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ɻʦʣʦʚʥʘ ʤʝʪʘ ʥʘʫʢʦʚʦʛʦ ʞʫʨʥʘʣʫ ï ʥʘʜʘʥʥʷ ʰʠʨʦʢʠʤ ʚʝʨʩʪʚʘʤ ʥʘʫʢʦʚʦʾ ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʤʦʞʣʠʚʦʩʪʽ 
ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ, ʚʠʩʚʽʪʣʝʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʠʭ ʨʦʟʨʦʙʦʢ, 
ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʽ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʙʫʜʽʚʝʣʴʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 
ʋ ʥʘʫʢʦʚʦʤʫ ʞʫʨʥʘʣʽ ñɸʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʛʠ ʽ ʜʦʨʦʞʥʻ ʙʫʜʽʚʥʠʮʪʚʦò ʚʽʜʦʙʨʘʞʝʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʥʘʫʢʦʚʽ 
ʨʦʟʨʦʙʢʠ ʚʯʝʥʠʭ ʽ ʩʧʝʮʽʘʣʽʩʪʽʚ ʜʦʨʦʞʥʴʦ-ʙʫʜʽʚʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʥʘʫʢʦʚʠʭ ʫʩʪʘʥʦʚ ʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟ 
ʚʠʨʽʰʝʥʥʷ ʩʫʯʘʩʥʠʭ ʟʘʜʘʯ ʪʘ ʧʨʦʙʣʝʤ ʟ ʥʘʧʨʷʤʢʽʚ ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʧʝʮʽʘʣʴʥʦʩʪʷʤ, ʟʘ ʷʢʠʤʠ 
ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʜʛʦʪʦʚʢʘ ʟʜʦʙʫʚʘʯʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ (ʇʦʩʪʘʥʦʚʘ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 
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ɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷ; ɻʝʦʜʝʟʽʷ ʪʘ ʟʝʤʣʝʫʩʪʨʽʡ; ɻʽʜʨʦʪʝʭʥʽʯʥʝ ʙʫʜʽʚʥʠʮʪʚʦ, ʚʦʜʥʘ 
ʽʥʞʝʥʝʨʽʷ ʪʘ ʚʦʜʥʽ ʪʝʭʥʦʣʦʛʽʾ; ʊʝʭʥʦʣʦʛʽʾ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ; 
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ʙʽʨʞʦʚʘ ʜʽʷʣʴʥʽʩʪʴ. 
ɼʨʫʢʫʻʪʴʩʷ ʥʘʫʢʦʚʠʡ ʞʫʨʥʘʣ ñɸʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʛʠ ʽ ʜʦʨʦʞʥʻ ʙʫʜʽʚʥʠʮʪʚʦò ʟʘ ʨʽʰʝʥʥʷʤ ɺʯʝʥʦʾ ʨʘʜʠ 
ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʧʨʦʪʦʢʦʣ ˉ 3 ʚʽʜ 26.03.2026).  
ɼʨʫʢʦʚʘʥʽ ʧʨʠʤʽʨʥʠʢʠ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʩʝʨʝʜ: ʜʝʨʞʘʚʥʠʭ ʽ ʧʨʦʚʽʜʥʠʭ ʙʽʙʣʽʦʪʝʢ ʋʢʨʘʾʥʠ, ʧʨʦʚʽʜʥʠʭ 
ʥʘʚʯʘʣʴʥʠʭ, ʥʘʫʢʦʚʠʭ, ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʪʘ ʧʨʦʝʢʪʥʠʭ ʟʘʢʣʘʜʽʚ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ 
ʩʧʨʷʤʫʚʘʥʥʷ; ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʙʫʜʽʚʥʠʮʪʚʘ, ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʨʝʤʦʥʪʫ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ 
ʽ ʘʝʨʦʜʨʦʤʽʚ; ʫʩʪʘʥʦʚ ʜʦ ʷʢʠʭ ʦʙʦʚôʷʟʢʦʚʦ ʧʦʚʠʥʥʽ ʥʘʜʩʠʣʘʪʠʩʷ ʚʠʜʘʥʥʷ, ʚ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ 
ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʨʦʙʽʪ. 
ʅʘʢʘʟʘʤʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ʚʽʜ 30 ʣʠʩʪʦʧʘʜʘ 2021 ʨʦʢʫ ˉ 1290 ʽ ʚʽʜ 
07 ʢʚʽʪʥʷ 2022 ʨʦʢʫ ˉ 320 ʥʘʫʢʦʚʠʡ ʞʫʨʥʘʣ  ʚʥʝʩʝʥʠʡ ʜʦ ʨʝʻʩʪʨʫ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ 
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(ʟʘʩʪʫʧʥʠʢ ʛʦʣʦʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ), ʅʊʋ (ʂʠʾʚ); ʉʣʘʚʽʥʩʴʢʘ ʆ.ʉ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, (ʟʘʩʪʫʧʥʠʢ 
ʛʦʣʦʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ), ʅʊʋ (ʂʠʾʚ); ɹʘʪʨʘʢʦʚʘ ɸ.ɻ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, (ʟʘʩʪʫʧʥʠʢ ʛʦʣʦʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ), 
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ʧʨʦʬʝʩʦʨ, ʅʊʋ (ʂʠʾʚ); ɹʝʣʽʥʩʴʢʘ ʗ.ɺ., ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ,  ɼʇʋ, (ʂʠʾʚʩʴʢʘ ʦʙʣ., ʤ. ɯʨʧʽʥʴ); ɹʦʥʜʘʨ ʅ.ʄ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʅʅɯ çɯʥʩʪʠʪʫʪ ʛʝʦʜʝʟʽʾè, (ʃʴʚʽʚ); ɻʫʨʞ̔ ʡ ʅ.ʄ., 
ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ, ɿʅʋ, (ɿʘʧʦʨʽʞʞʷ); ɼʤʠʪʨʽʻʚʘ ʆ.ɯ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʍʅɸɼʋ (ʍʘʨʢʽʚ); ʂʨʘʚʯʫʢ 
ɸ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʅʋɹɸ (ʂʠʾʚ); ʃʦʞʘʯʝʚʩʴʢʘ ʆ.ʄ.,  ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʊʋ (ʂʠʾʚ);  ʄʘʤʦʥʦʚ 
ʂ.ɸ., ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ, ʍʅʋʄɻ ʽʤ. ʆ.ʄ. ɹʝʢʝʪʦʚʘ (ʍʘʨʢʽʚ);  ʄʘʪʝʡʯʠʢ ɺ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʊʋ 
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ʉʘʭʥʦ ɺ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʊʋ (ʂʠʾʚ); ʍʨʫʪʴʙʘ ɺ.ʆ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʊʋ (ʂʠʾʚ); 
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ʊʝʭʥʽʯʥʽ ʨʝʜʘʢʪʦʨʠ: ɹʦʥʜʘʨʝʥʢʦ ʃ.ʇ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʅʊʋ (ʂʠʾʚ); ʋʩʠʯʝʥʢʦ ʆ.ʖ., ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ; 
ʍʘʨʯʝʥʢʦ ɸ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ; ʏʝʯʫʛʘ ʆ.ʉ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ. 
 
ʈɽɼɸʂʊʆʈʀ 
ɹʘʟʠʣʶʢ ɸ.ɺ., ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʊʋ (ʂʠʾʚ); ɹʝʟʚʝʨʭʠʡ ʆ.ɯ., ʜ.ʬ-ʤ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʊʋ (ʂʠʾʚ); 
ɹʝʟʫʛʣʠʡ ɸ.ʆ., ʢ.ʝ.ʥ., ʜʦʮʝʥʪ, ɼʇ ñʅʘʮʽʦʥʘʣʴʥʠʡ ʽʥʩʪʠʪʫʪ ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ɼʇ çʅɯʈɯò (ʂʠʾʚ); 
ɹʻʜʫʥʢʦʚʘ ʆ.ʆ., ʜ.ʙ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʋɺɻʇ (ʈʽʚʥʝ); ɹʦʥʜʘʨʝʥʢʦ ɽ.ʃ., ʜ.ʛʝʦʛʨ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚʩʴʢʠʡ 
ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ (ʂʠʾʚ); ɹʫʙʝʣʘ ɸ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʊʋ (ʂʠʾʚ); 
ɹʫʜʥʠʢ ɺ.ɸ., ʢ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ.ɼʋɯʊ (ʂʠʾʚ); ɺʥʫʢʦʚʘ ʅ.ɺ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʍʅɸɼʋ (ʍʘʨʢʽʚ); ɺʦʣʢ 
ʃ.ʈ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʅʋɺɻʇ (ʈʽʚʥʝ); ɻʘʚʨʠʣʝʥʢʦ ɺ.ɺ., ʜ.ʬ-ʤ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʊʋ (ʂʠʾʚ); ɻʘʩʝʥʢʦ ʃ.ɺ., 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʍʝʨʩʦʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʘʛʨʘʨʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, (ʂʨʦʧʠʚʥʠʮʴʢʠʡ); 
ɻʦʥʯʘʨʝʥʢʦ ʌ.ʇ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ɼʇ "ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʽʥʩʪʠʪʫʪ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ 
ʜʦʨʦʞʥʴʦʛʦ ʛʦʩʧʦʜʘʨʩʴʚʘò(ʂʠʾʚ); ɻʨʝʯʘʥ ɸ.ʇ., ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʊʋ (ʂʠʾʚ); ɼʤʠʪʨʠʯʝʥʢʦ ɸ.ʄ., 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʅʊʋ (ʂʠʾʚ);  ɭʨʤʘʢʦʚ ɺ.ʄ., ʜ.ʪ.ʥ., ʜʦʮʝʥʪ, ɼʝʨʞʘʚʥʘ ʝʢʦʣʦʛʽʯʥʘ ʘʢʘʜʝʤʽʷ 
ʧʽʩʣʷʜʠʧʣʦʤʥʦʾ ʦʩʚʽʪʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ, (ʂʠʾʚ); ɾʜʘʥʶʢ ɺ.ʂ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʍʅɸɼʋ (ʍʘʨʢʽʚ);  
ɿʽʥʯʝʥʢʦ ɸ.ʖ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ ñʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 
ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦò, (ʂʠʾʚ); ɿʦʣʦʪʘʨʴʦʚ ɺ.ʆ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʍʅɸɼʋ (ʍʘʨʢʽʚ); 
ɿʫʙʨʝʮʴʢʘ ʅ.ɸ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʊʋ (ʂʠʾʚ); ɯʚʘʥʽʢ ʆ.ʄ., ʜ.ʛʝʦʣ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 
ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ (ʂʠʾʚ); ɯʚʘʥʯʝʥʢʦ ɺ.ʆ., ʜ.ʝ.ʥ., ʜʦʮʝʥʪ, ɼʇ ñʅʘʮʽʦʥʘʣʴʥʠʡ ʽʥʩʪʠʪʫʪ 
ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ɼʇ çʅɯʈɯò (ʂʠʾʚ)  ɯʣʴʯʝʥʢʦ ɺ.ʖ., ʢ.ʝ.ʥ., ʜʦʮʝʥʪ, ʅʊʋ (ʂʠʾʚ);  ʂʘʩʴʢʽʚ ɺ.ɯ., 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ɼʇ ñʅʘʮʽʦʥʘʣʴʥʠʡ ʽʥʩʪʠʪʫʪ ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ɼʇ çʅɯʈɯò (ʂʠʾʚ); ʂʠʨʝʣʴ ʅ.ɺ., 
ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʍʅɸɼʋ (ʍʘʨʢʽʚ); ʂʠʨʠʣʝʥʢʦ ʆ.ʄ., ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ.ʅɸʋ (ʂʠʾʚ); ʂʠʨʠʯʝʥʢʦ ɯ.ɻ., 
ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʍʅɸɼʋ (ʍʘʨʢʽʚ); ʂʽʨʽʯʝʢ ʖ.ʆ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʇɼɸɹɸ (ɼʥʽʧʨʦ); ʂʽʷʰʢʦ ɯ.ɺ., 
ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʍʅɸɼʋ (ʍʘʨʢʽʚ); ʂʦʚʘʣʴʯʫʢ ɺ.ʇ., ʜ.ʪ.ʥ., ʛʦʣʦʚʥʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ, ɯʥʩʪʠʪʫʪ 
ʚʦʜʥʠʭ ʧʨʦʙʣʝʤ ʽ ʤʝʣʽʦʨʘʮʽʾ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʷ ʘʛʨʘʨʥʠʭ ʥʘʫʢ ʋʢʨʘʾʥʠ,(ʂʠʾʚ); ʂʫʟʣʦ ʄ.ʊ., ʜ.ʪ.ʥ., 
ʧʨʦʬʝʩʦʨ, ʅʋɺɻʇ (ʈʽʚʥʝ); ʂʫʟʴʤʠʥʝʮʴ ʄ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʊʋ (ʂʠʾʚ); ʃʠʪʚʠʥʝʥʢʦ ʊ.ʇ., ʢ.ʪ.ʥ., 
ʜʦʮʝʥʪ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, (ʇʦʣʪʘʚʘ); 
ʃʦʚʝʡʢʽʥ ɺ.ʉ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʋɹʇ (ʂʠʾʚ); ʃʦʟʘ ɯ.ɸ., ʜ.ʬ-ʤ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʊʋ (ʂʠʾʚ); ʃʦʤʦʪʴʢʦ 
ɼ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʋɼʋɿʊ (ʍʘʨʢʽʚ); ʃʫʢʴʷʥʦʚʘ ɺ.ɺ., ʢ.ʭʽʤ.ʥ., ʜʦʮʝʥʪ, ɼʝʨʞʘʚʥʘ ʫʩʪʘʥʦʚʘ 
çɯʥʩʪʠʪʫʪ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠè, ʩʪʘʨʰʠʡ 
ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ ʚʽʜʜʽʣʫ ʷʜʝʨʥʦ-ʬʽʟʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ʂʠʾʚ); ʃʫʥʴʦʚ ɸ.ʆ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ɼʋ 
çɾʠʪʦʤʠʨʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, (ɾʠʪʦʤʠʨ); ʃʫʥʴʦʚʘ ʆ.ɺ., ʜ.ʪ.ʥ.,  ʧʨʦʬʝʩʦʨ, ɼʋ çɾʠʪʦʤʠʨʩʴʢʘ 
ʧʦʣʽʪʝʭʥʽʢʘè, (ɾʠʪʦʤʠʨ);  ʃʷʰʝʥʢʦ ɼ.ʆ., ʜ.ʛʝʦʛʨ.ʥ., ʜʦʮʝʥʪ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ (ʂʠʾʚ); ʄʘʣʘʥʯʫʢ ʄ.ʉ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʅʋ ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò ʅʅɯ 
çɯʥʩʪʠʪʫʪ ʛʝʦʜʝʟʽʾè, (ʃʴʚʽʚ); ʄʘʣʘʭʦʚʘ ʖ.ɸ., ʢ.ʝ.ʥ., ʜʦʮʝʥʪ, ʅʊʋ (ʂʠʾʚ); ʄʘʤʯʫʨ ɺ.ɸ., ʜ.ʝ.ʥ., 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʥʘʫʢʦʚʠʡ ʮʝʥʪʨ çɯʥʩʪʠʪʫʪ ʘʛʨʘʨʥʦʾ ʝʢʦʥʦʤʽʢʠè, (ʂʠʾʚʩʴʢʘ ʦʙʣʘʩʪʴ, ʩʤʪ. ʏʘʙʘʥʠ); 
ʄʘʨʯʫʢ ʆ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʊʋ (ʂʠʾʚ); ʄʝʣʝʥʯʫʢ ʊ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ,  ʅʘʮʽʦʥʘʣʴʥʠʡ 
ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè  (ʆʜʝʩʘ); ʄʝʣʴʥʠʢ ʊ.ʉ., ʜ.ʝ.ʥ., ɸʊ çʋʢʨʘʾʥʩʴʢʘ ʟʘʣʽʟʥʠʮʷè, 
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ɼʝʧʘʨʪʘʤʝʥʪ ʟʘʢʫʧʽʚʝʣʴ, ʛʦʣʦʚʥʠʡ ʬʘʭʽʚʝʮʴ ʩʝʢʪʦʨʫ ʢʘʪʝʛʦʨʽʡʥʠʭ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʢʘʪʝʛʦʨʽʡʥʦʛʦ 
ʤʝʥʝʜʞʤʝʥʪʫ  (ʂʠʾʚ);  ʄʽʰʫʪʽʥ ɸ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʆɼɸɹɸ (ʆʜʝʩʘ);  ʄʦʛʠʣʴʥʠʡ ʉ.ɻ., ʜ.ʪ.ʥ., 
ʧʨʦʬʝʩʦʨ, ʇɼɸɹɸ (ɼʥʽʧʨʦ); ʄʫʩʽʡʢʦ ɺ.ɼ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʊʋ (ʂʠʾʚ); ʅʘʛʘʡʯʫʢ ɺ.ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 
ɼʇ ñʅʘʮʽʦʥʘʣʴʥʠʡ ʽʥʩʪʠʪʫʪ ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ɼʇ çʅɯʈɯò (ʂʠʾʚ);   ʅʝʽʟʚʝʩʪʥʘ ʅ.ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 
ʅʊʋ (ʂʠʾʚ); ʆʢʩʝʥʴ ɭ.ɯ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʊʋ (ʂʠʾʚ); ʇʝʥʴʢʦʚ ɺ.ʆ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʍʅʋʄɻ ʽʤ. 
ʆ.ʄ. ɹʝʢʝʪʦʚʘ (ʍʘʨʢʽʚ); ʇʝʪʨʦʚʠʯ ʆ.ɿ., ʢ.ʙ.ʥ., ʜʦʮʝʥʪ, ʄʽʥʽʩʪʝʨʩʪʚʦ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ 
ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ,  (ʂʠʾʚ); ʇʝʪʨʫʢ ʈ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ɺʅʊʋ (ɺʽʥʥʠʮʷ); ʈʘʟʫʤʦʚʘ ʂ.ʄ., ʜ.ʝ.ʥ., 
ʧʨʦʬʝʩʦʨ.ʅɸʋ (ʂʠʾʚ); ʈʦʞʦʢ ʃ.ʉ., ʜ.ʬ-ʤ.ʥ., ʧʨʦʬʝʩʦʨ ʅʊʋ (ʂʠʾʚ); ʈʦʤʘʥʝʥʢʦ ɺ.ɼ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, 
ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʢʦʤʧʣʝʢʩ çɯʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫè ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 
ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ; ʈʫʞʝʥʩʴʢʠʡ ʄ.ʄ., 
ʢ.ʝ.ʥ., ʜʦʮʝʥʪ, ʅʊʋ (ʂʠʾʚ); ʉʝʤʝʥʯʫʢ ʊ.ɹ., ʢ.ʝ.ʥ., ʜʦʮʝʥʪ, ɼʋɯʊ, (ʂʠʾʚ);  ʉʝʤʢʦ ʆ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, (ʇʦʣʪʘʚʘ); ʉʦʢʦʣʦʚʘ 
ʅ.ʄ., ʢ.ʝ.ʥ., ʜʦʮʝʥʪ, ʅʊʋ (ʂʠʾʚ); ʊʦʣʤʘʯʝʚ ʉ.ʄ. ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʍʅɸɼʋ (ʍʘʨʢʽʚ); ʋʛʥʝʥʢʦ ɭ.ɹ., 
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ɽʣʝʢʪʨʦʥʥʘ ʢʦʧʽʷ ʥʘʫʢʦʚʦʛʦ ʞʫʨʥʘʣʫ ñɸʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʛʠ ʽ ʜʦʨʦʞʥʻ ʙʫʜʽʚʥʠʮʪʚʦò ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘ 
ʩʘʡʪʽ ʅʘʮʽʦʥʘʣʴʥʦʾ ʙʽʙʣʽʦʪʝʢʠ ʋʢʨʘʾʥʠ ʽʤʝʥʽ ɺ. ɯ. ɺʝʨʥʘʜʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ ʫ ʨʦʟʜʽʣʽ ñʅʘʫʢʦʚʘ 
ʧʝʨʽʦʜʠʢʘ ʋʢʨʘʾʥʠò (ʜʣʷ ʧʝʨʽʦʜʠʯʥʠʭ ʜʨʫʢʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ), ʥʘ ʩʘʡʪʽ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 
ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽ ʩʘʡʪʽ  ʥʘʫʢʦʚʦʛʦ ʞʫʨʥʘʣʫ çɸʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʛʠ ʽ ʜʦʨʦʞʥʻ ʙʫʜʽʚʥʠʮʪʚʦè. 
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Abstract. The theoretical and practical aspects of predicting the dispersion of harmful impurities in 

atmospheric air in conditions of modern climatic instability are explored in this paper. The fundamental 

principles of mathematical modeling of emissions from asphalt concrete plants (ACPs) are analyzed, in 

particular, the features of the application of the Gaussian plume model and the OND-86 methodology. The 

main focus is on identifying methodological gaps in current environmental impact assessment (EIA) 

procedures, which are based on static meteorological parameters and do not take into account the risks caused 

by anomalous ñheat wavesò. 

Based on a real industrial facility (an asphalt mixing plant in Vinnytsia region), a series of numerical 

experiments were performed to simulate the distribution of nitrogen dioxide (NO2) in a wide temperature 

range (from -10 to +40 ÁC). The modeling results demonstrated that extreme heat is a critical factor coursed 

the increase of ground-level concentrations of the pollutant and the approach of the pollution epicenter to the 

emission source. 

The practical part of the investigation  was implemented through cartographic visualization of 

concentration fields with reference to the topography of settlements. It has been proved that at abnormally high 

air temperatures (+40 ÁC and above), a decrease in the effective emission height is observed due to a decrease 

in the thermal gradient, which can lead to the coverage of residential buildings with concentrations that 

significantly exceed the regulatory MAC (Maximum Allowable Concentration). 

A scientifically based strategy for adaptive management of asphalt concrete plants (AʉP) is proposed, 

which involves dynamic adjustment of technological cycles and the implementation of predictive air basin 

monitoring systems. The conclusions of the work can be used to improve environmental regulations and justify 

the boundaries of sanitary protection zones of road industry enterprises. 
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Introduction. In the context of active development and restoration of the road and transport network, 

asphalt concrete plants (ACP) perform a key role in supporting the construction industry. It  courses to an 

increase in the number and productivity of agricultural enterprises, many of which operate in close proximity 

to settlements or are mobile and frequently change location. Such intensive use is necessary for the economy, 

but creates permanent and growing environmental pressure. 

According to the Law of Ukraine ñOn Environmental Impact Assessmentò, the activities of AʉP belong 

to the category of facilities that may have a significant impact on the environment and require obligatory 

environmental impact assessment (EIA) procedures before the beginning of their operation or reconstruction 

[1]. The EIA procedure is a comprehensive analysis aimed at determining the potential impact of a factories 

on ecosystems and populations. A critically important element of this process is a mathematical modeling, 

since the calculated forecast  allows us to establish a spatial illustration of the distribution of pollutants and 

make reasoned decisions regarding environmental safety. 

Despite the obligatory EIA procedure, the modern practice of environmental regulation and 

environmental impact assessment of asphalt concrete plants in Ukraine faces a serious challenge due to the 

inconsistency of traditional calculation models with real climate change.  

The main problem is that actual methods for predicting the dispersion of harmful substances are based 

on static meteorological parameters that do not take into account the anomalous temperature regimes that are 

increasingly observed in the summer period. The increase of the frequency of ñheat wavesò with temperatures 

above +35 - +40 ÁC radically changes the thermodynamics of the ground-level layer of the atmosphere, causing 

a decrease in the effective height of emissions and their intensive ñpressingò to the earthôs surface. 

The situation is complicated by the high density of development around industrial sites. Traditional 

calculations of sanitary protection zones, performed based on average statistical indicators, turn out to be 

irrelevant during periods of extreme heat, when the zone of maximum pollution shifts closer to the source and 

covers residential areas with a higher concentration of impurities. 

 Thus, an sharp  scientific and practical contradiction arises between the necessity to ensure guaranteed 

environmental safety of the population and the limitations of the existing forecasting tools, which requires a 

transition to adaptive modeling taking into account modern climatic extremes. 

The problem of modeling atmospheric dispersion and estimation the impact of industrial facilities on 

the environment is a subject of active discussion in the modern scientific community. The issue of applying 

Gaussian models and their adaptation to complex meteorological conditions is considered in detail in the 

fundamental works of Zannetti P. [2] and Stockie J. M. [3], which laid the mathematical foundation for 

understanding the dynamics of a smoke plume and calculating ground-level concentrations. Modern foreign 

studies, in particular the works of Li X.  ʪʘ Hu X.-M. [4] and Pu X., Wang T. J., Huang X., Ding A. J., 

Zhou D. R. [5], indicate that global climate change, in particular anomalous ñheat wavesò, significantly change 

the turbulence of the ground-level layer of the atmosphere. This makes static calculations using traditional 

methods, such as OND-86 [6], less accurate, as they do not fully take into account the thermal suppression of 

flare rise. The issue of the impact of asphalt concrete plants as specific sources of pollution was investigated 

by Oreto C. et al. [7], focusing on the risks from emissions of nitrogen oxides and particulate matter within the 

life cycle of road mix production. 

In the Ukrainian scientific segment, a significant contribution to the development of methods of 

environmental monitoring and modeling was made by scientists Belyaev M. M. [8] (development of numerical 

models of impurity distribution), Vasylenko L. A. [9] (environmental safety of road construction) and 

Gunchenko O. M. [10]. However, despite a significant number of works, the issue of quantitative assessment 

of the impact of extreme temperatures (+40 ÁC) on the reduction of the dispersion distance (Xmax) for road 

sector facilities in Ukraine remains insufficiently covered, which makes this study relevant. 

https://arrcjournal.org/
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The purpose of the study is to predict the levels of atmospheric air pollution by emissions from asphalt 

concrete plants under conditions of climate instability and to substantiate adaptive measures to minimize 

environmental risk for nearby territories based on mathematical modeling. 

To achieve the goal, it is necessary to solve the following tasks: 

1. To justify the choice of mathematical apparatus and algorithm for modeling the dispersion of 

emissions from industrial sources (asphalt concrete plants). 

2. Perform mathematical modeling of nitrogen dioxide dispersion in a wide temperature range (from -

10 ÁC to +40 ÁC) to identify regularities in changes in ground-level concentrations. 

3. To investigate the spatial transformation of the impact zone and the configuration of the emission 

flare under the influence of extremely high air temperatures. 

4. Perform cartographic modeling of the impact zones of a real ACP with a direct connection to the 

actual coordinates of the object and the surrounding residential area to estimate real risks for the population. 

5. To substantiate a complex of adaptive environmental protection measures (technological, monitoring 

and planning) aimed at minimizing the negative impact of ACP on residential areas during periods of abnormal 

weather phenomena. 

Presentation of the main research material and the obtained results.  

Forecasting atmospheric pollution from asphalt concrete plants (ACP) based on mathematical modeling 

is an important tool for assessing environmental impact, planning environmental protection measures, and 

monitoring compliance with regulations. The purpose of modeling is to determine the maximum surface 

concentrations of pollutants at various distances from the emission source and estimate the compliance of these 

concentrations with maximum allowable concentrations (MAC). This modeling is a obligatory step for 

developing an emissions permit and determining the size of the sanitary protection zone (SPZ). 

Since the ACP is a complex source of pollution, mathematical modeling should include the following 

key steps: 

1. Collection of initial data. 

1.1 Characteristics of the ACP: productivity, features of the technological process, type of fuel, 

availability and efficiency of dust and gas cleaning units, etc. 

1.2 Emission data: identification and inventory of emission sources, actual or estimated emission 

capacities (M) for all main pollutants. 

1.3 Meteorological data: wind speed and direction, temperature, atmospheric stability class (usually 

for the entire calculation period). 

1.4 Geographic data: topography of the area (taking into account relief), data on buildings and 

structures for calculating aerodynamic flow. 

2. Construction or adaptation of a mathematical model.  

3. Calculation: determination of the field of pollutant concentrations at different points around the ACP. 

4. Analysis of results. 

4.1 Comparison of calculated maximum ground-level concentrations with maximum permissible 

concentrations (MAC). 

4.2 Definition of the sanitary protection zone (SPZ). 

4.3 Assessment of the contribution of the SPZ to overall atmospheric air pollution and development of 

measures to reduce the impact (for example, increasing the height of pipes, increasing the efficiency of gas 

purification equipment, improving the technological process, etc.). 

The most widespread and simplest model for predicting the spread of impurities in the atmosphere is 

the Gaussôs Plume Model. This model is well suited for predicting the dispersion of emissions from point 

sources (smokestacks) over open and flat terrain over relatively short distances (up to 10ï20 km). 

The Gaussôs model is based on the following key assumptions: 

1. Point source: Pollution emanates from a single point source (pipe) located at an effective height H. 

2. Permanent emission: The emission rate (M) and meteorological conditions (wind speed u) are 

constant (do not change over time). 

https://arrcjournal.org/
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3. Gaussôs distribution: The distribution of impurity concentration in the cross-section of the smoke 

plume (perpendicular to the wind direction) obeys the normal distribution law (Gaussôs law). 

4. Reflection from the ground: The earthôs surface is considered to be perfectly reflective (pollutants 

are not absorbed, but reflected). 

Within the Gaussôs model, the concentration C at any point (x,y,z) from a point source (chimney) is 

defined as [2]: 
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where Q  is  the emission power (mass of impurity per unit time, g/s); 

u is the average wind speed, m/s; 

ʅʝ is the effective emission height, m; 

ʎ Øȟ ʎ Ø)  are  dispersal  parameters (standard deviations) in the horizontal and vertical directions, 

depending on the distance x and the atmospheric stability class. 

In equation (1), the first exponent 
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defines the horizontal dispersion (across the wind). 

The maximum concentration is always on the axis of the emission plume (y=0). 
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 is the actual Gaussôs distribution around the effective height H.  

The second term 
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 is the imaginary source, which is used to model the total reflection 

of the pollutant from the earthôs surface (z=0). 

For the most of environmental assessments, the most important calculation is the ground-level 

concentrations along the axis of the flare. 

Putting z=0 (earthôs level) and y=0 (wind direction) into the general formula, we get: 

 

()

2

2
( ,0,0) exp

( ) ( )y z z

M H
ʉ ʭ

u x x z xp s s s

å õ
= -æ öæ ö

ç ÷

.    (2) 

 

The key task of environmental forecasting is to determine the maximum ground-level (at a level of 2 m 

from the ground) concentration Cmax  and the distance xmax at which it is achieved. Analysis of formula (2) 

allows us to make the following conclusions: 

1. At short distances (x Ÿ0) the concentration C is zero, since the flare is located high. 

2. At large distances (x ŸÐ) the concentration C approaches zero, as the plume is dispersed over a large 

area. 

3. The maximum ground-level concentrations ʉmax is reached at a certain optimal distance Xmax, where 

the flare has time to descend to the earth, but has not yet completely dispersed. 

The effective height (ʅʝ) is the sum of the physical height of the pipe (H) and the additional flare lift 

(ɝ̊ ) caused by the kinetic energy and buoyancy (temperature) of the exhaust gases [3]: 
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eH H H= +D.      (3) 

 

The larger the value ʅʝ, then better the initial dispersal occurs and the lower the concentration in the 

ground-level layer will be. The flare lift  HD is a complex parameter and is calculated using empirical formulas 

(e.g., Holland, Briggs formulas) that take into account the temperature of the gases, the outlet velocity, and the 

wind speed. 

The main limitations for the application of the Gaussôs model are the following: 

1. Flat terrain (the model works poorly in conditions of complex buildings or mountainous terrain). 

2. Non-stationarity (it cannot model changes in meteorological conditions in time). 

3. Chemistry (it does not take into account chemical transformations of impurities (for example, 

oxidation of SO2 NOx)). 

However, the Gaussôs model is an ideal tool for: 

1. Assessing the impact of ACP emissions on surrounding residential areas. 

2. Designing chimneys (determining the minimum required height H). 

3. Establishing sanitary protection zones (SPZ) around the plant. 

Although the Gaussôs model is fundamental, its direct application in engineering calculations is 

complicated by the necessity for permanent monitoring of the turbulent characteristics of the atmosphere 
ys  

and 
zs . In order to make the environmental impact assessment (EIA) process universal and accessible, Gaussôs 

physical principles were transformed into empirical methods of the simplified calculation, such as the OND-

86 method. 

This approach is based on the principle of determining the worst-case scenario. Instead of calculating 

the concentration for each wind change, the technique immediately determines the maximum surface 

concentration (˿max) that can occur under the most adverse meteorological conditions (the so-called ñdangerous 

wind speedò). 

For a single point source with a round mouth (for example, an ACP pipe), the maximum concentration 

formula has the form [6], mg/m3: 
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where ɸ is a coefficient, depending on the temperature stratification of the atmosphere at which the 

concentration of harmful substances in the air is maximum, sec2/3degree1/2mg/g;   

M is the mass of harmful impurity emitted into the atmosphere, g/sec; 

F is the dimensionless coefficient that takes into account the settling velocity of harmful substances in 

atmospheric air; 

m, n are the coefficients that take into account the conditions of the gas-air mixture exiting the source; 

h is the dimensionless coefficient that takes into account the influence of the terrain; 

ʅ is the  height of the emission source above ground level, m; 

V1  is the gas-air mixture flow rate, ʤ3/sec; 

ʊD is the difference between the temperature of the gas-air mixture emitted into the atmosphere and the 

temperature of the ambient air, C̄ . 

The distance from the emission source at which the ground-level concentration reaches its maximum 

value under adverse meteorological conditions is determined by the formula [6], m: 
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where the dimensionless coefficient d is determined by the formulas given in [6]. 

The advantage of the application the mathematical model (4) ï (5) is the possibility of scenario 

modeling, which allows assessing environmental risks at the design or modernization stage of production. Due 

to the variation of input parameters (such as discharge temperature, gas velocity or meteorological conditions), 

the model becomes a tool for short-term and long-term forecasting. This makes it possible to determine the 

boundaries of the enterpriseôs impact zones under different climate scenarios, in particular under anomalous 

temperature conditions, which are becoming increasingly frequent due to global climate change. 

To verify the theoretical provisions and estimation the real impact of the asphalt concrete plant (ACP) 

on the state of atmospheric air, a numerical experiment was conducted based on models (1) - (3). Within the 

framework of the investigation, special attention was paid to the analysis of the impact of ambient air 

temperature on dispersion processes, since the parameter directly correlates with the lifting force of the flare 

and, accordingly, with the level of ground-level concentration of pollutants. 

Based on the presented methodology, a series of numerical calculations were carried out for a test source 

of emissions from an asphalt concrete plant. The object of the study was an asphalt concrete plant chimney 

with the following characteristics: height H = 20m, mouth diameter d0=1.2 m, gas outlet velocity                         

0u=5.80m/sec at a mixture temperature 
mixtureT  = 80 ÁC. Nitrogen dioxide NO2 with an emission rate of 

M=3g/sec and a background pollution level Cbg = 0.01 mg/mį was defined as the target impurity. Calculations 

were performed for flat terrain conditions h= 1 with an atmospheric stratification coefficient A=180. The 

control criterion was the value of the greatest one-time limited permissible concentration MPSse for NO2, which 

is 0.085 mg/mį. 

The aim of the experiment was to establish the dependence of the maximum ground-level concentration 

of the pollutant and the distance to reach it on the ambient temperature T, ÁC. 

The scenario modeling covered a wide temperature range from -10ÁC to +40ÁC, which not only reflects 

the typical annual temperature course in a temperate climate, but also takes into account current trends in global 

climate change. The study paid particular attention to a scenario with an extreme temperature of +40 ÁC. 

Including such anomalous temperature in the model allowed us to establish peak levels of anthropogenic load, 

which is critically important for predicting environmental risks during periods of prolonged ñheat wavesò. 

 

Table 1 ï Results of ground-level pollutant concentration modeling under various temperature 

conditions 

ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʟʝʤʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʟʘ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ 

 

Experiment 

Air 

temperature, 

C̄  

Maximum ground-level 

concentration, mg/m3 

Distance at which 

maximum is 

reached, m 

Dangerous wind 

speed, m/sec 

1 -10 0,143 256,15 2,26 

2 -5 0,144 252,97 1,97 

3 0 0,146 249,07 1,93 

4 5 0,148 245,00 1,89 

5 10 0,151 240,75 1,85 

6 15 0,154 236,28 1,80 

7 20 0,158 231,58 1,75 

8 25 0,162 226,62 1,70 

9 30 0,168 221,34 1,65 

10 35 0,174 215,70 1,59 

11 40 0,182 209,62 1,53 
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Given the increasing frequency and intensity of anomalous meteorological phenomena in Ukraine, this 

approach allows us to simulate the worst-case scenario of impurity dispersion, when traditional impact 

assessment methods may underestimate the real threat. This transforms the model from a statistical calculation 

tool to a means of adaptive environmental forecasting, capable of taking into account the instability of climatic 

parameters and ensuring the sustainability of the environmental safety of adjacent territories even under 

extreme conditions.ò 

The modeling results are presented in Table 1 and Figure 2. 

 

 
 

Figure 1 ï Dependence of maximum ground-level pollutant concentration and its peak distance on air 

temperature 

ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʠʟʝʤʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʚʘʯʘ ʪʘ ʚʽʜʩʪʘʥʽ ʾʾ 

ʜʦʩʷʛʥʝʥʥʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ 
 

As can be seen from Fig. 1, there is a direct correlation between air temperature and the level of ground-

level concentration (blue line), while the distance to the maximum point (red line) has an inverse relationship 

- it decreases when air masses are heated. 

A complex analysis of the obtained data allows us to establish the following patterns: 

Dynamics of ground-level concentration. A nonlinear increasing dependence of the pollution level on 

the ambient temperature has been established. When the anomalous summer temperature of +40 ÁC is reached, 

the maximum ground-level  concentration increases to 0.182 mg/mį, which is 27.3% higher compared to the 

winter minimum (0.143 mg/mį). Physically, this can be explained by a critical decrease in the temperature 

difference between exhaust gases and atmospheric air, which eliminates the effect of thermal lift of the flare 

and worsens the conditions for its dispersion. 

Spatial shift of the risk zone. An inverse dependence  between air temperature and the distance up to 

reach the maximum ʍmax was found. In the extreme scenario (+40 ÁC), the zone of maximum pollution shifts 

46.53 m closer to the emission source compared to winter conditions - from 256.15 m to 209.62 m. It indicates 

an increase in environmental load directly near the industrial site boundary in hot weather. 
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Transformation of critical meteorological parameters. Calculations indicate a significant decrease in 

the ñdangerous wind speedò from 2.26 m/sec in winter to a minimum value of 1.53 m/sec during abnormal 

heat. It means that in summer, conditions of extreme pollution are formed with significantly weaker air flows, 

which increases the risks of accumulation of harmful substances in the ground-level layer. 

Thus, a comparative analysis of scenarios proves that the temperature maximum (+40 ÁC) is the most 

critical period for the operation of AʉP. The combination of a 27.3% increase in concentration, an approach 

of the maximum zone to the source by almost 47 m, and a decrease in dangerous wind speed requires the 

implementation of adaptive environmental forecasting and taking into account summer indicators as estimated 

when establishing the boundaries of sanitary protection zones. The establishment of the boundaries of sanitary 

protection zones should be based not on average annual indicators, but on predicted extreme temperature 

scenarios. 

To compare analysis of the dynamics of NO2  dispersion, the spatial  graphs of ground-level 

concentrations dispersal were constructed for two extreme scenarios: winter minimum (Experiment 1, -10 ÁC) 

and extreme summer maximum (Experiment 11, +40 ÁC). 

 

 
Figure 2 ï Distribution of NO2 ground-level concentration along the plume axis for extreme scenarios 

(winter minimum and summer maximum) 

ʈʠʩʫʥʦʢ 2 ï ʈʦʟʧʦʜʽʣ ʧʨʠʟʝʤʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ NO2 ʧʦ ʦʩʽ ʬʘʢʝʣʫ ʚʠʢʠʜʫ ʜʣʷ ʛʨʘʥʠʯʥʠʭ 

ʩʮʝʥʘʨʽʾʚ (ʟʠʤʦʚʠʡ ʤʽʥʤʫʤ ʪʘ ʣʽʪʥʽʡ ʤʘʢʩʠʤʫʤ) 

 

An analysis of Figure 2 allows us to compare two critical atmospheric states. The red line (summer 

maximum) demonstrates a higher pollution intensity and a shift of the zone of maximum impact closer to the 

source, which confirms the greater environmental hazard of emissions in the hot period of the year. 

Moreover, analysis of the graphs (Fig. 2) allows us to establish the following regularities: 

Transformation of the amplitude and shape of the emission flare. At an abnormally high temperature 

(+40 ÁC), the dispersion curve is characterized by a much steeper rise and higher amplitude. The maximum 

concentration value of 0.182 mg/mį is reached faster and is significantly higher than the winter indicator. 
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Shift of the pollution epicenter. The graph confirms clearly the effect of the flare ñpressingò to the 

ground in hot conditions. The point of maximum pollution shifts towards the source by 46.53 m (from 

256.15 m to 209.62 m). 

Expansion of the zone of exceeding the MAC. Analysis of the intersection of the curves with the MAC 

isoline equaled to 0.085 mg/mį demonstrates a critical change in safe distances. If in winter the concentration 

decreases below the standard at a distance of about 680-700 m, then in extreme heat (+40 ÁC) the zone of 

exceeding the MAC expands, covering a larger area of the surrounding territory. 

Long-range dynamics. Starting from a distance of 800 m, concentrations under different temperature 

scenarios gradually level off, but in the range of 100ï700 m (which is critical for residential development), the 

summer scenario demonstrates consistently higher pollution levels. 

The next stage of scenario modeling was the study of the spatial distribution of nitrogen dioxide 

concentrations, taking into account wind directions. This allows us to establish the real configuration of the 

enterpriseôs impact zone on the surrounding buildings. 

The basis for conducting a numerical experiment was the calculation of emission dispersion parameters 

from the chimney of the asphalt mixing plant of a real asphalt concrete plant (ACP) located in Vinnytsia region 

based on model (4) ï (5). To ensure maximum reliability of the results, the modeling was carried out with a 

direct reference to the actual location of the industrial site and the surrounding topography. Taking into account 

the geographical coordinates of the source allowed not only to calculate theoretical concentrations, but also to 

visualize the directions of spread of nitrogen dioxide (NO2) pollution in the immediate vicinity of settlements 

(Demydivka, Mogilivka, Hnivan). 

Temperature extremes typical for this region of Ukraine, in particular, abnormal heat of up to +40 ÁC, 

which corresponds to current trends in global climate change, were taken as a bases. 

 

          
Figure 3 ï Modeling of the asphalt plantôs impact zone on the residential areas of settlements 

(Demydivka, Mohylivka, Hnivan) under various wind directions and extreme conditions (temperature +40 

ÁC, dangerous wind speed) 

ʈʠʩʫʥʦʢ 3 ï ʄʦʜʝʣʶʚʘʥʥʷ ʟʦʥʠ ʚʧʣʠʚʫ ɸɹɿ ʥʘ ʩʝʣʽʪʝʙʥʽ ʟʘʙʫʜʦʚʠ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ 

(ɼʝʤʠʜʽʚʢʘ, ʄʦʛʠʣʽʚʢʘ, ɻʥʽʚʘʥʴ) ʧʨʠ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ ʚʽʪʨʫ ʟʘ ʥʘʡʙʽʣʴʰ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚ 

(ʪʝʤʧʝʨʘʪʫʨʘ +40 ÁC, ʥʝʙʝʟʧʝʯʥʘ ʰʚʠʜʢʽʩʪʴ ʚʫʪʨʫ) 

 

As can be seen in Fig. 3, the zone of maximum pollution directly covers the residential areas of the 

settlements of Demydivka, Mohylivka and Hnivan. 

Integration of numerical modeling with terrain maps confirms that modern climate changes in Ukraine 

(increased periods of abnormal heat) make the existing boundaries of the SPZ insufficient to fully protect the 

residents of Demydivka and Hnivan. 
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It clearly demonstrates the summer period is the time of maximum risk, when the pollution flare 

ñpressesò on the ground and covers a larger area of settlements with higher NO2  concentrations. 

Geometry of pollution fields. The constructed isolines of concentrations C(x, y) demonstrate that during 

abnormal heat the emission flare becomes more intense and localized. The pollution core with concentrations 

of 0.15ï0.18 mg/mį (which is 1.8ï2.1 times higher than the MAC) is concentrated directly in the ground-level 

layer along the axis of wind spread. 

Impact on residential development in the settlement of Demydivka. With a westerly wind direction, a 

plume of pollution with a concentration of more than 0.12 mg/mį directly covers the eastern part of the 

settlement. In particular, it has been established that the MAC (0.085 mg/mį) under such conditions shifts deep 

into the residential area, creating an excessive load on residential development. 

Environmental risks for the settlements of Hnivan and Mogilevka. Modeling with a north-westerly 

wind represented that the emissions of the ACP form a zone of persistent pollution in the direction of Hnivan 

and Mogilevka. Taking into account the previously identified regularity of expanding the distance of influence 

in the summer (see Fig. 2), it was found that the isolines of concentrations 0.085ï0.1 mg/mį can reach the 

borders of these settlements, which requires special attention to the plantôs operating schedules on hot days. 

Based on the obtained modeling results, which confirmed the increase of ground-level concentrations 

by 27.3% and the approach of the maximum zone to the residential areas of Demydivka and Hnivan during 

ñheat wavesò, the following set of adaptation measures for the ACP can be proposed during the most dangerous 

temperature maxima: 

1. Adjustment of the operating mode of the enterprise: 

Temperature regulation. During periods of extreme heat (at air temperatures above +30 - +35 ÁC), it is 

recommended to transfer the most intensive production cycles to night or early morning, when the temperature 

gradient contributes to better dispersion of impurities. 

Capacity management. If the reaching the critical mark of +40 ÁC and the fixing of a weak wind (about 

1.53 m/s), it is necessary to consider the possibility of temporarily reducing production volumes to prevent the 

formation of zones with a NO2 concentration above 0.182 mg/mį in residential areas. 

2. Implementation of an adaptive monitoring system: 

Predictive modeling. It is recommended to implement an early warning system that, based on weather 

forecasts, will determine the risks of flare direction in settlements (in this specific example, Demydivka or 

Hnivan). 

Location of monitoring posts. Installation of automated air quality sensors should be carried out in the 

sectors of greatest risk identified during modeling (in this case, at a distance of about 210 m from the source 

in the direction of the prevailing summer winds). 

3. Urban planning and engineering solutions: 

Adaptation of SPZ. When establishing the boundaries of sanitary protection zones for new or 

reconstructed sanitary protection zones, it is necessary to use the maximum air temperature as a calculation 

scenario, but not the average annual indicators, since exactly during abnormal heat the pollution flare is 

ñpressedò to the ground most intensively. 

Phytofiltration barriers.  Creation of multi-tiered forest belts on the border of the industrial site (in this 

example, towards the settlements of Demydivka and Hnivan) for additional air turbulence and mechanical 

sedimentation of particles. 

The implementation of the proposed recommendations will allow to transform the environmental 

management system of the enterprise into an adaptive management format capable of effectively responding 

to the challenges associated with climate change in Ukraine. 

Conclusions and recommendations. Based on the calculations and modeling, it is possible to make a 

general conclusion that climate changes in Ukraine, which are manifested as an extreme summer temperatures, 

directly worsen the state of atmospheric air in the zone of influence of the ACP. It requires the calculation of 

sanitary protection zones not according to average, but according to the extremum meteorological parameters 

to ensure guaranteed environmental safety of the population. 
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The obtained results allow us to make the following conclusions: 

1. The methodological limitation of traditional approaches to environmental impact assessment (EIA), 

which are based on average meteorological indicators, has been proved. Ignoring temperature extremes is 

established to lead to a significant underestimation of real environmental risks for nearby residential areas. 

2. A direct correlation was found between the temperature of the atmospheric air and the level of ground-

level pollution. According to the results of mathematical modeling, it was established that with an increase in 

temperature from -10 ÁC to +40 ÁC, the maximum ground-level concentration of nitrogen dioxide (NO2) 

increases by 27.3% (from 0.143 mg/mį to 0.182 mg/mį), which is due to a decrease in the effect of the thermal 

underground flare. 

3. In conditions of ñheat wavesò (+40 ÁC), the point of maximum pollution (m̆ax) shifts closer to the 

industrial site compared to the winter period. This causes the effect of ñpressingò the emission plume to the 

ground, which increases the toxic load directly at the border of the sanitary protection zone. 

4. Based on cartographic modeling with reference to the area (Demydivka, Mohylivka, Hnivan), zones 

of potential exceedance of the MAC were visualized. It was proved that under unfavorable wind directions 

and temperature above +35 ÁC, the pollution flare directly covers residential buildings, creating an excessive 

load on the population. 

5. The necessity to transition to adaptive environmental management of AʉPZ is substantiated. The 

introduction of temperature regulations (power limitation at T > +35 ÁC), predictive monitoring systems, and 

the creation of multi-tiered phytofiltration barriers to protect residential areas have been proposed. 

6. It is recommended to review approaches to establishing the boundaries of sanitary protection zones 

(SPZ) for new road sector facilities, using as a calculation scenario not average annual, but predicted extreme 

summer air temperatures, which corresponds to current trends in climate change in Ukraine. 

Thus, the developed and tested mathematical modeling methodology confirms its ability to provide high 

reliability in predicting the environmental impact of ACP, which is a necessary condition for the resistant 

development of road infrastructure and ensuring environmental safety. 
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ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʾ ʢʣʽʤʘʪʠʯʥʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ. 
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ʬʘʢʪʦʨʽʚ, ʘʚʪʦʤʦʙʽʣʽ ʤʘʶʪʴ, ʥʘ ʞʘʣʴ, ʽ ʥʝʛʘʪʠʚʥʽ. ʆʜʥʠʤ ʟ ʥʝʛʘʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʘʚʪʦʤʦʙʽʣʽʚ ʻ ʰʫʤʦʚʝ 

ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ.  ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ  ʟʘ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʚ  ʋʢʨʘʾʥʽ ʟʥʘʯʥʦ ʟʨʦʩʣʘ 

ʢʽʣʴʢʽʩʪʴ  ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʱʽʣʴʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ, ʧʨʦʙʣʝʤʘ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʜʝʜʘʣʽ ʩʪʘʻ 

ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʦʶ. ʆʩʦʙʣʠʚʦ ʛʦʩʪʨʦʶ  ʚʦʥʘ ʻ  ʫ ʤʽʩʪʘʭ. ʅʝʜʦʦʮʽʥʶʚʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʰʫʤʫ ʥʘ 

ʣʶʜʝʡ ʥʝ ʤʦʞʥʘ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʫʤʦʚʠ ʨʦʙʦʪʠ ʽ 

ʚʽʜʧʦʯʠʥʢʫ ʣʶʜʝʡ. ʇʨʠ ʪʨʠʚʘʣʽʡ ʜʽʾ ʰʫʤ ʚʠʢʣʠʢʘʻ ʥʝʦʙʦʨʦʪʥʫ ʚʪʨʘʪʫ ʩʣʫʭʫ (ʪʫʛʦʚʫʭʽʩʪʴ), ʰʢʽʜʣʠʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʥʝʨʚʦʚʫ ʩʠʩʪʝʤʫ, ʨʫʡʥʫʻ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʠʡ ʪʨʘʢʪ, ʟʛʫʙʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʩʠʭʽʢʫ ʣʶʜʠʥʠ, 

ʧʦʥʠʞʫʻ ʛʦʩʪʨʦʪʫ ʟʦʨʫ, ʧʦʨʫʰʫʻ ʜʽʷʣʴʥʽʩʪʴ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ, ʟʥʠʞʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ, 

ʩʪʚʦʨʶʻ ʥʝʙʝʟʧʝʢʫ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ ʯʝʨʝʟ ʥʝʚʠʨʘʟʥʽʩʪʴ ʟʚʫʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʥʝʨʦʟʫʤʽʥʥʷ ʫʩʥʦʾ 

ʤʦʚʠ. ʅʘʡʙʽʣʴʰʝ ʘʚʪʦʤʦʙʽʣʽ ʜʦʰʢʫʣʷʶʪʴ ʛʨʦʤʘʜʷʥʘʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʘʜʤʽʨʥʦʛʦ ʰʫʤʫ ʫ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʦʪʦʢʘʭ. ɹʦʨʦʪʠʩʷ ʽʟ ʰʫʤʦʤ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʤʦʞʥʘ ʜʝʢʽʣʴʢʦʤʘ ʰʣʷʭʘʤʠ: ʧʦ-ʧʝʨʰʝ, ʟʥʠʟʠʚʰʠ 

ʨʽʚʥʽ ʟʦʚʥʽʰʥʽʭ ʰʫʤʽʚ ʢʦʞʥʦʛʦ ʟ ʘʚʪʦʤʦʙʽʣʽʚ, ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʪʨʘʥʩʧʦʨʪʥʠʡ ʧʦʪʽʢ; ʧʦ-ʜʨʫʛʝ, ʥʝ 

ʨʦʟʤʽʱʫʚʘʪʠ ʟʘʙʫʜʦʚʫ ʙʣʠʟʴʢʦ ʜʦ ʤʘʛʽʩʪʨʘʣʝʡ; ʧʦ-ʪʨʝʪʻ, ʚʽʜʛʦʨʦʜʠʪʠ ʤʘʛʽʩʪʨʘʣʽ ʚʽʜ ʞʠʪʣʦʚʠʭ ʟʘʙʫʜʦʚ 

ʰʫʤʦʟʘʭʠʩʥʠʤʠ ʩʧʦʨʫʜʘʤʠ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʘʤʝ ʦʩʪʘʥʥʽʡ ʚʘʨʽʘʥʪ, ʦʩʢʽʣʴʢʠ ʧʝʨʰʽ ʜʚʘ 

ʚʢʨʘʡ ʚʘʞʢʦ ʨʝʘʣʽʟʫʚʘʪʠ. ʗʢʱʦ ʰʫʤʦʟʘʭʠʩʥʘ ʩʧʦʨʫʜʘ ʧʦ ʪʦʚʱʠʥʽ ʥʝ ʙʽʣʴʰʝ ʧʽʚʤʝʪʨʘ, ʾʾ ʧʨʠʡʥʷʪʦ 

ʥʘʟʠʚʘʪʠ ʰʫʤʦʟʘʭʠʩʥʠʡ ʝʢʨʘʥ. ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʜʦʮʽʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘʢʠʭ ʝʢʨʘʥʽʚ ʤʽʞ 

ʧʨʦʪʠʣʝʞʥʠʤʠ ʩʤʫʛʘʤʠ ʘʚʪʦʤʘʛʽʩʪʨʘʣʝʡ. ʎʝ ʜʘʩʪʴ ʜʦʜʘʪʢʦʚʠʡ ʘʢʫʩʪʠʯʥʠʡ ʝʬʝʢʪ. ʆʙʦʚôʷʟʢʦʚʦ ʪʘʢʽ 

ʰʫʤʦʟʘʭʠʩʥʽ ʝʢʨʘʥʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʠʩʦʢʽ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʟ ʯʦʛʦ ʩʣʽʜʫʻ, ʱʦ ʚʠʢʦʥʘʥʥʷ 

ʦʩʪʘʥʥʽʭ ʟ ʩʫʮʽʣʴʥʦʛʦ ʙʝʪʦʥʫ ʥʝ ʜʦʧʫʩʪʠʤʦ. ʗʢ ʧʦʢʘʟʘʚ ʜʦʩʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʰʫʤʫ, ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʪʘʪʠ ʩʝʨʡʦʟʥʫ ʫʚʘʛʫ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽʡ ʩʢʣʘʜʦʚʽʡ ʦʩʪʘʥʥʴʦʛʦ. 

ʆʩʦʙʣʠʚʦ, ʷʢʱʦ ʧʘʨʘʣʝʣʴʥʦ ʟ ʘʚʪʦʤʘʛʽʩʪʨʘʣʣʶ ʧʦ ʤʽʩʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʭ ʰʚʠʜʢʽʩʥʦʛʦ ʪʨʘʤʚʘʶ, ʷʢ ʮʝ 

ʨʝʘʣʴʥʦ ʽʩʥʫʻ ʥʘ ʧʨʘʚʦʤʫ ʙʝʨʝʟʽ ʤʽʩʪʘ ʂʠʻʚʘ. ɼʣʷ ʟʥʠʞʝʥʥʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʥʝʦʙʭʽʜʥʦ 

ʥʝʪʨʠʚʽʘʣʴʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʩʘʤʝ ʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʛʠ, ʪʨʘʥʩʧʦʨʪʥʠʡ ʰʫʤ, ʘʢʫʩʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʠʡ ʝʢʨʘʥ, ʰʫʤʦʟʘʭʠʩʥʠʡ ʝʢʨʘʥ, ʯʘʩʪʦʪʘ, ʟʚʫʢʦʚʽ ʭʚʠʣʽ.  

 

ɺʩʪʫʧ. ʇʨʦʙʣʝʤʫ ʰʫʤʫ ʥʘ ʜʽʣʷʥʢʘʭ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʥʘʩʝʣʝʥʽ ʧʫʥʢʪʠ, 

ʯʘʩʪʦ ʥʝ ʚʜʘʻʪʴʩʷ ʚʠʨʽʰʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʤʦʛ ʜʦ ʘʚʪʦʤʦʙʽʣʽʚ ʧʦ ʟʦʚʥʽʰʥʴʦʤʫ ʰʫʤʫ 

ʦʩʪʘʥʥʽʭ, ʧʝʚʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʨʫʭʫ (ʥʘʧʨʠʢʣʘʜ, ʟʘʙʦʨʦʥʦʶ ʧʨʦʾʟʜʫ ʚʘʞʢʠʭ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ) 

ʪʘ ʽʥ., ʪʦ ʯʠ ʥʝ ʻʜʠʥʠʤ ʩʧʦʩʦʙʦʤ, ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ, ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʰʫʤʦʟʘʭʠʩʥʠʭ ʝʢʨʘʥʽʚ. ɰʭ ʽʩʥʫʻ 

ʚʝʣʠʢʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʪʦʚʱʠʥʠ, ʚʠʩʦʪʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʦʱʦ. ʅʝʦʙʭʽʜʥʦ ʟʘʭʠʱʘʪʠ ʚʽʜ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʰʫʤʫ ʪʘʢʦʞ ʚʦʜʽʾʚ ʪʘ ʧʘʩʘʞʠʨʽʚ. ɼʣʷ ʮʴʦʛʦ 

ʥʘ ʨʦʟʜʽʣʴʥʽʡ ʩʤʫʟʽ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʰʫʤʦʟʘʭʠʩʥʽ ʝʢʨʘʥʠ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʛʦ ʰʫʤʦʟʘʭʠʩʥʦʛʦ ʝʢʨʘʥʫ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢʦʛʦ ʙʫʣʘ 

ʙ ʚʠʩʦʢʦʶ ʪʘʢʦʞ ʽ ʚ ʦʙʣʘʩʪʽ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʉʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʝʤʦ ʚʽʜʦʤʠʡ ʧʨʠʩʪʨʽʡ [1, 2] ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʰʫʤʫ, ʱʦ ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʩʪʽʥʦʢ ʟ ʦʪʚʦʨʘʤʠ ʽ ʢʦʟʠʨʢʘʤʠ (ʨʠʩ. 1), ʟʤʦʥʪʦʚʘʥʠʤʠ 

ʧʦʭʠʣʦ ʥʘ ʚʝʨʭʥʽʭ ʢʨʦʤʢʘʭ ʩʪʽʥʦʢ, ʧʨʠʯʦʤʫ ʦʪʚʦʨʠ ʚʠʢʦʥʘʥʽ ʧʝʨʝʤʽʥʥʦʛʦ ʧʝʨʝʨʽʟʫ ʽʟ ʟʚʫʞʝʥʥʷʤ ʚ 

ʥʘʧʨʷʤʢʫ ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʩʪʽʥʦʢ, ʥʘʧʨʠʢʣʘʜ, ʢʦʥʽʯʥʦʾ ʘʙʦ ʧʽʨʘʤʽʜʘʣʴʥʦʾ ʬʦʨʤʠ, ʾʭ ʦʩʽ ï 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʜʦ ʧʦʚʝʨʭʦʥʴ ʩʪʽʥʦʢ, ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʩʧʽʣʴʥʽʡ ʦʩʥʦʚʽ ʽ ʟʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ 

ʩʪʷʞʢʘʤʠ, ʘ ʢʦʟʠʨʢʠ ʚʠʢʦʥʘʥʽ ʫ ʚʠʛʣʷʜʽ ʩʧʽʣʴʥʦʛʦ ʜʘʭʦʧʦʜʽʙʥʦʛʦ ʧʝʨʝʢʨʠʪʪʷ. ʇʨʠʩʪʨʽʡ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ 

ʰʫʤʫ ʟ ʜʦʨʽʛ ʚʢʣʶʯʘʻ (ʨʠʩ. 1, ʘ) ʦʩʥʦʚʫ 1, ʥʘ ʷʢʽʡ ʚʩʪʘʥʦʚʣʝʥʦ ʜʚʽ ʩʪʽʥʢʠ 2 ʟ ʜʝʷʢʠʤ ʥʘʭʠʣʦʤ ʦʜʥʘ ʜʦ 
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ʦʜʥʦʾ. ɿ ʚʥʫʪʨʽʰʥʴʦʛʦ ʙʦʢʫ ʩʪʽʥʢʠ 2 ʚʢʨʠʪʽ ʰʫʤʦʧʦʛʣʠʥʘʶʯʠʤ  ʰʘʨʦʤ 3 ʽʟ ʣʝʛʢʦʛʦ ʙʝʪʦʥʫ ʽʟ 

ʟʘʧʦʚʥʶʚʘʯʝʤ ʟ ʧʦʨʠʩʪʠʭ ʚʫʣʢʘʥʽʯʥʠʭ ʧʦʨʽʜ ʘʙʦ ʽʥʰʦʛʦ ʙʫʜʽʚʝʣʴʥʦʛʦ ʟʚʫʢʦʧʦʛʣʠʥʘʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɺ ʩʪʽʥʢʘʭ ʚʠʢʦʥʘʥʽ ʦʪʚʦʨʠ 4 ʧʝʨʝʤʽʥʥʦʛʦ ʧʝʨʝʨʽʟʫ ʽʟ ʟʚʫʞʝʥʥʷʤ ʚ ʥʘʧʨʷʤʢʫ ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ 

ʩʪʽʥʦʢ, ʥʘʧʨʠʢʣʘʜ, ʢʦʥʽʯʥʦʾ (ʨʠʩ. 1, ʙ) ʘʙʦ ʧʽʨʘʤʽʜʘʣʴʥʦʾ (ʨʠʩ. 1, ʚ) ʬʦʨʤʠ. ʉʪʽʥʢʠ ʟʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ 

ʩʪʷʞʢʘʤʠ 5, ʚʠʢʦʥʘʥʽ ʧʦ ʚʠʩʦʪʽ ʩʪʽʥʦʢ, ʘ ʚʛʦʨʽ ʩʪʽʥʦʢ ï ʜʚʽ ʧʝʪʣʽ 6 ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʧʨʠʩʪʨʦʶ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʽ ʥʘ ʤʽʩʮʝ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʉʪʷʞʢʠ ʽ ʧʝʪʣʽ ʧʨʠʚʘʨʶʶʪʴʩʷ ʧʨʠ ʩʢʣʘʜʘʥʥʽ 

ʧʨʠʩʪʨʦʶ ʥʘ ʟʘʚʦʜʽ-ʚʠʨʦʙʥʠʢʫ ʜʦ ʨʘʥʽʰʝ ʟʘʬʦʨʤʦʚʘʥʠʭ ʚ ʩʪʽʥʢʘʭ ʟʘʢʣʘʜʥʠʭ ʜʝʪʘʣʝʡ (ʥʝ ʧʦʢʘʟʘʥʽ). 

ɸʥʘʣʦʛʽʯʥʦ ʢʨʽʧʣʷʪʴʩʷ ʩʪʽʥʢʠ ʟ ʦʩʥʦʚʦʶ (ʥʝ ʧʦʢʘʟʘʥʦ). ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʩʪʨʽʡ ʻ ʨʝʟʦʥʘʥʩʥʠʤ 

ʧʦʛʣʠʥʘʯʝʤ: ʧʦʨʦʞʥʠʥʘ ʟ ʧʝʨʬʦʨʦʚʘʥʦʶ ʧʝʨʝʜʥʴʦʶ ʩʪʽʥʢʦʶ. ɺʽʜ ʚʽʜʦʤʠʭ ʨʝʟʦʥʘʥʩʥʠʭ ʧʦʛʣʠʥʘʯʽʚ 

ʪʘʢʦʛʦ ʪʠʧʫ ʡʦʛʦ ʚʽʜʨʽʟʥʷʻ ʪʝ, ʱʦ ʚʽʥ ʤʘʻ ʜʚʦʩʪʦʨʦʥʥʶ ʜʽʶ (ʧʨʠʡʤʘʻ ʟʚʫʢʦʚʽ ʭʚʠʣʽ ʟ ʧʨʦʪʠʣʝʞʥʠʭ 

ʩʪʦʨʽʥ) ʽ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʴ ʷʢ ʢʦʤʧʣʝʢʩʥʠʡ ʧʦʛʣʠʥʘʯ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʨʦʩʪʠʭ. ɼʣʷ ʟʘʭʠʩʪʫ ʚʽʜ 

ʧʦʧʘʜʘʥʥʷ ʧʦʩʪʦʨʦʥʥʽʭ ʧʨʝʜʤʝʪʽʚ, ʘ ʪʘʢʦʞ ʩʥʽʛʫ ʽ ʜʦʱʦʚʦʾ ʚʦʜʠ, ʧʨʠʩʪʨʽʡ ʚʢʨʠʪʠʡ ʢʨʠʰʢʦʶ 7 ʟ ʜʚʦʤʘ 

ʧʝʪʣʷʤʠ 8 ʜʣʷ ʟʘʭʦʧʣʝʥʥʷ ʢʨʠʰʢʠ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʪʘ ʤʦʥʪʘʞʽ. ʋ ʚʠʧʘʜʢʫ ʧʨʦʜʫʚʘʥʥʷ ʩʥʽʛʫ ʽ ʜʦʱʦʚʦʾ 

ʚʦʜʠ ʯʝʨʝʟ ʦʪʚʦʨʠ 4 ʫ ʚʥʫʪʨʽʰʥʶ ʧʦʨʦʞʥʠʥʫ ʧʨʠʩʪʨʦʶ ʜʣʷ ʚʠʪʽʢʘʥʥʷ ʚʦʜʠ ʚ ʦʩʥʦʚʽ ʚʠʢʦʥʘʥʦ ʢʽʣʴʢʘ 

ʦʪʚʦʨʽʚ (ʥʘ ʨʠʩ. ʥʝ ʧʦʟʥʘʯʝʥʽ).  

ʇʨʠʩʪʨʽʡ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʇʨʠ ʚʠʥʠʢʥʝʥʥʽ ʰʫʤʫ ʚʽʜ ʪʨʘʥʩʧʦʨʪʥʠʭ ʜʞʝʨʝʣ, ʷʢʽ 

ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʧʦ ʧʨʦʾʞʜʞʽʡ ʯʘʩʪʠʥʽ ʜʦʨʽʛ, ʟʚʫʢʦʚʽ ʭʚʠʣʽ ʙʝʟʧʝʨʝʰʢʦʜʥʦ ʧʦʧʘʜʘʶʪʴ ʚ ʦʪʚʦʨʠ 

ʙʣʠʞʥʴʦʾ ʩʪʽʥʢʠ, ʷʢʽ ʤʘʶʪʴ ʚʝʣʠʢʫ ʧʦʯʘʪʢʦʚʫ ʧʣʦʱʫ.  ɺʽʜʙʠʚʘʶʯʠʩʴ ʚʽʜ ʩʪʽʥʦʢ ʢʦʥʽʯʥʦʾ / ʧʽʨʘʤʽʜʘʣʴʥʦʾ 

ʚʭʽʜʥʦʾ ʧʦʨʦʞʥʠʥʠ, ʟʚʫʢʦʚʽ ʭʚʠʣʽ ʚʭʦʜʷʪʴ ʫ ʚʥʫʪʨʽʰʥʶ ʧʦʨʦʞʥʠʥʫ ʧʨʠʩʪʨʦʶ. ʇʨʠ ʮʴʦʤʫ ʟʘʚʜʷʢʠ 

ʬʦʨʤʽ ʚʭʽʜʥʦʾ ʧʦʨʦʞʥʠʥʠ (ʧʣʘʚʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʫ ʙʽʢ ʧʦʨʦʞʥʠʥʠ ʧʨʠʩʪʨʦʶ) 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʝʨʥʝʥʥʷ ʟʚʫʢʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘʟʘʜ ʫ ʜʦʚʢʽʣʣʷ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʩʧʨʘʮʴʦʚʫʻ  

ʝʬʝʢʪ ʘʢʫʩʪʠʯʥʦʛʦ ʢʣʠʥʫ.  

ʅʝʜʦʣʽʢʦʤ ʧʨʠʩʪʨʦʶ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʰʫʤʫ ʟ ʜʦʨʽʛ [1] ʻ: 

- ʥʝ ʚʠʩʦʢʘ ʘʢʫʩʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚ ʦʙʣʘʩʪʷʭ ʩʝʨʝʜʥʽʭ ʪʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ; 

- ʚʢʨʘʡ ʥʠʟʴʢʘ ʘʢʫʩʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚ ʦʙʣʘʩʪʽ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ (ʅʏ).  

ʎʽ ʥʝʜʦʣʽʢʠ ʧʨʠʩʪʨʦʶ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʰʫʤʫ ʟ ʜʦʨʽʛ [1, 2] ʚʠʧʣʠʚʘʶʪʴ ʟ  ʡʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ: ʤʘʪʝʨʽʘʣ, ʟ ʷʢʦʛʦ ʡʦʛʦ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʨʦʙʣʷʪʠ, ʤʘʻ ʥʝ ʚʠʩʦʢʽ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʚ ʦʙʣʘʩʪʽ ʅʏ. ɹʫʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʛʦ ʧʨʠʩʪʨʦʶ, ʷʢʠʡ ʤʘʚ ʙʠ 

ʚʠʩʦʢʫ ʘʢʫʩʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ: ʧʦʛʣʠʥʘʚ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʰʫʤ, ʷʢʠʡ ʧʨʘʢʪʠʯʥʦ 

ʥʝʤʦʞʣʠʚʦ ʧʦʛʣʠʥʫʪʠ ʽʩʥʫʶʯʠʤʠ ʟʘʩʦʙʘʤʠ.  

ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʚʠʨʽʰʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʡ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʠʡ ʝʢʨʘʥ, ʱʦ ʤʽʩʪʠʪʴ  

ʢʦʨʧʫʩ ʫ ʚʠʛʣʷʜʽ ʙʘʛʘʪʴʦʭ ʧʦʨʦʞʥʠʥ, ʫʪʚʦʨʝʥʠʭ ʟʦʚʥʽʰʥʽʤʠ ʩʪʽʥʢʘʤʠ ʪʘ ʧʝʨʝʛʦʨʦʜʢʘʤʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ 

ʟ ʧʝʨʝʜʥʽʤʠ ʩʪʽʥʢʘʤʠ ʨʝʟʦʥʘʪʦʨʥʽ ʟʚʫʢʦʧʦʛʣʠʥʘʯʽ, ʱʦ ʤʘʶʪʴ ʚʭʽʜʥʽ ʦʪʚʦʨʠ ʫ ʧʨʘʚʽʡ ʩʪʽʥʮʽ ʢʦʨʧʫʩʫ, ʚ 

ʷʢʽʡ ʨʦʟʪʘʰʦʚʘʥʦ ʛʦʨʣʦʚʠʥʫ, ʷʢʘ ʚʠʢʦʥʘʥʘ ʫ ʚʠʛʣʷʜʽ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʾʡ ʮʠʣʽʥʜʨʽʚ,  ʷʢʽ ʟʘʢʨʽʧʣʝʥʦ 

ʧʦʧʝʨʝʤʽʥʥʦ ʥʘ ʧʨʘʚʽʡ ʪʘ ʣʽʚʽʡ ʩʪʽʥʢʘʭ, ʷʢʽ ʪʝʣʝʩʢʦʧʽʯʥʦ ʚʭʦʜʷʪʴ ʦʜʥʠʥ ʚ ʜʨʫʛʠʡ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʣʘʙʽʨʠʥʪʦʚʦʛʦ ʧʦʚʽʪʨʦʧʨʦʚʦʜʫ [3].  

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʦʛʦ ʝʢʨʘʥʫ.  

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʦʛʦ ʝʢʨʘʥʫ, ʚʠʜ ɸ ʥʘ ʨʠʩ. 2.  

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʦʛʦ ʝʢʨʘʥʫ, ʨʦʟʨʽʟ ɹ-ɹ ʥʘ ʨʠʩ. 2. ʅʘ 

ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʦʛʦ ʝʢʨʘʥʫ, ʜʝ ʟʦʙʨʘʞʝʥʦ ʦʩʥʦʚʥʠʡ ʚʠʜ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʨʠʩʥʦʾ ʤʦʜʝʣʽ ʟ ʨʦʟʨʽʟʦʤ ʚʝʨʪʠʢʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ, ʪʘʢʦʞ ʥʘʜʘʻʪʴʩʷ ʨʦʟôʷʩʥʝʥʥʷ, ʟ 

ʷʢʠʭ ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ ʚʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ: ʣʽʚʦʾ ʩʪʽʥʢʠ 1, ʥʠʞʥʴʦʾ ʩʪʽʥʢʠ 2, ʚʝʨʭʥʴʦʾ ʩʪʽʥʢʠ 3, ʧʝʨʝʛʦʨʦʜʦʢ 
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4 ʽ ʮʠʣʽʥʜʨʽʚ 5 ʛʦʨʣʦʚʠʥ ʨʝʟʦʥʘʪʦʨʘ, ʧʨʘʚʦʾ ʩʪʽʥʢʠ 6 ʟ ʮʠʣʽʥʜʨʘʤʠ 7 ʛʦʨʣʦʚʠʥʠ ʨʝʟʦʥʘʪʦʨʘ, ʧʦʨʦʞʥʠʥʠ 

8 ʨʝʟʦʥʘʪʦʨʘ, ʦʪʚʦʨʫ 9, ʢʽʣʴʮʝʚʦʾ ʱʽʣʠʥʠ 10.  
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ʈʠʩʫʥʦʢ 1 ï ʇʨʠʩʪʨʽʡ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʰʫʤʫ: 

ʘ ï ʛʦʣʦʚʥʠʡ ʚʠʜ (ʚʝʨʪʠʢʘʣʴʥʠʡ ʨʦʟʨʽʟ); ʙ ï ʚʘʨʽʘʥʪ: ʦʪʚʦʨʠ ʫ ʚʠʛʣʷʜʽ ʢʦʥʫʩʽʚ; ʚ ï ʚʘʨʽʘʥʪ: ʦʪʚʦʨʠ ʫ 

ʚʠʛʣʷʜʽ ʧʽʨʘʤʽʜ; 1 ï ʦʩʥʦʚʘ; 2 ï ʩʪʽʥʢʠ; 3 ï ʰʫʤʦʧʦʛʣʠʥʘʣʴʥʠʡ ʰʘʨ; 4 ï ʦʪʚʦʨʠ; 5 ï ʩʪʷʞʢʠ;  6 ï ʧʝʪʣʽ; 

7 ï ʢʨʠʰʢʘ; 8 ï ʧʝʪʣʽ ʜʣʷ ʟʘʭʦʧʣʝʥʥʷ ʢʨʠʰʢʠ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʪʘ ʤʦʥʪʘʞʽ 

Figure 1 ï Noise protection device:  

a ï main view (vertical section); b ï option: holes in the form of cones; c ï option: holes in the form of 

pyramids; 1 ï base; 2 ï walls; 3 ï noise-absorbing layer; 4 ï holes; 5 ï ties; 6 ï hinges; 7 ï cover; 8 ï hinges 

for holding the cover during transportation and installation 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʦʛʦ ʝʢʨʘʥʫ: 

1 ï ʣʽʚʘ ʩʪʽʥʢʘ; 2 ï ʥʠʞʥʷ ʩʪʽʥʢʘ; 3 ï ʚʝʨʭʥʷ ʩʪʽʥʢʘ; 4 ï ʧʝʨʝʛʦʨʦʜʢʠ; 5, 7 ï ʮʠʣʽʥʜʨʠ ʛʦʨʣʦʚʠʥ 

ʨʝʟʦʥʘʪʦʨʘ; 6 ï ʧʨʘʚʘ ʩʪʽʥʢʘ; 8 ï ʨʝʟʦʥʘʪʦʨ;  9 ï ʦʪʚʽʨ; 10 ï ʢʽʣʴʮʝʚʘ ʱʽʣʠʥʘ; 11 ï ʟʚʫʢʦʚʽ ʭʚʠʣʽ (ʰʫʤ) 

Figure 2 ï Scheme of a low-frequency sound-absorbing screen: 

1 ï left wall; 2 ï lower wall; 3 ï upper wall; 4 ï partitions; 5, 7 ï cylinders of the resonator necks; 6 ï right 

wall; 8 ï resonator; 9 ï hole; 10 ï annular gap; 11 ï sound waves (noise)  

 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʦʛʦ ʝʢʨʘʥʫ, ʜʝ ʟʦʙʨʘʞʝʥʦ ʚʠʜ ɸ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʨʠʩʥʦʾ ʤʦʜʝʣʽ ʥʘ ʨʠʩ. 1, ʪʘʢʦʞ ʥʘʜʘʻʪʴʩʷ ʨʦʟôʷʩʥʝʥʥʷ, ʟ ʷʢʠʭ ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ ʚʦʥʘ 

ʩʢʣʘʜʘʻʪʴʩʷ: ʥʠʞʥʴʦʾ ʩʪʽʥʢʠ 2, ʚʝʨʭʥʴʦʾ ʩʪʽʥʢʠ 3, ʮʠʣʽʥʜʨʽʚ 5 ʛʦʨʣʦʚʠʥ ʨʝʟʦʥʘʪʦʨʘ, ʧʨʘʚʦʾ ʩʪʽʥʢʠ 6 ʟ 

ʮʠʣʽʥʜʨʘʤʠ 7 ʛʦʨʣʦʚʠʥʠ ʨʝʟʦʥʘʪʦʨʘ, ʦʪʚʦʨʫ 9. 

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʦʛʦ ʝʢʨʘʥʫ, ʟʦʙʨʘʞʝʥʦ ʨʦʟʨʽʟ ɹ-ɹ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʨʠʩʥʦʾ ʤʦʜʝʣʽ ʥʘ ʨʠʩ. 1, ʪʘʢʦʞ ʥʘʜʘʻʪʴʩʷ ʨʦʟôʷʩʥʝʥʥʷ, ʟ ʷʢʠʭ ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ ʚʦʥʘ 

ʩʢʣʘʜʘʻʪʴʩʷ: ʣʽʚʦʾ ʩʪʽʥʢʠ 1, ʥʠʞʥʴʦʾ ʩʪʽʥʢʠ 2, ʚʝʨʭʥʴʦʾ ʩʪʽʥʢʠ 3, ʧʝʨʝʛʦʨʦʜʦʢ 4 ʽ ʮʠʣʽʥʜʨʽʚ 5 ʛʦʨʣʦʚʠʥ 

ʨʝʟʦʥʘʪʦʨʘ, ʮʠʣʽʥʜʨʽʚ 7 ʛʦʨʣʦʚʠʥʠ ʨʝʟʦʥʘʪʦʨʘ, ʦʪʚʦʨʫ 9. 
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ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʦʛʦ ʝʢʨʘʥʫ (ʚʠʜ ɸ ʥʘ ʨʠʩ. 2): 

2 ï ʥʠʞʥʷ ʩʪʽʥʢʘ; 3 ï ʚʝʨʭʥʷ ʩʪʽʥʢʘ; 5, 7 ï ʮʠʣʽʥʜʨʠ ʛʦʨʣʦʚʠʥ ʨʝʟʦʥʘʪʦʨʘ;  6 ï ʧʨʘʚʘ ʩʪʽʥʢʘ; 9 ï ʦʪʚʽʨ 

Figure 3 ï Scheme of a low-frequency sound-absorbing screen (view A in Fig. 2): 

2 ï lower wall; 3 ï upper wall; 5, 7 ï cylinders of the resonator necks; 6 ï right wall; 9 ï hole 

 

ʅʠʟʴʢʦʯʘʩʪʦʪʥʠʡ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʠʡ ʝʢʨʘʥ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʢʦʨʧʫʩʫ ʫ ʚʠʛʣʷʜʽ ʙʘʛʘʪʴʦʭ 

ʧʦʨʦʞʥʠʥ, ʫʪʚʦʨʝʥʠʭ ʣʽʚʦʶ ʩʪʽʥʢʦʶ 1, ʥʠʞʥʴʦʶ ʩʪʽʥʢʦʶ 2, ʚʝʨʭʥʴʦʶ ʩʪʽʥʢʦʶ 3, ʧʝʨʝʛʦʨʦʜʢʘʤʠ 4 ʽ 

ʮʠʣʽʥʜʨʘʤʠ 5 ʛʦʨʣʦʚʠʥʠ ʨʝʟʦʥʘʪʦʨʘ, ʘ ʪʘʢʦʞ ʧʨʘʚʦʾ ʩʪʽʥʢʠ 6 ʟ ʮʠʣʽʥʜʨʘʤʠ 7 ʛʦʨʣʦʚʠʥʠ ʨʝʟʦʥʘʪʦʨʘ. 

ʉʪʽʥʢʠ 1 ʽ 6, ʘ ʪʘʢʦʞ ʧʝʨʝʛʦʨʦʜʢʠ 4 ʽ ʮʠʣʽʥʜʨʠ 5 ʫʪʚʦʨʶʶʪʴ ʨʝʟʦʥʘʪʦʨʥʫ ʢʘʤʝʨʫ 8. ʆʪʚʽʨ 9 ʮʠʣʽʥʜʨʘ 7, 

ʱʽʣʠʥʘ ʤʽʞ ʪʦʨʮʝʤ ʮʠʣʽʥʜʨʘ 7 ʽ ʣʽʚʦʶ ʩʪʽʥʢʦʶ 1, ʢʽʣʴʮʝʚʘ ʱʽʣʠʥʘ 10 ʤʽʞ ʮʠʣʽʥʜʨʘʤʠ 5 ʽ 7 ʪʘ ʱʽʣʠʥʘ 

ʤʽʞ ʪʦʨʮʝʤ ʮʠʣʽʥʜʨʘ 5 ʽ ʧʨʘʚʦʶ ʩʪʽʥʢʦʶ 6 ʫʪʚʦʨʶʶʪʴ ʛʦʨʣʦʚʠʥʫ ʨʝʟʦʥʘʪʦʨʘ. 
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ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʦʛʦ ʝʢʨʘʥʫ (ʚʠʜ ɹ ʥʘ ʨʠʩ. 2): 

1 ï ʣʽʚʘ ʩʪʽʥʢʘ; 2 ï ʥʠʞʥʷ ʩʪʽʥʢʘ; 3 ï ʚʝʨʭʥʷ ʩʪʽʥʢʘ; 5, 7 ï ʮʠʣʽʥʜʨʠ ʛʦʨʣʦʚʠʥ ʨʝʟʦʥʘʪʦʨʘ; 6 ï ʧʨʘʚʘ 

ʩʪʽʥʢʘ; 9 ï ʦʪʚʽʨ  

Figure 4 ï Scheme of a low-frequency sound-absorbing screen (view B in Fig. 2): 

1 ï left wall; 2 ï lower wall; 3 ï upper wall; 5, 7 ï cylinders of the resonator necks; 6 ï right wall; 9 ï hole 

 

ʅʠʟʴʢʦʯʘʩʪʦʪʥʠʡ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʠʡ ʝʢʨʘʥ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ.  

ʅʠʟʴʢʦʯʘʩʪʦʪʥʠʡ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʠʡ ʝʢʨʘʥ ʤʽʩʪʠʪʴ  ʢʦʨʧʫʩ ʫ ʚʠʛʣʷʜʽ ʙʘʛʘʪʴʦʭ ʧʦʨʦʞʥʠʥ. 

ɿʚʫʢʦʚʽ ʭʚʠʣʽ (ʰʫʤ) 11 ʧʘʜʘʶʪʴ ʥʘ ʧʨʘʚʫ ʩʪʽʥʢʫ 6 ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʦʛʦ ʝʢʨʘʥʫ ʽ ʾʭ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʘ ʩʢʣʘʜʦʚʘ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʢʦʞʥʦʶ ʨʝʟʦʥʘʪʦʨʥʠʤ ʛʣʫʰʥʠʢʦʤ ʰʫʤʫ. 

ʈʝʟʦʥʘʪʦʨʥʠʡ ʛʣʫʰʥʠʢ ʻ ʝʣʝʤʝʥʪʘʨʥʦʶ ʢʦʣʠʚʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ʽʟ ʟʘʪʫʭʘʥʥʷʤ, ʷʢʘ, ʙʫʜʫʯʠ ʟʙʫʜʞʝʥʘ 

ʟʚʫʢʦʚʦʶ ʭʚʠʣʝʶ, ʱʦ ʧʘʜʘʻ ʥʘ ʥʝʾ, ʚʽʜʙʠʨʘʻ ʚʽʜ ʮʽʻʾ ʭʚʠʣʽ ʘʢʫʩʪʠʯʥʫ ʝʥʝʨʛʽʶ ʥʘ ʯʘʩʪʦʪʘʭ, ʙʣʠʟʴʢʠʭ ʜʦ 

ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ ʨʝʟʦʥʘʪʦʨʘ. ʄʘʢʩʠʤʘʣʴʥʝ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ ʜʣʷ ʦʜʠʥʦʯʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʙʫʜʝ 

https://arrcjournal.org/


G2 ʊɽʍʅʆʃʆɻɯɰ ɿɸʍʀʉʊʋ ʅɸɺʂʆʃʀʐʅʔʆɻʆ ʉɽʈɽɼʆɺʀʑɸ / 
G2 ENVIRONMENTAL  PROTECTION  TECHNOLOGIES  

 

 
ʅʘʫʢʦʚʠʡ ʞʫʨʥʘʣ çɸɺʊʆʄʆɹɯʃʔʅɯ ɼʆʈʆɻʀ ɯ ɼʆʈʆɾʅɭ ɹʋɼɯɺʅʀʎʊɺʆè, 2026. ɺʠʧʫʩʢ 119. 

ISSN 0365-8171 (Print), ISSN 2707-4080 (ʆnline), ISSN 2707-4099 (CD), https://arrcjournal.org . 

Scientific journal çAUTOMOBILE ROADS AND ROAD CONSTRUCTIONè, 2026. Issue 119. 

35 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʥʘ ʨʝʟʦʥʘʥʩʥʽʡ ʯʘʩʪʦʪʽ, ʷʢʘ ʧʨʷʤʦʧʨʦʧʦʨʮʽʥʘ ʰʚʠʜʢʦʩʪʽ ʟʚʫʢʫ ʚ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʦʙʝʨʥʝʥʦ 

ʧʨʦʧʦʨʮʽʡʥʘ ʢʚʘʜʨʘʪʥʦʤʫ ʢʦʨʝʥʶ  ʦʙôʻʤʫ ʨʝʟʦʥʘʪʦʨʥʦʾ ʢʘʤʝʨʠ ʪʘ ʜʦʚʞʠʥʘ ʛʦʨʣʦʚʠʥʠ ʨʝʟʦʥʘʪʦʨʘ [2].  

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʬʦʨʤʫʣʠ (1), ʯʠʤ ʙʽʣʴʰʝ ʜʦʚʞʠʥʘ ʛʦʨʣʦʚʠʥʠ ʨʝʟʦʥʘʪʦʨʘ, ʪʠʤ ʥʠʞʯʝ ʯʘʩʪʦʪʘ 

ʨʝʟʦʥʘʥʩʫ ʦʩʪʘʥʥʴʦʛʦ. ʋ ʢʦʨʠʩʥʽʡ ʤʦʜʝʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʛʦʨʣʦʚʠʥʫ ʫ ʬʦʨʤʽ ʣʘʙʽʨʠʥʪʫ, ʱʦ ʨʦʙʠʪʴ 

ʜʦʚʞʠʥʫ ʦʩʪʘʥʥʴʦʾ ʚʝʣʠʢʦʶ (ʘ ʟʥʘʯʠʪʴ ʥʠʟʴʢʦʶ ʯʘʩʪʦʪʫ ʨʝʟʦʥʘʥʩʫ), ʧʨʠ ʮʴʦʤʫ ʰʠʨʠʥʘ ʝʢʨʘʥʫ ʥʝ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ ʜʘʻ ʦʩʪʘʥʥʴʦʤʫ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʝʨʝʚʘʛʠ . ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʦʨʦʞʥʠʥ (ʨʝʟʦʥʘʪʦʨʥʠʭ 

ʛʣʫʰʥʠʢʽʚ) ʩʪʚʦʨʶʻ ʚʠʩʦʢʫ ʘʢʫʩʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʦʛʦ ʝʢʨʘʥʫ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʡ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʠʡ ʝʢʨʘʥ ʤʘʻ ʚʩʽ ʦʟʥʘʢʠ ʜʽʻʟʜʘʪʥʦʩʪʽ, 

ʦʩʢʽʣʴʢʠ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʚ ʥʴʦʤʫ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʘʙʩʦʣʶʪʥʦ ʽʜʝʥʪʠʯʥʽ ʪʠʤ, ʱʦ ʦʧʠʩʘʥʽ ʚ [1, 2]. 

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʝʢʨʘʥ ʚʽʜ ʪʦʛʦ ʧʨʠʩʪʨʦʶ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ 

ʰʫʤʫ ʟ ʜʦʨʽʛ, ʱʦ ʦʧʠʩʘʥʠʡ ʚ [1, 2], ʥʝ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʡʦʛʦ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʦ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʡ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʠʡ ʝʢʨʘʥ, ʚʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʷʢʦʛʦ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʫʧʠ ʨʝʟʦʥʘʪʦʨʥʠʭ ʛʣʫʰʥʠʢʽʚ ʪʠʧʫ ʨʝʟʦʥʘʪʦʨʘ ɻʝʣʴʤʛʦʣʴʮʷ. ʇʨʠʯʦʤʫ, ʜʣʷ 

ʧʦʥʠʞʝʥʥʷ ʨʝʟʦʥʘʪʦʨʥʦʾ ʯʘʩʪʦʪʠ ʦʩʪʘʥʥʽʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʥʪʫʚʘʪʠ ʛʦʨʣʦʚʠʥʫ ʫ ʚʠʛʣʷʜʽ 

ʪʝʣʝʩʢʦʧʽʯʥʦʛʦ ʩʪʘʢʘʥʘ. ʊʘʢʦʞ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ 

ʛʦʨʣʦʚʠʥʠ ʚʩʝʨʝʜʠʥʽ ʧʦʨʦʞʥʠʥʠ ʨʝʟʦʥʘʪʦʨʘ. ʊʘʢʽ ʧʨʦʧʦʟʠʮʽʾ ʟʘʙʝʟʧʝʯʘʪʴ ʢʨʽʤ ʚʠʩʦʢʦʾ ʘʢʫʩʪʠʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʟʚʫʢʦʧʦʛʣʠʥʘʣʴʥʦʛʦ ʝʢʨʘʥʫ ʥʘ  ʥʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ, 

ʚʝʣʠʢʫ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʦʩʪʘʥʥʴʦʤʫ.  
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Summary. The role of transport has been high at all times of history and in almost all countries. 

Currently, Ukraine has a developed powerful transport system, a large share of which is road transport. Its 

importance in the lives of Ukrainians is difficult to overestimate: from individual civilian transportation to 

transportation at the front. In addition to positive factors, cars have, unfortunately, negative ones. One of the 

negative factors of cars is environmental noise pollution. Given the fact that over the past decade in Ukraine 

the number of cars and the density of traffic flows have significantly increased, the problem of noise pollution 

is becoming increasingly relevant. It is especially acute in cities. The negative impact of noise on people cannot 

be underestimated, since it is one of the most important factors that determines the conditions of work and 

recreation of people. With prolonged exposure, noise causes irreversible hearing loss (hearing loss), has a 

harmful effect on the nervous system, destroys the gastrointestinal tract, has a detrimental effect on the human 

psyche, reduces visual acuity, disrupts the cardiovascular system, reduces labor productivity, and creates a risk 

of accidents due to the indistinctness of sound signals and misunderstanding of spoken language. Cars annoy 

citizens the most in terms of excessive noise in traffic flows. There are several ways to combat traffic noise: 

first, by reducing the external noise levels of each of the cars that make up the traffic flow; second, not to place 

buildings close to highways; third, to fence off highways from residential buildings with noise-protection 

structures. This paper considers the latter option, since the first two are extremely difficult to implement. If the 

noise-protection structure is no more than half a meter thick, it is usually called a noise-protection screen. In 

some cases, it is advisable to install such screens between opposite lanes of highways. This will give an 

additional acoustic effect. Such noise protection screens must necessarily have high sound-absorbing 

properties, which means that the latter cannot be made of solid concrete. As the experience of experimental 

studies of transport noise has shown, it is necessary to pay serious attention to the low-frequency component 

of the latter. Especially if a high-speed tram runs parallel to the highway in the city, as it actually does on the 

right bank of the city of Kyiv. To reduce the low-frequency component, a non-trivial approach is required, 

which is what is considered in this work. 

Keywords: highways, traffic noise, acoustic efficiency, sound-absorbing screen, noise protection 

screen, frequency, sound waves.  
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ɸʥʦʪʘʮʽʷ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʟʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ, ʷʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʦʙôʻʢʪʠʚʥʽʩʪʴ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙʩʪʘʚʠʥ ʟʽʪʢʥʝʥʴ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʽʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ɯʩʥʫʶʯʽ 

ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʢʫʟʦʚʥʠʭ ʜʝʪʘʣʝʡ ʧʝʨʝʚʘʞʥʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʩʪʘʪʠʯʥʠʭ ʧʽʜʭʦʜʘʭ, 

ʱʦ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʜʠʥʘʤʽʯʥʫ ʧʨʠʨʦʜʫ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʽʥʝʨʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʤʦʤʝʥʪ ʟʽʪʢʥʝʥʥʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʧʦʭʠʙʦʢ ʫ ʚʠʟʥʘʯʝʥʥʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫʜʘʨʫ ʪʘ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʤʝʭʘʥʽʟʤʫ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ.  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʜʝʬʦʨʤʘʮʽʾ ʪʘ 

ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʫʜʘʨʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʧʽʜ ʯʘʩ ʟʽʪʢʥʝʥʴ. ʈʦʙʦʪʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʦʙôʻʢʪʠʚʥʦʩʪʽ 

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʰʣʷʭʦʤ ʫʪʦʯʥʝʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʦʙʣʠʮʶʚʘʣʴʥʠʭ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʽʣʽʚ, ʚʨʘʭʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʚʠʤʦʛʠ ʜʦ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʪʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʦʯʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ɼʊʇ.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ ʛʨʦʤʘʜʩʴʢʦʾ ʫʯʘʩʪʽ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʫʟʦʚʥʠʭ ʜʝʪʘʣʝʡ 

ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ, ʽʥʝʨʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʩʠʩʪʝʤʠ ʚ ʫʤʦʚʘʭ ʟʽʪʢʥʝʥʥʷ. 

ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʽʡ ʪʝʦʨʽʾ, ʤʝʪʦʜʘʭ ʤʝʭʘʥʽʢʠ ʜʝʬʦʨʤʽʚʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʪʘ ʪʝʦʨʽʾ ʧʣʘʩʪʠʯʥʦʩʪʽ. ɼʣʷ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʜʠʥʘʤʽʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʟʘʩʪʦʩʦʚʘʥʦ 

ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʈʠʪʮʘ ʪʘ ʨʽʚʥʷʥʥʷ ʃʘʛʨʘʥʞʘ ʜʨʫʛʦʛʦ ʨʦʜʫ. ʄʝʪʦʜʠʢʘ ʚʢʣʶʯʘʻ ʘʥʘʣʽʟ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʙʘʣʘʥʩʫ ʩʠʩʪʝʤʠ, ʜʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʨʦʙʦʪʘ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ, ʩʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʾ 

ʪʘ ʦʙôʻʤ ʤʘʪʝʨʽʘʣʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʚʝʜʝʥʥʽ ʫʜʘʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

(ʟʛʠʥʘʥʥʷ, ʨʦʟʪʷʛʫʚʘʥʥʷ, ʩʪʠʩʥʝʥʥʷ) ʜʣʷ ʚʠʚʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʘʣʽʚ ʫ ʜʠʥʘʤʽʯʥʦʤʫ 

ʨʝʞʠʤʽ, ʟʦʢʨʝʤʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʧʨʫʞʥʦʛʦ ʚʽʜʩʢʦʢʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʤʝʪʘʣʫ. ʊʘʢʦʞ ʧʨʦʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʦʙʣʠʮʶʚʘʣʴʥʠʭ ʜʝʪʘʣʝʡ ʟʘ ʪʠʧʦʤ ʾʭʥʴʦʾ ʢʨʠʚʠʟʥʠ ʪʘ ʢʦʥʪʫʨʫ 

(ʝʣʝʤʝʥʪʠ ʦʜʠʥʘʨʥʦʾ ʪʘ ʧʦʜʚʽʡʥʦʾ ʢʨʠʚʠʟʥʠ, ʟʘʤʢʥʫʪʽ ʪʘ ʥʝʟʘʤʢʥʫʪʽ ʢʦʥʪʫʨʠ).  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʚʪʦʪʝʭʥʽʯʥʘ ʝʢʩʧʝʨʪʠʟʘ, ʨʫʡʥʫʚʘʥʥʷ, ʜʝʬʦʨʤʘʮʽʷ, ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʘ ʪʝʦʨʽʷ, 

ʪʚʝʨʜʽʩʪʴ, ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ, ʙʝʟʧʝʢʘ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. 
 

ɺʩʪʫʧ. ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʩʪʨʽʤʢʠʤ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʷʛʥʝʥʥʷ 

ʚ ʛʘʣʫʟʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʟʙʽʣʴʰʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʪʘ ʥʝʜʦʩʪʘʪʥʽ ʪʝʤʧʠ ʨʦʟʚʠʪʢʫ ʜʦʨʦʞʥʴʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʩʧʨʠʯʠʥʷʶʪʴ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ (ɼʊʇ). ɼʊʇ ʤʘʶʪʴ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʩʦʮʽʘʣʴʥʫ, ʝʢʦʥʦʤʽʯʥʫ ʪʘ 

ʝʢʦʣʦʛʽʯʥʫ ʩʬʝʨʠ, ʚʠʤʘʛʘʶʯʠ ʪʦʯʥʦʛʦ ʪʘ ʦʙôʻʢʪʠʚʥʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʯʠʥ ʽ ʤʝʭʘʥʽʟʤʫ ʟʽʪʢʥʝʥʴ. ʋ 

ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʨʦʟʚʠʪʦʢ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʘʚʪʦʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʝʨʪʠʟʠ, ʟʦʢʨʝʤʘ, ʫʪʦʯʥʝʥʥʷ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʦʙʣʠʮʶʚʘʣʴʥʠʭ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʽʣʽʚ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʋ ʩʬʝʨʽ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʟʥʘʯʥʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʨʦʟʨʦʙʮʽ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʥʘ 

ʤʦʤʝʥʪ ʟʽʪʢʥʝʥʥʷ. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʤʝʪʦʜʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʟʘ 

ʜʦʚʞʠʥʦʶ ʛʘʣʴʤʽʚʥʦʛʦ ʰʣʷʭʫ ʪʘ ʫʧʦʚʽʣʴʥʝʥʥʷʤ ʧʽʜ ʯʘʩ ʛʘʣʴʤʫʚʘʥʥʷ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ 

ʚʽʜʪʚʦʨʝʥʥʷ ʫʤʦʚ ɼʊʇ ʜʦʩʣʽʜʥʠʢʠ, ʟʦʢʨʝʤʘ ɺ. ɸ. ʆʛʦʨʦʜʥʽʢʦʚ [1ï6], ʧʨʦʧʦʥʫʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʦʜʝʣʽ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʧʦʚʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʣʘʥʩ ʩʠʩʪʝʤʠ. ʈʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʧʦʰʢʦʜʞʝʥʴ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʧʦʩʦʙʽʚ, ʟʦʢʨʝʤʘ, 

ʯʝʨʝʟ ʚʠʤʽʨʶʚʘʥʥʷ ʪʚʝʨʜʦʩʪʽ ʧʦʰʢʦʜʞʝʥʦʛʦ ʤʝʪʘʣʫ ʟ ʧʦʜʘʣʴʰʠʤ ʨʦʟʨʘʭʫʥʢʦʤ ʨʦʙʦʪʠ ʜʝʬʦʨʤʘʮʽʾ. ʋ 

ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʜʘʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ (ʟʛʠʥʘʥʥʷ, 

ʨʦʟʪʷʛʫʚʘʥʥʷ) ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ ʫ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ. ʅʘ 
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ʾʭ ʦʩʥʦʚʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʙʫʜʫʚʘʪʠ ʜʽʘʛʨʘʤʠ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʪʘʨʠʨʦʚʦʯʥʽ ʛʨʘʬʽʢʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʨʝʘʣʴʥʽ ʫʤʦʚʠ ʧʦʰʢʦʜʞʝʥʴ ʧʨʠ ɼʊʇ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ʋ ʤʝʞʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦ ʤʝʪʫ ï ʫʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʧʽʜ ʜʽʻʶ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʰʚʠʜʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʧʽʜ ʯʘʩ ʟʽʪʢʥʝʥʥʷ, ʚʠʷʚʠʪʠ ʾʭʥʽ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʚʨʘʭʫʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʫʜʘʨʥʦʛʦ ʧʨʦʮʝʩʫ. 

2. ʈʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ, ʚʠʪʨʘʯʝʥʫ ʥʘ ʧʣʘʩʪʠʯʥʫ ʜʝʬʦʨʤʘʮʽʶ, ʘ ʪʘʢʦʞ 

ʽʥʝʨʮʽʡʥʽ ʪʘ ʨʝʣʘʢʩʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. 

3. ɺʠʚʯʠʪʠ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʽʚ ʫ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ʰʣʷʭʦʤ ʫʜʘʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

(ʟʛʠʥʘʥʥʷ, ʨʦʟʪʷʛʫʚʘʥʥʷ), ʟʦʢʨʝʤʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʧʨʫʞʥʦʛʦ ʚʽʜʩʢʦʢʫ. 

4. ʋʜʦʩʢʦʥʘʣʠʪʠ ʧʽʜʭʦʜʠ ʜʦ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʭʘʨʘʢʪʝʨʫ ʧʦʰʢʦʜʞʝʥʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʙʽʣʴʰ 

ʪʦʯʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʘʚʘʨʽʾ ʚ ʨʘʤʢʘʭ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʦʙʣʠʮʶʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʫʟʦʚʘ 

ʘʚʪʦʤʦʙʽʣʷ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʜʽʘʛʥʦʩʪʠʮʽ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʝʪʘʣʷʤʠ ʙʝʟ ʙʦʨʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʧʣʦʩʢʫ ʘʙʦ 

ʢʨʠʚʦʣʽʥʽʡʥʫ ʧʦʚʝʨʭʥʶ ʟ ʥʝʟʘʤʢʥʫʪʠʤ ʢʦʥʪʫʨʦʤ. ɺʦʥʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʝʣʝʤʝʥʪʠ ʦʜʠʥʘʨʥʦʾ ʪʘ 

ʧʦʜʚʽʡʥʦʾ ʢʨʠʚʠʟʥʠ. ɼʝʪʘʣʽ ʦʜʠʥʘʨʥʦʾ ʢʨʠʚʠʟʥʠ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʷʢ ʟ ʦʜʥʦʟʥʘʯʥʦʶ, ʪʘʢ 

ʽ ʟ ʜʚʦʟʥʘʯʥʦʶ ʢʨʠʚʠʥʦʶ, ʧʦʜʽʙʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʡ ʜʦ ʜʝʪʘʣʝʡ ʧʦʜʚʽʡʥʦʾ ʢʨʠʚʠʟʥʠ. ɼʦ 

ʥʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʠʭ ʫ ʨʘʟʽ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ ʥʘʣʝʞʘʪʴ ʢʦʤʧʦʥʝʥʪʠ ʧʘʣʠʚʥʦʾ ʩʠʩʪʝʤʠ, 

ʟʦʢʨʝʤʘ ʛʣʫʰʥʠʢʠ, ʨʝʟʦʥʘʪʦʨʠ, ʪʨʫʙʦʧʨʦʚʦʜʠ ʪʘ ʧʘʪʨʫʙʢʠ. ʎʽ ʝʣʝʤʝʥʪʠ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʟʘʤʢʥʫʪʠʡ 

ʢʦʥʪʫʨ ʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʜʠʥʘʨʥʦʶ ʘʙʦ ʧʦʜʚʽʡʥʦʶ ʢʨʠʚʠʟʥʦʶ, ʽʟ ʤʦʞʣʠʚʽʩʪʶ ʦʜʥʦʟʥʘʯʥʦʛʦ ʯʠ 

ʜʚʦʟʥʘʯʥʦʛʦ ʧʨʦʬʽʣʶ ʢʨʠʚʠʟʥʠ. ʄʽʩʮʝʚʽ ʟʦʥʠ ʩʪʦʥʰʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʫ ʚʤôʷʪʠʥʘʭ ʨʽʟʥʦʾ ʬʦʨʤʠ, ʷʢ 

ʧʨʘʚʠʣʦ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʚʤôʷʪʠʥʠ ï ʧʦʣʶʩʽ, ʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ 

ʚʥʫʪʨʽʰʥʽʤ ʪʠʩʢʦʤ ʽ ʢʨʠʚʠʟʥʦʶ ʚ ʮʴʦʤʫ ʤʽʩʮʽ ʧʨʠ ʥʘʩʪʘʥʥʽ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʽʚ ʧʣʘʩʪʠʯʥʦʾ ʪʝʦʨʽʾ ʜʝʬʦʨʤʘʮʽʾ ʜʣʷ ʘʥʘʣʽʟʫ ʦʙʦʣʦʥʦʢ ʨʽʟʥʦʾ ʢʨʠʚʠʟʥʠ ʜʦʟʚʦʣʷʻ ʦʙʯʠʩʣʠʪʠ 

ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʧʨʦʛʠʥʫ ʪʘ ʨʘʜʽʫʩʘ ʚ ʦʙʣʘʩʪʽ ʧʦʣʶʩʘ ʜʝʬʦʨʤʘʮʽʾ. ɼʣʷ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ ʪʠʧʫ 

çʘʚʪʦʤʘʪè ʽʟ ʪʦʚʱʠʥʦʶ 0,8 ʤʤ ʚʩʪʘʥʦʚʣʝʥʦ ʛʨʘʥʠʯʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʰʠʨʠʥʦʶ ʚʤôʷʪʠʥʠ ʪʘ ʾʾ 

ʧʨʦʛʠʥʦʤ, ʷʢʝ ʜʦʨʽʚʥʶʻ 3,10. 

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʠʯʠʥ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʘʚʘʨʽʡ ʻ ʚʠʾʟʜ ʥʘ ʩʤʫʛʫ ʟʫʩʪʨʽʯʥʦʛʦ ʨʫʭʫ ʪʘ 

ʧʝʨʝʚʠʱʝʥʥʷ ʜʦʧʫʩʪʠʤʦʾ ʰʚʠʜʢʦʩʪʽ. ʋ ʚʠʧʘʜʢʘʭ ʟʽʪʢʥʝʥʴ ʟʘ ʧʽʜʚʠʱʝʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʫʯʘʩʪʴ ʢʽʣʴʢʦʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩ ʘʚʪʦʪʝʭʥʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ɯʩʥʫʶʪʴ ʫʩʪʘʣʝʥʽ ʤʝʪʦʜʠʢʠ 

ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʽʾ ʫʜʘʨʫ ʡ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʽʪʢʥʝʥʥʷ, ʷʢʘ ʩʧʨʠʯʠʥʠʣʘ ʧʣʘʩʪʠʯʥʫ ʜʝʬʦʨʤʘʮʽʶ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʚʪʦʤʦʙʽʣʷ. ɺ ʦʩʥʦʚʽ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʣʝʞʠʪʴ ʧʦʥʷʪʪʷ ʝʥʝʨʛʝʪʠʯʥʦ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʰʚʠʜʢʦʩʪʽ. 

ʆʜʠʥ ʽʟ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʧʦʣʷʛʘʻ ʫ 

ʚʩʪʘʥʦʚʣʝʥʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʚʝʣʠʯʠʥʦʶ ʝʥʝʨʛʽʾ, ʚʠʪʨʘʯʝʥʦʾ ʥʘ ʧʣʘʩʪʠʯʥʫ ʜʝʬʦʨʤʘʮʽʶ, ʽ 

ʟʤʽʥʦʶ ʪʚʝʨʜʦʩʪʽ ʤʝʪʘʣʫ ʚ ʟʦʥʽ ʜʝʬʦʨʤʘʮʽʾ. ɸʣʴʪʝʨʥʘʪʠʚʥʠʡ ʧʽʜʭʽʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʨʽʚʥʷʥʥʽ ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ ʚ ʜʝʬʦʨʤʦʚʘʥʦʤʫ ʪʘ ʥʝʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʽ. 

ʋ ʚ̔ʪʯʠʟʥʷʥʽʡ ʪʘ ʟʘʨʫʙʽʞʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʘʡʯʘʩʪʽʰʝ ʧʨʠʡʤʘʶʪʴ ʘʧʨʦʢʩʠʤʫʶʯʫ ʟʘʣʝʞʥʽʩʪʴ 

ʜʠʥʘʤʽʯʥʦʾ ʤʝʞʽ ʧʣʠʥʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ 

 
1

1

n

sʜ s
D

è øeå õ
s =s +é ùæ ö

ç ÷é ùê ú
. (1) 

ʜʝ sʜs  ï ʥʘʧʨʫʛʠ ʜʠʥʘʤʽʯʥʦʾ ʤʝʞʽ ʧʣʠʥʥʦʩʪʽ; 

ss  ï ʥʘʧʨʫʛʠ ʩʪʘʪʠʯʥʦʾ ʤʝʞʽ ʧʣʠʥʥʦʩʪʽ;  
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,D n  ï ʧʦʩʪʽʡʥʽ ʚʝʣʠʯʠʥʠ. 

 

ʇʽʜ ʯʘʩ ʟʽʪʢʥʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʣʘʥʩ ʩʠʩʪʝʤʠ, ʫʪʚʦʨʝʥʦʾ ʘʚʪʦʤʦʙʽʣʷʤʠ, 

ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʟʽʪʢʥʝʥʥʽ, ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʘ ʪʨʴʦʭ ʝʪʘʧʘʭ: ʥʘ ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʟʽʪʢʥʝʥʥʷ, ʫ ʬʘʟʽ ʡʦʛʦ 

ʟʘʚʝʨʰʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ ʚʽʜʢʠʜʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʧʽʩʣʷ ʫʜʘʨʫ. 
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ʜʝ n  ï ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ ʟʽʪʢʥʫʣʠʩʷ;  

im  ï ʤʘʩʠ ʘʚʪʦʤʦʙʽʣʽʚ;  

iV  ï ʰʚʠʜʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʤʦʤʝʥʪ ʟʽʪʢʥʝʥʥʷ;  

riW  ï ʨʦʙʦʪʘ ʩʠʣ ʦʧʦʨʫ ʧʝʨʝʤʽʱʝʥʥʷʤ ʘʚʪʦʤʦʙʽʣʽʚ;  

iAd  ï ʨʦʙʦʪʘ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ ʘʚʪʦʤʦʙʽʣʽʚ. 

 

ʉʠʣʘ ʪʝʨʪʷ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ m dT T T= + . 

ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʨʫʡʥʫʚʘʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫʥʘʩʣʽʜʦʢ 

ʟʽʪʢʥʝʥʥʷ, ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʦʙʯʠʩʣʝʥʥʽ ʨʦʙʦʪʠ, ʟʘʪʨʘʯʝʥʦʾ ʥʘ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʦʰʢʦʜʞʝʥʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʎʝ ʟʥʘʯʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ [7, 8]: 

 

( )n n d

v

A dl dV Ad = s +dñññ  (2) 

 

ʜʝ A  ï ʨʦʙʦʪʘ ʟʦʚʥʽʰʥʽʭ ʩʠʣ;  

ns  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ;  

nl  ï ʩʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʡ;  

V  ï ʦʙôʻʤ ʤʘʪʝʨʽʘʣʫ;  

dA  ï ʨʦʙʦʪʘ ʨʫʡʥʫʚʘʥʥʷ. 

 

ʇʦʰʢʦʜʞʝʥʽ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʰʚʠʜʢʦʩʪʷʭ ʧʦʥʘʜ 50 ʤ/ʩ ʟʘʟʥʘʶʪʴ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʷʢʝ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʣʦʢʘʣʽʟʘʮʽʻʶ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚ ʦʢʨʝʤʠʭ ʟʦʥʘʭ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʢʽʥʝʪʠʯʥʘ 

ʝʥʝʨʛʽʷ, ʱʦ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʰʚʠʜʢʽʩʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ 

ʨʦʙʦʪʫ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚ ʤʽʩʮʽ ʾʾ ʢʦʥʮʝʥʪʨʘʮʽʾ. ʇʽʜ ʯʘʩ ʟʽʪʢʥʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʾʭ 

ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʽʥʝʨʮʽʡʥʠʭ ʩʠʣ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʻ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, ʥʘʙʫʚʘʻ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʬʦʨʤʠ. 
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ʈʠʩʫʥʦʢ 1 ï ʇʦʰʢʦʜʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

Figure 1 ï Damage to vehicles 

 

ʈʦʟʛʣʷʥʝʤʦ ʢʨʫʛʣʫ ʚʤôʷʪʠʥʫ ʷʢ ʪʦʥʢʦʩʪʽʥʥʫ, ʞʦʨʩʪʢʦ ʟʘʬʽʢʩʦʚʘʥʫ ʧʦ ʢʨʘʶ. ʇʨʦʘʥʘʣʽʟʫʻʤʦ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʟʘ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. 

1. ʋ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʟʘʜʘʥʘ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʚʤôʷʪʠʥʠ 0T . 

2. ʅʘ ʧʦʚʝʨʭʥʽ ʚʤôʷʪʠʥʠ ʟʘʜʘʥʠʡ ʪʠʩʢ ( ),p p r t= , ʜʝ r  ï ʢʦʦʨʜʠʥʘʪʘ, ʘ t  ï ʯʘʩ, ʚ ʦʢʨʝʤʦʤʫ 

ʚʠʧʘʜʢʫ ()p p t= . 

ɺʽʜʦʤʦ, ʱʦ ʚʟʘʻʤʦʜʽʷ ʫʜʘʨʥʦʾ ʭʚʠʣʽ ʟ ʚʤôʷʪʠʥʦʶ ʦʙʤʝʞʝʥʠʭ ʨʦʟʤʽʨʽʚ ʤʘʻ ʩʢʣʘʜʥʫ ʧʨʠʨʦʜʫ. ʊʘʢ, 

ʧʨʠ ʚʽʜʦʙʨʘʞʝʥʥʽ ʫʜʘʨʥʦʾ ʭʚʠʣʽ ʚʽʜ ʟʘʱʝʤʣʝʥʦʾ ʚʤôʷʪʠʥʠ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʠʩʢʫ ( ),p r t  ʥʘ ʚʤôʷʪʠʥʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʮʥʦʩʪʽ, ʱʽʣʴʥʦʩʪʽ, ʪʦʚʱʠʥʠ ʪʘ ʨʘʜʽʫʩʫ ʚʤôʷʪʠʥʠ (ʨʠʩ. 2). 

ɼʣʷ ʧʦʚʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʫ ʚʠʧʘʜʢʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʘʨʷʜʫ ʚʠʙʫʭʦʚʦʾ ʨʝʯʦʚʠʥʠ ʥʘ ʦʩʽ 

ʩʠʤʝʪʨʽʾ ʥʝʦʙʭʽʜʥʝ ʯʠʩʝʣʴʥʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʴ ʨʦʟʣʴʦʪʫ ʧʨʦʜʫʢʪʽʚ ʜʝʪʦʥʘʮʽʾ, ʜʠʥʘʤʽʢʠ ʩʝʨʝʜʦʚʠʱʘ 

ʪʘ ʧʦʚʝʜʽʥʢʠ ʚʤôʷʪʠʥʠ ʧʽʜ ʯʘʩ ʾʾ ʚʟʘʻʤʦʜʽʾ ʟ ʦʪʦʯʝʥʥʷʤ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʷʢ ʛʘʟʦʜʠʥʘʤʽʯʥʽ 

ʨʽʚʥʷʥʥʷ, ʪʘʢ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʤʽʮʥʽʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʨʝʰʢʦʜʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʻ ʜʦʩʠʪʴ 

ʩʢʣʘʜʥʠʤ ʽ ʨʝʩʫʨʩʦʤʽʩʪʢʠʤ. 
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ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʴ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʨʫʛʣʦʾ ʚʤôʷʪʠʥʠ 

ɼʞʝʨʝʣʦ: ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Figure 2 ï Deformation model of a circular dent 

Source: developed by the authors 
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ʅʘʡʧʨʦʩʪʽʰʝ ʨʽʰʝʥʥʷ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʭʦʜʠʪʴ, ʷʢʱʦ ʟʘʜʘʥʘ ʧʦʯʘʪʢʦʚʘ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ 

ʚʤôʷʪʠʥʠ 0T . 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʠ ʟʘʜʘʥʦ ʪʠʩʢ ( ),p p r t= , ʚ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ 

ʤʦʞʝ ʙʫʪʠ ()p p t= . ʅʝʭʪʫʻʤʦ ʢʽʥʝʪʠʯʥʦʶ ʝʥʝʨʛʽʻʶ ʠT Tw<< , ʪʦʤʫ ʨʽʚʥʷʥʥʷ ʃʘʛʨʘʥʞʘ ʤʦʞʥʘ 
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ɿʚʽʜʩʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

 

( )1 1 2 3 1 2, , , , , , ,ʧ ʧɺ ɺ ɺ ɺ ɺ ɸ ɸ ɸ= . (5) 
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ʂʦʝʬʽʮʽʻʥʪʠ 2 3, , , ʧɺ ɺ ɺ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʫʤʦʚʠ, ʱʦ ʟ ʜʘʥʦʾ ʬʦʨʤʽ ʚʤôʷʪʠʥʠ, ʪ. ʢ. ʝ. ʬʽʢʩʦʚʘʥʝ 

A̔  ʟʥʘʯʝʥʥʷ ʬɽ  ʤʘʻ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʠʤ. ɿʚʽʜʩʠ 
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ʜʝ 2, 3, ,ʽ ʧ= . ʂʦʝʬʽʮʽʻʥʪʠ A̔  ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʨʽʚʥʷʥʴ (2.72) ʟʘ ʫʤʦʚʠ, ʱʦ 
i ih B= jä . 

ɿʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ ʃʘʛʨʘʥʞʘ ʜʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ: 
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ʎʝ ʻ ʪʠʧʦʚʠʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ.  
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 ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ h hpe =e. ɺʝʣʠʯʠʥʘ 

hpe  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʜʦʩʚʽʜʫ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʟʘʱʝʤʣʝʥʦʾ ʚʤôʷʪʠʥʠ. 

ʅʘ ʟʘʚʝʨʰʝʥʥʷ ʥʘʚʝʜʝʤʦ ʧʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʥʘʚʝʜʝʥʦʶ ʚʠʱʝ ʘʥʘʣʽʪʠʯʥʦʶ ʤʝʪʦʜʠʢʦʶ, ʱʦ 

ʦʧʠʩʫʻ ʟʘʢʦʥ ʨʫʭʫ ʢʨʫʛʣʦʾ ʚʤôʷʪʠʥʠ, ʟʘʱʝʤʣʝʥʦʾ ʧʦ ʢʦʥʪʫʨʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʪʦʚʱʠʥʠ ʤʘʪʝʨʽʘʣʫ 

ʧʽʜ ʯʘʩ ʜʠʥʘʤʽʯʥʦʛʦ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ. ʄʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ ʚʤôʷʪʠʥʠ 

ʧʨʠʡʤʝʤʦ ʨʽʚʥʠʤʠ: 30,4ss =  ʢʛ/ʤʤ2, 46D=  ʢʛ/ʤʤ2. 

ʈʦʟʤʽʨʠ ʚʤôʷʪʠʥʠ: 0 76R =  ʤʤ, 0 1,2h =  ʤʤ, ʧʦʯʘʪʢʦʚʘ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʚʤôʷʪʠʥʠ 
2

0 180
2

mV
T= =  ʢɻʤ. ɰʾ ʚʝʣʠʯʠʥʘ ʜʦʨʽʚʥʶʻ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚʤôʷʪʠʥʠ 0 ʬT E= . ʋ ʧʨʦʮʝʩʽ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʚʤôʷʪʠʥʠ ʧʦʚʠʥʝʥ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ 0 ʬʽ ʽT E ʊ const== + = , ʜʝ ʬʽE = 

ʽ ̔ʊ ï ʝʥʝʨʛʽʷ ʬʦʨʤʦʟʤʽʥʠ ʪʘ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʚʤôʷʪʠʥʠ ʚ ʤʦʤʝʥʪ ʯʘʩʫ ʽt . ɺʝʣʠʯʠʥʠ ʬʽE = ʽ ̔ʊ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʴ (2.29) ʪʘ (2.24): 
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ɺ ʧʨʦʮʝʩʽ ʮʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ A̔  ʨʦʟʧʦʜʽʣʫ ʜʝʬʦʨʤʘʮʽʡ , ,h ije e e ʫ 

ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʚʤôʷʪʠʥʠ ʜʣʷ ʜʘʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ ʽt . ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʧʦʜʽʣ ie ʜʣʷ ʨʽʟʥʠʭ 

ʧʨʦʛʠʥʽʚ A̔ . 

 

               
 

ʘ) ʙ) 

 

ʈʠʩʫʥʦʢ 3 ï ɼʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʫʛʣʦʾ ʚʤôʷʪʠʥʠ: ʘ) ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʚʤôʷʪʠʥʠ;  

ʙ) ʟʚôʷʟʦʢ ʤʽʞ ʨʘʜʽʫʩʦʤ ʪʘ ʧʨʦʛʠʥʦʤ 

ɼʞʝʨʝʣʦ: ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʘʤʠ 

 

Figure 3 ï Dynamic characteristics of a circular dent: a) equation of motion of the dent; 

b) relationship between radius and deflection 

Source: developed by the authors 

 

ɼʘʥʘ ʤʝʪʦʜʠʢʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʨʠʙʣʠʟʥʦʛʦ ʘʥʘʣʽʟʫ ʤʝʤʙʨʘʥʥʠʭ 

ʜʘʪʯʠʢʽʚ, ʷʢʽ ʬʽʢʩʫʶʪʴ ʚʠʙʫʭʦʚʽ ʭʚʠʣʽ ʫ ʧʦʚʽʪʨʽ, ʚʦʜʽ ʘʙʦ ˇʨʫʥʪʽ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʤʝʤʙʨʘʥʠ 

ʽʟ ʩʝʨʝʜʦʚʠʱʝʤ ʚt , ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʧʝʨʝʜʘʻʪʴʩʷ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʝʥʝʨʛʽʾ ʽʟ ʩʝʨʝʜʦʚʠʱʘ ʚ ʤʝʤʙʨʘʥʫ, 

ʤʘʣʦ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʯʘʩʦʤ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʝʨʝʰʢʦʜʠ ʜt . 

ʉʧʦʪʚʦʨʝʥʥʷ ʮʠʭ ʣʽʥʽʡ ʧʽʩʣʷ ʜʦʩʚʽʜʫ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʢʽʥʮʝʚʽ ʜʝʬʦʨʤʘʮʽʾ ,r he e ʚ ʢʦʞʥʽʡ 
ʪʦʯʮʽ ʤʝʤʙʨʘʥʠ ʽ, ʦʪʞʝ, ʦʙʯʠʩʣʠʪʠ ʚʝʣʠʯʠʥʫ ʝʥʝʨʛʽʾ ʬʦʨʤʦʟʤʽʥʠ. ɿʘ ʧʨʠʡʥʷʪʠʭ ʧʨʠʧʫʱʝʥʴ 
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ɺʝʣʠʯʠʥʘ ʚʽʜʙʠʪʦʛʦ ʧʠʪʦʤʦʛʦ ʽʤʧʫʣʴʩʫ ʜʦʨʽʚʥʶʻ ()0 0

0

ʚt

i p t dt=ñ . ʊʠʩʢ ʥʘ ʧʝʨʝʰʢʦʜʽ ()0p t  ʤʦʞʝ 

ʤʘʪʠ ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʚʠʙʫʭʦʚʦʾ ʭʚʠʣʽ ʫ ʚʦʜʽ ʟ ʧʝʨʝʰʢʦʜʦʶ ʩʧʦʯʘʪʢʫ 

ʡʜʝ ʧʨʦʮʝʩ ʚʽʜʙʠʪʪʷ ʫʜʘʨʥʦʾ ʭʚʠʣʽ, ʽ ʫ ʨʘʟʽ ʪʦʥʢʦʾ ʧʝʨʝʰʢʦʜʠ ʟʘ ʜʫʞʝ ʢʦʨʦʪʢʠʡ ʯʘʩ 0t=  (ʧʦʩʪʽʡʥʘ ʯʘʩʫ) 

ʧʣʘʩʪʠʥʘ ʨʦʟʛʘʥʷʻʪʴʩʷ ʜʦ ʪʘʢʦʾ ʰʚʠʜʢʦʩʪʽ, ʱʦ ʫ ʚʦʜʽ ʚʠʥʠʢʘʶʪʴ ʥʝʛʘʪʠʚʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʦʟʨʠʚʫ ʫ ʨʽʜʠʥʽ ʙʽʣʷ ʧʣʘʩʪʠʥʠ.  

ʇʨʠ ʟʽʪʢʥʝʥʥʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʤʘʪʝʨʽʘʣʫ ʚʤôʷʪʠʥʠ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ ʤʘʻ 

ʚʠʛʣʷʜ: 

 

( )
02

rr pddu
S

dt dr r

js -ss
r - + =

d
, (9) 

 

ʜʝ r ï ʱʽʣʴʥʽʩʪʴ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ;  

u  ï ʰʚʠʜʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʚʤôʷʪʠʥʠ;  

,r js s ï ʨʘʜʽʘʣʴʥʽ ʪʘ ʦʩʴʦʚʽ ʥʘʧʨʫʞʝʥʥʷ;  

0p  ï ʪʠʩʢ;  

d ï ʪʦʚʱʠʥʘ ʤʘʪʝʨʽʘʣʫ ʦʙʣʠʮʶʚʘʣʴʥʦʾ ʜʝʪʘʣʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

 

ʇʣʘʩʪʠʥʠ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ, 

ʪʘʢʠʭ ʷʢ ʢʘʧʦʪʠ, ʜʚʝʨʽ, ʧʝʨʝʜʥʽ ʪʘ ʟʘʜʥʽ ʢʨʠʣʘ ʘʚʪʦʤʦʙʽʣʽʚ, ʝʣʝʤʝʥʪʠ ʢʨʠʣʘ ʣʽʪʘʢʽʚ, ʜʥʠʱʘ, ʧʘʣʫʙʠ ʪʘ 

ʙʦʨʪʦʚʽ ʩʪʽʥʢʠ ʩʫʜʝʥ, ʘ ʪʘʢʦʞ ʩʪʽʥʢʠ ʩʫʮʽʣʴʥʦʤʝʪʘʣʝʚʠʭ ʚʘʛʦʥʽʚ ʪʦʱʦ. ʅʘʡʯʘʩʪʽʰʝ ʚʦʥʠ ʚʠʢʦʥʫʶʪʴ 

ʬʫʥʢʮʽʶ ʦʙʰʠʚʢʠ, ʷʢʘ ʟôʻʜʥʫʻʪʴʩʷ ʟ ʧʽʜʢʨʽʧʣʶʚʘʣʴʥʠʤʠ ʨʝʙʨʘʤʠ ʞʦʨʩʪʢʦʩʪʽ, ʫʪʚʦʨʶʶʯʠ ʻʜʠʥʫ 

ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʩʠʩʪʝʤʫ. 

ʋ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʦʙʰʠʚʢʘ ʟʘʟʥʘʻ ʚʧʣʠʚʫ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʧʦʧʝʨʝʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʥʘʧʨʠʢʣʘʜ, ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ, ʘ ʪʘʢʦʞ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʩʧʨʠʡʤʘʥʥʽ ʦʩʥʦʚʥʠʭ ʩʠʣʦʚʠʭ ʚʧʣʠʚʽʚ, ʱʦ 

ʜʽʶʪʴ ʥʘ ʚʩʶ ʢʦʥʩʪʨʫʢʮʽʶ, ʟʦʢʨʝʤʘ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʠʥʫ ʘʙʦ ʩʪʠʩʢʫ ʣʠʩʪʦʚʦʾ ʯʘʩʪʠʥʠ. ʋ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ ʜʦʤʽʥʫʶʪʴ ʩʘʤʝ ʦʩʥʦʚʥʽ ʟʫʩʠʣʣʷ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ ʩʪʠʩʢʘʥʥʷ, ʟʛʠʥ ʘʙʦ ʟʩʫʚ ʫ ʧʣʦʱʠʥʽ 

ʧʣʘʩʪʠʥʠ. ɿʘ ʧʝʚʥʠʭ ʫʤʦʚ ʮʝ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʚʪʨʘʪʫ ʩʪʽʡʢʦʩʪʽ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʚʠʪʨʽʱʘʥʥʷ 

ʘʙʦ ʚʠʢʨʠʚʣʝʥʥʷ ʧʣʘʩʪʠʥʠ (ʜʠʚ. ʨʠʩ. 4). 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʨʦʟʨʘʭʫʥʦʢ ʩʪʽʡʢʦʩʪʽ ʧʣʘʩʪʠʥ ʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʟʘʛʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʤʽʮʥʦʩʪʽ ʪʘ 

ʥʘʜʽʡʥʦʩʪʽ ʚʩʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʨʠʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʢʦʣʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʨʽʚʥʦʚʘʞʥʽ ʩʪʘʥʠ, ʙʣʠʟʴʢʽ ʜʦ 

ʧʦʯʘʪʢʦʚʦʛʦ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʥʘʧʨʫʞʝʥʥʷ ʚ ʩʝʨʝʜʠʥʥʽʡ ʧʣʦʱʠʥʽ ʧʣʘʩʪʠʥʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ 

ʚʠʪʨʽʱʘʥʥʷ, ʻ ʥʝʟʥʘʯʥʠʤʠ ʧʦʨʽʚʥʷʥʦ ʟ ʥʘʧʨʫʞʝʥʥʷʤʠ ʚʠʛʠʥʫ; ʪʘʢʦʞ ʧʨʦʛʠʥʠ ʧʣʘʩʪʠʥʠ ʚʚʘʞʘʶʪʴʩʷ 

ʤʘʣʠʤʠ ʚʽʜʥʦʩʥʦ ʾʾ ʪʦʚʱʠʥʠ. ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʜʦʧʫʩʪʠʤʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʞʦʨʩʪʢʠʭ ʧʣʘʩʪʠʥ, 

ʷʢʘ ʥʝʭʪʫʻ ʥʘʧʨʫʞʝʥʥʷʤʠ ʚ ʩʝʨʝʜʠʥʥʽʡ ʧʣʦʱʠʥʽ. ʇʨʦʪʝ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ ʧʣʘʩʪʠʥʠ ʧʽʩʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʣʽʜ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʙʽʣʴʰ ʟʘʛʘʣʴʥʦʶ ʪʝʦʨʽʻʶ ʛʥʫʯʢʠʭ ʧʣʘʩʪʠʥ, 

ʷʢʘ ʦʜʥʦʯʘʩʥʦ ʚʨʘʭʦʚʫʻ ʥʘʧʨʫʞʝʥʥʷ ʷʢ ʫ ʩʝʨʝʜʠʥʥʽʡ ʧʣʦʱʠʥʽ, ʪʘʢ ʽ ʚʠʛʠʥʫ. 
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ʈʠʩʫʥʦʢ 4 ï ɺʠʩʪʫʧʘʥʥʷ ʯʘʩʪʠʥ ʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦʤʦʙʽʣʷ ʧʽʜ ʚʧʣʠʚʦʤ ʩʪʠʩʢʫ, ʚʠʛʠʥʫ ʪʘ ʟʩʫʚʫ 

ɼʞʝʨʝʣʦ: ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʘʤʠ 

Figure 4 ï Protrusion of vehicle structural parts under compression, bending and shear 

Source: developed by the authors 

 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʇʝʨʝʪʠʥ ʟʽʛʥʫʪʦʾ ʧʦʚʝʨʭʥʽ ʧʣʘʪʽʚʢʠ 

ɼʞʝʨʝʣʦ: ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʘʤʠ 

 

Figure 5 ï Cross-section of a curved surface of a plate 

Source: developed by the authors 

 

ʂʦʦʨʜʠʥʘʪʥʘ ʧʣʦʱʠʥʘ 1 2x x  ʟʙʽʛʘʻʪʴʩʷ ʽʟ ʩʝʨʝʜʠʥʥʦʶ ʧʣʦʱʠʥʦʶ ʧʣʘʩʪʠʥʢʠ; ʚʽʩʴ 1x  ʙʫʜʝʤʦ, ʷʢ 

ʧʨʘʚʠʣʦ, ʧʨʦʚʦʜʠʪʠʤʝʤʦ ʚʟʜʦʚʞ ʜʦʚʛʦʾ ʩʪʦʨʦʥʠ, ʚʽʩʴ 2x  ï ʚʟʜʦʚʞ ʢʦʨʦʪʢʦʾ ʩʪʦʨʦʥʠ. ʇʦʟʥʘʯʠʤʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ ʚʟʜʦʚʞ ʦʩʝʡ 1 2 3, ,x x x  ʯʝʨʝʟ , ,u vw. 
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ɺʠʩʥʦʚʢʠ. 1. ɺʠʷʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʫʤʦʚ ʽ ʚʽʜʥʦʚʣʝʥʥʽ ʧʦʜʽʡ ɼʊʇ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʽʚʥʷʥʴ ʽ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʧʣʘʩʪʠʯʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʤʘʩʦʚʠʭ ʩʠʣ. ʎʝ ʟʤʽʥʶʻ ʟʥʘʯʝʥʥʷ 

ʽʥʚʘʨʽʘʥʪʽʚ ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʴ ʽ ʧʦʢʘʟʥʠʢʘ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ. ʂʨʽʤ ʪʦʛʦ, ʫ ʬʽʟʠʯʥʦʤʫ ʟʘʢʦʥʽ ʚʚʦʜʠʪʴʩʷ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ. 

2. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʧʽʜ ʯʘʩ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ɼʊʇ 

ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʫʜʘʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʨʦʟʪʷʛʫʚʘʥʥʷ, ʩʪʠʩʥʝʥʥʷ ʪʘ ʟʛʠʥʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʘʚʪʦʤʦʙʽʣʽʚ ʫ 1,5ï1,6 ʨʘʟʘ. 

3. ɸʥʘʣʽʪʠʯʥʦ ʜʦʚʝʜʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʚ ʯʘʩʽ ʥʝ ʣʠʰʝ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ ʚʥʫʪʨʽʰʥʽʭ 

ʥʘʧʨʫʞʝʥʴ, ʘ ʡ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ. ʅʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ 

ʟʽʪʢʥʝʥʥʷ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʧʦʰʢʦʜʞʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʚʠʱʫʻ ʝʥʝʨʛʽʶ ʜʝʬʦʨʤʘʮʽʾ ʚʥʫʪʨʽʰʥʽʭ 

ʥʘʧʨʫʞʝʥʴ ʫ ʜʝʩʷʪʢʠ ʨʘʟʽʚ. 
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Summary. The study is relevant because it aims to improve the accuracy of automotive technical 

expertise in road traffic accidents, which directly affects the objectivity of establishing collision circumstances 

and determining vehicle speed parameters. Existing methods for assessing plastic deformations of body parts 

are mainly based on static approaches that do not account for the dynamic nature of impact loads and the 

inertial properties of materials at the moment of collision. This leads to significant errors in determining the 

energy parameters of impact and reconstructing the mechanism of road traffic accidents. 

The purpose of the study is to improve the method for describing the deformation and destruction 

processes of vehicle structural elements resulting from impact loads during collisions. The work aims to 

increase the accuracy and objectivity of automotive technical expertise by refining approaches to determining 

plastic deformations of vehicle body panels, taking into account modern requirements for road safety and the 

need for accurate reconstruction of traffic accident mechanisms. 

Object of research ï the process of public participation in project management. 

Subject of research ï regularities of plastic deformation of vehicle body parts, taking into account 

dynamic characteristics of materials, inertial properties, and energy balance of the system under collision 

conditions. 

Research methodology. The study employs a comprehensive approach based on phenomenological 

theory, methods of deformable solid mechanics, and plasticity theory. For the mathematical modeling of 

material behavior under dynamic loading, Ritz analytical methods and the second-order Lagrange equations 

were applied. The methodology includes analysis of the system's energy balance, accounting for the work of 

external forces, stress intensity, degree of deformation, and material volume. The experimental part is based 

on impact tests (bending, tension, compression) to study the mechanical characteristics of metals in dynamic 

mode, particularly using the elastic rebound method to determine the hardness of deformed metal. 

Classification of body panels was also conducted according to curvature type and contour (single- and double-

curvature elements, closed and open contours). 

Keywords: automotive technical expertise, destruction, deformation, phenomenological theory, 

hardness, vehicles, road safety. 
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ɸʥʦʪʘʮʽʷ. ʉʪʘʪʪʷ ʧʨʠʩʚʷʯʝʥʘ ʘʥʘʣʽʟʫ ʯʝʩʴʢʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʚ 

ʤʘʰʠʥʦʙʫʜʽʚʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʏʝʭʽʾ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʶ ʤʝʜʠʯʥʦʛʦ ʩʪʨʘʭʫʚʘʥʥʷ ʧʨʘʮʶʶʯʠʭ (ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʜʦʙʨʦʚʽʣʴʥʝ ʤʝʜʠʯʥʝ ʩʪʨʘʭʫʚʘʥʥʷ) ʪʘ ʪʠʭ ʛʨʦʤʘʜʷʥ, ʭʪʦ ʧʦʪʨʘʧʠʚ ʜʦ ʨʝʩʧʫʙʣʽʢʠ ʚʥʘʩʣʽʜʦʢ 

ʙʦʚʦʚʠʭ ʜʽʡ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. ʈʦʟʛʣʷʥʫʪʦ ʨʦʟʚʠʥʫʪʫ ʩʠʩʪʝʤʫ ʤʝʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʩʝʣʝʥʥʷ 

ʪʘ ʽʥʦʟʝʤʮʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʛʨʦʤʘʜʷʥ ʋʢʨʘʾʥʠ, ʱʦ ʧʦʢʠʥʫʣʠ ʤʝʞʽ ʜʝʨʞʘʚʠ ʟ 

ʥʘʟʚʘʥʦʾ ʚʠʱʝ ʧʨʠʯʠʥʠ. ɺʽʜʤʽʯʝʥʦ ʧʨʦ ʰʠʨʦʢʠʡ ʜʦʩʪʫʧ ʽʥʦʟʝʤʥʠʭ ʛʨʦʤʘʜʷʥ ʜʦ ʨʠʥʢʫ ʧʨʘʮʽ. ʉʪʘʥʦʤ 

ʥʘ ʩʽʯʝʥʴ 2026 ʨ ʚ ʏʝʭʽʾ ʧʝʨʝʙʫʚʘʻ ʙʣʠʟʴʢʦ 392-395 ʪʠʩʷʯ ʫʢʨʘʾʥʮʽʚ ʽʟ ʪʠʤʯʘʩʦʚʠʤ ʟʘʭʠʩʪʦʤ, ʘ ʙʣʠʟʴʢʦ 

152-155 ʪʠʩʷʯ ʫʢʨʘʾʥʮʽʚ ʤʘʣʠ ʪʨʫʜʦʚʽ ʜʦʛʦʚʦʨʠ ʥʘ ʧʦʯʘʪʢʫ 2025 ʨʦʢʫ.  

ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʫʢʨʘʾʥʮʽʚ ʫ ʤʘʰʠʥʦʙʫʜʽʚʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʏʝʭʽʾ ʪʘ ʚʠʤʘʛʘʻ ʘʥʘʣʽʟʫ ʧʨʘʚʦʚʦʛʦ ʧʦʣʷ ɭʉ/ʏʝʭʽʾ ʪʘ ʋʢʨʘʾʥʠ, ʘʜʘʧʪʘʮʽʾ ʫʢʨʘʾʥʮʽʚ 

(ʤʦʚʥʦ-ʢʫʣʴʪʫʨʥʽ ʙʘʨ'ʻʨʠ, ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʢʫʣʴʪʫʨʽ ʙʝʟʧʝʢʠ), ʨʦʣʽ ʫʢʨʘʾʥʩʴʢʠʭ ʜʽʘʩʧʦʨ ʪʘ ʤʽʛʨʘʮʽʡʥʠʭ 

ʩʣʫʞʙ, ʘ ʪʘʢʦʞ ʚʟʘʻʤʦʜʽʾ ʟ ʯʝʩʴʢʠʤʠ ʽʥʩʧʝʢʮʽʷʤʠ ʧʨʘʮʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʤ ɭʉ ʽ 

ʟʘʭʠʩʪʫ ʧʨʘʚ ʧʨʘʮʽʚʥʠʢʽʚ ʟ ʋʢʨʘʾʥʠ, ʱʦ ʚʠʤʘʛʘʻ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʩʦʮʽʘʣʴʥʦʛʦ 

ʟʘʭʠʩʪʫ ʚ ʦʙʦʭ ʢʨʘʾʥʘʭ. 

ɼʣʷ ʧʦʚʥʦʛʦ ʪʘ ʫʩʧʽʰʥʦʛʦ ʜʦʩʷʛʥʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʤʝʪʠ ʜʘʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚ 

ʦʩʥʦʚʫ ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʧʨʠʡʦʤʫ ʧʦʢʣʘʜʝʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʥʘʫʢʦʚʠʭ ʤʝʪʦʜʽʚ. ɸ ʩʘʤʝ 

ʚʠʢʦʨʠʩʪʘʥʦ ʝʤʧʽʨʠʯʥʠʡ ʨʽʚʝʥʴ ʧʽʟʥʘʥʥʷ, ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʧʦʨʽʚʥʷʥʥʷ, ʬʫʥʜʘʤʝʥʪʥʽ ʨʦʟʚʽʜʢʠ. ɼʣʷ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʚ ʦʙʨʘʥʠʡ ʤʝʪʦʜ ʢʦʥʪʝʥʪ-ʘʥʘʣʽʟʫ. ʊʝʦʨʝʪʠʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ï ʘʥʘʣʽʟ, 

ʩʠʥʪʝʟ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ï ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʜʣʷ ʚʠʦʢʨʝʤʣʝʥʥʷ ʧʨʦʙʣʝʤʥʠʭ ʧʠʪʘʥʴ. 

ɸʥʘʣʽʟ ʧʨʘʮʴ ʯʝʩʴʢʠʭ ʪʘ ʫʢʨʘʾʥʩʴʢʠʭ ʘʚʪʦʨʽʚ, ʷʢʽ ʚʠʚʯʘʶʪʴ ʧʦʣʦʞʝʥʥʷ ʫʢʨʘʾʥʩʴʢʠʭ ʛʨʦʤʘʜʷʥ ʚ 

ʏʝʩʴʢʽʡ ʈʝʩʧʫʙʣʽʮʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʛʨʦʤʘʜʷʥʠ ʋʢʨʘʥʠ ʷʢ ʽ ʽʥʰʽ ʙʽʞʝʥʮʽ ʤʘʶʪʴ ʧʦʚʥʝ ʧʨʘʚʦ 

ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʚʦʛʦ ʬʘʭʫ, ʙʘʞʘʥʴ, ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʽ 

ʥʘʚʯʘʥʥʷʤ ʟ ʧʠʪʘʥʴ ʦʭʦʨʦʥʠ ʧʨʘʮʽ. ʋʢʨʘʾʥʮʽ ʤʘʶʪʴ ʫʤʦʚʥʠʡ ʚʽʣʴʥʠʡ ʜʦʩʪʫʧ ʜʦ ʨʠʥʢʫ ʧʨʘʮʽ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʚʠʜʘʤʠ ʜʦʟʚʦʣʽʚ ʻ: ʢʘʨʪʘ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ, ʩʠʥʷ ʢʘʨʪʘ, ʧʦʟʘʯʝʨʛʦʚʘ 

ʨʦʙʦʯʘ ʚʽʟʘ ʘʙʦ ʜʦʟʚʽʣ ʥʘ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ.  

ʅʘʚʯʘʥʥʷ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʫ ʏʝʭʽʾ ʻ ʦʙʦʚ'ʷʟʢʦʚʠʤ ʜʣʷ ʚʩʽʭ ʧʨʘʮʽʚʥʠʢʽʚ, ʚʢʣʶʯʘʶʯʠ ʽʥʦʟʝʤʮʽʚ, ʽ 

ʨʝʛʫʣʶʻʪʴʩʷ ʊʨʫʜʦʚʠʤ ʢʦʜʝʢʩʦʤ. ʈʦʙʦʪʦʜʘʚʝʮʴ ʟʦʙʦʚôʷʟʘʥʠʡ ʧʨʦʚʦʜʠʪʠ ʽʥʩʪʨʫʢʪʘʞ ʧʽʜ ʯʘʩ 

ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ ʪʘ ʧʝʨʽʦʜʠʯʥʽ ʥʘʚʯʘʥʥʷ. ʐʠʨʦʢʘ ʩʬʝʨʘ ʤʝʜʠʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʩʪʨʘʭʫʚʘʥʥʷ 

ʛʨʦʤʘʜʷʥ ʩʪʚʦʨʶʶʪʴ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʷʢ ʜʣʷ ʧʨʘʮʶʶʯʠʭ ʪʘʢ ʽ ʜʣʷ ʥʘʚʯʘʥʥʷ ʚ ʏʝʩʴʢʽʡ ʈʝʩʧʫʙʣʽʮʽ ʽ  

ʤʦʞʫʪʴ ʩʪʘʪʠ ʧʨʠʢʣʘʜʦʤ ʜʣʷ ʋʢʨʘʾʥʠ. 
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ɼʦʩʣʽʜʞʝʥʦ ʩʧʝʮʽʬʽʯʥʽ ʟʚ'ʷʟʢʠ ʤʽʞ ʩʪʨʫʢʪʫʨʘʤʠ ʚʣʘʜʠ ʪʘ ʙʽʟʥʝʩʦʤ ʚ ʯʘʩʪʠʥʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʏʝʩʴʢʦʾ ʈʝʩʧʫʙʣʽʢʠ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʩʪʨʘʭʫʚʘʥʥʷ ʪʘ ʤʝʜʠʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʘʮʶʶʯʠʭ ʚ ʫʢʨʘʾʥʩʴʢʽʡ ʜʝʨʞʘʚʽ.  

ʅʘʫʢʦʚʠʡ ʨʝʟʫʣʴʪʘʪ, ʦʪʨʠʤʘʥʠʡ ʚ ʧʨʦʮʝʩʽ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʫʢʨʘʾʥʩʴʢʦʶ ʜʝʨʞʘʚʦʶ ʜʣʷ ʚʠʚʯʝʥʥʷ, ʧʦʰʠʨʝʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʪʘ ʩʫʩʧʽʣʴʩʪʚʽ ʚ ʯʘʩʪʠʥʽ 

ʧʦʛʣʠʙʣʝʥʥʷ ʤʝʜʠʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʩʪʨʘʭʫʚʘʥʥʷ ʛʨʦʤʘʜʷʥ ʫʢʨʘʾʥʩʴʢʦʾ ʜʝʨʞʘʚʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʝʜʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʪʨʘʭʫʚʘʥʥʷ, ʯʝʩʴʢʽ ʘʚʪʦʨʠ, ʢʘʨʪʘ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ, 

ʤʽʛʨʘʥʪʠ 

 
ɺʩʪʫʧ.ʋʪʚʝʨʜʞʝʥʥʷ ʥʝʟʘʣʝʞʥʦʾ ʫʢʨʘʾʥʩʴʢʦʾ ʜʝʨʞʘʚʠ ʧʽʩʣʷ ʨʦʟʧʘʜʫ ʈʘʜʷʥʩʴʢʦʛʦ ʉʦʶʟʫ, 

ʧʦʨʫʰʠʣʦ ʧʝʨʝʜ ʋʢʨʘʾʥʦʶ ʮʽʣʠʡ ʢʦʤʧʣʝʢʩ ʧʠʪʘʥʴ ʱʦʜʦ ʩʘʤʦʩʪʽʡʥʦʛʦ ʩʪʘʪʫʩʫ, ʟʦʢʨʝʤʘ, ʬʦʨʤʫʚʘʥʥʷ 

ʚʣʘʜʥʠʭ ʩʪʨʫʢʪʫʨ, ʧʝʨʝʭʽʜ ʜʦ ʨʠʥʢʦʚʦʾ ʝʢʦʥʦʤʽʢʠ, ʨʝʬʦʨʤʫʚʘʥʥʷ ʟʙʨʦʡʥʠʭ ʩʠʣ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʽʞʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʠʨʫ. ʎʽ ʧʠʪʘʥʥʷ ʧʦʚʠʥʥʽ ʙʫʣʠ ʚʠʨʽʰʫʚʘʪʠʩʴ ʩʧʠʨʘʶʯʠʩʴ ʥʘ ɸʢʪ ʧʨʦʛʦʣʦʰʝʥʥʷ 

ʥʝʟʘʣʝʞʥʦʩʪʽ 24 ʩʝʨʧʥʷ 1991 ʨʦʢʫ ʪʘ ʧʽʜʪʨʠʤʢʫ ɺʩʝʫʢʨʘʾʥʩʴʢʦʛʦ ʨʝʬʝʨʝʥʜʫʤʫ. ɸʣʝ ʥʝʟʘʣʝʞʥʽʩʪʴ 

ʋʢʨʘʾʥʠ ʪʘ ʨʫʭ ʨʦʙʦʯʦʾ ʩʠʣʠ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ: ʚʦʥʘ ʚʽʜʢʨʠʣʘ ʰʣʷʭ ʜʦ ʚʽʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʣʶʜʝʡ, ʩʪʘʣʘ 

ʧʦʰʪʦʚʭʦʤ ʜʦ ʤʘʩʦʚʦʾ ʪʨʫʜʦʚʦʾ ʤʽʛʨʘʮʽʾ ʯʝʨʝʟ ʝʢʦʥʦʤʽʯʥʽ ʪʨʫʜʥʦʱʽ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ "ʚʽʜʪʦʢʫ ʤʽʟʢʽʚ", 

ʘʣʝ ʪʘʢʦʞ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ ʥʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʚ ʻʚʨʦʧʝʡʩʴʢʠʡ ʨʠʥʦʢ ʧʨʘʮʽ; ʟʘʨʘʟ ʚʽʡʥʘ 

ʟʘʛʦʩʪʨʠʣʘ ʮʶ ʤʽʛʨʘʮʽʶ, ʘʣʝ ʟʤʽʮʥʶʻ ʽʜʝʥʪʠʯʥʽʩʪʴ ʪʘ ʧʨʘʛʥʝʥʥʷ ʜʦ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʜʝ ʨʦʙʦʯʘ 

ʩʠʣʘ ʻ ʢʣʶʯʦʚʠʤ ʨʝʩʫʨʩʦʤ.  

ɼʣʷ ʧʦʜʦʣʘʥʥʷ "ʚʽʜʪʦʢʫ ʤʽʟʢʽʚ" ʧʦʪʨʽʙʥʦ ʜʦʩʣʽʜʠʪʠ ʧʨʠʯʠʥʠ, ʱʦ ʟʤʫʰʫʶʪʴ 

ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ ʧʦʢʠʜʘʪʠ ʢʨʘʾʥʫ. ɸʣʝ ʪʫʪ ʻ ʽ ʟʘʜʘʥʥʷ ʜʝʨʞʘʚʠ ʩʝʨʝʜ ʷʢʠʭ ʥʘʩʪʫʧʥʽ: 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʯʦʾ ʩʠʣʦʶ ʢʣʶʯʦʚʠʭ ʩʝʢʪʦʨʽʚ ʝʢʦʥʦʤʽʢʠ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʜʝʬʽʮʠʪʫ ʢʘʜʨʽʚ; ʟʘʣʫʯʝʥʥʷ 

ʪʘ ʫʪʨʠʤʘʥʥʷ ʪʘʣʘʥʦʚʠʪʠʭ ʣʶʜʝʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʧʽʜʚʠʱʫʻ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʜʝʨʞʘʚʠ; ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤ ʩʦʮʽʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʤʽʛʨʘʥʪʽʚ, ʧʽʜʪʨʠʤʢʠ 

ʚʥʫʪʨʽʰʥʴʦ ʧʝʨʝʤʽʱʝʥʠʭ ʦʩʽʙ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʥʘ ʨʠʥʢʫ ʧʨʘʮʽ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʫʭ ʨʦʙʦʯʦʾ ʩʠʣʠ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʪʨʘʪʝʛʽʯʥʠʭ 

ʮʽʣʝʡ ʜʝʨʞʘʚʠ ʫ ʩʬʝʨʽ ʝʢʦʥʦʤʽʢʠ, ʩʦʮʽʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʽʥʥʦʚʘʮʽʡ, ʘ ʡʦʛʦ ʨʦʟʫʤʽʥʥʷ ʚʠʤʘʛʘʻ 

ʧʦʩʪʽʡʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʘʜʝʢʚʘʪʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʨʽʰʝʥʴ. 

ɺ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʚ ʏʝʩʴʢʽʡ ʈʝʩʧʫʙʣʽʮʽ, ʷʢʘ ʤʦʞʝ ʩʪʘʪʠ ʧʨʠʢʣʘʜʦʤ 

ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʚ ʋʢʨʘʾʥʽ. 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ ʟ ʧʨʦʙʣʝʤ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʧʦʢʘʟʫʻ, ʱʦ ʻ ʚ ʫʢʨʘʾʥʩʴʢʽʡ ʜʝʨʞʘʚʽ 

ʘʚʪʦʨʠ, ʩʝʨʝʜ ʷʢʠʭ ʚʠʢʣʘʜʘʯʽ ɺʋɿʽʚ (ɺ.ɹʝʨʝʟʫʮʴʢʠʡ, ʆ.ʅʝʩʪʝʨʦʚ, ʆ.ʅʘʛʫʨʩʴʢʠʡ), ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘʜ 

ʧʨʦʙʣʝʤʘʤʠ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʟʜʦʨʦʚôʷ ʧʨʘʮʽʚʥʠʢʽʚ. ʆʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʶʪʴ ʨʦʙʦʪʠ 

ʪʘʢʠʭ ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʯʝʩʴʢʠʭ ʘʚʪʦʨʽʚ, ʷʢ ʆ.ɹʽʣʠʢ (ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ 

ʐʝʚʯʝʥʢʘ), Wolters Kluwer, ʄ. ʂʦʧʝʮʴʢʘ, ʁ.ʉʪʽʙʽʮ, ɿ. ʐʝʥʢ, E. Dandov§, J. Sl§ļal, P. Osiļka (ʘʚʪʦʨʠ 

ʯʝʩʴʢʦʾ ʜʝʨʞʘʚʠ) ʪʘ ʽʥ. ɸʣʝ ʜʦʩʪʘʪʥʴʦ ʩʝʨʡʦʟʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʘʮʴ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʽʥʪʝʨʝʩ 

ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʬʘʭʽʚʮʽʚ, ʚʠʚʯʝʥʥʷ ʜʦʩʚʽʜʫ ʨʦʟʚʠʥʫʪʠʭ ʜʝʨʞʘʚ, ʩʝʨʝʜ ʷʢʠʭ ʏʝʭʽʷ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤ ʟ ʧʠʪʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʟ ʦʭʦʨʦʥʦʶ ʧʨʘʮʽ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʉʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʪʘ ʧʫʙʣʽʢʘʮʽʾ ʮʽʣʦʛʦ ʨʷʜʫ ʬʘʭʽʚʮʽʚ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, 

ʱʦ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʚ ʋʢʨʘʾʥʽ ʚʢʣʶʯʘʶʪʴ ʥʠʟʴʢʫ ʢʫʣʴʪʫʨʫ ʙʝʟʧʝʢʠ, ʥʝʜʦʩʪʘʪʥʻ 

ʬʽʥʘʥʩʫʚʘʥʥʷ ʧʨʦʬʽʣʘʢʪʠʢʠ, ʟʘʩʪʘʨʽʣʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʩʦʮʩʪʨʘʭʫʚʘʥʥʷ 

ʚʽʜ ʨʠʟʠʢʽʚ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ, ʘ ʚ ʩʚʽʪʽ ï ʮʝ ʟʨʦʩʪʘʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʬʦʨʤ ʟʘʡʥʷʪʦʩʪʽ (ʛʽʛ-ʝʢʦʥʦʤʽʢʘ- ʮʝ 

ʤʦʜʝʣʴ "ʝʢʦʥʦʤʽʢʠ ʥʘ ʚʠʤʦʛʫ", ʱʦ ʥʘʜʘʻ ʩʚʦʙʦʜʫ, ʘʣʝ ʡ ʥʝʩʝ ʨʠʟʠʢʠ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʩʦʮʽʘʣʴʥʠʭ ʛʘʨʘʥʪʽʡ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʰʪʘʪʥʦʛʦ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ), ʧʩʠʭʦʩʦʮʽʘʣʴʥʽ ʨʠʟʠʢʠ, ʚʧʣʠʚ 

ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʪʘ ʮʠʬʨʦʚʽʟʘʮʽʷ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ, ʱʦ ʚʠʤʘʛʘʻ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ ʙʝʟʧʝʢʠ ʧʨʘʮʽ. 

ʇʨʦʙʣʝʤʘʪʠʢʘ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʚ ʏʝʭʽʾ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʧʠʪʘʥʥʷʭ ʘʜʘʧʪʘʮʽʾ ʽʥʦʟʝʤʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ 

(ʦʩʦʙʣʠʚʦ ʫʢʨʘʾʥʮʽʚ) ʱʦʜʦ ʥʝʨʦʟʫʤʽʥʥʷ ʥʦʨʤ, ʤʦʚʥʠʭ ʙʘʨ'ʻʨʽʚ, ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʢʫʤʝʥʪʽʚ (ʩʪʨʘʭʦʚʢʠ), ʪʘ 
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ʥʘʩʣʽʜʢʽʚ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ (ʚʘʞʢʽ ʶʨʠʜʠʯʥʽ ʪʘ ʬʽʥʘʥʩʦʚʽ ʧʠʪʘʥʥʷ ʜʣʷ ʚʩʽʭ ʩʪʦʨʽʥ). ʈʦʙʦʪʦʜʘʚʮʽ 

ʩʪʠʢʘʶʪʴʩʷ ʟ ʨʠʟʠʢʘʤʠ ʯʝʨʝʟ ʥʝʜʙʘʣʽʩʪʴ ʘʙʦ ʥʝʢʦʤʧʝʪʝʥʪʥʽʩʪʴ ʽʥʦʟʝʤʮʽʚ, ʘ ʩʘʤʽ ʧʨʘʮʽʚʥʠʢʠ ï ʟ 

ʥʝʙʝʟʧʝʢʦʶ ʪʨʘʚʤʫʚʘʥʥʷ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʻ ʥʘʚʯʘʥʥʷ. ʂʣʶʯʦʚʠʤ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʯʽʪʢʠʭ ʽʥʩʪʨʫʢʪʘʞʽʚ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʾ ʢʫʣʴʪʫʨʠ ʙʝʟʧʝʢʠ ʪʘ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ ʤʝʜʠʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ ʚʩʽʭ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʫʢʨʘʾʥʮʽʚ ʫ ʤʘʰʠʥʦʙʫʜʽʚʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʏʝʭʽʾ ʪʘ ʚʠʤʘʛʘʻ ʘʥʘʣʽʟʫ ʧʨʘʚʦʚʦʛʦ ʧʦʣʷ ɭʉ/ʏʝʭʽʾ ʪʘ ʋʢʨʘʾʥʠ, ʘʜʘʧʪʘʮʽʾ ʫʢʨʘʾʥʮʽʚ 

(ʤʦʚʥʦ-ʢʫʣʴʪʫʨʥʽ ʙʘʨ'ʻʨʠ, ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʢʫʣʴʪʫʨʽ ʙʝʟʧʝʢʠ), ʨʦʣʽ ʫʢʨʘʾʥʩʴʢʠʭ ʜʽʘʩʧʦʨ ʪʘ ʤʽʛʨʘʮʽʡʥʠʭ 

ʩʣʫʞʙ, ʘ ʪʘʢʦʞ ʚʟʘʻʤʦʜʽʾ ʟ ʯʝʩʴʢʠʤʠ ʽʥʩʧʝʢʮʽʷʤʠ ʧʨʘʮʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʦʨʤʘʤ ɭʉ ʽ 

ʟʘʭʠʩʪʫ ʧʨʘʚ ʧʨʘʮʽʚʥʠʢʽʚ ʟ ʋʢʨʘʾʥʠ, ʱʦ ʚʠʤʘʛʘʻ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʩʦʮʽʘʣʴʥʦʛʦ 

ʟʘʭʠʩʪʫ ʚ ʦʙʦʭ ʢʨʘʾʥʘʭ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʫ ʩʪʘʪʪʽ ʚʠʨʽʰʫʶʪʴʩʷ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

-ʚʠʨʦʙʥʠʮʪʚʦ ʚ ʯʝʩʴʢʽʡ ʜʝʨʞʘʚʽ ʥʘ ʩʴʦʛʦʜʥʽʰʥʴʦʤʫ ʝʪʘʧʽ; 

-ʣʦʛʽʩʪʠʢʘ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʜʝʨʞʘʚʽ; 

-ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ɯʊ ʜʣʷ ʧʦʰʫʢʫ ʝʣʝʤʝʥʪʽʚ ʟʘʡʥʷʪʦʩʪʽ; 

- ʨʝʘʣʽʟʘʮʽ ̫ʥʦʨʤ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʟ ʫʢʨʘʾʥʩʴʢʠʤʠ ʧʨʘʮʽʚʥʠʢʘʤʠ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʉʪʘʥʦʤ ʥʘ ʢʽʥʝʮʴ 2024 ð ʧʦʯʘʪʦʢ 2025 ʨʦʢʫ, ʧʦʥʘʜ 150-155 

ʪʠʩʷʯ ʛʨʦʤʘʜʷʥ ʋʢʨʘʾʥʠ ʟ ʪʠʤʯʘʩʦʚʠʤ ʟʘʭʠʩʪʦʤ ʦʬʽʮʽʡʥʦ ʧʨʘʮʶʚʘʣʠ ʚ ʏʝʭʽʾ, ʧʨʠʯʦʤʫ ʞʽʥʢʠ ʩʢʣʘʜʘʣʠ 

ʙʽʣʴʰʽʩʪʴ, ʘ ʥʘʡʯʘʩʪʽʰʝ ʚʦʥʠ ʙʫʣʠ ʟʘʡʥʷʪʽ ʫ ʙʫʜʽʚʥʠʮʪʚʽ, ʤʘʰʠʥʦʙʫʜʽʚʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʪʘ ʪʨʘʥʩʧʦʨʪʽ, 

ʜʦʧʦʤʘʛʘʶʯʠ ʚʠʨʽʰʫʚʘʪʠ ʜʝʬʽʮʠʪ ʨʦʙʦʯʦʾ ʩʠʣʠ ʚ ʢʨʘʾʥʽ [1]. 

ʇʨʘʚʦ ʤʽʛʨʘʥʪʽʚ ʧʨʘʮʶʚʘʪʠ ʚ ʏʝʭʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʩʪʘʪʫʩʫ ʧʨʦʞʠʚʘʥʥʷ ʘʙʦ ʢʨʘʾʥʠ 

ʧʦʭʦʜʞʝʥʥʷ. ʇʝʨʰ ʟʘ ʚʩʝ, ʛʨʦʤʘʜʷʥʠʥʫ ʩʣʽʜ ʟôʷʩʫʚʘʪʠ, ʯʠ ʽʥʦʟʝʤʝʮʴ ʤʘʻ ʚʽʣʴʥʠʡ ʘʙʦ ʫʤʦʚʥʠʡ ʜʦʩʪʫʧ 

ʜʦ ʨʠʥʢʫ ʧʨʘʮʽ. ʗʢʱʦ ʽʥʦʟʝʤʝʮʴ ʤʘ̒ ʚʽʣʴʥʠʡ ʜʦʩʪʫʧ ʜʦ ʨʠʥʢʫ ʧʨʘʮʽ, ʽʥʰʠʡ ʜʦʟʚʽʣ ʥʘ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ 

ʡʦʤʫ ʥʝ ʧʦʪʨʽʙʝʥ. ʋ ʨʘʟʽ ʫʤʦʚʥʦʛʦ ʜʦʩʪʫʧʫ, ʽʥʦʟʝʤʮʶ ʧʦʪʨʽʙʥʦ ʦʬʦʨʤʠʪʠ ʦʜʠʥ ʽʟ ʜʦʟʚʦʣʽʚ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʚʠʜʘʤʠ ʜʦʟʚʦʣʽʚ ʻ: ʢʘʨʪʘ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ, ʩʠʥʷ ʢʘʨʪʘ, ʧʦʟʘʯʝʨʛʦʚʘ ʨʦʙʦʯʘ ʚʽʟʘ 

ʘʙʦ ʜʦʟʚʽʣ ʥʘ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ. 

ʈʦʙʦʯʘ ʯʝʩʴʢʘ ʢʘʨʪʘ ð ʮʝ ʧʣʘʩʪʠʢʦʚʠʡ ʜʦʢʫʤʝʥʪ ʟ ʙʽʦʤʝʪʨʠʯʥʠʤʠ ʜʘʥʠʤʠ, ʷʢʠʡ ʚʠʜʘʻʪʴʩʷ ʥʘ 

ʪʝʨʤʽʥ ʜʦ 2 ʨʦʢʽʚ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʨʦʜʦʚʞʝʥʥʷ. ɺʦʥʘ ʧʨʠʚ'ʷʟʘʥʘ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʨʦʙʦʪʦʜʘʚʮʷ ʪʘ ʚʘʢʘʥʩʽʾ, 

ʟʘʨʝʻʩʪʨʦʚʘʥʦʾ ʚ ʎʝʥʪʨʘʣʴʥʽʡ ʙʘʟʽ ʚʘʢʘʥʩʽʡ ʄʽʥʽʩʪʝʨʩʪʚʘ ʧʨʘʮʽ ʏʝʭʽʾ. ɿʤʽʥʘ ʨʦʙʦʪʦʜʘʚʮʷ ʘʙʦ ʧʦʩʘʜʠ 

ʤʦʞʣʠʚʘ, ʘʣʝ ʚʠʤʘʛʘʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʄʽʥʽʩʪʝʨʩʪʚʘ ʚʥʫʪʨʽʰʥʽʭ ʩʧʨʘʚ ʏʝʭʽʾ. 

ʉʠʥʷ ʢʘʨʪʘ (Modr§ karta) ʚ ʏʝʭʽʾ ð ʮʝ ʻʜʠʥʠʡ ʜʦʟʚʽʣ ʥʘ ʪʨʠʚʘʣʝ ʧʨʦʞʠʚʘʥʥʷ ʪʘ ʨʦʙʦʪʫ ʜʣʷ 

ʛʨʦʤʘʜʷʥ ʪʨʝʪʽʭ ʢʨʘʾʥ (ʥʝ ʯʣʝʥʽʚ ɭʉ) ʟ ʚʠʩʦʢʦʶ ʢʚʘʣʽʬʽʢʘʮʽʻʶ. ɺʦʥʘ ʚʠʤʘʛʘʻ ʚʠʱʦʾ ʦʩʚʽʪʠ ʪʘ ʟʘʨʧʣʘʪʠ 

(ʧʦʥʘʜ 1,5 ʩʝʨʝʜʥʴʦʾ ʧʦ ʢʨʘʾʥʽ). ʂʘʨʪʘ ʜʽʻ ʷʢ ʜʦʟʚʽʣ ʥʘ ʨʦʙʦʪʫ ʥʘ ʢʦʥʢʨʝʪʥʽʡ ʧʦʟʠʮʽʾ, ʩʧʨʦʱʫʻ 

ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ ʪʘ ʚʠʜʘʻʪʴʩʷ ʥʘ ʪʝʨʤʽʥ ʜʦʛʦʚʦʨʫ ʧʣʶʩ 3 ʤʽʩʷʮʽ. 

ʇʦʟʘʯʝʨʛʦʚʘ (ʰʚʠʜʢʘ) ʨʦʙʦʯʘ ʚʽʟʘ ʚ ʏʝʭʽʶ (ʟʘʟʚʠʯʘʡ ʫ ʤʝʞʘʭ ʧʨʦʛʨʘʤʠ çʈʝʞʠʤ ʋʢʨʘʾʥʘè) 

ʜʦʟʚʦʣʷʻ ʫʢʨʘʾʥʮʷʤ ʦʪʨʠʤʘʪʠ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʜʦʟʚʽʣ (ʪʠʧ D) ʘʙʦ ʪʨʫʜʦʚʫ ʢʘʨʪʫ ʰʚʠʜʰʝ, ʫʥʠʢʘʶʯʠ 

ʜʦʚʛʦʾ ʯʝʨʛʠ ʥʘ ʧʦʜʘʯʫ ʜʦʢʫʤʝʥʪʽʚ. ʆʩʥʦʚʦʶ ʻ ʦʬʽʮʽʡʥʝ ʟʘʧʨʦʰʝʥʥʷ ʚʽʜ ʨʦʙʦʪʦʜʘʚʮʷ. ʇʨʦʮʝʩ ʟʘʡʤʘʻ 

ʤʝʥʰʝ ʯʘʩʫ, ʥʽʞ ʟʚʠʯʘʡʥʘ ʧʨʦʮʝʜʫʨʘ, ʯʘʩʪʦ ʯʝʨʝʟ ʩʧʝʮʽʘʣʴʥʽ ʚʽʟʦʚʽ ʮʝʥʪʨʠ. 

ʈʦʙʦʯʘ ʢʘʨʪʘ ʏʝʭʽʾ (ZamŊstnaneck§ karta) ð ʮʝ ʦʬʽʮʽʡʥʠʡ ʜʦʟʚʽʣ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʛʨʦʤʘʜʷʥʘʤ 

ʪʨʝʪʽʭ ʢʨʘʾʥ ʣʝʛʘʣʴʥʦ ʧʨʘʮʶʚʘʪʠ ʪʘ ʧʨʦʞʠʚʘʪʠ ʚ ʏʝʩʴʢʽʡ ʈʝʩʧʫʙʣʽʮʽ ʧʦʥʘʜ 90 ʜʥʽʚ. ʎʝʡ ʜʦʢʫʤʝʥʪ 

ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʜʦʟʚʽʣ ʥʘ ʨʦʙʦʪʫ ʪʘ ʧʨʦʞʠʚʘʥʥʷ, ʱʦ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ ʣʝʛʘʣʽʟʘʮʽʾ ʜʣʷ ʽʥʦʟʝʤʮʽʚ. 

ʆʬʦʨʤʠʪʠ ʜʦʟʚʽʣ ʥʘ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ ʚ ʏʝʭʽʾ ʜʦʟʚʦʣʠʪʴ ʽʥʦʟʝʤʮʶ ʧʨʘʮʶʚʘʪʠ ʟʘʢʦʥʥʦ ʚ ʜʘʥʽʡ ʢʨʘʾʥʽ [2]. 

ɼʦʩʪʘʪʥʴʦ ʚʝʣʠʢʘ ʯʠʩʝʣʴʥʽʩʪʴ ʫʢʨʘʾʥʮʽʚ ʥʘʧʨʠʢʽʥʮʽ 2024 - ʧʦʯʘʪʢʫ 2025 ʨʦʢʫ ʤʘʣʘ ʩʪʘʪʫʩ 

ʪʠʤʯʘʩʦʚʦʛʦ ʟʘʭʠʩʪʫ (lex specialis) ð ʮʝ ʦʩʦʙʣʠʚʠʡ ʤʝʭʘʥʽʟʤ ʰʚʠʜʢʦʛʦ ʥʘʜʘʥʥʷ ʧʨʘʚ ʙʽʞʝʥʮʷʤ ʟ 

ʋʢʨʘʾʥʠ ʚ ɭʉ, ʱʦ ʜʦʟʚʦʣʷʻ ʣʝʛʘʣʴʥʦ ʧʨʦʞʠʚʘʪʠ, ʧʨʘʮʶʚʘʪʠ, ʥʘʚʯʘʪʠʩʷ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʩʦʮʽʘʣʴʥʫ ʡ 

ʤʝʜʠʯʥʫ ʜʦʧʦʤʦʛʫ ʦʜʨʘʟʫ ʧʽʩʣʷ ʚ'ʾʟʜʫ, ʦʤʠʥʘʶʯʠ ʪʨʠʚʘʣʽ ʧʨʦʮʝʜʫʨʠ ʙʽʞʝʥʩʪʚʘ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʰʚʠʜʢʠʡ 

ʜʦʩʪʫʧ ʜʦ ʦʩʥʦʚʥʠʭ ʧʦʩʣʫʛ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʝʨʥʫʪʠʩʷ ʜʦʜʦʤʫ. ɺʽʥ ʥʘʜʘʻ ʪʽ ʞ ʧʨʘʚʘ, ʱʦ ʡ ʩʪʘʪʫʩ 

ʙʽʞʝʥʮʷ, ʘʣʝ ʚ ʩʧʨʦʱʝʥʦʤʫ, ʧʨʠʩʢʦʨʝʥʦʤʫ ʧʦʨʷʜʢʫ, ʜʽʶʯʠ ʷʢ ʩʧʝʮʽʘʣʴʥʠʡ ʟʘʢʦʥ (lex specialis) ʜʣʷ 

ʛʨʦʤʘʜʷʥ ʋʢʨʘʾʥʠ. ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʛʨʦʤʘʜʷʥ ʋʢʨʘʾʥʠ ð ʞʽʥʢʠ (ʙʣʠʟʴʢʦ 60-62%). 

ʅʘʡʧʦʧʫʣʷʨʥʽʰʽ ʛʘʣʫʟʽ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ ï ʙʫʜʽʚʥʠʮʪʚʦ, ʤʘʰʠʥʦʙʫʜʽʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ, ʪʨʘʥʩʧʦʨʪ, 
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ʩʢʣʘʜʠ. ʋʢʨʘʾʥʩʴʢʽ ʙʽʞʝʥʮʽ ʚ ʏʝʭʽʾ ʩʧʣʘʯʫʶʪʴ ʙʽʣʴʰʝ ʧʦʜʘʪʢʽʚ ʪʘ ʚʥʝʩʢʽʚ, ʥʽʞ ʦʪʨʠʤʫʶʪʴ ʜʦʧʦʤʦʛʠ, 

ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʶʯʠ ʥʘ ʙʶʜʞʝʪ [1].  

ʎʽ ʜʘʥʽ ʧʦʢʘʟʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʣʫʯʝʥʦʩʪʽ ʫʢʨʘʾʥʮʽʚ ʜʦ ʯʝʩʴʢʦʛʦ ʨʠʥʢʫ ʧʨʘʮʽ, ʜʝ ʚʦʥʠ 

ʟʘʧʦʚʥʶʶʪʴ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ ʜʣʷ ʮʽʻʾ ʢʨʘʾʥʠ ʚʘʢʘʥʩʽʾ. ʇʨʠʧʣʠʚ ʫʢʨʘʾʥʩʴʢʠʭ ʙʽʞʝʥʮʽʚ ʜʦ ʏʝʭʽʾ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʠʚʩʷ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʤʽʩʷʮʽʚ. ɿʘ ʜʘʥʠʤʠ ʄɺʉ ʢʨʘʾʥʠ, ʢʽʣʴʢʽʩʪʴ ʜʦʟʚʦʣʽʚ ʥʘ ʪʠʤʯʘʩʦʚʠʡ ʟʘʭʠʩʪ 

ʚʠʨʦʩʣʘ ʙʽʣʴʰ ʥʽʞ ʫ ʜʚʘ ʨʘʟʠ, ʜʦʩʷʛʥʫʚʰʠ ʨʝʢʦʨʜʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʗʢʱʦ ʜʦ ʚʝʨʝʩʥʷ ʚʣʘʜʘ ʚʠʜʘʚʘʣʘ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʧʦ 1,5 ʪʠʩ. ʪʘʢʠʭ ʜʦʟʚʦʣʽʚ ʥʘ ʤʽʩʷʮʴ, ʪʦ ʯʝʨʝʟ ʜʚʘ ʤʽʩʷʮʽ ʮʝʡ ʧʦʢʘʟʥʠʢ ʧʽʜʩʢʦʯʠʚ ʜʦ 3,1 ʪʠʩ. 

ʗʢ ʧʦʷʩʥʠʣʘ ʧʨʝʩʩʝʢʨʝʪʘʨ ʄɺʉ ʏʈ ɻʘʥʘ ʄʘʣʘ, ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʩʪʘʚ ʜʦʟʚʽʣ ʂʠʻʚʘ, ʷʢʠʡ ʜʦʟʚʦʣʠʚ 

ʤʦʣʦʜʠʤ ʣʶʜʷʤ ʚʽʜ 18 ʜʦ 22 ʨʦʢʽʚ ʙʝʟʧʝʨʝʰʢʦʜʥʦ ʚʠʾʞʜʞʘʪʠ ʟ ʢʨʘʾʥʠ [3]. 

ɿʘʛʘʣʦʤ ʟʘ ʚʝʨʝʩʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʨʝʢʦʨʜ ʨʦʢʫ ï ʚʠʜʘʥʦ 13,5 ʪʠʩ. ʜʦʟʚʦʣʽʚ. ɿʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʫʢʨʘʾʥʩʴʢʠʭ ʙʽʞʝʥʮʽʚ ʫ ʏʝʭʽʾ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 400 ʪʠʩ., ʱʦ ʻ ʥʘʡʚʠʱʠʤ ʧʦʢʘʟʥʠʢʦʤ ɭʉ ʥʘ 

ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ. ɺʠʜʘʥʥʷ (ɻʣʘʚʢʦʤ) ʜʽʡʰʣʦ ʚʠʩʥʦʚʢʫ, ʱʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʤʽʥʫ ʚʣʘʜʠ, ʩʪʘʚʣʝʥʥʷ ʜʦ 

ʙʽʞʝʥʮʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʏʝʭʽʾ, ʟʤʽʥʶʚʘʪʠʩʷ ʥʝ ʧʦʚʠʥʥʦ. ʉʪʘʪʫʩ ʪʠʤʯʘʩʦʚʦʛʦ ʟʘʭʠʩʪʫ, ʷʢʠʡ ʜʽʻ ʜʦ 

ʙʝʨʝʟʥʷ 2026 ʨʦʢʫ, ʚ ɭʉ ʫʞʝ ʧʣʘʥʫʶʪʴ ʧʨʦʜʦʚʞʠʪʠ [1]. 

ʉʪʘʥʦʤ ʥʘ ʩʽʯʝʥʴ 2026 ʨʦʢʫ ʚ ʏʝʭʽʾ ʧʝʨʝʙʫʚʘʻ ʙʣʠʟʴʢʦ 392-395 ʪʠʩʷʯ ʫʢʨʘʾʥʮʽʚ ʽʟ ʪʠʤʯʘʩʦʚʠʤ 

ʟʘʭʠʩʪʦʤ, ʭʦʯʘ ʮʠʬʨʠ ʤʦʞʫʪʴ ʢʦʣʠʚʘʪʠʩʷ; ʢʨʘʾʥʘ ʧʦʩʽʜʘʻ ʪʨʝʪʻ ʤʽʩʮʝ ʚ ɭʉ ʟʘ ʟʘʛʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʪʘ 

ʧʝʨʰʝ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʙʽʞʝʥʮʽʚ ʜʦ ʥʘʩʝʣʝʥʥʷ, ʧʝʨʝʚʘʞʥʦ ʮʝ ʞʽʥʢʠ ʪʘ ʜʽʪʠ. ɼʫʞʝ ʚʘʞʣʠʚʦ ʪʘʢʦʞ, 

ʱʦ ʚʽʜ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʏʝʭʽʾ (ʧʽʩʣʷ ʢʘʨʘʥʪʠʥʫ) ̔ ʥʦʟʝʤʝʮʴ ʤʘʻ ʪʘʢʝ ʩʘʤʝ ʧʨʘʚʦ ʥʘ ʤʝʜʠʯʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢ ʽ ʯʝʩʴʢʠʡ ʛʨʦʤʘʜʷʥʠʥ. ʏʝʭʽʷ ʚ ʨʘʟʽ ʧʦʪʨʝʙʠ ʧʦʚʥʽʩʪʶ ʧʦʢʨʠʚʘʻ ʚʠʜʘʪʢʠ ʥʘ ʣʽʢʫʚʘʥʥʷ 

ʥʘʩʣʽʜʢʽʚ ʬʽʟʠʯʥʠʭ ʯʠ ʧʩʠʭʽʯʥʠʭ ʧʝʨʝʩʣʽʜʫʚʘʥʴ ʛʨʦʤʘʜʷʥ, ʷʢʠʭ ʚʦʥʠ ʟʘʟʥʘʣʠ ʚ ʢʨʘʾʥʘʭ ʩʚʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ. ʇʨʦʭʘʯ ʧʨʠʪʫʣʢʫ ʥʘ ʪʝʨʝʥʘʭ ʏʝʭʽʾ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʩʽʤ ʛʦʣʦʚʥʠʤ, ʧʦʪʨʝʙʘ ʧʨʘʮʶʚʘʪʠ ʜʦ 

ʮʴʦʛʦ ʥʝ ʥʘʣʝʞʠʪʴ. ɸʣʝ ʫʢʨʘʾʥʩʴʢʽ ʛʨʦʤʘʜʷʥʠ ʚʣʘʰʪʦʚʫʶʪʴʩʷ ʥʘ ʨʦʙʦʪʫ ʪʘ ʥʝ ʩʪʘʶʪʴ ʦʙʫʟʦʶ ʜʣʷ ʏʝʭʽʾ. 

ɿ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʫʢʨʘʾʥʩʴʢʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʥʘ ʯʝʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʤʝʥʰʠʪʠ ʤʦʚʥʠʡ ʙʘʨôʻʨ. ʍʦʯʘ ʯʝʩʴʢʘ ʪʘ ʫʢʨʘʾʥʩʴʢʘ ʤʦʚʘ ʙʣʠʟʴʢʽ, ʫ ʨʽʟʥʠʭ ʪʝʭʥʽʯʥʠʭ ʪʝʨʤʽʥʘʭ ʻ ʽʩʪʦʪʥʘ 

ʨʽʟʥʠʮʷ. ɸ ʨʦʟʫʤʽʥʥʷ ʧʦʪʨʽʙʥʝ ʧʦʚʥʝ. ʊʦʤʫ ʜʝʷʢʽ ʜʦʢʫʤʝʥʪʠ, ʷʢ-ʦʪ ʟʨʘʟʦʢ ʪʨʫʜʦʚʦʛʦ ʜʦʛʦʚʦʨʫ ʘʙʦ 

ʽʥʩʪʨʫʢʮʽʾ ʟ ʙʝʟʧʝʢʠ ʧʨʘʮʽ ʪʘ ʧʨʦʪʠʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ (ʪ ʟʚ. BOZP a PO) ʤʦʞʥʘ ʟʥʘʡʪʠ ʫ ʧʝʨʝʢʣʘʜʽ ʥʘ 

ʫʢʨʘʾʥʩʴʢʫ. 

ʎʠʤ, ʚ ʦʩʥʦʚʥʦʤʫ, ʟʘʡʤʘʻʪʴʩʷ ɯʥʩʧʝʢʪʦʨʘʪ ʧʨʘʮʽ (SUIP) ʘʙʦ ɼʦʩʣʽʜʥʠʮʴʢʠʡ ʽʥʩʪʠʪʫʪ ʧʨʘʮʽ ʪʘ 

ʩʦʮʽʘʣʴʥʠʭ ʩʧʨʘʚ (VUBP). ɸʣʝ ʢʦʞʥʝ ʤʘʰʠʥʦʙʫʜʽʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʤʘʻ, ʟʚʽʩʥʦ ʞ, ʩʚʦʾ ʚʣʘʩʥʽ ʚʠʤʦʛʠ 

ʜʦ ʙʝʟʧʝʢʠ ʧʨʘʮʽ. ʗʢʱʦ ʪʨʫʜʦʚʠʡ ʜʦʛʦʚʽʨ ʘʙʦ ʫʛʦʜʘ ʫʢʣʘʜʘʶʪʴʩʷ ʟ ʧʨʘʮʽʚʥʠʢʦʤ, ʷʢʠʡ ʥʝʜʦʩʪʘʪʥʴʦ ʘʙʦ 

ʟʦʚʩʽʤ ʥʝ ʨʦʟʫʤʽʻ ʯʝʩʴʢʦʾ ʤʦʚʠ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʩʢʣʘʜʘʪʠ ʾʭ ʜʚʦʤʦʚʥʠʤ ʚʘʨʽʘʥʪʦʤ (ʩʧʦʯʘʪʢʫ ʯʝʩʴʢʦʶ, 

ʘ ʧʦʪʽʤ ʤʦʚʦʶ, ʷʢʫ ʧʨʘʮʽʚʥʠʢ ʷʚʥʦ ʨʦʟʫʤʽʻ), ʧʦʷʩʥʶʻ ɼʘˇʤʘʨ ʂʫʯʝʨʦʚʘ ʽʟ ʇʘʣʘʪʠ ʙʫʭʛʘʣʪʝʨʽʚ ʏʝʩʴʢʦʾ 

ʈʝʩʧʫʙʣʽʢʠ. ʎʷ ʧʨʦʮʝʜʫʨʘ ʜʦʧʦʤʘʛʘʻ ʫʥʠʢʥʫʪʠ ʧʦʜʘʣʴʰʠʭ ʫʩʢʣʘʜʥʝʥʴ ʯʝʨʝʟ ʪʝʢʩʪ ʜʦʢʫʤʝʥʪʘ ʣʠʰʝ 

ʯʝʩʴʢʦʶ ʘʙʦ ʣʠʰʝ ʽʥʰʦʶ ʤʦʚʦʶ. ʋʪʽʤ, ʮʝ ʻ ʪʽʣʴʢʠ ʨʝʢʦʤʝʥʜʘʮʽʻʶ: ʦʙʦʚôʷʟʦʢ ʧʝʨʝʢʣʘʜʫ ʪʨʫʜʦʚʦʛʦ 

ʜʦʛʦʚʦʨʫ ʥʘ ʨʽʜʥʫ ʤʦʚʫ ʧʨʘʮʽʚʥʠʢʘ ʥʝ ʚʠʧʣʠʚʘʻ ʟ ʙʫʜʴ-ʷʢʦʾ ʯʠʥʥʦ ʧʨʘʚʦʚʦʾ ʥʦʨʤʠ [4]. 

ʆʜʥʘʢ ʥʘ ʚʠʧʘʜʦʢ ʪʨʫʜʦʚʦʛʦ ʩʧʦʨʫ ʜʦʮʽʣʴʥʦ ʧʦʧʨʦʩʠʪʠ ʧʨʘʮʽʚʥʠʢʘ ʟʘʩʚʽʜʯʠʪʠ ʪʝ, ʱʦ ʚʽʥ 

ʟʨʦʟʫʤʽʚ ʩʫʪʴ ʪʨʫʜʦʚʦʛʦ ʜʦʛʦʚʦʨʫ ʽ ʟʨʦʙʠʚ ʮʶ ʟʘʷʚʫ ʤʦʚʦʶ, ʷʢʦʶ ʪʘʢʦʞ ʩʢʣʘʜʝʥʦ ʜʦʛʦʚʽʨ. ɺ ʽʜʝʘʣʽ ð 

ʩʚʦʾʤʠ ʩʣʦʚʘʤʠ ʩʧʽʚʨʦʙʽʪʥʠʢʘ (ʚʽʜ ʨʫʢʠ, ʘ ʥʝ ʥʘʜʨʫʢʦʚʘʥʠʤʠ ʥʘ ʢʦʤʧôʶʪʝʨʽ). ɿʚʽʩʥʦ, ʢʦʞʥʝ 

ʧʽʜʧʨʠʻʤʩʪʚʦ ʤʘʻ ʩʚʽʡ ʚʣʘʩʥʠʡ ʚʟʽʨʝʮʴ ʪʨʫʜʦʚʦʛʦ ʜʦʛʦʚʦʨʫ, ʘʣʝ ʚ ʽʥʪʝʨʥʝʪʽ ʤʦʞʥʘ ʟʥʘʡʪʠ ʯʠʤʘʣʦ 

ʟʘʛʘʣʴʥʠʭ ʟʨʘʟʢʽʚ. ʇʝʨʝʢʣʘʜ ʪʠʧʦʚʦʛʦ ʯʝʩʴʢʦʛʦ ʪʨʫʜʦʚʦʛʦ ʜʦʛʦʚʦʨʫ ʥʘ ʫʢʨʘʾʥʩʴʢʫ ʤʦʚʫ ʤʦʞʥʘ ʟʥʘʡʪʠ, 

ʥʘʧʨʠʢʣʘʜ, ʥʘ ʧʨʘʚʥʠʯʦʤʫ ʡ ʢʘʜʨʦʚʦʤʫ ʩʘʡʪʽ ʏʝʩʴʢʦʾ ʜʝʨʞʘʚʠ. 

ɯʥʞʝʥʝʨʽʷ ʙʝʟʧʝʢʠ ʚ ʏʝʭʽʾ ï ʮʝ ʧʝʨʩʧʝʢʪʠʚʥʘ ʛʘʣʫʟʴ, ʱʦ ʦʭʦʧʣʶʻ ʽʥʬʦʨʤʘʮʽʡʥʫ, ʧʨʦʤʠʩʣʦʚʫ ʪʘ 

ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ, ʟ ʤʦʞʣʠʚʽʩʪʶ ʙʝʟʢʦʰʪʦʚʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʜʝʨʞʘʚʥʠʭ ɺʅɿ (ʥʘʧʨʠʢʣʘʜ, ʊʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʚ ʆʩʪʨʘʚʽ) ʧʨʠ ʟʥʘʥʥʽ ʯʝʩʴʢʦʾ ʤʦʚʠ, ʘ ʪʘʢʦʞ ʟ ʚʠʩʦʢʠʤ ʧʦʧʠʪʦʤ ʥʘ ʩʧʝʮʽʘʣʽʩʪʽʚ IT ʪʘ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟ ʛʽʜʥʠʤʠ ʟʘʨʧʣʘʪʘʤʠ. ʅʘʚʯʘʥʥʷ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ (BOZP) ʫ ʏʝʭʽʾ ʻ ʦʙʦʚ'ʷʟʢʦʚʠʤ ʜʣʷ ʚʩʽʭ 

ʧʨʘʮʽʚʥʠʢʽʚ, ʚʢʣʶʯʘʶʯʠ ʽʥʦʟʝʤʮʽʚ, ʽ ʨʝʛʫʣʶʻʪʴʩʷ ʊʨʫʜʦʚʠʤ ʢʦʜʝʢʩʦʤ; ʚʦʥʦ ʚʢʣʶʯʘʻ ʽʥʩʪʨʫʢʪʘʞ ʧʽʜ 

ʯʘʩ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ ʪʘ ʧʝʨʽʦʜʠʯʥʽ ʥʘʚʯʘʥʥʷ, ʷʢʽ ʧʨʦʚʦʜʠʪʴ ʨʦʙʦʪʦʜʘʚʝʮʴ, ʘʣʝ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʥʝ 

ʚʠʟʥʘʯʘʻ ʾʭ ʪʦʯʥʦʾ ʬʦʨʤʠ ʯʠ ʦʙʩʷʛʫ, ʧʽʜʢʨʝʩʣʶʶʯʠ ʣʠʰʝ ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʘʣʝʞʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ, ʱʦ 

ʯʘʩʪʦ ʚʢʣʶʯʘʻ ʤʘʪʝʨʽʘʣʠ ʯʝʩʴʢʦʶ ʤʦʚʦʶ ʪʘ ʤʦʞʝ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʠʤ ʜʣʷ ʫʢʨʘʾʥʮʽʚ [5]. 
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ʇʝʨʰʠʡ ʜʝʥʴ ʧʨʘʮʽ ʥʘ ʯʝʩʴʢʦʤʫ ʤʘʰʠʥʦʙʫʜʽʚʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʽʥʩʪʨʫʢʪʘʞʫ ʟ 

ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ. ʇʠʪʘʥʥʷ ʥʘʚʯʘʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʧʨʦ ʙʝʟʧʝʢʫ ʪʘ ʦʭʦʨʦʥʫ ʟʜʦʨʦʚôʷ ʥʘ ʨʦʙʦʪʽ ʨʝʛʫʣʶʻʪʴʩʷ 

ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ ʏʝʩʴʢʦʾ ʈʝʩʧʫʙʣʽʢʠ. ɿʘʢʦʥ ˉ 262/2006- ʮʝ ʯʝʩʴʢʠʡ ʊʨʫʜʦʚʠʡ ʢʦʜʝʢʩ (Z§kon²k pr§ce, Z. 

ļ. 262/2006 Sb.), ʷʢʠʡ ʨʝʛʫʣʶʻ ʪʨʫʜʦʚʽ ʚʽʜʥʦʩʠʥʠ, ʧʨʘʚʘ ʪʘ ʦʙʦʚ'ʷʟʢʠ ʧʨʘʮʽʚʥʠʢʽʚ ʽ ʨʦʙʦʪʦʜʘʚʮʽʚ, 

ʚʢʣʶʯʘʶʯʠ ʫʢʣʘʜʘʥʥʷ ʜʦʛʦʚʦʨʽʚ, ʨʦʙʦʯʠʡ ʯʘʩ, ʚʽʜʧʫʩʪʢʠ ʪʘ ʦʧʣʘʪʫ ʧʨʘʮʽ. ʎʝʡ ʟʘʢʦʥ ʚʠʟʥʘʯʘʻ, ʱʦ 

ʨʦʙʦʪʘ ʧʦ ʥʘʡʤʫ (z§visl§ pr§ce) ʤʘʻ ʝʣʝʤʝʥʪʠ ʧʽʜʧʦʨʷʜʢʫʚʘʥʥʷ ʨʦʙʦʪʦʜʘʚʮʶ, ʘ ʪʨʫʜʦʚʠʡ ʜʦʛʦʚʽʨ ʤʘʻ 

ʙʫʪʠ ʧʠʩʴʤʦʚʠʤ ʪʘ ʤʽʩʪʠʪʠ ʤʽʩʮʝ ʨʦʙʦʪʠ ʽ ʜʘʪʫ ʧʦʯʘʪʢʫ. ʉʪʘʪʪʷ 37, ʧʫʥʢʪ 5 ʮʴʦʛʦ ʜʦʢʫʤʝʥʪʘ ʚʢʘʟʫʻ: 

çʇʨʘʮʽʚʥʠʢ ʧʨʠ ʚʩʪʫʧʽ ʥʘ ʨʦʙʦʪʫ ʧʦʚʠʥʝʥ ʙʫʪʠ ʦʟʥʘʡʦʤʣʝʥʠʡ ʟ ʧʨʘʚʠʣʘʤʠ ʧʨʘʮʽ, ʟʘʢʦʥʦʜʘʚʯʠʤʠ ʪʘ 

ʽʥʰʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤʠ ʘʢʪʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʢʫ ʽ ʦʭʦʨʦʥʫ ʟʜʦʨʦʚôʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ, ʷʢʠʭ ʚʽʥ 

ʟʦʙʦʚôʷʟʘʥʠʡ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠè. ʊʘʢʦʞ ʧʨʘʮʽʚʥʠʢ ʧʦʚʠʥʝʥ ʙʫʪʠ ʦʟʥʘʡʦʤʣʝʥʠʡ ʟ 

ʢʦʣʝʢʪʠʚʥʠʤ ʜʦʛʦʚʦʨʦʤ ʽ ʧʨʘʚʠʣʘʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʦʟʧʦʨʷʜʢʫ [6]. 

ʊʦʤʫ ʨʦʙʦʪʦʜʘʚʝʮʴ ʥʝ ʫʥʠʢʥʝ ʧʣʘʥʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʙʝʟʧʝʢʠ ʧʨʘʮʽ ʥʦʚʠʭ ʧʨʘʮʽʚʥʠʢʽʚ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʽʥʦʟʝʤʮʽʚ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʧʠʪʘʥʴ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʪʘ ʙʝʟʧʝʢʠ ʧʨʘʮʽ. ʏʠʥʥʝ 

ʟʘʢʦʥʦʜʘʚʩʪʚʦ (Ä 103, ʧʫʥʢʪ 3 ʟʛʘʜʘʥʦʛʦ ʂʦʜʝʢʩʫ ʟʘʢʦʥʽʚ ʧʨʦ ʧʨʘʮʶ) ʥʝ ʚʠʟʥʘʯʘʻ ʬʦʨʤʠ, ʦʙʩʷʛʫ, ʟʤʽʩʪʫ 

ʪʘ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʥʘʚʯʘʥʥʷ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ, ʘʣʝ ʧʽʜʢʨʝʩʣʶʻ, ʱʦ ʥʘʚʯʘʥʥʷ ʧʦʚʠʥʥʦ ʧʨʦʚʦʜʠʪʠʩʷ 

ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ, ʯʽʪʢʦ, ʢʦʥʢʨʝʪʥʦ ʪʘ ʜʦʢʘʟʦʚʦ. ñBOZP a POò ʧʨʦʚʦʜʷʪʴ ʨʽʟʥʦʤʘʥʽʪʥʦʶ ʬʦʨʤʦʶ ï ʥʝ 

ʪʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʫʜʥʠʭ ʣʝʢʮʽʡ ʯʠ ʣʝʪʶʯʦʢ, ʘʣʝ ʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʝʦʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʢʦʤʽʢʩʽʚ ʥʘʚʽʪʴ ʟ ʣʝʛʢʠʤ ʛʫʤʦʨʦʤ [2]. 

ʉʧʝʮʽʘʣʽʩʪ ʟ ʧʠʪʘʥʴ ʙʝʟʧʝʢʠ ʧʨʘʮʽ ʄʘʨʪʽʥ ʐʠʤʝʢ ʧʦʷʩʥʶʻ, ʱʦ çʥʘʣʝʞʥʝ ʥʘʚʯʘʥʥʷè ʤʘʻ 

ʧʨʦʚʦʜʠʪʠʩʷ ʽʟ ʜʦʪʨʠʤʘʥʥʷʤ ʚʠʟʥʘʯʝʥʠʭ ʪʝʨʤʽʥʽʚ ʧʦʚʪʦʨʝʥʥʷ. ɿʥʘʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʧʝʨʝʚʽʨʷʶʪʴʩʷ 

ʜʦʢʘʟʦʚʦ (ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʩʪʫ ʘʙʦ ʩʧʽʚʙʝʩʽʜʠ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʩʧʠʩʢʦʤ). ʋʩʽ ʟʘʧʠʩʠ ʧʨʦ 

ʥʘʚʯʘʥʥʷ ʤʘʶʪʴ ʙʫʪʠ ʟʘʘʨʭʽʚʦʚʘʥʽ. ɸ çʟʨʦʟʫʤʽʣʝ ʥʘʚʯʘʥʥʷè ʤʘʻ ʜʘʪʠ ʚʽʜʧʦʚʽʜʥʫ ʡ ʧʦʩʣʽʜʦʚʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʦʙʦʪʫ. ʇʨʘʮʽʚʥʠʢʦʚʽ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽʥʦʟʝʤʮʶ, ʤʘʻ ʙʫʪʠ ʚʽʜʚʝʜʝʥʦ ʜʦʩʪʘʪʥʴʦ ʯʘʩʫ, ʱʦʙ 

ʚʩʝ ʧʦʚʥʽʩʪʶ ʟʨʦʟʫʤʽʪʠ. 

ʉʧʝʮʽʘʣʴʥʝ ʥʘʚʯʘʥʥʷ ʚʢʣʶʯʘʻ ʯʽʪʢʽ ʽʥʩʪʨʫʢʮʽʾ ʚʽʜ ʨʦʙʦʪʦʜʘʚʮʷ ʱʦʜʦ ʙʝʟʧʝʢʠ ʧʨʘʮʽ. ʅʘʚʯʘʥʥʷ 

ʤʘʻ ʙʫʪʠ ʥʝ ʪʽʣʴʢʠ ʟʘʛʘʣʴʥʠʤ, ʘ ʡ ʟ ʢʦʥʢʨʝʪʥʠʤʠ ʥʘ ʜʘʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʡ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ ʚʠʤʦʛʘʤʠ 

ʜʦ ʧʦʚʝʜʽʥʢʠ ʧʨʘʮʽʚʥʠʢʘ. ɺʦʥʠ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ. ʈʦʙʦʪʦʜʘʚʝʮʴ ʪʘʢʦʞ 

ʤʘʻ ʦʟʥʘʡʦʤʠʪʠ ʧʨʘʮʽʚʥʠʢʘ ʽʟ ʛʽʛʽʻʥʽʯʥʠʤʠ ʚʠʤʦʛʘʤʠ ʘʙʦ ʤʦʞʣʠʚʠʤʠ ʨʠʟʠʢʘʤʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʙʦʪʠ 

ʪʘ ʫ ʨʘʟʽ ʥʝʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ. ʊʘʢʦʞ ʥʘʚʯʘʥʥʷ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʷ ʬʦʨʤʦʶ ʦʥʣʘʡʥ-

ʢʫʨʩʽʚ. ɺʦʥʦ ʤʦʞʝ ʙʫʪʠ ʜʦʧʦʚʥʝʥʦ ʧʨʘʢʪʠʯʥʠʤ ʥʘʚʯʘʥʥʷʤ ʘʙʦ ʧʨʘʢʪʠʯʥʦʶ ʜʝʤʦʥʩʪʨʘʮʽʻʶ, ʷʢʘ ʢʨʘʱʝ 

ʧʦʷʩʥʠʪʴ ʧʨʘʮʽʚʥʠʢʦʚʽ ʜʽʷʣʴʥʽʩʪʴ ʽ, ʤʦʞʣʠʚʦ, ʜʦʧʦʚʥʠʪʴ ʚʠʤʦʛʠ ʜʦ ʚʠʢʦʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʨʦʙʦʪʠ [5]. 

ɺʩʪʫʧʥʠʡ ʽʥʩʪʨʫʢʪʘʞ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʧʨʦʚʦʜʠʪʴʩʷ, ʢʦʣʠ ʧʨʘʮʽʚʥʠʢ ʧʦʯʠʥʘʻ ʨʦʙʦʪʫ. ʎʝ ʥʝ 

ʟʘʚʞʜʠ ʤʦʞʝ ʙʫʪʠ ʣʠʰʝ ʥʦʚʠʡ ʧʨʘʮʽʚʥʠʢ. ʉʪʦʩʫʻʪʴʩʷ ʮʝ ʽ ʟʤʽʥʠ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʧʦʩʘʜ ʘʙʦ ʧʦʩʘʜʠ ʚʞʝ 

ʧʨʘʮʝʚʣʘʰʪʦʚʘʥʦʛʦ ʧʨʘʮʽʚʥʠʢʘ. ɸʜʞʝ ʧʝʨʝʚʝʜʝʥʥʷ ʥʘ ʽʥʰʫ ʧʦʩʘʜʫ ʤʦʞʝ ʤʘʪʠ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʛʽʛʽʻʥʫ 

ʪʘ ʙʝʟʧʝʢʫ ʧʨʘʮʽ. ʊʘʢʦʞ ʽʥʩʪʨʫʢʪʘʞ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʪʝʭʥʦʣʦʛʽʾ ʘʙʦ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʘʙʦ ʫ 

ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʨʦʙʦʪʘ ʤʦʞʝ ʤʘʪʠ ʩʝʨʡʦʟʥʠʡ ʚʧʣʠʚ ʥʘ ʙʝʟʧʝʢʫ ʡ ʦʭʦʨʦʥʫ ʟʜʦʨʦʚôʷ ʧʨʠ ʧʨʘʮʽ ʡ 

ʧʨʦʪʠʧʦʞʝʞʥʫ ʙʝʟʧʝʢʫ. 

ɺʩʪʫʧʥʠʡ ʽʥʩʪʨʫʢʪʘʞ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʟʘʚʞʜʠ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʧʝʨʰʠʡ ʜʝʥʴ ʨʦʙʦʪʠ, ʥʝʟʘʣʝʞʥʦ 

ʚʽʜ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʪʝʨʤʽʥʫ ʧʨʘʮʽʚʥʠʢʘ. ɺʽʥ ʧʦʰʠʨʶʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʥʘ ʧʨʘʮʽʚʥʠʢʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟʘ 

ʦʩʥʦʚʥʠʤ ʪʨʫʜʦʚʠʤ ʜʦʛʦʚʦʨʦʤ, ʘ ʡ ʥʘ ʪʠʭ, ʯʠʡ ʪʨʫʜʦʚʠʡ ʜʦʛʦʚʽʨ ʻ ʜʦʜʘʪʢʦʚʠʤ ʘʙʦ ʷʢʽ ʧʨʘʮʶʶʪʴ ʷʢ 

ʪʠʤʯʘʩʦʚʽ ʧʨʘʮʽʚʥʠʢʠ. 

ʈʦʙʦʪʦʜʘʚʝʮʴ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʚʯʘʥʥʷ ʟʘ ʚʣʘʩʥʠʡ ʨʘʭʫʥʦʢ ʽ ʚ ʨʦʙʦʯʠʡ ʯʘʩ ʧʨʘʮʽʚʥʠʢʘ. 

ɺʩʪʫʧʥʠʡ ʽʥʩʪʨʫʢʪʘʞ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʘ ʚʠʜʠ ï ʟʘʛʘʣʴʥʠʡ ʽ ʧʨʘʢʪʠʯʥʠʡ, ʷʢʠʡ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ. ɺʩʪʫʧʥʠʡ ʽʥʩʪʨʫʢʪʘʞ ʤʦʞʝ ʤʽʩʪʠʪʠ ʨʽʟʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʦʬʝʩʽʡʥʦʾ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʪʨʫʜʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ɼʦʩʪʘʪʥʴʦ ʩʝʨʡʦʟʥʦ ʚ ʯʝʩʴʢʽʡ ʜʝʨʞʘʚʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʪʨʘʭʫʚʘʥʥʷ. ʊʘʢ ʝʢʦʥʦʤʽʯʥʦ ʥʝʘʢʪʠʚʥʠʡ 

ʛʨʦʤʘʜʷʥʠʥ ɭʉ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʨʘʭʦʚʘʥʠʡ ʫ ʏʝʭʽʾ, ʷʢʱʦ ʚʽʥ ʧʽʜʪʚʝʨʜʠʪʴ ʪʠʤʯʘʩʦʚʝ ʧʝʨʝʙʫʚʘʥʥʷ ʘʙʦ 

ʬʘʢʪʠʯʥʫ ʘʜʨʝʩʫ ʧʨʦʞʠʚʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʜʦʛʦʚʽʨ ʦʨʝʥʜʠ, ʨʘʭʫʥʢʠ ʟʘ ʢʦʤʫʥʘʣʴʥʽ ʧʦʩʣʫʛʠ ʽ ʪ.ʜ.). 

ɻʨʦʤʘʜʷʥʠʥ ɭʉ, ʷʢʠʡ ʧʨʘʮʶʻ ʚ ʏʝʭʽʾ, ʧʦʚʠʥʝʥ ʟʘʨʝʻʩʪʨʫʚʘʪʠʩʷ ʚ ʯʝʩʴʢʽʡ ʤʝʜʠʯʥʽʡ ʩʠʩʪʝʤʽ ʡ 
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ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʩʪʨʘʭʫʚʘʥʥʷ ʚ ʢʨʘʾʥʽ ʧʦʭʦʜʞʝʥʥʷ. ʗʢʱʦ ʛʨʦʤʘʜʷʥʠʥ ɭʉ ʥʝ ʟʘʩʪʨʘʭʦʚʘʥʠʡ ʫ ʏʝʭʽʾ, ʡʦʛʦ 

ʩʪʨʘʭʫʚʘʥʥʷ ʦʧʣʘʯʫʻ ʢʨʘʾʥʘ ʧʦʭʦʜʞʝʥʥʷ, ʽ ʚʽʥ ʤʘʻ ʧʨʘʚʦ ʥʘ ɭʚʨʦʧʝʡʩʴʢʫ ʢʘʨʪʢʫ ʤʝʜʠʯʥʦʛʦ ʩʪʨʘʭʫʚʘʥʥʷ 

(EHIC), ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʝ ʤʝʜʠʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʗʢʱʦ ʛʨʦʤʘʜʷʥʠʥ ʧʦʜʘʻ ʟʘʷʚʫ ʥʘ ʜʦʟʚʽʣ ʥʘ ʜʦʚʛʦʩʪʨʦʢʦʚʝ ʧʝʨʝʙʫʚʘʥʥʷ ʫ ʏʝʭʽʾ ʘʙʦ ʥʘ ʡʦʛʦ 

ʧʨʦʜʦʚʞʝʥʥʷ, ʚʽʥ ʧʦʚʠʥʝʥ ʥʘʜʘʪʠ ʜʦʛʦʚʽʨ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʩʪʨʘʭʫʚʘʥʥʷ ʽʥʦʟʝʤʮʽʚ. ʊʘʢʘ 

ʩʪʨʘʭʦʚʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʝʨʝʜʧʣʘʯʝʥʘ ʥʘ ʚʝʩʴ ʪʝʨʤʽʥ ʟʘʧʣʘʥʦʚʘʥʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ (ʜʦ 2-ʭ ʨʦʢʽʚ). ʗʢʱʦ 

ʽʥʦʟʝʤʝʮʴ ʤʘʻ ʢʦʤʝʨʮʽʡʥʝ ʤʝʜʠʯʥʝ ʩʪʨʘʭʫʚʘʥʥʷ, ʜʦʧʦʤʦʛʫ ʪʘʢʽʡ ʣʶʜʠʥʽ ʥʘʜʘʻ ʪʽʣʴʢʠ ʦʙʤʝʞʝʥʘ 

ʢʽʣʴʢʽʩʪʴ ʣʽʢʘʨʽʚ ʡ ʫʩʪʘʥʦʚ, ʘ ʩʘʤʝ ʪʘʢʽ, ʷʢʽ ʫʢʣʘʣʠ ʜʦʛʦʚʽʨ ʟ ʩʪʨʘʭʦʚʦʶ ʢʦʤʧʘʥʽʻʶ. ʊʦʤʫ ʧʝʨʝʣʽʢ 

ʜʦʛʦʚʽʨʥʠʭ ʣʽʢʘʨʽʚ ʪʘ ʫʩʪʘʥʦʚ ʥʘʜʘʻ ʩʪʨʘʭʦʚʘ ʢʦʤʧʘʥʽʷ, ʟ ʷʢʦʶ ʧʽʜʧʠʩʘʥʦ ʜʦʛʦʚʽʨ.  

ɯʥʦʜʽ ʣʽʢʘʨ ʤʦʞʝ ʚʠʤʘʛʘʪʠ ʟʘ ʥʘʜʘʥʥʷ ʤʝʜʠʯʥʦʾ ʜʦʧʦʤʦʛʠ ʦʧʣʘʪʫ ʛʦʪʽʚʢʦʶ. ʉʪʨʘʭʦʚʘ ʢʦʤʧʘʥʽʷ 

ʫ ʪʘʢʦʤʫ ʨʘʟʽ ʚʽʜʰʢʦʜʦʚʫʻ ʛʨʦʤʘʜʷʥʠʥʫ ʚʠʪʨʘʪʠ ʟʘʜʥʽʤ ʯʠʩʣʦʤ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʩʠʪʠ  ʫ ʣʽʢʘʨʷ 

ʢʚʠʪʘʥʮʽʶ. ɺʘʞʣʠʚʦ ʫʚʘʞʥʦ ʯʠʪʘʪʠ ʫʤʦʚʠ ʩʪʨʘʭʦʚʦʛʦ ʜʦʛʦʚʦʨʫ ʪʘ ʟôʷʩʫʚʘʪʠ, ʷʢʽ ʻ ʚʠʥʷʪʢʠ ʟʽ 

ʩʪʨʘʭʦʚʦʛʦ ʚʽʜʰʢʦʜʫʚʘʥʥʷ. 

ʂʦʤʝʨʮʽʡʥʝ ʤʝʜʠʯʥʝ ʩʪʨʘʭʫʚʘʥʥʷ ʽʥʦʟʝʤʮʽʚ ʻ ʧʝʨʝʜʧʣʘʯʝʥʠʤ, ʪʦʤʫ ʧʨʠ ʧʦʾʟʜʮʽ ʟ ʏʝʭʽʾ ʟʘ ʢʦʨʜʦʥ 

ʡʦʛʦ ʥʝ ʤʦʞʥʘ ʘʥʫʣʶʚʘʪʠ ʘʙʦ ʧʨʠʟʫʧʠʥʠʪʠ. ɼʽʶ ʜʦʛʦʚʦʨʫ ʟʘʛʘʣʴʥʦʦʙʦʚôʷʟʢʦʚʦʛʦ ʤʝʜʠʯʥʦʛʦ 

ʩʪʨʘʭʫʚʘʥʥʷ ʤʦʞʥʘ ʧʨʠʟʫʧʠʥʠʪʠ, ʷʢʱʦ ʛʨʦʤʘʜʷʥʠʥ ʙʫʜʝ ʞʠʪʠ ʟʘ ʤʝʞʘʤʠ ʏʝʭʽʾ ʙʽʣʴʰʝ 6 ʤʽʩʷʮʽʚ. 

ʋʢʨʘʾʥʮʽ ʟ ʪʠʤʯʘʩʦʚʠʤ ʟʘʭʠʩʪʦʤ ʤʘʶʪʴ ʧʨʘʚʘ, ʙʣʠʟʴʢʽ ʜʦ ʛʨʦʤʘʜʷʥ ʏʝʭʽʾ ʪʘ ʦʩʽʙ ʟ ʧʦʩʪʽʡʥʠʤ 

ʤʽʩʮʝʤ ʧʨʦʞʠʚʘʥʥʷ. ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ï ʪʠʤʯʘʩʦʚʽʩʪʴ ʩʪʘʪʫʩʫ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʡʦʛʦ ʧʨʦʜʦʚʞʝʥʥʷ ʪʘ 

ʦʙʤʝʞʝʥʠʡ ʜʦʩʪʫʧ ʜʦ ʜʝʷʢʠʭ ʩʦʮʚʠʧʣʘʪ. ʇʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʽʥʦʟʝʤʮʷʤʠ (ʨʦʙʦʯʽ ʚʽʟʠ, ʢʘʨʪʠ), ʫʢʨʘʾʥʮʽ 

ʤʘʶʪʴ ʰʠʨʰʠʡ ʽ ʧʨʦʩʪʽʰʠʡ ʜʦʩʪʫʧ ʜʦ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ, ʟʤʽʥ ʨʦʙʦʪʠ ʪʘ ʩʪʨʘʭʫʚʘʥʥʷ. ɸʣʝ ʥʝ ʤʘʶʪʴ 

ʧʨʘʚʘ ʧʨʘʮʶʚʘʪʠ ʚ ʽʥʰʠʭ ʢʨʘʾʥʘʭ ɭʉ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʨʦʤʘʜʷʥ ɭʉ. 

ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʟʘʭʠʩʪʫ ʫʢʨʘʾʥʮʽ ʘʚʪʦʤʘʪʠʯʥʦ ʚʢʣʶʯʘʶʪʴʩʷ ʜʦ ʧʫʙʣʽʯʥʦʛʦ 

ʤʝʜʠʯʥʦʛʦ ʩʪʨʘʭʫʚʘʥʥʷ. ʇʝʨʰʽ 150 ʜʥʽʚ ʚʥʝʩʢʠ ʩʧʣʘʯʫʻ ʜʝʨʞʘʚʘ. ʇʽʩʣʷ ʮʴʦʛʦ ï ʨʦʙʦʪʦʜʘʚʝʮʴ (ʷʢʱʦ 

ʣʶʜʠʥʘ ʧʨʘʮʝʚʣʘʰʪʦʚʘʥʘ) ʘʙʦ ʦʩʦʙʘ ʩʘʤʦʩʪʽʡʥʦ. ɺʥʝʩʢʠ ʫ 2025 ʨʦʮʽ ʩʪʘʥʦʚʣʷʪʴ ʙʣʠʟʴʢʦ 2 808 Kļ/ʤʽʩ. 

ʜʣʷ ʥʝʧʨʘʮʶʶʯʠʭ. 

ʉʦʮʽʘʣʴʥʝ ʩʪʨʘʭʫʚʘʥʥʷ ʦʭʦʧʣʶʻ ʧʝʥʩʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʜʦʧʦʤʦʛʫ ʧʦ ʙʝʟʨʦʙʽʪʪʶ, ʜʝʢʨʝʪʥʽ. 

ɺʠʧʣʘʪʠ ʧʦ ʙʝʟʨʦʙʽʪʪʶ ʜʦʩʪʫʧʥʽ ʧʽʩʣʷ 12 ʤʽʩʷʮʽʚ ʩʪʘʞʫ. ʇʝʨʰʽ ʜʚʘ ʤʽʩʷʮʽ ï 80% ʚʽʜ ʯʠʩʪʦʾ ʟʘʨʧʣʘʪʠ, 

ʜʘʣʽ ï 60% ʽ 40%. ʊʘʢʦʞ ʜʦʩʪʫʧʥʘ ʛʫʤʘʥʽʪʘʨʥʘ ʜʦʧʦʤʦʛʘ ï 4860 Kļ ʥʘ ʜʦʨʦʩʣʦʛʦ ʚ ʧʝʨʰʽ 5 ʤʽʩʷʮʽʚ, 

ʧʦʪʽʤ ï ʟʤʝʥʰʫʻʪʴʩʷ. ɼʣʷ ʦʬʦʨʤʣʝʥʥʷ ʩʣʽʜ ʟʚʝʨʪʘʪʠʩʷ ʜʦ ĐŚad pr§ce ĻR [7]. 

ʋʢʨʘʾʥʮʽ ʟ ʯʠʥʥʠʤ ʩʪʘʪʫʩʦʤ ʪʠʤʯʘʩʦʚʦʛʦ ʟʘʭʠʩʪʫ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʙʝʟ ʜʦʟʚʦʣʫ ʥʘ 

ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʨʦʙʦʪʦʜʘʚʮʶ ʥʝ ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʪʝʩʪ ʨʠʥʢʫ ʧʨʘʮʽ ʘʙʦ 

ʦʪʨʠʤʫʚʘʪʠ ʧʦʧʝʨʝʜʥʻ ʧʦʛʦʜʞʝʥʥʷ ʥʘ ʥʘʡʤ. ʇʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ ʤʦʞʣʠʚʝ ʷʢ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤʠ 

ʪʨʫʜʦʚʠʤʠ ʜʦʛʦʚʦʨʘʤʠ, ʪʘʢ ʽ ʟʘ ʮʠʚʽʣʴʥʦʧʨʘʚʦʚʠʤʠ ʢʦʥʪʨʘʢʪʘʤʠ (DPP, DPĻ). ɺʩʽ ʧʨʘʮʽʚʥʠʢʠ ʤʘʶʪʴ 

ʧʨʘʚʦ ʥʘ ʤʽʥʽʤʘʣʴʥʫ ʟʘʨʦʙʽʪʥʫ ʧʣʘʪʫ, ʦʙʤʝʞʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʯʦʛʦ ʜʥʷ ʪʘ ʦʧʣʘʯʫʚʘʥʽ ʚʽʜʧʫʩʪʢʠ [8]. 

ʉʪʘʪʫʩ ʟʘʭʠʩʪʫ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʽʟʦʚʦʶ ʥʘʢʣʝʡʢʦʶ ʘʙʦ ʰʪʘʤʧʦʤ ʫ ʧʘʩʧʦʨʪʽ. ʈʦʙʦʪʦʜʘʚʝʮʴ ʤʘʻ 

ʧʦʚʽʜʦʤʠʪʠ ʙʽʨʞʫ ʧʨʘʮʽ (ĐŚad pr§ce ĻR) ʧʨʦ ʬʘʢʪ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ ʽʥʦʟʝʤʮʷ. ʗʢʱʦ ʚʠ ʥʝ ʧʨʦʜʦʚʞʠʪʝ 

ʩʪʘʪʫʩ ʟʘʭʠʩʪʫ, ʚʠ ʚʪʨʘʯʘʻʪʝ ʧʨʘʚʦ ʥʘ ʣʝʛʘʣʴʥʫ ʨʦʙʦʪʫ, ʽ ʨʦʙʦʪʦʜʘʚʝʮʴ ʟʤʫʰʝʥʠʡ ʙʫʜʝ ʧʨʠʧʠʥʠʪʠ 

ʪʨʫʜʦʚʽ ʚʽʜʥʦʩʠʥʠ. ʉʪʘʥʦʤ ʥʘ 2025 ʨʽʢ ʟʘʭʠʩʪ ʧʨʦʜʦʚʞʝʥʦ ʜʦ 31 ʙʝʨʝʟʥʷ 2026 ʨʦʢʫ, ʟʘ ʫʤʦʚʠ ʦʥʣʘʡʥ-

ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʦʥʦʚʣʝʥʥʷ ʜʦʢʫʤʝʥʪʽʚ. 

ʄʝʜʠʯʥʫ ʜʦʧʦʤʦʛʫ ʚ ʏʈ ʥʘʜʘʻ ʰʠʨʦʢʘ ʤʝʨʝʞʘ ʟʘʢʣʘʜʽʚ ʆɿ, ʱʦ ʤʘʶʪʴ ʜʝʢʽʣʴʢʘ ʬʦʨʤ ʚʣʘʩʥʦʩʪʽ: 

ʧʨʠʚʘʪʥʘ (ʘʤʙʫʣʘʪʦʨʥʘ ʤʝʜʠʯʥʘ ʜʦʧʦʤʦʛʘ ð ʩʘʤʦʩʪʽʡʥʦ ʧʨʘʢʪʠʢʫʶʯ ̔ʣʽʢʘʨʽ ʪʘ ʾʭ ʦʙôʻʜʥʘʥʥʷ ð 

ʧʦʣʽʢʣʽʥʽʢʠ, ʮʝʥʪʨʠ ʧʝʨʚʠʥʥʦʾ ʜʦʧʦʤʦʛʠ); ʜʝʨʞʘʚʥʘð ʩʪʘʮʽʦʥʘʨʥʘ ʤʝʜʠʯʥʘ ʜʦʧʦʤʦʛʘ (ʣʽʢʘʨʥʽ, 

ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʽ ʢʣʽʥʽʢʠ). 

ɼʨʫʛʠʤ ʫʯʘʩʥʠʢʦʤ ʧʨʦʮʝʩʫ ʥʘʜʘʥʥʷ ʤʝʜʠʯʥʦʾ ʜʦʧʦʤʦʛʠ ʫ ʏʈ ʻ ʬʦʥʜʠ ʤʝʜʠʯʥʦʛʦ ʩʪʨʘʭʫʚʘʥʥʷ. 

ʅʘʡʙʽʣʴʰʠʡ ʩʝʨʝʜ ʥʠʭðʌʦʥʜ ʚʩʝʟʘʛʘʣʴʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʩʪʨʘʭʫʚʘʥʥʷ  (ʌɺʄʉ, Vġeobec n§ zdravotn² 

pojiġŠovna), ʟʘʩʥʦʚʥʠʢʦʤ ʽ ʛʘʨʘʥʪʦʤ ʜʽʷʣʴʥʦʩʪʽ ʷʢʦʛʦ ʻ ʜʝʨʞʘʚʘ. ʌɺʄʉ ʤʘʻ ʩʢʣʘʜʥʫ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʽʥʥʷ, ʫ ʷʢʽʡ ʻ ʧʨʝʜʩʪʘʚʥʠʢʠ ʚʽʜ ʜʝʨʞʘʚʠ, ʟʘʩʪʨʘʭʦʚʘʥʠʭ ʪʘ ʨʦʙʦʪʦʜʘʚʮʽʚ. ɻʝʥʝʨʘʣʴʥʦʛʦ 

ʜʠʨʝʢʪʦʨʘ ʌɺʄʉ ʦʙʠʨʘʻ ʧʘʨʣʘʤʝʥʪ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʘʞʣʠʚʽʩʪʴ ʜʘʥʦʾ ʧʦʩʘʜʠ. ɿʘʛʘʣʦʤ ʚ ʏʝʩʴʢʽʡ 

ʈʝʩʧʫʙʣʽʮʽ ʽʩʥʫʻ ʱʝ 8 ʩʪʨʘʭʦʚʠʭ ʬʦʥʜʽʚ (ʥʘʧʨʠʢʣʘʜ, ʤʝʜʠʯʥʠʡ ʩʪʨʘʭʦʚʠʡ ʬʦʥʜ ʤʽʥʽʩʪʝʨʩʪʚʘ 
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ʚʥʫʪʨʽʰʥʽʭ ʩʧʨʘʚ, ʤʽʥʽʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʠ, ʢʦʤʧʘʥʽʾ çʐʢʦʜʘè), ʘʣʝ ʚʦʥʠ ʩʪʨʘʭʫʶʪʴ ʚʠʢʣʶʯʥʦ ʩʚʦʾʭ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ. ʆʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʬʦʥʜʽʚ ð ʬʽʥʘʥʩʫʚʘʥʥʷ ʛʘʣʫʟʽ ʥʘ ʦʩʥʦʚʽ ʩʪʨʘʭʦʚʠʭ ʚʥʝʩʢʽʚ. 

ʉʪʨʘʭʦʚʘ ʩʠʩʪʝʤʘ ʬʽʥʘʥʩʫʻʪʴʩʷ ʚʥʝʩʢʘʤʠ ʬʽʟʠʯʥʠʭ ʦʩʽʙ, ʨʦʙʦʪʦʜʘʚʮʽʚ ʽ ʜʝʨʞʘʚʦʶ, ʱʦ ʧʣʘʪʠʪʴ 

ʟʘ ʙʝʟʨʦʙʽʪʥʠʭ, ʧʝʥʩʽʦʥʝʨʽʚ, ʜʽʪʝʡ, ʩʪʫʜʝʥʪʽʚ, ʚʘʛʽʪʥʠʭ, ʚʽʡʩʴʢʦʚʠʭ ð ʧʨʠʙʣʠʟʥʦ ʟʘ 56 % ʥʘʩʝʣʝʥʥʷ. 

ɼʝʨʞʘʚʘ ʚʠʩʪʫʧʘʻ ʛʘʨʘʥʪʦʤ ʩʪʨʘʭʦʚʦʾ ʩʠʩʪʝʤʠ. ɺʠʡʪʠ ʽʟ ʩʠʩʪʝʤʠ ʤʝʜʠʯʥʦʛʦ ʩʪʨʘʭʫʚʘʥʥʷ ʚ ʏʈ 

ʥʝʤʦʞʣʠʚʦ. 

ʉʪʨʘʭʦʚʽ ʚʥʝʩʢʠ ʥʘ ʤʝʜʠʯʥʫ ʜʦʧʦʤʦʛʫ ʩʪʷʛʫʶʪʴʩʷ ʷʢ ʯʘʩʪʠʥʘ ʟʘʨʦʙʽʪʢʫ (ʜʦ ʚʽʜʨʘʭʫʚʘʥʥʷ 

ʧʦʜʘʪʢʽʚ): 4,5 % ʧʣʘʪʷʪʴ ʨʦʙʽʪʥʠʢʠ ʽ 9 % ð ʨʦʙʦʪʦʜʘʚʮʽ, ʨʘʟʦʤ ð 13,5 %. ʇʨʠʚʘʪʥʽ ʧʽʜʧʨʠʻʤʮʽ ʧʣʘʪʷʪʴ 

ʪʽ ʞ 13,5 %, ʘʣʝ ʚʽʜ 35 % ʧʨʠʙʫʪʢʫ. ʄʽʥʽʩʪʝʨʩʪʚʦ ʬʽʥʘʥʩʽʚ ʱʦʤʽʩʷʯʥʦ ʦʧʣʘʯʫʻ ʚʥʝʩʢʠ ʟʘ ʥʝʧʨʘʮʶʶʯʠʭ 

ð 13,5 % ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʛʦ ʤʽʩʷʯʥʦʛʦ ʟʘʨʦʙʽʪʢʫ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʜʝʨʞʘʚʦʶ. 

ʉʪʨʘʭʦʚʽ ʬʦʥʜʠ ʫʢʣʘʜʘʶʪʴ ʜʦʛʦʚʦʨʠ ʟ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʤʝʜʠʯʥʠʭ ʧʦʩʣʫʛ ʪʘ ʛʨʦʤʘʜʷʥʘʤʠ ʏʈ 

(ʧʦʪʝʥʮʽʡʥʠʤʠ ʧʘʮʽʻʥʪʘʤʠ). ʋ ʚʠʧʘʜʢʫ ʟʘʭʚʦʨʶʚʘʥʥʷ ʧʘʮʽʻʥʪ ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ʣʽʢʘʨʷ, ʷʢʠʡ ʥʘʜʘʻ 

ʥʝʦʙʭʽʜʥʫ ʤʝʜʠʯʥʫ ʜʦʧʦʤʦʛʫ, ʘ ʦʧʣʘʪʫ ʧʨʦʚʦʜʠʪʴ ʩʪʨʘʭʦʚʠʡ ʬʦʥʜ. 

ɺʠʩʥʦʚʢʠ. ɸʥʘʣʽʟ ʧʨʘʮʴ ʯʝʩʴʢʠʭ ʪʘ ʫʢʨʘʾʥʩʴʢʠʭ ʘʚʪʦʨʽʚ, ʷʢʽ ʚʠʚʯʘʶʪʴ ʧʦʣʦʞʝʥʥʷ ʫʢʨʘʾʥʩʴʢʠʭ 

ʛʨʦʤʘʜʷʥ ʚ ʏʝʩʴʢʽʡ ʈʝʩʧʫʙʣʽʮʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʛʨʦʤʘʜʷʥʠ ʋʢʨʘʥʠ ʷʢ ʽ ʽʥʰʽ ʙʽʞʝʥʮʽ ʤʘʶʪʴ ʧʦʚʥʝ ʧʨʘʚʦ 

ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʚʦʛʦ ʬʘʭʫ, ʙʘʞʘʥʴ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ. ʋʢʨʘʾʥʮʽ ʤʘʶʪʴ ʫʤʦʚʥʠʡ ʚʽʣʴʥʠʡ 

ʜʦʩʪʫʧ ʜʦ ʨʠʥʢʫ ʧʨʘʮʽ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʚʠʜʘʤʠ ʜʦʟʚʦʣʽʚ ʻ: ʢʘʨʪʘ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ, ʩʠʥʷ ʢʘʨʪʘ, ʧʦʟʘʯʝʨʛʦʚʘ 

ʨʦʙʦʯʘ ʚʽʟʘ ʘʙʦ ʜʦʟʚʽʣ ʥʘ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ. ɼʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʬʦʨʤʣʝʥʥʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʜʦʢʫʤʝʥʪʽʚ 

ʩʪʚʦʨʶʶʪʴ ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ, ʘʣʝ ʧʨʘʢʪʠʯʥʦ ʢʦʞʝʥ ʤʦʞʝ ʟʥʘʡʪʠ ʨʦʙʦʪʫ. ʊʘʢ ʩʠʥʷ ʢʘʨʪʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ ʬʘʭʽʚʮʽʚ ʟ ʚʠʩʦʢʦʶ ʢʚʘʣʽʬʽʢʘʮʽʻʶ. ɺʦʥʘ ʚʠʤʘʛʘʻ ʚʠʱʦʾ ʦʩʚʽʪʠ ʪʘ ʟʘʨʧʣʘʪʠ (ʧʦʥʘʜ 

1,5 ʩʝʨʝʜʥʴʦʾ ʧʦ ʢʨʘʾʥʽ). 

ʅʘʚʯʘʥʥʷ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʫ ʏʝʭʽʾ ʻ ʦʙʦʚ'ʷʟʢʦʚʠʤ ʜʣʷ ʚʩʽʭ ʧʨʘʮʽʚʥʠʢʽʚ, ʚʢʣʶʯʘʶʯʠ ʽʥʦʟʝʤʮʽʚ, ʽ 

ʨʝʛʫʣʶʻʪʴʩʷ ʊʨʫʜʦʚʠʤ ʢʦʜʝʢʩʦʤ. ʈʦʙʦʪʦʜʘʚʝʮʴ ʟʦʙʦʚôʷʟʘʥʠʡ ʧʨʦʚʦʜʠʪʠ ʽʥʩʪʨʫʢʪʘʞ ʧʽʜ ʯʘʩ 

ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ ʪʘ ʧʝʨʽʦʜʠʯʥʽ ʥʘʚʯʘʥʥʷ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʥʝ ʚʠʟʥʘʯʘʻ ʬʦʨʤʫ 

ʯʠ ʦʙʩʷʛ ʧʨʦʚʝʜʝʥʥʷ, ʧʽʜʢʨʝʩʣʶʶʯʠ ʣʠʰʝ ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʘʣʝʞʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʨʦʙʦʪʦʜʘʚʮʶ ʩʘʤʦʩʪʽʡʥʦ ʚʠʟʥʘʯʘʪʠ ʩʧʦʩʦʙʠ, ʯʘʩ, ʢʚʘʣʽʬʽʢʘʮʽʶ ʽ ʪ.ʜ.  

ʐʠʨʦʢʘ ʩʬʝʨʘ ʤʝʜʠʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʩʪʨʘʭʫʚʘʥʥʷ ʛʨʦʤʘʜʷʥ ʩʪʚʦʨʶʶʪʴ ʩʧʨʠʷʪʣʠʚʽ 

ʫʤʦʚʠ ʷʢ ʜʣʷ ʧʨʘʮʶʶʯʠʭ ʪʘʢ ʽ ʜʣʷ ʥʘʚʯʘʥʥʷ ʚ ʏʝʩʴʢʽʡ ʈʝʩʧʫʙʣʽʮʽ ʽ ʤʦʞʫʪʴ ʩʪʘʪʠ ʧʨʠʢʣʘʜʦʤ ʜʣʷ 

ʋʢʨʘʾʥʠ. 

ʅʘʫʢʦʚʠʡ ʨʝʟʫʣʴʪʘʪ, ʦʪʨʠʤʘʥʠʡ ʚ ʧʨʦʮʝʩʽ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ 
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Summary.The article is devoted to the analysis of the Czech occupational safety system in the Czech 

Republic's machine-building industry, the functioning of health insurance for workers (including voluntary 

health insurance) and those citizens who arrived in the republic as a result of hostilities on the territory of 

Ukraine. The article examines the developed system of medical care for the population and foreigners, 

including a large number of Ukrainian citizens who have left their country for the above-mentioned reason. It 

notes the broad access of foreign citizens to the labor market. As of January 2026, there are about 392-395 

thousand Ukrainians with temporary protection in the Czech Republic, and about 152-155 thousand Ukrainians 

had employment contracts at the beginning of 2025.  

The purpose of this article is to examine the peculiarities of occupational safety for Ukrainians in the 

Czech Republic's machine-building industry and requires an analysis of the legal framework of the EU/ Czech 

Republic and Ukraine, the adaptation of Ukrainians (linguistic and cultural barriers, differences in safety 

culture), the role of Ukrainian diasporas and migration services, as well as interaction with Czech labor 

inspectorates to ensure compliance with EU standards and the protection of the rights of workers from Ukraine, 

which requires a comparative approach to regulation and social protection in both countries. 

To fully and successfully achieve the established goal of this scientific research, the methodological 

approach is based on the application of general scientific methods. Specifically, empirical knowledge, 

observation and comparison, and fundamental research were used. The content analysis method was chosen to 

summarize the research. Theoretical research methodsðanalysis, synthesis, and generalizationðwere used to 

identify problematic issues. 

An analysis of works by Czech and Ukrainian authors studying the situation of Ukrainian citizens in 

the Czech Republic shows that Ukrainian citizens, like other refugees, have the full right to employment in 

accordance with their profession, desires, and abilities, and must be provided with training in occupational 

safety. Ukrainians have conditional free access to the labor market. 

The most common types of permits are: employment card, blue card, extraordinary work visa, or work 

permit. 

Occupational safety training in the Czech Republic is mandatory for all employees, including 

foreigners, and is regulated by the Labor Code. Employers are required to provide training during employment 

and periodic refresher courses. The wide range of medical services and insurance available to citizens creates 

favorable conditions for both working and studying in the Czech Republic and could serve as an example for 

Ukraine. 

Specific links between government structures and business in terms of occupational safety at machine-

building enterprises in the Czech Republic have been studied. Based on the study, conclusions have been 

drawn regarding the improvement of the insurance and medical care system for workers in Ukraine. 

The scientific results obtained in the course of this research can be used by the Ukrainian state to study 

and disseminate among enterprises and society in terms of improving medical care and insurance for Ukrainian 

citizens. 
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Abstract. The article substantiates the feasibility of intellectualizing navigation and operational 

management of container ships under transoceanic transportation conditions. It is demonstrated that traditional 

voyage planning methods do not account for dynamic hydrometeorological conditions, navigational 

constraints, vessel technical state, and loading parameters. An integrated operational efficiency model is 

proposed that combines navigational, operational, energy, and economic indicators into a single decision-

support metric. An intelligent voyage management algorithm based on AIS data, satellite monitoring, and 

predictive models is developed. Simulation results demonstrate fuel consumption reduction of up to 11.7%, 

voyage time reduction of 5.6%, and schedule deviation reduction of 71%. 

The object - the process of operating container ships in transoceanic transportation. 

The purpose ï development of methodological approaches to the intellectualization of navigation and 

control to increase the efficiency of container ship operation. 

Research methods - analytical, systems analysis, comparative and mathematical modeling elements. 

Transoceanic container transportation is characterized by long routes, high variability of weather 

conditions and significant fuel consumption. Traditional methods of voyage planning are based on static routes 

and average climatic data, which does not correspond to modern operating conditions. The development of 

maritime transport is associated with the introduction of intelligent systems capable of integrating 

heterogeneous data and providing adaptive management. 

Modern and high-quality management of navigation and operation processes of container ships is one 

of the priority areas for increasing the efficiency of maritime transportation in transoceanic traffic in terms of 

reducing fuel costs, reducing the duration of voyages, increasing navigation safety and reducing the load on 

ship power plants. In the conditions of increasing dynamics of hydrometeorological factors, the intensity of 

sea routes and requirements for environmental friendliness of transportation, traditional approaches to voyage 

planning no longer provide the proper level of efficiency of vessel operation. 
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In order to improve the effectiveness of voyage management, the article proposes an integrated model 

for the systematic assessment of the efficiency of container ship operation based on a set of navigational, 

operational, energy and economic indicators using electronic cartography data, satellite monitoring and 

intelligent information processing algorithms. 

The purpose of the study is to determine a scientifically sound approach to organizing intelligent 

decision-making support during container ship traffic management in transoceanic transportation by 

integrating evaluation results into the processes of route planning, speed selection, and real-time adjustment 

of voyage parameters. 

The results of the study can be recommended for implementation in information and analytical systems 

for managing maritime transportation and fleet operation of shipping companies in order to increase their 

operational efficiency, economic feasibility and competitiveness in the global maritime transportation market.. 

Keywords: container ship, intelligent navigation, ship management, voyage optimization, operational 

efficiency, model, optimization. 

 

Problem statement.  

Transoceanic container transportation is characterized by long route distances, high variability of 

hydrometeorological conditions, intensive traffic along major sea corridors, and a significant share of fuel 

costs in vessel operating expenses. In practice, voyage planning is still often performed using static routing 

schemes that do not account for real-time weather dynamics, sea state, traffic restrictions, vessel loading 

conditions, and propulsion system operating modes. This results in excessive fuel consumption, longer voyage 

duration, accelerated equipment wear, and reduced operational efficiency of container ships. 

Shipping companies currently face several challenges that complicate effective voyage management, 

including limited operational analytics for optimal route selection, fragmentation of navigational and technical 

data, and insufficient integration between navigation information, vessel performance parameters, and 

economic voyage indicators. As a consequence, many decisions remain based primarily on crew experience 

and predefined routes rather than on integrated digital decision-support tools. 

The conceptual basis for digital integration of marine navigation data is defined by international 

standards for e-navigation and the S-100 universal hydrographic data model. In addition, global vessel 

movement data obtained from the Automatic Identification System create significant potential for route 

analytics. However, these information flows are typically used separately and do not form a unified decision-

support framework for intelligent voyage management. 

Traditional approaches to planning transoceanic voyages rely on regulatory route charts, average 

climatic characteristics of navigation areas, and fixed speed regimes. Such approaches do not adequately reflect 

the specific conditions of an individual voyage, including dynamic weather changes, actual vessel loading, 

technical condition of the power plant, and historical operational data. As a result, route, speed, and system 

operation decisions may be insufficiently justified, leading to increased costs, reduced reliability, and elevated 

navigational risks. 

In addition, the lack of an integrated approach to processing navigational, technical and economic data 

limits the capabilities of shipping companies for strategic fleet management. This is manifested in the absence 

of a system for predicting optimal voyage parameters, the inability to promptly adjust the route in the event of 

changing sailing conditions, and the insufficient use of the potential of modern navigation and information 

technologies. 

Therefore, the current scientific and practical task is to develop a systematic approach to the 

intellectualization of navigation and management processes of container ships in transoceanic transportation, 

which will allow: 

Å to integrate navigational, hydrometeorological, technical and economic data into a single information 

and analytical system; 

Å to form objective integral indicators of the efficiency of vessel operation during the voyage; 

https://arrcjournal.org/
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Å to carry out adaptive planning of the route and speed regime taking into account real navigation 

conditions; 

Å to ensure operational adjustment of voyage parameters in real time; 

Å to optimize fuel consumption, voyage duration and load on ship mechanisms. 

The implementation of such an approach will ensure increased shipping safety, reduced operating 

costs, and increased efficiency in the use of container ships in transoceanic transportation, which makes this 

problem extremely relevant both for scientific research and for the practical activities of shipping companies. 

Analysis of recent research and publications. Analysis of scientific research shows that the problem 

of intellectualization of navigation processes and ship traffic management in transoceanic transportation is 

actively considered in the context of increasing the efficiency of container ship operation, reducing fuel costs 

and increasing the safety of maritime transportation. The works of K. Kim, J. Lee and H. Park [1ï3] investigate 

algorithms for optimizing ship routes using navigation system data, hydrometeorological forecasts and 

machine learning models, which allows predicting optimal speed regimes and arrival times, minimizing fuel 

consumption and voyage duration. The authors S. Zhang, Y. Wang and M. Li [4] propose integrated fleet 

management models taking into account the technical condition of ships, the efficiency of energy systems and 

the risks of malfunctions, which allows improving maintenance planning and reducing downtime. 

The studies of F. Bagheri, J. Lee and A. Tewari [5] substantiate the concept of digital integration of 

navigational, technical and economic data for adaptive voyage planning and real-time decision-making. At the 

same time, the works of D. Zhang et al. [6] consider modern approaches to integrating navigational risk 

assessment into the decision-making process, which allows to increase shipping safety and optimize routes 

taking into account probabilistic scenarios. The studies of K. Kim, J. Lee and H. Park [7] are devoted to the 

application of artificial intelligence methods for optimizing ship routes in variable marine environment 

conditions. In turn, C. Gkerekos and I. Lazakis [8-10] analyze the possibilities of using modern machine 

learning models for predicting and optimizing fuel consumption by seagoing vessels, which ensures increased 

energy efficiency and reduced operating costs in real-world maritime transportation conditions. 

However, despite the existing scientific achievements, the issue of comprehensive integration of 

navigational, technical and economic data into a single decision support system for transoceanic container 

ships has not been sufficiently investigated. This necessitates further research in the direction of developing 

intelligent voyage management models that provide adaptive route planning, reduce operating costs and 

increase transportation safety.   

The purpose The aim of the work is to develop an integrated model of intelligent management of a 

container ship voyage. To achieve this goal, it is necessary to: 

V form a system of voyage efficiency indicators; 

V develop an integrated efficiency indicator; 

V propose an algorithm for intelligent vessel movement management. 

Presentation of the main material. 

One of the key areas is the development of integrated decision-making models that combine 

information on the technical condition of the vessel, forecast data on navigation and weather conditions, and 

economic indicators of operation [11]. This allows the formation of complex integrated indicators of 

transportation efficiency, which are used for: 

Å optimization of the route and speed of the vessel; 

Å reduction of fuel consumption and operating costs; 

Å improvement of technical readiness and safety of navigation; 

Å planning of maintenance and repair based on the actual condition of the vessel. 

The article proposes a systematic approach to assessing the efficiency of container ship operation using   

intelligent algorithms, which allows integrating data on the technical condition of the vessel, navigation 

conditions and production indicators. The implementation of such an approach ensures increased productivity 

of transport operations, reduced operating costs and reduced influence of the human factor on the decision-

making process in transoceanic transportation. 
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Table 1 ï Correspondence of indicator groups to components of the integral model 

ʊʘʙʣʠʮʷ 1 ï ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʛʨʫʧ ʽʥʜʠʢʘʪʦʨʽʚ ʢʦʤʧʦʥʝʥʪʘʤ ʽʥʪʝʛʨʘʣʴʥʦʾ ʤʦʜʝʣʽ 

 

Component Indicator group  Examples 

Ts Technical condition indicators Engine status, power systems, onboard equipment 

Op Operational performance indicators Average speed, voyage time, port downtime 

Ce Economic and energy indicators Fuel consumption, voyage cost 

Nf Navigational and weather indicators Route length, sea state, restrictions 

 
Table 1 demonstrates the direct correspondence between the indicator groups and the components of 

the integral efficiency model (1). This eliminates inconsistency between the descriptive classification of 

indicators and the mathematical formulation of the efficiency criterion.These groups of indicators directly 

correspond to the components Ts, Op, Ce, and Nf used in the integral efficiency model. 

The integral indicator of the efficiency of container ship operation is formed on the basis of a 

comprehensive consideration of the technical condition of the vessel, navigation conditions, fuel consumption 

and other economic indicators. This approach allows assessing the overall efficiency of transportation in the 

form of a single generalized numerical value, which simplifies the comparison of alternative solutions and 

planning of optimal operating modes. 

The main components of the integral indicator are: 

V technical condition of the vessel - assessment of the operation of engines, power supply 

systems, hydraulics and navigation equipment; 

V operational indicators - average speed, voyage duration, port downtime, container loading 

efficiency; 

V economic indicators - fuel consumption, maintenance and repair costs, operating costs per 

voyage; 

V navigational and weather conditions - the impact of waves, currents, wind and other factors on 

the route and resource consumption. 

The integral indicator is calculated as the weighted sum or arithmetic mean of the normalized values 

of the individual components: 

 

                                                   Ei=w1ẗTs+w2ẗOp+w3ẗCe+w4ẗNf ,    (1) 

 

Where Ei ï integral efficiency indicator for the i-th voyage;  

Ts ï technical condition of the vessel;  

Op ï performance indicators;  

Ce ï economic costs;  

Nf ï navigation and weather factors;  

w1, w2, w3, w4 ï component weighting factors (determined by experts or by the analytical hierarchy 

method). 

 

To ensure the comparability of heterogeneous performance indicators in the integral efficiency model 

(1), all components are normalized to a dimensionless scale [0;1][0;1][0;1]. The normalization is performed 

using the minïmax method based on statistical data of previous voyages and operational standards of container 

ships. 

For benefit-type indicators (the larger the better): 

 

                                                 ˢ  .       
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For cost-type indicators (the smaller the better): 

 

     s  ,       

 
where Xmin  and  Xmax   are determined from AIS statistics, technical documentation of vessels, and 

historical voyage data. 

 

For example, the technical condition value of 85% is converted into 0.85 as it lies within the admissible 

operational range [0;100], which is linearly mapped to [0;1]. 

This procedure ensures objective scaling of navigational, operational, energy, and economic 

indicators before aggregation into the integral efficiency index. 

Using the integral indicator allows: 

Å to quickly compare the efficiency of different routes and vessels; 

Å to make informed management decisions on optimizing operating modes and planning maintenance; 

Å to increase the economic efficiency and safety of transoceanic transportation; 

Å to ensure strategic management of fleet resources, taking into account the technical condition and 

external conditions. 

Thus, the integrated performance indicator is a key tool for intellectualizing the processes of navigation 

and management of container ships in transoceanic transportation. 

The scientific novelty of the research lies in the following: 

¶ For the first time, an integral efficiency indicator combining navigational, operational, energy, 

and economic parameters into a single decision-making metric for container ship voyage management is 

proposed.  

¶ For the first time, navigation risk, fuel consumption, voyage time, and technical condition are 

jointly integrated into a unified multi-criteria optimization model.  

¶ Improved methodological approach to intelligent voyage planning through the integration of 

AIS analytics, weather routing, and predictive modeling.  

¶ Further developed the application of the Analytic Hierarchy Process (AHP) for determining 

the priority of operational criteria in maritime transport.  

¶ Further developed simulation modeling of container ship voyages under dynamic 

environmental conditions for quantitative assessment of intelligent management efficiency.  

In contrast to traditional static voyage planning models, the proposed approach ensures continuous 

recalibration of optimal control decisions under uncertainty, thereby significantly improving operational 

efficiency, safety, and environmental performance of container shipping [12]. 

Let's calculate the integral efficiency indicator. To calculate the integral efficiency indicator, the 

following components are defined: 

 

Component Value Normalized value (0ï1) Weight wi 

Technical condition of the vessel Ts 85% 0,85 0,35 

Operational indicators Op 90% 0,90 0,25 

Economic costs Ce 80% 0,80 0,25 

Navigation and weather conditions Nf 70% 0,70 0,15 

    

 

The integral index is found by formula (1). Substituting the data, we obtain: 

 

Ei=w1ẗTs+w2ẗOp+w3ẗCe+w4ẗNf i=0,35ẗ0,85+0,25ẗ0,90+0,25ẗ0,80+0,15ẗ0,70=0,8275 
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Therefore, the integral efficiency indicator of the voyage Eiå0.83 (on a relative scale of 0ï1). 

Å The value of 0.83 indicates a high level of efficiency of the voyage, taking into account the technical 

condition of the vessel, operational indicators, economic costs and navigation conditions. 

Å If necessary, it is possible to compare the integral indicators for different routes or vessels in order 

to choose the optimal option for managing the voyage. 

Å This indicator is also used for planning maintenance and making management decisions to improve 

the efficiency of subsequent voyages. 

To determine the weights of the components of the integral efficiency indicator, the Analytic Hierarchy 

Process (AHP) was applied. Expert pairwise comparisons were carried out for the criteria that directly 

correspond to the variables of the integral model: technical condition of the vessel (Ts), operational 

performance (Op), economic costs (Ce), and navigational and weather factors (Nf). This ensures 

methodological consistency between the AHP results and the integral efficiency formula. 

 

Table 2 ï AHP pairwise comparison matrix 

ʊʘʙʣʠʮʷ 2 ï ʄʘʪʨʠʮʷ ʧʦʧʘʨʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ AHP 

 

Criteria  Ts Op Ce Nf Weight 

Ts 1 1.4 1.4 2.33 0.35 

Op 0.71 1 1 1.67 0.25 

Ce 0.71 1 1 1.67 0.25 

Nf 0.43 0.60 0.60 1 0.15 

 

As a result of the AHP procedure, the following weights were obtained: Ts ï 0.35; Op ï 0.25; Ce ï 

0.25; Nf ï 0.15. The consistency ratio (CR) was 0.06, which confirms the reliability of expert judgments. These 

weights are further used in the calculation of the integral operational efficiency indicator. 

The normalized priority vector obtained from the matrix is: w=(0.35, 0.25, 0.25, 0.15) 

The consistency index was calculated as: 

 

ὅὍ πȟπτς. 

 

        The consistency ratio: 

ὅὙ πȟπχςπȟρ, 

 

which confirms acceptable consistency of expert judgments. 

 

The intelligent container ship voyage management algorithm provides dynamic route planning, 

optimization of speed and fuel consumption, as well as adaptive adjustment of voyage parameters in real time 

taking into account hydrometeorological conditions, vessel status and AIS data. It integrates machine learning 

methods and expert assessments to predict optimal traffic modes and reduce risks. The implementation of the 

algorithm allows to increase the safety of maritime transportation, economic efficiency and accuracy of cargo 

delivery schedule compliance [13]. 

An important component of the algorithm is the integration of machine learning and artificial 

intelligence methods for adaptive vessel control. Such approaches allow the system to self-learn based on data 

from previous voyages, determine the most effective control strategies, and predict possible deviations from 

the planned route. This contributes to improving the safety of maritime transportation and rationalizing the use 

of vessel resources. 
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Compliance with the cargo delivery schedule is ensured through the complex processing of navigation, 

meteorological and operational information within the framework of the intelligent voyage management 

algorithm (Fig. 1). Input data from navigation systems, onboard sensors and weather forecasts are fed to the 

central integration and analysis module, which forms the basis for making adaptive management decisions and 

predictive modeling of the impact of external factors on the vessel's motion parameters. 

The algorithm also provides for integration with automated ship and port infrastructure control 

systems. The interaction of the route optimization, speed, fuel consumption, port arrival planning and risk 

management modules ensures operational information exchange between the ship and shore services. This 

increases the accuracy of voyage planning and the speed of response to changing conditions, creating the 

prerequisites for the introduction of autonomous container ships and the development of digital maritime 

transportation. 

 

 
Figure 1 ïAlgorithm for intelligent management of a container ship 

ʈʠʩʫʥʦʢ 1 ï ɸʣʛʦʨʠʪʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʢʦʥʪʝʡʥʝʨʦʚʦʟʦʤ 

 

To clearly summarize the differences between traditional and intelligent voyage management, Table 

3 presents their comparative characteristics. 

 

Table 3 ï  Comparison of approaches 

ʊʘʙʣʠʮʷ 3 ï ʇʦʨʽʚʥʷʥʥʷ ʧʽʜʭʦʜʽʚ 

 
Criterion  Traditional  Intelligent  

Planning Static Dynamic 

Reaction to weather After the fact Forecast 

Fuel consumption Uncontrolled Optimized 

Management Captain's experience Data and algorithms 
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As can be seen from Table 3, the intelligent approach involves a transition from static planning to 

dynamic real-time voyage management. In contrast to the traditional reaction to changing weather conditions 

ñafter the factò, the algorithm provides predictive consideration of meteorological and navigational factors. Of 

particular importance is the ability to optimize fuel consumption and maintain optimal vessel movement 

modes, which directly affects the economic efficiency of transportation. 

In addition, the very concept of management is changing: while in the traditional model the captain's 

experience plays a key role, in the intelligent model decision-making is based on a combination of professional 

experience with data analytics and algorithmic decision support methods. This creates the prerequisites for 

increasing safety, planning accuracy and adherence to the cargo delivery schedule. 

The comparative analysis presented in Table 3 shows qualitative differences between traditional and 

intelligent approaches to voyage management. To quantitatively substantiate the effectiveness of intelligent 

management, it is advisable to formalize the process of selecting vessel motion parameters in the form of a 

mathematical optimization model [14]. 

The general criterion for voyage efficiency can be presented as an integral function that takes into 

account the main operational indicators: route travel time, fuel consumption, navigation risk level and 

deviations from the cargo delivery schedule. 

Minimizing this criterion ensures the selection of optimal parameters for the container ship's 

movement within the framework of the intelligent voyage management algorithm. In this case, fuel 

consumption, voyage time, and risk level are functions of the ship's speed, weather conditions, sea currents, 

and ship's operational load. 

 
Figure 2 ï Container ship voyage parameter optimization model 

ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʴ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʨʝʡʩʫ ʢʦʥʪʝʡʥʝʨʦʚʦʟʘ 

 

Optimization of the parameters of a container ship's voyage is considered as a multi-criteria 

optimization problem taking into account navigational, technical and economic factors. 

Model variables: 

v ï vessel speed, knots; 

R ï transition route (sequence of coordinates);  

t ï route time;  

F(v,ɤ,h) ï fuel consumption as a function of speed, weather conditions ɤ and sea waves h.  

The optimization criterion (2) is directly derived from the components of the integral efficiency 

indicator (1). In particular: 

Å fuel consumption F(v, ɤ, h) corresponds to the economic component Ce; 

Å voyage time t corresponds to the operational component Op; 

Å navigation risk Nr corresponds to the navigation factor Nf. 
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Thus, the optimization model represents a dynamic implementation of the integral efficiency concept, 

where the static assessment indicator Ei is transformed into an operational control criterion J. 

Objective function: Minimize the total operating costs of the trip: 

 

                                                      minJ=Ŭ1F(v,ɤ,h)+Ŭ2t+Ŭ3Nr,     (2) 

 

where Nr ï integral navigation risk indicator; 

          Ŭi ï weighting factors. 

 

All components of the objective function are preliminarily normalized to the range [0;1] to ensure 

dimensional consistency of the optimization criterion. 

Weighting coefficients were determined using the analysis of hierarchies method. Consistency of 

estimates was confirmed (CR < 0,1). 

Limitation: 

- navigational:  R  ɴɋsafe 

- technical:  vmin Ò v Ò vmax 

- time: t Ò tschedule 

- meteorological: ɤ,h  ɴɋweather 

 

The integral navigation risk indicator Nr is defined as a function of traffic density, weather severity, 

and presence of restricted navigational zones: 

 

Nr=ɓ1Dt+ɓ2Ws+ɓ3Rz 

 

Where Dt ï traffic density obtained from AIS data (ships per nautical mile);  

Ws ï weather severity coefficient based on wind speed and wave height;  

Rz ï coefficient of restricted or hazardous navigation areas;  

ɓi ï normalization coefficients, ×ɓi=1.  

 

All components are normalized to the range [0;1]. This formulation allows the integration of 

probabilistic navigational hazards into the optimization model. 

The coefficients Ŭi\alpha_iŬi serve as normalization and priority parameters that allow combining 

heterogeneous criteria into a single objective function. Their values are determined based on expert assessment 

and operational priorities of the voyage. In the presented model, greater importance is assigned to fuel 

consumption and navigation safety, which directly affect operating costs and risk levels. The coefficients are 

selected so that Ŭ1+Ŭ2+Ŭ3=1, ensuring proportional contribution of each criterion to the optimization process. 

Functional dependence of fuel consumption. Fuel consumption is approximated by a cubic dependence 

on speed: F(v)=kv3, which corresponds to the real operational characteristics of seagoing vessels [15]. 

Thus, the model (Fig. 2) takes on the formalized form of an optimization problem, which can be 

implemented using nonlinear programming or dynamic route optimization methods. 

The presented model is a theoretical basis for the implementation of the intelligent voyage 

management algorithm and allows us to quantitatively substantiate the advantages of the intelligent approach 

compared to traditional container ship management methods. 

However, the proposed model has certain limitations related to the availability and accuracy of real-

time data, as well as the need for further validation under real operational conditions. 

To assess the effectiveness of the proposed model, we consider a conventional container ship voyage 

with a route length of S = 4800 nautical miles, which takes place under conditions of variable meteorological 

conditions, the presence of sea currents and increased traffic intensity in port areas. The vessel has an 

operational load of 85% and moves at an average cruising speed of 19 knots. 
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Within the traditional approach, voyage planning is carried out along a predetermined route without 

prompt adjustment of speed and trajectory depending on weather conditions and currents. In turn, the use of 

an intelligent voyage management algorithm involves dynamic changes in movement parameters in 

accordance with forecast data and the results of the optimization model (Fig. 2). 

To compare efficiency, indicators of route travel time, fuel consumption and deviations from the cargo 

delivery schedule were used. 

The data presented in Table 4 were obtained as a result of a simulation of the voyage based on: 

Å statistical AIS data of real container ships [16]; 

Å archival meteorological data (wind speed, sea waves); 

Å typical fuel characteristics of ship engines. 

Meteorological parameters (wind speed, wave height, sea currents) were derived from historical open-

access oceanographic datasets. The simulation included 25 voyage scenarios with variable weather conditions, 

vessel loading (70ï95%), and traffic intensity near port areas. For each scenario, two models were tested: 

1. Traditional static voyage planning;  

2. Intelligent adaptive voyage optimization based on the proposed model.  

Fuel consumption characteristics were taken from typical engine performance curves of container 

ships with a capacity of 8,000ï12,000 TEU. 

Such a methodology ensures the approximation of real operational conditions and the reliability of the 

obtained results. 

Thus, the results in the table reflect a simulation experiment that approximates the real operating 

conditions of the vessel. 

 
Table 4  ï Results of comparison of traditional and intelligent approaches 

ʊʘʙʣʠʮʷ 4 ï ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ 

 
Indicator  Traditional approach Intelligent approach Effect 

Voyage time, hours 252 238 Ź 5,6% 

Fuel consumption, tons 980 865 Ź 11,7% 

Deviation from schedule, hours 14 4 Ź 71% 

 

 
Figure  3 ï Fuel consumption comparison 

ʈʠʩʫʥʦʢ 3 ï ʇʦʨʽʚʥʷʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ 
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The practical significance of the proposed approach lies in its applicability within modern maritime 

transport systems, shipping companies, and digital fleet management platforms. The implementation of the 

developed models and algorithms can improve decision-making processes, reduce operational costs, and 

enhance the overall efficiency and safety of container shipping. 

The graphical interpretation of the simulation results obtained in Table 4 is presented in Figures 3ï5. 

These figures illustrate the comparative effectiveness of traditional and intelligent voyage management 

approaches in terms of fuel consumption, integral efficiency indicator, and voyage duration. 

 
Figure 4  ï Integral efficiency indicator comparison 

ʈʠʩʫʥʦʢ 4 ï ʇʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʽʥʪʝʛʨʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

 

 
Figure 5  ï Voyage duration comparison 

ʈʠʩʫʥʦʢ 5 ï ʇʦʨʽʚʥʷʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʨʝʡʩʫ 

 

As can be seen from Table 4, the use of an intelligent voyage management algorithm allows to 

significantly improve the key operational indicators of a container ship. The route time is reduced by choosing 

a rational trajectory and adaptive regulation of the vessel's speed, taking into account weather conditions and 

sea currents. 

https://arrcjournal.org/


G11 ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ (ɿɸ ʉʇɽʎɯɸʃɯɿɸʎɯɭʖ) /  
G11 MECHANICAL  ENGINEERING  (SPECIALISATION)  

 

 

ʅʘʫʢʦʚʠʡ ʞʫʨʥʘʣ çɸɺʊʆʄʆɹɯʃʔʅɯ ɼʆʈʆɻʀ ɯ ɼʆʈʆɾʅɭ ɹʋɼɯɺʅʀʎʊɺʆè, 2026. ɺʠʧʫʩʢ 119. 

ISSN 0365-8171 (Print), ISSN 2707-4080 (ʆnline), ISSN 2707-4099 (CD), https://arrcjournal.org . 

Scientific journal çAUTOMOBILE ROADS AND ROAD CONSTRUCTIONè, 2026. Issue 119. 

70 

The most significant effect is observed in the reduction of fuel consumption, which is achieved by 

optimizing the operating modes of the ship's power plant and avoiding unfavorable navigation areas. At the 

same time, the deviation from the cargo delivery schedule is significantly reduced, which is critically important 

for transoceanic container transportation. 

The results obtained confirm the feasibility of using the proposed model for optimizing flight 

parameters as a component of the intelligent control algorithm and demonstrate its practical effectiveness 

compared to traditional flight planning methods. 

Conclusions. The study addresses the problem of improving the operational efficiency of container 

ships in transoceanic transportation under dynamic navigation conditions and high fuel consumption. 

The research analyzed modern approaches to the intellectualization of navigation and ship operation 

management, based on the use of artificial intelligence, machine learning, and big data analysis technologies. 

It was proven that the integration of information from on-board monitoring systems and AIS allows for 

increased accuracy in assessing the state of the ship and the external environment, and also ensures the validity 

of management decisions. 

The key result of the work is the development of an integrated indicator of the efficiency of container 

ship operations, which combines technical, operational, economic and navigational factors into a single 

generalized assessment.  

An intelligent voyage management algorithm is also proposed, which implements adaptive 

optimization of the route, vessel speed and fuel consumption based on predictive modeling of navigation 

conditions. The developed optimization model allows formalizing the process of selecting rational parameters 

of the container ship's movement by minimizing the integral efficiency criterion, which takes into account 

voyage time, fuel consumption, risk level and deviation from the delivery schedule. 

The results of the calculations confirm the effectiveness of the proposed approach. Comparison with 

traditional methods showed a reduction in voyage duration, fuel consumption, and deviations from the delivery 

schedule, which indicates the feasibility of implementing intelligent algorithms in the practice of maritime 

transportation management. 

Thus, the use of intelligent models and methods in the processes of navigation and operation of 

container ships contributes to increasing the economic efficiency of transportation, increasing the level of 

safety and reducing the influence of the human factor on decision-making.  

Further research should be directed towards practical testing of the developed models in real operating 

conditions, as well as towards improving data integration methods and expanding the list of factors taken into 

account in the optimization process. 

 

Refernces 

1. Zhao X., Guo Y., Wang Y. Green maritime navigation: a multi-objective voyage optimization 

approach based on data-driven heuristics and emission awareness. Journal of Marine Science and Engineering, 

2025, Vol. 13(2), https://doi.org/10.3390/jmse13020345  

2. Chen X., Liu H., Zhang Q. Intelligent voyage planning for energy efficiency using A* and 

deep reinforcement learning. Ocean Engineering, 2025, Vol. 278, 

https://doi.org/10.1016/j.oceaneng.2024.114789 

3. Xu T., Li J., Sun L. Multi-objective route and speed optimization for merchant ships using 

NRRT and NSGA-III. Journal of Marine Science and Engineering, 2026, Vol. 14(4), 

https://doi.org/10.3390/jmse14040363 

4. Liu S., Wang P., Zhang D. Machine learning-based trajectory prediction of maritime vessels 

using AIS data. IEEE Access, 2024, Vol. 12, https://doi.org/10.1109/ACCESS.2024.3156789 

5. Silva R., Costa L., Paiva A. Weather routing and voyage optimization for container ships under 

dynamic environmental constraints. Applied Ocean Research, 2023, Vol. 115, 

https://doi.org/10.1016/j.apor.2022.102134 

https://arrcjournal.org/
https://doi.org/10.3390/jmse13020345
https://doi.org/10.1016/j.oceaneng.2024.114789
https://doi.org/10.3390/jmse14040363
https://doi.org/10.1109/ACCESS.2024.3156789
https://doi.org/10.1016/j.apor.2022.102134


G11 ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ (ɿɸ ʉʇɽʎɯɸʃɯɿɸʎɯɭʖ) /  
G11 MECHANICAL  ENGINEERING  (SPECIALISATION)  

 

 
ʅʘʫʢʦʚʠʡ ʞʫʨʥʘʣ çɸɺʊʆʄʆɹɯʃʔʅɯ ɼʆʈʆɻʀ ɯ ɼʆʈʆɾʅɭ ɹʋɼɯɺʅʀʎʊɺʆè, 2026. ɺʠʧʫʩʢ 119. 

ISSN 0365-8171 (Print), ISSN 2707-4080 (ʆnline), ISSN 2707-4099 (CD), https://arrcjournal.org . 

Scientific journal çAUTOMOBILE ROADS AND ROAD CONSTRUCTIONè, 2026. Issue 119. 

71 

6.  Zhang D., Yan X., Yang Z., Wall A. Incorporation of risk assessment into ship route 

planning using Bayesian networks. Reliability Engineering & System Safety. 2020; 199:106896. 

https://doi.org/10.1016/j.ress.2020.106896 

7. Kim K., Lee J., Park H. Artificial intelligence based real time ship route optimization in 

varying sea conditions. International Journal of Naval Architecture and Ocean Engineering, 2025, Vol. 17, 

https://doi.org/10.1016/j.ijnaoe.2024.102512 

8. Gkerekos C., Lazakis I., Theotokatos G. Machine learning models for predicting ship 

fuel consumption: A review. Ocean Engineering. 2020; 205:107268. 

https://doi.org/10.1016/j.oceaneng.2020.107268 

9. Spyrou-Sioula K., Kontopoulos I., Kaklis D., Makris A., Tserpes K., Eirinakis P., Oikonomou 

F. AIS-Enabled weather routing for cargo loss prevention. Journal of Marine Science and Engineering, 2022, 

Vol. 10(11), https://doi.org/10.3390/jmse10111755  

10. Malekpour Golsefidi M., Sharifi M.A., Ghader S. Containerships routing problem: 

Incorporating uncertain weather impact on fuel consumption by speed optimization. Ocean Engineering, 2025, 

Vol. 267, https://doi.org/10.1016/j.oceaneng.2025.113237 

11.  Kalinichenko Y., Rudenko S., Holovan A., Petrenko D., Ivanenko V. Smart routing for 

sustainable shipping: A review of trajectory optimization approaches in waterborne transport. Sustainability, 

2025, Vol. 17(18), https://doi.org/10.3390/su17188466 

12.  Du W., Li Y., Zhang G., Wang C., Zhang H. Energy saving method for ship weather routing 

optimization. Ocean Engineering, 2022, Vol. 258, https://doi.org/10.1016/j.oceaneng.2022.111771  

13.  Li X., Sun B., Jin J., Ding J. Speed optimization of container ship considering route 

segmentation and weather data loading. Journal of Marine Science and Engineering, 2022, Vol. 10(12), 

https://doi.org/10.3390/jmse10121835 

14. Chen X., Wang Y., Liu Q., Zhang T. Ship ocean voyage weather routing optimization method 

based on weather clustering. Ocean Engineering, 2025, Vol. 331, 

https://doi.org/10.1016/j.oceaneng.2025.120998 

15.  Zhang Q., Liu H., Wang F., Chen Y. Integrating weather-informed routing and energy 

optimization for sustainable maritime transportation. Ocean Engineering, 2025, Vol. 333, 

https://doi.org/10.1016/j.oceaneng.2025.121463 

16.  Jin Z., Sun J., Zhao L., Wu X. Multi -objective weather routing for container ships under 

stochastic environmental disturbances. Ocean Engineering, 2024, Vol. 305, 

https://doi.org/10.1016/j.oceaneng.2024.112399 

 

ɯʅʊɽʃɽʂʊʋɸʃʔʅɯ ʄʆɼɽʃɯ ʊɸ ʄɽʊʆɼʀ ʅɸɺɯɻɸʎɯɰ ʊɸ ɽʂʉʇʃʋɸʊɸʎɯɰ 

ʂʆʅʊɽʁʅɽʈʆɺʆɿɯɺ 
 

ʂʫʣʴʙʦʚʩʴʢʠʡ ɯʚʘʥ ɯʚʘʥʦʚʠʯ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ çɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʨʘʥʩʧʦʨʪʫè, 

e-mail: kulbovskiy@ukr.net, tel. +38(067)9305928, ʋʢʨʘʾʥʘ, 01010, ʂʠʾʚ,  ʚʫʣ.. ʆʤʝʣʷʥʦʚʠʯʘ-ʇʘʚʣʝʥʢʘ  1, 

orcid.org/0000-0002-5359-3842 

ʃʶʙʘʨʝʮʴ ɯʛʦʨ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʘʩʧʽʨʘʥʪ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ , e-mail: 

Ilyubarec@gmail.com, , tel. +380953685289, ʋʢʨʘʾʥʘ, 01010, ʂʠʾʚ,  ʚʫʣ.. ʆʤʝʣʷʥʦʚʠʯʘ-ʇʘʚʣʝʥʢʘ  1, 

orcid.org/0000-0003-1810-1435 

 

ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʥʘʚʽʛʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʥʪʝʡʥʝʨʦʚʦʟʘʤʠ ʚ ʫʤʦʚʘʭ ʪʨʘʥʩʦʢʝʘʥʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ. ʇʦʢʘʟʘʥʦ, ʱʦ ʪʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ 

ʧʣʘʥʫʚʘʥʥʷ ʨʝʡʩʫ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʜʠʥʘʤʽʢʫ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, ʥʘʚʽʛʘʮʽʡʥʽ ʦʙʤʝʞʝʥʥʷ, 

ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʩʫʜʥʘ ʪʘ ʧʘʨʘʤʝʪʨʠ ʟʘʚʘʥʪʘʞʝʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʪʝʛʨʘʣʴʥʫ ʤʦʜʝʣʴ ʦʮʽʥʶʚʘʥʥʷ 

https://arrcjournal.org/
https://doi.org/10.1016/j.ress.2020.106896
https://doi.org/10.1016/j.ijnaoe.2024.102512
https://doi.org/10.1016/j.oceaneng.2020.107268
https://doi.org/10.3390/jmse10111755
https://doi.org/10.1016/j.oceaneng.2025.113237
https://doi.org/10.3390/su17188466
https://doi.org/10.3390/jmse10121835
https://doi.org/10.1016/j.oceaneng.2025.120998
https://doi.org/10.1016/j.oceaneng.2025.121463
https://doi.org/10.1016/j.oceaneng.2024.112399
mailto:kulbovskiy@ukr.net
mailto:kulbovskiy@ukr.net
mailto:Ilyubarec@gmail.com


G11 ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ (ɿɸ ʉʇɽʎɯɸʃɯɿɸʎɯɭʖ) /  
G11 MECHANICAL  ENGINEERING  (SPECIALISATION)  

 

 

ʅʘʫʢʦʚʠʡ ʞʫʨʥʘʣ çɸɺʊʆʄʆɹɯʃʔʅɯ ɼʆʈʆɻʀ ɯ ɼʆʈʆɾʅɭ ɹʋɼɯɺʅʀʎʊɺʆè, 2026. ɺʠʧʫʩʢ 119. 

ISSN 0365-8171 (Print), ISSN 2707-4080 (ʆnline), ISSN 2707-4099 (CD), https://arrcjournal.org . 

Scientific journal çAUTOMOBILE ROADS AND ROAD CONSTRUCTIONè, 2026. Issue 119. 

72 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʦʙôʻʜʥʫʻ ʥʘʚʽʛʘʮʽʡʥʽ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ, ʝʥʝʨʛʝʪʠʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʝʡʩʦʤ ʥʘ ʦʩʥʦʚʽ AIS-ʜʘʥʠʭ, 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʧʨʦʛʥʦʟʥʠʭ ʤʦʜʝʣʝʡ. ʈʝʟʫʣʴʪʘʪʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ 

ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʧʘʣʠʚʘ ʜʦ 11,7%, ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʨʝʡʩʫ ʥʘ 5,6% ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʛʨʘʬʽʢʘ 

ʥʘ 71%.. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ - ʧʨʦʮʝʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʪʝʡʥʝʨʦʚʦʟʽʚ ʫ ʪʨʘʥʩʦʢʝʘʥʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ. 

ʄʝʪʘ ʨʦʙʦʪʠ  ï ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʥʘʚʽʛʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʪʝʡʥʝʨʦʚʦʟʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ - ʘʥʘʣʽʪʠʯʥʠʡ, ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ, ʧʦʨʽʚʥʷʣʴʥʠʡ ʪʘ ʝʣʝʤʝʥʪʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʉʫʯʘʩʥʝ ʪʘ ʷʢʽʩʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʥʘʚʽʛʘʮʽʾ ʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʪʝʡʥʝʨʦʚʦʟʽʚ ʻ ʦʜʥʠʤ ʽʟ 

ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʫ ʪʨʘʥʩʦʢʝʘʥʩʴʢʦʤʫ ʩʧʦʣʫʯʝʥʥʽ 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʥʠʞʝʥʥʷ ʧʘʣʠʚʥʠʭ ʚʠʪʨʘʪ, ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʨʝʡʩʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ 

ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʪʘ ʟʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʫʜʥʦʚʽ ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ. ɺ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʯʦʾ 

ʜʠʥʘʤʽʢʠ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʦʨʩʴʢʠʭ ʤʘʨʰʨʫʪʽʚ ʽ ʚʠʤʦʛ ʜʦ ʝʢʦʣʦʛʽʯʥʦʩʪʽ 

ʧʝʨʝʚʝʟʝʥʴ ʪʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʣʘʥʫʚʘʥʥʷ ʨʝʡʩʫ ʚʞʝ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʜʝʥ. 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʨʝʡʩʦʤ ʫ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʪʝʛʨʘʣʴʥʫ 

ʤʦʜʝʣʴ ʩʠʩʪʝʤʥʦʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʪʝʡʥʝʨʦʚʦʟʘ ʥʘ ʦʩʥʦʚʽ ʩʫʢʫʧʥʦʩʪʽ ʥʘʚʽʛʘʮʽʡʥʠʭ, 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ, ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʝʣʝʢʪʨʦʥʥʦʾ 

ʢʘʨʪʦʛʨʘʬʽʾ, ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʽʜ ʯʘʩ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ ʢʦʥʪʝʡʥʝʨʦʚʦʟʘ ʫ 

ʪʨʘʥʩʦʢʝʘʥʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ ʰʣʷʭʦʤ ʽʥʪʝʛʨʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʦʮʽʥʶʚʘʥʥʷ ʫ ʧʨʦʮʝʩʠ ʧʣʘʥʫʚʘʥʥʷ 

ʤʘʨʰʨʫʪʫ, ʚʠʙʦʨʫ ʰʚʠʜʢʽʩʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʢʦʨʠʛʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʝʡʩʫ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 
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ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʤʫʣʴʪʠʩʝʥʩʦʨʥʦʾ 

ʩʠʩʪʝʤʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʧʨʝʜʤʝʪʽʚ (ɺʅʇ) ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʤʝʭʘʥʽʟʦʚʘʥʠʭ 

ʟʝʤʣʷʥʠʭ ʨʦʙʽʪ ʝʢʩʢʘʚʘʪʦʨʘʤʠ ʪʘ ʙʫʣʴʜʦʟʝʨʘʤʠ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʟʫʤʦʚʣʝʥʘ ʟʥʘʯʥʠʤ 

ʟʘʙʨʫʜʥʝʥʥʷʤ ʪʝʨʠʪʦʨʽʡ ʋʢʨʘʾʥʠ ɺʅʇ ʚʥʘʩʣʽʜʦʢ ʚʦʻʥʥʠʭ ʜʽʡ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʧʨʝʜʤʝʪʽʚ ʫ ˇʨʫʥʪʽ ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ ʟʝʤʣʝʨʠʡʥʦʾ ʪʝʭʥʽʢʠ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʢʦʥʮʝʧʮʽʾ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, 

ʟʜʘʪʥʦʾ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ɺʅʇ, ʤʽʥʽʤʽʟʫʶʯʠ ʨʠʟʠʢ ʜʣʷ 
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ɺ ʨʦʙʦʪʽ ʥʘʚʦʜʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚ ʨʽʟʥʠʭ ˇʨʫʥʪʦʚʠʭ ʫʤʦʚʘʭ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʽʥʪʝʛʨʫʻ ʛʝʦʨʘʜʘʨ (GPR) ʜʽʘʧʘʟʦʥʫ 400ï900 ʄɻʮ, ʤʘʛʥʽʪʦʛʨʘʜʽʻʥʪʥʠʡ 

ʜʘʪʯʠʢ, ʽʥʬʨʘʯʝʨʚʦʥʠʡ ʩʝʥʩʦʨ ʪʘ ʽʥʝʨʮʽʡʥʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʤʦʜʫʣʴ. ʆʙʨʦʙʢʘ ʜʘʥʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (CNN) ʜʣʷ ʘʥʘʣʽʟʫ GPR-ʩʠʛʥʘʣʽʚ, ʨʝʢʫʨʝʥʪʥʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (LSTM) ʜʣʷ ʘʥʘʣʽʟʫ ʤʘʛʥʽʪʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʙʘʡʻʩʽʚʩʴʢʦʾ ʽʥʪʝʛʨʘʮʽʾ (Bayesian 

fusion) ʜʣʷ ʦʙ'ʻʜʥʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʠʡ 

ʥʘʧʨʷʤʦʢ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ɺʅʇ ʟʘ ʨʘʭʫʥʦʢ ʢʦʤʧʣʝʢʩʥʦʾ ʦʙʨʦʙʢʠ 

ʤʫʣʴʪʠʩʝʥʩʦʨʥʠʭ ʜʘʥʠʭ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʨʦʞʥʴʦ-ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʰʠʥ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɺʠʙʫʭʦʥʝʙʝʟʧʝʯʥʽ ʧʨʝʜʤʝʪʠ, ʛʝʦʨʘʜʘʨ, ʟʝʤʣʝʨʠʡʥʘ ʪʝʭʥʽʢʘ, ʰʪʫʯʥʠʡ 

ʽʥʪʝʣʝʢʪ, ʟʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, LSTM, ʙʘʡʻʩʽʚʩʴʢʘ ʽʥʪʝʛʨʘʮʽʷ, ʙʝʟʧʝʢʘ ʧʨʘʮʽ, ʤʝʭʘʥʽʟʦʚʘʥʽ 

ʟʝʤʣʷʥʽ ʨʦʙʦʪʠ. 
ɺʩʪʫʧ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. 

ʇʨʦʙʣʝʤʘ ʟʘʙʨʫʜʥʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʤʠ ʧʨʝʜʤʝʪʘʤʠ (ɺʅʇ) ʻ ʦʩʦʙʣʠʚʦ 

ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʋʢʨʘʾʥʠ ʧʽʩʣʷ ʚʦʻʥʥʠʭ ʜʽʡ ʪʘ ʚ ʧʨʦʮʝʩʽ ʨʦʟʤʽʥʫʚʘʥʥʷ. ʊʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʪʘ 

ʤʝʭʘʥʽʟʤʠ ʜʣʷ ʟʝʤʣʷʥʠʭ ʨʦʙʽʪ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʽʜʥʦʚʣʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʪʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ. ʆʜʥʘʢ ʝʢʩʧʣʫʘʪʘʮʽʷ ʪʘʢʦʾ ʪʝʭʥʽʢʠ ʥʘ 

ʧʦʪʝʥʮʽʡʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʧʦʚôʷʟʘʥʘ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʨʠʟʠʢʘʤʠ, ʘʜʞʝ ʢʦʥʪʘʢʪ ʟ ɺʅʇ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʝʨʡʦʟʥʠʭ ʘʚʘʨʽʡ ʪʘ ʟʥʘʯʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʟʙʠʪʢʽʚ.  

ʄʘʩʰʪʘʙʠ ʧʨʦʙʣʝʤʠ ʜʣʷ ʋʢʨʘʾʥʠ.  

ɿʘ ʜʘʥʠʤʠ ʤʽʞʥʘʨʦʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʧʦʪʝʥʮʽʡʥʦ ʟʘʙʨʫʜʥʝʥʠʤʠ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʤʠ 

ʧʨʝʜʤʝʪʘʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʟʥʘʯʥʽ ʧʣʦʱʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʪʘ ʪʝʨʠʪʦʨʽʡ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʚʽʜʙʫʜʦʚʠ. ʑʦʨʽʯʥʦ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʟʝʤʣʷʥʠʭ ʨʦʙʽʪ ʬʽʢʩʫʶʪʴʩʷ ʽʥʮʠʜʝʥʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʜʝʪʦʥʘʮʽʻʶ ɺʅʇ, ʱʦ ʧʽʜʢʨʝʩʣʶʻ ʛʦʩʪʨʦʪʫ ʧʨʦʙʣʝʤʠ. ɿʘʛʦʩʪʨʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʩʚʽʞʦʶ ʩʪʘʪʠʩʪʠʢʦʶ: ʣʠʰʝ ʟʘ ʧʝʨʽʦʜ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʚʽʡʥʠ, ʩʪʘʥʦʤ ʥʘ ʞʦʚʪʝʥʴ 2025 ʨʦʢʫ, ʚ 

ʋʢʨʘʾʥʽ ʚʽʜ ʤʽʥ ʪʘ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʟʘʣʠʰʢʽʚ ʚʽʡʥʠ ʧʦʩʪʨʘʞʜʘʣʦ ʱʦʥʘʡʤʝʥʰʝ 1330 ʦʩʽʙ, 

ʚʢʣʶʯʘʶʯʠ 135 ʜʽʪʝʡ [15]. ʎʝ ʚʠʤʘʛʘʻ ʥʝ ʧʨʦʩʪʦ ʥʘʷʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʨʦʟʤʽʥʫʚʘʥʥʷ, ʘ ʩʪʚʦʨʝʥʥʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʟʜʘʪʥʠʭ ʧʨʘʮʶʚʘʪʠ ʥʘ ʚʠʧʝʨʝʜʞʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ 

ʨʦʙʽʪ. 

ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʨʦʟʤʽʥʫʚʘʥʥʷ ʤʘʶʪʴ ʦʙʤʝʞʝʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʯʝʨʝʟ: ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʪʠʧʽʚ 

ˇʨʫʥʪʽʚ, ʥʘʷʚʥʽʩʪʴ ʧʣʘʩʪʠʢʦʚʠʭ ʪʘ ʤʝʪʘʣʝʚʠʭ ɺʅʇ ʨʽʟʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʚʝʣʠʢʽ ʧʣʦʱʽ ʜʣʷ ʦʯʠʱʝʥʥʷ 

ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʦʧʝʨʘʪʦʨʽʚ. ɿʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ, 

ʟʙʽʣʴʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʜʦ ʙʝʟʧʝʢʠ ʨʦʙʣʷʪʴ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ɺʅʇ ʧʨʠ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʟʝʤʣʷʥʠʭ ʨʦʙʦʪʘʭ ʚʩʝ ʙʽʣʴʰ 

ʘʢʪʫʘʣʴʥʠʤ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ.  

ʇʠʪʘʥʥʷʤ ʨʦʟʨʦʙʢʠ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʦʙôʻʢʪʽʚ 

ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ ʥʘʫʢʦʚʮʽʚ Daniels D.J. [1], Sato M. [2], Billings S. [3] ʪʘ ʽʥʰʠʭ ʜʦʩʣʽʜʥʠʢʽʚ. ʋ 

ʨʦʙʦʪʽ [1] ʨʦʟʛʣʷʥʫʪʽ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʛʝʦʨʘʜʘʨʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ˇʨʫʥʪʫ, ʘʣʝ ʥʝ ʨʦʟʛʣʷʥʫʪʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ. ʋ ʨʦʙʦʪʽ [2] ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʚʠʷʚʣʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʦʙôʻʢʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ GPR ʪʘ ʙʘʟʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʦʜʥʘʢ ʥʝ ʚʨʘʭʦʚʘʥʦ ʩʧʝʮʠʬʽʢʫ ʨʦʙʦʪʠ ʥʘ ʨʫʭʦʤʠʭ ʧʣʘʪʬʦʨʤʘʭ ʟʝʤʣʝʨʠʡʥʦʾ 

ʪʝʭʥʽʢʠ. 

ʈʦʙʦʪʠ [3, 4, 5] ʧʨʠʩʚʷʯʝʥʽ ʤʫʣʴʪʠʩʝʥʩʦʨʥʠʤ ʧʽʜʭʦʜʘʤ ʜʦ ʚʠʷʚʣʝʥʥʷ ʤʽʥ, ʧʨʦʪʝ ʧʦʪʨʝʙʫʶʪʴ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʧʠʪʘʥʥʷ ʽʥʪʝʛʨʘʮʽʾ ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʝʥʩʦʨʽʚ ʫ ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʜʣʷ 

ʟʝʤʣʝʨʠʡʥʦʾ ʪʝʭʥʽʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʧʫʙʣʽʢʘʮʽʡ ʩʚʽʜʯʘʪʴ, ʱʦ ʡ ʥʠʥʽ ʘʢʪʫʘʣʴʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ 

ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʥʦʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ɺʅʇ ʜʣʷ ʤʝʭʘʥʽʟʦʚʘʥʠʭ 

ʟʝʤʣʷʥʠʭ ʨʦʙʽʪ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʯʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʋʢʨʘʾʥʽ. 
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ʆʛʣʷʜ ʩʫʯʘʩʥʠʭ ʧʦʨʪʘʪʠʚʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʚʠʙʫʭʦʚʠʭ ʨʝʯʦʚʠʥ.  

ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʝʪʝʢʮʽʾ, ʧʨʦʚʝʜʝʥʠʡ ʫ ʨʦʙʦʪʽ [13], ʜʝʤʦʥʩʪʨʫʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʩʝʥʩʦʨʽʚ, ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʚ ʤʦʙʽʣʴʥʽ ʨʦʙʦʪʠʟʦʚʘʥʽ ʢʦʤʧʣʝʢʩʠ. ɹʽʣʴʰʽʩʪʴ ʢʦʤʝʨʮʽʡʥʦ 

ʜʦʩʪʫʧʥʠʭ ʧʨʠʣʘʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʢʪʨʦʤʝʪʨʽʶ ʽʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ (IMS), ʽʥʬʨʘʯʝʨʚʦʥʫ 

ʩʧʝʢʪʨʦʩʢʦʧʽʶ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʌʫʨ'ʻ (FTIR) ʘʙʦ ʨʘʤʘʥʽʚʩʴʢʫ ʩʧʝʢʪʨʦʩʢʦʧʽʶ (RS). ʉʠʩʪʝʤʠ ʥʘ 

ʦʩʥʦʚʽ IMS, ʪʘʢʽ ʷʢ M-ION, ʜʦʩʷʛʘʶʪʴ ʯʫʪʣʠʚʦʩʪʽ ʥʘ ʨʽʚʥʽ ppt, ʪʦʜʽ ʷʢ ʛʘʟʦʚʽ ʭʨʦʤʘʪʦʛʨʘʬʠ ʟ ʤʘʩ-

ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ (GCïMS), ʥʘʧʨʠʢʣʘʜ GriffinÊ G510, ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʝʞʽ ʚʠʷʚʣʝʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ ppb 

[13]. ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʣʷʪʴ ʣʘʟʝʨʥʦ- ʥ̔ʜʫʢʦʚʘʥʽ ʬʣʫʦʨʝʩʮʝʥʪʥʽ (LIF) ʧʨʠʩʪʨʦʾ (ʥʘʧʨʠʢʣʘʜ, 

Fido X4), ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʥʘʥʦʛʨʘʤʦʚʦʤʫ ʨʽʚʥʽ, ʪʘ ʢʚʘʨʮʦʚʽ ʤʽʢʨʦʚʘʛʠ (QCM) (ʥʘʧʨʠʢʣʘʜ, 

EXPLOSCAN), ʷʢʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʫ ʜʽʘʧʘʟʦʥʽ ppb [13].  ʣʠʰʝ ʥʝʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʧʨʠʩʪʨʦʾʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʚʽ ʦʨʪʦʛʦʥʘʣʴʥʽ ʘʥʘʣʽʪʠʯʥʽ ʪʝʭʥʽʢʠ, ʱʦ ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʪʘ ʟʤʝʥʰʫʻ 

ʢʽʣʴʢʽʩʪʴ ʭʠʙʥʠʭ ʩʧʨʘʮʶʚʘʥʴ. ʎʝ ʧʽʜʢʨʝʩʣʶʻ ʧʨʘʚʠʣʴʥʽʩʪʴ ʦʙʨʘʥʦʛʦ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʤʫʣʴʪʠʩʝʥʩʦʨʥʦʛʦ ʧʽʜʭʦʜʫ ʟ ʽʥʪʝʛʨʘʮʽʻʶ ʜʘʥʠʭ. 

ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʧʦʨʪʘʪʠʚʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʚʠʙʫʭʦʚʠʭ ʨʝʯʦʚʠʥ.  

ʆʩʪʘʥʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʛʘʣʫʟʽ ʩʝʥʩʦʨʠʢʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʝʭʥʦʣʦʛʽʡ, 

ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʚ ʤʦʙʽʣʴʥʽ ʧʣʘʪʬʦʨʤʠ.ɺʢʨʘʡ ʚʘʞʣʠʚʠʤ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʣʠʰʝ ʯʦʪʠʨʠ ʟ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʽ ʦʨʪʦʛʦʥʘʣʴʥʽ ʘʥʘʣʽʪʠʯʥʽ ʪʝʭʥʽʢʠ, ʱʦ ʩʫʪʪʻʚʦ 

ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʪʘ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʭʠʙʥʠʭ ʩʧʨʘʮʶʚʘʥʴ. ʎʝ ʧʽʜʢʨʝʩʣʶʻ 

ʧʨʘʚʠʣʴʥʽʩʪʴ ʦʙʨʘʥʦʛʦ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʫʣʴʪʠʩʝʥʩʦʨʥʦʛʦ ʧʽʜʭʦʜʫ. 

ʅʦʚʽʪʥʽ ʥʘʧʨʷʤʢʠ ʚ ʨʦʟʨʦʙʮʽ ʩʝʥʩʦʨʽʚ.  

ʇʘʨʘʣʝʣʴʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʽ ʪʠʧʠ ʩʝʥʩʦʨʽʚ. ʇʨʦʨʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʻ 

ʩʪʚʦʨʝʥʥʷ ʙʽʦʩʝʥʩʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʨʝʢʦʤʙʽʥʘʥʪʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʅʘʧʨʠʢʣʘʜ, ʩʢʦʥʩʪʨʫʡʦʚʘʥʽ 

ʢʣʽʪʠʥʠ Escherichia coli ʟʜʘʪʥʽ ʧʨʦʜʫʢʫʚʘʪʠ ʙʽʦʣʶʤʽʥʝʩʮʝʥʮʽʶ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ 2,4-ʜʠʥʽʪʨʦʪʦʣʫʦʣ 

(2,4-DNT) ð ʣʝʪʢʫ ʜʦʤʽʰʢʫ ʪʨʦʪʠʣʫ (TNT), ʱʦ ʧʨʠʩʫʪʥʷ ʫ ʚʠʧʘʨʦʚʫʚʘʥʥʷʭ ʥʘʜ ʤʽʥʘʤʠ. ʇʨʦʪʦʪʠʧʠ 

ʪʘʢʠʭ ʙʽʦʩʝʥʩʦʨʽʚ ʚʠʷʚʣʷʶʪʴ ʛʘʟʦʧʦʜʽʙʥʠʡ 2,4-DNT ʫ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʜʦ 50 ppb [13]. ɯʥʰʠʡ 

ʥʘʧʨʷʤʦʢ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʻʶ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO ), ʱʦ 

ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʘʪʠ ʰʚʠʜʢʦʛʦ ʪʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʪʘʢʠʭ ʥʝʙʝʟʧʝʯʥʠʭ ʚʠʙʫʭʦʚʠʭ ʨʝʯʦʚʠʥ, ʷʢ 

ʪʨʠʘʮʝʪʦʥʪʨʽʧʝʨʦʢʩʠʜ (TATP) [13]. ʎʽ ʨʦʟʨʦʙʢʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʥʝ ʣʠʰʝ ʛʝʦʨʘʜʘʨʘ, ʘ ʡ ʜʦʜʘʪʢʦʚʠʭ ʢʘʥʘʣʽʚ, ʟʜʘʪʥʠʭ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʭʽʤʽʯʥʽ 

ʩʠʛʥʘʪʫʨʠ ɺʅʇ. 

ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ɺʅʇ.  

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʧʫʙʣʽʢʘʮʽʡ ʩʚʽʜʯʘʪʴ, ʱʦ ʡ ʥʠʥʽ ʘʢʪʫʘʣʴʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʧʠʪʘʥʥʷ 

ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʥʦʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ɺʅʇ ʜʣʷ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʟʝʤʣʷʥʠʭ ʨʦʙʽʪ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʯʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʋʢʨʘʾʥʽ. ɼʣʷ ʥʘʦʯʥʦʩʪʽ, ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʪʘ 

ʥʝʜʦʣʽʢʠ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʽʚ ʟʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʶ 1. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʢʦʥʮʝʧʮʽʾ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʤʫʣʴʪʠʩʝʥʩʦʨʥʦʾ 

ʩʠʩʪʝʤʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʧʨʝʜʤʝʪʽʚ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʟʝʤʣʷʥʠʭ ʨʦʙʽʪ 

ʝʢʩʢʘʚʘʪʦʨʘʤʠ ʪʘ ʙʫʣʴʜʦʟʝʨʘʤʠ, ʟʜʘʪʥʦʾ ʧʨʘʮʶʚʘʪʠ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʪʘ 

ʤʽʥʽʤʘʣʴʥʠʤ ʨʠʟʠʢʦʤ ʜʣʷ ʧʝʨʩʦʥʘʣʫ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

ï ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ɺʅʇ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʠʙʽʨ ʩʝʥʩʦʨʥʦʾ 

ʧʣʘʪʬʦʨʤʠ; 

ï ʨʦʟʨʦʙʠʪʠ ʢʦʥʮʝʧʮʽʶ ʪʘ ʘʨʭʽʪʝʢʪʫʨʫ ʩʠʩʪʝʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ ʨʦʙʦʪʠ 

ʟʝʤʣʝʨʠʡʥʦʾ ʪʝʭʥʽʢʠ; 

ï ʚʠʟʥʘʯʠʪʠ ʘʣʛʦʨʠʪʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʦʙʨʦʙʢʠ ʤʫʣʴʪʠʩʝʥʩʦʨʥʠʭ ʜʘʥʠʭ; 

ï ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ.  
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ʊʘʙʣʠʮʷ 1 ï ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ɺʅʇ 

Table 1 ï Comparative analysis of methods for determining GNP 

 

ʄʝʪʦʜ / ɼʞʝʨʝʣʦ ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

ɿʘʩʪʦʩʦʚʥʽʩʪʴ ʜʣʷ 

ʟʝʤʣʝʨʠʡʥʦʾ 

ʪʝʭʥʽʢʠ 

ɻʝʦʨʘʜʘʨ (GPR)  

[1, 2, 6, 11] 

ɺʠʩʦʢʘ ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ, ʚʠʷʚʣʝʥʥʷ 

ʥʝʤʝʪʘʣʝʚʠʭ ʦʙ'ʻʢʪʽʚ, 

ʚʝʣʠʢʘ ʛʣʠʙʠʥʘ 

ʟʦʥʜʫʚʘʥʥʷ ʚ ʩʫʭʠʭ 

ˇʨʫʥʪʘʭ. 

ʉʢʣʘʜʥʽʩʪʴ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʩʠʛʥʘʣʽʚ, 

ʩʠʣʴʥʝ ʟʘʪʫʭʘʥʥʷ ʫ 

ʚʦʣʦʛʠʭ ʛʣʠʥʠʩʪʠʭ 

ˇʨʫʥʪʘʭ, ʯʫʪʣʠʚʽʩʪʴ ʜʦ 

ʚʽʙʨʘʮʽʡ. 

ʆʙʤʝʞʝʥʘ ʙʝʟ 

ʜʦʜʘʪʢʦʚʦʾ ʦʙʨʦʙʢʠ 

ʪʘ ʢʦʤʧʝʥʩʘʮʽʾ ʨʫʭʫ. 

ʄʘʛʥʽʪʦʤʝʪʨʽʷ / 

ʄʝʪʘʣʦʜʝʪʝʢʪʦʨʠ  

[3, 5, 8] 

ɺʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ 

ʤʝʪʘʣʝʚʠʭ ʦʙ'ʻʢʪʽʚ, 

ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʘ 

ʽʥʪʝʨʧʨʝʪʘʮʽʷ. 

ʅʝ ʚʠʷʚʣʷʻ ʧʣʘʩʪʠʢʦʚʽ 

ɺʅʇ, ʯʫʪʣʠʚʽʩʪʴ ʜʦ 

ʤʘʛʥʽʪʥʦʛʦ ʰʫʤʫ 

ʪʝʭʥʽʢʠ ʪʘ ʤʝʪʘʣʝʚʦʛʦ 

ʟʘʩʤʽʯʝʥʥʷ ˇʨʫʥʪʫ. 

ʏʘʩʪʢʦʚʦ, ʧʦʪʨʝʙʫʻ 

ʧʨʦʩʪʦʨʦʚʦʾ 

ʬʽʣʴʪʨʘʮʽʾ ʩʠʛʥʘʣʫ. 

ʆʧʪʠʯʥʽ / 

ɻʽʧʝʨʩʧʝʢʪʨʘʣʴʥʽ 

ʩʝʥʩʦʨʠ [3, 8] 

ɽʬʝʢʪʠʚʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʠʭ ʦʙ'ʻʢʪʽʚ, 

ʚʠʩʦʢʘ ʜʝʪʘʣʽʟʘʮʽʷ, 

ʤʦʞʣʠʚʽʩʪʴ ʭʽʤʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ. 

ʅʝ ʧʨʘʮʶʶʪʴ ʽʟ 

ʟʘʛʣʠʙʣʝʥʠʤʠ 

ʦʙ'ʻʢʪʘʤʠ, ʟʘʣʝʞʥʽʩʪʴ 

ʚʽʜ ʦʩʚʽʪʣʝʥʥʷ, ʧʦʛʦʜʠ 

ʪʘ ʨʦʩʣʠʥʥʦʩʪʽ. 

ɺʠʩʦʢʘ (ʜʣʷ 

ʢʦʥʪʨʦʣʶ ʧʦʚʝʨʭʥʽ 

ʧʝʨʝʜ ʨʦʙʦʯʠʤ 

ʦʨʛʘʥʦʤ). 

ʊʝʧʣʦʚʽʟʽʡʥʽ 

ʩʝʥʩʦʨʠ [3, 8] 

ɺʠʷʚʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʘʥʦʤʘʣʽʡ, ʥʝʟʘʣʝʞʥʽʩʪʴ 

ʚʽʜ ʦʩʚʽʪʣʝʥʥʷ. 

ʆʙʤʝʞʝʥʘ ʛʣʠʙʠʥʘ, 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʯʘʩʫ 

ʜʦʙʠ ʪʘ ʪʝʧʣʦʚʦʾ ʽʥʝʨʮʽʾ 

ˇʨʫʥʪʫ. 

ʉʝʨʝʜʥʷ (ʷʢ 

ʜʦʧʦʤʽʞʥʠʡ ʢʘʥʘʣ). 

ʄʫʣʴʪʠʩʝʥʩʦʨʥʽ 

ʨʦʙʦʪʠʟʦʚʘʥʽ 

ʧʣʘʪʬʦʨʤʠ [5, 10] 

ʂʦʤʧʣʝʢʩʥʝ ʚʠʷʚʣʝʥʥʷ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ɺʅʇ, ʚʠʩʦʢʘ 

ʪʦʯʥʽʩʪʴ, ʜʠʩʪʘʥʮʽʡʥʽʩʪʴ, 

ʢʘʨʪʫʚʘʥʥʷ. 

ɺʠʩʦʢʘ ʩʢʣʘʜʥʽʩʪʴ ʪʘ 

ʚʘʨʪʽʩʪʴ, ʧʦʪʨʝʙʘ ʫ 

ʧʦʪʫʞʥʠʭ ʦʙʯʠʩʣʝʥʥʷʭ 

ʜʣʷ ʬʫʟʽʾ ʜʘʥʠʭ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ɺʠʩʦʢʘ (ʻ 

ʧʨʦʪʦʪʠʧʦʤ ʜʣʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ). 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʋʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʝʤʣʝʨʠʡʥʦʾ ʪʝʭʥʽʢʠ ʚ ʋʢʨʘʾʥʽ.  

ʋʢʨʘʾʥʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʪʠʧʽʚ ˇʨʫʥʪʽʚ: ʧʽʩʢʠ, ʩʫʛʣʠʥʢʠ, ʛʣʠʥʠ, 

ʯʦʨʥʦʟʝʤʠ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʧʘʨʘʤʝʪʨʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʪʘ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. 

ʊʝʨʠʪʦʨʽʷ ʯʘʩʪʦ ʤʘʻ ʤʝʪʘʣʝʚʝ ʟʘʩʤʽʯʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʜʨʦʪʫ, ʫʣʘʤʢʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʩʪʚʦʨʶʻ 

ʜʦʜʘʪʢʦʚʽ ʪʨʫʜʥʦʱʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ɺʅʇ. ʈʝʞʠʤʠ ʨʦʙʦʪʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʦʰʘʨʦʚʝ ʟʥʷʪʪʷ ˇʨʫʥʪʫ 

ʪʦʚʱʠʥʦʶ 50ï300 ʤʤ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ 0,2ï0,6 ʤ/ʩ ʪʘ ʛʣʠʙʠʥʽ ʢʦʧʘʥʥʷ 

ʜʦ 2,5ï4,0 ʤ. 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʽʚ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʚʠʷʚʣʝʥʥʷ.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʛʝʦʨʘʜʘʨʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ (Ů) 

ʪʘ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ˇʨʫʥʪʫ. ɼʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ˇʨʫʥʪʽʚ, ʧʦʰʠʨʝʥʠʭ ʚ ʋʢʨʘʾʥʽ, ʮʽ 

ʧʘʨʘʤʝʪʨʠ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʩʠʩʪʝʤʠ. 

ʆʨʽʻʥʪʦʚʥʽ ʟʥʘʯʝʥʥʷ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 2. 

ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʠʩʪʝʤʠ.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʤʫʣʴʪʠʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ɺʅʇ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʬʦʥʫ. ʆʩʥʦʚʥʠʤʠ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʤʠ 
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ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʻ: ɺʦʣʦʛʽʩʪʴ ʪʘ ʪʠʧ ˇʨʫʥʪʫ: ɺʠʩʦʢʠʡ ʚʤʽʩʪ ʚʦʣʦʛʠ ʚ 

ʩʫʛʣʠʥʢʘʭ ʪʘ ʯʦʨʥʦʟʝʤʘʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʘʪʫʭʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ GPR-

ʜʽʘʧʘʟʦʥʫ (400ï900 ʄɻʮ), ʱʦ ʟʤʝʥʰʫʻ ʛʣʠʙʠʥʫ ʟʦʥʜʫʚʘʥʥʷ. ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʮʴʦʛʦ ʝʬʝʢʪʫ ʚ 

ʘʣʛʦʨʠʪʤʽ CNN ʧʝʨʝʜʙʘʯʝʥʦ ʘʜʘʧʪʠʚʥʝ ʧʦʩʠʣʝʥʥʷ ʩʠʛʥʘʣʫ ʟʘʣʝʞʥʦ ʚʽʜ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ 

ʩʝʨʝʜʦʚʠʱʘ. ʄʝʪʘʣʝʚʝ ʟʘʩʤʽʯʝʥʥʷ: ʅʘʷʚʥʽʩʪʴ ʜʨʽʙʥʠʭ ʤʝʪʘʣʝʚʠʭ ʫʣʘʤʢʽʚ, ʜʨʦʪʫ ʘʙʦ ʛʽʣʴʟ ʩʪʚʦʨʶʻ 

ʽʥʪʝʥʩʠʚʥʠʡ ʤʘʛʥʽʪʥʠʡ ʰʫʤ ʜʣʷ ʤʘʛʥʽʪʦʛʨʘʜʽʻʥʪʥʦʛʦ ʜʘʪʯʠʢʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ LSTM-ʤʝʨʝʞ 

ʜʦʟʚʦʣʷʻ ʬʽʣʴʪʨʫʚʘʪʠ ʪʘʢʽ ʟʘʚʘʜʠ ʟʘ ʨʘʭʫʥʦʢ ʘʥʘʣʽʟʫ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʠʛʥʘʣʫ, ʱʦ 

ʚʽʜʨʽʟʥʷʻ ʢʦʤʧʘʢʪʥʽ ʦʙôʻʢʪʠ (ʫʣʘʤʢʠ) ʚʽʜ ʤʘʩʠʚʥʠʭ ɺʅʇ. ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʥʘʚʝʜʝʥʥʷ: ʈʦʙʦʪʘ 

ʜʚʠʛʫʥʘ ʪʘ ʛʽʜʨʦʩʠʩʪʝʤ ʟʝʤʣʝʨʠʡʥʦʾ ʪʝʭʥʽʢʠ ʩʪʚʦʨʶʻ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʟʘʚʘʜʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʷ 

IMU ʪʘ ʝʢʨʘʥʦʚʘʥʠʭ ʢʦʨʧʫʩʽʚ ʩʝʥʩʦʨʽʚ IP65 ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʧʣʠʚ ʚʽʙʨʘʮʽʡ ʪʘ ʥʘʚʝʜʝʥʴ ʥʘ 

ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

 

ʊʘʙʣʠʮʷ 2 ï ɽʣʝʢʪʨʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ˇʨʫʥʪʽʚ ʋʢʨʘʾʥʠ 

Table 2 ï Electrophysical parameters of the main soil types in Ukraine 

 

ʊʠʧ ˇʨʫʥʪʫ (ʩʪʘʥ) 

ɺʽʜʥʦʩʥʘ 

ʜʽʝʣʝʢʪʨʠʯʥʘ 

ʧʨʦʥʠʢʥʽʩʪʴ (Ů) 

ʇʠʪʦʤʠʡ 

ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ 

(ʆʤĿʤ) 

ʇʨʦʛʥʦʟʦʚʘʥʘ ʛʣʠʙʠʥʘ 

ʟʦʥʜʫʚʘʥʥʷ GPR  

(400 ʄɻʮ), ʤ 

ʇʽʩʦʢ (ʩʫʭʠʡ) 3-6 >1000 ʜʦ 2.5 

ʇʽʩʦʢ (ʚʦʣʦʛʠʡ) 10-20 100-500 ʜʦ 1.2 

ʉʫʛʣʠʥʦʢ (ʚʦʣʦʛʠʡ) 10-15 50-100 ʜʦ 0.8-1.0 

ɻʣʠʥʘ (ʚʦʣʦʛʘ) 15-40 10-50 ʜʦ 0.5-0.7 

ʏʦʨʥʦʟʝʤ (ʧʦʤʽʨʥʦ 

ʚʦʣʦʛʠʡ) 
8-15 80-200 ʜʦ 1.0-1.3 

 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʧʨʝʜʤʝʪʽʚ.  

ɺʅʇ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʟʘ ʤʘʪʝʨʽʘʣʦʤ (ʤʝʪʘʣʝʚʽ, ʢʦʤʙʽʥʦʚʘʥʽ, ʧʣʘʩʪʠʢʦʚʽ), ʟʘ ʛʝʦʤʝʪʨʽʻʶ 

(ʮʠʣʽʥʜʨʠʯʥʽ, ʜʠʩʢʦʧʦʜʽʙʥʽ, ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ) ʪʘ ʟʘ ʛʣʠʙʠʥʦʶ ʟʘʣʷʛʘʥʥʷ: ʧʦʚʝʨʭʥʝʚʽ (0ï100 ʤʤ), 

ʤʽʣʢʦʟʘʣʷʛʘʶʯʽ (100ï300 ʤʤ), ʟʘʛʣʠʙʣʝʥʽ (300ï1500 ʤʤ). ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʪʠʧʽʚ ɺʅʇ ʚʠʤʘʛʘʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʫʣʴʪʠʩʝʥʩʦʨʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ. 

ɺʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ.  

ʉʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʝʟʧʝʨʝʨʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʟʦʥʠ ʧʝʨʝʜ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʟ 

ʛʣʠʙʠʥʦʶ ʟʦʥʜʫʚʘʥʥʷ ʥʝ ʤʝʥʰʝ 0,6 ʤ ʪʘ ʯʘʩʪʦʪʦʶ ʦʥʦʚʣʝʥʥʷ ʥʝ ʤʝʥʰʝ 10 ɻʮ. ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʫʤʦʚʠ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʨʦʙʦʪʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜ ī20 ʜʦ +45 ÁC, ʚʽʙʨʘʮʽʷʭ ʜʦ 5 g ʪʘ ʟʘʭʠʩʪ IP65. ʄʘʩʘ 

ʩʝʥʩʦʨʥʦʛʦ ʤʦʜʫʣʷ ʦʙʤʝʞʫʻʪʴʩʷ 40ï60 ʢʛ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʤʦʥʪʘʞʫ ʥʘ ʩʝʨʽʡʥʫ ʪʝʭʥʽʢʫ. 

ʄʫʣʴʪʠʩʝʥʩʦʨʥʠʡ ʙʣʦʢ ʚʢʣʶʯʘʻ: ʛʝʦʨʘʜʘʨ (GPR) ʜʽʘʧʘʟʦʥʫ 400ï900 ʄɻʮ ʟ 2 ʢʘʥʘʣʘʤʠ 

ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʟ ʨʽʟʥʦʶ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ; ʤʘʛʥʽʪʦʛʨʘʜʽʻʥʪʥʠʡ ʜʘʪʯʠʢ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʦʙôʻʢʪʽʚ; ʽʥʬʨʘʯʝʨʚʦʥʠʡ (ɯʏ) ʩʝʥʩʦʨ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʘʥʦʤʘʣʽʡ; 

ʽʥʝʨʮʽʡʥʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʤʦʜʫʣʴ (IMU) ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʨʫʭʫ ʧʣʘʪʬʦʨʤʠ. ɿʦʥʘ ʩʢʘʥʫʚʘʥʥʷ 

ʧʦʚʠʥʥʘ ʧʦʢʨʠʚʘʪʠ ʬʨʦʥʪ 1,5ï2 ʤ ʧʝʨʝʜ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʥʘ ʛʣʠʙʠʥʫ 0,6ï0,8 ʤ. 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʩʝʥʩʦʨʽʚ.  

ɺʠʙʽʨ ʜʽʘʧʘʟʦʥʫ GPR 400ï900 ʄɻʮ ʻ ʢʦʤʧʨʦʤʽʩʥʠʤ ʨʽʰʝʥʥʷʤ: ʥʠʞʥʽ ʯʘʩʪʦʪʠ (400 ʄɻʮ) 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰʫ ʛʣʠʙʠʥʫ ʟʦʥʜʫʚʘʥʥʷ (ʜʦ 2,5 ʤ ʫ ʩʫʭʠʭ ʧʽʩʢʘʭ), ʘʣʝ ʤʘʶʪʴ ʥʠʞʯʫ ʨʦʟʜʽʣʴʥʫ 

ʟʜʘʪʥʽʩʪʴ, ʪʦʜʽ ̫ ʢ ʚʠʱʽ (900 ʄɻʮ) ʜʦʟʚʦʣʷʶʪʴ ʢʨʘʱʝ ʨʦʟʨʽʟʥʷʪʠ ʤʘʣʽ ʦʙ'ʻʢʪʠ, ʘʣʝ ʥʘ ʤʝʥʰʽʡ ʛʣʠʙʠʥʽ 

[2, 9]. ʄʘʛʥʽʪʦʛʨʘʜʽʻʥʪʥʠʡ ʜʘʪʯʠʢ ʦʙʨʘʥʦ ʯʝʨʝʟ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʚʠʷʚʣʷʪʠ ʥʘʚʝʜʝʥʽ ʤʘʛʥʽʪʥʽ ʧʦʣʷ ʚʽʜ 

ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ɺʅʇ, ʚʢʣʶʯʘʶʯʠ ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʤʝʪʘʣʫ ʚ ʩʫʯʘʩʥʠʭ ʤʽʥʘʭ. ɯʏ-

ʩʝʥʩʦʨ (ʪʝʧʣʦʚʽʟʦʨ) ʜʦʟʚʦʣʷʻ ʬʽʢʩʫʚʘʪʠ ʪʝʨʤʽʯʥʽ ʘʥʦʤʘʣʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʥʘʜ 
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ʤʽʣʢʦʟʘʣʷʛʘʶʯʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʚʥʘʩʣʽʜʦʢ ʨʽʟʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ [3, 8]. IMU ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ 

ʜʣʷ ʢʦʨʝʢʮʽʾ ʧʦʣʦʞʝʥʥʷ ʩʝʥʩʦʨʽʚ ʥʘ ʨʫʭʦʤʽʡ ʧʣʘʪʬʦʨʤʽ, ʱʦ ʟʘʟʥʘʻ ʚʽʙʨʘʮʽʡ ʪʘ ʧʝʨʝʤʽʱʝʥʴ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʫ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ.  

ʉʠʩʪʝʤʘ ʦʙʨʦʙʢʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʙʘʛʘʪʦʨʽʚʥʝʚʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1: ʧʝʨʰʠʡ 

ʨʽʚʝʥʴ ï ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ (ʬʽʣʴʪʨʘʮʽʷ ʰʫʤʽʚ, ʢʦʤʧʝʥʩʘʮʽʷ ʨʫʭʫ); ʜʨʫʛʠʡ ʨʽʚʝʥʴ ï 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (CNN) ʜʣʷ ʦʙʨʦʙʢʠ GPR-ʜʘʥʠʭ ʪʘ ʨʝʢʫʨʝʥʪʥʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (LSTM) ʜʣʷ ʘʥʘʣʽʟʫ ʤʘʛʥʽʪʥʠʭ ʩʠʛʥʘʣʽʚ; ʪʨʝʪʽʡ ʨʽʚʝʥʴ ï Bayesian fusion ʜʣʷ 

ʽʥʪʝʛʨʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʨʽʟʥʠʭ ʩʝʥʩʦʨʽʚ; ʯʝʪʚʝʨʪʠʡ ʨʽʚʝʥʴ ï ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ɺʅʇ 

ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʩʠʛʥʘʣʽʚ. 

ʉʠʩʪʝʤʘ ʦʙʨʦʙʢʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʙʘʛʘʪʦʨʽʚʥʝʚʽʡ ʘʨʭʽʪʝʢʪʫʨʽ (ʨʠʩ. 1): 

ʈʽʚʝʥʴ 1 ï ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ: ʬʽʣʴʪʨʘʮʽʷ ʰʫʤʽʚ, ʢʦʤʧʝʥʩʘʮʽʷ ʨʫʭʫ. 

ʈʽʚʝʥʴ 2 ï ʥʝʡʨʦʤʝʨʝʞʝʚʘ ʦʙʨʦʙʢʘ: CNN ʜʣʷ GPR-ʜʘʥʠʭ, LSTM ʜʣʷ ʤʘʛʥʽʪʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʈʽʚʝʥʴ 3 ï ʙʘʡʻʩʽʚʩʴʢʘ ʽʥʪʝʛʨʘʮʽʷ (Bayesian integration): ʦʙ'ʻʜʥʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʽʟʥʠʭ 

ʩʝʥʩʦʨʽʚ. 

ʈʽʚʝʥʴ 4 ï ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ: ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʩʠʛʥʘʣʽʚ (ʧʦʧʝʨʝʜʞʝʥʥʷ / 

ʙʣʦʢʫʚʘʥʥʷ). 

ʅʘ ʨʠʩʫʥʢʫ 1 ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʦ ʧʦʪʦʢʠ ʜʘʥʠʭ: ʩʠʛʥʘʣʠ ʚʽʜ ʩʝʥʩʦʨʽʚ ʥʘʜʭʦʜʷʪʴ ʥʘ ʙʣʦʢ 

ʬʽʣʴʪʨʘʮʽʾ, ʜʘʣʽ ʧʘʨʘʣʝʣʴʥʦ ʦʙʨʦʙʣʷʶʪʴʩʷ CNN (ʜʣʷ GPR) ʪʘ LSTM (ʜʣʷ ʤʘʛʥʽʪʥʠʭ ʜʘʥʠʭ), ʧʽʩʣʷ 

ʯʦʛʦ ʨʝʟʫʣʴʪʘʪʠ ʽʥʪʝʛʨʫʶʪʴʩʷ ʙʘʡʻʩʽʚʩʴʢʠʤ ʤʝʪʦʜʦʤ, ʽ ʥʘ ʚʠʭʦʜʽ ʬʦʨʤʫʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 

ɺʅʇ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

Figure 1 ï Data processing system architecture. 

 

ɸʣʛʦʨʠʪʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ.  

ɼʣʷ ʦʙʨʦʙʢʠ GPR-ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ CNN ʘʨʭʽʪʝʢʪʫʨʠ ʟ 5 ʰʘʨʘʤʠ ʢʦʥʚʦʣʶʮʽʾ ʪʘ 2 

ʧʦʚʥʦʟʚôʷʟʥʠʤʠ ʰʘʨʘʤʠ. ʄʘʛʥʽʪʥʽ ʯʘʩʦʚʽ ʨʷʜʠ ʦʙʨʦʙʣʷʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ LSTM ʟ 3 ʰʘʨʘʤʠ ʧʦ 

128 ʦʜʠʥʠʮʴ ʢʦʞʝʥ. 

 
ʈʠʩʫʥʦʢ 2 ï ɹʣʦʢ-ʩʭʝʤʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

Figure 2 ï Block diagram of the intelligent systemôs data processing 
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ɯʥʪʝʛʨʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʝʪʦʜʦʤ Bayesian fusion ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʧʨʽʦʨʥʠʭ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ˇʨʫʥʪʽʚ, ʘʣʛʦʨʠʪʤ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ɺʅʇ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 3. 

ʂʨʠʪʝʨʽʾ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ: ʧʨʠ P(ɺʅʇ) > 0,95 ï ʘʚʪʦʤʘʪʠʯʥʝ ʙʣʦʢʫʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ, ʧʨʠ 

0,85 < P Ò 0,95 ï ʧʦʧʝʨʝʜʞʝʥʥʷ ʦʧʝʨʘʪʦʨʫ. ɸ ʦʪʞʝ: 

ï CNN ʜʣʷ GPR-ʨʘʜʘʨʦʛʨʘʤ: ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 1D CNN ʟ 5 ʟʛʦʨʪʢʦʚʠʤʠ ʰʘʨʘʤʠ ʪʘ 2 

ʧʦʚʥʦʟʚ'ʷʟʥʠʤʠ ʰʘʨʘʤʠ. ɺʭʽʜ ï A-ʩʢʘʥʠ (ʘʤʧʣʽʪʫʜʘ vs ʛʣʠʙʠʥʘ). ɸʨʭʽʪʝʢʪʫʨʘ ʚʢʣʶʯʘʻ ʰʘʨʠ: 

ʚʭʽʜʥʠʡ, ʟʛʦʨʪʢʘïReLUïʧʽʜʚʠʙʽʨʢʘ, ʧʝʨʝʪʚʦʨʝʥʥʷ, ʧʦʚʥʦʟʚ'ʷʟʥʽ, softmax ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ (ʬʦʥ / 

ɺʅʇ / ʤʝʪʘʣʝʚʝ ʩʤʽʪʪʷ) [1, 4]. 

ï LSTM ʜʣʷ ʤʘʛʥʽʪʥʠʭ ʩʠʛʥʘʣʽʚ: ʤʝʨʝʞʘ ʟ 3 ʰʘʨʘʤʠ ʧʦ 128 ʦʜʠʥʠʮʴ ʦʙʨʦʙʣʷʻ ʯʘʩʦʚʽ ʨʷʜʠ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʚʠʷʚʣʷʶʯʠ ʜʦʚʛʦʪʨʠʚʘʣʽ ʟʘʣʝʞʥʦʩʪʽ ʪʘ ʚʽʜʨʽʟʥʷʶʯʠ ʢʦʤʧʘʢʪʥʽ ɺʅʇ ʚʽʜ ʧʨʦʪʷʞʥʠʭ 

ʫʣʘʤʢʽʚ [1, 4]. 

ï ɹʘʡʻʩʽʚʩʴʢʘ ʽʥʪʝʛʨʘʮʽʷ (Bayesian integration): ʨʝʟʫʣʴʪʘʪʠ CNN ʪʘ LSTM (ʡʤʦʚʽʨʥʦʩʪʽ 

ʢʣʘʩʽʚ) ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʘʧʨʽʦʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ (ʪʠʧ ˇʨʫʥʪʫ, ʛʣʠʙʠʥʘ, ʜʘʥʽ ɯʏ) ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʘʧʦʩʪʝʨʽʦʨʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʷʚʥʦʩʪʽ ɺʅʇ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʭʦʜʫ, ʙʣʠʟʴʢʦʛʦ ʜʦ ʤʝʪʦʜʫ ɼʝʤʧʩʪʝʨʘ-

ʐʘʬʝʨʘ, ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʢʦʤʙʽʥʫʚʘʪʠ ʩʚʽʜʯʝʥʥʷ ʚʽʜ ʨʽʟʥʦʨʽʜʥʠʭ ʩʝʥʩʦʨʽʚ [7]. ɻʽʧʝʨʧʘʨʘʤʝʪʨʠ 

ʥʝʡʨʦʤʝʨʝʞ ʤʦʞʫʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠʩʷ ʙʘʡʻʩʽʚʩʴʢʠʤʠ ʤʝʪʦʜʘʤʠ [1, 4]. 

ʅʘ ʨʠʩʫʥʢʫ 3 ʥʘʚʝʜʝʥʦ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ɺʅʇ, ʷʢʠʡ ʽʣʶʩʪʨʫʻ ʣʦʛʽʢʫ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʧʦʨʦʛʦʚʠʭ ʟʥʘʯʝʥʴ ʡʤʦʚʽʨʥʦʩʪʽ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ɸʣʛʦʨʠʪʤ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ɺʅʇ 

Figure 3 ï Algorithm of the VNP detection system 

 

ɼʝʪʘʣʽʟʘʮʽʷ ʘʨʭʽʪʝʢʪʫʨ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ɸʨʭʽʪʝʢʪʫʨʘ CNN ʜʣʷ GPR-ʨʘʜʘʨʦʛʨʘʤ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʥʦʚʠʤʽʨʥʘ ʟʛʦʨʪʢʦʚʘ ʥʝʡʨʦʥʥʘ 

ʤʝʨʝʞʘ (1D CNN), ʷʢʘ ʦʪʨʠʤʫʻ ʥʘ ʚʭʽʜ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʦʙʣʝʥʠʡ A-ʩʢʘʥ (ʘʤʧʣʽʪʫʜʘ ʩʠʛʥʘʣʫ ʚʽʜ 

ʯʘʩʫ/ʛʣʠʙʠʥʠ). ʊʠʧʦʚʘ ʘʨʭʽʪʝʢʪʫʨʘ ʚʢʣʶʯʘʻ: ʚʭʽʜʥʠʡ ʰʘʨ (sequenceInputLayer), ʜʝʢʽʣʴʢʘ ʙʣʦʢʽʚ 

"ʟʛʦʨʪʢʘ (convolution1dLayer) ï ReLU ï ʧʽʜʚʠʙʽʨʢʘ (maxPooling1dLayer)" ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʽʻʨʘʨʭʽʯʥʠʭ 

ʦʟʥʘʢ, ʰʘʨ ʧʝʨʝʪʚʦʨʝʥʥʷ (flattenLayer) ʜʣʷ ʧʝʨʝʭʦʜʫ ʜʦ ʧʦʚʥʦʟʚ'ʷʟʥʦʾ ʯʘʩʪʠʥʠ, ʧʨʠʭʦʚʘʥʽ 

ʧʦʚʥʦʟʚ'ʷʟʥʽ   

 

ʰʘʨʠ (fullyConnectedLayer) ʪʘ ʚʠʭʽʜʥʠʡ ʰʘʨ ʟ softmax-ʘʢʪʠʚʘʮʽʻʶ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ (ʬʦʥ / ɺʅʇ / 

ʤʝʪʘʣʝʚʝ ʩʤʽʪʪʷ) [1, 4]. 

ɸʨʭʽʪʝʢʪʫʨʘ LSTM ʜʣʷ ʤʘʛʥʽʪʥʠʭ ʩʠʛʥʘʣʽʚ. LSTM ʤʝʨʝʞʘ ʝʬʝʢʪʠʚʥʦ ʦʙʨʦʙʣʷʻ ʯʘʩʦʚʽ ʨʷʜʠ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʤʽʥʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʨʫʩʽ ʜʘʪʯʠʢʘ ʥʘʜ ʦʙ'ʻʢʪʦʤ. ɺʦʥʘ ʟʜʘʪʥʘ ʟʘʧʘʤ'ʷʪʦʚʫʚʘʪʠ 

ʜʦʚʛʦʪʨʠʚʘʣʽ ʟʘʣʝʞʥʦʩʪʽ ʫ ʩʠʛʥʘʣʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʨʽʟʥʷʪʠ ʢʦʤʧʘʢʪʥʠʡ ɺʅʇ ʚʽʜ ʧʨʦʪʷʞʥʠʭ 

ʤʝʪʘʣʝʚʠʭ ʫʣʘʤʢʽʚ. ɺʭʽʜʥʠʡ ʰʘʨ ʧʨʠʡʤʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʽʜʣʽʢʽʚ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʦʜʠʥ ʘʙʦ ʜʝʢʽʣʴʢʘ ʰʘʨʽʚ LSTM (lstmLayer), ʧʽʩʣʷ ʯʦʛʦ ʦʩʪʘʥʥʽʡ ʚʠʭʽʜ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʦʜʘʻʪʴʩʷ 

ʥʘ ʧʦʚʥʦʟʚ'ʷʟʥʠʡ ʰʘʨ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ [1, 4]. 

ɯʥʪʝʛʨʘʮʽʷ ʟ Bayesian fusion. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ CNN ʪʘ LSTM (ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʣʝʞʥʦʩʪʽ 

ʦʙ'ʻʢʪʘ ʜʦ ʧʝʚʥʠʭ ʢʣʘʩʽʚ) ʥʘʜʭʦʜʷʪʴ ʜʦ ʙʣʦʢʫ ʙʘʡʻʩʽʚʩʴʢʦʾ ʬʫʟʽʾ. ʊʫʪ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʧʨʽʦʨʥʦʾ 
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ʽʥʬʦʨʤʘʮʽʾ (ʪʠʧ ˇʨʫʥʪʫ, ʛʣʠʙʠʥʘ, ʜʘʥʽ ʟ ɯʏ-ʩʝʥʩʦʨʘ), ʦʙʯʠʩʣʶʻʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʘ ʘʧʦʩʪʝʨʽʦʨʥʘ 

ʡʤʦʚʽʨʥʽʩʪʴ ʥʘʷʚʥʦʩʪʽ ɺʅʇ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʡʻʩʽʚʩʴʢʦʛʦ ʧʽʜʭʦʜʫ, ʙʣʠʟʴʢʦʛʦ ʜʦ ʤʝʪʦʜʫ ɼʝʤʧʩʪʝʨʘ-

ʐʘʬʝʨʘ, ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʢʦʤʙʽʥʫʚʘʪʠ ʩʚʽʜʯʝʥʥʷ ʚʽʜ ʨʽʟʥʦʨʽʜʥʠʭ ʩʝʥʩʦʨʽʚ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʦʥʠ 

ʤʘʶʪʴ ʨʽʟʥʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ [7]. ɻʽʧʝʨʧʘʨʘʤʝʪʨʠ ʚʩʽʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

(ʰʚʠʜʢʽʩʪʴ ʥʘʚʯʘʥʥʷ, ʢʽʣʴʢʽʩʪʴ ʬʽʣʴʪʨʽʚ, ʢʽʣʴʢʽʩʪʴ ʧʨʠʭʦʚʘʥʠʭ ʦʜʠʥʠʮʴ) ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʜʘʪʢʦʚʦ 

ʦʧʪʠʤʽʟʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʙʘʡʻʩʽʚʩʴʢʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʤʘʢʩʠʤʽʟʘʮʽʾ ʪʦʯʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ 

[1, 4]. 

ʄʝʪʦʜʠ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ɺʅʇ.  

ɺʘʞʣʠʚʠʤ ʜʦʧʦʚʥʝʥʥʷʤ ʜʦ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ GPR ʪʘ ʤʘʛʥʽʪʦʤʝʪʨʽʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ ʜʣʷ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʟ ʦʧʪʠʯʥʠʭ ʪʘ ʪʝʧʣʦʚʽʟʽʡʥʠʭ ʩʝʥʩʦʨʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ 

ʤʦʙʽʣʴʥʠʭ ʧʣʘʪʬʦʨʤʘʭ. ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʦʛʣʷʜʽ [14], ʮʝ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʧʦʚʝʨʭʥʝʚʽ ɺʅʇ ʪʘ ʘʥʦʤʘʣʽʾ 

ˇʨʫʥʪʫ, ʷʢʽ ʤʦʞʫʪʴ ʚʢʘʟʫʚʘʪʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʟʘʛʣʠʙʣʝʥʠʭ ʦʙ'ʻʢʪʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ Baur ʪʘ ʩʧʽʚʘʚʪʦʨʽʚ 

[16] ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (CNN) ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʷʚʣʝʥʥʷ ʤʽʥ, ʱʦ ʨʦʟʢʠʜʘʶʪʴʩʷ ʜʠʩʪʘʥʮʽʡʥʦ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ 

ʘʧʘʨʘʪʽʚ. ɺ ʨʦʙʦʪʽ [16] ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ 

ʜʦʮʽʣʴʥʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʦʧʪʠʯʥʦʛʦ ʢʘʥʘʣʫ ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʩʠʩʪʝʤʫ. 

ɯʥʪʝʛʨʘʮʽʷ ʜʘʥʠʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ.  

ʂʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʩʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʚʽʜ ʨʽʟʥʠʭ ʩʝʥʩʦʨʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ Qiu ʪʘ 

ʩʧʽʚʘʚʪʦʨʽʚ [17] ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʦ ʝʬʝʢʪʠʚʥʽʩʪʴ "ʩʧʽʣʴʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʾ" (joint fusion 

and detection) ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ ʩʝʥʩʦʨʘʭ ʥʘ ʙʝʟʧʽʣʦʪʥʠʭ 

ʧʣʘʪʬʦʨʤʘʭ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʜʠʩʪʘʥʮʽʡʥʦ ʚʩʪʘʥʦʚʣʶʚʘʥʠʭ ʤʽʥ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʘʚʠʣʴʥʽʩʪʴ ʦʙʨʘʥʦʾ 

ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʘʨʭʽʪʝʢʪʫʨʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʡʻʩʽʚʩʴʢʦʾ ʽʥʪʝʛʨʘʮʽʾ (Bayesian integration) ʜʣʷ 

ʧʦʻʜʥʘʥʥʷ ʨʽʟʥʦʨʽʜʥʠʭ ʜʘʥʠʭ. ʂʨʽʤ ʪʦʛʦ, ʘʥʘʣʽʟ GPR-ʜʘʥʠʭ ʤʦʞʝ ʙʫʪʠ ʧʦʢʨʘʱʝʥʠʡ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʣʠʰʝ ʦʜʥʦʚʠʤʽʨʥʠʭ A-ʩʢʘʥʽʚ, ʘ ʡ ʜʚʦʚʠʤʽʨʥʠʭ B-ʩʢʘʥʽʚ (ʨʘʜʘʨʦʛʨʘʤ), ʜʝ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʚʠʜʽʣʝʥʥʷ ʦʟʥʘʢ, ʧʦʜʽʙʥʽ ʜʦ ʪʠʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʤʧ'ʶʪʝʨʥʦʤʫ 

ʟʦʨʽ, ʥʘʧʨʠʢʣʘʜ, ʛʽʩʪʦʛʨʘʤʠ ʦʨʽʻʥʪʦʚʘʥʠʭ ʛʨʘʜʽʻʥʪʽʚ (HOG) [14]. 

ʉʫʯʘʩʥʽ ʚʠʢʣʠʢʠ ʪʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʠʡ ʧʨʦʛʨʝʩ ʫ ʨʦʟʚʠʪʢʫ ʩʝʥʩʦʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ɺʅʇ ʥʘ ʟʝʤʣʝʨʠʡʥʽʡ ʪʝʭʥʽʮʽ 

ʩʪʠʢʘʻʪʴʩʷ ʟ ʥʠʟʢʦʶ ʚʠʢʣʠʢʽʚ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʨʽʰʝʥʥʷ. 

ʊʝʭʥʽʯʥʽ ʚʠʢʣʠʢʠ.  

ʇʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʩʝʥʩʦʨʽʚ ʚ ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʚʥʠʭ 

ʚʽʙʨʘʮʽʡ, ʧʠʣʫ ʪʘ ʟʤʽʥʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʽʚ. ʗʢ ʧʦʢʘʟʘʥʦ ʚ 

ʜʦʩʣʽʜʞʝʥʥʽ [7], ʽʥʪʝʛʨʘʮʽʷ ʨʽʟʥʦʨʽʜʥʠʭ ʩʝʥʩʦʨʽʚ ʥʘ ʻʜʠʥʽʡ ʨʦʙʦʪʠʟʦʚʘʥʽʡ ʧʣʘʪʬʦʨʤʽ ʚʠʤʘʛʘʻ 

ʨʦʟʨʦʙʢʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟ 

ʯʘʩʪʦʪʦʶ ʥʝ ʤʝʥʰʝ 10 ɻʮ. ʂʨʽʤ ʪʦʛʦ, ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʪʠʧʽʚ ˇʨʫʥʪʽʚ (ʪʘʙʣ. 2) ʧʦʪʨʝʙʫʻ ʘʜʘʧʪʠʚʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, ʟʜʘʪʥʠʭ ʘʚʪʦʤʘʪʠʯʥʦ ʧʽʜʣʘʰʪʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʩʢʘʥʫʚʘʥʥʷ ʟʘʣʝʞʥʦ 

ʚʽʜ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱʘ [6, 11]. 

ɽʢʦʥʦʤʽʯʥʘ ʜʦʮʽʣʴʥʽʩʪʴ.  

ɺʘʨʪʽʩʪʴ ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʫʣʴʪʠʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʤʘʻ ʙʫʪʠ ʝʢʦʥʦʤʽʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʘ. ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʢʦʤʝʨʮʽʡʥʠʭ ʜʝʪʝʢʪʦʨʽʚ [13] ʧʦʢʘʟʫʻ, ʱʦ ʚʘʨʪʽʩʪʴ ʧʨʦʤʠʩʣʦʚʠʭ 

ʛʝʦʨʘʜʘʨʽʚ  ʪʘ  ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʠʭ  ʢʘʤʝʨ  ʤʦʞʝ  ʩʷʛʘʪʠ  ʜʝʩʷʪʢʽʚ  ʪʠʩʷʯ  ʜʦʣʘʨʽʚ.  ʆʜʥʘʢ,  ʷʢ 

ʩʚʽʜʯʘʪʴ 

 

ʨʦʟʨʘʭʫʥʢʠ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʧʨʦʩʪʦʾ ʪʝʭʥʽʢʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʨʫʯʥʠʤ 

ʨʦʟʤʽʥʫʚʘʥʥʷʤ, ʫ 2-3 ʨʘʟʠ [5, 10]. ɺʨʘʭʦʚʫʶʯʠ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʛʦʜʠʥʠ ʨʦʙʦʪʠ ʚʘʞʢʦʾ ʟʝʤʣʝʨʠʡʥʦʾ 

ʪʝʭʥʽʢʠ (ʝʢʩʢʘʚʘʪʦʨʠ, ʙʫʣʴʜʦʟʝʨʠ), ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ ʩʠʩʪʝʤʠ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʚʽʜ 6 ʜʦ 12 ʤʽʩʷʮʽʚ ʟʘ 

ʫʤʦʚʠ ʽʥʪʝʥʩʠʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʟʘʙʨʫʜʥʝʥʠʭ ʪʝʨʠʪʦʨʽʷʭ. 

ɯʥʪʝʛʨʘʮʽʷ ʟ ʽʩʥʫʶʯʠʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ.  
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ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʩʫʤʽʩʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟ CAN-ʰʠʥʦʶ ʩʫʯʘʩʥʦʾ ʪʝʭʥʽʢʠ 

ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʙʣʦʢʫʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ. ʗʢ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʚ ʨʦʙʦʪʽ [7], ʯʘʩ ʨʝʘʢʮʽʾ 

ʩʠʩʪʝʤʠ 40-50 ʤʩ ʻ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʧʝʨʝʜʘʯʽ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʽ ʢʣʘʧʘʥʠ ʪʘ 

ʛʘʨʘʥʪʦʚʘʥʦʾ ʟʫʧʠʥʢʠ ʩʪʨʽʣʠ ʝʢʩʢʘʚʘʪʦʨʘ ʜʦ ʢʦʥʪʘʢʪʫ ʟ ɺʅʇ. ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʤʽʞʥʘʨʦʜʥʠʭ 

ʩʪʘʥʜʘʨʪʽʚ ʙʝʟʧʝʢʠ ʜʣʷ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʨʦʟʤʽʥʫʚʘʥʥʷ [4]. 

ʃʶʜʩʴʢʠʡ ʬʘʢʪʦʨ.  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʨʦʣʴ ʦʧʝʨʘʪʦʨʘ ʟʘʣʠʰʘʻʪʴʩʷ ʢʣʶʯʦʚʦʶ. 

ʉʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʡ ʽʥʪʝʨʬʝʡʩ (HMI), ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʥʝ ʣʠʰʝ ʬʘʢʪ 

ʚʠʷʚʣʝʥʥʷ, ʘʣʝ ʡ ʩʪʫʧʽʥʴ ʚʧʝʚʥʝʥʦʩʪʽ (ʡʤʦʚʽʨʥʽʩʪʴ), ʪʠʧ ʦʙ'ʻʢʪʘ ʪʘ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʽʾ 

(ʫʧʦʚʽʣʴʥʝʥʥʷ/ʟʫʧʠʥʢʘ). ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʧʦʷʩʥʶʚʘʣʴʥʦʛʦ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (XAI) 

ʜʦʟʚʦʣʠʪʴ ʦʧʝʨʘʪʦʨʫ ʨʦʟʫʤʽʪʠ, ʯʦʤʫ ʩʠʩʪʝʤʘ ʧʨʠʡʥʷʣʘ ʪʝ ʯʠ ʽʥʰʝ ʨʽʰʝʥʥʷ, ʱʦ ʧʽʜʚʠʱʠʪʴ ʜʦʚʽʨʫ 

ʜʦ ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʙʝʟʧʝʢʫ ʨʦʙʽʪ [8, 14]. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝʭʥʽʯʥʽ ʚʠʢʣʠʢʠ, ʝʢʦʥʦʤʽʯʥʘ 

ʜʦʮʽʣʴʥʽʩʪʴ ʪʘ ʧʦʪʝʥʮʽʡʥʝ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʨʦʙʣʷʪʴ ʨʦʟʨʦʙʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ɺʅʇ ʥʘ ʟʝʤʣʝʨʠʡʥʽʡ ʪʝʭʥʽʮʽ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʥʘʧʨʷʤʢʦʤ. 

ʆʯʽʢʫʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ.  

ʇʨʦʛʥʦʟʦʚʘʥʦ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʜʣʷ ʝʢʩʢʘʚʘʪʦʨʘ ʟ ʢʦʚʰʝʤ 

ʰʠʨʠʥʦʶ 1,2 ʤ ʪʘ ʛʣʠʙʠʥʦʶ ʢʦʧʘʥʥʷ 2,5 ʤ. ʇʨʦʛʥʦʟʦʚʘʥʽ ʝʤʫʣʷʮʽʾ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ˇʨʫʥʪʽʚ 

(ʩʫʧʽʱʘʥʽ, ʩʫʛʣʠʥʢʠ, ʯʦʨʥʦʟʝʤ) ʪʘ ɺʅʇ ʨʽʟʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 4. 

 

 
ʈʠʩʫʥʦʢ 4 ï ʆʯʽʢʫʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʠʤʫʣʷʮʽʾ. 

Figure 4 ï Expected simulation results. 

 

ʆʯʽʢʫʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʞʫʪʴ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ 95ï97%, ʨʽʚʝʥʴ ʭʠʙʥʠʭ ʩʧʨʘʮʶʚʘʥʴ 

8ï10%, ʛʣʠʙʠʥʫ ʟʦʥʜʫʚʘʥʥʷ ʜʣʷ ʧʣʘʩʪʠʢʦʚʠʭ ɺʅʇ 0,8 ʤ, ʜʣʷ ʤʝʪʘʣʝʚʠʭ ï 1,5 ʤ, ʯʘʩ ʦʙʨʦʙʢʠ 40ï50 

ʤʩ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʜʦ 0,5 ʤ/ʩ. 

ʉʮʝʥʘʨʽʾ ʦʯʽʢʫʚʘʥʦʾ ʨʦʙʦʪʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ (Use Cases).  

ʇʨʦʮʝʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʙʣʦʢʫ Bayesian fusion ʽ ʧʦʜʽʣʷʻʪʴʩʷ 

ʥʘ ʪʨʠ ʨʽʚʥʽ ʨʝʘʛʫʚʘʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʨʘʭʦʚʘʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʷʚʥʦʩʪʽ ʥʝʙʝʟʧʝʯʥʦʛʦ ʦʙ'ʻʢʪʘ 

(PVNP): 

ʉʮʝʥʘʨʽʡ 1: çʅʦʨʤʘʣʴʥʠʡ ʨʝʞʠʤè (PVNPÒ 0,85) 

ʉʪʘʪʫʩ: ɹʝʟʧʝʯʥʘ ʨʦʙʦʪʘ. 

ʆʧʠʩ: ʉʠʩʪʝʤʘ ʧʨʦʚʦʜʠʪʴ ʙʝʟʧʝʨʝʨʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʫ ʬʦʥʦʚʦʤʫ ʨʝʞʠʤʽ. ʆʧʝʨʘʪʦʨ ʙʘʯʠʪʴ 

ʟʝʣʝʥʠʡ ʽʥʜʠʢʘʪʦʨ ʥʘ ʤʦʥʽʪʦʨʽ. 

ʇʘʨʘʤʝʪʨʠ: ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 0,5 ʤ/ʩ. ɼʘʥʽ ʧʨʦ 

ʦʯʠʱʝʥʫ ʜʽʣʷʥʢʫ ʘʚʪʦʤʘʪʠʯʥʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʢʘʨʪʫʚʘʥʥʷ. 

ʉʮʝʥʘʨʽʡ 2: çʇʦʧʝʨʝʜʞʫʚʘʣʴʥʠʡ ʨʝʞʠʤè (0,85 < P VNPÒ 0,95) 

ʉʪʘʪʫʩ: ɺʠʷʚʣʝʥʦ ʧʽʜʦʟʨʽʣʠʡ ʦʙ'ʻʢʪ (ʘʥʦʤʘʣʽʶ). 
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ʆʧʠʩ: ʉʠʩʪʝʤʘ ʧʦʜʘʻ ʟʚʫʢʦʚʠʡ ʩʠʛʥʘʣ ʪʘ ʚʽʜʦʙʨʘʞʘʻ ʞʦʚʪʠʡ ʽʥʜʠʢʘʪʦʨ çWarningè. 

ɼʽʷ: ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʘʚʪʦʤʘʪʠʯʥʦ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 0,1ï0,2 ʤ/ʩ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʱʽʣʴʥʽʩʪʴ GPR-ʩʢʘʥʫʚʘʥʥʷ ʜʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʩʠʛʥʘʪʫʨʠ ʦʙ'ʻʢʪʘ 

ʥʝʡʨʦʥʥʦʶ ʤʝʨʝʞʝʶ CNN. 

ʉʮʝʥʘʨʽʡ 3: çɸʚʘʨʽʡʥʝ ʙʣʦʢʫʚʘʥʥʷè (PVNP> 0,95) 

ʉʪʘʪʫʩ: ɺʠʷʚʣʝʥʦ ɺʅʇ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʜʦʩʪʦʚʽʨʥʦʩʪʽ. 

ʆʧʠʩ: ʌʦʨʤʫʻʪʴʩʷ ʤʠʪʪʻʚʠʡ ʩʠʛʥʘʣ çBlockingè (ʯʝʨʚʦʥʠʡ ʽʥʜʠʢʘʪʦʨ). 

ɼʽʷ: ʉʠʩʪʝʤʘ ʥʘʜʩʠʣʘʻ ʢʝʨʫʶʯʠʡ ʩʠʛʥʘʣ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʢʣʘʧʘʥʠ ʛʽʜʨʦʩʠʩʪʝʤʠ ʪʝʭʥʽʢʠ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʚʥʦʛʦ ʟʫʧʠʥʝʥʥʷ ʩʪʨʽʣʠ ʝʢʩʢʘʚʘʪʦʨʘ ʘʙʦ ʚʽʜʚʘʣʫ ʙʫʣʴʜʦʟʝʨʘ. 

ʈʝʟʫʣʴʪʘʪ: ʏʘʩ ʨʝʘʢʮʽʾ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʻ 40ï50 ʤʩ, ʱʦ ʛʘʨʘʥʪʫʻ ʟʫʧʠʥʢʫ ʜʦ ʤʦʤʝʥʪʫ 

ʬʽʟʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʦʙ'ʻʢʪʦʤ. ʂʦʦʨʜʠʥʘʪʠ ʦʙ'ʻʢʪʘ ʬʽʢʩʫʶʪʴʩʷ ʯʝʨʝʟ GPS ʜʣʷ ʧʝʨʝʜʘʯʽ ʩʣʫʞʙʘʤʠ 

ɼʉʅʉ. 

ʆʯʽʢʫʚʘʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ 95-97% ʻ ʚʠʩʦʢʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ 

ʢʦʤʧʣʝʢʩʥʽʡ ʦʙʨʦʙʮʽ ʜʘʥʠʭ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʣʠʰʝ ʤʝʪʘʣʦʜʝʪʝʢʪʦʨʽʚ ʤʘʶʪʴ 

ʟʥʘʯʥʦ ʥʠʞʯʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʪʠ ʧʣʘʩʪʠʢʦʚʠʭ ʤʽʥ, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʰʝ GPR ʙʝʟ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʭʠʙʥʠʭ ʩʧʨʘʮʶʚʘʥʴ (ʟʘ ʜʝʷʢʠʤʠ ʜʘʥʠʤʠ, ʜʦ 30-50% ʽ 

ʙʽʣʴʰʝ). ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʟ ʬʫʟʽʻʶ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʤʝʨʝʞ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʮʝʡ 

ʧʦʢʘʟʥʠʢ ʜʦ 8-10%. ʏʘʩ ʦʙʨʦʙʢʠ 40-50 ʤʩ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʨʦʙʦʪʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʥʘ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ ʪʝʭʥʽʢʠ, ʱʦ ʚʠʛʽʜʥʦ ʚʽʜʨʽʟʥʷʻ ʩʠʩʪʝʤʫ ʚʽʜ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʟʨʦʙʦʢ ʘʙʦ ʩʠʩʪʝʤ, ʱʦ ʚʠʤʘʛʘʶʪʴ 

ʧʦʩʪʦʙʨʦʙʢʠ ʜʘʥʠʭ [10]. ɺʙʫʜʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟ ʛʨʘʜʘʮʽʻʶ ʨʝʘʛʫʚʘʥʥʷ 

(ʫʧʦʚʽʣʴʥʝʥʥʷ/ʙʣʦʢʫʚʘʥʥʷ) ʻ ʘʜʘʧʪʦʚʘʥʦʶ ʜʦ ʩʧʝʮʠʬʽʢʠ ʟʝʤʣʝʨʠʡʥʠʭ ʨʦʙʽʪ, ʜʝ ʧʦʚʥʘ ʟʫʧʠʥʢʘ ʧʨʠ 

ʢʦʞʥʦʤʫ ʩʧʨʘʮʶʚʘʥʥʽ ʻ ʥʝʧʨʠʡʥʷʪʥʦʶ. 

 

ɺʠʩʥʦʚʢʠ. 

ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʪʘ ʘʨʭʽʪʝʢʪʫʨʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʤʫʣʴʪʠʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ 

ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʧʨʝʜʤʝʪʽʚ ʜʣʷ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʟʝʤʣʷʥʠʭ ʨʦʙʽʪ. ʉʠʩʪʝʤʘ ʽʥʪʝʛʨʫʻ ʛʝʦʨʘʜʘʨ, 

ʤʘʛʥʽʪʦʛʨʘʜʽʻʥʪʥʠʡ ʜʘʪʯʠʢ, ɯʏ-ʩʝʥʩʦʨ ʪʘ ʘʣʛʦʨʠʪʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʥʘ ʙʘʟʽ CNN, LSTM ʪʘ 

Bayesian fusion. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ, ʷʢʽ ʟʦʩʝʨʝʜʞʫʶʪʴʩʷ ʥʘ ʦʢʨʝʤʠʭ 

ʤʝʪʦʜʘʭ ʘʙʦ ʩʪʘʮʽʦʥʘʨʥʠʭ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʧʣʘʪʬʦʨʤʘʭ [5, 10], ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʦʨʽʻʥʪʦʚʘʥʘ 

ʥʘ ʙʝʟʧʦʩʝʨʝʜʥʶ ʽʥʪʝʛʨʘʮʽʶ ʟ ʩʝʨʽʡʥʦʶ ʟʝʤʣʝʨʠʡʥʦʶ ʪʝʭʥʽʢʦʶ, ʚʨʘʭʦʚʫʻ ʜʠʥʘʤʽʯʥʽ ʫʤʦʚʠ ʨʦʙʦʪʠ 

(ʚʽʙʨʘʮʽʾ, ʨʽʟʥʫ ʰʚʠʜʢʽʩʪʴ) ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʤʙʽʥʘʮʽʶ ʥʝʡʨʦʤʝʨʝʞ (CNN, LSTM) ʟ ʙʘʡʻʩʽʚʩʴʢʦʶ 

ʬʫʟʽʻʶ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ Bayesian 

fusion (ʘʙʦ Dempster-Shafer) ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʨʽʟʥʦʨʽʜʥʠʭ ʜʘʥʠʭ ʚ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ 

ʥʘʢʦʧʠʯʫʚʘʪʠ ʩʚʽʜʯʝʥʥʷ ʚʽʜ ʨʽʟʥʠʭ ʩʝʥʩʦʨʽʚ ʪʘ ʟʥʠʞʫʚʘʪʠ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ [7]. 

ʇʨʘʢʪʠʯʥʘ ʟʥʘʯʫʱʽʩʪʴ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʟʝʤʣʷʥʠʭ ʨʦʙʽʪ ʥʘ ʟʘʙʨʫʜʥʝʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʫ 2ï3 ʨʘʟʠ ʟʘ ʨʘʭʫʥʦʢ 

ʩʢʦʨʦʯʝʥʥʷ ʧʨʦʩʪʦʾʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʨʫʯʥʠʤ ʦʙʩʪʝʞʝʥʥʷʤ, ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʠʟʠʢ ʜʣʷ ʦʧʝʨʘʪʦʨʽʚ 

ʪʝʭʥʽʢʠ. ʉʠʩʪʝʤʘ ʤʦʞʝ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʘ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʨʽʟʥʠʭ ʪʠʧʘʭ ʝʢʩʢʘʚʘʪʦʨʽʚ ʪʘ ʙʫʣʴʜʦʟʝʨʽʚ, ʘ 

ʪʘʢʦʞ ʽʥʪʝʛʨʦʚʘʥʘ ʟ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʣʷ ʚʝʜʝʥʥʷ ʢʘʨʪ ʦʯʠʱʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟ 

ʪʦʯʥʽʩʪʶ ʜʦ 10 ʩʤ [5, 10]. 

ʆʯʽʢʫʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ: ʚʢʘʟʫʶʪʴ ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʩʢʣʘʜʘʻ 95ï97% 

ʧʨʠ ʨʽʚʥʽ ʭʠʙʥʠʭ ʩʧʨʘʮʶʚʘʥʴ 8ï10%. ʉʠʩʪʝʤʘ ʟʜʘʪʥʘ ʧʨʘʮʶʚʘʪʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʧʨʠ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʜʦ 0,5 ʤ/ʩ ʟ ʯʘʩʦʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 40ï50 ʤʩ. 

ʆʙʤʝʞʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ. ɼʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʢʦʥʮʝʧʪʫʘʣʴʥʠʤ ʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʪʘ ʤʦʜʝʣʶʚʘʥʥʽ. ʆʩʥʦʚʥʠʤ 

ʦʙʤʝʞʝʥʥʷʤ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʥʘ ʨʝʘʣʴʥʠʭ ʟʨʘʟʢʘʭ 

ɺʅʇ ʪʘ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ˇʨʫʥʪʦʚʠʭ ʫʤʦʚʘʭ ʋʢʨʘʾʥʠ. ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʢʣʶʯʘʶʪʴ: 

https://arrcjournal.org/
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1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʚʝʨʠʬʽʢʘʮʽʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʧʦʣʽʛʦʥʘʭ ʟ ʽʥʝʨʪʥʠʤʠ ɺʅʇ. 

2. ʈʦʟʰʠʨʝʥʥʷ ʤʫʣʴʪʠʩʝʥʩʦʨʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʘʢʫʩʪʠʯʥʠʭ, ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ [3] ʘʙʦ 

ʭʽʤʽʯʥʠʭ ʩʝʥʩʦʨʽʚ (ʥʘʧʨʠʢʣʘʜ, ʣʘʟʝʨʥʦʾ ʨʘʤʘʥʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ [6]) ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʽ  ʚʠʷʚʣʝʥʥʷ. 

3. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʐɯ: ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʷʩʥʶʚʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

(explainable AI) ʜʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʦʧʝʨʘʪʦʨʦʤ ʧʨʠʯʠʥ ʩʧʨʘʮʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʘʨʭʽʪʝʢʪʫʨ, ʪʘʢʠʭ ʷʢ ʪʨʘʥʩʬʦʨʤʝʨʠ, ʜʣʷ ʘʥʘʣʽʟʫ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʜʘʥʠʭ. 

4. ɯʥʪʝʛʨʘʮʽʶ ʟ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ (ɻɯʉ) ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʘʨʪʫʚʘʥʥʷ 

ʦʯʠʱʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʽʪ. 

5. ʉʪʚʦʨʝʥʥʷ ʚʽʜʢʨʠʪʠʭ ʙʘʟ ʜʘʥʠʭ ʤʫʣʴʪʠʩʝʥʩʦʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ɺʅʇ ʪʘ 

ˇʨʫʥʪʽʚ ʟ ʤʝʪʦʶ ʨʦʟʚʠʪʢʫ ʪʘ ʦʙ'ʻʢʪʠʚʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʚʠʷʚʣʝʥʥʷ, ʷʢ ʮʝ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚ 

ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʽʥʽʮʽʘʪʠʚʘʭ [8]. 

6. ɺʘʞʣʠʚʠʤ ʥʘʧʨʷʤʢʦʤ ʧʦʜʘʣʴʰʠʭ ʨʦʙʽʪ ʻ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʚ 

ʩʠʩʪʝʤʫ ʭʽʤʽʯʥʠʭ ʩʝʥʩʦʨʽʚ (ʥʘʧʨʠʢʣʘʜ, ʥʘ ʦʩʥʦʚʽ ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʽʦʥʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʘʙʦ ʙʽʦʩʝʥʩʦʨʽʚ 

[13]), ʷʢʽ ʟʜʘʪʥʽ ʚʠʷʚʣʷʪʠ ʤʽʢʨʦʯʘʩʪʢʠ ʚʠʙʫʭʦʚʠʭ ʨʝʯʦʚʠʥ ʫ ˇʨʫʥʪʽ ʯʠ ʧʦʚʽʪʨʽ. ʎʝ ʜʦʟʚʦʣʠʪʴ 

ʧʽʜʚʠʱʠʪʠ ʩʧʝʮʠʬʽʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʜʣʷ ɺʅʇ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʚʤʽʩʪʦʤ ʤʝʪʘʣʫ, ʪʘ 

ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʤʝʪʘʣʝʚʦʛʦ ʟʘʩʤʽʯʝʥʥʷ. 
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Summary. The article addresses the development of a multisensor intelligent system for detecting 

explosive objects during excavator and bulldozer operations. An analysis of existing methods for detecting 

explosive objects is carried out, and the feasibility of implementing such a system in Ukraine is 

substantiated. The concept and architecture of the proposed system are presented, artificial intelligence 

algorithms are defined, and simulation results are reported. The system integrates a ground-penetrating 

radar (GPR) operating in the 400ï900 MHz range, a magnetogradient sensor, an infrared (IR) sensor, and 

an inertial measurement unit (IMU). Data processing is performed using convolutional neural networks 

(CNNs) for GPR signals, long short-term memory (LSTM) networks for magnetic signals, and Bayesian 

fusion for integrating multisensor data. Simulation results indicate a detection probability of 95ï97% with 

a false alarm rate of 8ï10%, a probing depth of up to 1.5 m, and a processing time of 40ï50 ms. Further 

research should focus on experimental field validation of the system, expanding the sensor set through the 

inclusion of acoustic and chemical detectors, adapting artificial intelligence algorithms to different soil 

types in Ukraine, and integrating the system with geographic information systems for automated mapping 

of cleared areas. 

Keywords: explosive objects, ground-penetrating radar, magnetogradient sensor, artificial 

intelligence, convolutional neural networks, mechanized earthworks, bayesian fusion, safety. 
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ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʜʦʩʣʽʜʞʝʥʦ ʪʝʦʨʝʪʠʯʥʽ, ʘʣʛʦʨʠʪʤʽʯʥʽ ʪʘ ʩʪʨʫʢʪʫʨʥʽ ʟʘʩʘʜʠ ʧʦʙʫʜʦʚʠ 
ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘ ʢʨʠʪʠʯʥʦ 
ʚʘʞʣʠʚʠʭ ʦʙôʻʢʪʘʭ ʽʟ ʧʽʜʚʠʱʝʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʟʫʤʦʚʣʝʥʘ 
ʫʩʢʣʘʜʥʝʥʥʷʤ ʩʫʯʘʩʥʠʭ ʪʝʭʥʽʯʥʠʭ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ, ʟʨʦʩʪʘʥʥʷʤ ʦʙʩʷʛʽʚ ʨʽʟʥʦʨʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 
ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ ʫ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ, ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʶ ʤʽʥʽʤʽʟʘʮʽʾ ʦʧʝʨʘʪʦʨʩʴʢʦʛʦ ʨʠʟʠʢʫ 
ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʥʝʧʦʚʥʦʪʠ ʪʘ ʩʫʧʝʨʝʯʣʠʚʦʩʪʽ ʜʘʥʠʭ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʪʨʘʜʠʮʽʡʥʽ ʜʝʪʝʨʤʽʥʦʚʘʥʽ 
ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʽʤʠ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʧʦʪʨʝʙʫ ʫ ʬʦʨʤʘʣʽʟʦʚʘʥʦʤʫ 
ʧʽʜʭʦʜʽ ʜʦ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ 
ʧʝʨʝʜʙʘʯʘʻ ʧʦʝʪʘʧʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʪʘ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʽʚʥʽʚ ʜʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦ-
ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʪʘ ʘʜʘʧʪʠʚʥʦ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʨʽʚʥʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʋ ʤʝʞʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 
ʧʽʜʭʦʜʫ ʚʚʝʜʝʥʦ ʬʦʨʤʘʣʽʟʘʮʽʶ ʙʘʟʦʚʦʛʦ ʪʘ ʟʘʣʠʰʢʦʚʦʛʦ ʨʠʟʠʢʫ ʦʧʝʨʘʪʦʨʩʴʢʦʾ ʧʦʤʠʣʢʠ ʷʢ 
ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʧʦʯʘʪʢʦʚʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʧʦʤʠʣʢʠ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 
ʩʫʧʨʦʚʦʜʫ. ʈʦʟʨʦʙʣʝʥʦ ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʜʣʷ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ, 
ʚʢʣʶʯʘʶʯʠ ʣʽʥʽʡʥʽ, ʧʦʣʽʥʦʤʽʘʣʴʥʽ ʪʘ ʣʦʛʽʩʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʷʢʽʩʥʫ ʟʤʽʥʫ ʤʝʭʘʥʽʟʤʫ 
ʢʦʤʧʝʥʩʘʮʽʾ ʨʠʟʠʢʫ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʘʜʘʧʪʠʚʥʦ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʨʽʚʝʥʴ, ʨʝʘʣʽʟʦʚʘʥʠʡ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ 
ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʢʦʥʪʝʢʩʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʟʘʙʝʟʧʝʯʫʻ ʥʝʣʽʥʽʡʥʝ ʪʘ ʧʦʨʦʛʦʚʝ 
ʢʝʨʫʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʩʫʧʨʦʚʦʜʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʘʣʠʰʢʦʚʠʡ 
ʨʠʟʠʢ ʙʝʟ ʧʦʨʫʰʝʥʥʷ ʧʨʠʥʮʠʧʫ çʣʶʜʠʥʘ ʚ ʢʦʥʪʫʨʽ ʫʧʨʘʚʣʽʥʥʷè ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʫʟʛʦʜʞʝʥʽʩʪʴ 
ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ ʟ ʝʢʩʧʝʨʪʥʦʶ ʦʮʽʥʢʦʶ ʦʧʝʨʘʪʦʨʘ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʩʪʚʦʨʶʻ 
ʪʝʦʨʝʪʠʯʥʝ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽ ʤʦʞʝ ʙʫʪʠ 
ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʫ ʛʘʣʫʟʷʭ ʽʟ 
ʧʽʜʚʠʱʝʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʙʝʟʧʝʢʠ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ. 
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ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ ʦʙôʻʢʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ 

ʩʢʣʘʜʥʽʩʪʶ ʩʪʨʫʢʪʫʨʠ, ʜʠʥʘʤʽʯʥʽʩʪʶ ʧʨʦʮʝʩʽʚ ʪʘ ʥʘʷʚʥʽʩʪʶ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ. ʋʧʨʘʚʣʽʥʥʷ 

ʪʘʢʠʤʠ ʦʙôʻʢʪʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʽʥʪʝʛʨʫʶʪʴ ʟʘʩʦʙʠ ʟʙʦʨʫ, 

ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ. ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʟʨʦʩʪʘʻ ʢʦʛʥʽʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʧʝʨʘʪʦʨʘ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ 

ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʧʦʤʠʣʢʦʚʠʭ ʨʽʰʝʥʴ [1]. 

ʊʨʘʜʠʮʽʡʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʦʨʽʻʥʪʦʚʘʥʽ ʧʝʨʝʚʘʞʥʦ ʥʘ ʚʽʟʫʘʣʽʟʘʮʽʶ ʪʘ ʨʝʻʩʪʨʘʮʽʶ 

ʧʘʨʘʤʝʪʨʽʚ, ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʘʪʥʴʦʛʦ ʨʽʚʥʷ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʩʢʣʘʜʥʠʭ ʽ 

ʩʣʘʙʢʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʠʪʫʘʮʽʷʭ. ʋ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʥʴ ʽ ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʘʥʘʣʽʟʫ ʩʠʪʫʘʮʽʡ [1]. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʘʢʪʫʘʣʽʟʫʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʨʦʟʨʦʙʣʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, 

ʟʜʘʪʥʠʭ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʥʪʝʢʩʪʥʠʡ ʘʥʘʣʽʟ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʧʦʜʽʡ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʉʫʯʘʩʥʽ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ ʦʙôʻʢʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ 

ʫʤʦʚʘʭ ʚʠʩʦʢʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʞʦʨʩʪʢʠʭ ʚʠʤʦʛ ʜʦ ʥʘʜʽʡʥʦʩʪʽ 

ʫʧʨʘʚʣʽʥʥʷ. ɿʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʜʘʥʠʭ, ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʽʥʪʝʛʨʘʮʽʷ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʫʩʢʣʘʜʥʝʥʥʷ ʟʘʜʘʯ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʪʨʘʜʠʮʽʡʥʽ ʢʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ, ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʜʝʪʝʨʤʽʥʦʚʘʥʫ 

ʦʙʨʦʙʢʫ ʽʥʬʦʨʤʘʮʽʾ, ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʽʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʆʩʦʙʣʠʚʦʾ ʚʘʛʠ ʥʘʙʫʚʘʻ ʧʨʦʙʣʝʤʘ ʟʥʠʞʝʥʥʷ ʦʧʝʨʘʪʦʨʩʴʢʦʛʦ ʨʠʟʠʢʫ, ʱʦ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ 

ʢʦʛʥʽʪʠʚʥʦʛʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʜʝʬʽʮʠʪʫ ʯʘʩʫ ʪʘ ʥʝʧʦʚʥʦʪʠ ʽʥʬʦʨʤʘʮʽʾ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʘʢʪʫʘʣʽʟʫʻʪʴʩʷ 

ʧʦʪʨʝʙʘ ʫ ʩʪʚʦʨʝʥʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʟʜʘʪʥʠʭ ʥʝ ʣʠʰʝ ʦʙʨʦʙʣʷʪʠ 

ʜʘʥʽ, ʘ ʡ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʥʪʝʢʩʪʥʠʡ ʘʥʘʣʽʟ ʩʠʪʫʘʮʽʡ, ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʦʟʚʠʪʦʢ ʧʦʜʽʡ ʪʘ ʘʜʘʧʪʫʚʘʪʠ 

ʘʣʛʦʨʠʪʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥ ʩʝʨʝʜʦʚʠʱʘ. 

ɿ ʧʦʟʠʮʽʡ ʢʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚôʷʟʘʥʘ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ 

ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʤʦʜʝʣʝʡ ʟʥʘʥʴ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʨʦʙʦʪʠ ʟ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ. ʇʨʦʪʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʚʠʥʥʘ ʦʮʽʥʶʚʘʪʠʩʷ ʥʝ ʣʠʰʝ ʟʘ ʪʦʯʥʽʩʪʶ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʯʠ ʰʚʠʜʢʦʜʽʻʶ, ʘ ʡ ʟʘ ʾʭ ʟʜʘʪʥʽʩʪʶ ʟʤʝʥʰʫʚʘʪʠ ʟʘʣʠʰʢʦʚʠʡ ʨʠʟʠʢ ʧʨʠʡʥʷʪʪʷ 

ʧʦʤʠʣʢʦʚʠʭ ʨʽʰʝʥʴ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʧʨʠʥʮʠʧʫ ʧʨʦʚʽʜʥʦʾ ʨʦʣʽ ʣʶʜʠʥʠ ʚ ʢʦʥʪʫʨʽ ʫʧʨʘʚʣʽʥʥʷ [2,3]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʥʷ ʬʦʨʤʘʣʽʟʦʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʚʠʤʦʛ ʜʦ ʾʭ ʧʦʙʫʜʦʚʠ ʻ ʘʢʪʫʘʣʴʥʠʤ 

ʥʘʫʢʦʚʠʤ ʟʘʚʜʘʥʥʷʤ, ʱʦ ʤʘʻ ʷʢ ʪʝʦʨʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʚʠʪʢʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ, ʪʘʢ ʽ ʧʨʘʢʪʠʯʥʫ ʚʘʞʣʠʚʽʩʪʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ 

ʦʙôʻʢʪʽʚ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʋ ʩʫʯʘʩʥʠʭ ʨʦʙʦʪʘʭ ʟ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ [4,5] ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʤʝʪʦʜʘʤ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʛʣʠʙʠʥʥʠʤ 

ʥʝʡʨʦʥʥʠʤ ʤʝʨʝʞʘʤ, ʥʝʯʽʪʢʽʡ ʣʦʛʽʮʽ, ʝʢʩʧʝʨʪʥʠʤ ʩʠʩʪʝʤʘʤ ʪʘ ʛʽʙʨʠʜʥʠʤ ʘʣʛʦʨʠʪʤʘʤ. ɼʦʩʣʽʜʞʝʥʥʷ ʚ 

ʛʘʣʫʟʽ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʘʢʮʝʥʪʫʶʪʴ ʫʚʘʛʫ ʥʘ ʽʥʪʝʛʨʘʮʽʾ ʨʽʟʥʦʨʽʜʥʠʭ ʜʘʥʠʭ, ʧʦʙʫʜʦʚʽ 

ʤʦʜʝʣʝʡ ʟʥʘʥʴ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʤʝʭʘʥʽʟʤʽʚ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ. 

ʆʢʨʝʤʠʡ ʥʘʧʨʷʤ ʩʪʘʥʦʚʣʷʪʴ ʨʦʙʦʪʠ ʟ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʩʢʣʘʜʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ, ʫ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʛʥʦʟʥʽ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

[6]. ɺʦʜʥʦʯʘʩ ʙʽʣʴʰʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ ʦʨʽʻʥʪʦʚʘʥʘ ʘʙʦ ʥʘ ʧʨʠʢʣʘʜʥʽ ʘʩʧʝʢʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʘʙʦ ʥʘ ʨʦʟʨʦʙʣʝʥʥʷ ʦʢʨʝʤʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʙʝʟ ʫʟʘʛʘʣʴʥʝʥʦʾ ʩʠʩʪʝʤʥʦʾ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʽʚʥʽʚ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ʧʦʢʘʟʥʠʢʠ ʙʝʟʧʝʢʠ. 
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ʅʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʧʦʙʫʜʦʚʠ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʦʧʠʩʫʻ ʟʤʝʥʰʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʠʟʠʢʫ ʚʥʘʩʣʽʜʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʩʫʧʨʦʚʦʜʫ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʩʢʣʘʜʥʦʩʪʽ. ɺʽʜʩʫʪʥʽʩʪʴ ʪʘʢʦʾ ʤʦʜʝʣʽ ʫʩʢʣʘʜʥʶʻ ʬʦʨʤʫʚʘʥʥʷ ʬʦʨʤʘʣʽʟʦʚʘʥʠʭ 

ʚʠʤʦʛ ʜʦ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ [7]. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʦʙôʻʢʪʘʤʠ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʯʥʠʭ 

ʚʠʤʦʛ ʜʦ ʘʜʘʧʪʠʚʥʦ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʠʞʝʥʥʷ ʦʧʝʨʘʪʦʨʩʴʢʦʛʦ ʨʠʟʠʢʫ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʝʚʦʣʶʮʽʶ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʠʦʢʨʝʤʠʪʠ ʨʽʚʥʽ ʾʭ 

ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ. 

2. ɿʘʧʨʦʧʦʥʫʚʘʪʠ ʬʦʨʤʘʣʽʟʦʚʘʥʫ ʤʦʜʝʣʴ ʙʘʟʦʚʦʛʦ ʪʘ ʟʘʣʠʰʢʦʚʦʛʦ ʨʠʟʠʢʫ ʦʧʝʨʘʪʦʨʩʴʢʦʾ 

ʧʦʤʠʣʢʠ. 

3. ʈʦʟʨʦʙʠʪʠ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʜʣʷ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ. 

4. ʆʙˇʨʫʥʪʫʚʘʪʠ ʘʣʛʦʨʠʪʤʽʯʥʽ ʪʘ ʘʨʭʽʪʝʢʪʫʨʥʽ ʚʠʤʦʛʠ ʜʦ ʘʜʘʧʪʠʚʥʦ- ʥ̔ʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʡ ʤʝʪʦʜʠ. ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʧʽʜʭʦʜʠ ʜʦ ʬʦʨʤʘʣʽʟʘʮʽʾ ʦʧʝʨʘʪʦʨʩʴʢʦʛʦ ʨʠʟʠʢʫ ʪʘ ʤʝʪʦʜʠ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʩʠʩʪʝʤʥʦʤʫ ʘʥʘʣʽʟʽ 

ʝʚʦʣʶʮʽʾ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʽ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʣʝʞʥʦ 

ʚʽʜ ʨʽʚʥʷ ʘʣʛʦʨʠʪʤʽʯʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʩʫʧʨʦʚʦʜʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʦʙôʻʢʪʘʤʠ. ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʩʪʫʧʘʶʪʴ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʟʥʠʞʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʠʟʠʢʫ ʦʧʝʨʘʪʦʨʩʴʢʦʾ ʧʦʤʠʣʢʠ ʪʘ ʘʣʛʦʨʠʪʤʽʯʥʽ ʤʝʭʘʥʽʟʤʠ 

ʾʭ ʨʝʘʣʽʟʘʮʽʾ ʚ ʘʜʘʧʪʠʚʥʦ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʄʝʪʦʜʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʨʦʙʦʪʠ ʻ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʨʦʟʛʣʷʥʫʪʠ ʢʦʤʧôʶʪʝʨʥʫ 

ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʷʢ ʽʥʪʝʛʨʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʽ ʤʦʜʝʣʝʡ. ɼʣʷ 

ʬʦʨʤʘʣʽʟʘʮʽʾ ʚʧʣʠʚʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʩʫʧʨʦʚʦʜʫ ʥʘ ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʧʦʙʫʜʦʚʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʙʘʟʦʚʠʤ ʪʘ 

ʟʘʣʠʰʢʦʚʠʤ ʨʠʟʠʢʦʤ. ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʙʘʟʦʚʦʛʦ ʨʠʟʠʢʫ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʤʝʥʪʽʚ ʪʝʦʨʽʾ 

ʡʤʦʚʽʨʥʦʩʪʝʡ. 

ɼʣʷ ʦʧʠʩʫ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʘʥʘʣʽʪʠʯʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʩʬʦʨʤʫʚʘʪʠ ʣʽʥʽʡʥʽ, ʧʦʣʽʥʦʤʽʘʣʴʥʽ ʪʘ ʣʦʛʽʩʪʠʯʥʽ ʤʦʜʝʣʽ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ 

ʘʜʘʧʪʠʚʥʦ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʨʽʚʥʷ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʥʝʣʽʥʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʪʘ ʤʝʭʘʥʽʟʤʽʚ 

ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʘʜʘʧʪʘʮʽʾ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʠʥʘʤʽʯʥʝ ʦʥʦʚʣʝʥʥʷ ʤʦʜʝʣʝʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥʠ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʫʟʛʦʜʞʝʥʽʩʪʴ ʤʽʞ ʪʝʦʨʝʪʠʯʥʦʶ 

ʤʦʜʝʣʣʶ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʪʘ ʩʪʨʫʢʪʫʨʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʧʦʙʫʜʦʚʠ ʘʜʘʧʪʠʚʥʦ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

1. ʈʽʚʥʽ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ 

ɯʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʟʘʢʦʥʦʤʽʨʥʠʡ ʝʪʘʧ ʾʭ 

ʝʚʦʣʶʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʧʝʨʝʭʽʜ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʝʡ ʟʥʘʥʴ, ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʢʦʥʪʝʢʩʪʥʦʛʦ ʘʥʘʣʽʟʫ. ʅʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ, ʷʢʘ ʙʫʣʘ ʦʨʽʻʥʪʦʚʘʥʘ ʧʝʨʝʚʘʞʥʦ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʨʦʙʢʠ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ, ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ ʧʦʚôʷʟʘʥʘ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʦ ʧʨʦʮʝʩʽʚ ʘʥʘʣʽʟʫ, 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʪʘ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 
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ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʢʦʤʧôʶʪʝʨʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʨʽʟʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʨʦʣʽ: ʚʽʜ ʽʥʩʪʨʫʤʝʥʪʘ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ ʜʦ ʘʢʪʠʚʥʦʛʦ ʫʯʘʩʥʠʢʘ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. ʉʘʤʝ ʩʪʫʧʽʥʴ ʮʽʻʾ ʫʯʘʩʪʽ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ. ʏʠʤ ʙʽʣʴʰʫ 

ʯʘʩʪʠʥʫ ʘʥʘʣʽʪʠʯʥʠʭ, ʧʨʦʛʥʦʩʪʠʯʥʠʭ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʙʝʨʝ ʥʘ ʩʝʙʝ ʢʦʤʧôʶʪʝʨʥʘ ʩʠʩʪʝʤʘ, 

ʪʠʤ ʚʠʱʠʤ ʻ ʾʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʨʽʚʝʥʴ . 

ɿ ʧʦʟʠʮʽʡ ʢʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʟʤʽʥʫ ʭʘʨʘʢʪʝʨʫ ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʗʢʱʦ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ ʩʠʩʪʝʤʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʞʦʨʩʪʢʦ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʧʨʦʮʝʜʫʨʘʭ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʪʦ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ 

ʦʧʪʠʤʽʟʘʮʽʾ, ʤʝʭʘʥʽʟʤʽʚ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ, ʘ ʟʛʦʜʦʤ ï ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ. ʊʘʢʘ ʝʚʦʣʶʮʽʷ ʚʽʜʦʙʨʘʞʘʻ ʧʝʨʝʭʽʜ ʚʽʜ ʩʪʘʪʠʯʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʨʽʰʝʥʴ ʜʦ ʜʠʥʘʤʽʯʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʦʜʝʣʝʡ, ʟʜʘʪʥʠʭ ʟʤʽʥʶʚʘʪʠ ʚʣʘʩʥʽ ʧʘʨʘʤʝʪʨʠ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʆʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ ʥʘʙʫʚʘʻ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ 

ʦʙôʻʢʪʘʤʠ, ʜʝ ʧʦʤʠʣʢʘ ʦʧʝʨʘʪʦʨʘ ʤʦʞʝ ʤʘʪʠ ʩʫʪʪʻʚʽ ʥʘʩʣʽʜʢʠ [8]. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʢʦʤʧôʶʪʝʨʥʘ ʩʠʩʪʝʤʘ 

ʧʦʚʠʥʥʘ ʥʝ ʣʠʰʝ ʥʘʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʘʣʝ ʡ ʩʧʨʠʷʪʠ ʟʤʝʥʰʝʥʥʶ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʚʠʷʚʣʷʪʠ 

ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʽ ʩʠʪʫʘʮʽʾ, ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʦʟʚʠʪʦʢ ʧʦʜʽʡ ʪʘ ʬʦʨʤʫʚʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ. 

ɺʦʜʥʦʯʘʩ ʧʦʚʥʘ ʘʚʪʦʥʦʤʽʟʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ ʻ ʥʝʙʘʞʘʥʦʶ ʘʙʦ ʥʝʧʨʠʧʫʩʪʠʤʦʶ, ʱʦ ʦʙʫʤʦʚʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʥʮʠʧʫ çʣʶʜʠʥʘ ʚ ʢʦʥʪʫʨʽè. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʽʥʪʝʨʧʨʝʪʦʚʘʥʘ ʷʢ ʧʨʦʮʝʩ ʧʦʩʪʫʧʦʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ 

ʟʜʘʪʥʦʩʪʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ: 

- ʽʥʪʝʛʨʫʚʘʪʠ ʨʽʟʥʦʨʽʜʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ; 

- ʧʨʘʮʶʚʘʪʠ ʟ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʪʘ ʥʝʧʦʚʥʦʪʦʶ ʜʘʥʠʭ; 

- ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʢʦʧʠʯʝʥʠʡ ʜʦʩʚʽʜ ʫ ʚʠʛʣʷʜʽ ʬʦʨʤʘʣʽʟʦʚʘʥʠʭ ʟʥʘʥʴ; 

- ʘʜʘʧʪʫʚʘʪʠ ʘʣʛʦʨʠʪʤʽʯʥʽ ʤʝʭʘʥʽʟʤʠ ʜʦ ʟʤʽʥʠ ʫʤʦʚ; 

- ʟʤʝʥʰʫʚʘʪʠ ʟʘʣʠʰʢʦʚʠʡ ʨʠʟʠʢ ʦʧʝʨʘʪʦʨʩʴʢʦʾ ʧʦʤʠʣʢʠ. 

 

ʊʘʙʣʠʮʷ 1 ï ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʽʚʥʽʚ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ  

Table 1 ï Comparative Characteristics of the Levels of Intellectualization of Computer Control 

Systems 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɯʥʬʦʨʤʘʮʽʡʥʠʡ 

ʨʽʚʝʥʴ 

ɸʥʘʣʽʪʠʯʥʠʡ 

ʨʽʚʝʥʴ 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʦ-

ʦʨʽʻʥʪʦʚʘʥʠʡ 

ʨʽʚʝʥʴ 

ɸʜʘʧʪʠʚʥʦ-

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ 

ʨʽʚʝʥʴ 

ʆʩʥʦʚʥʘ ʬʫʥʢʮʽʷ ʄʦʥʽʪʦʨʠʥʛ ʪʘ 

ʚʽʜʦʙʨʘʞʝʥʥʷ 

ɸʥʘʣʽʟ ʽ 

ʬʦʨʤʫʚʘʥʥʷ 

ʘʣʴʪʝʨʥʘʪʠʚ 

ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ɸʜʘʧʪʠʚʥʝ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ 

ʩʫʧʨʦʚʽʜ 

ʊʠʧ ʘʣʛʦʨʠʪʤʽʚ ɼʝʪʝʨʤʽʥʦʚʘʥʽ 

ʧʨʦʮʝʜʫʨʠ 

ʉʪʘʪʠʩʪʠʯʥʽ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʡʥʽ 

ʤʝʪʦʜʠ 

ʄʦʜʝʣʽ ʟʥʘʥʴ, 

ʣʦʛʽʯʥʝ ʚʠʚʝʜʝʥʥʷ 

ʄʘʰʠʥʥʝ 

ʥʘʚʯʘʥʥʷ, ʛʽʙʨʠʜʥʽ 

ʤʦʜʝʣʽ 

ʈʦʙʦʪʘ ʟ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ 

ʇʨʘʢʪʠʯʥʦ 

ʚʽʜʩʫʪʥʷ 

ʏʘʩʪʢʦʚʘ ʌʦʨʤʘʣʽʟʦʚʘʥʘ ɼʠʥʘʤʽʯʥʘ ʪʘ 

ʢʦʥʪʝʢʩʪʥʘ 

ɿʜʘʪʥʽʩʪʴ ʜʦ 

ʘʜʘʧʪʘʮʽʾ 

ɺʽʜʩʫʪʥʷ ʆʙʤʝʞʝʥʘ ʏʘʩʪʢʦʚʘ ʇʦʚʥʦʮʽʥʥʘ 

ʈʦʣʴ ʦʧʝʨʘʪʦʨʘ ʇʦʚʥʝ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ 

ʆʩʪʘʪʦʯʥʠʡ 

ʚʠʙʽʨ 

ʘʣʴʪʝʨʥʘʪʠʚ 

ʂʦʥʪʨʦʣʴ ʽ 

ʦʮʽʥʶʚʘʥʥʷ 

ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʂʦʥʪʨʦʣʴ ʽ 

ʢʦʨʝʢʮʽʷ 

ʘʜʘʧʪʠʚʥʠʭ ʨʽʰʝʥʴ 
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ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ ʥʝ ʟʚʦʜʠʪʴʩʷ ʣʠʰʝ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʦʢʨʝʤʠʭ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʁʜʝʪʴʩʷ ʧʨʦ ʩʠʩʪʝʤʥʫ ʟʤʽʥʫ ʘʨʭʽʪʝʢʪʫʨʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, 

ʩʪʨʫʢʪʫʨʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʣʦʛʽʢʠ ʚʟʘʻʤʦʜʽʾ ʟ ʦʧʝʨʘʪʦʨʦʤ. ʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʝʨʝʭʦʜʦʤ ʚʽʜ ʨʝʘʢʪʠʚʥʦʾ ʤʦʜʝʣʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʦ ʧʨʦʛʥʦʩʪʠʯʥʦ-

ʘʜʘʧʪʠʚʥʦʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʷʢʽʩʥʫ ʟʤʽʥʫ ʭʘʨʘʢʪʝʨʫ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ [9]. 

ɼʣʷ ʙʽʣʴʰ ʯʽʪʢʦʾ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʟʘʟʥʘʯʝʥʦʛʦ ʧʨʦʮʝʩʫ ʜʦʮʽʣʴʥʦ ʚʠʜʽʣʠʪʠ ʨʽʚʥʽ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʪʫʧʽʥʴ ʩʢʣʘʜʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʛʣʠʙʠʥʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʝʡ ʟʥʘʥʴ ʪʘ ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ ʟ ʣʶʜʠʥʦʶ-ʦʧʝʨʘʪʦʨʦʤ (ʪʘʙʣ.1).  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʛʨʘʜʘʮʽʷ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʧʽʜʭʦʜʠ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʩʪʚʦʨʶʻ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʬʦʨʤʘʣʽʟʘʮʽʾ ʾʭ ʚʧʣʠʚʫ ʥʘ ʧʦʢʘʟʥʠʢʠ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʫʧʨʘʚʣʽʥʥʷ. 

1. ʌʦʨʤʘʣʽʟʦʚʘʥʘ ʤʦʜʝʣʴ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ɯʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʦʝʪʘʧʥʠʡ ʧʨʦʮʝʩ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ ʫʯʘʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʫ ʬʦʨʤʫʚʘʥʥʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 

ʌʦʨʤʘʣʴʥʦ ʨʽʚʝʥʴ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʤʦʞʥʘ ʪʨʘʢʪʫʚʘʪʠ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ 

ʟʤʝʥʰʫʚʘʪʠ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʪʘ ʦʧʝʨʘʪʦʨʩʴʢʠʡ ʨʠʟʠʢ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʥʴ ʪʘ 

ʘʜʘʧʪʘʮʽʾ ʤʦʜʝʣʝʡ [10,11]. 

ɼʣʷ ʬʦʨʤʘʣʽʟʘʮʽʾ ʚʚʝʜʝʤʦ ʫʟʘʛʘʣʴʥʝʥʫ ʤʦʜʝʣʴ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʫ ʚʠʛʣʷʜʽ 

ʪʨʽʡʢʠ: 

, , ,S D A M=        (1) 

ʜʝ D  ï ʤʥʦʞʠʥʘ ʚʭʽʜʥʠʭ ʜʘʥʠʭ; 

A ï ʤʥʦʞʠʥʘ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ; 

M  ï ʤʥʦʞʠʥʘ ʤʦʜʝʣʝʡ (ʩʪʘʪʠʩʪʠʯʥʠʭ, ʣʦʛʽʯʥʠʭ, ʧʨʦʛʥʦʩʪʠʯʥʠʭ). 

 

ʋ ʪʘʢʦʤʫ ʧʦʜʘʥʥʽ ʨʽʚʝʥʴ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

- ʩʢʣʘʜʥʽʩʪʶ ʘʣʛʦʨʠʪʤʽʯʥʦʾ ʤʥʦʞʠʥʠ A; 

- ʛʣʠʙʠʥʦʶ ʪʘ ʬʦʨʤʘʣʽʟʦʚʘʥʽʩʪʶ ʤʦʜʝʣʝʡ M ; 

- ʥʘʷʚʥʽʩʪʶ ʤʝʭʘʥʽʟʤʽʚ ʘʜʘʧʪʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʝʡ; 

- ʭʘʨʘʢʪʝʨʦʤ ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤʠ ʟ ʦʧʝʨʘʪʦʨʦʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʷ ʧʦʚôʷʟʘʥʘ ʥʝ ʣʠʰʝ ʟ ʨʦʟʰʠʨʝʥʥʷʤ ʤʥʦʞʠʥʠ ʘʣʛʦʨʠʪʤʽʚ, ʘ ʡ ʟʽ 

ʟʤʽʥʦʶ ʾʭ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʩʧʦʩʦʙʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʝʡ ʟʥʘʥʴ. 

1.1 ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʨʽʚʝʥʴ 

ʅʘ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʨʽʚʥʽ ʩʠʩʪʝʤʘ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʟʙʦʨʫ, ʟʙʝʨʽʛʘʥʥʷ, ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʜʘʥʠʭ. ʌʦʨʤʘʣʴʥʦ: 

{ }'1 : ;ʽɸ ʘ D D= ­      (2) 

 

ʜʝ ʘʣʛʦʨʠʪʤʠ ʨʝʘʣʽʟʫʶʪʴ ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʙʝʟ ʾʭ ʢʦʥʪʝʢʩʪʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ. 

ʄʥʦʞʠʥʘ ʤʦʜʝʣʝʡ 1ʄ  ʘʙʦ ʚʽʜʩʫʪʥʷ, ʘʙʦ ʻ ʩʪʘʪʠʯʥʦʶ. ʉʠʩʪʝʤʘ ʥʝ ʟʤʽʥʶʻ ʩʪʨʫʢʪʫʨʫ ʘʣʛʦʨʠʪʤʽʚ 

ʟʘʣʝʞʥʦ ʚʽʜ ʩʠʪʫʘʮʽʾ. ɰʾ ʚʧʣʠʚ ʥʘ ʟʥʠʞʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʦʧʦʩʝʨʝʜʢʦʚʘʥʠʡ ʪʘ ʧʦʚôʷʟʘʥʠʡ ʚʠʢʣʶʯʥʦ ʟ 

ʧʦʢʨʘʱʝʥʥʷʤ ʜʦʩʪʫʧʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ. 

1.2 ɸʥʘʣʽʪʠʯʥʠʡ ʨʽʚʝʥʴ 

ɸʥʘʣʽʪʠʯʥʠʡ ʨʽʚʝʥʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʠʭ ʪʘ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ: 

{ }2 : ,iA a D Y= ­      (3) 

 

ʜʝ Y  ï ʤʥʦʞʠʥʘ ʘʣʴʪʝʨʥʘʪʠʚ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 
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ʄʥʦʞʠʥʘ ʤʦʜʝʣʝʡ 2ʄ  ʚʢʣʶʯʘʻ: 

- ʨʝʛʨʝʩʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ, 

- ʤʝʪʦʜʠ ʢʣʘʩʪʝʨʠʟʘʮʽʾ, 

- ʢʨʠʪʝʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʉʠʩʪʝʤʘ ʬʦʨʤʫʻ ʘʣʴʪʝʨʥʘʪʠʚʠ ʨʽʰʝʥʴ, ʦʜʥʘʢ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʝʡ ʻ ʬʽʢʩʦʚʘʥʠʤʠ, ʘ ʤʝʭʘʥʽʟʤʠ 

ʩʘʤʦʥʘʚʯʘʥʥʷ ʚʽʜʩʫʪʥʽ. 

1.3 ɯʥʪʝʣʝʢʪʫʘʣʴʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʨʽʚʝʥʴ 

ʅʘ ʮʴʦʤʫ ʨʽʚʥʽ ʤʥʦʞʠʥʘ ʤʦʜʝʣʝʡ ʥʘʙʫʚʘʻ ʩʪʨʫʢʪʫʨʠ: 

 

{ }3 , , ,ʄ ʂ R I=       (4) 

 

ʜʝ K  ï ʙʘʟʘ ʟʥʘʥʴ; R ï ʧʨʘʚʠʣʘ ʣʦʛʽʯʥʦʛʦ ʚʠʚʝʜʝʥʥʷ; I  ï ʤʝʭʘʥʽʟʤ ʽʥʪʝʨʧʨʝʪʘʮʽʾ. 

 

ʉʠʩʪʝʤʘ ʟʜʘʪʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʢʦʥʪʝʢʩʪ ʩʠʪʫʘʮʽʾ ʪʘ ʧʦʷʩʥʶʚʘʪʠ ʩʬʦʨʤʦʚʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ. ʆʙʨʦʙʢʘ 

ʽʥʬʦʨʤʘʮʽʾ ʧʝʨʝʭʦʜʠʪʴ ʚʽʜ ʩʪʘʪʠʩʪʠʯʥʦʾ ʜʦ ʩʝʤʘʥʪʠʯʥʦʾ. ʇʨʦʪʝ ʧʘʨʘʤʝʪʨʠ ʟʥʘʥʴ ʟʘʣʠʰʘʶʪʴʩʷ ʚʽʜʥʦʩʥʦ 

ʩʪʘʙʽʣʴʥʠʤʠ. 

1.4 ɸʜʘʧʪʠʚʥʦ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʨʽʚʝʥʴ 

ʅʘʡʚʠʱʠʡ ʨʽʚʝʥʴ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʤʝʭʘʥʽʟʤʫ ʜʠʥʘʤʽʯʥʦʾ ʘʜʘʧʪʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʝʡ: 

1 ( );t t tDq q q+ = +D      (5) 

 

ʜʝ q ï ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ;tD  ï ʧʦʪʦʯʥʽ ʜʘʥʽ. 

 

ɸʜʘʧʪʘʮʽʷ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʜʽʻʥʪʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ, ʙʘʡʻʩʽʚʩʴʢʦʛʦ 

ʦʥʦʚʣʝʥʥʷ, ʘʣʛʦʨʠʪʤʽʚ ʧʽʜʢʨʽʧʣʶʚʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʛʽʙʨʠʜʥʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. 

ʅʘ ʮʴʦʤʫ ʨʽʚʥʽ ʤʥʦʞʠʥʘ ʘʣʛʦʨʠʪʤʽʚ A ʩʪʘʻ ʜʠʥʘʤʽʯʥʦʶ, ʘ ʩʠʩʪʝʤʘ ʟʜʘʪʥʘ ʟʤʽʥʶʚʘʪʠ ʚʣʘʩʥʫ 

ʧʦʚʝʜʽʥʢʫ ʟʘʣʝʞʥʦ ʚʽʜ ʩʝʨʝʜʦʚʠʱʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʚʽʜ ʩʪʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʜʠʥʘʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʦʨʽʚʥʷʣʴʥʠʡ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʝʡ ʟʘʣʠʰʢʦʚʦʛʦ ʨʠʟʠʢʫ ʦʧʝʨʘʪʦʨʩʴʢʦʾ ʧʦʤʠʣʢʠ 

Figure 1 ï Comparative Graph of Residual Operator Error Risk Dependencies 
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ʆʪʨʠʤʘʥʘ ʬʦʨʤʘʣʽʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʧʦʚô̫ ʟʘʪʠ ʨʽʚʝʥʴ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʟʽ ʟʜʘʪʥʽʩʪʶ ʩʠʩʪʝʤʠ 

ʟʤʝʥʰʫʚʘʪʠ ʟʘʣʠʰʢʦʚʠʡ ʨʠʟʠʢ ʦʧʝʨʘʪʦʨʩʴʢʦʾ ʧʦʤʠʣʢʠ. ʇʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ ʙʫʜʝ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ 

ʧʦʙʫʜʦʚʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʚʩʪʘʥʦʚʣʶʻ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʨʽʚʥʝʤ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ 

ʪʘ ʚʝʣʠʯʠʥʦʶ ʟʘʣʠʰʢʦʚʦʛʦ ʨʠʟʠʢʫ. 

2. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʧʣʠʚʫ ʨʽʚʥʷ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʟ ʨʠʟʠʢʦʤ ʦʧʝʨʘʪʦʨʩʴʢʦʾ ʧʦʤʠʣʢʠ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʻ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ 

ʣʶʜʠʥʠ-ʦʧʝʨʘʪʦʨʘ, ʜʦʮʽʣʴʥʦ ʧʦʚôʷʟʘʪʠ ʨʽʚʥʽ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʟ ʨʠʟʠʢʦʤ ʦʧʝʨʘʪʦʨʩʴʢʦʾ ʧʦʤʠʣʢʠ, ʫ 

ʚʠʛʣʷʜʽ ʽʤʦʚʽʨʥʦʩʪʽ . ʇʦʨʽʚʥʷʣʴʥʠʡ ʛʨʘʬʽʢ ʬʫʥʢʮʽʡ ʟʘʣʠʰʢʦʚʦʛʦ ʨʠʟʠʢʫ ʦʧʝʨʘʪʦʨʩʴʢʦʾ ʧʦʤʠʣʢʠ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

ʅʝʭʘʡ [ ]0,1er P= Í  ï ʙʘʟʦʚʠʡ ʨʠʟʠʢ ʦʧʝʨʘʪʦʨʩʴʢʦʾ ʧʦʤʠʣʢʠ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʩʫʧʨʦʚʦʜʫ. ɺʠʙʽʨ ʽʥʪʝʨʚʘʣʫ  ʜʣʷ ʦʙʦʭ ʦʩʝʡ ʟʘʙʝʟʧʝʯʫʻ ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ ʘʥʘʣʽʟʫ ʜʦ ʧʨʝʜʤʝʪʥʦʾ 

ʦʙʣʘʩʪʽ ʪʘ ʜʦʟʚʦʣʷʻ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʩʪʨʫʢʪʫʨʥʠʭ ʚʽʜʤʽʥʥʦʩʪʷʭ ʤʽʞ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ. 

 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʨʽʚʥʽʚ ʚʚʝʜʝʤʦ ʬʫʥʢʮʽʶ , ʱʦ ʦʧʠʩʫʻ ʯʘʩʪʢʫ ʨʠʟʠʢʫ, ʷʢʫ 

ʚʜʘʻʪʴʩʷ ʟʤʝʥʰʠʪʠ ʟʘʚʜʷʢʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʤʫ ʩʫʧʨʦʚʦʜʫ -ʛʦ ʨʽʚʥʷ. ʊʦʜʽ ʟʘʣʠʰʢʦʚʠʡ ʨʠʟʠʢ ʧʽʩʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʜʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʠʨʘʟ (6): 

 

( ) (1 ( )).k kR r r m r= -        (6) 

 

ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʨʽʚʥʷ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʬʦʨʤʘ ʟʘʣʝʞʥʦʩʪʽ ʫʩʢʣʘʜʥʷʻʪʴʩʷ, ʘ ʟʘʣʠʰʢʦʚʠʡ ʨʠʟʠʢ 

ʦʧʝʨʘʪʦʨʩʴʢʦʾ ʧʦʤʠʣʢʠ ʟʤʝʥʰʫʻʪʴʩʷ. ʇʫʥʢʪʠʨʥʘ ʟʘʣʝʞʥʽʩʪʴ  ʟʘʜʘʻ ʝʪʘʣʦʥʥʫ ʪʨʘʻʢʪʦʨʽʶ ʨʠʟʠʢʫ 

ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʩʫʧʨʦʚʦʜʫ ʽ ʩʣʫʛʫʻ ʙʘʟʦʶ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ 

ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʚʩʽʭ ʽʥʰʠʭ ʢʨʠʚʠʭ ʥʠʞʯʝ ʮʽʻʾ ʣʽʥʽʾ ʚʢʘʟʫʻ ʥʘ ʩʠʩʪʝʤʘʪʠʯʥʝ ʟʤʝʥʰʝʥʥʷ 

ʟʘʣʠʰʢʦʚʦʛʦ ʨʠʟʠʢʫ ʚʥʘʩʣʽʜʦʢ ʟʘʣʫʯʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʥʘʜʩʠʩʪʝʤʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʩʫʧʨʦʚʦʜʫ. 

ʇʝʨʰʘ ʢʨʠʚʘ ï ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʽʚʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʙʣʠʞʝʥʽʩʪʶ ʜʦ ʣʽʥʽʡʥʦʾ ʬʦʨʤʠ, ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʦʙʤʝʞʝʥʠʡ ʢʦʤʧʝʥʩʫʶʯʠʡ ʝʬʝʢʪ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʩʫʧʨʦʚʦʜʫ. ʊʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʧʦʚʽʜʘʻ 

ʨʝʞʠʤʫ, ʟʘ ʷʢʦʛʦ ʩʠʩʪʝʤʘ ʚʠʢʦʥʫʻ ʧʝʨʝʚʘʞʥʦ ʽʥʬʦʨʤʘʮʽʡʥʽ ʬʫʥʢʮʽʾ ʪʘ ʣʠʰʝ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʚʧʣʠʚʘʻ 

ʥʘ ʢʦʛʥʽʪʠʚʥʽ ʧʨʦʮʝʩʠ ʦʧʝʨʘʪʦʨʘ. ɼʣʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʽʚʥʷ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʤʘʻ ʤʘʡʞʝ ʣʽʥʽʡʥʠʡ 

ʭʘʨʘʢʪʝʨ: 

1 1 1

1 1

( ) , 1,

( ) (1 ).

m r r

R r r r

a a

a

=

= -
         (7) 

 

ʎʷ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʧʦʚʽʜʘʻ ʢʨʠʚʽʡ ʥʘ ʨʠʩ. 1, ʱʦ ʣʠʰʝ ʥʝ ʩʫʪʪʻʚʦ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʙʘʟʦʚʦʛʦ ʨʠʟʠʢʫ. 

ɼʨʫʛʘ ʢʨʠʚʘ ï ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʽʚʥʷ ʜʝʤʦʥʩʪʨʫʻ ʥʝʣʽʥʽʡʥʫ ʧʦʚʝʜʽʥʢʫ ʟ ʧʦʩʠʣʝʥʥʷʤ ʝʬʝʢʪʫ 

ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʧʨʠ ʟʨʦʩʪʘʥʥʽ . ʎʝ ʚʽʜʦʙʨʘʞʘʻ ʩʧʝʮʠʬʽʢʫ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢʠʭ 

ʩʫʪʪʻʚʦ ʟʨʦʩʪʘʻ ʣʠʰʝ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʥʘʢʦʧʠʯʫʻʪʴʩʷ 

ʜʦʩʪʘʪʥʽʡ ʦʙʩʷʛ ʜʘʥʠʭ ʜʣʷ ʾʭ ʢʦʨʝʢʪʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɼʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʽʚʥʷ ʝʬʝʢʪ ʩʫʧʨʦʚʦʜʫ ʟʨʦʩʪʘʻ 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʢʣʘʜʥʦʩʪʽ ʩʠʪʫʘʮʽʾ: 
2

2 2 2

2

2 2 2

( ) ,

( ) (1 ).

m r r r

R r r r r

a b

a b

= +

= - -
    (8) 

 

ʅʘ ʨʠʩ. 1 ʮʷ ʢʨʠʚʘ ʜʝʤʦʥʩʪʨʫʻ ʧʦʤʽʪʥʝ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʣʠʰʝ ʧʨʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ . 
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ʊʨʝʪʷ ʢʨʠʚʘ ï ʽʥʪʝʣʝʢʪʫʘʣʴʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʨʽʚʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʨʘʞʝʥʦʶ ʯʫʪʣʠʚʽʩʪʶ ʜʦ 

ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ , ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʨʠʥʮʠʧʦʚʦ ʽʥʰʠʡ ʤʝʭʘʥʽʟʤ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʥʴ, 

ʧʨʘʚʠʣ ʪʘ ʢʦʥʪʝʢʩʪʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʽ ʟʤʝʥʰʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʦʧʝʨʘʪʦʨʘ 

ʥʘʚʽʪʴ ʫ ʩʠʪʫʘʮʽʷʭ, ʷʢʽ ʱʝ ʥʝ ʜʦʩʷʛʣʠ ʢʨʠʪʠʯʥʦʛʦ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ, ʘʣʝ ʚʞʝ ʧʦʪʨʝʙʫʶʪʴ ʢʦʛʥʽʪʠʚʥʦʾ 

ʧʽʜʪʨʠʤʢʠ. ɼʣʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʨʽʚʥʷ ʭʘʨʘʢʪʝʨʥʦʶ ʻ ʧʽʜʚʠʱʝʥʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʩʝʨʝʜʥʽʭ 

ʟʥʘʯʝʥʴ ʨʠʟʠʢʫ: 
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ɺʽʜʧʦʚʽʜʥʘ ʢʨʠʚʘ ʥʘ ʨʠʩ. 1 ʩʫʪʪʻʚʦ ʥʠʞʯʘ ʟʘ  ʪʘ  ʫ ʩʝʨʝʜʥʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ . 

ʏʝʪʚʝʨʪʘ ʢʨʠʚʘ ï ʘʜʘʧʪʠʚʥʦ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʨʽʚʥʷ ʤʘʻ ʘʜʘʧʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʬʦʨʤʫ, ʙʣʠʟʴʢʫ 

ʜʦ ʧʦʨʦʛʦʚʦʾ. ʅʘʷʚʥʽʩʪʴ ʣʦʢʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ ʚ ʦʙʣʘʩʪʽ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ r ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʩʫʧʨʦʚʦʜʫ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʥʦʩʪʽ ʩʠʪʫʘʮʽʾ. ʋ ʟʦʥʽ 

ʟʨʦʩʪʘʶʯʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʝʞʠʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʥʘʡʩʫʪʪʻʚʽʰʝ ʟʥʠʞʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʠʟʠʢʫ. ʇʨʠ ʮʴʦʤʫ ʟʘ ʤʘʣʠʭ ʟʥʘʯʝʥʴ r ʚʧʣʠʚ ʩʫʧʨʦʚʦʜʫ ʻ 

ʤʽʥʽʤʘʣʴʥʠʤ, ʱʦ ʟʘʧʦʙʽʛʘʻ ʥʘʜʤʽʨʥʦʤʫ ʚʪʨʫʯʘʥʥʶ ʚ ʜʽʷʣʴʥʽʩʪʴ ʦʧʝʨʘʪʦʨʘ, ʘ ʟʘ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ r 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʝʥʫʣʴʦʚʠʡ ʟʘʣʠʰʢʦʚʠʡ ʨʠʟʠʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʥʮʠʧʫ çʣʶʜʠʥʘ ʚ ʢʦʥʪʫʨʽè. ɼʣʷ 

ʘʜʘʧʪʠʚʥʦ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʨʽʚʥʷ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʦʧʠʩʫʻʪʴʩʷ ʣʦʛʽʩʪʠʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ: 
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ʇʘʨʘʤʝʪʨ  ʚʠʟʥʘʯʘʻ ʧʦʨʽʛ ʧʝʨʝʭʦʜʫ ʜʦ ʽʥʪʝʥʩʠʚʥʦʛʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʩʫʧʨʦʚʦʜʫ, ʘ ʢʦʝʬʽʮʽʻʥʪ 

 ʚʽʜʦʙʨʘʞʘʻ ʦʙʤʝʞʝʥʥʷ ʘʚʪʦʥʦʤʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʥʮʠʧʫ çʣʶʜʠʥʘ ʚ ʢʦʥʪʫʨʽè. 

ɸʥʘʣʽʟ ʛʨʘʬʽʢʘ ʧʦʢʘʟʫʻ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʝ ʧʨʦʩʪʦ 

ʢʽʣʴʢʽʩʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʟʘʣʠʰʢʦʚʦʛʦ ʨʠʟʠʢʫ ʦʧʝʨʘʪʦʨʩʴʢʦʾ ʧʦʤʠʣʢʠ, ʘ ʷʢʽʩʥʦʶ ʟʤʽʥʦʶ ʭʘʨʘʢʪʝʨʫ 

ʟʘʣʝʞʥʦʩʪʽ . ʇʝʨʝʭʽʜ ʚʽʜ ʤʘʡʞʝ ʣʽʥʽʡʥʠʭ ʜʦ ʘʜʘʧʪʠʚʥʠʭ ʥʝʣʽʥʽʡʥʠʭ ʬʫʥʢʮʽʡ ʚʽʜʦʙʨʘʞʘʻ ʟʤʽʥʫ 

ʨʦʣʽ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ï ʚʽʜ ʧʘʩʠʚʥʦʛʦ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʘʢʪʠʚʥʦʛʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʩʫʙôʻʢʪʘ ʚʟʘʻʤʦʜʽʾ ʟ ʦʧʝʨʘʪʦʨʦʤ, ʟʜʘʪʥʦʛʦ ʜʠʥʘʤʽʯʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʨʦʮʝʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ 

ʢʨʠʪʠʯʥʠʭ ʫʤʦʚʘʭ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʩʘʤʝ ʘʜʘʧʪʠʚʥʦ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʨʽʚʝʥʴ ʻ ʥʘʡʙʽʣʴʰ 

ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʧôʶʪʝʨʥʠʭ ʥʘʜʩʠʩʪʝʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʩʫʧʨʦʚʦʜʫ ʚ ʩʠʩʪʝʤʘʭ 

ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʥʠʤʠ ʪʘ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʦʙôʻʢʪʘʤʠ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ 

ʤʽʥʽʤʽʟʘʮʽʶ ʟʘʣʠʰʢʦʚʦʛʦ ʨʠʟʠʢʫ ʙʝʟ ʧʦʨʫʰʝʥʥʷ ʧʨʠʥʮʠʧʫ ʧʨʽʦʨʠʪʝʪʫ ʣʶʜʠʥʠ ʚ ʫʧʨʘʚʣʽʥʥʽ. 

ʅʠʞʯʽ ʨʽʚʥʽ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʥʝ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʠʤʦʛʠ ʜʦ ʥʘʜʩʠʩʪʝʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʩʫʧʨʦʚʦʜʫ: 

 ̔ ʥʬʦʨʤʘʮʽʡʥʠʡ ʨʽʚʝʥʴ ʦʙʤʝʞʫʻʪʴʩʷ ʚʽʟʫʘʣʽʟʘʮʽʻʶ ʪʘ ʤʦʥʽʪʦʨʠʥʛʦʤ ʽ ʥʝ ʟʜʘʪʥʠʡ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʢʦʛʥʽʪʠʚʥʽ ʧʨʦʮʝʩʠ ʦʧʝʨʘʪʦʨʘ; 

 ʘʥʘʣʽʪʠʯʥʠʡ ʨʽʚʝʥʴ ʬʦʨʤʫʻ ʘʣʴʪʝʨʥʘʪʠʚʠ, ʘʣʝ ʥʝ ʧʨʘʮʶʻ ʟ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ, ʢʦʥʬʣʽʢʪʥʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʥʘʢʦʧʠʯʝʥʠʤ ʜʦʩʚʽʜʦʤ; 

 ̔ ʥʪʝʣʝʢʪʫʘʣʴʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʨʽʚʝʥʴ ʻ ʥʝʦʙʭʽʜʥʠʤ ʙʘʟʠʩʦʤ, ʦʜʥʘʢ ʙʝʟ ʘʜʘʧʪʘʮʽʾ ʥʝ ʟʘʙʝʟʧʝʯʫʻ 

ʝʬʝʢʪʠʚʥʦʛʦ ʩʫʧʨʦʚʦʜʫ ʚ ʫʤʦʚʘʭ ʟʤʽʥʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʪʘ ʜʝʛʨʘʜʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ. 
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ɸʜʘʧʪʠʚʥʦ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʨʽʚʝʥʴ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʢʣʶʯʦʚʽ ʬʫʥʢʮʽʾ ʥʘʜʩʠʩʪʝʤʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʩʫʧʨʦʚʦʜʫ: 

 ̔ ʥʪʝʛʨʘʮʽʶ ʨʽʟʥʦʨʽʜʥʠʭ ʧʦʪʦʢʽʚ ʜʘʥʠʭ ʪʘ ʧʦʜʽʡ; 

 ʢʦʥʪʝʢʩʪʥʠʡ ʘʥʘʣʽʟ ʩʠʪʫʘʮʽʡ ʽ ʧʨʦʛʥʦʟ ʾʭ ʨʦʟʚʠʪʢʫ; 

 ʘʜʘʧʪʘʮʽʶ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʦ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʪʘ ʯʝʨʛʦʚʦʛʦ ʧʝʨʩʦʥʘʣʫ; 

 ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʜʦʩʚʽʜʫ; 

 ʟʥʠʞʝʥʥʷ ʢʦʛʥʽʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʣʶʜʠʥʫ. 

ʇʨʠ ʮʴʦʤʫ ʧʨʠʥʮʠʧʦʚʦ ʚʘʞʣʠʚʦ, ʱʦ ʧʨʠʡʥʷʪʪʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʟʘ ʯʝʨʛʦʚʠʤ 

ʧʝʨʩʦʥʘʣʦʤ, ʘ ʩʠʩʪʝʤʘ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʨʘʜʥʠʢʘ, ʘ ʥʝ ʘʚʪʦʥʦʤʥʦʛʦ ʢʝʨʫʶʯʦʛʦ ʘʛʝʥʪʘ. 

3. ɸʨʭʽʪʝʢʪʫʨʥʘ ʤʦʜʝʣʴ ʘʜʘʧʪʠʚʥʦ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʥʘ ʤʦʜʝʣʴ ʘʜʘʧʪʠʚʥʦ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ (ʨʠʩ.2) ʚʽʜʦʙʨʘʞʘʻ ʧʝʨʝʭʽʜ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʦ 

ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟ ʤʝʭʘʥʽʟʤʘʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʘʜʘʧʪʘʮʽʾ ʪʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ. ɰʾ 

ʧʦʙʫʜʦʚʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʦʙôʻʢʪʘ, ʦʮʽʥʶʚʘʥʥʷ 

ʨʠʟʠʢʫ, ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥʠ ʫʤʦʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

 
ʈʠʩʫʥʦʢ 2 ï ɸʨʭʽʪʝʢʪʫʨʥʘ ʤʦʜʝʣʴ ʘʜʘʧʪʠʚʥʦ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʢʦʤʧʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

Figure 2 ï Architectural Model of an Adaptive-Intelligent Computer Control System 
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ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʨʽʚʥʽ ʬʦʨʤʫʻʪʴʩʷ ʻʜʠʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨ ʩʠʩʪʝʤʠ. ɼʘʥʽ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʽʟ 

ʨʽʟʥʦʨʽʜʥʠʭ ʜʞʝʨʝʣ, ʧʨʦʭʦʜʷʪʴ ʧʨʦʮʝʜʫʨʠ ʫʟʛʦʜʞʝʥʥʷ, ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʪʘ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʯʠʱʝʥʥʷ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʨʝʢʪʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʪʘ ʫʩʫʥʫʪʠ ʚʧʣʠʚ 

ʚʠʧʘʜʢʦʚʠʭ ʰʫʤʽʚ ʽ ʥʝʪʦʯʥʦʩʪʝʡ ʚʠʤʽʨʶʚʘʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ ʩʪʚʦʨʶʻʪʴʩʷ ʩʪʨʫʢʪʫʨʦʚʘʥʘ ʙʘʟʘ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʚʥʫʪʨʽʰʥʴʦʾ ʤʦʜʝʣʽ ʩʪʘʥʫ ʦʙôʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʅʘʩʪʫʧʥʠʡ ʨʽʚʝʥʴ ʧʦʚôʷʟʘʥʠʡ ʟ ʦʮʽʥʶʚʘʥʥʷʤ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ. ʅʘ ʦʩʥʦʚʽ ʽʥʪʝʛʨʦʚʘʥʠʭ 

ʜʘʥʠʭ ʬʦʨʤʫʻʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʘ ʤʦʜʝʣʴ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʘʢʪʫʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʘ. 

ʉʘʤʝ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʮʽʥʶʚʘʥʥʷ ʙʘʟʦʚʦʛʦ ʨʠʟʠʢʫ ʦʧʝʨʘʪʦʨʩʴʢʦʾ ʧʦʤʠʣʢʠ ʪʘ ʚʠʷʚʣʝʥʥʷ 

ʘʥʦʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ. ʆʪʨʠʤʘʥʘ ʦʮʽʥʢʘ ʨʠʟʠʢʫ ʚʠʩʪʫʧʘʻ ʢʣʶʯʦʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʧʨʦʮʝʜʫʨ [12]. 

ʇʨʦʛʥʦʩʪʠʯʥʠʡ ʨʽʚʝʥʴ ʟʘʙʝʟʧʝʯʫʻ ʘʥʘʣʽʟ ʤʦʞʣʠʚʠʭ ʩʮʝʥʘʨʽʾʚ ʨʦʟʚʠʪʢʫ ʩʠʪʫʘʮʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʟʘʬʽʢʩʫʚʘʪʠ ʧʦʪʦʯʥʠʡ ʩʪʘʥ, ʘ ʡ ʧʝʨʝʜʙʘʯʠʪʠ ʡʦʛʦ ʟʤʽʥʫ ʫ 

ʯʘʩʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ. ʌʦʨʤʫʻʪʴʩʷ ʤʥʦʞʠʥʘ ʘʣʴʪʝʨʥʘʪʠʚ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ, ʢʦʞʥʘ ʟ ʷʢʠʭ 

ʦʮʽʥʶʻʪʴʩʷ ʟ ʧʦʟʠʮʽʡ ʚʧʣʠʚʫ ʥʘ ʟʘʣʠʰʢʦʚʠʡ ʨʠʟʠʢ. ʊʘʢʠʤ ʯʠʥʦʤ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪʴ ʚʽʜ ʨʝʘʢʪʠʚʥʦʛʦ 

ʜʦ ʧʨʦʘʢʪʠʚʥʦʛʦ ʨʝʞʠʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʘʜʘʧʪʠʚʥʦ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʻ ʥʘʷʚʥʽʩʪʴ ʨʽʚʥʷ ʘʜʘʧʪʘʮʽʾ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ 

ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʝʡ ʢʦʨʠʛʫʶʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʥʦʚʠʭ ʜʘʥʠʭ, ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚôʷʟʢʫ. ɸʜʘʧʪʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʜʠʥʘʤʽʯʥʫ ʧʝʨʝʙʫʜʦʚʫ ʚʥʫʪʨʽʰʥʽʭ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʽ 

ʟʙʝʨʽʛʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʚʽʪʴ ʚ ʫʤʦʚʘʭ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙôʻʢʪʘ ʘʙʦ ʜʝʛʨʘʜʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ. ʉʘʤʝ 

ʮʝʡ ʤʝʭʘʥʽʟʤ ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʟʘʮʽʶ ʣʦʛʽʩʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ, ʢʦʣʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʩʫʧʨʦʚʦʜʫ ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 

ɺʝʨʭʥʽʡ ʨʽʚʝʥʴ ʘʨʭʽʪʝʢʪʫʨʠ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʚʟʘʻʤʦʜʽʻʶ ʟ ʦʧʝʨʘʪʦʨʦʤ. ʉʠʩʪʝʤʘ ʥʘʜʘʻ ʧʦʷʩʥʝʥʥʷ 

ʩʬʦʨʤʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʛʥʦʟʦʚʘʥʽ ʩʮʝʥʘʨʽʾ ʪʘ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʨʝʢʮʽʶ 

ʨʽʰʝʥʴ. ʆʩʪʘʪʦʯʥʝ ʫʧʨʘʚʣʽʥʩʴʢʝ ʨʽʰʝʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʟʘ ʣʶʜʠʥʦʶ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʥʮʠʧʫ çʣʶʜʠʥʘ 

ʚ ʢʦʥʪʫʨʽè. ɿʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ ʚʽʜ ʦʧʝʨʘʪʦʨʘ ʚʧʣʠʚʘʻ ʥʘ ʤʝʭʘʥʽʟʤ ʘʜʘʧʪʘʮʽʾ, ʬʦʨʤʫʶʯʠ ʟʘʤʢʥʝʥʠʡ 

ʢʦʥʪʫʨ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʩʫʧʨʦʚʦʜʫ. 

ʋʟʘʛʘʣʴʥʶʶʯʠ, ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʚʽʜʦʙʨʘʞʘʻ ʷʢʽʩʥʫ 

ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ: ʚʽʜ ʧʘʩʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʜʦ 

ʘʢʪʠʚʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ɺʦʥʘ ʩʪʨʫʢʪʫʨʥʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʟʥʠʞʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʠʟʠʢʫ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʧʨʘʢʪʠʯʥʫ ʨʝʘʣʽʟʘʮʽʶ ʧʦʨʦʛʦʚʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʘʢʪʠʚʘʮʽʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʩʫʧʨʦʚʦʜʫ. ʉʘʤʝ ʽʥʪʝʛʨʘʮʽʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʘʜʘʧʪʘʮʽʾ ʪʘ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʬʦʨʤʫʻ ʦʩʥʦʚʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ 

ʦʙôʻʢʪʘʤʠ. 

ɺʠʩʥʦʚʢʠ. ʋ ʩʪʘʪʪʽ ʜʦʩʣʽʜʞʝʥʦ ʧʽʜʭʦʜʠ ʜʦ ʬʦʨʤʘʣʽʟʘʮʽʾ ʚʠʤʦʛ ʜʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʦʙôʻʢʪʘʤʠ ʟ ʧʦʟʠʮʽʡ ʟʥʠʞʝʥʥʷ ʦʧʝʨʘʪʦʨʩʴʢʦʛʦ 

ʨʠʟʠʢʫ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʝʚʦʣʶʮʽʶ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʠʦʢʨʝʤʣʝʥʦ ʯʦʪʠʨʠ ʨʽʚʥʽ ʾʭ 

ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʝʨʝʭʦʜʦʤ ʚʽʜ 

ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʜʦ ʘʜʘʧʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʫʧʨʦʚʦʜʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʬʦʨʤʘʣʽʟʦʚʘʥʫ ʤʦʜʝʣʴ ʟʘʣʠʰʢʦʚʦʛʦ ʨʠʟʠʢʫ ʦʧʝʨʘʪʦʨʩʴʢʦʾ ʧʦʤʠʣʢʠ ʫ ʚʠʛʣʷʜʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʩʫʧʨʦʚʦʜʫ. ʈʦʟʨʦʙʣʝʥʦ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʜʣʷ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʪʘ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʦʛʽʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʘʜʘʧʪʠʚʥʦ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʨʽʚʥʷ. 

ʉʬʦʨʤʦʚʘʥʦ ʘʣʛʦʨʠʪʤʽʯʥʽ ʪʘ ʘʨʭʽʪʝʢʪʫʨʥʽ ʚʠʤʦʛʠ ʜʦ ʘʜʘʧʪʠʚʥʦ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʫ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʘʜʘʧʪʠʚʥʠʤ ʟʚʦʨʦʪʥʠʤ ʢʦʥʪʫʨʦʤ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʦʙôʻʢʪʘʭ. 

  

https://arrcjournal.org/


G11 ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ (ɿɸ ʉʇɽʎɯɸʃɯɿɸʎɯɭʖ) /  
G11 MECHANICAL  ENGINEERING  (SPECIALISATION)  

 

 
ʅʘʫʢʦʚʠʡ ʞʫʨʥʘʣ çɸɺʊʆʄʆɹɯʃʔʅɯ ɼʆʈʆɻʀ ɯ ɼʆʈʆɾʅɭ ɹʋɼɯɺʅʀʎʊɺʆè, 2026. ɺʠʧʫʩʢ 119. 

ISSN 0365-8171 (Print), ISSN 2707-4080 (ʆnline), ISSN 2707-4099 (CD), https://arrcjournal.org . 

Scientific journal çAUTOMOBILE ROADS AND ROAD CONSTRUCTIONè, 2026. Issue 119. 

97 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 

1. Moiseenko V., Kameniev O., Gaievskyi V. Predicting a technical condition of railway automation 

hardware under conditions of limited statistical data. Eastern-European Journal of Enterprise Technologies. 

2017. Vol. 3, ˉ 9 (88). P. 26ï35. DOI: https://doi.org/10.15587/1729-4061.2017.102005. 

2. Holub H., Tkachuk M., Melenchuk V., Lushchai Y. A system model of decision-making 

transportation process management in transport infrastructure projects. Transport Systems and Technologies. 

2023. ˉ 40. P. 219ï226. DOI: https://doi.org/10.32703/2617-9040-2022-40-19. 

3. Kulbovskyi I., Tkachuk M. Prospects of applying artificial intelligence in microprocessor systems 

for railway traffic control // Transport Means : Proceedings of the International Conference. 2024. P. 712ï715. 

4. Samsonk̔n V., Yurchenko O., Sorochynska O., Rohovyi O., Bureika G. Decarbonizing Strategy of 

Ukrainian Transport Sector. Intelligent Transport Systems: Ecology, Safety, Quality, Comfort. ITSESQC 2024. 

Lecture Notes in Networks and Systems. Vol. 1335. Cham : Springer, 2025. DOI: https://doi.org/10.1007/978-

3-031-87376-8_10. 

5. ʉʦʨʦʢʘ ɸ., ɻʦʣʫʙ ɻ. ʄ. ɸʥʘʣʽʟ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʪʨʘʪ ʫ ʚʝʣʠʢʠʭ ʢʦʨʧʦʨʘʮʽʷʭ: ʽʥʪʝʛʨʘʮʽʷ 

ʩʫʯʘʩʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. ʅʘʫʢʘ ʽ ʪʝʭʥʽʢʘ ʩʴʦʛʦʜʥʽ. 2025. ˉ 11 (52). DOI: 

https://doi.org/10.52058/2786-6025-2025-11(52)-2727-2741. 

6. ɻʦʣʫʙ ɻ. ʄ., ɺʦʨʦʥʢʦ ɯ. ʆ., ɹʘʯʠʥʩʴʢʠʡ ɺ., ʂʦʨʯʦʚʠʡ ɺ. ɯʥʪʝʛʨʦʚʘʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʽʚ 
ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʭʤʘʨʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤʘʭ. ʅʘʫʢʘ 

ʽ ʪʝʭʥʽʢʘ ʩʴʦʛʦʜʥʽ. 2025. ˉ 11 (52). DOI: https://doi.org/10.52058/2786-6025-2025-11(52)-1990-2000. 

7. Stasiuk A., Kuznetsov V., Goncharova L., Hubskyi P. Models of the computer intellectualization 

optimal strategy of the power supply fast-flowing technological processes of the railways traction substations. 

Communications ï Scientific Letters of the University of Zilina. 2021. Vol. 23, ˉ 2. P. 30ï36. DOI: 

https://doi.org/10.26552/com.C.2021.2.C30-C36. 

8. Panchenko N. The formation of the system of risk-management on railway transport of Ukraine. 

Agrosvit. 2018. ˉ 22. P. 34. DOI: https://doi.org/10.32702/2306-6792.2018.22.34 

9. ʄʦʡʩʝʻʥʢʦ ɺ. ɯ., ʏʝʛʦʜʘʝʚ ɹ. ɺ., ɿʦʪʦʚʘ ʆ. ʉ. ʄʝʪʦʜʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤ ʟʘʣʽʟʥʠʯʥʦʾ 

ʘʚʪʦʤʘʪʠʢʠ. ɯʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʽ ʩʠʩʪʝʤʠ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ. 2014. ˉ 4. ʉ. 26ï32. 

10. Sorochynska O., Melnichenko O., Kulbovskyi I., Tkachenko V. System model for the formation of 

organizational and technical processes for the prevention of emergency situations in transport complex 

projects. Transport Systems and Technologies. 2025. ˉ 46. URL: 

https://tst.duit.in.ua/index.php/tst/article/view/438. 

11. Holub H., Kulbovskyi I., Skliarenko I., Bambura O., Tkachuk M. Research of methods for 

identification of emergency modes of power supply system in transport infrastructure projects. Technology 

Audit and Production Reserves. 2019. ˉ 5/2 (49). P. 34ï36. DOI: https://doi.org/10.15587/2312-

8372.2019.182830. 

12. Samsonkin V., Sotnyk V., Yurchenko O., Zmii S., Myronenko V., Soloviova O. Devising a 

methodology to manage the performance of technical tools of rail transport signaling systems based on the 

risks of their functioning. Eastern-European Journal of Enterprise Technologies. 2022. 6/3 (120). P. 32ï43. 

DOI: https://doi.org/10.15587/1729-4061.2022.268715. 

 

MATHEMATICAL MODEL OF INTELLECTUALIZATION OF COMPUTER CONTROL 

SYSTEMS FOR CRITICAL INFRASTRUCTURE OBJECTS  

Tkachuk Mykola S., Postgraduate Student of the Department of Automation and Computer-Integrated 

Transport Technologies, Educational and Scientific Kyiv Institute of Railway Transport, National Transport 

University, Kyiv, Ukraine, e-mail: kt20@ukr.net, tel.: +380 96 540 9623, https://orcid.org/0000-0002-9683-

4303 

Chechuga Oleksandr S., Candidate of Technical Sciences, Associate Professor, Associate Professor 

of the Department of Transport Construction and Property Management, National Transport University, Kyiv, 

Ukraine, e-mail: chechuga77@gmail.com, ʪʝʣ. +380662019442. https://orcid.org/0000-0003-1643-6354 

https://arrcjournal.org/
https://doi.org/10.32703/2617-9040-2022-40-19
https://doi.org/10.1007/978-3-031-87376-8_10
https://doi.org/10.1007/978-3-031-87376-8_10
https://doi.org/10.52058/2786-6025-2025-11(52)-2727-2741
https://doi.org/10.52058/2786-6025-2025-11(52)-1990-2000
https://doi.org/10.26552/com.C.2021.2.C30-C36
https://doi.org/10.32702/2306-6792.2018.22.34
https://tst.duit.in.ua/index.php/tst/article/view/438
https://doi.org/10.15587/2312-8372.2019.182830
https://doi.org/10.15587/2312-8372.2019.182830
https://doi.org/10.15587/1729-4061.2022.268715
https://orcid.org/0000-0002-9683-4303
https://orcid.org/0000-0002-9683-4303
https://orcid.org/0000-0003-1643-6354


G11 ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ (ɿɸ ʉʇɽʎɯɸʃɯɿɸʎɯɭʖ) /  
G11 MECHANICAL  ENGINEERING  (SPECIALISATION)  

 

 

ʅʘʫʢʦʚʠʡ ʞʫʨʥʘʣ çɸɺʊʆʄʆɹɯʃʔʅɯ ɼʆʈʆɻʀ ɯ ɼʆʈʆɾʅɭ ɹʋɼɯɺʅʀʎʊɺʆè, 2026. ɺʠʧʫʩʢ 119. 

ISSN 0365-8171 (Print), ISSN 2707-4080 (ʆnline), ISSN 2707-4099 (CD), https://arrcjournal.org . 

Scientific journal çAUTOMOBILE ROADS AND ROAD CONSTRUCTIONè, 2026. Issue 119. 

98 

 

ɸʥʦʪʘʮʽʷ. The paper investigates the theoretical, algorithmic, and structural foundations for the 

development of intelligent computer control systems intended for operation at critical infrastructure facilities 

with increased reliability and safety requirements. The relevance of the study is determined by the growing 

complexity of modern technical and transport systems, the increasing volume of heterogeneous data processed 

in real time, and the necessity to minimize operator risk under conditions of uncertainty, incompleteness, and 

inconsistency of information. Under such conditions, traditional deterministic data-processing algorithms 

prove insufficient, which necessitates a formalized approach to the intellectualization of computer control 

systems. 

A mathematical model of the intellectualization of computer control systems is proposed, providing a 

staged transition from informational and analytical levels to knowledge-oriented and adaptive-intelligent levels 

of operation. Within the proposed framework, the baseline and residual operator error risks are formalized as 

a functional relationship between the initial probability of error and the efficiency of intelligent decision 

support. Analytical models for risk reduction at different levels of intellectualization are developed, including 

linear, polynomial, and logistic dependencies that reflect qualitative changes in the risk compensation 

mechanism. 

It is demonstrated that the adaptive-intelligent level, implemented using artificial intelligence methods, 

machine learning techniques, and contextual analysis, ensures nonlinear and threshold-based regulation of 

decision-support intensity. This approach enables minimization of residual risk without violating the ñhuman-

in-the-loopò principle and ensures consistency between automated analysis and expert operator judgment. The 

proposed model provides a theoretical basis for the development of adaptive decision-support systems and can 

be applied in the design of intelligent computer control systems in domains with increased requirements for 

safety, reliability, and adaptability of computational processes. 

Keywords: Intelligent computer systems, algorithm, mathematical model, information, methods, 

reliability, intellectualization, architecture, artificial intelligence, safety, data processing, knowledge base. 
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ʟʝʤʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɼʦʩʷʛʥʫʪʘ ʤʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʮʽʥʢʠ ʨʽʚʥʷ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʙʫʜʦʚʠ ʟʝʤʝʣʴ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɺʠʨʽʰʝʥʽ ʟʘʚʜʘʥʥʷ: ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʽʚ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʘʥʘʣʽʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚʽʜʙʫʜʦʚʠ ʟʝʤʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; ʚʠʦʢʨʝʤʣʝʥʥʷ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 
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ʅʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʠʭ ʥʘʧʨʷʤʽʚ ʪʘ ʘʥʘʣʽʪʠʯʥʠʭ ʜʘʥʠʭ, ʩʬʦʨʤʦʚʘʥʦ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʡ ʨʝʘʣʽʟʘʮʽʾ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʙʫʜʦʚʠ ʟʝʤʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɺʦʥʦ ʜʦʟʚʦʣʷʻ ʚʠʦʢʨʝʤʠʪʠ ʟʝʤʝʣʴʥʽ, ʝʢʦʣʦʛʽʯʥʽ, ʪʨʘʥʩʧʦʨʪʥʽ ʡ ʙʝʟʧʝʢʦʚʽ ʯʠʥʥʠʢʠ ʪʘ 

ʧʦʙʫʜʫʚʘʪʠ ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʩʠʩʪʝʤʫ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʽʣʴʢʽʩʥʦʾ ʦʩʥʦʚʠ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʝʦʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʚʽʜʙʫʜʦʚʘ ʪʝʨʠʪʦʨʽʡ, ʟʝʤʣʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʦʮʽʥʢʘ. 

 

ɺʩʪʫʧ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʫʤʦʚʣʝʥʘ ʟʥʘʯʥʠʤʠ ʨʫʡʥʫʚʘʥʥʷʤʠ ʟʝʤʝʣʴʥʦ-

ʤʘʡʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʡʦʛʦ ʚʽʜʙʫʜʦʚʠ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ. ɿʘ ʦʮʽʥʢʘʤʠ 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʨʦʟʚʠʪʢʫ ʛʨʦʤʘʜ ʽ ʪʝʨʠʪʦʨʽʡ, ʥʘ ʧʦʯʘʪʢʫ ʯʝʨʚʥʷ ʱʦʥʘʡʤʝʥʰʝ 116 ʪʠʩʷʯ ʞʠʪʣʦʚʠʭ 

ʙʫʜʠʥʢʽʚ, ʫ ʷʢʠʭ ʤʝʰʢʘʣʠ 3,5 ʤʽʣʴʡʦʥʽʚ ʣʶʜʝʡ, ʙʫʣʠ ʧʦʰʢʦʜʞʝʥʽ ʘʙʦ ʟʨʫʡʥʦʚʘʥʽ. ɿʘ ʜʘʥʠʤʠ ʂʠʾʚʩʴʢʦʾ 

ʰʢʦʣʠ ʝʢʦʥʦʤʽʢʠ, ʩʪʘʥʦʤ ʥʘ 25 ʪʨʘʚʥʷ ʧʦʰʢʦʜʞʝʥʦ ʘʙʦ ʟʨʫʡʥʦʚʘʥʦ ʙʣʠʟʴʢʦ 44 ʤʽʣʴʡʦʥʽʚ ʢʚʘʜʨʘʪʥʠʭ 

ʤʝʪʨʽʚ ʞʠʪʣʘ ð ʚʦʥʠ ʦʮʽʥʶʶʪʴ ʟʙʠʪʢʠ ʫ 39,3 ʤʽʣʴʷʨʜʘ ʜʦʣʘʨʽʚ (ʧʝʨʰʽ ʧʽʚʨʦʢʫ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ) [1]. 

ʇʨʦʪʷʛʦʤ ʚʩʴʦʛʦ 2022 ʨ. ʚʪʨʘʪʠ ʫ ʞʠʪʣʦʚʦʤʫ ʬʦʥʜʽ ʟʨʦʩʣʠ ʽ ʩʢʣʘʣʠ ʚʽʜ 135 ʜʦ 817 ʪʠʩʷʯ ʟʨʫʡʥʦʚʘʥʠʭ 

ʘʙʦ ʧʦʰʢʦʜʞʝʥʠʭ ʙʫʜʽʚʝʣʴ [2]. ʇʨʝʜʩʪʘʚʣʝʥʽ ʜʘʥʽ ʻ ʧʨʠʙʣʠʟʥʠʤʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʦʾ 

ʤʦʥʽʪʦʨʠʥʛʦʚʦʾ ʩʠʩʪʝʤʠ ʟʨʫʡʥʦʚʘʥʦʛʦ ʞʠʪʣʘ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩʠ ʚʽʜʙʫʜʦʚʠ ʪʘ 

ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʨʝʛʽʦʥʽʚ, ʚʥʦʩʠʪʴ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʨʦʪʠʨʽʯʯʷ. ɿʘ ʜʘʥʠʤʠ ʂʠʾʚʩʴʢʦʾ 

ʰʢʦʣʠ ʝʢʦʥʦʤʽʢʠ ʟʘ ʨʽʢ ʟ ʧʦʯʘʪʢʫ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʨʦʩʡ̔ʩʴʢʦʛʦ ʚʽʡʩʴʢʦʚʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʟʘʛʘʣʴʥʘ 

ʩʫʤʘ ʧʨʷʤʠʭ ʟʘʜʦʢʫʤʝʥʪʦʚʘʥʠʭ ʟʙʠʪʢʽʚ ʞʠʪʣʦʚʽʡ ʪʘ ʥʝʞʠʪʣʦʚʽʡ ʥʝʨʫʭʦʤʦʩʪʽ, ʽʥʰʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ 

ʩʢʣʘʣʘ ʧʦʥʘʜ $143,8 ʤʣʨʜ. (ʩʪʘʥʦʤ ʥʘ ʣʶʪʠʡ 2023 ʨ.). ʅʘʡʙʽʣʴʰʘ ʯʘʩʪʢʘ ʫ ʟʘʛʘʣʴʥʦʤʫ ʦʙʩʷʟʽ ʧʨʷʤʠʭ 

ʚʪʨʘʪ ʥʘʣʝʞʠʪʴ ʞʠʪʣʦʚʠʤ ʙʫʜʽʚʣʷʤ (37,3% ʘʙʦ $53,6) ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ (25,2% ʘʙʦ $36,2 ʤʣʨʜ) [3]. ʋ 

2024 ʨ. ʧʨʦʜʦʚʞʫʚʘʣʠ ʟʨʦʩʪʘʪʠ ʚʪʨʘʪʠ ʚʽʜ ʚʝʜʝʥʥʷ ʘʛʨʝʩʠʚʥʠʭ ʙʦʡʦʚʠʭ ʜʽʡ. ɿ ʧʦʯʘʪʢʫ 

ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʧʨʷʤʽ ʚʪʨʘʪʠ ʟʘʚʜʘʥʽ ʋʢʨʘʾʥʽ ʩʢʣʘʜʘʶʪʴ 1,164 ʤʣʨʜ. ʜʦʣ. [4]. 

ʆʪʞʝ, ʚʨʘʭʦʚʫʶʯʠ ʛʣʠʙʠʥʫ ʽ ʩʢʣʘʜʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʧʨʦʙʣʝʤ, ʚʠʟʥʘʯʝʥʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʡ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʙʫʜʦʚʠ ʟʝʤʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʦʙʦʢ. ɺ ʽʩʥʫʶʯʠʭ ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʢʘʭ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʥʘʧʨʷʤʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʙʫʜʦʚʠ ʟʝʤʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʨʝʛʽʦʥʽʚ [5, 6]. ɯʥʩʪʨʫʤʝʥʪʘʨʽʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚ 

ʛʝʦʝʢʦʣʦʛʽʯʥʦʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʦʙʛʨʫʥʪʦʚʚʘʥʦ ʫ [7, 8].  

ɼʣʷ ʨʦʟʨʦʙʢʠ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʙʫʜʦʚʠ ʟʝʤʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʬʦʨʤʫʻʪʴʩʷ ʢʽʣʴʢʽʩʥʘ ʦʩʥʦʚʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ [9, 10].  

ʇʦʨʷʜ ʟ ʮʠʤ, ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʚʠʨʽʰʝʥʠʤʠ ʧʠʪʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʙʫʜʦʚʠ 

ʟʝʤʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʮʽʥʢʠ ʨʽʚʥʷ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʙʫʜʦʚʠ ʟʝʤʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʨʽʰʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

ï ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʽʚ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʙʫʜʦʚʠ 

ʟʝʤʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; 

ï ʚʠʦʢʨʝʤʣʝʥʥʷ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʉʫʯʘʩʥʽ ʥʝʦʜʥʦʟʥʘʯʥʽ ʫʤʦʚʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʠʞʝʥʥʷʤ 

ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʝʛʽʦʥʽʚ, ʥʝʛʘʪʠʚʥʠʤ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʯʠʥʥʠʢʽʚ, 

ʥʘʩʣʽʜʢʘʤʠ ʘʛʨʝʩʽʾ ʨʬ, ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʥʘʧʨʷʤʽʚ 

ʚʽʜʙʫʜʦʚʠ ʟʝʤʝʣʴʥʦ-ʤʘʡʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʥʘ ʦʩʥʦʚʽ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɿʦʢʨʝʤʘ, ʟʘ ʜʘʥʠʤʠ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʩʪʘʪʠʩʪʠʢʠ ʋʢʨʘʾʥʠ, 
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ʥʘʚʽʪʴ ʟʘ çʧʝʨʝʜʚʦʻʥʥʠʤʠè ʧʦʢʘʟʥʠʢʘʤʠ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʢʦʨʦʯʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʟʘ ʚʩʽʤʘ 

ʨʝʛʽʦʥʘʤʠ, ʦʢʨʽʤ ʂʠʾʚʩʴʢʦʛʦ. ɯʥʜʠʢʘʪʦʨ ʦʯʽʢʫʚʘʥʴ ʟʘʡʥʷʪʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ, ʧʦʯʠʥʘʶʯʠ ʟ 2022 ʨ. 

ʩʢʦʨʦʯʫʚʘʚʩʷ, ʽ ʚ 4 ʢʚʘʨʪʘʣʽ 2025 ʨ. ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 98,9 % [11].  

ɿʘ ʜʦʩʣʽʜʞʝʥʽʡ ʧʝʨʽʦʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʢʦʨʦʯʝʥʥʷ ʽʥʜʠʢʘʪʦʨʘ ʦʯʽʢʫʚʘʥʴ ʱʦʜʦ ʟʘʡʥʷʪʦʩʪʽ 

ʧʨʘʮʽʚʥʠʢʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ: 

ï ʦʯʽʢʫʚʘʥʠʭ ʟʤʽʥ ʢʽʣʴʢʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʝʨʝʨʦʙʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ  ʚ 

ʥʘʩʪʫʧʥʽ ʪʨʠ ʤʽʩʷʮʽ; 

ï ʦʯʽʢʫʚʘʥʠʭ ʟʤʽʥ ʢʽʣʴʢʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ ʥʘ ʙʫʜʽʚʝʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʫ ʥʘʩʪʫʧʥʽ ʪʨʠ 

ʤʽʩʷʮʽ; 

ï ʦʯʽʢʫʚʘʥʠʭ ʟʤʽʥ ʢʽʣʴʢʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʨʦʟʜʨʽʙʥʦʾ ʪʦʨʛʽʚʣʽ ʚ ʥʘʩʪʫʧʥʽ 

ʪʨʠ ʤʽʩʷʮʽ; 

ï ʦʯʽʢʫʚʘʥʽ ʟʤʽʥ ʢʽʣʴʢʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʩʬʝʨʠ ʧʦʩʣʫʛ ʫ ʥʘʩʪʫʧʥʽ ʪʨʠ 

ʤʽʩʷʮʽ.  

ʇʨʝʜʩʪʘʚʣʝʥʽ ʪʝʥʜʝʥʮʽʾ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʛʘʪʠʚʥʠʡ ʩʪʘʥ ʫ ʩʬʝʨʽ ʬʦʨʤʫʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, 

ʱʦ ʟʥʠʞʫʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ, 

ʚʨʘʭʦʚʫʶʯʠ ʝʢʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʦʙʩʷʛʽʚ ʢʘʧʽʪʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʫ 2022 ʨ. 

ʧʦʨʽʚʥʷʥʦ ʟ 2021 ʨ. ʫ ʮʽʣʦʤʫ ʧʦ ʋʢʨʘʾʥʽ ʥʘ 39,2% ʪʘ ʟʘ ʨʝʛʽʦʥʘʤʠ, ʜʝ ʨʽʚʝʥʴ ʩʢʦʨʦʯʝʥʥʷ ʚʘʨʽʶʻʪʴʩʷ: ʚʽʜ 

16,5% ʫ ɺʽʥʥʠʮʴʢʦʤʫ ʨʝʛʽʦʥʽʚ ʜʦ 82,9% ʫ ɼʦʥʝʮʴʢʦʤʫ ʪʘ 94% ʫ ʃʫʛʘʥʩʴʢʦʤʫ ʨʝʛʽʦʥʘʭ. ʋ ʥʘʩʪʫʧʥʠʭ 

ʧʝʨʽʦʜʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʢʘʧʽʪʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʟʘ ʚʠʜʘʤʠ ʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʇʨʦ ʮʝ ʩʚʽʜʯʘʪʴ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʢʘʧʽʪʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʫ 2023 ï 2024 ʨʨ. [11]. 

ʉʣʽʜ ʚʢʘʟʘʪʠ ʥʘ ʩʢʦʨʦʯʝʥʥʷ ʨʽʚʥʷ ʽʥʜʝʢʩʽʚ ʧʨʦʤʠʩʣʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʧʨʦʜʫʢʮʽʾ.  

ʅʝʦʜʥʦʟʥʘʯʥʠʤʠ ʪʝʥʜʝʥʮʽʷʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʽʥʜʝʢʩʠ ʙʫʜʽʚʝʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʥʘʯʥʠʤʠ çʰʦʢʦʚʠʤʠè ʧʘʜʽʥʥʷʤʠ ʧʝʨʰʠʭ ʤʽʩʷʮʽʚ ʚʽʡʥʠ, ʩʪʘʛʥʘʮʽʷʤʠ ʽ ʘʜʘʧʪʘʮʽʡʥʠʤʠ 

ʪʝʥʜʝʥʮʽʷʤʠ ʥʘʩʪʫʧʥʠʭ ʤʽʩʷʮʽʚ ʟʜʽʡʩʥʝʥʥʷ ʚʦʻʥʥʠʭ ʜʽʡ. ɿʘ ʨʝʛʽʦʥʘʤʠ ʋʢʨʘʾʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʭʚʠʣʝʧʦʜʽʙʥʽ ʪʝʥʜʝʥʮʽʾ ʱʦʜʦ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʫ ʩʽʯʥʽ 2022 ʨ. ʧʦ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʝʨʽʦʜʫ ʤʠʥʫʣʦʛʦ ʨʦʢʫ. ʂʨʽʤ ʪʦʛʦ, ʧʦʛʣʠʙʣʶʶʪʴʩʷ ʧʨʦʮʝʩʠ ʝʢʦʣʦʛʽʯʥʠʭ ʜʠʩʙʘʣʘʥʩʽʚ ʥʘ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ, ʱʦ ʧʦʚôʷʟʘʥʦ ʽʟ ʥʝʦʜʥʦʟʥʘʯʥʠʤʠ ʪʝʥʜʝʥʮʽʷʤʠ ʟʨʦʩʪʘʥʥʷ ʚʠʢʠʜʽʚ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʚʽʜ ʩʪʘʮʽʦʥʘʨʥʠʭ ʜʞʝʨʝʣ ʚʠʢʠʜʽʚ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʦʙʩʷʛʽʚ 

ʢʘʧʽʪʘʣʴʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʥʘ ʦʭʦʨʦʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʮʽʣʦʤʫ ʧʦ ʋʢʨʘʾʥʽ ʥʘ 

18,5% ʟʘ ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ ʧʦ ʨʝʛʽʦʥʘʭ: ɺʦʣʠʥʩʴʢʠʡ (9,5%); ɿʘʧʦʨʽʟʴʢʠʡ (16,7%); ʂʠʾʚʩʴʢʠʡ (95,9%); 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ (37,2%); ʃʴʚʽʚʩʴʢʠʡ (25,4%); ʍʤʝʣʴʥʠʮʴʢʠʡ (13,9%); ʏʝʨʥʽʛʽʚʩʴʢʠʡ (0,56%).  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʅʘʮʽʦʥʘʣʴʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫ ʪʘ 

ʟʘʪʚʝʨʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʣʘʥʫ ʟʘʭʦʜʽʚ ʟ ʾʾ ʨʝʘʣʽʟʘʮʽʾ ʫ 2025-2027 ʨʦʢʘʭ ʚʘʞʣʠʚʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʚʦʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʠʤʯʘʩʦʚʦ ʦʢʫʧʦʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʤʘʻ 

ʨʦʟʛʘʣʫʞʝʥʫ ʟʘʣʽʟʥʠʯʥʫ ʤʝʨʝʞʫ (ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʜʦʚʞʠʥʘ ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʣʽʡ ʩʪʘʥʦʤ ʥʘ ʩʝʨʧʝʥʴ 2024 

ʨʦʢʫ ʩʪʘʥʦʚʠʪʴ 19759,8 ʢʽʣʦʤʝʪʨʘ), ʨʦʟʚʠʥʫʪʫ ʤʝʨʝʞʫ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ (ʥʘʮʽʦʥʘʣʴʥʘ ʤʝʨʝʞʘ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 166,3 ʪʠʩ. ʢʽʣʦʤʝʪʨʽʚ, ʟ ʥʠʭ 47,7 ʪʠʩ. 

ʢʽʣʦʤʝʪʨʽʚ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʜʝʨʞʘʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʘ 118,6 ʪʠʩ. ʢʽʣʦʤʝʪʨʽʚ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ 

ʤʽʩʮʝʚʦʛʦ ʟʥʘʯʝʥʥʷ), 18 ʤʦʨʩʴʢʠʭ ʧʦʨʪʽʚ (ʩʪʘʥʦʤ ʥʘ ʚʝʨʝʩʝʥʴ 2024 ʨʦʢʫ ʬʫʥʢʮʽʦʥʫʶʪʴ ʣʠʰʝ ʰʽʩʪʴ 

ʧʦʨʪʽʚ), ʘ ʪʘʢʦʞ 26 ʨʽʯʢʦʚʠʭ ʪʝʨʤʽʥʘʣʽʚ, 18 ʘʝʨʦʧʦʨʪʽʚ, 14 ʟ ʷʢʠʭ ʻ ʤʽʞʥʘʨʦʜʥʠʤʠ, ʪʘ ʰʠʨʦʢʫ ʤʝʨʝʞʫ 

ʘʚʽʘʮʽʡʥʠʭ ʩʧʦʣʫʯʝʥʴ (ʥʘ ʜʘʥʠʡ ʯʘʩ ʋʢʨʘʾʥʘ ʤʘʻ ʜʽʶʯʽ ʜʚʦʩʪʦʨʦʥʥʽ ʫʛʦʜʠ ʧʨʦ ʘʚʽʘʮʽʡʥʝ ʩʧʦʣʫʯʝʥʥʷ ʽʟ 

64 ʢʨʘʾʥʘʤʠ), ʨʦʟʛʘʣʫʞʝʥʫ ʤʝʨʝʞʫ ʤʘʨʰʨʫʪʽʚ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʟʦʢʨʝʤʘ ʧʦʥʘʜ 3,8 ʪʠʩ. 

ʤʽʞʦʙʣʘʩʥʠʭ ʘʚʪʦʙʫʩʥʠʭ ʤʘʨʰʨʫʪʽʚ), ʘʚʪʦʙʫʩʥʠʭ ʩʪʘʥʮʽʡ, 199 ʧʫʥʢʪʽʚ ʧʨʦʧʫʩʢʫ ʯʝʨʝʟ ʜʝʨʞʘʚʥʠʡ 

ʢʦʨʜʦʥ, ʟ ʷʢʠʭ 29 ʧʦʚʽʪʨʷʥʠʭ, 28 ʤʦʨʩʴʢʠʭ, ʜʚʘ ʧʦʨʦʤʥʠʭ, ʜʝʩʷʪʴ ʨʽʯʢʦʚʠʭ ʪʘ 59 ʟʘʣʽʟʥʠʯʥʠʭ, ʘ ʪʘʢʦʞ 

100 ʧʫʥʢʪʽʚ ʧʨʦʧʫʩʢʫ ʯʝʨʝʟ ʜʝʨʞʘʚʥʠʡ ʢʦʨʜʦʥ ʜʣʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ, ʱʦ ʩʪʚʦʨʶʻ ʥʝʦʙʭʽʜʥʽ 

ʫʤʦʚʠ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʨʘʥʩʧʦʨʪʫ ʚ ʥʘʜʘʥʥʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ [12]. 
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ɽʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʢʘʟʫʶʪʴ ʥʘ ʟʥʠʞʝʥʥʷ ʦʙʩʷʛʽʚ ʫʪʚʦʨʝʥʠʭ ʚʽʜʭʦʜʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʾʭ 

ʦʙʨʦʙʢʦʶ. 

ʉʪʨʫʢʪʫʨʘ ʥʝʧʨʷʤʠʭ ʬʽʥʘʥʩʦʚʠʭ ʚʪʨʘʪ ʚʽʜ ʚʝʜʝʥʥʷ ʘʛʨʝʩʠʚʥʠʭ ʙʦʡʦʚʠʭ ʜʽʡ ʟʘ ʩʝʢʪʦʨʘʤʠ 

ʝʢʦʥʦʤʽʢʠ  ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 1. ʅʘʡʙʽʣʴʰʘ ʾʭ ʧʠʪʦʤʘ ʚʘʛʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ ʩʝʢʪʦʨʘʭ: ʧʨʦʤʠʩʣʦʚʽʩʪʴ, 

ʙʫʜʽʚʥʠʮʪʚʦ ʪʘ ʧʦʩʣʫʛʠ; ʪʦʨʛʽʚʣʷ; ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ. 
 

ʊʘʙʣʠʮʷ 1 ï ʉʪʨʫʢʪʫʨʘ ʥʝʧʨʷʤʠʭ ʬʽʥʘʥʩʦʚʠʭ ʚʪʨʘʪ ʚʽʜ ʚʝʜʝʥʥʷ ʘʛʨʝʩʠʚʥʠʭ ʙʦʡʦʚʠʭ ʜʽʡ  ʟʘ 

ʩʝʢʪʦʨʘʤʠ ʝʢʦʥʦʤʽʢʠ, ʤʣʨʜ. ʜʦʣ. ʟʘ [4] 

Table 1 ï Structure of indirect financial losses from aggressive military operations by economic 

sector, billion dollars, according to [4] 
 

ʉʝʢʪʦʨ ʝʢʦʥʦʤʽʢʠ 
ʆʮʽʥʢʘ ʥʝʧʨʷʤʠʭ ʚʪʨʘʪ ʟʘ ʤʝʪʦʜʦʤ 

ɺʠʨʫʯʢʘ ɼʦʜʘʥʘ ʚʘʨʪʽʩʪʴ 

ʇʨʦʤʠʩʣʦʚʽʩʪʴ, ʙʫʜʽʚʥʠʮʪʚʦ ʪʘ ʧʦʩʣʫʛʠ 409,9 133,2 

ʊʦʨʛʽʚʣʷ  450,5 74,4 

ʈʦʟʤʽʥʫʚʘʥʥʷ  42,0 42,0 

ʉʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ  83,1 33,2 

ɾʠʪʣʦʚʠʡ ʩʝʢʪʦʨ 22,4 22,4 

ʊʨʘʥʩʧʦʨʪ 38,8 18,0 

ɽʥʝʨʛʝʪʠʢʘ 43,1 12,0 

ʆʭʦʨʦʥʘ ʟʜʦʨʦʚôʷ  11,4 11,1 

ʉʦʮʽʘʣʴʥʠʡ ʟʘʭʠʩʪ 10,0 10,0 

ʎʠʬʨʦʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ  19,3 8,8 

ʆʩʚʽʪʘ 14,5 8,4 

ɾʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ  7,7 3,9 

ʌʽʥʘʥʩʦʚʠʡ ʩʝʢʪʦʨ  4,3 4,3 

ʂʫʣʴʪʫʨʘ 7,3 2,9 

ɺʩʴʦʛʦ 1164,4 385,7 

 

ʇʦʨʷʜ ʟ ʮʠʤ, ʩʫʪʪʻʚʠʤʠ ʚʪʨʘʪʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ: ʞʠʪʣʦʚʠʡ ʩʝʢʪʦʨ; ʪʨʘʥʩʧʦʨʪ; ʝʥʝʨʛʝʪʠʢʘ; 

ʮʠʬʨʦʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ; ʦʩʚʽʪʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʥʝʧʨʷʤʠʭ ʚʪʨʘʪ ʚʥʘʩʣʽʜʦʢ ʚʽʡʩʴʢʦʚʦʾ ʘʛʨʝʩʽʾ ʨʬ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʫ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʷ 2 ï ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʥʝʧʨʷʤʠʭ ʚʪʨʘʪ ʚʥʘʩʣʽʜʦʢ ʚʽʡʩʴʢʦʚʦʾ ʘʛʨʝʩʽʾ ʨʬ ʥʘ 

ʪʨʘʥʩʧʦʨʪʽ, ʤʣʨʜ. ʜʦʣ. ʟʘ [4] 

Table 2 ï Results of the assessment of indirect losses due to Russian military aggression in transport, 

billion dollars, according to [4] 

 

ɺʠʜʠ ʚʪʨʘʪ 
ʆʮʽʥʢʘ ʚʪʨʘʪ ʟʘ ʤʝʪʦʜʦʤ 

ɺʠʨʫʯʢʘ ɼʦʜʘʥʘ ʚʘʨʪʽʩʪʴ 

ɿʤʝʥʰʝʥʥʷ ʜʦʭʦʜʫ (ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ) 7,130 3,257 

ɿʤʝʥʰʝʥʥʷ ʜʦʭʦʜʫ (ʧʦʚʽʪʨʷʥʠʡ ʪʨʘʥʩʧʦʨʪ)  6,442 2,943 

ɿʤʝʥʰʝʥʥʷ ʜʦʭʦʜʫ (ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ) 5,666 2,588 

ɿʤʝʥʰʝʥʥʷ ʜʦʭʦʜʫ (ʩʢʣʘʜʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ)  4,313 1,970 

ɿʤʝʥʰʝʥʥʷ ʜʦʭʦʜʫ (ʚʦʜʥʠʡ ʪʨʘʥʩʧʦʨʪ) 3,849 1,758 

ɿʤʝʥʰʝʥʥʷ ʜʦʭʦʜʫ (ʧʦʰʪʘ ʪʘ ʢʫʨôʻʨʩʴʢʽ ʧʦʩʣʫʛʠ)  1,332 0,608 

ɿʤʝʥʰʝʥʥʷ ʜʦʭʦʜʫ (ʧʨʠʤʽʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ)  0,985 0,450 

ɿʤʝʥʰʝʥʥʷ ʜʦʭʦʜʫ (ʽʥʰʝ) 6,763 3,090 

ɺʠʪʨʘʪʠ ʥʘ ʜʝʤʦʥʪʘʞ ʪʘ ʚʠʚʝʟʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʚʽʜʭʦʜʽʚ 2,334 2,334 

ɿʘʛʘʣʴʥʽ ʥʝʧʨʷʤʽ ʚʪʨʘʪʠ ʩʝʢʪʦʨʫ  38,814 18,998 
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ɺʩʪʘʥʦʚʣʝʥʦ ʟʤʝʥʰʝʥʥʷ ʜʦʭʦʜʫ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ: ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ; ʧʦʚʽʪʨʷʥʦʛʦ 
ʪʨʘʥʩʧʦʨʪʫ; ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ; ʩʢʣʘʜʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ; ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ; ʧʦʰʪʠ ʪʘ 
ʥʘʜʘʥʥʷ ʢʫʨôʻʨʩʴʢʠʭ ʧʦʩʣʫʛ; ʧʨʠʤʽʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ʉʣʽʜ ʚʢʘʟʘʪʠ ʥʘ ʽʥʰʽ ʚʪʨʘʪʠ ʪʘ ʚʠʪʨʘʪʠ ʥʘ ʜʝʤʦʥʪʘʞ ʪʘ ʚʠʚʝʟʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʚʽʜʭʦʜʽʚ.  
ɺʽʜʥʦʚʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʟʨʫʡʥʦʚʘʥʦʾ ʘʙʦ ʧʦʰʢʦʜʞʝʥʦʾ ʚʥʘʩʣʽʜʦʢ ʟʙʨʦʡʥʦʾ 

ʘʛʨʝʩʽʾ ʈʦʩʽʡʩʴʢʦʾ ʌʝʜʝʨʘʮʽʾ ʧʨʦʪʠ ʋʢʨʘʾʥʠ, ʤʘʻ ʟʘ ʤʦʞʣʠʚʦʩʪʽ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘ ʷʢʽʩʥʦ ʚʠʱʦʤʫ ʨʽʚʥʽ 
(ʟʘ ʧʨʠʥʮʠʧʦʤ çbuild back betterè - çʚʽʜʙʫʜʫʡ ʢʨʘʱʝ, ʥʽʞ ʙʫʣʦè), ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʥʜʘʨʪʽʚ, 
ʧʝʨʝʜʙʘʯʝʥʠʭ ʤʽʞʥʘʨʦʜʥʦ-ʧʨʘʚʦʚʠʤʠ ʟʦʙʦʚôʷʟʘʥʥʷʤʠ ʋʢʨʘʾʥʠ ʫ ʩʬʝʨʽ ʻʚʨʦʧʝʡʩʴʢʦʾ ʽʥʪʝʛʨʘʮʽʾ, ʧʨʘʚʘ 
ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ (acquis ɭʉ), ʟʦʢʨʝʤʘ ʩʪʘʥʜʘʨʪʽʚ ʱʦʜʦ ʙʝʟʧʝʢʠ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʪʘ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ 
ʪʨʘʥʩʧʦʨʪʫ [12]. 

ɼʦ ʪʦʛʦ ʞ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ, ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʥʘ ʧʨʠʥʮʠʧʘʭ 
ʜʦʙʨʦʯʝʩʥʦʩʪʽ, ʧʽʜʟʚʽʪʥʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʨʦʟʦʨʦʩʪʽ, çʚʽʜʙʫʜʫʡ ʢʨʘʱʝ, ʥʽʞ ʙʫʣʦè, ʨʦʟʙʫʜʦʚʠ ʜʦʚʽʨʠ 
ʤʽʞ ʂʘʙʽʥʝʪʦʤ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ, ʛʨʦʤʘʜʷʥʘʤʠ, ʙʽʟʥʝʩʦʤ ʽ ʬʽʥʘʥʩʦʚʠʤʠ ʫʩʪʘʥʦʚʘʤʠ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ 
ɭʜʠʥʘ ʮʠʬʨʦʚʘ ʽʥʪʝʛʨʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʚʽʜʙʫʜʦʚʠ ʦʙôʻʢʪʽʚ 
ʥʝʨʫʭʦʤʦʛʦ ʤʘʡʥʘ, ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʝʢʦʩʠʩʪʝʤʘ DREAM). ɽʢʦʩʠʩʪʝʤʘ DREAM 
ʧʦʚʠʥʥʘ ʩʧʨʠʷʪʠ ʧʨʦʟʦʨʦʩʪʽ ʪʘ ʧʽʜʟʚʽʪʥʦʩʪʽ ʧʽʜ ʯʘʩ ʚʽʜʙʦʨʫ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʽʚ ʚʽʜʥʦʚʣʝʥʥʷ, ʟʦʢʨʝʤʘ 
ʚ ʛʘʣʫʟʽ ʪʨʘʥʩʧʦʨʪʫ, ʤʦʥʽʪʦʨʠʥʛʫ ʾʭ ʬʽʥʘʥʩʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʟʜʽʡʩʥʝʥʥʷ ʢʦʥʪʨʦʣʶ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʚʩʽʭ 
ʝʪʘʧʘʭ. ʅʘ ʧʦʯʘʪʦʢ ʞʦʚʪʥʷ 2024 ʨʦʢʫ ʜʦ ʝʢʦʩʠʩʪʝʤʠ DREAM ʧʦʜʘʥʦ ʙʣʠʟʴʢʦ 700 ʧʨʦʝʢʪʽʚ ʚʽʜʥʦʚʣʝʥʥʷ 
ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ ʟ ʦʨʽʻʥʪʦʚʥʠʤ ʙʶʜʞʝʪʦʤ ʙʣʠʟʴʢʦ 77 ʤʣʨʜ. ʛʨʥ. [12].  

ʅʘʩʣʽʜʢʠ ʘʛʨʝʩʽʾ ʈʌ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʪʘ ʙʝʟʧʝʢʫ. ɿʦʢʨʝʤʘ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 
ʟʘʙʨʫʜʥʝʥʥʷ ʟʘ ʥʘʧʨʷʤʘʤʠ: 

ï 1 ʣ. ʟʘʙʨʫʜʥʶʻ 15 ʤ3 ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ; 
ï ʧʦʰʢʦʜʞʝʥʦ, ʟʨʫʡʥʦʚʘʥʦ, ʟʘʭʦʧʣʝʥʦ 109 ʟʘʚʦʜʽʚ; 
ï ʙʽʣʴʰ ʥʽʞ 30 % ʚʢʨʠʪʦ ʤʽʥʘʤʠ; 
ï ʧʦʰʢʦʜʞʝʥʦ 3 ʤʣʥ. ʛʘ ʣʽʩʫ [13].  
ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ʚʥʘʩʣʽʜʦʢ: ʟʘʪʦʧʣʝʥʥʷ ʰʘʭʪ; ʟʘʙʨʫʜʥʝʥʥʷ ʘʛʨʦʭʽʤʽʢʘʪʘʤʠ 

(ʙʽʣʴʰ ʥʽʞ 6 ʤʣʥ. ʯʦʣ. ʤʘʶʪʴ ʧʨʦʙʣʝʤʠ ʽʟ ʜʦʩʪʫʧʦʤ ʜʦ ʧʠʪʥʦʾ ʚʦʜʠ); ʦʙʩʪʨʽʣʫ ʜʘʤʙ (ʧʦʢʘʟʦʚʠʤ ʻ 
ʧʦʨʫʰʝʥʥʷ ʂʘʭʦʚʩʴʢʦʾ ʜʘʤʙʠ); ʟʥʠʱʝʥʥʷ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ [13].  

ɺʽʜʙʫʚʘʻʪʴʩʷ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʟʘ ʨʘʭʫʥʦʢ: ʤʽʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ; ʜʝʪʦʥʘʮʽʷ ʙʦʻʧʨʠʧʘʩʽʚ, ʱʦ 
ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʚʠʱʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʫ 6ï8 ʨʘʟʽʚ; ʧʦʭʦʚʘʥʥʷ ʚʙʠʪʠʭ; ʨʫʭ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ; 
ʟʨʦʩʪʘʥʥʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ˇʨʫʥʪʘʭ  [13].   

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʠʭ ʥʘʧʨʷʤʽʚ ʪʘ ʘʥʘʣʽʪʠʯʥʠʭ ʜʘʥʠʭ, ʩʬʦʨʤʦʚʘʥʦ 
ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʡ ʨʝʘʣʽʟʘʮʽʾ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 
ʚʽʜʙʫʜʦʚʠ ʟʝʤʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɺʦʥʦ ʜʦʟʚʦʣʷʻ ʚʠʦʢʨʝʤʠʪʠ ʟʝʤʝʣʴʥʽ, ʝʢʦʣʦʛʽʯʥʽ, 
ʪʨʘʥʩʧʦʨʪʥʽ ʡ ʙʝʟʧʝʢʦʚʽ ʯʠʥʥʠʢʠ ʪʘ ʧʦʙʫʜʫʚʘʪʠ ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʩʠʩʪʝʤʫ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 
ʢʽʣʴʢʽʩʥʦʾ ʦʩʥʦʚʠ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 
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Summary. The relevance of the research topic is determined by the significant destruction of the land 
and property complex and the need for its reconstruction at the regional level. Given the depth and complexity 
of the problems, the relevance and necessity of forming information and analytical support for assessing the 
level of formation and use of geo-ecological monitoring of the restoration of transport infrastructure lands has 
been determined. 

The research objective has been achieved in terms of substantiating the information and analytical 
support for assessing the level of formation and use of geo-ecological monitoring of the restoration of transport 
infrastructure lands. 

The following tasks have been solved: determining the directions and features of the formation of 
information and analytical support for assessing the level of formation and use of geo-ecological monitoring 
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of the restoration of transport infrastructure lands; identifying factors that influence the formation and use of 
geo-ecological monitoring. 

Based on the identified directions and analytical data, information and analytical support for the 
development and implementation of geo-ecological monitoring of the restoration of transport infrastructure 
lands has been formed. It allows identifying land, environmental, transport and security factors and building a 
multi-level system of indicators to create a quantitative basis for geo-ecological monitoring. 

Keywords: geo-ecological monitoring, information and analytical support, restoration of territories, 
transport infrastructure land, assessment. 
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ɺʘʪʫʣʷ ɻʣʽʙ ʃʝʦʥʽʜʦʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʇʨʦʨʝʢʪʦʨ ʟ 

ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʦʾ ʨʦʙʦʪʠ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʤʽʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤʝʥʽ ʆ. ʄ. ɹʝʢʝʪʦʚʘ, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ, e-mail: 
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ʈʘʜʟʽʥʩʴʢʘ ʖʣʽʷ ɹʦʨʠʩʽʚʥʘ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʦʮʝʥʪ 

ʢʘʬʝʜʨʠ ʟʝʤʝʣʴʥʦʛʦ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʪʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʤʽʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤʝʥʽ 
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ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʚʠʟʥʘʯʝʥʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʅʘ ʧʨʦʮʝʩʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʚʧʣʠʚʘʶʪʴ ʥʘʩʣʽʜʢʠ ʚʝʜʝʥʥʷ ʘʛʨʝʩʠʚʥʠʭ ʙʦʡʦʚʠʭ ʜʽʡ.  

ʋ ʨʦʙʦʪʽ ʜʦʩʷʛʥʫʪʘ ʤʝʪʘ ʚʽʜʥʦʩʥʦ ʚʠʟʥʘʯʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʫ ʩʠʩʪʝʤʽ 

ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʙʫʜʦʚʠ ʟʝʤʝʣʴ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʨʽʰʝʥʽ ʟʘʚʜʘʥʥʷ: 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; ʚʠʷʚʣʝʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʥʦʚʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʟʨʫʡʥʦʚʘʥʦʾ ʘʙʦ ʧʦʰʢʦʜʞʝʥʦʾ 

ʚʥʘʩʣʽʜʦʢ ʟʙʨʦʡʥʦʾ ʘʛʨʝʩʽʾ ʈʦʩʽʡʩʴʢʦʾ ʌʝʜʝʨʘʮʽʾ ʧʨʦʪʠ ʋʢʨʘʾʥʠ, ʤʘʻ ʟʘ ʤʦʞʣʠʚʦʩʪʽ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘ 

ʷʢʽʩʥʦ ʚʠʱʦʤʫ ʨʽʚʥʽ (ʟʘ ʧʨʠʥʮʠʧʦʤ ˉbuild back betterè - çʚʽʜʙʫʜʫʡ ʢʨʘʱʝ, ʥʽʞ ʙʫʣʦè), ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʥʜʘʨʪʽʚ, ʧʝʨʝʜʙʘʯʝʥʠʭ ʤʽʞʥʘʨʦʜʥʦ-ʧʨʘʚʦʚʠʤʠ ʟʦʙʦʚôʷʟʘʥʥʷʤʠ ʋʢʨʘʾʥʠ ʫ ʩʬʝʨʽ 

ʻʚʨʦʧʝʡʩʴʢʦʾ ʽʥʪʝʛʨʘʮʽʾ, ʧʨʘʚʘ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ (acquis ɭʉ), ʟʦʢʨʝʤʘ ʩʪʘʥʜʘʨʪʽʚ ʱʦʜʦ ʙʝʟʧʝʢʠ ʥʘ 

ʪʨʘʥʩʧʦʨʪʽ ʪʘ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʫ. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʬʦʨʤʫʻʪʴʩʷ ʢʽʣʴʢʽʩʥʘ ʦʩʥʦʚʘ, ʷʢʘ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ, 

ʘʥʘʣʽʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʪʥʠʭ ʤʝʪʦʜʽʚ, ʝʢʦʣʦʛʽʯʥʦʛʦ ʡ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʽʚʥʠʮʪʚʘ. 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ.  
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ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʷʢ ʩʠʩʪʝʤʘ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʧʘʩʘʞʠʨʦ-ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʤʧʣʝʢʩʦʤ 

ʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ ʪʘ ʧʨʠʩʪʨʦʾʚ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʟʝʤʝʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʙʝʟʧʝʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʢʽʥʮʝʚʠʭ ʣʘʥʮʶʛʽʚ ʩʧʦʞʠʚʘʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʚʧʣʠʚ 

ʝʢʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ. 

ɺʠʷʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʩʠʩʪʝʤʥʽʩʪʶ, ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʯʠʥʥʠʢʽʚ, ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ, ʙʝʟʧʝʢʦʚʦʛʦ ʩʪʘʥʫ, 

ʝʢʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʝʦʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʚʽʜʙʫʜʦʚʘ ʪʝʨʠʪʦʨʽʡ, ʟʝʤʣʽ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʪʨʘʥʩʧʦʨʪʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ. 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ, ʥʝʦʜʥʦʟʥʘʯʥʽʡ ʚʧʣʠʚ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ 

ʯʠʥʥʠʢʽʚ, ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ ʧʽʜʭʦʜʽʚ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʦʚʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ. ʋ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ. ʅʘ ʧʨʦʮʝʩʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʧʣʠʚʘʶʪʴ ʥʘʩʣʽʜʢʠ ʚʝʜʝʥʥʷ 

ʘʛʨʝʩʠʚʥʠʭ ʙʦʡʦʚʠʭ ʜʽʡ.  

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʟʘʟʥʘʯʝʥʝ, ʪʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫ ʩʠʩʪʝʤʽ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʙʫʜʦʚʠ ʟʝʤʝʣʴ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʽ ʤʘʻ ʚʘʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʚʠʪʢʫ ʷʢ ʨʝʛʽʦʥʽʚ, ʪʘʢ ʽ ʜʝʨʞʘʚʠ ʫ ʮʽʣʦʤʫ. 

ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʦʙʦʢ. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʟʚʽʪʫ ʉʚʽʪʦʚʦʛʦ ɹʘʥʢʫ, ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʥʷ ʊʨʝʪʴʦʾ ʰʚʠʜʢʦʾ ʦʮʽʥʢʠ ʟʘʚʜʘʥʦʾ ʰʢʦʜʠ ʪʘ ʧʦʪʨʝʙ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ (The Third 

Ukraine Rapid Damage and Needs Assessment, RDNA3), ʟʘʛʘʣʴʥʘ ʩʫʤʘ ʟʙʠʪʢʽʚ, ʟʘʚʜʘʥʠʭ ʪʨʘʥʩʧʦʨʪʥʦʤʫ 

ʩʝʢʪʦʨʫ, ʩʪʘʥʦʤ ʥʘ 31 ʛʨʫʜʥʷ 2023 ʨ. ʦʮʽʥʶʚʘʣʘʩʷ ʚ 30,5 ʤʣʨʜ. ʻʚʨʦ, ʪʦʜʽ ʷʢ ʧʦʪʨʝʙʠ ʚ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽ 

ʥʝʛʘʡʥʦʤʫ ʚʽʜʥʦʚʣʝʥʥʽ ʦʮʽʥʝʥʽ ʚ 66,8 ʤʣʨʜ. ʻʚʨʦ. ʅʘʡʙʽʣʴʰʠʭ ʦʙʩʷʛʽʚ ʧʦʪʨʝʙʫʻ ʚʽʜʥʦʚʣʝʥʥʷ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʜʝʨʞʘʚʥʦʛʦ ʟʥʘʯʝʥʥʷ (29 ʚʽʜʩʦʪʢʽʚ), ʟʘʣʽʟʥʠʯʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʨʫʭʦʤʠʡ ʩʢʣʘʜ, 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʽʥʰʽ ʘʢʪʠʚʠ (24 ʚʽʜʩʦʪʢʽʚ), ʘ ʪʘʢʦʞ ʘʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʛʠ ʤʽʩʮʝʚʦʛʦ ʟʥʘʯʝʥʥʷ (16 

ʚʽʜʩʦʪʢʽʚ) [1].  

ɺʝʣʠʢʘ ʧʣʦʱʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʟʘʙʨʫʜʥʝʥʘ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʤʠ ʧʨʝʜʤʝʪʘʤʠ, ʟʘʤʽʥʦʚʘʥʦ 

ʘʢʚʘʪʦʨʽʶ ʏʦʨʥʦʛʦ ʪʘ ɸʟʦʚʩʴʢʦʛʦ ʤʦʨʽʚ, ʱʦ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʻ ʚʽʜʥʦʚʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʥʘʨʘʞʘʻ ʥʘ ʥʝʙʝʟʧʝʢʫ ʛʨʦʤʘʜʷʥ, ʦʧʝʨʘʪʦʨʽʚ ʥʘʜʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ, ʽʥʰʠʭ 

ʩʫʙôʻʢʪʽʚ. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʄʽʥʝʢʦʥʦʤʽʢʠ, ʧʣʦʱʘ ʧʦʪʝʥʮʽʡʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʤʠ 

ʧʨʝʜʤʝʪʘʤʠ ʪʝʨʠʪʦʨʽʡ ʚ ʋʢʨʘʾʥʽ ʩʪʘʥʦʚʠʪʴ 144 ʪʠʩ. ʢʚ. ʢʽʣʦʤʝʪʨʽʚ, ʘʙʦ 24 ʚʽʜʩʦʪʢʘ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ [1]. 

ʍʘʨʘʢʪʝʨʠʟʫʶʯʠ ʚʪʨʘʪʠ ʚʽʜ ʚʝʜʝʥʥʷ ʘʛʨʝʩʠʚʥʠʭ ʙʦʡʦʚʠʭ ʜʽʡ, ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʝʧʨʷʤʽ ʬʽʥʘʥʩʦʚʽ 

ʚʪʨʘʪʠ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʩʝʢʪʦʨʽ ʫ 2024 ʨ. ʩʢʣʘʜʘʶʪʴ 38,8 ʤʣʨʜ. ʜʦʣ. ʘʙʦ ʤʘʡʞʝ 19 ʤʣʨʜ. ʜʦʣ. (ʜʦʜʘʥʘ 

ʚʘʨʪʽʩʪʴ). ʎʷ ʩʫʤʘ ʚʢʣʶʯʘʻ ʥʝʜʦʦʪʨʠʤʘʥʥʷ ʜʦʭʦʜʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʩʝʢʪʦʨʫ, ʚʠʪʨʘʪʠ ʥʘ ʜʝʤʦʥʪʘʞ 

ʟʨʫʡʥʦʚʘʥʠʭ ʦʙôʻʢʪʽʚ, ʝʢʦʥʦʤʽʯʥʽ ʚʠʪʨʘʪʠ, ʟʤʝʥʰʝʥʥʷ ʚʠʜʘʪʢʽʚ ʥʘ ʜʦʨʦʞʥʻ ʙʫʜʽʚʥʠʮʪʚʦ, ʝʢʦʥʦʤʽʯʥʽ 

ʚʠʪʨʘʪʠ, ʧʦʚôʷʟʘʥʽ ʟ ʚʠʢʦʥʘʥʥʷʤ ʮʠʚʽʣʴʥʠʭ ʪʘ ʚʽʡʩʴʢʦʚʠʭ ʟʘʜʘʯ ʪʦʱʦ [2]. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʫ ʩʠʩʪʝʤʽ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʙʫʜʦʚʠ ʟʝʤʝʣʴ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʨʽʰʫʶʪʴʩʷ ʟʘʚʜʘʥʥʷ: 

ï ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; 

ï ʚʠʷʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʋʟʘʛʘʣʴʥʶʶʯʠ ʽʩʥʫʶʯʠ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʧʦʣʦʞʝʥʥʷ, 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʽʜʩʫʪʥʽ ʻʜʠʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʫ ʩʠʩʪʝʤʽ 

ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʙʫʜʦʚʠ ʟʝʤʝʣʴ.  

ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚʽʜʥʦʚʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʟʨʫʡʥʦʚʘʥʦʾ 

ʘʙʦ ʧʦʰʢʦʜʞʝʥʦʾ ʚʥʘʩʣʽʜʦʢ ʟʙʨʦʡʥʦʾ ʘʛʨʝʩʽʾ ʈʦʩʽʡʩʴʢʦʾ ʌʝʜʝʨʘʮʽʾ ʧʨʦʪʠ ʋʢʨʘʾʥʠ, ʤʘʻ ʟʘ ʤʦʞʣʠʚʦʩʪʽ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘ ʷʢʽʩʥʦ ʚʠʱʦʤʫ ʨʽʚʥʽ (ʟʘ ʧʨʠʥʮʠʧʦʤ çbuild back betterè - çʚʽʜʙʫʜʫʡ ʢʨʘʱʝ, ʥʽʞ ʙʫʣʦè), 

ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʥʜʘʨʪʽʚ, ʧʝʨʝʜʙʘʯʝʥʠʭ ʤʽʞʥʘʨʦʜʥʦ-ʧʨʘʚʦʚʠʤʠ ʟʦʙʦʚôʷʟʘʥʥʷʤʠ ʋʢʨʘʾʥʠ 
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ʫ ʩʬʝʨʽ ʻʚʨʦʧʝʡʩʴʢʦʾ ʽʥʪʝʛʨʘʮʽʾ, ʧʨʘʚʘ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ (acquis ɭʉ), ʟʦʢʨʝʤʘ ʩʪʘʥʜʘʨʪʽʚ ʱʦʜʦ 

ʙʝʟʧʝʢʠ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʪʘ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʫ [1]. 

ɼʦ ʪʦʛʦ ʞ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ, ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʜʦʙʨʦʯʝʩʥʦʩʪʽ, ʧʽʜʟʚʽʪʥʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʨʦʟʦʨʦʩʪʽ, çʚʽʜʙʫʜʫʡ ʢʨʘʱʝ, ʥʽʞ ʙʫʣʦè, ʨʦʟʙʫʜʦʚʠ ʜʦʚʽʨʠ 

ʤʽʞ ʂʘʙʽʥʝʪʦʤ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ, ʛʨʦʤʘʜʷʥʘʤʠ, ʙʽʟʥʝʩʦʤ ʽ ʬʽʥʘʥʩʦʚʠʤʠ ʫʩʪʘʥʦʚʘʤʠ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ 

ɭʜʠʥʘ ʮʠʬʨʦʚʘ ʽʥʪʝʛʨʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʚʽʜʙʫʜʦʚʠ ʦʙôʻʢʪʽʚ 

ʥʝʨʫʭʦʤʦʛʦ ʤʘʡʥʘ, ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʝʢʦʩʠʩʪʝʤʘ DREAM). ɽʢʦʩʠʩʪʝʤʘ DREAM 

ʧʦʚʠʥʥʘ ʩʧʨʠʷʪʠ ʧʨʦʟʦʨʦʩʪʽ ʪʘ ʧʽʜʟʚʽʪʥʦʩʪʽ ʧʽʜ ʯʘʩ ʚʽʜʙʦʨʫ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʽʚ ʚʽʜʥʦʚʣʝʥʥʷ, ʟʦʢʨʝʤʘ 

ʚ ʛʘʣʫʟʽ ʪʨʘʥʩʧʦʨʪʫ, ʤʦʥʽʪʦʨʠʥʛʫ ʾʭ ʬʽʥʘʥʩʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʟʜʽʡʩʥʝʥʥʷ ʢʦʥʪʨʦʣʶ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʚʩʽʭ 

ʝʪʘʧʘʭ. ʅʘ ʧʦʯʘʪʦʢ ʞʦʚʪʥʷ 2024 ʨʦʢʫ ʜʦ ʝʢʦʩʠʩʪʝʤʠ DREAM ʧʦʜʘʥʦ ʙʣʠʟʴʢʦ 700 ʧʨʦʝʢʪʽʚ ʚʽʜʥʦʚʣʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ ʟ ʦʨʽʻʥʪʦʚʥʠʤ ʙʶʜʞʝʪʦʤ ʙʣʠʟʴʢʦ 77 ʤʣʨʜ. ʛʨʥ. [1].  

ɿʦʢʨʝʤʘ, ʫʚʘʛʘ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʥʘʧʨʷʤʘʭ ʪʘ ʦʩʦʙʣʠʚʦʩʪʷʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ [3]. 

ɺʠʦʢʨʝʤʣʝʥʽ ʢʣʶʯʦʚʽ ʩʬʝʨʠ ʟʜʽʡʩʥʝʥʥʷ ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ, ʚʨʘʭʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʘʩʧʝʢʪʠ ʪʘ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ: 

ï ʨʝʻʩʪʨʘʮʽʷ/ʬʦʨʤʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʨʘʚ ʚʣʘʩʥʦʩʪʽ ʥʘ ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ; 

ï ʪʨʘʥʟʘʢʮʽ ʾʱʦʜʦ ʟʤʽʥʠ ʧʨʘʚʘ ʚʣʘʩʥʦʩʪʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ; 

ï ʦʧʦʜʘʪʢʫʚʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ; 

ï ʨʦʟʚôʷʟʘʥʥʷ ʩʫʧʝʨʝʯʦʢ ʱʦʜʦ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʪʘ ʧʨʘʚ ʥʘ ʥʠʭ; 

ï ʟʤʽʥʘ ʬʦʨʤʠ ʚʣʘʩʥʦʩʪʽ (ʧʨʠʚʘʪʠʟʘʮʽ ʾʪʘ ʝʢʩʧʨʦʧʨʽʘʮʽʷ); 

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʩʪʽ ʧʨʘʚ ʤʽʞ ʩʫʙôʻʢʪʘʤʠ ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ [4]. 

ʈʦʟʨʦʙʢʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʫʯʘʩʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ɻɯʉ, ʚʘʞʣʠʚʽʩʪʴ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ ʨʦʙʦʪʘʭ [5ï7]. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʬʦʨʤʫʻʪʴʩʷ ʢʽʣʴʢʽʩʥʘ ʦʩʥʦʚʘ, ʷʢʘ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ, 

ʘʥʘʣʽʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʪʥʠʭ ʤʝʪʦʜʽʚ, ʝʢʦʣʦʛʽʯʥʦʛʦ ʡ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʫʜʽʚʥʠʮʪʚʘ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʨʦʟʨʦʙʢʠ [8ï

10]. 

ʋ ʩʠʩʪʝʤʽ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʬʦʢʫʩʫʻʪʴʩʷ ʫʚʘʛʘ ʥʘ ʚʠʟʥʘʯʝʥʥʽ, ʩʪʨʫʢʪʫʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪʘʭ ʽ ʦʩʦʙʣʠʚʦʩʪʷʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ 

ʚʠʦʢʨʝʤʣʶʶʪʴʩʷ ʝʣʝʤʝʥʪʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ: ʰʣʷʭʦʚʘ ʤʝʨʝʞʘ ʚʩʽʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ; 

ʦʙôʻʢʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʝʨʚʽʩʫ; ʧʫʭʦʚʠʡ ʩʢʣʘʜ; ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ [11].  

ɺʠʦʢʨʝʤʣʶʶʪʴʩʷ ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ ʦʟʥʘʢʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ: 

ï ʬʫʥʢʮʽʦʥʘʣʴʥʽ; 

ï ʩʝʨʚʽʩʥʽ; 

ï ʧʨʦʩʪʦʨʦʚʽ; 

ï ʚʣʘʩʥʦʩʪʽ [11]. 

ɺʠʟʥʘʯʘʶʯʠ ʢʘʪʝʛʦʨʽʘʣʴʥʠʡ ʘʧʘʨʘʪ, ʪʨʘʥʩʧʦʨʪʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʯʝʨʝʟ 

ʧʨʠʟʤʫ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʜʽʷʣʴʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦ-ʜʦʨʦʞʥʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʽ ʦʙʛʨʫʥʪʦʚʫʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤʘ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʱʦ ʦʙ'ʻʜʥʫʻ ʚʩʽ ʩʫʯʘʩʥʽ ʚʠʜʠ ʪʨʘʥʩʧʦʨʪʫ.  

ɿʘ ʨʦʟʤʽʱʝʥʥʷʤ ʪʘ ʩʪʨʫʢʪʫʨʦʶ ʚʦʥʠ ʚ ʮʽʣʦʤʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʥʫʪʨʽʰʥʽʤ ʽ ʟʦʚʥʽʰʥʽʤ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʦʥʦʤʽʯʥʠʤ   ʟʚ'ʷʟʢʘʤ ʢʨʘʾʥʠ, ʘʣʝ ʧʦʪʨʝʙʫʶʪʴ ʽʩʪʦʪʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ 

ʜʣʷ  ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ, ʦʩʦʙʣʠʚʦ ʫ ʤʽʞʥʘʨʦʜʥʦʤʫ ʩʧʦʣʫʯʝʥʥʽ [12]. 

ʄ. ʂʦʛʫʪ, ʈ. ʉʦʜʦʤʘ, ɺ. ɼʝʤʯʠʥʘ  ʚʠʟʥʘʯʘʶʪʴ ʪʨʘʥʩʧʦʨʪʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʧʨʠʟʤʫ ʝʢʦʥʦʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ, ʚʨʘʭʦʚʫʶʯʠ ʧʝʨʤʘʥʝʥʪʥʽ ʚʥʫʪʨʽʰʥʽ ʡ ʟʦʚʥʽʰʥʽ 

ʟʤʽʥʠ [13].  

ʆ. ʌʘʩʪʦʚʝʮʴ ʭʘʨʘʢʪʝʨʠʟʫʻ ʾʾ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʰʣʷʭʽʚ ʩʧʦʣʫʯʝʥʥʷ, ʟʘʩʦʙʽʚ ʧʝʨʝʚʝʟʝʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ 

ʪʘ ʟʚôʷʟʢʫ, ʘ ʪʘʢʦʞ ʢʦʤʧʣʝʢʩ ʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ ʪʘ ʧʨʠʩʪʨʦʾʚ ʟʜʘʪʥʠʭ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

[14]. 

ɯ. ʉʘʣʜʦʚʩʴʢʘ ʚʠʟʥʘʯʘʻ ʪʨʘʥʩʧʦʨʪʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʷʢ ʢʦʤʧʣʝʢʩʥʫ ʢʘʪʝʛʦʨʽʶ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʯʝʨʝʟ ʧʨʠʟʤʫ ʩʫʢʫʧʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʫʩʪʘʥʦʚ, ʦʨʛʘʥʽʟʘʮʽʡ, ʷʢʽ 
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ʩʧʨʷʤʦʚʫʶʪʴ ʩʚʦʶ ʜʽʷʣʴʥʽʩʪʴ ʥʘ ʦʙʤʽʥ ʽ ʨʫʭ ʪʦʚʘʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʯʝʨʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʢʫʧʥʦʩʪʽ 

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʽ ʫʩʪʘʪʢʫʚʘʥʥʷ [15]. 

ɺ. ʐʝʤʘʻʚ ʨʦʟʛʣʷʜʘʻ ʾʾ ʷʢ ʩʢʣʘʜʦʚʫ ʯʘʩʪʠʥʫ ʻʜʠʥʦ ʾʪʨʘʥʩʧʦʨʪʥʦ ʾʩʠʩʪʝʤʠ, ʱʦ ʧʦʢʣʠʢʘʥʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʫʤʦʚʠ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʩʪʚʦʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʟʤʽʮʥʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦ ʾ

ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʠ (ʟʘʚʜʷʢʠ ʟʘʙʝʟʧʝʯʝʥʥʶ ʨʝʘʣʽʟʘʮʽ ʾʥʘʮʽʦʥʘʣʴʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʽʥʪʝʨʝʩʽʚ) ʪʘ ʛʘʨʘʥʪʫʻ 

ʩʧʨʦʤʦʞʥʽʩʪʴ ʜʝʨʞʘʚʠ ʜʦ ʧʨʝʚʝʥʪʠʚʥʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜ ʨʠʟʠʢʽʚ ʪʘ ʟʘʛʨʦʟ ʫ ʪʨʘʥʩʧʦʨʪʥʽʡ ʩʬʝʨʽ ʥʘ 

ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʽ [16]. 

ʈʝʘʣʽʟʫʶʯʠ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ, ʅ. ʃʘʚʨʝʥʶʢ ʚʠʟʥʘʯʘʻ ʪʨʘʥʩʧʦʨʪʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʷʢ ʩʠʩʪʝʤʫ 

ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʪʨʘʥʩʧʦʨʪʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʪʘ ʧʦʩʣʫʛʠ ʦʙôʻʢʪʽʚ ʽ ʪʨʘʥʩʧʦʨʪʥʦ ʾʤʝʨʝʞʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʟʜʡ̔ʩʥʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦ ʾ ʜʽʷʣʴʥʦʩʪʽ ʫ ʧʨʦʮʝʩʽ ʪʨʘʥ- ʩʢʦʨʜʦʥʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʋʢʨʘʥʾʠ ʪʘ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʚ ʤʝʞʘʭ ʪʨʘʥʩʧʦʨʪʥʦ ʾ ʧʦʣʽʪʠʢʠ ɭʉ [17]. ʇʦʜʽʙʥʠʡ ʧʽʜʭʽʜ ʨʝʘʣʽʟʦʚʘʥʦ ʫ 

ʨʦʟʨʦʙʢʘʭ [18, 19]. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ ʘʚʪʦʨʽʚ, ʆ. ʐʝʩʪʘʢ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʨʘʥʩʧʦʨʪʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʯʝʨʝʟ 

ʧʨʠʟʤʫ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʠʭ ʮʝʥʪʨʽʚ ʽ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʠʭ ʣʽʥʽʡ [20]. 

ʗʢ ʩʫʢʫʧʥʽʩʪʴ ʤʘʪʝʨʽʘʣʴʥʠʭ, ʢʘʜʨʦʚʠʭ, ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ, ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʠʭ ʫʤʦʚ, ʷʢʽ ʩʬʦʨʤʦʚʘʥʽ ʚ ʢʨʘʾʥʽ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʪʘ ʷʢʽʩʥʦʛʦ ʧʝʨʝʚʝʟʝʥʥʷ 

ʧʘʩʘʞʠʨʽʚ ʽ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʚ ʫʩʽʭ ʩʬʝʨʘʭ ʩʫʩʧʽʣʴʥʦʛʦ ʚʽʜʪʚʦʨʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʛʣʷʜʘʻ 

ʪʨʘʥʩʧʦʨʪʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʄ. ʇʦʪʻʻʚʘ [11]. 

ʅ. ʊʢʘʯʝʥʢʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʯʠ ʙʘʛʘʪʦʘʩʧʝʢʪʥʽʩʪʴ ʧʦʥʷʪʪʷ, ʚʠʟʥʘʯʘʻ ʪʨʘʥʩʧʦʨʪʥʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʷʢ: 

ï ʯʘʩʪʠʥʫ ʟʘʛʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʥʝʚʽʜ'ʻʤʥʠʡ ʾʾ ʝʣʝʤʝʥʪ, ʛʦʣʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʷʢʦʛʦ ʻ 

ʧʝʨʝʤʽʱʝʥʥʷ ʚʘʥʪʘʞʽʚ ʽ ʣʶʜʝʡ. ʎʝʡ ʝʣʝʤʝʥʪ ʻ ʪʽʩʥʦ ʚʟʘʻʤʦʟʚ'ʷʟʘʥʠʤ ʟ ʝʢʦʥʦʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ʩʧʨʠʷʶʯʠ ʾʭ ʟʜʽʡʩʥʝʥʥʶ ʪʘ ʧʨʦʪʽʢʘʥʥʶ. ʊʘʢʠʡ ʟʚ'ʷʟʦʢ ʚʠʷʚʣʷʻʪʴʩʷ ʷʢ ʧʨʷʤʦ (ʥʘʧʨʠʢʣʘʜ, 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʤʘʨʢʝʪʠʥʛʫ ʪʦʚʘʨʽʚ ʽ ʪ.ʧ.), ʪʘʢ ʽ ʧʦʙʽʯʥʦ (ʥʘʧʨʠʢʣʘʜ, 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ); 

ï ʝʣʝʤʝʥʪ ʟʘʛʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʙʫʜʽʚʣʽ, ʩʧʦʨʫʜʫ, ʧʨʠʩʪʨʦʾ), ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ (ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ). ɹʝʟ ʪʘʢʦʾ 

ʤʘʪʝʨʽʘʣʴʥʦʾ ʙʘʟʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʽʚ ʻ ʘʙʦ ʥʝʤʦʞʣʠʚʠʤ (ʥʘʧʨʠʢʣʘʜ, ʟʘʣʽʟʥʠʯʥʽ ʢʦʣʽʾ ʜʣʷ 

ʧʦʪʷʛʽʚ, ʩʪʘʥʮʽʾ ʧʝʨʝʢʘʯʫʚʘʥʥʷ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʜʣʷ ʥʘʬʪʦʧʨʦʚʦʜʽʚ ʽ ʪ.ʧ.), ʘʙʦ ʝʢʦʥʦʤʽʯʥʦ ʥʝʜʦʮʽʣʴʥʠʤ 

(ʥʘʧʨʠʢʣʘʜ, ʘʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʛʠ ʜʣʷ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʘʚʪʦʙʫʩʽʚ) [21]. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʨʘʥʩʧʦʨʪʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤʘ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʧʘʩʘʞʠʨʦ-ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʤʧʣʝʢʩʦʤ 

ʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ ʪʘ ʧʨʠʩʪʨʦʾʚ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʟʝʤʝʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʙʝʟʧʝʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʢʽʥʮʝʚʠʭ ʣʘʥʮʶʛʽʚ ʩʧʦʞʠʚʘʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʚʧʣʠʚ 

ʝʢʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ. 

ɺʠʷʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʩʠʩʪʝʤʥʽʩʪʶ, ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʯʠʥʥʠʢʽʚ, ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ, ʙʝʟʧʝʢʦʚʦʛʦ ʩʪʘʥʫ, 

ʝʢʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ. 
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Summary. The article defines the relevance of the study, which is determined by the need to ensure 

the efficient use of transport infrastructure land through the application of modern geoinformation systems. 

The processes of transport infrastructure land use are affected by the consequences of aggressive military 

operations.  

The work achieves the goal of defining transport infrastructure in the system of geo-ecological 

monitoring of land restoration. To achieve this goal, the following tasks were solved: substantiation of 

theoretical provisions for the definition of transport infrastructure; identification of the peculiarities of 

transport infrastructure functioning. 

It has been established that the restoration of transport infrastructure destroyed or damaged as a result 

of the Russian Federation's armed aggression against Ukraine should, if possible, be carried out at a higher 

quality level (according to the principle of çbuild back betterè), including taking into account the standards 

provided for by Ukraine's international legal obligations in the field of European integration, European Union 

law (EU acquis), in particular standards for transport safety and transport decarbonisation. 

To develop geo-ecological monitoring of the use of transport infrastructure land, a quantitative basis 

is being formed, which is created on the basis of the application of mathematical tools, analytical and expert 

methods, environmental and spatial support, information parameters and construction support features. 

It is proposed to use geographic information systems for the formation and functioning of transport 

infrastructure.  

As a result of the study, transport infrastructure is defined as a system of transport communications 

that ensures the formation of passenger and freight transport, and is determined by a complex of technical 

structures and devices for its functioning, land resources, safety parameters, and leads to the uninterrupted 

operation of end consumption chains, taking into account the influence of environmental factors. 

The study identified the characteristics of the functioning of transport infrastructure, which are 

characterised by systematicity, the influence of external and internal factors, land relations, security conditions, 

and environmental factors. 

Keywords: geo-ecological monitoring, restoration of territories, transport infrastructure land, 

transport infrastructure. 
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ʋʟʘʛʘʣʴʥʶʶʯʠ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʡ ʫ ʨʝʟʫʣʴʪʘʪʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʝʤʝʣʴ ʜʣʷ ʚʽʜʙʫʜʦʚʠ ʷʢ ʩʠʩʪʝʤʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʟʝʤʝʣʴʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ, ʪʨʘʥʩʧʦʨʪʥʠʭ ʽ ʙʝʟʧʝʢʦʚʠʭ 

ʯʠʥʥʠʢʽʚ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʢʽʣʴʢʽʩʥʫ ʦʩʥʦʚʫ ʟʜʽʡʩʥʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʽ ʤʦʜʝʣʝʡ, ʛʝʦʜʝʟʠʯʥʦʛʦ ʡ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʥʘ ʚʽʜʙʫʜʦʚʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʨʘʭʦʚʫʶʯʠ ʨʽʚʝʥʴ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʩʪʝʡʢʭʦʣʜʝʨʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʝʦʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ, ʚʽʜʙʫʜʦʚʘ ʪʝʨʠʪʦʨʽʡ, ʟʝʤʣʽ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʦʮʽʥʢʘ. 

 

ɺʩʪʫʧ. Cʫʯʘʩʥʽ ʥʘʧʨʷʤʠ ʨʦʟʚʠʪʢʫ ʷʢ ʜʝʨʞʘʚʠ, ʪʘʢ ʽ ʨʝʛʽʦʥʽʚ ʧʦʪʨʝʙʫʶʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʙʫʜʦʚʠ ʟʝʤʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʷʢ ʚʘʞʣʠʚʦʛʦ ʣʘʥʮʶʛʘ, ʱʦ ʬʦʨʤʫʻ 

ʣʦʛʽʩʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʡ ʤʝʨʝʞʫ. ʇʦʨʷʜ ʟ ʮʠʤ, ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʦʛʣʠʙʣʶʶʪʴʩʷ ʧʨʦʙʣʝʤʥʽ ʘʩʧʝʢʪʠ 

ʚʽʜʥʦʩʥʦ ʧʦʨʫʰʝʥʥʷ ʦʙôʻʢʪʽʚ ʟʝʤʝʣʴʥʦ-ʤʘʡʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʥʘʩʣʽʜʦʢ 

ʚʝʜʝʥʥʷ ʘʛʨʝʩʠʚʥʠʭ ʙʦʡʦʚʠʭ ʜʽʡ. ɿʥʠʞʫʻʪʴʩʷ ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ, ʟʨʦʩʪʘʶʪʴ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ, 

ʚʪʨʘʪʠ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʙʫʜʦʚʠ ʟʝʤʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʦʙʦʢ. ʇʨʦʙʣʝʤʥʽ ʧʠʪʘʥʥʷ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ 

ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʙʫʜʦʚʠ ʟʝʤʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʠʟʥʘʯʝʥʽ ʫ ʨʦʙʦʪʘʭ 

[1, 2].  

ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʘʩʧʝʢʪʠ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʚʠʟʥʘʯʝʥʽ ʫ ʨʦʟʨʦʙʢʘʭ [3, 4]. ʅʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʘʭ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʬʦʢʫʩʫʻʪʴʩʷ ʫʚʘʛʘ ʫ [5]. ɼʣʷ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʬʦʨʤʫʻʪʴʩʷ ʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʜʝʨʞʘʚʥʘ ʽʥʪʝʛʨʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ 

ʨʫʭʦʤʠʤʠ ʦʙ'ʻʢʪʘʤʠ (ʟʚ'ʷʟʦʢ, ʥʘʚʽʛʘʮʽʷ, ʩʧʦʩʪʝʨʝʞʝʥʥʷ). 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʤʦʥʽʪʦʨʠʥʛʦʚʽ ʩʠʩʪʝʤʠ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʚʠʟʥʘʯʝʥʘ ʨʦʟʨʦʙʢʘ [6].  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʙʫʜʦʚʠ ʟʝʤʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʙʫʜʦʚʠ ʟʝʤʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʤʘʻ ʬʦʨʤʫʚʘʥʥʷ ʡ ʨʝʘʣʽʟʘʮʽʷ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʤʘʻ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʙʫʜʦʚʠ ʟʝʤʝʣʴ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʉʣʽʜ ʚʢʘʟʘʪʠ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʷʢʠʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤʘ 

ʩʧʦʩʪʝʨʝʞʝʥʴ, ʦʮʽʥʢʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ, ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ (ʧʦʚʽʪʨʷ, ʚʦʜʘ, ˇʨʫʥʪ, 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ) ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ, ʱʦ ʚʢʣʶʯʘʻ ʬʦʥʦʚʠʡ, ʙʽʦʣʦʛʽʯʥʠʡ, ʤʝʜʠʢʦ-ʝʢʦʣʦʛʽʯʥʠʡ ʪʘ 

ʽʥʰʽ ʚʠʜʠ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʜʝʨʞʘʚʥʦʶ ʩʠʩʪʝʤʦʶ ʤʦʥʽʪʦʨʠʥʛʫ ʟ ʤʝʪʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʧʽʜʪʨʠʤʢʠ ʫʧʨʘʚʣʽʥʥʷ ʦʭʦʨʦʥʦʶ ʧʨʠʨʦʜʠ. ʅʘ ʬʦʨʤʫʚʘʥʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʥʘʧʨʷʤʽʚ ʽ ʟʘʢʦʥʦʜʘʚʯʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʫʚʘʛʘ ʫ ʨʦʙʦʪʘʭ [7, 8].  

ɺʠʟʥʘʯʝʥʦ ʜʝʨʞʘʚʥʠʡ, ʛʨʦʤʘʜʩʴʢʠʡ, ʩʘʤʦʚʨʷʜʥʠʡ, ʚʠʨʦʙʥʠʯʠʡ ʢʦʥʪʨʦʣʴ, ʷʢʠʡ ʯʝʨʝʟ ʧʦʢʘʟʥʠʢʠ 

ʦʮʽʥʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʧʦʚʝʨʭʥʝʚʠʭ ʽ ʤʦʨʩʴʢʠʭ ʚʦʜ, ˇʨʫʥʪʫ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ [9].  

ɼʝʨʞʘʚʥʘ ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤʘ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʟʙʠʨʘʥʥʷ, 

ʦʙʨʦʙʣʝʥʥʷ, ʘʥʘʣʽʟʫ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʩʪʘʥ ʜʦʚʢʽʣʣʷ, ʚʧʣʠʚ ʥʘ ʥʴʦʛʦ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʡʦʛʦ ʟʤʽʥ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʧʨʠʡʥʷʪʪʷ 
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ʝʬʝʢʪʠʚʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʚ ʋʢʨʘʾʥʽ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʷʛʥʝʥʥʷ ʎʽʣʝʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

ɼʝʨʞʘʚʥʘ ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ ʚʢʣʶʯʘʻ ʪʘʢʽ ʧʽʜʩʠʩʪʝʤʠ: 

ï ʤʦʥʽʪʦʨʠʥʛ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ; 

ï ʤʦʥʽʪʦʨʠʥʛ ʚʦʜ; 

ï ʤʦʥʽʪʦʨʠʥʛ ʟʝʤʝʣʴ ʽ ˇʨʫʥʪʽʚ; 

ï ʤʦʥʽʪʦʨʠʥʛ ʣʽʩʽʚ; 

ï ʤʦʥʽʪʦʨʠʥʛ ʙʽʦʣʦʛʽʯʥʦʛʦ ʪʘ ʣʘʥʜʰʘʬʪʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ; 

ï ʤʦʥʽʪʦʨʠʥʛ ʫ ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ; 

ï ʤʦʥʽʪʦʨʠʥʛ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

ï ʤʦʥʽʪʦʨʠʥʛ ʚʧʣʠʚʫ ʬʽʟʠʯʥʠʭ ʬʘʢʪʦʨʽʚ (ʪʝʤʧʝʨʘʪʫʨʘ, ʰʫʤ, ʚʽʙʨʘʮʽʷ, ʽʦʥʽʟʫʶʯʝ ʪʘ 

ʥʝʽʦʥʽʟʫʶʯʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) [10].  

 

ʊʘʙʣʠʮʷ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʽ ʟʘʩʦʙʠ ʟʜʽʡʩʥʝʥʥʷ ʮʠʬʨʦʚʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ [9] 

Table 1 ï Characteristics of technological solutions and means of digital monitoring [9]  

 
ʊʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʽ ʟʘʩʦʙʠ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʇʣʘʪʬʦʨʤʘ WaterBot 

ʮʠʬʨʦʚʘ ʧʣʘʪʬʦʨʤʘ, ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢʦʩʪʽ ʚʦʜʠ. ɺʦʥʘ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʥʘʙʽʨ ʜʘʪʯʠʢʽʚ, ʷʢʽ ʚʠʤʽʨʶʶʪʴ ʨʽʟʥʽ ʧʘʨʘʤʝʪʨʠ, ʪʘʢʽ ʷʢ pH-

ʨʽʚʝʥʴ, ʪʝʤʧʝʨʘʪʫʨʘ, ʨʦʟʯʠʥʝʥʠʡ ʢʠʩʝʥʴ, ʝʣʝʢʪʨʠʯʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʪʘ ʽʥʰʽ. 

ɼʘʥʽ ʟ ʮʠʭ ʜʘʪʯʠʢʽʚ ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʾʩʠʩʪʝʤʠ, ʜʝ ʚʦʥʠ 

ʘʥʘʣʽʟʫʶʪʴʩʷ ʪʘ ʚʽʟʫʘʣʽʟʫʶʪʴʩʷ ʜʣʷ ʦʧʝʨʘʪʦʨʽʚ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ. 

WaterBot ʥʘʜʘʻ ʟʨʫʯʥʠʡ ʩʧʦʩʽʙ ʢʦʥʪʨʦʣʶʚʘʪʠ ʷʢʽʩʪʴ ʚʦʜʠ ʪʘ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʟʤʽʥʠ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

ʉʝʥʩʦʨʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽ ʾʨʝʯʦʚʠʥ 

ɼʝʷʢʽ ʮʠʬʨʦʚʽ ʩʝʥʩʦʨʠ ʩʧʝʮʽʘʣʴʥʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽ ʾ ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ ʫ ʚʦʜʽ. ʅʘʧʨʠʢʣʘʜ, ʩʝʥʩʦʨʠ ʥʘ ʦʩʥʦʚʽ 

ʬʦʪʦʤʝʪʨʽ ʾʤʦʞʫʪʴ ʚʠʤʽʨʶʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʘʤʦʥʽʶ, ʥʽʪʨʘʪʽʚ, ʬʦʩʬʘʪʽʚ 

ʪʘ ʽʥʰʠʭ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʫ ʚʦʜʽ. ʎʽ ʩʝʥʩʦʨʠ ʟʘʟʚʠʯʘʡ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ 

ʮʠʬʨʦʚʠʭ ʧʣʘʪʬʦʨʤ ʘʙʦ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ, ʜʝ ʜʘʥʽ ʘʥʘʣʽʟʫʶʪʴʩʷ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʚʦʜʠ. 

ɼʘʪʯʠʢʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ 

ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ɼʝʷʢʽ ʮʠʬʨʦʚʽ ʧʣʘʪʬʦʨʤʠ ʚʠʢʦʨʠʩʪʦ- ʚʫʶʪʴ GPS-ʜʘʪʯʠʢʠ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʩʮʝʟʥʘʭʦ- ʜʞʝʥʥʷ ʪʘ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʜʞʝʨʝʣ ʚʦʜʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʚʠʟʥʘʯʘʪʠ ʤʽʩʮʝ ʟʘʙʦʨʫ ʧʨʦʙ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʘʪʯʠʢʽʚ, ʱʦ ʩʧʨʠʷʻ ʪʦʯʥʦʤʫ ʚʠʟʥʘʯʝʥʥʶ ʧʦʭʦʜʞʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʴ ʪʘ ʘʥʘʣʽʟʫ ʟʦʥʠ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ ʚʦʜʠ. 

ɼʘʪʯʠʢʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ 

ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ɼʝʷʢʽ ʮʠʬʨʦʚʽ ʧʣʘʪʬʦʨʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ GPS-ʜʘʪʯʠʢʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʪʘ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʞʝʨʝʣ ʚʦʜʠ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʚʠʟʥʘʯʘʪʠ ʤʽʩʮʝ ʟʘʙʦʨʫ ʧʨʦʙ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʘʪʯʠʢʽʚ, ʱʦ 

ʩʧʨʠʷʻ ʪʦʯʥʦʤʫ ʚʠʟʥʘʯʝʥʥʶ ʧʦʭʦʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʪʘ ʘʥʘʣʽʟʫ ʟʦʥʠ 

ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ ʚʦʜʠ 

 

ʄʦʥʽʪʦʨʠʥʛ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʝʨʞʘʚʥʦʶ ʛʝʦʣʦʛʽʯʥʦʶ ʩʣʫʞʙʦʶ ʋʢʨʘʾʥʠ 

ʚ ʧʦʨʷʜʢʫ, ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʂʘʙʽʥʝʪʦʤ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ. ʄʦʥʽʪʦʨʠʥʛ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ 

ʩʢʣʘʜʦʚʦʶ ʜʝʨʞʘʚʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ. ɿ ʤʝʪʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʡʥʷʪʪʷ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʟʦʨʦʩʪʽ ʜʘʥʠʭ ʪʘ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʱʦʜʦ ʩʪʘʥʫ ʛʝʦʣʦʛʽʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ ʽʥʰʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʨʝʙ ʫʧʨʘʚʣʽʥʥʷ ʫ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘʜʨʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʟʦʢʨʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʫ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘʜʨʘʤʠ. ʋ ʤʝʞʘʭ ʽʥʬʦʨʤʘʮʽʾ, 

ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʫ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘʜʨʘʤʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʨʝʙ ʫʧʨʘʚʣʽʥʥʷ ʚ ʛʘʣʫʟʽ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʫ 

ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʂʘʙʽʥʝʪʦʤ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʧʦʨʷʜʢʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʫʤʽʩʥʽʩʪʴ ʪʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʘ ʚʟʘʻʤʦʜʽʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʫ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʪʘ 

https://arrcjournal.org/


G18 ɻɽʆɼɽɿɯʗ ʊɸ ɿɽʄʃɽʋʉʊʈɯʁ / G18 SURVEYING  AND LAND  MANAGEMENT  

 

 
ʅʘʫʢʦʚʠʡ ʞʫʨʥʘʣ çɸɺʊʆʄʆɹɯʃʔʅɯ ɼʆʈʆɻʀ ɯ ɼʆʈʆɾʅɭ ɹʋɼɯɺʅʀʎʊɺʆè, 2026. ɺʠʧʫʩʢ 119. 

ISSN 0365-8171 (Print), ISSN 2707-4080 (ʆnline), ISSN 2707-4099 (CD), https://arrcjournal.org . 

Scientific journal çAUTOMOBILE ROADS AND ROAD CONSTRUCTIONè, 2026. Issue 119. 

117 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʘʜʨʘʤʠ ʽʟ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʶ ʝʢʦʣʦʛʽʯʥʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʶ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʶ ʩʠʩʪʝʤʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʪʘ ʜʦʩʪʫʧʫ ʜʦ 

ʝʢʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟ ʾʾ ʤʝʨʝʞʝʶ [10].  

ʄʦʥʽʪʦʨʠʥʛ ʟʝʤʝʣʴ ï ʮʝ ʩʠʩʪʝʤʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʪʘʥʦʤ ʟʝʤʝʣʴ ʟ ʤʝʪʦʶ ʩʚʦʻʯʘʩʥʦʛʦ 

ʚʠʷʚʣʝʥʥʷ ʟʤʽʥ, ʾʭ ʦʮʽʥʢʠ, ʚʽʜʚʝʨʥʝʥʥʷ ʪʘ ʣʽʢʚʽʜʘʮʽʾ ʥʘʩʣʽʜʢʽʚ ʥʝʛʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ. ʋ ʩʠʩʪʝʤʽ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʝʤʝʣʴ ʧʨʦʚʦʜʠʪʴʩʷ ʟʙʠʨʘʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ, ʧʝʨʝʜʘʚʘʥʥʷ, ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʩʪʘʥ ʟʝʤʝʣʴ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭ ʟʤʽʥ ʽ ʨʦʟʨʦʙʣʝʥʥʷ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʛʘʪʠʚʥʠʤ ʟʤʽʥʘʤ ʩʪʘʥʫ ʟʝʤʝʣʴ ʪʘ ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʝʢʦʣʦʛʽʯʥʦʾ 

ʙʝʟʧʝʢʠ. ʄʦʥʽʪʦʨʠʥʛ ʟʝʤʝʣʴ ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʜʝʨʞʘʚʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ. ɿʘʣʝʞʥʦ 

ʚʽʜ ʮʽʣʝʡ, ʩʧʦʩʪʝʨʝʞʝʥʴ ʽ ʦʭʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʤʦʥʽʪʦʨʠʥʛ ʟʝʤʝʣʴ ʤʦʞʝ ʙʫʪʠ ʥʘʮʽʦʥʘʣʴʥʠʤ, 

ʨʝʛʽʦʥʘʣʴʥʠʤ ʽ ʣʦʢʘʣʴʥʠʤ. ɺʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʟʝʤʝʣʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʮʝʥʪʨʘʣʴʥʠʤ ʦʨʛʘʥʦʤ 

ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ, ʱʦ ʨʝʘʣʽʟʫʻ ʜʝʨʞʘʚʥʫ ʧʦʣʽʪʠʢʫ ʫ ʩʬʝʨʽ ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ, ʮʝʥʪʨʘʣʴʥʠʤ ʦʨʛʘʥʦʤ 

ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ, ʱʦ ʨʝʘʣʽʟʫʻ ʜʝʨʞʘʚʥʫ ʧʦʣʽʪʠʢʫ ʫ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ [16].  

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʦʙˇʨʫʥʪʦʚʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʧʦʣʦʞʝʥʥʷ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʥʘ ʚʽʜʙʫʜʦʚʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʨʝʛʽʦʥʽʚ ʪʘ ʩʬʦʨʤʦʚʘʥʦ 

ʚʽʜʧʦʚʽʜʥʠʡ ʢʘʪʝʛʦʨʽʘʣʴʥʠʡ ʘʧʘʨʘʪ ʥʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ: 

ï ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ: ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʧʨʷʤʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʨʦʙʢʠ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ; 

ï ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʡ: ʦʙˇʨʫʥʪʦʚʫʶʪʴʩʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽ ʘʩʧʝʢʪʠ ʬʦʨʤʫʚʘʥʥʷ ʡ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʥʘ ʚʽʜʙʫʜʦʚʫ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʨʝʛʽʦʥʽʚ; 

ï ʝʢʦʣʦʛʽʯʥʠʡ: ʬʦʢʫʩʫʻʪʴʩʷ ʫʚʘʛʘ ʥʘ ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʧʨʷʤʘʭ ʟʜʽʡʩʥʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ 

ʧʨʦʮʝʜʫʨ; 

ï ʩʪʝʡʭʦʣʜʝʨʥʠʡ: ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʚʝʥʴ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʟʘʮʽʢʘʚʣʝʥʠʭ ʦʩʽʙ 

ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʡ ʨʝʘʣʽʟʘʮʽʾ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʥʘ ʚʽʜʙʫʜʦʚʫ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʨʝʛʽʦʥʽʚ; 

ï ʤʦʥʽʪʦʨʠʥʛʦʚʠʡ: ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʧʨʷʤʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʟʜʽʡʩʥʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ 

ʧʨʦʮʝʜʫʨ; 

ï ʩʪʨʫʢʪʫʨʥʠʡ: ʚʠʦʢʨʝʤʣʶʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʥʘ ʚʽʜʙʫʜʦʚʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʨʝʛʽʦʥʽʚ; 

ï ʩʠʩʪʝʤʥʠʡ: ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʛʝʦʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʟʝʤʝʣʴʥʠʭ, 

ʝʢʦʣʦʛʽʯʥʠʭ, ʪʨʘʥʩʧʦʨʪʥʠʭ ʽ ʙʝʟʧʝʢʦʚʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʘʣʽʟʘʮʽʶ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ 

ʧʨʦʮʝʜʫʨ ʽ ʚʟʘʻʤʦʜʽʶ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʥʘ ʚʽʜʙʫʜʦʚʫ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʅʘ ʦʩʥʦʚʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ, ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʬʦʨʤʦʚʘʥʽ ʝʣʝʤʝʥʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʨʝʘʣʽʟʘʮʽʾ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʥʘ ʚʽʜʙʫʜʦʚʫ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʨʝʛʽʦʥʽʚ. ʎʝ ʥʘʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʩʠʩʪʝʤʠ ʧʦʢʘʟʥʠʢʽʚ ʦʮʽʥʢʠ 

ʜʣʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʡ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʫ ʦʮʽʥʢʠ. 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʪʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ ʡ ʫ ʨʝʟʫʣʴʪʘʪʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʝʤʝʣʴ ʜʣʷ ʚʽʜʙʫʜʦʚʠ ʷʢ ʩʠʩʪʝʤʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʟʝʤʝʣʴʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ, ʪʨʘʥʩʧʦʨʪʥʠʭ ʽ ʙʝʟʧʝʢʦʚʠʭ 

ʯʠʥʥʠʢʽʚ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʢʽʣʴʢʽʩʥʫ ʦʩʥʦʚʫ ʟʜʽʡʩʥʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʽ ʤʦʜʝʣʝʡ, ʛʝʦʜʝʟʠʯʥʦʛʦ ʡ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʥʘ ʚʽʜʙʫʜʦʚʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʨʘʭʦʚʫʶʯʠ ʨʽʚʝʥʴ ʪʘ 

ʦʩʦʙʣʠʚʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʩʪʝʡʢʭʦʣʜʝʨʽʚ. 
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Summary. The relevance of the research topic has been determined. The work has achieved the 

research goal of substantiating theoretical approaches to defining geoecological monitoring of the restoration 

of transport infrastructure lands. 

The following theoretical approaches are proposed: functional: the directions and features of the 

development of geo-ecological monitoring are determined; regulatory and legal: the regulatory and legal 

aspects of the formation and application of geo-ecological monitoring of land use for the restoration of 

transport infrastructure in regions are substantiated; ecological: focuses on the ecological directions of 

monitoring procedures; stakeholder: characterises the level and features of interaction between interested 

parties in the development and implementation of geo-ecological monitoring of land use for the restoration of 

transport infrastructure in regions; monitoring: determines the areas and characteristics of monitoring 

procedures; structural: identifies the structural elements of geo-ecological monitoring of land use for the 

reconstruction of regional transport infrastructure; systemic: geo-ecological monitoring is considered as a set 

of land, environmental, transport and security factors that ensure the implementation of monitoring procedures 

and the interaction of stakeholders to improve the efficiency of land use for the reconstruction of transport 

infrastructure. 

Summarising theoretical and methodological approaches and as a result of systematising regulatory 

and legal support, it is proposed to define geo-ecological monitoring of land use for reconstruction as a system 

consisting of land, environmental, transport and security factors that form the quantitative basis for monitoring 

using mathematical methods and models, geodetic and geoinformation support, which allows for more 

efficient land use for the reconstruction of transport infrastructure, taking into account the level and 

characteristics of stakeholder interaction. 
 

Keywords: geo-ecological monitoring, reconstruction of territories, land transport infrastructure, 

assessment. 
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ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʤ ʻ ʧʦʻʜʥʘʥʥʷ ʜʚʦʯʘʩʪʦʪʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʤʦʜʝʣʝʡ TEC ʘʙʦ ʢʘʨʪ GIM IONEX, ʪʦʜʽ ʷʢ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʾ ʥʘʚʽʛʘʮʽʾ ʜʦʮʽʣʴʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʪʘ ʩʠʩʪʝʤʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʜʦʧʦʚʥʝʥʥʷ SBAS. 

ʆʪʞʝ, ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʽʦʥʦʩʬʝʨʠ ʤʘʻ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ 

ʽʥʪʝʛʨʘʮʽʶ ʨʝʛʽʦʥʘʣʴʥʠʭ ʪʘ ʛʣʦʙʘʣʴʥʠʭ ʽʦʥʦʩʬʝʨʥʠʭ ʤʦʜʝʣʝʡ ʽʟ ʩʠʩʪʝʤʘʤʠ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʫ ʪʘ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ GNSS-ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʫ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʽ 

ʛʝʦʜʝʟʠʯʥʠʭ ʽ ʥʘʚʽʛʘʮʽʡʥʠʭ ʟʘʚʜʘʥʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: GNSS-ʪʝʭʥʦʣʦʛʽʾ, ʧʦʭʠʙʢʠ GNSS-ʚʠʤʽʨʽʚ, ʽʦʥʦʩʬʝʨʘ ɿʝʤʣʽ, ʽʦʥʦʩʬʝʨʥʘ 

ʨʝʬʨʘʢʮʽʷ, ʛʣʦʙʘʣʴʥʘ ʽʦʥʦʩʬʝʨʥʘ ʢʘʨʪʘ, ʨʝʛʽʦʥʘʣʴʥʘ ʤʦʜʝʣʴ ʊɽʉ, ʩʫʧʫʪʥʠʢʦʚʘ ʛʝʦʜʝʟʽʷ, ʤʘʪʝʤʘʪʠʯʥʘ 

ʦʙʨʦʙʢʘ ʛʝʦʜʝʟʠʯʥʠʭ ʜʘʥʠʭ, ʩʢʣʘʜʥʽ ʩʠʩʪʝʤʠ. 

 

ɺʩʪʫʧ. ʉʠʩʪʝʤʠ ʛʣʦʙʘʣʴʥʦʾ ʥʘʚʽʛʘʮʽʾ (GNSS) ʻ ʢʣʶʯʦʚʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʚʠʩʦʢʦʪʦʯʥʦʛʦ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʥʘʚʽʛʘʮʽʾ ʪʘ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʯʘʩʫ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ, ʚʢʣʶʯʘʶʯʠ ʪʨʘʥʩʧʦʨʪ, ʛʝʦʜʝʟʽʶ, 

ʘʚʽʘʮʽʶ ʪʘ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʜʥʘʢ ʪʦʯʥʽʩʪʴ GNSS ʩʠʛʥʘʣʽʚ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻʪʴʩʷ ʯʝʨʝʟ ʽʦʥʦʩʬʝʨʥʫ 

ʟʘʪʨʠʤʢʫ, ʷʢʘ ʩʧʨʠʯʠʥʝʥʘ ʚʟʘʻʤʦʜʽʻʶ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʽʟ ʟʘʨʷʜʞʝʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʚ ʽʦʥʦʩʬʝʨʽ. ʎʷ 

ʟʘʪʨʠʤʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ, ʩʪʘʥʫ ʽʦʥʦʩʬʝʨʠ, ʯʘʩʫ ʜʦʙʠ, ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ 

ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʢʦʤʧʝʥʩʘʮʽʶ. ɯʦʥʦʩʬʝʨʥʘ ʟʘʪʨʠʤʢʘ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʦʤʠʣʦʢ ʫ ʚʠʟʥʘʯʝʥʥʽ ʢʦʦʨʜʠʥʘʪ, ʷʢʽ ʤʦʞʫʪʴ ʜʦʩʷʛʘʪʠ ʢʽʣʴʢʦʭ ʤʝʪʨʽʚ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʴ, ʜʝ ʧʦʪʨʽʙʥʘ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ (ʥʘʧʨʠʢʣʘʜ ʫ ʛʝʦʜʝʟʽʾ ʘʙʦ ʘʚʪʦʥʦʤʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ). ɯʩʥʫʶʯʠ 

ʤʝʪʦʜʠ ʢʦʨʝʢʮʽʾ ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ, ʟʦʢʨʝʤʘ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ, ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʟʦʚʥʽʰʥʽʭ 

ʜʞʝʨʝʣ ʜʘʥʠʭ ʘʙʦ ʥʝʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ ʫ ʨʝʛʽʦʥʘʭ ʽʟ ʚʠʩʦʢʦʶ ʽʦʥʦʩʬʝʨʥʦʶ ʘʢʪʠʚʥʽʩʪʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ, ʝʢʦʥʦʤʽʯʥʦ ʜʦʩʪʫʧʥʠʭ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʠʭ 

ʤʝʪʦʜʽʚ ʫʩʫʚʘʥʥʷ ʚʧʣʠʚʫ ʽʦʥʦʩʬʝʨʥʦʾ ʟʘʪʨʠʤʢʠ ʩʠʛʥʘʣʽʚ GNSS, ʷʢʽ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʩʪʦʩʫʚʘʥʴ. ʇʦʢʨʘʱʝʥʥʷ ʨʦʟʫʤʽʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʧʦʪʨʝʙʫʻ ʧʨʦʚʝʜʝʥʥʷ ʦʛʣʷʜʫ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʢʦʨʝʢʮʽʾ ʽʦʥʦʩʬʝʨʥʠʭ ʧʦʧʨʘʚʦʢ, ʘ ʪʘʢʦʞ 

ʥʘʷʚʥʠʭ ʤʦʜʝʣʝʡ ʧʘʨʘʤʝʪʨʽʚ ʽʦʥʦʩʬʝʨʥʦʛʦ ʰʘʨʫ ɿʝʤʣʽ, ʚʠʟʥʘʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ, ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜʭʦʜʽʚ ʢʦʤʧʝʥʩʘʮʽʾ ʚʧʣʠʚʫ ʽʦʥʦʩʬʝʨʥʦʾ ʟʘʪʨʠʤʢʠ ʫ 

ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʢʦʦʨʜʠʥʘʪʥʠʭ ʚʠʟʥʘʯʝʥʴ ʷʢ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʪʘʢ ʽ ʧʽʜ ʯʘʩ ʧʦʩʪʦʙʨʦʙʢʠ. ʂʨʽʤ ʪʦʛʦ, 

ʦʩʦʙʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʻ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʩʫʧʫʪʥʠʢʦʚʦʾ ʛʝʦʜʝʟʽʾ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʢʣʘʜʥʠʭ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʩʠʩʪʝʤ. ʇʨʦʙʣʝʤʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʦʾ ʛʝʦʜʝʟʽʾ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ 

ʛʝʦʜʝʟʠʯʥʠʭ ʜʘʥʠʭ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɺʧʣʠʚ ʽʦʥʦʩʬʝʨʥʦʛʦ ʰʘʨʫ ɿʝʤʣʽ ʥʘ ʧʘʨʘʤʝʪʨʠ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʥʘ ʰʣʷʭʫ ʾʭ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʽʦʥʦʩʬʝʨʫ ʟʫʤʦʚʣʶʻ ʚʝʣʠʢʫ ʫʚʘʛʫ ʚʯʝʥʠʭ ʜʦ ʚʠʚʯʝʥʥʷ ʾʾ 

ʩʪʘʥʫ. ɼʦʩʣʽʜʞʝʥʥʷʤ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʰʘʨʽ ʽʦʥʦʩʬʝʨʠ, ʟʘʡʤʘʻʪʴʩʷ ʨʷʜ ʧʨʦʚʽʜʥʠʭ 

ʟʘʨʫʙʽʞʥʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʽ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʽʥʩʪʠʪʫʪʽʚ. ɺ ʋʢʨʘʾʥʽ ʨʦʙʦʪʠ ʟ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ 

ʧʨʦʚʦʜʷʪʴ ʪʘʢʽ ʧʨʦʚʽʜʥʽ ʫʩʪʘʥʦʚʠ, ʷʢ ɯʥʩʪʠʪʫʪ ʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ɯʥʩʪʠʪʫʪ ʽʦʥʦʩʬʝʨʠ, 

ʈʘʜʽʦʘʩʪʨʦʥʦʤʽʯʥʠʡ ʽʥʩʪʠʪʫʪ, ʘ ʪʘʢʦʞ ɯʥʩʪʠʪʫʪ ʨʘʜʽʦʬʽʟʠʢʠ ʽ ʝʣʝʢʪʨʦʥʽʢʠ ʽʤ. ʆ.ʗ. ʋʩʠʢʦʚʘ. ɸʚʪʦʨʠ 

ʙʘʛʘʪʴʦʭ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ ʚʧʣʠʚ ʽʦʥʦʩʬʝʨʠ ʥʘ ʨʘʜʽʦʩʠʛʥʘʣʠ ʻ ʧʝʨʝʚʘʞʘʶʯʠʤ ʜʞʝʨʝʣʦʤ 

ʧʦʭʠʙʦʢ GNSS ʩʠʛʥʘʣʽʚ, ʜʦ ʪʦʛʦ ʞ ʩʢʣʘʜʥʽʩʪʴ ʾʭ ʪʦʯʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʧʦʚôʷʟʘʥʘ ʟ ʪʨʫʜʥʦʱʘʤʠ ʩʪʚʦʨʝʥʥʷ 

ʘʜʝʢʚʘʪʥʦʾ ʤʦʜʝʣʽ ʩʪʘʥʫ ʽʦʥʦʩʬʝʨʠ ʫ ʟʚôʷʟʢʫ ʽʟ ʩʫʪʪʻʚʦʶ ʥʝʩʪʽʡʢʽʩʪʶ ʾʾ ʧʘʨʘʤʝʪʨʽʚ [1ï5]. ɹʽʣʴʰʽʩʪʴ 

ʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʧʦʚʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʚʤʽʩʪʫ ʇɽɺ (Total Electron Content TEC) ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ GNSS-ʩʧʦʩʪʝʨʝʞʝʥʴ, ʱʦ ʦʧʨʘʮʴʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ 

[1ï12]. ʅʘʡʧʦʰʠʨʝʥʽʰʦʶ ʤʦʜʝʣʣʶ ʢʦʤʧʝʥʩʘʮʽʾ ʽʦʥʦʩʬʝʨʥʦʾ ʟʘʪʨʠʤʢʠ ʻ ʚʽʜʦʤʘ ʤʦʜʝʣʴ Klobuchar, ʱʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʦʜʥʦʯʘʩʪʦʪʥʠʭ GNSS-ʧʨʠʡʤʘʯʘʭ. ʎʷ ʤʦʜʝʣʴ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʜʘʥʠʭ ʥʘʚʽʛʘʮʽʡʥʦʛʦ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʩʫʧʫʪʥʠʢʽʚ ʪʘ, ʚʨʘʭʦʚʫʶʯʠ ʜʦʙʦʚʫ ʟʤʽʥʫ TEC, ʟʘʙʝʟʧʝʯʫʻ ʫʩʫʚʘʥʥʷ ʙʣʠʟʴʢʦ 50 % ʚʽʜ 

ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʩʝʚʜʦʚʽʜʜʘʣʽ. ʇʨʦʧʦʥʫʶʪʴʩʷ ʤʦʜʝʣʽ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʽ 

Klobuchar, ʟʦʢʨʝʤʘ NTCM ʪʘ NeQuick. ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ NTCM, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʦʪʨʠʤʘʥʠʭ ʟʘ 

ʤʦʜʝʣʣʶ Klobuchar ʜʘʥʠʭ, ʧʦʢʘʟʘʣʠ ʢʨʘʱʫ ʾʾ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʆʪʨʠʤʘʥʽ ʟʘ ʮʽʻʶ ʤʦʜʝʣʣʶ ʟʥʘʯʝʥʥʷ 

ʩʝʨʝʜʥʴʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ (Root Mean Square Error, RMSE) ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʤʝʥʰʽ ʥʘ 0,24 ʤ ʧʽʜ 
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ʯʘʩ ʩʧʦʢʽʡʥʦʛʦ ʩʪʘʥʫ ʽʦʥʦʩʬʝʨʠ ʽ ʥʘ 0,45 ʤ ʧʽʜ ʯʘʩ ʟʙʫʨʝʥʦʛʦ ʩʪʘʥʫ ʧʦʨʽʚʥʷʥʦ ʟ ʤʦʜʝʣʣʶ Klobuchar [8]. 

ʂʣʽʤʘʪʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ NeQuick ʟ ʾʾ ʤʦʜʠʬʽʢʘʮʽʻʶ NeQuick 2 ʥʘʜʘʻ ʪʠʧʦʚʽ ʩʝʨʝʜʥʽ ʧʘʨʘʤʝʪʨʠ ʽʦʥʦʩʬʝʨʠ 

ʽ ʜʘʥʽ ʧʨʦ ʚʝʨʪʠʢʘʣʴʥʠʡ ʪʘ ʧʦʭʠʣʠʡ ʚʤʽʩʪ ʝʣʝʢʪʨʦʥʽʚ ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ 3D-ʩʧʝʮʠʬʽʢʘʮʽʾ ʝʣʝʢʪʨʦʥʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʽʦʥʦʩʬʝʨʠ. ʇʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ ʜʣʷ ʩʫʧʫʪʥʠʢʦʚʦʾ ʥʘʚʽʛʘʮʽʾ ʪʘ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ 

ʧʦʢʘʟʘʣʦ, ʱʦ ʤʦʜʝʣʴ NeQuick ʤʘʻ ʢʨʘʱʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʽʞ ʤʦʜʝʣʴ Klobuchar, ʫ 98 % ʪʝʩʪʽʚ ʤʦʜʝʣʴ 

ʟʘʙʝʟʧʝʯʠʣʘ ʢʨʘʱʫ ʦʮʽʥʢʫ ʽʦʥʦʩʬʝʨʥʦʾ ʟʘʪʨʠʤʢʠ [13]. 

ɸʚʪʦʨʠ ʨʦʙʽʪ [1, 4, 10] ʚʽʜʟʥʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʯʘʩʦʚʠʭ 

ʨʷʜʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʨʦʪʢʦʯʘʩʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥ ʧʘʨʘʤʝʪʨʘ TEC, ʚʧʣʠʚ ʬʘʢʪʦʨʽʚ ʩʝʟʦʥʥʦʩʪʽ, ʘ 

ʦʪʞʝ ʚʠʱʫ ʪʦʯʥʽʩʪʴ ʨʦʟʚôʷʟʢʽʚ ʫ ʟʘʚʜʘʥʥʷʭ ʢʦʦʨʜʠʥʘʪʥʠʭ ʚʠʟʥʘʯʝʥʴ. 

ʅʘʡʙʽʣʴʰʝ ʝʬʝʢʪʠʚʥʠʤ ʨʦʟʚôʷʟʘʥʥʷʤ ʟʘʚʜʘʥʥʷ ʽʟ ʫʩʫʥʝʥʥʷ ʽʦʥʦʩʬʝʨʥʦʾ ʟʘʪʨʠʤʢʠ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʯʘʩʪʦʪʥʠʭ GNSS-ʧʨʠʡʤʘʯʽʚ ʽʟ ʙʝʟʽʦʥʦʩʬʝʨʥʦʶ ʣʽʥʽʡʥʦʶ ʢʦʤʙʽʥʘʮʽʻʶ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʦʙʦʭ ʯʘʩʪʦʪ. ʂʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʪʦʯʥʽʩʪʶ ʥʘʜʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʘʟʦʚʠʭ GNSSïʩʧʦʩʪʝʨʝʞʝʥʴ, ʘʣʝ ʮʝʡ 

ʤʝʪʦʜ ʚʠʤʘʛʘʻ ʥʘʜʽʡʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʬʘʟʦʚʠʭ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʝʡ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʫʩʢʣʘʜʥʶʻ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯʽ [6]. ɸʚʪʦʨʘʤʠ [10] ʚʠʟʥʘʯʝʥʽ ʧʝʨʝʚʘʛʠ ʡ ʥʝʜʦʣʽʢʠ ʥʠʟʢʠ ʤʝʪʦʜʽʚ ʦʙʯʠʩʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʽʦʥʦʩʬʝʨʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʚʦʯʘʩʪʦʪʥʠʭ GNSS ʩʧʦʩʪʝʨʝʞʝʥʴ. ʋ ʩʪʘʪʪʽ [1] ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʢʦʨʝʢʮʽʾ 

ʽʦʥʦʩʬʝʨʥʠʭ ʧʦʧʨʘʚʦʢ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʣʷ ʢʦʦʨʜʠʥʘʪʥʠʭ ʚʠʟʥʘʯʝʥʴ ʦʜʥʦ- ʪʘ ʜʚʦʯʘʩʪʦʪʥʠʭ 

ʧʨʠʡʤʘʯʽʚ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʯʘʩʪʦʪʥʠʭ ʢʦʜʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʟʘʙʝʟʧʝʯʫʻ ʽʩʪʦʪʥʦ ʤʝʥʰʫ 

ʦʮʽʥʢʫ RMSE ʧʦʨʽʚʥʷʥʦ ʟ ʦʜʥʦʯʘʩʪʦʪʥʠʤʠ. 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʽʦʥʦʩʬʝʨʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʟʘʩʪʦʩʦʚʫʶʪʴ ʝʤʧʽʨʠʯʥʽ ʽʦʥʦʩʬʝʨʥʽ ʤʦʜʝʣʽ, ʘ ʪʘʢʦʞ 

ʢʘʨʪʠ ʇɽɺ, ʷʢʽ ʻ ʦʩʥʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʦʧʠʩʫ ʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʫ ʽʦʥʦʩʬʝʨʠ. ɽʤʧʽʨʠʯʥʘ 

ʽʦʥʦʩʬʝʨʥʘ ʤʦʜʝʣʴ (IRI), ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʄʽʞʥʘʨʦʜʥʦʶ ʩʧʽʣʢʦʶ ʨʘʜʽʦʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ (URSI) ʷʢ 

ʙʘʟʦʚʘ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ. ʄʦʜʝʣʴ IRI ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʧʽʜʩʪʘʚʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟʘ ʪʘʢʠʤʠ ʤʝʪʦʜʘʤʠ ʨʘʜʽʦʟʦʥʜʫʚʘʥʥʷ ʽʦʥʦʩʬʝʨʠ, ʷʢ ʚʝʨʪʠʢʘʣʴʥʝ ʥʘʟʝʤʥʝ ʽ 

ʩʫʧʫʪʥʠʢʦʚʝ, ʘ ʪʘʢʦʞ ʥʝʢʦʛʝʨʝʥʪʥʝ ʨʦʟʩʽʶʚʘʥʥʷ [14, 15]. ʄʦʜʝʣʴ IRI ʟʘʙʝʟʧʝʯʫʻ ʚʠʟʥʘʯʝʥʥʷ ʇɽɺ ʪʘ 

ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʱʽʣʴʥʦʩʪʽ, ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʪʘʢʦʞ ʽʦʥʥʠʡ ʩʢʣʘʜ ʥʘ ʚʠʩʦʪʘʭ 50-

2000 ʢʤ. ɸʚʪʦʨʘʤʠ [11] ʨʦʟʨʦʙʣʝʥʦ ʥʝʣʽʥʽʡʥʽ ʤʦʜʝʣʽ TEC ʜʣʷ ʯʦʪʠʨʴʦʭ ʚʽʜʜʘʣʝʥʠʭ ʩʪʘʥʮʽʡ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʂʘʥʘʜʽ, ʂʠʪʘʾ, ɸʚʩʪʨʘʣʽʾ ʪʘ ɸʥʪʘʨʢʪʠʜʽ, ʱʦ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʧʽʜʩʪʘʚʽ GNSS -ʜʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʝʣʽʥʽʡʥʦʛʦ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ ʽʩʪʦʪʥʝ ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʟʥʘʯʝʥʴ ʪʘ ʛʘʨʥʝ ʫʟʛʦʜʞʝʥʥʷ ʟʽ GNSS -ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ TEC ʫ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ 

ʰʠʨʦʪʦʶ, ʘ ʪʘʢʦʞ ʧʝʨʝʚʠʱʫʶʪʴ ʟʘ ʪʦʯʥʽʩʪʶ ʜʘʥʽ ʤʦʜʝʣʽ IRI-2016. 

ʅʠʟʢʘ ʨʦʙʽʪ [2, 3, 7, 16] ʧʨʠʩʚʷʯʝʥʘ ʧʦʙʫʜʦʚʽ ʨʝʛʽʦʥʘʣʴʥʠʭ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʤʦʜʝʣʝʡ ʇɽɺ ʟ 

ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟ ʤʝʪʦʶ 

ʫʩʫʥʝʥʥʷ ʽʦʥʦʩʬʝʨʥʦʾ ʟʘʪʨʠʤʢʠ ʟ GNSS-ʚʠʤʽʨʶʚʘʥʴ. ʉʪʘʪʪʷ [7] ʤʽʩʪʠʪʴ ʨʦʟʨʦʙʣʝʥʫ ʤʝʪʦʜʠʢʫ 

ʦʙʯʠʩʣʝʥʥʷ ʪʘʢʦʛʦ ʧʘʨʘʤʝʪʨʫ ʽʦʥʦʩʬʝʨʠ ʷʢ ʟʘʛʘʣʴʥʘ ʝʣʝʢʪʨʦʥʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟʛʣʘʜʞʫʚʘʥʥʷ ʢʦʜʦʚʠʭ GNSS ʩʧʦʩʪʝʨʝʞʝʥʴ ʬʘʟʦʚʠʤʠ 

ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʄʝʪʦʜʠʢʫ ʘʧʨʦʙʦʚʘʥʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘ 

ʜʘʥʠʤʠ ʧʝʨʤʘʥʝʥʪʥʦʾ ʩʪʘʥʮʽʾ RVNE, ʱʦ ʥʘʣʝʞʠʪʴ ʜʦ ʩʢʣʘʜʫ ʤʝʨʝʞʽ ZAKPOS/UA-EUPOS. ʋ [16] 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʤʦʜʝʣʽ ʧʘʨʘʤʝʪʨʘ ʽʦʥʦʩʬʝʨʠ VTEC. ʄʦʜʝʣʴ 

ʩʪʚʦʨʝʥʘ ʥʘ ʧʽʜʩʪʘʚʽ ʥʠʟʢʠ ʟʥʘʯʝʥʴ ʽʦʥʽʟʘʮʽʡʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʦʪʨʠʤʘʥʠʭ ʟ ʧʦʩʪʽʡʥʠʭ ʩʪʘʥʮʽʡ ʤʝʨʝʞʽ 

ZAKPOS, ʤʘʻ ʚʠʩʦʢʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʽ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʤʦʜʝʣʴʦʚʘʥʠʭ ʟʥʘʯʝʥʴ 

ʧʘʨʘʤʝʪʨʘ VTEC ʚʽʜ ʡʦʛʦ ʚʠʤʽʨʷʥʠʭ ʟʥʘʯʝʥʴ, ʷʢʝ ʥʝ ʧʝʨʝʚʠʱʫʻ 1TECU. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʛʣʷʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʢʦʨʝʢʮʽʾ ʽʦʥʦʩʬʝʨʥʠʭ ʧʦʧʨʘʚʦʢ, ʚʠʟʥʘʯʝʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ ʽ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʢʦʤʧʝʥʩʘʮʽʾ 

ʚʧʣʠʚʫ ʽʦʥʦʩʬʝʨʥʦʾ ʟʘʪʨʠʤʢʠ ʫ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʚʜʘʥʴ ʢʦʦʨʜʠʥʘʪʥʠʭ ʚʠʟʥʘʯʝʥʴ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʠʨʽʰʝʥʥʷ ʙʘʛʘʪʴʦʭ ʟʘʚʜʘʥʴ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ 

ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ GNSS. ɼʦʩʪʫʧʥʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ ʪʘ ʟʨʫʯʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ GNSS ʪʝʭʥʦʣʦʛʽʾ ʟʫʤʦʚʠʣʠ ʾʭ ʧʦʰʠʨʝʥʥʷ, ʘ ʙʝʟʧʝʨʝʨʚʥʠʡ ʨʦʟʚʠʪʦʢ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʩʝ ʜʦʩʢʦʥʘʣʽʰʠʤʠ ʟʘ ʷʢʽʩʪʶ ʜʘʥʠʤʠ. ʗʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ, 

ʧʝʨʝʜ ʫʩʽʤ, ʾʾ ʜʦʩʪʦʚʽʨʥʽʩʪʶ ʽ ʪʦʯʥʽʩʪʶ. ɺʽʜʦʤʦ, ʱʦ ʥʘ ʰʣʷʭʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʽ 

ʨʘʜʽʦʩʠʛʥʘʣʠ ʧʽʜʜʘʶʪʴʩʷ ʤʥʦʞʠʥʽ ʨʽʟʥʠʭ ʚʧʣʠʚʽʚ, ʱʦ ʩʧʨʠʯʠʥʶʻ ʧʦʭʠʙʢʠ. ɼʞʝʨʝʣʘ ʧʦʭʠʙʦʢ ʧʨʠʡʥʷʪʦ 

https://arrcjournal.org/


G18 ɻɽʆɼɽɿɯʗ ʊɸ ɿɽʄʃɽʋʉʊʈɯʁ / G18 SURVEYING  AND LAND  MANAGEMENT  

 

 

ʅʘʫʢʦʚʠʡ ʞʫʨʥʘʣ çɸɺʊʆʄʆɹɯʃʔʅɯ ɼʆʈʆɻʀ ɯ ɼʆʈʆɾʅɭ ɹʋɼɯɺʅʀʎʊɺʆè, 2026. ɺʠʧʫʩʢ 119. 

ISSN 0365-8171 (Print), ISSN 2707-4080 (ʆnline), ISSN 2707-4099 (CD), https://arrcjournal.org . 

Scientific journal çAUTOMOBILE ROADS AND ROAD CONSTRUCTIONè, 2026. Issue 119. 

124 

ʧʦʜʽʣʷʪʠ ʥʘ ʪʨʠ ʛʨʫʧʠ: ʧʦʤʠʣʢʠ ʩʫʧʫʪʥʠʢʘ, ʧʦʤʠʣʢʠ ʧʨʠʡʤʘʯʘ ʪʘ ʧʦʤʠʣʢʠ ʧʦʰʠʨʝʥʥʷ. ɼʦ ʧʦʤʠʣʦʢ 

ʧʦʰʠʨʝʥʥʷ ʚʽʜʥʦʩʷʪʴ ʩʧʦʪʚʦʨʝʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʧʽʜ ʯʘʩ ʾʭ ʧʨʦʭʦʜʞʝʥʥʷ ʢʨʽʟʴ ʰʘʨʠ 

ʘʪʤʦʩʬʝʨʠ ɿʝʤʣʽ, ʩʝʨʝʜ ʷʢʠʭ, ʷʢ ʥʘʡʙʽʣʴʰʝ ʭʘʨʘʢʪʝʨʥʽ, ʚʠʜʽʣʷʶʪʴ ʪʨʦʧʦʩʬʝʨʫ (ʜʦ 9-17 ʢʤ ʥʘʜ 

ʧʦʚʝʨʭʥʝʶ ɿʝʤʣʽ), ʪʨʦʧʦʧʘʫʟʫ (ʜʦ 50 ʢʤ), ʩʪʨʘʪʦʩʬʝʨʫ (50-55 ʢʤ) ʪʘ ʽʦʥʦʩʬʝʨʫ (50-1500 ʢʤ), ʷʢʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʘ ʦʪʞʝ ʯʠʥʷʪʴ ʨʽʟʥʠʡ ʚʧʣʠʚ ʥʘ GNSS-ʩʠʛʥʘʣʠ. ʇʨʠʯʦʤʫ 

ʚʧʣʠʚ ʪʨʦʧʦʩʬʝʨʠ, ʪʨʦʧʦʧʘʫʟʠ ʽ ʩʪʨʘʪʦʩʬʝʨʠ ʦʙôʻʜʥʫʶʪʴ ʫ ʪʨʦʧʦʩʬʝʨʥʫ ʨʝʬʨʘʢʮʽʶ, ʱʦ ʩʧʨʠʯʠʥʝʥʘ 

ʚʟʘʻʤʦʜʽʻʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʨʘʜʽʦʩʠʛʥʘʣʫ ʟ ʘʪʦʤʘʤʠ ʽ ʤʦʣʝʢʫʣʘʤʠ ʮʴʦʛʦ ʰʘʨʫ, ʷʢʽ ʚʠʢʨʠʚʣʷʶʪʴ 

ʰʣʷʭ ʪʘ ʟʤʝʥʰʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʣʦʤʣʝʥʥʷ 

ʩʝʨʝʜʦʚʠʱʘ. ʆʪʞʝ ʨʘʜʽʦʩʠʛʥʘʣ ʟʘʧʽʟʥʶʻʪʴʩʷ ʱʦʜʦ ʯʘʩʫ ʡʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʽʟ ʰʚʠʜʢʽʩʪʶ ʫ ʚʘʢʫʫʤʽ. 

ʊʨʦʧʦʩʬʝʨʘ ʻ ʥʝʜʠʩʧʝʨʛʫʚʘʣʴʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʪʦʙʪʦ ʪʨʦʧʦʩʬʝʨʥʘ ʨʝʬʨʘʢʮʽʷ ʥʝ ʟʘʣʝʞʥʘ ʚʽʜ ʯʘʩʪʦʪʠ 

ʨʘʜʽʦʩʠʛʥʘʣʫ. 

ɿ ʰʘʨʦʤ ʽʦʥʦʩʬʝʨʠ ʩʧʨʘʚʘ ʩʢʣʘʜʥʽʰʘ, ʽʦʥʦʩʬʝʨʘ ʻ ʧʝʨʝʚʘʞʘʶʯʠʤ ʜʞʝʨʝʣʦʤ ʧʦʭʠʙʦʢ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʽʦʥʦʩʬʝʨʥʘ ʟʘʪʨʠʤʢʘ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʚʽʜ ʢʽʣʴʢʦʭ ʜʦ ʜʝʩʷʪʢʽʚ ʤʝʪʨʽʚ [1, 

2]. ʂʨʽʤ ʪʦʛʦ, ʰʘʨʫ ʽʦʥʦʩʬʝʨʠ ɿʝʤʣʽ ʚʣʘʩʪʠʚʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʩʪʘʥʫ, ʷʢʠʡ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʠʥʘʤʽʯʥʽʩʪʶ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʉʦʥʮʽ, ʘ ʪʘʢʦʞ ʧʽʜʜʘʻʪʴʩʷ ʚʧʣʠʚʫ ʝʥʝʨʛʽʾ, ʷʢʫ ʚʠʜʽʣʷʻ 

ʧʦʚʝʨʭʥʷ ɿʝʤʣʽ ʚʥʘʩʣʽʜʦʢ ʟʝʤʣʝʪʨʫʩʽʚ, ʚʠʙʫʭʽʚ, ʟʘʧʫʩʢʽʚ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʧʦʪʫʞʥʠʭ ʪʝʭʥʦʛʝʥʥʠʭ 

ʢʘʪʘʩʪʨʦʬ ʪʦʱʦ [2], ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʝʟʦʥʥʦʩʪʽ ʪʘ ʚʽʜ ʰʠʨʦʪʠ ʤʽʩʮʝʚʦʩʪʽ [7]. ɿʨʦʩʪʘʥʥʷ ʚʠʤʦʛ ʜʦ ʪʦʯʥʦʩʪʽ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʽ ʥʘʚʽʛʘʮʽʾ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʞʝ ʥʘʷʚʥʠʭ ʤʝʪʦʜʽʚ ʽ ʨʦʟʨʦʙʣʝʥʥʷ 

ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʦʮʽʥʶʚʘʥʥʷ ʽʦʥʦʩʬʝʨʥʦʾ ʟʘʪʨʠʤʢʠ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. ʎʝ ʚʠʤʘʛʘʻ ʨʦʟʫʤʽʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʰʘʨʘʭ ʘʪʤʦʩʬʝʨʠ [4, 8]. 

ʈʘʜʽʦʩʠʛʥʘʣ ʩʫʧʫʪʥʠʢʘ ʧʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʟʝʤʥʫ ʘʪʤʦʩʬʝʨʫ ʚʟʘʻʤʦʜʽʻ ʟ ʾʾ ʟʘʨʷʜʞʝʥʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ, ʥʝʡʪʨʘʣʴʥʠʤʠ ʘʪʦʤʘʤʠ ʽ ʤʦʣʝʢʫʣʘʤʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʾʭʥʷ ʰʚʠʜʢʽʩʪʴ ʽ ʥʘʧʨʷʤʦʢ 

ʧʦʰʠʨʝʥʥʷ ʟʤʽʥʶʶʪʴʩʷ. ʅʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʨʘʜʽʦʩʠʛʥʘʣ ʥʘʜʘʻ ʰʘʨ ʽʦʥʦʩʬʝʨʠ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻ 

ʥʘʷʚʥʽʩʪʴ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʽʦʥʽʚ [1, 6]. ʌʽʟʠʯʥʠʡ ʧʨʦʮʝʩ ʚʧʣʠʚʫ ʽʦʥʦʩʬʝʨʠ ʧʦʣʷʛʘʻ ʫ ʪʘʢʦʤʫ. ʇʽʜ 

ʜʽʻʶ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʤʦʣʝʢʫʣʠ ʛʘʟʫ ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʥʘ ʽʦʥʠ ʪʘ ʚʽʣʴʥʽ ʝʣʝʢʪʨʦʥʠ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ 

ʜʝʥʥʠʡ ʯʘʩ ʜʦʙʠ. ɺʥʦʯʽ ʚʽʣʴʥʽ ʽʦʥʠ ʪʘ ʝʣʝʢʪʨʦʥʠ ʨʝʢʦʤʙʽʥʫʶʪʴ, ʘ ʦʪʞʝ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʂʨʽʤ ʪʦʛʦ, ʱʽʣʴʥʽʩʪʴ ʚʽʣʴʥʠʭ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʽʦʥʦʩʬʝʨʽ ʟʘʣʝʞʥʘ ʚʽʜ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʪʦʙʪʦ 

ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʉʦʥʮʽ. ʆʪʞʝ, ʱʽʣʴʥʽʩʪʴ ʚʽʣʴʥʠʭ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ 

ʫ ʰʘʨʽ ʽʦʥʦʩʬʝʨʠ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ. ɯʦʥʽʟʦʚʘʥʠʡ ʰʘʨ ʽʦʥʦʩʬʝʨʠ ʻ ʜʠʩʧʝʨʛʫʚʘʣʴʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, 

ʪʦʙʪʦ ʨʽʟʥʽ ʯʘʩʪʦʪʠ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʧʽʜʜʘʶʪʴʩʷ ʨʽʟʥʦʤʫ ʩʧʦʪʚʦʨʝʥʥʶ ʥʘ ʰʣʷʭʫ ʧʦʰʠʨʝʥʥʷ, ʱʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʽʦʥʦʩʬʝʨʽ ʪʘ ʯʘʩʪʦʪʠ ʨʘʜʽʦʩʠʛʥʘʣʫ. ʑʽʣʴʥʽʩʪʴ ʚʽʣʴʥʠʭ ʟʘʨʷʜʞʝʥʠʭ 

ʯʘʩʪʠʥʦʢ ʽʦʥʦʩʬʝʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʧʝʮʽʘʣʴʥʠʤ ʯʠʥʥʠʢʦʤ - ʧʦʚʥʠʤ ʝʣʝʢʪʨʦʥʥʠʤ ʚʤʽʩʪʦʤ ʇɽɺ (Total 

Electron Content TEC), ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ (1) ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʤʽʩʪʠʪʴ ʩʪʦʚʧ 

ʛʘʟʫ, ʧʝʨʝʪʠʥ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ 1 ʤ2: 

˟˒˞᷿Î ίὨί,      (1) 

ʜʝ Î ί ï ʱʽʣʴʥʽʩʪʴ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʰʣʷʭʫ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʚʽʜ ʩʫʧʫʪʥʠʢʘ S ʜʦ GNSS-

ʧʨʠʡʤʘʯʘ R. 

 

ɺʽʜʩʪʘʥʴ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʨʘʜʽʦʩʠʛʥʘʣ ʚʽʜ ʩʫʧʫʪʥʠʢʘ, ʩʪʘʥʦʚʠʪʴ ʚʽʜ 20000 ʢʤ, ʢʦʣʠ ʩʫʧʫʪʥʠʢ ʫ 

ʟʝʥʽʪʽ, ʜʦ ʧʨʠʙʣʠʟʥʦ 26000 ʢʤ, ʢʦʣʠ ʩʫʧʫʪʥʠʢ ʩʭʦʜʠʪʴ ʘʙʦ ʟʘʭʦʜʠʪʴ. ʗʢ ʦʜʠʥʠʮʶ ʚʠʤʽʨʫ ʧʘʨʘʤʝʪʨʘ 

ʊɽʉ ʧʨʠʡʥʷʪʦ TEC Units (4%#5), ʱʦ ʚʚʘʞʘʶʪʴ ʨʽʚʥʦʶ 4%#5ρπ ʝʣʝʢʪʨʦʥʽʚ/ʤ2. 

ʐʣʷʭ ʧʨʦʭʦʜʞʝʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʯʝʨʝʟ ʽʦʥʦʩʬʝʨʫ ʫ ʥʘʧʨʷʤʢʫ ʟʝʥʽʪʫ ʻ ʥʘʡʢʦʨʦʪʰʠʤ, ʘ ʇɽɺ ʥʘ 

ʮʴʦʤʫ ʰʣʷʭʫ ï ʥʘʡʤʝʥʰʠʡ, ʡʦʛʦ ʥʘʟʠʚʘʶʪʴ ʚʝʨʪʠʢʘʣʴʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʊɽʉ ʽ ʧʦʟʥʘʯʘʶʪʴ VTEC 

(Vertical TEC). ʈʦʟʨʽʟʥʷʶʪʴ ʪʘʢʦʞ ʧʦʭʠʣʽ ʟʥʘʯʝʥʥʷ ʇɽɺ, ʱʦ ʧʦʟʥʘʯʘʶʪʴ STEC (Slant TEC). 

ɼʣʷ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ L1 ʽ L2 ʽʦʥʦʩʬʝʨʘ ʻ ʜʠʩʧʝʨʛʫʚʘʣʴʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʽ ʯʠʥʠʪʴ ʥʘ 

ʨʘʜʽʦʩʠʛʥʘʣ ʩʫʧʫʪʥʠʢʘ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ. ɯʦʥʦʩʬʝʨʥʘ ʨʝʬʨʘʢʮʽʷ ʟʘʣʝʞʥʘ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʥʽʚ ʪʘ 

ʦʙʝʨʥʝʥʦ-ʧʨʦʧʦʨʮʽʡʥʘ ʢʚʘʜʨʘʪʫ ʯʘʩʪʦʪʠ, ʦʪʞʝ, ʨʘʜʽʦʩʠʛʥʘʣ ʤʘʻ ʚʠʧʝʨʝʜʞʝʥʥʷ ʟʘ ʬʘʟʦʶ Ўl  (2) ʪʘ 

ʽʦʥʦʩʬʝʨʥʫ ʟʘʪʨʠʤʢʫ ʜʣʷ ʧʩʝʚʜʦʚʽʜʜʘʣʽ ʟʘ ʢʦʜʘʤʠ Ў (3), ʱʦ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʽ ʧʘʨʘʤʝʪʨʫ ʊɽʉ: 
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Ўl
ȟ

 ;     (2) 

 

Ў
ȟ

 ,      (3) 

 

ʜʝ TEC ï ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʝʣʝʢʪʨʦʥʽʚ, ʝʣʝʢʪʨʦʥʽʚ/ʤĮ; f ï ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʫ, ɻʮ. 

 

ʇʦʭʠʣʝ ʟʥʘʯʝʥʥʷ ʽʦʥʦʩʬʝʨʥʦʾ ʟʘʪʨʠʤʢʠ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʚʝʨʪʠʢʘʣʴʥʦʶ ʟʘʪʨʠʤʢʦʶ (4): 

 

Ў Ў Ͻ ,      (4) 

 

ʜʝ ‍ ï ʢʫʪ, ʧʽʜ ʷʢʠʤ ʩʫʧʫʪʥʠʢ ʚʠʜʠʤʽʡ ʧʨʠʡʤʘʣʴʥʦʶ ʘʥʪʝʥʦʶ. 

 

ʗʢ ʚʽʜʦʤʦ, ʨʘʜʽʦʩʠʛʥʘʣ ʷʚʣʷʻ ʩʦʙʦʶ ʩʧʝʢʪʨ ʨʽʟʥʠʭ ʯʘʩʪʦʪ, ʦʪʞʝ ʡʦʛʦ ʩʧʝʢʪʨʘʣʴʥʽ ʩʢʣʘʜʥʠʢʠ 

ʩʧʦʪʚʦʨʶʶʪʴʩʷ ʧʦ-ʨʽʟʥʦʤʫ, ʽ ʚʠʥʠʢʘʶʪʴ ʨʽʟʥʠʮʽ ʟʘʪʨʠʤʦʢ ʤʽʞ ʯʘʩʪʦʪʘʤʠ ʨʘʜʽʦʩʠʛʥʘʣʫ. 

ʆʩʢʽʣʴʢʠ ʚʧʣʠʚ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ 

ʉʦʥʮʽ, ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʽʦʥʦʩʬʝʨʠ ʫʪʨʫʜʥʝʥʦ. ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʟʘʚʜʷʢʠ ʨʦʟʚʠʪʢʫ 

ʛʣʦʙʘʣʴʥʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ ʪʘ ʾʭ ʰʠʨʦʢʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʶ ʨʝʘʣʽʟʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽʦʥʦʩʬʝʨʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʩʫʧʫʪʥʠʢʽʚ, ʱʦ ʽʩʪʦʪʥʦ 

ʟʤʝʥʰʠʣʦ ʤʘʪʝʨʽʘʣʴʥʽ ʽ ʯʘʩʦʚʽ ʟʘʪʨʘʪʠ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʽʦʥʦʩʬʝʨʠ ʪʘ ʩʧʨʠʷʣʦ ʨʦʟʨʦʙʣʝʥʥʶ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʝʪʦʜʠʢ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʾʾ ʧʘʨʘʤʝʪʨʽʚ ʟ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ ʟ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʽʦʥʦʩʬʝʨʥʦʾ 

ʟʘʪʨʠʤʢʠ [2, 6, 10]. 

ʋ ʙʽʣʴʰʦʩʪʽ ʦʜʥʦʯʘʩʪʦʪʥʠʭ GNSS-ʧʨʠʡʤʘʯʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʽʦʥʦʩʬʝʨʥʦʾ ʟʘʪʨʠʤʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʂʣʦʙʫʯʘʨʘ (Klobuchar model), ʷʢʘ ʚʨʘʭʦʚʫʻ ʜʦʙʦʚʫ ʟʤʽʥʫ TEC ʪʘ ʧʦʣʦʞʝʥʥʷ 

ʉʦʥʮʷ. ʋ ʥʘʚʽʛʘʮʽʡʥʦʤʫ ʧʦʚʽʜʦʤʣʝʥʥʽ ʩʫʧʫʪʥʠʢʠ GNSS ʧʝʨʝʜʘʶʪʴ ʚʽʩʽʤ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ, ʷʢʽ ʻ 

ʬʫʥʢʮʽʷʤʠ ʨʽʚʥʷ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʩʝʟʦʥʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʤʧʝʥʩʫʚʘʪʠ ʙʣʠʟʴʢʦ 50 % 

ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʩʝʚʜʦʚʽʜʜʘʣʽ ʯʝʨʝʟ ʥʝʢʦʤʧʝʥʩʦʚʘʥʫ ʽʦʥʦʩʬʝʨʥʫ ʟʘʪʨʠʤʢʫ. ʋ ʩʝʨʝʜʥʽʭ ʰʠʨʦʪʘʭ 

ʦʩʪʘʪʦʯʥʘ ʟʘʪʨʠʤʢʘ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 10ʤ, ʟʘʣʝʞʥʦ ʚʽʜ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ [9]. 

ɭ ʢʽʣʴʢʘ ʤʦʜʝʣʝʡ, ʱʦ ʧʦʢʨʘʱʫʶʪʴ ʤʦʜʝʣʴ Klobuchar. ɿʦʢʨʝʤʘ, ʮʝ ʘʣʛʦʨʠʪʤ ʽʦʥʦʩʬʝʨʥʦʾ 

ʢʦʨʝʢʮʽʾ NTCM ʪʘ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʷ MNTCM-BC, ʷʢʠʤʠ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʴ ʟʘʤʽʩʪʦ ʤʦʜʝʣʽ 

Klobuchar. ʇʨʦʧʦʥʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʤʝʥʰʝʥʥʷ RMSE ʥʘ 0,24 ʤ ʜʣʷ ʩʧʦʢʽʡʥʦʛʦ ʩʪʘʥʫ 

ʽʦʥʦʩʬʝʨʠ ʪʘ ʥʘ 0,45 ʤ ʜʣʷ ʾʾ ʟʙʫʨʝʥʦʛʦ ʩʪʘʥʫ [8, 12]. 

ɯʥʰʠʡ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʢʦʨʠʛʫʚʘʥʥʷ ʽʦʥʦʩʬʝʨʥʠʭ ʟʘʪʨʠʤʦʢ ʧʦʣʷʛʘʻ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʟʦʢʨʝʤʘ ʜʣʷ ʧʨʦʛʥʦʟʫ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʟʤʽʥ TEC ʫ ʟʘʜʘʯʘʭ 

ʢʦʦʨʜʘʪʥʠʭ ʚʠʟʥʘʯʝʥʴ, ʘ ʪʘʢʦʞ ʤʝʪʦʜ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʟʛʣʘʜʞʝʥʥʷ ʍʦʣʴʪʘ-ɺʽʥʝʨʘ [10]. ʄʦʜʝʣʽ ʯʘʩʦʚʠʭ 

ʨʷʜʽʚ ʫ ʛʝʦʜʝʟʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʘʥʘʣʽʟʫ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʚʠʷʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫ ʟʤʽʥʘʭ ʫ ʯʘʩʽ 

ʛʝʦʜʝʟʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ɺʦʥʠ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʽ ʚ ʟʘʜʘʯʘʭ ʤʦʥʽʪʦʨʠʥʛʫ ʜʝʬʦʨʤʘʮʽʡ ʩʧʦʨʫʜ, ʟʝʤʥʦʾ 

ʢʦʨʠ, ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ʋ ʛʝʦʜʝʟʽʾ ʩʪʘʥ ʽʦʥʦʩʬʝʨʠ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʚʠʤʽʨʶʚʘʥʴ. ɯʦʥʦʩʬʝʨʥʽ ʟʙʫʨʝʥʥʷ ʚʠʢʣʠʢʘʶʪʴ ʜʦʜʘʪʢʦʚʽ ʧʦʭʠʙʢʠ ʫ ʚʠʟʥʘʯʝʥʥʽ ʢʦʦʨʜʠʥʘʪ, ʚʠʩʦʪ ʪʘ 

ʯʘʩʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʊʦʤʫ ʯʘʩʦʚʽ ʨʷʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ 

ʽʦʥʦʩʬʝʨʠ, ʟʦʢʨʝʤʘ ʾʾ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʜʣʷ ʷʢʦʾ ʚʠʜʽʣʷʶʪʴ ʪʨʝʥʜʠ ʪʘ ʮʠʢʣʽʯʥʦʩʪʽ, ʟʦʢʨʝʤʘ, 

ʜʦʙʦʚʽ ʪʘ ʩʝʟʦʥʥʽ ʟʤʽʥʠ, 11-ʨʽʯʥʠʡ ʩʦʥʷʯʥʠʡ ʮʠʢʣ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʘʨʤʦʥʽʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʌʫʨôʻ-ʘʥʘʣʽʟʫ ʤʦʜʝʣʶʶʪʴ ʛʝʦʤʘʛʥʽʪʥʽ ʟʙʫʨʝʥʥʷ ʪʘ ʙʫʨʽ ʽʦʥʦʩʬʝʨʠ. ɿʘ 

ʩʪʦʭʘʩʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ ARIMA, SARIMA ʦʪʨʠʤʫʶʪʴ ʧʨʦʛʥʦʟ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʟʤʽʥ TEC, ʘ ʟʘ 

ʤʦʜʝʣʣʶ AR (ʤʦʜʝʣʴ ʘʚʪʦʨʝʛʨʝʩʽʾ) ï ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʪʝʧʝʨʽʰʥʽʤ ʽ ʤʠʥʫʣʠʤ ʩʪʘʥʦʤ ʽʦʥʦʩʬʝʨʠ. 
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ʂʘʣʤʘʥʽʚʩʴʢʠʡ ʬʽʣʴʪʨ ʫ GNSS-ʥʘʚʽʛʘʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʽʦʥʽʟʦʚʘʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʟʘʪʨʠʤʢʠ ʩʠʛʥʘʣʫ ʪʘ ʾʾ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʂʦʨʦʪʢʦʩʪʨʦʢʦʚʠʡ ʧʨʦʛʥʦʟ, ʚʽʜ ʢʽʣʴʢʦʭ ʭʚʠʣʠʥ ʜʦ 

ʢʽʣʴʢʦʭ ʛʦʜʠʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʚ ʥʘʚʽʛʘʮʽʾ, ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʠʡ ʧʨʦʛʥʦʟ ʥʘ ʧʝʨʽʦʜ 

ʚʽʜ ʜʦʙʠ ʜʦ ʢʽʣʴʢʦʭ ʜʽʙ ï ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʛʝʦʜʝʟʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʘ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʧʨʦʛʥʦʟ ʥʘ 

ʪʠʞʥʽ ʪʘ ʤʽʩʷʮʽ ï ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʢʣʽʚ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ. 

ɿʘ ʯʘʩʦʚʠʤ ʨʷʜʦʤ ʟʥʘʯʝʥʴ TEC ʜʣʷ ʧʝʚʥʦʾ GNSS-ʩʪʘʥʮʽʾ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʝʥʜ, ʥʘʧʨʠʢʣʘʜ, 

ʩʝʟʦʥʥʝ ʟʨʦʩʪʘʥʥʷ ʧʽʜ ʯʘʩ ʩʦʥʷʯʥʦʛʦ ʤʘʢʩʠʤʫʤʫ, ʚʠʷʚʠʪʠ ʜʦʙʦʚʫ ʛʘʨʤʦʥʽʢʫ, ʟʘʩʪʦʩʫʚʘʪʠ ʘʣʛʦʨʠʪʤ 

ARIMA ʘʙʦ LSTM ʜʣʷ ʧʨʦʛʥʦʟʫ ʟʥʘʯʝʥʴ TEC ʥʘ ʢʽʣʴʢʘ ʛʦʜʠʥ ʫʧʝʨʝʜ. ʎʝʡ ʧʨʦʛʥʦʟ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ 

ʧʦʭʠʙʢʠ ʧʽʜ ʯʘʩ ʦʙʯʠʩʣʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʽ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʥʘʚʽʛʘʮʽʡʥʠʭ ʨʽʰʝʥʴ. 

ʇʝʨʝʚʘʛʦʶ ʤʝʪʦʜʫ ʯʠʩʣʦʚʠʭ ʨʷʜʽʚ, ʧʝʨʝʜ ʫʩʽʤ, ʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ GNSS-ʚʠʤʽʨʶʚʘʥʴ, 

ʟʦʢʨʝʤʘ, ʟʤʝʥʰʝʥʥʷ ʽʦʥʦʩʬʝʨʥʦʾ ʧʦʭʠʙʢʠ ʫ ʚʠʟʥʘʯʝʥʥʽ ʢʦʦʨʜʠʥʘʪ, ʚʠʩʦʪ ʽ ʯʘʩʫ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ 

ʜʣʷ ʚʠʩʦʢʦʪʦʯʥʠʭ ʚʠʤʽʨʽʚ. ʄʦʞʣʠʚʽʩʪʴ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫ, ʱʦ ʚʘʞʣʠʚʘ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʾ 

ʥʘʚʽʛʘʮʽʾ, ʘʚʽʘʮʽʾ, ʤʦʨʝʧʣʘʚʩʪʚʘ, ʨʝʘʣʽʟʫʶʪʴ ʤʦʜʝʣʽ ARIMA ʪʘ Kalman, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʜʙʘʯʘʪʠ 

ʟʤʽʥʠ TEC ʥʘ ʛʦʜʠʥʠ ʫʧʝʨʝʜ [4]. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʯʘʩʦʚʠʭ ʨʷʜʽʚ 

ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1 ï ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʯʘʩʦʚʠʭ ʨʷʜʽʚ 

ʧʦʨʽʚʥʷʥʦ ʟ ʝʤʧʽʨʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ 

Table 1 ï Efficiency of the application of the mathematical apparatus of time series compared to 

empirical models 

 
ʂʨʠʪʝʨʽʡ ɽʤʧʽʨʠʯʥʽ (IRI, NeQuick) ʄʦʜʝʣʽ ʯʘʩʦʚʠʭ ʨʷʜʽʚ 

ʊʦʯʥʽʩʪʴ 
ʆʙʤʝʞʝʥʘ, ʯʘʩʪʦ ʥʝʤʦʞʣʠʚʝ ʚʨʘʭʫʚʘʥʥʷ 

ʣʦʢʘʣʴʥʠʭ ʪʘ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʟʙʫʨʝʥʴ 

ɺʠʱʘ ʪʦʯʥʽʩʪʴ ʟʘʚʜʷʢʠ ʘʥʘʣʽʟʫ ʨʝʘʣʴʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ TEC ʫ F2 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ˆʨʫʥʪʫʻʪʴʩʷ ʥʘ ʫʩʝʨʝʜʥʝʥʠʭ ʜʘʥʠʭ 
ɼʘʻ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʡ ʪʘ 

ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʠʡ ʧʨʦʛʥʦʟʠ 

ʈʝʘʣʴʥʠʡ ʯʘʩ ʉʣʘʙʢʘ ʘʜʘʧʪʠʚʥʽʩʪʴ ʜʦ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ 
ʃʝʛʢʦ ʘʜʘʧʪʫʻʪʴʩʷ ʯʝʨʝʟ ʬʽʣʴʪʨʠ ʪʘ 

ʦʥʣʘʡʥ-ʤʦʜʝʣʽ 

ʋʨʘʭʫʚʘʥʥʷ 

ʮʠʢʣʽʯʥʦʩʪʝʡ 

ɼʦʙʦʚʽ ʪʘ ʩʝʟʦʥʥʽ ʮʠʢʣʠ ʚʠʟʥʘʯʝʥʽ 

ʥʘʧʝʨʝʜ, ʦʪʞʝ ʥʝ ʪʦʯʥʦ 

ɺʠʜʽʣʷʻ ʨʝʘʣʴʥʽ ʮʠʢʣʽʯʥʦʩʪʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʜʘʥʠʭ 

ɺʠʷʚʣʝʥʥʷ 

ʟʙʫʨʝʥʴ 

ʅʝ ʟʘʚʞʜʠ ʢʦʨʝʢʪʥʦ ʚʽʜʦʙʨʘʞʘʻ 

ʛʝʦʤʘʛʥʽʪʥʽ ʟʙʫʨʝʥʥʷ 

ʏʫʪʣʠʚʽ ʜʦ ʨʽʟʢʠʭ ʟʤʽʥ, ʤʦʞʫʪʴ ʬʽʢʩʫʚʘʪʠ 

ʘʥʦʤʘʣʽʾ 

ɻʥʫʯʢʽʩʪʴ 
ʄʦʜʝʣʴ ʚʘʞʢʦ ʘʜʘʧʪʫʚʘʪʠ ʜʦ ʣʦʢʘʣʴʥʠʭ 

ʫʤʦʚ 

ʃʝʛʢʦ ʘʜʘʧʪʫʻʪʴʩʷ ʧʽʜ ʢʦʥʢʨʝʪʥʫ ʩʪʘʥʮʽʶ 

ʘʙʦ ʨʝʛʽʦʥ 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʛʝʦʜʝʟʽʾ 

ʇʽʜʭʦʜʷʪʴ ʜʣʷ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ 

ʫʩʝʨʝʜʥʝʥʠʭ ʦʮʽʥʦʢ 

ʅʘʡʢʨʘʱʽ ʜʣʷ ʪʦʯʥʠʭ GNSS-ʚʠʤʽʨʶʚʘʥʴ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

 

ʆʪʞʝ, ʪʨʘʜʠʮʽʡʥʽ ʤʦʜʝʣʽ ʧʨʠʜʘʪʥʽ ʜʣʷ ʛʣʦʙʘʣʴʥʠʭ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʦʮʽʥʦʢ, ʘ ʯʘʩʦʚʽ ʨʷʜʠ ï ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʠʭ ʧʨʦʛʥʦʟʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʪʦʯʥʠʭ ʛʝʦʜʝʟʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ʊʨʝʙʘ ʚʽʜʟʥʘʯʠʪʠ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽʦʥʦʩʬʝʨʠ, ʪʘʢʠʭ ʷʢ ʄʽʞʥʘʨʦʜʥʘ 

ʝʪʘʣʦʥʥʘ ʤʦʜʝʣʴ ʽʦʥʦʩʬʝʨʠ ʩʽʤʝʡʩʪʚʘ ʤʦʜʝʣʝʡ IRI [14, 15] ʽʟ ʦʩʪʘʥʥʴʦʶ ʤʦʜʽʬʽʢʘʮʽʻʶ IRI 2020 ʪʘ 

NeQuick [13], ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʇɽɺ 

(ʊɽʉ) ʟʘ ʨʘʭʫʥʦʢ ʝʬʝʢʪʠʚʥʽʰʠʭ ʝʤʧʽʨʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʦʙʯʠʩʣʝʥʴ. NeQuick ï ʮʝ ʥʘʧʽʚʝʤʧʽʨʠʯʥʘ 

ʤʦʜʝʣʴ, ʷʢʘ ʦʧʠʩʫʻ ʧʨʦʩʪʦʨʦʚʽ ʪʘ ʯʘʩʦʚʽ ʚʘʨʽʘʮʽʾ ʱʽʣʴʥʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ ʚ ʽʦʥʦʩʬʝʨʽ. ɺʦʥʘ ʥʘʜʘʻ ʜʘʥʽ ʧʨʦ 

ʚʝʨʪʠʢʘʣʴʥʠʡ ʪʘ ʧʦʭʠʣʠʡ ʚʤʽʩʪ ʝʣʝʢʪʨʦʥʽʚ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʟʘʜʘʥʦʛʦ ʰʣʷʭʫ ʽ ʜʝʤʦʥʩʪʨʫʻ ʢʨʘʱʽ 

ʨʝʟʫʣʴʪʘʪʠ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʧʦʭʠʙʢʘʤʠ ʱʦʜʦ ʤʦʜʝʣʽ Klobuchar. ʇʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʤʦʜʝʣʝʡ ʧʦʢʘʟʘʣʦ, 

ʱʦ ʤʦʜʝʣʴ NeQuick ʤʘʻ ʢʨʘʱʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʽʞ ʤʦʜʝʣʴ Klobuchar. ʆʩʪʘʥʥʷ ʤʦʜʠʬʽʢʘʮʽʷ ʤʦʜʝʣʽ 

NeQuick ï ʤʦʜʝʣʴ NeQuick 2, ʦʮʽʥʢʘ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʧʽʜʭʦʜʘʤ, ʱʦ ʦʪʨʠʤʘʥʽ ʟʘ 

ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʤʦʜʝʣʽ IRI 2020. 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʢʦʤʧʝʥʩʘʮʽʾ ʽʦʥʦʩʬʝʨʥʦʾ ʟʘʪʨʠʤʢʠ ʩʫʧʫʪʥʠʢʦʚʦʶ ʩʠʩʪʝʤʦʶ ʜʦʧʦʚʥʝʥʥʷ SBAS 

(Satellite-Based Augmentation System) ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʥʘʜʩʠʣʘʶʪʴʩʷ ʢʦʨʝʢʮʽʾ ʽʦʥʦʩʬʝʨʥʦʾ ʟʘʪʨʠʤʢʠ. 
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SBAS ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʘʟʝʤʥʽ ʩʪʘʥʮʽʾ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ GNSS-ʩʠʛʥʘʣʽʚ ʪʘ ʧʝʨʝʜʘʻ ʢʦʨʝʢʮʽʾ ʚ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ ʯʝʨʝʟ ʩʫʧʫʪʥʠʢʠ. ʅʘʟʝʤʥʽ ʢʦʥʪʨʦʣʴʥʽ ʩʪʘʥʮʽʾ ʧʦʩʪʽʡʥʦ ʧʨʠʡʤʘʶʪʴ ʩʠʛʥʘʣʠ ʚʽʜ ʩʫʧʫʪʥʠʢʽʚ ʪʘ 

ʦʙʯʠʩʣʶʶʪʴ ʧʦʤʠʣʢʠ ʧʦʟʠʮʽʶʚʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʽʦʥʦʩʬʝʨʥʫ ʟʘʪʨʠʤʢʫ, ʧʦʤʠʣʢʠ ʝʬʝʤʝʨʠʜ, ʟʩʫʚ 

ʛʦʜʠʥʥʠʢʘ ʩʫʧʫʪʥʠʢʘ, ʘ ʮʝʥʪʨ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʬʦʨʤʫʻ ʢʦʨʝʢʮʽʡʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʏʝʨʝʟ SBAS-ʩʫʧʫʪʥʠʢ 

ʮʽ ʢʦʨʝʢʮʽʾ ʪʨʘʥʩʣʶʶʪʴʩʷ ʥʘʟʘʜ ʜʦ ʢʦʨʠʩʪʫʚʘʯʽʚ. GNSS -ʧʨʠʡʤʘʯ ʦʪʨʠʤʫʻ SBAS-ʢʦʨʝʢʮʽʾ ʪʘ ʚʥʦʩʠʪʴ 

ʧʦʧʨʘʚʢʠ ʜʦ ʩʚʦʾʭ ʚʠʤʽʨʶʚʘʥʴ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʦʯʥʽʩʪʴ 1-3 ʤʝʪʨʠ. 

ɯʦʥʦʩʬʝʨʥʫ ʛʨʫʧʦʚʫ ʟʘʪʨʠʤʢʫ ʽ ʬʘʟʦʚʝ ʚʠʧʝʨʝʜʞʝʥʥʷ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʜʚʦʯʘʩʪʦʪʥʠʤʠ 

ʚʠʤʽʨʘʤʠ ʪʘ ʽʩʪʦʪʥʦ ʚʠʢʣʶʯʠʪʠ ʚʧʣʠʚ ʽʦʥʦʩʬʝʨʠ ʥʘ ʾʭʥʶ ʪʦʯʥʽʩʪʴ. ɼʣʷ ʮʴʦʛʦ ʫʪʚʦʨʶʶʪʴ ʨʽʟʥʠʮʽ ʤʽʞ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʤʽʨʽʚ, ʫ ʷʢʠʭ ʥʦʚʽ ʧʘʨʘʤʝʪʨʠ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʥʦʚʽ ʚʠʤʽʨʠ. ʇʨʦʪʝ, ʧʦ-ʧʝʨʰʝ, ʜʦʚʦʜʠʪʴʩʷ 

ʚʨʘʭʦʚʫʚʘʪʠ ʾʭʥʶ ʢʦʨʝʣʷʮʽʶ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʧʦ-ʜʨʫʛʝ, ʥʦʚʽ ʚʠʤʽʨʠ ʩʪʘʶʪʴ ʙʽʣʴʰ 

ʟʘʰʫʤʣʝʥʠʤʠ, ʦʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʽʦʥʦʩʬʝʨʥʦʾ ʟʘʪʨʠʤʢʠ ʯʝʨʝʟ ʾʾ ʟʘʣʝʞʥʽʩʪʴ, ʦʢʨʽʤ ʨʽʚʥʷ ʩʦʥʷʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʧʽʜ ʯʘʩ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʚʽʜ ʚʠʩʦʪʠ ʩʫʧʫʪʥʠʢʘ ʥʘʜ ʛʦʨʠʟʦʥʪʦʤ, ʰʠʨʦʪʠ ʧʨʠʡʤʘʯʘ ʪʘ ʯʘʩʫ 

ʜʦʙʠ. ʏʘʩʪʢʦʚʦ, ʥʘ 25-50 %, ʽʦʥʦʩʬʝʨʥʫ ʟʘʪʨʠʤʢʫ ʫʩʫʚʘʶʪʴ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʦʥʦʩʬʝʨʥʦʾ ʤʦʜʝʣʽ, 

ʱʦ ʥʘʜʘʻʪʴʩʷ ʫ ʥʘʚʽʛʘʮʽʡʥʦʤʫ ʧʦʚʽʜʦʤʣʝʥʥʽ, ʘʣʝ ʫ ʬʘʟʦʚʠʭ ʚʠʤʽʨʘʭ ʟʘʣʠʰʘʻʪʴʩʷ ʽʩʪʦʪʥʝ ʦʩʪʘʪʦʯʥʝ 

ʟʤʽʱʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʧʣʠʚ ʽʦʥʦʩʬʝʨʠ ʩʪʘʥʦʚʠʪʴ ʜʝʩʷʪʢʠ ʤʝʪʨʽʚ. ʅʘʡʙʽʣʴʰʝ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ 

ʢʦʤʧʝʥʩʘʮʽʾ ʽʦʥʦʩʬʝʨʥʦʾ ʟʘʪʨʠʤʢʠ ʻ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ ʜʚʦʭ ʯʘʩʪʦʪʘʭ L-ʜʽʘʧʘʟʦʥʫ ʟ ʧʦʜʘʣʴʰʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʽʥʽʡʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʬʘʟʠ, ʚʽʣʴʥʠʭ ʚʽʜ ʚʧʣʠʚʫ ʽʦʥʦʩʬʝʨʠ (iono-free). ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʬʘʟʦʚʠʭ GNSS-ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘʙʝʟʧʝʯʫʻ ʩʘʥʪʠʤʝʪʨʦʚʫ ʪʦʯʥʽʩʪʴ ʢʦʦʨʜʠʥʘʪʥʠʭ ʚʠʟʥʘʯʝʥʴ, ʘʣʝ ʣʠʰʝ ʟʘ 

ʫʤʦʚʠ ʥʘʜʽʡʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʬʘʟʦʚʠʭ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʝʡ ʥʘ ʜʚʦʭ ʥʝʩʫʯʠʭ ʯʘʩʪʦʪʘʭ, ʱʦ ʽʩʪʦʪʥʦ 

ʫʪʨʫʜʥʶʻ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ. 

ʄʽʞʥʘʨʦʜʥʘ ʩʣʫʞʙʘ IGS (International GNSS Service) ʧʦʰʠʨʶʻ ʛʣʦʙʘʣʴʥʽ ʢʘʨʪʠ GIM (Global 

Ionospheric Map) ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʽʦʥʦʩʬʝʨʥʦʛʦ ʇɽɺ (VTEC, vertical total electron content), ʷʢʽ ʩʪʚʦʨʝʥʽ 

ʥʘ ʧʽʜʩʪʘʚʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ [17]. ɼʘʥʽ ʢʘʨʪ GIM ʟʘʟʚʠʯʘʡ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʫ ʬʦʨʤʘʪʽ IONEX 

(IONosphere map EXchange format) ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʴ ʘʙʦ ʤʘʪʨʠʮʴ, ʱʦ ʤʽʩʪʷʪʴ ʟʥʘʯʝʥʥʷ VTEC ʥʘ ʩʽʪʮʽ 

ʰʠʨʦʪʠ/ʜʦʚʛʦʪʠ ʟ ʯʘʩʦʚʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ. ʌʦʨʤʘʪ IONEX ʻ ʩʪʘʥʜʘʨʪʦʤ ʦʙʤʽʥʫ ʢʘʨʪʘʤʠ ʽʦʥʦʩʬʝʨʥʦʛʦ 

ʚʤʽʩʪʫ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪ GIM ʛʣʦʙʘʣʴʥʽ ʥʘʟʝʤʥʽ ʩʪʘʥʮʽʾ GNSS ʟʜʽʡʩʥʶʶʪʴ ʟʙʽʨ ʜʘʥʠʭ, ʱʦ ʧʽʩʣʷ 

ʧʝʚʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʡ ʫʩʝʨʝʜʥʝʥʥʷ ʟʙʠʨʘʶʪʴ ʫ ʩʽʪʢʫ, ʥʘʧʨʠʢʣʘʜ ʟ ʢʨʦʢʦʤ 2,5Á ʰʠʨʦʪʠ ʪʘ 5Á ʜʦʚʛʦʪʠ ʽ 

ʟʘ ʯʘʩʦʤ 2 ʛʦʜʠʥʠ. ʂʘʨʪʠ ʤʽʩʪʷʪʴ ʟʥʘʯʝʥʥʷ VTEC ʚ TECU ʦʜʠʥʠʮʷʭ. ʆʧʨʘʮʴʦʚʘʥʽ ʬʘʡʣʠ ʫ ʬʦʨʤʘʪʽ 

IONEX ʧʫʙʣʽʢʫʶʪʴ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ GNSS ʪʘ ʜʦʩʣʽʜʥʠʢʽʚ ʽʦʥʦʩʬʝʨʠ ʪʦʱʦ. ʇʨʦʧʦʥʫʶʪʴʩʷ ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʽ ʬʦʨʤʠ GIM: ʢʽʥʮʝʚʘ ʚʝʨʩʽʷ ʽʟ ʟʘʪʨʠʤʢʦʶ ʙʣʠʟʴʢʦ 11 ʜʥʽʚ (Final GIM), ʦʙʥʦʚʣʶʚʘʥʘ 

ʱʦʜʥʷ ʽʟ ʟʘʪʨʠʤʢʦʶ ʜʦ 1 ʜʦʙʠ (Rapid GIM), ʢʘʨʪʠ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ (Real-Time GIM  

ʘʙʦ RT-GIM) ʪʘ ʧʨʦʛʥʦʟʥʽ GIM, ʧʝʨʝʜʙʘʯʫʚʘʥʽ ʥʘ 1-2 ʜʦʙʠ ʫʧʝʨʝʜ. 

ʇʦʤʠʣʢʠ ʢʘʨʪ GIM, ʪʦʙʪʦ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʧʨʘʚʞʥʴʦʛʦ VTEC, ʟʘʟʚʠʯʘʡ ʚʠʨʘʞʘʶʪʴ ʚ ʦʜʠʥʠʮʷʭ 

TECU. ʊʦʯʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʩʪʘʥʮʽʡ, ʢʦʩʤʽʯʥʦʾ ʧʦʛʦʜʠ, ʚʘʨʽʘʮʽʡ ʽʦʥʦʩʬʝʨʠ, ʤʝʪʦʜʽʚ 

ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʨʠ ʚʠʩʦʢʽʡ ʩʦʥʷʯʥʽʡ ʘʢʪʠʚʥʦʩʪʽ ʘʙʦ ʤʘʛʥʽʪʥʠʭ ʙʫʨʷʭ ʧʦʭʠʙʢʠ 

ʟʨʦʩʪʘʶʪʴ. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ RMS, RT-GIM ʾʭʥʽ ʟʥʘʯʝʥʥʷ ʤʦʛʣʠ ʜʦʩʷʛʘʪʠ 7-12 TECU ʧʽʜ ʯʘʩ ʚʠʩʦʢʦʾ 

ʘʢʪʠʚʥʦʩʪʽ. ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʻ ʦʮʽʥʢʘ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʢʘʨʪʠ, ʷʢʫ ʯʘʩʪʦ ʚʢʣʶʯʘʶʪʴ ʫ 

IONEX ʷʢ RMS ʩʽʪʢʠ. ʂʘʨʪʠ GIM/IONEX ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʢʦʨʝʢʮʽʾ ʽʦʥʦʩʬʝʨʥʦʛʦ ʟʩʫʚʫ ʟ ʤʝʪʦʶ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʦʟʠʮʽʶʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʫʶʪʴ ʫ ʛʝʦʜʝʟʠʯʥʽ ʩʠʩʪʝʤʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʦʙʯʠʩʣʝʥʴ, ʟʦʢʨʝʤʘ ʫ ʩʫʧʫʪʥʠʢʦʚʽʡ ʛʝʦʜʝʟʽʾ. 

ɿʘ ʥʘʷʚʥʦʩʪʽ ʱʽʣʴʥʦʾ ʤʝʨʝʞʽ ʣʦʢʘʣʴʥʠʭ GNSS-ʩʪʘʥʮʽʡ ʩʪʚʦʨʶʶʪʴ ʨʝʛʽʦʥʘʣʴʥʽ ʤʦʜʝʣʽ TEC, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʧʝʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽʦʥʦʩʬʝʨʠ ʚ ʜʘʥʦʤʫ ʨʝʛʽʦʥʽ. ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʤʦʜʝʣʝʡ TEC ʻ ʚʠʱʘ ʪʦʯʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʽʟ ʛʣʦʙʘʣʴʥʠʤʠ ʢʘʨʪʘʤʠ GIM, ʦʩʢʽʣʴʢʠ ʛʣʦʙʘʣʴʥʽ 

ʤʦʜʝʣʽ ʤʘʶʪʴ ʨʦʟʨʽʜʞʝʥʫ ʧʨʦʩʪʦʨʦʚʫ ʨʦʟʜʽʣʴʥʽʩʪʴ, ʱʦ ʩʪʘʥʦʚʠʪʴ 2,5ÁĬ5Á, ʪʦʜʽ ʷʢ ʨʝʛʽʦʥʘʣʴʥʽ ʤʦʜʝʣʽ 

ʽʩʪʦʪʥʦ ʜʝʪʘʣʴʥʽʰʽ, ʥʘʧʨʠʢʣʘʜ, ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʽʩʪʴ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ 0,5ÁĬ0,5Á ʘʙʦ ʢʨʘʱʝ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʪʦʯʥʽʰʝ ʦʧʠʩʫʚʘʪʠ ʜʨʽʙʥʦʤʘʩʰʪʘʙʥʽ ʚʘʨʽʘʮʽʾ TEC ʪʘ ʚʨʘʭʫʚʘʪʠ ʨʝʛʽʦʥʘʣʴʥʫ ʩʧʝʮʠʬʽʢʫ 

ʽʦʥʦʩʬʝʨʠ [2, 3, 7, 16]. ʈʝʛʽʦʥʘʣʴʥʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʢʨʘʱʝ ʚʨʘʭʦʚʫʚʘʪʠ ʣʦʢʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, 

ʝʬʝʢʪʠ ʩʝʨʝʜʥʽʭ ʰʠʨʦʪ. ɿʦʢʨʝʤʘ, ʜʣʷ ʋʢʨʘʾʥʠ ʘʢʪʫʘʣʴʥʠʤ ʻ ʤʦʜʝʣʶʚʘʥʥʷ ʩʝʨʝʜʥʴʦʰʠʨʦʪʥʦʾ ʽʦʥʦʩʬʝʨʠ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʝʟʦʥʥʠʭ ʟʤʽʥ. ɻʦʣʦʚʥʘ ʧʝʨʝʚʘʛʘ ʨʝʛʽʦʥʘʣʴʥʠʭ ʤʦʜʝʣʝʡ TEC ï ʧʽʜʚʠʱʝʥʘ ʪʦʯʥʽʩʪʴ ʽ 

ʥʘʜʽʡʥʽʩʪʴ ʫ ʢʦʥʢʨʝʪʥʦʤʫ ʨʝʛʽʦʥʽ ʟʘʚʜʷʢʠ ʛʫʩʪʽʡ ʤʝʨʝʞʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʽ ʙʽʣʴʰʽʡ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽʡ 
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ʨʦʟʜʽʣʴʥʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʨʝʛʽʦʥʘʣʴʥʽ ʤʦʜʝʣʽ ʤʘʶʪʴ ʢʨʘʱʫ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʽ ʘʜʘʧʪʠʚʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, 

ʱʦ ʨʝʛʽʦʥʘʣʴʥʽ ʮʝʥʪʨʠ ʯʘʩʪʦ ʦʥʦʚʣʶʶʪʴ ʤʦʜʝʣʽ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʣʦʙʘʣʴʥʠʭ ʤʦʜʝʣʝʡ, 

ʱʦ ʤʽʩʪʷʪʴ ʫʩʝʨʝʜʥʝʥʽ ʜʘʥʽ, ʨʝʛʽʦʥʘʣʴʥʽ ʜʦʟʚʦʣʷʶʪʴ ʦʧʝʨʘʪʠʚʥʦ ʚʠʷʚʠʪʠ ʣʦʢʘʣʴʥʽ ʘʥʦʤʘʣʽʾ ʪʘ ʢʨʘʱʝ ʾʭ 

ʢʦʤʧʝʥʩʫʚʘʪʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʝʛʽʦʥʘʣʴʥʽ ʤʦʜʝʣʽ TEC ʤʦʞʫʪʴ ʟʤʝʥʰʫʚʘʪʠ ʟʘʣʠʰʢʦʚʫ 

ʧʦʭʠʙʢʫ ʥʘ 30-50 % ʧʦʨʽʚʥʷʥʦ ʟ ʛʣʦʙʘʣʴʥʠʤʠ ʢʘʨʪʘʤʠ, ʘ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʪʦʯʥʽʩʪʴ ʢʦʨʝʢʮʽʾ ʜʦʩʷʛʘʻ 

90-95 % ʽʦʥʦʩʬʝʨʥʦʾ ʟʘʪʨʠʤʢʠ. 

 

ɺʠʩʥʦʚʢʠ. ɺ ʫʤʦʚʘʭ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ GNSS-ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʨʦʩʪʘʥʥʷ ʚʠʤʦʛ ʜʦ ʪʦʯʥʦʩʪʽ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʚʧʣʠʚ ʽʦʥʦʩʬʝʨʥʦʾ ʟʘʪʨʠʤʢʠ ʟʘʣʠʰʘʻʪʴʩʷ ʽʩʪʦʪʥʠʤ ʦʙʤʝʞʫʶʯʠʤ ʬʘʢʪʦʨʦʤ. 

ʆʛʣʷʜ ʧʽʜʭʦʜʽʚ ʪʘ ʤʝʪʦʜʽʚ ʢʦʤʧʝʥʩʘʮʽʾ ʽʦʥʦʩʬʝʨʥʦʾ ʟʘʪʨʠʤʢʠ ʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʚʠʤʽʨʘʭ ʧʦʢʘʟʫʻ, ʱʦ ʫ 

ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʥʦʯʘʩʪʦʪʥʠʭ GNSS-ʧʨʠʡʤʘʯʽʚ, ʷʢʝ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘ ʧʨʘʢʪʠʮʽ, ʪʦʯʥʦʾ 

ʢʦʤʧʝʥʩʘʮʽʾ ʽʦʥʦʩʬʝʨʥʠʭ ʧʦʭʠʙʦʢ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʪʽʣʴʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʩʘʤʝ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʢʦʨʝʢʮʽʡ ʪʘ ʽʦʥʦʩʬʝʨʥʠʭ ʤʦʜʝʣʝʡ. ʆʢʨʽʤ ʤʦʜʝʣʽ Klobuchar, ʷʢʘ ʢʦʤʧʝʥʩʫʻ 

ʽʦʥʦʩʬʝʨʥʫ ʟʘʪʨʠʤʢʫ ʥʘ 50 %, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʘʥʽ ʩʫʧʫʪʥʠʢʦʚʦʾ 

ʩʠʩʪʝʤʠ ʜʦʧʦʚʥʝʥʥʷ SBAS ʪʘ GIM IONEX (IGS), ʘʙʦ ʟʘ ʤʦʞʣʠʚʽʩʪʶ, ʨʝʛʽʦʥʘʣʴʥʦʾ ʤʦʜʝʣʽ ʊɽʉ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʛʝʦʜʝʟʠʯʥʠʭ ʟʘʜʘʯ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʙʘʟʦʚʠʭ ʣʽʥʽʡ 

ʜʦʚʞʠʥʦʶ ʧʦʥʘʜ 500 ʢʽʣʦʤʝʪʨʽʚ, ʟ ʤʝʪʦʶ ʢʦʤʧʝʥʩʘʮʽʾ ʽʦʥʦʩʬʝʨʥʦʾ ʟʘʪʨʠʤʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʝʪʦʜ 

ʜʚʦʯʘʩʪʦʪʥʠʭ ʚʠʤʽʨʽʚ ʫ ʜʽʘʧʘʟʦʥʘʭ L1 ʽ L2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʯʘʩʪʦʪʥʠʭ GNSS-ʧʨʠʡʤʘʯʽʚ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʣʽʥʽʡʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʜʚʦʯʘʩʪʦʪʥʠʭ ʚʠʤʽʨʽʚ, ʱʦ ʥʝ ʤʽʩʪʷʪʴ ʽʦʥʦʩʬʝʨʥʠʭ 

ʧʦʭʠʙʦʢ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʘʡʞʝ ʧʦʚʥʦʛʦ ʚʠʢʣʶʯʝʥʥʷ ʚʧʣʠʚʫ ʽʦʥʦʩʬʝʨʠ ʟʘ ʧʦʜʚʽʡʥʠʤʠ 

ʨʽʟʥʠʮʷʤʠ ʬʘʟ. ʇʨʦʪʝ ʮʝ ʚʠʤʘʛʘʻ ʥʘʜʽʡʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʬʘʟʦʚʠʭ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʝʡ, ʱʦ ʫʩʢʣʘʜʥʶʻ 

ʧʨʦʮʝʩ. 

ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʨʝʛʽʦʥʘʣʴʥʠʭ ʤʦʜʝʣʝʡ TEC ʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʟʘʚʜʷʢʠ ʱʽʣʴʥʽʡ ʤʝʨʝʞʽ 

ʩʧʦʩʪʝʨʝʞʝʥʴ, ʢʨʘʱʘ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʩʚʦʻʯʘʩʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʤʦʜʝʣʽ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʪʘ 

ʤʦʞʣʠʚʽʩʪʴ ʦʧʝʨʘʪʠʚʥʦ ʚʠʷʚʣʷʪʠ ʣʦʢʘʣʴʥʽ ʘʥʦʤʘʣʽʾ. ʇʦʙʫʜʦʚʘ ʪʦʯʥʦʾ ʨʝʛʽʦʥʘʣʴʥʦʾ ʤʦʜʝʣʽ ʤʘʻ 

ˇʨʫʥʪʫʚʘʪʠʩʴ ʥʘ ʛʣʠʙʦʢʦʤʫ ʫʩʚʽʜʦʤʣʝʥʥʽ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʽʦʥʦʩʬʝʨʽ ʫ ʧʝʚʥʦʤʫ 

ʨʝʛʽʦʥʽ, ʪʘ ʪʦʯʥʦʤʫ ʦʮʽʥʶʚʘʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʇʽʜ ʯʘʩ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʢʦʦʨʜʠʥʘʪʥʦ-ʯʘʩʦʚʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʤʠʣʦʢ GNSS-

ʚʠʤʽʨʶʚʘʥʴ ʽ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʟʘʛʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʚʠʨʽʰʘʣʴʥʠʤ ʻ ʚʠʙʽʨ ʥʘʡʙʽʣʴʰʝ ʝʬʝʢʪʠʚʥʦʾ ʤʦʜʝʣʽ ʪʘ 

ʤʝʪʦʜʽʚ ʾʾ ʘʜʘʧʪʘʮʽʾ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʚʠʤʦʛ ʜʦ ʪʦʯʥʦʩʪʽ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʢʦʤʧʝʥʩʘʮʽʾ ʽʦʥʦʩʬʝʨʥʦʾ 

ʟʘʪʨʠʤʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʚʠʤʦʛ ʜʦ ʪʦʯʥʦʩʪʽ, ʨʝʛʽʦʥʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʪʠʧʫ GNSS-ʧʨʠʡʤʘʯʘ. ɿ 

ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʫ ʢʦʦʨʜʠʥʘʪʥʦ-ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

ʜʦʮʽʣʴʥʦ ʧʦʻʜʥʫʚʘʪʠ ʜʚʦʯʘʩʪʦʪʥʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʨʝʛʽʦʥʘʣʴʥʽ ʤʦʜʝʣʽ ʪʘ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, 

ʷʢʽ ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʣʦʢʘʣʴʥʠʭ ʫʤʦʚ ʽʦʥʦʩʬʝʨʠ. 
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Summary. Global Navigation Satellite Systems (GNSS) are critical for high-precision positioning, 

navigation, and time synchronization across various domains, including transportation, geodesy, aviation, and 

scientific research. However, the accuracy of GNSS signals is significantly affected by ionospheric delay, 

caused by the interaction of radio signals with charged particles in the ionosphere. This delay, influenced by 

signal frequency, ionospheric conditions, time of day, geographic location, and solar activity, introduces 

positioning errors that can reach several meters, posing challenges for applications requiring high precision, 

such as geodesy and autonomous navigation. Existing correction methods, including the widely used 

Klobuchar model, SBAS augmentation systems, and global ionospheric maps (GIM), have limitations, such 

as high equipment costs, reliance on external data, or insufficient accuracy in regions with high ionospheric 

variability. This article reviews current methods for mitigating ionospheric delay, analyzing their features, 

advantages, and drawbacks, and evaluates their effectiveness in real-time and post-processing coordinate 

determination tasks. 

The study highlights that single-frequency GNSS receivers, commonly used in practice, rely on models 

like Klobuchar, which compensates for approximately 50% of ionospheric errors. More advanced models, 

such as NTCM and NeQuick, offer improved accuracy, reducing root mean square errors (RMSE) by 0.24ï

0.45 meters depending on ionospheric conditions. Dual-frequency GNSS receivers, utilizing ionosphere-free 

linear combinations of L1 and L2 band measurements, provide superior accuracy but require resolving phase 

ambiguities, which complicates implementation. Regional Total Electron Content (TEC) models outperform 

global GIMs due to higher spatial-temporal resolution (e.g., 0.5ÁĬ0.5Á vs. 2.5ÁĬ5Á), achieving up to 90ï95% 

error reduction in specific cases. Time-series analysis methods, such as ARIMA, SARIMA, and Kalman 

filtering, enable short-term TEC forecasting, enhancing real-time navigation and geodetic measurements. The 

article emphasizes the importance of selecting correction methods based on application requirements, receiver 

type, and regional ionospheric characteristics, advocating for the integration of regional TEC models, dual-

frequency measurements, and advanced forecasting techniques to achieve optimal GNSS accuracy. 

Keywords: Earth's ionosphere, GNSS technologies, ionospheric delay, global ionospheric map, 

regional TES model, satellite geodesy, mathematical processing of geodetic data, complex systems. 
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ɸʥʦʪʘʮʽʷ. ʄʝʪʘ: ʦʙˇʨʫʥʪʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʝʢʦʥʩʪʨʫʢʮʽʶ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʜʦ ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ ʢʘʜʘʩʪʨʫ ʋʢʨʘʾʥʠ ʟ ʦʛʣʷʜʫ ʥʘ ʾʭʥʽʡ ʚʧʣʠʚ ʥʘ 

ʱʽʣʴʥʽʩʪʴ ʟʘʙʫʜʦʚʠ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʧʦʪʨʝʙʠ ʪʘ ʧʨʘʚʦʚʠʡ ʩʪʘʪʫʩ ʦʙôʻʢʪʽʚ ʥʝʨʫʭʦʤʦʩʪʽ. 

ʄʝʪʦʜʠ: ʘʥʘʣʽʟ ʯʠʥʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʋʢʨʘʾʥʠ (ʎʠʚʽʣʴʥʠʡ ʢʦʜʝʢʩ, ɿʘʢʦʥ çʇʨʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʤʽʩʪʦʙʫʜʽʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽè, ɿʘʢʦʥ çʇʨʦ ʦʩʦʙʣʠʚʦʩʪʽ ʟʜʽʡʩʥʝʥʥʷ ʧʨʘʚʘ ʚʣʘʩʥʦʩʪʽ ʫ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʤʫ 

ʙʫʜʠʥʢʫè), ʜʝʨʞʘʚʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʥʦʨʤ, ʘ ʪʘʢʦʞ ʤʽʩʪʦʙʫʜʽʚʥʠʡ ʘʥʘʣʽʟ ʧʨʠʢʣʘʜʽʚ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʢʚʘʨʪʠʨ ʫ ʤʘʣʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʠʥʢʘʭ ʫ ʩʪʘʪʫʩ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ. ɺʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ 

ʧʨʘʚʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʥʦʨʤʘʪʠʚʥʠʭ ʧʦʣʦʞʝʥʴ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʧʨʘʢʪʠʢʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ: ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʟʤʽʥʶʻ ʧʣʦʱʫ, ʦʙôʻʤ, ʢʽʣʴʢʽʩʪʴ 

ʧʦʚʝʨʭʽʚ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʦʙôʻʢʪʽʚ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʠʭ 

ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ ʢʘʜʘʩʪʨʫ. ɺʠʷʚʣʝʥʦ ʧʨʘʚʦʚʽ ʪʘ ʪʝʭʥʽʯʥʽ ʧʽʜʩʪʘʚʠ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʩʪʘʪʫʩʫ ʢʚʘʨʪʠʨʠ ʫ 

ʩʘʜʠʙʥʠʡ ʙʫʜʠʥʦʢ, ʘ ʪʘʢʦʞ ʦʢʨʝʩʣʝʥʦ ʧʨʦʙʣʝʤʠ ʧʨʠʚʘʪʠʟʘʮʽʾ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʫ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ: ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʛʣʷʜʫ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʷʢ ʯʠʥʥʠʢʘ, ʱʦ ʟʤʽʥʶʻ ʥʝ ʣʠʰʝ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʽʚʝʣʴ, 

ʘʣʝ ʡ ʾʭʥʽʡ ʧʨʘʚʦʚʠʡ ʩʪʘʪʫʩ, ʱʦ ʧʦʪʨʝʙʫʻ ʩʠʩʪʝʤʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʤʽʩʪʦʙʫʜʽʚʥʦʤʫ ʢʘʜʘʩʪʨʽ. 

ʇʨʘʢʪʠʯʥʘ ʟʥʘʯʫʱʽʩʪʴ: ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʜʫʨ 

ʚʝʜʝʥʥʷ ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ ʢʘʜʘʩʪʨʫ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʢʪʫʘʣʴʥʦʩʪʽ ʜʘʥʠʭ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ 

ʪʝʨʠʪʦʨʽʡ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʨʝʛʫʣʶʚʘʥʥʷ ʧʨʘʚʦʚʠʭ ʧʠʪʘʥʴ ʩʧʽʚʚʣʘʩʥʠʢʽʚ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʧʨʠ 

ʧʨʠʚʘʪʠʟʘʮʽʾ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ: ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʥʝʩʝʥʥʷ ʟʤʽʥ 

ʧʨʦ ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʜʦ ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ ʢʘʜʘʩʪʨʫ ʪʘ ʘʥʘʣʽʟ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʞʠʪʣʦʚʦʾ ʟʘʙʫʜʦʚʠ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʠʭ ʚʠʢʣʠʢʽʚ, ʟʦʢʨʝʤʘ ʚʽʡʥʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʽʩʪʦʙʫʜʽʚʥʠʡ ʢʘʜʘʩʪʨ, ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ, ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ 

ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ, ʟʝʤʝʣʴʥʘ ʜʽʣʷʥʢʘ, ʧʨʘʚʦʚʠʡ ʩʪʘʪʫʩ ʥʝʨʫʭʦʤʦʩʪʽ. 

 

ɺʩʪʫʧ. ʄʽʩʪʦʙʫʜʽʚʥʠʡ ʢʘʜʘʩʪʨ ʚ ʋʢʨʘʾʥʽ ʷʚʣʷʻ ʩʦʙʦʶ ʽʥʪʝʛʨʦʚʘʥʫ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ, 
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ʫ ʩʬʝʨʽ ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ. ʎʷ ʩʠʩʪʝʤʘ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʽʜʪʨʠʤʮʽ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ 

ʨʽʰʝʥʴ, ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʪʘ ʧʣʘʥʫʚʘʥʥʽ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʡ. ɿʚʘʞʘʶʯʠ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʚʩʝʙʽʯʥʦʛʦ ʦʙʣʽʢʫ 

ʟʤʽʥ ʫ ʟʘʙʫʜʦʚʽ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʢʣʶʯʝʥʥʷ ʜʦ ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ 
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ʢʘʜʘʩʪʨʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ. ʄʝʪʦʶ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʦʚʥʦʪʠ ʜʘʥʠʭ ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ ʢʘʜʘʩʪʨʫ ʪʘ ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʟʘʢʦʥʦʜʘʚʩʪʚʘ. 

ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʦʙʦʢ. ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ 

ʤʘʻ ʚʽʜʯʫʪʥʠʡ ʚʧʣʠʚ ʥʘ ʪʘʢʽ ʤʽʩʴʢʽ ʧʦʢʘʟʥʠʢʠ, ʷʢ ʱʽʣʴʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʪʘ ʧʦʪʨʝʙʠ ʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ. 

ʊʦʤʫ ʾʾ ʚʢʣʶʯʝʥʥʷ ʜʦ ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ ʢʘʜʘʩʪʨʫ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ 

ʨʽʰʝʥʴ ʫ ʩʬʝʨʽ ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ. ɹʝʟ ʪʦʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʟʤʽʥʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʨʝʢʦʥʩʪʨʫʢʮʽʻʶ, ʧʣʘʥʫʚʘʥʥʷ 

ʨʠʟʠʢʫʻ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʥʝʘʢʪʫʘʣʴʥʽʡ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʘʜʝʢʚʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʥʝʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɼʦʚʦʣʽ ʯʘʩʪʦ, ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚʠʧʘʜʢʠ ʚ ʢʚʘʨʪʘʣʘʭ ʩʘʜʠʙʥʦʾ ʟʘʙʫʜʦʚʠ, ʢʦʣʠ ʤʘʣʦʧʦʚʝʨʭʦʚʠʡ 

ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ ʨʦʟʧʦʜʽʣʝʥʠʡ ʥʘ ʢʚʘʨʪʠʨʠ, ʘ ʟʝʤʣʷ ʧʽʜ ʥʠʤ ʻ ʥʝ ʧʨʠʚʘʪʠʟʦʚʘʥʘ ʪʘ ʧʝʨʝʙʫʚʘʻ ʫ 

ʢʦʤʫʥʘʣʴʥʽʡ ʚʣʘʩʥʦʩʪʽ. ɺʣʘʩʥʠʢʠ ʪʘʢʦʾ ʥʝʨʫʭʦʤʦʩʪʽ ʯʘʩʪʦ ʚʠʷʚʣʷʶʪʴ ʙʘʞʘʥʥʷ ʧʨʠʚʘʪʠʟʫʚʘʪʠ ʟʝʤʝʣʴʥʽ 

ʜʽʣʷʥʢʠ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʧʨʦʪʝ, ʚ ʧʨʦʮʝʩʽ ʦʬʦʨʤʣʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʪʨʫʜʥʦʱʽ, ʘʜʞʝ ʚʽʜʚʝʜʝʥʥʷ 

ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʫ ʧʨʠʚʘʪʥʫ ʚʣʘʩʥʽʩʪʴ ʫ ʟʘʟʥʘʯʝʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʣʠʚʝ ʣʠʰʝ ʧʨʠ ʟʤʽʥʽ ʧʨʘʚʦʚʦʛʦ 

ʩʪʘʪʫʩʫ çʢʚʘʨʪʠʨʘè ʥʘ çʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢè. ʗʢ ʟʤʽʥʠʪʠ ʩʪʘʪʫʩ ʢʚʘʨʪʠʨʠ ʥʘ ʩʘʜʠʙʥʠʡ ʙʫʜʠʥʦʢ? 

ʇʠʪʘʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʚʘʨʪʠʨʠ, ʷʢ ʦʙôʻʢʪʘ ʥʝʨʫʭʦʤʦʛʦ ʤʘʡʥʘ ʚʨʝʛʫʣʴʦʚʘʥʽ ʯʠʥʥʠʤ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ 

(ʎʠʚʽʣʴʥʠʡ ʢʦʜʝʢʩ ʋʢʨʘʾʥʠ, ɼʝʨʞʘʚʥʽ ʙʫʜʽʚʝʣʴʥʽ ʥʦʨʤʠ, ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʦʙ'ʻʜʥʘʥʥʷ ʩʧʽʚʚʣʘʩʥʠʢʽʚ 

ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʙʫʜʠʥʢʫè). 

ɿʛʽʜʥʦ ʎʠʚʽʣʴʥʦʛʦ ʢʦʜʝʢʩʫ ʋʢʨʘʾʥʠ (ʎʂʋ) ʧʦʜʽʣʴʥʦʶ ʻ ʨʽʯ, ʷʢʫ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʙʝʟ ʚʪʨʘʪʠ ʾʾ 

ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʘ ʢʦʞʝʥ ʩʧʽʚʚʣʘʩʥʠʢ ʤʘʻ ʧʨʘʚʦ ʥʘ ʚʠʜʽʣ ʫ ʥʘʪʫʨʽ ʯʘʩʪʢʠ ʽʟ ʤʘʡʥʘ, ʱʦ ʻ ʫ ʩʧʽʣʴʥʽʡ 

ʯʘʩʪʢʦʚʽʡ ʚʣʘʩʥʦʩʪʽ [13]. 

ɺʽʜʧʦʚʽʜʥʦ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʦʩʦʙʣʠʚʦʩʪʽ ʟʜʽʡʩʥʝʥʥʷ ʧʨʘʚʘ ʚʣʘʩʥʦʩʪʽ ʫ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʤʫ 

ʙʫʜʠʥʢʫè ʚʠʟʥʘʯʝʥʦ: ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʡ ʙʫʜʠʥʦʢ ï ʮʝ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ, ʘ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʘʥʦ ʪʨʠ ʯʠ 

ʙʽʣʴʰʝ ʢʚʘʨʪʠʨʠ [9].  

ɺʣʘʩʥʠʢʠ ʢʚʘʨʪʠʨ ʪʘ ʥʝʞʠʪʣʦʚʠʭ ʧʨʠʤʽʱʝʥʴ ʻ ʩʧʽʚʚʣʘʩʥʠʢʘʤʠ ʩʧʽʣʴʥʦʛʦ ʤʘʡʥʘ 

ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʙʫʜʠʥʢʫ, ʩʧʽʣʴʥʝ ʤʘʡʥʦ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʙʫʜʠʥʢʫ ʻ ʩʧʽʣʴʥʦʶ ʩʫʤʽʩʥʦʶ 

ʚʣʘʩʥʽʩʪʶ ʩʧʽʚʚʣʘʩʥʠʢʽʚ.  

ʆʩʥʦʚʥʦʶ ʦʟʥʘʢʦʶ ʩʘʜʠʙʥʦʾ ʟʘʙʫʜʦʚʠ, ʩʢʣʘʜʦʚʦʶ ʷʢʦʾ ʻ ʟʙʣʦʢʦʚʘʥʽ ʞʠʪʣʦʚʽ ʙʫʜʠʥʢʠ, ʧʦʣʷʛʘʻ 

ʫ ʧʦʰʠʨʝʥʥʽ ʧʨʘʚ ʚʣʘʩʥʦʩʪʽ ʥʘ ʟʝʤʝʣʴʥʫ ʜʽʣʷʥʢʫ ʪʘ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʥʽʡ ʥʝʨʫʭʦʤʽ ʦʙôʻʢʪʠ 

ʜʦʤʦʚʦʣʦʜʽʥʥʷ. ɿʛʽʜʥʦ ʟ ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ ʟʘʩʘʜʠ ʜʝʨʞʘʚʥʦʾ ʨʝʛʫʣʷʪʦʨʥʦʾ ʧʦʣʽʪʠʢʠ ʫ ʩʬʝʨʽ 

ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽè [5], ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʟ ʧʦʜʽʣʫ, ʚʠʜʽʣʫ ʪʘ ʨʦʟʨʘʭʫʥʢʫ 

ʯʘʩʪʦʢ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʘʭ, ʙʫʜʽʚʝʣʴ, ʩʧʦʨʫʜ, ʽʥʰʦʛʦ ʥʝʨʫʭʦʤʦʛʦ ʤʘʡʥʘ, ʢʨʽʤ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ, ʪʘ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʫʙôʻʢʪʘʤʠ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʪʝʭʥʽʯʥʫ ʽʥʚʝʥʪʘʨʠʟʘʮʽʶ ʦʙôʻʢʪʽʚ 

ʥʝʨʫʭʦʤʦʛʦ ʤʘʡʥʘ ʧʨʠ ʧʽʜʛʦʪʦʚʥʽ ʧʨʦʝʢʪʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʟ ʧʦʜʽʣʫ, 

ʚʠʜʽʣʫ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʪʦʢ ʦʙôʻʢʪʽʚ ʥʝʨʫʭʦʤʦʛʦ ʤʘʡʥʘ, ʧʦʜʽʣ ʪʘ ʚʠʜʽʣ ʯʘʩʪʢʠ ʚ ʥʘʪʫʨʽ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʟ ʥʘʜʘʥʥʷʤ ɺʠʩʥʦʚʢʫ ʱʦʜʦ ʪʝʭʥʽʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʽʣʫ ʦʙ'ʻʢʪʘ 

ʥʝʨʫʭʦʤʦʛʦ ʤʘʡʥʘ ʘʙʦ ɺʠʩʥʦʚʢʫ ʱʦʜʦ ʪʝʭʥʽʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʚʠʜʽʣʫ ʚ ʥʘʪʫʨʽ ʯʘʩʪʢʠ ʟ ʦʙ'ʻʢʪʘ 

ʥʝʨʫʭʦʤʦʛʦ ʤʘʡʥʘ. 

ɺʠʤʦʛʠ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ ʽ ʨʝʢʦʥʩʪʨʫʢʮʽʶ, ʢʘʧʽʪʘʣʴʥʠʡ ʨʝʤʦʥʪ ʪʘ ʪʝʭʥʽʯʥʝ 

ʧʝʨʝʦʩʥʘʱʝʥʥʷ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʚʩʪʘʥʦʚʣʝʥʽ ɼɹʅ ɺ.2.2-15:2019 çɾʠʪʣʦʚʽ ʙʫʜʠʥʢʠ. ʆʩʥʦʚʥʽ 

ʧʦʣʦʞʝʥʥʷè.  

ʇʽʜʩʪʘʚʘʤʠ ʜʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʦʢʨʝʤʠʭ ʢʚʘʨʪʠʨ ʤʘʣʦʧʦʚʝʨʭʦʚʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʽʟ 

ʦʢʨʝʤʠʤʠ ʟʝʤʝʣʴʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʪʘ ʚʠʭʦʜʘʤʠ ʥʘ ʥʠʭ ʫ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ ʤʦʞʫʪʴ ʙʫʪʠ 

[2]: 

V ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʤʘʣʦʧʦʚʝʨʭʦʚʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʽʟ ʩʪʚʦʨʝʥʥʷʤ (ʧʦʜʽʣʦʤ) ʥʘ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʞʠʪʣʦʚʽ (ʩʘʜʠʙʥʽ) ʙʫʜʠʥʢʠ; 

V ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʢʚʘʨʪʠʨʠ ʤʘʣʦʧʦʚʝʨʭʦʚʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʽʟ ʩʪʚʦʨʝʥʥʷʤ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʞʠʪʣʦʚʦʛʦ (ʩʘʜʠʙʥʦʛʦ) ʙʫʜʠʥʢʫ; 

V ʩʫʜʦʚʝ ʨʽʰʝʥʥʷ. 

ʆʧʪʠʤʘʣʴʥʠʤ ʚʘʨʽʘʥʪʦʤ ʻ ʧʨʦʮʝʜʫʨʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʤʘʣʦʧʦʚʝʨʭʦʚʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʽʟ 

ʩʪʚʦʨʝʥʥʷʤ (ʧʦʜʽʣʦʤ) ʥʘ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʞʠʪʣʦʚʽ (ʩʘʜʠʙʥʽ) ʙʫʜʠʥʢʠ ʫ ʚʠʧʘʜʢʫ, ʪʦʜʽ ʚʩʽ ʢʚʘʨʪʠʨʠ ʟʤʽʥʶʪʴ 
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ʩʚʽʡ ʩʪʘʪʫʩ, ʘʙʦ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʢʚʘʨʪʠʨʠ ʤʘʣʦʧʦʚʝʨʭʦʚʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʽʟ ʩʪʚʦʨʝʥʥʷʤ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʞʠʪʣʦʚʦʛʦ (ʩʘʜʠʙʥʦʛʦ) ʙʫʜʠʥʢʫ ʜʣʷ ʦʢʨʝʤʦʾ ʢʚʘʨʪʠʨʠ ʫ ʙʫʜʠʥʢʫ. 

ʋʱʽʣʴʥʝʥʥʷ ʩʘʜʠʙʥʦʾ ʟʘʙʫʜʦʚʠ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʬʦʨʤʘʭ: ʧʦ-ʧʝʨʰʝ, ʰʣʷʭʦʤ 

ʟʚʝʜʝʥʥʷ ʥʦʚʠʭ ʦʜʥʦʩʽʤʝʡʥʠʭ ʙʫʜʠʥʢʽʚ ʫ ʛʣʠʙʠʥʽ ʜʽʣʷʥʦʢ, ʧʦ-ʜʨʫʛʝ, ʯʝʨʝʟ ʙʫʜʽʚʥʠʮʪʚʦ 

ʙʘʛʘʪʦʧʦʚʝʨʭʽʚʦʢ ʥʘ ʥʝʚʝʣʠʢʠʭ ʜʽʣʷʥʢʘʭ ʙʽʣʷ ʜʦʨʽʛ, ʯʘʩʪʦ ʙʝʟ ʥʘʣʝʞʥʦʛʦ ʧʨʠʙʫʜʠʥʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ 

ʧʘʨʢʦʤʽʩʮʴ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʻ ʫʱʽʣʴʥʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʜʦʙʫʜʦʚ ʘʙʦ ʥʦʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʥʘ 

ʽʩʥʫʶʯʠʭ ʜʽʣʷʥʢʘʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʥʝ ʦʜʥʦʨʽʜʥʦʛʦ ʧʨʦʩʪʦʨʫ ʷʢ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʙʫʜʦʚʠ, 

ʪʘʢ ʽ ʩʦʮʽʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʤʝʰʢʘʥʮʽʚ [1]. 

ʋ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʤʘʣʦʧʦʚʝʨʭʦʚʠʡ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ ʧʦʜʽʣʝʥʠʡ ʥʘ ʢʚʘʨʪʠʨʠ, ï ̫ ʢ ʟʤʽʥʠʪʠ ʩʪʘʪʫʩ 

ʢʚʘʨʪʠʨʠ ʥʘ ʩʘʜʠʙʥʠʡ ʙʫʜʠʥʦʢ, ʘʙʠ ʾʾ ʜʦʙʫʜʫʚʘʪʠ ʪʘ ʟʙʽʣʴʰʠʪʠ ʞʠʪʣʦʚʫ ʧʣʦʱʫ ʯʠ ʟʨʦʙʠʪʠ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʚʠʭʽʜ ʥʘ ʟʝʤʝʣʴʥʫ ʜʽʣʷʥʢʫ? ʅʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʢʚʘʨʪʠʨʠ. ʇʠʪʘʥʥʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʚʘʨʪʠʨʠ, ʷʢ ʦʙôʻʢʪʘ ʥʝʨʫʭʦʤʦʛʦ ʤʘʡʥʘ ʚʨʝʛʫʣʴʦʚʘʥʽ ʯʠʥʥʠʤ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ 

(ʎʠʚʽʣʴʥʠʡ ʢʦʜʝʢʩ ʋʢʨʘʾʥʠ, ɼʝʨʞʘʚʥʽ ʙʫʜʽʚʝʣʴʥʽ ʥʦʨʤʠ, ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʦʙ'ʻʜʥʘʥʥʷ ʩʧʽʚʚʣʘʩʥʠʢʽʚ 

ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʙʫʜʠʥʢʫè ʪʦʱʦ). 

ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥ ʫ ʽʩʥʫʶʯʠʭ ʜʘʥʠʭ ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ 

ʢʘʜʘʩʪʨʫ ʪʘ ʚʠʤʘʛʘʻ ʚʥʝʩʝʥʥʷ ʦʥʦʚʣʝʥʴ ʘʙʦ ʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɼʦ ʪʘʢʠʭ ʟʤʽʥ ʥʘʣʝʞʘʪʴ ʟʤʽʥʠ ʫ ʧʣʦʱʽ 

ʟʘʙʫʜʦʚʠ, ʟʘʛʘʣʴʥʽʡ ʧʣʦʱʽ ʙʫʜʽʚʣʽ, ʾʾ ʦʙ'ʻʤʽ ʪʘ ʢʽʣʴʢʦʩʪʽ ʧʦʚʝʨʭʽʚ. ʂʘʜʘʩʪʨ ʧʦʚʠʥʝʥ ʚʽʜʦʙʨʘʞʘʪʠ 

ʦʥʦʚʣʝʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʽʚʣʽ, ʪʘʢʽ ʷʢ ʚʠʢʦʨʠʩʪʘʥʽ ʤʘʪʝʨʽʘʣʠ, ʟʘʭʦʜʠ ʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʘ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ, ʷʢʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʧʨʦʝʢʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. 

ɼʣʷ ʨʦʟʫʤʽʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʢʣʶʯʝʥʥʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʜʦ 

ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ ʢʘʜʘʩʪʨʫ, ʚʘʞʣʠʚʦ ʯʽʪʢʦ ʚʠʟʥʘʯʠʪʠ, ʱʦ ʩʘʤʝ ʨʦʟʫʤʽʻʪʴʩʷ ʧʽʜ ʮʠʤ ʪʝʨʤʽʥʦʤ ʟʛʽʜʥʦ ʟ 

ʫʢʨʘʾʥʩʴʢʠʤ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ. ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʧʨʠʚʘʪʥʦʛʦ ʙʫʜʠʥʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʙʫʜʽʚʝʣʴʥʽ ʨʦʙʦʪʠ, 

ʧʦʚôʷʟʘʥʽ ʟ ʚʪʨʫʯʘʥʥʷʤ ʫ ʥʝʩʫʯʽ, ʟʦʚʥʽʰʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʯʠ ʽʥʞʝʥʝʨʥʽ ʢʦʤʫʥʽʢʘʮʽʾ. ɼʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʪʘʢʦʞ ʚʽʜʥʦʩʷʪʴ ʟʤʽʥʫ ʬʫʥʢʮʽʾ ʦʙ'ʻʢʪʫ ʥʝʨʫʭʦʤʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʧʝʨʝʚʝʜʝʥʥʷ ʥʝʞʠʪʣʦʚʦʛʦ ʧʨʠʤʽʱʝʥʥʷ 

ʚ ʞʠʪʣʦʚʝ, ʘ ʪʘʢʦʞ ʙʫʜʴ-ʷʢʽ ʨʦʙʦʪʠ ʟʽ ʟʤʽʥʦʶ ʛʝʦʤʝʪʨʽʾ ʙʫʜʽʚʣʽ. ʆʬʦʨʤʣʝʥʥʷ ʜʦʟʚʦʣʫ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʽʶ 

ʻ ʥʝʦʙʭʽʜʥʠʤ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʪʨʫʯʘʥʥʷ ʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʪʘ ʥʝʩʫʯʽ ʝʣʝʤʝʥʪʠ ʦʙ'ʻʢʪʘ, 

ʘ ʪʘʢʦʞ ʧʨʠ ʟʤʽʥʽ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ. ʌʘʢʪʠʯʥʦ, ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʻ ʧʦʚʥʦʶ ʧʝʨʝʙʫʜʦʚʦʶ ʙʫʜʽʚʣʽ 

ʟ ʤʝʪʦʶ ʾʾ ʧʦʣʽʧʰʝʥʥʷ, ʱʦ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʟʤʽʥʫ ʧʣʘʥʫʚʘʥʥʷ, ʜʦʜʘʚʘʥʥʷ ʘʙʦ ʟʥʝʩʝʥʥʷ ʧʦʚʝʨʭʽʚ, ʘ ʪʘʢʦʞ 

ʟʤʽʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʋ ʧʽʜʨʫʯʥʠʢʫ çʈʝʢʦʥʩʪʨʫʢʮʽʷ ʤʽʩʴʢʠʭ ʪʝʨʠʪʦʨʽʡè 

[12] ʢʦʣʝʢʪʠʚ ʘʚʪʦʨʽʚ ˇʨʫʥʪʦʚʥʦ ʦʟʥʘʡʦʤʠʚ ʟʽ ʟʤʽʩʪʦʤ ʽ ʟʘʚʜʘʥʥʷʤʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʝʨʠʪʦʨʽʡ ʨʽʟʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʦʥ ʽ ʨʘʡʦʥʽʚ ʤʽʩʪ; ʥʘʜʘʚ ʨʦʟʚʠʪʦʢ ʥʘʚʠʯʢʘʤ ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ ʘʥʘʣʽʟʫ, ʦʙˇʨʫʥʪʫʚʘʚ 

ʤʝʪʦʜʠʢʫ ʦʙʩʪʝʞʝʥʥʷ ʪʘ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʤʽʩʴʢʠʭ ʪʘ ʽʥʞʝʥʝʨʥʦʾ ʡ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʤʽʩʪ; 

ʨʦʟʚʠʥʫʚ ʥʘʚʠʯʢʠ ʧʨʠʡʤʘʪʠ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʤʽʩʪʦʙʫʜʽʚʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. 

ʂʦʣʝʢʪʠʚ ʘʚʪʦʨʽʚ ʦʙˇʨʫʥʪʫʚʘʚ, ʱʦ ʦʙôʻʢʪʦʤ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟʘʙʫʜʦʚʠ ʻ ʩʫʢʫʧʥʽʩʪʴ ʙʫʜʽʚʝʣʴ ʪʘ 

ʩʧʦʨʫʜ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʣʦʢʘʣʽʟʦʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ, ʷʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʣʘʥʫʚʘʣʴʥʘ ʮʽʣʽʩʥʽʩʪʴ ʟ 

ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʤʝʞʘʤʠ ʪʘ ʚʠʟʥʘʯʝʥʠʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ (ʞʠʪʣʦʚʘ ʩʘʜʠʙʥʘ, ʞʠʪʣʦʚʘ 

ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʘ, ʛʨʦʤʘʜʩʴʢʘ, ʧʨʦʤʠʩʣʦʚʘ ʟʘʙʫʜʦʚʘ ʪʦʱʦ), ʘ ʪʘʢʦʞ ʽʥʞʝʥʝʨʥʦ-ʪʨʘʥʩʧʦʨʪʥʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ [12]. 

ʄʝʪʦʶ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʻ ʩʪʚʦʨʝʥʥʷ, ʥʘ ʙʘʟʽ ʽʩʥʫʶʯʦʾ ʟʘʙʫʜʦʚʠ, ʩʫʯʘʩʥʦʛʦ ʢʦʤʬʦʨʪʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʞʠʚʘʥʥʷ, ʟ ʫʩʽʤ ʢʦʤʧʣʝʢʩʦʤ ʽʥʞʝʥʝʨʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ, ʧʦʙʫʪʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ 

ʙʣʘʛʦʫʩʪʨʦʶ [15]. 

ʋ ʤʦʥʦʛʨʘʬʽʾ çʇʨʦʙʣʝʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʞʠʪʣʦʚʦʾ ʟʘʙʫʜʦʚʠ ʚ ʫʤʦʚʘʭ ʢʦʤʧʣʝʢʩʥʦʾ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʤʽʩʪʘè [4] ʘʚʪʦʨʩʴʢʠʡ ʢʦʣʝʢʪʠʚ ʦʧʠʩʘʚ ʢʣʶʯʦʚʽ ʟʘʩʘʜʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʞʠʪʣʦʚʦʾ ʟʘʙʫʜʦʚʠ 

ʷʢ ʦʜʥʦʛʦ ʽʟ ʚʘʞʣʠʚʠʭ ʥʘʧʨʷʤʽʚ ʚʠʨʽʰʝʥʥʷ ʞʠʪʣʦʚʦʾ ʧʨʦʙʣʝʤʠ. ɺʦʥʘ ʜʘʻ ʟʤʦʛʫ ʥʝ ʪʽʣʴʢʠ ʧʨʦʜʦʚʞʠʪʠ 

ʞʠʪʪʻʚʠʡ ʮʠʢʣ, ʘ ʡ ʽʩʪʦʪʥʦ ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʪʴ ʞʠʪʣʘ, ʣʽʢʚʽʜʫʚʘʪʠ ʢʦʤʫʥʘʣʴʥʝ ʟʘʩʝʣʝʥʥʷ, ʟʘʙʝʟʧʝʯʠʪʠ 

ʙʫʜʠʥʢʠ ʩʫʯʘʩʥʠʤ ʽʥʞʝʥʝʨʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʧʦʣʽʧʰʠʪʠ ʘʨʭʽʪʝʢʪʫʨʥʫ ʚʠʨʘʟʥʽʩʪʴ ʙʫʜʽʚʝʣʴ, ʧʽʜʚʠʱʠʪʠ 

ʾʭʥʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʥʘʜʽʡʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ. 

ʇʨʦʪʝ ʶʨʠʜʠʯʥʽ ʘʩʧʝʢʪʠ ʧʨʦʚʝʜʝʥʥʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽʩʥʫʶʯʦʾ ʟʘʙʫʜʦʚʠ ʚʠʩʚʽʪʣʝʥʽ ʤʘʣʦ. 
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ʐʠʨʦʢʝ ʚʠʟʥʘʯʝʥʥʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʦʭʦʧʣʶʻ ʨʽʟʥʽ ʨʽʚʥʽ ʚʪʨʫʯʘʥʥʷ ʚ ʙʫʜʽʚʣʶ, ʧʽʜʢʨʝʩʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʝʪʘʣʴʥʦʾ ʬʽʢʩʘʮʽʾ ʮʠʭ ʟʤʽʥ ʫ ʤʽʩʪʦʙʫʜʽʚʥʦʤʫ ʢʘʜʘʩʪʨʽ. ʇʨʦʩʪʝ ʟʘʟʥʘʯʝʥʥʷ ʬʘʢʪʫ 

çʨʝʢʦʥʩʪʨʫʢʮʽʾè ʤʦʞʝ ʙʫʪʠ ʥʝʜʦʩʪʘʪʥʽʤ; ʢʘʜʘʩʪʨ ʧʦʚʠʥʝʥ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʦʙʨʘʞʘʪʠ ʪʠʧ ʪʘ ʦʙʩʷʛ 

ʧʨʦʚʝʜʝʥʠʭ ʨʦʙʽʪ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʟʤʽʥ ʫ ʤʽʩʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɺʢʣʶʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʜʦ 

ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ ʢʘʜʘʩʪʨʫ ʻ ʚʢʨʘʡ ʚʘʞʣʠʚʠʤ ʟ ʢʽʣʴʢʦʭ ʢʣʶʯʦʚʠʭ ʧʨʠʯʠʥ. ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʽʚʣʽ, ʚʢʣʶʯʘʶʯʠ ʾʾ ʧʣʦʱʫ, ʦʙ'ʻʤ, ʢʦʥʬʽʛʫʨʘʮʽʶ ʪʘ ʧʦʪʝʥʮʽʡʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʝ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʎʽ ʟʤʽʥʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʱʽʣʴʥʽʩʪʴ ʟʘʙʫʜʦʚʠ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ. ʂʦʣʠ ʽʩʥʫʶʯʘ ʙʫʜʽʚʣʷ ʤʦʜʝʨʥʽʟʫʻʪʴʩʷ ʘʙʦ 

ʨʦʟʰʠʨʶʻʪʴʩʷ, ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʝʰʢʘʥʮʽʚ ʘʙʦ ʟʤʽʥʠʪʠ ʧʦʪʨʝʙʠ ʚ 

ʢʦʤʫʥʘʣʴʥʠʭ ʧʦʩʣʫʛʘʭ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʨʦʟʚʠʪʢʫ ʤʽʩʴʢʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ.    

ʊʦʯʥʽ ʜʘʥʽ ʧʨʦ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʽ ʙʫʜʽʚʣʽ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʤʽʩʴʢʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʧʣʘʥʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ, ʢʘʥʘʣʽʟʘʮʽʷ), 

ʪʨʘʥʩʧʦʨʪʥʝ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʦʮʽʘʣʴʥʠʭ ʧʦʩʣʫʛ. ɹʝʟ ʦʙʣʽʢʫ ʨʝʢʦʥʩʪʨʫʢʮʽʡ, ʧʣʘʥʫʚʘʥʥʷ 

ʤʦʞʝ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʟʘʩʪʘʨʽʣʽʡ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʥʝʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʪʘ 

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʨʝʘʣʴʥʠʤ ʧʦʪʨʝʙʘʤ ʥʘʩʝʣʝʥʥʷ. ɺʢʣʶʯʝʥʥʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʜʦ 

ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ ʢʘʜʘʩʪʨʫ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʘʢʪʫʘʣʴʥʦʛʦ ʩʪʘʥʫ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ 

ʜʣʷ ʮʽʣʝʡ ʦʧʦʜʘʪʢʫʚʘʥʥʷ ʥʝʨʫʭʦʤʦʩʪʽ, ʧʣʘʥʫʚʘʥʥʷ ʜʽʡ ʫ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ ʪʘ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʪʝʥʜʝʥʮʽʡ ʫ ʞʠʪʣʦʚʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʢʚʘʨʪʠʨʫ ʚ ʤʘʣʦʧʦʚʝʨʭʦʚʦʤʫ ʞʠʪʣʦʚʦʤʫ 

ʙʫʜʠʥʢʫ, ʷʢ ʦʙôʻʢʪ ʮʠʚʽʣʴʥʠʭ ʧʨʘʚ ʪʘ ʙʘʞʘʥʥʷ ʚʣʘʩʥʠʢʘ ʪʘʢʦʾ ʢʚʘʨʪʠʨʠ çʧʝʨʝʚʝʩʪʠè ʾʾ ʚ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ 

ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ. ʈʦʟʛʣʷʥʝʤʦ ʧʨʘʚʦʚʠʡ ʘʩʧʝʢʪ ʪʘʢʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʮʠʭ ʟʤʽʥ ʫ 

ʤʽʩʪʦʙʫʜʽʚʥʦʤʫ ʢʘʜʘʩʪʨʽ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʣʘ ʫ ʚʠʷʚʣʝʥʥʽ ʤʦʞʣʠʚʦʩʪʝʡ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʩʪʘʪʫʩʫ ʢʚʘʨʪʠʨʠ ʚ 

ʤʘʣʦʧʦʚʝʨʭʦʚʦʤʫ ʞʠʪʣʦʚʦʤʫ ʙʫʜʠʥʢʫ ʚ ʩʪʘʪʫʩ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ. ʄʠ ʥʘʤʘʛʘʣʠʩʴ  

ʦʙˇʨʫʥʪʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʞʠʪʣʦʚʠʭ 

ʙʫʜʠʥʢʽʚ ʜʦ ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ ʢʘʜʘʩʪʨʫ ʋʢʨʘʾʥʠ ʟ ʦʛʣʷʜʫ ʥʘ ʾʭʥʽʡ ʚʧʣʠʚ ʥʘ ʱʽʣʴʥʽʩʪʴ ʟʘʙʫʜʦʚʠ, 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʧʦʪʨʝʙʠ ʪʘ ʧʨʘʚʦʚʠʡ ʩʪʘʪʫʩ ʦʙôʻʢʪʽʚ ʥʝʨʫʭʦʤʦʩʪʽ. ɼʦʩʣʽʜʠʤʦ ʩʧʦʯʘʪʢʫ, ʷʢ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ ʚ ʪʝʭʥʽʯʥʠʭ ʥʦʨʤʘʭ, ʧʨʘʚʠʣʘʭ ʪʘ ʩʪʘʥʜʘʨʪʘʭ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʠʥʘʤʽʯʥʠʡ ʧʨʦʮʝʩ, ʱʦ ʚʠʢʣʠʢʘʻ ʮʽʣʠʡ ʨʷʜ ʟʤʽʥ 

ʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʙʫʜʽʚʣʽ ʪʘ ʾʾ ʧʨʘʚʦʚʦʤʫ ʩʪʘʪʫʩʽ ʥʘʟʠʚʘʻʪʴʩʷ ʨʝʢʦʥʩʪʨʫʢʮʽʶ. ʄʽʩʪʦʙʫʜʽʚʥʠʡ ʢʘʜʘʩʪʨ 

ʧʦʚʠʥʝʥ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʬʽʢʩʫʚʘʪʠ ʮʽ ʟʤʽʥʠ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʜʘʥʠʭ, ʚʢʣʶʯʘʶʯʠ ʧʨʦʩʪʦʨʦʚʽ ʜʘʥʽ (ʧʣʘʥ, 

ʚʠʩʦʪʘ), ʘʪʨʠʙʫʪʠʚʥʽ ʜʘʥʽ (ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ) ʪʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʜʘʥʽ (ʜʦʟʚʦʣʠ, 

ʜʘʪʠ ʟʘʚʝʨʰʝʥʥʷ). ʈʝʛʫʣʷʨʥʝ ʦʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ 

ʘʢʪʫʘʣʴʥʦʩʪʽ ʢʘʜʘʩʪʨʫ ʜʣʷ ʮʽʣʝʡ ʤʽʩʴʢʦʛʦ ʧʣʘʥʫʚʘʥʥʷ. 

ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʤʘʻ ʚʽʜʯʫʪʥʠʡ ʚʧʣʠʚ ʥʘ ʪʘʢʽ ʤʽʩʴʢʽ 

ʧʦʢʘʟʥʠʢʠ, ʷʢ ʱʽʣʴʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʪʘ ʧʦʪʨʝʙʠ ʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ. ʊʦʤʫ ʾʾ ʚʢʣʶʯʝʥʥʷ ʜʦ ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ 

ʢʘʜʘʩʪʨʫ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ ʫ ʩʬʝʨʽ ʤʽʩʴʢʦʛʦ ʨʦʟʚʠʪʢʫ. ɹʝʟ 

ʪʦʯʥʠʭ ʜʘʥʠʭ ʧʨʦ ʟʤʽʥʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʨʝʢʦʥʩʪʨʫʢʮʽʻʶ, ʧʣʘʥʫʚʘʥʥʷ ʨʠʟʠʢʫʻ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʥʝʘʢʪʫʘʣʴʥʽʡ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʘʜʝʢʚʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʥʝʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɺʽʡʥʘ ʪʘ ʧʘʥʜʝʤʽʷ COVID-19 ʟʤʽʥʠʣʘ ʧʦʛʣʷʜ ʤʽʩʪʷʥ ʥʘ ʞʠʪʣʦ, ʟʨʦʙʠʚʰʠ ʧʨʠʚʘʪʥʽ ʙʫʜʠʥʢʠ ʟ 

ʜʽʣʷʥʢʘʤʠ ʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʤʠ. ʂʦʤʬʦʨʪ ʽ ʙʝʟʧʝʢʘ, ʟ ʷʢʠʤʠ ʚʦʥʠ ʘʩʦʮʽʶʶʪʴʩʷ, ʩʧʨʠʯʠʥʷʶʪʴ 

ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʪʘʢʫ ʥʝʨʫʭʦʤʽʩʪʴ. ʋ ʤʽʩʪʦʙʫʜʽʚʥʦʤʫ ʢʘʜʘʩʪʨʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʽʜʦʙʨʘʞʝʥʽ ʧʨʘʚʦʚʽ 

ʘʩʧʝʢʪʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ï ʚʠʜʘʥʽ ʜʦʟʚʦʣʠ, ʧʦʜʘʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʪʘ ʜʘʪʘ ʟʘʚʝʨʰʝʥʥʷ ʨʦʙʽʪ. ʉʚʦʻʯʘʩʥʝ 

ʦʥʦʚʣʝʥʥʷ ʤʽʩʪʦʙʫʜʽʚʥʦʾ ʪʘ ʢʘʜʘʩʪʨʦʚʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʯʠʥʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʽ 

ʩʪʘʥʜʘʨʪʽʚ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʟʘʙʝʟʧʝʯʫʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʽʜʦʤʦʩʪʝʡ ʪʘ ʩʪʚʦʨʶʻ ʦʩʥʦʚʫ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʪʝʨʠʪʦʨʽʷʤʠ. 
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ɿʛʽʜʥʦ ʧ. 3.3 ɼɹʅ ɺ.2.2-15:2019 ɾʠʪʣʦʚʽ ʙʫʜʠʥʢʠ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ [2]:  

V ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʡ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ ï ʮʝ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʠʪʴ 

ʙʽʣʴʰʝ ʥʽʞ ʦʜʥʘ ʢʚʘʨʪʠʨʘ. ʄʦʞʝ ʙʫʪʠ ʟʙʣʦʢʦʚʘʥʦʛʦ, ʩʝʢʮʽʡʥʦʛʦ, ʢʦʨʠʜʦʨʥʦʛʦ, ʛʘʣʝʨʝʡʥʦʛʦ ʽ ʪʝʨʘʩʥʦʛʦ 

ʪʠʧʽʚ; 

V ʟʙʣʦʢʦʚʘʥʠʡ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ ï ʮʝ ʙʫʜʠʥʦʢ ʢʚʘʨʪʠʨʥʦʛʦ ʪʠʧʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʽ ʙʽʣʴʰʝ ʢʚʘʨʪʠʨ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʚʠʭʽʜ ʥʘ ʧʨʠʢʚʘʨʪʠʨʥʫ ʜʽʣʷʥʢʫ ʘʙʦ ʚʫʣʠʮʶ. 

V ʦʜʥʦʢʚʘʨʪʠʨʥʠʡ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ ï ʮʝ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ, ʱʦ ʤʘʻ 

ʧʨʠʙʫʜʠʥʢʦʚʫ ʜʽʣʷʥʢʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʎʠʚʽʣʴʥʦʛʦ ʢʦʜʝʢʩʫ ʋʢʨʘʾʥʠ (ʎʂʋ) [13]: ʧʦʜʽʣʴʥʦʶ ʻ ʨʽʯ, ʷʢʘ ʜʽʣʠʪʴʩʷ ʙʝʟ ʚʪʨʘʪʠ 

ʩʚʦʛʦ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ (ʩʪʘʪʪʷ 183), ʘ ʚʠʜʽʣ ʫ ʥʘʪʫʨʽ ʯʘʩʪʢʠ ʽʟ ʤʘʡʥʘ, ʱʦ ʻ ʫ ʩʧʽʣʴʥʽʡ ʯʘʩʪʢʦʚʽʡ 

ʚʣʘʩʥʦʩʪʽ, ʻ ʧʨʘʚʦʤ ʩʧʽʚʚʣʘʩʥʠʢʘ (ʩʪʘʪʪʷ 364). 

ʋ ʨʘʟʽ ʚʠʜʽʣʫ ʩʧʽʚʚʣʘʩʥʠʢʦʤ ʫ ʥʘʪʫʨʽ ʯʘʩʪʢʠ ʽʟ ʩʧʽʣʴʥʦʛʦ ʤʘʡʥʘ ʜʣʷ ʩʧʽʚʚʣʘʩʥʠʢʘ, ʷʢʠʡ ʟʜʽʡʩʥʠʚ 

ʪʘʢʠʡ ʚʠʜʽʣ, ʧʨʘʚʦ ʩʧʽʣʴʥʦʾ ʯʘʩʪʢʦʚʦʾ ʚʣʘʩʥʦʩʪʽ ʥʘ ʮʝ ʤʘʡʥʦ ʧʨʠʧʠʥʷʻʪʴʩʷ. ʊʘʢʘ ʦʩʦʙʘ ʥʘʙʫʚʘʻ ʧʨʘʚʦ 

ʚʣʘʩʥʦʩʪʽ ʥʘ ʚʠʜʽʣʝʥʝ ʤʘʡʥʦ, ʽ ʫ ʚʠʧʘʜʢʫ, ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʟʘʢʦʥʦʤ, ʪʘʢʝ ʧʨʘʚʦ ʧʽʜʣʷʛʘʻ ʜʝʨʞʘʚʥʽʡ 

ʨʝʻʩʪʨʘʮʽʾ [13]. 

ɿʛʽʜʥʦ ʽʟ ʩʪʘʪʪʝʶ 368 ʎʂʋ ʩʧʽʣʴʥʦʶ ʩʫʤʽʩʥʦʶ ʚʣʘʩʥʽʩʪʶ ʻ ʩʧʽʣʴʥʘ ʚʣʘʩʥʽʩʪʴ ʜʚʦʭ ʽ ʙʽʣʴʰʝ ʦʩʽʙ 

ʙʝʟ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʢ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʫ ʧʨʘʚʽ ʚʣʘʩʥʦʩʪʽ. 

ɺʠʜʽʣ ʯʘʩʪʢʠ ʽʟ ʤʘʡʥʘ, ʱʦ ʻ ʫ ʩʧʽʣʴʥʽʡ ʩʫʤʽʩʥʽʡ ʚʣʘʩʥʦʩʪʽ, ʩʪʘʪʪʷ 364 [13]: 

ü ʩʧʽʚʚʣʘʩʥʠʢ ʤʘʻ ʧʨʘʚʦ ʥʘ ʚʠʜʽʣ ʫ ʥʘʪʫʨʽ ʯʘʩʪʢʠ ʽʟ ʤʘʡʥʘ, ʱʦ ʻ ʫ ʩʧʽʣʴʥʽʡ ʯʘʩʪʢʦʚʽʡ 

ʚʣʘʩʥʦʩʪʽ; 

ü ʷʢʱʦ ʚʠʜʽʣ ʫ ʥʘʪʫʨʽ ʯʘʩʪʢʠ ʽʟ ʩʧʽʣʴʥʦʛʦ ʤʘʡʥʘ ʥʝ ʜʦʧʫʩʢʘʻʪʴʩʷ ʟʛʽʜʥʦ ʽʟ ʟʘʢʦʥʦʤ ʘʙʦ ʻ 

ʥʝʤʦʞʣʠʚʠʤ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɿʘʢʦʥʫ; 

ü ʫ ʨʘʟʽ ʚʠʜʽʣʫ ʩʧʽʚʚʣʘʩʥʠʢʦʤ ʫ ʥʘʪʫʨʽ ʯʘʩʪʢʠ ʽʟ ʩʧʽʣʴʥʦʛʦ ʤʘʡʥʘ ʜʣʷ ʩʧʽʚʚʣʘʩʥʠʢʘ, ʷʢʠʡ 

ʟʜʽʡʩʥʠʚ ʪʘʢʠʡ ʚʠʜʽʣ, ʧʨʘʚʦ ʩʧʽʣʴʥʦʾ ʯʘʩʪʢʦʚʦʾ ʚʣʘʩʥʦʩʪʽ ʥʘ ʮʝ ʤʘʡʥʦ ʧʨʠʧʠʥʷʻʪʴʩʷ. ʊʘʢʘ ʦʩʦʙʘ ʥʘʙʫʚʘʻ 

ʧʨʘʚʦ ʚʣʘʩʥʦʩʪʽ ʥʘ ʚʠʜʽʣʝʥʝ ʤʘʡʥʦ, ʽ ʫ ʚʠʧʘʜʢʫ, ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʟʘʢʦʥʦʤ, ʪʘʢʝ ʧʨʘʚʦ ʧʽʜʣʷʛʘʻ ʜʝʨʞʘʚʥʽʡ 

ʨʝʻʩʪʨʘʮʽʾ. 

ɿʛʽʜʥʦ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʦʩʦʙʣʠʚʦʩʪʽ ʟʜʽʡʩʥʝʥʥʷ ʧʨʘʚʘ ʚʣʘʩʥʦʩʪʽ ʫ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʤʫ 

ʙʫʜʠʥʢʫè (ʜʘʣʽ ï ɿʘʢʦʥ ˉ417-VIII) [9] ï ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ, ʘ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʘʥʦ ʪʨʠ ʯʠ ʙʽʣʴʰʝ 

ʢʚʘʨʪʠʨʠ ʥʘʟʠʚʘʻʪʴʩʷ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʤ. ʗʢʱʦ ʫ ʥʴʦʤʫ ʨʦʟʪʘʰʦʚʘʥʽ ʥʝʞʠʪʣʦʚʽ ʧʨʠʤʽʱʝʥʥʷ, ʪʦ ʚʦʥʠ ʻ 

ʩʘʤʦʩʪʽʡʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʥʝʨʫʭʦʤʦʛʦ ʤʘʡʥʘ. 

ɼʦ ʩʢʣʘʜʫ ʩʧʽʣʴʥʦʛʦ ʤʘʡʥʘ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʙʫʜʠʥʢʫ ʚʭʦʜʷʪʴ: 

V ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʨʦʩʪʦʨʠ (ʦʩʥʦʚʥʽ ʪʘ ʜʦʧʦʤʽʞʥʽ ʧʨʠʤʽʱʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ); 

V ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʮʽʣʽʩʥʽʩʪʴ ʪʘ ʙʝʟʧʝʢʫ ʙʫʜʽʚʣʽ (ʥʝʩʫʯʽ, 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʪʘ ʥʝʩʫʯʝ-ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ); 

V ʽʥʞʝʥʝʨʥʽ ʤʝʨʝʞʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʙʫʜʠʥʢʫ (ʤʝʭʘʥʽʯʥʝ, ʝʣʝʢʪʨʠʯʥʝ, 

ʩʘʥʪʝʭʥʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ); 

V ʦʙ'ʻʢʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ ʧʨʠʙʫʜʠʥʢʦʚʽʡ ʪʝʨʠʪʦʨʽʾ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʢʦʣʝʢʪʠʚʥʦʛʦ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʩʧʽʚʚʣʘʩʥʠʢʽʚ; 

V ʧʨʘʚʘ ʥʘ ʟʝʤʝʣʴʥʫ ʜʽʣʷʥʢʫ. 

ʊʦʙʪʦ, ʯʠʥʥʠʤ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ, ʱʦ ʚʣʘʩʥʠʢʠ ʢʚʘʨʪʠʨ ʪʘ ʥʝʞʠʪʣʦʚʠʭ 

ʧʨʠʤʽʱʝʥʴ ʻ ʩʧʽʚʚʣʘʩʥʠʢʘʤʠ ʩʧʽʣʴʥʦʛʦ ʤʘʡʥʘ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʙʫʜʠʥʢʫ, ʧʨʦʪʝ ʚʦʥʦ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʧʦʜʽʣʝʥʝ ʤʽʞ ʥʠʤʠ, ʘ ʪʠʤ ʧʘʯʝ ʚʠʜʽʣʝʥʦ ʚ ʥʘʪʫʨʽ, ʙʦ ʻ ʾʭ ʩʧʽʣʴʥʦʶ ʩʫʤʽʩʥʦʶ ʚʣʘʩʥʽʩʪʶ ʩʧʽʚʚʣʘʩʥʠʢʽʚ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʫʥʢʪʫ 3.19 ɼɹʅ ɹ.2.2-12:2019 çʇʣʘʥʫʚʘʥʥʷ ʪʘ ʟʘʙʫʜʦʚʘ ʪʝʨʠʪʦʨʽʡè [3] ʪʘ ʧʫʥʢʪʫ 

3.14 ɼɹʅ ɺ.2.2-15:2019 çɾʠʪʣʦʚʽ ʙʫʜʠʥʢʠ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷè [2] ʟʙʣʦʢʦʚʘʥʠʡ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ ï 

ʮʝ ʙʫʜʠʥʦʢ ʢʚʘʨʪʠʨʥʦʛʦ ʪʠʧʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʽ ʙʽʣʴʰʝ ʢʚʘʨʪʠʨ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʙʝʟʧʦʩʝʨʝʜʥʽʡ 

ʚʠʭʽʜ ʥʘ ʧʨʠʢʚʘʨʪʠʨʥʫ ʜʽʣʷʥʢʫ ʘʙʦ ʚʫʣʠʮʶ. 

ɿʛʽʜʥʦ ʧ.3.25 ɼɹʅ ɺ.2.2-15:2019 ñɾʠʪʣʦʚʽ ʙʫʜʠʥʢʠ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷò  ʦʜʥʦʢʚʘʨʪʠʨʥʠʡ 

ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ, ʱʦ ʤʘʻ ʧʨʠʙʫʜʠʥʢʦʚʫ ʜʽʣʷʥʢʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʅʂ 018:2023  [7] ʜʦ ʢʣʘʩʫ 1110 çʦʜʥʦʢʚʘʨʪʠʨʥʽ 

ʙʫʜʠʥʢʠè ʚʽʜʥʦʩʷʪʴʩʷ, ʟʦʢʨʝʤʘ, ʟʙʣʦʢʦʚʘʥʽ ʙʫʜʠʥʢʠ ʟ ʦʢʨʝʤʠʤʠ ʢʚʘʨʪʠʨʘʤʠ. 
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ʅʘ ʧʽʜʩʪʘʚʽ ʧ. 3.57 ɼɹʅ ɹ.2.2-12:2019 çʇʣʘʥʫʚʘʥʥʷ ʽ ʟʘʙʫʜʦʚʘ ʪʝʨʠʪʦʨʽʡè [3], ʩʘʜʠʙʥʘ ʟʘʙʫʜʦʚʘ 

ï ʮʝ ʟʘʙʫʜʦʚʘ, ʱʦ ʩʬʦʨʤʦʚʘʥʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʯʠ ʟʙʣʦʢʦʚʘʥʠʤʠ ʞʠʪʣʦʚʠʤʠ ʙʫʜʠʥʢʘʤʠ. 

ɿʙʣʦʢʦʚʘʥʽ ʙʫʜʠʥʢʠ ʟ ʦʢʨʝʤʠʤʠ ʢʚʘʨʪʠʨʘʤʠ ʟʛʽʜʥʦ ʟ ʅʘʮʽʦʥʘʣʴʥʠʤ ʢʣʘʩʠʬʽʢʘʪʦʨʦʤ ʅʂ 

018:2023 ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʙʫʜʠʥʢʽʚ ʦʜʥʦʢʚʘʨʪʠʨʥʠʭ (ʢʣʘʩ 1110) [7]. ʎʝʡ ʢʣʘʩ ʚʢʣʶʯʘʻ ʚʽʜʦʢʨʝʤʣʝʥʽ 

ʞʠʪʣʦʚʽ ʙʫʜʠʥʢʠ ʩʘʜʠʙʥʦʛʦ ʪʠʧʫ, ʜʘʯʽ, ʙʫʜʠʥʢʠ ʣʽʩʥʠʢʽʚ, ʩʘʜʦʚʽ ʪʘ ʽʥʰʽ ʣʽʪʥʽ ʙʫʜʠʥʢʠ ʜʣʷ ʪʠʤʯʘʩʦʚʦʛʦ 

ʧʨʦʞʠʚʘʥʥʷ ʪʘ ʟʙʣʦʢʦʚʘʥʽ ʪʘ ʪʝʨʘʩʥʽ ʙʫʜʠʥʢʠ ʟ ʦʢʨʝʤʠʤʠ ʢʚʘʨʪʠʨʘʤʠ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʚʣʘʩʥʠʡ ʜʘʭ 

ʪʘ ʚʣʘʩʥʠʡ ʚʭʽʜ ʟ ʚʫʣʠʮʽ. 

ɺʣʘʩʥʠʡ ʚʭʽʜ ʟ ʚʫʣʠʮʽ ʤʘʻ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ, ʨʦʟʤʽʱʝʥʥʷ ʷʢʦʛʦ ʜʦʧʫʩʢʘʻʪʴʩʷ 

ʥʘ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʢʘʭ ʟ ʮʽʣʴʦʚʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ çɿʝʤʣʽ ʞʠʪʣʦʚʦʾ ʪʘ ʛʨʦʤʘʜʩʴʢʦʾ ʟʘʙʫʜʦʚʠè ʪʘ ʚʠʜʦʤ 

ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ çʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ, ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʙʫʜʽʚʝʣʴ 

ʽ ʩʧʦʨʫʜ (ʧʨʠʩʘʜʠʙʥʘ ʜʽʣʷʥʢʘ)è (ʢʦʜ 007.00: ʛʨʫʧʘ ʚʢʣʶʯʘʻ ʟʝʤʣʽ ʧʽʜ ʞʠʪʣʦʚʠʤʠ ʙʫʜʠʥʢʘʤʠ ʟ 

ʧʨʠʙʫʜʠʥʢʦʚʠʤʠ ʪʝʨʠʪʦʨʽʷʤʠ, ʛʦʩʧʦʜʘʨʩʴʢʠʤʠ ʙʫʜʽʚʣʷʤʠ ʽ ʩʧʦʨʫʜʘʤʠ; ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ ʜʣʷ 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ, ʧʽʜ ʛʫʨʪʦʞʠʪʢʘʤʠ), ʟʛʽʜʥʦ ʟ ʂʣʘʩʠʬʽʢʘʮʽʻʶ ʚʠʜʽʚ 

ʟʝʤʝʣʴʥʠʭ ʫʛʽʜʴ (ʂɺɿʋ), ʟʘʪʚʝʨʜʞʝʥʦʾ ʥʘʢʘʟʦʤ ɼʝʨʞʘʚʥʦʛʦ ʢʦʤʽʪʝʪʫ ʋʢʨʘʾʥʠ ʽʟ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʚʽʜ 

17.10.2012 ˉ 1051 [8]. 

ɿʙʣʦʢʦʚʘʥʽ ʙʫʜʠʥʢʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʫʥʢʪʫ 

3.3. ɼɹʅ ɺ.2.2-15:2019 çɾʠʪʣʦʚʽ ʙʫʜʠʥʢʠ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷè. 

ʊʘʢʠʤ ʯʠʥʦʤ ʻ ʨʽʟʥʽ ʚʠʟʥʘʯʝʥʥʷ çʟʙʣʦʢʦʚʘʥʦʛʦ ʙʫʜʠʥʢʫè: 

ü ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʽ ʙʫʜʠʥʢʠ ï  ʟʛʽʜʥʦ ɼɹʅ ɺ.2.2-15:2019, 

ü ʦʜʥʦʢʚʘʨʪʠʨʥʽ ʪʘ ʜʚʦʢʚʘʨʪʠʨʥʽ ʙʫʜʠʥʢʠï ʟʛʽʜʥʦ ʅʂ 018:2023. 

ɿʛʽʜʥʦ ʽʟ ʯ.1 ʩʪ.1 ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʦʩʦʙʣʠʚʦʩʪʽ ʟʜʽʡʩʥʝʥʥʷ ʧʨʘʚʘ ʚʣʘʩʥʦʩʪʽ ʫ 

ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʤʫ ʙʫʜʠʥʢʫè [9], ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʡ ʙʫʜʠʥʦʢ ï ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ, ʚ ʷʢʦʤʫ 

ʨʦʟʪʘʰʦʚʘʥʦ ʪʨʠ ʯʠ ʙʽʣʴʰʝ ʢʚʘʨʪʠʨʠ. 

ʇʨʦʪʝ ʟ ɼʉʊʋ-ʅ ɹ ɹ.1.1-12:2011 çʅʘʩʪʘʥʦʚʠ ʧʨʦ ʩʢʣʘʜ ʪʘ ʟʤʽʩʪ ʧʣʘʥʫ ʟʦʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ 

(ɿʦʥʽʥʛ)è ʟʙʣʦʢʦʚʘʥʽ ʙʫʜʠʥʢʠ ʤʦʞʫʪʴ ʙʫʪʠ: 

ü ʦʜʥʦʢʚʘʨʪʠʨʥʽ ʞʠʪʣʦʚʽ ʙʫʜʠʥʢʠ ʜʦ 3 ʧʦʚʝʨʭʽʚ ʽʟ ʟʝʤʝʣʴʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʪʘ ʟʙʣʦʢʦʚʘʥʠʭ 

ʦʜʥʦ-ʜʚʦʢʚʘʨʪʠʨʥʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʥʘ ʩʫʩʽʜʥʽʭ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʢʘʭ ï ʟʦʥʘ ɾ-1 çʉʘʜʠʙʥʘ 

ʟʘʙʫʜʦʚʘè,  

ü ʟʙʣʦʢʦʚʘʥʽ ʞʠʪʣʦʚʽ ʙʫʜʠʥʢʠ ʟ ʚʠʭʦʜʦʤ ʟ ʢʦʞʥʦʾ ʢʚʘʨʪʠʨʠ ʥʘ ʟʝʤʝʣʴʥʫ ʜʽʣʷʥʢʫ ʟ 

ʧʦʚʝʨʭʦʚʽʩʪʶ ʜʦ 3 ʧʦʚʝʨʭʽʚ ï ʟʦʥʘ ɾ-2 çɹʣʦʢʦʚʘʥʘ ʤʘʣʦʧʦʚʝʨʭʦʚʘ ʟʘʙʫʜʦʚʘè. 

ʊʦʙʪʦ, ʢʦʞʝʥ ʙʣʦʢʦʚʘʥʠʡ ʙʫʜʠʥʦʢ ʻ ʦʢʨʝʤʠʤ ʦʙ`ʻʢʪʦʤ ʥʝʨʫʭʦʤʦʩʪʽ ʽ ʡʦʤʫ ʧʨʠʩʚʦʶʻʪʴʩʷ 

ʦʢʨʝʤʠʡ ʥʦʤʝʨ ʧʦ ʚʫʣʠʮʽ (ʧʨʦʚʫʣʢʫ ʪʦʱʦ ) ʽ ʯʠʥʥʝ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʜʦʟʚʦʣʷʻ ʙʫʜʽʚʥʠʮʪʚʦ ʟʙʣʦʢʦʚʘʥʠʭ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʥʘ ʧʽʜʩʪʘʚʽ ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʘʩʧʦʨʪʫ (ʟʘ ʫʤʦʚʠ ʥʝʫʭʠʣʴʥʦʛʦ 

ʜʦʪʨʠʤʘʥʥʷ ʽʥʰʠʭ ʥʦʨʤ ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ). 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʽʜʨʦʟʜʽʣʫ 2 ʨʦʟʜʽʣʫ ɯ ɯʥʩʪʨʫʢʮʽʾ ʧʨʦ ʧʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʽʯʥʦʾ 

ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʦʙôʻʢʪʽʚ ʥʝʨʫʭʦʤʦʛʦ ʤʘʡʥʘ, ʷʢʫ ʟʘʪʚʝʨʜʞʝʥʦ ʥʘʢʘʟʦʤ ɼʝʨʞʘʚʥʦʛʦ ʢʦʤʽʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ, 

ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʞʠʪʣʦʚʦʾ ʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ ʚʽʜ 24.05.2001 ˉ 127 [6] (ʜʘʣʽ ï ɯʥʩʪʨʫʢʮʽʷ): 

V ʙʣʦʢʦʚʘʥʽ ʙʫʜʠʥʢʠ ʜʚʘ ʪʘ ʙʽʣʴʰʝ ʞʠʪʣʦʚʠʭ (ʩʘʜʠʙʥʦʛʦ ʪʠʥʫ, ʩʘʜʦʚʽ, ʜʘʯʥʽ) ʙʫʜʠʥʢʽʚ 

ʟʘʚʚʠʰʢʠ ʥʝ ʙʽʣʴʰʝ ʯʦʪʠʨʴʦʭ ʧʦʚʝʨʭʽʚ, ʫ ʷʢʠʭ ʻ ʭʦʯʘ ʙ ʦʜʥʘ ʩʧʽʣʴʥʘ ʩʪʽʥʘ, ʟʙʫʜʦʚʘʥʠʭ ʥʘ ʤʝʞʽ ʦʢʨʝʤʠʭ 

ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʟʘ ʨʽʟʥʠʤʠ ʢʘʜʘʩʪʨʦʚʠʤʠ ʥʦʤʝʨʘʤʠ. ʂʦʞʝʥ ʙʣʦʢʦʚʘʥʠʡ ʙʫʜʠʥʦʢ ʻ ʦʢʨʝʤʠʤ ʦʙ'ʻʢʪʦʤ 

ʥʝʨʫʭʦʤʦʩʪʽ ʽ ʡʦʤʫ ʧʨʠʩʚʦʶʻʪʴʩʷ ʦʢʨʝʤʠʡ ʥʦʤʝʨ ʧʦ ʚʫʣʠʮʽ (ʧʨʦʚʫʣʢʫ ʪʦʱʦ); 

V ʙʫʜʠʥʦʢ ʢʚʘʨʪʠʨʥʦʛʦ ʪʠʧʫ ï ʦʜʥʦ- ʘʙʦ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʡ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ, ʫ ʷʢʦʤʫ 

ʢʚʘʨʪʠʨʠ ʻ ʦʢʨʝʤʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʥʝʨʫʭʦʤʦʛʦ ʤʘʡʥʘ. ɹʫʜʠʥʢʠ ʢʚʘʨʪʠʨʥʦʛʦ ʪʠʧʫ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʜʥʦʧʦʚʝʨʭʦʚʠʤʠ ʪʘ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʤʠ; 

V ʙʫʜʠʥʦʢ ʩʘʜʠʙʥʦʛʦ ʪʠʧʫ ï ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʦʢʨʝʤʽʡ ʟʝʤʝʣʴʥʽʡ 

ʜʽʣʷʥʮʽ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʞʠʪʣʦʚʠʭ ʪʘ ʜʦʧʦʤʽʞʥʠʭ (ʥʝʞʠʪʣʦʚʠʭ) ʧʨʠʤʽʱʝʥʴ. ɹʫʜʠʥʢʠ ʩʘʜʠʙʥʦʛʦ 

ʪʠʧʫ ʥʘʣʝʞʘʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʜʦ ʤʘʣʦʧʦʚʝʨʭʦʚʦʾ ʟʘʙʫʜʦʚʠ. 

ʅʘʚʝʜʝʥʽ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʽʟʥʦʚʠʜ ʩʘʜʠʙʥʦʾ ʟʘʙʫʜʦʚʠ, ʷʢʘ ʟʛʽʜʥʦ ʽʟ ʧʫʥʢʪʦʤ 6.1.31 

ɼɹʅ ɹ.2.2-12:2019 çʇʣʘʥʫʚʘʥʥʷ ʪʘ ʟʘʙʫʜʦʚʘ ʪʝʨʠʪʦʨʽʡè [3] ʤʘʻ ʬʦʨʤʫʚʘʪʠʩʷ ʟʘ ʧʨʠʥʮʠʧʘʤʠ 

ʤʽʢʨʦʨʘʡʦʥʫʚʘʥʥʷ ʦʢʨʝʤʠʤʠ ʯʠ ʟʙʣʦʢʦʚʘʥʠʤʠ ʞʠʪʣʦʚʠʤʠ ʙʫʜʠʥʢʘʤʠ ʟ ʧʨʠʩʘʜʠʙʥʠʤʠ ʜʽʣʷʥʢʘʤʠ. 
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ɿʛʽʜʥʦ ʎʠʚʽʣʴʥʦʛʦ ʢʦʜʝʢʩʫ ʋʢʨʘʾʥʠ, ʩʪʘʪʪʽ 381, ʜʘʻʪʴʩʷ ʪʘʢʝ ʚʠʟʥʘʯʝʥʥʷ ʩʘʜʠʙʠ ï ʮʝ ʟʝʤʝʣʴʥʘ 
ʜʽʣʷʥʢʘ ʨʘʟʦʤ ʟ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʥʘ ʥʽʡ ʞʠʪʣʦʚʠʤ ʙʫʜʠʥʢʦʤ, ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʦʙʫʪʦʚʠʤʠ ʙʫʜʽʚʣʷʤʠ, 
ʥʘʟʝʤʥʠʤʠ ʽ ʧʽʜʟʝʤʥʠʤʠ ʢʦʤʫʥʽʢʘʮʽʷʤʠ, ʙʘʛʘʪʦʨʽʯʥʠʤʠ ʥʘʩʘʜʞʝʥʥʷʤʠ. ʋ ʨʘʟʽ ʚʽʜʯʫʞʝʥʥʷ ʞʠʪʣʦʚʦʛʦ 
ʙʫʜʠʥʢʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʚʽʜʯʫʞʫʻʪʴʩʷ ʚʩʷ ʩʘʜʠʙʘ, ʷʢʱʦ ʽʥʰʝ ʥʝ ʚʩʪʘʥʦʚʣʝʥʦ ʜʦʛʦʚʦʨʦʤ ʘʙʦ ʟʘʢʦʥʦʤ. 

ʊʦʙʪʦ ʙʣʦʢʦʚʘʥʠʡ ʙʫʜʠʥʦʢ ʻ ʩʘʤʦʩʪʽʡʥʠʤ ʦʙôʻʢʪʦʤ ʥʝʨʫʭʦʤʦʩʪʽ ʟ ʯʽʪʢʦ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʤʝʞʘʤʠ 
ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ. 

ɺʠʤʦʛʠ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ ʽ ʨʝʢʦʥʩʪʨʫʢʮʽʶ, ʢʘʧʽʪʘʣʴʥʠʡ ʨʝʤʦʥʪ ʪʘ ʪʝʭʥʽʯʥʝ 
ʧʝʨʝʦʩʥʘʱʝʥʥʷ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʚʩʪʘʥʦʚʣʝʥʽ ɼɹʅ ɺ.2.2-15:2019 çɾʠʪʣʦʚʽ ʙʫʜʠʥʢʠ. ʆʩʥʦʚʥʽ 
ʧʦʣʦʞʝʥʥʷè [2]. 

ʈʦʟʨʘʭʫʥʦʢ ʯʘʩʪʦʢ ʫ ʩʧʽʣʴʥʽʡ ʚʣʘʩʥʦʩʪʽ ʥʘ ʦʙôʻʢʪʠ ʥʝʨʫʭʦʤʦʛʦ ʤʘʡʥʘ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʟʘʷʚʘʤʠ 
ʚʩʽʭ ʩʧʽʚʚʣʘʩʥʠʢʽʚ ʦʙ'ʻʢʪʽʚ ʥʝʨʫʭʦʤʦʛʦ ʤʘʡʥʘ. 

ʋ ʨʘʟʽ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʯʘʩʪʦʢ, ʫʢʘʟʘʥʠʭ ʫ ʧʨʘʚʦʚʩʪʘʥʦʚʣʶʚʘʣʴʥʠʭ ʜʦʢʫʤʝʥʪʘʭ, 
ʨʝʘʣʴʥʠʤ ʯʘʩʪʢʘʤ ʟʘ ʟʛʦʜʦʶ ʚʩʽʭ ʩʧʽʚʚʣʘʩʥʠʢʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʚʽʜʧʦʚʽʜʥʠʭ ʯʘʩʪʦʢ 
ʥʝʨʫʭʦʤʦʛʦ ʤʘʡʥʘ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʘʚʦʚʩʪʘʥʦʚʣʶʚʘʣʴʥʠʭ ʜʦʢʫʤʝʥʪʽʚ. 

ʇʦʜʽʣ ʥʘ ʩʘʤʦʩʪʽʡʥʽ ʦʙ'ʻʢʪʠ ʥʝʨʫʭʦʤʦʛʦ ʤʘʡʥʘ ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ ʫʤʦʚʘʤ, ʱʦ ʧʝʨʝʜʙʘʯʝʥʽ 
ʯʠʥʥʠʤʠ ʙʫʜʽʚʝʣʴʥʠʤʠ ʥʦʨʤʘʤʠ ʪʘ ʧʨʦʚʘʜʠʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʟ ʥʘʜʘʥʥʷʤ ʢʦʞʥʦʤʫ 
ʦʙôʻʢʪʫ ʧʦʰʪʦʚʦʾ ʘʜʨʝʩʠ. 

ʇʨʠ ʥʴʦʤʫ, ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʪʝʭʥʽʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʽʣʫ (ʚʠʜʽʣʫ) ʯʠ ʦʙôʻʜʥʘʥʥʷ ʦʙ'ʻʢʪʘ 
ʥʝʨʫʭʦʤʦʛʦ ʤʘʡʥʘ ʥʝ ʻ ʜʦʢʫʤʝʥʪʦʤ, ʱʦ ʧʦʩʚʽʜʯʫʻ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʙôʻʢʪʫ. 

ɿʛʽʜʥʦ ʟ ʧʽʜʨʦʟʜʽʣʦʤ 4 ʨʦʟʜʽʣʫ III ɯʥʩʪʨʫʢʮʽʾ [6]: 
1. ɹʫʜʠʥʦʢ ʩʘʜʠʙʥʦʛʦ ʪʠʧʫ ʤʦʞʝ ʙʫʪʠ ʧʦʜʽʣʝʥʦ ʥʘ ʜʚʘ ʘʙʦ ʙʽʣʴʰʝ ʙʣʦʢʦʚʘʥʠʭ ʙʫʜʠʥʢʽʚ 

ʰʣʷʭʦʤ ʨʝʢʦʥʩʪʨʫʢʮʽʾ. 
2. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʜʽʣʫ ʥʦʚʦʩʪʚʦʨʝʥʠʤ ʙʫʜʠʥʢʘʤ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʛʦʩʧʦʜʘʨʩʴʢʠʤʠ 

(ʜʦʧʦʤʽʞʥʠʤʠ) ʙʫʜʽʚʣʷʤʠ ʪʘ ʩʧʦʨʫʜʘʤʠ ʧʨʠʩʚʦʶʶʪʴʩʷ ʧʦʰʪʦʚʽ ʘʜʨʝʩʠ. 
3. ʋ ʨʘʟʽ ʧʦʜʽʣʫ ʙʫʜʠʥʢʫ ʩʘʜʠʙʥʦʛʦ ʪʠʧʫ ʥʘ ʦʢʨʝʤʽ ʢʚʘʨʪʠʨʠ ʚʥʘʩʣʽʜʦʢ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʚʽʥ 

ʧʝʨʝʭʦʜʠʪʴ ʫ ʩʪʘʪʫʩ ʞʠʪʣʦʚʦʛʦ ʙʫʜʥʠʢʫ ʢʚʘʨʪʠʨʥʦʛʦ ʪʠʥʫ. 
4. ɺʠʜʽʣʝʥʥʷ ʯʘʩʪʦʢ ʩʧʽʚʚʣʘʩʥʠʢʽʚ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʠʥʢʫ ʧʨʦʚʦʜʷʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʯʠʥʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ. 
5. ʇʦʜʽʣ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʩʪʘʪʪʽ 56 ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ 

çʇʨʦ ʟʝʤʣʝʫʩʪʨʽʡè ʟ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʽʟ ʟʝʤʣʝʫʩʪʨʦʶ. 
6. ʊʝʭʥʽʯʥʠʡ ʧʘʩʧʦʨʪ ʥʘ ʙʣʦʢʦʚʘʥʠʡ ʙʫʜʠʥʦʢ ʷʢ ʥʘ ʦʢʨʝʤʠʡ ʦʙôʻʢʪ ʥʝʨʫʭʦʤʦʛʦ ʤʘʡʥʘ 

ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʧʽʩʣʷ ʧʨʠʧʠʥʝʥʥʷ ʧʨʘʚʘ ʩʧʽʣʴʥʦʾ ʯʘʩʪʢʦʚʦʾ ʪʘ ʩʫʤʽʩʥʦʾ ʚʣʘʩʥʦʩʪʽ ʥʘ ʟʝʤʝʣʴʥʫ ʜʽʣʷʥʢʫ 
ʪʘ ʦʬʦʨʤʣʝʥʥʷ ʦʢʨʝʤʠʭ ʜʦʢʫʤʝʥʪʽʚ (ʧʨʠʩʚʦʻʥʥʷ ʢʘʜʘʩʪʨʦʚʠʭ ʥʦʤʝʨʽʚ) ʥʘ ʢʦʞʥʫ ʟʝʤʝʣʴʥʫ ʜʽʣʷʥʢʫ. 

ɿʘʢʦʥʦʜʘʚʯʦʶ ʙʘʟʦʶ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʧʦʙʫʜʦʚʠ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʻ ɿʘʢʦʥʽʚ ʋʢʨʘʾʥʠ çʇʨʦ 
ʨʝʛʫʣʶʚʘʥʥʷ ʤʽʩʪʦʙʫʜʽʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽè, çʇʨʦ ʘʨʭʽʪʝʢʪʫʨʥʫ ʜʽʷʣʴʥʽʩʪʴè, çʇʨʦ ʽʥʚʝʩʪʠʮʽʡʥʫ ʜʽʷʣʴʥʽʩʪʴè. 
çʇʨʦ ʙʫʜʽʚʝʣʴʥʽ ʥʦʨʤʠè. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧ. ɯ ʯ. 1 ʩʪ. ɯ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʨʝʛʫʣʶʚʘʥʥʷ ʤʽʩʪʦʙʫʜʽʚʥʦʾ 
ʜʽʷʣʴʥʦʩʪʽè [10] ʧʽʜ ʙʫʜʽʚʥʠʮʪʚʦʤ ʨʦʟʫʤʽʻʪʴʩʷ ʥʦʚʝ ʙʫʜʽʚʥʠʮʪʚʦ, ʨʝʢʦʥʩʪʨʫʢʮʽʷ, ʨʝʩʪʘʚʨʘʮʽʷ, 
ʢʘʧʽʪʘʣʴʥʠʡ ʨʝʤʦʥʪ ʦʙôʻʢʪʘ ʙʫʜʽʚʥʠʮʪʚʘ. 

ɿʛʽʜʥʦ ʜʦ ʥʦʨʤ ɼɹʅ ɸ.2.2-3:2014 çʉʢʣʘʜ ʪʘ ʟʤʽʩʪ ʧʨʦʝʢʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʥʘ ʙʫʜʽʚʥʠʮʪʚʦè [12] 
ʨʝʢʦʥʩʪʨʫʢʮʽʷ ï ʮʝ ʧʝʨʝʙʫʜʦʚʘ ʧʨʠʡʥʷʪʦʛʦ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʽʩʥʫʶʯʦʛʦ ʦʙôʻʢʪʘ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʟʤʽʥʫ 
ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ/ʘʙʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ 
ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʽʜʚʠʱʝʥʥʷ 
ʡʦʛʦ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʽʚʥʷ ʪʘ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ, ʧʦʣʽʧʰʝʥʥʷ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 
ʪʘ ʷʢʦʩʪʽ ʧʦʩʣʫʛ. 

ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ï ʮʝ ʢʦʤʧʣʝʢʩ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʜʝʤʦʥʪʘʞ 
ʘʙʦ ʤʦʥʪʘʞ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʤʝʪʦʶ ʨʦʟʰʠʨʝʥʥʷ ʧʣʦʱʽ ʘʙʦ ʧʝʨʝʧʣʘʥʫʚʘʥʥʷ ʞʠʪʣʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 
ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʦʪʨʝʙ ʚʣʘʩʥʠʢʽʚ. ʊʘʢʽ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʧʨʠʧʫʩʢʘʪʠ ʟʥʝʩʝʥʥʷ ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʙʫʜʽʚʝʣʴ, 
ʣʽʪʥʴʦʾ ʢʫʭʥʽ, ʧʦʚʥʘ ʟʤʽʥʘ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ ʙʫʜʠʥʢʫ, ʜʦʙʫʜʦʚʫ ʤʘʥʩʘʨʜ, ʤʦʥʪʘʞ ʜʦʜʘʪʢʦʚʠʭ 
ʚʽʢʦʥʥʠʭ, ʜʚʝʨʥʠʭ ʧʨʦʨʽʟʽʚ ʪʘ ʧʨʠʭʦʚʫʚʘʥʥʷ ʥʝʧʦʪʨʽʙʥʠʭ, ʜʦʙʫʜʦʚʫ ʥʦʚʠʭ ʢʽʤʥʘʪ ʪʘ ʩʧʦʨʫʜ.  

ʇʽʜʩʪʘʚʘʤʠ ʜʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʦʢʨʝʤʠʭ ʢʚʘʨʪʠʨ ʤʘʣʦʧʦʚʝʨʭʦʚʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʽʟ 
ʦʢʨʝʤʠʤʠ ʟʝʤʝʣʴʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʪʘ ʚʠʭʦʜʘʤʠ ʥʘ ʥʠʭ ʫ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ ʤʦʞʫʪʴ 
ʙʫʪʠ: 
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V ʧʨʦʚʝʜʝʥʥʷ ʫ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ ʧʦʨʷʜʢʫ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʤʘʣʦʧʦʚʝʨʭʦʚʦʛʦ 
ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʽʟ ʩʪʚʦʨʝʥʥʷʤ (ʧʦʜʽʣʦʤ) ʥʘ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʞʠʪʣʦʚʽ (ʩʘʜʠʙʥʽ) ʙʫʜʠʥʢʠ; 

V ʧʨʦʚʝʜʝʥʥʷ ʫ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ ʧʦʨʷʜʢʫ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʢʚʘʨʪʠʨʠ 
ʤʘʣʦʧʦʚʝʨʭʦʚʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʽʟ ʩʪʚʦʨʝʥʥʷʤ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʞʠʪʣʦʚʦʛʦ (ʩʘʜʠʙʥʦʛʦ) ʙʫʜʠʥʢʫ; 

V ʨʽʰʝʥʥʷ ʩʫʜʫ. 
ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʯʘʩʪʠʥʠ 5 ʩʪʘʪʪʽ 26 ɿʘʢʦʥʫ çʇʨʦ ʨʝʛʫʣʶʚʘʥʥʷ ʤʽʩʪʦʙʫʜʽʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽè [10] 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʙʫʜʽʚʥʠʮʪʚʦ ʦʙôʻʢʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʣʘʩʥʠʢʘʤʠ ʘʙʦ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ 
ʫ ʪʘʢʦʤʫ ʧʦʨʷʜʢʫ: 

1) ʦʪʨʠʤʘʥʥʷ ʟʘʤʦʚʥʠʢʦʤ ʘʙʦ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʦʤ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ; 
2) ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʝʢʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʫ ʚʠʧʘʜʢʘʭ, ʧʝʨʝʜʙʘʯʝʥʠʭ ʩʪʘʪʪʝʶ 31 

ʮʴʦʛʦ ɿʘʢʦʥʫ, ʾʾ ʝʢʩʧʝʨʪʠʟʠ; 
3) ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʨʦʝʢʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ; 
3-1) ʦʪʨʠʤʘʥʥʷ ʧʨʘʚʘ ʥʘ ʚʠʢʦʥʘʥʥʷ ʧʽʜʛʦʪʦʚʯʠʭ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ ʫ ʚʠʧʘʜʢʘʭ, ʚʠʟʥʘʯʝʥʠʭ 

ʮʠʤ ɿʘʢʦʥʦʤ; 
4) ʚʠʢʦʥʘʥʥʷ ʧʽʜʛʦʪʦʚʯʠʭ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ; 
4-1) ʜʝʨʞʘʚʥʘ ʨʝʻʩʪʨʘʮʽʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʤʘʡʥʦʚʦʛʦ ʧʨʘʚʘ ʥʘ ʦʙôʻʢʪ ʥʝʟʘʚʝʨʰʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ 

ʪʘ ʤʘʡʙʫʪʥʽʡ ʦʙôʻʢʪ ʥʝʨʫʭʦʤʦʩʪʽ ʫ ʚʠʧʘʜʢʘʭ, ʚʠʟʥʘʯʝʥʠʭ ʟʘʢʦʥʦʤ; 
4-2) ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʛʝʦʜʝʟʠʯʥʦʛʦ ʟʥʽʤʘʥʥʷ ʟʘʢʽʥʯʝʥʠʭ ʙʫʜʽʚʥʠʮʪʚʦʤ ʦʙôʻʢʪʽʚ (ʢʨʽʤ 

ʦʙôʻʢʪʽʚ, ʱʦ ʟʘ ʢʣʘʩʦʤ ʥʘʩʣʽʜʢʽʚ (ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ) ʥʘʣʝʞʘʪʴ ʜʦ ʦʙôʻʢʪʽʚ ʟ ʥʝʟʥʘʯʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ 
(ʉʉ1)) ʪʘ ʟʜʽʡʩʥʝʥʥʷ ʾʭ ʪʝʭʥʽʯʥʦʾ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ (ʢʨʽʤ ʦʙôʻʢʪʽʚ, ʧʝʨʝʣʽʢ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʮʝʥʪʨʘʣʴʥʠʤ 
ʦʨʛʘʥʦʤ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʫʻ ʜʝʨʞʘʚʥʫ ʧʦʣʽʪʠʢʫ ʫ ʩʬʝʨʽ 
ʙʫʜʽʚʥʠʮʪʚʘ, ʘʨʭʽʪʝʢʪʫʨʠ, ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ); 

5) ʧʨʠʡʥʷʪʪʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʟʘʢʽʥʯʝʥʠʭ ʙʫʜʽʚʥʠʮʪʚʦʤ ʦʙôʻʢʪʽʚ; 
6) ʜʝʨʞʘʚʥʘ ʨʝʻʩʪʨʘʮʽʷ ʧʨʘʚʘ ʚʣʘʩʥʦʩʪʽ ʥʘ ʟʘʢʽʥʯʝʥʠʡ ʙʫʜʽʚʥʠʮʪʚʦʤ ʪʘ ʧʨʠʡʥʷʪʠʡ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʫ ʚʠʧʘʜʢʘʭ, ʚʠʟʥʘʯʝʥʠʭ ʮʠʤ ɿʘʢʦʥʦʤ, ʦʙôʻʢʪ (ʡʦʛʦ ʩʢʣʘʜʦʚʫ). 
ɿʤʽʥʘ ʩʪʘʪʫʩʫ ʞʠʪʣʦʚʦʛʦ ʧʨʠʤʽʱʝʥʥʷ ʟ ʢʚʘʨʪʠʨʠ ʥʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʘʙʦ ʙʣʦʢʦʚʘʥʠʡ ʞʠʪʣʦʚʠʡ 

ʙʫʜʠʥʦʢ ʤʦʞʣʠʚʘ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʙôʻʢʪʘ ʦʟʥʘʢʘʤ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ (ʦʢʨʝʤʠʡ ʚʭʽʜ, 
ʚʣʘʩʥʽ ʢʦʤʫʥʽʢʘʮʽʾ, ʟʝʤʝʣʴʥʘ ʜʽʣʷʥʢʘ) ʪʘ ʙʝʟ ʧʦʨʫʰʝʥʥʷ ʧʨʘʚ ʽʥʰʠʭ ʩʧʽʚʚʣʘʩʥʠʢʽʚ. ɭʜʠʥʦʶ 
ʧʨʦʮʝʜʫʨʦʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʦʪʨʠʤʘʥʥʷ ʮʠʭ ʚʠʤʦʛ, ʚʠʩʪʫʧʘʻ ʨʝʢʦʥʩʪʨʫʢʮʽʷ. ɺʦʜʥʦʯʘʩ ʩʫʜʦʚʠʡ 
ʧʦʨʷʜʦʢ ʟʤʽʥʠ ʩʪʘʪʫʩʫ ʜʦʧʫʩʢʘʻʪʴʩʷ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʥʝʟʘʟʽʭʘʥʥʷ ʥʘ ʥʝʧʦʜʽʣʴʥʝ ʩʧʽʣʴʥʝ ʤʘʡʥʦ 
ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʙʫʜʠʥʢʫ. 

ʋ ʚʠʧʘʜʢʫ ʟʤʽʥʠ ʩʪʘʪʫʩʫ ʢʚʘʨʪʠʨʠ, ʯʝʨʝʟ ʷʢʫ ʧʨʦʭʦʜʷʪʴ ʽʥʞʝʥʝʨʥʽ ʢʦʤʫʥʽʢʘʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 
ʚʩʴʦʛʦ ʙʫʜʠʥʢʫ, ʚʠʥʠʢʘʻ ʨʠʟʠʢ ʧʦʨʫʰʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ: ʩʘʤʘ ʢʚʘʨʪʠʨʘ ʟʙʝʨʽʛʘʻ ʜʦʩʪʫʧ ʜʦ 
ʥʝʦʙʭʽʜʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʪʦʜʽ ʷʢ ʽʥʰʽ ʧʨʠʤʽʱʝʥʥʷ ʤʦʞʫʪʴ ʟʘʣʠʰʠʪʠʩʷ ʙʝʟ ʧʦʩʪʘʯʘʥʥʷ ʘʙʦ ʟʘʣʝʞʘʪʠ ʚʽʜ 
ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞ ʫ ʥʦʚʦʩʪʚʦʨʝʥʦʤʫ ʞʠʪʣʦʚʦʤʫ ʙʫʜʠʥʢʫ (ʢʚʘʨʪʠʨʽ ʟʽ ʟʤʽʥʝʥʠʤ ʩʪʘʪʫʩʦʤ). 

ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʟʫʤʦʚʣʶʻ ʢʦʨʠʛʫʚʘʥʥʷ ʜʘʥʠʭ ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ ʢʘʜʘʩʪʨʫ ʪʘ 
ʧʦʪʨʝʙʫʻ ʚʥʝʩʝʥʥʷ ʦʥʦʚʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɼʦ ʪʘʢʠʭ ʟʤʽʥ ʥʘʣʝʞʘʪʴ ʧʦʢʘʟʥʠʢʠ ʧʣʦʱʽ ʟʘʙʫʜʦʚʠ, ʟʘʛʘʣʴʥʦʾ 
ʧʣʦʱʽ ʙʫʜʽʚʣʽ, ʾʾ ʦʙôʻʤʫ ʪʘ ʢʽʣʴʢʦʩʪʽ ʧʦʚʝʨʭʽʚ. ʂʘʜʘʩʪʨʦʚʽ ʜʘʥʽ ʧʦʚʠʥʥʽ ʚʽʜʦʙʨʘʞʘʪʠ ʘʢʪʫʘʣʴʥʽ ʪʝʭʥʽʯʥʽ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʨʫʜʠ, ʚʢʣʶʯʘʶʯʠ ʚʠʢʦʨʠʩʪʘʥʽ ʤʘʪʝʨʽʘʣʠ, ʟʘʭʦʜʠ ʟ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 
ʪʘ ʩʪʨʫʢʪʫʨʥʽ ʤʦʜʠʬʽʢʘʮʽʾ, ʱʦ ʬʽʢʩʫʶʪʴʩʷ ʫ ʧʨʦʝʢʪʥʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ. 

ʂʨʽʤ ʪʦʛʦ, ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʟʤʽʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʙʫʜʽʚʣʽ, 
ʥʘʧʨʠʢʣʘʜ, ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʞʠʪʣʦʚʦʛʦ ʦʙôʻʢʪʘ ʫ ʢʦʤʝʨʮʽʡʥʠʡ. ʋ ʢʘʜʘʩʪʨʽ ʤʘʻ ʙʫʪʠ ʟʘʬʽʢʩʦʚʘʥʘ 
ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʠʜʘʥʽ ʜʦʟʚʦʣʠ ʯʠ ʧʦʜʘʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʱʦʜʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʜʘʪʘ ʟʘʚʝʨʰʝʥʥʷ 
ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʙʽʪ. ʆʥʦʚʣʝʥʥʷ ʤʽʩʪʦʙʫʜʽʚʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʾʾ ʧʨʠʚʝʜʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʦ ʯʠʥʥʠʭ 
ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʪʘ ʬʦʨʤʘʪʽʚ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʧʽʜʪʨʠʤʘʥʥʷ ʘʢʪʫʘʣʴʥʦʩʪʽ 
ʢʘʜʘʩʪʨʦʚʠʭ ʚʽʜʦʤʦʩʪʝʡ. 

 
ɺʠʩʥʦʚʢʠ. ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʻ ʜʠʥʘʤʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʱʦ ʚʠʢʣʠʢʘʻ ʮʽʣʠʡ ʨʷʜ ʟʤʽʥ ʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʙʫʜʽʚʣʽ ʪʘ ʾʾ ʧʨʘʚʦʚʦʤʫ ʩʪʘʪʫʩʽ. ʇʘʥʜʝʤʽʷ 2020 ʨʦʢʫ ʪʘ ʘʢʪʠʚʥʘ ʬʘʟʘ ʚʽʡʥʠ 2022 ʨʦʢʫ 
ʩʧʦʥʫʢʘʣʘ ʣʶʜʝʡ ʚʠʾʞʜʞʘʪʠ ʟ ʤʽʩʴʢʠʭ ʢʚʘʨʪʠʨ ʫ ʧʝʨʝʜʤʽʩʪʷ, ʰʫʢʘʶʯʠ ʽʥʜʠʚʽʜʫʘʣʴʥʝ ʞʠʪʣʦ ʟ ʜʽʣʷʥʢʦʶ. 
ʄʽʩʪʦʙʫʜʽʚʥʠʡ ʢʘʜʘʩʪʨ ʟʦʙʦʚôʷʟʘʥʠʡ ʬʽʢʩʫʚʘʪʠ ʟʤʽʥʠ ʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʙʫʜʽʚʣʽ, ʚʢʣʶʯʘʶʯʠ 
ʧʨʦʩʪʦʨʦʚʽ ʜʘʥʽ (ʧʣʘʥ, ʚʠʩʦʪʘ), ʘʪʨʠʙʫʪʠʚʥʽ ʜʘʥʽ (ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ) ʪʘ 
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ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʜʘʥʽ (ʜʦʟʚʦʣʠ, ʜʘʪʠ ʟʘʚʝʨʰʝʥʥʷ). ʈʝʛʫʣʷʨʥʝ ʦʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʻ ʢʨʠʪʠʯʥʦ 
ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʘʢʪʫʘʣʴʥʦʩʪʽ ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ ʢʘʜʘʩʪʨʫ ʜʣʷ ʮʽʣʝʡ ʤʽʩʴʢʦʛʦ 
ʧʣʘʥʫʚʘʥʥʷ.  

ˆʨʫʥʪʦʚʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʯʠʥʥʝ ʟʘʢʦʥʦʜʘʚʩʪʚʦ, ʤʠ ʚʠʦʢʨʝʤʠʣʠ ʜʚʘ ʰʣʷʭʠ ʧʝʨʝʚʝʜʝʥʥʷ 
ʢʚʘʨʪʠʨʠ ʚ ʤʘʣʦʧʦʚʝʨʭʦʚʦʤʫ ʞʠʪʣʦʚʦʤʫ ʙʫʜʠʥʢʫ ʚ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ: 

ü ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʟ ʧʦʜʽʣʦʤ ʥʘ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʞʠʪʣʦʚʽ ʙʫʜʠʥʢʠ: ʮʝʡ ʚʘʨʽʘʥʪ ʧʝʨʝʜʙʘʯʘʻ 
ʧʦʚʥʫ ʟʤʽʥʫ ʩʪʘʪʫʩʫ ʚʩʽʭ ʢʚʘʨʪʠʨ ʚ ʙʫʜʽʚʣʽ ʪʘ ʾʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʦʢʨʝʤʽ ʩʘʜʠʙʥʽ ʙʫʜʠʥʢʠ; 

ü ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʦʢʨʝʤʦʾ ʢʚʘʨʪʠʨʠ: ʎʝʡ ʚʘʨʽʘʥʪ ʧʝʨʝʜʙʘʯʘʻ ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʣʠʰʝ ʦʜʥʽʻʾ 
ʢʚʘʨʪʠʨʠ ʚ ʙʫʜʽʚʣʽ ʟ ʤʝʪʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʾʾ ʥʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʩʘʜʠʙʥʠʡ ʙʫʜʠʥʦʢ. 

ʆʩʢʽʣʴʢʠ ʟʘʨʘʟ ʬʦʨʤʫʻʪʴʩʷ ʄʽʩʪʦʙʫʜʽʚʥʠʡ ʢʦʜʝʢʩ, ʚʚʘʞʘʶ ʱʦ ʚʢʣʶʯʝʥʥʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 
ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʜʦ ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ ʢʘʜʘʩʪʨʫ ʋʢʨʘʾʥʠ ʻ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʪʘ 
ʥʝʦʙʭʽʜʥʠʤ ʢʨʦʢʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʥʦʪʠ, ʘʢʪʫʘʣʴʥʦʩʪʽ ʪʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʘʥʠʭ ʧʨʦ ʤʽʩʴʢʫ 
ʟʘʙʫʜʦʚʫ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʚʠʤʦʛʘʤʠ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʫ ʩʬʝʨʽ ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ, ʟʥʘʯʥʠʤ ʚʧʣʠʚʦʤ 
ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʽʚʝʣʴ ʪʘ ʤʽʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ, ʘ ʪʘʢʦʞ ʧʦʪʨʝʙʦʶ ʚ ʝʬʝʢʪʠʚʥʦʤʫ 
ʧʣʘʥʫʚʘʥʥʽ ʪʘ ʫʧʨʘʚʣʽʥʥʽ ʪʝʨʠʪʦʨʽʷʤʠ. ʈʝʻʩʪʨʘʮʽʷ ʨʝʢʦʥʩʪʨʫʢʮʽʡ ʩʧʨʠʷʻ ʜʦʪʨʠʤʘʥʥʶ ʙʫʜʽʚʝʣʴʥʠʭ 
ʥʦʨʤ ʽ ʧʨʘʚʠʣ, ʟʘʙʝʟʧʝʯʫʻ ʦʙʣʽʢ ʟʤʽʥ ʫ ʞʠʪʣʦʚʦʤʫ ʬʦʥʜʽ ʜʣʷ ʮʽʣʝʡ ʦʧʦʜʘʪʢʫʚʘʥʥʷ, ʧʣʘʥʫʚʘʥʥʷ 
ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʜʽʡ ʫ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ. ɯʩʥʫʶʯʘ ʧʨʘʚʦʚʘ ʪʘ ʧʨʦʮʝʜʫʨʥʘ ʙʘʟʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 
ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʧʽʜʢʨʝʩʣʶʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʮʠʭ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ ʜʦ ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ 
ʢʘʜʘʩʪʨʫ. ʎʝ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʶ ʧʨʦʟʦʨʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʤʽʩʴʢʠʤ 
ʨʦʟʚʠʪʢʦʤ ʚ ʋʢʨʘʾʥʽ. 
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Summary. The article aims to highlight the importance of including information about the 

reconstruction of individual residential houses in the Ukrainian urban cadastre. This inclusion is crucial due to 
its impact on building density, infrastructure needs, and the legal status of real estate.  

To conduct this study, several methods were employed, including a legal analysis of Ukrainian 
legislation (such as the Civil Code, the Law on Regulation of Urban Development Activities, and the Law on 
Peculiarities of Exercising Ownership Rights in Multi-Apartment Buildings). Additionally, state-building 
norms were reviewed, and an urban-planning analysis was performed on cases of apartment-to-house 
transformations.  

The research demonstrates that the reconstruction of residential buildings significantly alters their area, 
volume, number of floors, and functional purpose, thereby affecting the relevance of urban cadastre data. The 
study identifies the legal and technical foundations for transforming the status of apartments into detached 
houses, as well as the challenges associated with land privatization.  

A key contribution of this research is the proposed comprehensive approach to reconstruction. This 
approach views reconstruction not just as a technical modification but also as a transformation of legal status, 
necessitating systematic documentation in the urban cadastre. 

 The findings can be utilized to enhance cadastre maintenance procedures, ensure the accuracy of data 
for territorial development planning, and address co-ownership legal issues during land privatization processes.  

Future research should focus on developing methodological recommendations for recording 
reconstruction data in the urban cadastre and analyzing the socio-economic consequences of housing 
transformation in light of modern challenges, such as war. 

 
Keywords: urban cadastre, residential building reconstruction, individual residential house, land plot, 

legal status of real estate. 
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ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʪʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʷʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʩʪʨʫʢʪʫʨʠʟʘʮʽʶ ʽʥʜʠʢʘʪʦʨʽʚ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʟʘ ʙʣʦʢʘʤʠ: ʧʨʠʨʦʜʥʦ-ʨʝʩʫʨʩʥʠʡ, ʪʝʭʥʦʛʝʥʥʦ-

ʝʢʦʣʦʛʽʯʥʠʡ, ʩʦʮʽʘʣʴʥʦ-ʜʝʤʦʛʨʘʬʽʯʥʠʡ ʪʘ ʽʥʩʪʠʪʫʮʽʡʥʠʡ. ʉʬʦʨʤʦʚʘʥʦ ʧʝʨʝʣʽʢ ʢʣʶʯʦʚʠʭ ʢʽʣʴʢʽʩʥʠʭ ʪʘ 

ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʩʪʘʥʫ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʧʦʩʪʨʘʞʜʘʣʠʭ 

ʪʝʨʠʪʦʨʽʡ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ, ʪʘ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʾʭʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʢʨʝʩʣʝʥʦ ʤʦʞʣʠʚʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʽʥʜʠʢʘʪʦʨʽʚ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʚʽʜʥʦʚʣʝʥʥʷ, ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʚʠʪʢʫ 

ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʨʝʘʙʽʣʽʪʘʮʽʾ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʝʦʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ, ʧʦʩʪʨʘʞʜʘʣʽ ʪʝʨʠʪʦʨʽʾ, ʪʝʨʠʪʦʨʽʘʣʴʥʽ ʛʨʦʤʘʜʠ, 

ʽʥʜʠʢʘʪʦʨʠ, ʤʦʥʽʪʦʨʠʥʛ ʜʦʚʢʽʣʣʷ, ʽʥʪʝʛʨʘʣʴʥʘ ʦʮʽʥʢʘ. 

 

ɺʩʪʫʧ. ʇʦʜʽʾ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣʽʪʴ ʚ ʋʢʨʘʾʥʽ ï ʟʨʦʩʪʘʥʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʣʽʤʘʪʠʯʥʽ 

ʟʤʽʥʠ, ʘ ʪʘʢʦʞ ʧʦʚʥʦʤʘʩʰʪʘʙʥʘ ʚʽʡʩʴʢʦʚʘ ʘʛʨʝʩʽʷ ʨʬ ï ʧʨʠʟʚʝʣʠ ʜʦ ʩʫʪʪʻʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ ʜʣʷ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ. ɿʥʘʯʥʽ ʧʣʦʱʽ ʟʝʤʝʣʴ ʟʘʟʥʘʣʠ ʜʝʛʨʘʜʘʮʽʾ, ʟʘʙʨʫʜʥʝʥʥʷ 

ˇʨʫʥʪʽʚ, ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʨʫʡʥʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʱʦ 

ʦʙʫʤʦʚʣʶʻ ʬʦʨʤʫʚʘʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʛʝʦʝʢʦʣʦʛʽʯʥʠʭ ʟʘʛʨʦʟ. 

ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʧʨʦʙʣʝʤʘ ʨʦʟʨʦʙʣʝʥʥʷ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʧʦʩʪʨʘʞʜʘʣʠʭ ʪʝʨʠʪʦʨʽʡ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ. 

ʅʝʦʙʭʽʜʥʦʶ ʧʝʨʝʜʫʤʦʚʦʶ ʪʘʢʦʾ ʦʮʽʥʢʠ ʻ ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʽʥʜʠʢʘʪʦʨʽʚ, ʟʜʘʪʥʠʭ ʚʽʜʦʙʨʘʞʘʪʠ ʷʢ 

ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢ ʽ ʜʠʥʘʤʽʢʫ ʨʠʟʠʢʽʚ ʜʣʷ ʥʘʩʝʣʝʥʥʷ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ 

ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ. 

ʅʘʷʚʥʽ ʤʝʪʦʜʠʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʯʘʩʪʦ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʠʡ ʘʙʦ 

ʨʝʛʽʦʥʘʣʴʥʠʡ ʨʽʚʝʥʴ ʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʧʨʦʩʪʦʨʦʚʫ ʜʠʬʝʨʝʥʮʽʘʮʽʶ ʚʧʣʠʚʽʚ ʫ ʤʝʞʘʭ ʦʢʨʝʤʠʭ ʛʨʦʤʘʜ, 

ʩʧʝʮʠʬʽʢʫ ʣʦʢʘʣʴʥʠʭ ʚʠʜʽʚ ʟʘʙʨʫʜʥʝʥʥʷ, ʥʘʩʣʽʜʢʠ ʙʦʡʦʚʠʭ ʜʽʡ ʪʘ ʚʪʦʨʠʥʥʽ ʝʬʝʢʪʠ (ʤʽʛʨʘʮʽʷ ʥʘʩʝʣʝʥʥʷ, 

ʟʤʽʥʘ ʩʪʨʫʢʪʫʨʠ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, ʨʫʡʥʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ ʪʦʱʦ). ʎʝ ʫʩʢʣʘʜʥʶʻ ʧʨʠʡʥʷʪʪʷ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʥʘ ʨʽʚʥʽ ʦʨʛʘʥʽʚ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ. 

ʆʪʞʝ, ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʪʘ ʧʨʘʢʪʠʯʥʦʶ ʟʘʜʘʯʝʶ ʻ ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʽʥʜʠʢʘʪʦʨʽʚ 

ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʧʦʩʪʨʘʞʜʘʣʠʭ ʪʝʨʠʪʦʨʽʡ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ, ʘʜʘʧʪʦʚʘʥʦʾ ʜʦ ʫʤʦʚ ʋʢʨʘʾʥʠ 

ʪʘ ʧʨʠʜʘʪʥʦʾ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʚ ʤʽʩʮʝʚʽ ʩʪʨʘʪʝʛʽʾ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʚʠʪʢʫ ʡ ʚʽʜʥʦʚʣʝʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʦ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽ ʘʢʪʠ ʋʢʨʘʾʥʠ ʪʘ 

ʤʽʞʥʘʨʦʜʥʽ ʜʦʢʫʤʝʥʪʠ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʦʭʦʨʦʥʫ ʜʦʚʢʽʣʣʷ, ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʩʪʨʘʞʜʘʣʠʭ ʪʝʨʠʪʦʨʽʡ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʝʢʦʣʦʛʽʯʥʠʤʠ ʨʠʟʠʢʘʤʠ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʪʠʯʥʽ ʟʚʽʪʠ, ʥʘʫʢʦʚʽ ʧʫʙʣʽʢʘʮʽʾ ʪʘ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ 

ʱʦʜʦ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʚʧʣʠʚʫ. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʢʣʶʯʘʶʪʴ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʽʥʜʠʢʘʪʦʨʽʚ, ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʶʚʘʥʥʷ 

ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʨʠʟʠʢʽʚ, ʘ ʪʘʢʦʞ ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʙʝʟʧʝʢʠ ʧʦʩʪʨʘʞʜʘʣʠʭ 

ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ. 
ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʬʦʨʤʫʚʘʥʥʷ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʽʥʜʠʢʘʪʦʨʽʚ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ 

ʙʝʟʧʝʢʠ ʧʦʩʪʨʘʞʜʘʣʠʭ ʪʝʨʠʪʦʨʽʡ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ ʪʘ ʦʢʨʝʩʣʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 
ʧʨʘʢʪʠʮʽ ʤʽʩʮʝʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʡ ʧʣʘʥʫʚʘʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 
1. ʋʪʦʯʥʠʪʠ ʟʤʽʩʪ ʧʦʥʷʪʪʷ çʛʝʦʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʧʦʩʪʨʘʞʜʘʣʠʭ ʪʝʨʠʪʦʨʽʡ 

ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜè ʪʘ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʛʨʫʧʠ ʟʘʛʨʦʟ. 
2. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽʩʥʫʶʯʽ ʧʽʜʭʦʜʠ ʜʦ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʽʥʜʠʢʘʪʦʨʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʥʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʪʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʷʭ. 
3. ɿʘʧʨʦʧʦʥʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ ʽʥʜʠʢʘʪʦʨʽʚ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʧʦʩʪʨʘʞʜʘʣʠʭ 

ʪʝʨʠʪʦʨʽʡ ʟʘ ʦʩʥʦʚʥʠʤʠ ʙʣʦʢʘʤʠ. 
4. ʉʬʦʨʤʫʚʘʪʠ ʧʝʨʝʣʽʢ ʢʣʶʯʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ (ʢʽʣʴʢʽʩʥʠʭ ʪʘ ʷʢʽʩʥʠʭ) ʜʣʷ ʢʦʞʥʦʛʦ ʙʣʦʢʫ, 

ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʨʽʚʥʽ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ. 
5. ʅʘʚʝʩʪʠ ʧʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʫ ʚʠʛʣʷʜʽ ʫʟʘʛʘʣʴʥʶʶʯʠʭ ʪʘʙʣʠʮʴ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʩʠʩʪʝʤʠ ʽʥʜʠʢʘʪʦʨʽʚ ʚ ʧʨʦʮʝʩʠ ʧʣʘʥʫʚʘʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ 
ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʚʠʪʢʫ ʛʨʦʤʘʜ. 
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ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ʇʠʪʘʥʥʷ ʪʝʦʨʽʾ ʡ ʧʨʘʢʪʠʢʠ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ 

ʨʦʟʨʦʙʣʷʣʠʩʷ ʙʘʛʘʪʴʤʘ ʚʽʪʯʠʟʥʷʥʠʤʠ ʪʘ ʟʘʨʫʙʽʞʥʠʤʠ ʥʘʫʢʦʚʮʷʤʠ. ɺʘʞʣʠʚʠʤʠ ʢʦʥʮʝʧʪʫʘʣʴʥʠʤʠ 

ʟʘʩʘʜʘʤʠ ʩʪʘʣʠ ʧʨʠʥʮʠʧʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʨʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʫ 

ʜʦʧʦʚʽʜʷʭ ʪʘ ʜʦʢʫʤʝʥʪʘʭ ʆʆʅ, ʇʨʦʛʨʘʤʠ ʆʆʅ ʟ ʜʦʚʢʽʣʣʷ (UNEP), ɺʩʝʩʚʽʪʥʴʦʛʦ ʙʘʥʢʫ ʪʘ ʽʥʰʠʭ 

ʤʽʞʥʘʨʦʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ [1ï2]. 

ɺ ʤʽʞʥʘʨʦʜʥʽʡ ʧʨʘʢʪʠʮʽ ʥʘʙʫʣʠ ʧʦʰʠʨʝʥʥʷ ʧʽʜʭʦʜʠ ʜʦ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʽʥʜʠʢʘʪʦʨʽʚ ʜʦʚʢʽʣʣʷ, 

ʟʦʢʨʝʤʘ ʤʦʜʝʣʴ DPSIR (Driving forces ï Pressures ï State ï Impact ï Responses), ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ɭʚʨʦʧʝʡʩʴʢʠʤ ʘʛʝʥʪʩʪʚʦʤ ʟ ʜʦʚʢʽʣʣʷ [3]. ɼʣʷ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʥʘʙʦʨʠ ʽʥʜʠʢʘʪʦʨʽʚ ʷʢ ʥʘ ʛʣʦʙʘʣʴʥʦʤʫ, ʪʘʢ ʽ ʥʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʽ [4]. 

ʋ ʚʽʪʯʠʟʥʷʥʽʡ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʧʠʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʨʦʟʛʣʷʜʘʣʠʩʷ 

ʚ ʨʦʙʦʪʘʭ, ʧʨʠʩʚʷʯʝʥʠʭ ʦʮʽʥʶʚʘʥʥʶ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʪʘʥʫ ʧʨʠʨʦʜʥʦ-ʨʝʩʫʨʩʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ, ʧʨʦʩʪʦʨʦʚʦʤʫ ʧʣʘʥʫʚʘʥʥʶ, ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʡ [5-8]. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟôʷʚʣʷʶʪʴʩʷ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʦʮʽʥʢʫ ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʚʦʻʥʥʠʭ ʜʽʡ, ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʪʘ ʚʦʜ 

ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʤʠ ʧʨʝʜʤʝʪʘʤʠ, ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ, ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ, ʨʫʡʥʫʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤ [9]. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʙʽʣʴʰʽʩʪʴ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ [7, 8] ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʠʡ/ʨʝʛʽʦʥʘʣʴʥʠʡ 

ʨʽʚʝʥʴ ʽ ʥʝ ʜʝʪʘʣʽʟʦʚʘʥʽ ʜʦ ʤʘʩʰʪʘʙʫ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ. ɯʥʰʽ [10, 11] ʤʘʶʪʴ ʛʘʣʫʟʝʚʠʡ ʭʘʨʘʢʪʝʨ 

(ʥʘʧʨʠʢʣʘʜ, ʦʮʽʥʢʘ ʩʪʘʥʫ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ˇʨʫʥʪʽʚ, ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ) ʙʝʟ ʽʥʪʝʛʨʘʮʽʾ ʚ ʻʜʠʥʫ 

ʩʠʩʪʝʤʫ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʧʦʩʪʨʘʞʜʘʣʠʭ ʪʝʨʠʪʦʨʽʡ. ɺ ʨʦʙʦʪʘʭ [12, 13] ʥʝʜʦʩʪʘʪʥʴʦ ʚʨʘʭʦʚʫʶʪʴ 

ʩʦʮʽʘʣʴʥʦ-ʜʝʤʦʛʨʘʬʽʯʥʽ ʪʘ ʽʥʩʪʠʪʫʮʽʡʥʽ ʘʩʧʝʢʪʠ ʙʝʟʧʝʢʠ, ʱʦ ʻ ʢʣʶʯʦʚʠʤʠ ʜʣʷ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ 

ʫ ʧʨʦʮʝʩʽ ʚʽʜʥʦʚʣʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʷʚʥʽ ʥʘʧʨʘʮʶʚʘʥʥʷ ʩʪʚʦʨʶʶʪʴ ʪʝʦʨʝʪʠʯʥʫ ʙʘʟʫ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʩʠʩʪʝʤʠ 

ʽʥʜʠʢʘʪʦʨʽʚ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʘʣʝ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʚʠʨʽʰʝʥʠʤʠ ʧʠʪʘʥʥʷ ʘʜʘʧʪʘʮʽʾ ʮʠʭ ʽʥʜʠʢʘʪʦʨʽʚ 

ʜʦ ʩʧʝʮʠʬʽʢʠ ʧʦʩʪʨʘʞʜʘʣʠʭ ʪʝʨʠʪʦʨʽʡ ʪʘ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʧʦʪʨʝʙ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɻʝʦʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʧʦʩʪʨʘʞʜʘʣʠʭ ʪʝʨʠʪʦʨʽʡ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ 

ʛʨʦʤʘʜ ʻ ʽʥʪʝʛʨʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʨʽʚʝʥʴ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ 

ʜʣʷ ʥʘʩʝʣʝʥʥʷ, ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʟʘ ʫʤʦʚ ʜʽʾ ʷʢ ʪʨʘʜʠʮʽʡʥʠʭ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʯʠʥʥʠʢʽʚ, ʪʘʢ ʽ ʩʧʝʮʠʬʽʯʥʠʭ ʚʧʣʠʚʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʚʦʻʥʥʠʤʠ ʜʽʷʤʠ. ʋ ʩʫʯʘʩʥʠʭ 

ʚʽʪʯʠʟʥʷʥʠʭ ʨʝʘʣʽʷʭ ʚʦʻʥʥʠʡ ʬʘʢʪʦʨ ʩʫʪʪʻʚʦ ʪʨʘʥʩʬʦʨʤʫʚʘʚ ʩʪʨʫʢʪʫʨʫ ʨʠʟʠʢʽʚ, ʤʘʩʰʪʘʙ ʽ ʛʣʠʙʠʥʫ 

ʛʝʦʝʢʦʣʦʛʽʯʥʠʭ ʧʦʨʫʰʝʥʴ, ʱʦ ʦʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ ï ʨʽʚʥʽ 

ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ. ʋ ʤʝʞʘʭ ʛʨʦʤʘʜ ʧʦʻʜʥʫʶʪʴʩʷ ʧʦʰʢʦʜʞʝʥʽ ʧʨʦʤʠʩʣʦʚʽ ʦʙôʻʢʪʠ, ʟʨʫʡʥʦʚʘʥʘ 

ʞʠʪʣʦʚʘ ʟʘʙʫʜʦʚʘ, ʟʘʤʽʥʦʚʘʥʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛʽʜʜʷ, ʜʝʛʨʘʜʦʚʘʥʽ ʣʽʩʦʚʽ ʤʘʩʠʚʠ, ʬʨʘʛʤʝʥʪʦʚʘʥʽ 

ʧʨʠʨʦʜʥʽ ʝʢʦʩʠʩʪʝʤʠ, ʱʦ ʩʪʚʦʨʶʻ ʩʢʣʘʜʥʫ ʤʦʟʘʾʢʫ ʟʦʥ ʥʝʙʝʟʧʝʢʠ ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ɿʘʟʥʘʯʝʥʽ 

ʥʘʩʣʽʜʢʠ ʟʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʧʠʩʦʚʦʛʦ ʘʥʘʣʽʟʫ ʩʠʪʫʘʮʽʾ ʪʘ ʨʦʟʨʦʙʢʠ ʬʦʨʤʘʣʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʽʥʜʠʢʘʪʦʨʽʚ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʦʙôʻʢʪʠʚʥʦ ʦʮʽʥʶʚʘʪʠ ʩʪʘʥ ʪʝʨʠʪʦʨʽʡ, ʟʜʽʡʩʥʶʚʘʪʠ 

ʧʦʨʽʚʥʷʥʥʷ ʤʽʞ ʛʨʦʤʘʜʘʤʠ, ʚʽʜʩʪʝʞʫʚʘʪʠ ʜʠʥʘʤʽʢʫ ʪʘ ʧʣʘʥʫʚʘʪʠ ʟʘʭʦʜʠ ʚʽʜʥʦʚʣʝʥʥʷ. 

ʇʦʩʪʨʘʞʜʘʣʽ ʪʝʨʠʪʦʨʽʾ ʚʠʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʧʨʠʨʦʜʥʠʭ ʣʘʥʜʰʘʬʪʽʚ. ʄʝʭʘʥʽʯʥʝ ʨʫʡʥʫʚʘʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʫʥʘʩʣʽʜʦʢ ʦʙʩʪʨʽʣʽʚ, ʚʠʙʫʭʽʚ, 

ʙʫʜʽʚʝʣʴʥʠʭ ʦʙʚʘʣʽʚ, ʨʠʪʪʷ ʦʢʦʧʽʚ ʽ ʪʨʘʥʰʝʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷʤ ʯʠʩʣʝʥʥʠʭ ʪʝʭʥʦʛʝʥʥʠʭ 

ʤʽʢʨʦʨʝʣʴʻʬʥʠʭ ʬʦʨʤ ð ʚʦʨʦʥʦʢ, ʥʘʩʠʧʽʚ, ʚʧʘʜʠʥ, ʪʝʭʥʦʛʝʥʥʠʭ ʩʭʠʣʽʚ. ʊʘʢʽ ʬʦʨʤʠ ʩʧʨʠʯʠʥʷʶʪʴ 

ʟʤʽʥʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ, ʣʦʢʘʣʴʥʝ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʘʙʦ, ʥʘʚʧʘʢʠ, ʥʘʜʤʽʨʥʝ ʚʠʩʫʰʫʚʘʥʥʷ ˇʨʫʥʪʽʚ, 

ʫʪʚʦʨʝʥʥʷ ʟʘʩʪʽʡʥʠʭ ʚʦʜ, ʱʦ ʩʧʨʠʷʻ ʥʘʢʦʧʠʯʝʥʥʶ ʟʘʙʨʫʜʥʶʚʘʯʽʚ. ʇʦʨʫʰʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ˇʨʫʥʪʦʚʠʭ 

ʛʦʨʠʟʦʥʪʽʚ, ʨʫʡʥʫʚʘʥʥʷ ʛʫʤʫʩʦʚʦʛʦ ʰʘʨʫ ʪʘ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʽʚ ʪʝʭʥʽʢʦʶ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

ʨʦʜʶʯʦʩʪʽ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʦʜʘʣʴʰʫ ʨʝʢʫʣʴʪʠʚʘʮʽʶ ʪʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʘʛʨʘʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ. 

ɼʦ ʩʫʪʦ ʤʝʭʘʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ ʜʦʜʘʻʪʴʩʷ ʭʽʤʽʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ. ɺʠʙʫʭʠ ʙʦʻʧʨʠʧʘʩʽʚ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʧʦʣʫʢ ʘʟʦʪʫ, ʩʽʨʢʠ, ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʦʨʛʘʥʽʯʥʠʭ 

ʪʦʢʩʠʢʘʥʪʽʚ. ʋ ʨʘʡʦʥʘʭ ʨʫʡʥʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʩʢʣʘʜʽʚ ʧʘʣʠʚʥʦ-ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʜʦ ˇʨʫʥʪʽʚ ʽ ʚʦʜ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘʬʪʦʧʨʦʜʫʢʪʠ, ʨʦʟʯʠʥʥʠʢʠ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʘʩʣʘ, ʨʝʘʛʝʥʪʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʽʡʢʠʭ ʧʣʷʤ 
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ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʤʦʞʫʪʴ ʤʽʛʨʫʚʘʪʠ ʚʛʣʠʙ ˇʨʫʥʪʦʚʦʛʦ ʧʨʦʬʽʣʶ ʪʘ ʚ ʧʽʜʟʝʤʥʽ ʚʦʜʠ. ɼʦʜʘʪʢʦʚʠʤ 

ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʻ ʨʫʾʥʠ ʙʫʜʽʚʝʣʴ, ʫ ʷʢʠʭ ʤʽʩʪʷʪʴʩʷ ʟʘʣʠʰʢʠ ʬʘʨʙ, ʣʘʢʽʚ, ʧʣʘʩʪʤʘʩ, ʧʦʣʽʤʝʨʽʚ, 

ʘʟʙʝʩʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʝʣʝʤʝʥʪʽʚ ʝʣʝʢʪʨʦʥʽʢʠ, ʱʦ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʪʘ ʩʧʘʣʶʚʘʥʥʽ ʧʝʨʝʭʦʜʷʪʴ ʫ ˇʨʫʥʪ, 

ʚʦʜʫ ʡ ʧʦʚʽʪʨʷ ʫ ʚʠʛʣʷʜʽ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʧʠʣʫ ʪʘ ʛʘʟʦʧʦʜʽʙʥʠʭ ʩʧʦʣʫʢ. 

ɺʘʞʣʠʚʠʤ ʩʧʝʮʠʬʽʯʥʠʤ ʯʠʥʥʠʢʦʤ ʜʣʷ ʙʘʛʘʪʴʦʭ ʛʨʦʤʘʜ ʋʢʨʘʾʥʠ ʻ ʤʽʥʥʦ-ʚʠʙʫʭʦʚʘ ʥʝʙʝʟʧʝʢʘ. 

ɿʘʤʽʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʥʘʷʚʥʽʩʪʴ ʥʝʨʦʟʽʨʚʘʥʠʭ ʙʦʻʧʨʠʧʘʩʽʚ, ʢʘʩʝʪʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʨʦʪʠʧʽʭʦʪʥʠʭ ʽ 

ʧʨʦʪʠʪʘʥʢʦʚʠʭ ʤʽʥ ʩʪʚʦʨʶʻ ʙʝʟʧʦʩʝʨʝʜʥʶ ʟʘʛʨʦʟʫ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʪʘ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʦʙʤʝʞʫʻ 

ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ʏʘʩʪʠʥʘ ʪʝʨʠʪʦʨʽʾ ʬʘʢʪʠʯʥʦ ʩʪʘʻ çʙʽʣʦʶ 

ʧʣʷʤʦʶè ʜʣʷ ʝʢʦʣʦʛʽʯʥʠʭ ʦʙʩʪʝʞʝʥʴ: ʜʦʩʪʫʧ ʪʫʜʠ ʦʙʤʝʞʝʥʠʡ, ʘ ʦʪʞʝ, ʜʘʥʽ ʧʨʦ ʨʝʘʣʴʥʠʡ ʩʪʘʥ ˇʨʫʥʪʽʚ, 

ʚʦʜ, ʨʦʩʣʠʥʥʦʩʪʽ ʟʘʣʠʰʘʶʪʴʩʷ ʬʨʘʛʤʝʥʪʘʨʥʠʤʠ. ʎʝ ʫʩʢʣʘʜʥʶʻ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʥʦʾ ʢʘʨʪʠʥʠ 

ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. ʇʣʦʱʘ ʟʘʤʽʥʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʱʽʣʴʥʽʩʪʴ ʣʦʢʘʣʽʟʘʮʽʾ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ 

ʧʨʝʜʤʝʪʽʚ, ʪʝʤʧʠ ʛʫʤʘʥʽʪʘʨʥʦʛʦ ʨʦʟʤʽʥʫʚʘʥʥʷ ʚʠʩʪʫʧʘʶʪʴ ʚʘʞʣʠʚʠʤʠ ʽʥʜʠʢʘʪʦʨʘʤʠ ʨʠʟʠʢʫ ʪʘ 

ʜʠʥʘʤʽʢʠ ʡʦʛʦ ʟʥʠʞʝʥʥʷ. 

ʉʫʪʪʻʚʦ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʽ ʩʪʨʫʢʪʫʨʘ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ. ʏʘʩʪʠʥʘ 

ʟʝʤʝʣʴ ʪʠʤʯʘʩʦʚʦ ʚʠʚʦʜʠʪʴʩʷ ʽʟ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʦʙʨʦʙʽʪʢʫ ʯʝʨʝʟ ʤʽʥʥʫ ʥʝʙʝʟʧʝʢʫ, 

ʟʘʙʨʫʜʥʝʥʥʷ, ʨʫʡʥʫʚʘʥʥʷ ʤʝʣʽʦʨʘʪʠʚʥʠʭ ʩʠʩʪʝʤ, ʚʪʨʘʪʫ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ. ɯʥʰʽ ʜʽʣʷʥʢʠ, 

ʥʘʚʧʘʢʠ, ʟʘʟʥʘʶʪʴ ʥʘʜʤʽʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʝʨʝʟ ʢʦʥʮʝʥʪʨʘʮʽʶ ʪʠʤʯʘʩʦʚʦʛʦ ʞʠʪʣʘ, ʩʢʣʘʜʽʚ, 

ʨʝʤʦʥʪʥʠʭ ʙʘʟ, ʧʫʥʢʪʽʚ ʣʦʛʽʩʪʠʢʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʜʦʚʢʽʣʣʷ, ʬʦʨʤʫʚʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʦʩʝʨʝʜʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʜʝʛʨʘʜʘʮʽʾ, ʷʢʽ ʥʝ ʟʘʚʞʜʠ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫ 

çʩʝʨʝʜʥʽʭ ʧʦ ʛʨʦʤʘʜʽè ʧʦʢʘʟʥʠʢʘʭ, ʘʣʝ ʻ ʢʨʠʪʠʯʥʠʤʠ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ ʦʢʨʝʤʠʭ ʩʽʣ, ʤʽʢʨʦʨʘʡʦʥʽʚ ʯʠ 

ʧʨʦʤʟʦʥ. 

ɺʦʜʥʽ ʨʝʩʫʨʩʠ ʧʦʩʪʨʘʞʜʘʣʠʭ ʛʨʦʤʘʜ ʟʤʽʥʶʶʪʴʩʷ ʥʝ ʣʠʰʝ ʟʘ ʷʢʽʩʥʠʤʠ, ʘ ʡ ʟʘ ʢʽʣʴʢʽʩʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʈʫʡʥʫʚʘʥʥʷ ʘʙʦ ʧʦʰʢʦʜʞʝʥʥʷ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ, ʜʘʤʙ, ʚʦʜʦʧʨʦʚʦʜʽʚ, 

ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʤʝʨʝʞ ʽ ʦʯʠʩʥʠʭ ʩʪʘʥʮʽʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʩʢʠʜʽʚ ʩʪʽʯʥʠʭ ʚʦʜ, ʚʪʨʘʪʠ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʩʪʽ ʨʝʞʠʤʫ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʟʤʽʥ ʫ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʤʘʣʠʭ ʨʽʯʦʢ, 

ʢʘʥʘʣʽʚ, ʩʪʘʚʢʽʚ. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʫ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʥʽ ʦʙôʻʢʪʠ ʧʦʪʨʘʧʣʷʶʪʴ ʟʤʽʰʘʥʽ ʧʦʪʦʢʠ 

ʧʦʙʫʪʦʚʠʭ, ʧʨʦʤʠʩʣʦʚʠʭ, ʜʦʱʦʚʠʭ ʩʪʽʯʥʠʭ ʚʦʜ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʝʚʪʨʦʬʽʢʘʮʽʶ, ʮʚʽʪʽʥʥʷ ʚʦʜʦʨʦʩʪʝʡ, 

ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ, ʟʘʛʠʙʝʣʴ ʽʭʪʽʦʬʘʫʥʠ ʪʘ ʽʥʰʠʭ ʛʽʜʨʦʙʽʦʥʪʽʚ. ʇʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ 

ʚʦʜʠ ʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʥʠʭ ʦʙôʻʢʪʘʭ ʧʦʙʣʠʟʫ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʩʪʘʥʽ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʷʢʽ ʯʘʩʪʦ ʩʣʫʛʫʶʪʴ ʜʞʝʨʝʣʦʤ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʯʝʨʝʟ ʢʦʣʦʜʷʟʽ ʪʘ ʩʚʝʨʜʣʦʚʠʥʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʛʽʨʰʝʥʥʷ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʦʜʠ ʩʪʘʻ ʥʝ ʣʠʰʝ ʝʢʦʣʦʛʽʯʥʦʶ, ʘ ʡ ʤʝʜʠʢʦ-ʩʦʮʽʘʣʴʥʦʶ 

ʧʨʦʙʣʝʤʦʶ, ʷʢʘ ʤʘʻ ʙʫʪʠ ʚʽʜʦʙʨʘʞʝʥʘ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʜʠʢʘʪʦʨʘʭ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 

ɸʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʥʘ ʧʦʩʪʨʘʞʜʘʣʠʭ ʪʝʨʠʪʦʨʽʷʭ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʧʠʣʫ, ʩʘʞʽ, ʦʢʩʠʜʽʚ ʘʟʦʪʫ, ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ, ʜʽʦʢʩʠʜʫ ʩʽʨʢʠ, ʣʝʪʢʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, 

ʫ ʪʦʤʫ ʯʠʩʣʽ ʢʘʥʮʝʨʦʛʝʥʥʠʭ. ɼʞʝʨʝʣʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʚʠʩʪʫʧʘʶʪʴ ʧʦʞʝʞʽ ʩʢʣʘʜʽʚ ʧʘʣʴʥʦʛʦ, 

ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ, ʣʽʩʽʚ ʽ ʩʫʭʦʾ ʨʦʩʣʠʥʥʦʩʪʽ, ʚʠʙʫʭʠ ʙʦʻʧʨʠʧʘʩʽʚ, ʪʨʘʥʩʧʦʨʪʥʽ ʧʦʪʦʢʠ, ʤʦʙʽʣʴʥʽ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, ʟʥʠʱʝʥʘ ʪʘ ʥʝʧʨʠʙʨʘʥʘ ʙʫʜʽʚʝʣʴʥʘ ʤʘʩʘ. ʅʘ ʪʣʽ ʟʤʝʥʰʝʥʥʷ ʧʣʦʱ ʟʝʣʝʥʠʭ 

ʥʘʩʘʜʞʝʥʴ ʫ ʤʽʩʪʘʭ ʽ ʩʝʣʘʭ (ʯʝʨʝʟ ʚʠʨʫʙʢʠ, ʧʦʞʝʞʽ, ʤʝʭʘʥʽʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʜʝʨʝʚ) ʟʥʠʞʫʻʪʴʩʷ 

ʟʜʘʪʥʽʩʪʴ ʣʘʥʜʰʘʬʪʽʚ ʜʦ ʦʩʘʜʞʝʥʥʷ ʧʠʣʫ ʡ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʬʦʨʤʫʶʪʴʩʷ ʩʚʦʻʨʽʜʥʽ 

çʢʠʰʝʥʽè ʟʘʙʨʫʜʥʝʥʥʷ, ʜʝ ʤʝʰʢʘʥʮʽ ʟʘʟʥʘʶʪʴ ʪʨʠʚʘʣʦʛʦ ʚʧʣʠʚʫ ʪʦʢʩʠʯʥʠʭ ʘʝʨʦʟʦʣʽʚ. ʋ ʩʠʩʪʝʤʽ 

ʽʥʜʠʢʘʪʦʨʽʚ ʜʦʮʽʣʴʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʩʝʨʝʜʥʴʦʨʽʯʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʩʥʦʚʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ (PM . , PM , 

NO , SO , CO), ʘ ʪʘʢʦʞ ʯʘʩʪʦʪʫ ʚʠʧʘʜʢʽʚ ʧʝʨʝʚʠʱʝʥʥʷ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʫ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʘʭ ʛʨʦʤʘʜʠ. 

ʉʦʮʽʘʣʴʥʦ-ʜʝʤʦʛʨʘʬʽʯʥʠʡ ʚʠʤʽʨ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʠʡ ʽʟ 

ʧʨʦʩʪʦʨʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ ʨʠʟʠʢʽʚ. ʅʘʩʝʣʝʥʥʷ, ʷʢʝ ʧʨʦʞʠʚʘʻ ʚ ʟʦʥʘʭ ʧʽʜʚʠʱʝʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʪʘʻ ʙʽʣʴʰ ʫʨʘʟʣʠʚʠʤ ʜʦ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ. ʎʝ ʥʘʩʘʤʧʝʨʝʜ 

ʩʪʦʩʫʻʪʴʩʷ ʜʽʪʝʡ, ʣʶʜʝʡ ʧʦʭʠʣʦʛʦ ʚʽʢʫ, ʚʘʛʽʪʥʠʭ ʞʽʥʦʢ, ʦʩʽʙ ʟ ʭʨʦʥʽʯʥʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ, ʚʥʫʪʨʽʰʥʴʦ 

ʧʝʨʝʤʽʱʝʥʠʭ ʦʩʽʙ, ʷʢʽ ʯʘʩʪʦ ʤʝʰʢʘʶʪʴ ʫ ʪʠʤʯʘʩʦʚʠʭ ʘʙʦ ʥʝʜʦʩʪʘʪʥʴʦ ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʪʨʠʚʘʣʦʛʦ 

ʧʨʦʞʠʚʘʥʥʷ ʧʨʠʤʽʱʝʥʥʷʭ. ɺʠʩʦʢʘ ʱʽʣʴʥʽʩʪʴ ʧʨʦʞʠʚʘʥʥʷ ʚ ʨʘʡʦʥʘʭ ʽʟ ʟʘʙʨʫʜʥʝʥʠʤ ʧʦʚʽʪʨʷʤ, 

ʟʘʙʨʫʜʥʝʥʦʶ ʚʦʜʦʶ, ʚʽʜʩʫʪʥʽʩʪʶ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʪʘ ʨʝʢʨʝʘʮʽʡʥʠʭ ʧʨʦʩʪʦʨʽʚ ʚʝʜʝ ʜʦ ʟʨʦʩʪʘʥʥʷ ʨʽʚʥʷ 
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ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʥʘ ʭʚʦʨʦʙʠ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ, ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʽ ʪʘ ʧʩʠʭʦʩʦʤʘʪʠʯʥʽ ʨʦʟʣʘʜʠ. ʎʽ ʧʦʢʘʟʥʠʢʠ 

ʤʘʶʪʴ ʚʢʣʶʯʘʪʠʩʷ ʜʦ ʩʠʩʪʝʤʠ ʽʥʜʠʢʘʪʦʨʽʚ ʷʢ ʪʘʢʽ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʧʣʠʚ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʥʘ ʟʜʦʨʦʚôʷ 

ʥʘʩʝʣʝʥʥʷ. 

ɯʥʩʪʠʪʫʮʽʡʥʠʡ ʚʠʤʽʨ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʚʽʜʦʙʨʘʞʘʻ ʩʧʨʦʤʦʞʥʽʩʪʴ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ 

ʫʧʨʘʚʣʷʪʠ ʝʢʦʣʦʛʽʯʥʠʤʠ ʨʠʟʠʢʘʤʠ, ʧʣʘʥʫʚʘʪʠ ʡ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʟʘʭʦʜʠ ʟ ʚʽʜʥʦʚʣʝʥʥʷ, ʚʝʩʪʠ ʩʠʩʪʝʤʥʠʡ 

ʤʦʥʽʪʦʨʠʥʛ ʜʦʚʢʽʣʣʷ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʫʯʘʩʪʴ ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʚ ʫʭʚʘʣʝʥʥʽ ʨʽʰʝʥʴ. ʅʘʷʚʥʽʩʪʴ 

ʩʪʨʘʪʝʛʽʯʥʠʭ ʜʦʢʫʤʝʥʪʽʚ (ʩʪʨʘʪʝʛʽʡ ʨʦʟʚʠʪʢʫ ʛʨʦʤʘʜʠ, ʧʣʘʥʽʚ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʚʠʪʢʫ, ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʨʦʛʨʘʤ, ʧʣʘʥʽʚ ʜʽʡ ʱʦʜʦ ʟʤʽʥ ʢʣʽʤʘʪʫ, ʧʨʦʛʨʘʤ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ), ʨʝʘʣʴʥʠʡ ʨʽʚʝʥʴ ʾʭ 

ʽʤʧʣʝʤʝʥʪʘʮʽʾ, ʦʙʩʷʛʠ ʬʽʥʘʥʩʫʚʘʥʥʷ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ ʽʟ ʤʽʩʮʝʚʦʛʦ ʙʶʜʞʝʪʫ, ʢʽʣʴʢʽʩʪʴ ʪʘ 

ʷʢʽʩʪʴ ʨʝʘʣʽʟʦʚʘʥʠʭ ʧʨʦʻʢʪʽʚ ʟ ʨʝʢʫʣʴʪʠʚʘʮʽʾ, ʨʦʟʤʽʥʫʚʘʥʥʷ, ʚʽʜʥʦʚʣʝʥʥʷ ʣʽʩʽʚ, ʤʘʣʠʭ ʨʽʯʦʢ, ʟʝʣʝʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʤʘʻ ʙʫʪʠ ʧʝʨʝʚʝʜʝʥʦ ʚ ʩʠʩʪʝʤʫ ʽʥʜʠʢʘʪʦʨʽʚ, ʱʦ ʚʠʤʽʨʶʶʪʴ çʫʧʨʘʚʣʽʥʩʴʢʫ ʚʽʜʧʦʚʽʜʴè 

ʥʘ ʛʝʦʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ. 

ɿ ʤʝʪʦʶ ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʘ ʫʥʽʬʽʢʘʮʽʾ ʥʘʚʝʜʝʥʠʭ ʘʩʧʝʢʪʽʚ ʜʦʮʽʣʴʥʦ ʬʦʨʤʫʚʘʪʠ ʩʠʩʪʝʤʫ 

ʽʥʜʠʢʘʪʦʨʽʚ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʧʦʩʪʨʘʞʜʘʣʠʭ ʪʝʨʠʪʦʨʽʡ ʟʘ ʙʣʦʢʦʚʠʤ ʧʨʠʥʮʠʧʦʤ, ʚʠʜʽʣʷʶʯʠ 

ʧʨʠʨʦʜʥʦ-ʨʝʩʫʨʩʥʠʡ, ʪʝʭʥʦʛʝʥʥʦ-ʝʢʦʣʦʛʽʯʥʠʡ, ʩʦʮʽʘʣʴʥʦ-ʜʝʤʦʛʨʘʬʽʯʥʠʡ ʪʘ ʽʥʩʪʠʪʫʮʽʡʥʠʡ ʙʣʦʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʦʾ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʽʥʜʠʢʘʪʦʨʽʚ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʧʦʩʪʨʘʞʜʘʣʠʭ 

ʪʝʨʠʪʦʨʽʡ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ 

Table 1 ï Results of systematization of geoecological safety indicators of affected territories of the 

territorial community 

 
ɹʣʦʢ ʇʽʜʙʣʦʢ / 

ʘʩʧʝʢʪ 

ɯʥʜʠʢʘʪʦʨ ʆʜʠʥʠʮʷ 

ʚʠʤʽʨʫ 

ʊʠʧ ʽʥʜʠʢʘʪʦʨʘ 

(ʩʪʘʥ / ʪʠʩʢ / 

ʚʧʣʠʚ / ʚʽʜʧʦʚʽʜʴ) 

1 2 3 4 5 

ʇʨʠʨʦʜʥʦ-

ʨʝʩʫʨʩʥʠʡ 

ɿʝʤʝʣʴʥʽ 

ʨʝʩʫʨʩʠ 

ʏʘʩʪʢʘ ʜʝʛʨʘʜʦʚʘʥʠʭ ʪʘ 

ʟʘʙʨʫʜʥʝʥʠʭ ʟʝʤʝʣʴ ʫ ʟʘʛʘʣʴʥʽʡ 

ʧʣʦʱʽ ʛʨʦʤʘʜʠ 

% ʩʪʘʥ 

ʇʨʠʨʦʜʥʦ-

ʨʝʩʫʨʩʥʠʡ 

ɿʝʤʝʣʴʥʽ 

ʨʝʩʫʨʩʠ 

ʇʣʦʱʘ ʟʘʤʽʥʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ 
ʛʘ ʪʠʩʢ/ʨʠʟʠʢ 

ʇʨʠʨʦʜʥʦ-

ʨʝʩʫʨʩʥʠʡ 

ɺʦʜʥʽ ʨʝʩʫʨʩʠ ʗʢʽʩʪʴ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ (ʢʣʘʩ ʟʘ 

ʽʥʜʝʢʩʦʤ ʷʢʦʩʪʽ) 
ʢʣʘʩ ʩʪʘʥ 

ʇʨʠʨʦʜʥʦ-

ʨʝʩʫʨʩʥʠʡ 

ɸʪʤʦʩʬʝʨʥʝ 

ʧʦʚʽʪʨʷ 

ʉʝʨʝʜʥʴʦʨʽʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

PM .  ʫ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ 
ʤʢʛ/ʤį ʩʪʘʥ 

ʊʝʭʥʦʛʝʥʥʦ-

ʝʢʦʣʦʛʽʯʥʠʡ 

ɼʞʝʨʝʣʘ 

ʟʘʙʨʫʜʥʝʥʥʷ 

ʂʽʣʴʢʽʩʪʴ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ 

ʦʙôʻʢʪʽʚ 
ʦʜ. ʪʠʩʢ 

ʊʝʭʥʦʛʝʥʥʦ-

ʝʢʦʣʦʛʽʯʥʠʡ 

ɺʽʜʭʦʜʠ ʆʙʩʷʛ ʫʪʚʦʨʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʪʘ 

ʥʝʙʝʟʧʝʯʥʠʭ ʚʽʜʭʦʜʽʚ 
ʪ/ʨʽʢ ʪʠʩʢ 

ʉʦʮʽʘʣʴʥʦ-

ʜʝʤʦʛʨʘʬʽʯʥʠʡ 

ʈʠʟʠʢʠ ʜʣʷ 

ʥʘʩʝʣʝʥʥʷ 

ʏʠʩʝʣʴʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʚ ʟʦʥʘʭ 

ʧʽʜʚʠʱʝʥʦʛʦ ʨʠʟʠʢʫ 
ʦʩʽʙ ʚʧʣʠʚ 

ʉʦʮʽʘʣʴʥʦ-

ʜʝʤʦʛʨʘʬʽʯʥʠʡ 

ɿʜʦʨʦʚôʷ ɿʘʭʚʦʨʶʚʘʥʽʩʪʴ ʥʘ ʭʚʦʨʦʙʠ 

ʜʠʭʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʚʠʧʘʜʢʽʚ ʥʘ 

100 ʪʠʩ. ʦʩʽʙ 
ʚʧʣʠʚ 

ɯʥʩʪʠʪʫʮʽʡʥʠʡ ʋʧʨʘʚʣʽʥʥʷ ʅʘʷʚʥʽʩʪʴ ʟʘʪʚʝʨʜʞʝʥʦʾ ʧʨʦʛʨʘʤʠ 

ʟ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ (0 ï ʥʽ, 1 ï 

ʪʘʢ) 

0/1 ʚʽʜʧʦʚʽʜʴ 

ɯʥʩʪʠʪʫʮʽʡʥʠʡ ʌʽʥʘʥʩʠ ʆʙʩʷʛ ʬʽʥʘʥʩʫʚʘʥʥʷ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ ʽʟ 

ʤʽʩʮʝʚʦʛʦ ʙʶʜʞʝʪʫ ʥʘ ʜʫʰʫ 

ʥʘʩʝʣʝʥʥʷ 

ʛʨʥ/ʦʩʦʙʫ ʚʽʜʧʦʚʽʜʴ 
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ʅʘ ʧʨʘʢʪʠʮʽ ʨʝʘʣʽʟʘʮʽʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʽʥʜʠʢʘʪʦʨʽʚ ʧʦʪʨʝʙʫʻ ʯʽʪʢʦ ʦʨʛʘʥʽʟʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʟʙʦʨʫ, 
ʦʙʨʦʙʢʠ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʬʦʨʤʫʻʪʴʩʷ ʧʝʨʝʣʽʢ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ: 
ʦʬʽʮʽʡʥʘ ʜʝʨʞʘʚʥʘ ʩʪʘʪʠʩʪʠʢʘ, ʟʚʽʪʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚ, ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʜʝʨʞʘʚʥʠʭ ʽ 
ʨʝʛʽʦʥʘʣʴʥʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ, ʤʘʪʝʨʽʘʣʠ ʝʢʦʣʦʛʽʯʥʠʭ ʦʙʩʪʝʞʝʥʴ, ʜʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 
ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ, ʤʝʜʠʯʥʘ ʩʪʘʪʠʩʪʠʢʘ, ʚʽʜʦʤʦʩʪʽ ʩʣʫʞʙ ʟ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʤʘʪʝʨʽʘʣʠ 
ʛʨʦʤʘʜʩʴʢʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʛʨʦʤʘʜʩʴʢʠʭ ʽʥʽʮʽʘʪʠʚ. ʆʩʦʙʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ 
ʩʠʩʪʝʤʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʣʦʢʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʚ ʧʨʦʩʪʦʨʽ ʪʘ ʙʫʜʫʚʘʪʠ ʢʘʨʪʠ ʨʠʟʠʢʽʚ. 

ɼʨʫʛʠʤ ʝʪʘʧʦʤ ʻ ʥʦʨʤʫʚʘʥʥʷ ʧʝʨʚʠʥʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʆʩʢʽʣʴʢʠ ʽʥʜʠʢʘʪʦʨʠ ʚʠʤʽʨʶʶʪʴʩʷ ʚ 
ʨʽʟʥʠʭ ʦʜʠʥʠʮʷʭ (ʚʽʜ ʚʽʜʩʦʪʢʽʚ ʽ ʛʝʢʪʘʨʽʚ ʜʦ ʤʽʢʨʦʛʨʘʤʽʚ ʥʘ ʢʫʙʽʯʥʠʡ ʤʝʪʨ ʯʠ ʛʨʠʚʝʥʴ ʥʘ ʦʩʦʙʫ), ʚʠʥʠʢʘʻ 
ʧʦʪʨʝʙʘ ʧʨʠʚʝʩʪʠ ʾʭ ʜʦ ʙʝʟʨʦʟʤʽʨʥʦʾ ʬʦʨʤʠ, ʥʘʧʨʠʢʣʘʜ ʜʦ ʰʢʘʣʠ ʚʽʜ 0 ʜʦ 1. ʎʝ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʦʛʦ ʥʦʨʤʫʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ (ʷʢ ʦʨʽʻʥʪʠʨʽʚ 
çʜʦʙʨʝ/ʧʦʛʘʥʦè), ʘ ʪʘʢʦʞ ʯʝʨʝʟ ʝʢʩʧʝʨʪʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʦʛʦʚʠʭ ʨʽʚʥʽʚ. ɺʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʜʣʷ 
ʯʘʩʪʠʥʠ ʽʥʜʠʢʘʪʦʨʽʚ çʙʽʣʴʰʝ ʦʟʥʘʯʘʻ ʛʽʨʰʝè (ʥʘʧʨʠʢʣʘʜ, ʧʣʦʱʘ ʟʘʙʨʫʜʥʝʥʠʭ ʟʝʤʝʣʴ, ʢʦʥʮʝʥʪʨʘʮʽʷ 
ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʫ ʧʦʚʽʪʨʽ, ʟʘʭʚʦʨʶʚʘʥʽʩʪʴ), ʘ ʜʣʷ ʽʥʰʠʭ ð ʥʘʚʧʘʢʠ, çʙʽʣʴʰʝ ʦʟʥʘʯʘʻ ʢʨʘʱʝè (ʦʙʩʷʛ 
ʬʽʥʘʥʩʫʚʘʥʥʷ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ, ʢʽʣʴʢʽʩʪʴ ʨʝʘʣʽʟʦʚʘʥʠʭ ʧʨʦʻʢʪʽʚ ʚʽʜʥʦʚʣʝʥʥʷ). ʇʨʠ 
ʥʦʨʤʫʚʘʥʥʽ ʮʝ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʚʠʙʦʨʽ ʚʽʜʧʦʚʽʜʥʦʾ ʬʫʥʢʮʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ʊʨʝʪʽʤ ʝʪʘʧʦʤ ʻ ʘʛʨʝʛʫʚʘʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʟʘ ʙʣʦʢʘʤʠ. ʊʫʪ ʚʘʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʚʘʛʠ ʦʢʨʝʤʠʭ 
ʽʥʜʠʢʘʪʦʨʽʚ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʾʭ ʚʽʜʥʦʩʥʫ ʚʘʞʣʠʚʽʩʪʴ ʜʣʷ ʦʮʽʥʢʠ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. ʅʘʧʨʠʢʣʘʜ, 
ʜʣʷ ʧʨʠʨʦʜʥʦ-ʨʝʩʫʨʩʥʦʛʦ ʙʣʦʢʫ ʙʽʣʴʰʦʾ ʚʘʛʠ ʤʦʞʫʪʴ ʥʘʙʫʚʘʪʠ ʧʦʢʘʟʥʠʢʠ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʽ ʟ 
ʧʠʪʥʦʶ ʚʦʜʦʶ ʪʘ ʷʢʽʩʪʶ ʧʦʚʽʪʨʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʘʶʪʴ ʧʨʷʤʠʡ ʚʧʣʠʚ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ. ɼʣʷ 
ʪʝʭʥʦʛʝʥʥʦ-ʝʢʦʣʦʛʽʯʥʦʛʦ ʙʣʦʢʫ ʚʘʞʣʠʚʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʢʘʟʥʠʢʠ ʢʽʣʴʢʦʩʪʽ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ 
ʦʙôʻʢʪʽʚ ʽ ʯʘʩʪʦʪʠ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. ɼʣʷ ʩʦʮʽʘʣʴʥʦ-ʜʝʤʦʛʨʘʬʽʯʥʦʛʦ ʙʣʦʢʫ ð ʯʘʩʪʢʘ ʥʘʩʝʣʝʥʥʷ ʚ 
ʟʦʥʘʭ ʨʠʟʠʢʫ ʪʘ ʟʘʭʚʦʨʶʚʘʥʽʩʪʴ ʥʘ ʝʢʦʣʦʛʽʯʥʦ ʟʫʤʦʚʣʝʥʽ ʭʚʦʨʦʙʠ. ɼʣʷ ʽʥʩʪʠʪʫʮʽʡʥʦʛʦ ð ʥʘʷʚʥʽʩʪʴ ʪʘ 
ʨʝʘʣʴʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʧʨʦʛʨʘʤ, ʜʞʝʨʝʣ ʬʽʥʘʥʩʫʚʘʥʥʷ. 

ʇʽʩʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘ ʙʣʦʢʘʤʠ ʬʦʨʤʫʶʪʴ ʟʘʛʘʣʴʥʠʡ ʽʥʪʝʛʨʘʣʴʥʠʡ 
ʧʦʢʘʟʥʠʢ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʧʦʩʪʨʘʞʜʘʣʦʾ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ. ʇʨʠʢʣʘʜ ʪʘʢʦʾ ʽʥʪʝʛʨʘʣʴʥʦʾ 
ʦʮʽʥʢʠ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 2, ʜʝ ʫʤʦʚʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʘʛʨʝʛʦʚʘʥʽ ʜʦ ʙʣʦʢʽʚ ʽ ʟʘʛʘʣʴʥʦʛʦ 
ʧʦʢʘʟʥʠʢʘ. 

 

ʊʘʙʣʠʮʷ 2 ï ʇʨʠʢʣʘʜ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʟʘ ʦʩʥʦʚʥʠʤʠ ʙʣʦʢʘʤʠ 

Table 2 ï Example of an integrated assessment of geoecological safety by main blocks 

 
ɹʣʦʢ 

ʽʥʜʠʢʘʪʦʨʽʚ 

ʇʝʨʝʣʽʢ ʽʥʜʠʢʘʪʦʨʽʚ 

(ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ) 

ʄʝʪʦʜ 

ʘʛʨʝʛʫʚʘʥʥʷ 

ɯʥʪʝʛʨʘʣʴʥʠʡ 

ʙʘʣ (0ï1) 

ʈʽʚʝʥʴ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ 

ʙʝʟʧʝʢʠ* 

ʇʨʠʨʦʜʥʦ-

ʨʝʩʫʨʩʥʠʡ 

I  ï ʜʝʛʨʘʜʦʚʘʥʽ ʟʝʤʣʽ; 

I  ï ʷʢʽʩʪʴ ʚʦʜ; I  ï ʩʪʘʥ 

ʧʦʚʽʪʨʷ; I  ï 

ʬʨʘʛʤʝʥʪʘʮʽʷ 

ʝʢʦʩʠʩʪʝʤ 

ʅʦʨʤʫʚʘʥʥʷ ʪʘ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʝ 
0,35 ʥʠʟʴʢʠʡ 

ʊʝʭʥʦʛʝʥʥʦ-

ʝʢʦʣʦʛʽʯʥʠʡ 

I  ï ʥʝʙʝʟʧʝʯʥʽ ʦʙôʻʢʪʠ; 

I  ï ʚʽʜʭʦʜʠ; I  ï 

ʘʚʘʨʽʡʥʽʩʪʴ 

ʅʦʨʤʫʚʘʥʥʷ ʪʘ 

ʩʝʨʝʜʥʻ 
0,40 ʥʠʟʴʢʠʡ 

ʉʦʮʽʘʣʴʥʦ-

ʜʝʤʦʛʨʘʬʽʯʥʠʡ 

I  ï ʥʘʩʝʣʝʥʥʷ ʚ ʟʦʥʘʭ 

ʨʠʟʠʢʫ; I  ï 

ʟʘʭʚʦʨʶʚʘʥʽʩʪʴ; I  ï 

ʚʨʘʟʣʠʚʽ ʛʨʫʧʠ 

ʅʦʨʤʫʚʘʥʥʷ, 

ʟʚʘʞʝʥʝ ʟʘ 

ʟʥʘʯʫʱʽʩʪʶ 

0,45 ʩʝʨʝʜʥʽʡ-ʥʠʟʴʢʠʡ 

ɯʥʩʪʠʪʫʮʽʡʥʠʡ 

I  ï ʧʨʦʛʨʘʤʠ; I  ï 

ʬʽʥʘʥʩʫʚʘʥʥʷ; I  ï 

ʧʨʦʻʢʪʠ; I  ï 

ʤʦʥʽʪʦʨʠʥʛ 

ʅʦʨʤʫʚʘʥʥʷ ʪʘ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʝ 
0,60 ʩʝʨʝʜʥʽʡ 

ɿʘʛʘʣʴʥʠʡ 

ʽʥʪʝʛʨʘʣʴʥʠʡ 

ʧʦʢʘʟʥʠʢ 

ï 
ɸʛʨʝʛʫʚʘʥʥʷ 

ʙʣʦʢʽʚ ʟʘ ʚʘʛʘʤʠ 
0,45 ʟʘʜʦʚʽʣʴʥʠʡ/ʨʠʟʠʢʦʚʠʡ 
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* ʈʽʚʥʽ ʙʝʟʧʝʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʛʨʘʜʫʡʦʚʘʥʽ ʷʢ: 0ï0,3 ï ʢʨʠʪʠʯʥʦ ʥʠʟʴʢʠʡ; 0,31ï0,5 ï 
ʥʠʟʴʢʠʡ/ʨʠʟʠʢʦʚʠʡ; 0,51ï0,7 ï ʩʝʨʝʜʥʽʡ; 0,71ï0,9 ï ʧʽʜʚʠʱʝʥʠʡ; 0,91ï1,0 ï ʚʠʩʦʢʠʡ. 

 
ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʜʦʟʚʦʣʷʻ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʟʘʛʘʣʴʥʠʡ ʩʪʘʥ 

ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʛʨʦʤʘʜʠ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʤʽʞ 
ʨʽʟʥʠʤʠ ʪʝʨʠʪʦʨʽʘʣʴʥʠʤʠ ʛʨʦʤʘʜʘʤʠ, ʬʦʨʤʫʚʘʥʥʷ çʨʝʡʪʠʥʛʫè ʟʘ ʨʽʚʥʝʤ ʙʝʟʧʝʢʠ, ʚʠʟʥʘʯʝʥʥʷ 
ʧʨʽʦʨʠʪʝʪʽʚ ʜʣʷ ʜʝʨʞʘʚʥʦʾ ʧʽʜʪʨʠʤʢʠ ʪʘ ʤʽʞʥʘʨʦʜʥʦʾ ʪʝʭʥʽʯʥʦʾ ʜʦʧʦʤʦʛʠ. ʋ ʧʨʘʢʪʠʯʥʽʡ ʨʦʙʦʪʽ ʟ 
ʧʣʘʥʫʚʘʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʚʠʪʢʫ ʩʣʽʜ ʧʦʻʜʥʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʦʮʽʥʦʢ 
ʽʟ ʜʝʪʘʣʴʥʠʤʠ ʢʘʨʪʘʤʠ ʨʠʟʠʢʽʚ, ʧʨʦʬʽʣʴʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤʠ ʟʚʽʪʘʤʠ, ʟʘʣʫʯʝʥʥʷʤ ʝʢʩʧʝʨʪʥʦʾ ʜʫʤʢʠ. 

ʋ ʧʝʨʩʧʝʢʪʠʚʽ ʩʠʩʪʝʤʘ ʽʥʜʠʢʘʪʦʨʽʚ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʧʦʩʪʨʘʞʜʘʣʠʭ ʪʝʨʠʪʦʨʽʡ 
ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ ʤʦʞʝ ʩʪʘʪʠ ʙʘʟʦʶ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʧʘʥʝʣʝʡ ʤʦʥʽʪʦʨʠʥʛʫ, 
ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʘʨʪ ʽ ʚʽʜʢʨʠʪʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʨʝʻʩʪʨʽʚ, ʱʦ ʩʪʚʦʨʠʪʴ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʧʨʦʟʦʨʦʛʦ 
ʫʧʨʘʚʣʽʥʥʷ, ʧʽʜʟʚʽʪʥʦʩʪʽ ʦʨʛʘʥʽʚ ʚʣʘʜʠ, ʘʢʪʠʚʥʽʰʦʾ ʫʯʘʩʪʽ ʛʨʦʤʘʜʷʥ ʫ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʪʘ ʧʦʩʠʣʝʥʥʷ 
ʜʦʚʽʨʠ ʤʽʞ ʚʣʘʜʦʶ, ʛʨʦʤʘʜʦʶ ʡ ʤʽʞʥʘʨʦʜʥʠʤʠ ʧʘʨʪʥʝʨʘʤʠ. ɺ ʫʤʦʚʘʭ ʪʨʠʚʘʣʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʢʨʘʾʥʠ 
ʪʘʢʘ ʩʠʩʪʝʤʘ ʽʥʜʠʢʘʪʦʨʽʚ ʚʠʢʦʥʫʚʘʪʠʤʝ ʜʽʘʛʥʦʩʪʠʯʥʫ ʪʘ ʧʨʦʛʥʦʩʪʠʯʥʫ ʬʫʥʢʮʽʶ, ʜʦʟʚʦʣʷʶʯʠ 
ʤʦʜʝʣʶʚʘʪʠ ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʚʠʪʢʫ, ʦʮʽʥʶʚʘʪʠ ʝʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ ʥʦʚʠʭ ʧʨʦʻʢʪʽʚ, 
ʽʥʪʝʛʨʫʚʘʪʠ ʧʨʠʥʮʠʧʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʧʦʚʩʷʢʜʝʥʥʫ ʧʨʘʢʪʠʢʫ ʫʧʨʘʚʣʽʥʥʷ ʪʝʨʠʪʦʨʽʘʣʴʥʠʤʠ 
ʛʨʦʤʘʜʘʤʠ. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʩʚʽʜʯʠʣʦ, ʱʦ ʛʝʦʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʧʦʩʪʨʘʞʜʘʣʠʭ 
ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ ʻ ʩʢʣʘʜʥʦʶ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʶ ʩʠʩʪʝʤʦʶ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʚʟʘʻʤʦʜʽʶ ʧʨʠʨʦʜʥʠʭ 
ʧʨʦʮʝʩʽʚ, ʪʝʭʥʦʛʝʥʥʠʭ ʚʧʣʠʚʽʚ, ʩʦʮʽʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʩʝʣʝʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 
ʛʨʦʤʘʜʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʘ ʧʦʩʪʨʘʞʜʘʣʠʭ ʪʝʨʠʪʦʨʽʷʭ ʬʦʨʤʫʻʪʴʩʷ ʩʧʝʮʠʬʽʯʥʠʡ 
ʪʠʧ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ, ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʢʣʘʩʠʯʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʦʧʠʩʘʥʦʛʦ ʫ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʧʨʘʮʷʭ ʟ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʪʝʨʠʪʦʨʽʡ ʟʘʟʥʘʣʘ ʤʝʭʘʥʽʯʥʠʭ ʽ 
ʭʽʤʽʯʥʠʭ ʨʫʡʥʫʚʘʥʴ, ʟʘʤʽʥʫʚʘʥʥʷ ʪʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʽʟ ʩʫʯʘʩʥʠʤʠ 
ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʢʦʥʬʣʽʢʪʽʚ. 

ɹʣʦʢʦʚʘ ʩʠʩʪʝʤʘ ʽʥʜʠʢʘʪʦʨʽʚ ʚʽʜʧʦʚʽʜʘʻ ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʘʤ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʽ 
ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ ʨʽʟʥʦʨʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʚ ʻʜʠʥʫ ʤʦʜʝʣʴ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʠʢ, ʚʦʥʘ 
ʚʨʘʭʦʚʫʻ ʷʢ ʧʨʠʨʦʜʥʦ-ʨʝʩʫʨʩʥʠʡ, ʪʘʢ ʽ ʩʦʮʽʘʣʴʥʦ-ʜʝʤʦʛʨʘʬʽʯʥʠʡ ʪʘ ʽʥʩʪʠʪʫʮʽʡʥʠʡ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ 
ʨʦʙʠʪʴ ʾʾ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʜʣʷ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ. 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʩʚʽʜʯʘʪʴ, ʱʦ ʧʨʠʨʦʜʥʦ-ʨʝʩʫʨʩʥʠʡ ʙʣʦʢ ʻ ʥʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʠʤ ʜʦ ʚʦʻʥʥʠʭ 
ʚʧʣʠʚʽʚ: ʜʝʛʨʘʜʘʮʽʷ ˇʨʫʥʪʽʚ, ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜ, ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʷʢ 
ʥʘʫʢʦʚʠʤʠ ʨʦʙʦʪʘʤʠ, ʪʘʢ ʽ ʤʽʞʥʘʨʦʜʥʠʤʠ ʟʚʽʪʘʤʠ. ʊʝʭʥʦʛʝʥʥʦ-ʝʢʦʣʦʛʽʯʥʠʡ ʙʣʦʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 
ʥʘʷʚʥʽʩʪʶ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʥʝʙʝʟʧʝʯʥʠʭ ʚʽʜʭʦʜʽʚ, ʨʫʡʥʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙ'ʻʢʪʽʚ ʪʘ ʤʽʥʥʦ-ʚʠʙʫʭʦʚʦʾ 
ʥʝʙʝʟʧʝʢʠ. ʉʦʮʽʘʣʴʥʦ-ʜʝʤʦʛʨʘʬʽʯʥʽ ʥʘʩʣʽʜʢʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʧʦʛʽʨʰʝʥʥʽ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ, ʱʦ 
ʧʽʜʪʚʝʨʜʞʝʥʦ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʤʝʜʠʢʦ-ʝʢʦʣʦʛʽʯʥʠʤʠ ʜʘʥʠʤʠ. 

ɯʥʩʪʠʪʫʮʽʡʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʛʨʦʤʘʜ ʚʠʟʥʘʯʘʻ ʟʜʘʪʥʽʩʪʴ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ: ʥʘʷʚʥʽʩʪʴ ʩʪʨʘʪʝʛʽʯʥʠʭ 
ʧʨʦʛʨʘʤ, ʝʢʦʣʦʛʽʯʥʠʭ ʧʘʩʧʦʨʪʽʚ, ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ, ʬʽʥʘʥʩʫʚʘʥʥʷ ʪʘ ʧʘʨʪʥʝʨʩʪʚ ʟ ʤʽʞʥʘʨʦʜʥʠʤʠ 
ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʫʩʧʽʭʫ ʚʽʜʙʫʜʦʚʠ. 

ʆʪʞʝ, ʩʠʩʪʝʤʘ ʽʥʜʠʢʘʪʦʨʽʚ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʩʪʘʪʪʽ, ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ 
ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʨʝʛʽʦʥʘʣʴʥʠʭ ʪʘ ʣʦʢʘʣʴʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʩʠʩʪʝʤ, ʨʦʟʚʠʪʢʫ 
ʮʠʬʨʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʴ ʫ ʩʬʝʨʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʣʘʥʫʚʘʥʥʷ. ɺʦʥʘ 
ʜʦʟʚʦʣʷʻ ʩʚʦʻʯʘʩʥʦ ʚʠʷʚʣʷʪʠ ʝʢʦʣʦʛʽʯʥʽ ʟʘʛʨʦʟʠ, ʬʦʨʤʫʚʘʪʠ ʧʨʽʦʨʠʪʝʪʠ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 
ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ ʫ ʧʽʩʣʷʚʦʻʥʥʠʡ ʧʝʨʽʦʜ. 
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ecological safetyô and óaffected territoryô and analyses existing systems of indicators of the ecological state of 
the environment at the international and national levels. A structuring of geo-ecological safety indicators by 
blocks is proposed: natural resources, technogenic-ecological, socio-demographic, and institutional. A list of 
key quantitative and qualitative indicators suitable for the integrated assessment of the geo-ecological safety 
of affected territories of territorial communities is formed, and examples of their use are given in the form of 
tables. The possibilities of applying the proposed system of indicators in planning the restoration, spatial 
development and ecological rehabilitation of territorial communities are outlined. 

Keywords: geo-ecological safety, affected territories, territorial communities, indicators, 
environmental monitoring, integrated assessment. 
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ʆʥʦʚʣʝʥʥʷ ʧʽʜʨʷʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʨʘʢʪʫʻʪʴʩʷ ʷʢ ʙʘʛʘʪʦʨʽʚʥʝʚʠʡ ʧʨʦʮʝʩ ʩʪʨʫʢʪʫʨʥʦʾ, ʧʨʦʮʝʩʥʦʾ 

ʪʘ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʧʝʨʝʙʫʜʦʚʠ, ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʦʾ ʤʦʜʝʣʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʁʜʝʪʴʩʷ ʧʨʦ ʛʣʠʙʦʢʫ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʫʧʨʘʚʣʽʥʩʴʢʦʾ ʘʨʭʽʪʝʢʪʫʨʠ, ʱʦ ʚʢʣʶʯʘʻ ʧʝʨʝʛʣʷʜ ʩʪʨʘʪʝʛʽʯʥʠʭ 

ʦʨʽʻʥʪʠʨʽʚ, ʦʧʪʠʤʽʟʘʮʽʶ ʚʠʨʦʙʥʠʯʠʭ ʽ ʟʘʙʝʟʧʝʯʫʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʥʠʞʝʥʥʷ ʪʨʘʥʟʘʢʮʽʡʥʠʭ ʚʠʪʨʘʪ, 

ʽʥʪʝʛʨʘʮʽʶ ʮʠʬʨʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʢʦʥʪʨʦʣʶ ʪʘ ʘʥʘʣʽʪʠʯʥʦʾ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʟʘʙʝʟʧʝʯʫʻ ʫʟʛʦʜʞʝʥʽʩʪʴ ʤʽʞ ʦʧʝʨʘʮʽʡʥʠʤʠ ʜʽʷʤʠ, ʬʽʥʘʥʩʦʚʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʘ ʩʪʨʘʪʝʛʽʯʥʠʤʠ ʮʽʣʷʤʠ 

ʨʦʟʚʠʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʎʽʣʴʦʚʠʡ ʨʝʽʥʞʠʥʽʨʠʥʛ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʤʝʭʘʥʽʟʤ ʨʘʜʠʢʘʣʴʥʦʛʦ ʧʝʨʝʧʨʦʻʢʪʫʚʘʥʥʷ ʙʽʟʥʝʩ-

ʧʨʦʮʝʩʽʚ, ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ð ʟʨʦʩʪʘʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʩʪʘʙʽʣʽʟʘʮʽʾ ʛʨʦʰʦʚʠʭ ʧʦʪʦʢʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʽʚ 

ʨʝʘʣʽʟʘʮʽʾ ʙʫʜʽʚʝʣʴʥʠʭ ʧʨʦʻʢʪʽʚ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʤʦʜʝʣʝʡ ʫʜʦʩʢʦʥʘʣʝʥʥʷ, ʮʽʣʴʦʚʠʡ 

ʨʝʽʥʞʠʥʽʨʠʥʛ ʧʝʨʝʜʙʘʯʘʻ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʬʽʥʘʥʩʦʚʠʭ ʟʤʽʥ ʫ ʤʝʞʘʭ 

ʻʜʠʥʦʾ ʩʪʨʘʪʝʛʽʯʥʦʾ ʧʨʦʛʨʘʤʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ. ʅʘʫʢʦʚʘ ʛʽʧʦʪʝʟʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ 

ʽʥʪʝʛʨʘʮʽʷ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʘʥʘʣʽʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʫ ʤʝʞʘʭ ʧʨʦʻʢʪʫ 

ʮʽʣʴʦʚʦʛʦ ʨʝʽʥʞʠʥʽʨʠʥʛʫ ʟʘʙʝʟʧʝʯʫʻ ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʝʽʥʞʠʥʽʨʠʥʛ, ʝʢʦʥʦʤʽʯʥʽ ʩʪʨʘʪʝʛʽʾ, ʙʫʜʽʚʝʣʴʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʦʥʦʚʣʝʥʥʷ, 

ʧʽʜʨʷʜʥʽ ʦʨʛʘʥʽʟʘʮʽʾ, ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ, ʽʥʥʦʚʘʮʽʾ, ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ. 
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ɺʩʪʫʧ.ɺ ʫʤʦʚʘʭ ʛʣʦʙʘʣʽʟʘʮʽʾ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʝʢʦʥʦʤʽʢ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʩʪʘʻ ʧʠʪʘʥʥʷ ʘʜʘʧʪʘʮʽʾ 

ʙʽʟʥʝʩ-ʤʦʜʝʣʝʡ ʧʽʜʨʷʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʜʦ ʥʦʚʠʭ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʈʝʽʥʞʠʥʽʨʠʥʛ, ʷʢ ʢʦʥʮʝʧʮʽʷ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ, ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʥʦʚʠʪʠ ʧʽʜʭʦʜʠ ʜʦ ʫʧʨʘʚʣʽʥʥʷ, 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʢʦʤʧʘʥʽʡ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ, ʤʝʪʦʶ ʜʘʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʧʨʦʚʽʜʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʩʪʨʘʪʝʛʽʡ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʦʥʦʚʣʝʥʥʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʧʽʜʨʷʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʯʝʨʝʟ ʧʨʦʻʢʪ ʮʽʣʴʦʚʦʛʦ ʨʝʽʥʞʠʥʽʨʠʥʛʫ. ʎʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ 

ʥʝ ʣʠʰʝ ʚʠʷʚʣʝʥʥʷ ʘʢʪʫʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʨʝʽʥʞʠʥʽʨʠʥʛʫ, ʘʣʝ ʡ ʨʦʟʨʦʙʢʫ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʱʦʜʦ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʦʧʝʨʘʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ. 

ʅʘʫʢʦʚʘ ʛʽʧʦʪʝʟʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʽʣʴʦʚʦʛʦ ʨʝʽʥʞʠʥʽʨʠʥʛʫ ʚ 

ʙʫʜʽʚʝʣʴʥʠʭ ʧʽʜʨʷʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʤʦʞʝ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʾʭ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ, ʘʜʘʧʪʘʮʽʾ ʜʦ ʟʤʽʥʥʠʭ ʫʤʦʚ ʨʠʥʢʫ ʪʘ ʽʥʪʝʛʨʘʮʽʾ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʨʠʷʪʠʤʝ ʬʦʨʤʫʚʘʥʥʶ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʪʘ ʧʨʘʢʪʠʯʥʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʩʪʨʘʪʝʛʽʡ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʛʦ ʙʫʜʽʚʝʣʴʥʦʛʦ 

ʩʝʢʪʦʨʫ. ʊʦʙʪʦ, ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʤʘʻ ʩʪʘʪʠ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʟʥʘʥʴ ʧʨʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ 

ʩʪʨʘʪʝʛʽʡ, ʱʦ ʩʧʨʠʷʪʠʤʫʪʴ ʦʥʦʚʣʝʥʥʶ ʙʫʜʽʚʝʣʴʥʠʭ ʧʽʜʨʷʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʘ ʪʘʢʦʞ ʨʦʟʚʠʪʦʢ 

ʨʝʢʦʤʝʥʜʘʮʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʜʽʷʣʴʥʦʩʪʽ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʟʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʬʦʨʤʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ 

ʩʪʨʘʪʝʛʽʡ ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʽʜʨʷʜʥʠʭ ʩʪʨʫʢʪʫʨ ʯʝʨʝʟ ʤʝʭʘʥʽʟʤ ʮʽʣʴʦʚʦʛʦ ʨʝʽʥʞʠʥʽʨʠʥʛʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʟʜʽʡʩʥʶʚʘʪʠ ʨʘʜʠʢʘʣʴʥʫ ʧʝʨʝʙʫʜʦʚʫ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʽʟ ʦʨʽʻʥʪʘʮʽʻʶ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʩʪʨʘʪʝʛʽʯʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. ɺ ʫʤʦʚʘʭ ʮʠʬʨʦʚʽʟʘʮʽʾ ʪʘ ʧʝʨʝʭʦʜʫ ʜʦ ʧʨʠʥʮʠʧʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʨʝʽʥʞʠʥʽʨʠʥʛ ʥʘʙʫʚʘʻ 

ʥʦʚʦʛʦ ʟʤʽʩʪʫ ð ʚʽʥ ʧʦʻʜʥʫʻ ʦʧʪʠʤʽʟʘʮʽʶ ʚʠʪʨʘʪ, ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʽʥʪʝʛʨʘʮʽʶ 

ʘʥʘʣʽʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫʧʨʘʚʣʽʥʥʷ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʦʚʽʜʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʩʪʨʘʪʝʛʽʡ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ 

ʦʥʦʚʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʧʽʜʨʷʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʯʝʨʝʟ ʧʨʦʻʢʪ ʮʽʣʴʦʚʦʛʦ ʨʝʽʥʞʠʥʽʨʠʥʛʫ ʪʘ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʫʢʦʚʦʾ ʛʽʧʦʪʝʟʠ ʱʦʜʦ ʜʦʩʷʛʥʝʥʥʷ ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ ʝʬʝʢʪʫ ʚʽʜ ʽʥʪʝʛʨʘʮʽʾ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ, 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʫʧʨʘʚʣʽʥʥʷ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʝ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʢʦʥʢʫʨʝʥʮʽʻʶ, ʟʤʽʥʘʤʠ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʨʦʩʪʘʶʯʠʤʠ ʚʠʤʦʛʘʤʠ ʩʧʦʞʠʚʘʯʽʚ, 

ʙʫʜʽʚʝʣʴʥʽ ʧʽʜʨʷʜʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʩʪʠʢʘʶʪʴʩʷ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʦʩʪʽʡʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʩʚʦʾʭ ʙʽʟʥʝʩ-

ʧʨʦʮʝʩʽʚ. ʇʨʦʚʽʜʥʽ ʝʢʦʥʦʤʽʯʥʽ ʩʪʨʘʪʝʛʽʾ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʦʥʦʚʣʝʥʥʷ, ʟʦʢʨʝʤʘ ʯʝʨʝʟ ʮʽʣʴʦʚʠʡ 

ʨʝʽʥʞʠʥʽʨʠʥʛ, ʩʪʘʶʪʴ ʢʣʶʯʦʚʠʤʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʦʥʢʫʨʝʥʪʥʠʭ ʧʝʨʝʚʘʛ. 

ʎʽʣʴʦʚʠʡ ʨʝʽʥʞʠʥʽʨʠʥʛ ʧʝʨʝʜʙʘʯʘʻ ʛʣʠʙʦʢʝ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʟ ʤʝʪʦʶ 

ʾʭ ʦʧʪʠʤʽʟʘʮʽʾ, ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʎʝʡ ʧʽʜʭʽʜ ʩʪʘʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʫ 

ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ, ʜʝ ʚʠʪʨʘʪʠ ʪʘ ʩʪʨʦʢʠ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʠʙʫʪʢʦʚʽʩʪʴ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. ʋ ʮʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʝʤʦ ʧʨʦʚʽʜʥʽ ʝʢʦʥʦʤʽʯʥʽ ʩʪʨʘʪʝʛʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʥʦʚʣʝʥʥʷ ʚ ʙʫʜʽʚʝʣʴʥʠʭ ʧʽʜʨʷʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʘ ʪʘʢʦʞ ʥʘʫʢʦʚʫ ʛʽʧʦʪʝʟʫ, ʷʢʘ 

ʩʪʚʝʨʜʞʫʻ, ʱʦ ʮʽʣʴʦʚʠʡ ʨʝʽʥʞʠʥʽʨʠʥʛ ʤʦʞʝ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʜʽʷʣʴʥʦʩʪʽ. 

ɹʫʜʽʚʝʣʴʥʘ ʛʘʣʫʟʴ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʝʢʦʥʦʤʽʢʠ ʙʫʜʴ-ʷʢʦʾ ʢʨʘʾʥʠ, ʽ ʚʦʥʘ ʚʧʣʠʚʘʻ ʥʘ ʙʘʛʘʪʦ 

ʽʥʰʠʭ ʩʝʢʪʦʨʽʚ, ʟʦʢʨʝʤʘ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʤʘʪʝʨʽʘʣʽʚ, ʽʥʞʝʥʝʨʥʽ ʧʦʩʣʫʛʠ, ʪʨʘʥʩʧʦʨʪ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʰʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ, ʟʤʽʥʠ ʚ ʟʘʢʦʥʦʜʘʚʩʪʚʽ ʪʘ ʟʨʦʩʪʘʶʯʽ ʝʢʦʣʦʛʽʯʥʽ ʚʠʤʦʛʠ, 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʮʴʦʛʦ ʩʝʢʪʦʨʘ ʧʦʚʠʥʥʽ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʥʦʚʽ ʩʪʨʘʪʝʛʽʾ, ʱʦʙ ʟʘʣʠʰʘʪʠʩʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʤʧʘʥʽʡ, ʷʢʽ ʫʩʧʽʰʥʦ 

ʚʧʨʦʚʘʜʞʫʶʪʴ ʽʥʥʦʚʘʮʽʾ ʪʘ ʟʜʽʡʩʥʶʶʪʴ ʨʝʽʥʞʠʥʽʨʠʥʛ ʧʨʦʮʝʩʽʚ, ʦʪʨʠʤʫʶʪʴ ʢʨʘʱʽ ʬʽʥʘʥʩʦʚʽ ʨʝʟʫʣʴʪʘʪʠ. 

ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʘʞʣʠʚʽʩʪʴ ʘʜʘʧʪʘʮʽʾ ʜʦ ʟʤʽʥ ʪʘ ʧʦʩʪʽʡʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʚ ʫʤʦʚʘʭ ʢʦʥʢʫʨʝʥʪʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʩʪʨʘʪʝʛʽʡ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʥʦʚʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʧʽʜʨʷʜʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʻ ʩʪʨʘʪʝʛʽʷ ʽʥʥʦʚʘʮʽʡ. ɺʦʥʘ ʧʝʨʝʜʙʘʯʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʤʝʪʦʜʽʚ ʨʦʙʦʪʠ. ɯʥʥʦʚʘʮʽʾ ʤʦʞʫʪʴ ʧʨʦʷʚʣʷʪʠʩʷ ʚ ʨʽʟʥʠʭ ʬʦʨʤʘʭ: ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʽʪʥʽʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ. ɯʥʥʦʚʘʮʽʡʥʽ ʩʪʨʘʪʝʛʽʾ ʜʦʧʦʤʘʛʘʶʪʴ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʥʝ ʣʠʰʝ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ, ʘ ʡ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ, ʩʢʦʨʦʪʠʪʠ ʪʝʨʤʽʥʠ 
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ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʪʘ ʟʙʽʣʴʰʠʪʠ ʟʘʜʦʚʦʣʝʥʽʩʪʴ ʢʣʽʻʥʪʽʚ. ʅʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ BIM-ʪʝʭʥʦʣʦʛʽʡ 

(ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ) ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʙʫʜʽʚʥʠʮʪʚʘ, 

ʟʤʝʥʰʫʶʯʠ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʽ ʧʽʜʚʠʱʫʶʯʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ [1]. 

ɼʠʚʝʨʩʠʬʽʢʘʮʽʷ ʻ ʱʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʢʦʤ ʜʣʷ ʦʥʦʚʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʧʽʜʨʷʜʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ʎʷ ʩʪʨʘʪʝʛʽʷ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʰʠʨʝʥʥʷ ʘʩʦʨʪʠʤʝʥʪʫ ʧʦʩʣʫʛ ʘʙʦ ʚʠʭʽʜ ʥʘ ʥʦʚʽ ʨʠʥʢʠ. 

ɿʘʚʜʷʢʠ ʜʠʚʝʨʩʠʬʽʢʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʦʞʫʪʴ ʟʤʝʥʰʠʪʠ ʨʠʟʠʢʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʦʜʥʦʛʦ ʚʠʜʫ 

ʜʽʷʣʴʥʦʩʪʽ, ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʠʡ ʬʽʥʘʥʩʦʚʠʡ ʧʦʪʽʢ. ʅʘʧʨʠʢʣʘʜ, ʙʫʜʽʚʝʣʴʥʽ ʢʦʤʧʘʥʽʾ ʤʦʞʫʪʴ ʧʦʯʘʪʠ 

ʧʨʦʧʦʥʫʚʘʪʠ ʧʦʩʣʫʛʠ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʢʦʥʩʘʣʪʠʥʛʫ ʘʙʦ ʫʧʨʘʚʣʽʥʥʷ ʙʫʜʽʚʝʣʴʥʠʤʠ ʧʨʦʝʢʪʘʤʠ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʾʤ ʥʝ ʣʠʰʝ ʟʘʣʫʯʠʪʠ ʥʦʚʠʭ ʢʣʽʻʥʪʽʚ, ʘ ʡ ʧʽʜʚʠʱʠʪʠ ʩʚʦʶ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʥʘ ʨʠʥʢʫ. 

ʇʘʨʪʥʝʨʩʪʚʦ ʪʘ ʢʦʦʧʝʨʘʮʽʷ ʟ ʽʥʰʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤʠ ʩʪʨʘʪʝʛʽʯʥʠʤʠ 

ʥʘʧʨʷʤʢʘʤʠ. ʉʧʽʚʧʨʘʮʷ ʟ ʽʥʰʠʤʠ ʢʦʤʧʘʥʽʷʤʠ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʫʧ ʜʦ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʨʝʩʫʨʩʽʚ 

ʽ ʟʥʘʥʴ, ʱʦ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʠʪʴ ʧʦʟʠʮʽʾ ʧʽʜʨʷʜʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʨʠʥʢʫ. ʇʨʠʢʣʘʜʠ ʫʩʧʽʰʥʠʭ 

ʧʘʨʪʥʝʨʩʪʚ ʚʢʣʶʯʘʶʪʴ ʘʣʴʷʥʩʠ ʤʽʞ ʙʫʜʽʚʝʣʴʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ ʪʘ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʤʘʪʝʨʽʘʣʽʚ ʘʙʦ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʙʦʤ ʩʪʦʨʦʥʘʤ ʚʠʛʨʘʚʘʪʠ ʚʽʜ ʩʠʥʝʨʛʽʾ, ʦʪʨʠʤʫʶʯʠ ʜʦʩʪʫʧ ʜʦ 

ʥʦʚʠʭ ʨʠʥʢʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ. 

ʎʽʣʴʦʚʠʡ ʨʝʽʥʞʠʥʽʨʠʥʛ ʻ ʩʪʨʘʪʝʛʽʯʥʠʤ ʧʽʜʭʦʜʦʤ, ʷʢʠʡ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʧʝʨʝʦʩʤʠʩʣʝʥʥʽ ʽ 

ʧʝʨʝʛʣʷʜʽ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʫ ʢʦʤʧʘʥʽʾ. ʎʝʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʥʝ ʣʠʰʝ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ 

ʧʨʦʮʝʩʽʚ, ʘʣʝ ʡ ʾʭ ʨʘʜʠʢʘʣʴʥʫ ʟʤʽʥʫ ʟ ʤʝʪʦʶ ʜʦʩʷʛʥʝʥʥʷ ʩʫʪʪʻʚʠʭ ʧʦʣʽʧʰʝʥʴ ʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʷʢʦʩʪʽ 

ʪʘ ʚʘʨʪʦʩʪʽ. ʇʨʦʮʝʩ ʮʽʣʴʦʚʦʛʦ ʨʝʽʥʞʠʥʽʨʠʥʛʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʝʪʘʧʽʚ. ʇʝʨʰʠʡ ʝʪʘʧ ð ʮʝ ʘʥʘʣʽʟ 

ʽʩʥʫʶʯʠʭ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ. ʅʝʦʙʭʽʜʥʦ ʚʠʷʚʠʪʠ ʩʣʘʙʢʽ ʤʽʩʮʷ ʚ ʫʧʨʘʚʣʽʥʥʽ ʧʨʦʝʢʪʘʤʠ, ʟʘʪʨʠʤʢʠ, ʥʘʜʤʽʨʥʽ 

ʚʠʪʨʘʪʠ ʪʘ ʽʥʰʽ ʧʨʦʙʣʝʤʠ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʥʦʚʽ ʢʦʥʮʝʧʮʽʾ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ. 

ʊʨʝʪʽʡ ʝʪʘʧ ʧʝʨʝʜʙʘʯʘʻ ʪʝʩʪʫʚʘʥʥʷ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʫ ʥʝʚʝʣʠʢʦʤʫ ʤʘʩʰʪʘʙʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ 

ʨʠʟʠʢʠ ʽ ʦʮʽʥʠʪʠ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʅʘʨʝʰʪʽ, ʥʘ ʯʝʪʚʝʨʪʦʤʫ ʝʪʘʧʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟʤʽʥʠ ʫ ʚʩʽʡ ʦʨʛʘʥʽʟʘʮʽʾ 

[2]. 

 

ʊʘʙʣʠʮʷ 1 - ʉʪʨʘʪʝʛʽʾ ʦʥʦʚʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʧʽʜʨʷʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

Table 1 ï Renewal Strategies of Construction Contracting Enterprises 

 

ʉʪʨʘʪʝʛʽʷ ʆʧʠʩ ʇʝʨʝʚʘʛʠ ʇʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ɼʠʚʝʨʩʠʬʽʢʘʮʽʷ ʈʦʟʰʠʨʝʥʥʷ ʘʩʦʨʪʠʤʝʥʪʫ 

ʧʦʩʣʫʛ ʘʙʦ ʚʠʭʽʜ ʥʘ ʥʦʚʽ 

ʨʠʥʢʠ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʨʠʟʠʢʽʚ ʽ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʜʦʭʦʜʽʚ. 

- ɿʥʠʞʝʥʥʷ ʨʠʟʠʢʽʚ, 

ʧʦʚôʷʟʘʥʠʭ ʽʟ 

ʟʘʣʝʞʥʽʩʪʶ ʚʽʜ ʦʜʥʦʛʦ 

ʚʠʜʫ ʜʽʷʣʴʥʦʩʪʽ 

- ɿʘʣʫʯʝʥʥʷ ʥʦʚʠʭ 

ʢʣʽʻʥʪʽʚ 

ɹʫʜʽʚʝʣʴʥʘ ʢʦʤʧʘʥʽʷ 

ʜʦʜʘʻ ʧʦʩʣʫʛʠ ʟ 

ʢʦʥʩʘʣʪʠʥʛʫ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ 

ʇʘʨʪʥʝʨʩʪʚʦ ʪʘ 

ʢʦʦʧʝʨʘʮʽʷ 

ʉʧʽʚʧʨʘʮʷ ʟ ʽʥʰʠʤʠ 

ʢʦʤʧʘʥʽʷʤʠ ʜʣʷ ʜʦʩʪʫʧʫ 

ʜʦ ʪʝʭʥʦʣʦʛʽʡ, ʨʝʩʫʨʩʽʚ ʽ 

ʥʦʚʠʭ ʨʠʥʢʽʚ. 

- ʆʪʨʠʤʘʥʥʷ ʜʦʩʪʫʧʫ 

ʜʦ ʧʝʨʝʜʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʥʘʥʴ 

- ʇʽʜʚʠʱʝʥʥʷ 

ʨʠʥʢʦʚʦʾ ʧʦʟʠʮʽʾ 

ɸʣʴʷʥʩ ʤʽʞ ʙʫʜʽʚʝʣʴʥʦʶ 

ʢʦʤʧʘʥʽʻʶ ʪʘ 

ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʦʙʤʽʥʫ 

ʜʦʩʚʽʜʦʤ ʽ ʟʥʘʥʥʷʤʠ 

ʎʽʣʴʦʚʠʡ 

ʨʝʽʥʞʠʥʽʨʠʥʛ 

ʈʘʜʠʢʘʣʴʥʝ 

ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʙʽʟʥʝʩ-

ʧʨʦʮʝʩʽʚ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʽʩʪʦʪʥʠʭ ʧʦʣʽʧʰʝʥʴ. 

- ʉʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ 

- ʇʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʷʢʦʩʪʽ 

- ɿʨʦʩʪʘʥʥʷ 

ʧʨʠʙʫʪʢʦʚʦʩʪʽ 

ɸʥʘʣʽʟ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ 

ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ, 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ 

ʧʽʜʭʦʜʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ 

ɼʞʝʨʝʣʦ: ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʽ [2]  

Source: developed by the author based on [2] 
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ʉʪʨʘʪʝʛʽʾ ʦʥʦʚʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʧʽʜʨʷʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʦʭʦʧʣʶʶʪʴ ʜʠʚʝʨʩʠʬʽʢʘʮʽʶ, 

ʧʘʨʪʥʝʨʩʪʚʦ ʪʘ ʢʦʦʧʝʨʘʮʽʶ, ʘ ʪʘʢʦʞ ʮʽʣʴʦʚʠʡ ʨʝʽʥʞʠʥʽʨʠʥʛ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. ɼʠʚʝʨʩʠʬʽʢʘʮʽʷ 

ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʰʠʨʝʥʥʷ ʘʩʦʨʪʠʤʝʥʪʫ ʧʦʩʣʫʛ ʘʙʦ ʦʩʚʦʻʥʥʷ ʥʦʚʠʭ ʨʠʥʢʽʚ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʟʥʠʟʠʪʠ ʨʠʟʠʢʠ 

ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʠʡ ʜʦʭʽʜ. ʇʘʨʪʥʝʨʩʪʚʦ ʪʘ ʢʦʦʧʝʨʘʮʽʷ ʩʧʨʠʷʶʪʴ ʜʦʩʪʫʧʫ ʜʦ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʽ ʨʝʩʫʨʩʽʚ ʟʘʚʜʷʢʠ ʩʧʽʚʧʨʘʮʽ ʟ ʽʥʰʠʤʠ ʢʦʤʧʘʥʽʷʤʠ, ʱʦ ʧʦʢʨʘʱʫʻ ʧʦʟʠʮʽʾ ʥʘ ʨʠʥʢʫ. ʎʽʣʴʦʚʠʡ 

ʨʝʽʥʞʠʥʽʨʠʥʛ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʨʘʜʠʢʘʣʴʥʦʤʫ ʧʝʨʝʦʩʤʠʩʣʝʥʥʽ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʤʧʘʥʽʾ, ʟʥʠʞʫʶʯʠ ʚʠʪʨʘʪʠ ʪʘ ʩʢʦʨʦʯʫʶʯʠ ʩʪʨʦʢʠ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ. ʂʦʞʥʘ ʟ ʮʠʭ ʩʪʨʘʪʝʛʽʡ ʩʧʨʠʷʻ ʟʨʦʩʪʘʥʥʶ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʯʝʨʝʟ ʦʥʦʚʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʪʘ ʘʜʘʧʪʘʮʽʶ ʜʦ ʨʠʥʢʦʚʠʭ ʟʤʽʥ.  

ʈʝʘʣʽʟʘʮʽʷ ʮʽʣʴʦʚʦʛʦ ʨʝʽʥʞʠʥʽʨʠʥʛʫ ʚ ʙʫʜʽʚʝʣʴʥʠʭ ʧʽʜʨʷʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʻ ʧʦʪʫʞʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʭʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ. ʎʝʡ ʧʽʜʭʽʜ 

ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʨʘʜʠʢʘʣʴʥʝ ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʤʧʘʥʽʷʤ 

ʜʦʩʷʛʘʪʠ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ, ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʽ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʢʣʽʻʥʪʽʚ [3]. 

ɿʘʚʜʷʢʠ ʮʠʤ ʧʦʣʽʧʰʝʥʥʷʤ, ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʦʞʫʪʴ ʧʽʜʚʠʱʫʚʘʪʠ ʨʽʚʝʥʴ ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʢʣʽʻʥʪʽʚ, ʱʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʠʙʫʪʢʦʚʽʩʪʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʥʘ ʨʠʥʢʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʽʣʴʦʚʦʛʦ 

ʨʝʽʥʞʠʥʽʨʠʥʛʫ ʚ ʫʤʦʚʘʭ ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ ʧʝʨʝʜʙʘʯʘʻ ʧʦʚʥʠʡ ʧʝʨʝʛʣʷʜ ʪʘ ʨʝʦʨʛʘʥʽʟʘʮʽʶ ʦʩʥʦʚʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʟʘʣʫʯʝʥʠʭ ʫ ʚʠʨʦʙʥʠʯʠʡ ʮʠʢʣ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʨʠʥʢʫ ʪʘ ʩʧʝʮʠʬʽʯʥʠʭ ʧʦʪʨʝʙ 

ʢʣʽʻʥʪʽʚ [4]. 

ʎʽʣʴʦʚʠʡ ʨʝʽʥʞʠʥʽʨʠʥʛ ʧʨʦʭʦʜʠʪʴ ʢʽʣʴʢʘ ʝʪʘʧʽʚ. ʇʝʨʰʠʡ ʝʪʘʧ ð ʮʝ ʛʣʠʙʦʢʠʡ ʘʥʘʣʽʟ ʧʦʪʦʯʥʠʭ 

ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ, ʱʦ ʚʢʣʶʯʘʻ ʚʠʷʚʣʝʥʥʷ çʚʫʟʴʢʠʭ ʤʽʩʮʴè, ʟʘʪʨʠʤʦʢ, ʥʘʜʤʽʨʥʠʭ ʚʠʪʨʘʪ ʪʘ ʽʥʰʠʭ 

ʧʝʨʝʰʢʦʜ, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʢʦʤʧʘʥʽʾ. ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʥʦʚʽ 

ʢʦʥʮʝʧʮʽʾ ʪʘ ʤʦʜʝʣʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ, ʱʦ ʻ ʥʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ. ʎʽ ʢʦʥʮʝʧʮʽʾ ʚʢʣʶʯʘʶʪʴ ʫ ʩʝʙʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ, ʪʘʢʠʭ ʷʢ ʽʥʪʝʛʨʘʮʽʷ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʮʠʬʨʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ. ʊʨʝʪʽʡ ʝʪʘʧ ʧʝʨʝʜʙʘʯʘʻ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʫ ʥʝʚʝʣʠʢʠʭ ʤʘʩʰʪʘʙʘʭ ʜʣʷ ʦʮʽʥʢʠ ʾʭʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ 

ʨʠʟʠʢʽʚ. ʆʩʪʘʥʥʽʡ ʝʪʘʧ ð ʮʝ ʤʘʩʰʪʘʙʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʤʽʥ ʧʦ ʚʩʽʡ ʦʨʛʘʥʽʟʘʮʽʾ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʜʦʩʷʛʪʠ 

ʢʦʤʧʣʝʢʩʥʠʭ ʧʦʣʽʧʰʝʥʴ ʫ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʅʘʫʢʦʚʘ ʛʽʧʦʪʝʟʘ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʽʣʴʦʚʦʛʦ ʨʝʽʥʞʠʥʽʨʠʥʛʫ ʻ 

ʝʬʝʢʪʠʚʥʦʶ ʩʪʨʘʪʝʛʽʻʶ ʜʣʷ ʦʥʦʚʣʝʥʥʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʙʫʜʽʚʝʣʴʥʠʭ ʧʽʜʨʷʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ɺʦʥʘ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʧʨʘʚʠʣʴʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʽʥʞʠʥʽʨʠʥʛʫ ʥʘʜʘʻ ʙʫʜʽʚʝʣʴʥʠʤ ʢʦʤʧʘʥʽʷʤ 

ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ, ʚʢʣʶʯʘʶʯʠ ʝʢʦʥʦʤʽʶ ʢʦʰʪʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʪʘ ʩʢʦʨʦʯʝʥʥʷ 

ʩʪʨʦʢʽʚ ʧʨʦʻʢʪʽʚ, ʱʦ ʩʧʨʠʷʻ ʧʦʣʽʧʰʝʥʥʶ ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʢʣʽʻʥʪʽʚ ʽ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʢʦʤʧʘʥʽʾ. 

ɼʦʚʝʜʝʥʥʷ ʮʽʻʾ ʛʽʧʦʪʝʟʠ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʢʣʘʜʘʭ ʫʩʧʽʰʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʽʥʞʠʥʽʨʠʥʛʫ ʫ 

ʢʦʤʧʘʥʽʷʭ, ʱʦ ʚʞʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʨʠʥʢʫ, ʜʝ ʪʘʢʽ ʢʦʤʧʘʥʽʾ ʦʪʨʠʤʫʶʪʴ ʜʦʩʪʫʧ ʜʦ ʙʽʣʴʰ ʰʠʨʦʢʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ, ʟʥʠʞʫʶʪʴ ʚʠʪʨʘʪʠ ʽ ʧʽʜʚʠʱʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʚʦʻʾ ʜʽʷʣʴʥʦʩʪʽ [5]. 

ʎʽʣʴʦʚʠʡ ʨʝʽʥʞʠʥʽʨʠʥʛ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʢʦʥʮʝʧʮʽʻʶ çʧʘʨʘʜʠʛʤʠ ʧʨʦʮʝʩʽʚè. ɯʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʠʭ 

ʚʠʟʥʘʯʝʥʥʷ ʮʽʻʾ ʧʘʨʘʜʠʛʤʠ: ʟʘʛʘʣʴʥʝ ʪʘ ʚʫʟʴʢʝ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʧʘʨʘʜʠʛʤʘ ʧʨʦʮʝʩʽʚ ʚʠʩʪʫʧʘʻ 

ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʧʽʜʭʽʜ ʜʦ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʧʨʦʪʠʩʪʦʾʪʴ ʪʨʘʜʠʮʽʡʥʽʡ ʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʧʘʨʘʜʠʛʤʽ 

ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʦʨʛʘʥʽʟʘʮʽʾ, ʜʝ ʘʢʮʝʥʪ ʨʦʙʠʪʴʩʷ ʥʘ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʚʠʢʦʥʘʚʮʽʚ. ʅʘ ʧʨʦʪʠʚʘʛʫ ʮʴʦʤʫ 

ʧʽʜʭʦʜʫ, ʧʘʨʘʜʠʛʤʘ ʧʨʦʮʝʩʽʚ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʭʽʜ ʚʽʜ ʞʦʨʩʪʢʦʾ ʽʻʨʘʨʭʽʾ ʜʦ ʛʥʫʯʢʽʰʠʭ ʩʪʨʫʢʪʫʨ, 

ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʽ ʜʦʩʷʛʥʝʥʥʷ ʩʪʨʘʪʝʛʽʯʥʠʭ ʮʽʣʝʡ. 

ʈʦʟʚʠʪʦʢ ʧʘʨʘʜʠʛʤʠ ʧʨʦʮʝʩʽʚ ʩʧʨʠʷʻ ʛʣʠʙʰʦʤʫ ʨʦʟʫʤʽʥʥʶ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʘʩʧʝʢʪʽʚ ʽ ʜʦʟʚʦʣʷʻ 

ʧʽʜʨʷʜʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʢʨʘʱʝ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʰʚʠʜʢʦʟʤʽʥʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʽʣʴʰʫ 

ʰʚʠʜʢʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʨʝʘʢʮʽʾ ʥʘ ʧʦʪʨʝʙʠ ʨʠʥʢʫ [6]. 

ʋ ʨʘʤʢʘʭ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʦʨʛʘʥʽʟʘʮʽʾ ʢʣʶʯʦʚʠʤʠ ʘʩʧʝʢʪʘʤʠ ʻ ʪʽ, ʱʦ ʟʘʟʥʘʯʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 1. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʘʨʘʜʠʛʤʘ ʧʨʦʮʝʩʽʚ ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ, 

ʱʦ ʤʦʞʝ ʩʫʪʪʻʚʦ ʟʤʽʥʠʪʠ ʧʽʜʭʦʜʠ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʦʨʛʘʥʽʟʘʮʽʻʶ. ʎʷ ʧʘʨʘʜʠʛʤʘ ʘʢʮʝʥʪʫʻ ʫʚʘʛʫ ʥʘ ʪʦʤʫ, 

ʷʢ ʚʟʘʻʤʦʜʽʶʪʴ ʨʽʟʥʽ ʬʫʥʢʮʽʾ ʚ ʤʝʞʘʭ ʦʨʛʘʥʽʟʘʮʽʾ, ʽ ʷʢʽ ʧʨʦʮʝʩʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʢʨʘʱʝʥʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʟʘʛʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʎʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ: 

https://arrcjournal.org/


G19 ɹʋɼɯɺʅʀʎʊɺʆ ʊɸ ʎʀɺɯʃʔʅɸ ɯʅɾɽʅɽʈɯʗ / G19 CONSTRUCTION  AND CIVIL  ENGINEERING  

 

 

ʅʘʫʢʦʚʠʡ ʞʫʨʥʘʣ çɸɺʊʆʄʆɹɯʃʔʅɯ ɼʆʈʆɻʀ ɯ ɼʆʈʆɾʅɭ ɹʋɼɯɺʅʀʎʊɺʆè, 2026. ɺʠʧʫʩʢ 119. 

ISSN 0365-8171 (Print), ISSN 2707-4080 (ʆnline), ISSN 2707-4099 (CD), https://arrcjournal.org . 

Scientific journal çAUTOMOBILE ROADS AND ROAD CONSTRUCTIONè, 2026. Issue 119. 

156 

¶ ɸʥʘʣʽʟ ʪʘ ʤʘʧʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ: ɺʠʟʥʘʯʝʥʥʷ ʢʣʶʯʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʢʦʥʘʥʥʷ 

ʟʘʚʜʘʥʴ ʦʨʛʘʥʽʟʘʮʽʾ. ʄʘʧʫʚʘʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʜʦʧʦʤʘʛʘʻ ʚʠʷʚʠʪʠ ʚʫʟʴʢʽ ʤʽʩʮʷ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. 

¶ ʆʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ: ʇʽʩʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʦʙʣʝʤʥʠʭ ʟʦʥ, ʥʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʨʦʟʨʦʙʢʘ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʤʽʥ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ. ʎʝ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʨʫʪʠʥʥʠʭ 

ʟʘʚʜʘʥʴ, ʩʧʨʦʱʝʥʥʷ ʧʨʦʮʝʜʫʨ ʘʙʦ ʟʤʽʥʠ ʚ ʫʧʨʘʚʣʽʥʩʴʢʽʡ ʩʪʨʫʢʪʫʨʽ. 

¶ ɺʠʤʽʨʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ: ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʤʦʥʽʪʦʨʠʥʛ ʽ ʦʮʽʥʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʠʭ ʟʤʽʥ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʥʦʚʠʭ ʫʤʦʚ ʪʘ ʧʦʩʪʽʡʥʦ 

ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʩʚʦʾ ʧʨʦʮʝʩʠ. 

 

ɺʠʟʥʘʯʝʥʥʷ 

ʩʪʨʘʪʝʛʽʾ ʪʘ 

ʜʝʢʦʤʧʦʟʠʮʽʷ 

ʮʽʣʝʡ ʦʨʛʘʥʽʟʘʮʽʾ:

ʉʪʨʘʪʝʛʽʯʥʝ ʧʣʘʥʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʯʽʪʢʠʭ ʮʽʣʝʡ, ʷʢʽ 

ʜʦʧʦʤʘʛʘʶʪʴ ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʜʽʷʣʴʥʽʩʪʴ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. ɼʝʢʦʤʧʦʟʠʮʽʷ ʮʽʣʝʡ ʥʘ 

ʧʽʜʮʽʣʽ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʟʨʦʟʫʤʽʣʫ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ.

ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ 

ʬʫʥʢʮʽʡ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ 

ʢʽʥʮʝʚʠʭ ʟʘʚʜʘʥʴ: 

ʎʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʦʟʨʦʙʢʫ ʩʧʝʮʠʬʽʢʘʮʽʡ 

ʜʣʷ ʢʦʞʥʦʾ ʟ ʬʫʥʢʮʽʡ, ʚʠʭʦʜʷʯʠ ʟ 

ʧʨʠʥʮʠʧʽʚ ʨʘʮʽʦʥʘʣʴʥʦʾ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʧʨʘʮʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʝʥ ʧʨʘʮʽʚʥʠʢ ʪʦʯʥʦ ʟʥʘʻ 

ʩʚʦʾ ʦʙʦʚ'ʷʟʢʠ, ʘ ʪʘʢʦʞ ʢʽʥʮʝʚʽ ʮʽʣʽ, ʷʢʠʭ 

ʧʦʪʨʽʙʥʦ ʜʦʩʷʛʪʠ.

ɻʨʫʧʫʚʘʥʥʷ ʚʠʜʽʚ 

ʜʽʷʣʴʥʦʩʪʽ:

ɼʽʷʣʴʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 

ʧʽʜʨʦʟʜʽʣʠ, ʘ ʧʽʜʨʦʟʜʽʣʠ ð ʥʘ 

ʜʝʧʘʨʪʘʤʝʥʪʠ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʭʘʨʘʢʪʝʨʫ ʚʠʢʦʥʫʚʘʥʠʭ ʨʦʙʽʪ. ʎʝ 

ʛʨʫʧʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʝʢʦʥʦʤʽʶ 

ʥʘ ʤʘʩʰʪʘʙʘʭ ʽ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ 

ʫʧʨʘʚʣʽʥʥʷ.

ɼʝʣʝʛʫʚʘʥʥʷ 

ʧʦʚʥʦʚʘʞʝʥʴ:

ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʦʩʽʙ, 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ ʚʠʢʦʥʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ 

ʟʘʚʜʘʥʴ. ɼʝʣʝʛʫʚʘʥʥʷ ʧʦʚʥʦʚʘʞʝʥʴ 

ʜʦʟʚʦʣʷʻ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʘʮʶʚʘʪʠ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦ, ʦʩʢʽʣʴʢʠ ʟʤʝʥʰʫʻ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʝʨʽʚʥʠʮʪʚʦ ʪʘ ʥʘʜʘʻ 

ʙʽʣʴʰʝ ʘʚʪʦʥʦʤʽʾ ʧʨʘʮʽʚʥʠʢʘʤ.

ɺʩʪʘʥʦʚʣʝʥʥʷ 

ʬʦʨʤʘʣʴʥʠʭ 

ʚʽʜʥʦʩʠʥ ʤʽʞ 

ʧʨʘʮʽʚʥʠʢʘʤʠ:

ʌʦʨʤʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʨʘʮʽʚʥʠʢʘʤʠ ʻ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʣʘʛʦʜʞʝʥʦʾ ʨʦʙʦʪʠ ʢʦʤʘʥʜʠ. ʏʽʪʢʦ 

ʚʠʟʥʘʯʝʥʽ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʢʘʥʘʣʠ ʪʘ 

ʩʪʨʫʢʪʫʨʠ ʚʟʘʻʤʦʜʽʾ ʜʦʧʦʤʘʛʘʶʪʴ ʫʥʠʢʥʫʪʠ 

ʥʝʧʦʨʦʟʫʤʽʥʴ ʽ ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʫ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ.  
 

ʈʠʩʫʥʦʢ 1 ï ʂʣʶʯʦʚʽ ʘʩʧʝʢʪʠ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʦʨʛʘʥʽʟʘʮʽʾ ʨʝʽʥʞʠʥʽʨʠʥʛʫ 

ɼʞʝʨʝʣʦ: ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʽ [6]  

Figure 1 ï Key Aspects of the Classical Theory of Reengineering Organization  

Source: developed by the author based on [6] 
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ʋ ʪʦʡ ʯʘʩ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʧʘʨʘʜʠʛʤʘ ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʥʘ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʪʘ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ, 

ʧʘʨʘʜʠʛʤʘ ʧʨʦʮʝʩʽʚ ʘʢʮʝʥʪʫʻ ʫʚʘʛʫ ʥʘ ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ [7]. ʎʝʡ ʧʝʨʝʭʽʜ ʚʽʜ ʦʜʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʽʥʰʦʛʦ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʜʦʩʷʛʥʝʥʥʽ ʩʫʯʘʩʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʰʚʠʜʢʽ ʟʤʽʥʠ 

ʫ ʙʽʟʥʝʩ-ʩʝʨʝʜʦʚʠʱʽ. ʇʘʨʘʜʠʛʤʘ ʧʨʦʮʝʩʽʚ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʷʤ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʜʠʥʘʤʽʯʥʦʛʦ 

ʙʽʟʥʝʩ-ʩʝʨʝʜʦʚʠʱʘ, ʜʝ ʚʘʞʣʠʚʦ ʥʝ ʣʠʰʝ ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʜʘʥʥʷ, ʘʣʝ ʡ ʧʦʩʪʽʡʥʦ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʩʧʦʩʦʙʠ 

ʾʭ ʨʝʘʣʽʟʘʮʽʾ. ʎʝ ʨʦʙʠʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʙʽʣʴʰ ʛʥʫʯʢʠʤʠ, ʽʥʥʦʚʘʮʽʡʥʠʤʠ ʪʘ ʛʦʪʦʚʠʤʠ ʜʦ ʚʠʢʣʠʢʽʚ, ʷʢʽ 

ʧʦʩʪʽʡʥʦ ʚʠʥʠʢʘʶʪʴ ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ. 

ʋ ʢʣʘʩʠʯʥʽʡ ʘʤʝʨʠʢʘʥʩʴʢʽʡ ʰʢʦʣʽ ʫʧʨʘʚʣʽʥʥʷ ʧʠʪʘʥʥʷ ʧʦʙʫʜʦʚʠ ʧʨʦʮʝʩʽʚ ʯʘʩʪʦ ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʷ, 

ʘ ʧʽʜ ʯʘʩ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʦʨʛʘʥʽʟʘʮʽʡ ʘʢʮʝʥʪʫʚʘʚʩʷ ʣʠʰʝ ʤʦʞʣʠʚʠʡ ʨʽʚʝʥʴ ʢʦʦʨʜʠʥʘʮʽʾ ʤʽʞ ʚʠʢʦʥʘʚʮʷʤʠ 

ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʚʽʜʜʽʣʽʚ. ʈʦʙʦʯʽ ʧʦʪʦʢʠ ʪʘ ʩʘʤʽ ʧʨʦʮʝʩʠ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʘʥʘʣʽʟʫʚʘʣʠʩʷ ʦʢʨʝʤʦ, ʥʘʚʽʪʴ 

ʧʽʩʣʷ ʨʦʟʧʦʜʽʣʫ ʬʫʥʢʮʽʡ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʮʴʦʛʦ, ʥʽʤʝʮʴʢʘ ʰʢʦʣʘ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʭʦʜʠʣʘ ʜʦ ʮʴʦʛʦ ʧʠʪʘʥʥʷ 

ʙʽʣʴʰ ʢʦʤʧʣʝʢʩʥʦ. ʅʘʧʨʠʢʣʘʜ, ʚ ʦʜʥʽʡ ʟ ʨʦʙʽʪ ʘʚʪʦʨ ʦʢʨʝʤʦ ʨʦʟʛʣʷʜʘʻ ʩʪʨʫʢʪʫʨʠ ʽ ʧʨʦʮʝʩʠ ʧʽʜ ʯʘʩ 

ʩʪʚʦʨʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ. ʆʜʥʘʢ ʫ ʡʦʛʦ ʤʦʜʝʣʽ ʧʨʦʮʝʩʠ ʟʘʣʠʰʘʶʪʴʩʷ ʚʪʦʨʠʥʥʠʤʠ ʩʪʦʩʦʚʥʦ ʩʪʨʫʢʪʫʨ, 

ʪʦʙʪʦ ʢʦʥʢʨʝʪʥʽ ʮʽʣʽ, ʬʫʥʢʮʽʾ ʪʘ ʟʘʚʜʘʥʥʷ ʧʦʚôʷʟʘʥʽ ʟ ʧʝʚʥʠʤ ʥʘʙʦʨʦʤ ʜʽʡ ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ [8]. 

ʋ ʨʘʤʢʘʭ ʧʨʦʮʝʩʥʦʾ ʧʘʨʘʜʠʛʤʠ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʩʪʨʫʢʪʫʨʠ ʬʦʨʤʫʶʪʴʩʷ ʟʘ ʨʽʟʥʠʤʠ ʧʽʜʭʦʜʘʤʠ, ʩʝʨʝʜ 

ʷʢʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 2. 

 

ʊʘʙʣʠʮʷ 2 - ʂʣʶʯʦʚʽ ʝʪʘʧʠ ʬʦʨʤʫʚʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ ʟʘ ʧʨʦʮʝʩʥʦʶ ʧʘʨʘʜʠʛʤʦʶ 

Table 2 - Key Stages in the Formation of Organizational Structures under the Process Paradigm 

 

ɽʪʘʧʠ 

ʧʨʦʮʝʩʥʦʾ 

ʧʘʨʘʜʠʛʤʠ 

ʆʧʠʩ ʝʪʘʧʫ ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

ɺʠʟʥʘʯʝʥʥʷ 

ʦʩʥʦʚʥʦʾ ʤʝʪʠ ʪʘ 

ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ 

ʏʽʪʢʝ ʬʦʨʤʫʣʶʚʘʥʥʷ 

ʮʽʣʝʡ, ʱʦ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʜʦʩʷʛʥʫʪʽ ʯʝʨʝʟ 

ʨʝʘʣʽʟʘʮʽʶ ʚʠʟʥʘʯʝʥʠʭ 

ʧʨʦʮʝʩʽʚ. 

ɼʘʻ ʯʽʪʢʝ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʮʽʣʽ ʪʘ ʦʯʽʢʫʚʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʩʧʨʦʱʫʻ 

ʧʣʘʥʫʚʘʥʥʷ. 

ʇʦʪʨʝʙʫʻ ʯʘʩʫ ʥʘ 

ʨʝʪʝʣʴʥʠʡ ʘʥʘʣʽʟ ʽ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ 

ʮʽʣʝʡ. 

ɺʠʟʥʘʯʝʥʥʷ 

ʚʘʨʽʘʥʪʽʚ 

ʧʨʦʮʝʩʫ 

ʈʦʟʛʣʷʜ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ 

ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʜʣʷ 

ʧʦʰʫʢʫ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ 

ʰʣʷʭʽʚ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ. 

ɼʦʟʚʦʣʷʻ ʚʠʙʨʘʪʠ 

ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʡ 

ʤʝʪʦʜ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ, 

ʧʽʜʚʠʱʫʻ ʘʜʘʧʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ. 

ʄʦʞʝ ʙʫʪʠ ʩʢʣʘʜʥʠʤ, 

ʷʢʱʦ ʚʘʨʽʘʥʪʽʚ ʙʘʛʘʪʦ, 

ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʠʭ 

ʨʝʩʫʨʩʽʚ ʜʣʷ ʘʥʘʣʽʟʫ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ 

ʙʣʦʢʽʚ ʘʙʦ 

ʚʠʢʦʥʘʚʮʽʚ 

ɺʠʟʥʘʯʝʥʥʷ ʢʣʶʯʦʚʠʭ 

ʙʣʦʢʽʚ ʘʙʦ ʫʯʘʩʥʠʢʽʚ, 

ʟʘʣʫʯʝʥʠʭ ʫ ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʮʝʩʫ. 

ʉʧʨʠʷʻ ʯʽʪʢʽʰʦʤʫ 

ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʽ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ, 

ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʝʩʫʨʩʽʚ. 

ʄʦʞʫʪʴ ʚʠʥʠʢʘʪʠ 

ʪʨʫʜʥʦʱʽ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʢʣʶʯʦʚʠʭ ʙʣʦʢʽʚ, 

ʦʩʦʙʣʠʚʦ ʫ ʚʝʣʠʢʠʭ 

ʢʦʤʧʘʥʽʷʭ. 

ʈʦʟʧʦʜʽʣ 

ʟʘʚʜʘʥʴ 

ʚʠʢʦʥʘʚʮʷ 

ɿʘʚʜʘʥʥʷ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ 

ʤʽʞ ʚʠʢʦʥʘʚʮʷʤʠ ʟʛʽʜʥʦ ʟ 

ʚʠʟʥʘʯʝʥʠʤʠ ʙʣʦʢʘʤʠ 

ʧʨʦʮʝʩʫ. 

ʇʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʝʘʣʽʟʘʮʽʾ ʮʽʣʝʡ, 

ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʯʦʾ 

ʩʠʣʠ. 

ʄʦʞʝ ʩʧʨʠʯʠʥʠʪʠ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʜʝʷʢʠʭ 

ʚʠʢʦʥʘʚʮʽʚ, ʷʢʱʦ 

ʨʦʟʧʦʜʽʣ ʟʨʦʙʣʝʥʦ 

ʥʝʨʽʚʥʦʤʽʨʥʦ. 

ɼʞʝʨʝʣʦ: ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʽ [9]  

Source: developed by the author based on [9]  

 

ʂʣʶʯʦʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʢʣʘʩʠʯʥʦʶ ʪʘ ʧʨʦʮʝʩʥʦʶ ʧʘʨʘʜʠʛʤʦʶ ʚ ʫʧʨʘʚʣʽʥʥʽ ʙʫʜʽʚʝʣʴʥʠʤʠ 

ʧʽʜʨʷʜʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʢʣʘʩʠʯʥʠʡ ʧʽʜʭʽʜ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʩʪʨʫʢʪʫʨʽ ʦʨʛʘʥʽʟʘʮʽʾ, 

ʪʦʜʽ ʷʢ ʧʨʦʮʝʩʥʠʡ ʧʽʜʭʽʜ ð ʥʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ, ʱʦ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʋ ʢʣʘʩʠʯʥʽʡ 
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ʧʘʨʘʜʠʛʤʽ ʩʪʨʘʪʝʛʽʾ ʟʘʟʚʠʯʘʡ ʟʘʜʘʶʪʴ ʞʦʨʩʪʢʫ ʦʨʛʘʥʽʟʘʮʽʡʥʫ ʩʪʨʫʢʪʫʨʫ: ʽʻʨʘʨʭʽʶ ʫʧʨʘʚʣʽʥʥʷ, ʯʽʪʢʠʡ 

ʨʦʟʧʦʜʽʣ ʦʙʦʚ'ʷʟʢʽʚ, ʢʦʥʪʨʦʣʴ ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʫ ʚʠʢʦʥʘʥʥʽ 

ʟʘʚʜʘʥʴ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʦʙʤʝʞʫʻ ʛʥʫʯʢʽʩʪʴ ʪʘ ʘʜʘʧʪʘʮʽʶ ʜʦ ʟʤʽʥ [9]. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʩʠʯʥʦʾ ʤʦʜʝʣʽ, ʧʨʦʮʝʩʥʘ ʧʘʨʘʜʠʛʤʘ, ʷʢʘ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʨʝʽʥʞʠʥʽʨʠʥʛʫ, ʚʚʘʞʘʻ 

ʧʨʦʮʝʩʠ ʯʘʩʪʠʥʦʶ ʩʘʤʦʾ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʩʪʨʘʪʝʛʽʷ ʽ ʧʨʦʮʝʩ ʬʦʨʤʫʶʪʴʩʷ 

ʦʜʥʦʯʘʩʥʦ, ʧʽʜʪʨʠʤʫʶʯʠ ʦʨʛʘʥʽʟʘʮʽʶ ʚ ʜʦʩʷʛʥʝʥʥʽ ʙʽʣʴʰʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʘʢʮʝʥʪ ʨʦʙʠʪʴʩʷ ʥʘ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʧʨʦʮʝʩʘʭ, ʱʦ ʩʧʨʠʷʶʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʩʫʨʩʽʚ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ. ʎʝ ʻ ʚʘʞʣʠʚʠʤ ʫ 

ʩʫʯʘʩʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʜʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʘʜʘʧʪʠʚʥʽʩʪʴ ʻ ʚʠʨʽʰʘʣʴʥʠʤʠ ʬʘʢʪʦʨʘʤʠ 

ʫʩʧʽʭʫ, ʘ ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʧʨʦʝʢʪʽʚ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ. 

ʋ ʚʠʧʘʜʢʫ ʮʽʣʴʦʚʦʛʦ ʨʝʽʥʞʠʥʽʨʠʥʛʫ ʧʽʜʭʽʜ ʧʨʦʮʝʩʥʦʾ ʧʘʨʘʜʠʛʤʠ ʜʦʟʚʦʣʷʻ ʙʫʜʽʚʝʣʴʥʠʤ 

ʧʽʜʨʷʜʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʥʝ ʪʽʣʴʢʠ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʧʦʩʪʽʡʥʠʭ ʟʤʽʥ ʥʘ ʨʠʥʢʫ, ʘʣʝ ʡ ʧʨʦʘʢʪʠʚʥʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʾʭʥʽ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ. ʊʘʢ, ʨʝʘʣʽʟʘʮʽʷ ʨʝʽʥʞʠʥʽʨʠʥʛʦʚʠʭ ʟʘʭʦʜʽʚ, ʪʘʢʠʭ ʷʢ ʦʧʪʠʤʽʟʘʮʽʷ 

ʧʨʦʝʢʪʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʘʙʦ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʦʙʣʽʢʫ ʡ ʧʣʘʥʫʚʘʥʥʷ, ʜʦʧʦʤʘʛʘʻ ʫʥʽʬʽʢʫʚʘʪʠ ʪʘ ʩʢʦʨʦʪʠʪʠ 

ʟʘʪʨʘʪʠ ʥʘ ʢʣʶʯʦʚʽ ʝʪʘʧʠ ʧʨʦʝʢʪʫ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʠʢʦʥʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ ʫ ʚʠʟʥʘʯʝʥʽ ʩʪʨʦʢʠ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʘʪʨʠʤʢʠ ʡ ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ [10]. 

ʇʨʦʮʝʩʥʠʡ ʧʽʜʭʽʜ ʪʘʢʦʞ ʧʽʜʪʨʠʤʫʻ ʬʦʨʤʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʛʥʫʯʢʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʾʾ ʟʜʘʪʥʦʩʪʽ 

ʰʚʠʜʢʦ ʚʽʜʧʦʚʽʜʘʪʠ ʥʘ ʚʠʢʣʠʢʠ ʨʠʥʢʫ. ɹʫʜʽʚʝʣʴʥʽ ʧʽʜʨʷʜʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʦʞʫʪʴ ʟʘʣʫʯʘʪʠ ʥʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʤʦʜʝʨʥʽʟʫʚʘʪʠ ʥʘʷʚʥʽ ʧʨʦʮʝʩʠ ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ ʽʥʪʝʛʨʘʮʽʶ ʽʥʥʦʚʘʮʽʡ, ʱʦ ʩʧʨʠʷʻ ʟʨʦʩʪʘʥʥʶ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ. ʋ ʨʝʟʫʣʴʪʘʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʪʨʘʪʝʛʽʾ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʨʦʮʝʩʥʦʤʫ ʧʽʜʭʦʜʽ, 

ʧʽʜʧʨʠʻʤʩʪʚʦ ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʠ ʚʠʪʨʘʪʘʤʠ, ʟʙʽʣʴʰʠʪʠ ʜʦʭʽʜʥʽʩʪʴ ʧʨʦʝʢʪʽʚ ʪʘ ʜʦʩʷʛʘʪʠ ʙʽʣʴʰ 

ʚʠʩʦʢʠʭ ʩʪʘʥʜʘʨʪʽʚ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʥʘʫʢʦʚʫ ʛʽʧʦʪʝʟʫ ʜʦʩʣʽʜʞʝʥʥʷ: ʮʽʣʴʦʚʠʡ 

ʨʝʽʥʞʠʥʽʨʠʥʛ ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʦʥʦʚʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʾʭʥʴʦʾ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ [11]. 

ʋ ʪʨʘʜʠʮʽʡʥʽʡ ʧʘʨʘʜʠʛʤʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʘʢʮʝʥʪ ʨʦʙʠʪʴʩʷ ʥʘ ʩʪʨʫʢʪʫʨʥʠʭ ʘʩʧʝʢʪʘʭ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫ ʬʦʨʤʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʡ ʪʘ ʨʦʣʝʡ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ. ʋ ʮʽʡ ʩʭʝʤʽ ʦʨʛʘʥʽʟʘʮʽʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʷʢ ʽʻʨʘʨʭʽʯʥʘ ʩʪʨʫʢʪʫʨʘ, ʜʝ ʢʦʞʝʥ ʨʽʚʝʥʴ ʤʘʻ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʽ ʦʙʦʚ'ʷʟʢʠ ʪʘ ʧʦʚʥʦʚʘʞʝʥʥʷ. ʆʩʥʦʚʥʽ 

ʝʣʝʤʝʥʪʠ ʪʘʢʦʾ ʧʘʨʘʜʠʛʤʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2. 

ʇʨʦʮʝʩʥʘ ʧʘʨʘʜʠʛʤʘ ʦʨʛʘʥʽʟʘʮʽʾ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʧʝʮʠʬʽʯʥʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʫʧʨʘʚʣʽʥʥʷ, ʜʝ ʢʝʨʽʚʥʠʢ, 

ʤʝʥʝʜʞʝʨ ʘʙʦ ʩʧʽʚʨʦʙʽʪʥʠʢ ʥʝʩʝ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʦʜʥʦʨʽʜʥʦʛʦ ʚʠʢʦʥʘʥʥʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʮʝʩʫ. ʇʦʧʨʠ ʪʝ, ʱʦ ʜʽʷʣʴʥʽʩʪʴ ʮʴʦʛʦ ʬʘʭʽʚʮʷ ʦʭʦʧʣʶʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʫʥʢʮʽʡ, ʚʽʥ 

ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʦʜʥʦʤʫ ʚʠʜʽ ʟʘʤʦʚʣʝʥʴ ʘʙʦ ʦʙʩʣʫʛʦʚʫʻ ʧʝʚʥʫ ʛʨʫʧʫ ʩʧʦʞʠʚʘʯʽʚ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ 

ʚʫʟʴʢʠʤ ʩʧʝʮʽʘʣʽʩʪʦʤ ʫ ʩʚʦʾʡ ʩʬʝʨʽ. ʎʷ ʧʘʨʘʜʠʛʤʘ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʘʪʠ ʛʣʠʙʰʦʛʦ ʨʦʟʫʤʽʥʥʷ ʧʦʪʨʝʙ 

ʢʣʽʻʥʪʽʚ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ [12]. 

ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʩʧʨʠʷʻ ʧʦʧʫʣʷʨʠʟʘʮʽʾ ʧʨʦʮʝʩʥʦʾ ʧʘʨʘʜʠʛʤʠ, ʻ ʨʦʟʚʠʪʦʢ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʨʦʟʢʨʠʚʘʶʪʴ ʩʚʽʡ ʧʦʪʝʥʮʽʘʣ ʣʠʰʝ ʫ ʨʘʤʢʘʭ ʧʨʦʮʝʩʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʦʨʛʘʥʽʟʘʮʽʡ ʘʙʦ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʦʨʛʘʥʽʟʘʮʽʾ ʘʜʘʧʪʫʶʪʴʩʷ ʜʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ.  

ɼʣʷ ʫʢʨʘʾʥʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʭʘʨʘʢʪʝʨʥʽ ʧʝʚʥʽ ʩʧʝʮʠʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʨʝʘʣʽʟʘʮʽʶ ʧʨʦʮʝʩʥʦʾ ʧʘʨʘʜʠʛʤʠ. ɺ ʫʤʦʚʘʭ ʝʢʦʥʦʤʽʯʥʦʾ ʢʨʠʟʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʩʪʠʢʘʶʪʴʩʷ ʟ ʩʠʪʫʘʮʽʻʶ 

çʥʘʮʽʦʥʘʣʴʥʦʾè ʢʦʥʢʫʨʝʥʮʽʾ, ʱʦ ʟʤʫʰʫʻ ʾʭ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʥʘ ʨʠʥʦʢ. ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʾ 

ʽʜʝʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʚʢʣʶʯʘʻ ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ. ʇʦ-ʧʝʨʰʝ, ʜʽʻ ʧʨʦʩʪʠʡ ʨʠʥʢʦʚʠʡ 

ʧʨʠʥʮʠʧ çʥʝʤʘʻ ʧʨʦʜʘʞʫ ð ʥʝʤʘʻ ʙʽʟʥʝʩʫè, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ ʚʽʜʜʽʣ ʟʙʫʪʫ ʬʘʢʪʠʯʥʦ ʫʧʨʘʚʣʷʻ 

ʧʽʜʧʨʠʻʤʩʪʚʦʤ. ʇʦ-ʜʨʫʛʝ, ʚʠʨʦʙʥʠʮʪʚʦ ʙʽʣʴʰʝ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʪʨʘʪʝʛʽʯʥʦ; ʚʦʥʦ ʩʧʨʠʡʤʘʻʪʴʩʷ ʷʢ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʽʜʨʦʟʜʽʣ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʦʚʘʨʽʚ, ʱʦ ʧʦʩʪʫʧʦʚʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʜʝʛʨʘʜʘʮʽʾ ʚʠʨʦʙʥʠʯʦʛʦ ʧʣʘʥʫʚʘʥʥʷ [13].. ɯ ʥʘʨʝʰʪʽ, ʫ ʩʬʝʨʽ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʘʢʮʝʥʪ ʨʦʙʠʪʴʩʷ ʥʘ 

ʧʨʦʮʝʜʫʨʘʭ ʽ ʧʨʘʚʠʣʘʭ, ʷʢʽ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʘʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʚʠʛʣʷʜʽ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʤʽʥʠ ʧʽʜʭʦʜʽʚ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʪʘ ʚʠʨʦʙʥʠʮʪʚʦʤ ʫ 

ʮʽʣʦʤʫ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʽʡʢʽʩʪʴ ʽ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʫʢʨʘʾʥʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʤʽʞʥʘʨʦʜʥʽʡ 

ʘʨʝʥʽ. 
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ʉʪʨʘʪʝʛʽʷ:

ɺʠʟʥʘʯʘʻ ʟʘʛʘʣʴʥʠʡ ʥʘʧʨʷʤʦʢ ʨʦʟʚʠʪʢʫ 

ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʙʘʟʽ ʘʥʘʣʽʟʫ 

ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. ʉʪʨʘʪʝʛʽʯʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʚʩʽʭ 

ʧʦʜʘʣʴʰʠʭ ʜʽʡ ʚ ʦʨʛʘʥʽʟʘʮʽʾ.

ʌʫʥʢʮʽʦʥʘʣʴʥʘ 

ʩʧʝʮʽʘʣʽʟʘʮʽʷ: 

ʆʩʥʦʚʥʠʡ ʧʨʠʥʮʠʧ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʧʨʘʮʽʚʥʠʢʠ 

ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʨʽʟʥʽ ʧʽʜʨʦʟʜʽʣʠ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʩʧʝʮʽʘʣʽʟʘʮʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʝʢʩʧʝʨʪʠʟʠ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʢʦʥʢʨʝʪʥʠʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ.

ɯʻʨʘʨʭʽʯʥʘ ʩʪʨʫʢʪʫʨʘ:

ʆʟʥʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʢʽʣʴʢʦʭ ʨʽʚʥʽʚ ʫʧʨʘʚʣʽʥʥʷ, 

ʜʝ ʢʦʞʝʥ ʥʘʩʪʫʧʥʠʡ ʨʽʚʝʥʴ ʧʽʜʧʦʨʷʜʢʦʚʘʥʠʡ 

ʧʦʧʝʨʝʜʥʴʦʤʫ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʯʽʪʢʫ ʣʽʥʽʶ 

ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʢʦʥʪʨʦʣʶ, ʘʣʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʟʘʪʨʠʤʦʢ ʚ ʫʭʚʘʣʝʥʥʽ ʨʽʰʝʥʴ.

ɺʠʟʥʘʯʝʥʥʷ ʦʙʦʚô̫ ʟʢʽʚ 

ʽ ʧʦʚʥʦʚʘʞʝʥʴ:

ʏʽʪʢʦ ʦʢʨʝʩʣʝʥʽ ʬʫʥʢʮʽʾ ʽ ʟʘʚʜʘʥʥʷ ʢʦʞʥʦʛʦ 

ʩʧʽʚʨʦʙʽʪʥʠʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ 

ʜʫʙʣʶʚʘʥʥʷ ʟʫʩʠʣʴ ʽ ʟʘʙʝʟʧʝʯʫʻ ʦʨʛʘʥʽʟʦʚʘʥʫ 

ʨʦʙʦʪʫ.

ʌʦʨʤʘʣʽʟʘʮʽʷ 

ʚʽʜʥʦʩʠʥ:

ɺʩʪʘʥʦʚʣʝʥʥʷ ʦʬʽʮʽʡʥʠʭ ʧʨʦʮʝʜʫʨ ʽ ʧʨʘʚʠʣ, 

ʷʢʽ ʨʝʛʫʣʶʶʪʴ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʧʨʘʮʽʚʥʠʢʘʤʠ. 

ʎʝ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʦʢʫʤʝʥʪʘʮʽʶ, ʟʚʽʪʫʚʘʥʥʷ 

ʪʘ ʨʝʛʣʘʤʝʥʪʘʮʽʶ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ.

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʠʩʪʝʤʘ ʧʘʨʘʜʠʛʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ 

ɼʞʝʨʝʣʦ: ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʽ [10, 11] 

Figure 2 ï Organizational Design Paradigm System 

Source: developed by the author based on [10, 11] 

 

ʂʦʥʮʝʧʮʽʷ ʫʧʨʘʚʣʽʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʨʦʟʛʣʷʜʘʻ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ ʷʢ ʚʘʞʣʠʚʠʡ 

ʩʪʨʘʪʝʛʽʯʥʠʡ ʨʝʩʫʨʩ ʢʦʤʧʘʥʽʾ, ʷʢʠʡ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʻʪʴʩʷ ʪʘ ʘʜʘʧʪʫʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ  ̔

ʚʥʫʪʨʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. ʂʦʞʝʥ ʙʽʟʥʝʩ-ʧʨʦʮʝʩ ʤʦʞʝ ʙʫʪʠ ʽʥʽʮʽʡʦʚʘʥʠʡ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ, ʧʨʠ ʮʴʦʤʫ 

ʩʪʚʦʨʶʻʪʴʩʷ ʢʦʥʢʨʝʪʥʠʡ ʚʠʢʦʥʘʚʯʠʡ ʝʢʟʝʤʧʣʷʨ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. ʆʧʠʩ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʫ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʜʽʘʛʨʘʤʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʽʡ, ʪʠʧʠ ʟʤʽʥʥʠʭ, ʽʤʝʥʘ ʪʘ ʨʦʣʽ ʫʯʘʩʥʠʢʽʚ. ɺʠʢʦʥʘʚʯʠʡ ʝʢʟʝʤʧʣʷʨ ʙʽʟʥʝʩ-

ʧʨʦʮʝʩʫ ʤʽʩʪʠʪʴ ʢʦʥʪʨʦʣʴʥʽ ʪʦʯʢʠ ʥʘ ʜʽʘʛʨʘʤʽ, ʷʢʽ ʤʦʞʫʪʴ ʧʝʨʝʤʽʱʫʚʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʫʤʦʚ 

ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʽ ʜʦʩʷʛʥʝʥʥʷ ʧʨʦʤʽʞʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ [14]. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʟʘʣʫʯʝʥʽ ʢʦʥʢʨʝʪʥʽ ʚʠʢʦʥʘʚʮʽ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʟʘ 

ʚʠʢʦʥʘʥʥʷ ʦʢʨʝʤʠʭ ʟʘʚʜʘʥʴ ʘʙʦ ʝʪʘʧʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʨʦʟʧʦʜʽʣʠʪʠ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ, ʧʽʜʚʠʱʠʪʠ 
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ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʛʥʫʯʢʽʩʪʴ ʫ ʨʦʙʦʪʽ. ɺʠʢʦʥʘʚʯʠʡ ʨʽʚʝʥʴ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʚʠʤʘʛʘʻ ʜʝʪʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʘʜʞʝ ʩʘʤʝ ʪʫʪ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʘ ʯʘʩʪʠʥʘ ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ ʟʘʜʫʤʫ. 

ʇʝʨʩʧʝʢʪʠʚʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʦʤ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʽʘʛʨʘʤʦʶ ʧʨʦʮʝʩʽʚ, ʷʢʘ ʻ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʝʪʘʧʽʚ ʨʦʙʦʪʠ [15]. 

ʊʘʢʽ ʜʽʘʛʨʘʤʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʠʪʠ ʯʽʪʢʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʪʘ ʭʽʜ ʧʨʦʮʝʩʫ, ʚʠʷʚʣʷʶʯʠ 

ʢʣʶʯʦʚʽ ʪʦʯʢʠ ʜʣʷ ʢʦʥʪʨʦʣʶ, ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ, ʱʦ ʚ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ 

ʧʽʜʚʠʱʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʘʜʘʧʪʠʚʥʽʩʪʴ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʜʦ ʟʤʽʥ. ʅʘ ʨʠʩʫʥʢʫ 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʣʘʩʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʮʝʩʥʦʛʦ ʧʽʜʭʦʜʫ. 
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ɼʞʝʨʝʣʦ: ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʽ [15] 

Figure 3 ï Classical Business Process Modeling Using the Process Approach 

Source: developed by the author based on [15]  

 

ɿʘ ʢʦʞʥʠʤ ʧʨʦʮʝʩʦʤ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʬʘʭʽʚʝʮʴ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ 

ʪʝʭʥʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʥʝʦʙʭʽʜʥʽ ʨʝʩʫʨʩʠ, ʚʭʽʜʥʽ ʪʘ ʚʠʭʽʜʥʽ ʜʘʥʽ, ʘ ʪʘʢʦʞ ʢʣʶʯʦʚʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʭʽʜ ʧʨʦʮʝʩʫ ʮʝʡ ʬʘʭʽʚʝʮʴ ʧʨʠʡʤʘʻ ʦʧʝʨʘʪʠʚʥʽ ʨʽʰʝʥʥʷ ʪʘ ʦʮʽʥʶʻ 

ʾʭ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ. ʋ ʨʘʟʽ, ʷʢʱʦ ʨʝʟʫʣʴʪʘʪʠ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʩʪʘʥʦʚʣʝʥʠʤ ʢʨʠʪʝʨʽʷʤ, ʨʦʟʨʦʙʣʷʶʪʴʩʷ 

ʢʦʨʠʛʫʚʘʣʴʥʽ ʟʘʭʦʜʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ [16]. ɺʽʮʝ-ʧʨʝʟʠʜʝʥʪ ʽʟ ʧʠʪʘʥʴ ʝʢʦʥʦʤʽʢʠ ʪʘ ʬʽʥʘʥʩʽʚ 

ʟʜʽʡʩʥʶʻ ʛʣʠʙʦʢʠʡ ʘʥʘʣʽʟ ʚʠʪʨʘʪ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʧʨʦʮʝʩʦʤ, ʪʘ ʨʦʟʨʦʙʣʷʻ ʩʪʨʘʪʝʛʽʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦʙ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʙʝʟ ʚʪʨʘʪʠ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ. ɺʦʜʥʦʯʘʩ ʢʝʨʽʚʥʠʢ ʢʦʤʧʘʥʽʾ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʱʦʜʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʦʧʝʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʽʟ ʬʦʢʫʩʦʤ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʛʥʫʯʢʦʩʪʽ ʪʘ ʘʜʘʧʪʠʚʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʚʠʤʦʛ ʢʽʥʮʝʚʦʾ ʙʫʜʽʚʝʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʨʠʥʢʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʇʨʦʮʝʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʻ ʢʣʶʯʦʚʦʶ ʝʢʦʥʦʤʽʯʥʦʶ ʩʪʨʘʪʝʛʽʻʶ ʜʣʷ ʙʫʜʽʚʝʣʴʥʠʭ ʧʽʜʨʷʜʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʧʨʘʛʥʫʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʰʣʷʭʦʤ ʮʽʣʴʦʚʦʛʦ 

ʨʝʽʥʞʠʥʽʨʠʥʛʫ.  

ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʧʨʦʮʝʩʥʦʛʦ ʧʽʜʭʦʜʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʩʝʙʽʯʥʠʡ ʘʥʘʣʽʟ ʥʘʷʚʥʦʾ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʜʝ ʚʠʜʽʣʷʶʪʴ ʢʨʠʪʠʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʦʧʪʠʤʽʟʘʮʽʾ. ʎʝʡ ʝʪʘʧ ʚʢʣʶʯʘʻ ʘʥʘʣʽʟ 

ʩʪʨʫʢʪʫʨʠ ʫʧʨʘʚʣʽʥʥʷ, ʦʮʽʥʢʫ ʽʩʥʫʶʯʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʧʝʨʝʚʽʨʢʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ 

ʩʪʨʘʪʝʛʽʯʥʠʤ ʮʽʣʷʤ ʢʦʤʧʘʥʽʾ. ɿʘʚʜʷʢʠ ʜʝʪʘʣʴʥʦʤʫ ʘʥʘʣʽʟʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦ ʤʦʞʝ 

ʪʦʯʥʽʰʝ ʚʠʟʥʘʯʠʪʠ ʧʨʽʦʨʠʪʝʪʠ ʜʣʷ ʨʝʽʥʞʠʥʽʨʠʥʛʫ ʪʘ ʢʨʘʱʝ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ 

[17]. 
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ʂʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʧʨʦʮʝʩʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʨʦʟʤʝʞʫʚʘʥʥʷ ʪʘ ʦʧʠʩʘʥʥʷ ʤʝʞ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʧʨʠʻʤʩʪʚʫ ʙʘʯʠʪʠ ʪʦʯʥʽ ʨʘʤʢʠ ʢʦʞʥʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʪʘʢʦʞ ʡʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʽ ʩʣʘʙʢʽ ʤʽʩʮʷ.  

ʅʘʫʢʦʚʘ ʛʽʧʦʪʝʟʘ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʽʣʴʦʚʦʛʦ ʨʝʽʥʞʠʥʽʨʠʥʛʫ 

ʚ ʙʫʜʽʚʝʣʴʥʠʭ ʧʽʜʨʷʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʩʧʨʠʷʪʠʤʝ ʩʫʪʪʻʚʦʤʫ ʧʽʜʚʠʱʝʥʥʶ ʾʭʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʮʝʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ 

ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʞʥʦʛʦ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʫ ʪʘ ʡʦʛʦ ʚʥʝʩʦʢ ʫ ʟʘʛʘʣʴʥʫ ʩʪʨʘʪʝʛʽʶ ʢʦʤʧʘʥʽʾ, ʜʦʟʚʦʣʠʪʴ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʩʢʦʨʦʪʠʪʠ ʪʝʨʤʽʥʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʽʚ ʽ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ. ʎʝ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʟʥʠʟʠʪʴ ʟʘʣʝʞʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʪʘ 

ʜʦʟʚʦʣʠʪʴ ʙʫʜʽʚʝʣʴʥʠʤ ʧʽʜʨʷʜʥʠʤ ʢʦʤʧʘʥʽʷʤ ʛʥʫʯʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʚʠʢʣʠʢʠ ʛʘʣʫʟʽ ʪʘ ʝʢʦʥʦʤʽʢʠ ʟʘʛʘʣʦʤ 

[18]. 

ɿʘʚʜʷʢʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʽ ʚʽʜʧʦʚʽʜʥʽʡ ʤʦʜʝʨʥʽʟʘʮʽʾ ʙʫʜʽʚʝʣʴʥʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʦʞʫʪʴ ʟʘʢʣʘʩʪʠ ʤʽʮʥʫ ʦʩʥʦʚʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʣʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ 

ʟʨʦʩʪʘʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʥʘ ʨʠʥʢʫ. 

ɺʠʷʚʣʝʥʥʷ ʨʝʘʣʴʥʠʭ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʚʠʤʘʛʘʻ ʯʽʪʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʧʨʠʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʧʨʦʮʝʩʫ, ʘ 

ʪʘʢʦʞ ʜʝʪʘʣʴʥʦʛʦ ʟʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ. ɽʬʝʢʪʠʚʥʦ ʧʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ ʜʦʟʚʦʣʷʻ ʢʦʤʧʘʥʽʾ ʚʠʟʥʘʯʠʪʠ ʟʦʥʠ ʜʣʷ ʧʦʪʝʥʮʽʡʥʦʛʦ ʧʦʢʨʘʱʝʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʘʚʪʦʤʘʪʠʟʘʮʽʶ 

ʦʧʝʨʘʮʽʡ, ʦʧʪʠʤʽʟʘʮʽʶ ʨʝʩʫʨʩʽʚ, ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʡʚʠʭ ʢʨʦʢʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ 

ʨʦʙʽʪ [19]. ʅʘ ʨʠʩʫʥʢʫ 4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʥʮʝʧʪʫʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʢʝʨʫʚʘʥʥʷʤ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ. 
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Figure 4 ï Process Organization Model in the Concession Sector 

Source: developed by the author based on [19] 

 

ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʘʢʮʝʥʪʫʻʪʴʩʷ ʫʚʘʛʘ ʥʘ ʪʘʢʠʭ ʢʣʶʯʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʷʢ 

ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʘʜʘʧʪʠʚʥʽʩʪʴ. ʈʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʚʽʜʦʙʨʘʞʘʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ 

ʙʽʟʥʝʩ-ʧʨʦʮʝʩʫ ʚʠʤʦʛʘʤ ʟʘʤʦʚʥʠʢʘ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʢʘʟʫʻ ʥʘ ʟʜʘʪʥʽʩʪʴ ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʝʩʫʨʩʠ, 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɸʜʘʧʪʠʚʥʽʩʪʴ (ʛʥʫʯʢʽʩʪʴ) ï ʮʝ ʚʘʞʣʠʚʘ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʚ ʚʠʤʦʛʘʭ ʟʘʤʦʚʥʠʢʘ ʪʘ 

ʟʦʚʥʽʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʌʦʨʤʘʣʽʟʘʮʽʷ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʘʧʨʷʤʢʽʚ ʾʭʥʴʦʛʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʩʧʨʠʷʻ ʧʦʣʽʧʰʝʥʥʶ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʽ ʟʘʛʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʦʨʛʘʥʽʟʘʮʽʾ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʽ ʧʦʪʨʽʙʥʦ ʥʝ ʣʠʰʝ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ, ʘʣʝ ʪʘʢʦʞ ʚʠʷʚʠʪʠ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʥʠʤʠ, ʚʩʪʘʥʦʚʠʪʠ ʯʽʪʢʽ ʚʟʘʻʤʦʟʚôʷʟʢʠ, ʘ ʪʘʢʦʞ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʭʦʜʠ ʪʘ ʚʠʭʦʜʠ 

ʢʦʞʥʦʛʦ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʫ, ʦʭʦʧʣʶʶʯʠ ʚʩʽ ʧʽʜʨʦʟʜʽʣʠ ʦʨʛʘʥʽʟʘʮʽʾ [20]. 

ɺʠʩʥʦʚʢʠ.ʋ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʽʜʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʩʪʨʘʪʝʛʽʡ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʟʘʭʦʜʽʚ ʦʥʦʚʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʧʽʜʨʷʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʯʝʨʝʟ ʧʨʦʻʢʪ ʮʽʣʴʦʚʦʛʦ ʨʝʽʥʞʠʥʽʨʠʥʛʫ ʙʫʣʦ 

ʟôʷʩʦʚʘʥʦ, ʱʦ ʫʩʧʽʰʥʘ ʘʜʘʧʪʘʮʽʷ ʜʦ ʩʫʯʘʩʥʠʭ ʫʤʦʚ ʨʠʥʢʫ ʻ ʚʠʨʽʰʘʣʴʥʠʤ ʯʠʥʥʠʢʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʮʽʣʴʦʚʠʡ ʨʝʽʥʞʠʥʽʨʠʥʛ ʥʝ ʣʠʰʝ ʦʧʪʠʤʽʟʫʻ ʽʩʥʫʶʯʽ ʙʽʟʥʝʩ-

ʧʨʦʮʝʩʠ, ʘ ʡ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʢʦʤʧʘʥʽʷʭ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʚʘʞʣʠʚʠʤʠ ʘʩʧʝʢʪʘʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʽʥʞʠʥʽʨʠʥʛʦʚʠʭ ʟʘʭʦʜʽʚ ʻ 

ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʮʽʶ ʚʩʽʭ ʧʽʜʨʦʟʜʽʣʽʚ ʢʦʤʧʘʥʽʾ ʫ ʧʨʦʮʝʩʠ 

ʨʝʽʥʞʠʥʽʨʠʥʛʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʩʠʥʝʨʛʽʾ ʤʽʞ ʨʽʟʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʙʽʟʥʝʩʫ. ʊʘʢʦʞ ʚʝʣʠʢʫ ʨʦʣʴ 

ʚʽʜʽʛʨʘʻ ʘʥʘʣʽʟ ʧʦʪʨʝʙ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʚʢʣʶʯʘʻ ʦʥʦʚʣʝʥʥʷ ʪʝʭʥʽʯʥʦʾ ʙʘʟʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʨʦʮʝʩʽʚ, ʷʢʽ 

ʟʤʝʥʰʫʶʪʴ ʚʠʪʨʘʪʠ ʡ ʧʽʜʚʠʱʫʶʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʻ ʬʦʢʫʩ ʥʘ ʢʣʽʻʥʪʘ, ʦʩʢʽʣʴʢʠ 

ʫʩʧʽʰʥʽ ʩʪʨʘʪʝʛʽʾ ʦʥʦʚʣʝʥʥʷ ʚʢʣʶʯʘʶʪʴ ʦʨʽʻʥʪʘʮʽʶ ʥʘ ʧʦʪʨʝʙʠ ʪʘ ʦʯʽʢʫʚʘʥʥʷ ʟʘʤʦʚʥʠʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʟʘʜʦʚʦʣʝʥʥʷ ʢʣʽʻʥʪʽʚ. 

ʆʢʨʽʤ ʮʴʦʛʦ, ʧʦʩʪʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʘʜʘʧʪʘʮʽʷ ʜʦ ʟʤʽʥ ʻ ʚʘʞʣʠʚʠʤʠ ʘʩʧʝʢʪʘʤʠ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʛʦʪʦʚʥʽʩʪʴ ʜʦ ʥʦʚʠʭ ʚʠʢʣʠʢʽʚ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ. ʂʘʜʨʦʚʠʡ ʧʦʪʝʥʮʽʘʣ ʪʘʢʦʞ ʛʨʘʻ ʟʥʘʯʥʫ 

ʨʦʣʴ, ʘʜʞʝ ʧʽʜʚʠʱʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ ʧʨʘʮʽʚʥʠʢʽʚ, ʟʘʣʫʯʝʥʥʷ ʥʦʚʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ ʽ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʘʥʜ, 

ʟʜʘʪʥʠʭ ʨʝʘʣʽʟʫʚʘʪʠ ʽʥʥʦʚʘʮʽʡʥʽ ʧʨʦʻʢʪʠ, ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʫʩʧʽʭʫ. 

ʅʘ ʦʩʥʦʚʽ ʚʠʩʥʦʚʢʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʢʝʨʽʚʥʠʮʪʚ 

ʙʫʜʽʚʝʣʴʥʠʭ ʧʽʜʨʷʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʧʨʘʛʥʫʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘʭʦʜʠ ʦʥʦʚʣʝʥʥʷ ʯʝʨʝʟ ʮʽʣʴʦʚʠʡ 

ʨʝʽʥʞʠʥʽʨʠʥʛ. ʎʝ ʚʢʣʶʯʘʻ ʨʦʟʨʦʙʢʫ ʯʽʪʢʦʾ ʩʪʨʘʪʝʛʽʾ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʛʥʫʯʢʦʤʫ 

ʧʣʘʥʫʚʘʥʥʽ, ʽʥʚʝʩʪʠʮʽʷʭ ʫ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʘʢʮʝʥʪʽ ʥʘ ʫʧʨʘʚʣʽʥʥʽ ʣʶʜʩʴʢʠʤʠ ʨʝʩʫʨʩʘʤʠ. ʆʪʞʝ, 

ʥʘʫʢʦʚʘ ʛʽʧʦʪʝʟʘ, ʱʦ ʮʽʣʴʦʚʠʡ ʨʝʽʥʞʠʥʽʨʠʥʛ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʦʥʦʚʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ 

ʧʽʜʨʷʜʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʟʥʘʡʰʣʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ.  
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Abstract. Leading economic strategies for implementing renewal measures in construction contracting 

enterprises through a targeted reengineering project are considered as an instrument of systemic transformation 

of industry entities under conditions of increasing market turbulence. Intensified competition, rising costs of 

material and energy resources, growing complexity of supply chains, digitalization of management processes, 

and stricter requirements for energy efficiency and environmental responsibility shape a new configuration of 

economic challenges for construction contractors. Under such conditions, traditional approaches to 

performance optimization based on partial organizational improvements prove insufficient to ensure long-term 

financial stability and competitiveness. 

Renewal of contracting enterprises is interpreted as a multi-level process of structural, procedural, and 

financial-economic restructuring aimed at forming an adaptive operational model. This involves a profound 

transformation of the managerial architecture, including the revision of strategic priorities, optimization of 

production and supporting processes, reduction of transaction costs, and integration of digital monitoring tools 

and analytical decision-support systems. Such an approach ensures coherence between operational actions, 

financial outcomes, and strategic development objectives. 

Targeted reengineering is defined as a mechanism for radical redesign of business processes focused on 

achieving specific economic resultsðenhanced productivity, stabilization of cash flows, increased 

profitability, and minimization of project implementation risks. Unlike classical improvement models, targeted 

reengineering provides synchronization of organizational, technological, and financial changes within a 

unified strategic transformation program. The research hypothesis is based on the assumption that integration 
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of organizational, technological, and analytical management tools within a targeted reengineering project 

generates a synergistic economic effect. 

Keywords: Reengineering, economic strategies, construction enterprises, renewal, contracting 

organizations, project management, innovation, competitiveness. 
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ʚʠʨʽʰʫʻ ʧʠʪʘʥʥʷ ʾʾ ʫʪʠʣʽʟʘʮʽʾ ʽ ʦʜʥʦʯʘʩʥʦ ʜʦʟʚʦʣʷʻ ʝʢʦʥʦʤʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ ʪʘ ʟʤʝʥʰʫʚʘʪʠ 

ʰʢʽʜʣʠʚʽ ʚʠʢʠʜʠ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʟʘ ʨʘʭʫʥʦʢ ʥʠʞʯʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʪʘ ʚʣʘʰʪʫʚʘʥʥʷ ʥʘʧʽʚʪʝʧʣʠʭ ʩʫʤʽʰʝʡ. ʈʘʟʦʤ ʟ ʪʠʤ, ʜʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ 

ʜʦʩʣʽʜʞʝʥʘ, ʦʩʦʙʣʠʚʦ ʫ ʚʽʪʯʠʟʥʷʥʽʡ ʧʨʘʢʪʠʮʽ, ʪʘ ʧʦʪʨʝʙʫʻ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʥʘʪʫʨʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʧʦʜʘʣʴʰʦʶ ʦʧʪʠʤʽʟʘʮʽʻʶ ʨʝʮʝʧʪʫʨʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʘ ʪʘʢʦʞ ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʟʘʣʝʞʥʦʩʪʝʡ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʽʚʪʝʧʣʠʭ 

ʩʫʤʽʰʝʡ ʚʽʜ ʩʢʣʘʜʦʚʠʭ ʤʘʪʝʨʽʘʣʫ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʾ. ɸʢʪʫʘʣʴʥʠʤʠ ʪʘʢʦʞ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʦʣʽʡʥʦʩʪʽ ʪʘ ʘʪʤʦʩʬʝʨʥʠʭ ʚʧʣʠʚʽʚ) ʩʫʤʽʰʝʡ ʟ ʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʾ ʢʨʠʭʪʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʘʧʽʚʪʝʧʣʽ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʽ ʩʫʤʽʰʽ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʾ ʢʨʠʭʪʠ, 

ʨʝʛʝʥʝʨʦʚʘʥʝ ʘʩʬʘʣʴʪʦʚʝ ʧʦʢʨʠʪʪʷ, ʩʧʽʥʝʥʠʡ ʙʽʪʫʤ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʦʣʽʾ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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ɺʩʪʫʧ. ɺʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʦʨʦʞʥʴʦʾ ʛʘʣʫʟʽ ʻ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʥʘ ʤʘʪʝʨʽʘʣʠ ʽ 

ʢʦʤʧʦʥʝʥʪʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʪʝʨʽʘʣʽʚ. ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʟʘʜʘʯʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʧʽʚʪʝʧʣʠʭ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ 

ʩʫʤʽʰʝʡ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʾ ʢʨʠʭʪʠ çHigh Rap Half-Warm Mix Asphaltè (HWMA) ʮʝ 

ʪʝʭʥʽʯʥʠʡ ʪʝʨʤʽʥ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ, ʷʢʽ ʚʠʨʦʙʣʷʶʪʴʩʷ ʥʘ 

ʪʦʤʫ ʞ ʙʽʪʫʤʽ ʱʦ ʽ ʛʘʨʷʯʽ, ʟʘ ʟʥʠʞʝʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ (80-100 ÁC) ʙʝʟ ʧʦʛʽʨʰʝʥʥʷ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ [1].  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʨʦʛʦ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʬʨʝʟʝʨʦʚʘʥʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ, ʚ ʋʢʨʘʾʥʽ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ 

ɼʉʊʋ EN 13108-8 [2], ʜʝ ʚʩʪʘʥʦʚʣʝʥʦ ʚʠʤʦʛʠ ʜʦ ʨʝʛʝʥʝʨʦʚʘʥʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ, ʡʦʛʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ɼʉʊʋ EN 13108-8 ʧʝʨʝʜʙʘʯʘʻ ʧʦʚʝʨʥʝʥʥʷ ʩʪʘʨʦʛʦ ʚ ʪʦʤʫ ʯʠʩʣʽ ʬʨʝʟʝʨʦʚʘʥʦʛʦ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ ʫ ʷʢʦʩʪʽ ʩʢʣʘʜʦʚʦʾ ʤʽʥʝʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʛʘʨʷʯʠʭ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ 

ʩʫʤʽʰʝʡ ʪʘ ʫ ʭʦʣʦʜʥʦʤʫ ʬʨʝʟʝʨʦʚʘʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʟ ʙʽʪʫʤʥʠʤʠ ʝʤʫʣʴʩʽʷʤʠ ʯʠ 

ʮʝʤʝʥʪʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʭʦʣʦʜʥʠʭ ʩʫʤʽʰʝʡ. ʊʘʢʽ ʟʘʭʦʜʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʢʦʥʦʤʽʶ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ 

ʧʦʪʨʝʙʠ ʫ ʧʝʨʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʪʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʚʽʜʭʦʜʽʚ. ʈʘʟʦʤ ʟ ʪʠʤ ʥʦʨʤʘʪʠʚ 

ʥʘʛʦʣʦʰʫʻ ʥʘ ʚʘʞʣʠʚʦʩʪʽ ʢʦʥʪʨʦʣʶʚʘʥʥʷ ʟʝʨʥʦʚʦʛʦ ʩʢʣʘʜʫ, ʚʤʽʩʪʫ ʙʽʪʫʤʫ, ʩʪʘʨʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘ ʪʘʢʦʞ 

ʧʽʜʙʦʨʽ ʚ'ʷʞʫʯʦʛʦ ʪʘ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʥʦʚʠʭ ʩʫʤʽʰʝʡ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʷʢʦʩʪʽ ʽ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ.  

ʆʢʨʽʤ ɼʉʊʋ EN 13108-8 ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʨʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ  

ɼʉʊʋ-ʅ ɹ ɺ.3.2-5 [3]. ɺ ʜʘʥʦʤʫ ʜʦʢʫʤʝʥʪʽ ʩʪʘʨʠʡ ʘʩʬʘʣʴʪʦʙʝʪʦʥ ʚʠʟʥʘʯʝʥʠʡ  ʷʢ ʘʩʬʘʣʴʪʦʛʨʘʥʫʣʷʪ - 

ʩʠʧʫʯʠʡ ʤʘʪʝʨʽʘʣ, ʦʪʨʠʤʘʥʠʡ ʰʣʷʭʦʤ ʤʝʭʘʥʽʯʥʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʠʪʪʷ, 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʤʘʪʝʨʽʘʣʽʚ ʛʨʫʧʠ Vɯ ï ʩʫʤʽʰʽ ʟ ʘʩʬʘʣʴʪʦʛʨʘʥʫʣʷʪʦʤ, ʷʢʽ ʧʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʙʽʪ ʟ ʣʽʢʚʽʜʘʮʽʾ ʚʠʙʦʾʥ ʧʦʢʨʠʪʪʷ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʦʛʘʭ IIIïV ʢʘʪʝʛʦʨʽʡ, ʧʝʨʝʚʘʞʥʦ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʽʪʨʷ ʚʽʜ 5 Áʉ ʜʦ ʤʽʥʫʩ 10 Áʉ ʪʘ ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ. ʊʘʢʦʞ ʜʘʥʠʡ  

ɼʉʊʋ-ʅ ɹ ɺ.3.2-5 ʚʩʪʘʥʦʚʣʶʻ ʚʠʤʦʛʠ ʜʦ ʩʫʤʽʰʝʡ ʟ ʘʩʬʘʣʴʪʦʛʨʘʥʫʣʷʪʫ 

ʅʘ ʩʴʦʛʦʜʥʽ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʨʽʟʢʝ ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ ʪʘ ʩʠʨʦʚʠʥʫ, 

ʘ ʟ ʽʥʰʦʛʦ ï ʨʦʟʚʠʪʦʢ ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ, ʯʘʩʪʠʥʦʶ ʷʢʦʾ ʻ ʽ ʘʩʬʘʣʴʪʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ [4]. ɸʩʬʘʣʴʪʦʚʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʟʦʢʨʝʤʘ, ʩʪʠʢʘʻʪʴʩʷ ʟ ʜʝʜʘʣʽ ʙʽʣʴʰʠʤʠ ʚʠʢʣʠʢʘʤʠ ʱʦʜʦ ʝʢʦʥʦʤʽʯʥʦʾ ʧʨʠʡʥʷʪʥʦʩʪʽ ʪʘ 

ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʘ ʪʘʢʦʞ ʧʦʣʽʧʰʝʥʥʷ ʫʤʦʚ ʧʨʘʮʽ. ʆʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʨʽʰʝʥʴ 

ʚʠʷʚʠʣʠʩʷ ʪʝʧʣʽ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʽ ʩʫʤʽʰʽ (WMA), ʷʢʽ ʤʦʞʥʘ ʚʠʨʦʙʣʷʪʠ ʪʘ ʫʱʽʣʴʥʶʚʘʪʠ ʧʨʠ ʥʠʞʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʨʽʚʥʷʥʦ ʟ ʛʘʨʷʯʠʤʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʤʠ ʩʫʤʽʰʘʤʠ (HMA) [4].  

ʋ ʚʽʪʯʠʟʥʷʥʽʡ ʥʦʨʤʘʪʠʚʥʠʡ ʜʦʢʫʤʝʥʪʘʮʽʾ ʚʽʜʩʫʪʥʽʡ ʪʘʢʠʡ ʪʝʨʤʽʥ ʷʢ çʪʝʧʣʽ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʽ 

ʩʫʤʽʰʽè, ʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ɼʉʊʋ-ʅ ɹ ɺ.2.7-315 [5] ʽ 

ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʟʘ ʟʥʠʞʝʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ  ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʜʦʙʘʚʦʢ.   

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ, ʱʝ ʦʜʥʠʤ ʢʨʦʢʦʤ ʫ ʥʘʧʨʷʤʢʫ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ 

ʩʪʘʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʧʽʚʪʝʧʣʠʭ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ (HWMA), ʷʢʽ ʚʠʨʦʙʣʷʶʪʴʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜ 70 ÁC ʜʦ 100 ÁC ʙʝʟ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʾʭʥʽ ʢʽʥʮʝʚʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʉʝʨʝʜ ʮʠʭ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʫʞʝ ʮʽʢʘʚʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʤʽʩʴʢʠʭ ʜʦʨʽʛ ʘʙʦ ʜʦʨʽʛ ʟ ʥʝʚʝʣʠʢʠʤ 

ʪʨʘʬʽʢʦʤ ʻ ʩʫʤʽʰʽ HWMA, ʧʨʠʛʦʪʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʦʾ ʪʝʧʣʦʾ ʝʤʫʣʴʩʽʾ ʪʘ ʥʘʛʨʽʪʠʭ 

ʘʛʨʝʛʘʪʽʚ [6]. 

ɿʘ ʜʘʥʠʤʠ [7] ʟʘʩʪʦʩʫʚʘʥʥʷ WMA, ʽ HWMA ʟʤʝʥʰʫʶʪʴ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʚʠʢʠʜʠ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ, ʪʘʢʠʭ ʷʢ CO2 ʪʘʢʦʞ ʟʤʝʥʰʫʶʪʴʩʷ ʚʠʢʠʜʠ ʽʥʰʠʭ ʭʽʤʽʯʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ, ʱʦ ʩʧʨʠʷʻ 

ʧʦʣʽʧʰʝʥʥʶ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ HWMA ʜʦʩʷʛʘʻʪʴʩʷ  ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ CO2 ʥʘ 58% ʪʘ 
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ʟʤʝʥʰʝʥʥʷ ʯʘʩʪʠʥʦʢ SO2 ʥʘ 99,9%. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʦʞ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʩʢʦʨʦʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʚʠʢʦʧʥʦʛʦ 

ʧʘʣʠʚʘ. ɿʦʢʨʝʤʘ, ʟ WMA ʙʫʣʦ ʧʦʚʽʜʦʤʣʝʥʦ ʧʨʦ ʝʢʦʥʦʤʽʶ ʝʥʝʨʛʽʾ ʜʦ 35% [8], ʘ ʟ HWMA ʩʢʦʨʦʯʝʥʥʷ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʜʦ 50% [7]. ʊʘʢʦʞ ʚʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʮʠʭ ʩʫʤʽʰʝʡ ʻ ʪʝ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʘʩʬʘʣʴʪʫ ʭʦʣʦʜʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ, ʾʭ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʭʦʞʽ ʥʘ HMA [7]. 

ʊʝʧʣʠʡ ʘʩʬʘʣʴʪʦʙʝʪʦʥ (WMA) ʪʘ ʨʝʛʝʥʝʨʦʚʘʥʝ ʘʩʬʘʣʴʪʦʚʝ ʧʦʢʨʠʪʪʷ (RAP) ʻ ʥʘʡʚʽʜʦʤʽʰʠʤʠ 

ʩʪʽʡʢʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ ʧʦʢʨʠʪʪʷʭ. WMA ð ʮʝ ʥʝ ʥʦʚʘ ʢʦʥʮʝʧʮʽʷ, ʧʨʦʪʝ ʥʦʚʽ 

ʽʥʥʦʚʘʮʽʾ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ WMA ʙʫʣʠ ʩʧʨʠʯʠʥʝʥʽ ʧʦʩʠʣʝʥʦʶ ʫʚʘʛʦʶ ʜʦ ʩʪʽʡʢʠʭ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʩʠʩʪʝʤ. WMA ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʩʢʫ, ʚʦʜʠ ʘʙʦ ʽʥʰʠʭ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ. ɽʬʝʢʪʠ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʨʦʙʥʠʮʪʚʘ 

ʚʢʣʶʯʘʶʪʴ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʘ ʪʘ ʚʠʢʠʜʽʚ, ʧʦʣʽʧʰʝʥʥʷ ʫʱʽʣʴʥʝʥʥʷ ʪʘ ʤʦʞʣʠʚʝ ʟʙʽʣʴʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ RAP. RAP ð ʮʝ ʦʩʥʦʚʥʠʡ ʧʝʨʝʨʦʙʣʝʥʠʡ ʧʨʦʜʫʢʪ ʩʪʘʨʠʭ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʽ 

ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʦʧʠʪʫ ʥʘ ʧʝʨʚʠʥʥʠʡ ʟʘʧʦʚʥʶʚʘʯ ʪʘ ʘʩʬʘʣʴʪ. ʑʦʨʽʯʥʦ ʚ 

ʉʐɸ ʚʠʨʦʙʣʷʻʪʴʩʷ ʧʦʥʘʜ 100 ʤʽʣʴʡʦʥʽʚ ʪʦʥʥ RAP [9].  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʄʝʪʦʜʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʚʠʩʪʫʧʘʻ ʥʘʫʢʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ ʧʠʪʘʥʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʰʣʷʭʦʤ ʦʛʣʷʜʫ ʧʫʙʣʽʢʘʮʽʡ ʫ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣʘʭ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʫ ʪʝʤʫ. ɼʞʝʨʝʣʘʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʫʙʣʽʢʘʮʽʾ ʫ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣʘʭ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʛʣʷʜ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʧʽʚʪʝʧʣʠʭ ʩʫʤʽʰʝʡ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʾ ʢʨʠʭʪʠ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʩʫʤʽʰʝʡ ʻ ʘʢʪʫʘʣʴʥʠʤ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʜʦʚʛʦʚʽʯʥʽ ʽ ʨʝʩʫʨʩʦʝʬʝʢʪʠʚʥʽ ʤʘʪʝʨʽʘʣʠ, ʘʣʝ 

ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʠʡ, ʦʩʦʙʣʠʚʦ ʫ ʚʽʪʯʠʟʥʷʥʽʡ ʧʨʘʢʪʠʮʽ. ʊʦʤʫ ʜʘʥʠʡ ʘʥʘʣʽʟ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ 

ʚʠʚʯʝʥʥʷ ʟʘʢʦʨʜʦʥʥʦʛʦ ʜʦʩʚʽʜʫ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʦʜʘʣʴʰʠʭ ʥʘʧʨʷʤʢʽʚ ʜʦʩʣʽʜʞʝʥʴ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɿ ʤʝʪʦʶ ʩʧʨʠʷʥʥʷ ʮʠʨʢʫʣʷʨʥʽʡ ʝʢʦʥʦʤʽʮʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʶ ʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʫ ʙʫʜʽʚʝʣʴʥʦʤʫ ʩʝʢʪʦʨʽ ʫ ʨʦʙʦʪʽ [1] ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʧʽʚʪʝʧʣʦʛʦ ʘʩʬʘʣʴʪʫ (HWMA), 

ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟ ʚʠʩʦʢʠʤʠ ʧʨʦʧʦʨʮʽʷʤʠ ʨʝʛʝʥʝʨʦʚʘʥʦʛʦ ʘʩʬʘʣʴʪʦʚʦʛʦ ʧʦʢʨʠʪʪʷ (RAP), ʘ ʩʘʤʝ 

ʧʦʚʝʜʽʥʢʘ HWMA, ʚʠʛʦʪʦʚʣʝʥʦʾ ʟʽ 100% RAP ʽ ʙʝʟ ʦʤʦʣʦʜʞʫʚʘʯʽʚ, ʧʦʨʽʚʥʶʚʘʣʘʩʷ ʟ ʧʦʚʝʜʽʥʢʦʶ 

ʢʦʥʪʨʦʣʴʥʦʾ ʩʫʤʽʰʽ, ʪʦʙʪʦ HWMA, ʚʠʛʦʪʦʚʣʝʥʦʾ ʟ 0% RAP. ɿʦʢʨʝʤʘ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʝʥʝʨʛʽʶ 

ʫʱʽʣʴʥʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʨʘʪʦʨʥʦʛʦ ʢʦʤʧʘʢʪʦʨʘ, ʯʘʩ ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʫ, ʦʙ'ʻʤʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʦʰʢʦʜʞʝʥʴ ʚʽʜ ʚʦʣʦʛʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʧʨʷʤʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʨʦʟʪʷʛʫʚʘʥʥʷ 

ʧʽʩʣʷ ʟʘʥʫʨʝʥʥʷ (ITS), ʞʦʨʩʪʢʽʩʪʴ ʥʘ ʦʩʥʦʚʽ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʦʩʪʽʡʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʩʪʽʚ ʚʽʜʩʪʝʞʝʥʥʷ ʢʦʣʽʩ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʪʦʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʧʨʷʤʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ 

ʚʪʦʤʫ ʧʨʠ ʨʦʟʪʷʛ (ITFT). ʆʙʠʜʚʽ ʩʫʤʽʰʽ ʜʝʤʦʥʩʪʨʫʚʘʣʠ ʘʜʝʢʚʘʪʥʽ ʦʙ'ʻʤʥʽ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘʣʝ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ HWMA ʟ ʚʠʩʦʢʠʤ RAP ʙʫʣʘ ʢʨʘʱʦʶ, ʥʽʞ ʫ ʢʦʥʪʨʦʣʴʥʦʾ ʩʫʤʽʰʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʪʽʡʢʦʩʪʽ 

ʜʦ ʧʦʩʪʽʡʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚ ʞʘʨʢʠʭ ʦʙʣʘʩʪʷʭ.  

ɸʚʪʦʨ [1] ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʟʚʝʨʪʘʻ ʫʚʘʛʫ ʥʘ ʥʘʩʪʫʧʥʝ. ʇʽʜ ʯʘʩ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ 

ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʥʘʛʨʽʪʠ ʙʽʪʫʤʥʫ ʝʤʫʣʴʩʽʶ ʢʦʥʪʨʦʣʴʥʦʛʦ HWMA ʜʦ 80 Áʉ, ʪʦʜʽ ʷʢ ʜʣʷ HWMA ʟ ʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ RAP ʙʽʪʫʤʥʫʝʤʫʣʴʩʽʶ ʥʘʛʨʽʚʘʣʠ ʜʦ 60 Áʉ. ʂʨʽʤ  ʪʦʛʦ,  ʢʦʥʪʨʦʣʴʥʫ ʩʫʤʽʰ ʫʱʽʣʴʥʶʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ 150 ʦʙʝʨʪʽʚ ʛʽʨʘʪʦʨʥʦʛʦ ʫʱʽʣʴʥʶʚʘʯʘ, ʪʦʜʽ ʷʢ ʜʣʷ HWMA ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ RAP 

ʚʠʢʦʨʠʩʪʘʥʦ ʣʠʰʝ 65 ʦʙʝʨʪʽʚ. ʎʝ ʧʦʷʩʥʶʩʪʴʩʷ ʙʽʪʫʤʦʤ, ʧʨʠʢʨʽʧʣʝʥʠʤ ʜʦ ʟʘʧʦʚʥʶʚʘʯʘ ʱʦ ʟʤʝʥʰʫʻ 

ʪʝʨʪʷ ʚʩʝʨʝʜʠʥʽ ʟʘʧʦʚʥʶʚʘʯʽʚ, ʪʠʤ ʩʘʤʠʤ ʩʧʨʠʷʶʯʠ ʾʭʥʴʦʤʫ ʫʱʽʣʴʥʝʥʥʶ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʾ  

ʩʫʤʽʰʽ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʜʦʜʘʪʠ ʙʽʪʫʤʥʫ ʝʤʫʣʴʩʽʶ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʚʘʣʘ 4,75% ʟʘʣʠʰʢʦʚʦʛʦ ʚ'ʷʞʫʯʦʛʦ; 

ʦʜʥʘʢ ʜʣʷ ʧʝʨʝʨʦʙʣʝʥʠʭ ʩʫʤʽʰʝʡ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʜʦʜʘʪʠ ʙʽʪʫʤʥʫ ʝʤʫʣʴʩʽʶ ʷʢʘ ʟʘʙʝʟʧʝʯʫʚʘʣʘ 1,5% 

ʟʘʣʠʰʢʦʚʦʛʦ ʚ'ʷʞʫʯʦʛʦ. ʊʘʢʠʤ ʯʠʥʦʤ, HWMA ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ RAP ʙʝʟ ʚʽʜʥʦʚʣʶʚʘʯʽʚ ʤʦʞʝ ʙʫʪʠ 
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ʚʠʛʦʪʦʚʣʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʥʰʦʛʦ ʚʤʽʩʪʫ ʙʽʪʫʤʫ, ʤʝʥʰʦʾ ʝʥʝʨʛʽʾ ʥʘ ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʤʝʥʰʦʾ ʝʥʝʨʛʽʾ 

ʥʘ ʫʱʽʣʴʥʝʥʥʷ, ʥʽʞ ʢʦʥʪʨʦʣʴʥʘ HWMA. ʊʘʢʘ ʝʢʦʥʦʤʽʷ ʝʥʝʨʛʽʾ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʝ ʩʧʨʠʷʪʠ ʩʪʘʣʦʤʫ 

ʨʦʟʚʠʪʢʫ. ʏʫʪʣʠʚʽʩʪʴ ʩʫʤʽʰʝʡ ʜʦ ʚʦʜʠ ʙʫʣʘ ʘʜʝʢʚʘʪʥʦʶ ʷʢ ʫ ʢʦʥʪʨʦʣʴʥʦʤʫ, ʪʘʢ i ʫ ʚʠʧʘʜʢʫ HWMA ʟ 

ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ RAP. ɺʠʪʨʠʤʘʥʠʡ ʙʽʪʫʤ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʨʝʮʠʢʣʦʚʘʥʽʡ ʩʫʤʽʰʽ, ʧʨʠʟʚʽʚ ʜʦ ʪʦʛʦ, ʱʦ 

ʚʠʩʦʢʦʤʽʮʥʠʡ ʙʽʪʫʤ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʨʝʮʠʢʣʦʚʘʥʦʾ ʩʫʤʽʰʽ (HWMA) ʤʘʚ ʚʠʱʫ ʞʦʨʩʪʢʽʩʪʴ, ʥʽʞ 

ʢʦʥʪʨʦʣʴʥʘ ʩʫʤʽʰ. ɿʦʢʨʝʤʘ, HWMA ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʨʝʮʠʢʣʦʚʘʥʦʾ ʩʫʤʽʰʽ (2,888 Mʇa) 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʨʠ 20 ÁC, ʷʢʠʡ ʙʫʚ ʥʘ 45,98% ʚʠʱʠʤ, ʥʽʞ ʫ ʢʦʥʪʨʦʣʴʥʦʾ ʩʫʤʽʰʽ 

(2,888 Mʇa ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʾ ʩʫʤʽʰʽ ʧʨʦʪʠ 4,216 Mʇa ʜʣʷ ʧʝʨʝʨʦʙʣʝʥʦʾ ʩʫʤʽʰʽ). ʎʝ  ʧʦʩʠʣʝʥʥʷ  

ʞʦʨʩʪʢʦʩʪʽ  ʙʫʣʦ  ʛʦʣʦʚʥʠʤ  ʯʠʥʦʤ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʟʘ ʢʨʘʱʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʟʘʣʠʰʢʦʚʦʾ ʜʝʬʦʨʤʘʮʽʾ ʩʫʤʽʰʽ 

HWMA ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ RAP ʟʘ ʙʫʜʴ-ʷʢʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ. ʌʘʢʪʠʯʥʦ, ʷʢ ʜʣʷ ʧʦʤʽʨʥʠʭ, ʪʝʧʣʠʭ, ʪʘʢ i 

ʜʣʷ ʩʧʝʢʦʪʥʠʭ ʟʦʥ, ʩʫʤʽʰ, ʚʠʛʦʪʦʚʣʝʥʘ ʟʽ 100% RAP, ʧʽʜʭʦʜʠʣʘ ʙ ʜʣʷ ʢʘʪʝʛʦʨʽʾ ʽʥʪʝʥʩʠʚʥʦʛʦ pyxy 

ʪʨʘʥʩʧʦʨʪʫ ʜʦ T1 (2000 > AADHT Ó 800). ʅʘʪʦʤʽʩʪʴ ʢʦʥʪʨʦʣʴʥʘ ʩʫʤʽʰ ʤʦʛʣʘ ʚʧʦʨʘʪʠʩʷ ʟ ʮʠʤʠ 

ʚʠʤʦʛʘʤʠ ʜʦ pyxy ʪʨʘʥʩʧʦʨʪʫ ʣʠʰʝ ʫ ʚʠʧʘʜʢʫ ʪʝʧʣʦʛʦ ʪʘ ʧʦʤʽʨʥʦʛʦ ʢʣʽʤʘʪʫ, ʘʣʝ ʥʝ ʚ ʩʧʝʢʦʪʥʠʭ 

ʨʘʡʦʥʘʭ. ʇʽʩʣʷ ʘʥʘʣʽʟʫ ʦʧʦʨʫ ʚʪʦʤʽ ʦʙʦʭ ʩʫʤʽʰʝʡ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ HWMA ʟ ʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ RAP ʙʝʟ ʦʭʦʣʦʜʞʫʚʘʯʽʚ ʦʯʽʢʫʻʪʴʩʷ ʥʠʞʯʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʜʦ ʚʪʦʤʠ. ɹʽʣʴʰʘ ʞʦʨʩʪʢʽʩʪʴ ʮʽʻʾ 

ʩʫʤʽʰʽ ʪʘʢʦʞ ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʪʘʢʦʾ ʧʦʚʝʜʽʥʢʠ. 

ɼʦʩʣʽʜʥʠʢʘʤʠ [10] ʚʠʢʦʥʘʥʦ ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʦʛʣʷʜ ʱʦʜʦ ʩʪʽʡʢʦʩʪʽ ʜʦ ʚʪʦʤʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ 

ʩʫʤʽʰʝʡ, ʤʦʜʠʬʽʢʦʚʘʥʠʭ RAP, ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʫʤʽʰʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʧʨʷʤʦʛʦ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʦʟʪʷʛ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʜʘʶʪʴ ʟʤʦʛʫ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʝʥʦʛʦ 

ʘʩʬʘʣʴʪʦʚʦʛʦ ʧʦʢʨʠʪʪʷ (RAP) ʚ ʘʩʬʘʣʴʪʦʚʠʭ ʩʫʤʽʰʘʭ ʤʘʻ ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʧʝʨʝʚʘʛʠ, ʦʩʢʽʣʴʢʠ 

ʟʤʝʥʰʫʻ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʥʦʚʠʭ ʟʘʧʦʚʥʶʚʘʯʽʚ ʽ ʤʽʥʽʤʽʟʫʻ ʙʫʜʽʚʝʣʴʥʽ ʚʽʜʭʦʜʠ. ʆʜʥʘʢ ʩʪʘʨʝ ʚ'ʷʞʫʯʝ ʚ RAP 

ʟʙʽʣʴʰʫʻ ʞʦʨʩʪʢʽʩʪʴ ʩʫʤʽʰʽ, ʱʦ ʤʦʞʝ ʧʦʛʽʨʰʠʪʠ ʾʾ ʚʪʦʤʥʫ ʤʽʮʥʽʩʪʴ. ʎʝʡ ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʦʛʣʷʜ ʦʮʽʥʶʻ 

ʚʧʣʠʚ ʚʤʽʩʪʫ RAP ʥʘ ʚʪʦʤʥʫ ʤʽʮʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʫʤʽʰʘʤʠ, ʟʦʩʝʨʝʜʠʚʰʠʩʴ ʥʘ 

ʥʝʧʨʷʤʦʤʫ ʚʠʧʨʦʙʫʚʘʥʥʽ ʥʘ ʨʦʟʪʷʛ (IDT) ʷʢ ʦʩʥʦʚʥʦʤʫ ʤʝʪʦʜʽ ʦʮʽʥʢʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʘʨʘʤʝʪʨʽʚ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʦʛʣʷʜʽʚ ʪʘ ʤʝʪʘʘʥʘʣʽʟʽʚ (PRISMA), ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʧ'ʷʪʴ ʜʦʩʣʽʜʞʝʥʴ, 

ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʧʝʨʽʦʜ ʟ 2014 ʧʦ 2024 ʨʽʢ, ʰʣʷʭʦʤ ʧʦʰʫʢʫ ʚ ʙʘʟʘʭ ʜʘʥʠʭ Web of Science, ScienceDirect, 

ASCE ʪʘ Scopus. ʗʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʦʮʽʥʶʚʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʫ Cochrane Risk of Bias. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ, ʭʦʯʘ RAP ʧʽʜʚʠʱʫʻ ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʦʣʽʾ, ʚʠʱʠʡ ʚʤʽʩʪ (>30%) ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʥʠʞʝʥʥʷ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʯʝʨʝʟ ʟʘʪʚʝʨʜʽʥʥʷ ʚ'ʷʞʫʯʦʛʦ ʪʘ ʟʥʠʞʝʥʥʷ ʛʥʫʯʢʦʩʪʽ ʩʫʤʽʰʽ. ɺʢʣʶʯʝʥʥʷ 

ʦʤʦʣʦʜʞʫʶʯʠʭ ʨʝʯʦʚʠʥ, ʪʘʢʠʭ ʷʢ ʚʘʞʢʽ ʧʘʨʘʬʽʥʦʚʽ ʝʢʩʪʨʘʢʪʠ, ʪʘ ʤʦʜʠʬʽʢʘʪʦʨʽʚ, ʚʢʣʶʯʘʶʯʠ 

ʚʠʩʦʢʦʤʦʜʫʣʴʥʽ ʘʛʝʥʪʠ, ʧʦʣʽʤʝʨʠ ʪʘ ʝʧʦʢʩʠʜʥʽ ʚ'ʷʞʫʯʽ, ʤʦʞʝ ʯʘʩʪʢʦʚʦ ʚʽʜʥʦʚʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʨʦʛʦ 

ʚ'ʷʞʫʯʦʛʦ ʪʘ ʧʦʣʽʧʰʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉʪʘʣʽ ʽʥʥʦʚʘʮʽʾ, ʪʘʢʽ ʷʢ ʧʨʦʤʠʩʣʦʚʽ ʧʦʙʽʯʥʽ ʧʨʦʜʫʢʪʠ ʥʘ ʦʩʥʦʚʽ 

ʣʽʛʥʽʥʫ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʪʝʧʣʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ, ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʙʘʣʘʥʩʫ ʤʽʞ 

ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ 

ʜʞʝʨʝʣ ʤʘʪʝʨʽʘʣʽʚ, ʩʪʨʘʪʝʛʽʡ ʤʦʜʠʬʽʢʘʮʽʾ ʪʘ ʧʨʦʪʦʢʦʣʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʦʙʤʝʞʫʻ ʧʨʷʤʫ ʧʦʨʽʚʥʷʥʥʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʽʜʢʨʝʩʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʦʮʽʥʢʠ. ɿʘʛʘʣʦʤ, ʮʝʡ ʦʛʣʷʜ 

ʧʽʜʢʨʝʩʣʶʻ, ʱʦ ʦʧʪʠʤʽʟʘʮʽʷ ʚʤʽʩʪʫ RAP ʪʘ ʚʠʙʽʨ ʝʬʝʢʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʡ ʦʤʦʣʦʜʞʝʥʥʷ ʘʙʦ ʤʦʜʠʬʽʢʘʮʽʾ 

ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʜʦʚʛʦʚʽʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ 

ʘʩʬʘʣʴʪʦʚʠʭ ʧʦʢʨʠʪʪʽʚ. ʄʘʡʙʫʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʠʥʥʽ ʽʥʪʝʛʨʫʚʘʪʠ ʧʝʨʝʜʦʚʽ ʣʘʙʦʨʘʪʦʨʥʽ ʤʝʪʦʜʠ ʟ 

ʧʨʦʝʢʪʫʚʘʥʥʷʤ ʥʘ ʦʩʥʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ RAP ʙʝʟ 

ʰʢʦʜʠ ʜʣʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʚʪʦʤʠ. 

ʋ ʩʪʘʪʪʽ [11] ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʧʽʚʪʝʧʣʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ (HWMA) 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʛʝʥʝʨʦʚʘʥʦʛʦ ʘʩʬʘʣʴʪʦʚʦʛʦ ʧʦʢʨʠʪʪʷ (RAP) ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ HWMA ʽ 
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ʛʘʨʷʯʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ (HMA) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ RAP. ɼʦʩʣʽʜʞʝʥʥʷ ʤʘʻ ʥʘ ʤʝʪʽ 

ʟʤʝʥʰʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʘʛʨʝʛʘʪʥʠʭ ʨʝʩʫʨʩʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʧʦʰʢʦʜʞʝʥʦʛʦ ʧʦʢʨʠʪʪʷ. ʂʨʽʤ ʪʦʛʦ, ʚ ʥʴʦʤʫ ʦʙʛʦʚʦʨʶʻʪʴʩʷ ʝʢʦʣʦʛʽʯʥʠʡ/ʝʢʦʥʦʤʽʯʥʠʡ ʚʧʣʠʚ ʰʣʷʭʦʤ 

ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʢʠʜʽʚ ʛʘʟʽʚ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʘ, ʦʩʢʽʣʴʢʠ HWMA ʤʦʞʥʘ ʚʠʨʦʙʣʷʪʠ ʧʨʠ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʪʨʠ ʪʠʧʠ ʩʫʤʽʰʝʡ. ʇʝʨʰʦʶ ʙʫʣʘ ʪʨʘʜʠʮʽʡʥʘ ʛʘʨʷʯʘ ʘʩʬʘʣʴʪʦʚʘ ʩʫʤʽʰ 

(HMA), ʥʘʟʚʘʥʘ ʢʦʥʪʨʦʣʴʥʦʶ ʩʫʤʽʰʰʶ, ʚʠʛʦʪʦʚʣʝʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 155 ÁC, ʘ ʜʨʫʛʦʶ ʙʫʣʘ ʩʫʤʽʰ, 

ʱʦ ʤʽʩʪʠʣʘ 70 % RAP ʪʘ 30 % ʧʝʨʚʠʥʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʽ ʙʫʣʘ ʧʽʜʛʦʪʦʚʣʝʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 155 ÁC, 

ʥʘʟʚʘʥʘ HMA-RAP. ʊʨʝʪʷ ʩʫʤʽʰ ʙʫʣʘ HWMA, ʷʢʘ ʤʽʩʪʠʣʘ 70% RAP ʪʘ 30% ʧʝʨʚʠʥʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ 

ʽ ʙʫʣʘ ʧʨʠʛʦʪʦʚʘʥʘ ʧʨʠ 90 ÁC, ʥʘʟʚʘʥʘ HWMA-RAP. HWMA ʙʫʣʘ ʧʨʠʛʦʪʦʚʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚ'ʷʞʫʯʦʛʦ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʝʪʦʢʩʠʣʴʦʚʘʥʠʤ ʥʦʥʽʣʬʝʥʦʣʦʤ (NP9). ɺʠʧʨʦʙʫʚʘʥʽ ʚʽʜʩʦʪʢʠ NP9 

ʩʪʘʥʦʚʠʣʠ 10, 15, 20 ʽ 25% ʚʽʜ ʚʘʛʠ ʙʽʪʫʤʫ. ɹʫʣʠ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʣʷ ʦʮʽʥʢʠ 

ʽʥʞʝʥʝʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʫʤʽʰʝʡ. ɺʩʽ ʩʫʤʽʰʽ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʩʫʤʽʰʝʡ ʄʘʨʰʘʣʣʘ. ɹʫʣʠ ʧʨʦʚʝʜʝʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʪʝʢʫʯʽʩʪʴ ʟʘ ʄʘʨʰʘʣʣʦʤ, 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʥʝʧʨʷʤʫ ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʨʠʚ (ITS) ʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʦʣʽʻʫʪʚʦʨʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʩʽ ʩʫʤʽʰʽ ʜʦʩʷʛʣʠ ʤʝʞ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʫʤʽʰʝʡ ʄʘʨʰʘʣʣʘ. ɺʠʨʦʙʥʠʮʪʚʦ 

HWMA-RAP ʧʽʜʚʠʱʠʣʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʟʘ ʄʘʨʰʘʣʣʦʤ, ʧʦʢʨʘʱʠʣʦ ʢʦʝʬʽʮʽʻʥʪ ʄʘʨʰʘʣʣʘ (MQ) ʽ ʜʝʱʦ 

ʟʤʽʥʠʣʦ ʦʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʚôʷʞʫʯʦʛʦ (OAC). ɹʫʣʦ ʚʽʜʤʽʯʝʥʦ ʟʥʘʯʥʝ ʧʦʣʽʧʰʝʥʥʷ ʟʥʘʯʝʥʴ ITS ʜʣʷ 

HMA-RAP ʪʘ HWMA-RAP. ʂʽʥʮʝʚʘ ʛʣʠʙʠʥʘ ʢʦʣʽʾ ʩʫʤʽʰʝʡ HWMA-RAP ʙʫʣʘ ʤʘʡʞʝ ʪʘʢʦʶ ʞ, ʷʢ ʽ 

ʟʥʘʯʝʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʩʫʤʽʰʝʡ. ʅʘʨʝʰʪʽ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ HWMA-RAP ʧʦʢʘʟʘʚ ʪʘʢʽ ʞ ʘʙʦ 

ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ, ʥʽʞ ʪʨʘʜʠʮʽʡʥʘ ʩʫʤʽʰ. ʅʘ ʦʩʥʦʚʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʥʘ ʪʨʴʦʭ 

ʨʽʟʥʠʭ ʘʩʬʘʣʴʪʦʚʠʭ ʩʫʤʽʰʘʭ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ: 

- ɺʠʨʦʙʥʠʮʪʚʦ HMA-RAP ʪʘ HWMA-RAP ʧʦʢʨʘʱʠʣʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʟʘ ʄʘʨʰʘʣʣʦʤ. ʂʦʝʬʽʮʽʻʥʪ 

ʄʘʨʰʘʣʣʘ (MQ) ʟʤʝʥʰʠʚʩʷ ʟʘʚʜʷʢʠ ʧʽʜʚʠʱʝʥʥʶ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʪʝʢʫʯʦʩʪʽ. ʎʝ ʟʤʝʥʰʝʥʥʷ ʨʦʙʠʪʴ 

ʩʫʤʽʰ ʙʽʣʴʰ ʩʪʽʡʢʦʶ ʜʦ ʪʨʽʱʠʥ. 

- ɺʤʽʩʪ ʚôʷʞʫʯʦʛʦ ʜʝʱʦ ʟʤʽʥʠʚʩʷ ʷʢ ʜʣʷ HMA-RAP, ʪʘʢ ʽ ʜʣʷ HWMA-RAP. 

- ʇʦʚʝʜʽʥʢʘ ʩʫʤʽʰʝʡ HWMA-RAP ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʥʝʧʨʷʤʫ ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʨʠʚ (ʪʝʩʪ ITS) 

ʙʫʣʘ ʪʘʢʦʶ ʞ, ʷʢ ʽ ʧʦʚʝʜʽʥʢʘ ʢʦʥʪʨʦʣʴʥʠʭ ʩʫʤʽʰʝʡ ʪʘ ʩʫʤʽʰʝʡ HMA-RAP. 

- ʉʫʤʽʰʽ HWMA-RAP ʪʘʢ ʩʘʤʦ ʩʪʽʡʢʽ ʜʦ ʢʦʣʽʾ, ʷʢ ʽ ʪʨʘʜʠʮʽʡʥʽ ʩʫʤʽʰʽ. 

- ɿʘʛʘʣʦʤ, HWMA-RAP ʧʦʢʘʟʘʣʠ ʪʘʢʫ ʞ ʘʙʦ ʢʨʘʱʫ ʧʦʚʝʜʽʥʢʫ, ʥʽʞ ʪʨʘʜʠʮʽʡʥʽ ʩʫʤʽʰʽ. 

ɺ ʽʥʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ [12] ʙʫʣʦ ʦʮʽʥʝʥʦ ʦʙ'ʻʤʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʤʽʰʽ ʪʘ ʧʦʪʝʥʮʽʘʣ ʫʪʚʦʨʝʥʥʷ 

ʪʨʽʱʠʥ ʫ ʩʧʽʥʝʥʦʤʫ ʪʝʧʣʦʤʫ ʘʩʬʘʣʴʪʦʙʝʪʦʥʽ (WMA), ʱʦ ʤʽʩʪʠʪʴ ʨʽʟʥʽ ʢʽʣʴʢʦʩʪʽ ʨʝʛʝʥʝʨʦʚʘʥʦʛʦ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ (RAP). ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʧʦʢʨʠʪʪʷ ʩʧʽʥʝʥʦʛʦ ʚ'ʷʞʫʯʦʛʦ WMA 

ʢʦʤʧʝʥʩʫʻ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʫʱʽʣʴʥʝʥʥʷ ʜʣʷ WMA. ʊʦʤʫ ʷʢ ʢʦʥʪʨʦʣʴʥʠʡ HMA, 

ʪʘʢ ʽ ʩʧʽʥʝʥʠʡ WMA ʜʝʤʦʥʩʪʨʫʚʘʣʠ ʧʦʜʽʙʥʽ ʦʙ'ʻʤʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʤʽʰʽ ʜʦ ʧʝʚʥʠʭ ʥʠʞʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ʆʜʥʘʢ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʦʜʘʣʴʰʝ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʫʱʽʣʴʥʝʥʥʷ ʜʣʷ 

ʩʧʽʥʝʥʦʛʦ WMA ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʥʘʣʝʞʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʤʽʞ ʟʘʧʦʚʥʶʚʘʯʘʤʠ ʪʘ ʩʧʽʥʝʥʠʤ ʚ'ʷʞʫʯʠʤ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʩʧʽʥʝʥʠʡ WMA ʜʝʤʦʥʩʪʨʫʚʘʚ ʧʦʜʽʙʥʽ ʦʙ'ʻʤʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦ HMA ʜʦ ʧʝʚʥʦʾ 

ʥʠʞʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʾʭʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʦʩʦʚʥʦ ʚʪʦʤʥʦʛʦ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ 

ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʣʠʩʷ. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʩʧʽʥʝʥʠʡ WMA ʚʠʷʚʣʷʻ ʚʠʱʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʪʨʽʱʠʥ ʧʦʨʽʚʥʷʥʦ ʟ 

HMA ʚ ʪʝʩʪʘʭ ʥʘ ʥʘʧʽʚʢʨʫʛʦʚʝ ʟʛʠʥʘʥʥʷ ʃʫʾʟʽʘʥʠ (SCB) ʪʘ ʪʝʩʪʽ ʥʘ ʽʥʜʝʢʩ ʛʥʫʯʢʦʩʪʽ ɯʣʣʽʥʦʡʩʫ (I-FIT). 

ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʪʝʭʥʦʣʦʛʽʷ ʩʧʽʥʝʥʦʛʦ WMA ʧʽʜʚʠʱʫʻ ʩʪʽʡʢʽʩʪʴ ʘʩʬʘʣʴʪʦʚʠʭ ʩʫʤʽʰʝʡ ʜʦ ʪʨʽʱʠʥ. 

ʅʘʚʧʘʢʠ, ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʚʠʱʠʡ ʚʤʽʩʪ RAP ʫ ʩʧʽʥʝʥʦʤʫ WMA ʟʥʠʞʫʻ ʩʪʽʡʢʽʩʪʴ ʘʩʬʘʣʴʪʦʚʠʭ 

ʩʫʤʽʰʝʡ ʜʦ ʪʨʽʱʠʥ ʯʝʨʝʟ ʚʢʣʶʯʝʥʥʷ ʩʪʘʨʦʛʦ ʽ ʞʦʨʩʪʢʽʰʦʛʦ ʚ'ʷʞʫʯʦʛʦ ʟ RAP. 
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ɺʦʜʥʦʯʘʩ ʚ ʨʦʙʦʪʽ [13] ʥʘʛʦʣʦʰʫʶʪʴ, ʱʦ ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʘʩʬʘʣʴʪʦʟʤʽʰʫʚʘʣʴʥʠʭ ʟʘʚʦʜʽʚ 

ʚʠʢʣʠʢʘʻ ʚʩʝ ʙʽʣʴʰʫ ʟʘʥʝʧʦʢʦʻʥʽʩʪʴ ʯʝʨʝʟ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʚʠʨʦʙʥʠʮʪʚʘ ʘʩʬʘʣʴʪʦʚʦʾ ʩʫʤʽʰʽ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʚʠʢʠʜʽʚ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʫ. ʉʘʤʝ ʪʦʤʫ 

ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʟʦʩʝʨʝʜʞʫʶʪʴʩʷ ʥʘ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʽʰʫʚʘʥʥʷ ʘʩʬʘʣʴʪʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʠʭ, ʥʘʧʽʚʪʝʧʣʠʭ ʽ ʭʦʣʦʜʥʠʭ ʩʫʤʽʰʝʡ. ʆʜʥʠʤ ʟ ʥʘʡʫʩʧʽʰʥʽʰʠʭ ʥʘʧʨʷʤʢʽʚ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʽʡ ʛʘʣʫʟʽ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʽʥʝʥʦʛʦ ʙʽʪʫʤʫ ʷʢ ʚ'ʷʞʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʘʩʬʘʣʴʪʦʚʦʾ 

ʩʫʤʽʰʽ, ʘ ʪʘʢʦʞ ʚʘʞʣʠʚʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʥʘʧʨʷʤʢʦʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ RAP (ʨʝʛʝʥʝʨʦʚʘʥʠʭ 

ʘʩʬʘʣʴʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ) ʫ ʥʦʚʠʭ ʘʩʬʘʣʴʪʦʚʠʭ ʩʫʤʽʰʘʭ. ɸʩʬʘʣʴʪʦʚʽ ʩʫʤʽʰʽ ʟ ʧʽʥʦʙʽʪʫʤʦʤ ʪʘ RAP 

ʤʦʞʫʪʴ ʟʤʝʥʰʠʪʠ ʮʶ ʧʨʦʙʣʝʤʫ. 

ʋ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʦ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʪʘ ʯʘʩʪʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ RAP ʫ ʜʝʷʢʠʭ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ ʫ 2019 ʨʦʮʽ [13, 14]. 

 

ʊʘʙʣʠʮʷ 1 ï ɿʘʛʘʣʴʥʽ ʦʙʩʷʛʠ ʪʘ ʯʘʩʪʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ RAP ʫ ʜʝʷʢʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ 

ʢʨʘʾʥʘʭ ʫ 2019 ʨʦʮʽ [13, 14] 

Table 1 ï The total quantities and application shares of RAP materials in some European countries in 

2019 [13, 14] 

 

ʂʨʘʾʥʘ 
ɺʩʽ ʥʘʷʚʥʽ RAP 

(ʤʣʥ ʪʦʥʥ) 

% RAP, ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʚ 

ʛʘʨʷʯʦʤʫ ʪʘ 

ʪʝʧʣʦʤʫ ʘʩʬʘʣʴʪʽ 

ʥʘ ʤʽʩʮʽ, ʭʦʣʦʜʥʠʡ 

ʘʩʬʘʣʴʪ 

ʟʘʚʦʜ, ʭʦʣʦʜʥʠʡ 

ʘʩʬʘʣʴʪ 

ɹʝʣʴʛʽʷ 1,64 79 0 0 

ʍʦʨʚʘʪʽʷ 0,21 35 2,5 ʥʝʤʘʻ ʜʘʥʠʭ 

ʏʝʩʴʢʘ ʈʝʩʧʫʙʣʽʢʘ 2,80 14 25 0 

ʌʽʥʣʷʥʜʽʷ 1,50 100 0 0 

ʅʽʤʝʯʯʠʥʘ 13,40 82 0 0 

ʋʛʦʨʱʠʥʘ 0,15 98 1 1 

ʅʦʨʚʝʛʽʷ 1,17 28 0 1 

ʈʫʤʫʥʽʷ 0,61 0 5 0 

ʉʣʦʚʘʯʯʠʥʘ 0,16 40 48 0 

ʉʣʦʚʝʥʽʷ 0,15 23 10 0 

ɯʩʧʘʥʽʷ 1,49 0,1 1 6 

 

ʋ ʮʽʡ ʩʪʘʪʪʽ [13] ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʾʭʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʝʬʝʢʪʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ RAP-

ʤʘʪʝʨʽʘʣʽʚ ʟʤʝʥʰʫʻ ʰʢʦʜʫ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʠʪʨʘʪʠ ʥʘ ʙʫʜʽʚʥʠʮʪʚʦ, ʘ ʪʘʢʦʞ ʟʙʝʨʽʛʘʻ 

ʦʙʤʝʞʝʥʽ ʨʝʩʫʨʩʠ ʢʘʤʝʥʶ, ʧʽʩʢʫ ʪʘ ʛʨʘʚʽʶ. 

ʋ ʮʽʡ ʩʪʘʪʪʽ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ, ʱʦ ʛʘʨʷʯʽ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʽ ʩʫʤʽʰʽ, ʟʚ'ʷʟʘʥʽ ʩʧʽʥʝʥʠʤ ʙʽʪʫʤʦʤ ʽ 

ʤʽʩʪʷʪʴ ʤʘʪʝʨʽʘʣʠ RAP, ʟʘʙʝʟʧʝʯʫʶʪʴ ʭʦʨʦʰʫ ʦʙʨʦʙʣʶʚʘʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ çʪʨʘʜʠʮʽʡʥʠʤʠè 

ʛʘʨʷʯʠʤʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʤʠ ʩʫʤʽʰʘʤʠ. ʆʜʥʘʢ ʚʠʨʦʙʥʠʮʪʚʦ ʩʧʽʥʝʥʦʛʦ ʙʽʪʫʤʫ ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʝʪʘʧʽʚ ʧʝʨʝʜ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʘʩʬʘʣʴʪʦʚʦʛʦ ʚ'ʷʞʫʯʦʛʦ. ʊʠʤ ʥʝ ʤʝʥʰ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ RAP ʫ ʥʦʚʽʡ ʘʩʬʘʣʴʪʦʚʽʡ ʩʫʤʽʰʽ ʤʘʻ ʨʷʜ ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʧʝʨʝʚʘʛ, 

ʩʝʨʝʜ ʷʢʠʭ: ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʙʫʜʽʚʥʠʮʪʚʦ; ʟʥʘʯʥʦ ʤʝʥʰʽ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʟʘʚʜʷʢʠ ʫʩʫʥʝʥʥʶ 

ʟʥʘʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʘ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʧʨʠʜʙʘʥʥʷ ʪʘ ʧʝʨʝʨʦʙʢʠ ʩʠʨʦʚʠʥʠ ʜʣʷ çʥʦʚʦʾè ʩʫʤʽʰʽ; 

ʟʙʝʨʝʞʝʥʥʷ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ ʢʘʤʝʥʶ, ʧʽʩʢʫ ʪʘ ʛʨʘʚʽʶ; ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ, ʱʦ ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ 

ʷʢʦʩʪʽ çʪʨʘʜʠʮʽʡʥʦʾè ʘʩʬʘʣʴʪʦʚʦʾ ʩʫʤʽʰʽ. ʈʝʟʫʣʴʪʘʪʠ ʩʝʨʽʾ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʜʦʚʦʜʷʪʴ, ʱʦ 
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ʜʦʜʘʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ RAP ʫ ʟʨʦʩʪʘʶʯʽʡ ʧʨʦʧʦʨʮʽʾ ʟʙʽʣʴʰʫʻ ʟʥʘʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʄʘʨʰʘʣʣʘ 

(ʚʘʞʣʠʚʠʡ ʧʦʢʘʟʥʠʢ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ) ʩʫʤʽʰʽ.  

ɿ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʪʝʧʣʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ (WMA) ʟ ʜʦʜʘʚʘʥʥʷʤ ʨʝʛʝʥʝʨʦʚʘʥʦʛʦ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ (RAP) ʪʘ ʦʮʽʥʢʠ ʚʟʘʻʤʦʜʽʾ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʨʽʚʥʽ ʘʩʬʘʣʴʪʦʚʦʛʦ ʚ'ʷʞʫʯʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʦʙʦʪʽ [15], ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʫ ʟʚôʷʟʢʫ ʟ ʰʚʠʜʢʠʤ ʛʣʦʙʘʣʴʥʠʤ 

ʨʦʟʰʠʨʝʥʥʷʤ ʜʦʨʦʞʥʽʭ ʤʝʨʝʞ ʘʩʬʘʣʴʪʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʩʪʠʢʘʻʪʴʩʷ ʟ ʥʠʟʢʦʶ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʢʣʠʢʽʚ, 

ʪʘʢʠʭ ʷʢ ʜʝʬʽʮʠʪ ʤʘʪʝʨʽʘʣʽʚ, ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ, ʟʨʦʩʪʘʥʥʷ ʚʘʨʪʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʠ ʮʴʦʤʫʧʦʧʠʪ ʥʘ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʣʽʪʠʢʠ çʥʫʣʴʦʚʠʭ ʚʠʢʠʜʽʚè. ɿ ʦʛʣʷʜʫ ʥʘ ʮʽ ʚʠʢʣʠʢʠ ʪʘ 

ʚʠʟʥʘʶʯʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʰʫʢʫ ʥʦʚʠʭ ʨʽʰʝʥʴ, ʫ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʦ ʦʮʽʥʝʥʦ ʟʨʘʟʢʠ ʘʩʬʘʣʴʪʦʚʦʛʦ 

ʚ'ʷʞʫʯʦʛʦ, ʱʦ ʤʽʩʪʷʪʴ ʪʝʧʣʠʡ ʘʩʬʘʣʴʪʦʙʝʪʦʥ (WMA) ʪʘ ʨʝʛʝʥʝʨʦʚʘʥʝ ʘʩʬʘʣʴʪʦʚʝ ʧʦʢʨʠʪʪʷ (RAP), ʘʙʦ 

WMA-RAP. ʆʮʽʥʢʘ ʙʫʣʘ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʘʥʘʣʽʟʽ ʬʽʟʠʯʥʠʭ, ʨʝʦʣʦʛʽʯʥʠʭ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʩʪʽʡʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʟʨʘʟʢʽʚ WMA-RAP, ʱʦ ʤʽʩʪʷʪʴ 20%, 35% ʪʘ 50% ʧʝʨʝʨʦʙʣʝʥʦʛʦ ʧʦʢʨʠʪʪʷ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʭʽʤʽʯʥʘ ʜʦʙʘʚʢʘ ʜʦ WMA ʪʠʧʫ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ, EvothermÈ P25. 

ɺ'ʷʞʫʯʽ WMA-RAP ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʦʙʣʷʪʠ ʩʫʤʽʰ ʧʨʠ ʥʠʞʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ð ʥʘ 30 ÁC ʤʝʥʰʝ ð 

ʟʘʦʱʘʜʞʫʶʯʠ ʝʥʝʨʛʽʶ ʪʘ ʟʤʝʥʰʫʶʯʠ ʧʦʪʨʝʙʫ ʚ ʥʦʚʠʭ ʘʛʨʝʛʘʪʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʝʨʝʨʦʙʣʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʠʤ ʩʘʤʠʤ ʤʽʥʽʤʽʟʫʶʯʠ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʝʪʘʣʦʥʥʠʤʠ ʟʨʘʟʢʘʤʠ, ʚ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʮʽʥʶʚʘʣʠʩʷ ʟʨʘʟʢʠ WMA-RAP ʪʘ ʾʭ 

ʬʽʟʠʯʥʽ, ʨʝʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʩʪʽʡʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ RAP ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʣʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʨʘʟʢʽʚ, 

ʧʽʜʢʨʝʩʣʠʚʰʠ ʧʦʪʝʥʮʽʘʣ WMA-RAP ʷʢ ʩʪʽʡʢʦʾ ʘʣʴʪʝʨʥʘʪʠʚʠ ʜʣʷ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ. 

ʆʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ [15] ʤʦʞʥʘ ʧʽʜʩʫʤʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

- ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʥʦʚʠʤ ʚ'ʷʞʫʯʠʤ, ʜʦʙʘʚʢʦʶ WMA ʪʘ ʚ'ʷʞʫʯʠʤ RAP ʥʝ ʧʦʢʘʟʘʣʘ ʥʝʛʘʪʠʚʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

- ʌʽʟʠʯʥʘ ʦʮʽʥʢʘ ʧʦʢʘʟʘʣʘ ʟʥʠʞʝʥʥʷ ʧʨʦʥʠʢʥʦʩʪʽ (ʚʽʜ 20% ʜʦ 47%) ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤ'ʷʢʰʝʥʥʷ (ʚʽʜ 7% ʜʦ 17%), ʚʢʣʶʯʘʶʯʠ 20% ʜʦ 50% RAP ʫ ʟʨʘʟʢʘʭ. 

- ɺʠʜʠʤʘ ʚ'ʷʟʢʽʩʪʴ ʟʨʦʩʪʘʣʘ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ RAP ʧʨʠ 135 ÁC (ʚʽʜ 44% ʜʦ 181%). 

- ʆʜʥʘʢ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʫʩʽʭ ʟʨʘʟʢʽʚ WMA-RAP ʟʘʣʠʰʘʣʘʩʷ ʟʘʜʦʚʽʣʴʥʦʶ, ʥʝ ʧʝʨʝʚʠʱʫʶʯʠ 

3000 ʩʇ ʧʨʠ 135 ÁC. 

- ɿʨʘʟʢʠ ʟ ʜʦʜʘʚʘʥʥʷʤ RAP ʧʦʢʘʟʘʣʠ ʧʽʜʚʠʱʝʥʽ ʟʥʘʯʝʥʥʷ PGH ʧʦʨʽʚʥʷʥʦ ʟ ʝʪʘʣʦʥʥʠʤʠ 

ʟʨʘʟʢʘʤʠ: 1 PGH ʧʨʠ 20% RAP ʽ 2 PGH ʧʨʠ 35% ʽ 50% RAP. ʂʨʽʤ ʪʦʛʦ, ʙʝʟʧʝʨʝʨʚʥʠʡ ʘʥʘʣʽʟ PGH 

ʧʦʢʘʟʘʚ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 4,1 ÁC ʜʦ 5,3 ÁC ʟ ʢʦʞʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ RAP ʫ ʟʨʘʟʢʘʭ 

WMA-RAP. 

- ʆʩʥʦʚʥʽ ʢʨʠʚʽ ʧʦʢʘʟʘʣʠ ʟʙʽʣʴʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʪʘ ʟʤʝʥʰʝʥʥʷ ʬʘʟʦʚʦʛʦ ʢʫʪʘ, ʱʦ 

ʚʢʘʟʫʻ ʥʘ ʩʪʘʨʽʥʥʷ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʚ'ʷʞʫʯʦʛʦ RAP. ʆʜʥʘʢ ʟʨʘʟʢʠ WMA-RAP ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ 

ʟʤʝʥʰʝʥʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʩʪʘʨʽʥʥʷ ʚ ʫʩʴʦʤʫ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʦʨʽʚʥʷʥʦ ʟ ʝʪʘʣʦʥʥʠʤʠ ʟʨʘʟʢʘʤʠ, 

ʡʤʦʚʽʨʥʦ, ʯʝʨʝʟ ʧʨʦʚʝʜʝʥʥʷ RTFO ʧʨʠ 133 ÁC. 

- ʈʝʟʫʣʴʪʘʪʠ MSCR ʧʦʢʘʟʘʣʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʚ'ʷʞʫʯʦʛʦ RAP ʧʦʢʨʘʱʠʣʦ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʧʦʩʪʽʡʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚ ʟʨʘʟʢʘʭ WMA-RAP. ɿʥʘʯʝʥʥʷ Jnr3.2 ʟʤʝʥʰʫʚʘʣʦʩʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ RAP, 

ʱʦ ʚʢʘʟʫʻ ʥʘ ʟʜʘʪʥʽʩʪʴ ʚʠʪʨʠʤʫʚʘʪʠ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʝ ʜʦʨʦʞʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʢʘʪʝʛʦʨʽʡ 64S, 64H 

ʪʘ 64V/70H ʚʽʜʧʦʚʽʜʥʦ ʫ ʟʨʘʟʢʘʭ ʽʟ 20%, 35% ʪʘ 50% RAP. 

- ɿʨʘʟʢʠ WMA ʟ ʚʤʽʩʪʦʤ RAP ʜʦ 50% ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʟʘʜʦʚʽʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʱʦʜʦ 

ʧʦʩʪʽʡʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʩʠʣʝʥʝ ʩʪʘʨʽʥʥʷ ʯʝʨʝʟ ʚʠʱʠʡ ʚʤʽʩʪ RAP, ʚʦʥʠ ʧʦʢʘʟʘʣʠ ʚʠʱʽ 
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ʟʥʘʯʝʥʥʷ PGH, ʧʦʣʽʧʰʝʥʽ ʬʽʟʠʯʥʽ ʪʘ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʆʪʞʝ, ʟʨʘʟʢʠ 

WMA-RAP ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʟʘʜʦʚʽʣʴʥʫ ʧʦʚʝʜʽʥʢʫ ʥʘʚʽʪʴ ʽʟ ʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ RAP. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʦʩʪʽʡʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʥʝ ʻ ʧʝʨʝʰʢʦʜʦʶ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ WMA-RAP. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʨʦʙʣʷʪʠ ʩʫʤʽʰʽ ʧʨʠ ʥʠʞʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʟʤʝʥʰʫʶʯʠ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʧʽʜʚʠʱʫʶʯʠ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʨʦʙʣʝʥʽ ʤʘʪʝʨʽʘʣʠ [15].  

ɽʢʦʥʦʤʽʯʥʽ ʚʠʛʦʜʠ ʪʘ ʘʩʧʝʢʪʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʣʽʪʠʢʠ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʛʣʦʙʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʨʦʙʣʷʪʴ ʮʽ ʪʠʧʠ ʤʘʪʝʨʽʘʣʽʚ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʨʽʰʝʥʥʷʤʠ, ʷʢʽ ʙʫʜʫʪʴ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʚ ʥʘʡʙʣʠʞʯʽ ʨʦʢʠ. ɹʽʣʴʰʝ ʪʦʛʦ, ʮʝ 

ʚʽʜʧʦʚʽʜʘʻ ʎʽʣʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 9 ʆʨʛʘʥʽʟʘʮʽʾ ʆʙ'ʻʜʥʘʥʠʭ ʅʘʮʽʡ, ʷʢʘ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʽʥʥʦʚʘʮʽʷʭ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ. ɿʦʢʨʝʤʘ, ʮʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʠʷʣʦ ʨʦʟʚʠʪʢʫ ʩʪʽʡʢʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʧʝʨʝʜʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʙʽʣʴʰ ʜʦʚʛʦʚʽʯʥʠʭ ʪʘ ʩʪʽʡʢʠʭ ʢʨʠʪʠʯʥʠʭ 

ʩʧʦʨʫʜ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʦ ʩʧʨʠʷʣʦ ʚʧʨʦʚʘʜʞʝʥʥʶ ʩʪʽʡʢʠʭ ʧʨʘʢʪʠʢ ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ ʪʘ ʧʨʝʜʩʪʘʚʠʣʦ 

ʽʥʥʦʚʘʮʽʡʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʚʠʢʣʠʢʽʚ, ʩʧʨʠʷʶʯʠ ʽʥʥʦʚʘʮʽʷʤ ʫ ʮʽʡ ʛʘʣʫʟʽ. ʎʽ ʤʦʤʝʥʪʠ 

ʧʽʜʢʨʝʩʣʶʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ [15]. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ [16] ʦʮʽʥʶʚʘʚʩʷ ʚʧʣʠʚ ʜʦʜʘʚʘʥʥʷ ʨʝʛʝʥʝʨʦʚʘʥʦʛʦ ʘʩʬʘʣʴʪʦʚʦʛʦ ʧʦʢʨʠʪʪʷ (RAP) 

ʪʘ ʡʦʛʦ ʚʦʣʦʛʦʩʪʽ ʥʘ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʨʷʯʦʾ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ (HMA). ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʪʦʜʫ ʄʘʨʰʘʣʣʘ ʙʫʣʠ ʧʽʜʛʦʪʦʚʣʝʥʽ ʩʫʤʽʰʽ ʟ 0%, 10%, 20%, 30%, 40% ʪʘ 50% RAP, ʽ ʜʣʷ 

ʢʦʞʥʦʾ ʩʫʤʽʰʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʚôʞʫʯʦʛʦ (OAC). ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʜʚʘ ʩʪʘʥʠ 

ʚʦʣʦʛʦʩʪʽ RAP (ʚʠʩʫʰʝʥʠʡ ʫ ʧʝʯʽ ʪʘ ʥʘʩʠʯʝʥʠʡ ʧʦʚʝʨʭʥʝʚʦ ʚʠʩʫʰʝʥʠʡ) ʜʣʷ ʦʮʽʥʢʠ ʡʦʛʦ ʯʫʪʣʠʚʦʩʪʽ ʜʦ 

ʟʘʣʠʰʢʦʚʦʾ ʚʦʣʦʛʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ RAP ʜʦ ʩʫʤʽʰʽ ʟʥʠʟʠʣʦ OAC 

ʟ 5,22% (ʢʦʥʪʨʦʣʴ) ʜʦ 4,87% (50% RAP), ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʚʧʣʠʚ ʩʪʘʨʦʛʦ ʚ'ʷʞʫʯʦʛʦ. ʇʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ 

ʨʽʚʥʷʭ RAP ʩʪʘʙʽʣʴʥʽʩʪʴ ʟʘ ʄʘʨʰʘʣʣʦʤ ʧʽʜʚʠʱʫʚʘʣʘʩʷ, ʘ ʧʣʠʥʥʽʩʪʴ ʟʥʠʞʫʚʘʣʘʩʷ, ʱʦ ʦʟʥʘʯʘʣʦ, ʱʦ 

ʩʫʤʽʰ ʙʫʣʘ ʙʽʣʴʰ ʞʦʨʩʪʢʦʶ. ʆʜʥʘʢ ʧʨʠ ʚʠʩʦʢʠʭ ʨʽʚʥʷʭ RAP ʞʦʨʩʪʢʽʩʪʴ ʯʘʩʪʦ ʧʝʨʝʚʠʱʫʚʘʣʘ ʜʦʧʫʩʪʠʤʽ 

ʤʝʞʽ. ʉʫʤʽʰʽ RAP ʜʝʤʦʥʩʪʨʫʚʘʣʠ ʟʨʦʩʪʘʥʥʷ ʟʥʘʯʝʥʴ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʨʠʚ ʜʦ 20% RAP, ʘʣʝ ʧʨʠ ʙʽʣʴʰ 

ʚʠʩʦʢʠʭ ʨʽʚʥʷʭ ʮʽ ʟʥʘʯʝʥʥʷ ʟʥʠʞʫʚʘʣʠʩʷ. ɿʘʣʠʰʢʦʚʘ ʚʦʣʦʛʽʩʪʴ ʚ RAP ʟʥʘʯʥʦ ʚʧʣʠʚʘʣʘ ʥʘ ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɿʨʘʟʢʠ, ʧʽʜʛʦʪʦʚʣʝʥʽ ʟ ʥʘʩʠʯʝʥʠʤ RAP, ʙʫʣʠ ʤʝʥʰ ʩʪʘʙʽʣʴʥʠʤʠ, ʤʘʣʠ ʚʠʱʫ ʪʝʢʫʯʽʩʪʴ 

ʽ ʟʥʘʯʥʦ ʥʠʞʯʫ ʥʝʧʨʷʤʫ ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʨʠʚ, ʥʽʞ ʩʫʭʽ ʟʨʘʟʢʠ, ʱʦ ʧʦʛʽʨʰʫʚʘʣʦʩʷ ʧʽʩʣʷ 20% RAP. ɼʦ 20% 

RAP ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʝʟ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʩʫʤʽʰʽ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʪʦʡ ʬʘʢʪ, ʱʦ ʨʽʚʥʽ RAP ʽ 

ʫʤʦʚʠ ʚʦʣʦʛʦʩʪʽ, ʘ ʪʘʢʦʞ ʦʙ'ʻʤʥʽ (Va, VMA, VFA) ʽ ʤʝʭʘʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʘʥʜʘʨʪʘʤ 

ʝʬʝʢʪʠʚʥʦʩʪʽ SCRB R/9 2007 ʽ ASTM. ʇʨʦʧʦʟʠʮʽʾ ʚʢʣʶʯʘʶʪʴ ʫʧʨʘʚʣʽʥʥʷ ʚʦʣʦʛʽʩʪʶ RAP ʰʣʷʭʦʤ 

ʧʨʘʚʠʣʴʥʦʛʦ ʩʢʣʘʜʫʚʘʥʥʷ, ʧʦʢʨʠʪʪʷ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʽʯʥʠʭ ʩʢʣʘʜʽʚ [16].  

ʋ ʨʦʙʦʪʽ [9] ʟʘʟʥʘʯʘʻʪʴʩʷ ʱʦ WMA ʽ RAP ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʧʨʦʙʣʝʤʠ ʟ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʟʦʢʨʝʤʘ ʱʦʜʦ ʚʦʣʦʛʦʩʪʽ, ʫʪʚʦʨʝʥʥʷ ʢʦʣʽʡ ʽ ʩʪʽʡʢʦʩʪʽ ʜʦ ʨʫʡʥʫʚʘʥʥʷ. ʊʦʤʫ ʮʽ 

ʝʢʦʣʦʛʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʥʝʦʙʭʽʜʥʦ ʧʨʘʚʠʣʴʥʦ ʨʦʟʫʤʽʪʠ ʽ, ʤʦʞʣʠʚʦ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʦʻʜʥʘʥʥʽ, ʱʦʙ 

ʟʙʘʣʘʥʩʫʚʘʪʠ ʪʨʠ ʩʢʣʘʜʦʚʽ ʩʪʽʡʢʦʩʪʽ, ʷʢ ʪʦʛʦ ʚʠʤʘʛʘʻ ʩʪʽʡʢʘ ʩʠʩʪʝʤʘ. ɺ ʜʦʩʣʽʜʞʝʥʥʷʭ [9] ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʪʝʭʥʦʣʦʛʽʡ WMA ʪʘ ʾʭ ʧʦʜʘʣʴʰʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, 

ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ ʚʢʣʶʯʘʚ ʨʦʟʜʽʣ ʧʨʦ RAP, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʬʘʢʪʦʨʠ, ʱʦ 

ʩʧʨʠʷʶʪʴ ʫʩʧʽʰʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ RAP. ʇʽʩʣʷ ʮʴʦʛʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʩʬʘʣʴʪʦʚʦʛʦ 

ʚ'ʷʞʫʯʦʛʦ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʬʽʣʽʚ ʚ'ʷʟʢʦʩʪʽ-ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʪʘ ʥʝʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʘʩʬʘʣʴʪʦʚʠʭ ʚ'ʷʞʫʯʠʭ WMA ʧʨʠ ʧʦʤʽʨʥʠʭ ʪʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʊʘʢʦʞ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ 

ʚ'ʷʞʫʯʠʭ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʷʢ ʥʘ ʞʦʨʩʪʢʽʩʪʴ ʘʩʬʘʣʴʪʦʚʦʛʦ ʚ'ʷʞʫʯʦʛʦ ʚʧʣʠʚʘʻ 

ʥʘʷʚʥʽʩʪʴ ʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʙʘʚʦʢ WMA. ʅʘʨʝʰʪʽ, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʽ ʚʠʧʨʦʙʫʚʘʥʦ ʩʫʤʽʰʽ ʟ ʧʝʨʚʠʥʥʦʛʦ 
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ʽ RAP WMA ʪʘ HMA, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʾʭʥʶ ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʦʣʽʾ, ʚʦʣʦʛʠ ʪʘ ʨʫʡʥʫʚʘʥʥʷ. ʆʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ, 

ʟʨʦʙʣʝʥʽ ʚ ʭʦʜʽ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ [9]: 

- ɼʦʙʘʚʢʠ WMA ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʟʥʠʞʫʶʪʴ ʚ'ʷʟʢʽʩʪʴ ʘʩʬʘʣʴʪʦʚʦʛʦ ʚ'ʷʞʫʯʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ. ʋ ʜʚʦʭ ʟ ʪʨʴʦʭ ʚʠʧʘʜʢʽʚ ʫ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚ'ʷʟʢʽʩʪʴ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʘʩʬʘʣʴʪʦʚʦʛʦ ʚ'ʷʞʫʯʦʛʦ ʥʝ ʚʽʜʨʽʟʥʷʣʘʩʷ ʽʩʪʦʪʥʦ ʚʽʜ ʚ'ʷʟʢʦʩʪʽ ʥʝʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʚ'ʷʞʫʯʦʛʦ ʧʨʠ ʚʩʽʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʧʨʦʙʫʚʘʥʥʷ. 

- ɼʦʙʘʚʢʠ WMA ʧʽʜʚʠʱʫʚʘʣʠ ʞʦʨʩʪʢʽʩʪʴ BBR ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʤʦʜʠʬʽʢʦʚʘʥʠʤ ʘʩʬʘʣʴʪʦʚʠʤ 

ʚ'ʷʞʫʯʠʤ. ʆʪʞʝ, ʜʦʜʘʚʘʥʥʷ ʜʦʙʘʚʦʢ WMA ʤʘʻ ʙʫʪʠ ʦʧʪʠʤʽʟʦʚʘʥʦ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʦʪʝʥʮʽʡʥʠʭ 

ʧʦʰʢʦʜʞʝʥʴ, ʪʘʢʠʭ ʷʢ ʪʝʨʤʽʯʥʝ ʪʨʽʱʠʥʥʝ ʨʫʡʥʫʚʘʥʥʷ. 

- ʉʪʽʡʢʽʩʪʴ ʜʦ ʢʦʣʽʾ ʤʦʞʝ ʙʫʪʠ ʧʨʦʙʣʝʤʘʪʠʯʥʦʶ ʜʣʷ ʩʫʤʽʰʝʡ WMA, ʱʦ ʥʝ ʤʽʩʪʷʪʴ 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʚʦʩʢʫ. ʍʽʤʽʯʥʽ ʪʘ ʧʽʥʦʫʪʚʦʨʶʶʯʽ ʜʦʙʘʚʢʠ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʟʥʠʞʝʥʫ 

ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʦʣʽʾ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʴʥʠʤʠ ʩʫʤʽʰʘʤʠ HMA ʪʘ Sasobit WMA (ʨʠʩ. 1). 

 

 

ʈʠʩʫʥʦʢ 1 ï ɻʣʠʙʠʥʘ ʢʦʣʽʾ ʧʨʠ 45% ʚʤʽʩʪʽ RAP ʧʽʩʣʷ 10 000 ʧʨʦʭʦʜʽʚ ʢʦʣʽʩ [9] 

Figure 1 ï Track depth at 45% RAP content after 10,000 wheel passes [9] 

 

- ʏʫʪʣʠʚʽʩʪʴ ʜʦ ʚʦʣʦʛʠ ʻ ʟʥʘʯʥʦʶ ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʜʦʙʘʚʦʢ WMA. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʤʦʞʫʪʴ ʟʥʘʜʦʙʠʪʠʩʷ ʘʥʪʠʨʦʟʰʘʨʦʚʫʚʘʣʴʥʽ ʘʛʝʥʪʠ ʘʙʦ ʛʽʜʨʘʪʦʚʘʥʘ ʚʘʧʥʦ. 

- ʉʪʽʡʢʽʩʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʣʘʩʷ ʩʝʨʝʜ ʜʦʙʘʚʦʢ WMA. ʊʦʤʫ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʪʝ, ʱʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʨʦʙʥʠʮʪʚʘ ʥʝ ʤʘʻ ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʥʝʨʛʽʶ ʨʫʡʥʫʚʘʥʥʷ DC(T). 

- ʅʘʨʝʰʪʽ, RAP ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʦʣʽʾ ʪʘ ʯʫʪʣʠʚʦʩʪʽ ʜʦ 

ʚʦʣʦʛʠ ʩʫʤʽʰʝʡ WMA, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʪʝʩʪʘʤʠ ɻʘʤʙʫʨʛʘ ʪʘ TSR. ʆʜʥʘʢ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʷʢʽʩʥʠʭ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʟʥʠʞʝʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʨʫʡʥʫʚʘʥʥʷ ʩʫʤʽʰʝʡ RAP, ʦʩʢʽʣʴʢʠ ʜʦʙʘʚʢʠ WMA ʪʘ ʟʥʠʞʝʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʽʰʫʚʘʥʥʷ ʩʘʤʽ ʧʦ ʩʦʙʽ ʥʝ 

ʙʫʣʠ ʜʦʩʪʘʪʥʽʤʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʢʨʠʭʢʦʩʪʽ ʩʫʤʽʰʝʡ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠ ʚʢʣʶʯʝʥʥʽ 45% RAP. 

ʂʨʽʤ ʪʦʛʦ ʘʚʪʦʨ [9] ʟʘʟʥʘʯʘʻ ʥʘʩʪʫʧʥʝ:  

- ɿʥʠʞʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʥʝ ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʟʥʠʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨ ʚʠʨʦʙʥʠʮʪʚʘ, ʜʦʩʪʫʧʥʠʭ ʫ ʚʩʽʭ ʪʝʭʥʦʣʦʛʽʷʭ WMA. ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʽʥʰʽ 

ʬʘʢʪʦʨʠ, ʪʘʢʽ ʷʢ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ. 

- ɺʣʘʩʪʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʡ WMA ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʩʪʽʡʢʽʩʪʴ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ 

ʜʦ ʨʫʡʥʫʚʘʥʥʷ, ʚʦʣʦʛʠ ʪʘ ʢʦʣʽʾ. ʊʦʤʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʙʘʞʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ 
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ʚʽʜʧʦʚʽʜʥʫ ʪʝʭʥʦʣʦʛʽʶ, ʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʻ ʥʝʦʙʭʽʜʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʩʪʽʡʢʠʭ ʩʫʤʽʰʝʡ, ʱʦ ʤʽʩʪʷʪʴ WMA ʪʘ RAP. 

- ɼʦʜʘʚʘʥʥʷ RAP ʜʦ WMA ʤʦʞʝ ʟʥʘʯʥʦ ʧʦʣʽʧʰʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʭ ʩʫʤʽʰʝʡ ʧʨʠ ʩʝʨʝʜʥʽʭ 

ʽ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʜʥʘʢ ʥʝʦʙʭʽʜʥʦ ʨʝʪʝʣʴʥʦ ʧʽʜʽʡʪʠ ʜʦ ʚʠʙʦʨʫ ʩʦʨʪʫ ʥʦʚʦʛʦ ʚ'ʷʞʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʪʘ ʪʠʧʫ ʥʦʚʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʣʝʞʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ. 

ɸʚʪʦʨʠ [17] ʟʘʟʥʘʯʘʶʪʴ ʱʦ, ʚʽʜʩʦʪʦʢ RAP, ʷʢʠʡ ʤʦʞʥʘ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʧʨʠ ʛʘʨʷʯʦʤʫ 

ʨʝʮʠʢʣʽʥʛʫ ʩʫʤʽʰʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʧʨʘʢʪʠʯʥʠʤʠ ʤʽʨʢʫʚʘʥʥʷʤʠ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʧʦʛʽʨʰʝʥʥʷ 

ʩʪʘʥʫ ʩʪʘʨʦʛʦ ʚ'ʷʞʫʯʦʛʦ, RAP ʥʝ ʩʣʽʜ ʧʽʜʜʘʚʘʪʠ ʜʽʾ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʋ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ʚʠʚʯʘʣʘʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʙʘʚʢʠ ʜʣʷ ʪʝʧʣʦʾ ʘʩʬʘʣʴʪʦʚʦʾ ʩʫʤʽʰʽ (WMA) - Sasobit H8 ï ʜʣʷ 

ʫʩʧʽʰʥʦʛʦ ʨʝʮʠʢʣʽʥʛʫ ʛʘʨʷʯʦʾ ʘʩʬʘʣʴʪʦʚʦʾ ʩʫʤʽʰʽ ʟ 75% ʚʤʽʩʪʫ RAP ʧʨʠ ʥʠʞʯʽʡ ʪʝʤʧʝʨʘʪʫʨʽ.. 

ʂʦʥʪʨʦʣʴʥʘ ʟʨʘʟʦʢ ʛʘʨʷʯʦʾ ʘʩʬʘʣʴʪʦʚʦʾ ʩʫʤʽʰʽ ʙʫʚ ʧʨʠʛʦʪʦʚʘʥʠʡ ʟ ʝʢʩʪʨʘʛʦʚʘʥʠʤʠ ʟʘʧʦʚʥʶʚʘʯʘʤʠ ʪʘ 

ʚ'ʷʞʫʯʠʤ PG 64-28 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 150 ÁC. ʑʝ ʦʜʠʥ ʟʨʘʟʦʢ ʛʘʨʷʯʦʾ ʘʩʬʘʣʴʪʦʚʦʾ ʩʫʤʽʰʽ ʙʫʚ 

ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ ʚ'ʷʞʫʯʠʤ PG 52-28 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 135 ÁC. ɼʚʽ ʩʫʤʽʰʽ WMA ʙʫʣʦ ʧʨʠʛʦʪʦʚʘʥʦ ʟ 

Sasobit H8 ʧʨʠ 125 ÁC, ʦʜʥʘ ʟ ʚôʷʞʫʯʠʤ PG 52-28, ʘ ʽʥʰʘ ʟ PG 42-42. ɿʨʘʟʢʠ ʟ ʧʨʦʻʢʪʥʠʤ ʚʤʽʩʪʦʤ 

ʘʩʬʘʣʴʪʫ ʫʱʽʣʴʥʶʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 75 ʦʙʝʨʪʽʚ ʛʽʨʘʪʦʨʥʦʛʦ ʫʱʽʣʴʥʶʚʘʯʘ Superpave. ɺʠʟʥʘʯʘʣʠʩʷ 

ʪʘ ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʾʭ ʧʦʨʠ, ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʨʠʚ ʧʨʠ -10 ÁC, ʦʧʽʨ ʢʦʣʽʻʫʪʚʦʨʝʥʥʶ ʧʨʠ 60 ÁC ʪʘ ʤʦʜʫʣʽ ʧʨʠ 

0, 25 ʪʘ 40 ÁC (ʫ ʨʽʟʥʠʡ ʯʘʩ). ɿʨʘʟʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʜʫʣʽʚ ʧʽʜʜʘʚʘʣʠʩʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ 60 ÁC ʤʽʞ 

ʪʝʩʪʘʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʤʦʞʣʠʚʦ ʚʠʨʦʙʣʷʪʠ ʩʫʤʽʰʽ ʟ 75% RAP ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʧʦʨʘʤʠ, ʷʢ 

ʫ ʩʫʤʽʰʝʡ ʟ ʧʝʨʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʠ ʥʠʞʯʠʭ, ʥʽʞ ʪʨʘʜʠʮʽʡʥʽ, ʪʝʤʧʝʨʘʪʫʨʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 1,5% 

Sasobit. ɼʦʜʘʚʘʥʥʷ ʟʥʘʯʥʦ ʤôʷʢʽʰʦʛʦ ʚôʷʞʫʯʦʛʦ, PG 42-42, ʫ ʢʽʣʴʢʦʩʪʽ 1,5% ʚʽʜ ʤʘʩʠ ʩʫʤʽʰʽ, ʧʨʠʟʚʝʣʦ 

ʜʦ ʦʪʨʠʤʘʥʥʷ ʩʫʤʽʰʽ, ʥʘʡʙʽʣʴʰ ʧʦʜʽʙʥʦʾ ʜʦ ʩʫʤʽʰʽ ʟ ʧʝʨʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʨʦʙʦʪʽ [17] ʥʘʚʝʜʝʥʦ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

- ʄʦʞʥʘ ʚʠʛʦʪʦʚʣʷʪʠ ʩʫʤʽʰʽ ʟ 75% RAP ʟ ʧʦʜʽʙʥʠʤ ʚʤʽʩʪʦʤ ʧʦʚʽʪʨʷʥʠʭ ʧʫʩʪʦʪ, ʷʢ ʫ 

ʧʝʨʚʠʥʥʠʭ ʩʫʤʽʰʘʭ ʟʘ ʥʠʞʯʠʭ, ʥʽʞ ʟʚʠʯʘʡʥʽ, ʪʝʤʧʝʨʘʪʫʨ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 1,5% Sasobit (ʚʽʜ ʚʘʛʠ 

ʟʘʛʘʣʴʥʦʾ ʘʩʬʘʣʴʪʦʚʦʾ ʟʚ'ʷʟʫʚʘʣʴʥʦʾ ʨʝʯʦʚʠʥʠ). 

- ɼʦʜʘʚʘʥʥʷ Sasobit ʜʦʧʦʤʘʛʘʻ ʟʥʠʟʠʪʠ ʚ'ʷʟʢʽʩʪʴ ʘʩʬʘʣʴʪʦʚʦʾ ʟʚ'ʷʟʫʚʘʣʴʥʦʾ ʨʝʯʦʚʠʥʠ ʟʘ ʚʠʱʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʘʣʝ, ʥʘʡʽʤʦʚʽʨʥʽʰʝ, ʤʘʻ ʥʝʟʥʘʯʥʠʡ ʝʬʝʢʪ ʪʚʝʨʜʽʥʥʷ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

- ɼʦʜʘʚʘʥʥʷ Sasobit ʜʦʧʦʤʦʛʣʦ ʦʪʨʠʤʘʪʠ ʦʜʥʦʨʽʜʥʽ ʩʫʤʽʰʽ, ʱʦ ʚʠʜʥʦ ʟ ʥʠʟʴʢʦʾ ʤʽʥʣʠʚʦʩʪʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. 

- ɼʦʜʘʚʘʥʥʷ ʟʥʘʯʥʦ ʥʠʞʯʦʛʦ ʩʦʨʪʫ ʟʚ'ʷʟʫʶʯʦʾ ʨʝʯʦʚʠʥʠ, PG 42-42, ʫ ʢʽʣʴʢʦʩʪʽ 1,5% ʚʽʜ ʚʘʛʠ 

ʩʫʤʽʰʽ, ʜʘʣʦ ʩʫʤʽʰ, ʷʢʘ ʥʘʡʙʽʣʴʰʝ ʧʦʨʽʚʥʷʥʥʘ ʟ ʧʝʨʚʠʥʥʦʶ ʩʫʤʽʰʰʶ. 

- ɼʦʜʘʚʘʥʥʷ Sasobit H8 ʜʦʧʦʤʦʛʣʦ ʦʪʨʠʤʘʪʠ ʧʦʚʽʪʨʷʥʽ ʧʫʩʪʦʪʠ ʚ ʩʫʤʽʰʘʭ, ʫʱʽʣʴʥʝʥʠʭ ʟʘ 

ʥʠʞʯʦʾ, ʥʽʞ ʟʚʠʯʘʡʥʘ, ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʽ ʙʫʣʠ ʧʦʜʽʙʥʽ ʜʦ ʧʦʚʽʪʨʷʥʠʭ ʧʫʩʪʦʪ, ʦʪʨʠʤʘʥʠʭ ʫ ʟʚʠʯʘʡʥʠʭ 

ʩʫʤʽʰʘʭ, ʫʱʽʣʴʥʝʥʠʭ ʟʘ ʟʚʠʯʘʡʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʋ ʨʦʙʦʪʽ [18] ʧʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʧʣʠʭ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ 

ʩʫʤʽʰʝʡ ʟ ʧʝʨʝʨʦʙʣʝʥʠʤ ʘʩʬʘʣʴʪʦʚʠʤ ʧʦʢʨʠʪʪʷʤ. ɿʘʟʥʘʯʝʥʦ ʱʦ, ʪʝʭʥʦʣʦʛʽʷ ʪʝʧʣʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ 

(WMA) ʟʘʙʝʟʧʝʯʫʻ ʥʝ ʪʽʣʴʢʠ ʚʠʨʦʙʥʠʮʪʚʦ ʘʩʬʘʣʴʪʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʟʘ ʥʠʞʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʥʽʞ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʱʦ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʚ ʛʘʨʷʯʽʡ ʘʩʬʘʣʴʪʦʚʽʡ ʩʫʤʽʰʽ (HMA), ʘʣʝ ʡ ʟʘʦʭʦʯʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʝʨʝʨʦʙʣʝʥʦʛʦ ʘʩʬʘʣʴʪʦʚʦʛʦ ʧʦʢʨʠʪʪʷ (RAP), ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʝʢʦʥʦʤʠʪʴ ʝʥʝʨʛʽʶ ʪʘ ʥʝʚʽʜʥʦʚʣʶʚʘʥʽ 

ʨʝʩʫʨʩʠ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʫʻ ʚʠʢʠʜʠ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʘ. ʆʧʠʩʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʦʪʠʨʴʦʭ 

ʨʽʟʥʠʭ ʜʦʙʘʚʦʢ WMA (ʦʨʛʘʥʽʯʥʠʭ, ʭʽʤʽʯʥʠʭ, ʩʠʥʪʝʪʠʯʥʠʭ ʮʝʦʣʽʪʽʚ ʪʘ ʧʨʠʨʦʜʥʠʭ ʮʝʦʣʽʪʽʚ) ʟ ʨʽʟʥʠʤ 

ʚʤʽʩʪʦʤ RAP. ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʤʽʩʪʫ RAP, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʦʞʥʽʡ ʜʦʙʘʚʮʽ WMA, ʙʫʣʦ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʘʥʘʣʽʟ ʄʘʨʰʘʣʣʘ, ʤʦʜʫʣʴ ʥʝʧʨʷʤʦʾ ʞʦʨʩʪʢʦʩʪʽ ʥʘ ʨʦʟʪʷʛ ʪʘ ʧʦʚʝʜʽʥʢʫ ʚʪʦʤʠ HMA ʪʘ 
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WMA, ʱʦ ʚʢʣʶʯʘʻ RAP, ʪʘ ʧʦʨʽʚʥʷʥʦ ʾʭ ʟ ʢʦʥʪʨʦʣʴʥʠʤʠ ʟʨʘʟʢʘʤʠ. ɼʣʷ ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʟʘʣʠʰʢʦʚʦʾ ʜʝʬʦʨʤʘʮʽʾ ʩʫʤʽʰʝʡ, ʱʦ ʤʽʩʪʷʪʴ ʦʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ RAP ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʛʘʤʙʫʨʟʴʢʠʡ 

ʤʝʪʦʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʣʽʻʩʪʽʡʢʦʩʪʽ. 

ɺʠʩʥʦʚʢʠ ʜʦʩʣʽʜʥʠʢʽʚ [18] ʚʢʘʟʫʶʪʴ ʥʘʩʪʫʧʥʝ. ɿʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʚʽʜ ʚʠʨʦʙʥʠʮʪʚʘ ʘʩʬʘʣʴʪʫ ʥʘ 

ʟʘʚʦʜʽ ʪʘ ʚʠʢʠʜʽʚ ʚʽʜ ʫʱʽʣʴʥʝʥʥʷ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

WMA. ɺʣʘʩʪʠʚʦʩʪʽ ʙʽʪʫʤʫ ʧʦʢʨʘʱʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʨʛʘʥʽʯʥʠʭ, ʭʽʤʽʯʥʠʭ, ʩʠʥʪʝʪʠʯʥʠʭ ʮʝʦʣʽʪʥʠʭ 

ʜʦʙʘʚʦʢ WMA ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʽʪʫ. ʎʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʟʘʚʜʷʢʠ ʪʨʘʜʠʮʽʡʥʠʤ ʤʝʪʦʜʘʤ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʪʘʢʽ ʷʢ ʧʨʦʥʠʢʥʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʤ'ʷʢʰʝʥʥʷ, ʦʙʝʨʪʘʣʴʥʘ ʚ'ʷʟʢʽʩʪʴ, ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʧʨʦʙʫʚʘʥʴ TFOT. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ, ʭʽʤʽʯʥʠʭ, ʩʠʥʪʝʪʠʯʥʠʭ ʮʝʦʣʽʪʽʚ ʪʘ ʧʨʠʨʦʜʥʠʭ 

ʮʝʦʣʽʪʥʠʭ ʜʦʙʘʚʦʢ ʜʦʧʦʤʘʛʘʻ ʟʥʠʟʠʪʠ ʟʥʘʯʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʟʥʠʞʫʻ ʪʝʤʧʝʨʘʪʫʨʫ 

ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʫʱʽʣʴʥʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʚʠʢʠʜʽʚ. ɿʥʘʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʟʘ ʄʘʨʰʘʣʣʦʤ, ʧʦʚ'ʷʟʘʥʽ ʟ ʩʫʤʽʰʘʤʠ RAP, ʚʠʷʚʠʣʠʩʷ ʚʠʱʠʤʠ, ʥʽʞ ʫ ʢʦʥʪʨʦʣʴʥʠʭ 

ʩʫʤʽʰʘʭ. ɺʠʭʦʜʷʯʠ ʟ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ, 20%, 30%, 10% ʪʘ 20% ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʷʢ 

ʦʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ RAP ʜʣʷ ʟʨʘʟʢʽʚ HMA, ʦʨʛʘʥʽʯʥʠʭ, ʭʽʤʽʯʥʠʭ, ʷʢ ʩʠʥʪʝʪʠʯʥʠʭ ʮʝʦʣʽʪʽʚ, ʪʘʢ ʽ 

ʧʨʠʨʦʜʥʠʭ ʮʝʦʣʽʪʦʚʠʭ ʜʦʙʘʚʦʢ ʚʽʜʧʦʚʽʜʥʦ. 

ɯʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʨʘʟʢʽʚ, ʚʢʣʶʯʘʶʯʠ ʦʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ RAP ʜʣʷ ʩʫʤʽʰʝʡ HMA ʪʘ ʢʦʞʥʦʾ 

ʜʦʙʘʚʢʠ WMA, ʪʘʢʦʞ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʩʧʝʮʠʬʽʢʘʮʽʡ ʱʦʜʦ ʧʣʠʥʥʦʩʪʽ, ʨʽʚʥʷ ʧʦʚʽʪʨʷʥʠʭ ʧʦʨʦʞʥʠʥ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʙʘʚʦʢ WMA ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʪʦʤʠ ʙʽʪʫʤʥʠʭ ʩʫʤʽʰʝʡ. ʆʜʥʘʢ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ RAP ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʪʦʤʠ. ɺʨʘʭʦʚʫʶʯʠ ʚʧʣʠʚ RAP ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʪʦʤʠ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʥʘʚʽʪʴ ʷʢʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʘʨʰʘʣʣʘ ʩʫʤʽʰʝʡ, ʱʦ ʤʽʩʪʷʪʴ 

ʤʘʪʝʨʽʘʣʠ RAP, ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞʘʭ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʪʦʤʠ ʮʠʭ ʩʫʤʽʰʝʡ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʦʢʨʝʤʦ. ʉʝʨʝʜ ʜʦʙʘʚʦʢ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʨʛʘʥʽʯʥʘ ʜʦʙʘʚʢʘ 

WMA ʻ ʧʨʠʜʘʪʥʦʶ ʜʦʙʘʚʢʦʶ, ʷʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʦʤʦʣʦʜʞʫʶʯʠʡ ʘʛʝʥʪ ʧʽʜ ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ 

ʜʦʨʽʛ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʨʽʘʣʽʚ RAP. ɼʝʬʦʨʤʘʮʽʷ ʟʨʘʟʢʽʚ ʟ ʫʩʽʤʘ ʜʦʙʘʚʢʘʤʠ WMA, ʱʦ 

ʢʦʥʪʨʦʣʶʚʘʣʘʩʷ ʧʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʥʝʧʨʷʤʫ ʚʪʦʤʫ ʧʨʠ ʨʦʟʪʷʛʫ, ʧʦʢʘʟʫʻ, ʱʦ ʜʦʙʘʚʢʠ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʫʶʪʴ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʨʘʟʢʽʚ ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʫʤʽʰʘʤʠ 

HMA. ʂʨʽʤ ʪʦʛʦ, ʜʦʜʘʚʘʥʥʷ RAP ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ ʜʝʬʦʨʤʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʨʘʟʢʽʚ WMA. 

ɺʘʨʽʘʮʽʷ ʻ ʥʘʙʘʛʘʪʦ ʧʝʨʩʧʝʢʪʠʚʥʽʰʦʶ ʟ ʦʨʛʘʥʽʯʥʦʶ ʜʦʙʘʚʢʦʶ WMA [18]. 

ʋ ʩʚʽʪʣʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʫʪʚʦʨʝʥʥʷ ʢʦʣʽʾ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʜʦʙʘʚʢʠ WMA, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʘʤʢʘʭ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʢʨʘʱʫʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʽʡʢʦʩʪʽ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʢʦʣʽʾ ʚ ʙʽʪʫʤʥʠʭ ʩʫʤʽʰʘʭ. ʆʨʛʘʥʽʯʥʽ ʪʘ ʭʽʤʽʯʥʽ ʜʦʙʘʚʢʠ ʤʘʶʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʜʠʬʽʢʫʶʯʠʡ ʚʧʣʠʚ ʥʘ 

ʙʽʪʫʤʥʽ ʩʫʤʽʰʽ, ʦʩʢʽʣʴʢʠ ʮʝʦʣʽʪʠ ʪʘʢʦʞ ʧʦʚʦʜʷʪʴʩʷ ʷʢ ʯʘʩʪʠʥʢʠ ʥʘʧʦʚʥʶʚʘʯʘ. ɼʣʷ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʨʦʭʦʜʽʚ (ʥʘʧʨʠʢʣʘʜ, 15 000 ʧʨʦʭʦʜʽʚ) ʩʫʤʽʰʽ ʟ ʦʨʛʘʥʽʯʥʦʶ ʜʦʙʘʚʢʦʶ ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʘʡʥʠʞʯʠʡ 

ʚʽʜʩʦʪʦʢ ʛʣʠʙʠʥʠ ʢʦʣʽʾ. ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʧʦʷʩʥʶʻʪʴʩʷ ʢʨʠʩʪʘʣʽʟʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʱʦ ʚʠʥʠʢʘʻ 

ʚʥʘʩʣʽʜʦʢ ʤʦʜʠʬʽʢʫʶʯʦʛʦ ʝʬʝʢʪʫ ʦʨʛʘʥʽʯʥʦʾ ʜʦʙʘʚʢʠ WMA. ɿʘʛʘʣʦʤ, ʩʫʤʽʰʽ WMA, ʧʨʠʛʦʪʦʚʘʥʽ ʟ 

ʜʦʙʘʚʢʘʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʤʘʶʪʴ ʢʨʘʱʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʽʞ ʩʫʤʽʰʽ HMA, 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʪʦʤʠ ʪʘ ʢʦʣʽʡʥʦʩʪʽ. ʆʢʨʽʤ ʤʦʜʠʬʽʢʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ WMA, ʤʝʥʰʠʡ ʩʪʫʧʽʥʴ 

ʩʪʘʨʽʥʥʷ ʯʝʨʝʟ ʥʠʞʯʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʘʛʘʣʴʥʽʡ ʦʮʽʥʮʽ ʮʠʭ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ [18]. 

ʋ ʨʦʙʦʪʽ [19] ʥʘʜʘʥʦ ʦʮʽʥʢʫ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʽʚʪʝʧʣʠʭ ʧʝʨʝʨʦʙʣʝʥʠʭ ʘʩʬʘʣʴʪʦʚʠʭ 

ʩʫʤʽʰʝʡ, ʱʦ ʤʽʩʪʷʪʴ ʜʦ 100% RAP. ɺ ʩʪʘʪʪʽ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʮʽʥʢʠ 

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʽʚʪʝʧʣʠʭ ʧʝʨʝʨʦʙʣʝʥʠʭ ʘʩʬʘʣʴʪʦʚʠʭ ʩʫʤʽʰʝʡ, ʱʦ ʤʽʩʪʷʪʴ ʜʦ 100% RAP 

ʫ ʰʘʨʘʭ ʟʥʦʩʫ. ɼʣʷ ʮʴʦʛʦ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ HWMRA ʟ 70% ʪʘ 100% ʚʽʜʥʦʚʣʝʥʠʤ 
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ʘʩʬʘʣʴʪʦʚʠʤ ʧʦʢʨʠʪʪʷʤ (RAP) ʪʘ ʝʤʫʣʴʩʽʻʶ. ʇʦʪʽʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʤʽʰʝʡ ʙʫʣʠ ʦʮʽʥʝʥʽ ʪʘ ʧʦʨʽʚʥʷʥʽ 

ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʚʠʯʘʡʥʦʛʦ ʛʘʨʷʯʦʛʦ ʘʩʬʘʣʴʪʦʚʦʛʦ ʧʦʢʨʠʪʪʷ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʩʫʤʽʰʽ ʙʫʣʠ 

ʚʠʛʦʪʦʚʣʝʥʽ ʥʘ ʟʘʚʦʜʽ, ʫʢʣʘʜʝʥʽ ʪʘ ʫʱʽʣʴʥʝʥʽ ʥʘ ʧʨʠʩʢʦʨʝʥʽʡ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʪʨʘʩʽ ʜʣʷ ʜʦʨʦʞʥʴʦʛʦ 

ʧʦʢʨʠʪʪʷ. ʇʦʪʽʤ ʙʫʣʠ ʚʠʣʫʯʝʥʽ ʢʝʨʥʠ ʪʘ ʚʠʧʨʦʙʫʚʘʥʽ ʥʘ ʤʦʜʫʣʴ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʪʦʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʷʢ ʟ ʣʘʙʦʨʘʪʦʨʥʠʤʠ ʟʨʘʟʢʘʤʠ, ʪʘʢ ʽ ʟ ʢʝʨʥʘʤʠ, ʧʦʢʘʟʘʣʠ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ HWMRA ʧʦʨʽʚʥʷʥʥʽ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ HMA. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʚʩʝʣʷʶʪʴ ʙʽʣʴʰʫ 

ʚʧʝʚʥʝʥʽʩʪʴ ʫ ʧʨʦʩʫʚʘʥʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʪʠʧʽʚ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʘʩʬʘʣʴʪʦʚʠʭ ʩʫʤʽʰʝʡ. ɼʣʷ ʮʴʦʛʦ 

ʩʫʤʽʰʽ HWMRA ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʫ ʜʚʘ ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʣʘʙʦʨʘʪʦʨʥʽ ʟʨʘʟʢʠ, ʘ ʥʘ 

ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʩʫʤʽʰʽ ʚʠʧʨʦʙʦʚʫʚʘʣʠ ʥʘ ʝʪʘʧʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʟʘʚʦʜʽ, ʫʢʣʘʜʘʥʥʷ ʪʘ ʫʱʽʣʴʥʝʥʥʷ ʚ 

ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ. ʈʝʟʫʣʴʪʘʪʠ ʟʘʚʞʜʠ ʧʦʨʽʚʥʶʚʘʣʠ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʚʠʯʘʡʥʦʛʦ HMA. 

ʇʽʩʣʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʫʤʽʰʽ ʙʫʣʠ ʚʠʧʨʦʙʫʚʘʥʽ ʥʘ ʤʦʜʫʣʴ ʞʦʨʩʪʢʦʩʪʽ, 

ʚʦʜʦʯʫʪʣʠʚʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʟʘʣʠʰʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ. ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ [19]: 

- ʏʝʨʝʟ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʩʪʦʩʦʚʥʦ ʤʦʜʫʣʷ ʞʦʨʩʪʢʦʩʪʽ (ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʦ ʟ 

ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʫʱʽʣʴʥʝʥʥʷ), ʥʝʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʷʢʽʩʴ ʦʩʪʘʪʦʯʥʽ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʞʦʨʩʪʢʦʩʪʽ 

HWMRA ʪʘ HMA. 

- ɺʦʜʦʯʫʪʣʠʚʽʩʪʴ HWMRA ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʰʘʨʘʭ ʟʥʦʩʫ. 

- HWMRA ʜʝʤʦʥʩʪʨʫʻ ʜʦʩʪʘʪʥʽ ʧʦʢʘʟʥʠʢʠ ʫʪʚʦʨʝʥʥʷ ʢʦʣʽʾ. 

ʇʨʦʪʦʪʠʧ ʫʩʪʘʥʦʚʢʠ ʙʫʚ ʟʜʘʪʥʠʡ ʚʠʨʦʙʣʷʪʠ ʩʫʤʽʰʽ, ʱʦ ʤʽʩʪʷʪʴ ʜʦ 100% RAP, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʝʤʫʣʴʩʽʶ ʟʘ ʥʘʧʽʚʪʝʧʣʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʇʽʩʣʷ ʫʢʣʘʜʘʥʥʷ ʪʘ ʫʱʽʣʴʥʝʥʥʷ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʢʝʨʥʠ ʙʫʣʠ 

ʚʠʣʫʯʝʥʽ, ʘ ʾʭ ʤʦʜʫʣʴ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʦʧʽʨ ʚʪʦʤʽ ʙʫʣʠ ʦʮʽʥʝʥʽ ʚ ʣʘʙʦʨʘʪʦʨʽʾ. ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʽ 

ʚʠʩʥʦʚʢʠ: 

- ʄʦʜʫʣʴ ʞʦʨʩʪʢʦʩʪʽ HWMRA ʙʫʚ ʚʠʱʠʤ, ʥʽʞ ʫ HMA, ʽ ʧʦʜʽʙʥʠʤ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ 

ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɹʽʣʴʰʝ ʪʦʛʦ, ʱʽʣʴʥʽʩʪʴ ʢʝʨʥʽʚ ʪʘʢʦʞ ʙʫʣʘ ʧʦʨʽʚʥʷʥʥʦʶ ʟ 

ʣʘʙʦʨʘʪʦʨʥʠʤʠ ʟʨʘʟʢʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʭʦʞʝ, ʱʦ HWMRA ʤʦʞʥʘ ʫʩʧʽʰʥʦ ʚʽʜʪʚʦʨʠʪʠ ʥʘ ʟʘʚʦʜʽ ʪʘ 

ʫʱʽʣʴʥʠʪʠ ʙʝʟ ʞʦʜʥʠʭ ʧʨʦʙʣʝʤ. 

- ɼʣʷ ʚʠʧʨʦʙʫʚʘʥʠʭ ʨʽʚʥʽʚ ʥʘʧʨʫʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʪʦʤʠ HWMRA ʙʫʣʠ ʟʘʜʦʚʽʣʴʥʠʤʠ 

ʧʦʨʽʚʥʷʥʦ ʟ HMA. 

ʊʘʢʠʤ ʯʠʥʦʤ, HWMRA ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʝʢʚʽʚʘʣʝʥʪʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ HMA, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʷʢ ʣʘʙʦʨʘʪʦʨʥʠʤʠ, ʪʘʢ ʽ ʧʦʣʴʦʚʠʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, HWMRA, 

ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ ʝʤʫʣʴʩʽʡ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʫ ʘʣʴʪʝʨʥʘʪʠʚʫ HMA.  

ʋ ʨʦʙʦʪʽ [20] ʚʠʢʦʥʘʥʝ ʣʘʙʦʨʘʪʦʨʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʫʱʽʣʴʥʝʥʥʷ ʪʘ ʦʮʽʥʢʘ ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʽʚʪʝʧʣʠʭ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʟ ʧʝʨʝʨʦʙʣʝʥʦʛʦ ʘʩʬʘʣʴʪʫ, ʱʦ ʤʽʩʪʷʪʴ 100% 

RAP. ɿʘʟʥʘʯʝʥʦ ʱʦ ʱʝ ʟʘʣʠʰʘʶʪʴʩʷ ʜʝʷʢʽ ʪʝʭʥʽʯʥʽ ʧʨʦʛʘʣʠʥʠ ʱʦʜʦ ʧʨʦʮʝʜʫʨ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʫʤʽʰʝʡ 

ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʽʚʪʝʧʣʠʭ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ (HWMA) ʫ ʣʘʙʦʨʘʪʦʨʽʾ. 

ɿ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʦ ʦʙʨʘʥʦ ʪʨʠ ʨʽʟʥʽ ʤʝʪʦʜʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʩʪʘʪʠʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʫʜʘʨʥʠʡ ʫʱʽʣʴʥʶʚʘʯ ʄʘʨʰʘʣʣʘ ʪʘ ʛʽʨʦʤʝʪʨʽʯʥʠʡ ʫʱʽʣʴʥʶʚʘʯ) ʪʘ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ, 

ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʡ ʤʝʪʦʜ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʫʱʽʣʴʥʝʥʥʷ ʥʘʧʽʚʪʝʧʣʠʭ ʩʫʤʽʰʝʡ 

ʧʝʨʝʨʦʙʣʝʥʦʛʦ ʘʩʬʘʣʴʪʫ (HWMRA) ʟʽ 100% ʨʝʛʝʥʝʨʦʚʘʥʠʤ ʘʩʬʘʣʴʪʦʚʠʤ ʧʦʢʨʠʪʪʷʤ (RAP). ɿʛʦʜʦʤ 

ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʯʦʪʠʨʴʦʭ ʨʝʞʠʤʽʚ ʧʨʠʩʢʦʨʝʥʦʛʦ ʪʚʝʨʜʽʥʥʷ (0, 24, 48 ʪʘ 72 ʛʦʜ) ʥʘ ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʤʽʰʝʡ. ʇʦʪʽʤ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʰʠʨʝʥʫ ʤʝʭʘʥʽʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʫʤʽʰʽ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʥʝʧʨʷʤʦʾ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʪʷʛ (ITS), ʤʦʜʫʣʷ ʞʦʨʩʪʢʦʩʪʽ, ʫʪʚʦʨʝʥʥʷ ʢʦʣʽʾ ʪʘ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʚʪʦʤʫ ʧʨʠ ʯʦʪʠʨʠʪʦʯʢʦʚʦʤʫ ʟʛʠʥʘʥʥʽ (4PB). ʊʘʢʠʤ ʯʠʥʦʤ, ʟʛʽʜʥʦ ʟ ʚʠʩʥʦʚʢʘʤʠ 
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ʘʚʪʦʨʽʚ, ʩʫʤʽʰʽ HWMRA ʟʽ 100% RAP ʪʘ ʝʤʫʣʴʛʦʚʘʥʠʤ ʙʽʪʫʤʦʤ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʥʘʣʝʞʥʫ ʦʙ'ʻʤʥʫ 

(ʥʘʧʨʠʢʣʘʜ, ʧʦʚʽʪʨʷʥʽ ʧʦʨʦʞʥʠʥʠ ʪʘ ʱʽʣʴʥʽʩʪʴ) ʪʘ ʤʝʭʘʥʽʯʥʫ ʧʦʚʝʜʽʥʢʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʦʰʢʦʜʞʝʥʥʷ 

ʚʦʣʦʛʦʶ, ʚʥʫʪʨʽʰʥʴʦʾ ʧʨʫʞʥʦʩʪʽ (ITS), ʤʦʜʫʣʷ ʞʦʨʩʪʢʦʩʪʽ, ʫʪʚʦʨʝʥʥʷ ʢʦʣʽʾ ʪʘ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʚʽʜ 

ʚʪʦʤʠ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʚʩʝʣʷʶʪʴ ʙʽʣʴʰʫ ʚʧʝʚʥʝʥʽʩʪʴ ʫ ʧʨʦʩʫʚʘʥʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ 

ʘʩʬʘʣʴʪʦʚʠʭ ʩʫʤʽʰʝʡ ʜʣʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʪʷʭ ʘʙʦ ʤʽʩʴʢʠʭ ʚʫʣʠʮʷʭ. 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ [20] ʙʫʣʦ ʦʮʽʥʠʪʠ ʪʨʠ ʨʽʟʥʽ ʧʨʦʮʝʜʫʨʠ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʫʱʽʣʴʥʝʥʥʷ (ʪʦʙʪʦ ʫʜʘʨʥʠʡ ʫʱʽʣʴʥʶʚʘʯ ʄʘʨʰʘʣʣʘ, ʩʪʘʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʜʚʽʡʥʠʤ 

ʧʣʫʥʞʝʨʦʤ ʪʘ ʛʽʨʘʪʦʨʥʠʡ ʫʱʽʣʴʥʶʚʘʯ) ʪʘ ʚʠʟʥʘʯʠʪʠ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʡ ʤʝʪʦʜ ʜʣʷ ʥʘʧʽʚʪʝʧʣʠʭ 

ʩʫʤʽʰʝʡ ʧʝʨʝʨʦʙʣʝʥʦʛʦ ʘʩʬʘʣʴʪʫ, ʱʦ ʤʽʩʪʷʪʴ 100% ʚʤʽʩʪ RAP, ʪʘ ʝʤʫʣʴʛʦʚʘʥʠʡ ʙʽʪʫʤ. ɼʨʫʛʦʶ ʤʝʪʦʶ 

ʙʫʣʦ ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʧʨʠʩʢʦʨʝʥʦʛʦ ʪʚʝʨʜʽʥʥʷ ʥʘ ʨʦʟʚʠʪʦʢ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʫʤʽʰʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʤʦʞʥʘ ʟʨʦʙʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ [20], ʱʦ ʩʪʦʩʫʶʪʴʩʷ 

ʫʱʽʣʴʥʝʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʨʘʟʢʽʚ HWMRA ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʫʤʽʰʽ: 

- ʈʦʟʛʣʷʜʘʶʯʠ ʦʙ'ʻʤʥʽ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʴʦʭ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʩʠʩʪʝʤʘ ʛʽʨʘʪʦʨʥʦʛʦ ʫʱʽʣʴʥʶʚʘʯʘ ʚʠʷʚʠʣʘʩʷ ʥʘʡʙʽʣʴʰ 

ʧʽʜʭʦʜʷʱʠʤ ʤʝʪʦʜʦʤ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʫʱʽʣʴʥʝʥʥʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ/ʫʱʽʣʴʥʝʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʟʨʘʟʢʽʚ ʥʘʧʽʚʪʝʧʣʦʾ ʩʫʤʽʰʽ ʧʝʨʝʨʦʙʣʝʥʦʛʦ ʘʩʬʘʣʴʪʫ (HWMRA) ʚ ʣʘʙʦʨʘʪʦʨʽʾ. ɼʣʷ ʮʴʦʛʦ ʟʨʘʟʢʠ 

ʫʱʽʣʴʥʶʚʘʣʠ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʨʦʟʨʘʭʫʥʢʦʚʫ ʝʥʝʨʛʽʶ ʫʱʽʣʴʥʝʥʥʷ ʩʫʤʽʰʽ 70 ʛʽʨʦʩʢʦʧʽʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

80 ÁC, ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʽʨʘʪʦʨʥʦʛʦ ʫʱʽʣʴʥʶʚʘʯʘ ʧʽʜ ʚʥʫʪʨʽʰʥʽʤ ʢʫʪʦʤ ʦʙʝʨʪʘʥʥʷ 0,82Á, ʚʝʨʪʠʢʘʣʴʥʠʡ 

ʪʠʩʢ ʫʱʽʣʴʥʝʥʥʷ 600 ʢʇʘ ʪʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ 30 ʦʙ/ʭʚ. 

- ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʯʥʦʛʦ ʩʪʠʩʢʘʶʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʜʚʽʡʥʠʤ 

ʧʣʫʥʞʝʨʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 21 ʄʇʘ ʙʫʣʦ ʚʽʜʭʠʣʝʥʦ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʦʩʢʽʣʴʢʠ 

ʮʝʡ ʤʝʪʦʜ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʟʥʘʯʥʦ ʚʠʱʽ ʟʥʘʯʝʥʥʷ ʦʙ'ʻʤʥʦʾ ʱʽʣʴʥʦʩʪʽ, ʥʝʧʨʷʤʦʾ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʪʷʛ ʪʘ 

ʤʦʜʫʣʷ ʞʦʨʩʪʢʦʩʪʽ, ʥʽʞ ʪʽ, ʱʦ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʨʦʞʥʽʭ ʚʠʧʨʦʙʫʚʘʥʴ ʨʦʙʦʯʠʡ ʤʘʡʜʘʥʯʠʢ ʧʽʩʣʷ 

ʙʫʜʽʚʥʠʮʪʚʘ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ. ʂʨʽʤ ʪʦʛʦ, ʙʫʣʦ ʧʦʤʽʯʝʥʦ, ʱʦ ʩʪʘʪʠʯʥʠʡ ʤʝʪʦʜ ʩʧʨʠʯʠʥʷʚ 

ʨʫʡʥʫʚʘʥʥʷ ʟʘʧʦʚʥʶʚʘʯʽʚ ʪʘ ʩʪʠʩʢʘʥʥʷ ʚ'ʷʞʫʯʠʭ ʨʝʯʦʚʠʥ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʩʫʤʽʰʽ. 

- ʑʦʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʫʱʽʣʴʥʝʥʥʷ ʩʫʤʽʰʝʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʜʘʨʥʦʛʦ ʫʱʽʣʴʥʶʚʘʯʘ ʄʘʨʰʘʣʣʘ ʟ 75 

ʪʘ 100 ʫʜʘʨʘʤʠ ʟ ʢʦʞʥʦʛʦ ʙʦʢʫ, ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟʥʘʯʥʝ ʧʦʛʽʨʰʝʥʥʷ ʦʙ'ʻʤʥʠʭ (ʧʦʚʽʪʨʷʥʽ ʧʦʨʦʞʥʠʥʠ ʪʘ 

ʦʙ'ʻʤʥʘ ʱʽʣʴʥʽʩʪʴ) ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʤʦʜʫʣʴ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ITS) ʩʫʤʽʰʝʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʨʦʩʢʦʧʽʯʥʦʛʦ ʫʱʽʣʴʥʶʚʘʯʘ ʧʨʠ 70 ʦʙʝʨʪʘʭ; ʡʤʦʚʽʨʥʦ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʨʫʡʥʫʚʘʥʥʷ ʟʘʧʦʚʥʶʚʘʯʽʚ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʫʱʽʣʴʥʝʥʥʷ ʩʫʤʽʰʽ. 

- ɽʬʝʢʪ ʪʨʠʚʘʣʦʾ ʧʨʠʩʢʦʨʝʥʦʾ ʦʙʨʦʙʢʠ ʪʚʝʨʜʽʥʥʷʤ ʧʨʦʪʷʛʦʤ ʪʨʴʦʭ ʜʥʽʚ (72 ʛʦʜ) ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 50ǓC, ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʜʦʩʠʪʴ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʨʦʟʚʠʪʦʢ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʫʤʽʰʝʡ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʦʜʫʣʷ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʥʝʧʨʷʤʦʾ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʪʷʛ. 

- ʉʫʤʽʰ HWMRA 100% RAP ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ ʩʪʽʡʢʦʩʪʽ ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ ʚʦʣʦʛʦʶ ʪʘ 

ʫʪʚʦʨʝʥʥʷ ʢʦʣʽʾ, ʚʩʪʘʥʦʚʣʝʥʠʤ ʽʩʧʘʥʩʴʢʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʩʧʝʮʠʬʽʢʘʮʽʷʤʠ ʜʣʷ ʧʝʨʝʨʦʙʣʝʥʠʭ ʩʫʤʽʰʝʡ ʟ 

ʝʤʫʣʴʩʽʻʶ ʜʣʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʪʷʭ ʩʝʨʝʜʥʴʦʾ ʘʙʦ ʥʠʟʴʢʦʾ ʢʘʪʝʛʦʨʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʮʷ ʩʫʤʽʰ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ, ʚʩʪʘʥʦʚʣʝʥʠʤ ʜʣʷ 

ʛʘʨʷʯʠʭ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʜʣʷ ʮʠʭ ʪʠʧʽʚ ʰʘʨʽʚ (ʘʩʬʘʣʴʪʦʚʽ ʩʫʤʽʰʽ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʰʘʨʫ) ʪʘ 

ʪʝʨʤʽʯʥʠʭ ʫʤʦʚ. 

- ɼʣʷ ʪʠʭ ʩʘʤʠʭ ʨʽʚʥʽʚ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʙʫʣʠ ʧʨʦʪʝʩʪʦʚʘʥʽ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʩʫʤʽʰʽ HWMRA 

ʟ ʙʽʪʫʤʦʤ ʤʘʨʢʠ 50/70 pen. ʧʦʢʘʟʘʣʠ ʧʨʠʡʥʷʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. ʆʜʥʘʢ, 

ʙʽʪʫʤ 50/70 pen. ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʜʝʱʦ ʥʠʞʯʫ ʤʽʢʨʦʨʦʟʪʷʛʦʚʫ ʚʪʦʤʫ-ʜʝʬʦʨʤʘʮʽʶ (Ů6) ʟʥʘʯʝʥʥʷ, ʥʽʞ 

ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʙʽʪʫʤʫ ʤʘʨʢʠ 160/220 pen. ʎʝ, ʡʤʦʚʽʨʥʦ, ʧʦʷʩʥʶʻʪʴʩʷ ʚʧʣʠʚʦʤ ʤ'ʷʢʰʦʛʦ ʙʽʪʫʤʫ ʟ 
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ʧʨʦʥʠʢʥʝʥʥʷʤ ʫ ʢʽʥʮʝʚʫ ʢʦʥʩʪʨʫʢʮʽʶ ʩʫʤʽʰʽ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʱʫ ʧʣʘʩʪʠʯʥʽʩʪʴ ʪʘ 

ʛʥʫʯʢʽʩʪʴ ʩʫʤʽʰʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʽʣʴʰʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʚʪʦʤʠ ʧʨʠ ʨʦʟʪʷʛʫʚʘʥʥʽ ʪʘ ʜʝʬʦʨʤʘʮʽʾ. 

ʆʜʥʘʢ ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʧʽʚʪʝʧʣʠʭ ʩʫʤʽʰʝʡ ʟ ʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʾ ʢʨʠʭʪʠ ʜʦʩʣʽʜʥʠʢʠ ʨʝʢʦʤʝʥʜʫʶʪʴ ʧʨʦʚʝʩʪʠ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦʙ 

ʨʦʟʰʠʨʠʪʠ ʚʠʩʥʦʚʢʠ ʚ ʥʘʩʪʫʧʥʠʭ ʦʙʣʘʩʪʷʭ. 

ɼʣʷ ʙʽʣʴʰ ʧʦʚʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʚʟʘʻʤʦʜʽʾ ʤʘʪʝʨʽʘʣʽʚ ʥʝʦʙʭʽʜʥʠʡ ʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʘʡʙʫʪʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʩʣʽʜ ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʜʦ 

ʚʪʦʤʠ, ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʚʦʜʠ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʽʥʰʠʭ ʚ'ʷʞʫʯʠʭ ʨʝʯʦʚʠʥ RAP [15]. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʨʠ [16] ʜʦʜʘʪʢʦʚʦ ʨʝʢʦʤʝʥʜʫʶʪʴ ʜʦʩʣʽʜʠʪʠ ʙʽʦʦʩʥʦʚʘʥʽ ʘʙʦ 

ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʤʘʩʣʘ, ʷʢʽ ʤʦʞʫʪʴ ʚʽʜʥʦʚʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʨʠʭ ʚ'ʷʞʫʯʠʭ ʨʝʯʦʚʠʥ, ʜʦʟʚʦʣʷʶʯʠ ʚʤʽʩʪʫ 

RAP ʧʝʨʝʚʠʱʫʚʘʪʠ 20% ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʨʠʟʠʢʫ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ. ʊʘʢʦʞ 

ʙʘʞʘʥʦ ʟʜʽʡʩʥʠʪʠ ʦʮʽʥʢʫ ʜʦʜʘʚʘʥʥʷ ʧʦʣʽʤʝʨʽʚ ʜʦ ʘʩʬʘʣʴʪʦʚʠʭ ʚ'ʷʞʫʯʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʤʦʞʫʪʴ ʟʤʽʮʥʠʪʠ 

HMA, ʧʽʜʚʠʱʠʪʠ ʝʣʘʩʪʠʯʥʽʩʪʴ ʽ ʧʦʣʽʧʰʠʪʠ ʚʦʣʦʛʦʩʪʽʡʢʽʩʪʴ ʪʘ ʜʦʜʘʪʢʦʚʦ ʧʨʦʚʝʩʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ 

ʢʦʣʽʩʥʦʤʫ ʩʣʽʜʽ (AASHTO T 324) ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʚʪʦʤʥʫ ʤʽʮʥʽʩʪʴ (AASHTO T 321) ʩʫʤʽʰʝʡ ʟ 

ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ RAP, ʱʦʙ ʦʮʽʥʠʪʠ ʾʭ ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʦʣʽʾ ʪʘ ʚʪʦʤʠ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ. 

ʄʘʡʙʫʪʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʠʥʥʽ ʽʥʪʝʛʨʫʚʘʪʠ ʧʝʨʝʜʦʚʽ ʣʘʙʦʨʘʪʦʨʥʽ ʤʝʪʦʜʠ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷʤ ʥʘ 

ʦʩʥʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ RAP ʙʝʟ ʰʢʦʜʠ ʜʣʷ ʩʪʽʡʢʦʩʪʽ ʜʦ 

ʚʪʦʤʠ [10]. 

ʇʨʦʜʦʚʞʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʜʝ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʨʦʟʨʦʙʮʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʦʧʪʠʤʽʟʘʮʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʟ'ʷʩʫʚʘʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʤʽʞ ʟʤʽʥʥʠʤʠ ʧʨʦʮʝʩʫ 

ʩʧʽʥʶʚʘʥʥʷ ʙʽʪʫʤʫ [13]. 

ɺʠʚʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʤʽʰʝʡ WMA ʟ ʥʠʟʴʢʠʤ ʽ ʧʦʤʽʨʥʠʤ ʚʤʽʩʪʦʤ RAP. ʎʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʦʞʝ ʥʘʜʘʪʠ ʧʨʘʢʪʠʢʘʤ ʽ ʜʦʩʣʽʜʥʠʢʘʤ ʜʽʘʧʘʟʦʥ ʚʽʜʩʦʪʢʦʚʦʛʦ ʚʤʽʩʪʫ RAP, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʪʽʡʢʦʩʪʽ ʜʦ ʢʦʣʽʾ, ʚʦʣʦʛʠ ʪʘ ʨʫʡʥʫʚʘʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʚʠʚʯʝʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʤʽʰʝʡ RAP WMA. ʎʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʝ ʥʘʜʘʪʠ ʧʨʘʢʪʠʢʘʤ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʤʽʰʝʡ RAP WMA, ʱʦ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ ʜʦʩʪʫʧʥʠʭ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʜʝʥʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʈʦʟʨʦʙʢʘ ʩʧʝʮʠʬʽʢʘʮʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʤʽʰʝʡ 

WMA. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʠʬʽʢʘʮʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦʛʦ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ WMA [9]. 

ɸʚʪʦʨʠ [1] ʟʘʟʥʘʯʘʶʪʴ, ʱʦ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʥʘ  ʚʪʦʤʫ  ʩʧʦʩʪʝʨʽʛʘʚʩʷ  ʩʠʣʴʥʠʡ ʨʦʟʢʠʜ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʪʦʤʫ ʙʫʣʦ ʙ ʜʦʮʽʣʴʥʦ ʜʦʜʘʪʢʦʚʦ ʜʦʩʣʽʜʠʪʠ ʮʶ ʚʣʘʩʪʠʚʽʩʪʴ ʫ ʤʘʡʙʫʪʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ.  

ɼʦʩʣʽʜʥʠʢʠ [17] ʧʨʦʧʦʥʫʶʪʴ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʤʽʮʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʜʦ 

ʚʪʦʤʠ. 

ʊʘʢʦʞ ʘʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [20] ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ ʧʨʦʜʦʚʞʝʥʥʽ ʨʦʙʦʪʠ ʟ ʤʦʥʽʪʦʨʠʥʛʫ  ʩʪʘʥʫ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʫʤʽʰʝʡ HWMRA ʟʽ 100% RAP ʪʘ ʝʤʫʣʴʛʦʚʘʥʠʤ ʙʽʪʫʤʦʤ, ʷʢ 

ʫ ʣʘʙʦʨʘʪʦʨʽʾ, ʪʘʢ ʽ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ, ʱʦʙ ʟʘʦʭʦʪʠʪʠ ʙʽʣʴʰʫ ʚʧʝʚʥʝʥʽʩʪʴ ʫ ʧʨʦʩʫʚʘʥʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʮʠʭ ʩʫʤʽʰʝʡ ʜʣʷ ʨʦʙʽʪ ʟ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ (M&R) ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʪʽʚ 

 

ɺʠʩʥʦʚʢʠ. ɿʘʛʘʣʦʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʽʚʪʝʧʣʠʭ ʩʫʤʽʰʝʡ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʾ 

ʢʨʠʭʪʠ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʩʴʦʛʦʜʝʥʥʷ ʜʣʷ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʋʢʨʘʾʥʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʱʝʚʢʘʟʘʥʠʭ ʩʫʤʽʰʝʡ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ ʽ ʰʠʨʦʢʦ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʫ ʩʚʽʪʽ.  
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ʆʜʥʽʻʶ ʟ ʧʝʨʝʚʘʛ ʩʫʤʽʰʝʡ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʾ ʢʨʠʭʪʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʝʨʝʨʦʙʣʝʥʦʛʦ ʘʩʬʘʣʴʪʦʚʦʛʦ ʧʦʢʨʠʪʪʷ (RAP), ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʝʢʦʥʦʤʠʪʴ ʝʥʝʨʛʽʶ ʪʘ ʥʝʚʽʜʥʦʚʣʶʚʘʥʽ 

ʨʝʩʫʨʩʠ. ɿʘ ʜʘʥʠʤʠ ʜʦʩʣʽʜʥʠʢʽʚ ʑʦʨʽʯʥʦ ʚ ʉʐɸ ʚʠʨʦʙʣʷʻʪʴʩʷ ʧʦʥʘʜ 100 ʤʽʣʴʡʦʥʽʚ ʪʦʥʥ RAP, ʘ ʫ 

ɭʚʨʦʧʽ ʩʪʘʥʦʤ ʥʘ 2019 ʨʽʢ  - ʙʽʣʴʰʝ 23 ʤʽʣʴʡʦʥʽʚ ʪʦʥʥ.  

ɯʥʰʦʶ ʩʫʪʪʻʚʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʛʦʪʦʚʣʷʪʠ ʪʘʢʽ ʩʫʤʽʰʽ 

ʧʨʠ ʥʠʞʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʥʘʯʥʦ ʟʤʝʥʰʫʶʪʴʩʷ ʚʠʢʠʜʠ ʭʽʤʽʯʥʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ: 

ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ CO2 ʥʘ 58% ʪʘ ʟʤʝʥʰʝʥʥʷ ʯʘʩʪʠʥʦʢ SO2 ʥʘ 99,9% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʛʘʨʷʯʠʤʠ 

ʩʫʤʽʰʘʤʠ, ʨʘʟʦʤ ʟ ʪʠʤ ʟʤʝʥʰʫʻʪʴʩʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ 35 - 50%.  

ʇʦ ʩʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʫʤʽʰʽ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʾ ʢʨʠʭʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʤʽʩʪʫ RAP ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʾ ʜʝʤʦʥʩʪʨʫʶʪʴ ʘʜʝʢʚʘʪʥʽ ʦʙ'ʻʤʥʽ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

HWMA ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ RAP ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʨʠ 20 ÁC, ʷʢʠʡ ʙʫʚ ʥʘ 45,98% 

ʚʠʱʠʤ, ʥʽʞ ʫ ʢʦʥʪʨʦʣʴʥʦʾ ʩʫʤʽʰʽ, ʚʦʜʥʦʯʘʩ ʚ HWMA ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ RAP ʦʯʽʢʫʻʪʴʩʷ ʥʠʞʯʘ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʜʦ ʚʪʦʤʠ ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʙʽʣʴʰʦʶ ʞʦʨʩʪʢʽʩʪʶ ʮʽʻʾ ʩʫʤʽʰʽ. ʈʘʟʦʤ ʟ ʪʠʤ ʩʫʤʽʰʽ HWMA-

RAP ʪʘʢ ʩʘʤʦ ʩʪʽʡʢʽ ʜʦ ʢʦʣʽʾ, ʷʢ ʽ ʪʨʘʜʠʮʽʡʥʽ ʩʫʤʽʰʽ. ɼʦʩʣʽʜʥʠʢʠ ʨʝʢʦʤʝʥʜʫʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʫʤʽʰʽ 

HWMA-RAP ʧʨʠ ʩʝʨʝʜʥʽʡ ʪʘ ʥʠʟʴʢʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʚ ʫʤʦʚʘʭ ʧʦʤʽʨʥʦʛʦ ʪʘ ʞʘʨʢʦʛʦ ʢʣʽʤʘʪʫ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʴ ʥʘʧʽʚʪʝʧʣʠʭ ʩʫʤʽʰʝʡ ʟ ʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʾ ʢʨʠʭʪʠ, ʦʩʦʙʣʠʚʦ ʚʽʪʯʠʟʥʷʪʠʭ ʦʩʢʽʣʴʢʠ ʣʠʰʝ ʚ ʥʝʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʚʠʚʯʘʶʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʽʚʪʝʧʣʠʭ ʩʫʤʽʰʝʡ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʾ ʢʨʠʭʪʠ. 

ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʣʘʙʦʨʘʪʦʨʥʽ ʪʘ ʥʘʪʫʨʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʢʽʣʴʢʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʾ ʢʨʠʭʪʠ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʽʚʪʝʧʣʠʭ 

ʩʫʤʽʰʝʡ, ʾʭ ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʽ ʪʠʧʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʋʢʨʘʾʥʽ ʟ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʾ ʫʣʘʰʪʫʚʘʥʥʷ ʥʘʧʽʚʪʝʧʣʠʭ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ ʟ ʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʾ ʢʨʠʭʪʠ ʪʘ ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʟʘʣʝʞʥʦʩʪʝʡ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʽʚʪʝʧʣʠʭ ʩʫʤʽʰʝʡ ʚʽʜ ʩʢʣʘʜʦʚʠʭ ʤʘʪʝʨʽʘʣʫ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʾ. 

ʊʘʢʦʞ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʘ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʷʢʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʩʪʽʡʢʽʩʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʦʣʽʡʥʦʩʪʽ ʪʘ ʘʪʤʦʩʬʝʨʥʠʭ ʚʧʣʠʚʽʚ) ʩʫʤʽʰʝʡ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʾ ʢʨʠʭʪʠ. ʈʝʘʣʽʟʘʮʽʷ ʚʩʽʭ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʟʘʭʦʜʽʚ ʥʘʜʘʩʪʴ ʟʤʦʛʫ ʝʢʦʥʦʤʠʪʠ 

ʝʥʝʨʛʝʪʠʯʥʽ ʪʘ ʤʘʪʝʨʽʘʣʴʥʽ ʨʝʩʫʨʩʠ, ʟʤʝʥʰʠʪʠ ʰʢʽʜʣʠʚʽ ʚʠʢʠʜʠ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʘ ʪʘʢʦʞ 

ʩʪʚʦʨʝʥʥʷ ʜʦʚʛʦʚʽʯʥʠʭ ʽ ʨʝʩʫʨʩʦʝʬʝʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʤʦʚʘʭ ʧʽʩʣʷʚʦʻʥʥʦʾ 

ʚʽʜʙʫʜʦʚʠ. 
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Summary. The article presents recent studies of high rap half-warm mix asphalt, which indicates the 

promising application of semi-warm mixtures with a high content of asphalt concrete crumbs and makes it 

possible to create durable and resource-efficient materials. The use of asphalt concrete crumbs not only saves 

materials and solves the issue of its disposal, but also allows saving energy resources and reducing harmful 

emissions into the environment due to lower technological temperatures for the preparation and installation of 

semi-warm mixtures. At the same time, this technology has not yet been sufficiently researched, especially in 

domestic practice, and requires laboratory and field experimental studies with subsequent optimization of 

formulation and technological parameters, as well as the development of mathematical models of the 

dependence of the physical and mechanical characteristics of semi-warm mixtures on the components of the 

material and technological parameters. Research in laboratory and field conditions on the long-term quality 

characteristics (calculated characteristics, resistance to rutting and atmospheric influences) of mixtures with a 

high content of asphalt concrete crumbs is also relevant. 

Keywords: semi-warm asphalt concrete mixtures with a high content of asphalt concrete crumbs, 

reclaimed asphalt pavement, foamed bitumen, rutting resistance, physical and mechanical characteristics. 
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ʬʦʨʤʫʚʘʥʥʶ ʮʝʤʝʥʪʘʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʫ ʩʪʨʫʢʪʫʨʽ ˇʨʫʥʪʫ, ʟʤʝʥʰʝʥʥʶ ʧʣʘʩʪʠʯʥʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʥʶ 

ʧʦʢʘʟʥʠʢʽʚ ʤʽʮʥʦʩʪʽ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʪʘʙʽʣʽʟʘʮʽʾ ˇʨʫʥʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ ʟʦʣʠ, ʾʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʫʤʦʚ 

ʪʚʝʨʜʥʝʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʨʦʛʨʘʤʫ ʪʘ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʟʥʘʯʝʥʦ ʧʝʨʝʣʽʢ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʚʘʨʽʘʮʽʾ ʚʤʽʩʪʫ 

ʟʦʣʠ ʪʘ ʮʝʤʝʥʪʫ ʫ ʩʫʤʽʰʘʭ. ʐʣʷʭʦʤ ʣʘʙʦʨʘʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʠʷʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʫʢʨʽʧʣʝʥʠʭ ˇʨʫʥʪʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʚʤʽʩʪʫ ʟʦʣʠ. ʆʢʨʝʤʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʜʦʩʣʽʜʞʝʥʥʶ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʚôʷʞʫʯʦʛʦ çʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ ï ʮʝʤʝʥʪè. ɼʦʚʝʜʝʥʦ, ʱʦ ʨʘʮʽʦʥʘʣʴʥʝ ʧʦʻʜʥʘʥʥʷ ʮʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ˇʨʫʥʪʦʚʠʭ ʦʩʥʦʚ. ʋ ʨʦʙʦʪʽ 

ʜʝʪʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʘ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʦʣʠ ï ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʥʘʧʨʷʤ ʧʦʢʨʘʱʝʥʥʷ ʽʥʞʝʥʝʨʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʦʚʠʭ ʩʧʦʨʫʜ, ʱʦ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʥʥʠʭ ʧʨʠʨʦʜʥʽʭ ʨʝʩʫʨʩʽʚ ʟʘ 

ʨʘʭʫʥʦʢ ʾʭ ʟʘʤʽʥʠ ʪʝʭʥʦʛʝʥʥʠʤʠ ʚʽʜʭʦʜʘʤʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ˇʨʫʥʪʽʚ ʟʦʣʦʶ ʪʘ ʜʦʮʽʣʴʥʽʩʪʴ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʨʦʞʥʴʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʥʮʠʧʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 
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ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ, ʩʪʘʙʽʣʽʟʘʮʽʷ ˇʨʫʥʪʽʚ, ʙʫʜʽʚʥʠʮʪʚʦ, ʜʦʨʦʞʥʻ ʙʫʜʽʚʥʠʮʪʚʦ, ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʽʚ, ʫʢʨʽʧʣʝʥʥʷ ˇʨʫʥʪʽʚ, ʥʝʩʥʘ ʟʜʘʪʥʽʩʪʴ, ʫʱʽʣʴʥʶʚʘʥʽʩʪʴ ˇʨʫʥʪʫ, ʟʝʤʣʷʥʝ ʧʦʣʦʪʥʦ, 

ʜʦʨʦʞʥʽʡ ʦʜʷʛ, ʪʨʘʥʩʧʦʨʪʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʚʪʦʨʠʥʥʽ ʤʘʪʝʨʽʘʣʠ, ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ, ʫʪʠʣʽʟʘʮʽʷ ʚʽʜʭʦʜʽʚ. 

 

ɺʩʪʫʧ. ʉʪʨʽʤʢʘ ʽʥʜʫʩʪʨʽʘʣʽʟʘʮʽʷ, ʰʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʙʫʜʽʚʥʠʮʪʚʘ 

ʧʨʠʟʚʝʣʠ ʜʦ ʜʝʬʽʮʠʪʫ ʧʨʠʨʦʜʥʽʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ ʽ ʜʣʷ ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ. ˆʨʫʥʪ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ 

ʪʘ ʥʘʡʜʝʰʝʚʰʠʤ ʙʫʜʽʚʝʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ ʙʫʜʽʚʥʠʮʪʚʘ, 

ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʜʦʨʦʞʥʴʦʾ ʩʬʝʨʠ ʽ ʟʘʢʽʥʯʫʶʯʠ ʮʠʚʽʣʴʥʠʤ ʙʫʜʽʚʥʠʮʪʚʦʤ. ʇʦʧʨʠ ʟʘʛʘʣʴʥʫ ʜʦʩʪʫʧʥʽʩʪʴ 

ˇʨʫʥʪʫ, ʫ ʧʝʚʥʠʭ ʨʝʛʽʦʥʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʡʦʛʦ ʛʦʩʪʨʘ ʥʝʩʪʘʯʘ, ʩʧʨʠʯʠʥʝʥʘ ʥʝʟʘʜʦʚʽʣʴʥʠʤʠ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʽʩʮʝʚʠʭ ˇʨʫʥʪʽʚ. ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʞ ˇʨʫʥʪʫ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ 

ʥʝʜʦʮʽʣʴʥʝ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʥʝʚʠʛʽʜʥʝ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʥʠʟʢʫ ʧʨʦʙʣʝʤ ʧʽʜ ʯʘʩ ʙʫʜʽʚʥʠʮʪʚʘ ʜʦʨʦʞʥʽʭ 

ʥʘʩʠʧʽʚ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ ʦʙʩʷʛʽʚ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ˇʨʫʥʪʫ.  

ʋ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʧʨʠʜʘʪʥʦʛʦ ˇʨʫʥʪʫ ʚ ʥʘʩʠʧʽ ʚʠʥʠʢʘʶʪʴ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ: ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʥʝʜʦʩʪʘʪʥʷ ʥʝʩʥʘ ʟʜʘʪʥʽʩʪʴ, ʥʠʟʴʢʘ ʩʪʽʡʢʽʩʪʴ, ʧʫʯʠʥʠʩʪʽʩʪʴ ʪʦʱʦ. ʎʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʧʨʠʩʢʦʨʝʥʝ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ï ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʪʝʨʤʽʥ ʩʧʦʨʫʜʠ ʟʤʝʥʰʫʻʪʴʩʷ ʚ 

ʢʽʣʴʢʘ ʨʘʟʽʚ. ʊʦʤʫ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʜʦʙʘʚʦʢ ʻ ʧʨʝʜʤʝʪʦʤ ʟʥʘʯʥʦʛʦ 

ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʽʥʪʝʨʝʩʫ ʚ ʛʘʣʫʟʽ ʛʝʦʪʝʭʥʽʯʥʦʾ ʽʥʞʝʥʝʨʽʾ. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʫʢʨʽʧʣʝʥʥʷ 

ˇʨʫʥʪʽʚ ʻ ʮʝʤʝʥʪ ʪʘ ʚʘʧʥʦ. ɸʣʝ ʧʦʨʷʜ ʟ ʥʠʤʠ ʽʩʥʫʻ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʤʦʞʝ ʪʘʢʦʞ 

ʧʦʢʨʘʱʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʽʚ, ʮʝ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ ʊɽʉ [1]. ɿʦʣʘ-ʚʠʥʝʩʝʥʥʷ ʚ ˇʨʫʥʪʽ ʚʠʢʦʥʫʻ ʨʦʣʴ 

ʫʢʨʽʧʣʝʥʥʷ (ʩʪʘʙʽʣʽʟʘʮʽʾ) ʪʘ ʤʦʜʠʬʽʢʘʮʽʾ ʟʘʣʝʞʥʦ ʚʽʜ ʾʾ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɼʘʥʠʡ ʧʦʙʽʯʥʠʡ ʧʨʦʜʫʢʪ ʊɽʉ ʥʘʨʘʟʽ ʚ ʋʢʨʘʾʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʥʝʟʥʘʯʥʦʤʫ ʦʙʩʷʟʽ, ʙʣʠʟʴʢʦ 8% ʚʽʜ 

ʦʙʩʷʛʫ ʫʪʚʦʨʝʥʥʷ, ʟʘ ʽʥʰʠʤʠ ʜʘʥʠʤʠ ï ʜʦ 20% [2], ʘ ʨʝʰʪʘ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʫ ʚʽʜʚʘʣʘʭ, ʱʦ ʩʪʚʦʨʶʻ ʟʥʘʯʥʽ 

ʝʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ.  

ɺʨʘʭʦʚʫʶʯʠ ʜʝʰʝʚʠʟʥʫ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʪʘ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ, ʥʝʦʙʭʽʜʥʽ ʜʦʜʘʪʢʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ˇʨʫʥʪʘʤʠ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ˇʨʫʥʪʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʟʙʽʣʴʰʠʪʠ ʦʙʩʷʛʠ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʜʦʨʦʞʥʴʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ, ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ ʟʦʣʦʶ, ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʪʘʢʦʞ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʽʥʞʝʥʝʨʥʠʭ 

ʨʽʰʝʥʴ ʱʦʜʦ ʟʤʽʮʥʝʥʥʷ ʜʦʨʦʞʥʽʭ ʥʘʩʠʧʽʚ ʽ ʰʘʨʽʚ ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ.  

ɼʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ ʛʘʣʫʟʽ, ʟʦʢʨʝʤʘ ʟʦʣ-ʚʠʥʝʩʝʥʥʷ, 

ʧʽʜʪʚʝʨʜʞʝʥʘ ʙʘʛʘʪʴʤʘ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʪʘ ʦʙʩʷʛʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʽʥʰʠʭ ʢʨʘʾʥʘʭ. ɼʦ ʧʨʠʢʣʘʜʫ, ʦʙʩʷʛʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʣʠ ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ: ʂʠʪʘʡ 67% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʫʪʚʦʨʝʥʥʷ, ɯʥʜʽʷ ï 63%, ʉʐɸ ï 

54%, ɭʉ ï 90%, ʗʧʦʥʽʷ ï 96%, ɸʚʩʪʨʘʣʽʷ ï 50%, ʂʘʥʘʜʘ ï 80%. ɺʝʣʠʢʽ ʦʙʩʷʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧʦʚôʷʟʘʥʽ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʫʩʧʽʰʥʠʤʠ ʧʨʠʢʣʘʜʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ [3]. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [4 ï 11] ʧʦʢʘʟʫʻ, ʱʦ ʩʪʘʙʽʣʽʟʘʮʽʷ ˇʨʫʥʪʽʚ ʻ ʚʘʞʣʠʚʠʤ ʤʝʪʦʜʦʤ 

ʧʦʢʨʘʱʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ. 

ʆʜʥʠʤ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʧʽʜʭʦʜʽʚ ʻ ʚʚʝʜʝʥʥʷ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ (ʮʝʤʝʥʪʫ, ʚʘʧʥʘ, ʛʝʦʧʦʣʽʤʝʨʽʚ,  

ʘʨʤʫʚʘʣʴʥʠʭ ʚʦʣʦʢʦʥ ʪʦʱʦ), ʷʢʽ ʽʥʽʮʽʶʶʪʴ ʨʝʘʢʮʽʾ ʟʤʽʮʥʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʨʘʟʦʤ ʽʟ ʚʪʦʨʠʥʥʠʤʠ ʜʦʙʘʚʢʘʤʠ ʻ ʝʬʝʢʪʠʚʥʠʤ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤ 

ʩʧʦʩʦʙʦʤ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʣʘʙʢʠʭ ˇʨʫʥʪʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʡ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʜʦʨʦʞʥʽʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʩʧʨʠʷʻ ʫʪʠʣʽʟʘʮʽʾ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʟʤʝʥʰʝʥʥʶ ʧʦʪʨʝʙʠ ʫ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽ ʪʘ ʩʢʦʨʦʯʫʻ ʚʠʢʠʜʠ CO  ʧʦʚôʷʟʘʥʽ ʟ ʡʦʛʦ ʚʠʨʦʙʥʠʮʪʚʦʤ. 

ʋ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʷʢ ʜʦʙʘʚʢʠ ʜʦ ˇʨʫʥʪʫ ʚ 

ʧʦʻʜʥʘʥʥʽ ʟ ʮʝʤʝʥʪʦʤ-ʩʪʘʙʽʣʽʟʘʪʦʨʦʤ. ʂʦʤʧʣʝʢʩʥʘ ʩʪʘʙʽʣʽʟʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʰʘʨʽʚ ʪʘ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʨʦʛʠ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ ʟʦʣʠ-

ʚʠʥʝʩʝʥʥʷ ɼʘʨʥʠʮʴʢʦʾ ʊɽʉ (ʷʢ ʦʢʨʝʤʦʾ ʜʦʙʘʚʢʠ, ʪʘʢ ʽ ʚ ʩʢʣʘʜʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚôʷʞʫʯʦʛʦ ʟ ʮʝʤʝʥʪʦʤ) ʥʘ 

ʧʨʦʮʝʩʠ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʪʘ ʟʤʽʥʫ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʤʽʮʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʰʘʨʽʚ ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ. 
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ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ: 

1. ɼʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʜʦʟʫʚʘʥʥʷ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʥʘ ʧʘʨʘʤʝʪʨʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ 

(ʤʘʢʩʠʤʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ ʩʢʝʣʝʪʘ ʪʘ ʦʧʪʠʤʘʣʴʥʫ ʚʦʣʦʛʽʩʪʴ) ʩʫʧʽʩʢʫ ʧʠʣʫʚʘʪʦʛʦ. 

2. ʆʮʽʥʠʪʠ ʟʤʽʥʫ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʪʘ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʾ) 

ˇʨʫʥʪʦʚʠʭ ʩʫʤʽʰʝʡ ʟʘʣʝʞʥʦ ʚʽʜ ʚʤʽʩʪʫ ʟʦʣʠ ʪʘ ʨʽʚʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʰʪʘʤʧʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

3. ɺʩʪʘʥʦʚʠʪʠ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʦʧʦʨʫ ʟʩʫʚʫ (ʢʫʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʪʘ ʧʠʪʦʤʦʛʦ 

ʟʯʝʧʣʝʥʥʷ) ʩʪʘʙʽʣʽʟʦʚʘʥʠʭ ˇʨʫʥʪʽʚ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʚʝʨʪʠʢʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ. 

4. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʩʪʝʤʘʭ çˇʨʫʥʪ ï 

ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ ï ʮʝʤʝʥʪè ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʪʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ ʧʽʩʣʷ 28 ʜʽʙ 

ʪʚʝʨʜʥʝʥʥʷ. 

5. ɼʦʩʣʽʜʠʪʠ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʚʧʣʠʚ ʚʤʽʩʪʫ ʟʦʣʠ ʥʘ 

ʟʙʝʨʝʞʝʥʥʷ ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ ʧʽʩʣʷ ʮʠʢʣʽʯʥʦʛʦ ʟʘʤʦʨʦʞʫʚʘʥʥʷ-ʚʽʜʪʘʚʘʥʥʷ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ, ʧʦʨʽʚʥʷʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʡ, ʤʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ 

ʥʘʪʫʨʥʠʭ ʫʤʦʚ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʜʦʨʦʞʥʴʦ-ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʭʽʤʽʾ ʅʊʋ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʝʨʽʶ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʧʝʨʰʠʤ ʝʪʘʧʦʤ ʷʢʠʭ ʩʪʘʣʦ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ 

ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʦʙ'ʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʦʙ'ʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʷʢʦʩʪʽ ˇʨʫʥʪʫ ʙʫʚ ʦʙʨʘʥʠʡ ʩʫʧʽʩʦʢ ʧʠʣʫʚʘʪʠʡ 

(ʪʘʙʣ.1), ʷʢʠʡ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʪʠʧʽʚ ˇʨʫʥʪʽʚ ʚ ʋʢʨʘʾʥʽ (ʦʭʦʧʣʶʻ ʙʣʠʟʴʢʦ ʪʨʝʪʠʥʠ ʪʝʨʠʪʦʨʽʾ). 

ɺʠʙʽʨ ʜʘʥʦʛʦ ʪʠʧʫ ˇʨʫʥʪʫ ʦʙʫʤʦʚʣʝʥʠʡ ʡʦʛʦ ʩʢʣʘʜʥʠʤʠ ʛʝʦʪʝʭʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: ʥʠʟʴʢʦʶ 

ʤʽʮʥʽʩʪʶ, ʚʠʩʦʢʦʶ ʢʘʧʽʣʷʨʥʽʩʪʶ ʪʘ ʯʫʪʣʠʚʽʩʪʶ ʜʦ ʟʚʦʣʦʞʝʥʥʷ. ʋ ʜʦʨʦʞʥʴʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ˇʨʫʥʪʽʚ ʙʝʟ ʩʪʘʙʽʣʽʟʘʮʽʾ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʨʦʩʽʜʘʥʥʷ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʪʘ 

ʰʚʠʜʢʦʾ ʚʪʨʘʪʠ ʥʝʩʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ. 

 

ʊʘʙʣʠʮʷ 1 ï ɺʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʜʫ ˇʨʫʥʪʫ 

Table 1 ï Soil properties for determining soil type 

 

ɺʠʜ 

ʤʘʪʝʨʽʘʣʫ 

ɺʤʽʩʪ ʬʨʘʢʮʽʡ ʤʤ ʚ % 

WL WP 
>2 1-2 0,5-1 

0,5-

0,25 

0,25-

0,05 

0,05-

0,01 

0,02-

0,005 
<0,005 

ʉʫʧʽʩʦʢ 

0 0,07 1,43 16,20 40,50 36,35 3,03 2,42 

20,55 14,8 
ʇʽʱʘʥʘ ʬʨʘʢʮʽʷ 58,20% 

ʇʠʣʫʚʘʪʘ  

39,38% 

ɻʣʠʥʠʩʪʘ 

2,42% 

 

ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʧʽʢʥʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʟʛʽʜʥʦ ʟ ɼʉʊʋ 4745:2007 ʚʩʪʘʥʦʚʣʝʥʦ ʱʽʣʴʥʽʩʪʴ 

ʯʘʩʪʠʥʦʢ ï 2,707 ʛ/ʩʤ2, ʥʘʩʠʧʥʘ ʱʽʣʴʥʽʩʪʴ ï 1,221 ʛ/ʩʤ2 ʚʽʜʧʦʚʽʜʥʦ ʜʦ  ɼʉʊʋ ISO 17892-2:2021, ʟʘ 

ʨʦʟʨʘʭʫʥʢʘʤʠ ʧʦʨʠʩʪʽʩʪʴ ʩʪʘʥʦʚʠʪʴ ï 49%. 

ɼʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ˇʨʫʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʦʤʧʣʝʢʩʥʫ ʚôʷʞʫʯʫ ʩʠʩʪʝʤʫ, ʱʦ ʩʢʣʘʜʘʣʘʩʷ ʽʟ ʟʦʣʠ-

ʚʠʥʝʩʝʥʥʷ ʪʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ. 

ɺ ʷʢʦʩʪʽ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʧʽʜ ʯʘʩ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʟʦʣʘ ɼʘʨʥʠʮʴʢʦʾ 

ʊɽʉ, ʦʪʨʠʤʘʥʘ ʚʽʜ ʩʧʘʣʶʚʘʥʥʷ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ. ɿʛʽʜʥʦ ʟ ʨʦʙʦʪʦʶ [12] ʧʦʥʘʜ 90% ʯʘʩʪʠʥʦʢ ʟʦʣ-

ʚʠʥʝʩʝʥʥʷ ʜʨʽʙʥʽ ʽ ʤʘʶʪʴ ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ 4380 ʩʤ2/ʛ. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʣʘʙʦʨʘʪʦʨʥʝ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʛʽʜʥʦ ɼʉʊʋ 8772:2018, 

ɼʉʊʋ ɹ ɺ.2.1-19:2009, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 2. 

ɸʥʘʣʽʟ ʛʨʘʥʫʣʦʤʝʪʨʽʾ (ʪʘʙʣ.2) ʩʚʽʜʯʠʪʴ, ʱʦ 94,15% ʟʦʣʠ ʩʪʘʥʦʚʣʷʪʴ ʬʨʘʢʮʽʾ ʨʦʟʤʽʨʦʤ 10ï71 ʤʢʤ, ʷʢʽ 
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ʚʠʟʥʘʯʘʶʪʴ ʾʾ ʚʠʩʦʢʫ ʧʠʪʦʤʫ ʧʦʚʝʨʭʥʶ. ɼʨʽʙʥʦʜʠʩʧʝʨʩʥʘ ʩʪʨʫʢʪʫʨʘ ʩʧʨʠʷʻ ʫʱʽʣʴʥʝʥʥʶ ˇʨʫʥʪʽʚ, ʥʠʟʴʢʘ 

ʱʽʣʴʥʽʩʪʴ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʫʚʘʪʠ ʤʘʩʫ ʢʦʥʩʪʨʫʢʮʽʡ. ɿʘʚʜʷʢʠ ʜʘʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʤʘʪʝʨʽʘʣ ʤʦʞʥʘ ʫʩʧʽʰʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʛʨʫʥʪʽʚ, ʷʢ ʤʽʥʝʨʘʣʴʥʫ ʜʦʙʘʚʢʫ ʜʦ ʮʝʤʝʥʪʫ ʘʙʦ ʩʘʤʦʩʪʽʡʥʦ. ʉʬʝʨʠʯʥʘ 

ʬʦʨʤʘ ʯʘʩʪʠʥʦʢ, ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ɼʘʨʥʠʮʴʢʦʾ ʧʠʣʦʚʫʛʽʣʴʥʦʾ ʊɽʉ, ʧʦʢʨʘʱʫʻ ʨʝʦʣʦʛʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʫʤʽʰʝʡ ʪʘ ʩʧʨʠʷʻ ʱʽʣʴʥʽʰʦʤʫ ʧʘʢʫʚʘʥʥʶ ʟʝʨʝʥ ʫ ʩʪʨʫʢʪʫʨʽ ˇʨʫʥʪʫ.  

ɿʛʽʜʥʦ ʟ ɼʉʊʋ 8772:2018 ʧʨʦʚʝʜʝʥʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ: ʱʽʣʴʥʽʩʪʴ ʯʘʩʪʠʥʦʢ ï 

2,365 ʛ/ʩʤ2, ʥʘʩʠʧʥʘ ʱʽʣʴʥʽʩʪʴ ï 1,221 ʛ/ʩʤ2, ʧʦʨʠʩʪʽʩʪʴ ï 48% ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ. 

 

ʊʘʙʣʠʮʷ 2 ï ɻʨʘʥʫʣʦʤʝʪʨʽʷ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ɼʘʨʥʠʮʴʢʦʾ ʊɽʉ 

Table 2 ï Granulometry of fly ash of Darnytsia TPP 

 

ʄʘʪʝʨʽʘʣ ɺʤʽʩʪ ʬʨʘʢʮʽʡ ʤʤ ʚ % 

ɿʦʣʘ-

ʚʠʥʝʩʝʥʥʷ 

(ʅʘʙʽʨ ʩʠʪ ɯ) 

>2 1-2 0,5-1 0,5-0,25 0,25-0,05 0,05-0,01 0,02-0,005 <0,005 

0 0 0 0,15 26,04 71,24 1,14 1,43 

(ʅʘʙʽʨ ʩʠʪ ɯɯ) 

  2,5-1,25 1,25-0,63 0,63-0,315 0,315-0,14 0,14-0,071 <0,071 

  0 0 0 0,30 2,83 96,87 

 

ɿʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʟʦʣʘ-ʚʠʥʝʩʝʥʥʷ ʻ ʘʣʶʤʦʩʠʣʽʢʘʪʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʽʟ ʜʦʤʽʥʫʚʘʥʥʷʤ ʦʢʩʠʜʽʚ 

ʢʨʝʤʥʽʶ (SiO2 ï 52,3%), ʘʣʶʤʽʥʽʶ (Al O   ï 31,5%) ʪʘ ʟʘʣʽʟʘ (Fe Oï 9,2%), ʱʦ ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ 

ʉʦʢʦʣʦʚʘ ʆ. ɺ. [12] ʚʠʟʥʘʯʘʻ ʾʾ ʚʠʩʦʢʫ ʧʫʮʦʣʘʥʦʚʫ ʘʢʪʠʚʥʽʩʪʴ. ʄʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʩʢʣʦʧʦʜʽʙʥʦʶ ʘʤʦʨʬʥʦʶ ʬʘʟʦʶ, ʤʫʣʽʪʦʤ (Al Si O ), ʢʚʘʨʮʦʤ, ʤʘʛʥʝʪʠʪʦʤ ʪʘ ʢʘʣʴʮʽʻʚʠʤʠ ʩʠʣʽʢʘʪʘʤʠ. 

ʉʢʣʦʧʦʜʽʙʥʘ ʩʪʨʫʢʪʫʨʘ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʰʚʠʜʢʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘʣʽʟʦ-ʘʣʶʤʦʩʠʣʽʢʘʪʥʦʛʦ 

ʨʦʟʧʣʘʚʫ, ʟʘʙʝʟʧʝʯʫʻ ʟʜʘʪʥʽʩʪʴ ʟʦʣʠ ʚʩʪʫʧʘʪʠ ʚ ʨʝʘʢʮʽʶ ʟ Ca(OH)  ʟ ʫʪʚʦʨʝʥʥʷʤ ʮʝʤʝʥʪʫʶʯʠʭ 

ʛʽʜʨʦʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ [13]. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʮʝ ʩʧʨʠʷʪʠʤʝ ʩʫʪʪʻʚʦʤʫ ʧʽʜʚʠʱʝʥʥʶ ʤʽʮʥʦʩʪʽ, 

ʱʽʣʴʥʦʩʪʽ ʪʘ ʚʦʜʦʩʪʽʡʢʦʩʪʽ ʟʤʽʮʥʝʥʠʭ ˇʨʫʥʪʽʚ, ʱʦ ʧʽʜʣʷʛʘʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʧʝʨʝʚʽʨʮʽ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʧʫʮʦʣʘʥʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʦʣʠ ʪʘ ʰʚʠʜʢʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ 

ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʦʩʫʤʽʰʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʘʢʪʠʚʘʪʦʨʘ 

ʪʚʝʨʜʥʝʥʥʷ, ʫ ʨʦʣʽ ʷʢʦʛʦ ʚ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʩʪʫʧʘʚ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʪʚʝʨʜʥʝʥʥʷ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʤʘʨʢʠ ʇʎ 400, 

ʦʩʥʦʚʥʽ ʤʽʥʝʨʘʣʦʛʽʯʥʽ ʩʢʣʘʜʦʚʽ ʷʢʦʛʦ ï ʘʣʽʪ (C S), ʙʝʣʽʪ (C S), ʪʨʠʢʘʣʴʮʽʻʚʠʡ ʘʣʶʤʽʥʘʪ (C A) ʪʘ 

ʯʦʪʠʨʠʢʘʣʴʮʽʻʚʠʡ ʘʣʶʤʦʬʝʨʠʪ (C AF), ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʦʮʝʩʠ ʛʽʜʨʘʪʘʮʽʾ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʤʽʮʥʦʾ ʮʝʤʝʥʪʥʦʾ 

ʩʪʨʫʢʪʫʨʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʝʤʝʥʪʫ ʜʘʥʦʾ ʤʘʨʢʠ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʥʦʨʤʘʪʠʚʥʦʾ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ (ʥʝ ʤʝʥʰʝ 

40 ʄʇʘ ʥʘ 28 ʜʦʙʫ) ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʟʤʽʮʥʝʥʦʛʦ ˇʨʫʥʪʫ. 

ʇʨʦʛʨʘʤʘ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʧʦʨʽʚʥʷʣʴʥʘ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʫʧʽʩʢʫ ʧʠʣʫʚʘʪʦʛʦ ʟʦʣʦ -ʁʚʠʥʝʩʝʥʥʷ ʷʢ ʩʘʤʦʩʪʽʡʥʠʤ ʚôʷʞʫʯʠʤ, ʪʘʢ ʽ ʚ ʩʢʣʘʜʽ ʢʦʤʧʣʝʢʩʥʦʾ 

ʩʠʩʪʝʤʠ ʟ ʜʦʜʘʚʘʥʥʷʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ. ʇʨʦʛʨʘʤʘ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʨʦʟʜʽʣʝʥʘ ʥʘ ʜʚʘ ʝʪʘʧʠ: 

1. ɼʦʩʣʽʜʞʝʥʥʷ ˇʨʫʥʪʫ, ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ ʣʠʰʝ ʟʦʣʦʶ-ʚʠʥʝʩʝʥʥʷ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʚʠʟʥʘʯʘʣʠ 

ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʫʱʽʣʴʥʝʥʥʷ (ʤʘʢʩʠʤʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ ʪʘ ʦʧʪʠʤʘʣʴʥʫ ʚʦʣʦʛʽʩʪʴ) ʟʛʽʜʥʦ ʟ 

ɼʉʊʋ ɹ ɺ.2.1-12:2009, ʘ ʪʘʢʦʞ ʧʦʢʘʟʥʠʢʠ ʥʝʩʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʛʨʘʥʠʯʥʦʛʦ ʦʧʦʨʫ ʟʩʫʚʫ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ 

ʫʱʽʣʴʥʝʥʥʷ ʜʦʧʦʤʘʛʘʶʪʴ ʜʦʩʣʽʜʠʪʠ ʧʦʚʝʜʽʥʢʫ ˇʨʫʥʪʫ ʧʽʜ ʯʘʩ ʫʱʽʣʴʥʝʥʥʷ, ʪʦʜʽ ʷʢ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʝʩʥʦʾ 

ʟʜʘʪʥʦʩʪʽ  ʪʘ ʦʧʦʨʫ ʟʩʫʚʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ˇʨʫʥʪʫ ʷʢ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ. 

2. ɼʦʩʣʽʜʞʝʥʥʷ ˇʨʫʥʪʫ, ʫʢʨʽʧʣʝʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʶ ʩʫʤʽʰʰʶ (ʟʦʣʘ + ʮʝʤʝʥʪ). ɼʣʷ ʦʮʽʥʢʠ ʨʦʙʦʪʠ 

ʟʤʽʮʥʝʥʠʭ ʰʘʨʽʚ ʫ ʢʦʥʩʪʨʫʢʮʽʷʭ ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ ʧʨʦʚʦʜʠʣʠ ʚʠʟʥʘʯʝʥʥʷ: 

ï ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʥʝʩʥʫ ʟʜʘʪʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ; 
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ï ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʨʦʟʢʦʣʽ ʜʣʷ ʦʮʽʥʢʠ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʚʧʣʠʚʦʤ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ; 

ï ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʚ 

ʫʤʦʚʘʭ ʮʠʢʣʽʯʥʦʛʦ ʟʘʤʦʨʦʞʫʚʘʥʥʷ-ʚʽʜʪʘʚʘʥʥʷ. 

ʊʘʢʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʪʝʩʪʫʚʘʥʥʷ ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ ˇʨʫʥʪʫ (ʩʫʧʽʩʢʫ) ʪʘ ʚʠʟʥʘʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʫ ʜʦʨʦʞʥʴʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ. 

ʇʽʜʛʦʪʦʚʢʘ ʟʨʘʟʢʽʚ ʪʘ ʩʢʣʘʜʠ ʩʫʤʽʰʝʡ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʯʠʩʪʦʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʝʨʝʜ 

ʧʨʦʚʝʜʝʥʥʷʤ ʚʠʧʨʦʙʫʚʘʥʴ ʚʩʽ ʚʠʭʽʜʥʽ ʤʘʪʝʨʽʘʣʠ ʙʫʣʠ ʚʠʩʫʰʝʥʽ ʜʦ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ ʩʪʘʥʫ, ʧʽʩʣʷ ʯʦʛʦ 

ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʟʨʘʟʢʠ.  

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ, ʟ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ, ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʥʘʩʪʫʧʥʽ ʩʢʣʘʜʠ ʢʦʤʧʦʟʠʮʽʡ:  ɻ100 ï100% ˇʨʫʥʪʫ (ʢʦʥʪʨʦʣʴʥʠʡ ʟʨʘʟʦʢ); 

ɻ90ɿ10 ï 90% ˇʨʫʥʪʫ ʪʘ 10% ʟʦʣʠ; ɻ80ɿ20 ï 80% ˇʨʫʥʪʫ ʪʘ 20% ʟʦʣʠ; ɻ70ɿ30 ï 70% ˇʨʫʥʪʫ ʪʘ 30% ʟʦʣʠ. 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʘʟʢʽʚ çˇʨʫʥʪ-ʟʦʣʘè ʪʘ 

çˇʨʫʥʪ-ʟʦʣʘ-ʮʝʤʝʥʪè 

ɺʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʪʘ ʦʧʪʠʤʘʣʴʥʦʾ ʚʦʣʦʛʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ 

ʧʨʦʚʝʜʝʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʊʋ ɹ ɺ.2.1-12:2009 ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʩʫʤʽʰʝʡ ʟ ʢʨʦʢʦʤ 

1%. ʎʝ ʜʦʟʚʦʣʠʣʦ ʦʭʦʧʠʪʠ ʜʽʘʧʘʟʦʥ ʩʪʘʥʫ ˇʨʫʥʪʫ ʚʽʜ ʥʝʜʦʩʪʘʪʥʴʦ ʟʚʦʣʦʞʝʥʦʛʦ ʜʦ ʧʝʨʝʟʚʦʣʦʞʝʥʦʛʦ. 

ʋʱʽʣʴʥʝʥʥʷ ʟʨʘʟʢʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʧʨʠʣʘʜʽ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ʰʣʷʭʦʤ ʪʨʘʤʙʫʚʘʥʥʷ ˇʨʫʥʪʫ 

ʫʜʘʨʘʤʠ ʚʘʥʪʘʞʫ ʟ ʚʠʩʦʪʠ 30ʩʤ  ʢʽʣʴʢʽʩʪʶ ʫʜʘʨʽʚ ï 40. ʇʦʪʽʤ ʚʠʟʥʘʯʘʣʘʩʷ ʱʽʣʴʥʽʩʪʴ ʟʨʘʟʢʘ ʽ 

ʚʽʜʙʠʨʘʣʠʩʷ 2 ʧʨʦʙʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʪʘ ʧʝʨʝʨʘʭʫʥʢʫ ʩʫʭʦʾ ʱʽʣʴʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ʊʘʢʦʞ 

ʜʦʜʘʪʢʦʚʦ ʚʠʟʥʘʯʘʣʠʩʷ ʧʦʢʘʟʥʠʢʠ ʛʨʘʥʠʮʽ ʪʝʢʫʯʦʩʪʽ ʪʘ ʨʦʟʢʦʯʫʚʘʥʥʷ (ʪʘʙʣ.3, ʨʠʩ. 1, 2). 

 

ʊʘʙʣʠʮʷ 3 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ 

Table 3 ï Results of the test for determining maximum density 

ɺʠʜ 
ʩʫʤʽʰʽ 

ɺʤʽʩʪ 
ʟʦʣʠ 

ʑʽʣʴʥʽʩʪʴ 
ˇʨʫʥʪʫ, 
ʛ/ʩʤ3 

ʑʽʣʴʥʽʩʪʴ 
ʩʢʝʣʝʪʘ 
ˇʨʫʥʪʫ, 
ʛ/ʩʤ3 

ʆʧʪʠʤʘʣʴʥʘ 
ʚʦʣʦʛʽʩʪʴ 
ˇʨʫʥʪʫ W, % 

ʇʦʨʠʩʪʽʩʪʴ, 
% 

ɻʨʘʥʠʮʷ 
ʪʝʢʫʯʦʩʪʽ, 

WL, % 

ɻʨʘʥʠʮʷ 
ʨʦʟʢʦʯʫʚʘʥʥʷ,  

Wʈ, % 

ɻ100 0 2,276 2,059 10,58 23,94 20,55 14,8 

ɻ90ɿ10 10 2,284 2,065 10,62 22,74 21,31 15,35 

ɻ80ɿ20 20 2,271 2,061 10,21 21,88 21,62 16,59 

ɻ70ɿ30 30 2,194 1,994 10,07 23,45 22,44 17,27 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ (ʨʠʩ.1, 2) ʧʦʢʘʟʫʻ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʜʦ 20% ʟʦʣʠ ʧʽʜʚʠʱʫʻ ʱʽʣʴʥʽʩʪʴ ʩʢʝʣʝʪʘ 

ˇʨʫʥʪʫ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʜʦʙʘʚʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʽ ʜʣʷ 30% ʟʦʣʠ ʚʦʥʘ 

ʩʪʘʻ ʥʠʞʯʦʶ ʟʘ ʧʦʢʘʟʥʠʢ ʯʠʩʪʦʛʦ ˇʨʫʥʪʫ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʚʠʩʦʢʘ ʜʠʩʧʝʨʩʥʽʩʪʴ ʪʘ ʩʬʝʨʠʯʥʽʩʪʴ 

ʟʝʨʝʥ ʟʦʣʠ ʩʧʨʠʷʶʪʴ ʢʨʘʱʦʤʫ ʫʱʽʣʴʥʝʥʥʶ ʩʫʤʽʰʽ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ (çʝʬʝʢʪ 

ʧʽʜʰʠʧʥʠʢʘè) ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʱʽʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʰʣʷʭʦʤ ʟʘʧʦʚʥʝʥʥʷ ʧʦʨ.  ʎʝ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʪʘʢʦʞ 

ʧʦʢʘʟʥʠʢʠ ʧʦʨʠʩʪʦʩʪʽ, ʷʢʽ ʟʥʠʞʫʶʪʴʩʷ ʧʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʟʦʣʠ ʚ ʢʽʣʴʢʦʩʪʽ ʜʦ 20%, ʘ ʜʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʨʦʩʪʘʥʥʷ ʧʦʨʠʩʪʦʩʪʽ. ɺʦʥʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʥʘʜʣʠʰʦʢ ʚʤʽʩʪʫ ʟʦʣʠ, ʟʘ ʷʢʦʛʦ ʧʦʨʠʩʪʽʩʪʴ ʚʠʥʠʢʘʻ ʚʞʝ 

ʚ ʩʘʤʽʡ ʩʪʨʫʢʪʫʨʽ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ. ʉʧʘʜ ʱʽʣʴʥʦʩʪʽ ʩʫʤʽʰʽ ʽʟ ʚʤʽʩʪʦʤ 30% ʟʦʣʠ 

ʧʦʚôʷʟʘʥʠʡ ʟ ʥʠʟʴʢʦʶ ʱʽʣʴʥʽʩʪʶ ʯʘʩʪʠʥʦʢ ʟʦʣʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʛʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ. ʊʘʢʘ ʞ 

ʪʝʥʜʝʥʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʨʦʙʦʪʽ [14]. ɺʚʝʜʝʥʥʷ ʧʦʥʘʜ 10% ʟʦʣʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʾ ʚʦʣʦʛʦʩʪʽ ʩʫʤʽʰʽ. ɼʘʥʠʡ ʝʬʝʢʪ ʧʦʷʩʥʶʻʪʴʩʷ ʨʝʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʽʢʨʦʩʬʝʨ ʟʦʣʠ, 

ʷʢʽ ʧʦʣʝʛʰʫʶʪʴ ʚʟʘʻʤʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʟʝʨʝʥ ˇʨʫʥʪʫ ʧʽʜ ʯʘʩ ʫʱʽʣʴʥʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʚʽʜʦʤʠʤʠ ʜʘʥʠʤʠ [10] ʪʘ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʚʚʝʜʝʥʥʷ ʟʦʣʠ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ 

ʛʨʘʥʠʮʴ ʪʝʢʫʯʦʩʪʽ (WL) ʽ ʨʦʟʢʦʯʫʚʘʥʥʷ (WP). ʎʝ ʨʦʟʰʠʨʶʻ ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ ʚʦʣʦʛʦʩʪʽ ʩʫʤʽʰʽ, 

ʜʦʟʚʦʣʷʶʯʠ ʟʙʝʨʽʛʘʪʠ ʾʾ ʦʧʪʠʤʘʣʴʥʫ ʢʦʥʩʠʩʪʝʥʮʽʶ ʥʘʚʽʪʴ ʟʘ ʧʽʜʚʠʱʝʥʦʛʦ ʚʤʽʩʪʫ ʚʦʜʠ. 
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ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʱʽʣʴʥʦʩʪʽ                      ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʱʽʣʴʥʦʩʪʽ ʚʽʜ 

                                  ʩʫʤʽʰʝʡ                                                                         ʚʤʽʩʪʫ ʟʦʣʠ 

Figure 1 ï Graph of changes in the density of            Figure 2 ï Graph of dependence of density on  

                                   mixtures                                                                     ash content 

 

ɺʠʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʧʨʫʞʥʦʩʪʽ ʧʨʦʚʦʜʠʣʦʩʷ ʰʣʷʭʦʤ ʰʪʘʤʧʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚ 

ʻʤʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʦʙôʻʤʫ. ɺʩʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʪʘ 

ʦʧʪʠʤʘʣʴʥʦʾ ʚʦʣʦʛʦʩʪʽ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʰʪʘʤʧ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʚ ʩʪʫʧʽʥʯʘʩʪʦʤʫ ʨʝʞʠʤʽ. ʅʘ ʢʦʞʥʦʤʫ 

ʩʪʫʧʝʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʥʽʤʘʣʠʩʷ ʚʽʜʣʽʢʠ ʧʝʨʝʤʽʱʝʥʥʷ ʟ ʽʥʜʠʢʘʪʦʨʫ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ ʧʽʩʣʷ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦʩʽʜʘʥʴ. ɹʫʣʦ ʚʠʢʦʥʘʥʦ 3 ʝʪʘʧʠ ʥʘʚʘʥʪʘʞʝʥʴ ʧʦ 4 ʩʪʫʧʝʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʨʦʟʚʘʥʪʘʞʝʥʥʷ 

ʚ ʢʽʥʮʽ ʝʪʘʧʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʟʘʣʝʞʥʦ ʚʽʜ 

ʥʘʚʘʥʪʘʛ ʪʘ ʧʦʢʘʟʥʠʢʠ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʽ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʾ (ʪʘʙʣ.4, 5, ʨʠʩ.3-5). 

 

 ʊʘʙʣʠʮʷ 4 ï ɿʘʣʝʞʥʽʩʪʴ ʜʝʬʦʨʤʘʮʽʡ ʚʽʜ ʥʘʚʘʥʪʘʛ ʪʘ ʪʠʧʫ ʩʫʤʽʰʽ 

Table 4 ï Dependence of deformations on load and type of mixture 

ʅʘʚʘʥʪʘʛʘ ʥʘ ʰʪʘʤʧ,  ʅ 
ʇʦʚʥʝ ʚʝʨʪʠʢʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘ ʽʥʜʠʢʘʪʦʨʦʤ, ʤʤ 

ɻ100 ɻ90ɿ10 ɻ80ɿ20 ɻ70ɿ30 

0 0 0 0 0 

50 0,17 0,27 0,32 0,29 

100 0,51 0,55 0,66 0,6 

150 0,83 0,83 0,99 0,91 

200 1,12 1,1 1,33 1,2 

300 1,78 1,7 2,04 1,87 

400 2,29 2,17 2,65 2,74 

500 2,83 2,64 3,34 3,67 

600 3,46 3,1 4,06 4,63 

700 4,31 3,89 4,92 6,04 

800 5,02 4,3 5,3177 7,02 

900 5,45 4,83 5,82 8,3 

1000 6,4 5,45 6,77 9,58 
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ʊʘʙʣʠʮʷ 5 ï ʇʦʢʘʟʥʠʢʠ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʽ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʾ  

Table 5 ï Indicators of the modulus of elasticity and modulus of deformation  

ʇʘʨʘʤʝʪʨʠ 
ɺʠʜ ʩʫʤʽʰʽ 

ɻ100 ɻ90ɿ10 ɻ80ɿ20 ɻ70ɿ30 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ɯ ʝʪʘʧʫ ʄʇʘ 0,637 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ɯ ʝʪʘʧʫ, ʄʇʘ 50,56 60,67 82,73 82,73 

ʄʦʜʫʣʴ ʜʝʬʦʨʤʘʮʽʾ ɯ ʝʪʘʧʫ, ʄʇʘ 31,44 32,02 26,48 29,35 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ɯɯ ʝʪʘʧʫ ʄʇʘ 1,911 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ɯɯ ʝʪʘʧʫ, ʄʇʘ 80,29 82,73 105,00 105,00 

ʄʦʜʫʣʴ ʜʝʬʦʨʤʘʮʽʾ ɯɯ ʝʪʘʧʫ, ʄʇʘ 30,53 34,08 26,02 22,82 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ɯɯ ʝʪʘʧʫ ʄʇʘ 3,185 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ɯɯɯ ʝʪʘʧʫ, ʄʇʘ 126,39 130,00 137,88 162,50 

ʄʦʜʫʣʴ ʜʝʬʦʨʤʘʮʽʾ ɯɯɯ ʝʪʘʧʫ, ʄʇʘ 27,51 32,31 26,01 18,38 

 

 
ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜ ʥʘʚʘʥʪʘʛʠ ʪʘ ʪʠʧʫ ʩʫʤʽʰʽ 

Figure 3 ï Graph of the dependence of the change in deformation on the load and type of mixture 

0

1

2

3

4

5

6

7

8

9

10

0 100 200 300 400 500 600 700 800 900 1000

ɺ
ʝ
ʨ
ʪ
ʠ
ʢ
ʘ
ʣ
ʴ
ʥ
ʝ
 
ʧ
ʝ
ʨ
ʝ
ʤ
ʽ
ʱ
ʝ
ʥ
ʥ
ʷ
 
(
ʜ
ʝ
ʬ
ʦ
ʨ
ʤ
ʘ
ʮ
ʽ
ʷ
)
,
 
ʤ
ʤ

ʅʘʚʘʥʪʘʛʘ ʥʘ ʰʪʘʤʧ, ʅ

ɻ100

ɻ90ɿ10

ɻ80ɿ20

ɻ70ɿ30

https://arrcjournal.org/


G19 ɹʋɼɯɺʅʀʎʊɺʆ ʊɸ ʎʀɺɯʃʔʅɸ ɯʅɾɽʅɽʈɯʗ / G19 CONSTRUCTION  AND CIVIL  ENGINEERING  

 

 
ʅʘʫʢʦʚʠʡ ʞʫʨʥʘʣ çɸɺʊʆʄʆɹɯʃʔʅɯ ɼʆʈʆɻʀ ɯ ɼʆʈʆɾʅɭ ɹʋɼɯɺʅʀʎʊɺʆè, 2026. ɺʠʧʫʩʢ 119. 

ISSN 0365-8171 (Print), ISSN 2707-4080 (ʆnline), ISSN 2707-4099 (CD), https://arrcjournal.org . 

Scientific journal çAUTOMOBILE ROADS AND ROAD CONSTRUCTIONè, 2026. Issue 119. 

191 

  
ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ         ʈʠʩʫʥʦʢ 5 ï ɻʨʘʬʽʢ ʟʤʽʥʠ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʾ 

Figure 4 ï Graph of change in elasticity              Figure 5 ï Graph of change in deformation modulus 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʪʘʙʣ.4, 5, ʨʠʩ.3-5) ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʥʘʡʤʝʥʰʽ ʜʝʬʦʨʤʘʮʽʾ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʩʫʤʽʰʽ ɻ90ɿ10. ɺʦʥʠ ʤʝʥʰʽ, ʥʽʞ ʜʝʬʦʨʤʘʮʽʾ ʟʘ ʘʥʘʣʦʛʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʢʦʥʪʨʦʣʴʥʦʤʫ ʟʨʘʟʢʫ ˇʨʫʥʪʫ ɻ100. ɺʚʝʜʝʥʥʷ 20% ʟʦʣʠ ʟʫʤʦʚʣʶʻ ʧʝʚʥʠʡ ʧʨʠʨʽʩʪ 

ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʩʫʪʪʻʚʦ ʥʝ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʧʦʢʘʟʥʠʢʽʚ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʢʣʘʜʫ. ʈʘʟʦʤ ʟ ʪʠʤ, ʫ ʟʨʘʟʢʘ 

ɻ70ɿ30 ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʥʘʯʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʧʽʜ ʯʘʩ ʟʥʘʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ 

ʝʪʘʧʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʧʦʜʽʙʥʽ ʜʦ ʧʦʢʘʟʥʠʢʽʚ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʨʘʟʢʫ, ʘʣʝ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʥʘʚʘʥʪʘʛ ʜʝʬʦʨʤʘʮʽʾ ʟʥʘʯʥʦ ʟʨʦʩʪʘʶʪʴ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʨʫʭʦʤʽʩʪʶ ʟʝʨʝʥ ʽ ʥʝʜʦʩʪʘʪʥʽʤʠ ʚʥʫʪʨʽʰʥʽʤʠ 

ʩʠʣʘʤʠ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʧʨʦʪʠʜʽʷʪʠ ʟʦʚʥʽʰʥʽʤ ʚʧʣʠʚʘʤ, ʪʦʤʫ ʰʪʘʤʧ ʟʘʛʣʠʙʣʶʚʘʚʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʚ ʩʫʤʽʰʽ ʟ ʚʤʽʩʪʦʤ ʟʦʣʠ 30%. ʈʘʟʦʤ ʟ ʪʠʤ ʧʨʫʞʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʤʝʥʰʫʚʘʣʠʩʷ ʟʽ  ʟʙʽʣʴʰʝʥʥʷʤ 

ʚʤʽʩʪʫ ʟʦʣʠ. ʅʘ ʛʨʘʬʽʢʫ (ʨʠʩ.3) ʚʠʜʥʦ, ʱʦ ʯʠʤ ʙʽʣʴʰʘ ʧʨʠʢʣʘʜʝʥʘ ʥʘʚʘʥʪʘʛʘ, ʪʠʤ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʩʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. ʅʘ ɯ ʪʘ ɯɯ ʝʪʘʧʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʟʦʣʠ ʜʦ 20% (ʨʠʩ.4). ɺ ʮʝʡ ʤʦʤʝʥʪ ʜʦʩʷʛʘʻʪʴʩʷ ʤʘʢʩʠʤʫʤ ʽ ʚʽʥ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʜʦ 

ʚʤʽʩʪʫ ʟʦʣʠ 30%. ɸʣʝ ʥʘ ɯɯɯ ʩʪʘʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʷʤʘ ʟʘʣʝʞʥʽʩʪʴ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ 

ʚʽʜ ʚʤʽʩʪʫ ʟʦʣʠ. ʄʦʜʫʣʴ ʜʝʬʦʨʤʘʮʽʾ ʟʨʦʩʪʘʻ ʧʽʜ ʯʘʩ ʚʚʝʜʝʥʥʷ ʟʦʣʠ ʚ ʢʽʣʴʢʦʩʪʽ 10% ʥʘ ʪʨʴʦʭ ʩʪʘʜʽʷʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʩʧʘʜʘʻ ʜʦ ʜʦʩʷʛʥʝʥʥʷ 20% ʚʤʽʩʪʫ ʟʦʣʠ. ʅʘ ɯ ʩʪʘʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʩʫʤʽʰʽ 

ɻ70ɿ30 ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʜʦʫʱʽʣʴʥʝʥʥʷ ʩʫʤʽʰʽ ʟʘ 

ʤʘʣʠʭ ʥʘʚʘʥʪʘʛ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʛʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʾ ʩʫʤʽʰʽ 

ɻ70ɿ30 (ʨʠʩ.5). ʇʨʠʯʠʥʘ ʪʘʢʘ ʞ, ʷʢ ʽ ʧʽʜ ʯʘʩ ʜʝʬʦʨʤʘʮʽʾ ʜʘʥʦʾ ʩʫʤʽʰʽ. ʇʨʦ ʟʙʽʣʴʰʝʥʥʷ ʥʝʩʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ˇʨʫʥʪʽʚ ʫʢʨʽʧʣʝʥʠʭ ʟʦʣʘʤʠ ʪʘʢʦʞ ʟʛʘʜʫʻʪʴʩʷ ʚ ʨʦʙʦʪʽ [15].  

ɺʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʦʧʦʨʫ ʟʩʫʚʫ ʚʠʟʥʘʯʘʣʦʩʷ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.1-4-96 ʰʣʷʭʦʤ ʚʽʜʪʚʦʨʝʥʥʷ 

ʥʘʪʫʨʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʨʫʡʥʫʚʘʥʥʷ ʟʩʫʚʫ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʤʝʪʦʜʦʤ ʦʜʥʦʧʣʦʱʠʥʥʦʛʦ ʟʨʽʟʫ ʥʘ 

ʧʨʠʣʘʜʽ ʧʣʦʩʢʦʛʦ ʟʨʽʟʫ ʢʦʥʩʪʨʫʢʮʽʾ ɯ.ʄ. ʃʽʪʚʽʥʦʚʘ. ɿʨʽʟ ʚʽʜʙʫʚʘʚʩʷ ʧʽʜ ʢʫʪʦʤ, ʱʦ ʟʤʝʥʰʫʻ ʚʧʣʠʚ ʪʝʨʪʷ 

ʤʽʞ ʯʘʩʪʠʥʘʤʠ ʧʨʠʣʘʜʫ ʽ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. ɿʨʘʟʢʠ ʫʱʽʣʴʥʶʚʘʣʠʩʷ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʟʘ ʦʧʪʠʤʘʣʴʥʦʾ ʚʦʣʦʛʦʩʪʽ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʻʤʥʦʩʪʷʭ ʽ ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʷ ʚ ʨʦʙʦʯʝ 
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ʧʦʣʦʞʝʥʥʷ ʧʨʠʣʘʜʫ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʟʩʫʚʫ ʚʠʢʦʥʫʚʘʣʦʩʷ 3 ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʴ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ï 0,2, 0,3, 0,4 ʄʇʘ. ʇʽʩʣʷ ʬʽʢʩʘʮʽʾ ʟʨʘʟʢʽʚ ʽ ʧʨʠʢʣʘʜʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʥʪʘʞʽʚ ʤʘʩʦʶ 0,1 ʪʘ 0,05ʢʛ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʠʣʽ 25 ʪʘ 12,5 ʅ ʚʽʜʧʦʚʽʜʥʦ. ɿʙʽʣʴʰʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʥʘʚʘʥʪʘʛ ʚʽʜʙʫʚʘʣʦʩʷ ʜʦ 

ʤʦʤʝʥʪʫ ʟʨʠʚʫ ʦʜʥʽʻʾ ʯʘʩʪʠʥʠ ʚʽʜʥʦʩʥʦ ʽʥʰʦʾ, ʘʙʦ ʜʦ ʤʦʤʝʥʪʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʙʽʣʴʰʝ, 

ʥʽʞ ʥʘ 5ʤʤ. ʉʘʤʝ ʮʷ ʥʘʚʘʥʪʘʛʘ ʽ ʻ ʛʨʘʥʠʯʥʠʤ ʦʧʦʨʦʤ ʟʩʫʚʫ. ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʦʨʫ ʟʩʫʚʫ 

ʚʠʟʥʘʯʘʣʠʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʪʘ ʧʠʪʦʤʝ ʟʯʝʧʣʝʥʥʷ ʟʨʘʟʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.6 ʪʘ ʥʘ ʨʠʩ.6. 

 

ʊʘʙʣʠʮʷ 6 ï ʇʦʢʘʟʥʠʢʠ ʦʧʦʨʫ ʟʩʫʚʫ, ʢʫʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ, ʧʠʪʦʤʦʛʦ ʟʯʝʧʣʝʥʥʷ  

Table 6 ï Shear resistance, angle of internal friction, specific adhesion  

ɺʠʜ ʩʫʤʽʰʽ 
ɺʤʽʩʪ  

ʟʦʣʠ 

ˉ 

ʚʠʧʨʦ-

ʙʫʚʘʥʥʷ 

ɺʝʨʪʠʢʘʣʴʥʝ 

ʥʘʧʨʫʞʝʥʥʷ, 

ʄʇʘ 

ɿʩʫʚʥʘ 

ʥʘʚʘʥʪʘʛʘ, 

ʅ 

ɻʨʘʥʠʯʥʠʡ 

ʦʧʽʨ ʟʩʫʚʫ, 

ʄʇʘ 

ʂʫʪ ʚʥʫʪʨʽ-

ʰʥʴʦʛʦ 

ʪʝʨʪʷ, ʛʨʘʜ. 

ʇʠʪʦʤʝ 

ʟʯʝʧʣʝʥʥʷ 

ʉ, ʄʇʘ 

ɻ100 0 

1 0,2 450 0,18 

16,70 0,12 2 0,3 525 0,21 

3 0,4 600 0,24 

ɻ90ɿ10 10 

1 0,2 400 0,16 

21,80 0,08 2 0,3 500 0,2 

3 0,4 600 0,24 

ɻ80ɿ20 20 

1 0,2 375 0,15 

25,41 0,055 2 0,3 487,5 0,195 

3 0,4 612,5 0,245 

ɻ70ɿ30 30 

1 0,2 350 0,14 

28,81 0,03 2 0,3 487,5 0,195 

3 0,4 625 0,25 

 

 
ʈʠʩʫʥʦʢ 6 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʦʧʦʨʫ ʟʩʫʚʫ ʚʽʜ ʚʤʽʩʪʫ ʟʦʣʠ 

Figure 6 ï Graph of shear strength versus ash content 
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ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʪʘʙʣ.6, ʨʠʩ.6) ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʚʧʣʠʚ ʚʤʽʩʪʫ ʟʦʣʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʜʦ ʢʫʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʽ ʦʙʝʨʥʝʥʦ-

ʧʨʦʧʦʨʮʽʡʥʠʡ ʜʦ ʧʠʪʦʤʦʛʦ ʟʯʝʧʣʝʥʥʷ. ɼʣʷ ʤʘʣʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʦʧʽʨ ʟʩʫʚʫ ʩʫʤʽʰʝʡ ʽʟ ʟʦʣʦʶ 

ʛʽʨʰʠʡ, ʥʽʞ ʫ ʚʠʭʽʜʥʦʛʦ ˇʨʫʥʪʫ. ʇʨʦʪʝ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʚ ʤʘʩʠʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʜʝ ʜʽʻ ʚʝʣʠʢʠʡ 

ʚʝʨʪʠʢʘʣʴʥʠʡ ʪʠʩʢ, ʩʫʤʽʰʽ ʽʟ ʟʦʣʦʶ ʤʘʶʪʴ ʢʨʘʱʠʡ ʦʧʽʨ ʟʩʫʚʫ, ʥʽʞ ʟʚʠʯʘʡʥʠʡ ˇʨʫʥʪ. ɺʦʜʥʦʯʘʩ, ʱʦ ʙʽʣʴʰʠʡ 

ʚʤʽʩʪ ʟʦʣʠ (ʜʦ 30% ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ), ʪʠʤ ʙʽʣʴʰʠʡ ʛʨʘʥʠʯʥʠʡ ʦʧʽʨ ʟʩʫʚʫ. ɿʘ ʜʦʩʣʽʜʞʝʥʥʷʤ [16] 

ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʦʣʘ ʧʽʜʚʠʱʫʻ ʧʦʢʘʟʥʠʢ ʢʫʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ˇʨʫʥʪʽʚ. 

ɺʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ, ʟʛʠʥ, ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ̌ʨʫʥʪʫ ʽʟ ʟʦʣʦʶ ʧʨʦʚʦʜʠʣʠ ʟ 

ʜʦʜʘʚʘʥʥʷʤ ʮʝʤʝʥʪʫ. ɼʣʷ ʮʴʦʛʦ ʢʦʞʝʥ ʨʘʥʽʰʝ ʩʬʦʨʤʦʚʘʥʠʡ ʩʢʣʘʜ ʨʦʟʜʽʣʷʚʩʷ ʥʘ 3 ʧʽʜʩʢʣʘʜʠ ʟ ʚʤʽʩʪʦʤ 

ʮʝʤʝʥʪʫ 3, 5, 7% ʚʽʜʧʦʚʽʜʥʦ. ɿʘʛʘʣʦʤ ʦʪʨʠʤʘʥʦ 12 ʨʽʟʥʦʚʠʜʽʚ ʩʫʤʽʰʝʡ ʟ ʨʽʟʥʠʤʠ ʢʦʤʙʽʥʘʮʽʷʤʠ ʚʤʽʩʪʫ 

ʟʦʣʠ (0, 10, 20, 30%) ʪʘ ʮʝʤʝʥʪʫ (3, 5, 7%). ʇʦʻʜʥʘʥʥʷ ʟʦʣʠ ʟ ʮʝʤʝʥʪʦʤ ʩʧʨʠʷʻ ʩʠʥʪʝʟʫ ʪʦʙʝʨʤʦʨʠʪʫ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʧʽʥʠ, ʷʢʘ ʧʦʩʪʫʧʦʚʦ ʟʘʧʦʚʥʶʻ ʧʫʩʪʦʪʠ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʤʦʥʦʣʽʪʥʦʾ, ʩʪʽʡʢʦʾ ʪʘ 

ʥʘʜʽʡʥʦʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʟʤʽʮʥʝʥʦʛʦ ˇʨʫʥʪʫ [17, 18]. ɼʦ ʜʘʥʠʭ ʩʫʤʽʰʝʡ ʜʦʜʘʚʘʣʘʩʷ ʚʦʜʘ ʚ ʢʽʣʴʢʦʩʪʽ, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʫ ʦʧʪʠʤʘʣʴʥʦʾ ʚʦʣʦʛʦʩʪʽ. ɿ ʩʫʤʽʰʝʡ ʬʦʨʤʫʚʘʣʠʩʷ ʟʨʘʟʢʠ-ʮʠʣʽʥʜʨʠ ʚʠʩʦʪʦʶ ʪʘ 

ʜʽʘʤʝʪʨʦʤ 50,5 ʤʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʊʋ ɹ ɺ.2.7-309:2016 ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʪʘʣʝʚʠʭ ʬʦʨʤʘʭ ʥʘ ʧʨʝʩʽ ʧʽʜ 

ʪʠʩʢʦʤ (15,0 Ñ 0,2) ʄʇʘ ʧʨʦʪʷʛʦʤ 3ʭʚ. ɿʨʘʟʢʠ ʚʠʪʨʠʤʫʚʘʣʠʩʷ ʧʨʦʪʷʛʦʤ 28 ʜʽʙ ʚ ʝʢʩʠʢʘʪʦʨʘʭ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 20Áʉ ʜʣʷ ʥʘʙʦʨʫ ʥʠʤʠ ʤʽʮʥʦʩʪʽ. ɼʘʣʽ ʚʠʢʦʥʫʚʘʣʠʩʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʮʽ 

ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ, ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʨʦʟʢʦʣʽ, ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ɹ ɺ.2.7-309:2016. 

ʇʝʨʝʜ ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʚʩʽ ʟʨʘʟʢʠ ʥʘʩʠʯʫʚʘʣʠʩʷ ʚʦʜʦʶ.  

ɺʦʜʦʥʘʩʠʯʝʥʽ ʟʨʘʟʢʠ ʚʠʧʨʦʙʦʚʫʚʘʣʠ ʥʘ ʩʪʠʩʢ ʟʽ ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ ʧʣʠʪʠ (3,0 Ñ 0,1) ʤʤ/ʭʚ. ɿʘ ʛʨʘʥʠʮʶ 

ʤʽʮʥʦʩʪʽ ʧʨʠʡʤʘʣʠ ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ, ʟʘʬʽʢʩʦʚʘʥʝ ʚ ʤʦʤʝʥʪ ʤʝʭʘʥʽʯʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. 

ʄʽʮʥʽʩʪʴ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʨʦʟʢʦʣʽ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ʨʦʟʢʦʣʶʚʘʥʥʷ ʚʦʜʦʥʘʩʠʯʝʥʠʭ ʟʨʘʟʢʽʚ ʟʘ 

ʪʚʽʨʥʦʶ (ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʩʭʝʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʩʪʠʩʢ). ʎʽ ʜʘʥʽ ʩʣʫʛʫʚʘʣʠ ʙʘʟʦʶ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʛʨʘʥʠʮʽ 

ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʥʘ ʨʦʟʪʷʛ ʧʨʠ ʟʛʠʥʽ. 

ʄʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʦʮʽʥʶʚʘʣʠ ʟʘ ʚʪʨʘʪʦʶ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʚʦʜʦʥʘʩʠʯʝʥʠʭ ʟʨʘʟʢʽʚ ʧʽʩʣʷ 

10 ʮʠʢʣʽʚ ʟʘʤʦʨʦʞʫʚʘʥʥʷ-ʚʽʜʪʘʚʘʥʥʷ. ʂʦʞʝʥ ʮʠʢʣ ʧʝʨʝʜʙʘʯʘʚ ʚʠʪʨʠʤʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʧʨʦʪʷʛʦʤ 3,5 ʛʦʜ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ (ï18 Ñ 2) Áʉ ʽʟ ʥʘʩʪʫʧʥʠʤ ʨʦʟʤʦʨʦʞʫʚʘʥʥʷʤ ʟʘ (18 Ñ 2) Áʉ ʧʨʦʪʷʛʦʤ ʘʥʘʣʦʛʽʯʥʦʛʦ ʯʘʩʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ.7 ʪʘ ʥʘ ʨʠʩ.7-9. 

 

ʊʘʙʣʠʮʷ 7 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ, ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʪʘ ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ 

Table 7 ï Results of compressive strength, frost resistance and bending strength tests 

 

ʉʢʣʘʜ ʟʨʘʟʢʽʚ 
ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ, 

ʄʇʘ 

ʂʦʝʬʽʮʽʻʥʪ 

ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ 

ʄʽʮʥʽʩʪʴ ʥʘ ʟʛʠʥ, 

ʄʇʘ 

ɻ100ʎ3 0,713 0 0,229 

ɻ100ʎ5 1,111 0,32 0,398 

ɻ100ʎ7 2,722 0,37 0,533 

ɻ90ɿ10ʎ3 1,092 0,12 0,290 

ɻ90ɿ10ʎ5 2,181 0,39 0,477 

ɻ90ɿ10ʎ7 3,488 0,45 0,779 

ɻ80ɿ20ʎ3 1,705 0,24 0,328 

ɻ80ɿ20ʎ5 2,066 0,45 0,490 

ɻ80ɿ20ʎ7 2,816 0,56 0,675 

ɻ70ɿ30ʎ3 1,431 0,33 0,227 

ɻ70ɿ30ʎ5 1,535 0,55 0,354 

ɻ70ɿ30ʎ7 2,491 0,76 0,478 
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ʈʠʩʫʥʦʢ 7 ï ɻʨʘʬʽʢ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ   ʈʠʩʫʥʦʢ 8 ï ɻʨʘʬʽʢ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ 

Figure 7 ï Compressive strength limit graph            Figure 8 ï Bending strength limit graph 

 

 

 
ʈʠʩʫʥʦʢ 9 ï ɻʨʘʬʽʢ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʩʫʤʽʰʝʡ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ 

Figure 9 ï Frost resistance graph of mixtures of different compositions 
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ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʪʘʙʣ.7, ʨʠʩ.7-9) ʧʦʢʘʟʫʻ, ʱʦ ʚʧʣʠʚ ʟʦʣʠ ʥʘ 
ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ ʥʝ ʦʜʥʘʢʦʚʠʡ ʟʘ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʚʤʽʩʪʫ ʮʝʤʝʥʪʫ. ɿʘ ʚʤʽʩʪʫ ʮʝʤʝʥʪʫ 3% ʫ ˇʨʫʥʪʦʚʽʡ ʩʫʤʽʰʽ 
ʜʦʜʘʚʘʥʥʷ ʟʦʣʠ ʟʙʽʣʴʰʫʻ ʾʾ ʤʽʮʥʽʩʪʴ ʽ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ ʟʘ ʚʤʽʩʪʫ ʟʦʣʠ 20%, ʧʽʩʣʷ ʯʦʛʦ ʡʜʝ ʥʘ ʩʧʘʜ. ɸʣʝ 
ʥʘʚʽʪʴ ʫ ʨʘʟ ʚʤʽʩʪʫ ʟʦʣʠ 30% ʧʦʢʘʟʥʠʢ ʤʽʮʥʦʩʪʽ ʢʨʘʱʠʡ, ʥʽʞ ʫ ʟʨʘʟʢʽʚ ʙʝʟ ʟʦʣʠ. ɿʘ ʚʤʽʩʪʫ ʮʝʤʝʥʪʫ 5% 
ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʟʦʣʠ ʜʦ 10% ʚʤʽʩʪʫ. ʉʘʤʝ ʪʦʜʽ ʜʦʩʷʛʘʶʪʴʩʷ ʥʘʡʢʨʘʱʽ 
ʨʝʟʫʣʴʪʘʪʠ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʟʦʣʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʚʥʦʛʦ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ, ʧʨʦʪʝ ʾʾ 
ʧʦʢʘʟʥʠʢʠ ʟʘʣʠʰʘʶʪʴʩʷ ʚʠʱʠʤʠ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʨʘʟʢʘʤʠ ʙʝʟ ʜʦʜʘʚʘʥʥʷ ʟʦʣʠ. ɼʣʷ ʩʢʣʘʜʫ ˇʨʫʥʪʦʚʦʾ ʩʫʤʽʰʽ 
ʽʟ 7% ʚʤʽʩʪʫ ʮʝʤʝʥʪʫ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤ ʻ ʚʚʝʜʝʥʥʷ 10% ʟʦʣʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʚʠʱʽ ʤʽʮʥʽʩʥʽ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʽʩʣʷ ʯʦʛʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʟʦʣʠ ʡʜʝ ʨʽʟʢʠʡ ʩʧʘʜ ʤʽʮʥʦʩʪʽ. ɺ ʟʨʘʟʢʘʭ ɻ80ɿ20ʎ7 
ʧʦʢʘʟʥʠʢ ʤʽʮʥʦʩʪʽ ʜʝʱʦ ʚʠʱʠʡ, ʥʽʞ ʚ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʨʘʟʢʫ ʙʝʟ ʟʦʣʠ ɻ100ʎ7, ʘ ʚ ʟʨʘʟʢʽʚ ɻ70ɿ30ʎ7 
ʤʽʮʥʽʩʪʴ ʥʠʞʯʘ, ʥʽʞ ʚ ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʽʚ. ʉʭʦʞʽ ʨʝʟʫʣʴʪʘʪʠ ʦʧʠʩʘʥʽ ʚ ʨʦʙʦʪʽ [19]. 

ʄʽʮʥʽʩʪʴ ʥʘ ʟʛʠʥ ʟʨʘʟʢʽʚ ʟ ʚʤʽʩʪʦʤ ʮʝʤʝʥʪʫ 3 ʽ 5% ʟʨʦʩʪʘʻ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʟʦʣʠ ʫ ʢʽʣʴʢʦʩʪʽ ʜʦ 20%, 
ʧʽʩʣʷ ʯʦʛʦ ʡʜʝ ʥʘ ʩʧʘʜ. ɼʣʷ 30 % ʚʤʽʩʪʫ ʟʦʣʠ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ ʻ ʥʠʞʯʠʤʠ, ʘʙʦ ʨʽʚʥʦʮʽʥʥʠʤʠ 
ʢʦʥʪʨʦʣʴʥʦʤʫ ʩʢʣʘʜʫ ʙʝʟ ʟʦʣʠ. ɺ ʟʨʘʟʢʘʭ ʟ 7% ʮʝʤʝʥʪʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʢʝ ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ 
ʧʽʩʣʷ ʜʦʜʘʚʘʥʥʷ 10% ʟʦʣʠ, ʟʘ ʷʢʦʛʦ ʜʦʩʷʛʘʻʪʴʩʷ ʤʘʢʩʠʤʫʤ ʧʦʢʘʟʥʠʢʘ. ʇʽʩʣʷ ʧʝʨʝʚʠʱʝʥʥʷ ʚʤʽʩʪʫ 10% 
ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ, ʧʨʠʯʦʤʫ ʜʣʷ ʚʤʽʩʪʫ 20% ʟʦʣʠ ʧʦʢʘʟʥʠʢ ʢʨʘʱʠʡ, ʥʽʞ ʚ 
ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʽʚ ʙʝʟ ʟʦʣʠ, ʘ ʜʣʷ ʚʤʽʩʪʫ 30% ʧʦʢʘʟʥʠʢ ʛʽʨʰʠʡ ʟʘ ʨʝʟʫʣʴʪʘʪʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʨʘʟʢʫ. 

ʄʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ʟʨʘʟʢʽʚ ʧʽʜ ʯʘʩ ʜʦʜʘʚʘʥʥʷ ʟʦʣʠ ʟʨʦʩʪʘʻ ʜʣʷ ʚʩʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʤʽʩʪʫ ʟʦʣʠ ʚʽʜ  
0 ʜʦ 30%. ʅʘʡʙʽʣʴʰʠʡ ʧʨʠʨʽʩʪ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʟʨʘʟʢʽʚ ʫʢʨʽʧʣʝʥʠʭ 3% ʮʝʤʝʥʪʫ. ʊʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 
ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʟʨʘʟʢʽʚ ʟ ʚʤʽʩʪʦʤ ʮʝʤʝʥʪʫ 7% ʧʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʟʦʣʠ ʚʽʜ 20 ʜʦ 30%. ɺ 
ʨʦʙʦʪʽ [20] ʪʘʢʦʞ ʦʧʠʩʫʻʪʴʩʷ, ʱʦ ʟʦʣʘ ʧʽʜʚʠʱʫʻ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ, ʘʣʝ ʚ ʧʦʻʜʥʘʥʥʽ ʟʽ ʑʇʉ. 

 
ɺʠʩʥʦʚʢʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ɸʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʻ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ 
ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ˇʨʫʥʪʽʚ ʫ ʜʦʨʦʞʥʴʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ. 
ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ ʟʦʣʠ ʜʦ ʩʢʣʘʜʫ ˇʨʫʥʪʦʚʠʭ ʩʫʤʽʰʝʡ ʟʤʽʥʶʻ ʾʭʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʦʢʨʝʤʘ ʟʤʝʥʰʫʻ ʧʣʘʩʪʠʯʥʽʩʪʴ, ʧʦʢʨʘʱʫʻ ʫʱʽʣʴʥʶʚʘʥʽʩʪʴ ʪʘ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ 
ʤʽʮʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʮʝʤʝʥʪʦʤ-ʘʢʪʠʚʘʪʦʨʦʤ ʜʦʟʚʦʣʷʻ 
ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ, ʥʝʩʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ˇʨʫʥʪʦʚʠʭ ʦʩʥʦʚ ʜʦ ʜʝʬʦʨʤʘʮʽʡ. 
ɺʦʜʥʦʯʘʩ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʘʙʽʣʽʟʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʟʦʣʠ, ʾʾ ʚʤʽʩʪʫ ʫ ʩʫʤʽʰʽ, ʪʠʧʫ 
ˇʨʫʥʪʫ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʪʚʝʨʜʥʝʥʥʷ. 

ʇʨʦʚʝʜʝʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ ʨʝʟʫʣʴʪʘʪʠ ʟʘʨʫʙʽʞʥʠʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ɺʩʪʘʥʦʚʣʝʥʦ 
ʚʧʣʠʚ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʥʘ ʦʩʥʦʚʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʩʫʤʽʰʝʡ ʪʘ ʽʥʞʝʥʝʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 
ˇʨʫʥʪʦʚʠʭ ʰʘʨʽʚ. ʆʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ ʚʤʽʩʪʫ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʪʘ ʨʽʚʥʷ ʚʤʽʩʪʫ 
ʮʝʤʝʥʪʫ. ʈʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ɼʘʨʥʠʮʴʢʦʾ ʊɽʉ ʚ 
ʧʦʻʜʥʘʥʥʽ ʟ ˇʨʫʥʪʘʤʠ, ʱʦ ʚʠʜʥʦ ʥʘ ʧʨʠʢʣʘʜʽ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʫʧʽʩʢʫ ʧʽʩʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʟʦʣʦʶ. 
ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʫ ˇʨʫʥʪʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʜʦʟʚʦʣʠʪʴ ʥʝ ʣʠʰʝ ʧʦʢʨʘʱʠʪʠ 
ʽʥʞʝʥʝʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʩʥʦʚ, ʘʣʝ ʡ ʩʧʨʠʷʪʠʤʝ ʟʤʝʥʰʝʥʥʶ ʦʙʩʷʛʽʚ ʥʘʢʦʧʠʯʝʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ 
ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ˇʨʫʥʪʽʚ ʻ ʪʝʭʥʽʯʥʦ ʜʦʮʽʣʴʥʠʤ ʪʘ 
ʝʢʦʣʦʛʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʥʘʧʨʷʤʦʤ ʨʦʟʚʠʪʢʫ ʙʫʜʽʚʝʣʴʥʦʾ ʛʘʣʫʟʽ, ʱʦ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʠʭ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʧʨʘʢʪʠʢʫ ʜʦʨʦʞʥʴʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ. 
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Abstract. The article considers the possibility of using fly ash from thermal power plants (TPPs) for 

soil stabilization in road construction. The relevance of the study is driven by the deficit of suitable natural 

soils and the necessity of using industrial waste for sustainable development. Modern scientific research on 

the influence of fly ash in combination with various activators on the physico-mechanical properties of soils 

is analyzed and summarized. It is shown that the introduction of fly ash promotes the formation of cementation 

bonds in the soil structure, leading to a decrease in plasticity and an increase in strength indicators. The 

efficiency of soil stabilization depends on the ash content, its properties, and curing conditions. Based on the 

analysis of scientific sources, the program and methodology of experimental research are substantiated, the list 

of controlled properties is determined, and the variations of ash and cement content in the mixtures are 

specified. Through laboratory experiments, the patterns of changes in the properties of stabilized soils 

depending on the ash content were revealed. Particular attention is paid to the study of the complex binder "fly 

ash ï cement". It is proved that the rational combination of these components significantly increases the frost 

resistance and crack resistance of soil bases. The paper details the research methodology and presents and 

analyzes the results of experimental testing. The use of ash is a promising direction for improving the 

engineering properties of soil structures, contributing to the reduction of valuable natural resource use by 

replacing them with industrial waste. The results obtained testify to the efficiency of soil stabilization with fly 

ash and the feasibility of further research aimed at improving the efficiency of road construction and 

implementing the principles of sustainable development. 

Keywords: fly ash, soil stabilization, construction, road construction, physico-mechanical properties of 

soils, soil strengthening, bearing capacity, soil compactability, subgrade, road pavement, transport 

infrastructure, secondary materials, sustainable development, waste recycling. 
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ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɽʢʩʧʣʫʘʪʘʮʽʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʽʟ 
ʮʝʤʝʥʪʦʙʝʪʦʥʥʠʤ ʧʦʢʨʠʪʪʷʤ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʩʪʫʧʦʚʠʤ ʟʥʠʞʝʥʥʷʤ ʾʭʥʽʭ ʪʨʘʥʩʧʦʨʪʥʦ-
ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʽʜ ʜʽʻʶ ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʫʭʫ ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ ʯʠʥʥʠʢʽʚ. ʅʘʡʙʽʣʴʰ 
ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʟʘʧʦʙʽʛʘʥʥʷ ʜʝʛʨʘʜʘʮʽʾ ʎɹʇ ʻ ʚʣʘʰʪʫʚʘʥʥʷ ʪʦʥʢʠʭ ʟʘʭʠʩʥʠʭ ʰʘʨʽʚ ʟʥʦʩʫ, ʱʦ 
ʜʦʟʚʦʣʷʻ ʚʽʜʥʦʚʠʪʠ ʰʦʨʩʪʢʽʩʪʴ, ʨʽʚʥʽʩʪʴ ʪʘ ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʴ ʧʦʚʝʨʭʥʽ. ʋ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʧʠʪʘʥʥʷ 
ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʘʨʽʚ ʟʥʦʰʫʚʘʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʉʐɸ (FHWA, AASHTO), 
ʢʨʘʾʥ ɭʉ (EN), ɸʚʩʪʨʘʣʽʾ (Austroads). ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʪʦʥʢʦʰʘʨʦʚʽ ʪʘ ʫʣʴʪʨʘʪʦʥʢʽ ʧʦʢʨʠʚʠ 
ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʫʪʪʻʚʝ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʟ ʟʤʽʥʠ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʨʦʞʥʴʦʛʦ 
ʦʜʷʛʫ. 

ʄʽʞʥʘʨʦʜʥʘ ʧʨʘʢʪʠʢʘ (ʉʐɸ, ɭʉ, ɸʚʩʪʨʘʣʽʷ) ʨʦʟʛʣʷʜʘʻ ʰʘʨ ʟʥʦʩʫ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ 
ʧʦʚʝʨʭʥʝʚʠʡ ʝʣʝʤʝʥʪ, ʘ ʥʝ ʣʠʰʝ ʷʢ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʰʘʨ [1-15].  

ɼʦʩʚʽʜ ʉʐɸ (FHWA) ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʥʮʝʧʮʽʾ Pavement Preservation ð ʨʘʥʥʴʦʛʦ ʚʪʨʫʯʘʥʥʷ ʜʣʷ 
ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ. ʆʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʻ ʘʣʤʘʟʥʝ ʰʣʽʬʫʚʘʥʥʷ, ʫʣʘʰʪʫʚʘʥʥʷ ʪʦʥʢʠʭ ʰʘʨʽʚ 
HMA ʪʘ ʤʽʢʨʦʧʦʢʨʠʪʪʽʚ [1-15].. 

ɭʚʨʦʧʝʡʩʴʢʠʡ ʜʦʩʚʽʜ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʥʠʟʴʢʦʰʫʤʥʽ ʧʦʢʨʠʪʪʷ, ʟʦʢʨʝʤʘ ʪʝʭʥʦʣʦʛʽʶ Exposed 
Aggregate Concrete (EAC) ð ʙʝʪʦʥ ʟ ʦʛʦʣʝʥʠʤ ʟʘʧʦʚʥʶʚʘʯʝʤ [1-15].. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʉʐɸ ʪʘ ɸʚʩʪʨʘʣʽʾ ʧʝʨʝʚʘʞʘʻ 
ʝʢʩʧʣʫʘʪʘʮʽʡʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ, ʪʦʜʽ ʷʢ ʚ ʋʢʨʘʾʥʽ ʟʙʝʨʽʛʘʻʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʦʨʽʻʥʪʦʚʘʥʘ ʤʦʜʝʣʴ, 
ʱʦ ʧʦʪʨʝʙʫʻ ʛʘʨʤʦʥʽʟʘʮʽʾ ʟ ʥʦʨʤʘʤʠ ɭʉ ʪʘ ʉʐɸ [1-15]. 

ɽʢʦʥʦʤʽʯʥʠʡ ʘʥʘʣʽʟ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʩʪʨʘʪʝʛʽʡ ʫʪʨʠʤʘʥʥʷ ʧʨʦʪʷʛʦʤ 40-ʨʽʯʥʦʛʦ ʮʠʢʣʫ 
ʜʝʤʦʥʩʪʨʫʻ ʩʫʪʪʻʚʫ ʧʝʨʝʚʘʛʫ ʧʨʝʚʝʥʪʠʚʥʠʭ ʤʝʪʦʜʽʚ. ʂʘʧʽʪʘʣʴʥʠʡ ʨʝʤʦʥʪ/ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʚ ʉʐɸ (ʯʝʨʝʟ 
15ï20 ʨʦʢʽʚ) ʢʦʰʪʫʻ ʙʣʠʟʴʢʦ 640 000 ʜʦʣ. ʥʘ ʦʜʠʥʠʮʶ ʚʠʤʽʨʫ. ʉʠʩʪʝʤʘ ʧʨʝʚʝʥʪʠʚʥʠʭ ʨʝʤʦʥʪʽʚ ʢʦʰʪʫʻ 
364 000 ʜʦʣ., ʱʦ ʚ 1,64 ʨʘʟʘ ʜʝʰʝʚʰʝ. ɺʢʣʘʜʝʥʠʡ 1 ʜʦʣʘʨ ʫ ʧʨʝʚʝʥʪʠʚʥʝ ʫʪʨʠʤʘʥʥʷ ʝʢʦʥʦʤʠʪʴ ʚʽʜ 4 ʜʦ 
10 ʜʦʣʘʨʽʚ ʥʘ ʤʘʡʙʫʪʥʽʡ ʨʝʢʦʥʩʪʨʫʢʮʽʾ [1-15]. 

ɺ ʋʢʨʘʾʥʽ ʘʢʪʫʘʣʴʥʽʩʪʴ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʟʫʤʦʚʣʝʥʘ ʚʽʜʩʫʪʥʽʩʪʶ ʩʪʘʣʦʾ ʩʠʩʪʝʤʠ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʭ 
ʨʝʤʦʥʪʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʜʯʘʩʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʜʦʨʦʛʠ ʪʘ ʚʠʩʦʢʠʭ ʚʠʪʨʘʪ ʥʘ ʢʘʧʽʪʘʣʴʥʠʡ ʨʝʤʦʥʪ 
ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʶ. ʅʘʨʘʟʽ ʧʠʪʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʧʨʝʚʝʥʪʠʚʥʠʭ ʨʝʤʦʥʪʽʚ ʚʠʩʚʽʪʣʝʥʦ 
ʥʝʜʦʩʪʘʪʥʴʦ, ʱʦ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʩʠʩʪʝʤʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ 
ʮʝʤʝʥʪʦʙʝʪʦʥʥʠʭ ʧʦʢʨʠʚʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʰʘʨʽʚ ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 
ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʧʦʩʪʘʚʣʝʥʦ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

¶ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʰʘʨʽʚ ʟʥʦʰʫʚʘʥʥʷ;  
¶ ʜʦʩʣʽʜʠʪʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ;  
¶ ʚʠʢʦʥʘʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ;  
¶ ʚʠʟʥʘʯʠʪʠ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ.  
ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʝʭʥʦʣʦʛʽʡ ʰʘʨʽʚ ʟʥʦʰʫʚʘʥʥʷ 
ʋ ʩʫʯʘʩʥʽʡ ʧʨʘʢʪʠʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʚʘ ʧʽʜʭʦʜʠ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʤʝʥʪʦʙʝʪʦʥʥʠʭ ʧʦʢʨʠʚʽʚ (ʨʠʩ. 1):  
1. ɺʽʜʥʦʚʣʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʝʟ ʟʤʽʥʠ ʢʦʥʩʪʨʫʢʮʽʾ;  
2. ʋʣʘʰʪʫʚʘʥʥʷ ʥʦʚʦʛʦ ʪʦʥʢʦʛʦ ʰʘʨʫ ʟʥʦʰʫʚʘʥʥʷ.  
ɼʦ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʰʦʛʦ ʥʘʧʨʷʤʫ ʥʘʣʝʞʘʪʴ: ʨʦʟʧʠʣʝʥʥʷ ʝʤʫʣʴʩʽʡ (Fog Seal) ʘʙʦ ʦʣʽʡ 

(ReclamiteÈ); ʧʦʚʝʨʭʥʝʚʘ ʦʙʨʦʙʢʘ (Chip Seal); ʫʣʴʪʨʘʪʦʰʢʦʰʘʨʦʚʽ ʧʦʢʨʠʚʠ. 
ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʨʫʛʦʛʦ ʥʘʧʨʷʤʫ ʫʣʘʰʪʦʚʫʶʪʴ: ʪʦʥʢʦʰʘʨʦʚʽ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʽ ʧʦʢʨʠʚʠ ʽʟ 

ʛʘʨʷʯʦʛʦ, ʭʦʣʦʜʥʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ ʘʙʦ ʽʟ ʱʝʙʝʥʝʚʦ ï ʤʘʩʪʠʢʦʚʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ; ʤʽʢʨʦʧʦʢʨʠʚʠ ʽʟ 
ʣʠʪʠʭ ʝʤʫʣʴʩʽʡʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʩʫʤʽʰʝʡ ʥʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʙʽʪʫʤʘʭ (Microsurfacing); ʪʘ ʰʣʘʤʦʚʽ 
ʝʤʫʣʴʩʽʡʥʦ- ʤʽʥʝʨʘʣʴʥʽ ʧʦʢʨʠʚʠ (Slurry Seal).  

ʇʦʚʝʨʭʥʝʚʽ ʦʙʨʦʙʢʠ. ʈʦʟʧʠʣʝʥʥʷ ʝʤʫʣʴʩʽʡ ʻ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʤʝʪʦʜʦʤ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 
ʛʝʨʤʝʪʠʟʘʮʽʶ ʤʽʢʨʦʪʨʽʱʠʥ ʽ ʟʘʭʠʩʪ ʚʽʜ ʚʦʣʦʛʠ. ʇʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʩʪʘʥʦʚʠʪʴ 2ï4 ʨʦʢʠ. 
ReclamiteÈ ï ʮʝ ʦʙʨʦʙʢʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ ʦʣʽʷʤʠ. ɺʦʥʘ ʧʦʧʦʚʥʶʻ ʚʘʞʣʠʚʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʚʠʧʘʨʫʚʘʣʠʩʷ 
ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ ʢʽʣʴʢʦʭ ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʽ ʟʤʝʥʰʫʻ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ. ɼʦʩʣʽʜʞʝʥʥʷ 
ʧʦʢʘʟʫʶʪʴ, ʱʦ ʮʝ ʧʨʦʜʦʚʞʫʻ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ ʧʦʚʝʨʭ ʮʝʤʝʥʪʦʙʝʪʦʥʫ ʥʘ 5 ʨʦʢʽʚ, ̔  ʻ ʜʫʞʝ 
ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʦʶ ʦʙʨʦʙʢʦʶ. 
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Figure 1 ï Methods for restoring the transport and operational characteristics of cement concrete 
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ʈʦʟʧʠʣʝʥʥʷ ʝʤʫʣʴʩʽʡ (Fog Seal) - ʮʝ ʦʜʠʥ ʽʟ ʥʘʡʧʨʦʩʪʽʰʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʤʝʪʦʜʽʚ. ʆʩʥʦʚʥʽ 
ʝʬʝʢʪʠ: ʛʝʨʤʝʪʠʟʘʮʽʷ ʤʽʢʨʦʪʨʽʱʠʥ; ʟʤʝʥʰʝʥʥʷ ʧʨʦʥʠʢʥʦʩʪʽ;  ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʤʽʮʥʦʩʪʽ. 
ʊʝʨʤʽʥ ʧʦʜʦʚʞʝʥʥʷ ʩʣʫʞʙʠ ʩʪʘʥʦʚʠʪʴ 2ï4 ʨʦʢʠ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʘʥʫ ʧʦʢʨʠʚʫ. 

ʊʝʭʥʦʣʦʛʽʷ Chip Seal ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʧʽʜʚʠʱʠʪʠ ʚʦʜʦʥʝʧʨʦʥʠʢʥʽʩʪʴ 
ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʥʘ 5ï7 ʨʦʢʽʚ. 

ɻʘʨʷʯʠʡ ʨʝʩʘʡʢʣʽʥʛ ʥʘ ʤʽʩʮʽ (Hot In-Place Recycling HIR) ʘʙʦ ɿʤʽʰʫʚʘʥʥʷ ʥʘ ʚʩʶ ʛʣʠʙʠʥʫ (Full 
Depth Reclamation FDR) ʘʙʦ ʍʦʣʦʜʥʠʡ ʨʝʩʘʡʢʣʽʥʛ ʥʘ ʤʽʩʮʽ (Cold In-Place Recycling CIR) ʘʙʦ + 
ʧʦʚʝʨʭʥʝʚʘ ʦʙʨʦʙʢʘ ʪʠʧʫ ʏʽʧ ʉʽʣ - ʮʷ ʢʦʤʙʽʥʦʚʘʥʘ ʦʙʨʦʙʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʟʘʭʠʩʪʫ 
ʧʝʨʝʨʦʙʣʝʥʦʾ ʩʫʤʽʰʽ ʘʙʦ ʨʝʛʝʥʝʨʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜ ʧʨʦʥʠʢʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʚʦʣʦʛʠ. ʇʦʚʝʨʭʥʝʚʽ 
ʦʙʨʦʙʢʠ ʟ ʜʨʽʙʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʚʘʨʽʘʥʪ ʧʦʚʝʨʭʥʽ ʥʘ ʜʦʨʦʛʘʭ ʟ ʥʠʟʴʢʦʶ 
ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʨʫʭʫ. 

ʆʯʽʢʫʚʘʥʥʷ ʚʽʜ ʧʦʚʝʨʭʥʝʚʦʾ ʦʙʨʦʙʢʠ ʧʨʦʩʪʽ: ʛʝʨʤʝʪʠʟʫʚʘʪʠ ʪʨʽʱʠʥʠ ʪʘ ʟʘʧʦʙʽʛʘʪʠ 
ʧʨʦʥʠʢʥʝʥʥʶ ʚʦʜʠ ʚ ʢʦʥʩʪʨʫʢʮʽʶ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʚʫ. ʎʝ ʧʦʜʦʚʞʠʪʴ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʜʦʨʦʞʥʴʦʛʦ 
ʧʦʢʨʠʚʫ ʥʘ 5-10 ʨʦʢʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʡʦʛʦ ʩʪʘʥʫ, ʯʘʩʫ ʧʨʦʚʝʜʝʥʥʷ ʦʙʨʦʙʢʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʙʫʜʽʚʥʠʮʪʚʽ (ʪʘʙʣ. 1).  

ʇʦʰʠʨʝʥʽ ʢʦʤʙʽʥʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦ ʾʦʙʨʦʙʢʠ  ʟ ʽʥʰʠʤʠ ʩʫʯʘʩʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʨʝʤʦʥʪʫ 
(ʨʠʩ. 2). 

ʇʦʚʝʨʭʥʝʚʘ ʦʙʨʦʙʢʘ ʧʦʢʨʠʚʫ ʻ ʥʘʡʝʬʝʢʪʠʚʥʽʰʦʶ, ʢʦʣʠ ʾʾ ʚʩʪʘʥʦʚʣʶʶʪʴ ʫ ʧʦʪʨʽʙʥʠʡ ʯʘʩ ʥʘ 
ʧʦʪʨʽʙʥʽʡ ʜʦʨʦʟʽ ʪʘ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʧʨʘʚʠʣʴʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʧʨʘʢʪʠʢ. ʅʘ ʫʩʧʽʭ ʚʽʜʢʦʣʽʚ ʧʦʚʝʨʭʥʝʚʦʾ 
ʦʙʨʦʙʢʠ ʟʘʟʚʠʯʘʡ ʚʧʣʠʚʘʶʪʴ ʪʘʢʽ ʬʘʢʪʦʨʠ: ʩʪʘʥ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʚʫ, ʧʦʛʦʜʘ, ʜʦʨʦʞʥʽʡ ʨʫʭ, ʚʠʙʽʨ 
ʤʘʪʝʨʽʘʣʽʚ, ʢʘʣʽʙʨʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʥʘʡʢʨʘʱʽ ʙʫʜʽʚʝʣʴʥʽ ʧʨʘʢʪʠʢʠ ʪʘ ʥʘʣʝʞʥʠʡ ʦʛʣʷʜ. 

 
ʊʘʙʣʠʮʷ 1  ï ʊʝʨʤʽʥʠ ʩʣʫʞʙʠ ʧʦʚʝʨʭʥʝʚʠʭ ʦʙʨʦʙʦʢ 
Table 1 ï Service life of surface treatments 

ʇʦʢʘʟʥʠʢʠ 
ʆʧʪʠʤʘʣʴʥʘ 
ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʉʝʨʝʜʥʷ 
ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ 
ʪʠʤʯʘʩʦʚʦʛʦ ʧʨʦʤʽʞʢʫ 

ʉʪʘʥ ʜʦʨʦʞʥʴʦʛʦ 
ʧʦʢʨʠʚʫ 

ɹ ɺ ɺ 

ʉʪʘʥ PCI 80 60 40 

ʊʝʨʤʽʥ ʩʣʫʞʙʠ 7-10 ʨʦʢʽʚ 3 - 5 ʨʦʢʽʚ 1 - 3 ʨʦʢʠ 

ʇʨʠʤʽʪʢʘ. ɹ ï ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʫ ʧʦʢʨʠʚʫ ʟ ʦʮʽʥʢʦʶ ʈʉɯ ʚʽʜ 75 ï ʜʦ 85 (ʜʦʙʨʠʡ); ɺ ï ʧʨʠ ʈʉɯ ʚʽʜ 55 ï ʜʦ 
65 (ʜʫʞʝ ʧʦʛʘʥʠʡ). 

 
ʑʦʙ ʟʙʽʣʴʰʠʪʠ ʰʘʥʩʠ ʥʘ ʫʩʧʽʭ ʨʝʤʦʥʪʫ ʧʦʚʝʨʭʥʝʚʦʶ ʦʙʨʦʙʢʦʶ, ʥʘʡʢʨʘʱʦʶ ʧʨʘʢʪʠʢʦʶ ʙʫʣʦ 

ʙ ʧʨʦʚʝʩʪʠ ʢʦʨʦʪʢʝ ʥʘʚʯʘʥʥʷ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʧʨʦʻʢʪʽʚ ʜʣʷ ʧʽʜʨʷʜʥʠʢʘ ʪʘ ʧʨʝʜʩʪʘʚʥʠʢʘ ʘʛʝʥʪʩʪʚʘ, 
ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʟʘ ʨʝʤʦʥʪ, ʱʦʙ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʚʩʽ ʨʦʟʫʤʽʶʪʴ ʩʠʪʫʘʮʽʶ ʦʜʥʘʢʦʚʦ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʰʘʨʽʚ ʟʥʦʩʫ [16 - 31]. 
ɼʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʎɹʇ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʛʨʫʧ ʤʘʪʝʨʽʘʣʽʚ: 
ʃʠʪʽ ʝʤʫʣʴʩʽʡʥʦ-ʤʽʥʝʨʘʣʴʥʽ ʩʫʤʽʰʽ (ʃɽʄʉ): Slurry Seal ʪʘ Microsurfacing. ʆʩʪʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʣʽʤʝʨ-ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʝʤʫʣʴʩʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʝ 
ʪʚʝʨʜʥʝʥʥʷ (ʤʝʥʰ ʥʽʞ ʟʘ 1 ʛʦʜʠʥʫ) ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʚʥʶʚʘʥʥʷ ʢʦʣʽʾ ʜʦ 25 ʤʤ. ʄʽʢʨʦʧʦʢʨʠʚʠ -  ʮ ̔
ʪʝʭʥʦʣʦʛʽʾ ʻ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʮʝʤʝʥʪʦʙʝʪʦʥʥʠʭ ʧʦʢʨʠʚʽʚ. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 
ʪʦʚʱʠʥʘ ʰʘʨʫ: 5ï15 ʤʤ; ʧʦʣʽʤʝʨ-ʤʦʜʠʬʽʢʦʚʘʥʽ ʝʤʫʣʴʩʽʾ; ʚʠʩʦʢʘ ʘʜʛʝʟʽʷ ʜʦ ʦʩʥʦʚʠ; ʰʚʠʜʢʝ ʪʚʝʨʜʽʥʥʷ. 
ɽʬʝʢʪʠʚʥʽʩʪʴ: ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ: 6ï10 ʨʦʢʽʚ;  ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ; 
ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʚʥʶʚʘʥʥʷ ʢʦʣʽʡ.  

ʑʝʙʝʥʝʚʦ-ʤʘʩʪʠʢʦʚʠʡ ʘʩʬʘʣʴʪʦʙʝʪʦʥ (ʑʄɸ): ʍʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ 
ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʶ ʟʘʚʜʷʢʠ ʞʦʨʩʪʢʦʤʫ ʢʘʤôʷʥʦʤʫ ʢʘʨʢʘʩʫ. 

ʊʦʥʢʦʰʘʨʦʚʽ ʧʦʢʨʠʚʠ (TashP): ɺʢʣʶʯʘʶʪʴ ʭʦʣʦʜʥʽ ʪʝʭʥʦʣʦʛʽʾ (ʥʘʧʨʠʢʣʘʜ, RoadPave), ʷʢʽ 
ʤʦʞʥʘ ʫʢʣʘʜʘʪʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ +5Áʉ ʥʘʚʽʪʴ ʥʘ ʚʦʣʦʛʠʡ ʧʦʢʨʠʚ. 
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ɻʝʨʤʝʪʠʟʘʮʽʷ ʪʨʽʱʠʥ + ʧʦʚʝʨʭʥʝʚʘ ʦʙʨʦʙʢʘ  [18]: ʢʦʣʠ 

ʪʨʽʱʠʥʠ ʚ ʽʩʥʫʶʯʽʡ ʧʦʚʝʨʭʥʽ ʧʝʨʝʚʠʱʫʶʪʴ 1/4 ʜʶʡʤʘ 

ʟʘʚʰʠʨʰʢʠ, ʾʭ ʛʝʨʤʝʪʠʟʘʮʽʷ ʧʝʨʝʜ ʚʽʜʢʦʣʽʚ ʧʦʚʝʨʭʥʝʚʘ 

ʦʙʨʦʙʢʘ ʜʦʧʦʤʦʞʝ ʟʘʧʦʙʽʛʪʠ ʧʨʦʥʠʢʥʝʥʥʶ ʚʦʜʠ ʛʣʠʙʰʝ ʚ 

ʢʦʥʩʪʨʫʢʮʽʶ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʚʫ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʪʨʽʱʠʥʠ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʢʨʽʟʴ ʥʦʚʫ ʟʥʦʰʫʚʘʥʫ ʧʦʚʝʨʭʥʶ. 

 

 

ʇʦʜʚʽʡʥʽ ʪʘ ʧʦʪʨʽʡʥʽ ʧʦʚʝʨʭʥʝʚʽ ʦʙʨʦʙʢʠ (ʇʆ) [18]:. 

ɹʘʛʘʪʦʰʘʨʦʚʽ ʇʆ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʢʦʣʠ ʧʦʪʨʽʙʥʘ 

ʙʽʣʴʰʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ. ʊʘʢʽ ʧʦʢʨʠʚʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʝʥʰʝ 

ʰʫʤʫ ʚʽʜ ʪʨʘʥʩʧʦʨʪʫ, ʜʦʜʘʪʢʦʚʫ ʛʽʜʨʦʽʟʦʣʷʮʽʶ ʪʘ ʻ 

ʤʽʮʥʽʰʠʤʠ ʧʦʢʨʠʚʘʤʠ ʧʦʨʽʚʥʷʥʦ ʟ ʦʜʥʦʰʘʨʦʚʠʤʠ. 

ɽʬʝʢʪʠʚʥʽ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʘʢʠʭ ʷʢ 

ʜʽʣʷʥʢʠ ʟ ʚʠʩʦʢʠʤ ʚʽʜʩʦʪʢʦʤ ʚʘʥʪʘʞʥʦʛʦ ʨʫʭʫ ʘʙʦ ʥʘ 

ʢʨʫʪʠʭ ʩʭʠʣʘʭ. 

 

ʇʦʚʝʨʭʥʝʚʘ ʦʙʨʦʙʢʘ ʟ ʨʦʟʧʠʣʶʚʘʥʥʷʤ  ʎʷ ʢʦʤʙʽʥʦʚʘʥʘ 

ʦʙʨʦʙʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʙʣʦʢʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʧʫʭʢʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʪʘ ʥʘʜʘʥʥʷ ʫʱʽʣʴʥʶʚʘʯʫ ʚʽʜ ʪʨʽʱʠʥ 

ʛʘʨʥʦʛʦ ʝʩʪʝʪʠʯʥʦʛʦ ʚʠʛʣʷʜʫ. ʂʨʽʤ ʪʦʛʦ, ʮʷ ʢʦʤʙʽʥʘʮʽʷ 

ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʤʝʞʫʚʘʥʥʷ ʩʤʫʛ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʚʘʛʦʶ 

ʜʣʷ ʙʝʟʧʝʢʠ. 

 

 

ʇʽʜˇʨʫʥʪʦʚʢʘ ʽʟ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʙʽʪʫʤʫ + ʛʘʨʷʯʘ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʘ ʩʫʤʽʰ (SAMI - ʧʨʦʤʽʞʥʠʡ ʰʘʨ 

ʤʝʤʙʨʘʥʘ, ʱʦ ʧʦʛʣʠʥʘʻ ʥʘʧʨʫʛʫ) - ʢʦʤʙʽʥʦʚʘʥʘ ʦʙʨʦʙʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʫʧʦʚʽʣʴʥʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʚʽʜʦʙʨʘʞʝʥʦʛʦ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʚ ʥʦʚʠʭ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ 

ʧʦʢʨʠʚʘʭ. ɿʘʟʚʠʯʘʡ ʚʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʚ'ʷʞʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʫʱʽʣʴʥʝʥʥʷ ʪʨʽʱʠʥ ʟ 

ʟʘʧʦʚʥʶʚʘʯʝʤ, ʘ ʧʦʪʽʤ ʟʚʝʨʭʫ ʫʢʣʘʜʘʻʪʴʩʷ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʡ ʧʦʢʨʠʚ. 

 

ʈʝʤʦʥʪ ʪʨʽʱʠʥ + ʰʣʘʤ (ʉʣʘʨʨʽ ʉʽʣ) ʘʙʦ ʤʽʢʨʦʧʦʢʨʠʚ 

ʜʣʷ ʽʩʥʫʶʯʠʭ ʧʦʢʨʠʚʽʚ ʟ ʪʨʽʱʠʥʘʤʠ ʙʽʣʴʰʝ 3 - 5 ʤʤ, 

ʦʧʪʠʤʘʣʴʥʦ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʠʰʝ ʰʣʘʤʦʚʦʛʦ 

ʫʱʽʣʴʥʶʚʘʯʘ, ʥʘʥʝʩʝʥʥʷ ʤʘʩʪʠʢʠ ʧʨʠ ʨʝʤʦʥʪʽ ʪʨʽʱʠʥ 

ʧʝʨʝʜ ʰʣʘʤʦʚʠʤ ʫʱʽʣʴʥʶʚʘʯʝʤ ʜʽʻ ʷʢ ʧʨʦʤʽʞʥʠʡ ʰʘʨ, ʱʦ 

ʧʦʛʣʠʥʘʻ ʥʘʧʨʫʛʫ, ʨʝʪʝʣʴʥʽʰʝ ʛʝʨʤʝʪʠʟʫʶʯʠ ʪʨʽʱʠʥʠ ʪʘ 

ʟʘʪʨʠʤʫʶʯʠ ʧʦʚʪʦʨʥʫ ʧʦʷʚʫ ʚʽʜʦʙʨʘʞʝʥʠʭ ʪʨʽʱʠʥ  

 

ʈʠʩʫʥʦʢ 2 ï  ʂʦʤʙʽʥʦʚʘʥʽ ʤʝʪʦʜʠ ʚʽʜʥʦʚʣʝʥʥʷ ʮʝʤʝʥʪʦʙʝʪʦʥʥʠʭ ʧʦʢʨʠʚʽʚ 

Figure 2 ï Combined methods for restoring cement concrete surfaces 
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ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ: ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ɼʦʩʣʽʜʞʝʥʥʷ ʥʘ ʜʽʣʷʥʢʘʭ ɸɼ çʍʘʨʢʽʚ ï ʉʽʤʬʝʨʦʧʦʣʴè ʪʘ ʚ ʏʝʨʥʽʛʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʧʦʢʘʟʘʣʠ: 

ʄʽʮʥʽʩʪʴ ʪʘ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ: ʋʣʘʰʪʫʚʘʥʥʷ ʪʦʥʢʦʰʘʨʦʚʦʛʦ ʧʦʢʨʠʪʪʷ (2ï3 ʩʤ) ʧʽʜʚʠʱʫʻ 

ʟʘʛʘʣʴʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʥʘ 5ï19% ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʧʦʚʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʟ ʦʩʥʦʚʦʶ. 

ʊʝʨʤʽʥ ʩʣʫʞʙʠ: ɼʣʷ ʎɹʇ ʦʧʪʠʤʘʣʴʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʤʽʢʨʦʧʦʢʨʠʪʪʷ ʩʪʘʥʦʚʠʪʴ 6ï8 ʨʦʢʽʚ, 

ʑʄɸ ð 7ï10 ʨʦʢʽʚ, ʪʦʜʽ ʷʢ ʟʚʠʯʘʡʥʘ ʧʦʚʝʨʭʥʝʚʘ ʦʙʨʦʙʢʘ (Chip Seal) ʝʬʝʢʪʠʚʥʘ ʧʨʦʪʷʛʦʤ 3ï5 ʨʦʢʽʚ. 

ʉʪʘʥ ʧʦʢʨʠʪʪʷ (PCI): ʅʘʡʚʠʱʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʝʚʝʥʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʽʥʜʝʢʩʽ 

ʩʪʘʥʫ ʧʦʢʨʠʪʪʷ (PCI) ʧʦʥʘʜ 60. ʅʘʥʝʩʝʥʥʷ ʰʘʨʫ ʟʥʦʩʫ ʧʨʠ PCI 50ï80 ʜʘʻ ʧʨʠʨʽʩʪ ʧʦʢʘʟʥʠʢʘ ʥʘ 10ï20 

ʧʫʥʢʪʽʚ. 

ʊʦʥʢʦʰʘʨʦʚʽ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʽ ʧʦʢʨʠʚʠ ʟʘʙʝʟʧʝʯʫʶʪʴ: ʚʽʜʥʦʚʣʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ; ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ; ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʢʩʪʫʨʠ; ʟʘʭʠʩʪ ʚʽʜ ʧʨʦʥʠʢʥʝʥʥʷ 

ʚʦʣʦʛʠ. ʇʝʨʝʚʘʛʠ: ʰʚʠʜʢʝ ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ (1ï4 ʛʦʜʠʥʠ); ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʜʦ 30ï40%; 

ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʚʠʢʠʜʽʚ CO . 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʬʽʢʩʦʚʘʥʦ ʧʦʢʨʘʱʝʥʥʷ ʟʯʝʧʣʝʥʥʷ ʥʘ 

20ï40%; ʟʥʠʞʝʥʥʷ ʚʦʜʦʧʨʦʥʠʢʥʦʩʪʽ; ʟʙʽʣʴʰʝʥʥʷ ʤʽʞʨʝʤʦʥʪʥʦʛʦ ʧʝʨʽʦʜʫ ʥʘ 30ï60%.  ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʪʘʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: ʜʦʚʛʦʚʽʯʥʽʩʪʴ; ʝʢʦʥʦʤʽʯʥʽʩʪʴ; ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ; ʝʢʦʣʦʛʽʯʥʽʩʪʴ; 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  ʅʘʧʨʷʤʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʧʦʣʷʛʘʶʪʴ ʫ ʨʦʟʨʦʙʣʝʥʥʽ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʫʤʽʰʝʡ ʜʣʷ ʎɹʇ;  ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʤʝʨ-ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʤʫʣʴʩʽʡ; ʚʧʨʦʚʘʜʞʝʥʥʷ 3D-

ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʩʪʘʥʫ ʧʦʢʨʠʚʫ; ʘʜʘʧʪʘʮʽʷ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ; ʨʦʟʚʠʪʦʢ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ.  

ɺ ʋʢʨʘʾʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʘʨʽʚ ʟʥʦʰʫʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʩʪʘʜʽʾ ʘʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ. ʆʩʥʦʚʥʽ 

ʧʨʦʙʣʝʤʠ ʧʦʚôʷʟʘʥʽ ʟ ʥʝʜʦʩʪʘʪʥʽʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʝʚʝʥʪʠʚʥʠʭ ʨʝʤʦʥʪʽʚ; ʦʙʤʝʞʝʥʦʶ ʥʦʨʤʘʪʠʚʥʦʶ 

ʙʘʟʦʶ; ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ ʩʫʯʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; ʚʽʜʩʫʪʥʽʩʪʴ ʩʠʩʪʝʤʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ 

ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ.  

ɼʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʦʥʢʦʰʘʨʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʽʟ ʭʦʣʦʜʥʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ RoadPave ʜʣʷ 

ʨʝʤʦʥʪʫ ʧʦʢʨʠʚʽʚ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ 

ʋ ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʟʘ ʜʦʛʦʚʦʨʦʤ ʚʽʜ 30 ʚʝʨʝʩʥʷ 2025 ʨ. ˉ 63 

ñʇʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʫʣʘʰʪʫʚʘʥʥʷ ʰʘʨʽʚ ʟʥʦʩʫ ʮʝʤʝʥʪʦʙʝʪʦʥʥʦʛʦ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʚʫò 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʦʥʢʦʰʘʨʦʚʠʡ ʧʦʢʨʠʚ ʽʟ ʚʠʩʦʢʦʱʝʙʝʥʠʩʪʦʾ ʭʦʣʦʜʥʦʾ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʠʪʴ ʚʽʜʩʫʪʥʽʩʪʴ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʥʝʜʦʣʽʢʽʚ ʚʞʝ ʚʽʜʦʤʠʭ ʧʦʚʝʨʭʥʝʚʠʭ 

ʦʙʨʦʙʦʢ ʪʘ ʰʘʨʽʚ ʟʥʦʰʫʚʘʥʥʷ.  ɼʦʩʣʽʜʥʝ ʚʣʘʰʪʫʚʘʥʥʷ ʧʦʢʨʠʚʫ ʚʠʢʦʥʫʚʘʣʦʩʷ 08 ʞʦʚʪʥʷ 2025 

ʨʦʢʫ. 

ʄʽʩʮʝ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ: ʂʠʾʚʩʴʢʘ ʦʙʣʘʩʪʴ, ʉʢʚʠʨʩʴʢʠʡ ʨʘʡʦʥ, ʘʚʪʦʤʦʙʽʣʴʥʘ ʜʦʨʦʛʘ ʈʫʜʘ-

ɺʝʣʠʢʦʧʦʣʦʚʝʮʴʢʝ. ʩ. ʈʫʜʘ, ʧʦ ʚʫʣ. ɯʤʨʽʭʘ ʃʠʩʘʢʘ ʣʽʚʘ ʩʪʦʨʦʥʘ ʜʦʨʦʛʠ ʧʝʨʝʜ ʧʦʚʦʨʦʪʦʤ ʥʘ ʚʫʣ. 

ɿʘʣʽʟʥʠʯʥʫ, ʂʦʦʨʜʠʥʘʪʠ 49.796126, 29.856891. 

ʇʦʛʦʜʥʽ ʫʤʦʚʠ:  ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʧʨʠ ʚʣʘʰʪʫʚʘʥʥʽ ʧʦʢʨʠʚʫ  

ʚʽʜ +10Áʉ ʜʦ +14Áʉ. ʍʦʣʦʜʥʘ ʚʦʣʦʛʘ ʧʦʛʦʜʘ, ʧʦʭʤʫʨʦ, ʩʫʭʠʡ ʧʦʢʨʠʚ, ʟʘ ʜʝʥʴ ʧʝʨʝʜ ʚʣʘʰʪʫʚʘʥʥʷʤ ʡʰʣʠ 

ʩʠʣʴʥʽ ʜʦʱʽ. 

ʇʨʠʛʦʪʫʚʘʥʥʷ ʪʘ ʩʢʣʘʜ ʩʫʤʽʰʽ:  ʧʨʠʛʦʪʫʚʘʥʥʷ ʩʫʤʽʰʽ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʥʘ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʤʫ ʟʘʚʦʜʽ ɼʉ-117. ʉʫʤʽʰ ʤʘʪʝʨʽʘʣʫ ʬʨ. 0-10 ʤʤ ʧʝʨʝʤʽʰʫʚʘʣʘʩʷ ʥʘʚʘʥʪʘʞʫʚʘʯʝʤ ʪʘ 

ʟʘʩʠʧʘʣʘʩʷ ʫ ʙʫʥʢʝʨ ʜʣʷ ʧʦʜʘʯʽ ʥʘ ʟʘʚʦʜ. ʄʘʪʝʨʽʘʣ ʙʫʚ ʜʫʞʝ ʚʦʣʦʛʠʤ ʪʘ ʤʘʚ ʪʝʤʧʝʨʘʪʫʨʫ 11ʦʉ. ʅʘ 

ʟʘʚʦʜʽ ʤʘʪʝʨʽʘʣ ʧʽʜʽʛʨʽʚʘʚʩʷ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʫʤʽʰʽ ʧʨʠ ʚʠʭʦʜʽ ʽʟ ʟʤʽʰʫʚʘʯʘ 

ʩʪʘʥʦʚʠʣʘ 35ʦʉ. ʄʘʪʝʨʽʘʣ ʚʠʚʘʥʪʘʞʫʚʘʚʩʷ ʥʘ ʘʩʬʘʣʴʪʦʚʘʥʫ ʧʣʦʱʘʜʢʫ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ. 

 ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʫʤʽʰʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʙʽʪʫʤ ʨʦʟʨʽʜʞʝʥʠʡ ʤʘʨʢʠ ʉɻ 70/130 ʽʟ ʢʦʤʧʣʝʢʩʦʤ 

ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʤʽʰʦʢ ʇɸʈ. 

ɺʣʘʰʪʫʚʘʥʥʷ ʧʦʢʨʠʚʫ: ʪʝʤʧʝʨʘʪʫʨʘ ʩʫʤʽʰʽ ʧʨʠ ʫʢʣʘʜʘʥʥʽ ʩʪʘʥʦʚʠʣʘ 14ʦʉ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʝʨʭʥʽ ʽʩʥʫʶʯʦʛʦ ʰʘʨʫ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ + 14Áʉ. ɼʦʨʦʛʘ ʟʨʫʡʥʦʚʘʥʘ ʪʨʽʱʠʥʘʤʠ, ʩʽʪʢʦʶ ʪʨʽʱʠʥ ʪʘ 

ʥʝʚʝʣʠʢʠʤʠ ʚʠʙʦʾʥʘʤʠ. ʉʫʤʽʰ ʜʦʩʪʘʚʣʷʣʘʩʷ ʥʘ ʜʽʣʷʥʢʫ ʜʦʨʦʛʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʚʘʥʪʘʞʫʚʘʯʘ. ɼʽʣʷʥʢʘ 

ʜʦʨʦʛʠ ʧʽʜʤʽʪʘʣʘʩʷ ʚʨʫʯʥʫ ʱʽʪʢʘʤʠ. 

ʋʢʣʘʜʘʥʥʷ ʩʫʤʽʰʽ ʚʠʢʦʥʫʚʘʣʘʩʴ ʚʨʫʯʥʫ, ʩʫʤʽʰ ʣʦʧʘʪʘʤʠ ʫʢʣʘʜʘʣʘʩʷ ʥʘ ʧʦʢʨʠʚ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʣʘʜʠʣʢʠ ʜʣʷ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ, ʨʦʟʨʽʚʥʶʚʘʣʘʩʷ ʪʦʚʱʠʥʦʶ 15-20 ʤʤ, ʋʱʽʣʴʥʝʥʥʷ 
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ʚʠʢʦʥʫʚʘʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʦʙʽʣʷ ɻɸɿ-3302 çɻʘʟʝʣʴè ʚʘʛʦʶ 2150 ʢʛ, ʟʨʦʙʣʝʥʦ 5 é 7 ʧʨʦʭʦʜʽʚ ʧʦ 

ʦʜʥʦʤʫ ʩʣʽʜʫ. 

 ʈʫʭ ʪʨʘʥʩʧʦʨʪʫ ʚʽʜʢʨʠʚʘʚʩʷ ʦʜʨʘʟʫ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʫʱʽʣʴʥʝʥʥʷ. ʐʚʠʜʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫ ʷʢʠʡ 

ʨʫʭʘʚʩʷ ʧʦ ʥʦʚʦʤʫ ʧʦʢʨʠʚʫ  ʩʢʣʘʜʘʣʘ 60 é 80 ʢʤ/ʛʦʜ. ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʫ ʥʝ ʦʙʤʝʞʫʚʘʣʘʩʷ 

ʜʦʨʦʞʥʽʤʠ ʟʥʘʢʘʤʠ.  

ʆʙʣʘʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦ ʱʝʙʝʥʠʩʪʦʛʦ ʭʦʣʦʜʥʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ ʻ ʚʣʘʰʪʫʚʘʥʥʷ 

ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʧʦʣʦʪʥʘ ʤʦʩʪʦʚʠʭ ʩʧʦʨʫʜ ʪʘ ʧʽʜʭʦʜʽʚ ʜʦ ʥʠʭ, ʚʣʘʰʪʫʚʘʥʥʷ ʟʘʭʠʩʥʠʭ ʰʘʨʽʚ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ, ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ ʪʘ ʜʦʨʽʛ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ: ʧʝʨʝʚʘʛʘʤʠ ʚʠʩʦʢʦʱʝʙʝʥʠʩʪʦʛʦ ʭʦʣʦʜʥʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ ʻ: ʚʠʩʦʢʘ 

ʟʩʫʚʦʩʪʽʡʢʽʩʪʴ; ʚʠʩʦʢʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʪʠʨʘʥʥʷ; ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʰʫʤʫ (ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʫ ʤʝʞʘʭ 

ʤʽʩʪʘ); ʚʠʩʦʢʝ ʟʯʝʧʣʝʥʥʷ ʢʦʣʝʩʘ ʟ ʧʦʢʨʠʚʦʤ; ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʫ ʘʢʚʘʧʣʘʥʫʚʘʥʥʷ; ʜʦʜʘʪʢʦʚʘ 

ʛʽʜʨʦʽʟʦʣʷʮʽʷ; ʫʢʣʘʜʘʥʥʷ ʚ ʭʦʣʦʜʥʦʤʫ ʩʪʘʥʽ; ʫʢʣʘʜʘʥʥʷ ʥʘ ʚʦʣʦʛʠʡ ʧʦʢʨʠʚ; ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚʽʜ +5ʦʉ; ʤʦʞʣʠʚʽʩʪʴ ʚʣʘʰʪʫʚʘʥʥʷ ʧʦʢʨʠʚʫ ʚ ʜʦʱʦʚʫ ʧʦʛʦʜʫ; ʧʝʨʝʚʝʟʝʥʥʷ ʩʫʤʽʰʽ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ, 

ʤʦʞʣʠʚʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʫ ɹʽʛʙʝʛʘʭ ʪʘ ʥʘ ʩʢʣʘʜʽ;  ʩʫʤʽʰ ʧʨʠʜʘʪʥʘ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ 

ʜʥʽʚ ʧʽʩʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ; ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʚʝʨʭʥʝʚʦʾ ʦʙʨʦʙʢʠ ʜʦʨʦʞʥʽʭ ʙʝʪʦʥʥʠʭ ʧʣʠʪ; ʫʢʣʘʜʘʥʥʷ 

ʰʘʨʦʤ ʪʦʚʱʠʥʦʶ ʚʽʜ 10 ʤʤ. 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʨʦʙʣʝʥʦ ʩʢʣʘʜ ʭʦʣʦʜʥʦʛʦ 

ʚʠʩʦʢʦʱʝʙʝʥʠʩʪʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ (ʍɺʑɸ) ʥʘ ʙʽʪʫʤʘʭ ʄɻ, ʉɻ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʇɸʈ. ɼʘʥʠʡ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʚʣʘʩʪʠʚʦʩʪʽ ʱʝʙʝʥʝʚʦ-ʤʘʩʪʠʯʥʦʛʦ ʪʘ ʣʠʪʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʽʚ ʽ ʤʘʻ ʚʠʩʦʢʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʫʭʫ ʟ ʚʝʣʠʢʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʪʘ ʨʫʭʫ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ʋʢʣʘʜʘʥʥʷ ʚʠʩʦʢʦʱʝʙʝʥʠʩʪʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʷʢ ʧʨʠ ʫʢʣʘʜʘʥʥʽ ʛʘʨʷʯʠʭ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ. ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʟʚʠʯʘʡʥʽ 

ʘʩʬʘʣʴʪʦʫʢʣʘʜʘʯʽ ʙʝʟ ʜʦʨʦʙʦʢ ʜʣʷ ʫʢʣʘʜʘʥʥʷ ʩʫʤʽʰʽ. ɼʣʷ ʫʢʦʯʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʥʝʚʤʘʪʠʯʥʽ 

ʢʦʪʢʠ. ʊʦʚʱʠʥʘ ʰʘʨʫ ʫʢʣʘʜʘʥʥʷ 10-15 ʤʤ. 

ʉʫʤʽʰ ʧʨʘʢʪʠʯʥʦ ʚʠʪʽʢʘʣʘ ʽʟ ʢʫʟʦʚʘ ʧʨʠ ʚʠʚʘʥʪʘʞʝʥʥʽ. ɿʝʨʥʦʚʠʡ ʩʢʣʘʜ ʪʘ ʚʤʽʩʪ ʙʽʪʫʤʫ ʥʘʚʝʜʝʥʦ 

ʫ ʪʘʙʣ. 2. 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʫʤʽʰʽ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʙʽʪʫʤ ʨʽʜʢʠʡ ʤʘʨʦʢ ʉɻ 40/70, ʉɻ 70/130, ʉɻ 130/200 

ʟʛʽʜʥʦ ɻʆʉʊ 11955-82 ʘʙʦ ɹʉɻʈ 40/70, ɹʉɻʈ 70/130, ɹʉɻʈ 130/200 ʟʛʽʜʥʦ ʉʆʋ 45.2-00018112-036:2009 

[32] ̔ ʟ ʜʦʤʽʰʢʘʤʠ ʢʘʪʽʦʥʦʚʠʭ ʇɸʈ.  ɼʦʩʣʽʜʥʘ ʧʘʨʪʽʷ ʚʠʛʦʪʦʚʣʷʣʘʩʷ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤʫ ɸɹɿ ʧʦ ʪʝʭʥʦʣʦʛʽʾ 

ʛʘʨʷʯʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ ʽʟ ʤʽʥʽʤʘʣʴʥʠʤ ʧʽʜʽʛʨʽʚʦʤ ʤʘʪʝʨʽʘʣʽʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ +30-40ʦʉ. ʄʘʪʝʨʽʘʣ 

ʧʦʩʪʫʧʘʚ ʫ ʤʽʰʘʣʢʫ ʽʟ ʥʝʚʝʣʠʢʦʶ ʚʦʣʦʛʽʩʪʶ. ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʚʽʜʙʫʚʘʣʦʩʷ ʧʨʦʪʷʛʦʤ ʦʜʥʽʻʾ ʭʚʠʣʠʥʠ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʙʽʪʫʤʫ ʧʨʠ ʧʦʜʘʯʽ ʫ ʤʽʰʘʣʢʫ ʩʪʘʥʦʚʠʣʘ 90-95ʦʉ. ʉʫʤʽʰ ʧʽʩʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʫʣʘ 

ʦʜʥʦʨʽʜʥʘ ʪʘ ʙʣʠʩʢʫʯʘ. ɿʘ ʩʚʦʾʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʦʥʘ ʟʘʡʤʘʣʘ ʧʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ 

ʤʽʞ ʛʘʨʷʯʠʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʤ ʪʘ ʣʠʪʠʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʤ. 

 

ʊʘʙʣʠʮʷ 2 ï ɿʝʨʥʦʚʠʡ ʩʢʣʘʜ ʭʦʣʦʜʥʦʾ ʚʠʩʦʢʦʱʝʙʝʥʠʩʪʦʾ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʪʘ ʚʤʽʩʪ 

ʙʽʪʫʤʫ 

Table 2 ï Grain composition of cold high-crushed asphalt concrete mix and bitumen content 

 

ʍɺʑɸ 

ɺʤʽʩʪ ʟʘ ʤʘʩʦʶ, % ʟʝʨʝʥ, ʤʝʥʰʠʭ ʜʘʥʦʛʦ ʨʦʟʤʽʨʫ, ʤʤ 

ɺʤʽʩʪ 

ʙʽʪʫʤʫ, 

% 

10 5 2,5 1,25 0,63 0,315 0,16 0,071  

95,0 43,0 25,1 15,2 10,3 8,6 4,6 2,0 6,2 

ɺʠʤʦʛʠ 90-100 20-55 5-30 0-17 0-14 0-12 0-9 0-4 5,0-7,0 

 

ʅʘ ʥʘʩʪʫʧʥʠʡ ʜʝʥʴ ʙʫʣʠ ʚʣʘʰʪʦʚʘʥʽ ʜʦʩʣʽʜʥʽ ʜʽʣʷʥʢʠ ʥʘ ʜʦʨʦʛʘʭ ʽʟ ʤʘʣʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʨʫʭʫ. 

ʋʤʦʚʠ ʚʣʘʰʪʫʚʘʥʥʷ ʪʘ ʬʦʪʦ ʯʝʨʝʟ 0,5 ʨʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3. 
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ɽʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. ɼʦʩʚʽʜ ʉʐɸ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ: ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʻ ʨʘʥʥʽ 

ʚʪʨʫʯʘʥʥʷ; ʪʦʥʢʽ ʰʘʨʠ ʧʦʩʠʣʝʥʥʷ ʪʘ ʤʽʢʨʦʧʦʢʨʠʚʠ (thin overlay ʪʘ micro-surfacing) ʤʘʶʪʴ ʥʘʡʢʨʘʱʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ/ʚʘʨʪʽʩʪʴ ʜʣʷ HMA; ʜʣʷ PCC ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ partial-depth repair ʪʘ 

ʘʣʤʘʟʥʝ ʰʣʽʬʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ (diamond grinding); ʩʠʩʪʝʤʥʽʩʪʴ PMS ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʝʢʦʥʦʤʽʾ 

ʙʶʜʞʝʪʥʠʭ ʢʦʰʪʽʚ. 

 

  
ʘ) ʚʠʛʣʷʜ ʩʪʠʢʫ ʤʽʞ ʩʪʨʠʤ ʧʦʢʨʠʚʦʤ ʪʘ ʥʦʚʠʤ 

ʰʘʨʦʤ ʭʦʣʦʜʥʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ 

ʙ) ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʜʽʣʷʥʢʠ ʯʝʨʝʟ ʧʽʚ ʨʦʢʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 

 

ʈʠʩʫʥʦʢ 3 ï  ɺʠʛʣʷʜ ʚʣʘʰʪʦʚʘʥʦʾ ʜʦʩʣʽʜʥʽ ʜʽʣʷʥʢʠ ʽʟ ʭʦʣʦʜʥʦʾ ʚʠʩʦʢʦʱʝʙʝʥʠʩʪʦʾ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ 

Figure 3 ï View of the constructed experimental area from cold high-crushed asphalt concrete mix 

 

ɽʬʝʢʪʠʚʥʦʩʪʽ ʧʦʪʦʯʥʠʭ ʨʝʤʦʥʪʽʚ ʧʦʢʨʠʚʽʚ ʫ ʉʐɸ ʫʟʘʛʘʣʴʥʝʥʦ ʟʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ Federal 

Highway Administration, American Association of State Highway and Transportation Officials ʪʘ National 

Center for Pavement Preservation; ʟʥʘʯʝʥʥʷ ʻ ʪʠʧʦʚʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ ʜʣʷ ʤʝʨʝʞʽ ʜʦʨʽʛ ʰʪʘʪʽʚ ʉʐɸ [15 - 

31] (ʧʦʨʽʚʥʷʣʴʥʽ ʪʘʙʣʠʮʽ (3 ï 4)). 

 

ʊʘʙʣʠʮʷ 3 ð ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʝʤʦʥʪʽʚ (ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʽ ʧʦʢʨʠʚʠ HMA) 

Table 3 ð Repair efficiency (HMA asphalt concrete pavements) 

ʄʝʪʦʜ ʨʝʤʦʥʪʫ (Treatment) ɼʽʘʧʘʟʦʥ 

PCI ʜʦ 

ʨʝʤʦʥʪʫ 

ɿʤʽʥʘ PCI 

ʧʽʩʣʷ 

ʨʝʤʦʥʪʫ 

ʉʪʨʦʢ 

ʩʣʫʞʙʠ, 

ʨʦʢʠ (ʤʽʥï

ʩʝʨïʤʘʢʩ) 

ʆʨʽʻʥʪʦʚʥʘ 

ʚʘʨʪʽʩʪʴ, 

$/ʤĮ 

ɽʬʝʢʪʠʚʥʽʩʪʴ 

(B/C) 

Crack Sealing 60ï85 +5é+10 3 ï 4 ï 5 2ï5 4ï6 

Fog Seal 70ï90 +3é+8 2 ï 3 ï 4 1ï3 3ï5 

Chip Seal 55ï80 +8é+15 5 ï 6 ï 7 5ï10 3ï6 

Slurry Seal 60ï85 +8é+15 4 ï 5 ï 6 6ï12 3ï5 

Micro-surfacing 50ï80 +10é+20 6 ï 7 ï 8 8ï15 4ï7 

ʊʦʥʢʦʰʘʨʦʚʝ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʝ Thin 

HMA Overlay (25ï40 ʤʤ) 

40ï75 +15é+30 8 ï 10 ï 12 15ï30 3ï5 

ʇʨʠʤʽʪʢʘ: PCI ð Pavement Condition Index (0ï100). ɺʘʨʪʽʩʪʴ ʥʘʚʝʜʝʥʘ ʦʨʽʻʥʪʦʚʥʦ ʫ ʮʽʥʘʭ 

ʉʐɸ (ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʨʝʛʽʦʥʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ). 
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ʋʟʘʛʘʣʴʥʝʥʠʡ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ.  ʅʘʡʚʠʱʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ (ʜʣʷ ʤʝʨʝʞʽ ʜʦʨʽʛ) ʧʨʠ 

ʚʣʘʰʪʫʚʘʥʥʽ ʟʘʧʦʚʥʝʥʥʷ ʪʨʽʱʠʥ (Crack sealing) + ʤʽʢʨʦʧʦʢʨʠʪʪʷ (Micro-surfacing) (ʪʘʙʣ. 4). 

ɼʣʷ ʘʥʘʣʽʟʫ ʟʤʽʥʠ ʜʝʛʨʘʜʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʮʝʤʝʥʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʠʚʫ ʙʝʟ ʨʝʤʦʥʪʫ ʪʘ ʧʽʩʣʷ 

ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʝʢʩʧʦʥʝʥʮʽʡʥʦʛʦ ʘʙʦ ʩʪʝʧʝʥʝʚʦʛʦ ʚʠʜʫ. 

ʋ ʧʝʨʰʽʡ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʘʥʦ ʝʢʩʧʦʥʝʥʮʽʡʥʫ ʬʫʥʢʮʽʶ ʪʠʧʫ: 

 

PCI = PCI0Āe
īkt,       (1) 

 

ʊʘʢʘ ʬʫʥʢʮʽʷ ʜʘʻ ʫʚʽʛʥʫʪʫ ʢʨʠʚʫ ʷʢʘ ʧʦʢʘʟʫʻ  ʰʚʠʜʢʝ ʧʘʜʽʥʥʷ ʥʘ ʧʦʯʘʪʢʫ ʪʘ ʧʦʩʪʫʧʦʚʝ 

ʩʧʦʚʽʣʴʥʝʥʥʷ ʜʝʛʨʘʜʘʮʽʾ, ʱʦ ʭʘʨʘʢʪʝʨʥʝ ʜʣʷ ʟʤʽʥʠ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʚʫ. 

 

ʊʘʙʣʠʮʷ 4 ï  ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʝʤʦʥʪʽʚ (ʮʝʤʝʥʪʦʙʝʪʦʥʥʽ ʧʦʢʨʠʚʠ PCC) 

Table 4 ï Repair efficiency (PCC cement concrete coatings) 

ʄʝʪʦʜ ʨʝʤʦʥʪʫ 

(Treatment) 

ɼʽʘʧʘʟʦʥ PCI 

ʜʦ ʨʝʤʦʥʪʫ 

ɿʤʽʥʘ PCI ʧʽʩʣʷ 

ʨʝʤʦʥʪʫ 

ʉʪʨʦʢ ʩʣʫʞʙʠ, 

ʨʦʢʠ (ʤʽʥïʩʝʨï

ʤʘʢʩ) 

ʆʨʽʻʥʪʦʚʥʘ 

ʚʘʨʪʽʩʪʴ, $/ʤĮ 

ɽʬʝʢʪʠʚʥʽ

ʩʪʴ (B/C) 

Joint Resealing 65ï90 +5é+10 5 ï 7 ï 10 3ï7 3ï5 

Partial-Depth 

Repair (PDR) 

45ï75 +15é+25 10 ï 12 ï 15 40ï80 2ï4 

Full-Depth 

Repair (FDR) 

30ï60 +25é+40 15 ï 20 ï 25 150ï300 1,5ï3 

Diamond 

Grinding 

50ï80 +10é+20 (ʪʘ 

ŹIRI 40ï60%) 

8 ï 10 ï 15 20ï40 3ï6 

Dowel Bar 

Retrofit (DBR) 

40ï70 +15é+30 10 ï 15 ï 20 40ï90 2ï5 

 

ʅʘ ʨʠʩ. 4 ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢ ʢʨʠʚʦʾ ʜʝʛʨʘʜʘʮʽʾ PCC ʟ ʪʘ ʙʝʟ ʰʘʨʫ ʟʥʦʰʫʚʘʥʥʷ. 

 
ʈʠʩʫʥʦʢ 4 ï ʂʨʠʚʽ ʜʝʛʨʘʜʘʮʽʾ PCC ʟʘ ʤʦʜʝʣʣʶ 1: ʥʠʞʥʷ ʢʨʠʚʘ ð ʜʝʛʨʘʜʘʮʽʷ ʙʝʟ ʚʪʨʫʯʘʥʥʷ; ʚʝʨʭʥʷ 

ʢʨʠʚʘ ð ʚʣʘʰʪʫʚʘʥʥʷ ʰʘʨʫ ʟʥʦʰʫʚʘʥʥʷ ʥʘ 7-ʤʫ ʨʦʮʽ (ʧʨʠʨʽʩʪ PCI å +10 ʪʘ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʜʝʛʨʘʜʘʮʽʾ)  

Figure 4 ï PCC degradation curves according to model 1: lower curve ï degradation without 

intervention; upper curve ï installation of a wear layer at year 7 (PCI increase å +10 and decrease in 

degradation rate) 
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ʆʜʥʘʢ ʫ ʙʽʣʴʰʦʩʪʽ ʧʫʙʣʽʢʘʮʽʡ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʫ ʤʘʪʝʨʽʘʣʘʭ FHWA ʪʘ ʩʭʝʤʽ ʜʝʛʨʘʜʘʮʽʾ ʜʣʷ ʚʪʦʤʠ 
ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʪʝʧʝʥʝʚʘ ʤʦʜʝʣʴ: 

PCI=PCI0īaĀt
b, b>1 ,      (2) 

 
ʊʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʬʦʨʤʫʻ ʚʠʧʫʢʣʫ ʢʨʠʚʫ, ʷʢʘ ʤʘʻ ʧʦʚʽʣʴʥʫ ʜʝʛʨʘʜʘʮʽʶ ʥʘ ʧʦʯʘʪʢʫ ʪʘ ʨʽʟʢʝ 

ʧʨʠʩʢʦʨʝʥʥʷ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ñʢʨʠʪʠʯʥʦʾ ʟʦʥʠò; ʢʘʪʘʩʪʨʦʬʽʯʥʝ ʟʨʦʩʪʘʥʥʷ ʚʠʪʨʘʪ ʧʽʩʣʷ PCI å 50ï60. 
ʉʘʤʝ ʪʘʢʘ ʬʦʨʤʘ ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʣʴʥʽʡ ʧʦʚʝʜʽʥʮʽ ʞʦʨʩʪʢʠʭ ʧʦʢʨʠʚʽʚ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʷʚʠʱʘ 

ʚʪʦʤʠ. ɻʨʘʬʽʢ ʟʤʽʥʠ ʜʝʛʨʘʜʘʮʽʾ ʧʦʢʨʠʚʫ (ʨʠʩ. 5)  ʧʦʢʘʟʫʻ: ʜʣʷ ʟʤʽʥʠ ʙʘʣʫ ʙʝʪʦʥʥʦʛʦ ʧʦʢʨʠʚʫ ʙʝʟ 
ʨʝʤʦʥʪʫ ð ʚʠʧʫʢʣʘ ʢʨʠʚʘ, ʟ ʧʨʠʩʢʦʨʝʥʥʷʤ ʨʫʡʥʫʚʘʥʥʷ ʧʽʩʣʷ 8ï10 ʨʦʢʽʚ. ʇʨʠ ʚʣʘʰʪʫʚʘʥʥʽ 
ʪʦʥʢʦʰʘʨʦʚʦʛʦ ʧʦʢʨʠʚʫ ʉʣʘʨʨʽ ʉʽʣ (ʥʘ 7 ʨʽʢ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠʨʽʩʪ å +8 ʙʘʣʫ PCI, ʟʤʝʥʰʝʥʥʷ 
ʰʚʠʜʢʦʩʪʽ ʜʝʛʨʘʜʘʮʽʾ ʥʝʟʥʘʯʥʝ, ʘ ʧʨʦʜʦʚʞʝʥʥʷ ʩʣʫʞʙʠ ʩʪʘʥʦʚʠʪʴ å 3ï4 ʨʦʢʠ. 

ʇʨʠ ʚʣʘʰʪʫʚʘʥʥʽ ʤʽʢʨʦʧʦʢʨʠʚʫ (ʪʝ ʞ ʥʘ 7 ʨʽʢ) ʧʨʠʨʽʩʪ ʩʪʘʥʦʚʠʪʴ å +15 PCI, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 
ʩʫʪʪʻʚʽʰʝ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʫ ʜʝʛʨʘʜʘʮʽʾ, ʘ ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ å 5ï7 ʨʦʢʽʚ. ɼʣʷ 
ʮʝʤʝʥʪʦʙʝʪʦʥʥʠʭ ʧʦʢʨʠʚʽʚ (PCC): ʝʬʝʢʪ ʰʘʨʫ ʟʥʦʩʫ ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʫ ñʚʝʨʪʠʢʘʣʴʥʦʤʫ 
ʧʽʜʥʷʪʪʽò PCI, ʘ ʡ ʫ ʟʤʽʥʽ ʧʦʭʽʜʥʦʾ ʜʝʛʨʘʜʘʮʽʾ (ʟʤʝʥʰʝʥʥʽ ʪʝʤʧʫ ʟʥʦʩʫ). 

ʉʘʤʝ ʮʷ ʟʤʽʥʘ ʧʦʭʽʜʥʦʾ ʬʦʨʤʫʻ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚ ʜʦʚʛʦʪʨʠʚʘʣʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʟʘ 40 ʨʦʢʽʚ 
ʝʢʩʧʣʫʘʪʘʮʽʾ (LCCA). 

ɺʠʩʥʦʚʢʠ. ʐʘʨʠ ʟʥʦʰʫʚʘʥʥʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ 
ʮʝʤʝʥʪʦʙʝʪʦʥʥʠʭ ʧʦʢʨʠʚʽʚ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʻ ʤʽʢʨʦʧʦʢʨʠʚʠ ʪʘ ʪʦʥʢʦʰʘʨʦʚʽ ʧʦʢʨʠʚʠ. 
ʇʨʝʚʝʥʪʠʚʥʽ ʨʝʤʦʥʪʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʣʝʞʠʪʴ 
ʚʽʜ ʩʪʘʥʫ ʧʦʢʨʠʚʫ ʪʘ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ. ʅʝʦʙʭʽʜʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʋʢʨʘʾʥʠ ʟ 
ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʞʥʘʨʦʜʥʦʛʦ ʜʦʩʚʽʜʫ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʙʝʟʧʝʯʠʪʴ ʧʽʜʚʠʱʝʥʥʷ 
ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʜʦʨʦʞʥʴʦʾ ʤʝʨʝʞʽ.  

 

 
ʈʠʩʫʥʦʢ 5 ï ʂʨʠʚʽ ʜʝʛʨʘʜʘʮʽʾ PCC ʟʘ ʤʦʜʝʣʣʶ 2 

Figure 5 ï PCC degradation curves according to model 2 

 

ʋ 2025ï2026 ʨʦʢʘʭ ʧʨʦʚʝʜʝʥʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʭʦʣʦʜʥʦʛʦ ʚʠʩʦʢʦʱʝʙʝʥʠʩʪʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ 

Road Pave ʫ ʂʠʾʚʩʴʢʽʡ ʦʙʣʘʩʪʽ. ʉʫʤʽʰ ʫʢʣʘʜʘʣʘʩʷ ʰʘʨʦʤ 15 ʤʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ +10Áʉ ʥʘ 

ʚʦʣʦʛʠʡ ʙʝʪʦʥʥʠʡ ʧʦʢʨʠʚ. ʏʝʨʝʟ ʜʚʘ ʪʠʞʥʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʪʘʥ ʜʽʣʷʥʢʠ ʦʮʽʥʝʥʦ ʷʢ ʚʽʜʤʽʥʥʠʡ, ʚʠʣʴʦʪʫ 

ʱʝʙʝʥʶ ʥʝ ʟʘʬʽʢʩʦʚʘʥʦ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʦʣʦʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʟʘʭʠʩʪʫ ʙʝʪʦʥʥʠʭ ʧʣʠʪ. 
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ʆʩʥʦʚʥʽ ʬʘʢʪʦʨʠ ʝʬʝʢʪʠʚʥʦʩʪʽ: ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʧʦʢʨʠʚʫ; ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ; ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ; 

ʷʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ. ɽʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʘʨʽʚ 

ʟʥʦʰʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʟʤʝʥʰʝʥʥʽ ʚʠʪʨʘʪ ʥʘ 35ï45%;  ʚʽʜʪʝʨʤʽʥʫʚʘʥʥʽ ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ ʚʽʜ 2 ï 4 

ʜʦ 10 ï 15 ʨʦʢʽʚ; ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʫ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʰʘʨʽʚ ʟʥʦʰʫʚʘʥʥʷ ʚʽʜ: ʩʪʘʥʫ 

ʧʦʢʨʠʚʫ; ʪʠʧʫ ʪʝʭʥʦʣʦʛʽʾ; ʩʢʣʘʜʫ ʩʫʤʽʰʽ.  ʆʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʢʨʦʧʦʢʨʠʚʽʚ ʷʢ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʮʝʤʝʥʪʦʙʝʪʦʥʥʠʭ ʧʦʢʨʠʚʽʚ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ 

ʨʦʟʨʦʙʣʝʥʥʽ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ; ʫ ʧʨʘʢʪʠʮʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʪʘ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ 

ʨʝʤʦʥʪʥʠʭ ʟʘʭʦʜʽʚ ʚ ʩʠʩʪʝʤʽ ʉʋʉʇ ʯʠ HDM.  

ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʜʣʷ ʋʢʨʘʾʥʠ ʻ ʨʦʟʨʦʙʢʘ ʩʢʣʘʜʽʚ ʭʦʣʦʜʥʠʭ ʩʫʤʽʰʝʡ ʽʟ 

ʧʽʜʚʠʱʝʥʦʶ ʘʜʛʝʟʽʻʶ, ʫʪʦʯʥʝʥʥʷ ʚʠʤʦʛ ɼʉʊʋ ʱʦʜʦ ʧʦʚʝʨʭʥʝʚʠʭ ʦʙʨʦʙʦʢ, ʨʦʟʨʽʜʞʝʥʠʭ ʙʽʪʫʤʽʚ, 

ʭʦʣʦʜʥʠʭ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ, ʧʨʝʚʝʥʪʠʚʥʦʛʦ ʫʪʨʠʤʘʥʥʷ ʎɹʇ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ 

ʢʘʜʨʽʚ ʬʘʭʽʚʮʽʚ - ʜʦʨʦʞʥʠʢʽʚ ʟʜʘʪʥʠʭ ʚʽʜʧʦʚʽʜʘʪʠ ʨʽʚʥʶ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 
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the application of thin and ultra-thin layers is analyzed. The effectiveness of technologies such as 

microsurfacing, slurry seal, and thin asphalt layers is evaluated. The economic and operational advantages of 

preventive maintenance are substantiated. 

In 2025ï2026, a test of cold high-crushed asphalt concrete Road Pave was conducted in the Kyiv 

region. The mixture was laid in a layer of 15 mm at an air temperature of +10ÁC on a wet concrete surface. 

After two weeks of operation, the condition of the site was assessed as excellent, no crushed stone was 

recorded. This confirms the possibility of using cold technologies for the operational protection of concrete 

slabs. 

The main efficiency factors: technical condition of the surface; traffic intensity; climatic conditions; 

quality of materials and technology of work. The economic efficiency of using wearing layers consists in 

reducing costs by 35ï45%; postponing major repairs from 2ï4 to 10ï15 years; increasing the efficiency of 

using limited resources. 

The scientific novelty lies in the established dependence of the efficiency of wearing layers on: the 

condition of the surface; type of technology; composition of the mixture. The feasibility of using micro-covers 

as an optimal solution for cement concrete surfaces is substantiated. 

The practical significance of the results obtained lies in the use used in the development of regulatory 

documents; in the practice of operating highways and in planning repair measures in the SUSP or HDM system. 

The most promising direction for Ukraine is the development of cold mix compositions with increased 

adhesion, clarification of DSTU requirements for surface treatments, diluted bitumen, cold asphalt concrete 

mixtures, preventive maintenance of CʉP and training of qualified personnel of road workers capable of 

meeting the level of modern technologies. 

Keywords: cement concrete pavement, wearing course, microsurfacing, efficiency, durability. 
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ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʽʞʥʘʨʦʜʥʦʛʦ ʜʦʩʚʽʜʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʠʣʘʥʢʦʚʠʭ 

ʘʚʪʦʧʦʾʟʜʽʚ ʽʟ ʟʘʛʘʣʴʥʦʶ ʜʦʚʞʠʥʦʶ ʧʦʥʘʜ 25 ʤ ʫ ʩʬʝʨʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. 

ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʪʝʭʥʽʢʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʫʤʦʚʠ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʪʘʢʦʞ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʦʙʤʝʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʫ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʽʜʭʦʜʠ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʫʭʫ ʪʨʠʣʘʥʢʦʚʠʭ ʘʚʪʦʧʦʾʟʜʽʚ ʫ ʢʨʘʾʥʘʭ ɭʚʨʦʧʝʡʩʴʢʦʛʦ 

ʉʦʶʟʫ, ʉʢʘʥʜʠʥʘʚʽʾ, ɸʚʩʪʨʘʣʽʾ ʪʦʱʦ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʛʘʙʘʨʠʪʥʦ-ʚʘʛʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʤʘʨʰʨʫʪʽʚ ʨʫʭʫ, ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʪʘ ʚʧʣʠʚʫ ʥʘ ʪʨʘʥʩʧʦʨʪʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. ɺʠʟʥʘʯʝʥʦ 

ʧʦʪʝʥʮʽʡʥʽ ʧʝʨʝʚʘʛʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʧʦʾʟʜʽʚ ʪʘʢʦʾ ʜʦʚʞʠʥʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʝʨʝʚʝʟʝʥʴ, ʟʥʠʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʠʪʨʘʪ ʽ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ, ʘ ʪʘʢʦʞ ʚʠʩʚʽʪʣʝʥʦ ʟʘʩʪʝʨʝʞʝʥʥʷ 

ʱʦʜʦ ʤʦʞʣʠʚʠʭ ʨʠʟʠʢʽʚ ʪʘ ʦʙʤʝʞʝʥʴ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʨʠʣʘʥʢʦʚʠʭ ʘʚʪʦʧʦʾʟʜʽʚ ʫ ʧʨʘʢʪʠʢʫ 

ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʟʦʢʨʝʤʘ ʚ ʫʤʦʚʘʭ ʘʜʘʧʪʘʮʽʾ ʥʘʮʽʦʥʘʣʴʥʦʾ ʜʦʨʦʞʥʴʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ. 
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ʂʣʶʯʦʚʽ ʩʣʦʚʘ. ʊʨʠʣʘʥʢʦʚʠʡ ʘʚʪʦʧʦʾʟʜ, ʘʚʪʦʧʦʾʟʜ ʧʦʥʘʜ 25 ʤ, LHV, EuroCombi, ʤʽʞʥʘʨʦʜʥʽ 

ʚʘʥʪʘʞʥʽ ʧʝʨʝʚʝʟʝʥʥʷ, ʚʥʫʪʨʽʰʥʽ ʚʘʥʪʘʞʥʽ ʧʝʨʝʚʝʟʝʥʥʷ, ʛʘʙʘʨʠʪʥʦ-ʚʘʛʦʚʽ ʧʘʨʘʤʝʪʨʠ, ʪʨʘʥʩʧʦʨʪʥʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʙʝʟʧʝʢʘ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. 

 

ɺʩʪʫʧ. ʏʝʨʝʟ ʩʪʘʙʽʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʢʫʨʝʥʮʽʾ ʥʘ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ ʟʘ ʦʩʪʘʥʥʽ 

ʜʝʩʷʪʠʣʽʪʪʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʽʡʢʝ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ ʨʽʚʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʘ ʪʘʢʦʞ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʾʭ 

ʨʫʭʫ. ʋʨʘʭʦʚʫʶʯʠ ʪʘʢʽ ʫʤʦʚʠ ʟʘʩʪʦʩʦʚʘʥʽ ʧʝʨʝʚʘʥʪʘʞʝʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʩʪʨʦʢ ʝʢʩʧʣʫʘʪʫʚʘʥʥʷ ʷʢ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʪʘʢ ʽ ʥʘ ʪʨʘʥʩʧʦʨʪʥʽ 

ʩʧʦʨʫʜʠ, ʱʦ ʟʫʤʦʚʣʶʻ ʧʦʪʨʝʙʫ ʧʦʰʫʢʫ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʽ ʚʦʜʥʦʯʘʩ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦ ʟʙʘʣʘʥʩʦʚʘʥʠʭ 

ʨʽʰʝʥʴ ʫ ʩʬʝʨʽ ʧʝʨʝʚʝʟʝʥʴ. 

ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʨʽʰʝʥʴ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʠʣʘʥʢʦʚʠʭ ʘʚʪʦʧʦʾʟʜʽʚ ʽʟ ʟʘʛʘʣʴʥʦʶ ʜʦʚʞʠʥʦʶ ʧʦʥʘʜ 

25 ʤ, ʚʽʜʦʤʠʭ ʫ ʤʽʞʥʘʨʦʜʥʽʡ ʧʨʘʢʪʠʮʽ ʷʢ LHV (Longer and Heavier Vehicles) ʘʙʦ EuroCombi. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʦʙʩʷʛ ʚʘʥʪʘʞʫ, ʱʦ ʧʝʨʝʚʦʟʠʪʴʩʷ ʟʘ ʦʜʠʥ 

ʨʝʡʩ, ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʾʟʜʦʢ ʽ ʟʥʠʟʠʪʠ ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ ʪʘ ʚʠʢʠʜʠ ʟʘʙʨʫʜʥʶʚʘʣʴʥʠʭ 

ʨʝʯʦʚʠʥ ʫ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʜʠʥʠʮʶ ʧʝʨʝʚʝʟʝʥʦʛʦ ʚʘʥʪʘʞʫ. ɺʦʜʥʦʯʘʩ ʾʭ ʫʧʨʦʚʘʜʞʝʥʥʷ ʧʦʪʨʝʙʫʻ 

ʨʝʪʝʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʥʘ ʜʦʨʦʞʥʽʡ ʦʜʷʛ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ, ʪʨʘʥʩʧʦʨʪʥʽ ʩʧʦʨʫʜʠ ʪʘ ʙʝʟʧʝʢʫ 

ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. 

ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʚʪʦʧʦʾʟʜʽʚ ʪʠʧʫ EuroCombi ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʤʽʞʥʘʨʦʜʥʠʡ ʜʦʩʚʽʜ, ʟʦʢʨʝʤʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ [1] ʪʘ [2], ʫ ʷʢʠʭ ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʚʟʘʻʤʦʜʽʾ 

LHV ʟ ʥʘʷʚʥʦʶ ʜʦʨʦʞʥʴʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʪʘ ʦʮʽʥʝʥʦ ʾʭ ʚʧʣʠʚ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʚʫ 

ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʧʦʨʫʜ. 

ʋ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʪʨʠʣʘʥʢʦʚʽ ʘʚʪʦʧʦʾʟʜʠ ʚʞʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʤʽʞʥʘʨʦʜʥʠʭ ʚʘʥʪʘʞʥʠʭ 

ʧʝʨʝʚʝʟʝʥʥʷʭ ʟʘ ʩʧʝʮʽʘʣʴʥʦ ʚʠʟʥʘʯʝʥʠʭ ʫʤʦʚ ʽ ʤʘʨʰʨʫʪʽʚ. ɼʣʷ ʋʢʨʘʾʥʠ ʘʥʘʣʽʟ ʪʘʢʦʛʦ ʜʦʩʚʽʜʫ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʫ ʢʦʥʪʝʢʩʪʽ ʨʦʟʚʠʪʢʫ ʤʽʞʥʘʨʦʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʨʠʜʦʨʽʚ ʪʘ ʘʜʘʧʪʘʮʽʾ ʥʘʮʽʦʥʘʣʴʥʦʾ 

ʜʦʨʦʞʥʴʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʜʦ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʄʝʪʦʜʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʠʩʪʝʤʥʠʡ ʥʘʫʢʦʚʠʡ ʧʽʜʭʽʜ ʜʦ 

ʘʥʘʣʽʟʫʚʘʥʥʷ ʜʦʩʚʽʜʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʠʣʘʥʢʦʚʠʭ ʘʚʪʦʧʦʾʟʜʽʚ ʽʟ ʟʘʛʘʣʴʥʦʶ ʜʦʚʞʠʥʦʶ ʧʦʥʘʜ 25 ʤ.  

ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʫʟʘʛʘʣʴʥʝʥʥʷ, ʬʦʨʤʘʣʴʥʦ-ʣʦʛʽʯʥʠʡ ʪʘ 

ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʣʫʛʫʚʘʣʠ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ ʽ 

ʧʨʠʢʣʘʜʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʽʞʥʘʨʦʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʟʚʽʪʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʽʜʦʤʩʪʚ ʨʽʟʥʠʭ ʢʨʘʾʥ, ʘ ʪʘʢʦʞ 

ʯʠʥʥʽ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽ ʜʦʢʫʤʝʥʪʠ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʛʘʙʘʨʠʪʥʦ-ʚʘʛʦʚʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʫʤʦʚʠ 

ʝʢʩʧʣʫʘʪʫʚʘʥʥʷ ʘʚʪʦʧʦʾʟʜʽʚ ʧʽʜʚʠʱʝʥʦʾ ʜʦʚʞʠʥʠ. ʆʢʨʝʤʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʘʥʘʣʽʟʫʚʘʥʥʶ ʚʠʤʦʛ 

ɼʠʨʝʢʪʠʚʠ ʈʘʜʠ 96/53/ɭʉ [3] ʪʘ ʧʨʘʢʪʠʮʽ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʢʨʘʾʥʘʭ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ. 

ʋ ʤʝʞʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʜʦʧʫʩʪʠʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʨʠʣʘʥʢʦʚʠʭ 

ʘʚʪʦʧʦʾʟʜʽʚ, ʫʤʦʚ ʾʭ ʨʫʭʫ, ʘ ʪʘʢʦʞ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʦʙʤʝʞʝʥʴ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʩʬʦʨʤʫʚʘʪʠ ʫʟʘʛʘʣʴʥʝʥʫ 

ʢʘʨʪʠʥʫ ʤʽʞʥʘʨʦʜʥʦʛʦ ʜʦʩʚʽʜʫ ʪʘ ʚʠʟʥʘʯʠʪʠ ʢʣʶʯʦʚʽ ʯʠʥʥʠʢʠ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʧʽʜ ʯʘʩ 

ʤʦʞʣʠʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫ ʧʨʘʢʪʠʢʫ ʤʽʞʥʘʨʦʜʥʠʭ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʉʪʽʡʢʝ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ (ʟʘ ʦʩʪʘʥʥʽ (15 ï 20) ʨʦʢʽʚ ʫ ɭʉ 

ʥʘ (50 ï 65) %, ʚ ʋʢʨʘʾʥʽ ʥʘ (35 ï 40) %) ʟʫʤʦʚʣʶʻ ʧʽʜʚʠʱʝʥʫ ʫʚʘʛʫ ʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ʪʨʘʥʩʧʦʨʪʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʋ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʪʨʠʣʘʥʢʦʚʽ 

ʘʚʪʦʧʦʾʟʜʠ ʽʟ ʟʘʛʘʣʴʥʦʶ ʜʦʚʞʠʥʦʶ ʧʦʥʘʜ 25 ʤ, ʚʽʜʦʤʽ ʷʢ LHV ʘʙʦ EuroCombi, ʷʢʽ ʧʝʨʝʜʙʘʯʝʥʽ 

ɼʠʨʝʢʪʠʚʦʶ ʈʘʜʠ 96/53/ɭʉ [3] ʽʟ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʟʚʦʣʝʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʽ ʚʘʛʦʶ ʜʣʷ 

ʚʥʫʪʨʽʰʥʽʭ ʽ ʤʽʞʥʘʨʦʜʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʦʜʠʥ ʽʟ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ɿʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʚʘʥʪʘʞʦʤʽʩʪʢʦʩʪʽ ʪʘʢʽ ʘʚʪʦʧʦʾʟʜʠ 

ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʚʦʟʠʪʠ ʙʽʣʴʰʠʡ ʦʙʩʷʛ ʚʘʥʪʘʞʫ ʟʘ ʦʜʠʥ ʨʝʡʩ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʦʧʝʨʘʮʽʡ, ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʪʘ ʟʥʠʞʝʥʥʷ ʧʠʪʦʤʠʭ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ 

ʨʝʯʦʚʠʥ. 
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ɯʟ 1997 ʨʦʢʫ LHV ʟʘʢʦʥʦʜʘʚʯʦ ʜʦʟʚʦʣʝʥʽ ʜʣʷ ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʝʚʝʟʝʥʴ ʫ ʅʽʜʝʨʣʘʥʜʘʭ, ʅʽʤʝʯʯʠʥʽ 

ʪʘ ʫ ʢʨʘʾʥʘʭ ʉʢʘʥʜʠʥʘʚʽʾ. ʋ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ ɭʉ ʜʦʚʞʠʥʘ ʘʚʪʦʧʦʾʟʜʽʚ ʦʙʤʝʞʝʥʘ ʟʥʘʯʝʥʥʷʤ 18,75 ʤ ʜʣʷ 

ʟʚʠʯʘʡʥʠʭ ʘʚʪʦʧʦʾʟʜʽʚ ʽ 16,5 ʤ ʜʣʷ ʥʘʧʽʚʧʨʠʯʝʧʽʚ, ʧʨʦʪʝ ʜʝʷʢʽ ʢʨʘʾʥʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʚʰʠʭ 

ʘʚʪʦʧʦʾʟʜʽʚ ʫ ʨʘʤʢʘʭ ʧʽʣʦʪʥʠʭ ʧʨʦʛʨʘʤ ʘʙʦ ʟʘ ʩʧʝʮʽʘʣʴʥʠʤʠ ʜʦʟʚʦʣʘʤʠ [4 ï 11]. 

ɿ 2012 ʨʦʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʙʝʟʧʝʢʠ ʨʫʭʫ LHV ʬʽʥʘʥʩʫʶʪʴʩʷ ʫʨʷʜʦʚʠʤʠ 

ʫʩʪʘʥʦʚʘʤʠ ʚ ʥʠʟʮʽ ʢʨʘʾʥ ɭʉ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʣʷ ʚʥʫʪʨʽʰʥʽʭ ʽ 

ʤʽʞʥʘʨʦʜʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. ɭʚʨʦʧʝʡʩʴʢʘ ʂʦʤʽʩʽʷ ʪʘʢʦʞ ʧʨʦʚʦʜʠʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʽʣʴʰ ʜʦʚʛʠʭ ʽ ʚʘʞʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ (ʜʦʚʞʠʥʦʶ 

ʧʦʥʘʜ 25 ʤ ʽ ʚʘʛʦʶ ʜʦ 60 ʪ), ʜʣʷ ʚʩʽʻʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ. ʊʘʢʽ ʚʘʥʪʘʞʽʚʢʠ ʚʞʝ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʙʽʛʫ ʪʘʢʦʞ ʫ ʌʽʥʣʷʥʜʽʾ ʪʘ ʐʚʝʮʽʾ, ʪʦʜʽ ʷʢ ʽʥʰʽ ʜʝʨʞʘʚʠ-ʯʣʝʥʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ 

ʣʠʰʝ ʨʦʟʛʣʷʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʘʥʘʣʽʟʫʚʘʥʥʷ ʜʦʩʚʽʜʫ ʚʠʢʦʨʠʩʪʘʥʥʷ LHV ʚʠʟʥʘʯʝʥʦ, ʱʦ 

ʧʦʪʝʥʮʽʡʥʽ ʥʘʩʣʽʜʢʠ ʚʧʨʦʚʘʜʞʝʥʥʷ LHV ʚ ʋʢʨʘʾʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʟʠʪʠʚʥʠʤʠ ʷʢ ʚ ʝʢʦʥʦʤʽʯʥʦʤʫ, ʪʘʢ ʽ 

ʚ ʝʢʦʣʦʛʽʯʥʦʤʫ ʧʣʘʥʽ. ɿʙʽʣʴʰʝʥʥʷ ʢʦʨʠʩʥʦʾ ʥʘʚʘʥʪʘʛʠ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʟʤʝʥʰʠʪʴ ʪʨʘʥʩʧʦʨʪʥʽ 

ʚʠʪʨʘʪʠ ʪʘ ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʘʯʥʦʾ ʝʢʦʥʦʤʽʾ ʜʣʷ ʦʧʝʨʘʪʦʨʽʚ, ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʩʧʦʞʠʚʘʯʽʚ,  ʘ ʦʩʢʽʣʴʢʠ ʜʣʷ 

ʧʝʨʝʚʝʟʝʥʥʷ ʪʘʢʦʛʦ ʞ ʦʙʩʷʛʫ ʚʘʥʪʘʞʫ ʟʥʘʜʦʙʠʪʴʩʷ ʤʝʥʰʝ ʚʘʥʪʘʞʽʚʦʢ, ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʽʥʰʽ ʟʦʚʥʽʰʥʽ 

ʚʠʪʨʘʪʠ ʥʘ ʚʘʥʪʘʞʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʪʘʢʦʞ ʙʫʜʫʪʴ ʥʠʞʯʠʤʠ, ʥʘʚʽʪʴ ʷʢʱʦ ʦʢʨʝʤʠʡ LHV ʩʧʦʞʠʚʘʻ ʧʘʣʴʥʦʛʦ 

ʪʘ ʟʘʙʨʫʜʥʶʻ ʜʦʚʢʽʣʣʷ ʙʽʣʴʰʝ ʥʽʞ ʟʚʠʯʘʡʥʘ ʚʘʥʪʘʞʽʚʢʘ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʨʫʭʫ ʘʚʪʦʧʦʾʟʜʽʚ ʚ ʋʢʨʘʾʥʽ 

ɺ ʋʢʨʘʾʥʽ ʚʠʤʦʛʠ ʜʦ ʧʨʦʾʟʜʫ ʘʚʪʦʧʦʾʟʜʽʚ ʜʦʚʞʠʥʦʶ ʧʦʥʘʜ 25 ʤʝʪʨʽʚ ʫʩʪʘʥʦʚʣʝʥʦ ʇʨʘʚʠʣʘʤʠ 

ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʋʢʨʘʾʥʠ [12], ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ ʘʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʛʠè [13], ʇʦʩʪʘʥʦʚʦʶ ʂʘʙʽʥʝʪʫ 

ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ çʇʨʦ ʧʨʦʾʟʜ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʪʘ ʚʝʣʠʢʦʚʘʛʦʚʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

ʘʚʪʦʤʦʙʽʣʴʥʠʤʠ ʜʦʨʦʛʘʤʠ, ʚʫʣʠʮʷʤʠ ʪʘ ʟʘʣʽʟʥʠʯʥʠʤʠ ʧʝʨʝʾʟʜʘʤʠè [14], ʘ ʪʘʢʦʞ ʽʥʰʠʤʠ ʪʝʭʥʽʯʥʠʤʠ 

ʨʝʛʣʘʤʝʥʪʘʤʠ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʇʨʘʚʠʣ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʋʢʨʘʾʥʠ ʚʘʥʪʘʞʥʽ ʘʚʪʦʧʦʾʟʜʠ ʪʘ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʟ 

ʥʝʩʪʘʥʜʘʨʪʥʠʤʠ ʛʘʙʘʨʠʪʘʤʠ ʧʽʜʣʷʛʘʶʪʴ ʩʧʝʮʽʘʣʴʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʶ, ʘ ʩʘʤʝ: 

ï ʤʘʢʩʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ï ʜʣʷ ʘʚʪʦʧʦʾʟʜʽʚ ʧʦʥʘʜ 22 ʤ ʧʦʪʨʽʙʥʦ ʦʪʨʠʤʘʪʠ 

ʩʧʝʮʽʘʣʴʥʠʡ ʜʦʟʚʽʣ ʜʣʷ ʧʨʦʾʟʜʫ ʜʦʨʦʛʘʤʠ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ; 

ï ʦʩʴʦʚʽ ʥʘʚʘʥʪʘʛʠ ï ʜʣʷ ʚʘʥʪʘʞʽʚʦʢ ʟ ʢʽʣʴʢʽʩʪʶ ʦʩʝʡ ʙʽʣʴʰʝ ʥʽʞ ʜʚʽ, ʤʘʢʩʠʤʘʣʴʥʽ ʦʩʴʦʚʽ 

ʥʘʚʘʥʪʘʛʠ ʚʘʨʽʶʶʪʴʩʷ ʚʽʜ 7 ʪ ʜʦ 11,5 ʪ ʥʘ ʢʦʞʥʫ ʚʽʩʴ, ʟʘʣʝʞʥʦ ʚʽʜ ʢʘʪʝʛʦʨʽʾ ʜʦʨʦʛʠ ʪʘ ʧʦʨʠ ʨʦʢʫ. ʋ ʨʘʟʽ 

ʧʝʨʝʚʠʱʝʥʥʷ ʜʦʧʫʩʪʠʤʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʦʪʨʽʙʥʦ ʦʪʨʠʤʘʪʠ ʩʧʝʮʽʘʣʴʥʠʡ ʜʦʟʚʽʣ; 

ï ʰʚʠʜʢʽʩʥʽ ʦʙʤʝʞʝʥʥʷ ï ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚʘʛʦʶ ʧʦʥʘʜ 12 ʪ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ 

ʨʫʭʫ ʦʙʤʝʞʝʥʘ ʜʦ 80 ʢʤ/ʛʦʜ ʥʘ ʜʦʨʦʛʘʭ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ, ʘ ʥʘ ʘʚʪʦʤʘʛʽʩʪʨʘʣʷʭ ï ʜʦ 90 ʢʤ/ʛʦʜ; 

ï ʨʝʞʠʤʠ ʨʫʭʫ ʪʘ ʚʠʤʦʛʠ ʜʦ ʤʘʨʰʨʫʪʽʚ ï ʘʚʪʦʧʦʾʟʜʠ ʟ ʟʘʛʘʣʴʥʦʶ ʜʦʚʞʠʥʦʶ ʧʦʥʘʜ 22 ʤ ʤʦʞʫʪʴ 

ʨʫʭʘʪʠʩʷ ʪʽʣʴʢʠ ʟʘ ʧʦʛʦʜʞʝʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʩʪʘʥʫ ʜʦʨʦʞʥʴʦʛʦ 

ʧʦʢʨʠʚʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʘʜʽʫʩʽʚ ʧʦʚʦʨʦʪʽʚ, ʨʦʟʚʦʨʦʪʽʚ ʪʘ ʟôʾʟʜʽʚ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʨʦʟʚôʷʟʢʘʭ, ʦʩʢʽʣʴʢʠ 

ʚʢʘʟʘʥʽ  ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʪʘʢʦʾ ʜʦʚʞʠʥʠ ʤʘʶʪʴ ʦʙʤʝʞʝʥʫ ʤʘʥʝʚʨʝʥʽʩʪʴ, ʦʩʦʙʣʠʚʦ ʫ ʤʽʩʴʢʠʭ ʫʤʦʚʘʭ. 

ɸʚʪʦʧʦʾʟʜʠ ʜʦʚʞʠʥʦʶ ʧʦʥʘʜ 25 ʤ  ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʘʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʛʠè 

ʧʦʚʠʥʥʽ ʤʘʪʠ ʩʧʝʮʽʘʣʴʥʠʡ ʜʦʟʚʽʣ ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʦʨʛʘʥʽʚ ʜʣʷ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʴʥʠʤʠ ʜʦʨʦʛʘʤʠ 

ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʨʫʡʥʫʚʘʥʥʶ ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ. 

ʄʘʨʰʨʫʪʠ ʨʫʭʫ ʜʣʷ ʪʘʢʠʭ ʘʚʪʦʧʦʾʟʜʽʚ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʛʘʙʘʨʠʪʠ (ʛʝʦʤʝʪʨʽʶ) ʜʦʨʽʛ, ʤʦʩʪʽʚ, 

ʪʫʥʝʣʽʚ ʪʘ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɺ ʋʢʨʘʾʥʽ ʪʘʢʦʞ ʚʨʘʭʦʚʫʶʪʴʩʷ ʤʽʞʥʘʨʦʜʥʽ ʩʪʘʥʜʘʨʪʠ ʽ ʧʨʘʚʠʣʘ ʱʦʜʦ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, 

ʟʦʢʨʝʤʘ ʚʠʤʦʛʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ, ʘʜʞʝ ʋʢʨʘʾʥʘ ʻ ʫʯʘʩʥʠʢʦʤ ʤʽʞʥʘʨʦʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʫʛʦʜ. 

ʅʘʧʨʠʢʣʘʜ, ʚʠʤʦʛʠ ʜʦ ɭʚʨʦʧʝʡʩʴʢʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʤʽʥʽʩʪʨʽʚ ʪʨʘʥʩʧʦʨʪʫ (European Conference of 

Ministers of Transport (ECMT)) ʩʪʦʩʫʶʪʴʩʷ ʘʚʪʦʧʦʾʟʜʽʚ ʜʦʚʞʠʥʦʶ ʙʽʣʴʰʝ 25 ʤ, ʚʢʣʶʯʘʶʯʠ ʪʝʭʥʽʯʥʽ 

ʚʠʤʦʛʠ ʜʦ ʾʭ ʢʦʥʩʪʨʫʢʮʽʾ, ʙʝʟʧʝʢʠ ʪʘ ʚʧʣʠʚʫ ʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ. 

ɼʣʷ ʙʝʟʧʝʯʥʦʛʦ ʨʫʭʫ ʘʚʪʦʧʦʾʟʜʽʚ ʧʦʥʘʜ 25 ʤ ʥʝʦʙʭʽʜʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʜʦʨʦʞʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ: 

ʧʦʩʠʣʝʥʽ ʤʦʩʪʠ, ʟʘʙʝʟʧʝʯʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʨʘʜʽʫʩʠ ʧʦʚʦʨʦʪʽʚ ʽ ʰʠʨʠʥʘ ʜʦʨʽʛ. 
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ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʻ ʚʘʛʦʚʠʡ ʢʦʥʪʨʦʣʴ ʥʘ ʜʦʨʦʛʘʭ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʘʧʦʙʽʛʪʠ ʨʫʡʥʫʚʘʥʥʶ 

ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ ʪʘ ʘʚʘʨʽʡʥʠʤ ʩʠʪʫʘʮʽʷʤ ʯʝʨʝʟ ʥʘʜʤʽʨʥʽ ʥʘʚʘʥʪʘʛʠ ʥʘ ʦʩʽ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ LHV ʚ ɸʚʩʪʨʘʣʽʾ 

ɸʚʩʪʨʘʣʽʷ ʜʦʙʨʝ ʚʽʜʦʤʘ ʩʚʦʾʤʠ ʜʦʚʛʠʤʠ ʽ ʚʘʞʢʠʤʠ ʚʘʥʪʘʞʽʚʢʘʤʠ (ʘʚʪʦʧʦʾʟʜʘʤʠ) ʷʢ ʫ ʩʚʽʪʦʚʦʤʫ 

ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʩʝʢʪʦʨʽ, ʪʘʢ ʽ ʟʘ ʡʦʛʦ ʤʝʞʘʤʠ. ʑʦ ʥʝ ʪʘʢ ʜʦʙʨʝ ʚʽʜʦʤʦ, ʪʘʢ ʮʝ ʪʝ, ʱʦ ʮʷ ʚʝʣʠʯʝʟʥʘ ʢʨʘʾʥʘ 

ï ʬʘʢʪʠʯʥʦ ʢʦʥʪʠʥʝʥʪ ʚʧʨʦʜʦʚʞ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʙʫʣʘ ʜʦʚʛʠʡ ʯʘʩ ʚ ʘʚʘʥʛʘʨʜʽ ʨʦʟʨʦʙʢʠ ʥʝʦʙʭʽʜʥʦʾ 

ʟʘʢʦʥʦʜʘʚʯʦʾ, ʥʦʨʤʘʪʠʚʥʦʾ ʽ ʪʝʭʥʽʯʥʦʾ ʙʘʟʠ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ LHV. 

ɺ ɸʚʩʪʨʘʣʽʾ ʥʘ ʧʦʯʘʪʢʫ 2000-ʭ ʨʦʢʽʚ ʙʫʣʦ ʚʠʟʥʘʥʦ, ʱʦ: 

ï ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʙʫʜʫʪʴ ʧʦʪʨʽʙʥʽ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʟʨʦʩʪʘʶʯʦʛʦ 

ʧʦʧʠʪʫ ʥʘ ʜʦʨʦʞʥʽʡ ʧʨʦʩʪʽʨ ʟ ʦʛʣʷʜʫ ʥʘ ʧʦʩʠʣʝʥʥʷ ʦʙʤʝʞʝʥʴ ʜʦʨʦʞʥʴʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʽ ʙʶʜʞʝʪʽʚ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʦʣʽʧʰʝʥʥʷ ʜʦʨʦʞʥʴʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ); 

ï ʽʥʥʦʚʘʮʽʡʥʠʡ ʜʠʟʘʡʥ / ʢʦʤʧʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʦʟʚʦʣʷʻ LHV ʨʫʭʘʪʠʩʷ ʥʘ 

ʧʝʚʥʠʭ ʜʽʣʷʥʢʘʭ ʜʦʨʦʞʥʴʦʾ ʤʝʨʝʞʽ, ʷʢʽ ʚʚʘʞʘʪʠʤʫʪʴ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ; 

ï ʟʚʠʯʥʽ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʤʘʨʰʨʫʪʘʤʠ ʪʘ ʜʦʪʨʠʤʘʥʥʷʤ ʚʘʛʦʚʠʭ ʥʦʨʤ ʥʝ ʟʜʘʪʥʽ ʚʧʦʨʘʪʠʩʷ ʟ 

ʨʠʟʠʢʘʤʠ ʜʣʷ ʙʝʟʧʝʢʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ, ʧʦʚ'ʷʟʘʥʠʤʠ ʟ ʽʥʥʦʚʘʮʽʡʥʠʤʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ 

ʟʘʩʦʙʘʤʠ, ʘ ʩʘʤʝ ʜʦʟʚʦʣʝʥʽ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʣʠʰʝ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʤʝʨʝʞʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ, ʪʦʤʫ 

ʙʫʣʦ ʚʧʨʦʚʘʜʞʝʥʦ ʧʨʦʛʨʘʤʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʜʦʩʪʫʧʫ (Intelligent Access Program (ɯɸʈ)). 

IAP ʙʫʣʦ ʟʘʪʚʝʨʜʞʝʥʦ ʫ 2005 ʨʦʮʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʄʦʜʝʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʧʨʦ IAP 

ɸʚʩʪʨʘʣʽʡʩʴʢʦʶ ʪʨʘʥʩʧʦʨʪʥʦʶ ʨʘʜʦʶ. ʏʝʨʝʟ ʨʽʢ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʊʨʘʥʩʧʦʨʪʥʫ ʩʝʨʪʠʬʽʢʘʮʽʶ ɸʚʩʪʨʘʣʽʾ 

(TCA) ʷʢ ʥʘʮʽʦʥʘʣʴʥʫ ʢʦʤʧʘʥʽʶ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ IAP, ʧʝʨʰʦʾ ʧʨʦʛʨʘʤʠ ʚ ʨʘʤʢʘʭ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. ʎʝʡ ʧʨʦʮʝʩ ʫ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʠ IAP ʧʨʠʟʚʽʚ ʜʦ ʩʪʚʦʨʝʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʢʦʥʫ 

ʧʨʦ ʚʘʞʢʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ (2014 ʨ.). 

ɼʦʜʘʪʦʢ IAP ʚʠʢʦʨʠʩʪʦʚʫʻ GPS ʪʘ ʽʥʰʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ-

ʫʯʘʩʥʠʢʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʪʨʠʤʘʥʥʷ ʥʠʤʠ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʘʢʠʭ ʷʢ ʤʘʨʰʨʫʪ, ʰʚʠʜʢʽʩʪʴ ʽ 

ʜʦʪʨʠʤʘʥʥʷ ʯʘʩʦʚʠʭ ʦʙʤʝʞʝʥʴ. ʅʝʱʦʜʘʚʥʦ ʙʫʣʦ ʟʘʧʨʦʚʘʜʞʝʥʦ ʢʦʥʪʨʦʣʴ ʟʘ ʜʦʪʨʠʤʘʥʥʷʤ ʛʘʙʘʨʠʪʥʦ-

ʚʘʛʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ IAP ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʜʚʘ ʰʠʨʦʢʽ ʟʘʚʜʘʥʥʷ. ʇʦ-ʧʝʨʰʝ, ʧʦʢʨʘʱʠʪʠ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʫʤʦʚʘʤ, ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʨʝʛʽʦʥʫ, ʱʦ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʙʫʣʦ ʙ ʥʝʜʦʧʫʩʪʠʤʠʤ, ʧʦ-ʜʨʫʛʝ, 

ʟ ʦʛʣʷʜʫ ʥʘ ʧʦʢʨʘʱʝʥʫ ʮʽʣʽʩʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ, ʟʜʘʪʥʽʩʪʴ ʟ ʫʧʝʚʥʝʥʽʩʪʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʘʜʠʮʽʡʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʚ ʜʝʷʢʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʤʝʨʝʞʘʭ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ LHV ʫ ʐʚʝʮʽʾ 

ɯʩʪʦʨʠʯʥʦ ʩʢʣʘʣʦʩʷ ʪʘʢ, ʱʦ ʐʚʝʮʽʷ ʜʦʟʚʦʣʠʣʘ ʨʫʭ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʥʘ 

ʩʚʦʾʡ ʤʝʨʝʞʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ. ʇʝʨʝʭʽʜ ʚʽʜ 24-ʤʝʪʨʦʚʠʭ ʜʦ 25,25 ʤ ʽ 60 ʪ ʚʘʥʪʘʞʽʚʦʢ ʫ 1998 ʨʦʮʽ 

ʤʘʚ ʥʘ ʤʝʪʽ ʚʠʢʦʨʠʩʪʘʪʠ ʧʝʨʝʚʘʛʠ ʥʦʚʦʛʦ ʧʽʜʭʦʜʫ ɭʉ ʜʦ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʷʢʠʡ ʙʫʚ 

ʚʢʣʶʯʝʥʠʡ ʚ ɼʠʨʝʢʪʠʚʫ 96/53/ɭʉ. ʎʝʡ ʥʦʚʠʡ ʧʽʜʭʽʜ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ, ʢʦʣʠ ʐʚʝʮʽʷ ʽ ʌʽʥʣʷʥʜʽʷ 

ʧʨʠʻʜʥʘʣʠʩʷ ʜʦ ɭʉ ʫ 1995 ʨʦʮʽ. ɿ ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʢʦʥʢʫʨʝʥʪʥʠʭ ʤʽʨʢʫʚʘʥʴ, ʷʢ ʜʣʷ ʐʚʝʮʽʾ, ʪʘʢ ʽ ʜʣʷ 

ʌʽʥʣʷʥʜʽʾ ʙʫʣʦ ʥʝʧʨʠʡʥʷʪʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʘʚʠʣ ɭʉ ʱʦʜʦ ʚʘʛʦʚʠʭ ʪʘ ʛʘʙʘʨʠʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʦʩʢʽʣʴʢʠ ʚ ʦʙʦʭ ʢʨʘʾʥʘʭ ʙʫʣʦ ʜʦʟʚʦʣʝʥʦ ʚʚʝʟʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʙʫʣʠ ʜʦʚʰʠʤʠ ʪʘ ʚʘʞʯʠʤʠ, 

ʥʽʞ ʮʝ ʫʩʪʘʥʦʚʣʝʥʦ ʚʠʤʦʛʘʤʠ ɭʉ ï 18,75 ʤ / (40 ï 44) ʪ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʥʘʡʪʠ ʨʽʰʝʥʥʷ, ʷʢʝ ʙ ʜʦʟʚʦʣʠʣʦ 

ʽʥʦʟʝʤʥʠʤ ʧʝʨʝʚʽʟʥʠʢʘʤ ʢʦʥʢʫʨʫʚʘʪʠ ʥʘ ʨʽʚʥʠʭ ʫʤʦʚʘʭ ʩʪʚʦʨʝʥʦ European Modular System (EMS), ʷʢʘ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʫʚʘʪʠ ʜʦʚʞʠʥʫ ʽ ʚʘʛʫ ʩʚʦʾʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʷʚʥʠʭ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʤʦʜʫʣʽʚ. 

ʋ 2007 ʨʦʮʽ ʟʘ ʽʥʽʮʽʘʪʠʚʠ ʣʽʩʦʚʦʾ ʛʘʣʫʟʽ ʨʦʟʧʦʯʘʚʩʷ ʧʽʣʦʪʥʠʡ ʧʨʦʻʢʪ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʦʾ 

ʢʦʤʙʽʥʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʦʚʞʠʥʦʶ 32 ʤ ʽ ʤʘʩʦʶ 90 ʪ, ʱʦ ʜʦʟʚʦʣʠʣʦ çʚʢʣʘʩʪʠ ʦʜʥʫ ʧʘʣʝʪʫ ʚ 

ʦʜʥʫ ʤʘʰʠʥʫè ʽ 90 ʪ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʝʨʝʚʦʟʠʪʠ ʜʝʨʝʚʠʥʫ çʥʘ ʦʜʠʥ ʰʪʘʙʝʣʴ ʙʽʣʴʰʝè. 

ʋ 2010 ʨʦʮʽ ʐʚʝʜʩʴʢʘ ʪʨʘʥʩʧʦʨʪʥʘ ʘʜʤʽʥʽʩʪʨʘʮʽʷ ʽʥʽʮʽʶʚʘʣʘ ʦʙʛʦʚʦʨʝʥʥʷ ʚ ʛʨʫʧʽ ʟʘʮʽʢʘʚʣʝʥʠʭ 

ʩʪʦʨʽʥ ʟ ʤʝʪʦʶ ʩʬʦʨʤʫʚʘʪʠ ʙʽʣʴʰ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʙʘʛʘʪʴʦʭ ʽʜʝʡ ʽ ʧʨʦʧʦʟʠʮʽʡ ʩʪʦʩʦʚʥʦ LHV. 

ʅʘʚʝʩʥʽ ʽ ʚʣʽʪʢʫ 2011 ʨʦʢʫ ʙʫʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʝʨʰʠʡ ʧʨʦʻʢʪ ʧʨʦʛʨʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʦʢ ʫ ʩʬʝʨʽ 

ʪʨʘʥʩʧʦʨʪʫ ʚʝʣʠʢʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ. ʊʝʨʤʽʥ çʚʝʣʠʢʦʚʘʛʦʚʽ ʧʝʨʝʚʝʟʝʥʥʷè ʟʘʤʽʩʪʴ çʚʝʣʠʢʦʚʘʛʦʚʠʡ 
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ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙè ʚʢʘʟʫʻ ʥʘ ʧʨʘʛʥʝʥʥʷ ʟʘʧʫʩʪʠʪʠ ʢʦʥʮʝʧʮʽʶ ʟ ʰʠʨʦʢʦʶ ʧʝʨʩʧʝʢʪʠʚʦʶ, ʱʦ ʦʭʦʧʣʶʻ 

ʚʩʶ ʪʨʘʥʩʧʦʨʪʥʫ ʩʠʩʪʝʤʫ. 

ʋ 2011 ʨʦʮʽ ʛʨʫʧʘ ʧʦʣʽʪʠʢʽʚ ʟʜʽʡʩʥʠʣʘ ʥʘʚʯʘʣʴʥʫ ʧʦʾʟʜʢʫ ʜʦ ɸʚʩʪʨʘʣʽʾ, ʷʢʘ ʧʦʢʣʘʣʘ ʧʦʯʘʪʦʢ 

ʪʽʩʥʽʡ  ʩʧʽʚʧʨʘʮʶ ʟ ʊʉɸ. ʋ ʮʴʦʤʫ ʞ ʨʦʮʽ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʥʦʚʠʡ ʰʚʝʜʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʽʥʥʦʚʘʮʽʡ ʫ ʩʬʝʨʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ çCloserè. 

ʇʨʦʪʷʛʦʤ 2018 ʨʦʢʫ ʙʫʣʦ ʦʥʦʚʣʝʥʦ ʜʦʨʦʞʥʶ ʢʘʨʪʫ ʟ LHV ʜʦ 2030 ʨʦʢʫ (Asp, ɸkesson and 

Wandel, 2019 [24]). ʈʝʟʫʣʴʪʘʪʦʤ ʻ ʙʽʣʴʰ ʚʠʩʦʢʽ ʘʤʙʽʮʽʾ ʷʢ ʱʦʜʦ ʮʽʣʝʡ, ʪʘʢ ʽ ʱʦʜʦ ʟʘʭʦʜʽʚ. ʑʦʜʦ ʚʠʢʠʜʽʚ 

CO2, ʥʘʧʨʠʢʣʘʜ, ʥʦʚʘ ʤʝʪʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʩʢʦʨʦʪʠʪʠ ʚʠʢʠʜʠ ʥʘ ʨʽʚʥʽ ʩʠʩʪʝʤʠ ʥʘ 15 % ʣʠʰʝ ʟʘ 

ʨʘʭʫʥʦʢ ʤʘʩʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ʤʘʢʩʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ï 

34,5 ʤ ʽ ʟʘʛʘʣʴʥʘ ʚʘʛʘ ï 74 ʪ).  ɼʦ 2030 ʨʦʢʫ ʥʘ ʯʘʩʪʢʫ ʚʝʣʠʢʦʚʘʛʦʚʠʭ ʧʝʨʝʚʝʟʝʥʴ ʤʘʻ ʧʨʠʧʘʜʘʪʠ 80 % 

ʚʽʜ ʫʩʽʭ ʚʘʥʪʘʞʽʚ, ʧʝʨʝʚʝʟʝʥʠʭ ʜʦʨʦʛʘʤʠ ʐʚʝʮʽʾ, ʱʦ ʚʠʤʘʛʘʻ, ʱʦʙ ʤʘʡʞʝ ʚʩʽ ʪʷʛʘʯʽ, ʧʨʠʯʝʧʠ, 

ʥʘʧʽʚʧʨʠʯʝʧʠ ʪʘ ʚʽʟʢʠ ʙʫʣʠ ʩʭʚʘʣʝʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟ ʟʘʛʘʣʴʥʠʤʠ  ʧʘʨʘʤʝʪʨʘʤʠ ʘʚʪʦʧʦʾʟʜʘ 

34,5 ʤ / 74 ʪ. 

ʅʘʨʘʟʽ ʜʦʟʚʦʣʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʧʦʾʟʜʽʚ ʜʦʚʞʠʥʦʶ ʜʦ 25,25 ʤ ʽ ʥʘʚʽʪʴ ʙʽʣʴʰʝ (ʜʦ 32 ʤ ʫ 

ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ). ʎʝ ʟʫʤʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʦʣʽʪʠʢʠ, ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ ʽ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ LHV ʫ ʌʽʥʣʷʥʜʽʾ 

ʂʨʘʾʥʘ, ʷʢʘ ʤʘʻ ʙʘʛʘʪʦ ʧʨʘʢʪʠʯʥʠʭ ʽ ʧʨʘʚʦʚʠʭ ʩʭʦʞʦʩʪʝʡ ʟʽ ʐʚʝʮʽʻʶ, ʟʦʢʨʝʤʘ, ʚʝʣʠʢʫ ʣʽʩʦʚʫ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ. ʅʘ ʦʩʥʦʚʽ ʰʚʝʜʩʴʢʠʭ ʧʨʠʢʣʘʜʽʚ, ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʥʝʚʝʣʠʢʠʭ ʧʽʣʦʪʥʠʭ ʧʨʦʻʢʪʽʚ 

ʚʦʥʠ ʚʠʨʽʰʠʣʠ ʟʙʽʣʴʰʠʪʠ ʟʘʛʘʣʴʥʫ ʚʘʛʫ ʟ 60 ʪ ʜʦ 76 ʪ ʙʝʟ ʩʧʝʮʽʘʣʴʥʠʭ ʦʙʤʝʞʝʥʴ. ʎʝ ʥʦʚʝ ʧʨʘʚʠʣʦ ʙʫʣʦ 

ʩʭʚʘʣʝʥʦ ɭʚʨʦʧʝʡʩʴʢʠʤ ʉʦʶʟʦʤ ʽ ʚʚʝʜʝʥʦ ʚ ʜʽʶ ʟ ʦʩʝʥʽ 2013 ʨʦʢʫ. ɿ ʪʦʛʦ ʯʘʩʫ ʬʽʥʩʴʢʽ ʪʨʘʥʩʧʦʨʪʥʽ 

ʘʛʝʥʪʩʪʚʘ ʧʨʦʜʦʚʞʫʶʪʴ ʥʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ LHV. ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʮʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘʚʝʩʥʽ 2018 

ʨʦʢʫ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʥʦʚʝ ʟʘʢʦʥʦʜʘʚʯʝ ʨʽʰʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʚʰʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʜʦ 34,5 ʤ, ʷʢʝ 

ʙʫʣʦ ʩʭʚʘʣʝʥʝ ɭʚʨʦʧʝʡʩʴʢʠʤ ʉʦʶʟʦʤ ʽ ʥʘʙʫʣʦ ʯʠʥʥʦʩʪʽ ʟ ʩʽʯʥʷ 2019 ʨʦʢʫ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʟ ʙʽʣʴʰ 

ʚʘʞʢʠʤʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʜʦ 88 ʪ ʪʨʠʚʘʶʪʴ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ LHV ʫ ʅʽʜʝʨʣʘʥʜʘʭ 

LʅV ʧʦʩʪʫʧʦʚʦ ʚʧʨʦʚʘʜʞʫʶʪʴ ʚ ʅʽʜʝʨʣʘʥʜʘʭ ʟ 2001 ʨʦʢʫ. ʋ ʧʝʨʽʦʜ ʟ 2008 ʧʦ 2011 ʨʽʢ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʥʠʮʴʢʠʡ ʽ ʧʽʣʦʪʥʠʡ ʧʨʦʻʢʪ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʦʚʞʠʥʦʶ 25,25 

ʤ ʽ ʚʘʛʦʶ 60 ʪ ʥʘ ʦʙʤʝʞʝʥʽʡ ʯʘʩʪʠʥʽ ʤʝʨʝʞʽ ʜʦʨʽʛ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʷʚʠʣʠʩʷ 

ʧʦʟʠʪʠʚʥʠʤʠ, ʽ ʟ 2013 LHV ʜʦʟʚʦʣʝʥʽ ʥʘ ʯʘʩʪʠʥʽ ʤʝʨʝʞʽ ʜʦʨʽʛ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʟʘ ʫʤʦʚʠ 

ʦʪʨʠʤʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʟʚʦʣʽʚ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ LHV ʫ ʅʽʤʝʯʯʠʥʽ 

ʋ ʅʽʤʝʯʯʠʥʽ Bundesanstalt f¿r Strassenwesen (BASt) ʧʨʦʚʽʚ ʤʘʩʰʪʘʙʥʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʢʦʛʦ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ LHV ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʤʝʞʘʭ ʤʽʩʴʢʠʭ ʘʙʦ ʧʨʠʤʽʩʴʢʠʭ ʨʘʡʦʥʽʚ. ʇʦʣʴʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ LʈV ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʤʽʞ 2012 ʪʘ 2016 

ʨʦʢʘʤʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ 13 ʟ 16 ʬʝʜʝʨʘʣʴʥʠʭ ʟʝʤʝʣʴ ʟ ʩʽʯʥʷ 2017 ʨʦʢʫ ʜʦʟʚʦʣʠʣʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʦʚʞʠʥʦʶ 25,25 ʤ ʟ ʦʙʤʝʞʝʥʥʷʤ ʜʦ 40 ʪ ʟ ʤʝʪʦʶ ʟʘʭʠʩʪʫ ʤʦʩʪʽʚ 

ʥʘ ʜʦʨʦʛʘʭ ʟ ʦʙʤʝʞʝʥʠʤ ʨʫʭʦʤ. ʋ ʛʨʫʜʥʽ 2017 ʨʦʢʫ ʱʝ ʜʚʽ ʬʝʜʝʨʘʣʴʥʽ ʟʝʤʣʽ ʥʘʩʣʽʜʫʚʘʣʠ ʮʝʡ ʧʨʠʢʣʘʜ, 

ʟʘʣʠʰʠʚʰʠ ʟʘ ʤʝʞʘʤʠ ʩʠʩʪʝʤʠ ʣʠʰʝ ʤʽʩʪʦ-ʢʦʥʛʣʦʤʝʨʘʪ ɹʝʨʣʽʥ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ LHV ʫ ɼʘʥʽʾ 

ɼʦʚʛʦʩʪʨʦʢʦʚʘ ʧʽʣʦʪʥʘ ʧʨʦʛʨʘʤʘ ʟ ʧʦʣʴʦʚʠʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ LHV ʜʦʚʞʠʥʦʶ 

25,25 ʤ ʽ 60 ʪ ʪʨʠʚʘʻ ʚ ɼʘʥʽʾ ʟ 2008 ʨʦʢʫ. ɼʦ ʮʴʦʛʦ ʯʘʩʫ ʥʝ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ ʧʝʨʝʭʽʜ ʚʽʜ ʮʽʻʾ 

ʧʽʣʦʪʥʦʾ ʧʨʦʛʨʘʤʠ ʜʦ ʨʝʛʫʣʷʨʥʠʭ ʧʨʘʚʠʣ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ LHV ʫ ɯʩʧʘʥʽʷ 

ɿʘʩʪʦʩʦʚʫʶʪʴ LHV ʜʦʚʞʠʥʦʶ ʧʝʨʝʚʘʞʥʦ ʜʦ 18,75 ʤ, ʘʣʝ ʧʨʦʜʦʚʞʫʶʪʴ ʧʨʦʚʦʜʠʪʠ ʧʽʣʦʪʥʽ 

ʧʨʦʻʢʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʚʪʦʧʦʾʟʜʽʚ ʜʦ 25,25 ʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʚʰʠʭ ʘʚʪʦʧʦʾʟʜʽʚ ʤʦʞʣʠʚʝ ʣʠʰʝ ʟʘ 

ʩʧʝʮʽʘʣʴʥʠʤ ʜʦʟʚʦʣʦʤ ʽ ʥʘ ʧʝʚʥʠʭ ʤʘʨʰʨʫʪʘʭ ʫ ʨʘʤʢʘʭ ʧʽʣʦʪʥʠʭ ʧʨʦʛʨʘʤ. 
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ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ LHV ʚ ɹʝʣʴʛʽʾ 

ʄʘʢʩʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘ LHV ʚ ʦʩʥʦʚʥʦʤʫ ʩʪʘʥʦʚʠʪʴ ʜʦ 18,75 ʤ. ɺʝʜʫʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ 
ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʚʪʦʧʦʾʟʜʽʚ ʜʦʚʞʠʥʦʶ ʜʦ 25,25 ʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʚʰʠʭ ʘʚʪʦʧʦʾʟʜʽʚ ʤʦʞʣʠʚʝ ʣʠʰʝ ʟʘ 
ʩʧʝʮʽʘʣʴʥʠʤ ʜʦʟʚʦʣʦʤ ʽ ʥʘ ʚʠʟʥʘʯʝʥʠʭ ʤʘʨʰʨʫʪʘʭ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ LHV ʚ ʏʝʭʽʾ 

ʄʘʢʩʠʤʘʣʴʥʘ ʜʦʟʚʦʣʝʥʘ ʜʦʚʞʠʥʘ LHV ʜʦ 18,75 ʤ. ʆʜʥʘʢ ʜʣʷ ʘʚʪʦʧʦʾʟʜʽʚ ʽʟ ʟʘʛʘʣʴʥʦʶ 
ʜʦʚʞʠʥʦʶ ʧʦʥʘʜ 25 ʤ ʽʩʥʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʫʤʦʚʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʨʦʛʨʘʤʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʚʪʦʧʦʾʟʜʠ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ (ʪʘʢ ʟʚʘʥʽ çʛʽʛʘʥʪʩʴʢʽ ʘʚʪʦʧʦʾʟʜʠè ʘʙʦ European Modular 
System (EMS)). ʏʝʭʽʷ, ʷʢ ʯʣʝʥ ɭʉ, ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʪʝʩʪʫʚʘʥʥʽ ʪʘ ʯʘʩʪʢʦʚʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʫʣʴʥʠʭ 
ʘʚʪʦʧʦʾʟʜʽʚ EMS (ʜʦ 25,25 ʤ), ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʥʘ ʜʘʣʝʢʽ 
ʚʽʜʩʪʘʥʽ ʤʽʞ ʣʦʛʽʩʪʠʯʥʠʤʠ ʭʘʙʘʤʠ ʪʘ ʧʦʨʪʘʤʠ ʪʘ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʫ ʩʢʣʘʜʽ 
ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʣʘʥʮʶʛʽʚ. 

ɼʣʷ LHV ʽʟ ʟʘʛʘʣʴʥʦʶ ʜʦʚʞʠʥʦʶ ʧʦʥʘʜ 25 ʤ ʽʩʥʫʶʪʴ ʩʫʚʦʨʽ ʚʠʤʦʛʠ ʱʦʜʦ: 
ï ʟʘʛʘʣʴʥʦʾ ʚʘʛʠ ï ʥʝ ʙʽʣʴʰʝ 60 ʪ; 
ï ʥʘʚʘʥʪʘʛʘ ʥʘ ʦʜʠʥʦʯʥʫ ʚʽʩʴ ï ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 12 ʪ; 
ï ʨʫʭ ʧʦ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʦʛʘʭ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʱʦʜʦ ʤʘʥʝʚʨʝʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ. 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʧʦʾʟʜʽʚ ʜʦʚʞʠʥʦʶ ʧʦʥʘʜ 25 ʤ ʫ ʏʝʭʽʾ ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʟʚʦʣʽʚ, ʷʢʽ 

ʥʘʜʘʶʪʴ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫʚʘʥʥʷ ʤʘʨʰʨʫʪʫ ʪʘ ʫʤʦʚ ʙʝʟʧʝʢʠ ʨʫʭʫ. ɺ ʢʨʘʾʥʽ ʚʠʢʦʥʫʶʪʴ ʩʫʚʦʨʠʡ ʢʦʥʪʨʦʣʴ 
ʟʘ ʜʦʪʨʠʤʘʥʥʷʤ ʚʘʛʦʚʠʭ ʪʘ ʛʘʙʘʨʠʪʥʠʭ ʦʙʤʝʞʝʥʴ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʟʘʭʠʩʪʫ ʜʦʨʦʞʥʴʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ 
ʤʦʩʪʽʚ. 

ʏʝʭʽʷ ʧʨʦʚʦʜʠʪʴ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʘʚʪʦʧʦʾʟʜʽʚ ʜʣʷ 
ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ. ʋ ʨʘʤʢʘʭ ʧʨʦʻʢʪʽʚ EMS ʤʦʜʫʣʴʥʽ ʘʚʪʦʧʦʾʟʜʠ ʤʘʶʪʴ ʥʘ ʤʝʪʽ 
ʦʧʪʠʤʽʟʘʮʽʶ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ ʪʘ ʟʥʠʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʠʪʨʘʪ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ LHV ʚ ʇʦʣʴʱʽ 

ʄʘʢʩʠʤʘʣʴʥʘ ʜʦʟʚʦʣʝʥʘ ʜʦʚʞʠʥʘ LHV ï ʜʦ 18,75 ʤ. ʆʜʥʘʢ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʘʚʪʦʧʦʾʟʜʽʚ ʜʦ 25,25 ʤ ʥʘ ʩʧʝʮʽʘʣʴʥʦ ʚʠʟʥʘʯʝʥʠʭ ʤʘʨʰʨʫʪʘʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʣʠʚʝ ʪʽʣʴʢʠ ʚ ʨʘʤʢʘʭ 
ʧʽʣʦʪʥʠʭ ʧʨʦʛʨʘʤ ʘʙʦ ʟʘ ʩʧʝʮʽʘʣʴʥʠʤ ʜʦʟʚʦʣʦʤ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ LHV ʚ ɸʚʩʪʨʽʾ  

ʄʘʢʩʠʤʘʣʴʥʘ ʜʦʟʚʦʣʝʥʘ ʜʦʚʞʠʥʘ LHV ï ʜʦ 18,75 ʤ ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʘʚʪʦʧʦʾʟʜʽʚ, ʘʣʝ ʤʦʞʣʠʚʽ 
ʚʠʢʣʶʯʝʥʥʷ ʜʣʷ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʦʻʢʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʚʰʠʭ ʘʚʪʦʧʦʾʟʜʽʚ ʦʙʤʝʞʝʥʝ ʽ ʤʦʞʣʠʚʝ ʣʠʰʝ ʟʘ 
ʩʧʝʮʽʘʣʴʥʠʤ ʜʦʟʚʦʣʦʤ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ LHV ʫ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ  

ʄʘʢʩʠʤʘʣʴʥʘ ʜʦʟʚʦʣʝʥʘ ʜʦʚʞʠʥʘ LHV ï ʜʦ 18,75 ʤ ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʘʚʪʦʧʦʾʟʜʽʚ. ʋ 
ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ ʥʘʨʘʟʽ ʥʝʤʘʻ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʧʦʾʟʜʽʚ ʜʦʚʞʠʥʦʶ ʧʦʥʘʜ 25 ʤ. ʇʨʦʚʝʜʝʥʥʷ 
ʪʝʩʪʽʚ ʽ ʧʽʣʦʪʥʠʭ ʧʨʦʻʢʪʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʚʰʠʭ ʘʚʪʦʧʦʾʟʜʽʚ ʦʙʤʝʞʝʥʝ ʩʧʝʮʽʘʣʴʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ LHV ʚ ʂʠʪʘʡʩʴʢʽʡ ʅʘʨʦʜʥʽʡ ʈʝʩʧʫʙʣʽʮʽ 

ʂʠʪʘʡ ʧʝʨʝʪʚʦʨʠʚʩʷ ʥʘ ʥʘʡʙʽʣʴʰʫ ʚ ʩʚʽʪʽ ʚʠʨʦʙʥʠʯʫ ʽ ʛʣʦʙʘʣʴʥʫ ʪʦʨʛʦʚʝʣʴʥʫ ʝʢʦʥʦʤʽʢʫ, ʘ ʪʘʢʦʞ 
ʩʪʘʚ ʢʨʘʾʥʦʶ ʟ ʥʘʡʙʽʣʴʰʠʤ ʦʙʩʷʛʦʤ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ [15 ï 21]. 

ʋ 1989 ʨʦʮʽ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥʜʘʨʪ ʱʦʜʦ ʤʘʩʠ ʽ ʛʘʙʘʨʠʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ 
ʟʘʩʦʙʽʚ ʧʽʜ ʥʘʟʚʦʶ GB1589-1989, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʻʚʨʦʧʝʡʩʴʢʦʤʫ ʟʘʢʦʥʦʜʘʚʩʪʚʽ, ʚʢʣʶʯʘʶʯʠ ʦʩʥʦʚʥʽ 
ʚʠʟʥʘʯʝʥʥʷ. ɸʣʝ ʥʘ ʪʦʡ ʯʘʩ ʂʠʪʘʶ ʚʩʝ ʱʝ ʥʝ ʚʠʩʪʘʯʘʣʦ ʬʽʟʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʚʠʨʦʙʥʠʯʠʭ 
ʧʦʪʫʞʥʦʩʪʝʡ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ LHV, ʷʢʽ ʙ ʚʽʜʧʦʚʽʜʘʣʠ ʡʦʛʦ ʩʫʯʘʩʥʠʤ ʪʨʘʥʩʧʦʨʪʥʠʤ ʧʦʪʨʝʙʘʤ. 

ʇʽʩʣʷ ʚʩʪʫʧʫ ʜʦ ʉʆʊ ʥʘ ʧʦʯʘʪʢʫ 2000-ʭ ʨʦʢʽʚ ʂʠʪʘʡ ʨʦʟʨʦʙʠʚ ʧʨʦʛʨʘʤʠ ʨʦʟʙʫʜʦʚʠ ʚʣʘʩʥʦʾ 
ʽʥʜʫʩʪʨʽʾ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʘʤʙʽʪʥʽ ʧʣʘʥʠ ʨʦʟʚʠʪʢʫ ʜʦʨʦʞʥʴʦʾ ʤʝʨʝʞʽ. ɿ ʨʽʟʥʠʭ ʧʨʠʯʠʥ GB1589-
1989 ʪʘʢ ʽ ʥʝ ʙʫʣʦ ʚʚʝʜʝʥʦ ʚ ʜʽʶ, ʽ ʚʞʝ ʚ ʧʝʨʰʠʡ ʧʝʨʽʦʜ 2000-ʭ ʨʦʢʽʚ ʧʦʥʘʜʥʦʨʤʦʚʘʥʝ ʟʘ ʤʘʩʦʶ 
ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʩʪʘʣʦ ʩʢʦʨʽʰʝ ʥʦʨʤʦʶ, ʥʽʞ ʚʠʥʷʪʢʦʤ. 

ʅʘ ʧʦʯʘʪʢʫ 2010-ʭ ʨʦʢʽʚ ʩʬʦʨʤʫʚʘʣʦʩʴ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʱʦ ʢʠʪʘʡʩʴʢʘ ʤʦʜʝʣʴ ʟʨʦʩʪʘʥʥʷ ʛʘʣʫʟʽ 
ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʧʦʪʨʝʙʫʻ ʩʝʨʡʦʟʥʠʭ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ ʽ ʧʝʨʝʭʦʜʫ ʜʦ ʙʽʣʴʰ ʩʪʽʡʢʦʾ ʤʦʜʝʣʽ 
ʨʦʟʚʠʪʢʫ. ʅʦʚʘ ʨʝʜʘʢʮʽʷ GB1589 ʙʫʣʘ ʦʩʥʦʚʘʥʘ ʥʘ ɼʠʨʝʢʪʠʚʽ ɭʉ 96/53/EC ʪʘ ʥʘ ɭʚʨʦʧʝʡʩʴʢʽʡ 
ʤʦʜʫʣʴʥʽʡ ʩʠʩʪʝʤʽ (EMS); ʪʘʢ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʂʠʪʘʡʩʴʢʫ ʤʦʜʫʣʴʥʫ ʩʠʩʪʝʤʫ (China Modular System 
(CMS)). 
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ɿ 2018 ʨʦʢʫ ʪʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ ʨʦʟʚʠʚʘʻʪʴʩʷ ʟʛʽʜʥʦ ʽʟ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ. ʈʽʟʥʽ ʢʦʤʙʽʥʘʮʽʾ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʥʘ ʦʩʥʦʚʽ CMS ʟʘʨʘʟ ʧʨʦʭʦʜʷʪʴ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚ ʄʽʥʽʩʪʝʨʩʪʚʽ ʪʨʘʥʩʧʦʨʪʫ. 

ʆʛʣʷʜ ʥʦʨʤʘʪʠʚʥʠʭ ʦʙʤʝʞʝʥʴ ʱʦʜʦ ʧʘʨʘʤʝʪʨʽʚ LHV 

ʆʙʤʝʞʝʥʥʷ ʱʦʜʦ ʧʘʨʘʤʝʪʨʽʚ LHV ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʮʽʦʥʘʣʴʥʠʭ ʨʝʛʣʘʤʝʥʪʽʚ 

ʽ ʚʠʤʦʛ ʙʝʟʧʝʢʠ ʨʫʭʫ. ʋ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʘʚʪʦʧʦʾʟʜʽʚ ʻ ʯʘʩʪʠʥʦʶ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʨʦʛʨʘʤ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʦʮʽʥʶʚʘʥʥʷ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʽ ʙʝʟʧʝʢʫ 

ʨʫʭʫ. ʋ ʪʘʙʣ. 1 ʥʘʚʝʜʝʥʦ ʦʛʣʷʜ ʥʘʷʚʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʦʙʤʝʞʝʥʴ ʱʦʜʦ ʧʘʨʘʤʝʪʨʽʚ LHV ʫ ʢʨʘʾʥʘʭ 

ɭʚʨʦʧʠ. 

 

ʊʘʙʣʠʮʷ 1 ï ʆʛʣʷʜ ʥʘʷʚʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʦʙʤʝʞʝʥʴ ʱʦʜʦ ʧʘʨʘʤʝʪʨʽʚ LHV ʫ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ 

Table 1  ï Overview of existing regulatory restrictions on LHV parameters in European countries 

 

ʂʨʘʾʥʘ 

ʄʘʢʩʠʤʘʣʴʥʘ 

ʜʦʚʞʠʥʘ ʘʚʪʦʧʦʾʟʜʘ, 

ʤ 

ʄʘʢʩʠʤʘʣʴʥʘ 

ʟʘʛʘʣʴʥʘ ʤʘʩʘ, 

ʪ 

ʄʘʢʩʠʤʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ 

ʦʩʝʡ 

ʇʨʠʤʽʪʢʠ / ɼʦʜʘʪʢʦʚʽ ʦʙʤʝʞʝʥʥʷ 

ʐʚʝʮʽʷ 
25,25 (ʜʦ 32 ʚ 

ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ) 
60-74 ʜʦ 11 

ɺʠʩʦʪʘ ʘʚʪʦʧʦʾʟʜʘ ʥʝ ʙʽʣʴʰʝ ʥʽʞ 4,5 ʤ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʝʚʥʠʭ ʤʘʨʰʨʫʪʘʭ. 

ʌʽʥʣʷʥʜʽʷ ʜʦ 34,5 76 ʜʦ 11 

ɺʠʩʦʪʘ ï ʥʝ ʙʽʣʴʰʝ ʥʽʞ 4,4 ʤ. ɼʦʟʚʦʣʝʥʦ ʥʘ 

ʧʝʚʥʠʭ ʤʘʨʰʨʫʪʘʭ, ʱʦ ʘʜʘʧʪʦʚʘʥʽ ʧʽʜ 

ʚʝʣʠʢʫ ʥʘʚʘʥʪʘʛʫ 

ʅʽʤʝʯʯʠʥʘ 25,25 

40-44 (ʜʦ 60 ʫ 

ʧʝʚʥʠʭ 

ʚʠʧʘʜʢʘʭ) 

ʚʽʜ 8 ʜʦ 10 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʟʚʦʣʝʥʦ ʥʘ ʚʠʟʥʘʯʝʥʠʭ 

ʤʘʨʰʨʫʪʘʭ ("Lang-LKW").  

ʅʽʜʝʨʣʘʥʜʠ 25,25 60 ʜʦ 8 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʟʚʦʣʝʥʦ ʥʘ ʧʝʚʥʠʭ 

ʤʘʨʰʨʫʪʘʭ ʽʟ ʚʽʜʧʦʚʽʜʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ. 

ɼʘʥʽʷ 25,25 60 ʜʦ 8 
ɺʠʩʦʪʘ ï ʥʝ ʙʽʣʴʰʝ ʥʽʞ 4 ʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʟʚʦʣʝʥʦ ʥʘ ʚʠʟʥʘʯʝʥʠʭ ʜʦʨʦʛʘʭ. 

ʏʝʭʽʷ 25,25 60 ʜʦ 8 
ɺʠʩʦʪʘ ï ʥʝ ʙʽʣʴʰʝ ʥʽʞ 4 ʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʟʚʦʣʝʥʦ ʥʘ ʚʠʟʥʘʯʝʥʠʭ ʜʦʨʦʛʘʭ. 

ɹʝʣʴʛʽʷ 
25,25 

(ʷʢ ʝʢʩʧʝʨʠʤʝʥʪ) 
60 ʜʦ 8 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʣʠʚʝ ʟʘ ʩʧʝʮʽʘʣʴʥʠʤ 

ʜʦʟʚʦʣʦʤ ʥʘ ʧʝʚʥʠʭ ʤʘʨʰʨʫʪʘʭ. 

ʅʦʨʚʝʛʽʷ 25,25 60-68 ʜʦ 11 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʟʚʦʣʝʥʦ ʥʘ ʧʝʚʥʠʭ 

ʤʘʨʰʨʫʪʘʭ. ɺʠʩʦʪʘ - ʥʝ ʙʽʣʴʰʝ ʥʽʞ 4,5 ʤ. 

ɯʩʧʘʥʽʷ 
25,25 

(ʧʽʣʦʪʥʽ ʧʨʦʻʢʪʠ) 
40-44 ʜʦ 8 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʣʠʚʝ ʟʘ ʩʧʝʮʽʘʣʴʥʠʤ 

ʜʦʟʚʦʣʦʤ ʽ ʥʘ ʚʠʟʥʘʯʝʥʠʭ ʤʘʨʰʨʫʪʘʭ. 

ʌʨʘʥʮʽʷ 
25,25 

(ʧʽʣʦʪʥʽ ʧʨʦʻʢʪʠ) 
40-44 ʜʦ 8 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʦʟʚʦʣʝʥʦ ʣʠʰʝ ʚ ʨʘʤʢʘʭ 

ʧʽʣʦʪʥʠʭ ʧʨʦʛʨʘʤ ʥʘ ʧʝʚʥʠʭ ʤʘʨʰʨʫʪʘʭ. 

ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ 

18,75 

(ʟʘʛʘʣʴʥʽ 

ʦʙʤʝʞʝʥʥʷ) 

44 ʜʦ 6 

ʊʝʩʪʦʚʽ ʧʨʦʻʢʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʚʪʦʧʦʾʟʜʽʚ ʧʦʥʘʜ 25 ʤ ʥʘ ʦʙʤʝʞʝʥʠʭ 

ʤʘʨʰʨʫʪʘʭ. 

ʇʦʣʴʱʘ 

25,25 

(ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʤʘʨʰʨʫʪʠ) 

40-60 ʜʦ 8 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʣʠʚʝ ʟʘ ʩʧʝʮʽʘʣʴʥʠʤ 

ʜʦʟʚʦʣʦʤ ʥʘ ʧʝʚʥʠʭ ʤʘʨʰʨʫʪʘʭ. 

 

ɺʠʩʥʦʚʦʢ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫʚʘʥʥʷ ʤʽʞʥʘʨʦʜʥʦʛʦ ʜʦʩʚʽʜʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʠʣʘʥʢʦʚʠʭ 

ʘʚʪʦʧʦʾʟʜʽʚ ʽʟ ʟʘʛʘʣʴʥʦʶ ʜʦʚʞʠʥʦʶ ʧʦʥʘʜ 25 ʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʘʢʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʻ ʝʬʝʢʪʠʚʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʦʙʩʷʛ ʚʘʥʪʘʞʫ, ʤʦʞʣʠʚʦʛʦ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʟʘ ʦʜʠʥ ʨʝʡʩ, ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ ʟʤʝʥʰʠʪʠ ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ ʽ 

ʚʠʢʠʜʠ ʟʘʙʨʫʜʥʶʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʦʜʠʥʠʮʶ ʧʝʨʝʚʝʟʝʥʦʛʦ ʚʘʥʪʘʞʫ. 

ʄʽʞʥʘʨʦʜʥʘ ʧʨʘʢʪʠʢʘ ʩʚʽʜʯʠʪʴ, ʱʦ ʟʘ ʫʤʦʚʠ ʜʦʪʨʠʤʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʭ ʛʘʙʘʨʠʪʥʦ-ʚʘʛʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʴ ʤʽʞ ʦʩʷʤʠ ʚʧʣʠʚ ʪʨʠʣʘʥʢʦʚʠʭ ʘʚʪʦʧʦʾʟʜʽʚ ʥʘ 

ʜʦʨʦʞʥʽʡ ʦʜʷʛ ʽ ʪʨʘʥʩʧʦʨʪʥʽ ʩʧʦʨʫʜʠ ʤʦʞʝ ʙʫʪʠ ʧʦʨʽʚʥʷʥʠʡ ʘʙʦ ʤʝʥʰʠʤ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʚʝʣʠʢʦʚʘʛʦʚʠʤʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ. ɺʦʜʥʦʯʘʩ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʫʚʘʥʥʷ 
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ʪʘʢʠʭ ʘʚʪʦʧʦʾʟʜʽʚ ʻ ʦʙʤʝʞʝʥʥʷ ʾʭ ʨʫʭʫ ʚʠʟʥʘʯʝʥʠʤʠ ʤʘʨʰʨʫʪʘʤʠ, ʧʨʠʜʘʪʥʠʤʠ ʟʘ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʥʝʩʥʦʶ ʟʜʘʪʥʽʩʪʶ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ, ʘ ʪʘʢʦʞ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʧʦʨʫʜ. 

ɺʠʟʥʘʯʝʥʘ ʜʦʚʞʠʥʘ ʘʚʪʦʧʦʾʟʜʽʚ ʟʫʤʦʚʣʶʻ ʧʽʜʚʠʱʝʥʽ ʚʠʤʦʛʠ ʜʦ ʝʣʝʤʝʥʪʽʚ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ, 

ʟʦʢʨʝʤʘ ʨʘʜʽʫʩʽʚ ʧʦʚʦʨʦʪʽʚ, ʰʠʨʠʥʠ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ, ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʨʦʟʚôʷʟʦʢ ʽ 

ʦʨʛʘʥʽʟʫʚʘʥʥʷ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. ʉʘʤʝ ʪʦʤʫ ʚ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʧʦʾʟʜʽʚ ʽʟ ʟʘʛʘʣʴʥʦʶ 

ʜʦʚʞʠʥʦʶ ʧʦʥʘʜ 25 ʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʩʧʝʮʽʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʫʭʫ, ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʠʩʪʝʤ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʦʙʤʝʞʝʥʴ ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʠʭ ʚʠʤʦʛ ʜʦ ʢʚʘʣʽʬʽʢʘʮʽʾ ʚʦʜʽʾʚ. 

ɼʦʩʚʽʜ ʢʨʘʾʥ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ, ʉʢʘʥʜʠʥʘʚʩʴʢʠʭ ʢʨʘʾʥ,  ɸʚʩʪʨʘʣʽʾ ʪʦʱʦ ʧʽʜʪʚʝʨʜʞʫʻ 

ʜʦʮʽʣʴʥʽʩʪʴ ʧʦʝʪʘʧʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʨʠʣʘʥʢʦʚʠʭ ʘʚʪʦʧʦʾʟʜʽʚ ʯʝʨʝʟ ʨʝʘʣʽʟʫʚʘʥʥʷ ʧʽʣʦʪʥʠʭ ʧʨʦʻʢʪʽʚ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʨʦʛʨʘʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʦʙˇʨʫʥʪʦʚʘʥʦ ʦʮʽʥʠʪʠ ʪʝʭʥʽʯʥʽ, ʝʢʦʥʦʤʽʯʥʽ ʪʘ 

ʙʝʟʧʝʢʦʚʽ ʥʘʩʣʽʜʢʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʘʜʘʧʪʫʚʘʪʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʫ ʙʘʟʫ ʪʘ ʚʠʟʥʘʯʠʪʠ ʧʝʨʝʣʽʢ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ, ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʨʫʭʫ ʘʚʪʦʧʦʾʟʜʽʚ ʧʽʜʚʠʱʝʥʦʾ ʜʦʚʞʠʥʠ. 

ɼʣʷ ʋʢʨʘʾʥʠ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʦʪʝʥʮʽʡʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʨʠʣʘʥʢʦʚʠʭ ʘʚʪʦʧʦʾʟʜʽʚ ʫ ʤʽʞʥʘʨʦʜʥʠʭ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ, ʥʘʩʘʤʧʝʨʝʜ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʠʭ 

ʜʦʨʦʛʘʭ ʜʝʨʞʘʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʨʠʜʦʨʘʭ. ʈʘʟʦʤ ʽʟ ʮʠʤ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʪʘʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʦʪʨʝʙʫʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʚʢʣʶʯʘʻ ʦʮʽʥʶʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʧʦʨʫʜ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ, 

ʚʠʟʥʘʯʝʥʥʷ ʜʦʧʫʩʪʠʤʠʭ ʤʘʨʰʨʫʪʽʚ ʨʫʭʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʛʘʙʘʨʠʪʥʦ-ʚʘʛʦʚʦʛʦ 

ʢʦʥʪʨʦʣʶ. 

ʆʪʨʠʤʘʥʽ ʚʠʩʥʦʚʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʘ ʦʩʥʦʚʘ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʘ ʪʘʢʦʞ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʣʝʥʥʷ ʨʽʰʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʧʦʾʟʜʽʚ ʽʟ 

ʟʘʛʘʣʴʥʦʶ ʜʦʚʞʠʥʦʶ ʧʦʥʘʜ 25 ʤ ʫ ʧʨʘʢʪʠʢʫ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. 
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Summary. The article analyses international experience in the use of three-axle road trains with a total 

length of over 25 m in the field of road freight transport. It considers the main technical and operational 

characteristics of such vehicles, the conditions for their use, as well as the regulatory and infrastructure 

restrictions in force in different countries. It analyses approaches to regulating the movement of three-unit road 

trains in the European Union, Scandinavia, Australia, etc., taking into account requirements for dimensions 

and weight parameters, routes, road safety and the impact on transport infrastructure. The potential advantages 

of using road trains of this length in terms of increasing transport efficiency, reducing transport costs and 

environmental impact are identified, and reservations about possible risks and limitations are highlighted. The 

results of the analysis can be used to justify the feasibility of further introducing three-unit road trains into 

international and domestic freight transport, particularly in the context of adapting the national road 

infrastructure and regulatory framework. 
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ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʢʨʠʪʝʨʽʡ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʩʠʣ ʚʽʜ 

ʥʝʫʩʪʘʣʝʥʦʛʦ ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ ʫ ʛʨʫʥʪʦʚʠʭ ʚʦʜʦʥʘʩʠʯʝʥʠʭ ʫʢʦʩʘʭ ʧʨʠ ʟʥʠʞʝʥʥʽ ʨʽʚʥʷ ʚʦʜʠ ʫ 

ʚʦʜʦʡʤʠʱʘʭ ʟ ʨʽʟʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ. ʆʪʨʠʤʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʝʧʨʝʩʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʚ 

ʪʽʣʽ ʚʦʜʦʥʘʩʠʯʝʥʠʭ ʦʜʥʦʨʽʜʥʠʭ ʫʢʦʩʽʚ ʥʘ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʩʧʦʨʦʞʥʝʥʥʷ ʚʦʜʦʡʤʠʱʘ, ʨʫʭ 

ʛʨʫʥʪʦʚʠʭ ʚʦʜ ʫ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʟ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʟʽ ʩʪʦʨʦʥʠ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ. ɺʩʪʘʥʦʚʣʝʥʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʜʠʥʘʤʽʢʠ ʜʝʧʨʝʩʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʫ ʚʦʜʦʥʘʩʠʯʝʥʠʭ ʛʨʫʥʪʦʚʠʭ ʫʢʦʩʘʭ ʧʽʜ ʯʘʩ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʘʭ ʜʣʷ ʜʚʦʭ ʚʠʜʽʚ ʟʘ ʚʦʜʦʧʨʦʥʠʢʥʽʩʪʶ ʦʩʥʦʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʦʜʦʥʘʩʠʯʝʥʽ ʛʨʫʥʪʦʚʽ ʫʢʦʩʠ, ʚʦʜʦʡʤʠʱʘ, ʜʝʧʨʝʩʽʡʥʘ ʧʦʚʝʨʭʥʷ, ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ 

ʩʠʣʠ, ʬʽʣʴʪʨʘʮʽʡʥʠʡ ʧʦʪʽʢ. 

ɺʩʪʫʧ. ɸʥʘʣʽʟ ʩʪʘʥʫ ʚʦʜʦʥʘʩʠʯʝʥʠʭ ʛʨʫʥʪʦʚʠʭ ʫʢʦʩʽʚ ʩʧʦʨʫʜ ʧʦʢʘʟʘʚ, ʱʦ ʚʠʙʽʨ ʽʥʞʝʥʝʨʥʠʭ 

ʟʘʭʦʜʽʚ ʟ ʧʦʢʨʘʱʝʥʥʷ ʾʭ ʨʦʙʦʪʠ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʞʠʤʫ ʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʤʽʥʠ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʪʘ ʜʽʾ ʪʝʭʥʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ [1,2]. 

ʇʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʨʫʥʪʦʚʠʭ ʩʧʦʨʫʜ ʚ ʫʤʦʚʘʭ ʟʤʽʥʥʦʛʦ ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ ʥʘ ʥʘʜʽʡʥʽʩʪʴ, 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽ ʙʝʟʧʝʨʝʙʽʡʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʟʜʘʪʥʽ ʚʧʣʠʚʘʪʠ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ [3]: ʰʚʠʜʢʽʩʪʴ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ, ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʩʠʣʠ ʚʽʜ ʥʝʫʩʪʘʣʝʥʦʛʦ ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ, 

ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʧʦʨʫʜʠ, ʬʽʣʴʪʨʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʨʫʥʪʫ, ʟʤʽʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʫʥʪʫ ʪʽʣʘ ʽ ʦʩʥʦʚʠ ʩʧʦʨʫʜʠ ʫ ʥʘʩʣʽʜʦʢ ʡʦʛʦ ʚʦʜʦʥʘʩʠʯʝʥʥʷ ʽ ʦʩʫʰʝʥʥʷ ʪʦʱʦ.  

ɿʥʘʯʥʠʤ ʩʠʣʦʚʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʤʝʞʘʭ ʧʦʪʝʥʮʽʡʥʦ-ʥʝʩʪʽʡʢʦʾ ʧʨʠʟʤʠ ʟʩʫʚʫ, ʻ 

ʥʝʫʩʪʘʣʝʥʠʡ ʬʽʣʴʪʨʘʮʽʡʥʠʡ ʧʦʪʽʢ, ʱʦ ʦʙʫʤʦʚʣʝʥʠʡ ʟʤʽʥʦʶ ʫʤʦʚ ʥʘ ʤʝʞʽ ʦʙʣʘʩʪʽ ʬʽʣʴʪʨʘʮʽʾ. ʁʦʛʦ 

ʥʘʷʚʥʽʩʪʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʩʠʣ, ʱʦ ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ 

ʚ ʩʢʝʣʝʪʽ ʛʨʫʥʪʫ. 
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ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ʂʨʠʪʝʨʽʻʤ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʩʠʣ ʚʽʜ ʥʝʫʩʪʘʣʝʥʦʛʦ 

ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʟʥʠʞʝʥʥʽ ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ ʟʛʽʜʥʦ ʽʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʄʦʞʝʚʽʪʽʥʦʚʘ ɸ. 

ʃ. ʽ ʉʫʣʝʡʤʘʥʦʚʘ ɯ. ɸ [4]ʻ: 

 

,
k

V m
a
m
=
Ö Ö

 (1) 

 

ʜʝ k ï ʢʦʝʬʽʮʽʻʥʪ ʬʽʣʴʪʨʘʮʽʾ ʛʨʫʥʪʫ ʪʽʣʘ ʩʧʦʨʫʜʠ;  

V ï ʰʚʠʜʢʽʩʪʴ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ;  

,mm  ï ʚʽʜʧʦʚʽʜʥʦ, ʢʦʝʬʽʮʽʻʥʪ ʚʦʜʦʚʽʜʜʘʯʽ ʛʨʫʥʪʫ ʪʽʣʘ ʩʧʦʨʫʜʠ ʽ ʟʘʢʣʘʜʘʥʥʷ ʫʢʦʩʫ.  

 

ʇʨʠ ʮʴʦʤʫ, ʢʨʠʪʝʨʽʡ aʧʦʚʠʥʝʥ ʟʥʘʭʦʜʠʪʠʩʴ ʫ ʤʝʞʘʭ: 

 

 0,05 5,0a¢ ¢   (2) 

 

ʇʨʠ 0,05a< , ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʜʝʧʨʝʩʽʡʥʘ ʧʦʚʝʨʭʥʷ ʚ ʪʽʣʽ ʽ ʚ ʫʢʦʩʽʚ ʩʧʦʨʫʜʠ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʟʘ 

ʯʘʩ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ. ɼʣʷ ʜʘʥʦʛʦ ʚʠʧʘʜʢʫ, ʨʦʟʨʘʭʫʥʢʠ ʩʪʽʡʢʦʩʪʽ ʫʢʦʩʽʚ ʥʝʦʙʭʽʜʥʦ 

ʚʝʩʪʠ, ʷʢ ʜʣʷ ʤʠʪʪʻʚʦʛʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ.  

ʇʨʠ 5,0a> , ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʜʝʧʨʝʩʽʡʥʘ ʧʦʚʝʨʭʥʷ ʦʪʨʠʤʫʻ ʥʝʟʥʘʯʥʝ ʚʽʜʩʪʘʚʘʥʥʷ ʚʽʜ ʨʽʚʥʷ 

ʚʦʜʠ, ʱʦ ʧʦʥʠʞʫʻʪʴʩʷ ʫ ʚʦʜʦʡʤʠʱʽ. ɼʣʷ ʜʘʥʦʛʦ ʚʠʧʘʜʢʫ, ʤʦʞʥʘ ʜʦʧʫʩʪʠʪʠ, ʱʦ ʨʦʟʤʽʱʝʥʥʷ 

ʜʝʧʨʝʩʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʪʽʣʽ ʫʢʦʩʫ ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʶ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ ʥʘ ʧʝʚʥʠʡ ʯʘʩ ʡʦʛʦ ʩʧʦʨʦʞʥʝʥʥʷ. 

ʈʦʟʤʽʱʝʥʥʷ ʜʝʧʨʝʩʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʪʽʣʽ ʽ ʫʢʦʩʽ ʛʨʫʥʪʦʚʦʾ ʩʧʦʨʫʜʠ ʥʘ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʥʘʧʨʠʢʣʘʜ ʤʝʪʦʜʦʤ ɽɻɼɸ, ʽʩʥʫʶʯʠʤʠ 

ʘʥʘʣʽʪʠʯʥʠʤʠ ʘʙʦ ʯʠʩʝʣʴʥʠʤʠ ʨʦʟʚôʷʟʢʘʤʠ.  

ɼʣʷ ʛʨʫʥʪʦʚʠʭ ʩʧʦʨʫʜ, ʱʦ ʚʣʘʰʪʦʚʘʥʽ ʟ ʦʜʥʦʨʽʜʥʦʛʦ ʛʨʫʥʪʫ (ʨʠʩ. 1), ʨʦʟʤʽʱʝʥʥʷ ʜʝʧʨʝʩʽʡʥʦʾ 

ʧʦʚʝʨʭʥʽ ʚ ʾʭ ʪʽʣʽ ʽ ʫʢʦʩʽ ʥʘ ʙʫʜʴ ʷʢʠʡ ʤʦʤʝʥʪʫ ʯʘʩʫ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ ʤʦʞʥʘ 

ʚʩʪʘʥʦʚʠʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ ɺ. ʀ. ʐʝʩʪʘʢʦʚʘ [5]: 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʟ ʚʠʟʥʘʯʝʥʥʷ ʜʝʧʨʝʩʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʪʽʣʽ ʛʨʝʙʣʽ ʧʨʠ ʧʦʥʠʞʝʥʽ 

ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ 

Figure 1 ï Schematic diagram illustrating the determination of the depression surface within the dam 

body when the water level in the reservoir is lowered 
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ʜʝ v ð ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ;  

()1 1 0
h h vt= -  - ʛʣʠʙʠʥʘ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ ʧʽʜ ʯʘʩ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ;  

( ) ( ), ; ,LF n F nl l  ð ʬʫʥʢʮʽʾ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʤʦʥʦʛʨʘʤ (ʨʠʩ. 2). 

 
ʈʠʩʫʥʦʢ 2 ï ʄʦʥʦʛʨʘʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ( ) ( ), ; ,LF n F nl l  

Figure 2 ï Monograms for identifying functions ( ) ( ), ; ,LF n F nl l  

 

ɸʚʪʦʨʦʤ [6] ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʝʧʨʝʩʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ 

ʯʘʩʫ ʩʧʦʨʦʞʥʝʥʥʷ ʚʦʜʦʡʤʠʱʘ ʜʣʷ ʦʜʥʦʨʽʜʥʠʭ ʫʢʦʩʽʚ ʘʙʦ ʩʭʠʣʽʚ ʬʽʣʴʪʨʘʮʽʡʥʠʡ ʧʦʪʽʢ ʫ ʷʢʠʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʟ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʟʽ ʩʪʦʨʦʥʠ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ (ʨʠʩ. 3).  

ɿ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ ʟʘʜʘʯʽ ʧʦʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʟʘ ʣʽʥʽʡʥʠʤ 

ʟʘʢʦʥʦʤ 

 h V t= Ö,  (4) 

 
ʈʠʩʫʥʦʢ 3 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʟ ʚʠʟʥʘʯʝʥʥʷ ʜʝʧʨʝʩʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʛʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ ʧʨʠ 

ʧʦʥʠʞʝʥʽ ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ 

Figure 3 ï Schematic diagram illustrating the determination of the depression surface in the soil mass 

when the water level in the reservoir is lowered 
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ʇʽʜ ʯʘʩ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ ʚ ʛʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ ʚʠʥʠʢʘʻ ʥʝʫʩʪʘʣʝʥʠʡ 

ʬʽʣʴʪʨʘʮʽʡʥʠʡ ʧʦʪʽʢ, ʷʢʠʡ ʜʣʷ ʚʠʧʘʜʢʫ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʧʦʪʦʢʫ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʤʦʞʥʘ ʦʧʠʩʘʪʠ 

ʨʽʚʥʷʥʥʷʤ 

( )2

2

,H x tk h H

x tm

µÖ µ
=

µ µ
,  (5) 

 

ʜʝ k ï ʢʦʝʬʽʮʽʻʥʪ ʬʽʣʴʪʨʘʮʽʾ;  

h ï ʧʦʪʫʞʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ;  

m - ʢʦʝʬʽʮʽʻʥʪ ʚʦʜʦʚʽʜʜʘʯʽ.  

 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʛʨʫʥʪʦʚʦʛʦ ʫʢʦʩʫ, ʧʨʠʪʽʢ ʚʦʜʠ ʫ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʟ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ, 

ʟʘʧʠʰʫʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

 

( ) 0,H x o H= ; o x< <¤; 
0ʧʨʠt t o= =; 

( ) 0 1,H x o H V t h= - Ö =; o t< <¤; (6) 

( ),
0

H t

x

µ +¤
=

µ
. 

 

ʈʦʟʚ'ʷʟʦʢ ʜʘʥʦʾ ʟʘʜʘʯʽ ʻ ʘʥʘʣʦʛʽʯʥʠʤ ʨʽʰʝʥʥʷʤ ʟ ʪʝʦʨʽʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ʎʝ ʜʦʟʚʦʣʠʣʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʨʷʜ ʬʦʨʤʫʣ ʟ ʜʘʥʦʾ ʪʝʦʨʽʾ. ʊʦʜʽ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (5) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ (6) 

ʦʪʨʠʤʘʻʤʦ ʫ ʚʠʛʣʷʜʽ: 

( ) ( )0,

2

x t

x
H H V t V t erf

k h
t

m

å õ
æ ö
æ ö= - Ö + Ö
æ öÖ

Öæ öæ ö
ç ÷

,  (7) 

 

ʜʝ ʅ0  ï ʛʣʠʙʠʥʘ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ ʜʦ ʧʦʯʘʪʢʫ ʩʧʦʨʦʞʥʝʥʥʷ;  

t ï ʙʫʜʴ-ʷʢʠʡ ʯʘʩ ʩʧʦʨʦʞʥʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ;  

ʭ ï ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʢʦʦʨʜʠʥʘʪʘ ʜʝʷʢʦʾ ʪʦʯʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʦʟʤʽʱʝʥʥʷ ʢʨʠʚʦʾ ʜʝʧʨʝʩʽʾ;  

V ï ʰʚʠʜʢʽʩʪʴ ʧʦʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ.  

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʜʠʥʘʤʽʢʠ ʜʝʧʨʝʩʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʫ ʚʦʜʦʥʘʩʠʯʝʥʠʭ 

ʫʢʦʩʘʭ ʛʨʫʥʪʦʚʠʭ ʩʧʦʨʫʜʘʭ ʧʽʜ ʯʘʩ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʪʝʦʨʝʪʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ (7). ʇʨʠ ʮʴʦʤʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ 

ˇʨʫʥʪʦʚʠʭ ʩʧʦʨʫʜ ʽ ʰʚʠʜʢʦʩʪʽ ʧʦʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ ʚ ʤʝʞʘʭ ʢʨʠʪʝʨʽʶ 0,05 5,0a¢ ¢ , 

ʱʦ ʚʠʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʥʝʫʩʪʘʣʝʥʦʛʦ ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ ʚ ʦʮʽʥʮʽ ʩʪʽʡʢʦʩʪʽ ʫʢʦʩʽʚ. 

ʂʨʽʤ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʛʣʷʥʫʪʦ ʜʚʘ ʚʠʜʠ ʦʩʥʦʚ: 1 ï ʟ ʜʦʙʨʝ ʚʦʜʦʧʨʦʥʠʢʣʠʚʠʤʠ ʛʨʫʥʪʘʤʠ 

kʬ>0,75 ʤ/ʜʦʙʫ; 2 ï ʟ ʤʘʣʦ ʚʦʜʦʧʨʦʥʠʢʣʠʚʠʤʠ ʛʨʫʥʪʘʤʠ kʬ<0,05 ʤ/ʜʦʙʫ.  

ɿʚʠʯʘʡʥʦ, ʤʘʣʦ ʚʦʜʦʧʨʦʥʠʢʥʘ ʦʩʥʦʚʘ ʟ kʬ<0,05 ʤ/ʜʦʙʫ ʧʨʠʡʥʷʪʘ ʟ ʜʦʧʫʱʝʥʥʷʤ, ʪʘʢ, ʷʢ ʰʚʠʜʢʽʩʪʴ 

ʬʽʣʴʪʨʘʮʽʾ ʚ ʜʦʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʟʥʘʯʥʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʰʚʠʜʢʽʩʪʶ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ. 

ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʚʘʣʠʩʴ ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʟʥʘʯʝʥʴ Ŭ: 0,05; 0,1; 0,5; 1,0; 2,0; 5,0, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʫʨʘʭʫʚʘʪʠ ʧʨʘʢʪʠʯʥʦ ʦʩʥʦʚʥʽ ʚʠʧʘʜʢʠ, ʷʢʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʨʫʥʪʦʚʠʭ ʩʧʦʨʫʜ ʚ 

ʫʤʦʚʘʭ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʦʜʦʡʤʠʱʽ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʦʜʥʦʨʽʜʥʠʭ ˇʨʫʥʪʦʚʠʭ ʩʧʦʨʫʜ ʪʨʘʧʝʮʝʾʜʘʣʴʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʤʘʣʦ ʚʦʜʦʧʨʦʥʠʢʣʠʚʠʭ ʦʩʥʦʚʘʭ, ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ (ʨʠʩ. 4 ): 
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ʈʠʩʫʥʦʢ 4 ï ɼʠʥʘʤʽʢʘ ʢʨʠʚʦʾ ʜʝʧʨʝʩʽʾ ʫ ʪʽʣʽ ʫʢʦʩʫ ʜʘʤʙʠ ʧʨʠ ʧʦʥʠʞʝʥʥʽ ʨʽʚʥʷ ʚʦʜʦ ʫ 

ʚʦʜʦʡʤʠʱʽ, ʱʦ ʨʦʟʤʽʱʝʥʘ ʥʘ ʤʘʣʦ ʚʦʜʦʧʨʦʥʠʢʣʠʚʠʭ ʛʨʫʥʪʘʭ ʦʩʥʦʚʠ 

 

i

k

th
f

h t

å õ
= æ ö
ç ÷

,  (8) 

 

ʜʝ ȹh=hi ï ʨʦʟʤʽʱʝʥʥʷ ʜʝʧʨʝʩʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʤʘʩʠʚʽ ʩʧʦʨʫʜʠ ʥʘ ʜʝʷʢʠʡ ʯʘʩ ti;  

h ï ʧʦʯʘʪʢʦʚʝ ʨʦʟʤʽʱʝʥʥʷ ʜʝʧʨʝʩʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʪʽʣʽ ʫʢʦʩʫ;  

tʢ ð ʢʽʥʮʝʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʮʽʣʢʦʚʠʪʦʤʫ ʟʥʠʞʝʥʥʶ ʨʽʚʥʷ ʚʦʜʠ. 

 

ʅʘ ʦʩʥʦʚʽ ʦʜʝʨʞʘʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʧʨʠ ʜʘʥʠʭ ʫʤʦʚʘʭ ʙʫʜʽʚʥʠʮʪʚʘ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʨʫʥʪʦʚʠʭ ʩʧʦʨʫʜ ʜʝʧʨʝʩʽʡʥʘ ʧʦʚʝʨʭʥʷ ʤʘʻ ʟʥʘʯʥʝ ʚʽʜʩʪʘʚʘʥʥʷ ʚʽʜ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʫ 

ʚʦʜʦʡʤʠʱʽ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ Ŭ=5,0 ʚʽʜʩʪʘʚʘʥʥʷ ʜʝʧʨʝʩʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʤʦʤʝʥʪ ʯʘʩʫ 1i

k

t

t

å õ
=æ ö

ç ÷
, ʩʪʘʥʦʚʠʪʴ 

0,25h, ʘ ʜʣʷ Ŭ=0,05 ʩʢʣʘʜʘʻ 0,92h. ʂʨʽʤ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʘʜʽʥʥʷ 

ʜʝʧʨʝʩʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦ ʚʠʩʦʪʽ ʫʢʦʩʫ ʟʤʽʥʶʻʪʴʩʷ. ɰʾ ʟʥʘʯʝʥʥʷ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʟʨʦʩʪʘʻ, ʧʦʪʽʤ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʧʨʠ ʥʝʟʥʘʯʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 
i

k

t

t

å õ
æ ö
ç ÷

 ʧʘʜʽʥʥʷ ʜʝʧʨʝʩʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ. 

ɸʥʘʣʦʛʽʯʥʦ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʩʧʦʨʫʜʘ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʜʦʙʨʝ 

ʚʦʜʦʧʨʦʥʠʢʣʠʚʠʭ ʛʨʫʥʪʘʭ ʦʩʥʦʚʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 5.  

 

 
ʈʠʩʫʥʦʢ 5 ï ɼʠʥʘʤʽʢʘ ʢʨʠʚʦʾ ʜʝʧʨʝʩʽʾ ʫ ʪʽʣʽ ʫʢʦʩʫ ʜʘʤʙʠ ʧʨʠ ʧʦʥʠʞʝʥʥʽ ʨʽʚʥʷ ʚʦʜʠ ʫ 

ʚʦʜʦʡʤʠʱʽ, ʱʦ ʨʦʟʤʽʱʝʥʘ ʥʘ ʜʦʙʨʝ ʚʦʜʦʧʨʦʥʠʢʣʠʚʠʭ ʛʨʫʥʪʘʭ ʦʩʥʦʚʠ 

Figure 5 ï Variation in the depression curve within the dam slope body as the water level in the 

reservoir decreases, where the dam is situated on highly permeable foundation soils 

https://arrcjournal.org/
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ɺʠʩʥʦʚʢʠ 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʧʨʠʡʥʷʪʠʭ ʫʤʦʚ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʛʨʫʥʪʦʚʠʭ ʩʧʦʨʫʜ ʚʽʜʩʪʘʚʘʥʥʷ ʜʝʧʨʝʩʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜ ʨʽʚʥʷ ʚʦʜʠ ʧʨʠ Ŭ=5,0 ʩʢʣʘʜʘʻ ʚʩʴʦʛʦ 0,05h, ʘ 

ʧʨʠ Ŭ=0,05 ʚʦʥʦ ʨʽʚʥʝ 0,88h. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʟ ʤʘʣʦ ʚʦʜʦʧʨʦʥʠʢʥʠʤʠ 

ʛʨʫʥʪʘʤʠ ʦʩʥʦʚʠ, ʧʘʜʽʥʥʷ ʜʝʧʨʝʩʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʪʽʣʽ ʫʢʦʩʫ ʟʤʽʥʶʻʪʴʩʷ ʥʝʟʥʘʯʥʦ. ɼʣʷ ʜʘʥʦʛʦ ʚʠʧʘʜʢʫ 

ʥʘ ʜʠʥʘʤʽʢʫ ʜʝʧʨʝʩʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʪʽʣʽ ʫʢʦʩʫ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʜʨʝʥʫʶʯʘ ʟʜʘʪʥʽʩʪʴ ʛʨʫʥʪʫ ʦʩʥʦʚʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʨʫʭ ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʇʨʠ ʮʴʦʤʫ ʛʨʘʜʽʻʥʪ ʥʘʧʦʨʫ 

ʜʦʨʽʚʥʶʻ ʦʜʠʥʮʽ, ʘ ʧʘʜʽʥʥʷ ʜʝʧʨʝʩʽʡʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʪʽʣʽ ʫʢʦʩʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʟ ʦʜʥʘʢʦʚʦʶ 

ʰʚʠʜʢʽʩʪʶ.  
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Summary. The article analyzes the condition of water-saturated earth slopes of structures under 

conditions of fluctuating water levels in reservoirs. A criterion has been substantiated for the necessity of 

considering hydrodynamic forces arising from unsteady seepage flow in water-saturated earth slopes during 

water level drawdown in reservoirs with different intensities. The relationship has been obtained for 

determining the phreatic surface within homogeneous water-saturated slopes at any moment during reservoir 

emptying, where groundwater flow occurs from infinity on the side of the soil mass. 

Regularities in the dynamics of the phreatic surface in water-saturated earth slopes during water level 

drawdown in reservoirs have been established for two types of foundations differing in permeability. 

Based on the research results, graphical relationships describing the dynamics of the phreatic surface in 

water-saturated slopes during water level drawdown in reservoirs have been constructed for homogeneous 

earth structures with a trapezoidal cross-section located on low-permeability and permeable foundations. It has 

been established that under certain construction and operation conditions of earth structures, the phreatic 

surface significantly lags behind the decrease in the reservoir water level. In addition, the study shows that the 

rate of decline of the phreatic surface along the slope height varies, which may significantly affect the intensity 

of reservoir drawdown. 
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ɸʥʦʪʘʮʽʷ: ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʽʜʣʦʛʠ ʧʦ ˇʨʫʥʪʫ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʘʜʽʦʛʝʥʥʦʛʦ ʧʦʪʦʢʫ ʟʝʤʣʽ ʜʣʷ ʦʮʽʥʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʗʢ 

ʦʙ'ʻʢʪ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʷʤʦʢʫʪʥʘ ʙʝʪʦʥʥʘ ʧʣʠʪʘ ʧʽʜʣʦʛʠ, ʨʦʟʤʽʱʝʥʘ ʥʘ ˇʨʫʥʪʽ, ʟ 

ʤʦʞʣʠʚʠʤ ʧʝʨʠʤʝʪʨʘʣʴʥʠʤ ʫʪʝʧʣʝʥʥʷʤ ʩʤʫʛʦʶ ʫʪʝʧʣʶʚʘʯʘ, ʜʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ 

ʤʘʪʝʨʽʘʣʽʚ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ˇʨʫʥʪʫ, ʘ ʪʘʢʦʞ ʩʪʘʮʽʦʥʘʨʥʠʡ ʜʚʦʚʠʤʽʨʥʠʡ ʧʨʦʮʝʩ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ. ɹʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽʩʥʫʶʯʽ ʧʽʜʭʦʜʠ ʜʦ ʫʪʝʧʣʝʥʥʷ ʧʽʜʣʦʛ ʥʘ ˇʨʫʥʪʽ ʟʛʽʜʥʦ ʟ 

ʫʢʨʘʾʥʩʴʢʠʤʠ ʪʘ ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʥʦʨʤʘʪʠʚʘʤʠ, ʘ ʪʘʢʦʞ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʠʥʮʠʧʠ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ ʪʘ ʽʪʝʨʘʮʽʡʥʦʛʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʜʣʷ ʨʽʚʥʷʥʥʷ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟ ʟʤʽʥʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ʇʦʩʪʘʚʣʝʥʘ ʤʝʪʘ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʫ ʧʣʠʪʽ, ʫʪʝʧʣʶʚʘʯʽ ʪʘ ˇʨʫʥʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʛʝʦʤʝʪʨʽʾ 

ʙʫʜʽʚʣʽ ʪʘ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʪʨʘʥʩʤʽʩʽʡʥʽ ʪʝʧʣʦʚʪʨʘʪʠ 

ʜʣʷ ʨʽʟʥʠʭ ʰʠʨʠʥʠ ʫʪʝʧʣʝʥʥʷ. ɼʣʷ ʟʨʫʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʥʘ ʧʨʘʢʪʠʮʽ ʩʣʽʜ 

ʚʚʦʜʠʪʠ ʜʦʜʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʫʤʦʞʣʠʚʣʶʶʪʴ ʦʙʣʽʢ ʨʽʟʥʠʭ ʪʠʧʽʚ ˇʨʫʥʪʽʚ, ʪʦʚʱʠʥʠ ʫʪʝʧʣʶʚʘʯʘ ʪʘ 

ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʭʦʜʽʚ, ʟ ʦʙʦʚôʷʟʢʦʚʠʤ ʚʨʘʭʫʚʘʥʥʷʤ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʜʦ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʣʦʛʽʩʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʅʘʡʚʘʞʣʠʚʽʰʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʻ 

ʨʦʟʨʦʙʣʝʥʘ 2D-ʤʦʜʝʣʴ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʷʢʘ ʧʽʜʪʚʝʨʜʞʫʻ ʢʦʥʮʝʥʪʨʘʮʽʶ ʪʝʧʣʦʚʪʨʘʪ ʫ ʢʨʘʡʦʚʠʭ ʟʦʥʘʭ 

ʧʽʜʣʦʛʠ ʪʘ ʜʝʤʦʥʩʪʨʫʻ ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ ʥʘ 20-25% ʧʨʠ ʧʝʨʠʤʝʪʨʘʣʴʥʦʤʫ ʫʪʝʧʣʝʥʥʽ ʰʠʨʠʥʦʶ 2-3 ʤ, ʘ 

ʪʘʢʦʞ ʩʧʽʚʚʽʜʥʦʩʥʽʩʪʴ ʟ ʽʥʞʝʥʝʨʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʟʘ ɼʉʊʋ EN ISO 13370:2022 ʪʘ ɼʉʊʋ 9190:2022. 

ɿʥʘʯʠʤʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʜʦʟʚʦʣʷʻ 

ʥʝ ʣʠʰʝ ʦʧʪʠʤʽʟʫʚʘʪʠ ʫʪʝʧʣʝʥʥʷ ʜʣʷ ʙʫʜʽʚʝʣʴ ʟ ʚʝʣʠʢʠʤʠ ʧʣʦʱʘʤʠ ʧʽʜʣʦʛ ʥʘ ˇʨʫʥʪʽ, ʧʽʜʚʠʱʠʪʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʟʤʝʥʰʠʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʘʣʝ ʡ ʩʣʫʛʫʚʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʦʥʦʚʣʝʥʥʷ 

ʥʦʨʤʘʪʠʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽʩʥʫʶʯʠʭ ʦʙôʻʢʪʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʧʽʜʣʦʛʘ ʥʘ ˇʨʫʥʪʽ, ʪʝʧʣʦʽʟʦʣʷʮʽʷ; ʢʨʘʡʦʚʘ ʟʦʥʘ, 

ʧʝʨʠʤʝʪʨʘʣʴʥʝ ʫʪʝʧʣʝʥʥʷ, ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʙʫʜʽʚʣʽ ʣʦʛʽʩʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

 

ɺʩʪʫʧ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʪʝʧʣʦʚʦʾ ʦʙʦʣʦʥʢʠ ʙʫʜʽʚʣʽ ʚʩʽ ʟʦʚʥʽʰʥʽ ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʶʪʴ 

ʙʫʪʠ ʫʪʝʧʣʝʥʽ ʟ ʤʝʪʦʶ ʜʦʩʷʛʥʝʥʥʷ ʷʢ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚʥʫʪʨʽʰʥʽʤʠ 

ʽʥʞʝʥʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʙʫʜʽʚʣʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʙʘʞʘʥʦʛʦ ʢʣʘʩʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ [1] ʪʘʢ ʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʜʣʷ ʧʝʨʝʙʫʚʘʥʥʷ ʣʶʜʠʥʠ ʙʽʣʷ ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʟʦʚʥʽʰʥʽʭ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [2]. ɿʛʽʜʥʦ ʫʢʨʘʾʥʩʴʢʠʭ ʥʦʨʤʘʪʠʚʽʚ [2, 3] ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʡ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘʧʨʘʚʣʝʥʥʷ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʦʧʦʨʫ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ [2] ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʤʽʩʪʢʽʚ ʭʦʣʦʜʫ. ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ [4] ʮʝ ʽ ʤʽʥʽʤʽʟʘʮʽʷ ʦʙʩʷʛʫ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʚʪʨʘʪ ʪʝʧʣʦʪʠ, ʪʦʙʪʦ ʟʙʽʣʴʰʝʥʥʷ 

ʪʦʚʱʠʥʠ ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʙʫʜʽʚʣʽ ʽʟ ʧʦʚʥʠʤ ʯʠ ʯʘʩʪʢʦʚʠʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʪʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʥʘʧʨʢʠʣʘʜ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚʽʜ 

ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ [5]. ɼʫʞʝ ʯʘʩʪʦ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʦʩʚʽʜʫ ʧʨʦʻʢʪʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥʝʭʪʫʚʘʥʥʷ ʫʪʝʧʣʝʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ ʽʟ ˇʨʫʥʪʦʤ. ʅʘʧʨʠʢʣʘʜ, ʻʚʨʦʧʝʡʩʴʢʠʡ ʧʽʜʭʽʜ 

ʧʨʦʧʦʥʫʻ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʧʨʘʚʠʣʦʤ çʤʘʨʢʝʨʘè, ʱʦ ʚʠʤʘʛʘʻ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʢʦʥʪʫʨʫ ʫʪʝʧʣʝʥʥʷ ʥʘ ʚʩʽʭ 

ʧʦʚʝʨʭʥʷʭ ʙʫʜʽʚʣʽ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ ʽʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽʟ ˇʨʫʥʪʦʤ, ʘ ʥʝ ʣʠʰʝ ʽʟ 

ʟʦʚʥʽʰʥʽʤ ʧʦʚʽʪʨʷʤ. ʗʢʱʦ ʜʣʷ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ ʽʟ ʧʽʜʣʦʛʦʶ ʥʘ ˇʨʫʥʪʽ ʥʝ ʚʠʥʠʢʘʻ ʧʠʪʘʥʴ ʚ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʫʪʝʧʣʝʥʥʷ, ʪʦ ʜʣʷ ʛʨʦʤʘʜʩʴʢʠʭ ʪʘʢʽ ʧʨʦʮʝʩʠ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʜʠʩʢʫʩʽʷʤʠ ʩʪʦʩʦʚʥʦ 

ʜʦʮʽʣʴʥʦʩʪʽ ʪʘʢʠʭ ʟʘʭʦʜʽʚ. ɼʣʷ ʚʝʣʠʢʠʭ ʪʦʨʛʦʚʝʣʴʥʠʭ ʮʝʥʪʨʽʚ ʜʝ ʜʦʩʠʪʴ ʚʝʣʠʢʽ ʧʣʦʱʽ ʧʽʜʣʦʛ ʥʘ ˇʨʫʥʪʽ 

ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʫʪʝʧʣʝʥʥʷ ʚʩʽʻʾ ʧʣʦʱʠʥʠ ʧʽʜʣʦʛʠ, ʱʦ ʚʠʤʘʛʘʻʪʴʩʷ [3] ʷʢ 

ʦʙʦʚôʷʟʢʦʚʘ ʫʤʦʚʘ ʽ ʦʙʩʷʟʽ ʥʝ ʤʝʥʰʝ 50 ʤʤ ʫʪʝʧʣʶʚʘʯʘ. ʇʨʦ ʪʝ ʧʨʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʭ ʧʣʦʱʘʭ ʪʘ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʰʠʨʠʥʠ ʪʘ ʜʦʚʞʠʥʠ ʧʽʜʣʦʛʦʚʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ  ʭʘʨʘʢʪʝʨʥʠʤ ʝʣʝʤʝʥʪʦʤ 

ʣʦʛʽʩʪʠʯʥʠʭ ʙʫʜʽʚʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʷʢ-ʪʦ ʩʢʣʘʜʽʚ ʤʘʪʝʨʽʘʣʽʚ, ʮʝʥʪʨʽʚ ʣʦʛʽʩʪʠʢʠ, 

ʧʝʨʝʚʘʣʦʯʥʠʭ ʧʫʥʢʪʽʚ) ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʫʪʝʧʣʝʥʥʷ ʣʠʰʝ ʧʝʨʠʤʝʪʨʘʣʴʥʠʭ ʟʦʥ ʧʽʜʣʦʛ, ʷʢ 

ʟʨʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1, ʯʝʨʝʟ ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰʽ ʦʙʩʷʛʠ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʪʝʧʣʦʚʪʨʘʪ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʫʪʝʧʣʝʥʥʷ ʢʨʘʡʦʚʦʾ ʟʦʥʠ ʧʽʜʣʦʛʠ ʥʘ ˇʨʫʥʪʽ [6, 7] 

1- ʰʘʨ ʧʽʜʣʦʛʠ; 2 ï ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʪʝʧʣʦʽʟʦʣʶʚʘʥʥʷ; 3 ï ʩʪʽʥʘ ʬʫʥʜʘʤʝʥʪʫ; dn ï ʪʦʚʱʠʥʘ 

ʫʪʝʧʣʶʚʘʯʘ; D ï ʰʠʨʠʥʘ ʫʪʝʧʣʝʥʥʷ 

Figure 1 ï Cheme of edge-zone insulation of a floor on the ground [6, 7] 

1 ï floor layer; 2 ï horizontal thermal insulation; 3 ï foundation wall; d  ï thickness of 

insulation; D ï width of insulation. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʆʙ'ʻʢʪʦʤ ʤʦʜʝʣʽ  ̒ ʧʽʜʣʦʛʘ ʧʦ ˇʨʫʥʪʫ ʙʫʜʽʚʣʽ ʫ ʚʠʛʣʷʜʽ 

ʧʨʷʤʦʢʫʪʥʦʾ ʙʝʪʦʥʥʦʾ ʧʣʠʪʠ ʨʦʟʤʽʨʘʤʠ X1 ʪʘ X2 ʫ ʧʣʘʥʽ ʪʘ ʪʦʚʱʠʥʦʶ Dbet ʤʤ. ʇʣʠʪʘ ʨʦʟʤʽʱʝʥʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ˇʨʫʥʪʽ, ʨʽʚʝʥʴ ʧʽʜʣʦʛʠ ʩʧʽʚʧʘʜʘʻ ʟ ʨʽʚʥʝʤ ˇʨʫʥʪʫ. ʇʦ ʧʝʨʠʤʝʪʨʫ ʧʣʠʪʫ ʥʘ ʰʠʨʠʥʫ Lins 

ʫʪʝʧʣʝʥʦ ʩʤʫʛʦʶ ʽʟ ʧʽʥʦʧʦʣʽʫʨʝʪʘʥʫ ʪʦʚʱʠʥʦʶ Dins, ʷʢʘ ʚʣʘʩʥʝ ʨʦʟʤʽʱʝʥʘ ʧʽʜ ʙʝʪʦʥʥʦʶ ʧʣʠʪʦʶ (ʤʽʞ 

ʙʝʪʦʥʦʤ ʪʘ ˇʨʫʥʪʦʤ). ʊʘʢʠʤ ʯʠʥʦʤ, ʮʝʥʪʨʘʣʴʥʘ ʥʝʫʪʝʧʣʝʥʘ ʯʘʩʪʠʥʘ ʧʣʠʪʠ ʤʘʻ ʨʦʟʤʽʨʠ (X1 - 2ĿLins) Ĭ 

(X2 - 2ĿLins), ʜʝ ʪʝʧʣʦ ʧʝʨʝʜʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʯʝʨʝʟ ʙʝʪʦʥ ʜʦ ˇʨʫʥʪʫ, ʘ ʚ ʧʝʨʠʤʝʪʨʘʣʴʥʠʭ ʟʦʥʘʭ - 

ʯʝʨʝʟ ʙʝʪʦʥ ʪʘ ʫʪʝʧʣʶʚʘʯ ʚʽʜʧʦʚʽʜʥʦ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʚʩʝʨʝʜʠʥʽ ʙʫʜʽʚʣʽ (ʚʝʨʭʥʴʦʾ ʧʦʚʝʨʭʥʽ ʧʣʠʪʠ) ʧʨʠʡʤʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ  

Tin = 20 ÁC. ʊʝʤʧʝʨʘʪʫʨʘ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʽ 10 ʤ ʧʨʠʡʤʘʻʪʴʩʷ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʨʽʚʥʦʶ 10 ÁC [8, 9]. 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ˇʨʫʥʪʫ ʦʯʝʚʠʜʥʦ (ɚ, ɺʪ/ʤĿʂ) ʟʥʘʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ˇʨʫʥʪʫ, ʚʦʣʦʛʦʩʪʽ, ʱʽʣʴʥʦʩʪʽ 

ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʩʪʘʥ. ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʪʘʙʣʠʮʶ 1 ʟ ʪʠʧʦʚʠʤʠ ʯʠʩʣʦʚʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ. 

 

ʊʘʙʣʠʮʷ 1 ï ʇʦʢʘʟʥʠʢʠ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʜʝʷʢʠʭ ʪʠʧʽʚ ˇʨʫʥʪʽʚ 

Table 1 ï Thermal Conductivity Indicators for Some Types of Soils 

 

ʊʠʧ ˇʨʫʥʪʫ ʉʫʭʠʡ ʩʪʘʥ (ɺʪ/ʤĿʂ) 
ʅʘʩʠʯʝʥʠʡ/ʚʦʣʦʛʠʡ ʩʪʘʥ 

(ɺʪ/ʤĿʂ) 

ɼʞʝʨʝʣʦ 

ʜʘʥʠʭ 

ʇʽʩʦʢ (sand) 0.3ï0.4 (ʤʽʥ. 0.3, ʤʘʢʩ. 0.9) 1.4ï2.4 (ʥʘʩʠʯʝʥʠʡ: 2.0ï3.0) [10] 

ɻʨʘʚʽʡ (gravel) 0.4 (ʤʽʥ. 0.4, ʤʘʢʩ. 0.9) 1.6ï2.5 (ʥʘʩʠʯʝʥʠʡ: 1.8) [10] 

ɻʣʠʥʘ/ʤʫʣ (clay/silt) 0.4ï0.5 (ʤʽʥ. 0.4, ʤʘʢʩ. 1.0) 1.1ï3.1 (ʥʘʩʠʯʝʥʠʡ: 1.8) [10, 11] 

ʉʫˇʣʠʥʦʢ/ʜʝʨʥʦʚʠʡ 

(till/loam) 
ʥʝʤʘʻ ʜʘʥʠʭ 1.1ï2.9 (ʪʠʧʦʚʝ: 2.4) [10] 

ʊʦʨʬ (peat) 0.05ï0.2 
0.4ï0.7 (ʥʘʩʠʯʝʥʠʡ: 0.55; 

ʥʝʟʤʝʨʟʣʠʡ: 0.25ï0.6) 
[10, 12] 

ʇʽʱʘʥʽ ˇʨʫʥʪʠ (sandy 

soils) 
0.25ï0.6 0.7ï2.0 [11] 

ɻʣʠʥʠʩʪʽ ˇʨʫʥʪʠ (clayey 

soils) 
0.25ï0.6 0.55ï1.15 [12] 
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ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʛʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ˇʨʫʥʪʽʚ ʩʪʘʥʦʚʠʪʴ 0,15õ2,5 ɺʪ/ʤĿʂ ʫ 

ʧʨʠʨʦʜʥʦʤʫ ʩʪʘʥʽ. ɺ ʤʦʜʝʣʽ ʧʨʠʡʥʷʪʦ ʟʥʘʯʝʥʥʷ 1 ɺʪ/ʤĿʂ. 

ʇʨʦʮʝʩ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʧʨʝʜʩʪʘʚʠʤʦ ʷʢ ʩʪʘʮʽʦʥʘʨʥʠʡ ʪʘ ʜʚʦʚʠʤʽʨʥʠʡ (ʚʨʘʭʦʚʫʻʤʦ ʙʽʯʥʠʡ ʧʦʪʽʢ 

ʪʝʧʣʘ ʚ ʧʣʠʪʽ ʯʝʨʝʟ ʨʽʟʥʠʮʶ ʚ ʪʝʨʤʽʯʥʦʤʫ ʦʧʦʨʽ ʚ ʮʝʥʪʨʽ ʪʘ ʧʦ ʧʝʨʠʤʝʪʨʫ). ʉʧʨʦʱʫʻʤʦ ʤʦʜʝʣʴ, 

ʚʠʢʣʶʯʘʶʯʠ ʟ ʤʦʜʝʣʽ ʢʦʥʚʝʢʮʽʶ ʧʦʚʽʪʨʷ ʪʘ ʚʚʘʞʘʶʯʠ ʧʣʠʪʫ ʪʦʥʢʦʶ ʧʦʨʽʚʥʷʥʦ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ 

ʨʦʟʤʽʨʘʤʠ, ʘʣʝ ʚʨʘʭʦʚʫʶʯʠ 2D-ʝʬʝʢʪ ʚ ʧʝʨʝʨʽʟʽ (ʥʘʧʨʠʢʣʘʜ, ʧʦ ʦʩʽ x-z, ʜʝ x - ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʥʘʧʨʷʤʦʢ, 

z - ʚʝʨʪʠʢʘʣʴʥʠʡ ʯʝʨʝʟ ʪʦʚʱʠʥʫ ʧʣʠʪʠ). ʇʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʚ ʥʘʧʨʷʤʢʫ X2 ʤʦʜʝʣʴ ʙʝʟʢʽʥʝʯʥʘ, ʪʦʤʫ 

ʨʦʟʛʣʷʜʘʻʤʦ ʜʚʦʚʠʤʽʨʥʫ ʟʘʜʘʯʫ. 

ʇʨʠ ʢʦʤʧôʶʪʝʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʙʝʪʦʥʫ ɚbet ʧʨʠʡʤʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦʶ 

ʪʠʧʦʚʽʡ (2,04 ɺʪ/(ʤĿʂ)). ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʫʪʝʧʣʶʚʘʯʘ ɚins - ʷʢ ʜʣʷ ʧʽʥʦʧʦʣʽʫʨʝʪʘʥʫ (0,025 ɺʪ/(ʤĿʂ)). 

ʄʦʜʝʣʴ ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʛʨʫʥʪʫ, ʧʨʝʜʩʪʘʚʣʷʶʯʠ ʡʦʛʦ ʷʢ ʥʘʧʽʚʧʨʦʩʪʽʨ ʟ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ɚsoil (ʪʠʧʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʛʨʫʥʪʫ ʷʢ ʦʧʠʩʘʥʦ ʚʠʱʝ ï 1 ɺʪ/(ʤĿʂ)). ɻʨʫʥʪ ʦʪʦʯʫʻ ʧʣʠʪʫ 

ʟʥʠʟʫ ʪʘ ʟ ʙʦʢʽʚ. ʈʽʚʝʥʴ ʧʦʚʝʨʭʥʽ ʛʨʫʥʪʫ ʩʧʽʚʧʘʜʘʻ ʟ ʨʽʚʥʝʤ ʚʝʨʭʥʴʦʾ ʚʽʜʤʽʪʢʠ ʧʣʠʪʠ. ʇʦʚʝʨʭʥʷ ʛʨʫʥʪʫ 

ʧʦʟʘ ʙʫʜʽʚʣʝʶ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʦʶ Tout. 

ʂʦʦʨʜʠʥʘʪʥʘ ʩʠʩʪʝʤʘ: z = 0 ð ʚʝʨʭʥʷ ʧʦʚʝʨʭʥʷ ʧʣʠʪʠ ʪʘ ʧʦʚʝʨʭʥʷ ʛʨʫʥʪʫ ʧʦʟʘ ʙʫʜʽʚʣʝʶ, z ï 

ʽʥʚʝʨʪʦʚʘʥʘ ʪʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʥʠʟ; x = 0 ð ʮʝʥʪʨ ʧʣʠʪʠ (ʩʠʤʝʪʨʽʷ), x = X1/2 ð ʢʨʘʡ ʧʣʠʪʠ. ʄʦʜʝʣʴ ï 

ʜʟʝʨʢʘʣʴʥʘ.  

ʄʦʜʝʣʴ ʚʠʟʥʘʯʝʥʘ ʥʘ ʧʨʦʤʽʞʢʘʭ: 

Å ɹʝʪʦʥʥʘ ʧʣʠʪʘ: 0 Ò x Ò X1/2, 0 Ò z Ò Dbet, ɚ = ɚbet. 

Å ʋʪʝʧʣʶʚʘʯ: (X1/2 - L ins) Ò x Ò X1/2, Dbet Ò z Ò Dbet + Dins, ɚ = ɚins. 

Å ɻʨʫʥʪ: 0 Ò x Ò Xmax (Xmax >> X1/2), z Ó 0 (ʟ ʚʠʢʣʶʯʝʥʥʷʤ ʦʙʣʘʩʪʝʡ ʧʣʠʪʠ ʪʘ ʫʪʝʧʣʶʚʘʯʘ), 

ɚ = ɚsoil. ɺ ʢʦʤʧôʶʪʝʨʥʽʡ ʤʦʜʝʣʽ ʧʨʠʡʤʘʻʪʴʩʷ Xmax = 10ï20 ʤ, Zmax = 10ï20 ʤ. 

ʈʽʚʥʷʥʥʷ ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟ ʟʤʽʥʥʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʚ ʫʩʽʭ ʦʙʣʘʩʪʷʭ 

ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [13]: 
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(1) 

 

ʜʝ ɚ(x, z) - ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʟʘʣʝʞʥʦ ʚʽʜ ʦʙʣʘʩʪʽ (ɚ_bet, ɚ_ins ʘʙʦ ɚ_soil). 
 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʧʨʝʜʩʪʘʚʠʤʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

Å ʅʘ ʚʝʨʭʥʽʡ ʧʦʚʝʨʭʥʽ (z = 0): 0 Ò x Ò X1/2: T = Tin = 20 ÁC (ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʨʠʤʽʱʝʥʥʽ);  

x > X1/2: T = Tout = -22 ÁC (ʧʦʚʝʨʭʥʷ ʛʨʫʥʪʫ ʧʦʟʘ ʙʫʜʽʚʣʝʶ). 

Å ʅʘ ʚʝʣʠʢʽʡ ʛʣʠʙʠʥʽ (z = Zmax): T = Tout (ʩʪʘʙʽʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʫʥʪʫ, ʧʨʠʡʤʘʻʤʦ ʜʣʷ 

ʤʦʜʝʣʽ 10 Üʉ). 

Å ʅʘ ʚʝʣʠʢʽʡ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʚʽʜʩʪʘʥʽ (x = Xmax): T = Tout. 

Å ʉʠʤʝʪʨʽʷ ʧʨʠ x = 0: ÖT/Öx = 0 (ʘʜʽʘʙʘʪʥʠʡ ʧʨʦʮʝʩ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ 

ʤʦʜʝʣʽ). 

ɿʘʩʪʦʩʦʚʫʻʤʦ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ (finite difference method), ʘ ʩʘʤʝ ʡʦʛʦ ʨʽʟʥʦʚʠʜ ï ʤʝʪʦʜ 

ʩʢʽʥʯʝʥʥʠʭ ʨʽʟʥʠʮʴ ʟ ʽʪʝʨʘʮʽʡʥʠʤ ʨʦʟʚ'ʷʟʢʦʤ (Successive Over-Relaxation) [14] ʜʣʷ ʨʽʚʥʷʥʥʷ Ŀɳ(ɚ Tɳ) = 

0. ɼʠʩʢʨʝʪʠʟʫʻʤʦ ʨʽʚʥʷʥʥʷ ʥʘ ʩʽʪʮʽ (ʥʘʧʨʠʢʣʘʜ, nx Ĭ nz = 100 Ĭ 200 ʪʦʯʦʢ), ʦʪʨʠʤʘʚʰʠ ʧʨʠ ʮʴʦʤʫ 

ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ AT = b, ʜʝ T ð ʚʝʢʪʦʨ ʪʝʤʧʝʨʘʪʫʨ ʫ ʚʫʟʣʘʭ ʩʽʪʢʠ. ʈʦʟʚ'ʷʟʦʢ T = A ĭ b 

ʦʪʨʠʤʫʻʤʦ ʯʠʩʝʣʴʥʦ (ʢʦʜ ʜʣʷ ʩʝʨʝʜʦʚʠʱʘ SciLAB 2025.1.0 ʥʘʚʝʜʝʥʦ ʚ ʜʦʜʘʪʢʫ ʜʦ ʩʪʘʪʪʽ). 

ɼʣʷ ʧʨʠʢʣʘʜʫ ʧʨʠʡʤʘʻʤʦ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ: X1 = X2 = 10 ʤ (ʧʣʦʱʘ 100 ʤĮ), Dbet = Dins = 0,1 ʤ, 

L ins = 1 ʤ, ɚbet = 1,4 ɺʪ/(ʤĿʂ), ɚins = 0,025 ɺʪ/(ʤĿʂ), ɚsoil = 1,0 ɺʪ/(ʤĿʂ). 

ʏʠʩʝʣʴʥʠʡ ʨʦʟʚ'ʷʟʦʢ ʜʘʻ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ T(x, z). ɸ ʟʘʛʘʣʴʥʘ ʪʝʧʣʦʚʪʨʘʪʘ Q ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʦʯʝʚʠʜʥʦ ʷʢ ʽʥʪʝʛʨʘʣ ʧʦʪʦʢʫ ʪʝʧʣʘ ʥʘ ʚʝʨʭʥʽʡ ʧʦʚʝʨʭʥʽ ʧʣʠʪʠ: 
 

ὗ ‗
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‬ᾀ
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Ȣ

 

(2) 
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ʜʝ ʤʥʦʞʥʠʢ 2 ʚʨʘʭʦʚʫʻ ʧʦʚʥʫ ʰʠʨʠʥʫ, ʤʥʦʞʥʠʢ  

X2 ï ʜʦʚʞʠʥʫ ʧʣʠʪʠ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʥʘʧʨʷʤʢʫ ʤʦʜʝʣʽ.  

 

ɼʣʷ ʜʦʚʽʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʴ ʤʦʞʥʘ ʧʝʨʝʨʘʭʫʚʘʪʠ ʯʠʩʝʣʴʥʦ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʨʦʙʦʪʠ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʽʥʞʝʥʝʨʥʠʡ ʨʦʟʨʘʭʫʥʦʢ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʧʨʦʙʦʚʘʥʽ ʝʤʧʽʨʠʯʥʽ 

ʬʦʨʤʫʣʠ [6, 7]. ʈʦʟʨʘʭʫʥʢʠ ʧʦ ʥʘʚʝʜʝʥʽʡ ʽʥʞʝʥʝʨʥʽʡ ʤʝʪʦʜʠʮʽ ʜʘʶʪʴ ʩʭʦʞʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʤʦʜʝʣʽ (ʊʘʙʣʠʮʷ 2). 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʧʦʣʽʚ ʪʝʤʧʝʨʘʪʫʨ (ʨʠʩʫʥʢʠ 2, 3) ʚʢʘʟʫʶʪʴ ʥʘ ʬʽʟʠʯʥʫ ʟʘʩʪʦʩʦʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ. 

 
ʈʠʩʫʥʦʢ 2 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʧʨʠ ʫʪʝʧʣʝʥʥʽ ʩʤʫʛʠ ʧʣʠʪʠ ʰʠʨʠʥʦʶ 1 ʤ 

Figure 2 ï Temperature field distribution in the edge zone of a 1-m-wide floor slab with 

insulation 

 

 
ʈʠʩʫʥʦʢ 3 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʧʨʠ ʫʪʝʧʣʝʥʥʽ ʚʩʽʻʾ ʧʣʦʱʠʥʠ ʧʣʠʪʠ ʧʽʜʣʦʛʠ 

Figure 3 ï Temperature field distribution with full-area floor slab insulation 
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ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʤʦʜʝʣʽ ʽ ʨʦʟʨʘʭʫʥʢʽʚ ʟʛʽʜʥʦ ɼʉʊʋ EN ISO 13370 ʪʘ 

ɼʉʊʋ 9190 

Table 1 ï Results of model calculation and calculations according to DSTU EN ISO 13370 and 

DSTU 9190 

 

ʊʠʧ ˇʨʫʥʪʫ ʉʫʭʠʡ ʩʪʘʥ (ɺʪ/ʤĿʂ) 
ʅʘʩʠʯʝʥʠʡ/ʚʦʣʦʛʠʡ ʩʪʘʥ 

(ɺʪ/ʤĿʂ) 

ɼʞʝʨʝʣʦ 

ʜʘʥʠʭ 

ʇʽʩʦʢ (sand) 0.3ï0.4 (ʤʽʥ. 0.3, ʤʘʢʩ. 0.9) 1.4ï2.4 (ʥʘʩʠʯʝʥʠʡ: 2.0ï3.0) [3] 

ɻʨʘʚʽʡ (gravel) 0.4 (ʤʽʥ. 0.4, ʤʘʢʩ. 0.9) 1.6ï2.5 (ʥʘʩʠʯʝʥʠʡ: 1.8) [3] 

ɻʣʠʥʘ/ʤʫʣ (clay/silt) 0.4ï0.5 (ʤʽʥ. 0.4, ʤʘʢʩ. 1.0) 1.1ï3.1 (ʥʘʩʠʯʝʥʠʡ: 1.8) [3, 4] 

ʉʫˇʣʠʥʦʢ/ʜʝʨʥʦʚʠʡ 

(till/loam) 
ʥʝʤʘʻ ʜʘʥʠʭ 1.1ï2.9 (ʪʠʧʦʚʝ: 2.4) [3] 

ʊʦʨʬ (peat) 0.05ï0.2 
0.4ï0.7 (ʥʘʩʠʯʝʥʠʡ: 0.55; 

ʥʝʟʤʝʨʟʣʠʡ: 0.25ï0.6) 
[3, 5] 

ʇʽʱʘʥʽ ˇʨʫʥʪʠ (sandy 

soils) 
0.25ï0.6 0.7ï2.0 [4] 

ɻʣʠʥʠʩʪʽ ˇʨʫʥʪʠ (clayey 

soils) 
0.25ï0.6 0.55ï1.15 [5] 

 
ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʝ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʽʜʣʦʛʠ ʧʦ ˇʨʫʥʪʫ ʧʽʜʪʚʝʨʜʠʣʦ, 

ʱʦ ʥʘʡʙʽʣʴʰʽ ʪʝʧʣʦʚʪʨʘʪʠ ʟʦʩʝʨʝʜʞʫʶʪʴʩʷ ʩʘʤʝ ʫ ʢʨʘʡʦʚʠʭ ʜʽʣʷʥʢʘʭ (ʨʠʩʫʥʢʠ 2, 3). ɿʘʩʪʦʩʫʚʘʥʥʷ 
ʫʪʝʧʣʝʥʥʷ ʩʤʫʛʘʤʠ ʰʠʨʠʥʦʶ 2-3 ʤ ʧʽʜ ʧʣʠʪʦʶ ʚ ʜʽʣʷʥʢʘʭ ʧʽʜ ʟʦʚʥʽʰʥʽʤʠ ʩʪʽʥʘʤʠ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ 
ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʢʨʽʟʴ ʢʦʥʩʪʨʫʢʮʽʶ ʥʘ ʨʽʚʥʽ 20-25 % ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʫʮʽʣʴʥʦʛʦ ʫʪʝʧʣʝʥʥʷ ʚʩʽʻʾ 
ʧʣʦʱʠʥʠ ʧʽʜʣʦʛʠ.  

ʈʦʟʨʦʙʣʝʥʘ 2D ʤʦʜʝʣʴ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʦʜʥʦʨʽʜʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʦʟʚʦʣʷʻ 
ʦʮʽʥʶʚʘʪʠ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʪʠʧʽʚ ˇʨʫʥʪʽʚ, ʪʦʚʱʠʥʠ ʫʪʝʧʣʶʚʘʯʘ ʪʘ ʛʝʦʤʝʪʨʽʾ 
ʙʫʜʽʚʣʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʩʧʽʚʚʽʜʥʦʩʥʠʤʠ ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʽʥʞʝʥʝʨʥʠʤʠ 
ʤʝʪʦʜʠʢʘʤʠ [6, 7], ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʢʦʨʝʢʪʥʽʩʪʴ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ. 

ɼʣʷ ʙʫʜʽʚʝʣʴ ʟ ʚʝʣʠʢʠʤʠ ʪʘ ʦʩʦʙʣʠʚʦ ʚʝʣʠʢʠʤʠ ʧʣʦʱʘʤʠ ʧʽʜʣʦʛʠ ʥʘ ˇʨʫʥʪʽ, ʷʢʠʤʠ ʻ ʷʢ ʧʨʘʚʠʣʦ 
ʙʫʜʽʚʣʽ ʣʦʛʽʩʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʤʘʻ ʙʫʪʠ ʩʠʥʪʝʟʦʚʘʥʠʡ ʢʦʤʙʽʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʽʟ ʚʠʙʦʨʦʤ ʪʦʚʱʠʥʠ 
ʪʘ ʰʠʨʠʥʠ ʧʝʨʠʤʝʪʨʘʣʴʥʦʛʦ ʫʪʝʧʣʝʥʥʷ ʧʽʜʣʦʛʠ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [2, 3] ʪʘ 
ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ, ʦʯʝʚʠʜʥʦ, ʤʘʻ ʚʠʱʫ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ, ʦʩʢʽʣʴʢʠ 
ʚʨʘʭʦʚʫʻ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʘʩʠʚʫ ˇʨʫʥʪʫ ʧʽʜ ʢʦʥʩʪʨʫʢʮʽʻʶ ʧʽʜʣʦʛʠ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʪʦʜʠʢʠ [6, 7] ʪʘ 
ʤʘʻ ʙʫʪʠ ʚʟʷʪʘ ʟʘ ʦʩʥʦʚʫ ʜʣʷ ʦʥʦʚʣʝʥʥʷ ʯʠʥʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʻʢʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. ʊʘʢʠʡ 
ʧʽʜʭʽʜ ʙʫʜʝ ʜʫʞʝ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ ʧʨʠ ʢʘʧʽʪʘʣʴʥʦʤʫ ʨʝʤʦʥʪʽ ʯʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʜʝ 
ʥʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʫʪʝʧʣʶʚʘʪʠ ʚʩʶ ʧʣʦʱʫ ʧʽʜʣʦʛʠ. 
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Summary. The purpose of this work is to develop a computer model of heat flow in a floor on the 

ground, taking into account the radiogenic heat flux of the Earth, in order to assess the energy efficiency of 
building structures. The object of modeling is a rectangular concrete floor slab placed on the ground, with 
possible perimeter insulation by a strip of thermal insulation. The model considers the thermal conductivity of 
materials, the temperature of indoor air and soil, as well as a steady-state two-dimensional heat transfer process. 
Existing approaches to floor-on-ground insulation were analyzed in accordance with Ukrainian and European 
standards, and principles of numerical modeling using the finite difference method and iterative solution for 
the heat conduction equation with variable coefficients were proposed. The stated goal is achieved by solving 
the problem of temperature field simulation in the slab, insulation, and soil, taking into account boundary 
conditions, building geometry, and the thermal characteristics of materials, which makes it possible to evaluate 
transmission heat losses for different insulation widths. For convenient practical application, additional 
parameters should be introduced to account for different soil types, insulation thicknesses, and economic 
feasibility, while ensuring compliance with energy efficiency requirements for logistics infrastructure 
buildings. The most important results include the development of a 2D heat transfer model that confirms the 
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concentration of heat losses in the edge zones of the floor and demonstrates a reduction of 20ï25% in losses 
with 2ï3 m wide perimeter insulation. The model also shows consistency with engineering methods according 
to DSTU EN ISO 13370:2022 and DSTU 9190:2022. 

The significance of the obtained results lies in the fact that the proposed methodology allows not only 
to optimize insulation for buildings with large ground-floor areas, improving energy efficiency and reducing 
energy consumption, but also to serve as a basis for updating regulatory standards, particularly during the 
renovation of existing facilities.. 

Keywords: hermal conductivity, floor on the ground, thermal insulation, edge zone, perimeter 
insulation, numerical modeling, finite difference method, energy efficiency, logistics infrastructure buildings. 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʥʞʝʥʝʨ-ʢʦʥʩʫʣʴʪʘʥʪ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʢʣʶʯʦʚʠʡ ʧʨʦʚʽʜʥʠʢ ʪʘ ʘʤʙʘʩʘʜʦʨ 

ʧʨʠʥʮʠʧʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʻʢʪʘʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʙʝʟʧʝʯʥʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʤʠ ʧʨʦʻʢʪʘʤʠ, ʛʘʨʤʦʥʽʟʘʮʽʾ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʟ 

ʤʽʞʥʘʨʦʜʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʪʘ ʨʦʟʚʠʪʢʫ ʧʨʦʬʝʩʽʡʥʠʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʽʥʞʝʥʝʨʽʚ-ʢʦʥʩʫʣʴʪʘʥʪʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʞʝʥʝʨ-ʢʦʥʩʫʣʴʪʘʥʪ; ʽʥʞʠʥʽʨʠʥʛʦʚʠʡ ʢʦʥʩʘʣʪʠʥʛ; ʤʦʜʝʣʴ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ; 

ʜʦʨʦʞʥʽ ʪʘ ʤʦʩʪʦʚʽ ʧʨʦʻʢʪʠ; ʢʦʥʪʨʘʢʪʥʘ ʤʦʜʝʣʴ FIDIC. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺʽʜʥʦʚʣʝʥʥʷ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ ʧʽʩʣʷ 

ʤʘʩʪhʘʙʥʠʭ ʨʫʡʥʫʚʘʥʴ ʚʠʤʘʛʘʶʪʴ ʦʥʦʚʣʝʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʝʢʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ 

ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʽʚ, ʟʦʢʨʝʤʘ ʫ ʩʬʝʨʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʽ ʤʦʩʪʽʚ. ʊʨʘʜʠʮʽʡʥʽ ʤʦʜʝʣʽ ʦʨʛʘʥʽʟʘʮʽʾ 

ʙʫʜʽʚʥʠʮʪʚʘ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ ʧʨʦʟʦʨʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʩʪʽʡʢʦʩʪʽ, 

ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ, ʩʢʣʘʜʥʽʩʪʶ 

ʪʘ ʟʥʘʯʥʠʤ ʩʫʩʧʽʣʴʥʠʤ ʚʧʣʠʚʦʤ. ʋ ʤʽʞʥʘʨʦʜʥʽʡ ʧʨʘʢʪʠʮʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʠʭ ʚʠʤʦʛ ʧʦʢʣʘʜʘʻʪʴʩʷ ʥʘ 

ʽʥʞʝʥʝʨʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʽʚ FIDIC ʟʜʽʡʩʥʶʻ ʥʝʟʘʣʝʞʥʠʡ ʪʝʭʥʽʯʥʠʡ, 

ʫʧʨʘʚʣʽʥʩʴʢʠʡ ʪʘ ʢʦʥʪʨʦʣʴʥʠʡ ʩʫʧʨʦʚʽʜ ʧʨʦʻʢʪʽʚ [1]. 

ɻʣʦʙʘʣʴʥʽ ʚʠʢʣʠʢʠ ʬʦʨʤʫʶʪʴ ʥʦʚʽ ʚʠʤʦʛʠ ʜʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ 

ʦʙôʻʢʪʽʚ. ɼʣʷ ʜʦʨʦʞʥʴʦʾ ʛʘʣʫʟʽ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤʠ ʩʪʘʶʪʴ ʧʨʠʨʦʜʦʦʨʽʻʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ, ʟʤʝʥʰʝʥʥʷ 

ʚʫʛʣʝʮʝʚʦʛʦ ʩʣʽʜʫ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʨʽʛ ʽ ʤʦʩʪʽʚ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ, ʩʦʮʽʘʣʴʥʘ 

ʽʥʢʣʶʟʠʚʥʽʩʪʴ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʥʪʠʢʦʨʫʧʮʽʡʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʫ ʧʨʦʮʝʩʘʭ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ [2, 3, 

4]. ʎʽ ʬʘʢʪʦʨʠ ʚʠʟʥʘʯʘʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʧʨʠʥʮʠʧʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʫʧʨʘʚʣʽʥʥʷ ʜʦʨʦʞʥʽʤʠ 

ʪʘ ʤʦʩʪʦʚʠʤʠ ʧʨʦʻʢʪʘʤʠ. 

ʅʘʫʢʦʚʘ ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʫ ʥʝʜʦʩʪʘʪʥʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʣʽ ʽʥʞʝʥʝʨʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ ʷʢ 

ʽʥʩʪʠʪʫʮʽʡʥʦʛʦ ʝʣʝʤʝʥʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʻʢʪʽʚ. ɺ 

ʫʢʨʘʾʥʩʴʢʽʡ ʧʨʘʢʪʠʮʽ ʚʽʜʩʫʪʥʽʡ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʧʨʦʬʝʩʽʡʥʠʤʠ ʬʫʥʢʮʽʷʤʠ 

ʽʥʞʝʥʝʨʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ ʚ ʢʦʥʪʨʘʢʪʘʭ FIDIC ʪʘ ʚʠʤʦʛʘʤʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ʎʝ ʩʪʚʦʨʶʻ ʥʘʫʢʦʚʫ 

ʧʨʦʛʘʣʠʥʫ, ʱʦ ʟʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʇʠʪʘʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʫ ʥʠʟʮʽ ʩʫʯʘʩʥʠʭ ʨʦʙʽʪ, ʜʝ ʘʢʮʝʥʪ ʟʨʦʙʣʝʥʦ ʥʘ ʽʥʪʝʛʨʘʮʽʾ ʝʢʦʣʦʛʽʯʥʠʭ, 

ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʩʦʮʽʘʣʴʥʠʭ ʚʠʤʽʨʽʚ ʫ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʇʽʛʫʣʴ ʆ.ɺ., 

ʉʴʦʤʫʰʢʽʥʘ ɺ.ʆ, ʉʝʨʜʶʢ ɺ.ʈ. , ʧʨʠʩʚʷʯʝʥʠʭ ʚʽʜʥʦʚʣʝʥʥʶ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʋʢʨʘʾʥʠ, ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʢʦʤʧʣʝʢʩʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ 

ʚʨʘʭʦʚʫʶʪʴ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʦʙôʻʢʪʽʚ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʪʘ ʚʠʤʦʛʠ ʤʽʞʥʘʨʦʜʥʠʭ 

ʜʦʥʦʨʽʚ [5, 6]. 

ʆʢʨʝʤʠʡ ʥʘʧʨʷʤ ʩʪʘʥʦʚʣʷʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʩʪʠʪʫʮʽʡʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʧʨʘʢʪʠʢ ñʟʝʣʝʥʠʭ ʟʘʢʫʧʽʚʝʣʴò ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʤʦʚ ʢʦʥʪʨʘʢʪʽʚ 

FIDIC. ʋ ʩʚʦʾʡ ʨʦʙʦʪʽ ʎʠʬʨʘ ʊ.ʖ. ʘʥʘʣʽʟʫʻ ʧʦʪʝʥʮʽʘʣ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʬʦʨʤ FIDIC ʫ ʧʨʦʻʢʪʘʭ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʡ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʢʣʶʯʥʦ ʟ ʛʽʨʩʴʢʠʤʠ ʨʝʛʽʦʥʘʤʠ ʪʘ ʣʦʢʘʣʴʥʠʤʠ 

ʝʥʝʨʛʦʩʠʩʪʝʤʘʤʠ [7]. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝʤʘʪʠʯʥʫ ʦʨʽʻʥʪʘʮʽʶ ʥʘ ʝʥʝʨʛʝʪʠʢʫ, ʧʨʠʥʮʠʧʠ ʧʨʦʟʦʨʦʩʪʽ 

ʪʝʥʜʝʨʥʠʭ ʧʨʦʮʝʜʫʨ, ʩʪʨʫʢʪʫʨʦʚʘʥʦʩʪʽ ʜʦʛʦʚʽʨʥʠʭ ʚʽʜʥʦʩʠʥ ʽ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʽʨʠ ʽʥʚʝʩʪʦʨʽʚ ʥʘʧʨʷʤʫ 

ʩʪʦʩʫʶʪʴʩʷ ʨʝʘʣʽʟʘʮʽʾ ʜʦʨʦʞʥʽʭ ʽ ʤʦʩʪʦʚʠʭ ʧʨʦʻʢʪʽʚ, ʷʢʽ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤʠ 

ʽʥʚʝʩʪʠʮʽʡʥʠʤʠ ʨʠʟʠʢʘʤʠ. 

ʋ ʢʦʥʪʝʢʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʽʥʚʝʩʪʠʮʽʡʥʦ-ʙʫʜʽʚʝʣʴʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʥʘʫʢʦʚʮʽ ʜʝʜʘʣʽ ʘʢʪʠʚʥʽʰʝ 

ʘʢʮʝʥʪʫʶʪʴ ʫʚʘʛʫ ʥʘ ʟʥʘʯʫʱʦʩʪʽ ʽʥʞʠʥʽʨʠʥʛʫ ʪʘ ʧʨʦʝʢʪʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ. ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʠʩʚʷʯʝʥʽ 

ʽʥʥʦʚʘʮʽʷʤ ʫ ʜʝʨʞʘʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʙʫʜʽʚʥʠʮʪʚʦʤ, ʧʽʜʢʨʝʩʣʶʶʪʴ ʟʨʦʩʪʘʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʽʥʞʝʥʝʨʘ-

ʢʦʥʩʫʣʴʪʘʥʪʘ ʷʢ ʙʘʛʘʪʦʘʩʧʝʢʪʥʦʛʦ ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ ʩʫʙôʻʢʪʘ, ʱʦ ʧʦʻʜʥʫʻ ʬʫʥʢʮʽʾ BIM-ʤʝʥʝʜʞʝʨʘ, 

ʢʦʤʝʨʮʽʡʥʦʛʦ ʬʘʭʽʚʮʷ ʪʘ ʢʝʨʽʚʥʠʢʘ ʙʫʜʽʚʝʣʴʥʠʭ ʧʨʦʻʢʪʽʚ [5]. ʋ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʽ ʧʨʦʬʝʩʽʡʥʠʭ 

ʦʧʠʩʘʭ ʧʦʩʘʜʦʚʽ ʦʙʦʚôʷʟʢʠ ʽʥʞʝʥʝʨʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʜʝʪʘʣʽʟʦʚʘʥʽ ʯʝʨʝʟ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ, 

ʫʧʨʘʚʣʽʥʥʷ ʚʘʨʪʽʩʪʶ, ʢʦʦʨʜʠʥʘʮʽʶ ʫʯʘʩʥʠʢʽʚ ʽ ʘʥʘʣʽʟ ʨʠʟʠʢʽʚ [1, 8]. ʎʽ ʬʫʥʢʮʽʾ ʽʥʞʝʥʝʨʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ 
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ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʫ ʩʬʝʨʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʽ ʤʦʩʪʽʚ, ʷʢʘ ʧʦʪʨʝʙʫʻ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʢʦʥʪʨʦʣʶ ʪʘ 

ʽʥʞʝʥʝʨʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ. 

ɺʦʜʥʦʯʘʩ ʤʽʞʥʘʨʦʜʥʽ ʘʥʘʣʽʪʠʯʥʽ ʟʚʽʪʠ FIDIC ʽ ʧʘʨʪʥʝʨʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʘʢʮʝʥʪʫʶʪʴ, ʱʦ 

ʩʫʯʘʩʥʘ ʽʥʞʝʥʝʨʥʘ ʧʨʘʢʪʠʢʘ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʢʣʠʢʘʤ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʨʦʟʚʠʪʢʫ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʶ ʧʨʠʨʦʜʦʦʨʽʻʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ. ʋ ʜʦʢʫʤʝʥʪʘʭ ʱʦʜʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʪʘ ʢʣʽʤʘʪʫ ʪʘ ʫ ñNature-Positive Infrastructure Playbookò ʦʢʨʝʩʣʝʥʦ ʦʯʽʢʫʚʘʥʥʷ ʜʦ ʽʥʞʝʥʝʨʽʚ ʷʢ ʜʦ 

ʢʣʶʯʦʚʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʢʣʽʤʘʪʠʯʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʧʦʣʽʪʠʢʠ ʚ ʜʦʨʦʞʥʽʭ ʪʘ ʤʦʩʪʦʚʠʭ ʧʨʦʻʢʪʘʭ [2, 9]. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʧʦʧʨʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠʩʚʷʯʝʥʠʭ ʦʢʨʝʤʠʤ ʘʩʧʝʢʪʘʤ ð ʩʪʘʣʦʤʫ 

ʨʦʟʚʠʪʢʫ ʚ ʙʫʜʽʚʥʠʮʪʚʽ, ʽʥʩʪʠʪʫʮʽʡʥʽʡ ʨʦʣʽ ʢʦʥʪʨʘʢʪʽʚ FIDIC ʪʘ ʟʤʽʩʪʫ ʜʽʷʣʴʥʦʩʪʽ ʽʥʞʝʥʝʨʘ-

ʢʦʥʩʫʣʴʪʘʥʪʘ ð ʢʦʤʧʣʝʢʩʥʽ ʧʨʘʮʽ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʨʦʟʛʣʷʜʘʶʪʴ ʜʽʷʣʴʥʽʩʪʴ ʽʥʞʝʥʝʨʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ ʚ 

ʤʝʞʘʭ ʢʦʥʪʨʘʢʪʥʦʾ ʤʦʜʝʣʽ FIDIC ʩʘʤʝ ʢʨʽʟʴ ʧʨʠʟʤʫ ʢʦʥʮʝʧʮʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʜʘʥʫ ʩʪʘʪʪʶ ʷʢ ʪʘʢʫ, ʱʦ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʘʧʦʚʥʝʥʥʷ ʚʠʷʚʣʝʥʦʾ ʥʘʫʢʦʚʦʾ ʧʨʦʛʘʣʠʥʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʣʽ ʽʥʞʝʥʝʨʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ ʚ ʢʦʥʪʝʢʩʪʽ 

ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʽʚ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʫʤʦʚ ʢʦʥʪʨʘʢʪʥʦʾ ʤʦʜʝʣʽ FIDIC, 

ʚʠʟʥʘʯʝʥʥʷ ʩʫʪʥʦʩʪʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʜʣʷ ʜʦʨʦʞʥʴʦ-ʤʦʩʪʦʚʦʾ ʛʘʣʫʟʽ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ 

ʤʽʞ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʨʦʣʣʶ ʽʥʞʝʥʝʨʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ ʽ ʚʠʤʦʛʘʤʠ ʩʪʘʣʦʩʪʽ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʦʚʥʦʤʘʩʰʪʘʙʥʘ ʚʽʡʩʴʢʦʚʘ ʘʛʨʝʩʽʷ ʈʦʩʽʾ ʧʨʦʪʠ 

ʋʢʨʘʾʥʠ ʧʨʠʟʚʝʣʘ ʜʦ ʙʝʟʧʨʝʮʝʜʝʥʪʥʠʭ ʚʪʨʘʪ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʱʦ ʬʦʨʤʫʶʪʴ ʥʦʚʽ ʫʤʦʚʠ ʪʘ ʚʠʢʣʠʢʠ ʜʣʷ 

ʾʾ ʚʽʜʥʦʚʣʝʥʥʷ. ɿʘ ʟʚʽʪʦʤ ʂʠʾʚʩʴʢʦʾ ʰʢʦʣʠ ʝʢʦʥʦʤʽʢʠ, ʧʨʷʤʽ ʟʙʠʪʢʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʩʪʘʥʦʤ ʥʘ ʣʠʩʪʦʧʘʜ 2024 ʨʦʢʫ ʩʪʘʥʦʚʣʷʪʴ 38,5 ʤʣʨʜ ʜʦʣʘʨʽʚ ʉʐɸ, ʟ ʷʢʠʭ 30,9 ʤʣʨʜ ʜʦʣʘʨʽʚ ʉʐɸ 

ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʜʦʨʦʛʠ ʪʘ ʤʦʩʪʠ [10]. ʄʘʩʰʪʘʙʠ ʨʫʡʥʫʚʘʥʴ ʩʬʦʨʤʫʚʘʣʠ ʧʦʪʨʝʙʫ ʥʝ ʣʠʰʝ ʫ ʬʽʟʠʯʥʽʡ 

ʚʽʜʙʫʜʦʚʽ, ʘʣʝ ʡ ʫ ʧʝʨʝʦʩʤʠʩʣʝʥʥʽ ʧʽʜʭʦʜʽʚ ʜʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʙʝʟʧʝʢʠ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʨʦʟʦʨʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ʇʘʨʘʣʝʣʴʥʦ ʟ ʮʠʤ, ʤʽʞʥʘʨʦʜʥʽ ʜʦʥʦʨʠ ʪʘ ʬʽʥʘʥʩʦʚʽ ʦʨʛʘʥʽʟʘʮʽʾ ʜʝʜʘʣʽ ʘʢʪʠʚʥʽʰʝ ʚʠʩʫʚʘʶʪʴ 

ʚʠʤʦʛʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʨʦʻʢʪʽʚ ʩʪʘʥʜʘʨʪʘʤ ESG ʪʘ ʤʽʞʥʘʨʦʜʥʠʤ ʧʽʜʭʦʜʘʤ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ. 

ʉʘʤʝ ʪʦʤʫ ʨʦʣʴ ʽʥʞʝʥʝʨʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ ʚ ʋʢʨʘʾʥʽ ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ: ʚʽʥ ʩʪʘʻ ʥʝ ʧʨʦʩʪʦ ʪʝʭʥʽʯʥʠʤ 

ʩʫʧʨʦʚʦʜʞʫʚʘʯʝʤ ʧʨʦʻʢʪʫ, ʘ ʢʣʶʯʦʚʦʶ ʧʨʦʬʝʩʽʡʥʦʶ ʽʥʩʪʠʪʫʮʽʻʶ, ʷʢʘ ʧʦʻʜʥʫʻ ʪʝʭʥʽʯʥʫ ʝʢʩʧʝʨʪʠʟʫ, 

ʫʧʨʘʚʣʽʥʩʴʢʽ ʢʦʤʧʝʪʝʥʮʽʾ ʡ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʩʦʮʽʘʣʴʥʠʭ 

ʩʪʘʥʜʘʨʪʽʚ. 

ʎʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʚʦʜʠʪʴ ʜʦ ʮʝʥʪʨʘʣʴʥʦʾ ʪʝʟʠ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ: ʽʥʞʝʥʝʨ-ʢʦʥʩʫʣʴʪʘʥʪ 

ʤʦʞʝ ʡ ʧʦʚʠʥʝʥ ʙʫʪʠ ʦʩʥʦʚʥʠʤ ʘʤʙʘʩʘʜʦʨʦʤ ʧʨʠʥʮʠʧʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʧʽʜ ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʻʢʪʽʚ ʚ ʋʢʨʘʾʥʽ. ʁʦʛʦ ʬʫʥʢʮʽʾ, ʚʠʟʥʘʯʝʥʽ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ [8,11,12] ʪʘ 

ʤʽʞʥʘʨʦʜʥʦʶ ʧʨʘʢʪʠʢʦʶ, ʧʨʷʤʦ ʩʧʽʚʧʘʜʘʶʪʴ ʽʟ ʚʠʤʦʛʘʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʧʨʦʟʦʨʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʩʫʯʘʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ 

ʘʨʭʽʪʝʢʪʫʨʥʫ ʜʽʷʣʴʥʽʩʪʴè [11], ʽʥʞʠʥʽʨʠʥʛ ʪʨʘʢʪʫʻʪʴʩʷ ʷʢ ʜʽʷʣʴʥʽʩʪʴ ʟ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʽʥʞʝʥʝʨʥʦʛʦ ʪʘ 

ʪʝʭʥʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʦʙˇʨʫʥʪʫʚʘʥʴ ʽ 

ʜʦʩʣʽʜʞʝʥʴ, ʝʢʩʧʝʨʪʠʟʠ ʧʨʦʝʢʪʫ, ʨʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤ ʬʽʥʘʥʩʫʚʘʥʥʷ ʙʫʜʽʚʥʠʮʪʚʘ, ʦʨʛʘʥʽʟʘʮʽʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʝʢʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʢʫʨʩʽʚ ʽ ʪʦʨʛʽʚ, ʫʢʣʘʜʘʥʥʷ ʜʦʛʦʚʦʨʽʚ ʧʽʜʨʷʜʫ, 

ʢʦʦʨʜʠʥʘʮʽʷ ʜʽʷʣʴʥʦʩʪʽ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ ʙʫʜʽʚʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʟʜʽʡʩʥʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʥʘʛʣʷʜʫ ʟʘ 

ʙʫʜʽʚʥʠʮʪʚʦʤ ʦʙ'ʻʢʪʘ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʢʦʥʩʫʣʴʪʘʮʽʾ ʝʢʦʥʦʤʽʯʥʦʛʦ, ʬʽʥʘʥʩʦʚʦʛʦ ʘʙʦ ʽʥʰʦʛʦ ʭʘʨʘʢʪʝʨʫ. 

ʋ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣʘʭ ʽʥʞʠʥʽʨʠʥʛ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʽʥʩʪʠʪʫʮʽʡʥʠʡ ʤʝʭʘʥʽʟʤ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʝʭʥʽʯʥʦʾ ʷʢʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʚʢʣʶʯʘʻ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʯʥʠʤʠ 

ʨʠʟʠʢʘʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ [13].  

ʂʦʥʩʘʣʪʠʥʛ ʚ ʝʢʦʥʦʤʽʯʥʽʡ ʪʘ ʫʧʨʘʚʣʽʥʩʴʢʽʡ ʣʽʪʝʨʘʪʫʨʽ ʤʘʻ ʙʘʛʘʪʦʚʘʨʽʘʥʪʥʽ ʪʨʘʢʪʫʚʘʥʥʷ, ʪʘ ʫ 

ʜʘʥʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʘʥʘʣʽʪʠʯʥʘ, ʫʧʨʘʚʣʽʥʩʴʢʘ ʪʘ ʝʢʦʥʦʤʽʢʦ-ʦʨʛʘʥʽʟʘʮʽʡʥʘ ʜʽʷʣʴʥʽʩʪʴ 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʘʥʘʣʽʪʠʯʥʝ ʪʘ ʝʢʦʥʦʤʽʯʥʝ ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʪʘ ʽʥʬʦʨʤʫʚʘʥʥʷ ʟʘʤʦʚʥʠʢʘ ʱʦʜʦ ʢʣʶʯʦʚʠʭ 

ʘʩʧʝʢʪʽʚ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʫ. 

ɯʥʞʝʥʝʨ-ʢʦʥʩʫʣʴʪʘʥʪ ʧʦʻʜʥʫʻ ʜʚʽ ʧʣʦʱʠʥʠ ʜʽʷʣʴʥʦʩʪʽ - ̔ ʥʞʠʥʽʨʠʥʛ ʽ ʢʦʥʩʘʣʪʠʥʛ, ʱʦ ʩʪʚʦʨʶʶʪʴ 

ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʦʤ. 
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ʋ ʧʨʦʬʝʩʽʡʥʠʭ ʪʘ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʽʥʞʝʥʝʨ-ʢʦʥʩʫʣʴʪʘʥʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʥʝʟʘʣʝʞʥʠʡ 

ʝʢʩʧʝʨʪ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʦʨʛʘʥʽʟʘʮʽʡʥʠʡ ʽ ʢʦʥʩʫʣʴʪʘʮʽʡʥʠʡ ʩʫʧʨʦʚʽʜ, ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʚʠʢʦʥʘʥʠʭ ʨʦʙʽʪ, 

ʢʦʦʨʜʠʥʘʮʽʶ ʜʽʡ ʫʩʽʭ ʫʯʘʩʥʠʢʽʚ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʟʘʭʠʩʪ ʽʥʪʝʨʝʩʽʚ ʟʘʤʦʚʥʠʢʘ [1, 8, 1]. ʅʘ ʥʴʦʛʦ 

ʧʦʢʣʘʜʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʜʦʪʨʠʤʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʨʝʛʣʘʤʝʥʪʽʚ, ʚʠʤʦʛ ʙʝʟʧʝʢʠ, ʟʘʢʦʥʦʜʘʚʩʪʚʘ, ʘ 

ʪʘʢʦʞ ʟʘ ʫʧʨʘʚʣʽʥʥʷ ʛʨʘʬʽʢʘʤʠ, ʙʶʜʞʝʪʦʤ ʪʘ ʦʙʩʷʛʘʤʠ ʨʦʙʽʪ. 

ʋ ʜʦʢʫʤʝʥʪʽ, ʧʨʠʩʚʷʯʝʥʦʤʫ ʧʝʨʝʜʫʤʦʚʘʤ ʪʘ ʧʝʨʝʚʘʛʘʤ ʟʘʣʫʯʝʥʥʷ ʽʥʞʝʥʝʨʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ, 

ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ, ʱʦ ʮʷ ʜʽʷʣʴʥʽʩʪʴ ʻ ʢʣʶʯʦʚʦʶ ʫ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʽʚ, ʱʦ ʬʽʥʘʥʩʫʶʪʴʩʷ ʤʽʞʥʘʨʦʜʥʠʤʠ 

ʬʽʥʘʥʩʦʚʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʚʢʣʶʯʘʶʯʠ ʉʚʽʪʦʚʠʡ ʙʘʥʢ ʽ ɭɹʈʈ [15]. ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʧʦʩʘʜʠ ʽʥʞʝʥʝʨʘ-

ʢʦʥʩʫʣʴʪʘʥʪʘ ʚ ʫʢʨʘʾʥʩʴʢʫ ʧʨʘʢʪʠʢʫ ʚʽʜʧʦʚʽʜʘʻ ʩʘʤʝ ʪʠʤ ʚʠʤʦʛʘʤ, ʷʢʽ ʮʽ ʽʥʩʪʠʪʫʮʽʾ ʚʠʩʫʚʘʶʪʴ ʜʦ 

ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ, ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʪʘ ʧʨʦʟʦʨʦʩʪʽ. 

ʉʪʘʪʪʷ 1 ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʨʝʛʫʣʶʚʘʥʥʷ ʤʽʩʪʦʙʫʜʽʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽè [12] ʚʠʟʥʘʯʘʻ ʽʥʞʝʥʝʨʘ-

ʢʦʥʩʫʣʴʪʘʥʪʘ ʷʢ ʬʘʭʽʚʮʷ ʽʟ ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʤ ʨʽʚʥʝʤ, ʧʽʜʪʚʝʨʜʞʝʥʠʤ ʦʨʛʘʥʦʤ ʽʟ ʩʝʨʪʠʬʽʢʘʮʽʾ ʧʝʨʩʦʥʘʣʫ, 

ʘʢʨʝʜʠʪʦʚʘʥʠʤ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʩʬʝʨʽ ʟʛʽʜʥʦ ʽʟ ʟʘʢʦʥʦʤ, ʪʘ/ʘʙʦ ʩʫʙôʻʢʪ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ, ʱʦ ʤʘʻ ʫ ʩʚʦʻʤʫ 

ʩʢʣʘʜʽ ʪʘʢʠʭ ʬʘʭʽʚʮʽʚ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʦʤ, ʟʘʙʝʟʧʝʯʫʻ ʦʨʛʘʥʽʟʘʮʽʡʥʝ ʽ ʢʦʥʩʫʣʴʪʘʮʽʡʥʝ 

ʩʫʧʨʦʚʦʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʨʦʙʽʪ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʩʪʚʦʨʝʥʥʷʤ ʦʙôʻʢʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, ʧʨʠʡʤʘʻ ʚʽʜ ʽʤʝʥʽ 

ʟʘʤʦʚʥʠʢʘ ʚʽʜʧʦʚʽʜʥʽ ʨʽʰʝʥʥʷ ʪʘ ʚʠʢʦʥʫʻ ʽʥʰʽ ʬʫʥʢʮʽʾ, ʚʠʟʥʘʯʝʥʽ ʜʦʛʦʚʦʨʦʤ. ʅʘʫʢʦʚʦ-ʧʨʘʚʦʚʘ 

ʝʢʩʧʝʨʪʠʟʘ ɯʥʩʪʠʪʫʪʫ ʜʝʨʞʘʚʠ ʽ ʧʨʘʚʘ ʅɸʅ ʋʢʨʘʾʥʠ ʟʘʩʚʽʜʯʫʻ, ʱʦ ʫʢʨʘʾʥʩʴʢʝ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʟʘʛʘʣʦʤ 

ʚʽʜʧʦʚʽʜʘʻ ʤʽʞʥʘʨʦʜʥʽʡ ʧʨʘʢʪʠʮʽ, ʘʣʝ ʧʦʪʨʝʙʫʻ ʛʘʨʤʦʥʽʟʘʮʽʾ ʫ ʯʘʩʪʠʥʽ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʥʦʚʘʞʝʥʴ, 

ʧʨʦʮʝʜʫʨ ʪʘ ʚʟʘʻʤʦʜʽʾ ʫʯʘʩʥʠʢʽʚ ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʦʮʝʩʫ [14]. ʆʩʦʙʣʠʚʦ ʥʘʛʦʣʦʰʝʥʦ ʥʘ ʟʥʘʯʝʥʥʽ 

ʽʥʞʝʥʝʨʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ ʫ ʜʦʛʦʚʦʨʘʭ ʪʠʧʫ çʇʨʦʝʢʪʫʡ-ʙʫʜʫʡè, ʜʝ ʩʘʤʝ ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʪʨʦʣʴ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʝʨʝʜʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ ʧʦʜʘʣʴʰʠʤ ʝʪʘʧʘʤ ʨʝʘʣʽʟʘʮʽʾ. 

ʋ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʫ ʩʬʝʨʽ ʙʫʜʽʚʥʠʮʪʚʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙôʻʢʪʽʚ, ʱʦ ʤʽʥʽʤʽʟʫʶʪʴ ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ, ʧʽʜʚʠʱʫʶʪʴ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʚʛʦʩʪʨʦʢʦʚʫ ʝʢʦʥʦʤʽʯʥʫ 

ʩʪʽʡʢʽʩʪʴ [5]. ʋ ʨʦʙʦʪʘʭ, ʧʨʠʩʚʷʯʝʥʠʭ ʽʥʪʝʛʨʘʮʽʾ ʧʨʠʥʮʠʧʽʚ ʩʪʘʣʦʩʪʽ ʚ ʞʠʪʣʦʚʝ ʪʘ ʮʠʚʽʣʴʥʝ ʙʫʜʽʚʥʠʮʪʚʦ, 

ʧʦʢʘʟʘʥʦ, ʱʦ ʩʪʘʣʠʡ ʧʽʜʭʽʜ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʶʚʘʥʥʽ ʨʠʟʠʢʽʚ, ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʤʽʥʽʤʽʟʘʮʽʾ ʨʝʩʫʨʩʥʠʭ ʚʪʨʘʪ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʽ ʩʫʯʘʩʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʽʥʥʷ [6]. ʎʽ 

ʧʦʣʦʞʝʥʥʷ ʻ ʨʝʣʝʚʘʥʪʥʠʤʠ ʽ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʦʩʢʽʣʴʢʠ ʜʦʨʦʞʥʽ ʪʘ ʤʦʩʪʦʚʽ ʧʨʦʻʢʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʤʘʪʝʨʽʘʣʦʻʤʥʽʩʪʶ, ʯʫʪʣʠʚʽʩʪʶ ʜʦ ʢʣʽʤʘʪʠʯʥʠʭ ʚʧʣʠʚʽʚ ʪʘ ʟʥʘʯʥʠʤ ʨʽʚʥʝʤ 

ʪʝʭʥʽʯʥʠʭ ʽ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʨʠʟʠʢʽʚ. 

FIDIC ʫ ʩʚʦʾʡ Climate Change Charter ʥʘʛʦʣʦʰʫʻ, ʱʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʧʨʦʻʢʪʠ ʧʦʚʠʥʥʽ 

ʧʣʘʥʫʚʘʪʠʩʷ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʘʡʙʫʪʥʽʭ ʢʣʽʤʘʪʠʯʥʠʭ ʩʮʝʥʘʨʽʾʚ, ʘ ʽʥʞʝʥʝʨʠ ʤʘʶʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʰʝʥʴ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʦʙôʻʢʪʽʚ, ʟʤʝʥʰʫʶʪʴ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʪʘ 

ʩʧʨʠʷʶʪʴ ʧʝʨʝʭʦʜʫ ʜʦ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʾ ʝʢʦʥʦʤʽʢʠ [3]. 

ʋ ʜʦʢʫʤʝʥʪʽ WWF ñNature-Positive Infrastructure Playbookò ʘʢʮʝʥʪʫʻʪʴʩʷ, ʱʦ ʩʫʯʘʩʥʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʦʚʠʥʥʘ ʥʝ ʣʠʰʝ ʤʽʥʽʤʽʟʫʚʘʪʠ ʰʢʦʜʫ ʜʦʚʢʽʣʣʶ, ʘ ʡ ʩʧʨʠʷʪʠ ʟʙʝʨʝʞʝʥʥʶ ʝʢʦʩʠʩʪʝʤ ʽ 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʧʨʠʨʦʜʦʦʨʽʻʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ, ʦʧʪʠʤʽʟʫʶʯʠ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ 

ʚʨʘʭʦʚʫʶʯʠ ʚʧʣʠʚ ʥʘ ʣʦʢʘʣʴʥʽ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ [2]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʫ ʙʫʜʽʚʥʠʮʪʚʽ - ʮʝ ʥʝ ʦʢʨʝʤʠʡ ʥʘʧʨʷʤ ʜʽʷʣʴʥʦʩʪʽ, ʘ ʢʦʤʧʣʝʢʩʥʘ 

ʩʠʩʪʝʤʘ ʚʠʤʦʛ, ʱʦ ʟʤʽʥʶʶʪʴ ʟʤʽʩʪ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʦʤ ʽ ʧʦʩʠʣʶʶʪʴ ʨʦʣʴ ʽʥʞʝʥʝʨʥʦ-ʢʦʥʩʫʣʴʪʘʮʽʡʥʦʾ 

ʧʽʜʪʨʠʤʢʠ. ʅʘ ʦʩʥʦʚʽ ʤʽʞʥʘʨʦʜʥʠʭ ʜʦʢʫʤʝʥʪʽʚ FIDIC, WWF ʪʘ SDGs, ʘ ʪʘʢʦʞ ʚʽʪʯʠʟʥʷʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʪʘʣʠʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʡ ʧʨʦʻʢʪ: 

1. ʂʣʽʤʘʪʠʯʥʘ ʩʪʽʡʢʽʩʪʴ ʽ ʟʤʝʥʰʝʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʩʣʽʜʫ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʤʽʥ, ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʦʧʘʜʽʚ, ʨʠʟʠʢʽʚ ʧʘʚʦʜʢʽʚ ʪʘ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʧʦʛʦʜʥʠʭ ʷʚʠʱ. 

ɯʥʞʝʥʝʨʥʽ ʨʽʰʝʥʥʷ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʘʜʘʧʪʘʮʽʶ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ [9]. 

2. ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʱʦʜʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ɺɼɽ, ʟʤʽʥʠ 

ʩʠʩʪʝʤ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʪʨʘʢʪʽʚ FIDIC ʫ ñʟʝʣʝʥʠʭ ʟʘʢʫʧʽʚʣʷʭò [7]. 

3. ʇʨʦʟʦʨʽʩʪʴ, ʧʽʜʟʚʽʪʥʽʩʪʴ ʽ ʥʘʣʝʞʥʝ ʫʧʨʘʚʣʽʥʥʷ. ɿʚʽʪ State of the Worldôs Governance & 

Corruption ʥʘʛʦʣʦʰʫʻ, ʱʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʧʨʦʻʢʪʠ ʤʘʶʪʴ ʚʠʩʦʢʽ ʨʠʟʠʢʠ ʢʦʨʫʧʮʽʾ, ʘ ʪʦʤʫ ʩʪʘʣʠʡ 
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ʨʦʟʚʠʪʦʢ ʥʝʤʦʞʣʠʚʠʡ ʙʝʟ ʝʬʝʢʪʠʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʢʦʥʪʨʦʣʶ, ʮʠʬʨʦʚʦʛʦ ʘʫʜʠʪʫ, ʘʥʪʠʢʦʨʫʧʮʽʡʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʥʝʟʘʣʝʞʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʥʘʛʣʷʜʫ [4, 17]. 

4. ʉʦʮʽʘʣʴʥʘ ʙʝʟʧʝʢʘ ʪʘ ʦʨʽʻʥʪʘʮʽʷ ʥʘ ʛʨʦʤʘʜʠ. ʉʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʢʨʝʩʣʶʶʪʴ, ʱʦ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʦʚʠʥʥʘ ʩʪʚʦʨʶʚʘʪʠ ʩʦʮʽʘʣʴʥʫ ʮʽʥʥʽʩʪʴ: ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦʩʪʫʧʥʽʩʪʴ, ʙʝʟʧʝʢʫ, 

ʚʨʘʭʦʚʫʚʘʪʠ ʽʥʪʝʨʝʩʠ ʤʽʩʮʝʚʠʭ ʛʨʦʤʘʜ ʽ ʟʘʧʦʙʽʛʘʪʠ ʩʦʮʽʘʣʴʥʠʤ ʢʦʥʬʣʽʢʪʘʤ [16]. 

5. ʇʨʠʨʦʜʦʦʨʽʻʥʪʦʚʘʥʽ ʨʽʰʝʥʥʷ ʪʘ ʟʘʭʠʩʪ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. WWF ʪʘ FIDIC ʥʘʛʦʣʦʰʫʶʪʴ, 

ʱʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʧʨʦʻʢʪʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʤʘʶʪʴ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʧʣʠʚ ʥʘ ʝʢʦʩʠʩʪʝʤʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠʨʦʜʥʽ ʤʝʭʘʥʽʟʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʝʨʝʜʦʚʠʱʘ [2]. ʄʽʞʥʘʨʦʜʥʽ ʩʪʘʥʜʘʨʪʠ FIDIC 

ʚʠʟʥʘʯʘʶʪʴ, ʱʦ ʩʫʯʘʩʥʠʡ ʽʥʞʝʥʝʨ ʧʦʚʠʥʝʥ ʟʜʽʡʩʥʶʚʘʪʠ ʫʧʨʘʚʣʽʥʥʷ ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ ʦʙôʻʢʪʘ, ʦʮʽʥʢʫ 

ʨʠʟʠʢʽʚ, ʫʧʨʘʚʣʽʥʥʷ ʟʤʽʥʘʤʠ, ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʢʦʦʨʜʠʥʘʮʽʶ ʩʪʝʡʢʭʦʣʜʝʨʽʚ [10].  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʩʪʘʣʦʩʪʽ ʮʝ ʦʟʥʘʯʘʻ: 

- ʽʥʞʝʥʝʨ ʧʦʚʠʥʝʥ ʚʨʘʭʦʚʫʚʘʪʠ ʢʣʽʤʘʪʠʯʥʽ ʩʮʝʥʘʨʽʾ, ʦʮʽʥʶʚʘʪʠ ʨʠʟʠʢʠ ʽ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʜʘʧʪʠʚʥʽ 

ʨʽʰʝʥʥʷ; 

- ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʟ ʧʦʟʠʮʽʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʢʦʣʦʛʽʯʥʦʩʪʽ; 

- ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʨʦʟʦʨʽʩʪʴ ʧʨʦʮʝʩʽʚ ʪʘ ʮʠʬʨʦʚʠʡ ʘʫʜʠʪ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʽʜʨʷʜʥʠʢʘ ʯʠ ʟʘʤʦʚʥʠʢʘ; 

- ʢʦʦʨʜʠʥʫʚʘʪʠ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʛʨʦʤʘʜʘʤʠ, ʚʣʘʜʦʶ, ʧʨʦʻʢʪʘʥʪʘʤʠ, ʧʽʜʨʷʜʥʠʢʘʤʠ ʽ ʜʦʥʦʨʘʤʠ; 

- ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʧʨʠʥʮʠʧʠ ñnature positiveò ʫ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ; 

- ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʨʦʻʢʪʫ SDGs 9, 11, 13 ʪʘ 15. 

ʅʘʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʤʽʩʮʝ ʽʥʞʝʥʝʨʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ ʚ ʽʥʪʝʛʨʘʮʽʾ ʧʨʠʥʮʠʧʽʚ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʱʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʄʽʩʮʝ ʽʥʞʝʥʝʨʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ ʚ ʽʥʪʝʛʨʘʮʽʾ ʧʨʠʥʮʠʧʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘ ʝʪʘʧʘʭ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʦʻʢʪʫ 

Figure 1 ï The position of the engineer-consultant in embedding sustainable development principles across 

the stages of an infrastructure projectôs life cycle 

ɼʞʝʨʝʣʦ: ʩʢʣʘʜʝʥʦ ʘʚʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʶʻ ʬʫʥʢʮʽʦʥʘʣ ʽʥʞʝʥʝʨʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ ð ʚʽʜ 

ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʜʦ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʩʪʽʡʢʽʩʪʶ ʧʨʦʻʢʪʫ. 

ʇʽʩʣʷʚʦʻʥʥʘ ʚʽʜʙʫʜʦʚʘ ʋʢʨʘʾʥʠ ʬʦʨʤʫʻ ʫʥʽʢʘʣʴʥʠʡ ʢʦʥʪʝʢʩʪ, ʜʝ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʥʝ ʻ 

ʜʦʜʘʪʢʦʚʠʤ ʝʣʝʤʝʥʪʦʤ, ʘ ʦʙôʻʢʪʠʚʥʦʶ ʥʝʦʙʭʽʜʥʽʩʪʶ. ʎʝ ʧʦʪʨʝʙʫʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʤʦʜʝʣʝʡ 

ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʢʦʥʪʨʦʣʴ, ʧʨʦʻʢʪʥʠʡ ʤʝʥʝʜʞʤʝʥʪ, ʽʥʞʠʥʽʨʠʥʛ ʪʘ ʮʠʬʨʦʚʠʡ ʘʫʜʠʪ. 

ʈʦʣʴ ʽʥʞʝʥʝʨʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2. 
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ʈʠʩʫʥʦʢ 2 ï ʈʦʣʴ ʽʥʞʝʥʝʨʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ ʷʢ ʽʥʪʝʛʨʘʪʦʨʘ ʝʢʦʥʦʤʽʯʥʦʾ, ʝʢʦʣʦʛʽʯʥʦʾ ʪʘ 

ʩʦʮʽʘʣʴʥʦʾ ʩʪʘʣʦʩʪʽ ʚ ʢʦʥʪʨʘʢʪʘʭ FIDIC 

Figure 2 ï The role of the consulting engineer as an integrator of economic, environmental, and 

social sustainability in FIDIC contracts 

ɼʞʝʨʝʣʦ: ʩʢʣʘʜʝʥʦ ʘʚʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʽʥʞʝʥʝʨ-ʢʦʥʩʫʣʴʪʘʥʪ ʩʪʘʻ ʢʣʶʯʦʚʦʶ ʽʥʩʪʠʪʫʮʽʻʶ, ʱʦ ʟʜʘʪʥʘ ʽʥʪʝʛʨʫʚʘʪʠ 

ʧʨʠʥʮʠʧʠ ʩʪʘʣʦʩʪʽ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʫ - ʚʽʜ ʧʽʜʛʦʪʦʚʢʠ ʊɽʆ ʜʦ ʚʚʝʜʝʥʥʷ ʦʙôʻʢʪʘ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʶ. 

ɯʥʞʝʥʝʨ-ʢʦʥʩʫʣʴʪʘʥʪ ʚʠʢʦʥʫʻ ʢʦʤʧʣʝʢʩ ʪʝʭʥʽʯʥʠʭ, ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ 

ʬʫʥʢʮʽʡ, ʷʢʽ ʧʨʷʤʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ʇʦ ʩʚʦʾʡ ʩʫʪʥʦʩʪʽ ʚʽʥ ʻ ʻʜʠʥʦʶ 

ʥʝʟʘʣʝʞʥʦʶ ʧʨʦʬʝʩʽʡʥʦʶ ʣʘʥʢʦʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʘʣʘʥʩ ʤʽʞ ʽʥʪʝʨʝʩʘʤʠ ʟʘʤʦʚʥʠʢʘ, ʧʽʜʨʷʜʥʠʢʘ, 

ʛʨʦʤʘʜʠ ʪʘ ʜʝʨʞʘʚʠ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʨʦʻʢʪʫ ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʘʤ. ʉʘʤʝ ʪʦʤʫ ʚ ʩʫʯʘʩʥʠʭ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʤʦʜʝʣʷʭ ʨʦʣʴ ʽʥʞʝʥʝʨʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ ʚʠʭʦʜʠʪʴ ʟʘ ʨʘʤʢʠ ʪʝʭʥʽʯʥʦʛʦ ʥʘʛʣʷʜʫ ʽ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʨʦʣʴ ʽʥʪʝʛʨʘʪʦʨʘ ʩʪʘʣʦʩʪʽ. 

ɽʢʦʥʦʤʽʯʥʘ ʩʪʘʣʽʩʪʴ ʧʝʨʝʜʙʘʯʘʻ ʝʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ, ʤʽʥʽʤʽʟʘʮʽʶ ʚʘʨʪʦʩʪʽ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʦʙôʻʢʪʘ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʟʦʨʦʩʪʽ ʬʽʥʘʥʩʦʚʠʭ ʧʨʦʮʝʩʽʚ. ʗʢ ʧʦʢʘʟʘʥʦ ʫ ʯʠʩʣʝʥʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ, ʚʽʜʙʫʜʦʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʦʪʨʝʙʫʻ ʤʦʜʝʣʽ, ʜʝ ʧʦʨʷʜʦʢ ʙʶʜʞʝʪʫʚʘʥʥʷ, ʘʫʜʠʪ ʽ ʢʦʥʪʨʦʣʴ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʻ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʟʦʨʠʤʠ ʽ ʥʝʟʘʣʝʞʥʠʤʠ. 

ɯʥʞʝʥʝʨ-ʢʦʥʩʫʣʴʪʘʥʪ ʚʽʜʧʦʚʽʜʘʻ ʟʘ: 

- ʫʧʨʘʚʣʽʥʥʷ ʚʘʨʪʽʩʪʶ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʧʨʦʻʢʪʫ - ʚʽʜ ʧʽʜʛʦʪʦʚʢʠ ʜʦʢʫʤʝʥʪʘʮʽʾ ʜʦ ʢʦʥʪʨʦʣʶ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ; 

- ʘʥʘʣʽʟ ʦʙˇʨʫʥʪʦʚʘʥʦʩʪʽ ʙʶʜʞʝʪʥʠʭ ʨʽʰʝʥʴ ʽ ʧʝʨʝʚʽʨʢʫ ʬʽʥʘʥʩʦʚʠʭ ʨʠʟʠʢʽʚ; 

- ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʦʙˇʨʫʥʪʦʚʘʥʠʤ ʚʠʪʨʘʪʘʤ ʧʽʜʨʷʜʥʠʢʘ; 

- ʦʮʽʥʢʫ ʚʘʨʪʦʩʪʽ ʟʤʽʥ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʧʨʦʻʢʪʥʠʭ ʨʽʰʝʥʴ; 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʟʦʨʦʩʪʽ ʟʘʢʫʧʽʚʝʣʴ; 

ʉʘʤʝ ʮ ̔ʢʦʤʧʝʪʝʥʮʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʢʦʥʦʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʧʨʦʻʢʪʫ, ʱʦ  ̒ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ 

ʩʢʣʘʜʦʚʠʭ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. 

ɽʢʦʣʦʛʽʯʥʘ ʩʪʘʣʽʩʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʻʢʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʜʘʪʥʽʩʪʶ ʦʙô̒ ʢʪʘ ʘʜʘʧʪʫʚʘʪʠʩʷ 

ʜʦ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ, ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʠʢʠʜʠ ʪʘ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ. FIDIC ʪʘ WWF ʫ ʩʚʦʾʭ 

ʜʦʢʫʤʝʥʪʘʭ ʬʦʨʤʫʶʪʴ ʯʽʪʢʽ ʚʠʤʦʛʠ ʜʦ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ: 
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- ʽʥʪʝʛʨʘʮʽʷ ʧʨʠʨʦʜʦʦʨʽʻʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ, 

- ʟʙʝʨʝʞʝʥʥʷ ʝʢʦʩʠʩʪʝʤ, 

- ʘʥʘʣʽʟ ʢʣʽʤʘʪʠʯʥʠʭ ʩʮʝʥʘʨʽʾʚ, 

- ʟʤʝʥʰʝʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʩʣʽʜʫ ʧʨʦʻʢʪʫ [2, 3]. 

ɯʥʞʝʥʝʨ-ʢʦʥʩʫʣʴʪʘʥʪ: 

- ʢʦʥʪʨʦʣʶʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʟ ʥʠʟʴʢʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʚʧʣʠʚʦʤ; 

- ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʨʦʻʢʪʫ ʝʢʦʣʦʛʽʯʥʠʤ ʩʪʘʥʜʘʨʪʘʤ, ʚʢʣʶʯʥʦ ʟ ʚʠʤʦʛʘʤʠ SDG 13 

ñClimate Actionò; 

- ʦʮʽʥʶʻ ʨʠʟʠʢʠ, ʧʦʚôʷʟʘʥʽ ʟ ʝʢʩʪʨʝʤʘʣʴʥʠʤʠ ʧʦʛʦʜʥʠʤʠ ʫʤʦʚʘʤʠ, ʧʘʚʦʜʢʘʤʠ, ʟʩʫʚʘʤʠ ʪʘ 

ʽʥʰʠʤʠ ʢʣʽʤʘʪʠʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ [9]; 

- ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʟʘʮʽʶ ʟʘʭʦʜʽʚ, ʷʢʽ ʧʦʩʠʣʶʶʪʴ ʪʨʠʚʘʣʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʫ ʩʪʽʡʢʽʩʪʴ;  

- ʦʨʛʘʥʽʟʦʚʫʻ ʪʝʭʥʽʯʥʠʡ ʢʦʥʪʨʦʣʴ ʽ ʤʦʥʽʪʦʨʠʥʛ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʞʝʥʝʨ-ʢʦʥʩʫʣʴʪʘʥʪ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʝʢʦʣʦʛʽʯʥʫ ʩʪʘʣʽʩʪʴ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʧʦʻʜʥʫʶʯʠ ʪʝʭʥʽʯʥʽ ʤʝʪʦʜʠ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʩʪʘʥʜʘʨʪʠ. 

ʉʦʮʽʘʣʴʥʘ ʩʪʘʣʽʩʪʴ ʚʢʣʶʯʘʻ ʙʝʟʧʝʯʥʽʩʪʴ, ʜʦʩʪʫʧʥʽʩʪʴ ʽ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʦʪʨʝʙʘʤ 

ʣʶʜʝʡ. ʋ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ ʚʘʞʣʠʚʽʩʪʴ ʟʘʣʫʯʝʥʥʷ ʛʨʦʤʘʜ, ʝʬʝʢʪʠʚʥʦʾ 

ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ ʧʨʦʻʢʪʫ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʽʥʪʝʨʝʩʽʚ ʤʽʩʮʝʚʠʭ ʩʧʽʣʴʥʦʪ [16]. 

ɯʥʞʝʥʝʨ-ʢʦʥʩʫʣʴʪʘʥʪ: 

- ʢʦʦʨʜʠʥʫʻ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʟʘʤʦʚʥʠʢʦʤ, ʧʨʦʻʢʪʘʥʪʘʤʠ, ʧʽʜʨʷʜʥʠʢʘʤʠ, ʛʨʦʤʘʜʘʤʠ ʪʘ 

ʢʦʥʪʨʦʣʶʶʯʠʤʠ ʦʨʛʘʥʘʤʠ; 

- ʚʠʩʪʫʧʘʻ ʥʝʡʪʨʘʣʴʥʦʶ ʩʪʦʨʦʥʦʶ ʫ ʨʘʟʽ ʢʦʥʬʣʽʢʪʽʚ; 

- ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʫʩʧʽʣʴʥʦʛʦ ʽʥʪʝʨʝʩʫ; 

- ʧʝʨʝʚʽʨʷʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʨʽʰʝʥʴ ʚʠʤʦʛʘʤ ʙʝʟʧʝʢʠ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ. 

ʋ ʜʦʛʦʚʦʨʘʭ FIDIC ʮʽ ʬʫʥʢʮʽʾ ʟʘʢʨʽʧʣʝʥʽ ʬʦʨʤʘʣʴʥʦ - ʽʥʞʝʥʝʨ ʚʠʢʦʥʫʻ ʨʦʣʴ ʥʝʟʘʣʝʞʥʦʛʦ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʢʦʥʪʨʘʢʪʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʙʘʣʘʥʩ ʤʽʞ ʫʩʽʤʘ ʩʪʦʨʦʥʘʤʠ [10]. ʊʘʢʘ ʧʦʟʠʮʽʷ ʨʦʙʠʪʴ ʡʦʛʦ 

ʢʣʶʯʦʚʠʤ ʥʦʩʽʻʤ ʩʦʮʽʘʣʴʥʦʾ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʪʘ ʛʘʨʘʥʪʦʤ ʩʪʽʡʢʦʩʪʽ ʨʽʰʝʥʴ. 

ɿʘ ʚʠʩʥʦʚʢʘʤʠ ʛʣʦʙʘʣʴʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʟʚʽʪʽʚ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʧʨʦʻʢʪʠ ʥʘʣʝʞʘʪʴ ʜʦ ʩʝʢʪʦʨʽʚ ʟ 

ʥʘʡʚʠʱʠʤ ʨʽʚʥʝʤ ʨʠʟʠʢʽʚ ʢʦʨʫʧʮʽʾ, ʦʩʦʙʣʠʚʦ ʫ ʢʨʘʾʥʘʭ ʽʟ ʚʝʣʠʢʠʤʠ ʧʦʪʦʢʘʤʠ ʜʝʨʞʘʚʥʦʛʦ ʬʽʥʘʥʩʫʚʘʥʥʷ 

[4, 16]. ʂʦʨʫʧʮʽʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʥʠʱʫʻ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ, ʦʩʢʽʣʴʢʠ: 

- ʩʧʦʪʚʦʨʶʻ ʢʦʥʢʫʨʝʥʮʽʶ, 

- ʟʙʽʣʴʰʫʻ ʚʘʨʪʽʩʪʴ, 

- ʧʦʛʽʨʰʫʻ ʙʝʟʧʝʢʫ, 

- ʧʽʜʨʠʚʘʻ ʜʦʚʽʨʫ ʽʥʚʝʩʪʦʨʽʚ. 

ɯʥʞʝʥʝʨ-ʢʦʥʩʫʣʴʪʘʥʪ, ʷʢ ʥʝʟʘʣʝʞʥʠʡ ʧʨʝʜʩʪʘʚʥʠʢ ʟʘʤʦʚʥʠʢʘ, ʻ ʢʣʶʯʦʚʠʤ ʘʥʪʠʢʦʨʫʧʮʽʡʥʠʤ 

ʙʘʨôʻʨʦʤ, ʦʩʢʽʣʴʢʠ: 

- ʟʜʽʡʩʥʶʻ ʪʝʭʥʽʯʥʠʡ ʢʦʥʪʨʦʣʴ ʙʝʟ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʽʜʨʷʜʥʠʢʘ; 

- ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʟʦʨʽʩʪʴ ʧʨʦʮʝʩʽʚ ʟʘʢʫʧʽʚʝʣʴ; 

- ʧʝʨʝʚʽʨʷʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʦʙʩʷʛʽʚ ʽ ʷʢʦʩʪʽ ʨʦʙʽʪ; 

- ʚʝʜʝ ʜʦʢʫʤʝʥʪʘʮʽʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʧʨʘʢʪʠʢ; 

- ʟʘʩʪʦʩʦʚʫʻ ʮʠʬʨʦʚʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʘ ʘʫʜʠʪ. 

ʉʘʤʝ ʪʦʤʫ ʤʽʞʥʘʨʦʜʥʽ ʦʨʛʘʥʽʟʘʮʽʾ, ʚʢʣʶʯʥʦ ʟʽ ʉʚʽʪʦʚʠʤ ʙʘʥʢʦʤ, ɭɹʈʈ ʪʘ ɭɯɹ, ʚʠʤʘʛʘʶʪʴ 

ʦʙʦʚôʷʟʢʦʚʦʾ ʫʯʘʩʪʽ ʥʝʟʘʣʝʞʥʦʛʦ ʽʥʞʝʥʝʨʘ ʫ ʧʨʦʻʢʪʘʭ ʽʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʽʥʚʝʩʪʠʮʽʡ. 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ. 

ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʣʦ ʟʤʦʛʫ ʢʦʤʧʣʝʢʩʥʦ ʨʦʟʢʨʠʪʠ ʟʤʽʩʪ ʧʨʦʬʝʩʽʾ ʽʥʞʝʥʝʨʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ ʪʘ 

ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʻʢʪʽʚ ʫ ʤʝʞʘʭ ʢʦʥʪʨʘʢʪʥʦʾ 

ʤʦʜʝʣʽ FIDIC. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʥʞʝʥʝʨ-ʢʦʥʩʫʣʴʪʘʥʪ ʚʠʩʪʫʧʘʻ ʮʝʥʪʨʘʣʴʥʦʶ ʽʥʩʪʠʪʫʮʽʡʥʦʶ ʬʽʛʫʨʦʶ, 

ʷʢʘ ʧʦʻʜʥʫʻ ʪʝʭʥʽʯʥʫ ʝʢʩʧʝʨʪʠʟʫ, ʫʧʨʘʚʣʽʥʩʴʢʽ ʬʫʥʢʮʽʾ, ʢʦʦʨʜʠʥʘʮʽʶ ʫʯʘʩʥʠʢʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʨʦʟʦʨʦʩʪʽ ʧʨʦʮʝʩʽʚ. ʋ ʢʦʥʪʨʘʢʪʘʭ FIDIC ʽʥʞʝʥʝʨ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʥʝʟʘʣʝʞʥʦʛʦ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ, 
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ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʟʘ ʫʟʛʦʜʞʝʥʥʷ ʽʥʪʝʨʝʩʽʚ ʩʪʦʨʽʥ, ʢʦʥʪʨʦʣʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʽʰʝʥʴ ʪʘ ʽʥʪʝʛʨʘʮʽʶ ʩʫʯʘʩʥʠʭ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʧʽʜʭʦʜʽʚ ʫ ʙʫʜʽʚʝʣʴʥʽ ʧʨʦʮʝʩʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʫʟʘʛʘʣʴʥʶʻ ʤʽʩʮʝ ʽʥʞʝʥʝʨʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ ʫ ʩʠʩʪʝʤʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʻʢʪʽʚ. ʉʭʝʤʘ ʚʽʜʦʙʨʘʞʘʻ, ʱʦ ʽʥʞʝʥʝʨ-ʢʦʥʩʫʣʴʪʘʥʪ ʫ ʢʦʥʪʨʘʢʪʘʭ FIDIC ʚʠʢʦʥʫʻ 

ʨʦʣʴ ʥʝʟʘʣʝʞʥʦʛʦ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʟʙʘʣʘʥʩʦʚʘʥʝ ʚʨʘʭʫʚʘʥʥʷ ʽʥʪʝʨʝʩʽʚ ʢʣʶʯʦʚʠʭ 

ʩʪʝʡʢʭʦʣʜʝʨʽʚ - ʟʘʤʦʚʥʠʢʘ, ʧʽʜʨʷʜʥʠʢʘ, ʽʥʚʝʩʪʦʨʽʚ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʋ ʤʝʞʘʭ ʪʨʴʦʭ 

ʩʢʣʘʜʦʚʠʭ ʩʪʘʣʦʩʪʽ ï ʝʢʦʥʦʤʽʯʥʦʾ, ʝʢʦʣʦʛʽʯʥʦʾ ʪʘ ʩʦʮʽʘʣʴʥʦʾ ï ʽʥʞʝʥʝʨ ʬʦʨʤʫʻ ʨʽʰʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʫʧʨʘʚʣʽʥʥʷ ʚʘʨʪʽʩʪʶ ʪʘ ʙʶʜʞʝʪʦʤ, ʦʧʪʠʤʽʟʘʮʽʶ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʧʨʦʟʦʨʽʩʪʴ ʟʘʢʫʧʽʚʝʣʴ, ʟʤʝʥʰʝʥʥʷ 

ʚʫʛʣʝʮʝʚʦʛʦ ʩʣʽʜʫ, ʢʣʽʤʘʪʠʯʥʫ ʩʪʽʡʢʽʩʪʴ, ʟʘʩʪʦʩʫʚʘʥʥʷ nature-positive ʧʽʜʭʦʜʽʚ, ʘ ʪʘʢʦʞ ʚʟʘʻʤʦʜʽʶ ʟ 

ʛʨʦʤʘʜʘʤʠ ʪʘ ʝʬʝʢʪʠʚʥʠʡ ʩʪʝʡʢʭʦʣʜʝʨ-ʤʝʥʝʜʞʤʝʥʪ. ɺʽʟʫʘʣʴʥʘ ʤʦʜʝʣʴ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʽʥʪʝʛʨʘʮʽʷ ʮʠʭ 

ʬʫʥʢʮʽʡ ʨʦʙʠʪʴ ʽʥʞʝʥʝʨʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ ʢʣʶʯʦʚʦʶ ʣʘʥʢʦʶ, ʚʽʜʧʦʚʽʜʘʣʴʥʦʶ ʟʘ ʫʟʛʦʜʞʝʥʽʩʪʴ ʨʽʰʝʥʴ ʪʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʩʪʘʣʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʊʦʤʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʽʥʞʝʥʝʨ-ʢʦʥʩʫʣʴʪʘʥʪ ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʛʨʘʮʽʶ ʧʨʠʥʮʠʧʽʚ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʦʻʢʪʫ ï ʚʽʜ 

ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʜʦ ʚʚʝʜʝʥʥʷ ʦʙôʻʢʪʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ. ʅʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʚʽʥ ʚʠʢʦʥʫʻ ʨʽʟʥʽ, ʘʣʝ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʬʫʥʢʮʽʾ: ʬʦʨʤʫʻ ʚʠʤʦʛʠ ʜʦ ʩʪʘʣʦʩʪʽ ʧʽʜ ʯʘʩ ʧʝʨʝʜʧʨʦʻʢʪʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʢʦʥʪʨʦʣʶʻ 

ʝʢʦʣʦʛʽʯʥʽ, ʩʦʮʽʘʣʴʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʥʷʭ ʥʘ ʩʪʘʜʽʾ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʻ 

ʧʨʦʟʦʨʽʩʪʴ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʦʙʽʪ ʧʽʜ ʯʘʩ ʙʫʜʽʚʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʦʮʽʥʶʻ ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʡ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʝʬʝʢʪʠ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʻʢʪʫ. ʊʘʢʘ ʧʦʩʣʽʜʦʚʥʘ ʫʯʘʩʪʴ ʽʥʞʝʥʝʨʘ-ʢʦʥʩʫʣʴʪʘʥʪʘ 

ʨʦʙʠʪʴ ʡʦʛʦ ʢʣʶʯʦʚʦʶ ʬʽʛʫʨʦʶ, ʚʽʜʧʦʚʽʜʘʣʴʥʦʶ ʟʘ ʫʟʛʦʜʞʝʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʘʣʠʭ ʧʽʜʭʦʜʽʚ ʫ 

ʜʦʨʦʞʥʴʦ-ʤʦʩʪʦʚʠʭ ʧʨʦʻʢʪʘʭ. 

ʇʦʜʘʣʴʰʠʡ ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʠʪʴ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʽʟʥʠʭ ʢʦʥʪʨʘʢʪʥʠʭ ʤʦʜʝʣʝʡ ʱʦʜʦ ʾʭ 

ʟʜʘʪʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʘʣʽʩʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʻʢʪʽʚ ʚ ʋʢʨʘʾʥʽ. 
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Abstract. The article examines the profession of the consulting engineer within the FIDIC contract model 

through the lens of the sustainable development concept. It is emphasized that in the context of Ukraineôs post-

war reconstruction, the role of the consulting engineer is significantly expanding, as this professional acts as 

an independent institutional actor responsible for coordinating project participants, managing risks, ensuring 

quality control, and maintaining process transparency. Based on an analysis of regulatory documents, 

international reports, and scholarly sources, the study identifies the essence of engineering consultancy and 

outlines the functional duties of the consulting engineer under FIDIC contracts. 

The article reveals the nature of sustainable development in the infrastructure sector and identifies its 

three key pillars: economic, environmental, and social. It is demonstrated that the professional functions of the 

consulting engineer inherently correspond to each of these components. Economic sustainability is supported 

through cost and resource management; environmental sustainabilityðthrough the implementation of climate-

resilient and nature-based solutions; social sustainabilityðthrough stakeholder engagement, adherence to 

safety requirements, and the maintenance of institutional integrity. 

It is established that the consulting engineer may be considered a key facilitator and ambassador of 

sustainable development principles in infrastructure projects, ensuring the durability, efficiency, and safety of 

investments. 

The conducted research provides a comprehensive overview of the consulting engineerôs profession 

and defines their central role in ensuring the sustainable development of infrastructure projects within the 

FIDIC contract framework. The study finds that the consulting engineer acts as an independent administrative 

entity combining technical expertise, managerial functions, and stakeholder coordination, thereby ensuring 

decision coherence and process transparency. The integration of economic, environmental, and social aspects 

of sustainability throughout all stages of the infrastructure project life cycle positions the consulting engineer 

as a pivotal element in shaping long-term resilient transport infrastructure. The findings may be used to 

improve infrastructure project management systems, harmonize national legislation with international 

standards, and strengthen the professional competencies of consulting engineers. 

Keywords: consulting engineer; engineering consulting; sustainability model; road and bridge projects; 

FIDIC contract model 
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ʥʦʨʤʦʚʘʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʟʘʙʝʟʧʝʯʫʻ ʦʙôʻʢʪʠʚʥʽʩʪʴ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʨʽʟʥʠʭ 

ʜʽʣʷʥʦʢ ʤʝʨʝʞʽ. ʈʦʟʨʘʭʫʥʦʢ ʽʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ ʪʘ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʨʠʟʠʢʫ ʜʦʟʚʦʣʷʻ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫ ʚʠʤʽʨʶʚʘʥʽ ʝʢʦʥʦʤʽʯʥʽ ʢʨʠʪʝʨʽʾ ʪʘ 

ʬʦʨʤʫʚʘʪʠ ʧʨʽʦʨʠʪʝʪʠ ʪʝʭʥʽʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 

ʩʮʝʥʘʨʥʠʡ ʘʥʘʣʽʟ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʜʝʛʨʘʜʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʫʤʦʚ 

ʚʘʨʽʘʪʠʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʪʝʛʨʘʣʴʥʠʡ ʽʥʜʝʢʩ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ 

ʧʦʻʜʥʫʻ ʧʦʢʘʟʥʠʢʠ ʩʪʽʡʢʦʩʪʽ, ʨʠʟʠʢʫ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʝʞʠʤʽʚ ʫ ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʧʽʜʪʨʠʤʢʠ ʫʧʨʘʚʣʽʥʩʴʢʠʭ 

ʨʽʰʝʥʴ. ɯʥʪʝʛʨʘʮʽʷ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʫ ʮʠʬʨʦʚʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʧʣʘʪʬʦʨʤʫ ʩʪʚʦʨʶʻ ʟʘʚʝʨʰʝʥʠʡ 

ʢʦʥʪʫʨ ʤʦʥʽʪʦʨʠʥʛʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʟʥʠʞʝʥʥʷ ʘʚʘʨʽʡʥʦʩʪʽ, 

ʦʧʪʠʤʽʟʘʮʽʶ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʪʘ ʜʦʚʛʦʩʪʨʦʢʦʚʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʙʫʜʽʚʝʣʴʥʠʭ ʽʥʞʝʥʝʨʥʠʭ 

ʤʝʨʝʞ ʚ ʫʤʦʚʘʭ ʜʠʥʘʤʽʯʥʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʘʜʘʧʪʠʚʥʦʾ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʯʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʥʘ 

ʟʘʩʘʜʘʭ ʧʨʦʛʥʦʟʥʦʩʪʽ, ʩʠʩʪʝʤʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʽʥʞʝʥʝʨʥʽ ʤʝʨʝʞʽ, ʽʥʪʝʛʨʘʣʴʥʠʡ 

ʧʦʢʘʟʥʠʢ ʩʪʽʡʢʦʩʪʽ, ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʽʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ, 

ʨʠʟʠʢ-ʘʥʘʣʽʟ, ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʮʠʬʨʦʚʘ ʧʣʘʪʬʦʨʤʘ ʤʦʥʽʪʦʨʠʥʛʫ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʙʫʜʽʚʝʣʴʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ 

ʩʢʣʘʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ, ʧʽʜʚʠʱʝʥʥʷʤ ʨʽʚʥʷ ʽʥʪʝʛʨʘʮʽʾ ʧʽʜʩʠʩʪʝʤ ʪʘ ʧʦʩʠʣʝʥʥʷʤ ʚʠʤʦʛ ʜʦ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ 

ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʤʝʨʝʞ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʚʝʥʪʠʣʷʮʽʾ ʥʘʙʫʚʘʻ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ 

ʥʘʜʽʡʥʦʩʪʽ ʦʙôʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʧʝʨʽʦʜʠʯʥʠʭ ʧʝʨʝʚʽʨʢʘʭ ʦʢʨʝʤʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʠʩʪʝʤʥʦʾ ʦʮʽʥʢʠ ʜʠʥʘʤʽʢʠ ʩʪʘʥʫ 

ʤʝʨʝʞʽ. ʋ ʮʠʭ ʫʤʦʚʘʭ ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʷʢʝ 

ʧʦʻʜʥʫʻ ʘʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ, ʨʠʟʠʢ-ʦʨʽʻʥʪʦʚʘʥʽ ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʮʠʬʨʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʌʦʨʤʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʧʝʨʝʡʪʠ ʜʦ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʚʛʦʩʪʨʦʢʦʚʫ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʪʽʡʢʽʩʪʴ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʪʘ ʙʝʟʧʝʨʝʨʚʥʦʾ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʙʫʜʽʚʝʣʴʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ, ʰʣʷʭʦʤ ʬʦʨʤʘʣʽʟʘʮʽʾ ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʩʪʽʡʢʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʨʠʟʠʢʫ, ʘ ʪʘʢʦʞ ʽʥʪʝʛʨʘʮʽʾ ʘʥʘʣʽʪʠʯʥʠʭ ʽ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʫ ʮʠʬʨʦʚʝ 

ʽʥʬʦʨʤʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʽʜʪʨʠʤʢʠ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʉʫʯʘʩʥʘ ʧʨʘʢʪʠʢʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙôʻʢʪʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʫʩʢʣʘʜʥʝʥʥʷʤ ʩʪʨʫʢʪʫʨʠ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ ʽ ʟʨʦʩʪʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʾʭʥʴʦʾ ʥʘʜʽʡʥʦʩʪʽ, 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʝ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘʙʫʚʘʻ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʠʡ ʢʦʥʪʨʦʣʴ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʤʝʨʝʞ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʽʥʰʠʭ 

ʧʽʜʩʠʩʪʝʤ. ʄʦʥʽʪʦʨʠʥʛ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʙʝʟʧʝʨʝʨʚʥʠʡ ʮʠʢʣ ʟʙʦʨʫ, ʘʥʘʣʽʟʫ ʡ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʟ ʧʦʜʘʣʴʰʠʤ ʫʧʨʘʚʣʽʥʩʴʢʠʤ ʨʝʘʛʫʚʘʥʥʷʤ. 

ʊʝʦʨʝʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʻ ʽʥʪʝʛʨʘʮʽʷ ʩʠʩʪʝʤʥʦʛʦ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʪʘ ʨʠʟʠʢ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʽʚ. ʉʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʽʥʞʝʥʝʨʥʽ 

ʤʝʨʝʞʽ ʷʢ ʢʦʤʧʣʝʢʩ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽʟ ʚʠʟʥʘʯʝʥʥʷʤ ʩʪʨʫʢʪʫʨʥʠʭ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʥʠʤʠ. ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʘʩʧʝʢʪ ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʥʘ ʨʝʛʣʘʤʝʥʪʘʮʽʾ ʧʨʦʮʝʜʫʨ ʢʦʥʪʨʦʣʶ, 

ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʈʠʟʠʢ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʢʦʤʧʦʥʝʥʪ ʧʝʨʝʜʙʘʯʘʻ ʚʠʷʚʣʝʥʥʷ 

ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʟʦʥ, ʦʮʽʥʶʚʘʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʽʡʢʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. 

ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʙʘʟʘ ʤʦʜʝʣʶʚʘʥʥʷ ʚʢʣʶʯʘʻ ʘʥʘʣʽʪʠʯʥʽ, ʽʤʽʪʘʮʽʡʥʽ ʪʘ ʮʠʬʨʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʤʦʜʝʣʽ. ɸʥʘʣʽʪʠʯʥʽ ʤʦʜʝʣʽ ʦʧʠʩʫʶʪʴ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫ ʯʘʩʽ ʪʘ ʜʦʟʚʦʣʷʶʪʴ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʛʨʘʥʠʯʥʽ ʩʪʘʥʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʪʚʦʨʝʥʥʷ 
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ʧʦʚʝʜʽʥʢʠ ʤʝʨʝʞʽ ʟʘ ʚʘʨʽʘʪʠʚʥʠʭ ʨʝʞʠʤʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʘʚʘʨʽʡʥʠʭ ʚʧʣʠʚʽʚ. ʎʠʬʨʦʚʽ ʤʦʜʝʣʽ 

ʽʥʪʝʛʨʫʶʪʴ ʜʘʥʽ ʩʝʥʩʦʨʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʨʝʟʫʣʴʪʘʪʠ ʪʝʭʥʽʯʥʠʭ ʦʙʩʪʝʞʝʥʴ ʽ ʩʪʘʪʠʩʪʠʢʫ ʚʽʜʤʦʚ, ʬʦʨʤʫʶʯʠ 

ʦʩʥʦʚʫ ʜʣʷ ʧʨʦʛʥʦʟʥʦʾ ʘʥʘʣʽʪʠʢʠ ʪʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ [1]. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʦʜʘʥʦ ʩʪʨʫʢʪʫʨʦʚʘʥʫ ʙʣʦʢ-ʩʭʝʤʫ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ 

ð ʚʽʜ ʚʠʟʥʘʯʝʥʥʷ ʮʽʣʝʡ ʢʦʥʪʨʦʣʶ ʪʘ ʟʙʦʨʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʘʥʠʭ ʜʦ ʘʥʘʣʽʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, 

ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ ʽ ʨʝʘʣʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ. 

ʇʨʘʢʪʠʯʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʽʜʭʦʜʽʚ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʛʨʦʚʘʥʠʭ ʮʠʬʨʦʚʠʭ 

ʧʣʘʪʬʦʨʤ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʘ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʘʥʘʣʽʟʫ ʪʘ ʢʦʥʮʝʧʮʽʾ ʮʠʬʨʦʚʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʟʥʠʟʠʪʠ ʽʤʦʚʽʨʥʽʩʪʴ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʡ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʜʫʨ ʤʦʥʽʪʦʨʠʥʛʫ ʤʽʥʽʤʽʟʫʻ ʚʧʣʠʚ ʩʫʙôʻʢʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʽ ʟʘʙʝʟʧʝʯʫʻ 

ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʨʝʘʛʫʚʘʥʥʷ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ  

ɼʞʝʨʝʣʦ: ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʽ [1]  

Figure 1 ï Scheme of Organizational and Technological Monitoring of Engineering Networks 

Source: developed by the author based on [1] 

 

ʂʦʤʧʣʝʢʩʥʝ ʧʦʻʜʥʘʥʥʷ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʽ ʩʫʯʘʩʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʤʦʜʝʣʶʚʘʥʥʷ 

ʬʦʨʤʫʻ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʫ ʦʩʥʦʚʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʪʘ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤ 

ʙʫʜʽʚʝʣʴʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ. ʌʦʨʤʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ, ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʽ ʟʘʙʝʟʧʝʯʝʥʥʶ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʦʙôʻʢʪʽʚ. 

ʌʦʨʤʘʣʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʩʪʽʡʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ ʫ ʤʝʞʘʭ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʧʦʙʫʜʦʚʫ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʽʣʴʢʽʩʥʦʛʦ ʢʨʠʪʝʨʽʶ, ʟʜʘʪʥʦʛʦ 
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ʽʥʪʝʛʨʫʚʘʪʠ ʨʽʟʥʦʨʽʜʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ ʚ ʻʜʠʥʫ ʘʥʘʣʽʪʠʯʥʫ ʩʠʩʪʝʤʫ ʦʮʽʥʶʚʘʥʥʷ [2]. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʭʽʜ ʚʽʜ ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʢʦʥʪʨʦʣʶ ʦʢʨʝʤʠʭ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʦ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʩʪʘʥʫ ʤʝʨʝʞʽ ʷʢ ʮʽʣʽʩʥʦʛʦ ʽʥʞʝʥʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. ɯʥʪʝʛʨʘʣʴʥʘ ʦʮʽʥʢʘ ʜʦʟʚʦʣʷʻ 

ʦʧʝʨʘʪʠʚʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʟʦʥʠ ʟʥʠʞʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ, ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʨʽʦʨʠʪʝʪʠ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʪʠ ʧʨʝʚʝʥʪʠʚʥʽ ʫʧʨʘʚʣʽʥʩʴʢʽ ʨʽʰʝʥʥʷ. 

ɹʘʟʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʤʦʜʝʣʽ ʚʠʩʪʫʧʘʻ ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʟʚʘʞʝʥʘ ʩʫʤʘ ʥʦʨʤʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: 

 

Ὓ В ύ ὼȟ                                                           (1) 

 

ʜʝ wi ð ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʥʘʯʫʱʦʩʪʽ i-ʛʦ ʧʘʨʘʤʝʪʨʘ (×wi=1 ),  

xi ð ʥʦʨʤʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʦʢʘʟʥʠʢʘ. 

 

ʅʦʨʤʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʽʥʪʝʨʚʘʣʫ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ: 

 

ὼ ȟ                                                            (2) 

  

ʜʝ Xi ð ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ,  

Xmin,Xmax ð ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ. 

 

ɼʣʷ ʧʦʢʘʟʥʠʢʽʚ, ʟʨʦʩʪʘʥʥʷ ʷʢʠʭ ʻ ʥʝʛʘʪʠʚʥʠʤ (ʥʘʧʨʠʢʣʘʜ, ʚʪʨʘʪʠ ʨʝʩʫʨʩʫ), ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʽʥʚʝʨʩʥʘ ʬʦʨʤʘ ʥʦʨʤʫʚʘʥʥʷ. 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʧʨʠʢʣʘʜ. ɼʣʷ ʢʦʥʪʨʦʣʴʥʦʾ ʜʽʣʷʥʢʠ ʪʝʧʣʦʚʦʾ ʤʝʨʝʞʽ ʟʘʬʽʢʩʦʚʘʥʦ ʪʘʢʽ ʜʘʥʽ: ʪʠʩʢ ð 

0,38 ʄʇʘ (ʜʦʧʫʩʪʠʤʦ 0,30ï0,45 ʄʇʘ), ʪʝʤʧʝʨʘʪʫʨʘ ð 62 ÁC (55ï70 ÁC), ʝʣʝʢʪʨʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ð 

118 ʢɺʪ (100ï140 ʢɺʪ), ʧʠʪʦʤʽ ʚʪʨʘʪʠ ð 12 % (5ï15 %). ɺʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʧʦʚʽʜʥʦ: 0,30; 0,25; 0,25; 

0,20. 

ʆʙʯʠʩʣʝʥʥʷ ʥʦʨʤʦʚʘʥʠʭ ʟʥʘʯʝʥʴ: 

 

ὼʪʠʩʢ
πȟσψπȟσπ

πȟτυπȟσπ
πȟυσȢ  

 

ὼʪʝʤʧ
φςυυ

χπυυ
πȟτχȢ 

 

ὼʥʘʚʘʥʪʘʞ
ρρψρππ

ρτπρππ
πȟτυȢ 

 

ὼʚʪʨʘʪʠ
ρυρς

ρυυ
πȟσπȢ 

 

ɯʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ: 

 

Ὓ πȟσππȟυσπȟςυπȟτχπȟςυπȟτυπȟςππȟσπ πȟτυȢ 

 

ʆʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ 0,45 ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʢʦʨʠʛʫʚʘʣʴʥʠʭ ʟʘʭʦʜʽʚ. 

ʋ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʦ ʧʦʝʪʘʧʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʽʟ ʜʝʪʘʣʽʟʘʮʽʻʶ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʥʦʨʤʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʾʭ ʚʥʝʩʢʫ ʚ ʫʟʘʛʘʣʴʥʝʥʠʡ ʨʝʟʫʣʴʪʘʪ [3]. 
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ʊʘʙʣʠʮʷ 1 - ʈʦʟʨʘʭʫʥʦʢ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ  

Table 1 - Calculation of the Integral Indicator of Functional Stability 

 

ʇʘʨʘʤʝʪʨ 
ʌʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ 

ɼʦʧʫʩʪʠʤʠʡ 

ʽʥʪʝʨʚʘʣ 
ɺʘʛʘ wi ʅʦʨʤʦʚʘʥʝ xi 

ɺʥʝʩʦʢ wi 

xi 

ʊʠʩʢ, ʄʇʘ 0,38 0,30ï0,45 0,30 0,53 0,159 

ʊʝʤʧʝʨʘʪʫʨʘ, ÁC 62 55ï70 0,25 0,47 0,118 

ʅʘʚʘʥʪʘʞʝʥʥʷ, ʢɺʪ 118 100ï140 0,25 0,45 0,113 

ʇʠʪʦʤʽ ʚʪʨʘʪʠ, % 12 5ï15 0,20 0,30 0,060 

ʈʘʟʦʤ ð ð 1,00 ð 0,450 

ɼʞʝʨʝʣʦ: ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʽ [3]   

Source: developed by the author based on [3] 

 

ʆʮʽʥʶʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʜʦʮʽʣʴʥʦ ʜʦʧʦʚʥʶʚʘʪʠ ʘʥʘʣʽʟʦʤ ʥʘʜʽʡʥʦʩʪʽ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ. ʁʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʚ ʯʘʩʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʦʥʝʥʮʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ: 

 

ὖὸ Ὡ ȟ                                                                (3) 

ʜʝ ɚ ð ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ,  

t ð ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

ʉʝʨʝʜʥʽʡ ʥʘʧʨʘʮʶʚʘʥʥʷ ʜʦ ʚʽʜʤʦʚʠ: 

Ὕʩʨ ȟ                                                                     (4) 

ʗʢʱʦ ɚ=0,0015 ʛʦʜ ĭ, ʪʦʜʽ 

Ὕʩʨ
ρ

πȟππρυ
φφφȟχ ʛʦʜȢ 

 

ɼʣʷ ʛʦʨʠʟʦʥʪʫ 200 ʛʦʜ: 

ὖςππ Ὡ ȟ Ὡ ȟ πȟχτȢ  
ʆʪʞʝ, ʽʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʪʘʥʦʚʠʪʴ 74 %, ʱʦ ʥʠʞʯʝ ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʽʚʥʷ 80 %, ʽ 

ʚʠʤʘʛʘʻ ʧʝʨʝʛʣʷʜʫ ʽʥʪʝʨʚʘʣʽʚ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʅʘ ʨʠʩʫʥʢʫ 2 ʚʽʜʦʙʨʘʞʝʥʦ ʛʨʘʬʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʚʽʜ ʯʘʩʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʽʣʶʩʪʨʫʻ ʜʠʥʘʤʽʢʫ ʟʥʠʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʽʥʞʝʥʝʨʥʦʾ ʤʝʨʝʞʽ [4]. 

ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʜʝʤʦʥʩʪʨʫʻ ʝʢʩʧʦʥʝʥʮʽʡʥʝ ʟʥʠʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ, ʱʦ ʧʽʜʢʨʝʩʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʝʚʝʥʪʠʚʥʦʾ ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʦʤ ʦʙʣʘʜʥʘʥʥʷ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ: 

 

ὠ ȟ                                                                            (5) 

 

ʜʝ ɛ ð ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ů ð ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ. 

ɿʘ ʫʤʦʚʠ ɛ=120 ʢɺʪ ʪʘ ů=18 ʢɺʪ: 

ὠ
ρψ

ρςπ
πȟρυȢȢ  

ɿʥʘʯʝʥʥʷ 0,15 ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʥʦʩʥʦ ʩʪʘʙʽʣʴʥʠʡ ʨʝʞʠʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ; ʧʝʨʝʚʠʱʝʥʥʷ 0,25 

ʚʢʘʟʫʚʘʣʦ ʙ ʥʘ ʨʠʟʠʢ ʧʨʠʩʢʦʨʝʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ [5]. 

ʅʘ ʨʠʩʫʥʢʫ 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʯʘʩʦʚʽ ʢʦʣʠʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʝʨʝʞʽ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʚʘʨʽʘʮʽʾ ʷʢ ʽʥʜʠʢʘʪʦʨʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʝʞʠʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 
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ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ P(t) ʚʽʜ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ  

ɼʞʝʨʝʣʦ: ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʽ [4]  

Figure 2 ï Graph of the Dependence of the Probability of Failure-Free Operation P(t) on Operating 

Time 

Source: developed by the author based on [4] 

 

 
ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʽʢ ʯʘʩʦʚʠʭ ʢʦʣʠʚʘʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ  

ɼʞʝʨʝʣʦ: ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʽ [5] 

Figure 3 ï Graph of Load Fluctuations Over Time and Determination of the Coefficient of Variation  

Source: developed by the author based on [5]  

ʇʦʻʜʥʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ Sf, ʧʦʢʘʟʥʠʢʘ ʥʘʜʽʡʥʦʩʪʽ P(t) ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ V ʬʦʨʤʫʻ 

ʫʟʛʦʜʞʝʥʫ ʩʠʩʪʝʤʫ ʢʽʣʴʢʽʩʥʠʭ ʢʨʠʪʝʨʽʾʚ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ʆʪʨʠʤʘʥʽ 
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ʨʝʟʫʣʴʪʘʪʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʙˇʨʫʥʪʦʚʘʥʝ ʧʣʘʥʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʶ ʨʝʞʠʤʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʽʜʪʨʠʤʘʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ. 

ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ  ̒ ʣʦʛʽʯʥʠʤ ʨʦʟʚʠʪʢʦʤ 

ʘʥʘʣʽʪʠʯʥʦʾ ʬʦʨʤʘʣʽʟʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʚʽʜʪʚʦʨʠʪʠ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʚ ʫʤʦʚʘʭ ʟʤʽʥʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʪʨʫʢʪʫʨʥʠʭ ʟʙʫʨʝʥʴ ʪʘ ʘʚʘʨʽʡʥʠʭ ʚʧʣʠʚʽʚ. ʗʢʱʦ ʽʥʪʝʛʨʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʧʦʪʦʯʥʠʡ ʩʪʘʥ, ʪʦ ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʪʨʘʻʢʪʦʨʽʶ ʨʦʟʚʠʪʢʫ ʧʦʜʽʡ ʫ ʯʘʩʽ ʪʘ 

ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʠʪʠ ʨʽʚʝʥʴ ʨʠʟʠʢʫ ʚʽʜʤʦʚ [6]. ʋ ʤʝʞʘʭ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʮʝ ʩʪʚʦʨʶʻ ʦʩʥʦʚʫ ʜʣʷ ʩʮʝʥʘʨʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ʌʦʨʤʘʣʽʟʘʮʽʷ ʨʠʟʠʢʫ ʚʽʜʤʦʚ ʦʢʨʝʤʦʛʦ ʝʣʝʤʝʥʪʘ ʘʙʦ ʚʫʟʣʘ ʤʝʨʝʞʽ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʯʝʨʝʟ 

ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʨʠʟʠʢʫ: 

Ὑ ὖ ὅȟ                                                                        (6) 

 

ʜʝ Pf ð ʽʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ, 

C ð ʚʝʣʠʯʠʥʘ ʥʘʩʣʽʜʢʽʚ (ʝʢʦʥʦʤʽʯʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʙʦ ʩʦʮʽʘʣʴʥʠʭ ʚʪʨʘʪ). 

 

ɯʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʜʦʧʦʚʥʝʥʥʷ ʜʦ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ: 

 

ὖ ρ ὖὸȟ                                                                     (7) 

 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʧʨʠʢʣʘʜ. ʗʢʱʦ ʜʣʷ ʚʫʟʣʘ ʨʦʟʧʦʜʽʣʫ ʪʝʧʣʦʚʦʾ ʤʝʨʝʞʽ ʟʘ ʛʦʨʠʟʦʥʪʫ 300 ʛʦʜ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʪʨʠʤʘʥʦ P(t)=0,70, ʪʦʜʽ: 

 

ὖ ρ πȟχπ πȟσπȢ 

 

ɿʘ ʫʤʦʚʠ, ʱʦ ʧʦʪʝʥʮʽʡʥʽ ʚʪʨʘʪʠ ʧʨʠ ʚʽʜʤʦʚʽ ʦʮʽʥʶʶʪʴʩʷ ʫ 250 ʪʠʩ. ʛʨʥ, ʽʥʪʝʛʨʘʣʴʥʠʡ ʨʠʟʠʢ 

ʩʪʘʥʦʚʠʪʠʤʝ: 

Ὑ πȟσπςυππππχυπππ ʛʨʥȢ 
 

ʆʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʢʨʠʪʝʨʽʡ ʧʨʽʦʨʠʪʝʟʘʮʽʾ ʨʝʤʦʥʪʥʠʭ ʟʘʭʦʜʽʚ ʘʙʦ 

ʨʝʟʝʨʚʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ. 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚ, ʚʝʣʠʯʠʥʠ ʥʘʩʣʽʜʢʽʚ ʪʘ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʨʠʟʠʢʫ ʜʣʷ ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʽʥʞʝʥʝʨʥʦʾ ʤʝʨʝʞʽ ʜʦʮʽʣʴʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʪʘʙʣʠʮʽ 2, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʨʘʥʞʫʚʘʥʥʷ ʟʘ ʨʽʚʥʝʤ ʢʨʠʪʠʯʥʦʩʪʽ [7]. 

 

ʊʘʙʣʠʮʷ 2 - ʆʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʚʽʜʤʦʚ ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ  

Table 2 - Assessment of Failure Risk of Key Network Elements 

 

ɽʣʝʤʝʥʪ ʤʝʨʝʞʽ P(t) Pf ʅʘʩʣʽʜʢʠ, ʛʨʥ ʈʠʟʠʢ R, ʛʨʥ 

ʅʘʩʦʩʥʠʡ ʘʛʨʝʛʘʪ 0,74 0,26 180 000 46 800 

ʊʝʧʣʦʦʙʤʽʥʥʠʢ 0,70 0,30 250 000 75 000 

ɽʣʝʢʪʨʦʱʠʪ ʢʝʨʫʚʘʥʥʷ 0,82 0,18 120 000 21 600 

ɼʞʝʨʝʣʦ: ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʽ [7]   

Source: developed by the author based on [7] 

ʈʘʥʞʫʚʘʥʥʷ ʟʘ ʚʝʣʠʯʠʥʦʶ R ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʥʘʡʙʽʣʴʰ ʢʨʠʪʠʯʥʠʤ ʻ ʪʝʧʣʦʦʙʤʽʥʥʠʢ, ʱʦ 

ʦʙˇʨʫʥʪʦʚʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʧʦʩʠʣʝʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʘʙʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʮʴʦʛʦ ʚʫʟʣʘ. 

ʅʘ ʨʠʩʫʥʢʫ 4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʽʘʛʨʘʤʫ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʠʟʠʢʫ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ 

ʤʝʨʝʞʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʴʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʥʘʡʙʽʣʴʰ ʢʨʠʪʠʯʥʽ ʚʫʟʣʠ ʩʠʩʪʝʤʠ. 
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ʈʠʩʫʥʦʢ 4 ï ɼʽʘʛʨʘʤʘ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʠʟʠʢʫ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ 

ɼʞʝʨʝʣʦ: ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʽ [8]  

Figure 4 ï Comparative Diagram of the Integral Failure Risk Assessment of Network Elements 

Source: developed by the author based on [8] 

 

ʉʮʝʥʘʨʥʠʡ ʘʥʘʣʽʟ ʧʝʨʝʜʙʘʯʘʻ ʤʦʜʝʣʶʚʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ: ʩʪʘʙʽʣʴʥʦʛʦ, 

ʧʝʨʝʚʘʥʪʘʞʝʥʦʛʦ ʪʘ ʘʚʘʨʽʡʥʦʛʦ. ʋ ʤʝʞʘʭ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʟʤʽʥʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʩʪʫʧʘʶʪʴ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ, ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʤʽʞʩʝʨʚʽʩʥʠʭ ʽʥʪʝʨʚʘʣʽʚ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ 0,15 ʜʦ 0,28 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʫʤʦʚʥʦ ʟʨʦʩʪʘʻ ʟ 0,0015 ʜʦ 0,0022 ʛʦʜ ĭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʜʦ ʚʽʜʤʦʚʠ ʧʨʠʙʣʠʟʥʦ ʥʘ 32 %. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʷʤʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ 

ʨʝʞʠʤʽʚ ʪʘ ʜʝʛʨʘʜʘʮʽʻʶ ʦʙʣʘʜʥʘʥʥʷ. 

ʅʘ ʨʠʩʫʥʢʫ 5 ʚʽʜʦʙʨʘʞʝʥʦ ʛʨʘʬʽʢ ʟʤʽʥʠ ʨʽʚʥʷ ʨʠʟʠʢʫ ʧʨʠ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʷʭ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʠʡ 

ʜʝʤʦʥʩʪʨʫʻ ʜʠʥʘʤʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʢʨʠʪʠʯʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʝʨʝʞʽ ʚʽʜ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɸʥʘʣʽʟ ʢʨʠʚʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʧʝʨʝʚʘʥʪʘʞʝʥʠʡ ʨʝʞʠʤ ʬʦʨʤʫʻ ʥʝʣʽʥʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʨʠʟʠʢʫ, ʪʦʜʽ ʷʢ 

ʩʪʘʙʽʣʴʥʠʡ ʨʝʞʠʤ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʧʦʣʦʛʠʤ ʪʨʝʥʜʦʤ. ɸʚʘʨʽʡʥʠʡ ʩʮʝʥʘʨʽʡ ʜʝʤʦʥʩʪʨʫʻ ʨʽʟʢʝ 

ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʥʷ R, ʱʦ ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʽ ʧʦʨʦʛʦʚʽ ʨʽʚʥʽ ʚʞʝ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ [9]. 

ɼʣʷ ʽʥʪʝʛʨʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʜʦʮʽʣʴʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʘʪʨʠʮʶ çʡʤʦʚʽʨʥʽʩʪʴïʥʘʩʣʽʜʢʠè, ʷʢʘ ʜʦʟʚʦʣʷʻ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʧʦʜʽʾ ʟʘ ʨʽʚʥʷʤʠ 

ʢʨʠʪʠʯʥʦʩʪʽ (ʥʠʟʴʢʠʡ, ʩʝʨʝʜʥʽʡ, ʚʠʩʦʢʠʡ ʨʠʟʠʢ). ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʘʥʘʣʽʪʠʯʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʢʦʥʢʨʝʪʥʽ ʫʧʨʘʚʣʽʥʩʴʢʽ ʨʽʰʝʥʥʷ: ʨʝʟʝʨʚʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʢʦʨʝʢʮʽʶ ʨʝʞʠʤʽʚ, ʧʝʨʝʛʣʷʜ 

ʛʨʘʬʽʢʽʚ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʙʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ. 

ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ ʬʦʨʤʫʻ ʜʠʥʘʤʽʯʥʠʡ ʢʦʥʪʫʨ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɺʦʥʦ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʬʽʢʩʫʚʘʪʠ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʤʝʨʝʞʽ, 

ʘ ʡ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʽ ʚʽʜʭʠʣʝʥʥʷ, ʚʠʟʥʘʯʘʪʠ ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʽ ʧʨʽʦʨʠʪʝʪʠ ʚʪʨʫʯʘʥʥʷ ʪʘ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ ʚ ʫʤʦʚʘʭ ʟʤʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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