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ɽʥʝʨʛʦʦʧʪʠʤʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʣʦʛʽʩʪʠʢʘ ʪʘ ʙʝʟʧʝʢʘ ʥʘ ʪʨʘʥʩʧʦʨʪʽ: ʄʘʪʝʨʽʘʣʠ 

ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ (ʃʴʚʽʚ, 19-20 ʚʝʨʝʩʥʷ 2019 ʨ.) ï 

ʃʴʚʽʚ.: ʃʴʚʽʚʩʴʢʘ ʬʽʣʽʷ ɼʅʋɿʊ, 2019. ï 92 ʩ. 

 

 

 

 

ʋ ʟʙʽʨʥʠʢʫ ʥʘʚʝʜʝʥʽ ʤʘʪʝʨʽʘʣʠ 2-ʾ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ çɽʥʝʨʛʦʦʧʪʠʤʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʣʦʛʽʩʪʠʢʘ ʪʘ ʙʝʟʧʝʢʘ ʥʘ 

ʪʨʘʥʩʧʦʨʪʽè, ʷʢʘ ʚʽʜʙʫʣʘʩʴ 18-19 ʯʝʨʚʥʷ 2018 ʨ. ʫ ʤ. ʃʴʚʽʚ. 

ɿʙʽʨʥʠʢ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʟʘʣʽʟʥʠʮʴ, 

ʧʽʜʧʨʠʻʤʩʪʚ ʪʨʘʥʩʧʦʨʪʫ, ʚʠʢʣʘʜʘʯʽʚ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ, ʜʦʢʪʦʨʘʥʪʽʚ, 

ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ. 

ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ ʜʨʫʢʫʶʪʴʩʷ ʤʦʚʦʶ ʦʨʠʛʽʥʘʣʫ ʫ ʨʝʜʘʢʮʽʾ ʘʚʪʦʨʽʚ. 
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ɺʦʟʥʷʢ ʆ. ʄ. ï ʢ.ʪ.ʥ., ʜʦʮ. ʢʘʬ. "ʊʨʘʥʩʧʦʨʪʥʽ ʪʝʭʥʦʣʦʛʽʾ" ʃʌ ɼʅʋɿʊ 

ʗʱʫʢ ʂ. ɯ. ï ʢ.ʪ.ʥ., ʜʦʮ. ʢʘʬ. "ɸʚʪʦʤʘʪʠʢʘ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ" ɼʅʋɿʊ 

ɹʦʣʞʝʣʘʨʩʴʢʠʡ ʗ.ɺ. ï ʢ.ʪ.ʥ., ʜʦʮ., ʜʠʨʝʢʪʦʨ ʃʴʚʽʚʩʴʢʦʾ ʬʽʣʽʾ ɼʅʋɿʊ 
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79052, ʋʢʨʘʾʥʘ, ʤ. ʃʴʚʽʚ, ʚʫʣ. ɯ. ɹʣʘʞʢʝʚʠʯ, 12ʘ, ʃʴʚʽʚʩʴʢʘ ʬʽʣʽʷ ɼʥʽʧʨʦʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽʤʝʥʽ ʘʢʘʜʝʤʽʢʘ 

ɺ. ʃʘʟʘʨʷʥʘ. 
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ʅɸʋʂʆɺʀʁ ʂʆʄɯʊɽʊ ʂʆʅʌɽʈɽʅʎɯɰ 
ɻʦʣʦʚʘ: 
ʆ. ʇʰʽʥʴʢʦ ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʨʝʢʪʦʨ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽʤʝʥʽ ʘʢʘʜʝʤʽʢʘ ɺ. ʃʘʟʘʨʷʥʘ (ɼʅʋɿʊ), 

ʋʢʨʘʾʥʘ 

ʉʧʽʚʛʦʣʦʚʫʶʯʽ: 
ɸ. ɾʫʨʢʦʚʩʴʢʠʡ ï ʢ.ʪ.ʥ., ʜʠʨʝʢʪʦʨ ɯʥʩʪʠʪʫʪʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʇʦʣʴʱʘ 

ʄ. ʗʮʠʥʘ ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʫ ʪʨʘʥʩʧʦʨʪʫ ɺʘʨʰʘʚʩʴʢʦʾ ʧʦʣʽʪʝʭʥʽʢʠ, 

ʇʦʣʴʱʘ 

ʏʣʝʥʠ ʢʦʤʽʪʝʪʫ: 
ɹ. ɹʦʜʥʘʨ ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʧʝʨʰʠʡ ʧʨʦʨʝʢʪʦʨ ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 

ʄ. ɹʽʣʷʻʚ ï ʜ.ʪ.ʥ., ʧʨʦʬ., ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 

ɻ. ɹʦʭʘʯ ï ʧʨʦʬ., ɹʫʜʘʧʝʰʪʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʝʢʦʥʦʤʽʢʠ, ʋʛʦʨʱʠʥʘ 

ɸ. ɹʭʘʩʢʘʨ ï ʧʨʦʬ., ʫʥʽʚʝʨʩʠʪʝʪ ʉʦʫʪʭʝʤʧʪʦʥʘ, ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ 

ɻ. ɺʘʡʯʶʥʘʩ ï ʧʨʦʬ., ɺʽʣʴʥʶʩʴʢʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ɻʝʜʝʤʽʥʘʩʘ, ʃʠʪʚʘ 

ɺ. ɻʘʚʨʠʣʶʢ ï ʜ.ʬ-ʤ.ʥ., ʧʨʦʬ., ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 

ʇ. ɼʘʰʢʝʚʠʯ ï ʜ-ʨ., ʇʦʟʥʘʥʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ, ʇʦʣʴʱʘ 

ɸ. ɼʦʣʽʥʘʡʦʚʘ ï ʜ-ʨ., ʧʨʦʬ., ʋʥʽʚʝʨʩʠʪʝʪ ʫ ɾʠʣʽʥʽ, ʉʣʦʚʘʯʯʠʥʘ 

ɻ. ɼʫʢʽʯ ï ʜ-ʨ., ʧʨʦʬ., ʋʥʽʚʝʨʩʠʪʝʪ ɿʘʛʨʝʙʘ, ʍʦʨʚʘʪʽʷ 

ɸ. ɾʽʦʣʢʦʚʩʴʢʽ ï ʜ-ʨ., ʇʦʟʥʘʥʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ, ʇʦʣʴʱʘ 

ʖ. ɿʝʣʝʥʴʢʦ ï ʜ-ʨ., ʧʨʦʬ., ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 

ʄ. ʂʘʧʽʮʘ ï ʜ.ʪ.ʥ., ʧʨʦʬ., ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 

ɺ. ʂʦʚʘʣʴʯʫʢ ï ʢ.ʪ.ʥ., ʜʦʮ., ʃʴʚʽʚʩʴʢʘ ʬʽʣʽʷ ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 

ɼ. ʂʦʟʘʯʝʥʢʦ ï ʜ.ʪ.ʥ., ʧʨʦʬ., ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 

ʄ. ʂʫʟʽʥ ï ʜ.ʪ.ʥ., ʜʦʮ., ʃʴʚʽʚʩʴʢʘ ʬʽʣʽʷ ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 

ɺ. ʂʫʟʥʻʮʦʚ ï ʜ.ʪ.ʥ., ʧʨʦʬ., ɯʥʩʪʠʪʫʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʇʦʣʴʱʘ 

ɼʞ. ʃʘʫʙʝʨ ï ʜ-ʨ., ʧʨʦʬ., ʋʥʽʚʝʨʩʠʪʝʪ LAMIN, ʌʨʘʥʮʽʷ 

ʃ. ʄʘʥʘʰʢʽʥ ï ʜ-ʨ., ʧʨʦʬ., ɿʘʭʽʜʥʠʡ ʍʘʨʪʬʦʨʜ, ʂʦʥʥʝʢʪʠʢʫʪ, ʉʐɸ 

ɭ. ʄʝʨʢʽʰ ï ʜ-ʨ., ʧʨʦʬ., ʇʦʟʥʘʥʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ, ʇʦʣʴʱʘ 

ɭ. ʄʽʢʫʣʴʩʴʢʽ ï ʜ-ʨ., ʧʨʦʬ., ʋʥʽʚʝʨʩʠʪʝʪ ʝʢʦʥʦʤʽʢʠ ʚ ʂʘʪʦʚʽʮʝ, ʇʦʣʴʱʘ 

ʊ. ʄʣʽʥʘʨʽʯ ï ʧʨʦʬ., ʋʥʽʚʝʨʩʠʪʝʪ ɿʘʛʨʝʙʘ, ʍʦʨʚʘʪʽʷ 

ʉ. ʇʘʚʣʽʥ ï ʧʨʦʬ., ʋʥʽʚʝʨʩʠʪʝʪ ɿʘʛʨʝʙʘ, ʍʦʨʚʘʪʽʷ 

ʉ. ʇʝʪʝʣʽʥ ï ʜ-ʨ., ʧʨʦʬ., ʋʥʽʚʝʨʩʠʪʝʪ ʚ ʃʶʙʣʷʥʽ, ʉʣʦʚʝʥʽʷ 

ɼ. ʇʠʟʘ ï ʜ-ʨ., ʧʨʦʬ., ɺʘʨʰʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ, ʇʦʣʴʱʘ 

ʈ. ʇʽʪʪʤʘʥ ï ʜ-ʨ., ʧʨʦʬ., ɸʥʪʠʤʦʥʦʧʦʣʴʥʠʡ ʚʽʜʜʽʣ ʉʐɸ. ʄʽʥʽʩʪʝʨʩʪʚʦ ʶʩʪʠʮʽʾ, 

ʉʐɸ 

ʃ. ʈʠʤʘʥʷʢ ï ʜ-ʨ., ʇʦʟʥʘʥʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ, ʇʦʣʴʱʘ 

ɺ. ʉʠʯʝʥʢʦ ï ʜ.ʪ.ʥ, ʧʨʦʬ., ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 

ʌ. ʊʦʤʘʰʝʚʩʢʽ ï ʜ-ʨ., ʧʨʦʬ., ʇʦʟʥʘʥʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ, ʇʦʣʴʱʘ 

ɹ. ʌʘʨʢʘʰ ï ʜ-ʨ., ʧʨʦʬ., ɹʫʜʘʧʝʰʪʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʝʢʦʥʦʤʽʢʠ, 

ʋʛʦʨʱʠʥʘ 

ʇ. ʌʦʣʝʛʘ ï ʧʨʦʬ., ʉʽʣʝʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ, ʇʦʣʴʱʘ 
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ʆʈɻɸʅɯɿɸʎɯʁʅʀʁ ʂʆʄɯʊɽʊ ʂʆʅʌɽʈɽʅʎɯɰ: 
ɻʦʣʦʚʘ: 
ɸ. ʈʘʜʢʝʚʠʯ ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʧʨʦʨʝʢʪʦʨ, ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 

ɿʘʩʪʫʧʥʠʢ ʛʦʣʦʚʠ:  
ʗ. ɹʦʣʞʝʣʘʨʩʴʢʠʡ ï ʢ.ʪ.ʥ., ʜʦʮ., ʜʠʨʝʢʪʦʨ ʃʴʚʽʚʩʴʢʦʾ ʬʽʣʽʾ ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 

ʏʣʝʥʠ ʢʦʤʽʪʝʪʫ: 
ʆ. ɹʘʣʴ ï ʢ.ʪ.ʥ., ʜʦʮ., ʃʴʚʽʚʩʴʢʘ ʬʽʣʽʷ ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 

ɸ. ɹʷʣʦʥʴ ï ʢ.ʪ.ʥ., ɯʥʩʪʠʪʫʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʇʦʣʴʱʘ 

ʄ. ɹʝʨʝʟʦʚʠʡ ï ʢ.ʪ.ʥ., ʜʦʮ., ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 

ʆ. ɺʦʟʥʷʢ ï ʢ.ʪ.ʥ., ʜʦʮ., ʃʴʚʽʚʩʴʢʘ ʬʽʣʽʷ ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 

ɹ. ɻʝʨʘ ï ʜ.ʪ.ʥ., ʧʨʦʬ., ʃʴʚʽʚʩʴʢʘ ʬʽʣʽʷ ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 

ʇ. ɻʦʣʝʤʙʦʚʩʴʢʠʡ ï ʜ-ʨ, ɺʘʨʰʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ, ʇʦʣʴʱʘ 

ʇ. ɻʨʠʮʠʰʠʥ ï ʢ.ʪ.ʥ., ʜʦʮ., ɿʘʭʽʜʥʠʡ ʎʝʥʪʨ ʋʢʨʘʾʥʩʴʢʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ɺʩʝʩʚʽʪʥʴʦʾ 

ʣʘʙʦʨʘʪʦʨʽʾ, ʋʢʨʘʾʥʘ 

ɸ. ɻʨʫʥʠʢ ï ʢ.ʪ.ʥ., ʃʴʚʽʚʩʴʢʠʡ ʣʦʢʦʤʦʪʠʚʦʨʝʤʦʥʪʥʠʡ ʟʘʚʦʜ, ʋʢʨʘʾʥʘ 

ʄ. ɼʠʙʦʚʩʴʢʠʡ ï ʽʥʞ., ɼʝʤʙʽʮʘ ʊʘʙʦʨ, ʇʦʣʴʱʘ 

ɿ. ɿʘʥʴʢʽʚ ï ʛʦʣ. ʽʥʞ., ʨʝʛʽʦʥʘʣʴʥʘ ʬʽʣʽʷ çʃʴʚʽʚʩʴʢʘ ʟʘʣʽʟʥʠʮʷè, ʋʢʨʘʾʥʘ 

ɸ. ʂʠʨʠʢʦʚʠʯ ï ʽʥʞ., ʜʠʨʝʢʪʦʨ ʊʟʆɺ çɸʤʘʜʝʫʩ ʄʘʨʽʥʝè, ʋʢʨʘʾʥʘ 

ʈ. ʂʦʢʦʪʘʡʣʦ ï ʤ-ʨ., ʜʠʨʝʢʪʦʨ ɼʝʧʘʨʪʘʤʝʥʪʫ ʜʦʨʦʞʥʴʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʪʨʘʥʩʧʦʨʪʫ, 

ʟʚôʷʟʢʫ ʃʆɼɸ, ʋʢʨʘʾʥʘ 

ʊ. ʂʦʣʝʩʥʠʢʦʚʘ ï ʢ.ʥ. ʽʟ ʩʦʮ. ʢʦʤʫʥʽʢʘʮʽʡ, ʩ.ʥ.ʩ., ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 

ɺ. ʂʦʧʠʪʢʦ ï ʜ.ʝ.ʥ., ʧʨʦʬ., ʃʴʚʽʚʩʴʢʘ ʬʽʣʽʷ ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 

ɯ. ʃʘʫʰʥʠʢ ï ʢ.ʪ.ʥ., ʜʦʮ., ʃʴʚʽʚʩʴʢʘ ʬʽʣʽʷ ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 

ʖ. ʃʝʩʽʚ ï ʤ-ʨ., ɻʆ çʃʽʥʽʷ102.ʖʘè, ʋʢʨʘʾʥʘ 

ɸ. ʆʢʦʨʦʢʦʚ ï ʢ.ʪ.ʥ., ʜʦʮ., ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 

ʆ. ʊʠʤʯʫʢ ï ʽʥʞ., ʅɼʏ  ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 

ʊ. ʐʘʨʛʫʥ ï ʜ.ʧʝʜ.ʥ., ʜʦʮ., ʃʴʚʽʚʩʴʢʘ ʬʽʣʽʷ ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 

ʆ. ʐʝʣʢʦʚʠʡ ï ʽʥʞ., ʜʠʨʝʢʪʦʨ ʅɺʆ çɼʥʽʧʨʦʪʝʭʪʨʘʥʩè, ʋʢʨʘʾʥʘ 

ʂ. ʗʱʫʢ ï ʢ.ʪ.ʥ., ʜʦʮ., ɼʅʋɿʊ, ʋʢʨʘʾʥʘ 
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T¦V Rheinland Polska Sp. z o.o. ul. 17 Stycznia 56 02-146 Warszawa 

tel: +48223319630; +48223319631 

WEB: https://www.tuv.com/poland/pl/  

e-mail: sekretariat@pl.tuv.com 

 

T¦V Rheinland Polska - 

ʧʨʦʚʽʜʥʠʡ ʩʝʨʪʠʬʽʢʘʮʽʡʥʠʡ ʦʨʛʘʥ, 

ʱʦ ʜʽʻ ʥʘ ʨʠʥʢʫ ʩʝʨʪʠʬʽʢʘʮʽʡʥʠʭ ʪʘ 

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʧʦʩʣʫʛ ʫ ʇʦʣʴʱʽ. 

ʂʦʤʧʘʥʽʷ ʚʭʦʜʠʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʦʾ 

ʛʨʫʧʠ T¦V Rheinland Group, 

ʧʨʦʚʽʜʥʦʛʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʧʦʩʣʫʛ ʜʣʷ ʛʘʣʫʟʽ. 

ʅʘʰʘ ʦʩʥʦʚʥʘ ʩʬʝʨʘ ʜʽʷʣʴʥʦʩʪʽ - ʩʝʨʪʠʬʽʢʘʮʽʷ ʧʨʦʜʫʢʮʽʾ, ʪʝʭʥʦʣʦʛʽʡ, 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʝʨʩʦʥʘʣʫ, ʘʫʜʠʪ, ʧʝʨʝʚʽʨʢʠ, ʨʝʮʝʥʟʫʚʘʥʥʷ. ɻʨʫʥʪʫʶʯʠʩʴ 

ʥʘ ʙʘʛʘʪʦʨʽʯʥʦʤʫ ʜʦʩʚʽʜʽ ʛʨʫʧʠ T¦V Rheinland, ʧʦʣʴʩʴʢʘ ʬʽʣʽʷ ʧʨʦʧʦʥʫʻ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʩʣʫʛ ʜʣʷ ʢʦʤʧʘʥʽʡ ʟ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ. ʆʩʥʦʚʘ 

ʥʘʰʠʭ ʚʽʜʥʦʩʠʥ ʟ ʜʽʣʦʚʠʤʠ ʧʘʨʪʥʝʨʘʤʠ ï ʜʦʚʽʨʘ, ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʪʨʘʜʠʮʽʾ. 

T¦V Rheinland - ʢʦʤʧʘʥʽʷ ʟ ʙʽʣʴʰ ʥʽʞ 140-ʨʽʯʥʦʶ ʽʩʪʦʨʽʻʶ, ʷʢʘ ʧʨʘʮʶʻ 

ʤʘʡʞʝ ʥʘ ʚʩʽʭ ʢʦʥʪʠʥʝʥʪʘʭ. ʉʚʦʶ ʜʽʷʣʴʥʽʩʪʴ ʫ ʇʦʣʴʱʽ ʚʦʥʘ ʨʦʟʧʦʯʘʣʘ ʫ 1997 

ʨʦʮʽ ʷʢ T¦V Rheinland Polska Sp. z o.o. 

ɿʘ ʢʽʣʴʢʘ ʨʦʢʽʚ ʜʽʷʣʴʥʦʩʪʽ 

T¦V Rheinland Polska ʟʘʡʥʷʣʠ 

ʧʦʟʠʮʽʶ ʝʢʩʧʝʨʪʽʚ ʚ ʛʘʣʫʟʽ 

ʩʝʨʪʠʬʽʢʘʮʽʾ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ 

ʨʠʥʢʫ.  
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ʂʣʽʻʥʪʘʤʠ ʢʦʤʧʘʥʽʾ ʫ ʜʘʥʠʡ ʯʘʩ ʻ ʥʘʡʙʽʣʴʰʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʫ ʪʨʘʥʩʧʦʨʪʥʽʡ, 

ʭʘʨʯʦʚʽʡ, ʙʫʜʽʚʝʣʴʥʽʡ, ʝʥʝʨʛʝʪʠʯʥʽʡ ʪʘ ʤʝʜʠʯʥʽʡ ʛʘʣʫʟʷʭ. 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʇʦʣʴʱʽ 

ʬʫʥʢʮʽʦʥʫʶʪʴʜʚʽ ʩʫʯʘʩʥʽ ʣʘʙʦʨʘʪʦʨʽʾ 

- ʫ ʤ. ɺʝʣʠʯʢʘ ʪʘ ʤ. ʇʦʟʥʘʥʴ. ʅʘʰʽ 

ʬʘʭʽʚʮʽ ʟʘʡʤʘʶʪʴʩʷ ʪʝʩʪʫʚʘʥʥʷʤ 

ʧʨʦʜʫʢʪʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʧʨʝʜʤʝʪ 

ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ - ʚʽʜ ʚʘʞʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʦ ʭʘʨʯʦʚʦʾ. 

ʅʘʨʘʟʽ ʚ T¦V Rheinland Polska ʧʨʘʮʶʻ ʧʦʥʘʜ 200 ʬʘʭʽʚʮʽʚ. 

ʇʦʻʜʥʫʶʯʠ ʪʨʘʜʠʮʽʾ, ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʡ ʧʝʨʩʦʥʘʣ ʪʘ ʧʦʩʪʽʡʥʠʡ 

ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ, T¦V Rheinland Polska ʻ ʣʽʜʝʨʦʤ ʥʘ ʨʠʥʢʫ ʩʝʨʪʠʬʽʢʘʮʽʡʥʠʭ 

ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʧʦʩʣʫʛ. ʉʝʨʪʠʬʽʢʘʪʠ ʥʘʰʦʾ ʢʦʤʧʘʥʽʾ ʷʢ ʥʝʟʘʣʝʞʥʦʛʦ 

ʩʝʨʪʠʬʽʢʘʮʽʡʥʦʛʦ ʦʨʛʘʥʫ ʚʠʟʥʘʶʪʴʩʷ ʪʘ ʮʽʥʫʶʪʴʩʷ ʚ ʮʽʣʦʤʫ ʩʚʽʪʽ. 

ʅʘʰʘ ʚʽʟʽʷ - ʮʝ ʦʙ'ʻʜʥʘʥʥʷ ʚʽʜʜʘʥʠʭ ʪʘ ʧʨʠʥʮʠʧʦʚʠʭ ʣʶʜʝʡ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ 

ʛʘʣʫʟʝʚʽ ʩʪʘʥʜʘʨʪʠ, ʻ ʘʚʪʦʨʠʪʝʪʦʤ ʪʘ ʣʽʜʝʨʦʤ ʫ ʚʠʙʨʘʥʠʭ ʩʬʝʨʘʭ. ʂʦʤʧʘʥʽʷ, ʜʝ 

ʣʶʜʠ ʭʦʯʫʪʴ ʧʨʘʮʶʚʘʪʠ. 

ʅʘʰʘ ʤʝʪʘ - ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʧʦʚʝʜʽʥʢʠ ʚ ʙʽʟʥʝʩʽ 

ʥʘ ʦʩʥʦʚʽ ʮʽʥʥʦʩʪʝʡ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ ʻ: ʯʝʩʥʽʩʪʴ, ʧʦʚʘʛʘ, 

ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ, ʚʽʜʢʨʠʪʽʩʪʴ, ʩʧʽʚʧʨʘʮʷ ʪʘ ʦʧʪʠʤʽʟʤ. 

ɺʠʩʦʢʽ ʩʪʘʥʜʘʨʪʠ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʥʘʰʦʾ ʨʦʙʦʪʠ ʦʟʥʘʯʘʻ ʥʘʜʽʡʥʽʩʪʴ ʪʘ 

ʚʠʟʥʘʥʥʷ ʩʝʨʪʠʬʽʢʘʪʽʚ, ʷʢʽ ʤʠ ʚʠʜʘʻʤʦ. ʄʠ ʧʝʨʝʢʦʥʘʥʽ, ʱʦ ʩʦʮʽʘʣʴʥʠʡ ʪʘ 

ʧʨʦʤʠʩʣʦʚʠʡ ʨʦʟʚʠʪʦʢ ʧʦʚʠʥʥʽ ʛʘʨʤʦʥʽʡʥʦ ʧʦʻʜʥʫʚʘʪʠʩʴ ʟ ʙʝʟʧʝʯʥʠʤ 

ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʧʨʠʩʪʨʦʾʚ ʪʘ ʧʨʦʜʫʢʪʽʚ. ʇʝʨʝʚʽʨʷʶʯʠ ʷʢʽʩʪʴ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʘʙʦ ʧʨʦʜʫʢʮʽʾ, ʚʠʨʦʙʣʝʥʦʾ ʥʘʰʠʤʠ ʢʣʽʻʥʪʘʤʠ, ʤʠ 

ʧʦʢʣʘʜʘʻʤʦʩʴ ʥʘ ʥʝʟʘʧʝʨʝʯʥʫ ʥʘʫʢʦʚʫ ʝʢʩʧʝʨʪʠʟʫ. ʅʘʜʽʡʥʽʩʪʴ ʥʘʰʠʭ ʤʝʪʦʜʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʥʘʰʠʤ ʧʨʽʦʨʠʪʝʪʦʤ. 
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Siedziba Firmy ʈetrosoft.pl Technologie Informatyczne sp. z o.o. 

Al. Tadeusza Rejtana 20, 35-310 Rzesz·w 

NIP: 685-20-51-675 REGON: 371000509 KRS: 0000118672 

Biuro: tel. 13 44 66 777 Sekretariat: tel. 13 44 66 555 

WEB: https://petrosoft.pl/  
 

ʂʦʤʧʘʥʽʷ Petrosoft.pl Technologie Informatyczne Sp. z o.o. ʧʨʦʚʦʜʠʪʴ ʩʚʦʶ ʜʽʷʣʴʥʽʩʪʴ ʟ 2000 

ʨʦʢʫ. ʋ ʇʦʣʴʱʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʜʝʢʽʣʴʢʘ 

ʥʘʰʠʭ ʬʽʣʽʡ. ʅʘʧʨʘʮʴʦʚʘʥʘ ʧʨʦʪʷʛʦʤ 

ʜʝʩʷʪʢʽʚ ʨʦʢʽʚ ʧʦʟʠʮʽʷ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʜʦʚʦʜʠʪʴ, ʱʦ Petrosoft.pl ʻ ʜʦʩʚʽʜʯʝʥʠʤ 

ʚʧʨʦʚʘʜʥʠʢʦʤ ʥʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ʌʽʨʤʘ ʻ ʚʠʨʦʙʥʠʢʦʤ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʥʘʧʨʷʤʢʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʧʘʣʠʚʥʝ 

ʛʦʩʧʦʜʘʨʩʪʚʦ, ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʜʫʢʮʽʾ, 

ʟʘʣʽʟʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ. Petrosoft.pl  

ʚʧʨʦʚʘʜʞʫʻ ʥʘ ʨʠʥʢʫ ʧʨʦʛʨʘʤʥʽ ʨʽʰʝʥʥʷ, 

ʷʢʽ ʩʧʠʨʘʶʪʴʩʷ ʷʢ ʥʘ ʚʣʘʩʥʽ ʧʨʦʨʛʘʤʥʽ 

ʧʨʦʜʫʢʪʠ, ʪʘʢ ʽ ʥʘ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ 

ʬʽʨʤ Microsoft, SAP, Comarch. 

ʈʦʜʟʠʥʢʦʶ ʥʘʰʦʾ ʢʦʤʧʘʥʽʾ ʻ ʫʥʽʢʘʣʴʥʘ ʜʣʷ ʇʦʣʴʱʽ ʩʠʩʪʝʤʘ RAILSoft Business Solutions, 

ʷʢʘ ʨʦʟʨʦʙʣʝʥʘ ʪʘ ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʙʽʣʴʰʝ ʥʽʞ 10 ʨʦʢʽʚ ʫ ʩʧʽʚʧʨʘʮʽ ʟ ʥʘʰʠʤʠ 

ʢʣʽʻʥʪʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʦʜʘʚʯʠʭ ʚʠʤʦʛ, ʱʦ ʜʽʶʪʴ ʫ ʇʦʣʴʱʽ. RAILSoft Business Solutions 

- ʮʝ ʽʥʪʝʛʨʦʚʘʥʘ ɯʊ-ʩʠʩʪʝʤʘ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʤʧʘʥʽʡ, ʜʦʩʪʫʧʥʘ ʪʘʢʦʞ ʫ 

ʤʽʞʥʘʨʦʜʥʽʡ ʚʝʨʩʽʾ. ʎʝ ʪʦʯʥʘ ʩʠʩʪʝʤʘ ʢʣʘʩʽʚ SMS / MMS ʟ ʘʥʘʣʽʟʦʤ RAMS ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʩʝʨʪʠʬʽʢʘʪʘʤʠ ʙʝʟʧʝʢʠ ʟʘʣʽʟʥʠʯʥʠʭ ʦʧʝʨʘʪʦʨʽʚ, ʚʠʜʘʥʠʤʠ ʚʽʜʧʦʚʽʜʥʠʤʠ ʦʨʛʘʥʘʤʠ ʢʦʥʪʨʦʣʶ. 

ʈʷʜ ʬʫʥʢʮʽʡ ʮʽʻʾ ʩʠʩʪʝʤʠ ʜʦʩʪʫʧʥʽ ʥʘ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ. 

RAILSoft - ʮʝ ʩʫʯʘʩʥʠʡ ɯʊ-ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, 

ʟʘʛʘʣʴʥʦʶ ʤʝʪʦʶ ʷʢʦʛʦ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʜʣʷ 

ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ ʧʝʨʝʚʝʟʝʥʴ. 

ʂʦʤʧʘʥʽʷ ʫʩʧʽʰʥʦ ʚʧʨʦʚʘʜʠʣʘ ʧʦʥʘʜ 

ʜʝʩʷʪʦʢ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

RAILSoft, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ 

ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʤʧʘʥʽʡ ʫ ʛʘʣʫʟʽ ʙʝʟʧʝʢʠ, 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ, ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʡ 

ʜʦʢʫʤʝʥʪʘʮʽʾ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ. 

https://petrosoft.pl/
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ʇʨʠʚʘʪʥʝ ʘʢʮiʦʥʝʨʥʝ ʪʦʚʘʨʠʩʪʚʦ 

"ʂʠʾʚ-ɼʥiʧʨʦʚʩʴʢʝ ʤiʞʛʘʣʫʟʝʚʝ 

ʧiʜʧʨʠʻʤʩʪʚʦ ʧʨʦʤʠʩʣʦʚʦʛʦ  

ʟʘʣiʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ" 

 

ɸʜʨʝʩʘ: 02092 ʂʠʾʚ, ʚʫʣ. ɸʣʤʘ-ɸʪʠʥʩʴʢʘ, 37. 

ʊʝʣ: (044) 568 88 14 

WEB: http://mppzt.com.ua/ 

ʇʨɸʊ çʂʠʾʚ-ɼʥʽʧʨʦʚʩʴʢʝ ʤʽʞʛʘʣʫʟʝʚʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫè ʚʝʜʝ ʩʚʦʶ ʽʩʪʦʨʽʶ ʟ 1971 ʨʦʢʫ ʷʢ ʂʠʾʚ-ɼʥʽʧʨʦʚʩʴʢʝ ʦʙôʻʜʥʘʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ʄʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʙʫʣʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻʜʠʥʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞʽʚ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ, ʟʚʽʣʴʥʝʥʥʷ 

ʚʠʨʦʙʥʠʢʘ ʚʽʜ ʥʝʚʣʘʩʪʠʚʠʭ ʡʦʤʫ ʬʫʥʢʮʽʡ ʧʦ ʤʘʥʝʚʨʦʚʽʡ ʨʦʙʦʪʽ, ʥʘʚʘʥʪʘʞʝʥʥʶ-

ʨʦʟʚʘʥʪʘʞʝʥʥʶ ʚʘʛʦʥʽʚ ʪʘ ʚʠʢʦʥʘʥʥʶ ʝʢʩʧʝʜʠʮʽʡʥʠʭ ʦʧʝʨʘʮʽʡ. 

ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʇʨɸʊ çʂʠʾʚ-ɼʥʽʧʨʦʚʩʴʢʝ ʤʽʞʛʘʣʫʟʝʚʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫè ï ʧʨʠʚʘʪʥʝ ʘʢʮʽʦʥʝʨʥʝ ʪʦʚʘʨʠʩʪʚʦ, 100 % ʘʢʮʽʡ ʷʢʦʛʦ ʥʘʣʝʞʘʪʴ 

ʜʝʨʞʘʚʽ ʚ ʦʩʦʙʽ ʄʽʥʽʩʪʝʨʩʪʚʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ. ʇʽʜʧʨʠʻʤʩʪʚʦ ʟʜʽʡʩʥʶʻ ʚʟʘʻʤʦʟʚôʷʟʦʢ 

ʽʟ ʤʘʛʽʩʪʨʘʣʴʥʠʤ ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʫʻ 

ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ ʚʽʜ ʟʘʣʽʟʥʠʯʥʠʭ ʩʪʘʥʮʽʡ ʧʨʠʤʠʢʘʥʥʷ ʜʦ ʬʨʦʥʪʽʚ ʚʠʚʘʥʪʘʞʝʥʥʷ ʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʧʨʠʤʠʢʘʻ ʧʦ 64 ʩʪʘʥʮʽʷʤ ʋʢʨʟʘʣʽʟʥʠʮʽ. ɼʦ ʩʢʣʘʜʫ ʊʦʚʘʨʠʩʪʚʘ ʚʭʦʜʠʪʴ 30 

ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ (ʬʽʣʽʡ), ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ 17 ʦʙʣʘʩʪʷʭ ʋʢʨʘʾʥʠ. 

ʉʝʨʝʜ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ʬʽʣʽʷʤʠ ʊʦʚʘʨʠʩʪʚʘ ï ʙʽʣʴʰ ʥʽʞ 1000 

ʧʽʜʧʨʠʻʤʩʪʚ, ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ ʫʩʪʘʥʦʚ ʨʽʟʥʠʭ ʬʦʨʤ ʚʣʘʩʥʦʩʪʽ, ʱʦ ʨʦʟʤʽʱʝʥʽ ʧʦ ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠ: ʪʝʧʣʦʚʽ ʪʘ ʘʪʦʤʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘʬʪʦʧʝʨʝʨʦʙʥʦʾ ʪʘ ʭʽʤʽʯʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʮʝʤʝʥʪʥʽ ʟʘʚʦʜʠ, ʟʘʚʦʜʠ ʧʦ ʚʠʛʦʪʦʚʣʝʥʥʶ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʚʠʨʦʙʽʚ, 

ʜʦʤʦʙʫʜʽʚʝʣʴʥʽ ʢʦʤʙʽʥʘʪʠ, ʛʨʘʥʽʪʥʽ ʢʘʨôʻʨʠ, ʢʦʤʙʽʥʘʪʠ ʭʣʽʙʦʧʨʦʜʫʢʪʽʚ, ʝʣʝʚʘʪʦʨʠ, ʮʫʢʨʦʚʽ 

ʟʘʚʦʜʠ ʪʘ ʽʥʰʽ. 

ʇʨɸʊ çʂʠʾʚ ï ɼʥʽʧʨʦʚʩʴʢʝ ʄʇʇɿʊè ʥʘʜʘʻ ʪʨʘʥʩʧʦʨʪʥʽ ʧʦʩʣʫʛʠ ʟ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ 

ʚʽʜ ʟʘʣʽʟʥʠʯʥʠʭ ʩʪʘʥʮʽʡ ʧʨʠʤʠʢʘʥʥʷ ʜʦ ʬʨʦʥʪʽʚ ʚʠʚʘʥʪʘʞʝʥʥʷ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟ ʤʘʥʝʚʨʦʚʦʾ 

ʨʦʙʦʪʠ, ʟ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ, ʧʦʩʣʫʛʠ ʟ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ 

ʢʦʣʽʡʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʤʝʪʨʦʣʦʛʽʯʥʽ ʧʦʩʣʫʛʠ ʪʘ ʽʥʰʽ ʧʦʩʣʫʛʠ, ʧʦʚ'ʷʟʘʥʽ  ʟ ʧʝʨʝʚʝʟʝʥʥʷʤ 

ʚʘʥʪʘʞʽʚ ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ. ɿʘʡʤʘʻ ʜʨʫʛʝ ʤʽʩʮʝ ʧʽʩʣʷ ʋʢʨʟʘʣʽʟʥʠʮʽ ʚ ʩʝʛʤʝʥʪʽ ʨʠʥʢʫ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʚʘʥʪʘʞʽʚ ʟ ʯʘʩʪʢʦʶ ʚ 10 ʚʽʜʩʦʪʢʽʚ. 

http://mppzt.com.ua/
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ʃʽʥʛʚʽʩʪʠʯʥʘ ɺʠʱʘ ʰʢʦʣʘ ʫ ɺʘʨʰʘʚʽ - ʻʜʠʥʠʡ ʧʨʠʚʘʪʥʠʡ ʣʽʥʛʚʽʩʪʠʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʄʘʟʦʚʝʮʴʢʦʛʦ ʚʦʻʚʦʜʩʪʚʘ ʽ ʦʜʠʥ ʟ ʥʝʙʘʛʘʪʴʦʭ ʫ ʇʦʣʴʱʽ. ʋ ʨʘʤʢʘʭ 

ʩʧʝʮʽʘʣʴʥʦʩʪʽ çʌʽʣʦʣʦʛʽʷè ʫʥʽʚʝʨʩʠʪʝʪ ʟʜʽʡʩʥʶʻ ʧʽʜʛʦʪʦʚʢʫ ʧʝʨʝʢʣʘʜʘʯʽʚ ʪʘ 

ʚʠʢʣʘʜʘʯʽʚ ʤʦʚʠ, ʷʢʽ ʤʘʶʪʴ ʧʦʧʠʪ ʥʘ ʨʠʥʢʫ ʧʨʘʮʽ. ɼʦʙʨʝ ʧʨʦʜʫʤʘʥʘ ʥʘʚʯʘʣʴʥʘ 

ʧʨʦʛʨʘʤʘ ʪʘ ʢʚʘʣʽʬʽʢʦʚʘʥʠʡ ʚʠʢʣʘʜʘʮʴʢʠʡ ʩʢʣʘʜ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʘʣʽʟʘʮʽʶ 

ʟʘʧʣʘʥʦʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʯʘʥʥʷ ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʆʩʚʽʪʥʽ 

ʧʨʦʛʨʘʤʠ, ʱʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʫʥʽʚʝʨʩʠʪʝʪʦʤ, ʚʨʘʭʦʚʫʶʪʴ ʤʽʥʣʠʚʫ ʩʠʪʫʘʮʽʶ ʥʘ 

ʨʠʥʢʫ ʧʨʘʮʽ ʪʘ ʥʦʚʽʪʥʽ ʜʦʩʷʛʥʝʥʥʷ ʣʽʥʛʚʽʩʪʠʯʥʠʭ ʥʘʫʢ. 

ʄʠ ʧʨʦʚʦʜʠʤʦ ʥʘʚʯʘʥʥʷ ʥʘ ʧʝʨʰʦʤʫ (ʙʘʢʘʣʘʚʨʩʴʢʦʤʫ) ʪʘ ʜʨʫʛʦʤʫ 

(ʤʘʛʽʩʪʝʨʩʴʢʦʤʫ) ʨʽʚʥʽ ʧʦ ʜʝʥʥʽʡ ʪʘ ʟʘʦʯʥʽʡ ʬʦʨʤ ʥʘʚʯʘʥʥʷ, ʘ ʪʘʢʦʞ ʚ 

ʘʩʧʽʨʘʥʪʫʨʽ. ʉʝʨʝʜ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʫʥʽʚʝʨʩʠʪʝʪʫ ʻ ʚʠʜʘʪʥʽ ʪʘ ʜʦʩʚʽʜʯʝʥʽ 

ʧʝʜʘʛʦʛʠ, ʷʢʽ ʤʘʶʪʴ ʟʥʘʯʥʽ ʥʘʫʢʦʚʽ ʪʘ ʧʨʦʬʝʩʽʡʥʽ ʜʦʩʷʛʥʝʥʥʷ. ʂʦʣʝʢʪʠʚ 

ʩʢʣʘʜʘʶʪʴ ʷʢ ʜʦʩʚʽʜʯʝʥʽ ʘʢʘʜʝʤʽʯʥʽ ʚʠʢʣʘʜʘʯʽ ʪʘʢ ʽ ʤʦʣʦʜʴ ʷʢʘ ʚʽʜʜʘʥʦ ʜʽʣʠʪʴʩʷ 

ʩʚʦʾʤʠ ʟʥʘʥʥʷʤʠ ʪʘ ʚʤʽʥʥʷʤʠ ʟʽ ʩʪʫʜʝʥʪʘʤʠ. 

ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚ ʫʥʽʚʝʨʩʠʪʝʪʽ ʨʦʟʧʦʯʘʪʦ ʧʽʜʛʦʪʦʚʢʫ ʙʘʢʘʣʘʚʨʽʚ ʟʽ 

ʩʧʝʮʽʘʣʴʥʦʩʪʽ çʅʘʮʽʦʥʘʣʴʥʘ ʙʝʟʧʝʢʘè ʟ ʥʘʩʪʫʧʥʠʭ ʩʧʝʮʽʘʣʽʟʘʮʽʡ: ʘʥʘʣʽʪʠʢ 

ʙʝʟʧʝʢʠ; ʜʽʷʣʴʥʽʩʪʴ ʚʦʻʥʽʟʦʚʘʥʠʭ ʩʣʫʞʙ; ʢʨʠʟʦʚʝ ʫʧʨʘʚʣʽʥʥʷ ʚ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʽ; 

ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʘʤʠ ʙʝʟʧʝʢʠ ʪʘ ʙʝʟʧʝʢʘ ʧʦʚʽʪʨʷʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ɸʥʘʣʽʪʠʢ ʙʝʟʧʝʢʠ 

ʉʧʝʮʽʘʣʽʟʘʮʽʷ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʥʘʙʫʪʪʷ ʟʥʘʥʴ ʫ ʩʬʝʨʽ ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʥʠʭ 

ʫʩʪʘʥʦʚ, ʦʨʛʘʥʽʚ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʪʘ ʧʨʠʚʘʪʥʠʭ ʢʦʤʧʘʥʽʡ. ɺʠʧʫʩʢʥʠʢ 

ʜʘʥʦʾ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʦʪʨʠʤʫʻ ʟʥʘʥʥʷ ʟ 

ʦʩʥʦʚ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ, 

ʪʝʨʦʨʠʩʪʠʯʥʠʭ ʟʘʛʨʦʟ ʪʘ ʟʘʭʠʩʪʫ 

ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ. ʉʬʝʨʘ 

ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʪʘʢʦʞ ʚʢʣʶʯʘʻ 

ʮʠʚʽʣʴʥʠʡ ʟʘʭʠʩʪ, ʟʘʭʠʩʪ ʚʽʜ 

ʩʪʠʭʽʡʥʠʭ ʣʠʭ ʪʘ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ. 

https://lingwistyka.edu.pl/
mailto:dziekanat@lingwistyka.edu.pl
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ʉʧʽʚʨʦʙʽʪʥʠʢ ʚʦʻʥʽʟʦʚʘʥʦʾ ʩʣʫʞʙʠ. 

ʉʧʝʮʽʘʣʽʟʘʮʽʷ ʩʢʝʨʦʚʘʥʘ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʜʦ ʨʦʙʦʪʠ ʚ ʦʭʦʨʦʥʥʠʭ ʢʦʤʧʘʥʽʷʭ, 

ʚʦʻʥʽʟʦʚʘʥʠʭ ʩʣʫʞʙʘʭ ʪʘ ʽʥʩʧʝʮʽʷʭ. ʉʪʫʜʝʥʪ ʦʪʨʠʤʫʻ ʟʥʘʥʥʷ ʚ ʛʘʣʫʟʽ: ʧʦʣʽʪʠʯʥʦʾ 

ʪʘ ʚʽʡʩʴʢʦʚʦʾ ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʠ, 

ʩʠʩʪʝʤʠ ʜʝʨʞʘʚʥʦʾ ʙʝʟʧʝʢʠ, 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʪʘ ʩʦʮʽʘʣʴʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʩʝʣʝʥʥʷ, ʧʨʘʚʦʚʠʭ 

ʦʩʥʦʚ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ, ʩʠʩʪʝʤʠ 

ʜʝʨʞʘʚʥʦʾ ʦʙʦʨʦʥʠ, ʟʙʨʦʡʥʠʭ ʩʠʣ 

ʜʝʨʞʘʚʠ. 

ʋʧʨʘʚʣʽʥʥʷ ʢʨʠʟʦʚʠʤʠ ʩʠʪʫʘʮʽʷʤʠ ʚ ʘʜʤʽʥʽʩʪʨʘʮʽʾ 

ʉʧʝʮʽʘʣʽʟʘʮʽʷ ʩʢʝʨʚʘʥʘ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʜʦ ʩʫʯʘʩʥʠʭ ʟʘʛʨʦʟ ʫ ʩʚʽʪʦʚʽʡ ʪʘ 

ʜʝʨʞʘʚʥʽʡ ʙʝʟʧʝʮʽ. ɿʘʛʨʦʟʠ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʣʦʢʘʣʴʥʽ ʪʘ ʛʣʦʙʘʣʴʥʽ ʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʦʣʽʪʠʯʥʠʤʠ, ʝʢʦʥʦʤʽʯʥʠʤʠ, 

ʚʽʡʩʴʢʦʚʠʤʠ ʯʠ ʝʢʦʣʦʛʽʯʥʠʤʠ. 

ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʚʠʧʫʩʢʥʠʢʘ 

ʙʫʜʝ ʚʤʽʣʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʟʘʛʨʦʟ 

ʪʘ ʢʦʨʠʛʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʩʫʨʩʽʚ 

ʨʝʘʢʮʽʾ ʥʘ ʟʘʛʨʦʟʫ. 

ʋʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʘʤʠ ʙʝʟʧʝʢʠ 
ʉʧʝʮʽʘʣʽʟʘʮʽʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʧʨʘʮʽʚʥʠʢʽʚ ʟ ʦʧʝʨʘʪʠʚʥʦ-

ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ, ʩʧʦʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʛʨʦʤʘʜʩʴʢʦʛʦ ʧʦʨʷʜʢʫ ʚ 

ʢʨʘʾʥʽ. ɺʠʚʯʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ 

ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʠ ʪʘ ʥʝʫʨʷʜʦʚʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡ. ɺʠʧʫʩʢʥʠʢ ʪʘʢʦʞ 

ʦʪʨʠʤʘʻ ʟʥʘʥʥʷ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʧʽʜʛʦʪʦʚʢʠ ʘʫʜʠʪʫ ʙʝʟʧʝʢʠ, 

ʟʜʽʡʩʥʝʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʟʘ 

ʚʠʢʦʥʘʥʦʶ ʧʨʦʮʝʜʫʨʦʶ. 

ɸʚʽʘʮʽʡʥʘ ʙʝʟʧʝʢʘ 
ʄʝʪʦʶ ʥʘʚʯʘʥʥʷ ʥʘ ʜʘʥʽʡ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʻ ʦʪʨʠʤʘʥʥʷ ʧʨʦʬʝʩʽʡʥʦʾ ʪʘ 

ʥʘʫʢʦʚʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ (ʪʝʦʨʝʪʠʯʥʦʾ ʪʘ ʧʨʘʢʪʠʯʥʦʾ) ʫ ʛʘʣʫʟʽ ʙʝʟʧʝʢʠ ʘʚʽʘʮʽʡʥʠʭ 

ʢʦʤʧʘʥʽʡ. ʅʝʚʝʣʠʢʽ ʥʘʚʯʘʣʴʥʽ ʛʨʫʧʠ 

ʛʘʨʘʥʪʫʶʪʴ ʧʨʷʤʠʡ ʢʦʥʪʘʢʪ ʟ 

ʝʢʩʧʝʨʪʦʤ. 

ʄʠ ʜʦʢʣʘʜʘʻʤʦ ʫʩʽʭ ʟʫʩʠʣʴ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʩʪʫʜʝʥʪʠ ʙʫʣʠ ʧʽʜʛʦʪʦʚʣʝʥʽ 

ʜʦ ʟʤʽʥ, ʱʦ ʚʠʧʣʠʚʘʶʪʴ ʽʟ ʩʫʯʘʩʥʦʛʦ 

ʨʠʥʢʫ ʧʨʘʮʽ, ʽ ʩʘʤʝ ʪʦʤʫ ʤʠ ʚʠʨʽʰʠʣʠ ʟʥʘʯʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʪʠ ʧʨʘʢʪʠʯʥʽʡ 

ʦʩʚʽʪʽ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʦʨʛʘʥʽʟʘʮʽʶ ʟʘʥʷʪʴ ʫ ʤʘʣʠʭ ʛʨʫʧʘʭ ʪʘ ʾʭʥʽʡ ʧʨʘʢʪʠʢʠʯʥʠʡ 

ʭʘʨʘʢʪʝʨ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʤʠ ʤʦʞʝʤʦ ʛʘʨʘʥʪʫʚʘʪʠ ʥʘʰʠʤ ʩʪʫʜʝʥʪʘʤ ʢʦʤʬʦʨʪʥʝ 

ʥʘʚʯʘʥʥʷ ʪʘ ʡʦʛʦ ʚʠʩʦʢʫ ʷʢʽʩʪʴ. 

ɼʣʷ ʚʩʽʭ, ʭʪʦ ʟʘʮʽʢʘʚʣʝʥʠʡ ʫ ʟʜʦʙʫʪʪʽ ʥʘʜʽʡʥʦʾ ʪʘ ʩʫʯʘʩʥʦʾ ʣʽʥʛʚʽʩʪʠʯʥʦʾ 

ʦʩʚʽʪʠ, ʥʘʚʯʘʥʥʷ ʚ ʥʘʰʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ - ʮʝ, ʙʝʟʫʤʦʚʥʦ, ʧʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ. 
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ʢʦʥʪʘʢʪʫ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʠʩʪʝʤʠ 

ʩʪʨʫʤʦʟʥʽʤʘʥʥʷ ʝʣʝʢʪʨʦʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʟʘʣʽʟʥʠʮʴ 
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Abstract. The parameters of thermal processes occurring indirectly in a power sliding contact can serve 
as an identifier of its state, and can also be used to increase the energy efficiency of current collection 

systems and their resource. A generalized thermal indicator of the operation of the power sliding contact is 
proposed, which is able to relate the power loss in the contact, its temperature and the wear value of the 

contact elements. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʩʠʩʪʝʤʠ ʢʦʥʪʘʢʪʥʦʛʦ ʩʪʨʫʤʦʟʥʽʤʘʥʥʷ 

ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʧʨʠʩʪʨʦʾʚ 

ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ ʥʘ ʙʦʨʪ ʝʣʝʢʪʨʦʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. 

ʂʦʥʪʘʢʪʥʽ ʧʽʜʚʽʩʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʫʭʦʤʦʛʦ 

ʩʢʣʘʜʫ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʠʭ ʟʘʣʽʟʥʠʮʴ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʭʘʨʘʢʪʝʨʥʝ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ, 

ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʩʪʨʫʤʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʧʦʷʚʘ 

ʥʦʚʠʭ ʪʠʧʽʚ ʝʣʝʢʪʨʦʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʫʤʦʚʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʢʦʛʦ ʧʦʪʨʝʙʫʶʪʴ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʽʩʥʫʶʯʠʭ ʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʫʪʴ ʥʘʜʽʡʥʫ ʪʘ ʝʢʦʥʦʤʽʯʥʫ ʧʝʨʝʜʘʯʫ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʙʦʨʪ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 

ʂʦʥʪʘʢʪʥʠʡ ʧʨʦʚʽʜ, ʱʦ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʫ 

ʩʪʨʫʤʦʟʥʽʤʘʥʥʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʦʜʠʥ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʣʴʥʦʩʪʨʫʤʦʚʦʛʦ 

ʢʦʚʟʥʦʛʦ ʢʦʥʪʘʢʪʫ. ɽʢʩʧʣʫʘʪʘʮʽʷ ʩʠʣʴʥʦʩʪʨʫʤʦʚʦʛʦ 

ʢʦʚʟʥʦʛʦ ʢʦʥʪʘʢʪʫ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʠʭ 

ʥʘ ʧʨʘʢʪʠʮʽ ʚʫʟʣʽʚ ʪʝʨʪʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʜʽʻʶ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʧʨʦʮʝʩʠ ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʨʪʷ. 

ʇʦʨʷʜ ʟ ʮʠʤ ʩʣʽʜ ʧʘʤôʷʪʘʪʠ, ʱʦ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʢʦʚʟʥʠʭ ʢʦʥʪʘʢʪʽʚ, ʧʦʚôʷʟʘʥʘ ʟ ʾʭ ʟʥʦʩʦʤ, ʚ 

ʦʩʥʦʚʥʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʷʢʽ 

ʧʨʦʪʽʢʘʶʪʴ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʧʘʨ ʪʝʨʪʷ ʚ 

ʟʚʠʯʘʡʥʠʭ ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ. 

ɺ ʧʘʨʽ ʟ ʢʦʥʪʘʢʪʥʠʤ ʜʨʦʪʦʤ ʧʨʘʮʶʶʪʴ ʨʽʟʥʦʛʦ 

ʨʦʜʫ ʩʪʨʫʤʦʟʥʽʤʘʣʴʥʽ ʝʣʝʤʝʥʪʠ. ʅʘ ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʽ 

ʩʪʨʫʤʦʟʥʽʤʘʥʥʷ ʚʽʜ ʢʦʥʪʘʢʪʥʦʛʦ ʜʨʦʪʫ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʚʫʛʽʣʴʥʠʤʠ ʚʩʪʘʚʢʘʤʠ ʷʢ ʥʘ ʢʦʢʩʦʚʽʡ ʪʘʢ ʽ ʥʘ 

ʛʨʘʬʽʪʦʚʽʡ ʦʩʥʦʚʽ. ʅʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ ʜʣʷ ʪʠʭ ʞʝ 

ʮʽʣʝʡ ʚʫʛʽʣʴʥʽ ʚʩʪʘʚʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ 

ʤʘʣʦʧʦʪʫʞʥʦʤʫ ʝʣʝʢʪʨʦʨʫʭʦʤʦʤʫ ʩʢʣʘʜʽ. ɼʣʷ ʟʥʷʪʪʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʧʦʪʫʞʥʦʤʫ ʝʣʝʢʪʨʦʨʫʭʦʤʦʤʫ 

ʩʢʣʘʜʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʨʦʰʢʦʚʽ 

ʢʦʥʪʘʢʪʥʽ ʧʣʘʩʪʠʥʠ ʷʢ ʥʘ ʟʘʣʽʟʥʽʡ, ʪʘʢ ʽ ʥʘ ʤʽʜʥʽʡ 

ʦʩʥʦʚʽ. ʊʘʢʦʞ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ ʩʪʨʫʤʦʟʥʽʤʘʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʘʣʦʚʫʛʣʝʮʝʚʠʭ 

ʚʩʪʘʚʦʢ. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʩʠʩʪʝʤʠ ʩʪʨʫʤʦʟʥʽʤʘʥʥʷ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʚʪʨʘʪʠ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʩʠʣʦʚʦʤʫ ʢʦʚʟʥʦʤʫ ʢʦʥʪʘʢʪʽ. ɺʝʣʠʯʠʥʘ 

ʮʠʭ ʚʪʨʘʪ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ ʘʣʝ ʤʦʞʝ 

ʙʫʪʠ ʦʮʽʥʝʥʘ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ 

ʢʦʚʟʥʦʛʦ ʢʦʥʪʘʢʪʫ. 

ɺʠʟʥʘʯʝʥʥʷ ʬʘʢʪʠʯʥʦʾ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʥʝʦʙʭʽʜʥʦ 

ʧʨʠ ʘʥʘʣʽʟʽ ʙʫʜʴ-ʷʢʦʾ ʧʘʨʠ ʪʝʨʪʷ. ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʬʘʢʪʠʯʥʦʾ ʧʣʦʱʽ ʽ ʦʧʦʨʫ ʢʦʥʪʘʢʪʫ: ʤʝʪʦʜ ʦʧʦʨʥʠʭ 

ʢʨʠʚʠʭ (ʘʚʪʦʨʠ ʅ.ɺ. ɼʝʤʢʠʥ ʽ ʀ.ɺ. ʂʨʘʛʝʣʴʩʢʠʡ) ʽ 

ʤʝʪʦʜ ʚʠʧʘʜʢʦʚʠʭ ʧʦʣʽʚ (ʅ.ʌ. ʉʝʤʝʥʶʢ ʽ ɻ.ɸ. 

ʉʠʨʝʥʢʦ). 

ɺʽʜʦʤʦ, ʱʦ ʬʘʢʪʠʯʥʘ ʧʣʦʱʘ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʢʦʥʪʘʢʪʫ ʜʫʞʝ ʤʘʣʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʦʤʽʥʘʣʴʥʦʾ 

ʧʣʦʱʠʥʠ. ʊʚʝʨʜʽ ʪʽʣʘ ʢʦʥʪʘʢʪʫʶʪʴ ʥʝ ʚʩʽʻʶ 

ʥʦʤʽʥʘʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʘ ʦʢʨʝʤʠʤʠ ʧʣʷʤʘʤʠ ʯʝʨʝʟ 

ʰʦʨʩʪʢʽʩʪʴ ʨʝʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʅʘʩʣʽʜʢʦʤ 

ʦʧʠʩʘʥʦʛʦ ʷʚʠʱʘ ʻ ʦʜʠʥ ʟ ʟʘʢʦʥʽʚ ʪʝʨʪʷ, ʷʢʠʡ 

ʛʦʚʦʨʠʪʴ, ʱʦ ʩʠʣʘ ʪʝʨʪʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ ʽ 

ʨʦʟʤʽʨʫ ʥʦʤʽʥʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʢʦʥʪʘʢʪʫ, ʪʦʙʪʦ 

ʧʣʦʱʠʥʠ, ʧʦ ʷʢʽʡ ʜʦʪʠʢʘʣʠʩʴ ʙʠ ʪʽʣʘ, ʷʢʙʠ ʚʦʥʠ ʙʫʣʠ 

ʽʜʝʘʣʴʥʦ ʛʣʘʜʝʥʴʢʠʤʠ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʽ ʧʦʚʥʠʡ 

ʢʦʥʪʘʢʪʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʥʘʡʙʽʣʴʰʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʦʧʦʨʫ ʩʪʷʛʫʚʘʥʥʷ, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʦʙʫʤʦʚʣʝʥʘ 

ʬʘʢʪʠʯʥʦʶ, ʘ ʥʝ ʥʦʤʽʥʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ ʢʦʥʪʘʢʪʫ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʠʡ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʦʧʽʨ ʢʦʚʟʥʦʛʦ ʩʠʣʴʥʦʩʪʨʫʤʦʚʦʛʦ 

ʢʦʥʪʘʢʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʩʪʽʣʴʢʠ ʡʦʛʦ ʨʦʟʤʽʨʘʤʠ ʽ 

ʬʦʨʤʦʶ, ʩʢʽʣʴʢʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʢʦʥʪʘʢʪʥʠʭ 

ʧʨʦʮʝʩʽʚ. 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʧʦʷʩʥʝʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ 

ʚ ʟʦʥʽ ʢʦʚʟʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ ɽ. ɸʨʥʦʣʴʜʘ [1], ʈ. ʄʝʡʝʨʘ [2], ʈ. 

ʍʦʣʴʤʘ [3], ɯ. ʅʝʡʢʽʨʭʝʥʘ [4]. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ 

ʧʨʦʮʝʩʠ ʤʝʭʘʥʽʯʥʦʛʦ ʪʝʨʪʷ ʽ ʟʥʦʰʫʚʘʥʥʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʩʢʣʘʜʥʫ ʩʫʢʫʧʥʽʩʪʴ ʷʚʠʱ, ʚ 

ʷʢʠʭ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʧʨʫʞʥʽ ʽ ʧʣʘʩʪʠʯʥʽ 

ʜʝʬʦʨʤʘʮʽʾ, ʩʠʣʠ ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ 

ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ, ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ, 
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ɽʥʝʨʛʦʦʧʪʠʤʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʣʦʛʽʩʪʠʢʘ ʪʘ ʙʝʟʧʝʢʘ ʥʘ ʪʨʘʥʩʧʦʨʪʽ 

15 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʨʽʟʥʦʛʦ 

ʨʦʜʫ ʧʨʦʮʝʩʠ ʩʦʨʙʮʽʾ ʪʘ ʽʥʰʝ. 

ʇʨʠ ʢʦʥʪʘʢʪʽ ʢʦʥʪʘʢʪʥʦʛʦ ʧʨʦʚʦʜʫ ʟ 

ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʦʶ ʚʩʪʘʚʢʦʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʯʝʧʣʝʥʥʷ 

ʥʝʨʽʚʥʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ, ʚ ʫʤʦʚʘʭ 

ʨʫʭʫ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʦʢʠʭ ʧʠʪʦʤʠʭ ʥʘʪʠʩʢʽʚ ʽ ʷʢ 

ʨʝʟʫʣʴʪʘʪ, ʜʦ ʤʽʢʨʦʟʚʘʨʶʚʘʥʴ ʽ ʚʠʨʠʚʽʚ ʥʘ ʧʦʚʝʨʭʥʽ 

ʢʦʥʪʘʢʪʥʦʛʦ ʧʨʦʚʦʜʫ. 

ʗʢʱʦ ʚ ʤʘʪʝʨʽʘʣ ʢʦʥʪʘʢʪʥʠʭ ʚʩʪʘʚʦʢ ʚʚʝʩʪʠ 

ʪʚʝʨʜʽ ʤʘʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʪʦ ʥʘ ʧʦʚʝʨʭʥʽ 

ʢʦʥʪʘʢʪʥʦʛʦ ʧʨʦʚʦʜʫ ʫʪʚʦʨʶʻʪʴʩʷ ʧʣʽʚʢʘ 

ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʫ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ 

ʧʦʣʽʪʫʨʥʦʶ. ɺʦʥʘ ʤʘʻ ʚʠʜ ʩʫʮʽʣʴʥʦʾ ʦʙʦʣʦʥʢʠ, ʷʢʘ 

ʚʢʨʠʚʘʻ ʚʩʶ ʢʦʥʪʘʢʪʥʫ ʧʦʚʝʨʭʥʶ. ʊʚʝʨʜʽ ʤʘʩʪʠʣʴʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʽʜʢʠʭ, ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʛʨʘʥʠʯʥʝ ʪʝʨʪʷ [6]. ɻʨʘʥʠʯʥʠʡ ʰʘʨ ʤʘʩʪʠʣʘ 

ʪʦʚʱʠʥʦʶ 0,1 ʤʢʤ ʤʘʻ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʨʽʟʢʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʦʙôʻʤʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʜʢʦʛʦ 

ʤʘʩʪʠʣʘ: ʚʽʥ ʤʘʻ ʚʠʨʘʟʥʦ ʦʨʽʻʥʪʦʚʘʥʫ ʤʦʣʝʢʫʣʷʨʥʫ 

ʙʫʜʦʚʫ, ʚʦʣʦʜʽʻ ʧʨʫʞʥʽʩʪʶ ʬʦʨʤʠ ʽ ʚʠʩʦʢʠʤ 

ʟʥʘʯʝʥʥʷʤ ʛʨʘʥʠʯʥʦʾ ʥʘʧʨʫʛʠ ʟʜʚʠʛʫ [5]. ɼʦ 

ʛʨʘʥʠʯʥʦʛʦ ʪʝʨʪʷ ʚʽʜʥʦʩʷʪʴ ʪʝʨʪʷ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʧʣʽʚʢʠ ʪʚʝʨʜʠʭ ʤʘʩʪʠʣ ʛʨʘʬʽʪʫ, ʜʠʩʫʣʴʬʽʜʫ 

ʤʦʣʽʙʜʝʥʫ, ʪʘʣʴʢʘ, ʥʽʪʨʠʜʫ ʙʦʨʫ, 

ʧʦʣʽʪʝʪʨʘʬʪʦʨʝʪʠʣʝʥʫ ʽ ʪ. ʜ. ʏʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʘʡʢʨʘʱʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʟʥʠʞʝʥʥʷ ʟʥʦʩʫ ʢʦʥʪʘʢʪʥʦʾ ʧʘʨʠ ʚʦʣʦʜʽʻ ʜʠʩʫʣʴʬʽʜ 

ʤʦʣʽʙʜʝʥʫ. 

ɺ ʧʨʦʮʝʩʽ ʩʪʨʫʤʦʟʥʽʤʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥʘʛʨʽʚʘʥʥʷ ʷʢ ʢʦʥʪʘʢʪʥʦʛʦ ʧʨʦʚʦʜʫ, ʪʘʢ ʽ ʢʦʥʪʘʢʪʥʠʭ 

ʚʩʪʘʚʦʢ ʧʘʥʪʦʛʨʘʬʫ. ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʨʠ ʪʝʨʪʷ çʩʪʨʫʤʦʧʨʠʡʤʘʯ ï 

ʢʦʥʪʘʢʪʥʠʡ ʧʨʦʚʽʜè ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʥʦʨʤʘʤʠ. ʈʦʟʨʘʭʫʥʦʢ ʟʘʛʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʽ 

ʢʦʥʪʘʢʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʤʝʪʦʜʠʢʦʶ [7] ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

 ʟʘʛ ʧʦʚ ʩʧVQ =Q +Q +Q, (1) 

ʜʝ VQ  ï ʦʙôʻʤʥʘ ʪʝʤʧʝʨʘʪʫʨʘ (ʚʽʜ ʜʞʦʫʣʝʚʦʾ 

ʪʝʧʣʦʪʠ); 

ʧʦʚQ  ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜ 

ʪʝʨʪʷ ʽ ʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ; 

ʩʧQ  ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʘʣʘʭʫ. 

ɼʣʷ ʦʮʽʥʢʠ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʟʥʦʩʫ ʢʦʥʪʘʢʪʥʠʭ ʧʘʨ ʧʨʠʩʪʨʦʾʚ ʩʪʨʫʤʦʟʥʽʤʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʚʫ 

ʤʽʜʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʧʨʦʚʦʜʫ ʡʦʛʦ ʤʽʮʥʽʩʪʴ 

ʟʥʠʞʫʻʪʴʩʷ. ʊʘʢ ʥʘʛʨʽʚ ʧʨʦʚʦʜʫ ʚʠʱʝ 270ęʉ 

(ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʽʜʽ), ʥʘʧʨʠʢʣʘʜ 300 ęʉ, 

ʥʘ ʧʨʦʪʷʟʽ 1 ʛʦʜ. ʟʥʠʞʫʻ ʤʽʮʥʽʩʪʴ ʥʘ 40%, ʪʦʙʪʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʚʥʦʾ ʚʪʨʘʪʠ ʤʽʮʥʦʩʪʽ, ʘ ʪʘʢʠʡ ʥʘʛʨʽʚ 

ʥʘ ʧʨʦʪʷʟʽ 1 ʩʝʢʫʥʜʠ ï 15%. ɽʬʝʢʪ ʚʪʨʘʪʠ ʤʽʮʥʦʩʪʽ 

ʧʨʠ ʙʘʛʘʪʦʢʨʘʪʥʠʭ ʥʘʛʨʽʚʘʥʥʷʭ ʽ ʦʭʦʣʦʜʞʝʥʥʷʭ 

ʧʨʦʪʽʢʘʻ ʪʘʢ, ʥʘʯʝʙʪʦ ʪʨʠʚʘʣʽʩʪʴ ʥʘʛʨʽʚʘʥʴ 

ʧʽʜʩʫʤʦʚʫʚʘʣʘʩʴ. 

 

ʈʠʩ. 1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʚʠʜʽʚ ʟʥʦʰʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʧʨʦʚʦʜʫ 

ɿʥʦʩ ʧʨʠ ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʩʪʘʪʠʯʥʽ ʘʙʦ ʨʦʟʨʠʚʥʽ ʢʦʥʪʘʢʪʠ ʽ 

ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʡ ʟ ʥʠʭ ï ʢʦʚʟʥʠʡ ʟ ʚʽʜʨʠʚʘʤʠ, 

ʢʦʣʠ ʝʣʝʢʪʨʦʽʩʢʨʦʚʽ ʪʘ ʝʣʝʢʪʨʦʜʫʛʦʚʽ ʧʨʦʮʝʩʠ 

ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʧʨʦʮʝʩʘʤʠ ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʨʪʷ. ɸʥʘʣʽʟ 

ʨʘʥʽʰʝ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʻ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʩʪʦʩʦʚʥʦ ʢʦʥʪʘʢʪʥʦʛʦ ʧʨʦʚʦʜʫ 

ʢʣʘʩʠʬʽʢʘʮʽʶ ʚʠʜʽʚ ʟʥʦʩʫ ʧʦʢʘʟʘʥʫ ʥʘ ʨʠʩ. 1. 

ʇʽʜ ʟʥʦʩʦʤ ʨʦʟʫʤʽʶʪʴ ʧʨʦʮʝʩ ʨʫʡʥʫʚʘʥʥʷ ʽ 

ʚʽʜʜʽʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʟ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʽ (ʘʙʦ) 

ʥʘʢʦʧʠʯʝʥʥʷ ʡʦʛʦ ʦʩʪʘʪʦʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʪʝʨʪʽ, 

ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʧʦʩʪʫʧʦʚʽʡ ʟʤʽʥʽ ʨʦʟʤʽʨʽʚ ʽ ʬʦʨʤʠ 

ʪʽʣʘ (ɻʆʉʊ27674-88). 

ɹʝʟʫʤʦʚʥʦ ʪʝʧʣʦʚʽ ʧʨʦʮʝʩʠ ʚ ʢʦʚʟʥʦʤʫ ʢʦʥʪʘʢʪʽ ʻ 

ʩʢʣʘʜʥʠʤʠ ʽ ʬʦʨʤʫʶʪʴʩʷ ʨʽʟʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ɺʨʘʭʫʚʘʥʥʷ ʜʽʾ ʦʢʨʝʤʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘ ʪʝʧʣʦʚʠʡ ʩʪʘʥ 

ʢʦʚʟʥʦʛʦ ʢʦʥʪʘʢʪʫ ʻ ʥʝʧʨʦʩʪʦʶ ʟʘʜʘʯʝʶ, ʘ ʦʩʢʽʣʴʢʠ 

ʢʽʥʮʝʚʠʡ ʝʬʝʢʪ ʻ ʩʫʤʦʶ ʜʽʡ ʫʩʽʭ ʬʘʢʪʦʨʽʚ, ʪʦ 

ʧʨʦʧʦʥʫʻʪʴʩʷ, ʟ ʤʝʪʦʶ ʚʠʢʦʥʘʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʚʟʥʠʭ ʢʦʥʪʘʢʪʽʚ 

ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʩʪʨʫʤʦʟʥʽʤʘʣʴʥʠʭ ʚʩʪʘʚʦʢ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫʟʘʛʘʣʴʥʝʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʢʘʟʥʠʢ. 



EOT-2019 

ɽʥʝʨʛʦʦʧʪʠʤʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʣʦʛʽʩʪʠʢʘ ʪʘ ʙʝʟʧʝʢʘ ʥʘ ʪʨʘʥʩʧʦʨʪʽ 

16 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʦʛʦ ʧʦʢʘʟʥʠʢʘ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʦʮʽʥʶʚʘʪʠ ʢʦʥʪʘʢʪʥʫ ʧʘʨʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ ʜʦ ʟʥʦʩʫ 

ʢʦʥʪʘʢʪʥʦʛʦ ʧʨʦʚʦʜʫ ʪʘ ʚʩʪʘʚʢʠ. 

ʋʟʘʛʘʣʴʥʝʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʢʘʟʥʠʢ ʨʦʙʦʪʠ 

ʩʠʣʦʚʦʛʦ ʢʦʚʟʥʦʛʦ ʢʦʥʪʘʢʪʫ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʚʽʜʥʦʰʝʥʥʷ: 

 N

B

T

T
K

T
= , (2) 

ʜʝ NT  ï ʥʘʡʙʽʣʴʰʘ ʫʩʪʘʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʥʦʾ 

ʚʩʪʘʚʢʠ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, Üʉ; 

BT  ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʥʦʾ ʚʩʪʘʚʢʠ, ʷʢʘ ʟ ʫʩʽʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʻ ʥʘʡʤʝʥʰʦʶ, Üʉ. 

ɻʘʣʫʟʝʚʦʶ ʥʘʫʢʦʚʦ ʜʦʩʣʽʜʥʦʶ ʣʘʙʦʨʘʪʦʨʽʻʶ 

çʅʘʜʽʡʥʽʩʪʴ ʽ ʫʥʽʬʽʢʘʮʽʷ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ 

ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫè ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽʤʝʥʽ 

ʘʢʘʜʝʤʽʢʘ ɺ. ʃʘʟʘʨʷʥʘ ʧʨʦʚʦʜʠʣʠʩʷ ʩʪʝʥʜʦʚʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʟʥʦʰʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʠʭ 

ʥʘʢʣʘʜʦʢ ʧʦʣʦʟʽʚ ʩʪʨʫʤʦʧʨʠʡʤʘʯʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ 

ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [8, 9]. ɺ ʨʘʤʢʘʭ ʮʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʚʠʟʥʘʯʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʥʦʾ ʚʩʪʘʚʢʠ, 

ʨʝʟʫʣʴʪʘʪʠ ʟʘʤʽʨʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʷ 1. ʄʘʢʩʠʤʘʣʴʥʽ ʫʩʪʘʣʝʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 
ʨʽʟʥʠʭ ʪʠʧʽʚ ʢʦʥʪʘʢʪʥʠʭ ʚʩʪʘʚʦʢ ʦʪʨʠʤʘʥʽ ʚ ʭʦʜʽ ʩʪʝʥʜʦʚʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ 

ˉ 

ʧ/ʧ 
ʊʠʧ ʢʦʥʪʘʢʪʥʦʾ ʚʩʪʘʚʢʠ 

ʋʩʪʘʣʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ 

ʫʩʪT , Üʉ 

1 ɺɾ-3ʇ 75 

2 
ʈʦʤʘʥʽʪ-ʋɺʃʐ 

ʚʠʨʦʙʥʠʮʪʚʘ ʊʆɺ çʂɯʅè 
45 

3 
ʊʠʧ ɸ ʚʠʨʦʙʥʠʮʪʚʘ 

ʊʆɺ çɻʣʦʨʽʷè 
360 

4 ʊʠʧ ɸ 230 

5 ʊʠʧ ɹ 160 

6 ʇʂɼ-4-2 72 

7 
ɺʫʛʽʣʴʥʦ-ʛʨʘʬʽʪʦʚʘ 

Hyundai Rotem HRCS2 
145 

8 ʅʄɻ-1200 62 

ʗʢʱʦ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʚ ʟʦʥʽ ʢʦʚʟʥʦʛʦ ʢʦʥʪʘʢʪʫ ʥʝ 

ʚʠʢʦʥʫʶʪʴ ʢʦʨʠʩʥʦʾ ʨʦʙʦʪʠ, ʘ ʣʠʰʝ ʥʘʛʨʽʚʘʶʪʴ 

ʢʦʥʪʘʢʪʥʠʡ ʧʨʦʚʽʜ ʪʘ ʥʘʢʣʘʜʢʫ, ʪʦʙʪʦ ʮʽ ʚʪʨʘʪʠ 

ʙʝʟʧʦʚʦʨʦʪʥʽ ʪʘ ʟʥʠʞʫʶʪʴ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ 

ʩʠʩʪʝʤʠ, ʪʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ, ʟ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ, 

ʙʫʜʝ ʢʦʥʪʘʢʪʥʘ ʧʘʨʘ ʫʪʚʦʨʝʥʘ ʢʦʥʪʘʢʪʥʠʤ ʧʨʦʚʦʜʦʤ 

ʪʘ ʢʦʤʧʦʟʠʪʥʦʶ ʚʩʪʘʚʢʦʶ ʪʠʧʫ ʈʦʤʘʥʽʪ-ʋɺʃʐ 

ʚʠʨʦʙʥʠʮʪʚʘ ʊʆɺ çʂɯʅè, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʡʥʠʞʯʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ. 

ʅʘʢʣʘʜʢʠ ʪʠʧʫ ʈʦʤʘʥʽʪ-ʋɺʃʐ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ 

ʽ ʤʦʞʫʪʴ ʝʢʩʧʣʫʘʪʫʚʘʪʠʩʷ ʥʘ ʣʽʥʽʷʭ ʷʢ ʧʦʩʪʽʡʥʦʛʦ, 

ʪʘʢ ʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ʇʨʠ ʾʭ ʚʠʨʦʙʥʠʮʪʚʽ ʚ ʤʘʪʝʨʽʘʣ 

ʢʦʥʪʘʢʪʥʦʾ ʚʩʪʘʚʢʠ ʚʚʦʜʠʪʴʩʷ ʧʨʠʨʦʜʥʠʡ ʤʽʥʝʨʘʣ, 

ʱʦ ʤʽʩʪʠʪʴ ʜʦ 60% ʬʫʣʝʨʝʥʽʚ ʚʫʛʣʝʮʶ ʉ60. ɿʘʚʜʷʢʠ 

ʪʦʤʫ, ʱʦ ʬʫʣʝʨʝʥʠ ʚʫʛʣʝʮʶ ʉ60 ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʫ 

ʩʠʤʝʪʨʽʶ ʽ ʥʘʡʙʽʣʴʰʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʮʝ ʜʦʟʚʦʣʠʣʦ 

ʩʪʚʦʨʠʪʠ ʤʘʪʝʨʽʘʣ ʟ ʧʦʣʽʧʰʝʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ, 

ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʽ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʇʨʠʻʜʥʘʥʥʷ ʜʦ ʬʫʣʝʨʝʥʫ ʚʫʛʣʝʮʶ ʤʝʪʘʣʦʚʤʽʩʥʦʛʦ 

ʨʘʜʠʢʘʣʘ ʤʽʜʽ, ʟʤʽʮʥʝʥʦʛʦ ʭʨʦʤʠʩʪʠʤ ʯʘʚʫʥʦʤ, 

ʟ'ʻʜʥʘʥʴ ʯʦʪʠʨʠʚʘʣʝʥʪʥʦʛʦ ʤʦʣʽʙʜʝʥʫ, 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʭ ʘʣʤʘʟʽʚ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʥʦʚʠʡ 

ʢʣʘʩ ʩʪʨʫʤʦʟʥʽʤʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʥʘʢʣʘʜʦʢ 

ʧʘʥʪʦʛʨʘʬʽʚ ʟ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʟʤʽʥʷʪʴʩʷ ʚ 

ʰʠʨʦʢʠʭ ʤʝʞʘʭ. 

ʇʨʠʻʜʥʘʥʥʷ ʜʦ ʬʫʣʝʨʝʥʫ ʚʫʛʣʝʮʶ ʤʝʪʘʣʦʚʤʽʩʥʠʭ 

ʨʘʜʠʢʘʣʽʚ ʤʽʜʽ, ʟʤʽʮʥʝʥʠʭ ʭʨʦʤʠʩʪʠʤ ʯʘʚʫʥʦʤ, 

ʟ'ʻʜʥʘʥʴ ʯʦʪʠʨʠʚʘʣʝʥʪʥʦʛʦ ʤʦʣʽʙʜʝʥʫ, 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʭ ʘʣʤʘʟʽʚ ʫʪʚʦʨʶʻ ʣʘʥʮʶʞʢʠ. 

ʋʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʣʘʥʮʶʞʢʽʚ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʽ ʜʫʞʝ ʥʠʟʴʢʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ, ʘ ʪʘʢʦʞ ʤʽʮʥʦ ʫʪʨʠʤʫʻ ʧʣʘʢʦʚʘʥʽ 

ʤʽʜʜʶ ʛʨʘʥʫʣʠ ʛʨʘʬʽʪʫ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʚ ʧʨʦʮʝʩʽ 

ʪʝʨʪʷ ʥʘ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʝʨʭʥʷʭ ʤʽʮʥʫ ʧʣʽʚʢʫ 

ʪʚʝʨʜʦʛʦ ʟʤʘʱʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ BT =45 Üʉ, ʘ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 

ʫʟʘʛʘʣʴʥʝʥʦ ʪʝʧʣʦʚʦʛʦ ʧʦʢʘʟʥʠʢʘ ʟʘ ʚʠʨʘʟʦʤ (2) 

ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʷ 2. ɿʥʘʯʝʥʥʷ TK  ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʚʩʪʘʚʦʢ 

ˉ 

ʧ/ʧ 
ʊʠʧ ʢʦʥʪʘʢʪʥʦʾ ʚʩʪʘʚʢʠ TK  

1 ɺɾ-3ʇ 1,67 

2 
ʈʦʤʘʥʽʪ-ʋɺʃʐ 

ʚʠʨʦʙʥʠʮʪʚʘ ʊʆɺ çʂɯʅè 
1 

3 
ʊʠʧ ɸ ʚʠʨʦʙʥʠʮʪʚʘ 
ʊʆɺ çɻʣʦʨʽʷè 

8 

4 ʊʠʧ ɸ 5,1 

5 ʊʠʧ ɹ 3,56 

6 ʇʂɼ-4-2 1,6 

7 
ɺʫʛʽʣʴʥʦ-ʛʨʘʬʽʪʦʚʘ 

Hyundai Rotem HRCS2 
3,22 

8 ʅʄɻ-1200 1,38 

ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʽ ʪʘʙʣ. 2 ʤʦʞʥʘ ʜʽʡʪʠ ʥʘʩʪʫʧʥʦʛʦ 

ʚʠʩʥʦʚʢʫ ï ʯʠʤ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ TK  ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʢʦʥʪʘʢʪʥʦʾ ʚʩʪʘʚʢʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʡʙʽʣʴʰ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʶ (1TK =), ʪʠʤ ʙʽʣʴʰʝ ʧʦʪʫʞʥʦʩʪʽ 

ʚʪʨʘʯʘʻʪʴʩʷ ʚ ʢʦʚʟʥʦʤʫ ʢʦʥʪʘʢʪʽ. ʅʘʜʣʠʰʢʦʚʘ 

ʪʝʧʣʦʪʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʢʦʚʟʥʦʤʫ ʢʦʥʪʘʢʪʽ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʩʧʨʠʷʻ 

ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʤʫ ʡʦʛʦ ʟʥʦʰʫʚʘʥʥʶ. 

ʅʘʩʪʫʧʥʦʶ ʟʘʜʘʯʝʶ ʚ ʨʘʤʢʘʭ ʮʽʻʾ ʨʦʙʦʪʠ ʻ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʟʘʚôʷʟʢʽʚ ʤʽʞ ʟʥʘʯʝʥʥʷʤ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʢʘʟʥʠʢʘ ʪʘ ʚʝʣʠʯʠʥʦʶ 

ʟʥʦʩʫ ʝʣʝʤʝʥʪʽʚ ʢʦʚʟʥʦʛʦ ʢʦʥʪʘʢʪʫ. 
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Abstract. Increasing the share of non-state-owned carriers in the railway sector and the emergence of 

railway high-speed mainlines (HSM) and infrastructure operator/manager; - greatly alter the structure of 

the transport market. That is why the challenge is to assess the availability and planning of the capacity of 

the future HSM lines. In order to solve this problem, the purpose of this study is to develop a mathematical 

model for the rational distribution of the HSM capacity between freight and passenger traffic on the 

criteria of maximum profitability with reasonable parameters of axle load and speed. The model takes into 

account four constraints. To get the necessary data, an analysis of the technical parameters of axle loads 

was carried out on the example of high-speed passenger trains with serial production from 2010 to 2017 

from 8 countries to substantiate the axle loads of future high-speed container flat-cars. According to the 

results of calculating the dependence of the average train speed versus the maximum speed with the train 

acceleration / deceleration time of more than 3 minutes and the distance between stations less than 15 km, 

it was proved that with increasing the maximum speed, the average speed of trains does not increase, but 

decreases. These results are particularly important for justifying the balance of combined freight and 

passenger traffic on the HSMs on the criteria of minimizing the freight traffic revenue loss and minimizing 

the need for additional state subsidies for passenger service. 

1 Introduction and problem statement 

To use high-speed lines only for passenger transportation 

in Ukraine is inefficient and unprofitable, since even in 

China [1], with its high passenger traffic, not all lines of 

high-speed railways are profitable, therefore, they also 

carry high-speed freight requiring urgent delivery [2]. 

The study of the balance of freight and passenger traffic 

in the HSM on criteria of maximum profitability for the 

infrastructure operator, taking into account the interests 

of other market participants, is an important scientific 

and applied problem and a prerequisite for the 

development of high-speed multimodal transport in 

Ukraine. 

2 The aim of the study 

The purpose of the study is to construct a mathematical 

model for the rational distribution of the throughput 

capacity of the HSM lines, taking into account the 

transport of passengers and freight by them with justified 

parameters of axial loads and speed. 

3 Presentation of the main research 
material 

An important factor to be taken away from is the fact 

that the speed of passenger trains should be maximally 

possible. While for freight trains this condition is not so 

unambiguous, and this is why: 

Firstly, according to the HSM, not all goods from the 

traditional nomenclature of transport of ordinary 

railways will be transported, but only those that provide 

axial loads not higher than passenger trains (so-called 

"lightweight" goods); it is obvious that there will be a 

relatively small proportion of such goods in total, and, 

above all, there will be goods that really need fast 

delivery and are fairly "high-value" (so-called "high 

margin" goods or "high value-added goods"). Practice 

shows that such goods are transported by rail in most 

cases in containers that are the best way to ensure the 

safety of such goods. 

Secondly, as far as we know, there are no special 

theoretical and experimental studies on aerodynamics 

and resistance to the movement of high-speed trains with 

containers, for HSM lines with a combined traffic of 

passenger and freight trains. However, in studies on, for 

example, resistance to train movement in a tunnel, with 

strong lateral wind, rain, and sandy storm - established 

nonlinear (in particular, quadratic) dependencies of 

accelerated growth of aerodynamic resistance and 

dynamic forces acting on elements of rolling stock and 

tracks [ 3], [4] with increasing train speed. It is logical to 

assume that when moving high-speed trains with 

containers that have the shape of a parallelepiped with 

spaces between them, there will be adverse aerodynamic 

effects that will lead to a sharp increase in propulsion, 
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energy costs, and, consequently, the cost of 

transportation. Therefore, there may be a need to limit 

the speed of freight trains in the HSM compared with 

passenger trains. And from the theory and practice of the 

organization of train movements, it is known that 

different speeds of trains on one line lead to the 

"removal" of trains at one speed by trains at different 

speeds (so-called "slow-moving" and "high-speed" 

trains).It should be noted that the balance of cargo and 

passenger transportation to the HSM is possible taking 

into account two constraints arising from the need to 

meet the demand for transportation: 

Å Need for transportation of all wishing passengers; 

Å The need to transport as much cargo as possible 

within the available capacity. 

Given these constraints, we analyze the dependence 

of the average train speed from the maximum at different 

acceleration / deceleration times and distance between 

stations: 

 
max

max 1 ,
2

ab

V
V V t

l

å õ
= Ö - Öæ ö

Öç ÷
, (1) 

where V  ï average speed of the train, km / h.; 

l ï distance between stations, km; 
maxV ï maximum train speed, km / h .; 

abt ï Average time of acceleration / deceleration of 

train, h. 

The average time of acceleration / deceleration of the 

train  depends on many factors, but we will assume 

that most of all - from the mass and speed of the train, its 

traction characteristics and efficiency of the braking 

system, that is, the technical perfection of its design. In 

addition, the profile and line plan are influenced by this 

time. Investigate the influence of factors. 

As can be seen from Table 1, the average speed is 

only 6-8% less than the maximum at the greatest 

distance between stations (35 km); this difference is less 

that the less time for acceleration / deceleration of the 

train. At a short distance between stations (10 km), the 

average speed is as much as 42-58% less than the 

maximum.

Table 1. Dependence of average train speed from maximum at different times  
of acceleration / deceleration and distance between stations. 

Average time of 

acceleration / 

deceleration of train 

, h. 

Average time of 

acceleration / 

deceleration of train 

, min. 

Distance between 

stations  , km 

Maximum train speed  , km / h. 

250 275 300 325 350 

0,0167 1 15 215,3 233,0 250,0 266,3 281,9 

0,0333 2 15 180,6 191,0 200,0 207,6 213,9 

0,0500 3 15 145,8 149,0 150,0 149,0 145,8 

0,0167 1 25 229,2 249,8 270,0 289,8 309,2 

0,0333 2 25 208,3 224,6 240,0 254,6 268,3 

0,0500 3 25 187,5 199,4 210,0 219,4 227,5 

0,0167 1 35 235,1 257,0 278,6 299,9 320,8 

0,0333 2 35 220,2 239,0 257,1 274,7 291,7 

0,0500 3 35 205,4 221,0 235,7 249,6 262,5 

Table 2. Number of freight trains that can be skipped on the basis of the mandatory passage  

of a different number of  passenger trains. 

Number of trains 

per day of another 

category of speed 

, trains per day 

Distance 

between 

stations  , 

km 

Maximum train speed  , km / h. 

250 250 250 250 250 

2 30 102 102 102 102 102 

10 30 91 92 92 92 92 

18 30 80 81 81 82 82 

2 50 102 102 102 102 102 

10 50 88 89 90 90 90 

18 50 75 76 77 78 79 

2 70 101 101 101 102 102 

10 70 86 87 87 88 88 

18 70 70 72 73 74 75 
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The results obtained in Table 2 are very expressive. 

For example, with an increase in the number of 

passenger trains per day from 2 to 18 (16 trains), the 

number of freight trains may decrease from 102 to 75, 

that is 27 trains per day (depending on the values of 

parameters  and  - with the corresponding loss of 

income from freight traffic and the need to subsidize an 

additional number of passenger trains. 

The results of the empirical study show that at 

acceleration / deceleration times of more than 3 minutes 

and distances between stations less than 15 km with 

increasing maximum speed, the average speed of trains 

does not increase, but decreases. At the same time, the 

calculation of the overall capacity of the lines of the 

HSM showed that the greater the difference in the speed 

of trains, the greater the loss of bandwidth of the line. 

With an increase in the number of passenger trains per 

day by 16 units, the number of freight trains per day is 

reduced by 27 units. 

The results obtained are particularly important for 

justifying the balance of the use of the lines of the HSM 

and the availability of the HSM for freight and passenger 

transportation, based on the criteria for maximizing 

revenues from freight transport and minimizing the need 

for additional state subsidies for passenger 

transportation. 

A mathematical model can be used to study different 

scenarios of planning and as a help in making decisions 

on planning a rational distribution of the capacity of 

lines of the HSM taking into account passenger and 

freight traffic on long-distance railway lines. 
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Abstract. The smooth operation of the railway depends mainly on the smooth running of the railway 

automation and communication facilities. The safe and uninterrupted operation of the railways is ensured 

by signalling, centralization and interlocking systems, as well as automatic locomotive signalling in 

combination with driver's vigilance and hitchhiking systems. To determine the major factors that affect the 

performance of the last two of these systems, the failure statistics of all railway automation devices that 

have a direct or indirect effect on them are analyzed. The origin of deviations in the normal operation of 

devices and systems, which can lead to malfunctions in their operation, is established. The most important 
objects are identified, the parameters of which must be constantly monitored. This will greatly improve the 

performance of the system and the overall reliability of the system. The analysis of the statistics has 

revealed the causes that lead to device and system malfunctions. It is confirmed that deterioration of the 

equipment remains the main cause of malfunctions among the most common failures of decoders, 
amplifiers and locomotive filters. In addition, the human factor has a great impact on the quality of the 

operation of the devices and systems of railway automation, namely the violation of the technology of 

work performance, non-compliance with the requirements of technological charts and operating 

instructions, poor quality repair and inspection of devices in repair and technological sites. Important 
remains the question of developing and implementing the latest technologies in the automation of the 

process of checking and servicing rail systems, which are the most important issue for carriers around the 

world at all times ï the safety of transportation. 

ɿʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʥʘʡʙʝʟʧʝʯʥʽʰʠʡ ʪʘ ʦʜʠʥ ʟ 

ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ. 

ɿʦʢʨʝʤʘ, ʚ ʋʢʨʘʾʥʽ ʟʘʣʽʟʥʠʮʷ ʻ ʛʦʣʦʚʥʦʶ 

ʪʨʘʥʩʧʦʨʪʥʦʶ ʘʨʪʝʨʽʻʶ ʢʨʘʾʥʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ 

ʧʝʨʝʚʝʟʝʥʥʷ ʪʠʩʷʯ ʧʘʩʘʞʠʨʽʚ ʽ ʤʽʣʴʡʦʥʠ ʪʦʥ ʚʘʥʪʘʞʽʚ 

ʱʦʜʥʷ. ɹʝʟʧʝʯʥʘ ʮʽʣʦʜʦʙʦʚʘ ʙʝʟʧʝʨʝʙʽʡʥʘ ʨʦʙʦʪʘ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚ ʙʫʜʴ-ʷʢʫ ʧʦʨʫ ʨʦʢʫ 

ʟʥʘʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʟʘʩʦʙʽʚ 

ʟʘʣʽʟʥʠʯʥʦʾ ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʟʚôʷʟʢʫ. ʅʝʦʙʭʽʜʥʦ 

ʚʽʜʤʽʪʠʪʠ, ʱʦ ʦʩʦʙʣʠʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʝʬʝʢʪʠʚʥʦʾ ʪʘ ʙʝʟʧʝʯʥʦʾ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʮʴ ʥʘʣʝʞʠʪʴ 

ʩʠʩʪʝʤʘʤ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʫʭʫ ʧʦʾʟʜʽʚ, ʘ 

ʪʘʢʦʞ ʘʚʪʦʤʘʪʠʯʥʽʡ ʣʦʢʦʤʦʪʠʚʥʽʡ ʩʠʛʥʘʣʽʟʘʮʽʾ 

(ɸʃʉ) ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʩʠʩʪʝʤʘʤʠ ʢʦʥʪʨʦʣʶ ʧʠʣʴʥʦʩʪʽ 

ʤʘʰʠʥʽʩʪʘ ʪʘ ʘʚʪʦʩʪʦʧʫ. ʂʦʞʝʥ ʟʙʽʡ, ʚʽʜʤʦʚʘ, 

ʧʦʰʢʦʜʞʝʥʥʷ, ʚʽʜʭʠʣʝʥʥʷ ʚ ʨʦʙʦʪʽ ʯʠ ʪʨʘʥʩʧʦʨʪʥʘ 

ʧʦʜʽʷ, ʱʦ ʚʽʜʙʫʣʠʩʷ ʥʘ ʟʘʣʽʟʥʠʮʽ, ʩʪʘʶʪʴ ʧʨʠʯʠʥʦʶ 

ʘʙʦ ʟʙʽʣʴʰʫʶʪʴ ʨʠʟʠʢ ʧʦʷʚʠ ʟʘʛʨʦʟʠ ʞʠʪʪʶ ʯʠ 

ʟʜʦʨʦʚôʶ ʣʶʜʝʡ, ʷʢʽ ʢʦʨʠʩʪʫʶʪʴʩʷ ʘʙʦ ʧʨʘʮʶʶʪʴ ʥʘ 

ʟʘʣʽʟʥʠʮʽ, ʘʙʦ ʪʷʛʥʫʪʴ ʟʘ ʩʦʙʦʶ ʤʽʣʴʡʦʥʥʽ ʟʙʠʪʢʠ ʚʽʜ 

ʚʪʨʘʪʠ ʚʘʥʪʘʞʽʚ ʪʘ ʟʘʭʦʜʽʚ ʟ ʫʩʫʥʝʥʥʷ ʥʘʩʣʽʜʢʽʚ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. ʇʨʠ ʮʴʦʤʫ ʧʦʪʨʽʙʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʚ ʨʦʙʦʪʽ ʟʘʣʽʟʥʠʮʽ ʚʪʨʘʯʘʻʪʴʩʷ 

ʢʦʨʠʩʥʠʡ ʯʘʩ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʠʡ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʨʫʭʫ. 

ʑʦʙ ʟʤʝʥʰʠʪʠ ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʦʷʚʠ ʥʝʰʪʘʪʥʠʭ 

ʚʠʧʘʜʢʽʚ, ʥʝʦʙʭʽʜʥʦ ʧʦʩʪʽʡʥʦ ʧʽʜʚʠʱʫʚʘʪʠ 

ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʠʩʪʝʤ, 

ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʥʦʚʽʪʥʽ ʨʦʟʨʦʙʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ, 

ʧʽʜʚʠʱʫʚʘʪʠ ʢʚʘʣʽʬʽʢʘʮʽʶ ʪʘ ʟʘʦʭʦʯʝʥʥʷ ʨʦʙʽʪʥʠʢʽʚ, 

ʧʦʢʨʘʱʫʚʘʪʠ ʤʝʪʦʜʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʣʽʟʥʠʯʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʰʣʷʭʦʤ ʫʩʫʥʝʥʥʷ ʘʙʦ ʤʽʥʽʤʽʟʘʮʽʾ 

ʣʶʜʩʴʢʦʛʦ ʚʧʣʠʚʫ ʟʘʚʜʷʢʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɺʠʪʨʘʪʠ ʢʦʰʪʽʚ, ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʧʨʦʮʝʩʫ ʧʝʨʝʚʽʨʢʠ ʪʘ ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʽʚ, ʧʽʜ ʯʘʩ 

ʧʣʘʥʦʚʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ ʦʙʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʽʚ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʤʘʶʪʴ ʚ 

ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʚʝʩʪʠ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʟʘʛʘʣʴʥʠʭ ʚʪʨʘʪ, ʷʢʽ ʟʘʣʽʟʥʠʮʷ ʟʘʟʥʘʻ ʚʽʜ ʧʦʨʫʰʝʥʴ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɺʠʨʽʰʝʥʥʷ 

ʮʠʭ ʟʘʜʘʯ ʧʦʪʨʝʙʫʻ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, 

ʘʣʝ ʩʧʦʯʘʪʢʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʪʘʪʠʩʪʠʢʫ 

ʚʽʜʤʦʚ ʚʩʽʭ ʧʨʠʩʪʨʦʾʚ ʟʘʣʽʟʥʠʯʥʦʾ ʘʚʪʦʤʘʪʠʢʠ, 

ʧʨʠʜʽʣʠʚʰʠ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʯʠʥʘʤ ʚʽʜʤʦʚ ʪʘ 

ʟʙʦʾʚ ʫ ʨʦʙʦʪʽ ɸʃʉ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʥʘʜʘʩʪʴ ʟʤʦʛʫ 

ʚʠʜʽʣʠʪʠ ʪʽ ʧʨʠʩʪʨʦʾ, ʢʦʥʪʨʦʣʴ ʷʢʠʭ ʟʥʘʯʥʦ ʚʧʣʠʥʝ 

ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʪʘ ʧʽʜʚʠʱʠʪʴ ʥʘʜʽʡʥʽʩʪʴ 

ʨʦʙʦʪʠ ʚ ʮʽʣʦʤʫ. 

ɺʠʟʥʘʯʠʤʦ ʧʨʠʯʠʥʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʜʽʡ: 

- ʧʦʨʫʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ 

(ʥʝʦʧʝʨʘʪʠʚʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʫʩʫʥʝʥʥʷ ʚʽʜʤʦʚ, 

ʥʝʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʘʨʪ ʪʘ 

ʢʝʨʽʚʥʠʮʪʚ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ). ʎʷ ʧʨʠʯʠʥʘ ʩʪʘʥʦʚʠʪʴ 

ʙʽʣʷ 60% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ; 

- ʥʝʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, ʧʝʨʝʜʙʘʯʝʥʠʭ ʧʣʘʥʘʤʠ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʩʠʛʥʘʣʽʟʘʮʽʾ, 
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ɽʥʝʨʛʦʦʧʪʠʤʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʣʦʛʽʩʪʠʢʘ ʪʘ ʙʝʟʧʝʢʘ ʥʘ ʪʨʘʥʩʧʦʨʪʽ 
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ʮʝʥʪʨʘʣʽʟʘʮʽʾ ʪʘ ʙʣʦʢʫʚʘʥʥʷ (ʉʎɹ), ʽʥʩʪʨʫʢʮʽʷʤʠ ʪʘ 

ʢʝʨʽʚʥʠʤʠ ʚʢʘʟʽʚʢʘʤʠ. ʏʝʨʝʟ ʮʶ ʧʨʠʯʠʥʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʽʣʷ 40% ʚʠʧʘʜʢʽʚ; 

- ʽʥʰʽ ʧʨʠʯʠʥʠ (ʚʧʣʠʚ ʛʨʦʟʦʚʠʭ ʪʘ 

ʢʦʤʫʪʘʮʽʡʥʠʭ ʧʝʨʝʥʘʧʨʫʛ, ʦʞʝʣʝʜʠʮʷ, ʧʦʚʽʥʴ ʪʘ 

ʽʥʰʽ). ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʽʥʮʠʜʝʥʪʠ ʟʘʣʠʰʘʶʪʴʩʷ 

ʟʘʟʚʠʯʘʡ ʥʝ ʚʠʟʥʘʯʝʥʠʤʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʽʜʤʦʚʠ ʧʨʠʩʪʨʦʾʚ ʉʎɹ, ʚʽʜʥʝʩʝʥʠʭ 

ʟʘ ʛʦʩʧʦʜʘʨʩʪʚʦʤ ʩʠʛʥʘʣʽʟʘʮʽʾ ʪʘ ʟʚôʷʟʢʫ. ʆʩʥʦʚʥʠʤʠ 

ʦʙ'ʻʢʪʘʤʠ ʜʘʥʠʭ ʚʽʜʤʦʚ ʻ: 

- ʚʠʭʽʜ ʟ ʣʘʜʫ ʨʝʣʝ, ʙʣʦʢʽʚ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ, 

ʪʨʘʥʩʤʽʪʝʨʽʚ, ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʪʘ ʢʦʥʜʝʥʩʘʪʦʨʥʠʭ 

ʙʣʦʢʽʚ, ʚʠʧʨʷʤʣʷʯʽʚ, ʙʝʟʢʦʥʪʘʢʪʥʦʾ ʘʧʘʨʘʪʫʨʠ, 

ʧʨʠʩʪʨʦʾʚ ʟʘʭʠʩʪʫ. ʆʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʚʽʜʤʦʚ 

ʘʧʘʨʘʪʫʨʠ ʻ ʦʙʨʠʚ ʦʙʤʦʪʦʢ ʪʘ ʤʦʥʪʘʞʥʠʭ ʧʨʦʚʦʜʽʚ ʚ 

ʧʨʠʣʘʜʘʭ, ʢʦʨʦʪʢʝ ʟʘʤʠʢʘʥʥʷ ʧʨʦʚʦʜʽʚ, ʚʪʨʘʪʘ 

ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʽʚ; 

- ʧʦʨʫʰʝʥʥʷ ʨʦʙʦʪʠ ʨʝʡʢʦʚʠʭ ʢʽʣ. ʆʩʥʦʚʥʽ 

ʧʨʠʯʠʥʠ ʚʽʜʤʦʚ ʚ ʨʝʡʢʦʚʠʭ ʢʦʣʘʭ ï ʦʙʨʠʚ ʘʙʦ 

ʚʽʜʩʫʪʥʽʩʪʴ ʨʝʡʢʦʚʠʭ ʟ'ʻʜʥʫʚʘʯʽʚ; 

- ʧʦʨʫʰʝʥʥʷ ʨʦʙʦʪʠ ʢʘʙʝʣʴʥʠʭ ʣʽʥʽʡ. ʆʩʥʦʚʥʽ 

ʧʨʠʯʠʥʠ ʚʽʜʤʦʚ ʢʘʙʝʣʴʥʠʭ ʣʽʥʽʡ ï ʚʥʫʪʨʽʰʥʽʡ ʦʙʨʠʚ 

ʞʠʣ ʚ ʢʘʙʝʣʽ, ʦʙʨʠʚ ʞʠʣ ʥʘ ʢʣʝʤʘʭ, ʟʘʥʠʞʝʥʥʷ ʦʧʦʨʫ 

ʽʟʦʣʷʮʽʾ; 

- ʥʝʩʧʨʘʚʥʽʩʪʴ ʚ ʨʝʣʝʡʥʠʭ ʰʘʬʘʭ, ʥʘ ʩʪʘʪʠʚʘʭ, 

ʚ ʢʦʣʽʡʥʠʭ ʢʦʨʦʙʢʘʭ. ʆʩʥʦʚʥʽ ʧʨʠʯʠʥʠ ʚʽʜʤʦʚ ï 

ʥʝʩʧʨʘʚʥʽʩʪʴ ʰʪʝʧʩʝʣʴʥʠʭ ʧʣʘʪ, ʢʣʝʤ, ʨʦʟôʻʤʽʚ, 

ʢʦʣʦʜʦʢ, ʤʦʥʪʘʞʫ; 

- ʥʝʩʧʨʘʚʥʽʩʪʴ ʩʚʽʪʣʦʬʦʨʽʚ ʆʩʥʦʚʥʽ ʧʨʠʯʠʥʠ 

ʚʜ̔ʤʦʚ ï ʥʝʩʧʨʘʚʥʽʩʪʴ ʣʘʤʧ, ʨʦʟôʻʤʽʚ, ʢʦʣʦʜʦʢ, 

ʤʦʥʪʘʞʫ; 

- ʥʝʩʧʨʘʚʥʽʩʪʴ ʩʪʨʽʣʦʯʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ, 

ʛʘʨʥʽʪʫʨʠ, ʟʘʤʢʽʚ ʄʝʣʝʥʪʴʻʚʘ ʆʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ 

ʮʠʭ ʚʽʜʤʦʚ ʥʘ ʟʘʣʽʟʥʠʮʷʭ ʻ ʥʝʩʧʨʘʚʥʽʩʪʴ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ, ʚʪʨʘʪʘ ʢʦʥʪʘʢʪʫ ʚ ʘʚʪʦʧʝʨʝʤʠʢʘʯʽ 

ʪʘ ʥʝʩʧʨʘʚʥʽʩʪʴ ʤʦʥʪʘʞʫ ʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽ. 

ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʨʠʯʠʥ ʚʽʜʤʦʚ 

ʧʨʠʩʪʨʦʾʚ ʉʎɹ ʻ: 

- ʧʦʨʫʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ 

(ʥʝʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʘʨʪ ʪʘ 

ʢʝʨʽʚʥʠʮʪʚ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ) ʧʨʠ ʪʝʭʥʽʯʥʦʤʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʪʘ ʨʝʤʦʥʪʽ ʧʨʠʩʪʨʦʾʚ ʉʎɹ; 

- ʚʠʭʽʜ ʟ ʣʘʜʫ ʧʨʠʣʘʜʽʚ ʪʘ ʧʨʠʩʪʨʦʾʚ ʯʝʨʝʟ 

ʬʽʟʠʯʥʝ ʩʪʘʨʽʥʥʷ; 

- ʥʝʷʢʽʩʥʠʡ ʨʝʤʦʥʪ ʪʘ ʧʝʨʝʚʽʨʢʘ ʧʨʠʣʘʜʽʚ ʚ 

ʨʝʤʦʥʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʽʣʴʥʠʮʷʭ ʉʎɹ; 

- ʧʨʠʯʠʥʘ ʥʝ ʚʠʷʚʣʝʥʘ; 

- ʽʥʰʽ (ʚʧʣʠʚ ʛʨʦʟʦʚʠʭ ʪʘ ʢʦʤʫʪʘʮʽʡʥʠʭ 

ʧʝʨʝʥʘʧʨʫʛ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʟʘʚʦʜʩʴʢʠʡ ʥʝʜʦʣʽʢ). 

ɺʠʜʽʣʠʤʦ ʦʩʥʦʚʥʽ ʦʙ'ʻʢʪʠ ʪʘ ʧʨʠʯʠʥʠ ʟ ʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʚʽʜʤʦʚ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʠʤʢʥʝʥʥʷ 

ʩʠʛʥʘʣʽʟʘʮʽʾ ɸʃʉ ʧʽʜ ʯʘʩ ʧʨʷʤʫʚʘʥʥʷ ʧʦʾʟʜʽʚ: 

- ʜʝʰʠʬʨʘʪʦʨ (ʟʣʘʤ ʢʦʥʪʘʢʪʥʠʭ ʧʨʫʞʠʥ ʨʝʣʝ, 

ʚʪʨʘʪʘ ʢʦʥʪʘʢʪʫ ʪʘ ʧʽʜʛʦʨʷʥʥʷ ʢʦʥʪʘʢʪʽʚ ʨʝʣʝ); 

- ʧʽʜʩʠʣʶʚʘʯ (ʚʽʜʤʦʚʘ ʢʦʥʜʝʥʩʘʪʦʨʘ, 

ʪʨʘʥʟʠʩʪʦʨʘ); 

- ʣʦʢʦʤʦʪʠʚʥʠʡ ʬʽʣʴʪʨ (ʢʦʪʫʰʢʘ ʜʨʦʩʝʣʷ, 

ʤʝʭʘʥʽʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ, ʚʽʜʤʦʚʘ ʢʦʥʜʝʥʩʘʪʦʨʘ); 

- ʟʘʛʘʣʴʥʠʡ ʷʱʠʢ (ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʥʪʘʢʪʫ ʥʘ 

ʢʣʝʤʘʭ ʘʙʦ ʢʦʥʪʘʢʪʥʠʭ ʧʨʫʞʠʥʘʭ). 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʚʽʜʤʦʚ 

ʣʦʢʦʤʦʪʠʚʥʠʭ ʧʨʠʩʪʨʦʾʚ ɸʃʉ ʚʩʝ ʞ ʪʘʢʠ ʽ ʥʘʜʘʣʽ 

ʟʘʣʠʰʘʻʪʴʩʷ ʟʥʦʰʝʥʽʩʪʴ ʘʧʘʨʘʪʫʨʠ. 

ɿʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʨʦʙʦʪʠ 

ʋʢʨʟʘʣʽʟʥʠʮʽ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʙʽʣʴʰʘ 

ʯʘʩʪʠʥʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʜʽʡ, ʘ ʩʘʤʝ 60-80%, 

ʽʥʮʠʜʝʥʪʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʱʦʨʦʢʫ ʥʘ ʚʩʽʭ 

ʟʘʣʽʟʥʠʮʷʭ ʋʢʨʘʾʥʠ, ʚʽʜʙʫʚʘʶʪʴʩʷ ʟ ʚʠʥʠ ʜʠʩʪʘʥʮʽʡ 

ʩʠʛʥʘʣʽʟʘʮʽʾ ʪʘ ʟʚôʷʟʢʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʦʣʦʚʥʦʶ 

ʧʨʠʯʠʥʦʶ ʮʴʦʛʦ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʨʫʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ. ʇʨʦʚʽʚʰʠ ʘʥʘʣʽʟ ʢʽʣʴʢʦʩʪʽ ʚʽʜʤʦʚ 

ʧʨʠʩʪʨʦʾʚ ʉʎɹ ʦʢʨʝʤʦ, ʯʽʪʢʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʪʝʥʜʝʥʮʽʷ ʜʦ ʾʭ ʟʨʦʩʪʘʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ 

ʚʽʜʤʦʚ ʥʘʡʯʘʩʪʽʰʝ, ʘ ʮʝ ʫ ʤʘʡʞʝ 40% ʚʠʧʘʜʢʽʚ ʩʪʘʻ 

ʝʣʝʤʝʥʪʥʘ ʙʘʟʘ ʩʠʩʪʝʤ ʉʎɹ (ʨʝʣʝ, ʪʨʘʥʩʤʽʪʝʨʠ, 

ʢʦʥʜʝʥʩʘʪʦʨʠ ʽ ʪ.ʽ.). ʇʨʠ ʮʴʦʤʫ ʪʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ 

ʩʝʨʝʜ ʛʦʣʦʚʥʠʭ ʧʨʠʯʠʥ ʚʽʜʤʦʚ ʪʘʢ ʩʘʤʦ ʚʠʜʽʣʷʶʪʴʩʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʙʽʣʷ 85% 

ʚʠʧʘʜʢʽʚ: ʥʝʷʢʽʩʥʝ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʧʨʠ ʪʝʭʥʽʯʥʦʤʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʪʘ ʟʥʦʰʝʥʽʩʪʴ ʘʧʘʨʘʪʫʨʠ. 

ɸʥʘʣʽʟʫʶʯʠ ʨʦʙʦʪʫ ʩʠʩʪʝʤ ɸʃʉ ʥʘ ʟʘʣʽʟʥʠʮʷʭ 

ʋʢʨʘʾʥʠ ʦʢʨʝʤʦ, ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ 

ʧʦʨʫʰʝʥʴ ʜʽʾ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʧʨʠʟʚʝʣʠ ʜʦ ʚʠʤʢʥʝʥʥʷ 

ɸʃʉ ʧʽʜ ʯʘʩ ʧʨʷʤʫʚʘʥʥʷ ʧʦʾʟʜʽʚ, ʟʘʣʠʰʘʻʪʴʩʷ 

ʩʪʘʙʽʣʴʥʦ ʚʠʩʦʢʦʶ. ʗʢʱʦ ʦʩʥʦʚʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ, ʱʦ 

ʧʨʠʟʚʝʣʠ ʜʦ ʮʴʦʛʦ, ʻ ʥʝʩʧʨʘʚʥʽʩʪʴ ʜʝʰʠʬʨʘʪʦʨʽʚ, 

ʧʽʜʩʠʣʶʚʘʯʽʚ ʽ ʣʦʢʦʤʦʪʠʚʥʠʭ ʬʽʣʴʪʨʽʚ, ʪʦ ʦʩʥʦʚʥʦʶ 

ʧʨʠʯʠʥʦʶ ʟʘʣʠʰʘʻʪʴʩʷ ʟʥʦʰʝʥʽʩʪʴ ʘʧʘʨʘʪʫʨʠ. ʇʨʠ 

ʮʴʦʤʫ ʢʽʣʴʢʽʩʪʴ ʟʙʦʾʚ ʫ ʨʦʙʦʪʽ ɸʃʉ ʚʧʨʦʜʦʚʞ 

ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʣʘʩʷ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ 

ʥʘʷʚʥʽʩʪʶ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʚʘʜ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʝʨʝʜʘʚʘʣʴʥʫ ʪʘ ʧʨʠʡʤʘʣʴʥʫ ʘʧʘʨʘʪʫʨʫ ɸʃʉ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʧʦ ʟʤʝʥʰʝʥʥʶ ʚʧʣʠʚʫ ʟʘʚʘʜ ʥʘ 

ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ ɸʃʉ, ʟʙʦʾ ʚ ʩʠʩʪʝʤʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʽ 

ʥʘʜʘʣʽ, ʘ ʪʦʤʫ ʧʨʦʙʣʝʤʘ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ 

ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚʠʢʦʥʫʻʪʴʩʷ ʙʘʛʘʪʦ 

ʟʘʭʦʜʽʚ. ɺʧʨʦʚʘʜʞʫʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʽʚ ʪʘ ʙʘʛʘʪʦʨʽʯʥʦʛʦ ʜʦʩʚʽʜʫ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ 

ʨʦʙʦʪʫ, ʪʠʤ ʩʘʤʠʤ ʘʚʪʦʤʘʪʠʟʫʶʯʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʩʢʦʨʦʯʫʶʯʠ ʯʘʩ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʪʘ ʧʽʜʚʠʱʫʶʯʠ 

ʚʽʨʦʛʽʜʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʘʧʘʨʘʪʫʨʠ. ʇʨʦʪʝ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʘʥʘʣʽʟ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʧʦʢʘʟʘʚ, ʱʦ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ, ʘ ʩʘʤʝ 

ʧʦʨʫʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, 

ʥʝʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʘʨʪ ʪʘ 

ʢʝʨʽʚʥʠʮʪʚ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʝʷʢʽʩʥʠʡ ʨʝʤʦʥʪ ʪʘ 

ʧʝʨʝʚʽʨʢʘ ʧʨʠʣʘʜʽʚ ʚ ʨʝʤʦʥʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʜʽʣʴʥʠʮʷʭ, ʟʘʣʠʰʘʻʪʴʩʷ ʩʫʪʪʻʚʦ ʚʠʩʦʢʠʤ ʚ 

ʚʠʟʥʘʯʝʥʥʽ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ 

ʚ ʮʽʣʦʤʫ ʽ ʚ ʩʠʩʪʝʤʘʭ ʣʦʢʦʤʦʪʠʚʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ 

ʟʦʢʨʝʤʘ. ʊʦʤʫ ʽ ʥʘʜʘʣʽ ʥʝ ʚʪʨʘʯʘʶʪʴ ʩʚʦʻʾ 

ʘʢʪʫʘʣʴʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʚ ʩʬʝʨʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʧʝʨʝʚʽʨʢʠ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʙʝʟʧʝʢʠ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ. 
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Abstract. The purpose of the study is to find ways to create an information system for monitoring the 
high-speed section of a railway locomotive turnover with the use of environmental assessment for the safe 

passage of trains. The object of study is a distributed information system for monitoring the environmental 

status of the railway section. The objective of the study is to develop a technical proposal for the creation 
of a distributed information system for monitoring the high-speed section of the railway, taking into 

account the environmental status. The novelty of the study is based on the estimation of the ecological 

status of the railway section (locomotive rotation areas). The research is aimed at increasing the amount of 

data on technical parameters affecting railway safety; the development of methodological support for the 
construction of an information system for forecasting emergency situations in relation to rail transport. 

Studies have no inconsistencies with existing data. The use of such systems at high-speed sections of 

locomotive rotation will allow to solve the problem of ensuring environmental safety on railway transport. 

The research is of interest to organizations engaged in the development of environmental protection 
measures for transport 

1 ɺʩʪʫʧ 

ɺ ʜʘʥʠʡ ʯʘʩ ʚʽʜʩʫʪʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʚ ʪʨʘʥʩʧʦʨʪʥʽʡ ʛʘʣʫʟʽ ʱʦ 

ʚʨʘʭʦʚʫʶʪʴ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʡ. 

ʌʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʰʚʠʜʢʽʩʥʠʭ ʜʽʣʷʥʦʢ ʟʘʣʽʟʥʠʮʽ ʮʽʣʢʦʤ 

ʦʙʛʨʫʥʪʦʚʘʥʦ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʫ 

ʧʦʾʟʜʽʚ. ʉʪʚʦʨʝʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʫʯʘʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʜʦʟʚʦʣʠʪʴ ʦʙ'ʻʜʥʘʪʠ ʚ ʻʜʠʥʽʡ ʙʘʟʽ ʜʘʥʠʭ ʦʧʠʩʦʚʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʙ'ʻʢʪʠ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ 

ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʨʠ 

ʢʦʨʠʛʫʚʘʥʥʽ ʨʝʞʠʤʥʠʭ ʢʘʨʪ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ 

ʰʚʠʜʢʽʩʥʦʛʦ ʨʝʞʠʤʫ ʥʘ ʜʽʣʷʥʮʽ ʦʙʝʨʪʘʥʥʷ 

ʣʦʢʦʤʦʪʠʚʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʢʦʣʦʛʽʯʥʠʭ ʦʮʽʥʦʢ 

ʜʽʣʷʥʦʢ ʟʘʣʽʟʥʠʮʽ. 

2 ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʦʛʝʥʥʠʭ ʦʙ'ʻʢʪʽʚ ʥʘ 

ʩʪʘʥ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ 

ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ʪʠʭ ʯʠ ʽʥʰʠʭ ʦʙ'ʻʢʪʽʚ ʽ ʾʭ 

ʚʽʜʜʘʣʝʥʦʩʪʽ ʚʽʜ ʟʘʣʽʟʥʠʯʥʦʛʦ ʧʦʣʦʪʥʘ. ʈʽʚʝʥʴ 

ʥʝʙʝʟʧʝʢʠ ʟʘʟʚʠʯʘʡ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʝʨʪʘʤʠ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʽʦʜʠʯʥʠʭ ʧʝʨʝʚʽʨʦʢ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʠʪʘʥʥʷʤ ʦʮʽʥʢʠ ʩʪʘʥʫ 

ʧʨʠʣʝʛʣʠʭ ʜʦ ʟʘʣʽʟʥʠʮʽ ʪʝʨʠʪʦʨʽʡ ʥʝ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʥʘʣʝʞʥʦʾ ʫʚʘʛʠ, ʦʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʱʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʣʠʚʦ ʙʫʣʦ ʙ ʦʮʽʥʶʚʘʪʠ ʩʪʘʥ 

ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʡ. 

ʊʝʭʥʦʛʝʥʥʽ ʦʙ'ʻʢʪʠ, ʪʘʢʽ, ʥʘʧʨʠʢʣʘʜ, ʷʢ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʽ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʝ ʥʘ ʩʘʤʽʡ 

ʟʘʣʽʟʥʠʮʽ, ʘ ʥʘ ʜʝʷʢʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʥʝʾ. ɼʣʷ ʪʦʛʦ ʱʦʙ 

ʚʨʘʭʫʚʘʪʠ ʾʭ ʚʧʣʠʚ ʽ ʤʦʞʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʝʣʝʤʝʥʪʠ ʽ 

ʩʠʩʪʝʤʠ ʰʚʠʜʢʽʩʥʦʾ ʟʘʣʽʟʥʠʮʽ (ʐɿ) ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʙʫʜʫʚʘʪʠ çʙʫʬʝʨʥʽè ʟʦʥʠ ʚʠʟʥʘʯʝʥʦʛʦ ʨʘʜʽʫʩʫ. ɺʩʽ 

ʦʙ'ʻʢʪʠ, ʱʦ ʧʦʪʨʘʧʠʣʠ ʚ çʙʫʬʝʨʥʫè ʟʦʥʫ ʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʢʘʟʥʠʢʦʤ ʚʧʣʠʚʫ, ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʰʚʠʜʢʽʩʥʠʡ ʨʝʞʠʤ ʜʽʣʷʥʢʠ ʟʘʣʽʟʥʠʮʽ. 

ɿʦʥʘ ʥʘʡʤʝʥʰʦʛʦ ʨʘʜʽʫʩʘ ʚʚʘʞʘʻʪʴʩʷ 

ʥʘʡʥʝʙʝʟʧʝʯʥʽʰʦʶ ʽ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ 

ʚʧʣʠʚʫ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʝʢʩʧʝʨʪʘʤʠ. ʅʘʩʪʫʧʥʘ ʧʦ 

ʨʘʜʽʫʩʫ ʟʦʥʘ ʤʝʥʰ ʥʝʙʝʟʧʝʯʥʘ, ʘʣʝ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʠʜʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʫʱʦʶ ʧʨʠ ʦʮʽʥʮʽ. 

ɯ ʪʨʝʪʷ ʟʦʥʘ - ʥʘʡʙʽʣʴʰʦʛʦ ʨʘʜʽʫʩʘ ʚʚʘʞʘʻʪʴʩʷ 

ʧʨʘʢʪʠʯʥʦ ʙʝʟʧʝʯʥʦʶ, ʘʣʝ ʧʨʠ ʘʥʘʣʽʟʽ ʚʧʣʠʚʫ ʨʽʟʥʦʛʦ 

ʨʦʜʫ ʭʽʤʽʯʥʠʭ ʽ ʥʘʬʪʦʧʝʨʝʨʦʙʥʠʭ, ʘ ʪʘʢʦʞ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʪʦʤʥʫ ʝʥʝʨʛʽʶ, 

ʪʨʝʪʶ ʟʦʥʫ ʥʝʦʙʭʽʜʥʦ ʚʚʦʜʠʪʠ ʽ ʚʨʘʭʦʚʫʚʘʪʠ ʩʪʫʧʽʥʴ 

ʚʧʣʠʚʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʜʘʥʽʡ ʟʦʥʽ. 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʬʘʢʪʦʨʫ ʱʦ 

ʚʧʣʠʚʘʻ ʥʘ ʐɿ ʚʜʘʶʪʴʩʷ ʜʦ ʜʦʧʦʤʦʛʠ ʝʢʩʧʝʨʪʽʚ, ʷʢʽ 

ʥʘ ʦʩʥʦʚʽ ʘʧʨʽʦʨʥʠʭ ʟʥʘʥʴ ʧʨʦ ʨʦʟʛʣʷʥʫʪʽ ʬʘʢʪʦʨʠ 

ʢʦʞʥʦʤʫ ʧʦʢʘʟʥʠʢʫ ʧʨʠʚʣʘʩʥʶʶʪʴ ʟʥʘʯʝʥʥʷ, ʷʢʝ 

ʚʽʜʧʦʚʽʜʘʻ ʩʪʫʧʝʥʽ ʚʧʣʠʚʫ. ɼʣʷ ʪʘʢʠʭ ʪʝʭʥʦʛʝʥʥʠʭ 

ʦʙ'ʻʢʪʽʚ ʷʢ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʟʘʚʦʜʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ 

ʧʦʙʣʠʟʫ ʐɿ, ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘ 

ʦʩʥʦʚʽ ʥʘʩʪʫʧʥʠʭ ʦʪʨʠʤʘʥʠʭ ʟʥʘʥʴ ʧʨʦ: 
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- ʜʽʷʣʴʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ (ʦʮʽʥʢʘ ʰʢʽʜʣʠʚʦʛʦ 

ʚʧʣʠʚʫ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ); 

- ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʘ; 

- ʚʽʜʜʘʣʝʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʽʜ ʟʘʣʽʟʥʠʮʽ; 

- ʯʘʩʪʦʪʘ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ; 

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʦʯʠʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ. 

ʉʢʣʘʜ ʟʥʘʥʴ ʜʣʷ ʧʨʠʨʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ, ʥʘ ʧʨʠʢʣʘʜʽ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ (ʅʉ), ʷʢʽ ʤʦʞʫʪʴ ʤʘʪʠ ʤʽʩʮʝ 

ʚ ʨʘʡʦʥʽ ʨʦʟʛʣʷʥʫʪʦʾ ʜʽʣʷʥʢʠ ʟʘʣʽʟʥʠʮʽ, ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

 - ʚʠʜ ʅʉ; 

 - ʧʨʦʪʷʞʥʽʩʪʴ ʅʉ; 

 - ʚʽʜʜʘʣʝʥʽʩʪʴ ʅʉ ʚʽʜ ʟʘʣʽʟʥʠʮʽ; 

 - ʯʘʩʪʦʪʘ ʧʦʷʚʠ ʅʉ ʚ ʜʘʥʦʤʫ ʨʘʡʦʥʽ (ʟʘ 

ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ); 

 - ʩʪʫʧʽʥʴ ʨʠʟʠʢʫ ʅʉ. 

ʂʦʞʝʥ ʪʠʧ ʅʉ ʦʮʽʥʶʻʪʴʩʷ ʜʝʷʢʠʤ ʩʪʫʧʝʥʝʤ 

ʨʠʟʠʢʫ (ʥʘʧʨʠʢʣʘʜ ʚʽʜ 1-3, ʜʝ 1- ʥʘʡʙʽʣʴʰ 

ʥʝʙʝʟʧʝʯʥʘ ʅʉ, ʘ 3- ʤʝʥʰ ʥʝʙʝʟʧʝʯʥʘ ʜʣʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʣʶʜʠʥʠ) ʪʘ ʽʥʰʽ. 

ʇʽʜʩʫʤʢʦʚʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʧʨʠʨʦʜʥʠʭ ʪʘ 

ʪʝʭʥʦʛʝʥʥʠʭ ʦʙ'ʻʢʪʽʚ ʙʫʜʫʚʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ ʪʘʢʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʷʢ ʢʽʣʴʢʽʩʪʴ ʽ ʧʦʢʘʟʥʠʢʠ ʚʧʣʠʚʫ 

ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʦʛʝʥʥʠʭ ʦʙ'ʻʢʪʽʚ, ʟʘʬʽʢʩʦʚʘʥʠʭ ʚ 

çʙʫʬʝʨʥʽʡè ʟʦʥʽ ʰʚʠʜʢʽʩʥʦʛʦ ʧʽʜʫʯʘʩʪʢʘ ʟʘʣʽʟʥʠʮʽ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʟʥʘʥʴ ʢʦʞʥʦʾ 

ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ ʧʨʠʩʚʦʶʻʪʴʩʷ ʧʦʢʘʟʥʠʢ 

ʚʧʣʠʚʫ ʥʘ ʟʘʣʽʟʥʠʮʶ. ʇʦʣʽʛʦʥʘʣʴʥʠʡ ʰʘʨ 

ʩʪʚʦʨʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʦ ʨʽʟʥʠʭ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʪʘ ʽʥʪʝʨʥʝʪ-ʜʞʝʨʝʣ ʧʨʦ ʥʘʜʟʚʠʯʘʡʥʽ 

ʩʠʪʫʘʮʽʾ, ʷʢʽ ʤʘʣʠ ʤʽʩʮʝ ʟʘ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ ʨʦʢʽʚ ʚ 

ʨʘʡʦʥʽ ʨʦʟʛʣʷʥʫʪʦʾ ʜʽʣʷʥʢʠ ʐɿ. 

ʆʮʽʥʢʠ ʩʪʫʧʝʥʷ ʩʪʘʥʫ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʬʦʨʤʫʶʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ ʜʽʣʷʥʦʢ ʢʦʣʽʾ, ʙʽʯʥʦʛʦ 

ʟʥʦʩʫ ʨʝʡʦʢ, ʟʜʚʠʛʽʚ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ. 

ɼʘʥʽ ʧʨʦ ʚʽʜʭʠʣʝʥʥʷ ʚʥʦʩʷʪʴʩʷ ʚ ʙʘʟʫ ʜʘʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘʦʯʥʦ ʫʷʚʠʪʠ 

ʧʦʪʦʯʥʫ ʩʠʪʫʘʮʽʶ ʽ ʨʝʘʣʽʟʫʚʘʪʠ ʬʫʥʢʮʽʾ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʟʘʣʽʟʥʠʮʽ 

ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʤʦʞʣʠʚʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʨʝʡʢʦʚʦʛʦ 

ʰʣʷʭʫ ʻ: 

- ʦʮʽʥʢʘ ʰʣʷʭʫ ʧʦ ʜʠʩʪʘʥʮʽʡ; 

- ʚʠʜʘʯʘ ʧʦʧʝʨʝʜʞʝʥʴ ʧʨʦ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ; 

- ʛʨʘʬʽʢ ʟʤʽʥʠ ʩʪʘʥʫ ʢʦʣʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ; 

- ʙʘʣʴʥʘ ʦʮʽʥʢʘ ʢʦʣʽʾ. 

ʉʪʘʥ ʩʧʦʨʫʜ ʟʘʣʽʟʥʠʮʽ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʦʮʽʥʦʢ ʩʪʘʥʫ ʦʙ'ʻʢʪʽʚ ʟʘʣʽʟʥʠʮʽ: ʩʪʨʽʣʦʯʥʠʭ 

ʧʝʨʝʚʦʜʽʚ, ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʾʟʜʽʚ, ʤʦʩʪʽʚ ʪʘ ʽʥʰʠʭ 

ʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ. ʌʦʨʤʫʚʘʥʥʷ ʦʮʽʥʢʠ ʩʪʘʥʫ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ, ʦʜʝʨʞʫʚʘʥʦʾ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʦʛʣʷʜʽʚ ʽ ʧʝʨʝʚʽʨʦʢ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʧʦʨʫʜ ʽ 

ʢʦʣʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ. ʈʦʟʤʽʨʠ 

ʚʽʜʩʪʫʧʽʚ ʚʽʜ ʥʦʨʤ ʽ ʧʨʘʚʠʣ ʫʪʨʠʤʘʥʥʷ ʢʦʣʽʾ ʽ 

ʚʠʷʚʣʝʥʽ ʜʝʬʝʢʪʠ ʟʽʩʪʘʚʣʷʶʪʴʩʷ ʟ ʨʦʟʤʽʨʘʤʠ 

ʜʦʧʫʩʢʽʚ ʽ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʚʠʤʦʛʘʤʠ, ʱʦ ʚʠʩʫʚʘʶʪʴʩʷ 

ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʧʦʾʟʜʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʚʩʪʘʥʦʚʣʝʥʠʭ ʰʚʠʜʢʦʩʪʝʡ. 

ɼʘʥʥʽ ʧʨʦ ʪʝʨʠʪʦʨʽʶ, ʱʦ ʧʨʠʣʷʛʘʻ ʜʦ ʟʘʣʽʟʥʠʮʽ, 

ʦʨʛʘʥʽʟʦʚʫʶʪʴʩʷ ʚ ʥʘʙʦʨʠ ʢʣʘʩʽʚ ʦʙ'ʻʢʪʽʚ. 

ʈʦʟʧʦʜʽʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʧʨʦ ʩʪʘʥ 

ʪʝʨʠʪʦʨʽʾ ʤʘʻ ʥʘʩʪʫʧʥʫ ʩʪʨʫʢʪʫʨʫ: 

Å ʜʘʥʽ ʧʨʦ ʟʘʣʽʟʥʠʮʶ: 

 - ʢʦʦʨʜʠʥʘʪʠ ʢʦʣʽʾ; 

 - ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʢʦʣʽʾ; 

 - ʪʨʘʥʩʧʦʨʪʥʽ ʩʧʦʨʫʜʠ; 

 - ʩʧʦʨʫʜʠ ʟʘʣʽʟʥʠʮʽ; 

 - ʩʪʨʽʣʢʠ, ʩʝʤʘʬʦʨʠ ʪʘ ʽʥʰʝ; 

Å ʛʝʦʛʨʘʬʽʯʥʽ ʪʘ ʛʝʦʜʝʟʠʯʥʽ ʜʘʥʽ: 

 - ʜʦʨʦʛʠ, 

 - ʣʽʩʠ, ʣʽʩʦʧʦʩʘʜʢʠ; 

 - ʚʦʜʥʽ ʦʙ'ʻʢʪʠ; 

 - ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ; 

 - ʩʧʦʨʫʜʠ; 

 - ʟʘʣʽʟʥʠʮʷ; 

 - ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʢʦʨʜʦʥʠ; 

Å ʜʘʥʽ ʪʝʨʠʪʦʨʽʾ: 

 - ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ; 

 - ʪʝʭʥʦʛʝʥʥʽ ʦʙ'ʻʢʪʠ; 

Å ʜʘʥʽ ʦʮʽʥʶʚʘʥʥʷ ʟʦʥ: 

 - ʜʝʬʝʢʪʠ; 

 - ʩʪʘʪʠʩʪʠʢʘ; 

Å ʥʦʨʤʘʪʠʚʥʽ ʜʘʥʽ. 

ʂʦʨʠʛʫʚʘʥʥʷ ʰʚʠʜʢʽʩʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ 

ʣʦʢʦʤʦʪʠʚʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʜʽʣʷʥʢʘʭ ʰʚʠʜʢʽʩʥʦʾ 

ʤʦʜʝʣʽ ʨʝʞʠʤʽʚ ʨʫʭʫ ʣʦʢʦʤʦʪʠʚʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʦʮʽʥʢʠ ʩʪʘʥʫ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ, ʦʮʽʥʢʠ ʦʙ'ʻʢʪʽʚ ʟʘʣʽʟʥʠʮʽ 

ʪʘ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʧʨʠʣʝʛʣʦʾ ʪʝʨʠʪʦʨʽʾ. ʂʦʞʥʘ ʦʮʽʥʢʘ 

ʤʘʻ ʙʘʣʴʥʝ ʧʦʜʘʥʥʷ ʟʘ ʦʙʨʘʥʦʶ ʰʢʘʣʦʶ. 

3 ɺʠʩʥʦʚʢʠ 

ʇʽʜʩʫʤʢʦʚʫ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʦʛʝʥʥʠʭ 

ʦʙ'ʻʢʪʽʚ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʪʘʢʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʧʦʢʘʟʥʠʢʠ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ (ɻɼʂ) ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʪʝʭʥʦʛʝʥʥʠʭ 

ʽ ʧʨʠʨʦʜʥʠʭ ʦʙ'ʻʢʪʽʚ, ʟʘʬʽʢʩʦʚʘʥʠʭ ʚ çʙʫʬʝʨʥʽʡè ʟʦʥʽ 

ʐɿ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʠʡ ʧʝʨʝʣʽʢ ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʧʦʾʟʜʽʚ.
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Analysis of electromagnetic interference from rolling stock with 
induction traction motor 

Vadim Shcheka, Anton Zhuravlyov and Andrii Zubko1 

1 DNURT, Department of automation and telecommunications, 49010 Dnipro, Lazaryana Str., 2, Ukraine 

Abstract. The analysis of electromagnetic interference from new types of electric rolling stock with an 

induction traction motor to determine statistical estimates of the distribution parameters of the probability 

of interference appear in the frequency bands of track circuits signal currents is carried out. The statistical 

material, needed for the study, of time dependencies and the harmonic composition of the traction current 

was collected based on the measurements results of on an electric rolling stock with an induction motor of 

three different manufacturers, which is currently operated on the Ukrainian railways. The recordings have 

been made for the basic modes of driving a locomotive: traction, running, braking, when driving on 

sections with alternating current and direct current with different steepness of the track profile. As a result 

of the statistical data analysis on electromagnetic interference generated in reverse traction current by an 

electric rolling stock with an induction motor, the probability distribution law of the generated noise 

interference in this or that band of track circuits signal currents is found out, as well as signal currents 

bands which are most prone to electromagnetic influence are revealed. 

1 Relevance research 

The high-speed traffic implementation and rolling stock 

fleet modernization in Ukraine is closely linked to the 

introduction of a rolling stock with an induction traction 

motor, the operation of which requires constant 

monitoring of the electromagnetic compatibility with 

train control systems, and in particular with the track 

circuits, which are the primary track sensors and the 

most unreliable elements of railway automation, but 

which in turn affect the safety of train traffic. Traffic 

safety in high-speed areas is largely dependent on the 

functional safety of the track circuits and their basic 

operation modes performing. 

The recorded facts of electromagnetic interference, 

generated by power converters of electric rolling stock 

with induction traction motor into the bands of track 

circuits signal currents confirms the need to develop the 

new methods and means for ensuring electromagnetic 

compatibility of track circuits with new types of rolling 

stock. In developing and implementing technical 

solutions to improve the functional safety of track 

circuits, the issue of identifying the problem railroad 

areas and the track circuits signal currents frequency 

ranges, where the failure rate is greatest, is raised. 

That is, one of the urgent problems is the study of the 

probability of dangerous levels and duration 

electromagnetic disturbance from an electric rolling 

stock with an induction traction motor in the band of a 

particular track circuits signal frequency. Thus, the 

purpose of the work is to conduct an analysis of 

electromagnetic interference from new types of electric 

rolling stock with an induction traction motor to 

determine statistical estimates of the distribution 

parameters of the probability of interference appear in 

the frequency bands of track circuits signal currents. 

Such interferences can affect the main track circuits 

operation modes, which will affect the overall operation 

of the railway automation system at the area. It is 

desirable to note that track circuits operation modes 

failure can lead to a serious accident. 

2 Data collection and processing 

In order to prevent the occurrence of track circuits 

failure due to the action of electromagnetic interference 

from rolling stock with induction traction motors, a 

considerable amount of data obtained from real rolling 

stock and sections has been analyzed. 

The statistical material, needed for the study, of time 

dependencies and the harmonic composition of the 

traction current was collected based on the 

measurements results of on an electric rolling stock with 

an induction motor of three different manufacturers, 

which is currently operated on the Ukrainian railways. 

The recordings have been made for the basic modes of 

driving a locomotive: traction, running, braking, when 

driving on sections with alternating current and direct 

current with different steepness of the track profile. 

During the measurements, the obtained data were 

recorded using a mobile PC, ADC and contactless 

current sensor. Express data analysis was performed 

directly during measurements. The analysis used the 

software included in the ADC, as well as software 

mailto:v.i.shcheka@gmail.com
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developed in the National Instruments LabVIEW 

package. In-depth analysis of the results was performed 

using MathWorks MATLAB. In MATLAB environment 

the FFT algorithm is implemented and the most 

informative fragments of recorded currents are analyzed. 

In addition to the FFT method, the obtained traction 

current records were passed through digital bandwidth 

filters in the signaling frequency range of the track 

circuits created in the Signal Processing Toolbox. The 

obtained filtered interference currents directly enter the 

track circuits receiving devices through the track filters 

and are the most dangerous for their operation. Such 

interference current will only affect the of track circuits 

operation if its amplitude exceeds 0.35 A for third 

generation tonal track circuits; 0.2 A for fourth 

generation tonal track circuits and 1 A (1.3 A) for 

numerical code track circuits powered by 25 Hz (50 Hz) 

current. In order to take these parameters into account, 

the interference current obtained after digital filtering 

have been further processed. 

3 Results and conclusions 

As a result of the statistical data analysis on 

electromagnetic interference from rolling stock with 

induction traction motor, generated in reverse traction 

current by an electric rolling stock with an induction 

motor, the probability distribution law of the generated 

noise interference in this or that band of track circuits 

signal currents is found out, as well as signal currents 

bands which are most prone to electromagnetic influence 

are revealed. 

Obtained statistics and of distribution parameters 

estimates can be used in the design, equipment of 

sections and maintaining of track circuits in order to 

ensure their electromagnetic compatibility with an 

electric rolling stock with an induction motor, which is 

especially relevant in sections with high-speed motion. 

The data obtained will also be useful in the development 

of track circuits methods and means protecting from 

electromagnetic interference by an induction traction 

motor or in the design of fundamentally new train 

control systems based on automation elements that use 

the frequency bands with least probability occurrence 

disturbances from electric rolling stock. 
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ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʦʨʛʘʥʽʟʘʮʽʶ 
ʟʘʣʽʟʥʠʯʥʠʭ ʪʫʨʠʩʪʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ 

ʆʣʝʢʩʘʥʜʨʘ ʆʨʣʦʚʩʴʢʘ
1
 ʪʘ ɸʣʣʘ ɹʻʣʦʚʘ

2
 

1ɼʅʋɿʊ, ʂʘʬʝʜʨʘ ʛʫʤʘʥʽʪʘʨʥʦʾ ʪʘ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ, 79052, ʤ. ʃʴʚʽʚ ʚʫʣ. ɯʚʘʥʥʠ ɹʣʘʞʢʝʚʠʯ 12-ʘ, ʋʢʨʘʾʥʘ 
2 ɯʥʩʪʠʪʫʪ ʽʥʥʦʚʘʮʽʡʥʦʾ ʦʩʚʽʪʠ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, 02000, ʤ. ʂʠʾʚ, 

ʚʫʣ. ʆʩʚʽʪʠ 4, ʋʢʨʘʾʥʘ 

ɸʥʦʪʘʮʽʷ ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʫ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʪʨʘʥʩʧʦʨʪʥʫ ʛʘʣʫʟʴ ʋʢʨʘʾʥʠ, 
ʚʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʧʨʽʦʨʠʪʝʪʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ. ʆʢʨʝʩʣʝʥʽ ʩʪʨʘʪʝʛʽʯʥʽ 

ʥʘʧʨʷʤʠ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ ʚʽʜʧʦʚʽʜʥʦ ɼʠʨʝʢʪʠʚʘʤ ɽʉ ʫ ʧʠʪʘʥʥʷʭ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʦʩʪʽ 

ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʪʨʘʥʩʧʦʨʪʽ. ʈʦʟʢʨʠʪʘ ʨʦʣʴ ʪʫʨʠʩʪʠʯʥʦʛʦ ʩʝʢʪʦʨʘ ʚ ʬʦʨʤʫʚʘʥʥʽ 
ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʢʫʨʩʫ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ, ʡʦʛʦ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʮʠʬʨʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. 

Abstract The problem of introduction of modern technologies in the transport sector of Ukraine is 

considered, the main priorities of perspective development of the country's economy are determined. 

Strategic directions for the development of the transport industry are outlined in accordance with the EU 
Directives on energy efficiency and energy efficiency in transport. Role of the tourism sector in shaping 

the strategic course of economic development, as well as the main problems of the industry in the 

introduction of digital technologies are revealed. 

ʈʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʚ ʋʢʨʘʾʥʽ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʽʪʥʽʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ 

ʚʩʽ ʩʬʝʨʠ ʩʫʩʧʽʣʴʥʦʛʦ ʞʠʪʪʷ ʩʴʦʛʦʜʥʽ ʻ ʦʜʥʠʤ ʽʟ 

ʧʨʽʦʨʠʪʝʪʽʚ ʜʝʨʞʘʚʠ. ʋ ʢʦʥʪʝʢʩʪʽ ʨʝʘʣʽʟʘʮʽʾ 

ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʽ ʩʪʨʘʪʝʛʽʾ ʧʦʙʫʜʦʚʠ ʩʫʯʘʩʥʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʽʥʬʦʨʤʘʪʠʟʘʮʽʷ ʧʨʘʢʪʠʯʥʦ ʚʩʽʭ ʛʘʣʫʟʝʡ ʚʠʨʦʙʥʠʯʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʢʨʘʾʥʠ. ʅʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ, ʟ ʤʝʪʦʶ 

ʘʢʪʠʚʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʟʥʘʯʝʥʦ ʧʨʽʦʨʠʪʝʪʦʤ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ. ɿʥʘʯʥʽ 

ʟʫʩʠʣʣʷ ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʥʘʜʘʥʥʷ 

ʧʦʩʣʫʛ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ɯʊ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ. 

ɺ ʫʤʦʚʘʭ ʩʴʦʛʦʜʝʥʥʷ ʛʦʣʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ 

ʫʩʧʽʰʥʦʛʦ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʜʝʨʞʘʚʠ, ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʾ 

ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʦʩʪʽ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ, ʩʪʘʶʪʴ 

ʧʽʜʚʠʱʝʥʥʷ ʥʘʫʢʦʻʤʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʽʥʥʦʚʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ 

ʪʘ ʽʥʬʦʨʤʘʪʠʟʘʮʽʷ ʚʩʽʭ ʩʬʝʨ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, 

ʦʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʬʝʨʠ. 

ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʠʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʘʥʩʧʦʨʪ ʟʘ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʪʘ 

ʨʘʮʽʦʥʘʣʴʥʠʤ ʩʮʝʥʘʨʽʻʤ ʨʦʟʚʠʪʢʫ. 

ʊʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ ʋʢʨʘʾʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʟʥʘʯʥʠʤ ʩʪʫʧʝʥʝʤ ʨʦʟʛʘʣʫʞʝʥʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʘʢʪʠʚʥʽʩʪʶ ʚʩʽʭ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ, ʱʦ ʻ 

ʟʥʘʯʥʦʶ ʧʝʨʝʚʘʛʦʶ ʢʨʘʾʥʠ ʽ ʢʣʶʯʦʚʠʤ ʧʨʽʦʨʠʪʝʪʦʤ 

ʩʝʨʝʜ ʽʥʰʠʭ ʢʨʘʾʥ ɭʚʨʦʧʠ. ʊʝʨʠʪʦʨʽʻʶ ʋʢʨʘʾʥʠ 

ʧʨʦʭʦʜʷʪʴ ʄʽʞʥʘʨʦʜʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʢʦʨʠʜʦʨʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ, ʧʨʦʝʢʪʫʚʘʪʠ ʪʘ ʧʣʘʥʫʚʘʪʠ 

ʤʘʨʰʨʫʪʠ ʧʘʩʘʞʠʨʩʴʢʠʭ ʪʘ ʚʘʥʪʘʞʥʠʭ ʧʦʪʦʢʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʤʙʽʥʦʚʘʥʽ ʧʝʨʝʚʝʟʝʥʥʷ, ʫ ʷʢʠʭ 

ʦʩʥʦʚʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ. ʂʨʘʾʥʠ 

ɭʚʨʦʧʠ ʟʘʮʽʢʘʚʣʝʥʽ ʚ ʨʦʟʚʠʪʢʫ ʟʘʛʘʣʴʥʦʛʦ 

ʪʨʘʥʟʠʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʟ ʋʢʨʘʾʥʦʶ, 

ʚ ʷʢʦʤʫ ʙʫʣʠ ʙ ʟʘʜʽʷʥʽ ʚʩʽ ʚʠʜʠ ʪʨʘʥʩʧʦʨʪʫ. ʆʩʥʦʚʥʘ 

ʤʝʪʘ ʜʘʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ - ʘʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʨʘʤʢʘʭ ʤʽʞʥʘʨʦʜʥʦʛʦ 

ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ. [1,6] 

ʆʩʥʦʚʥʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʦʣʽʪʠʢʠ 

ʋʢʨʘʾʥʠ ʩʴʦʛʦʜʥʽ ʚʠʟʥʘʥʦ ʧʨʦʮʝʩ ʽʥʪʝʛʨʘʮʽʾ 

ʫʢʨʘʾʥʩʴʢʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʚ ɭʚʨʦʧʝʡʩʴʢʫ 

ʪʨʘʥʩʧʦʨʪʥʫ ʤʝʨʝʞʫ. ʎʷ ʩʪʨʘʪʝʛʽʷ ʨʦʟʰʠʨʠʪʴ 

ʤʦʞʣʠʚʦʩʪʽ ʥʘʰʦʾ ʢʨʘʾʥʠ ʚ ʩʬʝʨʽ ʪʦʨʛʽʚʣʽ ʤʽʞ 

ʢʨʘʾʥʘʤʠ, ʦʙʤʽʥʫ ʪʝʭʥʦʣʦʛʽʷʤʠ ʪʘ ʽʥʥʦʚʘʮʽʷʤʠ. 

ɿʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ, ʷʢ ʦʩʥʦʚʥʠʡ ʧʝʨʝʚʽʟʥʠʢ, 

ʚʠʢʦʥʫʻ ʨʦʣʴ ʢʣʶʯʦʚʦʛʦ ʬʘʢʪʦʨʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʢʨʘʾʥʠ, ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʨʽʚʥʷ 

ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʦʩʪʽ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ, 

ʧʦʢʨʘʱʝʥʥʶ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʩʪʘʥʫ 

ʥʘʩʝʣʝʥʥʷ. ʅʘ ʯʘʩʪʢʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʧʨʠʧʘʜʘʻ ʙʣʠʟʴʢʦ 34% ʧʘʩʘʞʠʨʦʦʙʦʨʦʪʫ ʚʩʽʭ ʚʠʜʽʚ 

ʪʨʘʥʩʧʦʨʪʫ [2]. 

ɿʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʚʠʨʽʟʥʷʻʪʴʩʷ ʟ ʽʥʰʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʢʣʘʜʦʚʠʭ ʨʷʜʦʤ ʩʫʪʪʻʚʠʭ ʧʝʨʝʚʘʛ: ʚʽʥ 

ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʡ ʯʝʨʝʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʘ 

ʪʘʢʦʞ, ʟʘʚʜʷʢʠ ʥʘʡʚʠʱʦʤʫ ʨʽʚʥʶ ʙʝʟʧʝʢʠ ʷʢ ʜʣʷ 

ʧʘʩʘʞʠʨʽʚ, ʪʘʢ ʽ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ; ʻ ʟʨʫʯʥʠʤ 

ʪʘ ʙʝʟʧʝʯʥʠʤ ʜʣʷ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʧʦʪʝʥʮʽʡʥʠʭ 

ʧʘʩʘʞʠʨʽʚ. 
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ɽʥʝʨʛʦʦʧʪʠʤʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʣʦʛʽʩʪʠʢʘ ʪʘ ʙʝʟʧʝʢʘ ʥʘ ʪʨʘʥʩʧʦʨʪʽ 

28 

ʋʛʦʜʦʶ ʧʨʦ ʘʩʦʮʽʘʮʽʶ ʤʽʞ ʋʢʨʘʾʥʦʶ ʪʘ ɭʉ 

ʧʝʨʝʜʙʘʯʝʥʘ ʽʤʧʣʝʤʝʥʪʘʮʽʷ ʚ ʫʢʨʘʾʥʩʴʢʝ 

ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʨʷʜʫ ʧʦʣʦʞʝʥʴ ɼʠʨʝʢʪʠʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʱʦʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ 

ʛʘʣʫʟʽ ʪʨʘʥʩʧʦʨʪʫ, ʟʛʽʜʥʦ ʷʢʽʡ ʦʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʘʤʠ 

ʨʦʟʚʠʪʢʫ (ʘʜʘʧʪʘʮʽʾ) ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʫ ʩʬʝʨʽ 

ʪʨʘʥʩʧʦʨʪʫ ʫ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʮʽʣʴʦʚʦʛʦ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʢʠ 

ʧʨʽʦʨʠʪʝʪʥʠʤ ʚʠʟʥʘʥʦ ʧʠʪʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʪʨʘʥʩʧʦʨʪʽ. [1,5] ʎʽ ʜʚʘ 

ʧʦʥʷʪʪʷ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ, ʦʩʢʽʣʴʢʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 

ʻ ʛʦʣʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʩʬʝʨʠ ʧʦʩʣʫʛ. 

ʆʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʬʦʨʤʫʚʘʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʻ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦ ʜʽʶʯʦʾ ʩʠʩʪʝʤʠ 

ʤʝʥʝʜʞʤʝʥʪʫ ʟ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʩʪʦʩʦʚʥʦ 

ʨʦʟʰʠʨʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ, ʷʢʽ ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʧʦʧʠʪʦʤ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʴʦʛʦʜʥʽ ʧʨʠʚʝʨʪʘʻ ʜʦ ʩʝʙʝ 

ʪʫʨʠʩʪʠʯʥʠʡ ʩʝʢʪʦʨ, ʪʘʢ ʷʢ ʜʘʥʘ ʛʘʣʫʟʴ ʨʦʟʚʠʚʘʻʪʴʩʷ 

ʰʚʠʜʢʠʤʠ ʪʝʤʧʘʤʠ ʽ ʤʘʻ ʚʩʽ ʰʘʥʩʠ ʩʪʘʪʠ ʦʜʥʽʻʶ ʽʟ 

ʧʨʦʚʽʜʥʠʭ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ. ɺʦʥʘ 

ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʙʣʠʟʥʦ ʜʝʩʷʪʫ ʯʘʩʪʠʥʫ ɺɺʇ ʽ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦʶ. ʊʫʨʠʩʪʠʯʥʘ ʛʘʣʫʟʴ 

ʤʦʞʝ ʩʪʘʪʠ ʙʽʣʴʰ ʧʨʠʙʫʪʢʦʚʦʶ ʧʨʠ ʫʤʦʚʽ ʘʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʷʢʘ ʚʽʜʽʛʨʘʻ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʩʪʠʤʫʣʶʚʘʥʥʽ ʧʦʣʽʪʠʯʥʦʛʦ, 

ʩʦʮʽʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʦʛʦ, ʽ ʬʽʟʠʯʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʨʝʛʽʦʥʽʚ, ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʜʦʙʨʦʙʫʪʫ ʛʨʦʤʘʜʷʥ ʩʚʦʻʾ ʢʨʘʾʥʠ. 

ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʝʪʘʧʽʚ ʧʨʠ ʨʦʟʛʣʷʜʽ ʜʘʥʦʛʦ 

ʧʠʪʘʥʥʷ ʥʝʦʙʭʽʜʥʠʤ ʻ ʚʠʜʽʣʝʥʥʷ ʨʝʩʫʨʩʽʚ ʥʘ 

ʟʘʣʫʯʝʥʥʷ ʽ ʘʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʨʽʟʥʠʭ ʩʝʛʤʝʥʪʽʚ 

ʪʫʨʠʩʪʠʯʥʦʛʦ ʨʠʥʢʫ ʟʛʽʜʥʦ ʚʠʤʦʛʘʤ ʩʫʯʘʩʥʦʛʦ 

ʩʚʽʪʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʠʥʢʫ. ɻʣʦʙʘʣʽʩʪʠʯʥʽ 

ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʩʴʦʛʦʜʥʽ ʚ ʝʢʦʥʦʤʽʮʽ 

ʢʨʘʾʥʠ ʪʘ ʩʚʽʪʫ, ʚʠʤʘʛʘʶʪʴ ʨʦʟʰʠʨʝʥʥʷ ʪʫʨʠʩʪʠʯʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʨʝʛʽʦʥʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ 

ʨʝʬʦʨʤ, ʱʦ ʧʦʚʠʥʥʽ ʧʨʦʚʦʜʠʪʠʩʴ ʚʠʢʣʶʯʥʦ ʫ 

ʧʨʘʚʦʚʦʤʫ ʧʦʣʽ ʧʽʜ ʢʦʥʪʨʦʣʝʤ ʟʘʢʦʥʦʜʘʚʯʠʭ 

ʩʪʨʫʢʪʫʨ. 

ʈʦʟʚʠʥʝʥʘ ʪʫʨʠʩʪʠʯʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʜʘʪʥʘ 

ʧʨʠʥʦʩʠʪʠ ʚ ʙʶʜʞʝʪ ʢʨʘʾʥʠ ʟʥʘʯʥʽ ʢʦʰʪʠ, ʷʢʽ ʙʫʜʫʪʴ 

ʩʧʨʠʷʪʠ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʪʫʨʠʩʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ, 

ʥʘʧʨʷʤʢʽʚ, ʜʦʟʚʦʣʷʪʴ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʜʦʩʷʛʥʝʥʥʷ 

ʥʘʫʢʠ ʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʘ ʪʘʢ ʩʘʤʦ ʨʦʟʨʦʙʣʷʪʠ 

ʥʦʚʽ ʩʧʦʩʦʙʠ ʥʘʜʘʥʥʷ ʪʫʨʠʩʪʠʯʥʠʭ ʧʦʩʣʫʛ. ʉʴʦʛʦʜʥʽ 

ʚ ʋʢʨʘʾʥʽ ʪʫʨʠʩʪʠʯʥʠʡ ʙʽʟʥʝʩ, ʟ ʙʘʛʘʪʴʦʭ ʧʨʠʯʠʥ, ʥʝ 

ʜʦʩʷʛ ʪʘʢʦʛʦ ʘʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʷʢ ʟʘ ʢʦʨʜʦʥʦʤ, ʘ 

ʚʠʚʯʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʟʘʩʘʜ ʚ 

ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʻ ʥʝʜʦʩʪʘʪʥʽʤ. ʊʘʢʦʞ ʥʝʜʦʩʪʘʪʥʽʤ ʻ 

ʟʘʣʫʯʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʘ ʩʘʤʝ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʮʠʬʨʦʚʠʭ ʨʦʟʨʦʙʦʢ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʫ ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʮʝʩʘʤʠ ʧʝʨʝʚʝʟʝʥʴ.[2,9] 

ʎʷ ʧʨʦʙʣʝʤʘ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʘ ʧʨʠ 

ʚʠʨʽʰʝʥʥʽ ʧʠʪʘʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʪʫʨʠʟʤʫ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ: ʚʽʜʩʫʪʥʽʩʪʴ ʩʫʯʘʩʥʠʭ 

ʮʠʬʨʦʚʠʭ ʨʦʟʨʦʙʦʢ, ʩʣʘʙʠʡ ʨʦʟʚʠʪʦʢ ʮʠʬʨʦʚʦʛʦ 

ʤʘʨʢʝʪʠʥʛʫ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʩʪʫʧʽʥʴ 

ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʦʩʪʽ ʟʘʣʽʟʥʠʯʥʦʾ ʛʘʣʫʟʽ. ʅʘʩʘʤʧʝʨʝʜ, 

ʮʷ ʧʨʦʙʣʝʤʘ ʩʪʦʩʫʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʨʽʚʥʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʢʣʘʤʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ, 

ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʚʥʦʪʫ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʦʩʣʫʛ. ɿ ʤʝʪʦʶ ʽʥʬʦʨʤʫʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʢʣʽʻʥʪʽʚ, 

ʚ ʩʚʽʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ 

ʧʨʠʩʢʦʨʶʶʪʴ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ, ʘʥʘʣʽʟʫ ʪʘ ʦʮʽʥʢʠ 

ʨʝʟʫʣʴʪʘʪʽʚ. ʉʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ (ʟʘ ʮʽʣʴʦʚʠʤ 

ʩʮʝʥʘʨʽʻʤ ʨʦʟʚʠʪʢʫ ʮʠʬʨʦʚʦʾ ʝʢʦʥʦʤʽʢʠ) ʚʞʝ 

ʧʦʢʣʘʜʝʥʦ ʧʦʯʘʪʦʢ ʟʘʧʨʦʚʘʜʞʝʥʥʷ 4-G ʪʘ 5-G 

ʧʦʢʨʠʪʪʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ [3,4], ʮʠʬʨʦʚʦʛʦ 

ʤʘʨʢʝʪʠʥʛʫ, ʮʠʬʨʦʚʦʛʦ ʙʘʥʢʽʥʛʫ ʪʘ ʽʥʰʽ. 

ʎʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʧʦʯʘʣʠ ʚʚʦʜʠʪʠ ʚ ʦʨʛʘʥʽʟʘʮʽʶ 

ʪʫʨʠʩʪʠʯʥʦʛʦ ʧʝʨʝʚʽʟʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʧʦʯʘʪʢʫ 2005 

ʨʦʢʫ, ʚʠʟʥʘʯʘʶʯʠ ʩʪʨʘʪʝʛʽʶ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʪʫʨʠʟʤʫ. ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʜʘʥʘ ʩʪʨʘʪʝʛʽʷ ʧʦʚʠʥʥʘ 

ʚʢʣʶʯʘʪʠ ʫ ʩʝʙʝ: ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ, ʪʽʩʥʫ ʚʟʘʻʤʦʜʽʶ ʧʽʜʧʨʠʻʤʩʪʚ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʪʘ ʪʫʨʠʩʪʠʯʥʦʾ ʛʘʣʫʟʝʡ, ʘ ʪʘʢʦʞ 

ʧʨʦʜʫʤʘʥʫ ʪʘʨʠʬʥʫ ʧʦʣʽʪʠʢʫ, ʚʠʛʽʜʥʫ ʧʦʪʝʥʮʽʡʥʠʤ 

ʢʣʽʻʥʪʘʤ. ʋʢʨʘʾʥʘ ʟʘ ʨʽʚʥʝʤ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʚʽʪʽ ʧʦʩʽʜʘʻ 56 ʤʽʩʮʝ. ɭʜʠʥʘ 

ʢʦʥʢʫʨʝʥʪʥʘ ʧʝʨʝʚʘʛʘ, ʷʢʫ ʤʘʻ ʋʢʨʘʾʥʘ ʚ ʮʴʦʤʫ 

ʘʩʧʝʢʪʽ, ʮʝ ʪʨʘʜʠʮʽʡʥʦ ʩʠʣʴʥʽ IT-ʢʘʜʨʠ: ʪʦʙʪʦ ʚ 

ʋʢʨʘʾʥʽ ʜʫʞʝ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʽʜʛʦʪʦʚʢʠ 

ʧʨʦʛʨʘʤʽʩʪʽʚ.[1,3,7] 

ʈʠʥʢʦʚʽ ʤʝʭʘʥʽʟʤʠ ʽʩʪʦʪʥʦ ʟʤʽʥʶʶʪʴ ʚʠʤʦʛʠ ʜʦ 

ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʫ - ʟʨʦʩʪʘʻ ʨʦʣʴ ʝʢʦʥʦʤʽʯʥʠʭ 

ʢʨʠʪʝʨʽʾʚ ʽ ʧʦʩʠʣʶʻʪʴʩʷ ʜʠʥʘʤʽʢʘ ʝʢʦʥʦʤʽʯʥʠʭ 

ʟʚ'ʷʟʢʽʚ. ʇʦ ʩʫʪʽ, ʟʤʽʥʶʶʪʴʩʷ ʽ ʬʫʥʢʮʽʾ ʪʨʘʥʩʧʦʨʪʫ. 

ɿʘʤʽʩʪʴ ʚʣʘʩʪʠʚʦʾ ʢʦʤʘʥʜʥʽʡ ʝʢʦʥʦʤʽʮʽ ʬʫʥʢʮʽʷ 

ʧʝʨʝʚʝʟʝʥʴ ʬʦʨʤʫʻʪʴʩʷ ʥʦʚʘ ʬʫʥʢʮʽʷ - ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʢʦʥʦʤʽʯʥʠʭ ʟʚ'ʷʟʢʽʚ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ 

ʟʚ'ʷʟʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʛʽʜʥʦ 

ʂʦʥʮʝʧʮʽʾ ʨʦʟʚʠʪʢʫ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ 

ʋʢʨʘʾʥʽ.[2,7-8] ɾʦʨʩʪʢʘ ʢʦʥʢʫʨʝʥʮʽʷ ʥʘ 

ʻʚʨʦʧʝʡʩʴʢʦʤʫ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ ʩʪʘʚʠʪʴ 

ʥʦʚʽ ʚʠʤʦʛʠ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʡ ʪʫʨʠʩʪʠʯʥʠʭ 

ʧʝʨʝʚʝʟʝʥʴ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʮʠʬʨʦʚʦʛʦ 

ʧʽʜʭʦʜʫ ʚ ʦʨʛʘʥʽʟʘʮʽʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʘʩʘʞʠʨʩʴʢʠʤʠ 

ʧʦʪʦʢʘʤʠ. 

ʆʢʨʝʤʠʤ ʟʘʚʜʘʥʥʷʤ ʧʝʨʝʜ ʪʨʘʥʩʧʦʨʪʥʦʶ ʛʘʣʫʟʟʶ 

ʩʪʦʾʪʴ ʧʠʪʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʪʨʘʥʩʧʦʨʪʥʽ 

ʧʦʩʣʫʛʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ 

ʤʘʨʢʝʪʠʥʛʦʚʦ-ʣʦʛʽʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ ʮʠʬʨʦʚʦʛʦ 

ʤʘʨʢʝʪʠʥʛʫ, ʘ ʪʘʢʦʞ ʭʤʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʧʨʠʩʢʦʨʶʻʪʴʩʷ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ, ʚ ʷʢʠʭ ʢʦʤʧôʶʪʝʨʥʽ ʨʝʩʫʨʩʠ ʥʘʜʘʶʪʴʩʷ 

ɯʥʪʝʨʥʝʪ-ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʷʢ ʦʥ-ʣʘʡʥ ʩʝʨʚʽʩ. ɿ ʤʝʪʦʶ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʘʥʦʾ ʩʪʨʘʪʝʛʽʾ ʦʙʦʚôʷʟʢʦʚʠʤ ʻ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʘʥʘʣʽʚ ʧʨʠʡʦʤʫ ʽʥʬʦʨʤʘʮʽʾ, ʾʭ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘ ʙʽʣʴʰ ʰʠʨʦʢʽ ʘʫʜʠʪʦʨʽʾ, ʘ ʪʘʢʦʞ 

ʤʦʜʝʨʥʽʟʘʮʽʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʽʜʥʦʩʥʦ 

ʪʝʭʥʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʟ ʤʝʪʦʶ ʘʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʘ 

ʽʥʰʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ. ɺʘʞʣʠʚʠʤ ʻ ʪʘʢʦʞ 

ʚʽʜʧʦʚʽʜʥʘ ʢʚʘʣʽʬʽʢʘʮʽʷ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʢʘʜʨʽʚ 

ʟʘʣʽʟʥʠʯʥʦʾ ʛʘʣʫʟʽ. ɼʘʥʘ ʩʪʨʘʪʝʛʽʷ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʘ 

ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʪʘ ʧʣʘʥʫʚʘʥʥʽ ʪʫʨʠʩʪʠʯʥʠʭ 

ʧʝʨʝʚʝʟʝʥʴ. [5,6] 

ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʚ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ 

ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʦʚʠʥʥʘ 
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ʧʨʠʜʽʣʷʪʠʩʴ ʧʨʦʙʣʝʤʽ ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚ ʪʫʨʠʩʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʷʢʽ ʧʦʪʨʽʙʥʦ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʨʦʟʤʽʱʝʥʥʷ ʦʙôʻʢʪʽʚ 

ʪʫʨʠʩʪʠʯʥʦʛʦ ʩʝʢʪʦʨʘ ʚ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʤʫ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʪʠʚʥʦʤʫ ʧʨʦʩʪʦʨʽ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʤʦʪʠʚʘʮʽʾ. ʈʦʟʪʘʰʫʚʘʥʥʷ 

ʪʫʨʠʩʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ ʩʧʨʠʷʻ ʧʣʽʜʥʽʡ ʨʦʙʦʪʽ ʜʘʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʨʠʥʢʫ. ʊʘʢʦʞ ʟʥʘʯʥʘ ʫʚʘʛʘ ʧʦʚʠʥʥʘ 

ʧʨʠʜʽʣʷʪʠʩʴ ʧʽʜʛʦʪʦʚʮʽ ʘʙʦ ʤʦʞʣʠʚʦʩʪʷʤ 

ʧʝʨʝʧʽʜʛʦʪʦʚʢʠ ʢʘʜʨʽʚ ʜʣʷ ʨʦʙʦʪʠ ʟ ʥʦʚʠʤʠ 

ʤʝʪʦʜʘʤʠ ʨʦʙʦʪʠ, ʫʤʽʥʥʶ ʘʥʘʣʽʟʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ.[6-9] 

ɼʘʥʘ ʪʝʤʘʪʠʢʘ ʻ ʩʴʦʛʦʜʥʽ ʘʢʪʫʘʣʴʥʦʶ ʽ ʚʠʤʘʛʘʻ 

ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʪʘ ʧʦʚʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʫ 

ʧʦʜʘʣʴʰʽʡ ʨʦʙʦʪʽ. 
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1ɼʅʋɿʊ, ʂʘʬʝʜʨʘ ʘʚʪʦʤʘʪʠʢʘ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ, 49010 ʤ. ɼʥʽʧʨʦ, ʚʫʣ. ʃʘʟʘʨʷʥʘ, 2, ʋʢʨʘʾʥʘ 
2 ɼʝʧʘʨʪʘʤʝʥʪ ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʇʨɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè, 03150 ʚʫʣ. ʊʚʝʨʩʴʢʘ, 5 ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

Abstract. The problem considered in the work is concerned to the automatic detecting and identifying 
defects in a neutral relay. A new method for the automatic detection of defects based on ʝʨʫ wavelet 

analysis of relay transient current and artificial neural network classifier is proposed. The effectiveness of 

this method was confirmed during testing of the neutral relays with various defects. 

ɹʽʣʴʰʽʩʪʴ ʩʠʩʪʝʤ ʟʘʣʽʟʥʠʯʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʽ ʧʦʥʘʜ 

ʧʽʚʩʪʦʣʽʪʪʷ ʪʦʤʫ ʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɺ 

ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʧʦʷʚʠʣʠʩʷ ʥʦʚʽ ʢʦʤʧ¡ʁʪʝʨʥʽ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ ʧʦʾʟʜʽʚ, ʘʣʝ ʯʘʩʪʢʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʩʠʛʥʘʣʽʟʘʮʽʾ ʥʘ ʟʘʣʽʟʥʠʮʷʭ 

ʋʢʨʘʾʥʠ ʚʩʝ ʱʝ ʧʝʨʝʚʠʱʫʻ 90%. ʌʫʥʢʮʽʦʥʘʣʴʥʘ 

ʙʝʟʧʝʢʘ ʟʘʣʽʟʥʠʯʥʠʭ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ 

ʩʠʛʥʘʣʽʟʘʮʽʾ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢ ʟʚʘʥʠʭ 

ʥʝʡʪʨʘʣʴʥʠʭ ʨʝʣʝ (ʅʈ), ʷʢʽ ʤʘʶʪʴ ʩʧʝʮʠʬʽʯʥʫ 

ʢʦʥʩʪʨʫʢʮʽʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʘʩʠʤʝʪʨʽʶ ʾʭ ʚʠʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʙʫʜʴ ʷʢʠʭ ʤʦʞʣʠʚʠʭ 

ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʜʣʷ ʙʝʟʧʝʯʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 

ʬʘʢʪʦʨʽʚ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʨʦʙʦʪʠ ʨʝʣʝʡʥʠʭ 

ʩʠʩʪʝʤ ʩʠʛʥʘʣʽʟʘʮʽʾ ʅʈ ʤʘʶʪʴ ʧʽʜʜʘʚʘʪʠʩʷ 

ʧʝʨʽʦʜʠʯʥʦʤʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʶ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ 

ʚʠʤʽʨʶʶʪʴʩʷ ʾʭ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ, ʘ ʪʘʢʦʞ 

ʧʨʦʚʘʜʷʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʣʝ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʭʥʽʯʥʠʭ 

ʨʝʛʣʘʤʝʥʪʽʚ. ʆʩʢʽʣʴʢʠ ʮʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʨʦʚʦʜʷʪʴʩʷ ʚʨʫʯʥʫ, ʚʦʥʠ ʚʠʤʘʛʘʶʪʴ ʙʘʛʘʪʦ ʯʘʩʫ (ʜʦ 

ʯʦʪʠʨʴʦʭ ʛʦʜʠʥ ʥʘ ʦʜʥʦ ʨʝʣʝ), ʻ ʢʦʰʪʦʚʥʠʤʠ, ʽ ʾʭ 

ʨʝʟʫʣʴʪʘʪʠ ʤʘʶʪʴ ʩʫʙ'ʻʢʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ. 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʚʠʤʽʨʶʚʘʥʴ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʨʝʣʝ, ʘ ʩʘʤʝ ʥʘʧʨʫʛʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ, ʥʘʧʨʫʛʠ 

ʚʽʜʧʫʩʢʘʥʥʷ ʷʢʦʨʷ, ʦʧʦʨʫ ʢʦʪʫʰʢʠ, ʢʦʥʪʘʢʪʽʚ ʪʦʱʦ, 

ʤʦʞʝ ʙʫʪʠ ʣʝʛʢʦ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʩʫʯʘʩʥʠʭ 

ʢʦʤʧ¡ʁʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɸʣʝ ʘʚʪʦʤʘʪʠʟʘʮʽʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʅʈ ʩʪʠʢʘʻʪʴʩʷ ʟ 

ʩʝʨʡʦʟʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ. ʄʝʭʘʥʽʯʥʽ ʪʘ ʝʣʝʢʪʨʠʯʥʽ 

ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʘʨʤʘʪʫʨʫ ʅʈ ʧʨʠ ʾʾ ʧʝʨʝʤʠʢʘʥʥʽ, 

ʚʠʟʥʘʯʘʶʪʴ ʯʘʩ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʽ ʚʽʜʧʫʩʢʘʥʥʷ ʷʢʦʨʷ, 

ʦʜʥʦʯʘʩʥʽʩʪʴ ʘʙʦ ʥʝʦʜʥʦʯʘʩʥʽʩʪʴ ʧʝʨʝʤʠʢʘʥʥʷ 

ʢʦʥʪʘʢʪʽʚ, ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʪʦʱʦ. ʊʝʭʥʽʯʥʠʡ ʩʪʘʥ 

ʨʝʣʝʡʥʦʾ ʘʨʤʘʪʫʨʠ, ʢʦʥʪʘʢʪʥʠʭ ʧʨʫʞʠʥ, ʤʘʛʥʽʪʥʦʾ 

ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʣʝ, ʪʘʢʽ 

ʷʢ ʚʠʩʦʪʘ ʘʥʪʠʤʘʛʥʽʪʥʦʛʦ ʰʪʠʬʪʘ, ʤʽʞʢʦʥʪʘʢʪʥʠʡ 

ʧʦʚʽʪʨʷʥʠʡ ʧʨʦʤʽʞʦʢ, ʧʘʨʘʤʘʛʥʽʪʥʠʡ ʟʘʟʦʨ ʤʽʞ 

ʷʨʤʦʤ ʪʘ ʩʝʨʜʝʯʥʠʢʦʤ ʩʠʣʴʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʤʝʭʘʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʣʝ. ʋ ʧʦʧʝʨʝʜʥʽʭ ʨʦʙʦʪʘʭ 

ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʝʣʝʢʪʨʠʯʥʠʡ ʧʝʨʝʭʽʜʥʠʡ ʩʪʨʫʤ, 

ʷʢʠʡ ʧʨʦʪʽʢʘʻ ʚ ʢʦʪʫʰʮʽ ʨʝʣʝ ʧʨʠ ʚʤʠʢʘʥʥʽ ʽ 

ʚʠʤʠʢʘʥʥʽ ʅʈ, ʩʫʪʪʻʚʦ ʟʘʣʝʞʽʪʴ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʫʭʫ ʷʢʦʨʷ ʽ 

ʢʦʥʪʘʢʪʽʚ, ʽ, ʦʪʞʝ, ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʨʤʘʪʫʨʠ ʪʘ ʤʘʛʥʽʪʥʦʾ 

ʩʠʩʪʝʤʠ ʨʝʣʝ. 

ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʤʝʭʘʥʽʯʥʠʭ ʜʝʬʝʢʪʽʚ ʥʝʡʪʨʘʣʴʥʦʛʦ ʨʝʣʝ ʟʘʣʽʟʥʠʯʥʦʾ 

ʘʚʪʦʤʘʪʠʢʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʧʨʦʚʝʜʝʥʦ ʦʛʣʷʜ 

ʣʽʪʝʨʘʪʫʨʠ ʪʘ ʥʘʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʨʝʣʝ 

ʧʨʠ ʡʦʛʦ ʚʤʠʢʘʥʥʽ ʪʘ ʚʠʤʠʢʘʥʥʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʬʦʨʤʫʣʫ ʜʣʷ ʤʝʭʘʥʽʯʥʦʾ ʩʠʣʠ, ʱʦ ʜʽʻ ʥʘ ʷʢʽʨ ʨʝʣʝ 

ʧʨʠ ʡʦʛʦ ʧʝʨʝʤʠʢʘʥʥʽ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʧʨʫʛʠ ʥʘ 

ʨʝʣʝ, ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʮʽ ʪʘ ʟʘʟʦʨʫ ʤʽʞ ʷʢʦʨʝʤ ʪʘ 

ʦʩʝʨʝʜʜʷʤ ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʝʬʝʢʪʠ 

ʨʫʭʦʤʦʾ ʯʘʩʪʠʥʠ ʨʝʣʝ, ʘ ʩʘʤʝ ʜʝʬʝʢʪʠ ʷʢʦʨʷ, 

ʜʝʬʦʨʤʘʮʽʷ ʢʦʥʪʘʢʪʽʚ ʪʘ ʢʦʥʪʘʢʪʥʠʭ ʧʨʫʞʠʥ, 

ʜʝʬʝʢʪʠ ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ ʨʝʣʝ, ʟʤʽʥʘ 

ʧʘʨʘʤʘʛʥʽʪʥʦʛʦ ʟʘʟʦʨʫ ʤʽʞ ʷʢʦʨʝʤ ʨʝʣʝ ʪʘ ʷʨʤʦʤ, 

ʟʤʽʥʘ ʚʠʩʦʪʠ ʘʥʪʠʤʘʛʥʽʪʥʦʛʦ ʰʪʠʬʪʫ, ʟʘʤʠʢʘʥʥʷ 

ʚʠʪʢʽʚ ʦʙʤʦʪʢʠ ʧʨʠʚʦʜʷʪʴ ʜʦ ʟʤʽʥʠ ʤʝʭʘʥʽʯʥʠʭ ʪʘ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʨʫʭʦʤʫ ʯʘʩʪʠʥʫ ʨʝʣʝ 

ʧʨʠ ʡʦʛʦ ʧʝʨʝʢʣʶʯʝʥʥʽ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʥʘ ʧʝʚʥʽʡ 

ʜʽʣʷʥʮʽ ʯʘʩʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʤʽʱʝʥʥʶ ʷʢʦʨʷ, ʟ¡̫ʚʣʷʶʪʴʩʷ 

ʦʩʦʙʣʠʚʦʩʪʽ ʫ ʚʠʛʣʷʜʽ ʦʧʫʢʣʦʩʪʝʡ ʽ ʧʨʦʚʘʣʽʚ, ʷʢʽ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʜʽʘʛʥʦʩʪʠʯʥʽ ʦʟʥʘʢʠ 

ʜʝʬʝʢʪʽʚ ʨʝʣʝ. ɸʣʝ ʮʽ ʦʩʦʙʣʠʚʦʩʪʽ ʻ ʥʝʟʥʘʯʥʠʤʠ ʟʘ 

ʘʤʧʣʽʪʫʜʦʶ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʨʦʚʝʜʝʥʥʷ ʜʽʘʛʥʦʩʪʠʢʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ ʚ ʨʦʙʦʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʚʝʡʚʣʝʪ 

ʧʘʢʝʪʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʯʘʩʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʧʝʨʝʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʨʝʣʝ ʧʨʠ ʡʦʛʦ ʧʝʨʝʢʣʶʯʝʥʥʽ, 

ʷʢʠʡ ʜʦʚʽʚ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷʭ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʝʡʚʣʝʪ ʧʘʢʝʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʨʫʤʫ 
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ɽʥʝʨʛʦʦʧʪʠʤʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʣʦʛʽʩʪʠʢʘ ʪʘ ʙʝʟʧʝʢʘ ʥʘ ʪʨʘʥʩʧʦʨʪʽ 

31 

ʨʝʣʝ ʟ ʨʽʟʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʜʝʬʝʢʪʘʤʠ ʙʫʣʠ 

ʚʠʟʥʘʯʝʥʽ ʜʽʘʛʥʦʩʪʠʯʥʽ ʦʟʥʘʢʠ ʜʝʬʝʢʪʽʚ. 

ɽʢʩʧʨʝʩ-ʚʠʟʥʘʯʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʤʝʭʘʥʽʯʥʠʭ 

ʜʝʬʝʢʪʽʚ ʥʝʡʪʨʘʣʴʥʠʭ ʨʝʣʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʚʘʜʠʪʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʡʚʣʝʪ-ʧʝʢʝʪʥʦʾ ʝʥʪʨʦʧʽʾ ʐʝʥʥʦʥʘ 

ʜʣʷ ʧʝʨʝʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʨʝʣʝ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʻ 

ʯʫʪʣʠʚʠʤ ʜʦ ʧʦʷʚʠ ʨʽʟʥʦʛʦ ʨʦʜʫ ʧʦʨʫʰʝʥʴ ʽ ʟʙʫʨʝʥʴ 

ʫ ʩʪʨʫʤʽ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʫ ʥʝʡʪʨʘʣʴʥʠʭ ʨʝʣʝ. ʄʝʪʦʜ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʤʽʨʶʚʘʥʽ ʪʘ ʘʥʘʣʽʟʽ ʯʘʩʦʚʽ 

ʟʘʣʝʞʥʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʧʨʠ ʧʝʨʝʤʠʢʘʥʥʽ 

ʨʝʣʝ. ɿʘʣʝʞʥʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʚʽʜ ʯʘʩʫ ʧʨʠ 

ʚʢʣʶʯʝʥʥʽ ʨʝʣʝ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʭʘʨʘʢʪʝʨʥʽ 

ʩʝʛʤʝʥʪʠ. ʋ ʧʝʨʰʦʤʫ ʩʝʛʤʝʥʪʽ ʨʝʣʝ ʘʨʤʘʪʫʨʠ ʥʝ 

ʨʫʭʘʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʤʘʛʥʽʪʥʘ ʩʠʣʘ ʥʝʜʦʩʪʘʪʥʷ. ʉʪʨʫʤ 

ʨʝʣʝ ʫ ʧʝʨʰʦʤʫ ʩʝʛʤʝʥʪʽ ʟʨʦʩʪʘʻ ʚ ʯʘʩʽ ʟʘ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʟʘʢʦʥʦʤ. ʋ ʜʨʫʛʦʤʫ ʩʝʛʤʝʥʪʽ 

ʘʨʤʘʪʫʨʘ ʧʦʯʠʥʘʻ ʨʫʭʘʪʠʩʷ, ʽ ʯʘʩʪʠʥʘ ʟʘʛʘʣʴʥʦʾ 

ʝʥʝʨʛʽʾ, ʱʦ ʟʘʧʘʩʝʥʘ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚ ʤʘʛʥʽʪʥʦʤʫ 

ʪʘ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʷʭ ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ, 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʤʝʭʘʥʽʯʥʫ ʨʦʙʦʪʫ ʨʫʭʫ ʘʨʤʘʪʫʨʠ, 

ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʝʚʥʦʛʦ ʟʥʠʞʝʥʥʷʤ ʩʪʨʫʤʫ ʨʝʣʝ, ʋ 

ʪʨʝʪʴʦʤʫ ʩʝʛʤʝʥʪʽ ʨʝʣʝ ʘʨʤʘʪʫʨʠ ʧʦʚʥʽʩʪʶ 

ʧʨʠʪʷʛʫʻʪʴʩʷ ʜʦ ʦʩʝʨʝʜʜʷ ʽ ʩʪʨʫʤ ʟʥʦʚʫ ʟʨʦʩʪʘʻ ʟ 

ʯʘʩʦʤ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʟʘʢʦʥʦʤ. ʂʦʥʩʪʘʥʪʠ ʯʘʩʫ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʝʨʝʭʽʜʥʦʛʦ ʩʪʨʫʤʫ 

ʨʝʣʝ ʚ ʧʝʨʰʦʤʫ ʪʘ ʪʨʝʪʴʦʤʫ ʩʝʛʤʝʥʪʘʭ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʤʘʛʥʽʪʥʦʾ 

ʩʠʩʪʝʤʠ ʨʝʣʝ. ʆʩʦʙʣʠʚʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʫ 

ʜʨʫʛʦʤʫ ʩʝʛʤʝʥʪʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʜʝʬʝʢʪʽʚ ʘʨʤʘʪʫʨʠ ʨʝʣʝ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʝʪʘʧʽʚ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʠʤʽʨʶʶʪʴ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ 

ʧʝʨʝʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʨʝʣʝ ʧʨʠ ʡʦʛʦ ʚʤʠʢʘʥʥʽ. 

ʆʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʘʥʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʝʥʪʨʦʧʽʾ ʝʥʝʨʛʽʾ ʐʝʥʥʦʥʘ 

ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʜʝʬʝʢʪʽʚ ʘʨʤʘʪʫʨʠ ʪʘ 

ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ ʥʝʡʪʨʘʣʴʥʠʭ ʨʝʣʝ. ʅʘ ʜʨʫʛʦʤʫ 

ʝʪʘʧʽ ʚʠʷʚʣʷʶʪʴ ʪʘ ʽʜʝʥʪʠʬʽʢʫʶʪʴ ʢʦʥʢʨʝʪʥʽ ʪʠʧʠ 

ʜʝʬʝʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʥʘ ʦʩʥʦʚʽ 

ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (ʐʅʄ), ʷʢʠʡ ʙʫʚ 

ʧʦʧʝʨʝʜʥʴʦ ʥʘʚʯʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʦʟʥʘʢ ʜʝʬʝʢʪʽʚ ʨʝʣʝ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ 

ʜʘʥʠʭ, ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʜʣʷ ʪʨʝʥʫʚʘʥʴ ʐʅʄ, 

ʩʢʣʘʜʘʚʩʷ ʟ 900 ʚʝʢʪʦʨʽʚ, ʷʢʽ ʤʽʩʪʷʪʴ 100 ʚʝʢʪʦʨʽʚ ʜʣʷ 

ʨʝʣʝ ʚ ʩʧʨʘʚʥʦʤʫ ʩʪʘʥʽ ʽ 800 ʚʝʢʪʦʨʽʚ ʜʣʷ ʨʝʣʝ ʟ 

ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʜʝʬʝʢʪʽʚ. ʏʘʩʪʠʥʘ ʧʽʜʛʦʪʦʚʣʝʥʠʭ 

ʜʘʥʠʭ (60%) ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʥʘʚʯʘʥʥʷ ʐʅʄ, 

20% ʜʘʥʠʭ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʪʘ 20% ʜʘʥʠʭ ʜʣʷ 

ʪʝʩʪʫʚʘʥʥʷ ʐʅʄ. ɼʣʷ ʪʨʝʥʫʚʘʥʥʷ ʐʅʄ ʙʫʚ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʘʣʛʦʨʠʪʤ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʧʦʤʠʣʦʢ ʟ ʤʝʪʦʜʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʃʝʚʝʥʙʝʨʛʘ-

ʄʘʨʢʘʨʜʘ. ʇʦʯʘʪʢʦʚʽ ʟʥʘʯʝʥʥʷ ʚʘʛʠ ʪʘ ʟʤʽʱʝʥʴ ʚ 

ʐʅʄ ʩʪʚʦʨʶʚʘʣʠʩʷ ʧʨʦʛʨʘʤʦʶ ʘʚʪʦʤʘʪʠʯʥʦ. 

ʉʝʨʝʜʥʷ ʢʚʘʜʨʘʪʠʯʥʘ ʧʦʤʠʣʢʘ, ʜʦʩʷʛʥʫʪʘ ʧʽʜ ʯʘʩ 

ʪʨʝʥʫʚʘʥʥʷ ʐʅʄ, ʩʪʘʥʦʚʠʪʴ 0,0027. ʇʽʩʣʷ 

ʪʨʝʥʫʚʘʥʴ ʧʦʢʘʟʥʠʢʠ ʐʅʄ ʦʮʽʥʶʚʘʣʠʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ 180 ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ. ʅʘʚʯʝʥʘ ʐʅʄ 

ʧʨʘʚʠʣʴʥʦ ʢʣʘʩʠʬʽʢʫʚʘʣʘ 179 ʜʘʥʠʭ ʽʟ 180, ʱʦ ʚʢʘʟʫʻ 

ʥʘ ʟʘʛʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʥʘ ʨʽʚʥʽ 

99,4%. ʂʨʠʚʽ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʚʘʣʽʜʘʮʽʾ ʐʅʄ ʤʘʶʪʴ 

ʩʭʦʞʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʥʘʚʯʘʥʥʷ. 
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Abstract. Based on the analysis of the development of the city of Lviv and the region, a plan for a 
comprehensive reconstruction of the work of the Lviv junction is proposed, taking into account the 

implementation of promising infrastructure projects - connection of the junction to the network of 1435 

mm tracks, to the LHS line and construction of the 1520 mm. track from Kosice to Vienna (breitspur 

planungsgesellschaft).

1 ʇʝʨʝʜʫʤʦʚʠ 

ɿʤʽʥʘ ʩʪʨʫʢʪʫʨʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʘ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʧʦʪʦʢʽʚ ʨʘʜʠʢʘʣʴʥʦ ʟʤʽʥʠʣʘ ʪʘ ʧʨʦʜʦʚʞʫʻ ʟʤʽʥʶʚʘʪʠ 

ʩʪʨʫʢʪʫʨʫ ʨʦʙʦʪʠ ʃʴʚʽʚʩʴʢʦʛʦ ʟʘʣʽʟʥʠʯʥʦʛʦ ʚʫʟʣʘ. 

ɺʦʜʥʦʯʘʩ ʤʽʩʪʦ ʃʴʚʽʚ ʪʘ ʦʢʦʣʠʮʽ ʨʘʜʠʢʘʣʴʥʦ 

ʟʤʽʥʠʣʘʩʴ ï ʧʝʨʝʩʪʘʣʠ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʘʙʦ ʟʤʽʥʠʣʠ 

ʣʦʢʘʮʽʶ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʤʽʩʪʦ ʘʢʪʠʚʥʦ 

ʨʦʟʙʫʜʫʻʪʴʩʷ, ʟʤʽʥʠʣʘʩʴ ʩʪʨʫʢʪʫʨʘ ʟʘʥʷʪʦʩʪʽ, ʽʩʪʦʪʥʫ 

ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʪʫʨʠʩʪʠʯʥʘ ʛʘʣʫʟʴ, ʧʨʦʚʝʜʝʥʥʷ 

ʚʠʩʪʘʚʦʢ, ʬʝʩʪʠʚʘʣʽʚ ʪʦ ʱʦ, ʱʦ ʚʠʤʘʛʘʻ ʽʩʪʦʪʥʠʭ 

ʟʤʽʥ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʧʘʩʘʞʠʨʽʚ ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʤʽʩʴʢʦʛʦ ʪʘ ʧʨʠʤʽʩʴʢʦʛʦ ʩʧʦʣʫʯʝʥʥʷ.. 

ʅʘʡʙʽʣʴʰʠʡ ʥʘ ʟʘʭʽʜʥʦʤʫ ʢʦʨʜʦʥʽ ʟʘʣʽʟʥʠʯʥʠʡ 

ʚʫʟʦʣ ʫ ʩʢʣʘʜʽ ʜʚʦʭ ʢʣʶʯʦʚʠʭ ʜʣʷ ʤʝʨʝʞʽ 

ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʡ ʪʘ ʚʫʟʣʦʚʦʾ ʧʘʩʘʞʠʨʩʴʢʦʾ 

ʩʪʘʥʮʽ,ʾ ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʩʪʠʢʫ ʩʪʨʫʤʫ ʷʢʽ ʙʫʣʠ 

ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʜʘʣʴʥʽʡ ʦʢʦʣʠʮʽ ʤʽʩʪʘ ʥʘ ʜʘʥʠʡ ʯʘʩ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʽʩʪʦʨʠʯʥʽ ʯʘʩʪʠʥʽ ʽ ʤʦʞʣʠʚʦʩʪʽ 

ʨʦʟʚʠʪʢʫ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʦʙʤʝʞʝʥʽ. 

2 ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʘʚʪʦʨʘʤʠ ʨʽʰʝʥʥʷ 

ʇʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ 

ʥʦʚʠʭ ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʡ. ʇʨʦʚʝʜʝʥʝ ʧʦʧʝʨʝʜʥʻ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʪʘ ʦʮʽʥʢʘ ʚʘʨʪʦʩʪʽ ʽʥʚʝʩʪʠʮʽʾ ʽ ʾʾ 

ʦʢʫʧʥʦʩʪʽ. ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ ʱʦ ʚ ʥʝʜʘʣʝʢʦʤʫ 

ʤʘʡʙʫʪʥʴʦʤʫ ʧʠʪʘʥʥʷ ʚʠʥʦʩʫ ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʡ 

ʟʘ ʤʝʞʽ ʤʽʩʪʘ ʤʦʞʝ ʧʦʩʪʘʪʠ ʙʽʣʴʰ ʛʦʩʪʨʦ, 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʋʨʷʜʫ ʪʘ ʦʨʛʘʥʘʤ ʤʽʩʮʝʚʦʤʫ 

ʚʨʷʜʫʚʘʥʥʷ ʤʽʩʪʘ ʃʴʚʦʚʘ ʧʨʠʡʥʷʪʠ ʚʽʜʧʦʚʽʜʥʽ 

ʨʽʰʝʥʥʷ ʜʣʷ ʚʠʙʦʨʫ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʪʘ ʾʾ 

ʨʝʟʝʨʚʫʚʘʥʥʷ ʫ ʜʝʨʞʘʚʥʽ ʚʣʘʩʥʦʩʪʽ (ʟʝʤʣʽ ʨʝʟʝʨʚʫ). 

ʋ ʟʚôʷʟʢʫ ʽʟ ʧʣʘʥʘʤʠ ʙʫʜʽʚʥʠʮʪʚʘ ʢʦʣʽ ʾʩʪʘʥʜʘʨʪʫ 

1435ʤʤ, ʜʦ ʙʣʠʞʥʽʭ ʦʢʦʣʠʮʴ ʤʽʩʪʘ ʨʦʟʛʣʷʥʫʪʦ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʧʫʩʢʫ ʮʠʭ ʢʦʣʽʡ ʜʦ ʛʦʣʦʚʥʦʛʦ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʚʦʢʟʘʣʫ ʪʘ ʜʦ ʢʽʣʴʢʦʭ ʚʘʥʪʘʞʥʠʭ 

ʩʪʘʥʮʽʡ ʪʘ ʦʪʨʠʤʘʥʦ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʨʽʰʠʪʠ ʮʝ ʟʘʚʜʘʥʥʷ ʥʝʚʝʣʠʢʠʤ ʢʦʰʪʦʤ. 

ɼʦʩʣʽʜʞʝʥʦ ʪʝʥʜʝʥʮʽʾ ʧʦ ʟʤʽʥʽ ʤʽʩʮʝʚʦʾ ʨʦʙʦʪʠ ʪʘ 

ʚʠʟʥʘʯʝʥʦ ʧʝʨʝʣʽʢ ʚʘʥʪʘʞʥʠʭ ʩʪʘʥʮʽʡ ʚ ʤʝʞʘʭ ʤʽʩʪʘ 

ʷʢʽ ʧʽʜʣʷʛʘʶʪʴ ʘʢʪʠʚʥʦʤʫ ʨʦʟʚʠʪʢʫ ʪʘ ʷʢʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʘʢʨʠʪʽ ʪʘ/ʘʙʦ ʧʝʨʝʦʨʽʻʥʪʦʚʘʥʦ ʥʘ ʧʘʩʘʞʠʨʩʴʢʽ 

ʧʝʨʝʚʝʟʝʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʦ ʢʦʣʽʡʥʠʡ ʨʦʟʚʠʪʦʢ ʩʦʨʪʫʚʘʣʴʥʠʭ 

ʩʪʘʥʮʽʡ ʪʘ ʥʘʧʨʘʮʴʦʚʘʥʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʟʙʽʣʴʰʠʪʠ ʧʘʨʢʠ ʧʨʠʡʤʘʥʥʷ ʪʘ 

ʚʽʜʧʨʘʚʣʝʥʥʷ ʪʘ ʢʽʣʴʢʽʩʪʪʴ ʩʦʨʪʫʚʘʣʴʥʠʭ ʢʦʣʽʡ ʚ 

ʽʩʥʫʶʯʠʭ ʤʝʞʘʭ ʩʪʘʥʮʽʡ. 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʦʢʨʝʤʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʢʦʥʮʝʧʮʽʷ 

ʢʦʤʧʣʝʢʩʥʦʾ ʧʝʨʝʙʫʜʦʚʠ ʦʨʛʘʥʽʟʘʮʽʾ ʨʫʭʫ ʚ ʤʝʞʘʭ 

ʚʫʟʣʘ. 

ʄʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʝ ʚʠʦʢʨʝʤʣʝʥʥʷ (ʩʝʧʘʨʘʮʽʷ) 

ʢʦʣʽʡ ʚʘʥʪʘʞʥʠʭ ʪʘ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ. 

ʇʘʩʘʞʠʨʩʴʢʽ ʧʝʨʝʚʝʟʝʥʥʷ: 

1) ʇʝʨʝʥʽʩ ʬʫʥʢʮʽʾ ʚʫʟʣʦʚʦʾ ʧʘʩʘʞʠʨʩʴʢʦʾ 

ʩʪʘʥʮʽʾ ʽʟ ʩʪ. ʃʴʚʽʚ ï ʥʘ ʩʪ. ʉʢʥʠʣʽʚ. ɿʘʧʨʦʚʘʜʞʝʥʥʷ 

ʩʠʩʪʝʤʠ ʪʨʴʦʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʩʪʘʥʮʽʡ ʇʽʜʟʘʤʯʝ, ʃʴʚʽʚ 

ʪʘ ʉʢʥʠʣʽʚ ʜʣʷ ʟʫʧʠʥʢʠ ʫʩʽʭ ʧʦʪʷʛʽʚ ʜʘʣʴʥʴʦʛʦ ʪʘ 

ʤʽʩʮʝʚʦʛʦ ʨʫʭʫ. 

2) ʈʦʟʙʫʜʦʚʘ ʩʪʘʥʮʽʡ ʇʽʜʟʝʤʯʝ, ʃʴʚʽʚ ʪʘ 

ʉʢʥʠʣʽʚ ʫ ʧʝʨʝʩʘʜʢʦʚʽ ʚʫʟʣʠ ʪʘ ʪʦʨʛʦʚʦ-ʩʝʨʚʽʩʥʽ 

ʮʝʥʪʨʠ ʽʥʪʝʛʨʦʚʘʥʽ ʚ ʤʽʩʴʢʝ ʩʝʨʝʜʦʚʠʱʝ. ʈʦʟʚʠʪʦʢ 

ʩʪʘʥʮʽʾ ʇʽʜʟʘʤʯʝ ʜʣʷ ʧʝʨʝʭʦʧʣʝʥʥʷ ʪʫʨʠʩʪʠʯʥʦʛʦ 

ʧʦʪʦʢʫ, ʘ ʩʪʘʥʮʽʾ ʉʢʥʠʣʽʚ ʫ ʧʝʨʝʩʘʜʢʦʚʠʡ ʚʫʟʦʣ: 

ʧʦʪʷʛ, ʤʽʩʴʢʘ ʝʣʝʢʪʨʠʯʢʘ , ʣʽʪʢʘ, ʘʚʪʦʙʫʩ, ʪʨʦʣʝʡʙʫʩ 

3) ɿʘʧʫʩʢ ʤʽʩʴʢʦʾ ʝʣʝʢʪʨʠʯʢʠ ʷʢ ʚ ʤʝʞʘʭ ʤʽʩʪʘ 
ʪʘ ʘʛʣʦʤʝʨʘʮʽʾ ʰʣʷʭʦʤ ʽʥʪʝʛʨʘʮʽʾ ʧʨʠʤʽʩʴʢʠʭ 

ʤʘʨʰʨʫʪʽʚ ʜʦ ʩʢʣʘʜʫ ʤʽʩʴʢʦʾ ʝʣʝʢʪʨʠʯʢʠ. 

ɺʘʥʪʘʞʥʽ ʧʝʨʝʚʝʟʝʥʥʷ 

1) ʈʦʟʙʫʜʦʚʘ ʧʽʚʥʽʯʥʦʛʦ ʦʙʭʦʜʫ ʤ. ʃʴʚʽʚ ʜʣʷ 
ʧʨʦʧʫʩʢʫ ʚʘʥʪʘʞʥʠʭ ʧʦʪʷʛʽʚ. ʇʨʠʧʠʥʝʥʥʷ ʨʫʭʫ 
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ʚʘʥʪʘʞʥʠʭ ʧʦʪʷʛʽʚ ʥʘ ʜʽʣʷʥʮʽ ʇʽʜʟʘʤʯʝ- ʃʴʚʽʚ-

ʎʝʥʪʨʘʣʴʥʠʡ 

2) ʈʦʟʚʠʪʦʢ ʧʽʚʥʽʯʥʠʭ ʪʘ ʟʘʭʽʜʥʠʭ ʟʘʣʽʟʥʠʯʥʠʭ 

ʩʪʘʥʮʽʡ ʈʷʩʥʝ -2, ʈʫʜʥʦ ʫ ʪʦʤʫ ʯʠʩʣʽ ʜʣʷ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʘʥʪʘʞʥʠʭ ʧʦʪʷʛʽʚ ʩʪʘʥʜʘʨʪʫ ʢʦʣʽʾ 

1435ʤʤ.. ʄʽʥʽʤʽʟʘʮʽʷ ʨʦʙʦʪʠ ʩʪʘʥʮʽʾ ʇʝʨʩʝʥʢʽʚʢʘ ʫ 

ʟʚôʷʟʢʫ ʽʟ ʤʘʡʙʫʪʥʽʤ ʧʝʨʝʥʝʩʝʥʥʷʤ ʧʨʦʤʠʩʣʦʚʠʭ 

ʦʙôʻʢʪʽʚ ʫ ʥʦʚʽ ʧʨʦʤʟʦʥʠ (ʉʠʛʥʽʚʢʘ, ʈʷʩʥʝ-2). 

3) ɹʫʜʽʚʥʠʮʪʚʦ ʥʦʚʦʛʦ ʢʦʥʪʝʡʥʝʨʥʦʛʦ 

ʪʝʨʤʽʥʘʣʫ ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ 

ʽʟ ʚʘʛʦʥʽʚ ʜʚʦʭ ʩʠʩʪʝʤ ʢʦʣʽʾ. 

4) ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʡ ʃʴʚʽʚ 
ʪʘ ʂʣʝʧʘʨʽʚ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʩʦʨʪʫʚʘʣʴʥʦ-

ʚʽʜʧʨʘʚʥʠʭ ʢʦʣʽʡ. 

- ɺʧʨʦʚʘʜʞʝʥʥʷ ʮʠʭ ʟʤʽʥ, ʷʢʽ ʯʘʩʪʢʦʚʦ 

ʤʦʞʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʩʧʽʣʴʥʦʛʦ 

ʬʽʥʘʥʩʫʚʘʥʥʷ ʟʘʣʽʟʥʠʮʽ, ʤʽʩʪʘ ʪʘ ʧʨʠʚʘʪʥʠʭ 

ʽʥʚʝʩʪʦʨʽʚ (ʢʦʥʮʝʩʽʷ ʟʘʣʽʟʥʠʯʥʠʭ ʚʦʢʟʘʣʽʚ) ʜʦʟʚʦʣʠʪʴ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʚʫʟʣʘ ʜʦ ʪʝʧʝʨʽʰʥʽʭ ʧʦʪʨʝʙ ʪʘ 

ʧʦʪʨʝʙ ʤʽʩʪʘ ʫ ʩʝʨʝʜʥʴʦ ʪʘ ʜʦʚʛʦʪʝʨʤʽʥʦʚʽʡ 

ʧʝʨʩʧʝʢʪʠʚʽ ʪʘ ʟʘʣʫʯʠʪʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʥʥʷ ʢʦʣʽʻʶ 

ʥʦʚʠʭ ʢʣʽʝʥʪʽʚ. 
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Abstract. The problems of restoration of the activity of the little used tracks are considered, for example, 
the tracks Sokal (Ukraine) ïYaroslav (Poland) and Lviv (Ukraine) ï Zwierzyniec (Poland) at the junction 

of 1520 / 1435mm track systems. A sketch project of reconstruction of the track economy has been 

completed, which allows to restore the through passage of freight and passenger trains with a track width 

of 1435 mm on all sections and a width of 1520 on the sections Lviv-Zwierzyniec and Rava-Ruska - 
Sokal. A preliminary survey of volumes of freight traffic by tracks as transit cargoes has been carried out - 

centers of formation / receipt of which are outside the region of the track and the flows generated by the 

companies of the track. A simulation of the organization of motion by a node is carried out, as a result of 

which the need for traction and the type of traction are determined. The amount of investments in the 
reconstruction of the track economy of electrification and traffic automation, the purchase of traction and 

the creation of associated engineering infrastructure has been determined. Based on the estimated volume 

of transportation, it is proved that the project can be cost-effective and can be implemented under public-

private partnership. 

1 ʇʝʨʝʜʫʤʦʚʠ 

ɿʘʣʽʟʥʠʯʥʽ ʢʦʣʽʾ ʃʴʚʽʚ-ɹʝʣʞʝʮ ʪʘ ʉʦʢʘʣʴ-ʗʨʦʩʣʘʚ 

ʙʫʣʠ ʟʙʫʜʦʚʘʥʽ ʥʘ ʫʤʦʚʘʭ ʢʦʥʮʝʩʽʾ ʚ 1880-90 ʨʨ. 

ʨʦʢʘʭ. ʅʘʩʢʨʽʟʥʠʡ ʨʫʭ ʢʦʣʽʷʤʠ ʙʫʚ ʧʨʠʧʠʥʝʥʠʡ ʷʢ 

ʥʘʩʣʽʜʦʢ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʚʦʛʦ ʢʦʨʜʦʥʫ ʤʽʞ ʉʈʉʈ ʪʘ 

ʇʅʈ ʽ ʧʝʨʝʰʠʚʢʦʶ ʢʦʣʽʡʥʦʾ ʨʝʰʽʪʢʠ ʚ ʤʝʞʘʭ ʉʈʉʈ 

ʥʘ ʢʦʣʽʶ ʰʠʨʠʥʦʶ 1520 ʤʤ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʥʘʩʢʨʽʟʥʦʛʦ ʨʫʭʫ ʧʨʠʟʚʝʣʘ ʜʦ ʪʦʛʦ ʱʦ 

ʜʽʣʷʥʢʠ ʢʦʣʽʡ ʧʦ ʦʙʠʜʚʽ ʩʪʦʨʦʥʠ ʢʦʨʜʦʥʽʚ ʤʘʣʦ 

ʟʘʜʽʷʥʽ, ʘ ʜʽʣʷʥʢʘ ʈʘʚʘ-ʈʫʩʢʘ - ʏʝʨʚʦʥʦʛʨʘʜ ʧʦ ʬʘʢʪʫ 

ʤʘʡʞʝ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. 

ʆʧʨʘʮʴʦʚʫʻʪʴʩʷ ʚʘʨʽʘʥʪ ʙʫʜʽʚʥʠʮʪʚʘ ʩʫʤʽʱʝʥʦʾ 

ʢʦʣʽʾ ʥʘ ʜʽʣʷʥʮʽ ï ʈʘʚʘ-ʈʫʩʴʢʘ ï ɹʨʁʭʦʚʠʯʽ ʜʣʷ 

ʧʨʦʧʫʩʢʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʪʷʛʽʚ ʩʪʘʥʜʘʨʪʫ ʢʦʣʽʾ 

1435ʤʤ ɹʨʶʭʦʚʠʯʽ ɺʘʨʰʘʚʘ. 

ʈʝʘʣʽʟʘʮʽʷ ʧʨʦʝʢʪʫ ʚʽʜʥʦʚʣʝʥʥʷ ʥʘʩʢʨʽʟʥʦʛʦ ʨʫʭʫ 

ʥʘ ʯʘʩʪʠʥʽ ʜʦʨʦʛʠ ʥʝ ʤʦʞʝ ʙʫʪʠ ʝʢʦʥʦʤʽʯʥʦ 

ʦʧʨʘʚʜʘʥʠʤ ʪʘ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʤ ʚʠʢʣʶʯʥʦ ʥʘ 
ʫʤʦʚʘʭ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʛʨʘʥʪʫ. ʊʘʢʦʞ ʧʽʜ 

ʩʫʤʥʽʚʦʤ ʟʘʣʠʰʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʣʘʰʪʫʚʘʥʥʷ 

ʟʨʫʯʥʦʾ ʧʝʨʝʩʘʜʢʠ ʧʦ ʩʪʘʥʮʽʾ ɹʨʶʭʦʚʠʯʽ. 

2 ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʘʚʪʦʨʘʤʠ ʪʝʭʥʽʯʥʽ 
ʨʽʰʝʥʥʷ 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʟʘʣʽʟʥʠʯʥʠʭ ʣʽʥʽʡ. 

2.1 ʊʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʧʨʦʧʫʩʢʫ ʧʦʪʷʛʽʚ 
ʩʪʘʥʜʘʨʪʫ 1435ʤʤ ʜʦ ʦʩʥʦʚʥʠʭ ʩʪʘʥʮʽʡ 
ʣʴʚʽʚʩʴʢʦʛʦ ʚʫʟʣʘ 

ʅʘ ʧʽʜʩʪʘʚʽ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʢʦʣʽʡʥʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʃʴʚʽʚʩʴʢʦʛʦ ʚʫʟʣʫ ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʧʨʦʜʦʚʞʝʥʥʷ ʩʫʤʽʱʝʥʦʾ ʢʦʣʽʾ ʚʽʜ 

ʩʪʘʥʮʽʾ ɹʨʶʭʦʚʠʯʽ ʜʦ ʩʪʘʥʮʽʾ ʃʴʚʽʚ ï ʉʢʥʠʣʽʚ ʜʣʷ 

ʧʘʩʘʞʠʨʴʩʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʪʘ ʈʷʩʥʝ 2, ʈʫʜʥʦ ʜʣʷ 

ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ . 

2.2. ʇʨʦʜʦʚʞʝʥʥʷ ʩʫʤʽʱʝʥʦʾ ʢʦʣʽʾ ʜʦ ʩʪʘʥʮʽʾ 
ɿʚʝʨʞʠʥʝʮʴ (ʈʇ) ʪʘ ʧʨʠʻʜʥʘʥʥʷ ʜʦ ʣʽʥʽʾ ʃʍʉ 
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