘʚʯʘʥʥʷ. ɺʦʥʠ ʥʘʜʘʶʪʴ ʩʪʫʜʝʥʪʘʤ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʥʘʜ ʨʝʘʣʴʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, 

ʨʦʟʚʠʚʘʶʯʠ ʥʘʚʠʯʢʠ ʢʨʠʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ ʽ ʟʜʘʪʥʽʩʪʴ ʚʠʨʽʰʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʽ ʟʘʜʘʯʽ. 

ʅʘʧʨʠʢʣʘʜ, ʧʨʦʝʢʪ ʟ ʨʦʟʨʦʙʢʠ ʩʪʨʘʪʝʛʽʾ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʪʘʢʽ ʝʪʘʧʠ, ʷʢ ʘʥʘʣʽʟ ʨʠʟʠʢʽʚ, ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ, 

ʨʦʟʨʘʭʫʥʦʢ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ. ʊʘʢʽ 

ʧʨʦʝʢʪʠ ʩʪʠʤʫʣʶʶʪʴ ʩʪʫʜʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʟʥʘʥʥʷ ʽ ʥʘʚʠʯʢʠ, ʘ ʪʘʢʦʞ 

ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʣʽʜʝʨʩʴʢʠʭ ʷʢʦʩʪʝʡ ʽ ʚʤʽʥʥʷ ʧʨʘʮʶʚʘʪʠ ʚ ʢʦʤʘʥʜʽ [5]. 

ʎʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ ʷʢ ʩʠʤʫʣʷʪʦʨʠ ʪʘ ʚʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ, ʻ ʚʘʞʣʠʚʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʫʜʝʥʪʘʤ ʤʦʜʝʣʶʚʘʪʠ ʪʘ 

ʚʽʜʧʨʘʮʴʦʚʫʚʘʪʠ ʩʮʝʥʘʨʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʙʝʟʧʝʯʥʠʤʠ ʘʙʦ ʪʝʭʥʽʯʥʦ ʩʢʣʘʜʥʠʤʠ ʫ 

ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. ɿʦʢʨʝʤʘ, ʥʘʚʯʘʣʴʥʽ ʩʠʤʫʣʷʪʦʨʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʫʜʝʥʪʘʤ ʚʠʢʦʥʫʚʘʪʠ 

ʩʢʣʘʜʥʽ ʦʧʝʨʘʮʽʾ ʫ ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʩʧʨʠʷʻ ʙʽʣʴʰ ʛʣʠʙʦʢʦʤʫ ʨʦʟʫʤʽʥʥʶ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʙʝʟʧʝʯʥʦʤʫ ʦʧʘʥʫʚʘʥʥʶ ʥʝʦʙʭʽʜʥʠʭ ʥʘʚʠʯʦʢ. ɺʽʨʪʫʘʣʴʥʽ 

ʣʘʙʦʨʘʪʦʨʽʾ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʪʫʜʝʥʪʘʤ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʠ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ 

ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʷʭ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʚʠʪʨʘʪʠ ʥʘ ʤʘʪʝʨʽʘʣʠ ʽ ʦʙʣʘʜʥʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʟʤʝʥʰʫʻ ʨʠʟʠʢʠ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʽ ʙʝʟʧʝʢʠ [6]. 

ɯʥʪʝʛʨʦʚʘʥʝ ʥʘʚʯʘʥʥʷ ʤʘʻ ʯʠʩʣʝʥʥʽ ʧʝʨʝʚʘʛʠ ʜʣʷ ʩʪʫʜʝʥʪʽʚ, ʟʦʢʨʝʤʘ ʧʽʜʚʠʱʝʥʥʷ 

ʤʦʪʠʚʘʮʽʾ ʽ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʦʞʫʪʴ ʦʜʨʘʟʫ 
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ʧʦʙʘʯʠʪʠ ʧʨʘʢʪʠʯʥʫ ʢʦʨʠʩʪʴ ʩʚʦʾʭ ʟʥʘʥʴ ʽ ʥʘʚʠʯʦʢ. ʉʪʫʜʝʥʪʠ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʪʘʢʫ 

ʧʽʜʛʦʪʦʚʢʫ, ʯʘʩʪʽʰʝ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʱʠʡ ʨʽʚʝʥʴ ʧʨʦʬʝʩʽʡʥʠʭ ʢʦʤʧʝʪʝʥʮʽʡ ʽ ʛʦʪʦʚʥʦʩʪʽ 

ʜʦ ʨʦʙʦʪʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʞʝ ʚʦʣʦʜʽʶʪʴ ʥʘʚʠʯʢʘʤʠ, ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʨʝʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʫ ʧʨʦʬʝʩʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ. ɯʥʪʝʛʨʦʚʘʥʝ ʥʘʚʯʘʥʥʷ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ 

ʩʪʫʜʝʥʪʘʤ ʨʦʟʚʠʚʘʪʠ ʢʨʝʘʪʠʚʥʝ ʤʠʩʣʝʥʥʷ ʽ ʥʘʚʠʯʢʠ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ, ʷʢʽ ʻ 

ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʩʫʯʘʩʥʦʛʦ ʨʠʥʢʫ ʧʨʘʮʽ. 

ɺʦʜʥʦʯʘʩ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʨʝʩʫʨʩʽʚ, 

ʪʘʢʠʭ ʷʢ ʩʫʯʘʩʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʣʘʙʦʨʘʪʦʨʽʡ ʽ ʩʠʤʫʣʷʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʫ 

ʢʚʘʣʽʬʽʢʘʮʽʶ ʚʠʢʣʘʜʘʯʽʚ, ʷʢʽ ʤʘʶʪʴ ʚʦʣʦʜʽʪʠ ʟʥʘʥʥʷʤʠ ʟ ʨʽʟʥʠʭ ʜʠʩʮʠʧʣʽʥ ʽ ʚʤʽʪʠ 

ʧʦʻʜʥʫʚʘʪʠ ʾʭ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ. ʎʝ ʪʘʢʦʞ ʧʦʪʨʝʙʫʻ ʘʜʘʧʪʘʮʽʾ ʥʘʚʯʘʣʴʥʠʭ ʧʣʘʥʽʚ ʽ 

ʧʨʦʛʨʘʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʪʝʛʨʦʚʘʥʝ ʥʘʚʯʘʥʥʷ ʻ ʢʣʶʯʦʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʫʯʘʩʥʦʾ 

ʧʨʦʬʝʩʽʡʥʦʾ ʦʩʚʽʪʠ, ʷʢʠʡ ʩʧʨʠʷʻ ʧʽʜʛʦʪʦʚʮʽ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ, ʟʜʘʪʥʠʭ 

ʫʩʧʽʰʥʦ ʧʨʘʮʶʚʘʪʠ ʫ ʩʢʣʘʜʥʠʭ ʪʘ ʟʤʽʥʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ. ʎʝ ʤʝʪʦʜʦʣʦʛʽʯʥʠʡ 

ʧʽʜʭʽʜ, ʷʢʠʡ ʬʦʨʤʫʻ ʫ ʩʪʫʜʝʥʪʽʚ ʥʝ ʣʠʰʝ ʛʣʠʙʦʢʽ ʪʝʦʨʝʪʠʯʥʽ ʟʥʘʥʥʷ, ʘʣʝ ʡ ʧʨʘʢʪʠʯʥʽ 

ʥʘʚʠʯʢʠ, ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ ʜʣʷ ʨʦʙʦʪʠ ʚ ʛʘʣʫʟʽ ʚʠʜʦʙʫʪʢʫ, ʧʝʨʝʨʦʙʢʠ ʪʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʪʫʜʝʥʪʠ 

ʨʦʟʚʠʚʘʶʪʴ ʩʠʩʪʝʤʥʝ ʤʠʩʣʝʥʥʷ ʪʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ ʻ 

ʦʩʥʦʚʦʶ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʠʭ ʚʠʢʣʠʢʽʚ. 

ʄʝʪʦʜʦʣʦʛʽʷ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʦʟʚʦʣʷʻ ʨʦʟʚʠʥʫʪʠ ʟʜʘʪʥʽʩʪʴ ʜʦ ʘʜʘʧʪʘʮʽʾ ʪʘ 

ʚʧʝʚʥʝʥʦʩʪʽ ʫ ʨʦʙʦʪʽ ʟ ʥʦʚʽʪʥʽʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʪʘ ʟʤʽʥʶʚʘʥʠʤʠ ʫʤʦʚʘʤʠ ʨʠʥʢʫ ʧʨʘʮʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʤʫʣʷʪʦʨʽʚ, ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʪʘ ʧʨʦʝʢʪʥʠʭ ʟʘʚʜʘʥʴ ʩʧʨʠʷʻ 

ʟʙʘʛʘʯʝʥʥʶ ʜʦʩʚʽʜʫ, ʜʦʟʚʦʣʷʻ ʚʽʜʧʨʘʮʴʦʚʫʚʘʪʠ ʩʠʪʫʘʮʽʾ, ʙʣʠʟʴʢʽ ʜʦ ʨʝʘʣʴʥʠʭ ʫʤʦʚ 

ʧʨʘʮʽ, ʽ ʬʦʨʤʫʻ ʚʽʜʧʦʚʽʜʘʣʴʥʝ ʩʪʘʚʣʝʥʥʷ ʜʦ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʯʠʭ ʟʘʚʜʘʥʴ. ɯʥʪʝʛʨʦʚʘʥʝ 

ʥʘʚʯʘʥʥʷ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ ʟʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʥʘʚʯʘʪʠʩʷ ʥʘ 

ʨʝʘʣʴʥʠʭ ʢʝʡʩʘʭ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʘʢʪʫʘʣʴʥʽ ʧʦʪʨʝʙʠ ʛʘʣʫʟʽ. 

ʊʘʢʽ ʧʽʜʭʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʣʘʜʘʯʘʤ ʩʪʚʦʨʶʚʘʪʠ ʥʘʚʯʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ 

ʧʽʜʪʨʠʤʫʻ ʙʝʟʧʝʨʝʨʚʥʝ ʦʥʦʚʣʝʥʥʷ ʟʥʘʥʴ ʽ ʟʘʙʝʟʧʝʯʫʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʛʨʘʤ. 

ʎʝ ʨʦʙʠʪʴ ʧʨʦʬʝʩʽʡʥʫ ʦʩʚʽʪʫ ʙʽʣʴʰ ʛʥʫʯʢʦʶ ʪʘ ʦʨʽʻʥʪʦʚʘʥʦʶ ʥʘ ʩʫʯʘʩʥʽ ʚʠʤʦʛʠ, ʘ 

ʚʠʧʫʩʢʥʠʢʠ ʩʪʘʶʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤʠ ʽ ʟʘʪʨʝʙʫʚʘʥʠʤʠ ʬʘʭʽʚʮʷʤʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘʢʦʞ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʫ ʩʪʫʜʝʥʪʽʚ ʥʘʚʠʯʦʢ ʢʦʤʫʥʽʢʘʮʽʾ, 
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ʽʥʞʝʥʝʨʽʾ ʪʘ ʙʫʨʽʥʥʷ 

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

 

ɼʆ ʇʀʊɸʅʅʗ ɹʋʈɯʅʅʗ ɼɽɻɸɿɸʎɯʁʅʀʍ ʉɺɽʈɼʃʆɺʀʅ ɺ ʋʄʆɺɸʍ  

ʐɸʍʊ ɿɸʍɯɼʅʆɻʆ ɼʆʅɹɸʉʋ 
 

ɺʠʜʦʙʫʪʦʢ ʤʝʪʘʥʫ ʥʘ ʚʫʛʽʣʴʥʠʭ ʨʦʜʦʚʠʱʘʭ ʻ ʥʘʨʘʟʽ ʦʜʥʠʤ ʽʟ ʘʢʪʫʘʣʴʥʠʭ ʧʠʪʘʥʴ 

ʜʣʷ ʋʢʨʘʾʥʠ. ɺʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʜʦʟʚʦʣʠʪʴ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʰʫ 

ʢʨʘʾʥʫ ʮʠʤ ʥʘʡʮʽʥʥʽʰʠʤ ʝʥʝʨʛʦʥʦʩʽʻʤ, ʟ ʽʥʰʦʛʦ, - ʜʝʛʘʟʘʮʽʷ ʧʨʠʟʚʝʜʝ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʙʝʟʧʝʢʠ ʨʦʟʨʦʙʢʠ ʚʫʛʽʣʴʥʠʭ ʨʦʜʦʚʠʱ [1]. 

ɼʦ çʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè ʚʭʦʜʠʪʴ ʜʝʩʷʪʴ ʰʘʭʪ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ɿʘʭʽʜʥʦʤʫ ɼʦʥʙʘʩʽ. 

ɺʠʨʦʙʥʠʯʝ ʦʙ'ʻʜʥʘʥʥʷ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʧʝʨʰʦʾ ʚ ʋʢʨʘʾʥʽ ʧʨʠʚʘʪʥʦʾ ʚʝʨʪʠʢʘʣʴʥʦ-

ʽʥʪʝʛʨʦʚʘʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʢʦʤʧʘʥʽʾ ɼʊɽʂ. 

ʋʤʦʚʠ, ʚ ʷʢʠʭ ʧʨʘʮʶʶʪʴ ʰʘʭʪʠ ɿʘʭʽʜʥʦʛʦ ɼʦʥʙʘʩʫ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʻ ʫʥʽʢʘʣʴʥʠʤʠ, 

ʘʜʞʝ ʤʘʣʦ ʜʝ ʫ ʩʚʽʪʽ ʚʫʛʽʣʴʥʘ ʛʘʣʫʟʴ ʟʘʡʤʘʻʪʴʩʷ ʧʨʦʤʠʩʣʦʚʠʤ ʚʽʜʧʨʘʮʶʚʘʥʥʷʤ ʧʣʘʩʪʽʚ 

ʧʦʪʫʞʥʽʩʪʶ 0,8-1,15 ʤ. 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʚʠʜʦʙʫʪʦʢ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʧʨʠ 

ʥʝʤʠʥʫʯʦʤʫ ʧʦʛʣʠʙʣʝʥʥʽ ʛʽʨʩʴʢʠʭ ʨʦʙʽʪ, ʻ ʚʠʩʦʢʘ ʤʝʪʘʥʦʦʙʠʣʴʥʽʩʪʴ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ 

ʪʘ ʧʦʨʽʜ. ʊʝʭʥʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʫʯʘʩʥʠʭ ʦʯʠʩʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʣʘʚʫ ʟʘ ʛʘʟʦʚʠʤ ʬʘʢʪʦʨʦʤ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʛʘʟʘʮʽʾ ʻ ʚʘʞʣʠʚʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʟʥʠʟʠʪʠ 

ʥʘʜʭʦʜʞʝʥʥʷ ʤʝʪʘʥʫ ʫ ʛʽʨʥʠʯʽ ʚʠʨʦʙʢʠ, ʟʙʽʣʴʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʯʠʩʥʠʡ ʚʠʙʽʡ ʪʘ 

ʧʽʜʚʠʱʠʪʠ ʙʝʟʧʝʢʫ ʚʝʜʝʥʥʷ ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ. 

ʅʘ ʛʘʟʦʚʠʭ ʰʘʭʪʘʭ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʙʦʨʦʪʴʙʠ ʟ ʤʝʪʘʥʦʤ ʻ ʜʝʛʘʟʘʮʽʷ. ɺʽʜ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʾ ʨʦʙʦʪʠ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʚʫʛʽʣʣʷ, ʱʦ ʚʠʜʦʙʫʚʘʻʪʴʩʷ ʽ 

ʢʘʧʪʦʚʘʥʦʛʦ ʤʝʪʘʥʫ, ʘʣʝ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʙʝʟʧʝʢʘ ʛʽʨʥʠʢʽʚ.  

ʇʨʠ ʚʽʜʧʨʘʮʶʚʘʥʥʽ ʟʘʧʘʩʽʚ ʨʦʟʨʦʙʣʶʚʘʥʠʭ ʧʣʘʩʪʽʚ ʥʘ ʰʘʭʪʘʭ çʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè 

ʧʣʘʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʛʘʟʘʮʽʾ ʧʽʜʨʦʙʣʶʚʘʥʠʭ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ, ʚʠʨʦʙʣʝʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʪʘ ʜʝʛʘʟʘʮʽʷ ʩʚʝʨʜʣʦʚʠʥʘʤʠ, ʧʨʦʙʫʨʝʥʠʭ ʟ ʧʦʚʝʨʭʥʽ [2]. 

ɿ ʜʦʩʚʽʜʫ ʨʦʙʦʪʠ ʰʘʭʪ çɿʘʭʽʜʥʦ-ɼʦʥʙʘʩʴʢʘè ʪʘ ʽʤ. ɻʝʨʦʾʚ ʂʦʩʤʦʩʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʥʫʪʨʽʰʥʴʦʰʘʭʪʥʦʾ ʜʝʛʘʟʘʮʽʾ ʩʪʘʥʦʚʠʪʴ ʩʝʨʝʜʥʴʦʤʫ 15%. ʇʨʦʛʥʦʟʥʽ ʨʝʩʫʨʩʠ 

ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʛʘʟʽʚ ʩʪʘʥʦʚʣʷʪʴ 45 ʤʣʨʜ.ʤ
3
. 

ɺʨʘʭʦʚʫʶʯʠ ʥʝʜʦʣʽʢʠ ʽʩʥʫʶʯʠʭ ʥʘ ʰʘʭʪʽ ʩʧʦʩʦʙʽʚ ʜʝʛʘʟʘʮʽʾ ʪʘ ʚʠʩʦʢʫ 

ʛʘʟʦʥʦʩʥʽʩʪʴ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʽ ʧʦʨʽʜ, ʱʦ ʚʤʽʱʘʶʪʴ, ʜʦʮʽʣʴʥʦ ʧʦʨʷʜ ʟ ʧʽʜʟʝʤʥʦʶ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʛʘʟʘʮʽʶ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ, ʧʨʦʙʫʨʝʥʠʤʠ ʟ ʧʦʚʝʨʭʥʽ. 

ɼʣʷ ʧʽʜʟʝʤʥʦʾ ʜʝʛʘʟʘʮʽʾ ʜʞʝʨʝʣ ʤʝʪʘʥʦʚʠʜʽʣʝʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʭʝʤʘ ʜʝʛʘʟʘʮʽʾ 

ʟʙʣʠʞʝʥʠʭ ʧʣʘʩʪʽʚ, ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʧʨʦʙʫʨʝʥʠʤʠ ʟ ʙʦʨʪʦʚʦʛʦ ʰʪʨʝʢʫ, ʱʦ ʧʦʛʘʰʘʻʪʴʩʷ 

ʟʘ ʦʯʠʩʥʠʤ ʚʠʙʦʻʤ, ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʜʝʛʘʟʘʮʽʡʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʠ, ʷʢʽ ʙʫʨʷʪʴ ʫ 

ʚʽʜʥʦʩʥʦ ʩʪʽʡʢʠʭ ʧʦʨʦʜʘʭ ʧʦʢʨʽʚʣʽ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʚʠʜʦʙʫʚʥʦʛʦ ʩʪʦʚʧʘ [3] ʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʜʝʛʘʟʘʮʽʾ ʧʽʜʨʦʙʣʶʚʘʥʦʾ ʛʘʟʦʥʦʩʥʦʾ ʚʫʛʣʝʧʦʨʦʜʥʦʾ ʪʦʚʱʽ 

ʩʚʝʨʜʣʦʚʠʥʘʤʠ, ʧʨʦʙʫʨʝʥʠʤʠ ʟ ʧʦʚʝʨʭʥʽ. 

ɼʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʛʘʟʘʮʽʾ ʟ ʧʦʚʝʨʭʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʥʠʤ ʚʠʜʘʣʝʥʥʷʤ 

ʜʝʛʘʟʘʮʽʡʥʠʭ ʜʽʣʷʥʦʢ ʚʽʜ ʩʪʦʚʙʫʨʽʚ ʰʘʭʪʠ, ʚʝʣʠʢʠʤʠ ʦʙʩʷʛʘʤʠ ʛʘʟʫ, ʱʦ ʢʘʧʪʫʻʪʴʩʷ, 

ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʤʝʪʘʥʫ ʚ ʩʢʣʘʜʽ ʛʘʟʫ (80 - 95%), ʧʦʜʘʣʴʰʦʶ ʫʪʠʣʽʟʘʮʽʻʶ ʤʝʪʘʥʫ, ʱʦ 

ʢʘʧʪʫʻʪʴʩʷ. 

ɹʫʨʽʥʥʷ ʜʝʛʘʟʘʮʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʧʦʚʝʨʭʥʽ ʧʦʚʠʥʥʦ ʧʨʦʚʦʜʠʪʠʩʷ ʧʦʧʝʨʝʜʫ 

ʦʯʠʩʥʦʛʦ ʚʠʙʦʶ ʟ ʪʘʢʠʤ ʨʦʟʨʘʭʫʥʢʦʤ, ʱʦʙ ʚʽʜʩʪʘʥʴ ʚʽʜ ʧʨʦʝʢʮʽʾ ʩʚʝʨʜʣʦʚʠʥʠ ʥʘ ʧʣʘʩʪ 



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 
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ʜʦ ʚʠʙʦʶ ʣʘʚʠ, ʱʦ ʜʝʛʘʟʫʻʪʴʩʷ, ʜʦ ʤʦʤʝʥʪʫ ʧʽʜʢʣʶʯʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ ʜʦ ʛʘʟʦʧʨʦʚʦʜʫ 

ʙʫʣʦ ʥʝ ʤʝʥʰʝ 30 ʤ. 

ʗʢʽʩʪʴ ʛʝʨʤʝʪʠʟʘʮʽʾ ʦʮʽʥʶʶʪʴ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʨʝʩʫʚʘʥʥʷ ʧʽʜ ʪʠʩʢʦʤ, ʷʢʠʡ ʥʘ 

10% ʧʝʨʝʚʠʱʫʻ ʦʯʽʢʫʚʘʥʠʡ ʪʠʩʢ ʤʝʪʘʥʦʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚʽʜʦʤʦʩʪʝʡ 

ʧʨʦ ʪʠʩʢ ʤʝʪʘʥʦʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʚʦʥʦ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ ʛʽʜʨʦʩʪʘʪʠʯʥʦʤʫ ʥʘ 

ʛʣʠʙʠʥʽ ʚʠʙʦʶ ʩʚʝʨʜʣʦʚʠʥʠ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʧʽʜʩʦʩʽʚ ʧʦʚʽʪʨʷ ʚ ʛʠʨʣʘ ʜʝʛʘʟʘʮʽʡʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ, ʧʨʦʙʫʨʝʥʠʭ ʽʟ ʚʠʨʦʙʦʢ ʚʠʾʤʢʦʚʦʾ ʜʽʣʴʥʠʮʽ ʟʘʩʪʦʩʫʻʤʦ ʤʝʭʘʥʽʯʥʽ 

ʛʝʨʤʝʪʠʟʘʪʦʨʠ ɻɼʇʄ. ɻɼʇʄ ï ʩʝʢʮʽʾ ʟ ʤʝʪʘʣʝʚʠʭ ʘʙʦ ʧʣʘʩʪʤʘʩʦʚʠʭ ʪʨʫʙ ʜʦʚʞʠʥʦʶ 2 

ʤ ʟ ʫʱʽʣʴʥʶʚʘʣʴʥʠʤʠ ʧʦʨʦʣʦʥʦʚʠʤʠ ʤʘʥʞʝʪʘʤʠ ʜʦʚʞʠʥʦʶ 1 ʤ ʧʦʧʝʨʝʜʥʴʦ 

ʩʪʠʩʥʫʪʠʤʠ ʽ ʟʘʢʨʽʧʣʝʥʠʤʠ ʧʦʣʽʝʪʠʣʝʥʦʚʦʶ ʧʣʽʚʢʦʶ (ʨʠʩ. 1). 
 

 
ʈʠʩʫʥʦʢ 1 - ɻʝʨʤʝʪʠʟʘʪʦʨ ʜʝʛʘʟʘʮʽʡʥʠʡ (ɻɼʇʄ): 1 - ʦʧʦʨʥʘ ʩʝʢʮʽʷ; 2 ï ʧʨʦʢʣʘʜʢʘ 

ʤʘʥʞʝʪʘ (ʩʪʠʩʣʘ); 3 ï ʪʨʦʩ; 4 ï ʧʨʦʢʣʘʜʢʘ ʩʝʢʮʽʷ (ʨʦʟʢʨʠʪʘ); 5 ï ʧʨʦʤʽʞʥʘ ʩʝʢʮʽʷ;             

6 ï ʩʧʦʣʫʯʥʘ ʤʫʬʪʘ; dʤʩ ï ʩʪʠʩʣʽʡ ʜ̔ ʘʤʝʪʨ ʤʘʥʞʝʪʠ, ʤʤ; dc ï ʜ̔ ʘʤʝʪʨ ʩʚʝʨʜʣʦʚʠʥʠ ʧʽʜ 

ʦʙʩʘʜʢʫ, ʤʤ; dʊ ï ʜ̔ ʘʤʝʪʨ ʦʙʩʘʜʥʦʾ ʪʨʫʙʠ, ʤʤ 

 

ɼʝʛʘʟʘʮʽʡʥʽ ʩʚʝʨʜʣʦʚʠʥʠ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʙʫʨʽʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʽʜʢʣʶʯʠʪʠ ʜʦ 

ʚʘʢʫʫʤ-ʥʘʩʦʩʘ ʘʙʦ ʟʘʢʨʠʪʠ ʛʝʨʤʝʪʠʯʥʦ. 

ɿ'ʻʜʥʘʥʥʷ ʜʝʛʘʟʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʟ ʛʘʟʦʧʨʦʚʦʜʦʤ ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʥʫʯʢʦʛʦ ʰʣʘʥʛʫ. 

ʅʘ ʢʦʞʥʽʡ ʜʽʶʯʦʾ ʜʝʛʘʟʘʮʽʡʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʟʘʩʫʚʢʫ, 

ʧʨʠʩʪʨʽʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪʠ, ʤʝʪʘʥʦʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ, ʨʦʟʨʽʜʞʝʥʥʷ ʪʘ ʚʤʽʩʪʫ ʚ 

ʥʽʡ ʤʝʪʘʥʫ ʽ, ʫ ʨʘʟʽ ʥʘʜʭʦʜʞʝʥʥʷ ʟʽ ʩʚʝʨʜʣʦʚʠʥʠ ʚʦʜʠ - ʚʦʜʦʚʽʜʜʽʣʶʚʘʯ. 

ɼʦʟʚʦʣʝʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʦʜʥʫ ʟʘʩʫʚʢʫ ʪʘ ʦʜʠʥ ʟʘʤʽʨʥʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ ʛʨʫʧʠ 

ʩʚʝʨʜʣʦʚʠʥ, ʧʨʦʙʫʨʝʥʠʭ ʧʦ ʚʫʛʽʣʴʥʦʤʫ ʧʣʘʩʪʫ. 

ɻʠʨʣʘ ʚʠʢʦʨʠʩʪʘʥʠʭ ʽ ʚʽʜʢʣʶʯʝʥʠʭ ʚʽʜ ʛʘʟʦʧʨʦʚʦʜʫ ʩʚʝʨʜʣʦʚʠʥ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʧʝʨʝʢʨʠʪʽ ʤʝʪʘʣʝʚʠʤʠ ʟʘʛʣʫʰʢʘʤʠ ʟ ʧʨʦʢʣʘʜʢʘʤʠ ʟ ʚʘʞʢʦʟʛʦʨʘʻʤʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʋʩʪʷ ʚʠʢʦʨʠʩʪʘʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʢʦʚʦ ʟʘʣʠʪʠ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʠʤ 

ʨʦʟʯʠʥʦʤ ʥʘ ʜʦʚʞʠʥʫ ʥʝ ʤʝʥʰʝ ʥʽʞ 2 ʤ. 

ʅʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʟ ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʪʝʭʥʽʯʥʦʾ ʪʦʯʦʢ ʟʦʨʫ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʝʛʘʟʘʮʽʾ ʧʽʜʨʦʙʣʶʚʘʥʦʾ ʪʦʚʱʽ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ, ʧʨʦʙʫʨʝʥʠʤʠ ʟ ʧʦʚʝʨʭʥʽ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʤʝʪʘʥʫ ʪʘ ʩʪʘʙʽʣʴʥʠʭ ʡʦʛʦ ʜʝʙʝʪʽʚ. 
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ʃʽʪʚʽʥʦʚʘ ɺ.ʄ., ʘʩʧʽʨʘʥʪ ʛʨ. 185ɸ-23-10 
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(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 
 

ʈʆɿʈʆɹʂɸ ɿɸʉɸɼʅʀʏʀʍ ʇʈʀʅʎʀʇɯɺ ʇʆɹʋɼʆɺʀ ʎʀʂʃʋ ɯʅɾɽʅɽʈʅʆ-

ɻɽʆʃʆɻɯʏʅʀʍ ʈʆɹɯʊ 
 

ʅʘʤ ʚʽʜʦʤʦ ʥʘʩʪʫʧʥʝ: ʥʝʛʣʠʙʦʢʽ ʙʫʨʦʚʽ ʩʚʝʨʜʣʦʚʠʥʠ, ʷʢʽ ʩʧʦʨʫʜʞʫʶʪʴʩʷ ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʚʠʰʫʢʫʚʘʥʴ ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʭʦʜʷʪʴʩʷ 

ʟ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ, ʚʽʜʙʦʨʫ ʥʝʧʦʨʫʰʝʥʠʭ ʟʨʘʟʢʽʚ 

ˇʨʫʥʪʫ (ʟ ʮʽʣʣʶ ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʨʝʯʦʚʠʥʥʦʛʦ ʩʢʣʘʜʫ, ʩʪʘʥʫ ʽ ʦʩʥʦʚʥʠʭ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ); ʧʨʦʚʝʜʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ ʫ 

ʩʚʝʨʜʣʦʚʠʥʘʭ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʫ, ʱʦ ʷʚʣʷʶʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʰʠʨʦʢʦʾ ʛʘʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ [1]. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʚʠʢʦʥʘʥʥʷ ʙʫʨʦʚʠʭ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʚʠʰʫʢʫʚʘʥʴ 

 

ɻʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʦʛʦ 

ʙʫʨʽʥʥʷ, ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʨʷʜ ʜʦʚʦʣʽ ʩʧʝʮʠʬʽʯʥʠʭ ʚʠʤʦʛ ʜʦ ʦʟʥʘʯʝʥʦʛʦ ʧʨʦʮʝʩʫ ʙʫʨʽʥʥʷ 

[2]. ɺʢʘʟʘʥʽ ʚʠʤʦʛʠ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʪʘʢʠʭ, ʱʦ ʩʪʘʚʣʷʪʴʩʷ ʜʦ ʙʫʨʦʚʠʭ ʨʦʙʽʪ 

ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʛʝʦʣʦʛʽʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʟʘ ʧʦʰʫʢʫ ʽ ʨʦʟʚʽʜʢʠ ʨʦʜʦʚʠʱ ʪʚʝʨʜʠʭ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ, ʘʙʦ ʚʠʚʯʝʥʥʽ ʫʤʦʚ ʟʘʣʷʛʘʥʥʷ ʽ ʦʩʚʦʻʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ [3]. 

ʇʨʦʮʝʩ ʙʫʨʽʥʥʷ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʚʽʜʨʽʟʥʷʻ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʘ 

ʛʣʠʙʠʥʘ (ʮʷ ʛʣʠʙʠʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʧʦʤ ʧʨʦʻʢʪʦʚʘʥʦʾ ʩʧʦʨʫʜʠ, ʱʦ ʙʫʜʝ ʟʚʝʜʝʥʘ ʥʘ 

ʤʽʩʮʽ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʥʘʷʚʥʠʤʠ ʛʝʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ); ʜʦʚʦʣʽ ʥʝʟʥʘʯʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʚ 

ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʜʽʘʤʝʪʨʘʭ ʩʚʝʨʜʣʦʚʠʥ (ʩʘʤ ʜʽʘʤʝʪʨ ʩʚʝʨʜʣʦʚʠʥ ʚʠʟʥʘʯʘʻʪʴʩʷ, 

ʚʠʢʣʶʯʥʦ, ʪʠʧʦʤ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤʠ ʦʟʥʘʢʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ); ʧʨʦʚʝʜʝʥʥʷ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʽʜʙʦʨʫ ʢʝʨʥʘ (ʪʨʝʙʘ ʧʨʘʛʥʫʪʠ ʚʽʜʙʠʨʘʪʠ ʚʝʩʴ ʢʝʨʥ ʙʝʟ ʧʨʦʧʫʩʢʽʚ 

ʽʥʪʝʨʚʘʣʽʚ); ʧʨʦʚʝʜʝʥʥʷ ʚ ʦʪʨʠʤʘʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ ʜʦʚʦʣʽ ʪʨʠʚʘʣʠʭ ʟʘ ʯʘʩʦʤ ʜʦʩʣʽʜʥʠʭ 

ʨʦʙʽʪ; ʦʙʦʚ'ʷʟʢʦʚʠʡ ʣʽʢʚʽʜʘʮʽʡʥʠʡ ʪʘʤʧʦʥʘʞ ʩʧʦʨʫʜʞʝʥʠʭ ʩʚʝʨʜʣʦʚʠʥ [4]. 
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ʃʦʩʻʚ ʆ.ɻ. ʤʘʛʽʩʪʨ 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) 
 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ɽʃɸʉʊʆʄɽʈʋ ɻɺʀʅʊʆɺʆɻʆ ɿɸɹɯʁʅʆɻʆ ɼɺʀɻʋʅɸ 
 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ PDC ʜʦʣʽʪ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, ʜʦ 

ʛʚʠʥʪʦʚʠʭ ʚʠʙʽʡʥʠʭ ʜʚʠʛʫʥʽʚ ʚʠʩʫʚʘʶʪʴʩʷ ʪʘʢʽ ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ: ʟʙʽʣʴʰʝʥʥʷ ʨʝʩʫʨʩʫ 

ʨʫʭʦʚʦʾ ʩʝʢʮʽʾ ʪʘ ʢʦʨʝʢʮʽʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʫʥʘ. ɼʦʤʦʛʪʠʩʷ ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ 

ʤʦʞʥʘ ʰʣʷʭʦʤ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, ʦʧʦʨʥʠʭ ʚʫʟʣʽʚ ʪʘ ʟ'ʻʜʥʘʥʴ 

ʨʦʪʦʨʘ ʪʘ ʚʘʣʫ ʰʧʠʥʜʝʣʴʥʦʾ ʩʝʢʮʽʾ. ʇʽʜʚʠʱʠʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ɺɿɼ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʥʠʞʝʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʥʘʧʨʫʛʠ ʚ ʨʦʙʦʯʽʡ ʧʘʨʽ. ʎʴʦʛʦ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʪʘ ʚʠʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘʯʝʧʣʝʥʥʷ ʫ 

ʨʫʭʦʚʽʡ ʩʝʢʮʽʾ. 

ʇʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʚʠʥʪʦʚʦʛʦ ʟʘʙʽʡʥʦʛʦ ʜʚʠʛʫʥʘ ʤʦʞʝ 

ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʩʪʘʪʦʨʽʚ ʪʘ ʨʦʪʦʨʽʚ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʩʪʘʣʝʚʠʭ ʛʚʠʥʪʦʚʠʭ ʦʙʦʣʦʥʦʢ. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʘʢʠʭ ʦʙʦʣʦʥʦʢ ʜʣʷ 

ʘʨʤʫʚʘʥʥʷ ʟʫʙʽʚ ʛʫʤʦʤʝʪʘʣʝʚʦʛʦ ʩʪʘʪʦʨʘ ʤʦʞʝ ʩʪʘʪʠʩʷ ʧʽʜʚʠʱʝʥʥʷ ʟʛʠʥʘʣʴʥʦʾ 

ʞʦʨʩʪʢʦʩʪʽ ʛʫʤʦʚʠʭ ʟʫʙʽʚ ʩʪʘʪʦʨʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʨʦʪʦʨʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʦʙʦʣʦʥʦʢ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʣʝʛʰʝʥʦʛʦ ʨʦʪʦʨʘ ʩʫʪʪʻʚʦ 

ʟʥʠʞʫʻ ʤʘʩʫ, ʟʤʝʥʰʫʻ ʜʠʥʘʤʽʢʫ ʧʦʧʝʨʝʯʥʠʭ ʢʦʣʠʚʘʥʴ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʛʫʤʦʚʽ ʟʫʙʮʽ 

ʩʪʘʪʦʨʘ, ʟʙʽʣʴʰʫʻ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʛʚʠʥʪʦʚʦʛʦ ʟʘʙʽʡʥʦʛʦ ʜʚʠʛʫʥʘ. 

ʇʨʠ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʛʫʤʦʚʘ ʦʙʢʣʘʜʢʘ ʩʪʘʪʦʨʘ ʟʤʽʥʶʻ ʩʚʦʾ ʚʣʘʩʪʠʚʦʩʪʽ 

(ʧʨʫʞʥʦʝʣʘʩʪʠʯʥʽ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ). ʅʘʛʨʽʚʘʥʥʷ ʝʣʘʩʪʦʤʝʨʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 180 Áʉ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʡʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʪʘʪʦʨʽʚ ʩʪʘʥʜʘʨʪʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʝʣʘʩʪʦʤʝʨʫ ʯʝʨʝʟ ʧʦʛʘʥʝ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʚʽʜ 

ʮʝʥʪʨʫ ʛʫʤʦʚʦʛʦ ʟʫʙʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʦʨʽʚ ʟ ʨʽʚʥʦʤʽʨʥʦʶ ʪʦʚʱʠʥʦʶ ʛʫʤʦʚʦʾ 

ʦʙʢʣʘʜʢʠ ʪʘ ʧʨʦʬʽʣʴʦʚʘʥʠʤ ʤʝʪʘʣʝʚʠʤ ʢʦʨʧʫʩʦʤ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʥʘʛʨʽʚʘʥʥʷ 

ʝʣʘʩʪʦʤʝʨʫ. ɿʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʟʤʝʥʰʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʨʫʭʦʚʦʾ ʩʝʢʮʽʾ 

ɺɿɼ. ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʩʪʘʪʦʨʽʚ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʦʙʣʘʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʷʢʠʭ ʤʦʞʣʠʚʦ ʚʠʨʦʙʣʷʪʠ ʙʫʨʽʥʥʷ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʯʠʩʣʝʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʚʧʨʦʚʘʜʞʝʥʦ ʥʦʚʫ 

ʪʝʭʥʦʣʦʛʽʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʪʘʪʦʨʽʚ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʠʣʘ ʟʙʽʣʴʰʠʪʠ ʜʦʚʞʠʥʫ 

ʟʫʙʯʘʩʪʦʾ ʯʘʩʪʠʥʠ ʦʙʢʣʘʜʢʠ ʩʪʘʪʦʨʘ ʜʦ 4600 ʤʤ. ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʪʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʚ ʨʝʞʠʤʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʂɼ. ɿʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʟʫʙʯʘʩʪʠʭ 

ʧʦʚʝʨʭʦʥʴ ʨʦʙʦʯʦʾ ʧʘʨʠ ʜʦʟʚʦʣʠʣʦ ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʢʦʥʪʘʢʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ 

ʟʘʯʝʧʣʝʥʥʽ ʟʫʙʽʚ ʨʦʪʦʨʘ ʪʘ ʩʪʘʪʦʨʘ, ʟʤʝʥʰʠʪʠ ʾʭ ʟʥʦʰʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʠʪʠ ʨʝʩʫʨʩ 

ʨʫʭʦʚʦʾ ʩʝʢʮʽʾ ɺɿɼ. 

ʆʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʨʦʙʦʯʦʾ ʧʘʨʠ ʛʚʠʥʪʦʚʦʛʦ ʟʘʙʽʡʥʦʛʦ ʜʚʠʛʫʥʘ, ʚʽʜ ʷʢʦʛʦ 

ʟʘʣʝʞʠʪʴ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʜʚʠʛʫʥʘ, ʻ ʛʫʤʦʤʝʪʘʣʝʚʠʡ ʩʪʘʪʦʨ. ɺ ʜʘʥʠʡ ʯʘʩ ʛʫʤʘ ɯʈʇ-1226, 

ʟ ʷʢʦʾ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʝʣʘʩʪʦʤʝʨ ʩʪʘʪʦʨʘ, ʧʦ ʢʦʤʧʣʝʢʩʫ ʤʽʮʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ, ʱʦ ʟʨʦʩʪʘʶʪʴ, ʱʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʙʫʨʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʤʽʞʨʝʤʦʥʪʥʦʛʦ ʧʝʨʽʦʜʫ ʨʦʙʦʪʠ ɺɿɼ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʽ 

ʩʢʣʘʜʠ ʝʣʘʩʪʦʤʽʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʦʩʥʦʚʽ ʙʫʪʘʜʽʻʥʽʪʨʠʣʴʥʠʭ ʪʘ ʛʽʜʨʦʚʘʥʠʭ 

ʙʫʪʘʜʽʻʥʽʪʨʠʣʴʥʠʭ ʢʘʫʯʫʢʽʚ. ɽʣʘʩʪʦʤʽʨʠ, ʚʠʛʦʪʦʚʣʝʥʽ ʟʘ ʥʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʤʦʞʫʪʴ 

ʟʙʽʣʴʰʠʪʠ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʚʠʥʪʦʚʠʭ ʟʘʙʽʡʥʠʭ ʜʚʠʛʫʥʽʚ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʭ ʧʨʠ ʙʫʨʽʥʥʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʧʨʠʩʚʷʯʝʥʠʡ ʜʦʩʣʽʜʞʝʥʥʷʤ ʧʨʦʙʣʝʤʠ ʧʝʨʝʜʯʘʩʥʦʛʦ 

ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʛʚʠʥʪʦʚʦʛʦ ʟʘʙʽʡʥʦʛʦ ʜʚʠʛʫʥʘ, ʧʦʢʘʟʘʚ: 

ï ʚ ʜʘʥʠʡ ʯʘʩ ʛʚʠʥʪʦʚʠʡ ʟʘʙʽʡʥʠʡ ʜʚʠʛʫʥ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʪʠʧʦʤ ʟʘʙʽʡʥʦʾ 

ʤʘʰʠʥʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʙʫʨʽʥʥʽ ʥʘʬʪʦʚʠʭ ʽ ʛʘʟʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʱʦ ʩʣʫʞʠʪʴ 
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ʜʣʷ ʧʝʨʝʜʘʯʽ ʦʙʝʨʪʘʥʥʷ ʥʘ ʧʦʨʦʜʦʨʫʡʥʽʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ; 

ï ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʚʽʜʤʦʚʠ ʨʦʙʦʪʠ ɺɿɼ ʻ ʧʝʨʝʜʯʘʩʥʠʡ ʚʠʭʽʜ ʟ ʣʘʜʫ ʨʫʭʦʚʦʾ 

ʩʝʢʮʽʾ ʚʥʘʩʣʽʜʦʢ ʥʝʩʪʽʡʢʦʩʪʽ ʝʣʘʩʪʦʤʝʨʫ ʜʦ ʨʽʟʥʠʭ ʪʠʧʽʚ ʚʧʣʠʚʽʚ; 

ï ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʝ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʨʜʠʥʘʣʴʥʠʭ ʟʤʽʥ ʫ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ 

ʪʘʢʦʞ ʤʝʪʦʜʽʚ ʜʣʷ ʩʫʪʪʻʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʛʚʠʥʪʦʚʦʛʦ ʟʘʙʽʡʥʦʛʦ ʜʚʠʛʫʥʘ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ ʫ ʪʦʤʫ, ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʯʽʪʢʘ 

ʪʝʥʜʝʥʮʽʷ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʚ ʩʦʣʽ ʣʝʞʠʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʯʘʩʫ ʚʠʪʨʠʤʢʠ ʫ ʩʬʝʨʽ, ʥʝ ʩʭʠʣʴʥʘ ʜʦ ʨʫʡʥʘʮʽʾ. ʇʦʯʠʥʘʶʯʠ ʟ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʜʦʨʽʚʥʶʻ 60 Áʉ, ʩʪʘʶʪʴ ʚʽʟʫʘʣʴʥʦ ʧʦʤʽʪʥʽ ʧʨʦʛʨʝʩʫʶʯʽ ʪʨʽʱʠʥʠ ʽ ʧʦʨʠ. 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʢʨʠʪʪʷ ʧʦʚʝʨʭʥʽ ʥʘʣʴʦʪʦʤ ʩʦʣʽ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʧʨʦʥʠʢʥʝʥʥʽ ʩʦʣʴʦʚʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʟʨʘʟʢʽʚ. ɺʠʨʘʟʥʦ ʧʦʤʽʪʥʘ ʨʽʟʥʠʮʷ 

ʫ ʪʝʢʩʪʫʨʽ ʥʘ ʟʨʫʡʥʦʚʘʥʽʡ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʯʘʩʫ 

ʚʠʪʨʠʤʢʠ ʟʤʽʥʶʻʪʴʩʷ ʭʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʥʷ ʚʽʜ ʧʣʘʚʣʝʥʥʷ (25 ʽ 40 Áʉ) ʫ ʙʽʢ ʨʫʡʥʫʚʘʥʥʷ 

ʥʘ ʢʰʪʘʣʪ ʪʚʝʨʜʦʛʦ ʪʽʣʘ (60 ʽ 80 Áʉ). ʆʧʣʘʚʣʝʥʘ ʧʦʚʝʨʭʥʷ ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ 

ʛʦʩʪʨʽ ʛʨʘʥʽ. ʇʦʯʠʥʘʶʪʴ ʚʽʜʢʦʣʶʚʘʪʠ ʰʤʘʪʢʠ ʛʫʤʠ. ʊʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ 

ʧʦʨ ʪʘ ʪʨʽʱʠʥ, ʟ ʭʘʨʘʢʪʝʨʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʾʭʥʴʦʾ ʛʣʠʙʠʥʠ. ɺʽʜʪʽʥʦʢ ʧʦʚʝʨʭʥʽ 

ʧʝʨʝʭʦʜʠʪʴ ʚʽʜ ʪʝʤʥʦʛʦ ʜʦ ʩʚʽʪʣʦ-ʩ̔ ʨʦʛʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʯʘʩʫ ʚʠʪʨʠʤʢʠ. 

ʇʦʚʝʨʭʥʷ ʟʨʘʟʢʘ ʚ ʦʙʣʘʩʪʽ, ʱʦ ʧʽʜʜʘʻʪʴʩʷ ʤʝʭʘʥʽʯʥʦʤʫ ʨʫʡʥʫʚʘʥʥʶ, ʧʦʢʨʠʚʘʻʪʴʩʷ 

ʥʘʣʴʦʪʦʤ ʩʦʣʽ. ʅʘ ʟʨʘʟʢʘʭ ʟ ʯʘʩʦʤ ʚʠʪʨʠʤʢʠ 15 ʽ 20 ʜʽʙ ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ 80 Áʉ ʯʽʪʢʦ ʚʠʜʥʦ 

ʛʣʠʙʦʢʽ ʦʢʨʫʛʣʽ ʧʦʨʠ. ɺʠʜʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʩʦʣʽ ʚ ʩʪʨʫʢʪʫʨʫ ʝʣʘʩʪʦʤʝʨʫ. 

ɿʨʘʟʢʠ ʚʪʨʘʯʘʶʪʴ ʩʚʦʶ ʝʣʘʩʪʠʯʥʽʩʪʴ, ʘʣʝ ʥʘʙʫʚʘʶʪʴ ʧʽʜʚʠʱʝʥʦʾ ʤʽʮʥʦʩʪʽ. ʎʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʨʤʽʯʥʽʡ ʜʽʾ, ʧʨʠ ʷʢʦʤʫ ʯʘʩʪʠʥʘ ʨʦʟʯʠʥʫ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʫ 

ʝʣʘʩʪʦʤʝʨʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʠʬʽʢʘʮʽʷ ʝʣʘʩʪʦʤʝʨʽʚ ʫ ʨʦʟʯʠʥʽ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ ʧʨʠ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʧʨʠʷʣʘ ʧʽʜʚʠʱʝʥʥʶ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 

ʉʝʨʝʜ ʚʘʞʣʠʚʠʭ ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʘʩʪʦʤʝʨʫ - ʥʘʩʦʩʥʝ ʦʙʣʘʜʥʘʥʥʷ ʚ ʥʘʬʪʦʚʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʜʝ ʤʘʪʝʨʽʘʣ ʧʨʦʷʚʣʷʻ ʚʠʥʷʪʢʦʚʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʦʣʠʚʘʥʴ. ɺ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʛʘʣʫʟʽ Geolast ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʫʱʽʣʴʥʶʚʘʯʽʚ, ʧʨʦʢʣʘʜʦʢ, ʰʣʘʥʛʽʚ, ʧʠʣʴʦʚʠʢʽʚ ʪʘ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ 

ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʘʛʨʝʩʠʚʥʠʤʠ ʨʽʜʠʥʘʤʠ ʘʙʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʆʪʞʝ, ʝʣʘʩʪʦʤʽʨ GEOLASTÈ ʻ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʷʢʝ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʯʫʜʦʚʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʩʪʦʩʫʚʘʥʴ, 

ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤ ʚʠʙʦʨʦʤ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʦʩʦʙʣʠʚʦ ʫ ʚʘʞʢʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ʋɼʆʉʂʆʅɸʃɽʅʅʗ ɹɯʆʇʆʃɯʄɽʈʅʀʍ ɹʋʈʆɺʀʍ ʈʆɿʏʀʅɯɺ ɯɿ 

ʇɯɼɺʀʑɽʅʆʖ ɺ'ʗɿʂɯʉʊʖ 

 

ɹʫʨʦʚʽ ʨʦʟʯʠʥʠ ï ʮʝ ʨʽʜʠʥʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʙʫʨʽʥʥʽ ʩʚʝʨʜʣʦʚʠʥ, ʚʦʥʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʚʠʥʥʠʡ ʢʦʥʪʨʦʣʴ ʪʠʩʢʫ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʟʘ ʨʘʭʫʥʦʢ ʾʭ ʱʽʣʴʥʦʩʪʽ ʽ ʙʫʜʴ-

ʷʢʦʛʦ ʜʦʜʘʪʢʦʚʦʛʦ ʪʠʩʢʫ, ʱʦ ʜʽʻ ʥʘ ʩʪʦʚʧ ʨʽʜʠʥʠ (ʢʽʣʴʮʝʚʦʛʦ ʘʙʦ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʥʘʛʥʽʪʘʻʪʴʩʷ). ʅʘʡʯʘʩʪʽʰʝ ʚʦʥʠ ʮʠʨʢʫʣʶʶʪʴ ʚʥʠʟ ʙʫʨʠʣʴʥʦʶ ʢʦʣʦʥʦʶ, ʯʝʨʝʟ ʜʦʣʦʪʦ, ʽ 

ʥʘʟʘʜ ʧʦ ʢʽʣʴʮʝʚʦʤʫ ʧʨʦʩʪʦʨʫ ʥʘ ʧʦʚʝʨʭʥʶ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʟʽ ʩʪʦʚʙʫʨʘ 

ʩʚʝʨʜʣʦʚʠʥʠ [1]. 

ɹʫʨʦʚʽ ʨʦʟʯʠʥʠ ʤʘʶʪʴ ʥʠʟʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʥʘʟʚ, ʘʙʨʝʚʽʘʪʫʨ ʪʘ ʩʣʝʥʛʦʚʠʭ 

ʪʝʨʤʽʥʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʛʘʣʫʟʽ. ɹʫʨʦʚʽ ʨʦʟʯʠʥʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʥʘʬʪʦʚʽ ʪʘ 

ʚʦʜʥʽ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭʥʴʦʾ ʙʘʟʦʚʦʾ ʨʽʜʠʥʠ. ʋ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʘʭ ʥʘ ʥʘʬʪʦʚʽʡ ʦʩʥʦʚʽ ʥʘʬʪʘ ʻ 

ʙʝʟʧʝʨʝʨʚʥʦʶ ʬʘʟʦʶ, ʘ ʚʦʜʘ ʜʠʩʧʝʨʩʥʦʶ ʬʘʟʦʶ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʽʥʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʗʢ 

ʜʞʝʨʝʣʦ ʥʘʬʪʠ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʠʟʝʣʴʥʝ ʧʘʣʠʚʦ, ʛʘʩ, ʤʘʟʫʪ, ʜʦʙʽʨʥʘ ʩʠʨʘ 

ʥʘʬʪʘ ʘʙʦ ʤʽʥʝʨʘʣʴʥʘ ʦʣʽʷ. ʊʚʝʨʜʽ ʯʘʩʪʠʥʢʠ, ʚʢʣʶʯʘʶʯʠ ʨʝʛʫʣʷʪʦʨʠ ʚ'ʷʟʢʦʩʪʽ, 

ʦʙʪʷʞʫʚʘʯʽ, ʝʤʫʣʴʛʘʪʦʨʠ, ʟʤʦʯʫʶʪʴ ʨʝʯʦʚʠʥʠ, ʛʝʣʝʫʪʚʦʨʶʚʘʯʽ, ʨʝʯʦʚʠʥʠ ʢʦʥʪʨʦʣʶ pH ʽ 

ʚʪʨʘʪʠ ʨʽʜʠʥʠ, ʩʫʩʧʝʥʟʫʶʪʴʩʷ ʚ ʥʴʦʤʫ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʫ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʘʭ ʥʘ ʚʦʜʥʽʡ 

ʦʩʥʦʚʽ (ʈɺʆ) ʚʦʜʘ ʘʙʦ ʦʣʽʾ ʻ ʙʘʟʦʚʦʶ ʨʽʜʠʥʦʶ, ʚ ʷʢʽʡ ʜʠʩʧʝʨʛʫʶʪʴʩʷ ʟʛʘʜʘʥʽ ʪʚʝʨʜʽ 

ʯʘʩʪʠʥʢʠ. ʎʽ ʯʘʩʪʠʥʢʠ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʫ ʟʚʘʞʝʥʦʤʫ ʩʪʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʙʘʚʦʢ ʜʦ 

ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ, ʪʘʢʠʭ ʷʢ ʛʣʠʥʘ ʪʘ ʽʥʰʽ ʧʦʣʽʤʝʨʥʽ ʚʦʜʦʨʦʟʯʠʥʥʽ ʨʝʯʦʚʠʥʠ, ʥʘʧʨʠʢʣʘʜ, 

ʢʩʘʥʪʘʥʦʚʘ ʢʘʤʝʜʴ (ʍʉ), ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʢʨʦʭʤʘʣʴ ʽ ʥʘʚʧʘʢʠ [2]. 

ɹʫʨʦʚʽ ʨʦʟʯʠʥʠ ʥʘ ʚʫʛʣʝʚʦʜʥʝʚʽʡ ʦʩʥʦʚʽ (ʈɺɺʆ) ʤʘʶʪʴ ʩʧʝʮʠʬʽʯʥʽ ʥʝʙʘʞʘʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʚʦʜʥʽʡ ʦʩʥʦʚʽ. ʇʦʪʝʥʮʽʡʥʽ ʧʝʨʝʚʘʛʠ ʈɺɺʆ ʚʢʣʶʯʘʶʪʴ: 

ʧʦʢʨʘʱʝʥʽ ʤʘʩʪʠʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʠʱʽ ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥʷ ʽ ʥʠʞʯʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʘʤʝʨʟʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʚʘʨʪʽʩʪʴ ʨʦʟʨʦʙʢʠ ʈɺɺʆ ʟʘʚʞʜʠ ʙʫʣʘ ʚʠʱʦʶ, ʥʽʞ ʚʘʨʪʽʩʪʴ ʈɺʆ ʟ 

ʪʽʻʶ ʞ ʱʽʣʴʥʽʩʪʶ, ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʈɺɺʆ ʤʘʻ ʙʫʪʠ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʡʦʛʦ ʢʨʘʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʫ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʈɺʆ 

ʚʽʜʜʘʻʪʴʩʷ ʧʝʨʝʚʘʛʘ ʯʝʨʝʟ ʜʚʽ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ, ʚʢʣʶʯʘʶʯʠ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʽ ʥʠʟʴʢʫ 

ʚʘʨʪʽʩʪʴ. ʊʦʤʫ ʈɺɺʆ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʙʫʨʽʥʥʷ ʥʘʬʪʦʚʠʭ ʪʘ 

ʛʘʟʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ. ʇʽʜ ʈɺɺʆ ʧʨʠʧʘʜʘʻ ʤʘʡʞʝ 80% ʚʩʽʭ ʧʨʦʙʫʨʝʥʠʭ ʩʚʝʨʜʣʦʚʠʥ [3].  

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʨʦʙʣʝʤ ʫ ʩʪʦʚʙʫʨʽ ʩʚʝʨʜʣʦʚʠʥʠ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʝʥʪʦʥʽʪʦʚʠʭ ʘʙʦ ʙʘʨʠʪʦʚʠʭ ʨʦʟʯʠʥʽʚ, ʥʘʬʪʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʰʫʢʘʻ 

ʟʘʤʽʥʫ ʥʘ ʨʦʟʯʠʥʥʽ ʜʦʙʘʚʢʠ. ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʙʫʨʽʥʥʽ ʯʝʨʝʟ ʧʨʦʜʫʢʪʠʚʥʠʡ 

ʧʣʘʩʪ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʯʘʩʪʠʥʫ ʩʚʝʨʜʣʦʚʠʥʠ ʪʘʢʽ ʙʫʨʦʚʽ ʨʦʟʯʠʥʠ ʥʘʟʠʚʘʶʪʴʩʷ 

"ʥʝʧʦʰʢʦʜʞʫʶʯʠʤʠ ʙʫʨʦʚʠʤʠ ʨʦʟʯʠʥʘʤʠ" ʽ ʟʘʟʚʠʯʘʡ ʚʦʥʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʨʝʛʫʣʷʪʦʨʘ 

ʚ'ʷʟʢʦʩʪʽ (ʧʦʣʽʤʝʨʽʚ), ʘʛʝʥʪʽʚ ʢʦʥʪʨʦʣʶ ʚʪʨʘʪ ʨʽʜʠʥʠ (ʥʘʧʨʠʢʣʘʜ, ʢʨʦʭʨʠʩʫ ʪʘ ʮʝʣʶʣʦʟʠ) 

ʪʘ ʽʥʰʠʭ ʩʫʧʫʪʥʽʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ. ʗʢ ʧʨʘʚʠʣʦ, ʮʽ ʨʽʜʠʥʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʧʽʜʚʠʱʝʥʫ 

ʪʝʨʤʦʩʪʘʙʽʣʴʥʽʩʪʴ, ʢʨʘʱʫ ʨʝʦʣʦʛʽʶ ʽ ʟʥʠʞʝʥʫ ʬʽʣʴʪʨʘʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ. 

ɹʘʛʘʪʦ ʜʦʩʣʽʜʥʠʢʽʚ ʧʽʜʢʨʝʩʣʶʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ, ʱʦ ʥʝ 

ʫʰʢʦʜʞʫʶʪʴ, ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʨʦʟʯʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʙʫʨʦʚʫ ʩʠʩʪʝʤʫ. ʅʝʱʦʜʘʚʥʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʾ ʤʦʜʠʬʽʢʦʚʘʥʦʾ 

ʮʝʣʶʣʦʟʠ ʷʢ ʤʦʜʠʬʽʢʘʪʦʨʘ ʨʝʦʣʦʛʽʾ ʟʘʤʽʩʪʴ ʩʠʥʪʝʪʠʯʥʠʭ ʧʦʣʽʤʝʨʽʚ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʟʛʣʠʥʠʩʪʦʛʦ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʚʦʜʥʽʡ ʦʩʥʦʚʽ. 

ɻʽʜʨʦʬʦʙʥʦ ʤʦʜʠʬʽʢʦʚʘʥʘ ʛʽʜʨʦʢʩʠʝʪʠʣʮʝʣʶʣʦʟʘ ʙʫʣʘ ʩʠʥʪʝʟʦʚʘʥʘ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ 

ʜʦʚʛʦʣʘʥʮʶʛʦʚʠʭ ʛʽʜʨʦʬʦʙʥʠʭ ʛʨʫʧ ʤʦʣʝʢʫʣʠ ʛʽʜʨʦʢʩʠʝʪʠʣʮʝʣʶʣʦʟʠ. ɻʽʜʨʦʬʦʙʥʦ-



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 

ʄʘʪʝʨʽʘʣʠ XIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè 2024 
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ʤʦʜʠʬʽʢʦʚʘʥʘ ʛʽʜʨʦʢʩʠʝʪʠʣʮʝʣʶʣʦʟʘ ʧʦʢʘʟʘʣʘ ʢʨʘʱʫ ʪʝʨʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʙʽʣʴʰ 

ʚʠʩʦʢʫ ʩʦʣʝʩʪʽʡʢʽʩʪʴ, ʨʝʦʣʦʛʽʯʥʽ ʪʘ ʬʽʣʴʪʨʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʦʣʽʤʝʨʘʤʠ ʇɸʈ ʪʘ ʍʉ [4]. 

ɹʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʧʨʠʛʦʪʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ ʟ ʢʩʘʥʪʘʥʦʚʦʾ ʢʘʤʝʜʽ ʪʘ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʢʨʦʭʨʠʩʫ, ʚʢʣʶʯʘʶʯʠ ʩʠʥʪʝʟʦʚʘʥʽ ʢʨʦʭʤʘʣʽ. ɺʠʤʽʨʶʶʪʴ ʨʝʦʣʦʛʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʚʢʣʶʯʘʶʯʠ ʚ'ʷʟʢʽʩʪʴ ʧʨʠ ʥʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʟʩʫʚʫ, ʷʢʘ ʻ ʢʣʶʯʦʚʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʜʽʣʷʥʢʦʶ ʩʪʦʚʙʫʨʘ. ʂʨʽʤ ʪʦʛʦ, 

ʙʫʜʝ ʚʠʚʯʝʥʦ ʬʽʣʴʪʨʘʮʽʡʥʽ ʪʘ ʽʥʛʽʙʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠʛʦʪʦʚʣʝʥʠʭ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ. ʋ 

ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ 

ʨʦʟʯʠʥʽʚ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʮʽʣʷʭ. ɹʫʨʦʚʽ ʨʦʟʯʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʙʫʨʽʥʥʷ 

ʩʚʝʨʜʣʦʚʠʥ ʜʣʷ ʟʤʘʱʫʚʘʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʙʫʨʦʚʦʛʦ ʜʦʣʦʪʘ, ʘ ʪʘʢʦʞ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʪʠʩʢʫ ʚ ʩʪʦʚʙʫʨʽ ʩʚʝʨʜʣʦʚʠʥʠ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ 

ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʪʘʢʠʭ ʷʢ ʚ'ʷʟʢʽʩʪʴ ʪʘ ʱʽʣʴʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʚʽʜ ʡʦʛʦ 

ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʪʘ ʽʥʛʽʙʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [5]. 

ɿ ʦʜʝʨʞʘʥʠʭ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ: 

Å ɺʧʣʠʚ ʪʝʨʤʽʯʥʦʛʦ ʩʪʘʨʽʥʥʷ ʥʘ ʬʽʣʴʪʨʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʦʟʯʠʥʽʚ 

ʧʝʨʚʠʥʥʦʛʦ ʨʦʟʪʠʥʫ ʥʝ ʚʠʷʚʠʣʦʩʷ ʜʦʩʠʪʴ ʩʫʪʪʻʚʠʤ. ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʧʽʜ 

ʜʽʻʶ 85 ÁC ʧʨʦʪʷʛʦʤ 16 ʛʦʜʠʥ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʬʽʣʴʪʨʘʪʫ ʚ ʞʦʜʥʦʤʫ ʟ 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʨʦʟʯʠʥʽʚ. ʑʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ, ʱʦ ʜʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʚʧʣʠʚʘʻ ʥʘ 

ʯʘʩʪʢʦʚʝ ʨʦʟʢʣʘʜʘʥʥʷ ʧʦʣʽʤʝʨʽʚ ʽ, ʚʥʘʩʣʽʜʦʢ, ʥʘ ʢʦʣʝʢʪʦʨʩʴʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʣʘʩʪʘ. 

Å ɿ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʣʠʚʘʻ, ʱʦ ʂʄʂ ʜʦʚʽʚ ʩʚʦʶ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʦʩʢʽʣʴʢʠ ʨʽʜʠʥʘ ʙʫʣʘ ʧʨʦʪʝʩʪʦʚʘʥʘ ʙʫʨʽʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ. ʎʝ ʪʘʢʦʞ ʚʢʘʟʫʻ ʥʘ 

ʪʝ, ʱʦ ʙʫʨʦʚʘ ʨʽʜʠʥʘ ʰʚʠʜʢʦ ʙʫʨʠʪʠʤʝ ʟʘʚʜʷʢʠ ʾʾ ʥʠʟʴʢʽʡ ʚ'ʷʟʢʦʩʪʽ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ 

ʟʤʝʥʰʝʥʥʽ ʯʘʩʫ ʥʘ ʚʠʥʦʩ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʟʽ ʩʚʝʨʜʣʦʚʠʥʠ. 

Å ɺʠʩʦʢʘ ɼʅʉ ʦʟʥʘʯʘʻ ʥʝʥʴʶʪʦʥʽʚʩʴʢʫ ʨʽʜʠʥʫ, ʷʢʘ ʧʝʨʝʥʦʩʠʪʴ ʰʣʘʤ ʢʨʘʱʝ, ʥʽʞ 

ʨʽʜʠʥʘ ʟ ʘʥʘʣʦʛʽʯʥʦʶ ʱʽʣʴʥʽʩʪʶ, ʘʣʝ ʥʠʞʯʦʶ ɼʅʉ. ʋ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 15 ʛ ʪʘ 20 ʛ, ʇɸʎ ʅɺ ʪʘ ʂʄʂ ʜʝʤʦʥʩʪʨʫʚʘʣʠ ʚʠʩʦʢʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ɼʅʉ. 

Å ɺʅʉʉ ʫ ʈʝʦʪʨʦʣʫ ʪʘ ʌʣʦʪʨʦʣʫ ʟʥʠʞʫʶʪʴʩʷ ʥʘ 20% ʧʽʩʣʷ ʪʝʨʤʦʩʪʘʨʽʥʥʷ. ʎʝ 

ʤʦʞʝ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʩʢʣʘʜʫ ʜʘʥʠʭ ʟʥʠʞʫʚʘʯʽʚ ʬʽʣʴʪʨʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʘʶʪʴ ʤʝʥʰʫ 

ʤʦʣʝʢʫʣʷʨʥʫ ʤʘʩʫ. ʋ ʇɸʎ ʅɺ ʥʘʚʧʘʢʠ ʧʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ɺʅʅʉ. 

ʐʚʠʜʰʝ ʟʘ ʚʩʝ, ʮʝ ʚʠʢʣʠʢʘʥʦ ʚʽʜʤʽʥʥʽʩʪʶ ʩʪʨʫʢʪʫʨʠ ʜʘʥʦʛʦ ʧʦʥʠʟʠʪʝʣʷ ʬʽʣʴʪʨʘʮʽʾ 

ʧʨʦʪʠ ʽʥʰʠʤʠ. ɹʽʣʴʰ ʪʦʛʦ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 10 ʛ ʌʣʦʪʨʦʣ ʽ ʂʄʂ ʧʦʢʘʟʘʣʠ ʥʘʡʚʠʱʽ 

ʟʥʘʯʝʥʥʷ ɺʅʉʉ. ʆʜʥʘʢ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʜʦ ʪʝʨʤʽʯʥʦʛʦ ʩʪʘʨʽʥʥʷ 

ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʂʄʂ ʜʝʤʦʥʩʪʨʫʚʘʚ ʥʘʡʚʠʱʠʡ ʧʦʢʘʟʥʠʢ ɺʅʉʉ. ʆʜʥʘʢ ʧʽʩʣʷ 

ʪʝʨʤʽʯʥʦʛʦ ʩʪʘʨʽʥʥʷ ʂʄʂ ʟʥʘʯʥʦ ʚʪʨʘʪʠʚ ʩʚʽʡ ʧʦʢʘʟʥʠʢ ɺʅʉʉ ʯʝʨʝʟ ʜʝʛʨʘʜʘʮʽʶ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

Å ɺʠʜʥʦ, ʱʦ ʥʘʡʥʠʞʯʘ ʚʘʨʪʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʂʄʂ - 130 ʛʨʥ/ʢʛ, ʘ 

ʥʘʡʚʠʱʘ ʚʘʨʪʽʩʪʴ - 250 ʛʨʥ/ʢʛ ʫ ʌʣʦʪʨʦʣʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʌʣʦʪʨʦʣ ʧʦʢʘʟʘʚ 

ʙʽʣʴʰ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʬʽʣʴʪʨʘʮʽʡʥʠʤʠ ʧʦʥʠʞʫʚʘʯʘʤʠ, ʚʠʩʦʢʘ 

ʚʘʨʪʽʩʪʴ ʦʙʤʝʞʫʻ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʂʄʂ, ʷʢʠʡ ʪʘʢʦʞ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ 

ʧʨʠʡʥʷʪʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʟʘʤʽʩʪʴ ʌʣʦʪʨʦʣʫ ʽ ʇɸʎ ʅɺ. 
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ʙʫʨʽʥʥʷ 

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

 

ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʊɽʍʅʆʃʆɻɯɰ ʇʈʀɻʆʊʋɺɸʅʅʗ ɹʋʈʆɺʀʍ 

ʈʆɿʏʀʅɯɺ 

 

ʆʙʨʦʙʢʘ ʢʘʚʽʪʘʮʽʾ ʨʽʜʠʥʠ ʩʧʨʠʷʻ ʾʾ ʘʢʪʠʚʘʮʽʾ, ʟʤʽʥʶʻ ʾʾ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʽʥʪʝʥʩʠʬʽʢʫʻ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ. ɼʣʷ ʧʦʩʠʣʝʥʥʷ ʜʽʾ ʢʘʚʽʪʘʮʽʾ ʥʘ ʨʽʜʠʥʫ, 

ʧʦʪʨʽʙʥʘ ʢʦʤʧʣʝʢʩʥʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʘ ʜʽʷ ʥʘ ʦʙʨʦʙʣʶʚʘʥʫ ʨʽʜʠʥʫ. ɼʣʷ ʮʠʭ ʮʽʣʝʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ, ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʽ, ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʽ, 

ʤʘʛʥʽʪʦʩʪʨʠʢʮʽʡʥʽ ʛʝʥʝʨʘʪʦʨʠ ʢʘʚʽʪʘʮʽʾ. [1] 

ʋ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʽ ʽ 

ʤʘʛʥʽʪʦʩʪʨʠʢʮʽʡʥʽ ʛʝʥʝʨʘʪʦʨʠ ʢʘʚʽʪʘʮʽʾ. ʋ ʮʠʭ ʝʣʝʢʪʨʦʘʢʫʩʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʷʤʠʡ ʤʘʛʥʽʪʦʩʪʨʠʢʮʽʡʥʠʡ ʽ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ ʚ ʟʤʽʥʥʠʭ 

ʤʘʛʥʽʪʥʠʭ ʽ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʷʭ. ɼʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʟʙʫʜʞʝʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʻ ʜʫʞʝ 

ʰʠʨʦʢʠʤ (ʚʽʜ 8 ʢɻʮ ʜʦ 44 ʢɻʮ ʽ ʚʠʱʝ). ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʢʦʣʠʚʘʥʥʷ ʚʽʜ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ ʦʙʨʦʙʣʶʚʘʥʠʭ ʨʝʯʦʚʠʥ. 

ʇʨʠʥʮʠʧ ʜʽʾ ʽʤʧʫʣʴʩʥʦʛʦ ʝʣʝʢʪʨʦʨʦʟʨʷʜʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʤʫ ʝʬʝʢʪʽ, ʱʦ ʧʦʣʷʛʘʻ ʚ ʛʝʥʝʨʘʮʽʾ ʫʜʘʨʥʠʭ ʭʚʠʣʴ ʚ ʨʽʜʠʥʽ ʧʨʠ ʾʾ 

ʧʨʦʙʦʾ [2]. ʇʨʦʪʽʢʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʦʟʨʷʜʫ ʚ ʨʽʜʠʥʽ (ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʫʜʘʨʫ) 

ʚʠʢʣʠʢʘʻ ʩʢʣʘʜʥʠʡ ʢʦʤʧʣʝʢʩ ʷʚʠʱ: ʽʦʥʽʟʘʮʽʶ ʽ ʨʦʟʢʣʘʜʘʥʥʷ ʤʦʣʝʢʫʣ ʚ ʧʣʘʟʤʽ ʢʘʥʘʣʫ ʽ 

ʙʽʣʷ ʥʴʦʛʦ, ʩʚʽʪʣʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʢʘʥʘʣʫ ʨʦʟʨʷʜʫ, ʫʜʘʨʥʽ ʭʚʠʣʽ, ʽʥʪʝʥʩʠʚʥʝ 

ʫʣʴʪʨʘʟʚʫʢʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʩʚʽʪʫ ʽ ʧʫʣʴʩʘʮʽʶ ʛʘʟʦʚʦʛʦ ʧʫʭʠʨʷ, ʧʨʦʮʝʩʠ ʢʘʚʽʪʘʮʽʡ, 

ʽʤʧʫʣʴʩʥʽ ʤʘʛʥʽʪʥʽ ʧʦʣʷ. 

ʋ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʢʘʚʽʪʘʪʦʨʘʭ ʪʠʧʫ ʨʦʪʦʨʥʠʭ ʽʤʧʫʣʴʩʥʠʭ ʘʧʘʨʘʪʽʚ, ʚ ʦʩʥʦʚʥʦʤʫ, 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʘ ʜʽʷ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʚʠʥʝʥʦʾ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʧʫʣʴʩʘʮʽʡ ʪʠʩʢʫ 

ʽ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʨʽʜʠʥʠ, ʽʥʪʝʥʩʠʚʥʦʾ ʢʘʚʽʪʘʮʽʾ, ʫʜʘʨʥʠʭ ʭʚʠʣʴ ʽ ʚʪʦʨʠʥʥʠʭ ʥʝʣʽʥʽʡʥʠʭ 

ʘʢʫʩʪʠʯʥʠʭ ʝʬʝʢʪʽʚ. [3] 

ʋ ʨʝʟʦʥʘʥʩʥʠʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʛʝʥʝʨʘʪʦʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʙʫʜʞʝʥʥʷ 

ʢʦʣʠʚʘʥʴ ʨʝʟʦʥʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʚʠʛʣʷʜʽ ʧʣʘʩʪʠʥ, ʩʪʝʨʞʥʽʚ ʘʙʦ ʤʝʤʙʨʘʥ ʥʘʙʽʛʘʶʯʠʤ 

ʩʪʨʫʤʝʥʝʤ ʨʽʜʠʥʠ. ʂʦʣʠʚʘʥʥʷ ʨʝʟʦʥʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʩʪʚʦʨʶʶʪʴ ʘʢʫʩʪʠʯʥʝ ʧʦʣʝ 

ʚʠʧʨʦʤʽʥʶʚʘʯʘ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ ʤʦʜʠʬʽʢʘʮʽʻʶ ʪʘʢʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʻ 

ʧʣʘʩʪʠʥʯʘʪʽ ʚʠʧʨʦʤʽʥʶʚʘʯʽ ʟ ʢʦʥʩʦʣʴʥʠʤ ʢʨʽʧʣʝʥʥʷʤ ʚʽʙʨʫʶʯʦʾ ʧʣʘʩʪʠʥʠ. ʉʪʨʫʤʽʥʴ, 

ʚʠʪʽʢʘʶʯʠ ʟ ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ ʟ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʘʙʦ ʱʽʣʠʥʥʦʛʦ ʩʦʧʣʘ, ʧʦʪʨʘʧʣʷʻ ʥʘ 

ʧʣʘʩʪʠʥʫ ʟ ʢʣʠʥʦʚʠʜʥʠʤ ʢʨʘʻʤ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʠʚ ʩʪʨʫʤʝʥʷ, ʽ ʚʠʥʠʢʘʶʪʴ 

ʚʠʭʨʦʚʽ ʧʫʣʴʩʘʮʽʾ. ʇʨʠ ʟʙʽʛʫ ʯʘʩʪʦʪʠ ʧʫʣʴʩʘʮʽʾ ʟ ʚʣʘʩʥʦʶ ʨʝʟʦʥʘʥʩʥʦʶ ʯʘʩʪʦʪʦʶ 

ʧʣʘʩʪʠʥʠ ʚʽʜ ʥʝʾ ʚ ʨʽʜʠʥʫ ʚʠʭʦʜʠʪʴ ʘʢʫʩʪʠʯʥʘ ʭʚʠʣʷ. ʆʩʥʦʚʥʠʤ ʾʭ ʥʝʜʦʣʽʢʦʤ ʻ ʜʦʩʠʪʴ 

ʰʚʠʜʢʠʡ ʚʠʭʽʜ ʟ ʣʘʜʫ ʨʝʟʦʥʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʩʫʤʽʨʥʠʭ ʟ ʤʝʞʝʶ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. [4] 

ʇʨʠ ʩʢʣʘʜʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʢʘʚʽʪʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ 

ʨʽʜʠʥʠ ʥʝʦʙʭʽʜʥʦ ʧʦʻʜʥʫʚʘʪʠ ʛʝʥʝʨʘʪʦʨʠ ʢʘʚʽʪʘʮʽʾ, ʧʨʘʮʶʶʯʽ ʥʘ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ. 

ʅʘʡʙʽʣʴʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʪʠʤʝ ʢʦʤʧʣʝʢʩ, ʦʙʨʦʙʣʶʚʘʣʴʥʠʡ ʥʘ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ ʦʜʠʥ ʽ 

ʪʦʡ ʞʝ ʦʙ'ʻʤ ʨʽʜʠʥʠ. ʗʢʱʦ ʮʝ ʪʝʭʥʽʯʥʦ ʥʝʤʦʞʣʠʚʦ ʘʙʦ ʫʩʢʣʘʜʥʝʥʦ, ʪʦ ʨʽʜʠʥʘ ʩʧʦʯʘʪʢʫ 

ʧʦʚʠʥʥʘ ʧʽʜʜʘʚʘʪʠʩʷ ʦʙʨʦʙʮʽ ʥʘ ʚʠʩʦʢʽʡ ʯʘʩʪʦʪʽ, ʘ ʧʦʪʽʤ ʥʘ ʥʠʞʯʠʭ ʯʘʩʪʦʪʘʭ. 

ʂʦʤʙʽʥʫʶʯʠ ʛʝʥʝʨʘʪʦʨʠ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʧʽʜʜʘʚʘʪʠ ʦʙʨʦʙʮʽ 

ʨʽʜʠʥʫ ʚ ʥʘʩʪʫʧʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ (ʧʦʩʣʽʜʦʚʥʦʤʫ ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʛʝʥʝʨʘʪʦʨʠ ʧʦ 

ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʪʨʘʢʪʫ): ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ - ʨʦʪʦʨʥʠʡ ʽʤʧʫʣʴʩʥʠʡ ʘʧʘʨʘʪ - 

ʝʣʝʢʪʨʦʨʦʟʨʷʜʥʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ - ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ. 
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ʇʈʆʇʆɿʀʎɯɰ ʑʆɼʆ ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɽʂʆʃʆɻɯʏʅʆɰ 

ɹɽɿʇɽʂʀ ɻʈʋʇʀ ʊɽʍʅɯʏʅʀʍ ʉɽʈɺɯʉɯɺ ɺ ʋʄʆɺɸʍ ʊʈɸʅʉʇʆʈʊʅʆɻʆ 

ʎɽʍʋ çʆʍʊʀʈʂɸè ʇɸʊ çʋʂʈʅɸʌʊɸè 

 

ʊʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʛʨʫʧʠ ʪʝʭʥʽʯʥʠʭ ʩʝʨʚʽʩʽʚ ʚ 

ʫʤʦʚʘʭ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʮʝʭʫ çʆʭʪʠʨʢʘè ʇɸʊ çʋʢʨʥʘʬʪʘè ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦʶ, 

ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ 

ʘʩʧʝʢʪʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʩʝʢʪʦʨʫ, ʟʦʢʨʝʤʘ ʪʘʢʠʭ ʚʝʣʠʢʠʭ 

ʢʦʤʧʘʥʽʡ ʷʢ çʋʢʨʥʘʬʪʘè. ʎʝ ʧʠʪʘʥʥʷ ʦʭʦʧʣʶʻ ʥʝ ʣʠʰʝ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʘ ʡ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʯʝʨʝʟ ʦʧʪʠʤʽʟʘʮʽʶ ʧʨʦʮʝʩʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʨʝʤʦʥʪʫ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ [1-3]. 

ʊʨʘʥʩʧʦʨʪʥʠʡ ʮʝʭ çʆʭʪʠʨʢʘè ʇɸʊ çʋʢʨʥʘʬʪʘè ʻ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ 

ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʢʦʤʧʘʥʽʾ, ʷʢʘ ʟʘʡʤʘʻʪʴʩʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʽ ʨʝʤʦʥʪʦʤ 

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʟʦʢʨʝʤʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ, ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʢʦʤʧʨʝʩʦʨʥʠʭ 

ʩʪʘʥʮʽʡ, ʘ ʪʘʢʦʞ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʥʘʬʪʠ ʪʘ ʛʘʟʫ. ʏʝʨʝʟ ʩʧʝʮʠʬʽʢʫ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟ ʝʢʩʧʣʫʘʪʘʮʽʻʶ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʦʙʨʦʙʢʦʶ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʥʘʣʝʞʥʫ ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʚ ʪʝʭʥʽʯʥʠʭ ʩʝʨʚʽʩʘʭ ʮʴʦʛʦ ʮʝʭʫ 

ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʨʠʟʠʢ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʧʦʰʢʦʜʞʝʥʥʷ 

ˇʨʫʥʪʽʚ, ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʧʦʚʽʪʨʷ) ʪʘ ʟʙʝʨʝʛʪʠ ʧʨʠʨʦʜʥʽ ʨʝʩʫʨʩʠ ʜʣʷ ʤʘʡʙʫʪʥʽʭ 

ʧʦʢʦʣʽʥʴ. 

ɺʠʢʠʜʠ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. ʇʨʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʪʘ ʨʝʤʦʥʪʽ ʥʘʬʪʦʛʘʟʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʽʩʥʫʶʪʴ ʨʠʟʠʢʠ ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʫ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ, ʪʘʢʠʭ ʷʢ ʜʽʦʢʩʠʜʠ 

ʩʽʨʢʠ, ʘʟʦʪʫ, ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ, ʤʝʪʘʥ, ʘ ʪʘʢʦʞ ʧʘʨʠ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ. ɺʠʢʠʜʠ ʤʦʞʫʪʴ 

ʤʘʪʠ ʩʝʨʡʦʟʥʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʟʜʦʨʦʚôʷ ʧʨʘʮʽʚʥʠʢʽʚ, ʤʽʩʮʝʚʫ ʝʢʦʩʠʩʪʝʤʫ ʪʘ 

ʘʪʤʦʩʬʝʨʫ. 

ɿʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. ʋ ʧʨʦʮʝʩʘʭ ʦʯʠʩʪʢʠ ʪʘ ʨʝʤʦʥʪʫ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʫʪʴ 

ʚʠʥʠʢʘʪʠ ʚʠʪʦʢʠ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʘʙʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʚʠʤʘʛʘʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʫʪʨʠʤʘʥʥʷ, ʦʯʠʱʝʥʥʷ ʽ ʢʦʥʪʨʦʣʶ ʟʘ ʚʠʪʦʢʘʤʠ. 

ɿʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ. ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʦʞ ʧʦʪʝʥʮʽʡʥʽ ʚʠʪʦʢʠ ʧʘʣʠʚʥʦ-

ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʤʦʞʫʪʴ ʟʘʙʨʫʜʥʶʚʘʪʠ ʟʝʤʣʶ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʝʨʦʟʽʾ ˇʨʫʥʪʽʚ, ʟʤʝʥʰʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ʟʝʤʝʣʴ ʪʘ ʽʥʰʠʭ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ. 

ʐʫʤʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ. ʈʦʙʦʪʘ ʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟʦʢʨʝʤʘ ʢʦʤʧʨʝʩʦʨʽʚ ʽ 

ʥʘʩʦʩʽʚ, ʤʦʞʝ ʩʧʨʠʯʠʥʷʪʠ ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʰʫʤʫ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʟʜʦʨʦʚôʷ 

ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʥʘʚʢʦʣʠʰʥʽʭ ʤʝʰʢʘʥʮʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʥʝʦʙʭʽʜʥʦ ʚʧʨʦʚʘʜʠʪʠ 

ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʚʢʣʶʯʘʻ ʦʨʛʘʥʽʟʘʮʽʡʥʽ, ʪʝʭʥʽʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʭʦʜʠ. 

1. ʆʨʛʘʥʽʟʘʮʽʡʥʽ ʟʘʭʦʜʠ: 

- ʨʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʧʦʣʽʪʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʘ ʚʢʣʶʯʘʪʠʤʝ 

ʚʠʤʦʛʠ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ; 

- ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʩʠʩʪʝʤ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʟʚʽʪʥʦʩʪʽ, 

ʧʽʜʚʠʱʝʥʥʷ ʨʦʣʽ ʝʢʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ ʚ ʦʧʝʨʘʪʠʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ; 



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 
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- ʥʘʚʯʘʥʥʷ ʽ ʧʽʜʚʠʱʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ ʧʝʨʩʦʥʘʣʫ ʚ ʧʠʪʘʥʥʷʭ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ, 

ʝʢʦʣʦʛʽʯʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʽʥʩʪʨʫʢʮʽʡ. 

2. ʊʝʭʥʽʯʥʽ ʟʘʭʦʜʠ: 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʟʙʦʨʫ ʪʘ ʦʯʠʩʪʢʠ ʛʘʟʦʚʠʭ ʚʠʢʠʜʽʚ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʽ ʢʘʪʘʣʽʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ; 

- ʤʦʜʝʨʥʽʟʘʮʽʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ 

ʮʝʭʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. (ʅʘʧʨʠʢʣʘʜ, ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʽ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʨʦʙʦʪʽ ʢʦʤʧʨʝʩʦʨʽʚ, ʥʘʩʦʩʥʠʭ 

ʩʪʘʥʮʽʡ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʨʝʢʫʧʝʨʘʮʽʾ ʝʥʝʨʛʽʾ); 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʤʢʥʫʪʠʭ ʢʦʥʪʫʨʽʚ ʜʣʷ ʨʽʜʢʠʭ ʚʽʜʭʦʜʽʚ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ 

ʫʪʨʠʤʘʥʥʷ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʥʘ ʚʠʧʘʜʦʢ ʚʠʪʦʢʽʚ. 

3. ʊʝʭʥʦʣʦʛʽʯʥʽ ʟʘʭʦʜʠ: 

- ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʟ ʧʝʨʝʨʦʙʢʠ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʥʘʬʪʦʛʘʟʦʚʠʭ 

ʚʽʜʭʦʜʽʚ, ʪʘʢʠʭ ʷʢ ʩʠʩʪʝʤʠ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʽ ʭʽʤʽʯʥʠʭ 

ʤʝʪʦʜʽʚ ʦʯʠʩʪʢʠ; 

- ʨʦʟʨʦʙʢʘ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʝʟʚʽʜʭʦʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʨʝʤʦʥʪʽ ʪʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʦʙʣʘʜʥʘʥʥʷ; 

ʇʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʚʠʤʘʛʘʻ ʧʝʚʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʚʠʪʨʘʪ ʥʘ 

ʤʦʜʝʨʥʽʟʘʮʽʶ ʦʙʣʘʜʥʘʥʥʷ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ, ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ, ʘʣʝ 

ʚ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʝʢʦʥʦʤʽʾ ʥʘ ʚʠʪʨʘʪʘʭ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʝʢʦʣʦʛʽʯʥʠʤʠ ʟʙʠʪʢʘʤʠ (ʰʪʨʘʬʠ ʟʘ ʧʦʨʫʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʥʦʨʤ, ʚʠʪʨʘʪʠ ʥʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʠʭ ʪʝʨʠʪʦʨʽʡ). ʊʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʦʣʦʛʽʯʥʦʾ 

ʙʝʟʧʝʢʠ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʫ ʨʝʧʫʪʘʮʽʶ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ 

ʥʘ ʡʦʛʦ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʥʘ ʨʠʥʢʫ [4]. 

ɯʥʪʝʛʨʘʮʽʷ ʧʝʨʝʜʦʚʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʽʥʥʦʚʘʮʽʡ ʫ ʟʘʛʘʣʴʥʫ ʩʪʨʘʪʝʛʽʶ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʬʪʦʛʘʟʦʚʠʭ ʢʦʤʧʘʥʽʡ. 

ʈʦʟʚʠʪʦʢ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʥʠʞʫʚʘʪʠ 

ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

ʉʧʽʚʧʨʘʮʷ ʟ ʥʘʫʢʦʚʠʤʠ ʫʩʪʘʥʦʚʘʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʮʝʭʫ çʆʭʪʠʨʢʘè 

ʇɸʊ çʋʢʨʥʘʬʪʘè ʻ ʩʪʨʘʪʝʛʽʯʥʦ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʨʠʟʠʢʠ 

ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʽ ʙʝʟʧʝʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʙʝʨʝʛʪʠ ʧʨʠʨʦʜʥʽ ʨʝʩʫʨʩʠ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ. ʎʝ ʪʘʢʦʞ 

ʧʦʟʠʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʘʭ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʩʧʨʠʷʻ 

ʟʘʙʝʟʧʝʯʝʥʥʶ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʩʝʢʪʦʨʘ ʚ ʮʽʣʦʤʫ. 

ɿʘʛʘʣʦʤ, ʧʨʘʚʠʣʴʥʝ ʧʦʻʜʥʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ 

ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ 

ʨʦʙʦʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘʬʪʦʛʘʟʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 
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ʋɼʂ 622.22.24  

 

ʄʝʣʴʥʠʢ ʗ. ʄ.,  ʩʪʫʜʝʥʪ ʛʨ. 185ʤ-23-1 ʌʇʅʊ  

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

ʙʫʨʽʥʥʷ  

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

 

ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɽʂʉʇʃʋɸʊɸʎɯɰ ɻɸɿʆɺʀʍ ʉɺɽʈɼʃʆɺʀʅ 
 

ʇʝʨʰʽ ʙʘʛʘʪʦʚʠʙʽʡʥʽ ʩʚʝʨʜʣʦʚʠʥʠ ʧʨʦʙʫʨʝʥʽ ʚ ʋʢʨʘʾʥʽ ʱʝ ʥʘ ʧʦʯʘʪʢʫ 50-ʭ ʨʦʢʽʚ 

ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ. ʆʜʥʘʢ ʙʫʜʽʚʥʠʮʪʚʦ ʮʠʭ ʩʚʝʨʜʣʦʚʠʥ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ 

ʧʦʯʘʣʦ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʣʠʰʝ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ. 

ʐʠʨʦʢʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʶ ʙʘʛʘʪʦʚʠʙʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʩʧʨʠʷʣʠ ʨʦʟʨʦʙʢʠ ʦʩʪʘʥʥʽʭ 

ʨʦʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʙʫʨʠʪʠ ʩʚʝʨʜʣʦʚʠʥʠ ʙʫʜʴ-ʷʢʠʭ ʧʨʦʬʽʣʽʚ ʽʟ ʚʠʙʽʡʥʠʤ 

ʦʨʽʻʥʪʫʚʘʥʥʷʤ ʙʫʨʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ [1]. 

ʋ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʧʨʘʢʪʠʢʫ ʙʘʛʘʪʦʚʠʙʽʡʥʠʭ ʯʠ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ ʧʨʠʡʤʘʣʦʩʷ, ʱʦ ʜʝʙʽʪʠ ʩʚʝʨʜʣʦʚʠʥ ʣʽʥʽʡʥʦ ʟʙʽʣʴʰʫʚʘʪʠʤʫʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʽ ʙʽʯʥʠʭ ʚʽʜʛʘʣʫʞʝʥʴ. 

ʇʨʦʪʝ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʮʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʝ ʧʽʜʪʚʝʨʜʞʫʚʘʣʠ 

ʢʦʥʮʝʧʮʽʶ ʣʽʥʽʡʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʜʝʙʽʪʫ ʧʨʦʧʦʨʮʽʡʥʦ ʟʙʽʣʴʰʝʥʥʶ ʜʦʚʞʠʥʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʪʦʚʙʫʨʘ. 

ʇʨʦʙʣʝʤʘ ʚʠʜʘʣʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʨʫʡʥʫʚʘʥʥʷ ʧʣʘʩʪʘ ʽʟ ʚʠʙʦʾʚ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʦʩʦʙʣʠʚʦ ʽʟ ʚʠʙʦʾʚ ʙʘʛʘʪʦʚʠʙʽʡʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ, ʘʢʪʫʘʣʴʥʘ, ʦʩʢʽʣʴʢʠ ʯʘʩʪʦ ʥʝʤʦʞʣʠʚʦ ʧʨʦʥʠʢʥʫʪʠ ʪʨʫʙʘʤʠ ʧʨʦʤʠʚʘʥʥʷ ʫ 

ʚʩʽ ʙʽʯʥʽ ʩʪʚʦʣʠ ʜʣʷ ʧʨʦʤʠʚʘʥʥʷ ʚʠʙʦʾʚ ʽ ʚʠʜʘʣʝʥʥʷ ʧʦʨʦʜʠ, ʱʦ ʦʩʽʣʘ ʚ ʩʚʝʨʜʣʦʚʠʥʽ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʬʽʣʽ, ʩʭʝʤʠ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʫ [1,2]. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʘʛʘʪʦʚʠʙʽʡʥʠʭ ʛʘʟʦʚʠʭ ʪʘ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ. 

ʋ ʨʦʙʦʪʽ ʚʠʟʥʘʯʝʥʦ ʧʨʘʮʶʶʯʫ ʜʦʚʞʠʥʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʙʘʛʘʪʦʚʠʙʽʡʥʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʬʣʶʾʜʫ, ʱʦ ʚʠʜʦʙʫʚʘʻʪʴʩʷ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʪʨʘʥʩʧʦʨʪ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʫ ʟʚʘʞʝʥʦʤʫ ʩʪʘʥʽ, ʚʠʱʝ ʰʚʠʜʢʦʩʪʽ ʚʠʥʦʩʫ. 

ʋ ʮʠʭ ʫʤʦʚʘʭ, ʩʪʦʚʙʫʨ ʩʚʝʨʜʣʦʚʠʥʠ ʦʯʠʱʘʪʠʤʝʪʴʩʷ ʧʦʪʦʢʦʤ ʢʦʨʠʩʥʦʾ ʢʦʧʘʣʠʥʠ, 

ʱʦ ʚʠʜʦʙʫʚʘʻʪʴʩʷ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʤʧʣʝʢʩʫ ʦʙʤʝʞʝʥʴ ʫ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʩʚʝʨʜʣʦʚʠʥʠ ʚʠʨʽʰʝʥʦ ʧʠʪʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʪʦʚʙʫʨʘ ʷʢ 

ʦʩʥʦʚʥʦʛʦ ʚ ʩʠʩʪʝʤʽ ʙʘʛʘʪʦʚʠʙʽʡʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. 

ɼʣʷ ʮʴʦʛʦ ʜʣʷ ʫʤʦʚ ɼɼɺ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʜʦʚʞʠʥʠ ʙʽʯʥʠʭ ʩʪʚʦʣʽʚ ʟʘʣʝʞʥʦ 

ʚʽʜ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʚʝʨʜʣʦʚʠʥ. 

ʈʦʟʨʘʭʫʥʢʘʤʠ ʧʦʢʘʟʘʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʬʣʶʾʜʫ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽʟ 

ʟʤʝʥʰʝʥʥʷʤ ʨʘʜʽʫʩʫ ʩʚʝʨʜʣʦʚʠʥʠ. ɿʘ ʧʨʠʡʥʷʪʠʤʠ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʰʚʠʜʢʽʩʪʴ ʬʣʶʾʜʫ 

ʥʝ ʜʦʩʷʛʘʻ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ. ʋ ʮʠʭ  

ʫʤʦʚʘʭ ʥʝʜʦʮʽʣʴʥʦ ʙʫʜʫʚʘʪʠ ʙʘʛʘʪʦʚʠʙʽʡʥʽ ʩʚʝʨʜʣʦʚʠʥʠ. ʗʢʱʦ ʧʨʦʜʫʢʪʠʚʥʠʡ ʧʣʘʩʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʦʨʦʜʘʤʠ, ʩʭʠʣʴʥʠʤʠ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʩʪʦʚʙʫʨ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ ʥʝʦʙʭʽʜʥʦ ʦʙʣʘʜʥʘʪʠ ʧʨʦʪʠʧʽʩʦʯʥʠʤʠ ʬʽʣʴʪʨʘʤʠ [3-7]. 

ʅʘʡʙʽʣʴʰʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʪʦʚʙʫʨʘ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʧʨʠ 

ʙʫʨʽʥʥʽ ʚ ʧʣʘʩʪʘʭ ʟ ʨʦʟʚʠʥʝʥʦʶ ʚʝʨʪʠʢʘʣʴʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ [8-12]. ʆʯʝʚʠʜʥʦ, ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʪʚʦʣʽʚ ʫ ʮʠʭ ʫʤʦʚʘʭ ʧʽʜʚʠʱʠʪʴ ʜʝʙʽʪ ʽ ʰʚʠʜʢʽʩʪʴ ʬʣʶʾʜʫ, 

ʱʦ ʚʠʜʦʙʫʚʘʻʪʴʩʷ. 

ʋ ʨʦʙʦʪʽ ʚʠʟʥʘʯʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʬʣʶʾʜʫ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ 

ʩʪʦʚʙʫʨʽ ʧʣʘʩʪʘʭ ʟ ʨʽʟʥʠʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʧʨʦʥʠʢʥʦʩʪʷʤʠ. ɺʠʟʥʘʯʝʥʦ ʚʧʣʠʚ 

ʰʚʠʜʢʽʩʪʴ ʬʣʶʾʜʫ ʚʽʜ ʪʦʚʱʠʥʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ. ʋ ʧʣʘʩʪʘʭ ʟ ʪʦʚʱʠʥʦʶ ʜʦ 10 ʤ 

http://dspace.nbuv.gov.ua/bitstream/handle/123456789/139065/21-Vdovichenko.pdf?sequence=1
http://dspace.nbuv.gov.ua/bitstream/handle/123456789/139065/21-Vdovichenko.pdf?sequence=1


ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 
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ʥʝʦʙʭʽʜʥʦ ʩʚʝʨʜʣʦʚʠʥʠ ʦʙʣʘʜʥʘʪʠ ʧʨʦʪʠʧʽʩʢʦʚʠʤʠ ʬʽʣʴʪʨʘʤʠ, ʦʩʢʽʣʴʢʠ ʰʚʠʜʢʽʩʪʴ 

ʬʣʶʾʜʫ ʥʝ ʜʦʩʷʛʘʻ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ. 

ɼʣʷ ʚʠʧʘʜʢʽʚ ʥʝʜʦʩʪʘʪʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʚʠʥʦʩʫ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʬʽʣʴʪʨ ʢʦʥʩʪʨʫʢʮʽʷ ʷʢʠʭ ʥʘʚʝʜʝʥʘ  ʫ [12-15]. 

ʇʨʦʧʦʥʦʚʘʥʠʡ ʧʨʠʩʪʨʽʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʦʪʦʪʠʧʦʤ ʪʘ ʽʥʰʠʤʠ ʚʽʜʦʤʠʤʠ 

ʪʝʭʥʽʯʥʠʤʠ ʨʽʰʝʥʥʷʤʠ ʤʘʻ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ: ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʘʯʽ ʧʦʪʦʢʫ ʛʘʟʫ ʚ 

ʧʽʜʟʝʤʥʝ ʩʭʦʚʠʱʝ, ʱʦ ʚʠʢʣʶʯʘʻ ʡʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʱʽʣʠʥʠ ʤʽʞ ʚʠʪʢʘʤʠ 

ʦʙʤʦʪʫʚʘʣʴʥʦʛʦ ʜʨʦʪʫ; ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʨʘʚʽʡʥʦʛʦ ʥʘʙʠʚʘʥʥʷ ʥʘ 

ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʫʶʯʦʾ ʦʙʦʣʦʥʢʠ, ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ ʾʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʟʘʢʘʯʫʚʘʥʥʽ 

ʛʘʟʫ ʚ ʧʽʜʟʝʤʥʝ ʩʭʦʚʠʱʝ; ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʧʠʥʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʟʘʪʨʫʙʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʟ ʚʥʫʪʨʽʰʥʴʦʪʨʫʙʥʠʤ , ʱʦ ʚʠʢʣʶʯʘʻ ʥʘʜʭʦʜʞʝʥʥʷ ʛʘʟʫ ʙʝʟ ʡʦʛʦ ʦʯʠʱʝʥʥʷ 

ʩʚʝʨʜʣʦʚʠʥʫ. 

ʈʝʢʦʤʝʥʜʦʚʘʥʽ ʨʝʞʠʤʠ ʧʨʦʤʠʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʫ [1].  
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ʋɼʂ 622.24 

 

ʅʦʚʽʢʦʚ ɸ.ɼ., ʤʘʛʽʩʪʨ ʢʘʬʝʜʨʠ ʥʘʬʪʦʛʘʟʦʚʦʾ ʽʥʞʝʥʝʨʽʾ ʪʘ ʙʫʨʽʥʥʷ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɼʘʚʠʜʝʥʢʦ ʆ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʥʘʬʪʦʛʘʟʦʚʦʾ 

ʽʥʞʝʥʝʨʽʾ ʪʘ ʙʫʨʽʥʥʷ 

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

 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʊɽʍʅʆʃʆɻɯɰ ɿɹɯʃʔʐɽʅʅʗ ɼɽɹɯʊʋ 

ɽʂʉʇʃʋɸʊɸʎɯʁʅʆɰ ʉɺɽʈɼʃʆɺʀʅʀ 

 

ʆʩʥʦʚʥʘ ʽʜʝʷ ʭʚʠʣʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʧʝʨʝʪʚʦʨʠʪʠ ʚʽʙʨʘʮʽʡʥʽ ʜʽʾ 

ʚ ʦʜʥʦʩʪʦʨʦʥʥʴʦ ʩʧʨʷʤʦʚʘʥʠʡ ʤʦʥʦʪʦʥʥʠʡ ʨʫʭ, ʱʦ ʨʝʘʣʽʟʦʚʫʻ ʥʝʦʙʭʽʜʥʠʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ. ʋ ʙʘʛʘʪʴʦʭ ʧʨʦʮʝʩʘʭ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʪʷʛʘʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʟʘʧʘʩʽʚ 

ʥʘʬʪʠ ʷʢʨʘʟ ʽ ʚʠʤʘʛʘʻʪʴʩʷ ʟʜʽʡʩʥʶʚʘʪʠ ʪʘʢʦʛʦ ʨʦʜʫ ʨʫʭʠ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʦʯʠʱʝʥʥʷ 

ʧʨʠʟʘʙʦʡʥʠʭ ʟʦʥ ʜʦʙʫʚʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʚʠʤʘʛʘʻʪʴʩʷ ʟʘʙʝʟʧʝʯʠʪʠ ʩʧʨʷʤʦʚʘʥʠʡ ʚ ʦʜʠʥ 

ʙʽʢ ʨʫʭ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ, ʱʦ ʟʘʩʤʽʯʫʶʪʴ ʢʦʣʝʢʪʦʨ, ʽ ʚʠʜʘʣʝʥʥʷ ʾʭ ʟʚʽʜʪʠ. ʎʝ ʧʦʣʽʧʰʠʪʴ 

ʢʦʣʝʢʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʩʪʠʤʫʣʶʚʘʪʠʤʝ ʧʨʠʧʣʠʚ ʚʫʛʣʝʚʦʜʥʽʚ ʜʦ ʩʚʝʨʜʣʦʚʠʥʠ. 

ʅʘʚʧʘʢʠ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʟʦʣʷʮʽʾ ʚʦʜʦʥʦʩʥʠʭ ʧʣʘʩʪʽʚ ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʥʝʦʙʭʽʜʥʦ 

ʩʪʚʦʨʠʪʠ ʤʘʣʦʧʨʦʥʠʢʥʠʡ, ʥʝʧʝʨʝʙʦʨʥʠʡ ʜʣʷ ʚʦʜʠ ʙʘʨ'ʻʨ. ɼʣʷ ʮʴʦʛʦ ʩʣʽʜ ʟʘʙʝʟʧʝʯʠʪʠ 

ʨʫʭ ʯʘʩʪʦʢ ʪʠʭ, ʱʦ ʽʟʦʣʶʶʪʴ ʢʘʥʘʣʠ ʨʫʭʫ ʚʦʜʠ ʯʘʩʪʦʢ ʚ ʧʝʚʥʽ ʟʦʥʠ ʧʣʘʩʪʘ. [1] 

ʋʩʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʠʜʠ ʨʫʭʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʧʣʘʩʪʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʩʦʙʣʠʚʠʭ ʭʚʠʣʴ ʧʝʚʥʦʛʦ ʚʠʜʫ, ʱʦ ʟʙʫʜʞʫʶʪʴʩʷ ʟʘʚʜʷʢʠ ʧʨʝʮʝʩʽʡʥʠʤ ʜʽʷʤ. ʎʽ ʭʚʠʣʽ, 

ʧʦhʠʨʶʶʯʠʩʴ ʧʦ ʥʝʣʽʥʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʫ, ʷʢʠʤ ʻ ʥʘʩʠʯʝʥʽ ʨʽʜʠʥʦʶ ʧʦʨʠʩʪʽ 

ʩʝʨʝʜʦʚʠʱʘ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʝʚʥʠʭ ʨʝʟʦʥʘʥʩʥʠʭ ʫʤʦʚ ʪʨʘʥʩʬʦʨʤʫʶʪʴ ʢʦʣʠʚʘʣʴʥʽ ʨʫʭʠ 

(ʚʽʙʨʘʮʽʶ) ʚ ʩʧʨʷʤʦʚʘʥʽ ʚ ʦʜʠʥ ʙʽʢ ʤʦʥʦʪʦʥʥʽ ʨʫʭʠ. [1] 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʥʘʩʠʯʝʥʠʭ ʨʽʜʠʥʦʶ ʧʦʨʠʩʪʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ ʧʽʜ ʜʽʻʶ ʭʚʠʣʝʚʦʛʦ ʧʦʣʷ, ʥʘʡʙʽʣʴʰʝ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʦʮʽʥʢʘ 

ʨʽʚʥʷ ʘʤʧʣʽʪʫʜ ʭʚʠʣʴ, ʱʦ ʚʩʪʘʥʦʚʠʣʠʩʷ, ʽ ʚʠʷʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʽʩʪʦʪʥʠʤ ʯʠʥʦʤ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʮʽ ʘʤʧʣʽʪʫʜʠ. ʈʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ ʜʣʷ ʤʦʜʝʣʝʡ ʧʨʠʚʠʙʽʡʥʠʭ ʟʦʥ 

ʩʚʝʨʜʣʦʚʠʥ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʮʽʣʝʩʧʨʷʤʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʭʚʠʣʝʚʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʚ ʧʣʘʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʜʙʦʨʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʚʠʙʽʡʥʦʾ 

ʟʦʥʠ ʩʚʝʨʜʣʦʚʠʥʠ (ʥʘʧʨʠʢʣʘʜ ʜʽʘʤʝʪʨʫ ʽ ʜʦʚʞʠʥʠ ʟʦʥʠ ʧʝʨʬʦʨʘʮʽʾ), ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʽʚ 

ʭʚʠʣʝʚʦʾ ʜʽʾ (ʯʘʩʪʦʪʠ ʽ ʘʤʧʣʽʪʫʜʠ). 

ɻʦʣʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʨʦʙʽʪ ʧʨʠ ʟʘʢʽʥʯʝʥʥʽ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʩʚʝʨʜʣʦʚʠʥ ʻ ʘʢʪʠʚʥʠʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʟʚ'ʷʟʦʢ ʨʦʟʢʨʠʪʠʭ ʙʫʨʽʥʥʷʤ ʬʣʶʾʜʦʥʘʩʠʯʝʥʠʭ 

ʧʣʘʩʪʽʚ ʽʟ ʩʪʚʦʣʦʤ ʩʚʝʨʜʣʦʚʠʥʠ. ɹʽʣʴʰʽʩʪʴ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ ʚʞʠʚʘʥʠʭ ʫ ʚʽʪʯʠʟʥʷʥʽʡ ʽ 

ʟʘʨʫʙʽʞʥʽʡ ʧʨʘʢʪʠʮʽ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʦʾ ʛʽʜʨʦʽʟʦʣʷʮʽʾ ʧʨʦʥʠʢʥʠʭ ʧʣʘʩʪʽʚ ʚʽʜ 

ʩʪʚʦʣʘ ʩʚʝʨʜʣʦʚʠʥʠ. ʅʝʢʝʨʦʚʘʥʽ ʽ ʧʘʩʠʚʥʽ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥʠ 

ʢʦʣʴʤʘʪʘʮʽʾ ʚ ʧʨʠʩʪʚʦʣʦʚʽʡ ʦʙʣʘʩʪʽ ʽ ʛʣʠʥʠʩʪʦʾ ʢʽʨʢʠ ʥʘ ʩʪʽʥʘʭ ʩʚʝʨʜʣʦʚʠʥʠ ʥʝ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʪʚʦʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦ ʥʝʦʙʭʽʜʥʠʭ ʛʽʜʨʦʽʟʦʣʶʶʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

(ʥʠʟʴʢʦʾ ʧʨʦʥʠʢʥʦʩʪʽ, ʧʽʜʚʠʱʝʥʦʛʦ ʛʨʘʜʽʻʥʪʘ ʪʠʩʢʫ ʬʽʣʴʪʨʘʮʽʾ ʨʽʜʠʥʠ ʽ ʛʽʜʨʦʨʦʟʨʠʚʫ 

ʛʽʨʥʠʯʠʭ ʧʦʨʽʜ) ʮʽʻʾ ʩʠʩʪʝʤʠ. ʊʦʤʫ ʜʽʷ ʛʝʦʣʦʛʦ-ʪʝʭʥʽʯʥʠʭ ʯʠʥʥʠʢʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʟʘʻʤʦʜʽʾ ʩʚʝʨʜʣʦʚʠʥʠ ʽ ʧʨʦʥʠʢʥʠʭ ʧʣʘʩʪʽʚ, ʪʦʙʪʦ ʜʦ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ (ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʽ ʤʽʮʥʽʩʪʴ ʩʪʽʥʦʢ) ʩʪʚʦʣʘ ʽ 

ʛʽʜʨʘʚʣʽʯʥʫ ʧʦʚʝʜʽʥʢʫ ʩʚʝʨʜʣʦʚʠʥʠ (ʧʦʛʣʠʥʘʥʥʷ ʽ ʪʘʢ ʜʘʣʽ). [2] 

ʂʘʚʽʪʘʮʽʡʥʦ-ʭʚʠʣʝʚʠʡ ʨʫʭ ʯʘʩʪʦʢ (ʧʽʜ ʜʽʻʶ ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ), ʱʦ 

ʟʘʩʤʽʯʫʶʪʴ ʧʨʠʚʠʙʽʡʥʫ ʟʦʥʫ, ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ ʩʢʽʥ-ʝʬʝʢʪʫ ʽ ʧʦʣʽʧʰʝʥʥʷ 

ʢʦʣʝʢʪʦʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠʚʠʙʽʡʥʦʾ ʟʦʥʠ. ʍʚʠʣʽ ʜʽʶʪʴ ʷʢ ʥʘ ʯʘʩʪʢʠ ʟʙʣʠʟʴʢʘ ʽ 

ʫʩʝʨʝʜʠʥʽ ʩʚʝʨʜʣʦʚʠʥʠ, ʪʘʢ ʽ ʥʘ ʬʣʶʾʜ ʚ ʤʽʢʨʦʧʦʨʘʭ. ʎʝ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʢʦʣʠʚʘʥʴ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʨʦʬʽʣʶ ʽ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʽʜʠʥʠ, ʱʦ 

ʧʨʠʡʤʘʻʪʴʩʷ ʩʚʝʨʜʣʦʚʠʥʦʶ. [3] 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʘʣʽʟʘʮʽʷ ʭʚʠʣʝʚʦʾ ʜʽʾ ʥʘ ʧʦʨʠʩʪʝ ʩʝʨʝʜʦʚʠʱʝ ʜʦʟʚʦʣʠʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʪʽʩʥʝʥʥʷ ʥʘʬʪʠ ʟ ʟʘʩʪʽʡʥʦʾ ʫ ʙʽʣʴʰʝ ʜʨʝʥʦʚʘʥʫ ʟʦʥʫ ʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʧʣʘʩʪʘ ʽ ʪʠʤ ʩʘʤʠʤ ʟʙʽʣʴʰʠʪʠ ʢʽʥʮʝʚʫ ʥʘʬʪʦʚʽʜʜʘʯʫ. 
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ʇʽʩʯʘʥʩʴʢʠʡ ʈ.ʈ., ʤʘʛʽʩʪʨ ʢʘʬʝʜʨʠ ʥʘʬʪʦʛʘʟʦʚʦʾ ʽʥʞʝʥʝʨʽʾ ʪʘ ʙʫʨʽʥʥʷ 

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

ʙʫʨʽʥʥʷ 

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

 

ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʆʏʀʉʊʂʀ ɻʃʀʅʀʉʊʀʍ ʈʆɿʏʀʅɯɺ 

 

ʉʠʩʪʝʤʘ ʦʯʠʱʝʥʥʷ ʦʙʪʷʞʝʥʠʭ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ, ʱʦ ʚʢʣʶʯʘʻ ʮʠʨʢʫʣʷʮʽʡʥʽ 

ʻʤʥʦʩʪʽ, ʧʝʨʰʘ ʟ ʷʢʠʭ ʧʽʩʣʷ ʩʚʝʨʜʣʦʚʠʥʠ, ʟ ʚʽʜʩʽʢʘʤʠ, ʚʽʙʨʦʩʠʪʘ, ʛʣʠʥʦʚʽʜʜʽʣʶʚʘʯ, 

ʰʣʘʤʦʚʠʡ ʥʘʩʦʩ, ʧʝʨʝʤʽʰʫʚʘʯ ʦʙʚʘʞʥʝʥʦʛʦ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ, ʪʨʫʙʥʠʡ ʢʘʥʘʣ 

ʧʨʠʜʦʥʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʮʠʨʢʫʣʷʮʽʡʥʦʾ ʻʤʥʦʩʪʽ ʟ ʙʫʨʦʚʠʤʠ ʥʘʩʦʩʘʤʠ, ʪʨʫʙʦʧʨʦʚʦʜʠ 

ʥʠʟʴʢʦʛʦ ʽ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʟ ʟʘʧʽʨʥʦ-ʨʝʛʫʣʶʚʘʣʴʥʦʾ ʘʨʤʘʪʫʨʦʶ, ʚʠʢʦʥʘʥʽ ʽ ʚʩʪʘʥʦʚʣʝʥʽ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʜʘʯʽ ʦʙʚʘʞʥʝʥʦʛʦ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʟʽ ʩʚʝʨʜʣʦʚʠʥʠ ʥʘ 

ʚʽʙʨʦʩʠʪʘ, ʽ ʥʘʩʦʩʦʤ ʟ ʮʠʨʢʫʣʷʮʽʡʥʦʾ ʻʤʥʦʩʪʽ - ʚ ʛʣʠʥʦʚʽʜʜʽʣʶʚʘʯ, ʱʦ ʤʘʻ ʣʽʥʽʶ 

ʧʦʚʝʨʥʝʥʥʷ ʙʝʟʛʣʠʥʝʥʦʛʦ ʦʙʚʘʞʥʝʥʦʛʦ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʚ ʮʠʨʢʫʣʷʮʽʡʥʫ ʻʤʥʽʩʪʴ, 

ʧʨʠʯʦʤʫ ʚʦʥʘ ʟʘʙʝʟʧʝʯʝʥʘ ʧʽʩʢʦʚʽʜʜʽʣʶʚʘʯʝʤ, ʜʠʩʧʝʨʛʘʪʦʨʽʚ, ʜʨʫʛʠʤ ʰʣʘʤʦʚʠʭ 

ʥʘʩʦʩʦʤ, ʚʠʢʦʥʘʥʠʤ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʦʜʘʯʽ ʦʙʚʘʞʥʝʥʦʛʦ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʧʽʩʣʷ 

ʚʽʙʨʦʩʠʪ ʚ ʧʽʩʢʦʚʽʜʜʽʣʶʚʘʯ, ʱʦ ʤʘʻ ʣʽʥʽʶ ʧʦʚʝʨʥʝʥʥʷ ʟʚʽʣʴʥʝʥʦʛʦ ʚʽʜ ʧʽʩʢʫ 

ʦʙʚʘʞʥʝʥʦʛʦ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʫ ʜʨʫʛʽʡ ʚʽʜʩʽʢ ʮʠʨʢʫʣʷʮʽʡʥʦʾ ʻʤʥʦʩʪʽ, ʨʝʟʝʨʚʫʘʨʦʤ ʟ 

ʜʦʟʘʪʦʨʦʤ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʽ ʧʦʜʘʯʽ ʚ ʙʽʣʴʰ ʚʘʞʢʠʡ ʙʫʨʦʚʠʡ ʨʦʟʯʠʥ ʫ ʜʨʫʛʦʤʫ ʚʽʜʩʽʢʫ 

ʮʠʨʢʫʣʷʮʽʡʥʦʾ ʻʤʥʦʩʪʽ ʨʝʘʛʝʥʪʫ-ʧʝʧʪʠʟʘʪʦʨʘ ʛʣʠʥ, ʧʨʠ ʮʴʦʤʫ ʜʠʩʧʝʨʛʘʪʦʨ ʤʘʻ ʣʽʥʽʶ 

ʧʦʚʝʨʥʝʥʥʷ ʜʠʩʧʝʨʛʦʚʘʥʦʛʦ ʦʙʚʘʞʥʝʥʦʛʦ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʚ ʪʨʝʪʽʡ ʚʽʜʩʽʢ 

ʮʠʨʢʫʣʷʮʽʡʥʦʾ ʻʤʥʦʩʪʽ ʽ ʚʠʢʦʥʘʥʠʡ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʨʦʢʘʯʫʚʘʥʥʷ ʦʙʚʘʞʥʝʥʦʛʦ ʙʫʨʦʚʦʛʦ 

ʨʦʟʯʠʥʫ ʟʘ ʮʠʢʣʦʤ: ʙʫʨʦʚʽ ʥʘʩʦʩʠ - ʜʠʩʧʝʨʛʘʪʦʨ - ʪʨʝʪʽʡ ʚʽʜʩʽʢ ʮʠʨʢʫʣʷʮʽʡʥʦʾ ʻʤʥʦʩʪʽ, ʘ 

ʰʣʘʤʦʚʠʡ ʥʘʩʦʩ ʚʠʢʦʥʘʥʠʡ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʦʜʘʯʽ ʜʠʩʧʝʨʛʦʚʘʥʦʛʦ ʦʙʚʘʞʥʝʥʦʛʦ 

ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʚ ʛʣʠʥʦʚʽʜʜʽʣʶʚʘʯ, ʽ ʥʘʩʪʫʧʥʦʛʦ ʧʦʚʝʨʥʝʥʥʷ ʙʝʟʛʣʠʥʝʥʦʛʦ 

ʦʙʚʘʞʥʝʥʦʛʦ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʚ ʮʠʨʢʫʣʷʮʽʶ [1]. 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʣʠʥʦʚʽʜʜʽʣʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʶ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ ʛʣʠʥʠ ʚ ʰʣʘʤʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʜʨʽʙʥʝʥʥʷ 

ʦʙʚʘʞʥʶʚʘʯʘ. ʚʽʜʦʤʦ, ʱʦ ʪʚʝʨʜʽʩʪʴ ʩʫʭʦʛʦ ʙʘʨʠʪʦʚʦʛʦ ʤʽʥʝʨʘʣʫ ʟʘ ʰʢʘʣʦʶ ʄʦʦʩʘ 

ʜʦʨʽʚʥʶʻ 3-3,5 ʫʤʦʚʥʠʤ ʦʜʠʥʠʮʷʤ, ʘ ʩʫʭʦʛʦ ʛʣʠʥʠʩʪʦʛʦ ʤʽʥʝʨʘʣʫ ʙʝʥʪʦʥʽʪʫ ʥʘ ʧʦʨʷʜʦʢ 

ʤʝʥʰʝ. ɹʘʨʠʪ ʧʨʘʢʪʠʯʥʦ ʥʝ ʛʽʜʨʘʪʫʻʪʴʩʷ, ʘ ʩʣʘʙʦ ʫʱʽʣʴʥʝʥʘ ʛʣʠʥʘ ʩʠʣʴʥʦ ʛʽʜʨʘʪʫʻʪʴʩʷ 

ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʧʨʠ ʮʴʦʤʫ ʾʾ ʤʽʮʥʽʩʪʴ ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ [2]. 

ɼʦʜʘʪʢʦʚʝ ʦʩʥʘʱʝʥʥʷ ʩʠʩʪʝʤʠ ʨʝʟʝʨʚʫʘʨʦʤ ʟ ʜʦʟʘʪʦʨʦʤ, ʟ ʷʢʦʛʦ ʙʫʨʦʚʠʡ ʨʦʟʯʠʥ, 

ʱʦ ʦʙʚʘʞʥʶʻ, ʧʝʨʝʜ ʜʠʩʧʝʨʛʫʚʘʥʥʷʤ ʧʽʜʜʘʻʪʴʩʷ ʦʙʨʦʙʮʽ ʨʝʘʛʝʥʪʦʤ-ʧʝʧʪʠʟʘʪʦʨʦʤ 

(ʥʘʧʨʠʢʣʘʜ, ʢʘʨʙʦʥʘʪ ʥʘʪʨʽʶ. ʄ-14, ʤʝʪʘʩ), ʧʽʜʚʠʱʫʻ ʧʦʜʘʪʣʠʚʽʩʪʴ ʰʣʘʤʦʚʦʾ ʛʣʠʥʠ 

ʧʦʜʨʽʙʥʝʥʥʶ ʚ ʜʠʩʧʝʨʛʘʪʦʨʽ [3]. 

ɺʢʣʶʯʝʥʥʷ ʚ ʩʠʩʪʝʤʫ ʧʽʩʢʦʚʽʜʦʢʨʝʤʣʶʚʘʯʘ (ʜʨʫʛʠʡ ʩʪʫʧʽʥʴ) ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʦʜʘʣʴʰʽ ʘʛʨʝʛʘʪʠ ʚ ʩʠʩʪʝʤʽ ʦʯʠʱʝʥʥʷ. ɺʢʣʶʯʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ 

ʜʠʩʧʝʨʛʘʪʦʨʘ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʛʣʠʥʦʚʽʜʜʽʣʶʚʘʯʘ (ʪʨʝʪʽʡ ʩʪʫʧʽʥʴ). 

ɿʙʽʣʴʰʫʻʪʴʩʷ ʧʠʪʦʤʠʡ ʟʤʽʩʪ ʦʙʚʘʞʥʶʚʘʯʘ ʚ ʙʝʟʛʣʠʥʝʥʦʤʫ ʙʫʨʦʚʦʤʫ ʨʦʟʯʠʥʽ ʽ ʚʤʽʩʪ 

ʛʣʠʥʠ ʚ ʧʦʪʦʮʽ ʧʦʟʙʘʚʣʝʥʦʛʦ ʦʙʚʘʞʥʶʚʘʯʘ ʨʦʟʯʠʥʫ, ʱʦ ʡʜʝ ʫ ʚʽʜʚʘʣ [3]. 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʛʣʠʥʦʚʽʜʜʽʣʶʚʘʯ ʟʘʩʥʦʚʘʥʝ ʥʘ ʪʦʤʫ, ʱʦ ʰʣʘʤ, 

ʱʦ ʟʘʟʜʘʣʝʛʽʜʴ ʜʠʩʧʝʨʛʫʻ, ʧʦʩʪʫʧʘʻʪʴʩʷ ʪʝʧʝʨ ʦʙʚʘʞʥʶʚʘʯʫ ʥʝ ʣʠʰʝ ʧʦ ʱʽʣʴʥʦʩʪʽ, ʘʣʝ ʽ 

ʟʘ ʨʦʟʤʽʨʦʤ ʯʘʩʪʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʯʘʩʪʢʠ ʦʙʚʘʞʥʶʚʘʯʘ ʚʠʧʝʨʝʜʞʘʶʪʴ ʯʘʩʪʢʠ 

ʰʣʘʤʦʚʦʾ ʛʣʠʥʠ ʚ ʧʝʨʝʤʽʱʝʥʥʽ ʚʽʜ ʮʝʥʪʨʫ ʜʦ ʧʝʨʠʬʝʨʽʾ ʨʦʪʦʨʘ ʛʣʠʥʦʚʽʜʜʽʣʶʚʘʯʘ ʚ ʧʦʣʽ 

ʡʦʛʦ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʇʨʦʤʠʚʘʣʴʥʽ ʨʽʜʠʥʠ ʚ ʙʫʨʽʥʥʽ : ʧʽʜʨʫʯʥʠʢ / ɭ.ɸ. ʂʦʨʦʚʷʢʘ, ʖ.ʃ. ɺʠʥʥʠʢʦʚ, 

ɸ.ʆ. ɯʛʥʘʪʦʚ, ʆ.ɺ. ʄʘʪʷʰ, ɺ.ʆ. ʈʘʩʮʚʻʪʘʻʚ; ʄ-ʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ʅʘʮ. ʪʝʭʥ. ʫʥ-
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ʋɼʂ 622.22.24  

 

ʇʨʠʯʢʦ ʉ. ʆ.,  ʩʪʫʜʝʥʪ ʛʨ. 185ʤ-23-1 ʌʇʅʊ  

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

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

 

ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʇʆʃɯʄɽʈʅʆɻʆ ɹʋʈʆɺʆɻʆ ʈʆɿʏʀʅʋ ɼʃʗ ɹʋʈɯʅʅʗ 

ʉɺɽʈɼʃʆɺʀʅ ɺ ʋʄʆɺɸʍ ʂʆɹɿɯɺʉʔʂʆɻʆ ɻɸɿʆʂʆʅɼɽʅɸʊʅʆɻʆ 

ʈʆɼʆɺʀʑɸ 

 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʚʠʙʽʨ ʩʢʣʘʜʫ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ, 

ʢʽʣʴʢʽʩʪʴ ʽ ʛʣʠʙʠʥʫ ʩʧʫʩʢʫ ʦʙʩʘʜʥʠʭ ʢʦʣʦʥ, ʻ ʥʘʷʚʥʽʩʪʴ ʫ ʛʝʦʣʦʛʽʯʥʦʤʫ ʨʦʟʨʽʟʽ 

ʨʦʜʦʚʠʱʘ ʽʥʪʝʨʚʘʣʽʚ, ʥʝʩʫʤʽʩʥʠʭ ʱʦʜʦ ʫʤʦʚ ʙʫʨʽʥʥʷ, ʱʦ ʥʘʩʘʤʧʝʨʝʜ ʧʦʚ'ʷʟʘʥʦ ʟ 

ʥʘʷʚʥʽʩʪʶ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ ʪʘ ʘʥʦʤʘʣʴʥʠʭ ʧʣʘʩʪʦʚʠʭ ʪʠʩʢʽʚ [1]. 

ɹʫʨʦʚʽ ʨʦʟʯʠʥʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ɼɼɺ, ʥʝʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ, ʷʢʽ 

ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʧʨʦʭʦʜʞʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʙʝʟ ʫʩʢʣʘʜʥʝʥʴ. ʋ ʧʨʦʜʫʢʪʠʚʥʠʭ ʽʥʪʝʨʚʘʣʘʭ 

ʥʝʦʙʭʽʜʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʤʽʩʪ ʛʣʠʥʠʩʪʦʾ ʬʘʟʠ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʬʽʣʴʪʨʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʣʝʢʪʦʨʽʚ. 

ʋ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʙʫʜʽʚʥʠʮʪʚʘ ʥʘʬʪʦʚʠʭ ʪʘ ʛʘʟʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ ʚʽʜʟʥʘʯʝʥʦ 

ʧʽʜʚʠʱʝʥʥʷ ʦʙʩʷʛʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʛʣʠʥʠʩʪʠʭ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʧʦʣʽʤʝʨʥʽʡ ʦʩʥʦʚʽ. 

ʊʘʢʽ ʙʫʨʦʚʽ ʨʦʟʯʠʥʠ ʤʘʶʪʴ ʥʠʟʴʢʠʡ ʚʤʽʩʪ ʪʚʝʨʜʦʾ ʬʘʟʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʪʠʩʢ 

ʥʘ ʟʘʙʽʡ, ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʙʫʨʽʥʥʷ, ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ, ʘ ʪʘʢʦʞ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʨʦʟʢʨʠʪʪʷ ʛʦʨʠʟʦʥʪʽʚ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʨʽʥʥʷ ʛʘʟʦʚʠʭ 

ʩʚʝʨʜʣʦʚʠʥ ʚ ʫʤʦʚʘʭ ʂʦʙʟʽʚʩʴʢʦʛʦ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʨʦʜʦʚʠʱʘ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʧʦʣʽʤʝʨʥʠʭ ʩʠʩʪʝʤ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ. 

ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ, ʷʢʽ ʧʨʦʧʦʥʫʶʪʴ ʧʨʦʚʽʜʥʽ ʚʽʪʯʠʟʥʷʥʽ ʪʘ 

ʟʘʨʫʙʽʞʥʽ ʨʦʟʨʦʙʥʠʢʠ ʜʣʷ ʙʫʨʽʥʥʷ ʫ ʩʢʣʘʜʥʠʭ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ, ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʪʝ, ʱʦ ʜʣʷ ʙʫʨʽʥʥʷ ʟʥʘʯʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʧʝʨʝʚʘʞʥʦʾ ʙʽʣʴʰʦʩʪʽ ʩʚʝʨʜʣʦʚʠʥ ʥʝʦʙʭʽʜʥʦ 

ʫʜʦʩʢʦʥʘʣʠʪʠ ʽʩʥʫʶʯʽ ʩʠʩʪʝʤʠ ʚ ʥʘʧʨʷʤʢʘʭ: ʧʽʜʚʠʱʝʥʥʷ ʽʥʛʽʙʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ; 

ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʪʚʝʨʜʦʾ (ʛʣʠʥʠʩʪʦʾ) ʬʘʟʠ; ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʢʣʘʜʽ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ ʢʦʤʧʦʥʝʥʪʽʚ ʫ 

ʚʠʛʣʷʜʽ ʩʠʥʝʨʛʝʪʠʯʥʠʭ ʩʫʤʽʰʝʡ ʥʘ ʦʩʥʦʚʽ ʥʝʜʦʨʦʛʠʭ ʚʽʪʯʠʟʥʷʥʠʭ ʨʝʘʛʝʥʪʽʚ ʽ ʟʥʠʞʝʥʥʷ 

ʚʠʪʨʘʪ ʢʦʰʪʽʚ ʥʘ ʭʽʤʽʯʥʫ ʦʙʨʦʙʢʫ [2]. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ ʛʫʤʘʪʥʦ-ʙʽʦʧʦʣʽʤʝʨʥʦʛʦ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ (ɻɹɹʈ) 

ʨʦʟʨʦʙʣʷʣʘʩʷ ʙʘʟʦʚʘ ʨʝʮʝʧʪʫʨʘ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ. 

ɼʣʷ ʚʠʙʦʨʫ ʨʝʮʝʧʪʫʨʠ ɻɹɹʈ ʚʠʢʦʨʠʩʪʘʥʘ ʩʠʩʪʝʤʘ "MudExpert", ʷʢʘ ʧʨʠʟʥʘʯʝʥʘ 

ʜʣʷ ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʮʝʧʪʫʨ ʦʙʨʦʙʢʠ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ ʟʘ ʟʘʜʘʥʠʤ ʢʨʠʪʝʨʽʻʤ 

ʦʧʪʠʤʫʤʫ. 

ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ 

ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ. ʗʢʱʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʾʭ ʪʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ: 

- ʱʦ ʦʪʨʠʤʘʥʥʷ ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʠʭ ʨʦʟʯʠʥʽʚ ʽʟ ʥʠʟʴʢʠʤ ʧʦʢʘʟʥʠʢʦʤ n ʤʦʞʥʘ 

ʜʦʩʷʛʪʠ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʽʦʧʦʣʽʤʝʨʥʦʛʦ ʨʝʘʛʝʥʪʫ. ɹʫʨʦʚʽ ʨʦʟʯʠʥʠ, 

ʚ ʷʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷ ʙʽʦʧʦʣʽʤʝʨʫ ʤʘʢʩʠʤʘʣʴʥʘ, ʚʠʷʚʣʷʶʪʴ ʚ'ʷʟʢʦʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ 

ʩʘʤʝ ʟʜʘʪʥʽʩʪʴ ʜʦ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʨʝʣʘʢʩʘʮʽʾ ʥʘʧʨʫʛ ʫ ʯʘʩʽ; 

- ʧʨʠ ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʽ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʩʪʨʫʢʮʽʷ ʙʽʦʧʦʣʽʤʝʨʥʦʛʦ ʨʝʘʛʝʥʪʫ ʟʘ 

ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʚʦʜʥʝʚʠʭ ʟʚ'ʷʟʢʽʚ ʽʟ ʛʫʤʘʪʥʠʤ ʨʝʘʛʝʥʪʦʤ; 

ɹʫʨʽʥʥʷ ʟʘ ʫʤʦʚ ɸɺʇʊ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʪʷʞʝʥʠʭ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ. 

ʆʩʢʽʣʴʢʠ ʙʘʟʦʚʘ ʨʝʮʝʧʪʫʨʘ ɻɹɹʈ ʤʘʻ ʱʽʣʴʥʽʩʪʴ 1010 ï 1040 ʢʛ/ʤ 
3 
(ʟʘʣʝʞʥʦ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʫʤʘʪʥʦʛʦ ʨʝʘʛʝʥʪʫ), ʜʦʮʽʣʴʥʦ ʙʫʣʦ ʚʠʚʯʠʪʠ ʚʧʣʠʚ ʦʙʪʷʞʫʚʘʯʽʚ ʥʘ ʡʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʨʝʮʝʧʪʫʨʠ. 

http://dspace.nbuv.gov.ua/bitstream/handle/123456789/139065/21-Vdovichenko.pdf?sequence=1
http://dspace.nbuv.gov.ua/bitstream/handle/123456789/139065/21-Vdovichenko.pdf?sequence=1
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ʋ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʚʠʟʥʘʯʝʥʥʷ ʤʽʞ ʦʙʚʘʞʥʝʥʥʷ ʙʘʟʦʚʦʛʦ ʙʫʨʦʚʦʛʦ 

ʨʦʟʯʠʥʫ ʚʩʪʘʥʦʚʣʝʥʦ: ʤʦʞʣʠʚʽʩʪʴ ʦʙʪʷʞʝʥʥʷ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʜʦ ʛʫʩʪʠʥʠ 1700 ʢʛ/ʤ 
3 
ʽʟ 

ʟʘʜʦʚʽʣʴʥʦʶ ʜʦʙʦʚʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ ʙʝʟ ʧʦʛʽʨʰʝʥʥʷ ʡʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɽʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʮʝʧʪʫʨ ʙʽʦʧʦʣʽʤʝʨʥʦʛʦ ʙʫʨʦʚʦʛʦ 

ʨʦʟʯʠʥʫ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʝʢʦʥʦʤʽʾ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ 

ʩʪʘʥʦʚʠʪʴ 389,31 ʛʨʥ ʥʘ ʤʝʪʨ ʧʨʦʭʦʜʢʠ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʉʫʜʘʢʦʚ ɸ. ʂ., ʂʦʨʦʚʷʢʘ ɭ. ɸ., ʄʘʢʩʠʤʦʚʠʯ ʆ. ɺ., ʈʘʩʮʚʻʪʘʻʚ ɺ. ʆ., ɼʟʶʙʠʢ ɸ. 

ʈ., ʗʚʦʨʩʴʢʘ ɺ. ɺ.,  ɺʦʡʪʦʚʠʯ ɸ. ɸ. ʆʩʥʦʚʠ ʥʘʬʪʦʛʘʟʦʚʦʾ ʩʧʨʘʚʠ: ʧʽʜʨʫʯʥʠʢ. ï 

ɼʨʦʛʦʙʠʯ: çʇʦʩʚʽʪè, 2023. 599 ʩ. 

2. ʌʝʤôʷʢ ʗ. ʄ., ʏʫʜʠʢ ɯ. ɯ., ʉʫʜʘʢʦʚ ɸ,ʂ., ʗʢʠʤʝʯʢʦ ʗ. ʗ., ʌʝʜʠʢ ʆ.ʄ. ʇʨʘʢʪʠʯʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʚʽʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʙʫʨʽʥʥʽ ʩʚʝʨʜʣʦʚʠʥ: ʄʦʥʦʛʨʘʬʽʷ. - ɼʨʦʛʦʙʠʯ: 

çʇʦʩʚʽʪè, 2021. 232 ʩ.  
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ʋɼʂ 622.24 
 

ʈʠʙʢʘ ʉ.ʖ., ʩʪʫʜʝʥʪ ʛʨ. 185ʤ-23ʟ-1 ʌʇʅʊ 

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

ʙʫʨʽʥʥʷ 

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

ʇʈʀʅʎʀʇʀ ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʊɽʍʅʆʃʆɻɯɰ ɹʋʈɯʅʅʗ ʉɺɽʈɼʃʆɺʀʅ 
 

ʇʨʦʮʝʩʠ ʙʫʨʽʥʥʷ ʥʘʬʪʦʚʠʭ ʽ ʛʘʟʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ ʧʦʪʨʝʙʫʶʪʴ ʩʚʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʟ ʦʛʣʷʜʫ ʥʘ ʩʫʪʪʻʚʝ ʫʩʢʣʘʜʥʝʥʥʷ ʛʝʦʣʦʛʦ-ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ ʧʨʦʚʦʜʢʠ ʩʚʝʨʜʣʦʚʠʥ. ʄʝʪʦʶ 

ʨʦʙʽʪ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʙʫʨʽʥʥʷ ʥʘʬʪʦʚʠʭ ʽ ʛʘʟʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ ʚʠʩʪʫʧʘʻ 

ʢʦʨʽʥʥʘ ʨʘʮʽʦʥʘʣʽʟʘʮʽʷ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ ʚʫʛʣʝʚʦʜʥʽʚ. ɼʦʩʷʛʥʫʪʠ 

ʚʢʘʟʘʥʦʛʦ ʤʦʞʥʘ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦ-ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ 

ʟʜʽʡʩʥʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦ-ʩʚʝʨʜʣʦʚʠʥʥʠʭ ʨʦʙʽʪ, ʷʢʽ ʧʦʚʠʥʥʽ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʚʠʩʦʢʠʭ 

ʟʥʘʯʝʥʥʷʭ ʤʝʭʘʥʽʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʛʣʠʙʣʝʥʥʷ ʚʠʙʦʶ ʩʚʝʨʜʣʦʚʠʥʠ. 

ʅʠʥʽ ʟʘʩʪʦʩʦʚʫʚʘʥʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʧʦʩʦʙʠ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʤʝʪʦʜʦʤ ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʽʜ (ʤʝʭʘʥʽʯʥʠʡ, ʬʽʟʠʯʥʠʡ, ʭʽʤʽʯʥʠʡ, ʢʦʤʙʽʥʦʚʘʥʠʡ), ʬʦʨʤʦʶ 

ʚʠʙʦʶ ʩʚʝʨʜʣʦʚʠʥʠ (ʩʫʮʽʣʴʥʠʡ ʘʙʦ ʢʽʣʴʮʝʚʠʡ), ʭʘʨʘʢʪʝʨʦʤ ʝʥʝʨʛʽʾ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ (ʦʙʝʨʪʘʥʥʷ, ʫʜʘʨʠ, ʚʽʙʨʘʮʽʷ, ʢʦʤʙʽʥʫʚʘʥʥʷ ʦʟʥʘʯʝʥʠʭ ʚʧʣʠʚʽʚ). 

ʇʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʪʝ, ʱʦ ʥʘʬʪʘ ʽ ʛʘʟ, ʷʢ ʦʩʥʦʚʥʽ ʝʥʝʨʛʦʥʦʩʽʾ, ʧʨʠʭʦʚʘʥʽ ʚ ʟʝʤʥʽʡ 

ʢʦʨʽ ʥʘ ʜʦʩʪʘʪʥʽʡ ʛʣʠʙʠʥʽ, ʾʭ ʚʠʣʫʯʝʥʥʷ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʣʶʯʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʫʨʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʷʢʽ ʧʦʚʠʥʥʽ ʷʚʣʷʪʠ ʩʦʙʦʶ ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʦʚʽʯʥʠʡ ʽ ʛʝʨʤʝʪʠʯʥʠʡ 

ʢʘʥʘʣ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʜʣʷ ʩʪʽʡʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʩʠʨʦʚʠʥʠ ʥʘ 

ʧʦʚʝʨʭʥʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʝʨʝʨʦʙʢʠ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʠʭ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ 

ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʨʦʜʦʚʠʱ, ʧʨʦʤʠʩʣʦʚʽʡ ʨʦʟʨʦʙʮʽ ʥʘʬʪʦʚʠʭ ʽ ʛʘʟʦʚʠʭ ʧʦʢʣʘʜʽʚ ʧʝʨʝʜʫʻ ʾʭ 

ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʘ ʝʢʩʧʣʫʘʪʘʮʽʷ. ʉʘʤʝ ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʧʝʚʥʽ ʫʪʦʯʥʝʥʽ 

ʚʠʭʽʜʥʽ ʜʘʥʽ, ʧʨʠʟʥʘʯʝʥʥʷʤ ʷʢʠʭ ʚʠʩʪʫʧʘʻ ʧʽʜʨʘʭʫʥʦʢ ʥʘʷʚʥʠʭ ʟʘʧʘʩʽʚ ʚʫʛʣʝʚʦʜʥʝʚʦʾ 

ʩʠʨʦʚʠʥʠ ʪʘ ʨʘʮʽʦʥʘʣʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʨʦʟʨʦʙʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʦʢʣʘʜʫ. 

ʅʘʜʽʡʥʝ ʚʠʨʽʰʝʥʥʷ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʘʪʠʢʠ ʟʥʘʯʥʦʛʦ ʧʨʠʨʦʩʪʫ ʟʘʧʘʩʽʚ 

ʥʘʬʪʠ, ʛʘʟʫ ʽ ʛʘʟʦʢʦʥʜʝʥʩʘʪʫ, ʷʢʽ ʜʦ ʪʦʛʦ ʟʘʣʷʛʘʶʪʴ ʚ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʠʭ 

ʪʝʨʤʦʙʘʨʠʯʥʠʭ ʽ ʛʽʨʥʠʯʦ-ʪʝʭʥʽʯʥʠʭ ʫʤʦʚʘʭ ʛʣʠʙʠʥʥʠʭ ʧʦʢʣʘʜʽʚ, ʘ ʪʘʢʦʞ ʦʩʚʦʻʥʥʷ 

ʥʦʚʠʭ ʧʦʢʣʘʜʽʚ ʽʟ ʚʘʞʢʦ ʚʠʜʦʙʫʚʥʠʤʠ ʟʘʧʘʩʘʤʠ ʽʟ ʧʘʨʘʣʝʣʴʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʣʫʯʝʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ ʜʣʷ ʥʠʭ, ʥʝʤʦʞʣʠʚʦ ʙʝʟ ʽʩʪʦʪʥʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ 

ʦʙ'ʻʤʽʚ ʛʣʠʙʦʢʦʛʦ ʽ ʥʘʜʛʣʠʙʦʢʦʛʦ ʨʦʟʚʽʜʫʚʘʣʴʥʦʛʦ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʙʫʨʽʥʥʷ 

ʩʚʝʨʜʣʦʚʠʥ. ʇʦʪʨʽʙʥʦ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʭʥʽʢʘ ʽ ʪʝʭʥʦʣʦʛʽʷ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ, ʘ 

ʪʘʢʦʞ ʚʠʜʦʙʫʪʢʫ ʚʫʛʣʝʚʦʜʥʽʚ ʜʦʩʪʘʪʥʴʦ ʰʚʠʜʢʦ ʚʜʦʩʢʦʥʘʣʶʻʪʴʩʷ ʽ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻʪʴʩʷ 

ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʥʘʷʚʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, ʘʣʝ ʥʝʦʜʤʽʥʥʠʤ ʬʘʢʪʦʨʦʤ ʜʦʩʷʛʥʝʥʥʷ 

ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʚʠʩʪʫʧʘʻ ʟʣʘʛʦʜʞʝʥʘ ʽ ʩʠʩʪʝʤʥʦ 

ʢʦʦʨʜʠʥʦʚʘʥʘ ʨʦʙʦʪʘ ʯʣʝʥʽʚ ʙʫʨʦʚʦʾ ʙʨʠʛʘʜʠ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʙʫʨʦʚʠʭ ʨʦʙʽʪ ʚ 
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ʽʥʞʝʥʝʨʽʾ ʪʘ ʙʫʨʽʥʥʷ 

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

ʆʇʊʀʄɯɿɸʎɯʗ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʈɯʐɽʅʔ ʑʆɼʆ ʉʋʇʈʆɺʆɼʋ ʈɯɼʀʅ ɼʃʗ 

ʇʈʆʄʀɺɸʅʅʗ ʇʈʀ ɹʋʈɯʅʅɯ ʉɺɽʈɼʃʆɺʀʅ 
 

ʌʘʢʪʠʯʥʠʡ ʜʝʙʽʪ ʨʷʜʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʫ ʨʘʟʠ ʤʝʥʰʠʡ ʚʽʜ ʧʣʘʥʦʚʦʛʦ. 

ɽʢʩʧʝʨʪʠ ʧʦʚ'ʷʟʫʶʪʴ ʮʝ ʟ ʥʝʷʢʽʩʥʠʤ ʩʫʧʨʦʚʦʜʦʤ ʨʽʜʠʥ ʜʣʷ ʧʨʦʤʠʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ 

ʙʫʜʽʚʥʠʮʪʚʘ ʩʚʝʨʜʣʦʚʠʥ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ ʪʘ ʚʘʨʽʘʥʪʠ 

ʱʦʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʛʨʘʤʠ ʧʨʦʤʠʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. ɼʘʥʽ ʨʽʰʝʥʥʷ 

ʤʦʞʫʪʴ ʟʘʧʦʙʽʛʪʠ ʟʨʦʩʪʘʥʥʶ ʢʽʣʴʢʦʩʪʽ ʩʚʝʨʜʣʦʚʠʥ ʟʽ ʟʥʠʞʝʥʠʤ ʬʘʢʪʠʯʥʠʤ ʜʝʙʽʪʦʤ [1]. 

ʊʝʭʥʦʣʦʛʽʷ ʙʫʨʽʥʥʷ ʟ ʢʝʨʦʚʘʥʠʤ ʪʠʩʢʦʤ ʻ ʥʘʡʥʦʚʽʰʦʶ ʚ ʥʘʬʪʦʛʘʟʦʚʽʡ ʛʘʣʫʟʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʙʫʨʽʥʥʷ ʟ ʢʝʨʦʚʘʥʠʤ ʪʠʩʢʦʤ (MPD), ʙʫʨʽʥʥʷ ʥʘ ʜʝʧʨʝʩʽʾ 

(UBD) ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʬʽʣʴ ʪʠʩʢʫ ʚ ʩʪʦʚʙʫʨʽ ʩʚʝʨʜʣʦʚʠʥʠ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʢʨʠʪʦʾ ʩʠʩʪʝʤʠ ʮʠʨʢʫʣʷʮʽʾ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʤʽʥʽʤʽʟʫʶʪʴʩʷ ʨʠʟʠʢʠ 

ʚʠʥʠʢʥʝʥʥʷ ʅʇɿ, ʧʦʚ'ʷʟʘʥʽ ʟʽ ʚʪʨʘʪʦʶ ʢʦʥʪʨʦʣʶ ʥʘʜ ʩʚʝʨʜʣʦʚʠʥʦʶ, ʚʠʥʠʢʥʝʥʥʷʤ 

ʧʦʛʣʠʥʘʥʴ, ʩʧʨʠʯʠʥʝʥʠʭ ʥʠʟʴʢʠʤʠ ʧʣʘʩʪʦʚʠʤʠ ʪʠʩʢʘʤʠ ʪʘ ʚʫʟʴʢʠʤ ʦʧʝʨʘʮʽʡʥʠʤ ʚʽʢʥʦʤ 

ʙʫʨʽʥʥʷ, ʟʚʦʜʠʪʴʩʷ ʜʦ ʤʽʥʽʤʫʤʫ ʚʧʣʠʚ ʥʘ ʧʣʘʩʪ [2]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʚʽʜʩʫʪʥʦʩʪʽ ʨʝʧʨʝʩʽʾ ʥʘ ʧʣʘʩʪ ʽ ʙʫʨʠʪʠ ʟ ʥʘʡʤʝʥʰʠʤʠ 

ʨʠʟʠʢʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʇɿʇ. 

ɼʣʷ ʟʥʠʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʬʘʢʪʦʨʘ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʦʯʠʱʝʥʥʷ ʙʫʨʦʚʦʛʦ 

ʨʦʟʯʠʥʫ, ʱʦ ʧʨʠʛʦʪʦʚʘʥʦ, ʽ ʟʘʣʠʰʝʥʥʷ ʡʦʛʦ ʥʘ ʥʘʩʪʫʧʥʫ ʩʚʝʨʜʣʦʚʠʥʫ [3]. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʤʦʞʥʘ ʛʦʪʫʚʘʪʠ ʨʦʙʦʯʠʡ ʦʙ'ʻʤ ʧʨʠʛʦʪʦʚʣʝʥʦʛʦ ʨʦʟʯʠʥʫ (ʚ 

ʻʤʥʦʩʪʷʭ) ʥʘ ʽʥʪʝʨʚʘʣ ʧʽʜ ʥʦʚʫ ʩʚʝʨʜʣʦʚʠʥʫ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʚʞʠʪʠ ʥʠʟʢʫ ʟʘʭʦʜʽʚ: 

Å ɿʨʦʙʠʪʠ ʜʦʜʘʪʢʦʚʫ ʦʙʨʦʙʢʫ ʛʘʰʝʥʠʤ ʚʘʧʥʦʤ ʽ ʨʽʟʥʠʭ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʜʘʣʴʰʦʤʫ ʙʽʦʨʦʟʢʣʘʜʫ ʨʦʟʯʠʥʫ. 

Å ɼʦʜʘʪʢʦʚʦ ʦʩʫʰʠʪʠ ʰʣʘʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʩʫʰʫʚʘʯʘ ʙʫʨʦʚʦʛʦ ʰʣʘʤʫ ʘʙʦ ʩʠʩʪʝʤʠ 

VIST ʜʣʷ ʙʽʣʴʰʦʾ ʝʢʦʥʦʤʽʾ ʨʦʟʯʠʥʫ ʪʘ ʟʥʠʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠ ʚʠʚʝʟʝʥʥʽ 

ʰʣʘʤʫ ʟ ʚʝʣʠʢʠʤ ʚʤʽʩʪʦʤ ʚʫʛʣʝʚʦʜʥʽʚ. 

Å ɿʤʦʥʪʫʚʘʪʠ ʜʦʜʘʪʢʦʚʝ ʩʭʦʚʠʱʝ ʜʣʷ ʈɺɺ ʦʙ'ʻʤʦʤ 100-150 ʤ
3
. ʇʝʨʝʢʘʯʘʪʠ 

ʦʯʠʱʝʥʠʡ ʈʋʆ çʇʦʣʽʝʤʫʣʴʩʘʥè ʽʟ ʨʦʙʦʯʦʾ ʻʤʥʦʩʪʽ ʜʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʩʭʦʚʠʱʘ. 

ʈʦʟʯʠʥʠ ʥʘ ʚʫʛʣʝʚʦʜʥʝʚʽʡ ʦʩʥʦʚʽ (ʈɺʆ) ʫ ʧʨʦʩʪʦʤʫ ʨʦʟʫʤʽʥʥʽ, - ʩʫʤʽʰ ʚʦʜʥʦʾ ʪʘ 

ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʬʘʟʠ ʫ ʙʫʨʦʚʦʤʫ ʨʦʟʯʠʥʽ. 

ʈɺʆ ʤʘʻ ʥʠʟʢʫ ʥʝʟʘʤʽʥʥʠʭ ʧʝʨʝʚʘʛ ʧʝʨʝʜ ʚʦʜʥʠʤʠ ʨʦʟʯʠʥʘʤʠ: 

Å ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʨʦʟʢʨʠʪʪʷ ʧʨʦʜʫʢʪʠʚʥʠʭ ʧʣʘʩʪʽʚ ʚʥʘʩʣʽʜʦʢ ʩʭʦʞʦʾ 

ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʦʩʥʦʚʠ ʬʣʶʾʜʫ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʪʘ ʧʣʘʩʪʽ; 

Å ʽʥʝʨʪʥʽʩʪʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʝʩʪʽʡʢʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʜ̔ ʪʘ ʚʽʜʢʣʘʜʝʥʴ; 

Å ʚʠʩʦʢʽ ʤʘʩʪʠʣʴʥʽ ʪʘ ʘʥʪʠʢʦʨʦʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [4]. 

ɼʠʩʧʝʨʩʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʚʫʛʣʝʚʦʜʥʝʚʽʡ ʦʩʥʦʚʽ ʟʘʟʚʠʯʘʡ 

ʥʝʧʦʣʷʨʥʘ ʨʽʜʠʥʘ. ʅʘʡʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤ ʚʘʨʽʘʥʪʦʤ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ ʥʘʬʪʘ, 

ʘʣʝ ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʟʥʘʡʰʣʠ ʩʘʤʝ ʧʨʦʜʫʢʪʠ ʾʾ ʧʝʨʝʨʦʙʢʠ, ʟʦʢʨʝʤʘ ʜʠʟʝʣʴʥʝ 

ʧʘʣʠʚʦ, ʤʘʨʢʠ ʷʢʦʛʦ ʤʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʫ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ [5]. 

ʅʦʚʦʶ, ʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦʶ ʪʘ ʤʝʥʰ ʪʦʢʩʠʯʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʻ ʩʠʥʪʝʪʠʯʥʽ 

ʚʫʛʣʝʚʦʜʥʽ, ʜʦ ʪʦʛʦ ʞ, ʚʦʥʠ ʩʪʽʡʢʽ ʜʦ ʙʘʢʪʝʨʠʮʠʜʥʦʾ ʘʛʨʝʩʽʾ. ʊʠʤ ʥʝ ʤʝʥʰ, ʩʠʥʪʝʪʠʯʥʘ 

ʦʩʥʦʚʘ ʧʦʨʽʚʥʷʥʦ ʜʦʨʦʞʯʘ ʟʘ ʪʨʘʜʠʮʽʡʥʽ ʘʥʘʣʦʛʠ (ʥʘʬʪʘ, ʜʠʟʝʣʴʥʝ ʧʘʣʠʚʦ) [6]. ʗʢ 

ʧʨʘʚʠʣʦ, ʮʝ ʧʨʦʩʪʽ ʪʘ ʩʢʣʘʜʥʽ ʝʬʽʨʠ, ʧʦʣʽʘʣʴʬʘʦʣʝʬʽʥʠ, ʽʟʦʤʝʨʠʜʘʣʴʬʘʦʣʝʬʽʥʠ ʪʘ ʽʥ. 

ɼʘʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʻ ʈɺʆ çʇʦʣʽʝʤʫʣʴʩʘʥè. 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʩʫʧʨʦʚʦʜʫ ʨʽʜʠʥ ʧʨʠ 



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ɺʀɼʆɹʋʊʂʋ, ʇɽʈɽʈʆɹʂʀ ʊɸ ʊʈɸʅʉʇʆʈʊʋɺɸʅʅʗ ʂʆʈʀʉʅʀʍ ʂʆʇɸʃʀʅ 

ʄʘʪʝʨʽʘʣʠ XIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè 2024 

 

66 

ʙʫʨʽʥʥʽ ʩʚʝʨʜʣʦʚʠʥ ʧʦʢʘʟʫʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʽʚ. ʆʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ ʚʢʣʶʯʘʶʪʴ: 

1. ʅʝʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʯʠʥʽʚ ʥʘ ʚʫʛʣʝʚʦʜʥʝʚʽʡ ʦʩʥʦʚʽ ʥʘ 

ʽʥʪʝʨʚʘʣʽ 60-900 ʤ: ʏʝʨʝʟ ʚʠʩʦʢʠʡ ʨʠʟʠʢ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʧʦʛʣʠʥʘʥʴ ʪʘ ʦʙʤʝʞʝʥʥʷ ʟʘ 

ʯʘʩʦʤ ʙʫʨʽʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʤʝʨ-ʛʣʠʥʠʩʪʠʭ ʨʦʟʯʠʥʽʚ ʻ ʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʜʣʷ ʮʴʦʛʦ 

ʽʥʪʝʨʚʘʣʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʨʦʟʯʠʥʝʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʽ ʟʥʠʟʠʪʠ ʨʠʟʠʢ ʧʦʛʣʠʥʘʥʴ, 

ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʝʢʦʥʦʤʽʶ ʙʣʠʟʴʢʦ 103 ʤį ʈɺʆ. 

2. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʙʫʨʽʥʥʷ ʟ ʢʝʨʦʚʘʥʠʤ ʪʠʩʢʦʤ (MPD): ʎʷ 

ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʠʩʢ ʫ ʩʚʝʨʜʣʦʚʠʥʽ ʪʘ ʟʥʠʞʫʚʘʪʠ 

ʨʠʟʠʢ ʚʪʨʘʪʠ ʢʦʥʪʨʦʣʶ ʧʽʜ ʯʘʩ ʙʫʨʽʥʥʷ, ʘ ʪʘʢʦʞ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʧʣʠʚ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽ 

ʧʣʘʩʪʠ. MPD ʪʘʢʦʞ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʥʠʢʥʫʪʠ ʨʝʧʨʝʩʽʾ ʥʘ ʧʣʘʩʪ ʪʘ ʧʦʢʨʘʱʠʪʠ 

ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ. 

3. ʆʧʪʠʤʽʟʘʮʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʈɺʆ "ʇʦʣʽʝʤʫʣʴʩʘʥ": ʇʦʣʽʝʤʫʣʴʩʘʥ ʧʦʢʘʟʫʻ 

ʚʠʩʦʢʫ ʽʥʛʽʙʫʶʯʫ ʟʜʘʪʥʽʩʪʴ ʪʘ ʙʣʦʢʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ 

ʙʫʨʽʥʥʷ ʩʢʣʘʜʥʠʭ ʟʦʥ, ʚʢʣʶʯʘʶʯʠ ʟʦʥʠ ʙʘʛʘʪʦʨʽʯʥʠʭ ʤʝʨʟʣʠʭ ʧʦʨʽʜ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʩʧʨʠʷʻ ʟʙʝʨʝʞʝʥʥʶ ʧʨʠʨʦʜʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʧʣʘʩʪʽʚ ʪʘ ʟʥʠʞʝʥʥʶ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʠʭ ʟʦʥ ʧʣʘʩʪʘ. 

4. ɽʢʦʣʦʛʽʯʥʽ ʧʦʢʨʘʱʝʥʥʷ ʯʝʨʝʟ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʈɺʆ: ʆʜʥʠʤ ʽʟ 

ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʢʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʻ ʦʯʠʱʝʥʥʷ ʪʘ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʈɺʆ ʜʣʷ 

ʤʽʥʽʤʽʟʘʮʽʾ ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʇʨʦʧʦʥʫʻʪʴʩʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʙʽʦʨʦʟʢʣʘʜʫ ʨʦʟʯʠʥʫ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʰʣʘʤʫ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤ ʚʤʽʩʪʦʤ ʚʫʛʣʝʚʦʜʥʽʚ. 

5. ɼʠʩʧʝʨʛʫʚʘʥʥʷ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʥʦʚʠʤʠ ʤʝʪʦʜʘʤʠ: ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʜʠʩʧʝʨʛʘʪʦʨ "ɹʫʣʘʚʘ", ʧʦʢʘʟʘʣʦ ʟʥʘʯʥʦ 

ʚʠʱʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʛʽʜʨʘʚʣʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʩʫʪʪʻʚʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʽ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʧʨʠʛʦʪʫʚʘʥʥʷ ʙʫʨʦʚʦʛʦ ʨʦʟʯʠʥʫ, ʱʦ ʻ 

ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʚʪʨʘʪ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʫ ʩʫʧʨʦʚʦʜʽ ʨʽʜʠʥ ʜʣʷ 

ʧʨʦʤʠʚʘʥʥʷ ʧʨʠ ʙʫʨʽʥʥʽ ʩʚʝʨʜʣʦʚʠʥ ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʨʽʥʥʷ, 

ʟʥʠʞʝʥʥʶ ʨʠʟʠʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʧʣʘʩʪʽʚ, ʘ ʪʘʢʦʞ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ 

ʥʝʛʘʪʠʚʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ. 
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ʉʣʽʧʢʦ ʄ.ɸ. ʤʘʛʽʩʪʨ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 185 ʅʘʬʪʦʛʘʟʦʚʘ ʽʥʞʝʥʝʨʽʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɼʘʚʠʜʝʥʢʦ ʆ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʥʘʬʪʦʛʘʟʦʚʦʾ 

ʽʥʞʝʥʝʨʽʾ ʪʘ ʙʫʨʽʥʥʷ 

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

 

ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʉʇʈʗʄʆɺɸʅʆɻʆ ɹʋʈɯʅʅʗ ʅɸʌʊʆɺʀʍ 

ʊɸ ɻɸɿʆɺʀʍ ʉɺɽʈɼʃʆɺʀʅ 

 

ʉʧʦʨʫʜʞʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʥʘʬʪʫ ʽ ʛʘʟ, ʩʪʘʥʦʚʠʪʴ ʦʩʥʦʚʥʫ ʯʘʩʪʠʥʫ ʚʠʪʨʘʪ 

ʥʘʬʪʦʚʠʜʦʙʫʚʥʠʭ ʢʦʤʧʘʥʽʡ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʥʘʜʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ 

ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʠʜʦʙʫʚʘʻʪʴʩʷ. ɺ ʜʘʥʠʡ ʯʘʩ ʚʞʝ ʤʘʡʞʝ ʚʩʽ ʜʦʩʪʫʧʥʽ ʟʘʧʘʩʠ ʚʫʛʣʝʚʦʜʥʽʚ 

ʨʦʟʚʽʜʘʥʽ ʽ ʨʦʟʙʫʨʝʥʽ, ʱʦ ʩʪʘʚʠʪʴ ʥʘ ʧʦʨʷʜʦʢ ʜʝʥʥʠʡ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʩʢʣʘʜʥʠʭ 

ʟʘʧʘʩʽʚ. ʈʦʟʨʦʙʢʘ ʙʽʣʴʰʦʩʪʽ ʪʘʢʠʭ ʨʦʜʦʚʠʱ ʥʝʨʝʥʪʘʙʝʣʴʥʘ ʜʣʷ ʥʘʬʪʦʛʘʟʦʚʠʭ ʢʦʤʧʘʥʽʡ 

ʟʘ ʧʦʪʦʯʥʦʾ ʚʘʨʪʦʩʪʽ ʥʘ ʨʠʥʢʫ ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʩʠʨʦʚʠʥʠ, ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʯʝʨʝʟ ʚʝʣʠʢʽ 

ʚʠʪʨʘʪʠ ʥʘ ʨʦʟʚʽʜʢʫ ʪʘ ʧʨʦʤʠʩʣʦʚʝ ʨʦʟʙʫʨʶʚʘʥʥʷ ʜʘʥʠʭ ʨʦʜʦʚʠʱ [1]. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʫʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʛʝʦʣʦʛʽʯʥʽ ʪʘ ʛʝʦʬʽʟʠʯʥʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʪʘ ʤʝʪʦʜʠ ʜʣʷ ʧʦʰʫʢʫ ʧʦʢʣʘʜʽʚ ʥʘʬʪʠ ʪʘ ʛʘʟʫ, ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʪʘʢ ʽ ʥʝ ʨʦʟʢʨʠʚʘʻ ʧʨʦʜʫʢʪʠʚʥʠʭ ʧʣʘʩʪʽʚ ʽ ʟʘʣʠʰʘʻʪʴʩʷ 

çʩʫʭʠʤʠè. ʊʦʤʫ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʩʧʦʨʫʜʞʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʟʥʠʞʝʥʥʷ 

ʚʘʨʪʦʩʪʽ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʫ ʨʘʤʢʘʭ ʩʫʯʘʩʥʦʾ 

ʥʘʬʪʦʛʘʟʦʚʦʾ ʛʘʣʫʟʽ [2]. 

ʉʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʩʧʦʨʫʜʞʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʚʘʞʢʦ ʙʝʟ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʩʧʦʩʦʙʽʚ ʟʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʙʫʜʽʚʥʠʮʪʚʘ ʩʚʝʨʜʣʦʚʠʥ ʻ 

ʟʤʝʥʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʩʚʝʨʜʣʦʚʠʥʠ, ʘ ʩʘʤʝ ʙʫʜʽʚʥʠʮʪʚʦ ʩʚʝʨʜʣʦʚʠʥ ʛʨʘʥʠʯʥʦʛʦ ʤʘʣʦʛʦ 

ʜʽʘʤʝʪʨʘ (ʉɻʄɼ). ʊʘʢʦʞ ʤʦʞʣʠʚʝ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʜʦʩʚʽʜʫ 

ʪʝʭʥʦʣʦʛʽʡ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʪʚʝʨʜʽ ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ, ʘ ʩʘʤʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʜʭʠʣʷʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʤʘʣʠʭ ʜʽʘʤʝʪʨʽʚ ʪʘ ʢʝʨʥʦʧʨʠʡʤʘʣʴʥʠʭ ʩʥʘʨʷʜʽʚ [3]. 

ʉʚʝʨʜʣʦʚʠʥʠ ʛʨʘʥʠʯʥʦ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʥʘʩʪʫʧʥʠʭ 

ʮʽʣʝʡ: 

- ʦʮʽʥʢʠ ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʠʭ ʥʘʬʪʦʥʦʩʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʯʠ ʛʦʨʠʟʦʥʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʚʠʚʯʝʥʽ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʠʰʝ ʛʝʦʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚʽʜʢʠ; 

- ʨʦʟʚʽʜʢʠ ʨʦʟʨʦʙʣʝʥʠʭ ʯʠ ʯʘʩʪʢʦʚʦ ʨʦʟʨʦʙʣʝʥʠʭ ʨʦʜʦʚʠʱ; 

- ʧʦʛʣʠʙʣʝʥʥʷ ʥʘ ʥʠʞʯʽ ʧʨʦʜʫʢʪʠʚʥʽ ʛʦʨʠʟʦʥʪʠ ʩʚʝʨʜʣʦʚʠʥ, ʦʙʩʘʜʞʝʥʠʭ ʢʦʣʦʥʦʶ 

ʥʝʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ; 

- ʧʨʦʚʝʜʝʥʥʷ ʪʘʢ ʟʚʘʥʠʭ çʜʠʢʠʭ ʢʽʰʦʢè (ʧʦʰʫʢʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ), ʥʘ ʩʪʨʫʢʪʫʨʘʭ 

- ʽʟ ʤʦʞʣʠʚʦʶ ʥʘʬʪʦʥʦʩʥʽʩʪʶ; 

- ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʪʫʨʫ ʥʘʬʪʦʥʦʩʥʦʩʪʽ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ; 

- ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʟ ʩʝʡʩʤʽʯʥʦʛʦ ʪʘ ʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ ʢʘʨʦʪʘʞʫ; 

- ʙʫʨʽʥʥʷ ʥʘ ʚʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ; 

- ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʘʪʠʛʨʘʬʽʾ ʪʘ ʪʝʢʪʦʥʽʢʠ ʨʘʡʦʥʫ ʪʘ ʩʢʣʘʜʘʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʢʘʨʪ. 

ɸʥʘʣʽʟ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʙʫʨʽʥʥʷ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʜʽʘʤʝʪʨʘ ʩʚʝʨʜʣʦʚʠʥ 

ʧʦʢʘʟʘʚ, ʱʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʟʥʘʯʥʦ ʟʤʽʥʶʶʪʴʩʷ ʫʤʦʚʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ 

ʙʫʨʽʥʥʷ, ʱʦ ʚʠʤʘʛʘʻ ʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʪʝʦʨʝʪʠʯʥʠʤ ʦʩʥʦʚʘʤ ʧʦʭʠʣʦ-ʩʧʨʷʤʦʚʘʥʦʛʦ 

ʙʫʨʽʥʥʷ ʪʘ ʪʠʧʘʤ ʧʨʦʬʽʣʽʚ ʧʦʭʠʣʦ-ʩʧʨʷʤʦʚʘʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʷʢʽ ʻ ʢʣʶʯʦʚʠʤʠ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʨʦʙʦʪʽ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ ʢʣʶʯʦʚʽ ʘʩʧʝʢʪʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. 

1. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʩʚʝʨʜʣʦʚʠʥʠ ʛʨʘʥʠʯʥʦ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ ʜʦʟʚʦʣʷʶʪʴ 
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ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʙʫʨʽʥʥʷ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʽ ʟʤʝʥʰʠʪʠ 

ʦʙʩʷʛʠ ʙʫʨʦʚʠʭ ʚʽʜʭʦʜʽʚ. ʎʝʡ ʪʠʧ ʩʚʝʨʜʣʦʚʠʥ ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʨʦʜʦʚʠʱ ʽʟ ʥʠʟʴʢʠʤ ʜʝʙʽʪʦʤ, ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʟʦʥ ʪʘ ʷʢ ʜʦʜʘʪʢʦʚʽ ʩʚʝʨʜʣʦʚʠʥʠ ʚ ʤʝʞʘʭ 

ʨʦʜʦʚʠʱʘ. 

2. ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʧʦʨʫʜʞʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ 

ʇʄɼ, ʻ ʧʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʙʫʨʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʧʘʨʘʤʝʪʨʽʚ ʙʫʨʽʥʥʷ, ʪʠʧʫ ʙʫʨʦʚʦʛʦ 

ʨʦʟʯʠʥʫ ʪʘ ʨʝʞʠʤʽʚ ʙʫʨʽʥʥʷ. ɿʦʢʨʝʤʘ, ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʘʜʘʧʪʘʮʽʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʜʦ ʫʤʦʚ ʢʦʥʢʨʝʪʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʾ ʤʘʣʦʛʦ 

ʜʽʘʤʝʪʨʘ [4]. 

3. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʜʽʘʤʝʪʨʘ ʩʚʝʨʜʣʦʚʠʥʠ ʟʤʽʥʶʶʪʴʩʷ 

ʧʘʨʘʤʝʪʨʠ ʨʝʞʠʤʫ ʙʫʨʽʥʥʷ, ʪʘʢʽ ʷʢ ʪʠʩʢ, ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʜʦʣʦʪʘ ʽ ʧʦʜʘʯʘ ʙʫʨʦʚʦʛʦ 

ʨʦʟʯʠʥʫ. ʎʝ ʚʠʤʘʛʘʻ ʪʦʯʥʽʰʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʧʨʦʮʝʩʦʤ ʙʫʨʽʥʥʷ ʜʣʷ ʫʥʠʢʥʝʥʥʷ 

ʥʝʙʘʞʘʥʠʭ ʚʠʢʨʠʚʣʝʥʴ ʪʨʘʻʢʪʦʨʽʾ ʩʚʝʨʜʣʦʚʠʥʠ ʪʘ ʧʽʜʪʨʠʤʘʥʥʷ ʾʾ ʩʪʘʙʽʣʴʥʦʩʪʽ. 

4. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʫʨʽʥʥʷ ʧʦʭʠʣʦ-ʩʧʨʷʤʦʚʘʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʛʨʘʥʠʯʥʦ 

ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ ʤʘʻ ʧʝʚʥʽ ʚʠʢʣʠʢʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʢʝʨʫʚʘʥʥʷʤ ʪʨʘʻʢʪʦʨʽʻʶ ʙʫʨʽʥʥʷ ʪʘ 

ʧʽʜʪʨʠʤʘʥʥʷʤ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʚʝʨʜʣʦʚʠʥʠ. ʅʝʦʙʭʽʜʥʘ ʨʝʪʝʣʴʥʘ ʧʽʜʛʦʪʦʚʢʘ ʽ ʧʣʘʥʫʚʘʥʥʷ 

ʧʨʦʬʽʣʶ ʩʚʝʨʜʣʦʚʠʥʠ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʽʚ ʚʽʜʭʠʣʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʟʘʧʘʩʽʚ. 

5. ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʙʫʨʽʥʥʷ ʧʦʭʠʣʦ-ʩʧʨʷʤʦʚʘʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ ʚʠʤʘʛʘʻ ʙʽʣʴʰ ʩʢʣʘʜʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʪʘ ʦʩʦʙʣʠʚʠʭ ʤʝʪʦʜʠʢ ʜʣʷ 

ʢʦʥʪʨʦʣʶ ʪʨʘʻʢʪʦʨʽʾ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʚʨʘʭʫʚʘʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʽ 

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʽʜ, ʯʝʨʝʟ ʷʢʽ ʧʨʦʭʦʜʠʪʴ ʙʫʨʽʥʥʷ. 

6. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʪʠʧʠ ʧʨʦʬʽʣʽʚ ʧʦʭʠʣʦ-ʩʧʨʷʤʦʚʘʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʘ ʪʘʢʦʞ 

ʧʨʠʯʠʥʠ ʧʨʠʨʦʜʥʦʛʦ ʚʠʢʨʠʚʣʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ. ɹʫʣʦ ʚʠʷʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʧʨʷʤʦʢ ʚʠʢʨʠʚʣʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ ʧʽʜ ʚʧʣʠʚʦʤ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʽ 

ʛʝʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ. 

7. ɿʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ ʪʝʭʥʽʯʥʠʤ ʟʘʩʦʙʘʤ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʩʧʨʷʤʦʚʘʥʦʛʦ ʙʫʨʽʥʥʷ. ʎʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʙʫʨʦʚʽ ʫʩʪʘʥʦʚʢʠ, ʩʠʩʪʝʤʠ ʪʝʣʝʤʝʪʨʽʾ ʪʘ ʽʥʰʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʪʦʯʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʮʝʩ ʙʫʨʽʥʥʷ ʪʘ ʢʝʨʫʚʘʪʠ 

ʪʨʘʻʢʪʦʨʽʻʶ ʩʚʝʨʜʣʦʚʠʥʠ. 

ɿʘʛʘʣʦʤ ʦʢʨʝʩʣʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʧʦʨʫʜʞʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʛʨʘʥʠʯʥʦ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ. ʈʦʟʫʤʽʥʥʷ ʮʠʭ 

ʬʘʢʪʦʨʽʚ ʪʘ ʾʭ ʚʧʣʠʚʫ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʙʫʨʽʥʥʷ, ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʚʝʨʜʣʦʚʠʥ, ʱʦ ʻ ʚʘʞʣʠʚʠʤʠ ʧʝʨʝʜʫʤʦʚʘʤʠ ʜʣʷ ʫʩʧʽʰʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʬʪʦʚʠʭ ʪʘ ʛʘʟʦʚʠʭ ʨʦʜʦʚʠʱ. 

ʊʘʢʦʞ ʘʥʘʣʽʟ ʧʨʠʨʦʜʥʠʭ ʚʠʢʨʠʚʣʝʥʴ ʩʚʝʨʜʣʦʚʠʥ ʽ ʧʨʠʯʠʥʠ ʾʭ ʚʠʥʠʢʥʝʥʥʷ, 

ʜʦʟʚʦʣʷʻ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ ʧʦʚʝʜʽʥʢʫ ʩʚʝʨʜʣʦʚʠʥ ʇʄɼ ʧʽʜ ʯʘʩ ʙʫʨʽʥʥʷ. ʅʘʨʝʰʪʽ, 

ʧʦʜʘʣʴʰʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʩʧʨʷʤʦʚʘʥʦʛʦ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ 

ʛʨʘʥʠʯʥʦ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʢʣʶʯʝʥʥʷ ʚ ʢʦʤʧʦʥʫʚʘʥʥʷ ʚʽʜʭʠʣʴʥʠʢʘ ʰʘʨʥʽʨʥʦʛʦ ʧʝʨʝʢʣʘʜʘʯʘ ʽ 

ʢʦʣʦʥʢʦʚʦʾ ʪʨʫʙʠ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟʥʠʞʝʥʥʷ ʽ ʨʝʛʫʣʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʚʠʢʨʠʚʣʝʥʥʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. 
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ʽʥʞʝʥʝʨʽʾ ʪʘ ʙʫʨʽʥʥʷ 

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

ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɺɽɼɽʅʅʗ ʈɽʄʆʅʊʋ ɻɸɿʆɺʀʍ 

ʉɺɽʈɼʃʆɺʀʅ 
 

ʇʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʝʞʠʤʦʤ ʨʦʟʫʤʽʶʪʴ ʧʽʜʪʨʠʤʘʥʥʷ ʟʘʜʘʥʦʛʦ ʚ ʟʤʽʥʽ ʯʘʩʫ: 

ʚʠʙʽʡʥʦʛʦ ʪʠʩʢʫ, ʪʠʩʢʫ ʥʘ ʛʠʨʣʽ ʩʚʝʨʜʣʦʚʠʥʠ, ʜʝʙʽʪʫ ʯʠ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʦʙʦʪʫ ʩʚʝʨʜʣʦʚʠʥʠ, ʘʙʦ ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ - 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʫʤʦʚʠ ʚʽʜʙʦʨʫ ʛʘʟʫ ʽʟ ʩʚʝʨʜʣʦʚʠʥʠ [1]. ʆʧʪʠʤʘʣʴʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʨʝʞʠʤʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʚʝʨʜʣʦʚʠʥʠ ʻ ʨʝʞʠʤ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʠʡ ʜʝʙʽʪ ʛʘʟʫ 

ʧʨʠ ʫʤʦʚʽ ʙʝʟʘʚʘʨʽʡʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʚʝʨʜʣʦʚʠʥʠ ʥʘ ʧʨʦʪʷʟʽ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ. 

ʂʦʣʪʶʙʽʥʛʦʚʽ ʪʝʭʥʦʣʦʛʽʾ (ʚʽʜ coiled tubing - çʥʘʤʦʪʘʥʘ ʪʨʫʙʘè) ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʛʥʫʯʢʠʭ ʙʝʟʧʝʨʝʨʚʥʠʭ ʪʨʫʙ ʟʘʤʽʩʪʴ ʪʨʘʜʠʮʽʡʥʠʭ ʙʫʨʦʚʠʭ ʪʨʫʙ ʽ ʥʘʩʦʩʥʦ-

ʢʦʤʧʨʝʩʦʨʥʠʭ ʪʨʫʙ (ʅʂʊ) ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʩʚʝʨʜʣʦʚʠʥʥʠʭ ʨʦʙʦʪʘʭ: ʢʘʧʽʪʘʣʴʥʦʤʫ 

ʨʝʤʦʥʪʽ (ʚ ʪ.ʯ. ʧʨʠ ʛʽʜʨʦʨʦʟʨʠʚʽ ʧʣʘʩʪʽʚ), ʙʫʨʽʥʥʽ, ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ɻʥʫʯʢʽ 

ʪʨʫʙʠ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʽ ʙʽʯʥʽ ʩʪʚʦʣʠ. ʇʝʨʩʧʝʢʪʠʚʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʟʤʫʬʪʦʚʦʾ ʩʪʘʣʝʚʦʾ ʪʨʫʙʠ ʟʘʤʽʩʪʴ ʙʝʟʣʽʯʽ ʟʛʚʠʥʯʫʚʘʥʠʭ ʙʫʣʘ ʦʯʝʚʠʜʥʘ 

ʥʘ ʫʩʽʭ ʝʪʘʧʘʭ ʨʦʟʚʠʪʢʫ ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. ʇʝʨʰʽ ʢʨʦʢʠ ʚ ʋʢʨʘʾʥʽ ʮʷ 

ʪʝʭʥʦʣʦʛʽʷ ʟʨʦʙʠʣʘ ʱʝ ʚ 1970 ʨ. ʩʪʘʨʘʥʥʷʤʠ ʆʂɹ ʙʝʟʰʪʘʥʛʦʚʠʭ ʥʘʩʦʩʽʚ. [1] 

ɯʜʝʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʣʦʥʠ ʛʥʫʯʢʠʭ ʪʨʫʙ (ʂɻʊ) ʻ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʤ ʧʽʜʭʦʜʦʤ ʜʦ 

ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ. ʇʨʠ ʮʴʦʤʫ ʥʝ ʩʘʤʘ ʧʨʦʧʦʟʠʮʽʷ ʧʨʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʜʥʽʻʾ 

ʩʫʮʽʣʴʥʦʾ ʙʝʟʧʝʨʝʨʚʥʦʾ ʢʦʣʦʥʠ ʟʘʤʽʩʪʴ ʟʙʠʨʘʥʦʾ ʟ ʦʢʨʝʤʠʭ ʪʨʫʙ ʻ ʥʦʚʘʪʦʨʩʴʢʦʶ, ʘ 

ʨʝʘʣʽʟʘʮʽʷ ʩʭʝʤ ʧʨʘʮʝʟʜʘʪʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʚ ʧʽʜʟʝʤʥʠʭ ʫʤʦʚʘʭ.  

ʈʦʙʦʪʘ ʟ ʙʝʟʧʝʨʝʨʚʥʦʶ ʢʦʣʦʥʦʶ ʩʪʘʣʝʚʠʭ ʪʨʫʙ ʫʩʢʣʘʜʥʝʥʘ ʪʠʤ, ʱʦ, ʷʢ ʚʽʜʦʤʦ, 

ʜʽʶʯʘ ʥʘʧʨʫʛʘ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʤʝʞʽ ʧʨʫʞʥʦʩʪʽ. ʗʢʱʦ ʞ ʮʷ ʫʤʦʚʘ ʥʝ 

ʜʦʪʨʠʤʫʻʪʴʩʷ, ʪʦ ʥʽ ʧʨʦ ʷʢʫ ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʘʪʠʯʥʦʤʫ ʘʙʦ ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ 

ʛʦʚʦʨʠʪʠ ʥʝ ʜʦʚʦʜʠʪʴʩʷ. [2] 

ʈʝʘʣʽʟʘʮʽʷ ʩʭʝʤ ʧʨʘʮʝʟʜʘʪʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʩʪʘʣʘ ʤʦʞʣʠʚʦʶ ʪʽʣʴʢʠ ʧʽʩʣʷ 

ʨʽʰʝʥʥʷ ʜʚʦʭ ʪʝʭʥʽʯʥʠʭ ʟʘʚʜʘʥʴ : ʮʝ ʩʪʚʦʨʝʥʥʷ ʢʦʣʦʥʠ ʛʥʫʯʢʠʭ ʪʨʫʙ, ʱʦ ʤʘʶʪʴ ʜʦʩʠʪʴ 

ʚʠʩʦʢʫ ʮʠʢʣʽʯʥʫ ʤʽʮʥʽʩʪʴ ʥʘʚʽʪʴ ʟʘ ʤʝʞʘʤʠ ʧʨʫʞʥʦʩʪʽ, ʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʧʫʩʢ ʽ ʧʽʜʡʦʤ ʪʘʢʦʾ ʢʦʣʦʥʠ ʫ ʩʚʝʨʜʣʦʚʠʥʫ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʘʥʥʷ ʫʩʽʭ 

ʥʝʦʙʭʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʽʰʝʥʥʷ ʮʠʭ ʟʘʚʜʘʥʴ ʟ'ʷʚʠʣʘʩʷ ʥʦʚʘ 

ʪʝʭʥʦʣʦʛʽʷ ʧʨʦʚʝʜʝʥʥʷ ʙʫʨʦʚʠʭ ʨʦʙʽʪ ʽ ʧʽʜʟʝʤʥʦʛʦ ʨʝʤʦʥʪʫ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʦʩʥʦʚʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʣʦʥʠ ʙʝʟʧʝʨʝʨʚʥʠʭ ʛʥʫʯʢʠʭ ʪʨʫʙ. ʇʨʠʯʦʤʫ ʻ ʫ ʚʠʜʽ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʢʦʥʘʥʥʷ ʥʝ ʧʽʜʡʦʤʥʠʭ ʦʧʝʨʘʮʽʡ, ʘ ʫʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʨʦʙʽʪ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ 

ʧʽʜʛʦʪʦʚʢʘ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʨʝʤʦʥʪʫ ʘʙʦ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ ʽ 

ʟʛʦʨʪʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʫʩʪʘʪʢʫʚʘʥʥʷ. [2] 

ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʣʷʛʘʻ ʚ ʟʥʘʯʥʦʤʫ 

ʟʤʝʥʰʝʥʥʽ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʚ ʛʘʟʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ, ʟʘ 

ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʱʦ ʩʪʘʣʦ ʤʦʞʣʠʚʦ ʣʠʰʝ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʣʪʶʙʽʥʛʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʂʦʨʦʚʷʢʘ, ɭ.ɸ., and ɸ.ʆ. ɯʛʥʘʪʦʚ. ʇʨʦʛʨʝʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʩʧʦʨʫʜʞʝʥʥʷ 

ʩʚʝʨʜʣʦʚʠʥ. (2020). 

2. ʈʦʟʨʦʙʣʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʜʦʙʫʚʘʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ ʧʨʠ ʨʦʟʨʦʙʮʽ ʨʦʜʦʚʠʱ ʥʘ ʚʠʩʥʘʞʝʥʥʷ / ɺ.ɹ. ɺʦʣʦʚʝʮʴʢʠʡ, 

ʆ.ʄ. ʑʠʨʙʘ, ʆ.ʖ. ɺʠʪʷʟʴ // ʈʦʟʚʽʜʢʘ ʪʘ ʨʦʟʨʦʙʢʘ ʥʘʬʪʦʚʠʭ ʽ ʛʘʟʦʚʠʭ ʨʦʜʦʚʠʱ. - 2014. - 

ˉ 3. - ʉ. 154-165.   
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ʊʨʠʙʽʩ ʆ.ʄ. ʤʘʛʽʩʪʨ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 185 ʅʘʬʪʦʛʘʟʦʚʘ ʽʥʞʝʥʝʨʽʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ 

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

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

ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʈʆɹʆʊʀ ɻʃʀɹʀʅʅʆ-ʅɸʉʆʉʅʆɻʆ 

ʆɹʃɸɼʅɸʅʅʗ ʇɯɼ ʏɸʉ ɽʂʉʇʃʋɸʊɸʎɯɰ ʄɽʊɸʅʆɺʋɻɯʃʔʅʀʍ 

ʉɺɽʈɼʃʆɺʀʅ 
 

ʆʜʥʘ ʟ ʛʦʣʦʚʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʚʠʜʦʙʫʪʢʫ ʛʘʟʫ ʟ ʪʨʘʜʠʮʽʡʥʠʭ ʧʦʨʠʩʪʠʭ ʪʘ 

ʪʨʽʱʠʥʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʪʘ ʚʠʜʦʙʫʪʢʫ ʤʝʪʘʥʫ ʟ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʣʷ 

ʚʠʢʣʠʢʫ ʧʨʠʧʣʠʚʫ ʤʝʪʘʥʫ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʜʝʧʨʝʩʽʶ ʥʘ ʧʣʘʩʪ ʰʣʷʭʦʤ ʚʽʜʢʘʯʫʚʘʥʥʷ 

ʟʥʘʯʥʦʛʦ ʦʙʩʷʛʫ ʧʣʘʩʪʦʚʦʾ ʚʦʜʠ. ʅʘʜʘʣʽ, ʧʨʠ ʦʩʚʦʻʥʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʚʝʨʜʣʦʚʠʥ ʜʣʷ 

ʚʠʜʦʙʫʪʢʫ ʤʝʪʘʥʫ, ʷʢ ʧʨʘʚʠʣʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʧʽʣʴʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ 

ʥʠʟʴʢʦʥʘʧʽʨʥʦʛʦ ʚʦʣʦʛʦʛʦ ʛʘʟʫ (ʟʘʪʨʫʙʥʠʤ ʧʨʦʩʪʦʨʦʤ ʩʚʝʨʜʣʦʚʠʥʠ) ʪʘ ʧʣʘʩʪʦʚʦʾ ʚʦʜʠ 

(ʪʨʫʙʥʠʤ ʢʘʥʘʣʦʤ ʣʽʬʪʦʚʦʾ ʢʦʣʦʥʠ) [1]. 

ʂʨʽʤ ʪʦʛʦ, ʩʚʝʨʜʣʦʚʠʥʘ ʜʣʷ ʚʠʜʦʙʫʪʢʫ ʤʝʪʘʥʫ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʦʶ ʛʘʟʦʚʦʶ, 

ʤʘʻ ʪʘʢʽ ʚʽʜʤʽʥʥʽ ʦʩʦʙʣʠʚʦʩʪʽ [2]: 

ï ʧʨʦʮʝʩ ʾʾ ʦʩʚʦʻʥʥʷ ʜʫʞʝ ʪʨʠʚʘʣʠʡ (ʚʽʜ ʢʽʣʴʢʦʭ ʪʠʞʥʽʚ ʜʦ ʧʽʚʪʦʨʘ ʨʦʢʫ); 

ï ʚ ʧʨʦʮʝʩʽ ʦʩʚʦʻʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʚʝʨʜʣʦʚʠʥʠ ʜʣʷ ʚʠʜʦʙʫʪʢʫ ʤʝʪʘʥʫ, 
ʥʝʦʙʭʽʜʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʨʽʚʝʥʴ ʨʽʜʠʥʠ (ʧʣʘʩʪʦʚʦʾ ʚʦʜʠ) ʫ ʩʪʦʚʙʫʨʽ ʥʠʞʯʝ ʥʘʡʙʽʣʴʰ 

ʛʣʠʙʦʢʦ ʟʘʣʷʛʘʻ ʨʦʟʢʨʠʪʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ; 

ï ʚʽʜʢʘʯʫʚʘʥʥʷ ʧʣʘʩʪʦʚʦʾ ʚʦʜʠ ʟʽ ʩʪʦʚʙʫʨʘ ʩʚʝʨʜʣʦʚʠʥʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʚʝʨʜʣʦʚʠʥʥʦʛʦ (ʟʘʥʫʨʶʚʘʣʴʥʦʛʦ) ʥʘʩʦʩʘ, ʱʦ ʩʧʫʩʢʘʻʪʴʩʷ ʥʘ ʣʽʬʪʦʚʽʡ 

ʢʦʣʦʥʽ; 

ï ʫ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ ʚʽʜʢʘʯʫʚʘʥʥʷ ʧʣʘʩʪʦʚʦʾ ʚʦʜʠ ʜʦʮʽʣʴʥʦ ʨʦʟʤʽʱʫʚʘʪʠ 

ʟʘʥʫʨʶʚʘʣʴʥʠʡ ʥʘʩʦʩ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽʡ ʢʦʣʦʥʽ ʥʘʜ ʚʝʨʭʥʽʤ ʨʦʟʢʨʠʪʠʤ ʚʫʛʽʣʴʥʠʤ 

ʧʣʘʩʪʦʤ, ʱʦʙ ʪʠʤ ʩʘʤʠʤ ʟʘʧʦʙʽʛʪʠ ʤʦʞʣʠʚʠʤ ʫʩʢʣʘʜʥʝʥʥʷʤ, ʧʦʚ'ʷʟʘʥʠʤ ʟ ʧʦʪʨʘʧʣʷʥʥʷʤ 

ʫ ʥʘʩʦʩ ʧʣʘʩʪʦʚʦʾ ʚʦʜʠ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ (ʯʘʩʪʦʢ ʚʫʛʽʣʣʷ, 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ, ʛʽʨʩʴʢʦʾ ʧʦʨʦʜʠ ʽʥ); 

ï ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʠʧʣʠʚʫ ʛʘʟʫ ʟʘʥʫʨʶʚʘʣʴʥʠʡ ʥʘʩʦʩ 
ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʩʪʘʥʦʚʠʪʠ ʥʠʞʯʝ ʥʘʡʙʽʣʴʰ ʛʣʠʙʦʢʦ ʟʘʣʷʛʘʻ ʨʦʟʢʨʠʪʦʛʦ ʚʫʛʽʣʴʥʦʛʦ 

ʧʣʘʩʪʘ; 

ï ʫ ʧʨʦʮʝʩʽ ʚʽʜʢʘʯʫʚʘʥʥʷ ʧʣʘʩʪʦʚʦʾ ʚʦʜʠ ʟʽ ʩʪʦʚʙʫʨʘ ʩʚʝʨʜʣʦʚʠʥʠ ʾʾ ʧʨʠʧʣʠʚ ʟ 

ʯʘʩʦʤ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʧʨʠʧʣʠʚ ʛʘʟʫ ï ʟʙʽʣʴʰʫʻʪʴʩʷ; - ʥʠʟʴʢʦʥʘʧʽʨʥʠʡ ʧʨʠʨʦʜʥʠʡ ʛʘʟ 

(ʛʫʩʪʴʦʚʠʡ ʪʠʩʢ ʷʢʦʛʦ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʝʨʝʚʠʱʫʻ 0,15-0,30 ʄʇʘ) ʥʘʜʭʦʜʠʪʴ ʥʘ ʧʦʚʝʨʭʥʶ 

ʧʦ ʟʘʪʨʫʙʥʦʤʫ ʧʨʦʩʪʦʨʫ ʩʚʝʨʜʣʦʚʠʥʠ; 

ï ʫ ʨʘʟʽ ʟʫʧʠʥʢʠ ʚʽʜʢʘʯʫʚʘʥʥʷ ʚʦʜʠ ʩʪʦʚʙʫʨ ʩʚʝʨʜʣʦʚʠʥʠ ʧʦʩʪʫʧʦʚʦ 

ʟʘʧʦʚʥʶʻʪʴʩʷ ʧʣʘʩʪʦʚʦʶ ʚʦʜʦʶ, ʪʦʙʪʦ. ʚʽʜʙʫʚʘʻʪʴʩʷ çʩʘʤʦʛʣʫʰʝʥʥʷè ʩʚʝʨʜʣʦʚʠʥʠ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʽʜʠʥʠ, ʱʦ ʚʠʜʦʙʫʚʘʻʪʴʩʷ, ʜʦ ʛʘʟʫ, ʱʦ ʚʠʜʦʙʫʚʘʻʪʴʩʷ, ʧʨʠʙʣʠʟʥʦ 

ʜʦʨʽʚʥʶʻ ʚʽʜ 10 ʜʦ 300 ʤ
3
/ʜʦʙʫ. ʨʽʜʠʥʠ ʚʽʜ 1000 ʜʦ 10000 ʤ

3
/ʜʦʙʫ ʛʘʟʫ. 

ʇʨʠ ʚʠʜʽʣʝʥʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʦʙ'ʻʢʪʽʚ ʜʣʷ ʚʠʜʦʙʫʪʢʫ ʤʝʪʘʥʫ ʪʘ ʦʮʽʥʮʽ ʾʭ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʽ ʷʢ ʦʩʥʦʚʥʽ ʢʨʠʪʝʨʽʾ ʧʨʠʡʤʘʶʪʴʩʷ ʤʝʪʘʥʦʥʦʩʥʽʩʪʴ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ 

(ʧʦʥʘʜ 10 ʤ
3
/ʪ ʩ.ʙ.ʤ), ʤʘʩʰʪʘʙʠ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʧʘʩʽʚ ʤʝʪʘʥʫ ʫ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʘʭ (50-

60 ʤʣʥ ʤ
3
 ʥʘ 1 ʩʚʝʨʜʣʦʚʠʥʫ). ), ʪʦʚʱʠʥʠ ʧʣʘʩʪʽʚ (ʧʦʥʘʜ 1 ʤ), ʛʣʠʙʠʥʠ ʾʭ ʟʘʣʷʛʘʥʥʷ (900-

1000 ʤ), ʟʦʣʴʥʽʩʪʴ, ʩʪʫʧʽʥʴ ʤʝʪʘʤʦʨʬʽʟʤʫ, ʩʦʨʙʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʫʛʽʣʣʷ ʪʘ 

ʧʨʦʥʠʢʥʽʩʪʴ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ. ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʪʘʢʦʞ ʟʦʣʴʥʽʩʪʴ, ʩʪʫʧʽʥʴ 

ʤʝʪʘʤʦʨʬʽʟʤʫ ʪʘ ʩʦʨʙʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʫʛʽʣʣʷ. 

ʋ ʚʫʛʽʣʣʽ ʧʝʨʝʚʘʞʘʶʪʴ ʩʦʨʙʦʚʘʥʽ ʛʘʟʠ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ ʙʣʠʟʴʢʦ 90% - 95% ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʛʘʟʽʚ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʥʠʭ, ʥʘ ʛʣʠʙʠʥʘʭ ʜʦ 1,5- 2,0 ʢʤ. ʆʩʦʙʣʠʚʦʩʪʽ 

ʬʦʨʤ ʟʥʘʭʦʜʞʝʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣʫ ʛʘʟʽʚ ʫ ʚʫʛʣʝʥʦʩʥʠʭ ʪʦʚʱʘʭ ʚʠʟʥʘʯʘʶʪʴ ʚʘʞʣʠʚʽ 

ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʨʦʙʢʠ ʪʨʘʜʠʮʽʡʥʠʭ ʛʘʟʦʚʠʭ ʨʦʜʦʚʠʱ ʪʘ ʚ ʪʝʭʥʦʣʦʛʽʾ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʜʦʙʫʪʢʫ ʛʘʟʫ ʟ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ, ʥʝ ʨʦʟʚʘʥʪʘʞʝʥʠʭ ʚʽʜ ʛʽʨʩʴʢʦʛʦ 
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ʪʠʩʢʫ. ʌʽʣʴʪʨʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʾʭ ʪʨʽʱʠʥʫʚʘʪʽʩʪʶ ʽ 

ʩʪʫʧʝʥʝʤ ʚʽʜʢʨʠʪʦʩʪʽ ʪʨʽʱʠʥ. ɺʽʜʢʨʠʪʽʩʪʴ ʩʠʩʪʝʤ ʪʨʽʱʠʥ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ 

ʩʪʘʥʫ ʤʘʩʠʚʫ, ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ ʦʨʽʻʥʪʘʮʽʾ ʧʦʣʷ ʥʘʧʨʫʛ ʱʦʜʦ ʦʨʽʻʥʪʘʮʽʾ ʩʠʩʪʝʤ 

ʪʨʽʱʠʥ [3]. 

ʉʠʩʪʝʤʘ ʢʣʽʚʘʞʫ ʫ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʘʭ - ʮʝ ʩʠʩʪʝʤʘ ʝʥʜʦʛʝʥʥʠʭ ʧʨʠʨʦʜʥʠʭ ʪʨʽʱʠʥ, 

ʘʥʘʣʦʛʽʯʥʘ ʧʦʨʦʞʥʝʯʘʤ ʫ ʧʦʨʦʜʘʭ, ʪʨʽʱʠʥʘʤ ʦʢʨʝʤʦʩʪʽ, ʧʦʨʫʰʝʥʥʷʤ, ʨʦʟʨʠʚʘʤ, ʱʦ 

ʽʩʥʫʶʪʴ ʫ ʛʘʟʦʥʘʬʪʦʚʠʭ ʢʦʣʝʢʪʦʨʘʭ ʟ ʧʨʠʨʦʜʥʦʶ ʪʨʽʱʠʥʫʚʘʪʽʩʪʶ. ʇʣʦʱʠʥʠ ʢʣʽʚʘʞʫ ʫ 

ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʘʭ ʧʝʨʝʚʘʞʥʦ ʜʦʩʠʪʴ ʦʜʥʘʢʦʚʦ ʦʨʽʻʥʪʦʚʘʥʽ. ʂʨʽʤ ʢʣʽʚʘʞʫ ʫ ʚʫʛʽʣʴʥʠʭ 

ʧʣʘʩʪʘʭ ʽʩʥʫʶʪʴ ʽʥʰʽ ʧʨʠʨʦʜʥʽ ʪʨʽʱʠʥʠ - ʝʢʟʦʛʝʥʥʽ, ʷʢʽ ʤʘʶʪʴ ʻʜʠʥʦʾ ʦʨʽʻʥʪʘʮʽʾ. 

ɻʦʣʦʚʥʠʡ ʢʣʽʚʘʞ ï ʮʝ ʦʩʥʦʚʥʽ ʙʝʟʧʝʨʝʨʚʥʽ ʢʘʥʘʣʠ; ɼʨʫʛʦʨʷʜʥʠʡ ʢʣʽʚʘʞ - ʮʝ 

ʧʝʨʝʨʠʚʯʘʩʪʽ ʪʨʽʱʠʥʠ, ʷʢʽ, ʚ ʦʩʥʦʚʥʦʤʫ, ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʪʨʽʱʠʥʘʤʠ ʛʦʣʦʚʥʦʛʦ ʢʣʠʚʘʞʫ. 

ʄʝʭʘʥʽʟʤ ʨʫʭʫ ʤʝʪʘʥʫ ʯʝʨʝʟ ʤʘʪʨʠʮʶ ʚʫʛʽʣʣʷ ʪʘ ʪʨʽʱʠʥʥʝ ʩʝʨʝʜʦʚʠʱʝ ʚʫʛʽʣʴʥʦʛʦ 

ʧʣʘʩʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʨʴʦʤʘ ʧʦʚ'ʷʟʘʥʠʤʠ ʧʨʦʮʝʩʘʤʠ: 

- ʜʝʩʦʨʙʮʽʷ ʤʝʪʘʥʫ ʟ ʧʦʚʝʨʭʥʽ ʚʫʛʽʣʴʥʠʭ ʯʘʩʪʠʥʦʢ; 

- ʜʠʬʫʟʽʡʥʠʡ ʧʦʪʽʢ ʯʝʨʝʟ ʤʽʢʨʦʧʦʨʠ ʜʦ ʪʨʽʱʠʥ ʢʣʠʚʘʞʫ; 

- ʧʦʪʽʢ ɼʘʨʩʽ - ʬʽʣʴʪʨʘʮʽʷ ʯʝʨʝʟ ʢʣʽʚʘʞ ʜʦ ʩʚʝʨʜʣʦʚʠʥ. 

ɼʝʩʦʨʙʮʽʷ ʤʝʪʘʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʟʥʠʞʝʥʥʽ ʫ ʚʫʛʽʣʴʥʦʤʫ ʧʣʘʩʪʽ ʪʠʩʢʫ ʚʦʜʠ ʪʘ 

ʤʝʪʘʥʫ, ʩʣʽʜʫʶʯʠ ʢʽʣʴʢʽʩʥʦ ʩʦʨʙʮʽʡʥʽʡ ʽʟʦʪʝʨʤʽ, ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ (ʨʦʟʨʦʙʣʶʚʘʥʦʛʦ) 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ. ʆʙʩʷʛʠ ʜʝʩʦʨʙʮʽʾ ʤʝʪʘʥʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʝʪʘʥʦʥʦʩʥʦʩʪʽ ʚʫʛʽʣʣʷ, 

ʟʫʤʦʚʣʝʥʦʛʦ ʧʦʯʘʪʢʦʚʠʤ ʧʣʘʩʪʦʚʠʤ ʪʠʩʢʦʤ ʪʘ ʚʽʜ ʯʘʩʫ. ʄʽʞ ʧʦʯʘʪʢʦʤ ʜʝʩʦʨʙʮʽʾ ʤʝʪʘʥʫ 

ʪʘ ʡʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷʤ ʜʦ ʤʘʢʨʦʧʦʨʽʚ (ʪʨʽʱʠʥ) ʽʩʥʫʻ ʚʝʣʠʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ʎʝ 

ʟʫʤʦʚʣʶʻ ʪʨʠʚʘʣʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʜʝʙʽʪʽʚ ʪʘ ʜʦʩʷʛʥʝʥʥʷ çʧʽʢʦʚʠʭè ʟʥʘʯʝʥʴ ʽʥʦʜʽ ʯʝʨʝʟ 1-2 

ʨʦʢʠ (ʘ ʽʥʦʜʽ ʡ ʙʽʣʴʰʝ), ʘ ʪʘʢʦʞ ʚʝʣʠʢʠʡ ʪʝʨʤʽʥ ʜʽʾ (ʜʦ 20-25 ʨʦʢʽʚ) ʤʝʪʘʥʦʢʫʪʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ. 

ʊʠʩʢ ʛʘʟʫ ʪʨʝʱʠʥʥʦ-ʧʦʨʦʚʦʡ ʩʝʨʝʜʦʚʠʱʽ ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʚʠʩʥʘʞʝʥʥʷ 

ʢʦʣʝʢʪʦʨʘ ʛʘʟʫ, ʪʦʙʪʦ. ʫ ʧʨʦʮʝʩʽ ʜʝʤʝʪʘʥʽʟʘʮʽʾ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ. ʇʨʠ ʮʴʦʤʫ ʝʬʝʢʪʠʚʥʘ 

ʥʘʧʨʫʛʘ (ʣʽʪʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʟʘ ʚʠʨʘʭʫʚʘʥʥʷʤ ʧʦʨʦʚʦʛʦ ʪʠʩʢʫ ʛʘʟʫ ʘʙʦ ʚʦʜʠ) 

ʟʨʦʩʪʘʪʠʤʝ, ʩʧʨʠʷʶʯʠ ʟʘʢʨʠʪʪʶ ʪʨʽʱʠʥ ʫ ʚʫʛʽʣʴʥʦʤʫ ʧʣʘʩʪʽ, ʘ ʧʨʦʥʠʢʥʽʩʪʴ ʚʫʛʽʣʴʥʦʛʦ 

ʧʣʘʩʪʘ ʟʤʝʥʰʫʚʘʪʠʤʝʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʚʝʣʠʯʠʥʽ ʝʬʝʢʪʠʚʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʢʣʽʚʘʞʽ. 

ʇʨʦʥʠʢʥʽʩʪʴ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ (ʟʤʝʥʰʫʻʪʴʩʷ) ʧʨʠ ʩʪʠʩʢʘʥʥʽ ʚʫʛʽʣʣʷ. ʇʨʠʨʦʜʥʦ, 

ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʛʣʠʙʠʥʠ ʟʨʦʩʪʘʻ ʣʽʪʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

ʧʨʦʥʠʢʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ. ʇʦʨʦʚʘ ʬʽʣʴʪʨʘʮʽʡʥʦ-ʻʤʥʽʩʥʝ ʩʝʨʝʜʦʚʠʱʝ ʚʫʛʽʣʴʥʠʭ 

ʧʣʘʩʪʽʚ ʙʝʟʧʝʨʝʨʚʥʦ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʚʽʜʢʘʯʫʚʘʥʥʽ ʚʦʜʠ ʪʘ ʜʝʩʦʨʙʮʽʾ ʤʝʪʘʥʫ ʚ ʧʨʦʮʝʩʽ 

ʡʦʛʦ ʚʠʜʦʙʫʪʢʫ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʷʤʠʭ ʚʠʟʥʘʯʝʥʴ ʤʝʪʦʜʘʤʠ ʥʘʛʥʽʪʘʥʥʷ ʨʽʜʠʥʠ ʚ ʧʣʘʩʪʠ (ʽʥʞʝʢʪ-

ʪʝʩʪʠ) ʧʨʦʥʠʢʥʽʩʪʴ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,1 ʤɼ ʜʦ 5-8 ʤɼ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ, ʷʢʱʦ ʜʣʷ ʪʘʢʠʭ ʢʨʠʪʝʨʽʾʚ ʚʠʙʦʨʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʦʙ'ʻʢʪʽʚ ʷʢ ʪʦʚʱʠʥʠ ʧʣʘʩʪʽʚ, ʾʭ ʛʽʧʩʦʤʝʪʨʽʷ, ʤʦʨʬʦʣʦʛʽʷ, ʤʝʪʘʥʦʥʦʩʥʽʩʪʴ ʚʠʷʚʣʝʥʦ ʧʝʚʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʾʭ ʟʤʽʥʠ ʟʘ ʛʣʠʙʠʥʦʶ ʪʘ ʧʣʦʱʝʶ, ʪʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʧʨʦʥʠʢʥʦʩʪʽ 

ʧʣʘʩʪʽʚ ʚʠʚʯʝʥʽ ʥʘʙʘʛʘʪʦ ʤʝʥʰ ʜʝʪʘʣʴʥʦ. 
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ʫʧʨʘʚʣʽʥʥʷ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʛʘʟʦʧʨʦʚʦʜʽʚ (ʃɺʋʄɻ). ʋ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʪʘʣʴʥʦ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʪʘʥʮʽʾ, ʱʦ ʚʢʣʶʯʘʶʪʴ 

ʷʢ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʘʜʥʘʥʥʷ, ʪʘʢ ʽ ʚʠʤʦʛʠ ʜʦ ʡʦʛʦ ʥʘʜʽʡʥʦʩʪʽ, ʙʝʟʧʝʢʠ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ ʜʦ 

ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ [1]. ɿʦʢʨʝʤʘ, ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʙʫʣʘ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʦʮʽʥʮʽ 

ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʦʧʝʨʝʢʘʯʫʚʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ (ɻʇɸ), ʱʦ ʻ ʦʩʥʦʚʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʢʦʤʧʨʝʩʦʨʥʦʾ ʩʪʘʥʮʽʾ. 

ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ɻʇɸ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʫʶʪʴ ʨʽʚʝʥʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʦʢʨʝʤʘ ʫ ʪʘʢʠʭ ʚʘʞʣʠʚʠʭ 

ʘʩʧʝʢʪʘʭ, ʷʢ ʝʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ, ʙʝʟʘʚʘʨʽʡʥʽʩʪʴ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʦʩʥʦʚʥʠʭ ʚʫʟʣʽʚ ʘʛʨʝʛʘʪʽʚ. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʤʘʪʝʨʽʘʣʽʚ, 

ʥʦʚʽ ʘʛʨʝʛʘʪʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʠʪʨʘʪʘʭ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ. ʂʨʽʤ ʪʦʛʦ, ʟʥʠʞʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʣʦʤʦʢ ʽ 

ʟʤʝʥʰʝʥʥʷ ʧʦʪʨʝʙʠ ʚ ʯʘʩʪʠʭ ʨʝʤʦʥʪʘʭ ʨʦʙʣʷʪʴ ʮʽ ʘʛʨʝʛʘʪʠ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤʠ ʚ 

ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ, ʧʽʜʚʠʱʫʶʯʠ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʾ 

ʩʠʩʪʝʤʠ. 

ʋ ʨʦʙʦʪʽ ʪʘʢʦʞ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ ʫ ʯʘʩʪʠʥʽ ʨʝʤʦʥʪʫ ʟʘʧʽʨʥʦʾ ʘʨʤʘʪʫʨʠ ʢʦʤʧʨʝʩʦʨʥʦʾ ʩʪʘʥʮʽʾ. 

ʇʨʦʚʝʜʝʥʝ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ 

ʨʝʤʦʥʪʫ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʪʝʨʤʽʥʠ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʪʘ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ 

ʤʘʪʝʨʽʘʣʠ. ʆʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʮʽʻʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʻ ʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʽʚ 

ʚʠʪʦʢʽʚ ʛʘʟʫ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʛʘʟʦʧʨʦʚʦʜʽʚ ʪʘ 

ʛʘʟʦʧʝʨʝʢʘʯʫʚʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ. ɺʠʪʦʢʠ ʛʘʟʫ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʷʢ ʧʦʨʫʰʝʥʥʷ ʨʦʙʦʪʠ ʘʧʘʨʘʪʽʚ ʪʘ ʧʦʩʫʜʠʥ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʽʜ ʪʠʩʢʦʤ, ʘ 

ʪʘʢʦʞ ʜʦ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʱʦ ʟʘʛʨʦʞʫʶʪʴ ʙʝʟʧʝʮʽ ʧʝʨʩʦʥʘʣʫ ʽ ʩʪʚʦʨʶʶʪʴ ʩʝʨʡʦʟʥʫ 

ʝʢʦʣʦʛʽʯʥʫ ʥʝʙʝʟʧʝʢʫ. ʂʨʽʤ ʪʦʛʦ, ʚʠʪʦʢʠ ʛʘʟʫ ʚʝʜʫʪʴ ʜʦ ʬʽʥʘʥʩʦʚʠʭ ʟʙʠʪʢʽʚ, ʘʜʞʝ 

ʥʝʨʽʜʢʦ ʧʦʪʨʝʙʫʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʪʘ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʷʪʠ 

ʚʠʪʨʘʪʠ ʥʘ ʢʦʤʧʝʥʩʘʮʽʶ ʰʢʦʜʠ, ʟʘʚʜʘʥʦʾ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ. 

ʑʝ ʦʜʥʠʤ ʢʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ 

ʛʘʟʦʧʝʨʝʢʘʯʫʚʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʟʦʢʨʝʤʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʨʦʪʦʨʘ ʥʘʛʥʽʪʘʯʘ, ʱʦ ʩʧʨʠʷʻ 

ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʘʟʫ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʣʦʧʦʪʫʞʥʠʭ ʛʘʟʦʧʝʨʝʢʘʯʫʚʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ (ɻʇɸ). ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʨʥʽʟʘʮʽʷ 

ʧʝʨʝʜʙʘʯʘʻ ʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʛʨʝʛʘʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʚ ʩʧʝʮʠʬʽʯʥʠʭ ʫʤʦʚʘʭ, ʜʝ ʥʝ ʧʦʪʨʽʙʥʘ ʚʠʩʦʢʘ ʧʦʪʫʞʥʽʩʪʴ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʘʟʫ ʥʘ ʤʘʣʠʭ ʚʽʜʩʪʘʥʷʭ. ɿʥʠʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʛʨʝʛʘʪʫ ʚʜʚʽʯʽ 
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ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʩʧʦʞʠʚʘʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʝʢʦʥʦʤʽʾ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ [2-4]. 

ʊʘʢʘ ʦʧʪʠʤʽʟʘʮʽʷ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʪʦʨʘ ʥʘʛʥʽʪʘʯʘ ʤʘʻ ʥʠʟʢʫ ʚʘʞʣʠʚʠʭ ʧʝʨʝʚʘʛ. ʇʦ-

ʧʝʨʰʝ, ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʙʝʟ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʘʟʫ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ. ʋ ʢʦʥʪʝʢʩʪʽ 

ʧʽʜʚʠʱʝʥʥʷ ʚʘʨʪʦʩʪʽ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʽ ʧʨʘʛʥʝʥʥʷ ʜʦ ʟʤʝʥʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ, 

ʮʝʡ ʧʽʜʭʽʜ ʻ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ ʽ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʤʧʨʝʩʦʨʥʦʾ ʩʪʘʥʮʽʾ. 

ʇʦ-ʜʨʫʛʝ, ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʥʘ ʦʜʠʥʠʯʥʠʡ ʘʛʨʝʛʘʪ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ 

ʥʘ ʟʘʛʘʣʴʥʫ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʤʧʨʝʩʦʨʥʦʾ ʩʪʘʥʮʽʾ. ɿʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʝʥʝʨʛʝʪʠʯʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʩʪʘʥʮʽʾ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ, ʟʥʠʞʫʶʯʠ ʨʠʟʠʢʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʽʣʴʰ 

ʨʽʚʥʦʤʽʨʥʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. ʎʝ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʨʦʙʦʪʠ ʚʩʽʻʾ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ ʚ ʫʤʦʚʘʭ ʢʦʣʠʚʘʥʴ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 

ʘʙʦ ʧʽʢʦʚʘʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ. 

ɿʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʦʾ ʘʛʨʝʛʘʪʘʤʠ ʪʘʢʦʞ ʤʘʻ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. ɺʦʥʘ ʥʝ ʣʠʰʝ ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʘʣʝ ʡ 

ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʟʥʦʩʫ ʦʙʣʘʜʥʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʤʝʥʰ ʧʦʪʫʞʥʽ ʘʛʨʝʛʘʪʠ ʧʨʘʮʶʶʪʴ ʟ 

ʤʝʥʰʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʦʜʦʚʞʠʪʠ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʘʛʨʝʛʘʪʽʚ ʽ ʟʥʠʟʠʪʠ 

ʯʘʩʪʦʪʫ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ, ʱʦ ʜʦʜʘʪʢʦʚʦ ʝʢʦʥʦʤʠʪʴ ʨʝʩʫʨʩʠ ʢʦʤʧʘʥʽʾ. 

ʂʨʽʤ ʪʦʛʦ, ʟʥʠʞʝʥʥʷ ʩʧʦʞʠʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʤʝʥʰʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ ʩʪʘʥʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʠʟʠʢ ʾʭ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʘʙʦ 

ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʚ ʨʘʟʽ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʘʙʦ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʎʝ ʻ 

ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʨʝʙʽʡʥʦʩʪʽ ʨʦʙʦʪʠ 

ʢʦʤʧʨʝʩʦʨʥʦʾ ʩʪʘʥʮʽʾ, ʦʩʢʽʣʴʢʠ ʪʘʢʽ ʧʦʣʦʤʢʠ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʫʧʠʥʢʠ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʘʟʫ, ʩʪʚʦʨʶʶʯʠ ʧʦʪʝʥʮʽʡʥʽ ʟʘʛʨʦʟʠ ʜʣʷ ʧʦʩʪʘʯʘʥʥʷ ʛʘʟʫ ʩʧʦʞʠʚʘʯʘʤ ʽ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʪʦʨʘ ʥʘʛʥʽʪʘʯʘ 

ʩʧʨʠʷʶʪʴ ʥʝ ʣʠʰʝ ʧʽʜʚʠʱʝʥʥʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʘʣʝ ʡ ʟʥʠʞʝʥʥʶ ʦʧʝʨʘʮʽʡʥʠʭ 

ʚʠʪʨʘʪ ʽ ʧʦʢʨʘʱʝʥʥʶ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʢʦʤʧʨʝʩʦʨʥʦʾ ʩʪʘʥʮʽʾ ʚ ʮʽʣʦʤʫ. ʎʽ ʟʘʭʦʜʠ ʻ 

ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʥʘʧʨʷʤʢʫ ʤʦʜʝʨʥʽʟʘʮʽʾ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʱʦ 

ʩʧʨʠʷʪʠʤʝ ʦʧʪʠʤʽʟʘʮʽʾ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʘʟʫ. 

ɿʘʛʘʣʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʟʘʭʦʜʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʥʝ ʣʠʰʝ ʧʽʜʚʠʱʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʙʦʪʠ ʢʦʤʧʨʝʩʦʨʥʦʾ ʩʪʘʥʮʽʾ, ʘʣʝ ʡ ʩʧʨʠʷʶʪʴ ʟʤʝʥʰʝʥʥʶ ʟʘʛʘʣʴʥʠʭ ʚʠʪʨʘʪ ʥʘ ʝʥʝʨʛʽʶ, 

ʧʘʣʠʚʦ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʤʘʻ ʧʨʷʤʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ 

ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʂʨʽʤ ʪʦʛʦ, ʮʽ ʟʘʭʦʜʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʙʝʨʝʞʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʪʘ 

ʙʝʟʘʚʘʨʽʡʥʦʾ ʨʦʙʦʪʠ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʛʘʟʦʧʦʩʪʘʯʘʥʥʷ. ʇʦʢʨʘʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʨʦʙʦʪʠ 

ʢʦʤʧʨʝʩʦʨʥʦʾ ʩʪʘʥʮʽʾ ʻ ʚʘʞʣʠʚʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʘʟʦʧʨʦʚʦʜʽʚ ʽ ʟʥʠʞʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʱʦ ʤʦʞʝ ʤʘʪʠ 

ʩʝʨʡʦʟʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʝʢʦʥʦʤʽʢʠ, ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʙʝʟʧʝʢʠ ʧʨʘʮʽʚʥʠʢʽʚ. 
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(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ "ɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ", ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ɯʅʅʆɺɸʎɯʁʅɸ ʊɽʍʅʆʃʆɻɯʗ ʆɹʃɸɼʅɸʅʅʗ ɻɯɼʈʆɻɽʆʃʆɻɯʏʅʀʍ 

ʉɺɽʈɼʃʆɺʀʅ ɹʃʆʏʅʀʄʀ ɻʈɸɺɯʁʅʀʄʀ ʌɯʃʔʊʈɸʄʀ 

 

ɺʩʪʫʧ.  
ʋ ʞʠʪʪʽ ʣʶʜʠʥʠ ʧʠʪʥʘ ʚʦʜʘ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. ʋʢʨʘʾʥʘ ʤʘʻ ʚʝʣʠʯʝʟʥʽ 

ʨʝʩʫʨʩʠ ʧʨʽʩʥʠʭ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʱʦ ʥʘʣʽʯʫʶʪʴ ʙʣʠʟʴʢʦ 21 ï 22 ʢʤ
3
/ʨʽʢ. ɿ ʥʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʥʘʨʦʜʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʣʠʰʝ ʪʨʦʭʠ ʙʽʣʴʰʝ 10 ï 15 %. ɼʣʷ 

ʤʽʩʴʢʦʛʦ ʪʘ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ 5 ï 7 % 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʘ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʦʙʚʦʜʥʝʥʥʷ ʧʘʩʦʚʠʱ ʽ 

ʟʨʦʰʝʥʥʷ ʙʣʠʟʴʢʦ 3 ï 5 %. 

ɹʣʠʟʴʢʦ 90 % ʥʘʩʝʣʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʽʜʟʝʤʥʽ ʚʦʜʠ. ɻʽʜʨʦʛʝʦʣʦʛʽʯʥʽ 

ʩʚʝʨʜʣʦʚʠʥʠ ʻ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʩʠʩʪʝʤʠ ʣʦʢʘʣʴʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ɿʘʧʘʩʠ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚ ʋʢʨʘʾʥʽ ʨʦʟʪʘʰʦʚʘʥʽ ʜʫʞʝ ʥʝʨʽʚʥʦʤʽʨʥʦ, ʱʦ ʩʪʚʦʨʶʻ ʟʥʘʯʥʽ 

ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʤʽʞ ʨʽʟʥʠʤʠ ʨʝʛʽʦʥʘʤʠ ʢʨʘʾʥʠ. ʅʘʡʙʽʣʴʰ 

ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʽ ʨʝʛʽʦʥʠ ï ʮʝ ʟʘʭʽʜʥʽ ʦʙʣʘʩʪʽ ʋʢʨʘʾʥʠ (ʃʴʚʽʚʩʴʢʘ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ, 

ʏʝʨʥʽʚʝʮʴʢʘ), ʘ ʪʘʢʦʞ ʯʘʩʪʢʦʚʦ ʮʝʥʪʨʘʣʴʥʽ ʦʙʣʘʩʪʽ (ɺʽʥʥʠʮʴʢʘ, ʂʠʾʚʩʴʢʘ, ʇʦʣʪʘʚʩʴʢʘ), 

ʜʝ ʧʨʠʨʦʜʥʽ ʫʤʦʚʠ ʩʧʨʠʷʶʪʴ ʥʘʢʦʧʠʯʝʥʥʶ ʟʥʘʯʥʠʭ ʟʘʧʘʩʽʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. 

ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʧʦʰʫʢʫ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʧʦʨʫʜʞʝʥʥʷ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʙʣʦʢʦʚʠʭ ʛʨʘʚʽʡʥʠʭ ʬʽʣʴʪʨʽʚ, ʷʢʽ 

ʥʝ ʪʽʣʴʢʠ ʜʘʶʪʴ ʟʤʦʛʫ ʜʦʤʦʛʪʠʩʷ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʛʦ ʜʝʙʽʪʫ ʩʚʝʨʜʣʦʚʠʥ, ʘ ʡ ʜʘʶʪʴ 

ʟʤʦʛʫ ʝʢʩʧʣʫʘʪʫʚʘʪʠ ʩʚʝʨʜʣʦʚʠʥʠ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʪʝʨʤʽʥʫ. ɺʦʜʥʦʯʘʩ ʧʠʪʘʥʥʷʤ 

ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʙʣʘʜʥʘʥʥʷ ʙʣʦʢʦʚʠʭ ʛʨʘʚʽʡʥʠʭ ʬʽʣʴʪʨʽʚ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʧʨʠʜʽʣʷʶʪʴ ʤʘʣʦ ʫʚʘʛʠ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʟʘ ʮʠʤ ʧʨʦʬʽʣʝʤ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʽʥʩʪʠʪʫʪʽʚ, ʘ ʪʘʢʦʞ ʚʽʜʦʤʯʦʶ 

ʨʦʟʜʨʦʙʣʝʥʽʩʪʶ ʦʨʛʘʥʽʟʘʮʽʡ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʙʫʨʽʥʥʷ ʡ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘʢʠʭ ʩʚʝʨʜʣʦʚʠʥ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  

ɹʣʦʢʦʚʠʡ ʛʨʘʚʽʡʥʠʡ ʬʽʣʴʪʨ ʻ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʢʦʥʩʪʨʫʢʮʽʾ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʾ 

ʩʚʝʨʜʣʦʚʠʥʠ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ ʜʦʜʘʪʢʦʚʠʡ ʟʘʭʠʩʪ ʬʽʣʴʪʨʦʚʦʾ ʢʦʣʦʥʠ ʚʽʜ 

ʟʘʤʫʣʶʚʘʥʥʷ ʽ ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʷʢʦʩʪʽ ʚʠʜʦʙʫʪʦʾ ʚʦʜʠ. ɺʽʜ ʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʥʦʛʦ 

ʙʣʦʢʦʚʦʛʦ ʛʨʘʚʽʡʥʦʛʦ ʬʽʣʴʪʨʘ ʟʘʣʝʞʘʪʴ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʦʜʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ 

ʪʘ ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. 
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ɹʫʨʮʘʻʚʘ ɸ.ɻ., ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ 133-24-1, ʩʧʝʮʽʘʣʴʥʽʩʪʴ 133 ɻʘʣʫʟʝʚʝ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɼʝʨʙʘʙʘ ɺ.ɸ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʡ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ  

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

 

CAD-CAM ʉʀʉʊɽʄʀ SOLIDWORKS ɼʃʗ ɯʅɾɽʅɽʈɸ-ʂʆʅʉʊʈʋʂʊʆʈɸ 

ɺ ʄɸʐʀʅʆɹʋɼʋɺɸʅʅɯ 

 

ʋ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦʻʢʪʫʚʘʥʥʷ (CAD) ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ (CAM), ʮʝ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ 

ʪʦʯʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. ɿʘʚʜʷʢʠ ʮʠʤ ʩʠʩʪʝʤʘʤ ʽʥʞʝʥʝʨʠ ʤʦʞʫʪʴ 

ʝʬʝʢʪʠʚʥʦ ʧʦʻʜʥʫʚʘʪʠ ʚʩʽ ʝʪʘʧʠ ʨʦʟʨʦʙʢʠ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʤʝʥʰʫʶʯʠ ʯʘʩ ʧʽʜʛʦʪʦʚʢʠ 

ʜʝʪʘʣʝʡ ʜʦ ʚʠʧʫʩʢʫ. SolidWorks ʧʨʦʧʦʥʫʻ ʧʦʪʫʞʥʽ ʽʥʩʪʨʫʤʝʥʪʠ CAD ʽ CAM, ʷʢʽ ʜʘʶʪʴ 

ʟʤʦʛʫ ʧʨʘʮʶʚʘʪʠ ʚ ʦʜʥʽʡ ʩʠʩʪʝʤʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʽʥʞʝʥʝʨʘʤ-ʢʦʥʩʪʨʫʢʪʦʨʘʤ ʚʝʣʠʢʫ 

ʦʧʪʠʤʽʟʘʮʽʶ ʚʩʽʭ ʝʪʘʧʽʚ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ. 

CAD (Computer Aided Designing) ï ʮʝ ʩʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʩʪʨʫʶʚʘʥʥʷ, ʷʢʘ 

ʘʚʪʦʤʘʪʠʟʦʚʫʻ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʪʘ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʽ ʢʨʝʩʣʝʥʴ. 

ʊʘʢʦʞ ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʽʥʞʝʥʝʨʘʤ ʜʝʪʘʣʴʥʦ ʦʧʨʘʮʶʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʱʝ  ʥʘ 

ʝʪʘʧʽ ʧʨʦʻʢʪʫʚʘʥʥʽ, ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ ʫ ʚʠʨʦʙʥʠʮʪʚʦ. 

CAM (Computer Aided Manufacturing) ï ʮʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ 

ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʯʥʫ ʛʝʥʝʨʘʮʽʶ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ.  

SolidWorks CAD ʻ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʽʥʞʝʥʝʨʽʚ-ʢʦʥʩʪʨʫʢʪʦʨʽʚ 

ʧʦʚʥʦʮʽʥʥʠʤʠ ʟʘʩʦʙʘʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽ ʧʦʢʨʘʱʝʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʜʝʪʘʣʝʡ. ʎʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʻ ʨʦʟʰʠʨʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʨʦʻʢʪʫʚʘʥʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʰʚʠʜʢʦ ʚʥʦʩʠʪʠ ʟʤʽʥʠ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʨʦʟʨʦʙʢʠ, ʦʧʪʠʤʽʟʫʚʘʚʰʠ ʧʨʦʮʝʩ ʟʽ ʟʙʝʨʽʛʘʥʥʷʤ 

ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʾ. ɭ ʜʝʢʽʣʴʢʘ ʚʘʞʣʠʚʠʭ ʬʫʥʢʮʽʡ: 

ʇʘʨʘʤʝʪʨʠʯʥʝ ʧʨʦʻʢʪʫʚʘʥʥʷ ï ɺʦʥʦ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʨʦʟʤʽʨʠ, ʬʦʨʤʫ ʽ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʦʜʝʣʽ ʟʘ ʜʦʧʦʤʦʛʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʦʥʦʚʣʶʚʘʪʠ ʬʦʨʤʫ ʧʨʦʻʢʪʘ ʧʨʠ ʟʤʽʥʽ ʧʝʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʮʝ 

ʚʘʞʣʠʚʦ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʜʝ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʘʜʘʧʪʘʮʽʾ ʧʽʜ ʨʽʟʥʽ ʚʠʤʦʛʠ. 

ɯʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʢʦʥʩʪʨʫʢʮʽʡ ï SolidWorks CAD ʤʘʻ ʧʦʪʫʞʥʽ ʟʘʩʦʙʠ ʜʣʷ 

ʨʽʟʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʘʥʘʣʽʟʽʚ. ʄʦʜʫʣʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʤʽʮʥʽʩʪʴ, ʪʝʧʣʦʚʠʡ ʘʥʘʣʽʟ, 

ʦʮʽʥʢʫ ʜʝʬʦʨʤʘʮʽʾ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽ ʧʝʨʝʚʽʨʢʫ ʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʽʙʨʘʮʽʡ. ʇʨʦʛʨʘʤʘ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʠʪʠ ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʱʝ ʜʦ ʾʾ ʚʠʛʦʪʦʚʣʝʥʥʷ. ʎʷ 

ʤʦʞʣʠʚʽʩʪʴ ʜʘʻ ʧʦʙʘʯʠʪʠ ʩʣʘʙʢʽ ʤʽʩʮʷ ʱʝ ʥʘ ʩʪʘʜʽʾ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʚʥʝʩʪʠ ʥʝʦʙʭʽʜʥʽ 

ʟʤʽʥʠ 

ɿʙʝʨʝʞʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʘʙʣʦʥʽʚ ï ʎʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʟʚʦʣʷʻ 

ʟʙʝʨʽʛʘʪʠ ʩʪʚʦʨʝʥʽ ʤʦʜʝʣʽ ʪʘ ʝʣʝʤʝʥʪʠ ʷʢ ʰʘʙʣʦʥʠ, ʱʦ ʟʤʝʥʰʫʻ ʯʘʩ ʥʘ ʩʪʚʦʨʝʥʥʷ 

ʜʝʪʘʣʝʡ ʚ ʤʘʩʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʮʝ ʪʠʧʦʚʽ ʜʝʪʘʣʽ. ɺ SolidWorks ʰʘʙʣʦʥʠ 

ʤʦʞʥʘ ʪʘʢʦʞ ʣʝʛʢʦ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʧʽʜ ʧʝʚʥʽ ʩʪʘʥʜʘʨʪʠ ʘʙʦ ʚʠʤʦʛʠ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʨʦʻʢʪʫ, ʟʤʝʥʰʫʶʯʠ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʧʨʦʻʢʪʽʚ. 

SolidWorks CAM ʤʦʜʫʣʴ ʟʘ ʜʦʧʦʤʦʛʠ ʷʢʦʛʦ ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʪʦʯʥʽ ʚʠʨʦʙʥʠʯʽ 

ʧʨʦʮʝʩʠ ʜʣʷ ʚʝʨʩʪʘʪʽʚ ʏʇʂ ʪʘ ʽʥʰʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʊʘʢʦʞ ʤʦʞʥʘ ʮʽ 

ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ ʟʤʦʜʝʣʶʚʘʪʠ ʚ CAM, ʱʦʙ ʧʝʨʝʚʽʨʠʪʠ ʧʨʦʛʨʘʤʫ ʏʇʂ ʥʘ ʥʘʷʚʥʽʩʪʴ 

ʧʦʤʠʣʦʢ. ʎʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʧʦʤʘʛʘʻ ʥʝ ʪʽʣʴʢʠ ʚʠʙʨʘʪʠ ʨʽʟʥʽ ʩʪʘʥʢʠ ʽ 

ʽʥʩʪʨʫʤʝʥʪ, ʘ ʽ ʥʘʜʘʻ ʟʤʦʛʫ ʩʪʚʦʨʠʪʠ, ʧʝʨʝʚʽʨʠʪʠ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʛʨʘʤʠ ʏʇʂ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʤʦʞʣʠʚʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ. ʊʘʢ ʷʢ SolidWorks CAD ʽ  

CAM ʧʨʘʮʶʶʪʴ ʚ ʦʜʥʽʡ ʩʠʩʪʝʤʽ ʪʦ ʬʘʡʣʠ ʥʝ ʧʦʪʨʽʙʥʦ ʝʢʩʧʦʨʪʫʚʘʪʠ ï ʮʝ ʜʦʩʠʪʴ 

ʟʤʝʥʰʫʻ ʯʘʩ ʥʘ ʩʪʚʦʨʝʥʥʷ ʧʨʦʻʢʪʫ. ɼʝʷʢʽ ʬʫʥʢʮʽʾ SolidWorks CAM: 



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ 
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ʌʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ï  ʮʝ CAM ʧʘʢʝʪ, ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ 

ʬʫʥʢʮʽʾ, ʪʦʙʪʦ ʚʽʥ ʘʚʪʦʤʘʪʠʯʥʦ ʨʦʟʧʽʟʥʘʻ ʦʩʦʙʣʠʚʦʩʪʽ ʛʝʦʤʝʪʨʽʾ ʪʘ ʛʝʥʝʨʫʻ ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʦʙʨʦʙʢʠ ʪʨʘʻʢʪʦʨʽʾ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʎʝ ʝʢʦʥʦʤʠʪʴ ʯʘʩ, ʦʩʢʽʣʴʢʠ ʥʝ ʧʦʪʨʽʙʥʦ 

ʩʪʚʦʨʶʚʘʪʠ ʢʦʞʥʫ ʪʨʘʻʢʪʦʨʽʶ ʚʨʫʯʥʫ.  

ʈʫʯʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʨʦʙʢʠ ï ʋ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʤʦʞʥʘ ʚʨʫʯʥʫ ʩʪʚʦʨʠʪʠ 

ʜʦʜʘʪʢʦʚʽ ʦʧʝʨʘʮʽʾ ʦʙʨʦʙʢʠ. ʆʙʨʦʙʣʶʚʘʥʽ ʛʨʘʥʽ ʽ ʟʦʥʠ, ʷʢʠʭ ʩʣʽʜ ʫʥʠʢʘʪʠ, ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʠ ʰʠʨʦʢʦʛʦ ʥʘʙʦʨʫ ʦʧʮʽʡ ʚʠʙʦʨʫ, ʫʩʫʚʘʶʯʠ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʝʪʘʣʦʥʥʦʾ ʛʝʦʤʝʪʨʽʾ ʥʘ ʜʝʪʘʣʽ. 

ɭʜʠʥʝ ʽʥʪʝʛʨʦʚʘʥʝ ʨʽʰʝʥʥʷ - SolidWorks CAM ʥʘʜʘʻ ʧʦʪʫʞʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟ 

ʏʇʂ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʦʙʨʦʙʢʠ, ʪʘʢʠʭ ʷʢ ʬʨʝʟʝʨʫʚʘʥʥʷ, ʪʦʢʘʨʥʘ ʦʙʨʦʙʢʘ, ʘ ʪʘʢʦʞ 

ʨʦʙʦʪʠ ʟ ʜʝʪʘʣʷʤʠ ʪʘ ʩʢʣʘʜʘʣʴʥʠʤʠ ʦʜʠʥʠʮʷʤʠ ʮʝ ʟʘʙʝʟʧʝʯʫʻ ʻʜʠʥʝ ʽʥʪʝʛʨʦʚʘʥʝ 

ʨʽʰʝʥʥʷ ʚʽʜ ʧʨʦʻʢʪʫʚʘʥʥʷ ʜʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʑʦ ʽ ʜʘʻ ʟʤʦʛʫ ʧʨʘʮʶʚʘʪʠ ʚ ʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʤʠʢʘʪʠʩʷ ʤʽʞ ʨʽʟʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ. 

CAD/CAM ʩʠʩʪʝʤʠ SolidWorks ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʽʥʞʝʥʝʨʘ-

ʢʦʥʩʪʨʫʢʪʦʨʘ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ʦʙôʻʜʥʫʶʯʠ ʚ ʩʦʙʽ ʚʩʽ ʝʪʘʧʠ ʩʪʚʦʨʝʥʥʷ ʚʠʨʦʙʫ ï ʚʽʜ 

ʧʨʦʻʢʪʫʚʘʥʥʷ ʜʦ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʊʘʢ ʷʢ CAD/CAM ʩʠʩʪʝʤʘ SolidWorks ʚ 

ʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ï ʮʝ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʨʦʟʨʦʙʢʠ, ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ 

ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʽ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʨʦʮʝʩʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ SolidWorks ʫ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʜʦʟʚʦʣʷʻ ʚʪʽʣʶʚʘʪʠ ʽʥʥʦʚʘʮʽʡʥʽ ʽʜʝʾ ʰʚʠʜʰʝ ʥʽʞ ʢʦʥʢʫʨʝʥʪʠ, ʱʦ 

ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ 

ʽʥʜʫʩʪʨʽʷ 4.0. ʆʪʞʝ, CAD/CAM ʩʠʩʪʝʤʠ SolidWorks ʩʪʘʶʪʴ ʦʜʥʠʤʠ ʽʟ ʥʝʟʘʤʽʥʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʫ ʩʫʯʘʩʥʦʤʫ ʤʘʰʠʥʦʙʫʜʽʚʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ, ʷʢʝ ʧʨʘʛʥʝ ʜʦʩʷʛʘʪʠ 

ʥʘʡʚʠʱʠʭ ʩʪʘʥʜʘʨʪʽʚ ʷʢʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. SolidWorks URL: https://uk.wikipedia.org/wiki/SolidWorks 

2. The Difference Between SOLIDWORKS CAM Software: CAM Standard Versus 

CAM Professional  URL: https://www.cati.com/blog/difference-solidworks-cam-software-

cam-standard-versus-cam-professional/ 

3. Computer-aided design (CAD)  URL: https://www.sw.siemens.com/en-

US/technology/computer-aided-design-cad/#:~:text=Computer-

aided%20design%20(CAD)%20or%203D%20CAD%20software%20is,than%20using%20ma

nual%20drafting%20methods. 

4. CAM ï Computer-aided Manufacturing  URL: https://lexikon.clous.io/en/cam-

computer-aided-manufacturing-cad-cam-system 

5. CAM ï Computer-Aided Manufacturing: Manufacturing Explained  URL: 

https://www.mingosmartfactory.com/cam-computer-aided-manufacturing-manufacturing-

explained/ 

6. The Difference Between SOLIDWORKS CAM and CAMWorks URL: 

https://store.trimech.com/blog/the-difference-between-solidworks-cam-and-

camworks?srsltid=AfmBOopPfFngYF71y1ksJV7PPbxLp4fYMAPzK8SRPuiElmzSOSPDb4s

- 

7. What is the difference between Solidcam, SolidWorks cam, and Camworks? Which 

one should I choose? URL: https://www.quora.com/What-is-the-difference-between-

Solidcam-SolidWorks-cam-and-Camworks-Which-one-should-I-choose 

https://uk.wikipedia.org/wiki/SolidWorks
https://www.cati.com/blog/difference-solidworks-cam-software-cam-standard-versus-cam-professional/
https://www.cati.com/blog/difference-solidworks-cam-software-cam-standard-versus-cam-professional/
https://store.trimech.com/blog/the-difference-between-solidworks-cam-and-camworks?srsltid=AfmBOopPfFngYF71y1ksJV7PPbxLp4fYMAPzK8SRPuiElmzSOSPDb4s-
https://store.trimech.com/blog/the-difference-between-solidworks-cam-and-camworks?srsltid=AfmBOopPfFngYF71y1ksJV7PPbxLp4fYMAPzK8SRPuiElmzSOSPDb4s-
https://store.trimech.com/blog/the-difference-between-solidworks-cam-and-camworks?srsltid=AfmBOopPfFngYF71y1ksJV7PPbxLp4fYMAPzK8SRPuiElmzSOSPDb4s-


ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ 
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ɹʘʨʪʦʰ ɹ.ɺ., ʩʪʫʜʝʥʪ ʛʨʫʧʠ 131-22ʩʢ-1 

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

ʪʘ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ  

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

 

ʆʉʆɹʃʀɺʆʉʊɯ ʄɽʍɸʅɯʏʅʆɰ ʆɹʈʆɹʂʀ ʄɸʊɽʈɯɸʃɯɺ: ɹʈʆʅɿɸ, 

ʊɽʂʉʊʆʃɯʊ, ʇʃɸʉʊʀʂ ʅɸ ɺɽʈʉʊɸʊɸʍ ɿ ʏʇʋ 

 

ʆʙʨʦʙʢʘ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ (ʏʇʋ) ʻ ʚʘʞʣʠʚʠʤ 

ʧʨʦʮʝʩʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʜʝʪʘʣʝʡ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʎʽ ʤʘʪʝʨʽʘʣʠ ʚʢʣʶʯʘʶʪʴ ʙʨʦʥʟʫ, ʪʝʢʩʪʦʣʽʪ ʽ ʧʣʘʩʪʠʢ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʘʤʠʭ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʚʽʜ ʽʥʞʝʥʝʨʽʾ ʜʦ ʝʣʝʢʪʨʦʥʽʢʠ. ʊʘʢʽ ʤʘʪʝʨʽʘʣʠ 

ʚʠʤʘʛʘʶʪʴ ʦʩʦʙʣʠʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʙʨʦʙʢʠ ʯʝʨʝʟ ʾʭ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʽ ʭʽʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. 

 
ʈʠʩʫʥʦʢ 1 ï ʆʙʨʦʙʢʘ ʜʝʪʘʣʽ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʏʇʋ [1] 

 

1. ʄʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ʙʨʦʥʟʠ 

ɹʨʦʥʟʘ ï ʮʝ ʤʽʜʥʠʡ ʩʧʣʘʚ ʟ ʜʦʙʘʚʢʘʤʠ ʦʣʦʚʘ, ʘʣʶʤʽʥʽʶ, ʥʽʢʝʣʶ ʘʙʦ ʽʥʰʠʭ 

ʝʣʝʤʝʥʪʽʚ. ɺʽʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ, ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ ʽ ʥʠʟʴʢʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ. ʄʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ʙʨʦʥʟʠ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʋ ʚʠʤʘʛʘʻ ʜʦʪʨʠʤʘʥʥʷ 

ʧʝʚʥʠʭ ʫʤʦʚ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʫʪʚʦʨʝʥʥʷ ʜʝʬʝʢʪʽʚ [2, 3]. 

ʆʩʦʙʣʠʚʦʩʪʽ ʦʙʨʦʙʢʠ ʙʨʦʥʟʠ: 

ï ɯʥʩʪʨʫʤʝʥʪʠ: ʇʨʠ ʦʙʨʦʙʮʽ ʙʨʦʥʟʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʠ ʟ ʪʚʝʨʜʦʛʦ 

ʩʧʣʘʚʫ ʘʙʦ ʰʚʠʜʢʦʨʽʟʘʣʴʥʦʾ ʩʪʘʣʽ ʟ ʧʦʢʨʠʪʪʷʤ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʥʦʩʫ. ʏʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʣʤʘʟʥʽ ʘʙʦ ʢʝʨʘʤʽʯʥʽ ʨʽʞʫʯʽ ʢʨʦʤʢʠ. 

ï ʈʝʞʠʤʠ ʨʽʟʘʥʥʷ: ʜʣʷ ʙʨʦʥʟʠ ʚʘʞʣʠʚʦ ʚʠʙʨʘʪʠ ʧʨʘʚʠʣʴʥʽ ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʦʜʘʯʽ. 

ʉʝʨʝʜʥʽ ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʦʜʘʯʽ ʜʦʧʦʤʘʛʘʶʪʴ ʜʦʩʷʛʪʠ ʯʠʩʪʦʾ ʦʙʨʦʙʢʠ ʪʘ ʟʤʝʥʰʠʪʠ ʟʥʦʩ 

ʽʥʩʪʨʫʤʝʥʪʫ. 

ï ʆʭʦʣʦʜʞʝʥʥʷ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ (ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ) ʧʨʠ 

ʦʙʨʦʙʮʽ ʙʨʦʥʟʠ ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʟʤʝʥʰʫʻ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʧʣʠʚ ʥʘ ʽʥʩʪʨʫʤʝʥʪ 

ʽ ʜʝʪʘʣʴ, ʘ ʪʘʢʦʞ ʧʨʦʜʦʚʞʫʻ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʽʥʩʪʨʫʤʝʥʪʫ [2, 3]. 

2. ʄʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ʪʝʢʩʪʦʣʽʪʫ 

ʊʝʢʩʪʦʣʽʪ ï ʮʝ ʢʦʤʧʦʟʠʪʥʠʡ ʤʘʪʝʨʽʘʣ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʨʝʩʦʚʘʥʠʡ 

ʩʢʣʦʚʦʣʦʢʥʠʩʪʠʡ ʣʘʤʽʥʘʪ, ʧʨʦʩʦʯʝʥʠʡ ʬʝʥʦʣʴʥʦʶ ʘʙʦ ʝʧʦʢʩʠʜʥʦʶ ʩʤʦʣʦʶ. ɿʘʚʜʷʢʠ 

ʚʠʩʦʢʽʡ ʤʽʮʥʦʩʪʽ ʽ ʭʦʨʦʰʠʤ ʝʣʝʢʪʨʦʽʟʦʣʷʮʽʡʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʪʝʢʩʪʦʣʽʪ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʽʟʦʣʷʮʽʡʥʠʭ ʜʝʪʘʣʝʡ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʪʝʢʩʪʦʣʽʪʫ: 
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ï ɯʥʩʪʨʫʤʝʥʪʠ: ʯʝʨʝʟ ʚʠʩʦʢʫ ʘʙʨʘʟʠʚʥʽʩʪʴ ʪʝʢʩʪʦʣʽʪʫ ʩʪʘʥʜʘʨʪʥʽ ʨʽʞʫʯʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʰʚʠʜʢʦ ʟʥʦʰʫʶʪʴʩʷ, ʪʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʠ ʟ ʘʣʤʘʟʥʠʤ ʘʙʦ 

ʪʚʝʨʜʦʩʧʣʘʚʥʠʤ ʥʘʧʠʣʝʥʥʷʤ. 

ï ʈʝʞʠʤʠ ʨʽʟʘʥʥʷ: ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʧʨʠ ʨʦʙʦʪʽ ʟ ʪʝʢʩʪʦʣʽʪʦʤ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʧʦʤʽʨʥʠʤʠ, ʱʦʙ ʥʝ ʚʠʢʣʠʢʘʪʠ ʧʝʨʝʛʨʽʚʫ. ɼʨʽʙʥʽ ʢʦʨʤʠ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʛʦ ʟʨʽʟʫ ʽ ʟʘʧʦʙʽʛʘʥʥʷ ʨʦʟʰʘʨʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. 

ï ɺʠʜʘʣʝʥʥʷ ʩʪʨʫʞʢʠ ʪʘ ʧʠʣʫ: ʫʪʚʦʨʝʥʥʷ ʧʠʣʫ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʪʝʢʩʪʦʣʽʪʫ 

ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʚʠʜʘʣʝʥʥʷ ʩʪʨʫʞʢʠ. ʎʝ ʥʝ ʪʽʣʴʢʠ ʧʦʢʨʘʱʫʻ 

ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ, ʘʣʝ ʽ ʟʘʭʠʱʘʻ ʦʧʝʨʘʪʦʨʘ ʚʽʜ ʰʢʽʜʣʠʚʠʭ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʽ ʯʘʩʪʠʥʢʠ 

[2, 3]. 

3. ʄʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ʧʣʘʩʪʠʢʫ 

ʇʣʘʩʪʤʘʩʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʾʭ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚʘʨʽʶʶʪʴʩʷ ʚʽʜ ʛʥʫʯʢʦʩʪʽ ʽ ʫʜʘʨʦʩʪʽʡʢʦʩʪʽ ʜʦ ʚʠʩʦʢʦʾ ʪʚʝʨʜʦʩʪʽ ʽ 

ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ. ʇʣʘʩʪʤʘʩʠ ʣʝʛʢʦ ʧʽʜʜʘʶʪʴʩʷ ʦʙʨʦʙʮʽ, ʘʣʝ ʚʠʤʘʛʘʶʪʴ ʩʧʝʮʠʬʽʯʥʠʭ ʫʤʦʚ 

ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʣʘʩʪʠʢʫ: 

ï ɯʥʩʪʨʫʤʝʥʪʠ: ʛʦʩʪʨʦ ʟʘʪʦʯʝʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʟ ʪʚʝʨʜʦʩʧʣʘʚʥʦʾ ʘʙʦ 

ʰʚʠʜʢʦʨʽʟʘʣʴʥʦʾ ʩʪʘʣʽ ʟ ʧʦʢʨʠʪʪʷʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʨʦʙʢʠ ʧʣʘʩʪʠʢʫ, ʱʦʙ 

ʟʤʝʥʰʠʪʠ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʫʥʠʢʥʫʪʠ ʧʝʨʝʛʨʽʚʫ. 

ï ʈʝʞʠʤʠ ʨʽʟʘʥʥʷ: ʧʣʘʩʪʤʘʩʠ, ʦʩʦʙʣʠʚʦ ʤôʷʢʽ, ʚʠʤʘʛʘʶʪʴ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ 

ʨʽʟʘʥʥʷ ʪʘ ʥʠʟʴʢʦʾ ʧʦʜʘʯʽ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʫ ʦʙʨʦʙʢʫ. 

ʊʚʝʨʜʽ ʧʣʘʩʪʠʢʠ, ʪʘʢʽ ʷʢ ʘʢʨʠʣ ʘʙʦ ʧʦʣʽʢʘʨʙʦʥʘʪ, ʦʙʨʦʙʣʷʶʪʴʩʷ ʥʘ ʥʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʷʭ, 

ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʨʦʟʪʨʽʩʢʫʚʘʥʥʶ. 

ï ʆʭʦʣʦʜʞʝʥʥʷ: ʧʣʘʩʪʠʢ ʯʫʪʣʠʚʠʡ ʜʦ ʧʝʨʝʛʨʽʚʫ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ. ɼʝʷʢʽ ʚʠʜʠ ʧʣʘʩʪʠʢʫ ʚʠʤʘʛʘʶʪʴ ʦʙʝʨʝʞʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʭʦʣʦʜʞʫʶʯʠʭ ʨʽʜʠʥ ʘʙʦ ʧʦʚʽʪʨʷʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ 

ʪʝʧʣʦʚʦʤʫ ʨʦʟʰʠʨʝʥʥʶ ʘʙʦ ʭʽʤʽʯʥʠʤ ʨʝʘʢʮʽʷʤ [2, 3]. 

ɺʠʩʥʦʚʦʢ 

ʄʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ʙʨʦʥʟʠ, ʪʝʢʩʪʦʣʽʪʫ ʽ ʧʣʘʩʪʠʢʘ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʋ ʚʠʤʘʛʘʻ 

ʜʦʪʨʠʤʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʘʚʠʣʴʥʠʡ ʧʽʜʙʽʨ ʨʽʞʫʯʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ, ʜʘʥʠʭ ʨʽʟʘʥʥʷ ʽ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʜʦʤʦʛʪʠʩʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ 

ʦʙʨʦʙʢʠ, ʧʨʦʜʦʚʞʠʪʠ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ. ʉʫʯʘʩʥʽ ʚʝʨʩʪʘʪʠ ʟ ʏʇʋ ʟʥʘʯʥʦ ʩʧʨʦʱʫʶʪʴ ʽ ʧʨʠʩʢʦʨʶʶʪʴ 

ʤʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ, ʜʦʟʚʦʣʷʶʯʠ ʧʨʘʮʶʚʘʪʠ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʟ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ ʽ ʧʦʚʪʦʨʶʚʘʥʽʩʪʶ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. https://uk.hmaking.com/cnc-turning-parts/ 

2. https://ua.dgcncmachining.com/news/a-guide-on-picking-the-best-cnc-material-for-

m-60026578.html 

3. ʇʘʣʠʚʦʜʘ ʖ.ɭ. ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʨʝʞʠʤʠ ʨʽʟʘʥʥʷ, ʪʝʭʥʽʯʥʝ 

ʥʦʨʤʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʦʨʦʙʢʠ : ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʠʡ ʧʦʩʽʙʥʠʢ / ʇʘʣʠʚʦʜʘ ʖ.ɭ., 

ɼʷʯʫʥ ɸ.ɭ., ʃʝʱʫʢ ʈ.ʗ. ï ʊʝʨʥʦʧʽʣʴ : ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶʷ, 2019. ï 240 ʩ. 
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ɺʝʣʠʯʢʦ ɺ.ʆ., ʩʪʫʜʝʥʪ ʛʨʫʧʠ 131-22ʩʢ-1 

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

ʪʘ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ  

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

 

ʆʉʆɹʃʀɺʆʉʊɯ ʄɽʍɸʅɯʏʅʆɰ ʆɹʈʆɹʂʀ ʄɸʊɽʈɯɸʃɯɺ  

ʅɸ ɺɽʈʉʊɸʊɸʍ ɿ ʏʇʂ 

 

ʄʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ʤʘʪʝʨʽʘʣʽʚ ʻ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʥʘ 

ʙʘʛʘʪʴʦʭ ʚʠʨʦʙʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʟʦʢʨʝʤʘ ʚ ʘʚʪʦʤʦʙʽʣʴʥʽʡ, ʘʚʽʘʮʽʡʥʽʡ, 

ʤʝʪʘʣʫʨʛʽʡʥʽʡ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɿʘʚʜʷʢʠ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʢʠ 

ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ, ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʦʙʣʘʜʥʘʥʥʷ ʟ ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ (ʏʇʂ). ɺʝʨʩʪʘʪʠ ʟ ʏʇʂ ʜʦʟʚʦʣʷʶʪʴ 

ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ, ʟʤʝʥʰʠʪʠ ʯʘʩ ʦʙʨʦʙʢʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʄʝʪʦʶ ʮʴʦʛʦ ʨʝʬʝʨʘʪʫ ʻ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ, ʾʭ ʧʝʨʝʚʘʛ, ʥʝʜʦʣʽʢʽʚ ʪʘ ʟʘʩʪʦʩʫʚʘʥʴ [1, 2]. 

1. ʆʩʥʦʚʠ ʨʦʙʦʪʠ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ 

ɺʝʨʩʪʘʪ ʟ ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ (ʏʇʂ) ï ʮʝ ʪʠʧ ʚʝʨʩʪʘʪʘ, ʫ ʷʢʦʤʫ 

ʨʫʭʠ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ (ʟʘʟʚʠʯʘʡ ʽʥʩʪʨʫʤʝʥʪʘ) ʪʘ ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ. ʆʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʚʝʨʩʪʘʪʘ ʟ ʏʇʂ ʻ: 

- ʎʠʬʨʦʚʘ ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ, ʷʢʘ ʧʝʨʝʪʚʦʨʶʻ ʧʨʦʛʨʘʤʫ, ʥʘʧʠʩʘʥʫ ʥʘ ʩʧʝʮʽʘʣʴʥʽʡ 

ʤʦʚʽ (ʥʘʧʨʠʢʣʘʜ, G-ʢʦʜ ʘʙʦ ISO), ʫ ʢʦʤʘʥʜʠ ʜʣʷ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ. 

- ʉʠʩʪʝʤʠ ʪʦʯʥʦʛʦ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ: ʢʦʞʝʥ ʨʫʭ ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢ ʧʦ ʦʩʷʭ, ʪʘʢ ʽ ʧʦ 

ʥʘʧʨʷʤʢʘʭ ʦʙʨʦʙʢʠ, ʪʦʯʥʦ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʨʚʦʜʚʠʛʫʥʽʚ ʪʘ ʣʽʥʽʡʥʠʭ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ. 

- ɯʥʪʝʨʬʝʡʩ ʜʣʷ ʚʚʝʜʝʥʥʷ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʧʨʦʛʨʘʤ: ʮʝ ʤʦʞʝ ʙʫʪʠ ʩʧʝʮʽʘʣʴʥʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʦʨʫ ʩʪʚʦʨʶʚʘʪʠ ʪʘ ʢʦʨʠʛʫʚʘʪʠ ʧʨʦʛʨʘʤʠ. 

2. ʇʝʨʝʚʘʛʠ ʦʙʨʦʙʢʠ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ 

1. ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʪʘ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ: ʟʘʚʜʷʢʠ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʢʦʥʪʨʦʣʶ ʟʘ ʚʩʽʤʘ 

ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʨʦʙʢʠ, ʚʝʨʩʪʘʪʠ ʟ ʏʇʂ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʜʝʪʘʣʝʡ ʥʘʚʽʪʴ ʧʨʠ ʚʝʣʠʢʦʤʫ ʦʙʩʷʟʽ ʚʠʨʦʙʥʠʮʪʚʘ. ʄʦʞʥʘ ʜʦʩʷʛʪʠ ʜʦʧʫʩʢʽʚ ʜʦ 

ʤʽʢʨʦʥʥʦʛʦ ʨʽʚʥʷ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʠ ʨʫʯʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ.   

2. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʟʥʠʞʝʥʥʷ ʚʧʣʠʚʫ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ: ʦʙʨʦʙʢʘ ʟ ʏʇʂ 

ʤʽʥʽʤʽʟʫʻ ʢʽʣʴʢʽʩʪʴ ʨʫʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʱʦ ʟʤʝʥʰʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʦʢ ʦʧʝʨʘʪʦʨʘ ʪʘ 

ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

3. ʉʢʣʘʜʥʽ ʛʝʦʤʝʪʨʽʾ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ: ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ ʤʦʞʥʘ ʦʙʨʦʙʣʷʪʠ 

ʩʢʣʘʜʥʽ ʜʝʪʘʣʽ ʟ ʙʘʛʘʪʦʩʪʫʧʝʥʝʚʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʬʦʨʤʘʤʠ. ʏʇʂ ʜʘʻ ʟʤʦʛʫ 

ʧʨʘʮʶʚʘʪʠ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ï ʚʽʜ ʤʝʪʘʣʽʚ ʜʦ ʧʣʘʩʪʠʢʦʚʠʭ ʪʘ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ 

4. ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ: ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʨʦʙʢʠ ʪʘ 

ʟʤʝʥʰʝʥʥʶ ʯʘʩʫ ʥʘʣʘʰʪʫʚʘʥʴ, ʤʦʞʥʘ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʂʨʽʤ ʪʦʛʦ, 

ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ 

ʦʙʨʦʙʢʫ ʚ ʢʽʣʴʢʘ ʟʤʽʥ ʙʝʟ ʧʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟ ʙʦʢʫ ʦʧʝʨʘʪʦʨʘ. 

5. ɿʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ: ʭʦʯʘ ʩʪʘʨʪʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʟʘʢʫʧʽʚʣʶ 

ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʩʦʢʠʤʠ, ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʟʥʠʞʫʶʪʴʩʷ 

ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ, ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʽʥʩʪʨʫʤʝʥʪʠ ʪʘ ʤʘʪʝʨʽʘʣʠ, ʘ ʪʘʢʦʞ 

ʟʤʝʥʰʝʥʥʷ ʚʽʜʭʦʜʽʚ [1, 2, 3, 4]. 

3.ʊʠʧʠ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ 



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ 

ʄʘʪʝʨʽʘʣʠ XIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè 2024 

83 

ɯʩʥʫʻ ʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʨʦʙʢʠ 

ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ: 

- ʌʨʝʟʝʨʥʽ ʚʝʨʩʪʘʪʠ ʟ ʏʇʂ ï ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʨʦʙʢʠ ʧʣʦʩʢʠʭ, ʬʘʩʦʥʥʠʭ ʽ 

ʦʙ'ʻʤʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʎʝ ʥʘʡʧʦʰʠʨʝʥʽʰʠʡ ʪʠʧ ʚʝʨʩʪʘʪʽʚ ʜʣʷ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʽ 

ʧʣʘʩʪʠʢʽʚ. 

- ʊʦʢʘʨʥʽ ʚʝʨʩʪʘʪʠ ʟ ʏʇʂ ï ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ 

ʥʘʚʢʦʣʦ ʦʩʽ, ʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʘʣʽʚ, ʚʪʫʣʦʢ, ʚʪʫʣʢʦʚʠʭ ʜʝʪʘʣʝʡ. 

- ɼʨʝʣʴʥʽ ʚʝʨʩʪʘʪʠ ʟ ʏʇʂ ï ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʚʝʨʜʣʽʥʥʷ ʦʪʚʦʨʽʚ ʫ ʨʽʟʥʠʭ 

ʤʘʪʝʨʽʘʣʘʭ, ʚʢʣʶʯʘʶʯʠ ʤʝʪʘʣʠ ʪʘ ʧʣʘʩʪʠʢʠ. 

- ɽʣʝʢʪʨʦʝʨʦʟʽʡʥʽ ʚʝʨʩʪʘʪʠ ʟ ʏʇʂ ï ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʚʘʞʢʦ ʦʙʨʦʙʣʷʶʪʴʩʷ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢʠʭ ʷʢ ʪʚʝʨʜʽ ʩʧʣʘʚʠ, ʰʣʷʭʦʤ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʦʟʨʷʜʫ. 

4. ʅʝʜʦʣʽʢʠ ʽ ʦʙʤʝʞʝʥʥʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ 

1. ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ: ʧʦʯʘʪʢʦʚʘ ʚʘʨʪʽʩʪʴ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ʻ ʟʥʘʯʥʦ ʚʠʱʦʶ 

ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʚʝʨʩʪʘʪʘʤʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʙʘʨ'ʻʨʦʤ ʜʣʷ ʤʘʣʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 

2. ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʢʘʜʨʽʚ: ʜʣʷ ʨʦʙʦʪʠ ʟ ʚʝʨʩʪʘʪʘʤʠ ʟ ʏʇʂ 

ʥʝʦʙʭʽʜʥʽ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʽ ʦʧʝʨʘʪʦʨʠ, ʟʜʘʪʥʽ ʧʠʩʘʪʠ ʪʘ ʢʦʨʠʛʫʚʘʪʠ ʧʨʦʛʨʘʤʠ, ʘ 

ʪʘʢʦʞ ʨʦʟʫʤʽʪʠ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʚʝʨʩʪʘʪʽʚ ʽ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ. 

3. ɺʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʧʽʜʛʦʪʦʚʢʠ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ: ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʧʦʪʨʽʙʥʽ ʤʘʪʝʨʽʘʣʠ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, 

ʱʦ ʤʦʞʝ ʜʦʜʘʪʢʦʚʦ ʟʙʽʣʴʰʠʪʠ ʚʠʪʨʘʪʠ. 

4. ʇʦʪʨʝʙʘ ʚ ʨʝʛʫʣʷʨʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʪʘ ʨʝʤʦʥʪʽ: ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ 

ʚʝʨʩʪʘʪʠ ʟ ʏʇʂ ʧʦʪʨʝʙʫʶʪʴ ʨʝʛʫʣʷʨʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ 

ʢʘʣʽʙʨʫʚʘʥʥʷ, ʧʝʨʝʚʽʨʢʫ ʪʦʯʥʦʩʪʽ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ [4, 5]. 

5. ʊʝʭʥʦʣʦʛʽʾ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʦʙʨʦʙʢʠ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʪʘʢʠʭ ʷʢ CAM-ʩʠʩʪʝʤʠ (Computer-Aided 

Manufacturing). ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʛʝʥʝʨʫʚʘʪʠ G-ʢʦʜʠ (ʷʢʽ ʤʽʩʪʷʪʴ 

ʽʥʩʪʨʫʢʮʽʾ ʜʣʷ ʚʝʨʩʪʘʪʽʚ) ʥʘ ʦʩʥʦʚʽ 3D-ʤʦʜʝʣʝʡ ʜʝʪʘʣʽ. ʎʝ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʟʤʝʥʰʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʦʢ ʽ ʜʦʟʚʦʣʷʻ ʦʙʨʦʙʣʷʪʠ ʩʢʣʘʜʥʽ ʜʝʪʘʣʽ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʟʘʪʨʘʪʘʤʠ ʯʘʩʫ [3, 4, 5]. 

ɺʠʩʥʦʚʢʠ. ʄʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ 

ʢʝʨʫʚʘʥʥʷʤ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʩʫʯʘʩʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʪʦʯʥʽʩʪʴ, ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʨʦʮʝʩʽʚ ʽ ʟʥʠʞʫʻ ʚʧʣʠʚ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʜʦʩʷʛʘʪʠ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʦʙʨʦʙʣʝʥʠʭ ʜʝʪʘʣʝʡ. ʇʨʦʪʝ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʯʘʪʢʦʚʽ ʚʠʪʨʘʪʠ, 

ʚʠʤʦʛʠ ʜʦ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʫ ʪʘ ʨʝʛʫʣʷʨʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. ʅʝʟʚʘʞʘʶʯʠ 

ʥʘ ʮʝ, ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʏʇʂ ʩʧʨʠʷʻ ʧʦʜʘʣʴʰʦʤʫ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʧʨʦʮʝʩʽʚ 

ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
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5. ʆʩʥʦʚʠ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ. ʆ.ɻ. ʂʨʘʚʯʝʥʢʦ, ɸ.ɺ. ʊʠʱʝʥʢʦ. 
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ʋɼʂ 681.518.54  

 

ʅʘʟʘʨʦʚʘ ɸ.ʆ., ɹʦʞʢʦ ʉ.ʖ., ʩʪʫʜʝʥʪʠ ʛʨʫʧʠ 131-23ʩʢ-1 ʩʧʝʮʽʘʣʴʥʦʩʪʽ 131 

ʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʈʫʙʘʥ ɺ.ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʡ 

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

 

ʊɽʍʅʆʃʆɻɯʏʅʀʁ ʇʈʆʎɽʉ ʄɽʍɸʅɯʏʅʆɰ ʆɹʈʆɹʂʀ ɼɽʊɸʃɯ 

çɺɸʃ ʉʊʋʇɽʅɽɺʀʁè 
 

ɺʘʣʠ ʪʘ ʦʩʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʥʘ ʥʠʭ ʜʝʪʘʣʝʡ, ʷʢʽ ʦʙʝʨʪʘʶʪʴʩʷ (ʥʘ 

ʚʘʣʘʭ ï ʰʢʽʚʠ, ʟʽʨʦʯʢʠ, ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ; ʥʘ ʦʩʷʭ ï ʢʦʣʝʩʘ ʘʚʪʦʤʦʙʽʣʷ ʯʠ ʚʘʛʦʥʘ ʽ ʪʘʢʝ 

ʽʥʰʝ).  

ɺʘʣʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʦʩʝʡ ʪʘʢʠʤʠ ʦʟʥʘʢʘʤʠ: ʚʘʣʠ ʟʘʚʞʜʠ ʦʙʝʨʪʘʶʪʴʩʷ, 

ʧʝʨʝʜʘʶʪʴ ʦʙʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ, ʘ ʟʘ ʛʝʦʤʝʪʨʠʯʥʦʶ ʬʦʨʤʦʶ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʷʤʠʤʠ, 

ʢʨʠʚʠʤʠ ʪʘ ʣʘʤʘʥʠʤʠ; ʦʩʽ ʤʦʞʫʪʴ ʦʙʝʨʪʘʪʠʩʴ ʯʠ ʙʫʪʠ ʥʝʨʫʭʦʤʠʤʠ, ʥʽʢʦʣʠ ʥʝ 

ʧʝʨʝʜʘʶʪʴ ʦʙʝʨʪʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʟʘʚʞʜʠ ʧʨʷʤʽ. [1] 

ɼʝʪʘʣʴ ð ʚʘʣ ʩʪʫʧʝʥʝʚʠʡ; ʤʘʪʝʨʽʘʣ - ʉʪʘʣʴ 40ʍ ɼʉʊʋ 7806:2015. ʉʪʘʣʴ 40ʍ 

ʨʦʟʰʠʬʨʦʚʫʻʪʴʩʷ: 40 ð ʚʽʜʩʦʪʢʦʚʠʡ ʚʤʽʩʪ ʚʫʛʣʝʮʶ ð 0,40%,  çʍè -  ʧʦʟʥʘʯʘʻ, ʱʦ 

ʩʪʘʣʴ ʣʝʛʦʚʘʥʘ ʭʨʦʤʦʤ, ʡʦʛʦ ʚʤʽʩʪ ʜʦ 1%. (ʜʦʤʽʰʢʠ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʤʽʥʽʤʘʣʴʥʽ). 

ʂʦʥʩʪʨʫʢʮʽʡʥʫ ʣʝʛʦʚʘʥʫ ʩʪʘʣʴ ʤʘʨʢʠ 40ʍ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʜʝʪʘʣʝʡ 

ʧʽʜʚʠʱʝʥʦʾ ʤʽʮʥʦʩʪʽ (ʦʩʽ, ʚʘʣʠ, ʚʘʣ-ʰʝʩʪʝʨʥʽ, ʧʣʫʥʞʝʨʠ, ʰʪʦʢʠ, ʢʦʣʽʥʯʘʪʽ ʽ ʢʫʣʘʯʢʦʚʽ 

ʚʘʣʠ, ʢʽʣʴʮʷ, ʰʧʠʥʜʝʣʽ, ʦʧʨʘʚʣʝʥʥʷ, ʨʝʡʢʠ, ʛʫʙʯʘʪʽ ʚʽʥʮʽ, ʙʦʣʪʠ, ʧʽʚʦʩʽ, ʚʪʫʣʢʠ ʪʘ ʽʥʰʽ). 

ʊʘʢʦʞ ʭʨʦʤʠʩʪʫ ʩʪʘʣʴ 40ʍ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʚʠʨʦʙʽʚ ʢʫʚʘʥʥʷʤ, 

ʭʦʣʦʜʥʠʤ ʽ ʛʘʨʷʯʠʤ ʰʪʘʤʧʫʚʘʥʥʷʤ, ʩʪʘʣʝʚʠʡ ʧʨʦʢʘʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʪʨʫʙ, ʻʤʥʦʩʪʝʡ ʪʘ ʽʥʰʦʾ ʧʨʦʜʫʢʮʽʾ [2].  

ɸʥʘʣʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʪʘʣʽ ʚʘʣ ʩʪʫʧʝʥʝʚʠʡ, ʾʾ ʤʘʪʝʨʽʘʣʫ - ʩʪʘʣʴ 40ʍ, ʜʦʟʚʦʣʷʻ 

ʥʘʤ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʟʘʛʦʪʦʚʢʫ, ʟ ʧʨʦʢʘʪʫ ʣʝʛʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʩʪʘʣʽ. ʂʦʥʬʽʛʫʨʘʮʽʷ 

ʟʘʛʦʪʦʚʢʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.  

 
ʈʠʩʫʥʦʢ 1 ï ɽʩʢʽʟ ʜʝʪʘʣʽ ʚʘʣ ʩʪʫʧʝʥʝʚʠʡ ʟ ʢʦʥʪʫʨʦʤ ʟʘʛʦʪʦʚʢʠ 

 
ʈʠʩʫʥʦʢ 2 ï ʂʘʨʪʘ ʝʩʢʽʟʽʚ ʜʝʪʘʣʽ ʚʘʣ ʩʪʫʧʝʥʝʚʠʡ 

ʂʘʨʪʘ ʝʩʢʽʟʽʚ ʜʝʪʘʣʽ ʚʘʣ ʩʪʫʧʝʥʝʚʠʡ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. 
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ʆʧʝʨʘʮʽʡʥʘ ʢʘʨʪʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3. ɺʽʟʫʘʣʽʟʘʮʽʷ ʤʦʜʝʣʽ ʚʘʣʫ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʫ 4. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʆʧʝʨʘʮʽʡʥʘ ʢʘʨʪʘ ʈʠʩʫʥʦʢ 4 ï 3D ʤʦʜʝʣʴ ʜʝʪʘʣʽ ʚʘʣ ʩʪʫʧʝʥʝʚʠʡ ʚ 

ʧʨʦʛʨʘʤʽ Solid Works 

 

ʈʦʟʨʦʙʣʝʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚ ʻʜʠʥʽʡ ʩʠʩʪʝʤʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ 

ʦʬʦʨʤʣʶʶʪʴ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧʣʝʢʪʫ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʩʝʨʝʜ ʷʢʦʾ ʦʩʥʦʚʥʠʤʠ ʻ ʤʘʨʰʨʫʪʥʘ 

ʢʘʨʪʘ ʡ ʢʘʨʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʂʨʽʤ ʮʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʜʦ 

ʢʦʤʧʣʝʢʪʫ ʚʭʦʜʷʪʴ ʦʧʝʨʘʮʽʡʥʘ ʢʘʨʪʘ, ʢʘʨʪʘ ʝʩʢʽʟʽʚ, ʪʝʭʥʦʣʦʛʽʯʥʘ ʽʥʩʪʨʫʢʮʽʷ, ʚʽʜʦʤʽʩʪʴ 

ʜʝʪʘʣʝʡ (ʩʢʣʘʜʘʣʴʥʠʭ ʦʜʠʥʠʮʴ) ʪʘ ʽʥʰʽ ʜʦʢʫʤʝʥʪʠ [3]. 

ʇʨʦʝʢʪʫʚʘʥʥʷ 3ʜ ʤʦʜʝʣʽ ʜʝʪʘʣʽ ʚʘʣ ʩʪʫʧʝʥʝʚʠʡ  ʚ ʧʨʦʛʨʘʤʽ Solid Works [4]. 

ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʽ ʚʘʣ 

ʩʪʫʧʝʥʝʚʠʡ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
1. ɻʘʡʜʘʤʘʢʘ ɸ. ɺ. ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ɼʝʪʘʣʽ ʤʘʰʠʥ. ʆʩʥʦʚʠ ʪʝʦʨʽʾ ʪʘ 

ʨʦʟʨʘʭʫʥʢʽʚ. ʍʘʨʢʽʚ : ʅʊʋ çʍʇɯè, 2020. 274 ʩ.  

2. ɼʉʊʋ 7806:2015. ʇʨʦʢʘʪ ʽʟ ʣʝʛʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʩʪʘʣʽ. ʊʝʭʥʽʯʥʽ ʫʤʦʚʠ. 

ʏʠʥʥʠʡ ʚʽʜ 2016-04-01. ɺʠʜ. ʦʬʽʮ. ʂʠʾʚ : ʋʢʨʅɼʅʎ, 2016. 50ʩ 

3. ʆʩʥʦʚʠ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ʏʘʩʪʠʥʘ 2. ʉʘʤʦʩʪʽʡʥʘ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʘ 

ʨʦʙʦʪʘ ʩʪʫʜʝʥʪʽʚ : ʥʘʚʯ. ʧʦʩʽʙ. / ʆ. ɺ. ɼʝʨʽʙʦ, ɾ. ʇ. ɼʫʩʘʥʶʢ, ʉ. ɺ. ʈʝʧʽʥʩʴʢʠʡ, ʉ. ɯ. 

ʉʫʭʦʨʫʢʦʚ ï ɺʽʥʥʠʮʷ : ɺʅʊʋ, 2021. ï 90 ʩ.  

4. ɿʘʙʦʣʦʪʥʠʡ ʂ., ʇʘʥʯʝʥʢʦ ʆ. ʄɽʊʆɼʀ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʀ 

ʇʈʆɭʂʊʋɺɸʅʅɯ ʄɸʐʀʅ. ɼʥʽʧʨʦ : ʅʊʋ çɼʇè, 2019. 41 ʩ.  
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ʋɼʂ 621.9.08 

 

ʍʣʠʥʽʥ ɸ.ɸ., ʩʪʫʜʝʥʪ ʛʨʫʧʠ 131-22ʩʢ-1 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʈʫʙʘʥ ɺ.ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʡ 

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

 

ɺʀɹɯʈ ɿɸʉʆɹɯɺ ʂʆʅʊʈʆʃʖɺɸʅʅʗ ʈʆɿʄɯʈɯɺ 

 

ʂʦʥʪʨʦʣʴ ʨʦʟʤʽʨʽʚ ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʝʪʘʧʽʚ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʚʩʪʘʥʦʚʣʝʥʠʤ ʩʪʘʥʜʘʨʪʘʤ ʽ ʪʝʭʥʽʯʥʠʤ ʫʤʦʚʘʤ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ, ʭʘʨʘʢʪʝʨʫ ʜʝʪʘʣʽ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʟʘʩʦʙʠ ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ. ʂʦʞʝʥ ʪʠʧ ʽʥʩʪʨʫʤʝʥʪʫ ʤʘʻ ʩʚʦʾ 

ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʤʝʭʘʥʽʯʥʽ, 

ʦʧʪʠʯʥʽ, ʝʣʝʢʪʨʦʥʥʽ ʪʘ ʢʘʣʽʙʨʫʚʘʣʴʥʽ ʟʘʩʦʙʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʪʦʯʥʦʩʪʽ ʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ [1]. 

ʄʝʭʘʥʽʯʥʽ ʟʘʩʦʙʠ ʢʦʥʪʨʦʣʶ ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɰʭ 

ʦʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ, ʚʠʩʦʢʘ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʘ 

ʚʘʨʪʽʩʪʴ. ʄʝʭʘʥʽʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʽ ʜʦʩʠʪʴ ʪʦʯʥʦ ʚʠʤʽʨʶʚʘʪʠ ʨʽʟʥʽ 

ʧʘʨʘʤʝʪʨʠ ʜʝʪʘʣʝʡ, ʪʘʢʽ ʷʢ ʜʦʚʞʠʥʘ, ʰʠʨʠʥʘ, ʜʽʘʤʝʪʨ, ʪʦʚʱʠʥʘ ʪʦʱʦ [2]. 

ʆʩʥʦʚʥʽ ʤʝʭʘʥʽʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ: 

- ʐʪʘʥʛʝʥʮʠʨʢʫʣʽ. ʎʝ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʨʦʟʤʽʨʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʛʣʠʙʠʥʠ. ɺʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟʛʽʜʥʦ ɼʉʊʋ EN ISO 13385-1:2018 [3]. 

- ʄʽʢʨʦʤʝʪʨʠ. ʄʽʢʨʦʤʝʪʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ ʟ 

ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ (ʜʦ 0,01) [4]. 

- ɯʥʜʠʢʘʪʦʨʠ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ. ʎʝ ʤʝʭʘʥʽʯʥʽ ʧʨʠʣʘʜʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʣʠʭ ʧʝʨʝʤʽʱʝʥʴ ʘʙʦ ʜʝʬʦʨʤʘʮʽʡ ʦʙ'ʻʢʪʽʚ. ɯʥʜʠʢʘʪʦʨʠ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʢʦʥʪʨʦʣʶ ʙʠʪʪʷ ʜʝʪʘʣʝʡ, ʧʝʨʝʚʽʨʢʠ ʧʘʨʘʣʝʣʴʥʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʘʙʦ 

ʜʣʷ ʪʦʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. ɺʦʥʠ ʻ ʜʫʞʝ ʪʦʯʥʠʤʠ ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʚʠʤʽʨʶʚʘʪʠ 

ʚʽʜʭʠʣʝʥʥʷ ʥʘ ʤʽʢʨʦʥʥʦʤʫ ʨʽʚʥʽ DIN 878 [5]. 

ʆʧʪʠʯʥʽ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʢʦʥʪʨʦʣʶ ʘʙʦ 

ʚ ʩʠʪʫʘʮʽʷʭ, ʢʦʣʠ ʪʨʘʜʠʮʽʡʥʽ ʤʝʭʘʥʽʯʥʽ ʟʘʩʦʙʠ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʞʫʪʴ ʧʦʰʢʦʜʠʪʠ ʦʙ'ʻʢʪ 

ʘʙʦ ʚʠʢʣʠʢʘʪʠ ʡʦʛʦ ʜʝʬʦʨʤʘʮʽʶ. ʆʧʪʠʯʥʽ ʧʨʠʣʘʜʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʤ, ʜʝ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦ ʫʥʠʢʥʫʪʠ ʢʦʥʪʘʢʪʫ ʟ ʜʝʪʘʣʣʶ ʘʙʦ ʧʦʪʨʽʙʥʘ 

ʚʝʣʠʢʘ ʰʚʠʜʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. 

ʆʩʥʦʚʥʽ ʝʣʝʢʪʨʦʥʥʽ ʽʥʩʪʨʫʤʝʥʪʠ: 

- ʎʠʬʨʦʚʽ ʰʪʘʥʛʝʥʮʠʨʢʫʣʽ ʪʘ ʤʽʢʨʦʤʝʪʨʠ. ʎʽ ʽʥʩʪʨʫʤʝʥʪʠ ʦʩʥʘʱʝʥʽ 

ʝʣʝʢʪʨʦʥʥʠʤʠ ʜʠʩʧʣʝʷʤʠ, ʱʦ ʨʦʙʠʪʴ ʧʨʦʮʝʩ ʟʯʠʪʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʣʝʛʰʠʤ ʽ 

ʪʦʯʥʽʰʠʤ. ɺʦʥʠ ʪʘʢʦʞ ʜʦʟʚʦʣʷʶʪʴ ʟʙʝʨʽʛʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʧʘʤ'ʷʪʽ ʧʨʠʣʘʜʫ ʪʘ 

ʝʢʩʧʦʨʪʫʚʘʪʠ ʜʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. ʎʠʬʨʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʦʧʦʤʘʛʘʶʪʴ 

ʟʤʝʥʰʠʪʠ ʧʦʭʠʙʢʫ, ʚʠʢʣʠʢʘʥʫ ʣʶʜʩʴʢʠʤ ʬʘʢʪʦʨʦʤ. 

- ʂʦʦʨʜʠʥʘʪʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʽ ʤʘʰʠʥʠ (ʂɺʄ). ʎʝ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʤʽʨʶʚʘʪʠ ʪʨʠʚʠʤʽʨʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʦʙ'ʻʢʪʽʚ. ɺʦʥʠ ʧʨʘʮʶʶʪʴ ʥʘ 

ʦʩʥʦʚʽ ʝʣʝʢʪʨʦʥʥʠʭ ʜʘʪʯʠʢʽʚ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. ʂɺʄ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʢʦʥʪʨʦʣʶ ʩʢʣʘʜʥʠʭ ʜʝʪʘʣʝʡ ʽʟ 

ʙʘʛʘʪʴʤʘ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʘʚʽʘʮʽʡʥʦʾ ʯʠ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʜʝ 

ʧʦʪʨʽʙʥʘ ʚʝʣʠʢʘ ʪʦʯʥʽʩʪʴ [6]. ʇʨʠʢʣʘʜ ʂɺʄ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʂɺʄ LK Metrology ALTO Series 

 

ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʷʢʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ʪʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʚʩʪʘʥʦʚʣʝʥʠʤ ʩʪʘʥʜʘʨʪʘʤ ʽ ʪʝʭʥʽʯʥʠʤ ʚʠʤʦʛʘʤ. ɺʠʨʦʙʥʠʯʽ 

ʧʨʦʮʝʩʠ, ʦʩʦʙʣʠʚʦ ʪʽ, ʷʢʽ ʧʦʚ'ʷʟʘʥʽ ʟʽ ʩʢʣʘʜʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʘʙʦ ʚʠʩʦʢʦʪʦʯʥʠʤʠ 

ʚʠʨʦʙʘʤʠ, ʧʦʪʨʝʙʫʶʪʴ ʨʝʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʨʦʟʤʽʨʽʚ ʽ ʜʦʧʫʩʢʽʚ. ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʟʘʜʘʥʠʭ ʨʦʟʤʽʨʽʚ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʷʢʽʩʥʦʛʦ ʚʠʨʦʙʫ, ʟʥʠʞʝʥʥʷ ʡʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ, ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ ʙʝʟʧʝʢʠ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʚʪʨʘʪ ʯʝʨʝʟ 

ʜʝʬʝʢʪʠ ʘʙʦ ʧʦʚʝʨʥʝʥʥʷ ʧʨʦʜʫʢʮʽʾ. 

ʊʦʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʛʘʨʘʥʪʫʶʪʴ, ʱʦ ʚʠʨʦʙʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʝʭʥʽʯʥʠʤ ʫʤʦʚʘʤ, 

ʩʧʝʮʠʬʽʢʘʮʽʷʤ ʪʘ ʩʪʘʥʜʘʨʪʘʤ ʷʢʦʩʪʽ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʚ ʪʘʢʠʭ ʛʘʣʫʟʷʭ, ʷʢ 

ʘʚʽʘʙʫʜʫʚʘʥʥʷ, ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ, ʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʤʝʜʠʮʠʥʘ, ʜʝ ʥʝʚʝʣʠʢʝ ʚʽʜʭʠʣʝʥʥʷ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʘʙʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʦʙʣʘʜʥʘʥʥʷ. 

ɼʦʪʨʠʤʘʥʥʷ ʪʦʯʥʠʭ ʨʦʟʤʽʨʽʚ ʟʘʙʝʟʧʝʯʫʻ ʧʨʘʚʠʣʴʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʩʽʭ ʯʘʩʪʠʥ 

ʪʘ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ ʧʦʚʠʥʥʽ ʧʨʘʮʶʚʘʪʠ ʷʢ ʻʜʠʥʘ ʩʠʩʪʝʤʘ. ʗʢʱʦ ʝʣʝʤʝʥʪʠ ʥʝ ʧʽʜʭʦʜʷʪʴ ʟʘ 

ʨʦʟʤʽʨʦʤ ʘʙʦ ʬʦʨʤʦʶ, ʮʝ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʪʝʨʪʷ, ʟʥʦʩ, ʧʦʨʫʰʝʥʥʷ ʛʝʨʤʝʪʠʯʥʦʩʪʽ. 
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ʐʝʤʝʥʴʦʚ ʄ.ɸ., ʩʪʫʜʝʥʪ ʛʨʫʧʠ 131ʤ-24ʥ-1 

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

ʪʘ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ  

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

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɸʂʈʆʇʈʆɻʈɸʄʋɺɸʅʅʗ ɼʃʗ ʅɸʈɯɿʋɺɸʅʅʗ 

ʈɯɿʔɹʃɽʅʅʗ ʊʈɸʇɽʎɽɰɼɸʃʔʅʆɻʆ ʇʈʆʌɯʃʖ (ʋ ʊʆʄʋ ʏʀʉʃɯ ʏɽʈɺ'ʗʂɯɺ 

ʊɸ ʐʅɽʂɯɺ) ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʎʀʂʃʋ G32 ʅɸ ʊʆʂɸʈʅʀʍ ɺɽʈʉʊɸʊɸʍ 

ɿ ʏʇʂ, ʗʂɯ ʆʉʅɸʑɽʅɯ ʉʊɯʁʂʆʖ FANUC 

 

ɿʘʚʜʘʥʥʷ ʥʘʨʽʟʫʚʘʥʥʷ ʪʨʘʧʝʮʝʾʜʘʣʴʥʦʛʦ ʨʽʟʴʙʣʝʥʥʷ ʟ ʚʝʣʠʢʠʤ ʢʨʦʢʦʤ ʥʘ 

ʪʦʢʘʨʥʦʤʫ ʚʝʨʩʪʘʪʽ ʟ ʏʇʂ ʤʦʞʝ ʙʫʪʠ ʪʘʢʠʤ ʚʠʧʘʜʢʦʤ, ʢʦʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʨʦʬʽʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʥʝʙʘʞʘʥʦ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʶ ʞʦʨʩʪʢʽʩʪʴ ʩʠʩʪʝʤʠ ɺʇɯɼ (ʚʝʨʩʪʘʪ-

ʧʨʠʩʪʦʩʫʚʘʥʥʷ-ʽʥʩʪʨʫʤʝʥʪ-ʜʝʪʘʣʴ). 

ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʨʦʬʽʣʶ ʨʽʟʴʙʣʝʥʥʷ ʡʦʛʦ ʨʦʟʙʠʚʘʶʪʴ ʥʘ ʙʝʟʣʽʯ 

ʧʨʦʭʦʜʽʚ ʷʢ ʧʦ ʛʣʠʙʠʥʽ ʪʘʢ ʽ ʧʦ ʙʽʯʥʦʤʫ ʟʤʽʱʝʥʥʶ. ʈʫʯʥʝ ʥʘʧʠʩʘʥʥʷ ʪʘʢʦʾ ʢʝʨʫʶʯʦʾ 

ʧʨʦʛʨʘʤʠ (ʂʇ) ʥʘʜʪʦ ʪʨʫʜʦʤʽʩʪʢʝ. ɸ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ CAM ʩʠʩʪʝʤʽ ʥʝ ʟʘʚʞʜʠ 

ʜʦʩʪʫʧʥʝ, ʦʩʢʽʣʴʢʠ ʙʘʛʘʪʦ CAM ʩʠʩʪʝʤ ʧʨʦʩʪʦ ʥʝ ʤʘʶʪʴ ʦʧʮʽʾ ʥʘʨʽʟʫʚʘʥʥʷ ʨʽʟʴʙʣʝʥʥʷ 

ʜʦʚʽʣʴʥʦʛʦ ʧʨʦʬʽʣʶ ʥʝʧʨʦʬʽʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ. ʇʨʠʜʙʘʥʥʷ ʞ ʽ ʦʩʚʦʻʥʥʷ ʩʪʦʨʦʥʥʴʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʦʜʥʦʛʦ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘʡʯʘʩʪʽʰʝ ʥʝ 

ʚʠʧʨʘʚʜʦʚʫʻ ʩʝʙʝ. ʅʘ ʜʦʧʦʤʦʛʫ ʮʽʡ ʩʠʪʫʘʮʽʾ ʧʨʠʭʦʜʠʪʴ ʧʘʨʘʤʝʪʨʠʯʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʇʘʨʘʤʝʪʨʠʯʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʻ ʟʨʫʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʩʭʦʞʠʭ 

ʟʘ ʬʦʨʤʦʶ ʜʝʪʘʣʝʡ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʥʘʣʘʜʯʠʢʫ ʚʝʨʩʪʘʪʘ ʰʚʠʜʢʦ ʧʝʨʝʥʘʣʘʰʪʦʚʫʚʘʪʠ 

ʚʝʨʩʪʘʪ (ʚʠʪʨʘʯʘʶʯʠ ʤʝʥʰʝ ʯʘʩʫ ʥʘ ʥʘʧʠʩʘʥʥʷ ʂʇ) ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʘʙʣʦʥʫ, 

ʚʥʦʩʷʯʠ ʚ ʥʴʦʛʦ ʥʝʟʥʘʯʥʽ ʟʤʽʥʠ ʧʨʷʤʦ ʟʽ ʩʪʽʡʢʠ ʚʝʨʩʪʘʪʘ. ɼʣʷ ʮʴʦʛʦ ʚ ʂʇ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʮʠʢʣ WHILE [1, 2], ʧʨʠʢʣʘʜ ʷʢʦʛʦ ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ: 

é 

WHILE[#15GE0]DO1 

G0 Z[#14] 

G0 X[#13] 

G32 Z#4 X#13 F#12 Q#21 

G0 X[#1+2] 

#15=#15-#10 

#14=#14-#10 

END1 

é 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʢʣʫ WHILE ʚ ʢʝʨʫʶʯʽʡ ʧʨʦʛʨʘʤʽ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʽʟʮʽ ʟʽ 

ʟʤʽʥʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ (ʢʘʥʘʚʢʦʚʽ ʨʽʟʮʽ ʘʙʦ ʥʝʡʪʨʘʣʴʥʽ ʨʽʟʮʽ ʟ ʨʦʤʙʦʧʦʜʽʙʥʠʤʠ 

ʧʣʘʩʪʠʥʘʤʠ) ʬʦʨʤʫʚʘʪʠ ʨʽʟʴʙʣʝʥʥʷ ʪʨʘʧʝʮʝʧʦʜʽʙʥʦʾ ʬʦʨʤʠ ʟ ʜʦʚʽʣʴʥʠʤ ʢʫʪʦʤ ʧʨʦʬʽʣʶ 

(ʦʙʤʝʞʝʥʠʤ ʧʘʨʘʤʝʪʨʘʤʠ ʽʥʩʪʨʫʤʝʥʪʫ). 

ʗʢ ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʟʤʽʥʶʶʯʠ ʚʩʴʦʛʦ ʢʽʣʴʢʘ ʟʤʽʥʥʠʭ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʦʚʩʽʤ 

ʽʥʰʫ ʂʇ ʤʝʥʰʝ, ʥʽʞ ʟʘ ʭʚʠʣʠʥʫ (ʨʠʩʫʥʦʢ 1, 2). 

ʇʝʨʝʚʘʛʠ ʜʘʥʦʛʦ ʤʝʪʦʜʫ: 

Å ʇʨʦʩʪʦʪʘ ʪʘ ʰʚʠʜʢʽʩʪʴ ʥʘʣʘʛʦʜʞʝʥʥʷ ʪʘ ʢʦʨʠʛʫʚʘʥʥʷ 

Å ʄʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʮʠʢʣʫ ʧʨʷʤʦ ʟʽ ʩʪʽʡʢʠ 

Å ɿʘʡʤʘʻ ʤʘʣʦ ʤʽʩʮʷ ʫ ʧʘʤ'ʷʪʽ ʚʝʨʩʪʘʪʘ 

Å ʅʝ ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

Å ʅʝ ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ (ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʘʥʜʘʨʪʥʽ 

ʜʝʨʞʘʚʢʠ ʪʘ ʧʣʘʩʪʠʥʠ) 

Å ʅʠʟʴʢʽ ʩʠʣʠ ʨʽʟʘʥʥʷ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ 
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Å ɺʠʧʨʘʚʜʘʥʘ ʥʘ ʥʝʚʝʣʠʢʠʭ ʧʘʨʪʽʷʭ ʜʝʪʘʣʝʡ 

 

 
ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʶʚʘʥʥʷ ʥʘʨʽʟʫʚʘʥʥʷ ʨʽʟʴʙʣʝʥʥʷ 

 

 
ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʶʚʘʥʥʷ ʥʘʨʽʟʫʚʘʥʥʷ ʨʽʟʴʙʣʝʥʥʷ 

 

ʅʝʜʦʣʽʢʠ: 

Å ɺʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʭʨʦʚʠʤ ʨʽʟʴʙʦʥʘʨʽʟʫʚʘʥʥʷʤ 

ʘʙʦ ʬʨʝʟʝʨʫʚʘʥʥʷʤ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
1. https://jamet.com/Fanuc_Web_Manuals/Prog/63874EN1.pdf 

2. http://www.cnc.uk.com/wp-content/uploads/2015/04/Manual-Guide-Milling -and-

Turning-Manual.pdf 

 

  

https://jamet.com/Fanuc_Web_Manuals/Prog/63874EN1.pdf
http://www.cnc.uk.com/wp-content/uploads/2015/04/Manual-Guide-Milling-and-Turning-Manual.pdf
http://www.cnc.uk.com/wp-content/uploads/2015/04/Manual-Guide-Milling-and-Turning-Manual.pdf
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ʋɼʂ 658.562 

 

ʂʫʚʘʻʚ ʄ.ɺ., ʩʪʫʜʝʥʪ ʛʨʫʧʠ 131ʤ-23ʥ-1 

ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ: ɼʝʨʙʘʙʘ ɺ.ɸ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʡ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ 

ʇʘʮʝʨʘ ʉ.ʊ., ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʡ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ 

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

 

ʈʆɿʈɸʍʋʅʆʂ ʂʆʅʉʊʈʋʂʎɯɰ ɹɸʅɼɸɾʋ ʈʆʊʆʈɸ 

ɽʃɽʂʊʈʆɻɽʅɽʈɸʊʆʈɸ ɿɸ ɼʆʇʆʄʆɻʆʖ ʉʇɽʎɯɸʃʔʅʆɻʆ ʇʈʆɻʈɸʄʅʆɻʆ 

ɿɸɹɽɿʇɽʏɽʅʅʗ 

ʈʦʟʛʣʷʥʫʪʦ ʢʦʥʩʪʨʫʢʮʽʶ ʨʦʪʦʨʘ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʤʽʮʥʽʩʪʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ [1] ʙʫʣʦ ʚʟʷʪʦ 1/6 ʯʘʩʪʠʥʫ 

ʢʦʥʩʪʨʫʢʮʽʾ (ʩʝʢʪʦʨ 60Á). ʈʦʪʦʨ ʥʘʚʘʥʪʘʞʝʥʠʡ ʚʽʜʮʝʥʪʨʦʚʦʶ ʩʠʣʦʶ ʚʽʜ ʦʙʝʨʪʘʥʥʷ ʟ 

ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ 50000 ʦʙ/ʭʚ. ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 2. ʄʘʪʝʨʽʘʣ 

ʢʦʥʩʪʨʫʢʮʽʾ ï Inconel 718 ʟʘʛʘʨʪʦʚʘʥʠʡ, ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʦʛʦ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 

1.  

 

ʊʘʙʣʠʮʷ 1 ï ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʫ Inconel 718 

t, ʂ (Áʉ) ɽ, ʄʇʘ ůʚ, ʄʇʘ ůʪ, ʄʇʘ ŭ, % 

293 (20) 165000 889 511 45 

ɽ ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ; 

ůʚ ï ʪʠʤʯʘʩʦʚʠʡ ʦʧʽʨ; 

ůʪ ï ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ; 

ŭ  ï ʛʨʘʥʠʯʥʝ ʚʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 1, 2 ʪʘ ʪʘʙʣʠʮʽ 2. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɽʢʚʽʚʘʣʝʥʪʥʘ ʥʘʧʨʫʛʘ ʚ ʢʦʥʩʪʨʫʢʮʽʾ 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʘʜʽʘʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ ʫ ʢʦʥʩʪʨʫʢʮʽʾ 
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ʊʘʙʣʠʮʷ 2 - ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʨʦʪʦʨʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʧʨʠ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ 50000 

ʦʙ/ʭʚ 

ɼʝʪʘʣʴ ůmax, ʄʇʘ nʚ [nʚ] Ůpl, % [Ůʚ], % 

ɼʝʪʘʣʽ ʟʽ ʩʧʣʘʚʫ 

Inconel 718 
480 1.85 1.5 0.6 45 

ůmax ï ʤʘʢʩʠʤʘʣʴʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʝʢʚʽʚʘʣʝʥʪʥʽ ʥʘʧʨʫʞʝʥʥʷ; 

nʚ ï ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʟʘʧʘʩ ʤʽʮʥʦʩʪ; 

[nʚ] ï ʜʦʧʫʩʪʠʤʠʡ ʟʘʧʘʩ ʤʽʮʥʦʩʪʽ (ʟʛʽʜʥʦ ʟ ʥʦʨʤʘʤʠ ʤʽʮʥʦʩʪʽ); 

Ůpl ï ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʣʘʩʪʠʯʥʠʭ ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨʤʘʮʽʡ; 

[Ůʚ] ï ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʣʘʩʪʠʯʥʠʭ ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨʤʘʮʽʡ (ʟʛʽʜʥʦ ʟ ʜʦʚʽʜʢʦʚʠʤʠ 

ʜʘʥʠʤʠ ʥʘ ʢʦʥʢʨʝʪʥʠʡ ʤʘʪʝʨʽʘʣ). 

ɼʦʜʘʪʢʦʚʦ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʨʦʪʦʨʘ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ. 

ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʘ ʚʪʨʘʪʽ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ (ʨʫʡʥʫʚʘʥʥʷ ʨʦʪʦʨʘ), ʩʢʣʘʣʘ 

78285 ʦʙ/ʭʚ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 3, 4. 

 

 
ʈʠʩʫʥʦʢ 3 ï ɽʢʚʽʚʘʣʝʥʪʥʘ ʥʘʧʨʫʛʘ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ 

78285 ʦʙ/ʭʚ 

 

 
ʈʠʩʫʥʦʢ 4 ï ʇʣʘʩʪʠʯʥʽ ʚʽʜʥʦʩʥʽ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ 78285 ʦʙ/ʭʚ 

 

ɺʠʩʥʦʚʦʢ: ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 2, ʟʘʧʘʩʠ ʤʽʮʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ ʥʦʨʤ ʤʽʮʥʦʩʪʽ ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʢʦʥʩʪʨʫʢʮʽʷ ʤʘʻ ʟʘʧʘʩ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ nʥʝʩ = 78285/50000 = 1.57, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʥʦʨʤʘʤ ʤʽʮʥʦʩʪʽ.  

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʄʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʽ ʩʠʩʪʝʤ. ʂʦʥʩʧʝʢʪ ʣʝʢʮʽʡ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : 

ʥʘʚʯ. ʧʦʩʽʙ. ʜʣʷ ʟʜʦʙʫʚʘʯʽʚ ʩʪʫʧʝʥʷ ʤʘʛʽʩʪʨʘ ʟʘ ʦʩʚʽʪ. ʧʨʦʛʨʘʤʦʶ çʂʦʤʧôʶʪʝʨʥʦ-

ʽʥʪʝʛʨʦʚʘʥʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʚ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽè ʩʧʝʮ. 151 ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ 

ʢʦʤʧôʶʪʝʨʥʦʽʥʪʝʛʨʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ (174 çɸʚʪʦʤʘʪʠʟʘʮʽʷ, ʢʦʤʧ'ʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʨʦʙʦʪʦʪʝʭʥʽʢʘè) / ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ; ʫʢʣʘʜ. ʊ. ʈ. ʂʣʦʯʢʦ. ï 

ɽʣʝʢʪʨʦʥʥʽ ʪʝʢʩʪʦʚʽ ʜʘʥʽ (1 ʬʘʡʣ: 2,53 ʄʙʘʡʪ). ï ʂʠʾʚ : ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2024. 

ï 194 ʩ.     
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ʂʫʚʘʻʚ ʄ.ɺ., ʩʪʫʜʝʥʪ ʛʨʫʧʠ 131ʤ-23ʥ-1 

ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ: ɼʝʨʙʘʙʘ ɺ.ɸ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʡ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ 

ʈʫʙʘʥ ɺ.ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʡ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ 

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

 

ʈʆɿʈɸʍʋʅʆʂ ʂʆʅʉʊʈʋʂʎɯɰ ʇɸʂɽʊʋ ʈʆʊʆʈɸ ʉʀʅʍʈʆʅʆɻʆ ɼɺʀɻʋʅɸ ɿ 

ʇʆʉʊɯʁʅʀʄʀ ʄɸɻʅɯʊɸʄʀ ɿɸ ɼʆʇʆʄʆɻʆʖ ʉʇɽʎɯɸʃʔʅʆɻʆ 

ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ 

 

ʉʠʥʭʨʦʥʥʽ ʜʚʠʛʫʥʠ ʟ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ (ʉɼʇʄ) [1] ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʪʫʞʥʠʭ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʤʘʶʪʴ ʚʠʩʦʢʽ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʜʦʙʨʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ, ʟʘʡʥʷʪʠ ʉɼʇʄ ʧʝʨʰʝ ʤʽʩʮʝ ʚ ʦʙʣʘʩʪʽ ʩʝʨʚʦʧʨʠʚʦʜʽʚ ʪʘ ʧʨʠʚʦʜʽʚ, ʜʝ 

ʧʦʪʨʽʙʝʥ ʚʠʩʦʢʠʡ ʤʦʤʝʥʪ. 

ʈʦʪʦʨʠ ʉɼʇʄ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʟʦʚʥʽʰʥʽʤʠ ʘʙʦ ʚʥʫʪʨʽʰʥʽʤʠ. ɿʦʚʥʽʰʥʽʡ 

ʨʦʪʦʨ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʤʦʤʝʥʪ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰʦʛʦ ʨʘʜʽʫʩʫ, ʘʣʝ ʚʽʥ ʻ 

ʩʢʣʘʜʥʽʰʠʤ ʚ ʚʠʨʦʙʥʠʮʪʚʽ, ʤʝʥʰ ʥʘʜʽʡʥʠʤ ʪʘ ʻ ʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤ ʯʝʨʝʟ ʪʝ, ʱʦ 

ʬʘʢʪʠʯʥʦ ʟʦʚʥʽʰʥʷ ʯʘʩʪʠʥʘ ʢʦʨʧʫʩʫ ʉɼʇʄ ʻ ʨʫʭʦʤʦʶ ʯʘʩʪʠʥʦʶ. ʊʘʢʦʞ ʨʦʪʦʨʠ ʉɼʇʄ 

ʤʦʞʣʠʚʦ ʧʦʜʽʣʠʪʠ ʟʘ ʧʨʠʥʮʠʧʦʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʘʛʥʽʪʽʚ ʫ ʨʦʪʦʨʽ. ʇʝʨʰʘ ʪʝʭʥʦʣʦʛʽʷ ï 

ʮʝ ʧʦʚʝʨʭʥʝʚʦ ʥʘʢʣʝʻʥʽ ʤʘʛʥʽʪʠ, ʪʦʤʫ ʚ ʽʥʦʟʝʤʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʚʦʥʠ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ 

SPMSM(Surface mounted permanent magnet synchronous motors). ɯʥʰʠʡ ʚʘʨʽʘʥʪ ï ʮʝ 

ʚʙʫʜʦʚʘʥʽ ʫ ʨʦʪʦʨ ʧʦʩʪʽʡʥʽ ʤʘʛʥʽʪʠ, ʽ ʪʘʢʽ ʤʘʰʠʥʠ ʤʘʶʪʴ ʥʘʩʪʫʧʥʝ ʩʢʦʨʦʯʝʥʥʷ IPMSM  

(interior permanent magnet synchronous motors). 

ɺ SPMSM ʤʘʛʥʽʪʠ ʧʨʠʢʣʝʶʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʪʦʨʘ. ɿʘ ʩʚʦʾʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʦʥʠ ʥʘʛʘʜʫʶʪʴʩʷ ʩʠʥʭʨʦʥʥʽ ʤʘʰʠʥʠ ʟ ʥʝʷʚʥʦ-ʚʠʨʘʞʝʥʠʤʠ ʧʦʣʶʩʘʤʠ, 

ʪʦʙʪʦ ʯʝʨʝʟ ʥʝʟʥʘʯʥʫ ʟʤʽʥʫ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʧʦʚʟʜʦʚʞ ʧʦʚʽʪʨʷʥʦʛʦ ʟʘʟʦʨʫ ʨʝʘʢʪʠʚʥʘ 

ʩʢʣʘʜʦʚʘ ʩʫʤʘʨʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʝʟʥʘʯʥʘ. 

ɺ IPMSM ʤʘʛʥʽʪʠ ʚʙʫʜʦʚʘʥʽ ʚʩʝʨʝʜʠʥʫ ʨʦʪʦʨʘ. ɼʣʷ ʮʴʦʛʦ ʚ ʟʘʣʽʟʽ ʨʦʪʦʨʘ 

ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʦʪʚʦʨʠ. ʎʝ ʩʧʨʠʯʠʥʷʻ ʟʙʽʣʴʰʝʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ. 

ɼʦ ʧʝʨʝʚʘʛ SPMSM ʪʨʝʙʘ ʚʽʜʥʝʩʪʠ ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʚʠʩʦʢʽ ʜʠʥʘʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʘʢʦʞ ʜʘʥʽ ʤʘʰʠʥʠ ʧʦʪʨʝʙʫʶʪʴ ʤʝʥʰʫ ʟʘ IPMSM ʢʽʣʴʢʽʩʪʴ 

ʨʽʜʢʦʟʝʤʝʣʴʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ, ʯʝʨʝʟ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ 

ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ ʤʘʛʥʽʪʽʚ. ɼʦ ʥʝʜʦʣʽʢʽʚ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʪʨʝʙʘ ʚʽʜʥʝʩʪʠ ʚʠʩʦʢʽ ʚʠʤʦʛʠ 

ʱʦʜʦ ʪʦʯʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʤʦʥʪʘʞʫ ʤʘʛʥʽʪʽʚ. ʅʘ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʦʙʝʨʪʘʥʥʷ ʚ 

ʤʘʛʥʽʪʘʭ ʙʫʜʫʪʴ ʙʽʣʴʰ ʚʠʩʦʢʽ ʚʪʨʘʪʠ ʥʘ ʚʠʭʨʦʚʽ ʩʪʨʫʤʠ, ʘ ʥʽʞ ʚ IPMSM. 

ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ IPMSM ʻ ʤʝʭʘʥʽʯʥʦ ʤʽʮʥʠʡ ʪʘ ʜʦʙʨʝ ʟʙʘʣʘʥʩʦʚʘʥʠʡ ʨʦʪʦʨ. 

ʄʘʛʥʽʪʠ ʟʥʘʭʦʜʷʯʠʩʴ ʚ ʨʦʪʦʨʽ ʙʽʣʴʰ ʟʘʭʠʱʝʥʥʽ ʚʽʜ ʨʦʟʤʘʛʥʽʯʫʶʯʦʛʦ ʚʧʣʠʚʫ ʨʝʘʢʮʽʾ 

ʷʢʦʨʷ. ʅʝʜʦʣʽʢʘʤʠ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʤʘʛʥʽʪʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟ SPMSM, ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ. 

ɺʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʨʦʪʦʨʽʚ ʟ ʚʙʫʜʦʚʘʥʠʤʠ ʤʘʛʥʽʪʘʤʠ ʻ ʚʠʙʽʨ 

ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ʢʘʨʤʘʥʫ ʧʽʜ ʤʘʛʥʽʪ ʚ ʧʘʢʝʪʽ ʨʦʪʦʨʘ, ʦʩʢʽʣʴʢʠ ʦʜʥʦʯʘʩʥʦ ʚʽʥ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʜʦʚʦʣʽ ʪʦʥʢʠʤ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʧʦʣʷ ʨʦʟʩʽʶʚʘʥʥʷ, ʷʢʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʉɼʇʄ, ʽ ʜʦʩʪʘʪʥʴʦ ʤʽʮʥʠʤ, ʱʦʙ ʚʠʪʨʠʤʫʚʘʪʠ ʚʽʜʮʝʥʪʨʦʚʘʥʽ 

ʩʠʣʠ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɹʫʚ ʧʨʦʚʝʜʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ [2, 3] ʫ ʩʧʝʮʽʘʣʴʥʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʘ 

ʤʽʮʥʽʩʪʴ ʧʘʢʝʪʫ ʨʦʪʦʨʘ ʉɼʇʄ ʟ ʚʙʫʜʦʚʘʥʠʤʠ ʤʘʛʥʽʪʘʤʠ. 



ʉɽʂʎɯʗ ï ʊɽʍʅʆʃʆɻɯɰ ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ 
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ʈʦʟʛʣʷʥʫʪʦ 1/12 ʯʘʩʪʠʥʫ ʢʦʥʩʪʨʫʢʮʽʾ. ʂʦʥʩʪʨʫʢʮʽʷ ʥʘʚʘʥʪʘʞʝʥʘ ʚʽʜʮʝʥʪʨʦʚʦʶ 

ʩʠʣʦʶ ʚʽʜ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʟʽ ʰʚʠʜʢʽʩʪʶ 12000 ʦʙ/ʭʚ. ʄʘʪʝʨʽʘʣ ʨʦʪʦʨʘ ï ʩʪʘʣʴ M350 

DIN EN 10106, IEC 60404-8-4, ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʦʾ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1 ï ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʽ M350 DIN EN 10106, IEC 60404-8-4 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 20Áʉ 

ʄʝʞʘ ʤʽʮʥʦʩʪʽ, ʄʇʘ ʄʝʞʘ ʪʝʢʫʯʦʩʪʽ, ʄʇʘ 

461 320 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.1 

 

 
ʈʠʩʫʥʦʢ 1 ï ɽʢʚʽʚʘʣʝʥʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʨʦʪʦʨʽ ʧʨʠ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ 12000 ʦʙ/ʭʚ 

 

ɺʠʩʥʦʚʦʢ: ʄʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʨʦʪʦʨʽ ʩʪʘʥʦʚʠʣʠ 29 ʄʇʘ. ɿʘʧʘʩ ʤʽʮʥʦʩʪʽ 

ʨʦʪʦʨʘ ʩʪʘʥʦʚʠʪʴ nʚ = 461/29 = 15,9. ɿʘʧʘʩ ʧʦ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʩʪʘʥʦʚʠʪʴ nʪ = 320/29 = 11. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ ʥʦʨʤ ʤʽʮʥʦʩʪʽ ʈʦʟʨʘʭʫʥʦʢ ʥʘ ʤʽʮʥʽʩʪʴ 

ʧʽʜʪʚʝʨʜʠʚ ʥʘʜʽʡʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʧʘʢʝʪʫ ʨʦʪʦʨʘ, ʽ ʧʦʢʘʟʘʚ, ʱʦ ʤʦʞʣʠʚʝ ʧʦʜʘʣʴʰʝ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʪʦʨʘ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ʢʘʨʤʘʥʫ ʧʽʜ 

ʤʘʛʥʽʪ, ʱʦ ʤʦʞʝ ʧʦʢʨʘʱʠʪʠ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉɼʇʄ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. R. Fischer, Elektrische Maschinen, 1st ed. M¿nchen: Hanser, 2013. 

2. ʄʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʽ ʩʠʩʪʝʤ. ʂʦʥʩʧʝʢʪ ʣʝʢʮʽʡ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : 

ʥʘʚʯ. ʧʦʩʽʙ. ʜʣʷ ʟʜʦʙʫʚʘʯʽʚ ʩʪʫʧʝʥʷ ʤʘʛʽʩʪʨʘ ʟʘ ʦʩʚʽʪ. ʧʨʦʛʨʘʤʦʶ çʂʦʤʧôʶʪʝʨʥʦ-

ʽʥʪʝʛʨʦʚʘʥʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʚ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽè ʩʧʝʮ. 151 ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ 

ʢʦʤʧôʶʪʝʨʥʦʽʥʪʝʛʨʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ (174 çɸʚʪʦʤʘʪʠʟʘʮʽʷ, ʢʦʤʧ'ʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʨʦʙʦʪʦʪʝʭʥʽʢʘè) / ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ; ʫʢʣʘʜ. ʊ. ʈ. ʂʣʦʯʢʦ. ï 

ɽʣʝʢʪʨʦʥʥʽ ʪʝʢʩʪʦʚʽ ʜʘʥʽ (1 ʬʘʡʣ: 2,53 ʄʙʘʡʪ). ï ʂʠʾʚ : ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2024. 

ï 194 ʩ. 

3. ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʽ ʩʠʩʪʝʤ. ʄʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : ʧʽʜʨʫʯ. ʜʣʷ ʟʜʦʙʫʚʘʯʽʚ ʩʪʫʧʝʥʷ ʙʘʢʘʣʘʚʨʘ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 

çɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾè, ʦʩʚʽʪʥʴʦ-ʧʨʦʬ. ʧʨʦʛʨ. 

çʂʦʤʧôʶʪʝʨʥʦ- ʽʥʪʝʛʨʦʚʘʥʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʚ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽè / ʉ. ʇ. ɺʠʩʣʦʫʭ, 

ʆ. ɺ. ɺʦʣʦʰʢʦ, ɻ. ʉ. ʊʠʤʯʠʢ, ʄ. ɺ. ʌʽʣʽʧʧʦʚʘ ; ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. ï ɽʣʝʢʪʨʦʥʥʽ 

ʪʝʢʩʪʦʚʽ ʜʘʥʽ (1 ʬʘʡʣ: 115.44 ʄʙʘʡʪ). ï ʂʠʾʚ : ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2023. ï 267 ʩ. 
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ʎʠʛʘʥʦʢ ʉ.ʆ., ʩʪʫʜʝʥʪ ʛʨʫʧʠ 131ʤ-24ʥ-1 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʇʘʮʝʨʘ ʉ.ʊ., ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʡ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ 

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

 
ʎʀʌʈʆɺɯɿɸʎɯʗ ɸʃɻʆʈʀʊʄɯʏʅʆɰ ʄʆɼɽʃɯ ɼʆʉʃɯɼɾɽʅʅʗ  

ʇʈʆʎɽʉʋ ɻɽʆʄɽʊʈʀʏʅʆɻʆ ʂʆʅʊʈʆʃʖ ɺʀʈʆɹɯɺ 

 

ɺʽʜʦʤʦ [1,2] , ʱʦ ʪʝʦʨʝʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʤʝʪʦʜʽʚ ʢʦʤʧ'ʶʪʝʨʠʟʘʮʽʾ ʻ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʪʝʦʨʽʷ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʚʢʣʶʯʘʻ ʪʘʢʦʞ  ʘʣʛʝʙʨʫ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʫ ʟʘʧʨʦʧʦʥʫʚʘʚ  ʫ 1965 

ʨʦʮʽ ɺ.ʄ. ɻʣʫʰʢʦʚ. ɸʣʛʦʨʠʪʤʽʯʥʽ ʤʦʜʝʣʽ ʫ ʥʘʫʢʦʚʽʡ ʪʘ ʥʘʚʯʘʣʴʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʧʦʜʘʶʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ  ʙʣʦʢ ʩʭʝʤ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʫʪʴ  ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʽ ʨʽʟʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʬʽʛʫʨʠ. 

ɸʣʝ, ʟʘʟʚʠʯʘʡ, ʚʢʘʟʘʥʽ ʪʘ ʽʥʰʽ ʛʝʦʤʝʪʨʠʯʥʽ ʬʽʛʫʨʠ ʙʣʦʢ ʩʭʝʤ ʚʠʢʦʥʫʶʪʴʩʷ ʫ 

ʬʦʨʤʘʪʘʭ, ʱʦ ʥʝ ʻ ʦʮʠʬʨʦʚʘʥʠʤʠ (ʥʘʧʨʠʢʣʘʜ, *.jpg, *.pdf). ɺ ʪʦʡ ʞʝ ʯʘʩ ʻ ʧʦʟʠʪʠʚʥʽ 

ʧʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʜʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʽʛʫʨ. ʎʝ ʟʨʦʙʣʝʥʦ  ʷʢ ʫ 

ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʧʘʢʝʪʽ Matlab Simulink, ʪʘʢ ʽ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ LabVIEW[3,4].  

ʅʘ ʨʠʩ. 1-3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʬʨʘʛʤʝʥʪʠ ʨʦʟʨʦʙʣʝʥʦʾ ʫ ʩʝʨʝʜʦʚʠʱʽ LabVIEW 7.1 

ʦʮʠʬʨʦʚʘʥʦʾ ʘʣʛʦʨʠʪʤʽʯʥʦʾ ʤʦʜʝʣʽ [4]. 
 

 
ʈʠʩʫʥʦʢ 1 - ɹʣʦʢ ʉ1 ʘʣʛʦʨʠʪʤʽʯʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʪʨʦʣʴʥʠʭ ʧʨʦʮʝʜʫʨ  ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ ʽ ʚʠʟʥʘʯʝʥʥʷ 

ʢʨʠʪʝʨʽʶ ʧʨʠʜʘʪʥʦʩʪʽ ɼ   ʚʠʨʦʙʫ [4] 

 

 
ʈʠʩʫʥʦʢ 2 - ʌʨʘʛʤʝʥʪ ʘʣʛʦʨʠʪʤʫ ʽʟ ʬʫʥʢʮʽʻʶ  Formula Node [4] 
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ʅʘ ʨʠʩ. 2 ʟʘʩʪʦʩʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: ʉɸ ʪʘ CU - ʚʽʜʧʦʚʽʜʥʦ ʢʦʨʝʢʪʥʦ 

ʧʨʠʡʥʷʪʽ ʪʘ ʚʽʜʙʨʘʢʦʚʘʥʽ ʚʠʨʦʙʠ, Iɸ ʪʘ IU - ʚʽʜʧʦʚʽʜʥʦ ʥʝʢʦʨʝʢʪʥʦ ʧʨʠʡʥʷʪʽ ʪʘ 

ʚʽʜʙʨʘʢʦʚʘʥʽ  ʚʠʨʦʙʠ, RADʉ - ʧʦʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʢʦʥʪʨʦʣʶ ʚʠʨʦʙʫ. 

 

 
ʈʠʩʫʥʦʢ 3 - ʌʨʦʥʪʘʣʴʥʘ ʧʘʥʝʣʴ ʩʪʚʦʨʝʥʦʛʦ ʚʽʨʪʫʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ [4] 

 

ɺʠʟʥʘʯʝʥʦ  ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ LabVIEW, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʝ  ʽʤʽʪʘʮʽʡʥʝ ʢʦʤʧôʁ ʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ  ʧʨʦʮʝʩʽʚ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ  ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʦʙʨʦʙʣʝʥʥʷ ʚʠʨʦʙʽʚ:  

-  ʚʢʘʟʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʯʝʥʠʭ ʪʘ 

ʟʜʦʙʫʚʘʯʽʚ, ʷʢʽ ʥʝ ʻ ʧʨʦʛʨʘʤʽʩʪʘʤʠ, ʘʣʝ ʧʨʦʚʦʜʷʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʣʘʩʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʚʽʨʪʫʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ; 

- ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʜʨʽʚ Flat Sequence 

Structure ̒   ʧʨʠʨʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʩʢʣʘʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʦʙʨʦʙʣʝʥʥʷ. 
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ʆʩʪʨʦʫʭʦʚʘ ʆ.ʉ., ʩʪʫʜʝʥʪʢʘ ʛʨʫʧʠ 131ʤ-24ʥ-1 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʦʟʝʯʢʦ ɺ.ɸ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʡ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ 

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

 

ʊɽʍʅʆʃʆɻɯɰ 3D-ɼʈʋʂʋ: ʄʆɾʃʀɺʆʉʊɯ, ʇɽʈʉʇɽʂʊʀɺʀ ʊɸ 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɺ ʉʋʏɸʉʅɯʁ ɯʅɾɽʅɽʈɯɰ 

 

3D-ʧʨʠʥʪʝʨ ð ʮʝ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜ ʧʦʰʘʨʦʚʦʛʦ ʩʪʚʦʨʝʥʥʷ 

ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʦʙ'ʻʢʪʘ ʟʘ ʮʠʬʨʦʚʦʶ 3D-ʤʦʜʝʣʣʶ. 3D-ʜʨʫʢ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʨʽʟʥʠʤʠ 

ʩʧʦʩʦʙʘʤʠ, ʦʩʥʦʚʦʶ ʷʢʠʭ ʻ ʤʝʪʦʜ ʧʦʰʘʨʦʚʦʛʦ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʘ ʩʴʦʛʦʜʥʽ 3D-ʜʨʫʢ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʩʬʝʨʘʭ ʥʘʰʦʛʦ ʞʠʪʪʷ. 

ʄʦʜʝʣʴ ʜʣʷ 3D-ʜʨʫʢʫ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʩʘʤʦʩʪʽʡʥʦ ʚ ʦʜʥʽʡ ʽʟ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʦʛʨʘʤ, 

ʤʦʞʥʘ ʚʟʷʪʠ ʛʦʪʦʚʫ ʤʦʜʝʣʴ ʟʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʘʡʪʽʚ ʘʙʦ ʦʪʨʠʤʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 3D-

ʩʢʘʥʫʚʘʥʥʷ.   

ʇʦʪʽʤ 3D-ʤʦʜʝʣʴ ʥʝʦʙʭʽʜʥʦ ʧʽʜʛʦʪʫʚʘʪʠ ʜʦ ʜʨʫʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʾ 

ʧʨʦʛʨʘʤʠ-ʩʣʘʡʩʝʨʘ. ʊʘʢʘ ʧʨʦʛʨʘʤʘ ʟʜʽʡʩʥʶʻ ʥʘʨʽʟʢʫ ʜʝʪʘʣʽ ʧʘʨʘʣʝʣʴʥʠʤʠ ʧʣʦʱʠʥʘʤʠ 

ʥʘ ʰʘʨʠ ʧʝʚʥʦʾ ʪʦʚʱʠʥʠ, ʘ ʧʦʪʽʤ ʧʝʨʝʚʦʜʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʚ G-ʢʦʜ, ʷʢʠʡ ʻ ʥʘʙʦʨʦʤ 

ʢʦʤʘʥʜ ʽ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʜʽʾ 3D-ʧʨʠʥʪʝʨʘ.   

ɺʠʨʦʙʥʠʢʠ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 3D-ʜʨʫʢʫ ʩʠʩʪʝʤʘʪʠʯʥʦ ʦʨʛʘʥʽʟʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ 

ʥʘʚʯʘʣʴʥʽ ʢʫʨʩʠ ʟ ʨʦʙʦʪʠ ʟ ʧʨʦʛʨʘʤʘʤʠ-ʩʣʘʡʩʝʨʘʤʠ ʪʘ 3D-ʧʨʠʥʪʝʨʘʤʠ, ʘ ʪʘʢʦʞ ʽʩʥʫʻ 

ʙʘʛʘʪʦ ʥʘʚʯʘʣʴʥʠʭ ʚʽʜʝʦ ʚ ʽʥʪʝʨʥʝʪʽ, ʷʢʽ ʜʦʧʦʤʦʞʫʪʴ ʟʜʦʙʫʪʠ ʮʽʥʥʽ ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ ʚ 

ʮʽʡ ʩʬʝʨʽ.   

ʉʪʫʜʝʥʪʠ-ʽʥʞʝʥʝʨʠ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʩʚʦʾʭ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʢʨʝʩʣʝʥʴ ʤʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʜʨʫʢʫʚʘʪʠ ʥʘ 3D-ʧʨʠʥʪʝʨʽ ʜʝʪʘʣʽ ʪʘ ʧʨʦʝʢʪʫʚʘʪʠ ʥʦʚʝ ʦʙʣʘʜʥʘʥʥʷ. 

ʉʪʫʜʝʥʪʠ-ʜʠʟʘʡʥʝʨʠ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʥʝ ʣʠʰʝ ʧʨʘʮʶʚʘʪʠ ʟ 3D-ʤʦʜʝʣʶʚʘʥʥʷʤ, ʘʣʝ ʡ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʥʘʡʩʤʽʣʠʚʽʰʽ ʪʚʦʨʯʽ ʽʜʝʾ: ʚʽʜʪʚʦʨʶʚʘʪʠ ʤʠʩʪʝʮʪʚʦ ʩʪʘʨʦʜʘʚʥʴʦʛʦ ʩʚʽʪʫ, 

ʩʢʫʣʴʧʪʫʨʠ, ʢʘʨʪʠʥʠ, ʘʨʭʽʪʝʢʪʫʨʫ, ʙʫʜʫʚʘʪʠ ʤʘʢʝʪʠ ʽʥʪʝʨ'ʻʨʽʚ ʽ ʙʫʜʠʥʢʽʚ, ʧʨʦʝʢʪʫʚʘʪʠ 

ʩʫʚʝʥʽʨʥʫ ʧʨʦʜʫʢʮʽʶ, ʩʪʚʦʨʶʚʘʪʠ ʜʠʟʘʡʥʝʨʩʴʢʽ ʢʦʣʝʢʮʽʾ ʦʜʷʛʫ ʪʘ ʘʢʩʝʩʫʘʨʽʚ. ʉʪʫʜʝʥʪʠ-

ʽʩʪʦʨʠʢʠ ð ʚʽʜʥʦʚʣʶʚʘʪʠ ʘʨʪʝʬʘʢʪʠ, ʘ ʛʝʦʛʨʘʬʠ ʤʦʞʫʪʴ ʜʨʫʢʫʚʘʪʠ ʢʘʨʪʠ ʤʽʩʮʝʚʦʩʪʽ. 

ɿʘʨʘʟ ʪʝʭʥʦʣʦʛʽʷ 3D-ʜʨʫʢʫ ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚʣʷʪʠ ʥʘʚʽʪʴ ʾʩʪʽʚʥʽ ʚʠʨʦʙʠ, ʪʘʢʽ ʷʢ ʪʦʨʪʠ ʟ 

ʪʽʩʪʘ, ʰʦʢʦʣʘʜʥʽ ʬʽʛʫʨʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʫʜʝʥʪʘʤ ʢʫʣʽʥʘʨʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʩʪʚʦʨʶʚʘʪʠ 

ʰʝʜʝʚʨʠ ʚ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ.  

ʆʩʢʽʣʴʢʠ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʜʝʣʽ (ʨʠʩ. 1) ʻ ʥʘʩʢʨʽʟʥʝ ʬʨʦʥʪʘʣʴʥʦ-ʧʨʦʝʢʮʽʡʥʝ ʦʪʚʽʨ, 

ʤʦʜʝʣʴ ʚʠʚʦʜʠʪʴʩʷ ʥʘ ʜʨʫʢ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʧʽʜʪʨʠʤʢʘʤʠ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʙʫʚ 

ʦʙʨʘʥʠʡ ʚʘʨʽʘʥʪ ʜʝʨʝʚʦʧʦʜʽʙʥʠʭ ʧʽʜʪʨʠʤʦʢ. ʇʦʪʽʤ ʮʽ ʦʧʦʨʥʽ ʝʣʝʤʝʥʪʠ ʣʝʛʢʦ ʣʘʤʘʶʪʴʩʷ. 

ɼʣʷ ʜʨʫʢʫ ʩʢʣʘʜʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʤʘʶʪʴ ʟʚʠʩʘʶʯʽ ʝʣʝʤʝʥʪʠ ʚ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʤʽʩʮʷʭ, 

ʯʘʩʪʦ ʷʢ ʤʘʪʝʨʽʘʣ ʜʣʷ ʧʽʜʪʨʠʤʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʡ ʇɺɸ ʧʣʘʩʪʠʢ, ʷʢʠʡ 

ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʜʨʫʢʫ ʣʝʛʢʦ ʨʦʟʯʠʥʷʻʪʴʩʷ ʫ ʚʦʜʽ. ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʧʨʠʥʪʝʨ ʤʘʻ 

ʙʫʪʠ ʦʩʥʘʱʝʥʠʡ ʢʽʣʴʢʦʤʘ ʝʢʩʪʨʫʜʝʨʘʤʠ. 

 
ʈʠʩʫʥʦʢ ï 3D ʤʦʜʝʣʴ 
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3D-ʧʨʠʥʪʝʨʠ ʚʽʜʽʛʨʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʩʪʦʤʘʪʦʣʦʛʽʾ. ɿ ʾʭ ʜʦʧʦʤʦʛʦʶ 

ʣʽʢʘʨʽ-ʩʪʦʤʘʪʦʣʦʛʠ ʨʦʙʣʷʪʴ ʧʨʦʜʫʢʮʽʶ ʪʘ ʧʦʩʣʫʛʠ ʥʝ ʪʽʣʴʢʠ ʙʽʣʴʰ ʷʢʽʩʥʠʤʠ, ʘ ʡ 

ʜʝʰʝʚʰʠʤʠ. 3D-ʧʨʠʥʪʝʨʠ ʧʦʢʨʘʱʫʶʪʴ ʪʦʯʥʽʩʪʴ ʧʨʦʜʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʧʨʠʰʚʠʜʰʫʶʪʴ 

ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ. ɼʫʞʝ ʩʢʣʘʜʥʦ ʧʝʨʝʜʘʪʠ ʫʥʽʢʘʣʴʥʽʩʪʴ ʢʦʞʥʦʛʦ ʟʫʙʘ ʣʶʜʠʥʠ. ʆʜʥʘʢ 

ʟʘʚʜʷʢʠ ʪʝʭʥʦʣʦʛʽʷʤ 3D-ʩʢʘʥʫʚʘʥʥʷ ʨʦʪʦʚʦʾ ʧʦʨʦʞʥʠʥʠ ʪʘ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʤʘʪʝʨʽʘʣʘʤ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʚʠʢʦʥʫʚʘʪʠ 3D-ʜʨʫʢ ʢʦʨʦʥʦʢ, ʧʨʦʪʝʟʽʚ, ʘ ʪʘʢʦʞ ʫʥʽʢʘʣʴʥʠʭ 

ʦʨʪʦʜʦʥʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ.   

ʅʘʨʘʟʽ ʨʷʜ ʢʦʤʧʘʥʽʡ ʟʘʡʤʘʶʪʴʩʷ ʨʦʟʨʦʙʢʦʶ ʚʠʨʦʙʥʠʮʪʚʘ ʦʨʛʘʥʽʯʥʠʭ ʪʢʘʥʠʥ, 

ʩʫʜʠʥ ʪʘ ʮʽʣʠʭ ʦʨʛʘʥʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ 3D-ʜʨʫʢʫ. ɸʣʝ ʧʦʢʠ ʱʦ ʜʘʣʝʢʦ ʥʝ 

ʟʘʚʞʜʠ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʧʦʚʥʦʮʽʥʥʠʡ ʽʤʽʪʘʪʦʨ ʦʨʛʘʥʽʯʥʦʾ ʪʢʘʥʠʥʠ, ʪʦʤʫ ʥʘ ʜʦʧʦʤʦʛʫ 

ʧʨʠʭʦʜʷʪʴ ʧʨʦʪʝʟʠ, ʥʘʧʨʠʢʣʘʜ, ʢʽʥʮʽʚʦʢ, ʩʪʚʦʨʝʥʽ ʥʘ 3D-ʧʨʠʥʪʝʨʽ.   

ʇʨʘʮʽʚʥʠʢʠ ʇʨʠʥʩʪʦʥʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʩʪʚʦʨʠʣʠ ʥʘ 3D-ʧʨʠʥʪʝʨʽ ʙʽʦʫʭʦ. ɺʦʥʦ 

ʟʜʘʪʥʝ ʩʧʨʠʡʤʘʪʠ ʨʘʜʽʦʭʚʠʣʽ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʤʝʞʘʤʠ ʜʽʘʧʘʟʦʥʫ ʣʶʜʩʴʢʦʛʦ ʩʣʫʭʫ. 

ʇʣʘʥʫʻʪʴʩʷ, ʱʦ ʪʘʢʝ ʚʫʭʦ ʙʫʜʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʢʣʶʯʘʪʠʩʷ ʜʦ ʥʝʡʨʦʥʽʚ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʢʫ.   

ɺʯʝʥʽ ʟʥʘʡʰʣʠ ʩʧʦʩʽʙ ʩʪʚʦʨʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 3D-ʙʽʦʧʨʠʥʪʝʨʘ ʩʪʦʚʙʫʨʦʚʽ 

ʢʣʽʪʠʥʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʥʦʚʠʭ ʣʽʢʽʚ.   

ʊʝʭʥʦʣʦʛʽʾ 3D-ʜʨʫʢʫ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʢʽʥʝʤʘʪʦʛʨʘʬʽʾ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʤʘʢʝʪʽʚ ʧʨʦʝʢʪʽʚ, ʧʦʚʥʦʨʦʟʤʽʨʥʠʭ ʤʦʜʝʣʝʡ, ʨʝʢʚʽʟʠʪʫ, ʜʝʢʦʨʘʮʽʡ ʽ ʥʘʚʽʪʴ ʢʦʩʪʶʤʽʚ 

ʛʝʨʦʾʚ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, 3D-ʧʨʠʥʪʝʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʪʘʢʠʭ ʬʽʣʴʤʽʚ, 

ʷʢ çɿʘʣʽʟʥʘ ʣʶʜʠʥʘè, çʈʦʙʦʢʦʧè, çɻʘʨʨʽ ʇʦʪʪʝʨè, çɺʦʚʢ ʟ ʋʦʣʣ-ʩʪʨʽʪè ʪʘ ʙʘʛʘʪʴʦʭ 

ʽʥʰʠʭ. ʄ'ʷʢʽ ʬʦʪʦʧʦʣʽʤʝʨʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʮʽʣʠʭ ʢʦʣʝʢʮʽʡ ʦʜʷʛʫ ʪʘ ʚʟʫʪʪʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ 3D-ʜʨʫʢʫ. ɺʩʝ ʙʽʣʴʰʫ ʧʦʧʫʣʷʨʥʽʩʪʴ ʥʘʙʠʨʘʶʪʴ ʭʘʨʯʦʚʽ 3D-ʧʨʠʥʪʝʨʠ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʩʧʨʘʚʞʥʽ ʢʫʣʽʥʘʨʥʽ ʰʝʜʝʚʨʠ ʟʘ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪ ʯʘʩʫ.   

ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ 3D-ʜʨʫʢʫ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʩʧʨʘʚʞʥʷ ʩʢʨʠʧʢʘ ʟ 

ʜʠʚʦʚʠʞʥʠʤ ʟʚʫʯʘʥʥʷʤ. ʂʨʽʤ ʪʦʛʦ, 3D-ʜʨʫʢ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʫʥʽʢʘʣʴʥʠʡ ʜʠʟʘʡʥ 

ʙʫʜʴ-ʷʢʦʛʦ ʤʫʟʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ.   
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ɺɯɿʋɸʃɯɿɸʎɯʗ ʊɸ ʂɯʅɽʄɸʊʀʏʅʀʁ ɸʅɸʃɯɿ ʉʂʃɸɼɸʅʅʆɰ ʆɼʀʅʀʎɯ 

ʅɸʊʗɻʋɺɸʏɸ ɿ ʅɸʇʈʗʄʅʀʄ ʂʆʃɽʉʆʄ ɿɸ ɼʆʇʆʄʆɻʆʖ ɸʅɯʄɸʎɯʁ ɺ 

SOLIDWORKS 

 

ʅʘʪʷʛʫʚʘʯ ʽʟ ʥʘʧʨʷʤʥʠʤ ʢʦʣʝʩʦʤ ʻ ʩʢʣʘʜʥʠʢʦʤ ʛʫʩʝʥʠʯʥʦʛʦ ʝʢʩʢʘʚʘʪʦʨʘ. ʅʘ 

ʨʠʩʫʥʢʫ 1 ʟʦʙʨʘʞʝʥʦ ʜʦʩʣʽʜʞʫʚʘʥʫ ʩʢʣʘʜʘʥʥʫ ʦʜʠʥʠʮʶ. 

 
ʈʠʩʫʥʦʢ 1 ï 3D-ʤʦʜʝʣʴ ʥʘʪʷʛʫʚʘʯʘ ʟ ʥʘʧʨʷʤʥʠʤ ʢʦʣʝʩʦʤ 

1 - ʚʘʣʴʥʠʮʷ; 2 - ʚʽʩʴ ʢʦʣʝʩʘ; 3 - ʚʪʫʣʢʘ; 4 - ʢʽʣʴʮʝ; 5 - ʢʦʨʧʫʩ ʧʦʨʰʥʷ; 

 6 - ʧʦʨʰʝʥʴ; 7 - ʧʨʫʞʠʥʘ; 8 - ʢʨʠʰʢʘ ʧʨʫʞʠʥʠ; 9 ï ʥʘʧʨʷʤʥʝ ʢʦʣʝʩʦ;  

10 - ʰʪʦʢ; 11- ʛʘʡʢʘ 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʥʘʪʷʛʫʚʘʯʘ ʟ ʥʘʧʨʷʤʥʠʤ ʢʦʣʝʩʦʤ ʻ ʛʦʨʠʟʦʥʪʘʣʴʥʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʨʰʥʷ ʪʘ ʰʪʦʢʘ ʪʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʝ ʾʤ ï ʚʽʩʽ ʢʦʣʝʩʘ. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ 

ʩʢʣʘʜʘʥʥʦʾ ʦʜʠʥʠʮʽ ʧʦʣʷʛʘʻ ʫ ʧʨʦʧʫʩʢʘʥʥʽ ʨʽʜʠʥʠ ʯʝʨʝʟ ʰʪʦʢ ʫ ʢʦʨʧʫʩ ʧʦʨʰʥʷ, ʱʦ 

ʩʪʚʦʨʶʻ ʪʠʩʢ, ʧʽʜ ʜʽʻʶ ʷʢʦʛʦ ʢʦʨʧʫʩ ʧʦʨʰʥʷ ʧʨʷʤʦʣʽʥʽʡʥʦ ʨʫʭʘʻʪʴʩʷ, ʧʝʨʝʩʫʚʘʶʯʠ 

ʢʽʣʴʮʝ, ʷʢʝ ʻ ʫʧʦʨʦʤ ʜʣʷ ʧʨʫʞʠʥʠ, ʧʨʫʞʠʥʫ, ʷʢʘ ʻ ʘʤʦʨʪʠʟʘʪʦʨʦʤ ʩʢʣʘʜʘʥʥʦʾ ʦʜʠʥʠʮʽ, 

ʰʪʦʢ, ʱʦ ʟʘʬʽʢʩʦʚʘʥʠʡ ʛʘʡʢʦʶ, ʪʘ ʢʨʠʰʢʫ ʧʦʨʰʥʷ. ʅʘʧʨʷʤʥʝ ʢʦʣʝʩʦ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘ 

ʚʽʩʽ ʚʽʜ ʢʦʚʟʘʥʥʷ ʣʘʥʮʶʛʘ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʚʟʜʦʚʞ ʢʦʣʝʩʘ, ʽ ʧʝʨʝʩʫʚʘʻʪʴʩʷ ʧʨʷʤʦʣʽʥʽʡʥʦ 

ʚʽʜ ʚʠʜʦʚʞʝʥʥʷ ʧʦʨʰʥʷ, ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ ʥʘʪʷʛʫʶʯʠ ʣʘʥʮʶʛ. 

ʂʽʥʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʨʦʚʝʜʝʥʦ ʫ ʤʦʜʫʣʽ SolidWorks Motion ʧʨʦʛʨʘʤʠ SolidWorks. 

ʎʝʡ ʤʦʜʫʣʴ ʟ ʜʦʩʠʪʴ ʥʠʟʢʦʶ ʧʦʭʠʙʢʦʶ ʜʦʟʚʦʣʷʻ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʽʟ ʧʨʦʻʢʪʦʤ ʫ SolidWorks 

ʦʮʽʥʠʪʠ ʢʽʥʝʤʘʪʠʢʫ ʩʢʣʘʜʘʥʥʦʾ ʦʜʠʥʠʮʽ [0]. ʋ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʨʘʭʦʚʘʥʽ ʢʽʥʝʤʘʪʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʜʠʥʘʤʽʯʥʽʡ ʩʠʤʫʣʷʮʽʾ, ʱʦʙ ʦʙʯʠʩʣʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʝʪʘʣʝʡ 

[0]. ʊʘʢʽ ʤʦʜʫʣʽ ʟʥʘʯʥʦ ʩʧʨʦʱʫʶʪʴ ʝʪʘʧ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʩʢʣʘʜʘʥʥʠʭ ʦʜʠʥʠʮʴ. 

ɼʦ ʢʦʣʝʩʘ ʜʦʜʘʥʦ ʫʨʫʭʦʤʥʠʢ, ʱʦ ʦʙʝʨʪʘʻ ʡʦʛʦ ʟ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ 3 ʩ
-1
. 

ʇʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢʠ ʧʝʨʝʤʽʱʝʥʥʷ, ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʥʘʧʨʷʤʥʦʛʦ ʢʦʣʝʩʘ, 

ʱʦ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 2-4. 
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ʈʠʩ. 2 ï ɻʨʘʬʽʢ ʧʝʨʝʤʽʱʝʥʥʷ 

 
ʈʠʩ. 3 ï ɻʨʘʬʽʢ ʰʚʠʜʢʦʩʪʽ 

 
ʈʠʩ. 4 ï ɻʨʘʬʽʢ ʧʨʠʩʢʦʨʝʥʥʷ 

 

ʆʪʞʝ, ʨʦʟʛʣʷʥʫʪʦ ʩʪʨʫʢʪʫʨʫ ʪʘ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʥʘʪʷʛʫʚʘʯʘ, ʚʽʟʫʘʣʽʟʦʚʘʥʦ 

ʢʽʥʝʤʘʪʠʯʥʫ ʩʠʩʪʝʤʫ ʤʝʭʘʥʽʟʤʫ ʥʘʪʷʛʫʚʘʯʘ ʟ ʥʘʧʨʷʤʥʠʤ ʢʦʣʝʩʦʤ ʫ ʤʦʜʫʣʽ SolidWorks 

Motion, ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ ʚʩʪʘʥʦʚʠʚʰʠ ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ ʜʝʪʘʣʝʡ ʪʘ ʨʦʟʨʘʭʫʚʘʚʰʠ 

ʧʝʨʝʤʽʱʝʥʥʷ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʥʘʧʨʷʤʥʦʛʦ ʢʦʣʝʩʘ. ʇʨʦʚʝʜʝʥʦ ʢʽʥʝʤʘʪʠʯʥʠʡ 

ʘʥʘʣʽʟ ʨʫʭʫ, ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʚʜʘʣʦʩʷ ʦʮʽʥʠʪʠ ʧʦʚʝʜʽʥʢʫ ʚʫʟʣʘ ʥʘʪʷʛʫʚʘʯʘ ʟʘ ʟʘʜʘʥʠʤʠ 

ʫʤʦʚʘʤʠ ʨʫʭʫ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʂʦʩʽʶʢ ʄ. ʄ., ʂʨʘʚʯʫʢ ɺ. ʉ. ʂʽʥʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʩʬʝʨʠ ʥʴʦʛʦ ʢʨʠʚʦʰʠʧʥʦ-

ʧʦʚʟʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. ɺʽʩʥʠʢ ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 2019. ˉ 6. 

ʉ. 7ï11. 

2. Kinematic and dynamic analysis and distribution of stress for four-item mechanism / 

J. Vavro et al. MATEC Web of Conferences. 2018. Vol. 157. P. 03019. URL: 

https://doi.org/10.1051/matecconf/201815703019 
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ʋɼʂ 681.5:621.7:004.9 
 

ʃʫʮʝʥʢʦ ɼ.ɯ., ʩʪʫʜʝʥʪ ʛʨʫʧʠ 131-21-1, ʩʧʝʮʽʘʣʴʥʽʩʪʴ 131 ʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɼʝʨʙʘʙʘ ɺ.ɸ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʡ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ  

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

ʄʆʅɯʊʆʈʀʅɻ ʇʈʆʎɽʉʋ ʄɽʍɸʅɯʏʅʆɰ ʆɹʈʆɹʂʀ ɿɸ ɼʆʇʆʄʆɻʆʖ 

ʅɽʇʈʗʄʆɻʆ ʄɽʊʆɼʋ ɺʀʄɯʈʖɺɸʅʅʗ 
 

ʋ ʩʫʯʘʩʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʘʢʪʫʘʣʴʥʦʶ ʻ ʪʝʤʘ ʜʽʜʞʠʪʘʣʽʟʘʮʽʾ, ʷʢʘ ʽʥʪʝʛʨʫʻʪʴʩʷ 

ʥʘʚʽʪʴ ʫ ʤʘʣʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʚʠʨʦʙʥʠʯʠʭ ʢʦʤʧʘʥʽʷʭ. ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ 

ʜʘʪʯʠʢʽʚ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ ʧʨʦ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ 

ʪʘ ʜʘʶʪʴ ʟʤʦʛʫ ʚʠʷʚʠʪʠ ʟʥʦʩ ʘʙʦ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʣʦʤʢʫ ʽʥʩʪʨʫʤʝʥʪʫ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʚʚʘʞʘʶʪʴʩʷ ʥʝʧʨʷʤʽ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʜʝ ʩʪʘʥ ʽʥʩʪʨʫʤʝʥʪʫ 

ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ 

ʤʝʪʦʜʘʤʠ ʥʝʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʻ ʦʙʯʠʩʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʰʧʠʥʜʝʣʷ, ʘʢʫʩʪʠʯʥʦʾ 

ʝʤʽʩʽʾ ʪʘ ʚʽʙʨʘʮʽʡ.  

ʊʦʞ, ʙʫʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ï ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʫ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʟʥʦʩʫ 

ʨʽʞʫʯʦʾ ʢʨʦʤʢʠ. ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʬʨʝʟʝʨʥʽ ʚʝʨʩʪʘʪʠ ʟ ʏʇʂ - Hermle 

UWF 1202H ʪʘ MTE BF2200. ʗʢ ʤʘʪʝʨʽʘʣ ʙʫʣʦ ʦʙʨʘʥʦ EN-GJL-250 ʪʘ  16MnCr5. ɼʣʷ 

ʬʨʝʟʝʨʫʚʘʥʥʷ ʙʫʣʠ ʧʽʜʛʦʪʦʚʣʝʥʽ ʧʦʚʝʨʭʥʽ ʰʠʨʠʥʦʶ 80 ʤʤ ʽ ʜʦʚʞʠʥʦʶ 800 ʤʤ. 

ʗʢ ʽʥʩʪʨʫʤʝʥʪ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʬʨʝʟʝʨʥʘ ʛʦʣʦʚʢʘ ʬʽʨʤʠ Avantec 

Zerspanwerkzeuge GmbH ʟ ɯʣʣʽʥʛʝʥʘ/ʅʽʤʝʯʯʠʥʘ, ʜʽʘʤʝʪʨʦʤ 160 ʤʤ, ʟ ʚʽʩʴʤʦʤʘ ʟʤʽʥʥʠʤʠ 

ʧʣʘʩʪʠʥʘʤʠ ʪʠʧʫ WSP.HE.2207.002.04SKY77AC ʟ ʰʽʩʪʴʤʘ ʨʽʞʫʯʠʤʠ ʢʨʦʤʢʘʤʠ ʟ ʢʫʪʦʤ 

ʢʣʠʥʫ - 70Á. ɼʣʷ ʬʽʢʩʫʚʘʥʥʷ ʜʘʪʯʠʢʽʚ, ʨʦʟʤʽʱʝʥʥʷ ʧʨʦʚʦʜʢʠ ʪʘ ʝʣʝʢʪʨʦʥʽʢʠ, ʙʫʚ 

ʧʝʨʝʨʦʙʣʝʥʠʡ ʧʨʦʪʦʪʠʧ ʽʥʩʪʨʫʤʝʥʪʫ (ʨʠʩ. 1) ï ʜʦʜʘʣʠ ʨʦʟʰʠʨʶʚʘʣʴʥʝ ʢʽʣʴʮʝ, ʪʘ 

ʨʦʟʩʚʝʨʜʣʠʣʠ ʜʝʷʢʽ ʧʦʚʝʨʭʥʽ.  

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʦʪʦʪʠʧ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ 

 

ɽʣʝʢʪʨʦʥʽʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 3 ʜʨʫʢʦʚʘʥʠʭ ʧʣʘʪ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ Atmel ʪʠʧʫ 

ATmega2560, ʚʦʩʴʤʠ ʧʽʜʩʠʣʶʚʘʯʽʚ ʩʠʛʥʘʣʫ ʪʠʧʫ HX711, ʚʦʩʴʤʠ ʪʝʨʤʦʧʘʨ Max6675, 

ʜʘʪʯʠʢʦʤ ʧʨʠʩʢʦʨʝʥʥʷ ʽ ʛʽʨʦʤʝʪʨʦʤ MPU6050, ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷʤ 

ʽ ʤʦʜʫʣʝʤ BLE ʜʣʷ ʙʝʟʜʨʦʪʦʚʦʾ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ ʜʘʪʯʠʢʽʚ ʪʘ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʪʠʧʫ 

QFLAB-3-11 ʬʽʨʤʠ Tokyo Sokki Kenkyujo ʟ ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʢʦʤʧʝʥʩʘʮʽʻʶ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ʨʽʞʫʯʦʾ ʧʣʘʩʪʠʥʠ, ʱʦʙ ʚʠʤʽʨʷʪʠ ʨʽʞʫʯʫ ʢʨʦʤʢʫ, 

ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʥʘʭʠʣʠʪʠ ʚʽʩʴ ɸ ʥʘ 35Á. ʊʦʤʫ ʜʦʜʘʪʢʦʚʦ ʙʫʚ ʚʠʛʦʪʦʚʣʝʥʠʡ ʪʨʠʤʘʯ ʜʣʷ 

ʧʨʠʚʝʜʝʥʥʷ ʟʤʽʥʥʦʾ ʧʣʘʩʪʠʥʠ ʚ ʦʧʪʠʤʘʣʴʥʝ ʚʠʤʽʨʶʚʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ.  

ʊʦʞ, ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʤʽʨʷʥʽ ʜʘʥʽ ʙʫʣʠ ʟʙʝʨʝʞʝʥʽ ʚ ʙʘʟʽ ʜʘʥʠʭ. ɼʘʥʽ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʤʦʞʫʪʴ ʧʝʨʝʜʘʚʘʪʠʩʴ ʥʘ ʩʠʩʪʝʤʫ ʧʨʠʡʦʤʫ ʘʙʦ ʥʘʚʽʪʴ ʥʘ ʤʦʙʽʣʴʥʽ 

ʧʨʠʩʪʨʦʾ, ʜʝ ʤʦʞʣʠʚʦ ʾʭ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ. ʄʝʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ 
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ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʫ. ɼʣʷ ʮʴʦʛʦ ʙʫʚ ʨʦʟʨʘʭʦʚʘʥʠʡ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʧʘʨʘʤʝʪʨ, ʝʥʝʨʛʽʶ ʨʽʟʘʥʥʷ, ʱʦ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʥʘ ʦʩʥʦʚʽ ʚʠʤʽʨʷʥʠʭ ʩʠʣ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ. ʎʝ ʽʥʪʝʛʨʘʣ ʚʽʜ ʩʠʣʠ ʨʽʟʘʥʥʷ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ, ʛʨʘʬʽʯʥʦ ʧʦʢʘʟʘʥʠʡ 

ʷʢ ʧʣʦʱʘ. ʇʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 400 ʅ ʧʨʦʪʷʛʦʤ 300 ʩ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 50 ʅ ʧʨʦʪʷʛʦʤ 170 ʩ 

(ʩʠʥʷ ʢʨʠʚʘ) ʝʢʚʽʚʘʣʝʥʪʥʽ ʩʝʨʝʜʥʴʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ (ʧʦʤʘʨʘʥʯʝʚʘ ʟʦʥʘ) ï 260 ʅ (ʨʠʩ. 

2) ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʚʠʤʽʨʶʚʘʥʥʷ.  

 

 
ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʽʢ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʩʠʣʠ ʨʽʟʘʥʥʷ (ʩʠʥʽʡ) ʟ ʥʘʢʣʘʜʝʥʦʶ 

ʧʣʦʱʝʶ ʝʥʝʨʛʽʾ ʨʽʟʘʥʥʷ (ʧʦʤʘʨʘʥʯʝʚʠʡ) 

 

ɿ ʚʠʤʽʨʷʥʠʭ ʟʥʘʯʝʥʴ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʟʥʦʩʫ ʟʤʽʥʥʠʭ ʨʽʞʫʯʠʭ 

ʧʣʘʩʪʠʥ. ɯʥʰʽ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʘʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʰʠʭ ʚʠʤʽʨʷʥʠʭ ʟʤʽʥʥʠʭ, ʪʘʢʠʭ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʰʚʠʜʢʽʩʪʴ ʘʙʦ ʚʽʙʨʘʮʽʷ. 

ʄʦʥʽʪʦʨʠʥʛ ʦʙʨʦʙʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʇʂ, ʩʤʘʨʪ-ʛʦʜʠʥʥʠʢʽʚ. 

ɹʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʜʦʜʘʪʦʢ (ʨʠʩ. 3) ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʾ, ʷʢ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʽʥʩʪʨʫʤʝʥʪʫ, ʪʘʢ ʽ ʯʝʨʝʟ ʙʘʟʫ ʜʘʥʠʭ. ɼʦʜʘʪʦʢ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʩʪʘʥ ʧʣʘʩʪʠʥ, ʪʝʨʤʽʥ ʾʭ ʩʣʫʞʙʠ ʽ ʟʥʦʩ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ɼʦʜʘʪʦʢ ʟ ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

 ʚ ʣʽʥʽʡʥʦʤʫ ʚʠʛʣʷʜʽ ʪʘ ʛʽʩʪʦʛʨʘʤʽ ʜʣʷ ʜʝʢʽʣʴʢʦʭ ʽʥʩʪʨʫʤʝʥʪʽʚ 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. Totis, G.; Adams, O.; Sortino, M. et al: Development of an innovative plate 

dynamometer for advanced milling and drilling applications. Measurement 49 (2014). pp 164-

181.  

2. Mºhring, H.-C., Nguyen, Q.P., Kuhlmann, A., Lerez, C., Nguyen, L.T., Misch, S.: 

Intelligent tools for predictive process control. Procedia CIRP 57 (2016). 539-544. 

3. Mºhring, H-C; Maier, W; Werkle, K: Increasing the Accuracy of an Intelligent 

Milling Tool with Integrated Sensors. 18th Int. Conf. & Exhibition Euspen 2018 

4. Mºhring, H.-C., Wiederkehr, P., Lerez, C., Schmitz, H., Goldau, H., Czichy, H.: 

Sensor Integrated CFRP Structures for Intelligent Fixtures. Procedia Technology 26 (2016) 

120-128.  
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ʋɼʂ 669.1ï669.9 

 

ʂʦʟʝʯʢʦ ɺ.ɯ., ʤʘʛʽʩʪʨ (ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆ.ɻʦʥʯʘʨʘ) 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʦʟʝʯʢʦ ɺ.ɸ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʡ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ (ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè) 

 

ɺɸʈɯɸʎɯʁʅʀʁ ʇʈʀʅʎʀʇ ɻɯɹɹʉɸ ʗʂ ʆʉʅʆɺɸ ʊɽʈʄʆʄɽʍɸʅɯʏʅʆɻʆ 

ɸʅɸʃɯɿʋ ɺ ʉʋʏɸʉʅɯʁ ʄɽʊɸʃʋʈɻɯɰ 

 

ʇʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʽ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʤʝʪʘʣʫʨʛʽʾ, ʪʘʢʠʭ ʷʢ 

ʙʝʟʧʝʨʝʨʚʥʠʡ ʨʦʟʣʠʚ ʩʪʘʣʠ, ʚʠʨʦʙʥʠʮʪʚʦ ʪʨʫʙ ʪʘ ʽʥʰʠʭ ʜʝʪʘʣʝʡ ʦʙʝʨʪʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʣʠʪʪʷ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʨʦʟʚôʷʟʫʚʘʪʠ, ʟʘʜʘʯʽ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ. ɺʽʜʤʽʥʥʦʶ ʨʠʩʦʶ ʪʘʢʠʭ ʟʘʜʘʯ ʻ: 

ʥʘʷʚʥʽʩʪʴ ʥʝʦʜʥʦʨʽʜʥʠʭ ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ; ʥʘʷʚʥʽʩʪʴ ʤʘʩʦʚʠʭ ʽ 

ʧʦʚʝʨʭʥʝʚʠʭ ʩʠʣʦʚʠʭ ʚʧʣʠʚʽʚ; ʽʩʥʫʚʘʥʥʷ, ʷʢ ʤʽʥʽʤʫʤ, ʜʚʦʭ ʬʘʟ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʫʪʚʦʨʠʪʴ 

ʦʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ; ʨʫʭ ʤʝʞʽ ʨʦʟʜʽʣʫ ʬʘʟ, ʧʦʚ'ʷʟʘʥʠʡ ʟʽ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʩʴʦʤʫ 

ʧʨʦʪʷʟʽ ʧʨʦʮʝʩʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. [1] 

ʆʜʥʘʢ ʧʨʦʮʝʩʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʨʫʭʫ ʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʨʦʟʧʣʘʚʫ ʚ ʧʦʣʽ 

ʚʜ̔ʮʝʥʪʨʦʚʠʭ ʩʠʣ, ʜʫʞʝ ʩʢʣʘʜʥʽ ʽ ʥʝ ʟʘʚʞʜʠ ʧʽʜʜʘʶʪʴʩʷ ʢʦʤʧʣʝʢʩʥʦʤʫ ʦʧʠʩʫ.  

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘ ʧʨʠʢʣʘʜʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʩʪʨʠʞʥʷ ʨʦʟʛʣʷʥʫʪʘ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʪʽʣ ʫ ʧʨʦʮʝʩʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʠ  ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʚ ʥʘʧʨʷʤʢʫ ʜʦʚʞʠʥʠ 

ʩʪʨʠʞʥʷ, ʪʦʤʫ ʪʝʧʣʦʚʽʜʜʘʯʫ ʟ ʙʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʩʪʨʠʞʥʷ ʚʨʘʭʦʚʫʻʤʦ ʚ ʨʽʚʥʷʥʥʽ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʷʢ ʥʝʚʽʜôʻʤʥʝ ʜʞʝʨʝʣʦ ʪʝʧʣʘ [2] 

ὡ ȟ  ʢʦʥ— ὸȟὼ —ʩʨ                                        (1) 

ʜʝ Ὤ ȟ   —ʩʨ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɹʽʯʥʘ ʧʦʚʝʨʭʥʷ ʯʘʩʪʠʥʠ ʩʪʨʠʞʥʷ, ʤʘʪʝʨʽʘʣ ʷʢʦʾ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʜʢʽʡ ʬʘʟʽ, 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʪʝʧʣʦʽʟʦʣʴʦʚʘʥʦʶ. ʄʘʪʝʤʘʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʚ ʤʦʤʝʥʪ ʯʘʩʫ ὸ 

ʤʘʻ ʚʠʛʣʷʜ 
ȟ

π,                                                         (2) 

ȟ ȟ  ʢʦʥ— ὸȟὼ —ʩʨ — ὸȟὼ —̒̑ π.          (3) 

ɿʦʚʥʽʰʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʡ ʫʤʦʚʠ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʬʘʟ ʟʘʧʠʰʝʤʦ: 

— ὸȟπ Ὢ,                                                         (4) 

‗
ȟ

‌ȟ  ̋̏ —̎ ὸȟὰ —ʩʨ „‐— ὸȟὰ,                 (5) 

— ὸȟὥὸ — ὸȟὥὸ ῳ —,                          (6) 

‗
ȟ

‗
ȟ

‘” ὥὸ ὥὸ .     (7) 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ (2) ï (7) ʚʠʢʦʨʠʩʪʘʻʤʦ ʣʽʥʝʘʨʠʟʘʮʽʶ [1]. ʇʨʠ ʮʴʦʤʫ ʫʤʦʚʘ 

(5) ʽ ʨʽʚʥʷʥʥʷ (3) ʧʨʠʡʤʫʪʴ ʚʠʛʣʷʜ 

‗
ȟ

‌ — ὸȟὰ —ʩʨ,                                  (8) 

ȟ
— ὸȟὼ —ʩʨ π,                                  (9) 

ʜʝ ‌ ‌ȟ  ʢʦʥ‐„ὦ —, ‌ ‌ȟ  ʢʦʥ‐„ὦ — ï ʧʨʠʚʝʜʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʪʝʧʣʦʚʽʜʜʘʯʽ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʢʦʥʚʝʢʪʠʚʥʠʡ ʽ ʧʨʦʤʝʥʠʩʪʠʡ ʪʝʧʣʦʦʙʤʽʥ. 

ɿʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (2), (9) ʤʘʻ ʚʠʛʣʷʜ 

— ὸȟὼ ὅὼ ὅ,                                                 (10) 

— ὸȟὼ ὅὩ ὅὩ —ʩʨ.                              (11) 
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ɿ (4), (10), ʦʜʝʨʞʠʤʦ 

ὅ Ὢ.                                                             (12) 

ɿʚʽʜʩʠ ʦʜʝʨʞʠʤʦ: 

ὅ
ρ

‗

‌‗

Ὤ
— —ʩʨ 

ụ
Ụ
Ụ
Ụ
ợ

‌
‌‗
Ὤ

‌
‌‗
Ὤ

Ὡ
‌‗
Ὤ

‌

 

, 

ὅ
ʩʨ

, 

ὅ
ʩʨ

.                (13) 

ʊʦʜʽ, ʧʽʜʩʪʘʚʣʷʶʯʠ (12), (13) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 

ὸ ʦʜʝʨʞʠʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

— ὸȟὼ
ρ

‗

‌‗

Ὤ
— —ʩʨ 

ụ
Ụ
Ụ
Ụ
ợ

‌
‌‗
Ὤ

‌
‌‗
Ὤ

Ὡ
‌‗
Ὤ

‌

 

 ὼ  ὼ Ὢ,       (14) 

— ὸȟὼ

‌
‌‗
Ὤ

— —ʩʨ Ὡ
 

Ὡ ‌
‌‗
Ὤ

Ὡ
‌‗
Ὤ

‌

 

ʩʨ 
 

—ʩʨ.    (15) 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (14), (15) ʻ ʨʦʟʚôʷʟʢʦʤ ʟʘʜʘʯʽ (2) ï (7) ʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠʥʮʠʧ 

ɻʽʙʙʩʘ, ʨʘʟʦʤ ʟ ʨʦʟʚôʷʟʢʦʤ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʥʠʯʥʦʛʦ ʧʝʨʝʭʦʜʫ 

ʜʦʟʚʦʣʷʶʪʴ ʦʜʝʨʞʘʪʠ ʥʘʙʣʠʞʝʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʪʝʨʤʦʚôʷʟʢʦʧʨʫʞʥʦʩʪʽ 

ʚ ʜʦʚʽʣʴʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ὸ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. A.V. Siasiev, R.O. Bilichenko (2024). Construction of a non-linear analytical model 

for the rotation parts building up process using regression analysis. Researches in 

Mathematics, 32(1), pp. 16ï32  https://doi.org/10.15421/242413 

2. Siasiev, A., Dreus, A., Horbonos, S., Balanenko, I., & Dziuba, S. (2020). The 

stressed-strained state of a rod at crystallization considering the mutual influence of 

temperature and mechanical fields. Eastern-European Journal of Enterprise Technologies, 3(5 

(105), 38ï49 https://doi.org/10.15587/1729-4061.2020.203330  

https://doi.org/10.15421/242413
https://doi.org/10.15587/1729-4061.2020.203330
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ɿʘʭʘʨʦʚ ʆ.ʉ., ʩʪʫʜʝʥʪ ʛʨʫʧʠ 131ʤ-24ʥ-1 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʇʘʮʝʨʘ ʉ.ʊ., ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʡ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ 

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

 

ɺɯʈʊʋɸʃʔʅʀʁ ʇʈʀʃɸɼ ɼʃʗ ʄʆɼɽʃʖɺɸʅʅʗ  

ɺʀʇɸɼʂʆɺʀʍ ɺɯɼʍʀʃɽʅʔ ɺɯɼ ʎʀʃɯʅɼʈʀʏʅʆʉʊɯ ʐʀʁʂʀ ɺɸʃɸ 

 

ɼʣʷ ʨʦʙʦʪʠ ʚ ʤʘʰʠʥʦʙʫʜʽʚʥʽʡ ʛʘʣʫʟʽ ʻ ʧʦʪʨʝʙʘ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʜʠʩʪʘʥʮʽʡʥʦʤʫ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʢʦʥʪʨʦʣʴʥʦʾ ʩʠʩʪʝʤʠ ʥʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʣʽ ʥʝʧʨʘʚʠʣʴʥʦ ʚʽʜʙʨʘʢʦʚʘʥʠʭ ʜʝʪʘʣʝʡ. ʊʦʤʫ ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ 

ʩʪʘʣʦ ʩʪʚʦʨʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʚʠʧʘʜʢʦʚʠʭ ʚʽʜʭʠʣʝʥʴ ʚʽʜ 

ʮʠʣʽʥʜʨʠʯʥʦʩʪʽ ʰʠʡʢʠ ʚʘʣʘ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʽʘʧʘʟʦʥ ʟʛʝʥʝʨʦʚʘʥʠʭ ʚʽʜʭʠʣʝʥʴ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʩʫʪʪʻʚʦ ʧʦʟʠʪʠʚʥʠʤ. ʅʠʞʥʷ ʤʝʞʘ ʨʦʟʩʽʶʚʘʥʥʷ ʧʦʚʠʥʥʘ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ. 

ɺʝʨʭʥʷ ʤʝʞʘ ʧʦʚʠʥʥʘ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʦʢʦʣʠʮʽ ʥʦʨʤʦʚʘʥʦʛʦ ʜʦʧʫʩʢʫ ʥʘ ʮʠʣʽʥʜʨʠʯʥʽʩʪʴ 

ʧʦʚʝʨʭʥʽ. 

ɺ ʦʩʥʦʚʫ ʨʦʟʨʦʙʣʝʥʦʛʦ ʚʽʨʪʫʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʧʦʢʣʘʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ 

ʛʝʥʝʨʘʪʦʨʘ ʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʱʦ ʤʘʶʪʴ ʨʦʟʧʦʜʽʣ ɺʝʡʙʫʣʣʘ [1]. ɼʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʧʨʠʩʪʨʦʶ ʟʘʩʪʦʩʦʚʘʥʦ ʧʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦʚʠʱʝ LabVIEW 7.1 [2]. 

ʇʨʦʛʨʘʤʥʠʡ ʢʦʜ ʩʪʚʦʨʝʥʦʛʦ ʧʨʠʣʘʜʫ ʪʘ ʬʨʘʛʤʝʥʪ ʤʘʩʠʚʫ ʟʛʝʥʝʨʦʚʘʥʠʭ 

ʚʠʧʘʜʢʦʚʠʭ ʟʥʘʯʝʥʴ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʮʠʣʽʥʜʨʠʯʥʦʩʪʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩʫʥʦʢ 1 - ʘ) ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʩʪʚʦʨʝʥʦʛʦ ʚʽʨʪʫʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ,  

ʙ) ʬʨʘʛʤʝʥʪ ʬʨʦʥʪʘʣʴʥʦʾ ʧʘʥʝʣʽ ʧʨʠʣʘʜʫ 

 

Cʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1.ʈʦʟʧʦʜʽʣ ɺʝʡʙʫʣʣʘ. ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ: https://exceltable.com/funkcii-excel/zakon-

raspredeleniya-veybulla  

2. Voichyshen, O. Patsera, S. Derbaba, V. & Bohdanov, O. (2024). Virtual Device for 

Assessing the Reliability of Control of Geometric Parameters of Mechanical Product 

Depending on the Accuracy of the Tool. Advances in Design, Simulation and Manufacturing 

VII. Proceedings of the 7th International Conference on Design, Simulation, Manufacturing: 

The Innovation Exchange (Book series: Lecture Notes in Mechanical Engineering; Publisher: 

Springer Nature). DOI https://doi.org/10.1007/978-3-031-61797-3_35 

  

https://exceltable.com/funkcii-excel/zakon-raspredeleniya-veybulla
https://exceltable.com/funkcii-excel/zakon-raspredeleniya-veybulla
https://doi.org/10.1007/978-3-031-61797-3_35
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ʇʨʘʩʦʣʦʚ ɻ.ɺ., ʩʪʫʜʝʥʪ ʛʨʫʧʠ 131ʤ-24ʥ-1 

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

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ  

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

 

ʆɹʈʆɹʂɸ ɼɽʊɸʃɽʁ ɽʃɽʂʊʈʆʌɯɿʀʏʅʀʄʀ ʊɸ ɽʃɽʂʊʈʆʍɯʄɯʏʅʀʄʀ 

ʄɽʊʆɼɸʄʀ 

 

ʊʝʭʥʦʣʦʛʽʷ ʦʙʨʦʙʢʠ ʙʝʟʧʝʨʝʨʚʥʦ ʟʤʽʥʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʧʨʦʛʨʝʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʐʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘʙʫʣʠ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ 

ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʧʦʢʨʘʱʫʚʘʪʠ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ 

ʜʝʪʘʣʝʡ ʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʚʝʨʜʽ ʩʧʣʘʚʠ ʡ ʤʘʪʝʨʽʘʣʠ. ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʟ 

ʤʘʪʝʨʽʘʣʽʚ, ʦʙʨʦʙʢʘ ʷʢʠʭ ʟʚʠʯʘʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʫʪʨʫʜʥʝʥʘ ʘʙʦ ʚʟʘʛʘʣʽ ʥʝʤʦʞʣʠʚʘ, 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʨʦʟʤʽʨʥʦʾ ʦʙʨʦʙʢʠ [1].  

ʇʦʨʽʚʥʷʥʦ ʽʟ ʟʚʠʯʘʡʥʦʶ ʤʝʭʘʥʽʯʥʦʶ ʦʙʨʦʙʢʦʶ ʨʽʟʘʥʥʷʤ ʟʽ ʟʥʽʤʘʥʥʷʤ ʩʪʨʫʞʢʠ ʘʙʦ 

ʪʠʩʢʦʤ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʨʦʟʤʽʨʥʦʾ ʦʙʨʦʙʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʝʣʝʢʪʨʠʯʥʽ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʚʟʘʻʤʦʜʽʾ ʟ ʧʦʚʝʨʭʥʝʶ ʟʘʛʦʪʽʚʢʠ.  

ʅʘʚʝʜʝʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ ʤʘʶʪʴ ʪʘʢʽ ʧʝʨʝʚʘʛʠ [1]: 

¶ ʥʝʟʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ (ʰʚʠʜʢʽʩʪʴ, ʷʢʽʩʪʴ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ) ʚʽʜ 

ʪʚʝʨʜʦʩʪʽ, ʚôʷʟʢʦʩʪʽ ʪʘ ʽʥʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ; 

¶ ʣʝʛʢʽʩʪʴ ʢʦʧʽʶʚʘʥʥʷ, ʱʦ ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʨʦʛʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʨʦʟʤʽʨʥʦʾ 
ʦʙʨʦʙʢʠ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʪʚʝʨʜʽʩʪʴ, ʤʽʮʥʽʩʪʴ ʽ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ; 

¶ ʤʦʞʣʠʚʽʩʪʴ ʦʙʨʦʙʢʠ ʙʝʟ ʩʠʣʦʚʦʾ ʜʽʾ ʥʘ ʟʘʛʦʪʽʚʢʫ; 

¶ ʣʝʛʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ; 

¶ ʚʠʩʦʢʘ ʛʥʫʯʢʽʩʪʴ ʽ ʧʨʦʩʪʦʪʘ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ; 

¶ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʧʝʨʝʭʦʜʫ ʥʘ ʙʘʛʘʪʦʚʝʨʩʪʘʪʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

¶ ʩʪʚʦʨʝʥʥʷ ʥʘʡʩʧʨʠʷʪʣʠʚʽʰʠʭ ʨʦʟʫʤʽʚ ʧʨʘʮʽ;  

¶ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ.  

ɽʣʝʢʪʨʦʬʽʟʠʯʥʽ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʧʦʜʽʣʷʶʪʴ ʥʘ: 

¶ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʽ; 

¶ ʧʨʦʤʝʥʝʚʽ; 

¶ ʫʣʴʪʨʘʟʚʫʢʦʚʽ; 

¶ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ [1]. 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ (ʘʥʛʣ. Electrochemical machining, ɽʉʄ) 

ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʷʚʠʱʽ ʝʣʝʢʪʨʦʣʽʟʫ. ʌʦʨʤʘ, ʨʦʟʤʽʨʠ ʽ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ 

ʟʘʛʦʪʦʚʢʠ ʟʤʽʥʶʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʡʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʚ ʝʣʝʢʪʨʦʣʽʪʽ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʪʨʫʤʫ. ʆʜʠʥ ʟ ʝʣʝʢʪʨʦʜʽʚ (ʟʘʛʦʪʦʚʢʘ) ʧʨʠʻʜʥʫʻʪʴʩʷ ʜʦ ʧʦʟʠʪʠʚʥʦʛʦ ʧʦʣʶʩʘ ʜʞʝʨʝʣʘ 

ʞʠʚʣʝʥʥʷ (ʘʥʦʜ), ʘ ʜʨʫʛʠʡ ʝʣʝʢʪʨʦʜ (ʽʥʩʪʨʫʤʝʥʪ) - ʜʦ ʥʝʛʘʪʠʚʥʦʛʦ ʧʦʣʶʩʘ (ʢʘʪʦʜ). ʇʨʠ 

ʧʨʦʭʦʜʞʝʥʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʤʝʪʘʣ ʘʥʦʜʘ ʨʦʟʯʠʥʷʻʪʴʩʷ, ʦʩʘʜʞʫʶʯʠʩʴ 

(ʚʽʜʥʦʚʣʶʶʯʠʩʴ) ʥʘ ʧʦʚʝʨʭʥʽ ʢʘʪʦʜʘ (ʨʠʩʫʥʦʢ 1) [2]. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʣʽʟʫ ʤʦʞʥʘ ʰʚʠʜʰʝ, ʥʽʞ ʤʝʭʘʥʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ, 

ʚʠʛʦʪʦʚʣʷʪʠ ʜʝʪʘʣʽ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ, ʨʦʟʨʽʟʘʪʠ ʟʘʛʦʪʦʚʢʠ, ʨʦʙʠʪʠ ʧʘʟʠ ʡ ʦʪʚʦʨʠ ʙʫʜʴ-

ʷʢʦʾ ʬʦʨʤʠ, ʟʘʪʦʯʫʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪ. ʊʦʤʫ ʝʣʝʢʪʨʦʣʽʟ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʟʣʽʧʢʽʚ ʟ ʨʝʣʴʻʬʥʠʭ ʤʦʜʝʣʝʡ, ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʟʘʭʠʩʥʠʭ ʽ 

ʜʝʢʦʨʘʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʤʝʪʘʣʝʚʽ ʚʠʨʦʙʠ, ʜʣʷ ʦʯʠʱʝʥʥʷ ʤʝʪʘʣʽʚ. ʆʩʦʙʣʠʚʦʛʦ 

ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʤʝʪʦʜ ʦʙʨʦʙʢʠ ʤʝʪʘʣʫ ʥʘʙʫʚʘʻ ʪʘʤ, ʜʝ ʥʝʦʙʭʽʜʥʦ ʪʦʯʥʦ 

ʦʙʨʦʙʣʷʪʠ ʜʝʪʘʣʽ, ʱʦ ʤʘʶʪʴ ʧʦʚʝʨʭʥʽ ʩʢʣʘʜʥʦʛʦ ʧʨʦʬʽʣʶ. ʎʝ, ʟʦʢʨʝʤʘ, ʢʫʚʘʣʴʥʽ 

ʰʪʘʤʧʠ ʪʘ ʣʦʧʘʪʢʠ ʪʫʨʙʽʥ [2]. 
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ʈʠʩʫʥʦʢ 1 ï ɽʣʝʢʪʨʦʭʽʤʽʯʥʘ ʦʙʨʦʙʢʘ ʤʝʪʘʣʫ [2] 

 

ɼʦ ʧʝʨʝʚʘʛ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʥʘʣʝʞʠʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʙʨʦʙʣʷʪʠ 

ʙʫʜʴ-ʷʢʽ ʤʝʪʘʣʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭʥʽʭ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʥʘʜʤʽʮʥʽ), ʘ 

ʪʘʢʦʞ ʚʽʜʩʫʪʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ʅʝʜʦʣʽʢʘʤʠ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʻ ʾʾ 

ʚʠʩʦʢʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʩʢʣʘʜʥʦʛʦ ʽ ʛʨʦʤʽʟʜʢʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ [2]. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. https://pitbddma.org.ua/wp-content/uploads/2018/02/ʣʝʢʮʽʾ_ʪʝʭʥʦʣʦʛ.ʤʘʰʠʥ..pdf 

2. https://uahistory.co/pidruchniki/tereshyk-labor-training-technical-types-of-work-8-

class-2016/22.php 
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ʍʘʨʠʥʘ ʆ.ʆ., ʩʪʫʜʝʥʪ ʛʨʫʧʠ 131ʤ-24ʥ-1, ʩʧʝʮʽʘʣʴʥʽʩʪʴ 131 ʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɼʝʨʙʘʙʘ ɺ.ɸ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʡ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ 

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

 

ʊɽʍʅʆʃʆɻɯʏʅʀʁ ʇʈʆʎɽʉ ɺʀɻʆʊʆɺʃɽʅʅʗ ʄʋʌʊ 

 

ʄʫʬʪʘ ʟ ʚʥʫʪʨʽʰʥʴʦʶ ʨʽʟʴʙʦʶ ï ʮʝ ʟ'ʻʜʥʫʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʟ'ʻʜʥʘʥʥʷ ʪʨʫʙ ʽ ʢʦʤʧʦʥʝʥʪʽʚ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʫ ʥʘʬʪʦʚʽʡ ʪʘ ʛʘʟʦʚʽʡ ʛʘʣʫʟʽ. 

ʄʫʬʪʠ ʟ ʚʥʫʪʨʽʰʥʴʦʶ ʨʽʟʴʙʦʶ ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʽ ʝʬʝʢʪʠʚʥʦ ʟ'ʻʜʥʫʚʘʪʠ ʪʨʫʙʠ 

ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʘ, ʱʦ ʚʘʞʣʠʚʦ ʧʨʠ ʧʨʦʢʣʘʜʘʥʥʽ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ. ʋ ʨʘʟʽ 

ʧʦʰʢʦʜʞʝʥʥʷ ʪʨʫʙʦʧʨʦʚʦʜʫ ʧʦʰʢʦʜʞʝʥʫ ʜʽʣʷʥʢʫ ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʧʦʚʥʦʛʦ ʜʝʤʦʥʪʘʞʫ, ʱʦ ʩʧʨʦʱʫʻ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʊʘʢʦʞ ʤʫʬʪʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʛʝʨʤʝʪʠʯʥʝ ʟ'ʻʜʥʘʥʥʷ, ʷʢʝ ʚʠʪʨʠʤʫʻ ʚʠʩʦʢʽ ʪʠʩʢʠ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʘʛʨʝʩʠʚʥʽ 

ʩʝʨʝʜʦʚʠʱʘ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʚʠʜʦʙʫʪʢʫ ʥʘʬʪʠ ʪʘ ʛʘʟʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʤʫʬʪ ʻ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʨʫʙʦʧʨʦʚʽʜʥʠʭ ʩʠʩʪʝʤ ʚ ʫʤʦʚʘʭ 

ʝʢʩʪʨʝʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʨʠʩʫʥʦʢ 1, 2). 

 

 
˾͙ͫͯͤͦ͟ м ς ˿ ͙͔ͫͭͣ͊ ͭͪͯ͋ ͘ ͣͯͺͭͦΌ 

 
˾͙ͫͯͤͦ͟ н ς ˸ ͯͺͭ͊ ͘ ͍ͤͯͭͪ͜΄ͤΈͦΌ ͪ͘͜Έ͋ͦΌ 

 

ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ: ʤʫʬʪʠ ʜʦ ʦʙʩʘʜʥʠʭ ʪʨʫʙ ʧʦʚʠʥʥʽ ʙʫʪʠ ʙʝʟʰʦʚʥʠʤʠ ʽ 

ʥʘʣʝʞʘʪʠ ʜʦ ʪʦʛʦ ʞ ʢʣʘʩʫ, ʛʨʫʧʠ ʤʽʮʥʦʩʪʽ ʪʘ ʪʠʧʫ, ʘ ʪʘʢʦʞ ʜʦ ʦʜʥʦʛʦ ʨʽʚʥʷ ʪʝʭʥʽʯʥʠʭ 

ʚʠʤʦʛ ʜʦ ʧʨʦʜʫʢʮʽʾ (PSL) ʘʙʦ ʚʠʱʝ, ʱʦ ʡ ʪʨʫʙʠ, ʽ ʧʦʚʠʥʥʽ ʧʨʦʭʦʜʠʪʠ ʪʘʢʫ ʞ ʪʝʨʤʽʯʥʫ 

ʦʙʨʦʙʢʫ, ʱʦ ʡ ʪʨʫʙʘ, ʟʘ ʚʠʥʷʪʢʦʤ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʥʝ ʧʝʨʝʜʙʘʯʝʥʘ 

ʜʦʛʦʚʦʨʦʤ ʥʘ ʧʦʩʪʘʚʢʫ ʘʙʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʘ (ʅɼ), ʪʨʫʙʠ 

ʢʦʤʧʣʝʢʪʫʶʪʴʩʷ ʤʫʬʪʘʤʠ ʥʘʩʪʫʧʥʦʛʦ ʢʣʘʩʫ ʛʨʫʧʠ ʤʽʮʥʦʩʪʽ ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ 

ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  ʅʘ ʚʠʤʦʛʫ ʩʧʦʞʠʚʘʯʽʚ ʩʧʝʮʽʘʣʴʥʽ ʤʫʬʪʠ ʽʟ ʟʤʝʥʰʝʥʠʤ 

ʟʦʚʥʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ ʧʦʚʠʥʥʽ ʚʠʛʦʪʦʚʣʷʪʠ ʽʟ ʩʪʘʣʽ ʥʘʩʪʫʧʥʠʭ ʢʣʘʩʽʚ, ʛʨʫʧ ʤʽʮʥʦʩʪʽ ʽʟ 

ʚʠʱʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.   

ʅʘ ʚʩʶ ʧʦʚʝʨʭʥʶ ʨʽʟʴʙʣʝʥʥʷ ʪʘ ʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʢʦʥʽʯʥʠʭ ʨʦʟʪʦʯʦʢ ʤʫʬʪ ʤʘʻ 

ʙʫʪʠ ʥʘʥʝʩʝʥʝ ʬʦʩʬʘʪʥʝ ʧʦʢʨʠʪʪʷ.  

ʊʨʫʙʥʘ ʟʘʛʦʪʦʚʢʘ ʜʣʷ ʤʫʬʪ (ʤʫʬʪʦʚʘ ʪʨʫʙʘ) ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʟ 

ʚʠʤʦʛʘʤʠ API Spec 5CT,  ɼʉʊʋ ISO 11960, ɼʉʊʋ 8932. 

ʉʪʘʥʜʘʨʪʠ API Spec 5CT, ɼʉʊʋ ISO 11960 ʚʩʪʘʥʦʚʣʶʶʪʴ ʚʠʤʦʛʠ ʜʦ ʪʨʴʦʭ ʨʽʚʥʽʚ 

ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ PSL-1, PSL-2 ʪʘ PSL-3 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʩʪʘʥʜʘʨʪʽʚ API Spec 5ʉʊ.  ɼʉʊʋ ISO 11960, ʤʘʪʝʨʽʘʣ 

ʦʙʨʦʙʣʶʚʘʥʠʭ ʤʫʬʪ ʩʪʘʣʴ ʢʣʘʩʽʚ (ʛʨʫʧ ʤʽʮʥʦʩʪʽ): ʅ40, ʂ55, J55, ˉ80 ʪʠʧ 1, ˉ80Q, L80, 

R95, C90 ʪʠʧ 1, ʊ95 ʪʠʧ 1, ʉ110 : Q135 ʚʽʜʧʦʚʽʜʥʦ. 

ɺ ʷʢʦʩʪʽ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʫʬʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʘʣʴʥʽ ʛʘʨʷʯʝʢʘʪʘʥʽ 

ʪʨʫʙʠ, ʧʨʦʢʘʪʘʥʽ ʟ ʙʝʟʧʝʨʝʨʚʥʦ ʣʠʪʦʾ ʟʘʛʦʪʦʚʢʠ. 

ʄʫʬʪʦʚʽ ʪʨʫʙʠ ʧʝʨʝʜ ʥʘʨʽʟʘʥʥʷʤ ʥʘ ʟʘʛʦʪʦʚʢʠ ʤʘʶʪʴ ʧʨʦʡʪʠ ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ 

ʢʦʥʪʨʦʣʴ ʪʘ ʽʥʩʧʝʢʮʽʡʥʠʡ ʦʛʣʷʜ ʢʦʥʪʨʦʣʝʨʦʤ ʚ ʚʠʛʦʪʦʚʣʝʥʥʽ ʯʦʨʥʠʭ ʤʝʪʘʣʽʚ ʚʽʜʜʽʣʫ 

ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʷʢʦʩʪʽ ʪʘ ʢʦʥʪʨʦʣʶ ʨʦʟʤʽʨʽʚ. 

ɺ ʨʦʙʦʪʫ ʙʝʨʫʪʴʩʷ ʤʫʬʪʦʚʽ ʪʨʫʙʠ ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʥʪʨʦʣʶ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘ ʨʦʟʪʷʛ ʪʘ ʫʜʘʨʥʠʡ ʟʛʠʥ. 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʫʬʪ: 

ɺʽʜʨʽʟʘʥʥʷ ʤʫʬʪʦʚʦʾ ʟʘʛʦʪʦʚʢʠ ʥʘ ʩʪʨʽʯʢʦʚʦ-ʧʠʣʴʥʦʤʫ ʚʝʨʩʪʘʪʽ ʤʦʜʝʣʽ ʘʙʦ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʜʠʩʢʦʚʽʡ ʧʠʣʮʽ-ʘʚʪʦʤʘʪʽ ʜʣʷ ʭʦʣʦʜʥʦʛʦ ʨʽʟʘʥʥʷ ʘʙʦ ʥʘ ʤʫʬʪʦʚʽʜʨʽʟʥʠʭ 

ʚʝʨʩʪʘʪʘʭ. ʅʘ ʢʦʞʥʫ ʟʘʛʦʪʦʚʢʫ, ʤʫʬʪʫ ʧʽʩʣʷ ʧʦʨʽʟʢʠ ʥʘʥʦʩʷʪʴ ʥʦʤʝʨ, ʚʽʜʧʦʚʽʜʥʠʡ 

ʥʦʤʝʨʫ ʪʨʫʙʥʦʾ ʤʫʬʪʦʚʦʾ ʟʘʛʦʪʦʚʢʠ. ʇʽʜʨʽʟʘʥʥʷ ʪʦʨʮʷ ʪʘ ʟʥʷʪʪʷ ʟʦʚʥʽʰʥʴʦʾ ʬʘʩʢʠ, 

ʨʦʟʪʦʯʫʚʘʥʥʷ ʢʦʥʫʩʘ, ʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʢʘʥʘʚʢʠ, ʚʠʪʦʯʦʢ, ʚʥʫʪʨʽʰʥʴʦʾ ʬʘʩʢʠ, 

ʥʘʨʽʟʫʚʘʥʥʷ ʨʽʟʴʙʣʝʥʥʷ, ʟʥʷʪʪʷ ʟʘʜʠʨʦʢ ʫ ʤʫʬʪʘʭ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʤʫʬʪʦʥʘʨʽʟʥʦʤʫ 

ʚʝʨʩʪʘʪʽ.  

ɿʥʷʪʪʷ ʟʘʫʩʽʥʴ ʫ ʤʫʬʪʘʭ ʥʘ ʚʝʨʩʪʘʪʘʭ ʚʠʢʦʥʫʶʪʴ ʨʽʟʘʣʴʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʧʽʩʣʷ 

ʥʘʨʽʟʫʚʘʥʥʷ ʨʽʟʴʙʣʝʥʥʷ ʥʘ ʨʝʞʠʤʘʭ ʨʽʟʘʥʥʷ, ʷʢʽ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʣʷ ʦʧʝʨʘʮʽʡ 

ʨʦʟʪʦʯʫʚʘʥʥʷ ʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ. 

 ɻʦʪʦʚʘ ʤʫʬʪʘ ʚʠʡʤʘʻʪʴʩʷ ʟ ʚʝʨʩʪʘʪʘ ʽ ʫʢʣʘʜʘʻʪʴʩʷ ʥʘ ʩʪʽʣ ʜʣʷ ʢʦʥʪʨʦʣʶ ʾʾ 

ʦʧʝʨʘʪʦʨʦʤ ʚʝʨʩʪʘʪʽʚ ʟ ʇʋ ʪʘ ʢʦʥʪʨʦʣʝʨʦʤ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʯʦʨʥʠʭ ʤʝʪʘʣʽʚ.  ʇʦʧʝʨʝʜʥʴʦ 

ʦʧʝʨʘʪʦʨ ʚʝʨʩʪʘʪʽʚ ʟ ʇʋ ʧʨʦʚʦʜʠʪʴ ʦʯʠʱʝʥʥʷ ʨʽʟʴʙʣʝʥʥʷ ʚʽʜ ʩʪʨʫʞʢʠ ʪʘ ʝʤʫʣʴʩʽʾ 

ʰʣʷʭʦʤ ʧʨʦʜʫʚʘʥʥʷ ʩʪʨʫʤʝʥʝʤ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʦʣʦʩʷʥʦʛʦ 

ʱʽʪʢʠ. 
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%2011960%3A2004%2C%20IDT) 
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ADAPTATION OF LIQUID ROCKE T ENGINE SHELL MANUFACTURING 

TECHNOLOGY TO MODERN CAPABILITIES OF CAD -CAM SYSTEMS 

AND 5-AXIS COORDINATE CNC MACHINES  
 

In my study I have described and substantiated: 

1. The planing process using a special cutting tool on a 5-coordinate CNC machine for 

machining spiral surfaces of liquid engines shells has been proposed for the first time. 

2. The principles of programming 5-axis CNC machines [1] for planing using modern 

CAM-systems [2] have been developed for the first time. 

3. A mathematical model of increasing the accuracy of the control program on a CNC 

machine for processing the spiral surfaces of the shells of liquid rocket engines [3] has been 

obtained for the first time. 

4. CAM-modelling of the cutting process to obtain the results of machining accuracy 

has been carried out. 

The practical significance of the results described in the article: 

1. Methods of programming 5-axis CNC machines for processing spiral surfaces of 

shells of liquid rocket engines by milling and planing methods were created and introduced 

into production. 

2. Planing technology using a 5-axis CNC machine and a special cutting tool was 

introduced. 

3. A system for measuring and analysing the shells of liquid jet engines has been 

introduced into production. 

4. A system for correction of the control program of a CNC machine tool has been 

created and implemented to increase the accuracy of processing the spiral surfaces of the 

shells of liquid rocket engines. 

Theoretical and practical achievements of the work were implemented at the following 

enterprises: State Enterprise ñProduction Association Yuzhny Machine-Building plant named 

after A.M. Makarovò (YUZHMASH), State Enterprise ñYuzhnoye State Design Office 

named after M.K. Yangelò (YUZHNOYE SDO). 

 The main body analyses the problems of manufacturing shells of liquid rocket engines 

in modern production, methods of their manufacture and control, substantiation and 

adaptation of the method of modelling the planing process for processing spiral surfaces of 

shells of liquid rocket engines. The method of programming 5-coordinate CNC machines for 

the planing process is described. The technique of control of accuracy at modelling of process 

of planing is offered. 

Technologically, the classical manufacturing of a liquid rocket engine body can be 

divided into two stages. The first stage is external and internal turning of the nozzle geometry. 

The second stage is the milling of spiral surfaces (the so-called fins ï the cooling channels of 

the shell). 

One of the technological features of the second stage of production is the introduction 

of a special tool instead of a milling cutter. 

In this case, the cutting process is more like turning or even planing than milling 

although all 5 coordinates of the CNC machine are used simultaneously. To program such a 

process, you also need to perform special actions. 
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The main problem with modelling the planing process in modern CAM systems is the 

lack of a planing operation as such. Therefore, it was decided to obtain a planing simulation 

process by adapting the existing 5-axis milling operation. 

First, we need to justify the choice of the cutting method. For a typical case, this process 

requires calculating the economic component ï that is, which cutting method will make our 

shell the cheapest without losing quality. But in this paper, we will consider the methodology 

for switching to multi-axis planing because it is not a standard method in modern production. 

In a CAM system, the planing operation is calculated as a 5-axis milling operation, but 

the following features should be taken into account: planing tool geometry, workpiece and 

tool materials, tool control point, and kinematic capabilities of the CNC machine. 

The adaptation of machine and postprocessor parameters in NX must be performed 

according to the machine data sheet, indicating the machine's limitations and all kinematic 

features and taking them into account. This will help to avoid additional errors and mistakes 

when developing the control on a CNC machine. One of the most important points here is to 

disable the machine's locking during the working movement (cutting process) without tool 

rotation, in our case, the planing tool. This requires an additional M-command in the 

postprocessor and in the machine logic. 

Optimizing the control and verifying the result are perhaps some of the most important 

steps. Without optimization of the control using the planing process, a lot of rejects can be 

produced in the manufacture of the radial pressure vessel shell. This is due to the influence of 

the accuracy of modelling the shell itself on the accuracy of the control by the working bodies 

of the CNC machine when manufacturing fins (of rather complex geometry) by planing. 

The result of an unoptimized control can be a deformation of the geometry of the fins or 

the wall of the shell itself. 

The mathematical model of increase of accuracy of processing of spiral surfaces of 

covers of liquid rocket engines is developed, experimental researches on field samples with 

use of mathematical model are considered, methods of modelling and programming of the 

planing process for processing spiral surfaces of liquid rocket engines covers have been 

developed. The results of using the above-mentioned methods in production have been 

considered. 

In the general conclusions recommendations of practical use of the developed methods 

and results are offered and results of theoretical and experimental researches are summarized. 
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ʉʊʈɸʊɽɻɯɰ ʃɸɿɽʈʅʆɻʆ ʉʂɸʅʋɺɸʅʅʗ ɿɸ ʊɽʍʅʆʃʆɻɯɭʖ 

ʉɽʃɽʂʊʀɺʅʆɻʆ ʃɸɿɽʈʅʆɻʆ ʇʃɸɺʃɽʅʅʗ (SLM) ɺ ɸɼʀʊʀɺʅʆʄʋ 

ɺʀʈʆɹʅʀʎʊɺɯ (AM ) 

 

ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʭ ʬʘʢʪʦʨʽʚ: ʙʘʞʘʥʠʭ ʢʨʠʪʝʨʽʾʚ 

ʷʢʦʩʪʽ, ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʰʠʥʠ, ʪʠʧʫ ʤʘʪʝʨʽʘʣʫ ʪʘ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʂʨʽʤ ʪʦʛʦ, ʨʽʚʥʷʥʥʷ ʦʙôʻʤʥʦʾ ʛʫʩʪʠʥʠ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʚʣʝʥʥʷ 

ʧʦʨʦʰʢʫ. ɯʥʰʠʤ ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʷʢʠʡ ʯʘʩʪʦ ʚʠʢʣʶʯʘʶʪʴ ʟ ʨʦʟʨʘʭʫʥʢʽʚ 

ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʽʾ, ʻ ʩʪʨʘʪʝʛʽʷ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ. 

ʈʠʩʫʥʦʢ 1 ï ʇʦʰʠʨʝʥʽ ʪʠʧʠ ʩʪʨʘʪʝʛʽʡ ʩʢʘʥʫʚʘʥʥʷ [1] 

 

ʐʘʙʣʦʥ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʚʧʣʠʚʘʻ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ 

ʪʘ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʛʠ ʚ ʜʨʫʢʦʚʘʥʽʡ ʯʘʩʪʠʥʽ. ɹʽʣʴʰʽʩʪʴ ʧʦʛʦʜʞʫʻʪʴʩʷ, ʱʦ ʢʦʨʦʪʰʽ 

ʚʝʢʪʦʨʠ ʩʢʘʥʫʚʘʥʥʷ ʤʽʥʽʤʽʟʫʶʪʴ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʛʠ [2]. ʈʽʟʥʽ ʩʪʨʘʪʝʛʽʾ ʥʘ ʨʠʩʫʥʢʫ 1 

ʧʨʦʧʦʥʫʶʪʴ ʢʦʥʪʨʦʣʴ ʥʘʜ ʪʝʢʩʪʫʨʘʤʠ ʪʘ ʱʽʣʴʥʽʩʪʶ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ island 

(chessboard), unidirectional ʪʘ bidirectional. ʉʢʘʥʫʚʘʥʥʷ chessboard ʜʽʣʠʪʴ ʦʙʣʘʩʪʴ ʥʘ 

ʤʘʣʝʥʴʢʽ ʢʣʽʪʠʥʢʠ [3]. Unidirectional, ʥʘʡʧʨʦʩʪʽʰʘ ʪʝʭʥʽʢʘ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʤʝʥʰʦʾ ʱʽʣʴʥʦʩʪʽ ʪʘ ʤʽʮʥʦʾ ʪʝʢʩʪʫʨʠ, ʘʣʝ ʽʥʰʽ ʚʘʨʽʘʥʪʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʨʘʱʫ ʱʽʣʴʥʽʩʪʴ 

[4]. Bidirectional ʩʢʘʥʫʚʘʥʥʷ ʣʝʛʢʦ ʨʝʘʣʽʟʫʚʘʪʠ ʟ ʬʘʡʣʫ CAD, ʘʣʝ ʥʠʟʴʢʽ ʰʚʠʜʢʦʩʪʽ 

ʩʧʨʠʯʠʥʷʶʪʴ ʚʝʣʠʢʽ ʛʨʘʜʽʻʥʪʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʻ ʥʝʙʘʞʘʥʠʤ. ɿʨʝʰʪʦʶ, ʚʠʙʽʨ ʩʪʨʘʪʝʛʽʾ 

ʩʢʘʥʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʪʘ ʙʘʞʘʥʦʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ ʤʝʭʘʥʽʯʥʠʭ 
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ʚʣʘʩʪʠʚʦʩʪʝʡ [5]. ʊʘʙʣʠʮʷ 1 ʧʦʢʘʟʫʻ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ 

ʩʪʨʘʪʝʛʽʡ ʩʢʘʥʫʚʘʥʥʷ. 

 

ʊʘʙʣʠʮʷ 1 ð ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʨʘʪʝʛʽʡ ʩʢʘʥʫʚʘʥʥʷ 

ʉʪʨʘʪʝʛʽʾ 

ʩʢʘʥʫʚʘʥʥʷ 
ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

Uni-directional ʇʨʦʩʪʦ, ʝʬʝʢʪʠʚʥʦ 
ʄʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʛ ʽ ʚʠʢʨʠʚʣʝʥʥʷ 

Bi-directional 
ɿʤʝʥʰʫʻ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʛʠ ʪʘ 

ʚʠʢʨʠʚʣʝʥʥʷ 

ɹʽʣʴʰ ʩʢʣʘʜʥʠʡ, ʥʽʞ 

ʦʜʥʦʩʧʨʷʤʦʚʘʥʝ ʩʢʘʥʫʚʘʥʥʷ 

Island 

ʂʦʨʠʩʥʦ ʜʣʷ ʩʢʣʘʜʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʘʙʦ ʚʝʣʠʢʠʭ ʧʣʦʱ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ 

ʄʦʞʝ ʟʘʡʥʷʪʠ ʙʘʛʘʪʦ ʯʘʩʫ 

Helix 
ʂʦʨʠʩʥʦ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʘʙʦ 

ʢʦʥʽʯʥʠʭ ʬʦʨʤ 
ʄʦʞʝ ʙʫʪʠ ʚʘʞʢʦ ʧʨʦʛʨʘʤʫʚʘʪʠ 

Contour ʂʦʨʠʩʥʦ ʜʣʷ ʩʢʣʘʜʥʠʭ ʬʦʨʤ ʄʦʞʝ ʟʘʡʥʷʪʠ ʙʘʛʘʪʦ ʯʘʩʫ 

Variation of 

Scanning Sequence 

ʄʦʞʥʘ ʜʦʜʘʪʢʦʚʦ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʧʨʦʮʝʩ SLM 

ʄʦʞʝ ʙʫʪʠ ʩʢʣʘʜʥʠʤ ʫ 

ʨʝʘʣʽʟʘʮʽʾ 

Bi-directional 

Double Pass 

ʇʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʪʘ 

ʪʦʯʥʽʩʪʴ ʨʦʟʤʽʨʽʚ 

ɹʽʣʴʰʝ ʯʘʩʫ, ʥʽʞ ʦʜʥʦʧʨʦʭʽʜʥʝ 

ʩʢʘʥʫʚʘʥʥʷ 

Bi-directional 

Double Pass 90Á 

ɼʦʜʘʪʢʦʚʦ ʟʤʝʥʰʫʻ ʟʘʣʠʰʢʦʚʽ 

ʥʘʧʨʫʛʠ ʪʘ ʚʠʢʨʠʚʣʝʥʥʷ 

ɹʽʣʴʰ ʩʢʣʘʜʥʠʡ, ʥʽʞ 

ʜʚʦʥʘʧʨʘʚʣʝʥʝ ʧʦʜʚʽʡʥʝ 

ʩʢʘʥʫʚʘʥʥʷ 

Bi-directional 

Single Pass 
ʅʘʡʰʚʠʜʰʘ ʩʪʨʘʪʝʛʽʷ ʩʢʘʥʫʚʘʥʥʷ 

ʄʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʱʠʭ 

ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʛ ʽ 

ʚʠʢʨʠʚʣʝʥʥʷ 

Cross Scanning 
ʇʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʪʘ 

ʪʦʯʥʽʩʪʴ ʨʦʟʤʽʨʽʚ 

ɹʽʣʴʰ ʩʢʣʘʜʥʠʡ, ʥʽʞ 

ʦʜʥʦʩʧʨʷʤʦʚʘʥʝ ʩʢʘʥʫʚʘʥʥʷ 

Point Melting 
ʉʪʚʦʨʶʻ ʜʫʞʝ ʜʨʽʙʥʽ ʝʣʝʤʝʥʪʠ ʘʙʦ 

ʨʝʤʦʥʪʫʻ ʜʝʬʝʢʪʠ 
ɿʘʙʠʨʘʻ ʙʘʛʘʪʦ ʯʘʩʫ 
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ʪʨʘʥʩʧʦʨʪè 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʆʣʽʰʝʚʩʴʢʘ ɺ.ɭ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

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

 

ʊʈɸʅʉʇʆʈʊʅɯ ɽʂʆʃʆɻɯʏʅɯ ʇʈʆɹʃɽʄʀ ʊɸ ʐʃʗʍʀ ɺʀʈɯʐɽʅʅʗ 

 

ɺʩʪʫʧ. ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʚ ʋʢʨʘʾʥʽ ʚ 2017 ʨʦʮʽ ʥʘʣʽʯʫʚʘʚ ʧʦʥʘʜ 9,2 ʤʣʥ. 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ 6,9 ʤʣʥ. ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʙʽʣʷ 250 ʪʠʩ. 

ʘʚʪʦʙʫʩʽʚ, ʙʽʣʷ 1,3 ʤʣʥ. ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʙʽʣʴʰ 840 ʪʠʩ. ʦʜʠʥʠʮʴ ʤʦʪʦʪʨʘʥʩʧʦʨʪʫ 

[1]. ʉʴʦʛʦʜʥʽ ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʚʠʢʦʥʫʻ ʩʪʨʘʪʝʛʽʯʥʦ ʚʘʞʣʠʚʽ ʝʢʦʥʦʤʽʯʥʽ ʪʘ 

ʩʦʮʽʘʣʴʥʽ ʟʘʚʜʘʥʥʷ [2]. ɸ ʧʽʩʣʷ ʧʽʜʧʠʩʘʥʥʷ ʋʛʦʜʠ ʧʨʦ ʘʩʦʮʽʘʮʽʶ ʤʽʞ ʋʢʨʘʾʥʦʶ ʪʘ ɭʉ, 

ʧʝʨʝʜ ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʧʦʩʪʘʣʠ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʣʽʙʝʨʘʣʽʟʘʮʽʻʶ, 

ʽʥʩʪʠʪʫʮʽʦʥʘʣʴʥʠʤʠ ʟʤʽʥʘʤʠ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʻʶ [3]. ɸʣʝ ʦʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ, ʱʦ ʧʦʚôʷʟʘʥʽ 

ʟ ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʻ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʉʝʨʝʜ 

ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ, ʬʣʦʨʫ ʪʘ ʬʘʫʥʫ, ʻ ʦʢʩʠʜ ʚʫʛʣʝʮʶ, ʦʢʩʠʜʠ ʘʟʦʪʫ, 

ʩʧʦʣʫʢʠ ʩʽʨʢʠ, ʩʧʦʣʫʢʠ ʩʚʠʥʮʶ, ʚʫʛʣʝʚʦʜʠ, ʢʠʩʣʦʪʠ, ʪʚʝʨʜʽ ʯʘʩʪʢʠ ʪʘ ʽʥ. [4]-[5]. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʉʫʯʘʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ ʧʠʪʘʥʴ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʧʨʦʧʦʥʫʻ ʩʠʩʪʝʤʥʠʡ ʨʦʟʛʣʷʜ 

ʧʨʦʙʣʝʤʠ (ʨʠʩ. 1) [5]. ɿʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʚʩʽʭ 

ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʘʚʪʦʤʦʙʽʣʽʚ, ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ, ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʧʦʪʦʢʦʚʦʛʦ ʪʘ ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʽʚ, ʜʦ ʝʪʘʧʫ ʫʪʠʣʽʟʘʮʽʾ. 

 
ɸʊɿ ï ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ; ɸɼ ï ʘʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʛʠ; ὖ ï ʩʠʣʘ ʨʫʭʫ; Ὓ ï ʰʣʷʭ ʨʫʭʫ; 

Ὃ ï ʥʘʚʘʥʪʘʞʝʥʥʷ; ὡ ï ʪʨʘʥʩʧʦʨʪʥʘ ʨʦʙʦʪʘ; 1 ï ʟʘʪʨʘʪʠ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʨʦʙʦʪʫ ɸʊɿ; 2 ï ʚʠʪʨʘʪʠ ʧʨʠʨʦʜʥʦʛʦ ʧʘʣʠʚʘ; 3 ï ʪʨʘʥʩʧʦʨʪʥʽ 

ʟʘʙʨʫʜʥʝʥʥʷ (ʚʠʢʠʜʠ); 4 ï ʚʧʣʠʚ ʩʧʦʨʫʜʞʝʥʴ ʜʦʨʦʞʥʴʦʛʦ ʢʦʤʧʣʝʢʩʫ; 5 ï ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʚʧʣʠʚʠ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʨʝʤʦʥʪʫ; 6 ï ʚʠʪʨʘʪʠ ʧʨʠʨʦʜʥʽʭ ʜʦʨʦʞʥʴʦ-ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ; 7 ï ʬʽʥʘʥʩʦʚʽ ʽ ʪʨʫʜʦʚʽ ʨʝʩʫʨʩʠ 

ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ 

 

ʆʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ: 

V ʰʚʠʜʢʝ ʟʨʦʩʪʘʥʥʷ ʨʽʚʥʷ ʘʚʪʦʤʦʙʽʣʽʟʘʮʽʾ; 

V ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʽ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʚʽʢ ʽ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ 

ʝʢʦʣʦʛʽʯʥʠʤ ʩʪʘʥʜʘʨʪʘʤ; 

V ʧʦʛʣʠʥʘʥʥʷ ʘʚʪʦʤʦʙʽʣʝʤ ʟʘ ʦʜʠʥ ʨʽʢ ʧʨʠʙʣʠʟʥʦ 1é2 ʪ ʢʠʩʥʶ ʽ ʚʠʜʽʣʝʥʥʷ 
600é800 ʢʛ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, 40 ʢʛ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʪʘ 200é230 ʢʛ ʥʝʟʛʦʨʽʣʠʭ 

ʚʫʛʣʝʚʦʜʥʽʚ; 
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V ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʥʟʠʥʽʚ ʽ ʜʠʟʝʣʴʥʠʭ ʧʘʣʠʚ, ʷʢʽ ʟʘ ʷʢʽʩʪʶ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ 
ʻʚʨʦʧʝʡʩʴʢʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʩʪʘʥʜʘʨʪʘʤ; 

V ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ [1], [4]-[5]. 

ɺʧʣʠʚ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ ʚʠʜʽʣʝʥʥʷ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʙʽʣʴʰ ʚʩʴʦʛʦ ʚʠʷʚʣʷʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʨʦʙʦʪʠ [4]-[5]. ʅʘʩʣʽʜʢʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʻ: 

V ʩʧʦʞʠʚʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʥʘʧʨʠʢʣʘʜ, ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʧʦʚʽʪʨʷ, 

ʚʦʜʠ, ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʽʥ.; 

V ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʘ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ; 

V ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʠʭ ʨʽʚʥʽʚ ʰʫʤʫ ʪʘ ʚʽʙʨʘʮʽʾ; 

V ʪʨʘʚʤʘʪʠʟʤ ʪʘ ʟʘʛʠʙʝʣʴ ʣʶʜʝʡ, ʪʚʘʨʠʥ, ʥʘʥʝʩʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʟʙʠʪʢʫ ʧʨʠ 
ʘʚʘʨʽʷʭ; 

V ʧʦʛʽʨʰʝʥʥʷ ʟʜʦʨʦʚôʷ ʪʘ ʨʦʟʚʠʪʦʢ ʨʝʩʧʽʨʘʪʦʨʥʠʭ ʽ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ ʣʶʜʝʡ; 

V ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ, ʚʦʜʠ ʪʘ ʟʝʤʝʣʴ, ʟʤʽʥʘ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ˇʨʫʥʪʽʚ, ʟʘʛʠʙʝʣʴ 
ʨʦʩʣʠʥ ʽ ʪʚʘʨʠʥ, ʘ ʪʘʢʦʞ ʟʥʠʞʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ; 

V ʫʪʚʦʨʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʨʦʙʥʠʯʠʭ ʚʽʜʭʦʜʽʚ ʽ ʩʤʽʪʪʷ, ʥʘʧʨʠʢʣʘʜ, 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ, ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʘ ʽʥ.; 

V ʢʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ, ʥʘʧʨʠʢʣʘʜ, ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʟʦʢʨʝʤʘ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ, ʩʧʨʠʷʶʪʴ ʛʣʦʙʘʣʴʥʦʤʫ ʧʦʪʝʧʣʽʥʥʶ. 

ʐʣʷʭʘʤʠ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʻ ʦʥʦʚʣʝʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʧʘʨʢʫ ʘʚʪʦʤʦʙʽʣʷʤʠ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʢʦʣʦʛʽʯʥʠʤ ʩʪʘʥʜʘʨʪʘʤ; ʨʦʟʚʠʪʦʢ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ; ʧʝʨʝʭʽʜ 

ʥʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʪʘ ʛʽʙʨʠʜʥʽ ʘʚʪʦʤʦʙʽʣʽ; ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʧʘʣʠʚʘ; 

ʚʚʝʜʝʥʥʷ ʥʦʚʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʥʘʧʨʠʢʣʘʜ, ɭʚʨʦ-6. 
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ʋɼʂ 629.33 

 

ɺʦʨʦʥʦʚ ʆ.ɺ. ʩʪʫʜʝʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 274 ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ 
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ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

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

 

ʆɹʉʃʋɻʆɺʋɺɸʅʅʗ ʆʉʆɹʀʉʊʆɻʆ ʃɽɻʂʆɺʆɻʆ ɸɺʊʆʄʆɹɯʃʗ 

 
ʊʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ï ʮʝ ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʧʽʜʪʨʠʤʢʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚ ʩʧʨʘʚʥʦʤʫ ʩʪʘʥʽ ʪʘ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʟʦʚʥʽʰʥʴʦʤʫ 
ʚʠʛʣʷʜʽ, ʘ ʪʘʢʦʞ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʚʠʷʚʣʝʥʥʷ ʪʘ ʫʩʫʥʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ. ʊʝʭʥʽʯʥʝ 
ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [1], ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʪʘ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʨʦʙʽʪ, ʧʦʜʽʣʷʻʪʴʩʷ 
ʥʘ ʥʘʩʪʫʧʥʽ ʚʠʜʠ: ʱʦʜʝʥʥʝ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʑʊʆ); ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 
ˉ 1 (ʊʆ-1); ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ˉ 2 (ʊʆ-2); ʩʝʟʦʥʥʝ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 
(ʉʆ). 

ʈʦʙʦʪʠ ʟ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʧʦʚʠʥʝʥ ʚʠʢʦʥʫʚʘʪʠ ʬʘʭʽʚʝʮʴ ʟ 
ʨʝʤʦʥʪʫ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ɸʣʝ ʻ ʪʘʢʽ ʚʠʜʠ ʨʦʙʽʪ, ʷʢʽ ʚʦʜʽʡ 
ʤʦʞʝ ʚʠʢʦʥʘʪʠ ʩʘʤʦʩʪʽʡʥʦ. ʈʦʟʛʣʷʥʝʤʦ ʾʭ: 

- ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʪʝʭʥʽʯʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʰʘʩʽ. ɺʦʜʽʶ ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ 
ʥʘ ʩʪʦʨʦʥʥʽ ʟʚʫʢʠ ʧʨʠ ʨʫʩʽ, ʨʦʟʛʦʡʜʫʚʘʥʥʷ ʧʨʠ ʧʦʚʦʨʦʪʘʭ, ʚʪʨʘʪʫ ʢʫʨʩʦʚʦʾ ʩʪʽʡʢʦʩʪʽ, 
ʚʽʙʨʘʮʽʾ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʨʝʛʫʣʷʨʥʦ ʦʛʣʷʜʘʪʠ ʰʠʥʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 
ʟʥʦʩʫ, ʛʨʠʞʽ, ʨʦʟʨʠʚʠ, ʧʨʦʢʦʣʠ. ʇʽʜ ʯʘʩ ʦʛʣʷʜʫ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʠʪʠ ʘʤʦʨʪʠʟʘʪʦʨʠ, 
ʩʘʡʣʝʥʪʙʣʦʢʠ, ʢʫʣʴʦʚʽ ʦʧʦʨʠ, ʩʪʽʡʢʫ ʩʪʘʙʽʣʽʟʘʪʦʨʘ, ʧʠʣʴʦʚʠʢʠ. 

- ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʪʝʭʥʽʯʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ. ʇʨʦ ʮʝ ʚʦʜʽʡ 
ʤʦʞʝ ʩʫʜʠʪʠ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʦʟʥʘʢʘʤʠ, ʷʢʱʦ ʘʚʪʦʤʦʙʽʣʴ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʧʨʷʤʦʾ 
ʪʨʘʻʢʪʦʨʽʾ ʧʨʠ ʫʧʦʚʽʣʴʥʝʥʥʽ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʭʦʜʫ ʧʝʜʘʣʽ ʛʘʣʴʤʘ, ʧʨʠ ʟʚʫʢʘʭ ʩʚʠʩʪʫ ʽ 
ʩʢʨʝʛʦʪʫ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ. ʇʨʠ ʮʠʭ ʦʟʥʘʢʘʭ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʠʪʠ ʛʘʣʴʤʽʚʥʽ ʜʠʩʢʠ, 
ʮʠʣʽʥʜʨ ʪʘ ʤʘʛʽʩʪʨʘʣʽ. 

- ʟʘʤʽʥʘ ʬʽʣʴʪʨʽʚ ʽ ʪʝʭʥʽʯʥʠʭ ʨʽʜʠʥ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʨʦʙʽʪ, ʚʦʜʽʡ ʧʦʚʠʥʝʥ 
ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʧʨʦʙʽʛ ʘʚʪʦʤʦʙʽʣʷ, ʱʦʙ ʚʯʘʩʥʦ ʚʠʢʦʥʘʪʠ ʟʘʤʽʥʫ ʧʦʚʽʪʨʷʥʦʛʦ ʬʽʣʴʪʨʘ, 
ʬʽʣʴʪʨʘ ʟ ʩʘʣʦʥʫ ʘʚʪʦʤʦʙʽʣʷ, ʤʘʩʣʷʥʦʛʦ ʬʽʣʴʪʨʘ, ʤʦʪʦʨʥʦʛʦ ʤʘʩʪʠʣʘ, ʘʥʪʠʬʨʠʟʫ ʢʤ). 

- ʟʘʤʽʥʘ ʩʚʽʯʦʢ ʟʘʧʘʣʶʚʘʥʥʷ ʘʙʦ ʨʦʟʞʘʨʶʚʘʥʥʷ. ʆʟʥʘʢʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʤʽʥʠ: 
ʩʢʣʘʜʥʦʱʽ ʧʨʠ ʟʘʧʫʩʢʫ ʜʚʠʛʫʥʘ, ʧʦʨʫʰʝʥʥʷ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʫ, ʧʦʷʚʘ ʙʽʣʦʛʦ 
ʜʠʤʫ ʟ ʚʠʭʣʦʧʥʦʾ ʪʨʫʙʠ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʮʠʭ ʨʦʙʽʪ ʚʦʜʽʡ ʧʦʚʠʥʝʥ ʙʫʪʠ ʫʚʘʞʥʠʤ ʪʘ 
ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʽ ʜʽʾ: ʟʥʷʪʠ ʟʘʭʠʩʪ ʜʚʠʛʫʥʘ, ʚʽʜôʻʜʥʘʪʠ ʢʣʝʤʠ ʘʢʫʤʫʣʷʪʦʨʘ, ʟʥʷʪʠ 
ʚʠʩʦʢʦʚʦʣʴʪʥʠʡ ʜʨʽʪ, ʚʽʜʢʨʫʪʠʪʠ ʩʚʽʯʢʫ ʟʘʧʘʣʶʚʘʥʥʷ ʪʘ ʟʘʤʽʥʠʪʠ ʥʘ ʥʦʚʫ. 

- ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʪʝʭʥʽʯʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʪʘ ʟʘʤʽʥʽ ʘʢʫʤʫʣʷʪʦʨʘ. ʎʝʡ ʚʠʜ 
ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʚʦʜʽʡ, ʘ ʩʘʤʝ: ʟʘʣʠʚ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʫ, 
ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʨʽʚʥʷ ʟʘʨʷʜʫ, ʦʯʠʱʝʥʥʷ ʢʦʨʧʫʩʫ ʘʢʫʤʫʣʷʪʦʨʘ. ɼʣʷ ʮʠʭ ʨʦʙʽʪ ʚʦʜʽʶ 
ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʥʘʩʪʫʧʥʝ ʦʙʣʘʜʥʘʥʥʷ: ʤʫʣʴʪʠʤʝʪʨ ʪʘ ʘʨʝʦʤʝʪʨ. ʇʝʨʽʦʜʠʯʥʽʩʪʴ ʟʘʤʽʥʠ 
ʘʢʫʤʫʣʷʪʦʨʘ 3-5 ʨʦʢʽʚ. 

- ʟʘʤʽʥʘ ʢʫʟʦʚʥʠʭ ʜʝʪʘʣʝʡ. ʗʢʱʦ ʚʦʜʽʡ ʧʦʙʘʯʠʚ ʧʦʣʦʤʢʠ ʪʘ ʛʣʠʙʦʢʽ ʚʤôʷʪʠʥʠ 
ʙʘʤʧʝʨʽʚ, ʢʨʠʣ, ʢʘʧʦʪʫ, ʢʨʠʰ, ʜʚʝʨʝʡ, ʪʦ ʡʦʤʫ ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʘʚʪʦʩʝʨʚʽʩʫ.  

- ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʧʪʠʯʥʠʭ ʧʨʠʣʘʜʽʚ. ɺʦʜʽʡ ʤʦʞʝ ʩʘʤʦʩʪʽʡʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ 
ʨʦʙʦʪʫ ʬʘʨ ʪʘ ʦʩʚʽʪʣʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ ʤʦʞʝʤʦ ʧʨʠʡʪʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʚʦʜʽʡ ʤʦʞʝ 
ʚʠʢʦʥʫʚʘʪʠ ʩʘʤʦʩʪʽʡʥʦ ʧʝʚʥʽ ʚʠʜʫ ʨʦʙʽʪ ʟ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʽ ʪʠʤ ʩʘʤʠʤ ʤʘʻ 
ʤʦʞʣʠʚʽʩʪʴ ʟʘʦʱʘʜʠʪʠ ʽ ʥʝ ʟʚʝʨʪʘʪʠʩʷ ʜʦ ʬʘʭʽʚʮʽʚ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
1. ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪ ʜʦʨʦʞʥʽʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʥʘʢʘʟ ʄʽʥʽʩʪʝʨʩʪʚʘ ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ ʚʽʜ 
30.03.1998 ˉ 102).  



ʉɽʂʎɯʗ ï ɸɺʊʆʄʆɹɯʃʔʅʀʁ ʊʈɸʅʉʇʆʈʊ 
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ɺʠʩʣʦʮʴʢʠʡ ɺ.ʆ. ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɸɹ-4-1 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʇʦʣʷʢʦʚ ɺ.ʄ., ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ) 
 

ʈʆɿʈʆɹʂɸ ʇʈʀʏɽʇɸ-ʌʋʈɻʆʅɸ ɼʃʗ ʇɽʈɽɺɽɿɽʅʅʗ ɺɸʅʊɸɾɯɺ 
 

ʇʨʦʤʠʩʣʦʚʠʡ ʪʘ ʝʢʦʥʦʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʢʨʘʾʥʠ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʟʜʽʡʩʥʝʥʥʷʤ 
ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. ɻʦʣʦʚʥʠʤ ʣʘʥʮʶʛʦʤ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ ʻ 
ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ. ʆʙôʻʤ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚ ʋʢʨʘʾʥʽ ʽʟ ʨʦʢʫ ʚ ʨʽʢ ʟʨʦʩʪʘʻ. 
ɺ ʩʪʨʫʢʪʫʨʽ ʚʠʨʦʙʥʠʮʪʚʘ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʫ ʨʽʟʥʽ ʨʦʢʠ ʫʪʨʠʤʫʻʪʴʩʷ ʣʽʜʝʨʩʪʚʦ 
ʘʚʪʦʤʦʙʽʣʽʚ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ 400é3500 ʢʛ, ʧʨʠʯʦʤʫ ʙʣʠʟʴʢʦ 40 % ʧʨʠʧʘʜʘʻ ʥʘ 
ʙʦʨʪʦʚʽ ʪʘ ʘʚʪʦʤʦʙʽʣʽ-ʬʫʨʛʦʥʠ ʧʦʚʥʦʶ ʤʘʩʦʶ 3500 ʢʛ. ʅʘ ʥʠʭ ʪʘʢʦʞ ʟʙʝʨʽʛʘʻʪʴʩʷ 
ʟʥʘʯʥʠʡ ʧʦʧʠʪ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʘʚʪʦʤʦʙʽʣʴʥʽ ʚʘʥʪʘʞʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʧʦʪʨʝʙʠ ʥʝ 
ʪʽʣʴʢʠ ʛʦʩʧʦʜʘʨʩʪʚʘ ʜʝʨʞʘʚʠ, ʘʣʝ ʽ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 
ʧʝʨʝʚʝʟʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʚʪʦʤʦʙʽʣʴʥʽ ʧʦʾʟʜʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʘʚʪʦʤʦʙʽʣʷ-ʪʷʛʘʯʘ 
ʪʘ ʧʨʠʯʽʧʥʦʾ ʣʘʥʢʠ (ʧʨʠʯʝʧʘ ʘʙʦ ʥʘʧʽʚʧʨʠʯʝʧʘ), ʢʦʥʩʪʨʫʢʮʽʾ ʷʢʠʭ ʜʦʩʠʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ 
[1]. 

ʅʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞʽʚ ʨʽʟʥʠʭ 
ʢʘʪʝʛʦʨʽʡ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʣʝʛʢʦʚʘʛʦʚʠʭ) ʪʘ ʾʭ ʟʙʝʨʽʛʘʥʥʷ ʻ ʢʫʟʦʚʠ-ʬʫʨʛʦʥʠ. ʂʣʘʩʠʬʽʢʘʮʽʷ 
ʢʫʟʦʚʽʚ-ʬʫʨʛʦʥʽʚ ʪʘ ʘʥʘʣʽʟ ʾʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʟʚʦʣʠʚ ʩʬʦʨʤʫʣʶʚʘʪʠ ʚʠʤʦʛʠ ʜʦ ʢʫʟʦʚʘ-
ʬʫʨʛʦʥʘ ʽ ʦʙʨʘʪʠ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʶ ʜʣʷ ʧʨʠʯʝʧʘ ʘʚʪʦʧʦʾʟʜʘ, ʱʦ ʤʘʻ ʧʨʦʝʢʪʫʚʘʪʠʩʷ. 
ʊʘʢʽʡ ʢʫʟʦʚ ʤʘʻ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ: ʨʦʟʤʽʨʠ ʧʨʷʤʦʢʫʪʥʦʛʦ ʢʫʟʦʚʘ ʤʦʞʫʪʴ ʙʫʪʠ ʫʟʛʦʜʞʝʥʽ ʟ 
ʛʘʙʘʨʠʪʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʩʪʘʥʜʘʨʪʥʠʭ ʢʦʥʪʝʡʥʝʨʽʚ ʪʘ ʧʽʜʜʦʥʽʚ; ʧʣʦʩʢʘ ʧʽʜʣʦʛʘ; ʥʘʷʚʥʽʩʪʴ 
ʜʚʝʨʝʡ ʟʘ ʨʦʟʤʽʨʘʤʠ, ʙʣʠʟʴʢʠʤʠ ʜʦ ʧʦʧʝʨʝʯʥʠʭ ʨʦʟʤʽʨʽʚ ʢʫʟʦʚʘ, ʪʦʙʪʦ ʟʨʫʯʥʽʩʪʴ 
ʧʨʦʚʝʜʝʥʥʷ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʪʘ ʽʥ. 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʫ ʧʨʠʯʝʧʘ, ʷʢʽʡ ʧʨʦʢ̒ʪʫʻʪʴʩʷ, ʪʷʛʘʯʝʤ ʤʦʞʝ ʙʫʪʠ ʣʝʛʢʦʚʠʡ 
ʘʚʪʦʤʦʙʽʣʴ ʘʙʦ ʚʘʥʪʘʞʥʠʡ ʘʚʪʦʤʦʙʽʣʴ ʤʘʣʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ. ʎʽʤ 
ʫʤʦʚʘʤ ʟʘʜʦʚʦʣʴʥʷʻ ʧʨʠʯʽʧ ʧʦʚʥʦʶ ʤʘʩʦʶ 1800 ʢʛ ʽʟ ʛʘʣʴʤʽʚʥʦʶ ʩʠʩʪʝʤʦʶ. ɸʥʘʣʽʟ 
ʧʘʨʘʤʝʪʨʽʚ ʤʘʩ ʪʘ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʪʷʛʘʯʘʤʠ ʜʣʷ 
ʧʨʦ̒ʢʪʫʻʤʦʛʦ ʧʨʠʯʝʧʘ, ʜʦʟʚʦʣʠʚ ʟʫʧʠʥʠʪʴʩʷ ʥʘ ʘʚʪʦʤʦʙʽʣʷʭ ʧʦʚʥʦʶ ʤʘʩʦʶ 3500 ʢʛ. 

ɿʘ ʚʠʟʥʘʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠʯʝʧʘ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʙʘʟʫ ʧʨʠʯʝʧʘ ʪʘ 
ʨʦʟʨʦʙʣʝʥʦ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʘʚʪʦʧʦʾʟʜʘ. ʊʷʛʘʯʝʤ ʦʙʨʘʥʦ ʘʚʪʦʤʦʙʽʣʴ-ʬʫʨʛʦʥ ʧʦʚʥʦʶ 
ʤʘʩʦʶ 3500 ʢʛ. 

ɺʠʟʥʘʯʝʥʦ ʧʦʢʘʟʥʠʢʠ ʜʝʷʢʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʚʪʦʧʦʾʟʜʘ ʫ ʩʢʣʘʜʽ 
ʧʨʦ̒ʢʪʫʻʤʦʛʦ ʧʨʠʯʝʧʘ ʪʘ ʨʽʟʥʠʭ ʤʘʨʦʢ ʘʚʪʦʤʦʙʽʣʽʚ-ʪʷʛʘʯʽʚ. ɿʘ ʚʠʟʥʘʯʝʥʠʤʠ 
ʧʦʢʘʟʥʠʢʘʤʠ ʚʩʽ ʘʚʪʦʧʦʾʟʜʠ ʤʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʇʨʦ̒ʢʪʫʻʤʠʡ ʧʨʠʯʽʧ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʘʤʠ, ʢʫʟʦʚʘ-ʬʫʨʛʦʥʘ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʤʽʞ 
ʢʦʣʝʩʘʤʠ, ʜʚʦʭ ʥʘʙʣʠʞʝʥʠʭ ʦʩʝʡ, ʜʠʰʣʷ, ʱʦ ʧʨʠʻʜʥʘʥʦ ʜʦ ʨʘʤʠ. ʅʘ ʧʝʨʝʜʥʴʦʤʫ ʢʽʥʮʽ 
ʜʠʰʣʷ ʟʘʢʨʽʧʣʝʥʦ ʟʯʽʧʥʫ ʛʦʣʦʚʢʫ ʜʣʷ ʢʫʣʴʦʚʦʛʦ ʪʷʛʦʚʦʛʦ ʧʨʠʩʪʨʦʶ ʪʘ ʦʧʦʨʥʘ ʩʪʽʡʢʘ ʟ 
ʢʦʣʝʩʦʤ ʽ ʤʝʭʘʥʽʟʤʦʤ ʧʽʜʡʦʤʫ. ʅʘ ʢʽʥʮʽ ʜʠʰʣʷ ʟʘʢʨʽʧʣʝʥʦ ʩʪʨʘʭʫʚʘʣʴʥʽ ʪʨʦʩʠ, ʷʢʽ ʥʝ 
ʜʦʧʫʩʢʘʶʪʴ ʩʘʤʦʩʪʽʡʥʠʡ ʨʫʭ ʧʨʠʯʝʧʘ ʫ ʨʘʟʽ ʦʙʨʠʚʫ ʪʷʛʦʚʦ-ʟʯʽʧʥʦʛʦ ʧʨʠʩʪʨʦʶ. ɼʣʷ 
ʧʦʢʨʘʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʨʫʭʫ ʘʚʪʦʧʦʾʟʜʘ ʧʨʠʯʽʧ ʦʟʜʦʙʣʝʥʦ ʛʫʤʦʚʦʜʞʫʪʦʚʦʶ ʧʽʜʚʽʩʢʦʶ ʪʘ 
ʛʘʣʴʤʽʚʥʦʶ ʩʠʩʪʝʤʦʶ ʽʟ ʤʝʭʘʥʽʯʥʠʤ ʧʨʠʚʦʜʦʤ ʽʥʝʨʮʽʡʥʦʛʦ ʪʠʧʫ. ʇʨʠʯʽʧ ʤʘʻ 
ʝʣʝʢʪʨʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʩʚʽʪʣʦʚʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ, ʷʢʝ ʞʠʚʽʪʴʩʷ ʚʽʜ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ 
ʪʷʛʘʯʘ. 

ʇʦʨʽʚʥʷʣʴʥʘ ʦʮʽʥʢʘ ʟ ʘʚʪʦʤʦʙʽʣʝʤ, ʷʢʽʡ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʙʝʟ ʧʨʠʯʝʧʘ, ʧʦʢʘʟʘʣʘ, ʱʦ 
ʭʦʯʘ ʽ ʘʚʪʦʧʦʾʟʜ ʟ ʧʨʦʢ̒ʪʫʻʤʠʤ ʧʨʠʯʝʧʦʤ ʤʘʻ ʛʽʨʰʫ ʧʘʣʠʚʥʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ, ʘʣʝ ʡʦʛʦ 
ʫʤʦʚʥʘ ʧʠʪʦʤʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʝʨʝʚʠʱʫʻ ʘʥʘʣʦʛʽʯʥʠʡ ʧʦʢʘʟʥʠʢ ʦʜʠʥʦʯʥʦʛʦ 
ʘʚʪʦʤʦʙʽʣʷ. 
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ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʉʘʢʥʦ ʆ.ʇ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

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

 

ɼʀʅɸʄʆʄɽʊʈʀʏʅʀʁ ʂʃʖʏ ʊɸ ʁʆɻʆ ʈɯɿʅʆɺʀɼʀ 

 

ɼʠʥʘʤʦʤʝʪʨʠʯʥʠʡ ʢʣʶʯ ʻ ʦʜʥʽʻʶ ʟ ʨʽʟʥʦʚʠʜʽʚ ʛʘʡʢʦʚʦʛʦ ʢʣʶʯʘ ʽ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʤʦʤʝʥʪʫ ʟʘʪʷʛʫʚʘʥʥʷ ʟ ʪʦʯʥʦ ʟʘʜʘʥʠʤ ʟʥʘʯʝʥʥʷʤ. ʆʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʣʶʯʘ ʜʫʞʝ ʰʠʨʦʢʘ, ʚʽʥ ʥʝʟʘʤʽʥʥʠʡ ʚ ʧʨʦʮʝʩʽ ʩʢʣʘʜʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, 

ʙʫʜʽʚʝʣʴʥʠʭ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ, ʘ ʪʘʢʦʞ ʤʦʥʪʘʞʽ ʙʫʜʴ-ʷʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʜʝ ʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʤʦʤʝʥʪ ʟʘʪʷʞʢʠ. 

ʉʪʨʽʣʦʯʥʠʡ ʘʙʦ ʰʢʘʣʴʥʠʡ ʜʠʥʘʤʦʤʝʪʨʠʯʥʠʡ ʢʣʶʯ ʧʨʘʮʶʻ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʜʠʥʘʤʦʤʝʪʨʘ ʽ ʧʦʢʘʟʫʻ ʚʝʣʠʯʠʥʫ ʧʨʠʢʣʘʜʝʥʦʾ ʟʫʩʠʣʣʷ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ. ʂʦʥʩʪʨʫʢʮʽʷ 

ʜʘʥʦʛʦ ʪʠʧʫ ʢʣʶʯʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʧʫʩʫ, ʚ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʘʥʠʡ ʜʠʥʘʤʦʤʝʪʨ ʽ 

ʽʥʜʠʢʘʪʦʨʘ ʽʟ ʩʪʨʽʣʢʦʶ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʤʦʤʝʥʪ ʟʘʪʷʞʢʠ. 

ɻʨʘʥʠʯʥʠʡ ʘʙʦ çʑʝʣʯʢʦʚʠʡè ʜʠʥʘʤʦʤʝʪʨʠʯʥʠʡ ʢʣʶʯ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ 

ʧʦʧʫʣʷʨʥʠʭ ʽ ʟʘʪʨʝʙʫʚʘʥʠʭ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ. ɼʘʥʠʡ ʚʠʜ ʢʣʶʯʘ ʦʙ'ʻʜʥʫʻ ʚʠʩʦʢʫ 

ʪʦʯʥʽʩʪʴ, ʜʦʩʪʫʧʥʫ ʮʽʥʫ ʽ ʟʨʫʯʥʽʩʪʴ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʚʽʥ ʽ ʟʘʚʦʶʚʘʚ ʜʦʚʽʨʫ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʈʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʠʥʘʤʦʤʝʪʨʠʯʥʦʛʦ ʢʣʶʯʘ 

1. ʑʦʙ ʫʥʠʢʥʫʪʠ ʧʦʤʠʣʦʢ ʚ ʨʦʙʦʪʽ ʢʣʶʯʘ ʟʘʙʦʨʦʥʷʻʪʴʩʷ ʧʨʦʜʦʚʞʫʚʘʪʠ ʟʘʪʷʛʫʚʘʪʠ 

ʟ'ʻʜʥʘʥʥʷ ʧʽʩʣʷ ʢʣʘʮʘʥʥʷ. 

2. ʅʝ ʚʘʨʪʦ ʧʝʨʝʚʠʱʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʧʦʟʥʘʯʢʫ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ. 

3. ʅʝ ʜʦʧʫʩʢʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʥʘʤʦʤʝʪʨʠʯʥʦʛʦ ʢʣʶʯʘ ʚ ʷʢʦʩʪʽ ʟʚʠʯʘʡʥʦʾ 

ʪʨʽʩʢʘʯʢʠ ʜʣʷ ʟʘʪʷʛʫʚʘʥʥʷ ʢʨʽʧʣʝʥʴ, ʷʢʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʩʧʝʮʽʘʣʴʥʠʭ ʫʤʦʚ. 

4. ɿʘʙʦʨʦʥʷʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʚʘʞʝʣʽ ʽ ʚʣʘʩʥʫ ʚʘʛʫ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ. 

5. ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʫʥʠʢʘʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʧʘʜʽʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ. 

6. ɿʙʝʨʽʛʘʪʠ ʢʣʶʯ ʥʝʦʙʭʽʜʥʦ ʪʽʣʴʢʠ ʟ ʦʩʣʘʙʣʝʥʦʶ ʧʨʫʞʠʥʦʶ ʚ ʩʫʭʦʤʫ ʤʽʩʮʽ, 

ʜʘʣʝʢʦ ʚʽʜ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʝʚʘʛʠ ʜʠʥʘʤʦʤʝʪʨʠʯʥʦʛʦ ʢʣʶʯʘ ʥʘʩʪʫʧʥʽ: ʤʦʤʝʥʪ ʟʘʪʷʛʫʚʘʥʥʷ 

ʜʣʷ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʽ ʤʦʪʦʮʠʢʣʝʪʥʦʾ ʪʝʭʥʽʢʠ ʚʢʘʟʫʶʪʴʩʷ ʚ ʩʧʝʮʽʘʣʴʥʽʡ ʩʝʨʚʽʩʥʽʡ ʢʥʠʞʮʽ 

çService manualè ʽ ʮʝ ʧʦʪʨʽʙʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʗʢ ʦʙʨʘʪʠ ʜʠʥʘʤʦʤʝʪʨʠʯʥʠʡ ʢʣʶʯ: ʚʠʜʠ ʽ ʡʦʛʦ ʦʩʦʙʣʠʚʦʩʪʽ / kulibin : ʦʬʽʮʽʡʥʠʡ 

ʩʘʡʪ. URL: 

https://kulibin.com.ua/ua/blog/articles/kak_vybrat_dinamometricheskiy_klyuch_vidy_i_osobe

nnosti/. 

2. ɼʠʥʘʤʦʤʝʪʨʠʯʥʽ ʢʣʶʯʽ. ɺʠʜʠ ʽ ʦʩʦʙʣʠʚʦʩʪʽ. ʈʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ / 

avtozvuk : ʦʬʽʮʽʡʥʠʡ ʩʘʡʪ. URL: https://avtozvuk.ua/ua/article/2728 

 

  

https://kulibin.com.ua/ua/blog/articles/kak_vybrat_dinamometricheskiy_klyuch_vidy_i_osobennosti/
https://kulibin.com.ua/ua/blog/articles/kak_vybrat_dinamometricheskiy_klyuch_vidy_i_osobennosti/
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ɻʦʥʯʘʨʝʥʢʦ ʆ.ɸ. ʟʜʦʙʫʚʘʯ ʚʠʱʦʾ ʦʩʚʽʪʠ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 274 çɸʚʪʦʤʦʙʽʣʴʥʠʡ 

ʪʨʘʥʩʧʦʨʪè 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʉʘʢʥʦ ʆ.ʇ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

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

 

CHEVROLET  BOLT: ʅɸɼɯʁʅɯʉʊʔ ʊɸ ɽʂʆʅʆʄɯʏʅɯʉʊʔ 

 

ʉʴʦʛʦʜʥʽ ʥʘ ʜʦʨʦʛʘʭ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʾʟʜʠʪʴ ʯʠʤʘʣʦ ʘʚʪʦʤʦʙʽʣʽʚ. ɹʽʣʴʰ 

ʪʦʛʦ, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʮʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʟʨʦʩʪʘʻ ʧʨʘʢʪʠʯʥʦ ʢʦʞʝʥ ʪʠʞʜʝʥʴ. 

ʅʘʨʘʟʽ ʣʶʜʩʪʚʦ ʨʦʙʠʪʴ ʜʫʞʝ ʚʝʣʠʢʠʡ ʫʢʣʽʥ ʩʘʤʝ ʥʘ ʘʚʪʦʤʦʙʽʣʽ, ʷʢʽ ʥʝ ʙʫʜʫʪʴ ʰʢʦʜʠʪʠ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ, ʽ ʦʜʥʠʤʠ ʟ ʪʘʢʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʻ ʝʣʝʢʪʨʦʤʦʙʽʣʽ.  

ɺ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʩʧʝʢʪʨ ʚʠʙʦʨʫ ʝʣʝʢʪʨʦʢʘʨʫ ʜʫʞʝ ʰʠʨʦʢʠʡ; ʜʫʞʝ ʙʘʛʘʪʦ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʢʦʤʧʘʥʽʡ ʧʫʩʪʠʣʦ ʚ ʩʝʨʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʠʯʥʽ ʘʚʪʦʤʦʙʽʣʽ. ʉʝʨʝʜ 

ʚʽʜʦʤʠʭ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʤʘʨʦʢ, ʷʢʽ ʚʠʧʫʩʢʘʶʪʴ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʻ: Tesla, BMW, Nissan, 

Volkswagen ʽ ʪ. ʜ. ʇʨʦʪʝ, ʷʢ ʥʘ ʤʦʶ ʜʫʤʢʫ, ʥʘʡʙʽʣʴʰ ʮʽʢʘʚʠʤ ʝʣʝʢʪʨʦʢʘʨʦʤ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʪʘʢʠʤ ʢʨʠʪʝʨʽʷʤ ʷʢ çʮʽʥʘ/ʷʢʽʩʪʴè ʻ Chevrolet Bolt. 

Chevrolet Bolt EV ʩʪʘʚ ʟʥʘʯʥʠʤ ʢʨʦʢʦʤ ʚʧʝʨʝʜ ʫ ʜʦʩʪʫʧʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʰʠʨʦʢʦʛʦ ʟʘʛʘʣʫ, ʧʨʦʧʦʥʫʶʯʠ ʚʽʜʤʽʥʥʠʡ ʟʘʧʘʩ ʭʦʜʫ, ʩʫʯʘʩʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʟʨʫʯʥʠʡ ʽʥʪʝʨôʻʨ ʟʘ ʨʦʟʫʤʥʫ ʮʽʥʫ.ʊʦʤʫ ʩʴʦʛʦʜʥʽ ʫ ʤʦʻʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʤʠ 

ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʝʤʦ ʮʝʡ ʝʣʝʢʪʨʦʤʦʙʽʣʴ. 

ɽʣʝʢʪʨʠʯʥʠʡ ʘʚʪʦʤʦʙʽʣʴ ʢʦʤʧʘʥʽʾ Chevrolet, ʷʢʠʡ ʙʫʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʫʙʣʽʮʽ ʚ 

ʩʽʯʥʽ 2016 ʨʦʢʫ ʽ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʚ ʉʧʦʣʫʯʝʥʠʭ ʐʪʘʪʘʭ ʟ ʧʦʯʘʪʢʫ ʣʠʩʪʦʧʘʜʘ 2016 ʨʦʢʫ. 

ʄʦʜʝʣʴ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ Chevrolet Volt ʪʘ ʦʨʠʛʽʥʘʣʴʥʦʾ Opel 

Ampera, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʠʛʫʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʽ ʛʽʙʨʠʜʥʫ ʩʠʩʪʝʤʫ Voltec. 

ɽʣʝʢʪʨʦʤʦʙʽʣʴ Bolt ʩʪʚʦʨʶʚʘʚʩʷ ʚ ʢʦʦʧʝʨʘʮʽʾ ʟ ʢʦʤʧʘʥʽʻʶ LG. ʂʦʨʝʡʩʴʢʠʡ 

ʢʦʥʮʝʨʥ ʧʦʩʪʘʚʣʷʻ ʜʣʷ ʮʽʻʾ ʤʦʜʝʣʽ ʪʷʛʦʚʠʡ ʝʣʝʢʪʨʦʤʦʪʦʨ, ʽʥʚʝʨʪʦʨ, ʙʦʨʪʦʚʠʡ ʟʘʨʷʜʥʠʡ 

ʧʨʠʩʪʨʽʡ, ʝʣʝʢʪʨʦʢʦʤʧʨʝʩʦʨ ʢʣʽʤʘʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʢʦʤʧʣʝʢʪ ʪʷʛʦʚʠʭ ʦʩʝʨʝʜʢʽʚ, ʙʣʦʢʠ 

ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʢʦʶ ʽ ʥʠʟʴʢʦʶ ʧʦʪʫʞʥʦʩʪʽ, ʦʙʽʛʨʽʚʘʯ ʙʘʪʘʨʝʾ. 

ɸʚʪʦʤʦʙʽʣʴ, ʟʙʫʜʦʚʘʥʠʡ ʥʘ ʧʣʘʪʬʦʨʤʽ BEV 2, ʚʠʧʫʩʢʘʻʪʴʩʷ ʥʘ ʟʘʚʦʜʽ GM Orion 

Township ʚ ʄʽʯʠʛʘʥʽ. 

ɽʣʝʢʪʨʦʢʘʨ ʦʙôʻʜʥʘʚ ʫ ʩʦʙʽ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʢʣʘʩʽʚ: ʟʘʛʘʣʴʥʠʡ ʦʜʥʦʦʙôʻʤʥʠʡ ʩʠʣʫʝʪ ï 

ʥʘʯʝ ʤʽʥʽʚʝʥ, ʟʘʭʠʩʥʽ ʥʘʢʣʘʜʢʠ ʧʦ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʢʫʟʦʚʘ ï ʮʝ ʢʨʦʩʦʚʝʨ, ʟʘʛʘʣʴʥʘ 

ʢʦʤʧʘʢʪʥʽʩʪʴ (ʜʦʚʞʠʥʘ 4,17 ʤ ʽ ʙʘʟʘ 2,6 ʤ) ï ʥʘʯʝ ʭʝʪʯʙʝʢ ʉ-ʢʣʘʩʫ. ɸʣʝ ʚ ʢʦʞʥʦʤʫ 

ʚʠʧʘʜʢʫ ʥʝ ʦʙʽʡʰʣʦʩʷ ʙʝʟ ʟʘʩʪʝʨʝʞʝʥʴ. ʅʘʧʨʠʢʣʘʜ, ʦʜʥʦʟʥʘʯʥʦ ʟʘʧʠʩʘʪʠ Chevrolet Bolt 

ʜʦ ʪʘʙʦʨʫ ʤʽʥʽʚʝʥʽʚ ʟʘʚʘʞʘʻ ʚʽʜʩʫʪʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʜʥʴʦʛʦ ʩʠʜʽʥʥʷ, ʻ ʣʠʰʝ 

ʟʚʠʯʘʡʥʝ ʩʢʣʘʜʘʥʥʷ. ɸ ʱʦʜʦ ʢʣʘʩʫ ñʢʨʦʩʦʚʝʨò ï ʥʝ ʚʠʩʪʘʯʘʻ ʧʦʚʥʦʛʦ ʧʨʠʚʦʜʫ, ʪʘ ʡ 

ʢʣʽʨʝʥʩ ʥʝʚʝʣʠʢʠʡ: 130-150 ʤʤ ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʢʦʣʽʩ ʽ ʤʝʪʦʜʫ ʚʠʤʽʨʫ. ʋ ʧʽʜʩʫʤʢʫ 

ʝʣʝʢʪʨʦʢʘʨ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʚʩʝ-ʪʘʢʠ ʜʦ ʭʝʪʯʙʝʢʽʚ, ʷʢʽ ʧʝʨʝʨʦʩʣʠ ʩʚʽʡ ʢʣʘʩ. 

ɼʦ ʯʝʩʪʽ Chevrolet Bolt ʜʦʙʨʝ ʩʢʨʦʻʥʠʡ ʽ ʤʽʮʥʦ ʟʰʠʪʠʡ: ʘʢʫʨʘʪʥʽ ʬʦʨʤʠ ʢʫʟʦʚʘ, 

ʥʝʚʝʣʠʢʽ ʬʘʨʠ ʛʘʨʤʦʥʽʡʥʦʾ ʬʦʨʤʠ, ʩʚʽʪʣʦʜʽʦʜʥʽ ʩʤʫʛʠ, ʚʝʣʠʢʽ ʟʘʜʥʽ ʣʽʭʪʘʨʽ. ʇʣʶʩ ʤʘʩʘ 

ʦʨʠʛʽʥʘʣʴʥʠʭ ʣʦʛʦʪʠʧʽʚ, ʥʘʚʽʪʴ ʙʫʢʚʘ ñʆò ʩʪʠʣʽʟʦʚʘʥʘ ʧʽʜ ʙʣʠʩʢʘʚʢʫ. ɺʝʣʠʢʽ 17-

ʜʶʡʤʦʚʽ ʢʦʣʽʩʥʽ ʜʠʩʢʠ ʟ ʰʠʥʘʤʠ Michelin Energy Saver A/S ʟʘʧʦʚʥʶʶʪʴ ʩʦʙʦʶ ʯʠʤʘʣʽ 

ʢʦʣʽʩʥʽ ʘʨʢʠ, ʘ ʾʭʥʻ ʙʣʠʩʢʫʯʝ ʦʟʜʦʙʣʝʥʥʷ ʜʦʙʨʝ ʛʘʨʤʦʥʫʻ ʟ ʭʨʦʤʦʚʘʥʠʤʠ ʤʦʣʜʠʥʛʘʤʠ ʥʘ 

ʙʦʢʦʚʠʥʘʭ ʝʣʝʢʪʨʦʢʘʨʘ. ʉʣʦʚʦʤ, ʟʘʚʝʨʰʝʥʠʡ ʚʠʛʣʷʜ ʪʘʢʦʛʦ ʩʦʙʽ ñʟʜʦʨʦʚʘʥʷò. 

ʋ ʧʝʨʝʜʥʴʦʤʫ ʢʨʠʣʽ ï ʨʦʟôʻʤ ʜʣʷ ʟʘʨʷʜʢʠ J1772 (ʊʠʧ 1), ʧʣʶʩ ʜʦʜʘʪʢʦʚʘ ʚʠʣʢʘ ʜʣʷ 

ñʰʚʠʜʢʦʾ ʟʘʨʷʜʢʠò Combo CCS (ʊʠʧ 1).  

ɻʘʙʘʨʠʪʠ ʪʘʢʽ: ʜʦʚʞʠʥʘ ï 4166 ʤʤ, ʰʠʨʠʥʘ ï 1765 ʤʤ, ʚʠʩʦʪʘ ï 1595 ʤʤ, ʢʦʣʽʩʥʘ 

ʙʘʟʘ ï 2600 ʤʤ. 
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ɼʦ ʨʫʭʫ Chevrolet Bolt EV ʧʨʠʚʦʜʠʪʴʩʷ ʪʨʠʬʘʟʥʠʤ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ, ʷʢʠʡ ʤʘʢʩʠʤʘʣʴʥʦ ʛʝʥʝʨʫʻ 204 ʢ.ʩ. ʪʘ 360 ʅʤ, ʘ ʫʩʷ ʧʦʪʫʞʥʽʩʪʴ ʩʧʨʷʤʦʚʫʻʪʴʩʷ 

ʥʘ ʢʦʣʝʩʘ ʧʝʨʝʜʥʴʦʾ ʦʩʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʩʪʫʧʽʥʯʘʪʦʛʦ ʨʝʜʫʢʪʦʨʘ. ʊʘʢʽ ʘʛʨʝʛʘʪʠ 

ʜʦʟʚʦʣʷʶʪʴ ʝʣʝʢʪʨʠʯʥʦʤʫ ʭʵʪʯʫ ʨʦʟʛʘʥʷʪʠʩʷ ʜʦ 145 ʢʤ/ʛʦʜ, ʧʨʠʩʢʦʨʶʶʯʠʩʴ ʜʦ ʧʝʨʰʦʾ 

çʩʦʪʥʽè ʟʘ 7,3 ʩ (ʥʘ ʨʦʟʛʽʥ ʜʦ 50 ʢʤ/ʯ ʫ ʥʴʦʛʦ ʡʜʝ ʚʩʴʦʛʦ 3 ʩʝʢʫʥʜʠ). ɸ ʮʝ ʦʜʠʥ ʟ ʢʨʘʱʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʩʝʨʝʜ ʭʝʪʯʙʝʢʽʚ ʫʩʽʭ ʙʨʝʥʜʽʚ, ʧʨʘʢʪʠʯʥʦ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ ʟ BMW i3. 

ɺ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʽʪʽʡ-ʽʦʥʥʘ ʙʘʪʘʨʝʷ ʤʽʩʪʢʽʩʪʶ 60 ʢɺʪʛʦʜ, ʷʢʦʾ 

ʚʠʩʪʘʯʘʻ ʙʽʣʴʰ ʥʽʞ ʥʘ 350 ʢʤ. ɸʣʝ, ʫʚʘʛʘ ï ʪʝʩʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ɹʦʣʪ ʤʦʞʝ ʧʨʦʾʭʘʪʠ ʥʘ 

ʦʜʥʦʤʫ ʟʘʨʷʜʽ ʥʘʚʽʪʴ ʙʽʣʴʰʝ 400 ʢʤ ʧʨʠ ʧʣʘʚʥʦʤʫ ʢʝʨʫʚʘʥʥʽ. ʊʘʢʠʤ ʟʘʧʘʩʦʤ ʭʦʜʫ ʥʝ 

ʚʦʣʦʜʽʻ ʞʦʜʝʥ ʝʣʝʢʪʨʦʢʘʨ ʟ ʮʽʥʦʶ 30-40 ʪʠʩ. ʫ. ʦ. 

ʊʷʛʦʚʠʡ ʘʢʫʤʫʣʷʪʦʨ, ʷʢʠʡ ʚʘʞʠʪʴ 435 ʢʛ ʽ ʥʘʣʽʯʫʻ 288 ʢʦʤʽʨʦʢ, ʽʥʪʝʛʨʦʚʘʥʠʡ ʫ 

ʩʠʣʦʚʫ ʩʪʨʫʢʪʫʨʫ ʢʫʟʦʚʘ ï ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ 28 % ʡʦʛʦ ʞʦʨʩʪʢʦʩʪʽ. ɺʙʫʜʦʚʘʥʠʡ ʙʦʨʪʦʚʠʡ 

ʟʘʨʷʜʥʠʡ ʧʨʠʩʪʨʽʡ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʟ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 7,2 ʢɺʪ ï ʫ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ñʧʨʠʩʢʦʨʝʥʦʾ ʟʘʨʷʜʢʠò ʧʦʪʫʞʥʽʩʪʶ 7-10 ʢɺʪ ʜʣʷ ʧʦʚʥʦʛʦ ʟʘʨʷʜʫ ɸʂɹ ʧʦʪʨʽʙʥʦ 9-10 

ʛʦʜʠʥ. ʂʨʽʤ ʮʴʦʛʦ, ʧʝʨʝʜʙʘʯʝʥʘ ʰʚʠʜʢʘ ʟʘʨʷʜʢʘ Combo CCS (ʊʠʧ 1) ï ʫ ʪʘʢʦʤʫ ʨʘʟʽ ʟʘ 

ʩʪʘʥʜʘʨʪʥʽ 30 ʭʚʠʣʠʥ ʤʦʞʥʘ ʧʦʧʦʚʥʠʪʠ ʘʢʫʤʫʣʷʪʦʨ ʥʘ 150 ʢʤ ʭʦʜʫ, ʟʘʨʷʜʞʘʥʥʷ 

ʘʢʫʤʫʣʷʪʦʨʘ ʜʦ 80 % (ʽ ʟʘʧʘʩ ʭʦʜʫ ʙʣʠʟʴʢʦ 300 ʢʤ) ʧʦʪʨʝʙʫʚʘʪʠʤʝ ʙʣʠʟʴʢʦ ʦʜʥʽʻʾ 

ʛʦʜʠʥʠ. ʅʘ ʢʽʥʝʮʴ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʚʠʯʘʡʥʦʾ ʨʦʟʝʪʢʠ (2-3 ʢɺʪ) ʜʣʷ ʧʦʚʥʦʛʦ ʟʘʨʷʜʫ 

ɸʂɹ ʟʥʘʜʦʙʠʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʜʦʙʘ. 

ɿʘʧʘʩ ʭʦʜʫ ï 383 ʢʤ ʟʛʽʜʥʦ ʟ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʮʠʢʣʦʤ ɽʈɸ (ʉʐɸ). ʊʘʢʦʞ ʽʩʥʫʻ 

ʻʚʨʦʧʝʡʩʴʢʠʡ ʙʨʘʪ-ʙʣʠʟʥʶʢ Opel Ampera-e: ʧʦʚʥʽʩʪʶ ʽʜʝʥʪʠʯʥʘ ʪʝʭʥʽʢʘ, ʘʣʝ ʟʘʧʘʩ ʭʦʜʫ 

ʩʪʘʥʦʚʠʪʴ 520 ʢʤ ï ʫʩʝ ʟʘʚʜʷʢʠ ʤôʷʢʰʦʤʫ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʮʠʢʣʫ NEDC, ʱʦ ʜʽʻ ʚ 

ɭʚʨʦʧʽ. ʆʜʥʘʢ ʥʦʚʠʡ ʽ ʙʽʣʴʰ ʨʝʘʣʽʩʪʠʯʥʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʮʠʢʣ WLTP ʟʥʦʚʫ ʦʙʽʮʷʻ 

ʟʘʧʘʩ ʭʦʜʫ ʚ 380 ʢʤ ʜʣʷ Ampera-e. 

ʈʝʢʫʧʝʨʘʮʽʷ ʙʫʜʝ ʨʝʛʫʣʶʚʘʪʠʩʷ ʚ ʚʝʣʠʢʠʭ ʤʝʞʘʭ, ʘ ʩʪʠʣʴ ʚʦʜʽʥʥʷ ʚʽʜʽʙ'ʻʪʴʩʷ ʥʘ 

ʧʨʘʢʪʠʯʥʽʡ ʜʘʣʴʥʦʩʪʽ ʧʨʦʙʽʛʫ. ʅʘʡʩʣʘʙʰʘ ʨʝʢʫʧʝʨʘʮʽʷ ï ʚ ʨʝʞʠʤʽ Drive (ʚʽʥ ʙʽʣʴʰʝ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʤʘʛʽʩʪʨʘʣʽ) ʧʨʠ ʚʽʜʧʫʩʢʫ ʧʝʜʘʣʽ ʛʘʟʫ. ʄʘʰʠʥʘ ʢʦʪʠʪʴʩʷ ʤʘʡʞʝ ʚʽʣʴʥʦ, ʽ 

ʜʣʷ ʧʦʚʥʦʾ ʟʫʧʠʥʢʠ ʙʝʟ ʛʘʣʴʤ ʥʝ ʦʙʽʡʪʠʩʷ. ʊʨʦʭʠ ʢʨʘʘɦ ʨʝʢʫʧʝʨʘʮʽʷ ʚ ʪʦʤʫ ʞ çɼʨʘʡʚʽè, 

ʷʢʱʦ ʟʘʜʽʷʪʠ ʧʽʜʨʫʣʴʦʚʽ ʧʝʣʶʩʪʢʠ Regen on Demand (ʘʥʘʣʦʛʽʯʥʽ ʢʣʘʚʽʰʽ ʻ ʽ ʚ ɺʦʣʴʪʽ). 

ʅʘ ʪʨʝʪʴʦʤʫ ʤʽʩʮʽ ʟʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ï ʦʩʣʘʙʣʝʥʥʷ ʥʘʪʠʩʢʘʥʥʷ ʥʘ çʛʘʟè ʚ ʨʝʞʠʤʽ ʨʫʭʫ 

Low (ʚʽʥ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʨʚʘʥʦʛʦ ʤʽʩʴʢʦʛʦ ʨʠʪʤʫ). ɸ ʥʘʡʧʦʪʫʞʥʽʰʘ ʨʝʢʫʧʝʨʘʮʽʷ ï ʚ 

ʨʝʞʠʤʽ Low ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʧʽʜʨʫʣʴʦʚʽ ʧʝʣʶʩʪʢʠ. ʊʫʪ ʤʘʰʠʥʘ ʩʧʦʚʽʣʴʥʶʻʪʴʩʷ ʧʨʠ 

0,3 g. ɯ ʮʝ ʚ ʪʨʠ ʨʘʟʠ ʤʝʥʰ ʽʥʪʝʥʩʠʚʥʦ, ʥʽʞ ʧʨʠ ʝʢʩʪʨʝʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ çʚ ʧʽʜʣʦʛʫè. 

Chevrolet Bolt EV ï ʧʝʨʰʠʡ ʤʘʩʦʚʠʡ ʝʣʝʢʪʨʦʤʦʙʽʣʴ ʢʦʥʮʝʨʥʫ General Motors, ʷʢʠʡ 

ʟ'ʷʚʠʚʩʷ ʥʘ ʩʚʽʪ ʫ 2016 ʨʦʮʽ. ʎʽʢʘʚʠʡ ʚʽʥ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʪʠʤ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʡʙʽʣʴʰ 

çʜʘʣʝʢʦʙʽʡʥʠʡè ʝʣʝʢʪʨʦʢʘʨ ʩʝʨʝʜ çʙʶʜʞʝʪʥʠʢʽʚè. 

ɿʘʚʜʷʢʠ ʙʘʪʘʨʝʾ ʥʘ 60 ʢɺʪʛ ʪʘ ʜʦʩʪʫʧʥʽʡ ʮʽʥʽ, ʚʽʥ ʧʨʠʚʘʙʣʶʻ ʧʦʢʫʧʮʽʚ, ʜʣʷ ʷʢʠʭ ʥʘ 

ʧʝʨʰʦʤʫ ʧʣʘʥʽ ʩʪʦʾʪʴ ʚʝʣʠʢʠʡ ʟʘʧʘʩ ʭʦʜʫ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ, ʘ ʥʝ ʨʦʟʢʽʰʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʯʠ 

ʛʫʯʥʠʡ ʙʨʝʥʜ ʚʠʨʦʙʥʠʢʘ. 

ʆʪʞʝ, Chevrolet Bolt ï ʮʝ ʩʪʠʣʴʥʠʡ ʪʘ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʘʚʪʦʤʦʙʽʣʴ, ʷʢʠʡ 

ʚʚʽʙʨʘʚ ʫ ʩʝʙʝ ʚʩʽ ʜʦʩʷʛʥʝʥʥʷ ʩʫʯʘʩʥʦʛʦ ʘʚʪʦʧʨʦʤʫ. ʇʽʜʽʡʜʝ ʚʽʥ ʥʝ ʪʽʣʴʢʠ ʞʠʪʝʣʷʤ ʤʽʩʪ, 

ʘʣʝ ʡ ʪʠʤ, ʢʦʤʫ ʯʘʩʪʦ ʧʦʪʨʽʙʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʯʘʩʪʽ ʧʦʾʟʢʠ ʥʘ ʙʽʣʴʰ ʜʘʣʝʢʽ ʚʽʜʩʪʘʥʽ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. Chevrolet bolt ev. ʅʘʟʚʘ ʩʘʡʪʫ Tesla-club. ʈʝʞʠʤ ʜʦʩʪʫʧʫ https://www.tesla-

club.com.ua/electric-vehicles/chevrolet-bolt . 

 

  

https://www.tesla-club.com.ua/electric-vehicles/chevrolet-bolt
https://www.tesla-club.com.ua/electric-vehicles/chevrolet-bolt


ʉɽʂʎɯʗ ï ɸɺʊʆʄʆɹɯʃʔʅʀʁ ʊʈɸʅʉʇʆʈʊ 
 

ʄʘʪʝʨʽʘʣʠ XIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè 2024 

121 

ʋɼʂ 629.113 

 

ɻʫʙʘʨʻʚ ɼ.ɼ. ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʇʦʣʷʢʦʚ ɺ.ʄ., ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ) 

 

ʃɸɹʆʈɸʊʆʈʅɯ ɺʀʇʈʆɹʋɺɸʅʅʗ ʑʆɼʆ ɺʀɿʅɸʏɽʅʅʗ ʇɸʈɸʄɽʊʈɯɺ 

ɸɺʊʆʄʆɹɯʃʔʅʆɻʆ ʂʆʃɽʉɸ ʊɸ ʁʆɻʆ ɺɿɸɭʄʆɼɯɰ 

ɿ ʆʇʆʈʅʆʖ ʇʆɺɽʈʍʅɽʖ 

 

ʅʘ ʭʘʨʘʢʪʝʨ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʚʧʣʠʚʘʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʨʦʙʦʯʽ ʧʨʦʮʝʩʠ ʡʦʛʦ ʩʠʩʪʝʤ ʪʘ ʤʝʭʘʥʽʟʤʽʚ [1]. 

ʉʫʪʪʻʚʦʾ ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʶʪʴ ʧʘʨʘʤʝʪʨʠ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʢʦʣʝʩʘ ʪʘ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʟ 

ʦʧʦʨʥʦʶ ʧʦʚʝʨʭʥʝʶ. ʉʘʤʝ ʧʥʝʚʤʘʪʠʯʥʘ ʰʠʥʘ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʢʦʣʝʩʘ ʻ ʢʽʥʮʝʚʠʤ 

ʝʣʝʤʝʥʪʦʤ ʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦʤʦʙʽʣʷ, ʷʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʟʘʻʤʦʜʽʻ ʟ ʦʧʦʨʥʦʶ ʧʦʚʝʨʭʥʝʶ ʽ 

ʧʝʨʝʜʘʻ ʚʩʽ ʩʠʣʠ ʪʘ ʤʦʤʝʥʪʠ (ʱʦ ʜʽʶʪʴ ʚ ʧʣʷʤʽ ʢʦʥʪʘʢʪʫ ʟ ʜʦʨʦʛʦʶ) ʥʘ ʡʦʛʦ ʧʽʜʚʽʩʢʫ ʪʘ 

ʨʫʣʴʦʚʝ ʢʝʨʫʚʘʥʥʷ. ɺʘʞʣʠʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʢʦʣʝʩʘ ʪʘ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʟ 

ʦʧʦʨʥʦʶ ʧʦʚʝʨʭʥʝʶ ʻ ʨʘʜʽʘʣʴʥʘ ʪʘ ʙʽʯʥʘ ʞʦʨʩʪʢʽʩʪʴ ʰʠʥʠ, ʧʦʚʟʜʦʚʞʥʽʡ ʪʘ ʧʦʧʝʨʝʯʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪʠ ʟʯʝʧʣʝʥʥʷ ʟ ʜʦʨʦʛʦʶ, ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʙʽʯʥʦʤʫ ʚʽʜʚʝʜʝʥʥʶ ʪʦʱʦ.  

ʅʘʡʙʽʣʴʰ ʪʦʯʥʦ ʮʽ ʧʘʨʘʤʝʪʨʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘ ʩʪʝʥʜʽ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʾ ʰʠʥʠ ʟ ʢʦʥʢʨʝʪʥʠʤ ʚʥʫʪʨʽʰʥʽʤ ʪʠʩʢʦʤ ʚ ʥʽʡ. ɼʣʷ ʮʴʦʛʦ ʚ ʣʘʙʦʨʘʪʦʨʽʾ 

ʢʘʬʝʜʨʠ çɸʚʪʦʤʦʙʽʣʽè ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʣʦ ʧʝʨʝʦʙʣʘʜʥʘʥʦ 

ʩʪʝʥʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʯʝʥʥʷ ʢʦʣʽʩ ʟ ʙʽʯʥʠʤ ʚʽʜʚʝʜʝʥʥʷʤ (ʜʘʣʽ ʟʘ ʪʝʢʩʪʦʤ ï çʉʪʝʥʜè) 

(ʨʠʩ. 1, ʘ). ʉʪʝʥʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʘʤʠ 4 (ʨʠʩ. 1, ʙ), ʚʘʥʪʘʞʥʦʾ ʧʣʘʪʬʦʨʤʠ 8, ʢʦʣʝʩʘ 7, 

ʨʫʭʦʤʦʾ ʦʩʽ ʢʦʣʝʩʘ 5, ʷʢʘ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʤʽʱʫʚʘʪʠʩʷ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ, 

ʩʪʘʣʝʚʠʭ ʢʘʥʘʪʽʚ 13, ʙʣʦʢʽʚ 12, 14, 15, ʚʘʥʪʘʞʫ 11, ʱʦ ʩʪʚʦʨʶʶʪʴ ʙʽʯʥʫ ʩʠʣʫ ʥʘ ʢʦʣʝʩʦ, 

ʽ ʚʘʥʪʘʞʫ 10, ʱʦ ʩʪʚʦʨʶʶʪʴ ʚʝʨʪʠʢʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʉʪʝʥʜ ʤʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʚʘʥʪʘʞʥʦʾ ʧʣʘʪʬʦʨʤʠ 8 ʧʦ ʚʝʨʪʠʢʘʣʴʥʠʤ 

ʥʘʧʨʷʤʥʠʤ 9, ʘ ʪʘʢʦʞ ʧʝʨʝʤʽʱʝʥʥʷ ʚʟʜʦʚʞ ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ 1 ʥʘ ʨʦʣʠʢʘʭ 3 ʧʦ 

ʰʚʝʣʝʨʘʭ 2. ʈʫʭʦʤʘ ʚʽʩʴ 5 ʢʦʣʝʩʘ 7 ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʨʘʟʦʤ ʽʟ ʢʦʣʝʩʦʤ ʚ 

ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ ʧʦ ʨʫʭʦʤʠʤ ʥʘʧʨʷʤʥʠʤ ʉʪʝʥʜʫ. 

 

            
 (ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʉʪʝʥʜʫ (ʘ) ʪʘ ʡʦʛʦ ʢʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ (ʙ) 

 

ʅʘ ʩʪʝʥʜʽ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʨʘʜʽʘʣʴʥʦʾ 

ʞʦʨʩʪʢʦʩʪʽ ʩtz ʰʠʥʠ 175/70 R 13 82 T (ʚʥʫʪʨʽʰʥʽʡ ʪʠʩʢ 0,2 ʄʇʘ) ʪʘ ʨʦʟʤʽʨʽʚ ʧʣʷʤʠ ʾʾ 

ʢʦʥʪʘʢʪʫ ʟ ʦʧʦʨʥʦʶ ʧʦʚʝʨʭʥʝʶ (ʨʠʩ. 2). ɺʝʨʪʠʢʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚʘʥʪʘʞʥʦʾ 

ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʚʽʜʨʠʚʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʢʦʣʝʩʘ ʚʽʜ ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 2, ʘ) ʪʘ 

ʧʦʥʦʚʣʝʥʥʷ ʡʦʛʦ ʢʦʥʪʘʢʪʫ (ʨʠʩ. 2, ʙ) ʚʽʜʙʫʚʘʣʦʩʴ ʟ ʟʘʣʫʯʝʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʝʣʴʬʝʨʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʧʣʷʤʠ ʢʦʥʪʘʢʪʫ ʤʽʞ ʰʠʥʦʶ ʪʘ ʦʧʦʨʥʦʶ ʧʦʚʝʨʭʥʝʶ (ʨʠʩ. 2, ʚ) 

ʥʘ ʰʠʥʫ ʥʘʥʝʩʝʥʦ ʢʨʝʡʜʫ (ʨʠʩ. 2, ʘ). 
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 (ʘ) (ʙ) (ʚ) 

ʈʠʩʫʥʦʢ 2 ï ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʨʘʜʽʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʩtz  

ʰʠʥʠ 175/70 R 13 82 T ʽ ʨʦʟʤʽʨʽʚ ʧʣʷʤʠ ʾʾ ʢʦʥʪʘʢʪʫ ʟ ʦʧʦʨʥʦʶ ʧʦʚʝʨʭʥʝʶ 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʨʘʜʽʘʣʴʥʘ 

ʞʦʨʩʪʢʽʩʪʴ sT ʰʠʥʠ 175/70 R 13 82 ʊ ʩʪʘʥʦʚʠʪʴ 164 ʅ/ʤʤ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʪʨʠʤʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʥʘʥʝʩʝʥʦ ʪʦʯʢʠ ʥʘ ʧʦʣʝ ʛʨʘʬʽʢʘ ʱʦʜʦ ʟʘʣʝʞʥʦʩʪʽ 

ʜʝʬʦʨʤʘʮʽʾ ʰʠʥʠ sT ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ F ʥʘ ʥʝʾ, ʘ ʧʦʪʽʤ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ 

ʘʧʨʦʢʩʠʤʫʶʯʫ ʟʘʟʥʘʯʝʥʦʾ ʛʨʘʬʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ (ʨʠʩ. 3). ɺʝʨʪʠʢʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ F 

ʟʘʙʝʟʧʝʯʫʚʘʣʦʩʴ ʤʘʩʦʶ ʩʘʤʦʾ ʧʣʘʪʬʦʨʤʠ (110 ʢʛ) ʽ ʚʽʩʴʤʘ ʟʡʦʤʥʠʤʠ ʚʘʥʪʘʞʘʤʠ ʧʦ 30 ʢʛ 

ʢʦʞʥʠʡ (ʨʠʩ. 1, ʘ).  

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ sT ʰʠʥʠ 175/70 R 13 82 T 

(ʚʥʫʪʨʽʰʥʽʡ ʪʠʩʢ 0,2 ʄʇʘ) ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ F 

 

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʥʘ ʉʪʝʥʜʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ (ʨʠʩ. 3) ʟ 

ʜʘʥʠʤʠ, ʚʠʟʥʘʯʝʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʤʦʩʪʝʡ ʥʘʚʝʜʝʥʠʭ ʚ ʨʦʙʦʪʘʭ [1, 2]. ʊʘʢ, ʚ ʨʦʙʦʪʽ [1] 

ʜʣʷ ʰʠʥʠ 175/70 R 13 80 S ʟ ʚʥʫʪʨʽʰʥʽʤ ʪʠʩʢʦʤ 0,21 ʄʇʘ (ʨʠʩ. 1) ʾʾ ʨʘʜʽʘʣʴʥʘ 

ʞʦʨʩʪʢʽʩʪʴ sT ʩʪʘʥʦʚʠʪʴ 167 ʅ/ʤʤ. ɺʽʜʥʦʩʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʤʝʥʰʝ 2 %. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʦʟʨʘʭʫʥʢʫ ʧʦ ʘʧʨʦʢʩʠʤʫʶʯʽʡ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʨʘʜʽʘʣʴʥʦʾ ʰʠʥʠ (ʪʘʙʣ. 2) [2] ʦʪʨʠʤʘʥʝ 

ʟʥʘʯʝʥʥʷ ʨʘʜʽʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʩʪʘʥʦʚʠʪʴ 155 ʅ/ʤʤ. ɺʽʜʥʦʩʥʘ ʨʦʟʙʽʞʥʽʩʪʴ 5,5 %.  

ɺʠʩʥʦʚʦʢ. ʃʘʙʦʨʘʪʦʨʥʠʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʥʘ ʩʪʝʥʜʽ ʜʦʚʝʜʝʥʦ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʟʥʘʯʝʥʥʷ ʨʘʜʽʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʰʠʥʠ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʢʦʣʝʩʘ ʪʘ ʨʦʟʤʽʨʽʚ ʧʣʷʤʠ ʾʾ 

ʢʦʥʪʘʢʪʫ ʟ ʦʧʦʨʥʦʶ ʧʦʚʝʨʭʥʝʶ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʠ ʤʘʪʝʤʘʪʠʯʥʦʤʫ 

ʤʦʜʝʣʶʚʘʥʥʽ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʟ ʰʠʥʘʤʠ 175/70 R 13 82 T (ʚʥʫʪʨʽʰʥʽʡ ʪʠʩʢ 0,2 ʄʇʘ). 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
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ɼʝʛʪʷʨʴʦʚ ɼ.ʖ. ʟʜʦʙʫʚʘʯ ʚʠʱʦʾ ʦʩʚʽʪʠ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 274 çɸʚʪʦʤʦʙʽʣʴʥʠʡ 

ʪʨʘʥʩʧʦʨʪè 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʆʣʽʰʝʚʩʴʢʘ ɺ.ɭ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

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

 

ʇɽʈʉʇɽʂʊʀɺʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ɻɯɹʈʀɼʅʀʍ ɸɺʊʆʄʆɹɯʃɯɺ 

 
ɺʩʪʫʧ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʥʘ 

ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ ʥʘʩʪʽʣʴʢʠ ʚʝʣʠʢʝ, ʱʦ ʟʘʙʨʫʜʥʝʥʝ ʰʢʽʜʣʠʚʠʤʠ 
ʚʠʢʠʜʘʤʠ ʧʦʚʽʪʨʷ, ʟʘ ʦʮʽʥʢʘʤʠ ʝʢʩʧʝʨʪʽʚ, ʟʘʡʤʘʻ ʯʝʪʚʝʨʪʝ ʤʽʩʮʝ ʚ ʤʽʩʪʘʭ ʩʝʨʝʜ ʚʩʽʭ 
ʨʠʟʠʢʽʚ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʧʽʩʣʷ ʚʠʩʦʢʦʛʦ ʢʨʦʚ'ʷʥʦʛʦ ʪʠʩʢʫ, ʜʽʻʪ ʽ ʢʫʨʽʥʥʷ [1]-[2]. ʋ 
ʚʽʜʩʦʪʢʦʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ, ʰʢʦʜʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ ʽ 
ʟʜʦʨʦʚôʶ ʥʘʩʝʣʝʥʥʷ ʚʽʜ ʚʠʢʠʜʽʚ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚ ʤʽʩʪʘʭ ʩʧʨʠʯʠʥʷʶʪʴ: 
ʦʢʩʠʜʠ ʘʟʦʪʫ (44,5 %), ʘʢʨʦʣʝʾʥ (7,5 %), ʩʘʞʘ (7,4 %), ʦʢʩʠʜ ʚʫʛʣʝʮʶ (6 %), ʜʽʦʢʩʠʥ 
ʩʽʨʢʠ (3,4 %), ʬʦʨʤʘʣʴʜʝʛʽʜ (2,8 %), ʙʝʥʟʘʧʠʨʝʥ (1,3 %) ʽ ʘʮʝʪʘʣʴʜʝʛʽʜ (1,1 %) [1]. 
ʄʘʡʞʝ ʫ ʚʩʽʭ ʚʝʣʠʢʠʭ ʫʢʨʘʾʥʩʴʢʠʭ ʤʽʩʪʘʭ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʧʝʨʝʚʠʱʫʻ ʩʪʘʥʜʘʨʪʠ, ʘ 
ʪʨʠ ʤʽʩʪʘ ʋʢʨʘʾʥʠ ï ɼʥʽʧʨʦ, ʂʠʾʚ, ʆʜʝʩʘ ï ʚʭʦʜʷʪʴ ʚ ʊʆʇ-25 ʥʘʡʙʽʣʴʰ ʟʘʙʨʫʜʥʝʥʠʭ 
ʤʽʩʪ ɭʚʨʦʧʠ. 

ʅʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤʠ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʙʝʥʟʠʥʦʚʽ, ʛʽʙʨʠʜʥʽ ʽ ʝʣʝʢʪʨʠʯʥʽ ʩʠʣʦʚʽ 
ʘʛʨʝʛʘʪʠ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʨʽʚʥʽ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʢʠ, ʚʽʜ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʜʚʠʛʫʥʦʤ 
ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ (ɼɺɿ), ʚ ʩʝʨʝʜʥʴʦʤʫ, ʚ ʜʚʘ ʨʘʟʠ ʙʽʣʴʰʝ ʚʠʢʠʜʽʚ CO2, ʥʽʞ ʚʽʜ 
ʝʣʝʢʪʨʠʯʥʠʭ ʘʥʘʣʦʛʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʚʘʞʘʪʠ ʛʽʙʨʠʜʥʽ ʘʚʪʦʤʦʙʽʣʽ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽ 
ʝʢʦʣʦʛʽʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɸʚʪʦʤʦʙʽʣʴ ʟ ʙʝʥʟʠʥʦʚʠʤ ɼɺɿ ï ʮʝ ʘʚʪʦʤʦʙʽʣʴ, ʱʦ 
ʧʨʠʚʦʜʠʪʴʩʷ ʜʦ ʨʫʭʫ ɼɺɿ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʛʦʨʘʥʥʷ ʚ ʡʦʛʦ ʮʠʣʽʥʜʨʘʭ ʟʘʟʜʘʣʝʛʽʜʴ 
ʩʪʠʩʥʝʥʦʾ ʧʘʣʠʚʦ-ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ. 

ɻʽʙʨʠʜʥʠʡ ʘʚʪʦʤʦʙʽʣʴ ï ʮʝ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ ʧʨʠʚʦʜʫ 
ʧʨʦʚʽʜʥʠʭ ʢʦʣʽʩ ʙʽʣʴʰʝ ʦʜʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. 

ɽʣʝʢʪʨʦʤʦʙʽʣʴ ï ʘʚʪʦʤʦʙʽʣʴ, ʱʦ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʨʫʭ ʦʜʥʠʤ ʘʙʦ ʜʝʢʽʣʴʢʦʤʘ 
ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ ʟ ʞʠʚʣʝʥʥʷʤ ʚʽʜ ʘʚʪʦʥʦʤʥʦʛʦ ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (ʘʢʫʤʫʣʷʪʦʨʽʚ, 
ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʢʦʥʜʝʥʩʘʪʦʨʽʚ). 

ʇʦʰʠʨʝʥʦʶ ʘʙʨʝʚʽʘʪʫʨʦʶ ʝʣʝʢʪʨʦʤʦʙʽʣʷ, ʷʢʠʡ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʨʷʜʞʘʪʠʩʷ ʚʽʜ 
ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ, ʻ PEV (plug-in electric vehicle). 

ɽʣʝʢʪʨʦʤʦʙʽʣʽ PEV ʧʦʜʽʣʷʶʪʴ ʥʘ: 
ï ʝʣʝʢʪʨʦʤʦʙʽʣʽ, ʷʢʽ ʦʩʥʘʱʝʥʽ ʚʠʢʣʶʯʥʦ ʝʣʝʢʪʨʠʯʥʠʤʠ ʜʚʠʛʫʥʘʤʠ (ʦʜʥʠʤ ʯʠ 

ʜʝʢʽʣʴʢʦʤʘ), ʱʦ ʞʠʚʣʷʪʴʩʷ ʣʠʰʝ ʚʽʜ ʝʣʝʢʪʨʠʯʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʟʘʨʷʜʢʠ 
ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʟʘʨʷʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ï BEVs (all-electric vehicles ʘʙʦ battery electric 
vehicles); 

ï ʝʣʝʢʪʨʦʤʦʙʽʣʽ (ʘʚʪʦʤʦʙʽʣʽ) ʟ ʛʽʙʨʠʜʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, ʷʢʽ 
ʦʩʥʘʱʝʥʽ ʷʢ ʝʣʝʢʪʨʠʯʥʠʤʠ ʩʠʣʦʚʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ (ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ), ʪʘʢ ʽ ʩʠʣʦʚʠʤʠ 
ʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʽʥʰʦʤʫ ʚʠʜʽ ʧʘʣʠʚʘ (ʥʘʧʨʠʢʣʘʜ, ʙʝʥʟʠʥʦʚʠʤʠ ʘʙʦ ʜʠʟʝʣʴʥʠʤʠ 
ʜʚʠʛʫʥʘʤʠ) ʟ ʨʽʟʥʠʤʠ ʬʦʨʤʘʤʠ ʚʟʘʻʤʦʜʽʾ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ, ʽ ʷʢʽ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 
ʟʘʨʷʜʞʘʪʠʩʷ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ï PHEVs (plug-in hybrid electric vehicles). 

ʆʩʥʦʚʥʠʤʠ ʪʠʧʘʤʠ ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʻ ʤôʷʢʽ ʛʽʙʨʠʜʠ (Mild Hybrid), ʧʦʚʥʽ 
ʛʽʙʨʠʜʠ (Full Hybrid); ʧʣʘʛʽʥ-ʛʽʙʨʠʜʠ (Plug-in Hybrid); ʝʣʝʢʪʨʦʛʽʙʨʠʜʠ (Range-Extended 
Electric Vehicle, REx). 

ɸʥʘʣʽʟ ʩʚʽʪʦʚʠʭ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʦʢʘʟʫʻ, ʱʦ 
ʧʨʦʜʘʞʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʫ ʩʚʽʪʽ ʱʦʨʽʯʥʦ ʟʨʦʩʪʘʶʪʴ, ʘ ʚ 2018 ʨ. ʚ ʋʢʨʘʾʥʽ ʚʽʜʙʫʣʦʩʷ 
ʩʪʨʽʤʢʝ ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʘʞ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ï ʥʘ 402 %, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʚ ʂʠʪʘʾ ʟʨʦʩʪʘʥʥʷ 
ʩʢʣʘʣʦ 175 %, ʚ ɭʚʨʦʧʽ ï ʙʽʣʷ 78 % [3]. 



ʉɽʂʎɯʗ ï ɸɺʊʆʄʆɹɯʃʔʅʀʁ ʊʈɸʅʉʇʆʈʊ 
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ʅʘʩʪʫʧʥʦʶ ʟʘʜʘʯʝʶ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʽ, ʚ ʨʘʤʢʘʭ ʇʘʨʠʟʴʢʦʾ 
ʢʦʥʚʝʥʮʽʾ, ʻ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡ ʪʘ ʥʘʡʢʨʘʱʠʭ ʩʚʽʪʦʚʠʭ ʧʨʘʢʪʠʢ, ʟʦʢʨʝʤʘ, ʜʦ 2030 
ʨ. ʧʝʨʝʜʙʘʯʝʥʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʜʦ 15 % [4]. 

ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʧʝʨʝʭʦʜʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʪʘ ʛʽʙʨʠʜʥʽ 
ʘʚʪʦʤʦʙʽʣʽ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʧʦʚʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʩʪʚʦʨʠʪʠ 
ʥʘʣʝʞʥʫ ʪʨʘʥʩʧʦʨʪʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. 

ɺ ʨʘʤʢʘʭ ʇʘʨʠʟʴʢʦʾ ʢʦʥʚʝʥʮʽʾ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʮʽ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ 
ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ɺɼɽ) ʜʦ 30 % (ʥʘ ʢʽʥʝʮʴ 2019 ʨ. 
ʯʘʩʪʢʘ ɺɼɽ ʩʪʘʥʦʚʠʣʘ 10,9 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʨʦʙʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ); 
ʩʢʦʨʦʯʝʥʥʷ ʚʫʛʽʣʴʥʠʭ ʪʝʧʣʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ [4]. çɿʝʣʝʥʫè ʝʥʝʨʛʽʶ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ 
ʩʦʥʷʯʥʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʪʘ ʩʦʥʷʯʥʽ ʪʝʧʣʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʙʝʨʝʛʦʚʽ ʚʽʪʨʦʚʽ ʪʘ ʤʦʨʩʴʢʽ 
ʚʽʜʥʦʚʣʶʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʝʭʥʦʣʦʛʽʾ ʘʢʫʤʫʣʷʪʦʨʽʚ / ʥʘʢʦʧʠʯʫʚʘʯʽʚ, ʪʝʧʣʦʚʽ ʥʘʩʦʩʠ ʪʘ 
ʪʝʭʥʦʣʦʛʽʾ ʛʝʦʪʝʨʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ, ʝʣʝʢʪʨʦʣʽʟʝʨʠ ʪʘ ʧʘʣʠʚʥʽ ʝʣʝʤʝʥʪʠ, ʩʪʘʣʽ ʪʝʭʥʦʣʦʛʽʾ 
ʙʽʦʛʘʟʫ / ʙʽʦʤʝʪʘʥʫ, ʪʝʭʥʦʣʦʛʽʾ ʚʣʦʚʣʶʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʚʫʛʣʝʮʶ (CCS), 
ʛʨʽʜʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥ. [5]. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʻ ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʟ ʤʘʣʠʤʠ ʤʦʜʫʣʴʥʠʤʠ 
ʨʝʘʢʪʦʨʘʤʠ (SMR) [5]. ʆʢʨʽʤ ʙʨʠʪʘʥʩʴʢʦʾ RolIs Royce, ʩʧʽʚʧʨʘʮʷ ʫ ʥʘʧʨʷʤʢʫ SMR 
ʪʘʢʦʞ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʘʤʝʨʠʢʘʥʩʴʢʦʶ Westinghouse, ʱʦ ʧʨʦʧʦʥʫʻ ʩʚʽʡ ʨʝʘʢʪʦʨ AP-300, 
NuScale ʽ Holtec International ʪʘ ʽʥ. [5]. 

ʋʢʨʘʾʥʘ ʨʦʟʛʣʷʜʘʻ ʧʨʦʻʢʪʠ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚ ʩʫʯʘʩʥʦʛʦ 
ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ ʽ ʚʠʨʦʙʥʠʮʪʚʘ ʣʽʪʽʶ ʪʘ ʙʘʪʘʨʝʡ [5]. ɺ ʋʢʨʘʾʥʽ ʣʽʪʽʡ ʧʨʠʩʫʪʥʽʡ ʫ 
ʢʽʣʴʢʦʩʪʽ 232 ʪʠʩ. ʪ, ʘʙʦ 0,4 % ʚʩʴʦʛʦ ʣʽʪʽʶ ʚ ʩʚʽʪʽ, ʘ ʟʘ ʦʙʩʷʛʦʤ ʧʦʢʣʘʜʫ ʮʴʦʛʦ ʤʽʥʝʨʘʣʫ 
ʋʢʨʘʾʥʘ ʧʦʩʽʜʘʻ ʪʨʝʪʻ ʤʽʩʮʝ ʫ ɭʚʨʦʧʽ [5]. 

ʉʪʨʘʪʝʛʽʷ ʤʦʙʽʣʴʥʦʩʪʽ ʋʢʨʘʾʥʠ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʤʝʨʝʞʽ ʜʣʷ ʟʘʨʷʜʢʠ ʽ 
ʟʘʧʨʘʚʢʠ ʤʘʰʠʥ ʟ ʥʫʣʴʦʚʠʤʠ ʚʠʢʠʜʘʤʠ, ʩʪʚʦʨʝʥʥʷ ʚʝʣʠʢʠʭ ʟʘʨʷʜʥʠʭ ʭʘʙʽʚ. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʠʤʠ ʪʝʥʜʝʥʮʽʷʤʠ ʨʦʟʚʠʪʢʫ ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ 
ʻ: ʜʝʨʞʘʚʥʘ ʧʽʜʪʨʠʤʢʘ ʪʘ ʩʫʙʩʠʜʽʾ, ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʙʘʪʘʨʝʾ, ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ 
ʛʽʙʨʠʜʥʠʭ ʩʠʩʪʝʤ, ʽʥʪʝʛʨʘʮʽʷ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. 
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ɼʠʨʽʥ ɯ.ɸ. ʩʪʫʜʝʥʪ ʛʨʫʧʠ 275ʤ-23-2 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʣʠʤʝʥʢʦ ɯ.ʖ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʫʧʨʘʚʣʽʥʥʷ ʥʘ 

ʪʨʘʥʩʧʦʨʪʽ 

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

 

ɼʆʉʃɯɼɾɽʅʅʗ ɺʀʂʆʈʀʉʊɸʅʅʗ ʇɽʈʉʇɽʂʊʀɺʅʆɻʆ ʈʋʍʆʄʆɻʆ 

ʉʂʃɸɼʋ ɼʃʗ ɿɼɯʁʉʅɽʅʅʗ ʇɸʉɸɾʀʈʉʔʂʀʍ ɸɺʊʆʄʆɹɯʃʔʅʀʍ 

ʇɽʈɽɺɽɿɽʅʔ 

 

ʂʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʙʫʩʽʚ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ, ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ ʟ 2015 ʨʦʢʫ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʟʤʽʱʝʥʥʷʤ ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʦʣʽʪʠʢʠ ʫ ʙʘʛʘʪʴʦʭ ʤʽʩʴʢʠʭ ʘʛʣʦʤʝʨʘʮʽʷʭ ʫ ʙʽʢ 

ʚʠʨʽʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʪʘ ʰʚʠʜʢʠʤ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʘʚʪʦʙʫʩʽʚ ʪʘ 

ʘʢʫʤʫʣʷʪʦʨʽʚ. ɺ ʜʘʥʠʡ ʯʘʩ ʝʣʝʢʪʨʦʙʫʩʠ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʘʢʪʠʚʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʤʽʩʪʘʭ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ ʪʠʧʽʚ. 

ʇʨʦʛʥʦʟ, ʚʠʢʦʥʘʥʠʡ ʢʦʤʽʪʝʪʦʤ UITP ʟ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ 2017 ʨʦʮʽ ʚ 

ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ ZeEUS ʱʦʜʦ ʦʯʽʢʫʚʘʥʦʾ ʯʘʩʪʢʠ ʘʚʪʦʙʫʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ 

ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʠʥʢʫ ʜʦ 2020, 2025 ʽ 2030 ʨʦʢʽʚ, ʧʝʨʝʜʙʘʯʘʻ ʷʚʥʝ ʩʢʦʨʦʯʝʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʠʩʪʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ʚ ʦʩʥʦʚʥʦʤʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʨʦʩʪʘʥʥʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʷʢ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʝʣʝʢʪʨʦʙʫʩʽʚ 

(ʨʠʩ. 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʦʛʥʦʟ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʜʚʠʛʫʥʽʚ ʥʘ ʻʚʨʦʧʝʡʩʴʢʠʭ ʨʠʥʢʘʭ 

 

ɺʽʥ ʧʝʨʝʜʙʘʯʘʻ: 

Å ʩʪʘʙʽʣʴʥʠʡ ʧʦʧʠʪ ʥʘ ʘʚʪʦʙʫʩʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʽ ʽ ʛʽʙʨʠʜʠ, ʱʦ 

ʧʽʜʢʣʶʯʘʶʪʴʩʷ, ʷʢ ʧʝʨʝʭʽʜʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʽʞ ʜʠʟʝʣʴʥʠʤʠ ʤʦʪʦʨʘʤʠ ʪʘ ʩʠʩʪʝʤʘʤʠ ʨʫʭʫ ʟ 

ʥʫʣʴʦʚʠʤ ʚʠʢʠʜʘʤʠ; 

Å ʧʦʩʪʫʧʦʚʝ ʟʨʦʩʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʝʚʠʭ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʍʦʯʘ ʝʣʝʢʪʨʦʙʫʩʠ ʽ ʩʪʘʶʪʴ ʙʽʣʴʰ ʟʨʽʣʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʪʝʨʤʽʥʫ 

ʩʣʫʞʙʠ ʙʘʪʘʨʝʡ ʚʩʝ ʱʝ ʥʝ ʧʝʨʝʚʽʨʝʥʘ ʧʨʘʢʪʠʢʦʶ, ʦʩʦʙʣʠʚʦ ʥʘʧʨʠʢʽʥʮʽ ʪʝʨʤʽʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʙʫʩʽʚ, ʷʢʽ ʟʘʢʽʥʯʠʣʠ ʩʚʽʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ, 

ʥʝʟʥʘʯʥʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʠʟʠʢʦʤ ʟʘʣʠʰʘʻʪʴʩʷ ʢʣʶʯʦʚʠʤ 

ʧʠʪʘʥʥʷʤ (ʟʦʢʨʝʤʘ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʙʘʪʘʨʝʡ, ʾʭ ʫʪʠʣʽʟʘʮʽʷ ʪʘ ʨʠʟʠʢ ʚʠʪʨʘʪ ʥʘ ʟʘʤʽʥʫ 

ʙʘʪʘʨʝʡ). 

ʎʽ ʬʘʢʪʦʨʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʷʚʠ ʥʦʚʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʫʛʦʜ ʧʨʦ 

ʦʨʝʥʜʫ/ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʢʫʤʫʣʷʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʨʦʟʰʠʨʝʥʠʭ ʛʘʨʘʥʪʽʡ ʥʘ ʘʢʫʤʫʣʷʪʦʨʠ ʪʘ 

ʘʚʪʦʙʫʩʠ. ɹʽʣʴʰʝ ʪʦʛʦ, ʟ'ʷʚʣʷʶʪʴʩʷ ʷʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ 

ʪʝʤ, ʪʘʢʠʭ ʷʢ ʪʝʭʥʦʣʦʛʽʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʘ ʟʘʨʷʜʞʘʥʥʷ ʘʚʪʦʙʫʩʽʚ. 
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ʐʠʨʦʢʦʤʘʩʰʪʘʙʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʣʝʢʪʨʦʙʫʩʽʚ ʚʠʤʘʛʘʪʠʤʝ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 
ʝʥʝʨʛʦʻʤʥʦʩʪʽ, ʽ, ʚʨʘʭʦʚʫʶʯʠ ʮʽʣʽ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ, ʮʝ, ʡʤʦʚʽʨʥʦ, ʚʠʤʘʛʘʪʠʤʝ 
ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʞʝʨʝʣ ʧʦʥʦʚʣʶʚʘʥʦʾ ʛʝʥʝʨʘʮʽʾ. ɽʣʝʢʪʨʦʙʫʩʠ 
ʪʘʢʦʞ ʤʦʞʫʪʴ ʟʽʛʨʘʪʠ ʢʦʨʠʩʥʫ ʨʦʣʴ ʫ ʙʘʣʘʥʩʫʚʘʥʥʽ ʧʦʩʪʘʚʦʢ ʚʽʜʥʦʚʣʶʚʘʥʦʾ 
ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʦʟʘʧʽʢʦʚʠʡ ʧʦʧʠʪ ʥʘ ʚʽʜʥʦʚʣʶʚʘʥʫ ʝʥʝʨʛʽʶ ʟʘ ʨʘʭʫʥʦʢ 
ʥʽʯʥʦʾ ʟʘʨʷʜʢʠ ʪʘ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʘʩʪʢʦʚʦ ʚʠʢʦʨʠʩʪʘʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ, ʟʥʷʪʠʭ 
ʟ ʘʚʪʦʙʫʩʽʚ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʽʥʰʦʤʫ ʤʽʩʮʽ ʤʝʨʝʞʽ (çɼʨʫʛʝ ʞʠʪʪʷ ʙʘʪʘʨʝʾè). 

ɼʣʷ ʋʢʨʘʾʥʠ ʥʘʡʚʘʞʣʠʚʽʰʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʧʨʦʝʢʪ ʟʘʤʽʥʠ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʜʣʷ 
ʟʜʽʡʩʥʝʥʥʷ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʥʘ ʝʢʦʣʦʛʽʯʥʠʡ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪ (ʝʣʝʢʪʨʦʙʫʩʠ) 
ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʷ 1 
ʌʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʧʨʦʝʢʪ ʟʘʤʽʥʠ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʧʝʨʝʚʝʟʝʥʴ ʥʘ ʝʢʦʣʦʛʽʯʥʠʡ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪ (ʝʣʝʢʪʨʦʙʫʩʠ) 

ʅʘʟʚʘ ʬʘʢʪʦʨʫ ɿʤʽʩʪ 

1. ʉʦʮʽʘʣʴʥʠʡ 
ʬʘʢʪʦʨ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʩʫʯʘʩʥʦʛʦ 
ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ;   

ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ ʚʦʜʽʷ;  
ʟʘʜʦʚʦʣʝʥʥʷ ʚʦʜʽʻʤ ʫʤʦʚʘʤʠ ʧʨʘʮʽ ʚ ʪʨʘʥʩʧʦʨʪʥʽʡ ʢʦʤʧʘʥʽʾ;  
ʢʦʥʪʨʦʣʴ ʟʘ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʤ ʩʪʘʥʦʤ ʽ ʬʽʟʠʯʥʠʤ ʟʜʦʨʦʚôʷʤ ʚʦʜʽʷ;  

ʢʫʣʴʪʫʨʘ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʦʪʠ ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ. 

2. ʊʨʘʥʩʧʦʨʪʥʠʡ 
ʬʘʢʪʦʨ 

ʧʘʩʘʞʠʨʦʧʦʪʽʢ;  

ʜʦʚʞʠʥʘ ʤʘʨʰʨʫʪʫ;  
ʥʘʷʚʥʽʩʪʴ ʩʫʯʘʩʥʠʭ ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ;  

ʦʙʣʘʰʪʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʩʤʫʛ ʜʣʷ ʨʫʭʫ ʝʣʝʢʪʨʦʙʫʩʽʚ;  
ʥʘʜʘʥʥʷ ʧʨʽʦʨʠʪʝʪʫ ʨʫʭʫ ʝʣʝʢʪʨʦʙʫʩʫ ɸʉʋ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ ʧʨʠ 
ʡʦʛʦ ʨʫʩʽ ʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʪʦʨʘʭ. 

3. ɽʢʦʣʦʛʽʯʥʠʡ 
ʬʘʢʪʦʨ 

ʥʫʣʴʦʚʽ ʚʠʢʠʜʠ (zero emission) 
ʥʘʷʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ɸʂɹ 
ʪʝʧʣʦʚʝ, ʩʚʽʪʣʦʚʝ, ʰʫʤʦʚʝ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠ ʨʫʩʽ 
ʝʣʝʢʪʨʦʙʫʩʫ;  
ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʙʫʩʫ;  
ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʊʆ ʽ ʈ ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʤʫ 
ʧʽʜʧʨʠʻʤʩʪʚʽ, ʘʜʝʢʚʘʪʥʠʭ ʨʽʚʥʶ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʝʣʝʢʪʨʦʙʫʩʽʚ 

4. 
ɽʢʩʧʣʫʘʪʘʮʽʡʥʠʡ 

ʬʘʢʪʦʨ 

ʟʘʧʘʩ ʭʦʜʫ ʝʣʝʢʪʨʦʙʫʩʫ ʥʘ ʧʦʚʥʦʤʫ ʟʘʨʷʜʽ ɸʂɹ;  
ʧʘʩʘʞʠʨʦʤʽʩʪʢʽʩʪʴ;  

ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʰʚʠʜʢʽʩʪʴ;  
ʝʨʛʦʥʦʤʽʢʘ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʚʦʜʽʷ;  

ʝʨʛʦʥʦʤʽʢʘ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʩʘʣʦʥʫ. 
ʪʠʧ ʙʘʪʘʨʝʾ 

5. ɽʢʦʥʦʤʽʯʥʠʡ 
(ʬʽʥʘʥʩʦʚʠʡ) 
ʬʘʢʪʦʨ 

ʚʘʨʪʽʩʪʴ ʧʨʦʾʟʜʫ;  
ʩʪʨʦʢ ʦʢʫʧʥʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʨʦʝʢʪʫ;  
ʝʢʦʥʦʤʽʯʥʦ-ʤʦʥʝʪʘʨʥʝ ʩʪʠʤʫʣʶʚʘʥʥʷ ʧʨʦʾʟʜʫ ʚ ʝʣʝʢʪʨʦʙʫʩʘʭ 
ʤʘʣʦʟʘʙʝʟʧʝʯʝʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ;  
ʬʽʥʘʥʩʦʚʽ ʟʙʠʪʢʠ ʥʘ ʫʪʨʠʤʘʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʚ ʩʧʨʘʚʥʦʤʫ ʩʪʘʥʽ;  
ʣʦʷʣʴʥʽ ʬʽʥʘʥʩʦʚʽ ʧʨʦʛʨʘʤʠ ʦʥʦʚʣʝʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. 

 
ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ ʝʣʝʢʪʨʦʙʫʩʽʚ ʧʝʨʝʜ ʽʥʰʠʤʠ ʚʠʜʘʤʠ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʟʘ ʨʽʟʥʠʤʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʝʣʝʢʪʨʦʙʫʩʘ ʧʝʨʝʜ ʘʚʪʦʙʫʩʦʤ ʟ ʜʚʠʛʫʥʦʤ 
ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʻ ʙʽʣʴʰ ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ. ɽʣʝʢʪʨʦʙʫʩʠ 
ʝʢʩʧʣʫʘʪʫʚʘʪʠ ʚʠʛʽʜʥʽʰʝ, ʥʽʞ ʙʫʜʫʚʘʪʠ ʤʝʨʝʞʫ ʜʣʷ ʪʨʦʣʝʡʙʫʩʽʚ ʯʠ ʧʨʦʢʣʘʜʘʪʠ 
ʪʨʘʤʚʘʡʥʽ ʢʦʣʽʾ. ʊʦʤʫ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʙʫʩʽʚ ʙʝʟʟʘʧʝʨʝʯʥʽ.  



ʉɽʂʎɯʗ ï ɸɺʊʆʄʆɹɯʃʔʅʀʁ ʊʈɸʅʉʇʆʈʊ 
 

ʄʘʪʝʨʽʘʣʠ XIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè 2024 

127 

ʋɼʂ 625.7 
 

ɼʫʥʜʽʡ ɯ.ɺ. ʟʜʦʙʫʚʘʯ ʚʠʱʦʾ ʦʩʚʽʪʠ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 274 ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʈʦʟʫʤ ʈ.ɯ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʨʘʥʩʧʦʨʪʫ ʽ 

ʣʦʛʽʩʪʠʢʠ  

(ɿʘʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ɸʂʊʋɸʃʔʅɯ ʊɽʍʅʆʃʆɻɯɰ ʊɸ ɯʅʆɺɸʎɯʁʅɯ ʇɯɼʍʆɼʀ ɺ ʂʋɿʆɺʅʆʄʋ 

ʈɽʄʆʅʊɯ ɸɺʊʆʄʆɹɯʃʗ 
 

ʂʫʟʦʚʥʠʡ ʨʝʤʦʥʪ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʨʝʤʦʥʪʫ ʘʚʪʦʤʦʙʽʣʷ, ʱʦ 
ʚʢʣʶʯʘʻ ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ 
ʘʚʪʦʤʦʙʽʣʷ ʧʽʩʣʷ ɼʊʇ, ʢʦʨʦʟʽʾ ʘʙʦ ʽʥʰʠʭ ʧʦʰʢʦʜʞʝʥʴ. ɺʨʘʭʦʚʫʶʯʠ ʟʙʽʣʴʰʝʥʥʷ 
ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʮʪʚʘ, ʚʘʞʣʠʚʦ 
ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʽ ʪʘ ʚʠʩʦʢʦʷʢʽʩʥʽ ʤʝʪʦʜʠ ʢʫʟʦʚʥʦʛʦ ʨʝʤʦʥʪʫ. 

ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʢʫʟʦʚʥʦʛʦ ʨʝʤʦʥʪʫ ʚʢʣʶʯʘʶʪʴ: 
- ʤʝʭʘʥʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʚʠʧʨʘʚʣʝʥʥʷ 

ʚʤ'ʷʪʠʥ, ʧʦʜʨʷʧʠʥ ʪʘ ʪʨʽʱʠʥ; 
- ʟʚʘʨʶʚʘʥʥʷ: ʟʚʘʨʶʚʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥ ʢʫʟʦʚʘ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ; 
- ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ: ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʨʝʤʦʥʪʫ ʪʘ ʟʤʽʮʥʝʥʥʷ ʢʫʟʦʚʘ (ʥʘʧʨʠʢʣʘʜ, ʚʫʛʣʝʧʣʘʩʪʠʢ, ʩʢʣʦʧʣʘʩʪʠʢ); 
- ʪʝʭʥʦʣʦʛʽʾ ʙʝʟʰʦʚʥʦʛʦ ʨʝʤʦʥʪʫ: ʤʝʪʦʜʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʘʪʠ ʨʝʤʦʥʪ ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʚʘʨʶʚʘʥʥʷ ʯʠ ʽʥʰʠʭ ʩʢʣʘʜʥʠʭ ʤʘʥʽʧʫʣʷʮʽʡ. 
ɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʢʫʟʦʚʥʦʤʫ ʨʝʤʦʥʪʽ: 
- 3D-ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ: ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ 

ʪʦʯʥʦ ʚʽʜʪʚʦʨʠʪʠ ʬʦʨʤʫ ʢʫʟʦʚʘ ʘʚʪʦʤʦʙʽʣʷ ʧʽʩʣʷ ʧʦʰʢʦʜʞʝʥʥʷ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʟʥʘʯʥʦ 
ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʨʝʤʦʥʪʫ; 

- ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʜʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʢʫʟʦʚʘ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ 
ʧʽʜʡʦʤʥʠʢʽʚ, ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʧʨʝʩʽʚ ʽ ʣʘʟʝʨʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʽ ʪʦʯʥʦ 
ʚʽʜʥʦʚʠʪʠ ʛʝʦʤʝʪʨʽʶ ʢʫʟʦʚʘ; 

- ʽʥʥʦʚʘʮʽʡʥʽ ʬʘʨʙʫʚʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ: ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʬʘʨʙʫʚʘʣʴʥʠʭ 
ʤʘʪʝʨʽʘʣʽʚ (ʥʘʧʨʠʢʣʘʜ, ʘʢʨʠʣʦʚʠʭ ʯʠ ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʬʘʨʙ), ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 
ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʧʦʢʨʠʪʪʷ ʜʦ ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʽ ʧʦʛʦʜʥʠʭ ʫʤʦʚ. 

ʇʨʦʙʣʝʤʠ ʪʘ ʚʠʢʣʠʢʠ ʚ ʢʫʟʦʚʥʦʤʫ ʨʝʤʦʥʪʽ: 
- ʥʦʚʽ ʘʚʪʦʤʦʙʽʣʽ ʯʘʩʪʦ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ ʚʠʩʦʢʦʤʽʮʥʠʭ ʩʪʘʣʝʡ ʪʘ ʘʣʶʤʽʥʽʶ, ʱʦ 

ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʴʥʠʭ ʟʥʘʥʴ ʽ ʪʝʭʥʽʢʠ ʜʣʷ ʾʭ ʨʝʤʦʥʪʫ; 
- ʚʠʩʦʢʘ ʧʦʪʨʝʙʘ ʫ ʬʘʭʽʚʮʷʭ, ʷʢʽ ʤʘʶʪʴ ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʟ ʥʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʪʘ 

ʪʝʭʥʦʣʦʛʽʷʤʠ; 
- ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ 

(ʥʘʧʨʠʢʣʘʜ, ʬʘʨʙʫʚʘʥʥʷ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʢʽʜʣʠʚʠʭ ʨʦʟʯʠʥʥʠʢʽʚ). 
ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʢʫʟʦʚʥʦʛʦ ʨʝʤʦʥʪʫ: 
- ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ: ʫ ʤʘʡʙʫʪʥʴʦʤʫ ʦʯʽʢʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʘ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫ ʢʫʟʦʚʥʦʤʫ ʨʝʤʦʥʪʽ, ʱʦ 
ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʣʶʜʩʴʢʫ ʧʦʤʠʣʢʫ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ; 

- ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʤʘʪʝʨʽʘʣʽʚ: ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 
ʤʝʪʘʣʽʚ, ʷʢʽ ʙʫʜʫʪʴ ʣʝʛʰʽ, ʙʽʣʴʰ ʤʽʮʥʽ ʡ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʽ; 

- ʟʨʦʩʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 3D-ʜʨʫʢʫ: ʚʠʢʦʨʠʩʪʘʥʥʷ 3D-ʜʨʫʢʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 
ʜʝʪʘʣʝʡ ʢʫʟʦʚʘ ʪʘ ʨʝʤʦʥʪʥʠʭ ʯʘʩʪʠʥ ʩʪʘʥʝ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʨʦʟʚʠʪʢʫ ʽʥʜʫʩʪʨʽʾ. 

ʂʫʟʦʚʥʠʡ ʨʝʤʦʥʪ ʘʚʪʦʤʦʙʽʣʷ ï ʮʝ ʚʘʞʣʠʚʘ ʯʘʩʪʠʥʘ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 
ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʝ ʪʽʣʴʢʠ ʚʽʜʥʦʚʣʝʥʥʷ ʝʩʪʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, 
ʘʣʝ ʡ ʛʘʨʘʥʪʫʻ ʙʝʟʧʝʢʫ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ 
ʤʘʪʝʨʽʘʣʽʚ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʨʝʤʦʥʪʫ ʪʘ 
ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ.  
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ʋɼʂ 681.518.54 

 

ʂʘʧʫʩʪʷʥʩʴʢʠʡ ɸ.ʉ. ʩʪʫʜʝʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 275 ʊʨʘʥʩʧʦʨʪʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ɺʘʡʥʙʝʨʛʝʨ ɭ.ɯ. ʩʪʫʜʝʥʪʢʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 275 ʊʨʘʥʩʧʦʨʪʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʇʦʥʝʜʽʣʦʢ ʖ.ɺ., ʚʠʢʣʘʜʘʯ I ʢʘʪʝʛʦʨʽʾ 

(ʃʦʟʽʚʩʴʢʘ ʬʽʣʽʷ ʍʘʨʢʽʚʩʴʢʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʴʦʛʦ ʬʘʭʦʚʦʛʦ  ʢʦʣʝʜʞʫ,  

ʤ. ʃʦʟʦʚʘ, ʋʢʨʘʾʥʘ) 

 

ɽʃɽʂʊʈʆʄʆɹɯʃʔ, ʗʂ ɸʃʔʊɽʈʅɸʊʀɺʅʀʁ ɺʀɼ ʊʈɸʅʉʇʆʈʊʋ 

 

ɽʣʝʢʪʨʦʤʦʙʽʣʽ ʩʪʘʣʠ ʥʝ ʣʠʰʝ ʪʨʝʥʜʦʤ ʫ ʪʨʘʥʩʧʦʨʪʥʽʡ ʛʘʣʫʟʽ, ʘʣʝ ʡ ʟʥʘʯʥʠʤ 

ʢʨʦʢʦʤ ʫ ʨʦʟʚʠʪʢʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ɿʘʚʜʷʢʠ ʩʚʦʾʤ ʝʢʦʣʦʛʽʯʥʠʤ ʧʝʨʝʚʘʛʘʤ, 

ʝʢʦʥʦʤʽʯʥʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʛʨʝʩʫ, ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʦʪʨʠʤʫʶʪʴ 

ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʧʨʠʭʠʣʴʥʠʢʽʚ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ. ɼʘʚʘʡʪʝ ʨʦʟʛʣʷʥʝʤʦ, ʱʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽ, ʾʭʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʚʠʢʣʠʢʠ, ʘ ʪʘʢʦʞ ʷʢ ʚʦʥʠ ʤʦʞʫʪʴ ʟʤʽʥʠʪʠ ʤʘʡʙʫʪʥʻ 

ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʅʘ ʜʦʨʦʛʘʭ ʥʘʰʦʾ ʢʨʘʾʥʠ ʚʩʝ ʯʘʩʪʽʰʝ ʤʦʞʥʘ ʟʫʩʪʨʽʪʠ ʪʘʢʠʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʫ ï 

ʝʣʝʢʪʨʦʤʦʙʽʣʴ. ʏʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʧʘʣʴʥʦʛʦ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʧʦʪʨʝʙʘ ʥʘ ʪʘʢʝ ʘʚʪʦ ʟʙʽʣʴʰʠʣʘʩʴ. 

ɽʣʝʢʪʨʦʤʦʙʽʣʽ ʩʪʘʣʠ ʥʘʜʽʡʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʜʚʠʛʫʥʘʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ. 

ʊʦʤʫ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʥʘ ʜʦʨʦʛʘʭ ʋʢʨʘʾʥʠ, ʩʪʘʻ ʚʩʝ ʙʽʣʴʰʝ ʽ ʙʽʣʴʰʝ ʝʣʝʢʪʨʦʢʘʨʽʚ.  

ʊʘʢ ʷʢ ʮʴʦʤʫ ʚʠʜʫ ʪʨʘʥʩʧʦʨʪʫ ʭʘʨʘʢʪʝʨʥʽ ʪʘʢʦʞ ʥʘʜʽʡʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʦʤʫ ʣʠʰʝ ʟʘ ʤʠʥʫʣʠʡ ʨʽʢ ʥʘ ʥʘʰʠʭ ʜʦʨʦʛʘʭ ʪʘʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʟʙʽʣʴʰʠʣʦʩʷ ʚʜʚʽʯʽ. 

ʆʜʥʘ ʟ ʛʦʣʦʚʥʠʭ ʧʨʠʯʠʥ, ʯʦʤʫ ʫʨʷʜʠ ʪʘ ʢʦʤʧʘʥʽʾ ʚʢʣʘʜʘʶʪʴʩʷ ʚ ʝʣʝʢʪʨʦʤʦʙʽʣʽ, ς 

ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ CO . ɽʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ, ʱʦ 

ʤʘʻ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʟʜʦʨʦʚ'ʷ ʪʘ ʝʢʦʣʦʛʽʶ.  

ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʙʘʪʘʨʝʡ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ 

ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. ɯʟ ʧʦʢʨʘʱʝʥʥʷʤ ʘʢʫʤʫʣʷʪʦʨʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘʧʘʩ ʭʦʜʫ ʘʚʪʦʤʦʙʽʣʽʚ, ʩʢʦʨʦʯʫʻʪʴʩʷ ʯʘʩ ʟʘʨʷʜʢʠ ʪʘ 

ʟʤʝʥʰʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʜʦʨʦʛʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʥʘʧʨʠʢʣʘʜ, ʣʽʪʽʶ ʪʘ ʢʦʙʘʣʴʪʫ). 

ɿʦʢʨʝʤʘ, ʚʝʜʫʪʴʩʷ ʨʦʙʦʪʠ ʥʘʜ ʩʪʚʦʨʝʥʥʷʤ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʙʘʪʘʨʝʡ, ʷʢʽ ʤʦʞʫʪʴ ʩʪʘʪʠ 

ʧʨʦʨʠʚʦʤ ʟʘʚʜʷʢʠ ʙʽʣʴʰʽʡ ʻʤʥʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʩʪʽ. ɺʠʨʦʙʥʠʢʠ ʧʨʘʮʶʶʪʴ ʥʘʜ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʧʽʜʚʠʱʘʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʘʚʪʦʢʘʨʽʚ, 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʟ ʥʠʭ ʻ Chevrolet Bolt, Tesla,Nissan Leaf. ʧʦʢʘʟʥʠʢʠ. ɯʥʰʠʤ 

ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʽʥʪʝʛʨʘʮʽʷ ʘʚʪʦʥʦʤʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʱʝ ʙʽʣʴʰ ʟʨʫʯʥʠʤʠ ʪʘ ʙʝʟʧʝʯʥʠʤʠ. 

ɸ ʪʘʢʦʞ ʧʝʨʝʚʘʛʘʤʠ ʝʣʝʢʪʨʦʢʘʨʽʚ ʱʝ ʻ ʡʦʛʦ ʝʢʦʥʦʤʽʯʥʽʩʪʴ, ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʰʫʤʫ 

ʧʨʠ ʨʦʙʦʪʽ, ʢʨʘʱʘ ʜʠʥʘʤʽʢʘ ʪʘ ʙʝʟʧʝʢʘ.  

ʅʝ ʪʨʝʙʘ ʟʘʙʫʚʘʪʠ, ʱʦ ʷʢ ʣʶʙʠʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʫ, ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʤʘʶʪʴ ʽ ʩʚʦʾ 

ʥʝʜʦʣʽʢʠ. ɼʦ ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʾʭʥʶ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʪʘ ʧʝʨʝʩʫʚʘʥʥʷ 

ʥʘ ʥʝʟʥʘʯʥʫ ʚʽʜʩʪʘʥʽ. 

ʈʦʟʚʠʪʦʢ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʟʘʨʷʜʞʘʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʩʧʨʠʷʻ ʾʭ ʟʙʽʣʴʰʝʥʥʶ. 

ʂʽʣʴʢʽʩʪʴ ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ ʚ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ ʪʘ ʥʘ ʘʚʪʦʤʘʛʽʩʪʨʘʣʷʭ ʟʨʦʩʪʘʻ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʣʘʩʥʠʢʘʤ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʟ ʣʝʛʢʽʩʪʶ ʟʘʨʷʜʞʘʪʠ ʩʚʦʾ ʪʨʘʥʩʧʦʨʪʥʽ.  

ɺʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ ʜʦʛʣʷʜ ʩʧʨʘʚʥʦʛʦ ʩʪʘʥʫ ʙʝʥʟʠʥʦʚʠʭ ʘʙʦ ʜʠʟʝʣʴʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ ʟʥʘʯʥʦ ʜʦʨʦʞʯʝ, ʥʽʞ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʝʣʝʢʪʨʦʢʘʨʽʚ. ɽʣʝʢʪʨʠʢʘ ʢʦʰʪʫʻ 

ʜʝʰʝʚʰʝ ʥʽʞ ʽʥʰʽ ʚʠʜʠ ʧʘʣʠʚʘ, ʘ ʚʽʜʩʫʪʥʽʩʪʴ ʩʢʣʘʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʚʠʪʨʘʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʟʘʧʯʘʩʪʠʥ ʚʠʢʣʶʯʘʻ ʯʘʩʪʽ ʧʦʣʦʤʢʠ ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʟʘʤʽʥʽ. 

ʍʦʯʘ ʪʝʭʥʦʣʦʛʽʾ ʧʦʢʨʘʱʫʶʪʴʩʷ, ʙʽʣʴʰʦʩʪʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʚʩʝ ʱʝ ʙʨʘʢʫʻ ʟʘʧʘʩʫ 

ʭʦʜʫ, ʷʢʠʡ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʪʨʘʜʠʮʽʡʥʝ ʧʘʣʠʚʦ. ʉʝʨʝʜʥʽʡ ʝʣʝʢʪʨʦʤʦʙʽʣʴ ʧʨʦʾʞʜʞʘʻ 

http://www.carpoint-e.com.ua/product/tesla-model-xp90d/
http://www.carpoint-e.com.ua/product/nissan-leaf-2018-2-0-zero-emission/


ʉɽʂʎɯʗ ï ɸɺʊʆʄʆɹɯʃʔʅʀʁ ʊʈɸʅʉʇʆʈʊ 
 

ʄʘʪʝʨʽʘʣʠ XIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè 2024 

129 

ʙʣʠʟʴʢʦ 300é400 ʢʤ ʥʘ ʦʜʥʦʤʫ ʟʘʨʷʜʽ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʥʝʟʨʫʯʥʠʤ ʜʣʷ ʪʨʠʚʘʣʠʭ 

ʧʦʜʦʨʦʞʝʡ.  

ɸʢʫʤʫʣʷʪʦʨʠ ʻ ʦʩʥʦʚʥʦʶ ʩʢʣʘʜʦʚʦʶ ʚʘʨʪʦʩʪʽ ʝʣʝʢʪʨʦʤʦʙʽʣʷ. ʍʦʯʘ ʮʽʥʠ ʥʘ 

ʘʢʫʤʫʣʷʪʦʨʠ ʟʥʠʞʫʶʪʴʩʷ, ʚʦʥʠ ʚʩʝ ʱʝ ʟʘʣʠʰʘʶʪʴʩʷ ʚʠʩʦʢʠʤʠ. ʂʨʽʤ ʪʦʛʦ, ʧʠʪʘʥʥʷ 

ʫʪʠʣʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʠʭ ʙʘʪʘʨʝʡ ʚʠʢʣʠʢʘʻ ʝʢʦʣʦʛʽʯʥʽ ʟʘʥʝʧʦʢʦʻʥʥʷ. 

ʋ ʥʘʡʙʣʠʞʯʽ ʯʘʩʠ ʤʘʡʙʫʪʥʻ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʻ ʦʯʝʚʠʜʥʠʤ ʽ ʥʝʤʠʥʫʯʠʤ. 

ɿʙʽʣʴʰʠʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʤʦʜʝʣʝʡ, ʷʢʽ ʟʘʧʦʚʥʷʪʴ ʜʦʨʦʛʠ ʋʢʨʘʾʥʠ, ʽ ʥʝ ʪʽʣʴʢʠ ʋʢʨʘʾʥʠ, ʘ ʡ 

ʫʩʴʦʛʦ ʩʚʽʪʫ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʾʟʜʫ ʥʘ ʙʝʟʧʝʯʥʫ ʷʢ ʜʣʷ ʚʦʜʽʾʚ, ʪʘʢ ʽ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ɿʙʽʣʴʰʝʥʥʷ ʧʦʧʠʪʫ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʪʴ ʚʠʢʣʶʯʠʪʠ 

ʽʩʥʫʶʯʽ ʥʝʜʦʣʽʢʠ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʨʦʙʣʷʯʠ ʮʝʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʫ ʜʦʩʢʦʥʘʣʠʤ. 

ʊʝʭʥʦʣʦʛʽʾ ʚ ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʨʦʟʚʠʚʘʶʪʴʩʷ ʰʚʠʜʢʠʤʠ ʪʝʤʧʘʤʠ. ɺʝʜʫʪʴʩʷ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʦʙʽʮʷʶʪʴ ʟʙʽʣʴʰʠʪʠ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʙʘʪʘʨʝʡ, ʟʤʝʥʰʠʪʠ ʾʭ ʚʘʨʪʽʩʪʴ ʪʘ 

ʯʘʩ ʟʘʨʷʜʞʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ ʪʘ ʧʝʨʝʭʽʜ ʥʘ 

ʧʦʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʟʨʦʙʣʷʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʱʝ ʙʽʣʴʰ 

ʝʢʦʣʦʛʽʯʥʠʤ. 

ɽʣʝʢʪʨʦʤʦʙʽʣʽ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʟʤʽʥʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ ʪʘ 

ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʫ ʩʚʽʪʽ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʯʠʩʪʦʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʟʥʠʞʫʶʪʴ ʚʠʪʨʘʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʧʨʦʧʦʥʫʶʪʴ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ 

ʢʦʤʬʦʨʪʫ ʪʘ ʙʝʟʧʝʢʠ ʚʦʜʽʾʚ. ʍʦʯʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʱʝ ʤʘʶʪʴ ʚʠʢʣʠʢʠ ʪʘ ʦʙʤʝʞʝʥʥʷ, 

ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʧʽʜʪʨʠʤʢʘ ʜʝʨʞʘʚʠ ʨʦʙʣʷʪʴ ʾʭ ʜʦʩʪʫʧʥʽʰʠʤʠ, ʘ 

ʤʘʡʙʫʪʥʻ ï ʯʠʩʪʽʰʠʤ ʽ ʟʝʣʝʥʽʰʠʤ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɻʽʙʨʠʜʥʽ ʘʚʪʦʤʦʙʽʣʽ / ʆ.ɺ. ɹʘʞʠʥʦʚ, ʆ.ʇ. ʉʤʠʨʥʦʚ, ʉ.ɸ. ʉʻʨʽʢʦʚ ʪʘ ʽʥ.; ʟʘ ʟʘʛ. 

ʨʝʜ. ʆ.ɺ. ɹʘʞʠʥʦʚʘ. ʍ.: ʍʅɸɼʋ, 2008. 328 ʩ.  

2. http://24tv.ua. ʊʝʣʝʢʘʥʘʣ ʥʦʚʠʥ 24. ʇʨʦʮʠʪʦʚʘʥʦ 2016-01-25. ʏʠ ʤʦʞʣʠʚʦ 

ʧʝʨʝʡʪʠ ʥʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʚ ʫʢʨʘʾʥʩʴʢʠʭ ʨʝʘʣʽʷʭ: ʧʣʶʩʠ ʽ ʤʽʥʫʩʠ ʘʚʪʦ.  

3. http://24tv.ua. ʊʝʣʝʢʘʥʘʣ ʥʦʚʠʥ 24. ʇʨʦʮʠʪʦʚʘʥʦ 2016-01-25. ʋʢʨʘʾʥʮʽ ʧʦʯʘʣʠ 

ʩʢʫʧʦʚʫʚʘʪʠ ʝʣʝʢʪʨʦʤʦʙʽʣʽ. 
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ʋɼʂ 629.113 

 

ʂʦʰʘʨʥʠʡ ɺ.ʆ. ʘʩʧʽʨʘʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 274 ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɹʫʜʥʠʯʝʥʢʦ ɺ.ɹ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʘʚʪʦʩʝʨʚʽʩʫ  

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ) 

 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʄɽʊʆɼʋ ʆʎɯʅʖɺɸʅʅʗ ʉʊɯʁʂʆʉʊɯ ʊʈɸʅʉʇʆʈʊʅʆɻʆ 

ɿɸʉʆɹʋ ʇʈʀ ɺʀɿʅɸʏɽʅʅɯ ʄɯʉʎʗ ʈʆɿʊɸʐʋɺɸʅʅʗ ɽʃɽʂʊʈʀʏʅʆɰ 

ʊʗɻʆɺʆɰ ʋʉʊɸʅʆɺʂʀ 

 

ɺ ʙʦʨʦʪʴʙʽ ʟʘ ʟʙʽʣʴʰʝʥʥʷ ʧʘʩʘʞʠʨʦʤiʩʪʢʦʩʪi ʢʦʥʩʪʨʫʢʪʦʨʠ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʥʝ ʟʘʚʞʜʠ ʜʦʪʨʠʤʫʶʪʴʩʷ ʥʦʨʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʘʛʠ i ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʣʽʩʥʠʭ 

ʦʩʝʡ ʥʘ ʜʦʨʦʛʫ. ʗʢ ʧʨʘʚʠʣʦ, ʪʘʢʘ ʩʠʪʫʘʮʽʷ ʚʠʥʠʢʘʻ ʢʦʣʠ ʧʨʦʝʢʪʫʶʪʴʩʷ ʝʣʝʢʪʨʦʙʫʩʠ 

ʪʘ ʪʨʦʣʝʡʙʫʩʠ ʟ ʘʚʪʦʥʦʤʥʠʤ ʭʦʜʦʤ, ʫ ʷʢʠʭ ʪʷʛʦʚʘ ʘʢʫʤʫʣʷʪʦʨʥʘ ʙʘʪʘʨʝʷ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʜʘʭʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

ɺ ʟʚôʷʟʢʫ ʟ ʯʠʤ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʤʘʩ ʪʘʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʥʘ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʦʩʝʡ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʨʦʟʨʦʙʢʘ 

ʧʨʦʧʦʟʠʮʽʡ ʱʦʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʘʢʪʫʘʣʴʥʠʤʠ. 

ɺ ɼʝʨʞʘʚʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʥʦʨʤʘʭ ʋʢʨʘʾʥʠ ɼɹʅ ɺ.2.3-5:2018 çɺʫʣʠʮʽ ʽ ʜʦʨʦʛʠ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚè ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʧʨʦʾʟʜ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʥʦʤʽʥʘʣʴʥʠʤ 

ʩʪʘʪʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʚʽʩʴ ʚʽʜ 60 ʜʦ 115 ʢʅ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʘʪʝʛʦʨʽʾ ʜʦʨʦʛʠ. 

ʊʘʢʝ ʥʘʚʘʥʪʘʞʝʥʥʷ i ʻ ʙʘʟʦʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʫʥʦʨʤʦʚʘʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ [3]. 

ɸʣʝ ʫʥʦʨʤʦʚʘʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʦʞ ʚʠʭʦʜʷʯʠ ʟ ʧʦʣʦʞʝʥʥʷ ʷʢ ʧʨʦ 

ʚʝʣʠʯʠʥʫ, ʪʘʢ i ʯʘʩʫ ʚʧʣʠʚʫ ʩʠʣʠ ʥʘ ʜʦʨʦʛʫ. 

ɺ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʷʢʽ ʜʽʶʪʴ ʥʘ ʜʦʨʦʛʫ ʙʽʣʴʰʝ ʥʽʞ 0,1 ʩ., ʘʣʝ 

ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ [2] ʤʦʞʫʪʴ ʩʠʣʴʥʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʾʾ ʩʪʘʥ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ [3], ʦʩʦʙʣʠʚʦ ʚʝʣʠʢʽ ʪʘʢʽ ʜʠʥʘʤʽʯʥʽ  

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʚ ʟʦʥʽ ʟʫʧʠʥʦʢ ʪʘ ʧʝʨʝʜ ʩʚʽʪʣʦʬʦʨʘʤʠ. ʅʘʡʙʽʣʴʰ ʩʢʣʘʜʥʘ 

ʜʠʥʘʤʽʯʥʘ ʢʘʨʪʠʥʘ ʥʘʚʘʥʪʘʞʝʥʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʘʭ ʚʝʣʠʢʦʾ 

ʤʽʩʪʢʦʩʪʽ. 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʜʦʨʦʛʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ  

ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʰʣʷʭʦʤ ʨʦʟʨʦʙʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ i 

ʧʨʦʛʨʘʤʠ ʟ ʚʠʚʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺ ʦʩʥʦʚʽ ʮʽʣʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʦʢʣʘʜʝʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʧʣʦʩʢʦʛʦ 

ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ i ʢʨʠʚʦʣʽʥʽʡʥʦʛʦ ʨʫʭʫ ʟʯʣʝʥʦʚʘʥʦʾ ʤʘʰʠʥʠ. 

ɸʥʘʣʽʟʫʶʯʠ ʩʫʯʘʩʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ, ʤʦʞʥʘ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʤʝʪʦʜʠʢʠ ʩʢʣʘʜʘʥʥʷ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʜʦʨʦʛʠ, ʾʭ 

ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ: ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʽ ʽ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʽ. 

ʉʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʽ ʩʠʩʪʝʤʠ ʧʨʠʪʘʤʘʥʥʽ ʜʚʦʭ ʪʘ ʪʨʴʦʭʚʽʩʥʠʤ ʪʨʘʥʩʧʦʨʪʥʠʤ 

ʟʘʩʦʙʘʤ, ʷʢʽ ʤʘʶʪʴ ʟʘʣʝʞʥʽ ʧʽʜʚʽʩʢʠ ʢʦʣʽʩ. ɼʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ 

ʚʠʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʫʥʽʚʝʨʩʘʣʴʥʘ. 

ʑʦʜʦ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʠʭ ʪʘ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʠʭ ʩʠʩʪʝʤ, ʪʦ 

ʜʣʷ ʢʦʞʥʦʾ ʩʭʝʤʠ ʢʦʥʩʪʨʫʢʮʽʡ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʪʨʝʙʘ ʩʢʣʘʜʘʪʠ ʩʚʦʶ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ. 

ɿʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʜʦʨʦʛʠ ʥʘ  ʢʦʣʝʩʘ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʟʘʣʝʞʥʠʭ ʧʽʜʚʽʩʦʢ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ: 

ʘʚʪʦʤʦʙʽʣʴ, ʪʷʛʘʯ, ʘʚʪʦʧʦʾʟʜ - ʫʤʦʚʥʦ ʨʦʟʯʣʝʥʫʻʪʴʩʷ ʥʘ ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʽ ʣʘʥʢʠ ʧʦ ʜʚʽ 

ʦʩʽ. ɼʣʷ ʥʠʭ ʩʢʣʘʜʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʩʪʘʪʠʢʠ ʘʙʦ ʜʠʥʘʤʽʢʠ ʟʘ 

ʧʨʠʥʮʠʧʦʤ ʜ'ɸʣʘʤʙʝʨʘ ʟ ʜʚʦʤʘ ʥʝʚʽʜʦʤʠʤʠ ʥʦʨʤʘʣʴʥʠʤʠ ʨʝʘʢʮʽʷʤʠ. 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʜʦʨʦʛʫ ʜʚʦʩʝʢʮʽʡʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʨʦʟʨʦʙʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʽ ʧʨʦʛʨʘʤʘ. ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 
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ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʨʽʚʥʷʥʥʽ ʧʣʦʩʢʦʛʦ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʽ ʢʨʠʚʦʣʽʥʽʡʥʦʛʦ ʨʫʭʽʚ 

ʜʚʦʩʝʢʮʽʡʥʦʾ ʤʘʰʠʥʠ. ʚʠʩʫʥʫʪʦ ʛʽʧʦʪʝʟʫ, ʱʦ ʥʘʡʙʽʣʴʰʽ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ 

ʜʦʚʛʦʧʣʠʥʥʽ (ʽ>0,1 ʩ) ʽ ʜʽʶʪʴ ʧʨʠ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʨʝʞʠʤʘʭ ʨʫʭʫ. 

ɿʘ ʝʢʩʪʨʝʤʘʣʴʥʽ ʨʝʞʠʤʠ ʨʫʭʫ ʧʨʠʡʥʷʪʽ: ʨʝʞʠʤʠ ʟʨʫʰʝʥʥʷ ʟ ʤʽʩʮʷ, ʛʘʣʴɘɟɎɌəəɫ 

ɛɑɜɑɐ ɓɟɛɔəɖɚɪ Ɍɍɚ ɝɎɱɞɗɚɠɚɜɚɘ, ɛɚɎɚɜɚɞɔ əɌ ɘɌɗɔɡ ɜɌɐɱɟɝɌɡ ɓ 
ɖɜɔɞɔɣəɔɘɔ ɤɎɔɐɖɚɝɞɫɘɔ.  

ɺ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʨʝʞʠʤʘʭ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʨʫʭʫ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʜʽʶʪʴ ʪʘʢʽ 

ʟʦʚʥʽʰʥʽ ʩʠʣʠ i ʤʦʤʝʥʪʠ. 

G1,G2 ï ʚʘʛʘ ʧʝʨʝʜʥʴʦʾ ʪʘ ʟʘʜʥʴʦʾ ʩʝʢʮʽʾ, 

Pf i ï ʩʠʣʠ ʦʧʦʨʫ ʢʦʯʝʥʥʶ i-ʠʭ ʦʩʝʡ, 

Ppi ï ʩʠʣʠ ʪʷʛʠ i-ʠʭ ʦʩʝʡ, 

Pw ï ʩʠʣʘ ʦʧʦʨʫ ʧʦʚʽʪʨʷ, 

Pj1,Pj2 ï ʩʠʣʠ ʽʥʝʨʮʽʾ ʩʝʢʮʽʾ, 

Mfi ï ʤʦʤʝʥʪʠ ʦʧʦʨʫ ʢʦʯʝʥʥʶ ʢʦʣʽʩ. 

ʇʨʠ ʢʨʠʚʦʣʽʥʽʡʥʦʤʫ ʨʫʩʽ ʟôʷʚʣʷʶʪʴʩʷ ʱʝ i ʚʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ ʈʚʮ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʩʠʣ i ʤʦʤʝʥʪʽʚ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʧʨʠʚʝʜʝʥʘ ʥʘ 

(ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʩʠʣ i ʤʦʤʝʥʪiʚ, ʷʢi ʜiʶʪʴ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ 

 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʘʻ ʤʦʞʣʠʚiʩʪʴ ʜʝʷʢʦʶ ʤiʨʦʶ ʦʧʪʠʤiʟʫʚʘʪʠ 

ʢʦʥʩʪʨʫʢʮiʶ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ [4, 5]. 
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ʋɼʂ [681.5/007.5]:656.1 

 

ʂʨʠʚʦʰʘʧʢʦ ʉ.ɹ., ʚʠʢʣʘʜʘʯ ʚʠʱʦʾ ʢʘʪʝʛʦʨʽʾ, ʟʘʚʽʜʫʚʘʯ ʚʽʜʜʽʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ  

(ʃʦʟʽʚʩʴʢʘ ʬʽʣʽʷ ʍʘʨʢʽʚʩʴʢʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʴʦʛʦ ʬʘʭʦʚʦʛʦ ʢʦʣʝʜʞʫ, ʤ. ʃʦʟʦʚʘ 

ʍʘʨʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʋʢʨʘʾʥʘ) 

 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʉʍɽʄʀ ɼʆʈʆɾʅʔʆɻʆ ʂʆʅʊʈʆʃɽʈʋ 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʨʦʙʣʝʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ ʻ 

ʘʢʪʫʘʣʴʥʠʤʠ ʪʦʤʫ, ʱʦ ʨʽʚʝʥʴ ʘʚʪʦʤʦʙʽʣʽʟʘʮʽʾ ʥʘʰʦʾ ʢʨʘʾʥʠ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ 

ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ʇʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʫ, 

ʢʦʤʬʦʨʪʥʦʩʪʽ ʜʣʷ ʚʦʜʽʾʚ ʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʨʦʙʦʪʘʭ [1-4]. 

ʋ ʥʘʚʯʘʣʴʥʦʤʫ ʧʽʜʨʫʯʥʠʢʫ [5] ʡʜʝʪʴʩʷ ʧʨʦ ɼʂʃ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ ʥʘ ʽʟʦʣʴʦʚʘʥʦʤʫ ʧʝʨʝʭʨʝʩʪʽ, ʷʢʠʡ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʚ ʨʝʞʠʤʽ 

çʞʦʨʩʪʢʦʛʦè ʧʨʦʛʨʘʤʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ.  

ʅʘʚʝʜʝʥʫ ʩʭʝʤʫ ʢʦʥʪʨʦʣʝʨʫ ʧʨʦʧʦʥʫʻʤʦ ʜʝʱʦ ʫʜʦʩʢʦʥʘʣʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ɿʽ ʩʭʝʤʠ ʧʨʦʧʦʥʫʻʤʦ ʚʠʢʣʶʯʠʪʠ ʢʦʤʧʘʨʘʪʦʨ ʂ, ʘ ʚʩʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ 

ʬʦʨʤʫʚʘʥʥʶ ʪʨʠʚʘʣʦʩʪʽ ʦʩʥʦʚʥʠʭ ʽ ʧʨʦʤʽʞʥʠʭ ʪʘʢʪʽʚ ʧʝʨʝʢʣʘʩʪʠ ʥʘ ʣʽʯʠʣʴʥʠʢ 

ʽʤʧʫʣʴʩʽʚ ʉʊ (counter). ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʚʽʟʴʤʝʤʦ ʩʠʥʭʨʦʥʥʠʡ 4-ʨʦʟʨʷʜʥʠʡ ʜʚʽʡʢʦʚʠʡ 

ʩʫʤʫʶʯʠʡ ʣʽʯʠʣʴʥʠʢ ʽʤʧʫʣʴʩʽʚ ʧʦ mod 16 555ʀɽ10, ʷʢʠʡ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʫ ʨʝʞʠʤʽ 

çʨʘʭʫʥʦʢè ʧʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʥʘ ʚʭʽʜ L (load ï ʟʘʚʘʥʪʘʞʝʥʥʷ) ʣʦʛʽʯʥʦʛʦ ç0è ʘʙʦ ʫ 

ʨʝʞʠʤʽ çʟʘʚʘʥʪʘʞʝʥʥʷè ʧʨʠ ʧʦʷʚʽ ʥʘ ʚʭʦʜʽ L ʣʦʛʽʯʥʦʾ ç1è. ɻʨʘʬ ʧʝʨʝʭʦʜʽʚ ʷʢʦʛʦ 

ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 1. 
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ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬ ʧʝʨʝʭʦʜʽʚ ʣʽʯʠʣʴʥʠʢʘ ʽʤʧʫʣʴʩʽʚ 

 

ɿ ʛʝʥʝʨʘʪʦʨʘ ʪʘʢʪʦʚʠʭ ʽʤʧʫʣʴʩʽʚ ʥʘʜʭʦʜʠʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʘʢʪʦʚʠʭ ʽʤʧʫʣʴʩʽʚ ʟ 

ʯʘʩʪʦʪʦʶ 0,25 ɻʮ (ʧʝʨʽʦʜʦʤ 4 ʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʤʽʞʥʦʛʦ ʪʘʢʪʫ, ʪʦʙʪʦ 

ʞʦʚʪʦʛʦ ʩʠʛʥʘʣʫ ʩʚʽʪʣʦʬʦʨʫ). ʇʨʠ ʮʴʦʤʫ ʪʨʠʚʘʣʽʩʪʴ ʦʩʥʦʚʥʠʭ ʪʘʢʪʽʚ ʙʫʜʝ ʢʨʘʪʥʦʶ 4 ʩ. 

ʊʨʠʚʘʣʽʩʪʴ ʛʦʨʽʥʥʷ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʩʚʽʪʣʦʬʦʨʫ ʟʘʜʘʻʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ 

(ʥʘʧʨʠʢʣʘʜ, 24 ʩ). ʂʦʜ ʯʠʩʣʘ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ ʪʨʠʚʘʣʦʩʪʽ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ (ʩʪʘʥ 6 

ʣʽʯʠʣʴʥʠʢʘ 0110) ʫ ʩʭʝʤʽ ʟʘ ʜʘʪʯʠʢʘ ʯʘʩʫ ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʣʦʛʽʯʥʫ ç1è ʽ 

ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʭʽʜ L.  

ʗʢʱʦ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʚʭʦʜʠ ʣʽʯʠʣʴʥʠʢʘ ʟʘʧʠʩʘʪʠ ʢʦʜ ʩʪʘʥʫ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ 

ʞʦʚʪʦʤʫ ʩʠʛʥʘʣʫ ʩʚʽʪʣʦʬʦʨʫ, ʥʘʧʨʠʢʣʘʜ, 1001 (ʩʪʘʥʫ 9), ʪʦ ʧʨʠ ʥʘʜʭʦʜʞʝʥʥʷ ʥʘ ʚʭʽʜ L 

ʣʽʯʠʣʴʥʠʢʘ ʽʤʧʫʣʴʩʽʚ ʣʦʛʽʯʥʦʾ ç1è, ʣʽʯʠʣʴʥʠʢ ʩʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ çʟʘʚʘʥʪʘʞʝʥʥʷè ʽ ʢʦʜ 

1001 ʧʝʨʝʧʠʰʝʪʴʩʷ ʥʘ ʚʠʭʽʜ ʣʽʯʠʣʴʥʠʢʘ, ʷʢʠʡ ʜʘʣʽ ʙʫʜʝ ʚʽʜʧʨʘʮʴʦʚʫʚʘʪʠ ʩʪʘʥʠ ʟ 10 ʧʦ 

15, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʨʠʚʘʣʦʩʪʽ ʛʦʨʽʥʥʷ ʯʝʨʚʦʥʦʛʦ ʩʠʛʥʘʣʫ ʩʚʽʪʣʦʬʦʨʫ.  
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ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʶʯʠ ʢʦʜ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʚʭʦʜʘʭ ʣʽʯʠʣʴʥʠʢʘ ʽʤʧʫʣʴʩʽʚ, ʤʦʞʥʘ 

ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʟʥʘʯʠʪʠ ʯʘʩ ʛʦʨʽʥʥʷ  ʞʦʚʪʦʛʦ ʽ ʯʝʨʚʦʥʦʛʦ ʩʠʛʥʘʣʫ ʩʚʽʪʣʦʬʦʨʫ. ʏʘʩ 

ʛʦʨʽʥʥʷ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 5-ʨʦʟʨʷʜʥʦʛʦ ʣʽʯʠʣʴʥʠʢʘ ʽʤʧʫʣʴʩʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ çʞʦʨʩʪʢʦʛʦè 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʪʨʠʚʘʣʽʩʪʴ ʪʘʢʪʽʚ ʩʚʽʪʣʦʬʦʨʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ  ʚ ʤʝʞʘʭ  ʮʠʢʣʫ  ʚʽʜ 25 ʩ ʜʦ 

120 ʩ. 

ɿʘʩʪʦʩʫʚʘʚʰʠ ʫ ʩʭʝʤʽ ʬʦʨʤʫʚʘʯʘ ʩʠʛʥʘʣʽʚ ʫʧʨʘʚʣʽʥʥʷ ʜʝʰʠʬʨʘʪʦʨ ʟ ʫʥʽʪʘʨʥʠʤ 

ʚʠʭʦʜʦʤ ʨʘʟʦʤ ʟ ʣʦʛʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ çɸɹʆè, ʤʠ ʫ ʚʠʢʦʥʘʚʯʠʡ ʧʨʠʩʪʨʽʡ ʥʘʧʨʘʚʠʤʦ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʫʧʨʘʚʣʷʶʯʠʭ ʩʠʛʥʘʣʽʚ Yʟʝʣ, Yʯʝʨʚ, Yʞʦʚʪ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʇʃʇ ʢʦʥʪʨʦʣʝʨʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2. 
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ʋɼʂ 629.113 

 

ʂʫʧʨʽʷʥʯʫʢ ɸ.ʖ. ʙʘʢʘʣʘʚʨ ʛʨʫʧʠ ɸɹ-ɯV-1 

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

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ) 

 

ʆʉʆɹʃʀɺʆʉʊɯ ʇɽʈɽʆɹʃɸɼʅɸʅʅʗ ʊʈɸʅʉʄɯʉɯɰ ɸɺʊʆʄʆɹɯʃʗ ʂɸʊɽɻʆʈɯɰ 

ʄ1 ɼʃʗ ʉʇʆʈʊʀɺʅʀʍ ɿʄɸɻɸʅʔ ɺ ɼʀʉʎʀʇʃɯʅɯ TIMEATTACK 

 
ʇʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʽʜʛʦʪʦʚʢʠ ʩʝʨʽʡʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ BMW 3 ʩʝʨʽʾ 

(ʢʫʟʦʚ E46) ʜʦ ʩʧʦʨʪʠʚʥʠʭ ʟʤʘʛʘʥʴ ʚ ʜʠʩʮʠʧʣʽʥʽ Timeɸttack [1]. 
ɺʠʟʥʘʯʝʥʦ, ʱʦ ʨʘʮʽʦʥʘʣʴʥʠʤ ʻ ʧʽʜʚʠʱʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʫ ʘʙʦ 

ʧʦʚʥʦʾ ʡʦʛʦ ʟʘʤʽʥʠ ʥʘ ʙʽʣʴʰ ʧʦʪʫʞʥʫ. ʊʘʢʽ ʟʤʽʥʠ ʧʨʠʟʚʝʜʫʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ 
ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʪʨʘʥʩʤʽʩʽʾ ʘʚʪʦʤʦʙʽʣʷ BMW 3 ʩʝʨʽʾ (ʢʫʟʦʚ E46). ɿʦʢʨʝʤʘ, ʚ ʪʨʘʥʩʤʽʩʽʾ 
ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʜʘʯʫ ʙʽʣʴʰʦʛʦ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʽʞ ʮʝ ʧʝʨʝʜʙʘʯʝʥʦ 
ʟʘʚʦʜʦʤ ʚʠʛʦʪʦʚʣʶʚʘʯʝʤ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʧʝʨʝʤʠʢʘʥʥʷ ʧʝʨʝʜʘʯ ʽ 
ʧʦʢʨʘʱʝʥʥʷ ʜʠʥʘʤʽʢʠ ʨʦʟʛʦʥʫ ʘʚʪʦʤʦʙʽʣʷ BMW 3 ʩʝʨʽʾ (ʢʫʟʦʚ E46) ʨʘʮʽʦʥʘʣʴʥʦ 
ʧʝʨʝʦʙʣʘʜʥʘʪʠ ʡʦʛʦ ʪʨʘʥʩʤʽʩʽʶ ʰʣʷʭʦʤ ʟʘʤʽʥʠ çʢʣʘʩʠʯʥʦʾè ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʥʘ 
ʩʝʢʚʝʥʪʘʣʴʥʫ.  

ʉʝʢʚʝʥʪʘʣʴʥʘ ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ (ʚʽʜ ʘʥʛʣ. sequence ï ʧʦʩʣʽʜʦʚʥʽʩʪʴ) ʚ ʦʩʥʦʚʥʦʤʫ 
ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʪʦʮʠʢʣʽʚ ʪʘ ʩʧʦʨʪʠʚʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 
ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʢʚʝʥʪʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ 
ʥʘ ʩʝʨʽʡʥʠʭ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʷʭ. ɺʠʷʚʣʝʥʦ, ʱʦ ʢʦʥʩʪʨʫʢʮʽʷ ʩʝʢʚʝʥʪʘʣʴʥʦʾ ʢʦʨʦʙʢʠ 
ʧʝʨʝʜʘʯ ʥʘʚʽʪʴ ʧʨʦʩʪʽʰʘ ʟʘ ʢʣʘʩʠʯʥʫ. ɿʦʢʨʝʤʘ ʚ ʥʽʡ ʚʽʜʩʫʪʥʽ ʩʠʥʭʨʦʥʽʟʘʪʦʨʠ. ʇʨʠ 
ʮʴʦʤʫ, ʪʘʢʘ ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ. ɻʦʣʦʚʥʘ ʧʝʨʝʚʘʛʘ ʩʝʢʚʝʥʪʘʣʴʥʦʾ ʢʦʨʦʙʢʠ 
ʧʝʨʝʜʘʯ ï ʚ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʠʢʘʥʥʷ. ʇʨʦʪʝ ʪʘʢʘ ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ ʤʘʻ ʽ ʥʝʜʦʣʽʢʠ, ʜʦ 
ʷʢʠʭ ʩʣʽʜ ʚʽʜʥʝʩʪʠ: ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʝʨʝʤʠʢʘʥʥʷ ʧʝʨʝʜʘʯ, ʟʤʝʥʰʝʥʠʡ ʪʝʨʤʽʥ 
ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [2].  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʚʠʟʥʘʯʝʥʽ ʧʝʨʝʜʘʪʦʯʥʠʭ ʯʠʩʝʣ ʩʝʢʚʝʥʪʘʣʴʥʦʾ ʢʦʨʦʙʢʠ 
ʧʝʨʝʜʘʯ, ʥʝʦʙʭʽʜʥʦ ʦʨʽʻʥʪʫʚʘʪʠʩʴ ʥʘ ʦʧʪʠʤʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʪʷʛʦʚʦ-ʰʚʠʜʢʽʩʥʠʭ 
ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʚʪʦʤʦʙʽʣʷ BMW 3 ʩʝʨʽʾ (ʢʫʟʦʚ E46).  

ʊʘʢʦʞ ʚʘʞʣʠʚʦ, ʱʦ ʚʩʽ ʟʤʽʥʠ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʤʦʜʠʬʽʢʘʮʽʾ ʚ ʘʚʪʦʤʦʙʽʣʷʭ ʧʦʚʠʥʥʽ 
ʧʽʜʣʷʛʘʪʠ ʧʝʚʥʦʤʫ ʨʝʛʣʘʤʝʥʪʫ ʅʘʮʽʦʥʘʣʴʥʦʾ ʌʝʜʝʨʘʮʽʾ ʘʚʪʦʩʧʦʨʪʫ (FIA) [3]. ɺ 
ʨʝʛʣʘʤʝʥʪʽ ʅʘʮʽʦʥʘʣʴʥʦʾ ʌʝʜʝʨʘʮʽʾ ʘʚʪʦʩʧʦʨʪʫ (FIA) ʟʘʟʥʘʯʝʥʠʡ ʚʝʩʴ ʧʝʨʝʣʽʢ 
ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʦʜʠʬʽʢʘʮʽʡ, ʷʢʽ ʜʦʟʚʦʣʝʥʽ ʥʘ ʩʧʦʨʪʠʚʥʠʭ ʟʤʘʛʘʥʥʷʭ. ɿʘʟʥʘʯʝʥʽ 
ʟʤʽʥʠ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦʤʦʙʽʣʷ BMW 3 ʩʝʨʽʾ (ʢʫʟʦʚ E46) ʧʽʜʣʷʛʘʶʪʴ ʨʝʛʣʘʤʝʥʪʫ 
ʅʘʮʽʦʥʘʣʴʥʦʾ ʌʝʜʝʨʘʮʽʾ ʘʚʪʦʩʧʦʨʪʫ (FIA) ʽ ʟʛʽʜʥʦ ʟ ʮʠʤ ʨʝʛʣʘʤʝʥʪʦʤ ʜʘʥʠʡ ʘʚʪʦʤʦʙʽʣʴ 
ʧʽʜʣʷʛʘʻ ʧʽʜ ʢʘʪʝʛʦʨʽʶ PRO [3]. 
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ʃʠʩʝʥʢʦ ʗ.ɸ. ʩʪʫʜʝʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 275 ʊʨʘʥʩʧʦʨʪʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ɻʦʤʘ ɯ.ɺ. ʩʪʫʜʝʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 275 ʊʨʘʥʩʧʦʨʪʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʇʦʥʝʜʽʣʦʢ ʖ.ɺ., ʚʠʢʣʘʜʘʯ I ʢʘʪʝʛʦʨʽʾ 

(ʃʦʟʽʚʩʴʢʘ ʬʽʣʽʷ ʍʘʨʢʽʚʩʴʢʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʴʦʛʦ ʬʘʭʦʚʦʛʦ ʢʦʣʝʜʞʫ, ʤ. ʃʦʟʦʚʘ, 

ʋʢʨʘʾʥʘ) 

 

ɿɸɻɸʃʔʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʊɸ ʆʉʆɹʃʀɺʆʉʊɯ ʈʆɿɺʀʊʂʋ 

ɸɺʊʆʄʆɹɯʃʔʅʆɻʆ ʊʈɸʅʉʇʆʈʊʋ 

 

ʊʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ ʋʢʨʘʾʥʠ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʩʢʣʘʜʦʚʠʭ ʥʘʮʽʦʥʘʣʴʥʦʾ 

ʝʢʦʥʦʤʽʢʠ ʪʘ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʢʨʘʾʥʠ. ɰʾ ʩʪʨʘʪʝʛʽʯʥʝ ʛʝʦʛʨʘʬʽʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘ ʧʝʨʝʪʠʥʽ ʚʘʞʣʠʚʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʰʣʷʭʽʚ ʤʽʞ ɭʚʨʦʧʦʶ ʪʘ ɸʟʽʻʶ ʜʦʟʚʦʣʷʻ ʋʢʨʘʾʥʽ ʚʠʢʦʥʫʚʘʪʠ ʨʦʣʴ ʚʘʞʣʠʚʦʛʦ 

ʪʨʘʥʟʠʪʥʦʛʦ ʚʫʟʣʘ ʚ ʤʽʞʥʘʨʦʜʥʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ. 

ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ, 

ʘʜʞʝ ʟʘʙʝʟʧʝʯʫʻ ʷʢ ʧʘʩʘʞʠʨʩʴʢʽ, ʪʘʢ ʽ ʚʘʥʪʘʞʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʥʘ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʢʨʘʾʥʠ. 

ɺʽʥ ʻ ʛʥʫʯʢʠʤ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ 

ʜʦʩʪʘʚʣʷʪʠ ʪʦʚʘʨʠ ʪʘ ʧʘʩʘʞʠʨʽʚ ʷʢ ʥʘ ʢʦʨʦʪʢʽ, ʪʘʢ ʽ ʥʘ ʜʦʚʛʽ ʚʽʜʩʪʘʥʽ. 

ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʽ ʟʨʫʯʥʦ ʧʝʨʝʚʦʟʠʪʠ ʚʘʥʪʘʞʽ ʙʝʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ. ʎʝ ʟʥʠʞʫʻ ʚʠʪʨʘʪʠ ʥʘ ʣʦʛʽʩʪʠʢʫ, ʦʩʦʙʣʠʚʦ ʜʣʷ 

ʢʦʨʦʪʢʠʭ ʽ ʩʝʨʝʜʥʽʭ ʚʽʜʩʪʘʥʝʡ. 

ʅʘ ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʧʨʠʧʘʜʘʻ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʝʚʝʟʝʥʴ 

ʚʘʥʪʘʞʽʚ ʪʘ ʧʘʩʘʞʠʨʽʚ. ɺʽʥ ʻ ʣʽʜʝʨʦʤ ʫ ʜʦʩʪʘʚʮʽ ʪʦʚʘʨʽʚ, ʦʩʦʙʣʠʚʦ ʫ ʩʽʣʴʩʴʢʽ ʪʘ 

ʚʽʜʜʘʣʝʥʽ ʨʘʡʦʥʠ, ʜʝ ʟʘʣʽʟʥʠʯʥʠʡ ʯʠ ʨʽʯʢʦʚʠʡ ʪʨʘʥʩʧʦʨʪ ʥʝ ʜʦʩʪʫʧʥʠʡ. 

ɺʽʡʥʘ ʚ ʋʢʨʘʾʥʽ ʟʥʘʯʥʦ ʚʧʣʠʥʫʣʘ ʥʘ ʩʪʘʥ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɹʘʛʘʪʦ 

ʜʦʨʽʛ, ʤʦʩʪʽʚ ʪʘ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ ʙʫʣʠ ʟʨʫʡʥʦʚʘʥʽ ʚʥʘʩʣʽʜʦʢ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ. ɺʽʜʥʦʚʣʝʥʥʷ 

ʧʦʰʢʦʜʞʝʥʠʭ ʜʽʣʷʥʦʢ ʻ ʧʨʽʦʨʠʪʝʪʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʫʨʷʜʫ, ʘʣʝ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ 

ʨʝʩʫʨʩʽʚ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʽʡʩʴʢʦʚʠʡ ʚʧʣʠʚ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʣʘʥʫʚʘʥʥʷ ʥʦʚʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʢʦʨʠʜʦʨʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʯʥʠʡ ʨʫʭ ʪʦʚʘʨʽʚ ʽ ʧʘʩʘʞʠʨʽʚ ʫ ʪʠʭ ʨʝʛʽʦʥʘʭ, ʜʝ 

ʮʝ ʤʦʞʣʠʚʦ. 

ɹʘʛʘʪʦ ʜʦʨʽʛ ʚ ʋʢʨʘʾʥʽ ʤʘʶʪʴ ʥʝʟʘʜʦʚʽʣʴʥʠʡ ʩʪʘʥ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʻ ʬʽʥʘʥʩʫʚʘʥʥʷ, 

ʟʥʦʰʝʥʽʩʪʴ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʨʝʤʦʥʪʽ. ʎʝ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʝʨʝʚʝʟʝʥʴ, ʧʽʜʚʠʱʫʻ ʨʠʟʠʢʠ ʜʣʷ ʚʦʜʽʾʚ ʽ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʫ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʩʪʚʦʨʝʥʥʶ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʘʛʽʩʪʨʘʣʝʡ, 

ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʻʚʨʦʧʝʡʩʴʢʠʤ ʩʪʘʥʜʘʨʪʘʤ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʯʘʩ ʧʝʨʝʚʝʟʝʥʴ ʽ 

ʧʽʜʚʠʱʠʪʠ ʙʝʟʧʝʢʫ ʨʫʭʫ. ʆʜʥʘʢ ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʤʘʛʽʩʪʨʘʣʝʡ ʚʩʝ ʱʝ ʦʙʤʝʞʝʥʘ, ʽ ʙʽʣʴʰʽʩʪʴ 

ʜʦʨʽʛ ʧʦʪʨʝʙʫʶʪʴ ʦʥʦʚʣʝʥʥʷ ʜʦ ʩʫʯʘʩʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

ʉʫʯʘʩʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ ʋʢʨʘʾʥʠ ʩʪʠʢʘʻʪʴʩʷ ʟ ʥʠʟʢʦʶ ʚʠʢʣʠʢʽʚ, ʟʦʢʨʝʤʘ ʟ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʧʽʜʚʠʱʝʥʥʷʤ ʙʝʟʧʝʢʠ ʧʝʨʝʚʝʟʝʥʴ, ʘ ʪʘʢʦʞ 

ʽʥʪʝʛʨʘʮʽʻʶ ʚ ʻʚʨʦʧʝʡʩʴʢʫ ʪʨʘʥʩʧʦʨʪʥʫ ʤʝʨʝʞʫ. ɺʽʡʩʴʢʦʚʽ ʜʽʾ ʥʘ ʩʭʦʜʽ ʢʨʘʾʥʠ ʩʫʪʪʻʚʦ 

ʚʧʣʠʥʫʣʠ ʥʘ ʪʨʘʥʩʧʦʨʪʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʚʠʢʣʠʢʘʚʰʠ ʾʾ ʨʫʡʥʫʚʘʥʥʷ ʚ ʙʘʛʘʪʴʦʭ 

ʨʝʛʽʦʥʘʭ ʪʘ ʧʦʪʨʝʙʫ ʫ ʚʽʜʥʦʚʣʝʥʥʽ. 

ʈʦʟʚʠʪʦʢ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʧʦʚôʷʟʘʥ ʟ ʾʾ ʮʠʬʨʦʚʽʟʘʮʽʻʶ, ʚʧʨʦʚʘʜʞʝʥʥʷʤ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʨʦʟʚʠʪʢʦʤ ʰʚʠʜʢʽʩʥʠʭ ʟʘʣʽʟʥʠʯʥʠʭ ʣʽʥʽʡ, ʘ ʪʘʢʦʞ ʟ 

ʝʢʦʣʦʛʽʯʥʦʶ ʤʦʜʝʨʥʽʟʘʮʽʻʶ. ɼʝʨʞʘʚʥʽ ʽʥʽʮʽʘʪʠʚʠ ʱʦʜʦ ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ 

ʧʨʦʝʢʪʽʚ, ʟʘʣʫʯʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡ, ʧʦʢʨʘʱʝʥʥʷ ʣʦʛʽʩʪʠʢʠ ʪʘ ʨʦʟʚʠʪʦʢ ʽʥʪʝʛʨʦʚʘʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʨʠʜʦʨʽʚ ʻ ʚʘʞʣʠʚʠʤʠ ʢʨʦʢʘʤʠ ʜʣʷ ʟʤʽʮʥʝʥʥʷ ʧʦʟʠʮʽʡ ʋʢʨʘʾʥʠ ʥʘ 

ʤʽʞʥʘʨʦʜʥʽʡ ʪʨʘʥʩʧʦʨʪʥʽʡ ʘʨʝʥʽ. 
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ʈʦʟʚʠʥʫʪʘ ʪʨʘʥʩʧʦʨʪʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʻ ʟʘʧʦʨʫʢʦʶ ʝʢʦʥʦʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ, 

ʽʥʚʝʩʪʠʮʽʡʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʋʢʨʘʾʥʠ ʫ ʩʚʽʪʦʚʫ ʝʢʦʥʦʤʽʢʫ. ʊʨʘʥʩʧʦʨʪʥʘ 

ʩʠʩʪʝʤʘ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʽʚ, ʟʤʝʥʰʝʥʥʶ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʠʪʨʘʪ, ʧʦʣʽʧʰʝʥʥʶ ʫʤʦʚ 

ʜʣʷ ʧʽʜʧʨʠʻʤʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʨʽʚʥʷ ʤʦʙʽʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ. ɺʦʥʘ 

ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʤʘʻ ʩʪʨʘʪʝʛʽʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʦʙʦʨʦʥʦʟʜʘʪʥʦʩʪʽ ʢʨʘʾʥʠ. 

ʆʪʞʝ, ʨʦʟʚʠʪʦʢ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ ʻ ʧʨʽʦʨʠʪʝʪʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʱʦ 

ʩʧʨʠʷʪʠʤʝ ʝʢʦʥʦʤʽʯʥʦʤʫ ʟʨʦʩʪʘʥʥʶ, ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ ʞʠʪʪʷ ʥʘʩʝʣʝʥʥʷ ʪʘ ʟʤʽʮʥʝʥʥʶ 

ʧʦʟʠʮʽʡ ʢʨʘʾʥʠ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʽ. 

ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʋʢʨʘʾʥʠ ʤʘʻ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʨʦʟʚʠʪʢʫ, ʦʩʦʙʣʠʚʦ 

ʫ ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʝʚʝʟʝʥʥʷʭ ʪʘ ʤʽʞʥʘʨʦʜʥʽʡ ʣʦʛʽʩʪʠʮʽ. ʆʜʥʘʢ ʜʣʷ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʽʥʚʝʩʪʫʚʘʪʠ ʫ ʚʽʜʥʦʚʣʝʥʥʷ ʜʦʨʽʛ, ʨʦʟʚʠʚʘʪʠ ʩʫʯʘʩʥʽ 

ʣʦʛʽʩʪʠʯʥʽ ʮʝʥʪʨʠ, ʘ ʪʘʢʦʞ ʦʥʦʚʣʶʚʘʪʠ ʘʚʪʦʧʘʨʢ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʝʢʦʣʦʛʽʶ. 

ʈʦʟʚʠʪʦʢ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʽʜʚʠʱʠʪʴ ʤʦʙʽʣʴʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ, ʧʦʩʠʣʠʪʴ 

ʝʢʦʥʦʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʨʝʛʽʦʥʽʚ ʪʘ ʩʧʨʠʷʪʠʤʝ ʽʥʪʝʛʨʘʮʽʾ ʋʢʨʘʾʥʠ ʫ ʻʚʨʦʧʝʡʩʴʢʠʡ ʨʠʥʦʢ. 

ʈʦʟʚʠʪʦʢ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ ʻ ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ, ʱʦ ʧʦʪʨʝʙʫʻ 

ʟʥʘʯʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʤʽʞʥʘʨʦʜʥʦʾ ʧʽʜʪʨʠʤʢʠ. ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʫ ʩʧʨʠʷʪʠʤʝ 

ʝʢʦʥʦʤʽʯʥʦʤʫ ʟʨʦʩʪʘʥʥʶ, ʧʦʢʨʘʱʝʥʥʶ ʣʦʛʽʩʪʠʢʠ ʪʘ ʟʙʽʣʴʰʝʥʥʶ ʧʨʠʚʘʙʣʠʚʦʩʪʽ 

ʋʢʨʘʾʥʠ ʷʢ ʪʨʘʥʟʠʪʥʦʾ ʢʨʘʾʥʠ ʤʽʞ ɭʚʨʦʧʦʶ ʪʘ ɸʟʽʻʶ. 

ʈʦʟʚʠʪʦʢ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚ ʋʢʨʘʾʥʽ ʤʘʻ ʟʥʘʯʥʽ ʧʝʨʩʧʝʢʪʠʚʠ, ʘʣʝ 

ʧʦʪʨʝʙʫʻ ʤʘʩʰʪʘʙʥʠʭ ʽʥʚʝʩʪʠʮʽʡ, ʤʦʜʝʨʥʽʟʘʮʽʾ ʘʚʪʦʧʘʨʢʫ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʜʦʨʽʛ. 

ʆʥʦʚʣʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʽʥʪʝʛʨʘʮʽʷ ʟ ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʤʝʨʝʞʘʤʠ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʙʝʟʧʝʢʦʚʠʭ ʽʥʽʮʽʘʪʠʚ ʩʧʨʠʷʪʠʤʫʪʴ ʧʽʜʚʠʱʝʥʥʶ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʴʦʛʦ ʚʠʜʫ ʪʨʘʥʩʧʦʨʪʫ, ʝʢʦʥʦʤʽʯʥʦʤʫ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥʠ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʫ 

ʤʽʞʥʘʨʦʜʥʫ ʪʨʘʥʩʧʦʨʪʥʫ ʩʠʩʪʝʤʫ 
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ʋɼʂ 658.286:164 

 

ʄʘʪʚʻʻʥʢʦ ɯ.ʆ. ʩʪʫʜʝʥʪ ʛʨʫʧʠ 275ʤ-23-1 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʣʠʤʝʥʢʦ ɯ.ʖ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʫʧʨʘʚʣʽʥʥʷ ʥʘ 

ʪʨʘʥʩʧʦʨʪʽ 

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

 

ʆʈɻɸʅɯɿɸʎɯʗ ʅɸɺɸʅʊɸɾʋɺɸʃʔʅʆ-ʈʆɿɺɸʅʊɸɾʋɺɸʃʔʅʀʍ ʈʆɹɯʊ 

ʅɸ ʇɯɼʇʈʀɭʄʉʊɺɯ ʗʂ ʐʃʗʍ ʆʇʊʀʄɯɿɸʎɯɰ ʃʆɻɯʉʊʀʏʅʀʍ ʇʈʆʎɽʉɯɺ 
 

ʂʦʤʧʘʥʽʷʤ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʜʽʷʣʴʥʦʩʪʽ ʟʽ ʟʙʫʪʫ ʪʘ ʨʦʟʧʦʜʽʣʝʥʥʷ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʠʟʢʫ ʧʠʪʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʧʦʩʪʘʯʘʥʥʷʤ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷʤ, 

ʚʠʙʦʨʦʤ ʚʠʜʫ ʪʨʘʥʩʧʦʨʪʫ, ʪʠʧʦʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʦʤ ʦʨʛʘʥʽʟʘʮʽʾ 

ʧʝʨʝʚʝʟʝʥʴ [1]. ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʷʢ ʤʽʥʽʤʫʤ 50 % ʚʠʪʨʘʪ ʥʘ ʣʦʛʽʩʪʠʢʫ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʪʨʘʥʩʧʦʨʪʦʤ, ʪʦ ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʽʰʝʥʥʷ ʚʩʽʭ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʧʠʪʘʥʴ ʟʘʣʝʞʠʪʴ 

ʧʨʠʙʫʪʦʢ ʢʦʤʧʘʥʽʾ, ʾʾ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʪʘ ʩʪʘʥʦʚʠʱʝ ʥʘ ʨʠʥʢʫ. 

ʇʨʠ ʚʩʽʡ, ʟʜʘʚʘʣʦʩʷ ʙ, ʧʨʦʩʪʦʪʽ ʘʚʪʦʤʦʙʽʣʴʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ ʻ ʜʦʩʠʪʴ 

ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʚʠʤʘʛʘʻ, ʧʦ-ʧʝʨʰʝ, ʨʝʪʝʣʴʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʧʦ-ʜʨʫʛʝ, ʯʽʪʢʦʾ 

ʢʦʦʨʜʠʥʘʮʽʾ ʚʩʽʭ ʟʘʣʫʯʝʥʠʭ ʜʦ ʥʴʦʛʦ ʦʩʽʙ, ʘ ʧʦ-ʪʨʝʪʻ, ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʯʥʫ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʢʦʤʧʘʥʽʾ, ʱʦ ʟʜʽʡʩʥʶʻ ʜʦʩʪʘʚʢʫ. ʊʦʤʫ ʦʯʝʚʠʜʥʦ, ʱʦ ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʧʠʪʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʜʦʩʪʘʚʢʦʶ ʪʘ ʙʝʟʧʝʢʦʶ ʚʘʥʪʘʞʫ, ʚʠʙʽʨ ʢʦʤʧʘʥʽʾ, ʷʢʘ ʚʦʣʦʜʽʻ 

ʜʦʩʢʦʥʘʣʦ ʪʝʭʥʦʣʦʛʽʻʶ ʧʝʨʝʚʽʟʥʦʛʦ ʧʨʦʮʝʩʫ, ʤʘʻ ʜʫʞʝ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʫʩʧʽʰʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʙʽʟʥʝʩʫ [2]. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʘʩʧʝʢʪʠ: 

1. ʈʝʪʝʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ. ʇʝʨʰʠʡ ʢʨʦʢ ʫ ʫʩʧʽʰʥʦʤʫ ʧʝʨʝʚʝʟʝʥʥʽ - ʨʝʪʝʣʴʥʝ 

ʧʣʘʥʫʚʘʥʥʷ, ʷʢʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫ, ʚʨʘʭʫʚʘʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʩʽʤ ʥʦʨʤʘʪʠʚʘʤ ʽ 

ʩʪʘʥʜʘʨʪʘʤ. 

2. ɹʝʟʧʝʢʘ ʪʘ ʷʢʽʩʪʴ. ɺʘʥʪʘʞʦʚʽʜʧʨʘʚʥʠʢ ʪʘ ʧʝʨʝʚʽʟʥʠʢ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʽ ʫʧʘʢʦʚʢʠ ʚʩʽʤ ʩʪʘʥʜʘʨʪʘʤ, ʛʘʨʘʥʪʫʶʯʠ ʮʽʣʽʩʥʽʩʪʴ 

ʪʘ ʤʽʥʽʤʽʟʘʮʽʶ ʨʠʟʠʢʽʚ ʧʦʰʢʦʜʞʝʥʴ ʚ ʜʦʨʦʟʽ. 

3. ʉʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʜʦʩʪʘʚʢʠ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʦʩʪʘʚʢʠ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ 
ʧʨʠʩʢʦʨʝʥʥʽ ʧʨʦʜʘʞʽʚ ʤʝʪʘʣʦʧʨʦʢʘʪʫ ʥʘ ʩʢʣʘʜʽ ʤʝʪʘʣʦʪʨʝʡʜʝʨʘ. ɿʘʚʜʷʢʠ 

ʦʧʪʠʤʽʟʦʚʘʥʠʤ ʣʦʛʽʩʪʠʯʥʠʤ ʨʽʰʝʥʥʷʤ ʚʜʘʻʪʴʩʷ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ 

ʧʦʢʨʘʱʠʪʠ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʟʘʤʦʚʣʝʥʴ. 

4. ʄʠʪʥʽ ʧʨʦʮʝʜʫʨʠ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ. ʇʨʠ ʤʽʞʥʘʨʦʜʥʠʭ ʧʦʩʪʘʚʢʘʭ ʚʘʞʣʠʚʠʤ 
ʘʩʧʝʢʪʦʤ ʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʠʪʥʠʤ ʧʨʦʮʝʜʫʨʘʤ ʽ ʤʽʩʮʝʚʦʤʫ ʨʝʛʫʣʶʚʘʥʥʶ. ʆʧʝʨʘʪʠʚʥʘ 

ʦʙʨʦʙʢʘ ʥʝʦʙʭʽʜʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʩʧʨʠʷʻ ʙʝʟʧʝʨʝʙʽʡʥʦʤʫ ʨʫʭʫ ʯʝʨʝʟ ʢʦʨʜʦʥʠ. 

5. ʉʧʽʚʧʨʘʮʷ ʪʘ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ. ʂʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʚʟʘʻʤʦʜʽʷ ʤʽʞ 
ʚʘʥʪʘʞʦʚʽʜʧʨʘʚʥʠʢʦʤ, ʚʘʥʪʘʞʦʦʜʝʨʞʫʚʘʯʝʤ ʪʘ ʧʝʨʝʚʽʟʥʠʢʦʤ. ʈʝʛʫʣʷʨʥʠʡ ʟʚʦʨʦʪʥʠʡ 

ʟʚ'ʷʟʦʢ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʣʦʛʽʩʪʠʯʥʽ ʧʨʦʮʝʩʠ, ʟʥʠʞʫʶʯʠ ʚʠʪʨʘʪʠ ʪʘ ʧʽʜʚʠʱʫʶʯʠ 

ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʉʴʦʛʦʜʥʽ ʩʢʣʘʜʘʻʪʴʩʷ ʞʦʨʩʪʢʘ ʢʦʥʢʫʨʝʥʮʽʷ ʧʨʠ ʚʠʙʦʨʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ, 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʜʫ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʢʦʥʢʨʝʪʥʦʛʦ ʧʝʨʝʚʽʟʥʠʢʘ ʜʣʷ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ. ʋ 

ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʜʽʷʣʴʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʬʽʨʤ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʧʽʜʚʠʱʝʥʠʤ ʚʠʤʦʛʘʤ 

ʜʦ ʷʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʙʦʪʠ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʤʧʘʥʽʡ ʥʘ ʨʠʥʢʫ ʤʽʞʥʘʨʦʜʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʨʦʟʛʣʷʥʫʪʽ ʚ ʨʦʙʦʪʘʭ [4-5], 

ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʦʙʠʪʠ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʥʝ 

ʣʠʰʝ ʢʦʥʢʨʝʪʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ, ʘ ʡ ʫʩʽʻʾ ʩʠʩʪʝʤʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʚʘʨʦʦʙʤʽʥʫ. 
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ʐʚʠʜʢʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʤʘʶʪʴ ʢʣʶʯʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʣʦʛʽʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʜʽʷʣʴʥʦʩʪʽ [6]. ʆʩʴ ʢʽʣʴʢʘ 

ʘʩʧʝʢʪʽʚ, ʱʦ ʧʽʜʢʨʝʩʣʶʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ: 

1. ʆʧʪʠʤʽʟʘʮʽʷ ʨʦʙʦʯʦʛʦ ʯʘʩʫ. 

2. ʄʽʥʽʤʽʟʘʮʽʷ ʟʘʪʨʠʤʦʢ ï ʰʚʠʜʢʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ 

ʫʥʠʢʥʫʪʠ ʟʘʪʨʠʤʦʢ, ʱʦ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʯʝʨʝʟ ʜʦʚʛʦʪʨʠʚʘʣʽ ʧʨʦʮʝʩʠ ʦʙʨʦʙʢʠ 

ʚʘʥʪʘʞʫ. 

3. ɿʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ï ʰʚʠʜʰʝ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʚʘʥʪʘʞʽʚ, ʦʙʨʦʙʣʝʥʠʭ ʧʨʦʪʷʛʦʤ ʨʦʙʦʯʦʛʦ ʜʥʷ, ʱʦ ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

4. ʄʽʥʽʤʽʟʘʮʽʷ ʚʠʪʨʘʪ: 

ï ʟʤʝʥʰʝʥʥʷ ʦʧʝʨʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ï ʰʚʠʜʢʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ 

ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʚʘʥʪʘʞʥʠʡ ʪʨʘʥʩʧʦʨʪ ʪʘ ʨʦʙʦʯʘ ʩʠʣʘ 

ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʩʢʣʘʜʽ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʟʤʝʥʰʠʪʠ ʦʧʝʨʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. 

ï ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ï ʰʚʠʜʢʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʘʥʪʘʞʽʚ 

ʜʦʟʚʦʣʷʻ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʫʥʠʢʘʶʯʠ ʡʦʛʦ ʧʨʦʩʪʦʶ 

ʪʘ ʤʽʥʽʤʽʟʫʶʯʠ ʚʠʪʨʘʪʠ ʥʘ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʶ. 

5. ʇʽʜʪʨʠʤʘʥʥʷ ʣʦʛʽʩʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ: 

ï ʦʧʪʠʤʽʟʘʮʽʷ ʣʘʥʮʶʛʘ ʧʦʩʪʘʯʘʥʴ ï ʰʚʠʜʢʝ ʦʙʨʦʙʣʝʥʥʷ ʚʘʥʪʘʞʽʚ ʩʧʨʠʷʻ 

ʦʧʪʠʤʽʟʘʮʽʾ ʣʘʥʮʶʛʘ ʧʦʩʪʘʯʘʥʴ, ʜʦʟʚʦʣʷʶʯʠ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʧʦʪʨʝʙʠ ʢʣʽʻʥʪʽʚ ʪʘ 

ʫʧʨʘʚʣʷʪʠ ʟʘʧʘʩʘʤʠ. 

ï ʟʤʝʥʰʝʥʥʷ ʪʝʨʤʽʥʽʚ ʜʦʩʪʘʚʢʠ ï ʰʚʠʜʢʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ 

ʩʧʨʠʷʶʪʴ ʩʢʦʨʦʯʝʥʥʶ ʯʘʩʫ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʚ 

ʢʦʥʢʫʨʝʥʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

6. ʇʦʢʨʘʱʝʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ: 

ï ʰʚʠʜʢʘ ʨʝʘʢʮʽʷ ʥʘ ʟʘʤʦʚʣʝʥʥʷ ï ʰʚʠʜʢʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʘʤʦʚʣʝʥʥʷ ʢʣʽʻʥʪʽʚ ʪʘ 

ʰʚʠʜʢʘ ʚʽʜʧʨʘʚʢʘ ʪʦʚʘʨʽʚ ʤʦʞʝ ʧʦʣʽʧʰʠʪʠ ʨʝʧʫʪʘʮʽʶ ʙʽʟʥʝʩʫ ʪʘ ʟʘʜʦʚʦʣʴʥʷʥʥʷ 

ʢʣʽʻʥʪʽʚ. 

ï ʤʽʥʽʤʽʟʘʮʽʷ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ ï ʰʚʠʜʢʝ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʜʦʧʦʤʘʛʘʻ 

ʟʥʠʟʠʪʠ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʜʣʷ ʢʣʽʻʥʪʽʚ ʽ ʧʽʜʚʠʱʫʻ ʾʭʥʻ ʟʘʜʦʚʦʣʝʥʥʷ ʚʽʜ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɺʟʘʛʘʣʽ, ʰʚʠʜʢʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʩʧʨʠʷʶʪʴ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʥʫʪʨʽʰʥʽʭ ʦʧʝʨʘʮʽʡ, ʘʣʝ ʽ ʚʽʜʽʛʨʘʶʪʴ ʩʪʨʘʪʝʛʽʯʥʫ ʨʦʣʴ ʫ ʧʽʜʪʨʠʤʮʽ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʪʘ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʢʣʽʻʥʪʽʚ. 

ʈʦʙʦʪʘ ʪʨʘʥʩʧʦʨʪʫ ʤʘʻ ˇʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʟʘʧʠʪʘʭ ʩʧʦʞʠʚʘʯʘ. ʂʣʽʻʥʪʘ ʧʨʠʚʘʙʣʶʶʪʴ 

ʤʽʥʽʤʘʣʴʥʽ ʪʝʨʤʽʥʠ ʜʦʩʪʘʚʢʠ, 100 %-ʚʘ ʟʙʝʨʝʞʝʥʽʩʪʴ ʚʘʥʪʘʞʫ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ, 

ʟʨʫʯʥʽʩʪʴ ʧʦ ʧʨʠʡʦʤʫ ʪʘ ʟʜʘʯʽ ʚʘʥʪʘʞʽʚ, ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʪʘʨʠʬʠ, ʫʤʦʚʠ ʧʝʨʝʚʝʟʝʥʥʷ ʪʘ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʚʘʥʪʘʞʫ. ʊʽʣʴʢʠ ʟʘ ʮʠʭ ʫʤʦʚ 

ʢʣʽʻʥʪ ʛʦʪʦʚʠʡ ʥʝʩʪʠ ʚʽʜʧʦʚʽʜʥʽ ʚʠʪʨʘʪʠ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʉʘʻʥʩʫʩ ʄ. ɸ. ʋʧʨʘʚʣʽʥʥʷ ʣʦʛʽʩʪʠʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚ ʫʤʦʚʘʭ ʽʥʥʦʚʘʮʽʡʥʦʛʦ 

ʨʦʟʚʠʪʢʫ : ʤʦʥʦʛʨʘʬʽʷ. ʍʘʨʢʽʚ : çɼʽʩʘ ʧʣʶʩè, 2020. 220 ʩ. 

2. ɸʥʘʥʢʦ ɯ. ʄ. ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ɸʊʇ. 

ɽʢʦʥʦʤʽʢʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 2014. No 24. ʉ. 125-138. 

3. ɿʘʙʫʨʘʥʥʘ ʃ. ɺ., ɻʣʫʱʝʥʢʦ ʆ. ʄ. ʃʦʛʽʩʪʠʯʥʘ ʢʦʥʮʝʧʮʽʷ ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ. ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʏɼɯɽʋ. 2011. No 4 (12). ʉ. 182-191. 

4. ʉʫʤʝʮʴ ʆ. ʄ., ɹʘʙʝʥʢʦʚʘ ʊ. ʖ. ʃʦʛʽʩʪʠʯʥʽ ʩʠʩʪʝʤʠ ʽ ʣʘʥʮʶʛʠ ʧʦʩʪʘʚʦʢ : ʥʘʚʯ. 

ʧʦʩʽʙ. ʂʠʾʚ : ʍʘʡ-ʊʝʢ-ʇʨʝʩ, 2012. 220 ʩ. 

5. ɼʝʥʠʩʝʥʢʦ ʄ. ʇ., ʃʝʚʢʦʚʝʮʴ ʇ. ʈ., ʄʠʭʘʡʣʦʚʘ ʃ. ɯ. ʪʘ ʽʥ. ʆʨʛʘʥʽʟʘʮʽʷ ʪʘ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤ : ʧʽʜʨʫʯʥʠʢ / ʟʘ ʨʝʜ. ʧʨʦʬ. ʄ. ʇ. ɼʝʥʠʩʝʥʢʘ, ʧʨʦʬ. ʇ. 

ʈ. ʃʝʢʦʚʮʷ, ʧʨʦʬ. ʃ. ɯ. ʄʠʭʘʡʣʦʚʦʾ. ʂʠʾʚ : ʎʝʥʪʨ ʫʯʙʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ, 2010. 336 ʩ. 
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ʋɼʂ 629.113 

 

ʄʷʢʦʪʘ ʗ. ʖ. ʙʘʢʘʣʘʚʨ ʛʨʫʧʠ ɸɹ-ɯV-1 

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

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ) 

 

ɺʀɹɯʈ ʉʇʆʉʆɹʋ ʇʆɺʆʈʆʊʋ ɺʉʖɼʀʍʆɼʋ ɸʄʌɯɹɯʗ 

 

ɿʘʛʘʣʦʤ ʟʤʽʥʘ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʢʦʣʽʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ (ʂʊɿ) ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘʩʪʫʧʥʠʤʠ ʩʧʦʩʦʙʘʤʠ [1]: ʟʤʽʥʦʶ ʢʫʪʽʚ ʧʦʚʦʨʦʪʫ ʦʜʥʽʻʾ ʯʘʩʪʠʥʠ 

ʤʘʰʠʥʠ ʱʦʜʦ ʽʥʰʦʾ (ʟʯʣʝʥʦʚʘʥʽ ʤʘʰʠʥʠ ʘʙʦ ʤʘʰʠʥʠ ʟ ʰʘʨʥʽʨʥʦ-ʟʯʣʝʥʦʚʘʥʦʶ ʨʘʤʦʶ); 

ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʝʡ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʩ ʣʽʚʦʛʦ ʽ ʧʨʘʚʦʛʦ ʙʦʨʪʽʚ ʂʊɿ (ʜʠʥʘʤʽʯʥʠʡ ʩʧʦʩʽʙ 

ʧʦʚʦʨʦʪʫ). 

ʋ ʧʝʨʝʚʘʞʥʦʾ ʙʽʣʴʰʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʟʤʽʥʘ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʦʚʦʨʦʪʫ ʡʦʛʦ ʢʝʨʦʚʘʥʠʭ ʢʦʣʽʩ, ʧʨʠʯʦʤʫ ʚ ʜʚʦʚʽʩʥʠʭ ʘʚʪʦʤʦʙʽʣʷʭ, ʷʢ 

ʧʨʘʚʠʣʦ, ʢʝʨʦʚʘʥʠʤʠ ʚʠʩʪʫʧʘʶʪʴ ʧʝʨʝʜʥʽ ʢʦʣʝʩʘ [1]. 

ɺʩʶʜʠʭʽʜ ʘʤʬʽʙʽʷ (ʨʠʩ. 1) ʮʝ ʢʦʣʽʩʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ (ʂʊɿ) ʟ ʥʘʡʚʠʱʦʶ 

ʧʨʦʭʽʜʥʽʩʪʶ [2]. ʆʩʦʙʣʠʚʽʩʪʶ ʪʘʢʦʛʦ ʂʊɿ ʻ ʪʝ, ʱʦ ʡʦʛʦ ʢʦʣʝʩʘ ʤʘʶʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰʽ 

ʨʦʟʤʽʨʠ (ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʤʽʨʘʤʠ ʢʦʣʽʩ ʟʚʠʯʘʡʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ) ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʨʦʟʤʽʨʽʚ ʩʘʤʦʛʦ ʂʊɿ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɺʩʶʜʠʭʽʜ ʘʤʬʽʙʽʷ SHERP N1200 [1] 

 

ɿ ʦʛʣʷʜʫ ʥʘ ʟʘʟʥʘʯʝʥʝ (ʨʠʩ. 1) ʜʣʷ ʚʩʶʜʠʭʦʜʫ ʘʤʬʽʙʽʷ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤ 

ʩʧʦʩʦʙʦʤ ʧʦʚʦʨʦʪʫ ʻ ʧʽʜʚʝʜʝʥʥʷʤ ʜʦ ʧʨʘʚʦʛʦ ʽ ʣʽʚʦʛʦ ʙʦʨʪʫ ʨʽʟʥʠʭ ʟʘ ʚʝʣʠʯʠʥʦʶ ʘʙʦ 

ʥʘʧʨʷʤʢʦʤ ʩʠʣ ʪʷʛʠ.  

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ɺ 3 ʯ. ʏ. 3. 

ʄʘʥʝʚʨʝʥʽʩʪʴ. ʂʝʨʦʚʘʥʽʩʪʴ. ʉʪʽʡʢʽʩʪʴ : ʥʘʚʯ. ʧʦʩʽʙ. / ɺ. ʇ. ʉʘʭʥʦ, ɺ. ʄ. ʇʦʣʷʢʦʚ, ɸ. ɺ. 

ʂʦʩʪʝʥʢʦ ʪʘ ʽʥ. ɼʦʥʝʮʴʢ : ʃɸʅɼʆʅ-ʍʍɯ, 2015. 400 ʩ. 

2. SHERP N1200: ʩʘʡʪ çsherpglobal.comè. URL: https://sherpglobal.com/sherp-n-

1200-7/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 15.10.2024).  
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ʋɼʂ681.518.54 

 

ʇʘʩʽʯʥʠʢ ʈ.ɸ. ʟʜʦʙʫʚʘʯ ʬʘʭʦʚʦʾ ʧʝʨʝʜ ʚʠʱʦʾ ʦʩʚʽʪʠ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 141 

çɽʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, ʝʣʝʢʪʨʦʪʝʭʥʽʢʘ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘè, ʆʇʇ çʆʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʪʘ ʨʝʤʦʥʪ ʝʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʽ ʪʨʘʢʪʦʨʽʚè  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɿʘʛʦʨʫʡʢʦ ʖ.ʆ., ʚʠʢʣʘʜʘʯ ɯ ʢʘʪʝʛʦʨʽʾ ʮʠʢʣʦʚʦʾ ʢʦʤʽʩʽʾ 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ 

(ɼʥʽʧʨʦʚʩʴʢʠʡ ʽʥʜʫʩʪʨʽʘʣʴʥʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʇɽʈɽɺɸɻʀ ʊɸ ʅɽɼʆʃɯʂʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ɻɸɿʆɺʆɻʆ ʇɸʃʀɺɸ 

ɺ ʇʆʈɯɺʅʗʅʅɯ ɿ ɹɽʅɿʀʅʆɺʀʄ ɺ ɸɺʊʆʄʆɹɯʃʗʍ 

 

ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʣʶʜʠ ʚʠʡʰʣʠ ʟ ʧʝʯʝʨ ʽ ʧʦʯʘʣʠ ʩʧʽʚʧʨʘʮʶʚʘʪʠ ʤʽʞ ʩʦʙʦʶ ʪʘ ʟ 

ʽʥʰʠʤʠ ʧʣʝʤʝʥʘʤʠ ʟôʷʚʠʣʘʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʨʝʯʝʡ ʜʣʷ ʦʙʤʽʥʫ ʤʽʞ 

ʥʠʤʠ. ɿʤʽʥʶʚʘʣʠʩʷ ʯʘʩʠ, ʚʠʤʦʛʠ, ʪʝʭʥʦʣʦʛʽʾ ï ʥʘ ʟʤʽʥʫ ʾʤ ʧʨʠʡʰʦʚ ʘʚʪʦʤʦʙʽʣʴ, ʷʢʠʡ 

ʧʝʚʥʦʶ ʤʽʨʦʶ ʟʘʜʦʚʦʣʴʥʷʻ ʣʶʜʝʡ ʷʢ ʤʝʭʘʥʽʟʤ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʚʘʥʪʘʞʽʚ ʪʘ ʧʘʩʘʞʠʨʽʚ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʚ ʋʢʨʘʾʥʽ ʥʘ 2022 ʨʽʢ 

 

ʉʪʘʥʦʤ ʥʘ 10 ʪʨʘʚʥʷ 2022 ʨʦʢʫ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ ʟʘʨʝʻʩʪʨʦʚʘʥʦ 9 ʤʣʥ. ʣʝʛʢʦʚʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʟ ʷʢʠʭ ʧʦʥʘʜ 1,6 ʤʣʥ. ʧʝʨʝʦʙʣʘʜʥʘʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʨʦʙʦʪʠ ʥʘ 

ʛʘʟʦʚʦʤʫ ʧʘʣʴʥʦʤʫ (ɻɹʆ) [1]. 

ʂʫʧʫʶʯʠ ʘʚʪʦʤʦʙʽʣʴ ʚʣʘʩʥʠʢ ʟʘʤʠʩʣʶʻʪʴʩʷ ʥʘʜ ʦʩʥʦʚʥʦʶ ʩʪʘʪʪʝʶ ʚʠʪʨʘʪ 

ʙʶʜʞʝʪʫ - ʫʪʨʠʤʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ: ʚʠʜ ʧʘʣʠʚʘ, ʚʠʭʽʜ ʟ ʣʘʜʫ ʧʝʚʥʠʭ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʽʣʷ 

ʟʫʤʦʚʣʝʥʠʭ ʟʦʚʥʽʰʥʽʤʠ ʬʘʢʪʦʨʘʤʠ, ʯʘʩʪʝ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʂʦʞʝʥ ʚʠʜ ʧʘʣʠʚʘ ʽ 

ʧʘʣʠʚʥʦʾ ʩʠʩʪʝʤʠ ʤʘʻ ʩʚʦʾ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʩʠʣʴʥʽ ʽ ʩʣʘʙʢʽ ʩʪʦʨʦʥʠ, ʥʝʜʦʣʽʢʠ 

ʪʘ ʧʝʨʝʚʘʛʠ. 

ɸʚʪʦʤʦʙʽʣʽ, ʷʢʽ ʧʨʠʚʦʜʷʪʴʩʷ ʚ ʨʫʭ ʙʝʥʟʠʥʦʚʠʤʠ ʜʚʠʛʫʥʘʤʠ, ʥʘʡʯʘʩʪʽʰʝ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʤʦʛʫʪʥʽʰʽ ʘʛʨʝʛʘʪʠ, ʘʣʝ ʡ ʮʽʥʠ ʥʘ ʥʠʭ ʚʠʱʝ, ʥʽʞ ʥʘ ʜʠʟʝʣʴʥʽ ʘʚʪʦ. ɺ ʦʩʪʘʥʥʽʭ 

ʚʽʜʩʫʪʥʽ ʩʢʣʘʜʥʽ ʡ ʧʨʠ ʮʴʦʤʫ ʜʦʩʠʪʴ ʜʦʨʦʛʽ çʚʫʟʣʠè. ʈʘʟʦʤ ʟ ʪʠʤ, ʙʝʥʟʠʥʦʚʽ ʘʚʪʦ ʥʝ 

ʩʪʚʦʨʶʶʪʴ ʥʘʩʪʽʣʴʢʠ ʙʘʛʘʪʦ ʰʫʤʫ ʡ ʟ ʧʘʣʠʚʦʤ ʜʣʷ ʥʠʭ ʥʝʤʘʻ ʧʨʦʙʣʝʤ ʫ ʟʠʤʦʚʠʡ ʩʝʟʦʥ 

[2]. 

ʉʠʣʴʥʘ ʩʪʦʨʦʥʘ ʙʝʥʟʠʥʦʚʠʭ ʜʚʠʛʫʥʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʘʰʠʥʫ ʧʨʘʢʪʠʯʥʦ 

ʟʘʚʞʜʠ ʤʦʞʥʘ ʦʙʣʘʜʥʘʪʠ ʧʽʜ ʛʘʟ.  

ʇʨʠ ʮʴʦʤʫ, ʫʩʪʘʥʦʚʢʘ ɻɹʆ ʥʘ ʘʚʪʦʤʦʙʽʣʽ, ʱʦ ʾʟʜʷʪʴ ʥʘ ʜʠʟʝʣʽ ʧʨʘʢʪʠʯʥʦ 

ʥʝʤʦʞʣʠʚʦ ʧʝʨʝʦʙʣʘʜʥʘʪʠ ʯʝʨʝʟ ʧʨʠʥʮʠʧʦʚʫ ʨʽʟʥʠʮʶ ʚ ʨʦʙʦʪʽ ʮʠʭ ʩʠʩʪʝʤ. ɸ ʷʢʱʦ 

ʫʟʷʪʠ ʜʦ ʫʚʘʛʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʮʽʥʥʠʢ ʥʘ ʛʘʟ ʧʦʤʽʪʥʦ ʥʠʞʯʝ ʥʽʞ ʥʘ ʜʠʟʝʣʴ ʽ ʙʝʥʟʠʥ, ʪʦ 

çʚʠʧʨʘʚʜʘʪʠè ʫʩʪʘʥʦʚʢʫ ʛʘʟʦʚʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʟ ʬʽʥʘʥʩʦʚʦʾ ʪʦʯʢʠ ʟʦʨʫ ʤʦʞʥʘ ʚʞʝ. 
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ɸʚʪʦ, ʷʢʽ ʧʨʠʚʦʜʷʪʴʩʷ ʚ ʨʫʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ, ʩʧʨʠʷʶʪʴ ʜʦʩʠʪʴ 

ʽʩʪʦʪʥʽʡ ʝʢʦʥʦʤʽʾ ʟʘʩʦʙʽʚ. ɺʘʨʪʽʩʪʴ ʮʴʦʛʦ ʜʞʝʨʝʣʘ ʤʦʞʝ ʙʫʪʠ ʥʠʞʯʝ ʜʦ 2,5 ʨʘʟ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʘʥʘʣʦʛʘʤʠ.  

ʅʝʤʘʣʦʚʘʞʥʝ ʡ ʪʝ, ʱʦ ʩʘʤ ʜʚʠʛʫʥ, ʧʨʘʮʶʶʯʠ ʥʘ ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ ʟʜʘʪʥʠʡ 

ʧʨʦʩʣʫʞʠʪʠ ʜʦʚʰʝ, ʬʫʥʢʮʽʦʥʫʶʯʠ ʤôʷʢʦ ʡ ʧʣʘʚʥʦ. 

ʇʝʨʝʚʘʛʠ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʝʥʟʠʥʦʤ [3]: 

1. ʝʢʦʥʦʤʽʷ ʥʘ ʚʠʪʨʘʪʘʭ ʧʘʣʠʚʘ; 

2. ʤʝʥʰʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ; 

3. ʪʨʠʚʘʣʽʰʠʡ ʨʝʩʫʨʩ ʜʚʠʛʫʥʘ; 

4. ʩʫʤʽʩʥʽʩʪʴ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʙʝʥʟʠʥʫ ʟ ʛʘʟʦʚʦʶ ʩʠʩʪʝʤʦʶ; 

5. ʤʝʥʰʠʡ ʨʠʟʠʢ ʩʘʤʦʟʘʡʤʘʥʥʷ; 

6. ʨʽʜʰʘ ʟʘʤʽʥʘ ʤʘʩʪʠʣʘ ʚ ʘʚʪʦʤʦʙʽʣʽ; 

7. ʟʤʝʥʰʝʥʥʷ ʥʘʛʘʨʫ; 

8. ʤʝʥʰʝ ʟʘʙʨʫʜʥʝʥʥʷ ʢʘʨʙʶʨʘʪʦʨʫ. 

ʅʝʜʦʣʽʢʠ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʝʥʟʠʥʦʤ: 

1. ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ; 

2. ʟʘʡʥʷʪʠʡ ʧʨʦʩʪʽʨ ʜʣʷ ʙʘʣʦʥʽʚ; 

3. ʧʨʦʙʣʝʤʠ ʟ ʟʘʧʫʩʢʦʤ ʚ ʭʦʣʦʜʥʫ ʧʦʛʦʜʫ; 

4. ʧʦʯʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

5. ʤʝʨʝʞʘ ʟʘʧʨʘʚʦʢ; 

6. ʫʟʛʦʜʞʝʥʥʷ ʟ ʦʨʛʘʥʘʤʠ ʚʥʫʪʨʽʰʥʽʭ ʩʧʨʘʚ. 

ɻʘʟʦʚʝ ʧʘʣʠʚʦ ʚʠʛʽʜʥʝ ʟ ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʘʣʝ ʤʘʻ ʜʝʷʢʽ 

ʦʙʤʝʞʝʥʥʷ, ʪʘʢʽ ʷʢ ʚʪʨʘʪʘ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʦʯʘʪʢʦʚʠʭ ʚʠʪʨʘʪʘʭ ʥʘ 

ʚʩʪʘʥʦʚʣʝʥʥʷ. ɻʘʟ ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʦʜʽʾʚ, ʷʢʽ ʙʘʛʘʪʦ ʾʟʜʷʪʴ ʽ ʧʨʘʛʥʫʪʴ ʝʢʦʥʦʤʠʪʠ ʥʘ 

ʧʘʣʴʥʦʤʫ, ʘʣʝ ʚʠʤʘʛʘʻ ʨʝʛʫʣʷʨʥʦʛʦ ʜʦʛʣʷʜʫ ʟʘ ʛʘʟʦʚʦʶ ʩʠʩʪʝʤʦʶ ʪʘ ʘʜʘʧʪʘʮʽʾ ʜʦ 

ʩʧʝʮʠʬʽʯʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. https://avtodream.org/vsi-novini/avtosvit/48346-v-mvs-nazvali-kilkist-avto-na-gazu-

v-ukrajini.html 

2. https://www.vr.zp.ua/uk/korisna-informaciya/benzin-dizel-abo-gaz-yake-palne-

vibrati-dlya-svogo-avtomobilya/ 

3. https://gpp.livingplanet.org.ua/transport/gaz-zamist-benzinu.html 
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ʋɼʂ 621.43; 656.13; 681.518 

 

ʇʦʜʦʣʽʥʩʴʢʠʡ ʄ. ʄ. ʩʪʫʜʝʥʪ ʛʨ. 274-23-1 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʉʘʢʥʦ ʆ.ʇ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

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

 

ɹɽɿʇɽʂɸ ɸɺʊʆʄʆɹɯʃʖ, ɰɰ ɯʉʊʆʈɯʗ ʊɸ ʈʆɿɺʀʊʆʂ 

 

ɺʽʜ ʧʝʨʰʠʭ ʩʧʨʦʙ ʧʦʢʨʘʱʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʜʦ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ, 

ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʩʚʽʪ ʧʨʦʡʰʦʚ ʜʦʚʛʠʡ ʰʣʷʭ. ɿ ʧʦʷʚʦʶ ʧʝʨʰʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʙʝʟʧʝʢʘ ʙʫʣʘ 

ʥʝ ʥʘ ʧʝʨʰʦʤʫ ʤʽʩʮʽ. 

ʋ 2009 ʨʦʮʽ NHTSA ʧʨʦʚʝʣʘ ʧʦʢʘʟʦʚʠʡ ʢʨʘ -hʪʝʩʪ ʤʽʞ ʜʚʦʤʘ ʘʚʪʦʤʦʙʽʣʷʤʠ ï 

Chevrolet Bel Air 1959 ʨʦʢʫ ʪʘ Chevrolet Malibu 2009 ʨʦʢʫ. ʄʝʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ 

ʥʘʦʯʥʦ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ, ʥʘʩʢʽʣʴʢʠ ʟʤʽʥʠʚʩʷ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʽʚ ʟʘ 

ʧʽʚʩʪʦʣʽʪʪʷ. 

- ʈʝʟʫʣʴʪʘʪʠ ʢʨʘʰ-ʪʝʩʪʫ: ʋ ʟʽʪʢʥʝʥʥʽ ʥʘ ʰʚʠʜʢʦʩʪʽ 64 ʢʤ/ʛʦʜ ʩʪʘʣʦ ʦʯʝʚʠʜʥʠʤ, ʱʦ 

ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ ʷʢ ʟʦʥʠ ʜʝʬʦʨʤʘʮʽʾ, ʧʦʜʫʰʢʠ ʙʝʟʧʝʢʠ, ʧʦʢʨʘʱʝʥʘ ʩʪʨʫʢʪʫʨʘ 

ʢʫʟʦʚʘ ʪʘ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʧʘʩʘʞʠʨʽʚ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʘʯʥʦ ʚʠʱʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ. 

- ʂʫʟʦʚ Chevrolet Bel Air ʙʫʚ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʟʨʫʡʥʦʚʘʥʠʡ ʧʨʠ ʫʜʘʨʽ, ʱʦ 

ʩʧʨʠʯʠʥʠʣʦ ʙʠ ʩʤʝʨʪʝʣʴʥʽ ʪʨʘʚʤʠ ʜʣʷ ʚʦʜʽʷ. 

- Chevrolet Malibu 2009 ʨʦʢʫ ʟʙʝʨʽʛ ʩʪʨʫʢʪʫʨʥʫ ʮʽʣʽʩʥʽʩʪʴ, ʽ ʧʘʩʘʞʠʨʩʴʢʠʡ ʚʽʜʩʽʢ 

ʟʘʣʠʰʠʚʩʷ ʤʘʡʞʝ ʥʝʫʰʢʦʜʞʝʥʠʤ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʣʦ ʰʘʥʩʠ ʚʦʜʽʷ ʥʘ ʚʠʞʠʚʘʥʥʷ. 

ʎʝʡ ʪʝʩʪ ʩʪʘʚ ʚʘʞʣʠʚʠʤ ʥʘʛʘʜʫʚʘʥʥʷʤ ʧʨʦ ʪʝ, ʥʘʩʢʽʣʴʢʠ ʧʨʦʛʨʝʩ ʫ ʧʘʩʠʚʥʽʡ ʽ 

ʘʢʪʠʚʥʽʡ ʙʝʟʧʝʮʽ ʘʚʪʦʤʦʙʽʣʽʚ ʟʤʽʥʠʚ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʧʘʩʘʞʠʨʽʚ. 

ɿʘʚʜʘʥʥʷ ʪʘ ʜʽʷʣʴʥʽʩʪʴ NHTSA ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʦʣʽʧʰʝʥʥʷ ʙʝʟʧʝʢʠ ʥʘ ʜʦʨʦʛʘʭ: 

- ɺʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʙʝʟʧʝʢʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ: ʈʦʟʨʦʙʢʘ ʪʘ 

ʢʦʥʪʨʦʣʴ ʟʘ ʜʦʪʨʠʤʘʥʥʷʤ ʦʙʦʚ'ʷʟʢʦʚʠʭ ʩʪʘʥʜʘʨʪʽʚ ʙʝʟʧʝʢʠ, ʪʘʢʠʭ ʷʢ ʨʝʤʝʥʽ ʙʝʟʧʝʢʠ, 

ʧʦʜʫʰʢʠ ʙʝʟʧʝʢʠ, ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʦʱʦ. 

ʇʨʦʚʝʜʝʥʥʷ ʢʨʘʰ-ʪʝʩʪʽʚ: NHTSA ʧʨʦʚʦʜʠʪʴ ʜʝʪʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ, 

ʦʮʽʥʶʶʯʠ ʾʭʥʶ ʟʜʘʪʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʝʟʧʝʢʫ ʧʘʩʘʞʠʨʽʚ ʫ ʚʠʧʘʜʢʫ ʟʽʪʢʥʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʢʨʘʰ-ʪʝʩʪʽʚ ʜʦʩʪʫʧʥʽ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʙʠʨʘʪʠ ʙʽʣʴʰ ʙʝʟʧʝʯʥʽ 

ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ. 

ɿʘ ʯʘʩʠ ʽʩʥʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʶ ʽʥʞʝʥʝʨʠ ʟʨʦʙʠʣʠ ʚʝʣʠʢʠʡ ʚʢʣʘʜ ʚ ʪʝ ʱʦʙ ʘʚʪʦ 

ʩʪʘʣʦ ʙʝʟʧʝʯʥʠʤ, ʪʘ ʟʚʠʯʘʡʥʘ ʧʦʾʟʜʢʘ ʧʦ ʩʚʦʾʭ ʩʧʨʘʚʘʭ ʥʝ ʟʘʢʽʥʯʫʚʘʣʘʩʷ ʪʨʝʛʝʜʽʻʶ. 

ʊʘ ʧʦʢʣʘʚʰʠ ʨʦʢʠ ʩʚʦʛʦ ʞʠʪʪʷ ʥʘ ʪʝ ʱʦʙ ʨʦʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʙʝʟʧʝʢʠ ʚʦʥʠ 

ʟʙʝʨʝʛʣʠ ʥʝʩʯʽʩʣʝʥʥʫ ʢʽʣʴʢʽʩʪʴ ʞʠʪʪʽʚ. ʊʘ ʮʝʡ ʨʦʟʚʠʪʦ ʥʝ ʟʫʧʠʥʷʻʪʩʷ, ʩʪʚʦʨʶʶʪʩʷ 

ʘʚʪʦʤʘʪʠʯʥʽ ʩʠʩʪʝʤʠ ʷʢʽ ʙʫʜʫʪʴ ʟʥʠʞʫʚʘʪʠ ʾʤʦʚʽʨʥʽʩʪʴ ʩʤʝʨʪʽ ʧʨʠ ɼʊʇ ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʊʝʭʥʦʣʦʛʽʾ ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʷ ʪʘ ʾʭ ʧʝʨʝʚʽʨʢʘ / Carvertical : ʦʬʽʮʽʡʥʠʡ ʩʘʡʪ. 

URL: ʊʝʭʥʦʣʦʛʽʾ ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʷ: ʱʦ ʪʨʝʙʘ ʧʝʨʝʚʽʨʠʪʠ ʧʽʜ ʯʘʩ ʢʫʧʽʚʣʽ? | carVertical. 

  

https://www.carvertical.com/ua/blog/tekhnologiyi-bezpeki-avtomobilya
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ʋɼʂ 621.43; 656.13; 681.518 

 

ʇʨʦʢʦʬôʻʚ ɸ. ɸ. ʩʪʫʜʝʥʪ ʛʨ. 274-23-1 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʉʘʢʥʦ ʆ.ʇ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

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

 

ɻɯɹʈʀɼʅɯ ʂʆʅʉʊʈʋʂʎɯɰ: ʉʊɸʈʊɽʈ-ɻɽʅɽʈɸʊʆʈʀ (BSG/RSG) ï ɯʅʊɽɻʈɸʎɯʗ 

ʉʀʉʊɽʄ 

 

ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʰʚʠʜʢʝ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʨʝʩʫ ʜʦ ʛʽʙʨʠʜʥʠʭ ʩʠʩʪʝʤ ʽ ʨʽʰʝʥʴ, ʷʢʽ ʟʜʘʪʥʽ 

ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʟʥʠʟʠʪʠ ʚʠʢʠʜʠ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. ʆʜʥʠʤ ʽʟ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʠʭ ʮʽʣʝʡ ʻ ʽʥʪʝʛʨʘʮʽʷ ʩʪʘʨʪʝʨ-ʛʝʥʝʨʘʪʦʨʽʚ, ʪʘʢʠʭ 

ʷʢ BSG (ʨʝʤʽʥʥʠʡ ʩʪʘʨʪʝʨ-ʛʝʥʝʨʘʪʦʨ) ʪʘ RSG (ʨʦʪʦʨʥʠʡ ʩʪʘʨʪʝʨ-ʛʝʥʝʨʘʪʦʨ), ʫ ʛʽʙʨʠʜʥʽ 

ʩʠʩʪʝʤʠ. ʎʽ ʪʝʭʥʦʣʦʛʽʾ, ʙʫʜʫʯʠ ʢʣʶʯʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤ çʤôʷʢʦʛʦè ʛʽʙʨʠʜʘ 

(mild hybrid), ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ), 

ʧʽʜʪʨʠʤʫʶʯʠ ʾʭ ʜʦʜʘʪʢʦʚʦʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʪʘ ʧʽʜʚʠʱʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʘʣʠʚʦʩʧʘʣʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʈʝʤʽʥʥʠʡ ʩʪʘʨʪʝʨ-ʛʝʥʝʨʘʪʦʨ (BSG) ï ʮʝ ʛʽʙʨʠʜʥʠʡ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ 

ʷʢ ʩʪʘʨʪʝʨʘ, ʪʘʢ ʽ ʛʝʥʝʨʘʪʦʨʘ. BSG ʧʨʘʮʶʻ ʥʘ ʦʩʥʦʚʽ ʨʝʤʽʥʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʤʽʞ ʜʚʠʛʫʥʦʤ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʽ ʛʝʥʝʨʘʪʦʨʦʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʟʘʧʫʩʪʠʪʠ ʜʚʠʛʫʥ ʧʽʩʣʷ ʡʦʛʦ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʤʢʥʝʥʥʷ ʧʽʜ ʯʘʩ ʟʫʧʠʥʢʠ. ʎʝ ʩʧʨʠʷʻ ʝʢʦʥʦʤʽʾ ʧʘʣʠʚʘ ʪʘ ʟʤʝʥʰʝʥʥʶ 

ʚʠʢʠʜʽʚ ʉʆ , ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʤʽʩʴʢʦʛʦ ʨʫʭʫ. 

ʈʦʪʦʨʥʠʡ ʩʪʘʨʪʝʨ-ʛʝʥʝʨʘʪʦʨ (RSG) ʻ ʙʽʣʴʰ ʽʥʪʝʛʨʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ, ʚ ʷʢʽʡ 

ʛʝʥʝʨʘʪʦʨ ʚʩʪʘʥʦʚʣʝʥʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʢʦʣʽʥʯʘʩʪʦʤʫ ʚʘʣʫ ʜʚʠʛʫʥʘ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʘ ʪʦʯʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ, ʦʩʢʽʣʴʢʠ RSG ʧʨʘʮʶʻ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʢʦʣʽʥʯʘʩʪʠʤ ʚʘʣʦʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʛʽʙʨʠʜʥʽ ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʨʪʝʨ-ʛʝʥʝʨʘʪʦʨʽʚ BSG ʪʘ RSG 

ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʨʽʰʝʥʴ. ɿʘʚʜʷʢʠ 

ʽʥʪʝʛʨʘʮʽʾ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʙʥʠʢʠ ʤʦʞʫʪʴ ʜʦʩʷʛʪʠ ʧʦʤʽʪʥʠʭ ʧʝʨʝʚʘʛ ʚ ʝʢʦʥʦʤʽʾ 

ʧʘʣʠʚʘ, ʟʥʠʞʝʥʥʽ ʚʠʢʠʜʽʚ ʽ ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʩʪʘʨʪʝʨ-ʛʝʥʝʨʘʪʦʨʽʚ ʚ ʛʽʙʨʠʜʥʠʭ ʩʠʩʪʝʤʘʭ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ 

ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʽʥʜʫʩʪʨʽʾ, ʱʦ ʩʪʘʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʧʝʨʝʭʦʜʫ ʜʦ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʽ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. SAE Standards/ SAE : ʦʬʽʮʽʡʥʠʡ ʩʘʡʪ. URL: https://www.sae.org/standards. 
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ʋɼʂ 629.33:656.13:504.61 

 

ʈʦʛʦʟʽʥ ʆ.ʆ. ʟʜʦʙʫʚʘʯ ʚʠʱʦʾ ʦʩʚʽʪʠ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 274 çɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪè 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʆʣʽʰʝʚʩʴʢʘ ɺ.ɭ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

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

 

ɽʂʆʃʆɻɯʏʅɯʉʊʔ ɸɺʊʆʄʆɹɯʃɯɺ 

 

ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʘʪʝʛʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʋʢʨʘʾʥʠ. ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʟʘʙʝʟʧʝʯʫʻ 

ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʪʘ ʚʘʥʪʘʞʽʚ ʫ ʨʦʟʤʽʨʽ 41 % ʚʽʜ ʽʥʰʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ (ʨʠʩ. 1) 

[1]. ɸʣʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʝʛʘʪʠʚʥʠʤ 

ʚʧʣʠʚʦʤ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ ʩʧʦʞʠʚʘʥʥʷʤ ʜʝʬʽʮʠʪʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʚ ʋʢʨʘʾʥʽ, ʩʪʘʥʦʤ ʥʘ 2017 ʨʽʢ, ʥʘʣʽʯʫʚʘʚ ʧʦʥʘʜ 9,2 ʤʣʥ. 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ: 6,9 ʤʣʥ. ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʙʽʣʷ 250 ʪʠʩ. 

ʘʚʪʦʙʫʩʽʚ, ʙʽʣʷ 1,3 ʤʣʥ. ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʙʽʣʴʰ 840 ʪʠʩ. ʦʜʠʥʠʮʴ ʤʦʪʦʪʨʘʥʩʧʦʨʪʫ 

[2]-[3]. ʉ ʢʦʞʥʠʤ ʨʦʢʦʤ ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʂʨʽʤ ʪʦʛʦ, 

ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʚʪʦʤʦʙʽʣʽʚ, 

ʷʢʽ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʪʨʠʚʘʣʠʡ ʯʘʩ, ʘ ʪʘʢʦʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʝʥʟʠʥʽʚ ʽ ʜʠʟʝʣʴʥʠʭ 

ʧʘʣʠʚ, ʷʢʽ ʟʘ ʷʢʽʩʪʶ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʻʚʨʦʧʝʡʩʴʢʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʩʪʘʥʜʘʨʪʘʤ ɭɺʈʆ. 

 

 
ʘ      ʙ 

ʘ ï ʚʘʥʪʘʞʥʽ ʧʝʨʝʚʝʟʝʥʥʷ, ʤʣʥ ʪ; ʙ ï ʧʘʩʘʞʠʨʩʴʢʽ ʧʝʨʝʚʝʟʝʥʥʷ, ʤʣʥ ʧʘʩ. 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʧʝʨʝʚʝʟʝʥʴ ʚ ʋʢʨʘʾʥʽ ʫ 2021 ʨ. 

 

ɸʚʪʦʤʦʙʽʣʽ ʟ ʜʚʠʛʫʥʦʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ (ɼɺɿ) ʻ ʜʞʝʨʝʣʦʤ ʚʠʢʠʜʽʚ ʚ 

ʘʪʤʦʩʬʝʨʫ ʨʝʯʦʚʠʥ, ʱʦ ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʶʪʴ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ. 

ɺʽʜʧʨʘʮʴʦʚʘʥʽ ʛʘʟʠ ɼɺɿ ʤʽʩʪʷʪʴ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ: 

ï ʚʠʢʠʜʠ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʧʨʷʤʫ ʥʝʛʘʪʠʚʥʫ ʜʽʶ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʪʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ (ʥʘʧʨʠʢʣʘʜ, ʦʢʩʠʜ ʚʫʛʣʝʮʶ, ʦʢʩʠʜʠ ʘʟʦʪʫ, ʩʧʦʣʫʢʠ ʩʽʨʢʠ, 

ʩʧʦʣʫʢʠ ʩʚʠʥʮʶ, ʚʫʛʣʝʚʦʜʠ, ʢʠʩʣʦʪʠ, ʪʘ ʽʥ.); 

ï ʚʠʢʠʜʠ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʥʝʧʨʷʤʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ (ʥʘʧʨʠʢʣʘʜ, ʜʚʦʦʢʠʩ 

ʚʫʛʣʝʮʶ, ʤʝʪʘʥ, ʪʚʝʨʜʽ ʯʘʩʪʢʠ ʪʘ ʽʥ.), ʘʣʝ ʻ ʧʝʨʝʜʫʤʦʚʦʶ ʛʣʦʙʘʣʴʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ 

ʢʘʪʘʩʪʨʦʬ, ʥʘʧʨʠʢʣʘʜ, ʫʪʚʦʨʝʥʥʷ çʧʘʨʥʠʢʦʚʦʛʦ ʝʬʝʢʪʫè, çʦʟʦʥʦʚʠʭ ʜʽʨè, ʬʦʪʦʭʽʤʽʯʥʦʛʦ 

çʩʤʦʛʫè ʪʘ ʽʥ. [4]-[5]. 

ɺʠʢʠʜʠ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʦʢʩʠʜʽʚ ʘʟʦʪʫ, ʚʫʛʣʝʚʦʜʥʶ, ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʨʝʛʫʣʶʶʪʴ 

ʝʢʦʣʦʛʽʯʥʽ ʩʪʘʥʜʘʨʪʠ ɭʚʨʦ. ʉʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʘʚʪʦʤʦʙʽʣʴʥʽ ʙʝʥʟʠʥʠ ʪʘ ʜʠʟʝʣʴʥʽ ʧʘʣʠʚʘ 



ʉɽʂʎɯʗ ï ɸɺʊʆʄʆɹɯʃʔʅʀʁ ʊʈɸʅʉʇʆʈʊ 
 

ʄʘʪʝʨʽʘʣʠ XIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè 2024 

145 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʻʚʨʦʧʝʡʩʴʢʠʤ ʩʪʘʥʜʘʨʪʘʤ ɭʚʨʦ-3, ɭʚʨʦ-4 ʘʙʦ ɭʚʨʦ-5 ʟʛʽʜʥʦ ʟ ɼʉʊʋ 

7687:2025 ʪʘ ɼʉʊʋ 7688:2015, ʚʽʜʧʦʚʽʜʥʦ. ɿ 1 ʩʽʯʥʷ 2025 ʨ. ʚ ʋʢʨʘʾʥʽ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ 

ʥʦʚʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥʜʘʨʪ ɭʚʨʦ-6, ʷʢʠʡ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʻ ʚʠʤʦʛʠ ʜʦ ɼɺɿ, ʩʢʦʨʦʯʫʻ 

ʚʠʢʠʜʠ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʧʦʚʽʪʨʷ, ʦʙʤʝʞʫʻ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ 

ʙʫʜʫʪʴ ʜʦʟʚʦʣʝʥʽ ʜʦ ʚʚʝʟʝʥʥʷ ʚ ʥʘʰʫ ʢʨʘʾʥʫ ʜʦ 10 ʨʦʢʽʚ. 

ɺʽʜʧʦʚʽʜʜʶ ʥʘ ʰʢʽʜʣʠʚʽ ʚʠʢʠʜʠ ʚ ʘʪʤʦʩʬʝʨʫ ʪʘ ʟʤʽʥʫ ʢʣʽʤʘʪʫ ʩʪʘʣʘ ʛʣʦʙʘʣʴʥʘ 

ʜʝʢʘʨʙʦʥʽʟʘʮʽʷ, ʢʣʶʯʦʚʠʤ ʜʦʢʫʤʝʥʪʦʤ ʷʢʦʾ ʻ ʇʘʨʠʟʴʢʘ ʫʛʦʜʘ [6]. 

ʋ 2030 ʨ., ʧʦʨʽʚʥʷʥʦ ʟ 1990 ʨ., ʧʣʘʥʫʻʪʴʩʷ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʜʦ 

35 %. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʥʝʩʢʫ ʋʢʨʘʾʥʠ ʚ ʨʘʤʢʘʭ ʇʘʨʠʟʴʢʦʾ ʢʦʥʚʝʥʮʽʾ ʥʝʦʙʭʽʜʥʦ 

ʟʘʧʨʦʚʘʜʠʪʠ ʽʥʥʦʚʘʮʽʾ ʪʘ ʥʘʡʢʨʘʱʽ ʩʚʽʪʦʚʽ ʧʨʘʢʪʠʢʠ ʚ ʢʣʶʯʦʚʠʭ ʩʝʢʪʦʨʘʭ ʝʢʦʥʦʤʽʢʠ. ʅʘ 

ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʜʦ 2030 ʨ. ʧʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 

¶ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʜʦ 15 % ʚʽʜ ʫʩʽʻʾ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ; 

¶ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʧʘʣʠʚʘ ʪʘ ʨʦʟʚʠʪʦʢ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʛʦ 
ʪʨʘʥʩʧʦʨʪʫ [6]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʠʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʚʠʨʽʰʫʶʪʴ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ: 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢʽʩʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʝʢʦʣʦʛʽʯʥʠʭ 

ʩʪʘʥʜʘʨʪʽʚ, ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ, ʟʤʝʥʰʝʥʥʷʤ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʇʨʽʦʨʠʪʝʪʠ ʨʦʟʚʠʪʢʫ ʨʝʘʣʴʥʦʛʦ ʩʝʢʪʦʨʘ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ ʪʘ ʧʦʚʦʻʥʥʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ : ʘʥʘʣʽʪ. ʜʦʧ. / ʆ. ɺ. ʉʦʙʢʝʚʠʯ ʪʘ ʽʥ. ; ʟʘ ʟʘʛʘʣʴʥ. ʨʝʜ. ʗ. 

ɸ. ɾʘʣʽʣʘ. ʂʠʾʚ : ʅɯʉɼ, 2024. 104 ʩ. DOI: https://doi.org/10.53679/NISS-analytrep.2024.03  

(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 07.11.2024). 
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ʋɼʂ 621.43; 656.13; 681.518 

 

ʈʦʛʦʟʽʥ ʆ. ʆ. ʩʪʫʜʝʥʪ ʛʨ. 274-22-2 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʉʘʢʥʦ ʆ.ʇ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

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

 

PARALLEL HYBRID P4 ʊɸ ɽʃɽʂʊʈʀʏʅʀʁ ʇʆɺʅʆʇʈʀɺɯɼʅʀʁ ɻɯɹʈʀɼ: 

BMW I8  

 

ʂʦʥʮʝʧʮʽʷ ʛʽʙʨʠʜʥʦʾ ʫʩʪʘʥʦʚʢʠ ʪʠʧʫ Parallel Hybrid "P4" ʘʙʦ "Through the Road" 

Hybrid ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʘʭ. ʆʩʦʙʣʠʚʽʩʪʶ ʮʴʦʛʦ ʪʠʧʫ ʛʽʙʨʠʜʘ ʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʧʦʜʽʣʫ 

ʧʦʪʫʞʥʦʩʪʽ ʤʽʞ ʧʝʨʝʜʥʴʦʶ ʪʘ ʟʘʜʥʴʦʶ ʦʩʷʤʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʩʠʣʦʚʠʭ 

ʫʩʪʘʥʦʚʦʢ: ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʪʘ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ). ʎʝʡ ʧʽʜʭʽʜ 

ʟʘʙʝʟʧʝʯʫʻ: 

Å ʇʦʚʥʠʡ ʧʨʠʚʽʜ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʢʝʨʫʚʘʥʥʷʤ. 

Å ʇʽʜʚʠʱʝʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʘ. 

ʄʦʜʝʣʴ BMW i8 ʩʪʘʣʘ ʽʢʦʥʦʶ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʜʠʟʘʡʥʫ ʪʘ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, 

ʚʪʽʣʶʶʯʠ ʽʜʝʶ "Through the Road" Hybrid: 

Å ɼʚʠʛʫʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ): ʥʘ ʟʘʜʥʽʡ ʦʩʽ ʚʩʪʘʥʦʚʣʝʥʦ 1,5-ʣʽʪʨʦʚʠʡ 

ʪʨʠʮʠʣʽʥʜʨʦʚʠʡ ʪʫʨʙʦʜʚʠʛʫʥ. ʁʦʛʦ ʧʦʪʫʞʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 231 ʢʽʥʩʴʢʫ ʩʠʣʫ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʧʦʪʫʞʥʠʡ ʨʦʟʛʽʥ. 

Å ɽʣʝʢʪʨʦʜʚʠʛʫʥ: ʥʘ ʧʝʨʝʜʥʽʡ ʦʩʽ ʨʦʟʤʽʱʝʥʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʧʦʪʫʞʥʽʩʪʶ 131 ʢ.ʩ., 

ʷʢʠʡ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʘʚʪʦʥʦʤʥʦ ʥʘ ʥʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʷʭ, ʨʦʙʣʷʯʠ ʨʫʭ ʝʢʦʣʦʛʽʯʥʦ 

ʯʠʩʪʽʰʠʤ ʪʘ ʝʢʦʥʦʤʽʯʥʠʤ. 

Å ʃʽʪʽʡ-ʽʦʥʥʠʡ ʘʢʫʤʫʣʷʪʦʨ: ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʢʫʟʦʚʘ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʚʘʛʠ ʡ ʩʪʘʙʽʣʴʥʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ. 

Å ʇʦʣʽʧʰʝʥʫ ʜʠʥʘʤʽʢʫ ʪʘ ʤʘʥʝʚʨʝʥʽʩʪʴ, ʦʩʦʙʣʠʚʦ ʥʘ ʩʢʣʘʜʥʠʭ ʜʽʣʷʥʢʘʭ ʜʦʨʦʛʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʛʽʙʨʠʜʥʘ ʪʝʭʥʦʣʦʛʽʷ "Through the Road", ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʧʨʠʢʣʘʜʽ 

BMW i8, ʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʫ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʜʫʩʪʨʽʾ. ʇʦʻʜʥʘʥʥʷ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʽ ɼɺɿ ʥʘ ʨʽʟʥʠʭ ʦʩʷʭ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʤʘʥʝʚʨʝʥʽʩʪʴ ʽ 

ʟʤʝʥʰʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ. ʄʘʡʙʫʪʥʻ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʚôʷʟʘʥʝ ʟ ʧʦʜʘʣʴʰʦʶ 

ʦʧʪʠʤʽʟʘʮʽʻʶ ʘʢʫʤʫʣʷʪʦʨʽʚ ʽ ʧʽʜʚʠʱʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʢʫʧʝʨʘʮʽʾ ʝʥʝʨʛʽʾ, ʱʦ ʟʨʦʙʠʪʴ 

ʛʽʙʨʠʜʥʽ ʘʚʪʦʤʦʙʽʣʽ ʱʝ ʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʠʤʠ ʪʘ ʟʨʫʯʥʠʤʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. Toyota Hybrid: ʷʢ ʧʨʘʮʶʻ ʛʽʙʨʠʜʥʘ ʪʝʭʥʦʣʦʛʽʷ ʪʘ ʾʾ ʧʝʨʝʚʘʛʠ ʜʣʷ ʚʦʜʽʾʚ / Toyota : 

ʦʬʽʮʽʡʥʠʡ ʩʘʡʪ. URL: Toyota Hybrid: ʷʢ ʧʨʘʮʶʻ ʛʽʙʨʠʜʥʘ ʪʝʭʥʦʣʦʛʽʷ ʪʘ ʾʾ ʧʝʨʝʚʘʛʠ ʜʣʷ 

ʚʦʜʽʾʚ -grivna. 

 

 

  

https://grivna.ua/affiliate/toyota-hybrid-yak-pracyue-gibridna-tehnologiya-ta-yiyi-perevagi-dlya-vodiyiv
https://grivna.ua/affiliate/toyota-hybrid-yak-pracyue-gibridna-tehnologiya-ta-yiyi-perevagi-dlya-vodiyiv
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ʋɼʂ 004.8 
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ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢʠ: ʄʘʮʶʢ ɯ.ʄ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʷ, ʪʝʭʥʽʯʥʦʾ 

ʝʩʪʝʪʠʢʠ ʽ ʜʠʟʘʡʥʫ, ʂʦʨʥʽʣʝʥʢʦ ʂ.ɯ., ʘʩʠʩʪʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

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

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ʇʈʀ ʉʊɺʆʈɽʅʅɯ ɼʀɿɸʁʅʋ 

ɸɺʊʆʄʆɹɯʃʗ 

 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʫʩʽ ʩʬʝʨʠ ʞʠʪʪʷ, ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʫ ʨʝʢʣʘʤʥʦʤʫ ʧʣʘʢʘʪʽ, ʪʘʢ ʽ ʫ ʨʦʟʨʘʭʫʥʢʘʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ [1]. ʅʘʨʘʟʽ ʐɯ-ʩʠʩʪʝʤʠ ʜʦʧʦʤʘʛʘʶʪʴ ʧʝʨʝʜʙʘʯʘʪʠ ʽ ʟʘʧʦʙʽʛʘʪʠ 

ʘʚʘʨʽʷʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʢʰʪʘʣʪ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ, ʩʠʩʪʝʤ 

ʢʦʥʪʨʦʣʶ "ʩʣʽʧʠʭ" ʟʦʥ, ʫʪʨʠʤʘʥʥʷ ʩʤʫʛʠ ʨʫʭʫ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʢʠ ʘʚʪʦʥʦʤʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ʊʘʢʦʞ ʐɯ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʜʠʟʘʡʥ ʽ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʽ ʘʜʘʧʪʫʶʪʴʩʷ ʜʦ ʧʦʪʨʝʙ ʚʦʜʽʷ, ʚʨʘʭʦʚʫʶʯʠ ʡʦʛʦ 

ʫʧʦʜʦʙʘʥʥʷ, ʩʪʠʣʴ ʚʦʜʽʥʥʷ, ʽʩʪʦʨʽʶ ʧʦʾʟʜʦʢ. ʎʝ ʧʽʜʚʠʱʫʻ ʢʦʤʬʦʨʪ ʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ 

ʩʧʨʠʷʻ ʩʪʚʦʨʝʥʥʶ ʘʚʪʦʤʦʙʽʣʽʚ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʢʦʨʠʩʪʫʚʘʯʘ [2]. 

ʋ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʦ, ʷʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ) ʽʟ ʥʘʷʚʥʦʛʦ ʝʩʢʽʟʫ 

ʘʚʪʦʤʦʙʽʣʷ (ʨʠʩ. 1) ʚʠʢʦʥʘʥʦʛʦ ʘʚʪʦʨʘʤʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʚʦʨʠʪʠ ʥʦʚʫ ʬʦʨʤʫ 

ʘʚʪʦʤʦʙʽʣʷ ʚʽʜʧʦʚʽʜʥʦ ʢʨʠʪʝʨʽʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʬʦʨʤ. ɸʚʪʦʤʦʙʽʣʴ 

ʟʘʧʣʘʥʦʚʘʥʦ ʨʦʟʨʦʙʠʪʠ ʜʚʦʤʽʩʥʠʤ, ʥʘ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʨʠʚʦʜʽ, ʷʢʠʡ ʟʘʜʦʚʽʣʴʥʠʪʴ 

ʣʶʙʠʪʝʣʽʚ ʥʝʟʚʠʯʥʠʭ ʪʘ ʝʢʩʢʣʶʟʠʚʥʠʭ ʘʚʪʦ. 
 

 
ʈʠʩʫʥʦʢ 1 ï ɽʩʢʽʟ ʘʚʪʦʤʦʙʽʣʷ 

 

ɿʘʚʜʘʥʥʷ ʜʣʷ ʐɯ ʧʦʣʷʛʘʣʦ ʫ ʜʦʜʘʚʘʥʥʽ ʧʨʠʨʦʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʨʝʜʠʟʘʡʥʫ ʥʘʷʚʥʦʛʦ ʝʩʢʽʟʫ, ʘ ʩʘʤʝ ʜʦʜʘʪʠ ʫ ʜʠʟʘʡʥ ʝʣʝʤʝʥʪʠ ʤʦʨʩʴʢʠʭ ʨʘʢʫʰʦʢ ʪʦʱʦ. 

ʅʘ ʨʠʩʫʥʢʫ 2, ʟʘ ʜʦʧʦʤʦʛʦʶ ʐɯ ʦʪʨʠʤʘʥʦ ʧʨʦʻʢʪ ʜʠʟʘʡʥʫ ʘʚʪʦʤʦʙʽʣʷ ʟ ʧʣʘʚʥʠʤʠ 

ʢʦʥʪʫʨʘʤʠ ʪʘ ʜʝʪʘʣʷʤʠ ʧʘʥʮʝʨʽʚ ʽ ʨʘʢʫʰʦʢ, ʱʦ ʥʘʜʘʶʪʴ ʬʦʨʤʽ ʘʚʪʦ ʚʠʪʦʥʯʝʥʦʛʦ ʪʘ 

ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʚʠʛʣʷʜʫ. ʊʘʢʦʞ ʫ ʟʘʚʜʘʥʥʽ ʚʢʘʟʘʥʦ, ʱʦʙ ʬʦʨʤʘ ʤʘʣʘ ʥʘʡʙʽʣʴʰ 

ʝʩʪʝʪʠʯʥʠʡ ʪʘ ʛʣʘʜʢʠʡ ʚʠʛʣʷʜ ʜʣʷ ʘʚʪʦʤʦʙʽʣʷ. 
 

  
ʈʠʩʫʥʦʢ 2 ï ɼʠʟʘʡʥ ʘʚʪʦʤʦʙʽʣʷ ʟ ʧʣʘʚʥʠʤʠ ʢʦʥʪʫʨʘʤʠ 
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ɼʨʫʛʝ ʟʘʚʜʘʥʥʷ ʜʣʷ ʐɯ ʧʦʣʷʛʘʣʦ ʫ ʩʪʚʦʨʝʥʥʽ ʙʽʣʴʰ ʷʩʢʨʘʚʦʛʦ ʜʠʟʘʡʥʫ ʘʚʪʦʤʦʙʽʣʷ 

ʟ ʷʚʥʠʤʠ ʧʽʟʥʘʚʘʥʥʠʤʠ ʧʨʠʨʦʜʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʆʪʨʠʤʘʥʦ ʨʝʟʫʣʴʪʘʪ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʦ 

ʥʘ ʨʠʩʫʥʢʫ 3 ʟ ʛʦʩʪʨʠʤʠ ʢʫʪʘʤʠ, ʙʘʛʘʪʴʤʘ ʯʽʪʢʠʤʠ ʣʽʥʽʷʤʠ, ʱʦ ʥʘʛʘʜʫʶʪʴ ʬʦʨʤʫ 

ʨʘʢʫʰʢʠ, ʽʤʽʪʫʶʪʴ ʟʷʙʨʘ ʪʘ ʧʣʘʚʥʠʢ ʧʦʟʘʜʫ ʘʚʪʦʤʦʙʽʣʷ. ʎʝʡ ʚʘʨʽʘʥʪ ʤʘʻ ʥʘʡʙʽʣʴʰʫ 

ʢʽʣʴʢʽʩʪʴ ʧʽʟʥʘʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʤʦʨʩʴʢʠʭ ʙʽʦʥʽʯʥʠʭ ʬʦʨʤ. 
 

 
ʈʠʩʫʥʦʢ 3 ï ɼʠʟʘʡʥ ʘʚʪʦʤʦʙʽʣʷ ʟ ʙʽʣʴʰ ʥʘʷʚʥʠʤʠ ʧʨʠʨʦʜʥʠʤʠ ʬʦʨʤʘʤʠ 

 

ʊʨʝʪʽʡ ʟʘʧʠʪ ʜʣʷ ʐɯ ʧʦʣʷʛʘʚ ʫ ʩʪʚʦʨʝʥʥʽ ʙʽʣʴʰ ʩʪʨʠʤʘʥʦʛʦ ʨʝʜʠʟʘʡʥʫ ʨʠʩʫʥʢʫ 2 ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʬʦʨʤ. ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 4 ʘ, ʙ. ʋ 

ʥʦʚʦʤʫ ʜʠʟʘʡʥʽ ʘʚʪʦʤʦʙʽʣʷ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʢʫʪʽʚ ʪʘ ʧʨʦʨʽʟʽʚ ʚʞʝ ʥʝʤʘʻ, ʧʨʦʪʝ 

ʟʘʣʠʰʘʶʪʴʩʷ ʞʦʣʦʙʢʠ ʨʘʢʫʰʦʢ ʘʙʦ ʧʽʩʦʯʥʝ ʜʥʦ ʚʦʜʦʡʤʠ. ʊʘʢʠʡ ʜʠʟʘʡʥ ʙʽʣʴʰ ʩʭʦʞʠʡ 

ʥʘ ʨʠʩʫʥʦʢ 2, ʧʨʦʪʝ ʤʘʻ ʙʽʣʴʰʝ ʧʨʠʨʦʜʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʨʠʩʫʥʢʦʤ 4, ʘ ʪʘ 

ʨʠʩʫʥʢʦʤ 4, ʙ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʜʦ ʜʨʫʛʦʛʦ ʜʦʜʘʥʦ ʚʠʜʠʤʝ ʣʦʙʦʚʝ ʩʢʣʦ, ʷʢʝ ʪʨʦʰʢʠ 

ʟʤʝʥʰʫʻ ʫ ʜʠʟʘʡʥʽ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠʨʦʜʥʠʭ ʤʦʨʩʴʢʠʭ ʬʦʨʤ, ʘʣʝ ʥʝ ʨʦʙʠʪʴ ʡʦʛʦ ʤʝʥʰ 

ʧʨʠʚʘʙʣʠʚʠʤ.  
 

  
ʈʠʩʫʥʦʢ 4 ï ʈʝʜʠʟʘʡʥ ʘʚʪʦʤʦʙʽʣʷ: ʩʪʨʠʤʘʥʠʡ (ʘ), ʟ ʚʠʜʠʤʠʤ ʣʦʙʦʚʠʤ ʩʢʣʦʤ (ʙ) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʦ, ʷʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʐɯ ʩʪʚʦʨʝʥʦ ʜʝʢʽʣʴʢʘ ʥʦʚʠʭ 

ʚʠʜʽʚ ʜʠʟʘʡʥʫ ʘʚʪʦʤʦʙʽʣʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʬʦʨʤ ʽʟ ʥʘʷʚʥʦʛʦ ʝʩʢʽʟʫ 

ʚʠʢʦʥʘʥʦʛʦ ʘʚʪʦʨʘʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʩʪʚʦʨʝʥʥʷ 3D-ʤʦʜʝʣʽ. ɺʞʝ ʩʴʦʛʦʜʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʐɯ ʜʦʧʦʤʘʛʘʻ ʨʦʟʨʦʙʣʷʪʠ ʥʦʚʠʡ ʩʫʯʘʩʥʠʡ ʜʠʟʘʡʥ ʘʚʪʦʤʦʙʽʣʝʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʟʤʦʞʝ ʽʩʥʫʚʘʪʠ ʫ ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
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education. International Journal of Scientific Advances (IJSCIA). 2021. Vol. 2 (1). P. 5-11. 

DOI: https://doi.org/10.51542/ijscia.v2i1.2. 

2. Jenis J, Ondriga J, Hrcek S, Brumercik F, Cuchor M, Sadovsky E. Engineering 

Applications of Artificial Intelligence in Mechanical Design and Optimization. Machines. 

2023; 11(6):577. https://doi.org/10.3390/machines11060577. 
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ʉʘʢʥʦ ʆ.ʈ. ʩʪʫʜʝʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 274 çɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪè 
ʉʨʽʙʥʠʡ ʈ.ʆ. ʩʪʫʜʝʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 274 çɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪè 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʦʣʝʩʥʽʢʦʚʘ ʊ.ʄ. ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ 
(ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢ ʽ ʪʝʭʥʦʣʦʛʽʡ ʅʅɯ çʇʨʠʜʥʽʧʨʦʚʩʴʢʘ 
ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠè ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 
 

ɼʆʉʃɯɼɾɽʅʅʗ ʂɯʅɽʄɸʊʀʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ʇʆʈʐʅɽɺʆɻʆ 
ɼɺʆʐɸʊʋʅʅʆɻʆ ʂʈʀɺʆʐʀʇʅʆɻʆ ʄɽʍɸʅɯɿʄʋ 

ɹɽʅɿʀʅʆɺʆɻʆ ɼɺʀɻʋʅɸ 
 

ʇʝʨʝʚʘʛʦʶ ʜʚʠʛʫʥʘ ʟ ʜʚʦʰʘʪʫʥʥʠʤ ʢʨʠʚʦʰʠʧʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʻ ʚʽʜʩʫʪʥʽʩʪʴ 
ʙʽʯʥʦʛʦ ʪʠʩʢʫ ʧʦʨʰʥʷ ʥʘ ʩʪʽʥʢʫ ʮʠʣʽʥʜʨʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʩʦʪʫ ʧʦʨʰʥʷ, 
ʧʦʢʨʘʱʠʪʠ ʨʦʙʦʪʫ ʧʦʨʰʥʝʚʠʭ ʢʽʣʝʮʴ, ʟʤʝʥʰʠʪʠ ʟʘʟʦʨ ʤʽʞ ʧʦʨʰʥʝʤ ʪʘ ʮʠʣʽʥʜʨʦʤ. ɿʘ 
ʨʘʭʫʥʦʢ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʦʪʠʚʘʛ ʥʘ ʱʦʢʘʭ ʢʦʣʽʥʯʘʩʪʠʭ ʚʘʣʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʭʦʨʦʰʘ 
ʚʨʽʚʥʦʚʘʞʝʥʽʩʪʴ ʜʚʠʛʫʥʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʙʠʪʠ ʡʦʛʦ ʟ ʤʘʣʦʶ ʢʽʣʴʢʽʩʪʶ ʮʠʣʽʥʜʨʽʚ [1, 2, 
3]. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʚʠʛʫʥʦʤ ʟ ʦʜʥʠʤ ʮʝʥʪʨʘʣʴʥʠʤ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʠʤ ʤʝʭʘʥʽʟʤʦʤ 
ʡʦʤʫ ʚʣʘʩʪʠʚʽ ʪʘʢʽ ʥʝʜʦʣʽʢʠ, ʷʢ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʘ ʛʨʦʤʽʟʜʢʽʩʪʴ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ 
ʰʘʪʫʥʽʚ ʽ ʜʚʦʭ ʢʦʣʽʥʯʘʩʪʠʭ ʚʘʣʽʚ ʪʘ ʧʽʜʚʠʱʝʥʽ ʚʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ 
ʤʦʥʪʘʞʫ, ʧʦʚ'ʷʟʘʥʽ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʤʽʥʽʤʘʣʴʥʦʛʦ ʧʝʨʝʢʦʩʫ ʧʦʨʰʥʷ ʚ ʧʣʦʱʠʥʽ 
ʦʙʝʨʪʘʥʥʷ ʚʘʣʽʚ. 

 
ʈʠʩʫʥʦʢ 1 ï ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʜʚʦʚʘʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʜʚʦʤʘ ʰʘʪʫʥʘʤʠ 

 
ʄʝʭʘʥʽʟʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʫʭʫ ʧʦʨʰʥʷ ʢʽʥʝʤʘʪʠʯʥʦ ʷʚʣʷʻ ʩʦʙʦʶ ʜʚʘ ʦʜʥʘʢʦʚʽ 

ʟʤʽʱʝʥʽ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʽ ʤʝʭʘʥʽʟʤʠ, ʋ ʮʴʦʤʫ ʤʝʭʘʥʽʟʤʽ ʧʦʚʟʫʥʠ ʦʙ'ʻʜʥʘʥʽ ʚ ʦʜʠʥ, 
ʷʢʠʡ ʩʣʫʞʠʪʴ ʧʦʨʰʥʶ. 

ʇʨʠ ʢʽʥʝʤʘʪʠʯʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʤʝʭʘʥʽʟʤʫ ʜʦʩʪʘʪʥʴʦ ʨʦʟʛʣʷʥʫʪʠ ʦʜʠʥ ʽʟ ʜʚʦʭ 
ʟʤʽʱʝʥʠʭ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. ɺʚʝʜʝʤʦ ʙʝʟʨʦʟʤʽʨʥʽ ʛʝʦʤʝʪʨʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʦʩʽ ʜʝʟʘʢʩʽʘʣʴʥʦʛʦ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ:;R Ll= .e Lc=  

ʆʪʞʝ, ʜʘʥʠʡ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʠʡ ʤʝʭʘʥʽʟʤ ʻ ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʤ [4,5]. 
ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 3.2, ʤʘʢʩʠʤʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ (ʭʽʜ) ʧʦʨʰʥʷ ʤʽʞ ʢʨʘʡʥʽʤʠ 

ʧʦʣʦʞʝʥʥʷʤʠ ʟʤʽʱʝʥʦʛʦ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ: 

( ) ( )( )2 22 21
1 1S l c l c

l
= + - - - - 

ʇʝʨʝʤʽʱʝʥʥʷ ʧʦʨʰʥʷ:     ( )cos sin cos2 sin 2xS R A B C D Ej j j j= - + - +                        (1) 

ʜʝ ʢʦʝʬʽʮʽʻʥʪʠ ʤʘʶʪʴ ʚʠʛʣʷʜ: 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʨʰʥʷ ʚʚʘʞʘʻʤʦ, ʱʦ ʢʨʠʚʦʰʠʧʠ ʦʙʝʨʪʘʶʪʴʩʷ 
ʨʽʚʥʦʤʽʨʥʦ ʟʽ ʰʚʠʜʢʽʩʪʶ w. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʚʠʨʘʟʫ (1) ʟʘ ʯʘʩʦʤ 
ʦʪʨʠʤʘʻʤʦ:       

                               ( )sin cos 2 sin 2 2 cos2V R B C D Ew j j j j= + + +                             (2) 

ʇʨʠʩʢʦʨʝʥʥʷ ʧʦʨʰʥʷ. ɼʠʬʝʨʝʥʮʽʶʶʯʠ ʜʚʽʯʽ ʚʠʨʘʟ (1) ʟʘ ʯʘʩʦʤ ʧʨʠ constw= , 
ʟʥʘʭʦʜʠʤʦ: 

( )2 cos sin 4 cos2 4 sin 2j R B C D Ew j j j j= - + -                         (3) 

 
ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢʠ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʨʰʥʷ  ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʽʢ ʰʚʠʜʢʦʩʪʽ ʧʦʨʰʥʷ 

 
ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬʽʢʠ ʧʨʠʩʢʦʨʝʥʥʷ ʧʦʨʰʥʷ 

ɺʠʩʥʦʚʦʢ. ɺʠʚʝʜʝʥʽ ʬʦʨʤʫʣʠ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʟ ʜʦʩʠʪʴ ʚʝʣʠʢʦʶ ʪʦʯʥʽʩʪʶ 
ʯʠʩʝʣʴʥʝ ʨʽʰʝʥʥʷ ʢʽʥʝʤʘʪʠʢʠ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʧʘʨʘʤʝʪʨʠ ʜʚʠʛʫʥʘ ʪʘʢʽ, ʷʢ ʨʘʜʽʫʩ 
ʢʨʠʚʦʰʠʧʫ, ʜʦʚʞʠʥʫ ʰʘʪʫʥʘ, ʜʽʘʤʝʪʨ ʧʦʨʰʥʷ, ʘ ʪʘʢʦʞ ʤʽʞʦʩʴʦʚʫ ʚʽʜʩʪʘʥʴ ʢʦʣʽʥʯʘʩʪʠʭ 
ʚʘʣʽʚ ʽ ʧʦʨʰʥʝʚʠʭ ʧʘʣʴʮʽʚ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
1. ɸʙʨʘʤʯʫʢ ʌ.ʀ. ɸʚʪʦʤʦʙʣ̔ʴʥ̔ ʜʚʠʛʫʥʠ: ʧʽʜʨʫʯʥʠʢ. ʂʠʾʚ: ɸʨʠʩʪʝʡ. 2004. 476 ʩ. 
2. ɻʫʪʘʨʝʚʠʯ ʖ.ʌ., ɻʫʪʘʨʝʚʠʯ ʖ.ʌ., ʂʦʨʧʘʯ ɸ,ɸ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʜʚʠʛʫʥʽʚ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. ʂ. ʅʊʋ. 2002. 191 ʩ.  
3. ʄʽʱʝʥʢʦ ʄ.ɯ. ʆʩʥʦʚʠ ʨʦʟʨʘʭʫʥʢʫ ʢʽʥʝʤʘʪʠʯʥʦʾ ʪʦʯʥʦʩʪʽ ʙʝʟʰʘʪʫʥʥʦʛʦ ʜʚʠʛʫʥʘ. 

ɼʦʥʝʮʴʢ: ʃʝʙʽʜʴ, 1988. ʊ. 2. 314 ʩ. 
4. Taylor M.K., Alex ʈ. Science review of internal combustion engines. Energy Policy 

36(12). 2008. P. 4657-4667. 
5. Panwar N., Kaushik S., Kothari S. Role of renewable energy sources in 

environmental protection. Energy Reviews, ˉ 15(3). 2011. P. 1513-1524.   
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ʉʘʢʥʦ ʆ.ʈ. ʩʪʫʜʝʥʪʢʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 274 ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʨʽʚʜʘ ɺ.ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ  

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

 

ɼʆʉʃɯɼɾɽʅʅʗ ʋʄʆɺ ʈʆɹʆʊʀ ʇʆʈʐʅɽɺʀʍ ɼɺʀɻʋʅɯɺ ɿ ʉʀʉʊɽʄɸʄʀ 

ʅɸʂʆʇʀʏɽʅʅʗ ɽʅɽʈɻɯɰ ʊɸ ɽʃɽʂʊʈʆʇʈʀɺʆɼʆʄ 

 

ɺʩʪʫʧ. ɿ ʨʦʟʚʠʪʢʦʤ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʨʰʥʝʚʽ ʜʚʠʛʫʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ (ɼɺɿ) ʚʩʝ ʯʘʩʪʽʰʝ ʽʥʪʝʛʨʫʶʪʴʩʷ ʟ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʪʘ ʩʠʩʪʝʤʘʤʠ 

ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʪʘ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ. ʆʩʦʙʣʠʚʦ 

ʘʢʪʫʘʣʴʥʦʶ ʮʷ ʪʝʤʘ ʻ ʚ ʫʤʦʚʘʭ ʛʣʦʙʘʣʴʥʦʾ ʪʝʥʜʝʥʮʽʾ ʜʦ ʧʝʨʝʭʦʜʫ ʥʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʽ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʪʘ ʝʣʝʢʪʨʠʬʽʢʘʮʽʾ ʪʨʘʥʩʧʦʨʪʫ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʛʽʙʨʠʜʥʠʭ ʩʠʩʪʝʤ, ʱʦ 

ʚʢʣʶʯʘʶʪʴ ɼɺɿ, ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜʠ, ʤʘʻ ʚʝʣʠʢʠʡ 

ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʫʥʽʚ ʷʢ ʚ ʘʚʪʦʤʦʙʽʣʴʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʪʘʢ ʽ ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʢʘʭ. 

ʆʩʥʦʚʥʘ ʤʝʪʘ ʨʦʙʦʪʠ ï ʜʦʩʣʽʜʠʪʠ ʫʤʦʚʠ ʨʦʙʦʪʠ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʽʚ, 

ʽʥʪʝʛʨʦʚʘʥʠʭ ʟ ʩʠʩʪʝʤʘʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ, ʟ ʤʝʪʦʶ 

ʧ̔ ʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʟʤʝʥʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʧʨʠʩʚʷʯʝʥʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʛʽʙʨʠʜʥʠʭ 

ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ, ʱʦ ʧʦʻʜʥʫʶʪʴ ɼɺɿ ʟ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʪʘ ʩʠʩʪʝʤʘʤʠ ʥʘʢʦʧʠʯʝʥʥʷ 

ʝʥʝʨʛʽʾ. ʅʘʧʨʠʢʣʘʜ, Moret, S. al. (2017) ʨʦʟʛʣʷʥʫʣʠ ʝʥʝʨʛʝʪʠʯʥʽ ʩʪʨʘʪʝʛʽʾ ʛʽʙʨʠʜʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʾ ʪʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ. 

ɺʦʥʠ ʜʦʩʣʽʜʠʣʠ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʧʦʪʦʢʘʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʧʪʠʤʘʣʴʥʝ 

ʧʦʻʜʥʘʥʥʷ ʨʦʙʦʪʠ ɼɺɿ ʪʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʘ ʜʦ 

20-30% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ [1]. 

ɯʥʰʽ ʜʦʩʣʽʜʥʠʢʠ, ʪʘʢʽ ʷʢ Nguyen, D. al. (2023), ʟʦʩʝʨʝʜʠʣʠ ʫʚʘʛʫ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʩʠʩʪʝʤ ʨʝʢʫʧʝʨʘʮʽʾ ʝʥʝʨʛʽʾ ʚ ʘʚʪʦʤʦʙʽʣʷʭ. ɺʦʥʠ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ ʨʝʢʫʧʝʨʘʮʽʷ 

ʝʥʝʨʛʽʾ ʛʘʣʴʤʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ, 

ʟʤʝʥʰʫʶʯʠ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʪʘ ʚʠʢʠʜʠ CO2 [2]. 

ʂʨʽʤ ʪʦʛʦ, ʜʦʩʣʽʜʞʝʥʥʷ Zhou, Y. al. (2019) ʙʫʣʦ ʧʨʠʩʚʷʯʝʥʝ ʚʧʣʠʚʫ ʽʥʪʝʛʨʘʮʽʾ 

ʩʠʩʪʝʤ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʩʪʘʮʽʦʥʘʨʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ, ʜʝ ʧʦʨʰʥʝʚʽ ʜʚʠʛʫʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɼʦʩʣʽʜʥʠʢʠ ʚʠʷʚʠʣʠ, ʱʦ ʪʘʢʽ ʩʠʩʪʝʤʠ 

ʤʦʞʫʪʴ ʟʥʠʟʠʪʠ ʧʽʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʚʠʛʫʥʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ [3]. 

ʄʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʨʰʥʝʚʦʛʦ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ, ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʪʘ ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ ʘʢʫʤʫʣʷʪʦʨʽʚ. 

ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ, ʙʫʣʠ: ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʘ, ʨʽʚʝʥʴ ʚʠʢʠʜʽʚ 

ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ CO2, ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʟʘʛʘʣʴʥʠʡ ʨʦʙʦʯʠʡ 

ʨʝʩʫʨʩ ʩʠʩʪʝʤʠ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʫ ʪʨʴʦʭ ʨʝʞʠʤʘʭ. ʊʨʘʜʠʮʽʡʥʠʡ 

ʨʝʞʠʤ ʨʦʙʦʪʠ ɼɺɿ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ. ɻʽʙʨʠʜʥʠʡ ʨʝʞʠʤ ʟ ʘʢʪʠʚʥʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʪʘ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʩʠʩʪʝʤ. ʈʝʢʫʧʝʨʘʪʠʚʥʠʡ ʨʝʞʠʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ [4]. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʽʥʪʝʛʨʘʮʽʷ ʩʠʩʪʝʤ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟ ʧʦʨʰʥʝʚʠʤʠ ʜʚʠʛʫʥʘʤʠ 

ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ 

ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. 



ʉɽʂʎɯʗ ï ɸɺʊʆʄʆɹɯʃʔʅʀʁ ʊʈɸʅʉʇʆʈʊ 
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ʋ ʪʨʘʜʠʮʽʡʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʘ ʩʢʣʘʜʘʣʦ ʚ ʩʝʨʝʜʥʴʦʤʫ 8,5 

ʣ/100 ʢʤ, ʪʦʜʽ ʷʢ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʽʙʨʠʜʥʦʛʦ ʨʝʞʠʤʫ ʚʜʘʣʦʩʷ ʟʥʠʟʠʪʠ ʮʝʡ ʧʦʢʘʟʥʠʢ ʜʦ 

6,1 ʣ/100 ʢʤ. ʂʨʽʤ ʪʦʛʦ, ʫ ʨʝʞʠʤʽ ʨʝʢʫʧʝʨʘʮʽʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʟʥʠʟʠʣʠʩʷ ʜʦ 5,8 ʣ/100 ʢʤ 

ʟʘ ʨʘʭʫʥʦʢ ʧʦʚʝʨʥʝʥʥʷ ʝʥʝʨʛʽʾ ʧʽʜ ʯʘʩ ʛʘʣʴʤʫʚʘʥʥʷ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʨʽʚʥʷ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʪʦ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʝ ʟʤʝʥʰʝʥʥʷ 

ʚʠʢʠʜʽʚ CO2 ʜʦ 18 %, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʟʠʪʠʚʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʛʽʙʨʠʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɺʠʩʥʦʚʢʠ. ɯʥʪʝʛʨʘʮʽʷ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʟ ʩʠʩʪʝʤʘʤʠ 

ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʛʽʙʨʠʜʥʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʟʤʝʥʰʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʘ ʥʘ 20é30 %, ʱʦ 

ʨʦʙʠʪʴ ʾʭ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʷʢ ʜʣʷ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʛʘʣʫʟʽ, ʪʘʢ ʽ ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʧʦʪʦʢʘʤʠ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʩʠʩʪʝʤ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ. 
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(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʇʆʈʐʅɽɺʀʍ 

ɼɺʀɻʋʅɯɺ ɿɸ ɻɽʅɽʈɸʊʆʈʅʆʖ ʍɸʈɸʂʊɽʈʀʉʊʀʂʆʖ 

 

ɺʩʪʫʧ. ʇʦʨʰʥʝʚʽ ʜʚʠʛʫʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ) ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ï ʚʽʜ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʜʦ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʫʩʪʘʥʦʚʦʢ. ɺʦʥʠ ʟʘʣʠʰʘʶʪʴʩʷ ʢʣʶʯʦʚʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʨʦʟʚʠʪʦʢ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʪʘ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. 

ʆʜʥʘʢ, ʟ ʦʛʣʷʜʫ ʥʘ ʩʫʯʘʩʥʽ ʚʠʤʦʛʠ ʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ, ʚʘʞʣʠʚʠʤ 

ʟʘʚʜʘʥʥʷʤ ʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʨʦʙʦʪʠ ɼɺɿ ʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʛʝʥʝʨʘʪʦʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʟʚôʷʟʦʢ ʤʽʞ ʚʠʭʽʜʥʦʶ 

ʧʦʪʫʞʥʽʩʪʶ ʜʚʠʛʫʥʘ ʽ ʡʦʛʦ ʦʙʦʨʦʪʘʤʠ ʚ ʨʝʞʠʤʽ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ʆʩʥʦʚʥʘ ʤʝʪʘ ʨʦʙʦʪʠ. ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʽʚ ʟʘ ʛʝʥʝʨʘʪʦʨʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʥʦʚʠʤ ʛʽʙʨʠʜʥʠʤ ʟʘʩʦʙʦʤ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʛʝʥʝʨʘʪʦʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɼɺɿ ʻ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʘʥʘʣʽʟʫ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʛʽʙʨʠʜʥʠʭ ʪʘ ʘʚʪʦʥʦʤʥʠʭ ʩʠʩʪʝʤʘʭ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ɺʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ ʙʫʣʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʚʯʝʥʥʶ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʚʠʛʫʥʘ ʪʘ 

ʡʦʛʦ ʝʥʝʨʛʦʚʠʨʦʙʥʠʯʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʧʨʠ ʨʦʙʦʪʽ ʚ ʨʝʞʠʤʽ ʛʝʥʝʨʘʪʦʨʘ. 

ɿʦʢʨʝʤʘ, ʨʦʙʦʪʘ ʆ. ʄ. ɸʨʪʶʭ ʽʥ. (2021) ʧʨʠʩʚʷʯʝʥʘ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʽʚ ʚ ʫʤʦʚʘʭ ʟʤʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʦʩʣʽʜʥʠʢʠ 

ʚʽʜʟʥʘʯʠʣʠ, ʱʦ ʛʝʥʝʨʘʪʦʨʥʽ ʨʝʞʠʤʠ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʽʚ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʚʧʣʠʚʘʪʠ ʥʘ 

ʾʭʥʽʡ ʟʘʛʘʣʴʥʠʡ ʂʇɼ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʛʽʙʨʠʜʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ [1]. 

ɺʯʝʥʽ ʜʦʩʣʽʜʠʣʠ ʚʧʣʠʚ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʽʚ ʥʘ ʾʭʥʶ 

ʛʝʥʝʨʘʪʦʨʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚ ʛʽʙʨʠʜʥʠʭ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʢʘʭ. ɺʦʥʠ ʟʘʟʥʘʯʠʣʠ, ʱʦ 

ʦʧʪʠʤʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʨʦʟʧʦʜʽʣ ʝʥʝʨʛʽʾ ʤʽʞ ʜʚʠʛʫʥʦʤ ʽ 

ʘʢʫʤʫʣʷʪʦʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʘ [2]. 

Montazerinejad, H. (2022) ʚʠʚʯʠʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʽʚ ʚ ʘʚʪʦʥʦʤʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ, ʜʝ ʾʭ ʨʦʙʦʪʘ ʷʢ ʛʝʥʝʨʘʪʦʨʽʚ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ɸʚʪʦʨʠ ʧʽʜʢʨʝʩʣʠʣʠ ʚʘʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶ ʟʘ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʫ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ [3]. 

ʄʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ, ʷʢʘ ʚʢʣʶʯʘʻ ʧʦʨʰʥʝʚʠʡ ʜʚʠʛʫʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, 

ʝʣʝʢʪʨʠʯʥʠʡ ʛʝʥʝʨʘʪʦʨ ʪʘ ʩʠʩʪʝʤʫ ʟʙʦʨʫ ʜʘʥʠʭ. ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʙʫʣʦ ʜʦʩʣʽʜʠʪʠ 

ʛʝʥʝʨʘʪʦʨʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʚʠʛʫʥʘ, ʪʦʙʪʦ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʡʦʛʦ ʧʦʪʫʞʥʽʩʪʶ ʪʘ 

ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʚ ʨʝʞʠʤʽ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʫ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ. ʊʨʘʜʠʮʽʡʥʠʡ ʧʽʜʭʽʜ ï ʦʮʽʥʢʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʫʥʘ ʥʘ ʧʦʩʪʽʡʥʠʭ ʦʙʝʨʪʘʭ ʧʨʠ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʛʝʥʝʨʘʪʦʨʘ. 

ɻʽʙʨʠʜʥʠʡ ʟʘʩʽʙ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪ ʩʠʩʪʝʤʫ ʘʢʫʤʫʣʷʪʦʨʽʚ ʜʣʷ 

ʨʝʢʫʧʝʨʘʮʽʾ ʥʘʜʣʠʰʢʦʚʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʜʚʠʛʫʥʘ ʚ 

ʥʝʧʦʩʪʽʡʥʠʭ ʨʝʞʠʤʘʭ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ MATLAB, ʷʢʝ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʧʨʦʮʝʩʠ ʪʘ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ. 

ʅʦʚʠʡ ʛʽʙʨʠʜʥʠʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʢʦʤʙʽʥʘʮʽʾ ʛʝʥʝʨʘʪʦʨʥʦʾ ʪʘ 

ʨʝʢʫʧʝʨʘʪʠʚʥʦʾ ʩʠʩʪʝʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʽʚ. ʉʠʩʪʝʤʘ 
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ʨʝʢʫʧʝʨʘʮʽʾ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʥʘʜʣʠʰʢʦʚʫ ʝʥʝʨʛʽʶ, ʱʦ ʟʤʝʥʰʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʜʚʠʛʫʥ ʫ ʟʤʽʥʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ, ʽ ʟʘʙʝʟʧʝʯʫʻ ʜʦʜʘʪʢʦʚʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʧʽʜ ʯʘʩ 

ʚʠʩʦʢʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʛʝʥʝʨʘʪʦʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʚʠʛʫʥʘ 

ʟʥʘʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʞʠʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʦʾ ʩʠʩʪʝʤʠ ʨʝʢʫʧʝʨʘʮʽʾ 

ʝʥʝʨʛʽʾ. ʋ ʪʨʘʜʠʮʽʡʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʜʚʠʛʫʥ ʜʝʤʦʥʩʪʨʫʚʘʚ ʩʪʘʙʽʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʧʨʦʪʝ ʧʨʠ ʟʤʽʥʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʚʠʥʠʢʘʣʘ ʧʦʪʨʝʙʘ ʚ 

ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʦʢʽʚ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʽʙʨʠʜʥʦʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʠʣʦ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ. ʋ ʨʝʞʠʤʘʭ ʟ ʨʝʢʫʧʝʨʘʮʽʻʶ ʝʥʝʨʛʽʾ ʛʝʥʝʨʘʪʦʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʜʚʠʛʫʥʘ ʧʦʢʘʟʘʣʘ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʠ ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʱʦ 

ʧʽʜʪʚʝʨʜʠʣʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʙʨʠʜʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ 

ʂʇɼ ʩʠʩʪʝʤʠ. 

ɿʦʢʨʝʤʘ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʧʽʜʭʦʜʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʙʨʠʜʥʦʛʦ ʟʘʩʦʙʫ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʦ ʟʙʽʣʴʰʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ 12 % ʧʨʠ ʚʠʩʦʢʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʥʘ 8 % ʟʘʚʜʷʢʠ ʨʝʢʫʧʝʨʘʮʽʾ ʝʥʝʨʛʽʾ. 

ɺʠʩʥʦʚʢʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʛʝʥʝʨʘʪʦʨʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʨʰʥʝʚʦʛʦ ʜʚʠʛʫʥʘ ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ ʧʦʢʨʘʱʝʥʘ ʟʘ ʨʘʭʫʥʦʢ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʽʙʨʠʜʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʘʢʫʤʫʣʷʪʦʨʥʽ ʝʣʝʤʝʥʪʠ ʜʣʷ ʨʝʢʫʧʝʨʘʮʽʾ 

ʝʥʝʨʛʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʜʚʠʛʫʥʘ ʧʨʠ ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʽ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʛʽʙʨʠʜʥʠʡ ʟʘʩʽʙ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʚ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ 

ʧʽʜʚʠʱʝʥʥʽ ʂʇɼ ʪʘ ʟʥʠʞʝʥʥʽ ʚʠʪʨʘʪ ʧʘʣʠʚʘ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʛʽʙʨʠʜʥʽ ʩʠʣʦʚʽ ʫʩʪʘʥʦʚʢʠ ʪʘ ʘʚʪʦʥʦʤʥʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʙʫʪʠ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʦʧʪʠʤʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʦʪʦʢʘʤʠ ʪʘ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʩʠʩʪʝʤ ʨʝʢʫʧʝʨʘʮʽʾ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʽʚ. 
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ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 
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ʇɯɼɺʀʑɽʅʅʗ ʂʆʅʊʈʆʃʖ ɹɽɿʇɽʂʀ ʇɽʈɽʄɯʑɽʅʅʗ ɺɸʅʊɸɾʅʆɻʆ 

ʊʈɸʅʉʇʆʈʊʋ ɿ ʇʈʀʏɽʇɸʄʀ 

 
ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʝʢʦʥʦʤʽʮʽ ʢʨʘʾʥʠ. ʇʽʜʚʠʱʝʥʥʷ 

ʙʝʟʧʝʢʠ ʨʦʙʦʯʦʾ ʟʦʥʠ ʟʘʣʠʰʘʻʪʴʩʷ ʛʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʝʢʪʦʨʘ 
ʋʢʨʘʾʥʠ. ɹʝʟʧʝʢʘ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʜʦ ʷʢʠʭ ʤʦʞʥʘ 
ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʽ: ʥʠʟʴʢʘ ʢʫʣʴʪʫʨʘ ʪʘ ʜʠʩʮʠʧʣʽʥʘ ʫʯʘʩʥʠʢʽʚ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ; ʥʠʟʴʢʠʡ 
ʨʽʚʝʥʴ ʚʦʜʽʾʚ; ʩʪʘʥ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʪʘ ʡʦʛʦ ʥʝʥʘʣʝʞʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ; ʩʪʘʥ 
ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʪʘ ʜʦʨʦʞʥʴʦʾ ʨʦʟʤʽʪʢʠ; ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʨʦʞʥʴʦʾ ʤʝʨʝʞʽ, ʪʦʱʦ [1, 
2]. ɿʦʢʨʝʤʘ, ʪʨʠʚʦʛʫ ʚʠʢʣʠʢʘʶʪʴ ʯʘʩʪʦʪʘ ʪʘ ʩʝʨʡʦʟʥʽʩʪʴ ʘʚʘʨʽʡ ʟʘ ʫʯʘʩʪʶ ʚʝʣʠʢʠʭ 
ʚʘʥʪʘʞʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 

ʉʠʩʪʝʤʠ ʘʢʪʠʚʥʦʾ ʙʝʟʧʝʢʠ ʟʤʝʥʰʫʶʪʴ ʡʤʦʚʽʨʥʽʩʪʴ ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘ 
ʜʦʨʦʟʽ ʪʘ ʜʦʧʦʤʘʛʘʶʪʴ ʚʦʜʽʻʚʽ ʚʧʝʚʥʝʥʦ ʢʝʨʫʚʘʪʠ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʦʤ, ʛʘʣʴʤʫʚʘʪʠ ʪʘ 
ʧʨʠʩʢʦʨʶʚʘʪʠʩʷ ʟ ʧʦʪʨʽʙʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʢʨʘʱʝ ʤʘʥʝʚʨʫʚʘʪʠ ʙʝʟ ʟʥʘʯʥʠʭ ʟʫʩʠʣʴ. 
ʉʠʩʪʝʤʠ ʘʢʪʠʚʥʦʾ ʙʝʟʧʝʢʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʦʩʪʽʡʥʦ ʚʜʦʩʢʦʥʘʣʶʶʪʴʩʷ, ʘ ʩʘʤʝ: 
ʨʫʣʴʦʚʝ ʢʝʨʫʚʘʥʥʷ; ʛʘʣʴʤʽʚʥʽ ʩʠʩʪʝʤʠ; ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ; ʩʠʩʪʝʤʠ ʦʩʚʽʪʣʝʥʥʷ; 
ʘʥʪʠʙʣʦʢʫʚʘʣʴʥʘ ʪʘ ʘʥʪʠʟʘʥʦʩʥʘ ʩʠʩʪʝʤʠ ʪʘ ʽʥ. [3, 4]. 

ɹʫʜʴ-ʷʢʘ ʪʝʭʥʽʢʘ ʟ ʯʘʩʦʤ ʤʦʞʝ ʚʠʡʪʠ ʟ ʣʘʜʫ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʨʦʩʪʦʶ, 
ʥʝʚʯʘʩʥʦʾ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʫ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ. ʇʽʜ 
ʯʘʩ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚʦʜʽʶ ʥʝʦʙʭʽʜʥʦ ʧʦʩʪʽʡʥʦ ʦʮʽʥʶʚʘʪʠ ʦʙʩʪʘʥʦʚʢʫ ʥʘ 
ʜʦʨʦʟʽ. ʊʦʯʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʰʚʠʜʢʽʩʪʴ ʚʦʜʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʦʤ ʟʘʣʝʞʘʪʴ ʚʽʜ 
ʦʩʦʙʠʩʪʠʭ ʥʘʚʠʯʦʢ ʪʘ ʷʢʦʩʪʝʡ ʚʦʜʽʷ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʚʘʥʪʘʞʽʚʢʠ ʟ 
ʧʨʠʯʝʧʦʤ ʜʦʜʘʪʢʦʚʦ ʦʩʥʘʱʫʶʪʴʩʷ ʩʚʽʪʣʦʚʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʚʠʨʽʰʠʪʠ 
ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ. 

ɹʽʣʴʰ ʯʽʪʢʦ ʧʦʟʥʘʯʘʶʪʴʩʷ ʛʘʙʘʨʠʪʠ ʧʨʠʯʝʧʘ. ʇʨʠ ʤʘʥʝʚʨʫʚʘʥʥʽ ʚʘʥʪʘʞʽʚʢʦʶ ʥʘ 
ʚʫʟʴʢʠʭ ʜʦʨʦʛʘʭ ʚʦʜʽʻʚʽ ʜʦʚʦʣʽ ʩʢʣʘʜʥʦ ʚʠʟʥʘʯʘʪʠ ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ ʟʘʜʥʴʦʾ ʦʩʽ ʧʨʠʯʝʧʘ, 
ʦʩʢʽʣʴʢʠ ʟ ʢʘʙʽʥʠ ʥʝ ʚʠʜʥʦ ʢʦʣʽʩ ʧʨʠʯʝʧʘ. ɸʙʦ ʞ ʜʦʚʞʠʥʘ ʧʨʠʯʝʧʘ ʥʝ ʜʦʟʚʦʣʷʻ ʚ 
ʜʟʝʨʢʘʣʘʭ ʟʘʜʥʴʦʛʦ ʚʠʜʫ ʚʯʘʩʥʦ ʧʦʤʽʪʠʪʠ ʧʨʦʙʣʝʤʠ ʟ ʢʦʣʝʩʘʤʠ. ɹʫʚʘʶʪʴ ʚʠʧʘʜʢʠ, ʱʦ ʚ 
ʧʨʦʮʝʩʽ ʨʫʭʫ ʚʘʥʪʘʞʽʚʢʠ ʥʘ ʧʨʠʯʝʧʽ ʚʽʜʢʨʫʯʫʶʪʴʩʷ ʢʦʣʝʩʘ. ʇʨʠ ʮʴʦʤʫ ʚʦʜʽʡ ʤʦʞʝ ʥʝ 
ʧʦʤʽʪʠʪʠ ʾʭ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘ ʧʨʠʯʝʧʽ.  

ɯʩʥʫʻ ʨʠʟʠʢ ʙʣʦʢʫʚʘʥʥʷ ʢʦʣʽʩ ʧʽʩʣʷ ʪʨʠʚʘʣʦʛʦ ʧʨʦʩʪʦʶ ʯʠ ʩʪʦʷʥʢʠ ʥʘ 
ʧʘʨʢʫʚʘʣʴʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ, ʢʦʣʠ ʘʚʪʦʤʦʙʽʣʴ ʟʘʬʽʢʩʦʚʘʥʠʡ ʨʫʯʥʠʤ ʛʘʣʴʤʦʤ. ɹʘʛʘʪʦ 
ʩʫʯʘʩʥʠʭ ʧʘʨʢʽʥʛʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʭʝʤʫ ʨʦʟʤʽʱʝʥʥʷ ʪʨʘʥʩʧʦʨʪʫ, ʜʝ ʚʘʥʪʘʞʽʚʢʠ 
ʩʪʦʷʪʴ ʧʽʜ ʢʫʪʦʤ 45 ʛʨʘʜʫʩʽʚ ʚʽʜʥʦʩʥʦ ʚôʾʟʜʫ-ʚʠʾʟʜʫ. ʊʘʢʝ ʨʦʟʤʽʱʝʥʥʷ ʦʙʫʤʦʚʣʶʻ ʧʨʠ 
ʤʘʥʝʚʨʫʚʘʥʥʽ ʜʣʷ ʚʠʾʟʜʫ ʟʘʣʦʤʣʶʚʘʪʠ ʪʷʛʘʯ ʚʽʜʥʦʩʥʦ ʧʨʠʯʝʧʫ ʧʽʜ ʢʫʪʦʤ ʜʦʩʪʘʪʥʽʤ ʜʣʷ 
ʥʘʦʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʢʦʣʝʩʘʤʠ. ʊʦʤʫ, ʜʣʷ ʢʨʘʱʦʛʦ ʚʽʜʯʫʪʪʷ ʛʘʙʘʨʠʪʽʚ, ʢʦʥʪʨʦʣʶ ʟʘ 
ʢʦʣʝʩʘʤʠ ʧʦʪʨʽʙʥʘ ʧʨʦʩʪʘ ʘʢʪʠʚʥʘ ʩʠʩʪʝʤʘ ʙʝʟʧʝʢʠ. 

ʇʦʢʨʘʱʫʻʪʴʩʷ ʢʦʥʪʨʦʣʴ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʯʝʧʽʚ. ɻʘʣʴʤʽʚʥʘ ʩʠʩʪʝʤʘ 
ʚʘʥʪʘʞʽʚʦʢ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʠʩʪʝʤʠ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ɺ ʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 
ʧʥʝʚʤʘʪʠʯʥʽ ʛʘʣʴʤʘ, ʱʦ ʧʨʘʮʶʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ. ʇʥʝʚʤʘʪʠʯʥʠʡ 
ʧʨʠʚʽʜ ʛʘʣʴʤ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʧʽʜôʻʜʥʫʚʘʪʠ ʪʘ ʚʽʜôʻʜʥʫʚʘʪʠ ʧʨʠʯʝʧʠ, ʧʽʩʣʷ ʯʦʛʦ 
ʢʦʤʧʨʝʩʦʨ ʥʘʢʘʯʫʻ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ ʫ ʤʘʛʽʩʪʨʘʣʽ. ʇʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʨʫʯʥʠʤ ʛʘʣʴʤʦʤ 
ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʽʢʩʘʮʽʷ ʧʨʠʯʝʧʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʥʝʚʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʤʘʻ ʜʚʘ 
ʢʦʥʪʫʨʠ. ʇʨʠ ʚʠʭʦʜʽ ʟ ʣʘʜʫ ʦʜʥʦʛʦ ʟ ʥʠʭ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʠʯʝʧʘ ʚʠʢʦʥʫʻʪʴʩʷ ʩʧʨʘʚʥʠʤ 
ʢʦʥʪʫʨʦʤ, ʦʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʧʨʘʮʶʶʪʴ ʣʠʰʝ ʜʚʘ ʟʘʜʥʽ ʢʦʣʝʩʘ. ʇʥʝʚʤʘʪʠʯʥʽ ʛʘʣʴʤʘ 
ʚʽʜʥʦʩʥʦ ʥʝʥʘʜʽʡʥʽ, ʯʘʩʪʦ ʚʠʭʦʜʷʪʴ ʟ ʣʘʜʫ. ʊʦʤʫ ʚ ʧʨʠʯʝʧʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʝʟʝʨʚʥʽ 
ʛʘʣʴʤʘ, ʷʢʽ ʧʨʠ ʚʪʨʘʪʽ ʪʠʩʢʫ ʙʣʦʢʫʶʪʴ ʢʦʣʝʩʘ ʧʨʠʯʝʧʘ. ʇʨʠ ʨʫʩʽ ʚʘʥʪʘʞʽʚʢʠ ʽʟ 
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ʟʘʙʣʦʢʦʚʘʥʠʤʠ ʢʦʣʝʩʘʤʠ ʾʾ ʧʦʪʫʞʥʠʡ ʜʚʠʛʫʥ ʤʦʞʝ ʣʝʛʢʦ ʪʷʛʥʫʪʠ ʧʨʠʯʝʧ ʟ 
ʟʘʙʣʦʢʦʚʘʥʠʤʠ ʢʦʣʝʩʘʤʠ [5]. 

ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʥʘ ʜʝʷʢʠʭ ʧʨʠʯʝʧʘʭ ʚʩʪʘʥʦʚʣʝʥʦ ʘʚʪʦʤʘʪʠʯʥʫ 
ʧʥʝʚʤʘʪʠʯʥʫ ʩʠʩʪʝʤʫ ʜʣʷ ʧʽʜʡʦʤʫ ʦʜʥʽʻʾ ʟ ʦʩʝʡ ʧʨʠ ʥʠʟʴʢʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ. ʎʷ ʩʠʩʪʝʤʘ 
ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʚʝʜʫʯʦʾ ʦʩʽ, ʟʤʝʥʰʝʥʥʷ ʪʠʩʢʫ ʥʘ 
ʜʦʨʦʛʫ ʪʘ ʟʙʽʣʴʰʫʻ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫ. ʇʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʦʚʥʦʮʽʥʥʫ 
ʚʽʩʴ ʟ ʧʥʝʚʤʘʪʠʯʥʠʤʠ ʨʝʩʦʨʘʤʠ ʪʘ ʛʘʣʴʤʽʚʥʦʶ ʩʠʩʪʝʤʦʶ. ɼʘʥʘ ʚʽʩʴ ʜʦʧʦʤʘʛʘʻ 
ʟʤʝʥʰʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʘ ʪʘ ʧʦʜʦʚʞʫʻ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʫʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ. ʇʨʠ 
ʧʽʜʚʠʱʝʥʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ ʚʦʥʘ ʦʧʫʩʢʘʻʪʴʩʷ. ʅʘ ʩʫʯʘʩʥʠʭ ʚʘʥʪʘʞʽʚʢʘʭ ʩʠʩʪʝʤʘ 
ʩʘʤʦʩʪʽʡʥʦ ʚʠʨʽʰʫʻ, ʢʦʣʠ ʟʘʜʽʷʪʠ ʚʽʩʴ. ʆʜʥʘʢ, ʢʦʣʠ ʜʘʥʘ ʩʠʩʪʝʤʘ ʥʝ ʩʧʨʘʮʴʦʚʫʻ, ʘʙʦ 
ʩʧʨʘʮʴʦʚʫʻ ʥʝ ʜʦ ʢʽʥʮʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʰʠʥ [6]. 

ɯʥʦʜʽ, ʯʝʨʝʟ ʧʦʛʦʜʥʽ ʫʤʦʚʠ, ʤʦʨʦʟ ʤʦʞʫʪʴ ʟʘʙʣʦʢʫʚʘʪʠʩʷ ʛʘʣʴʤʽʚʥʽ ʢʦʣʦʜʢʠ, ʱʦ 
ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʙʣʦʢʫʚʘʥʥʷ ʢʦʣʽʩ ʯʠ ʩʧʘʨʢʠ. ʇʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʤʦʞʝ ʚʠʩʪʘʯʠʪʠ 
ʜʣʷ ʨʫʭʫ ʚʘʥʪʘʞʽʚʢʠ, ʦʜʥʘʢ ʧʦʢʨʠʰʢʘ ʧʨʠ ʮʴʦʤʫ ʙʫʜʝ ʪʝʨʪʠʩʷ ʦʙ ʘʩʬʘʣʴʪ, ʱʦ ʤʦʞʝ 
ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʰʠʥ. ʏʘʩʪʠʥʠ ʰʠʥʠ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʨʦʟʣʽʪʘʶʪʴʩʷ, 
ʩʪʘʥʦʚʣʷʪʴ ʟʘʛʨʦʟʫ ʷʢ ʜʣʷ ʦʪʦʯʫʶʯʠʭ, ʪʘʢ ʽ ʜʣʷ ʚʦʜʽʷ. ɺʪʨʘʪʘ ʦʜʥʽʻʾ ʟ ʰʠʥ ʤʦʞʝ 
ʧʨʠʚʝʩʪʠ ʷʢ ʜʦ ʘʚʘʨʽʾ, ʪʘʢ ʽ ʜʦ ʚʪʨʘʪʠ ʯʘʩʫ ʥʘ ʟʘʤʽʥʫ ʢʦʣʝʩʘ ʥʘ ʜʦʨʦʟʽ. 

ɹʫʚʘʶʪʴ ʚʠʧʘʜʢʠ ʟʘʢʣʠʥʶʚʘʥʥʷ ʧʽʜʰʠʧʥʠʢʽʚ, ʘʙʦ ʧʨʠʢʽʧʘʥʥʷ, ʟʘʤʝʨʟʘʥʥʷ 
ʛʘʣʴʤʽʚʥʠʭ ʢʦʣʦʜʦʢ ʢʦʣʝʩʘ ʫ ʧʨʠʯʝʧʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʢʦʣʝʩʦ ʧʝʨʝʩʪʘʻ ʦʙʝʨʪʘʪʠʩʴ, 
çʚʦʣʦʯʠʪʴʩʷè ʧʦ ʜʦʨʦʟʽ ʚ ʟʘʢʣʠʥʝʥʦʤʫ ʩʪʘʥʽ. ɺʦʜʽʡ ʤʦʞʝ ʥʝ ʟʘʤʽʪʠʪʠ ʥʝʩʧʨʘʚʥʽʩʪʴ ʪʘ 
ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʦʜʥʘʢ, ʢʦʣʝʩʦ ʧʨʠ ʮʴʦʤʫ ʙʫʜʝ ʧʦʪʨʝʙʫʚʘʪʠ ʟʘʤʽʥʠ. ʐʠʥʘ ʥʘ 
ʢʦʣʝʩʽ ʤʦʞʝ ʩʪʝʨʪʠʩʴ, ʧʦʣʦʧʘʪʠʩʴ, ʥʘʚʽʪʴ ʟʽʨʚʘʪʠʩʷ ʚʽʜ ʧʝʨʝʛʨʽʚʫ ʦʙ ʧʦʚʝʨʭʥʶ ʜʦʨʦʛʠ. ɭ 
ʤʦʞʣʠʚʽʩʪʴ ʚʪʨʘʪʠ ʢʦʥʪʨʦʣʶ ʥʘʜ ʚʘʥʪʘʞʽʚʢʦʶ ʫ ʚʦʜʽʷ. 

ʊʦʤʫ ʙʫʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʨʦʟʨʦʙʠʪʠ ʩʠʛʥʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, ʱʦ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 
ʘʢʪʠʚʥʦʾ ʙʝʟʧʝʢʠ ʟ ʪʘʢʠʤʠ ʦʩʥʦʚʥʠʤʠ ʟʘʜʘʯʘʤʠ: 

- ʜʣʷ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʥʪʨʦʣʶ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʩ ʧʨʠʯʝʧʘ ʟ ʢʘʙʽʥʠ ʚʦʜʽʷ (ʥʝʦʙʭʽʜʥʦ 
ʱʦʙ ʡʦʛʦ ʙʫʣʦ ʚʠʜʥʦ ʫ ʜʟʝʨʢʘʣʘ ʟʘʜʥʴʦʛʦ ʚʠʜʫ); 

- ʜʦʧʦʤʦʛʠ ʚʦʜʽʻʚʽ ʢʨʘʱʝ ʚʽʜʯʫʚʘʪʠ ʛʘʙʘʨʠʪʠ ʧʨʠʯʝʧʘ (ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʨʫʭ 
ʟʘʜʥʽʤ ʭʦʜʦʤ ʩʪʘʚ ʙʠ ʥʘʙʘʛʘʪʦ ʣʝʛʰʠʤ); 

- ʜʽʘʛʥʦʩʪʠʯʥʠʡ (ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʤʦʞʥʘ ʣʝʛʢʦ ʚʠʟʥʘʯʠʪʠ ʷʢʽ ʢʦʣʝʩʘ 
ʟʘʙʣʦʢʦʚʘʥʦ, ʯʠ ʚ ʟʘʜʦʚʽʣʴʥʦʤʫ ʩʪʘʥʽ); 

- ʧʨʦʩʪʠʡ, ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʡ. 
ɼʘʥʠʡ ʧʨʠʩʪʨʽʡ ʙʫʜʝ ʥʘʚʝʜʝʥʦ ʚ ʥʘʩʪʫʧʥʽʡ ʩʪʘʪʪʽ.  
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ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ. ɺʽʩʥʠʢ ɼʦʥʝʮʴʢʦʾ ʘʢʘʜʝʤʽʾ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 
2012. ˉ 3. ʉ. 41-48. 

5. ɻʘʣʴʤʽʚʥʘ ʩʠʩʪʝʤʘ ʚʘʥʪʘʞʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] URL: 
https://www.renamax.city (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 11.11.2024). 

6. ʇʽʜʡʦʤʥʽ ʦʩʽ ʫ ʥʘʧʽʚʧʨʠʯʝʧʽʚ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] URL: 
https://yak.bono.odessa.ua/articles/pidjomna-vis-napivprichepa-jak-investicija-v.php (ʜʘʪʘ 
ʟʚʝʨʥʝʥʥʷ: 11.11.2024). 

  

http://www.sai.gov.ua/ua/people/5.htm
http://www.sai.gov.ua/ua/ua/static/23.htm
https://www.renamax.city/
https://yak.bono.odessa.ua/articles/pidjomna-vis-napivprichepa-jak-investicija-v.php
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ʋɼʂ 621.43; 656.13; 681.518 

 

ʉʪʘʨ̔ʢ ɺ.ʉ. ʩʪʫʜʝʥʪ ʛʨ. 274-24ʩʢ-1 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʉʘʢʥʦ ʆ.ʇ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

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

 

ʆɻʃʗɼ ʈʆɹʆʊʀ ʐɽʉʊʀʊɸʂʊʅʆɻʆ ɼɺʀɻʋʅɸ 

 

ʐʝʩʪʠʪʘʢʪʥʠʡ ʜʚʠʛʫʥ, ʨʦʟʨʦʙʢʘ ʢʦʤʧʘʥʽʾ ʇʦʨʰʝ, ʷʚʣʷʻ ʩʦʙʦʶ ʽʥʥʦʚʘʮʽʡʥʫ 

ʤʦʜʠʬʽʢʘʮʽʶ ʢʣʘʩʠʯʥʦʛʦ ʯʦʪʠʨʠʪʘʢʪʥʦʛʦ ʜʚʠʛʫʥʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʪʘ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʟʘʚʜʷʢʠ ʜʦʜʘʚʘʥʥʶ ʜʚʦʭ 

ʜʦʜʘʪʢʦʚʠʭ ʪʘʢʪʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʜʦʜʘʪʢʦʚʠʤ ʟʛʦʨʷʥʥʷʤ ʽ ʦʭʦʣʦʜʞʝʥʥʷʤ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʦʢʨʘʱʠʪʠ ʧʘʣʠʚʥʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʽ ʟʥʠʟʠʪʠ ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʚʠʛʫʥ. 

ʐʝʩʪʠʪʘʢʪʥʠʡ ʜʚʠʛʫʥ ʻ ʦʜʥʽʻʶ ʟ ʢʽʣʴʢʦʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʚʠʛʫʥʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʷʢʽ ʥʘʤʘʛʘʶʪʴʩʷ ʚʜʦʩʢʦʥʘʣʠʪʠ ʪʨʘʜʠʮʽʡʥʽ ʜʚʦʪʘʢʪʥʽ ʪʘ 

ʯʦʪʠʨʠʪʘʢʪʥʽ ʜʚʠʛʫʥʠ. ɿʘʷʚʣʝʥʽ ʧʝʨʝʚʘʛʠ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʘ, ʟʥʠʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʪʘ/ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ. ʎʽ 

ʜʚʠʛʫʥʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ ʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʦʨʰʥʽʚ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ 

ʰʽʩʪʴ ʪʘʢʪʽʚ. 

ʂʦʥʩʪʨʫʢʮʽʾ, ʚ ʷʢʠʭ ʰʽʩʪʴ ʪʘʢʪʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʟʘʻʤʦʜʽʻʶ ʤʽʞ ʜʚʦʤʘ ʧʦʨʰʥʷʤʠ, 

ʙʽʣʴʰ ʨʽʟʥʦʤʘʥʽʪʥʽ. ʇʦʨʰʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʧʨʦʪʠʣʝʞʥʦ ʚ ʦʜʥʦʤʫ ʮʠʣʽʥʜʨʽ 

ʘʙʦ ʤʦʞʫʪʴ ʧʝʨʝʙʫʚʘʪʠ ʚ ʦʢʨʝʤʠʭ ʮʠʣʽʥʜʨʘʭ. ɿʘʟʚʠʯʘʡ ʦʜʠʥ ʮʠʣʽʥʜʨ ʨʦʙʠʪʴ ʜʚʘ ʪʘʢʪʠ, 

ʘ ʽʥʰʠʡ ï ʯʦʪʠʨʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʰʽʩʪʴ ʨʫʭʽʚ ʧʦʨʰʥʷ ʟʘ ʮʠʢʣ. ɼʨʫʛʠʡ ʧʦʨʰʝʥʴ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʟʘʤʽʥʠ ʢʣʘʧʘʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟʚʠʯʘʡʥʦʛʦ ʜʚʠʛʫʥʘ, ʱʦ ʤʦʞʝ 

ʟʤʝʥʰʠʪʠ ʤʝʭʘʥʽʯʥʫ ʩʢʣʘʜʥʽʩʪʴ ʽ ʟʙʽʣʴʰʠʪʠ ʩʪʫʧʽʥʴ ʩʪʠʩʥʝʥʥʷ ʰʣʷʭʦʤ ʫʩʫʥʝʥʥʷ 

ʛʘʨʷʯʠʭ ʪʦʯʦʢ, ʷʢʽ ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʦʙʤʝʞʠʣʠ ʙ ʩʪʠʩʥʝʥʥʷ. ɼʨʫʛʠʡ ʧʦʨʰʝʥʴ ʪʘʢʦʞ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ ʨʦʟʰʠʨʝʥʥʷ, ʚʽʜʦʢʨʝʤʣʶʶʯʠ ʡʦʛʦ ʚʽʜ 

ʩʪʫʧʝʥʷ ʩʪʠʩʥʝʥʥʷ. ɿʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʰʠʨʝʥʥʷ ʪʘʢʠʤ ʯʠʥʦʤ ʤʦʞʝ ʟʙʽʣʴʰʠʪʠ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʜʽʙʥʦ ʜʦ ʮʠʢʣʫ ʄʽʣʣʝʨʘ ʘʙʦ ɸʪʢʽʥʩʦʥʘ. 

ɿʘʨʘʟ ʫ ʩʚʽʪʽ ʧʨʘʮʶʶʪʴ ʤʽʣʴʷʨʜʠ ʚʠʙʫʭʦʚʠʭ ʜʚʠʛʫʥʽʚ, ʽ ʮʷ ʝʧʦʭʘ ʱʝ ʥʝ 

ʟʘʢʽʥʯʠʪʴʩʷ. ʂʦʤʝʨʮʽʡʥʦ ʦʯʝʚʠʜʥʦ, ʱʦ ʚʝʣʠʢʠʡ ʨʠʥʦʢ ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ, ʚʘʞʢʠʭ 

ʚʘʥʪʘʞʽʚ, ʙʫʜʽʚʝʣʴʥʦʾ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ. ɼʣʷ ʰʝʩʪʠʪʘʢʪʥʦʛʦ ʜʚʠʛʫʥʘ ʮʝ 

ʧʨʽʦʨʠʪʝʪ. ɿʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʘ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʙʝʟ ʞʦʜʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʝʨʝʦʮʽʥʠʪʴ ʢʦʥʮʝʧʮʽʶ ʘʚʪʦʤʦʙʽʣʷ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʝʤʘʻ ʜʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʟʘʤʽʥʠ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ. ʃʠʰʝ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʦʪʦʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʝ ʩʧʨʠʷʪʠ ʧʨʦʛʨʝʩʫ ʚ ʤʝʞʘʭ 

ʨʦʟʫʤʥʦʛʦ ʯʘʩʫ ʪʘ ʬʽʥʘʥʩʦʚʠʭ ʦʙʤʝʞʝʥʴ. ʐʝʩʪʠʪʘʢʪʥʠʡ ʜʚʠʛʫʥ ʽʜʝʘʣʴʥʦ ʚʧʠʩʫʻʪʴʩʷ ʚ 

ʮʝʡ ʚʠʛʣʷʜ. ʁʦʛʦ ʧʨʠʡʥʷʪʪʷ ʚ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʤʘʣʦ ʙ ʚʝʣʠʯʝʟʥʠʡ ʚʧʣʠʚ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʩʚʽʪʦʚʫ ʝʢʦʥʦʤʽʢʫ, ʧʨʠʧʫʩʢʘʶʯʠ ʜʦ 40 % ʟʥʠʞʝʥʥʷ 

ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʘ ʪʘ 60 % ʜʦ 90 % ʟʘʙʨʫʜʥʶʶʯʠʭ ʚʠʢʠʜʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʧʘʣʠʚʘ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ɺʠʪʨʘʪʘ ʧʘʣʠʚʘ ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʚ ʤʝʞʘʭ 4 ʽ 5 ʣʽʪʨʽʚ ʥʘ 100 ʢʤ. ʽ 3é4 ʣʽʪʨʠ ʜʣʷ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. Six Stroke Engine / IJERT : ʦʬʽʮʽʡʥʠʡ ʩʘʡʪ. URL: 

https://www.ijert.org/research/six-stroke-engine-IJERTV2IS100242.pdf 

 

 

  

https://www.ijert.org/research/six-stroke-engine-IJERTV2IS100242.pdf
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ʋɼʂ 629.113 

 

ʉʫʤʮʦʚ ʄ.ʉ. ʩʪʫʜʝʥʪ ʛʨʫʧʠ ɸɹ-4-1 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʇʦʣʷʢʦʚ ɺ.ʄ., ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ) 
 

ʈʋʃʔʆɺɽ ʂɽʈʋɺɸʅʅʗ ʇʈʀʏɯʇʅʆɰ ʃɸʅʂʀ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɻʆ 

ʄʆɼʋʃʔʅʆɻʆ ɸɺʊʆʇʆɰɿɼʋ 
 

ɽʢʦʥʦʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʢʨʘʾʥʠ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʟʜʽʡʩʥʝʥʥʷʤ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. 
ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʝ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ. 
ʊʨʘʥʟʠʪʥʽ ʧʝʨʝʚʝʟʝʥʥʷ - ʚʘʞʣʠʚʝ ʜʞʝʨʝʣʦ ʧʦʧʦʚʥʝʥʥʷ ʚʘʣʶʪʥʠʭ ʥʘʜʭʦʜʞʝʥʴ ʜʝʨʞʘʚʠ. 
ʋ ʧʝʨʩʧʝʢʪʠʚʽ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʫ - ʩʪʚʦʨʝʥʥʷ ʪʘʢ ʟʚʘʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʨʠʜʦʨʽʚ. 
ɼʦʩʪʘʪʥʴʦ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʴ ʟ ʢʨʘʾʥʘʤʠ ɽʉ, ʧʨʠ 
ʮʴʦʤʫ ʩʪʨʫʢʪʫʨʘ ʚʘʥʪʘʞʽʚ, ʱʦ ʧʝʨʝʚʦʟʷʪʴʩʷ ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʜʫʞʝ 
ʨʽʟʥʦʤʘʥʽʪʥʘ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʫ ʩʚʽʪʽ ʽʩʥʫʻ ʪʝʥʜʝʥʮʽʷ ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʘʚʪʦʧʦʾʟʜʽʚ, ʘ ʚʠʭʦʜʷʯʠ ʟ 
ʮʴʦʛʦ, ʧʦʩʪʘʻ ʚʘʞʣʠʚʝ ʧʠʪʘʥʥʷ ʱʦʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʾʭ 
ʤʘʥʝʚʨʝʥʦʩʪʽ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʧʦʢʨʘʱʝʥʥʷ ʤʘʥʝʚʨʝʥʦʩʪʽ ʘʚʪʦʧʦʾʟʜʘ, ʱʦ 
ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫ ʨʦʙʦʪʽ, ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʫʭʫ ʧʨʠʯʽʧʥʦʾ ʣʘʥʢʠ ʧʦ ʪʨʘʻʢʪʦʨʽʾ ʪʷʛʘʯʘ. ʎʝ 
ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʧʦʣʝʛʰʠʪʠ ʨʫʭ ʘʚʪʦʧʦʾʟʜʽʚ ʧʦ ʢʨʠʚʦʣʽʥʽʡʥʠʤ ʪʨʘʻʢʪʦʨʽʷʤ ʪʘ 
ʧʦʣʝʛʰʠʪʠ ʨʦʙʦʪʫ ʚʦʜʽʷ. 

ʆʩʢʽʣʴʢʠ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʣʴʥʦʛʦ ʘʚʪʦʧʦʾʟʜʘ ʚʠʤʘʛʘʻ 
ʟʥʘʯʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʚʠʪʨʘʪ, ʥʘ ʢʘʬʝʜʨʽ çɸʚʪʦʤʦʙʽʣʽè ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 
ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʤʦʜʫʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʘʚʪʦʧʦʾʟʜ [1]. ʎʝʡ ʘʚʪʦʧʦʾʟʜ 
ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʜʦʨʦʞʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʱʦʜʦ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʢʦʤʧʦʥʫʚʘʣʴʥʦʾ 
ʩʭʝʤʠ ʘʚʪʦʧʦʾʟʜʘ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 
ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʨʫʣʴʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʠʯʽʧʥʦʾ ʣʘʥʢʠ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ʘʚʪʦʧʦʾʟʜʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ 
ʤʘʥʝʚʨʝʥʦʩʪʽ ʟʘʟʥʘʯʝʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

ɿʘʟʚʠʯʘʡ ʘʚʪʦʧʦʾʟʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʚʪʦʤʦʙʽʣʷ-ʪʷʛʘʯʘ ʪʘ ʧʨʠʯʽʧʥʦʾ ʣʘʥʢʠ (ʧʨʠʯʝʧʘ, 
ʥʘʧʽʚʧʨʠʯʝʧʘ). ɯʩʥʫʻ ʰʠʨʦʢʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʩʭʝʤ ʘʚʪʦʧʦʾʟʜʽʚ. ɺʦʥʠ 
ʬʦʨʤʫʶʪʴʩʷ ʟ 2-, 3-ʚʽʩʥʠʭ ʪʷʛʘʯʽʚ ʪʘ 2-, 3-ʚʽʩʥʠʭ ʧʨʠʯʝʧʽʚ ʪʘ ʥʘʧʽʚʧʨʠʯʝʧʽʚ. 

ɯʩʥʫʶʪʴ ʥʘʮʽʦʥʘʣʴʥʽ ʥʦʨʤʘʪʠʚʠ ʱʦʜʦ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ ʚʝʣʠʯʠʥʠ ʤʘʩʠ 
ʘʚʪʦʧʦʾʟʜʽʚ. ɺʽʜʦʤʦ, ʱʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʘʚʪʦʧʦʾʟʜʫ, ʧʦʛʽʨʰʫʻʪʴʩʷ ʡʦʛʦ 
ʤʘʥʝʚʨʝʥʽʩʪʴ. ʄʘʥʝʚʨʝʥʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʙʝʟʧʝʢʫ ʨʫʭʫ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ 
ʛʘʙʘʨʠʪʥʦʾ ʩʤʫʛʠ ʨʫʭʫ ʘʚʪʦʧʦʾʟʜʘ ʧʨʠ ʨʫʩʽ ʥʘ ʧʦʚʦʨʦʪʘʭ ʢʦʥʩʪʨʫʢʮʽʶ ʧʨʠʯʽʧʥʠʭ ʣʘʥʦʢ 
ʦʙʣʘʜʥʫʶʪʴ ʧʨʠʚʦʜʘʤʠ ʢʝʨʫʚʘʥʥʷ. ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʢʦʥʩʪʨʫʢʮʽʡ ʨʫʣʴʦʚʦʛʦ 
ʢʝʨʫʚʘʥʥʷ ʢʦʣʽʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʦʙʨʘʥʦ ʪʫ, ʷʢʘ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʠʪʴ ʜʦ 
ʧʨʠʯʽʧʥʦʾ ʣʘʥʢʠ ʤʦʜʫʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʚʪʦʧʦʾʟʜʘ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʘʚʪʦʧʦʾʟʜ ʩʪʚʦʨʝʥʦ ʥʘ ʙʘʟʽ ʧʝʨʝʜʥʽʭ 
ʭʦʜʦʚʠʭ ʦʩʝʡ ʘʚʪʦʤʦʙʽʣʷ ʢʘʪʝʛʦʨʽʾ ʄ1, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʩʧʦʩʦʙʫ ʧʦʚʦʨʦʪʫ 
ʚʠʢʦʨʠʩʪʘʥʦ ʝʣʝʤʝʥʪʠ ʨʫʣʴʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ. ɺʩʪʘʥʦʚʣʝʥʥʷ 
ʨʫʣʴʦʚʦʛʦ ʧʨʠʚʦʜʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʪʠ ʢʦʣʝʩʘʤʠ ʦʩʽ ʚʽʟʢʘ ʧʨʠʯʽʧʥʦʾ ʣʘʥʢʠ. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʚ ʨʦʙʦʪʠ ʧʨʦʚʝʜʝʥʦ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʫ ʦʮʽʥʢʫ ʧʨʦʝʢʪʫ, ʘ ʩʘʤʝ 
ʧʦʨʽʚʥʷʥʦ ʚʠʪʨʘʪʠ ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ ʜʦʨʦʞʥʽʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʪʘ ʨʝʘʣʴʥʦʛʦ ʘʚʪʦʧʦʾʟʜʽʚ ʇʦʨʽʚʥʷʥʦ ʬʽʥʘʥʩʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʧʘʣʠʚʦ, 
ʦʨʝʥʜʫ ʘʚʪʦʤʦʙʽʣʷ-ʪʷʛʘʯʘ, ʘʤʦʨʪʠʟʘʮʽʶ ʘʚʪʦʤʦʙʽʣʷ-ʪʷʛʘʯʘ. ɿʘ ʮʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 
ʤʦʜʫʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʘʚʪʦʧʦʾʟʜ ʟʥʘʯʥʦ ʢʨʘʱʝ ʥʽʞ ʨʝʘʣʴʥʠʡ ʘʚʪʦʧʦʾʟʜ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
1. ʇʦʣʷʢʦʚ ɺ. ʄ., ʊʤ̔ʢʦʚ ʆ. ʄ., ɻʦʨʧʠʥʶʢ ɸ. ɺ. ʄʦʜʫʣʴʥʠʡ ʘʚʪʦʧʦʾʟʜ ʜʣʷ 

ʜʦʨʦʞʥʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ. 2003. 13. ʉ. 68-
70.  
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ʉʫʭʘʥʦʚ ɸ.ʉ. ʩʪʫʜʝʥʪ ʛʨ. 274-23-2 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʉʘʢʥʦ ʆ.ʇ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

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

 

ɸɺʊʆʅʆʄʅʀʁ ʊʈɸʅʉʇʆʈʊ ɯ ʉʀʉʊɽʄʀ ɼʆʇʆʄʆɻʀ ɺʆɼɯɭɺɯ 

ʊɸ ʎʀʌʈʆɺɯɿɸʎɯʗ ɸɺʊʆʄʆɹɯʃʔʅʆɻʆ ɻʆʉʇʆɼɸʈʉʊɺɸ 

 

ʎʠʬʨʦʚʽʟʘʮʽʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ï ʮʝ ʧʨʦʮʝʩ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ. ʆʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ 

ʮʠʬʨʦʚʽʟʘʮʽʾ ʻ: 

1. GPS-ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʪʨʝʢʽʥʛ ï ʜʦʟʚʦʣʷʻ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ 

ʘʚʪʦʤʦʙʽʣʽʚ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʢʦʥʪʨʦʣʶʚʘʪʠ ʤʘʨʰʨʫʪʠ, ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʴʥʦʛʦ ʪʘ ʟʥʠʞʫʚʘʪʠ ʨʠʟʠʢ ʢʨʘʜʽʞʦʢ. 

2. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʧʘʨʢʦʤ ï ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʪʘʥ ʪʝʭʥʽʢʠ, ʧʣʘʥʫʚʘʪʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʠʪʨʘʪʠ ʪʘ ʟʤʝʥʰʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʧʨʦʩʪʦʾʚ. ʅʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʣʝʤʘʪʠʢʠ ʜʦʟʚʦʣʷʻ ʟʯʠʪʫʚʘʪʠ ʜʘʥʽ ʟ ʘʚʪʦʤʦʙʽʣʽʚ ʧʨʦ ʟʥʦʩ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʩʧʨʠʷʻ 

ʩʚʦʻʯʘʩʥʦʤʫ ʪʝʭʦʙʩʣʫʛʦʚʫʚʘʥʥʶ. 

3. ɽʣʝʢʪʨʦʥʥʽ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ï ʚʢʣʶʯʘʶʪʴ ʩʠʩʪʝʤʠ ʟʘʧʦʙʽʛʘʥʥʷ ʘʚʘʨʽʷʤ, 

ʤʦʥʽʪʦʨʠʥʛ ʚʦʜʽʾʚ ʥʘ ʧʨʝʜʤʝʪ ʚʪʦʤʠ ʪʘ ʧʦʨʫʰʝʥʥʷ ʧʨʘʚʠʣ, ʩʠʩʪʝʤʠ 

ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʘʚʪʦʤʘʪʠʯʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʘʚʘʨʽʾ. 

4. ɯʥʪʝʛʨʘʮʽʷ ʟ ʤʦʙʽʣʴʥʠʤʠ ʜʦʜʘʪʢʘʤʠ ï ʩʪʚʦʨʝʥʥʷ ʟʨʫʯʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʜʣʷ ʚʦʜʽʾʚ 

ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʧʘʨʢʦʤ, ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʜʘʣʝʥʦ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʩʪʘʥ ʘʚʪʦʤʦʙʽʣʷ, ʧʨʦʢʣʘʜʘʪʠ ʤʘʨʰʨʫʪʠ, ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʠʪʨʘʪʠ ʪʦʱʦ. 

5. ɸʥʘʣʽʪʠʢʘ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ï ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʙʦʨʫ ʜʘʥʠʭ ʟ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʢʦʨʠʩʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʜʦʧʦʤʦʞʝ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʦʮʽʥʶʚʘʪʠ ʨʠʟʠʢʠ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʤʘʨʰʨʫʪʠ ʪʘ ʟʤʝʥʰʫʚʘʪʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. 

6. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʣʦʛʽʩʪʠʢʠ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ï ʮʠʬʨʦʚʽ ʧʣʘʪʬʦʨʤʠ ʜʦʧʦʤʘʛʘʶʪʴ 

ʝʬʝʢʪʠʚʥʽʰʝ ʫʧʨʘʚʣʷʪʠ ʧʝʨʝʚʝʟʝʥʥʷʤʠ, ʟʥʠʞʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ ʣʦʛʽʩʪʠʢʫ ʪʘ 

ʧʦʢʨʘʱʫʚʘʪʠ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ ʟʘʚʜʷʢʠ ʢʨʘʱʽʡ ʢʦʦʨʜʠʥʘʮʽʾ ʨʦʙʦʪʠ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʰʠʨʝʥʽ ʩʠʩʪʝʤʠ ʜʦʧʦʤʦʛʠ ʚʦʜʽʻʚʽ ʻ ʢʣʶʯʦʚʠʤʠ ʬʘʢʪʦʨʘʤʠ 

ʨʦʟʚʠʪʢʫ ʘʚʪʦʥʦʤʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʤʘʡʙʫʪʥʴʦʛʦ. ɺʞʝ ʩʴʦʛʦʜʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ADAS ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʢʦʤʬʦʨʪʫ ʚʦʜʽʥʥʷ ʪʘ ʫʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡ ʟ 

ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʬʫʥʢʮʽʡ ʷʢ ʘʜʘʧʪʠʚʥʠʡ ʢʨʫʾʟ-ʢʦʥʪʨʦʣʴ ʽ ʩʠʩʪʝʤʘ ʜʦʧʦʤʦʛʠ ʧʽʜ ʯʘʩ 

ʝʢʩʪʨʝʥʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʑʦ ʪʘʢʝ ʙʝʟʧʽʣʦʪʥʠʡ ʘʚʪʦʤʦʙʽʣʴ ʽ ʷʢ ʚʽʥ ʧʨʘʮʶʻ? / Futurenow : ʦʬʽʮʽʡʥʠʡ ʩʘʡʪ. 

URL: ʑʦ ʪʘʢʝ ʙʝʟʧʽʣʦʪʥʠʡ ʘʚʪʦʤʦʙʽʣʴ ʽ ʷʢ ʚʽʥ ʧʨʘʮʶʻ? ẘ FutureNow. 

  



ʉɽʂʎɯʗ ï ɸɺʊʆʄʆɹɯʃʔʅʀʁ ʊʈɸʅʉʇʆʈʊ 
 

ʄʘʪʝʨʽʘʣʠ XIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè 2024 

160 

ʋɼʂ 629.113 

 

ʋʤʽʥʩʴʢʠʡ ɹ.ʉ. ʤʘʛʽʩʪʨ ʛʨʫʧʠ ɸɹʤ-ɯɯ-1 

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

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ) 

 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ʊʀʉʂʋ ɺ ʐʀʅɯ 

ʅɸ ɰɰ ʈɸɼɯɸʃʔʅʋ ɾʆʈʉʊʂɯʉʊʔ 
 

ɺ ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬʝʜʨʠ çɸʚʪʦʤʦʙʽʣʽè ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʙʫʣʦ ʫʜʦʩʢʦʥʘʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʩʪʝʥʜʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʯʝʥʥʷ ʢʦʣʽʩ ʟ ʙʽʯʥʠʤ 

ʚʽʜʚʝʜʝʥʥʷʤ (ʜʘʣʽ ʟʘ ʪʝʢʩʪʦʤ ï çʉʪʝʥʜè) [1], ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʥʘʧʨʷʤʥʠʭ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʚʘʥʪʘʞʥʦʾ ʧʣʘʪʬʦʨʤʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʜʽʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʰʠʥʠ ʩT ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʾʾ ʧʨʫʞʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʪʦʙʪʦ ʟʘʣʝʞʥʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ ʰʠʥʠ sT ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

F ʥʘ ʥʝʾ [2]. ɺʝʨʪʠʢʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ F ʥʘ ʢʦʣʝʩʦ ʘʚʪʦʤʦʙʽʣʷ ʟʘʙʝʟʧʝʯʫʚʘʣʦʩʴ ʤʘʩʦʶ 

ʩʘʤʦʾ ʧʣʘʪʬʦʨʤʠ (110 ʢʛ) ʽ ʚʽʩʴʤʘ ʟʡʦʤʥʠʤʠ ʚʘʥʪʘʞʘʤʠ ʧʦ 30 ʢʛ ʢʦʞʥʠʡ, ʜʣʷ ʟʤʽʥʠ 

ʪʠʩʢʫ ʚ ʰʠʥʽ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʢʦʣʝʩʘ ʉʪʝʥʜʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʢʦʤʧʨʝʩʦʨ (ʨʠʩ. 1, ʘ), 

ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʰʠʥʠ sT ʚʠʟʥʘʯʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʫʪʥʠʢʘ (ʨʠʩ. 1, ʙ). 

ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʘʜʽʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʩT ʰʠʥʠ 175/70 R 13 

ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʤʫ ʪʠʩʢʫ 0,15 ʄʇʘ, 0,20 ʄʇʘ ʪʘ 0,25 ʄʇʘ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʪʨʠʤʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʥʘʥʝʩʝʥʦ ʪʦʯʢʠ ʥʘ ʧʦʣʝ ʛʨʘʬʽʢʘ ʱʦʜʦ ʟʘʣʝʞʥʦʩʪʽ 

ʜʝʬʦʨʤʘʮʽʾ ʰʠʥʠ sT ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ F ʥʘ ʥʝʾ, ʧʦʙʫʜʦʚʘʥʦ 

ʘʧʨʦʢʩʠʤʫʶʯʽ ʟʘʟʥʘʯʝʥʠʭ ʛʨʘʬʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ (ʩʫʮʽʣʴʥʽ ʧʨʷʤʽ) (ʨʠʩ. 1, ʚ). 

 

   
 (ʘ) (ʙ)                              (ʚ) 

ʈʠʩʫʥʦʢ 1 ï ɼʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʪʠʩʢʫ ʚ ʰʠʥʽ 

ʥʘ ʾʾ ʨʘʜʽʘʣʴʥʫ ʞʦʨʩʪʢʽʩʪʴ 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʨʘʜʽʘʣʴʥʘ 

ʞʦʨʩʪʢʽʩʪʴ ʩT ʰʠʥʠ 175/70 R 13 ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʤʫ ʪʠʩʢʫ 0,15 ʄʇʘ ʩʪʘʥʦʚʠʪʴ 136 ʅ/ʤʤ; 

ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʤʫ ʪʠʩʢʫ 0,20 ʄʇʘ ï 168 ʅ/ʤʤ; ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʤʫ ʪʠʩʢʫ 0,25 ʄʇʘ ï 

202 ʅ/ʤʤ. ʆʪʨʠʤʘʥʽ ʧʘʨʘʤʝʪʨʠ ʰʠʥ ʪʘ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ ʜʦʨʦʛʦʶ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʠ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʟ ʰʠʥʘʤʠ 175/70 R 13. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʂʦʩʪʝʥʢʦ ɸ. ɺ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʢʫʨʩʦʚʦʾ ʩʪʽʡʢʦʩʪʽ ʣʝʛʢʦʚʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʢʠʜʫ ʞʦʨʩʪʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʠʥ : ʜʠʩ. é ʢʘʥʜ. ʪʝʭʥ. 

ʥʘʫʢ : 05.22.02. ʂʠʾʚ, 2007. 168 ʩ. 

2. Jºrnsen R., Helmut S., J¿rgen W. B. The Automotive Chassis : Engineering 

Principles. Oxford : Butterworth-Heinemann Elsevier Science, 2001. 460 ʨ.  
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ʎʚʷʭ ɼ.ɺ. ʩʪʫʜʝʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 274 ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɻʘʣʘʡʯʫʢ ɺ.ʗ., ʚʠʢʣʘʜʘʯ ʘʚʪʦʤʝʭʘʥʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ 

(ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ "ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʬʘʭʦʚʠʡ ʢʦʣʝʜʞ" 

ʊʝʨʥʦʧʽʣʴʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶʷ, ʤ. 

ʊʝʨʥʦʧʽʣʴ, ʋʢʨʘʾʥʘ) 

 

ʆʉʅʆɺʅɯ ɸʉʇɽʂʊʀ ɽʂʉʇʃʋɸʊɸʎɯɰ ɽʃɽʂʊʈʆʄʆɹɯʃʗ ʏʀ ɻɯɹʈʀɼʅʆɻʆ 

ɸɺʊʆʄʆɹɯʃʗ ʋ ɿʀʄʆɺʀʁ ʇɽʈɯʆɼ 

 
1 ɺʪʨʘʪʘ ʟʘʧʘʩʫ ʭʦʜʫ 
ɸʢʫʤʫʣʷʪʦʨ ʩʤʘʨʪʬʦʥʘ ʨʦʟʨʷʜʞʘʻʪʴʩʷ ʰʚʠʜʰʝ ʪʦʜʽ, ʢʦʣʠ ʣʶʜʠʥʘ ʧʨʦʚʦʜʠʪʴ ʜʝʥʴ 

ʥʘ ʚʫʣʠʮʽ ʧʦʩʝʨʝʜ ʟʠʤʠ. ʊʝ ʩʘʤʝ ʷʚʠʱʝ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟ ʟʘʧʘʩʦʤ ʭʦʜʫ 
ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʚ ʭʦʣʦʜʥʫ ʧʦʛʦʜʫ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʯʠʤ ʥʠʞʯʘ 
ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʤ ʙʽʣʴʰʝ ʩʧʦʚʽʣʴʥʶʶʪʴʩʷ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʚʩʝʨʝʜʠʥʽ ʘʢʫʤʫʣʷʪʦʨʘ. ʎʝ 
ʦʟʥʘʯʘʻ, ʱʦ ʘʢʫʤʫʣʷʪʦʨ ʚʪʨʘʯʘʻ ʟʘʨʷʜ, ʩʪʘʻ ʤʝʥʰ ʝʬʝʢʪʠʚʥʠʤ ʽ ʰʚʠʜʰʝ ʨʦʟʨʷʜʞʘʻʪʴʩʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʽʜ ʢʦʤʧʘʥʽʾ Recurrent. 
ɼʽʘʛʨʘʤʘ (ʨʠʩ. 1) ʧʦʨʽʚʥʶʻ 12 ʧʦʧʫʣʷʨʥʠʭ ʤʦʜʝʣʝʡ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʱʦʙ ʧʦʢʘʟʘʪʠ 

ʚʪʨʘʪʫ ʟʘʧʘʩʫ ʭʦʜʫ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʨʽʚʥʷʥʦ ʟ ʽʜʝʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʜʣʷ 
ʚʦʜʽʥʥʷ [1]. 

 
ʈʠʩʫʥʦʢ 1 ï ɼʽʘʛʨʘʤʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʟʘ ʟʠʤʦʚʠʡ ʜʽʘʧʘʟʦʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ 

 
ʎʝʡ ʘʥʘʣʽʟ ʚʢʣʶʯʘʻ ʟʚʝʜʝʥʽ ʪʘ ʘʥʦʥʽʤʥʽ ʜʘʥʽ ʟʘ ʟʠʤʫ 2022é2023 ʨʦʢʽʚ ʟ ʧʦʥʘʜ 

10000 ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 
ʋʩʽ ʜʘʥʽ ʧʨʦ ʟʠʤʦʚʠʡ ʜʽʘʧʘʟʦʥ ʫ ʮʽʡ ʜʽʘʛʨʘʤʽ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʠʭ 

ʥʘ ʟʝʤʣʽ, (ʟʘʩʪʦʩʦʚʫʶʯʠ ʨʝʘʣʴʥʽ ʟʤʽʥʠ, ʪʘʢʽ ʷʢ ʥʝʨʽʚʥʠʡ ʨʝʣʴʻʬ, ʟʤʽʥʥʘ ʰʚʠʜʢʽʩʪʴ 
ʚʦʜʽʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʢʘʣʝʥʜʘʨʥʝ ʩʪʘʨʽʥʥʷ ʘʢʫʤʫʣʷʪʦʨʘ) ʟʽʙʨʘʥʠʭ ʽʟ ʙʦʨʪʦʚʠʭ 
ʧʨʠʩʪʨʦʾʚ ʘʙʦ ʜʘʥʠʭ ʧʨʦ ʚʭʽʜ/ʚʠʭʽʜ ʝʥʝʨʛʽʾ [2]. 



ʉɽʂʎɯʗ ï ɸɺʊʆʄʆɹɯʃʔʅʀʁ ʊʈɸʅʉʇʆʈʊ 
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ɺʦʥʠ ʧʦʢʘʟʫʶʪʴ ʩʝʨʝʜʥʻ ʦʯʽʢʫʚʘʥʥʷ ʜʣʷ ʟʠʤʦʚʠʭ ʫʤʦʚ ʚʦʜʽʥʥʷ ʚ ʥʠʟʮʽ ʨʝʘʣʴʥʠʭ 
ʚʠʧʘʜʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʗʢ ʚʠʜʥʦ ʽʟ ʜʽʘʛʨʘʤʠ ʧôʷʪʴ ʤʦʜʝʣʝʡ ʚʪʨʘʯʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ ʧʨʦʮʝʥʪ ʚʟʠʤʢʫ ʧʦ 
ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʪʝʧʣʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʩʘʤʝ: 

1. Volkswagen ID.4 (2021 ʨʦʢʫ ʚʠʧʫʩʢʫ) ï 46 %; 
2. Chevrolet Bolt (2017-2022 ʨʦʢʽʚ ʚʠʧʫʩʢʫ) ï 42 %; 
3. Ford Mustang Mach-E (2021 ʨʦʢʫ ʚʠʧʫʩʢʫ), Hyundai Kona (2020é2021 ʨʦʢʽʚ 

ʚʠʧʫʩʢʫ), Nissan Leaf (2015 ʨʦʢʫ ʚʠʧʫʩʢʫ) ï ʧʦ 34 %. 
ʆʪʞʝ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʽ ʚ ʋʢʨʘʾʥʽ ʤʘʨʢʠ ʝʣʝʢʪʨʦʘʚʪʦʤʦʙʽʣʽʚ ʧʦʪʨʘʧʠʣʠ ʫ ʮʶ 

ʪʨʽʡʢʫ, ʘ ʩʘʤʝ ʥʘ 1 ʤʽʩʮʽ ʟʘ 2022 ʨʽʢ ï Nissan Leaf, ʥʘ 4 ʤʽʩʮʽ Volkswagen ID.4, ʪʘ 9 ʤʽʩʮʝ 
ʟʘʡʤʘʻ Chevrolet Bolt [4]. 

2 ɿʥʠʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘʨʷʜʢʠ 
ʇʽʜ ʯʘʩ ʜʫʞʝ ʭʦʣʦʜʥʠʭ ʧʝʨʽʦʜʽʚ ʚʘʰ ʝʣʝʢʪʨʦʤʦʙʽʣʴ ʪʘʢʦʞ ʤʦʞʝ ʦʙʤʝʞʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʩʧʦʞʠʚʘʥʦʾ ʝʥʝʨʛʽʾ, ʪʦʙʪʦ ʟʘʨʷʜʞʘʥʥʷ ʟʘʡʤʘʪʠʤʝ ʙʽʣʴʰʝ ʯʘʩʫ. ɿʘʣʝʞʥʦ ʚʽʜ 
ʪʝʭʥʦʣʦʛʽʾ ʙʘʪʘʨʝʾ ʥʘ ʙʦʨʪʫ EV, ʨʽʟʢʽ ʧʦʭʦʣʦʜʘʥʥʷ ʧʝʚʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʧʘʩ 
ʭʦʜʫ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘʨʷʜʞʘʥʥʷ. ʅʘ ʱʘʩʪʷ, ʙʽʣʴʰʽʩʪʴ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʷʢʽ ʟʘʨʘʟ 
ʧʨʦʜʘʶʪʴʩʷ, ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʟʠʤʢʫ [3]. 

ʉʝʨʝʜ ʧʨʦʛʨʝʩʫ, ʜʦʩʷʛʥʫʪʦʛʦ ʚ ʘʢʫʤʫʣʷʪʦʨʘʭ ʜʣʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʦʜʥʠʤ ʧʦʤʽʪʥʠʤ 
ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʦʶ. ɺʦʥʠ 
ʛʘʨʘʥʪʫʶʪʴ, ʱʦ ʙʘʪʘʨʝʷ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʥʘʣʝʞʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʤʽʥʽʤʽʟʫʻ 
ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʭʦʣʦʜʥʦʾ ʧʦʛʦʜʠ [3]. 

3 ɺʪʨʘʪʠ ʥʘ ʦʙʽʛʨʽʚ ʩʘʣʦʥʫ ʘʚʪʦʤʦʙʽʣʷ 
ʈʝʟʠʩʪʠʚʥʝ ʥʘʛʨʽʚʘʥʥʷ ʩʧʦʞʠʚʘʻ ʧʨʠʙʣʠʟʥʦ 2é4 ʢɺʪ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʘ, ʱʦ ʩʧʦʞʠʚʘʻ 0,5é1 ʢɺʪ [3]. ʊʘʢʠʤ ʯʠʥʦʤ, ʝʣʝʢʪʨʠʯʥʝ ʦʧʘʣʝʥʥʷ ʪʨʘʜʠʮʽʡʥʦ 
ʩʧʦʞʠʚʘʻ ʚʽʜ 2 ʜʦ 6 ʨʘʟʽʚ ʙʽʣʴʰʝ ʝʥʝʨʛʽʾ, ʥʽʞ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ. 

ɼʣʷ ʽʥʰʦʛʦ ʙʦʨʪʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʻ ʥʝʟʥʘʯʥʠʤ. ʅʘʧʨʠʢʣʘʜ, 
ʬʘʨʠ ʩʧʦʞʠʚʘʶʪʴ ʫ ʩʝʨʝʜʥʴʦʤʫ ʣʠʰʝ 120 ɺʪ, ʪʦʜʽ ʷʢ ʩʢʣʦʦʯʠʩʥʠʢʠ ʪʘ ʤʘʛʥʽʪʦʣʘ 
ʩʧʦʞʠʚʘʶʪʴ ʤʝʥʰʝ 100 ɺʪ, ʪʦʞ ʚʦʥʠ ʥʘʩʧʨʘʚʜʽ ʥʝ ʪʘʢʽ ʝʥʝʨʛʦʟʘʪʨʘʪʥʽ ʪʘ ʤʦʞʫʪʴ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʥʘʚʽʪʴ ʫ ʭʦʣʦʜʥʠʭ ʫʤʦʚʘʭ. 

4 ʆʩʦʙʣʠʚʦʩʪʽ ʧʽʜʙʦʨʫ ʰʠʥ ʜʣʷ ʝʣʝʢʪʨʦʘʚʪʦʤʦʙʽʣʽʚ 
ɼʦʜʘʪʢʦʚʘ ʚʘʛʘ ʚʽʜ ʙʘʪʘʨʝʾ ʨʦʙʠʪʴ ʝʣʝʢʪʨʦʤʦʙʽʣʴ ʚʘʞʯʠʤ ʟʘ ʘʚʪʦʤʦʙʽʣʴ ʟ 

ʜʚʠʛʫʥʦʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʪʘʢʠʤ ʯʠʥʦʤ ʩʪʚʦʨʶʻʪʴʩʷ ʙʽʣʴʰʠʡ ʪʠʩʢ ʥʘ ʰʠʥʠ 
ʝʣʝʢʪʨʦʤʦʙʽʣʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʡʚʘ ʚʘʛʘ ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʴʥʠʭ ʰʠʥ ʜʣʷ ʝʣʝʢʪʨʦʤʦʙʽʣʷ. 

ɽʣʝʢʪʨʦʜʚʠʛʫʥ, ʫ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ, ʟ ʧʝʨʰʠʭ ʤʝʪʨʽʚ ʤʘʢʩʠʤʘʣʴʥʦ 
ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʪʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʷʚʣʷʶʪʴʩʷ ʙʽʣʴʰ ʚʠʨʘʞʝʥʠʤʠ ʪʘ 
ʽʥʪʝʥʩʠʚʥʠʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʤʠʥʫʯʦʛʦ ʟʥʦʩʫ ʰʠʥʠ ʽ ʮʝ ʧʦʛʽʨʰʫʻ ʢʝʨʦʚʘʥʽʩʪʴ ï 
ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʠʙʠʨʘʪʠ ʧʦʩʠʣʝʥʽ ʰʠʥʠ ʽʟ ʪʘʢʠʤ ʤʘʨʢʫʚʘʥʥʷʤ XL (eXtra Load). 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
1. ʗʢʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʤʝʥʰʝ ʟʘ ʽʥʰʠʭ ʚʪʨʘʯʘʶʪʴ ʟʘʧʘʩ ʭʦʜʫ ʚʟʠʤʢʫ? URL: 

https://news.infocar.ua/yaki_elektromobili_menshe_za_inshykh_vtrachayut_zapas_khodu_vz
ymku_164122.html (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 29.10.2024). 

2.Winter & Cold Weather EV Range 10,000+ Cars URL: 
https://www.recurrentauto.com/research/winter-ev-range-loss (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 27.10.2024). 

3. ɺʪʨʘʪʘ ʟʘʧʘʩʫ ʭʦʜʫ ʝʣʝʢʪʨʦʤʦʙʽʣʷ ʚʟʠʤʢʫ ʪʘ ʚ ʭʦʣʦʜʥʫ ʧʦʛʦʜʫ URL: 
http://surl.li/ckqjru  (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 28.10.2024). 

4. ʊʆʇ-10: ʧʦʧʫʣʷʨʥʽ ʚʞʠʚʘʥʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʟʘ 2022 ʨʽʢ ʷʢʽ ʢʫʧʣʷʣʠ ʚ ʋʢʨʘʾʥʽ 
URL: https://vv24.in.ua/vzhyvani-elektromobili-top-2022.php?lang=1 (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 
30.10.2024). 

https://news.infocar.ua/yaki_elektromobili_menshe_za_inshykh_vtrachayut_zapas_khodu_vzymku_164122.html
https://news.infocar.ua/yaki_elektromobili_menshe_za_inshykh_vtrachayut_zapas_khodu_vzymku_164122.html
https://www.recurrentauto.com/research/winter-ev-range-loss
http://surl.li/ckqjru
https://vv24.in.ua/vzhyvani-elektromobili-top-2022.php?lang=1
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ʊʨʘʥʩʧʦʨʪʥʽ ʩʠʩʪʝʤʠ, 

ʝʥʝʨʛʦʤʝʭʘʥʽʯʥʽ ʢʦʤʧʣʝʢʩʠ 

ʪʘ ʛʽʨʥʠʯʦʨʫʜʥʘ ʽʥʞʝʥʝʨʽʷ 



ʉɽʂʎɯʗ - ʊʈɸʅʉʇʆʈʊʅɯ ʉʀʉʊɽʄʀ, ɽʅɽʈɻʆʄɽʍɸʅɯʏʅɯ ʂʆʄʇʃɽʂʉʀ ʊɸ 

ɻɯʈʅʀʏʆʈʋɼʅɸ ɯʅɾɽʅɽʈɯʗ 
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ʋɼʂ 622.235.62 

 

ɼʞʫʛʘʥ ʆ.ɯ., ʤʘʛʽʩʪʨ ʛʨ. 184ʤ-24-1 ɯʇ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʦʩʝʥʢʦ ɸ.ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʪʘ 

ʝʥʝʨʛʦʤʝʭʘʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

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

 

ɼʆʉʃɯɼɾɽʅʅʗ ʊɸ ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʈɸʎɯʆʅɸʃʔʅʆɰ ʊɽʍʅʆʃʆɻɯʏʅʆɰ 

ʉʍɽʄʀ ɺɯɼɹʀɺɸʅʅʗ ʄɸʉʀɺʋ ɹɸɻɸʊʀʍ ɿɸʃɯɿʅʀʍ ʈʋɼ ɺ ʋʄʆɺɸʍ 

ɻʃʀɹʆʂʀʍ ɻʆʈʀɿʆʅʊɯɺ ʐɸʍʊ ʂʈʀɺɹɸʉʋ 

 

ʋ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ ʙʘʛʘʪʠʭ ʟʘʣʽʟʥʠʭ ʨʫʜ ʂʨʠʚʙʘʩʫ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʟʫʤʦʚʣʶʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʩʽʭ ʥʘʩʪʫʧʥʠʭ ʣʘʥʦʢ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʣʘʥʮʶʛʘ 

ʦʯʠʩʥʦʛʦ ʚʠʡʤʘʥʥʷ, ʻ ʙʫʨʦʧʽʜʨʠʚʥʽ ʨʦʙʦʪʠ [1]. ɺʦʜʥʦʯʘʩ ʧʦʥʠʞʝʥʥʷ ʛʣʠʙʠʥʠ ʚʝʜʝʥʥʷ 

ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ ʜʦ 1400 ʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʛʽʨʩʴʢʦʛʦ 

ʪʠʩʢʫ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʙʫʨʦʧʽʜʨʠʚʥʠʭ ʨʦʙʽʪ [2]. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʚʽʜʙʠʚʘʥʥʷ ʤʘʩʠʚʫ ʙʘʛʘʪʠʭ ʟʘʣʽʟʥʠʭ 

ʨʫʜ ʚ ʫʤʦʚʘʭ ʛʣʠʙʦʢʠʭ ʛʦʨʠʟʦʥʪʽʚ ʰʘʭʪ ʂʨʠʚʙʘʩʫ ʻ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʤ 

ʟʘʚʜʘʥʥʷʤ. 

ɿ ʘʥʘʣʽʟʫ ʧʨʘʢʪʠʢʠ ʚʠʜʦʙʫʚʘʥʥʷ ʨʫʜ ʚ ʫʤʦʚʘʭ ʧʽʜʟʝʤʥʦʛʦ ʂʨʠʚʙʘʩʫ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʩʭʝʤʘʤʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʛʣʠʙʦʢʠʭ ʩʚʝʨʜʣʦʚʠʥ ʻ ʚʽʷʣʦʚʽ 

[3]. ɺʽʜʙʠʚʘʥʥʷ ʚ ʮʠʭ ʚʠʧʘʜʢʘʭ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʠʡ, ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʪʘ 

ʧʦʭʠʣʠʡ ʢʦʤʧʝʥʩʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨ, ʘ ʪʘʢʦʞ ʥʘ çʟʘʪʠʩʥʫʪʝ ʩʝʨʝʜʦʚʠʱʝè [4]. ʊʘʢ ʷʢ 

ʚʽʷʣʦʚʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʘʢʠʤʠ ʧʝʨʝʚʘʛʘʤʠ, ʷʢ: ʤʝʥʰʠʡ 

ʦʙʩʷʛ ʙʫʨʦʚʠʭ ʚʠʨʦʙʦʢ, ʱʦ ʻ ʜʫʞʝ ʩʫʪʪʻʚʠʤ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʩʦʙʽʚʘʨʪʦʩʪʽ 1 ʪ ʨʫʜʠ ʟʘ 

ʩʠʩʪʝʤʦʶ ʨʦʟʨʦʙʢʠ; ʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʩʪʘʥʦʚʦʢ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ ʅʂʈ-100ʄʇɸ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ ʙʫʨʦʚʦʛʦ ʤʘʡʩʪʨʘ [5]. ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʢʘʟʥʠʢʠ ʚʽʜʙʠʚʘʥʥʷ ʨʫʜʠ ʻ [6]: ʤʽʮʥʽʩʪʴ ʨʫʜʠ, ʚʽʜ ʷʢʦʾ ʟʘʣʝʞʠʪʴ 

ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʙʫʨʦʚʠʭ ʨʦʙʽʪ ʥʘ 1 ʪ ʚʽʜʙʠʪʦʾ ʨʫʜʠ; ʪʨʽʱʠʥʫʚʘʪʽʩʪʴ ʨʫʜʥʦʛʦ ʤʘʩʠʚʫ; 

ʩʽʪʢʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥ; ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʤʘʩʠʚʫ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ; 

ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʨʦʟʙʫʨʶʚʘʥʥʷ ʨʫʜʥʦʛʦ 

ʤʘʩʠʚʫ; ʜʦʚʞʠʥʘ ʩʚʝʨʜʣʦʚʠʥ ʪʘ ʢʫʪ ʾʭ ʟʘʢʣʘʜʘʥʥʷ ʜʦ ʢʫʪʘ ʰʘʨʫʚʘʪʦʩʪʽ ʨʫʜʥʦʛʦ ʤʘʩʠʚʫ. 

ɺʦʜʥʦʯʘʩ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʙʠʚʘʥʥʷ ʩʝʨʝʜʥʴʦʾ ʪʘ ʥʠʞʯʝ ʩʝʨʝʜʥʴʦʾ ʤʽʮʥʦʩʪʽ ʨʫʜ, ʱʦ 

ʨʦʟʙʠʪʽ ʛʫʩʪʦʶ ʩʽʪʢʦʶ ʪʨʽʱʠʥ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟʘʚʜʷʢʠ ʜʽʾ ʪʠʩʢʫ ʛʘʟʽʚ ʚʽʜ 

ʚʠʙʫʭʫ [3]. 

ʋ ʭʦʜʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫʨʘʭʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʤʘʩʠʚʫ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʙʫʨʦʧʽʜʨʠʚʥʠʭ 

ʨʦʙʽʪ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚ, ʜʘʶʪʴ ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʠʪʠ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʫʩʽʭ 

ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜʙʠʚʘʥʥʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 22%. ʇʠʪʦʤʽ ʚʠʪʨʘʪʠ ʥʘ ʚʽʜʙʠʚʘʥʥʷ 

ʨʫʜʥʦʛʦ ʤʘʩʠʚʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʝʨʝʜʥʴʦʶ ʪʘ ʥʠʞʯʝ ʩʝʨʝʜʥʴʦʾ ʤʽʮʥʽʩʪʶ ʪʘ 

ʩʪʽʡʢʽʩʪʶ, ʩʪʘʥʦʚʣʷʪʴ: ʙʫʨʽʥʥʷ 49 %; ʚʠʙʫʭʦʚʽ ʨʝʯʦʚʠʥʠ ʪʘ ʟʘʩʦʙʠ ʽʥʽʮʽʶʚʘʥʥʷ 45 %; 

ʟʘʨʷʜʞʘʥʥʷ ʪʘ ʧʽʜʨʠʚʘʥʥʷ 6 %. ʆʙˇʨʫʥʪʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʚʽʜʙʠʚʘʥʥʷ 

ʦʩʥʦʚʥʦʛʦ ʟʘʧʘʩʫ ʧʘʥʝʣʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʨʫʛʦʚʠʭ ʚʽʷʣ ʛʣʠʙʦʢʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʱʦ 

ʧʨʦʙʫʨʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʨʩʪʘʪʘ SIMBA H1352 ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʫ ʭʦʜʽ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʙʫʨʦʧʽʜʨʠʚʥʠʭ ʨʦʙʽʪ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʠ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʥʘ ʚʽʜʙʠʚʘʥʥʷ ʥʘ 5,15 ʛʨʥ/ʪ, ʘʙʦ 

ʥʘ 13,2 % ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʭʝʤʦʶ ʚʽʜʙʠʚʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʘʧʽʚʢʨʫʛʦʚʠʭ ʚʽʷʣ 

ʛʣʠʙʦʢʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʱʦ ʧʨʦʙʫʨʝʥʽ ʚʝʨʩʪʘʪʦʤ ʅʂʈ-100ʄʇɸ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʘ ʥʘ 2,47 ʛʨʥ/ʪ, ʘʙʦ ʥʘ 6,4 % ï ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ. ʆʯʽʢʫʚʘʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ 
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ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʠ ʚʽʜʙʠʚʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʟʘʧʘʩʫ ʧʘʥʝʣʽ ʩʢʣʘʜʝ ʙʣʠʟʴʢʦ 386,797 ʪʠʩ. 

ʛʨʥ ʧʨʠ ʚʽʜʧʨʘʮʶʚʘʥʥʽ ʦʜʥʽʻʾ ʦʯʠʩʥʦʾ ʧʘʥʝʣʽ. 
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ʝʥʝʨʛʦʤʝʭʘʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

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

 

ɼʆʉʃɯɼɾɽʅʅʗ ʊɸ ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʈɸʎɯʆʅɸʃʔʅʆɰ ʊɽʍʅʆʃʆɻɯʏʅʆɰ 

ʉʍɽʄʀ ɼʆʉʊɸɺʂʀ ʈʋɼʀ ʇʈʀ ʉʀʉʊɽʄɸʍ ʇɯɼʇʆɺɽʈʍʆɺʆɻʆ 

ʆɹɺɸʃɽʅʅʗ 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʝʜʝʥʥʷ ʦʯʠʩʥʠʭ ʨʦʙʽʪ ʽ ʥʘʡʙʽʣʴʰ ʧʦʚʥʝ ʢʽʣʴʢʽʩʥʝ ʪʘ ʷʢʽʩʥʝ 

ʚʠʣʫʯʝʥʥʷ ʟʘʧʘʩʽʚ ʨʫʜʠ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʨʦʟʨʦʙʢʠ ʙʘʛʘʪʠʭ ʟʘʣʽʟʥʠʭ ʨʫʜ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʩʠʩʪʝʤʠ ʧʽʜʧʦʚʝʨʭʦʚʦʛʦ ʦʙʚʘʣʝʥʥʷ [1]. ʆʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʮʝ 

ʧʠʪʘʥʥʷ ʩʪʦʾʪʴ ʧʝʨʝʜ ʰʘʭʪʘʤʠ ʂʨʠʚʦʛʦ ʈʦʛʫ, ʱʦ ʨʦʟʨʦʙʣʷʶʪʴ ʧʦʢʣʘʜʠ ʙʘʛʘʪʠʭ ʟʘʣʽʟʥʠʭ 

ʨʫʜ ʩʠʩʪʝʤʘʤʠ ʟ ʦʙʚʘʣʝʥʥʷʤ ʨʫʜʠ ʪʘ ʚʤʽʩʥʠʭ ʧʦʨʽʜ [2]. ʆʩʥʦʚʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʧʨʦʮʝʩʦʤ ʜʣʷ ʮʠʭ ʩʠʩʪʝʤ ʨʦʟʨʦʙʢʠ ʻ ʚʠʧʫʩʢ ʨʫʜʠ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʚʠʨʦʙʦʢ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʜʥʠʱʽ ʦʯʠʩʥʦʾ ʧʘʥʝʣʽ [3]. ɼʦʩʪʘʚʢʘ ʨʫʜʠ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʻ 

ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʚʠʨʦʙʥʠʯʠʤ ʧʨʦʮʝʩʦʤ ʦʯʠʩʥʦʛʦ ʚʠʡʤʘʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʧʫʩʢʫ ʨʫʜʠ ʪʘ ʟʘʛʘʣʦʤ ʚʠʜʦʙʫʪʢʫ [4]. ʊʦʤʫ ʜʦʙʽʨ ʪʠʧʫ ʜʦʩʪʘʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʜʦʩʪʘʚʢʠ ʟʥʘʯʥʠʤ ʯʠʥʦʤ ʚʠʟʥʘʯʘʻ ʦʨʛʘʥʽʟʘʮʽʶ ʨʦʙʽʪ ʽ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʙʣʦʢʫ ʚ ʮʽʣʦʤʫ [5].  

ɿ ʘʥʘʣʽʟʫ ʧʨʘʢʪʠʢʠ ʚʠʜʦʙʫʚʘʥʥʷ ʨʫʜ ʧʽʜʟʝʤʥʠʤ ʩʧʦʩʦʙʦʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʩɹ ʦʛʦʜʥʽ ʫ ʚʽʪʯʠʟʥʷʥʽʡ ʪʘ ʟʘʨʫʙʽʞʥʽʡ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʩʧʦʩʦʙʠ ʜʦʩʪʘʚʢʠ, 

ʟʘ ʜʦʧʦʤʦʛʦʶ: ʩʢʨʝʧʝʨʥʠʭ ʣʝʙʽʜʦʢ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 150ï250 ʪ/ʟʤʽʥʫ [2]; 

ʩʘʤʦʭʽʜʥʠʭ ʚʘʥʪʘʞʥʦ-ʜʦʩʪʘʚʥʠʭ ʤʘʰʠʥ (ɺɼʄ), ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 800ï

1200 ʪ/ʟʤʽʥʫ [6]; ʢʦʥʚʝʻʨʽʚ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 800ï1500 ʪ/ʟʤʽʥʫ [7]; 

ʚʽʙʨʦʞʠʚʠʣʴʥʠʢʽʚ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 700ï900 ʪ/ʟʤʽʥʫ [5]; ʢʦʤʙʽʥʘʮʽʾ 

ʙʘʛʘʪʦʢʦʚʰʝʚʠʭ ʩʢʨʝʧʝʨʥʠʭ ʣʝʙʽʜʦʢ ʽ ʩʘʤʦʭʽʜʥʦʾ ɺɼʄ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʤʧʣʝʢʩʫ 

ʩʪʘʥʦʚʠʪʴ 400ï2200 ʪ/ʟʤʽʥʫ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʩʘʤʦʭʽʜʥʦʾ ʪʝʭʥʽʢʠ; ʩʠʣʠ ʚʠʙʫʭʫ, 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʦʯʠʩʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʢʫʪʘ ʧʘʜʽʥʥʷ ʨʫʜʥʦʛʦ 

ʧʦʢʣʘʜʫ ʪʘ ʚʽʜʩʪʘʥʽ ʜʦʩʪʘʚʢʠ ʪʘ ʚʘʨʶʻʪʴʩʷ ʚ ʜʦʩʠʪʴ ʚʝʣʠʢʠʭ ʤʝʞʘʭ [2]. 

ʉʢʨʝʧʝʨʥʘ ʜʦʩʪʘʚʢʘ ʻ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʦʶ ʥʘ ʰʘʭʪʘʭ ʂʨʠʚʙʘʩʫ ʫ ʤʽʨʫ 

ʩʚʦʻʾ ʧʨʦʩʪʦʪʠ ʪʘ ʜʝʰʝʚʠʟʥʠ, ʘʣʝ ʻ ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʦʶ [4]. ʅʘʡʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʦʶ ʻ 

ʜʦʩʪʘʚʢʘ ʨʫʜʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʚʝʻʨʽʚ , ʘʣʝ ʚʦʥʘ ʥʝ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʪʘʢ ʷʢ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʚʠʜʢʠʤ ʟʥʦʰʝʥʥʷʤ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʪʘ ʾʭ ʯʘʩʪʠʤʠ ʧʝʨʝʩʠʧʘʥʥʷʤʠ 

ʨʫʜʥʦʶ ʤʘʩʦʶ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʟʫʧʠʥʢʫ ʨʦʙʦʪʠ ʚʠʙʦʶ ʥʘ ʪʨʠʚʘʣʠʡ ʪʝʨʤʽʥ [6]. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʙʨʦʞʠʚʠʣʴʥʠʢʽʚ ʜʦʚʝʜʝʥʘ ʣʠʰʝ ʫ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʦʚʝʨʭʦʚʠʭ ʩʠʩʪʝʤ ʨʦʟʨʦʙʢʠ, ʪʘʢ ʷʢ ʾʭ ʤʦʥʪʘʞ ʥʘ ʧʽʜʧʦʚʨʝʭʘʭ ʻ ʜʫʞʝ ʪʨʫʜʦʤʽʩʪʢʠʤ ʽ 

ʚʠʪʨʘʪʥʠʤ ʧʨʦʮʝʩʦʤ [4]. ɼʦʩʪʘʚʢʘ ʨʫʜʠ ʩʠʣʦʶ ʚʠʙʫʭʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʟʘ ʫʤʦʚʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʤʝʨʥʠʭ ʩʠʩʪʝʤ ʨʦʟʨʦʙʢʠ ʧʨʠ ʚʽʜʧʨʘʮʶʚʘʥʥʽ ʨʫʜʥʠʭ ʧʦʢʣʘʜʽʚ ʟ ʢʫʪʦʤ 

ʧʘʜʽʥʥʷ 15ï45
ʦ 

[2]. ʊʦʤʫ ʚ ʫʤʦʚʘʭ ʧʽʜʟʝʤʥʦʛʦ ʂʨʠʚʙʘʩʫ ʜʘʥʠʡ ʩʧʦʩʽʙ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʥʝʤʦʞʣʠʚʦ. ɼʦʩʪʘʚʢʘ ʨʫʜʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʘʤʦʭʽʜʥʠʭ ɺɼʄ ʟ ʚʠʧʫʩʢʦʤ ʨʫʜʠ ʯʝʨʝʟ ʪʦʨʮʽ 

ʚʠʨʦʙʦʢ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʫ ʟʘʨʫʙʽʞʥʽʡ ʧʨʘʢʪʠʮʽ [5], ʥʘ ʰʘʭʪʘʭ ʂʨʠʚʙʘʩʫ ʥʝ ʟʥʘʡʰʣʘ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ [2]. 

ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʚʠʧʫʩʢʫ ʨʫʜʠ ʬʦʨʤʫʶʪʴʩʷ ʟʥʘʯʥʽ ʾʾ ʚʪʨʘʪʠ ʤʽʞ 

ʚʠʨʦʙʢʘʤʠ ʚʠʧʫʩʢʫ, ʷʢʽ ʤʦʞʣʠʚʦ ʟʥʠʟʠʪʠ ʰʣʷʭʦʤ ʧʽʜʚʠʱʝʥʥʷ ʚʽʜʩʦʪʢʫ ʟʙʽʜʥʝʥʥʷ ʨʫʜʠ 

ʜʦ 25ï35 %. ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʩʘʤʦʭʽʜʥʠʭ ɺɼʄ, ʫ ʩʢʣʘʜʥʠʭ 

ʛʝʦʤʝʭʘʥʽʯʥʠʭ ʫʤʦʚʘʭ ʧʽʜʟʝʤʥʦʛʦ ʂʨʠʚʙʘʩʫ, ʧʦʪʨʝʙʫʻ ʧʨʦʚʝʜʝʥʥʷ ʚʠʨʦʙʦʢ ʜʦʩʪʘʚʢʠ 

ʟʥʘʯʥʦʾ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ï 12ï14 ʤ
2
, ʱʦ ʫ ʟʚ'ʷʟʢʫ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʧʨʦʷʚʦʤ 



ʉɽʂʎɯʗ - ʊʈɸʅʉʇʆʈʊʅɯ ʉʀʉʊɽʄʀ, ɽʅɽʈɻʆʄɽʍɸʅɯʏʅɯ ʂʆʄʇʃɽʂʉʀ ʊɸ 

ɻɯʈʅʀʏʆʈʋɼʅɸ ɯʅɾɽʅɽʈɯʗ 

ʄʘʪʝʨʽʘʣʠ XIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè 2024 
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ʛʽʨʩʴʢʦʛʦ ʪʠʩʢʫ ʟʙʽʣʴʰʫʻ ʚʠʪʨʘʪʠ ʥʘ ʧʽʜʪʨʠʤʢʫ ʚʠʨʦʙʦʢ ʜʥʠʱʘ ʙʣʦʢʫ. ɸ ʮʝ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʨʽʟʢʦ ʧʦʟʥʘʯʘʶʪʴʩʷ ʥʘ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʧʨʦʮʝʩʫ ʜʦʩʪʘʚʢʠ, ʩʦʙʽʚʘʨʪʦʩʪʽ 1 ʪ ʨʫʜʠ ʪʘ 

ʧʨʝʜ'ʷʚʣʷʻ ʧʽʜʚʠʱʝʥʽ ʚʠʤʦʛʠ ʜʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʙʽʪ ʟ ʚʠʧʫʩʢʫ ʛʽʨʥʠʯʦʾ 

ʤʘʩʠ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʩʢʨʝʧʝʨʥʦ-ʩʘʤʦʭʽʜʥʦʛʦ ʩʧʦʩʦʙʫ ʜʦʩʪʘʚʢʠ, ʪʦ 

ʨʘʮʽʦʥʘʣʴʥʽʩʪʴ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʜʦʮʽʣʴʥʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʧʨʠʪʘʤʘʥʥʠʤʠ ʡʦʤʫ ʧʝʨʝʚʘʛʘʤʠ ʜʦʩʪʘʚʢʠ ʨʫʜʠ ʩʢʨʝʧʝʨʥʠʤʠ ʣʝʙʽʜʢʘʤʠ ʪʘ ʩʘʤʦʭʽʜʥʠʤʠ 

ɺɼʄ [2]. ɸ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʢʦʚʰʝʚʠʭ ʩʢʨʝʧʝʨʥʠʭ ʣʝʙʽʜʦʢ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ 

ʨʽʚʥʦʤʽʨʥʠʡ ʜʦʟʦʚʘʥʠʡ ʚʠʧʫʩʢ ʟ ʢʦʞʥʦʾ ʚʠʧʫʩʢʥʦʾ ʚʠʨʦʙʢʠ ʧʦ ʣʽʥʽʾ ʦʩʽ ʜʦʩʪʘʚʢʠ. 

ɺʦʜʥʦʯʘʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʧʫʩʢʥʠʭ ʥʽʰ ʨʦʟʤʽʨʘʤʠ 2Ĭ2 ʤ, ʟʘʤʽʩʪʴ ʚʠʧʫʩʢʥʠʭ ʜʫʯʦʢ 

ʜʽʘʤʝʪʨʦʤ 1,5 ʤ, ʜʦʟʚʦʣʷʻ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʟʤʝʥʰʠʪʠ ʯʘʩ ʧʨʦʩʪʦʶ ʜʦʩʪʘʚʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʽʟ-ʟʘ ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʚʠʩʘʥʴ ʥʝʛʘʙʘʨʠʪʥʠʭ ʢʫʩʢʽʚ ʨʫʜʠ ʫ ʛʦʨʣʦʚʠʥʽ ʚʠʧʫʩʢʥʦʾ 

ʚʠʨʦʙʢʠ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʦʭʽʜʥʦʾ ɺɼʄ 

ʫʧʨʦʜʦʚʞ ʟʤʽʥʠ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʘʧʽʪʘʣʴʥʽ ʨʫʜʦʩʧʫʩʢʠ, ʷʢʽ ʻ ʙʽʣʴʰʦʛʦ 

ʜʽʘʤʝʪʨʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʝʧʦʚôʷʟʘʥʽʩʪʴ ʤʽʞ ʩʦʙʦʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʜʦʩʪʘʚʢʠ ʽ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʨʫʜʥʦʾ ʤʘʩʠ. ʊʦʤʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʜʦʩʪʘʚʢʠ 

ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʜʦʚʞʠʥʠ ʪʨʘʻʢʪʦʨʽʾ ʜʦʩʪʘʚʢʠ ʨʫʜʠ ʩʘʤʦʭʽʜʥʠʤʠ ɺɼʄ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʤʙʽʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʜʦʩʪʘʚʢʠ ʨʫʜʠ ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ 

ʩʢʣʘʜʥʠʭ ʛʝʦʤʝʭʘʥʽʯʥʠʭ ʫʤʦʚ ʛʣʠʙʦʢʠʭ ʛʦʨʠʟʦʥʪʽʚ ʰʘʭʪ ʂʨʠʚʙʘʩʫ ʪʘ ʜʦʟʚʦʣʷʻ: 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʧʣʠʚ ʩʦʮʽʘʣʴʥʦʛʦ ʬʘʢʪʦʨʫ ʫ ʧʨʦʮʝʩʽ ʫʧʨʘʚʣʽʥʥʷ ʚʠʧʫʩʢʦʤ ʨʫʜʠ; 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʧʫʩʢ ʨʫʜʠ ʨʽʚʥʦʤʽʨʥʠʤʠ ʜʦʟʘʤʠ ʟ ʫʩʽʭ ʚʠʧʫʩʢʥʠʭ ʚʠʨʦʙʦʢ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʦʜʥʽʡ ʦʩʽ ʚʟʜʦʚʞ ʚʠʨʦʙʢʠ ʧʝʨʚʠʥʥʦʾ ʜʦʩʪʘʚʢʠ; ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʧʫʩʢ ʨʫʜʠ 

ʨʽʚʥʦʤʽʨʥʠʤʠ ʜʦʟʘʤʠ ʟ ʫʩʽʭ ʚʠʧʫʩʢʥʠʭ ʦʪʚʦʨʽʚ ʧʦ ʰʪʨʝʢʫ ʩʢʨʝʧʝʨʫʚʘʥʥʷ ʧʦʯʝʨʛʦʚʦ-

ʩʪʘʜʽʡʥʦ ʟʦʥʘʤʠ ʚʽʜ ʣʝʞʘʯʦʛʦ ʜʦ ʚʠʩʷʯʦʛʦ ʙʦʢʫ ʨʫʜʥʦʛʦ ʧʦʢʣʘʜʫ ʟʘʚʜʷʢʠ ʟʘʩʪʦʩʫʚʘʥʥʶ 

ʙʘʛʘʪʦʢʦʚʰʝʚʦʾ ʩʢʨʝʧʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ; ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʟʘʚʠʩʘʥʴ ʫ ʚʠʧʫʩʢʥʠʭ 

ʚʠʨʦʙʢʘʭ ʫ ʧʨʦʮʝʩʽ ʚʠʧʫʩʢʫ ʨʫʜʠ; ʧʦʣʽʧʰʠʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʦʬʦʨʤʣʝʥʥʷ ʛʦʨʠʟʦʥʪʽʚ 

ʚʠʧʫʩʢʫ ʪʘ ʜʦʩʪʘʚʢʠ ʨʫʜʠ ʪʘ ʟʥʠʟʠʪʠ ʧʠʪʦʤʫ ʜʦʚʞʠʥʫ ʧʽʜʛʦʪʦʚʯʦ-ʥʘʨʽʟʥʠʭ ʚʠʨʦʙʦʢ ʥʘ 

1,5ï2,5 ʤ/1000 ʪ ʟʘʧʘʩʫ; ʧʦʣʽʧʰʠʪʠ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʽ ʫʤʦʚʠ ʧʨʘʮʽ ʛʽʨʥʠʢʽʚ ʽ 

ʧʽʜʚʠʱʠʪʠ ʙʝʟʧʝʢʫ ʚʝʜʝʥʥʷ ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ ʫ ʧʨʦʮʝʩʽ ʚʠʧʫʩʢʫ ʪʘ ʜʦʩʪʘʚʢʠ ʨʫʜʠ; 

ʩʝʣʝʢʪʠʚʥʠʡ ʚʠʜʦʙʫʪʦʢ ʨʽʟʥʦʾ ʟʘ ʷʢʽʩʪʶ ʨʫʜʥʦʾ ʤʘʩʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʥʘʡʙʽʣʴʰ ʘʜʘʧʪʦʚʘʥʠʤ ʪʘ ʨʘʮʽʦʥʘʣʴʥʠʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʩʢʣʘʜʥʠʭ ʛʝʦʤʝʭʘʥʽʯʥʠʭ ʫʤʦʚʘʭ ʧʽʜʟʝʤʥʦʛʦ ʂʨʠʚʙʘʩʫ ʻ ʩʢʨʝʧʝʨʥʦ-ʩʘʤʦʭʽʜʥʠʡ ʩʧʦʩʽʙ 

ʜʦʩʪʘʚʢʠ ʨʫʜʠ. 
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ʋɼʂ 622.235 

 

ʐʝʚʯʝʥʢʦ ɯ.ɺ., ʤʘʛʽʩʪʨ ʛʨ. 184ʤ-24-1 ɯʇ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʦʩʝʥʢʦ ɸ.ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʪʘ 

ʝʥʝʨʛʦʤʝʭʘʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

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

 

ɼʆʉʃɯɼɾɽʅʅʗ ʊɸ ɺʀɿʅɸʏɽʅʅʗ ʌɸʂʊʆʈɯɺ, ʑʆ ɺʇʃʀɺɸʖʊʔ ʅɸ 

ʇɸʈɸʄɽʊʈʀ ɹʋʈʆʇɯɼʈʀɺʅʀʍ ʈʆɹɯʊ ʋ ʇʈʆʎɽʉɯ ʈʆɿʈʆɹʂʀ ʇʆʂʃɸɼɯɺ 

ɹɸɻɸʊʀʍ ɿɸʃɯɿʅʀʍ ʈʋɼ ʅɸ ɿʅɸʏʅʀʍ ɻʃʀɹʀʅɸʍ 

 

ʉʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʚʽʪʯʠʟʥʷʥʦʾ ʝʢʦʥʦʤʽʢʠ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʙʦʪʠ ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ [1]. ɺʦʜʥʦʯʘʩ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʜʦʙʫʪʢʫ ʨʫʜʥʦʾ ʩʠʨʦʚʠʥʠ ʚ ʫʤʦʚʘʭ ʰʘʭʪ ʂʨʠʚʙʘʩʫ ʻ 

ʙʫʨʦʧʽʜʨʠʚʥʽ ʨʦʙʦʪʠ [2]. ɺʦʥʠ ʻ ʧʝʨʰʦʶ ʡ ʦʩʥʦʚʦʧʦʣʦʞʥʦʶ ʣʘʥʢʦʶ ʚ ʪʝʭʥʦʣʦʛʽʯʥʽʡ 

ʩʭʝʤʽ ʚʝʜʝʥʥʷ ʦʯʠʩʥʠʭ ʨʦʙʽʪ [3] ʇʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʫ ʚʽʜʙʠʚʘʥʥʷ ʻ [4]: ʜʽʘʤʝʪʨ ʪʘ 

ʜʦʚʞʠʥʘ ʩʚʝʨʜʣʦʚʠʥ; ʪʠʧ ʙʫʨʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ; ʪʠʧ ʚʠʙʫʭʦʚʦʾ ʨʝʯʦʚʠʥʠ; ʬʦʨʤʘ 

ʟʘʨʷʜʫ; ʩʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʩʚʝʨʜʣʦʚʠʥ; ʣʽʥʽʷ ʥʘʡʤʝʥʰʦʛʦ ʦʧʦʨʫ ʪʘ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʩʚʝʨʜʣʦʚʠʥʘʤʠ; ʩʭʝʤʘ ʧʽʜʨʠʚʘʥʥʷ ʩʚʝʨʜʣʦʚʠʥ; ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʚʠʙʫʭʦʚʠʭ ʨʝʯʦʚʠʥ; 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ ʥʘ ʙʫʨʽʥʥʽ, ʚʠʭʽʜ ʨʫʜʠ ʟ 1 ʤ ʩʚʝʨʜʣʦʚʠʥʠ; ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ 

ʢʦʥʜʠʮʽʡʥʦʛʦ ʢʫʩʢʘ ʪʘ ʚʠʭʽʜ ʥʝʛʘʙʘʨʠʪʫ. ʂʦʨʝʢʪʥʽʩʪʴ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ 

ʧʘʨʘʤʝʪʨʽʚ ʙʫʨʦʧʽʜʨʠʚʥʠʭ ʨʦʙʽʪ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʚʠʜʦʙʫʚʘʥʥʷ ʨʫʜʠ [5]. ʆʩʢʽʣʴʢʠ ʷʢʽʩʪʴ ʚʽʜʙʠʚʘʥʥʷ ʟʘʧʘʩʽʚ ʨʫʜʠ ʟʜʽʡʩʥʶʻ ʩʫʪʪʻʚʠʡ 

ʚʧʣʠʚ ʥʘ ʚʩʽ ʥʘʩʪʫʧʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʚʠʜʦʙʫʪʢʦʤ ʨʫʜʥʦʾ ʤʘʩʠ, ʾʾ ʟʙʘʛʘʯʝʥʥʷʤ ʽ 

ʧʝʨʝʨʦʙʢʦʶ. ɸ ʪʘʢʦʞ ʟʥʘʯʥʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʻ ʥʘ ʧʦʚʥʦʪʫ ʚʠʣʫʯʝʥʥʷ ʨʫʜʠ ʽʟ ʥʘʜʨ ʪʘ 

ʷʢʽʩʪʴ ʚʠʜʦʙʫʪʦʾ ʨʫʜʥʦʾ ʤʘʩʠ [6]. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʘʨʘʤʝʪʨʠ ʙʫʨʦʧʽʜʨʠʚʥʠʭ ʨʦʙʽʪ ʫ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʧʦʢʣʘʜʽʚ ʙʘʛʘʪʠʭ 

ʟʘʣʽʟʥʠʭ ʨʫʜ ʥʘ ʟʥʘʯʥʠʭ ʛʣʠʙʠʥʘʭ. 

ʇʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ [1ï6], ʱʦ ʤʽʩʪʷʪʴ ʤʝʪʦʜʠ ʽʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʽʯʥʠʭ, ʟʚʫʢʦʣʦʢʘʮʽʡʥʠʭ ʪʘ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʫʟʘʛʘʣʴʥʝʥʴ ʜʘʣʠ ʟʤʦʛʫ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʫ ʭʦʜʽ ʚʠʙʦʨʫ 

ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʙʠʚʘʥʥʷ ʨʫʜʠ ʪʘ ʩʧʦʩʦʙʽʚ ʩʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ 

ʨʦʟʨʦʙʢʠ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ: 

ï ʧʦʯʘʪʢʦʚʠʡ ʛʝʦʤʝʭʘʥʽʯʥʠʡ ʩʪʘʥ ʨʫʜʥʦʛʦ ʤʘʩʠʚʫ ʚʠʡʤʘʣʴʥʦʾ ʦʜʠʥʠʮʽ (ʬʽʟʠʯʥʽ ʪʘ 

ʜʝʬʦʨʤʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ; ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨʥʦʾ 

ʧʦʨʫʰʝʥʦʩʪʽ; ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ) ʪʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʡʦʛʦ 

ʟʤʽʥʠ ʚ ʧʨʦʮʝʩʽ ʾʾ ʚʽʜʧʨʘʮʶʚʘʥʥʷ; 

ï ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʩʪʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʧʦʣʽʚ ʥʘʧʨʫʞʝʥʪʴ ʫ ʨʽʟʥʠʭ 

ʟʦʥʘʭ ʚʠʡʤʘʣʴʥʠʭ ʦʜʠʥʠʮʴ; 

ï ʫʤʦʚʠ ʥʘ ʤʝʞʘʭ ʚʠʡʤʘʣʴʥʦʾ ʦʜʠʥʠʮʽ, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʠ ʧʣʦʱʠʥ ʚʽʜʩʣʦʥʝʥʴ ʫ 

ʢʦʤʧʝʥʩʘʮʽʡʥʠʭ ʢʘʤʝʨʘʭ ʪʘ ʩʠʣʦʚʽ ʧʦʣʷ, ʱʦ ʜʽʶʪʴ ʥʘ ʥʠʭ; 

ï ʩʝʡʩʤʽʯʥʫ ʜʽʶ ʧʽʜʨʠʚʘʥʥʷ ʟʘʨʷʜʽʚ ʛʣʠʙʦʢʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʨʫʜʥʠʡ ʤʘʩʠʚ, 

ʚʠʨʦʙʢʠ ʪʘ ʚʽʜʩʣʦʥʝʥʥʷ ʚʠʡʤʘʣʴʥʦʾ ʦʜʠʥʠʮʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ [1ï8] ʪʘʢʦʞ ʧʦʢʘʟʘʣʠ, ʱʦ: 

ï ʥʘ ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʚʽʜʙʠʪʦʾ ʨʫʜʠ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʚʽʜʤʽʥʥʽʩʪʴ ʧʨʫʞʥʠʭ ʷʢʦʩʪʝʡ 

ʽ ʩʪʨʫʢʪʫʨʥʦʾ ʧʦʨʫʰʝʥʦʩʪʽ ʨʫʜʥʦʛʦ ʤʘʩʠʚʫ ʤʘʩʠʚʫ, ʱʦ ʚʽʜʙʠʚʘʻʪʴʩʷ, ʟʘ ʫʤʦʚʠ 

ʧʦʩʪʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʫʨʦʧʽʜʨʠʚʥʠʭ ʨʦʙʽʪ; 

ï ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʠʭ ʚʠʪʨʘʪ ʚʠʙʫʭʦʚʠʭ ʨʝʯʦʚʠʥ ʫ ʟʦʥʘʭ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʩʪʠʩʢʘʶʯʠʭ ʥʘʧʨʫʞʝʥʴ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʧʦʣʽʧʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʚʠʧʫʩʢʫ 

ʨʫʜʠ, ʪʦʙʪʦ ʧʠʪʦʤʠʭ ʚʠʪʨʘʪ ʚʠʙʫʭʦʚʦʾ ʨʝʯʦʚʠʥʠ ʥʘ ʚʪʦʨʠʥʥʝ ʜʨʦʙʣʝʥʥʷ; 



ʉɽʂʎɯʗ - ʊʈɸʅʉʇʆʈʊʅɯ ʉʀʉʊɽʄʀ, ɽʅɽʈɻʆʄɽʍɸʅɯʏʅɯ ʂʆʄʇʃɽʂʉʀ ʊɸ 

ɻɯʈʅʀʏʆʈʋɼʅɸ ɯʅɾɽʅɽʈɯʗ 

ʄʘʪʝʨʽʘʣʠ XIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè 2024 

170 

ï ʥʘ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʚʽʜʙʠʚʘʥʥʷ ʚʧʣʠʚʘʶʪʴ ʛʽʨʥʠʯʽ ʨʦʙʦʪʠ ʟ ʧʽʜʛʦʪʦʚʢʠ ʟʘʧʘʩʽʚ 

ʨʫʜʠ ʜʦ ʤʘʩʦʚʠʭ ʚʠʙʫʭʽʚ (ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ, ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʝʥʩʘʮʽʡʥʠʭ ʪʘ ʚʠʧʫʩʢʥʠʭ 

ʚʠʨʦʙʦʢ, ʯʘʩ ʧʽʜʛʦʪʦʚʢʠ); 

ï ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʨʫʜʠ ʫ ʧʨʦʮʝʩʽ ʚʽʜʙʠʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, 

ʨʦʟʤʽʨʘʤʠ ʪʘ ʧʠʪʦʤʦʶ ʚʘʛʦʶ ʧʨʠʨʦʜʥʠʭ ʙʣʦʢʽʚ ʨʫʜʠ (ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ) ʪʘ 

ʩʭʝʤʦʶ ʨʦʟʤʽʱʝʥʥʷ ʢʦʤʧʣʝʢʪʽʚ ʩʚʝʨʜʣʦʚʠʥ; 

ï ʥʝʛʘʪʠʚʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʽʜʙʠʚʘʥʥʷ ʨʫʜʠ ʚ ʟʦʥʘʭ ʦʧʦʨʥʦʛʦ ʪʠʩʢʫ (ʟʙʽʣʴʰʝʥʠʡ 

ʩʝʡʩʤʽʯʥʠʡ ʚʧʣʠʚ, ʥʝʷʢʽʩʥʝ ʧʦʜʨʽʙʥʝʥʥʷ) ʥʝʦʙʭʽʜʥʦ ʢʦʤʧʝʥʩʫʚʘʪʠ ʧʦʧʝʨʝʜʥʽʤ 

ʩʪʚʦʨʝʥʥʷʤ ʧʣʦʱʠʥ ʚʽʜʩʣʦʥʝʥʴ ʧʦ ʢʦʥʪʫʨʘʭ ʟʦʥʠ ʦʧʦʨʥʦʛʦ ʪʠʩʢʫ, ʧʨʦʚʝʜʝʥʥʷʤ ʚʠʙʫʭʽʚ 

ʜʦ ʧʨʦʭʦʜʢʠ ʚʠʨʦʙʦʢ ʜʥʠʱʘ, ʟʥʠʞʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʚʠʙʫʭʦʚʦʾ ʨʝʯʦʚʠʥʠ ʫ ʩʪʫʧʝʥʷʭ 

ʫʧʦʚʽʣʴʥʝʥʥʷ ʪʘ ʟʘʛʘʣʴʥʦʾ ʚʘʛʠ ʥʘ ʚʠʙʫʭ; 

ï ʩʪʽʡʢʽʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʨʦʟʨʦʙʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʘ ʭʘʨʘʢʪʝʨʫ ʬʦʨʤʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫʞʝ 

ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʚʽʜʙʠʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʨʷʜʽʚ ʚʠʙʫʭʦʚʠʭ ʨʝʯʦʚʠʥ. 
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ɹʦʙʦʢʘʣʦ ɺ.ʉ., ʤʘʛʽʩʪʨ ʛʨ. 184ʤ-24-1 ɯʇ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʦʥʦʥʝʥʢʦ ʄ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʩʠʩʪʝʤ ʪʘ ʝʥʝʨʛʦʤʝʭʘʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

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

ʇɽʈʉʇɽʂʊʀɺʀ ʈʆɿʈʆɹʂʀ ʈʆɼʆɺʀʑ ʃɯʊɯɭɺʀʍ ʈʋɼ ɺ ʋʂʈɸɰʅɯ: 

ʉʋʏɸʉʅʀʁ ʉʊɸʅ ʊɸ ʄɸʁɹʋʊʅɯ ʄʆɾʃʀɺʆʉʊɯ 
 

ʃʽʪʽʡ (Li) ï ʥʘʡʣʝʛʰʠʡ ʤʝʪʘʣʝʚʠʡ ʝʣʝʤʝʥʪ, ʱʦ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʩʫʯʘʩʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʝʥʝʨʛʝʪʠʮʽ. ʁʦʛʦ ʫʥʽʢʘʣʴʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʟʦʢʨʝʤʘ ʚʠʩʦʢʘ 

ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʚʠʩʦʢʘ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ, ʨʦʙʣʷʪʴ ʡʦʛʦ ʥʝʟʘʤʽʥʥʠʤ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʣʽʪʽʡ-ʽʦʥʥʠʭ 

ʘʢʫʤʫʣʷʪʦʨʽʚ [1]. ʃʽʪʽʡ ʥʘʣʝʞʠʪʴ ʜʦ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ XXI 

ʩʪʦʣʽʪʪʷ, ʧʦʧʠʪ ʥʘ ʷʢʽ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ ʯʝʨʝʟ ʨʦʟʚʠʪʦʢ ʝʣʝʢʪʨʦʤʦʙʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʪʘ ʩʠʩʪʝʤ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ. ɿʘ ʜʘʥʠʤʠ U.S. Geological Survey, ʩʚʽʪʦʚʠʡ ʧʦʧʠʪ ʥʘ 

ʣʽʪʽʡ ʤʦʞʝ ʟʨʦʩʪʠ ʟ 86 ʪʠʩ. ʪ ʫ 2019 ʨʦʮʽ ʜʦ 1,79 ʤʣʥ ʪ ʜʦ 2028 ʨʦʢʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʩʝʨʝʜʥʴʦʨʽʯʥʦʤʫ ʪʝʤʧʫ ʟʨʦʩʪʘʥʥʷ ʫ 29,2% [2]. ʆʟʥʘʯʝʥʘ ʪʝʥʜʝʥʮʽʷ ʟʫʤʦʚʣʝʥʘ 

ʨʦʟʚʠʪʢʦʤ ʝʣʝʢʪʨʦʤʦʙʽʣʴʥʦʩʪʽ, ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ ʪʘ ʨʦʟʰʠʨʝʥʥʷʤ ʨʠʥʢʫ ʧʦʨʪʘʪʠʚʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. 

ɺʠʜʦʙʫʪʦʢ ʣʽʪʽʶ ʫ ʩʚʽʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟ ʨʦʟʩʦʣʽʚ (ʩʦʣʷʥʠʭ ʦʟʝʨ) ʪʘ 

ʪʚʝʨʜʠʭ ʧʦʨʽʜ (ʧʝʛʤʘʪʠʪʽʚ). ʄʝʥʰ ʧʦʰʠʨʝʥʠʤ ʻ ʚʠʜʦʙʫʪʦʢ ʟ ʛʣʠʥʠʩʪʠʭ ʧʦʨʽʜ. 

ʅʘʡʙʽʣʴʰʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ ʣʽʪʽʶ ʻ ɸʚʩʪʨʘʣʽʷ, ʏʠʣʽ, ʂʠʪʘʡ ʪʘ ɸʨʛʝʥʪʠʥʘ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʥʘʜ 90% ʩʚʽʪʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [3]. ɿʘ ʦʮʽʥʢʘʤʠ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ 

ʛʝʦʣʦʛʽʾ ʪʘ ʥʘʜʨ ʋʢʨʘʾʥʠ, ʟʘʧʘʩʠ ʣʽʪʽʶ ʚ ʢʨʘʾʥʽ ʤʦʞʫʪʴ ʩʪʘʥʦʚʠʪʠ ʜʦ 5% ʩʚʽʪʦʚʠʭ ʟʘʧʘʩʽʚ 

[4]. ʆʩʥʦʚʥʽ ʨʦʜʦʚʠʱʘ ʣʽʪʽʶ ʚ ʋʢʨʘʾʥʽ ʟʦʩʝʨʝʜʞʝʥʽ ʚ ʂʽʨʦʚʦʛʨʘʜʩʴʢʽʡ ʪʘ ɼʦʥʝʮʴʢʽʡ 

ʦʙʣʘʩʪʷʭ, ʩʝʨʝʜ ʷʢʠʭ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʚʝʨʪʘʻ ʨʦʜʦʚʠʱʝ çʇʦʣʦʭʽʚʩʴʢʝè. 

ʈʦʜʦʚʠʱʝ çʇʦʣʦʭʽʚʩʴʢʝè, ʱʦ ʨʦʟʪʘʰʦʚʘʥʝ ʚ ʂʽʨʦʚʦʛʨʘʜʩʴʢʽʡ ʦʙʣʘʩʪʽ, ʻ ʦʜʥʠʤ ʟ 

ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʣʽʪʽʻʚʠʭ ʨʦʜʦʚʠʱ ʋʢʨʘʾʥʠ. ɿʘ ʜʘʥʠʤʠ ɼʝʨʞʘʚʥʦʛʦ ʙʘʣʘʥʩʫ ʟʘʧʘʩʽʚ 

ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʋʢʨʘʾʥʠ, ʟʘʧʘʩʠ ʣʽʪʽʶ ʫ ʨʦʜʦʚʠʱʽ ʦʮʽʥʶʶʪʴʩʷ ʚ 5,5 ʤʣʥ ʪ ʨʫʜʠ ʟ 

ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ Li2O 1,3% [5]. ʈʦʜʦʚʠʱʝ çʇʦʣʦʭʽʚʩʴʢʝè ʥʘʣʝʞʠʪʴ ʜʦ ʨʽʜʢʽʩʥʦʤʝʪʘʣʝʚʠʭ 

ʧʝʛʤʘʪʠʪʽʚ ʘʣʴʙʽʪ-ʩʧʦʜʫʤʝʥʦʚʦʛʦ ʪʠʧʫ. ʆʩʥʦʚʥʽ ʣʽʪʽʻʚʽ ʤʽʥʝʨʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʧʦʜʫʤʝʥʦʤ 

(LiAlSi 2O6) ʪʘ ʧʝʪʘʣʽʪʦʤ (LiAlSi4O10) [6]. ʈʫʜʥʽ ʪʽʣʘ ʤʘʶʪʴ ʧʣʘʩʪʦʧʦʜʽʙʥʫ ʬʦʨʤʫ ʟ 

ʩʝʨʝʜʥʴʦʶ ʧʦʪʫʞʥʽʩʪʶ 10ï15 ʤ ʽ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʥʘ ʛʣʠʙʠʥʫ ʜʦ 500 ʤ. ʇʦʨʦʜʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʝʨʝʜʥʴʦʶ ʪʨʽʱʠʥʫʚʘʪʽʩʪʶ ʪʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ɻʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʨʦʜʦʚʠʱʘ çʇʦʣʦʭʽʚʩʴʢʝè ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʜʝʢʽʣʴʢʦʭ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ: ʚʝʨʭʥʽʡ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʟʘʣʷʛʘʻ ʚ 

ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙʚʦʜʥʝʥʠʤʠ ʥʘʥʦʩʘʤʠ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 15 ʤ 

ʜʦ 25 ʤ. ʂʦʝʬʽʮʽʻʥʪ ʬʽʣʴʪʨʘʮʽʾ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,5 ʤ/ʜʦʙʫ ʜʦ 2,5 ʤ/ʜʦʙʫ. ɼʨʫʛʠʡ ʚʦʜʦʥʦʩʥʠʡ 

ʛʦʨʠʟʦʥʪ ʧʨʠʫʨʦʯʝʥʠʡ ʜʦ ʟʦʥʠ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ ʪʘ ʾʭ ʢʦʨʠ 

ʚʠʚʽʪʨʶʚʘʥʥʷ. ɺʦʜʦʧʨʦʚʽʜʥʽʩʪʴ ʧʦʨʽʜ ʩʪʘʥʦʚʠʪʴ 50ï100 ʤĮ/ʜʦʙʫ [7].  

ʅʘʷʚʥʽʩʪʴ ʧʦʪʫʞʥʦʾ ʪʦʚʱʽ ʦʙʚʦʜʥʝʥʠʭ ʥʘʥʦʩʽʚ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ 

ʚʠʙʦʨʽ ʩʠʩʪʝʤʠ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱʘ çʇʦʣʦʭʽʚʩʴʢʝè. ʊʨʘʜʠʮʽʡʥʽ ʩʠʩʪʝʤʠ ʨʦʟʨʦʙʢʠ ʙʝʟ 

ʟʘʢʣʘʜʘʥʥʷ ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚ ʜʘʥʠʭ ʫʤʦʚʘʭ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ 

ʥʘʩʣʽʜʢʽʚ, ʘ ʩʘʤʝ: ʧʦʨʫʰʝʥʥʷ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʪʝʨʠʪʦʨʽʾ, ʩʫʪʪʻʚʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʧʽʜʚʠʱʝʥʦʛʦ ʚʦʜʦʧʨʠʧʣʠʚʫ ʫ ʛʽʨʥʠʯʽ ʚʠʨʦʙʢʠ ʪʘ ʟʥʠʞʝʥʥʷ ʾʭ 

ʩʪʽʡʢʦʩʪʽ. ɺʨʘʭʦʚʫʶʯʠ ʩʢʣʘʜʥʽ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʨʦʜʦʚʠʱʘ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʨʦʟʨʦʙʢʠ ʽʟ ʟʘʢʣʘʜʘʥʥʷʤ ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ [8]. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʢʣʘʜʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʩʪʚʦʨʠʪʠ ʰʪʫʯʥʠʡ ʤʘʩʠʚ, ʱʦ ʟʘʧʦʙʽʛʘʪʠʤʝ ʧʨʦʥʠʢʥʝʥʥʶ ʚʦʜʠ ʟ 

ʦʙʚʦʜʥʝʥʠʭ ʥʘʥʦʩʽʚ, ʟʘʙʝʟʧʝʯʠʪ ɹ ʟʙʝʨʝʞʝʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʤʽʥʽʤʽʟʫ ̒ ʧʦʨʫʰʝʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ, ʧʽʜʚʠʱʠʪ ɹʙʝʟʧʝʢʫ ʚʝʜʝʥʥʷ ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜ ʚʦʜʦʧʨʠʧʣʠʚʫ ʟʘʢʣʘʜʥʠʡ ʤʘʪʝʨʽʘʣ ʧʦʚʠʥʝʥ ʤʘʪʠ 
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ʥʠʟʴʢʫ ʚʦʜʦʧʨʦʥʠʢʥʽʩʪʴ, ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ ʤʽʮʥʽʩʪʴ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ 

ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʙʫʪʠ ʩʪʽʡʢʠʤ ʜʦ ʘʛʨʝʩʠʚʥʦʛʦ ʚʧʣʠʚʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. 

ʈʦʟʨʦʙʢʘ ʨʦʜʦʚʠʱʘ çʇʦʣʦʭʽʚʩʴʢʝè ʤʘʻ ʟʥʘʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ 

ʋʢʨʘʾʥʠ. ʇʨʠ ʨʽʯʥʽʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 500 ʪʠʩ. ʪ ʨʫʜʠ ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ ʜʦ 6 ʪʠʩ. ʪ 

ʢʘʨʙʦʥʘʪʫ ʣʽʪʽʶ ʥʘ ʨʽʢ [9]. ɿʘ ʧʦʪʦʯʥʠʤʠ ʨʠʥʢʦʚʠʤʠ ʮʽʥʘʤʠ, ʮʝ ʤʦʞʝ ʧʨʠʥʝʩʪʠ 

ʩʫʪʪʻʚʠʡ ʧʨʠʙʫʪʦʢ ʪʘ ʩʧʨʠʷʪʠ ʩʪʚʦʨʝʥʥʶ ʥʦʚʠʭ ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʫ ʨʝʛʽʦʥʽ. ʂʨʽʤ ʪʦʛʦ, 

ʨʦʟʚʠʪʦʢ ʣʽʪʽʻʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ ʋʢʨʘʾʥʽ ʤʦʞʝ ʩʪʘʪʠ ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʜʣʷ ʩʫʤʽʞʥʠʭ 

ʛʘʣʫʟʝʡ, ʟʦʢʨʝʤʘ ʚʠʨʦʙʥʠʮʪʚʘ ʣʽʪʽʡ-ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʱʦ 

ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʋʢʨʘʾʥʠ ʫ ʛʣʦʙʘʣʴʥʽ ʣʘʥʮʶʛʠ ʧʦʩʪʘʯʘʥʥʷ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ. ɸʣʝ, ʨʦʟʨʦʙʢʘ ʨʦʜʦʚʠʱʘ çʇʦʣʦʭʽʚʩʴʢʝè ʧʦʚô̫ ʟʘʥʘ ʟ 

ʥʠʟʢʦʶ ʚʠʢʣʠʢʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʘʯʥʠʭ ʽʥʚʝʩʪʠʮʽʡ, ʧʦʪʨʝʙʘ ʫ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ ʧʝʨʝʨʦʙʢʠ ʣʽʪʽʻʚʠʭ ʨʫʜ ʪʘ ʢʦʥʢʫʨʝʥʮʽʷ ʟ ʙʦʢʫ ʚʝʣʠʢʠʭ ʤʽʞʥʘʨʦʜʥʠʭ 

ʚʠʨʦʙʥʠʢʽʚ ʣʽʪʽʶ. ʇʦʜʦʣʘʥʥʷ ʮʠʭ ʚʠʢʣʠʢʽʚ ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʚʢʣʶʯʘʻ 

ʩʪʚʦʨʝʥʥʷ ʩʧʨʠʷʪʣʠʚʦʛʦ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʢʣʽʤʘʪʫ, ʨʦʟʚʠʪʦʢ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʙʘʟʠ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʫ ʩʬʝʨʽ ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʥʥʷ. 

ɺʠʜʦʙʫʪʦʢ ʣʽʪʽʻʚʦʾ ʨʫʜʠ ʟ ʨʦʜʦʚʠʱʘ çʇʦʣʦʭʽʚʩʴʢʝè ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʧʨʦʢ̒ʪʦʤ, 

ʱʦ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʋʢʨʘʾʥʫ ʩʪʨʘʪʝʛʽʯʥʦ ʚʘʞʣʠʚʦʶ ʩʠʨʦʚʠʥʦʶ. ʅʘʷʚʥʽʩʪʴ ʧʦʪʫʞʥʦʾ 

ʪʦʚʱʽ ʦʙʚʦʜʥʝʥʠʭ ʥʘʥʦʩʽʚ ʚʠʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʨʦʟʨʦʙʢʠ ʽʟ 

ʟʘʢʣʘʜʘʥʥʷʤ ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʙʝʟʧʝʯʥʝ ʪʘ ʝʬʝʢʪʠʚʥʝ 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʟʘʧʘʩʽʚ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʚʧʣʠʚʽ ʥʘ ʜʦʚʢʽʣʣʷ. ʈʝʘʣʽʟʘʮʽʷ ʧʨʦʢ̒ʪʫ 

ʚʠʤʘʛʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʢʣʘʜʥʠʭ ʨʦʙʽʪ, ʨʦʟʚʠʪʢʫ ʚʽʜʧʦʚʽʜʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʟʘʣʫʯʝʥʥʷ ʟʥʘʯʥʠʭ ʽʥʚʝʩʪʠʮʽʡ. ʇʨʠ ʮʴʦʤʫ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ 

ʧʨʠʜʽʣʠʪʠ ʧʠʪʘʥʥʷʤ ʚʦʜʦʟʘʭʠʩʪʫ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʪʝʨʠʪʦʨʽʾ. 
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ɹʦʨʠʩʝʥʢʦ ɺ.ɺ., ʤʘʛʽʩʪʨ ʛʨ. 184ʤ-23-8 ɯʇ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʦʥʦʥʝʥʢʦ ʄ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʩʠʩʪʝʤ ʪʘ ʝʥʝʨʛʦʤʝʭʘʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

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

 

ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ɹʋʈʆʇɯɼʈʀɺʅʀʍ ʈʆɹɯʊ 

ʇʈʀ ʇɯɼɻʆʊʆɺʎɯ ɿɸʇɸʉɯɺ ʈʋɼʀ ʈʆɼʆɺʀʑɸ çʇɯɺɼɽʅʅʆ-ɹɯʃʆɿɯʈʉʔʂɽè 

ɺ ʋʄʆɺɸʍ ʇʨɸʊ çɿɸʇʆʈɯɿʔʂʀʁ ɿʈʂè 

 

ɺ ʋʢʨʘʾʥʽ ʧ̔ ʜʟʝʤʥʠʡ ʚʠʜʦʙʫʪʦʢ ʟʘʣʽʟʥʠʭ ʨʫʜ ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʙʫʨʦʧʽʜʨʠʚʥʦʛʦ ʩʧʦʩʦʙʫ ʧʨʦʚʝʜʝʥʥʷ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ [1, 2]. ʇʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ 

ʧʨʦʭʦʜʢʠ ʚʠʨʦʙʦʢ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʦʯʥʽʩʪʶ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʩʢʣʘʜʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʙʫʨʦʧʽʜʨʠʚʥʠʭ ʨʦʙʽʪ (ɹʇʈ) [3, 4]. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ 

ʧʨʘʮʽ ʪʘ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ ʧʽʩʣʷ ʧʽʜʨʠʚʥʠʭ ʨʦʙʽʪ, ʰʠʨʦʢʦ 

ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʝʤʫʣʴʩʽʡʥʽ ʚʠʙʫʭʦʚʽ ʨʝʯʦʚʠʥʠ (ɽɺʈ) ʫʢʨʘʾʥʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [5]. ʗʢ 

ʚʽʜʦʤʦ, ɽɺʈ ʻ ʙʝʟʧʝʯʥʠʤʠ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʡ ʧʝʨʝʚʝʨʰʫʶʪʴ ʪʨʦʪʠʣʦʚʤʽʩʥʽ ʚʠʙʫʭʦʚʽ 

ʨʝʯʦʚʠʥʠ (ɺʈ) ʟʘ ʜʝʪʦʥʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ 

ʧʦʜʨ̔ʙʥʝʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʪʘ ʤʝʥʰʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ 

[6-8]. 

ɺʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʝ ʛʽʨʥʠʯʦʧʨʦʭʽʜʥʠʮʴʢʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ 

ʚʠʢʦʥʘʥʥʷ ɹʇʈ ʥʝ ʟʘʙʝʟʧʝʯʘʪʴ ʟʥʘʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʝʟ ʨʦʟʨʦʙʢʠ ʧʘʩʧʦʨʪʽʚ ɹʇʈ, ʫ ʷʢʠʭ 

ʚʨʘʭʦʚʘʥʝ ʨʘʮʽʦʥʘʣʴʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʰʧʫʨʽʚ ʫ ʚʠʙʦʾ ʚʠʨʦʙʢʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ɽɺʈ [9]. 

ʈʦʟʨʦʙʢʘ ʪʘʢʠʭ ʧʘʩʧʦʨʪʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʩʫʯʘʩʥʦʾ ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʛʘʣʫʟʽ, 

ʦʩʢʽʣʴʢʠ ʦʧʪʠʤʽʟʘʮʽʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʰʧʫʨʽʚ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʽʜʨʠʚʥʠʭ ʨʦʙʽʪ, ʧʦʢʨʘʱʝʥʥʶ ʧʦʜʨʽʙʥʝʥʥʷ ʧʦʨʦʜʠ ʚʠʙʫʭʦʤ [10] ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʶ 

ʙʝʟʧʝʯʥʠʭ ʫʤʦʚ ʧʨʘʮʽ. ʊʦʤʫ, ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʙʫʨʦʧʽʜʨʠʚʥʠʭ ʨʦʙʽʪ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʛʦʪʦʚʯʠʭ ʚʠʨʦʙʦʢ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʝʤʫʣʴʩʽʡʥʠʭ ʚʠʙʫʭʦʚʠʭ ʨʝʯʦʚʠʥ.. ʆʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɹʇʈ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʽʜʛʦʪʦʚʯʠʭ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ, 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɹʇʈ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ɽɺʈ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ 

ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʽʰʝʥʥʷ. 

ɸʥʘʣʽʟ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʦʚʝʜʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʩʢʣʘʜʝʥʠʭ 

ʧʘʩʧʦʨʪʽʚ ɹʇʈ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ɺʈ, ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠʪʠ ʨʘʮʽʦʥʘʣʴʥʠʡ 

ʪʠʧ ɺʈ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʛʦʪʦʚʯʠʭ ʚʠʨʦʙʦʢ ʙʫʨʦʧʽʜʨʠʚʥʠʤ 

ʩʧʦʩʦʙʦʤ ʪʘ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʙʝʟʧʝʢʠ ʧʨʘʮʽ ʡ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʶ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʛʦʪʦʚʯʠʭ ʚʠʨʦʙʦʢ ʧʘʪʨʦʥʦʚʘʥʦʾ ɽɺʈ ʋʢʨʘʾʥʠʪ-ʇ-ʉɸ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʰʧʫʨʽʚ ʫ ʚʠʙʦʾ ʥʘ 12% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʦʪʠʣʦʚʤʽʩʥʦʛʦ 

ɸʤʦʥʽʪʫ ˉ 6 ɾɺ. ʇʨʠ ʮʴʦʤʫ ʚʠʪʨʘʪʠ ʚʠʙʫʭʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʢʦʨʦʯʫʶʪʴʩʷ ʜʦ 6% 

ʟʘʚʜʷʢʠ ʨʘʮʽʦʥʘʣʴʥʠʤ ʧʘʨʘʤʝʪʨʘʤ ɹʇʈ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʘʪʨʦʥʦʚʘʥʦʾ ɽɺʈ ʋʢʨʘʾʥʠʪ-

ʇ-ʉɸ. ʊʘʢʽ ʧʦʢʘʟʥʠʢʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʥʘ ɽɺʈ ʪʠʧʫ ʋʢʨʘʾʥʠʪ ʜʣʷ 

ʚʝʜʝʥʥʷ ʧʽʜʛʦʪʦʚʯʠʭ ʽ ʥʘʨʽʟʥʠʭ ʨʦʙʽʪ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʥʝ ʣʠʰʝ ʧʦʢʨʘʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʽʜʨʠʚʥʠʭ ʨʦʙʽʪ, ʘʣʝ ʡ ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʛʽʨʥʠʯʦ-ʰʘʭʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʫ 

ʧʦʻʜʥʘʥʥʽ ʟ ʝʬʝʢʪʠʚʥʠʤʠ ɽɺʈ ʪʘʢʦʞ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʦʧʝʨʘʮʽʡʥʠʭ ʚʠʪʨʘʪ, ʧʽʜʚʠʱʫʻ 

ʩʪʽʡʢʽʩʪʴ ʤʘʩʠʚʫ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʧʽʩʣʷ ʚʠʙʫʭʫ ʪʘ ʤʽʥʽʤʽʟʫʻ ʨʠʟʠʢʠ ʜʣʷ ʧʝʨʩʦʥʘʣʫ. ʎʝ 

ʪʝʭʥʦʣʦʛʽʯʥʝ ʨʽʰʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʙʝʟʧʝʢʠ ʪʘ ʝʢʦʣʦʛʽʯʥʦʩʪʽ, ʱʦ ʻ 

ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʦʤ ʨʦʟʚʠʪʢʫ ʛʽʨʥʠʯʦʨʫʜʥʠʭ ʧʜ̔ʧʨʠʻʤʩʪʚ ʋʢʨʘʾʥʠ. ɼʣʷ ʫʩʧʽʰʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʧʘʩʧʦʨʪʠ ɹʇʈ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ 

ʩʧʝʮʠʬʽʢʫ ɽɺʈ, ʘʜʘʧʪʦʚʘʥʠʭ ʜʦ ʨʽʟʥʠʭ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 
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ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʭʥʴʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ ʫ ʨʦʙʦʪʽ ʟ ʥʦʚʠʤ ʛʽʨʥʠʯʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ ʪʘ ɽɺʈ. 

ɽʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ, ʦʪʨʠʤʘʥʠʡ ʫ ʨʝʟʫʣʴʪʘʪʽ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʦʩʥʦʚʥʠʭ ʩʪʘʪʝʡ ʢʘʣʴʢʫʣʷʮʽʾ, ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʽʰʝʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʢʦʤʝʥʜʦʚʘʥʦʾ ʧʘʪʨʦʥʦʚʘʥʦʾ ɽɺʈ ʋʢʨʘʾʥʠʪ-ʇ-

ʉɸ ʜʣʷ ʧʨʦʚʝʜʝʥʥ ̫ʧʽʜʛʦʪʦʚʯʠʭ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ ʚ ʫʤʦʚʘʭ ʰʘʭʪ ʇʨɸʊ çɿʘʧʦʨʽʟʴʢʠʡ 

ʟʘʣʽʟʦʨʫʜʥʠʡ ʢʦʤʙʽʥʘʪè ʜʦʟʚʦʣʠʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 500 ʤ ʚʽʜʢʦʪʥʦʛʦ ʰʪʨʝʢʫ ʣʝʞʘʯʦʛʦ 

ʙʦʢʫ ʛʦʨʠʟʦʥʪʫ 940 ʤ ʟʥʠʟʠʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ 1 ʤ ʚʠʨʦʙʢʠ ʜʦ 11%. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʨʽʰʝʥʥʷ ʟʘʙʝʟʧʝʯʠʪʴ ʥʝ ʣʠʰʝ ʝʢʦʥʦʤʽʶ ʚʠʪʨʘʪ ʥʘ ʚʠʙʫʭʦʚʽ 

ʤʘʪʝʨʽʘʣʠ, ʘʣʝ ʡ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʚʠʪʨʘʪ ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʚʝʜʝʥʥʷ 

ɹʇʈ. ʆʢʨʽʤ ʮʴʦʛʦ, ʟʘʚʜʷʢʠ ʟʤʝʥʰʝʥʥʶ ʢʽʣʴʢʦʩʪʽ ʰʧʫʨʽʚ ʪʘ ʚʠʪʨʘʪ ɺʈ, ʦʯʽʢʫʻʪʴʩʷ 

ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʫʜʥʠʭ ʰʘʭʪ [11]. 
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ʋɼʂ 622.26 

 

ʉʦʚʝʥʢʦ ɸ.ɺ., ʤʘʛʽʩʪʨ ʛʨ. 184ʤ-23-8 ɯʇ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʦʥʦʥʝʥʢʦ ʄ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʩʠʩʪʝʤ ʪʘ ʝʥʝʨʛʦʤʝʭʘʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

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

 

ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ɹʋʈʆʇɯɼʈʀɺʅʀʍ ʈʆɹɯʊ 

ɼʃʗ ʇʈʆɺɽɼɽʅʅʗ ʇɯɼɻʆʊʆɺʏʀʍ ɺʀʈʆɹʆʂ ʇʈʀ ɺʀɼʆɹʋɺɸʅʅɯ ʈʋɼʀ 

ʈʆɼʆɺʀʑɸ çʇɽʈɽɺɽʈɿɯɺʉʔʂɽè ɺ ʋʄʆɺɸʍ ʇʨɸʊ çɿɸʇʆʈɯɿʔʂʀʁ ɿʈʂè 

 

ʇʽʜʟʝʤʥʘ ʨʦʟʨʦʙʢʘ ʨʫʜʥʠʭ ʨʦʜʦʚʠʱ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʨʦʧʽʜʨʠʚʥʦʛʦ 

ʩʧʦʩʦʙʫ ʧʨʦʚʝʜʝʥʥʷ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʚʠʩʦʢʦʶ ʤʝʞʝʶ ʤʽʮʥʦʩʪʽ ʧʦʨʽʜ 

ʥʘ ʩʪʠʩʢʘʥʥʷ ʫ ʧʦʥʘʜ 120 ʄʇʘ [1]. ʐʚʠʜʢʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʚʠʨʦʙʦʢ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʨʘʚʠʣʴʥʦʩʪʽ ʩʢʣʘʜʘʥʥʷ ʧʘʩʧʦʨʪʽʚ ʙʫʨʦʧʽʜʨʠʚʥʠʭ ʨʦʙʽʪ (ɹʇʈ) [2]. ʆʮʽʥʢʦ  ʁʽʩʥʫʶʯʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʩʢʣʘʜʘʥʥʷ ʧʘʩʧʦʨʪʽʚ ɹʇʈ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʦʥʠ ʯʘʩʪʦ ʧʦʟʙʘʚʣʝʥʽ 

ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʡ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʛʽʨʥʠʯʦʧʨʦʭʽʜʥʠʮʴʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʦʜʠʢ ɹʇʈ ʥʝ ʟʘʙʝʟʧʝʯʠʪʴ 

ʩʫʪʪʻʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʝʟ ʨʦʟʨʦʙʢʠ ʧʘʩʧʦʨʪʽʚ ʽʟ ʨʘʮʽʦʥʘʣʴʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʰʧʫʨʽʚ 

[3]. ɺʽʪʯʠʟʥʷʥʝ ʛʽʨʥʠʯʦʧʨʦʭʽʜʥʠʮʴʢʝ ʦʙʣʘʜʥʘʥʥʷ [4, 5] ʟʘ ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʧʦʩʪʫʧʘʻʪʴʩʷ ʽʥʦʟʝʤʥʠʤ ʘʥʘʣʦʛʘʤ, ʘ ʽʤʧʦʨʪʥʽ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ ʛʽʨʥʠʯʽ ʤʘʰʠʥʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʫʜʥʠʤʠ ʰʘʭʪʘʤʠ ʋʢʨʘʾʥʠ, ʧʦʪʨʝʙʫʶʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʾʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʫ ʩʢʣʘʜʘʥʥʽ ʧʘʩʧʦʨʪʽʚ ɹʇʈ [6], ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ 

ʜʝʪʦʥʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʤʫʣʴʩʽʡʥʠʭ ʚʠʙʫʭʦʚʠʭ ʨʝʯʦʚʠʥ (ɽɺʈ) [7-9]. 

ɺʠʜʦʙʫʚʘʥʥʷ ʙʘʛʘʪʦʾ ʟʘʣʽʟʥʦʾ ʨʫʜʠ ʨʦʜʦʚʠʱ çʇʽʚʜʝʥʥʦ-ɹʽʣʦʟʨ̔ʩʴʢʝè ʪʘ 

çʇʝʨʝʚʝʨʟʽʚʩʴʢʝè ʘhʭʪʘʤʠ ʇʨɸʊ çɿʘʧʦʨʽʟʴʢʠʡ ʟʘʣʽʟʦʨʫʜʥʠʡ ʢʦʤʙʽʥʘʪè (ʇʨɸʊ çɿɿʈʂè) 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʜʧʦʚʝʨʭʦʚʦ-ʢʘʤʝʨʥʦ ʾʩʠʩʪʝʤʠ ʨʦʟʨʦʙʢʠ ʽʟ ʟʘʢʣʘʜʘʥʥʷʤ 

ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ [10]. ʑʦʨʽʯʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ɹʇʈ ʧʨʦʚʦʜʷʪʴ ʜʝʢʽʣʴʢʘ ʪʠʩʷʯ 

ʤʝʪʨʽʚ ʧʽʜʛʦʪʦʚʯʦ-ʥʘʨʽʟʥʠʭ ʚʠʨʦʙʦʢ. ɸʥʘʣʽʟ ʧʘʩʧʦʨʪʽʚ ɹʇʈ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʽʜʛʦʪʦʚʯʠʭ 

ʚʠʨʦʙʦʢ ʨʦʜʦʚʠʱʘ çʇʝʨʝʚʝʨʟʽʚʩʴʢʝè ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ɹʇʈ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʰʧʫʨʠ ʜʽʘʤʝʪʨʦʤ 43 ʤʤ ʪʘ 51 ʤʤ, ʘ ʫ ʷʢʦʩʪʽ ʚʠʙʫʭʦʚʦ ʾʨʝʯʦʚʠʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ 

ʛʨʘʥʫʣʴʦʚʘʥʽ ʪʨʦʪʠʣʦʚʤʽʩʥʽ, ʪʘʢ ʽ ɽɺʈ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʽʨʥʠʯʦʧʨʦʭʽʜʥʠʮʴʢʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʚʽʜ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʟʙʽʣʴʰʫʚʘʪʠ 

ʧʨʦʩʪʦʾ ʯʝʨʝʟ ʨʽʟʥʠʮʶ ʚ ʾʭ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. ʊʦʤʫ, ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɹʇʈ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʛʦʪʦʚʯʠʭ ʚʠʨʦʙʦʢ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ ʰʧʫʨʽʚ. ʆʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɹʇʈ, ʚʠʙʽʨ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʜʽʘʤʝʪʨʘ ʰʧʫʨʽʚ, ʘ ʪʘʢʦʞ ʦʮʽʥʢʘ 

ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʽʰʝʥʥʷ. 

ɸʥʘʣʽʟ ʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ 

ʩʢʣʘʜʝʥʠʭ ʧʘʩʧʦʨʪʽʚ ɹʇʈ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ ʰʧʫʨʽʚ, ʜʦʟʚʦʣʠʚ 

ʚʠʟʥʘʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʠʡ ʜʽʘʤʝʪʨ ʰʧʫʨʽʚ ï 51 ʤʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʜʽʘʤʝʪʨʘ ʥʝ ʣʠʰʝ 

ʟʘʙʝʟʧʝʯʠʪʴ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʧʽʜʛʦʪʦʚʯʠʭ ʨʦʙʽʪ ʧʨʠ ʚʠʜʦʙʫʚʘʥʥʽ ʟʘʣʽʟʥʦʾ ʨʫʜʠ 

ʨʦʜʦʚʠʱʘ çʇʝʨʝʚʝʨʟʽʚʩʴʢʝè, ʘʣʝ ʡ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʶ 

ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʧʨʘʮʽ. ʇʦʨʽʚʥʷʥʦ ʟʽ ʰʧʫʨʘʤʠ ʜʽʘʤʝʪʨʦʤ 43 ʤʤ, ʰʧʫʨʠ ʜʽʘʤʝʪʨʦʤ 51 ʤʤ 

ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʾʭ ʢʽʣʴʢʽʩʪʴ ʫ ʚʠʙʦʾ ʧʽʜʛʦʪʦʚʯʦʾ ʚʠʨʦʙʢʠ ʧʨʠʙʣʠʟʥʦ ʥʘ 17%, ʱʦ 

ʩʧʨʠʷʻ ʙʽʣʴʰ ʝʢʦʥʦʤʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚʠʙʫʭʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʟʥʠʞʝʥʥʶ 

ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ. ʑʝ ʚʘʞʣʠʚʠʤ ʤʦʤʝʥʪʦʤ ʫ ʪʘʢʠʭ ʫʤʦʚʘʭ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ɽɺʈ, ʱʦ 

ʜʦʜʘʪʢʦʚʦ ʟʥʠʞʫʻ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʚʠʙʫʭʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʤʽʥʽʤʽʟʫʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ 

ʥʘ ʦʪʦʯʫʶʯʠʡ ʛʽʨʥʠʯʫ ʚʠʨʦʙʢʫ ʤʘʩʠʚ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʱʦ ʧʽʜʚʠʱʫʻ ʩʪʽʡʢʽʩʪʴ ʚʠʨʦʙʦʢ ʽ 

ʟʤʝʥʰʫʻ ʩʝʡʩʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʎʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʨʽʰʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ 



ʉɽʂʎɯʗ - ʊʈɸʅʉʇʆʈʊʅɯ ʉʀʉʊɽʄʀ, ɽʅɽʈɻʆʄɽʍɸʅɯʏʅɯ ʂʆʄʇʃɽʂʉʀ ʊɸ 

ɻɯʈʅʀʏʆʈʋɼʅɸ ɯʅɾɽʅɽʈɯʗ 
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ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ 

ʧʽʜʛʦʪʦʚʯʠʭ ʨʦʙʽʪ ʧʨʠ ʚʠʜʦʙʫʚʘʥʥʽ ʟʘʣʽʟʥʦʾ ʨʫʜʠ ʨʦʜʦʚʠʱʘ çʇʝʨʝʚʝʨʟʽʚʩʴʢʝè, ʱʦ ʻ 

ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʰʘʭʪ ʇʨɸʊ çɿɿʈʂè. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʘʪʨʦʥʦʚʘʥʦʾ ɽɺʈ ʋʢʨʘʾʥʽʪ-ʇ-ʉɸ ʚ ʰʧʫʨʘʭ ʜʽʘʤʝʪʨʦʤ 51 ʤʤ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʽʘʤʝʪʨʦʤ 43 ʤʤ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ɺʈ ʜʦ 14%. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʧʝʨʝʚʘʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʙʽʣʴʰʝʥʦʛʦ ʜʽʘʤʝʪʨʘ ʰʧʫʨʽʚ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʽʜʛʦʪʦʚʯʠʭ 

ʨʦʙʽʪ ʚ ʫʤʦʚʘʭ ʨʦʜʦʚʠʱʘ çʇʝʨʝʚʝʨʟʽʚʩʴʢʝè ʇʨɸʊ çɿɿʈʂè. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʦʩʥʦʚʥʠʭ ʩʪʘʪʝʡ ʚʠʪʨʘʪ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʨʽʰʝʥʥʷ ʟʘʙʝʟʧʝʯʠʪʴ ʚʘʛʦʤʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʪʘ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ. ʋ ʨʘʟʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʧʫʨʽʚ ʜʽʘʤʝʪʨʦʤ 51 ʤʤ ʥʘ ʝʪʘʧʽ ʧʽʜʛʦʪʦʚʢʠ ʟʘʧʘʩʽʚ ʨʫʜʠ ʨʦʜʦʚʠʱʘ 

çʇʝʨʝʚʝʨʟʽʚʩʴʢʝè ʚ ʫʤʦʚʘʭ ʇʨɸʊ çɿɿʈʂè ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 300 ʤ ʚʽʜʢʦʪʥʦʛʦ ʰʪʨʝʢʫ 

ʣʝʞʘʯʦʛʦ ʙʦʢʫ ʛʦʨʠʟʦʥʪʫ 640 ʤ ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʠʞʝʥʥʷ ʜʦ 13% ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ 

1 ʤ ʚʠʨʦʙʢʠ, ʱʦ ʜʦʜʘʪʢʦʚʦ ʧʽʜʪʚʝʨʜʞʫʻ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʽʰʝʥʥʷ. 
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ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʈɸʎɯʆʅɸʃʔʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ɹʋʈʆʇɯɼʈʀɺʅʀʍ ʈʆɹɯʊ 

ɼʃʗ ʇʈʆɺɽɼɽʅʅʗ ʇɯɼʅʗʊʊɭɺʀʍ ɺʀʈʆɹʆʂ 

ɺ ʋʄʆɺɸʍ ʐɸʍʊʀ çʖɺɯʃɽʁʅɸè ʇʨɸʊ çʉʋʍɸ ɹɸʃʂɸè 

 

ɼʣʷ ʧʽʜʟʝʤʥʦʛʦ ʚʠʜʦʙʫʚʘʥʥʷ ʨʫʜ ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʛʦʪʦʚʯʠʭ ʽ ʥʘʨʽʟʥʠʭ ʚʠʨʦʙʦʢ, ʫ 

ʤʝʞʘʭ ʙʣʦʢʽʚ, ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʪʘ ʥʘʡʙʽʣʴʰ ʪʨʫʜʦʤʽʩʪʢʠʤ ʚʠʨʦʙʥʠʯʠʤ ʧʨʦʮʝʩʦʤ, 

ʷʢʠʡ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʚʝʜʝʥʥʷ ʦʯʠʩʥʠʭ ʨʦʙʽʪ [1]. ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʩʠʩʪʝʤ 

ʨʦʟʨʦʙʢʠ ʧʨʠʟʚʽʚ ʜʦ ʧʦʷʚʠ ʚʠʨʦʙʦʢ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʘʣʠʤ ʧʝʨʝʨʽʟʦʤ ʽ ʩʢʣʘʜʘʶʪʴ 

ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʦʬʦʨʤʣʝʥʥʷ ʩʠʩʪʝʤ [2]. ʇʽʜʛʦʪʦʚʢʘ ʚʠʜʦʙʫʚʥʠʭ ʦʜʠʥʠʮʴ ʜʦ ʦʯʠʩʥʠʭ 

ʨʦʙʽʪ, ʫ ʮʠʭ ʩʠʩʪʝʤʘʭ ʨʦʟʨʦʙʢʠ, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʜʥʷʪʪʻʚʠʭ ʛʽʨʥʠʯʠʭ 

ʚʠʨʦʙʦʢ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʠʡ ʨʦʟʤʽʨ ʽ ʬʦʨʤʫ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʫʥʢʮʽʾ, ʘ ʪʘʢʦʞ 

ʧʦʭʠʣʽ ʘʙʦ ʚʝʨʪʠʢʘʣʴʥʽ ʜʫʯʢʠ. ʅʘ ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʥʷʪʪʻʚʠʭ ʚʠʨʦʙʦʢ, ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ 

ʙʣʦʢʘ ʜʦ ʚʠʢʦʥʘʥʥʷ ʦʯʠʩʥʠʭ ʨʦʙʽʪ, ʚʠʪʨʘʯʘʶʪʴ ʜʦ 50% ʚʽʜ ʟʘʛʘʣʴʥʠʭ ʪʨʫʜʦʚʠʭ ʽ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪ [3]. 

ʉʴʦʛʦʜʥʽ ʽʩʥʫʶʪʴ ʜʚʘ ʩʧʦʩʦʙʠ ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʥʷʪʪʻʚʠʭ ï ʙʫʨʦʧʽʜʨʠʚʥʠʡ ʽ 

ʤʘʰʠʥʥʠʡ (ʢʦʤʙʘʡʥʦʚʠʡ). ɼʦ ʙʫʨʦʧʽʜʨʠʚʥʦʛʦ ʩʧʦʩʦʙʫ ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʥʷʪʪʻʚʠʭ 

ʚʽʜʥʦʩʷʪʴʩʷ: ʰʧʫʨʦʚʠʡ ʟ ʦʙʣʘʜʥʘʥʥʷʤ ʪʠʤʯʘʩʦʚʠʭ ʧʦʣʢʽʚ ʽ ʩʭʦʜʽʚ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʭʽʜʥʠʮʴʢʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʠʧʫ ʂʇɺ ʘʙʦ ʂʇʅ, ʽ ʩʝʢʮʽʡʥʠʡ ʟ ʧʽʜʨʠʚʘʥʥʷʤ ʛʣʠʙʦʢʠʭ 

ʩʚʝʨʜʣʦʚʠʥʥʠʭ ʟʘʨʷʜʽʚ [4]. ɸʥʘʣʽʟʦʤ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʜʞʝʨʝʣ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʘʣʽʟʦʨʫʜʥʠʤʠ ʰʘʭʪʘʤʠ ʂʨʠʚʦʨʽʟʴʢʦʛʦ ʙʘʩʝʡʥʫ ʱʦʨʽʯʥʦ ʧʨʦʚʦʜʠʪʴʩʷ ʙʣʠʟʴʢʦ 27 ʪʠʩ. ʤ 

ʧʽʜʥʷʪʪʻʚʠʭ [4]. ʇʦʜʘʣʴʰʠʤ ʘʥʘʣʽʟʦʤ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʥʷʪʪʻʚʠʭ ʚʠʨʦʙʦʢ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʫʤʦʚʘʭ ʰʘʭʪ ʂʨʠʚʦʨʽʟʴʢʦʛʦ ʙʘʩʝʡʥʫ ʜʦ 97 % ʟʘʛʘʣʴʥʦʾ ʧʨʦʪʷʞʥʦʩʪʽ 

ʧʽʜʥʷʪʪʻʚʠʭ ʚʠʨʦʙʦʢ ʧʨʦʚʦʜʷʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʫʨʦʧʽʜʨʠʚʥʠʭ ʨʦʙʽʪ (ɹʇʈ). ʎʝ ʚʢʘʟʫʻ ʥʘ 

ʪʝ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʦʭʽʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʘ ʢʦʤʙʘʡʥʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʥʷʪʪʻʚʠʭ 

ʥʝ ʤʦʞʝ ʧʦʚʥʽʩʪʶ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ ʙʣʦʢʽʚ ʜʦ 

ʦʯʠʩʥʠʭ ʨʦʙʽʪ. ʏʘʩ ʧʽʜʛʦʪʦʚʢʠ ʙʣʦʢʽʚ ʽ ʾʭ ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʥʷʪʪʻʚʠʭ. ɼʦʚʞʠʥʘ ʧʽʜʥʷʪʪʻʚʠʭ ʚʠʨʦʙʦʢ, ʷʢʽ 

ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ ʰʘʭʪʘʭ ʂʨʠʚʦʨʽʟʴʢʦʛʦ ʙʘʩʝʡʥʫ, ʧʽʜ ʯʘʩ ʧʽʜʛʦʪʦʚʢʠ ʙʣʦʢʽʚ ʜʦ ʦʯʠʩʥʠʭ 

ʨʦʙʽʪ, ʨʘʟʦʤ ʟ ʥʠʟʴʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʚʘʞʢʠʤʠ ʫʤʦʚʘʤʠ ʧʨʘʮʽ ʧʽʜ ʯʘʩ ʾʭ 

ʧʨʦʚʝʜʝʥʥʷ, ʚʠʤʘʛʘʶʪʴ ʧʦʰʫʢʫ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʩʧʦʨʫʜʞʝʥʥʷ. ʎʝ ʤʦʞʣʠʚʦ ʟʘʚʜʷʢʠ ʨʦʟʨʦʙʮʽ ʪʘ ʚʠʟʥʘʯʝʥʥʶ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɹʇʈ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʥʷʪʪʻʚʠʭ ʚʠʨʦʙʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʦʜʽʚ ʧʽʜʨʠʚʘʥʥʷ ʰʧʫʨʦʚʠʭ ʟʘʨʷʜʽʚ, ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʤʫʣʴʩʽʡʥʠʭ ʚʠʙʫʭʦʚʠʭ 

ʨʝʯʦʚʠʥ (ɽɺʈ) [5, 6]. 

ʇʨʦʚʝʜʝʥʥʷ ʧʽʜʥʷʪʪʻʚʠʭ ʚʠʨʦʙʦʢ ʚ ʫʤʦʚʘʭ ʰʘʭʪʠ çʖʚʽʣʝʡʥʘè ʇʨɸʊ çʉʫʭʘ 

ɹʘʣʢʘè ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʧʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ɹʇʈ ʤʦʞʝ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʠʪʠ ʙʝʟʧʝʢʫ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʭʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ ʽ ʧʨʠʟʚʝʜʝ ʜʦ 

ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʧʨʠ ʾʭ ʧʨʦʭʦʜʮʽ. ʊʦʤʫ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɹʇʈ 

ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʥʷʪʪʻʚʠʭ ʚʠʨʦʙʦʢ ʚ ʫʤʦʚʘʭ ʰʘʭʪʠ çʖʚʽʣʝʡʥʘè ʇʨɸʊ çʉʫʭʘ ɹʘʣʢʘè ʤʘʻ 

ʘʢʪʫʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. 

ɸʥʘʣʽʟʦʤ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʙʫʨʦʧʽʜʨʠʚʥʠʭ ʨʦʙʽʪ ʦʙʨʘʥʦ ʩʫʯʘʩʥʫ 

ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ɹʇʈ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʥʷʪʪʻʚʠʭ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ 

[4], ʫ ʷʢʽʡ ʟʘʢʣʘʜʝʥʦ ʧʨʠʥʮʠʧ ʨʦʟʤʽʱʝʥʥʷ ʛʨʫʧ ʰʧʫʨʽʚ ʟʘ ʧʣʦʱʘʤʠ, ʷʢʽ ʚʦʥʠ ʟʘʡʤʘʶʪʴ 

ʫ ʚʠʙʦʶ ʚʠʨʦʙʢʠ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʾʭ ʟʘ ʚʽʜʙʽʡʥʠʤʠ ʢʦʥʪʫʨʘʤʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 
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ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ɹʇʈ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʽʜʥʷʪʪʻʚʦʾ ʚʠʨʦʙʢʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʧʘʪʨʦʥʦʚʘʥʦʾ ɽɺʈ ɸʥʝʤʽʢʩ ʇ ʚ ʫʤʦʚʘʭ ʰʘʭʪʠ çʖʚʽʣʝʡʥʘè ʇʨɸʊ çʉʫʭʘ ɹʘʣʢʘè 

ʨʦʟʨʦʙʣʝʥʦ ʧʘʩʧʦʨʪ ɹʇʈ (ʨʠʩ. 1, ʘ) ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʰʧʫʨʽʚ ʫ 

ʚʠʙʦʶ ʚʠʨʦʙʢʠ ʥʘ 24 %, ʟ 17 ʰʪ. ʜʦ 13 ʰʪ. ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʽʶʯʠʤ ʧʘʩʧʦʨʪʦʤ ɹʇʈ. ɼʣʷ 

ʧʝʨʝʚʽʨʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɹʇʈ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʽʜʥʷʪʪʻʚʦʾ ʚʠʨʦʙʢʠ 

ʧʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʦʥ ʥʝʧʨʫʞʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʤʘʩʠʚʫ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʫ 

ʚʠʙʦʾ ʧʽʜʥʷʪʪʻʚʦʾ ʚʠʨʦʙʢʠ ʧʽʜ ʜʽʻʶ ʚʠʙʫʭʫ ʫ ʣʽʮʝʥʟʽʡʥʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʜʣʷ ʽʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʽʟʫ SolidWorks Simulation (ʨʠʩ. 1, ʙ). 

 

ʘ ʙ 

  

 

ʈʠʩʫʥʦʢ 1 ï ʈʦʟʪʘʰʫʚʘʥʥʷ ʰʧʫʨʽʚ ʫ ʚʠʙʦʾ (ʘ) ʪʘ ʟʦʥʠ ʥʝʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ (ʙ), 

ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʤʘʩʠʚʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʫ ʚʠʙʦʾ ʧʽʜʥʷʪʪʻʚʦʾ ʚʠʨʦʙʢʠ ʧʽʜ ʜʽʻʶ ʚʠʙʫʭʫ 

 

ɸʥʘʣʽʟʦʤ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʤʘʪʝʨʽʘʣʫ ʤʦʜʝʣʽ ʫ ʚʠʙʦʾ ʧʽʜʥʷʪʪʻʚʦʛʦ ʧʽʜ ʜʽʻʶ ʚʠʙʫʭʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʧʦʨʦʜʠ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʧʽʜʨʠʚʥʠʭ ʨʦʙʽʪ 

ʩʢʣʘʜʝ < 0.2 ʤ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɹʇʈ 

ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʥʷʪʪʻʚʦʾ ʚʠʨʦʙʢʠ ʫ ʟʘʜʘʥʠʭ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ ʜʦʟʚʦʣʠʪʴ 

ʫʥʠʢʥʫʪʠ ʚʠʭʦʜʫ ʥʝʛʘʙʘʨʠʪʥʠʭ ʢʫʩʢʽʚ ʧʦʨʦʜʠ ʧʽʩʣʷ ʚʠʙʫʭʫ. 
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ʝʥʝʨʛʦʤʝʭʘʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

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

 

ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʈɸʎɯʆʅɸʃʔʅʆɰ ʊɽʍʅʆʃʆɻɯʏʅʆɰ ʉʍɽʄʀ ɼʅʀʑɸ 

ɹʃʆʂɯɺɯɿ ɿɸʉʊʆʉʋɺɸʅʅʗʄ ʉɸʄʆʍɯɼʅʀʍ ɺɸʅʊɸɾʅʆ-ɼʆʉʊɸɺʅʀʍ 

ʄɸʐʀʅʇʈʀ ɺɯɼʇʈɸʎʖɺɸʅʅɯ ɿɸʇɸʉɯɺ ʈʋɼʀ ɺ ʋʄʆɺɸʍ ʐɸʍʊʀ 

çʂʈʀɺʆʈɯɿʔʂɸè ɸʊ çʂʈʀɺʆʈɯɿʔʂʀʁ ɿʈʂè 

 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʨʦʟʚʽʜʘʥʽ ʚʝʣʠʢʽ ʟʘʧʘʩʠ ʟʘʣʽʟʥʠʭ ʨʫʜ, ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʷʢʠʭ 

ʩʢʦʥʮʝʥʪʨʦʚʘʥʘ ʥʘ ʋʢʨʘʾʥʩʴʢʦʤʫ ʢʨʠʩʪʘʣʽʯʥʦʤʫ ʱʠʪʽ ʚ ʂʨʠʚʦʨʽʟʴʢʦʤʫ ʟʘʣʽʟʦʨʫʜʥʦʤʫ 

ʙʘʩʝʡʥʽ, ʢʦʪʨʠʡ ʨʘʟʦʤ ʟ ʂʨʝʤʝʥʯʫʮʴʢʠʤ ʪʘ ɹʽʣʦʟʽʨʩʴʢʠʤ ʟʘʣʽʟʦʨʫʜʥʠʤʠ ʨʘʡʦʥʘʤʠ 

ʫʪʚʦʨʶʶʪʴ ʨʘʡʦʥ ɺʝʣʠʢʦʛʦ ʂʨʠʚʦʛʦ ʈʦʛʫ [1]. 

ɻʦʣʦʚʥʽ ʨʝʩʫʨʩʠ ʙʘʛʘʪʠʭ ʟʘʣʽʟʥʠʭ ʨʫʜ ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʚ ʉʘʢʩʘʛʘʥʩʴʢʦʤʫ ʨʫʜʥʦʤʫ 

ʨʘʡʦʥʽ ʂʨʠʚʙʘʩʫ [2, 3]. ʋ ʮʴʦʤʫ ʨʘʡʦʥʽ ʟʜʽʡʩʥʶʻ ʨʦʟʨʦʙʢʫ ʨʫʜʥʠʭ ʧʦʢʣʘʜʽʚ ʰʘʭʪʘ 

çʂʨʠʚʦʨʽʟʴʢʘè ɸʊ çʂʨʠʚʦʨʽʟʴʢʠʡ ʟʘʣʽʟʦʨʫʜʥʠʡ ʢʦʤʙʽʥʘʪè, ʷʢʘ ʚʚʘʞʘʻʪʴʩʷ ʦʜʥʽʻʶ ʟ 

ʥʘʡʧʦʪʫʞʥʽʰʠʭ ʫ ʂʨʠʚʦʤʫ ʈʦʟʽ ʧʦ ʟʘʧʘʩʘʤ ʪʦʚʘʨʥʦʾ ʨʫʜʠ ʽ ʚʠʩʦʢʠʤ ʚʽʜʩʦʪʢʦʚʠʤ 

ʚʤʽʩʪʦʤ ʟʘʣʽʟʘ. ʅʘʡʙʽʣʴʰʝ ʦʨʫʜʥʝʥʥʷ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʚ ʧʦʨʦʜʘʭ ʧ'ʷʪʦʛʦ ʽ ʰʦʩʪʦʛʦ 

ʟʘʣʽʟʠʩʪʠʭ ʛʦʨʠʟʦʥʪʽʚ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ ʧʦʢʣʘʜʠ çʆʩʥʦʚʥʠʡ ï 95è, çʆʩʥʦʚʥʠʡ ï 

ʢʘʨôʻʨʫ ˉ5è ʽ çʇʘʨʘʣʝʣʴʥʠʡ ʢʘʨôʻʨʫ ˉ2è ʰʘʭʪʠ çʂʨʠʚʦʨʽʟʴʢʘè [4]. 

ʇʦʢʣʘʜ çʆʩʥʦʚʥʠʡ ï 95è ʻ ʥʘʡʙʽʣʴʰʠʤ ʫ ʰʘʭʪʥʦʤʫ ʧʦʣʽ, ʚ ʥʴʦʤʫ ʟʦʩʝʨʝʜʞʝʥʦ 

160,5 ʤʣʥ ʪ ʚʠʩʦʢʦʷʢʽʩʥʦʾ ʟʘʣʽʟʥʦʾ ʨʫʜʠ, ʱʦ ʩʢʣʘʜʘʻ 90% ʟʘʧʘʩʽʚ ʨʦʜʦʚʠʱʘ. ɼʦʚʞʠʥʘ 

ʧʦʢʣʘʜʫ ʟʘ ʧʨʦʩʪʷʛʘʥʥʷʤ ʜʦʩʷʛʘʻ 1400ï1580 ʤ, ʛʣʠʙʠʥʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʦʢʣʘʜʫ ï 

ʧʦʥʘʜ 2500 ʤ. ɼʦ ʛʣʠʙʠʥʠ 800ï900 ʤ ʧʦʢʣʘʜ ʙʫʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʪʨʴʦʤʘ ʨʫʜʥʠʤʠ ʪʽʣʘʤʠ, 

ʷʢʽ ʧʦʪʽʤ ʟʣʠʣʠʩʴ ʚ ʦʜʥʝ ʧʣʘʩʪʦʧʦʜʽʙʥʝ ʪʽʣʦ. ʇʦʪʫʞʥʽʩʪʴ ʧʦʢʣʘʜʫ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 160 ʤ 

ʥʘ ʧʽʚʜʥʽ ʜʦ 20 ʥʘ ʧʽʚʥʦʯʽ [5]. 

ʇʦʢʣʘʜ çʇʘʨʘʣʝʣʴʥʠʡ ʢʘʨô̒ ʨʫ ˉ 2è ʽʟ ʟʘʧʘʩʘʤʠ 4,1 ʤʣʥ ʪ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ 

ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʨʦʜʦʚʠʱʘ. ɼʦʚʞʠʥʘ ʧʦʢʣʘʜʫ 150ï180 ʤ. ʇʦʪʫʞʥʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ 

ʚʽʜ 10 ʤ ʜʦ 34 ʤ, ʩʝʨʝʜʥʷ ï 18 ʤ. ʇʦʢʣʘʜ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʜʦ ʛʣʠʙʠʥʠ 1315 ʤ. 

ʇʦʢʣʘʜ çʆʩʥʦʚʥʠʡ ʢʘʨô̒ ʨʫ ˉ5è ʚʢʣʶʯʘʻ 700 ʪʠʩ. ʪ ʨʫʜʠ ʽ ʻ ʤʘʣʦʧʦʪʫʞʥʠʤ ʽ 

ʩʪʦʚʧʦʧʦʜʽʙʥʠʤ. 

ʋʩʽ ʧʦʢʣʘʜʠ ʟʘʣʷʛʘʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʤʽʩʥʠʭ ʧʦʨʽʜ. ʂʫʪʠ ʧʘʜʽʥʥʷ ʨʫʜʥʠʭ ʪʽʣ ʥʝ 

ʧʝʨʝʚʠʱʫʶʪʴ 36ï51Á. ʉʭʠʣʝʥʥʷ ʪʦʨʮʽʚ ʧʦʢʣʘʜʽʚ ʷʢ ʧʽʚʜʝʥʥʝ, ʪʘʢ ʽ ʧʽʚʥʽʯʥʝ ʧʽʜ ʢʫʪʘʤʠ 

46ï88Á. 

ʇʦʢʣʘʜʠ ʩʢʣʘʜʝʥʽ ʤʘʨʪʠʪʦʚʠʤʠ, ʛʝʪʠʪ-ʛʝʤʘʪʠʪ-ʤʘʨʪʠʪʦʚʠʤʠ ʽ ʛʝʪʠʪ-ʛʝʤʘʪʠʪʦʚʠʤʠ 

ʨʫʜʘʤʠ. ʄʘʨʪʠʪʦʚʽ ʨʫʜʠ ʩʢʣʘʜʘʶʪʴ ʙʣʠʟʴʢʦ 82% ʟʘʧʘʩʽʚ ʚʩʽʭ ʨʽʟʥʦʚʠʜʽʚ ʨʫʜ. ʈʫʜʠ 

ʚʠʩʦʢʦʧʦʨʠʩʪʽ (22ï30%), ʨʠʭʣʽ, ʥʝʩʪʽʡʢʽ ʽ ʩʣʘʙʦʩʪʽʡʢʽ ʩʭʠʣʴʥʽ ʜʦ ʚʠʚʘʣʽʚ ʪʘ ʜʫʞʝ 

ʪʨʽʱʠʥʫʚʘʪʽ. ɺʤʽʩʪ ʟʘʣʽʟʘ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 52% ʜʦ 68%, ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʩʪʘʥʦʚʠʪʴ 58%. 

ʂʦʝʬʽʮʽʻʥʪ ʤʽʮʥʦʩʪʽ ʟʘʣʽʟʥʠʭ ʨʫʜ ʟʘ ʰʢʘʣʦʶ ʧʨʦʬ. ʄ.ʄ. ʇʨʦʪʦʜô̫ ʢʦʥʦʚʘ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ, ʩʪʨʫʢʪʫʨʠ, ʪʝʢʩʪʫʨʠ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʭʦʜʞʝʥʥʷ 

ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʾʭ ʫʪʚʦʨʝʥʥʽ ʽ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 2ï6. 

ʊʘʢʠʤ ʯʠʥʦʤ ʨʦʟʨʦʙʢʘ ʧʦʢʣʘʜʽʚ ʙʘʛʘʪʠʭ ʟʘʣʽʟʥʠʭ ʨʫʜ ʧʽʜʟʝʤʥʦʛʦ ʂʨʠʚʙʘʩʫ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʚʝʣʠʢʽʡ ʛʣʠʙʠʥʽ (1200ï1400 ʤ) [6] ʧʽʜ ʟʥʘʯʥʦʶ ʜʽʻʶ ʛʨʘʚʽʪʘʮʽʡʥʠʭ 

ʧʦʣʽʚ ʥʘʧʨʫʞʝʥʴ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʦʩʥʦʚʥʠʭ ʽ ʜʦʧʦʤʽʞʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʦʨʘʣʴʥʦ ʟʘʩʪʘʨʽʣʝ ʥʠʟʴʢʦʧʨʦʜʫʢʪʠʚʥʝ ʦʙʣʘʜʥʘʥʥʷ. ʈʽʚʝʥʴ ʤʝʭʘʥʽʟʘʮʽʾ 

ʧʨʘʮʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʩʽʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʦʧʝʨʘʮʽʡ ʥʝ ʧʝʨʝʚʠʱʫʻ 33ï45%, ʱʦ 

ʟʥʘʯʥʠʤ ʯʠʥʦʤ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʾʭ ʚʠʢʦʥʘʥʥʷ (33ï45% ʚʽʜ ʚʠʪʨʘʪ ʟʘ 



ʉɽʂʎɯʗ - ʊʈɸʅʉʇʆʈʊʅɯ ʉʀʉʊɽʄʀ, ɽʅɽʈɻʆʄɽʍɸʅɯʏʅɯ ʂʆʄʇʃɽʂʉʀ ʊɸ 

ɻɯʈʅʀʏʆʈʋɼʅɸ ɯʅɾɽʅɽʈɯʗ 

ʄʘʪʝʨʽʘʣʠ XIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè 2024 
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ʩʠʩʪʝʤʦʶ ʨʦʟʨʦʙʢʠ). ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ ʨʦʙʽʪʥʠʢʘ ʟʘ ʩʠʩʪʝʤʦʶ ʨʦʟʨʦʙʢʠ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 27ï43 ʪ/ʣʶʜ-ʟʤʽʥʫ. 

ɿʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʜʦʩʪʘʚʢʠ ʨʫʜʠ ʜʫʞʝ ʚʘʞʣʠʚʝ, ʪʘʢ ʷʢ ʪʨʫʜʦʚʽ ʽ 

ʤʘʪʝʨʽʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʜʦʩʪʘʚʢʫ ʨʫʜʠ ʜʦʩʷʛʘʶʪʴ ʟʘʟʚʠʯʘʡ 30ï50% ʚʩʽʭ ʚʠʪʨʘʪ ʥʘ ʦʯʠʩʥʝ 

ʚʠʡʤʘʥʥʷ ʽ ʣʠʰʝ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 10ï15% [7]. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʟʘʩʦʙʘʤʠ ʤʝʭʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʦʯʠʩʥʦʛʦ ʚʠʡʤʘʥʥʷ ʻ ʚʘʥʪʘʞʥʦ-

ʜʦʩʪʘʚʥʝ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʥʝʚʤʦʢʦʣʽʩʥʦʤʫ ʭʦʜʫ [8]. 

ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ ʪʝ, ʱʦ ʰʘʭʪʘ çʂʨʠʚʦʨʽʟʴʢʘè ʥʝ ʚʽʜʥʦʩʷʪʴ ʜʦ ʧʽʜʧʨʠʻʤʩʪʚ 

ʥʝʙʝʟʧʝʯʥʠʭ ʟʘ ʛʘʟʦʤ ʪʘ ʧʠʣʦʤ, ʧʨʦʪʝ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʧʦʢʣʘʜʽʚ ʥʘ ʛʣʠʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʫ ʚʠʙʦʾ ʟ ʧʦʛʣʠʙʣʝʥʥʷʤ 

ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ (ʚʦʥʘ ʩʪʘʥʦʚʠʪʴ ʙʽʣʴʰʝ 25Ü ʽ ʧʦʪʨʝʙʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʝʞʝʢʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ). ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ ʡ ʪʝ, ʱʦ ʰʘʭʪʥʽ ʚʠʙʦʾ 

ʛʣʠʙʦʢʠʭ ʛʦʨʠʟʦʥʪʽʚ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʦʪʫʞʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʻ ʚʘʞʢʦ 

ʧʨʦʚʽʪʨʶʚʘʥʠʤʠ (ʧʦʜʘʯʘ ʩʚʽʞʦʛʦ ʧʦʚʽʪʨʷ ʫ ʜʦʜʘʪʢʦʚʽʡ ʢʽʣʴʢʦʩʪʽ 6,8 ʤ
3
/ʢɺʪ ʧʦʪʫʞʥʦʩʪʽ 

ʜʠʟʝʣʽʚ ʻ ʚʘʞʢʦ ʟʜʽʡʩʥʶʚʘʥʠʤ, ʝʢʦʥʦʤʽʯʥʦ ʥʝʜʦʮʽʣʴʥʠʤ ʽ ʥʝʨʘʮʽʦʥʘʣʴʥʠʤ ʧʨʦʮʝʩʦʤ) 

[9]. 

ʅʘ ʦʩʥʦʚʽ ʚʠʱʝʚʢʘʟʘʥʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʘʤʦʭʽʜʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʢʘʙʝʣʴʥʦʤʫ ʞʠʚʣʝʥʥʽ ʧʨʠ ʚʽʜʧʨʘʮʶʚʘʥʥʽ ʧʦʢʣʘʜʽʚ ʥʘ ʛʣʠʙʦʢʠʭ 

ʛʦʨʠʟʦʥʪʘʭ ʰʘʭʪʠ çʂʨʠʚʦʨʽʟʴʢʘè ʻ ʥʘʡʢʨʘʱʠʤ ʩʝʨʝʜ ʫʩʽʭ ʤʦʞʣʠʚʠʭ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʭ ʚʘʨʽʘʥʪʽʚ ʤʝʭʘʥʽʟʦʚʘʥʦʾ ʜʦʩʪʘʚʢʠ ʜʣʷ ʜʘʥʠʭ ʫʤʦʚ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ 

ʜʦʩʪʘʚʢʠ ʨʫʜʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʘʤʦʭʽʜʥʦʾ ʚʘʥʪʘʞʥʦ-ʜʦʩʪʘʚʥʦʾ ʤʘʰʠʥʠ ʧʨʠ 

ʙʝʟʮʽʣʠʢʦʚʽʡ ʧʽʜʛʦʪʦʚʮʽ ʽ ʥʘʨʽʟʮʽ ʙʣʦʢʽʚ. 

ɼʣʷ ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ ʪʘ ʟʘʩʤʽʯʝʥʥʷ ʨʫʜʠ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʰʠʨʠʥʠ ʟʦʥʠ 

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

ʛʦʨʠʟʦʥʪʘʭ, ʷʢʽ ʨʦʟʤʽʱʘʶʪʴʩʷ ʩʪʫʧʽʥʯʘʩʪʦ ʦʜʠʥ ʥʘʜ ʽʥʰʠʤ. ɺʩʽ ʚʠʨʦʙʢʠ ʚʠʧʫʩʢʫ ʥʘ 

ʚʠʱʝʚʢʘʟʘʥʠʭ ʧʨʠʡʦʤʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʨʦʟʤʽʱʘʶʪʴ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʥʘ 

ʚʽʜʩʪʘʥʽ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠ ʤʘʩʦʚʦʤʫ ʚʠʧʫʩʢʫ ʦʙʚʘʣʝʥʦʾ ʨʫʜʠ ʚʟʘʻʤʦʜʽʶ ʬʽʛʫʨ ʚʠʧʫʩʢʫ 

ʽ ʨʦʟʧʫʰʝʥʥʷ, ʪʘ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʘʤ ʩʪʽʡʢʦʩʪʽ. ɺ ʜʘʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʮʷ ʚʽʜʩʪʘʥʴ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʽ ʤʽʞ ʚʝʨʭʥʽʤ ʪʘ ʥʠʞʥʽʤ ʧʨʠʡʤʘʣʴʥʠʤ ʛʦʨʠʟʦʥʪʦʤ ʩʪʘʥʦʚʠʪʴ 10 ʤ. 

ɺʠʧʫʩʢ ʪʘ ʜʦʩʪʘʚʢʘ ʦʙʚʘʣʝʥʦʾ ʨʫʜʠ ʧʨʦʚʦʜʠʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʥʘ ʜʚʦʭ ʧʨʠʡʤʘʣʴʥʠʭ 

ʛʦʨʠʟʦʥʪʘʭ ʩʘʤʦʭʽʜʥʠʤʠ ʚʘʥʪʘʞʥʦ-ʜʦʩʪʘʚʥʠʤʠ ʤʘʰʠʥʘʤʠ. 

ʇʨʠ ʪʘʢʽʡ ʩʝʨʝʜʥʽʡ ʜʦʚʞʠʥʽ ʜʦʩʪʘʚʢʠ ʨʫʜʥʦʾ ʤʘʩʠ ʪʘ ʨʦʙʦʪʽ ʜʚʦʭ ʩʘʤʦʭʽʜʥʠʭ 

ʚʘʥʪʘʞʥʦ-ʜʦʩʪʘʚʥʠʭ ʤʘʰʠʥ ʥʘ ʢʦʞʥʦʤʫ ʜʦʩʪʘʚʥʦʤʫ ʛʦʨʠʟʦʥʪʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʦʩʪʘʚʢʠ 

ʨʫʜʠ ʚ ʙʣʦʮʽ ʩʪʘʥʦʚʠʪʴ 2970 ʪ/ʟʤʽʥʫ. 
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GLOBAL EXPERIENCE IN UTILIZING MINED SPACES OF ORE MINES 

AND QUARRIES 

 

Global Experience in Utilizing Mined Spaces of Ore Mines Demonstrates that many 

countries are actively repurposing these areas for new infrastructure, tourism, and 

environmental projects. Closed mines are transformed into tourist attractions, research 

centers, or energy storage sites. Successful projects that utilize mined spaces include: 

ÅGermany: Zollverein Coal Mine (Essen, Ruhr Region) [1]: 

The Zollverein mine, which operated until 1986 extracting coal and ore, exemplifies 

successful mine space reconversion. The mine has been transformed into a cultural and 

museum complex, housing a modern art museum, exhibition halls, and cultural spaces. In 

2001, it was designated a UNESCO World Heritage Site. 

ÅCanada: Kidd Creek Mine (Ontario) [2]: 

Kidd Creek Mine, one of the world's deepest mines, is now partially used for waste storage 

post-extraction, but a significant portion of the tunnels has been repurposed for scientific 

research. Experiments in particle physics and cosmic ray studies are conducted here. 

ÅUnited Kingdom: Great Slate Mine (Wales): 

Former ore mines in the UK, such as Great Slate, have become tourist attractions. They are 

open to visitors, who can explore underground corridors and old mining structures. Some are 

also used for extreme sports, such as underground climbing or spelunking. 

ÅFrance: Lorraine Mines (Lorraine) [3]: 

After iron ore extraction ended, the Lorraine mines in France were converted into industrial 

and research centers. Zones for geothermal energy research were established here, and 

projects for renewable energy storage are in development. 

ÅSweden: Falun Mine (Falun) 

Falun Mine, which for centuries was one of the largest copper sources globally, is now part of 

a cultural complex protected by UNESCO. It has become a tourist attraction, showcasing 

mining equipment and the history of mining. 

ÅPoland: Wieliczka Salt Mine (Krak·w): 

The Wieliczka Salt Mine is one of the most renowned examples of mine reclamation. After 

salt extraction ceased, it was transformed into a tourist site. Inside, there are underground 

chapels carved from salt and museums that attract millions of visitors from around the world. 

ÅUSA: Homestake Mine (South Dakota): 

Previously the largest gold mine in the United States, Homestake Mine, after its closure in 

2002, became a scientific research facility. A laboratory was established here to study 

neutrinos and conduct particle physics experiments, as the underground environment is ideal 

for such research. 

ÅChile: Chuquicamata Mine: 

In Chile, following the end of extraction in some mines, local authorities plan to use these 

spaces for renewable energy infrastructure development. For example, there are discussions 

about installing solar and wind power plants on the sites of old mines. 

ÅUkraine: Kryvyi Rih Mines: 

Ukraine also has examples of repurposing mined ore spaces. In Kryvyi Rih, some abandoned 

mines have been turned into tourist routes. These underground areas are open to visitors, 

providing insight into the history of mining and ore extraction technologies. 
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Global Experience with Quarry Reclamation Demonstrates that mined quarries can be 

successfully transformed into new functional spaces. Such projects help minimize the 

ecological impact of resource extraction while creating infrastructure that fosters socio-

economic development. Four primary ways that mined quarries are used in different countries 

include: 

1. Environmental Rehabilitation and Reducing Environmental Impact. 

After extraction ends, quarries are often ecologically vulnerable. Without reclamation, 

they may cause soil erosion, dust pollution, water contamination, and biodiversity loss. 

Successful projects, like the Eden Project in the UK [4], show that these areas can be 

integrated into ecosystems, even enhancing their biodiversity value. 

2. Socio-Economic Opportunities. 

Quarry reclamation can be a powerful driver of tourism development and job creation. 

For instance, the Intercontinental Shanghai Wonderland [5] has become a popular hotel 

complex, attracting tourists and boosting regional development. 

3. Cultural and Educational Initiatives. 

Mined quarries are often used to create unique cultural spaces, such as the Dalhalla 

concert hall in Sweden or museums across Europe [6], which help preserve the legacy of 

extraction activities and support educational development within communities. 

4. Sustainable Development and New Urban Approaches. 

Utilizing abandoned quarries aligns with sustainable development goals, as it reduces 

the need for new land allocations and promotes the reuse of already disturbed areas [7]. This 

approach demonstrates that problematic landscapes can be seen as resources rather than 

burdens. 

Thus, transforming mined quarries is not only an ecological responsibility but also an 

economic and cultural opportunity, creating unique spaces for communities and improving 

quality of life. 

Given the number of abandoned quarries, Ukraine should consider international 

experience in the recreational and cultural use of mined spaces. This will help improve 

citizensô quality of life and foster environmental restoration in the regions. 
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ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʪʚʦʣʽʚ ʰʘʭʪ ʪʘ ʨʫʜʥʠʢʽʚ ʙʘʛʘʪʦ ʚ 

ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʛʽʨʥʠʯʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘʛʘʣʦʤ. 

ɹʝʟʘʚʘʨʽʡʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʢʣʽʪʴʦʚʠʭ ʽ ʩʢʽʧʦʚʠʭ ʧʽʜʡʦʤʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘʚʜʷʢʠ 

ʧʦʩʪʽʡʥʦʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʢʨʽʧʣʝʥʥʷ ʪʘ ʘʨʤʫʚʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʩʪʚʦʣʘ. ʐʘʭʪʥʽ ʩʪʚʦʣʠ ʤʦʞʥʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʷʢ ʪʘʢʽ, ʷʢʽ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʩʪʘʥʘʭ 

ʚʽʜ ʩʧʨʘʚʥʦʛʦ ʜʦ ʥʝʙʝʟʧʝʯʥʦ ʘʚʘʨʽʡʥʦʛʦ. ɺʽʜʧʦʚʽʜʥʦ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʨʦʢʫ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʽ ʷʚʠʱʘ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʚ 

ʰʘʭʪʥʠʭ ʩʪʚʦʣʘʭ ʪʘ ʧʦʪʨʝʙʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʩʫʚʥʦʾ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʦʾ 

ʧʽʜʡʦʤʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʠʪʴ ʩʧʝʮʽʘʣʴʥʘ ʢʣʽʪʴ [1]. 

ʊʝʭʥʦʣʦʛʽʯʥʠʤ ʬʘʢʪʦʨʦʤ ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʯʥʦʾ ʥʝʩʪʽʡʢʦʩʪʽ ʫ ʩʠʩʪʝʤʽ 

ʰʘʭʪʥʦʛʦ ʧʽʜʡʦʤʫ ʻ ʝʢʩʧʣʫʘʪʘʮʽʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʪʚʦʣʽʚ ʰʘʭʪ ʚ ʫʤʦʚʘʭ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʟʩʫʚʫ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ (ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʟʩʫʚ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʽ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʟ ʨʽʟʥʦʶ ʰʚʠʜʢʽʩʪʶ ʟʘ ʚʠʩʦʪʦʶ ʩʪʚʦʣʘ). ɺʥʘʩʣʽʜʦʢ 

ʟʨʫʰʝʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʨʫʰʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʪʚʦʣʽʚ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ: ʧʦʨʫʰʝʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʚʦʣʘ; 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʢʨʽʧʣʝʥʥʷ ʪʘ ʘʨʤʫʚʘʥʥʷ ʩʪʚʦʣʘ; ʫʪʚʦʨʝʥʥʷ ʫʩʪʫʧʽʚ ʥʘ ʩʪʠʢʘʭ 

ʧʨʦʚʽʜʥʠʢʽʚ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʧʽʜʚʠʱʝʥʽ ʦʜʠʥʦʯʥʽ ʫʜʘʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʙʦʢʫ 

ʧʽʜʡʦʤʥʠʭ ʧʦʩʫʜʠʥ; ʣʦʢʘʣʴʥʽ ʚʠʢʨʠʚʣʝʥʥʷ ʧʨʦʬʽʣʶ ʧʨʦʚʽʜʥʠʢʽʚ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ 

ʧʽʜʚʠʱʝʥʽ ʫʜʘʨʥʦ-ʮʠʢʣʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʙʦʢʫ ʧʽʜʡʦʤʥʠʭ ʧʦʩʫʜʠʥ; ʥʝʨʽʚʥʦʤʽʨʥʠʡ 

ʨʦʟʧʦʜʽʣ ʧʦ ʛʣʠʙʠʥʽ ʩʪʚʦʣʘ ʢʦʨʦʟʽʡʥʦʛʦ ʪʘ ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʦʩʫ ʧʨʦʚʽʜʥʠʢʽʚ ʪʘ ʨʦʟʩʪʨʽʣʽʚ 

ʧʽʜ ʜʽʻʶ ʘʛʨʝʩʠʚʥʦʛʦ ʰʘʭʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʘʚʠʣʘʤʠ ʙʝʟʧʝʢʠ ʫ ʚʫʛʽʣʴʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʝʨʝʜʙʘʯʝʥʦ ʱʦʨʽʯʥʠʡ ʢʦʥʪʨʦʣʴ ʧʨʦʬʽʣʶ ʧʨʦʚʽʜʥʠʢʽʚ, ʟʥʦʰʫʚʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʞʦʨʩʪʢʦʛʦ ʘʨʤʫʚʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʪʚʦʣʽʚ. ɸʣʝ ʮʝʡ ʚʠʜ ʢʦʥʪʨʦʣʶ ʚ ʫʤʦʚʘʭ 

ʧʦʩʪʽʡʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘʚʢʦʣʦʩʪʚʦʣʴʥʦʛʦ ʤʘʩʠʚʫ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ 

ʜʦʩʪʦʚʽʨʥʦʾ ʦʮʽʥʢʠ ʩʪʘʥʫ ʘʨʤʫʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʟʘʣʠʰʢʦʚʠʭ ʟʘʧʘʩʽʚ 

ʤʽʮʥʦʩʪʽ ʾʾ ʝʣʝʤʝʥʪʽʚ ʪʘ ʧʽʜʡʦʤʥʠʭ ʩʫʜʠʥ [2]. ɹʝʟʧʝʢʘ ʧʽʜʡʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʤʽʩʮʝʚʠʭ ʚʠʢʨʠʚʣʝʥʴ ʧʨʦʚʽʜʥʠʢʽʚ, ʟʦʢʨʝʤʘ ʥʘ ʩʧʦʣʫʯʝʥʥʽ ʩʪʚʦʣʽʚ 

ʽʟ ʛʦʨʠʟʦʥʪʘʤʠ, ʽ ʚʝʣʠʯʠʥʠ ʟʚʫʞʝʥʥʷ ʯʠ ʨʦʟʰʠʨʝʥʥʷ ʢʦʣʽʾ. ʆʩʢʽʣʴʢʠ ʚʠʢʨʠʚʣʝʥʥʷ 

ʧʨʦʚʽʜʥʠʢʽʚ ʘʨʤʫʚʘʥʥʷ ʫ ʩʪʚʦʣʘʭ, ʷʢʽ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʟʦʥʘʭ ʚʧʣʠʚʫ ʧʨʦʮʝʩʽʚ ʟʩʫʚʫ 

ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 600..1500 ʤʤ ʧʨʠ ʛʣʠʙʠʥʘʭ 500...1000 ʤ, ʪʦ ʧʨʘʢʪʠʯʥʦ 

ʥʝʤʦʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʻʢʪʥʽ ʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʢʦʣʽʾ ʧʨʦʚʽʜʥʠʢʽʚ  ʪʘ ʙʝʟʧʝʯʥʽ ʫʤʦʚʠ 

ʢʽʥʝʤʘʪʠʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤʠ çʢʣʽʪʴ ï ʧʨʦʚʽʜʥʠʢʠè. ʅʘ ʮʽ ʫʤʦʚʠ ʚʧʣʠʚʘʻ ʽ ʩʪʘʪʠʯʥʝ 

ʨʦʟʰʠʨʝʥʥʷ ʯʠ ʟʚʫʞʝʥʥʷ ʢʦʣʽʾ ʧʨʦʚʽʜʥʠʢʽʚ, ʽ ʾʭ ʜʠʥʘʤʽʯʥʠʡ ʧʨʦʛʽʥ ʧʽʜ ʜʽʻʶ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ (ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʢʨʠʚʣʝʥʥʷ ʧʨʦʚʽʜʥʠʢʽʚ), ʽ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʟʘʟʦʨʽʚ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ ʧʨʦʚʽʜʥʠʢʘ ʪʘ ʥʘʧʨʷʤʥʠʭ ʢʣʽʪʽ [3]. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʦʾ ʢʣʽʪʽ ʥʘ ʜʽʣʷʥʢʘʭ ʩʪʚʦʣʘ, ʜʝ ʥʝ ʜʦʪʨʠʤʘʥʦ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ 

ʙʝʟʧʝʢʠ, ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʘʙʦ ʜʦ ʾʾ ʟʘʢʣʠʥʶʚʘʥʥʷ, ʘʙʦ ʜʦ ʚʠʭʦʜʫ ʟ ʢʦʣʽʾ ʧʨʦʚʽʜʥʠʢʽʚ. 



ʉɽʂʎɯʗ - ʊʈɸʅʉʇʆʈʊʅɯ ʉʀʉʊɽʄʀ, ɽʅɽʈɻʆʄɽʍɸʅɯʏʅɯ ʂʆʄʇʃɽʂʉʀ ʊɸ 

ɻɯʈʅʀʏʆʈʋɼʅɸ ɯʅɾɽʅɽʈɯʗ 

ʄʘʪʝʨʽʘʣʠ XIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè 2024 
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ʅʝʧʨʠʧʫʩʪʠʤʽ ʜʝʬʦʨʤʘʮʽʾ, ʫʥʘʩʣʽʜʦʢ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ ʟʫʧʠʥʝʥʘ ʨʦʙʦʪʘ ʧʽʜʡʦʤʫ, ʤʦʞʫʪʴ 

ʚʠʥʠʢʥʫʪʠ ʧʽʜ ʯʘʩ ʫʜʘʨʥʠʭ ʘʚʘʨʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʘʨʤʫʚʘʥʥʷ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʫ 

ʨʘʟʽ ʦʙʨʠʚʫ ʧʽʜʡʦʤʥʦʛʦ ʢʘʥʘʪʫ ʽ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʧʘʨʘʰʫʪʽʚ ʘʙʦ ʧʘʜʽʥʥʷ ʫ ʩʪʚʦʣ 

ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʧʨʝʜʤʝʪʽʚ (ʚʘʛʦʥʝʪʦʢ, ʦʙʣʘʜʥʘʥʥʷ, ʰʤʘʪʢʽʚ ʯʠ ʝʣʝʤʝʥʪʽʚ ʢʨʽʧʣʝʥʥʷ, 

ʱʦ ʚʽʜʰʘʨʫʚʘʣʠʩʷ, ʪʦʱʦ) ʚ ʝʣʝʤʝʥʪʘʭ ʘʨʤʫʚʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʨʝʘʣʴʥʠʭ 

ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʧʨʦʬʽʣʶʚʘʥʥʷ ʧʨʦʚʽʜʥʠʢʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʘʚʽʪʴ ʥʘʷʚʥʽʩʪʴ 

ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʟʘʟʦʨʫ ʚ 20 ʤʤ ʤʽʞ ʥʘʧʨʷʤʥʦʶ ʢʦʚʟʘʥʥʷ ʢʣʽʪʽ ʪʘ ʧʨʦʚʽʜʥʠʢʦʤ ʥʝ ʟʘʚʞʜʠ 

ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʨʝʰʢʦʜʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʢʣʽʪʽ ʥʘ ʜʽʣʷʥʢʘʭ ʩʪʚʦʣʘ, ʜʝ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʥʘʯʥʽ ʧʨʦʩʪʦʨʦʚʽ ʚʠʢʨʠʚʣʝʥʥʷ ʧʨʦʚʽʜʥʠʢʽʚ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʟʘʟʦʨʫ ʞʦʨʩʪʢʽʩʥʽ ʪʘ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʧʨʷʤʥʠʭ ʚʫʟʣʽʚ ʤʘʶʪʴ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʱʦʥʘʡʤʝʥʰʝ 40 ʤʤ ʭʦʜʫ ʥʘʧʨʷʤʥʠʭ ʾʾ ʢʦʚʟʘʥʥʷ, ʱʦʙ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ 

ʙʝʟʧʝʯʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʢʣʽʪʽ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʠʭ ʨʦʙʽʪ [4]. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʬʫʥʢʮʽʡ ʰʘʭʪʥʦʾ ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʦʾ ʢʣʽʪʽ ʫ 

ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʦʙʪʦ ʨʝʞʠʤʫ ʨʫʭʫ ʚʽʜʥʦʩʥʦ ʘʨʤʫʚʘʥʥʷ ʚʟʜʦʚʞ ʫʩʴʦʛʦ ʩʪʚʦʣʘ, ʚ 

ʣʦʙʦʚʽʡ ʪʘ ʙʽʯʥʽʡ ʧʣʦʱʠʥʘʭ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʨʝʰʢʦʜʥʠʡ ʾʾ ʨʫʭ ʧʦ ʧʨʦʚʽʜʥʠʢʘʭ, 

ʢʦʥʩʪʨʫʢʮʽʷ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʽʪʽ, ʥʘʧʨʷʤʥʠʭ ʾʾ ʢʦʚʟʘʥʥʷ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʣʽʪʽ ʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʪʚʦʣʘʭ ʰʘʭʪ ʪʘ ʨʫʜʥʠʢʽʚ. 
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la cage de d p̄annage et sauvetage. ɯʥʥʦʚʘʮʽʡʥʠʡ ʨʦʟʚʠʪʦʢ ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʛʘʣʫʟʽ: 

ʤʘʪʝʨʽʘʣʠ ɯɯ ʄʽʞʥʘʨ. ʥʘʫʢ.-ʪʝʭʥ. ʽʥʪʝʨʥʝʪ-ʢʦʥʬ., ʤ. ʂʨʠʚʠʡ ʨʽʛ, 14 ʛʨʫʜʥʷ 2017 ʨ. ʂʅʋ. 

ʂʨʠʚʠʡ ʨʽʛ, 2017. ʉ. 271. 

2. ɯʣʴʾʥʘ ʉ. ʉ. ɸʥʘʣʽʟ ʫʤʦʚ ʨʦʙʦʪʠ ʩʢʽʧʽʚ ʫ ʩʪʦʚʙʫʨʘʭ ʟ ʧʦʨʫʰʝʥʦʶ ʛʝʦʤʝʪʨʽʻʶ ʪʘ 

ʟʘʩʦʙʽʚ ʩʪʘʙʽʣʽʟʘʮʽʾ ʾʭʥʴʦʛʦ ʨʫʭʫ. ɻʽʨʥʠʯʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʘ ʪʘ ʘʚʪʦʤʘʪʠʢʘ. 2008. ɺʠʧ. 

81, ʉ. 145 ï 149. 

3. ɺʘʩʠʣʴʢʝʚʠʯ ɺ. ɯ. ʈʦʟʨʦʙʢʘ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʚʠʟʥʘʯʝʥʥʷ ʪʘ 

ʦʮʽʥʢʠ ʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤ çʧʦʩʫʜʠʥʘ-ʘʨʤʫʚʘʥʥʷè ʰʘʭʪʥʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʩʪʦʚʙʫʨʽʚ : ʘʚʪʦʨʝʬ. ʜʠʩ. é ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ : 05.05.06. ɼʥʽʧʨʦ, 2019. 27 ʩ. 

4. ʊʨʦʬʠʤʦʚʘ ʆ. ʇ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚʟʘʻʤʦʜʽʾ ʥʘʧʨʷʤʥʠʭ ʢʦʚʟʘʥʥʷ 

ʘʚʘʨʽʡʥʦ-ʨʷʪʫʚʘʣʴʥʦʾ ʢʣʽʪʽ ʟ ʞʦʨʩʪʢʠʤʠ ʧʨʦʚʽʜʥʠʢʘʤʠ ʘʨʤʫʚʘʥʥʷ ʩʪʚʦʣʘ. ʄʘʪʝʤʘʪʠʯʥʽ 

ʧʨʦʙʣʝʤʠ ʪʝʭʥʽʯʥʦʾ ʤʝʭʘʥʽʢʠ ⱷ 2013: ʤʘʪʝʨʽʘʣʠ ʄʽʞʥʘʨ. ʥʘʫʢ. ʢʦʥʬ., 

ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢ, 15-18 ʢʚʽʪʥʷ 2013 ʨ. ɼɼʊʋ. ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢ, 2013. ʉ.64 ï 65. 

 

 

  



ʉɽʂʎɯʗ - ʊʈɸʅʉʇʆʈʊʅɯ ʉʀʉʊɽʄʀ, ɽʅɽʈɻʆʄɽʍɸʅɯʏʅɯ ʂʆʄʇʃɽʂʉʀ ʊɸ 

ɻɯʈʅʀʏʆʈʋɼʅɸ ɯʅɾɽʅɽʈɯʗ 

ʄʘʪʝʨʽʘʣʠ XIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè 2024 

187 

ʋɼʂ 622.673  

 

ʂʦʩʦʥʦʛ ɺ.ɼ. ʙʘʢʘʣʘʚʨ ʛʨ. 184-22ʩʢ-1 ɯʇ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʂʦʤʽʩʩʘʨʦʚ ʖ.ʆ., ʩʪ. ʚʠʢʣ. ʢʘʬʝʜʨʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʪʘ 

ʝʥʝʨʛʦʤʝʭʘʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ  

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

 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʇɸʈʂʋ ɹɸʈɸɹɸʅʅʀʍ ʐɸʍʊʅʀʍ ʇɯɼʁʆʄʅʀʍ 

ʄɸʐʀʅ ɿɸ ʈɸʍʋʅʆʂ ʄʆɼɽʈʅɯɿɸʎɯɰ ɻɸʃʔʄɯɺʅʆɰ ʉʀʉʊɽʄʀ 

 

ʇʨʠ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʧʽʜʟʝʤʥʠʤ ʩʧʦʩʦʙʦʤ ʫ ʩʢʣʘʜʥʦʤʫ ʣʘʥʮʶʟʽ 

ʧʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʦʧʝʨʘʮʽʡ ʦʜʥʝ ʟ ʛʦʣʦʚʥʠʭ ʤʽʩʮʴ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʰʘʭʪʥʽ 

ʧʽʜʡʦʤʥʽ ʫʩʪʘʥʦʚʢʠ (ʐʇʋ). ɿʘʛʘʣʴʥʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ ʚʠʜʦʙʫʪʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʣʘʜʽʚ ʥʘʢʣʘʜʘʻ ʩʚʽʡ ʚʽʜʙʠʪʦʢ ʥʘ ʭʘʨʘʢʪʝʨ 

ʨʦʟʚʠʪʢʫ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʰʘʭʪʥʦʛʦ ʧʽʜʡʦʤʫ. 

ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʽʜʡʦʤʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ 

ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʻʤʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʽʜʡʦʤʥʠʭ ʩʫʜʠʥ, ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ (ʫʧʦʚʽʣʴʥʝʥʥʷ, ʧʨʠʩʢʦʨʝʥʥʷ), ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ 

ʧʽʜʡʦʤʥʠʭ ʤʘʰʠʥ ʪʘ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʧʽʜʡʦʤʫ. 

ɻʘʣʴʤʽʚʥʘ ʩʠʩʪʝʤʘ ʰʘʭʪʥʦʾ ʧʽʜʡʦʤʥʦʾ ʤʘʰʠʥʠ (ʐʇʄ) ʻ ʚʘʞʣʠʚʠʤ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʩʢʣʘʜʦʚʠʤ ʝʣʝʤʝʥʪʦʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʝʨʫʭʦʤʽʩʪʴ ʢʘʥʘʪʦʚʝʜʫʯʦʛʦ 

ʦʨʛʘʥʫ ʚ ʧʝʨʽʦʜ ʧʘʫʟ ʤʽʞ ʧʽʜʡʦʤʘʤʠ, ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ʚ ʧʝʨʽʦʜ ʫʧʦʚʽʣʴʥʝʥʥʷ ʘ 

ʪʘʢʦʞ ʘʚʘʨʽʡʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʠ ʧʦʨʫʰʝʥʥʽ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʢʠ.  

ɿʥʘʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʛʘʣʴʤʽʚʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟʨʦʩʪʘʻ ʫ ʟʚ'ʷʟʢʫ 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʫʭʦʤʠʭ ʤʘʩ, ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʪʘ ʯʘʩʪʦʪʠ ʛʘʣʴʤʫʚʘʥʥʷ. ɻʘʣʴʤʽʚʥʘ 

ʩʠʩʪʝʤʘ ʩʫʯʘʩʥʠʭ ʧʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʰʠʥ ʧʨʦʪʷʛʦʤ ʢʦʨʦʪʢʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ 

ʧʦʚʠʥʥʘ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʥʘ 

ʪʝʧʣʦʚʫ ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ ʾʾ ʧʝʨʝʜʘʯʫ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʙʝʟ ʟʥʠʞʝʥʥʷ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʛʘʣʴʤʘ ʪʘ ʤʘʰʠʥʠ ʟʘʛʘʣʦʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʥʦʨʤʘʣʴʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʧʽʜʡʦʤʥʠʭ ʤʘʰʠʥ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʥʘʜʽʡʥʦ 

ʜʽʶʯʠʤʠ ʛʘʣʴʤʽʚʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʷʢʽ ʤʘʶʪʴ ʟʫʧʠʥʷʪʠ ʤʘʰʠʥʫ ʽ ʚʘʥʪʘʞ ʥʘ ʧʝʚʥʦʤʫ 

ʰʣʷʭʫ ʛʘʣʴʤʫʚʘʥʥʷ ʪʘ ʫʪʨʠʤʫʚʘʪʠ ʡʦʛʦ ʫ ʧʽʜʚʽʰʝʥʦʤʫ ʩʪʘʥʽ ʧʨʠ ʟʘʜʘʥʦʤʫ ʟʘʧʘʩʽ 

ʛʘʣʴʤʫʚʘʥʥʷ ʪʘ ʟʘʜʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʫʧʦʚʽʣʴʥʝʥʥʷ. ɺʠʤʦʛʠ ʱʦʜʦ ʨʝʞʠʤʽʚ ʛʘʣʴʤʫʚʘʥʥʷ 

ʞʦʨʩʪʢʦ ʨʝʛʣʘʤʝʥʪʫʶʪʴʩʷ ʇʨʘʚʠʣʘʤʠ ʙʝʟʧʝʢʠ [1,2].  

ʇʦ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʢʦʥʘʚʯʦʛʦ ʦʨʛʘʥʫ ʛʘʣʴʤʽʚʥʽ ʧʨʠʩʪʨʦʾ ʐʇʄ ʧʦʜʽʣʷʶʪʴ ʥʘ 

ʢʦʣʦʜʢʦʚʽ ʨʘʜʽʘʣʴʥʦʛʦ ʪʠʧʫ ʟ ʢʫʪʦʚʠʤ ʪʘ ʧʦʩʪʫʧʘʣʴʥʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ ʢʦʣʦʜʦʢ ʪʘ 

ʘʢʩʽʘʣʴʥʦʛʦ ʪʠʧʫ ʟ ʦʩʴʦʚʠʤ  ʧʝʨʝʤʽʱʝʥʥʷʤ ʢʦʣʦʜʦʢ (ʜʠʩʢʦʚʽ ʛʘʣʴʤʘ) [3]. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʘ ʰʘʭʪʘʭ ɿʘʭʽʜʥʦʛʦ ɼʦʥʙʘʩʫ, ʂʨʠʚʦʨʽʟʴʢʦʛʦ ʪʘ 

ʄʘʨʛʘʥʝʮʴʢʦʛʦ ʨʫʜʥʠʭ ʙʘʩʝʡʥʽʚ ʚ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʘʨʘʙʘʥʥʽ 

ʪʘ ʟʽ ʰʢʽʚʦʤ ʪʝʨʪʷ ʰʘʭʪʥʽ ʧʽʜʡʦʤʥʽ ʤʘʰʠʥʠ, ʷʢʽ ʤʘʶʪʴ ʛʘʣʴʤʽʚʥʫ ʩʠʩʪʝʤʫ ʨʘʜʽʘʣʴʥʦʛʦ 

ʪʠʧʫ ʽʟ ʧʥʝʤʦ-ʚʘʥʪʘʞʥʠʤ, ʧʨʫʞʠʥʥʦ-ʛʽʜʨʘʚʣʽʯʥʠʤ, ʧʨʫʞʠʥʦ-ʧʥʝʚʤʘʪʠʯʥʠʤ ʘʙʦ ʧʥʝʤʦ- 

ʚʘʥʪʘʞʥʦ-ʧʨʫʞʠʥʥʠʤ ʧʨʠʚʦʜʦʤ ʛʘʣʴʤʘ ʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʫʪʪʻʚʦʶ ʤʝʪʘʣʦʻʤʥʽʩʪʶ ʪʘ 

ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʤ ʯʘʩʦʤ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ (ʚʽʜ 0,3 ʜʦ 0,6 ʩ). ɽʣʝʤʝʥʪʠ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ 

ʤʘʰʠʥʠ (ʚʘʣʠ, ʙʘʨʘʙʘʥʠ, ʛʘʣʴʤʽʚʥʽ ʧʦʣʷ ʪʘ ʽʥ.), ʚʠʛʦʪʦʚʣʝʥʽ 50-60 ʨʦʢʽʚ ʧʦʪʦʤʫ ʽ ʤʘʶʪʴ 

ʩʫʪʪʻʚʠʡ ʟʥʦʩ, ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʪʨʽʱʠʥʠ, ʱʦ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝ ʤʦʞʝ ʙʫʪʠ ʫʩʫʥʝʥʦ 

ʙʝʟ ʟʘʤʽʥʠ ʢʘʥʘʪʦʚʝʜʫʯʦʛʦ ʦʨʛʘʥʫ ʚ ʮʽʣʦʤʫ. ʊʘʢʽ ʦʙʩʪʘʚʠʥʠ ʦʙʤʝʞʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ, 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚ ʮʽʣʦʤʫ. 

ɿ ʢʽʥʮʷ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʫ ʢʨʘʾʥʘʭ ʟʘʨʫʙʽʞʞʷ ʪʨʘʜʠʮʽʡʥʽ ʨʘʜʽʘʣʴʥʽ ʛʘʣʴʤʘ 

ʧʽʜʡʦʤʥʦʾ ʤʘʰʠʥʠ ʟ ʚʘʞʽʣʴʥʦʶ ʧʝʨʝʜʘʯʝʶ ʛʘʣʴʤʽʚʥʠʭ ʟʫʩʠʣʴ ʧʦʚʩʶʜʥʦ ʚʠʪʽʩʥʝʥʽ 

ʛʽʜʨʘʚʣʽʯʥʠʤʠ ʢʦʨʦʪʢʦʭʽʜʥʠʤʠ ʙʝʟʚʘʞʽʣʴʥʠʤʠ ʜʠʩʢʦʚʠʤʠ ʛʘʣʴʤʘʤʠ. 

ɼʦ ʧʝʨʝʚʘʛ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤ ʚʽʜʥʦʩʷʪʴʩʷ: 
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- ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʽʜʡʦʤʫ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, 
ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ;  

- ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʴʦʚʘʥʦʛʦ 

ʟʘʧʦʙʽʞʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʪʘ ʚʠʩʦʢʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʛʘʣʴʤʽʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

- ʩʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ ʧʨʦʩʪʦʾʚ ʧʽʜʡʦʤʫ ʯʝʨʝʟ ʚʠʭʽʜ ʟ ʣʘʜʫ ʛʘʣʴʤʽʚʥʦʾ ʩʠʩʪʝʤʠ ʟʘ 
ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʾ ʥʘʜʽʡʥʦʩʪʽ; 

- ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤ ʪʘ ʧʦʚ'ʷʟʘʥʝ ʟ 
ʮʠʤ ʟʥʠʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʧʽʜʚʠʱʫʻ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʦʩʥʦʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʧʽʜʡʦʤʥʦʾ ʫʩʪʘʥʦʚʢʠ (ʢʘʥʘʪʽʚ, ʧʨʠʯʽʧʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ 

ʧʽʜʡʦʤʥʦʾ ʤʘʰʠʥʠ ʪʦʱʦ); 

- ʫ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤ ʟʥʘʯʥʦ ʚʠʱʘ ʰʚʠʜʢʦʜʽʷ ʟʘ ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʭʦʣʦʩʪʦʛʦ 
ʭʦʜʫ (ʦʨʽʻʥʪʦʚʥʦ ʚ 3 ʨʘʟʠ) ʪʘ ʯʘʩʫ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ; 

- ʫ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʦʯʥʽʩʪʴ ʟʫʧʠʥʢʠ ʧʽʜʡʦʤʥʦʾ ʧʦʩʫʜʠʥʠ ʟʘ 
ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʛʘʣʴʤʘ, ʘ, ʦʪʞʝ, ʽ ʪʦʯʥʽʩʪʴ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʮʠʢʣʫ; 

- ʛʘʣʴʤʽʚʥʽ ʝʣʝʤʝʥʪʠ ʜʠʩʢʦʚʠʭ ʛʘʣʴʤ ʜʦʧʫʩʢʘʶʪʴ ʰʠʨʦʢʫ ʫʥʽʬʽʢʘʮʽʶ ʜʣʷ ʨʽʟʥʠʭ 
ʪʠʧʽʚ ʧʽʜʡʦʤʥʦʾ ʤʘʰʠʥʠ, ʱʦ ʜʫʞʝ ʟʨʫʯʥʦ ʜʣʷ ʚʝʣʠʢʠʭ ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, 

ʱʦ ʤʘʶʪʴ ʢʽʣʴʢʘ ʧʽʜʡʦʤʽʚ; 

- ʜʠʩʢʦʚʽ ʛʘʣʴʤʘ ʤʘʶʪʴ ʚʠʱʫ ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʦʩʪʽ; 

- ʜʠʩʢʦʚʽ ʛʘʣʴʤʘ ʤʘʶʪʴ ʚʠʱʠʡ ʂʂɼ, ʧʨʦʩʪʽʰʽ ʚ ʥʘʣʘʛʦʜʞʝʥʥʽ ʪʘ ʢʝʨʫʚʘʥʥʽ; 

- ʩʠʣʠ ʧʨʠʪʠʩʢʘʥʥʷ ʛʘʣʴʤʽʚʥʠʭ ʢʦʣʦʜʦʢ ʜʦ ʜʠʩʢʘ ʚʟʘʻʤʥʦ ʚʨʽʚʥʦʚʘʞʫʶʪʴʩʷ ʽ ʥʝ 

ʥʘʚʘʥʪʘʞʫʶʪʴ ʙʘʨʘʙʘʥ ʪʘ ʣʦʙʦʚʠʥʠ ʨʘʜʽʘʣʴʥʠʤʠ ʟʫʩʠʣʣʷʤʠ; 

- ʧʨʠ ʨʽʚʥʠʭ ʛʘʣʴʤʽʚʥʠʭ ʤʦʤʝʥʪʘʭ ʜʠʩʢʦʚʝ ʛʘʣʴʤʦ ʢʦʤʧʘʢʪʥʽʰʝ ʽ ʣʝʛʰʝ 

ʨʘʜʽʘʣʴʥʦʛʦ, ʫ ʥʴʦʛʦ ʤʝʥʰʘ ʽʥʝʨʮʽʡʥʽʩʪʴ, ʚʠʱʘ ʰʚʠʜʢʦʜʽʷ, ʙʽʣʴʰʘ ʪʦʯʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʰʠʥʦʶ; 

- ʧʣʦʩʢʘ ʧʦʚʝʨʭʥʷ ʛʘʣʴʤʽʚʥʦʾ ʢʦʣʦʜʢʠ ʤʝʥʰ ʩʭʠʣʴʥʘ ʜʦ ʪʝʧʣʦʚʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʘ 
ʛʘʣʴʤʽʚʥʝ ʧʦʣʝ ʤʘʻ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʦʭʦʣʦʜʞʝʥʥʷ, ʷʢ ʢʦʥʚʝʢʮʽʡʥʠʤ ʰʣʷʭʦʤ, ʽ ʰʣʷʭʦʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 

- ʪʝʧʣʦʚʝ ʨʦʟʰʠʨʝʥʥʷ ʜʠʩʢʘ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪ ʛʘʣʴʤʫʚʘʥʥʷ. 

ɸʥʘʣʽʟ ʨʦʟʚʠʪʢʫ ʐʇʋ ʧʦʢʘʟʫʻ ʪʝʥʜʝʥʮʽʶ ʾʭ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʫ ʥʘʧʨʷʤʽ 

ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ, ʟʥʠʞʝʥʥʷ ʤʝʪʘʣʦʻʤʥʦʩʪʽ, ʱʦ ʥʝʤʦʞʣʠʚʦ 

ʟʜʽʡʩʥʠʪʠ ʙʝʟ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʨʦʙʦʯʦʛʦ ʪʘ ʟʘʧʦʙʽʞʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ.  

ʇʝʨʩʧʝʢʪʠʚʥʝ ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʧʘʨʢʫ ʐʇʄ ʧʨʦʚʽʜʥʠʭ ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʋʢʨʘʾʥʠ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʦ ʟʘ ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʠʩʢʦʚʠʭ 

ʛʘʣʴʤʽʚʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦ ʨʝʛʫʣʴʦʚʘʥʦʛʦ ʟʘʧʦʙʽʞʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ, ʱʦ 

ʚʽʜʥʦʩʥʦ ʣʝʛʢʦ ʚʠʨʽʰʫʻʪʴʩʷ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʚ ʽʩʥʫʶʯʫ ʢʦʥʩʪʨʫʢʮʽʶ ʛʘʣʴʤʽʚʥʠʭ 

ʜʠʩʢʽʚ, ʧʦʩʪʘʤʝʥʪʽʚ ʟ ʛʘʣʴʤʽʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʪʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ.  ʈʦʟʨʦʙʢʦʶ ʪʘ 

ʩʪʚʦʨʝʥʥʷʤ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘʡʤʘʶʪʴʩʷ ʙʘʛʘʪʦ ʧʝʨʝʜʦʚʠʭ ʟʘʨʫʙʽʞʥʠʭ ʬʽʨʤ ʚ ʦʙʣʘʩʪʽ 

ʰʘʭʪʥʦʛʦ ʧʽʜʡʦʤʫ ʽ ʧʨʦʚʽʜʥʽ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʽ ʦʨʛʘʥʽʟʘʮʽʾ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ [3]. ɺʠʩʦʢʘ 

ʚʘʨʪʽʩʪʴ ʪʘʢʠʭ ʛʘʣʴʤ ʢʦʤʧʝʥʩʫʻʪʴʩʷ  ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʜʦʩʢʦʥʘʣʽʩʪʶ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ʇʨʘʚʠʣʘ ʙʝʟʧʝʢʠ ʚ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪʘʭ [ɽʣʝʢ. ʨʝʩʫʨʩ]: ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://zakon3.rada.gov.ua/laws/show/z0398-10 

2. ʇʨʘʚʠʣʘ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ ʨʫʜʥʠʭ ʪʘ ʥʝʨʫʜʥʠʭ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ ʧʽʜʟʝʤʥʠʤ ʩʧʦʩʦʙʦʤ  [ɽʣʝʢ. ʨʝʩʫʨʩ]: ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: https://zakon.rada.gov.ua/laws/show/z0129-17%20. 

3. ʐʘʭʪʥʠʡ ʧʽʜʡʦʤ. ʅʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʝ ʚʠʜʘʥʥʷ. (2007) ɹʝʞʦʢ ɺ.ʈ., ɼʚʦʨʥʠʢʦʚ 

ɺ.ɯ., ʄʘʥʝʮ ɯ.ɻ., ʇʨʠʩʪʨʦʤ ɺ.ɸ; ʟʘʛ. ʨʝʜ. ɹ.ɸ ɻʨʷʜʫʱʽʡ, ɺ.ɸ. ʂʦʨʩʫʥ. ɼʦʥʝʮʴʢ: 

ʇʽʚʜʝʥʥʠʡ-ʉʭʽʜ ʃʪʜ. 624 ʩ. 

http://zakon3.rada.gov.ua/laws/show/z0398-10
https://zakon.rada.gov.ua/laws/show/z0129-17%20.


 
 

ʄʘʪʝʨʽʘʣʠ XIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè 2024 

189 

 

 

 

 

 

 

 

 

 

 

 

 

ɻʝʦʜʝʟʽʷ ʪʘ ʟʝʤʣʝʫʩʪʨʽʡ 

 

 

 

 

 

 

 

 

 

 



ʉɽʂʎɯʗ - ɻɽʆɼɽɿɯʗ ʊɸ ɿɽʄʃɽʋʉʊʈɯʁ 

ʄʘʪʝʨʽʘʣʠ XIɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʴ: ʥʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾè 2024 

190 

UDC 528.8, 630*6 

 

Delgado-Altes B., Geomatics & Surveying Engineering Degree Student 

Supervisor: Prof. Dr. Jorge Delgado-Garc²a, Assistant Professor, Dpt. Cartographical, 

Geodetical and Photogrammetric Eng. 
(Universidad de Ja®n, Ja®n, Spain) 
 

RANDOM FOREST CLASSIFICATION OF S1/S2 IMAGERY FOR 

DEFORESTATION MONITORING IN UPPER PARAGUAY REGION (2015 -2022) 

 

According to FAO (2020), one of the main environmental problems of our society is 

deforestation and forest degradation. The magnitude of the problem is so important that the 

UN within the Agenda for Sustainable Development establishes one goal directly related to 

the environment (SDG 15), having relationships with other objectives. One of the most 

important characteristics of deforestation is its spatio-temporal component; they are dynamic 

phenomena that can affect large areas of land in a short period of time, causing serious 

problems. For this reason, that for several decades the initiatives for the control of 

deforestation through the application of remote sensing techniques have been a constant, since 

the initial works of, among others, Iverson et al. (1989) and Baltaxe (1986). The improvement 

in the quality of the images, as well as the greater availability of them, and the advances in 

computer systems and software, have led to the widespread use of these techniques as tools 

for global monitoring. 

In this paper, an example of application for the monitoring is presented. The proposed 

methodology is based on open access information (Sentinel imagery) and which has been 

processed by means of open-source software (SNAP, ESA 2022) using a personal computer. 

The methodology combines multispectral and RADAR images in order to have a 

deforestation monitoring of an area located in northern Paraguay, affected by strong 

deforestation processes in the period between 2015 and the present. 

 

  
Figure 1. Left: Cultivated fields in deforested areas in Paraguay (World Land Trust, 2014), Right: 

Examples of forest fires in the study area (Sentinel 2A-MSIL2A image 2019/09/7) RGB (12, 11, 

8A). 
 

The area selected for this study corresponds to the Teniente Pico and Teniente 

Mart²nez areas of the Mariscal Jos® F®lix Estegarribia municipality, in the province of 

Boquer·n in the Republic of Paraguay. This is a province that has serious deforestation 

problems, and Global Forest Watch identifies a loss of 902km
2
 of forest cover in this area in 

2021, equivalent to 18.2Mt of CO2 emissions. The area has an approximate surface of 

12.500km
2
. 

One of the objectives of this study is the use of free use information, and images from the 

Copernicus program (https://www.copernicus.eu/en) have been used for the analysis of 

deforestation. Taking into account the problems of cloudiness in this area (something frequent 

in forest areas) a methodology has been chosen that combines a total of 7 images from the 

RADAR S1 (GRD-IW VV+VH) sensor with 7 images from the multispectral S2 sensor, one 

per year, between 2015 and 2022. In all cases, the image was taken in August to facilitate the 
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comparison. One of the objectives of this study is the use of free use information, and images 

from the Copernicus program (https://www.copernicus.eu/en) have been used for the analysis 

of deforestation. Taking into account the problems of cloudiness in this area (something 

frequent in forest areas) a methodology has been chosen that combines a total of 7 images 

from the RADAR S1 sensor with 7 images from the multispectral S2 sensor, one per year, 

between 2015 and 2022. In all cases, the image was taken in August to facilitate the 

comparison. The proposed methodology is show in figure 2. 

 

 
Figure 2. General schema of proposed methodology. 
 

Figure 3 shows an example of the classification results corresponding to the 

multispectral and RADAR images of both 2015 and 2021 and the deforestation evolution. In 

the 2015-2022 period, the cultivated plots in the area of interest have increased by 50%, 

which means around 4900 km2 of new crops that have displaced the natural vegetation. The 

average classification accuracy levels are equal to 98.43% por S1 and 99.43% for S2, and the 

use of additional variables (GLCM for S1 and NDVI for S2) is considered of great interest in 

the improvement of the classification. The differences between the results obtained from S1 

and S2 are less than 5% in all years, with mean values of 1.67%. In 2017 in which the images 

only differed by one day, the difference was only, 0.36%. 
 

  
 

Figure 3. Left and middle: Imagery 2015 and 2022 (top) and classification (bottom), S1 

(left), S2 (middle); Right: Deforestation evolution. 

The main conclusion that can be drawn from this work is the capacity of Remote 

Sensing to monitor spatio-temporal dynamic phenomena. Used methodology, which combines 

multispectral images with RADAR images, is considered to be an optimal solution for areas 

where the presence of clouds is common.  On the other hand, the supervised classification 

using the RF method allows obtaining high quality results in terms of semantic segmentation 

of the different land uses. The use of additional variables (NDVI and GLCM statistics) is 

considered of great interest in the improvement of the classification itself.  
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URBAN HEAT ISLANDS CHARACTERIZATION USING SENTINEL 3 SLSTR.  

A CASE STUDY IN MADRID (SPAIN, SEPTEMBER 2024) 

 

According to a World Bank report (2023), currently more than half of the world's 

population lives in urban areas, and the growth of these areas is expected to continue in the 

coming decades, especially in certain regions (Central and South America and Asia), so that 

by 2050 it is estimated that 7 out of 10 people will be living in urban areas. It is clear that 

these are areas with special problems, since they imply on the one hand a strong dynamism of 

change with very important contributions to the GDP (80% of GDP is linked to these areas), 

but also environmental alterations that must be taken into account, due to the consequences 

not only for the environment, but also for the quality of life and health of the people who live 

in them.  

This paper presents an example of an application of urban heat island characterization using 

images from the Sentinel 3 SLSTR sensor over the city of Madrid, and attempts to establish 

relationships with other parameters, such as population density. The work is based on the 

methodology proposed by Serco Italia SpA (2018), and has been applied using in all cases 

available open data (satellite images, statistical information and administrative boundaries) 

and from the ESA SNAP 11.0 software, also of free use. 

The U.S. Environmental Protection Agency (EPA) defines an urban heat island as a 

phenomenon that occurs in ñurbanized areas that experience higher temperatures than the 

surrounding peripheral areasò as a result of human activity in those areas. In this sense, we 

could speak of a thermal phenomenon caused by the fact that these are areas in which human 

activity itself generates a greater emission of energy into the environment (traffic, heating, air 

conditioning, industry, etc.) and, on the other hand, with materials that tend to exert an inertia 

effect (buildings, streets, etc.) in which there is also less vegetation cover and the soil is 

exposed to a higher level of radiation, together with the limitations to the action of the wind 

by the buildings themselves. Thus, this phenomenon is especially evident at night, since while 

the city environment has lower temperatures, in the area of the cities the energy accumulated 

during the day is emitted. This results in differences, which can be significant in temperature 

between the city and its own geographical environment. See Hibbart et al. (2017) for 

additional information. 

The selected study area corresponds to the city of Madrid (Spain), a city that currently 

has a population of 3,332,035 people (2023) in an area of 604.45 km2, resulting in a 

population density of 5418.47 inhabitants/km2, representing 12.7% of the national GDP 

(2022).  

For the characterization of temperature, images from the Sentinel-3 SLSTR sensor have been 

used, which provides direct LST (land-surface temperature) information (Polehampton et al., 

2023). This sensor provides direct LST information over the entire surface of the planet with a 
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native resolution of 1km and a frequency of at least 2 times per day (diurnal and nocturnal). 

The information has a level of uncertainty that in the image considered for the study area was 

on average 0.92ÜK, also includes information on the elements that can affect the measurement 

of the same -presence of aerosols or clouds, etc.-. The image used was captured by the 

Sentinel-3B SLSTR sensor on September 24, 2024 at 22:20:19 UTC, and it is a cloud-free 

image. 

The methodology applied is shown in Figure 1 and consisted basically in selecting the image, 

cropping it to the area of interest and reprojecting it according to the official coordinate 

system of the country (in this area EPSG:25830). Then, a series of points have been selected 

as representative of the temperature of the geographical environment from which the average 

temperature of the same has been calculated. This average temperature has been subtracted 

from the information of the image itself in order to highlight the positive and negative 

anomalies existing in the area, which have been grouped according to the different districts 

into which the city is divided and are represented considering as a reference the population 

density calculated in them (from Madrid City Council 

(https://www.madrid.es/portal/site/munimadrid).  

 

 
Figure 2. General schema of proposed methodology. 

 

Figure 3 shows the results of the analysis, representing the thermal anomaly at the 

district level and its population density. It can be seen that the average anomaly is 1.62ÜC in 

the whole area, although it can be observed that there are municipalities in the central area 

where the anomaly reaches 4-5ÜC (4.58ÜC). Likewise, in the central zone, the effect of the 

well-known Retiro Park (a historical park located in the centre of Madrid since the 17th 

century) can be observed, which reduces the night-time temperature in its surroundings by 

2ÜC.  

 

 
 

Figure 3. Night temperature anomaly (in colour) and population density (in pink circles) by 

districts in the Madrid area in QGIS environment. 

 

https://www.madrid.es/portal/site/munimadrid
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This study shows the potential of current satellite sensors for measuring the 

temperature of the earth's surface, providing information of extraordinary quality that allows, 

even with limited means, a precise characterization of the effects of thermal anomalies of 

urban heat islands. 
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ʇʈɸɺʆɺɯ ʊɸ ʇʈʆʎɽɼʋʈʅɯ ɸʉʇɽʂʊʀ ʅɸɼɸʅʅʗ ɿɽʄɽʃʔʅʀʍ ɼɯʃʗʅʆʂ ʋ 

ʇʆʉʊɯʁʅɽ ʂʆʈʀʉʊʋɺɸʅʅʗ ɼʃʗ ɿɸʂʃɸɼɯɺ ʆʉɺɯʊʀ 
 

ʅʘʜʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʫ ʧʦʩʪʽʡʥʝ ʢʦʨʠʩʪʫʚʘʥʥʷ ʟʘʢʣʘʜʘʤ ʦʩʚʽʪʠ ʻ 

ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʦʩʚʽʪʥʴʦʾ ʩʬʝʨʠ ʪʘ ʥʘʜʘʥʥʷ ʷʢʽʩʥʠʭ ʦʩʚʽʪʥʽʭ 

ʧʦʩʣʫʛ ʚ ʋʢʨʘʾʥʽ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ ʟʝʤʝʣʴʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʜʣʷ ʧʨʦʚʘʜʞʝʥʥʷ 

ʾʭʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ 

ʟʘʭʠʱʘʻ ʾʭʥʽ ʽʥʪʝʨʝʩʠ ʧʨʦʪʷʛʦʤ ʜʦʚʛʦʛʦ ʧʝʨʽʦʜʫ. ɺʘʞʣʠʚʠʤ ʫ ʮʴʦʤʫ ʧʠʪʘʥʥʽ ʻ ʥʘʣʝʞʥʝ 

ʦʬʦʨʤʣʝʥʥʷ ʨʝʯʦʚʠʭ ʧʨʘʚ ʥʘ ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ, ʱʦ ʜʦʟʚʦʣʷʣʦ ʙ ʾʤ 

ʙʝʟʧʝʨʝʰʢʦʜʥʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʩʚʽʡ ʧʦʪʝʥʮʽʘʣ ʪʘ ʫʥʠʢʘʪʠ ʨʽʟʥʦʛʦ ʨʦʜʫ ʢʦʥʬʣʽʢʪʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚôʷʟʘʥʽ ʽʟ ʚʽʜʩʫʪʥʽʩʪʶ ʦʬʦʨʤʣʝʥʥʷ ʘʙʦ ʥʝʥʘʣʝʞʥʠʤ ʦʬʦʨʤʣʝʥʥʷʤ 

ʧʨʘʚʦʚʩʪʘʥʦʚʣʶʶʯʠʭ ʜʦʢʫʤʝʥʪʽʚ ʥʘ ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ. 

ʆʩʥʦʚʥʠʤʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʤʠ ʘʢʪʘʤʠ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʟʝʤʝʣʴʥʽ ʚʽʜʥʦʩʠʥʠ ʫ 

ʩʬʝʨʽ ʥʘʜʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʫ ʢʦʨʠʩʪʫʚʘʥʥʷ ʟʘʢʣʘʜʘʤ ʦʩʚʽʪʠ ʻ ɿʝʤʝʣʴʥʠʡ ʢʦʜʝʢʩ 

ʋʢʨʘʾʥʠ [1], ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʦʩʚʽʪʫè [2]. ʊʘʢ, ʯʘʩʪʠʥʦʶ ʜʨʫʛʦʶ ʩʪʘʪʪʽ 92 [1] 

ʚʠʟʥʘʯʝʥʦ, ʱʦ ʟʘʢʣʘʜʠ ʦʩʚʽʪʠ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ ʚʣʘʩʥʦʩʪʽ ʤʦʞʫʪʴ ʥʘʙʫʚʘʪʠ 

ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ ʫ ʧʦʩʪʽʡʥʝ ʢʦʨʠʩʪʫʚʘʥʥʷ. ʏʘʩʪʠʥʦʶ ʧʝʨʰʦʶ ʩʪʘʪʪʽ 80 [2] ʚʠʟʥʘʯʝʥʦ, 

ʱʦ ʜʦ ʤʘʡʥʘ ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ ʥʘʣʝʞʠʪʴ ʥʝʨʫʭʦʤʝ ʪʘ ʨʫʭʦʤʝ ʤʘʡʥʦ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʟʝʤʝʣʴʥʽ 

ʜʽʣʷʥʢʠ, ʘ ʪʘʢʦʞ ʤʘʡʥʦʚʽ ʧʨʘʚʘ.  

ɹʽʣʴʰʽʩʪʴ ʟʘʢʣʘʜʽʚ ʜʦʰʢʽʣʴʥʦʾ ʪʘ ʟʘʛʘʣʴʥʦʾ ʩʝʨʝʜʥʴʦʾ ʦʩʚʽʪʠ ʧʝʨʝʙʫʚʘʶʪʴ ʫ 

ʢʦʤʫʥʘʣʴʥʽʡ ʚʣʘʩʥʦʩʪʽ ʽ ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦʤʫ ʚʠʢʦʥʘʚʯʦʤʫ ʦʨʛʘʥʫ ʤʽʩʴʢʦʾ 

ʨʘʜʠ, ʷʢʠʡ ʨʝʛʫʣʶʻ ʧʨʦʚʘʜʞʝʥʥʷ ʾʭʥʴʦʾ ʜʽʣʷʥʦʩʪʽ. ɺʠʢʦʥʘʚʯʠʡ ʦʨʛʘʥ ʤʽʩʴʢʦʾ ʨʘʜʠ ʻ 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʟʘ ʥʘʣʝʞʥʝ ʦʬʦʨʤʣʝʥʥʷ ʧʨʘʚʦʚʩʪʘʥʦʚʣʶʶʯʠʭ ʜʦʢʫʤʝʥʪʽʚ ʥʘ ʥʝʨʫʭʦʤʝ 

ʤʘʡʥʦ ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ. ʅʘ ʧʨʘʢʪʠʮʽ ʟʘʢʣʘʜʠ ʦʩʚʽʪʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʩʘʤʦʩʪʽʡʥʽ ʪʘ 

ʥʝʩʘʤʦʩʪʽʡʥʽ. ʈʽʟʥʠʮʷ ʪʫʪ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʷʢʠʤ ʯʠʥʦʤ ʦʙʣʽʢʦʚʫʻʪʴʩʷ ʤʘʡʥʦ ʟʘʢʣʘʜʽʚ 

ʦʩʚʽʪʠ: ʥʘ ʙʘʣʘʥʩʽ ʩʘʤʦʛʦ ʟʘʢʣʘʜʫ ʯʠ ʥʘ ʙʘʣʘʥʩʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʠʢʦʥʘʚʯʦʛʦ ʦʨʛʘʥʫ 

ʤʽʩʴʢʦʾ ʨʘʜʠ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʘʢʣʘʜ ʦʩʚʽʪʠ ʩʘʤʦʩʪʽʡʥʠʡ, ʩʫʙ'ʻʢʪʦʤ ʟʝʤʝʣʴʥʠʭ 

ʧʨʘʚʦʚʽʜʥʦʩʠʥ ʚʠʩʪʫʧʘʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʢʣʘʜ, ʘ ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ï 

ʚʽʜʧʦʚʽʜʥʠʡ ʚʠʢʦʥʘʚʯʠʡ ʦʨʛʘʥ ʤʽʩʴʢʦʾ ʨʘʜʠ, ʷʢʦʤʫ ʚʽʥ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ.  

ʅʘʜʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʫ ʧʦʩʪʽʡʥʝ ʢʦʨʠʩʪʫʚʘʥʥʷ ʟʘʢʣʘʜʘʤ ʦʩʚʽʪʠ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʝʪʘʧʽʚ: 

1) ʆʪʨʠʤʘʥʥʷ ʜʦʟʚʦʣʫ ʥʘ ʨʦʟʨʦʙʣʝʥʥʷ ʟʝʤʣʝʚʧʦʨʷʜʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. ʅʘ ʮʴʦʤʫ 

ʝʪʘʧʽ ʟʘʢʣʘʜ ʦʩʚʽʪʠ ʘʙʦ ʚʠʢʦʥʘʚʯʠʡ ʦʨʛʘʥ, ʷʢʦʤʫ ʚʽʥ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʨʛʘʥʫ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ, ʷʢʠʡ ʤʘʻ ʧʨʘʚʦ ʨʦʟʧʦʨʷʜʞʘʪʠʩʷ ʽ 

ʥʘʜʘʚʘʪʠ ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ ʫ ʢʦʨʠʩʪʫʚʘʥʥʷ. 

2) ʈʦʟʨʦʙʣʝʥʥʷ ʟʝʤʣʝʚʧʦʨʷʜʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. ʎʝʡ ʝʪʘʧ ʚʢʣʶʯʘʻ ʟʘʢʫʧʽʚʣʶ 
ʧʦʩʣʫʛ ʪʘ ʫʢʣʘʜʝʥʥʷ ʜʦʛʦʚʦʨʫ (ʫʢʣʘʜʝʥʥʷ ʧʨʷʤʦʛʦ ʜʦʛʦʚʦʨʫ ʙʝʟ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʜʫʨʠ 

ʟʘʢʫʧʽʚʣʽ), ʧʽʜʛʦʪʦʚʢʫ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʥʘʜʘʥʥʷ ʾʭ ʚʽʜʧʦʚʽʜʥʽʡ ʟʝʤʣʝʚʧʦʨʷʜʥʽʡ 

ʦʨʛʘʥʽʟʘʮʽʾ, ʧʨʦʚʝʜʝʥʥʷ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ, ʩʢʣʘʜʘʥʥʷ ʧʨʦʝʢʪʫ ʟʝʤʣʝʫʩʪʨʦʶ 

ʟ ʜʦʜʘʚʘʥʥʷʤ ʫʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʦʛʦʜʞʝʥʥʷ ʤʝʞ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʽʟ 

ʩʫʤʽʞʥʠʤʠ ʟʝʤʣʝʚʣʘʩʥʠʢʘʤʠ ʪʘ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʘ ʪʘʢʦʞ ʦʪʨʠʤʘʥʥʷ ʚʠʪʷʛʽʚ ʟ 

ʤʽʩʪʦʙʫʜʽʚʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʪʘ ɼʝʨʞʘʚʥʦʛʦ ʟʝʤʝʣʴʥʦʛʦ ʢʘʜʘʩʪʨʫ.  

3) ɿʘʪʚʝʨʜʞʝʥʥʷ ʟʝʤʣʝʚʧʦʨʷʜʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. ɿʘʪʚʝʨʜʞʝʥʥʷ ʟʝʤʣʝʚʧʦʨʷʜʥʦʾ 
ʜʦʢʫʤʝʥʪʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʨʛʘʥʘʤʠ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʧʨʠʡʥʷʪʪʷʤ ʨʽʰʝʥʥʷ 

ʧʨʦ ʧʝʨʝʜʘʯʫ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʫ ʧʦʩʪʽʡʥʝ ʢʦʨʠʩʪʫʚʘʥʥʷ. ɼʣʷ ʧʨʠʡʥʷʪʪʷ ʪʘʢʦʛʦ 

ʨʽʰʝʥʥʷ ʜʦ ʦʨʛʘʥʫ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʧʦʜʘʻʪʴʩʷ ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʦʝʢʪ 
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ʟʝʤʣʝʫʩʪʨʦʶ. ʈʽʰʝʥʥʷ ʦʨʛʘʥʫ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʻ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʨʝʯʦʚʠʭ ʧʨʘʚ ʥʘ ʟʝʤʝʣʴʥʫ ʜʽʣʷʥʢʫ. 

4) ʈʝʻʩʪʨʘʮʽʷ ʨʝʯʦʚʠʭ ʧʨʘʚ ʥʘ ʟʝʤʝʣʴʥʫ ʜʽʣʷʥʢʫ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʝʩʪʠ ʜʝʨʞʘʚʥʫ ʨʝʻʩʪʨʘʮʽʶ ʨʝʯʦʚʠʭ ʧʨʘʚ. ɼʝʨʞʘʚʥʘ ʨʝʻʩʪʨʘʮʽʷ ʧʨʘʚʘ ʚʣʘʩʥʦʩʪʽ ʽ 

ʧʨʘʚʘ ʧʦʩʪʽʡʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʜʝʨʞʘʚʥʠʤ ʨʝʻʩʪʨʘʪʦʨʦʤ ʥʘ ʧʽʜʩʪʘʚʽ 

ʧʦʜʘʥʦʛʦ ʜʦ ʎʝʥʪʨʫ ʥʘʜʘʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʧʦʩʣʫʛ ʨʽʰʝʥʥʷ ʦʨʛʘʥʫ ʤʽʩʮʝʚʦʛʦ 

ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ. ɺʣʘʩʥʠʢʦʤ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʚʠʩʪʫʧʘʪʠʤʝ ʚʽʜʧʦʚʽʜʥʠʡ ʦʨʛʘʥ 

ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ, ʘ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʯʝʤ ï ʟʘʢʣʘʜ ʦʩʚʽʪʠ ʦʩʦʙʠʩʪʦ ʘʙʦ ʞ 

ʚʽʜʧʦʚʽʜʥʠʡ ʚʠʢʦʥʘʚʯʠʡ ʦʨʛʘʥ, ʷʢʦʤʫ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʟʘʢʣʘʜ ʦʩʚʽʪʠ. 

ʇʨʠ ʧʝʨʝʜʘʯʽ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʫ ʧʦʩʪʽʡʥʝ ʢʦʨʠʩʪʫʚʘʥʥʷ ʟʘʢʣʘʜʘʤ ʦʩʚʽʪʠ 

ʚʠʥʠʢʘʶʪʴ ʧʝʚʥʽ ʧʨʦʙʣʝʤʠ. ʇʝʨʰ ʟʘ ʚʩʝ, ʥʘʛʘʜʘʻʤʦ, ʱʦ ʟʘʢʣʘʜʠ ʦʩʚʽʪʠ ʫ ʙʽʣʴʰʦʩʪʽ 

ʩʚʦʾʡ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʢʦʤʫʥʘʣʴʥʽʡ ʚʣʘʩʥʦʩʪʽ, ʜʝʷʢʽ ï ʫ ʜʝʨʞʘʚʥʽʡ. ɺʽʜʧʦʚʽʜʥʦ, ʪʘʢʽ 

ʟʘʢʣʘʜʠ ʬʽʥʘʥʩʫʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʝʨʞʘʚʥʠʭ ʪʘ ʤʽʩʮʝʚʠʭ ʙʶʜʞʝʪʽʚ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʝʚʥʠʭ ʪʨʫʜʥʦʱʽʚ ʚ ʦʧʝʨʘʪʠʚʥʦʤʫ ʦʬʦʨʤʣʝʥʥʽ ʧʨʘʚʦʚʩʪʘʥʦʚʣʶʶʯʠʭ ʜʦʢʫʤʝʥʪʽʚ. ʇʦ-

ʜʨʫʛʝ, ʦʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ, ʱʦ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʫ ʧʨʦʮʝʩʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʝʤʣʝʚʧʦʨʷʜʥʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ ï ʮʝ ʚʽʜʩʪʫʥʽʩʪʴ ʯʽʪʢʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ. ʅʝʪʦʯʥʦʩʪʽ 

ʟʘʩʪʘʨʽʣʠʭ ʜʘʥʠʭ ʫ ɭʜʠʥʠʭ ʪʘ ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʭ, ʟʦʢʨʝʤʘ ɼʝʨʞʘʚʥʦʤʫ ʟʝʤʝʣʴʥʦʤʫ 

ʢʘʜʘʩʪʨʽ, ʩʧʨʠʯʠʥʷʶʪʴ ʥʝʚʠʟʥʘʯʝʥʥʽʩʪʴ ʤʝʞ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ, ʾʾ ʧʣʦʰʽ, ʮʽʣʴʦʚʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ.  

ʆʜʥʠʤ ʟ ʘʩʧʝʢʪʽʚ ʥʘʜʘʥʥʷ ʜʦʟʚʦʣʫ ʥʘ ʨʦʟʨʦʙʣʝʥʥʷ ʟʝʤʣʝʚʧʦʨʷʜʥʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ ʥʘ ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ ʻ ʥʘʷʚʥʽʩʪʴ ʟʘʨʝʻʩʪʨʦʚʘʥʦʛʦ ʧʨʘʚʘ 

ʚʣʘʩʥʦʩʪʽ ʥʘ ʙʫʜʽʚʣʽ ʽ ʩʧʦʨʫʜʠ, ʦʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ ʽʩʥʫʶʪʴ ʚʞʝ 

ʜʝʩʷʪʠʣʽʪʪʷʤʠ. ɺ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʬʦʨʤʫʚʘʥʥʷ ʜʦʢʫʤʝʥʪʽʚ ʧʨʦ ʧʨʘʚʦ ʚʣʘʩʥʦʩʪʽ ʥʘ 

ʙʫʜʽʚʣʽ ʪʘ ʩʧʦʨʫʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʟ ʜʦʧʫʱʝʥʥʷʤ ʧʦʤʠʣʦʢ. ʅʘʧʨʠʢʣʘʜ, ʚʽʜʩʫʪʥʽʩʪʴ ʚ 

ʦʧʠʩʽ ʦʙ'ʻʢʪʘ ʥʝʨʫʭʦʤʦʛʦ ʤʘʡʥʘ ʦʜʥʽʻʾ ʟʽ ʩʧʦʨʫʜ, ʘʙʦ ʥʝʚʥʝʩʝʥʥʷ ʦʜʥʽʻʾ ʟ ʧʽʜʩʪʘʚ 

ʨʝʻʩʪʨʘʮʽʾ ʪʘʢʦʛʦ ʧʨʘʚʘ. ɺʠʧʨʘʚʣʝʥʥʷ ʪʘʢʠʭ ʧʦʤʠʣʦʢ ʟʘʪʷʛʫʻ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʟʝʤʣʝʚʧʦʨʷʜʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʦʛʦ ʧʨʦʮʝʩʫ ʧʝʨʝʜʘʯʽ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʫ 

ʧʦʩʪʽʡʥʝ ʢʦʨʠʩʪʫʚʘʥʥʷ ʟʘʢʣʘʜʘʤ ʦʩʚʽʪʠ ʚʘʞʣʠʚʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʨʝʩʫʨʩʫ, 

ʷʢʠʡ ʤʽʩʪʠʪʠʤʝ ʘʢʪʫʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ. ʊʘʢʠʡ ʨʝʩʫʨʩ ʜʦʟʚʦʣʠʪʴ 

ʧʨʠʩʢʦʨʠʪʠ ʧʝʨʝʜʘʯʫ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʟʘʢʣʘʜʘʤ ʦʩʚʽʪʠ. ʊʘʢʦʞ ʩʣʽʜ ʟʘʧʨʦʚʘʜʠʪʠ 

ʩʧʨʦʱʝʥʫ ʧʨʦʮʝʜʫʨʫ ʧʦʛʦʜʞʝʥʥʷ ʪʘ ʟʘʪʚʝʨʜʞʝʥʥʷ ʜʦʢʫʤʝʥʪʘʮʽʾ ʽʟ ʟʝʤʣʝʫʩʪʨʦʶ, ʱʦ 

ʥʘʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʩʢʦʨʦʪʠʪʠ ʪʝʨʤʽʥʠ ʤʽʞ ʧʦʯʘʪʢʦʚʠʤ ʪʘ ʢʽʥʮʝʚʠʤ 

ʝʪʘʧʦʤ ʦʬʦʨʤʣʝʥʥʷ ʜʦʢʫʤʝʥʪʽʚ.  

ʄʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʫ ʧʦʩʪʽʡʥʝ ʢʦʨʠʩʪʫʚʘʥʥʷ ʟʘʢʣʘʜʘʤʠ 

ʦʩʚʽʪʠ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʩʪʘʙʽʣʴʥʦʩʪʽ ʫ ʨʦʟʚʠʪʢʫ ʦʩʚʽʪʥʴʦʾ ʩʬʝʨʠ. ʏʽʪʢʦ 

ʦʨʛʘʥʽʟʦʚʘʥʘ ʽ ʝʬʝʢʪʠʚʥʦ ʚʨʝʛʫʣʴʦʚʘʥʘ ʧʨʦʮʝʜʫʨʘ ʧʝʨʝʜʘʯʽ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʫ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʟʘʢʣʘʜʘʤ ʦʩʚʽʪʠ ʜʦʟʚʦʣʠʪʴ ʫʥʠʢʥʫʪʠ ʧʨʦʙʣʝʤʥʠʭ ʧʠʪʘʥʴ ʫ ʾʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ. ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʥʦʨʤ ʽ ʧʨʘʚʠʣ ʯʠʥʥʦʛʦ ʟʝʤʝʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʫ 

ʩʬʝʨʽ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ ʜʦʟʚʦʣʠʪʴ ʦʧʝʨʘʪʠʚʥʦ ʦʬʦʨʤʣʶʚʘʪʠ ʨʝʯʦʚʽ 

ʧʨʘʚʘ ʥʘ ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ, ʱʦ ʫʙʝʟʧʝʯʠʪʴ ʟʘʢʣʘʜʠ ʦʩʚʽʪʠ ʚʽʜ ʥʝʟʘʢʦʥʥʦʛʦ ʟʘʭʦʧʣʝʥʥʷ. 
 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɿʝʤʝʣʴʥʠʡ ʢʦʜʝʢʩ ʋʢʨʘʾʥʠ: ɿʘʢʦʥ ʋʢʨʘʾʥʠ ʚʽʜ 25.10.2001 ʨ. ˉ 2768-ɯɯɯ. ɼʘʪʘ 

ʦʥʦʚʣʝʥʥʷ: 06.04.2023. URL: https://zakon.rada.gov.ua/laws/card/2768-14. 

ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʦʩʚʽʪʫè: ɿʘʢʦʥ ʋʢʨʘʾʥʠ ʚʽʜ 05.09.2017 ʨ. ˉ 2145-VIII . ɼʘʪʘ 

ʦʥʦʚʣʝʥʥʷ: 06.10.2024. URL: https://zakon.rada.gov.ua/laws/show/2145-19/conv#n1116 
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ɹʣʘʞʢʦ ʆ.ʉ., ʤʘʛʽʩʪʨ ʛʨʫʧʠ 193ʤ-20-1 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʛʝʦʜʝʟʽʾ ʈʷʙʯʽʡ ɺ.ɺ. 

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

 

ɺʀʂʆʅɸʅʅʗ ʇʆɼɽʈɽɺʅʆɻʆ ɿʅɯʄɸʅʅʗ ɺ ʉɽʃʀʑɯ ʆʈʃɯɺʑʀʅɸ 

ʅʆɺʆʄʆʉʂʆɺʉʔʂʆɻʆ ʈɸʁʆʅʋ ɼʅɯʇʈʆʇɽʊʈʆɺʉʔʂʆɰ ʆɹʃɸʉʊɯ 

 

ʇʦʜʝʨʝʚʥʘ ʟʡʦʤʢʘ ï ʮʝ ʚʠʜ ʪʦʧʦʛʨʘʬʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ, ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʷʢʦʛʦ ʻ 

ʜʝʪʘʣʴʥʝ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʤʽʩʮʝʚʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʦʜʝʟʠʯʥʠʭ ʧʨʠʣʘʜʽʚ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʟʥʽʤʘʥʥʷ ʻ ï ʧʦʙʫʜʦʚʘʥʠʡ ʧʣʘʥ ʤʽʩʮʝʚʦʩʪʽ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʫʩʶ ʩʠʪʫʘʮʽʶ ʣʽʩʦʚʦʛʦ 

ʤʘʩʠʚʫ. 

ʍʦʯʘ ʚʠʢʦʥʘʥʥʷ ʪʘʢʦʛʦ ʟʥʽʤʘʥʥʷ ʥʝ ʤʘʻ ʚʠʩʦʢʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ, ʘʣʝ ʟʘʣʠʰʘʻʪʴʩʷ 

ʚʘʞʣʠʚʦʶ ʨʦʙʦʪʦʶ ʽʥʞʝʥʝʨʘ-ʟʝʤʣʝʚʧʦʨʷʜʥʠʢʘ ʪʘ (ʘʙʦ) ʽʥʞʝʥʝʨʘ-ʛʝʦʜʝʟʠʩʪʘ, ʘʜʞʝ, ʷʢ ʫ 

ʥʘʚʝʜʝʥʦʤʫ ʥʠʞʯʝ ʚʠʧʘʜʢʫ, ʧʦʙʫʜʦʚʘ ʫ ʤʘʡʙʫʪʥʴʦʤʫ ʨʝʢʨʝʘʮʽʡʥʦʛʦ ʦʙôʻʢʪʫ ʥʘʧʨʷʤʫ 

ʧʦʚôʷʟʘʥʘ ʟ ʟʝʤʣʷʤʠ ʨʝʢʨʝʘʮʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʘ 

ʪʘʢʦʞ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʪʘ ʽʥʰʦʛʦ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʊʦʙʪʦ, 

ʦʩʥʦʚʥʘ ʤʝʪʘ ʚʠʢʦʥʘʥʥʷ ʧʦʜʝʨʝʚʥʦʛʦ ʟʥʽʤʘʥʥʷ ï ʮʝ ʟʙʝʨʝʞʝʥʥʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʪʘ 

ʝʢʦʩʠʩʪʝʤʠ ʣʽʩʫ, ʰʣʷʭʦʤ ʧʨʘʚʠʣʴʥʦʛʦ ʜʝʪʘʣʴʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʟʘʙʫʜʦʚʠ. ʎʝ ʜʦʟʚʦʣʷʻ, ʟʘ 

ʤʦʞʣʠʚʦʩʪʽ, ʧʦʚʥʽʩʪʶ ʫʥʠʢʥʫʪʠ ʘʙʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʟʣʘʛʦʜʞʝʥʝ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʣʶʜʠʥʠ ʽ ʧʨʠʨʦʜʠ. 

ʉʴʦʛʦʜʥʽ ʚʠʢʦʥʘʥʥʷ ʧʦʜʝʨʝʚʥʦʛʦ ʟʥʽʤʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʙʘʛʘʪʴʤʘ 

ʛʝʦʜʝʟʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʽ ʧʨʠʣʘʜʘʤʠ, ʘ ʩʘʤʝ: ʝʣʝʢʪʨʦʥʥʠʤʠ ʪʘʭʝʦʤʝʪʨʘʤʠ, GNSS-

ʧʨʠʡʤʘʯʘʤʠ, ʙʝʟʧʽʣʦʪʥʠʤʠ ʣʽʪʘʣʴʥʠʤʠ ʘʧʘʨʘʪʘʤʠ, ʜʨʦʥʘʤʠ, 3D-ʩʢʘʥʝʨʘʤʠ ʪʘ ʾʭ 

ʧʦʻʜʥʘʥʥʷʤʠ ʜʣʷ ʥʘʡʝʬʝʢʪʠʚʥʽʰʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʜʝʨʝʚʥʦʛʦ ʟʥʽʤʘʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʩʝʣʠʱʘ ʆʨʣʽʚʱʠʥʘ 

ʅʦʚʦʤʦʩʢʦʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʧʣʦʱʝʶ 8 ʛʘ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʝʣʝʢʪʨʦʥʥʠʡ ʪʘʭʝʦʤʝʪʨ SOKKIA CX-105 ʪʘ GNSS-ʧʨʠʡʤʘʯ ezRTK microRover. ʇʣʘʥ 

(ʩʭʝʤʘ) ʜʽʣʷʥʢʠ ʚʠʢʦʥʘʥʠʭ ʨʦʙʽʪ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 1.  

ʈʠʩʫʥʦʢ 1 ï ʇʣʘʥ ʤʘʩʰʪʘʙʫ 1:500 ʙʘʟʠ ʚʽʜʧʦʯʠʥʫ ʚ ʩʝʣʠʱʽ ʆʨʣʽʚʱʠʥʘ  
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ʄʝʪʦʜʠʢʘ ʚʠʢʦʥʘʥʥʷ ʧʦʜʝʨʝʚʥʦʛʦ ʟʥʽʤʘʥʥʷ ʚ ʧʦʻʜʥʘʥʥʽ ʪʘʢʠʭ ʧʨʠʣʘʜʽʚ ʧʦʣʷʛʘʻ 

ʫ ʢʦʦʨʜʠʥʫʚʘʥʥʽ ʙʘʟʠʩʽʚ GNSS-ʧʨʠʡʤʘʯʝʤ (ʦʙʦʚôʷʟʢʦʚʦ ʥʘ ʥʝʟʘʩʘʜʞʝʥʽʡ ʪʝʨʠʪʦʨʽʾ) ʟ 

ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ, ʪʘ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʪʝʦʜʦʣʽʪʥʠʭ ʭʦʜʽʚ 

ʝʣʝʢʪʨʦʥʥʠʤ ʪʘʭʝʦʤʝʪʨʦʤ ʟ ʧʨʠʚôʷʟʢʦʶ ʜʦ ʧʦʧʝʨʝʜʥʴʦ ʩʪʚʦʨʝʥʠʭ ʙʘʟʠʩʽʚ. ʂʽʣʴʢʽʩʪʴ 

ʪʦʯʦʢ ʙʘʟʠʩʫ ʩʪʘʥʦʚʠʣʘ 4 ʰʪ. 

ʅʘ ʢʦʞʥʽʡ ʪʦʯʮʽ ʭʦʜʫ ʟʥʽʤʘʣʠʩʴ ʥʘʷʚʥʽ ʜʝʨʝʚʘ, ʧʘʨʘʣʝʣʴʥʦ ʚʽʜʤʽʯʘʶʯʠ ʾʭ 

ʢʨʝʡʜʦʶ ʪʘ ʦʧʠʩʫʶʯʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʦʞʥʦʛʦ, ʘ ʪʘʢʦʞ ʽʥʰʽ ʦʙôʻʢʪʠ ʤʽʩʮʝʚʦʩʪʽ, ʪʘʢʽ ʷʢ 

ʢʦʥʪʫʨʠ ʧʦʢʨʠʪʪʷ, ʙʝʨʝʛʦʚʘ ʣʽʥʽʷ, ʥʘʷʚʥʽ ʙʫʜʽʚʣʽ ʪʦʱʦ. ʏʘʩ ʚʠʢʦʥʘʥʥʷ ʧʦʣʴʦʚʠʭ ʨʦʙʽʪ 

ʩʪʘʥʦʚʠʚ 6 ʧʦʚʥʠʭ ʨʦʙʦʯʠʭ ʜʥʽ (ʫ ʞʦʚʪʥʽ ʤʽʩʷʮʽ 2024 ʨ.). 

ʆʙʯʠʩʣʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʙʘʟʠʩʽʚ ʽ ʪʦʯʦʢ ʩʠʩʪʝʤʠ ʪʝʦʜʦʣʽʪʥʠʭ ʭʦʜʽʚ ʽ ʢʦʞʥʦʛʦ 

ʜʝʨʝʚʘ ʚʠʢʦʥʘʥʦ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ CREDO. ʇʦʙʫʜʦʚʘ ʧʣʘʥʫ ʤʘʩʰʪʘʙʫ 1:500 

ʚʽʜʙʫʚʘʣʦʩʴ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ AutoCAD. 

ɼʣʷ ʢʦʥʪʨʦʣʶ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʠʭ ʨʦʙʽʪ ʽʥʰʦʶ ʙʨʠʛʘʜʦʶ ʪʘ ʽʥʰʠʤʠ 

ʧʨʠʣʘʜʘʤʠ (ʝʣʝʢʪʨʦʥʥʠʡ ʪʘʭʝʦʤʝʪʨ Topcon ES-105 ʪʘ GNSS-ʧʨʠʡʤʘʯ Ŭ-GEO L2) ʙʫʣʠ 

ʧʦʚʪʦʨʥʦ ʚʠʟʥʘʯʝʥʽ ʢʦʦʨʜʠʥʘʪʠ 4-ʭ ʪʦʯʦʢ ʙʘʟʠʩʫ ʪʘ 10 ʜʝʨʝʚ ʽ ʯʽʪʢʠʭ ʢʦʥʪʫʨʽʚ. ʉʝʨʝʜʥʷ 

ʨʽʟʥʠʮʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʪʦʯʦʢ ʙʘʟʠʩʫ ʽ ʪʝʦʜʦʣʽʪʥʦʛʦ ʭʦʜʫ ʩʪʘʥʦʚʠʣʘ ʜʦ 0,03 ʤ, ʘ ʜʝʨʝʚ ʽ 

ʯʽʪʢʠʭ ʢʦʥʪʫʨʽʚ ï ʜʦ 0,08 ʤ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʛʝʦʜʝʟʠʯʥʠʭ ʚʠʤʽʨʽʚ ʧʣʦʱʘ 

ʜʽʣʷʥʢʠ ʩʪʘʥʦʚʠʪʴ 8 ʛʘ, ʢʽʣʴʢʽʩʪʴ ʜʝʨʝʚ ï 3257, ʩʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʝʨʝʚʘʤʠ 

ʩʪʘʥʦʚʠʪʴ 4,96 ʤ. 

ɺʠʩʥʦʚʢʠ. ʇʦʜʝʨʝʚʥʝ ʟʥʽʤʘʥʥʷ ʜʦʩʠʪʴ ʛʨʦʤʽʟʜʢʠʡ ʪʘ ʩʢʣʘʜʥʠʡ ʛʝʦʜʝʟʠʯʥʠʡ 

ʧʨʦʮʝʩ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʧʝʚʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚʠʢʦʥʘʚʮʽʚ ʽ ʥʘʷʚʥʽʩʪʴ 

ʚʽʜʧʦʚʽʜʥʠʭ ʛʝʦʜʝʟʠʯʥʠʭ ʧʨʠʣʘʜʽʚ. ʋ ʪʦʡ ʩʘʤʠʡ ʯʘʩ, ʟ ʥʘʚʝʜʝʥʦʛʦ ʧʨʠʢʣʘʜʫ ʤʦʞʥʘ 

ʧʦʙʘʯʠʪʠ, ʱʦ ʥʘʚʽʪʴ ʙʝʟ ʜʝʷʢʦʛʦ, ʙʽʣʴʰ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʥʘ ʧʨʘʮʶʚʘʪʠ, ʘ 

ʩʘʤʝ ʛʦʣʦʚʥʝ, ʧʨʘʮʶʚʘʪʠ ʷʢʽʩʥʦ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɿʝʤʝʣʴʥʠʡ ʢʦʜʝʢʩ ʋʢʨʘʾʥʠ ʚʽʜ 25.10.2001 ʨʦʢʫ ˉ 2768-III. ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://zakon.rada.gov.ua/laws/show/2768-14#n261  

2. ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʥʫ ʽ ʢʘʨʪʦʛʨʘʬʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴè ʚʽʜ 

23.12.1998 ˉ 353-XIV. ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://zakon.rada.gov.ua/laws/show/353-14#Text  
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ʋɼʂ 332.362 

 

ɺʽʣʴʥʘ ʅ.ɺ. ʩʪʫʜʝʥʪʢʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 193 ɻʝʦʜʝʟʽʷ ʪʘ ʟʝʤʣʝʫʩʪʨʽʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʈʷʙʯʽʡ ɺ.ɺ., ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʛʝʦʜʝʟʽʾ 

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

 

ɺʇʃʀɺ ɽʈʆɿɯʁʅʀʍ ʇʈʆʎɽʉɯɺ ʅɸ ɼɽʗʂɯ ʇʆʂɸɿʅʀʂʀ ʈʆɼʖʏʆʉʊɯ 

ʆʈʅʀʍ ɿɽʄɽʃʔ ʄʀʂʆʃɸɰɺʑʀʅʀ 

 

ɽʨʦʟʽʷ ˇʨʫʥʪʫ ʻ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʜʝʛʨʘʜʘʮʽʾ ʟʝʤʝʣʴ, ʧʨʦʷʚʣʷʶʯʠ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʨʽʟʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʥʠʞʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʘʛʨʦʝʢʦʩʠʩʪʝʤ [1, 2]. ʆʩʦʙʣʠʚʦ ʽʥʪʝʥʩʠʚʥʦ ʝʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʥʘ ʩʭʠʣʦʚʠʭ 

ʟʝʤʣʷʭ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʦʙʨʦʙʽʪʢʫ. ɿʘ ʝʢʩʧʝʨʪʥʠʤʠ ʦʮʽʥʢʘʤʠ ʩʧʝʮʽʘʣʽʩʪʽʚ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʮʝʥʪʨʫ çɯʥʩʪʠʪʫʪ ˇʨʫʥʪʦʟʥʘʚʩʪʚʘ ʪʘ ʘʛʨʦʭʽʤʽʾ ʋɸɸʅè, 

ʚʥʘʩʣʽʜʦʢ ʟʤʠʚʽʚ ʟ ʦʨʥʠʭ ʟʝʤʝʣʴ ʚʪʨʘʯʘʻʪʴʩʷ ʜʦ 24 ʤʣʥ ʪ. ʛʫʤʫʩʫ, 0,96 ʤʣʥ ʪ. ʘʟʦʪʫ, 0,68 

ʤʣʥ ʪ. ʬʦʩʬʦʨʫ, 9,40 ʤʣʥ ʪ ʢʘʣʽʶ, ʱʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ ʧʦʚʝʨʥʝʥʥʷ ʮʠʭ 

ʨʝʯʦʚʠʥ ʟ ʜʦʙʨʠʚʘʤʠ. [3, 4]. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʭʠʣʦʚʠʭ 

ʟʝʤʝʣʴ ʻ ʚʠʚʯʝʥʥʷ ʟʤʽʥʠ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʚʪʨʘʪʠ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ ʚʥʘʩʣʽʜʦʢ ʟʤʠʚʽʚ. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʨʥʠʭ 

ʟʝʤʝʣʴ ʄʠʢʦʣʘʾʚʱʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʢʦʤʧʣʝʢʩ ʧʦʣʴʦʚʠʭ ʪʘ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ, ʚʽʜʽʙʨʘʥʠʭ ʟ ʚʦʩʴʤʠ ʪʦʯʦʢ ʧʦʧʘʨʥʦ ʥʘ ʩʭʠʣʘʭ ʪʘ ʧʣʘʪʦ, ʪʘ ʾʭ 

ʧʦʜʘʣʴʰʠʡ ʣʘʙʦʨʘʪʦʨʥʠʡ ʘʥʘʣʽʟ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʤʝʪʦʜʠʢ ʪʘ 

ʩʪʘʥʜʘʨʪʽʚ. ɿʦʢʨʝʤʘ, ʚ ʦʨʥʦʤʫ ʰʘʨʽ (0-30 ʩʤ) ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚʤʽʩʪ ʛʫʤʫʩʫ [5], ʦʙʤʽʥʥʠʭ 

ʩʧʦʣʫʢ ʬʦʩʬʦʨʫ ʪʘ ʢʘʣʽʶ [6]. ʊʠʧʠ ˇʨʫʥʪʽʚ ï ʯʦʨʥʦʟʝʤʠ ʟʚʠʯʘʡʥʽ (ʪʦʯʢʠ ʚʽʜʙʦʨʫ 1 ʪʘ 3) 

ʪʘ ʯʦʨʥʦʟʝʤʠ ʧʽʚʜʝʥʥʽ (ʪʦʯʢʠ ʚʽʜʙʦʨʫ 2 ʪʘ 4). 

ɿʛʽʜʥʦ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʫʩʽʭ ʟʨʘʟʢʘʭ ʟʥʠʞʫʚʘʚʩʷ ʚʤʽʩʪ ʛʫʤʫʩʫ (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1 ɺʤʽʩʪ ʛʫʤʫʩʫ ʚ ʦʨʥʦʤʫ ʰʘʨʽ ˇʨʫʥʪʽʚ, % 

 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚ ʯʦʨʥʦʟʝʤʘʭ ʧʽʚʜʝʥʥʠʭ ʨʽʚʝʥʴ ʟʥʠʞʝʥʥʷ ʙʽʣʴʰ ʩʫʪʪʻʚʠʡ 

ʧʦʨʽʚʥʷʥʦ ʟ ʯʦʨʥʦʟʝʤʘʤʠ ʟʚʠʯʘʡʥʠʤʠ. ʊʘʢ, ʨʽʟʥʠʮʷ ʤʽʞ ʚʤʽʩʪʦʤ ʛʫʤʫʩʫ ʥʘ ʚʦʜʦʜʽʣʽ ʪʘ 

ʩʭʠʣʽ ʩʪʘʥʦʚʠʣʘ ʫ ʯʦʨʥʦʟʝʤʘʭ ʟʚʠʯʘʡʥʠʭ 2,1 ʪʘ 9,1 %, ʪʦʜʽ ʷʢ ʫ ʯʦʨʥʦʟʝʤʘʭ ʧʽʚʜʝʥʥʠʭ ï 

12,2 ʪʘ 44 %. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʤʽʩʪʫ ʛʫʤʫʩʫ ʟʥʠʞʫʚʘʣʠʩʷ ʽ ʡʦʛʦ ʟʘʧʘʩʠ ʚ ʦʨʥʦʤʫ ʰʘʨʽ. 

ʊʘʢ, ʫ ʧʘʨʽ ʟʨʘʟʢʽʚ 1 ʟʘʧʘʩʠ ʥʘ ʚʦʜʦʜʽʣʽ ʪʘ ʩʭʠʣʽ ʩʢʣʘʜʘʣʠ ʚʽʜʧʦʚʽʜʥʦ 224 ʪʘ 204 ʪ/ʛʘ, ʫ 

ʧʘʨʽ 2 ï 166 ʪʘ 93 ʪ/ʛʘ, ʫ ʧʘʨʽ 3 ï 190 ʪʘ 186 ʪ/ʛʘ, ʫ ʧʘʨʽ 4 ï 143 ʪʘ 126 ʪ/ʛʘ.  
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ʚʦʜʦʜʽʣ ʩʭʠʣ 

ʏʦʨʥʦʟʝʤ ʟʚʠʯʘʡʥʠʡ (1) ʏʦʨʥʦʟʝʤ ʧʽʚʜʝʥʥʠʡ (2) 

ʏʦʨʥʦʟʝʤ ʟʚʠʯʘʡʥʠʡ (3) ʏʦʨʥʦʟʝʤ ʧʽʚʜʝʥʥʠʡ (4) 
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ɺʤʽʩʪ ʜʦʩʪʫʧʥʠʭ ʬʦʨʤ ʬʦʩʬʦʨʫ ʪʘ ʢʘʣʽʶ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʛʫʤʫʩʫ, ʥʘ ʩʭʠʣʘʭ ʥʠʞʯʝ, 

ʥʽʞ ʥʘ ʚʦʜʦʜʽʣʘʭ (ʪʘʙʣʠʮʷ 1). 

 

ʊʘʙʣʠʮʷ 1 

ɺʤʽʩʪ ʨʫʭʦʤʠʭ ʩʧʦʣʫʢ ʬʦʩʬʦʨʫ ʪʘ ʢʘʣʽʶ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ˇʨʫʥʪʘʭ 

ʊʦʯʢʠ 

ʚʽʜʙʦʨʫ 

ɺʤʽʩʪ ʬʦʩʬʦʨʫ, ʤʛ/ʢʛ ˇʨʫʥʪʫ ɺʤʽʩʪ ʢʘʣʽʶ, ʤʛ/ʢʛ ˇʨʫʥʪʫ 

ʚʦʜʦʜʽʣ ʩʭʠʣ ʚʦʜʦʜʽʣ ʩʭʠʣ 

1 18,4 12,1 313,5 224,9 

2 97,8 9,5 432,5 392,8 

3 33,2 14,5 204,4 136,1 

4 15,9 12,8 335,0 299,3 

 

ʅʘ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʛʫʤʫʩʫ ʪʘ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʤʦʛʣʠ ʚʧʣʠʥʫʪʠ ʷʢ ʬʘʢʪʦʨ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʘʢ ʽ ʧʨʘʢʪʠʢʘ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ 

ʟʝʤʣʽ, ʟ ʷʢʠʭ ʚʽʜʙʠʨʘʣʠʩʷ ʟʨʘʟʢʠ ˇʨʫʥʪʫ, ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʦʙʨʦʙʽʪʢʫ, ʘ ʚʠʨʦʱʫʚʘʥʥʷ 

ʢʫʣʴʪʫʨ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʪʨʘʜʠʮʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘ 

ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʛʫʤʫʩʫ ʧʨʷʤʦ ʚʧʣʠʚʘʻ ʧʨʦʷʚ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ 

ʥʘ ʩʭʠʣʘʭ. ʆʢʨʽʤ ʪʦʛʦ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʠʚ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ˇʨʫʥʪʫ, ʚʽʜʙʫʚʘʶʪʴʩʷ ʪʘʢʦʞ 

ʚʪʨʘʪʠ ʚʥʝʩʝʥʠʭ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʬʦʩʬʦʨʫ ʽ ʢʘʣʽʶ. 

ɿʘʧʦʙʽʛʪʠ ʝʨʦʟʽʡʥʠʤ ʧʨʦʮʝʩʘʤ ʥʘ ʩʭʠʣʦʚʠʭ ʟʝʤʣʷʭ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ, ʦʜʥʘʢ 

ʤʦʞʥʘ ʟʥʠʟʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʮʠʭ ʧʨʦʮʝʩʽʚ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʪʠʝʨʦʟʽʡʥʠʭ 

ʟʘʭʦʜʽʚ. ʆʩʪʘʥʥʽ ʤʘʶʪʴ ʙʫʪʠ ʦʩʥʦʚʘʥʽ ʥʘ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʧʘʜʢʫ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. Land degradation assessment URL: https://www.fao.org/4/y5490e/y5490e0b.htm 

(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 05.10.2024) 

2. Pimentel, D., Kounang, N. (1998) Ecology of Soil Erosion in Ecosystems. 
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ɻʘʨʜʠʰ ʄ. ʉ. ʩʪʫʜʝʥʪ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 193 ɻʝʦʜʝʟʽʷ ʪʘ ʟʝʤʣʝʫʩʪʨʽʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʊʨʝʛʫʙ ʖ.ɭ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʛʝʦʜʝʟʽʾ (ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ɸʅɸʃɯɿ ɿʄɯʅ ɿɽʄɽʃʔʅʆɻʆ ɿɸʂʆʅʆɼɸɺʉʊɺɸ ʑʆɼʆ ɿɸʍʀʉʊʋ 

ɯʅʊɽʈɽʉɯɺ ɺʃɸʉʅʀʂɯɺ ɿɽʄɽʃʔʅʀʍ ʏɸʉʊʆʂ (ʇɸɰɺ) ʊɸ ɿɸʉʊʆʉʋɺɸʅʅʗ 

ɸɼʄɯʅɯʉʊʈɸʊʀɺʅʆɰ ʇʈʆʎɽɼʋʈʀ ʋ ʉʌɽʈɯ ɿɽʄɽʃʔʅʀʍ ɺɯɼʅʆʉʀʅ 

 

ɿʤʽʥʠ ʩʫʯʘʩʥʦʛʦ ʟʝʤʝʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʋʢʨʘʾʥʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʢʨʘʱʝʥʥʷ 

ʟʘʭʠʩʪʫ ʧʨʘʚ ʚʣʘʩʥʠʢʽʚ ʟʝʤʝʣʴʥʠʭ ʯʘʩʪʦʢ (ʧʘʾʚ). ʋ ʩʪʘʪʪʽ 13 ʟʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ 

ʧʦʨʷʜʦʢ ʚʠʜʽʣʝʥʥʷ ʚ ʥʘʪʫʨʽ (ʥʘ ʤʽʩʮʝʚʦʩʪʽ) ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʚʣʘʩʥʠʢʘʤ ʟʝʤʝʣʴʥʠʭ 

ʯʘʩʪʦʢ (ʧʘʾʚ)è [3] ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘʩʘʜʠ ʧʨʦ ʧʦʨʷʜʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʚʠʪʨʝʙʫʚʘʥʠʭ 

ʟʝʤʝʣʴʥʠʭ ʯʘʩʪʦʢ. ʅʝʨʦʟʜʽʣʝʥʘ ʟʝʤʝʣʴʥʘ ʜʽʣʷʥʢʘ ï ʮʝ ʟʝʤʣʷ, ʷʢʘ ʧʽʜʣʷʛʘʣʘ ʨʦʟʧʦʜʽʣʫ, 

ʘʣʝ ʥʝ ʙʫʣʘ ʥʘʜʘʥʘ ʚʣʘʩʥʠʢʫ, ʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʥʝʚʠʪʨʝʙʫʚʘʥʘ ʯʘʩʪʢʘ ï ʧʘʡ, ʥʘ ʷʢʠʡ ʥʝ 

ʦʪʨʠʤʘʥʦ ʜʦʢʫʤʝʥʪʠ ʘʙʦ ʥʝ ʚʠʜʘʥʦ ʥʘ ʤʽʩʮʝʚʽʩʪʴ. ɿʦʢʨʝʤʘ ʜʦ 8 ʧʫʥʢʪʫ 13 ʩʪʘʪʪʽ [1]  

ʚʥʝʩʝʥʦ ʟʤʽʥʠ, ʷʢʱʦ ʜʦ 1 ʩʽʯʥʷ 2028 ʨʦʢʫ ʚʣʘʩʥʠʢ ʥʝʚʠʪʨʝʙʫʚʘʥʦʾ ʟʝʤʝʣʴʥʦʾ ʯʘʩʪʢʠ 

(ʧʘʶ) ʘʙʦ ʡʦʛʦ ʩʧʘʜʢʦʻʤʝʮʴ ʥʝ ʦʬʦʨʤʠʚ ʧʨʘʚʦ ʚʣʘʩʥʦʩʪʽ ʥʘ ʟʝʤʝʣʴʥʫ ʜʽʣʷʥʢʫ, ʚʽʥ 

ʚʚʘʞʘʻʪʴʩʷ ʪʘʢʠʤ, ʱʦ ʚʽʜʤʦʚʠʚʩʷ ʚʽʜ ʦʜʝʨʞʘʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ. 

ʋ 2023 ʨʦʮʽ ʂʘʙʽʥʝʪ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʧʨʠʡʥʷʚ ʧʦʩʪʘʥʦʚʫ ˉ 766 çɼʝʷʢʽ ʧʠʪʘʥʥʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʣʦʪʥʦʛʦ ʧʨʦʝʢʪʫ ʱʦʜʦ ʚʥʝʩʝʥʥʷ ʜʦ ɼʝʨʞʘʚʥʦʛʦ ʟʝʤʝʣʴʥʦʛʦ ʢʘʜʘʩʪʨʫ 

ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ ʩʝʨʪʠʬʽʢʦʚʘʥʠʤʠ ʽʥʞʝʥʝʨʘʤʠ-ʟʝʤʣʝʚʧʦʨʷʜʥʠʢʘʤʠ ʚ 

ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫè [4], ʷʢʦʶ ʚʽʜʥʦʚʣʝʥʦ ʨʝʘʣʽʟʘʮʽʶ ʧʽʣʦʪʥʦʛʦ ʧʨʦʝʢʪʫ ʱʦʜʦ 

ʚʥʝʩʝʥʥʷ ʜʦ ɼʝʨʞʘʚʥʦʛʦ ʟʝʤʝʣʴʥʦʛʦ ʢʘʜʘʩʪʨʫ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ 

ʩʝʨʪʠʬʽʢʦʚʘʥʠʤʠ ʽʥʞʝʥʝʨʘʤʠ-ʟʝʤʣʝʚʧʦʨʷʜʥʠʢʘʤʠ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ (ʜʘʣʽ ï 

ʇʽʣʦʪʥʠʡ ʧʨʦʝʢʪ), ʨʦʟʨʦʙʣʝʥʫ ɼʝʨʞʛʝʦʢʘʜʘʩʪʨʦʤ. ɼʘʥʘ ʧʦʩʪʘʥʦʚʘ ʜʽʻ ʜʦ ʧʨʠʧʠʥʝʥʥʷ 

ʘʙʦ ʩʢʘʩʫʚʘʥʥʷ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. ʇʨʠ ʘʥʘʣʽʟʽ ʟʤʽʥ  ʟʘʢʦʥʫ çʇʨʦ 

ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʜʝʷʢʠʭ ʟʘʢʦʥʦʜʘʚʯʠʭ ʘʢʪʽʚ ʋʢʨʘʾʥʠ ʱʦʜʦ ʟʘʭʠʩʪʫ ʽʥʪʝʨʝʩʽʚ ʚʣʘʩʥʠʢʽʚ 

ʟʝʤʝʣʴʥʠʭ ʯʘʩʪʦʢ (ʧʘʾʚ), ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʾ ʧʨʦʮʝʜʫʨʠ ʫ ʩʬʝʨʽ 

ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥè ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʱʦ ʜʘʥʠʡ ʧʽʣʦʪʥʠʡ ʧʨʦʻʢʪ ʧʨʦʜʦʚʞʝʥʦ ʜʦ 2026 

ʨʦʢʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʛʣʘʚʠ 3
1
 [1], ʚʠʟʥʘʯʝʥʦ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʫ ʧʨʦʮʝʜʫʨʫ ʫ ʩʬʝʨʽ 

ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ, ʟʦʢʨʝʤʘ ʜʦ ʥʦʚʦʚʩʪʘʥʦʚʣʝʥʠʭ ʟʤʽʥ, ʙʫʜʫʪʴ ʚʧʨʦʚʘʜʞʝʥʽ ʧʨʦʮʝʜʫʨʠ 

ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʫ ʟʝʤʝʣʴʥʽʡ ʩʬʝʨʽ, ʱʦ ʩʧʨʠʷʻ ʙʽʣʴʰ ʚʽʜʢʨʠʪʽʡ ʪʘ ʝʬʝʢʪʠʚʥʽʡ ʚʟʘʻʤʦʜʽʾ 

ʤʽʞ ʜʝʨʞʘʚʦʶ ʪʘ ʛʨʦʤʘʜʷʥʘʤʠ. ɿʜʝʙʽʣʴʰʦʛʦ ʟʜʽʡʩʥʝʥʦ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʧʫʥʢʪʽʚ ʪʘ ʩʪʘʪʝʡ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʘʢʪʫ, ʚʠʢʣʶʯʝʥʽ ʧʝʚʥʽ ʯʘʩʪʠʥʠ ʪʘ ʧʫʥʢʪʠ ʫ ʨʦʟʜʽʣʘʭ ʷʢʽ ʚʞʝ ʥʝ ʻ 

ʜʦʩʪʦʚʽʨʥʠʤʠ ʯʠ ʥʝʦʙʭʽʜʥʠʤʠ. 

ɿʛʽʜʥʦ ʛʣʘʚʠ 10 [1], ʱʦ ʚʠʟʥʘʯʘʻ ʽʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʽ ʟʝʤʣʽ, ʟʘʟʥʘʯʘʻʪʴʩʷ ʱʦ 

ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ ʥʘʣʝʞʘʪʴ ʜʝʨʞʘʚʽ, ʛʨʦʤʘʜʘʤ ʪʘ ʧʨʠʚʘʪʥʠʤ ʦʩʦʙʘʤ. ʅʘʚʢʦʣʦ ʦʙôʻʢʪʽʚ 

ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʦʙʤʝʞʝʥʥʷ ʟ ʤʝʪʦʶ ʾʾ ʦʭʦʨʦʥʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʦʥʦʚʣʝʥʠʭ ʟʤʽʥ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʥʦʚʣʝʥʥʷ ʪʘ ʜʦʧʦʚʥʝʥʥʷ ʧʫʥʢʪʽʚ ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʟʙʝʨʝʞʝʥʥʷ ʧʘʤôʷʪʦʢ, ʟʘʧʦʚʽʜʥʠʢʽʚ, ʤʫʟʝʾʚ ʪʘ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ. 

ʇʨʘʚʦ ʟʝʤʝʣʴʥʦʛʦ ʩʝʨʚʽʪʫʪʫ ʚʠʟʥʘʯʘʻ ʧʦʥʷʪʪʷ, ʱʦ ʚʣʘʩʥʠʢ ʘʙʦ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʯ 

ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʤʦʞʝ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʯʫʞʦʶ ʟʝʤʝʣʴʥʦʶ ʜʽʣʷʥʢʦʶ ʜʣʷ ʧʝʚʥʠʭ ʮʽʣʝʡ, 

ʚʠʟʥʘʯʝʥʠʭ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ ʯʠ ʫʛʦʜʦʶ. ʉʝʨʝʜ ʫʩʽʭ ʚʠʜʽʚ ʩʝʨʚʽʪʫʪʽʚ ʦʥʦʚʣʝʥʦ ʧʫʥʢʪ 

çʞ
3
è ʱʦ ʨʘʥʽʰʝ ʟʘʟʥʘʯʘʚ ʣʠʰʝ ʧʨʘʚʦ ʨʦʟʤʽʱʝʥʥʷ ʦʙôʻʢʪʽʚ ʨʝʘʢʮʽʡʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʽ 

ʻ ʜʦʧʦʚʥʝʥʠʡ ʱʦ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʝʨʚʽʪʫʪʫ ʩʪʦʨʦʥʠ ʧʦʚʠʥʥʽ ʫʢʣʘʩʪʠ ʜʦʛʦʚʽʨ, ʘ ʩʘʤʝ 

ʤʽʞ ʤʦʞʣʠʚʠʤ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʯʝʤ ʪʘ ʚʣʘʩʥʠʢʦʤ. ʗʢʱʦ ʜʦʛʦʚʽʨ ʫʢʣʘʜʘʻʪʴʩʷ ʥʝ ʟ 

ʚʣʘʩʥʠʢʦʤ ʘ ʟ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʯʝʤ, ʪʦ ʧʦʪʨʽʙʥʦ ʦʪʨʠʤʘʪʠ ʟʛʦʜʫ ʚʣʘʩʥʠʢʘ ʟʝʤʝʣʴʥʦʾ 

ʜʽʣʷʥʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʝʨʚʽʪʫʪʫ ʦʙʦʚôʷʟʢʦʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙʦʚôʷʟʢʦʚʠʭ 

ʜʦʤʦʚʣʝʥʦʩʪʝʡ ʤʽʞ ʩʪʦʨʦʥʘʤʠ. ʎʽ ʧʠʪʘʥʥʷ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʫʜʦʤ, ʪʦʤʫ ʫ ʜʘʥʠʭ 
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ʩʠʪʫʘʮʽʷʭ ʩʝʨʚʽʪʫʪ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʠʡ ʯʝʨʝʟ ʩʫʜʦʚʝ ʨʽʰʝʥʥʷ. ʊʘʢʦʞ ʫ [1] 

ʜʦʧʦʚʥʝʥʦ ʧʝʨʝʣʽʢ ʜʦʢʫʤʝʥʪʘʮʽʾ ʽʟ ʟʝʤʣʝʫʩʪʨʦʶ, ʟʛʽʜʥʦ ʜʦ ʷʢʦʶ ʤʦʞʥʘ ʧʝʨʝʜʘʚʘʪʠ 

ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ ʫ ʢʦʨʠʩʪʫʚʘʥʥʷ, ʘ ʩʘʤʝ ʫʟʘʛʘʣʴʥʝʥʦ ʧʝʨʝʣʽʢ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʟʛʽʜʥʦ ʟ 

ʷʢʦʶ ʤʦʞʥʘ ʧʝʨʝʜʘʚʘʪʠ ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ ʚ ʢʦʨʠʩʪʫʚʘʥʥʷ.  

ɺʦʜʥʠʡ ʢʦʜʝʢʩ ʋʢʨʘʾʥʠ [2] ʨʝʛʣʘʤʝʥʪʫʻ ʧʨʘʚʦʚʽ ʟʘʩʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʦʭʦʨʦʥʠ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʢʨʘʾʥʠ. ɺʠʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʚʦʜʥʽ ʨʝʩʫʨʩʠ ʥʘʣʝʞʘʪʴ 

ʋʢʨʘʾʥʽ, ʪʦ ʚʦʥʘ ʻ ʾʾ ʛʘʨʘʥʪʦʤ ʥʘ ʾʭ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʟʙʝʨʝʞʝʥʥʷ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʥʦʚʣʝʥʦʛʦ ʧʫʥʢʪʫ ʧʝʨʝʭʽʜʥʠʭ ʧʦʣʦʞʝʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʱʦ, ʚʩʽ ʟʝʤʣʽ 

ʟʘʡʥʷʪʽ ʚʦʜʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʚʚʘʞʘʶʪʴʩʷ ʟʝʤʣʷʤʠ 

ʜʝʨʞʘʚʥʦʾ ʚʣʘʩʥʦʩʪʽ. 
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ʋɼʂ 681.518.54 

 

ɻʦʣʫʙ ʄ.ʆ. ʤʘʛʽʩʪʨ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 193 ɻʝʦʜʝʟʽʷ ʪʘ ʟʝʤʣʝʫʩʪʨʽʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʈʷʙʯʽʡ ɺ.ɺ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʛʝʦʜʝʟʽʾ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʅʆʈʄɸʊʀɺʅʆ-ʇʈɸɺʆɺɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ɿɸʉʊʆʉʋɺɸʅʅʗ ɹɽɿʇɯʃʆʊʅʀʍ 

ʃɯʊɸʃʔʅʀʍ ɸʇɸʈɸʊɯɺ ɼʃʗ ʊʆʇʆɻʈɸʌʆ-ɻɽʆɼɽɿʀʏʅʀʍ ʈʆɹɯʊ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʇʦʚʽʪʨʷʥʦʛʦ ʢʦʜʝʢʩʫ [1], ʙʝʟʧʽʣʦʪʥʝ ʧʦʚʽʪʨʷʥʝ ʩʫʜʥʦ ï ʙʫʜʴ-ʷʢʝ 

ʧʦʚʽʪʨʷʥʝ ʩʫʜʥʦ, ʱʦ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʘʙʦ ʨʦʟʨʦʙʣʝʥʝ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʥʦʤʥʦ ʯʠ ʷʢʝ 

ʧʽʣʦʪʫʻʪʴʩʷ ʜʠʩʪʘʥʮʽʡʥʦ ʙʝʟ ʧʽʣʦʪʘ ʥʘ ʙʦʨʪʫ. ɺʽʜʧʦʚʽʜʘʣʴʥʘ ʬʽʟʠʯʥʘ ʦʩʦʙʘ, ʷʢʘ 

ʟʜʽʡʩʥʶʻ ʢʝʨʫʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʤ ʧʦʚʽʪʨʷʥʠʤ ʩʫʜʥʦʤ ʘʙʦ ʩʣʽʜʢʫʻ ʟʘ ʡʦʛʦ ʤʘʨʰʨʫʪʦʤ ʽ 

ʤʘʻ ʜʦʩʪʫʧ ʜʦ ʦʨʛʘʥʽʚ ʫʧʨʘʚʣʽʥʥʷ ʻ ʜʠʩʪʘʥʮʽʡʥʠʤ ʧʽʣʦʪʦʤ. ʆʪʞʝ, ʮʷ ʦʩʦʙʘ ʩʪʘʻ 

ʢʦʨʠʩʪʫʚʘʯʝʤ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ ʋʢʨʘʾʥʠ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʥʘʢʣʘʜʘʻ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʜʦʪʨʠʤʘʥʥʷ ʥʦʨʤ ʽ ʧʨʘʚʠʣ, ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ ʇʦʚʽʪʨʷʥʠʤ ʢʦʜʝʢʩʦʤ [1] 

ʪʘ ʽʥʰʠʤʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʤʠ ʘʢʪʘʤʠ ʋʢʨʘʾʥʠ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ 

ʧʨʦʩʪʦʨʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ɸʚʽʘʮʽʡʥʠʭ ʧʨʘʚʠʣ ʋʢʨʘʾʥʠ [2], ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʦʣʴʦʪʽʚ 

ʟʘʙʦʨʦʥʝʥʦ:  

ï ʧʝʨʝʪʠʥʘʪʠ ʜʝʨʞʘʚʥʠʡ ʢʦʨʜʦʥ; 

ï ʚʠʢʦʥʫʚʘʪʠ ʧʦʣʴʦʪʠ ʚ ʟʘʙʦʨʦʥʝʥʠʭ ʟʦʥʘʭ (ʨʠʩ. 1); 

ï ʥʘʙʣʠʞʘʪʠʩʴ ʥʘ ʙʣʠʟʴʢʫ ʚʽʜʩʪʘʥʴ ʜʦ ʧʽʣʦʪʦʚʘʥʦʾ ʘʚʽʘʮʽʾ ʪʘ ʟʣʽʪʥʦ-ʧʦʩʘʜʢʦʚʠʭ  

ʤʘʡʜʘʥʯʠʢʽʚ; 

ï ʟʘʙʦʨʦʥʝʥʦ ʚʠʢʦʥʫʚʘʪʠ ʧʦʣʴʦʪʠ ʥʘʜ ʩʢʫʧʯʝʥʥʷʤʠ ʣʶʜʝʡ ʪʘ ʥʘʜ ʤʽʩʮʷʤʠ 
ʱʽʣʴʥʦʾ ʟʘʙʫʜʦʚʠ; 

ï ʚʠʩʦʪʘ ʧʦʣʴʦʪʫ ʥʝ ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ 120 ʤ ʥʘʜ ʧʦʚʝʨʭʥʝʶ ʟʝʤʣʽ (ʚʦʜʠ). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʂʘʨʪʘ ʟʘʙʦʨʦʥʝʥʠʭ ʜʣʷ ʧʦʣʴʦʪʫ ʟʦʥ 
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ʇʦʣʴʦʪʠ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ, ʪʦʙʪʦ ʧʽʣʦʪ ʤʘʻ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʽʟʫʘʣʴʥʠʡ ʢʦʥʪʘʢʪ ʟ ʙʝʟʧʽʣʦʪʥʠʤ ʧʦʚʽʪʨʷʥʠʤ ʩʫʜʥʦʤ. 

ʉʝʨʪʠʬʽʢʘʮʽʷ ʧʽʣʦʪʘ ʥʝ ʧʝʨʝʜʙʘʯʝʥʘ ʯʠʥʥʠʤ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ 

ʧʦʣʴʦʪʫ ʦʪʨʠʤʘʥʥʷ ʜʦʟʚʦʣʫ ʥʘ ʟʣʽʪ ʪʘ ʙʫʜʴ-ʷʢʠʡ ʟʚôʷʟʦʢ ʟ ʫʧʦʚʥʦʚʘʞʝʥʠʤ ʦʨʛʘʥʦʤ 

ʫʧʨʘʚʣʽʥʥʷ ʮʠʚʽʣʴʥʦʶ ʘʚʽʘʮʽʻʶ ʥʝ ʧʦʪʨʽʙʝʥ. 

ɹʝʟʧʽʣʦʪʥʝ ʧʦʚʽʪʨʷʥʝ ʩʫʜʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʚʘʛ, ʚ ʦʩʚʽʪʥʴʦʤʫ 

ʧʨʦʮʝʩʽ ʜʣʷ ʟʜʦʙʫʪʪʷ ʧʦʟʘʰʢʽʣʴʥʦʾ ʦʩʚʽʪʠ, ʫ ʥʘʫʢʦʚʽʡ ʪʘ ʩʧʦʨʪʠʚʥʽʡ ʜʽʷʣʴʥʦʩʪʽ, ʟʽ 

ʟʣʽʪʥʦʶ ʚʘʛʦʶ ʥʝ ʙʽʣʴʰʝ 20 ʢʽʣʦʛʨʘʤʽʚ ʥʝ ʧʽʜʣʷʛʘʻ ʨʝʻʩʪʨʘʮʽʾ ʫ ɼʝʨʞʘʚʥʦʤʫ ʨʝʻʩʪʨʽ 

ʮʠʚʽʣʴʥʠʭ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʚ ʋʢʨʘʾʥʽ ʟʘʧʨʦʚʘʜʞʝʥʦ ʚʽʡʩʴʢʦʚʠʡ ʩʪʘʥ ʪʦʤʫ ɼʝʨʞʘʚʽʘʩʣʫʞʙʦʶ 

ʋʢʨʘʾʥʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʇʦʚʽʪʨʷʥʦʛʦ ʢʦʜʝʢʩʫ ʋʢʨʘʾʥʠ [1], ʧʦʚʽʪʨʷʥʠʡ ʧʨʦʩʪʽʨ ʜʣʷ 

ʮʠʚʽʣʴʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʘʢʨʠʪʠʡ.  

ɺʠʩʥʦʚʢʠ. ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʯʠʥʥʽ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽ ʘʢʪʠ 

ʋʢʨʘʾʥʠ, ʤʦʞʥʘ ʜʽʡʪʠ ʪʘʢʠʭ ʚʠʩʥʦʚʢʽʚ. ɿʘʢʦʥʦʜʘʚʩʪʚʦ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ 

ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʯʘʩʪʢʦʚʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʪʠʤ ʫʤʦʚʘʤ, ʷʢʽ ʩʢʣʘʣʠʩʷ ʥʘ ʩʴʦʛʦʜʥʽ ʚ 

ʋʢʨʘʾʥʽ.  

ɿ ʦʜʥʦʛʦ ʙʦʢʫ ï ʧʦʣʴʦʪʠ ʚ ʋʢʨʘʾʥʽ ʟʘʙʦʨʦʥʝʥʽ, ʦʩʢʽʣʴʢʠ ʥʘʚʽʪʴ ʚʣʘʩʥʠʢʠ ʚʽʜʥʦʩʥʦ 

ʥʝʚʝʣʠʢʠʭ ʙʝʟʧʽʣʦʪʥʠʭ ʩʫʜʝʥ ʻ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ ʽ ʥʝʩʫʪʴ ʧʦʚʥʫ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʡʦʛʦ ʧʦʨʫʰʝʥʥʷ. ʋ ʪʦʡ ʩʘʤʝ ʯʘʩ, ʟʘ ʫʤʦʚʠ ʦʪʨʠʤʘʥʥʷ ʜʦʟʚʦʣʫ ʚʽʜ 

ʚʽʡʩʴʢʦ-ʮʠʚʽʣʴʥʦʾ ʘʜʤʽʥʽʩʪʨʘʮʽʾ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʧʦʣʴʦʪʠ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚ ʋʢʨʘʾʥʽ 

ʥʝʤʘʻ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ ʚʠʜʘʯʽ ʜʦʟʚʦʣʽʚ ʥʘ ʧʦʣʴʦʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʦʧʦʛʨʘʬʦ-

ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ.  

ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʘʛʨʦʧʽʜʧʨʠʻʤʩʪʚ ʩʪʚʦʨʝʥʘ ʩʠʩʪʝʤʘ ʦʪʨʠʤʘʥʥʷ ʜʦʟʚʦʣʽʚ 

ʥʘ ʧʦʣʴʦʪʠ ʘʛʨʘʨʥʠʭ ʜʨʦʥʽʚ. ʎʝʡ ʜʦʟʚʽʣ ʚʠʜʘʻʪʴʩʷ ɻʝʥʝʨʘʣʴʥʠʤ ʰʪʘʙʦʤ ɿʙʨʦʡʥʠʭ ʉʠʣ 

ʋʢʨʘʾʥʠ, ʟʘ ʟʚʝʨʥʝʥʥʷʤ ʚʽʜ ʚʽʡʩʴʢʦ-ʮʠʚʽʣʴʥʦʾ ʘʜʤʽʥʽʩʪʨʘʮʽʾ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʚʠʜʘʯʽ 

ʜʦʟʚʦʣʽʚ ʩʫʧʝʨʝʯʠʪʴ ʥʦʨʤʘʤ ʯʠʥʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʋʢʨʘʾʥʠ ʽ ʪʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʝʟʧʽʣʦʪʥʠʭ ʩʠʩʪʝʤ ʻ ʥʝʢʦʨʝʢʪʥʠʤ.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʚʠʣ ʙʝʟʧʝʢʠ ʧʦʣʴʦʪʽʚ, ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʰʦʾ ʛʘʣʫʟʽ ʪʘ 

ʚʨʘʭʦʚʫʶʯʽ ʰʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ ʙʝʟʧʽʣʦʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʦʥʦʚʠʪʠ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽ ʘʢʪʠ ʋʢʨʘʾʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʚʽʡʩʴʢʦʚʦʛʦ ʩʪʘʥʫ, ʚʚʝʩʪʠ 

ʦʙʦʚôʷʟʢʦʚʫ ʨʝʻʩʪʨʘʮʽʶ ʫʩʽʭ ʙʝʟʧʽʣʦʪʥʠʭ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ ʽ ʚʚʝʩʪʠ ʻʜʠʥʫ ʩʠʩʪʝʤʫ 

ʩʝʨʪʠʬʽʢʘʮʽʾ ʧʽʣʦʪʽʚ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 
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ɻʦʨʜʽʻʥʢʦ ɭ.ɺ., ʤʘʛʽʩʪʨ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 193 ɻʝʦʜʝʟʽʷ ʪʘ ʟʝʤʣʝʫʩʪʨʽʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʈʷʙʯʽʡ ɺ.ɺ., ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʛʝʦʜʝʟʽʾ 

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

 

ʄɽʊʆɼʀ ʆʊʈʀʄɸʅʅʗ ʇʆʇʈɸɺʆʂ ɼʆ ɺʀʄɯʈʖɺɸʅʔ ʇʈʀ ɺʀʂʆʅɸʅʅɯ 

ɿʅɯʄɸʅʔ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ GNSS-ʇʈʀʁʄɸʏɯɺ ʋ ɿɽʄʃɽʋʉʊʈʆɰ 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʧʨʠʡʤʘʯʽʚ ʩʧʨʠʯʠʥʷʻ ʟʥʘʯʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʫ 

ʟʥʽʤʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ. ʇʨʦʮʝʜʫʨʘ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʟʥʽʤʘʥʴ, ʧʦʨʽʚʥʷʥʦ ʟ 

ʦʧʪʠʯʥʠʤʠ ʽ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʠʤʠ ʧʨʠʣʘʜʘʤʠ, ʟʥʘʯʥʦ ʩʧʨʦʱʝʥʘ: ʧʨʦʚʝʜʝʥʥʷ ʟʥʽʤʘʥʥʷ 

ʤʝʞ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ GNSS-ʧʨʠʡʤʘʯʽʚ ʥʝ ʧʦʪʨʝʙʫʻ ʧʨʦʢʣʘʜʘʥʥʷ ʽ 

ʫʨʽʚʥʶʚʘʥʥʷ ʪʝʦʜʦʣʽʪʥʦʛʦ ʭʦʜʫ ï ʨʦʙʽʪ, ʷʢʽ ʪʨʠʚʘʶʪʴ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʯʘʩʫ ʚʽʜ ʫʩʽʻʾ 

ʧʨʦʮʝʜʫʨʠ ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ GNSS ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʯʘʩʫ, ʟʘ ʷʢʠʡ ʨʘʜʽʦʩʠʛʥʘʣ, ʱʦ 

ʙʝʟʧʝʨʝʨʚʥʦ ʥʘʜʩʠʣʘʻʪʴʩʷ ʩʫʧʫʪʥʠʢʦʤ, ʜʽʩʪʘʥʝʪʴʩʷ ʧʨʠʡʤʘʯʘ ʥʘ ɿʝʤʣʽ. ʈʘʜʽʦʩʠʛʥʘʣ 

ʤʽʩʪʠʪʴ ʜʘʥʽ ʧʨʦ ʯʘʩ ʚʽʜʧʨʘʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ʽ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʩʫʧʫʪʥʠʢʘ ʥʘ ʦʨʙʽʪʽ. 

ʇʨʠʡʤʘʯ ʚʠʢʦʨʠʩʪʦʚʫʻ ʯʘʩ ʦʪʨʠʤʘʥʥʷ ʩʠʛʥʘʣʫ ʟ ʜʘʥʠʤʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚʽʜʩʪʘʥʝʡ ʜʦ 

ʩʫʧʫʪʥʠʢʽʚ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ, ʤʝʪʦʜʦʤ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʠʭ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙʯʠʩʣʝʥʴ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʦʨʜʠʥʘʪʥʝ ʧʦʣʦʞʝʥʥʷ ʧʨʠʡʤʘʯʘ.  

ʂʨʽʤ ʩʘʤʠʭ ʩʫʧʫʪʥʠʢʽʚ GNSS-ʧʨʠʡʤʘʯʽ ʤʦʞʫʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʚôʷʟʦʢ ʽʟ 

ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʢʦʨʝʢʮʽʾ, ʱʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʘʟʝʤʥʽ 

ʩʪʘʥʮʽʾ, ʢʦʦʨʜʠʥʘʪʠ ʷʢʠʭ ʚʽʜʦʤʽ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʽ ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʜʘʥʠʭ, ʱʦ ʦʪʨʠʤʫʻ ʧʨʠʡʤʘʯ, ʰʣʷʭʦʤ ʫʨʘʭʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦʧʨʘʚʦʢ.  

ɿʘʟʚʠʯʘʡ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ GNSS-ʩʧʦʩʪʝʨʝʞʝʥʴ ʜʣʷ ʮʽʣʝʡ ʟʝʤʣʝʫʩʪʨʦʶ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʥʘ ʟʽ ʩʭʝʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʢʦʨʝʢʮʽʾ ï Real Time Kinematic (RTK), 

ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʧʦʧʨʘʚʢʠ ʜʦ ʚʠʤʽʨʶʚʘʥʴ ʽ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʨʠʡʤʘʯʘ ʫ ʤʝʨʝʞʽ ʧʦʩʪʽʡʥʦ ʜʽʶʯʠʭ ʨʝʬʝʨʝʥʮʥʠʭ GNSS ʩʪʘʥʮʽʡ (Network RTK) ʽʟ 

ʩʘʥʪʠʤʝʪʨʦʚʦʶ ʪʦʯʥʽʩʪʶ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʨʦʙʦʪʠ ʽ ʟ ʦʜʠʥʦʯʥʦʶ ʙʘʟʦʚʦʶ ʩʪʘʥʮʽʻʶ (Single base RTK), ʧʨʦʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʨʝʞʝʚʦʛʦ RTK ʤʘʻ ʥʠʟʢʫ ʧʝʨʝʚʘʛ. ɿʦʢʨʝʤʘ ï ʙʽʣʴʰ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ (ʥʝ ʟʥʠʞʫʻʪʴʩʷ ʟ 

ʚʽʜʜʘʣʝʥʥʷʤ ʚʽʜ ʥʘʡʙʣʠʞʯʦʾ ʩʪʘʥʮʽʾ ʪʘʢ ʩʫʪʪʻʚʦ), ʧʨʦʩʪʦʪʘ, ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ 

ʧʨʘʢʪʠʯʥʦ ʫ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʋʢʨʘʾʥʠ.  

ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʧʦʧʨʘʚʦʢ ʫ ʤʝʨʝʞʘʭ RTK: 

ī ʐʣʷʭʦʤ ʧʝʨʝʜʘʯʽ ʧʦʧʨʘʚʦʢ ʟ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ ʫ UHF ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ (410-

470 ʄɻʮ). ɹʘʟʦʚʘ ʩʪʘʥʮʽʷ ʤʦʞʝ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʘ ʷʢ ʥʘ ʪʦʯʮʽ ʟ ʚʽʜʦʤʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ, 

ʪʘʢ ʽ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʢʦʦʨʜʠʥʘʪ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ, ʜʣʷ ʧʝʨʝʜʘʯʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʘʜʽʦʤʦʜʝʤ. ʗʢ ʧʨʘʚʠʣʦ ʪʘʢʽ, ʚʙʫʜʦʚʘʥʽ, ʨʘʜʽʦʤʦʜʝʤʠ ʤʘʶʪʴ ʥʝʚʝʣʠʢʫ 

ʧʦʪʫʞʥʽʩʪʴ 4-5 ɺʪ, ʢʦʨʦʪʢʽ ʘʥʪʝʥʠ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʠʡʦʤ/ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʫ ʥʘ ʚʽʜʥʦʩʥʦ 

ʥʝʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ. ʋ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʙʦʪʠ ʟ UHF ʩʠʛʥʘʣʦʤ ʥʘ ʙʽʣʴʰʠʭ 

ʚʽʜʩʪʘʥʷʭ ï ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʦʚʥʽʰʥʽ ʤʦʜʝʤʠ ʧʦʪʫʞʥʽʩʪʶ 30-40 ɺʪ ʟ ʚʝʣʠʢʠʤʠ 

ʘʥʪʝʥʘʤʠ. ʅʴʶʘʥʩʠ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʫ ʪʘʙʣʠʮʽ 1. 

ī ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ GSM ʫ ʩʪʽʣʴʥʠʢʦʚʽʡ ʤʝʨʝʞʽ. ɼʣʷ ʧʝʨʝʜʘʯʽ 

ʧʦʧʨʘʚʦʢ ʫ ʜʘʥʦʤʫ ʤʝʪʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ GSM-ʪʝʨʤʽʥʘʣʠ ʧʨʠʡʤʘʯʘ ʽ ʙʘʟʦʚʦʾ 

ʩʪʘʥʮʽʾ: ʚʙʫʜʦʚʘʥʽ ʯʠ ʟʦʚʥʽʰʥʽ ʘʙʦ ʢʦʥʪʨʦʣʝʨ ʧʨʠʡʤʘʯʘ. ʉʭʝʤʫ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʷʢ 

ʧʨʷʤʠʡ çʜʟʚʽʥʦʢè ʨʦʚʝʨʘ ʙʘʟʦʚʽʡ ʩʪʘʥʮʽʾ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʧʨʘʚʦʢ. ʇʝʨʝʜʘʯʘ ʜʘʥʠʭ ʟʘ 

ʪʘʢʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʟʘʩʪʘʨʽʣʘ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʜʢʦ ʯʝʨʝʟ ʚʪʨʘʪʫ 

ʩʚʦʾʭ ʧʝʨʝʚʘʛ ʟ ʧʣʠʥʦʤ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ. ɼʦ ʧʣʶʩʽʚ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ 

ʧʨʦʩʪʦʪʫ ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʽ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʫ ʤʝʞʘʭ ʚʩʴʦʛʦ ʧʦʢʨʠʪʪʷ ʤʝʨʝʞʽ 

ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ. ɻʦʣʦʚʥʠʡ ʥʝʜʦʣʽʢ ï ʧʽʜʪʨʠʤʢʘ ʟʚôʷʟʢʫ ʦʜʥʦʯʘʩʥʦ ʣʠʰʝ ʦʜʥʦʛʦ 

ʧʨʠʡʤʘʯʘ ʟ ʦʜʥʽʻʶ ʙʘʟʦʚʦʶ ʩʪʘʥʮʽʻʶ.  
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ʊʘʙʣʠʮʷ 1 

ʇʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʦʪʨʠʤʘʥʥʷ ʧʦʧʨʘʚʦʢ ʤʝʪʦʜʦʤ ʧʝʨʝʜʘʯʽ UHF-ʩʠʛʥʘʣʫ 

ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

ɼʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʟʥʽʤʘʥʥʷ ʟʘ ʤʝʞʘʤʠ 

ʧʦʢʨʠʪʪʷ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ 

ɺʽʜʩʪʘʥʴ ʧʨʠʡʦʤʫ ʦʙʤʝʞʝʥʘ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʘʥʪʝʥʠ ʽ ʟʦʚʥʽʰʥʽʤʠ 

ʯʠʥʥʠʢʘʤʠ ʧʦʛʽʨʰʝʥʥʷ ʩʠʛʥʘʣʫ 

ɺʽʜʩʫʪʥʽʩʪʴ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʦʨʦʥʥʽʭ 

ʦʨʛʘʥʽʟʘʮʽʡ 

ʂʦʥʬʣʽʢʪ ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʠ ʨʦʙʦʪʽ ʙʽʣʴʰʝ 

ʥʽʞ ʟ ʦʜʥʽʻʶ ʩʪʘʥʮʽʻʶ ʥʘ ʦʜʥʦʤʫ ʢʘʥʘʣʽ 

 

ī ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ GSM ʫ ʩʪʽʣʴʥʠʢʦʚʽʡ ʤʝʨʝʞʽ. ɼʣʷ ʧʝʨʝʜʘʯʽ 

ʧʦʧʨʘʚʦʢ ʫ ʜʘʥʦʤʫ ʤʝʪʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ GSM-ʪʝʨʤʽʥʘʣʠ ʧʨʠʡʤʘʯʘ ʽ ʙʘʟʦʚʦʾ 

ʩʪʘʥʮʽʾ: ʚʙʫʜʦʚʘʥʽ ʯʠ ʟʦʚʥʽʰʥʽ ʘʙʦ ʢʦʥʪʨʦʣʝʨ ʧʨʠʡʤʘʯʘ. ʉʭʝʤʫ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʷʢ 

ʧʨʷʤʠʡ çʜʟʚʽʥʦʢè ʨʦʚʝʨʘ ʙʘʟʦʚʽʡ ʩʪʘʥʮʽʾ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʧʨʘʚʦʢ. ʇʝʨʝʜʘʯʘ ʜʘʥʠʭ ʟʘ 

ʪʘʢʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʟʘʩʪʘʨʽʣʘ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʜʢʦ ʯʝʨʝʟ ʚʪʨʘʪʫ 

ʩʚʦʾʭ ʧʝʨʝʚʘʛ ʟ ʧʣʠʥʦʤ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ. ɼʦ ʧʣʶʩʽʚ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ 

ʧʨʦʩʪʦʪʫ ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʽ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʫ ʤʝʞʘʭ ʚʩʴʦʛʦ ʧʦʢʨʠʪʪʷ ʤʝʨʝʞʽ 

ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ. ɻʦʣʦʚʥʠʡ ʥʝʜʦʣʽʢ ï ʧʽʜʪʨʠʤʢʘ ʟʚôʷʟʢʫ ʦʜʥʦʯʘʩʥʦ ʣʠʰʝ ʦʜʥʦʛʦ 

ʧʨʠʡʤʘʯʘ ʟ ʦʜʥʽʻʶ ʙʘʟʦʚʦʶ ʩʪʘʥʮʽʻʶ. 

ī ʊʨʝʪʽʡ ʚʘʨʽʘʥʪ ʧʝʨʝʜʘʯʽ ʧʦʧʨʘʚʦʢ ï ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ NTRIP 

(Networked Transport of RTCM via Internet Protocol), ʱʦ ʜʽʻ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʨʝʞʫ 

Internet. ʊʘʢʠʡ ʤʝʪʦʜ ʤʘʩʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʟʝʤʣʝʫʩʪʨʦʾ, ʦʩʢʽʣʴʢʠ ʜʦʩʪʫʧ ʜʦ 

ʤʝʨʝʞʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʨʘʢʪʠʯʥʦ ʫ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ. ɺ ʋʢʨʘʾʥʽ, ʫ ʤʝʞʘʭ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʽʚ ʪʘ ʥʘ ʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʷʭ ʧʦʟʘ ʾʭ ʤʝʞʘʤʠ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʧʨʘʚʦʢ ʜʦʩʪʘʪʥʴʦ 

ʤʘʪʠ ʜʦʩʪʫʧ ʜʦ Internet, ʱʦ ʟʘʟʚʠʯʘʡ ʤʦʞʝ ʜʦʩʷʛʘʪʠʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʫ ʢʦʥʪʨʦʣʝʨ ʯʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ GNSS-ʧʨʠʡʤʘʯ, ʷʢʱʦ ʪʘʢʘ ʤʦʞʣʠʚʽʩʪʴ ʻ, SIM-ʢʘʨʪʠ ʤʝʨʝʞʽ 

ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʘʙʦ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʽʥʪʝʨʥʝʪʫ, ʤʦʙʽʣʴʥʠʭ 

Internet-ʤʦʜʝʤʽʚ ʯʠ Wi-Fi-ʧʝʨʝʜʘʚʘʯʽʚ. ʇʝʨʝʜʘʯʘ ʜʘʥʠʭ ʟʘ ʪʘʢʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʜʦʟʚʦʣʷʻ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʚôʷʟʦʢ ʦʜʥʦʯʘʩʥʦ ʟ ʢʽʣʴʢʦʤʘ ʙʘʟʦʚʠʤʠ ʩʪʘʥʮʽʷʤʠ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, 

ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʫʚʘʥʠʭ ʜʘʥʠʭ. ʇʝʚʥʘ ʩʢʣʘʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʧʦʣʷʛʘʻ ʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʟ ʦʧʝʨʘʪʦʨʘʤʠ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʦʧʣʘʪʽ ʟʘ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʩʪʘʥʮʽʷʤʠ. ɻʦʣʦʚʥʠʡ ʥʝʜʦʣʽʢ ï ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʦʩʪʽʡʥʦʤʫ ʩʪʘʙʽʣʴʥʦʤʫ 

Internet-ʟôʻʜʥʘʥʥʽ. 

ɺʠʩʥʦʚʢʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʥʘʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʧʦʧʨʘʚʦʢ ʜʦ 

ʚʠʤʽʨʶʚʘʥʴ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ GNSS-ʩʧʦʩʪʝʨʝʞʝʥʴ ʫ ʨʝʞʠʤʽ RTK ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʪʨʠ 

ʥʘʡʨʦʟʧʦʚʩʶʜʞʝʥʽ ʤʝʪʦʜʠ. ʉʝʨʝʜ ʥʠʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ NTRIP ʚʠʛʣʷʜʘʻ 

ʥʘʡʙʽʣʴʰ ʩʫʯʘʩʥʠʤ ʽ ʧʨʘʢʪʠʯʥʠʤ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ ʫ ʟʝʤʣʝʫʩʪʨʦʾ, 

ʦʩʢʽʣʴʢʠ ʜʦʩʪʫʧ ʜʦ ʤʝʨʝʞʽ Internet, ʪʘʢ ʯʠ ʽʥʘʢʰʝ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʨʘʢʪʠʯʥʦ ʫ ʙʫʜʴ-

ʢ̫ʽʡ ʪʦʯʮʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʤʦʞʝ ʷʚʣʷʪʠ ʩʦʙʦʶ ʽ ʥʝʜʦʣʽʢ, ʪʘʢ ʷʢ ʫ 

ʚʠʧʘʜʢʘʭ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʧʦʟʘ ʧʦʢʨʠʪʪʷʤ ʩʪʽʣʴʥʠʢʦʚʠʭ ʤʝʨʝʞ ʟ Internet-ʩʠʛʥʘʣʦʤ 

ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʦʩʥʘʱʝʥʥʷ. 
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ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʊʨʝʛʫʙ ʄ.ɺ., ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʛʝʦʜʝʟʽʾ 

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

 

ʅʆʈʄɸʊʀɺʅʆ-ʇʈɸɺʆɺɽ ɿɸɹɽɿʇɽʏɽʅʅʗ 

ɺɯɼʅʆɺʃɽʅʅʗ ʊɽʈʀʊʆʈɯʁ ɺ ʋʂʈɸɰʅɯ 

 

ʈʦʩʽʡʩʴʢʘ ʘʛʨʝʩʽʷ ʱʦʭʚʠʣʠʥʠ ʟʘʚʜʘʻ ʋʢʨʘʾʥʽ ʩʫʪʪʻʚʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʟʙʠʪʢʽʚ. 

ɺʽʜʧʦʚʽʜʥʽ ʟʙʠʪʢʠ ʥʦʩʷʪʴ ʷʢ ʧʨʷʤʠʡ ʭʘʨʘʢʪʝʨ, ʪʘʢ ʽ ʥʝʧʨʷʤʠʡ. ɼʦ ʧʨʷʤʠʭ ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʽ ʟʙʠʪʢʠ, ʘ ʩʘʤʝ: ʥʘʩʝʣʝʥʥʷ ʢʨʘʾʥʠ, ʞʠʪʣʦʚʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʧʨʦʤʠʩʣʦʚʽ ʦʙôʻʢʪʠ, ʱʦ ʟʨʫʡʥʦʚʘʥʽ ʘʙʦ ʧʦʰʢʦʜʞʝʥʽ. ɽʢʦʣʦʛʽʯʥʽ ʟʙʠʪʢʠ 

ï ʻ ʦʜʥʠʤʠ ʽʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʩʝʨʝʜ ʥʝʧʨʷʤʠʭ, ʱʦ ʧʦʚôʷʟʘʥʽ ʽʟ ʧʦʨʫʰʝʥʥʷʤ ʟʝʤʝʣʴ 

ʪʘ ʟʘʙʨʫʜʥʝʥʥʷʤ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʯʝʨʝʟ ʧʦʞʝʞʽ, ʚʠʢʠʜʠ ʪʦʱʦ. ɿʘ ʦʮʽʥʢʘʤʠ 

ʂʠʾʚʩʴʢʦʾ ʰʢʦʣʠ ʝʢʦʥʦʤʽʢʠ ʪʘ Zoʾ Environment Network, ʧʽʜ ʨʠʟʠʢʦʤ ʧʦʰʢʦʜʞʝʥʥʷ ʪʘ 

ʟʘʙʨʫʜʥʝʥʥʷ ʦʧʠʥʠʣʦʩʷ 186 ʪʠʩ. ʢʤ
2
 ʟʝʤʝʣʴ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʧʨʘʢʪʠʯʥʦ 31 % ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠ. ɿ ʥʠʭ ʧʦʥʘʜ 20 ʪʠʩ. ʢʤ
2
 ʧʦʰʢʦʜʞʝʥʽ ʥʘ ʧʦʥʘʜ 75 % [1, 2]. ʏʠʤ ʰʚʠʜʰʝ 

ʧʦʯʥʝʪʴʩʷ ʚʽʜʥʦʚʣʝʥʥʷ, ʪʠʤ ʤʝʥʰʠʤʠ ʙʫʜʫʪʴ ʚʪʨʘʪʠ ʜʣʷ ʢʨʘʾʥʠ. 

ʆʢʨʽʤ ʩʘʤʦʛʦ ʤʝʭʘʥʽʟʤʫ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʨʫʰʝʥʠʭ ʟʝʤʝʣʴ, ʥʝʦʙʭʽʜʥʽ ʽʥʚʝʩʪʠʮʽʾ ʷʢ ʽʟ 

ʚʥʫʪʨʽʰʥʽʭ, ʪʘʢ ʽ ʽʟ ʟʦʚʥʽʰʥʽʭ ʜʞʝʨʝʣ. ɯʥʚʝʩʪʦʨʠ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʪʨʝʙʫʶʪʴ ʛʘʨʘʥʪʽʡ 

ʙʝʟʧʝʢʠ ʽʥʚʝʩʪʠʮʽʡ ʪʘ ʧʨʦʟʦʨʠʭ ʧʨʘʚʠʣ ʚʝʜʝʥʥʷ ʙʽʟʥʝʩʫ, ʘ ʧʨʘʛʥʝʥʥʷ ʋʢʨʘʾʥʠ ʩʪʘʪʠ 

ʯʣʝʥʦʤ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ ʚʠʤʘʛʘʻ ʫʥʽʬʽʢʘʮʽʾ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫ 

ʩʬʝʨʽ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʚ ʋʢʨʘʾʥʽ ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʧʨʦʙʣʝʤ ʥʝʦʙʭʽʜʥʽ ʯʽʪʢʽ, ʟʨʦʟʫʤʽʣʽ ʪʘ ʝʬʝʢʪʠʚʥʽ 

ʧʨʘʚʠʣʘ, ʱʦ ʜʦʟʚʦʣʷʪʴ ʰʚʠʜʢʦ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʪʘ ʨʦʟʧʦʯʠʥʘʪʠ ʨʦʙʦʪʠ. ɿʘʟʥʘʯʝʥʝ 

ʦʙʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʦʙʨʘʥʦʾ ʪʝʤʠ. 

ɿʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʚ 

ʋʢʨʘʾʥʽ ʪʘ ʚ ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʩʦʶʟʽ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1 

ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʚ ʋʢʨʘʾʥʽ ʪʘ ʚ ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʩʦʶʟʽ 

 

ʂʨʠʪʝʨʽʡ ʋʢʨʘʾʥʘ ɭʚʨʦʧʝʡʩʴʢʠʡ ʩʦʶʟ 

ʂʦʤʧʣʝʢʩʥʽʩʪʴ ʈʦʟʧʦʨʦʰʝʥʠʡ ʧʽʜʭʽʜ ʤʽʞ 

ʜʦʢʫʤʝʥʪʘʤʠ 

ʂʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʱʦʜʦ ʚʩʽʭ 

ʘʩʧʝʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʟʝʤʝʣʴʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ 

ɼʝʪʘʣʽʟʘʮʽʷ ʅʝʜʦʩʪʘʪʥʷ ʜʝʪʘʣʽʟʘʮʽʷ ʥʦʨʤ ɼʝʪʘʣʴʥʽ ʥʦʨʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʢʦʥʢʨʝʪʥʽ ʮʽʣʽ ʪʘ ʤʝʭʘʥʽʟʤʠ ʨʝʘʣʽʟʘʮʽʾ 

ʇʨʠʥʮʠʧ 

ʟʘʧʦʙʽʛʘʥʥʷ 

ʄʝʥʰʘ ʫʚʘʛʘ ʱʦʜʦ 

ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʰʢʦʜʞʝʥʥʷ 

ʟʝʤʝʣʴ 

ʅʘʛʦʣʦʩ ʥʘ ʟʘʧʦʙʽʛʘʥʥʽ ʜʝʛʨʘʜʘʮʽʾ 

ʟʝʤʝʣʴ 

ʉʧʽʚʧʨʘʮʷ ʉʣʘʙʢʘ ʢʦʦʨʜʠʥʘʮʽʷ ʤʽʞ 

ʨʽʟʥʠʤʠ ʦʨʛʘʥʘʤʠ ʚʣʘʜʠ 

ʊʽʩʥʘ ʩʧʽʚʧʨʘʮʷ ʤʽʞ ʜʝʨʞʘʚʘʤʠ-

ʯʣʝʥʘʤʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ 

ʌʽʥʘʥʩʫʚʘʥʥʷ ʅʝʜʦʩʪʘʪʥʻ ʬʽʥʘʥʩʫʚʘʥʥʷ ʇʝʨʝʜʙʘʯʝʥʽ ʬʽʥʘʥʩʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ 

ʱʦʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʠʭ 

ʪʝʨʠʪʦʨʽʡ 

 

ɺ ʋʢʨʘʾʥʽ ʧʠʪʘʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʨʝʛʫʣʶʻʪʴʩʷ ʪʘʢʠʤʠ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. 

1. ʂʦʜʝʢʩʘʤʠ ʪʘ ʟʘʢʦʥʘʤʠ, ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʤʠ ʘʢʪʘʤʠ ʟʘʛʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ: 



ʉɽʂʎɯʗ - ɻɽʆɼɽɿɯʗ ʊɸ ɿɽʄʃɽʋʉʊʈɯʁ 
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- ɿʝʤʝʣʴʥʠʡ ʢʦʜʝʢʩ ʋʢʨʘʾʥʠ, ʱʦ ʚʠʟʥʘʯʘʻ ʟʘʛʘʣʴʥʽ ʟʘʩʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ 
ʦʭʦʨʦʥʠ ʟʝʤʝʣʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʨʦʮʝʜʫʨʠ ʚʽʜʚʝʜʝʥʥʷ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ, ʟʤʽʥʠ ʾʭ 

ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʜʶʯʦʩʪʽ [3]; 

- ʃʽʩʦʚʠʡ ʢʦʜʝʢʩ ʋʢʨʘʾʥʠ, ʱʦ ʨʝʛʫʣʶʻ ʧʠʪʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʩʦʚʠʭ ʨʝʩʫʨʩʽʚ, 
ʚʽʜʥʦʚʣʝʥʥʷ ʣʽʩʽʚ, ʙʦʨʦʪʴʙʠ ʟ ʣʽʩʦʚʠʤʠ ʧʦʞʝʞʘʤʠ ʪʘ ʽʥʰʠʤʠ ʥʝʛʘʪʠʚʥʠʤʠ ʷʚʠʱʘʤʠ [4]; 

- ɺʦʜʥʠʡ ʢʦʜʝʢʩ ʋʢʨʘʾʥʠ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʨʘʚʦʚʽ ʟʘʩʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʠʭ 
ʨʝʩʫʨʩʽʚ, ʦʭʦʨʦʥʠ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ  ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ [5]; 

- ɿʘʢʦʥʠ ʋʢʨʘʾʥʠ çʇʨʦ ʦʭʦʨʦʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘè ʪʘ çʇʨʦ 
ʦʭʦʨʦʥʫ ʟʝʤʝʣʴè, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʦʢʨʝʤʘ, ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʛʨʘʜʦʚʘʥʠʭ ʟʝʤʝʣʴ [6,7]. 

2. ʅʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʤʠ ʘʢʪʘʤʠ, ʧʨʦʛʨʘʤʘʤʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʘ ʩʘʤʝ: 

ʇʦʨʷʜʦʢ ʚʝʜʝʥʥʷ ɼʝʨʞʘʚʥʦʛʦ ʟʝʤʝʣʴʥʦʛʦ ʢʘʜʘʩʪʨʫ [8]; ʇʦʨʷʜʦʢ ʢʦʥʩʝʨʚʘʮʽʾ ʟʝʤʝʣʴ [9]; 

ʇʨʦʛʨʘʤʘ ʢʦʤʧʝʥʩʘʮʽʾ ʘʛʨʘʨʽʷʤ ʟʘ ʨʦʟʤʽʥʫʚʘʥʥʷ ʟʝʤʝʣʴ [10], ï ʱʦ ʨʝʛʫʣʶʶʪʴ ʙʽʣʴʰ 

ʩʧʝʮʠʬʽʯʥʽ ʧʠʪʘʥʥʷ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ, ʤʝʣʽʦʨʘʮʽʾ ʟʝʤʝʣʴ, ʦʭʦʨʦʥʠ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʦʱʦ. 

ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʚ ʋʢʨʘʾʥʽ ʻ ʪʝ, ʱʦ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʱʦʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʨʦʟʧʦʨʦʰʝʥʦ 

ʤʽʞ ʨʽʟʥʠʤʠ ʢʦʜʝʢʩʘʤʠ ʪʘ ʟʘʢʦʥʘʤʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɭ ʚʠʧʘʜʢʠ, ʱʦ 

ʥʦʨʤʠ ʚ ʨʽʟʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʩʫʧʝʨʝʯʘʪʴ ʦʜʠʥ ʦʜʥʦʤʫ. ɼʝʷʢʽ ʥʦʨʤʠ ʻ ʟʘʥʘʜʪʦ ʟʘʛʘʣʴʥʠʤʠ 

ʽ ʥʝ ʤʽʩʪʷʪʴ ʢʦʥʢʨʝʪʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʨʝʘʣʽʟʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʚʽʜʩʫʪʥʽʩʪʴ ʯʽʪʢʦʾ ʩʠʩʪʝʤʠ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʮʝʥʪʨʘʣʴʥʠʤʠ ʪʘ ʤʽʩʮʝʚʠʤʠ ʦʨʛʘʥʘʤʠ ʚʣʘʜʠ ʫʩʢʣʘʜʥʶʻ ʢʦʦʨʜʠʥʘʮʽʶ 

ʟʫʩʠʣʴ ʱʦʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʘ ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʩʪʘʪʥʽʭ ʬʽʥʘʥʩʦʚʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʭʦʜʽʚ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ, ʪʦ ʚʦʥʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʩʘʜʘʭ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʦʭʦʨʦʥʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʆʩʥʦʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʻ ɼʦʛʦʚʽʨ ʧʨʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ, ɭʚʨʦʧʝʡʩʴʢʠʡ ʟʝʣʝʥʠʡ ʢʫʨʩ, ˆʨʫʥʪʦʚʘ ʩʪʨʘʪʝʛʽʷ ɭʉ ʥʘ ʧʝʨʽʦʜ ʜʦ 

2030 ʨʦʢʫ ʪʘ ʥʠʟʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʜʠʨʝʢʪʠʚ [11, 12]. ɿʘʟʥʘʯʝʥʽ ʜʦʢʫʤʝʥʪʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʢʦʤʧʣʝʢʩʥʝ ʩʫʤʽʩʥʝ ʤʽʞ ʜʝʨʞʘʚʘʤʠ-ʯʣʝʥʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷʤ ʪʘ 

ʚʽʜʥʦʚʣʝʥʥʷʤ ʪʝʨʠʪʦʨʽʡ, ʦʭʦʧʣʶʶʯʠ ʝʢʦʣʦʛʽʯʥʽ, ʩʦʮʽʘʣʴʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʩʢʣʘʜʦʚʽ, ʘʣʝ 

ʥʘʩʘʤʧʝʨʝʜ, ʟʦʩʝʨʝʜʞʫʶʯʠʩʴ ʥʘ ʟʘʧʦʙʽʛʘʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʨʫʰʝʥʴ. ʉʣʽʜ ʪʘʢʦʞ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ ʧʝʨʝʜʙʘʯʘʻ 

ʬʽʥʘʥʩʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʷʢ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫʢʨʘʾʥʩʴʢʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ 

ʚʠʤʘʛʘʻ ʧʦʜʘʣʴʰʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘ ʥʘʧʨʷʤʢʘʤʠ: ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʯʠʥʥʠʭ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ; ʜʝʪʘʣʽʟʘʮʽʷ ʥʦʨʤ, ʷʢʽ ʙ ʚʠʟʥʘʯʘʣʠ ʢʦʥʢʨʝʪʥʽ 

ʧʨʦʮʝʜʫʨʠ ʪʘ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʾʭ ʚʠʢʦʥʘʥʥʷ; ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʮʽʾ ʤʽʞ ʨʽʟʥʠʤʠ ʦʨʛʘʥʘʤʠ ʚʣʘʜʠ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ; ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ 

ʬʽʥʘʥʩʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʱʦʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʩʚʽʜʫ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ ʩʧʨʠʷʪʠʤʝ  ʧʨʠʩʢʦʨʝʥʥʶ ʟʘʟʥʘʯʝʥʦʛʦ ʪʘ ʜʦʩʷʛʥʝʥʥʶ ʮʽʣʝʡ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 
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ʋɼʂ 349.6 

 

ʂʘʣʽʥʝʥʢʦ ʉ.ʉ., ʟʜʦʙʫʚʘʯ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 193 ɻʝʦʜʝʟʽʷ ʪʘ ʟʝʤʣʝʫʩʪʨʽʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɻʦʡʯʫʢ ɸ.ʇ., ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ ʛʝʦʜʝʟʽʾ 

(ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ñɼʥʽʧʨʦʚʩʴʢʘ  ʧʦʣʽʪʝʭʥʽʢʘò, ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 

 

ʅʆʈʄɸʊʀɺʅʆ-ʇʈɸɺʆɺɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ɿɽʄɽʃʔ 

ʃɯʉʆɻʆʉʇʆɼɸʈʉʔʂʆɻʆ ʇʈʀɿʅɸʏɽʅʅʗ ɺ ʋʂʈɸɰʅɯ 

 

ʆʩʥʦʚʥʠʤ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʟʝʤʝʣʴ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ (ʜʘʣʽ ï ɿʃʇ) ʚ ʋʢʨʘʾʥʽ ʻ ɿʝʤʝʣʴʥʠʡ ʢʦʜʝʢʩ ʋʢʨʘʾʥʠ [1] ʽ ʃʽʩʦʚʠʡ ʢʦʜʝʢʩ 

ʋʢʨʘʾʥʠ [2]. ʈʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʪʝʨʤʽʥʠ ʽ ʪʝ, ʷʢʠʤ ʯʠʥʦʤ ʮʽ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽ ʘʢʪʠ 

ʨʝʛʫʣʶʶʪʴ ʟʦʢʨʝʤʘ ʧʨʘʚʘ ʚʣʘʩʥʦʩʪʽ ʪʘ ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘ ɿʃʇ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʪʪʽ 55 [1] ʜʦ ɿʃʇ  ʚʽʜʥʦʩʷʪʴʩʷ ʟʝʤʣʽ, ʥʘ ʷʢʠʭ ʨʦʩʪʫʪʴ ʣʽʩʦʚʽ 

ʨʦʩʣʠʥʠ ʽ ʥʝ ʨʦʩʪʫʪʴ ʣʽʩʦʚʽ ʨʦʩʣʠʥʠ, ʥʝʣʽʩʦʚʽ ʟʝʤʣʽ ʽ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʪʨʝʙ 

ʣʽʩʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. ɸ ʩʪʘʪʪʷ 5 [2] ʟʘʟʥʘʯʘʻ, ʱʦ ʜʦ ʪʘʢʠʭ ʟʝʤʝʣʴ ʚʽʜʥʦʩʷʪʴʩʷ ʣʽʩʦʚʽ 

ʟʝʤʣʽ (ʣʽʩʦʚʽ ʜʽʣʷʥʢʠ) ʪʘ ʥʝʣʽʩʦʚʽ ʟʝʤʣʽ ʧʽʜ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤʠ ʫʛʽʜʜʷʤʠ, ʚʦʜʘʤʠ ʡ 

ʙʦʣʦʪʘʤʠ, ʩʧʦʨʫʜʘʤʠ, ʢʦʤʫʥʽʢʘʮʽʷʤʠ, ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʠʤʠ ʟʝʤʣʷʤʠ ʪʦʱʦ. 

ɿʃʇ ʤʦʞʫʪʴ ʙʫʪʠ ʫ ʜʝʨʞʘʚʥʽʡ, ʢʦʤʫʥʘʣʴʥʽʡ, ʧʨʠʚʘʪʥʽʡ ʚʣʘʩʥʦʩʪʽ (ʩʪʘʪʪʷ 56 [1]). 

ɻʨʦʤʘʜʷʥʠ ʽ ʶʨʠʜʠʯʥʽ ʦʩʦʙʠ ʤʘʶʪʴ ʧʨʘʚʦ ʚʟʷʪʠ ʫ ʚʣʘʩʥʽʩʪʴ ʧʣʘʪʥʦ ʯʠ ʙʝʟʦʧʣʘʪʥʦ 

ʟʘʤʢʥʝʥʽ ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ ɿʃʇ ʧʣʦʱʝʶ 5 ʛʝʢʪʘʨʽʚ ʚ ʤʝʞʘʭ ʩʝʣʷʥʩʴʢʠʭ, ʬʝʨʤʝʨʩʴʢʠʭ 

ʛʦʩʧʦʜʘʨʩʪʚ ʪʦʱʦ. ʊʘʢʦʞ ʤʦʞʫʪʴ ʥʘʙʫʚʘʪʠ ʪʘʢʽ ʜʽʣʷʥʢʠ ʜʣʷ ʣʽʩʦʨʦʟʚʝʜʝʥʥʷ, ʘ 

ʩʪʚʦʨʝʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ ʣʽʩ ʩʪʘʻ ʾʭ ʚʣʘʩʥʽʩʪʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ. ʉʘʤʝ ʦʨʛʘʥʠ 

ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʪʘ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ ʤʦʞʫʪʴ ʧʨʠʡʤʘʪʠ ʪʘʢʽ ʨʽʰʝʥʥʷ.  

ʉʪʘʪʪʝʶ 7 [2] ʚʠʟʥʘʯʝʥʦ, ʱʦ ʣʽʩʠ ʤʦʞʫʪʴ ʧʝʨʝʙʫʚʘʪʠ ʚ ʜʝʨʞʘʚʥʽʡ, ʢʦʤʫʥʘʣʴʥʽʡ ʪʘ 

ʧʨʠʚʘʪʥʽʡ ʚʣʘʩʥʦʩʪʽ, ʘ ʜʦ ʩʫʙôʻʢʪʽʚ ʧʨʘʚʘ ʚʣʘʩʥʦʩʪʽ ʥʘ ʣʽʩʠ ʚʽʜʥʦʩʠʪʴʩʷ: ʜʝʨʞʘʚʘ, 

ʪʝʨʠʪʦʨʽʘʣʴʥʽ ʛʨʦʤʘʜʠ, ʛʨʦʤʘʜʷʥʠ ʪʘ ʶʨʠʜʠʯʥʽ ʦʩʦʙʠ. ʃʽʩʠ ʻ ʦʙô̒ ʢʪʦʤ  ʧʨʘʚʘ ʚʣʘʩʥʦʩʪʽ 

ʋʢʨʘʾʥʩʴʢʦʛʦ ʥʘʨʦʜʫ, ʘ ʧʨʘʚʘ ʚʣʘʩʥʠʢʘ ʚʠʢʦʥʫʶʪʴ ʦʨʛʘʥʠ ʜʝʨʞʘʚʥʦʾ ʚʣʘʜʠ ʪʘ ʤʽʩʮʝʚʦʛʦ 

ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʂʦʥʩʪʠʪʫʮʽʾ ʋʢʨʘʾʥʠ.  

ʋ ʩʪʘʪʪʷʭ 8-10 [2]  ʚʢʘʟʫʻʪʴʩʷ ʥʘ ʪʝ, ʱʦ: 

ï ʜʦ ʜʝʨʞʘʚʥʦʾ ʚʣʘʩʥʦʩʪʽ ʥʘʣʝʞʘʪʴ ʫʩʽ ʣʽʩʠ ʋʢʨʘʾʥʠ ʦʢʨʽʤ ʣʽʩʽʚ ʢʦʤʫʥʘʣʴʥʦʾ ʽ 

ʧʨʠʚʘʪʥʦʾ ʚʣʘʩʥʦʩʪʽ; 

ï  ʜʦ ʢʦʤʫʥʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ʚʽʜʥʦʩʷʪʴʩʷ ʣʽʩʠ ʚ ʤʝʞʘʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʟʘ 
ʚʠʥʷʪʢʦʤ ʜʝʨʞʘʚʥʦʾ ʽ ʧʨʠʚʘʪʥʦʾ ʚʣʘʩʥʦʩʪʽ; 

ï  ʣʽʩʠ ʤʦʞʫʪʴ ʧʝʨʝʙʫʚʘʪʠ ʫ ʧʨʠʚʘʪʥʽʡ ʚʣʘʩʥʦʩʪʽ ʛʨʦʤʘʜʷʥ ʽ ʶʨʠʜʠʯʥʠʭ ʦʩʽʙ 
ʋʢʨʘʾʥʠ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʪʪʽ 11 [2] ʥʘʙʫʪʪʷ ʧʨʘʚʘ ʢʦʤʫʥʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ʥʘ ʣʽʩʠ ʚʠʥʠʢʘʻ 

ʧʨʠ ʨʦʟʤʝʞʫʚʘʥʥʽ ʟʝʤʝʣʴ ʜʝʨʞʘʚʥʦʾ ʽ ʢʦʤʫʥʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ʘʙʦ 

ʧʝʨʝʜʘʯʽ ʾʭ ʟ ʜʝʨʞʘʚʥʦʾ ʚʣʘʩʥʦʩʪʽ ʚ ʢʦʤʫʥʘʣʴʥʫ ʪʦʱʦ. ʉʪʘʪʪʷ 12 ʱʦʜʦ ʥʘʙʫʪʪʷ 

ʧʨʠʚʘʪʥʦʾ ʚʣʘʩʥʦʩʪʽ ʥʘ ʣʽʩʠ ʘʥʘʣʦʛʽʯʥʘ ʧʦ ʬʦʨʤʫʣʶʚʘʥʥʶ ʷʢ ʫ ʩʪʘʪʪʽ 56 [1] ʟʘ ʚʠʥʷʪʢʦʤ 

ʪʦʛʦ ʱʦ ʪʘʤ ʧʨʦʧʠʩʘʥʦ ɿʃʇ, ʘ ʥʝ ʣʽʩʠ. 

ʉʪʘʪʪʷ 13 [2] ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʧʨʘʚʦ ʧʨʠʚʘʪʥʦʾ ʚʣʘʩʥʦʩʪʽ ʥʘ ʣʽʩʠ ʚʠʥʠʢʘʻ ʟ ʜʥʷ 

ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʧʨʘʚʘ ʚʣʘʩʥʦʩʪʽ ʥʘ ʟʝʤʝʣʴʥʫ ʜʽʣʷʥʢʫ. ʇʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʨʦʢʫ 

ʚʽʜʯʫʞʝʥʥʶ ʧʽʜʣʷʛʘʶʪʴ ʣʽʩʠ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʫ ʩʧʘʜʱʠʥʫ ʛʨʦʤʘʜʷʥʘʤʠ ʽʥʦʟʝʤʥʠʭ ʜʝʨʞʘʚ, 

ʦʩʦʙʘʤʠ ʙʝʟ ʛʨʦʤʘʜʷʥʩʪʚʘ, ʽʥʦʟʝʤʥʠʤʠ ʶʨʠʜʠʯʥʠʤʠ ʦʩʦʙʘʤʠ. ɸ ʧʨʠʧʠʥʷʻʪʴʩʷ ʧʨʘʚʦ ʫ 

ʚʠʧʘʜʢʘʭ ʽ ʧʦʨʷʜʢʫ, ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤ (ʩʪʘʪʪʷ 15 [2]). ʗʢʱʦ ʚʣʘʩʥʠʢ ʜʦʙʨʦʚʽʣʴʥʦ 

ʚʽʜʤʦʚʣʷʻʪʴʩʷ ʚʽʜ ʧʨʘʚʘ ʚʣʘʩʥʦʩʪʽ ʥʘ ʪʘʢʫ ʜʽʣʷʥʢʫ, ʪʦ ʚʽʥ ʧʠʰʝ ʟʘʷʚʫ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʦʨʛʘʥʫ, ʚ ʷʢʽʡ ʚʢʘʟʫʻ ʢʦʤʫ ʧʝʨʝʜʘʻ ʾʾ. 

ɿʛʽʜʥʦ ʟʽ ʩʪʘʪʪʷʤʠ 57 [1] ʽ 17 [2]  ʣʽʩʠ ʥʘ ʟʝʤʣʷʭ ʜʝʨʞʘʚʥʦʾ ʽ ʢʦʤʫʥʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ 

ʥʘʜʘʶʪʴʩʷ ʫ ʧʦʩʪʽʡʥʝ ʢʦʨʠʩʪʫʚʘʥʥʷ ʜʣʷ ʚʝʜʝʥʥʷ ʣʽʩʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʙʝʟ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʨʦʢʫ ʚʽʜʧʦʚʽʜʥʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤ ʜʝʨʞʘʚʥʠʤ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʠʤ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤ, ʽʥʰʠʤ ʜʝʨʞʘʚʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʘʤ, ʫʩʪʘʥʦʚʘʤ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷʤ, ʫ ʷʢʠʭ 
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ʩʪʚʦʨʝʥʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʽ ʧʽʜʨʦʟʜʽʣʠ. ʇʽʜʩʪʘʚʦʶ ʜʣʷ ʮʴʦʛʦ ʻ ʨʽʰʝʥʥʷ 

ʦʨʛʘʥʽʚ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ ʘʙʦ ʦʨʛʘʥʽʚ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʟʘ ʧʦʛʦʜʞʝʥʥʷʤ ʟ 

ʦʨʛʘʥʘʤʠ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ ʟ ʧʠʪʘʥʴ ʣʽʩʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʟ ʧʠʪʘʥʴ ʦʭʦʨʦʥʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʋ ʪʠʤʯʘʩʦʚʦʤʫ ʢʦʨʠʩʪʫʚʘʥʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʣʽʩʠ ʫʩʽʭ ʧʨʘʚ ʚʣʘʩʥʦʩʪʽ ʟ 

ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʤ (ʜʦ ʦʜʥʦʛʦ ʨʦʢʫ) ʯʠ ʜʦʚʛʦʩʪʨʦʢʦʚʠʤ (ʚʽʜ 1-ʛʦ ʜʦ 50-ʪʠ ʨʦʢʽʚ) 

ʪʝʨʤʽʥʦʤ, ʘ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʚʠʩʪʫʧʘʶʪʴ ʚʣʘʩʥʠʢʠ ʣʽʩʽʚ ʘʙʦ ʫʧʦʚʥʦʚʘʞʝʥʽ ʥʠʤʠ ʦʩʦʙʠ, 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʫʩʪʘʥʦʚʠ, ʦʨʛʘʥʽʟʘʮʽʾ, ʛʨʦʤʘʜʷʥʠ ʋʢʨʘʾʥʠ, ʽʥʦʟʝʤʮʽ ʪʘ ʦʩʦʙʠ ʙʝʟ 

ʛʨʦʤʘʜʷʥʩʪʚʘ, ʽʥʦʟʝʤʥʽ ʶʨʠʜʠʯʥʽ ʦʩʦʙʠ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʧʨʘʚʘ ʧʝʨʝʜʘʚʘʪʠ ʣʽʩʦʚʽ ʜʽʣʷʥʢʠ ʚ 

ʪʠʤʯʘʩʦʚʝ ʢʦʨʠʩʪʫʚʘʥʥʷ ʽʥʰʠʤ ʦʩʦʙʘʤ. ʇʨʠ ʮʴʦʤʫ ʚʠʣʫʯʘʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʥʝ 

ʧʦʪʨʽʙʥʝ, ʘ ʧʽʜʩʪʘʚʦʶ ʻ ʩʧʝʮʽʘʣʴʥʠʡ ʜʦʟʚʽʣ, ʷʢʠʡ ʥʘʜʘʻ ʚʣʘʩʥʠʢ ʘʙʦ ʧʦʩʪʽʡʥʠʡ 

ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʯ, ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʜʦʛʦʚʽʨ (ʩʪʘʪʪʷ 18 [2]). 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʫʥʢʪʫ 2 ʩʪʘʪʪʽ 79 [1] ʧʨʘʚʦ ʚʣʘʩʥʦʩʪʽ ʥʘ ʟʝʤʝʣʴʥʫ ʜʽʣʷʥʢʫ 

ʧʦʰʠʨʶʻʪʴʩʷ ʚ ʾʾ ʤʝʞʘʭ ʟʦʢʨʝʤʘ ʥʘ ʣʽʩʠ, ʷʢʽ ʻ ʥʘ ʥʽʡ, ʷʢʱʦ ʽʥʰʝ ʥʝ ʚʩʪʘʥʦʚʣʝʥʦ 

ʟʘʢʦʥʦʤ ʪʘ ʥʝ ʧʦʨʫʰʫʻ ʧʨʘʚ ʽʥʰʠʭ ʦʩʽʙ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʈʦʟʧʦʨʷʜʞʝʥʥʷ ʂʄʋ çʇʨʦ ʩʭʚʘʣʝʥʥʷ ɼʝʨʞʘʚʥʦʾ ʩʪʨʘʪʝʛʽʾ 

ʫʧʨʘʚʣʽʥʥʷ ʣʽʩʘʤʠ ʋʢʨʘʾʥʠ ʜʦ 2035 ʨʦʢʫè [3] ʧʨʘʚʘ ʚʣʘʩʥʦʩʪʽ ʥʘ ʣʽʩʠ ʜʝʨʞʘʚʥʦʾ 

ʚʣʘʩʥʦʩʪʽ ʨʝʛʫʣʶʶʪʴʩʷ ʟʦʢʨʝʤʘ ʥʝʜʦʧʫʱʝʥʥʷʤ ʧʨʠʚʘʪʠʟʘʮʽʾ ʪʘ ʢʦʥʮʝʩʽʾ ʣʽʩʽʚ ʜʝʨʞʘʚʥʦʾ 

ʚʣʘʩʥʦʩʪʽ. 

ʇʨʘʚʘ ʚʣʘʩʥʦʩʪʽ ʥʘ ʣʽʩʠ ʧʨʠʚʘʪʥʦʾ ʚʣʘʩʥʦʩʪʽ ʚʨʝʛʫʣʴʦʚʫʶʪʴʩʷ ʟʤʽʥʘʤʠ ʜʦ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ, ʚ ʷʢʠʭ ʧʨʦʧʠʩʘʥʘ ʟʘʙʦʨʦʥʘ ʧʝʨʝʜʘʚʘʥʥʷ ʣʽʩʽʚ ʜʝʨʞʘʚʥʦʾ ʽ 

ʢʦʤʫʥʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ʫ ʧʨʠʚʘʪʥʫ ʚʣʘʩʥʽʩʪʴ. ɸ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʣʽʩʽʚ ʧʨʠʚʘʪʥʦʾ 

ʚʣʘʩʥʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʥʘʜʘʥʥʷ ʩʪʘʪʫʩʫ ʟʝʤʝʣʴ ʣʽʩʦʚʦʛʦ ʬʦʥʜʫ ʩʘʤʦʩʪʽʡʥʠʤ 

ʣʽʩʘʤ, ʱʦ ʽʩʥʫʶʪʴ, ʽ ʪʠʤ ʱʦ ʚʠʥʠʢʣʠ ʟʘʚʜʷʢʠ ʣʽʩʦʨʦʟʚʝʜʝʥʥʶ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽ ʘʢʪʠ [1], [2], [3] ʱʦʜʦ ʧʨʘʚʘ ʚʣʘʩʥʦʩʪʽ ʪʘ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘ ɿʃʇ ʚʠʷʚʣʝʥʦ ʥʘʩʪʫʧʥʝ: 

ï ʫ [1], [2] ʬʦʨʤʫʣʶʚʘʥʥʷ ʪʝʨʤʽʥʫ çʟʝʤʣʽ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷè 

ʥʝʦʜʥʦʟʥʘʯʥʝ; 

ï ʧʨʠ ʨʦʟʛʣʷʜʽ ʧʨʘʚ ʚʣʘʩʥʦʩʪʽ ʪʘ ʢʦʨʠʩʪʫʚʘʥʥʷ ʫ [1] ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʨʤʽʥ 

çʟʝʤʣʽ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷè , ʘ ʫ [2] ï çʣʽʩʠè; 

ï ʫ [2] ʻ ʧʦʩʪʽʡʥʝ ʽ ʪʠʤʯʘʩʦʚʝ ʢʦʨʠʩʪʫʚʘʥʥʷ ʣʽʩʘʤʠ, ʘ ʚ [1] ï ʣʠʰʝ ʧʦʩʪʽʡʥʝ; 

ï ʙʽʣʴʰʝ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʽ ʢʦʥʢʨʝʪʠʢʠ ʫ [2] ʘʥʽʞ ʫ  [1] ʽ [3]; 

ï ʫ [3] ʡʜʝ ʤʦʚʘ ʧʨʦ ʟʘʙʦʨʦʥʫ ʧʝʨʝʜʘʚʘʥʥʷ ʣʽʩʽʚ ʜʝʨʞʘʚʥʦʾ ʽ ʢʦʤʫʥʘʣʴʥʦʾ 

ʚʣʘʩʥʦʩʪʽ ʫ ʧʨʠʚʘʪʥʫ ʚʣʘʩʥʽʩʪʴ, ʯʦʛʦ ʥʝʤʘʻ ʫ [1], [2]; 

ï ʨʦʟʛʣʷʥʫʪʽ [1], [2], [3] ʫ ʮʽʣʦʤʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʣʽʩʦʚʽ ʚʽʜʥʦʩʠʥʠ ʱʦʜʦ ɿʃʇ. 

ʇʨʦʧʦʥʫʶ ʚʽʜʧʦʚʽʜʥʠʤ ʦʨʛʘʥʘʤ ʫ ʩʬʝʨʽ ʟʝʤʣʝʫʩʪʨʦʶ ʫʟʛʦʜʠʪʠ ʤʽʞ ʩʦʙʦʶ  

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽ ʘʢʪʠ [1], [2], [3]  ʽ ʟʘʪʚʝʨʜʠʪʠ ʻʜʠʥʫ ʨʝʜʘʢʮʽʶ ʪʝʨʤʽʥʽʚ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 

1. ɿʝʤʝʣʴʥʠʡ ʢʦʜʝʢʩ ʋʢʨʘʾʥʠ: ɿʘʢʦʥ ʋʢʨʘʾʥʠ ʚʽʜ 25.10.2001 ʨ. ˉ 2768-III. ɼʘʪʘ 

ʦʥʦʚʣʝʥʥʷ: 08.11.2024. URL: https://zakon.rada.gov.ua/laws/show/2768-14#Text (ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ: 09.11.2024). 

2. ʃʽʩʦʚʠʡ ʢʦʜʝʢʩ ʋʢʨʘʾʥʠ: ɿʘʢʦʥ ʋʢʨʘʾʥʠ ʚʽʜ 21.01.1994 ʨ. ˉ 3852-ʍII. ɼʘʪʘ 

ʦʥʦʚʣʝʥʥʷ: 08.11.2024. URL: https://zakon.rada.gov.ua/laws/show/3852-12#Text (ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ: 09.11.2024). 

3. ʇʨʦ ʩʭʚʘʣʝʥʥʷ ɼʝʨʞʘʚʥʦʾ ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʣʽʩʘʤʠ ʋʢʨʘʾʥʠ ʜʦ 2035 ʨʦʢʫ: 

ʈʦʟʧʦʨʷʜʞʝʥʥʷ ʂʄʋ ʚʽʜ 29.12.2021 ʨ. ˉ 1777-ʨ. ɼʘʪʘ ʦʥʦʚʣʝʥʥʷ: 22.09.2023. URL: 

https://zakon.rada.gov.ua/laws/show/1777-2021-%D1%80#Text (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 

09.11.2024). 
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ʋɼʂ 528.4 
 

ʂʠʨʠʯʝʥʢʦ ɯ.ɻ., ʤʘʛʽʩʪʨ ʛʨ. 184ʄ-24-1ʤ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ɹʨʫʡ ɻ.ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʛʽʨʥʠʯʦʾ ʩʧʨʘʚʠ  

(ʊʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ñʄɽʊɯʅɺɽʉʊ ʇʆʃɯʊɽʍʅɯʂɸò, ʤ. ɿʘʧʦʨʽʞʞʷ, ʋʢʨʘʾʥʘ) 
 

ʄɸʈʂʐɽʁɼɽʈʉʔʂʆ-ɻɽʆɼɽɿʀʏʅʀʁ ʉʋʇʈʆɺɯɼ ʈʆɿʈʆɹʂʀ 

ɯʅʊɽʈɸʂʊʀɺʅʆɻʆ ɽʃɽʂʊʈʆʅʅʆɻʆ ɻɽʅɽʈɸʃʔʅʆɻʆ 3D ʇʃɸʅʋ 

ɻɯʈʅʀʏʆɻʆ ʇɯɼʇʈʀɭʄʉʊɺɸ ʅɸ ɹɸɿɯ ɻɯʉ K-MINE 
 

ʉʫʯʘʩʥʝ ʛʽʨʥʠʯʝ ʚʠʨʦʙʥʠʮʪʚʦ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʝʬʝʢʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ, ʦʩʢʽʣʴʢʠ ʮʝ ʻ ʦʩʥʦʚʦʶ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚ, ʩʚʦʻʯʘʩʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʣʘʥʽʚ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʽʚ ʘʚʘʨʽʡ ʽ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ. ʆʜʥʠʤ 

ʽʟ ʥʘʡʘʢʪʫʘʣʴʥʽʰʠʭ ʽ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʛʝʥʝʨʘʣʴʥʠʭ 3D ʧʣʘʥʽʚ, ʷʢʽ ʩʪʚʦʨʶʶʪʴʩʷ ʥʘ ʙʘʟʽ ʩʫʯʘʩʥʠʭ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ɻɯʉ). ɿʦʢʨʝʤʘ, ɻɯʉ K-MINE ʥʘʜʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʛʽʨʥʠʯʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʠ ʨʝʩʫʨʩʘʤʠ ʪʘ 

ʧʨʦʮʝʩʘʤʠ, ʧʽʜʚʠʱʫʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʙʝʟʧʝʢʫ ʨʦʙʽʪ. ɿʘʚʜʷʢʠ ʽʥʪʝʛʨʘʮʽʾ 

ʤʘʨʢʰʝʡʜʝʨʩʴʢʦ-ʛʝʦʜʝʟʠʯʥʠʭ ʜʘʥʠʭ ʫ 3D ʤʦʜʝʣʽ, ʤʦʞʥʘ ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ 

ʛʽʨʥʠʯʽ ʚʠʨʦʙʢʠ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʤʘʨʰʨʫʪʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʟʙʝʨʽʛʘʥʥʷ ʛʽʨʥʠʯʦʾ ʤʘʩʠ, ʘ 

ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʪʦʯʥʝ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ: 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʧʽʜʟʝʤʥʠʭ, ʥʘʟʝʤʥʠʭ, ʥʘʜʟʝʤʥʠʭ), ʢʦʣʦʜʷʟʽʚ, ʣʽʥʽʡ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʪʘ ʟʚôʷʟʢʫ, ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ, ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ. ʎʝ ʩʧʨʠʷʻ 

ʟʥʠʞʝʥʥʶ ʨʠʟʠʢʽʚ ʪʝʭʥʦʛʝʥʥʠʭ ʘʚʘʨʽʡ, ʧʦʢʨʘʱʫʻ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʴ ʟʘ 

ʚʠʢʦʥʘʥʥʷʤ ʨʦʙʽʪ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʦʧʝʨʘʪʠʚʥʠʡ ʜʦʩʪʫʧ ʜʦ ʘʢʪʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. ɯʥʪʝʨʘʢʪʠʚʥʽ 3D ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʚʯʘʩʥʦ ʚʠʷʚʣʷʪʠ 

ʪʘ ʫʩʫʚʘʪʠ ʧʨʦʙʣʝʤʠ, ʘ ʪʘʢʦʞ ʧʨʦʛʥʦʟʫʚʘʪʠ ʤʦʞʣʠʚʽ ʟʤʽʥʠ ʚ ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʛʥʫʯʢʦ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ ʽ ʧʽʜʚʠʱʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ - ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʽʥʪʝʛʨʘʮʽʾ ɻɯʉ K-MINE ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʝʥʝʨʘʣʴʥʦʛʦ 3D ʧʣʘʥʫ ʛʽʨʥʠʯʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʪʘ ʨʦʣʽ ʤʘʨʢʰʝʡʜʝʨʩʴʢʦ-ʛʝʦʜʝʟʠʯʥʦʛʦ ʩʫʧʨʦʚʦʜʫ ʧʨʦʮʝʩʫ ʩʪʚʦʨʝʥʥʷ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʮʴʦʛʦ ʜʦʢʫʤʝʥʪʫ ʚ ʫʤʦʚʘʭ ɯʥʛʫʣʝʮʴʢʦʛʦ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʦʛʦ ʢʦʤʙʥʘʪʫ. 

ʗʜʨʦʤ ʜʣʷ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʝʥʝʨʘʣʴʥʦʛʦ 3D ʧʣʘʥʫ ʻ ʝʣʝʢʪʨʦʥʥʠʡ 

ʛʝʥʝʨʘʣʴʥʠʡ ʧʣʘʥ 2D (ʨʠʩ.1, 2) 

ʄʘʨʢʰʝʡʜʝʨʩʴʢʘ ʩʣʫʞʙʘ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʨʠʡʤʘʻ ʙʝʟʧʦʩʝʨʝʜʥʶ ʫʯʘʩʪʴ ʚ ʨʦʟʨʦʙʮʽ. 

ɼʦʩʣʽʜʠʤʦ ʝʪʘʧʠ ʤʘʨʢʰʝʡʜʝʨʩʴʢʦʛʦ ʩʫʧʨʦʚʦʜʫ ʧʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʠʭ 

ʜʦʢʫʤʝʥʪʽʚ. 

ʇʝʨʰʠʡ ʝʪʘʧ ʚʢʣʶʯʘʻ ʧʨʦʚʝʜʝʥʥʷ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʥʠʭ ʚʠʰʫʢʫʚʘʥʴ ʪʘ 

ʪʦʧʦʛʨʘʬʽʯʥʫ ʟʡʦʤʢʫ ʪʝʨʠʪʦʨʽʾ: ʝʣʝʤʝʥʪʽʚ ʨʝʣʴʻʬʫ, ʙʫʜʽʚʝʣʴ, ʩʧʦʨʫʜ, ʙʣʘʛʦʫʩʪʨʦʶ, 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʥʘʟʝʤʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʢʦʣʦʜʷʟʽʚ, ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ʪʘ 

ʟʚô̫ ʟʢʫ [1]. ɺ ʷʢʦʩʪʽ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʚʠʢʦʥʘʥʥʷ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ: 

ʪʘʭʝʦʤʝʪʨʠʯʥʘ ʟʡʦʤʢʘ, ʥʽʚʝʣʶʚʘʥʥʷ, ʣʽʥʽʡʥʽ ʚʠʤʽʨʶʚʘʥʥʷ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ 

ʤʦʞʣʠʚʦ ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ GNSS ʟʥʽʤʘʥʥʷ, ʩʢʘʥʫʚʘʥʥʷ, 

ʘʝʨʦʬʦʪʦʟʥʽʤʘʥʥʷ ɹʇʃɸ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʰʫʢʫʚʘʥʴ ʪʘ ʚʝʢʪʦʨʠʟʘʮʽʾ ʧʘʧʝʨʦʚʠʭ ʥʦʩʽʾʚ 

(ʧʣʘʥʰʝʪʽʚ) ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʦʙô̒ ʢʪʽʚ ʛʝʥʝʨʘʣʴʥʦʛʦ ʧʣʘʥʫ. 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʚʠʢʦʥʘʥʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʤʘʨʢʰʝʡʜʝʨʩʴʢʽ ʨʦʙʦʪʠ ʱʦʜʦ 

ʫʪʦʯʥʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʥʘʜʟʝʤʥʠʭ ʪʘ ʧʽʜʟʝʤʥʠʭ ʙʘʛʘʪʦʷʨʫʩʥʠʭ ʩʧʦʨʫʜ ʪʘ 

ʢʦʤʫʥʽʢʘʮʽʡ (ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʜʨʦʪʽʚ). ɺ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʻ ʽʥʬʦʨʤʘʮʽʷ ʟ ʨʦʙʦʯʠʭ ʧʨʦʝʢʪʽʚ, 

ʚʠʢʦʥʘʚʯʠʭ ʟʡʦʤʦʢ, ʩʭʝʤ ʟʘʙʫʜʦʚʠ ʪʘ ʨʝʤʦʥʪʽʚ, çʩʢʝʣʝʪʥʠʭè ʩʭʝʤ ʢʦʤʫʥʽʢʘʮʽʡ ʪʘ 

ʢʦʣʦʜʷʟʽʚ. ɺʠʢʦʥʫʶʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʤʘʨʢʰʝʡʜʝʨʩʴʢʽ ʚʠʤʽʨʶʚʘʥʥʷ ʟ ʦʜʥʦʯʘʩʥʠʤ 

ʧʦʧʦʚʥʝʥʥʷʤ ʤʦʜʝʣʽ ʛʝʥʝʨʘʣʴʥʦʛʦ ʧʣʘʥʫ. 
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ʆʙʦʚô̫ ʟʢʦʚʦ ʜʦʜʘʻʪʴʩʷ ʩʝʤʘʥʪʠʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʦʞʥʠʡ ʦʙô̒ ʢʪ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʧʦʚʥʽʩʪʶ ʚʽʜʩʪʝʞʠʪʠ ʚʩʶ ʽʩʪʦʨʽʶ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙô̒ ʢʪʫ, ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ 

ʤʽʩʮʝʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘ ʧʣʘʥʽ, ʚʠʢʦʥʘʪʠ ʰʚʠʜʢʠʡ ʧʦʰʫʢ ʦʙô̒ ʢʪʽʚ ʧʦ ʟʘʜʘʥʠʤ ʫʤʦʚʘʤ. 

ɺʞʝ ʟʘʨʘʟ ʚ ʫʤʦʚʘʭ ɯʅɻɿʂ ʚʝʜʫʪʴʩʷ ʨʦʙʦʪʠ ʟʽ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ 

ʛʝʥʝʨʘʣʴʥʦʛʦ 3D ʧʣʘʥʫ (ʨʠʩ.3), ʚʧʨʦʚʘʜʞʝʥʥʷ ʷʢʦʛʦ ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʰʚʠʜʢʦ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʽ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʨʦʙʽʪ. 

 

ʈʠʩʫʥʦʢ 3 ï ʇʨʦʤʠʩʣʦʚʽ ʙʫʜʽʚʣʽ ʟ ʢʦʤʫʥʽʢʘʮʽʷʤʠ 3D 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
1. ɯʥʩʪʨʫʢʮʽʷ ʟ ʪʦʧʦʛʨʘʬʽʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʫ ʤʘʩʰʪʘʙʘʭ 1:5000, 1:2000, 1:1000 ʪʘ 

1:500 (ɻʂʅʊɸ-2.04-02ï98) : ʟʘʪʚ. ʥʘʢʘʟʦʤ ɻʦʣʦʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʛʝʦʜʝʟʽʾ, ʢʘʨʪʦʛʨʘʬʽʾ ʪʘ 

ʢʘʜʘʩʪʨʫ ʚʽʜ 09.04.1998 ʨ. ˉ56. ɼʘʪʘ ʦʥʦʚʣʝʥʥʷ: 27.07.1999. URL: 

https://zakon.rada.gov.ua/laws/show/z0393-98.  

  

ʈʠʩʫʥʦʢ 1 ï ɻʝʥʧʣʘʥ 2D ʄ 

1:10000 

ʈʠʩʫʥʦʢ 2 ï ʇʨʦʤʠʩʣʦʚʽ ʙʫʜʽʚʣʽ ʟ ʢʦʤʫʥʽʢʘʮʽʷʤʠ 2D 

1:1000 


