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ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʨʠʥʢʫ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʣʽʟʥʠʯʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ. ʇʨʠ ʮʴʦʤʫ 

ʥʘʜʽʡʥʽʩʪʴ ʨʦʟʫʤʽʻʪʴʩʷ ʚ ʢʦʥʪʝʢʩʪʽ: ʟʙʝʨʝʞʝʥʥʷ ʚʘʥʪʘʞʫ ʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʧʽʜ ʯʘʩ ʧʝʨʝʚʝʟʝʥʥʷ, ʘ ʪʘʢʦʞ ʜʦʪʨʠʤʘʥʥʷ ʫʤʦʚ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʦʛʦ 

ʩʪʨʦʢʫ ʜʦʩʪʘʚʢʠ. 

ʇʨʦʮʝʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʣʽʟʥʠʯʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʨʠʟʠʢʘʤʠ ʚʠʥʠʢʥʝʥʥʷ ʨʽʟʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʜʽʡ, ʦʩʦʙʣʠʚʦ ʚ ʧʝʨʽʦʜ ʚʦʻʥʥʦʛʦ 

ʩʪʘʥʫ. ʗʢ ʚʽʜʦʤʦ, ʥʦʤʝʥʢʣʘʪʫʨʘ ʚʘʥʪʘʞʽʚ, ʱʦ ʧʝʨʝʚʦʟʠʪʴʩʷ ʟʘʣʽʟʥʠʮʝʶ ʻ 

ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʶ ʽ ʚʢʣʶʯʘʻ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʥʝʙʝʟʧʝʯʥʠʭ ʚʘʥʪʘʞʽʚ (ʅɺ), ʱʦ 

ʤʦʞʫʪʴ ʩʪʘʥʦʚʠʪʠ ʟʘʛʨʦʟʫ ʷʢ ʜʣʷ ʟʘʣʽʟʥʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʪʘʢ ʽ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʧʣʠʚʘʪʠ ʥʘ ʟʤʝʥʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ 

ʩʧʨʦʤʦʞʥʦʩʪʽ, ʥʝʚʠʢʦʥʘʥʥʷ ʩʪʨʦʢʽʚ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ. ʉʘʤʝ ʮʝ ʩʧʦʥʫʢʘʻ ʚ 

ʧʨʦʮʝʩʽ ʦʧʝʨʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʦʧʝʨʘʪʠʚʥʦʛʦ ʽ ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʧʝʨʩʦʥʘʣʫ 

ʩʧʠʨʘʪʠʩʷ ʥʘ ʨʠʟʠʢ-ʦʨʽʻʥʪʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʚʘʥʪʘʞʽʚ [1,2,3]. 

ʊʘʢʽ ʫʤʦʚʠ ʩʴʦʛʦʜʝʥʥʷ ʚʠʤʘʛʘʶʪʴ ʨʦʟʚʠʚʘʪʠ ʡ ʘʜʘʧʪʫʚʘʪʠ ʘʧʘʨʘʪ ʨʠʟʠʢ-

ʤʝʥʝʜʞʤʝʥʪʫ ʜʦ ʪʝʭʥʦʣʦʛʽʾ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʷʢ ʫ ʩʝʨʝʜʠʥʽ 

ʢʨʘʾʥʠ ʪʘʢ ʡ ʧʨʠ ʢʨʦʩʢʦʨʜʦʥʥʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ ʚʘʥʪʘʞʽʚ. 

ɿ ʤʝʪʦʶ ʦʨʛʘʥʽʟʘʮʽʾ ʚʘʥʪʘʞʥʠʭ ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʥʘ ʟʘʩʘʜʘʭ ʨʠʟʠʢ-

ʦʨʽʻʥʪʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ çʣʶʜʩʴʢʦʛʦè ʬʘʢʪʦʨʫ ʚ ʧʨʦʮʝʩʘʭ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʦʧʝʨʘʪʠʚʥʠʤ ʽ ʜʠʩʧʝʪʯʝʨʩʴʢʠʤ ʧʝʨʩʦʥʘʣʦʤ ʥʝʦʙʭʽʜʥʦʶ 

ʫʤʦʚʦʶ ʻ ʬʦʨʤʘʣʽʟʘʮʽʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʫ ʚʠʛʣʷʜʽ 

ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ-ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʘʜʝʢʚʘʪʥʦ ʚʽʜʪʚʦʨʶʻ ʜʘʥʫ 

ʪʝʭʥʦʣʦʛʽʯʥʫ ʦʧʝʨʘʮʽʶ, ʘʙʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚ ʮʽʣʦʤʫ. ʎʽʣʴʦʚʦʶ 

ʬʫʥʢʮʽʻʶ ʤʦʜʝʣʽ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʩʪʫʧʘʻ ʩʫʤʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʥʠʟʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʽ ʨʠʟʠʢʦʚʦʾ ʩʢʣʘʜʦʚʦʾ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ 

ʜʦʙʫʪʦʢ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʨʠʟʠʢʫ ʪʘ ʡʦʛʦ ʥʘʩʣʽʜʢʽʚ. ʉʠʩʪʝʤʘ ʦʙʤʝʞʝʥʴ 
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ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʽʜʙʠʚʘʻ ʪʝʭʥʽʯʥʽ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ.  

ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʢʦʥʮʝʧʮʽʶ ʨʠʟʠʢ-ʤʝʥʝʜʞʤʝʥʪʫ, ʘʚʪʦʨʘʤʠ ʩʬʦʨʤʦʚʘʥʦ 

ʦʧʪʠʤʽʟʘʮʽʡʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʧʝʨʝʚʝʟʝʥʴ ʟʘʣʽʟʥʠʯʥʦʾ ʨʫʜʠ ʽ ʤʝʪʘʣʽʚ ʪʝʨʠʪʦʨʽʻʶ ʋʢʨʘʾʥʠ ʽ ʜʘʣʽ ʯʝʨʝʟ ʟʘʭʽʜʥʽ 

ʢʦʨʜʦʥʠ ʜʦ ʢʨʘʾʥ ɭʉ. ʌʘʢʪʦʨ ʨʠʟʠʢʫ ʧʨʠʡʥʷʪʠʡ ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʠʡ, ʘ ʩʘʤʝ 

ʚʠʩʪʘʚʣʝʥʥʷ ʧʦʪʷʛʫ ʥʘ ʢʦʣʽʶ ʰʠʨʠʥʦʶ 1435 ʤʤ ʚʽʜʙʫʣʦʩʴ ʫ ʪʘʢʠʡ ʯʘʩ, ʢʦʣʠ ʚʽʥ 

ʥʝ ʚʩʪʠʛʘʻ ʥʘ  ʥʠʪʢʫ ʛʨʘʬʽʢʫ, ʥʘʜʘʥʦʶ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʧʦ ɭʉ. 

ʊʘʢʦʞ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [1] ʘʜʘʧʪʦʚʘʥʦ ʨʠʟʠʢ-ʦʨʽʻʥʪʦʚʥʫ ʦʧʪʠʤʽʟʘʮʽʡʥʫ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʦ ʫʤʦʚ ʢʦʥʢʨʝʪʥʦʾ ʩʦʨʪʫʚʘʣʴʥʦʾ ʩʪʘʥʮʽʾ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʥʘ 

ʥʽʡ ʚʘʛʦʥʽʚ ʽʟ ʥʝʙʝʟʧʝʯʥʠʤʠ ʚʘʥʪʘʞʘʤʠ (ʅɺ). ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʥʘʩʣʽʜʢʽʚ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʫ ʨʠʟʠʢʫ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʦʜʠʥ ʽʟ ʚʘʛʦʥʽʚ ʟ ʅɺ ʤʦʞʝ 

ʚʠʙʫʭʥʫʪʠ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʩʪʘʚʣʷʪʠ ʪʘʢʽ ʚʘʛʦʥʠ ʥʘ ʢʦʣʽʾ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʜʦʩʪʘʪʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʽʥʰʠʭ ʚʘʛʦʥʽʚ ʟ ʅɺ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʽʰʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʻ ʟʤʽʥʥʦ-ʜʦʙʦʚʠʡ ʧʣʘʥ ʨʦʙʦʪʠ ʩʦʨʪʫʚʘʣʴʥʦʾ ʩʪʘʥʮʽʾ. 

ʉʬʦʨʤʦʚʘʥʽ ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʨʠʟʠʢ-ʦʨʽʻʥʪʦʚʘʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʽʥʪʝʛʨʫʚʘʪʠ ʥʘ ɸʈʄʠ ʚʽʜʧʦʚʽʜʥʠʭ ʦʧʝʨʘʪʠʚʥʠʭ 

ʧʨʘʮʽʚʥʠʢʽʚ ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

( ʉʇʇʈ). 
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ɯʅʊɽʃɽʂʊʋɸʃʔʅɸ ʇɯɼʉʀʉʊɽʄɸ ʋʇʈɸɺʃɯʅʅʗ ɻʆʊʆɺʅɯʉʊʖ 

ʊɽʍʅɯʏʅʀʍ ɿɸʉʆɹɯɺ ʋɹɽɿʇɽʏɽʅʅʗ ʈʋʍʋ ʇʆɰɿɼɯɺ ʋ 

ɻʆʉʇʆɼɸʈʉʊɺɯ ʉʀɻʅɸʃɯɿɸʎɯɰ ʊɸ ɿɺôʗɿʂʋ 
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ɹʝʟʧʝʢʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʻ ʮʝʥʪʨʘʣʴʥʠʤ ʩʠʩʪʝʤʦ ʫʪʚʦʨʶʶʯʠʤ ʬʘʢʪʦʨʦʤ 

ʜʽʷʣʴʥʦʩʪʽ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ. ʉʝʨʝʜ ʜʝʚôʷʪʠ ʛʦʩʧʦʜʘʨʩʪʚ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ (ʜʘʣʽ ï ɿʊ), ʷʢʽ ʫʙʝʟʧʝʯʫʶʪʴ ʨʫʭ ʧʦʾʟʜʽʚ, ʻ 

ʦʜʥʝ, ʜʣʷ ʷʢʦʛʦ ʮʝ - ʤʝʪʘ ʡʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʄʦʚʘ ʡʜʝ ʧʨʦ ʛʦʩʧʦʜʘʨʩʪʚʦ 

ʩʠʛʥʘʣʽʟʘʮʽʾ ʪʘ ʟʚôʷʟʢʫ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ɿʊ. ʊʝʦʨʝʪʠʯʥʦʶ ʙʘʟʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ 

ʩʪʘʣʠ ʄʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʧʨʠʭʦʚʘʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ (ʄʉɿ) ʪʘ 

ʧʦʣʦʞʝʥʥʷ ʪʝʦʨʽʾ ʨʠʟʠʢʽʚ, ʟʛʽʜʥʦ ʟ ʧʨʦʚʝʜʝʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʚ [1]. ʄʉɿ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʧʦʩʽʙ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʦʥʷʪʪʷ ʥʦʨʤʠ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʄʉɿ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ 

ʫʙʝʟʧʝʯʝʥʥʷ ʨʫʭʫ ʧʦʾʟʜʽʚ. ʈʦʟʛʣʷʥʝʤʦ ʢʦʨʦʪʢʦ ʟʤʽʩʪ ʙʣʦʢʽʚ ʪʘ ʾʭ ʚʭʦʜʽʚ/ʚʠʭʦʜʽʚ, 

ʱʦ ʢʦʤʧʣʝʢʩʥʦ ʬʦʨʤʫʶʪʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʧʽʜʩʠʩʪʝʤʫ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ, ʘʙʦ ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ - ʽʥʪʝʣʝʢʪʫʘʣʴʥʝ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ 

ʨʦʙʦʯʝ ʤʽʩʮʝ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʥʦʤ ʨʦʙʦʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʧʨʠʣʘʜʽʚ ʙʝʟʧʝʢʠ ʚ 

ʫʤʦʚʘʭ ʩʣʫʞʙʠ ʩʠʛʥʘʣʽʟʘʮʽʾ ʟʘʣʽʟʥʠʮʽ. 

  
ʈʠʩ. 1. ʉʭʝʤʘ ʄʉɿ ʚ ʫʧʨʘʚʣʽʥʥʽ ʥʘ ʦʩʥʦʚʽ ʥʦʨʤʠ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ  

 

ɺʭʽʜʥʠʡ ʩʠʛʥʘʣ çɺʽʜʤʦʚʘè - ʥʘʷʚʥʽʩʪʴ ʪʘ ʬʽʢʩʘʮʽʷ ʟʙʦʾʚ/ʧʦʨʫʰʝʥʴ ʚ ʨʦʙʦʪʽ 

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʩʣʫʞʙʠ ʩʠʛʥʘʣʽʟʘʮʽʾ. 



 

23 

ɹʣʦʢ çʅʘʢʦʧʠʯʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʩʪʘʪʠʩʪʠʢʠ ʚʽʜʤʦʚè ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ 

ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʚʽʜʤʦʚ, ʾʭ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ. ʇʦʪʽʤ ʧʨʦʚʦʜʠʪʴ 

ʜʝʚôʷʪʠʧʘʨʘʤʝʪʨʠʯʥʫ ʩʠʩʪʝʤʘʪʠʟʘʮʽʶ ʢʦʞʥʦʾ ʚʽʜʤʦʚʠ ʰʣʷʭʦʤ ʚʽʜʧʦʚʽʜʽ ʥʘ 

ʜʝʚôʷʪʴ ʧʠʪʘʥʴ (ʧʘʨʘʤʝʪʨʽʚ), ʷʢʽ ʧʦʚʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʤʦʚʫ. ɯ ʧʽʩʣʷ 

ʮʴʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ  ʘʥʘʣʽʟ  ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦʾ ʙʘʟʠ ʜʘʥʠʭ  ʥʘ ʚʠʷʚʣʝʥʥʷ  ʚʫʟʴʢʠʭ 

(ʧʨʦʙʣʝʤʥʠʭ) ʤʽʩʮʴ ʧʦ ʦʜʥʦʤʫ/ʜʚʦʤ/ʪʨʴʦʤ ʧʘʨʘʤʝʪʨʘʤ ʟ ʜʝʚô̫ ʪʠ [1].  

ɹʣʦʢ çɸʢʪʫʘʣʽʟʘʮʽʷ ʥʦʨʤʠè - ʧʦʚôʷʟʘʥʠʡ ʟ ʪʠʤ, ʱʦ ʧʦʚʝʜʽʥʢʘ ʩʠʩʪʝʤʠ 

ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ ʫ ʟʚôʷʟʢʫ ʟʽ ʟʤʽʥʦʶ ʨʝʩʫʨʩʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʘ ʩʝʨʝʜʦʚʠʱʘ. ɺ 

ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʦʨʤʘ ʨʦʟʫʤʽʻʪʴʩʷ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʦʧʪʠʤʫʤ, ʪʦʙʪʦ ʥʘʙʽʨ ʜʽʡ, 

ʷʢʽ ʻ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʪʘ ʨʝʩʫʨʩʫ. 

ɹʣʦʢ çʅʦʨʤʘè - ʚʩʪʘʥʦʚʣʝʥʘ ʥʦʨʤʘ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʘʨʘʤʝʪʨʫ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʢʠ ʮʴʦʛʦ 

ʧʘʨʘʤʝʪʨʫ. ɺ ʜʘʥʽʡ ʧʨʘʮʽ ʧʽʜ ʧʘʨʘʤʝʪʨʦʤ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʩʪʘʪʠʩʪʠʢʘ ʚʽʜʤʦʚ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʝʟʧʝʢʫ ʨʫʭʫ ʧʦʾʟʜʽʚ ï 

ʮʝʥʪʨʘʣʴʥʠʡ ʩʠʩʪʝʤʦ ʫʪʚʦʨʶʶʯʠʡ ʬʘʢʪʦʨ ʜʽʷʣʴʥʦʩʪʽ ʟʘʣʽʟʥʠʮʴ ʚʟʘʛʘʣʽ. 

ɹʣʦʢ çunit  ɸNorm?è ï ʚʠʟʥʘʯʝʥʥʷ ʯʠ ʩʪʘʪʠʩʪʠʢʘ ʚʽʜʤʦʚ ʟʘ ʚʠʟʥʘʯʝʥʠʡ ʧʝʨʽʦʜ 

ʯʘʩʫ (ʚʠʭʽʜ unit) ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʩʪʘʥʦʚʣʝʥʦʾ ʥʦʨʤʠ (Norm). ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ/ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʘʷʚʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʜʦ ʥʦʨʤʠ ʨʝʘʣʽʟʫʶʪʴʩʷ 

ʥʘʩʪʫʧʥʽ ʙʣʦʢʠ. ɺʠʭʽʜ çʪʘʢè ï ʢʽʣʴʢʽʩʪʴ ʧʦʜʽʡ ʚʽʜʤʦʚ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ 

ʚʽʜʧʦʚʽʜʘʻ ʚʠʟʥʘʯʝʥʽʡ ʥʦʨʤʽ. ʊʦʜʽ, ʥʽʯʦʛʦ ʥʝ ʪʨʝʙʘ ʤʽʥʷʪʠ ʫ ʩʠʩʪʝʤʽ ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʙʣʦʢ çʅʘʢʦʧʠʯʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʩʪʘʪʠʩʪʠʢʠ ʚʽʜʤʦʚè. ɸʣʝ, ʦʩʢʽʣʴʢʠ 

ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɿʊ ʚʠʤʘʛʘʻ ʟʥʘʥʥʷ 

ʡʦʛʦ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʨʽʚʥʷ ʥʘʜʽʡʥʦʩʪʽ ʢʦʞʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪʽʚ, ʨʦʟʨʦʙʢʘ 

ʤʝʪʦʜʠʢʠ ʢʦʥʪʨʦʣʶ ʪʘ ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ ʚʠʤʘʛʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʥʷʪʪʷ ʨʠʟʠʢʫ 

ʚʠʥʠʢʥʝʥʥʷ ʧʦʜʽʡ ʪʘ ʧʨʠʯʠʥ [2]. ʗʢʱʦ ʧʨʦʷʚʠ ʦʜʥʠʭ ʧʦʜʽʡ ʷʚʥʦ ʙʽʣʴʰʽ ʟʘ 

ʧʨʦʷʚʠ ʽʥʰʠʭ, ʪʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʨʠʯʠʥʠ, ʷʢʽ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʫ ʚʠʥʠʢʥʝʥʥʽ 

ʜʘʥʦʛʦ ʚʠʜʫ ʧʦʜʽʡ. ʊʦʙʪʦ, ʘʥʘʣʽʟ ʚʠʧʘʜʢʽʚ ʧʦʨʫʰʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʤʘʻ ʚʠʛʣʷʜ: 

çʧʨʠʯʠʥʘ­ʧʦʜʽʷ­ʥʘʩʣʽʜʢʠè. ɺʠʭʽʜ çʥʽè ʦʟʥʘʯʘʻ, ʱʦ ʩʪʘʥ ʩʠʩʪʝʤʠ ʥʝ ʚʽʜʧʦ-

ʚʽʜʘʻ ʚʠʟʥʘʯʝʥʽʡ ʥʦʨʤʽ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ. ɸʣʝ, ʦʩʢʽʣʴʢʠ ʚʠʭʽʜ ʟʘ ʤʝʞʽ ʥʦʨʤʠ 

ʤʦʞʝ ʥʦʩʠʪʠ ʥʝʜʦʩʪʦʚʽʨʥʠʡ ʭʘʨʘʢʪʝʨ ʪʨʝʙʘ ʧʝʨʝʚʽʨʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ 

ʩʠʩʪʝʤʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʝ ʚ ʥʦʨʤʽ. ɼʣʷ ʮʴʦʛʦ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʙʣʦʢ çʇʝʨʝʚʽʨʢʘ ʜʦ-

ʩʪʦʚʽʨʥʦʩʪʽ ʚʠʭʦʜʫ ʟ ʥʦʨʤʠè, ʜʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʨʦʣʴʥʠʭ ʢʘʨʪ ʐʫʭʘʨʪʘ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʝʧʨʠʨʦʜʥʽ ʟʤʽʥʠ ʚ ʜʘʥʠʭ ʜʣʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʦʚʪʦʨʶʶʪʴʩʷ, ʽ 

ʥʘʜʘʶʪʴʩʷ ʢʨʠʪʝʨʽʾ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʜʦʣʽʢʫ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ [3]. 

ɹʣʦʢ çɯʜʝʥʪʠʬʽʢʘʮʽʷ ʢʨʠʪʠʯʥʠʭ ʧʝʨʝʜʫʤʦʚè ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ 

ʧʝʨʝʜʫʤʦʚ ʟʙʦʾʚ. ʂʨʠʪʠʯʥʠʤʠ ʥʘʟʚʘʥʽ ʧʝʨʝʜʫʤʦʚʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʠʥʮʠʧʫ 

çʚʫʟʴʢʦʛʦ ʤʽʩʮʷè [1]. ɯ ʪʝʧʝʨ ʬʦʨʤʫʣʘ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚô̫ ʟʢʽʚ ʤʘʪʠʤʝ 

ʥʦʚʠʡ ʚʠʛʣʷʜ: çʧʝʨʝʜʫʤʦʚʘ ­ʧʨʠʯʠʥʘ­  ʧʦʜʽʷ­  ʥʘʩʣʽʜʢʠè.  

ɺʭʦʜʘʤʠ ʙʣʦʢʫ çʇʽʜʪʨʠʤʢʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴè ʻ ʧʝʨʝʣʽʢ ʢʨʠʪʠʯʥʠʭ ʟ 

ʧʦʛʣʷʜʫ ʥʝʙʣʘʛʦʧʦʣʫʯʥʦʾ ʜʠʥʘʤʽʢʠ ʘʙʦ ʯʠʩʝʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʠʭ 

ʧʦʨʫʰʝʥʴ. ʉʫʪʴ ʮʴʦʛʦ ʙʣʦʢʫ ʚ ʪʦʤʫ, ʱʦ ʩʣʫʞʙʘ ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʫ ʩʚʦʻʾ 

ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʦʙô̒ ʢʪʠʚʥʦ ʧʨʦʙʣʝʤʥʠʭ ʘʙʦ ʚʫʟʴʢʠʭ ʤʽʩʮʴ ʟʘ ʨʘʭʫʥʦʢ 

ʨʦʟʨʦʙʢʠ ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʨʦʬʽʣʘʢʪʠʢʠ ʧʨʠʯʠʥ ʪʘ ʧʝʨʝʜʫʤʦʚ ʧʦʨʫʰʝʥʴ ʙʝʟʧʝʢʠ 

ʨʫʭʫ.  
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ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʧʨʦʛʨʝʩ ʫ ʨʦʟʚʠʪʢʫ ʧʨʠʤʽʩʴʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ, 

ʧʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʙʽʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʨʝʛʽʦʥʽʚ ʟʘʣʠʰʘʻʪʴʩʷ 

ʘʢʪʫʘʣʴʥʦʶ. ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ, ʟʤʽʥʘ ʫʤʦʚ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʚʠʢʣʠʢʘʥʘ ʚʧʣʠʚʦʤ ʧʘʥʜʝʤʽʾ, ʚʠʤʦʛʠ ʜʦ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ, ʥʦʚʽ 

ʧʽʜʭʦʜʠ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ï ʮʝ ʚʩʝ ʚʥʦʩʠʪʴ ʩʚʽʡ ʚʧʣʠʚ ʫ 

ʧʨʦʛʨʘʤʠ ʨʦʟʚʠʪʢʫ ʩʪʘʣʦʛʦ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ 

[1]. ɽʬʝʢʪʠʚʥʠʡ ʛʨʦʤʘʜʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ, ʷʢ ʦʩʥʦʚʘ ʩʪʘʣʦʾ ʤʦʙʽʣʴʥʦʩʪʽ, 

ʧʦʚʠʥʥʠʡ ʩʪʘʪʠ ʨʝʘʣʴʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʧʨʠʚʘʪʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʜʣʷ 

ʤʦʙʽʣʴʥʦʩʪʽ ʧʨʠʤʽʩʴʢʦʛʦ ʥʘʩʝʣʝʥʥʷ. ɸʣʝ ʮʝ ʻ ʤʦʞʣʠʚʠʤ ʣʠʰʝ ʟʘ ʫʤʦʚʠ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʡʦʛʦ ʨʦʙʦʪʠ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ. ʊʘʢʘ ʪʦʯʢʘ ʟʦʨʫ ʥʘ ʨʦʣʴ 

ʧʨʠʤʽʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚʠʤʘʛʘʻ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʧʦʢʨʘʱʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʫ ʪʦʤʫ ʯʠʩʣʽ ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʨʦʟʢʣʘʜʫ ʨʫʭʫ ʥʘ ʤʘʨʰʨʫʪʘʭ ʧʨʠʤʽʩʴʢʦʛʦ ʩʧʦʣʫʯʝʥʥʷ. ʇʦʪʨʝʙʘ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʦʢʨʘʱʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʛʦʩʪʨʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʤʝʨʝʞʘʭ 

ʧʨʠʤʽʩʴʢʠʭ ʟʘʣʽʟʥʠʮʴ, ʱʦ ʩʧʦʣʫʯʘʶʪʴ ʥʠʟʢʫ ʥʘʩʝʣʝʥʠʭ ʧʨʠʣʝʛʣʠʭ ʧʫʥʢʪʽʚ ʟ 

ʨʝʛʽʦʥʘʣʴʥʠʤʠ ʮʝʥʪʨʘʤʠ. ʆʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʚʘʙʣʠʚʦʩʪʽ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚ ʧʨʠʤʽʩʴʢʦʤʫ ʩʧʦʣʫʯʝʥʥʽ ʻ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʦʨʜʠʥʘʮʽʾ ʯʘʩʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʥʘ ʤʘʨʰʨʫʪʘʭ ʨʝʛʽʦʥʘʣʴʥʠʭ 

ʧʦʪʷʛʽʚ ʪʘ ʘʚʪʦʙʫʩʽʚ. ʎʝ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʧʦʢʨʘʱʫʻ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʜʣʷ ʧʝʨʝʩʫʚʘʥʴ ʧʘʩʘʞʠʨʽʚ ʫ ʧʨʠʤʽʩʴʢʦʤʫ ʩʧʦʣʫʯʝʥʽ, ʜʦʟʚʦʣʷʻ 

ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʚ ʜʦʨʦʟʽ, ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʧʘʩʘʞʠʨʽʚ ʥʘ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʩʫʚʘʥʴ ʪʘ 

ʧʦʢʨʘʱʫʻ ʜʦʩʪʫʧʥʽʩʪʴ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 



 

25 

ɿʘʜʘʯʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʨʦʟʢʣʘʜʫ ʨʫʭʫ ʘʚʪʦʙʫʩʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʟ ʧʨʠʤʽʩʴʢʠʤʠ 

ʧʦʪʷʛʘʤʠ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʟ ʜʝʢʽʣʴʢʦʭ ʥʘʧʨʷʤʽʚ, ʘ ʩʘʤʝ: 

- ʩʪʚʦʨʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʢʦʥʪʫʨʫ ʙʝʟʧʝʨʝʩʘʜʦʯʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ; 

- ʨʝʟʝʨʚʫʚʘʥʥʷ ʰʣʷʭʽʚ ʨʝʘʣʽʟʘʮʽʾ ʤʦʙʽʣʴʥʦʩʪʽ ʧʨʠʤʽʩʴʢʦʛʦ ʥʘʩʝʣʝʥʥʷ; 

- ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʝʨʝʩʫʚʘʥʥʷ ʧʨʠʤʽʩʴʢʦʛʦ ʥʘʩʝʣʝʥʥʷ. 

ʎʝ ʤʦʞʣʠʚʦ ʥʘ ʦʩʥʦʚʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʧʨʠʥʮʠʧʽʚ: 

- ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʧʫʥʢʪʽʚ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʨʫʭʫ; 

- ʫʟʛʦʜʞʝʥʥʷ ʧʨʦʚʽʟʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʘʚʪʦʙʫʩʥʠʭ ʤʘʨʰʨʫʪʽʚ ʟ ʧʦʧʠʪʦʤ; 

- ʦʙʣʽʢʫ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʘʩʧʝʢʪʽʚ ʨʦʙʦʪʠ ʘʚʪʦʙʫʩʥʠʭ ʤʘʨʰʨʫʪʽʚ. 
 

[1] Gkiotsalitis, K., Cats, O., & Liu, T. (2023). A review of public transport transfer synchronisation at the real-time 

control phase. Transport reviews, 43(1), 88-107. Advance online publication. 

https://doi.org/10.1080/01441647.2022.2035014 
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By definition, tram-trains are a mixture between railways and tramways for 

passenger transportation where vehicles use tramway tracks in cities and railway 

tracks on out-of-town segments. They provide passengers with one-seat rides from 

the countryside to urban cores without the need to change from a regional train to a 

tramway or bus. Especially if railway stations are not located near city centres, tram-

trains provide users with an advantage, but this is only feasible if the city centre is 

compact. [1] 

Although some systems have been in use for a long time (for example Viennaï

Baden in Austria or CologneïBonn in Germany), a trend of building new tram-train 

systems in Central and Western Europe has emerged after the successful introduction 

of a tram-train system in Karlsruhe in 1992. [2] In Austria, two tram-train systems 

currently exist: the ViennaïBaden and the GmundenïVorchdorf local railways. In 

addition, two new systems in the cities of Linz and Salzburg are planned, for one of 

which TU Wien developed an operational concept [3]. In Ukraine, no tram-train 

systems currently exist, but tram-trains have been identified as a ñpromising direction 

for the development of regional railwaysò. [4] 

Special requirements exist for tram-train vehicles, for example the guidelines for 

lightweight rapid transit railcars in Germany, because tram-train vehicles are lighter 
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than ordinary railway rolling stock and their safety level has to be increased through 

other means than the strength of the vehicles. [2] Tram-trains have to be compatible 

with the technical standards of both railways and tramways (e.g. catenary voltage, 

platform heights, train control systems, maximum vehicle width, rail and wheel 

profiles). 

 
 

Fig. 1: Example for a cyclic timetable where the headway is 15 minutes. Double and single lines 

in the upper part denote double- and single-track sections. Squares denote stations. 

 

Regular tramway operation has different requirements than railway operation. 

Railways have an exact schedule, while tramways tend to have a more flexible 

approach as they share streets with other road users. In Austria, it is a goal to have 

cyclic timetables for all passenger trains (long-distance and regional trains) which is 

encouraged by the Mobility Master Plan of the Federal Ministry for Climate Action, 

Environment, Energy, Mobility, Innovation and Technology. [5] Therefore such 

cyclic timetables should also be used when planning new tram-train systems (fig. 1). 

This cyclic schedule of regional trains usually provides for consistent running times 

throughout the day, while tramways running times differ according to the time of day 

(rush hour, midday, evening). Trains on railway lines move according to the principle 

of fixed blocks, while tramways often drive on sight. Additionally, railway lines can 

have one or two (or even more) tracks, while modern tramways usually have two. 

As a result, running times on tramway sections are less predictable and reliable 

than on railway sections. There are some strategies to overcome this problem. On the 

one hand it is possible to increase the running times with additional buffers 

(sometimes called recovery margins [6]) on the tramway sections, on the other hand 

tramway lines to be used by tram-trains might have their own right-of-ways or 

priority at traffic lights to strengthen their independence from other road users and to 

generate reliable running times. 

Implementing different running times depending on the time of day like on 

tramway lines is usually not possible on railway lines. As other passenger trains do 

not have this feature, such a concept could lead to problems in stations or passing 

loops on single-track lines. This conflict of interests leads to further compromise 

being required in timetable design. In Austrian practise it is common to locate 

passing loops on single-track regional lines after the distance required to drive an 
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amount of time which is equal to half of headway (see fig. 1). Using this system, in 

cases with less passenger demand the headway must be a multiple of the rush-hour 

headway. 

As a conclusion, it can be said that the distinctive features of both railways and 

tramways have to be considered when designing an operational concept for tram-

trains. 
 

[1] L. Naegeli, U. Weidmann, A. Nash, Checklist for Successful Application of TramïTrain Systems in Europe, 

Transportation Research Record 2275 (1), p. 39ï48, https://doi.org/10.3141/2275-05 

[2] A. Pischon, A. Egerer, M. Krauth, Karlsruher Modell wird 25 Jahre alt und macht sich fit f¿r die Zukunft, Der 

Eisenbahn-Ingenieur 11/2017, p. 53ï57 

[3] M. Lagler, S. Edlinger, V. Hartl-Benz, Das Fahrplankonzept der Regional-Stadtbahn Linz, Eisenbahntechnische 

Rundschau 6/2023, p. 73ï77 

[4] ʉ. ɺʘʩʠʣʝʥʢʦ, ʋʨʙʘʥʽʩʪʠʯʥʦ-ʢʣʘʩʪʝʨʥʠʡ ʧʽʜʭʽʜ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʻʜʠʥʦʾ ʧʘʩʘʞʠʨʩʴʢʦʾ ʩʠʩʪʝʤʠ ʦʙʣʘʩʪʽ, 

ʋʢʨʘʾʥʩʴʢʽ ʟʘʣʽʟʥʠʮʽ, ˉ 1ï2 (19ï20), 2015, p. 24ï29 

[5] Federal Ministry for Climate Action, Environment, Energy, Mobility, Innovation and Technology (BMK), Austriaôs 

2030 Mobility Master Plan, Vienna 2021 

[6] UIC Code 451-1 Timetable recovery margins to guarantee timekeeping - Recovery margins, Paris 2000 
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ʋʢʨʟʘʣʽʟʥʠʮʷ ʧʨʦʜʦʚʞʫʻ ʜʽʷʣʴʥʽʩʪʴ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ. ʌʦʨʤʫʚʘʥʥʷ 

ʷʢʽʩʥʦʾ ʩʠʩʪʝʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʨʠʷʻ ʧʨʠʡʥʷʪʪʶ 

ʝʬʝʢʪʠʚʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʟʘʚʜʷʢʠ ʟʙʝʨʝʞʝʥʥʶ ʪʘ ʦʧʨʘʮʶʚʘʥʥʶ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʚʦʻʯʘʩʥʦ ʚʠʷʚʣʷʪʠ ʧʨʦʙʣʝʤʥʽ ʤʽʩʮʷ ʪʘ ʩʧʨʦʛʥʦʟʫʚʘʪʠ 

ʨʦʟʚʠʪʦʢ ʧʦʜʽʡ. 

ɿ ʤʝʪʦʶ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʦʙʣʽʢʫ, ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʘ ʘʥʘʣʽʟʫ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ, ʫ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʘʭ 

ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè ʪʨʠʚʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ-ʢʝʨʫʶʯʦʾ ʩʠʩʪʝʤʠ 
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çʅʘʜʟʚʠʯʘʡʥʘ ʩʠʪʫʘʮʽʷè (ɸʈʄ ʅʉ). ʆʜʥʦʯʘʩʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʘʣʽʟʘʮʽʷ 

ʩʫʧʫʪʥʽʭ ʧʽʜʩʠʩʪʝʤ, ʷʢ-ʦʪ ɸʈʄ çʊʨʘʥʩʧʦʨʪʥʘ ʧʦʜʽʷè, ɸʈʄ çʂʨʘʜʽʞʢʘè, ɸʈʄ 

çɼʊʇè ʪʦʱʦ. ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʽʥʞʝʥʝʨʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ, ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʾʾ ʧʨʠʯʝʪʥʽʩʪʴ ʜʦ 

ʚʽʜʧʦʚʽʜʥʠʭ ʩʣʫʞʙ ʪʘ ʧʽʜʨʦʟʜʽʣʽʚ ʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʠʡ ʧʨʦʮʝʩ 

ʥʘʜʩʠʣʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʦʙʩʪʘʚʠʥʠ ʧʦʜʽʾ ʜʦ ʾʭ ʢʝʨʽʚʥʠʢʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʝʨʝʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ ʟ ɸʈʄ ʅʉ ʜʦ ʩʚʦʾʭ ʧʽʜʩʠʩʪʝʤ ʫʪʚʦʨʶʻ ʻʜʠʥʠʡ 

ʩʠʥʭʨʦʥʽʟʦʚʘʥʠʡ ʤʽʞ ʩʦʙʦʶ ʢʦʤʧʣʝʢʩ. ʇʦʜʽʙʥʘ ʩʠʩʪʝʤʘ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʥʘ 

ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʋʢʨʘʾʥʠ ʚʧʝʨʰʝ. 

ʅʘ ʦʩʥʦʚʽ ʥʘʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʩʠʩʪʝʤʠ ʱʦ 

ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ, ʚʠʟʥʘʯʝʥʦ ʤʦʞʣʠʚʦʩʪʽ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʘ ʨʦʟʚʠʪʢʫ ʚ ʧʦʜʘʣʴʰʦʤʫ. ɯʥʪʝʛʨʘʮʽʷ ɸʈʄ ʅʉ ʜʦ ɸʉʂ ɺʇ ʋɿ ɭ ʜʦʟʚʦʣʠʪʴ 

ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʧʝʨʝʚʽʟʥʦʛʦ ʧʨʦʮʝʩʫ, ʜʝ ʧʝʨʰʘ ʩʠʩʪʝʤʘ ʙʫʜʝ 

ʚʠʩʪʫʧʘʪʠ ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʜʽʶ, ʘ ʜʨʫʛʘ ï ʬʦʨʤʫʚʘʪʠ ʦʧʝʨʘʪʠʚʥʽ 

ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʩʚʦʾʭ ʧʽʜʩʠʩʪʝʤ, ʩʝʨʝʜ ʷʢʠʭ, ʟʦʢʨʝʤʘ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʜʘʯʫ ʟ ʥʘʜʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʘʨʰʨʫʪʫ ʧʘʩʘʞʠʨʩʴʢʠʤ 

ʧʦʾʟʜʘʤ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟ ʚʠʚʦʜʦʤ ʥʘ ɸʈʄʠ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʩʦʥʘʣʫ [1]. 

 
[1] ʌʦʨʤʘʣʽʟʘʮʽʷ ʧʨʦʮʝʜʫʨʠ ʥʘʜʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʘʨʰʨʫʪʫ ʰʚʠʜʢʽʩʥʠʤ ʧʘʩʘʞʠʨʩʴʢʠʤ ʧʦʾʟʜʘʤ ʥʘ ʦʩʥʦʚʽ 

ʨʠʟʠʢ-ʤʝʥʝʜʞʤʝʥʪʫ / ɹʫʪʴʢʦ ʊ.ɺ., ɻʘʡʜʫʢ ɼ.ɸ., ʇʘʨʭʦʤʝʥʢʦ ʃ.ʆ., ʊʘʨʘʩʦʚ ʂ.ʆ. ɯʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʽ ʩʠʩʪʝʤʠ 

ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ. 2023. ʊ. 28, ˉ 1. ʉ. 31ï37. URL: https://doi.org/10.18664/ikszt.v28i1.276341 
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ɯ.ʖ. ɸʨʜʘʣʴʷʥʦʚʘ, ʅ.ɭ. ɹʦʥʜʘʨʝʥʢʦ,ʆ.ɭ. ɺʘʩʠʣʝʥʢʦ 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʤ. ʍʘʨʢʽʚ) 

 

I.Yu. Ardalyanova, N.E. Bondarenko, O.E. Vasylenko  

Ukrainian State University of Railway Transport (Kharkiv) 

 

ɿʘʜʘʯʝʶ ʬʦʨʤʫʚʘʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʨʠʜʦʨʽʚ ʋʢʨʘʾʥʠ ʪʘ ʾʭ 

ʨʦʟʚʠʪʢʫ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʪʦʨʛʦʚʝʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʥʘ 

ʦʩʥʦʚʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʚ 

ʮʽʣʦʤʫ. ʆʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʯʠʥʥʠʢʽʚ ʧʦʢʨʘʱʝʥʥʷ ʧʝʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʻ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʩʫʚʘʥʥʷ ʚʘʛʦʥʦʧʦʪʦʢʽʚ ʤʽʞʥʘʨʦʜʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʽʩʥʫʶʯʽ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʮʽ ʚʘʛʦʥʠ 
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ʽʥʦʜʽ ʧʨʦʩʪʦʶʶʪʴ ʚ ʦʯʽʢʫʚʘʥʥʽ ʧʝʚʥʠʭ ʦʧʝʨʘʮʽʡ ʚ ʪʦʡ ʯʘʩ, ʢʦʣʠ ʚʦʥʠ ʧʦʚʠʥʥʽ 

ʚʠʢʦʥʫʚʘʪʠ ʢʦʨʠʩʥʫ ʨʦʙʦʪʫ.  

ɺ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʽʟʘʮʽʾ ʚ ʧʦʩʪʘʚʣʝʥʽʡ ʟʘʜʘʯʽ ʟʘʜʘʻʪʴʩʷ ʤʽʥʽʤʽʟʘʮʽʷ 

ʚʘʛʦʥʦ-ʛʦʜʠʥ ʧʨʦʩʪʦʶ ʚʘʛʦʥʽʚ ʚ ʦʯʽʢʫʚʘʥʥʽ ʧʦʜʘʯʽ ʾʭ ʥʘ ʚʘʥʪʘʞʥʽ ʬʨʦʥʪʠ [1]. ɺ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʌ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʩʫʤʘʨʥʠʭ 

ʚʘʛʦʥʦ-ʛʦʜʠʥ, ʚʠʪʨʘʯʝʥʠʭ ʥʘ ʧʦʜʘʯʫ ʚʘʛʦʥʽʚ, ʜʝ k - ʯʠʩʣʦ ʚʘʥʪʘʞʥʠʭ ʬʨʦʥʪʽʚ; 

Ni - ʢʽʣʴʢʽʩʪʴ ʚʘʛʦʥʽʚ, ʷʢʽ ʧʦʜʘʶʪʴʩʷ ʥʘ i-ʠʡ ʚʘʥʪʘʞʥʠʡ ʬʨʦʥʪ, ʚʘʛ; t0 - ʯʘʩ 

ʚʽʜʧʨʘʚʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʦʾ ʧʦʜʘʯʽ ʟʽ ʩʪʘʥʮʽʾ, ʛʦʜ; ti - ʯʘʩ ʟʘʢʽʥʯʝʥʥʷ 

ʨʦʟʩʪʘʚʣʝʥʥʷ ʚʘʛʦʥʽʚ ʥʘ i-ʦʤ ʚʘʥʪʘʞʥʦʤʫ ʬʨʦʥʪʽ, ʛʦʜ; [ t0, tk] - ʧʝʨʽʦʜ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 
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ʋ ʧʨʦʮʝʩʽ ʚʠʨʽʰʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʢʦʥʩʪʨʫʶʻʪʴʩʷ ʤʦʜʝʣʴ 

ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ. ʅʘ ʥʽʡ ʧʨʦʚʦʜʷʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ 

ʟʘʢʦʥʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ ʧʦʚʦʜʞʝʥʥʷ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʽ ʟʘʜʘʥʠʭ ʦʙʤʝʞʝʥʴ[2]. ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ 

ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʤʦʜʝʣʴ ʟʘʜʘʥʦʛʦ ʟʘʣʽʟʥʠʯʥʦʛʦ ʧʦʣʽʛʦʥʫ ʚ ʫʤʦʚʘʭ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʙʦʪʠ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʪʘʧʽʚ ʩʪʚʦʨʝʥʥʷ 

ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ [3]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʛʝʥʪʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʬʫʥʢʮʽʷʤʠ ʦʙ'ʻʢʪʽʚ. ʇʽʜ ʦʙ'ʻʢʪʘʤʠ ʨʦʟʫʤʽʻʤʦ ʰʣʷʭʠ 

ʟʘʛʘʣʴʥʦʛʦ ʪʘ ʥʝʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʷʢʽ ʤʘʶʪʴ ʩʚʦʾ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʦʧʝʨʘʮʽʾ. ʗʢ ʽ ʚ ʙʫʜʴ-ʷʢʽʡ ʟʘʜʘʯʽ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʚʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʾʾ 

ʚʠʨ̔h ʝʥʥʷ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʻ ʢʦʦʨʜʠʥʘʪʠ ʧʽʜôʾʟʥʠʭ 

ʢʦʣʽʡ ʧʦʣʽʛʦʥʫ. 

ʃʦʛʽʢʫ ʨʦʙʦʪʠ ʧʽʜôʾʟʥʠʭ ʢʦʣʽʡ ʧʦʣʽʛʦʥʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʦʩʣʽʜʦʚʥʽ 

ʧʝʨʝʭʦʜʠ ʟʽ ʩʪʘʥʫ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʚ ʩʪʘʥ ʦʯʽʢʫʚʘʥʥʷ ʚʘʛʦʥʽʚ ʚʽʜ ʩʪʘʥʮʽʾ [4].  

ʗʢ ʪʽʣʴʢʠ ʢʦʣʽʷ ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʪʘʥ ʦʯʽʢʫʚʘʥʥʷ ʚʘʛʦʥʽʚ, ʧʦʚʠʥʥʦ ʙʫʪʠ 

ʩʬʦʨʤʦʚʘʥʠʡ ʽ ʚʽʜʧʨʘʚʣʝʥʦ ʟʘʤʦʚʣʝʥʥʷ.  

ɼʘʣʽ ʦʪʨʠʤʘʥʝ ʟʘʤʦʚʣʝʥʥʷ ʥʘʜʭʦʜʠʪʴ ʚ ʯʝʨʛʫ ʥʘ ʦʯʽʢʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʫ, 

ʷʢʠʡ ʽ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʘʭʦʧʣʝʥʥʷ ʨʝʩʫʨʩʽʚ. ʇʝʨʝʜ ʪʠʤ, ʷʢ ʨʝʩʫʨʩ ʙʫʜʝ 

ʟʘʭʦʧʣʝʥʠʡ, ʚʽʥ ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʽʜʛʦʪʦʚʣʝʥʠʡ, ʱʦ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʦʟʥʘʯʘʻ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʘʛʦʥʽʚ. ʇʽʜʛʦʪʦʚʢʘ ʨʝʩʫʨʩʽʚ ʽ ʾʭ ʚʽʜʧʨʘʚʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʩʧʝʮʽʘʣʴʥʦʤʫ ʧʽʜʧʨʦʮʝʩʽ ʜʣʷ ʨʝʩʫʨʩʽʚ. ɺʽʟʫʘʣʽʟʘʮʽʶ ʢʽʥʮʝʚʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʨʝʩʫʨʩʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 
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ʈʠʩ. 1.  ɺʽʜʦʙʨʘʞʝʥʥʷ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʨʝʩʫʨʩʽʚ. 

 
[1] De Brucker K, Macharis C, Verbeke A. Two-stage multi-criteria analysis and the future of intelligent transport 

systems-basedsafety innovation projects. IET Intelligent Transport Systems. 2015. Vol. 9. ʈ. 842-850. 

[2] Yang, Z., Wang, K.C.P and Mao, B. Traffic and Transportation Studies: Proceedings of Icttsô98, July 27-29, 1998, 

Beijing, Peopleôs Republic of China, American Society of Civil Engineers. 

[3] OPritsker, A A B., Introduction to Simulation and SLAM II, John Wiley & Sons, New York, 1986.  

[4] The Mathworks, Inc., Natick, Massachusetts. MATLAB version 9.10.0.1649659 (R2021a) Update 1, 2021. 
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ɺɸɻʆʅʆʇʆʊʆʂɯɺ ɺ ʋʄʆɺɸʍ ɯʅʊɽʈʆʇɽʈɸɹɽʃʔʅʆʉʊɯ 
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ʊ.ɺ. ɻʦʣʦʚʢʦ, ɯ.ʉ. ɼʝʤʯʝʥʢʦ, ɼ.ʖ. ʃʷʧʽʥ 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʤ. ʍʘʨʢʽʚ) 
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ɺ ʫʤʦʚʘʭ ʨʝʬʦʨʤʫʚʘʥʥʷ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ, ʷʢʝ ʧʨʠʧʫʩʢʘʻ ʚʠʩʦʢʫ ʜʠʥʘʤʽʢʫ 

ʝʢʦʥʦʤʽʯʥʠʭ ʟʚ'ʷʟʢʽʚ, ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫ ʥʘʣʝʞʠʪʴ ʚʠʨʽʰʫʚʘʪʠ ʩʢʣʘʜʥʽ 

ʧʨʦʙʣʝʤʠ ʘʜʘʧʪʘʮʽʾ ʜʦ ʨʦʙʦʪʠ ʚ ʤʽʥʣʠʚʠʭ ʫʤʦʚʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʝʨʝʚʝʟʝʥʥʷ ʪʘ ʤʝʪʦʜʠ ʾʭ ʨʝʘʣʽʟʘʮʽʾ. 



 

31 

ɸʥʘʣʽʟ ʨʦʟʚʠʪʢʫ ʧʨʦʛʨʝʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʽʚ 

ʧʦʢʘʟʫʻ, ʱʦ ʧʝʨʝʚʘʛʘ ʧʦʚʠʥʥʘ ʚʽʜʜʘʚʘʪʠʩʷ ʚʠʩʦʢʦʨʝʥʪʘʙʝʣʴʥʠʤ ʧʝʨʝʚʝʟʝʥʥʷʤ ʟʘ 

ʫʯʘʩʪʶ ʜʝʢʽʣʴʢʦʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ.   

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʨʦʟʚʠʪʢʫ ʧʝʨʝʚʝʟʝʥʴ ʫ ʟʤʽʰʘʥʦʤʫ ʩʧʦʣʫʯʝʥʥʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʩʪʨʦʢʽʚ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ, ʷʢʦʩʪʽ 

ʧʝʨʝʚʝʟʝʥʴ, ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʚʘʥʪʘʞʥʦ ï ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʽ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦ 

ï ʩʢʣʘʜʩʴʢʽ ʦʧʝʨʘʮʽʾ. ʋʩʝ ʮʝ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʧʨʠ ʪʽʩʥʽʡ ʚʟʘʻʤʦʜʽʾ ʪʘ ʢʦʦʨʜʠʥʘʮʽʾ 

ʨʦʙʦʪʠ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʟʘʩʘʜʘʭ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ. 

ɭ ʪʨʠ ʘʩʧʝʢʪʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʫʤʽʩʥʦʩʪʽ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ: 

ʪʝʭʥʽʯʥʘ ʩʫʤʽʩʥʽʩʪʴ; ʩʠʥʪʘʢʩʠʯʥʘ ʩʫʤʽʩʥʽʩʪʴ; ʩʝʤʘʥʪʠʯʥʘ ʩʫʤʽʩʥʽʩʪʴ. ʎʽ ʘʩʧʝʢʪʠ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʨʘʢʪʠʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ, ʧʨʠʩʪʨʦʾ ʪʘ ʦʙʣʘʜʥʘʥʥʷ, ʪʘʢʦʞ ʨʽʟʥʽ 

ʩʠʥʪʘʢʩʠʩʠ ʘʙʦ ʽʥʬʦʨʤʘʮʽʡʥʽ  ʧʣʘʪʬʦʨʤʠ , ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠʩʪʨʦʷʤʠ, 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʶ ʽʥʩʪʨʫʢʮʽʡ ʪʘ ʧʨʘʚʠʣ, ʘʙʦ ʩʝʤʘʥʪʠʯʥʠʡ ʦʙʤʽʥ [1]. 

ʎʽ ʪʨʠ ʘʩʧʝʢʪʠ ʤʦʞʥʘ ʦʧʪʠʤʘʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʘʣʝ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʙʽʣʴʰʦʾ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʚʩʽ ʪʨʠ ʦʙʣʘʩʪʽ ʧʦʚʠʥʥʽ ʪʽʩʥʦ 

ʚʟʘʻʤʦʜʽʷʪʠ [2]. ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʻ ʪʝʭʥʽʯʥʘ ʩʫʤʽʩʥʽʩʪʴ, ʪʦʙʪʦ ʟʜʘʪʥʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʩʦʙʦʶ. ɼʨʫʛʠʡ 

ʢʨʦʢ, ʩʠʥʪʘʢʩʠʯʥʘ ʩʫʤʽʩʥʽʩʪʴ, ʮʝ ʧʝʨʝʭʽʜ ʥʘ ʻʜʠʥʝ ʽʥʬʦʨʤʘʮʽʡʥʝ ʧʦʣʝ. ʊʨʝʪʽʡ 

ʢʨʦʢ, ʩʝʤʘʥʪʠʯʥʘ ʩʫʤʽʩʥʽʩʪʴ, ʮʝ ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʠʭ ʚʠʤʦʛ ʪʘ ʧʨʘʚʠʣ ʧʝʨʝʚʝʟʝʥʥʷ. 

ɯʥʪʝʨʦʧʝʨʘʙʝʣʴʥʽʩʪʴ ʫ ʢʦʥʪʝʢʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʦʣʽʪʠʢʠ ʻ ʚʣʘʩʪʠʚʽʩʪ ɹʙʫʜʴ-

ʷʢʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʜʦ ʚʟʘʻʤʦʜʽʾ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʧʝʨʝʚʝʟʝʥʴ ʟ ʽʥʰʠʤʠ 

ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʚ ʢʦʥʪʝʢʩʪʽ ʟʘʛʘʣʴʥʦʾ 

çʤʦʜʝʣʽè. ɺʟʘʻʤʦʟʚ'ʷʟʦʢ ʜʦʩʷʛʘʻʪʴʩʷ, ʢʦʣʠ ʨʽʟʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʩʠʩʪʝʤʠ, 

ʦʜʥʘʢʦʚʦʛʦ ʘʙʦ ʨʽʟʥʠʭ ʚʠʜʽʚ, ʬʽʟʠʯʥʦ ʪʘ ʦʧʝʨʘʮʽʡʥʦ ʧʦʚ'ʷʟʘʥʽ ʜʣʷ ʩʧʨʦʱʝʥʥʷ 

ʢʨʦʩʢʦʨʜʦʥʥʦʾ ʧʝʨʝʜʘʯʽ ʤʽʞ ʨʽʟʥʠʤʠ ʩʠʩʪʝʤʘʤʠ [3]. ɺʟʘʻʤʦʟʚôʷʟʦʢ ʧʦʪʨʝʙʫʻ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʣʘʥʦʢ ʫ ʢʦʞʥʽʡ ʬʽʟʠʯʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ, 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʦʞ ʧʨʠʢʦʨʜʦʥʥʠʭ ʧʦʩʣʫʛʘʭ. 

 
[1] EU 2016, European Smart Grids Task Force - Expert Group 1 ï Standards and 

Interoperability,https://ec.europa.eu/energy/sites/ener/files/documents/report_final_eg1_my_energ 

y_data_15_november_2016.pdf (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 05.10 2023). 

[2] FSR 2020, ñWhy we need community, culture and consensus to reach interoperabilityò, https://fsr.eui.eu/why-we 

need-community-culture-andconsensus-to-reach-interoperability/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 20.10 2023).  

[3] Andrew Park, Matthew Wilson, Karen Robson, Dionysios Demetis, Jan Kietzmann, 

Interoperability: Our exciting and terrifying Web3 future, Business Horizons, Volume 66, Issue 4, 2023, Pages 529-541.  
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ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʆʈɻɸʅɯɿɸʎɯɰ ʇɸʉɸɾʀʈʆʇʆʊʆʂɯɺ 

ʄɯɾʅɸʈʆɼʅʆɻʆ ʉʇʆʃʋʏɽʅʅʗ ʅɸ ɿɸʃɯɿʅʀʏʅʆʄʋ ʅɸʇʈʗʄʂʋ  

 

IMPROVING THE ORGANIZATION OF INTERNATIONAL 

PASSENGER TRAFFIC ON THE RAILWAY ROUTE  

 

ɺ.ɺ. ʂʦʙʟʘʨ, ɺ.ɺ.ɺʦʣʦʩʝʥʢʦ, ʇ.ɺ. ɻʝʨʘʩʝʚʠʯ 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʤ. ʍʘʨʢʽʚ) 

 

V.V. Kobzar, V.V. Volosenko, P.V. Gerasevych  

Ukrainian State University of Railway Transport (Kharkiv) 

 

ʅʘ ʧʘʩʘʞʠʨʦʧʦʪʽʢ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʚʧʣʠʚʘʻ ʙʘʛʘʪʦ ʬʘʢʪʦʨʽʚ, 

ʧʨʠ ʮʴʦʤʫ ʚʽʥ ʜʝʤʦʥʩʪʨʫʻ ʦʯʝʚʠʜʥʫ ʥʝʣʽʥʽʡʥʽʩʪʴ, ʚʠʧʘʜʢʦʚʽʩʪʴ ʽ ʤʽʥʣʠʚʽʩʪʴ. 

ʂʨʽʤ ʟʚʠʯʘʡʥʠʭ ʬʘʢʪʦʨʽʚ (ʩʝʟʦʥʥʽʩʪʴ), ʥʘ ʥʴʦʛʦ ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ 

ʥʝʩʧʦʜʽʚʘʥʽ ʬʘʢʪʦʨʠ, ʥʘʧʨʠʢʣʘʜ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ. ʄʝʪʦʜʘʤʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʟʘʩʥʦʚʘʥʠʤʠ ʥʘ ʪʝʥʜʝʥʮʽʷʭ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ, ʚʘʞʢʦ ʪʦʯʥʦ 

ʧʝʨʝʜʙʘʯʠʪʠ ʧʦʧʠʪ ʥʘ ʪʘʢʽ ʧʝʨʝʚʝʟʝʥʥʷ ʟ ʧʨʠʯʠʥ ʥʝʨʝʛʫʣʷʨʥʠʭ ʢʦʣʠʚʘʥʴ. 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ  

ʙʝʟʧʦʩʝʨʝʜʥʴʦ  ʧʦʚ'ʷʟʘʥʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʘʣʘʛʦʜʞʝʥʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ, ʱʦ ʧʦʪʨʝʙʫʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ [1]. 

ʆʧʪʠʤʽʟʘʮʽʷ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʪʦʢʽʚ ʥʘ ʥʘʧʨʷʤʢʘʭ 

ʤʦʞʣʠʚʘ ʰʣʷʭʦʤ ʦʙʨʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ, ʩʫʤʽʩʥʠʭ ʜʣʷ ʟʘʜʘʥʦʛʦ ʪʠʧʫ 

ʦʧʪʠʤʽʟʘʮʽʾ [2]. ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʪʨʘʥʩʧʦʨʪʥʽ 

ʚʫʟʣʠ, ʜʝ  ʨʦʟʨʽʟʥʷʶʪʴ ʪʘʢʦʞ ʧʘʩʘʞʠʨʦʧʦʪʦʢʠ ʫ ʧʘʩʘʞʠʨʩʴʢʦʤʫ ʨʫʩʽ ʘʙʦ 

ʤʘʪʝʨʽʘʣʴʥʽ ʧʦʪʦʢʠ ʫ ʚʘʥʪʘʞʥʦʤʫ ʨʫʩʽ [3]. ʇʨʘʢʪʠʯʥʦ ʚʩʝ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʦʚʠʭ ʨʫʭʫ, ʟʦʢʨʝʤʘ ʧʘʩʘʞʠʨʩʴʢʠʭ, ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʛʨʘʬʦʤ. 

ɻʨʘʬ - ʮʝ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʙ'ʻʢʪ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʫʧʦʨʷʜʢʦʚʘʥʦʾ ʧʘʨʠ ʤʥʦʞʠʥ 

G = (V, E), ʚʝʨʰʠʥ ʪʘ ʨʝʙʝʨ. ʋ ʚʠʧʘʜʢʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʫ ʚʝʨʰʠʥʠ 

ʤʦʞʫʪʴ ʧʨʝʜʩʪʘʚʣʷʪʠ ʤʥʦʞʠʥʫ ʩʪʘʥʽʚ, ʘ ʨʝʙʨʘ ð ʤʦʞʣʠʚʽ ʧʝʨʝʭʦʜʠ ʟ ʦʜʥʦʛʦ 

ʩʪʘʥʫ ʚ ʽʥʰʠʡ.  

ʋ ʧʨʦʮʝʩʽ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʚʟʘʻʤʦʜʽʷ ʩʢʣʘʜʦʚʠʭ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʙʨʘʤʠ. ʗʢʱʦ ʦʙʤʝʞʫʚʘʥʥʷ ʧʦʚôʷʟʘʥʽ ʟ ʧʨʦʧʫʩʢʥʦʶ 

ʩʧʨʦʤʦʞʥʽʩʪʶ ʧʝʨʝʭʦʜʽʚ ʫ ʛʨʘʬʽ ʩʪʘʥʽʚ, ʜʦʮʽʣʴʥʦ ʚʠʜʽʣʠʪʠ ʜʫʛʫ (Bi B)j, ʪʘ 

ʦʙʦʟʥʘʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘ ʜʫʟʽ, ʷʢʘ ʻ ʧʨʦʧʫʩʢʥʦʶ 

ʩʧʨʦʤʦʞʥʽʩʪʶ - ɚ(Bi Bj) = ɚij, ʪʦʜʽ ʩʫʤʘ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦ ʫʩʽʤ ʤʘʨʰʨʫʪʘʤ 

ʜʘʥʦʛʦ ʚʠʜʫ ʤʽʞʥʘʨʦʜʥʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʧʦʾʟʜʘ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʧʦ ʜʫʟʽ Bi Bj,  

ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʧʝʨʝʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ, ʚʽʜʧʦʚʽʜʥʦʾ ʮʽʡ ʜʫʟʽ, ʜʝ 

ʩʫʤʘ ʙʝʨʝʪʴʩʷ ʧʦ ʫʩʽʤ ʤʘʨʰʨʫʪʘʤ. ʆʜʥʘʢ ʧʦ ʮʽʡ ʞʝ ʜʫʟʽ ʤʦʞʫʪʴ ʧʨʦʭʦʜʠʪʴ 

ʧʦʾʟʜʘ ʽʥʰʦʛʦ ʪʠʧʫ, ʪʦʙʪʦ ʩʫʤʘ ʫʩʽʭ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʥʝ ʧʨʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʧʝʨʝʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʾ ʜʫʛʠ ʧʦ ʫʩʽʤ ʚʠʜʘʤ ʪʘ ʤʘʨʰʨʫʪʘʤ.  
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   (1) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʤʦʞʣʠʚʽ ʧʽʜʭʦʜʠ. ʇʦ-ʧʝʨʰʝ, ʟʘʜʘʯʘ 

ʚʠʨʽʰʫʻʪʴʩʷ ʥʘ ʧʦʪʦʢʦʚʽʡ ʤʝʨʝʞʽ ʷʢ ʧʨʦʩʪʘ ʟʘʜʘʯʘ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʦʪʦʢʫ,  ʧʦ-ʜʨʫʛʝ, ʦʧʪʠʤʽʟʘʮʽʡʥʘ ʟʘʜʘʯʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʟʘʜʘʯʫ ʧʨʠʟʥʘʯʝʥʥʷ, 

ʘ ʦʧʪʠʤʘʣʴʥʽ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘʢʦʞ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ 

ʯʠ ʽʥʰʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʫ ʛʘʣʫʟʽ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʝ ʚ ʫʩʽʭ ʘʩʧʝʢʪʘʭ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘ ʦʧʝʨʘʮʽʡʥʦʤʫ ʯʠ 

ʩʪʨʘʪʝʛʽʯʥʦʤʫ ʨʽʚʥʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʉʠʥʝʨʛʝʪʠʯʥʽ ʝʬʝʢʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ, ʟʦʢʨʝʤʘ ʧʨʠ ʧʦʰʫʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʨʽʰʝʥʴ 

ʫ ʚʠʧʘʜʢʫ ʟʤʽʥʠ ʦʙʩʪʘʚʠʥ. [4]. ɺʦʥʠ ʤʦʞʫʪʴ ʥʘʜʘʪʠ ʥʦʚʽ ʧʝʨʝʚʘʛʠ ʫ ʩʬʝʨʽ 

ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ. 
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A.O. Shapoval, V.V. Dobrzhanskyi, V.V. Lutyuk  

Ukrainian State University of Railway Transport (Kharkiv) 

 

ɺʠʛʽʜʥʝ ʛʝʦʛʨʘʬʽʯʥʝ ʧʦʣʦʞʝʥʥʷ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʝʪʠʥʽ ʰʣʷʭʽʚ ʟ ɭʚʨʦʧʠ ʚ 

ɸʟʽʶ, ʟ ʇʽʚʥʦʯʽ ʥʘ ʇʽʚʜʝʥʴ ʥʘ ʬʦʥʽ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʽ ʧʝʨʝʥʘʩʠʯʝʥʥʷ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʫʟʣʽʚ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ ʋʢʨʘʾʥʠ ʚ ʤʽʞʥʘʨʦʜʥʫ ʪʨʘʥʩʧʦʨʪʥʫ ʩʠʩʪʝʤʫ, ʘ ʾʾ ʧʦʪʫʞʥʘ 

ʪʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʥʘʷʚʥʽʩʪʴ ʥʘʫʢʦʚʦʛʦ ʡ ʦʩʚʽʪʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʨʦʙʣʷʪʴ ʾʾ ʧʦʪʝʥʮʽʡʥʦ ʧʨʠʚʘʙʣʠʚʦʶ ʜʣʷ ʟʘʣʫʯʝʥʥʷ ʚ ʩʠʩʪʝʤʫ 

ʤʽʞʥʘʨʦʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʨʠʜʦʨʽʚ. ʇʨʽʦʨʠʪʝʪʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʜʝʨʞʘʚʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʪʨʘʥʩʧʦʨʪʥʽʡ ʛʘʣʫʟʽ, ʟʦʢʨʝʤʘ, ʤʘʶʪʴ ʩʪʘʪʠ ʤʦʜʝʨʥʽʟʘʮʽʷ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ ʽ ʪʝʨʤʽʥʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʫ ʩʢʣʘʜʽ ʄʊʂ, ʚʧʨʦʚʘʜʞʝʥʥʷ 
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ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʝʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ, ʨʦʟʚʠʪʢʫ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʩʪʚʦʨʝʥʥʷ ʽʥʩʪʠʪʫʪʫ ʦʧʝʨʘʪʦʨʽʚ ʟʤʽʰʘʥʠʭ 

ʧʝʨʝʚʝʟʝʥʴ, ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʷ ʮʽʣʴʦʚʠʭ ʧʨʦʛʨʘʤ ʦʥʦʚʣʝʥʥʷ ʨʫʭʦʤʦʛʦ 

ʩʢʣʘʜʫ ʥʘ ʚʩʽʭ ʚʠʜʘʭ ʪʨʘʥʩʧʦʨʪʫ. ɿʘ ʫʤʦʚ ʨʠʥʢʦʚʠʭ ʚʽʜʥʦʩʠʥ ʟʘʣʽʟʥʠʮʷ ʧʦʚʠʥʥʘ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʩʚʦʾ ʟʘʪʨʘʪʠ, ʧʨʠ ʯʦʤʫ ʦʩʥʦʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʦʚʠʥʥʦ ʙʫʪʠ 

ʨʘʮʽʦʥʘʣʴʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʨʦʙʦʪʠ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʟʘʮʽʾ 

ʚʘʛʦʥʦʧʦʪʦʢʽʚ. ʇʦʩʪʘʻ ʧʠʪʘʥʥʷ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ 

ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʩʪʘʥʮʽʡ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʯʘʩʫ ʪʘ ʢʦʰʪʽʚ [1]. 

ʄʽʞʥʘʨʦʜʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʢʦʨʠʜʦʨʠ ʋʢʨʘʾʥʠ ʟʘʣʠʰʘʶʪʴʩʷ ʦʩʥʦʚʥʠʤʠ 

ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʚʘʥʪʘʞʥʠʤʠ ʢʦʨʠʜʦʨʘʤʠ, ʥʘʚʽʪʴ ʟʘ ʫʤʦʚ ʟʥʠʞʝʥʥʷ ʦʙʩʷʛʽʚ 

ʪʨʘʥʟʠʪʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. ɿʘʜʘʯʝʶ ʬʦʨʤʫʚʘʥʥʷ ʾʭ ʨʦʟʚʠʪʢʫ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʪʦʨʛʦʚʝʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʥʘ ʦʩʥʦʚʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ.  

ʆʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʯʠʥʥʠʢʽʚ ʧʦʢʨʘʱʝʥʥʷ ʧʝʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʻ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʩʫʚʘʥʥʷ ʚʘʛʦʥʦʧʦʪʦʢʽʚ ʤʽʞʥʘʨʦʜʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʽʩʥʫʶʯʽ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʮʽ ʧʦʾʟʜʠ 

ʽʥʦʜʽ ʧʨʦʩʪʦʶʶʪʴ ʚ ʦʯʽʢʫʚʘʥʥʽ ʧʝʚʥʠʭ ʦʧʝʨʘʮʽʡ ʚ ʪʦʡ ʯʘʩ, ʢʦʣʠ ʚʦʥʠ ʧʦʚʠʥʥʽ 

ʚʠʢʦʥʫʚʘʪʠ ʢʦʨʠʩʥʫ ʨʦʙʦʪʫ. 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ, ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʘ ʨʝʛʫʣʷʨʥʦʩʪʽ 

ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʝʦʙʭʽʜʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʚʽʟʥʠʤ ʧʨʦʮʝʩʦʤ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʨʦʙʢʫ, ʚʧʨʦʚʘʜʞʝʥʥʷ, ʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ. 

ʉʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʰʪʫʯʥʦʤʫ ʽʥʪʝʣʝʢʪʽ, ʜʦʟʚʦʣʷʪʴ ʦʧʝʨʘʪʠʚʥʦ ʦʮʽʥʠʪʠ 

ʚʘʨʽʘʥʪʠ ʪʘ ʧʨʠʡʥʷʪʠ ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʝ ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʨʦʮʝʩʫ 

ʦʨʛʘʥʽʟʘʮʽʾ ʚʘʛʦʥʦʧʦʪʦʢʽʚ [2]. ɼʣʷ ʧʦʜʘʣʴʰʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ 

ʩʫʤʘʨʥʽ ʧʠʪʦʤʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ, ʱʦ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʦʜʠʥ ʚʘʛʦʥ ʩʚʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʣʽʜʫʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʧʨʦʮʝʩʽ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʦʪʨʽʙʥʦ ʟʤʝʥʰʫʚʘʪʠ ʥʝʨʘʮʽʦʥʘʣʴʥʠʡ ʧʨʦʩʪʽʡ ʚʘʛʦʥʦʧʦʪʦʢʽʚ ʧʽʜ ʦʯʽʢʫʚʘʥʥʷʤ 

ʚʽʜʧʨʘʚʣʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʽʦʨʠʪʝʪʥʠʡ ʧʨʦʧʫʩʢ ʧʦʾʟʜʽʚ ʟ 

ʚʘʛʦʥʘʤʠ ʤʽʞʥʘʨʦʜʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʊʝʭʥʽʯʥʽ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʧʨʦʧʫʩʢʫ ʤʽʞʥʘʨʦʜʥʠʭ 

ʧʦʾʟʜʽʚ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʣʝʞʥʠʤʠ ʚʽʜ ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʴ ʫ ʯʘʩʽ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʧʝʨʝʜʙʘʯʘʻ ʬʦʨʤʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʧʨʦʮʝʜʫʨʠ ʾʭ ʨʦʟʨʘʭʫʥʢʫ [3]. 

ɺ ʫʤʦʚʘʭ ʧʽʜʭʦʜʫ ʜʦ ʩʪʘʥʮʽʾ ʦʜʥʦʯʘʩʥʦ ʤʦʞʫʪʴ ʟʘʭʦʜʞʫʚʘʪʠʩʴ ʜʝʢʽʣʴʢʘ 

ʧʦʾʟʜʽʚ, ʧʨʠ ʯʦʤʫ, ʚʠʙʽʨ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʧʨʦʧʫʩʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʝʢʽʣʴʢʦʭ 

ʬʘʢʪʦʨʽʚ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʫʤʦʚʠ ʧʨʦʧʫʩʢʫ. 
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ʎʠʬʨʦʚʽʟʘʮʽʷ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʧʫʩʢʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʟʘʣʽʟʥʠʮʽ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ 

ʰʣʷʭʦʤ ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʫʭʫ ʧʦʾʟʜʽʚ [1]. ʆʩʥʦʚʥʽ 

ʘʩʧʝʢʪʠ ʚʧʣʠʚʫ ʮʠʬʨʦʚʽʟʘʮʽʾ ʥʘ ʧʨʦʧʫʩʢʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʟʘʣʽʟʥʠʮʽ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 1. 

 
 

ʈʠʩʫʥʦʢ 1- ɺʧʣʠʚ ʮʠʬʨʦʚʽʟʘʮʽʾ ʥʘ ʧʨʦʧʫʩʢʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʟʘʣʽʟʥʠʮʽ 

 

ʊʘʢ, ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʟʢʣʘʜʠ ʨʫʭʫ ʧʦʾʟʜʽʚ, 

ʚʨʘʭʦʚʫʶʯʠ ʨʽʟʥʽ ʬʘʢʪʦʨʠ, ʪʘʢʽ ʷʢ ʦʙʩʷʛʠ ʚʘʥʪʘʞʽʚ, ʧʘʩʘʞʠʨʩʴʢʠʡ ʧʦʧʠʪ, 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʦʙʤʝʞʝʥʥʷ ʪʦʱʦ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʟʙʽʣʴʰʠʪʠ ʧʨʦʧʫʩʢʥʫ 

ʟʜʘʪʥʽʩʪʴ ʟʘʣʽʟʥʠʮʽ, ʟʤʝʥʰʫʶʯʠ ʟʘʪʨʠʤʢʠ ʪʘ ʦʧʪʠʤʽʟʫʶʯʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʎʠʬʨʦʚʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʫʧʨʘʚʣʷʪʠ ʨʫʭʦʤ ʧʦʾʟʜʽʚ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ. 

ɸʚʪʦʤʘʪʠʯʥʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʨʫʭʫ ʪʘ ʙʝʟʧʝʢʠ ʤʦʞʫʪʴ ʜʦʟʚʦʣʠʪʠ ʩʢʦʨʦʯʝʥʥʷ 

ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʧʦʾʟʜʘʤʠ, ʱʦ ʟʙʽʣʴʰʫʻ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʣʽʥʽʡ. 

ʊʘʢʦʞ ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʫʧʨʘʚʣʷʪʠ ʪʘ ʤʦʥʽʪʦʨʠʪʠ ʩʪʘʥ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʢʦʣʽʾ, ʩʠʛʥʘʣʴʥʽ ʩʠʩʪʝʤʠ ʪʦʱʦ) ʜʣʷ ʤʘʢʩʠʤʽʟʘʮʽʾ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʫʥʠʢʥʝʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʴ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ ʪʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʦʧʠʪʫ, ʪʨʘʬʽʢʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʫʭʫ ʧʦʾʟʜʽʚ ʜʦʟʚʦʣʷʻ ʧʣʘʥʫʚʘʪʠ ʪʘ 

ʧʨʠʩʪʦʩʦʚʫʚʘʪʠ ʨʦʙʦʪʫ ʟʘʣʽʟʥʠʮʴ ʜʣʷ ʝʬʝʢʪʠʚʥʽʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. 
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ʎʠʬʨʦʚʽ ʩʠʩʪʝʤʠ [2] ʜʦʟʚʦʣʷʶʪʴ ʧʦʩʪʽʡʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʙʝʟʧʝʢʫ ʪʘ ʩʪʘʥ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʘʚʘʨʽʡ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʨʝʙʽʡʥʫ 

ʨʦʙʦʪʫ ʟʘʣʽʟʥʠʮʽ. 

ɺʟʘʛʘʣʽ, ʮʠʬʨʦʚʽʟʘʮʽʷ ʟʘʣʽʟʥʠʮʽ ʜʦʧʦʤʘʛʘʻ ʧʽʜʚʠʱʠʪʠ ʧʨʦʧʫʩʢʥʫ 

ʩʧʨʦʤʦʞʥʽʩʪʴ ʧʝʨʝʛʦʥʽʚ, ʜʽʣʴʥʠʮʴ, ʩʪʘʥʮʽʡ, ʟʤʝʥʰʫʻ ʟʘʪʨʠʤʢʠ, ʧʦʢʨʘʱʫʻ 

ʙʝʟʧʝʢʫ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʫʭʫ ʧʦʾʟʜʽʚ, ʱʦ ʩʧʨʠʷʻ ʟʘʛʘʣʴʥʽʡ ʨʦʟʚʠʥʝʥʦʩʪʽ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ. 

 
[1] ʊ.ʖ. ʂʘʣʘʰʥʽʢʦʚʘ, ʖ.ɺ.ʂʫʯʝʨʫʢ, ʆ.ʖ.ʂʫʛʘʡ. ʇʨʦʧʫʩʢʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʟʘʣʽʟʥʠʯʥʦʛʦ ʥʘʧʨʷʤʢʫ ʟʘ ʫʤʦʚ 

ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ. International periodic scientific journal SCIENTWORLD & SWorld - ʆʜʝʩʘ: ʋʢʨʘʾʥʘ, 2018. ï 
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ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʧʝʨʝʚʝʟʝʥʴ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʨʦʩʪʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʧʘʩʘʞʠʨʩʴʢʽ 

ʧʝʨʝʚʝʟʝʥʥʷ ʩʘʤʝ ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ. ʂʨʽʤ ʮʴʦʛʦ, ʰʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟ ʥʘʜʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ 

ʧʽʜʢʨʝʩʣʶʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʥʠʭ ʧʽʜʭʦʜʽʚ. ʎʽ ʧʽʜʭʦʜʠ ʜʘʶʪʴ 

ʟʤʦʛʫ ʚʠʷʚʠʪʠ ʪʝʥʜʝʥʮʽʾ ʚ ʧʦʧʠʪʽ ʥʘ ʧʘʩʘʞʠʨʩʴʢʽ ʧʝʨʝʚʝʟʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʤʽʞ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ, ʚʢʣʶʯʥʦ ʟ ʢʦʥʢʫʨʝʥʪʥʠʤʠ ʽ 

ʚʟʘʻʤʦʜʦʧʦʚʥʶʚʘʣʴʥʠʤʠ ʚʽʜʥʦʩʠʥʘʤʠ. 

ʊʦʯʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʧʦʧʠʪʫ ʥʘ ʧʘʩʘʞʠʨʩʴʢʽ ʧʝʨʝʚʝʟʝʥʥʷ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʢʫʨʝʥʮʽʾ (ʘʙʦ ʟʘʤʽʱʝʥʥʷ) ʤʽʞ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ ʻ 

ʢʣʶʯʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚ ʧʣʘʥʫʚʘʥʥʽ, ʧʨʦʻʢʪʫʚʘʥʥʽ, ʦʮʽʥʶʚʘʥʥʽ ʪʘ ʨʝʛʫʣʶʚʘʥʥʽ 

ʩʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʫ ʽ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʚʦʢ. ɿ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʦʮʽʥʢʘ 

ʦʯʽʢʫʚʘʥʦʛʦ ʩʧʦʞʠʚʯʦʛʦ ʧʦʧʠʪʫ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʙʽʣʴʰʝʥʥʽ 

ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʤʝʪʦʜʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ ʜʦ ʽʥʰʦʾ 

ʻ ʧʦʥʷʪʪʷ "ʝʣʘʩʪʠʯʥʦʩʪʽ". ɽʣʘʩʪʠʯʥʽʩʪʴ ʻ ʯʠʩʣʦʤ, ʷʢʝ ʧʦʢʘʟʫʻ ʚʽʜʩʦʪʢʦʚʫ ʟʤʽʥʫ 

https://www.railway.supply/uk/didzhitalizacziya-zalizniczi-nimechchini/
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ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ (ʥʘʧʨʠʢʣʘʜ, ʧʦʧʠʪ ʥʘ ʧʘʩʘʞʠʨʽʚ) ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ 1-ʚʽʜʩʦʪʢʦʚʫ 

ʟʤʽʥʫ ʽʥʰʦʾ ʟʤʽʥʥʦʾ (ʥʘʧʨʠʢʣʘʜ, ʮʽʥʠ, ʯʘʩʫ ʪʦʱʦ). 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʝʣʘʩʪʠʯʥʦʩʪʽ ʧʦʧʠʪʫ ʥʘ ʧʘʩʘʞʠʨʩʴʢʽ ʧʝʨʝʚʝʟʝʥʥʷ, 

ʚʢʣʶʯʘʶʯʠ ʮʽʥʦʚʫ ʝʣʘʩʪʠʯʥʽʩʪʴ ʧʦʧʠʪʫ. ʎʽʥʦʚʘ ʝʣʘʩʪʠʯʥʽʩʪʴ ʧʦʧʠʪʫ ʚʠʟʥʘʯʘʻ, 

ʥʘʩʢʽʣʴʢʠ ʚʽʜʩʦʪʢʦʚʘ ʟʤʽʥʘ ʮʽʥʠ ʥʘ ʧʝʚʥʠʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʫ ʚʧʣʠʚʘʻ ʥʘ ʧʦʧʠʪ ʥʘ 

ʥʴʦʛʦ. ɿʘʟʚʠʯʘʡ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʘʩʘʞʠʨʠ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʜʦʭʦʜʽʚ ʤʝʥʰ 

ʯʫʪʣʠʚʽ ʜʦ ʮʽʥ ʽ ʙʽʣʴʰ ʯʫʪʣʠʚʽ ʜʦ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʪʘʢʦʛʦ ʷʢ ʯʘʩ ʫ ʜʦʨʦʟʽ, 

ʢʦʤʬʦʨʪ ʽ ʟʨʫʯʥʽʩʪʴ. ʗʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫ ʯʘʩʪʦ ʦʮʽʥʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʘʩʫ. 

ʇʦʜʽʙʥʦ ʜʦ ʮʽʥʠ, ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʜʦʩʪʘʚʢʠ ʧʘʩʘʞʠʨʽʚ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʧʦʧʠʪʫ. ʎʝ ʷʚʠʱʝ ʥʘʟʠʚʘʻʪʴʩʷ ʯʘʩʦʚʦʶ ʝʣʘʩʪʠʯʥʽʩʪʶ ʧʦʧʠʪʫ. ɯʩʥʫʻ 

ʽʥʰʠʡ ʤʝʪʦʜ, ʟʘ ʷʢʦʛʦ ʯʘʩ ʧʝʨʝʚʦʜʠʪʴʩʷ ʚ ʛʨʦʰʦʚʫ ʚʝʣʠʯʠʥʫ, ʱʦ ʥʘʟʠʚʘʻʪʴʩʷ 

"ʮʽʥʥʽʩʪʶ ʯʘʩʫ". ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʮʽʥʦʚʘ ʝʣʘʩʪʠʯʥʽʩʪʴ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʜʣʷ ʦʮʽʥʢʠ ʝʣʘʩʪʠʯʥʦʩʪʽ, ʧʦʚ'ʷʟʘʥʦʾ ʟ ʯʘʩʦʤ. ɿʘʣʝʞʥʦ ʚʽʜ ʥʝʦʙʭʽʜʥʦʛʦ ʯʘʩʫ, ʱʦ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʰʣʷʭʫ ʧʨʷʤʫʚʘʥʥʷ, ʧʦʧʠʪ ʥʘ ʧʦʾʟʜʢʫ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʫ 

ʧʘʩʘʞʠʨʽʚ ʟ ʨʽʟʥʠʤʠ ʮʽʣʷʤʠ ʧʦʾʟʜʢʠ ʽ ʤʦʞʝ ʤʘʪʠ: ʨʘʟʦʚʠʡ ʭʘʨʘʢʪʝʨ, ʨʝʛʫʣʷʨʥʠʡ 

ʽ ʧʦʩʪʽʡʥʠʡ. ʋ ʩʘʤʦʩʪʽʡʥʽ ʢʘʪʝʛʦʨʽʾ ʜʦʮʽʣʴʥʦ ʚʠʜʽʣʷʪʠ ʪʘʢʽ ʛʨʫʧʠ ʧʦʾʟʜʦʢ: 

- ʥʝʨʝʛʫʣʷʨʥʽ ʧʦʾʟʜʢʠ, (ʧʦʾʟʜʢʠ ʟ ʪʫʨʠʩʪʠʯʥʦʶ ʤʝʪʦʶ). ɿ ʢʽʣʴʢʽʩʪʶ ʧʦʾʟʜʦʢ 

1-2 ʥʘ ʨʽʢ ʥʘ 1 ʧʘʩʘʞʠʨʘ;  

- ʨʝʛʫʣʷʨʥʽ ʨʦʙʦʯʽ ʧʦʾʟʜʢʠ, ʟ ʢʽʣʴʢʽʩʪʶ ʧʦʾʟʜʦʢ ʚʽʜ 2 ʜʦ 10 ʥʘ ʨʽʢ ʥʘ 1 

ʧʘʩʘʞʠʨʘ; 

- ʧʦʩʪʽʡʥʽ ʨʦʙʦʯʽ ʧʦʾʟʜʢʠ, ʟ ʢʽʣʴʢʽʩʪʶ ʧʦʾʟʜʦʢ ʧʦʥʘʜ 10 ʥʘ ʨʽʢ. 

ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʫ ʚ ʜʘʣʝʢʦʤʫ ʩʧʦʣʫʯʝʥʥʽ ʜʦʮʽʣʴʥʦ 

ʨʦʟʛʣʷʜʘʪʠ ʪʘʢʽ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ: ʮʽʥʘ ʟʘ ʧʝʨʝʚʝʟʝʥʥʷ; ʯʘʩ ʫ ʜʦʨʦʟʽ; 

ʢʦʤʬʦʨʪʥʽʩʪʴ ʧʦʾʟʜʢʠ; ʟʨʫʯʥʽʩʪʴ ʨʦʟʢʣʘʜʫ. ɯʥʰʽ ʬʘʢʪʦʨʠ, ʱʦ ʧʦʪʝʥʮʽʡʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʙʽʨ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʩʧʦʩʦʙʫ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʤʘʶʪʴ ʟʥʘʯʥʦ 

ʤʝʥʰʠʡ ʚʧʣʠʚ, ʥʽʞ ʥʘʚʝʜʝʥʽ, ʪʦʤʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʛʣʷʜʘʪʠ ʾʭ ʥʝ 

ʦʙʦʚ'ʷʟʢʦʚʦ. ʊʘʢ ʟʛʽʜʥʦ ʟ ʦʧʠʪʫʚʘʥʥʷʤ ʧʘʩʘʞʠʨʽʚ, ʬʘʢʪʦʨʠ ʯʘʩʫ ʚ ʜʦʨʦʟʽ, 

ʚʘʨʪʦʩʪʽ ʧʨʦʾʟʥʦʛʦ ʜʦʢʫʤʝʥʪʘ, ʟʨʫʯʥʦʩʪʽ ʨʦʟʢʣʘʜʫ ʪʘ ʢʦʤʬʦʨʪʥʦʩʪʽ ʧʦʾʟʜʢʠ 

ʩʪʘʣʠ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʜʣʷ ʙʽʣʴʰ ʥʽʞ 75% ʨʝʩʧʦʥʜʝʥʪʽʚ. 

ɼʣʷ ʦʧʠʩʫ ʟʘʣʝʞʥʦʩʪʽ ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʧʦʾʟʜʢʠ ʚʽʜ ʨʽʚʥʷ ʩʝʨʚʽʩʫ, ʱʦ ʥʘʜʘʻʪʴʩʷ, 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʤʦʜʝʣʴ ʂʘʥʦ [1]. ɿʛʽʜʥʦ ʟ ʮʽʻʶ ʤʦʜʝʣʣʶ, ʱʦ ʦʧʠʩʫʻ 

ʨʝʘʢʮʽʶ ʩʧʦʞʠʚʘʯʽʚ ʥʘ ʧʦʩʣʫʛʫ, ʧʘʨʘʤʝʪʨʠ ʧʦʩʣʫʛʠ, ʱʦ ʥʘʜʘʻʪʴʩʷ, ʧʦʜʽʣʷʶʪʴʩʷ 

ʥʘ 5 ʪʠʧʽʚ: 

- ʧʨʠʚʘʙʣʠʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

- ʦʜʥʦʚʠʤʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

- ʦʙʦʚ'ʷʟʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

- ʥʝʚʘʞʣʠʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

- ʥʝʙʘʞʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʧʣʠʚʫ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʧʠʪʫ ʥʘ ʟʘʛʘʣʴʥʫ ʷʢʽʩʪʴ 

ʢʦʤʬʦʨʪʥʦʩʪʽ ʧʦʾʟʜʢʠ ʜʦʮʽʣʴʥʦ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʥʘ ʥʘʷʚʥʽʩʪʴ ʚʠʜʽʣʝʥʠʭ 

ʦʙʦʚ'ʷʟʢʦʚʠʭ ʪʘ ʦʜʥʦʚʠʤʽʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʮʽʥʢʘ ʷʢʦʩʪʽ ʢʦʞʥʦʛʦ ʢʨʠʪʝʨʽʶ, 

ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʟʘʛʘʣʴʥʫ ʦʮʽʥʢʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʘʛʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʽʻʾ ʚʝʣʠʯʠʥʠ ʢʦʨʝʩʧʦʥʜʝʥʮʽʾ. ɿʘʣʝʞʥʦ ʚʽʜ ʜʘʣʴʥʦʩʪʽ 

ʧʝʨʝʚʝʟʝʥʥʷ ʽ ʟʘʛʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʥʘʯʫʱʽʩʪʴ ʢʨʠʪʝʨʽʾʚ ʟʘʟʥʘʻ 
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ʧʝʚʥʠʭ ʟʤʽʥ. ʊʘʢ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʙʽʣʴʰʦʾ ʟʥʘʯʫʱʦʩʪʽ 

ʥʘʙʫʚʘʻ ʢʦʤʬʦʨʪʥʽʩʪʴ ʧʦʾʟʜʢʠ, ʘ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʨʦʟʢʣʘʜʫ ʟʤʝʥʰʫʶʪʴʩʷ. 

ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʝʣʘʩʪʠʯʥʽʩʪʴ ʮʽʥʠ ʪʘ ʯʘʩʫ ʟʘʟʚʠʯʘʡ ʤʘʻ ʚʽʜ'ʻʤʥʝ 

ʟʥʘʯʝʥʥʷ: ʟʙʽʣʴʰʝʥʥʷ ʪʘʨʠʬʽʚ ʘʙʦ ʯʘʩʫ ʧʦʾʟʜʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʧʦʧʠʪʫ. 

 
[1] Kano Model: ʚʝʙ-ʩʘʡʪ. URL: https://www.productplan.com/glossary/kano-model/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 12.10.2023). 
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ʆʜʥʠʤʠ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʝʣʝʤʝʥʪʽʚ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ ʻ ʪʨʘʥʩʧʦʨʪʥʽ 

ʚʫʟʣʠ. ʋ ʜʘʥʠʭ ʚʫʟʣʘʭ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʧʨʦʮʝʩʠ, ʷʢʽ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʧʨʠ 

ʩʪʚʦʨʝʥʥʽ ʪʘ ʧʽʜʪʨʠʤʘʥʥʽ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʟʚ'ʷʟʢʽʚ, ʱʦ ʻ 

ʦʩʥʦʚʦʶ ʨʦʟʚʠʪʢʫ ʢʦʞʥʦʾ ʢʨʘʾʥʠ ʩʚʽʪʫ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʪʘʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʫʟʣʽʚ, ʷʢ ʭʘʨʢʽʚʩʴʢʦʛʦ ʪʘ ʢʠʾʚʩʴʢʦʛʦ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʥʠʭ ʻ ʜʫʞʝ ʽʥʪʝʥʩʠʚʥʦʶ ʚʟʘʻʤʦʜʽʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʘ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ, ʱʦ ʧʦʪʨʝʙʫʻ ʤʘʩʦʚʫ ʦʙʨʦʙʢʫ ʟʤʽʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʚʘʥʪʘʞʽ ʪʘ ʪʨʘʥʩʧʦʨʪʥʽ ʦʙôʻʢʪʠ.  

ʊʦʤʫ ʫ ʪʘʢʠʭ ʚʫʟʣʘʭ ʘʢʪʫʘʣʴʥʦʶ ʻ ʟʘʜʘʯʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʾʭ ʨʦʙʦʪʠ ʥʘ ʦʩʥʦʚʽ 

ʽʥʪʝʣʝʢʪʫʘʣʽʟʦʚʘʥʠʭ ʜʠʩʧʝʪʯʝʨʩʴʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʫʟʛʦʜʞʝʥʥʷ ʨʦʙʦʪʠ 

ʝʣʝʤʝʥʪʽʚ ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ [1].  

ʇʨʦʪʝ ʫ ʜʘʥʠʡ ʯʘʩ ʫ ʪʘʢʠʭ ʚʫʟʣʘʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘʜʤʽʨʥʽ ʪʝʨʤʽʥʠ 

ʟʥʘʭʦʜʞʝʥʥʷ ʚʘʥʪʘʞʽʚ ʥʘ ʟʘʣʽʟʥʠʯʥʠʭ ʩʪʘʥʮʽʷʭ ʚ ʦʯʽʢʫʚʘʥʥʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, 

ʥʝʩʚʦʻʯʘʩʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʘʥʪʘʞʦʚʣʘʩʥʠʢʽʚ ʯʝʨʝʟ ʥʝʜʦʪʨʠʤʘʥʥʷ ʯʘʩʫ ʪʘ 

ʢʽʣʴʢʦʩʪʽ ʚʘʛʦʥʽʚ ʚ ʫʤʦʚʘʭ ʥʝʩʪʘʯʽ ʩʧʨʘʚʥʦʛʦ ʚʘʛʦʥʥʦʛʦ ʧʘʨʢʫ. ʇʨʠʯʠʥʘʤʠ 

ʮʴʦʛʦ ʻ ʢʦʣʠʚʘʥʥʷ ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʴ ʚʧʨʦʜʦʚʞ ʜʦʙʠ, ʜʝʢʘʜʠ ʪʘ ʨʦʢʫ, ʥʝʩʪʘʯʘ 

ʩʧʨʘʚʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʪʘ ʥʝʜʦʩʢʦʥʘʣʘ ʨʝʘʣʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʡ ʤʽʩʮʝʚʦʾ 

ʨʦʙʦʪʠ.  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʠʪʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʫʟʣʽʚ ʧʦʙʫʜʦʚʘʥʦ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʫʟʛʦʜʞʝʥʥʷ ʨʦʟʢʣʘʜʫ ʤʽʩʮʝʚʠʭ ʧʦʾʟʜʽʚ ʪʘ ʨʫʭʫ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʥʘ ʦʩʥʦʚʽ ʤʝʨʝʞ ʇʝʪʨʽ ʪʘ ʪʝʦʨʽʾ ʨʦʟʢʣʘʜʽʚ.  
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ʄʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʱʦ ʧʦʙʫʜʦʚʘʥʦ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʪʝʛʨʫʚʘʪʠ ʜʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʨʦʙʦʯʠʭ ʤʽʩʮʴ (ɸʈʄ) ʦʧʝʨʘʪʠʚʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʟʘʣʽʟʥʠʮʽ ʪʘ 

ʧʨʠʚʘʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʧʨʠ ʜʦʧʦʤʦʟʽ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʜʠʩʧʝʪʯʝʨʩʴʢʦʾ 

ʮʝʥʪʨʘʣʽʟʘʮʽʾ (ʄʉɼʎ). ʆʩʢʽʣʴʢʠ ʜʘʥʘ ʩʠʩʪʝʤʘ ʟʙʠʨʘʻ ʜʘʥʽ ʧʨʦ ʧʦʾʟʥʝ 

ʧʦʣʦʞʝʥʥʷ ʟ ʧʨʠʩʪʨʦʾʚ ʘʚʪʦʤʘʪʠʢʠ, ʮʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦ ʬʦʨʤʫʚʘʪʠ 

ʥʘ ʛʨʘʬʽʢʫ ʨʫʭʫ ʦʧʪʠʤʘʣʴʥʽ ʧʨʦʛʥʦʟʥʽ ʥʠʪʢʠ ʢʦʞʥʦʛʦ ʧʦʾʟʜʘ ʟ ʤʽʩʮʝʚʠʤ 

ʚʘʥʪʘʞʝʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʩʣʦʢʘʮʽʾ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʨʦʛʥʦʟʥʦʾ) ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ 

ʪʘ ʟʘʷʚʦʢ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ [2].  

ʅʘ ʦʩʥʦʚʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ ʪʘ ʨʦʟʢʣʘʜʫ ʩʣʽʜʫʚʘʥʥʷ ʧʝʨʝʜʘʪʦʯʥʠʭ ʪʘ 

ʚʠʚʽʟʥʠʭ ʧʦʾʟʜʽʚ ʪʘ ʜʠʩʧʝʪʯʝʨʩʴʢʠʭ ʣʦʢʦʤʦʪʠʚʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ 

ʚʠʟʥʘʯʘʻ ʚʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʧʽʜʚʝʟʝʥʥʷ ʚʘʥʪʘʞʫ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʘʚʪʦʤʦʙʽʣʷʤʠ ʟʘʣʽʟʥʠʮʽ ʜʦ ʩʪʘʥʮʽʡ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʚʫʟʣʘ [3].  

ʗʢ ʚʠʩʥʦʚʦʢ ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʭʥʦʣʦʛʽʷ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʙʘʟʽ 

ʤʦʜʝʣʽ ʫʟʛʦʜʞʝʥʥʷ ʨʦʟʢʣʘʜʫ ʤʽʩʮʝʚʠʭ ʧʦʾʟʜʽʚ ʪʘ ʨʫʭʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʜʦʟʚʦʣʠʪʴ 

ʫʟʛʦʜʠʪʠ ʨʦʙʦʪʫ ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʫ ʧʝʨʽʦʜʠ 

ʟʛʫʱʝʥʥʷ ʤʽʩʮʝʚʦʾ ʨʦʙʦʪʠ ʫ ʧʝʚʥʽ ʧʝʨʽʦʜʠ ʜʦʙʠ ʪʘ ʩʫʪʪʻʚʦ ʩʢʦʨʦʪʠʪʠ ʧʨʦʩʪʦʾ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʚʘʥʪʘʞʽʚ ʪʘ ʟʘʣʽʟʥʠʯʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. 

 
[1] ʉʪʨʘʪʝʛʽʷ ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè ʥʘ 2019-2023 ʨʦʢʠ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://agropolit.com/spetsproekty/572-- strategiya-at-ukrzaliznitsya-na-2019-2023-roki. (ɼʘʪʘ ʟʚʝʨʥʝʥʥʷ 

10.09.2023)  

[2] ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʟʘʣʽʟʥʠʯʥʠʤʠ ʧʝʨʝʚʝʟʝʥʥʷʤʠ: ʥʘʚʯ. ʧʦʩʽʙʥʠʢ / 

ʆ.ɺ. ʃʘʚʨʫʭʽʥ, ʇ.ɺ. ɼʦʣʛʦʧʦʣʦʚ, ɺ.ɺ. ʇʝʪʨʫʰʦʚ, ʆ.ʄ. ʍʦʜʘʢʽʚʩʴʢʠʡ. ï ʍʘʨʢʽʚ: ʊʆɺ çʉʄɯʊè, 2010. ï 

118ʩ. 

[3] ɼʦʣʛʦʧʦʣʦʚ ʇ. ɺ., ɹʦʥʜʘʨ ʖ. ʄ., ɻʦʨʜʽʻʥʢʦ ɼ. ʉ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʨʦʙʦʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʚʫʟʣʘ ʚ 

ʫʤʦʚʘʭ ʤʽʞʥʘʨʦʜʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʪʝʭʥʦʣʦʛʽʾ : ʤʘʪʝʨʽʘʣʠ ɯɯɯ ʤʽʞʥʘʨ. 

ʥʘʫʢ.-ʪʝʭʥʽʯ. ʢʦʥʬ., ʤ. ʍʘʨʢʽʚ 22-23 ʣʠʩʪ. 2022 ʨ. ʍʘʨʢʽʚ, 2022. ʉ. 27ï28. 
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ɽʢʩʧʣʫʘʪʘʮʽʷ ʟʘʣʽʟʥʠʮʴ ʚʠʤʘʛʘʻ ʚʽʜ ʧʝʨʝʚʽʟʥʠʢʘ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʫʤʦʚ 

ʙʝʟʧʝʢʠ ʨʫʭʫ ʽ ʫʪʨʠʤʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʫ ʟʘʜʦʚʽʣʴʥʦʤʫ ʩʪʘʥʽ. ɿʛʽʜʥʦ 

ʚʽʜʧʦʚʽʜʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʘʢʪʽʚ ʧʝʨʝʚʽʟʥʠʢ ʨʝʤʦʥʪʫʻ ʪʘ ʤʦʜʝʨʥʽʟʫʻ ʩʧʦʨʫʜʠ ʪʘ 

ʧʨʠʩʪʨʦʾ, ʱʦ ʚʠʤʘʛʘʻ ʪʠʤʯʘʩʦʚʦ ʚʠʚʦʜʠʪʠ ʾʭ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʎʝ ʨʽʟʢʦ ʩʢʦʨʦʯʫʻ 
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ʧʨʦʚʽʟʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʟʘʣʽʟʥʠʯʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʚʥʫʪʨʽʰʥʽ 

ʪʘ ʤʽʞʥʘʨʦʜʥʽ ʧʝʨʝʚʝʟʝʥʥʷ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʩʪʘʻ ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʘʛʦʥʦʧʦʪʦʢʽʚ ʥʘ ʟʘʣʽʟʥʠʯʥʽʡ ʤʝʨʝʞʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ 

ʟʘʣʽʟʥʠʯʥʠʭ ʜʽʣʴʥʠʮʴ ʪʘ ʩʪʘʥʮʽʡ, ʘ ʪʘʢʦʞ ʩʢʦʨʦʯʝʥʥʷ ʧʨʦʙʽʛʽʚ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ 

ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʤʘʩʦʚʠʭ ʚʘʥʪʘʞʽʚ [1,2].  

ɺʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʩʪʘʚʣʝʥʥʦʾ ʟʘʜʘʯʽ ʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʥʽ ʦʟʥʘʢʠ 

ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ, ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʚʠʨʽʰʝʥʥʶ ʟʘʜʘʯʽ ʧʨʦ ʦʧʪʠʤʽʟʘʮʽʶ 

ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʤʝʨʝʞʽ ʟʘʣʽʟʥʠʮʴ ʜʦʩʪʘʪʥʴʦ ʟʘʜʦʚʦʣʴʥʷʻ ʘʣʛʦʨʠʪʤ 

ʌʦʨʜʘ-ʌʘʣʢʝʨʩʦʥʘ. ɿ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʥʦʛʦ ʧʦʣʽʛʦʥʫ 

ʟʘʣʽʟʥʠʯʥʦʾ ʤʝʨʝʞʽ, ʫ ʚʠʛʣʷʜʽ ʟʚʘʞʝʥʦʛʦ ʛʨʘʬʘ. ɺʠʟʥʘʯʝʥʦ ʤʘʢʩʠʤʘʣʴʥʽ ʧʦʪʦʢʠ 

ʪʘ ʤʽʥʽʤʘʣʴʥʽ ʨʦʟʨʽʟʠ ʥʘ ʛʨʘʬʽ ʫ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʘʟʦʚʦʛʦ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʧʦʣʽʛʦʥʫ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʘ ʌʦʨʜʘ-ʌʘʣʢʝʨʩʦʥʘ, ʟʜʽʡʩʥʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʰʣʷʭʫ 

ʚʽʜ ʽʩʪʦʢʫ ʜʦ ʩʪʦʢʫ ʤʘʨʰʨʫʪʘ. ʇʽʩʣʷ ʧʦʙʫʜʫʚʘʥʥʷ ʮʴʦʛʦ ʰʣʷʭʫ ʤʽʞ ʨʝʙʝʨ 

ʟʥʘʡʜʝʥʽ ʨʝʙʨʘ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʚʘʛʦʶ. ʎʷ ʚʘʛʘ ʽ ʙʫʜʝ ʧʨʦʧʫʩʢʥʦʶ ʩʧʨʦʤʦʞʥʽʩʪʶ. 

ʅʘ ʥʘʩʪʫʧʥʠʭ ʮʠʢʣʘʭ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʜʦʚʞʫʶʪʴʩʷ, ʜʦʢʠ ʙʫʜʝ ʧʨʦʡʜʝʥʦ ʚʩʽ 

ʤʦʞʣʠʚʽ ʤʘʨʰʨʫʪʠ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ ʩʪʦʢʫ [3]. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ 

ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʤʘʨʰʨʫʪʠ ʧʨʷʤʫʚʘʥʥʷ ʧʦʾʟʜʽʚ ʥʘ 

ʤʝʨʝʞʽ ʟʘʣʽʟʥʠʮʴ ʚ ʫʤʦʚʘʭ ʟʘʢʨʠʪʪʷ ʥʘ ʨʝʤʦʥʪ ʘʙʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʡʦʛʦ ʦʢʨʝʤʠʭ 

ʜʽʣʷʥʦʢ ʪʘ ʢʦʣʽʡ. 

ʊʘʢʦʞ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ 

ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ ʟ ʦʙʤʝʞʝʥʥʷʤʠ ʦʧʪʠʤʽʟʦʚʘʥʦ ʤʘʨʰʨʫʪʠ ʩʣʽʜʫʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʠʭ ʚʘʛʦʥʦʧʦʪʦʢʽʚ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʧʦʣʽʛʦʥʽ ʤʘʩʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʤʘʩʦʚʠʭ ʚʘʥʪʘʞʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʟʘʭʦʜʠ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʦʾ ʤʝʨʝʞʽ ʟʘʣʽʟʥʠʮʽ, ʙʘʟʠ ʜʘʥʠʭ ʪʘ ʽʥʪʝʨʬʝʡʩʽʚ ɸʈʄ 

ʦʧʝʨʘʪʠʚʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ, ʱʦ ʚ ʮʽʣʦʤʫ ʟʙʽʣʴʰʫʻ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʫ 

ʧʨʠʡʥʷʪʪʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʽʰʝʥʴ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʩʦʚʠʭ ʚʘʛʦʥʦʧʦʪʦʢʽʚ ʥʘ 

ʟʘʣʽʟʥʠʯʥʦʤʫ ʧʦʣʽʛʦʥʽ, ʘ ʪʘʢʦʞ ʟ ʦʨʛʘʥʽʟʘʮʽʾ ʾʭ ʧʝʨʝʚʝʟʝʥʥʷ [4]. 
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ɿʝʨʥʦʚʽ ʚʘʥʪʘʞʽ ʩʢʣʘʜʘʶʪʴ ʧʦʥʘʜ 12% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʧʝʨʝʚʝʟʝʥʥʷ 

ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ [1]. ɺ ʋʢʨʘʾʥʽ ʚʠʨʦʙʥʠʮʪʚʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʧʨʦʜʫʢʮʽʾ ʚʽʜʽʛʨʘʻ ʥʝ ʪʽʣʴʢʠ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʨʦʜʦʚʦʣʴʩʪʚʦʤ 

ʥʘʩʝʣʝʥʥʷ, ʘ ʡ ʬʦʨʤʫʻ ʦʩʥʦʚʥʽ ʩʪʘʪʪʽ ʜʦʭʦʜʽʚ ʚʽʜ ʾʾ ʝʢʩʧʦʨʪʫ. ɿʘ ʜʘʥʠʤʠ 

ʄʽʥʘʛʨʦʧʨʦʤʘ [2] ʟ ʙʝʨʝʟʥʷ ʧʦ ʞʦʚʪʝʥʴ 2023 ʨʦʢʫ ʢʦʨʜʦʥ ʧʝʨʝʪʥʫʣʦ ʧʦʥʘʜ 

84 ʤʣʥ. ʪ ʟʝʨʥʦʚʠʭ ʚʘʥʪʘʞʽʚ, ʦʩʥʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ ʢʫʢʫʨʫʜʟʘ (41,59 %), ʧʰʝʥʠʮʷ 

(24,36 %) ʽ ʦʣʽʷ ʩʦʥʷʰʥʠʢʦʚʘ (8,71%).  

ʆʜʥʘʢ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʝʢʩʧʦʨʪʦʚʘʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʚʘʥʪʘʞʽʚ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʘʩʠʯʝʥʥʷ ʨʠʥʢʫ ʽ, ʦʪʞʝ, ʜʦ ʟʥʠʞʝʥʥʷ ʟʘʢʫʧʽʚʝʣʴʥʠʭ ʮʽʥ. 

ɼʣʷ ʟʙʝʨʝʞʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʚʽʪʯʠʟʥʷʥʠʭ ʚʘʥʪʘʞʽʚ ʥʝʦʙʭʽʜʥʦ 

ʟʥʠʞʫʚʘʪʠ ʪʨʘʥʩʧʦʨʪʥʫ ʩʢʣʘʜʦʚʫ ʚ ʮʽʥʽ ʪʦʚʘʨʫ, ʟʦʢʨʝʤʘ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʚʠʪʢʫ 

ʣʦʛʽʩʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʚʝʟʝʥʥʷ ʟʝʨʥʦʚʠʭ ʚʘʥʪʘʞʽʚ. 

ɿ ʧʦʯʘʪʢʦʤ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʦʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ 

ʧʝʨʝʚʝʟʝʥʥʷ ʟʝʨʥʦʚʠʭ ʚʘʥʪʘʞʽʚ ʻ ʜʫʥʘʡʩʴʢʽ ʧʦʨʪʠ, ʟʦʢʨʝʤʘ ʈʝʥʽ ʽ ɯʟʤʘʾʣ, ʘ ʪʘʢʦʞ 

ʧʝʨʝʚʝʟʝʥʥʷ ʟʘʣʽʟʥʠʮʝʶ ʯʝʨʝʟ ʝʚʨʦʧʝʡʩʴʢʽ ʢʨʘʾʥʠ ʜʦ ʧʦʨʪʽʚ ʇʦʣʴʱʽ ʽ ʈʫʤʫʥʽʾ, ʘ 

ʜʘʣʽ ʤʦʨʝʤ. ɺ ʝʢʩʧʦʨʪʥʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʟʘʙʝʟʧʝʯʫʻ 

ʙʣʠʟʴʢʦ 19 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʯʘʩʪʢʠ ʟʝʨʥʦʚʠʭ ʚʘʥʪʘʞʽʚ, ʱʦ ʧʦʩʪʘʚʣʷʶʪʴʩʷ ʯʝʨʝʟ 

ʤʦʨʩʴʢʽ ʧʦʨʪʠ. ʆʩʥʦʚʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ ʚ ʨʝʘʣʽʟʘʮʽʾ ʝʢʩʧʦʨʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʟʝʨʥʦʚʠʭ ʚʘʥʪʘʞʽʚ ʫ ʟʘʣʽʟʥʠʯʥʦ-ʤʦʨʩʴʢʦʤʫ ʩʧʦʣʫʯʝʥʥʽ ʻ ʩʝʟʦʥʥʽʩʪʴ ʨʠʥʢʫ 

ʟʝʨʥʦʚʠʭ ʚʘʥʪʘʞʽʚ, ʽʩʪʦʪʥʠʡ ʜʠʩʙʘʣʘʥʩ ʤʽʞ ʥʘʷʚʥʽʩʪʶ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ 

(ʝʣʝʚʘʪʦʨʥʦʾ), ʧʦʨʪʦʚʦʾ ʪʘ ʣʦʛʽʩʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟ ʚʠʚʝʟʝʥʥʷ ʟʝʨʥʘ; ʚʠʩʦʢʘ 

ʨʦʟʧʦʨʦʰʝʥʽʩʪʴ ʩʪʘʥʮʽʡ ʚʽʜʧʨʘʚʢʠ ʟʝʨʥʦʚʠʭ ʚʘʥʪʘʞʽʚ; ʥʘʷʚʥʽʩʪʴ ʚʘʛʦʥʥʠʭ 

ʚʽʜʧʨʘʚʦʢ, ʥʝ ʦʭʦʧʣʝʥʠʭ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ, ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʦʨʪʫʚʘʥʥʷ ʚʘʛʦʥʽʚ 

ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʩʫʜʥʦʚʠʭ ʧʘʨʪʽʡ ʫ ʧʦʨʪʫ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʥʝʦʙʭʽʜʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʽʥʥʦʚʘʮʽʾ, ʷʢʽ ʜʘʜʫʪʴ ʟʤʦʛʫ ʦʩʚʦʶʚʘʪʠ ʧʨʠʨʽʩʪ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ ʽʟ 

ʥʘʜʘʥʥʷʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ, ʧʨʠʡʥʷʪʥʦʤʫ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ. ʋ ʨʽʟʥʠʭ 

ʢʨʘʾʥʘʭ ʚʯʝʥʠʤʠ ʪʘ ʽʥʞʝʥʝʨʘʤʠ ʚʝʜʝʪʴʩʷ ʧʦʰʫʢ ʢʦʤʧʨʦʤʽʩʽʚ ʧʽʜ ʯʘʩ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʟʘʚʜʘʥʴ ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ 
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ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʨʽʟʥʠʭ ʩʝʢʪʦʨʽʚ 

ʨʠʥʢʫ, ʚʠʪʨʘʪ ʥʘ ʧʦʩʠʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʠʪʨʘʪ ʥʘ ʧʦʪʦʯʥʝ 

ʫʪʨʠʤʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ. 

ʉʠʩʪʝʤʘ "ʩʪʘʥʮʽʷ - ʧʦʨʪ" ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ. ʋ ʮʽʡ ʩʠʩʪʝʤʽ ʻ ʢʽʣʴʢʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʚʟʘʻʤʦʜʽʶʯʠʭ ʦʙ'ʻʢʪʽʚ, ʪʘʢʠʭ ʷʢ 

ʚʭʽʜʥʽ ʜʽʣʴʥʠʮʽ, ʧʘʨʢ ʧʨʠʙʫʪʪʷ, ʩʦʨʪʫʚʘʣʴʥʠʡ ʧʘʨʢ, ʚʠʪʷʞʥʽ ʢʦʣʽʾ, ʢʦʣʽʾ ʧʦʨʪʫ, 

ʧʘʨʢ ʚʽʜʧʨʘʚʣʝʥʥʷ ʪʘ ʚʠʭʽʜʥʽ ʜʽʣʴʥʠʮʽ. ʂʦʞʝʥ ʟ ʮʠʭ ʧʨʠʩʪʨʦʾʚ ʤʘʻ ʩʚʦʾ 

ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʅʘʧʨʠʢʣʘʜ, ʧʘʨʢʠ ʩʪʘʥʮʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʚʦʻʶ ʤʽʩʪʢʽʩʪʶ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʢʽʣʴʢʦʩʪʽ ʥʘʷʚʥʠʭ ʢʦʣʽʡ ʧʝʚʥʦʾ ʜʦʚʞʠʥʠ, ʜʦʩʪʘʪʥʴʦʾ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʚʘʛʦʥʽʚ ʪʦʱʦ. ɯʥʰʽ ʞ ʧʨʠʩʪʨʦʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʱʝ ʡ ʯʘʩʦʤ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʘʛʦʥʽʚ, ʱʦ ʥʘʜʽʡʰʣʠ, ʪʦʙʪʦ ʪʨʠʚʘʣʽʩʪʶ ʚʠʢʦʥʘʥʥʷ ʪʽʻʾ ʯʠ 

ʽʥʰʦʾ ʦʧʝʨʘʮʽʾ. 

ʄʝʪʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʩʠʩʪʝʤʽ "ʩʪʘʥʮʽʷ - ʧʦʨʪ" ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʦʾ ʩʪʘʥʮʽʾ ʪʘ ʧʦʨʪʫ (ʧʝʨʝʨʦʙʥʘ 

ʩʧʨʦʤʦʞʥʽʩʪʴ, ʯʘʩ ʟʥʘʭʦʜʞʝʥʥʷ ʚʘʛʦʥʽʚ ʥʘ ʩʪʘʥʮʽʾ ʟ ʨʦʟʯʣʝʥʫʚʘʥʥʷʤ ʟʘ 

ʦʧʝʨʘʮʽʷʤʠ, ʧʦʚʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʪʝʨʤʽʥʘʣʫ ʧʦʨʪʫ ʽ ʟʘʣʽʟʥʠʯʥʠʭ 

ʢʦʣʽʡ) ʟʘʜʘʥʠʤ ʧʘʨʘʤʝʪʨʘʤ ʫ ʩʠʩʪʝʤʽ. ʈʝʟʫʣʴʪʘʪʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʤʘʻ ʩʪʘʪʠ 

ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚ, ʟʘ ʷʢʠʭ ʩʠʩʪʝʤʘ "ʩʪʘʥʮʽʷ - ʧʦʨʪ" ʥʝ ʟʤʦʞʝ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʽ 

ʧʝʨʝʨʦʙʣʷʪʠ ʚʘʛʦʥʦʧʦʪʽʢ, ʱʦ ʥʘʜʭʦʜʠʪʴ. 

 
[1] ɼʝʨʞʘʚʥʘ ʩʣʫʞʙʘ ʩʪʘʪʠʩʪʠʢʠ ʋʨʢʘʾʥʠ : ʚʝʙ-ʩʘʡʪ. URL: https://www.ukrstat.gov.ua/https://www.ukrstat.gov.ua/ 

(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 10.10.2023). 

[2] ʄʽʥʽʩʪʝʨʩʪʚʦ ʘʛʨʘʨʥʦʾ ʧʦʣʽʪʠʢʠ ʪʘ ʧʨʦʜʦʚʦʣʴʩʪʚʘ ʋʢʨʘʾʥʠ : ʚʝʙ-ʩʘʡʪ. URL: 

https://minagro.gov.ua/investoram/stan-zovnishnoyi-torgivli-produktami-apk (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 10.10.2023). 
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ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ, ʢʦʣʠ ʛʝʦʧʦʣʽʪʠʯʥʘ ʩʠʪʫʘʮʽʷ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ 

ʣʦʛʽʩʪʠʯʥʽ ʧʨʦʮʝʩʠ, ʥʘʣʘʛʦʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʘʨʰʨʫʪʽʚ 

ʥʘʙʫʚʘʻ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ. ɿʦʢʨʝʤʘ, ʥʘ ʬʦʥʽ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ 

ʨʦʩʽʡʩʴʢʦʛʦ ʚʽʡʩʴʢʦʚʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʚ ʋʢʨʘʾʥʫ ʪʘ ʙʣʦʢʫʚʘʥʥʷ ʤʦʨʩʴʢʠʭ ʧʦʨʪʽʚ, 

ʨʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʝʟʧʝʨʝʙʽʡʥʠʭ ʟʘʣʽʟʥʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ʩʪʘʻ 

ʩʪʨʘʪʝʛʽʯʥʦ ʚʘʞʣʠʚʦʶ. ɺʘʞʣʠʚʽʩʪʴ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʘ ʚ 

ʢʦʥʪʝʢʩʪʽ ʨʦʟʚʠʪʢʫ ʤʽʞʥʘʨʦʜʥʦʾ ʟʘʣʽʟʥʠʯʥʦʾ ʣʦʛʽʩʪʠʢʠ, ʷʢʠʡ ʤʦʞʝ ʚʠʟʥʘʯʠʪʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ. ɯʤʧʣʝʤʝʥʪʘʮʽʷ ʈʝʛʣʘʤʝʥʪʫ 

ˉ 913/2010/ɭʉ [1] ʩʪʦʩʦʚʥʦ ʻʚʨʦʧʝʡʩʴʢʦʾ ʟʘʣʽʟʥʠʯʥʦʾ ʤʝʨʝʞʽ ʥʘʜʘʻ ʋʢʨʘʾʥʽ 

ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʟʘʣʽʟʥʠʯʥʠʭ ʚʘʥʪʘʞʥʠʭ ʢʦʨʠʜʦʨʽʚ (RFC) 

[2], ʩʧʨʠʷʶʯʠ ʽʥʪʝʨʤʦʜʘʣʴʥʦʩʪʽ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʪʝʨʤʽʥʘʣʽʚ. ɺʨʘʭʦʚʫʶʯʠ ʽʥʽʮʽʘʪʠʚʫ 

"ʐʣʷʭʠ ʩʦʣʽʜʘʨʥʦʩʪʽ", ʟʘʧʨʦʚʘʜʞʝʥʫ ɭʚʨʦʧʝʡʩʴʢʦʶ ʂʦʤʽʩʽʻʶ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʮʝʜʫʨ ʨʫʭʫ ʧʦʾʟʜʽʚ ʧʦ ʚʠʜʽʣʝʥʠʤ ʤʽʞʥʘʨʦʜʥʠʤ ʥʠʪʢʘʤ ʩʪʘʻ 

ʢʣʶʯʦʚʠʤ ʝʪʘʧʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʽʞʥʘʨʦʜʥʠʭ 

ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʚʘʞʣʠʚʠʤ ʻ ʦʧʪʠʤʽʟʘʮʽʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ 

ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʫʩʠʣʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʠʭ ʪʘ 

ʝʬʝʢʪʠʚʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʨʠʜʦʨʽʚ ʚ ʤʽʞʥʘʨʦʜʥʦʤʫ ʩʧʦʣʫʯʝʥʥʽ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʚ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʦʮʝʜʫʨʠ 

ʤʽʞʥʘʨʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʧʦʜʽʣʫ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ 

ʟʘʣʽʟʥʠʯʥʠʭ ʚʘʥʪʘʞʥʠʭ ʢʦʨʠʜʦʨʘʭ [3]. ɼʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʧʦʜʽʣʫ 

ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʬʦʨʤʘʣʽʟʦʚʘʥʦ ʧʨʦʮʝʜʫʨʫ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʪʘ 

ʥʘʜʽʡʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ ʧʦʧʝʨʝʜʥʴʦ ʩʧʣʘʥʦʚʘʥʠʭ ʤʘʨʰʨʫʪʽʚ, ʱʦ ʬʦʨʤʫʶʪʴ ʚʠʜ 

ʧʦʩʣʫʛ ʟ ʨʦʟʢʣʘʜʫ ʨʫʭʫ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ ʟʘ ʥʘʟʚʦʶ ʧʦʧʝʨʝʜʥʴʦ ʦʨʛʘʥʽʟʦʚʘʥʽ 

ʥʠʪʢʠ ʛʨʘʬʽʢʫ (ʘʥʛʣ. Pre-arranged Paths, PaP). ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʝʦʨʽʾ ʽʛʦʨ ʪʘ ʤʝʪʦʜʘʭ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ [4]. 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʝʨʝʚʝʟʝʥʥʷ 

ʚʘʥʪʘʞʽʚ ʫ ʤʽʞʥʘʨʦʜʥʦʤʫ ʩʧʦʣʫʯʝʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ PaP-ʥʠʪʦʢ ʚ ʤʝʞʘʭ 
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ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʨʠʜʦʨʫ ʨʦʟʨʦʙʣʝʥʦ ʚʠʤʦʛʠ ʜʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʚʠʙʦʨʫ PaP-ʥʠʪʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷ ʨʠʟʠʢʽʚ ʟʙʦʾʚ ʥʘ ʤʘʨʰʨʫʪʘʭ ʨʫʭʫ ʧʦʾʟʜʽʚ ʚ 

ʫʤʦʚʘʭ ʢʨʦʩ-ʢʦʨʜʦʥʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. 
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ʋ ʛʦʩʧʦʜʘʨʩʪʚʽ ʙʫʜʴ-ʷʢʦʾ ʢʨʘʾʥʠ ʧʨʽʦʨʠʪʝʪʥʝ ʤʽʩʮʝ ʧʦʩʽʜʘʻ ʧʘʩʘʞʠʨʩʴʢʠʡ 

ʪʨʘʥʩʧʦʨʪ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʤʦʙʽʣʴʥʦʩʪʽ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʜʦʩʪʫʧʥʦʩʪʽ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʻ ʟʘʚʜʘʥʥʷʤ ʜʝʨʞʘʚʥʦʛʦ ʤʘʩʰʪʘʙʫ [1]. 

ʆʩʥʦʚʥʠʤʠ ʫʯʘʩʥʠʢʘʤʠ ʨʠʥʢʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʷʢʽ ʙʝʟʧʝʨʝʨʚʥʦ 

ʚʩʪʫʧʘʶʪʴ ʫ ʚʟʘʻʤʦʜʽʶ, ʻ ʧʘʩʘʞʠʨʠ, ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʨʘʥʩʧʦʨʪʫ ʽ ʜʝʨʞʘʚʘ. ʇʨʠ 

ʮʴʦʤʫ ʨʠʥʢʦʚʽ ʧʨʦʮʝʩʠ ʧʨʦʪʽʢʘʶʪʴ ʫ ʧʝʚʥʦʤʫ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ʉʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʦʶ ʽ 

ʜʦʭʦʜʘʤʠ ʥʘʩʝʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʨʽʚʥʝʤ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ [2]. 

ɻʦʣʦʚʥʘ ʤʝʪʘ ʧʘʩʘʞʠʨʽʚ ʥʘ ʨʠʥʢʫ - ʮʝ ʟʘʜʦʚʦʣʝʥʥʷ ʩʚʦʻʾ ʧʦʪʨʝʙʠ ʚ 

ʧʝʨʝʤʽʱʝʥʥʽ ʟʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʮʽʥʠ ʪʘ ʷʢʦʩʪʽ. ʗʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ 

ʧʦʢʘʟʥʠʢʽʚ, ʷʢ ʯʘʩ ʫ ʜʦʨʦʟʽ, ʢʦʤʬʦʨʪ, ʙʝʟʧʝʢʘ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʦʪʦʢʫ (ʟʨʫʯʥʽʩʪʴ ʨʦʟʢʣʘʜʫ) [3]. 

ɼʝʨʞʘʚʘ ʱʦʜʦ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʤʦʞʝ ʩʪʘʚʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

ʟʤʝʥʰʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʚʪʨʘʪ ʯʘʩʫ ʥʘʩʝʣʝʥʥʷ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ, ʟʤʝʥʰʝʥʥʷ 

ʟʘʛʘʣʴʥʠʭ ʚʪʨʘʪ ʨʝʩʫʨʩʽʚ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʽʥʘʥʩʦʚʦʾ ʜʦʩʪʫʧʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʦʩʣʫʛ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʟʙʠʪʢʦʚʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʪʨʘʥʩʧʦʨʪʫ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʜʝʨʞʘʚʘ ʦʙʠʨʘʻ ʩʚʦʶ ʩʪʨʘʪʝʛʽʶ, ʪʦʙʪʦ ʥʘʙʽʨ ʘʢʪʠʚʥʠʭ 
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ʜʽʡ ʱʦʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ. ɼʦ ʘʢʪʠʚʥʠʭ ʜʽʡ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʴ 

ʱʦʜʦ ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʩʫʙʩʠʜʫʚʘʥʥʷ ʧʝʨʝʚʝʟʝʥʴ ʙʫʜʴ-ʷʢʦʛʦ ʚʠʜʫ 

ʪʨʘʥʩʧʦʨʪʫ. ʊʘʢʦʞ ʜʝʨʞʘʚʘ ʤʦʞʝ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʧʨʦ ʥʝʚʪʨʫʯʘʥʥʷ ʽ ʩʪʘʪʠ 

ʧʘʩʠʚʥʠʤ ʫʯʘʩʥʠʢʦʤ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ. ʆʢʨʝʤʦ ʩʣʽʜ ʚʠʜʽʣʠʪʠ 

ʩʪʨʘʪʝʛʽʶ ʜʝʨʞʘʚʠ ʱʦʜʦ ʨʦʟʚʠʪʢʫ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʥʘ ʦʙʨʘʥʦʤʫ 

ʥʘʧʨʷʤʢʫ. 

ɸʢʮʽʦʥʝʨʥʝ ʪʦʚʘʨʠʩʪʚʦ çʋʢʨʘʾʥʩʴʢʘ ʟʘʣʽʟʥʠʮʷè, ʢʨʽʤ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ, ʤʦʞʝ ʩʪʘʚʠʪʠ ʩʦʙʽ ʟʘ ʤʝʪʫ ʘʙʦ ʤʘʢʩʠʤʽʟʘʮʽʶ ʧʨʠʙʫʪʢʫ, 

ʘʙʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʧʨʠʩʫʪʥʦʩʪʽ ʥʘ ʨʠʥʢʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ. 

ʇʨʘʛʥʝʥʥʷ ʟʙʽʣʴʰʫʚʘʪʠ ʮʶ ʯʘʩʪʢʫ ʚ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʤʫ ʧʝʨʽʦʜʽ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʬʽʥʘʥʩʦʚʠʤʠ ʚʪʨʘʪʘʤʠ, ʧʨʦʪʝ ʥʘʜʘʣʽ ʤʦʞʣʠʚʠʡ ʟʥʘʯʥʠʡ 

ʧʨʠʨʽʩʪ ʧʨʠʙʫʪʢʫ. ɼʦ ʩʪʨʘʪʝʛʽʡ ʪʘʢʦʞ ʚʽʜʥʦʩʷʪʴʩʷ ʧʨʠʡʥʷʪʽ ʨʽʰʝʥʥʷ ʱʦʜʦ 

ʘʢʪʠʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʙʽʨ ʧʘʩʘʞʠʨʦʤ 

ʩʧʦʩʦʙʫ ʧʝʨʝʩʫʚʘʥʥʷ. ʗʢʽʩʪʴ ʧʝʨʝʚʽʟʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʮʴʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, 

ʥʘʩʢʽʣʴʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʫʭʦʤʠʡ ʩʢʣʘʜ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʡʦʛʦ ʨʫʭʫ ʟʘ 

ʤʘʨʰʨʫʪʦʤ ʢʦʥʢʨʝʪʥʦʤʫ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ [4]. 

ʆʧʪʠʤʽʟʘʮʽʶ ʨʦʙʦʪʠ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʟ ʧʦʟʠʮʽʡ 

ʪʝʦʨʽʾ ʘʢʪʠʚʥʠʭ ʩʠʩʪʝʤ, ʦʩʢʽʣʴʢʠ ʧʘʩʘʞʠʨʠ ʽ ʪʨʘʥʩʧʦʨʪʥʽ ʢʦʤʧʘʥʽʾ ʻ ʘʢʪʠʚʥʠʤʠ 

ʘʛʝʥʪʘʤʠ, ʪʦʙʪʦ ʤʦʞʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʨʝʘʣʴʥʽ ʜʽʾ ʥʘ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ. 

ɻʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʘʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʻ ʥʘʷʚʥʽʩʪʴ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʘʛʝʥʪʽʚ. 

ʊʦʤʫ ʪʝʦʨʽʷ ʘʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʧʘʩʘʞʠʨʩʴʢʠʤ ʪʨʘʥʩʧʦʨʪʦʤ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʨʘʟʽ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ 

ʨʦʙʦʪʠ ʟʽ ʩʧʽʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʘʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʽ ʪʝʦʨʽʾ ʽʛʦʨ ʚ 

ʫʧʨʘʚʣʽʥʥʽ ʩʠʩʪʝʤʘʤʠ, ʜʦ ʯʠʩʣʘ ʷʢʠʭ ʥʘʣʝʞʘʪʴ ʪʨʘʥʩʧʦʨʪʥʽ ʩʠʩʪʝʤʠ ʢʨʘʾʥ ʽ 

ʨʝʛʽʦʥʽʚ. 

 
[1] ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʣʘʥʫ ʬʦʨʤʫʚʘʥʥʷ ʰʚʠʜʢʽʩʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ [ʊʝʢʩʪ] 

: ɯʂʉɿʊ, 2019 ˉ5 DOI: 10.18664/ikszt.v24i5.181287 ʉ.19-23. 

[2] ʇʨʦ ʩʭʚʘʣʝʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫ | ʂʘʙʽʥʝʪ ʄʽʥʽʩʪʨʽʚ 

ʋʢʨʘʾʥʠ (kmu.gov.ua) 

[3] ʂʘʣʘʰʥʽʢʦʚʘ, ʊ. ʖ. ɸʥʘʣʽʟ ʜʦʩʚʽʜʫ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ 

[ʊʝʢʩʪ] / ʊ.ʖ. ʂʘʣʘʰʥʽʢʦʚʘ, ʄ.ɺ. ɹʠʢʦʚ // ɿʙ. ʥʘʫʢ. ʧʨʘʮʴ ʋʢʨ. ʜʝʨʞ. ʫʥ-ʪʫ ʟʘʣʽʟʥʠʯ. ʪʨʘʥʩʧ. ï ʍʘʨʢʽʚ: 

ʋʢʨɼʋɿʊ, 2015. ï ɺʠʧ. 154. ï ʉ. 24-28. 

[4] ʈʦʟʨʦʙʢʘ ʧʣʘʥʫ ʬʦʨʤʫʚʘʥʥʷ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʨʦʷ ʯʘʩʪʦʢ. ɹʫʪʴʢʦ ʊ. ɺ., ʇʨʦʭʦʨʯʝʥʢʦ 

ɸ. ɺ., ʐʘʥʜʝʨ ʆ. ɽ. ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. 2011. ˉ 54. ʉ.70-76. 
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ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʊɽʍʅʆʃʆɻɯɰ ʆʈɻɸʅɯɿɸʎɯɰ ɺɸɻʆʅʆʇʆʊʆʂɯɺ ɿɸ 
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ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʚʝʟʝʥʴ ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè ɺ.ʆ. ʂʨʶʯʢʦʚ
2
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ɺʘʥʪʘʞʥʽ ʟʘʣʽʟʥʠʯʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ 

ʝʢʦʥʦʤʽʯʥʦʤʫ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ, ʽ ʪʦʯʥʝ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷ 

ʚʘʛʦʥʦʧʦʪʦʢʽʚ ʩʪʘʶʪʴ ʢʣʶʯʦʚʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ. ʋʪʦʯʥʝʥʥʷ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʧʣʘʥʫ ʬʦʨʤʫʚʘʥʥʷ 

ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ ʻ ʚʘʞʣʠʚʠʤ ʩʢʣʘʜʥʠʢʦʤ ʮʽʻʾ ʦʨʛʘʥʽʟʘʮʽʾ. 

ɺ ʫʤʦʚʘʭ ʧʦʧʠʪʫ, ʱʦ ʰʚʠʜʢʦ ʟʤʽʥʶʻʪʴʩʷ, ʥʘ ʚʘʥʪʘʞʥʽ ʧʝʨʝʚʝʟʝʥʥʷ, 

ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʾ ʦʨʛʘʥʽʟʘʮʽʾ ʚʘʛʦʥʦʧʦʪʦʢʽʚ ʩʪʘʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʘʥʪʘʞʥʠʭ ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ 

ʚ ʋʢʨʘʾʥʽ. ʋʪʦʯʥʝʥʥʷ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʧʣʘʥʫ ʬʦʨʤʫʚʘʥʥʷ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ 

ʜʦʟʚʦʣʠʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʽ ʝʢʦʥʦʤʽʯʥʦ ʢʝʨʫʚʘʪʠ ʚʘʛʦʥʦʧʦʪʦʢʘʤʠ, 

ʚʨʘʭʦʚʫʶʯʠ ʨʽʟʥʽ ʧʘʨʘʤʝʪʨʠ ʷʢʽ ʨʘʥʽʰʝ ʥʝ ʙʫʣʠ ʚʨʘʭʦʚʘʥʽ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʘʙʦ 

ʚʨʘʭʦʚʘʥʽ ʥʝ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʯʠ ʟʘ ʩʧʨʦʱʝʥʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ, ʪʘʢʽ ʷʢ ʚʘʛʘ 

ʧʦʾʟʜʽʚ, ʾʭ ʰʚʠʜʢʽʩʪʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʘʪʝʛʦʨʽʾ [1], ʧʘʨʘʤʝʪʨʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʪʦʱʦ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʦʨʛʘʥʽʟʘʮʽʾ 

ʚʘʛʦʥʦʧʦʪʦʢʽʚ ʰʣʷʭʦʤ ʫʪʦʯʥʝʥʥʷ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʧʣʘʥʫ ʬʦʨʤʫʚʘʥʥʷ 

ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ ʚ ʋʢʨʘʾʥʽ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʨʝʩʫʨʩʠ, ʟʥʠʞʫʚʘʪʠ ʪʠʤʯʘʩʦʚʽ ʚʠʪʨʘʪʠ ʪʘ ʧʽʜʚʠʱʫʚʘʪʠ ʷʢʽʩʪʴ ʚʘʥʪʘʞʥʠʭ 

ʟʘʣ̔ʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʪʘ ʨʽʚʝʥʴ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʋʢʨʟʘʣʽʟʥʠʮʽ ʥʘ 

ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʚʘʪʠʤʝʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʜʘʥʠʭ ʧʨʦ ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʥʷ, 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʬʘʢʪʦʨʽʚ ʷʢʽ ʨʘʥʽʰʝ ʥʝ ʙʫʣʠ ʚʨʘʭʦʚʘʥʽ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ, ʪʘ ʾʭ 

ʽʥʪʝʨʛʘʮʽʾ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʦʪʦʯʥʦʾ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʧʣʘʥʫ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʾʟʜʽʚ. ɹʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ. 
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ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʫʪʦʯʥʝʥʥʷ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʧʣʘʥʫ ʬʦʨʤʫʚʘʥʥʷ 

ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ ʧʨʠʟʚʝʜʝ ʜʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʚʘʛʦʥʦʧʦʪʦʢʽʚ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʽ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ. ʎʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʘʥʪʘʞʥʠʭ ʟʘʣʟ̔ʥʠʯʥʠʭ 

ʧʝʨʝʚʝʟʝʥʴ ʟʨʦʙʠʪʴ ʾʭ ʙʽʣʴʰ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤʠ ʪʘ ʩʧʨʠʷʪʠʤʝ ʨʦʟʚʠʪʢʫ 

ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ. 
[1] ʅʝʛʨʝʡ ɺ. ʗ., ʐʢʫʨʠʥ ʂ. ʄ. ʈʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʨʘʩʯʝʪʘ ʧʣʘʥʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜʥʦʛʨʫʧʧʥʳʭ ʧʦʝʟʜʦʚ. ɺʝʩʪʥʠʢ 

ɹʝʣʦʨʫʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʨʘʥʩʧʦʨʪʘ: ʅʘʫʢʘ ʠ ʪʨʘʥʩʧʦʨʪ. 2017. ˉ 2 (35). ʉ. 123ï126. 
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ɿɸɹɽɿʇɽʏɽʅʅʗ ʉɺʆɭʏɸʉʅʆɰ ɼʆʉʊɸɺʂʀ ɺɸʅʊɸɾɯɺ ʋ 

ʄɯɾʅɸʈʆɼʅʆʄʋ ʉʇʆʃʋʏɽʅʅɯ ʅɸ ʆʉʅʆɺɯ ʆʇʊʀʄɯɿɸʎɯɰ 

ʆʇɽʈɸʊʀɺʅʆɻʆ ʇʃɸʅʋɺɸʅʅʗ 
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ʉʫʯʘʩʥʽ ʛʣʦʙʘʣʴʥʽ ʨʠʥʢʠ ʪʘ ʚʠʤʦʛʠ ʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ 

ʩʪʚʦʨʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ. 

ʂʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʚʦʻʯʘʩʥʦʾ ʪʘ ʥʘʜʽʡʥʦʾ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʻ 

ʦʧʝʨʘʪʠʚʥʝ ʧʣʘʥʫʚʘʥʥʷ ʟʘʣʽʟʥʠʯʥʠʭ ʩʪʘʥʮʽʡ. ɽʬʝʢʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ ʩʪʘʥʮʽʷʤʠ 

ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʧʦʢʨʘʱʠʪʠ ʧʫʥʢʪʫʘʣʴʥʽʩʪʴ ʪʘ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʣʦʛʽʩʪʠʢʫ [1]. 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʪʘ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʠʭ ʩʪʘʥʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʝʨʛʦʚʦʩʪʽ 

ʚʢʣʶʯʝʥʥʷ ʚʘʛʦʥʽʚ ʜʦ ʩʢʣʘʜʫ ʧʦʾʟʜʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʚʢʣʶʯʘʶʯʠ ʥʝʯʽʪʢʫ ʣʦʛʽʢʫ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʧʦʩʪʘʚʣʝʥʦ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ɺʠʚʯʝʥʥʷ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʟʘʣʽʟʥʠʯʥʠʭ 

ʩʪʘʥʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʩʧʝʢʪʫ ʯʝʨʛʦʚʦʩʪʽ ʚʢʣʶʯʝʥʥʷ ʚʘʛʦʥʽʚ ʜʦ ʩʢʣʘʜʫ ʧʦʾʟʜʘ. 

2. ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ 

ʚʘʥʪʘʞʽʚ, ʦʧʝʨʘʮʽʡ ʥʘ ʩʪʘʥʮʽʾ ʪʘ ʚʠʤʦʛ ʱʦʜʦ ʯʝʨʛʦʚʦʩʪʽ. 

3. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ, ʚʢʣʶʯʘʶʯʠ ʥʝʯʽʪʢʫ ʣʦʛʽʢʫ, 

ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʦʟʢʣʘʜʽʚ ʨʦʙʦʪʠ ʩʪʘʥʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ 

ʜʦ ʩʚʦʻʯʘʩʥʦʾ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʪʘ ʯʝʨʛʦʚʦʩʪʽ. 

4. ɸʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ 

ʧʦʨʽʚʥʷʥʥʷ ʟ ʽʩʥʫʶʯʠʤʠ ʧʨʘʢʪʠʢʘʤʠ. 
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ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʪʴ ʨʦʟʨʦʙʠʪʠ ʥʦʚʽ ʧʽʜʭʦʜʠ 

ʜʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʠʭ ʩʪʘʥʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʩʧʝʢʪʫ 

ʯʝʨʛʦʚʦʩʪʽ ʚʢʣʶʯʝʥʥʷ ʚʘʛʦʥʽʚ ʜʦ ʩʢʣʘʜʫ ʧʦʾʟʜʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ʎʝ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʩʚʦʻʯʘʩʥʦʩʪʽ 

ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʪʘ ʟʥʠʞʝʥʥʷ ʦʧʝʨʘʮʽʡʥʠʭ ʚʠʪʨʘʪ. 

ʈʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʘʥʽ ʚ 

ʟʘʣʽʟʥʠʯʥʽʡ ʛʘʣʫʟʽ ʪʘ ʣʦʛʽʩʪʠʯʥʠʭ ʢʦʤʧʘʥʽʷʭ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ ʩʪʘʥʮʽʡ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʴ, 

ʚʢʣʶʯʘʶʯʠ ʘʩʧʝʢʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʯʝʨʛʦʚʽʩʪʶ ʚʢʣʶʯʝʥʥʷ ʚʘʛʦʥʽʚ ʜʦ ʩʢʣʘʜʫ ʧʦʾʟʜʘ 

ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʩʚʦʻʯʘʩʥʦʾ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʫ 

ʩʫʯʘʩʥʽʡ ʝʢʦʥʦʤʽʮʽ. ʈʦʟʨʦʙʢʘ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ 

ʟʘʣʽʟʥʠʯʥʠʭ ʩʪʘʥʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʩʧʝʢʪʽʚ, ʪʘʢʠʭ ʷʢ ʯʝʨʛʦʚʽʩʪʴ ʚʢʣʶʯʝʥʥʷ 

ʚʘʛʦʥʽʚ ʜʦ ʩʢʣʘʜʫ ʧʦʾʟʜʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ, ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʪʘ ʧʦʣʽʧʰʝʥʥʶ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʢʣʽʻʥʪʽʚ. 

 
[1] Ļamaj, J., Ġulko, P., PeļenĨ, L. 2019. The new applications for operational planning and evaluation of train routes 

with the support of information systems in Slovak conditions. Transport Means - Proceedings of the International 
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ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʥʘ ʟʘʣʽʟʥʠʯʥʽʡ ʤʝʨʝʞʽ ʋʢʨʘʾʥʠ, ʢʦʣʠ ʩʢʣʘʜʥʦʱʽ ʚ 

ʫʧʨʘʚʣʽʥʥʽ ʪʘ ʧʣʘʥʫʚʘʥʥʽ ʧʝʨʝʚʝʟʝʥʴ ʧʦʩʠʣʶʶʪʴʩʷ ʜʠʥʘʤʽʢʦʶ ʪʘ ʦʧʝʨʘʪʠʚʥʠʤʠ 

ʟʤʽʥʘʤʠ, ʩʪʘʻ ʦʯʝʚʠʜʥʦʶ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ 

ʢʦʤʘʪʦʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʝʨʫʚʘʥʥʷ ʚʘʛʦʥʦʧʦʪʦʢʘʤʠ ʪʘ 

ʥʘʩʣʽʜʢʘʤʠ. 



 

49 

ʇʣʘʥ ʬʦʨʤʫʚʘʥʥʷ ʧʦʾʟʜʽʚ, ʩʢʣʘʜʝʥʠʡ ʥʘ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʧʝʨʽʦʜ, 

ʨʝʛʣʘʤʝʥʪʫʻ ʦʨʛʘʥʽʟʘʮʽʶ ʚʘʛʦʥʦʧʦʪʦʢʽʚ, ʘʣʝ ʦʧʝʨʘʪʠʚʥʽ ʟʤʽʥʠ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ 

ʚʥʦʩʠʪʠʩʷ ʽʟ ʥʘʚʝʜʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʇʨʠʡʥʷʪʽ ʚʘʥʦʧʦʪʦʢʠ, ʟʘʟʚʠʯʘʡ, 

ʚʽʜʭʠʣʷʶʪʴʩʷ ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘʛʘʣʦʤ ʥʘ 40-60% [1]. ʎʝ ʩʪʚʦʨʶʻ 

ʪʨʫʜʥʦʱʽ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʛʦʪʦʚʠʭ ʧʦʾʟʜʽʚ ʣʦʢʦʤʦʪʠʚʘʤʠ, ʣʦʢʦʤʦʪʠʚʥʠʤʠ 

ʙʨʠʛʘʜʘʤʠ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤ ʛʨʘʬʽʢʦʚʠʤ ʨʝʩʫʨʩʦʤ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʩʢʣʘʜʥʠʭ ʟʘʚʜʘʥʴ ʱʦʜʦ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʘʛʦʥʦʧʦʪʦʢʽʚ ʪʘ ʨʝʩʫʨʩʽʚ ʥʝʦʙʭʽʜʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ 

ʤʝʪʦʜʽʚ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʥʘʢʦʧʠʯʝʥʥʷ ʩʢʣʘʜʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʶʪʴ 

ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʦʪʨʝʙʠ ʚ ʨʝʩʫʨʩʘʭ ʪʘ ʚʠʷʚʣʷʪʠ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ 

ʧʦʪʨʝʙʘʤʠ ʪʘ ʜʦʩʪʫʧʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʻ ʨʘʮʽʦʥʘʣʴʥʽʤ ʰʣʷʭʦʤ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʚʘʛʦʥʦʧʦʪʦʢʽʚ ʟ ʤʝʪʦʶ ʤʘʢʩʠʤʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʨʦʩʪʦ ʁʚʘʛʦʥʽʚ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʚʠʢʣʠʢʽʚ, ʱʦ ʧʦʩʪʘʶʪʴ ʧʝʨʝʜ ʋʢʨʟʘʣʽʟʥʠʮʝʶ, 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʨʝʛʫʚʘʥʥʷ ʧʣʘʥʫ 

ʬʦʨʤʫʚʘʥʥʷ ʚʘʥʪʘʞʥʠʭ ʦʜʥʦʛʨʫʧʥʠʭ ʧʦʾʟʜʽʚ ʩʪʘʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʧʫʥʢʪʫʘʣʴʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʚʘʥʪʘʞʥʠʭ ʟʘʣʽʟʥʠʯʥʠʭ 

ʧʝʨʝʚʝʟʝʥʴ ʫ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ. 

 
[1] Butko T., Prokhorov V., Chekhunov D. Devising a method for the automated calculation of train formation plan by 

employing genetic algorithms. Eastern-European journal of enterprise technologies. 2017. Vol. 85. No. 3. Pt. 1. P. 55ï
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ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʥʘ ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʧʨʠʧʘʜʘʻ ʚʩʝ ʙʽʣʴʰ ʟʥʘʯʥʘ 

ʯʘʩʪʢʘ ʚʘʥʪʘʞʥʠʭ ʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʪʝʭʥʽʯʥʽ ʩʪʘʥʮʽʾ, ʱʦ ʚʠʤʘʛʘʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʾʭ ʪʝʭʥʦʣʦʛʽʾ [1]. 

- ɿʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʚʘʥʪʘʞʥʠʭ ʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ 

ʪʨʘʥʩʧʦʨʪʽ; 

- ɿʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʪʝʭʥʽʯʥʽ ʩʪʘʥʮʽʾ; 

- ʅʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʡ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ 

ʨʦʟʨʦʙʮʽ ʢʦʥʮʝʧʮʽʾ ʮʠʬʨʦʚʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʨʦʙʦʪʠ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʡ. 

ʈʦʟʨʦʙʢʘ ʢʦʥʮʝʧʮʽʾ ʮʠʬʨʦʚʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʨʦʙʦʪʠ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʡ 

ʜʦʟʚʦʣʠʪʴ: 

- ʇʦʢʨʘʱʠʪʠ ʰʚʠʜʢʽʩʪʴ ʽ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʾʟʜʽʚ; 

1. ɿʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʡ; 

- ʇʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʨʫʭʫ. 

ʉʫʯʘʩʥʘ ʪʝʭʥʦʣʦʛʽʷ ʨʦʙʦʪʠ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ: 

- ɺʦʥʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʪʘʢʠʭ ʷʢ ʤʝʭʘʥʽʟʘʮʽʷ ʽ 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʦʢʨʝʤʠʭ ʦʧʝʨʘʮʽʡ. 

- ɺʦʥʘ ʻ ʬʨʘʛʤʝʥʪʦʚʘʥʦʶ, ʪʦʙʪʦ ʧʨʦʮʝʩʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʾʟʜʽʚ ʥʘ ʨʽʟʥʠʭ 

ʝʪʘʧʘʭ ʟʜʽʡʩʥʶʶʪʴʩʷ ʨʽʟʥʠʤʠ ʩʣʫʞʙʘʤʠ. 

- ɺʦʥʘ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʩʪʘʥʦʤ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʡ ʽ 

ʧʨʦʮʝʩʘʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʾʟʜʽʚ. 

ʆʩʥʦʚʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʡ, ʻ: 

- ʅʝʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʪʘʢʠʭ ʷʢ ʦʙʣʘʜʥʘʥʥʷ, ʧʝʨʩʦʥʘʣ, 

ʤʘʪʝʨʽʘʣʠ. 

- ɺʠʩʦʢʘ ʘʚʘʨʽʡʥʽʩʪʴ ʽ ʧʨʦʩʪʦʾ ʦʙʣʘʜʥʘʥʥʷ. 

- ʅʠʟʴʢʘ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʾʟʜʽʚ. 

- ʅʝʙʝʟʧʝʢʘ ʜʣʷ ʙʝʟʧʝʢʠ ʨʫʭʫ. 

ʎʠʬʨʦʚʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʨʦʙʦʪʠ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʡ ʜʦʟʚʦʣʠʪʴ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ 

ʧʨʦʙʣʝʤʠ: 

- ʇʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

- ɿʥʠʟʠʪʠ ʘʚʘʨʽʡʥʽʩʪʴ ʽ ʧʨʦʩʪʦʾ ʦʙʣʘʜʥʘʥʥʷ. 

- ʇʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʾʟʜʽʚ. 

- ʇʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʨʫʭʫ. 

ʂʦʥʮʝʧʮʽʷ ʮʠʬʨʦʚʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʨʦʙʦʪʠ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʡ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ: 

- ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT) ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʽ ʢʦʥʪʨʦʣʶ ʟʘ 

ʧʨʦʮʝʩʘʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʾʟʜʽʚ. 

- ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ (AI) ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

- ʈʦʟʫʤʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʢʦʦʨʜʠʥʘʮʽʾ ʜʽʷʣʴʥʦʩʪʽ ʨʽʟʥʠʭ ʩʣʫʞʙ 

ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʡ [2]. 

     ʅʘ ʦʩʥʦʚʽ ʪʝʟ, ʷʢʽ ʤʠ ʩʢʣʘʣʠ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʠʡ ʚʠʩʥʦʚʦʢ: 
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   ʎʠʬʨʦʚʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʨʦʙʦʪʠ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʡ ʻ ʥʝʦʙʭʽʜʥʠʤ ʽ ʚʘʞʣʠʚʠʤ 

ʢʨʦʢʦʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʙʝʟʧʝʢʠ ʽ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ. 

ʎʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ ʷʢ ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ, ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʽ ʨʦʟʫʤʥʽ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʜʦʟʚʦʣʷʪʴ ʩʪʚʦʨʠʪʠ ʻʜʠʥʫ ʮʠʬʨʦʚʫ ʧʣʘʪʬʦʨʤʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ 

ʧʦʚʥʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʩʪʘʥʦʤ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʡ ʽ ʧʨʦʮʝʩʘʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʧʦʾʟʜʽʚ. ʎʝ ʜʦʟʚʦʣʠʪʴ: 

- ʇʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʪʘʢʠʭ ʷʢ ʦʙʣʘʜʥʘʥʥʷ, 

ʧʝʨʩʦʥʘʣ, ʤʘʪʝʨʽʘʣʠ. 

- ɿʥʠʟʠʪʠ ʘʚʘʨʽʡʥʽʩʪʴ ʽ ʧʨʦʩʪʦʾ ʦʙʣʘʜʥʘʥʥʷ. 

- ʇʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʾʟʜʽʚ. 

- ʇʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʨʫʭʫ. 

  ʂʦʥʢʨʝʪʥʽ ʨʝʟʫʣʴʪʘʪʠ ʮʠʬʨʦʚʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʨʦʙʦʪʠ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʡ 

ʙʫʜʫʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʙʫʜʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ, ʽ ʚʽʜ ʪʦʛʦ, ʷʢ ʚʦʥʠ ʙʫʜʫʪʴ ʚʧʨʦʚʘʜʞʝʥʽ. 

ʆʩʴ ʢʽʣʴʢʘ ʢʦʥʢʨʝʪʥʠʭ ʧʨʠʢʣʘʜʽʚ ʪʦʛʦ, ʷʢ ʮʠʬʨʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʨʦʙʦʪʠ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʡ: 

- ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ 

ʦʙʣʘʜʥʘʥʥʷ ʽ ʢʦʥʪʨʦʣʶ ʟʘ ʧʨʦʮʝʩʘʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʾʟʜʽʚ. ʎʝ 

ʜʦʟʚʦʣʠʪʴ ʩʚʦʻʯʘʩʥʦ ʚʠʷʚʣʷʪʠ ʽ ʫʩʫʚʘʪʠ ʧʨʦʙʣʝʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ, ʽ 

ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʨʝʙʽʡʥʫ ʨʦʙʦʪʫ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʡ. 

- ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʅʘʧʨʠʢʣʘʜ, ʚʽʥ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫ ʨʫʭʫ ʧʦʾʟʜʘ, ʘ ʪʘʢʦʞ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʥʘ 

ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʷʭ. 

- ʈʦʟʫʤʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʢʦʦʨʜʠʥʘʮʽʾ 

ʜʽʣ̫ʴʥʦʩʪʽ ʨʽʟʥʠʭ ʩʣʫʞʙ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʡ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʡ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʢʨʘʱʠʡ ʢʦʥʪʨʦʣʴ ʟʘ 

ʾʭ ʜʽʷʣʴʥʽʩʪʶ. 

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʨʦʙʦʪʠ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʡ. 

 
[1] Barbosa, M., & Peixoto, A. (2022). Digitalisation of railway stations: A literature review. Transportation Research 

Part E: Logistics and Transportation Review, 160, 102640. 

[2] Wang, X., Li, Y., & Li, H. (2022). The application of digital technology in railway station operation: A systematic 

review. Transportation Research Part C: Emerging Technologies, 137, 103383. 
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ʉʇʆʃʋʏɽʅʅɯ ʅɸ ʆʉʅʆɺɯ ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʈʆɹʆʊʀ ʉʊɸʅʎɯʁ 

 

ACCELERATION OF CARGO DELIVERY IN INTERNATIONAL 

COMMUNICATION ON THE BASIS OF IMPROVING THE WORK OF 

STATIONS 
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ʉʫʯʘʩʥʘ ʝʢʦʥʦʤʽʢʘ ʪʘ ʛʣʦʙʘʣʴʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʨʠʥʢʠ ʚʠʤʘʛʘʶʪʴ ʧʦʩʪʽʡʥʦʛʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ. ʅʘʜʽʡʥʘ ʪʘ ʩʚʦʻʯʘʩʥʘ ʜʦʩʪʘʚʢʘ 

ʚʘʥʪʘʞʽʚ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʫ ʛʘʣʫʟʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʣʦʛʽʩʪʠʢʠ. ʆʧʪʠʤʽʟʘʮʽʷ 

ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʠʭ ʩʪʘʥʮʽʡ ʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʜʦʩʷʛʥʝʥʥʽ ʮʠʭ ʮʽʣʝʡ. 

ɽʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʥʮʽʷʤʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʣʽʧʰʝʥʥʷ 

ʧʫʥʢʪʫʘʣʴʥʦʩʪʽ ʽ ʟʥʠʞʝʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʚʠʪʨʘʪ [1]. 

ʄʝʪʦʶ ʜʘʥʦʾ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʪʘ ʘʥʘʣʽʟ ʥʦʚʠʭ ʤʝʪʦʜʽʚ 

ʦʧʪʠʤʽʟʘʮʽʾ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʠʭ ʩʪʘʥʮʽʡ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʯʝʨʛʦʚʦʩʪʽ ʚʢʣʶʯʝʥʥʷ ʚʘʛʦʥʽʚ ʜʦ ʩʢʣʘʜʫ ʧʦʾʟʜʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʧʝʨʝʜʦʚʽ ʥʝʡʨʦʤʝʨʝʞʝʚʽ ʪʝʭʥʦʣʦʛʽʾ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʚʠʟʥʘʯʝʥʦ 

ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

1. ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʠʭ 

ʩʪʘʥʮʽʡ ʟ ʬʦʢʫʩʦʤ ʥʘ ʧʨʽʦʨʠʪʝʪʘʭ ʚʢʣʶʯʝʥʥʷ ʚʘʛʦʥʽʚ ʜʦ ʩʢʣʘʜʫ ʧʦʾʟʜʘ. 

2. ʈʦʟʨʦʙʢʘ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʚʘʥʪʘʞʽʚ, ʦʧʝʨʘʮʽʡ ʥʘ ʩʪʘʥʮʽʷʭ ʪʘ ʚʠʤʦʛ ʱʦʜʦ ʯʝʨʛʦʚʦʩʪʽ. 

3. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʝʜʦʚʠʭ ʤʝʪʦʜʽʚ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ 

ʧʦʰʫʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʛʨʘʬʽʢʽʚ ʨʦʙʦʪʠ ʩʪʘʥʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʜʦ 

ʩʚʦʻʯʘʩʥʦʩʪʽ ʜʦʩʪʘʚʢʠ ʪʘ ʧʨʽʦʨʠʪʝʪʽʚ. 

4. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʤʝʪʦʜʽʚ 

ʥʘ ʦʩʥʦʚʽ ʧʨʘʢʪʠʯʥʠʭ ʜʘʥʠʭ ʽ ʧʦʨʽʚʥʷʥʥʷ ʟ ʽʩʥʫʶʯʠʤʠ ʧʽʜʭʦʜʘʤʠ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʠʭ ʩʪʘʥʮʽʡ, ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʴ 

ʽ ʚʠʨʽʰʝʥʥʷ ʚʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ ʚ ʩʬʝʨʽ ʣʦʛʽʩʪʠʢʠ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʩʚʦʻʯʘʩʥʦʾ 

ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʫ ʩʫʯʘʩʥʽʡ ʝʢʦʥʦʤʽʮʽ, ʽ 

ʮʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʧʦʢʨʘʱʝʥʥʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʝʨʝʜʦʚʠʭ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

 
[1] Kreuger P., Aronsson M. Railyard Shunting: A Challenge for Combinatorial Optimisation. ERCIM News. 2007.  

Issue 68. P. 23ï25. 
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ɿʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʟʘʣʠʰʘʻʪʴʩʷ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ ʪʘ ʧʘʩʘʞʠʨʽʚ. 

ʆʧʪʠʤʘʣʴʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʣʽʟʥʠʯʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʡ ʚ ʫʤʦʚʘʭ ʚʠʭʦʜʫ ʟ 

ʣʘʜʫ ʝʣʝʤʝʥʪʽʚ ʩʪʘʥʮʽʡʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘʙʦ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʦʚʠʭ ʪʘ 

ʥʝʧʣʘʥʦʚʠʭ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʻ ʢʨʠʪʠʯʥʠʤ ʘʩʧʝʢʪʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʠ ʧʦʨʪʝʙʫʻ 

ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ ʨʦʟʨʦʙʢʫ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʭʥʽʯʥʠʤʠ ʩʪʘʥʮʽʷʤʠ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʚʠʨʽʰʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʧʨʦʧʦʟʠʮʽʾ ʩʠʩʪʝʤʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʨʦʙʦʪʠ ʩʪʘʥʮʽʡ ʚ ʫʤʦʚʘʭ ʚʠʢʦʥʘʥʥʷ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʥʘ ʢʦʣʽʷʭ ʧʘʨʢʽʚ ʩʪʘʥʮʽʾ, 

ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʩʦʨʪʫʚʘʣʴʥʠʭ ʽ ʤʘʥʝʚʨʦʚʠʭ ʨʝʩʫʨʩʽʚ ʪʦʱʦ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ 

ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʝ ʚʢʣʶʯʘʪʠ: 

1. ɸʥʘʣʽʟ ʧʦʪʦʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʯʥʠʤʠ ʩʪʘʥʮʽʷʤʠ ʪʘ 

ʚʠʷʚʣʝʥʥʷ ʚʫʟʴʢʠʭ ʤʽʩʮʴ ʪʘ ʥʝʝʬʝʢʪʠʚʥʠʭ ʧʨʘʢʪʠʢ. 

2. ʈʦʟʨʦʙʢʫ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʤʦʜʝʣʝʡ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʣʘʥʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

3. ɺʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʨʽʰʝʥʴ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ [1]. 

4. ʆʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʠʭ ʨʽʰʝʥʴ ʥʘ ʧʨʘʢʪʠʮʽ ʪʘ ʘʥʘʣʽʟ ʾʭ 

ʚʧʣʠʚʫ ʥʘ ʙʝʟʧʝʢʫ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʽʟ ʩʬʝʨʠ ʪʝʦʨʽʾ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ 

ʜʠʩʧʝʪʯʝʨʽʟʘʮʽʾ ʫ ʢʦʥʪʝʢʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʯʥʠʤʠ ʩʪʘʥʮʽʷʤʠ ʤʘʪʠʤʝ 

ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ 

ʨʦʙʦʪʦʶ ʩʪʘʥʮʽʾ ʫ ʩʪʠʩʣʠʭ ʫʤʦʚʘʭ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʟʘʚʜʘʥʥʷ ʢʦʤʙʽʥʘʪʦʨʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʥʘʩʪʫʧʥʽ ʘʩʧʝʢʪʠ: 

1. ʆʧʪʠʤʽʟʘʮʽʷ ʧʦʨʷʜʢʫ ʨʦʟʬʦʨʤʫʚʘʥʥʷ ʧʦʾʟʜʽʚ. 

2. ʈʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ ʥʘ ʩʦʨʪʫʚʘʣʴʥʽʡ ʩʪʘʥʮʽʾ. 

3. ʇʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ ʤʘʥʝʚʨʦʚʠʭ ʣʦʢʦʤʦʪʠʚʽʚ. 

4. ʇʣʘʥʫʚʘʥʥʷ ʤʽʩʮʝʚʦʾ ʨʦʙʦʪʠ. 
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5. ʈʽʰʝʥʥʷ ʟʘʜʘʯʽ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʦʧʝʨʘʮʽʡʥʠʭ 

ʚʠʪʨʘʪ: ʄʦʜʝʣʶʚʘʥʥʷ ʟʘʜʘʯʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʩʽʭ ʚʠʱʝʚʢʘʟʘʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ 

ʧʦʰʫʢ ʥʘʡʢʨʘʱʦʾ ʢʦʤʙʽʥʘʮʽʾ ʪʘ ʨʦʟʢʣʘʜʫ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʤʽʥʽʤʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʪʘ ʤʘʢʩʠʤʽʟʘʮʽʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʝʭʥʽʯʥʦʾ 

ʩʪʘʥʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʥʝʦʙʭʽʜʥʦ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ 

ʧʨʦʮʝʩ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ ʩʪʘʥʮʽʾ. ʆʪʞʝ ʧʦʩʪʘʻ ʟʘʜʘʯʘ 

ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʜʝ ʧʦʪʨʽʙʝʥ ʦʙʣʽʢ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟʤʽʥʥʠʭ ʪʘ 

ʦʙʤʝʞʝʥʴ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʚʠʥʥʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʡ ʚ ʫʤʦʚʘʭ ʧʣʘʥʦʚʦʛʦ 

ʚʠʢʣʶʯʝʥʥʷ ʘʙʦ ʨʘʧʪʦʚʦʛʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʧʝʚʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʨʝʩʫʨʩʽʚ ʩʪʘʥʮʽʾ, 

ʨʘʧʪʦʚʦʾ ʟʤʽʥʠ ʚʘʛʦʥʦʧʦʪʦʢʽʚ ʪʦʱʦ. 

ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʠʷʪʠʤʫʪʴ ʟʙʽʣʴʰʝʥʥʶ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚ ʋʢʨʘʾʥʽ ʷʢ ʚ ʫʤʦʚʘʭ 

ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʪʘʢ ʽ ʚ ʫʤʦʚʘʭ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʦʚʠʭ 

ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ. 

 
[1] Leidecker, J. K., Bruno, A. V. Identifying and using critical success factors. Long range planning. 1984. 17(1). 

p. 23ï32. 

 

 

ʋɼʂ 656.2 

 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʊɽʍʅʆʃʆɻɯɰ ʈʆɹʆʊʀ ʉʆʈʊʋɺɸʃʔʅʀʍ 

ʉʊɸʅʎɯʁ ʅɸ ʆʉʅʆɺɯ ɸɺʊʆʄɸʊʀɿɸʎɯɰ ʇʈʆʎɽʉɯɺ ʂɽʈʋɺɸʅʅʗ 

 

IMPROVING THE TECHNOLOGY OF MARSHALLING YARDS BASED 

ON AUTOMATION OF CONTROL PROCESSES 

 

ʊ.ʄ. ʇʘʨʪʠʢʘ, ʉ.ʉ ʉʘʨʙʡ̒, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ɺ.ʄ. ʇʨʦʭʦʨʦʚ
 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʤ. ʍʘʨʢʽʚ) 

 

T.M. Partyka, S. Sarbiei, V.M. Prokhorov, PhD (Tech.)
 

Ukrainian State University of Railway Transport
 
(Kharkiv) 

 

ʉʦʨʪʫʚʘʣʴʥʽ ʩʪʘʥʮʽʾ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ 

ʟʘʣʽʟʥʠʯʥʠʭ ʩʠʩʪʝʤ. ʇʨʦʮʝʩʠ ʩʦʨʪʫʚʘʥʥʷ ʚʘʛʦʥʽʚ ʪʘ ʧʝʨʝʬʦʨʤʫʚʘʥʥʷ ʧʦʾʟʜʽʚ ʥʘ 

ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʷʭ ʧʦʪʨʝʙʫʶʪʴ ʚʠʩʦʢʦʾ ʢʦʦʨʜʠʥʘʮʽʾ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚ ʫʧʨʘʚʣʽʥʥʽ ʮʠʤʠ ʧʨʦʮʝʩʘʤʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ 

ʧʽʜʩʠʩʪʝʤʠ ʧʝʨʝʬʦʨʤʫʚʘʥʥʷ ʧʦʾʟʜʽʚ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʚʘʛʦʥʦ-ʛʦʜʠʥ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʣʽʟʥʠʯʥʠʭ ʦʧʝʨʘʮʽʡ [1]. 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʨʦʙʦʪʠ 

ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʡ ʥʘ ʦʩʥʦʚʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʽʜʩʠʩʪʝʤʠ ʧʝʨʝʬʦʨʤʫʚʘʥʥʷ ʧʦʾʟʜʽʚ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʚʘʛʦʥʦ-ʛʦʜʠʥ. 
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ɼʣ̫ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʧʦʩʪʘʚʣʝʥʦ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ɺʠʚʯʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ 

ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʷʭ ʪʘ ʚ ʫʧʨʘʚʣʽʥʥʽ ʩʦʨʪʫʚʘʥʥʷʤ ʪʘ ʧʝʨʝʬʦʨʤʫʚʘʥʥʷʤ 

ʧʦʾʟʜʽʚ. 

2. ʈʦʟʨʦʙʢʘ ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʽʜʩʠʩʪʝʤʠ ʧʝʨʝʬʦʨʤʫʚʘʥʥʷ ʧʦʾʟʜʽʚ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʤʫ 

ʩʦʨʪʫʚʘʥʥʶ ʚʘʛʦʥʽʚ ʪʘ ʧʝʨʝʬʦʨʤʫʚʘʥʥʶ ʧʦʾʟʜʽʚ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʶ ʚʠʪʨʘʪ 

ʚʘʛʦʥʦ-ʛʦʜʠʥ. 

3. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʪʘʢʠʭ ʷʢ 

ʤʝʪʦʜʠ ʛʽʣʦʢ ʪʘ ʛʨʘʥʠʮʴ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʣʘʥʽʚ ʧʝʨʝʬʦʨʤʫʚʘʥʥʷ 

ʧʦʾʟʜʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʚʘʛʦʥʦ-ʛʦʜʠʥ. 

4. ɸʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʥʘ 

ʧʨʘʢʪʠʮʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʡ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʟ ʽʩʥʫʶʯʠʤʠ 

ʧʨʘʢʪʠʢʘʤʠ. 

ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʪʴ ʨʦʟʨʦʙʠʪʠ ʪʘ 

ʚʧʨʦʚʘʜʠʪʠ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʥʘ ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʷʭ, 

ʱʦ ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʧʨʠʟʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʟʥʠʞʝʥʥʷ 

ʦʧʝʨʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʟʘʣʽʟʥʠʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʦʩʦʙʣʠʚʦ 

ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʚʘʛʦʥʦ-ʛʦʜʠʥ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʘʥʽ ʥʘ 

ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʷʭ ʪʘ ʚ ʟʘʣʽʟʥʠʯʥʽʡ ʣʦʛʽʩʪʠʮʽ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʽʜʩʠʩʪʝʤʠ ʧʝʨʝʬʦʨʤʫʚʘʥʥʷ ʧʦʾʟʜʽʚ. ʎʝ ʩʧʨʠʷʻ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʽʡ ʪʘ ʥʘʜʽʡʥʽʡ ʨʦʙʦʪʽ ʟʘʣʽʟʥʠʯʥʠʭ ʩʪʘʥʮʽʡ ʪʘ ʟʥʠʞʝʥʥʶ ʚʠʪʨʘʪ ʚʘʛʦʥʦ-

ʛʦʜʠʥ. 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʨʦʙʦʪʠ ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʡ ʥʘ ʦʩʥʦʚʽ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʫ 

ʦʧʪʠʤʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʩʠʩʪʝʤʦ  ʁ ʨʦʟʬʦʨʤʫʚʘʥʥʷ/ʬʦʨʤʫʚʘʥʥʷ ʧʦʾʟʜʽʚ ʟ 

ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʚʘʛʦʥʦ-ʛʦʜʠʥ. ʈʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʪʝʛʨʦʚʘʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʩʧʨʠʷʶʪʴ 

ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʩʦʨʪʫʚʘʥʥʷ ʪʘ ʧʝʨʝʬʦʨʤʫʚʘʥʥʷ ʧʦʾʟʜʽʚ 

ʪʘ ʩʪʚʦʨʶʶʪʴ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʣʽʟʥʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. 

 
[1] ɹʫʪʴʢʦ ʊ.ɺ., ʇʨʦʭʦʨʦʚ ɺ.ʄ., ʏʝʭʫʥʦʚ ɼ.ʄ. ʊʝʭʥʦʣʦʛʽʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʩʦʨʪʫʚʘʣʴʥʦʶ ʩʪʘʥʮʽʻʶ 

ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʮʽʣʴʦʚʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ɯʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʽ ʩʠʩʪʝʤʠ 

ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ. 2018. ˉ4. ʉ.45ï55. 
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ɿʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʚ ʋʢʨʘʾʥʽ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʷʢ ʜʣʷ 

ʥʘʮʽʦʥʘʣʴʥʦʾ, ʪʘʢ ʽ ʜʣʷ ʤʽʞʥʘʨʦʜʥʦʾ ʝʢʦʥʦʤʽʢʠ, ʟʦʢʨʝʤʘ ʯʝʨʝʟ ʪʨʘʥʟʠʪʥʠʡ 

ʩʪʘʪʫʩ ʢʨʘʾʥʠ. ʈʦʟʚʠʪʦʢ ʟʘʣʽʟʥʠʯʥʦʾ ʛʘʣʫʟʽ ʚʠʤʘʛʘʻ ʰʚʠʜʢʠʭ ʧʨʦʛʨʘʤ ʨʝʬʦʨʤ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʫʧʨʘʚʣʽʥʥʷ. ɼʝʮʝʥʪʨʘʣʽʟʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ 

ʻ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʟʘʣʽʟʥʠʯʥʦʾ ʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ, ʱʦ 

ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ. ʆʜʥʘʢ ʮʝ ʪʘʢʦʞ 

ʩʪʘʚʠʪʴ ʧʝʨʝʜ ʥʘʤʠ ʟʘʚʜʘʥʥʷ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʩʪʘʥʮʽʡ, ʟʦʢʨʝʤʘ, ʩʦʨʪʫʚʘʣʴʥʠʭ. 

ʊʝʟʥʽʯʥʽ ʩʪʘʥʮʽʾ ʻ ʢʣʶʯʦʚʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʩʠʩʪʝʤʠ ʚʘʥʪʘʞʥʠʭ 

ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʨʦʙʦʪʠ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ, ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʪʘ ʧʨʠʙʫʪʢʦʚʽʩʪʴ ʟʘʣʽʟʥʠʮʴ 

[1]. ʆʧʪʠʤʽʟʘʮʽʷ ʤʽʩʮʝʚʦʾ ʨʦʙʦʪʠ ʥʘ ʪʝʭʥʽʯʥʠʭ ʽ ʟʦʢʨʝʤʘ ʥʘ ʩʦʨʪʫʚʘʣʴʥʠʭ 

ʩʪʘʥʮʽʷʭ ʥʘʙʫʚʘʻ ʚʝʣʠʢʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ. 

ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ, ʟʦʢʨʝʤʘ, ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ, 

ʥʝʯʽʪʢʘ ʣʦʛʽʢʘ, ʙʘʡʻʩʦʚʽ ʤʝʨʝʞʽ, ʜʦʟʚʦʣʷʪʴ ʩʪʚʦʨʶʚʘʪʠ ʷʢʽʩʥʽ ʤʦʜʝʣʽ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʷʭ. ʎʽ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʶʪʴ ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʩʪʘʥʮʽʾ ʽ ʜʦʟʚʦʣʷʪʴ ʛʝʥʝʨʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʦʧʝʨʘʪʠʚʥʽ 

ʧʣʘʥʠ ʨʦʙʦʪʠ ʩʪʘʥʮʽʡ ʚ ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ. ɺʦʥʠ ʚʨʘʭʦʚʫʶʪʴ ʦʙʤʝʞʝʥʥʷ 

ʨʝʩʫʨʩʽʚ ʪʘ ʟʜʘʪʥʽ ʬʦʨʤʫʚʘʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʧʣʘʥʠ ʥʘʚʽʪʴ ʚ ʫʤʦʚʘʭ ʚʠʢʦʥʘʥʥʷ 

ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʪʘ ʟʘʢʨʠʪʪʷ ʢʦʣʽʡ. 

ʈʝʘʣʽʟʘʮʽʷ ʧʨʠʥʮʠʧʽʚ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʩʦʨʪʫʚʘʣʴʥʠʤʠ 

ʩʪʘʥʮʽʷʤʠ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʨʽʚʥʷ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʠʪʴ ʛʝʥʝʨʫʚʘʪʠ 

ʷʢʽʩʥʽ ʫʧʨʘʚʣʽʥʩʴʢʽ ʨʽʰʝʥʥʷ ʚ ʫʤʦʚʘʭ ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʟʘʚʜʘʥʴ. ɺ ʮʽʣʦʤʫ, 

ʦʧʪʠʤʽʟʘʮʽʷ ʤʽʩʮʝʚʦʾ ʨʦʙʦʪʠ ʥʘ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʷʭ ʟʘ ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʪʝʭʥʦʣʦʽʡ ʮʠʬʨʦʚʦ ʾʪʨʘʥʩʬʦʨʤʘʮʽ ʾʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʾʭ ʘʚʪʦʤʘʪʠʟʘʮʽʭ ʥʘ 

ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʩʪʘʥʝ ʢʣʶʯʦʚʠʤ 

ʯʠʥʥʠʢʦʤ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʣʽʟʥʠʯʥʦʾ ʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʥʘ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ. 
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ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚ ʋʢʨʘʾʥʽ ʪʘ ʚ 

ʫʩʴʦʤʫ ʩʚʽʪʽ ʩʪʦʾʪʴ ʧʝʨʝʜ ʨʷʜʦʤ ʩʫʪʪʻʚʠʭ ʚʠʢʣʠʢʽʚ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ. ʆʜʠʥ ʟ 

ʛʦʣʦʚʥʠʭ ʚʠʢʣʠʢʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʘʣʽʟʥʠʯʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʧʦʩʪʫʧʘʶʪʴʩʷ 

ʨʠʥʢʦʚʠʤ ʜʦʨʦʞʥʽʤ ʽ ʤʦʨʩʴʢʠʤ ʧʝʨʝʚʝʟʝʥʥʷʤ ʯʝʨʝʟ ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʯʘʩʦʤ 

ʽ ʚʘʨʪʽʩʪʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ, ʦʙʤʝʞʫʶʯʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ʇʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ ʟʘʣʽʟʥʠʮʝʶ ʩʪʘʻ ʝʢʦʥʦʤʽʯʥʦ 

ʜʦʮʽʣʴʥʠʤ ʣʠʰʝ ʜʣʷ ʧʦʚʥʽʩʪʶ ʟʘʚʘʥʪʘʞʝʥʠʭ ʧʦʾʟʜʽʚ ʪʘ ʧʝʨʝʚʝʟʝʥʥʷ ʧʝʚʥʦʛʦ 

ʚʠʜʫ ʚʘʥʪʘʞʽʚ. 

ɿ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʣʽʟʥʠʯʥʠʭ 

ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʟʘʩʦʙʽʚ, ʚʢʣʶʯʘʶʯʠ ʽʥʥʦʚʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ MetroCargo. 

MetroCargo ï ʮʝ ʽʥʥʦʚʘʮʽʡʥʘ ʩʠʩʪʝʤʘ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʧʨʦʮʝʩʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ 

ʪʨʘʥʩʧʦʨʪʽ [1]. ʎʷ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʨʠʩʢʦʨʠʪʠ ʧʨʦʮʝʩ ʧʝʨʝʤʽʱʝʥʥʷ 

ʚʘʥʪʘʞʽʚ ʪʘ ʢʦʥʪʝʡʥʝʨʽʚ, ʩʢʦʨʦʪʠʚʰʠ ʯʘʩ ʦʙʨʦʙʢʠ ʢʦʞʥʦʾ ʦʜʠʥʠʮʽ ʚʘʥʪʘʞʫ ʜʦ 

ʚʩʴʦʛʦ 3 ʭʚʠʣʠʥ. ɹʽʣʴʰʝ ʪʦʛʦ, ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʚʧʨʦʚʘʜʠʪʠ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʟʘʣʽʟʥʠʮʴ, ʥʝ ʚʠʤʘʛʘʶʯʠ ʪʝʭʥʽʯʥʠʭ ʟʤʽʥ ʫ ʚʘʛʦʥʘʭ ʪʘ ʚʘʥʪʘʞʘʭ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ MetroCargo ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʛʣʷʥʫʪʠ ʪʘ 

ʧʦʢʨʘʱʠʪʠ ʦʨʛʘʥʽʟʘʮʽʶ ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚ ʋʢʨʘʾʥʽ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʩʫʯʘʩʥʫ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʪʘ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʫ ʩʠʩʪʝʤʫ 

ʣʦʛʽʩʪʠʢʠ, ʷʢʘ ʟʜʘʪʥʘ ʤʝʨʝʞʫʚʘʪʠ ʽʩʥʫʶʯʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʚʢʣʶʯʘʶʯʠ 

ʪʨʘʜʠʮʽʡʥʽ ʪʝʨʤʽʥʘʣʠ. 

ʊʘʢʘ ʽʥʪʝʛʨʘʮʽʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʚʢʣʶʯʘʶʯʠ MetroCargo, 

ʥʘʜʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʟʥʠʞʝʥʥʷ ʯʘʩʫ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ ʜʦ ʤʝʥʰ ʥʽʞ 40 

ʭʚʠʣʠʥ, ʱʦ ʨʦʙʠʪʴ ʟʘʣʽʟʥʠʯʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʙʽʣʴʰ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤʠ. ʎʷ 
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ʩʪʨʘʪʝʛʽʷ ʪʘʢʦʞ ʩʧʨʠʷʻ ʩʢʦʨʦʯʝʥʥʶ ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʪʘ 

ʧʽʜʚʠʱʝʥʥʶ ʙʝʟʧʝʢʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʛʣʷʜʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʪʘ ʧʝʨʝʚʘʛʠ ʦʨʛʘʥʽʟʘʮʽʾ 

ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚ ʋʢʨʘʾʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʟ ʦʩʦʙʣʠʚʠʤ ʫʧʦʨʦʤ ʥʘ ʽʥʥʦʚʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ 

MetroCargo. 

 
[1] ʇʘʨʭʦʤʝʥʢʦ ʃ. ʆ., ʂʘʣʘʰʥʽʢʦʚʘ ʊ. ʖ., ʇʨʦʭʦʨʦʚ ɺ. ʄ. ʇʽʜʚʠʱʝʥʥʷ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʟʘʣʽʟʥʠʯʥʦʾ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʫʢʨʘʾʥʠ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʽʥʪʝʨʤʦʜʘʣʴʥʠʭ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 

MetrocargoÊ.The 4th International scientific and practical conference ñInnovations and prospects of world scienceò 

(December 1-3, 2021) Perfect Publishing, Vancouver, Canada. 2021. ʉ. 312ï317. 
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ɺ ʫʤʦʚʘʭ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʨʦʩʽʡʩʴʢʦʛʦ ʚʽʡʩʴʢʦʚʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʚ 

ʋʢʨʘʾʥʫ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʙʣʦʢʫʚʘʥʥʷ ʤʦʨʩʴʢʠʭ ʧʦʨʪʽʚ, ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʝʚʝʟʝʥʥʷʤʠ ʟʝʨʥʦʚʠʭ ʚʘʥʪʘʞʽʚ ʥʘʙʫʚʘʻ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʎʝ ʧʨʠʟʚʝʣʦ 

ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʩʧʨʷʤʫʚʘʥʥʷ ʝʢʩʧʦʨʪʫ ʟʝʨʥʦʚʠʭ ʚʘʥʪʘʞʽʚ ʥʘ ʩʫʭʦʧʫʪʥʽ 

ʧʨʠʢʦʨʜʦʥʥʽ ʧʝʨʝʭʦʜʠ ʟ ʢʨʘʾʥʘʤʠ ɭʉ ʪʘ ʄʦʣʜʦʚʦʶ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʝʣʦ 

ʜʦ ʩʝʨʡʦʟʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʠʢʣʠʢʽʚ [1]. ɿʘʪʦʨʠ ʪʘ ʟʘʪʨʠʤʢʠ ʚ ʟʘʣʽʟʥʠʯʥʠʭ 

ʧʨʠʢʦʨʜʦʥʥʠʭ ʧʫʥʢʪʘʭ ʩʪʘʣʠ ʩʫʪʪʻʚʦʶ ʧʨʦʙʣʝʤʦʶ ʯʝʨʝʟ ʥʝʫʟʛʦʜʞʝʥʽʩʪʴ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʾʟʜʽʚ ʟ ʛʨʫʧʦʚʠʭ ʪʘ ʚʽʜʤʦʚʠ ʽʥʦʟʝʤʥʠʭ ʧʝʨʝʚʽʟʥʠʢʽʚ ʙʨʘʪʠ ʫʯʘʩʪʴ 

ʫ ʟʤʽʰʘʥʠʭ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ . ɼʦʜʘʪʢʦʚʦ, ʥʝʩʠʩʪʝʤʘʪʠʟʦʚʘʥʝ ʫʪʚʦʨʝʥʥʷ 

ʩʦʩʪʘʚʽʚ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʟʘʪʦʨʽʚ ʪʘ ʟʘʪʨʠʤʦʢ. ʆʜʥʠʤ ʽʟ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʨʦʩ-ʢʦʨʜʦʥʥʠʭ ʟʘʣʽʟʥʠʯʥʠʭ 

ʧʝʨʝʚʝʟʝʥʴ ʟʝʨʥʦʚʠʭ ʚʘʥʪʘʞʽʚ ʤʦʞʝ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʟʘʟʜʘʣʝʛʽʜʴ 

ʫʟʛʦʜʞʝʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʩʦʩʪʘʚʽʚ ʧʦʾʟʜʽʚ ʟ ʚʘʛʦʥʽʚ ʨʽʟʥʠʭ ʚʣʘʩʥʠʢʽʚ. ʎʝ 

ʜʦʟʚʦʣʠʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʠʪʴ ʧʨʦʭʦʜʞʝʥʥʷ ʚʩʽʭ 

ʚʠʜʽʚ ʢʦʥʪʨʦʣʶ ʥʘ ʢʦʨʜʦʥʽ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʫʥʠʢʥʝʥʥʶ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ 

ʧʝʨʝʰʢʦʜ. ɽʬʝʢʪʠʚʥʽ ʧʽʜʭʦʜʠ ʚʞʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʪʘ 
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ʘʚʽʘʮʽʡʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ, ʜʝ ʧʨʠʥʮʠʧʠ ʣʦʛʽʩʪʠʢʠ ʩʧʽʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ (ʘʥʛʣ., 

sharing logistics) [2, 3] ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʢʝʨʫʚʘʪʠ ʧʝʨʝʚʝʟʝʥʥʷʤʠ 

ʥʝʚʝʣʠʢʠʭ ʧʘʨʪʽʡ ʚʘʥʪʘʞʽʚ. ɯʤʧʣʝʤʝʥʪʘʮʽʷ ʧʦʜʽʙʥʠʭ ʧʽʜʭʦʜʽʚ ʚ ʟʘʣʽʟʥʠʯʥʦʤʫ 

ʪʨʘʥʩʧʦʨʪʽ ʋʢʨʘʾʥʠ ʤʦʞʝ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ 

ʧʝʨʝʚʝʟʝʥʴ ʟʝʨʥʦʚʠʭ ʚʘʥʪʘʞʽʚ ʚ ʫʤʦʚʘʭ ʚʽʡʩʴʢʦʚʦʛʦ ʩʪʘʥʫ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʚ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʝʨʝʚʝʟʝʥʥʷ 

ʚʘʥʪʘʞʽʚ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʽʚ ʣʦʛʽʩʪʠʢʠ ʩʧʽʣʴʥʦʛʦ 

ʢʦʨʠʩʪʫʚʘʥʥʷ [3]. ɼʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʨʦʩ-ʢʦʨʜʦʥʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞʽʚ 

ʚʘʛʦʥʥʠʤʠ ʽ ʛʨʫʧʦʚʠʤʠ ʚʽʜʧʨʘʚʢʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʜʦʩʢʦʥʘʣʠʪʠ 

ʦʧʪʠʤʽʟʘʮʽʡʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʘʪʠ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʚʽʜʧʨʘʚʣʝʥʥʷ ʚʽʜʧʨʘʚʦʢ ʟ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʽ ʟʘʚʘʥʪʘʞʝʥʽʩʪʶ 

ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʟʘʣʽʟʥʠʯʥʦʛʦ ʧʝʨʝʭʦʜʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ 

ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʧʣʘʥʫʚʘʥʥʷ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. ɺ ʨʦʙʦʪʽ ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʤʦʛʠ ʜʦ ʉʠʩʪʝʤʠ ʇʽʜʪʨʠʤʢʠ ʇʨʠʡʥʷʪʪʷ ʈʽʰʝʥʴ 

(ʉʇʇʈ) [4], ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʦʛʨʘʤʥʠʡ 

ʧʨʦʜʫʢʪ ʫ ʚʟʘʻʤʦʜʽʾ ʟ ɸʉ ñʄʝʩʧʣʘʥò. 

 
[1] Ministry of Economy of Ukraine & Ministry of Agrarian Policy and Food of Ukraine. (2023, April 10). 

The 6th edition of Agricultural export portfolio of Ukraine. https://minagro.gov.ua/en/investoram/eksportne-

portfolio 

[2] JSC Ukrzaliznytsia. (2021). The procedure for directing wagon flows and organizing them into freight 

trains for 2021-2022 (train formation plan). 

https://www.uz.gov.ua/cargo_transportation/general_information/formuvannia/ 
[3] DHL. (2017). Sharing economy logistics. Rethinking logistics with access over ownership. 

https://www.dhl.com/discover/content/dam/dhl/downloads/interim/preview/updates/dhl-trend-report-sharing-economy-

preview.pdf 

[4] Dotoli, M., Epicoco, N., Falagario, M., Seatzu, C., & Turchiano, B. (2016). A decision support system for 

optimizing operations at intermodal railroad terminals. IEEE Transactions on Systems, Man, and Cybernetics: Systems, 

47(3),  487-501. 
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ɺ ʫʤʦʚʘʭ ʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʯʝʨʝʟ ʟʘʣʽʟʥʠʯʥʽ 

ʧʨʠʢʦʨʜʦʥʥʽ ʧʝʨʝʭʦʜʠ ʟ ʧʨʠʯʠʥʠ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʾ ʚʽʡʥʠ ʚ ʋʢʨʘʾʥʽ 

ʥʝʚʽʜʢʣʘʜʥʦʶ ʧʦʪʨʝʙʦʶ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʠʭ ʧʨʠʢʦʨʜʦʥʥʠʭ 

ʧʫʥʢʪʽʚ ʧʨʦʧʫʩʢʫ [1,2]. ɿʙʽʣʴʰʝʥʥʷ ʚ ʜʝʩʷʪʢʠ ʨʘʟʽʚ ʦʙʩʷʛʽʚ ʨʫʭʫ ʧʦʾʟʜʽʚ ʯʝʨʝʟ 

ʟʘʭʽʜʥʽ ʧʨʠʢʦʨʜʦʥʥʽ ʧʝʨʝʭʦʜʠ ʧʨʠʟʚʝʣʦ ʜʦ ʩʝʨʡʦʟʥʠʭ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʷʢ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʫʪʚʦʨʝʥʥʷ ʯʝʨʛ ʚʘʛʦʥʽʚ ʧʝʨʝʜ ʢʦʨʜʦʥʦʤ, ʘ ʪʘʢʦʞ ʥʘʜʟʚʠʯʘʡʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʨʠʟʠʢʫ ʚʠʥʠʢʥʝʥʥʷ ʟʙʦʾʚ ʧʨʠ ʨʫʩʽ ʧʦʾʟʜʽʚ. ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ 

ʧʨʦʙʣʝʤ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʫʭʫ ʧʦʾʟʜʽʚ 

ʥʘ ʜʽʣʴʥʠʮʷʭ ʢʨʦʩ-ʢʦʨʜʦʥʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. ʄʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʟʝʨʚʽʚ ʯʘʩʫ ʫ ʜʽʶʯʽ ʛʨʘʬʽʢʠ ʨʫʭʫ ʧʦʾʟʜʽʚ ʻ ʦʜʥʠʤ ʽʟ ʰʣʷʭʽʚ 

ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʨʝʟʝʨʚʽʚ ʯʘʩʫ ʜʦʟʚʦʣʠʪʴ ʢʦʤʧʝʥʩʫʚʘʪʠ 

ʟʘʪʨʠʤʢʠ ʪʘ ʧʦʢʨʘʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʨʫʭʫ ʧʦʾʟʜʽʚ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʚʝʣʠʢʦʛʦ 

ʧʦʧʠʪʫ ʪʘ ʤʦʞʣʠʚʠʭ ʧʝʨʝʰʢʦʜ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ. 

ɼʣʷ ʨʦʟʚôʷʟʢʫ ʧʦʩʪʘʚʣʝʥʦʾ ʧʨʦʙʣʝʤʠ ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ  ʤʝʪʦʜʠ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʦʰʠʨʝʥʥʷ ʟʘʪʨʠʤʦʢ ʥʘ 

ʜʽʣʴʥʠʮʽ [3]. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʪʨʠʤʦʢ 

ʧʦʾʟʜʽʚ ʥʘ ʧʨʠʢʦʨʜʦʥʥʦʤʫ ʧʝʨʝʭʦʜʽ, ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʨʝʟʝʨʚʠ 

ʯʘʩʫ ʫ ʛʨʘʬʽʢʫ ʨʫʭʫ ʧʦʾʟʜʽʚ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʚʠʥʥʠʭ ʽ ʚʪʦʨʠʥʥʠʭ 

ʟʘʪʨʠʤʦʢ ʧʦʾʟʜʽʚ ʪʘ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʨʫʭʫ ʧʨʠ ʢʨʦʩ-ʢʦʨʜʦʥʥʠʭ 

ʧʝʨʝʚʝʟʝʥʥʷʭ. ʆʙʤʝʞʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʻ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʪʘ 

ʩʪʘʥʮʽʡʥʽ ʽ ʤʽʞʧʦʾʟʥʽ ʽʥʪʝʨʚʘʣʠ ʥʘ ʧʨʠʢʦʨʜʦʥʥʽʡ ʜʽʣʴʥʠʮʽ. ʆʢʨʝʤʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʘʩʧʝʢʪʘʤ ʙʝʟʧʝʢʠ, ʟʦʢʨʝʤʘ ʨʫʭʫ ʧʦʾʟʜʽʚ ʟ ʥʝʙʝʟʧʝʯʥʠʤʠ 

ʚʘʥʪʘʞʘʤʠ [4]. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʨʘʮʽʦʥʘʣʴʥʽ ʨʝʟʝʨʚʠ ʜʣʷ ʮʴʦʛʦ ʪʠʧʫ ʧʦʾʟʜʽʚ 

ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʟʤʝʥʰʠʪʠ ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ 

ʟʙʦʾʚ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ 

ʩʢʣʘʜʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʢʦʨʜʦʥʽ, ʽ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ 
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ʥʦʚʠʭ ʩʪʨʘʪʝʛʽʡ ʪʘ ʧʽʜʭʦʜʽʚ ʫ ʧʣʘʥʫʚʘʥʥʽ ʪʘ ʫʧʨʘʚʣʽʥʥʽ ʨʫʭʦʤ ʧʦʾʟʜʽʚ ʥʘ 

ʧʨʠʢʦʨʜʦʥʥʠʭ ʧʝʨʝʭʦʜʘʭ. 
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ɿ ʧʦʯʘʪʢʦʤ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʚ ʋʢʨʘʾʥʫ ʪʘ ʟʤʽʥʦʶ ʥʘʧʨʷʤʢʫ 

ʦʩʥʦʚʥʠʭ ʝʢʩʧʦʨʪʥʠʭ ʥʘʧʨʷʤʢʽʚ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʦʩʦʙʣʠʚʦʾ 

ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʧʠʪʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʢʣʘʜʘʥʥʷ ʛʨʘʬʽʢʘ ʨʫʭʫ ʧʦʾʟʜʽʚ ʥʘ 

ʜʽʣʴʥʠʮʷʭ ʟʘʣʽʟʥʠʯʥʠʭ ʧʫʥʢʪʽʚ ʧʨʦʧʫʩʢʫ. 

ɿʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ 

ʚʘʥʪʘʞʽʚ, ʦʩʦʙʣʠʚʦ ʚ ʢʦʥʪʝʢʩʪʽ ʤʽʞʥʘʨʦʜʥʦʛʦ ʪʨʘʥʟʠʪʫ ʯʝʨʝʟ ʋʢʨʘʾʥʫ. ʇʨʠ 

ʟʜʽʡʩʥʝʥʥʽ ʚʘʥʪʘʞʥʠʭ ʝʢʩʧʦʨʪʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʜʦ ʢʨʘʾʥ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ 

ʚʠʥʠʢʘʻ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʝʨʝʜ ʷʢʠʭ ʨʽʟʥʽ ʨʽʚʥʽ ʪʝʭʥʽʯʥʦʾ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ 

ʟʘʣʽʟʥʠʯʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʫʪʴ ʫʩʢʣʘʜʥʶʚʘʪʠ ʟʘʣʽʟʥʠʯʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʪʘ 

ʚʠʤʘʛʘʪʠ ʜʦʜʘʪʢʦʚʠʭ ʟʫʩʠʣʴ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʘʩʧʝʢʪʽʚ, ʨʽʟʥʠʮʷ ʚ ʨʽʚʥʽ 

ʨʦʟʚʠʪʢʫ ʟʘʣʽʟʥʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ, ʟʦʢʨʝʤʘ, 

ʨʽʟʥʘ ʰʠʨʠʥʘ ʢʦʣʽʾ, ʘ ʪʘʢʦʞ ʩʢʣʘʜʥʦʱʽ, ʧʦʚ'ʷʟʘʥʽ ʟ ʤʠʪʥʠʤʠ ʧʨʦʮʝʜʫʨʘʤʠ, 

ʽʥʩʧʝʢʮʽʷʤʠ ʪʘ ʣʦʛʽʩʪʠʢʦʶ ʥʘ ʢʦʨʜʦʥʘʭ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʪʘ ʰʚʠʜʢʽʩʪʴ ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. 

ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʥʠʟʠʪʠ ʚʧʣʠʚ ʮʠʭ ʯʠʥʥʠʢʽʚ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʚʝʟʝʥʥʷ, ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʢʣʘʜʘʥʥʷ ʛʨʘʬʽʢʘ ʨʫʭʫ ʧʦʾʟʜʽʚ ʥʘ 

ʜʽʣʴʥʠʮʽ ʟʘʣʽʟʥʠʯʥʦʛʦ ʧʫʥʢʪʫ ʧʨʦʧʫʩʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʤʝʪʦʜʽʚ 

ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʛʨʘʬʽʢʘ ʨʫʭʫ ʧʦʾʟʜʽʚ [1,2]. ɼʣʷ ʮʴʦʛʦ 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʦʾ ʧʨʦʮʝʜʫʨʠ ʨʦʟʨʦʙʢʠ ʛʨʘʬʽʢʘ ʨʫʭʫ ʧʦʾʟʜʽʚ, ʚʠʷʚʣʝʥʦ 

ʥʝʜʦʣʽʢʠ, ʷʢʽ ʤʦʞʥʘ ʫʩʫʥʫʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʩʢʣʘʜʘʥʥʷ ʛʨʘʬʽʢʘ 

ʨʫʭʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʢʣʘʜʘʥʥʷ ʛʨʘʬʽʢʘ ʨʫʭʫ ʥʘ ʜʽʣʴʥʠʮʽ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʧʫʥʢʪʫ ʧʨʦʧʫʩʢʫ, ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʪʦʜʫ ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʩʢʣʘʜʘʥʥʷ 

ʛʨʘʬʽʢʘ ʨʫʭʫ ʧʦʾʟʜʽʚ, ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦʾʟʜʽʚ ʥʘ ʜʽʣʴʥʠʮʽ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʧʫʥʢʪʫ ʧʨʦʧʫʩʢʫ, ʟʤʝʥʰʠʪʠ ʯʘʩ ʧʨʦʩʪʦʶ ʧʦʾʟʜʽʚ ʥʘ ʮʠʭ 

ʜʽʣʴʥʠʮʷʭ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘʣʽʟʥʠʯʥʠʤ ʧʝʨʝʚʝʟʝʥʥʷʤ ʟʙʽʣʴʰʠʪʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ. 

ɿʘʛʘʣʦʤ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʥʥʷ ʛʨʘʬʽʢʘ ʨʫʭʫ ʧʦʾʟʜʽʚ ʥʘ 

ʟʘʣʽʟʥʠʯʥʠʭ ʜʽʣʴʥʠʮʷʭ ʚ ʋʢʨʘʾʥʽ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 
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ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ, ʝʢʦʥʦʤʽʾ ʨʝʩʫʨʩʽʚ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

 
[1] ɹʫʪʴʢʦ ʊ. ɺ. ʌʦʨʤʫʚʘʥʥʷ ʧʨʦʮʝʜʫʨʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʦʟʨʦʙʢʠ ʛʨʘʬʽʢʫ ʨʫʭʫ ʧʦʾʟʜʽʚ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ 

ʰʪʫʯʥʠʭ ʙʜʞʦʣʠʥʠʭ ʢʦʣʦʥʽʡ / ʊ. ɺ. ɹʫʪʴʢʦ, ɻ. ʆ. ʇʨʦʭʦʨʯʝʥʢʦ // ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽʤʝʥʽ ʘʢʘʜʝʤʽʢʘ ɺ. ʃʘʟʘʨʷʥʘ. ʊʨʘʥʩʧʦʨʪʥʽ ʩʠʩʪʝʤʠ ʪʘ 

ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʚʝʟʝʥʴ. - 2015. - ɺʠʧ. 9. - ʉ. 10-15. - ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://nbuv.gov.ua/UJRN/znpdnu_tstp_2015_9_4. 

[2] ɻʫʮʫʣ ʊ. ɺ. ʆʛʣʷʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ / ʊ. ɺ. ɻʫʮʫʣ // ʄʽʩʪʦʙʫʜʫʚʘʥʥʷ ʪʘ 

ʪʝʨʠʪʦʨʽʘʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ : ʥʘʫʢ.-ʪʝʭʥ. ʟʙ. / ʂʠʾʚ. ʥʘʮ. ʫʥ-ʪ ʙʫʜ-ʚʘ ʽ ʘʨʭʽʪ. ; ʚʽʜʧ. ʨʝʜ. ʄ. ʄ. ʆʩʻʪʨʽʥ. - ʂʠʾʚ : 

ʂʅʋɹɸ, 2016. - ɺʠʧ. 60. - ʉ. 99-105. - ɹʽʙʣʽʦʛʨ. : 9 ʥʘʟʚ. 
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ʄ. ʂʫʜʟʽʻʚ, ɼ. ʆʚʩʷʥʥʽʢʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʃ. ʇʘʨʭʦʤʝʥʢʦ 
ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʤ. ʍʘʨʢʽʚ) 

 

M. Kudziev, D. Ovsyannikov, PhD (Tech.) L. Parkhomenko 
Ukrainian State University of Railway Transport (Kharkiv) 

 

ɺ ʫʤʦʚʘʭ ʨʠʥʢʦʚʠʭ ʚʽʜʥʦʩʠʥ ʧʝʨʝʜ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʘʢʪʫʘʣʽʟʫʶʪʴʩʷ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʱʦʜʦ ʧʨʠʩʢʦʨʝʥʥʷ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʽ 

ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ [1]. ʄʽʞ ʚʠʨʦʙʥʠʢʦʤ ʚʘʥʪʘʞʫ ʪʘ ʡʦʛʦ 

ʩʧʦʞʠʚʘʯʝʤ ʩʪʚʦʨʶʻʪʴʩʷ ʩʢʣʘʜʥʘ ʩʠʩʪʝʤʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥ, ʷʢʘ 

ʧʦʢʣʠʢʘʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʚʘʥʪʘʞʦʚʣʘʩʥʠʢʽʚ. 

ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʙʽʣʴʰʝʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʽ 

ʟʤʽʰʘʥʠʭ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ 

ʜʦʩʪʘʚʢʠ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʜʠʩʙʘʣʘʥʩʫ ʤʽʞ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ ʚ 

ʤʝʞʘʭ ʦʜʥʦʛʦ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʣʘʥʮʶʛʘ, ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʧʦʪʨʝʙ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ[2]. 

ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʚ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʣʦʛʽʩʪʠʯʥʠʭ ʣʘʥʮʶʛʘʭ ʧʦʩʽʜʘʻ 

ʤʦʨʩʴʢʠʡ ʽ ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ, ʦʩʢʽʣʴʢʠ ʾʭʥʷ ʩʠʥʝʨʛʝʪʠʯʥʘ ʚʟʘʻʤʦʜʽʷ ʜʘʻ 

ʟʤʦʛʫ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʷʢ ʩʧʦʞʠʚʘʯʽʚ ʫʩʝʨʝʜʠʥʽ ʢʨʘʾʥʠ, ʪʘʢ ʽ ʟʘ ʾʾ ʤʝʞʘʤʠ [3]. 

ʆʜʥʘʢ, ʷʢ ʽ ʙʫʜʴ-ʷʢʘ ʽʥʰʘ ʪʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ, ʣʘʥʮʶʛ "ʟʘʣʽʟʥʠʮʷ - ʚʦʜʥʠʡ 

ʪʨʘʥʩʧʦʨʪ" ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʽʤʦʚʽʨʥʽʩʥʠʤ ʪʠʧʦʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʻ 

ʩʪʦʭʘʩʪʠʯʥʠʤ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʽʚ (ʨʽʟʥʠʭ ʚʘʥʪʘʞʽʚ, ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ, ʦʙ'ʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʽʥʰʠʭ), ʩʠʩʪʝʤʥʘ ʚʟʘʻʤʦʜʽʷ ʷʢʠʭ ʚʠʚʯʝʥʘ ʱʝ 

ʥʝʜʦʩʪʘʪʥʴʦ ʨʝʪʝʣʴʥʦ ʚ ʢʦʥʪʝʢʩʪʽ ʙʝʟʣʽʯʽ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʨʽʰʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʜʘʯ. 

http://nbuv.gov.ua/UJRN/znpdnu_tstp_2015_9_4
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ʆʜʥʘʢ ʚ ʫʤʦʚʘʭ ʧʦʩʠʣʝʥʥʷ ʛʣʦʙʘʣʽʟʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʢʨʫʧʥʝʥʥʷ ʩʫʙ'ʻʢʪʽʚ ʪʨʘʥʩʧʦʨʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʧʠʪʘʥʥʷ ʨʦʟʚʠʪʢʫ 

ʾʭʥʴʦʾ ʚʟʘʻʤʦʜʽʾ ʧʦʪʨʝʙʫʶʪʴ ʨʝʛʫʣʷʨʥʦʛʦ ʧʝʨʝʛʣʷʜʫ ʪʘ ʦʥʦʚʣʝʥʥʷ. 

ʆʪʞʝ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʦʛʦ, ʧʦʪʨʽʙʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ ʷʢʽ 

ʩʫʪʪʻʚʦ ʜʦʟʚʦʣʷʪʴ ʧʦʢʨʘʱʠʪʠ ʦʨʛʘʥʽʟʘʮʽʶ ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚ ʫʤʦʚʘʭ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. 

ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʜʘʪʠ ʪʨʘʥʩʧʦʨʪʥʫ ʩʠʩʪʝʤʫ 

ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ ʟʘʣʽʟʥʠʯʥʠʤ ʽ ʤʦʨʩʴʢʠʤ ʪʨʘʥʩʧʦʨʪʦʤ. ʇʽʜ ʪʨʘʥʩʧʦʨʪʥʦʶ 

ʩʠʩʪʝʤʦʶ ʨʦʟʛʣʷʜʘʻʤʦ ʪʝʭʥʦʣʦʛʽʯʥʦ ʫʟʛʦʜʞʝʥʠʡ ʢʦʤʧʣʝʢʩ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʪʨʫʢʪʫʨ ʽ ʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽʟ ʧʝʨʝʨʦʙʢʠ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ 

ʚʘʛʦʥʦʧʦʪʦʢʽʚ, ʦʙ'ʻʢʪʘʤʠ ʷʢʦʛʦ ʻ ʦʧʦʨʥʘ ʩʦʨʪʫʚʘʣʴʥʘ ʩʪʘʥʮʽʷ, ʧʨʠʧʦʨʪʦʚʽ 

ʚʘʥʪʘʞʥʽ ʩʪʘʥʮʽʾ ʪʘ ʪʝʨʤʽʥʘʣʠ ʤʦʨʩʴʢʦʛʦ ʧʦʨʪʫ. ʆʧʪʠʤʽʟʘʮʽʷ ʦʩʥʦʚʥʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʟʥʘʯʝʥʦʾ ʩʠʩʪʝʤʠ ʜʘʩʪʴ ʟʤʦʛʫ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ ʟʥʠʟʠʪʠ ʥʝʧʨʦʜʫʢʪʠʚʥʽ ʧʨʦʩʪʦʾ 

ʧʘʨʢʫ ʚʘʛʦʥʽʚ ʽ ʧʦʨʪʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

 
[1] ʇʨʦ ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ ʧʝʨʝʚʝʟʝʥʥʷ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ɿʘʢʦʥ ʋʢʨʘʾʥʠ ʚʽʜ 17.11.2021 ˉ 1887-IX, ð ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: https://zakon.rada.gov.ua/laws/show/1887-20#Text (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 06.11.2022). ð ʅʘʟʚʘ ʟ ʝʢʨʘʥʘ. 

[2] Intermodal Transport: Comparison Between USA and Europe Research Paper URL: 

https://ivypanda.com/essays/intermodal-transport-comparison-between-usa-and-europe/ (ɼʘʪʘ ʟʚʝʨʥʝʥʥʷ 10.11.2023) 

[3] ɿʘʢʦʥʫ ʧʨʦ ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ ʧʝʨʝʚʝʟʝʥʥʷ:ˉ1887-IXX  17.11.21ʨ. / ɺʝʨʭʦʚʥʘ ʈʘʜʘ ʋʢʨʘʾʥʠ, ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

ʇʨʦ ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ ʧʝʨʝʚʝʟʝʥʥʷ | ʚʽʜ 17.11.2021 ˉ 1887-IX (rada.gov.ua). 
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ʇʆʊɽʅʎɯʁʅʀʍ ʈʀɿʀʂɯɺ ʊɸ ʇɽʈɽɺɽɿɽʅʅʗ ʅɽɹɽɿʇɽʏʅʀʍ 
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ʖ. ʊʚʝʨʜʦʭʣʽʙ, ɼ. ʐʘʪʫʥʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʃ. ʇʘʨʭʦʤʝʥʢʦ 
ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʤ. ʍʘʨʢʽʚ) 

 

Y. Tverdokhlib, D. Shatunov, PhD (Tech.) L. Parkhomenko 
Ukrainian State University of Railway Transport (Kharkiv) 

 

ʆʙʩʷʛʠ ʧʝʨʝʚʝʟʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʚʘʥʪʘʞʽʚ ʪʨʘʥʩʧʦʨʪʦʤ ʚ ʢʨʘʾʥʘʭ ʩʚʽʪʫ 

ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ. ɺ ʋʢʨʘʾʥʽ ʟʙʽʣʴʰʠʣʦʩʴ ʦʩʪʘʥʥʽ ʜʚʘ ʨʦʢʠ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ 

ʥʝʙʝʟʧʝʯʥʠʭ ʚʘʥʪʘʞʽʚ ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ. ʇʦʥʘʜ 65% ʯʘʩʫ ʦʙʽʛʫ 

ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ, ʚʢʣʶʯʘʶʯʠ ʪʽ, ʱʦ ʧʝʨʝʚʦʟʠʪʴ ʥʝʙʝʟʧʝʯʥʽ ʚʘʥʪʘʞʽ, 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʷʭ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʷʭ 

ʟʜʽʡʩʥʶʶʪʴ ʪʝʭʥʽʯʥʽ ʦʧʝʨʘʮʽʾ ʟ ʥʝʙʝʟʧʝʯʥʠʤʠ ʚʘʥʪʘʞʥʠʤʠ ʚʘʛʦʥʘʤʠ, ʱʦ 

ʧʽʜʚʠʱʫʻ ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʩʦʨʪʫʚʘʣʴʥʽ ʩʪʘʥʮʽʾ ʻ 

https://ivypanda.com/essays/intermodal-transport-comparison-between-usa-and-europe/
https://zakon.rada.gov.ua/laws/show/1887-20#Text
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ʦʙ'ʻʢʪʘʤʠ ʧʽʜʚʠʱʝʥʦʾ ʥʝʙʝʟʧʝʢʠ, ʷʢʽ ʦʜʥʦʯʘʩʥʦ ʤʦʞʫʪʴ ʦʙʨʦʙʣʷʪʠ ʚʘʛʦʥʠ ʟ 

ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʚʘʥʪʘʞʫ ʫ ʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ. 

ʇʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ʧʨʠ ʦʙʨʦʙʮʽ ʚʘʛʦʥʽʚ ʟ ʪʘʢʠʤʠ ʚʘʥʪʘʞʘʤʠ 

ʧʦʚ'ʷʟʘʥʠʡ ʥʝ ʣʠʰʝ ʟ ʘʚʘʨʽʡʥʽʩʪʶ, ʘʣʝ ʡ ʟ ʚʝʣʠʢʠʤʠ ʤʘʩʰʪʘʙʘʤʠ ʝʢʦʣʦʛʽʯʥʦʾ 

ʢʘʪʘʩʪʨʦʬʠ. ʉʦʨʪʫʚʘʣʴʥʽ ʩʪʘʥʮʽʾ ʟʘʟʚʠʯʘʡ ʨʦʟʪʘʰʦʚʘʥʽ ʥʝʧʦʜʘʣʽʢ ʚʽʜ 

ʤʝʛʘʧʦʣʽʩʽʚ ʘʙʦ ʚʝʣʠʢʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʮʝʥʪʨʽʚ, ʽ ʚʦʥʠ ʚʘʞʣʠʚʽ ʜʣʷ ʟʘʣʽʟʥʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɺʠʭʽʜ ʟ ʣʘʜʫ ʪʘʢʠʭ ʩʪʘʥʮʽʡ ʤʦʞʝ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʠʪʠ ʨʦʙʦʪʫ 

ʚʩʽʻʾ ʟʘʣʽʟʥʠʯʥʦʾ ʤʝʨʝʞʽ. 

ʅʘʨʘʟʽ ʨʽʚʝʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫʧʨʘʚʣʽʥʥʷ 

ʩʦʨʪʫʚʘʣʴʥʠʤʠ ʩʪʘʥʮʽʷʤʠ ʥʝ ʜʦʟʚʦʣʷʻ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ɺʠʨʦʙʣʝʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ 

ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʶ ʢʝʨʽʚʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʩʪʘʥʮʽʡ. ʇʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ 

ʧʦʪʨʽʙʥʦ ʱʦʙ ʤʘʥʝʚʨʦʚʠʡ ʜʠʩʧʝʪʯʝʨ ʙʫʚ ʟ ʟʥʘʯʥʠʤ ʜʦʩʚʽʜʦʤ ʨʦʙʦʪʠ ʟ 

ʥʝʙʝʟʧʝʯʥʠʤʠ ʚʘʥʪʘʞʘʤʠ, ʧʨʦʪʝ ʮʝ ʥʝ ʚʠʢʣʶʯʘʻ ʤʦʞʣʠʚʦʩʪʽ ʣʶʜʩʴʢʠʭ 

ʧʦʤʠʣʦʢ. ʇʨʠ ʮʴʦʤʫ, ʥʝʜʦʩʪʘʪʥʻ ʦʧʝʨʘʪʠʚʥʝ ʧʣʘʥʫʚʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʥʝ 

ʣʠʰʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʘʚʘʨʽʡ ʟ ʥʝʙʝʟʧʝʯʥʠʤʠ ʚʘʥʪʘʞʘʤʠ, ʘʣʝ ʡ ʜʦ 

ʟʘʪʦʨʽʚ ʽ ʧʦʨʫʰʝʥʴ ʥʘ ʩʪʘʥʮʽʾ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ 

ʧʝʨʝʙʫʚʘʥʥʷ ʚʘʛʦʥʽʚ ʥʘ ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʷʭ. 

ʆʪʞʝ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, 

ʟʦʢʨʝʤʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ, ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʽʯʥʦ ʚʠʩʦʢʦʨʦʟʚʠʥʝʥʠʭ ʧʽʜʩʠʩʪʝʤ 

ʟʘʣʽʟʥʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʪʘʢʠʭ ʷʢ ʩʦʨʪʫʚʘʣʴʥʽ ʩʪʘʥʮʽʾ, ʻ ʥʘʩʫʱʥʦʶ ʧʦʪʨʝʙʦʶ. 

ɽʬʝʢʪʠʚʥʝ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ ʥʘ ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʷʭ ʻ ʦʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ 

ʟʘʜʘʯ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʫ ʩʠʩʪʝʤʽ ʚʘʥʪʘʞʥʠʭ ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. ʎʝ 

ʚʢʣʶʯʘʻ ʥʝ ʣʠʰʝ ʨʦʟʨʦʙʢʫ ʧʣʘʥʦʚʠʭ ʦʙʩʷʛʽʚ ʨʦʙʽʪ ʟ ʬʦʨʤʫʚʘʥʥʷ ʘʙʦ 

ʨʦʟʬʦʨʤʫʚʘʥʥʷ ʧʦʾʟʜʽʚ, ʦʙʨʦʙʢʠ ʤʽʩʮʝʚʠʭ ʚʘʛʦʥʽʚ, ʘʣʝ ʡ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʮʠʭ ʦʧʝʨʘʮʽʡ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʪʘ 

ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ 

ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʻ ʟʜʘʪʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʨʠʟʠʢʘʤʠ. 

ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʥʫʪʠ ʽʩʥʫʶʯʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ 

ʤʦʞʣʠʚʦ ʨʦʟʨʦʙʠʪʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʦʧʝʨʘʮʽʡʥʦʶ 

ʜʽʷʣʴʥʽʩʪʶ ʟʘʣʽʟʥʠʯʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ. ʗʢʘ ʙʫʜʝ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ 

ʟʘʛʘʣʴʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʨʠʟʠʢʫ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʨʦʟʬʦʨʤʫʚʘʥʥʷ ʧʦʾʟʜʽʚ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʚʘʛʦʥʠ ʟ ʥʝʙʝʟʧʝʯʥʠʤʠ ʚʘʥʪʘʞʘʤʠ. 

ʊʘʢʦʞ ʚʘʞʣʠʚʦ, ʱʦʙ ʮʷ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʙʝʟʧʝʯʥʝ ʚʠʢʦʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʟ ʚʘʥʪʘʞʘʤʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʟʘʣʽʟʥʠʯʥʦʾ ʩʪʘʥʮʽʾ. 
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ʇʨʦʮʝʩʠ ʨʦʟʚʠʪʢʫ ʙʫʜʴ-ʷʢʦʾ ʩʠʩʪʝʤʠ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʤʦʜʝʨʥʽʟʘʮʽʻʶ ʘʙʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʪʝʭʥʽʢʠ, ʤʘʶʪʴ ʟʘʛʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʽ ʧʨʠʤʽʩʴʢʠʡ ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʫ ʚʟʘʻʤʥʦʤʫ 

ʟʚôʷʟʢʫ ʽʟ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ɺʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʪʘʢʦʛʦ ʢʣʘʩʫ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʥʫʚʘʪʠ ʩʘʤʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ. ʉʠʩʪʝʤʘ ʧʨʠʤʽʩʴʢʠʭ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʻ ʩʢʣʘʜʥʦʶ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ, ʦʩʢʽʣʴʢʠ ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʨʽʟʥʠʭ ʟʚôʷʟʢʘʭ. ʂʦʤʧʦʥʝʥʪʘʤʠ ʮʽʻʾ 

ʩʠʩʪʝʤʠ ʻ ʧʘʩʘʞʠʨʠ ʨʽʟʥʠʭ ʩʦʮʽʘʣʴʥʠʭ ʛʨʫʧ, ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ, ʦʙôʻʢʪʠ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʬʽʥʘʥʩʦʚʽ ʧʦʪʦʢʠ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ ʽ ʽʥ. ʋ ʟʚôʷʟʢʫ ʟ 

ʚʠʱʝʟʘʟʥʘʯʝʥʠʤ, ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʠʤʽʩʴʢʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʧʝʨʝʚʝʟʝʥʴ ʩʣʽʜ ʧʽʜʭʦʜʠʪʠ ʟ ʧʦʟʠʮʽʡ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʆʜʥʠʤ ʽʟ ʘʩʧʝʢʪʽʚ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʧʨʠʤʽʩʴʢʦʛʦ 

ʨʫʭʫ ʻ ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʽʜʧʨʘʚʣʝʥʥʷ ʧʦʾʟʜʽʚ ʪʘ 

ʢʽʣʴʢʽʩʪʴ ʚʘʛʦʥʽʚ. ʇʨʦʙʣʝʤʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʠʤʽʩʴʢʦʛʦ ʨʫʭʫ ʻ ʩʢʣʘʜʥʠʤ 

ʙʘʛʘʪʦʚʘʨʽʘʥʪʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʚʠʨʽʰʝʥʥʷ ʷʢʦʛʦ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠ ʽʥʪʝʨʝʩʠ 

ʧʘʩʘʞʠʨʽʚ ʽ ʟʘʣʽʟʥʠʮʴ. ʂʽʣʴʢʽʩʪʴ ʚʽʜʧʨʘʚʣʝʥʴ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦ ʧʦ ʤʽʥʽʤʫʤʫ 

ʚʠʪʨʘʪ ʚʘʛʦʥʦʛʦʜʠʥ, ʘʙʦ ʧʦ ʤʽʥʽʤʫʤʫ ʩʫʤʘʨʥʠʭ ʚʠʪʨʘʪ ʥʘ ʦʨʛʘʥʽʟʘʮʽʶ ʨʫʭʫ [1]. 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʠʤʽʩʴʢʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚʠʤʘʛʘʻ 

ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʠʭ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʮʽ ʧʝʨʝʚʝʟʝʥʥʷ. ʆʩʦʙʣʠʚʦ ʚʦʥʠ ʥʝʦʙʭʽʜʥʽ ʧʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ 

ʦʨʛʘʥʽʟʘʮʽʾ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʽ 

ɽʆʄ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʬʦʨʤʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʨʘʮʽʦʥʘʣʴʥʽʩʪʴ ʚʽʜʧʨʘʚʣʝʥʥʷ ʧʨʠʤʽʩʴʢʠʭ ʧʦʾʟʜʽʚ ʚ ʧʝʚʥʠʡ ʯʘʩ, ʟ 

ʧʝʚʥʠʤ ʽʥʪʝʨʚʘʣʦʤ ʨʫʭʫ ʪʘ ʧʝʚʥʠʤ ʩʢʣʘʜʦʤ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦʩʣʽʜʞʝʥʴ ʟʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʚʘʛʠ ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʚʽʜ ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ ʧʨʠʤʽʩʴʢʦʛʦ ʝʣʝʢʪʨʦʧʦʾʟʜʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 

ʨʘʥʽʰʥʽ ʪʘ ʚʝʯʽʨʥʽ ʧʽʢʦʚʽ ʧʝʨʽʦʜʠ ʽ ʩʷʛʘʻ ʚʽʜ 60 ʜʦ 70 %, ʘ ʚ ʧʝʨʽʦʜʠ ʨʘʥʽʰʥʴʦʛʦ 
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ʪʘ ʚʝʯʽʨʥʴʦʛʦ ʩʧʘʜʫ ʥʘʚʧʘʢʠ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʤʦʞʝ ʢʦʣʠʚʘʪʠʩʷ ʚʽʜ 29 ʜʦ 45 %, 

ʟʘʣʝʞʥʦ ʚʽʜ ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ [2].   

 

 

ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʜʘʥʥʷ ʧʘʩʘʞʠʨʦʤ ʧʝʨʝʚʘʛʠ ʢʦʞʥʦʤʫ ʟ 

ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ (ʰʘʥʩʠ ʚʠʜʫ ʪʨʘʥʩʧʦʨʪʫ) ʚʽʜ ʧʝʨʽʦʜʫ ʜʦʙʠ 

 

ʆʪʞʝ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʚʘʛʠ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʨʠʧʘʜʘʻ ʥʘ ʨʘʥʽʰʥʽʡ 

ʪʘ ʚʝʯʽʨʥʽʡ ʧʝʨʽʦʜ ʧʽʢ, ʘ ʚ ʧʝʨʽʦʜ ʨʘʥʽʰʥʴʦʛʦ ʪʘ ʚʝʯʽʨʥʴʦʛʦ ʩʧʘʜʫ ʥʘʚʧʘʢʠ, 

ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʚʘʛʠ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʢʦʨʠʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʟ ʙʽʣʴʰʦʶ 

ʰʚʠʜʢʽʩʪʶ ʜʦʩʪʘʚʢʠ ʧʘʩʘʞʠʨʽʚ, ʟ ʤʝʥʰʠʤ ʯʘʩʦʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʷʢʘ 

ʟʘʜʦʚʦʣʴʥʠʣʘ ʙ ʚʠʤʦʛʠ ʧʘʩʘʞʠʨʘ ʜʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [2]. 

ʋ ʢʦʥʢʫʨʝʥʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʘ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʨʽʚʝʥʴ ʘʚʪʦʤʦʙʽʣʽʟʘʮʽʾ ʥʘʩʝʣʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʚʠʤʦʛ ʜʦ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ʊʦʤʫ ʜʣʷ ʪʦʛʦ ʱʦʙ ʟʘʣʠʰʘʪʠʩʴ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʫ, ʥʝʦʙʭʽʜʥʦ ʚ ʧʦʚʥʽʡ ʤʽʨʽ 

ʟʘʜʦʚʦʣʴʥʷʪʠ ʧʦʪʨʝʙʠ ʧʘʩʘʞʠʨʽʚ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʫʚʘʪʠ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 
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ɺ ʫʤʦʚʘʭ ʽʥʪʝʛʨʘʮʽʾ ʋʢʨʘʾʥʠ ʜʦ ɭʉ ʧʦʩʠʣʶʻʪʴʩʷ ʢʦʥʢʫʨʝʥʪʘ ʙʦʨʦʪʴʙʘ ʟ 

ʛʦʣʦʚʥʠʤ ʢʦʥʢʫʨʝʥʪʦʤ ʟ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ï ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ. ʊʘʢ ʷʢ 

ʧʨʠʤʫʩʠʪʠ ʧʘʩʘʞʠʨʽʚ ʦʙʠʨʘʪʠ ʩʘʤʝ ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʤʠ ʥʝ ʤʦʞʝʤʦ ʪʦʤʫ 

ʧʦʪʨʽʙʥʦ ʧʦʢʨʘʱʫʚʘʪʠ ʧʦʩʣʫʛʠ ʷʢʽ ʥʘʜʘʻ ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʧʦʪʨʽʙʥʘ ʨʦʟʨʦʙʢʘ, 

ʩʠʩʪʝʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʽʟʥʠʭ ʟʘʭʦʜʽʚ. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʜʣʷ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʩʦʙʽʚ ʣʦʛʽʩʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʚʝʟʝʥʥʷʤ 

ʧʘʩʘʞʠʨʽʚ. ɸ ʪʦʤʫ ʦʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʠʪʘʥʴ ʩʪʘʻ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʚʝʟʝʥʥʷ.  

ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʧʝʨʝʚʝʟʝʥʴ ʻ ʨʦʟʚʠʪʦʢ ʰʚʠʜʢʽʩʥʠʭ ʩʧʦʣʫʯʝʥʴ ʤʽʞ ʚʝʣʠʢʠʤʠ ʤʽʩʪʘʤʠ, 

ʧʦʢʨʘʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʘ ʪʘʢʦʞ 

ʬʦʨʤʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʤʝʨʝʞʽ ʤʘʨʰʨʫʪʽʚ ʰʚʠʜʢʽʩʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚ ʋʢʨʘʾʥʽ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ, ʚ ʫʤʦʚʘʭ ʚʽʡʩʴʢʦʚʦʛʦ ʩʪʘʥʫ ʪʘ ʨʦʟʚʠʪʢʫ ʤʽʞʥʘʨʦʜʥʠʭ 

ʚʟʘʻʤʦʚʽʜʥʦʩʠʥ, ʟʙʽʣʴʰʠʚʩʷ ʧʦʧʠʪ ʥʘ ʤʽʞʥʘʨʦʜʥʽ ʧʘʩʘʞʠʨʩʴʢʽ ʧʝʨʝʚʝʟʝʥʥʷ. ʎʝ 

ʪʘʢʦʞ  ʧʦʪʨʝʙʫʻ ʦʩʦʙʣʠʚʦʾ  ʫʚʘʛʠ, ʪʘʢ ʷʢ ʩʧʦʣʫʯʝʥʴ ʽ ʧʦʾʟʜʽʚ, ʷʢʽ ʢʫʨʩʫʶʪʴ ʤʽʞ 

ʋʢʨʘʾʥʦʶ ʪʘ ʩʫʩʽʜʥʽʤʠ ʢʨʘʾʥʘʤʠ ɭʚʨʦʧʠ ʧʦʢʠ ʱʦ ʥʝʙʘʛʘʪʦ. ʊʨʝʙʘ ʨʦʟʰʠʨʶʚʘʪʠ 

ʛʝʦʛʨʘʬʽʶ ʤʽʞʥʘʨʦʜʥʠʭ ʩʧʦʣʫʯʝʥʴ ʟ ɭʚʨʦʧʝʡʩʴʢʠʤʠ ʧʘʨʪʥʝʨʘʤʠ, ʚʨʘʭʦʚʫʶʯʠ 

ʜʝʨʞʘʚʥʫ ʧʨʦʛʨʘʤʫ ʻʚʨʦʽʥʪʝʛʨʘʮʽʾ. 

ʉʫʯʘʩʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʧʝʨʝʚʝʟʝʥʴ ʪʘ ʧʦʾʟʜʦʫʪʚʦʨʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʭʝʤ ʪʘ 

ʢʦʤʧʦʟʠʮʽʡ ʩʦʩʪʘʚʽʚ ʤʘʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʛʦʣʦʚʥʠʤ ʟ ʷʢʠʭ ʻ ʥʝʜʦʩʪʘʪʥʷ ʘʜʘʧʪʘʮʽʷ 

ʜʦ ʫʤʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʠʥʢʫ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʩʴʦʛʦʜʥʽ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʨʦʟʚʠʪʢʫ ʛʥʫʯʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʠʩʪʝʤʽ ʧʦʾʟʜʦʫʪʚʦʨʝʥʥʷ ʥʘ ʙʘʟʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ, ʷʢʽ ʟʛʽʜʥʦ ʘʥʘʣʽʟʽʚ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ ʤʘʶʪʴ ʨʽʟʥʽ 

ʬʘʢʪʦʨʠ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ï ʩʝʟʦʥʥʘ, ʤʽʩʷʯʥʘ, ʪʠʞʥʝʚʘ, ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʧʦʛʦʜʠʥʥʘ ʪʘ ʝʬʝʢʪ ʟʙʽʣʴʰʝʥʥʷ ʩʚʷʪʢʦʚʦʛʦ ʧʦʧʠʪʫ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʥʘ ʦʩʥʦʚʽ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʜʘʥʠʭ ʢʦʨʝʛʫʚʘʪʠ ʩʭʝʤʠ ʪʘ ʢʦʤʧʦʟʠʮʽʾ ʩʦʩʪʘʚʽʚ ʥʘ 

ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʝʨʽʦʜ [1]. 
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ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘ ʟʘʣʽʟʥʠʮʷʭ ʋʢʨʘʾʥʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʟʘ ʧʨʠʢʣʘʜʦʤ ʢʨʘʾʥ ʟʘʭʽʜʥʦʾ ʪʘ ʮʝʥʪʨʘʣʴʥʦʾ 

ɭʚʨʦʧʠ ʻ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʨʦʟʚʠʪʢʫ. ʎʝ ʩʧʨʠʷʪʠʤʝ 

ʟʙʽʣʴʰʝʥʥʶ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ ʪʘ ʧʨʠʙʫʪʢʽʚ, ʘʣʝ ʧʦʪʨʝʙʫʻ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʦʾ 

ʫʚʘʛʠ ʽ ʟʫʩʠʣʴ, ʦʩʦʙʣʠʚʦ ʚ ʧʠʪʘʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺ ʫʤʦʚʘʭ 

ʚʽʡʩʴʢʦʚʦʛʦ ʩʪʘʥʫ ʟʤʽʥʝʥʽ ʛʨʘʬʽʢʠ ʢʫʨʩʫʚʘʥʥʷ, ʚʠʤʫʰʝʥʦ ʢʦʨʝʛʦʚʘʥʽ ʥʘʧʨʷʤʢʠ 

ʧʨʷʤʫʚʘʥʥʷ ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʫ ʚʠʢʦʥʘʥʥʽ ʟʘʜʘʯ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʦʙʤʝʞʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʛʥʫʯʢʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʠʣʘ ʙʠ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʘʥʩʧʦʨʪʥʽ ʨʝʩʫʨʩʠ.  

ʊʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʧʦʪʨʝʙʫʻ ʧʝʨʰʦʯʝʨʛʦʚʦʛʦ 

ʨʦʟʚʠʪʢʫ ʚʽʪʯʠʟʥʷʥʠʭ ʰʚʠʜʢʽʩʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʨʢʝʪʠʥʛʦʚʠʭ 

ʪʘ ʣʦʛʽʩʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʪʨʝʙʫʻ ʧʝʨʝʭʦʜʫ ʚʽʜ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʚʘʞʣʠʚʘ ʨʦʣʴ ʚ ʷʢʠʭ 

ʥʘʣʝʞʠʪʴ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʪʘ ʣʦʛʽʩʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʠ ʮʴʦʤʫ 

ʣʦʛʽʩʪʠʯʥʽ ʧʽʜʨʦʟʜʽʣʠ, ʱʦ ʤʦʞʫʪʴ ʦʮʽʥʶʚʘʪʠ ʤʘʨʢʝʪʠʥʛʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʨʝʘʣʴʥʠʡ ʧʦʧʠʪ, ʤʦʞʫʪʴ ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʣʦʛʽʩʪʠʯʥʫ ʧʨʦʧʦʟʠʮʽʶ ʚ ʥʘʜʘʥʥʽ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ [2]. 

ʄʽʥʽʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʷʛʥʫʪʽ, ʷʢʱʦ ʚʚʝʩʪʠ ʜʣʷ 

ʢʦʞʥʦʛʦ ʧʦʾʟʜʘ ʚʽʜʧʦʚʽʜʥʫ ʦʮʽʥʢʫ. ʆʩʢʽʣʴʢʠ ʟʘʨʘʟ ʰʚʠʜʢʦʩʪʽ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʧʦʾʟʜʽʚ ʩʫʪʪʻʚʦ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʪʦ ʷʢ ʧʦʨʽʚʥʷʣʴʥʫ ʦʮʽʥʢʫ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʯʘʩ 

ʧʨʷʤʫʚʘʥʥʷ ʧʦʾʟʜʘ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʩʪʦʶ ʚ 

ʧʫʥʢʪʘʭ ʦʙʦʨʦʪʫ.  

ʊʦʜʽ ʫʤʦʚʥʽ ʚʠʪʨʘʪʠ ʙʫʜʫʪʴ ʤʘʪʠ ʚʠʛʣʷʜ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ [3]: 

  

  , (3.9) 
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iC  ï ʫʤʦʚʥʽ ʦʮʽʥʢʠ ʧʦʾʟʜʽʚ ʚʽʜʧʦʚʽʜʥʦ, ʷʢʽ ʧʨʠʙʫʚʘʶʪʴ ʥʘ ʛʦʣʦʚʥʫ 

ʩʪʘʥʮʽʶ ʽ ʚʽʜʧʨʘʚʣʷʶʪʴʩʷ ʟ ʛʦʣʦʚʥʦʾ  ʩʪʘʥʮʽʾ; 

  - ʢʦʝʬʽʮʽʻʥʪ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʫʭʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʨʽʟʥʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʪʘ 

ʚʽʜʦʙʨʘʞʘʻ ʬʘʢʪʠʯʥʽ ʦʙʩʷʛʠ ʧʝʨʝʚʝʟʝʥʴ. 

ʆʪʞʝ, ʥʘʡʙʽʣʴʰ ʣʦʛʽʯʥʦʶ ʧʦʜʘʣʴʰʦʶ ʧʝʨʩʧʝʢʪʠʚʦʶ ʜʣʷ ʨʦʟʚʠʪʢʫ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʚ ʋʢʨʘʾʥʽ ʻ ʨʦʟʰʠʨʝʥʥʷ 

ʤʝʨʝʞʽ ʰʚʠʜʢʽʩʥʠʭ ʤʘʨʰʨʫʪʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʾʟʜʽʚ ʢʘʪʝʛʦʨʽʾ ɯʉ+ ʪʘ ɯʉ. ɺ 

ʧʦʜʘʣʴʰʦʤʫ ʜʦʮʽʣʴʥʦ ʨʦʟʚʠʚʘʪʠ ʤʘʨʢʝʪʠʥʛʦʚʦ-ʣʦʛʽʩʪʠʯʥʝ ʫʧʨʘʚʣʽʥʥʷ 

ʰʚʠʜʢʽʩʥʠʤ ʨʫʭʦʤ, ʝʬʝʢʪʠʚʥʘ ʨʝʘʣʽʟʘʮʽʷ ʷʢʦʛʦ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ, ʟʙʽʣʴʰʠʪʠ ʜʦʭʦʜʠ ʚʽʜ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ, 

ʟʥʠʟʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. ɯ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʥʘʧʨʷʤʢʠ 

ʧʽʜʚʠʱʝʥʦʛʦ ʧʦʧʠʪʫ, ʷʢʽ ʧʨʠʥʦʩʠʪʠʤʫʪʴ ʥʘʡʙʽʣʴʰʽ ʜʦʭʦʜʠ, ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ.  
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ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ, ʥʘ ʞʘʣʴ, ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʋʢʨʘʾʥʠ 

ʟʘʟʥʘʻ ʜʝʷʢʠʭ ʧʨʦʙʣʝʤ ʫ ʩʬʝʨʽ ʤʽʞʥʘʨʦʜʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤʠ ʻ: 

1. ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ. ɿʘʛʦʩʪʨʶʶʪʴʩʷ ʧʨʦʙʣʝʤʠ ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʚʽʟʥʦʛʦ 

ʧʨʦʮʝʩʫ ʯʝʨʝʟ ʪʝʭʥʽʯʥʫ ʥʝʩʫʤʽʩʥʽʩʪʴ ʘ ʪʘʢʦʞ ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʩʪʘʥʜʘʨʪʘʭ ʪʘ 

ʥʦʨʤʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʣʽʟʥʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʉʪʘʥ ʢʦʣʽʡʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, 

ʰʪʫʯʥʠʭ ʩʧʦʨʫʜ ʪʘ ʧʨʠʩʪʨʦʾʚ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʦʙʤʝʞʝʥʴ ʫ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʧʦʾʟʜʽʚ ʪʘ ʟʘʛʘʣʴʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ. 

2. ʊʘʨʠʬʠ ʪʘ ʚʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ. ʊʘʨʠʬʥʘ ʧʦʣʽʪʠʢʘ ʽ ʚʘʨʪʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ 

ʫʢʨʘʾʥʩʴʢʠʤʠ ʟʘʣʽʟʥʠʮʷʤʠ ʚʽʜʤʽʥʥʽ ʧʦʨʽʚʥʷʥʦ ʟ ʩʫʩʽʜʥʽʤʠ ʻʚʨʦʧʝʡʩʴʢʠʤʠ 

ʢʨʘʾʥʘʤʠ, ʱʦ ʟʤʝʥʰʫʻ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʪʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʫʢʨʘʾʥʩʴʢʦʛʦ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʻʚʨʦʧʝʡʩʴʢʦʤʫ ʨʠʥʢʫ. 

3. ɹʶʨʦʢʨʘʪʠʯʥʽ ʧʨʦʮʝʜʫʨʠ. ʉʢʣʘʜʥʽʩʪʴ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʜʫʨ 

ʦʬʦʨʤʣʝʥʥʷ ʜʦʢʫʤʝʥʪʽʚ ʜʣʷ ʤʽʞʥʘʨʦʜʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʶʪʴ ʪʘ 

ʫʧʦʚʽʣʴʥʶʶʪʴ ʧʨʦʮʝʩ ʟʜʽʡʩʥʝʥʥʷ ʚʘʥʪʘʞʥʠʭ ʘʙʦ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ. 

4. ʄʽʞʥʘʨʦʜʥʝ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ. ɺʽʜʦʤʦʶ ʧʨʦʙʣʝʤʦʶ ʤʽʞʥʘʨʦʜʥʠʭ 

ʧʝʨʝʚʝʟʝʥʴ ʚ ʟʘʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʜʣʷ ʋʢʨʘʾʥʠ ʻ ʨʽʟʥʠʮʷ ʩʪʘʥʜʘʨʪʽʚ ʢʦʣʽʾ ʪʘ 

ʥʦʨʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʢʨʘʾʥʘʤʠ, ʱʦ 

ʫʩʢʣʘʜʥʶʻ ʚʟʘʻʤʦʜʽʶ, ʫʟʛʦʜʞʝʥʥʷ ʪʘ ʢʦʦʨʜʠʥʘʮʽʶ ʤʽʞʥʘʨʦʜʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. 

ɺʨʘʭʦʚʫʶʯʠ ʟʘʟʥʘʯʝʥʽ ʧʨʦʙʣʝʤʠ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʥʝʦʙʭʽʜʥʠʤ ʻ  

ʧʝʨʰʦʯʝʨʛʦʚʝ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʩʫʚʘʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ 

ʧʦʾʟʜʽʚ ʟʘʣʽʟʥʠʮʷʤʠ ʋʢʨʘʾʥʠ. ɺʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʧʦʪʨʝʙʫʻ ʚʠʥʘʡʜʝʥʥʷ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʽʰʝʥʴ ʱʦʥʘʡʤʝʥʰʝ ʫ ʜʚʦʭ ʥʘʧʨʷʤʢʘʭ ï ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʨʛʘʥʽʟʘʮʽʾ ʧʝʨʝʜʘʯʽ ʤʽʞʥʘʨʦʜʥʠʭ ʧʦʾʟʜʽʚ ʟʘ ʢʦʨʜʦʥ ʥʘ 
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ʧʨʠʢʦʨʜʦʥʥʠʭ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʩʪʘʥʮʽʷʭ ʪʘ ʨʦʟʨʦʙʢʠ ʟʘʭʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʣʘʥʫʚʘʥʥʷ ʤʘʨʰʨʫʪʽʚ ʧʨʦʩʫʚʘʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʩʦʩʪʘʚʽʚ. 

ɺʠʨʽʰʝʥʥʷ ʧʝʨʰʦʛʦ ʟʘʚʜʘʥʥʷ ʧʦʚôʷʟʘʥʝ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʝʨʝʛʣʷʜʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʙʦʪʠ ʦʢʨʝʤʦʾ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʩʪʘʥʮʽʾ ʪʘ ʧʦʰʫʢʦʤ ʧʽʩʣʷ 

ʮʴʦʛʦ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ, ʱʦ ʩʢʣʘʜʥʦ 

ʟʜʽʡʩʥʠʪʠ ʙʝʟ ʘʥʘʣʽʟʫ ʢʦʥʢʨʝʪʥʦʾ ʩʪʘʥʮʽʾ. ɺʠʨʽʰʝʥʥʷ ʜʨʫʛʦʛʦ ʟʘʚʜʘʥʥʷ ʻ ʙʽʣʴʰ 

ʟʘʛʘʣʴʥʠʤ ʽ ʧʦʚôʷʟʘʥʝ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʬʦʨʤʫʚʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ 

ʨʦʟʨʦʙʢʠ  ʨʘʮʽʦʥʘʣʴʥʠʭ ʤʘʨʰʨʫʪʽʚ ʧʨʷʤʫʚʘʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʪʨʘʥʟʠʪʥʠʭ 

ʧʦʾʟʜʽʚ. 

ʄʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫ 

ʧʨʷʤʫʚʘʥʥʷ ʟ ʥʘʡʤʝʥʰʠʤʠ ʚʠʪʨʘʪʘʤʠ ʯʘʩʫ ʥʘ ʨʫʭ ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ 

ʬʘʢʪʦʨʽʚ, ʘʣʝ ʩʝʨʝʜ ʥʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ï ʨʝʟʝʨʚ 

ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʛʨʘʬʽʢʫ ʨʫʭʫ ʧʦʾʟʜʽʚ (ɻʈʇ) ʜʝʷʢʦʾ 

ʜʽʣʴʥʠʮʽ ABND  ʪʘ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʧʨʷʤʫʚʘʥʥʷ ʤʽʞʥʘʨʦʜʥʦʛʦ ʪʨʘʥʟʠʪʥʦʛʦ 

ʧʦʾʟʜʘ ʧʦ ʜʝʷʢʽʡ ʜʽʣʴʥʠʮʽ ɸ-ɺ 
AB

jjt ʚʨʘʭʦʚʘʥʽ ʚʽʜ ʤʦʤʝʥʪʫ ʧʨʠʙʫʪʪʷ ʥʘ ʜʝʷʢʫ 

ʩʪʘʥʮʽʶ ɸ ʜʦ ʤʦʤʝʥʪʫ ʧʨʠʙʫʪʪʷ ʥʘ ʜʝʷʢʫ ʥʘʩʪʫʧʥʫ ʩʪʘʥʮʽʶ ɺ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʰʚʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ ʧʦʾʟʜʫ ʧʦ ʩʪʘʥʮʽʾ ɸ, ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʚʽʜʧʨʘʚʣʝʥʥʷ ʥʘ ɺ, 

ʦʩʦʙʣʠʚʽʩʪʴ ʧʨʦʬʽʣʶ ʜʽʣʴʥʠʮʽ ɸ-ɺ ʪʘ ʩʝʨʝʜʥʶ ʤʦʞʣʠʚʫ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦ 

ʜʽʣʴʥʠʮʽ [1].  

ʆʪʞʝ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʩʠʩʪʝʤʘ ʟ ʜʚʦʤʘ ʚʭʦʜʘʤʠ 

( )AB
jj

AB tNX ,D  ʪʘ ʦʜʥʠʤ ʜʠʩʢʨʝʪʥʠʤ ʚʠʭʦʜʦʤ },...,,{ 21 kdddD= , ʜʝ ),1( Nkdk =  

ʜʠʩʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʜʥʦʤʫ ʟ ʨʽʚʥʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʟʘʜʘʯʘ ʨʦʟʨʦʙʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʰʝʥʴ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʥʘʥʥʽ ʚʽʜʦʙʨʘʞʝʥʥʷ 

 

                         ( ) { }k
AB
jj

AB dddDtNX ,...,,, 21Í­D= ,                  

 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʤʘʨʰʨʫʪʽʚ ʧʨʷʤʫʚʘʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʧʦʾʟʜʽʚ ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʠʪʠ 

ʩʠʩʪʝʤʫ ʦʨʛʘʥʽʟʘʮʽʾ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʽʞʥʘʨʦʜʥʦʛʦ ʪʨʘʥʟʠʪʥʦʛʦ ʚʘʛʦʥʦʧʦʪʦʢʫ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʧʦʜʘʣʴʰʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʉʇʇʈ ʫ ʚʠʛʣʷʜʽ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʥʘ ɸʈʄ ʦʧʝʨʘʪʠʚʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʩʫʚʘʥʥʷʤ ʤʽʞʥʘʨʦʜʥʠʭ ʧʦʾʟʜʽʚ ʟʘʣʽʟʥʠʮʷʤʠ ʋʢʨʘʾʥʠ ʪʘ 

ʩʢʦʨʦʪʠʪʠ ʪʝʨʤʽʥʠ ʧʝʨʝʜʘʯʽ ʾʭ ʟʘ ʢʦʨʜʦʥ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʦʟʚʦʣʠʪʴ 

ʩʬʦʨʤʫʚʘʪʠ ʧʦʟʠʪʠʚʥʠʡ ʽʤʽʜʞ ʟʘʣʽʟʥʠʮʴ ʋʢʨʘʾʥʠ ʥʘ ʨʠʥʢʫ ʤʽʞʥʘʨʦʜʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ. 

 
[1] ʂʦʥʩʪʘʥʪʽʥʦʚ ɼ.ɺ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʧʨʦʩʫʚʘʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʪʨʘʥʟʠʪʥʠʭ ʧʦʾʟʜʽʚ ʟʘʣʽʟʥʠʮʷʤʠ 

ʋʢʨʘʾʥʠ / ɼ.ɺ. ʂʦʥʩʪʘʥʪʽʥʦʚ, ɯ.ɺ. ʏʦʨʥʘ // ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʋʢʨɼɸɿʊ. ï ʍʘʨʢʽʚ,2013. ï ˉ140. ï ʉ. 23 ï 

30. 
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ɿʘʩʦʙʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʚʘʛʦʥʦʧʦʪʦʢʘʤʠ ʚ ʩʫʯʘʩʥʠʭ 

ʫʤʦʚʘʭ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʧʽʜʚʠʱʝʥʥʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ. ʅʦʚ̔ ʚʠʢʣʠʢʠ ʪʘ ʚʠʤʦʛʠ ʩʫʯʘʩʥʦʛʦ ʨʠʥʢʫ 

ʚʠʤʘʛʘʶʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʨʦʞʥʽʤʠ ʚʘʛʦʥʘʤʠ [4]. 

ʆʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʟʘʩʦʙʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɿʘʚʜʷʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʩʠʩʪʝʤʘʤ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʟʘʣʽʟʥʠʯʥʽ ʦʧʝʨʘʪʦʨʠ ʟʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʪʦʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʨʫʭ ʧʦʨʦʞʥʽʭ ʚʘʛʦʥʽʚ, ʾʭ ʩʪʘʥ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʰʚʠʜʢʝ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʨʦʟʧʦʜʽʣʫ ʪʘ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʧʦʨʦʞʥʽʭ ʚʘʛʦʥʽʚ, ʱʦ 

ʩʧʨʠʷʪʠʤʝ ʟʤʝʥʰʝʥʥʶ ʯʘʩʫ ʧʨʦʩʪʦʶ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʶ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

ʇʨʠ ʨʦʟʧʦʜʽʣʽ ʧʦʨʦʞʥʽʭ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʤʽʞ ʩʪʘʥʮʽʷʤʠ ʟʘʣʽʟʥʠʮʴ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ ʬʘʢʪʦʨʠ: 

1. ʇʦʧʠʪ ʥʘ ʚʘʥʪʘʞʥʽ ʧʝʨʝʚʝʟʝʥʥʷ: ʘʥʘʣʽʟ ʧʦʪʨʝʙʠ ʚ ʧʦʨʦʞʥʽʭ ʚʘʛʦʥʘʭ ʥʘ 

ʨʽʟʥʠʭ ʩʪʘʥʮʽʷʭ ʟʘʣʽʟʥʠʮʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʧʠʪʫ ʥʘ ʚʘʥʪʘʞʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʚ ʮʠʭ 

ʨʝʛʽʦʥʘʭ. 

2. ʊʨʘʥʩʧʦʨʪʥʽ ʟʚ'ʷʟʢʠ: ʚʨʘʭʫʚʘʥʥʷ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʪʘʥʮʽʡ 

ʟʘʣʽʟʥʠʮʴ, ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʥʠʤʠ ʪʘ ʽʥʰʠʤʠ ʨʝʛʽʦʥʘʤʠ, ʘ ʪʘʢʦʞ 

ʜʦʩʪʫʧʥʦʩʪʽ ʟʘʣʽʟʥʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʘʛʦʥʽʚ. 

3. ʆʙʩʷʛʠ ʧʝʨʝʚʝʟʝʥʴ: ʘʥʘʣʽʟ ʦʙʩʷʛʽʚ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʥʘ ʨʽʟʥʠʭ 

ʩʪʘʥʮʽʷʭ ʟʘʣʽʟʥʠʮʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʠ ʚ ʧʦʨʦʞʥʽʭ ʚʘʛʦʥʘʭ. 

4. ɽʢʦʥʦʤʽʯʥʽ ʬʘʢʪʦʨʠ: ʚʨʘʭʫʚʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ 

ʚʘʛʦʥʽʚ ʤʽʞ ʩʪʘʥʮʽʷʤʠ ʟʘʣʽʟʥʠʮʴ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʽʚ ʪʘ ʤʽʥʽʤʽʟʘʮʽʷ ʚʠʪʨʘʪ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʦʨʦʞʥʽʭ ʚʘʛʦʥʽʚ. 

5. ʈʝʛʫʣʷʪʦʨʥʽ ʚʠʤʦʛʠ: ʜʦʪʨʠʤʘʥʥʷ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʪʘ ʥʦʨʤʘʪʠʚʥʠʭ ʘʢʪʽʚ 

ʱʦʜʦ ʨʦʟʧʦʜʽʣʫ ʚʘʛʦʥʽʚ ʤʽʞ ʩʪʘʥʮʽʷʤʠ ʟʘʣʽʟʥʠʮʴ, ʚʨʘʭʫʚʘʥʥʷ ʧʨʘʚʠʣ ʪʘ 

ʧʨʦʮʝʜʫʨ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʘʣʽʟʥʠʯʥʠʤʠ ʦʨʛʘʥʘʤʠ. 

6. ʇʣʘʥʫʚʘʥʥʷ ʪʘ ʢʦʦʨʜʠʥʘʮʽʷ: ʚʩʪʘʥʦʚʣʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʢʦʦʨʜʠʥʘʮʽʾ ʨʦʟʧʦʜʽʣʫ ʚʘʛʦʥʽʚ ʤʽʞ ʩʪʘʥʮʽʷʤʠ ʟʘʣʽʟʥʠʮʴ, 



 

73 

ʩʧʽʚʧʨʘʮʷ ʟ ʨʽʟʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʨʦʟʧʦʜʽʣʫ ʚʘʛʦʥʽʚ [1,2,3]. 

ʎʽ ʬʘʢʪʦʨʠ ʜʦʧʦʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʠʡ ʪʘ ʝʢʦʥʦʤʽʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦʨʦʞʥʽʭ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʤʽʞ ʩʪʘʥʮʽʷʤʠ ʟʘʣʽʟʥʠʮʴ. 

ʋ ʚʠʢʦʥʘʥʥʽ ʧʝʨʝʚʽʟʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʽʥʣʠʚʠʭ ʫʤʦʚʘʭ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʩʽ ʟʘʟʥʘʯʝʥʽ ʘʩʧʝʢʪʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʚʧʣʠʚ ʣʶʜʩʴʢʦʛʦ 

ʬʘʢʪʦʨʫ ʥʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʻ ʚʘʞʣʠʚʠʤ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʮʝʡ ʧʨʦʮʝʩ, 

ʚʨʘʭʦʚʫʶʯʠ ʚʩʽ ʨʝʣʝʚʘʥʪʥʽ ʘʩʧʝʢʪʠ. ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʘʙʦ ʧʦʣʽʧʰʝʥʥʷ ʽʩʥʫʶʯʠʭ. 

 
1. ɯʥʩʪʨʫʢʪʠʚʥʽ ʚʢʘʟʽʚʢʠ ʟ ʦʨʛʘʥʽʟʘʮʽʾ ʚʘʛʦʥʦʧʦʪʦʢʽʚ ʥʘ ʟʘʣʽʟʥʠʮʷʭ ʋʢʨʘʾʥʠ [ʊʝʢʩʪ]: ʦʬʽʮ. ʪʝʢʩʪ ï ʂ.: ʄʽʥ-ʚʦ 

ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʟʚȭʷʟʢʫ ʋʢʨʘʾʥʠ, ɼʝʨʞʘʚʥʘ ʘʜʤʽʥʽʩʪʨʘʮʽʷ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ, ʛʦʣʦʚʥʝ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʝʚʝʟʝʥʴ.ī2005. ï 99 ʩ. 

2.  ɯʥʩʪʨʫʢʮʽʷ ʟ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʧʦʾʟʥʦʾ ʽ ʚʘʥʪʘʞʥʦʾ ʨʦʙʦʪʠ ʥʘ ʟʘʣʽʟʥʠʮʷʭ ʋʢʨʘʾʥʠ: [ʊʝʢʩʪ]: ʦʬʽʮ. 

ʪʝʢʩʪ: [ʧʨʠʡʥʷʪʦ ʪʘ ʥʘʜʘʥʦ ʯʠʥʥʦʩʪʽ ʥʘʢʘʟʦʤ ʋʢʨʟʘʣʽʟʥʠʮʽ ʚʽʜ 15 ʛʨʫʜʥʷ 2004 ʨ ˉ 969-ʎɿ]. īʂ.: ʄʽʥ-ʚʦ 

ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʟʚôʷʟʢʫ ʋʢʨʘʾʥʠ, ɼʝʨʞʘʚʥʘ ʘʜʤʽʥʽʩʪʨʘʮʽʷ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ, ʛʦʣʦʚʥʝ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʝʚʝʟʝʥʴ. ī 2004. ï 48 ʩ. 

3. ʈʠʙʘʣʴʯʝʥʢʦ, ʃ.ɯ. ɺʠʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʦʞʥʴʦʛʦ ʧʘʨʢʫ ʚʘʛʦʥʽʚ [ʊʝʢʩʪ] / 

ʃ.ɯ. ʈʠʙʘʣʴʯʝʥʢʦ // ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʠʡ ʞʫʨʥʘʣ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ï 2012. ï ɺʳʧ. 6/3 (60). ï ʉ. 25-27. 

4. ʅʘʮʽʦʥʘʣʴʥʘ ʊʨʘʥʩʧʦʨʪʥʘ ʉʪʨʘʪʝʛʽʷ ʋʢʨʘʾʥʠ ʜʦ 2030 ʨʦʢʫ: [ɽʣʝʢʪʨʦʥ. ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://publications.chamber.ua/2017/Infrastructure/UDD/National_Transport_Strategy_2030.pdf 

 

 

ʋɼʂ 656.2 

 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʆʈɻɸʅɯɿɸʎɯɰ ʄɯɾʅɸʈʆɼʅʀʍ ʇɸʉɸɾʀʈʉʔʂʀʍ 

ʇɽʈɽɺɽɿɽʅʔ ɺ ʋʄʆɺɸʍ ɯʅʊɽʈʆʇɽʈɸɹɽʃʔʅʆʉʊɯ 

 

ENHANCING THE ORGANIZATION OF INTERNATIONAL PASSENGER 

TRANSPORTATION IN THE CONTEXT OF INTEROPERABILITY  

 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ɭ.ɺ. ʍʦʜʘʢʽʚʩʴʢʘ, ʤʘʛʽʩʪʨʘʥʪʠ ʆ.ʄ. ɻʘʚʨʠʣʴʯʝʥʢʦ, 

ɯ.ɺ. ʆʭʤʘʪ, ʉ.ʄ. ʇʠʩʘʨʻʚ
 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʤ. ʍʘʨʢʽʚ) 

 

Ye. Khodakivska PhD (Tech.), Master's students O. Havrylchenko,  

I. Okhmat, S. Pisarev
 

Ukrainian State University of Railway Transport (Kharkiv) 

 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʨʦʟʚʠʪʦʢ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʪʘ ʾʭ ʚʟʘʻʤʦʜʽʷ ʩʪʘʶʪʴ 

ʢʣʶʯʦʚʠʤʠ ʘʩʧʝʢʪʘʤʠ ʛʣʦʙʘʣʴʥʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʩʦʮʽʦʢʫʣʴʪʫʨʥʦʾ ʽʥʪʝʛʨʘʮʽʾ. 

ʆʜʥʘʢ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʤʽʞʥʘʨʦʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ. ʋʢʨʘʾʥʘ, ʷʢ ʘʢʪʠʚʥʠʡ 

ʫʯʘʩʥʠʢ ʩʚʽʪʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʧʽʚʪʦʚʘʨʠʩʪʚʘ, ʩʪʠʢʘʻʪʴʩʷ ʟ ʚʠʢʣʠʢʘʤʠ, 

ʧʦʚ'ʷʟʘʥʠʤʠ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʤʽʞʥʘʨʦʜʥʠʭ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ. 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ, ʷʢʘ ʧʦʪʨʝʙʫʻ ʚʠʨʽʰʝʥʥʷ, ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 
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ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʤʽʞ ʨʽʟʥʠʤʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʮʽʻʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ, ʷʢʽ 

ʜʦʟʚʦʣʷʪʴ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʨʽʟʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʩʪʘʙʽʣʴʥʦʛʦ ʢʦʣʠʚʘʥʥʷ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ 

[1, 2]. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʤʽʞʥʘʨʦʜʥʦʛʦ ʜʦʩʚʽʜʫ ʚ ʦʙʣʘʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʨʽʚʥʷ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʨʽʟʥʠʤʠ ʤʽʞʥʘʨʦʜʥʠʤʠ 

ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʩʠʩʪʝʤʘʤʠ [3], ʨʦʟʨʦʙʢʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ ʽʥʜʝʢʩʫ 

ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʩʪʘʻ ʩʫʯʘʩʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʧʽʜʚʠʱʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ 

ʦʨʛʘʥʽʟʘʮʽʾ ʤʽʞʥʘʨʦʜʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʤʦʜʝʣʽ, 

ʟʘ ʨʘʭʫʥʦʢ ʾʾ ʧʨʦʩʪʦʪʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦʶ ʚ ʙʫʜʴ-ʷʢʽʡ ʛʘʣʫʟʽ,  

ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʫʚʘʪʠ ʩʠʩʪʝʤʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʝʨʝʭʽʜ ʚʽʜ ʾʭʥʴʦʛʦ ʧʦʪʦʯʥʦʛʦ 

ʨʽʚʥʷ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʞʣʠʚʦʛʦ ʨʽʚʥʷ. ʄʦʜʝʣʴ ʽʥʜʝʢʩʫ 

ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʶʻ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʪʘʥʜʘʨʪʽʚ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʛʨʦʚʘʥʦʩʪʽ ʪʘ ʩʫʤʽʩʥʦʩʪʽ ʚ ʤʽʞʥʘʨʦʜʥʠʭ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʤʦʞʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ ʪʘ ʤʝʥʰ ʝʬʝʢʪʠʚʥʠʭ ʦʧʝʨʘʮʽʡ ʫ ʮʴʦʤʫ 

ʩʝʢʪʦʨʽ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʶ ʤʦʜʝʣʴ, ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʧʨʠʜʘʪʥʽʩʪʴ ʨʽʟʥʠʭ ʩʠʩʪʝʤ 

ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʩʧʽʚʧʨʘʮʽ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʤʦʜʝʣʴ ʽʥʜʝʢʩʫ 

ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʚʢʘʟʫʻ ʥʘ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʥʘʙʦʨʫ ʢʦʤʧʦʥʝʥʪʽʚ, ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʝʣʠʢʫ ʡʤʦʚʽʨʥʽʩʪʴ ʫʩʧʽʰʥʦʾ 

ʽʥʪʝʛʨʘʮʽʾ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʫʥʠʢʥʝʥʥʷ ʚʝʣʠʢʠʭ ʚʠʪʨʘʪ. ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ 

ʢʨʠʪʠʯʥʠʭ ʦʙʣʘʩʪʝʡ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʫ ʮʽʡ ʤʦʜʝʣʽ ʪʘ ʽʥʰʠʭ ʤʦʜʝʣʷʭ 

ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʻ ʷʢʽʩʪʴ ʽʥʪʝʨʬʝʡʩʽʚ ʘʙʦ ʤʘʪʨʠʮʽ ʦʙʝʨʪʘʥʥʷ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʥʮʝʧʮʽʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʣʶʜʩʴʢʦʛʦ ʯʠ 

ʪʝʭʥʽʯʥʦʛʦ ʧʝʨʝʢʣʘʜʫ ʤʽʞ ʩʠʩʪʝʤʘʤʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʜʝʣʽ i-score.  

ɺ ʤʦʜʝʣʽ i-score ʚʩʽ ʧʘʨʠ ʝʣʝʤʝʥʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚ 

ʤʘʪʨʠʮʽ ʯʘʩʪʦʪ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʯʠ ʤʘʶʪʴ ʚʦʥʠ ʧʨʷʤʠʡ ʯʠ ʥʝʧʨʷʤʠʡ 

ʟʚôʷʟʦʢ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘʛʘʣʴʥʦʾ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʜʦʮʽʣʴʥʦ 

ʥʘʜʘʪʠ ʦʜʥʘʢʦʚʠʡ ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʷʢ ʧʨʷʤʠʤ, ʪʘʢ ʽ ʥʝʧʨʷʤʠʤ ʟʚôʷʟʢʘʤ ʤʽʞ 

ʧʘʨʘʤʠ ʝʣʝʤʝʥʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, 

ʱʦ ʙʫʜʴ-ʷʢʠʡ ʚʠʭʽʜ ʦʜʠʥʠʮʽ ʚʧʣʠʚʘʻ ʥʘ ʜʦʭʽʜ ʥʘʩʪʫʧʥʦʾ ʦʜʠʥʠʮʽ. 

ʋ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʤʽʞ çʚʟʘʻʤʦʜʽʶʯʠʤʠè ʪʘ çʚʟʘʻʤʦʟʚ'ʷʟʘʥʠʤʠè 

ʩʠʩʪʝʤʘʤʠ ʚ ʤʦʜʝʣʽ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ, ʜʝ ʨʽʰʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʯʠ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʷʤʽ, ʯʠ ʥʝʧʨʷʤʽ ʟʚôʷʟʢʠ, ʧʨʠʟʥʘʯʘʶʯʠ ʾʤ ʨʽʟʥʽ ʚʘʛʠ. ʆʜʥʘʢ, 

ʦʩʢʽʣʴʢʠ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʽʩʪʴ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʦʙʤʽʥʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʽʥʬʦʨʤʘʮʽʻʶ ʫ ʧʨʷʤʦʤʫ ʢʦʥʪʘʢʪʽ ʤʽʞ ʜʝʢʽʣʴʢʦʤʘ ʩʠʩʪʝʤʘʤʠ, ʪʝʨʤʽʥ çʧʨʷʤʘ 

ʚʟʘʻʤʦʜʽʷè ʤʦʞʝ ʢʨʘʱʝ ʚʽʜʦʙʨʘʞʘʪʠ ʩʫʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ. ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ ʣʠʰʝ ʧʨʷʤʠʭ ʟʚôʷʟʢʽʚ 

ʤʘʻ ʩʚʦʶ ʧʝʨʝʚʘʛʫ: ʚ ʫʤʦʚʘʭ ʧʘʨʘʣʝʣʴʥʦʾ ʘʙʦ ʦʜʥʦʯʘʩʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʥʝʧʨʷʤʠʭ ʟʚôʷʟʢʽʚ ʫ ʦʙʯʠʩʣʝʥʥʷʭ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ 

ʜʦ ʤʝʥʰ ʪʦʯʥʠʭ ʽ ʩʢʣʘʜʥʽʰʠʭ ʚʠʤʽʨʶʚʘʥʴ. 
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ʈʝʟʫʣʴʪʘʪ ʘʥʘʣʽʟʫ ʟʘʣʽʟʥʠʯʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ ʚʢʘʟʫʻ ʥʘ ʪʦʡ 

ʬʘʢʪ, ʱʦ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʦʨʽʾ ʩʠʩʪʝʤ, ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʥʝʧʦʚʥʦʶ 

ʤʽʨʦʶ ʫʚʽʙʨʘʥʽ ʧʨʦʝʢʪʘʤʠ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽ ʮʝ ʻ ʨʝʟʝʨʚʦʤ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ ʪʦʚʘʨʠʩʪʚʘ [1, 2]. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ: ʧʝʨʝʥʦʩʷʪʴʩʷ ʤʝʪʦʜʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟ ʦʜʥʠʭ ʛʘʣʫʟʝʡ 

ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʚ ʽʥʰʽ; ʫ ʬʘʭʽʚʮʽʚ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʢʘʨʜʠʥʘʣʴʥʦ 

ʟʤʽʥʶʻʪʴʩʷ ʩʪʠʣʴ ʥʘʫʢʦʚʦʛʦ ʤʠʩʣʝʥʥʷ (ʚʽʜ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʚʦʥʠ 

ʧʝʨʝʭʦʜʷʪʴ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʝʡ ʟ ʥʝʯʽʪʢʠʤʠ ʮʽʣʷʤʠ ʡ ʦʙʤʝʞʝʥʥʷʤʠ); 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʠʥʪʝʟ ʟʥʘʥʴ ʽʟ ʨʽʟʥʠʭ ʥʘʫʢ (ʤʘʪʝʤʘʪʠʢʠ, ʣʦʛʽʢʠ, ʪʝʦʨʽʾ ʩʠʩʪʝʤ, 

ʪʝʦʨʽʾ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥ.); ʧʨʦʝʢʪʘʥʪʘʤʠ ʪʘ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʟ ʫʧʨʘʚʣʽʥʥʷ ʧʦʯʠʥʘʻ 

ʦʙʦʚ'ʷʟʢʦʚʦ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʚ ʧʨʦʝʢʪʘʭ ʫʩʪʨʦʶ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʦʙ'ʻʢʪʘ ʜʽʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʝʬʝʢʪʫ, ʷʢ ʦʩʥʦʚʥʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʨʦʙʢʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʨʦʝʢʪʽʚ; ʚ ʧʨʦʝʢʪʠ 

ʚʚʦʜʠʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʦʧʠʩ ʩʠʩʪʝʤʠ (ʚʠʜʠ, ʦʙʩʷʛʠ, ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʰʣʷʭʠ 

ʧʨʦʭʦʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ) ʽ ʧʨʦʝʢʪʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʟʙʽʨ ʪʘ ʦʙʨʦʙʢʘ 

ʜʘʥʠʭ ʽ ʽʥʬʦʨʤʘʮʽʾ (ʟʘʫʚʘʞʠʤʦ, ʱʦ ʧʨʠ ʪʨʘʜʠʮʽʡʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ 

ʫʧʨʘʚʣʽʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʦʧʠʩ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʣʘʙʦ ʽ ʚʠʷʚʣʷʻʪʴʩʷ 

https://www.kmu.gov.ua/npas/pro-shvalennya-nacionalnoyi-transportnoyi-strategiyi-ukrayini-na-period-do-2030-roku
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ʥʝʜʦʩʪʘʪʥʽʤ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ, ʜʘʥʽ ʪʘ ʽʥʬʦʨʤʘʮʽʷ 

ʧʨʠ ʩʠʩʪʝʤʥʦʤʫ ʧʽʜʭʦʜʽ ʟʙʠʨʘʶʪʴʩʷ ʥʝ ʚ çʥʘʚʘʣè, ʪʦʙʪʦ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ, ʘ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʠʩʪʝʤʦʶ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʪʦʱʦ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʨʦʟʚʠʪʢʫ ʚ ʧʨʦʝʢʪʘʭ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ ʩʣʽʜ 

ʰʠʨʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʝʚʘʛʠ ʪʝʦʨʽʾ ʩʠʩʪʝʤ, ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʪʦʱʦ. 

ʅʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʠʱʝʦʟʥʘʯʝʥʠʭ ʨʝʟʝʨʚʽʚ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʘʩʘʞʠʨʩʴʢʠʭ ʽ 

ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʫ ʟʘʣʽʟʥʠʯʥʽʡ ʪʨʘʥʩʧʦʨʪʥʽʡ ʩʠʩʪʝʤʽ ʚ ʫʤʦʚʘʭ 

ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʪʝ, ʱʦ ʦʩʥʦʚʥʠʡ ʨʦʟʚʠʪʦʢ ʧʨʦʮʝʩʽʚ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʘʤʢʘʭ 

ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʩʠʩʪʝʤ: ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʚʘʥʪʘʞʥʠʤʠ 

ʧʝʨʝʚʝʟʝʥʥʷʤʠ ʋʢʨʟʘʣʽʟʥʠʮʽ ʻʜʠʥʘ, ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 

ʧʘʩʘʞʠʨʩʴʢʠʤʠ ʧʝʨʝʚʝʟʝʥʥʷʤʠ ʋʢʨʟʘʣʽʟʥʠʮʽ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʪʝʦʨʽʾ ʩʠʩʪʝʤ, ʘ 

ʪʘʢʦʞ ʥʘʷʚʥʦʩʪʽ ʧʨʦʙʣʝʤʠ ʢʦʤʧʝʥʩʘʮʽʾ ʟʙʠʪʢʽʚ ʋʢʨʟʘʣʽʟʥʠʮʽ ʚʽʜ ʥʘʜʩʠʩʪʝʤʠ 

(ʜʝʨʞʘʚʠ) ʚ ʯʘʩʪʠʥʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ - ʮʝ ʻ ʥʝʜʦʣʽʢʦʤ. 

ʇʨʦʧʦʟʠʮʽʻʶ ʧʦ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʘʩʘʞʠʨʩʴʢʠʭ ʽ 

ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʫ ʟʘʣʽʟʥʠʯʥʽʡ ʪʨʘʥʩʧʦʨʪʥʽʡ ʩʠʩʪʝʤʽ ʚ ʫʤʦʚʘʭ 

ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʻ ʪʝ, ʱʦ ʨʦʟʚʠʪʦʢ ʚʩʽʭ ʧʨʦʮʝʩʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʦʙʦʪʠ 

ʟʘʣʽʟʥʠʯʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚ ʨʘʤʢʘʭ ʦʜʥʽʻʾ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. ʊʦʙʦʪʦ, ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ ʨʦʟʚʠʪʢʫ ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ ʩʣʽʜ ʰʠʨʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʝʚʘʛʠ ʪʝʦʨʽʾ ʩʠʩʪʝʤ, 

ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʪʦʱʦ. ʇʨʦʙʣʝʤʫ ʢʦʤʧʝʥʩʘʮʽʾ ʟʙʠʪʢʽʚ ʋʢʨʟʘʣʽʟʥʠʮʽ ʚʽʜ 

ʜʝʨʞʘʚʠ ʚ ʯʘʩʪʠʥʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʤʦʞʥʘ ʚʠʨʽʰʫʚʘʪʠ 

ʝʬʝʢʪʠʚʥʽʰʝ, ʚ ʨʘʤʢʘʭ ʦʜʥʽʻʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. ʇʨʠ ʮʴʦʤʫ ʦʙʣʽʢ 

ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʟʘʣʽʟʥʠʯʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʚʘʥʪʘʞʥʠʡ ʪʘ 

ʧʘʩʘʞʠʨʩʴʢʠʡ ʨʫʭ ʙʫʜʝ ʯʽʪʢʽʰʠʤ, ʘ ʟʥʘʯʠʪʴ ʽ ʧʦʭʽʜʥʽ ʚʽʜ ʮʴʦʛʦ ʟʚʝʨʥʝʥʥʷ, 

ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʜʦ ʥʘʜʩʠʩʪʝʤʠ (ʜʝʨʞʘʚʘ), ʽʥʰʠʭ ʩʠʩʪʝʤ, ʧʽʜʩʠʩʪʝʤ ʙʫʜʫʪʴ 

ʜʦʩʪʦʚʽʨʥʽʰʠʤʠ. 
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Grain logistics in Ukraine plays a crucial role in global food supply and ensuring 

world food security. Ukraine, which is considered one of the largest producers and 

exporters of grain crops, has a huge potential to ensure stable supplies of grain to the 

world market [1]. According to data from the World Trade Organization (2022) 

Ukraine is the main world exporter of wheat and provides 9% of the world market. It 

also accounts for 42% of the world sunflower oil market and 16% of world corn 

production. Countries in Africa and the Middle East are the most dependent regions, 

as they import more than 50 percent of their grain needs from Ukraine. Under such 

conditions, grain logistics in Ukraine becomes even more important in the context of 

a full-scale Russian war against Ukraine. Taking into account armed Russian 

aggression, the improvement of grain logistics becomes a necessity to ensure the 

uninterrupted functioning of food supplies and food security of the world. In the 

conditions of massive missile attacks on the railway infrastructure and limited 

capacity of the network, it is important to use flexible transportation technologies that 

will allow speeding up the transportation of grain cargoes in difficult operational 

conditions. 

One of the ways to provide the grain cargo transportation system of Ukraine with 

significant flexibility of operations and the speed of movement of shipments is the 

hybridization of the existing "hub-and-spoke" transportation model with "point-to-

point", which can be based on transportation technologies that allow combining 

groups of wagons to form block trains destined for the unloading station at the first 

stages of transportation process. This will allow speeding up movement and reducing 

the costs transporting wagon and group shipments by eliminating irrational 
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transformations that occur on the route following the option of sending these wagons 

as a Single Wagon load (SWL) shipment [2, 3]. One of the well-known transportation 

technologies is the formation of staged routes based on the principle of ridesharing. 

This model of transportation corresponds to the principles of the sharing economy 

[4]. In order to achieve a network effect, which is important for building any ride-

sharing service, it is proposed to consider the creation of a digital aggregator platform 

that will allow combining wagon shipments into a staged route by increasing the load 

of grain batches to 15-25 wagons from different senders who want to send the grain 

to nearby stations during coincident calendar periods for the possibility of booking a 

seat in a staged route (a train of 45-55 wagons). The analysis of transportation 

services based on the principles of ridesharing proved its effectiveness in the fields of 

motor transport and aviation. In order to study the possibility of using the ride-

sharing service for a group of shippers for the organization of stagedroutes trains 

(SRT) on the railway network of Ukraine, a study was conducted on the impact of 

changes in transportation patterns of grain cargoes on the macro indicators of the 

railway system [5]. 

In the study, the impact of utilizing a ridesharing service on the functioning of the 

railway system was investigated based on game theory. It is proposed to formalize 

the formation of a stage train and its movement during peak load periods in the form 

of coalitions in cooperative congestion games. It is proposed to investigate how a 

coalition of shippersô combinations changes the quality of solutions obtained in 

competitive games [6]. It is worth studying the impact of the change in the 

transportation model on the railway system, calculating the price of anarchy in order 

to estimate the cost of the lack of coordination in the railway system when 

transporting grain cargoes with the quality of centrally optimal planning. 

A comparative analysis of the price of anarchy values for the ñlow seasonò and 

ñhigh seasonò of grain transportation showed an insignificant effect of the change in 

the transportation model on the efficiency of the railway system. The application of 

the transportation model with the formation of staged route trains based on the 

principles of ridesharing leads to greater changes in the railway system efficiency in 

the ñhigh seasonò of transportation. Such results can be explained by the weaker 

interdependence of train flows at the landfill, which is a bottleneck on the railway 

network. In the conditions of stable train movement in the ñfree flowò mode, the 

shippersô utility function before the formation of coalitions is significantly reduced as 

the dispatch according to the selfish scenario does not lead to an increased delay in 

the duration of the movement, which does not cause the complication of the 

transportation process. However, if we compare the costs of the average wagon-hours 

per shipment in the model of transportation with SRT - 394.89 wagon-hours with the 

similar costs under the current model SWL - 857.75, then the profitability is 2.17 

times higher for staged routes. This proves the effectiveness of the hybrid 

transportation model even in the absence of high demand for transportation and the 

instability of train traffic. Based on the solution of the bimatrix game in pure 

strategies, it has been demonstrated that the winning strategy is the application of a 

digital aggregator platform for coordinating coalitions, aligning transport plans with 
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the carrier, thereby reducing inefficient railcar downtimes and enhancing the 

reliability of transportation. 

For the practical implementation of the obtained results within the scope of the 

study, requirements for the digital aggregator platform have been developed to 

facilitate swift planning of mixed transport of grain cargoes. 
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ɸʊ ñʋʢʨʘʾʥʩʴʢʘ ʟʘʣʽʟʥʠʮʷò ʷʢ ʦʧʝʨʘʪʦʨ ʟʘʣʽʟʥʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʣʘʥʫʻ ʽ 

ʜʠʩʧʝʪʯʝʨʠʟʫʻ ʨʫʭ ʧʦʾʟʜʽʚ ʥʘ ʟʘʣʽʟʥʠʯʥʽʡ ʤʝʨʝʞʽ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ 

ʋʢʨʘʾʥʠ. ʋ 2019 ʨʦʮʽ ɸʊ ʋʢʨʟʘʣʽʟʥʠʮʷ ʨʦʟʧʦʯʘʣʘ ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʫʢʨʫʧʥʝʥʠʭ ʨʝʛʽʦʥʘʣʴʥʠʭ ʮʝʥʪʨʽʚ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ (ʜʘʣʽ - ʈʎʋʇ), ʱʦ 

ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʧôʷʪʠ ʨʝʛʽʦʥʘʣʴʥʠʭ ʎʝʥʪʨʽʚ ʋʧʨʘʚʣʽʥʥʷ ʈʫʭʦʤ ʟ 

ʧʦʜʘʣʴʰʦʶ ʩʪʨʘʪʝʛʽʻʶ ʮʝʥʪʨʘʣʽʟʘʮʽʾ ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ ʜʦ ʜʚʦʭ [1]. ʎʝʥʪʨʘʣʽʟʘʮʽʷ 

ʬʫʥʢʮʽʡ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʚʽʟʥʠʤ ʧʨʦʮʝʩʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʇʣʘʥʫ 

ʟʘʭʦʜʽʚ ʟ ʨʝʬʦʨʤʫʚʘʥʥʷ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ, ʱʦ ʨʦʙʠʪʴ 

ʘʢʪʫʘʣʴʥʦʶ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

[2]. ɽʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʈʎʋʇʽʚ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʜʽʻʚʦʾ TMS-ʩʠʩʪʝʤʠ - 

Traffic Management System [3-5]. ɿʘʣʽʟʥʠʮʷ ʋʢʨʘʾʥʠ ʤʘʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʣʘʥʫʚʘʥʥʷ ʚʘʛʦʥʥʠʭ ʚʽʜʧʨʘʚʦʢ - ʚ ʤʝʞʘʭ ɸʉʂ ɺʇ ʋɿ-ɭ 

ʨʦʟʚʠʥʝʥʘ ʚʘʛʦʥʥʘ ʤʦʜʝʣʴ, ʩʪʚʦʨʝʥʦ ʩʠʩʪʝʤʫ ɸʉ ʄɽʉʇʃɸʅ, ʘʣʝ ʜʦʩʠʪʴ 

ʥʝʜʦʩʢʦʥʘʣʠʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʬʫʥʢʮʽʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʽ ʮʠʬʨʦʚʽʟʘʮʽʾ ʧʣʘʥʫʚʘʥʥʷ 

ʧʦʾʟʜʦʫʪʚʦʨʝʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʾʟʥʠʤ ʨʫʭʦʤ [4]. ʎʝ ʚʠʤʘʛʘʻ ʧʦʙʫʜʦʚʠ 

ʩʫʯʘʩʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ - TMS-ʩʠʩʪʝʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʨʭʽʪʝʢʪʫʨʠ 

ʚʞʝ ʽʩʥʫʶʯʠʭ ɯʊ-ʨʽʰʝʥʴ ʚ ɸʊ ʋʢʨʟʘʣʽʟʥʠʮʷ. ɸʨʭʽʪʝʢʪʫʨʘ ʪʘʢʦʾ TMS ʧʦʚʠʥʥʘ 

ʧʦʻʜʥʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨ ʧʣʘʥʫʚʘʥʥʷ ʚʘʥʪʘʞʥʠʭ ʚʽʜʧʨʘʚʦʢ, ʱʦ ʻ ʚ 

ʥʘʷʚʥʦʩʪʽ ʫ ɸʉ ʄɽʉʇʃɸʅ, ʟʽ ʧʨʦʛʨʘʤʥʠʤʠ ʨʽʰʝʥʥʷʤʠ ʩʪʚʦʨʝʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ 

ʛʨʘʬʽʢʽʚ ʨʫʭʫ ʧʦʾʟʜʽʚ (ɻʈʇ) ʚ ʤʝʞʘʭ ʢʘʣʝʥʜʘʨʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʪʘ ʱʦʜʦʙʦʚʦʶ 

ʧʝʨʝʜʘʯʝʶ ʩʪʚʦʨʝʥʦʛʦ ʧʣʘʥʫ ʨʫʭʫ ʥʘ ʨʦʙʦʯʽ ʤʽʩʮʷ ʧʦʾʟʥʠʭ ʜʠʩʧʝʪʯʝʨʽʚ ʪʘ ʥʘ 

ʣʦʢʦʤʦʪʠʚʠ ʜʣʷ ʤʘʰʠʥʽʩʪʽʚ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʨʝʘʣʽʟʘʮʽʶ ʚʠʢʦʥʘʥʠʭ ʧʣʘʥʽʚ 

ʧʦʾʟʜʦʫʪʚʦʨʝʥʥʷ ʽ ʨʫʭʫ ʧʦʾʟʜʦʧʦʪʦʢʽʚ ʧʦʚʠʥʥʘ ʘʚʪʦʤʘʪʠʯʥʦ ʟʥʽʤʘʪʠʩʴ ʽʟ 

ʟʘʣʽʟʥʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽ ʧʦʚʝʨʪʘʪʠʩʴ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʚʠʢʦʥʘʥʥʷ 

ʥʦʨʤʘʪʠʚʥʠʭ ɻʈʇ. ʎʝ ʚʠʤʘʛʘʻ ʚʽʜ ʩʫʯʘʩʥʦʾ TMS-ʩʠʩʪʝʤʠ ʧʨʦʤʽʞʥʦʛʦ 
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ʧʨʦʛʨʘʤʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʧʽʜʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ï ʜʽʶʯʠʭ ʽ 

ʥʦʚʠʭ ʜʠʩʧʝʪʯʝʨʩʴʢʠʭ ʩʠʩʪʝʤ ʥʘ ʤʝʨʝʞʽ ʋʢʨʘʾʥʠ. ʂʨʽʤ ʪʦʛʦ, ʦʪʨʠʤʘʥʽ ʜʘʥʽ 

ʥʝʦʙʭʽʜʥʦ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ ʚʽʜʜʘʣʝʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʦʙʨʦʙʣʷʪʠ, ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʧʦʾʟʥʫ ʩʠʪʫʘʮʽʶ ʪʘ ʚʠʨʽʰʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʽ ʢʦʥʬʣʽʢʪʠ ʥʘ ʤʝʨʝʞʽ ʚ ʮʽʣʦʤʫ, 

ʟʦʢʨʝʤʘ ʥʘ ʤʘʨʰʨʫʪʘʭ ʚʝʣʠʢʦʾ ʧʨʦʪʷʞʥʦʩʪʽ. TMS ï ʮʝ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʣʝʞʥʝ 

ʨʽʰʝʥʥʷ, ʷʢʝ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʜʘʥʽ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʱʦʜʦ ʦʧʝʨʘʮʽʡ ʥʘ ʟʘʣʽʟʥʠʯʥʽʡ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʪʘ ʧʨʦʛʥʦʟʥʫ ʘʥʘʣʽʪʠʢʫ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʢʦʦʨʜʠʥʘʮʽʾ ʨʫʭʫ 

ʧʦʾʟʜʦʧʦʪʦʢʽʚ. ɼʦʩʷʛʪʠ ʮʴʦʛʦ ʤʦʞʥʘ ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʚ ʪʘʢʠʭ ʛʘʣʫʟʷʭ 

ʷʢ Artificial Intelligence (AI), IoT-ʨʝʯʝʡ, ʪʦʱʦ [6]. ʎʝ ʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʣʽʟʥʠʯʥʦʛʦ ʨʫʭʫ. 

ʇʦʙʫʜʦʚʘ ʩʫʯʘʩʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ TMS ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʩʥʫʶʯʠʭ 

ɯʊ-ʨʽʰʝʥʴ ʻ ʢʨʦʢʦʤ ʫ ʥʘʧʨʷʤʢʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʧʽʪʘʣʴʥʠʭ 

ʽʥʚʝʩʪʠʮʽʡ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʧʦʾʟʥʠʤ 

ʨʫʭʦʤ ʥʘ ʟʘʣʽʟʥʠʯʥʽʡ ʤʝʨʝʞʽ ʋʢʨʘʾʥʠ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʣʽʩʪʴ 

ʨʦʟʚʠʪʢʫ ʟʘʣʽʟʥʠʯʥʦʾ ʩʠʩʪʝʤʠ ʋʢʨʘʾʥʠ ʥʘ ʥʘʡʙʣʠʞʯʽ ʜʝʩʷʪʠʣʽʪʪʷ. 
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ʉʫʯʘʩʥʘ ʝʧʦʭʘ ʚʠʤʘʛʘʻ ʚʽʜ ʥʘʩ ʥʝ ʣʠʰʝ ʘʜʘʧʪʘʮʽʾ ʜʦ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʘʣʝ ʡ 

ʘʢʪʠʚʥʦʾ ʫʯʘʩʪʽ ʫ ʾʭ ʬʦʨʤʫʚʘʥʥʽ ʪʘ ʨʦʟʚʠʪʢʫ ʩʫʜʥʦʧʣʘʚʩʪʚʘ - ʧʝʨʝʭʽʜ ʜʦ 

ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ. ʎʝʡ ʧʝʨʝʭʽʜ ʟʤʽʥʶʻ ʦʙʣʠʯʯʷ ʩʫʯʘʩʥʦʛʦ ʤʦʨʩʴʢʦʛʦ 
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ʧʨʦʩʪʦʨʫ, ʚʧʣʠʚʘʶʯʠ ʥʘ ʚʩʽ ʩʝʛʤʝʥʪʠ ʤʦʨʩʴʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ. 

 ʉʫʜʥʦʧʣʘʚʩʪʚʦ, ʷʢ ʢʣʶʯʦʚʠʡ ʛʨʘʚʝʮʴ ʫ ʩʚʽʪʦʚʽʡ ʪʦʨʛʽʚʣʽ, ʧʝʨʝʞʠʚʘʻ 

ʥʘʡʚʘʞʣʠʚʽʰʠʡ ʢʨʦʢ ʫ ʩʚʦʾʡ ʽʩʪʦʨʽʾ - ʧʝʨʝʭʽʜ ʜʦ ʮʠʬʨʦʚʦʾ ʧʘʨʘʜʠʛʤʠ. ʎʝ ʩʪʘʻ 

ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʜʣʷ ʟʤʽʥ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʦʞʝʥ ʘʩʧʝʢʪ ʛʘʣʫʟʽ, ʚʽʜ ʥʘʚʽʛʘʮʽʾ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʬʣʦʪʦʤ ʜʦ ʣʦʛʽʩʪʠʯʥʠʭ ʧʦʪʦʢʽʚ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

ʉʫʯʘʩʥʽ ʨʽʰʝʥʥʷ ʪʘ ʮʠʬʨʦʚʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʬʣʦʪʦʤ ʟʤʽʥʶʶʪʴ ʧʨʘʚʠʣʘ 

ʛʨʠ ʚ ʩʫʜʥʦʧʣʘʚʩʪʚʽ ʪʘ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ. 

ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʨʽʰʝʥʴ ʻ ɽ-ʅʘʚʽʛʘʮʽʷ (ʝʣʝʢʪʨʦʥʘ ʥʘʚʽʛʘʮʽʷ), ʢʦʤʧʣʝʢʩʥʘ ʪʘ 

ʽʥʥʦʚʘʮʽʡʥʘ ʢʦʥʮʝʧʮʽʷ, ʱʦ ʦʙ'ʻʜʥʫʻ ʚ ʩʦʙʽ ʩʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʩʠʩʪʝʤʠ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫ ʤʦʨʩʴʢʦʤʫ ʩʫʜʥʦʧʣʘʚʩʪʚʽ. 

ɽʣʝʢʪʨʦʥʥʘ ʥʘʚʽʛʘʮʽʷ ʜʦʟʚʦʣʷʻ ʝʢʽʧʘʞʘʤ ʪʘ ʦʧʝʨʘʪʦʨʘʤ ʩʫʜʝʥ ʦʪʨʠʤʫʚʘʪʠ ʪʦʯʥʫ 

ʪʘ ʥʘʜʽʡʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʨʫʭ ʩʫʜʝʥ, ʧʦʛʦʜʥʽ ʫʤʦʚʠ, 

ʥʘʚʽʛʘʮʽʡʥʽ ʥʝʙʝʟʧʝʢʠ ʪʘ ʽʥʰʽ ʚʘʞʣʠʚʽ ʜʘʥʽ. ɺʦʥʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʤʝʨʝʞ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʫʭʫ ʩʫʜʝʥ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʚ ʮʽʣʦʤʫ. 

ʎʷ ʢʦʥʮʝʧʮʽʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘʭʦʜʠ, ʷʢʽ ʦʭʦʧʣʶʶʪʴ ʚʩʽ 

ʘʩʧʝʢʪʠ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʦʧʣʘʚʩʪʚʘ - ʚʽʜ ʧʣʘʥʫʚʘʥʥʷ ʤʘʨʰʨʫʪʽʚ ʪʘ ʧʨʦʮʝʩʫ 

ʩʫʜʥʦʚʦʜʽʥʥʷ ʜʦ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʫʜʥʘʤʠ ʪʘ ʤʦʨʩʴʢʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ. 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʩʫʧʫʪʥʠʢʦʚʘ ʥʘʚʽʛʘʮʽʷ, ʜʘʪʯʠʢʠ ʪʘ ʟʘʩʦʙʠ ʟʚ'ʷʟʢʫ ʩʪʘʶʪʴ 

ʥʝʚʽʜ'ʻʤʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʮʽʻʾ ʢʦʥʮʝʧʮʽʾ. 

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʝ-ʥʘʚʽʛʘʮʽʾ ʻ ʾʾ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʪʘ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʨʽʟʥʠʭ 

ʩʪʦʨʽʥ. ʂʦʨʠʩʪʫʚʘʯʘʤʠ ʮʽʻʾ ʢʦʥʮʝʧʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʧʣʘʚʩʢʣʘʜ ʩʫʜʝʥ, ʣʦʮʤʘʥʠ, 

ʚʠʨʦʙʥʠʢʠ ʦʙʣʘʜʥʘʥʥʷ, ʩʣʫʞʙʠ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ ʩʫʜʝʥ, ʩʫʜʥʦʚʣʘʩʥʠʢʠ ʪʘ 

ʦʧʝʨʘʪʦʨʠ ʩʫʜʝʥ, ʧʦʨʪʦʚʽ ʪʘ ʜʝʨʞʘʚʥʽ ʦʨʛʘʥʠ.   

ʂʦʥʮʝʧʮʽʷ ʝ-ʥʘʚʽʛʘʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʧʦʻʜʥʘʥʥʷ ʣʶʜʩʴʢʦʛʦ ʽ ʤʘʰʠʥʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ. ʎʝ 

ʚʘʞʣʠʚʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʦʩʦʙʣʠʚʦ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʧʦʨʽʚʥʷʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʰʝ, ʥʽʞ ʮʝ ʤʦʞʝ ʟʨʦʙʠʪʠ 

ʣʶʜʠʥʘ. ʆʜʥʘʢ ʝʢʩʧʝʨʪʥʽ ʟʜʽʙʥʦʩʪʽ ʣʶʜʝʡ ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʧʝʨʝʚʝʨʰʝʥʠʤʠ ʫ 

ʚʠʨʽʰʝʥʥʽ ʘʙʩʪʨʘʢʪʥʠʭ ʟʘʚʜʘʥʴ, ʪʘʢʠʭ ʷʢ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʩʫʨʩʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʩʫʜʥʽ. 

ɿ ʚʚʝʜʝʥʥʷʤ ʝʣʝʢʪʨʦʥʥʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ, ʪʘʢʠʭ ʷʢ ʝʣʝʢʪʨʦʥʥʽ ʢʘʨʪʠ ʪʘ 

ʩʠʩʪʝʤʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʨʦʣʴ ʩʧʝʮʽʘʣʽʩʪʽʚ ʥʘ ʩʫʜʥʽ ʟʥʘʯʥʦ ʟʤʽʥʠʣʘʩʷ. ʇʨʦʪʝ 

ʤʦʨʩʴʢʘ ʛʨʦʤʘʜʩʴʢʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʥʝʜʦʩʪʘʪʥʴʦ ʧʽʜʛʦʪʦʚʣʝʥʦʶ ʜʦ ʪʘʢʠʭ ʟʤʽʥ. ʎʷ 

ʩʠʪʫʘʮʽʷ ʙʝʟʩʫʤʥʽʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʙʝʨʝʛʦʚʠʭ ʩʣʫʞʙ. ʆʜʥʠʤ ʟ 

ʛʦʣʦʚʥʠʭ ʟʘʚʜʘʥʴ ʝ-ʥʘʚʽʛʘʮʽʾ ʻ ʧʝʨʝʛʣʷʜ ʽʩʥʫʶʯʦʛʦ ʧʽʜʭʦʜʫ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʘʢʪʠʚʥʫ ʫʯʘʩʪʴ ʦʧʝʨʘʪʦʨʽʚ ʙʝʨʝʛʦʚʠʭ ʩʣʫʞʙ ʫ ʥʘʚʽʛʘʮʽʡʥʦʤʫ ʧʨʦʮʝʩʽ, ʘ ʥʝ 

ʦʙʤʝʞʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʡʦʛʦ ʢʦʥʪʨʦʣʝʤ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʽʡʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʽʥʬʦʨʤʘʮʽʻʶ, ʱʦ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʚʽʜʚʦʣʽʢʘʪʠ ʫʚʘʛʫ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʦʨʛʘʥʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ 

 

ɽ-ʥʘʚʽʛʘʮʽʷ ʚʧʣʠʚʘʻ ʥʘ ʚʩʽ ʩʬʝʨʠ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʪʘ ʤʘʻ ʟʥʘʯʫʱʠʡ 

ʧʦʪʝʥʮʽʘʣ ʫ ʩʫʯʘʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤʘʭ. ɺʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʦʪʨʠʤʫʶʪʴ ʚʽʜ ʥʝʾ ʚʠʛʦʜʠ ʽ ʮʝ, ʙʝʟʫʤʦʚʥʦ, ʚʩʪʘʥʦʚʣʶʻ 

ʥʦʚʠʡ ʩʪʘʥʜʘʨʪ ʜʣʷ ʩʫʜʥʦʧʣʘʚʩʪʚʘ. ʊʘʢʦʞ, ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʝ-ʥʘʚʽʛʘʮʽʾ 

ʧʦʪʨʝʙʫʻ ʢʦʤʧʣʝʢʩʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʫ, ʥʘʚʯʘʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʠʢ. ʎʝ ʢʨʠʪʠʯʥʠʡ ʢʨʦʢ ʜʣʷ ʫʩʧʽʰʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʮʠʬʨʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʫʜʥʦʧʣʘʚʩʪʚʦ. ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʦ, ʱʦ ʝ-ʥʘʚʽʛʘʮʽʷ ʥʘʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʪʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʽʚ ʥʘʚʽʛʘʮʽʡʥʠʭ ʽʥʮʠʜʝʥʪʽʚ ʪʘ 

ʚʠʷʚʣʷʻʪʴʩʷ ʢʣʶʯʦʚʠʤ ʢʨʦʢʦʤ ʫ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʩʫʯʘʩʥʠʭ 

ʤʦʨʩʴʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ, ʽ ʾʾ ʟʥʘʯʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʝ ʜʣʷ 

ʤʘʡʙʫʪʥʴʦʛʦ ʩʫʜʥʦʧʣʘʚʩʪʚʘ. 
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ʋʢʨʘʾʥʘ ʚʧʝʚʥʝʥʦ ʨʫʭʘʻʪʴʩʷ ʜʦ ʚʽʜʢʨʠʪʦʛʦ ʨʠʥʢʫ ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. 

ʇʨʦʪʝ ʜʦʩʽ ʽʩʥʫʶʪʴ ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ ʯʝʨʝʟ ʙʨʘʢ ʜʝʷʢʠʭ ʜʘʥʠʭ. ɺʣʘʩʥʠʢʠ ʚʘʛʦʥʽʚ 

ʪʘ ʚʘʥʪʘʞʽʚ ʥʝ ʚʽʜʩʪʝʞʫʶʪʴ ʤʽʩʮʝʧʝʨʝʙʫʚʘʥʥʷ ʩʚʦʛʦ ʤʘʡʥʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʪʘ ʯʘʩʦʚʠʭ ʚʪʨʘʪ. ʉʘʤʝ ʪʦʤʫ ʥʘʛʘʣʴʥʠʤ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚʽʜʩʪʝʞʝʥʥʷ ʚʘʛʦʥʽʚ ʪʘ ʚʘʥʪʘʞʽʚ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ 

ʪʨʘʥʩʧʦʨʪʽ ʋʢʨʘʾʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷ ʩʚʽʪʦʚʠʭ ʜʦʩʷʛʥʝʥʴ ʫ ʮʽʡ ʩʬʝʨʽ [1]. 

ʅʘʨʘʟʽ ɸʊ ñʋʢʨʟʘʣʽʟʥʠʮʷò ʢʝʨʫʻ ʩʪʨʘʪʝʛʽʯʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ 

ʣʦʛʽʩʪʠʢʠ, ʢʦʥʪʨʦʣʶʻ ʣʦʢʦʤʦʪʠʚʥʫ ʪʷʛʫ ʪʘ ʤʘʻ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʘʥʽ, ʷʢʠʭ ʙʽʣʴʰʝ 

ʥʝʤʘʻ ʚ ʞʦʜʥʦʛʦ ʫʯʘʩʥʠʢʘ ʨʠʥʢʫ ʧʝʨʝʚʝʟʝʥʴ. ɺʘʥʪʘʞʦʚʣʘʩʥʠʢʠ ʥʝ ʤʘʶʪʴ ʟʤʦʛʠ 

ʦʧʝʨʘʪʠʚʥʦ ʚʽʜʩʪʝʞʫʚʘʪʠ ʤʽʩʮʝʧʝʨʝʙʫʚʘʥʥʷ ʚʘʛʦʥʽʚ. ʅʘ ʩʴʦʛʦʜʥʽ ʥʘʙʫʚʘʻ 

ʧʦʧʫʣʷʨʥʦʩʪʽ ʩʠʩʪʝʤʠ ʨʦʟʫʤʥʦʛʦ ʪʨʝʢʽʥʛʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʪʨʘʜʠʮʽʡʥʠʭ, ʪʘʢ 

ʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʉʠʩʪʝʤʠ ʚʽʜʩʪʝʞʝʥʥʷ ʻ ʦʜʥʠʤ ʟ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʦʧʝʨʝʜʞʝʥʥʷ ʢʨʘʜʽʞʦʢ 

ʚʘʥʪʘʞʫ ʪʘ ʚʠʨʽʰʝʥʥʷ ʩʧʽʨʥʠʭ ʧʠʪʘʥʴ ʱʦʜʦ ʬʘʢʪʠʯʥʦʛʦ ʤʽʩʮʷ ʧʝʨʝʙʫʚʘʥʥʷ 

ʚʘʛʦʥʫ. ʅʘ ʜʦʜʘʯʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʟ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ɸʊ ñʋʢʨʟʘʣʽʟʥʠʮʷò 

ʧʨʦ ʩʪʘʥ ʚʘʛʦʥʫ, ʡʦʛʦ ʧʨʦʙʽʛ, ʥʘʷʚʥʽʩʪʴ ʫ ʢʦʥʢʨʝʪʥʦʤʫ ʧʦʪʷʟʽ ʪʘ ʽʥʰʝ, 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʦʪʦʯʥʫ ʜʠʩʣʦʢʘʮʽʶ ʪʘ ʨʫʭ ʚʘʛʦʥʽʚ ʥʝʦʙʭʽʜʥʘ ʷʢ ʜʣʷ ʦʧʝʨʘʪʦʨʘ, 

ʪʘʢ ʽ ʜʣʷ ʚʘʥʪʘʞʦʚʣʘʩʥʠʢʘ. 

ɺ ʩʚʽʪʽ ʨʝʘʣʽʟʦʚʘʥʦ ʜʝʢʽʣʴʢʘ ʥʘʡʙʽʣʴʰ ʜʽʻʚʠʭ ʩʧʦʩʦʙʽʚ ʚʽʜʩʪʝʞʝʥʥʷ 

ʚʘʛʦʥʽʚ. RFID-ʤʽʪʢʠ: RFID (ʘʥʛʣ. çRadio Frequency Identificationè ð 

ʨʘʜʽʦʯʘʩʪʦʪʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ) ï ʩʧʦʩʽʙ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʚʽʜʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʘʜʽʦʩʠʛʥʘʣʽʚ, ʱʦ ʟʯʠʪʫʶʪʴ ʟʙʝʨʝʞʝʥʽ ʫ ʤʽʪʢʘʭ ʜʘʥʽ. ɺ ʋʢʨʘʾʥʽ 

ʦʢʨʝʤʽ ʧʨʠʚʘʪʥʽ ʚʣʘʩʥʠʢʠ ʚʘʛʦʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ RFID-ʤʽʪʢʠ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ 

ʨʫʭʫ ʥʘ ʢʦʣʽʷʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʧʝʨʘʮʽʡʥʠʡ ʩʪʘʥ 

ʚʘʛʦʥʥʦʛʦ ʧʘʨʢʫ ʪʦʱʦ. ɸʣʝ ʧʨʦ ʛʣʦʙʘʣʴʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʦʚʘ ʥʝ ʡʜʝ. ʋ ʩʚʽʪ̔ 

ʜʘʥʫ ʩʠʩʪʝʤʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ɸʚʩʪʨʘʣʽʷ, ɹʨʘʟʠʣʽʷ, ʂʠʪʘʡ, 

ʇʽʚʜʝʥʥʦ-ɸʬʨʠʢʘʥʩʴʢʘ ʈʝʩʧʫʙʣʽʢʘ, ʐʚʝʮʽʷ ʪʘ ʽʥʰʽ. 

GPS/GSM-ʪʨʝʢʝʨʠ: ʪʨʝʢʝʨʠ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ 

(GPS) ʪʘ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ (GSM) ʦʪʨʠʤʘʣʠ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ 

ʩʪʝʞʝʥʥʷ ʟʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ, ʜʝ ʧʨʦʙʣʝʤʘ ʜʦʜʘʪʢʦʚʦʛʦ ʞʠʚʣʝʥʥʷ ʚʠʨʽʰʝʥʘ 

ʧʽʜʢʣʶʯʝʥʥʷʤ ʜʦ ʙʦʨʪʦʚʦʾ ʩʠʩʪʝʤʠ. ʆʩʢʽʣʴʢʠ ʧʦ ʩʫʪʽ GPS/GSM-ʪʨʝʢʝʨ ʻ 
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ʤʦʙʽʣʴʥʠʤ ʪʝʣʝʬʦʥʦʤ ʟ sim-ʢʘʨʪʦʶ. ʇʦʪʨʽʙʥʦ ʚʽʜʤʽʪʠʪʠ ʥʘʷʚʥʽʩʪʴ ʨʦʫʤʽʥʛʫ ʪʘ 

ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʤʘʣʠʡ ʪʝʨʤʽʥ (1ð1,5 

ʨʦʢʫ) ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʞʠʚʣʝʥʥʷ. ʆʢʨʝʤʽ ʩʧʨʦʙʠ ʟʙʽʣʴʰʠʪʠ ʻʤʥʽʩʪʴ 

ʘʢʫʤʫʣʷʪʦʨʽʚ, ʟʤʝʥʰʠʪʠ ʯʘʩʪʦʪʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʦʙʣʘʜʥʘʪʠ ʧʨʠʩʪʨʦʾ 

ʛʝʥʝʨʘʪʦʨʦʤ ʘʙʦ ʩʦʥʷʯʥʠʤʠ ʬʦʪʦʝʣʝʤʝʥʪʘʤʠ ʚʝʜʫʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʘʨʪʦʩʪʽ ʢʽʥʮʝʚʠʭ ʧʨʠʩʪʨʦʾʚ. ʐʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʚʘʛʦʥʘʭ GPS/GSM-

ʪʨʝʢʝʨʠ ʥʝ ʦʪʨʠʤʘʣʠ, ʭʦʯʘ ʚʠʩʪʫʧʘʶʪʴ ʮʽʣʢʦʤ ʜʽʻʚʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʩʪʝʞʝʥʥʷ ʟʘ 

ʣʦʢʦʤʦʪʠʚʥʠʤ ʧʘʨʢʦʤ (ʜʝʨʞʘʚʥʠʡ ʟʘʣʽʟʥʠʯʥʠʡ ʦʧʝʨʘʪʦʨ ɸʚʩʪʨʽʾ). 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʥʦʤʝʨʽʚ ʚʘʛʦʥʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʤʝʨ Computer Vision ï

ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ ʟʯʠʪʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʽ ʥʘʨʘʟʽ ʜʝʷʢʽ 

ʩʠʩʪʝʤʥʽ ʽʥʪʝʛʨʘʪʦʨʠ ʘʢʪʠʚʥʦ ʧʨʦʧʦʥʫʶʪʴ ʟʘʤʦʚʥʠʢʘʤ ʪʘ ʧʨʠʚʘʪʥʠʤ 

ʧʝʨʝʚʽʟʥʠʢʘʤ ʜʘʥʠʡ ʩʧʦʩʽʙ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʚʘʛʦʥʽʚ. ʉʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʪʨʠʤʫʚʘʥʥʷ ʩʢʣʘʜʥʦʾ ʮʠʬʨʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘ ʪʘʢʦʞ 

ʧʦʪʨʝʙʘ ʟʘʚʞʜʠ ʪʨʠʤʘʪʠ ʦʙôʻʢʪʠʚʠ ʢʘʤʝʨ ʯʠʩʪʠʤʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ IoT (ʘʥʛʣ. ñInternet of Thingsòïɯʥʪʝʨʥʝʪ ʨʝʯʝʡ) ʚ 

ʋʢʨʘʾʥʽ. ʅʝʱʦʜʘʚʥʦ ʪʨʘʥʩʧʦʨʪʥʘ ʢʦʤʧʘʥʽʷ ñɺʘʥʪʘʞ+ò ʨʦʟʧʦʯʘʣʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʛʦ ʪʨʝʢʽʥʛʫ ʟʘʣʽʟʥʠʯʥʠʭ ʚʘʛʦʥʽʚ-ʟʝʨʥʦʚʦʟʽʚ ʩʧʽʣʴʥʦ ʟ ʤʝʨʝʞʝʶ 

IoT Sigfox Ukraine. ɺ ʪʝʩʪʦʚʦʤʫ ʨʝʞʠʤʽ ʚʽʜʩʪʝʞʫʻʪʴʩʷ ʨʫʭ ʟʝʨʥʦʚʦʟʽʚ ʚʽʜ 

ʝʣʝʚʘʪʦʨʽʚ ʜʦ ʧʦʨʪʽʚ. ʅʘ ʙʘʟʽ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʘʥʘʣʽʪʠʯʥʘ 

ʧʣʘʪʬʦʨʤʘ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʬʽʢʩʫʻʪʴʩʷ ʬʘʢʪʠʯʥʝ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʚʘʛʦʥʫ, 

ʧʦʯʘʪʦʢ ʨʫʭʫ ʽ ʟʫʧʠʥʢʠ. ʊʨʝʢʝʨʠ ʚʤʽʶʪʴ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʧʨʦ ʧʦʯʘʪʦʢ ʪʘ ʢʽʥʝʮʴ 

ʨʫʭʫ, ʩʪʘʥ ʝʣʝʤʝʥʪʽʚ ʞʠʚʣʝʥʥʷ, ʧʦʟʠʮʽʦʥʫʶʪʴʩʷ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 5 ʤ ʟʘ GPS 

ʢʦʦʨʜʠʥʘʪʘʤʠ, ʤʘʶʪʴ ʟʤʦʛʫ ʬʽʢʩʫʚʘʪʠ ʟʥʘʭʦʜʞʝʥʥʷ ʚ ʟʦʥʘʭ ʨʦʟʚʘʥʪʘʞʝʥʥʷ-

ʟʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʷʢʽʚ BLE (ʘʥʛʣ. çBluetooth Low Energyè ï 

Bluetooth ʟ ʥʠʟʴʢʠʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ). ʅʘʡʛʦʣʦʚʥʽʰʝ, ʪʨʝʢʝʨʠ ʥʝ 

ʧʦʪʨʝʙʫʶʪʴ ʨʦʟʙʫʜʦʚʠ ʪʘ ʧʽʜʪʨʠʤʘʥʥʷ ʜʦʨʦʛʦʾ ʯʠ ʩʢʣʘʜʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʪʠʭ ʩʘʤʠʭ RFID-ʤʽʪʦʢ ʯʠ ʢʘʤʝʨ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɼʣʷ ʋʢʨʘʾʥʠ ʮʝ 

ʧʦʢʠ ʱʦ ʥʦʚʽʪʥʷ ʪʝʭʥʦʣʦʛʽʷ, ʭʦʯʘ ʾʾ ʪʘʢʦʞ ʫʞʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʣʦʛʽʩʪʠʮʽ ʜʝʷʢʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. ɺʦʥʘ ʧʝʨʩʧʝʢʪʠʚʥʘ, ʦʩʦʙʣʠʚʦ ʟ ʧʨʠʭʦʜʦʤ ʚ ʋʢʨʘʾʥʫ ʤʝʨʝʞʽ 

Sigfox [2]. ʈʝʘʣʽʟʘʮʽʷ ʧʝʨʝʜʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʪʘʥʝ ʚʥʝʩʢʦʤ 

ʋʢʨʘʾʥʠ ʚ ʩʪʚʦʨʝʥʥʷ ʩʧʽʣʴʥʦʾ ʻʚʨʦʧʝʡʩʴʢʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 
 

[1] ɺʽʜʩʪʝʞʝʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʘʣʽʟʥʠʯʥʠʭ ʚʘʛʦʥʽʚ ʫ ʨʝʞʠʤʽ ʦʥʣʘʡʥ. - URL: 
https://www.railway.supply/uk/vidstezhennya-roztashuvannya-zaliznichnih-vagoniv-u-rezhimi-onlajn/ (ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ: 18.10.2023). 

[2] ɺ ʋʢʨʘʾʥʽ ʨʦʟʧʦʯʘʚʩʷ ʥʦʚʠʡ ʝʪʘʧ ʮʠʬʨʦʚʽʟʘʮʽʾ ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. - URL: https://sigfox.ua/2022/02/16/v-

ukraini-rozpochavsia-novyj-etap-tsyfrovizatsii-zaliznychnykh-perevezen/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 18.10.2023). 
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https://sigfox.ua/2022/02/16/v-ukraini-rozpochavsia-novyj-etap-tsyfrovizatsii-zaliznychnykh-perevezen/
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ʉʪʘʙʽʣʴʥʠʡ ʨʦʟʚʠʪʦʢ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʷ ʨʦʟʚʠʪʢʫ 

ʢʦʞʥʦʾ ʛʘʣʫʟʽ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɭʚʨʦʧʝʡʩʴʢʘ ʽʥʪʝʛʨʘʮʽʷ ʻ ʦʜʥʠʤ ʟ 

ʦʩʥʦʚʥʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʫʢʨʘʾʥʩʴʢʦʾ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ. ɺʨʘʭʦʚʫʶʯʠ ʩʫʯʘʩʥʽ 

ʨʝʘʣʽʾ ʨʦʟʚʠʪʦʢ ʟʘʣʽʟʥʠʯʥʦʾ ʛʘʣʫʟʽ ʢʨʘʾʥʠ ʻ ʧʝʨʝʜʫʤʦʚʦʶ ʜʣʷ ʩʪʘʙʽʣʴʥʦʛʦ 

ʧʽʜʡʦʤʫ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ, ʧʦʩʠʣʝʥʥʷ ʾʾ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ, ʨʦʟʰʠʨʝʥʥʷ 

ʟʚôʷʟʢʽʚ ʤʽʞ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʪʘ ʟʘʭʠʩʪʫ ʝʢʦʥʦʤʽʯʥʠʭ ʽʥʪʝʨʝʩʽʚ ʜʝʨʞʘʚʠ, 

ʨʦʟʰʠʨʝʥʥʷ ʟʦʚʥʽʰʥʴʦʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʻʚʨʦʽʥʪʝʛʨʘʮʽʡʥʦʛʦ ʚʝʢʪʦʨʫ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ. ʇʨʦʪʝ ʪʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ 

ʢʨʘʾʥʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʟʘʣʽʟʥʠʯʥʦʾ ʛʘʣʫʟʽ, ʚʩʝ ʱʝ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʜʘʨʪʘʤ, 

ʜʠʨʝʢʪʠʚʘʤ, ʨʝʛʣʘʤʝʥʪʘʤ, ʥʦʨʤʘʤ ʽ ʚʠʤʦʛʘʤ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ (ɭʉ), 

ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʩʫʪʪʻʚʠʤ ʚʽʜʩʪʘʚʘʥʥʷʤ ʱʦʜʦ ʟʘʢʦʥʦʜʘʚʯʦʾ, ʥʦʨʤʘʪʠʚʥʦʾ, 

ʪʝʭʥʽʯʥʦʾ ʙʘʟʠ ʪʘ ʷʢʦʩʪʽ ʩʝʨʚʽʩʥʠʭ ʧʦʩʣʫʛ [1,2].  

ɿʘ ʦʩʪʘʥʥʽʡ ʨʽʢ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʟʘʢʦʥʦʧʨʦʝʢʪʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ  

ɭʚʨʦʧʝʡʩʴʢʠʤ ʜʠʨʝʢʪʠʚʘʤ ʽ ʷʢʽ ʋʢʨʘʾʥʘ ʟʦʙʦʚôʷʟʘʥʘ ʚʠʢʦʥʘʪʠ. ɺʩʽ ʮʽ 

ʥʦʚʦʚʚʝʜʝʥʥʷ ʥʝʩʫʪʴ  ʚ ʩʦʙʽ ʜʝʢʽʣʴʢʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʟʤʽʥ ʜʣʷ ʨʠʥʢʫ [3]. 

ʆʩʥʦʚʥʠʤ, ʟʚʠʯʘʡʥʦ ʷʚʣʷʻʪʴʩʷ ʜʦʧʫʩʢ ʧʨʠʚʘʪʥʠʭ ʧʝʨʝʚʽʟʥʠʢʽʚ ʥʘ ʟʘʣʽʟʥʠʮʶ. 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʨʦʙʦʪʠ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ, ʦʢʨʽʤ ʜʦʧʫʩʢʫ ʧʨʠʚʘʪʥʠʭ 

ʢʦʤʧʘʥʽʡ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʝʥʥʷ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʟʘʣʽʟʥʠʮʽ. 

ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʬʘʢʪʦʨʦʤ ʨʦʟʚʠʪʢʫ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ 

ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʻ ʩʪʘʥʦʚʣʝʥʥʷ ʽ ʨʦʟʚʠʪʦʢ ʩʠʩʪʝʤʠ ʢʦʤʧʘʥʽʡ-ʦʧʝʨʘʪʦʨʽʚ 

ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. ɺ ʫʤʦʚʘʭ ʚʽʡʩʴʢʦʚʦʛʦ ʩʪʘʥʫ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʽ ʦʯʝʚʠʜʥʽ 

ʩʪʨʘʪʝʛʽʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʽʟʥʝʩʫ ʚʣʘʩʥʠʢʽʚ ʟʘʣʽʟʥʠʯʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. ɿ 

ʦʜʥʦʛʦ ʙʦʢʫ, ʚʞʝ ʽʩʥʫʶʯʽ ʚʝʣʠʢʽ ʢʦʤʧʘʥʽʾ ʧʨʦʜʦʚʞʫʶʪʴ ʥʘʨʦʱʫʚʘʪʠ ʧʘʨʢ 

ʚʘʛʦʥʽʚ, ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ ð ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʥʩʦʣʽʜʘʮʽʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʤʧʘʥʽʡ. ɺ 

ʫʤʦʚʘʭ ʟʙʽʣʴʰʝʥʥʷ ʝʢʩʧʦʨʪʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʪʘ 

ʟʥʘʯʥʠʤ ʜʝʬʽʮʠʪʦʤ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ ʪʝʥʜʝʥʮʽʶ ʟʙʽʣʴʰʝʥʥʷ 

ʧʨʠʚʘʪʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ʫ ʨʫʭʦʤʠʡ ʩʢʣʘʜ.  

ɺʨʘʭʦʚʫʶʯʽ ʚʽʜʧʦʚʽʜʥʽ ʫʤʦʚʠ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʤʦʜʝʨʥʽʟʘʮʽʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʪʘʢ ʷʢ ʪʝʤʧʠ ʟʨʦʩʪʘʥʥʷ ʧʨʠʚʘʪʥʦʛʦ ʧʘʨʢʫ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ 
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ʤʦʞʫʪʴ ʽʩʪʦʪʥʦ ʚʠʧʝʨʝʜʠʪʴ ʨʦʟʚʠʪʦʢ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʊʦʤʫ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ 

ʟʘʚʜʘʥʴ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ  

ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʻ  ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ ʱʦʜʦ: ʬʦʨʤʫʚʘʥʥʷ ʪʘʨʠʬʥʦʾ  

ʧʦʣʽʪʠʢʠ  ʜʣʷ ʧʝʨʝʚʝʟʝʥʴ ʫ ʚʘʛʦʥʘʭ ʨʽʟʥʠʭ ʬʦʨʤ ʚʣʘʩʥʦʩʪʽ; ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʠʭ 

ʣʦʛʽʩʪʠʯʥʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʤʘʨʰʨʫʪʽʚ; ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʩʪʦʨʽʥ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ 

ʚʘʥʪʘʞʽʚ; ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʜʣʷ ʢʦʦʨʜʠʥʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚʘʥʪʘʞʥʠʤʠ 

ʚʘʛʦʥʘʤʠ ʨʽʟʥʠʭ ʬʦʨʤ ʚʣʘʩʥʦʩʪʽ; ʨʦʟʧʦʜʽʣ ʤʽʞ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ 

ʧʨʦʧʫʩʢʥʠʭ ʩʧʨʦʤʦʞʥʦʩʪʝʡ ʟʘʣʽʟʥʠʮʽ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʦʧʝʨʘʪʦʨʽʚ ʨʫʭʦʤʦʛʦ 

ʩʢʣʘʜʫ ʚ ʫʤʦʚʘʭ ʩʪʚʦʨʝʥʥʷ ʢʦʥʢʫʨʝʥʮʽʾ ʥʘ ʟʘʣʽʟʥʠʮʽ ʧʦʚʠʥʥʽ  ʟʤʽʥʶʚʘʪʠʩʷ 

ʫʤʦʚʠ ʧʣʘʥʫʚʘʥʥʷ ʧʦʾʟʥʦʾ  ʪʘ ʚʘʥʪʘʞʥʦʾ  ʨʦʙʦʪʠ  ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʫʧʨʘʚʣʽʥʥʷ. ɸ 

ʚʨʘʭʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʨʝʘʣʽʾ, ʪʦ ʪʝʭʥʦʣʦʛʽʷ ʦʨʛʘʥʽʟʘʮʽʾ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʧʨʠ 

ʚʟʘʻʤʦʜʽʾ ʟʘʣʽʟʥʠʮʽ ʟ ʚʣʘʩʥʠʢʘʤʠ ʟʘʣʽʟʥʠʯʥʠʭ ʚʘʛʦʥʽʚ ʥʘ ʜʘʥʠʡ ʯʘʩ ʻ 

ʥʝʜʦʩʢʦʥʘʣʦʶ ʽ ʥʝʘʜʘʧʪʦʚʘʥʘ ʜʦ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ ʚ 

ʫʤʦʚʘʭ ʚʽʡʩʴʢʦʚʦʛʦ ʩʪʘʥʫ [4,5].   

  ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʚʨʘʭʦʚʫʶʯʽ ʚʽʡʩʴʢʦʚʠʡ ʩʪʘʥ ʪʘ ʚʽʜʩʪʘʚʘʥʥʷ 

ʨʝʬʦʨʤʫʚʘʥʥʷ ʚʽʜ ʽʥʰʠʭ ʢʨʘʾʥ ɭʚʨʦʧʠ  ʤʘʻ ʩʚʦʾ ʥʘʩʣʽʜʢʠ: ʟʥʠʞʝʥʥʷ 

ʢʦʥʢʫʨʝʥʪʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ  ʋʢʨʘʾʥʠ  ʥʘ  ʩʚʽʪʦʚʦʤʫ  

ʨʠʥʢʫ  ʪʨʘʥʩʧʦʨʪʥʠʭ  ʧʦʩʣʫʛ,  ʫʥʝʤʦʞʣʠʚʣʶʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʥʦʶ ʤʽʨʦʶ 

ʨʠʥʢʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʽ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʛʘʣʫʟʽ. ʊʦʤʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʚʠʤʦʛ, ʷʢʽ ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ, ʧʦʪʨʽʙʥʦ ʩʬʦʨʤʫʚʘʪʠ  

ʦʧʪʠʤʽʟʘʮʽʡʥʫ ʤʦʜʝʣʴ ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʣʽʟʥʠʯʥʠʭ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʧʨʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʧʨʠʚʘʪʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ  ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ,  ʟʘ ʫʤʦʚʠ  ʚʠʢʦʥʘʥʥʷ 

ʟʘʧʣʘʥʦʚʘʥʠʭ ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞʽʚ ʥʘ ʚʩʽʡ ʤʝʨʝʞʽ ʟʘʣʽʟʥʠʮʴ ʋʢʨʘʾʥʠ, ʘ 

ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ ʨʫʭʫ ʧʦʾʟʜʽʚ. ʌʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʟʘʙʝʟʧʝʯʠʪʴ: ʟʤʝʥʰʝʥʥʷ ʧʨʦʙʽʛʫ ʧʦʨʦʞʥʽʭ ʚʘʛʦʥʽʚ, ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ 

ʩʧʨʦʤʦʞʥʦʩʪʽ ʚʘʛʦʥʽʚ, ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʟʥʘʭʦʜʞʝʥʥʷ ʚʘʛʦʥʽʚ ʧʽʜ ʚʘʥʪʘʞʥʠʤʠ 

ʦʧʝʨʘʮʽʷʤʠ ʥʘ ʩʪʘʥʮʽʷʭ,  ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʚʽʟʥʠʤ 

ʧʨʦʮʝʩʦʤ.  
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ɺ ʋʢʨʘʾʥʽ ʥʘ ʟʘʣʽʟʥʠʮʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦʜʽʣʴʥʠʯʥʘ ʩʠʩʪʝʤʘ 

ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʢʝʨʫʚʘʥʥʷ, ʦʙʤʝʞʝʥʘ ʪʝʨʠʪʦʨʽʘʣʴʥʦ-ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʤʠ 

ʤʝʞʘʤʠ ʨʝʛʽʦʥʘʣʴʥʠʭ ʬʽʣʽʡ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʮʝʥʪʨʘʣʽʟʦʚʘʥʫ 

ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʶ ʨʫʭʫ ʧʦʾʟʜʦʧʦʪʦʢʽʚ ʥʘ ʟʥʘʯʥʽ ʚʽʜʩʪʘʥʽ ʚ ʤʝʞʘʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʢʦʨʠʜʦʨʽʚ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ 

ʧʝʨʝʚʝʟʝʥʴ ʥʘ ʟʘʣʽʟʥʠʯʥʠʭ ʥʘʧʨʷʤʢʘʭ ʚ ʢʦʥʪʝʢʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʮʝʥʪʨʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ. ʉʪʚʦʨʝʥʥʷ ʎʝʥʪʨʽʚ ʋʧʨʘʚʣʽʥʥʷ ʈʫʭʦʤ (ʎʋʈ) ʻ ʢʨʠʪʠʯʥʠʤ 

ʝʣʝʤʝʥʪʦʤ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʠʩʪʝʤʠ ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ [1]. ʎʽ ʮʝʥʪʨʠ ʜʦʟʚʦʣʷʶʪʴ 

ʝʬʝʢʪʠʚʥʦ ʢʝʨʫʚʘʪʠ ʨʫʭʦʤ ʧʦ ʚʩʴʦʤʫ ʥʘʧʨʷʤʢʫ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʠʤ ʫ ʩʫʯʘʩʥʠʭ 

ʫʤʦʚʘʭ ʟʘʣʽʟʥʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɿʦʩʝʨʝʜʞʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʚ ʮʝʥʪʨʘʭ 

ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʪʘ ʧʽʜʚʠʱʠʪʠ ʢʝʨʦʚʘʥʽʩʪʴ ʤʝʨʝʞʝʶ, ʱʦ 

ʩʧʨʠʷʻ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʽ ʧʦʢʨʘʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ 

[2].  

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʢʝʨʦʚʘʥʦʩʪʽ ʤʝʨʝʞʽ ʟ ʨʝʛʽʦʥʘʣʴʥʠʭ ʎʋʈ ʚ ʨʦʙʦʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʜʦʩʢʦʥʘʣʠʪʠ ʩʠʩʪʝʤʫ ʧʣʘʥʫʚʘʥʥʷ ʨʫʭʫ ʧʦʾʟʜʦʧʦʪʦʢʽʚ ʥʘ 

ʟʘʣʽʟʥʠʯʥʠʭ ʥʘʧʨʷʤʢʘʭ ʥʘ ʦʩʥʦʚʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ [3]. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ʩʢʣʘʜʘʥʥʷ ʛʨʘʬʽʢʘ ʨʫʭʫ ʧʦʾʟʜʽʚ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ. ʆʙʤʝʞʝʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʨʘʭʦʚʫʶʪʴ ʪʨʠʚʘʣʽʩʪʴ ʥʝʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ ʣʦʢʦʤʦʪʠʚʥʠʭ 

ʙʨʠʛʘʜ, ʩʭʝʤʠ ʦʙʦʨʦʪʫ ʣʦʢʦʤʦʪʠʚʽʚ, ʦʜʥʦʢʦʣʽʡʥʽʩʪʴ ʪʘ ʜʚʦʢʦʣʽʡʥʽʩʪʴ ʧʝʨʝʛʦʥʽʚ, 

ʤʽʞʧʦʾʟʥʽ ʪʘ ʩʪʘʥʮʽʡʥʽ ʽʥʪʝʨʚʘʣʠ. ɺ ʤʝʞʘʭ ʨʦʟʚôʷʟʢʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ï ʤʝʪʦʜ ʤʫʨʘʰʠʥʠʭ ʢʦʣʦʥʽʡ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʠʣʠ ʧʝʨʝʚʽʨʠʪʠ ʘʜʝʢʚʘʪʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. 

ʉʬʦʨʤʦʚʘʥʦ ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ [4] ʱʦʜʦ 

ʧʣʘʥʫʚʘʥʥʷ ʨʫʭʫ ʧʦʾʟʜʦʧʦʪʦʢʽʚ ʥʘ ʟʘʣʽʟʥʠʯʥʠʭ ʥʘʧʨʷʤʢʘʭ ʜʣʷ ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ 

ʧʝʨʩʦʥʘʣʫ ʎʝʥʪʨʽʚ ʋʧʨʘʚʣʽʥʥʷ ʈʫʭʦʤ. 
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ɿʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ ʟ ʋʢʨʘʾʥʠ ʜʦ ʢʨʘʾʥ ɭʚʨʦʧʝʡʩʴʢʦʛʦ 

ʉʦʶʟʫ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʨʦʩʽʡʩʴʢʠʤʠ ʛʝʥʦʮʠʜʥʠʤʠ ʚʽʡʩʴʢʦʚʠʤʠ ʜʽʷʤʠ ʚ ʋʢʨʘʾʥʽ. 

ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʛʨʦʤʘʜʷʥ ʋʢʨʘʾʥʠ ʚʪʨʘʪʠʣʘ ʚʣʘʩʥʽ ʜʦʤʽʚʢʠ, ʘ ʚ ʫʤʦʚʘʭ 

ʧʦʩʪʽʡʥʠʭ ʭʘʦʪʠʯʥʠʭ ʨʘʢʝʪʥʠʭ ʦʙʩʪʨʽʣʽʚ ʤʠʨʥʠʭ ʤʽʩʪ ʢʨʘʾʥʠ ʻʜʠʥʠʤ ʰʣʷʭʦʤ 

ʚʨʷʪʫʚʘʪʠ ʚʣʘʩʥʝ ʞʠʪʪʷ, ʟʦʢʨʝʤʘ ʜʽʪʝʡ ʻ ʚʠʾʟʜ ʟʘʢʦʨʜʦʥ. ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʠʢʦʨʜʦʥʥʽ ʟʘʣʽʟʥʠʯʥʽ ʩʪʘʥʮʽʾ, ʱʦ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʩʪʚʦʨʠʣʦ ʟʥʘʯʥʽ ʪʨʫʜʥʦʱʽ ʜʣʷ ʧʘʩʘʞʠʨʽʚ ʪʘ ʩʧʨʠʯʠʥʠʣʦ ʫʪʚʦʨʝʥʥʷ 

ʟʘʪʦʨʽʚ ʥʘ ʚʦʢʟʘʣʘʭ. ɺʽʜʩʫʪʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʦʨʽʻʥʪʘʮʽʾ ʧʘʩʘʞʠʨʽʚ ʥʘ 

ʟʘʣʽʟʥʠʯʥʠʭ ʚʦʢʟʘʣʘʭ ʪʘ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʫʥʢʪʽʚ 

ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʢʦʥʪʨʦʣʶ ʽ ʧʨʦʧʫʩʢʫ ʧʨʠʟʚʝʣʠ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ. ɿʘʪʦʨʠ ʪʘ ʥʝʟʨʫʯʥʦʩʪʽ ʜʣʷ ʧʘʩʘʞʠʨʽʚ ʩʪʘʣʠ 

ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʧʦʜʦʨʦʞʝʡ ʯʝʨʝʟ ʧʨʠʢʦʨʜʦʥʥʽ ʧʘʩʘʞʠʨʩʴʢʽ ʩʪʘʥʮʽʾ. 

ʆʜʥʠʤ ʽʟ ʥʘʧʨʷʤʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ ʤʽʞʥʘʨʦʜʥʦʛʦ 

ʩʧʦʣʫʯʝʥʥʷ ʥʘ ʟʘʣʽʟʥʠʯʥʠʭ ʚʦʢʟʘʣʘʭ ʻ ʧʦʙʫʜʦʚʘ ʜʽʻʚʦʾ ʩʠʩʪʝʤʠ ʦʨʽʻʥʪʫʚʘʥʥʷ 

ʧʘʩʘʞʠʨʽʚ [1, 2]. 

ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʚʠʱʝ ʦʧʠʩʘʥʠʭ ʧʨʦʙʣʝʤ ʚ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʚʝʩʪʠ 

ʘʥʘʣʽʟ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʤʘʨʰʨʫʪʽʚ ʨʫʭʫ ʥʘ ʧʨʠʢʦʨʜʦʥʥʽʡ ʟʘʣʽʟʥʠʯʥʽʡ ʩʪʘʥʮʽʾ 

ʇʝʨʝʤʠʰʝʣʴ-ɻʦʣʦʚʥʠʡ. ɺʨʘʭʦʚʫʶʯʠ ʚʘʞʣʠʚʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʫʭʫ ʧʘʩʘʞʠʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʦʜʝʣʶʚʘʪʠ ʨʽʟʥʽ ʩʮʝʥʘʨʽʾ 

ʨʫʭʫ ʧʘʩʘʞʠʨʽʚ ʥʘ ʩʪʘʥʮʽʾ ʧʽʩʣʷ ʚʠʭʦʜʫ ʟ ʚʘʛʦʥʽʚ ʧʦʾʟʜʽʚ, ʧʨʦʭʦʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ 

ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʨʫʭʫ ʜʣʷ ʧʦʩʘʜʢʠ ʥʘ ʽʥʰʽ ʧʦʾʟʜʠ, ʷʢʽ 

ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʜʦ ʨʽʟʥʠʭ ʨʝʛʽʦʥʽʚ ʇʦʣʴʱʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʫ 

ʧʣʘʥʫʚʘʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ 
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ʧʨʠʢʦʨʜʦʥʥʠʭ ʧʫʥʢʪʽʚ ʧʝʨʝʭʦʜʫ ʪʘ ʘʜʘʧʪʫʚʘʪʠ ʩʭʝʤʠ ʩʦʩʪʘʚʽʚ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʧʦʾʟʜʽʚ ʜʣʷ ʢʨʦʩ-ʢʦʨʜʦʥʥʦʛʦ ʨʫʭʫ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ 

ʧʣʘʥʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜʠ Soft Computing [3].  ɺʠʷʚʣʝʥʽ 

ʚʫʟʴʢʽ ʤʽʩʮʷ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ 

ʦʨʽʻʥʪʫʚʘʥʥʷ ʥʘ ʟʘʣʽʟʥʠʯʥʽʡ ʧʨʠʢʦʨʜʦʥʥʽʡ ʩʪʘʥʮʽʾ. 

ʈʦʟʨʦʙʣʝʥʽ ʚʠʤʦʛʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʦʨʽʻʥʪʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ ʥʘ 

ʟʘʣʽʟʥʠʯʥʠʭ ʚʦʢʟʘʣʘʭ ʽ ʩʪʘʥʮʽʷʭ [4]. ʎʝ ʜʦʟʚʦʣʠʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʫʭ ʧʘʩʘʞʠʨʽʚ 

ʥʘ ʩʪʘʥʮʽʾ, ʫʥʠʢʥʫʪʠ ʟʘʪʦʨʽʚ ʪʘ ʧʦʢʨʘʱʠʪʠ ʧʨʦʧʫʩʢʥʽ ʩʧʨʦʤʦʞʥʽʩʪʴ 

ʧʨʠʢʦʨʜʦʥʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʩʪʘʥʮʽʡ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʟʘʙʝʟʧʝʯʝʥʥʶ ʟʨʫʯʥʦʩʪʝʡ ʜʣʷ ʧʘʩʘʞʠʨʽʚ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʽ 

ʧʦʢʨʘʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠʢʦʨʜʦʥʥʠʭ ʢʦʥʪʨʦʣʴʥʠʭ ʢʦʥʪʨʦʣʶ. 
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ʆʨʛʘʥʽʟʘʮʽʷ ʧʝʨʝʚʽʟʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʚʠʤʘʛʘʻ 

ʨʝʪʝʣʴʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʨʝʙʽʡʥʦʾ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ. ʇʣʘʥʫʚʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʠʩʪʝʤʽ 

ʪʝʭʥʽʯʥʦʛʦ ʥʦʨʤʫʚʘʥʥʷ ʪʘ ʦʧʝʨʘʪʠʚʥʽʡ ʩʠʪʫʘʮʽʾ, ʱʦ ʩʢʣʘʣʘʩʷ ʥʘ ʧʝʨʝʜʧʣʘʥʦʚʠʡ 

ʧʝʨʽʦʜ. ɸʜʝʢʚʘʪʥʝ ʧʣʘʥʫʚʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʧʨʘʮʶʚʘʥʥʽ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʽ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʬʘʢʪʦʨʽʚ ʧʦ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʦʙôʻʢʪʽʚ. ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ 

ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʧʣʘʥʽʚ ʩʢʣʘʜʘʶʪʴ ʥʘ ʦʩʥʦʚʽ ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ ʢʝʨʽʚʥʠʢʽʚ 

ʟʘʣʽʟʥʠʯʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ. ʈʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ 

ʧʝʨʝʡʪʠ ʥʘ ʥʘʩʪʫʧʥʠʡ ʩʪʫʧʽʥʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚ ʫʧʨʘʚʣʽʥʥʽ ʟʘʣʽʟʥʠʮʝʶ, ʟʦʢʨʝʤʘ ʚ 

ʨʦʟʨʦʙʮʽ ʨʦʙʦʯʠʭ ʧʣʘʥʽʚ.  
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ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʨʦʟʨʦʙʢʠ ʧʣʘʥʽʚ ʤʘʻ ʧʝʨʝʚʘʛʠ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʜʽ 

ʧʣʘʥʫʚʘʥʥʷ, ʘ ʦʩʦʙʣʠʚʦ ʧʨʠ ʦʧʝʨʘʪʠʚʥʦʤʫ ʢʦʣʠ ʜʦ ʚʩʽʭ ʩʢʣʘʜʥʦʱʽʚ ʜʦʜʘʻʪʴʩʷ 

ʬʘʢʪʦʨ ʯʘʩʫ. ɼʦ ʧʝʨʝʚʘʛ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟʘʟʥʘʯʝʥʦʾ ʟʘʜʘʯʽ ʚʽʜʥʦʩʷʪʴʩʷ: 

1 ɽʬʝʢʪʠʚʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʬʦʨʤʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʣʘʥʽʚ 

ʟʤʝʥʰʫʻ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʨʫʯʥʦʛʦ ʚʚʝʜʝʥʥʷ, ʤʽʥʽʤʽʟʫʶʯʠ ʨʠʟʠʢ ʧʦʤʠʣʦʢ ʽ 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʱʠʡ ʩʪʫʧʽʥʴ ʪʦʯʥʦʩʪʽ ʧʣʘʥʫʚʘʥʥʷ, ʱʦ ʤʦʞʝ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡ ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʣʘʥʫʚʘʥʥʷ [1]. 

2 ʆʧʪʠʤʽʟʦʚʘʥʠʡ ʨʦʟʧʦʜʽʣ ʨʝʩʫʨʩʽʚ. ɸʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ 

ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʯʝʟʥʽ ʦʙʩʷʛʠ ʜʘʥʠʭ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ, ʙʝʨʫʯʠ 

ʜʦ ʫʚʘʛʠ ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ ʚʠʤʦʛʠ ʜʦ ʧʦʪʦʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʥʘʷʚʥʽʩʪʴ ʧʝʨʩʦʥʘʣʫ ʪʘ ʩʪʘʥ 

ʦʙʣʘʜʥʘʥʥʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʨʘʱʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ [2]. 

3 ɸʜʘʧʪʠʚʥʽʩʪʴ ʜʦ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚ. ɿʘʣʽʟʥʠʯʥʽ ʦʧʝʨʘʮʽʾ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚ, ʪʘʢʠʭ ʷʢ ʚʽʜʤʦʚʠ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʧʦʤʠʣʢʠ ʧʝʨʩʦʥʘʣʫ, 

ʧʦʛʦʜʥʽ ʢʘʪʘʢʣʽʟʤʠ, ʥʝʩʧʦʜʽʚʘʥʽ ʽʥʮʠʜʝʥʪʠ, ʪʦʱʦ. ɸʚʪʦʤʘʪʠʟʦʚʘʥʽ 

ʩʠʩʪʝʤʠʤʦʞʫʪʴ ʰʚʠʜʢʦ ʘʜʘʧʪʫʚʘʪʠ ʨʦʙʦʯʽ ʧʣʘʥʠ ʜʦ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ 

ʦʙʩʪʘʚʠʥ, ʤʽʥʽʤʽʟʫʶʯʠ ʧʝʨʝʙʦʾ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ [3]. 

4 ʄʦʞʣʠʚʽʩʪʴ ʧʦʩʪʫʧʦʚʦʛʦ ʧʦʢʨʘʱʝʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʧʨʠʷʪʠʤʝ ʧʦʩʪʫʧʦʚʦʤʫ ʜʦʜʘʪʢʦʚʦʤʫ ʧʽʜʚʠʱʝʥʥʶ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʣʘʥʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʘʥʘʣʽʟʫ ʟʨʦʩʪʘʶʯʦʾ ʙʘʟʠ ʧʣʘʥʽʚ ʪʘ ʦʮʽʥʦʢ 

ʜʽʡ ʧʦ ʾʭ ʨʝʘʣʽʟʘʮʽʾ.  

ʂʨʽʤ ʧʝʨʝʚʘʛ ʧʝʨʝʭʽʜ ʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʮʴ ʤʘʻ 

ʧʝʚʥʽ ʩʢʣʘʜʥʦʱʽ: 

1 ɯʥʪʝʛʨʘʮʽʷ ʟ ʽʩʥʫʶʯʠʤʠ ʩʠʩʪʝʤʘʤʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚ 

ʟʘʣʽʟʥʠʯʥʠʭ ʧʽʜʨʦʟʜʽʣʘʭ ʚʠʤʘʛʘʻ ʙʝʟʧʝʨʝʰʢʦʜʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʟ ʽʩʥʫʶʯʦʶ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

2 ɹʝʟʧʝʢʘ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʤʝʥʰʝʥʥʷ ʩʪʫʧʝʥʶ ʟʘʣʫʯʝʥʥʷ 

ʦʧʝʨʘʪʠʚʥʦ-ʢʝʨʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ʜʦ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʩʪʚʦʨʶʻ 

ʧʝʨʝʜʫʤʦʚʠ ʜʦ ʥʘʷʚʥʦʩʪʽ ʧʦʤʠʣʦʢ ʫ ʟʚôʷʟʢʫ ʜʽʡ ʦʧʝʨʘʪʦʨʘ ʯʠ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ. 

3 ʇʨʦʙʣʝʤʠ ʝʨʛʘʪʠʯʥʠʭ ʩʠʩʪʝʤ. ɸʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʙʫʪʠ 

ʟʨʦʟʫʤʽʣʠʤʠ, ʥʘʛʣʷʜʥʠʤʠ ʪʘ ʟʨʫʯʥʠʤʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʧʝʨʩʦʥʘʣ ʤʘʻ ʧʨʦʡʪʠ 

ʚʽʜʧʦʚʽʜʥʫ ʧʽʜʛʦʪʦʚʢʫ. 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʩʢʣʘʜʘʥʥʷ ʨʦʙʦʯʠʭ ʧʣʘʥʽʚ ʜʣʷ ʟʘʣʽʟʥʠʯʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ 

ʧʨʝʜʩʪʘʚʣʷʻ ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʫ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʛʘʣʫʟʽ, ʧʨʦʧʦʥʫʶʯʠ ʧʽʜʚʠʱʝʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʽ ʘʜʘʧʪʠʚʥʽʩʪʴ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʢʣʠʢʠ, ʧʦʩʪʽʡʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʛʨʝʩ ʧʽʜʢʨʝʩʣʶʶʪʴ ʧʦʪʝʥʮʽʘʣ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʜʣʷ ʨʝʚʦʣʶʮʽʾ ʚ ʫʧʨʘʚʣʽʥʥʽ ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ. ʆʩʢʽʣʴʢʠ ʛʘʣʫʟʴ 

ʧʨʦʜʦʚʞʫʻ ʨʦʟʚʠʚʘʪʠʩʷ, ʩʧʽʚʧʨʘʮʷ ʤʽʞ ʝʢʩʧʝʨʪʘʤʠ, ʧʦʣʽʪʠʢʘʤʠ ʽ ʨʦʟʨʦʙʥʠʢʘʤʠ 

ʪʝʭʥʦʣʦʛʽʡ ʤʘʪʠʤʝ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʩʧʽʰʥʦʾ ʽʥʪʝʛʨʘʮʽʾ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫ ʩʢʣʘʜʥʫ ʤʝʨʝʞʫ ʟʘʣʽʟʥʠʯʥʠʭ ʦʧʝʨʘʮʽʡ. 
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ɼʦʩʣʽʜʞʝʥʦ ʘʢʪʫʘʣʴʥʫ ʧʨʦʙʣʝʤʘʪʠʢʫ ʩʫʯʘʩʥʠʭ ʰʣʷʭʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʨʦʙʦʪʠ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʠʪʴ 

ʪʨʘʥʩʧʦʨʪʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ. ɺʘʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ ʥʝʦʩʧʦʨʠʤʘ, ʦʩʢʽʣʴʢʠ ʮʝ ʚʧʣʠʚʘʻ 

ʥʘ ʙʝʟʧʝʢʫ ʨʫʭʫ, ʝʢʦʥʦʤʽʢʫ ʪʘ ʦʙʦʨʦʥʦʟʜʘʪʥʽʩʪʴ ʥʘʰʦʾ ʢʨʘʾʥʠ. ʈʦʟʛʣʷʥʫʪʽ 

ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʟʘʭʦʜʠ, ʚʢʣʶʯʘʶʯʠ ʢʽʙʝʨʙʝʟʧʝʢʫ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʢʨʠʟʦʚʠʤʠ ʩʠʪʫʘʮʽʷʤʠ, ʩʧʽʚʧʨʘʮʶ ʤʽʞ ʫʨʷʜʦʤ ʽ ʧʨʠʚʘʪʥʠʤ 

ʩʝʢʪʦʨʦʤ, ʘ ʪʘʢʦʞ ʚʘʞʣʠʚʽʩʪʴ ʤʽʞʥʘʨʦʜʥʦʾ ʩʧʽʚʧʨʘʮʽ. ʅʘʚʯʘʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʘ 

ʧʝʨʩʦʥʘʣʫ, ʘ ʪʘʢʦʞ ʚʘʞʣʠʚʘ ʨʦʣʴ ʛʨʦʤʘʜʩʴʢʦʩʪʽ, ʜʦʧʦʤʘʛʘʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʩʪʽʡʢʽʩʪʴ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʝʢʩʪʨʝʥʠʭ ʩʠʪʫʘʮʽʷʭ. 

ɺʨʘʭʦʚʫʶʯʠ ʮʽ ʘʩʧʝʢʪʠ, ʢʨʘʾʥʠ ʧʦʚʠʥʥʽ ʨʝʪʝʣʴʥʦ ʨʦʟʨʦʙʣʷʪʠ ʪʘ ʚʧʨʦʚʘʜʞʫʚʘʪʠ 

ʩʪʨʘʪʝʛʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʦʙôʻʢʪʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʩʪʽʡʢʦʛʦ ʨʦʟʚʠʪʢʫ. [1-4] 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ 

ʻ ʢʣʶʯʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʙʽʣʴʥʦʩʪʽ, ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʽʚ ʽ 

ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʝʢʦʥʦʤʽʢʦʶ ʪʘ ʦʙʦʨʦʥʦʶ ʢʨʘʾʥʠ. ʈʦʟʛʣʷʥʝʤʦ ʮʝ ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʦ. 

ɺʘʞʣʠʚʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ. ʆʙôʻʢʪʠ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʪʘʢʽ ʷʢ ʘʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʛʠ, ʟʘʣʽʟʥʠʮʽ, ʘʝʨʦʧʦʨʪʠ 

ʪʘ ʧʦʨʪʠ, ʻ ʞʠʪʪʻʚʦ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʟʜʽʡʩʥʝʥʥʷ ʚʽʡʩʴʢʦʚʠʭ 
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ʩʧʦʣʫʯʝʥʴ ʪʘ ʧʝʨʝʚʝʟʝʥʴ, ʘ ʪʘʢʦʞ ʜʣʷ ʝʚʘʢʫʘʮʽʾ ʥʘʩʝʣʝʥʥʷ. ʎʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʪʘʢʦʞ ʚʘʞʣʠʚʘ ʜʣʷ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ. 

ɿʘʛʨʦʟʠ ʧʽʜ ʯʘʩ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ. ʈʽʟʥʽ ʚʠʜʠ ʟʘʛʨʦʟ, ʪʘʢʽ ʷʢ ʢʽʙʝʨʘʪʘʢʠ, 

ʚʽʡʩʴʢʦʚʽ ʦʧʝʨʘʮʽʾ, ʪʝʨʦʨʠʩʪʠʯʥʽ ʘʢʪʠ, ʧʨʠʨʦʜʥʽ ʢʘʪʘʩʪʨʦʬʠ ʪʘ ʽʥʰʽ ʧʦʜʽʙʥʽ 

ʧʦʜʽʾ, ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʨʫʰʝʥʥʷ ʨʦʙʦʪʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʦʙ'ʻʢʪʽʚ. ɺʘʞʣʠʚʦ 

ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʽ ʩʮʝʥʘʨʽʾ ʽ ʨʦʟʨʦʙʠʪʠ ʩʪʨʘʪʝʛʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ 

ʨʦʙʦʪʠ ʦʙôʻʢʪʽʚ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. [1-3] 

ɼʦ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʨʦʙʦʪʠ ʦʙôʻʢʪʽʚ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʭʦʜʷʪʴ ʦʨʛʘʥʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʧʨʦʪʠʧʦʚʽʪʨʷʥʦʾ 

ʦʙʦʨʦʥʠ (ʇʇʆ) ʪʘ ʩʠʩʪʝʤʠ ʢʽʙʝʨʟʘʭʠʩʪʫ, ʪʦʙʪʦ ʧʦʪʨʽʙʥʦ ʚʯʘʩʥʦ ʝʬʝʢʪʠʚʥʦ 

ʚʠʷʚʣʷʪʠ ʟʘʛʨʦʟʠ ʪʘ ʧʨʦʪʠʜʽʷʪʠ ʥʠʤ. ɿʘʩʣʫʛʦʚʫʻ ʫʚʘʛʠ ʜʦʩʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʟʨʘʾʣʴʩʴʢʦʾ ʩʠʩʪʝʤʠ ʇʇʆ çɿʘʣʽʟʥʠʡ ʢʫʧʦʣè. ɺʽʥ ʜʝʤʦʥʩʪʨʫʶ ʚʠʩʦʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʭʦʧʣʝʥʥʷ ʤʽʥʦʤʝʪʥʠʭ ʩʥʘʨʷʜʽʚ ʪʘ ʩʥʘʨʷʜʽʚ, ʟʘ ʩʚʦʾʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʜʽʙʥʠʭ ʜʦ ʩʥʘʨʷʜʽʚ ʨʝʘʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʟʘʣʧʦʚʦʛʦ ʚʦʛʥʶ 

ʪʘʢʠʭ ʷʢ çɻʨʘʜè, çʉʤʝʨʯè ʪʘ çʊʦʨʥʘʜʦè. ɺʽʥ ʥʝ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʝʨʝʭʦʧʣʝʥʥʷ 

ʙʘʣʽʩʪʠʯʥʠʭ ʨʘʢʝʪ. ʊʦʤʫ ʟʘʜʦʚʦʣʴʥʠʪʠ ʧʦʪʨʝʙʫ ʥʘʜʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʦʙôʻʢʪʽʚ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ 100 % ʇɺʆ çɿʘʣʽʟʥʠʡ ʢʫʧʦʣè ʥʘ ʞʘʣʴ ʥʝ 

ʟʤʦʞʝ. ɼʣʷ ʮʴʦʛʦ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʫ ʩʠʩʪʝʤʫ ʘʢʫʩʪʠʯʥʦʾ 

ʜʝʪʝʢʮʽʾ (ʾʭ ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ ʚʩʪʘʥʦʚʠʪʠ ʩʧʦʯʘʪʢʫ ʥʘ ʢʣʶʯʦʚʠʭ ʦʙôʻʢʪʘʭ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽ ʟʛʦʜʦʤ çʧʦʢʨʠʪʠè ʚʩʶ ʤʝʨʝʞʫ ʰʣʷʭʽʚ 

ʩʧʦʣʫʯʝʥʥʷ), ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʢʨʠʟʦʚʠʤʠ ʩʠʪʫʘʮʽʷʤʠ, 

ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʤʝʨʝʞʽ ʜʣʷ ʢʦʦʨʜʠʥʘʮʽʾ 

ʨʝʘʛʫʚʘʥʥʷ ʚ ʝʢʩʪʨʝʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʷʢʽ ʚʠʷʚʣʷʶʪʴ ʟʘʛʨʦʟʫ ʥʘ ʩʝʨʝʜʥʽʡ ʪʘ 

ʙʣʠʟʴʢʽʡ ʚʽʜʩʪʘʥʽ, ʨʦʟʨʘʭʦʚʫʶʪʴ ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ ʪʘ ʚʢʘʟʫʶʪʴ ʇʇʆ ʧʦ ʽʥʰʠʤ 

ʟʘʩʦʙʘʤ ʫʨʘʞʝʥʥʷ ʧʦʪʝʥʮʽʡʥʫ ʤʝʪʫ. ʎʽ ʟʘʩʦʙʠ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘ 

ʢʦʨʜʦʥʦʤ ʜʣʷ ʦʭʦʨʦʥʠ ʧʝʨʠʤʝʪʨʽʚ ʦʙôʻʢʪʽʚ ʚʞʝ ʪʨʠʚʘʣʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ [4]. 

ʄʽʞʥʘʨʦʜʥʠʡ ʘʩʧʝʢʪ. ʂʨʘʾʥʠ ʤʦʞʫʪʴ ʩʧʽʚʧʨʘʮʶʚʘʪʠ ʚ ʨʦʟʨʦʙʮʽ 

ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʜʦʛʦʚʦʨʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʦʙôʻʢʪʽʚ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ ʫ ʥʘʰʽʡ ʢʨʘʾʥʽ. ʎʝ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦ ʜʣʷ ʥʘʩ, ʘʜʞʝ ʧʽʜ ʯʘʩ ʚʽʡʥʠ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ, ʪʨʝʙʘ ʨʦʙʠʪʠ ʚʩʝ ʜʣʷ 

ʟʘʭʠʩʪʫ ʪʫʪ ʽ ʟʘʨʘʟ. ɯ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʥʘʰʽʡ ʢʨʘʾʥʽ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʥʘʰʽ 

ʩʦʶʟʥʠʢʠ, ʟʦʢʨʝʤʘ ʉʐɸ ʪʘ ʢʨʘʾʥʠ ɭʉ.  

ʈʝʛʫʣʷʨʥʽ ʪʨʝʥʫʚʘʥʥʷ ʽ ʩʠʤʫʣʷʮʽʾ ʧʽʜ ʯʘʩ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʜʦʧʦʤʘʛʘʶʪʴ 

ʧʽʜʛʦʪʫʚʘʪʠ ʧʝʨʩʦʥʘʣ ʽʟ ʟʥʘʥʥʷʤʠ ʪʘ ʥʘʚʠʯʢʘʤʠ ʜʣʷ ʜʽʾ ʚ ʢʨʠʟʦʚʠʭ ʩʠʪʫʘʮʽʷʭ [4].  

ʇʫʙʣʽʯʥʘ ʩʚʽʜʦʤʽʩʪʴ ʪʘ ʫʯʘʩʪʴ ʛʨʦʤʘʜʩʴʢʦʩʪʽ. ɻʨʦʤʘʜʩʴʢʽʩʪʴ ʪʘʢʦʞ ʤʘʻ ʙʫʪʠ 

ʦʙʽʟʥʘʥʦʶ ʽ ʛʦʪʦʚʦʶ ʜʽʷʪʠ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ. ɺʘʞʣʠʚʘ ʨʦʣʴ ʫ ʧʽʜʪʨʠʤʮʽ 

ʩʪʽʡʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘʣʝʞʠʪʴ ʽʥʬʦʨʤʫʚʘʥʥʶ ʛʨʦʤʘʜʩʴʢʦʩʪʽ 

ʪʘ ʩʧʽʚʧʨʘʮʽ ʟ ʥʝʶ ʪʘ ʚʯʘʩʥʦʛʦ ʽʥʬʦʨʤʫʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ ʪʘʢʽ 

ʜʦʜʘʪʢʠ ʽʥʬʦʨʤʫʚʘʥʥʷ ʷʢ çʻʇʇʆè ʜʽʡʩʥʦ ʤʦʞʫʪʴ ʽ ʨʷʪʫʶʪʴ ʞʠʪʪʷ. 

ʇʽʜʚʦʜʷʯʠ ʧʽʜʩʫʤʦʢ, ʤʦʞʣʠʚʦ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʩʪʽʡʢʽʩʪʴ ʨʦʙʦʪʠ ʦʙôʻʢʪʽʚ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. ʈʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʡ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʟʘʭʠʩʪʫ ʮʠʭ ʦʙôʻʢʪʽʚ ʤʘʻ ʚʠʩʦʢʠʡ 

ʧʨʽʦʨʠʪʝʪ ʜʣʷ ʢʦʞʥʦʾ ʢʨʘʾʥʠ. 
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ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʨʠʥʢʦʚʦʾ ʝʢʦʥʦʤʽʢʠ ʧʦʪʨʝʙʫʻ ʚʽʜ ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ ʧʠʪʘʥʴ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ 

ʨʦʙʦʪʠ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ [1].  

ɺ ʫʤʦʚʘʭ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʽ ʚʘʥʪʘʞʥʦʛʦ ʨʫʭʫ, ʱʦ ʟʨʦʩʪʘʻ, ʟʘʣʽʟʥʠʯʥʠʡ 

ʪʨʘʥʩʧʦʨʪ ʩʪʠʢʘʻʪʴʩʷ ʟ ʧʨʦʙʣʝʤʦʶ ʚʝʣʠʢʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʽʣʷʥʦʢ ʧʦʾʟʜʘʤʠ. 

ɿʘʚʘʥʪʘʞʝʥʽʩʪʴ ʜʝʷʢʠʭ ʜʽʣʷʥʦʢ ʙʣʠʟʴʢʘ ʜʦ ʛʨʘʥʠʯʥʦʾ.  

ɯʩʥʫʶʯʽ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʫʭʫ ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʦʪʦʢʫ ʽ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʪʦʯʥʠʡ ʘʥʘʣʽʟ [2, 3]. 

ʈʦʟʨʘʭʫʥʦʢ, ʥʘʧʨʠʢʣʘʜ, ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʬʦʨʤʫʣ, ʚ ʷʢʠʭ ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʤʽʞʧʦʾʟʥʠʡ ʽʥʪʝʨʚʘʣ, ʧʨʠ 

ʮʴʦʤʫ ʜʘʥʽ ʧʨʦ ʰʚʠʜʢʽʩʪʴ ʽ ʯʘʩ ʨʫʭʫ ʧʦʾʟʜʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʪʷʛʦʚʠʤʠ 

ʨʦʟʨʘʭʫʥʢʘʤʠ ʜʣʷ ʦʜʠʥʦʯʥʦʛʦ ʧʦʾʟʜʫ. ʇʨʠ ʮʴʦʤʫ ʽʛʥʦʨʫʻʪʴʩʷ ʙʝʟʣʽʯ ʯʠʥʥʠʢʽʚ, 

ʪʘʢʠʭ ʷʢ: 

- ʨʽʟʥʘ ʧʦʪʫʞʥʽʩʪʴ ʣʦʢʦʤʦʪʠʚʽʚ; 

- ʨʽʟʥʘ ʚʘʛʘ ʧʦʾʟʜʽʚ; 

https://tsn.ua/ru/exclusive/effektivno-vyyavlyat-i-sbivat-kakim-mozhet-stat-prototip-ukrainskogo-zheleznogo-kupola-2432938.html
https://tsn.ua/ru/exclusive/effektivno-vyyavlyat-i-sbivat-kakim-mozhet-stat-prototip-ukrainskogo-zheleznogo-kupola-2432938.html
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- ʥʝʦʜʥʘʢʦʚʘ ʨʝʘʢʮʽʷ ʤʘʰʠʥʽʩʪʽʚ ʥʘ ʧʦʢʘʟʥʠʢʠ ʩʚʽʪʣʦʬʦʨʽʚ, ʱʦ ʚʠʢʣʠʢʘʻ 

ʨʽʟʥʠʡ ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ʭʦʜʦʚʦʾ ʰʚʠʜʢʦʩʪʽ. 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʨʘʭʫʥʢʠ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʥʘ ʽʤʽʪʘʮʽʡʥʽʡ ʤʦʜʝʣʽ 

ʜʽʣʷʥʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʽʤʽʪʫʚʘʪʠ ʧʨʦʧʫʩʢ ʧʦʪʦʢʫ ʧʦʾʟʜʽʚ. 

ʄʦʜʝʣʴ ʜʽʶʯʦʾ ʜʽʣʷʥʢʠ ʯʠ ʥʘʧʨʷʤʢʫ ʤʦʞʝ ʤʘʪʠ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʧʨʠ 

ʨʦʟʚʠʪʢʫ ʤʝʨʝʞʽ ʟʘʣʽʟʥʠʮʴ ʽ ʧʣʘʥʫʚʘʥʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. ʎʝ ʜʦʟʚʦʣʠʪʴ 

ʟʥʘʡʪʠ ʝʬʝʢʪʠʚʥʽ ʢʦʥʮʝʧʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ ʧʦʾʟʜʽʚ ʽ ʜʽʩʪʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʫʭʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʚʠʢʦʥʫʚʘʣʠʩʷ ʥʘ ʤʦʜʝʣʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʚʘʛʫ 

ʧʦʾʟʜʽʚ, ʫʭʠʣ ʜʽʣʷʥʢʠ, ʨʦʟʛʽʥ/ʫʧʦʚʽʣʴʥʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʷʛʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʨʽʟʥʠʡ ʩʪʫʧʽʥʴ ʨʝʘʣʽʟʘʮʽʾ ʰʚʠʜʢʦʩʪʽ ʽ ʽʥʰʽ ʯʠʥʥʠʢʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʥʘʩʠʯʝʥʥʽ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʝ 

ʧʘʜʽʥʥʷ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ.  

ɹʫʣʠ ʧʽʜʨʘʭʦʚʘʥʽ ʚʠʪʨʘʪʠ ʥʘ ʨʫʭ ʧʦʾʟʜʫ ʧʨʠ ʨʽʟʥʦʤʫ ʟʘʧʦʚʥʝʥʥʽ ʜʽʣʷʥʢʠ; 

ʟôʷʩʦʚʘʥʦ, ʱʦ ʻ ʨʽʟʥʠʮʷ ʫ ʚʠʪʨʘʪʘʭ ʥʘ ʨʫʭ ʦʜʥʦʛʦ ʧʦʾʟʜʫ.  

ɺʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʦʟʤʽʨʽʚ ʨʫʭʫ ʧʦʾʟʜʽʚ ʥʘ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ 

ʟʘʣʽʟʥʠʯʥʦʾ ʜʽʣʴʥʠʮʽ. ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʘʢʪʦʨʽʚ ʚʠʢʦʨʠʩʪʘʥʦ 

ʽʤʽʪʘʮʽʡʥʫ ʤʦʜʝʣʴ ʧʨʦʧʫʩʢʫ ʧʦʪʦʢʫ ʧʦʾʟʜʽʚ ʧʦ ʟʘʣʽʟʥʠʯʥʽʡ ʜʽʣʴʥʠʮʽ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʤʦʜʝʣʽ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʽ ʚʘʨʪʦʩʪʽ ʨʫʭʫ 

ʧʦʾʟʜʽʚ. ɺʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʘʩʠʯʝʥʥʷ ʜʽʣʴʥʠʮʽ ʧʦʾʟʜʘʤʠ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʾʟʜʽʚ ʽ ʟʙʽʣʴʰʝʥʥʷ 

ʚʘʨʪʦʩʪʽ ʾʭ ʧʝʨʝʩʫʚʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ ʪʘʢʦʞ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʦʧʫʩʢʥʘ 

ʩʧʨʦʤʦʞʥʽʩʪʴ, ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʘʥʘʣʽʪʠʯʥʠʤʠ ʬʦʨʤʫʣʘʤʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʤʦʞʝ 

ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʠʭ ʜʽʣʷʥʦʢ ʜʦʟʚʦʣʷʻ ʥʝ 

ʪʽʣʴʢʠ ʨʦʙʠʪʠ ʘʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʘʣʝ ʪʘʢʦʞ ʩʧʨʦʛʥʦʟʫʚʘʪʠ 

ʩʪʘʥ ʢʦʥʢʨʝʪʥʦʾ ʜʽʣʷʥʢʠ ʟʘʟʜʘʣʝʛʽʜʴ. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʠ ʤʦʜʝʣʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟ ʤʝʪʦʶ ʪʨʝʥʫʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ 

ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʧʝʨʩʦʥʘʣʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʢʦʞʥʦʾ ʟ ʜʽʣʷʥʦʢ ʥʝʦʙʭʽʜʥʦ ʟôʷʩʫʚʘʪʠ ʚʝʣʠʯʠʥʫ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ, ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʷʢʦʾ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʚʘʨʽʘʥʪʠ 

ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʧʦʪʦʢʽʚ ʧʦʾʟʜʽʚ ʧʦ ʤʝʨʝʞʽ, ʧʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʦ ʩʧʦʜʽʚʘʪʠʩʷ, ʱʦ 

ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ, ʘʥʘʣʽʟ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʽ ʩʪʚʦʨʝʥʥʷ 

ʝʬʝʢʪʠʚʥʠʭ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ ʻ ʦʩʥʦʚʦʶ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ. ʈʦʟʛʣʷʥʝʤʦ ʜʚʘ ʤʝʪʦʜʠ ʽ ʧʦʨʽʚʥʷʻʤʦ ʾʭ: 

ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʠ. 

ɻʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʜʦʙʨʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʛʣʦʙʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʽʰʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ. ɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ï ʮʝ 

ʝʚʨʠʩʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʭʘʥʽʟʤʠ, ʧʦʜʽʙʥʽ ʜʦ 

ʙʽʦʣʦʛʽʯʥʦʾ ʝʚʦʣʶʮʽʾ, ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʰʣʷʭʦʤ ʚʠʧʘʜʢʦʚʦʛʦ ʧʽʜʙʦʨʫ, ʧʦʻʜʥʘʥʥʷ ʪʘ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ [1]. 

ɭ ʨʽʟʥʦʚʠʜʦʤ ʝʚʦʣʶʮʽʡʥʠʭ ʦʙʯʠʩʣʝʥʴ. ɻʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ ʫ ʩʬʝʨʽ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʽʥʰʽ ʤʝʪʦʜʠ ʩʪʠʢʘʶʪʴʩʷ ʟ ʦʙʤʝʞʝʥʥʷʤʠ ʫ 

ʩʢʣʘʜʥʦʩʪʽ ʟʘʜʘʯʽ ʯʠ ʢʽʣʴʢʦʩʪʽ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ. ʎʝʡ ʘʣʛʦʨʠʪʤ ʜʘʻ ʟʤʦʛʫ 

ʨʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʫ ʟ ʙʫʜʴ-ʷʢʦʶ ʫʤʦʚʦʶ, ʟʦʢʨʝʤʘ ʪʨʘʥʩʧʦʨʪʥʫ ʟʘʜʘʯʫ ʟ ʪʘʢʠʤʠ 

ʩʢʣʘʜʥʠʤʠ ʫʤʦʚʘʤʠ, ʷʢ ʧʦʰʫʢ ʣʦʛʽʩʪʠʯʥʦʾ ʢʘʨʪʠ ʤʘʨʰʨʫʪʽʚ ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʧʦʚʝʨʥʫʪʠʩʷ ʘʚʪʦʤʦʙʽʣʷʤ ʜʦ ʚʠʭʽʜʥʦʛʦ ʧʫʥʢʪʫ ʚʽʜʧʨʘʚʣʝʥʥʷ ʽ ʟʘʚʘʥʪʘʞʠʪʠʩʷ 

ʧʨʦʜʫʢʮʽʻʶ ʱʝ ʨʘʟ ʘʙʦ ʦʙʣʽʢ ʯʘʩʦʚʠʭ ʚʽʢʦʥ, ʫ ʷʢʽ ʧʦʪʨʽʙʥʦ ʧʦʪʨʘʧʠʪʠ, 

ʜʦʩʪʘʚʣʷʶʯʠ ʪʦʚʘʨ ʟʘʤʦʚʥʠʢʫ. ɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʝ ʦʜʥʝ 

ʨʽʰʝʥʥʷ, ʘ 300-500 ʨʽʰʝʥʴ ʦʜʥʦʯʘʩʥʦ, ʪʦʤʫ ʥʘʡʢʨʘʱʝ ʨʽʰʝʥʥʷ ʧʦʚʠʥʥʦ 

ʧʦʣʽʧʰʫʚʘʪʠʩʷ ʟ ʢʦʞʥʠʤ ʧʦʢʦʣʽʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʟʘʚʞʜʠ ʟʥʘʡʜʫʪʴʩʷ ʧʣʘʥʠ 

ʧʝʨʝʚʝʟʝʥʴ ʫ ʧʦʧʫʣʷʮʽʾ, ʱʦ ʥʝ ʜʦʩʷʛʥʫʪʴ ʣʦʢʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ, ʘ ʙʫʜʫʪʴ 

ʧʨʘʛʥʫʪʠ ʜʦ ʛʣʦʙʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʣʦʛʽʩʪʠʯʥʘ ʢʘʨʪʘ ʤʘʨʰʨʫʪʽʚ 

ʦʧʪʠʤʽʟʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʰʚʠʜʢʦ. 

ɭ ʢʽʣʴʢʘ ʧʝʨʝʚʘʛ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ: 
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1. ʆʩʚʽʪʥʷ ʦʧʪʠʤʽʟʘʮʽʷ: ɻʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʤʦʞʫʪʴ ʚʠʨʽʰʫʚʘʪʠ ʩʢʣʘʜʥʽ 

ʧʨʦʙʣʝʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ, ʟʥʘʭʦʜʷʯʠ ʦʧʪʠʤʘʣʴʥʽ ʨʽʰʝʥʥʷ ʧʦ 

ʚʩʴʦʤʫ ʩʚʽʪʫ ʩʝʨʝʜ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʘʨʽʘʥʪʽʚ. 

2.  ʄʦʞʣʠʚʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʜʦ ʫʚʘʛʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʩʪʽ: ɻʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ 

ʤʦʞʫʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʯʠʩʣʝʥʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʦʙʤʝʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ, 

ʪʘʢʽ ʷʢ ʚʘʨʪʽʩʪʴ, ʯʘʩ ʧʦʜʦʨʦʞʽ, ʙʝʟʧʝʢʫ ʪʘ ʽʥʰʽ. 

3. ɸʜʘʧʪʠʚʥʽʩʪʴ ʜʦ ʟʤʽʥ: ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʤʦʞʫʪʴ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ, 

ʪʘʢʠʭ ʷʢ ʟʤʽʥʘ ʪʨʘʬʽʢʫ, ʦʙʤʝʞʝʥʥʷ ʨʝʩʫʨʩʽʚ ʯʠ ʟʤʽʥʘ ʧʦʧʠʪʫ ʥʘ ʪʨʘʥʩʧʦʨʪʥʽ 

ʧʦʩʣʫʛʠ. 

4. ʄʦʞʣʠʚʽʩʪʴ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʥʠʭ ʬʫʥʢʮʽʡ: ʩʢʣʘʜʥʽ ʬʫʥʢʮʽʾ, ʷʢʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʥʝʣʽʥʽʡʥʠʤʠ, ʥʝʧʝʨʝʨʚʥʠʤʠ ʘʙʦ ʤʽʩʪʠʪʠ ʢʽʣʴʢʘ ʣʦʢʘʣʴʥʠʭ ʦʧʪʠʤʫʤʽʚ, 

ʤʦʞʥʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʨʦʮʝʩʘʤʠ ʚ ʥʝʨʚʦʚʽʡ ʩʠʩʪʝʤʽ ʣʶʜʠʥʠ ʧʨʠʟʚʝʣʦ ʜʦ 

ʩʪʚʦʨʝʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʦʜʥʦʛʦ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʜʦʩʣʽʜʞʝʥʴ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʥʝʡʨʦʥʽʚ, 

ʟ'ʻʜʥʘʥʠʭ ʦʜʠʥ ʟ ʦʜʥʠʤ ʧʝʚʥʠʤ ʯʠʥʦʤ. ʅʝʡʨʦʥ ʷʚʣʷʻ ʩʦʙʦʶ ʝʣʝʤʝʥʪ, ʷʢʠʡ 

ʦʙʯʠʩʣʶʻ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ (ʟʘ ʧʝʚʥʠʤ ʧʨʘʚʠʣʦʤ) ʽʟ ʩʫʢʫʧʥʦʩʪʽ ʚʭʽʜʥʠʭ 

ʩʠʛʥʘʣʽʚ. ʊʦʙʪʦ ʦʩʥʦʚʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ʦʜʥʦʛʦ ʥʝʡʨʦʥʘ ʪʘʢʘ: 1). ʧʨʠʡʤʘʥʥʷ 

ʩʠʛʥʘʣʽʚ ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ; 2). ʢʦʤʙʽʥʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ; 

3). ʦʙʯʠʩʣʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ; 4). ʧʝʨʝʜʘʯʘ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘʩʪʫʧʥʠʤ 

ʝʣʝʤʝʥʪʘʤ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. 

ɻʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘʢʦʞ ʙʫʣʠ "ʚʠʥʘʡʜʝʥʽ", ʘʣʝ ʚʦʥʠ ʬʦʨʤʫʚʘʣʠʩʷ ʥʘ 

ʧʨʦʮʝʩʽ ʝʚʦʣʶʮʽʾ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʘ ʥʝ ʟʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤ ʟʘ ʥʝʨʚʦʚʦʶ 

ʩʠʩʪʝʤʦʶ ʣʶʜʠʥʠ. ʂʣʘʩʠʬʽʢʘʮʽʷ, ʧʝʨʝʜʙʘʯʝʥʥʷ ʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ï ʮʝ ʟʘʚʜʘʥʥʷ, 

ʷʢʽ ʚʠʨʽʰʫʻ ʪʠʧʦʚʘ ʥʝʡʨʦʤʝʨʝʞʘ. ʅʝʡʨʦʤʝʨʝʞʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʚʽʡ 

ʜʦʩʚʽʜ ʜʣʷ ʩʘʤʦʦʩʚʽʪʠ ʪʘ ʨʦʟʚʠʪʢʫ. [2] 

ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʦ ʨʽʟʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʜʘʯ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʾʭ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʻ ʩʢʣʘʜʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʚʭʽʜʥʠʤʠ 

ʪʘ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ, ʽ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʤʝʥʰ ʝʬʝʢʪʠʚʥʠʤʠ. 

ʇʝʨʝʣʽʯʠʤʦ ʜʣʷ ʷʢʠʭ ʩʘʤʦ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʡʢʨʘʱʝ. ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʘʥʘʣʽʟʫ ʤʘʩʠʚʫ ʜʘʥʠʭ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʨʘʬʽʢʫ 

ʥʘ ʢʦʥʢʨʝʪʥʠʭ ʜʽʣʷʥʢʘʭ ʜʦʨʽʛ ʚ ʨʽʟʥʠʡ ʯʘʩ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʚʦʜʽʷʤ ʪʘ ʩʠʩʪʝʤʘʤ 

ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʚʠʙʠʨʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʤʘʨʰʨʫʪʠ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʟʘʪʦʨʽʚ. 

ʊʘʢʦʞ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ ʫ ʨʽʟʥʽ ʯʘʩʠ ʜʦʙʠ ʪʘ ʥʘ ʨʽʟʥʠʭ 

ʤʘʨʰʨʫʪʘʭ, ʱʦ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʧʣʘʥʫʚʘʥʥʷ ʤʘʨʰʨʫʪʽʚ ʪʘ ʨʦʟʢʣʘʜʽʚ. ʑʝ ʚʦʥʠ 

ʘʥʘʣʽʟʫʶʪʴ ʜʘʥʽ ʟ GPS ʪʘ ʩʝʥʩʦʨʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʤʘʨʰʨʫʪʽʚ, ʨʦʟʧʦʜʽʣʫ ʟʘʩʦʙʽʚ ʪʘ ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʾʭ ʩʪʘʥʫ. ɸ ʪʘʢʦʞ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʘʥʘʣʽʟ ʩʦʮʽʘʣʴʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ ʥʘ ʛʨʦʤʘʜʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ ʪʘ ʽʥʰʽ ʪʨʘʥʩʧʦʨʪʥʽ ʧʦʩʣʫʛʠ ʫ 

ʨʽʟʥʠʭ ʨʘʡʦʥʘʭ ʪʘ ʚ ʨʽʟʥʠʡ ʯʘʩ. 
 

[1] ʄʫʟʠʢʽʥ ʄ. ɯ. ɼʦʮʽʣʴʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʩʭʝʤ ʦʙʽʛʫ ʣʦʢʦʤʦʪʠʚʽʚ ʥʘ ʦʩʥʦʚʽ ʛʝʥʝʪʠʯʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʟ ʮʽʣʦʯʠʩʝʣʴʥʠʤ ʢʦʜʫʚʘʥʥʷʤ. ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ Xɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 
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Cʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʪʨʘʥʩʧʦʨʪʽ, ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʦʩʚʽʪʽ :  ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ 

Xɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ. ɼ. : ɼʅʋɿʊ, 2017. ʉ. 128. 

[2] ʄʫʟʠʢʽʥ ʄ. ɯ., ʅʝʩʪʝʨʝʥʢʦ ɻ. ɯ., ʉʪʝʰʝʥʢʦ ʄ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤʘʭ. Cʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʪʨʘʥʩʧʦʨʪʽ, ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ 

ʦʩʚʽʪʽ:  ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ XV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ. ɼ.: ɼʅʋɿʊ, 2021. ʉ. 98-99. 
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ɸʥʦʪʘʮʽʷ: ɺʧʨʦʚʘʜʞʝʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ) ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ 

ʪʨʘʥʩʧʦʨʪʽ ʩʪʘʣʦ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʫ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʙʝʟʧʝʢʠ ʪʘ ʟʘʛʘʣʴʥʦʾ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʠʭ ʩʠʩʪʝʤ. ʋ ʮʴʦʤʫ 

ʜʦʢʫʤʝʥʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʽʥʪʝʛʨʘʮʽʷ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʥʘ 

ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ, ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ ʾʾ ʟʥʘʯʝʥʥʷ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʽʩʥʫʶʯʽ 

ʧʨʦʙʣʝʤʠ ʪʘ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʷʢʠʡ ʚʦʥʘ ʥʝʩʝ ʚ ʩʦʙʽ 

ʜʣʷ ʨʝʚʦʣʶʮʽʡʥʠʭ ʟʤʽʥ ʫ ʮʴʦʤʫ ʩʝʢʪʦʨʽ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɿʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʩʪʠʢʘʻʪʴʩʷ ʟ ʯʠʩʣʝʥʥʠʤʠ 

ʧʨʦʙʣʝʤʘʤʠ, ʚʢʣʶʯʘʶʯʠ ʦʧʪʠʤʽʟʘʮʽʶ ʨʦʟʢʣʘʜʫ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ, 

ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʯʥʠʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʽ ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʦʧʝʨʘʮʽʡʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. ʊʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʯʘʩʪʦ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ 

ʮʽ ʩʢʣʘʜʥʽ ʟʘʚʜʘʥʥʷ. ʃʶʜʩʴʢʽ ʧʦʤʠʣʢʠ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʦʙʤʝʞʝʥʥʷ ʪʘ 

ʟʨʦʩʪʘʶʯʽ ʧʦʪʨʝʙʠ ʧʘʩʘʞʠʨʽʚ ʜʦʜʘʶʪʴ ʜʦ ʮʠʭ ʚʠʢʣʠʢʽʚ ʱʝ ʙʽʣʴʰʝ ʩʢʣʘʜʥʦʱʽʚ. 

ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʚʠʤʘʛʘʻ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ, ʟʜʘʪʥʠʭ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʨʦʙʦʪʫ, ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ ʪʘ ʧʦʢʨʘʱʠʪʠ ʟʘʛʘʣʴʥʠʡ ʜʦʩʚʽʜ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʆʩʥʦʚʥʽ ʤʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ.  

1. ʇʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʟʘʭʠʩʪʫ: 

ɸʣʛʦʨʠʪʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʤʦʜʝʣʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʤʦʞʫʪʴ 

ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʯʝʟʥʽ ʦʙʩʷʛʠ ʜʘʥʠʭ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʫʤʦʞʣʠʚʣʶʶʯʠ 

ʧʨʝʚʝʥʪʠʚʥʝ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʤ 

ʥʝʩʧʨʘʚʥʦʩʪʷʤ ʘʙʦ ʚʽʜʤʦʚʘʤ. ɼʘʪʯʠʢʠ ʟʽ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ 

ʘʥʦʤʘʣʽʾ ʚ ʢʦʣʽʾ, ʩʠʛʥʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʽ ʨʫʭʦʤʦʤʫ ʩʢʣʘʜʽ, ʧʦʧʝʨʝʜʞʘʶʯʠ 

ʧʨʦʙʣʝʤʠ ʟ ʙʝʟʧʝʢʦʶ. ʂʨʽʤ ʪʦʛʦ, ʚʽʜʝʦʘʥʘʣʽʪʠʢʘ ʥʘ ʦʩʥʦʚʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 
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ʤʦʞʝ ʧʦʩʠʣʠʪʠ ʟʘʭʦʜʠ ʙʝʟʧʝʢʠ, ʚʠʷʚʣʷʶʯʠ ʧʦʪʝʥʮʽʡʥʽ ʟʘʛʨʦʟʠ ʘʙʦ ʥʝʟʚʠʯʘʡʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʥʘ ʩʪʘʥʮʽʷʭ ʘʙʦ ʚʟʜʦʚʞ ʢʦʣʽʡ. [1][2] 

2. ʆʧʪʠʤʽʟʘʮʽʷ ʦʧʝʨʘʮʽʡ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ: 

ʐɯ ʜʦʧʦʤʘʛʘʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʟʢʣʘʜ ʨʫʭʫ ʧʦʾʟʜʽʚ, ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʧʘʩʘʞʠʨʩʴʢʠʡ ʧʦʧʠʪ ʽ ʢʝʨʫʚʘʪʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʦʪʦʢʘʤʠ. ʇʨʝʜʠʢʪʠʚʥʘ 

ʘʥʘʣʽʪʠʢʘ ʜʦʧʦʤʘʛʘʻ ʜʠʥʘʤʽʯʥʦ ʢʦʨʠʛʫʚʘʪʠ ʨʦʟʢʣʘʜ, ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʘʪʨʠʤʢʠ ʪʘ 

ʧʽʜʚʠʱʫʚʘʪʠ ʟʘʛʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. ɸʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʘʥʘʣʽʟʫʶʪʴ ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʧʠʪʫ, ʜʦʟʚʦʣʷʶʯʠ ʦʧʝʨʘʪʦʨʘʤ 

ʝʬʝʢʪʠʚʥʦ ʨʦʟʧʦʜʽʣʷʪʠ ʨʝʩʫʨʩʠ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʝ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ. 

[1][2] 

3. ʆʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʜʦʩʚʽʜ ʢʣʽʻʥʪʽʚ: 

ʏʘʪ-ʙʦʪʠ ʪʘ ʚʽʨʪʫʘʣʴʥʽ ʘʩʠʩʪʝʥʪʠ, ʢʝʨʦʚʘʥʽ ʰʪʫʯʥʠʤ ʽʥʪʝʣʝʢʪʦʤ, ʥʘʜʘʶʪʴ 

ʧʘʩʘʞʠʨʘʤ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʦʟʢʣʘʜ, ʟʘʪʨʠʤʢʠ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʤʘʨʰʨʫʪʠ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʧʦʢʨʘʱʫʶʯʠ ʾʭʥʽʡ ʟʘʛʘʣʴʥʠʡ ʜʦʩʚʽʜ. ʇʝʨʩʦʥʘʣʽʟʦʚʘʥʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʧʦʜʦʙʘʥʥʷʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ, 

ʤʦʞʫʪʴ ʧʽʜʚʠʱʠʪʠ ʟʘʜʦʚʦʣʝʥʽʩʪʴ ʽ ʣʦʷʣʴʥʽʩʪʴ ʢʣʽʻʥʪʽʚ. [1][2] 

4. ɺʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ ʪʘ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ: 

ʐɯ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʚʫʛʣʝʮʝʚʦʛʦ ʩʣʽʜʫ ʟʘʣʽʟʥʠʮʴ, ʦʧʪʠʤʽʟʫʶʯʠ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʧʦʢʨʘʱʫʶʯʠ ʣʦʛʽʩʪʠʢʫ ʪʘ ʧʨʦʩʫʚʘʶʯʠ ʝʢʦʣʦʛʽʯʥʽ ʧʨʘʢʪʠʢʠ. 

ɸʣʛʦʨʠʪʤʠ ʐɯ ʦʧʪʠʤʽʟʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ, ʨʝʛʫʣʶʶʯʠ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

ʧʦʾʟʜʽʚ ʽ ʢʝʨʫʶʯʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʪʠʤ ʩʘʤʠʤ ʩʧʨʠʷʶʯʠ ʝʢʦʣʦʛʽʯʥʽʡ 

ʩʪʽʡʢʦʩʪʽ. [3] 

ɺʠʩʥʦʚʢʠ. ɯʥʪʝʛʨʘʮʽʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ 

ʧʨʦʧʦʥʫʻ ʪʨʘʥʩʬʦʨʤʘʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʽʩʥʫʶʯʠʭ ʚʠʢʣʠʢʽʚ ʽ 

ʨʝʚʦʣʶʮʽʡʥʠʭ ʟʤʽʥ ʫ ʛʘʣʫʟʽ. ʇʦʩʠʣʶʶʯʠ ʟʘʭʦʜʠ ʙʝʟʧʝʢʠ, ʦʧʪʠʤʽʟʫʶʯʠ ʦʧʝʨʘʮʽʾ, 

ʧʦʢʨʘʱʫʶʯʠ ʢʣʽʻʥʪʩʴʢʠʡ ʜʦʩʚʽʜ ʽ ʩʧʨʠʷʶʯʠ ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ, ʪʝʭʥʦʣʦʛʽʾ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʧʨʦʢʣʘʜʘʶʪʴ ʰʣʷʭ ʜʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ, ʙʝʟʧʝʯʥʦʾ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦʾ ʟʘʣʽʟʥʠʯʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ. ʆʜʥʘʢ ʫʩʧʽʰʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʐɯ ʥʘ ʟʘʣʽʟʥʠʮʷʭ ʚʠʤʘʛʘʻ ʚʨʘʭʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ, ʨʝʛʫʣʷʪʦʨʥʠʭ ʪʘ ʝʪʠʯʥʠʭ 

ʤʽʨʢʫʚʘʥʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʦʪʨʠʤʘʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʝʨʝʚʘʛ. ʆʪʞʝ, ʨʦʣʴ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʟʘʣʽʟʥʠʯʥʦʤʫ 

ʪʨʘʥʩʧʦʨʪʽ ʻ ʙʘʛʘʪʦʦʙʽʮʷʶʯʠʤ ʥʘʧʨʷʤʢʦʤ ʜʣʷ ʽʥʥʦʚʘʮʽʡ, ʧʨʦʧʦʥʫʶʯʠ ʨʽʰʝʥʥʷ 

ʜʣʷ ʨʽʟʥʠʭ ʧʨʦʙʣʝʤ ʽ ʦʜʥʦʯʘʩʥʦ ʧʨʦʩʫʚʘʶʯʠ ʛʘʣʫʟʴ ʜʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʽ 

ʩʪʘʣʦʛʦ ʤʘʡʙʫʪʥʴʦʛʦ. 
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ʉʫʯʘʩʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʧʦʩʪʫʧʦʚʦ ʦʪʨʠʤʫʶʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʜʘʪʯʠʢʽʚ, 

ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʧʨʠʩʪʨʦʾʚ ʟʚ'ʷʟʢʫ, ʪʘʢʠʭ ʷʢ ʤʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʾ, 

ʧʨʠʩʪʨʦʾ GPS ʪʘ ʚʙʫʜʦʚʘʥʽ ʢʦʤʧ'ʶʪʝʨʠ. ɺ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʮ ̔ʪʨʘʥʩʧʦʨʪʥ ̔ʟʘʩʦʙʠ 

ʚʦʣʦʜʽʶʪʴ ʧʦʪʫʞʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʚ ʦʙʣʘʩʪʽ ʜʘʪʯʠʢʽʚ, ʤʝʨʝʞ, ʟʚ'ʷʟʢʫ ʪʘ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʤ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʽʥʰʠʤʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ 

ʘʙʦ ʦʙʤʽʥʶʚʘʪʠʩʷ ʜʘʥʠʤʠ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʯʝʨʝʟ ʨʽʟʥʽ ʧʨʦʪʦʢʦʣʠ, 

ʪʘʢʽ ʷʢ TCP/IP, SMTP, WAP ̔ ʪʝʣʝʤʘʪʠʯʥʠʡ ʧʨʦʪʦʢʦʣ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ 

(NGTP)[1]. 

ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ ʨʦʟʨʦʙʢʠ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʣʝʤʘʪʠʯʥʠʭ ʩʣʫʞʙ, ʪʘʢʠʭ ʷʢ 

ʜʠʩʪʘʥʮʽʡʥʝ ʚʠʤʢʥʝʥʥʷ ʜʚʠʛʫʥʘ ʪʘ ʜʠʩʪʘʥʮʽʡʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ, ʟ ʤʝʪʦʶ 

ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ, ʟʨʫʯʥʦʩʪʽ ʪʘ ʟʘʜʦʚʦʣʝʥʥʷ ʚʦʜʽʾʚ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʤʘʨʥʠʭ 

ʦʙʯʠʩʣʝʥʴ ʽ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT) ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʷʢ ʪʨʘʬʽʢ, ʟʘʪʦʨʠ ʪʘ ʙʝʟʧʝʢʘ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ. 

ʅʘʫʢʦʚʮʽ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʨʦʟʨʦʙʠʣʠ ʯʠʩʣʝʥʥʽ ʤʦʜʝʣʽ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ (ITS). ʅʘʧʨʠʢʣʘʜ, ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ 

ʜʠʟʘʡʥ ʪʨʘʥʩʧʦʨʪʥʦʾ ʭʤʘʨʠ ʧʽʜ ʥʘʟʚʦʶ ITS-Cloud, ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʧʦʣʽʧʰʝʥʥʷ 

ʟʚ'ʷʟʢʫ ʤʽʞ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʪʘ ʙʝʟʧʝʢʦʶ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ [2]. 

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ ʟʘʧʣʘʥʦʚʘʥʦ ʨʝʘʣʽʟʘʮʽʶ 

ʭʤʘʨʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʽʩʪʦʤ. ʆʩʢʽʣʴʢʠ ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT) ʥʘʙʫʚʘʻ 

ʧʦʧʫʣʷʨʥʦʩʪʽ ʟʘʚʜʷʢʠ ʩʪʨʽʤʢʦʤʫ ʨʦʟʚʠʪʢʫ ʙʝʟʜʨʦʪʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʮʷ 

ʪʝʭʥʦʣʦʛʽʷ ʧʨʠʚʝʨʪʘʻ ʟʥʘʯʥʫ ʫʚʘʛʫ ʽ ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʚʦʥʘ ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʢʨʘʱʝʥʴ 

ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ, ʚʢʣʶʯʘʶʯʠ ʦʭʦʨʦʥʫ ʟʜʦʨʦʚôʷ, ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʪʨʘʥʩʧʦʨʪ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʫʥʽʢʘʣʴʥʘ ʙʘʛʘʪʦʨʽʚʥʝʚʘ ʭʤʘʨʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, 

ʷʢʘ ʽʥʪʝʛʨʫʻ ʽʩʥʫʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʪʘ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. ɼʚʽ 

ʤʦʜʝʣʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʥʘʾʚʥʫ ʤʦʜʝʣʴ ɹʘʡʻʩʘ ʪʘ ʨʝʛʨʝʩʽʡʥʫ 

ʤʦʜʝʣʴ, ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʫ 

ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʘʭ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣʽʪʴ ʨʦʟʚʠʪʦʢ ʙʝʟʜʨʦʪʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠʟʚʽʚ ʜʦ 

ʩʪʚʦʨʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʝʨʝʞ. ʇʦʯʘʪʢʦʚʘ ʢʦʥʮʝʧʮʽʷ ʧʦʣʷʛʘʣʘ ʚ ʪʦʤʫ, ʱʦ 
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ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʷʢʘ ʤʘʨʛʽʥʘʣʴʥʘ ʟʘ ʧʨʠʨʦʜʦʶ, ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʦʙʣʘʜʥʘʥʠʤʠ ʨʘʜʽʦʯʘʩʪʦʪʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞ, ʱʦ ʩʧʨʦʱʫʻ ʪʘʢʽ ʦʧʝʨʘʮʽʾ, ʷʢ ʤʘʨʰʨʫʪʠʟʘʮʽʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʜʠʥʘʤʽʯʥʘ ʤʽʞʪʨʘʥʩʧʦʨʪʥʘ ʤʝʨʝʞʘ, 

ʚʽʜʦʤʘ ʷʢ ʪʨʘʥʩʧʦʨʪʥʘ ʤʝʨʝʞʘ (VANET). 

VANET ʩʧʨʷʤʦʚʘʥʽ, ʥʘʩʘʤʧʝʨʝʜ, ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʚ'ʷʟʢʫ ʤʽʞ ʨʽʟʥʠʤʠ 

ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ (V2V). ɺʦʥʠ ʤʘʶʪʴ ʛʽʙʨʠʜʥʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʧʦʻʜʥʫʻ 

ʩʧʦʥʪʘʥʥʽ ʤʝʨʝʞʽ, ʙʝʟʜʨʦʪʦʚʽ ʢʦʤʧ'ʶʪʝʨʥʽ ʤʝʨʝʞʽ ʪʘ ʩʪʽʣʴʥʠʢʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ (ɯʊʉ). ʇʨʠʟʥʘʯʝʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ VANET 

ʚʢʣʶʯʘʻ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʚʦʜʽʾʚ, ʥʘʜʘʶʯʠ ʤʦʞʣʠʚʦʩʪʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ 

ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ, ʦʙʤʽʥʫ ʦʥʦʚʣʝʥʥʷʤʠ, ʦʧʦʚʽʱʝʥʥʷ ʧʨʦ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ ʪʘ 

ʥʘʜʘʥʥʷ ʜʦʧʦʤʦʛʠ ʥʘ ʜʦʨʦʟʽ. 

ʇʣʘʥʫʻʪʴʩʷ, ʱʦ ʭʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ ʚʧʣʠʥʫʪʴ ʥʘ ʪʨʘʥʩʧʦʨʪʥʽ ʧʘʢʝʪʠ ʪʘ 

ʧʦʩʣʫʛʠ ʫ ʩʬʝʨʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. ʆʩʢʽʣʴʢʠ ʙʘʛʘʪʦ ʘʚʪʦʤʦʙʽʣʽʚ ʤʘʶʪʴ ʧʨʠʩʪʨʦʾ ʜʣʷ 

ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ, ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʽʥʪʝʛʨʘʮʽʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʝʨʝʞ, ʜʘʪʯʠʢʽʚ, 

ʙʦʨʪʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʭʤʘʨ. 

ʇʣʘʪʬʦʨʤʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʽʚ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʧʨʘʢʪʠʯʥʽ ʧʦʩʣʫʛʠ ʪʘ ʧʽʜʩʠʩʪʝʤʠ, ʪʘʢʽ ʷʢ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʪʨʘʬʽʢʫ, 

ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʧʦʩʣʫʛ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʚʣʘʩʥʽʩʪʴ, ʘʥʘʣʽʟ ʩʪʘʥʫ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʪʦʱʦ. ʍʤʘʨʥʽ ʦʙʯʠʩʣʝʥʥʷ ʚʢʣʶʯʘʶʪʴ ʧʣʘʪʬʦʨʤʫ ʷʢ ʧʦʩʣʫʛʫ (PaaS), 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʷʢ ʧʦʩʣʫʛʫ (IaaS) ʽ ʧʘʢʝʪ ʷʢ ʧʦʩʣʫʛʫ (SaaS). ɻʽʙʨʠʜʥʘ ʭʤʘʨʘ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʭʤʘʨʥʠʭ ʧʣʘʪʬʦʨʤ, ʜʝ 

ʢʨʠʪʠʯʥʽ ʩʝʨʚʽʩʠ ʨʦʟʤʽʱʫʶʪʴʩʷ ʥʘ ʧʝʨʩʦʥʘʣʴʥʠʭ ʭʤʘʨʘʭ, ʘ ʜʘʥʽ ʢʦʨʠʩʪʫʚʘʯʽʚ - 

ʥʘ ʧʫʙʣʽʯʥʠʭ [3]. 

ʊʘʢʩʦʥʦʤʽʷ ʜʣʷ ʭʤʘʨ, ʧʦʚ'ʷʟʘʥʠʭ ʟ VANET, ʚʢʣʶʯʘʻ ʭʤʘʨʠ ʚʽʢʪʠʤʽʟʘʮʽʾ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʪʨʘʥʩʧʦʨʪʥʽ ʭʤʘʨʠ ʪʘ ʛʽʙʨʠʜʥʽ ʭʤʘʨʠ. ʎʽ ʭʤʘʨʠ 

ʦʙ'ʻʜʥʫʶʪʴ ʧʨʠʩʪʨʦʾ, ʪʘʢʽ ʷʢ ʜʘʪʯʠʢʠ, ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʤʝʨʝʞ 

(ʙʝʟʜʨʦʪʦʚʘ ʩʝʥʩʦʨʥʘ ʤʝʨʝʞʘ, ʩʪʽʣʴʥʠʢʦʚʘ ʤʝʨʝʞʘ, ʩʫʧʫʪʥʠʢʦʚʘ ʤʝʨʝʞʘ) ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʚ'ʷʟʢʫ V2V ʪʘ V2I. 

ʄʝʪʦʶ ʧʣʘʪʬʦʨʤʠ ʻ ʥʘʜʘʥʥʷ ʪʠʤʯʘʩʦʚʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʙʝʟʧʝʯʥʠʭ ʧʦʩʣʫʛ 

ʯʝʨʝʟ ʭʤʘʨʠ, ʨʘʟʦʤ ʽʟ ʪʨʘʜʠʮʽʡʥʦʶ, ʪʠʤʯʘʩʦʚʦʶ ʪʘ ʢʦʨʦʪʢʦʞʠʚʫʯʦʶ ʭʤʘʨʘʤʠ. 

ʊʨʘʜʠʮʽʡʥʘ ʭʤʘʨʘ ʤʽʩʪʠʪʴ ʚʽʨʪʫʘʣʽʟʦʚʘʥʽ ʢʦʤʧ'ʶʪʝʨʠ ʜʣʷ SaaS, PaaS ʽ IaaS. 

ʊʠʤʯʘʩʦʚʘ ʭʤʘʨʘ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘ ʚʠʤʦʛʫ ʽ ʚʢʣʶʯʘʻ ʥʝʜʦʩʪʘʪʥʴʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʦʙʯʠʩʣʝʥʥʷ, ʤʝʨʝʞʽ ʪʘ ʩʭʦʚʠʱʘ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ 

ʪʨʘʜʠʮʽʡʥʦʾ ʭʤʘʨʠ. ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʪʨʘʜʠʮʽʡʥʠʤʠ ʪʘ ʪʠʤʯʘʩʦʚʠʤʠ ʭʤʘʨʘʤʠ 

ʜʦʟʚʦʣʷʻ ʦʙʤʽʥʶʚʘʪʠʩʷ ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʧʦʩʣʫʛʘʤʠ. ɯʥʪʝʛʨʦʚʘʥʽ ʧʨʠʩʪʨʦʾ IoT, 

ʤʝʨʝʞʽ ʪʘ ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ ʚʟʘʻʤʦʜʽʶʪʴ ʜʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ, ʩʧʽʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʚ ʭʤʘʨʘʭ. 
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ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʚʽʡʩʴʢʦʚʠʡ ʩʪʘʥ ʚ ʋʢʨʘʾʥʽ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʟʘʣʽʟʥʠʯʥʠʡ 

ʪʨʘʥʩʧʦʨʪ ʚʩʝ ʞ ʪʘʢʠ ʷʢ ʽ ʨʘʥʽʰʝ ʣʠʰʘʻʪʴʩʷ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʚʘʞʝʣʝʡ ʚ 

ʧʦʪʫʞʥʽʡ ʧʽʜʪʨʠʤʮʽ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ ʚ ʩʝʢʪʦʨʽ ʚʘʥʪʘʞʥʠʭ ʽ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʧʝʨʝʚʝʟʝʥʴ. ɺ ʮʝʡ ʩʫʚʦʨʠʡ ʯʘʩ ʜʦʚʦʣʽ ʛʦʩʪʨʦ ʧʦʩʪʘʶʪʴ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ  

ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʚʽʜ ʧʝʨʝʚʝʟʝʥʴ ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ. ʎʝ ʤʦʞʣʠʚʦ ʷʢ ʟʘ 

ʨʘʭʫʥʦʢ ʦʪʨʠʤʘʥʥʷ ʧʨʷʤʠʭ ʛʨʦʰʦʚʠʭ ʥʘʜʭʦʜʞʝʥʴ ʪʘʢ ʠ ʟʘ ʨʘʭʫʥʦʢ ʟʙʝʨʝʞʝʥʥʷ 

ʽʩʥʫʶʯʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʷʢʝ ʤʦʞʝ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʧʽʜʩʠʣʝʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʦʩʥʦʚʠ ʦʨʛʘʥʽʟʘʮʽʾ ʧʝʨʝʚʽʟʥʦʛʦ ʧʨʦʮʝʩʫ. ɼʦ ʮʴʦʛʦ ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʛʦʣʦʚʥʦʶ 

ʤʝʪʦʶ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʚʘʥʪʘʞʽʚ ʪʘ ʧʘʩʘʞʠʨʽʚ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʻ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʧʝʨʝʚʽʟʥʦʛʦ ʧʨʦʮʝʩʫ. ɼʘʥʽ, ʱʦ 

ʙʫʣʠ ʦʧʫʙʣʽʢʦʚʘʥʽ ʜʦ  ʚʠʥʠʢʥʝʥʥʷ ʙʦʡʦʚʠʭ ʜʽʡ ʥʘ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʥʘʰʦʾ ʢʨʘʾʥʠ 

[1] ʩʚʽʜʯʘʪʴ ʧʨʦ ʧʝʚʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʥʝʫʭʠʣʴʥʝ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʥʷ 

ʧʦ ʦʢʨʝʤʠʤ ʨʝʛʽʦʥʘʣʴʥʠʤ ʬʽʣʽʷʤ ʟʘʣʽʟʥʠʮʴ. 

ʈʘʟʦʤ ʽʟ ʧʦʟʠʪʠʚʥʠʤʠ ʪʝʥʜʝʥʮʽʷʤʠ ʚ ʨʦʢʠ, ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʚʽʡʩʴʢʦʛʦ 

ʢʦʥʬʣʽʢʪʫ, ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʥʝʛʘʪʠʚʥʘ ʪʝʥʜʝʥʮʽʷ ʚʠʢʦʥʘʥʥʷ ʦʩʥʦʚʥʠʢ ʷʢʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ. ʆʩʥʦʚʥʠʤ ʢʦʤʧʣʝʢʩʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʻ ʦʙʽʛ ʚʘʥʪʘʞʥʦʛʦ ʚʘʛʦʥʘ. 

ʊʝʥʜʝʥʮʽʷ ʟʤʽʥʠ ʦʙʽʛʫ ʚʘʛʦʥʘ ʫ ʚʽʜʩʦʪʢʘʭ ʜʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʢʫ ʷʩʢʨʘʚʦ ʦʧʠʩʫʻ 

ʩʢʣʘʜʥʽʩʪʴ ʩʠʪʫʘʮʽʾ, ʷʢʘ ʚʠʥʠʢʣʘ ʚ ʩʝʢʪʦʨʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ. 

ʎʽʣʢʦʤ ʧʨʠʨʦʜʥʴʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʟʘ ʯʘʩʽʚ ʦʟʙʨʦʻʥʦʛʦ ʢʦʥʬʣʽʢʪʫ 

ʩʠʪʫʘʮʽʷ ʩʫʪʪʻʚʦ ʟʘʛʦʩʪʨʠʣʘʩʷ. ɺ ʽʩʥʫʶʯʠʭ ʫʤʦʚʘʭ ʧʦʩʪʘʻ ʥʝʚʽʜʢʣʘʜʥʝ ʥʘʫʢʦʚʦ-

ʧʨʠʢʣʘʜʥʝ ʟʘʚʜʘʥʥʷ ʧʨʦʜʦʚʞʝʥʥʷ ʩʪʨʽʤʢʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʽʜʭʦʜʽʚ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʟʤʽʮʥʝʥʥʷ 

ʦʙʦʨʦʥʦʟʜʘʪʥʦʩʪʽ ʢʨʘʾʥʠ ʰʣʷʭʦʤ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ ʧʨʷʤʫʚʘʥʥʷ ʧʦʾʟʜʦʧʦʪʦʢʽʚ ʟʽ 

ʚʩʽʤʘ ʢʘʪʝʛʦʨʽʷʤʠ ʚʘʥʪʘʞʽʚ. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʭ ʥʘʧʨʷʤʢʽʚ ʪʘʢʦʛʦ ʧʦʜʭʦʜʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʟʘʩʦʙʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʚʽʟʥʠʤ ʧʨʦʮʝʩʦʤ. ɺ ʥʘʫʢʦʚʽʡ ʩʪʘʪʪʽ  

[2] ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʧʠʪʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʘʢʪʠʚʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʦʩʫʚʘʥʥʷ ʨʫʭʦʤʠʭ ʦʜʠʥʠʮʴ (ɸʄʇʈʆ) ʚ ʦʩʥʦʚʫ ʷʢʦʾ ʧʦʢʣʘʜʝʥʦ 

ʘʙʩʪʨʘʢʪʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʦʧʝʨʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ (ɸʄʆʇ). ɼʦʩʣʽʜʞʝʥʠʡ ʧʽʜʭʽʜ 
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ʜʦʟʚʦʣʠʚ ʦʧʝʨʘʪʠʚʥʦʤʫ ʜʠʩʧʝʪʯʝʨʩʴʢʦʤʫ ʘʧʘʨʘʪʫ ʝʬʝʢʪʠʚʥʦ ʨʝʛʫʣʶʚʘʪʠ ʨʫʭ 

ʧʦʟʜʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʧʽʜʪʚʝʨʜʠʚ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʡʦʛʦ ʘʧʨʦʙʘʮʽʾ, ʪʦʤʫ 

ʤʘʻ ʩʝʥʩ ʧʦʜʘʣʴʰʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʤʦʜʫʣʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʚʝʟʝʥʴ 

ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ ʩʘʤʝ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ. 

ɿ ʤʝʪʦʶ ʰʚʠʜʢʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʤʽʥʫ ʧʦʜʽʡ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʷʢ ʟʘʟʥʘʯʘʣʦʩʷ 

ʨʘʥʽʰʝ, ʙʫʜʝ ʟʘʩʪʦʩʦʚʘʥʦ ʤʦʜʠʬʽʢʘʮʽʶ ʤʦʚʠ ʧʦʾʟʥʠʭ ʩʠʪʫʘʮʽʡ (ʗʇʉ) ʫ ʚʠʛʣʷʜʽ 

ʘʙʩʪʨʘʢʪʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʧʝʨʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ (ɸʄʆʇ). ʉʘʤʝ ʮʝʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʰʚʠʜʢʫ ʨʝʘʣʽʟʘʮʽʶ ʘʣʛʦʨʠʪʤʽʚ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʦʧʝʨʘʪʠʚʥʠʤ ʧʝʨʩʦʥʘʣʦʤ ʧʨʠ ʧʦʪʫʞʥʽʡ ʧʽʜʪʨʠʤʮʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ɺ ʧʦʜʘʣʴʰʦʤʫ 
np
t  ʙʫʜʝ ʦʧʠʩʘʥʠʡ ʫ ʪʝʨʤʽʥʘʭ ɸʄʆʇ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ 

np
t  ʜʦʮʽʣʴʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʧʨʝʜʠʢʘʪʫ ʢʦʣʽʟʽʾ ʥʝʦʜʥʦʯʘʩʥʦʛʦ ʧʨʠʙʫʪʪʷ 

ʧʦʜʽʙʥʠʤ ʧʨʝʜʠʢʘʪʫ ʢʦʣʽʟʽʾ ʥʘʛʦʥʫ ʗʇʉ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʩʪʘʥʥʴʦʛʦ ʚʽʥ ʙʫʜʝ 

ʥʘʜʘʚʘʪʠ ʙʝʟʫʤʦʚʥʠʡ ʧʨʽʦʨʠʪʝʪ ʦʜʥʦʤʫ ʧʦʾʟʜʫ ʧʝʨʝʜ ʽʥʰʠʤ ʱʦʜʦ 

ʧʝʨʰʦʯʝʨʛʦʚʦʛʦ ʧʨʠʡʤʘʥʥʷ ʘʙʦ ʧʨʦ ʩʣʽʜʫʚʘʥʥʷ ʯʝʨʝʟ ʨʦʟʤʝʞʫʚʘʣʴʥʠʡ ʧʫʥʢʪ 

ʧʨʠ ʟʫʩʪʨʽʯʥʦʤʫ ʨʫʩʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʝʜʠʢʘʪ ʢʦʣʽʟʽʾ ʥʝʦʜʥʦʯʘʩʥʦʛʦ ʧʨʠʙʫʪʪʷ 

np
b  ʤʦʞʣʠʚʦ ʚʠʨʘʟʠʪʠ ʘʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʷʢ ʫ [3]:  

( )
njinp

tpp ,, ```b ,                                                      (1) 

ʜʝ `
i

p  - ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʧʦʾʟʜʘ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʚ ʙʽʢ ʨʦʟʤʝʞʫʚʘʣʴʥʦʛʦ 

ʧʫʥʢʪʫ ʟ ʥʝʧʘʨʥʦʛʦ ʥʘʧʨʷʤʢʫ; 
``

j
p  - ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ ʧʦʾʟʜʘ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʚ ʙʽʢ ʨʦʟʤʝʞʫʚʘʣʴʥʦʛʦ 

ʧʫʥʢʪʫ ʟ ʧʘʨʥʦʛʦ ʥʘʧʨʷʤʢʫ; 

n
t  - ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʦʜʽʾ (ʧʨʠʙʫʪʪʷ ʧʦʾʟʜʘ ʥʘ ʩʪʘʥʮʽʶ), ʛʦʜ. 

 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʘʙʩʪʨʘʢʪʥʘ ʤʦʜʝʣʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠʙʫʪʪʷ 

ʧʦʾʟʜʽʚ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʽʚ ʥʘ ʨʦʟʤʝʞʫʚʘʣʴʥʠʡ ʧʫʥʢʪ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

( ) ( )()() ( )()()
` `` ` ``, , &np i j n i n j np p t p s t p s tb c t c tÍ Í¶ ¶

Ý ,                             (2) 

 

ʜʝ cÍ - ʚʽʜʥʦʩʥʘ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʜʽʶ ʟʥʘʭʦʜʞʝʥʥʷ ʧʝʚʥʦʛʦ ʦʙôʻʢʪʫ ʥʘ 

ʚʠʟʥʘʯʝʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽʡ ʩʢʣʘʜʦʚʽʡ (ʩʪʘʥʮʽʷ, ʢʦʣʽʷ, ʧʝʨʝʛʽʥ); 

s - ʧʦʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʟʘʣʽʟʥʠʯʥʦʛʦ ʧʽʜʨʦʟʜʽʣʫ (ʟʘʣʽʟʥʠʯʥʘ ʩʪʘʥʮʽʷ); 

()()ntt
¶

 - ʯʘʩʦʚʘ ʚʽʜʥʦʩʥʘ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʜʽʡʩʥʝʥʥʷ ʧʦʜʽʾ ʚ ʤʦʤʝʥʪ 

ʯʘʩʫ nt .   

ʗʢ ʽ ʫ ʚʠʧʘʜʢʫ ʥʘʚʝʜʝʥʦʤʫ ʚ ʨʦʙʦʪʽ [3] ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʦʜʘʣʴʰʘ 

ʤʦʜʠʬʽʢʘʮʽʭ ʜʘʥʦʛʦ ʚʠʨʘʟʫ ʜʦʟʚʦʣʷʪʴ ʚ ʨʝʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʯʘʩʫ ʘʜʝʢʚʘʪʥʦ 

ʚʽʜʪʚʦʨʶʚʘʪʠ ʪʘ ʢʦʨʝʛʫʚʘʪʠ ʧʦʾʟʥʠʡ ʩʪʘʥ ʥʘ ʜʽʣʴʥʠʮʽ. ʇʨʠ ʮʴʦʤʫ ʚ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ [3] ʦʩʥʦʚʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʨʦʟʤʝʞʫʚʘʣʴʥʠʤ ʧʫʥʢʪʘʤ, 

ʱʦ ʥʘʜʘʩʪʴ ʨʦʟʰʠʨʝʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʜʦ ʤʽʪʪʻʚʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʙʫʜʫʪʴ 
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ʛʝʥʝʨʫʚʘʪʠʩʷ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ ʧʦʾʟʥʦʛʦ ʜʠʩʧʝʪʯʝʨʘ ʘʙʦ ʯʝʨʛʦʚʦʛʦ ʧʦ ʩʪʘʥʮʽʾ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʪʴ ʤʽʥʽʤʽʟʫʚʘʪʠ ʯʘʩ ʥʘ ʧʨʠʡʥʷʪʪʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ, 

ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʝ ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʧʨʠʩʦʨʝʥʥʷ ʦʙʽʛʫ ʚʘʥʪʘʞʥʦʛʦ ʚʘʛʦʥʫ ʪʘ 

ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ ʟʘʣʽʟʥʠʯʥʭ ʧʝʨʝʚʝʟʝʥʴ.   
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Abstract. The information technology of data fusion for complex multifactorial 

systems based on the neuro-fuzzy approach is considered. The use of soft sensors 

allows to reduce the uncertainty or ambiguity of the data and improves the resolution 

when defining situations. 

 

The task of control is related to the need to define a complete set of variables to 

describe the state and take into account the properties of the object. An essential 

feature of real-time systems is the complexity of quantitative assessment of object 

parameters, value variations in different situations and conditions. The parameters 

depend on many factors, which significantly complicate the model, increase the 

dimensionality, and the refinement of the model turns out to be impossible due to 

insufficient accuracy or immeasurable parameters. At the same time, unaccounted for 

effects can significantly affect the dynamics of the object, and the included inaccurate 

data can worsen the quality of control. 

An unambiguously defined list of influencing indicators usually does not exist 

due to the lack of clear knowledge about their number, evaluative ability and 

reliability of these indicators. There are also no criteria by which the optimal set of 

values should be selected. 

The state of a dynamic object at any moment is a point in the n -dimensional 

space of possible combinations of factors, the number of which is unlimited. The size 

of the system state space is determined by the number of possible configurations, and 

with a large number of factors it becomes infinite. The current state, which is the 

result of multifactorial interaction, cannot be described and recognized with absolute 

precision. At a moment, the state of the object can be specified by a n -dimensional 
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vector )...,,,( 21 nt aaaq =
C

 in the infinite space of possible states that is at the input of the 

control system. 

In conditions of incomplete certainty, situational awareness is formed from many 

independent sources. State assessment is based on data fuzziness. Some properties 

that are unmeasured can be replaced by proxy variables that correlate with exposure 

through other data based on the effects they exert. Achieving the aim of control 

requires knowledge of the relationships between influencing factors. For a more 

accurate definition, the properties of data complementarity and integration between 

parameters should be taken into account. This interaction requires a change in the 

processing of input data. 

Neuro-fuzzy modeling is a data processing method using intelligent technologies 

for modeling human thinking and decision-making. It is a modern approach based on 

approximations and flexibility. It is created with the help of two elements ï 

adaptability and knowledge. Fuzzy logic describes the mechanism of logical 

inference under incomplete certainty, and the neural network provides training and 

adaptation of the model. The state of the object to predict the dynamics is determined 

programmatically by combining measurements of the object parameters, environment 

and linguistic description using special algorithms, creating so-called soft sensors. 

Technically, this is not a special method of combining sensors; intelligent methods 

based on neural networks allow combining and processing information from many 

sources. 

Non-interacting factors 
1a , 

2a , é, na , the limits of which are the intervals 

determined by the selected membership functions to a separate area )( iA a
i

m , for a 3-

dimensional composite input variable are graphically presented in Figure 1. 

 

 
 

Fig. 1 ï Granule of information on a certain property of the object 

 

The current state of the control object is evaluated using fuzzy rules of the 

knowledge base, which form a fuzzy decision area. Situations can be modeled using 

various merge operators. By applying the algebraic or logical product operator 

)(...)()(),...,,( 221122 nniiin aAaAaAaaaA ³³³=  



 

106 

the configuration area of the possible values of the integral parameter is the best 

description of the current state. Separation of emerging situations occurs according to 

a fuzzy algorithm, the task of which is to classify objects given by feature vectors in 

an infinite space to determine the strength of the controlling influence. 

Conclusion. Data fusion reduces the uncertainty or ambiguity of data and 

improves resolution when defining situations. At the same time, the dimensionality of 

the input data vector of the neural network decreases. Information technologies using 

a set of modern means and methods of data collection, storage and processing 

provide an opportunity to manage, ensuring high quality. 
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D.O. Kulova, PhD (Tech.), Chantsev D.S. 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʫ [1] IES ISO 31010: 2009 Risk management ï Risk 

assessment techniques, ʘ ʩʘʤʝ ʡʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʚʽʜʧʦʚʽʜʥʠʢʘ ɼʉʊʋ IEC/ISO 

31010:2013 (IEC/ISO 31010:2009, IDT. ʂʝʨʫʚʘʥʥʷ ʨʠʟʠʢʦʤ. ʄʝʪʦʜʠ  ʟʘʛʘʣʴʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ) ʟʘʛʘʣʴʥʝ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ï ʮʝ ʩʧʽʣʴʥʠʡ ʧʨʦʮʝʩ 

ʽʜʝʥʪʠʬʽʢʫʚʘʥʥʷ ʨʠʟʠʢʫ, ʘʥʘʣʽʟʫʚʘʥʥʷ ʨʠʟʠʢʫ ʪʘ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ. ɿʘʛʘʣʴʥʝ 

ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʤʦʞʥʘ ʧʨʦʚʘʜʠʪʠ ʥʘ ʨʽʚʥʽ ʦʨʛʘʥʽʟʘʮʽʾ, ʥʘ ʨʽʚʥʽ ʧʽʜʨʦʟʜʽʣʽʚ, 

ʩʪʦʩʦʚʥʦ ʧʨʦʝʢʪʽʚ, ʦʢʨʝʤʠʭ ʚʠʜʽʚ ʜʽʷʣʴʥʦʩʪʽ ʘʙʦ ʢʦʥʢʨʝʪʥʠʭ ʨʠʟʠʢʽʚ. ʈʽʟʥʠʤ 

ʦʪʦʯʝʥʥʷʤ ʤʦʞʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʨʽʟʥʽ ʟʘʩʦʙʠ ʪʘ ʤʝʪʦʜʠʢʠ. 

ɿʘʛʘʣʴʥʝ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʜʘʻ ʟʤʦʛʫ ʪʠʤ, ʭʪʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʩʪʦʨʦʥʘʤ ʢʨʘʱʝ ʨʦʟʫʤʽʪʠ ʨʠʟʠʢʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ 

ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ, ʘʜʝʢʚʘʪʥʽʩʪʴ ʪʘ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʟʘʧʨʦʚʘʜʞʝʥʠʭ ʟʘʩʦʙʽʚ 

ʢʦʥʪʨʦʣʶʚʘʥʥʷ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʦʩʥʦʚʫ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʥʘʡʙʽʣʴʰ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʦʙʨʦʙʣʷʥʥʷ ʨʠʟʠʢʽʚ. ɺʠʭʽʜʥʽ ʜʘʥʽ ʟʘʛʘʣʴʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ï ʮʝ ʚʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʧʨʦʮʝʩʽʚ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ 

ʦʨʛʘʥʽʟʘʮʽʾ. ɼʘʥʠʡ ʢʦʥʮʝʧʪʫʘʣʴʥʠʡ ʧʽʜʭʽʜ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʫʚʘʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪʽ, 

ʟʦʢʨʝʤʘ ʽ ʟʘʣʽʟʥʠʯʥʦʤʫ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ, ʘ ʩʘʤʝ ʥʘʩʪʘʥʥʷ 

ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʚ ʨʝʟʫʣʴʪʘʪʽ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ. 

ɺ ʩʪʘʥʜʘʨʪʽ ʦʧʠʩʘʥʦ 31 ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻʪʴʩʷ 

ʥʘ ʫʚʘʟʽ ʚʞʝ ʥʝ ʟʘʛʘʣʴʥʝ ʦʮʽʥʶʚʘʥʥʷ, ʘ ʡʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʟ ʤʝʪʦʶ ʝʬʝʢʪʠʚʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ ï ʤʽʥʽʤʽʟʘʮʽʾ. 
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ɺʩʽ ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʫʤʦʚʥʦ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʢʽʣʴʢʽʩʥʽ ʪʘ ʷʢʽʩʥʽ [2]. 

ʗʢʽʩʥʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʚʝʩʪʠ ʚ ʢʽʣʴʢʽʩʥʽ ʥʘ ʦʩʥʦʚʽ 

ʙʘʣʴʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʽ ʚʠʤʽʨʷʪʠ ʚʝʣʠʯʠʥʫ ʨʠʟʠʢʫ. ʊʘʢʦʞ ʾʭ ʱʝ ʥʘʟʠʚʘʶʪʴ 

ʧʩʝʚʜʦʢʽʣʴʢʽʩʥʠʤʠ ʤʝʪʦʜʘʤʠ ʘʙʦ ʥʝʬʦʨʤʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʆʜʥʠʤ ʟ 

ʥʘʡʚʽʜʦʤʽʰʠʭ ʷʢʽʩʥʠʭ ʤʝʪʦʜʽʚ ï ʻ ʄʝʪʦʜ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ, ʘʙʦ ʱʝ ʡʦʛʦ 

ʥʘʟʠʚʘʶʪʴ ʄʝʪʦʜ ɼʝʣʬʽ.  ʗʢʽʩʥʽ ʤʝʪʦʜʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʨʘʢʪʠʯʥʦʤʫ ʜʦʩʚʽʜʽ, 

ʥʘʢʦʧʠʯʝʥʠʭ ʟʥʘʥʥʷʭ, ʘ ʯʘʩʪʦ ʽ ʥʘ ʽʥʪʫʾʮʽʾ ʝʢʩʧʝʨʪʽʚ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʛʘʣʫʟʷʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʦʮʽʥʢʠ ʻ ʩʫʙ'ʻʢʪʠʚʥʠʤʠ. ʆʜʥʘʢ, ʘʥʘʣʽʟ ʟʘ ʦʮʽʥʢʦʶ 

ʜʦʩʚʽʜʯʝʥʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʧʨʦʙʣʝʤʠ, ʚʠʷʚʠʪʠ 

ʥʘʡʚʘʞʣʠʚʽʰʽ ʬʘʢʪʦʨʠ ʪʘ ʤʦʞʣʠʚʽ ʨʽʰʝʥʥʷ, ʧʽʜʛʦʪʦʚʢʫ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʬʦʨʤʘʣʽʟʘʮʽʾ ʽ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. 

ʂʽʣʴʢʽʩʥʽ ʤʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʘʙʦ ʽʤʦʚʽʨʥʽʩʥʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʦʙʨʦʙʮʽ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʪʘ ʥʘ ʦʩʥʦʚʽ ʦʙʨʘʭʫʥʢʫ ʽʤʦʚʽʨʥʦʩʪʽ ʧʦʜʽʡ. ɼʘʥʽ ʤʝʪʦʜʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʢʦʣʠ ʰʣʷʭʦʤ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘʢʦʧʠʯʝʥʦ ʜʦʩʪʘʪʥʽ ʦʙʩʷʛʠ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʽ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʨʠʟʠʢʫ. 

ɺ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʾ ʩʠʪʫʘʮʽʾ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʦʤʙʽʥʘʮʽʷ ʷʢʽʩʥʠʭ ʽ 

ʢʽʣʴʢʽʩʥʠʭ ʤʝʪʦʜʽʚ ʽ ʮʝ ʤʘʻ ʜʝʢʽʣʴʢʘ ʧʨʠʯʠʥ: 

ï ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ: ʂʦʤʙʽʥʫʚʘʥʥʷ ʷʢʽʩʥʠʭ ʽ ʢʽʣʴʢʽʩʥʠʭ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʧʦʚʥʝ ʽ ʦʙ'ʻʢʪʠʚʥʝ ʨʦʟʫʤʽʥʥʷ ʨʠʟʠʢʫ. ʗʢʽʩʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ 

ʚʠʷʚʠʪʠ ʤʦʞʣʠʚʽ ʟʘʛʨʦʟʠ ʪʘ ʥʝʦʯʝʚʠʜʥʽ ʘʩʧʝʢʪʠ, ʪʦʜʽ ʷʢ ʢʽʣʴʢʽʩʥʽ ʤʝʪʦʜʠ 

ʜʦʟʚʦʣʷʶʪʴ ʯʠʩʝʣʴʥʦ ʦʮʽʥʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʽ ʚʧʣʠʚ ʨʠʟʠʢʽʚ; 

ï ʜʦʜʘʪʢʦʚʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ: ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʙʦʭ ʪʠʧʽʚ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʨʠʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ʗʢʽʩʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʢʦʨʠʩʥʽ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʦʚʠʭ ʨʠʟʠʢʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʦʧʫʱʝʥʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʣʠʰʝ ʢʽʣʴʢʽʩʥʠʭ ʤʝʪʦʜʽʚ; 

ï ʘʜʘʧʪʘʮʽʷ ʜʦ ʦʙʤʝʞʝʥʴ ʜʘʥʠʭ: ʋ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʦʙʤʝʞʝʥʘ ʜʦʩʪʫʧʥʽʩʪʴ 

ʢʽʣʴʢʽʩʥʠʭ ʜʘʥʠʭ, ʷʢʽʩʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʢʽʣʴʢʽʩʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʫ ʪʦʯʥʽʰʦʤʫ 

ʚʠʤʽʨʶʚʘʥʥʽ ʨʠʟʠʢʽʚ ʪʘʤ, ʜʝ ʻ ʚʽʜʧʦʚʽʜʥʘ ʢʽʣʴʢʽʩʥʘ ʽʥʬʦʨʤʘʮʽʷ; 

ï ʢʨʘʱʝ ʨʦʟʫʤʽʥʥʷ ʢʦʥʪʝʢʩʪʫ: ʂʦʤʙʽʥʫʚʘʥʥʷ ʦʙʦʭ ʪʠʧʽʚ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʙʽʣʴʰʝ ʢʦʥʪʝʢʩʪʫʘʣʴʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʨʠʟʠʢʽʚ.  

ï ʣʝʛʢʽʩʪʴ ʚ ʫʟʛʦʜʞʝʥʥʽ: ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʤʦʞʝ ʙʫʪʠ 

ʣʝʛʰʝ ʫʟʛʦʜʠʪʠ ʤʽʞ ʨʽʟʥʠʤʠ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ ʪʘ ʝʢʩʧʝʨʪʘʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʤʝʞʘʭ ʩʚʦʻʾ ʝʢʩʧʝʨʪʥʦʾ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰʫ ʧʦʚʥʦʪʫ ʪʘ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʨʠ ʘʥʘʣʽʟʽ ʨʠʟʠʢʽʚ ʫ ʨʽʟʥʠʭ ʢʦʥʪʝʢʩʪʘʭ. 
 

[1] ɼʉʊʋ IEC/ISO 31010:2013 (IEC/ISO 31010:2009, IDT. ʂʝʨʫʚʘʥʥʷ ʨʠʟʠʢʦʤ. ʄʝʪʦʜʠ  ʟʘʛʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʨʠʟʠʢʫ. ʄʽʥʝʢʦʥʦʤʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ. ʂʠʾʚ, 2015. 73 ʩ.  

[2] ɼʘʥʴʢʦ ʅ., ʊʝʣʠʯʢʦ ʂ., ʆʮʽʥʢʘ ʨʠʟʠʢʽʚ. ʄʝʪʦʜ ʌʘʡʥʘ ʽ ʂʽʥʥʽ. ʆʭʦʨʦʥʘ ʧʨʘʮʽ ʽ ʧʦʞʝʞʥʘ ʙʝʟʧʝʢʘ. 2018. ˉ 3 

(87). ʉ. 16-22. 
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ʊʝʭʥʽʯʥʽ (ʟʦʢʨʝʤʘ ʩʦʨʪʫʚʘʣʴʥʽ) ʩʪʘʥʮʽʾ ʷʢ ʩʢʣʘʜʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ 

ʧʨʠʡʥʷʪʦ ʨʦʟʛʣʷʜʘʪʠ ʯʝʨʝʟ ʤʥʦʞʠʥʫ ʬʫʥʢʮʽʦʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʽʥʽʡ: 

ʦʙʨʦʙʢʠ ʽ ʧʨʦʧʫʩʢʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ, ʪʨʘʥʟʠʪʥʠʭ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ, 

ʨʦʟʬʦʨʤʫʚʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʩʢʣʘʜʽʚ, ʧʝʨʝʨʦʙʢʠ ʤʽʩʮʝʚʠʭ ʚʘʛʦʥʽʚ. 

ʂʦʞʥʘ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʣʽʥʽʡ ʬʫʥʢʮʽʦʥʫʻ ʚ ʫʤʦʚʥʠʭ ʤʝʞʘʭ ʽ, ʨʘʟʦʤ ʟ ʪʠʤ, 

ʚʟʘʻʤʦʜʽʻ ʟ ʽʥʰʠʤʠ ʣʽʥʽʷʤʠ. ʇʨʦʮʝʩ ʻ ʩʪʦʭʘʩʪʠʯʥʠʤ, ʦʩʢʽʣʴʢʠ ʪʨʠʚʘʣʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʟ ʦʙʨʦʙʢʠ ʧʦʾʟʜʽʚ ʪʘ ʚʘʛʦʥʽʚ ʻ ʽʤʦʚʽʨʥʽʩʥʦʶ. ʂʨʽʤ ʪʦʛʦ, 

ʥʘ ʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʽʥʽʡ ʽ ʚʩʽʻʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʟʥʘʯʥʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʚʭʽʜʥʠʭ ʧʦʪʦʢʽʚ, ʷʢʽ ʫ 

ʙʽʣʴʰʦʩʪʽ ʧʽʜʧʦʨʷʜʢʦʚʘʥʽ ʝʢʩʧʦʥʝʥʮʽʡʥʦʤʫ (ʘʙʦ ʛʘʤʤʘ) ʨʦʟʧʦʜʽʣʫ ʟ ʚʘʨʽʘʮʽʻʶ 

ʙʣʠʟʴʢʦ 100%. 

ʊʘʢʠʡ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ ʫ ʢʦʤʧʣʝʢʩʽ ʚʘʞʢʦ, ʘ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ 

ʥʝʤʦʞʣʠʚʦ, ʜʦʩʣʽʜʞʫʚʘʪʠ ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʦʩʢʽʣʴʢʠ ʙʽʣʴʰʽʩʪʴ ʬʫʥʢʮʽʡ 

ʻ ʥʝʘʥʘʣʽʪʠʯʥʠʤʠ, ʘ ʤʥʦʞʠʥʘ ʚʩʽʭ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʧʝʨʝʚʠʱʫʚʘʪʠʤʝ ʜʝʩʷʪʢʠ 

ʪʠʩʷʯ. ʆʜʥʠʤ ʟ ʥʝʙʘʛʘʪʴʦʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʪʘʢʠʭ ʩʠʪʫʘʮʽʷʭ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʦʯʘʪʢʦʤ ʨʦʟʨʦʙʢʠ ʙʫʜʴ-ʷʢʦʾ ʤʦʜʝʣʽ ʻ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʾ ʮʽʣʝʡ, ʥʘʙʦʨʫ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʦʙʤʝʞʝʥʴ. ɼʣʷ 

ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ, ʢʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʠʤ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʠʥʮʠʧʫ (ʧʦʨʷʜʢʫ) 

ʽʤʽʪʘʮʽʾ ʪʘ ʟʙʦʨʫ ʽ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ [1]ï[3]. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʣʽʥʽʾ ʟ ʦʙʨʦʙʢʠ ʪʨʘʥʟʠʪʥʠʭ ʧʦʾʟʜʽʚ (ʽʟ ʟʤʽʥʦʶ 

ʣʦʢʦʤʦʪʠʚʘ ʪʘ ʙʝʟ ʟʤʽʥʠ ʤʘʩʠ ʡ ʜʦʚʞʠʥʠ ʩʢʣʘʜʫ) ʚʝʩʴ ʧʨʦʮʝʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʦʜʥʽʻʾ ʟʘʷʚʢʠ (ʦʙʨʦʙʢʠ ʪʨʘʥʟʠʪʥʦʛʦ ʧʦʾʟʜʘ) ʤʦʞʥʘ ʫʤʦʚʥʦ ʧʦʜʽʣʠʪʠ ʥʘ ʪʘʢʽ 

ʝʣʝʤʝʥʪʠ: 

1) ʧʨʠʙʫʪʪʷ ʧʦʾʟʜʘ ʽʟ ʟʘʡʥʷʪʪʷʤ ʚʭʽʜʥʦʾ ʛʦʨʣʦʚʠʥʠ ʪʨʘʥʟʠʪʥʦʛʦ ʧʘʨʢʫ; 

2) ʦʧʝʨʘʮʽʾ ʟ ʦʛʦʨʦʜʞʝʥʥʷ ʩʢʣʘʜʫ, ʚʽʜʯʝʧʣʝʥʥʷ ʧʦʾʟʥʦʛʦ ʣʦʢʦʤʦʪʠʚʘ, 

ʧʝʨʝʜʘʯʽ ʧʝʨʝʚʽʟʥʠʭ ʜʦʢʫʤʝʥʪʽʚ; 

3) ʪʝʭʥʽʯʥʠʡ ʪʘ ʢʦʤʝʨʮʽʡʥʠʡ ʦʛʣʷʜ; 

4) ʧʨʠʯʝʧʣʝʥʥʷ ʧʦʾʟʥʦʛʦ ʣʦʢʦʤʦʪʠʚʘ; 

5) ʚʽʜʧʨʘʚʣʝʥʥʷ ʟʘ ʥʘʡʙʣʠʞʯʦʶ ʚʽʣʴʥʦʶ ʥʠʪʢʦʶ ʛʨʘʬʽʢʘ. 
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ɺʩʽ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʦʧʝʨʘʮʽʡ ʚʠʢʦʥʫʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ ʧʦʩʪʫʧʦʚʠʤ ʧʝʨʝʭʦʜʦʤ 

ʟʘʷʚʢʠ ʤʽʞ ʬʘʟʘʤʠ (ʝʣʝʤʝʥʪʘʤʠ) ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʅʘ 

ʧʨʘʢʪʠʮʽ ʢʦʞʥʘ ʦʧʝʨʘʮʽʷ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦʯʠʥʘʻʪʴʩʷ ʥʝ ʚʽʜʨʘʟʫ, ʘ ʪʽʣʴʢʠ ʧʽʩʣʷ 

ʛʦʪʦʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʩʣʫʞʙ ʘʙʦ ʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʊʦʤʫ ʩʫʪʪʻʚʦʶ 

ʯʘʩʪʠʥʦʶ ʙʫʜʴ-ʷʢʦʾ ʦʙʨʦʙʢʠ ʟʘʷʚʢʠ ʫ ʟʘʣʽʟʥʠʯʥʽʡ ʉʄʆ ʻ ʩʫʢʫʧʥʠʡ ʧʨʦʩʪʽʡ ʚ 

ʦʯʽʢʫʚʘʥʥʽ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ [4]ï[6]. 

ʇʨʦʮʝʩ ʽʤʽʪʘʮʽʾ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʧʦʾʟʜʽʚ, ʙʫʜʝ 

ʷʚʣʷʪʠ ʩʦʙʦʶ ʧʦʩʪʫʧʦʚʠʡ ʧʝʨʝʭʽʜ ʟʘʷʚʢʠ ʯʝʨʝʟ ʧʨʦʛʨʘʤʥʽ ʙʣʦʢʠ ʦʜʥʦʛʦ ʟ 

ʚʽʣʴʥʠʭ ʢʘʥʘʣʽʚ. ʂʦʞʥʠʡ ʟ ʙʣʦʢʽʚ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʽʡ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʦʧʝʨʘʮʽʾ. ʏʘʩ 

ʧʝʨʝʙʫʚʘʥʥʷ ʫ ʢʦʞʥʦʤʫ ʟ ʙʣʦʢʽʚ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʯʘʩʫ (ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʘʙʦ 

ʨʦʟʨʘʭʦʚʘʥʦʤʫ) ʪʨʠʚʘʣʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ. ʄʝʞʘ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʫ ʤʽʞ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʤʦʤʝʥʪʫ ʧʝʨʝʭʦʜʫ 

ʟʘʷʚʢʠ ʽʟ ʦʜʥʦʛʦ ʙʣʦʢʘ ʚ ʽʥʰʠʡ (ʨʠʩ. 1).  

 

 
ʈʠʩ. 1 ï ɼʠʩʢʦʨʝʪʥʦ-ʧʦʜʽʻʚʠʡ ʧʝʨʝʭʽʜ ʚʠʤʦʛʠ ʯʝʨʝʟ ʝʣʝʤʝʥʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ 

ʊʘʢʠʡ ʧʨʠʥʮʠʧ ʜʦʟʚʦʣʷʻ ʧʨʦʛʨʘʤʥʦ ʬʽʢʩʫʚʘʪʠ ʤʦʤʝʥʪ ʚʭʦʜʫ ʟʘʷʚʢʠ ʫ ʙʣʦʢ 

ʧʨʦʛʨʘʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʧʦʯʘʪʢʫ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ, ʽ 

ʤʦʤʝʥʪ ʚʠʭʦʜʫ ʟʘʷʚʢʠ ʟ ʙʣʦʢʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʟʘʚʝʨʰʝʥʥʶ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʦʧʝʨʘʮʽʾ. ʇʦ ʩʫʪʽ, ʟʙʽʨ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʧʦʣʷʛʘʻ ʫ ʬʽʢʩʫʚʘʥʥʽ ʤʦʤʝʥʪʽʚ ʧʝʨʝʭʦʜʫ 

ʟʘʷʚʦʢ ʤʽʞ ʧʝʚʥʠʤʠ ʙʣʦʢʘʤʠ (ʤʽʞ ʬʘʟʘʤʠ ʦʙʨʦʙʢʠ ʩʢʣʘʜʽʚ ʧʦʾʟʜʽʚ), ʱʦ ʫ 

ʧʦʜʘʣʴʰʦʤʫ ʜʦʟʚʦʣʠʪʴ ʦʙʨʦʙʠʪʠ ʜʘʥʽ, ʚʠʟʥʘʯʠʪʠ ʽʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʪʘ 

ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʣʽʟʥʠʯʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ. ʊʨʠʚʘʣʽʩʪʴ 

ʟʥʘʭʦʜʞʝʥʥʷ ʟʘʷʚʢʠ ʫ ʧʝʚʥʦʤʫ ʙʣʦʮʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʨʽʟʥʠʮʷ ʤʦʤʝʥʪʽʚ 

ʚʭʦʜʞʝʥʥʷ ʫ ʥʘʩʪʫʧʥʠʡ ʙʣʦʢ ʪʘ ʤʦʤʝʥʪʫ ʚʭʦʜʞʝʥʥʷ ʟʘʷʚʢʠ ʫ ʨʦʟʨʘʭʫʥʢʦʚʠʡ 

ʙʣʦʢ 

 

dalay in,unit 1 in,unit , ʧʨʠ 1, 2, ..., ,z z zt t t z m+D = - =    (1) 

 

ʜʝ zt unitin,  ï ʤʦʤʝʥʪ ʚʭʦʜʞʝʥʥʷ ʟʘʷʚʢʠ ʫ ʙʣʦʢ z; 1unitin, +zt  ï ʤʦʤʝʥʪ ʚʭʦʜʞʝʥʥʷ 

ʟʘʷʚʢʠ ʫ ʙʣʦʢ z+1. ɼʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʩʧʽʚʧʘʜʘʻ ʽʟ ʤʦʤʝʥʪʦʤ ʚʠʭʦʜʫ ʟʘʷʚʢʠ ʽʟ 

ʙʣʦʢʘ z. 

ʆʜʥʠʤ ʟ ʥʝʙʘʛʘʪʴʦʭ ʤʝʪʦʜʽʚ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʩʢʣʘʜʥʠʭ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʟʘʣʽʟʥʠʯʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤʘʭ ʻ ʽʤʽʪʘʮʽʡʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʽʥʽʡ 
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ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʡ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ ʻ ʜʠʩʢʨʝʪʥʦ-ʧʦʜʽʻʚʠʡ 

ʩʧʦʩʽʙ, ʧʨʠ ʷʢʦʤʫ ʧʨʦʮʝʩ ʽʤʽʪʘʮʽʾ ʦʙʨʦʙʢʠ ʧʦʾʟʜʽʚ ʙʫʜʝ ʷʚʣʷʪʠ ʧʦʩʪʫʧʦʚʠʡ 

ʧʝʨʝʭʽʜ ʟʘʷʚʢʠ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʛʨʘʤʥʽ ʙʣʦʢʠ. ɿʘʪʨʠʤʘʥʥʷ ʟʘʷʚʦʢ ʫ ʙʣʦʢʘʭ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʯʘʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʨʠʚʘʣʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʾ. ʊʘʢʠʡ 

ʧʨʠʥʮʠʧ ʜʦʟʚʦʣʷʻ ʧʨʦʛʨʘʤʥʦ ʬʽʢʩʫʚʘʪʠ ʤʦʤʝʥʪ ʚʭʦʜʫ ʟʘʷʚʢʠ ʫ ʙʣʦʢ ʧʨʦʛʨʘʤʠ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʧʦʯʘʪʢʫ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ, ʽ ʤʦʤʝʥʪ ʚʠʭʦʜʫ 

ʟʘʷʚʢʠ ʟ ʙʣʦʢʘ, ʱʦ ʻ ʟʘʚʝʨʰʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ.  
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ɹʝʟʧʝʢʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʻ ʮʝʥʪʨʘʣʴʥʠʤ ʩʠʩʪʝʤʦ ʫʪʚʦʨʶʶʯʠʤ ʬʘʢʪʦʨʦʤ 

ʜʽʷʣʴʥʦʩʪʽ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ. ʉʝʨʝʜ ʜʝʚôʷʪʠ ʛʦʩʧʦʜʘʨʩʪʚ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ (ʜʘʣʽ ï ɿʊ), ʷʢʽ ʫʙʝʟʧʝʯʫʶʪʴ ʨʫʭ ʧʦʾʟʜʽʚ, ʻ 

ʦʜʥʝ, ʜʣʷ ʷʢʦʛʦ ʮʝ - ʤʝʪʘ ʡʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʄʦʚʘ ʡʜʝ ʧʨʦ ʛʦʩʧʦʜʘʨʩʪʚʦ 
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ʩʠʛʥʘʣʽʟʘʮʽʾ ʪʘ ʟʚôʷʟʢʫ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ɿʊ. ʊʝʦʨʝʪʠʯʥʦʶ ʙʘʟʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ 

ʩʪʘʣʠ ʄʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʧʨʠʭʦʚʘʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ (ʄʉɿ) ʪʘ 

ʧʦʣʦʞʝʥʥʷ ʪʝʦʨʽʾ ʨʠʟʠʢʽʚ, ʟʛʽʜʥʦ ʟ ʧʨʦʚʝʜʝʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʚ [1]. ʄʉɿ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʧʦʩʽʙ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʦʥʷʪʪʷ ʥʦʨʤʠ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʄʉɿ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ 

ʫʙʝʟʧʝʯʝʥʥʷ ʨʫʭʫ ʧʦʾʟʜʽʚ. ʈʦʟʛʣʷʥʝʤʦ ʢʦʨʦʪʢʦ ʟʤʽʩʪ ʙʣʦʢʽʚ ʪʘ ʾʭ ʚʭʦʜʽʚ/ʚʠʭʦʜʽʚ, 

ʱʦ ʢʦʤʧʣʝʢʩʥʦ ʬʦʨʤʫʶʪʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʧʽʜʩʠʩʪʝʤʫ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ, ʘʙʦ ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ - ʽʥʪʝʣʝʢʪʫʘʣʴʥʝ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ 

ʨʦʙʦʯʝ ʤʽʩʮʝ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʥʦʤ ʨʦʙʦʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʧʨʠʣʘʜʽʚ ʙʝʟʧʝʢʠ ʚ 

ʫʤʦʚʘʭ ʩʣʫʞʙʠ ʩʠʛʥʘʣʽʟʘʮʽʾ ʟʘʣʽʟʥʠʮʽ. 

 

  
ʈʠʩ. 1. ʉʭʝʤʘ ʄʉɿ ʚ ʫʧʨʘʚʣʽʥʥʽ ʥʘ ʦʩʥʦʚʽ ʥʦʨʤʠ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ  

 

ɺʭʽʜʥʠʡ ʩʠʛʥʘʣ çɺʽʜʤʦʚʘè - ʥʘʷʚʥʽʩʪʴ ʪʘ ʬʽʢʩʘʮʽʷ ʟʙʦʾʚ/ʧʦʨʫʰʝʥʴ ʚ ʨʦʙʦʪʽ 

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʩʣʫʞʙʠ ʩʠʛʥʘʣʽʟʘʮʽʾ. 

ɹʣʦʢ çʅʘʢʦʧʠʯʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʩʪʘʪʠʩʪʠʢʠ ʚʽʜʤʦʚè ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ 

ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʚʽʜʤʦʚ, ʾʭ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ. ʇʦʪʽʤ ʧʨʦʚʦʜʠʪʴ 

ʜʝʚôʷʪʠʧʘʨʘʤʝʪʨʠʯʥʫ ʩʠʩʪʝʤʘʪʠʟʘʮʽʶ ʢʦʞʥʦʾ ʚʽʜʤʦʚʠ ʰʣʷʭʦʤ ʚʽʜʧʦʚʽʜʽ ʥʘ 

ʜʝʚôʷʪʴ ʧʠʪʘʥʴ (ʧʘʨʘʤʝʪʨʽʚ), ʷʢʽ ʧʦʚʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʤʦʚʫ. ɯ ʧʽʩʣʷ 

ʮʴʦʛʦ ʧʨʦʚʦʜʠʪʴʩʷ  ʘʥʘʣʽʟ  ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦʾ ʙʘʟʠ ʜʘʥʠʭ  ʥʘ ʚʠʷʚʣʝʥʥʷ  ʚʫʟʴʢʠʭ 

(ʧʨʦʙʣʝʤʥʠʭ) ʤʽʩʮʴ ʧʦ ʦʜʥʦʤʫ/ʜʚʦʤ/ʪʨʴʦʤ ʧʘʨʘʤʝʪʨʘʤ ʟ ʜʝʚô̫ ʪʠ [1].  

ɹʣʦʢ çɸʢʪʫʘʣʽʟʘʮʽʷ ʥʦʨʤʠè - ʧʦʚôʷʟʘʥʠʡ ʟ ʪʠʤ, ʱʦ ʧʦʚʝʜʽʥʢʘ ʩʠʩʪʝʤʠ 

ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ ʫ ʟʚôʷʟʢʫ ʟʽ ʟʤʽʥʦʶ ʨʝʩʫʨʩʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʘ ʩʝʨʝʜʦʚʠʱʘ. ɺ 

ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʦʨʤʘ ʨʦʟʫʤʽʻʪʴʩʷ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʦʧʪʠʤʫʤ, ʪʦʙʪʦ ʥʘʙʽʨ ʜʽʡ, 

ʷʢʽ ʻ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʪʘ ʨʝʩʫʨʩʫ. 

ɹʣʦʢ çʅʦʨʤʘè - ʚʩʪʘʥʦʚʣʝʥʘ ʥʦʨʤʘ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʘʨʘʤʝʪʨʫ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʢʠ ʮʴʦʛʦ 

ʧʘʨʘʤʝʪʨʫ. ɺ ʜʘʥʽʡ ʧʨʘʮʽ ʧʽʜ ʧʘʨʘʤʝʪʨʦʤ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʩʪʘʪʠʩʪʠʢʘ ʚʽʜʤʦʚ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʝʟʧʝʢʫ ʨʫʭʫ ʧʦʾʟʜʽʚ ï 

ʮʝʥʪʨʘʣʴʥʠʡ ʩʠʩʪʝʤʦ ʫʪʚʦʨʶʶʯʠʡ ʬʘʢʪʦʨ ʜʽʷʣʴʥʦʩʪʽ ʟʘʣʽʟʥʠʮʴ ʚʟʘʛʘʣʽ. 

ɹʣʦʢ çunit  ɸNorm?è ï ʚʠʟʥʘʯʝʥʥʷ ʯʠ ʩʪʘʪʠʩʪʠʢʘ ʚʽʜʤʦʚ ʟʘ ʚʠʟʥʘʯʝʥʠʡ ʧʝʨʽʦʜ 

ʯʘʩʫ (ʚʠʭʽʜ unit) ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʩʪʘʥʦʚʣʝʥʦʾ ʥʦʨʤʠ (Norm). ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ/ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʘʷʚʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʜʦ ʥʦʨʤʠ ʨʝʘʣʽʟʫʶʪʴʩʷ 

ʥʘʩʪʫʧʥʽ ʙʣʦʢʠ. ɺʠʭʽʜ çʪʘʢè ï ʢʽʣʴʢʽʩʪʴ ʧʦʜʽʡ ʚʽʜʤʦʚ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ 
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ʚʽʜʧʦʚʽʜʘʻ ʚʠʟʥʘʯʝʥʽʡ ʥʦʨʤʽ. ʊʦʜʽ, ʥʽʯʦʛʦ ʥʝ ʪʨʝʙʘ ʤʽʥʷʪʠ ʫ ʩʠʩʪʝʤʽ ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʙʣʦʢ çʅʘʢʦʧʠʯʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʩʪʘʪʠʩʪʠʢʠ ʚʽʜʤʦʚè. ɸʣʝ, ʦʩʢʽʣʴʢʠ 

ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɿʊ ʚʠʤʘʛʘʻ ʟʥʘʥʥʷ 

ʡʦʛʦ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʨʽʚʥʷ ʥʘʜʽʡʥʦʩʪʽ ʢʦʞʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪʽʚ, ʨʦʟʨʦʙʢʘ 

ʤʝʪʦʜʠʢʠ ʢʦʥʪʨʦʣʶ ʪʘ ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ ʚʠʤʘʛʘʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʥʷʪʪʷ ʨʠʟʠʢʫ 

ʚʠʥʠʢʥʝʥʥʷ ʧʦʜʽʡ ʪʘ ʧʨʠʯʠʥ [2]. ʗʢʱʦ ʧʨʦʷʚʠ ʦʜʥʠʭ ʧʦʜʽʡ ʷʚʥʦ ʙʽʣʴʰʽ ʟʘ 

ʧʨʦʷʚʠ ʽʥʰʠʭ, ʪʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʨʠʯʠʥʠ, ʷʢʽ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʫ ʚʠʥʠʢʥʝʥʥʽ 

ʜʘʥʦʛʦ ʚʠʜʫ ʧʦʜʽʡ. ʊʦʙʪʦ, ʘʥʘʣʽʟ ʚʠʧʘʜʢʽʚ ʧʦʨʫʰʝʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʤʘʻ ʚʠʛʣʷʜ: 

çʧʨʠʯʠʥʘ­ʧʦʜʽʷ­ʥʘʩʣʽʜʢʠè. ɺʠʭʽʜ çʥʽè ʦʟʥʘʯʘʻ, ʱʦ ʩʪʘʥ ʩʠʩʪʝʤʠ ʥʝ ʚʽʜʧʦ-

ʚʽʜʘʻ ʚʠʟʥʘʯʝʥʽʡ ʥʦʨʤʽ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ. ɸʣʝ, ʦʩʢʽʣʴʢʠ ʚʠʭʽʜ ʟʘ ʤʝʞʽ ʥʦʨʤʠ 

ʤʦʞʝ ʥʦʩʠʪʠ ʥʝʜʦʩʪʦʚʽʨʥʠʡ ʭʘʨʘʢʪʝʨ ʪʨʝʙʘ ʧʝʨʝʚʽʨʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ 

ʩʠʩʪʝʤʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʝ ʚ ʥʦʨʤʽ. ɼʣʷ ʮʴʦʛʦ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʙʣʦʢ çʇʝʨʝʚʽʨʢʘ ʜʦ-

ʩʪʦʚʽʨʥʦʩʪʽ ʚʠʭʦʜʫ ʟ ʥʦʨʤʠè, ʜʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʨʦʣʴʥʠʭ ʢʘʨʪ ʐʫʭʘʨʪʘ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʝʧʨʠʨʦʜʥʽ ʟʤʽʥʠ ʚ ʜʘʥʠʭ ʜʣʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʦʚʪʦʨʶʶʪʴʩʷ, ʽ 

ʥʘʜʘʶʪʴʩʷ ʢʨʠʪʝʨʽʾ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʜʦʣʽʢʫ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ [3]. 

ɹʣʦʢ çɯʜʝʥʪʠʬʽʢʘʮʽʷ ʢʨʠʪʠʯʥʠʭ ʧʝʨʝʜʫʤʦʚè ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ 

ʧʝʨʝʜʫʤʦʚ ʟʙʦʾʚ. ʂʨʠʪʠʯʥʠʤʠ ʥʘʟʚʘʥʽ ʧʝʨʝʜʫʤʦʚʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʠʥʮʠʧʫ 

çʚʫʟʴʢʦʛʦ ʤʽʩʮʷè [1]. ɯ ʪʝʧʝʨ ʬʦʨʤʫʣʘ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚô̫ ʟʢʽʚ ʤʘʪʠʤʝ 

ʥʦʚʠʡ ʚʠʛʣʷʜ: çʧʝʨʝʜʫʤʦʚʘ ­ʧʨʠʯʠʥʘ­  ʧʦʜʽʷ­  ʥʘʩʣʽʜʢʠè.  

ɺʭʦʜʘʤʠ ʙʣʦʢʫ çʇʽʜʪʨʠʤʢʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴè ʻ ʧʝʨʝʣʽʢ ʢʨʠʪʠʯʥʠʭ ʟ 

ʧʦʛʣʷʜʫ ʥʝʙʣʘʛʦʧʦʣʫʯʥʦʾ ʜʠʥʘʤʽʢʠ ʘʙʦ ʯʠʩʝʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʠʭ 

ʧʦʨʫʰʝʥʴ. ʉʫʪʴ ʮʴʦʛʦ ʙʣʦʢʫ ʚ ʪʦʤʫ, ʱʦ ʩʣʫʞʙʘ ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʫ ʩʚʦʻʾ 

ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʦʙô̒ ʢʪʠʚʥʦ ʧʨʦʙʣʝʤʥʠʭ ʘʙʦ ʚʫʟʴʢʠʭ ʤʽʩʮʴ ʟʘ ʨʘʭʫʥʦʢ 

ʨʦʟʨʦʙʢʠ ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʨʦʬʽʣʘʢʪʠʢʠ ʧʨʠʯʠʥ ʪʘ ʧʝʨʝʜʫʤʦʚ ʧʦʨʫʰʝʥʴ ʙʝʟʧʝʢʠ 

ʨʫʭʫ.  
 

[1] V. Samsonkin, V. Sotnyk, O. Yurchenko, S. Zmii, V. Myronenko, O. Soloviova. Devising a methodology to manage  

the performance of technical tools of rail transport signaling systems based on the risks of their functioning. Eastern-
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[2] ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʨʫʭʫ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ / ʅʘʢʘʟ ʄʽʥʽʩʪʝʨʩʪʚʘ 
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[3] ʉʪʘʪʠʩʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ. ʂʘʨʪʠ ʢʦʥʪʨʦʣʴʥʽ ʐʫʭʘʨʪʘ (ISO 8258:1991, IDT): ɼʉʊʋ ISO 8258-2001. [ʏʠʥʥʠʡ 

ʚʽʜ 2003ï07ï01]. ï ʂ. : ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ, 2006. ï 38 ʩ.  (ʅʘʮʽʦʥʘʣʴʥʽ ʩʪʘʥʜʘʨʪʠ ʋʢʨʘʾʥʠ). 
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ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʠʪʘʥʥʷ ʥʘʷʚʥʦʩʪʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʩʠʩʪʝʤ 

ʧʝʨʝʚʽʨʢʠ ʟʥʘʥʴ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʨʫʭʫ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʩʬʝʨʠ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʘʥʦʤ ʥʘ ʪʨʝʪʽʡ ʢʚʘʨʪʘʣ 2023 

ʨʦʢʫ ʫ ʧʽʜʧʨʠʻʤʩʪʚ ʩʬʝʨʠ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ ʥʝ ʽʩʥʫʻ ʻʜʠʥʦʛʦ 

ʧʽʜʭʦʜʫ ʚ ʧʠʪʘʥʥʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʝʨʝʚʽʨʢʠ ʥʘʚʠʯʦʢ ʪʘ ʟʥʘʥʴ. 

ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʧʝʨʝʚʽʨʢʠ ʟʥʘʥʴ ʧʨʠ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʙʝʟʧʝʢʦʶ ʨʫʭʫ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʩʬʝʨʠ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʪʪʽ 1 ʨʦʟʜʽʣʫ Iʍ [1]: ʢʝʨʽʚʥʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʘʚʯʘʥʥʷ ʪʘ ʧʝʨʽʦʜʠʯʥʫ ʧʽʜʛʦʪʦʚʢʫ ʧʝʨʩʦʥʘʣʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʫ ʩʬʝʨʽ ʙʝʟʧʝʢʠ 

ʨʫʭʫ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʪʪʽ 4 [1] ʥʘʚʯʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʫ ʩʬʝʨʽ 

ʙʝʟʧʝʢʠ ʨʫʭʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ: 

- ʧʝʨʚʠʥʥʘ ʧʝʨʝʚʽʨʢʘ ʨʽʚʥʷ ʟʥʘʥʴ; 

- ʦʮʽʥʶʚʘʥʥʷ ʧʦʪʦʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʫ; 

- ʦʟʥʘʡʦʤʯʠʡ ʢʫʨʩ ʪʘ ʙʘʟʦʚʘ ʧʽʜʛʦʪʦʚʢʘ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʦʩʥʦʚʥʽ ʚʽʜʦʤʦʩʪʽ 
ʧʨʦ ʙʝʟʧʝʢʫ ʨʫʭʫ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚʧʣʠʚ ʣʶʜʩʴʢʦʛʦ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ; 

- ʧʝʨʝʚʽʨʢʘ ʨʽʚʥʷ ʟʥʘʥʴ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʢʫʨʩʫ ʧʽʜʛʦʪʦʚʢʠ. 

ʆʜʥʦʯʘʩʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧ.3 ʅʘʢʘʟʫ ʄʽʥʽʩʪʝʨʩʪʚʘ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʟʚôʷʟʢʫ ʚʽʜ 

14 ʯʝʨʚʥʷ 2007 ʨʦʢʫ ˉ 499 [2]  ʥʘʯʘʣʴʥʠʢʘʤ ʟʘʣʽʟʥʠʮʴ ʋʢʨʘʾʥʠ (ʥʠʥʽ ï 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʬʽʣʽʡ ɸʊ çʋʢʨʘʾʥʩʴʢʘ ʟʘʣʽʟʥʠʮʷè): 

- ʚʠʭʦʜʷʯʠ  ʟ  ʤʽʩʮʝʚʠʭ ʫʤʦʚ ʨʦʙʦʪʠ,  ʦʨʛʘʥʽʟʫʚʘʪʠ ʧʦʨʷʜʦʢ ʚʠʚʯʝʥʥʷ ʽ 
ʧʝʨʝʚʽʨʢʫ ʟʥʘʥʴ,  ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ  ʧʝʨʝʣʽʢ  ʧʦʩʘʜ  ʪʘ ʚʠʤʦʛʠ  ʜʦ  ʦʙʩʷʛʽʚ  

ʟʥʘʥʴ  ʽʥʰʠʭ  ʥʦʨʤʘʪʠʚʥʠʭ  ʘʢʪʽʚ  ʽ ʧʦʩʘʜʦʚʠʭ ʽʥʩʪʨʫʢʮʽʡ,  ʷʢʠʤʠ  ʧʦʚʠʥʥʽ  

ʚʦʣʦʜʽʪʠ  ʧʨʘʮʽʚʥʠʢʠ  ʟʘ  ʧʦʩʘʜʘʤʠ  ʽ ʧʨʦʬʝʩʽʷʤʠ, ʱʦ ʥʝ ʧʝʨʝʜʙʘʯʝʥʽ ʫ [2]; 

- ʟʘʙʝʟʧʝʯʠʪʠ  ʚʠʚʯʝʥʥʷ  ʥʦʨʤʘʪʠʚʥʠʭ  ʘʢʪʽʚ ʟ ʙʝʟʧʝʢʠ ʨʫʭʫ ʧʦʾʟʜʽʚ ʪʘ 

ʤʘʥʝʚʨʦʚʦʾ ʨʦʙʦʪʠ ʚ  ʥʝʦʙʭʽʜʥʦʤʫ  ʦʙʩʷʟʽ  ʪʘ  ʾʭ  ʯʽʪʢʝ ʚʠʢʦʥʘʥʥʷ ʫʩʽʤʘ 

ʧʨʘʮʽʚʥʠʢʘʤʠ. 
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ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ çʇʦʣʦʞʝʥʥʷ ʧʨʦ ʧʦʨʷʜʦʢ ʚʠʚʯʝʥʥʷ ʪʘ ʧʝʨʝʚʽʨʢʫ ʟʥʘʥʴ 

ʥʦʨʤʘʪʠʚʥʠʭ ʘʢʪʽʚ ʟ ʙʝʟʧʝʢʠ ʨʫʭʫ ʧʦʾʟʜʽʚ ʪʘ ʤʘʥʝʚʨʦʚʦʾ ʨʦʙʦʪʠ ʧʨʘʮʽʚʥʠʢʘʤʠ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠè ʥʝ ʚʪʨʘʪʠʣʦ ʩʚʦʻʾ ʘʢʪʫʘʣʴʥʦʩʪʽ, ʧʨʦʪʝ 

ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʛʦ ʧʝʨʝʛʣʷʜʫ. ʊʦʤʫ ʩʣʽʜ ʚʠʟʥʘʯʠʪʠ ʘʢʪʫʘʣʴʥʠʤ ʪʘ ʚʘʞʣʠʚʠʤ 

ʨʦʟʨʦʙʢʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʚʽʨʢʠ ʟʥʘʥʴ (ʜʘʣʽ ï ɸʉʇɿ). 

ɺ ʭʦʜʽ ʘʥʘʣʽʟʫ ʪʘ ʥʘʧʨʘʮʶʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘ ʨʦʟʨʦʙʢʫ ɸʉʇɿ 

ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ ʧʝʨʝʚʽʨʢʠ ʟʥʘʥʴ [3]. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ 

ʨʦʟʨʦʙʣʝʥʥʽ ɸʉʇɿ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʧʝʨʰʽ ʩʽʤ ʧʨʦʬʝʩʽʡ ʷʢʽ ʧʦʪʨʝʙʫʚʘʣʠ 

ʧʝʨʽʦʜʠʯʥʦʾ ʦʮʽʥʢʠ ʟʥʘʥʴ: ʩʢʣʘʜʘʯ ʧʦʾʟʜʽʚ, ʤʦʥʪʝʨ ʢʦʣʽʾ, ʜʠʩʧʝʪʯʝʨ 

ʧʦʾʟʥʠʡ/ʤʘʥʝʚʨʦʚʠʡ, ʤʘʰʠʥʽʩʪ/ʧʦʤʽʯʥʠʢ ʤʘʰʠʥʽʩʪʘ ʪʝʧʣʦʚʦʟʘ, ʯʝʨʛʦʚʠʡ 

ʩʪʨʽʣʦʯʥʦʛʦ ʧʦʩʪʘ. 

ɼʣʷ ʢʦʞʥʦʾ ʧʨʦʬʝʩʽʾ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʝʩʪʦʚʽ ʧʠʪʘʥʥʷ ʟ ʱʦʥʘʡʤʝʥʰʝ ʪʨʴʦʤʘ 

ʚʘʨʽʘʥʪʘʤʠ ʚʽʜʧʦʚʽʜʝʡ. ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʙʘʥʢʫ ʪʝʩʪʦʚʠʭ ʧʠʪʘʥʴ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ: ʇʨʘʚʠʣʘ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʣʽʟʥʠʮʴ ʋʢʨʘʾʥʠ (ʇʊɽ); 

ɯʥʩʪʨʫʢʮʽʷ ʟ ʨʫʭʫ ʧʦʾʟʜʽʚ ʽ ʤʘʥʝʚʨʦʚʦʾ ʨʦʙʦʪʠ ʥʘ ʟʘʣʽʟʥʠʮʷʭ ʋʢʨʘʾʥʠ (ɯʈʇ); 

ɯʥʩʪʨʫʢʮʽʷ ʟ ʩʠʛʥʘʣʽʟʘʮʽʾ ʥʘ ʟʘʣʽʟʥʠʮʷʭ ʋʢʨʘʾʥʠ (ɯʉʠ), ʘ ʪʘʢʦʞ ʧʨʘʢʪʠʯʥʽ 

ʧʠʪʘʥʥʷ ʨʦʙʦʪʠ. 

ʂʦʞʥʝ ʪʝʩʪʦʚʝ ʟʘʚʜʘʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʽʟ ʧʨʦʬʝʩʽʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʠʜʮʷʪʠ 

ʧʠʪʘʥʴ ʟ ʷʢʠʭ ʧôʷʪʥʘʜʮʷʪʴ ʧʠʪʘʥʴ ʧʨʦʬʝʩʽʡʥʠʭ ʪʘ ʧʦ ʧôʷʪʴ ʧʠʪʘʥʴ ʥʘ ʟʥʘʥʥʷ 

ʇʊɽ, ɯʈʇ ʽ ɯʉʠ. ɼʣʷ ʢʦʞʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʛʝʥʝʨʫʻʪʴʩʷ ʩʚʽʡ ʫʥʽʢʘʣʴʥʠʡ ʥʘʙʽʨ 

ʧʠʪʘʥʴ ʟ ʜʦʩʪʫʧʥʦʛʦ ʙʘʥʢʫ ʧʠʪʘʥʴ. 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸʉʇɿ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʨʦʣʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ: çɿʘʣʽʢè, çʅʘʚʯʘʥʥʷè, çʂʝʨʽʚʥʠʢè, çɿʚʽʪʥʽʩʪʴè. ʂʦʞʥʘ ʨʦʣʴ ʤʘʻ 

ʧʝʚʥʠʡ ʦʙʤʝʞʝʥʠʡ ʥʘʙʽʨ ʤʦʞʣʠʚʦʩʪʝʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ. ʅʘʧʨʠʢʣʘʜ ʨʦʣʴ 

çʂʝʨʽʚʥʠʢè ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ,  

ʟʤʽʥʶʚʘʪʠ ʨʘʥʽʰʝ ʚʠʟʥʘʯʝʥʫ ʨʦʣʴ. ʉʠʩʪʝʤʘ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʟ 

ʨʦʣʣʶ çɿʘʣʽʢè ʩʢʣʘʩʪʠ ʪʝʩʪʦʚʝ ʟʘʚʜʘʥʥʷ ʣʠʰʝ ʦʜʠʥ ʨʘʟ ʟʘ ʧʦʪʦʯʥʫ ʩʝʩʽʶ, ʘ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʨʦʣʣʶ çʅʘʚʯʘʥʥʷè - ʦʙʤʝʞʝʥʴ ʥʝ ʚʩʪʘʥʦʚʣʝʥʦ. ʇʨʠ ʩʢʣʘʜʘʥʥʽ 

ʟʘʣʽʢʦʚʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦ ʛʝʥʝʨʫʻ ʟʚʽʪ ʫ ʪʦʤʫ ʯʠʩʣʽ ʜʣʷ ʜʨʫʢʫ, 

ʷʢʠʡ ʫ ʧʦʜʘʣʴʰʦʤʫ ʤʦʞʝ ʙʫʪʠ ʨʦʟʜʨʫʢʦʚʘʥʠʡ ʪʘ ʜʦʜʘʥʠʡ ʜʦ ʦʩʦʙʦʚʦʾ ʩʧʨʘʚʠ 

ʧʨʘʮʽʚʥʠʢʘ. 

ʉʠʩʪʝʤʘ ʤʘʻ ʛʥʫʯʢʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʟʘʚʜʘʥʴ. ʄʘʨʢʝʪʠʥʛʦʚʘ 

ʥʘʟʚʘ ʩʠʩʪʝʤʠ - ɯʇ ʊɽʉʊ. ʅʘʨʘʟʽ ɸʉʇɿ ʊɽʉʊ ʚʚʝʜʝʥʦ ʚ ʧʨʦʤʠʩʣʦʚʫ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʥʘ ʇʈɸʊ çɯɺɸʅʆ-ʌʈɸʅʂɯɺʉʔʂʎɽʄɽʅʊè. 

ʄʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʩʪʚʦʨʝʥʥʷ ɸʉʇɿ ʊɽʉʊ ʥʘʜʘʣʦ ʟʤʦʛʫ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʧʝʨʝʚʽʨʢʠ ʟʥʘʥʴ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ. ɼʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ɸʉʇɿ ʊɽʉʊ ʥʘ ʧʦʢʘʟʥʠʢʠ 

ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ. 
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[3] ʉʘʤʩʦʥʢʽʥ ɺ.ʄ., ʇʦʛʦʨʽʣʠʡ ʆ.ɺ. ʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʟʥʘʥʴ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʟ ʙʝʟʧʝʢʠ ʨʫʭʫ ʥʘ 

ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ // ɿʙ. ʥʘʫʢ. ʧʨʘʮʴ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ 

ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ  çʃʦʛʽʩʪʠʢʘ ʽ ʪʨʘʥʩʧʦʨʪʥʘ ʙʝʟʧʝʢʘ: ʧʨʦʙʣʝʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʚ 

ʢʦʥʪʝʢʩʪʽ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ ʚʠʢʣʠʢʽʚ, ʟʘʛʨʦʟè (28 ʞʦʚʪʥʷ 2022 ʨʦʢʫ) ʤ. ɼʥʽʧʨʦ. ï ʉ.52-55. 



 

115 

 

ʋɼʂ 346.24: 656.073 

 

ʊʈɸʅʉʇʆʈʊʅɸ ʉʀʉʊɽʄɸ ʗʂ ʆɹ'ɭʂʊ ʂʈʀʊʀʏʅʆɰ 

ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ ɺ ʈɽɸʃɯʗʍ ʊɽʍʅʆʉʌɽʈʀ 

ɺʀʉʆʂʆʋʈɹɸʅɯɿʆɺɸʅʆɰ ʊɽʈʀʊʆʈɯɰ  

 

TRANSPORT SYSTEM AS A CRITICAL INFRASTRUCTURE OBJECT IN 

THE REALITIES OF THE TECHNOSPHERE OF A HIGHLY URBANIZED 

TERRITORY  

 

ʢʘʥʜ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ ʖ.ʉ. ʊʘʨʘʩʝʥʢʦ 
ʋʥʽʚʝʨʩʠʪʝʪ ʤʠʪʥʦʾ ʩʧʨʘʚʠ ʪʘ ʬʽʥʘʥʩʽʚ (ʤ. ɼʥʽʧʨʦ) 
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ʊʝʥʜʝʥʮʽʷ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʧʦʣʷʛʘʻ ʚ ʦʙ'ʻʜʥʘʥʥʽ ʽ ʧʨʦʞʠʚʘʥʥʽ ʫ ʚʠʩʦʢʦ 

ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʨʘʡʦʥʘʭ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʜʘʥʽ ʆʆʅ, ʱʦ ʚʠʢʣʠʢʘʥʦ ʟʥʘʯʥʠʤ 

ʟʨʦʩʪʘʥʥʷʤ ʤʽʩʴʢʦʛʦ ʥʘʩʝʣʝʥʥʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʽʣʴʩʴʢʦʛʦ.  ɿʦʢʨʝʤʘ, ʟʛʽʜʥʦ ʟ 

ʨʝʡʪʠʥʛʦʤ ʢʨʘʾʥ ʟʘ ʨʽʚʥʝʤ ʫʨʙʘʥʽʟʘʮʽʾ (Urbanization Index), ʋʢʨʘʾʥʘ ʧʦʩʽʜʘʻ 73 

ʤʽʩʮʝ (ʟ 195 ʢʨʘʾʥ) ʫ ʩʚʽʪʽ ʟʘ ʦʩʪʘʥʥʽʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʯʘʩʪʢʠ 

ʤʽʩʴʢʦʛʦ ʥʘʩʝʣʝʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʥʘʩʝʣʝʥʥʷ 

ʢʨʘʾʥʠ (ʩʪʘʥʦʤ ʥʘ 04.10.2023 ʨʽʢ) 69,5 % ʥʘʩʝʣʝʥʥʷ ʤʽʩʪʘ [1]. ʗʢ ʧʨʘʚʠʣʦ, 

ʪʝʭʥʦʩʬʝʨʘ ʪʘʢʠʭ ʪʝʨʠʪʦʨʽʡ, ʜʦ ʷʢʦʾ ʚʭʦʜʷʪʴ ʨʽʟʥʽ ʽʥʞʝʥʝʨʥʽ ʩʧʦʨʫʜʠ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʪʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʛʨʦʤʘʜʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ, 

ʧʨʦʤʠʩʣʦʚʠʡ ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ, ʚʽʜʦʤʯʠʡ ʪʨʘʥʩʧʦʨʪ, ʪʨʫʙʦʧʨʦʚʽʜʥʠʡ 

ʪʨʘʥʩʧʦʨʪ ʽ ʛʨʦʤʘʜʩʴʢʠʡ ʟʚ'ʷʟʦʢ (ʜʦʨʦʛʠ, ʤʦʩʪʠ, ʜʘʤʙʠ, ʚʦʜʦʩʭʦʚʠʱʘ ʽ ʪ.ʜ.) [2], 

ʟʘ ʩʚʦʾʤ ʟʥʘʯʝʥʥʷʤ ʚ ʥʘʮʽʦʥʘʣʴʥʽʡ ʙʝʟʧʝʮʽ ʜʝʨʞʘʚʠ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʩʬʝʨʠ 

ʢʽʙʝʨʙʝʟʧʝʢʠ, ʪʦʜʽ ʷʢ ʦʟʚʫʯʝʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʦʙ'ʻʢʪʠ ʻ ʢʨʠʪʠʯʥʦʶ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ (ʆʂI) [3,4]. 

ʅʘ ʞʘʣʴ, ʚʩʝ ʙʽʣʴʰʠʭ ʦʙʦʨʦʪʽʚ ʥʘʙʫʚʘʻ ʪʝʥʜʝʥʮʽʷ ʥʝʩʫʤʣʽʥʥʦʛʦ 

ʧʨʦʪʠʙʦʨʩʪʚʘ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ - 

ɻɯʉ), ʷʢʽ ʥʘʚʽʪʴ ʜʦʭʦʜʷʪʴ ʜʦ ʢʽʙʝʨʰʧʠʛʫʥʩʪʚʘ, ʢʽʙʝʨʟʣʦʯʠʥʥʦʩʪʽ ʪʘ 

ʢʽʙʝʨʪʝʨʦʨʠʟʤʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝ ʪʽʣʴʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʙʨʦʾ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ 

ʥʘ ʟʣʦʤ ʽʩʥʫʶʯʠʭ ʆʂɯ. ʇʨʠ ʮʴʦʤʫ ʩʝʥʩ ʾʭ ʙʝʟʧʝʢʠ ʧʦʣʷʛʘʻ ʚ ʥʝʤʦʞʣʠʚʦʩʪʽ 

ʥʘʥʝʩʝʥʥʷ ʰʢʦʜʠ ʰʪʘʪʥʦʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʶ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʭ ʦʙ'ʻʢʪʽʚ ʘʙʦ 

ʾʭ ʩʪʨʫʢʪʫʨʥʠʤ ʩʢʣʘʜʦʚʠʤ [5]. ʅʘ ʜʝʨʞʘʚʥʦʤʫ (ʽ ʥʝ ʪʽʣʴʢʠ) ʨʽʚʥʽ ʚʠʤʫʰʝʥʽ 

ʩʪʚʦʨʶʚʘʪʠ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʠ ʢʽʙʝʨʙʝʟʧʝʢʠ ʆʂɯ. ʎʽʣʝʩʧʨʷʤʦʚʘʥʽ ʜʽʾ ʦʩʪʘʥʥʽʭ 

ʧʦʚ'ʷʟʘʥʽ ʟ ʢʽʙʝʨʟʘʭʠʩʪʦʤ - ʩʫʢʫʧʥʽʩʪʶ çʦʨʛʘʥʽʟʘʮʽʡʥʠʭ, ʧʨʘʚʦʚʠʭ, ʽʥʞʝʥʝʨʥʦ-

ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ, ʘ ʪʘʢʦʞ ʟʘʭʦʜʽʚ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʘʧʦʙʽʛʘʥʥʷ ʢʽʙʝʨʽʥʮʠʜʝʥʪʘʤ, ʚʠʷʚʣʝʥʥʷ ʪʘ ʟʘʭʠʩʪ 

ʚʽʜ ʢʽʙʝʨʘʪʘʢ, ʣʽʢʚʽʜʘʮʽʶ ʾʭ ʥʘʩʣʽʜʢʽʚ, ʚʽʜʥʦʚʣʝʥʥʷ ʩʪʘʣʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤè [6]. ɹʝʟʩʫʤʥʽʚʥʦ, 

ʩʧʝʢʪʨ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʘʩʧʝʢʪʽʚ ʫ ʚʠʛʣʷʜʽ ʜʦʩʪʫʧʥʦʩʪʽ, ʮʽʣʽʩʥʦʩʪʽ ʽ 
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ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʧʦʚʥʽʩʪʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʛʨʝʩʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ 

ʩʠʩʪʝʤ ʽ ʪʝʭʥʦʣʦʛʽʡ (ʟʦʢʨʝʤʘ ʡ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ), ʾʭ ʩʦʮʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʘ 

ʡʤʦʚʽʨʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʤʦʞʣʠʚʠʭ ʚʧʣʠʚʽʚ (ʦʭʦʧʣʶʶʯʠ ʡ ʬʽʟʠʯʥʽ ʧʨʦʷʚʠ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʠʟʠʢʽʚ) ʥʘ ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ [7]. 

ɿʛʽʜʥʦ [8], ʩʫʯʘʩʥʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ (Geographic Information 

Technologies, ɻɯʊ) ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʤʝʪʦʜʽʚ ʽ ʧʨʠʡʦʤʽʚ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ 

ʛʝʦʛʨʘʬʽʯʥʦʾ (ʧʨʦʩʪʦʨʦʚʦʾ) ʽʥʬʦʨʤʘʮʽʾ ʫ ʩʫʯʘʩʥʽʡ ʮʠʬʨʦʚʽʡ ʬʦʨʤʽ ʟ ʚʠʜʽʣʝʥʥʷʤ 

ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ ï ʪʝʭʥʦʣʦʛʽʾ ɻɯʉ (Geographic Information Technologies), ɦʦ 

ʨʝʘʣʽʟʫʻ ʪʝʭʥʦʣʦʛʽʷ ʚʚʝʜʝʥʥʷ, ʽʥʪʝʛʨʘʮʽʾ, ʟʙʝʨʽʛʘʥʥʷ, ʦʙʨʦʙʢʠ, ʘʥʘʣʽʟʫ, 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʛʝʦʛʨʘʬʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; - ʪʝʭʥʦʣʦʛʽʾ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (Retote Sensipg - RS) ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʧʦʚʝʨʭʥʶ ɿʝʤʣʽ ʪʘ ʦʙôʻʢʪʽʚ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ (ʩʝʨʝʜʦʚʠʱʘ) ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʚʽʘʮʽʡʥʦʛʦ ʪʘ ʢʦʩʤʽʯʥʦʛʦ ʤʦʥʽʪʦʨʽʥʛʫ; - ʪʝʭʥʦʣʦʛʽʾ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ (Glʦbal 

ʈʦsitioning System, GPS), ʱʦ ʨʝʘʣʽʟʫʻ ʪʝʭʥʦʣʦʛʽʾ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʦʙôʻʢʪʽʚ ʥʘ ɿʝʤʣʽ ʨʽʟʥʠʤʠ ʟʘʩʦʙʘʤʠ ʛʣʦʙʘʣʴʥʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʩʫʯʘʩʥʠʭ 

ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ ʛʝʦʜʝʟʠʯʥʠʭ ʚʠʤʽʨʽʚ. 

ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʨʦʟʚʠʪʦʢ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʩʠʩʪʝʤ (Iʊʉ). ʅʝʦʙʭʽʜʥʦʶ (ʘʣʝ ʥʝ ʜʦʩʪʘʪʥʴʦʶ) ʫʤʦʚʦʶ ʫʩʧʽʰʥʦʛʦ ʽ ʙʝʟʫʤʦʚʥʦ 

ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʨʝʘʣʽʟʘʮʽʾ ɯʊʉ ʻ ʨʦʟʨʦʙʢʘ ʥʝ ʪʽʣʴʢʠ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

ʪʘ ʾʭ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ, ʘ ʡ ʥʘʜʽʡʥʠʭ (ʙʝʟʚʽʜʤʦʚʥʠʭ) ʧʣʘʪʬʦʨʤ ʱʦʜʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʫʭʫ, ʚʟʘʻʤʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʪʘ ʩʪʘʥʫ ʨʫʭʦʤʠʭ ʦʙ'ʻʢʪʽʚ. ʅʘ ʜʘʥʠʡ 

ʤʦʤʝʥʪ ʩʪʘʣʦ ʮʽʣʢʦʤ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʙʝʟ ʢʦʩʤʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ɿʝʤʣʽ, ʩʫʯʘʩʥʠʭ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʾʭ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʩʝʨʚʽʩʫ) ʥʝʤʦʞʣʠʚʦ 

ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʷʢ ʚ ʪʨʘʥʩʧʦʨʪʥʽʡ ʩʠʩʪʝʤʽ, ʪʘʢ ʽ ɻɯʉ. ʅʝ 

ʚʠʢʣʶʯʝʥʦ, ʱʦ ʩʘʤʝ ʯʝʨʝʟ ʰʚʠʜʢʝ ʨʦʟʰʠʨʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ɻɯʊ ʚʽʜʩʪʘʻ ʻʜʠʥʘ 

(ʥʘʩʘʤʧʝʨʝʜ ʻʚʨʦʧʝʡʩʴʢʘ) ʩʪʘʥʜʘʨʪʠʟʘʮʽʷ ʟʘ ʫʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʮʠʬʨʦʚʦʾ 

ʢʘʨʪʦʛʨʘʬʽʾ ʚ ɻɯʉ, ʩʬʝʨʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʧʦʩʪʽʡʥʦ ʨʦʟʰʠʨʶʻʪʴʩʷ [9]. 

ɿ ʽʩʥʫʶʯʠʭ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ɻʆʉʊ 

28441-99 çʎʠʬʨʦʚʘ ʢʘʨʪʦʛʨʘʬʽʷ. ʊʝʨʤʽʥʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷè ʟ ʜʘʪʦʶ ʚʚʝʜʝʥʥʷ 

2000-07-01 [10], ʷʢʘ ʧʦʚʠʥʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʩʧʽʣʴʥʦ ʟ ɻʆʉʊ 15971, ɻʆʉʊ 

21667 ɻʆʉʊ 26387. ʂʨʽʤ ʪʦʛʦ, (ʤʘʙʫʪʴ, ʧʝʨʰ ʟʘ ʚʩʝ, ʯʝʨʝʟ ʛʨʠʬ çʟʘʩʝʢʨʝʯʝʥʦè) 

ʦʙʤʝʞʝʥʘ (ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ) ʩʭʝʤʦʪʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʧʝʨʚʠʥʥʠʭ ʜʞʝʨʝʣ 

ʛʝʦʽʥʬʦʨʤʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ ʚʽʜ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʫ ʚʠʛʣʷʜʽ ʦʧʪʠʢʦ-ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʘʙʦ ʧʨʠʩʪʨʦʾʚ. ʊʘʢʠʤ ʯʠʥʦʤ ɻɯʉ ï ʮʝ 

ʥʝ ʪʽʣʴʢʠ ʩʫʯʘʩʥʽ ʢʦʤʧ'ʶʪʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʡ ʘʥʘʣʽʟʫ ʦʙ'ʻʢʪʽʚ 

ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ, ʧʦʜʽʡ ʽ ʷʚʠʱ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʪʘ ʙʫʜʫʪʴ ʚʽʜʙʫʚʘʪʠʩʴ ʫ 

ʧʨʦʛʥʦʟʦʚʘʥʦʤʫ ʧʝʨʽʦʜʽ. ɻɯʉ - ʮʝ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʨ, 

ʟʙʝʨʝʞʝʥʥʷ, ʦʙʨʦʙʢʫ, ʜʦʩʪʫʧ, ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʧʦʰʠʨʝʥʥʷ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ 

ʜʘʥʠʭ, ʧʝʨʰʦʜʞʝʨʝʣʘ ʷʢʠʭ ï ʮʝ ʜʘʥʽ, ʷʢʽ ʦʪʨʠʤʘʥʝ ʢʽʙʝʨʬʽʟʠʯʥʠʤʠ ʪʘ 

ʨʘʜʽʦʪʝʭʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʉʘʤʝ ʦʩʪʘʥʥʽʤ (ʧʝʨʝʜʫʩʽʤ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʤ) ʥʘʣʝʞʘʪʴ, ʜʦʙʨʝ ʩʭʝʤʦʪʝʭʥʽʯʥʦ 

ʪʘ ʟʘʢʦʥʦʜʘʚʯʦ (ʟ ʧʦʟʠʮʽʡ ʻʜʠʥʠʭ ʩʪʘʥʜʘʨʪʽʚ), ʨʝʘʣʽʟʦʚʘʥʽ ʜʦʩʪʦʚʽʨʥʽ ʤʝʪʦʜʠ ʪʘ 

ʩʧʦʩʦʙʠ ʦʪʨʠʤʘʥʥʷ ʪʘʢ ʟʚʘʥʦʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʟʜʽʡʩʥʝʥʥʷ 

ʝʪʘʧʽʚ ʚʠʷʚʣʝʥʥʷ, ʜʦʟʚʦʣʫ, ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ [11,12]. ɿʘ ʘʥʘʣʦʛʽʻʶ 

ʟ ʪʘʢʠʤʠ ʧʨʦʪʦʪʠʧʘʤʠ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʙʘʛʘʪʦʤʽʣʴʡʦʥʥʘ ʽʥʜʫʩʪʨʽʷ ɻɯʊ, ʱʦ 
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ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʩʬʝʨʘʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʟʜʘʪʥʘ ʪʘʢʦʞ 

ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦʶ ʫ ʚʠʛʣʷʜʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʣʘʥʮʶʞʢʘ ʩʫʢʫʧʥʦʩʪʽ ʦʧʪʠʢʦ-

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʪʨʠʤʘʥʥʷ, ʦʙʨʦʙʢʫ, ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʘ ʘʨʭʽʚʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɿ 

ʤʝʪʦʶ ʾʾ ʙʝʟʧʝʢʠ, ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʩʣʽʜ ʜʦ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʦʙ'ʻʢʪʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʟ ʪʝʭʥʦʩʬʝʨʠ ʚʠʩʦʢʦʫʨʙʘʥʽʟʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʡ, ʚʽʜʥʦʩʠʪʠʩʴ ʷʢ ʜʦ ʦʙ'ʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʋ ʪʘʢʦʤʫ 

ʨʘʢʫʨʩʽ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʦʣʦʛʽʶ ʧʦʙʫʜʦʚʠ 

ʧʽʟʥʘʚʘʣʴʥʦʾ ʤʦʜʝʣʽ ʙʝʟʧʝʢʠ ʆʂɯ [13], ʚʢʣʶʯʘʶʯʠ ʷʢ ʧʽʜʚʠʱʝʥʥʷ ʾʭʥʴʦʛʦ ʨʽʚʥʷ 

ʙʝʟʧʝʢʠ [14], ʪʘʢ ʽ ʟʥʠʞʝʥʥʷ ʩʫʧʫʪʥʽʭ ʨʠʟʠʢʽʚ [7]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʥʝʩʢʣʘʜʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʦʭʠʙʦʢ 

(ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ) ʧʨʦʚʝʜʝʥʠʭ (ʩʫʧʫʪʥʽʭ) ʚʠʤʽʨʶʚʘʥʴ [15-17], ʚʠʭʦʜʷʯʠ ʟ 

ʧʘʨʘʜʠʛʤʠ ʾʭ ʽʩʪʠʥʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʫʯʘʩʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ISO/IEC Guide 

98-1:2009, ʨʝʘʣʽʟʫʶʯʠ ʤʝʪʦʜʠʢʠ ʚʠʤʽʨʶʚʘʥʴ ʝʬʝʢʪʠʚʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʦʩʪʠʭ, ʘʣʝ 

ʢʘʣʽʙʨʦʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ, ʥʘʧʨʠʢʣʘʜ ʫ ʚʠʛʣʷʜʽ ʩʬʝʨʠ ʘʙʦ ʩʫʢʫʧʥʦʩʪʽ ʢʫʪʦʚʠʭ 

ʚʽʜʙʠʚʘʯʽʚ [11]. 
 

[1] ʈʝʡʪʠʥʛ ʩʪʨʘʥ ʤʠʨʘ ʧʦ ʫʨʦʚʥʶ ʫʨʙʘʥʠʟʘʮʠʠ /ɻʫʤʘʥʠʪʘʨʥʳʡ ʧʦʨʪʘʣ: ʀʩʩʣʝʜʦʚʘʥʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // 

ʎʝʥʪʨ ʛʫʤʘʥʠʪʘʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 2006ï2023 (ʧʦʩʣʝʜʥʷʷ ʨʝʜʘʢʮʠʷ: 04.10.2023). URL: 

https://gtmarket.ru/ratings/urbanization-index. 

[2] ʂʨʷʯʢʦ ʂ.ɺ., ʂʫʣʝʰʦʚ ɺ.ɺ., ɹʝʨʝʩʪʦʚʘ ʊ.ʊ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ ʂʦʥʩʧʝʢʪ ʣʝʢʮʠʡ. ï ʍʘʨʴʢʦʚ: 

ʋʢʨɼɸɿʊ, 2010. ï ʏ. 1. ï 100 ʩ. 

[3] ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ çʇʨʦ ʨʽʰʝʥʥʷ ʈʘʜʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʽ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ ʚʽʜ 14 ʪʨʘʚʥʷ 2021 

ʨʦʢʫ "ʇʨʦ ʉʪʨʘʪʝʛʽʶ ʢʽʙʝʨʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ"è.  

[4] ɿʘʢʦʥʘ ʋʢʨʘʠʥʳ ʇʨʦ ʢʨʠʪʠʯʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ˉ 1882-IX ʚʽʜ 16.11.2021ʨ. ɻʦʣʦʩ ʋʢʨʘʾʥʠ. 2021. 14 ʛʨʫʜ. (ˉ 

236). 

[5] ʊʘʨʘʩʝʥʢʦ ʖ.ʉ., ʉʦʣʷʥʥʽʢʦʚ ɺ.ɻ., ɹʨʫʡ ɯ.ɯ. ʂʽʙʝʨʙʝʟʧʝʢʘ: ʽʥʬʦʨʤʘʮʽʡʥʽ ʘʩʧʝʢʪʠ ʟʘʭʠʩʪʫ ʚʽʜ ʪʝʭʥʦʣʦʛʽʡ 

ʚʧʣʠʚʫ. ʄʘʪʝʨʽʘʣʠ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʾ çɯʥʥʦʚʘʮʽʡʥʽ ʨʽʰʝʥʥʷ ʚ ʝʢʦʥʦʤʽʮʽ, 

ʙʽʟʥʝʩʽ, ʩʫʩʧʽʣʴʥʠʭ ʢʦʤʫʥʽʢʘʮʽʷʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʚʽʜʥʦʩʠʥʘʭè ʉʝʢʮ. çʉʧʨʷʤʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʬʝʨʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ ʪʘ ʢʽʙʝʨʙʝʟʧʝʢʠè ɼʥʽʧʨʦ 16 ʢʚʽʪʥʷ 2021 ʨ. ʉ. 424-426.]. 

[6] ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʦʩʥʦʚʥʽ ʟʘʩʘʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʽʙʝʨʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠè. ɼʦʢʫʤʝʥʪ 2163-VIII ( ɺʽʜʦʤʦʩʪʽ 

ɺʝʨʭʦʚʥʦʾ ʈʘʜʠ (ɺɺʈ), 2017, ˉ 45, ʩʪ.403), ʯʠʥʥʠʡ, ʨʝʜʘʢʮʽʷ ʚʽʜ 15.12.2021. 

[7] ʊʘʨʘʩʝʥʢʦ ʖ. ʉ., ʉʘʚʯʝʥʢʦ ʖ.ɺ. ʈʠʟʠʢ-ʦʨʽʻʥʪʦʚʘʥʽ ʧʨʦʮʝʩʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʉʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ, 65 (1). ʉ. 66-76.  

[8] ɺ.ɯ.ɿʘʮʝʨʢʦʚʥʠʡ, ɺ.ɻ.ɹʫʨʘʯʝʢ, ʆ.ʆ.ɾʝʣʝʟʥʷʢ, ɸ.ʆ.ʊʝʨʝʱʝʥʢʦ ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʽ ʙʘʟʠ ʜʘʥʠʭ: 

ʤʦʥʦʛʨʘʬʽʷ. ï ʅʽʞʠʥ: ʅɼʋ ʽʤ. ʄ.ɻʦʛʦʣʷ, 2014. ï 492 ʩ. 

[9] ɺ.ʇ.ʉʘʚʠʥʳʭ. ɻʝʦʠʥʬʦʨʤʘʪʠʢʘ ʚ ʩʠʩʪʝʤʝ ʥʘʫʢ. - ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʠ ʪʝʭʥʦʣʦʛʠʠ. Å2016ô3 (15) ʩ.106-

113. 

[10] ʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ Digital cartography. Terms and definitions ɻʆʉʊ 28441-99 çʂʘʨʪʦʛʨʘʬʠʷ 

ʮʠʬʨʦʚʘʷ. ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷè. ʄʂʉ 01.040.35. ʆʂʉʊʋ 0090. ɼʘʪʘ ʚʚʝʜʝʥʠʷ 2000-07-01. 

[11] ʊʘʨʘʩʝʥʢʦ. ʖ.ʉ. ʌʽʟʽʯʥʽ ʦʩʥʦʚʠ ʨʘʜʽʦʣʦʢʘʮʽʾ [ʊʝʢʩʪ]: ʥʘʚʯ. ʇʦʩʽʙ. ʊ 19. ï ɼ.: çʇʦʨʦʛʠè, 2011. ï 487ʩ. 

[12] ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʘʜʠʦʣʦʢʘʮʠʠ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ : ʫʯʝʙʥʠʢ / ɸ. ʅ. ʌʦʤʠʥ, 

ɺ. ʅ. ʊʷʧʢʠʥ, ɼ. ɼ. ɼʤʠʪʨʠʝʚ [ʠ ʜʨ.] ; ʧʦʜ ʦʙʱ. ʨʝʜ. ʀ. ʅ. ʀʱʫʢʘ. ï ʂʨʘʩʥʦʷʨʩʢ : ʉʠʙ. ʬʝʜʝʨ. ʫʥ-ʪ, 2016. ï 292 ʩ. 

[13] ɺ.ʖ.ʂʣʠʤ. ʖ.ʉ.ʊʘʨʘʩʝʥʢʦ, ʊhe methodology of building the cognitive model of critical infrastructureôs security. 

ʈʨ. 38-51. ʈrospektive globale wissenschaftliche trends. Monographic series çEuropean Scienceè. Book 11. Part 1. 

Published by: ScientificWorld-NetAkhatAV.  Karlsruhe, Germany 2022. 

[14] Safety of critical infrastructure objects from the positions of risk effectiveness reduction Yu.S. Tarasenko, V.Iu. 

Klym. Vol. 4 No. 141 (2022): System technologies, Published: 2023-03-04, p.158-168. 

[15] ISO/IEC Guide 98-1:2009, Uncertainty of measurement - Part 1: Introduction to the expression of uncertainty in 

measurement, IDT. ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ. ʏʘʩʪʴ 1. ɺʚʝʜʝʥʠʝ ʚ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ ʚʳʨʘʞʝʥʠʶ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ. ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ. 2017. 

[16] ISO/IEC 98-3, Uncertainty of measurement ð Guide to the expression of uncertainty in measurement 

(GUM:1995) ʈʫʢʦʚʦʜʩʪʚʦ ISO/ʄɽʂ 98-3 ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ð ʏʘʩʪʴ 3: ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʚʳʨʘʞʝʥʠʶ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ (GUM:1995). 

https://gtmarket.ru/ratings/urbanization-index
https://journals.nmetau.edu.ua/index.php/st/article/view/1202


 

118 

[17] ʖ.ʉ.ʊʘʨʘʩʝʥʢʦ, ʇʨʦʢʦʧʦʚʠʯ-ʊʢʘʯʝʥʢʦ ɼ.ɯ., ʉʘʚʯʝʥʢʦ ʖ.ɺ., ɺ.ʆ. ɺʦʩʢʦʙʦʡʥʠʢ. ʇʘʨʘʜʠʛʤʘ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʚʠʤʽʨʽʚ: ʚʽʜ ʧʦʛʨʽʰʥʦʩʪʽ ʜʦ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ʉʠʩʪʝʤʠ ʪʘ  ʪʝʭʥʦʣʦʛʽʾ. ï 2020. ï ˉ 2(60). ʉ. 102-

119. 
 

 

ʋɼʂ 656.078 
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ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʢʦʤʬʦʨʪʫ 

ʧʝʨʝʚʝʟʝʥʴ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʗʧʦʥʽʾ 

ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ITS ï ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʩʠʩʪʝʤʠ. ITS 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʨʝʜʦʚʫ ʝʣʝʢʪʨʦʥʥʫ ʪʝʭʥʦʣʦʛʽʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʽʥʪʝʛʨʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʤʽʞ ʣʶʜʴʤʠ, ʜʦʨʦʛʘʤʠ ʪʘ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʪʠʤ ʩʘʤʠʤ 

ʧʦʢʨʘʱʫʶʯʠ ʩʢʣʘʜʥʽʩʪʴ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʘʚʪʦʤʘʪʠʯʥʦ ʩʧʣʘʯʫʶʯʠ ʧʨʦʾʟʜ 

ʧʣʘʪʥʠʤʠ ʘʚʪʦʰʣʷʭʘʤʠ. ʄʝʪʘ ʷʧʦʥʩʴʢʠʭ ITS ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʩʪʚʦʨʠʪʠ 

ʧʣʘʪʽʞʥʫ ʩʠʩʪʝʤʫ, ʧʽʜʪʨʠʤʫʚʘʪʠ ʙʝʟʧʝʢʫ ʢʝʨʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʝʤ, ʧʽʜʚʠʱʠʪʠ 

ʟʨʫʯʥʽʩʪʴ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʚʜʦʩʢʦʥʘʣʠʪʠ ʣʦʛʽʩʪʠʯʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʪʦʱʦ, ʘ ʪʘʢʦʞ ʥʘʜʘʚʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʽʥʬʦʨʤʘʮʽʶ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʙʝʟʧʝʯʥʦʾ, 

ʢʦʤʬʦʨʪʥʦʾ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʧʦʜʦʨʦʞʽ, ʰʚʠʜʢʦ, ʪʦʯʥʦ ʪʘ ʫ ʟʨʦʟʫʤʽʣʽʡ ʬʦʨʤʽ [1].  

ɽʣʝʢʪʨʦʥʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ɯʊʉ ʚ ʗʧʦʥʽʾ, ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ [1]: 

1) ASV (ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʧʽʜʚʠʱʝʥʦʾ ʙʝʟʧʝʢʠ), ʱʦ ʰʚʠʜʢʦ ʚʠʷʚʣʷʻ 

ʥʘʚʢʦʣʠʰʥʽ ʫʤʦʚʠ, ʪʘʢʽ ʷʢ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʽ ʧʨʠʛʦʜʠ, ʽ ʧʽʜʪʨʠʤʫʻ ʙʝʟʧʝʯʥʝ 

ʚʦʜʽʥʥʷ, ʥʘʜʘʶʯʠ ʽʥʬʦʨʤʘʮʽʶ, ʧʦʧʝʨʝʜʞʝʥʥʷ, ʦʧʝʨʘʪʠʚʥʫ ʧʽʜʪʨʠʤʢʫ ʽ ʪ.ʜ.; 

2) VICS (ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ) ï ʩʠʩʪʝʤʘ, 

ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʦʨʦʞʥʽʡ ʨʫʭ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, 

ʥʘʧʨʠʢʣʘʜ ʟʘʪʦʨʠ ʪʘ ʧʨʘʚʠʣʘ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʥʘ ʙʦʨʪʦʚʠʭ ʧʨʠʩʪʨʦʷʭ, ʪʘʢʠʭ ʷʢ 

ʘʚʪʦʤʦʙʽʣʴʥʽ ʥʘʚʽʛʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʫ ʚʠʛʣʷʜʽ ʪʝʢʩʪʫ ʪʘ ʛʨʘʬʽʢʠ; 

3) ETC (ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʾ ʦʧʣʘʪʠ ʧʨʦʾʟʜʫ) ï ʩʠʩʪʝʤʘ, ʷʢʘ ʘʚʪʦʤʘʪʠʯʥʦ 

ʩʧʣʘʯʫʻ ʤʠʪʘ ʰʣʷʭʦʤ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʜʦʨʦʞʥʽʡ ʨʫʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʽ ʧʣʘʪʫ ʟʘ ʧʨʦʾʟʜ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʙʦʨʪʦʚʠʤ 

ʧʨʠʩʪʨʦʻʤ, ʚʩʪʘʥʦʚʣʝʥʠʤ ʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʟʘʩʦʙʽ, ʪʘ ʧʨʠʜʦʨʦʞʥʽʤ ʧʨʠʩʪʨʦʻʤ 

ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ, ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʘ ʧʫʥʢʪʽ ʟʙʦʨʫ.  
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ʂʨʽʤ ʪʦʛʦ, ʚ ʗʧʦʥʽʾ ʽʩʥʫʶʪʴ ʩʠʩʪʝʤʠ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ ʙʝʟʧʝʯʥʫ ʪʘ 

ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ GPS (ʩʫʧʫʪʥʠʢʦʚʘ ʩʠʩʪʝʤʘ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ) ʽ 

ʮʠʬʨʦʚʠʭ ʪʘʭʦʛʨʘʬʽʚ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤʠ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ ʩʢʣʘʜʥʝ ʢʝʨʫʚʘʥʥʷ 

ʙʘʛʘʞʝʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʠʭ ʙʠʨʦʢ ʙʘʛʘʞʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʤʽʢʨʦʩʭʝʤʠ IC. ɽʣʝʢʪʨʦʥʥʽ ʥʦʤʝʨʥʽ ʟʥʘʢʠ ʧʨʠʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʷʢ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ 

(ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʪʝʭʥʦʣʦʛʽʷ) ʜʣʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʨʘʥʩʧʦʨʪʥʠʡ 

ʟʘʩʽʙ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʨʦʩʫʚʘʥʥʷ ɯʊʉ ʪʘ ʜʣʷ ʩʧʨʠʷʥʥʷ ʫʧʨʘʚʣʽʥʥʶ 

ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ, ʜʝ ʻ ʧʦʪʨʝʙʘ ʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ [1]. 

ɿʘʩʣʫʛʦʚʫʻ ʫʚʘʛʠ ʧʨʦʝʢʪ ʧʽʜ ʥʘʟʚʦʶ: çɼʝʤʦʥʩʪʨʘʮʽʡʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ 

ʚʟʘʻʤʦʜʽʾ ʜʦʨʦʞʥʴʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʜʣʷ ʝʨʠ ʘʚʪʦʥʦʤʥʦʛʦ ʚʦʜʽʥʥʷ ʥʘ ʰʚʠʜʢʽʩʥʠʭ 

ʤʘʛʽʩʪʨʘʣʷʭè, ʱʦ ʚʠʢʦʥʫʚʘʚʩʷ ʢʦʤʧʘʥʽʷʤʠ Mitsubishi Heavy Industries Group, 

MHI-MS ʽ Spectee Inc., ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʚʽʟʫʘʣʽʟʘʮʽʻʶ ʨʠʟʠʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ, ʚʢʣʶʯʘʶʯʠ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ, ʩʧʽʣʴʥʦ ʽʟ ʢʦʤʧʘʥʽʻʶ 

NEXCO Central Japan, ʷʢʘ ʧʨʠʡʤʘʻ ʧʨʦʝʢʪ. ɺʠʢʦʥʘʥʽ ʜʝʤʦʥʩʪʨʘʮʽʡʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʩʠʩʪʝʤʠ ʘʚʪʦʥʦʤʥʦʛʦ ʚʦʜʽʥʥʷ ʥʘ 

ʜʦʩʣʽʜʥʽʡ ʜʽʣʷʥʮʽ ʧʨʦʪʷʞʥʽʩʪʶ ʧʨʠʙʣʠʟʥʦ 4 ʢʤ ʫ ʧʨʝʬʝʢʪʫʨʽ ʉʽʜʟʫʦʢʘ ʚʽʜ ʐʽʥ-

ʍʘʜʘʥʦ IC [2]. ɿʦʢʨʝʤʘ, ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ V2I ʜʣʷ ʜʦʩʪʘʚʢʠ çʧʨʦʛʥʦʟʦʚʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾè, ʷʢʫ ʥʝ ʤʦʞʫʪʴ ʚʠʷʚʠʪʠ ʙʦʨʪʦʚʽ ʜʘʪʯʠʢʠ ʙʝʟʧʽʣʦʪʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʜʣʷ çʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʝʨʝʰʢʦʜʠ ʥʘ ʜʦʨʦʟʽ 

ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʘʤ, ʱʦ ʡʜʫʪʴ ʟʘ ʥʠʤè, ʽ çʦʧʪʠʤʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʦʨʦʞʥʽ 

ʫʤʦʚʠ ʪʘ ʫʤʦʚʠ ʚʦʜʽʥʥʷè (ʜʠʚ. ʨʠʩ. 1). 
 

 
ʈʠʩ.1. ʆʧʝʨʘʪʠʚʥʘ ʩʭʝʤʘ ʟʦʙʨʘʞʝʥʥʷ V2I, ʱʦ ʧʝʨʝʜʘʻ ʥʘ ʙʝʟʧʽʣʦʪʥʠʡ ʘʚʪʦʤʦʙʽʣʴ 

ʧʨʦʛʥʦʟʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʫ ʥʝ ʤʦʞʫʪʴ ʚʠʷʚʠʪʠ ʙʦʨʪʦʚʽ ʜʘʪʯʠʢʠ ʙʝʟʧʽʣʦʪʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ [2] 

 

V2I ð ʮʝ ʘʙʨʝʚʽʘʪʫʨʘ ʚʽʜ çʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʜʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠè ʽ ʦʟʥʘʯʘʻ 

ʙʝʟʜʨʦʪʦʚʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʧʽʜʢʣʶʯʝʥʠʤʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʷʢʝ ʤʘʻ ʬʫʥʢʮʽʾ ʟʚôʷʟʢʫ ɯʂʊ [2]. 
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ʈʦʟʧʦʚʩʶʜʞʫʶʯʠ çʧʝʨʝʜʙʘʯʫʚʘʥʫ ʽʥʬʦʨʤʘʮʽʶè ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʘʤ, ʷʢʽ 

ʧʨʷʤʫʶʪʴ, ʩʚʦʻʯʘʩʥʦ ʚʠʟʥʘʯʘʶʯʠ ʥʝʙʝʟʧʝʢʫ, ʤʦʞʥʘ ʚʞʠʪʠ ʟʘʭʦʜʽʚ ʱʦʜʦ 

ʫʭʠʣʝʥʥʷ ʟ ʜʦʩʪʘʪʥʴʦʶ ʢʽʣʴʢʽʩʪʶ ʯʘʩʫ, ʩʧʨʠʷʶʯʠ ʟʤʝʥʰʝʥʥʶ ʜʦʨʦʞʥʴʦ-

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ. ʂʨʽʤ ʪʦʛʦ, ʧʽʜʪʨʠʤʢʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ V2I ʟʙʽʣʴʰʫʻ 

ʜʦʩʪʫʧʥʽʩʪʴ çʩʣʽʜʫʚʘʥʥʷè, ʱʦ ʟʤʝʥʰʫʻ ʦʧʽʨ ʧʦʚʽʪʨʷ ʪʘ ʝʢʦʥʦʤʠʪʴ ʝʥʝʨʛʽʶ, 

ʢʝʨʫʶʯʠ ʥʘʩʪʫʧʥʠʤ ʘʚʪʦʤʦʙʽʣʝʤ ʙʣʠʟʴʢʦ ʜʦ ʛʦʣʦʚʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ. ʎʽ 

ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʦʙʦʪʫ ʘʚʪʦʤʦʙʽʣʷ, 

ʦʪʨʠʤʘʥʫ ʯʝʨʝʟ V2I, ʷʢ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʦʨʦʞʥʽʡ ʨʫʭ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, 

ʥʘʚʽʪʴ ʷʢʱʦ ʨʽʚʝʥʴ ʧʨʦʥʠʢʥʝʥʥʷ ʙʝʟʧʽʣʦʪʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʽ ʧʽʜʢʣʶʯʝʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʷʢ ɯʂʊ-ʪʝʨʤʽʥʘʣʠ, ʻ ʥʠʟʴʢʠʤ, ʘ ʯʘʩʪʢʘ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫ ʨʫʩʽ ʻ ʥʠʟʴʢʦʶ. ʆʩʢʽʣʴʢʠ ʡʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʙʝʟʧʝʢʫ, ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʚʽʥ ʟʤʝʥʰʠʪʴ ʢʽʣʴʢʽʩʪʴ 

ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ ʽ ʧʦʢʨʘʱʠʪʴ ʫʧʨʘʚʣʽʥʥʷ ʜʦʨʦʛʘʤʠ, ʱʦ ʧʽʜʝ ʥʘ 

ʢʦʨʠʩʪʴ ʫʩʽʤ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʘʤ, ʱʦ ʧʨʦʾʞʜʞʘʶʪʴ ʧʦʚʟ ʘʚʪʦʤʦʙʽʣʴ [2]. 

ʇʨʠ ʮʴʦʤʫ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʫ ʤʘʩ ʧʽʜʨʝʩʦʨʝʥʦʾ ʤʘʩʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ 

ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ ï ʚʝʨʪʠʢʘʣʴʥʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ z0 ʪʘ ʢʫʪʦʤ 

ʥʘʭʠʣʫ Ŭ [3]: 

 
(1) 

ʜʝ z0 - ʚʝʨʪʠʢʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʮʝʥʪʨʫ ʤʘʩ ʧʽʜʨʝʩʦʨʝʥʦʾ ʤʘʩʠ; 

z1 , z2 ï ʚʝʨʪʠʢʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʧʽʜʨʝʩʦʨʝʥʠʭ ʤʘʩ ʧʝʨʝʜʥʴʦʛʦ ʪʘ ʟʘʜʥʴʦʛʦ 

ʤʦʩʪʽʚ; 

a , b ï ʚʽʜʩʪʘʥʽ ʤʽʞ ʮʝʥʪʨʦʤ ʤʘʩ ʧʽʜʨʝʩʦʨʝʥʦʾ ʤʘʩʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʪʘ 

ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʧʣʦʱʠʥʘʤʠ ʧʝʨʝʜʥʴʦʾ ʪʘ ʟʘʜʥʴʦʾ ʙʝʟʧʨʫʞʠʥʥʠʭ ʤʘʩ; 

Ŭ ï ʢʫʪʦʚʝ ʧʝʨʝʤʽʱʝʥʥʷ ʧʽʜʨʝʩʦʨʝʥʦʾ ʤʘʩʠ (ʢʫʟʦʚʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ) 

ʥʘʚʢʦʣʦ ʾʾ ʮʝʥʪʨʫ ʤʘʩ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʚ [3] ʤʦʜʝʣʴ ʢʦʣʠʚʘʥʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ (ʪʠʧʦʚʦʛʦ 

ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ) ʧʨʠ ʡʦʛʦ ʝʢʩʪʨʝʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ ʤʦʞʝ ʙʫʪʠ ʧʨʘʢʪʠʯʥʦ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʘʚʪʦʪʝʭʥʽʯʥʠʭ ʝʢʩʧʝʨʪʠʟ, ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʪʘ ʧʨʦʮʝʩʫ ʛʘʣʴʤʫʚʘʥʥʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʛʘʣʫʟʽ ʗʧʦʥʽʾ, ʷʢʘ ʟʘʟʥʘʻ ʩʝʨʡʦʟʥʠʭ ʟʤʽʥ 

ʟʘʚʜʷʢʠ CASE, ʤʘʡʙʫʪʥʻ ʙʘʯʝʥʥʷ çʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽè ʪʘ 

çʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝè ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ ʽ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʙʘʯʝʥʥʷʤ Mitsubishi Heavy Industries Group [2].  

CASE ï ʘʢʨʦʥʽʤ, ʩʪʚʦʨʝʥʠʡ ʟ ʽʥʽʮʽʘʣʽʚ Connected, Autonomous, Shared, and 

Electric: ʘʚʪʦʤʦʙʽʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʧʨʘʛʥʝ ʩʪʚʦʨʠʪʠ ʙʝʟʧʝʯʥʽ ʪʘ ʟʨʫʯʥʽ 

ʤʦʙʽʣʴʥʽ ʧʦʩʣʫʛʠ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʪʝʥʜʝʥʮʽʡ ʫ ʩʚʽʪʽ. Mitsubishi Heavy Industries Group ʧʨʘʮʶʻ ʥʘʜ ʨʦʟʚʠʪʢʦʤ 

ʙʽʟʥʝʩʫ ʨʽʰʝʥʴ ʰʣʷʭʦʤ çʨʦʟʫʤʥʦʾ ʩʦʮʽʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠè. ɿʘʚʜʷʢʠ ʡʦʛʦ 

ʫʯʘʩʪʽ ʚ ʜʝʤʦʥʩʪʨʘʮʽʡʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʙʫʣʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʚʩʽ ʩʠʣʴʥʽ 

ʩʪʦʨʦʥʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʚ ʗʧʦʥʽʾ ʚʞʝ ʨʦʟʚʠʚʘʶʪʴʩʷ 

ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʫ ʩʬʝʨʽ 

ʪʨʘʥʩʧʦʨʪʫ ʥʘʮʽʣʝʥʠʡ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʩʠʩʪʝʤʠ ʘʚʪʦʥʦʤʥʦʛʦ ʚʦʜʽʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʮʠʬʨʦʚʽʟʘʮʽʾ. 
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ʃʦʛʽʩʪʠʢʘ ʪʘ ʤʽʞʥʘʨʦʜʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʩʪʘʶʪʴ ʜʝʜʘʣʽ ʩʢʣʘʜʥʽʰʠʤʠ ʪʘ 

ʧʦʪʨʝʙʫʶʪʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʜʦʧʦʤʘʛʘʻ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩʠ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʤʘʨʰʨʫʪʠʟʘʮʽʶ, ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ.  

ʇʨʠʢʣʘʜʦʤ ʫʩʧʽʰʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʣʦʛʽʩʪʠʯʥʽ 

ʧʨʦʮʝʩʠ ʻ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʣʘʥʫʚʘʥʥʽ. ʋ ʣʦʛʽʩʪʠʯʥʦʤʫ ʧʣʘʥʫʚʘʥʥʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʥʘʚʽʪʴ ʝʬʝʢʪʠʚʥʽʰʠʤ, ʥʽʞ 

ʣʶʜʩʴʢʠʡ ʧʦʪʝʥʮʽʘʣ. ʇʽʜ ʯʘʩ ʧʣʘʥʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʧʦʻʜʥʘʥʥʷ 

ʜʦʩʚʽʜʫ, ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ, ʛʥʫʯʢʦʩʪʽ ʪʘ 

ʨʦʟʫʤʽʥʥʷ ʩʠʪʫʘʮʽʾ ʨʘʟʦʤ ʟ ʘʚʪʦʤʘʪʠʟʘʮʽʻʶ ʧʦʚʪʦʨʶʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʙʽʣʴʰ ʩʠʣʴʥʦʛʦ ʟʣʘʛʦʜʞʝʥʦʛʦ ʝʬʝʢʪʫ. 

ʉʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʟʘʤʦʚʣʝʥʥʷʤʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʰʪʫʯʥʦʤʫ ʽʥʪʝʣʝʢʪʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʢʣʘʜʥʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʢʦʥʪʨʦʣʶ ʪʝʨʤʽʥʽʚ ʜʦʩʪʘʚʢʠ 

ʟʘʤʦʚʣʝʥʴ, ʾʭ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʽʜʩʪʝʞʝʥʥʷ ʪʘ ʚʠʷʚʣʝʥʥʷ ʤʦʞʣʠʚʠʭ ʧʨʦʙʣʝʤ, 

ʚʥʘʩʣʽʜʦʢ ʷʢʠʭ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʟʘʪʨʠʤʢʠ. ʐʣʷʭʦʤ ʥʘʜʘʥʥʷ ʜʘʥʠʭ ʪʘ 

ʘʥʘʣʽʪʠʢʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʮʽ ʩʠʩʪʝʤʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʢʦʤʧʘʥʽʷʤ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʽʤʦʚʽʨʥʽ ʟʘʪʨʠʤʢʠ ʪʘ ʚʞʠʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʟʘʭʦʜʠ ʱʦʜʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʯʘʩʥʦʾ, ʧʦʚʥʦʾ ʪʘ ʷʢʽʩʥʦʾ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʟʘʤʦʚʥʠʢʘʤ. 

ʋ ʧʝʨʩʧʝʢʪʠʚʽ, ʩʠʩʪʝʤʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʟʤʦʞʝ ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʠ 

ʘʚʪʦʥʦʤʥʠʤʠ ʚʘʥʪʘʞʽʚʢʘʤʠ ʪʘ ʦʙʨʦʙʣʷʪʠ ʜʘʥʽ ʟ ʽʥʰʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʞʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʩʥʘʱʝʥʥʷ ʚʘʥʪʘʞʽʚʦʢ 

ʧʨʠʩʪʨʦʷʤʠ, ʷʢʽ ʚʽʜʩʣʽʜʢʦʚʫʶʪʴ ʩʪʘʥ ʪʘ ʟʥʦʩ ʚʫʟʣʽʚ ʘʚʪʦʤʦʙʽʣʷ. ʎʝ ʥʝ ʣʠʰʝ 

ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʨʠʟʠʢʠ ʥʝʩʧʨʘʚʥʦʩʪʝʡ, ʘʣʝ ʡ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 
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ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʝʨʤʽʥʠ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʝʘʣʴʥʦʛʦ ʩʪʘʥʫ 

ʤʘʰʠʥʠ. 

ʃʘʙʦʨʘʪʦʨʽʷ S2PWeb ʨʦʟʨʦʙʠʣʘ ʧʨʦʛʨʘʤʫ GedVerifier, ʷʢʘ ʘʚʪʦʤʘʪʠʯʥʦ 

ʘʥʘʣʽʟʫʻ ʦʩʥʦʚʥʽ ʜʦʢʫʤʝʥʪʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʤʧʘʥʽʡ ʪʘ ʧʝʨʝʚʽʨʷʻ ʾʭ. ʎʷ 

ʽʥʥʦʚʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʦʙʨʦʙʢʫ ʜʦ 14 ʪʠʩ. ʜʦʢʫʤʝʥʪʽʚ 

ʥʘ ʤʽʩʷʮʴ ʽ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ ʯʘʩ ʧʨʦʮʝʩʫ, ʟʚʽʣʴʥʷʶʯʠ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʚʽʜ 

ʨʫʪʠʥʥʠʭ ʟʘʚʜʘʥʴ. [1]. 

Big Data ("ʚʝʣʠʢʽ ʜʘʥʽ") ï ʛʨʫʧʘ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ 

ʘʥʘʣʽʟʫʶʪʴ ʪʘ ʦʙʨʦʙʣʷʶʪʴ ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ, ʷʢ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ, ʪʘʢ ʽ 

ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦ ʥʦʚʠʭ ʟʥʘʥʴ. [2]. ɿʘʛʘʣʦʤ, ʮʝ ʜʘʥʽ, ʷʢʽ 

ʯʝʨʝʟ ʩʚʽʡ ʟʥʘʯʥʠʡ ʦʙʩʷʛ ʥʝ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʦʙʨʦʙʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʚʠʯʘʡʥʠʭ ʤʝʪʦʜʽʚ. 

ɸʥʘʣʽʟ Big Data ʨʦʟʛʣʷʜʘʻ ʜʘʥʽ ʷʢ ʮʽʥʥʽ ʘʢʪʠʚʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʾʭ ʜʣʷ ʪʦʛʦ, 

ʱʦʙ ʜʦʧʦʤʦʛʠ ʢʦʤʧʘʥʽʷʤ ʜʦʩʷʛʘʪʠ ʩʫʪʪʻʚʠʭ ʢʦʥʢʫʨʝʥʪʥʠʭ ʧʝʨʝʚʘʛ. ɿʥʘʯʥʠʡ 

ʝʢʦʥʦʤʽʯʥʠʡ ʨʽʩʪ ʚʽʜʯʫʪʥʦ ʟʤʽʥʠʚ ʩʪʨʘʪʝʛʽʯʥʽ ʧʽʜʭʦʜʠ ʷʢ ʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʪʘʢ ʽ ʚ 

ʨʦʟʧʦʜʽʣʽ ʪʦʚʘʨʽʚ (ʨʠʩ.1.). 

 
ʈʠʩ. 1.  Big Data ʚ ʣʦʛʽʩʪʠʮʽ ʪʘ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ 

 

ʆʪʞʝ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʚ ʫʧʨʘʚʣʽʥʥʽ ʤʽʞʥʘʨʦʜʥʠʤʠ 

ʣʦʛʽʩʪʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. ɸʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ, ʟʜʘʪʥʽ ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʢʽ 

ʦʙʩʷʛʠ ʜʘʥʠʭ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʜʦʧʦʤʘʛʘʶʪʴ ʚʽʜʩʪʝʞʫʚʘʪʠ ʟʘʤʦʚʣʝʥʥʷ, 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʝʨʤʽʥʠ ʜʦʩʪʘʚʢʠ ʽ ʧʝʨʝʜʙʘʯʘʪʠ ʤʦʞʣʠʚʽ ʟʘʪʨʠʤʢʠ. ʐʪʫʯʥʠʡ 

ʽʥʪʝʣʝʢʪ ʩʧʨʠʷʻ ʦʧʪʠʤʽʟʘʮʽʾ ʣʦʛʽʩʪʠʯʥʠʭ ʣʘʥʮʶʛʽʚ, ʟʤʝʥʰʝʥʥʶ ʚʠʪʨʘʪ ʪʘ 

ʧʽʜʚʠʱʝʥʥʶ ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʢʣʽʻʥʪʽʚ ʰʣʷʭʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʚʦʻʯʘʩʥʠʭ ʪʘ 

ʝʬʝʢʪʠʚʥʠʭ ʧʦʩʪʘʚʦʢ. ʋʩʝ ʮʝ ʨʦʙʠʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ 

ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʚ ʩʫʯʘʩʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʤʽʞʥʘʨʦʜʥʦʶ ʣʦʛʽʩʪʠʢʦʶ. 
 
[1]https://cargofy.ua/uk/blog/vikoristannya-shtuchnogo-intelektu-v-upravlinni-transportnimi-potokami-ta-logistichnimi-

reakciyami. 

[2] https://qagroup.com.ua/publications/shcho-take-big-data-i-iak-tce-pratciuie/. 

 

 



 

123 

ʋɼʂ 621.39:004.7 

 

ɯʅʌʆʈʄɸʎɯʁʅɯ ʊɽʍʅʆʃʆɻɯɰ ʅɸ ʊʈɸʅʉʇʆʈʊɯ 

 

INFORMATION TECHNOLOGIES IN TRANSPORT  

 

ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʆ.ʉ. ɼʫʙʠʮʴʢʠʡ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʇ.ɺ. ʄʘʟʠʣʶʢ  
ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʤ. ʃʫʮʴʢ) 

 

O. Dubytskyi, PhD (Tech.), P. Mazyliuk PhD (Tech.) 
Lutsk National Technical University (Lutsk) 

 

ʂʦʤʧ'ʶʪʝʨʠʟʘʮʽʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʶʪʴ 

ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ ʽ ʚʠʢʦʥʘʥʥʷ ʩʢʣʘʜʥʠʭ ʪʘ ʥʝʙʝʟʧʝʯʥʠʭ ʪʨʫʜʦʚʠʭ ʟʘʚʜʘʥʴ. 

ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʬʝʨʘʭ ʧʦʩʣʫʛ, 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʩʦʮʽʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʫʧʨʘʚʣʽʥʥʷ. ʊʘʢʦʞ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʜʦʚʦʣʴʥʷʪʠ 

ʥʝʚʠʨʦʙʥʠʯʽ ʧʦʪʨʝʙʠ ʩʫʩʧʽʣʴʩʪʚʘ. 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʟʙʽʨ, ʧʝʨʝʜʘʯʘ ʪʘ ʦʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ ʨʽʟʢʦ ʩʢʦʨʦʯʫʶʪʴ ʽ 

ʥʘʚʽʪʴ ʧʦʚʥʽʩʪʶ ʣʽʢʚʽʜʫʶʪʴ ʪʨʘʜʠʮʽʡʥʝ ʣʠʩʪʫʚʘʥʥʷ. ɿʤʽʥʶʻʪʴʩʷ ʚʩʷ ʩʠʩʪʝʤʘ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʜʽʣʦʚʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ: ʜʦʚʽʜʢʦʚʽ, ʥʦʨʤʘʪʠʚʥʽ, ʟʚʽʪʥʽ, 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʜʘʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʙʘʟʘʭ ʜʘʥʠʭ. ɯʥʬʦʨʤʘʮʽʷ ʥʘ ʟʘʧʠʪ 

ʚʠʜʘʻʪʴʩʷ ʷʢ ʚʽʟʫʘʣʴʥʦ ʥʘ ʜʠʩʧʣʝʡ, ʪʘʢ ʽ ʫ ʚʠʛʣʷʜʽ ʜʦʢʫʤʝʥʪʽʚ (ʟʚʽʪʽʚ).  

ʋ ʙʫʜʴ-ʷʢʽʡ ʩʠʩʪʝʤʽ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʥʝʦʙʭʽʜʥʦ ʰʚʠʜʢʦ ʪʘ 

ʩʚʦʻʯʘʩʥʦ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʦʚʽʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʙ'ʻʢʪʠ ʫʧʨʘʚʣʽʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʦʙʨʦʙʮʽ ʚʘʥʪʘʞʽʚ ʥʘ ʩʢʣʘʜʘʭ ʪʘ ʫ ʧʨʦʮʝʩʽ ʾʭ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʯʽʪʢʘ ʪʘ ʰʚʠʜʢʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʚʘʥʪʘʞʫ. ʉʢʣʘʜ ʤʘʻ 

ʦʪʨʠʤʫʚʘʪʠ ʧʨʦʜʫʢʮʽʶ, ʚʽʜʚʘʥʪʘʞʫʚʘʪʠ ʾʾ, ʝʬʝʢʪʠʚʥʦ ʚʝʩʪʠ ʦʙʣʽʢ. ʇʨʠ 

ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʩʦʨʪʫʚʘʥʥʽ ʪʦʚʘʨʫ ʚʠʥʠʢʘʶʪʴ ʧʦʤʠʣʢʠ ʚ ʦʙʣʽʢʫ ʪʦʚʘʨʫ ʪʘ ʡʦʛʦ 

ʚʽʜʚʘʥʪʘʞʝʥʥʽ, ʱʦ ʧʽʜʚʠʱʫʻ ʚʘʨʪʽʩʪʴ ʚʽʜʚʘʥʪʘʞʝʥʥʷ, ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ ʪʘ 

ʚʠʢʣʠʢʘʻ ʢʦʥʬʣʽʢʪʠ ʟ ʢʣʽʻʥʪʘʤʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, ʤʠ ʤʦʞʝʤʦ ʩʫʪʪʻʚʦ 

ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ. 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʛʘʣʫʟʽ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ, ʥʦʚʽʪʥʽʭ ʟʘʩʦʙʽʚ ʢʦʤʫʥʽʢʘʮʽʾ, ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʚʠʨʽʰʫʶʪʴ ʟʘʚʜʘʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʯʘʩʫ, ʧʨʘʮʽ, ʝʥʝʨʛʽʾ ʪʘ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʦʩʪʽʡʥʽʡ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘ ʨʦʟʚʠʪʢʫ, ʚ 

ʧʨʠʥʮʠʧʽ ʷʢ ʽ ʚʩʽ ʪʝʭʥʦʣʦʛʽʾ. ʎʴʦʤʫ ʩʧʨʠʷʶʪʴ ʧʦʷʚʘ ʥʦʚʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʜʘʥʠʭ, ʟʙʝʨʽʛʘʥʥʷ, ʾʭ ʧʝʨʝʜʘʯʽ ʪʘ 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʪʝʭʥʽʯʥʠʤʠ ʪʘ ʽʥʰʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ. 

ʈʦʟʰʠʨʝʥʥʷ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʘ 

ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʚʠʟʥʘʯʘʻ ʥʦʚʠʡ ʝʪʘʧ ʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 
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The concept of quality efficiency and optimality occupies an important place in 

theories about information systems in general and image processing systems, as well 

as for evaluating of information processing methods used in these systems. 

The efficiency of the system can be considered as the benefit received as a result 

of its use, attributed to the costs of its development and operation [1]. 

Criteria are used to evaluate efficiency. A criterion is an indicator or a measure of 

the effectiveness of the quality and optimality of the system. Criteria can be private or 

general [2]. 

We have to deal with the justification and selection of performance evaluation and 

optimization criteria at all stages of system modeling. The difficulty of this task lies 

in the fact that for complex systems it is not possible to choose a single criterion for 

evaluating efficiency and optimality [3]. Therefore, it is necessary to solve the 

problem of multi-criteria ranking or optimization, the main thing in this is the choice 

and justification of the compromise principle, that is, the generalized scalar criterion. 

A lot of attention was paid to the construction and development of a system of 

quantitative measures of the accuracy of monochrome images restoration. It is 

indicated in [4] that adequate accuracy measures should be consistent with the results 

of subjective evaluations for a wide class of images, without requiring super 

complicated calculations. In addition, it is desirable for these measures to have a 

simple analytical form ï then they could be applied as optimality criteria in the 

optimization or selection of image processing system parameters. The specified 

requirements are fully consistent with the general requirements for the criteria 

formulated earlier. Quantitative measures of accuracy of monochrome images 

restoration can be divided into two groups: single and paired. A single measure is a 

number that is compared to an image based on an analysis of its structure. A paired 

measure is a numerical result of a mutual comparison of two images, for example, a 

reference and a real one [5]. 

As a criterion of efficiency and optimality of the method we can take the root 

mean square error of correction.  

Letôs say )},({ jiFU =  - ideal picture, and Mi  ..., ,1= , Nj  ..., ,1=  - coordinates of 

image elements, M  and N  - the number of line elements and lines in the frame. The 
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image we observe )},(
~

{V yxF= , which was formed as a result of system processing 

according to a given algorithm of some initial image. The quality of the algorithm 

will be better in accordance with the match of ideal and resulting image, therefore it 

is necessary to determine the "closeness of the images". 

It is convenient to start with the quadratic measure of closeness - the Euclidean 

distance. The square of the Euclidean distance between the images is the square of 

their difference: 
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)yx,( ,       (1) 

where the difference image is 

),(),()yx,( yxUyxV -=D .       (2) 

To obtain a measure of the corrective transformation quality for some set of initial 

images as a whole, which would not depend on the implementation of the 

disturbance, it is convenient to take the mathematical expectation of the value 
2
D  

(1).  By averaging it both over the set of initial images and over different realizations 

of the obstacle, we obtain the following value: 
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where 22 )),(),(()yx,( yxUyxV -=e , is called root mean square correction error 

(RMSE).  

It can be used as a criterion for the optimality of the correction. The best image is 

considered to be the one for which the RMSE is minimal. However, such a criterion 

does not meet the requirement of variability within defined limits, as there are 

difficulties in establishing its upper limit. 

One of the reliability criteria is the normalized root mean square error (NRMSE). 
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where }{Öu  - a certain (possibly non-linear) operator, ),( jiF  - ideal discrete 

image, ),(
~

jiF  - the image under study. 
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ʉʫʯʘʩʥʘ ʷʢʽʩʪʴ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʘʢʪʦʨʽʚ, ʦʜʥʠʤ ʟ ʥʘʧʨʷʤʢʽʚ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʤʬʦʨʪ ʧʝʨʝʩʫʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʪʘ ʚʘʥʪʘʞʠʚ  ̒ ʰʚʠʜʢʽʩʪʴ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʪʨʘʥʩʧʦʨʪʫ. ɸʣʝ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʣʶʜʠʥʘ ʚʩʝ ʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʟ ʙʽʣʴʰʠʤ ʩʪʨʝʩʦʤ, 

ʧʦʛʽʨʰʝʥʥʷʤ ʨʽʚʥʷ ʞʠʪʪʷ ʯʝʨʝʟ ʽʥʛʨʝʜʽʻʥʪʥʝ ʪʘ ʧʘʨʘʤʝʪʨʠʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʦʤ ʜʦʚʢʽʣʣʷ. ʉʴʦʛʦʜʥʽ, ʫ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ, ʩʬʝʨʘ ʧʨʦʩʫʚʘʥʥʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʦʭʦʧʣʶʻ ʧʠʪʘʥʥʷ ʚʽʜ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ 

ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʜʦ ʧʠʪʘʥʴ ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʝʢʦʣʦʛʽʯʥʠʤʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʧʨʦʙʣʝʤʘʤʠ. ʊʨʘʥʩʧʦʨʪʥʽ ʧʦʪʦʢʠ ʚ ʫʤʦʚʘʭ ʫʨʙʦʝʢʦʩʠʩʪʝʤ ʻ ʦʩʦʙʣʠʚʦ 

ʥʝʙʝʟʧʝʯʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘʙʣʠʞʝʥʽ ʜʦ ʞʠʪʣʦʚʦʾ ʟʘʙʫʜʦʚʠ. ʐʫʤ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʘʥ ʟʜʦʨʦʚ'ʷ ʥʘʩʝʣʝʥʥʷ, ʟʥʠʞʫʻ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ [1]. ʊʦʤʫ ʦʙʦʚôʷʟʢʦʚʦ ʧʦʪʨʽʙʝʥ ʟʘʭʠʩʪ ʪʘ ʤʦʥʽʪʦʨʠʥʛ 

ʪʝʨʠʪʦʨʽʾ ʫʨʙʦʝʢʦʩʠʩʪʝʤ, ʜʝ ʣʶʜʠʥʘ ʚʝʜʝ ʘʢʪʠʚʥʫ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʚʽʜ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʪʨʘʥʩʧʦʨʪʫ. ʅʘʡʚʘʞʣʠʚʽʰʠʡ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʧʨʠʥʮʠʧ, ʱʦ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʛʝʥʝʨʘʣʴʥʦʾ ʩʭʝʤʠ ʰʫʤʦʟʘʭʠʩʪʫ ʮʝ ʧʦʣʽʧʰʝʥʥʷ 

ʘʙʦ ʭʦʯʘ ʙ ʟʙʝʨʝʞʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫʨʙʦʝʢʦʩʠʩʪʝʤ ʰʣʷʭʦʤ 

ʨʦʟʨʦʙʢʠ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʾʾ ʘʢʫʩʪʠʯʥʦʛʦ ʩʪʘʥʫ, ʷʢʘ ʙ ʜʦʟʚʦʣʠʣʘ 

ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ʟʙʠʪʢʠ ʚʽʜ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʧʦʚʠʥʥʽ 

ʧʦʚʥʽʩʪʶ ʟʘʜʦʚʦʣʴʥʷʪʠʩʷ ʩʦʮʽʘʣʴʥʽ ʧʦʪʨʝʙʠ ʥʘʩʝʣʝʥʥʷ ʫ ʩʪʚʦʨʝʥʥʽ ʥʘʡʙʽʣʴʰ 

ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʜʣʷ ʧʨʘʮʽ, ʧʦʙʫʪʫ ʪʘ ʚʽʜʧʦʯʠʥʢʫ ʣʶʜʝʡ. 

ʆʜʥʠʤ ʟ ʟʘʩʦʙʽʚ ʚʠʨʽʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʧʨʦʙʣʝʤʠ ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʰʫʤʦʚʠʤ 

ʟʘʙʨʫʜʥʝʥʥʷʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʫʤʦʟʘʭʠʩʥʠʭ ʝʢʨʘʥʽʚ, ʷʢʽ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʘ 

ʰʣʷʭʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʰʫʤʫ. ʊʘʢʠʡ ʤʝʪʦʜ ʻ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʤʘʣʦʧʦʚʝʨʭʦʚʦʾ 

ʟʘʙʫʜʦʚʠ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʷʢ ʚ ʤʽʩʪʘʭ, ʪʘʢ ʡ ʚ ʥʝʚʝʣʠʢʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ. ɺ 

ʞʠʪʣʦʚʽʡ ʟʘʙʫʜʦʚʽ ʚʠʩʦʪʘ ʰʫʤʦʟʘʭʠʩʥʦʛʦ ʝʢʨʘʥʫ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʚʽʜ 2 ʜʦ 8 

ʤʝʪʨʽʚ. ʊʦʤʫ ʧʨʦʧʦʥʫʻʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʢʨʘʥʠ ʟ ʩʚʽʪʣʦʧʨʦʟʦʨʠʤʠ 

ʚʩʪʘʚʢʘʤʠ, ʪʘʢʠʡ ʝʢʨʘʥ ʟʘʟʚʠʯʘʡ ʥʝ ʚʠʢʣʠʢʘʻ ʩʪʦʤʣʝʥʥʷ ʪʘ ʥʝʧʨʠʻʤʥʠʭ 
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ʚʽʜʯʫʪʪʽʚ ʫ ʤʝʰʢʘʥʮʽʚ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʨʽʰʫʻʪʴʩʷ ʝʢʦʣʦʛʽʯʥʘ 

ʧʨʦʙʣʝʤʘ, ʘ ʨʦʟʪʘʰʦʚʫʶʯʠ ʚ ʝʣʝʤʝʥʪʘʭ ʰʫʤʦʟʘʭʠʩʥʦʛʦ ʝʢʨʘʥʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʜʘʪʯʠʢʽʚ ʤʠ ʟʤʦʞʝʤʦ ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʤʽʥʠ ʨʽʚʥʽʚ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʪʘ ʽʥʛʨʝʜʽʻʥʪʥʦʛʦ ʟʘʙʨʫʜʥʝʥʴ, ʪʦʙʪʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʜʘʣʴʰʠʡ ʤʦʥʽʪʦʨʠʥʛ ʟʘ 

ʮʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ɸʣʝ ʡ ʩʘʤʽ ʝʢʨʘʥʠ ʤʠ ʤʦʞʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ 

ʦʪʨʠʤʘʥʥʷ ʝʥʝʨʛʽʾ, ʨʦʟʪʘʰʦʚʫʶʯʠ ʥʘ ʥʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʧʘʥʝʣʽ. ʉʦʥʷʯʥʘ 

ʝʥʝʨʛʽʷ, ʩʴʦʛʦʜʥʽ, ʚʠʢʣʠʢʘʻ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ 

ʧʦʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʆʜʠʥ ʟ ʥʝʜʦʣʽʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ 

ʧʘʥʝʣʝʡ ʻ ʚʽʜʯʫʞʝʥʥʷ ʽ ʟʘʪʝʤʥʝʥʥʷ ʟʥʘʯʥʠʭ ʟʝʤʝʣʴʥʠʭ ʪʝʨʠʪʦʨʽʡ (ʯʘʩʪʦ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ). ʏʘʩʪʢʦʚʦ ʮʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ 

ʟʘ ʨʘʭʫʥʦʢ ʽʥʪʝʛʨʫʚʘʥʥʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʚ ʰʫʤʦʟʘʭʠʩʥʽ ʝʢʨʘʥʠ [2]. ɽʥʝʨʛʽʷ, 

ʷʢʘ ʦʪʨʠʤʫʻʪʴʩʷ ʪʘ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʜʥʷ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ 

ʜʣʷ ʦʩʚʽʪʣʝʥʥʷ ʰʣʷʭʽʚ ʩʧʦʣʫʯʝʥʥʷ ʪʘ ʪʝʨʠʪʦʨʽʾ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ, ʘʙʦ ʤʦʞʥʘ 

ʧʝʨʝʧʨʦʜʘʚʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʟʛʽʜʥʦ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʪʘʨʠʬʘʤʠ.  

ʅʘ ʧʨʠʢʣʘʜʽ ʤ. ʇʽʜʛʦʨʦʜʥʝ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʨʦʟʛʣʷʥʝʤʦ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʫʤʦʟʘʭʠʩʥʦʛʦ ʝʢʨʘʥʫ ʟ ʽʥʪʝʛʨʦʚʘʥʠʤʠ ʚ ʥʴʦʛʦ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤʠ ʧʘʥʝʣʷʤʠ ʚ ʷʢʦʩʪʽ ʰʫʤʦʟʘʭʠʩʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʏʝʨʝʟ 

ʤ.ʇʽʜʛʦʨʦʜʥʝ ʧʨʦʭʦʜʷʪʴ ʘʚʪʦʤʦʙʽʣʴʥʘ ʪʘ ʟʘʣʽʟʥʠʯʥʘ ʜʦʨʦʛʠ, ʷʢʽ ʻ ʦʜʥʠʤʠ ʟ 

ʦʩʥʦʚʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʨʠʜʦʨʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. ʈʽʚʥʽ ʰʫʤʫ ʚʽʜ ʮʠʭ 

ʣʽʥʽʡʥʠʭ ʜʞʝʨʝʣ ʩʢʣʘʜʘʶʪʴ 80-82 ʜɹɸ. ʅʘ ʨʽʚʥʽ ʞʠʪʣʦʚʦʾ ʟʘʙʫʜʦʚʠ 

ʧʝʨʝʚʠʱʝʥʥʷ ʥʘʜ ʥʦʨʤʘʪʠʚʥʠʤ ʨʽʚʥʝʤ ʰʫʤʫ ʩʢʣʘʜʘʻ 18 ʜɹɸ. ɿʘ ʨʦʟʨʘʭʫʥʢʘʤʠ 

ʚʠʩʦʪʘ ʰʫʤʦʟʘʭʠʩʥʦʛʦ ʝʢʨʘʥʫ ʩʪʘʥʦʚʠʪʴ 6 ʤ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ 

ʟʚʫʢʫ ʥʘ ʨʽʚʥʽ ʞʠʪʣʦʚʦʾ ʟʘʙʫʜʦʚʠ ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ ʟʥʘʯʝʥʴ. ɿ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ 

ʟʦʨʫ ʪʘʢʽ ʟʘʭʦʜʠ ʥʝ ʟʘʚʞʜʠ ʦʢʫʧʫʶʪʴʩʷ, ʪʦʤʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ, ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʚ ʰʫʤʦʟʘʭʠʩʥʠʭ ʝʢʨʘʥʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʧʘʥʝʣʽ. ɺʨʘʭʦʚʫʶʯʠ ʚʘʨʪʽʩʪʴ ʧʦʚʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʨʦʙʽʪ ʧʦ ʩʧʦʨʫʜʞʝʥʥʶ ʝʢʨʘʥʫ ʪʘ ʤʝʨʝʞʝʚʠʭ ʩʪʘʥʮʽʡ ʟ ʬʦʪʦʤʦʜʫʣʷʤʠ 

Longi Solar ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʦʟʠʪʠʚʥʘ ʨʽʯʥʘ ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʠʭ 

ʟʘʭʦʜʽʚ ʙʫʜʝ ʣʠʰʝ, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʙʽʥʦʚʘʥʠʡ ʟ ʩʚʽʪʣʦʧʨʦʟʦʨʠʤʠ 

ʚʩʪʘʚʢʘʤʠ ʰʫʤʦʟʘʭʠʩʥʠʡ ʝʢʨʘʥ ʟ 2 ʨʷʜʘʤʠ ʬʦʪʦʤʦʜʫʣʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʫʤʦʟʘʭʠʩʥʠʭ ʝʢʨʘʥʽʚ ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʠʪʠ 

ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʥʝʣʝʡ 

ʷʢ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʝʢʨʘʥʫ ï ʧʦʢʨʘʱʠʪʠ ʧʦʢʘʟʥʠʢ ʝʢʦʥʦʤʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʨʘʥʫ, ʘ ʨʦʟʤʽʱʝʥʥʷ ʜʘʪʯʠʢʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʦʪʨʠʤʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʤʽʥʫ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 
 

[1] ɼʦʩʣʽʜʞʝʥʥʷ ʨʽʚʥʷ ʰʫʤʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʥʘ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʦʛʘʭ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʽʾ 

ʦʙʣʘʩʪʽ / ɻʽʣʴʦʚ ɺ.ɺ., ʉʘʥʴʢʦʚ ʇ.ʄ., ʇʦʣʪʦʨʘʮʴʢʘ ɺ.ʄ., ʊʢʘʯ ʅ.ʆ. // ɽʢʦʣʦʛʽʯʥʽ ʥʘʫʢʠ ï ʂ. : ɺʠʜʘʚʥʠʯʠʠʡ ʜʽʤ 

çɻʝʣʴʚʝʪʠʢʘè, 2022. ï No 2(41). ï ʉ. 52-55. 

[2] ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʦʙʲʝʢʪʘʭ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ / ɺ.ɺ. ɻʽʣʴʦʚ, ɺ.ʅ. ʇʦʣʪʦʨʘʮʢʘʷ, ɸ.ɸ. ɹʦʡʢʦ // ʇʨʦʙʣʝʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ 
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ʏʝʨʝʟ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʝ ʨʦʩʽʡʩʴʢʝ ʚʽʡʩʴʢʦʚʝ ʚʪʦʨʛʥʝʥʥʷ ʚ ʋʢʨʘʾʥʫ 

ʚʽʜʙʫʣʦʩʷ ʙʣʦʢʫʚʘʥʥʷ ʯʘʩʪʠʥʠ ʤʘʨʰʨʫʪʽʚ ʤʽʞʥʘʨʦʜʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʯʝʨʝʟ 

ʤʦʨʩʴʢʽ ʧʦʨʪʠ ʋʢʨʘʾʥʠ. ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ ʧʦʰʫʢ ʥʦʚʠʭ ʰʣʷʭʽʚ ʝʢʩʧʦʨʪʫ-ʽʤʧʦʨʪʫ 

ʧʨʦʜʫʢʮʽʾ ʻ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʦʤ ʝʢʦʥʦʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʋʢʨʘʾʥʠ. ɿʘʣʽʟʥʠʯʥʠʡ 

ʪʨʘʥʩʧʦʨʪ ʻ ʥʘʡʙʽʣʴʰ ʜʝʰʝʚʠʤ ʚʠʜʦʤ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ. 

ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʝʢʦʥʦʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʋʢʨʘʾʥʠ ʻ ʉʧʦʣʫʯʝʥʝ 

ʂʦʨʦʣʽʚʩʪʚʦ ʟ ʷʢʠʤ ʤʦʞʣʠʚʝ ʥʘʣʘʛʦʜʞʝʥʥʷ ʟʘʣʽʟʥʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ʨʫʭʫ 

ʚʘʥʪʘʞʽʚ. ʋʢʨʘʾʥʽ ʧʦʪʨʽʙʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʚʟʘʻʤʦʜʽʷ ʟ ʾʾ ʧʘʨʪʥʝʨʘʤʠ, ʚʽʜ ʷʢʦʾ 

ʟʘʣʝʞʠʪʴ ʝʢʩʧʦʨʪ ʚʣʘʩʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʧʦʩʪʘʯʘʥʥʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʩʧʦʞʠʚʯʠʭ 

ʪʦʚʘʨʽʚ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʨʠʥʦʢ, ʩʚʦʻʯʘʩʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʤʽʞʥʘʨʦʜʥʦʾ ʛʫʤʘʥʽʪʘʨʥʦʾ 

ʜʦʧʦʤʦʛʠ ʪʘ ʚʘʥʪʘʞʽʚ ʦʙʦʨʦʥʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ [1]. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʚ ʨʦʙʦʪʽ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʟʘʣʽʟʥʠʯʥʠʭ ʩʠʩʪʝʤ ʜʚʦʭ ʢʨʘʾʥ ï ʋʢʨʘʾʥʠ ʽ 

ɺʝʣʠʢʦʾ ɹʨʠʪʘʥʽʾ. ɼʦʩʣʽʜʞʝʥʦ ʨʦʙʦʪʫ ʽ ʧʨʦʮʝʜʫʨʠ ʥʘʜʘʥʥʷ ʤʘʨʰʨʫʪʽʚ ʨʫʭʫ ʥʘ 

ʪʨʘʥʩôʻʚʨʦʧʝʡʩʴʢʽʡ ʤʝʨʝʞʽ TEN-T, ʚ ʷʢʫ ʚʭʦʜʠʪʴ ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ, ʪʨʘʥʟʠʪʥʽ 

ʢʨʘʾʥʠ ɭʉ ʪʘ ʚ ʷʢʫ ʽʥʪʝʛʨʫʻʪʴʩʷ ʋʢʨʘʾʥʘ. ɼʦ 24 ʣʶʪʦʛʦ 2022 ʨʦʢʫ ʥʘ ʫʢʨʘʾʥʩʴʢʫ 

ʟʘʣʽʟʥʠʮʶ ʧʨʠʧʘʜʘʣʦ 60-75% ʚʩʴʦʛʦ ʚʘʥʪʘʞʦʦʙʽʛʫ ʋʢʨʘʾʥʠ, ʪʦʜʽ ʷʢ ʫ ʉʧʦʣʫʯʝʥʦ 

ʂʦʨʦʣʽʚʩʪʚʽ [3]. ʅʘ ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʧʨʠʧʘʜʘʻ ʙʣʠʟʴʢʦ 20% ʚʥʫʪʨʽʰʥʽʭ 

ʧʝʨʝʚʝʟʝʥʴ. ɺʝʣʠʢʘ ɹʨʠʪʘʥʽʷ ʧʦʩʪʫʧʘʻʪʴʩʷ ʣʠʰʝ ʅʽʤʝʯʯʠʥʽ ʟʘ ʛʫʩʪʦʪʦʶ ʤʝʨʝʞʽ 

ʟʘʣʽʟʥʠʮʴ ð 70 ʢʤ ʢʦʣʽʡ ʥʘ 1000 ʢʤ
2
 ʪʝʨʠʪʦʨʽʾ. ɼʦʚʞʠʥʘ ʟʘʣʽʟʥʠʮʴ - 16,5 ʪʠʩ.ʢʤ, 

ʟ ʥʠʭ ʪʨʝʪʠʥʘ ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʘ. ɼʣʷ ʚʠʚʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʣʽʟʥʠʯʥʠʭ 

ʧʝʨʝʚʝʟʝʥʴ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʦʙʦʪʫ ʽʥʪʝʨʤʦʜʘʣʴʥʦʛʦ ʤʽʞʥʘʨʦʜʥʦʛʦ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʝʨʤʽʥʘʣʫ Mossend International Railfreight Park [4]. ɺ ʋʢʨʘʾʥʽ 

ʨʦʟʛʣʷʥʫʪʘ ʤʦʞʣʠʚʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʟ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʤ ʣʦʛʽʩʪʠʯʥʠʤ ʮʝʥʪʨʦʤ 



 

129 

MOST Logistic Terminal ʥʘ ʢʦʨʜʦʥʽ ʟ ʇʦʣʴʱʝʶ (ʩʪʘʥʮʽʷ ʄʦʩʪʠʩʴʢʘ-II, 

ʨʝʛʽʦʥʘʣʴʥʘ ʬʽʣʽʷ ʃʴʚʽʚʩʴʢʘ ʟʘʣʽʟʥʠʮʷ). [5]. ʌʦʨʤʘʣʽʟʦʚʘʥʦ ʧʨʦʮʝʜʫʨʫ ʧʦʰʫʢʫ 

ʢʨʘʱʦʛʦ ʤʘʨʰʨʫʪʫ ʨʫʭʫ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ ʥʘ ʜʘʣʝʢʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʜʚʦʤʘ 

ʢʨʘʾʥʘʤʠ ï ʉʧʦʣʫʯʝʥʠʤ ʂʦʨʦʣʽʚʩʪʚʦʤ ʪʘ ʋʢʨʘʾʥʦʶ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʙʨʘʪʠ 

ʥʘʡʙʽʣʴʰ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʡ ʚʘʨʽʘʥʪ ʩʣʽʜʫʚʘʥʥʷ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ ʤʽʞ 

ʜʚʦʤʘ ʢʨʘʾʥʘʤʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʙʽʣʴʰ ʥʘʜʽʡʥʠʭ ʽ ʩʪʘʙʽʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ.  

ɼʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʣʦʛʽʩʪʘ ʢʦʤʧʘʥʽʡ ʚʘʥʪʘʞʦʚʽʜʧʨʘʚʥʠʢʽʚ, ʷʢʽ ʙʫʜʫʪʴ 

ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʧʦʩʣʫʛʘʤʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʤʽʞʥʘʨʦʜʥʠʭ ʤʘʨʰʨʫʪʽʚ ʽ ʧʝʨʝʚʝʟʝʥʥʷ 

ʚʘʥʪʘʞʽʚ ʤʽʞ ɺʝʣʠʢʦʶ ɹʨʠʪʘʥʽʻʶ ʽ ʋʢʨʘʾʥʦʶ. 
 

[1] ʈʦʣʴ ʥʘʟʝʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʫ ʩʪʽʡʢʦʩʪʽ ʤʽʞʥʘʨʦʜʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞʽʚ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ ʟ ʈʌ 

ʆʬʽʮʽʡʥʠʡ ʩʘʡʪ ʅʘʮʽʦʥʘʣʴʥʠʡ ʽʥʩʪʠʪʫʪ ʩʪʨʘʪʝʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. URL: https://niss.gov.ua/17-11-2023/. 

[2] ɻʦʣʦʚʥʘ ʧʦʜʦʨʦʞ ʋʢʨʟʘʣʽʟʥʠʮʽ: ʯʦʤʫ ʾʾ ʨʝʬʦʨʤʫ ʥʝ ʤʦʞʥʘ ʚʽʜʢʣʘʜʘʪʠ ʜʦ ʧʝʨʝʤʦʛʠ ɼʘʮʝʥʢʦ ɺ. 
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It is impossible to imagine the modern world without the influence of various 

technological aspects in all areas of human life. The era of technological development 

has reached its peak and the time has come to combine technology with information. 

Information technologies are a key factor in the development of transport. The main 

task of intelligent transport technologies is to improve safety of transportation, to 

optimize transport processes, to increase the efficiency and to provide stability and 

ecofriendliness of the transport industry as a whole. In recent years, many countries 

have begun active in-depth development of this niche. 

Intelligent transport technologies include: 
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- possibility of fast online exchange of information about transport 

infrastructure; 

- creation of environmental friendliness and sustainable transport, as well as, 

self-driving vehicles; 

- smart traffic lights and smart parking solutions; 

- transportation apps and data bases (such as Google maps, taxi programs, etc.). 

Considering the last point, with the growth of the global transport market, and 

especially its flourishing after the end of the pandemic, the need for mobile 

applications is also increasing. The vast majority of the world's population already 

uses smartphones, almost any transportation problem can be solved or simplified with 

the help of various programs. So, there are already many resources that help people 

build routes, avoid traffic jams, and show schedules of a certain type of transport in 

real time. And more often than not, these programs are extremely popular because 

they are free and significantly save the user's time and energy. 

Certain goals can be defined in all transportation programs such as directions and 

maps, public transport schedule tracking, tracking vehicle, planning the city trip, 

booking tickets from mobile or even making payments. 

In Ukraine, there is also a wide range of programs and databases for the 

optimization of logistics and transport routes. On the market of programs for delivery 

in Ukraine, there are several dozen different applications, "ANT-Logistics" is in the 

top 10. This is a Ukrainian logistics optimization system that is designed to organize 

the work of transport services and various sales representatives.  

This system includes 4 different modules, each responsible for a specific logistics 

development. The ñPlanningò module calculates economical delivery routes taking 

into account vehicle capacity, time windows, road conditions and a number of other 

characteristics. Using the ñControlò module, GPS monitoring of vehicles is carried 

out and its current location is displayed. The ñAnalyticsò module generates plan-

actual reports, a report on visiting points, a report on tasks and other reports, 

including custom ones. The ñMobile Commerceò module is aimed at distributors and 

is designed to organize the work of sales agents. 

The platform helps solve two main problems:  

- reducing the cost of organizing deliveries by optimizing routes; 

- improving customer service by accurately planning arrivals at address points. 

The service is suitable for most businesses related to transport deliveries 

(distributors, retailers, freight forwarders, online stores, etc.). ANT-Logistics allows 

you to significantly reduce logistics costs due to the elimination of the human factor, 

the use of the optimal number of vehicles, the reduction of mileage, the maximum 

load and the increase of the vehicle resource. The service provides control over 

drivers and sales agents, facilitates product delivery without delays or time 

constraints. 

The future of transportation applications in the field of intelligent transportation 

technologies accumulates a huge potential for innovation and their improvement of 

mobility. But it is important to say that the logistics market of Ukraine works for 

global transportation and every program should be modified for wide use. In the 

future, may appear such programs and services, like: 
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1. Smart parking, an app that will use real-time data to help users find available 

parking spaces, reserve spots, and make parking payments. The program will be able 

to be deployed on powerful transport hubs and cargo loading bases, optimizing large 

volumes of work. 

2. Personalized Journey Assistant, an app that will learn a user's preferences, 

enabling the employer to view all driver profiles and intelligently choose the most 

suitable one. It will also allow the driver to choose the desired mode of transport, 

cargo, and so on. 

In conclusion, the integration of technology and information has become 

indispensable in the modern world, with transport being a key beneficiary of this 

technological evolution. Intelligent transport technologies play a vital role in 

enhancing safety, optimizing infrastructure, and increasing efficiency in the industry. 

The development of this field has gained momentum globally, with many countries, 

including Ukraine, actively exploring various aspects of intelligent transport 

technologies.  
 

[1] ʅʘʩʪʘʥʦʚʘ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʙʘʣʦʢ. ʈʦʟʨʘʭʫʥʦʢ ʥʘ ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ: ɼʉʊʋ-ʅ ɹ ɺ.2.6-196:2014 ï 

[ʏʠʥʥʽ 2015-07-01]. ï ʂ.: ʄʽʥʨʝʛʽʦʥ ʋʢʨʘʾʥʠ, 2015. ï 47ʩ. ï (ʅʘʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ)  
[2] ʅʘʩʪʘʥʦʚʘ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʣʦʥ. ʈʦʟʨʘʭʫʥʦʢ ʥʘ ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ: ɼʉʊʋ-ʅ ɹ ɺ.2.6-197:2014 ï 

[ʏʠʥʥʽ 2015-07-01]. ï ʂ.: ʄʽʥʨʝʛʽʦʥ ʋʢʨʘʾʥʠ, 2015. ï 40ʩ. ï (ʅʘʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ)  
[3] ɹʝʪʦʥʥʽ ʪʘ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ: ɼɹʅ ɺ.2.6-98:2009. ï [ʏʠʥʥʠʡ 2011-06-01]. ï 

ʂ.:ʄʽʥʨʝʛʽʦʥʙʫʜ ʋʢʨʘʾʥʠ,2011. ï 73ʩ. ï (ɼʝʨʞʘʚʥʽ ʙʫʜʽʚʝʣʴʥʽ ʥʦʨʤʠ ʋʢʨʘʾʥʠ).  
[4] ɹʝʪʦʥʥʽ ʪʘ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʚʘʞʢʦʛʦ ʙʝʪʦʥʫ ɼʉʊʋ ɹ ɺ.2.6-156: 2010 ï [ʏʠʥʥʽ 2011-06-01]. ï ʂ.: 

ʄʽʥʨʝʛʽʦʥʙʫʜ ʋʢʨʘʾʥʠ, 2011. ï 118ʩ. ï (ʅʘʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ)  
[5] ʇʨʘʢʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʝʣʝʤʝʥʪʽʚ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ɼɹʅ ɺ.2.6-98:2009 ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʨʦʟʨʘʭʫʥʢʘʤʠ ʟʘ ʉʅʠʇ 2.03.01-84* ʽ EN 1992-1-1 (Eurocode 2) [ʊʝʢʩʪ] : ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ / ɺ.ʄ. ɹʘʙʘʝʚ ,  
ɸ.ʄ. ɹʘʤʙʫʨʘ, ʆ.ʄ. ʇʫʩʪʦʚʦʡʪʦʚʘ ʪʘ ʽʥ..; ʟʘ ʟʘʛ. ʈʝʜ.. ɺ.ʉ. ʐʤʫʢʣʝʨʘ. ð , ʍʘʨʢʽʚ: ɿʦʣʦʪʽ ʩʪʦʨʽʥʢʠ, 2015 ð 

208ʩ.  
 

 

ʋɼʂ 656:004  

  

ʉɽʈɺɯʉ V2ʍ ɺ ʇʃɸʅʋɺɸʅʅɯ ʊʈɸʅʉʇʆʈʊʅʀʍ ʇʆʊʆʂɯɺ 

 

SERVICE V2ʍ IN TRANSPORT FLOWS PLANNING  

  

ʆ.ʈ. ɭʨʦʰʝʥʢʦ, ɺ.ɺ. ʂʣʠʤʝʥʢʦ, ʅ.ɯ. ʅʦʚʘʣʴʩʴʢʘ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʤ. ʂʠʾʚ) 

 

O.R. Yeroshenko, V.V. Klymenko, N.I . Novalska 
National Aviation University (Kyiv) 

  

ʉʧʨʦʛʥʦʟʫʚʘʪʠ ʯʘʩʦʚʠʡ ʨʝʞʠʤ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚ ʤʝʛʘʧʦʣʽʩʘʭ 

ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ, ʦʩʢʽʣʴʢʠ ʷʢʱʦ ʪʨʘʥʩʧʦʨʪ ʥʝʛʘʙʘʨʠʪʥʠʡ, ʪʦ ʜʘʥʘ ʟʘʜʘʯʘ ʟʥʘʯʥʦ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ. ʋ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ ʪʨʘʥʩʧʦʨʪʥʽ ʢʦʣʽʟʽʾ (ʜʘʣʽ ï 

ʊʂ), ʢʦʣʠ ʥʝʛʘʙʘʨʠʪʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʥʝ ʤʦʞʫʪʴ ʨʦʟ'ʾʭʘʪʠʩʷ ʥʘ ʚʫʟʴʢʽʡ 

ʜʦʨʦʟʽ. ʉʘʤʽ ʧʦ ʩʦʙʽ ʪʨʘʥʩʧʦʨʪʥʽ ʢʦʣʽʟʽʾ ʥʝ ʩʪʘʥʦʚʣʷʪʴ ʥʝʙʝʟʧʝʢʠ, ʦʜʥʘʢ ʧʨʠ 
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ʭʘʦʪʠʯʥʦʤʫ ʾʭ ʥʘʢʦʧʠʯʝʥʥʽ ʚʦʥʠ ʚʩʝ ʞ ʪʘʢʠ ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ ʧʝʚʥʠʭ 

ʧʨʦʙʣʝʤ. 

ʅʘʡʢʨʘʱʝ ʚʠʟʥʘʯʝʥʥʷ ʢʦʣʽʟʽʾ ʜʘʥʦ ʚ ʶʨʠʩʧʨʫʜʝʥʮʽʾ. ʇʦ ʩʫʪʽ, ʮʝ ʟʽʪʢʥʝʥʥʷ 

ʥʦʨʤ ʧʨʘʚʘ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʦʜʥʽ ʡ ʪʽ ʩʘʤʽ ʚʽʜʥʦʩʠʥʠ. ʑʦʜʦ ʪʨʘʥʩʧʦʨʪʫ, ʪʦ ʧʨʦʷʚ 

ʢʦʣʽʟʽʾ ʤʦʞʥʘ ʧʨʦʽʣʶʩʪʨʫʚʘʪʠ, ʢʦʣʠ ʜʚʘ ʘʙʦ ʙʽʣʴʰʝ ʥʝʛʘʙʘʨʠʪʥʠʭ ʚʘʥʪʘʞʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽ ʥʝ ʤʦʞʫʪʴ ʨʦʟ'ʾʭʘʪʠʩʷ ʥʘ ʚʫʟʴʢʠʭ ʰʣʷʭʘʭ ʧʽʜ'ʾʟʜʫ ʜʦ ʚʘʥʪʘʞʥʠʭ 

ʪʝʨʤʽʥʘʣʽʚ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʘʤ ʜʦʚʦʜʠʪʴʩʷ ʨʦʙʠʪʠ ʩʢʣʘʜʥʽ 

ʤʘʥʝʚʨʠ, ʷʢʽ ʫ ʩʚʦʶ ʯʝʨʛʫ ʧʦʚ'ʷʟʘʥʽ ʟ ʥʘʷʚʥʽʩʪʶ ʫ ʢʦʞʥʦʛʦ ʚʦʜʽʷ ʩʚʦʾʭ ʟʘʚʜʘʥʴ. 

ʎʠʤ ʪʨʘʥʩʧʦʨʪʥʠʤ ʢʦʣʽʟʽʷʤ ʤʦʞʥʘ ʙʫʣʦ ʙ ʟʘʧʦʙʽʛʪʠ ʰʣʷʭʦʤ ʥʘʜʘʥʥʷ ʨʽʟʥʠʭ 

ʯʘʩʦʚʠʭ ʢʦʨʠʜʦʨʽʚ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʢʪʫʘʣʽʟʫʻʪʴʩʷ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʧʝʚʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʜʦ ʟʘʚʜʘʥʴ ʷʢʦʾ ʙʫʜʝ 

ʚʭʦʜʠʪʠ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʦʪʦʢʘʤʠ. ʆʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʫʧʨʘʚʣʽʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʦʪʦʢʘʤʠ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ ʩʪʘʻ ʬʫʥʢʮʽʷ ʯʘʩʫ. ɺ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ 

ʪʨʘʥʩʧʦʨʪʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʢʝʨʫʚʘʥʥʷ ʯʘʩʦʤ ʻ 

ʤʘʢʩʠʤʘʣʴʥʦ ʥʝʣʽʥʽʡʥʠʤ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʜʦʨʦʞʥʷ ʦʙʩʪʘʥʦʚʢʘ, ʦʩʦʙʣʠʚʦ ʫ 

ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ, ʻ ʤʘʢʩʠʤʘʣʴʥʦ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦʶ, ʱʦ ʦʩʦʙʣʠʚʦ ʷʩʢʨʘʚʦ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʟ ʥʘʩʪʘʥʥʷʤ ʟʠʤʦʚʦʛʦ ʧʝʨʽʦʜʫ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʢʦʨʜʦʥʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʢʦʤʧʘʥʽʾ ʱʝ ʟ 70-ʭ ʨʦʢʽʚ 

ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʘʢʪʠʚʥʦ ʟʘʡʤʘʣʠʩʷ ʚʠʨʽʰʝʥʥʷʤ ʧʨʦʙʣʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʦʪʦʢʘʤʠ ʫ ʤʝʛʘʧʦʣʽʩʘʭ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʧʦʢʘʟʘʣʘ ʩʝʙʝ 

ʧʨʦʛʨʘʤʥʘ ʢʦʥʮʝʧʮʽʷ V2X [1, 2]. ʋ ʮʠʚʽʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʷ ʩʠʩʪʝʤʘ 

ʥʘʟʠʚʘʻʪʴʩʷ Car-to-X-Communication, ʽ ʚʞʝ ʢʽʣʴʢʘ ʨʦʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʢʦʤʧʘʥʽʷʤʠ Daimler AG,  Wolswagen, Mercedes-Benz [3, 4], Porsche [5]. ɰʾ 

ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʤʦʞʥʘ ʚʠʢʣʘʩʪʠ ʪʘʢ: 

1. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʥʝʙʝʟʧʝʢʫ ʘʚʪʦʤʘʪʠʯʥʦ ʨʦʟʧʽʟʥʘʻʪʴʩʷ ʘʚʪʦʤʦʙʽʣʝʤ ʫ 

ʬʦʥʦʚʦʤʫ ʨʝʞʠʤʽ ʘʙʦ ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʚʦʜʽʻʤ. ɼʘʣʽ ʮʷ ʽʥʬʦʨʤʘʮʽʷ ʧʝʨʝʜʘʻʪʴʩʷ 

ʩʣʫʞʙʦʶ Car-to-X-Communication ʘʚʪʦʤʦʙʽʣʷʤ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʙʣʠʟʫ; 

2. ɿʘ ʥʘʷʚʥʦʩʪʽ ʧʨʠʡʤʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʥʝʙʝʟʧʝʯʥʽ ʤʽʩʮʷ ʚ 

ʨʘʡʦʥʽ ʧʦʪʦʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʦʜʽʾ ʚ ʧʨʦʮʝʩʽ ʢʝʨʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʝʤ ʦʪʨʠʤʫʶʪʴ ʚʽʟʫʘʣʴʥʽ 

ʽʥʩʪʨʫʢʮʽʾ ʪʘ ʤʦʞʫʪʴ ʩʚʦʻʯʘʩʥʦ ʘʜʘʧʪʫʚʘʪʠ ʩʪʠʣʴ ʚʦʜʽʥʥʷ ʜʦ ʫʤʦʚ ʜʦʨʦʞʥʴʦʛʦ 

ʨʫʭʫ. 

ʋ ʙʽʟʥʝʩ-ʩʝʨʝʜʦʚʠʱʽ ʚʞʝ ʙʘʛʘʪʦ ʨʦʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ V2X [1,2]. 

ʎʷ ʩʠʩʪʝʤʘ ʻ ʙʘʛʘʪʦʩʝʢʪʦʨʥʦʶ, ʽ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʪʘʢʽ ʧʽʜʩʠʩʪʝʤʠ: 

Å V2I (ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ - ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ); 

Å V2N (ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ - ʤʝʨʝʞʘ); 

Å V2V (ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ - ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ); 

Å V2P (ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ - ʧʽʰʦʭʽʜ); 

Å V2D (ʚʽʜ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʜʦ ʧʨʠʩʪʨʦʶ). 

ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʫʧʨʘʚʣʽʥʥʷ ʚʘʥʪʘʞʥʠʤʠ ʧʦʪʦʢʘʤʠ, ʪʦ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ 

ʧʨʠʜʽʣʠʪʠ ʧʽʜʩʠʩʪʝʤʘʤ V2I, V2N, V2V. ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʮʠʭ ʧʽʜʩʠʩʪʝʤ ʻ 

ʫʩʫʥʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʣʽʟʽʡ. ʊʝʭʥʽʯʥʽ ʧʠʪʘʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ ʦʙʤʽʥʦʤ ʜʘʥʠʤʠ 

ʤʽʞ ʚʦʜʽʷʤʠ, ʧʨʦʛʨʘʤʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʪʘ ʦʧʝʨʘʪʦʨʦʤ ʩʠʩʪʝʤʠ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʜʝʥʴ ʚʞʝ ʚʠʨʽʰʝʥʽ ʟʘʚʜʷʢʠ ʤʝʨʝʞʝʚʽʡ ʪʦʧʦʣʦʛʽʾ, ʱʦ ʧʨʘʮʶʻ ʟʘ ʩʪʘʥʜʘʨʪʦʤ 

802.11p. ʉʘʤ ʩʪʘʥʜʘʨʪ 802.11p ï ʮʝ ʪʝʭʥʦʣʦʛʽʷ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʙʝʟʜʨʦʪʦʚʦʾ 
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ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʤʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʪʘ 

ʦʙ'ʻʢʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ.   

ʈʦʟʛʣʷʥʝʤʦ ʘʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ ʚʟʘʻʤʦʜʽʾ ʦʙ'ʻʢʪʽʚ ʫ ʩʪʨʫʢʪʫʨʽ V2X. ʌʫʥʢʮʽʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʣʽʟʽʡ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʦʪʠʨʤʘ ʩʪʘʥʘʤʠ: 

ç0è ï ʨʫʭ ʟʘʢʨʠʪʦ; 

ç1è ï ʨʫʭ ʚʽʜʢʨʠʪʦ; 

ç2è ï ʨʫʭ ʤʦʞʣʠʚʠʡ ʟ ʤʘʣʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʚʠʥʠʢʥʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʣʽʟʽʡ; 

ç3è ï ʨʫʭ ʤʦʞʣʠʚʠʡ ʟ ʚʝʣʠʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʚʠʥʠʢʥʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʢʦʣʽʟʽʡ. 

ʊʘʢʦʞ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʝʜʝʥʥʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʫʥʢʮʽʾ ʦʯʽʢʫʚʘʥʥʷ 

ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʩʪʘʥʥʷ ʧʦʜʽʡ, ʦʧʠʩʘʥʠʭ ʚʠʱʝ. ʎʷ ʬʫʥʢʮʽʷ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ 

ʬʘʢʪʦʨʠ, ʷʢ: ʯʘʩ ʜʦʙʠ, ʧʦʨʘ ʨʦʢʫ, ʧʦʛʦʜʥʽ ʫʤʦʚʠ, ʜʦʨʦʞʥʷ ʦʙʩʪʘʥʦʚʢʘ, ʥʘʷʚʥʽʩʪʴ 

ʽʥʰʠʭ ʝʢʟʦʛʝʥʥʠʭ ʯʠʥʥʠʢʽʚ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʣʶʜʩʴʢʦʛʦ 

ʬʘʢʪʦʨʫ. 
 

[1] V2X Communication for Real Time Information Exchange. ï URL: https://www.continental-
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ʈʝʘʣʴʥʽ ʪʝʯʽʾ ʥʘʚʢʦʣʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʻ ʚʠʢʣʶʯʥʦ ʪʫʨʙʫʣʝʥʪʥʠʤʠ. ɰʭ 

ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ  ʽ ʥʘ ʩʴʦʛʦʜʥʽ ʟʘʣʠʰʘʻʪʴʩʷ  ʩʢʣʘʜʥʦʶ ʧʨʦʙʣʝʤʦʶ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʘʝʨʦʜʠʥʘʤʽʢʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʦʙʫʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, 
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ʯʠʩʣʦʚʦʛʦ ʤʝʪʦʜʫ, ʘʣʛʦʨʠʪʤʫ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʪʘ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ  ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ  ʪʫʨʙʫʣʝʥʪʥʠʭ ʪʝʯʽʡ 

ʥʘʚʢʦʣʦ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʥʘʟʝʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ (ɺʐʅʊɿ) ʪʠʧʫ 

Maglev. 

ɼʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʟ ʚʠʟʥʘʯʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʪʠʧʫ Maglev ʦʙʨʘʥʦ ʤʦʜʝʣʴ ʪʝʯʽʾ ʚôʷʟʢʦʛʦ ʩʪʠʩʣʠʚʦʛʦ 

ʛʘʟʫ,  ʱʦ ʦʧʠʩʫʻʪʴʩʷ  ʦʩʝʨʝʜʥʝʥʠʤʠ ʟʘ ʈʝʡʥʦʣʴʜʦʤ ʨʽʚʥʷʥʥʷʤʠ ʅʘʚôʻ-ʉʪʦʢʩʘ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ ʥʘʚʢʦʣʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʧʘʨʘʪʘ ʻ ʩʢʣʘʜʥʦʶ, ʪʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʙʘʛʘʪʦʙʣʦʢʦʚʠʡ ʧʽʜʭʽʜ ʪʘ ʢʨʠʚʦʣʽʥʽʡʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ.   

ʉʠʩʪʝʤʘ  ʦʩʝʨʝʜʥʝʥʠʭ ʟʘ ʈʝʡʥʦʣʴʜʩʦʤ ʨʽʚʥʷʥʴ ʅʘʚôʻ-ʉʪʦʢʩʘ ʟʘʧʠʰʝʪʴʩʷ: 
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ʜʝQĔ ï ʚʝʢʪʦʨ ʥʝʚʽʜʦʤʠʭ ʟʤʽʥʥʠʭ; GFE Ĕ,Ĕ,Ĕ  ï ʚʝʢʪʦʨʠ ʥʝʚôʷʟʢʠʭ ʧʦʪʦʢʽʚ; 

vzvyvx
GFEE xxx

n
++=Ĕ , 

vzvyvx
GFEF hhh

n
++=Ĕ  ,

vzvyvx
GFEG zzz

n
++=Ĕ  ï ʚʝʢʪʦʨʠ 

ʚôʷʟʢʠʭ ʧʦʪʦʢʽʚ; HjH 1Ĕ=  ï  ʚʝʢʪʦʨ ʜʞʝʨʝʣʴʥʠʭ ʯʣʝʥʽʚ. 

ɼʣ̫  ʟʘʤʠʢʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ  (1) ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ 

SST (Shear Stress Transport) ʄʝʥʪʝʨʘ [2]. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ, ʘʣʛʦʨʠʪʤ ʪʘ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʪʝʩʪʫʚʘʣʦʩʷ ʥʘ ʨʷʜʽ ʩʪʘʥʜʘʨʪʥʠʭ ʟʘʜʘʯ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʧʨʦʚʦʜʠʣʦʩʷ ʚ ʙʝʟʢʨʠʣʦʚʽʡ 

ʢʦʤʧʦʥʦʚʮʽ.  ɻʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʤʦʜʝʣʽ  ɺʐʅʊɿ ʩʢʣʘʜʘʣʠ:  ʜʦʚʞʠʥʘ  -1400 

ʤʤ, ʚʠʩʦʪʘ - 110 ʤʤ, ʰʠʨʠʥʘ 150 ʤʤ  [1]. ɺʽʜʩʪʘʥʴ ʚʽʜ ʜʥʠʱʘ  ʢʦʨʧʫʩʫ ɺʐʅʊɿ 

ʚ ʢʨʘʡʥʽʡ ʟʘʜʥʽʡ ʪʦʯʮʽ ʜʦ ʰʣʷʭʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʢʣʘʜʘʣʘ 0,013 ʚʠʩʦʪʠ ʢʦʨʧʫʩʫ.  

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ ʨʦʟʙʠʪʘ ʥʘ ʨʷʜ ʙʣʦʢʽʚ, ʜʝ ʮʝʥʪʨʘʣʴʥʠʡ ʙʣʦʢ ʆ-ʪʠʧʘ 

ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘʚʢʦʣʦ ʢʦʨʧʫʩʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ʋʩʷ ʩʽʪʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 23 

ʙʣʦʢʽʚ. ɯʟ ʥʠʭ ʰʽʩʪʴ  ʙʣʦʢʽʚ ʥʘʚʢʦʣʦ ʪʽʣʘ (ʆ-ʩʽʪʢʘ), ʰʽʩʪʴ ʩʧʝʨʝʜʫ, ʰʽʩʪʴ ʟ ʟʘʜʫ ʽ 

ʧôʷʪʴ ʟ ʙʦʢʽʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʆ-ʙʣʦʢʘ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʽʣʴʥʦ ʟʤʽʥʶʚʘʪʠ ʚʽʜʩʪʘʥʴ ʜʦ 

ʟʦʚʥʽʰʥʴʦʾ ʤʝʞʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʽ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʽʚ ʫ ʙʣʦʢʘʭ ʙʝʟ ʚʧʣʠʚʫ ʥʘ 

ʛʝʦʤʝʪʨʽʶ ʚʥʫʪʨʽʰʥʽʭ ʙʣʦʢʽʚ ʙʽʣʷ ʢʦʨʧʫʩʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

 ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʷ ʜʣʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ  Re=3,8*10
6 
ʪʘ ʯʠʩʣʘ ʄʘʭʘ 

M=0,15. ʏʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʛʝʢʩʘʝʜʨʘʣʴʥʡ̔ ʙʘʛʘʪʦʙʣʦʯʥʽʡ 

ʩʽʪʮʽ, ɦ ʦ ʩʢʣʘʜʘʣʘʩʷ ʟ 3,3 ʤʣʥ. ʚʫʟʣʽʚ. 
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ʈʠʩ. 1.   ʌʦʪʦ ʤʦʜʝʣʽ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʥʘʟʝʤʥʦʛʦ  ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʘʧʘʨʘʪʫ ʚ 

ʢʨʠʣʝʚʽʡ ʢʦʤʧʦʥʦʚʮʽ ʟ ʚʽʜôʻʤʥʦʶ V-ʧʦʜʽʙʥʽʩʪʶ ʢʨʠʣʘ  [1] 

 

ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʉʭ, ʉʫ, mz  

ʚʽʜ ʢʫʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚʽʜʥʦʩʥʦ ʰʣʷʭʦʚʦʾ  ʩʪʨʫʢʪʫʨʠ. 
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a) ʙ) ʚ) 

 

ʈʠʩ. 2.  ɺʧʣʠʚ ʢʫʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ  ʥʘ ʘʝʨʦʜʠʥʘʤʯ̔ʥ ̔ʢʦʝʬʽʮʽʻʥʪʠ Cx, Cy ,mz 
 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʝʣʠʯʠʥʘ ʢʫʪʫ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚʽʜʥʦʩʥʦ ʰʣʷʭʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʽʩʪʦʪʥʦ ʟʤʽʥʶʻ ʡʦʛʦ 

ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɸʥʘʣʽʟ   ʧʨʦʚʝʜʝʥʠʭ ʯʠʩʣʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʦʢʘʟʫ,̒ ʱʦ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʫʪʴ ʤʘʪʠ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʜʠʥʘʤʽʢʫ ʨʫʭʫ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʪʠʧʫ Maglev.   
 

[1] Sohatskiy A. V. Teoretichni osnovi stvorennya aerodinamichnih komponuvan perspektivnih shvidkisnih 

transportnih aparativ: dis. doktora tehnichnih nauk: 05.07.01. Dnipropetrovsk. 2010. 364 s. 

[2] Menter F.R. Two-equation eddy-viscocity turbulence models for engineering applications.  AIAA Journal. 1994. v. 

32, N 8. P. 1598-1605. 

 

 



 

136 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʊʈʆʃɽʁɹʋʉɯɺ ɿ ɸɺʊʆʅʆʄʅʀʄ ʍʆɼʆʄ ʋ 

ʄɯʉʊɯ ɼʅɯʇʈʆ 

 

USING TROLLEY BUSES WITH AUTONOMOUS OPERATION IN THE 

DNIPRO CITY  

 

ʢʘʥʜ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ ʆ.ɼ. ʌʽʨʩʦʚ, ʢʘʥʜ.ʪʝʭʥ.ʥʘʫʢ ʉ.ɸ. ʈʘʟʛʦʥʦʚ 
ʋʥʽʚʝʨʩʠʪʝʪ ʤʠʪʥʦʾ ʩʧʨʘʚʠ ʪʘ ʬʽʥʘʥʩʽʚ (ʤ. ɼʥʽʧʨʦ) 

 

Alexander Phirsov PhD (Tech.), Seghii Razghonov PhD (Tech.) 
University of Customs and Finance (Dnipro) 

 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʤʽʩʴʢʦʛʦ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ ʫ ʤʽʩʪʽ 

ɼʥʽʧʨʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʦʣʝʡʙʫʩʽʚ ʟ ʘʚʪʦʥʦʤʥʠʤ ʭʦʜʦʤ ʮʝ ʘʢʪʫʘʣʴʥʘ 

ʪʝʥʜʝʥʮʽʷ ʩʴʦʛʦʜʝʥʥʷ. 

ʋ ʨʦʙʦʪʽ ʥʘʛʦʣʦʰʝʥʦ ʧʨʦ ʨʦʟʨʦʙʢʫ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʦʾ ʩʭʝʤʠ 

ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʚ ʤʽʩʪʽ ɼʥʽʧʨʦ ʪʨʦʣʝʡʙʫʩʥʠʤʠ ʤʘʨʰʨʫʪʘʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʦʣʝʡʙʫʩʽʚ ʟ ʘʚʪʦʥʦʤʥʠʤ ʭʦʜʦʤ. ɺ ʨʦʙʦʪʽ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ 

ʪʨʦʣʝʡʙʫʩʽʚ ʟ ʘʚʪʦʥʦʤʥʠʤ ʭʦʜʦʤ, ʦʮʽʥʢʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʦʩʦʙʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʪʨʦʣʝʡʙʫʩʽʚ. ʊʘʢʦʞ ʧʦʨʽʚʥʶʻʪʴʩʷ 

ʜʽʶʯʽ ʪʨʦʣʝʡʙʫʩʥʽ ʤʘʨʰʨʫʪʠ ʟ ʤʦʞʣʠʚʠʤʠ ʤʘʨʰʨʫʪʘʤʠ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʨʦʣʝʡʙʫʩʠ ʟ ʘʚʪʦʥʦʤʥʠʤ ʭʦʜʦʤ. ʈʦʟʨʘʭʦʚʫʶʪʴʩʷ ʪʝʭʥʽʢʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʪʘ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʪʨʘʥʩʧʦʨʪʫ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʪʨʘʪʠ ʥʘ 

ʦʨʛʘʥʽʟʘʮʽʶ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ 

ʨʦʟʨʘʭʫʥʦʢ ʚʠʨʫʯʢʠ ʚʽʜ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʪʨʦʣʝʡʙʫʩʘʤʠ ʟ ʘʚʪʦʥʦʤʥʠʤ 

ʭʦʜʦʤ ʧʦ ʤʘʨʰʨʫʪʘʤ ʤʽʩʪʘ ɼʥʽʧʨʦ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʫ ʧʦʪʫʞʥʽʩʪʴ ʫ ʥʘʰ ʯʘʩ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʽʜʚʠʱʝʥʥʷ ʮʽʻʾ 

ʩʘʤʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʚʝʣʠʢʠʭ ʤʽʩʪ ʟʤʦʞʝ ʚʠʨʽʰʠʪʠ ʙʘʛʘʪʫ ʢʫʧʫ 

ʧʨʦʙʣʝʤ ʟ ʷʢʠʤʠ ʣʶʜʠ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʢʦʞʝʥ ʜʝʥʴ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʧʦ ʤʽʩʪʫ. 

ʇʨʠʢʣʘʜʦʤ ʤʦʞʫʪʴ ʙʫʪʠ: ʧʦʩʪʽʡʥʽ ʟʘʪʦʨʠ, ʙʨʘʢ ʧʘʨʢʫʚʘʣʴʥʠʭ ʤʽʩʮʴ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʤʽʩʮʴ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʚʝʣʦʩʠʧʝʜʠʩʪʽʚ ʪʘ ʧʽʰʦʭʦʜʽʚ, ʟʙʽʣʴʰʝʥʥʷ ʧʦʨʫʰʝʥʥʷ 

ʇɼʈ, ʪʦʱʦ [1]. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʭʥʽʢʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʨʦʙʦʪʠ ʪʨʦʣʝʡʙʫʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʤʽʞ ʽʩʥʫʶʯʦʶ ʩʠʩʪʝʤʦʶ ʪʨʦʣʝʡʙʫʩʥʠʭ 

ʤʘʨʰʨʫʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʩʥʫʶʯʦʛʦ ʩʢʣʘʜʫ ʜʝʧʦ, ʪʘ ʤʦʞʣʠʚʦʾ ʩʠʩʪʝʤ 

ʤʘʨʰʨʫʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʦʣʝʡʙʫʩʥʦʛʦ ʧʘʨʢʫ ʣʠʰʝ ʟ ʪʨʦʣʝʡʙʫʩʽʚ ʟ 

ʘʚʪʦʥʦʤʥʠʤ ʭʦʜʦʤ (çɼʥʽʧʨʦ ʊ203è) ʥʘ ʧʨʠʢʣʘʜʽ ʤʘʨʰʨʫʪʫ ˉ1. ɹʫʜʝʤʦ 

ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʽʩʥʫʶʯʠʤ ʨʦʟʢʣʘʜʦʤ ʪʘ ʧʣʘʥʦʤ ʪʨʦʣʝʡʙʫʩʥʠʭ ʤʘʨʰʨʫʪʽʚ ʤʽʩʪʘ 

ɼʥʽʧʨʘ (ʜʠʚ. ʨʠʩ.1), ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʭʝʤʫ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʪʨʦʣʝʡʙʫʩʥʠʭ ʤʘʨʰʨʫʪʽʚ ʟ ʦʬʽʮʽʡʥʦʛʦ ʤʽʩʴʢʦʛʦ ʩʘʡʪʫ [1] ʪʘ ʩʪʚʦʨʝʥʫ 

ʚʣʘʩʥʦʨʫʯ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʨʦʣʝʡʙʫʩʥʠʭ ʤʘʨʰʨʫʪʽʚ 

ʤ.ɼʥʽʧʨʦ. 

ʇʦʟʥʘʯʝʥʥʷ: 

- ʟʝʣʝʥʠʤ, ʽʩʥʫʶʯʽ ʤʘʨʰʨʫʪʠ.  

- ʞʦʚʪʠʤ, ʯʘʩʪʠʥʘ ʥʦʚʦʛʦ ʤʘʨʰʨʫʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʪʘʢʪʥʦʾ ʤʝʨʝʞʽ. 

- ʯʝʨʚʦʥʠʤ, ʯʘʩʪʠʥʘ ʤʘʨʰʨʫʪʫ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʤʝʨʝʞʽ, 
ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʘʚʪʦʥʦʤʥʦʛʦ ʭʦʜʫ. 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʤʽʯʘʻʪʴʩʷ, ʱʦ ʩʭʝʤʘ ʤʘʨʰʨʫʪʽʚ ʥʝ ʨʦʟʚʠʥʝʥʘ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʫʚʝʩʴ ʩʚʽʡ ʧʦʪʝʥʮʽʘʣ. ɼʣʷ 

ʚʠʨʽʰʝʥʥʷ ʜʘʥʠʭ ʧʠʪʘʥʴ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ ʥʦʚʫ ʩʭʝʤʫ ʤʘʨʰʨʫʪʽʚ ʘʙʦ 

ʩʪʚʦʨʠʪʠ ʜʦʜʘʪʢʦʚʽ ʤʘʨʰʨʫʪʠ ʜʣʷ ʽʩʥʫʶʯʦʾ ʩʭʝʤʠ, ʘ ʪʘʢʦʞ ʟʘʤʽʥʠʪʠ ʙʽʣʴʰʫ 

ʯʘʩʪʠʥʫ ʽʩʥʫʶʯʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʥʘ ʪʨʦʣʝʡʙʫʩʠ ʟ ʩʠʩʪʝʤʦʶ ʘʚʪʦʥʦʤʥʦʛʦ 

ʭʦʜʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʚʟʘʛʘʣʽ. ʂʨʽʤ ʪʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʨʦʣʝʡʙʫʩʽʚ ʟ ʩʠʩʪʝʤʦʶ ʘʚʪʦʥʦʤʥʦʛʦ ʭʦʜʫ ʤʘʻ ʚʘʞʣʠʚʽ ʧʝʨʝʚʘʛʠ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʩʭʝʤʠ ʤʘʨʰʨʫʪʽʚ, ʘ ʩʘʤʝ: 

- ʥʝ ʧʦʪʨʝʙʫʻ ʩʪʚʦʨʝʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʤʝʨʝʞʽ ʥʘ ʧʨʦʪʷʟʽ ʚʩʴʦʛʦ ʤʘʨʰʨʫʪ; 

- ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʣʘʪʠ ʟʥʘʯʥʽ ʚʽʜʩʪʘʥʽ ʥʘ ʘʚʪʦʥʦʤʥʦʤʫ ʨʫʩʽ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʦʣʝʡʙʫʩʽʚ ʟ ʧʽʜʟʘʨʷʜʢʦʶ ʚ ʨʫʩʽ ʥʝ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʦʛʦ 
ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʽʩʴʢʫ ʤʝʨʝʞʫ;  

- ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʧʽʜ ʯʘʩ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ, ʟʥʠʢʥʝʥʥʷ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʪʦʱʦ. 
 

[1] ʄʽʩʴʢʠʡ ʩʘʡʪ ɼʥʽʧʨʘ URL: https://gorod.dp.ua/ 
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ʆʇʊʀʄɸʃʔʅɽ ʈʆɿʄɯʑɽʅʅʗ ɹɸɿʀ ɼʈʆʅɯɺ ɼʃʗ ʂʆʅʊʈʆʃʖ 

ɿɸɼɸʅʆɻʆ ʈɸʁʆʅʋ 

 

DRONE BASE OPTIMAL PLACEMENT TO CONTROL A GIVEN AREA  

 

ʢʘʥʜ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ ʆ.ɼ. ʌʽʨʩʦʚ, ʢʘʥʜ.ʪʝʭʥ.ʥʘʫʢ ʉ.ɸ. ʈʘʟʛʦʥʦʚ 
ʋʥʽʚʝʨʩʠʪʝʪ ʤʠʪʥʦʾ ʩʧʨʘʚʠ ʪʘ ʬʽʥʘʥʩʽʚ (ʤ. ɼʥʽʧʨʦ) 

 

Alexander Phirsov PhD (Tech.), Seghii Razghonov PhD (Tech.) 
University of Customs and Finance (Dnipro) 

 

In the theory of continuous problems of optimal partitioning of sets, there is a 

developed toolkit for solving problems in known formulations. The report discusses 

the basic formulation of the problem. 

Let W be a bounded Lebesgue-dimensional set in the n-dimensional Euclidean 

space En. Let us denote )(WNP  by the class all possible sets W to be divided into 

subsetsN : 

 

                                               (1) 

It is necessary to determine the partition  and the set of "centers" of 

subsets N

N WÍ= ),...,,(* 21 tttt   that deliver the minimum value of the functional 

 

( )=tw,F .                             (2) 

 

Here c(x,ti) are real, bounded, defined on W³W, measurable in x for any fixed 

tiÍW (" i=1,..,N)  function; r(x)  is a bounded, non-negative function measurable by 

W; ai (" i=1,..,N)  are given non-negative values. 

The variety of initial data, including information about the properties of the set, 

restrictions on certain problem parameters and quality criteria, determines a wide 

range of applied partitioning problems. Modern transport processes are characterized 

by high speeds, new vehicles are involved in them. Accordingly, there is a need to 

analyze the trajectories of movement and the properties of this trajectory. 

The paper investigates the problem of optimal placement, which is a special case 

of the continuous problem of optimal partitioning of sets with placement of centers of 

subsets. The cost function is interpreted as the flight path of the drone under the 

conditions of bypassing existing obstacles. The possibility of taking into account the 

influence of curvature and torsion on the cost of movement is taken into account. In 

fact, a new metric is introduced for this class of problems. 
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The general summary of the research carried out in this work can be formulated as 

taking into account during movement not only the length of the trajectory, but also 

the cost of maneuvering along this trajectory within the framework of the problem of 

optimal partitioning of sets with the placement of centers. Taking geometric 

characteristics into account translates the described problems of optimal partitioning 

of sets into the application area related to drone control. In this case, it is the 

geometry of trajectories; the next step is the physics of the process, interaction with 

the road or airspace. 

Let's consider the formulation of the problem of optimal placement of the base. 

A Kwitka task. Let W, T  ̔(ʽ=1,é,N) , Xj (j=1,é,M) , Zk (k=1,é,L) be a bounded 

Lebesgue-measurable sets in the n-dimensional Euclidean space En. We denote by 

  the class of all possible sets ʊ ̔on W: 

 

                                                         (3) 

 

It is necessary to determine the partition   and the set of "centers" of 

subsets N

N WÍ= ),...,,(* 21 tttt , that deliver the minimum value of the functional 

 

( )=tw,F ,                                        (4) 

 

 ʜʝ Xj (j=1,é,M) :  Xj ž T̔ ÍÏ , Zkž T̔ =Ï (" k,i). 

Schematically, the idea of the task for placing one center can be presented as 

follows in Fig. 1. 

 
Figure 1. Sets and location center 

 

The given statement of the problem is specified by limitations related to the 

characteristics of the drones themselves; this is both the radius of action, and 

limitations on maneuver and speed. 
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ɺ ʫʤʦʚʘʭ ʘʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʝʢʩʧʦʨʪʫ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʚʘʞʣʠʚʦ ʨʝʪʝʣʴʥʦ 

ʨʦʟʛʣʷʜʘʪʠ ʚʩʽ ʘʩʧʝʢʪʠ ʣʦʛʽʩʪʠʢʠ, ʟʦʢʨʝʤʘ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʫʭʦʤʦʛʦ 

ʩʢʣʘʜʫ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ. ɿʛʽʜʥʦ ʜʘʥʠʭ ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè ʟʘ 2019 ʨʽʢ, ʯʘʩʪʢʘ 

ʚʘʛʦʥʥʠʭ ʚʽʜʧʨʘʚʦʢ ʚʽʜʧʦʚʽʜʘʻ 33,6% ʚʽʜ ʟʘʛʘʣʴʥʠʭ ʦʙʩʷʛʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʟʝʨʥʦʚʠʭ ʥʘ ʤʝʨʝʞʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʘʛʦʥʥʽ ʚʽʜʧʨʘʚʢʠ ʟʘʡʤʘʶʪʴ ʩʫʪʪʻʚʫ 

ʯʘʩʪʠʥʫ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʧʝʨʝʚʝʟʝʥʴ ʟʝʨʥʦʚʠʭ ʚʘʥʪʘʞʽʚ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ 

ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʫ ʟʙʽʣʴʰʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ ʥʝʚʝʣʠʢʠʭ ʛʨʫʧ ʚʘʥʪʘʞʽʚ 

ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ. ʆʜʥʠʤ ʟ ʨʽʰʝʥʴ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ 

ʧʝʨʝʚʝʟʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʦʙôʻʜʥʘʥʥʷ ʚʘʛʦʥʥʠʭ ʪʘ ʛʨʫʧʦʚʠʭ ʚʽʜʧʨʘʚʦʢ ʟ ʦʜʥʘʢʦʚʦʶ 

ʪʦʯʢʦʶ ʧʨʠʟʥʘʯʝʥʥʷ ʫ ʦʜʠʥ ʩʪʫʧʝʥʝʚʠʡ ʧʦʾʟʜ, ʷʢʠʡ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʩʧʽʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ (ʘʥʛʣ. çRidesharing Logisticsè) [1, 2]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʧʝʨʝʬʦʨʤʫʚʘʥʥʷ ʚʘʥʪʘʞʥʦʛʦ 

ʧʦʾʟʜʫ ʥʘ ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʷʭ ʪʘ ʟʤʝʥʰʠʪʠ ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʚʝʟʝʥʴ ʥʘ ʦʩʥʦʚʽ ʨʘʡʜʰʝʨʽʥʛʦʚʠʭ ʩʝʨʚʽʩʽʚ ʚʠʤʘʛʘʻ 

ʨʦʟʨʦʙʢʠ ʜʽʻʚʠʭ ʧʨʦʮʝʜʫʨ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚ ʩʠʩʪʝʤʽ ʧʣʘʥʫʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʛʨʫʧ 

ʚʘʛʦʥʽʚ ʟ ʟʝʨʥʦʚʠʤʠ ʚʘʥʪʘʞʘʤʠ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʧʦʾʟʜʽʚ ʩʪʫʧʝʥʝʚʠʭ ʤʘʨʰʨʫʪʽʚ. 

ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʮʝʜʫʨʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʣʛʦʨʠʪʤ ʷʢʦʾ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ. ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʦʜʫ ʩʪʘʥʮʽʾ ʟʛʽʜʥʦ ʻʜʠʥʦʾ ʤʝʨʝʞʝʚʦʾ ʨʦʟʤʽʪʢʠ, ʚʠʷʚʣʷʻ ʥʘʡʙʣʠʞʯʽ 

ʦʜʥʘ ʜʦ ʦʜʥʦʾ ʩʪʘʥʮʽʾ ʟ ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʚʘʛʦʥʽʚ ʽʟ ʟʝʨʥʦʚʠʤʠ ʚʘʥʪʘʞʘʤʠ 

ʛʦʪʦʚʠʭ ʜʦ ʧʝʨʝʚʝʟʝʥʥʷ ʫ ʦʜʥʘʢʦʚʫ ʪʦʯʢʫ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘ ʟʘʜʘʥʠʤ ʯʘʩʦʚʠʤ 

ʧʝʨʽʦʜʦʤ. ɺʠʷʚʣʝʥʽ ʩʪʘʥʮʽʾ ʪʘ ʚʘʛʦʥʠ ʦʙôʻʜʥʫʶʪʴʩʷ ʫ ʢʣʘʩʪʝʨʠ ʜʣʷ ʽʜʝʥʪʠʮʽʢʘʮʽʾ 

ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʣʠʚʠʭ ʬʦʨʤʫʚʘʥʴ ʩʪʫʧʝʥʝʚʠʭ ʤʘʨʰʨʫʪʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ 

ʧʨʦʮʝʜʫʨʠ ʜʦʟʚʦʣʠʪʴ ʰʚʠʜʢʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʥʘ ʟʘʣʽʟʥʠʯʥʽʡ ʤʝʨʝʞʽ ʤʦʞʣʠʚʽ 

ʫʪʚʦʨʝʥʥʷ ʩʪʫʧʝʥʝʚʠʭ ʤʘʨʰʨʫʪʽʚ ʪʘ ʧʣʘʥʫʚʘʪʠ ʧʝʨʝʚʝʟʝʥʥʷ ʟ ʫʟʛʦʜʞʝʥʥʷʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ʉʫʯʘʩʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʩʚʽʪ ʧʨʦʧʦʥʫʻ ʮʽʣʫ ʥʠʟʢʫ ʨʽʰʝʥʴ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʙʽʟʥʝʩʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ. ʆʜʥʘʢ ʚʦʥʠ ʟʘʟʚʠʯʘʡ ʻ ʢʦʰʪʦʚʥʽ ʽ ʪʦʤʫ 

ʥʝʧʨʠʡʥʷʪʥʽ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʤʘʣʠʭ ʽ ʩʝʨʝʜʥʽʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʷʢʽ ʽ 

ʩʢʣʘʜʘʶʪʴ ʙʽʣʴʰʽʩʪʴ ʩʝʨʝʜ ʥʠʟʢʠ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʥʘʜʘʶʪʴ ʧʘʩʘʞʠʨʩʴʢʽ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʽ ʧʦʩʣʫʛʠ [1]. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʤʦʛʠ ʩʴʦʛʦʜʝʥʥʷ ʱʦʜʦ ʜʦʧʫʩʢʫ ʥʘ ʨʠʥʦʢ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʦʩʣʫʛ ʇɻɿʂ, ʚʠʤʦʛʠ ʟʘʤʦʚʥʠʢʘ ʧʦʩʣʫʛ ʩʪʘʶʪʴ ʙʽʣʴ ʞʦʨʩʪʢʠʤʠ. ʆʩʥʦʚʥʘ 

ʯʘʩʪʠʥʘ ʧʝʨʝʤʽʱʝʥʴ ʛʨʦʤʘʜʷʥ ʧʦʚôʷʟʘʥʘ ʟ ʧʨʦʬʝʩʽʡʥʦ-ʜʽʣʦʚʦʶ ʜʽʷʣʴʥʽʩʪʶ [2]. ɺ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʡʥʷʪʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʥʘ ʧʝʚʥʠʭ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʫʪʚʦʨʝʥʥʷʭ 

(ʤʽʩʪʘ, ʧʝʨʝʜʤʽʩʪʷ, ʩʝʣʠʱʘ, ʛʨʦʤʘʜʠ ʪʦʱʦ) ʯʘʩʪʢʘ ʧʨʦʬʝʩʽʡʥʦ-ʜʽʣʦʚʦʾ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʴ ʩʫʪʪʻʚʦ (ʨʠʩ. 1) [1]. 

 
ʈʠʩ. 1. ʉʦʮʽʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʪʨʘʥʩʧʦʨʪʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʛʨʦʤʘʜʩʴʢʠʤ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ ʚ ʤʽʩʪʘʭ ʽ ʧʝʨʝʜʤʽʩʪʷʭ (ʩʦʮʽʦʣʦʛʽʯʥʝ ʦʧʠʪʫʚʘʥʥʷ) 
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ʅʘʡʙ̔ʣʴʰ ʚʘʞʣʠʚʠʤʠ ʟ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʠʷʚʠʣʠʩʴ ʪʦʯʥʠʡ ʛʨʘʬʽʢ ʨʫʭʫ ʽ 

ʦʧʪʠʤʘʣʴʥʝ ʥʘʧʦʚʥʝʥʥʷ ʩʘʣʦʥʫ, ʱʦ ʽ ʙʫʣʦ ʧʝʨʝʜʙʘʯʫʚʘʥʝ, ʘʣʝ ʧʦʢʘʟʥʠʢ çʪʘʨʠʬè 

ʚʠʷʚʠʚʩʷ ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʤʽʩʮʽ. ɸ ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʘʩʘʞʠʨʠ ʩʚʽʜʦʤʦ 

ʛʦʪʦʚʽ ʧʣʘʪʠʪʠ ʟʘ ʷʢʽʩʥʽ ʧʦʩʣʫʛʠ. ʏʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ, ʱʦ ʻ 

ʤʦʪʠʚʘʮʽʡʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʣʷ ʧʝʨʝʚʽʟʥʠʢʽʚ ʧʘʩʘʞʠʨʽʚ ʧʽʜʚʠʱʫʚʘʪʠ ʷʢʽʩʪʴ 

ʧʦʩʣʫʛ, ʷʢʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʜʦʜʘʪʢʦʚʫ ʚʠʨʫʯʢʫ ʚ ʤʝʞʘʭ 16-18%. 

ɿʘʤʦʚʥʠʢʠ ʧʘʩʘʞʠʨʩʴʢʠʭ ʘʚʪʦʧʝʨʝʚʝʟʝʥʴ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ (ʦʨʛʘʥʠ 

ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ) ʯʘʩʪʦ ʚʩʪʘʥʦʚʣʶʶʪʴ ʽʥʪʝʨʚʘʣʠ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ʊɿ) 

ʥʘ ʤʘʨʰʨʫʪʘʭ ʚ ʥʝʟʥʘʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʫ (ʧʝʨʝʚʘʞʥʦ 5-10 ʭʚ ʥʘ ʤʽʩʴʢʠʭ, 15-20 

ʥʘ ʧʨʠʤʽʩʴʢʠʭ). ʊʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʻ ʨʘʮʽʦʥʘʣʴʥʠʤ ʯʠ ʦʙˇʨʫʥʪʦʚʘʥʠʤ. ʊʦʤʫ, 

ʧʽʜʧʨʠʻʤʮʷʤ ʧʝʨʝʚʽʟʥʠʢʘʤ ʪʨʝʙʘ ʧʝʨʝʢʦʥʫʚʘʪʠ ɿʘʤʦʚʥʠʢʽʚ ʥʘ ʬʘʢʪʘʭ 

(ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ) ʚ ʧʨʠʡʥʷʪʪʽ ʨʘʮʽʦʥʘʣʴʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʨʫʭʫ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʯʘʩʫ ʜʦʙʠ, ʨʦʙʦʯʠʭ ʯʠ ʚʠʭʽʜʥʠʭ ʜʥʽʚ, ʩʝʟʦʥʽʚ ʨʦʢʫ ʪʦʱʦ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʪʘʢʘ ʪʝʭʥʽʯʥʘ ʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʻ, ʘʣʝ ʦʜʥʦʟʥʘʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʤʝʨʝʞ ʨʽʟʥʠʭ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʫʪʚʦʨʝʥʴ ʥʝ ʽʩʥʫʻ ʽ ʤʘʻʤʦ 

ʨʦʟʨʦʙʣʷʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʧʨʦʝʢʪʠ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʤʝʨʝʞ, ʥʘʧʨʷʤʢʽʚ ʨʫʭʫ, 

ʤʘʨʰʨʫʪʽʚ, ʱʦ ʧʦʪʨʝʙʫʻ ʟʘʣʫʯʝʥʥʷ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟʟʦʚʥʽ. ɸʚʪʦʨʦʤ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʤʝʪʦʜʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ [2, 3].  

ʋʟʘʛʘʣʴʥʝʥʠʡ ʧʨʦʝʢʪ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʨʫʭʦʤʠʡ ʩʢʣʘʜ ʤʘʻ ʙʫʪʠ 

ʦʙʣʘʜʥʘʥʠʤ ʪʦʯʥʦʶ ʩʠʩʪʝʤʦʶ ʜʣʷ ʧʽʜʨʘʭʫʥʢʫ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ ʚ ʨʝʞʠʤʽ 

ʦʥʣʘʡʥ ʪʘ GPS ʪʨʝʢʝʨʘʤʠ. ʆʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʤʽʥʫ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ ʤʘʻ 

ʚʽʜʙʫʚʘʪʠʩʴ ʥʘ ʚʣʘʩʥʦʤʫ ʩʝʨʚʝʨʽ. ɿʤʦʜʝʣʴʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʫʤʦʚʠ ï 

ʢʦʤʧʣʝʢʩʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʈʉ. ʆʩʪʘʥʥʽʤ ʝʣʝʤʝʥʪʦʤ ʤʘʻ ʙʫʪʠ ʦʧʝʨʘʮʽʡʥʠʡ 

ʚʽʜʜʽʣ ʟ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ï ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʢʽʣʴʢʽʩʥʦʛʦ ʈʉ ʡ ʽʥʪʝʨʚʘʣʽʚ ʨʫʭʫ ʜʦ 

ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ, ʤʦʥʽʪʦʨʠʥʛ ʚʽʜʛʫʢʽʚ ʩʧʦʞʠʚʘʯʽʚ, ʟʚʽʪʫʚʘʥʥʷ ɿʘʤʦʚʥʠʢʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʜʦʟʚʦʣʠʪʴ ʥʝ ʣʠʰʝ ʧʦʢʨʘʱʠʪʠ 

ʷʢʽʩʪʴ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʽ ʟʙʽʣʴʰʠʪʠ ʧʨʠʙʫʪʢʠ ʘʚʪʦʧʝʨʝʚʽʟʥʠʢʽʚ, ʘʣʝ ʟ ʯʘʩʦʤ 

ʥʘʣʘʛʦʜʠʪʠ ʯʽʪʢʠʡ ʚʠʨʦʙʥʠʯʽʡ ʙʽʟʥʝʩ-ʧʨʦʮʝʩ, ʘ ʩʘʤʝ: ʦʧʪʠʤʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʥʠʡ 

ʩʢʣʘʜ ʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʧʝʨʩʦʥʘʣʫ; ʟʤʝʥʰʠʪʠ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʥʘʜʘʥʥʷ 

ʧʦʩʣʫʛʠ; ʫʜʦʩʢʦʥʘʣʠʪʠ ʛʨʘʬʽʢ ʨʦʙʦʪʠ ʚʦʜʽʡʩʴʢʠʭ ʙʨʠʛʘʜ ʟʛʽʜʥʦ ʚʠʤʦʛ 

ʟʘʢʦʥʦʜʘʚʩʪʚʘ; ʦʥʦʚʠʪʠ ʨʫʭʦʤʠʡ ʩʢʣʘʜ; ʟʘʙʝʟʧʝʯʠʪʠ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʧʨʦʝʢʪʫ; 

ʟʤʝʥʰʝʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʨʘʩ ʤʘʨʰʨʫʪʽʚ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʥʘ ʥʠʭ [3]. 
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ʈʷʜ ʧʨʦʙʣʝʤ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʙʘʛʘʪʴʦʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʨʽʟʥʽ ʚʠʜʠ ʪʨʘʥʩʧʦʨʪʫ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʡʤʘʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʤʽʞʥʘʨʦʜʥʠʭ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ (ʄɸʇ) ʚ ʥʘʧʨʷʤʢʫ ʋʢʨʘʾʥʘ ï 

ɭʉ ʻ ʟʥʘʯʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʚʠʪʨʘʪʠ, ʥʝʦʙˇʨʫʥʪʦʚʘʥʽ ʽ ʥʘʜʥʦʨʤʘʪʠʚʥʽ ʧʨʦʩʪʦʾ ʥʘ 

ʤʠʪʥʠʭ ʧʨʦʧʫʩʢʥʠʭ ʧʫʥʢʪʘʭ, ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʩʴʦʛʦʜʥʽʰʥʽʤ ʨʠʥʢʦʚʠʤ ʚʠʤʦʛʘʤ 

ʨʽʚʝʥʴ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʢʦʥʪʨʦʣʶ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʚʝʟʝʥʥʷʤʠ, ʥʝʜʦʩʪʘʪʥʷ ʷʢʽʩʪʴ 

ʧʦʩʣʫʛ, ʱʦ ʥʘʜʘʶʪʴʩʷ.  

ɼʦ ʚʠʨʽʰʝʥʥʷ ʚʠʱʝʚʢʘʟʘʥʠʭ ʧʨʦʙʣʝʤ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ 

ʥʘʩʪʫʧʥʽ ʰʣʷʭʠ: ʨʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟ ʦʨʛʘʥʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʦʛʦ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʫ ʄɸʇ, ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ 

ʯʘʩʫ; ʩʪʚʦʨʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʭ ʧʝʨʝʜʫʤʦʚ ʫʯʘʩʪʽ ʚ ʧʝʨʝʚʽʟʥʦʤʫ 

ʧʨʦʮʝʩʽ ʚʽʪʯʠʟʥʷʥʠʤʠ ʧʝʨʝʚʽʟʥʠʢʘʤʠ; ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʧʦ ʚʩʴʦʤʫ ʩʧʝʢʪʨʫ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʄɸʇ. 

ʆʧʝʨʘʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʄɸʇ ʧʝʨʝʜʙʘʯʘʻ ʚʠʨʽʰʝʥʥʷ ʚʩʽʭ ʧʦʪʦʯʥʠʭ 

ʧʠʪʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʜʽʷʣʴʥʽʩʪʶ ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞʽʚ. ʄʝʪʦʶ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʨʝʙʽʡʥʦʾ, ʨʠʪʤʽʯʥʦʾ ʽ ʫʟʛʦʜʞʝʥʦʾ ʨʦʙʦʪʠ ʥʘ ʚʩʽʭ ʣʘʥʢʘʭ ʣʘʥʮʛʘ ʜʦʩʪʘʚʢʠ 

ʚʘʥʪʘʞʽʚ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽ ʚʧʨʦʚʘʜʞʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʫ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʦʜʥʝ ʟ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʽʰʝʥʴ, 

ʘ ʩʘʤʝ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ çFMSè ʥʘ ʨʫʭʦʤʦʤʫ ʩʢʣʘʜʽ, ʷʢʘ ʜʦʟʚʦʣʠʣʘ 

ʦʪʨʠʤʫʚʘʪʠ ʜʝʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʘ ʨʫʭʦʤʠʤ ʩʢʣʘʜʦʤ, 

ʬʽʢʩʫʚʘʪʠ ʯʘʩ ʽ ʦʙʩʷʛʠ ʟʘʧʨʘʚʦʢ ʧʘʣʠʚʘ ʪʦʱʦ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʚ ʨʦʙʦʪʽ ʚʽʜʥʝʩʝʥʦ ʜʦ ʝʢʦʥʦʤʽʯʥʦʾ ʩʪʦʨʦʥʠ ʧʨʦʙʣʝʤʠ 

ʚʠʙʦʨʫ ʈʉ ʜʣʷ ʄɸʇ, ʷʢʘ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʚʠʪʨʘʪʘʤʠ ʥʘ ʾʭ ʧʨʠʜʙʘʥʥʷ. ʎʽʥʘ ʥʘ 

ʩʪʘʨʠʡ ʨʫʭʦʤʠʡ ʩʢʣʘʜ ʤʘʣʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʨʢʠ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ 

ʪʝʨʤʽʥʦʤ ʩʣʫʞʙʠ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʮʽʥʠ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʚʽʜ ʪʝʨʤʽʥʫ ʾʭ ʩʣʫʞʙʠ (ʟʘ 

ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ï MAN, DAF ʽ Scania) 

 

ɺʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʚʠʙʦʨʫ ʯʝʨʝʟ ʚʠʩʦʢʽ ʮʽʥʠ ʥʘ ʚʘʥʪʘʞʽʚʢʠ ʜʦʩʠʪʴ ʚʝʣʠʢʘ. 

ʆʜʠʥ ʽʟ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ - ʨʦʟʨʦʙʢʘ ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʙʦʨʫ ʪʨʘʥʩʧʦʨʪʫ ʟ ʤʝʪʦʶ ʚʠʢʣʶʯʝʥʥʷ ʩʚʽʜʦʤʦ ʥʝʟʘʜʦʚʽʣʴʥʠʭ ʚʘʨʽʘʥʪʽʚ ʽ 

ʟʚʫʞʝʥʥʷ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ ʥʘʡʢʨʘʱʠʭ ʨʽʰʝʥʴ. ɺ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʄɸʇ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʣʷ ʾʭ ʟʜʽʡʩʥʝʥʥʷ ʈʉ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʨʠʙʫʪʦʢ. ɿʘ ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚ ʦʯʝʚʠʜʥʦ, ʱʦ ʯʠʤ ʚʠʱʝ ʟʘʛʘʣʴʥʠʡ ʧʨʦʙʽʛ, ʪʠʤ 

ʙʽʣʴʰʠʡ ʧʨʠʙʫʪʦʢ. ʆʨʽʻʥʪʫʶʯʠʩʴ ʥʘ ʮʶ ʧʝʨʩʧʝʢʪʠʚʫ, ʤʘʪʠʤʝʤʦ ʦʙʤʝʞʝʥʥʷ ʜʦ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. ʇʨʠ ʚʠʙʦʨʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʜʣʷ ʄɸʇ ʥʝʦʙʭʽʜʥʦ 

ʢʝʨʫʚʘʪʠʩʷ ʧʝʨʰ ʟʘ ʚʩʝ ʢʽʣʴʢʦʤʘ ʢʨʠʪʝʨʽʷʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʘʣʴʥʦ ʦʮʽʥʠʪʠ 

ʨʦʙʦʪʫ ʪʨʘʥʩʧʦʨʪʫ ʧʨʠ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ ʋʇʈɸɺʃɯʅʅʗ ʊʈɸʅʉʇʆʈʊʅʀʄʀ ʇʈʆʎɽʉɸʄʀ  

 

MODELING AND MANAGEMENT OF TRANSPORT PROCESSES  

 

ʄ.ʆ. ʇʦʧʦʢ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʉ.ɯ. ɹʦʥʜʘʨʻʚ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ (ʤ. ʂʠʾʚ) 

 

ʄ.ʆ. Popok, S.I . Bondariev, PhD (Tech.) 
National University of Life and Environmental Sciences of Ukraine (Kyiv) 

 

ɼʣʷ ʟʘʤʦʚʥʠʢʘ ʧʝʨʝʚʝʟʝʥʥʷ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʥʝ ʣʠʰʝ ʪʝʨʤʽʥʦʚʽʩʪʴ  ̔

ʷʢʽʩʪʴ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ, ʘʣʝ ʡ ʦʮʽʥʢʘ ʚʘʨʪʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ. ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ 

ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ  ̒ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʝʨʝʚʝʟʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʝʘʣʴʥʠʭ ʤʘʨʰʨʫʪʥʠʭ ʫʤʦʚ. ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʆʋ) 

ʧʨʦʮʝʩʦʤ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʚ ʤʽʞʥʘʨʦʜʥʠʭ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ 

(ʄɸʇ) ʧʦʚʠʥʥʘ ʙʫʪʠ ʢʦʤʧʣʝʢʩʥʦʶ, ʱʦ ʚʽʜʙʠʚʘʻ ʩʪʘʥ ʦʙ'ʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ  ̔

ʤʦʜʝʣʝʡ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʙʽʨ ʦʧʝʨʘʪʠʚʥʠʭ ʨʽʰʝʥʴ ʫ ʧʨʦʮʝʩʽ 

ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʴ. ʄʦʜʝʣʴ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʆʋ ʧʨʦʮʝʩʫ ʄɸʇ, 

ʧʨʝʜʩʪʘʚʠʤʦ ʪʘʢʠʤ ʯʠʥʦʤ (ʨʠʩ. 1). 

 
ʇʦʢʘʟʥʠʢʠ ̫ʢʦʩʪ̔ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ

ʇʦʢʘʟʥʠʢʠ ʟʙʝʨʝʞʝʥʥ̫ 

ʚʘʥʪʘʞʫ 
ɽʢʦʥʦʤ̔ʯʥ̔ ʧʦʢʘʟʥʠʢʠ 

ʇʦʢʘʟʥʠʢʠ 

ʩʚʦ̒ʯʘʩʥʦʩʪ̔ ʜʦʩʪʘʢʠ 

ʇʝʨʝʚʝʟʝʥʥ̫ ʚʘʥʪʘʞʫ 

ʚ ʩʪʨʦʢ 

ʈʝʛʫʣ̫ʨʥ̔ʩʪɹ ʧʨʠʙʫʪʪ̫ 

ʚʘʥʪʘʞʫ

ʊʝʨʤ̔ʥʦʚ̔ʩʪɹ ʜʦʩʪʘʚʢʠ 

ʚʘʥʪʘʞʫ

ʇʠʪʦʤ̔ ʚʠʪʨʘʪʠ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥ̫ 

ʚʘʥʪʘʞ̔ʚ ʨ̔ʟʥʠʤʠ 

ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ 

ʇʦʚʥ̔ ʧʠʪʦʤ̔ ʚʠʪʨʘʪʠ ʥʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥ̫

ɺ̔ʜʩʦʪʦʢ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʚʠʪʨʘʪ ʫ ʩʦʙ̔ʚʘʨʪʦʩʪ̔ 

ʚʘʥʪʘʞʫ

ɺ̔ʜʩʫʪʥ̔ʩʪɹ ʚʪʨʘʪ 

ʚʘʥʪʘʞʫ

ɺ̔ʜʩʫʪʥ̔ʩʪɹ ʧʨʦʧʘʞ̔ 

ʚʘʥʪʘʞ̔ʚ 

ɺ̔ʜʩʫʪʥ̔ʩʪɹ ʟʘʙʨʫʜʥʝʥʥ̫ 

ʚʘʥʪʘʞʫ

ɺ̔ʜʩʫʪʥ̔ʩʪɹ ʧʦh ʢʦʜʞʝʥɹ 

ʚʘʥʪʘʞʫ 

 
ʈʠʩ. 1.  ʉʪʨʫʢʪʫʨʘ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʝ ʆʋ ʧʨʦʮʝʩʫ ʄɸʇ 

 

ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʟʘʙʝʟʧʝʯʫʻ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʽ ʢʦʥʢʫʨʝʥʪʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʟʘ ʪʘʢʠʤʠ ʯʠʥʥʠʢʘʤʠ: ʩʦʮʽʘʣʴʥʠʡ, ʝʢʦʥʦʤʽʯʥʠʡ, ʬʽʥʘʥʩʦʚʠʡ, 

ʚʠʨʦʙʥʠʯʠʡ, ʨʝʩʫʨʩʥʠʡ, ʽʥʬʦʨʤʘʮʽʡʥʠʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʧʨʽʦʨʠʪʝʪʠ ʚ 

ʨʦʟʚʠʪʢʫ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʢʽʚ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ɸʊʇ. ʂʨʽʤ ʪʦʛʦ, 

ʩʪʚʦʨʶʶʪʴʩʷ ʧʝʨʝʜʫʤʦʚʠ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʷʚʥʠʭ ʨʝʩʫʨʩʽʚ, ʚʠʭʦʜʷʯʠ 

ʟ ʫʤʦʚʠ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʝʬʝʢʪʫ ʢʦʞʥʦʾ ʦʢʨʝʤʦ ʚʟʷʪʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʦʧʝʨʘʮʽʾ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʨʷʜ ʤʦʜʝʣʝʡ ʯʘʩʫ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʥʘ ʧʨʠʢʣʘʜʽ ʨʝʘʣʴʥʠʭ 

ʤʘʨʰʨʫʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʤʽʥʣʠʚʽ ʫʤʦʚʠ ʥʘ 
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ʚʩʴʦʤʫ ʣʘʥʮʶʛʫ ʄɸʇ. ɿʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʘʩʫ 

ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʫ ʚʠʨʽʰʫʚʘʣʘʩʷ ʤʦʜʝʣʶʚʘʥʥʷʤ ʚʭʽʜʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ 

ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ. ʅʘʤʠ ʨʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʽ ʪʝʭʥʦʣʦʛʽʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʯʘʩʫ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʫ ʚ ʄɸʇ ʨʝʘʣʽʟʦʚʘʥʽ ʫ ʚʠʛʣʷʜʽ ʄɸʊʉʊɸʊ - ʧʨʦʛʨʘʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ ʟʘ 

ʯʘʩʦʤ ʟ ʽʤʦʚʽʨʥʽʩʪʶ 0.91 ʯʘʩ ʨʝʡʩʫ. ʈʝʘʣʴʥʽʩʪʴ ʤʘʨʰʨʫʪʥʠʭ ʫʤʦʚ ʚ ʤʦʜʝʣʷʭ 

ʄɸʇ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʨʷʜ ʟ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʧʨʦʪʷʞʥʽʩʪʴ 

ʤʘʨʰʨʫʪʫ, ʢʘʪʝʛʦʨʽʷ ʜʦʨʦʛʠ, ʦʙʤʝʞʝʥʥʷ ʟʘ ʫʤʦʚʘʤʠ ʨʫʭʫ ʥʘ ʤʘʨʰʨʫʪʽ ʪʦʱʦ) ʽ 

ʡʤʦʚʽʨʥʽʩʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʾʭ ʦʩʥʦʚʥʠʭ ʚʠʧʘʜʢʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʊʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʻ: ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʤʘʨʰʨʫʪʽ; ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʤʘʨʰʨʫʪʫ; ʯʘʩ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ, 

ʧʝʨʝʚʽʨʢʠ ʡ ʦʬʦʨʤʣʝʥʥʷ ʜʦʢʫʤʝʥʪʽʚ; ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʚʘʥʪʘʞʥʦ-

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ; ʯʘʩ ʧʝʨʝʨʚ, ʚʽʜʧʦʯʠʥʢʫ ʽ ʚʠʧʘʜʢʦʚʠʭ ʱʦ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴʩʷ ʚ ʜʦʢʫʤʝʥʪʘʭ ʟʫʧʠʥʦʢ ʥʘ ʪʨʘʩʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ɭʋʊʈ; ʯʘʩ 

ʜʦʨʦʞʥʴʦʛʦ ʽʥʩʧʝʢʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘ ʪʨʘʩʽ ʪʘ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʥʘ 

ʧʨʠʢʦʨʜʦʥʥʠʭ ʧʝʨʝʭʦʜʘʭ. 

ʅʘʡʙʽʣʴʰ ʪʨʠʚʘʣʦʶ ʣʘʥʢʦʶ ʨʫʭʫ ʻ ʧʨʦʭʦʜʞʝʥʥʷ ʤʠʪʥʦʛʦ ʂʇʇ ɭʉ-

ʋʢʨʘʾʥʘ. ʇʨʦʙʣʝʤʫ ʩʪʘʥʦʚʣʷʪʴ ʥʘ ʧʨʠʢʦʨʜʦʥʥʠʭ ʧʝʨʝʭʦʜʘʭ ʯʝʨʛʠ ʘʚʪʦʤʦʙʽʣʽʚ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʦʧʪʠʤʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʦ ʚʢʣʶʯʘʪʠ ʧʨʦʮʝʜʫʨʫ ʚʠʙʦʨʫ 

ʧʨʦʤʽʞʥʠʭ ʂʇʇ, ʘ ʧʨʠʢʦʨʜʦʥʥʽ ʧʝʨʝʭʦʜʠ - ʷʢ ʩʠʩʪʝʤʫ ʤʘʩʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʉʄʆ), ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʙʦʨʦʤ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ: 

ʢʽʣʴʢʽʩʪʴ ʧʦʩʪʽʚ ʧʝʨʝʚʽʨʢʠ, ʜʦʚʞʠʥʘ ʘʚʪʦʯʝʨʛʠ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʦʪʦʢʫ ʥʘ ʤʠʪʥʦʤʫ ʂʇʇ, ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʚʽʨʢʠ ɸʊɿ. 

ʂʨʠʪʝʨʽʻʤ ʦʧʪʠʤʽʟʘʮʽʾ ʻ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʂʇʇ ʟ ʦʯʽʢʫʚʘʥʥʷʤ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʯʝʨʟʽ. ɺ ʨʘʤʢʘʭ ʢʣʘʩʠʬʽʢʘʮʽʾ ʉʄʆ, ʂʇʇ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ, ʷʢ 

ʙʘʛʘʪʦʢʘʥʘʣʴʥʫ ʩʠʩʪʝʤʫ ʟ ʦʯʽʢʫʚʘʥʥʷʤ ʙʝʟ ʚʽʜʤʦʚ.  

ɿ ʦʛʣʷʜʫ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʚ ʷʢʦʩʪʽ 

ʧʝʨʰʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʦʨʤʫʣʠ ʥʘʡʧʨʦʩʪʽʰʦʛʦ ʚʭʽʜʥʦʛʦ 

ʧʦʪʦʢʫ. 
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ʂʦʥʮʝʧʮʽʷ ʫʧʨʘʚʣʽʥʥʷ ʤʽʩʴʢʦʶ ʤʦʙʽʣʴʥʽʩʪʶ ʦʭʦʧʣʶʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʦʩʣʫʛʠ, 

ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʪʘ ʢʦʥʩʫʣʴʪʘʮʽʡʥʽ ʟʘʭʦʜʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʟʤʽʥʶʚʘʪʠ ʩʚʽʡ ʚʠʙʽʨ ʩʧʦʩʦʙʫ ʧʝʨʝʩʫʚʘʥʥʷ.  

ʂʦʤʧʣʝʢʩ ʥʘʷʚʥʠʭ ʧʨʦʙʣʝʤ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʫ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ 

ʋʢʨʘʾʥʠ ʟ ʧʦʟʠʮʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʛʨʫʧʠ, ʧʦʚô̫ ʟʘʥʽ ʟ 

ʥʘʩʪʫʧʥʠʤʠ ʘʩʧʝʢʪʘʤʠ: ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʥʘʩʝʣʝʥʥʷ ʫ ʧʝʨʝʚʝʟʝʥʥʷʭ, 

ʢʦʥʬʽʛʫʨʘʮʽʷ ʤʘʨʰʨʫʪʥʦʾ ʤʝʨʝʞʽ, ʷʢʽʩʪʴ ʧʦʩʣʫʛ, ʚʧʣʠʚ ʪʨʘʥʩʧʦʨʪʫ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʙʝʟʧʝʢʘ ʨʫʭʫ, 

ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʟʘʣʝʞʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʚʽʜ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ʈʦʟʚʠʪʦʢ ʽʥʪʝʛʨʦʚʘʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʢʦʥʮʝʧʮʽʾ ʨʦʟʫʤʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ, ʷʢ ʩʢʣʘʜʦʚʦʾ ʢʦʥʮʝʧʮʽʾ çʨʦʟʫʤʥʦʛʦ ʤʽʩʪʘè ʤʦʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʫʧʨʘʚʣʽʥʥʷ - ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʩʠʩʪʝʤʠ (ɯʊʉ) 

ʇʨʠʟʥʘʯʝʥʥʷ ɯʊʉ ʧʦʣʷʛʘʻ ʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʧʦʰʫʢʫ ʽ ʧʽʜʪʨʠʤʮʽ ʫ ʧʨʠʡʥʷʪʪʽ 

ʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʩʮʝʥʘʨʽʾʚ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʙʽʣʴʥʦʩʪʽ 

ʥʘʩʝʣʝʥʥʷ ʤʽʩʪʘ, ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʫ, ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʦʢʘʟʥʠʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʣʠʯʥʦ-ʜʦʨʦʞʥʴʦʾ ʤʝʨʝʞʽ ʪʘ ʨʽʚʥʷ ʷʢʦʩʪʽ ʫʯʘʩʥʠʢʽʚ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʫ [1]. ʈʦʟʧʦʜʽʣʝʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ 

ʻʜʠʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ 

çʨʦʟʫʤʥʦʛʦ ʤʽʩʪʘè, ʟʘʙʝʟʧʝʯʫʻ ʦʩʥʦʚʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ɯʊʉ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤ ʤʽʩʴʢʦʾ ʤʦʙʽʣʴʥʦʩʪʽ, ʘ ʩʘʤʝ: ʟʙʽʨ ʪʘ ʘʥʘʣʽʪʠʢʘ ʚʝʣʠʢʠʭ ʜʘʥʠʭ, ʨʦʟʨʦʙʢʘ 

ʧʨʦʛʥʦʟʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʚʫʣʠʯʥʦ-ʜʦʨʦʞʥʴʦʶ ʤʝʨʝʞʝʶ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʶ ʩʠʩʪʝʤʦʶ ʤʽʩʪʘ. 

ɿʨʦʩʪʘʥʥʷ ʧʦʪʨʝʙ ʫ ʚʠʨʽʰʝʥʥʽ ʢʦʤʧʣʝʢʩʫ ʧʨʦʙʣʝʤ ʤʽʩʴʢʦʾ ʤʦʙʽʣʴʥʦʩʪʽ 

ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʦʟʨʦʙʮʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʽʜʪʨʠʤʢʠ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ 

ʨʽʰʝʥʴ ʦʨʛʘʥʽʟʘʮʽʾ ʤʽʩʴʢʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʥʘ ʦʩʥʦʚʽ ʽʥʪʝʛʨʘʮʽʡʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʟ ʧʦʟʠʮʽʾ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʫ. 
 

[1] ʏʝʨʝʜʥʽʯʝʥʢʦ ʆ., ɺʘʣʘʮʢʝʥʝ ɸ. ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʩʠʩʪʝʤʠ ʷʢ ʽʥʩʪʨʫʤʝʥʪʠ ʫʧʨʘʚʣʽʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʦʪʦʢʘʤʠ (ʥʘ ʧʨʠʢʣʘʜʽ ʤ. ʂʠʻʚʘ). ʄʽʩʪʦʙʫʜʫʚʘʥʥʷ ʪʘ ʪʝʨʠʪʦʨʽʘʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ. 2022, ɺʠʧ. 80, 

ʉ.416ï450. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://doi.org/10.32347/2076-815x.2022.80.416-450. 

https://doi.org/10.32347/2076-815x.2022.80.416-450
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ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʨʦʟʚʠʪʦʢ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞʽʚ  ̒

ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ, ʦʨʛʘʥʽʟʘʮʽʾ ʥʘ 

ʩʫʯʘʩʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʨʽʚʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ. ɸ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ʦʨʛʘʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ 

ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʥʘʫʢʦʚʝ ʧʽʟʥʘʥʥʷ ʧʨʦʙʣʝʤ ʫ ʩʠʩʪʝʤʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ 

ʧʝʨʝʚʝʟʝʥʴ ʽ ʦʧʪʠʤʽʟʫʚʘʪʠ ʾʭ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʘʧʧʘʨʘʪ ʤʝʪʦʜʦʣʦʛʽʾ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʠʩʪʝʤʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʦʙʨʘʥʦ ʨʽʚʥʽ ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʩʠʩʪʝʤʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʫ ʨʽʟʥʠʭ ʜʞʝʨʝʣʘʭ [1]. 

ɼʦʩʣʽʜʞʝʥʦ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʦʩʥʦʚʥʠʭ ʩʭʝʤ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʜʦʩʣʽʜʞʝʥʦ ʩʧʨʠʡʥʷʪʪʷ 

ʫʢʨʘʾʥʩʴʢʠʤʠ ʢʦʤʧʘʥʽʷʤʠ-ʧʝʨʝʚʽʟʥʠʢʘʤʠ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ 

ʧʝʨʝʚʝʟʝʥʥʷè [1].  
ɿ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʘʢʪʫʘʣʴʥʦʩʪʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ [2] ʟʘ 

ʫʯʘʩʪʶ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ ʫ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠʩʚʷʯʝʥʠʭ ʩʠʩʪʝʤʘʤ ʪʘ ʧʨʦʮʝʩʫ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ, 

ʘʥʘʣʽʟ ʟʘʢʦʥʦʜʘʚʯʦʾ ʙʘʟʠ, ʘʥʘʣʽʟ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʦʙʩʷʛʽʚ 

ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ [3].  

ʌʦʨʤʫʚʘʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫ ʻ ʧʨʦʮʝʩʦʤ ʚʠʙʦʨʫ ʽ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʫ ʭʨʦʥʦʣʦʛʽʯʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʪʘ 

ʚʽʜʧʦʚʽʜʥʠʭ ʩʫʙ'ʻʢʪʽʚ ʨʠʥʢʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ [4]. ʉʢʣʘʜʥʽʩʪʴ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʚʢʣʶʯʝʥʠʭ ʜʦ ʥʝʾ ʝʣʝʤʝʥʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʪʘ ʢʽʣʴʢʦʩʪʽ 

ʟʘʜʽʷʥʠʭ ʩʫʙ'ʻʢʪʽʚ ʨʠʥʢʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ. ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ 
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ʪʝʭʥʽʢʦʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʤʽʱʝʥʥʷ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʫʙ'ʻʢʪʘʤʠ ʨʠʥʢʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ ï 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʟʘʙʝʟʧʝʯʫʶʯʦʶ ʧʽʜʩʠʩʪʝʤʦʶ, ʘ ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʩʫʙ'ʻʢʪʽʚ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʢʣʘʜʥʽʩʪʶ ʩʬʦʨʤʦʚʘʥʦʾ ʩʠʩʪʝʤʠ.  

ɿ ʤʝʪʦʶ ʦʮʽʥʢʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʪʘ ʘʢʪʫʘʣʴʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʷʢ ʧʝʨʝʚʝʟʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʦʜʠʥʠʮʴ 

ʢʦʥʪʝʡʥʝʨʽʚ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʝʨʝʚʝʟʝʥʠʭ ʢʦʥʪʝʡʥʝʨʽʚ ʟʘ 

ʧʝʨʽʦʜ ʦʩʪʘʥʥʽʭ 14 ʨʦʢʽʚ [5, 6]. ʆʪʨʠʤʘʥʦ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʝʨʝʚʝʟʝʥʴ 

ʢʦʥʪʝʡʥʝʨʽʚ ʫ ʧʨʦʛʥʦʟʽ ʟʘ ʧʝʨʽʦʜ ʟ 2009 ʧʦ 2021 ʨʦʢʠ ʟ ʪʦʯʥʽʩʪʶ ʤʘʡʞʝ ʫ 80%, 

2022 ʨʽʢ ʚ ʋʢʨʘʾʥʽ ʧʦʢʘʟʘʚ ʨʽʟʢʝ ʟʤʝʥʰʝʥʥʷ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʱʦ 

ʧʦʚôʷʟʘʥʦ ʽʟ ʚʽʡʩʴʢʦʚʠʤʠ ʜʽʷʤʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʩʫʪʪʻʚʠʤ ʚʧʣʠʚʦʤ ʥʘ ʪʨʘʥʩʧʦʨʪʥʫ 

ʛʘʣʫʟʴ, ʘʣʝ ʥʘʚʽʪʴ ʧʨʠ ʮʴʦʤʫ ʻ ʪʝʥʜʝʥʮʽʷ ʜʦ ʧʨʦʛʥʦʟʥʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʟ ʡʤʦʚʽʨʥʽʩʪʶ ʫ 64%.  

ɼʦʚʝʜʝʥʦ, ʱʦ ʧʨʦʮʝʩ ʨʝʘʣʽʟʘʮʽʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʤʝʞʘʭ ʧʝʚʥʦʛʦ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘʤ ʟʘʤʦʚʥʠʢʘ ʧʦʩʣʫʛʠ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʧʝʨʝʚʝʟʝʥʥʷ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʝʧʝʨʝʨʚʥʽʩʪʴ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫ, ʚʽʜʙʽʨ ʪʽʣʴʢʠ ʪʠʭ ʚʘʨʽʘʥʪʽʚ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ 

ʤʘʨʰʨʫʪʽʚ, ʱʦ ʩʧʦʣʫʯʘʶʪʴ ʟʘʜʘʥʽ ʧʫʥʢʪʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ, ʷʢʽ ʚʠʟʥʘʯʝʥʽ 

ʟʘʤʦʚʥʠʢʘʤʠ ʧʦʩʣʫʛʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʧʝʨʝʚʝʟʝʥʥʷ ʫ ʷʢʦʩʪʽ ʧʦʯʘʪʢʦʚʦʛʦ ʽ 

ʢʽʥʮʝʚʦʛʦ ʧʫʥʢʪʽʚ ʧʝʨʝʤʽʱʝʥʥʷ ʚʘʥʪʘʞʫ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʙʽʨ ʣʠʰʝ ʪʠʭ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʤʘʨʰʨʫʪʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʷʚʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʽʣʴʥʠʭ ʚʘʥʪʘʞʦʤʽʩʮʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʧʘʨʪʽʾ 

ʚʘʥʪʘʞʫ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʧʦ ʫʩʴʦʤʫ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʤʫ ʤʘʨʰʨʫʪʫ [7, 8]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʪʘʢʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟʘʚʜʘʥʥʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʧʝʨʝʚʝʟʝʥʥʷ ʻ ʟʘʜʘʯʝʶ ʙʘʛʘʪʦʮʽʣʴʦʚʦʾ ʘʙʦ ʚʝʢʪʦʨʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ.  

ʈʦʟʚʠʪʦʢ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʻ ʢʣʶʯʦʚʠʤ ʯʠʥʥʠʢʦʤ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʣʘʥʮʶʛʘʤʠ 

ʧʦʩʪʘʯʘʥʥʷ ʧʦʩʣʫʛ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʥʘʩʝʣʝʥʥʶ, ʘʣʝ ʧʦʪʨʝʙʫʻ 

ʟʥʘʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʝʪʦʜʦʣʦʛʽʾ ʟʜʽʡʩʥʝʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʱʦʜʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʦʛʽʩʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʪʨʘʥʩʧʦʨʪʫ [1].  
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ʉʴʦʛʦʜʥʽ ʥʝʤʦʞʣʠʚʦ ʫʷʚʠʪʠ ʩʚʽʪ ʙʝʟ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʘʜʞʝ ʚʦʥʠ 

ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʫ ʥʘʰʦʤʫ ʞʠʪʪʽ, ʪʨʘʥʩʧʦʨʪ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ 

ʧʦʢʨʘʱʝʥʥʽ ʷʢʦʩʪʽ ʞʠʪʪʷ ʣʶʜʝʡ ʽ ʟʨʦʩʪʘʥʥʽ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ. 

ʊʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ ʋʢʨʘʾʥʠ ʧʦʻʜʥʫʻ ʢʨʘʾʥʠ ɭʚʨʦʧʠ ʪʘ ʉʭʦʜʫ, ʦʩʢʽʣʴʢʠ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʝʨʝʪʠʥʽ ʤʽʞʥʘʨʦʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʨʠʜʦʨʽʚ ʪʘ ʤʘʻ 

ʨʦʟʚʠʥʝʥʫ ʪʨʘʥʩʧʦʨʪʥʫ ʤʝʨʝʞʫ. ɿʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʋʢʨʘʾʥʠ ʟʘʙʝʟʧʝʯʫʻ 

ʙʽʣʴʰʝ 80 % ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʱʦ ʟʜʽʡʩʥʶʶʪʴʩʷ ʚʩʽʤʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ. 

ʉʘʤʝ ʮʝ ʚʠʟʥʘʯʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʟʘʚʜʘʥʴ ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞʽʚ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʛʣʦʙʘʣʽʟʘʮʽʾ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ. ɿʘ ʪʘʢʠʭ 

ʫʤʦʚ ʜʦʮʽʣʴʥʠʤ ʻ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʚ ʧʨʘʢʪʠʢʫ ʢʦʤʙʽʥʦʚʘʥʠʭ, ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞʽʚ, ʱʦ ʥʘʙʫʣʠ ʰʠʨʦʢʦʛʦ ʨʦʟʚʠʪʢʫ ʟʘʢʦʨʜʦʥʦʤ. 

ʇʨʠ ʚʠʥʠʢʥʝʥʥʽ ʢʦʥʪʝʡʥʝʨʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʘ ʙʫʣʘ ʥʘʮʽʣʝʥʘ ʥʘ ʧʨʠʩʢʦʨʝʥʥʷ 

ʚʘʥʪʘʞʥʠʭ ʦʧʝʨʘʮʽʡ, ʪʨʘʥʩʧʦʨʪʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʜʦʩʷʛʣʠ ʥʦʚʦʛʦ ʨʽʚʥʷ. ʇʽʩʣʷ 

ʮʴʦʛʦ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ ʧʦʯʘʚʩʷ ʧʽʜʡʦʤ ʢʦʤʙʽʥʦʚʘʥʠʭ, ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ 

ʧʝʨʝʚʝʟʝʥʴ.  

ʄʫʣʴʪʠʤʦʜʘʣʴʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ï ʮʝ ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʥʷ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʝʢʽʣʴʢʦʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʜʦʛʦʚʦʨʫ. ʊʘʢʠʤ ʚʠʜʦʤ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘʡʯʘʩʪʽʰʝ ʢʦʨʠʩʪʫʶʪʴʩʷ ʫ ʜʚʦʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ:  

- ʜʦʩʪʘʚʠʪʠ ʚʘʥʪʘʞ ʜʦ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʚʠʜʫ 

ʪʨʘʥʩʧʦʨʪʫ ʥʝʤʦʞʣʠʚʦ;  

- ʧʝʨʝʚʝʟʝʥʥʷ ʦʜʥʠʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʫ ʢʦʰʪʫʻ ʟʘʥʘʜʪʦ ʜʦʨʦʛʦ ʘʙʦ ʟʘʡʤʘʻ 

ʙʘʛʘʪʦ ʯʘʩʫ. 

ʇʨʠ ʟʜʽʡʩʥʝʥʥʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʧʝʨʝʚʝʟʝʥʥʷ ʦʩʥʦʚʥʫ ʫʚʘʛʫ ʥʘʜʘʶʪʴ 

ʟʥʘʭʦʜʞʝʥʥʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʙʘʞʘʥʴ ʢʣʽʻʥʪʘ ʱʦʜʦ 

ʚʘʨʪʦʩʪʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʜʦʩʪʘʚʣʝʥʥʷ, ʚʠʙʦʨʫ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʪʘʨʠ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ.   
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ɺʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʥʷ ʪʘ ʰʚʠʜʢʽʩʪʴ ʜʦʩʪʘʚʣʝʥʥʷ ʚʘʥʪʘʞʽʚ ʙʘʛʘʪʦ ʚ ʯʦʤʫ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʙʦʨʫ ʤʘʨʰʨʫʪʫ ʧʝʨʝʚʝʟʝʥʴ. ʈʘʟʦʤ ʟ ʮʠʤ ʚʠʙʽʨ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʻ ʦʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ 

ʜʦʩʪʘʚʣʝʥʥʷ ʚʘʥʪʘʞʽʚ. ʇʨʠ ʟʜʽʡʩʥʝʥʥʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞ ʥʘ 

ʚʩʴʦʤʫ ʰʣʷʭʫ ʧʨʷʤʫʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʽʡ ʩʘʤʽʡ ʪʨʘʥʩʧʦʨʪʥʽʡ ʦʜʠʥʠʮʽ, ʱʦ 

ʩʧʨʠʷʻ ʷʢʦʩʪʽ ʪʘ ʩʭʦʨʦʥʥʦʩʪʽ ʜʦʩʪʘʚʣʝʥʠʭ ʚʘʥʪʘʞʽʚ ʫ ʟʚôʷʟʢʫ ʽʟ ʟʤʝʥʰʝʥʥʷʤ 

ʚʘʥʪʘʞʥʠʭ ʦʧʝʨʘʮʽʡ.  

ʊʘʢ, ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʠʪʠ ʜʦʩʪʘʚʣʝʥʥʷ çʚʽʜ 

ʜʚʝʨʝʡ ʜʦ ʜʚʝʨʝʡè, ʥʘʚʽʪʴ ʧʽʜ ʯʘʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʫ ʟ ʢʦʥʪʠʥʝʥʪʫ ʥʘ 

ʢʦʥʪʠʥʝʥʪ, ʧʝʨʝʜʘʯʫ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʟʘ ʟʙʝʨʝʞʝʥʥʷ ʚʘʥʪʘʞʫ ʥʘ ʚʩʴʦʤʫ ʰʣʷʭʫ 

ʜʦʩʪʘʚʣʝʥʥʷ ʦʜʥʦʤʫ ʦʧʝʨʘʪʦʨʫ, ʝʢʦʥʦʤʽʶ ʯʘʩʫ ʥʘ ʩʢʣʘʜʘʥʥʷ ʜʦʛʦʚʦʨʽʚ ʟ 

ʧʝʨʝʚʽʟʥʠʢʘʤʠ ʪʘ ʢʦʥʪʨʦʣʽ ʟʘ ʧʝʨʝʚʝʟʝʥʥʷʤʠ. 

ʆʪʞʝ, ʟʜʽʡʩʥʝʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʩʧʨʠʷʪʠʤʝ ʚʽʜʥʦʚʣʝʥʥʶ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ, ʫʩʧʽʰʥʽʡ ʻʚʨʦʽʥʪʝʛʨʘʮʽʾ, ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʫʢʨʘʾʥʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞʽʚ. 

 

 

ʋɼʂ 656.223: 629.463 

 

ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʆʈɻɸʅɯɿɸʎɯɰ ɺɸʅʊɸɾʅʆɰ ʈʆɹʆʊʀ ɯɿ 

ʂʆʅʊɽʁʅɽʈɸʄʀ 

 

IMPROVING THE ORGANIZATION OF CARGO WORK WITH 

CONTAINERS 

 

ɼʦʢʪ. ʪʝʭʥ. ʥʘʫʢ ɼ.ɺ. ʃʦʤʦʪʴʢʦ
1
, Dr hab. inŨ., prof. UTH Rad 

(PhD. Eng., Associate Professor) ʊomasz PerzyŒski
2
,  

ʘʩʧʽʨʘʥʪ ʆ.ʌ. ɸʬʘʥʘʩʦʚʘ
1 

1
ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʤ. ʍʘʨʢʽʚ) 

2
Kazimierz Pulaski University of Technology and Humanities in Radom (Poland) 

 

D. Lomotko
1
 D. Sc. (Tech.), Dr hab. inŨ., prof. UTH Rad 

(PhD. Eng., Associate Professor) ʊomasz PerzyŒski
2
, 

O. Afanasova
1
 postgraduate 

Ukrainian State University of Railway Transport (Kharkiv) 
2
Kazimierz Pulaski University of Technology and Humanities in Radom (Poland) 

 

ɺ ʩʫʯʘʩʥʠʡ ʩʢʣʘʜʥʠʡ ʧʝʨʽʦʜ ʜʣʷ ʜʝʨʞʘʚʠ ʽ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ 

ʋʢʨʘʾʥʠ ʟʘʣʽʟʥʠʮʽ ʟʙʝʨʽʛʘʶʪʴ ʥʘʡʚʘʞʣʠʚʽʰʝ ʤʽʩʮʝ. ɺʦʥʠ ʤʘʶʪʴ ʧʝʨʩʧʝʢʪʠʚʠ 

ʨʦʟʚʠʪʢʫ ʚ ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ ʢʦʥʢʫʨʝʥʮʽʾ ʟ ʙʦʢʫ ʽʥʰʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ. ʆʜʥʠʤ 

ʟ ʛʦʣʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʚʽʪʯʠʟʥʷʥʠʭ ʟʘʣʽʟʥʠʮʴ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʨʦʙʦʪʠ ʟ 

ʢʦʥʪʝʡʥʝʨʥʠʤʠ ʚʘʥʪʘʞʘʤʠ.  

ɼʽʷʣʴʥʽʩʪʴ ʟʘʣʽʟʥʠʯʥʠʭ ʩʪʘʥʮʽʡ ʪʘ ʚʫʟʣʽʚ ʟʽ ʟʥʘʯʥʠʤʠ ʦʙʩʷʛʘʤʠ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʨʦʙʦʪʦʶ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, 

ʧʨʦʪʝ ʽʥʬʦʨʤʘʮʽʡʥʽ ʚʟʘʻʤʦʜʽʾ ʧʽʜ ʯʘʩ ʮʴʦʛʦ ʧʨʦʮʝʩʫ, ʷʢ ʧʨʘʚʠʣʦ, ʧʝʨʝʙʫʚʘʶʪʴ 
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ʥʘ ʥʝʚʠʩʦʢʦʤʫ ʨʽʚʥʽ. ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʦʨʛʘʥʽʟʘʮʽʻʶ 

ʩʧʽʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫʩʽʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʚʘʥʪʘʞʦʚʣʘʩʥʠʢʽʚ, ʱʦ ʧʨʠ ʦʙʨʦʙʮʽ 

ʚʝʣʠʢʦʛʦ ʚʘʥʪʘʞʦʧʦʪʦʢʫ ʩʪʘʻ ʽʩʪʦʪʥʦ ʥʝʦʙʭʽʜʥʠʤ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʦʨʛʘʥʽʟʘʮʽʻʶ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʝʨʝʚʽʟʥʦʛʦ ʧʨʦʮʝʩʫ, ʪʝʭʥʦʣʦʛʽʯʥʝ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʷʢʦʛʦ ʧʦʚʠʥʥʦ ʙʘʟʫʚʘʪʠʩʴ ʥʘ ʣʦʛʽʩʪʠʯʥʠʭ ʧʨʠʥʮʠʧʘʭ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʩʪʘʥʦʚʠʱʝ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʪʨʘʥʩʧʦʨʪʥʽʡ ʛʘʣʫʟʽ, ʤʦʞʥʘ 

ʩʢʘʟʘʪʠ, ʱʦ ʧʝʨʝʚʘʞʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʥʪʝʡʥʝʨʥʠʭ ʚʘʥʪʘʞʽʚ ʧʝʨʝʜʘʻʪʴʩʷ ʟ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʥʘ ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ, ʘ çʧʨʷʤʠʡè ʚʘʨʽʘʥʪ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

ʜʦʭʦʜʠʪʴ ʜʦ 50%. ʈʝʛʫʣʶʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʚʘʥʪʘʞʦʧʦʪʦʢʫ ʻ ʟʥʘʯʥʠʤ 

ʨʠʥʢʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʟʘʣʽʟʥʠʯʥʦʾ 

ʛʘʣʫʟʽ. 

ʆʙʨʦʙʢʘ ʢʦʥʪʝʡʥʝʨʽʚ ʧʝʨʝʚʘʞʥʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʮʝʥʪʨʦʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʝʨʚʽʩʫ (ʎʊʉ). ʊʝʭʥʦʣʦʛʽʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʚʟʘʻʤʦʜʽʾ ʩʪʘʥʮʽʾ ʪʘ ʮʝʥʪʨʘ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʝʨʚʽʩʫ, ʱʦ ʜʦ ʥʝʾ ʧʨʠʤʠʢʘʻ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ:  

Å ʩʚʦʻʯʘʩʥʠʡ ʧʨʠʡʦʤ ʚʘʥʪʘʞʽʚ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʟʽ ʩʪʘʥʮʽʡ ʋʢʨʘʾʥʠ ʪʘ ʽʥʰʠʭ 

ʢʨʘʾʥ;  

Å ʦʨʛʘʥʽʟʘʮʽʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʚʘʥʪʘʞʽʚ ʥʘ ʬʨʦʥʪʘʭ ʪʘ 

ʧʽʜôʾʟʥʠʭ ʢʦʣʽʷʭ ʧʽʜʧʨʠʻʤʩʪʚ ʚ ʪʝʨʤʽʥʠ, ʷʢʽ ʥʝ ʧʦʚʠʥʥʽ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʚʩʪʘʥʦʚʣʝʥʽ ʥʦʨʤʠ ʯʘʩʫ ʥʘ ʚʘʥʪʘʞʥʽ ʦʧʝʨʘʮʽʾ;  

Å ʟʤʝʥʰʝʥʥʷ ʦʯʽʢʫʚʘʥʥʷ ʚʘʛʦʥʽʚ ʚ ʧʨʦʮʝʩʽ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʾʭ 

ʧʨʦʩʪʦʾʚ ʧʽʜ ʚʘʥʪʘʞʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ;  

Å ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʦʨʛʘʥʽʟʘʮʽʾ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚʘʥʪʘʞʽʚ ʧʦ ʧʨʷʤʦʤʫ 

ʚʘʨʽʘʥʪʫ;  

Å ʧʨʠʪʷʛʥʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʦʙʩʷʛʽʚ ʚʘʥʪʘʞʽʚ ʪʦʱʦ.  

ʅʘʞʘʣʴ, ʪʝʭʥʦʣʦʛʽʷ ʚʟʘʻʤʦʜʽʾ ʩʪʘʥʮʽʾ ʫ ʪʘʢʠʭ ʚʫʟʣʘʭ ʻ ʤʘʣʦʝʬʝʢʪʠʚʥʦʶ. ʋ 

ʟʚôʷʟʢʫ ʟ ʮʠʤ ʜʣʷ ʚʽʪʯʠʟʥʷʥʦʛʦ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʻ 

ʧʠʪʘʥʥʷ ʥʦʨʤʫʚʘʥʥʷ ʦʙʽʛʫ ʚʘʛʦʥʽʚ ʥʘ ʧʽʜôʾʟʥʠʭ ʢʦʣʽʷʭ. ɺʠʭʦʜʷʯʠ ʟ ʥʘʚʝʜʝʥʦʛʦ 

ʚʠʱʝ ʘʢʪʫʘʣʴʥʦʶ ʩʪʘʻ ʟʘʜʘʯʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʨʦʙʦʪʠ ʧʽʜôʾʟʥʦʾ ʢʦʣʽʾ 

ʪʘ ʩʪʘʥʮʽʡ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʟʘʣʽʟʥʠʯʥʠʭ ʩʪʘʥʮʽʷʭ. ʎʽ ʟʘʭʦʜʠ 

ʧʦʚʠʥʥʽ ʧʦʻʜʥʫʚʘʪʠ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʧʠʪʘʥʥʷ ʟ ʧʠʪʘʥʥʷʤʠ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʽ ʢʽʣʴʢʦʩʪʽ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ 

ʯʘʩʫ ʟʥʘʭʦʜʞʝʥʥʷ ʚʘʛʦʥʽʚ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʩʢʦʨʦʯʝʥʥʷ ʦʙʽʛʫ ʚʘʥʪʘʞʥʦʛʦ ʚʘʛʦʥʘ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʪʘ ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʟʘʣʽʟʥʠʮʴ ʫ ʮʽʣʦʤʫ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʦʙʦʪʠ ʽʟ 

ʢʦʥʪʝʡʥʝʨʘʤʠ ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʡ ʪʘ ʮʝʥʪʨʽʚ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʝʨʚʽʩʫ ʟʘ ʨʘʭʫʥʦʢ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʨʦʙʦʪʠ ʥʘ ʙʘʟʽ 

ʣʦʛʽʩʪʠʯʥʠʭ ʧʨʠʥʮʠʧʽʚ.  

ɹʘʛʘʪʦʧʣʘʥʦʚʽʩʪʴ, ʩʢʣʘʜʥʽʩʪʴ ʧʠʪʘʥʴ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʜʽʷʣʴʥʦʩʪʽ ʩʪʘʥʮʽʡ, ʘʜʘʧʪʘʮʽʾ ʾʭ ʜʦ ʫʤʦʚ 

ʨʠʥʢʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʨʠʪʦʨʽʘʣʴʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʩʪʨʘʪʝʛʽʾ ʾʭ ʨʦʟʚʠʪʢʫ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʦʩʣʫʛ, ʥʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʣʝʢʩʥʠʭ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʨʦʙʦʢ 

ʱʦʜʦ ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʦʙʫʤʦʚʣʶʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʫ ʪʝʭʥʦʣʦʛʽʶ ʨʦʙʦʪʠ ʩʪʘʥʮʽʡ ʽʟ 

ʢʦʥʪʝʡʥʝʨʘʤʠ. 
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ʄʝʪʦʜʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ 

ʩʫʯʘʩʥʦʾ ʪʝʦʨʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʣʽʟʥʠʮʴ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʾ ʣʦʛʽʩʪʠʢʠ, ʥʘʫʢʦʚʽ ʧʨʘʮʽ 

ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʨʫʙʽʞʥʠʭ ʚʯʝʥʠʭ ʟ ʧʨʦʙʣʝʤ ʨʦʟʚʠʪʢʫ ʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʟʘʣʽʟʥʠʯʥʦʾ ʛʘʣʫʟʽ, ʟʦʢʨʝʤʘ ʩʠʩʪʝʤʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʥʰʽ ʚʠʜʠ ʪʨʘʥʩʧʦʨʪʫ, 

ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʤʝʪʦʜʠʯʥʽ ʨʦʟʨʦʙʢʠ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʫʩʪʘʥʦʚ, ʘ ʪʘʢʦʞ 

ʟʘʢʦʥʦʜʘʚʯʽ ʪʘ ʥʦʨʤʘʪʠʚʥʽ ʘʢʪʠ, ʷʢʽ ʨʝʛʫʣʶʶʪʴ ʨʦʟʚʠʪʦʢ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʢʨʘʾʥʠ. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʧʣʘʥʫʚʘʥʥʷ. ʆʩʥʦʚʥʝ ʨʦʟʭʦʜʞʝʥʥʷ ʚʠʧʣʠʚʘʻ ʟ ʡʦʛʦ ʟʘʜʘʯʽ - ʧʣʘʥʫʚʘʥʥʷ ʻ 

ʧʨʦʮʝʩʦʤ ʧʨʠʡʥʷʪʪʷ ʽ ʧʨʘʢʪʠʯʥʦʛʦ ʟʜʽʡʩʥʝʥʥʷ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ, ʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʣʠʢʘʥʝ ʦʙˇʨʫʥʪʦʚʫʚʘʪʠ ʽ ʬʦʨʤʫʚʘʪʠ ʥʘʫʢʦʚʽ ʧʝʨʝʜʫʤʦʚʠ 

ʧʨʠʡʥʷʪʪʷ ʢʝʨʫʶʯʠʭ ʨʽʰʝʥʴ. ʆʩʥʦʚʥʽ ʟʘʜʘʯʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʧʣʠʚʘʶʪʴ ʟ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʽ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʛʦʣʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʘʡʙʫʪʥʴʦʛʦ 

ʨʦʟʚʠʪʢʫ ʦʙ'ʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʦʜʥʽʻʶ ʽʟ ʩʘʤʠʭ ʚʘʞʢʠʭ ʟʘʜʘʯ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʻ ʚʠʙʽʨ ʤʝʪʦʜʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʪʝʥʜʝʥʮʽʷʤ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʢʝʨʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤʠ 

ʧʦʪʦʢʘʤʠ ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʧʦʧʝʨʝʜʞʝʥʥʷ ʽ ʤʽʥʽʤʽʟʘʮʽʶ ʤʦʞʣʠʚʠʭ ʟʙʠʪʢʽʚ, 

ʩʪʚʦʨʝʥʥʷ ʩʪʘʥʫ ʚʠʟʥʘʯʝʥʦʩʪʽ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʨʠʥʢʫ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʨʦʧʫʩʢʥʠʭ, ʧʨʦʚʽʟʥʠʭ ʩʧʨʦʤʦʞʥʦʩʪʝʡ ʽ ʽʥʰʠʭ ʪʝʭʥʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. 

 ʗʢ ʩʚʽʜʯʠʪʴ ʘʥʘʣʽʟ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ 

ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʩʝʨʚʽʩ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʧʦʚʠʥʝʥ 

ʨʦʟʚʠʚʘʪʠʩʷ ʚ ʜʚʦʭ ʥʘʧʨʷʤʢʘʭ - ʚʽʥ ʧʦʚʠʥʝʥ ʥʘʜʘʚʘʪʠ ʧʦʩʣʫʛʠ ʷʢ ʦʧʝʨʘʪʠʚʥʠʤ 

ʧʨʘʮʽʚʥʠʢʘʤ ʪʨʘʥʩʧʦʨʪʫ, ʪʘʢ ʽ ʡʦʛʦ ʢʣʽʻʥʪʘʤ.   

ɼʣʷ ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʠʤʠ ʜʘʥʠʤʠ: ʢʣʘʩʠʬʽʢʘʮʽʷ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʪʦʜʽʚ; 

ʧʝʨʝʣʽʢ ʚʠʤʦʛ ʜʦ ʚʭʽʜʥʠʭ ʜʘʥʠʭ; ʢʣʘʩʠʬʽʢʘʮʽʷ ʦʙ'ʻʢʪʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʂʦʞʥʠʡ 

ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʷʢ ʘʣʛʦʨʠʪʤ ʧʝʨʝʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. 

ʆʪʞʝ, ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʚʠʤʦʛʦʶ ʤʝʪʦʜʫ ʻ ʚʠʤʦʛʠ ʜʦ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʡʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʱʦ ʯʽʪʢʦ ʽ ʷʩʥʦ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʩʧʝʮʠʬʽʢʘ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʠʥʢʫ ʧʦʣʷʛʘʻ ʚ ʾʭʥʽʡ  

ʰʚʠʜʢʽʡ ʤʽʥʣʠʚʦʩʪʽ, ʪʦʤʫ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʠʥʝʥ ʤʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʱʦ ʩʘʤʦʢʦʨʝʛʫʶʪʴʩʷ. 
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STRATEGY OF THE TRANSPORTATION PROCESS 
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 ʉʪʨʘʪʝʛʽʷ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʝʚʝʟʝʥʴ ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʚ ʧʨʦʮʝʩʽ 

ʨʝʬʦʨʤʫʚʘʥʥʷ ʛʘʣʫʟʽ ʪʘ ʟʘʛʘʣʴʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ʝʢʦʥʦʤʽʮʽ ʢʨʘʾʥʠ ʥʘʤʽʪʠʣʘ ʧʝʚʥʽ 

ʢʦʥʪʫʨʠ ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʟ ʦʛʣʷʜʫ ʥʘ ʧʦʜʘʣʴʰʝ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ. 

ɿʘʛʘʣʴʥʝ ʪʷʞʽʥʥʷ ʜʦ ʧʝʨʝʚʝʟʝʥʥʷ ʤʘʩʦʚʠʭ ʚʘʥʪʘʞʽʚ ʟʘʣʽʟʥʠʮʝʶ ʟ ʫʨʘʭʫʚʘʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʘʣʽʟʥʠʮʽ 

ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʬʦʨʤʫʚʘʣʦ ʦʩʥʦʚʥʽ ʛʨʫʧʠ ʚʘʥʪʘʞʽʚ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 

1 ʪʘ2. 

 

  
 

 

ʈʠʩ.1 ʉʪʨʫʢʪʫʨʘ ʚʘʥʪʘʞʽʚ ʧʝʨʝʚʝʟʝʥʠʭ         ʈʠʩ.2 ʉʪʨʫʢʪʫʨʘ ʝʢʩʧʦʨʪʫ ʚʘʥʪʘʞʽʚ  

ʟʘʣʽʟʥʠʮʝʶ ʚ 2021 ʨʦʮʽ.                                   ɿʘʣʽʟʥʠʮʝʶ ʫ 2022 ʨʦʮʽ. 

 

 

ʉʫʤʽʩʥʠʡ ʘʥʘʣʽʟ ʥʘʚʝʜʝʥʦʾ ʽʥʬʦʛʨʘʬʽʢʠ ʬʦʨʤʫʻ ʧʨʦʩʪʠʡ ʥʘ ʧʝʨʰʠʡ 

ʧʦʛʣʷʜ ʧʨʠʥʮʠʧ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ ʜʝ ʜʦ ʦʩʥʦʚʥʠʭ ʛʨʫʧ ʥʘʣʝʞʘʪʴ 

ʘʛʨʘʨʥʠʡ ʩʝʢʪʦʨ ʪʘ ʚʠʜʦʙʫʚʥʠʡ ʩʝʢʪʦʨʠ ʽʟ ʚʘʥʪʘʞʘʤʠ ʧʘʨʘʣʝʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʪʦʡ ʬʘʢʪ ʱʦ ʚ 2021 ʨʦʮʽ ʷʢʠʡ ʧʨʠʡʥʷʪʦ 

ʩʧʨʠʡʤʘʪʠ ʷʢ ʪʦʯʢʫ ʦʧʨʠ ʚ ʟʘʛʘʣʴʥʠʭ ʧʨʦʮʝʩʘʭ ʘʥʘʣʽʪʠʢʠ, ʟʘ ʨʽʟʥʠʤʠ ʦʮʽʥʢʘʤʠ 

ʙʽʣʴʰʫ ʧʦʣʦʚʠʥʫ ʙʶʜʞʝʪʫ ʢʨʘʾʥʠ ʩʪʘʥʦʚʠʪʴ ʩʘʤʝ ʝʢʩʧʦʨʪ ʚʘʥʪʘʞʽʚ ʮʠʭ ʜʚʦʭ 

ʢʘʪʝʛʦʨʽʡ,  ʧʠʪʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʪʫʨʽʚ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʻ ʚʠʟʥʘʯʥʠʤ. 
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ʆʪʞʝ ʧʽʜʩʫʤʦʚʫʶʯʠ ʚʠʱʝʥʘʚʝʜʝʥʝ ʤʠ ʫʷʚʣʷʻʤʦ ʢʘʨʪʠʥʫ ʜʝ ʬʦʨʤʫʚʘʥʥʷ 

ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʘʡʞʝ ʥʘ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʢʨʘʾʥʠ ʽ ʤʘʻ ʚʽʜʥʦʩʥʦ 

ʨʽʚʥʦʤʽʨʥʠʡ ʭʘʨʘʢʪʝʨ ʪʘ ʚʠʜʦʙʫʚʥʠʡ ʩʝʢʪʦʨ ʷʢʠʡ ʤʘʻ ʮʝʥʪʨʠ ʪʷʞʽʥʥʷ 

ʚʘʥʪʘʞʦʫʪʚʦʨʝʥʥʷ ʽʟ ʧʨʠʨʦʜʥʠʭ ʧʨʠʯʠʥ. ʆʙʠʜʚʘ ʩʝʢʪʦʨʠ ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʨʽʟʥʠʡ 

ʭʘʨʘʢʪʝʨ ʬʦʨʤʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʷʞʽʶʪʴ ʜʦ ʦʜʥʦʤʘʥʽʪʥʦʛʦ ʚʠʚʘʥʪʘʞʝʥʥʷ 

ʟʚʘʞʘʶʯʠ ʥʘ ʢʽʥʮʝʚʦʛʦ ʧʦʢʫʧʮʷ ʚʘʥʪʘʞʽʚ ʽ ʪʘʢʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʻ ʧʦʨʪʠ ʪʘ 

ʟʘʭʽʜʥʽ ʢʦʨʜʦʥʠ.  

ɿ ʪʦʯʢʠ ʟʦʨʫ ʚʽʜʛʫʢʫ  ʥʘ ʚʠʨʽʰʝʥʥʷ ʦʢʨʝʤʠʭ ʚ ʤʝʞʘʭ ʥʘʚʝʜʝʥʦʾ ʢʦʥʮʝʧʮʽʾ 

ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ ʧʠʪʘʥʴ ʩʪʚʦʨʝʥʦ ʬʽʣʽʶ çʆʧʝʨʘʪʦʨ ʧʨʠʧʦʨʪʦʚʠʭ ʩʪʘʥʮʽʡè 

ʘʢʮʽʦʥʝʨʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ çʋʢʨʘʾʥʩʴʢʘ ʟʘʣʽʟʥʠʮʷè. ʂʦʥʮʝʧʪʫʘʣʴʥʦ ʪʘʢʝ 

ʥʦʚʦʫʪʚʦʨʝʥʥʷ ʤʘʻ ʥʘ ʤʝʪʽ ʚʠʨʽʰʝʥʥʷ ʧʦʚʥʦʛʦ ʩʧʝʢʪʨʫ ʧʠʪʘʥʴ ʷʢʠʭ ʧʦʪʨʝʙʫʻ 

ʧʝʨʝʚʽʟʥʠʡ ʧʨʦʮʝʩ ʩʴʦʛʦʜʥʽ: 

- ʜʦʩʣʽʜʞʝʥʥʷ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ; 

- ʚʟʘʻʤʦʜʽʷ ʟ ʬʽʣʽʷʤʠ ʜʝʨʞʘʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ çɸʜʤʽʥʽʩʪʨʘʮʽʷ 

ʤʦʨʩʴʢʠʭ ʧʦʨʪʽʚ ʋʢʨʘʾʥʠè ʫ ʩʬʝʨʽ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʧʝʨʝʚʝʟʝʥʴ 

(ʧʨʠʙʫʪʪʷ-ʚʽʜʧʨʘʚʣʝʥʥʷ) ʚʘʥʪʘʞʽʚ ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ. 

- ʩʧʽʚʧʨʘʮʷ ʟ ʧʦʨʪʘʤʠ ʟ ʧʠʪʘʥʴ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʘ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ; 

- ʦʨʛʘʥʽʟʘʮʽʷ ʧʦʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʮʽʡʥʠʭ ʧʦʩʣʫʛ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʬʦʨʤʫʚʘʥʥʷ ʚʠʤʦʛʠ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʥʘʜʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʦʩʣʫʛʠ ʧʦʜʽʙʥʠʡ ʜʦʩʚʽʜ ʧʦʚʠʥʝʥ ʙʫʜʠ ʟʘʧʨʦʚʘʜʞʝʥʠʡ ʚ ʤʽʩʮʷʭ 

ʚʘʥʪʘʞʦʫʪʚʦʨʝʥʥʷ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʫ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʩʧʝʮʽʘʣʽʩʪʽʚ ʜʣʷ  

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʚʠʤʦʛ. 
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ɸʥʘʣʽʟʫʶʯʠ ʟʘʛʘʣʴʥʫ ʪʝʥʜʝʥʮʽʶ ʟʘ ʦʩʪʘʥʥʽ  ʨʦʢʠ  ʤʦʞʥʘ ʚʠʷʚʠʪʠ  

ʜʝʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʢʣʶʯʦʚʠʭ  ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʷʢʽ ʦʧʠʩʫʶʪʴ ʟʘʛʘʣʴʥʠʡ ʧʨʦʮʝʩ 

ʚʘʥʪʘʞʦʫʪʚʦʨʝʥʥʷ.  ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʚʘʥʪʘʞʽʚ ʱʦ ʧʝʨʝʚʦʟʷʪʴʩʷ ʥʘ ʪʝʨʝʥʘʭ 

ʥʘʰʦʾ ʢʨʘʾʥʠ ʤʘʻ ʥʝʚʧʠʥʥʫ ʜʠʥʘʤʽʢʫ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 10ʪʠ 

ʨʦʢʽʚ, ʧʨʦʪʝ ʩʝʨʝʜ ʟʘʛʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʦʛʦ ʧʨʦʮʝʩʫ ʚʠʜʽʣʷʻʪʴʩʷ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʝʨʝʨʦʟʧʦʜʽʣʝʥʥʷ ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʥʷ ʥʦʚʦʫʪʚʦʨʝʥʠʭ ʫʤʦʚʘʭ.    

 

 
 

ʈʠʩ.1 ʇʦʨʽʚʥʷʣʴʥʘ ʜʠʥʘʤʽʢʘ ʧʝʨʝʚʝʟʝʥʴ ʟʘʣʽʟʥʠʯʥʠʤ ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ 

 ʚ ʧʝʨʽʦʜ ʽʟ 2016-2020 ʨʦʢʠ. 

 

ɿʚʠʯʘʡʥʦ ʤʦʞʥʘ ʚʠʧʨʘʚʜʘʪʠ ʪʘʢʫ ʩʠʪʫʘʮʽʶ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ 

ʧʝʚʥʦʶ ʥʠʟʢʦʶ ʦʙ'ʻʢʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʷʢ-ʪʦ ʩʢʦʨʦʯʝʥʥʷ ʪʨʘʥʟʠʪʥʦʛʦ 

ʚʘʛʦʥʦʧʦʪʦʢʫ ʟʚʘʞʘʶʯʠ ʥʘ ʟʦʚʥʽʰʥʴʦ ʧʦʣʽʪʠʯʥʫ ʩʠʪʫʘʮʽʶ, ʚʪʨʘʪʘ ʦʜʥʦʛʦ ʽʟ 

ʢʣʶʯʦʚʠʭ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʨʝʛʽʦʥʽʚ ʟ ʪʠʭ ʞʝ ʧʨʠʯʠʥ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʘ 
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ʩʢʣʘʜʦʚʘ, ʧʨʦʪʝ ʤʠ ʭʦʯʝʤʦ ʥʘʛʦʣʦʩʠʪʠ ʫʚʘʛʫ ʥʘ ʚʠʜʽʣʝʥʥʷ ʧʨʦʙʣʝʤʠ ʩʝʨʚʽʩʫ ʥʘ 

ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʥʘ ʷʢʫ ʤʠ ʷʢ ʛʘʣʫʟʴ ʤʘʻʤʦ ʽ ʚʧʣʠʚ ʽ ʨʝʩʫʨʩʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʝʣʝʤʝʥʪʘʨʥʠʡ ʪʘ ʥʘʞʘʣʴ ʪʠʧʦʚʠʡ ʧʨʠʢʣʘʜ ʥʘ ʩʪʘʥʮʽʾ ʍʘʨʢʽʚ 

ʩʦʨʪʫʚʘʣʴʥʠʡ ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʭʘʨʢʽʚʩʴʢʦʤʫ ʟʘʣʽʟʥʠʯʥʦʤʫ 

ʚʫʟʣʽ ʪʦʤʫ ʾʡ ʧʨʠʯʝʪʥʽ ʚʩʽ ʫʧʨʘʚʣʽʥʩʴʢʽ ʦʟʥʘʢʠ. ɺ 2020ʤʫ ʨʦʮʽ ʘʛʨʘʨʥʠʡ ʩʝʢʪʦʨ 

ʚʠʜʘʚʘʚ ʜʦʩʠʪʴ ʧʨʠʩʪʦʡʥʽ ʧʦʢʘʟʥʠʢʠ ʫ ʚʠʨʦʙʥʠʯʦʤʫ ʨʦʟʫʤʽʥʥʽ ʪʦʤʫ ʚʠʤʘʛʘʚ ʚʽʜ 

ʥʘʩ ʘʜʝʢʚʘʪʥʦʾ ʨʝʘʢʮʽʾ ʷʢ ʚʽʜ ʦʩʥʦʚʥʦʛʦ ʧʝʨʝʚʽʟʥʠʢʘ. ʆʜʥʠʤ ʽʟ ʧʽʢʦʚʠʭ ʧʝʨʽʦʜʽʚ  

ʚ ʩʝʢʪʦʨʽ ʻ ʢʽʥʝʮʴ ʣʶʪʦʛʦ ʧʦʯʘʪʦʢ ʙʝʨʝʟʥʷ ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ 

ʤʘʩʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʘ ʽ ʚʠʚʘʥʪʘʞʝʥʥʷʤ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʽ ʇʄʄ ʽ 

ʚʠʚʘʥʪʘʞʝʥʥʷ ʩʘʤʝ ʘʟʦʪʥʦʾ ʛʨʫʧʠ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʧʦʪʨʝʙʫʻ ʷʢʽʩʥʦʾ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʦʩʣʫʛʠ ʪʦʤʫ ʱʦ ʩʘʤʝ ʚ ʮʝʡ ʧʝʨʽʦʜ ʾʭ ʪʨʝʙʘ ʚʥʦʩʠʪʠ ʚ ʦʟʠʤʫ 

ʧʰʝʥʠʮʶ.  

ʆʧʠʩʘʥʘ ʩʠʪʫʘʮʽʷ ʤʘʻ ʩʪʘʣʠʡ ʪʘ ʱʦʨʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʧʨʦʪʝ ʯʝʨʝʟ 

ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʜʘʥʥʷ ʷʢʽʩʥʦʾ ʩʝʨʚʽʩʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʠ ʦʪʨʠʤʫʻʤʦ ʮʽʣʫ ʥʠʟʢʫ 

ʧʨʠʯʠʥ ʷʢʽ ʧʦʷʩʥʶʶʪʴ ʽʥʬʦʛʨʘʬʽʢʫ ʥʘʚʝʜʝʥʫ ʥʘ ʨʠʩʫʥʢʫ (1): 

-    ɺʘʥʪʘʞʦʦʜʝʨʞʫʚʘʯ ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʢʣʘʜʫ ʥʝ 

ʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʪʠ ʯʘʩ ʧʨʠʙʫʪʪʷ ʜʦʙʨʠʚ ʱʦ ʬʦʨʤʫʻ ʯʝʨʛʠ ʽʟ 

ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʪʘ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʤʫʰʫʻ ʚʠʢʦʥʫʚʘʪʠ ʟʘʡʚʽ 

ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʽ ʦʧʝʨʘʮʽʾ ʥʘ ʩʢʣʘʜʽ; 

- ɸʛʨʘʨʽʡ ʷʢ ʢʽʥʮʝʚʠʡ ʩʧʦʞʠʚʘʯ ʧʦʚʠʥʝʥ ʯʝʢʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʚʽʜ 

ʥʘʰʦʛʦ ʚʘʥʪʘʞʦʦʜʝʨʞʫʚʘʯʘ ʚʽʜ ʷʢʦʾ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ  ʟʘʣʝʞʠʪʴ  ʢʽʥʮʝʚʠʡ 

ʨʝʟʫʣʴʪʘʪ, ʘʜʞʝ ʪʝʨʤʽʥ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚʘ ʤʘʻ ʩʚʦʾ ʨʘʤʢʠ; 

- ɿʘʣʽʟʥʠʯʥʠʢʠ  ʥʝ ʤʘʶʪʴ ʟʤʦʛʠ ʬʦʨʤʫʚʘʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʘʛʦʥʘʤʠ 

ʽʥʰʠʭ ʢʣʽʻʥʪʽʚ  ʚ ʤʝʞʘʭ ʩʚʦʻʾ ʢʦʤʧʝʪʝʥʮʽʾ ʽ ʮʝ ʚ ʫʤʦʚʘʭ ʜʝʬʽʮʠʪʫ ʚʘʛʦʥʥʦʛʦ 

ʧʘʨʢʫ.  

ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʱʝʥʘʚʝʜʝʥʝ ʫʯʘʩʥʠʢʠ ʮʴʦʛʦ  ʧʝʨʝʚʽʟʥʦʛʦ ʮʠʢʣʫ ʷʢ 

ʚʘʥʪʘʞʦʦʜʝʨʞʫʚʘʯ ʪʘʢ ʽ ʢʽʥʮʝʚʠʡ ʩʧʦʞʠʚʘʯ ʚʢʣʘʣʠ ʜʦʩʠʪʴ ʧʨʠʩʪʦʡʥʽ ʢʦʰʪʠ ʘ 

ʥʘ ʚʠʭʦʜʽ ʤʘʶʪʴ ʥʝ ʤʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʪʠ ʧʦʜʘʣʴʰʫ ʨʦʙʦʪʫ ʚ ʪʦʡ ʩʘʤʠʡ 

ʯʘʩ ʟʚʠʯʘʡʥʠʡ ʟʘʩʪʦʩʫʥʦʢ ʪʘʢʩʠ Bolt ʟʘ ʫʤʦʚʥʽ 100ʛʨʥ ʥʘʜʘʶʪʴ ʩʝʨʚʽʩ ʥʘ ʜʚʽ 

ʛʦʣʦʚʠ ʚʠʱʝ. 
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ʋ ʩʪʨʫʢʪʫʨʽ ʝʢʩʧʦʨʪʫ ʋʢʨʘʾʥʠ ʜʨʫʛʝ ʤʽʩʮʝ (ʧʽʩʣʷ ʯʦʨʥʠʭ ʤʝʪʘʣʽʚ) ʟʘʡʤʘʶʪʴ 

ʟʝʨʥʦʚʽ. ʋ ʙʝʨʝʟʥʽ 2022 ʨʦʢʫ ʚ ʯʦʨʥʦʤʦʨʩʴʢʦʤʫ ʨʝʛʽʦʥʽ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ 

ʥʝʙʝʟʧʝʯʥʽʩʪʴ ʩʫʜʥʦʧʣʘʚʩʪʚʘ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʙʣʦʢʫʚʘʥʥʷ 94 ʢʦʤʝʨʮʽʡʥʠʭ 

ʩʫʜʝʥ ʟ ʝʢʽʧʘʞʘʤʠ ʫ ʧʦʨʪʘʭ. ʎʝ ʩʧʨʠʯʠʥʠʣʦ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʫ ʟʫʧʠʥʢʫ 

ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʤʦʨʩʴʢʠʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʷʢʠʡ ʤʘʚ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʧʝʨʝʚʝʟʝʥʥʷ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʽ ʾʭʥʴʦʾ ʧʝʨʝʨʦʙʢʠ. ɼʦ ʮʴʦʛʦ ʯʘʩʫ ʦʩʥʦʚʥʽ ʦʙʩʷʛʠ 

ʟʝʨʥʦʚʠʭ ʧʝʨʝʚʝʟʝʥʴ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʟʘʣʽʟʥʠʮʝʶ ʜʦ ʤʦʨʩʴʢʠʭ ʧʦʨʪʽʚ [1], [2]. 

ɺʩʽ ʮʽ ʩʫʯʘʩʥʽ ʫʤʦʚʠ ʧʨʠʟʚʝʣʠ ʜʦ ʪʦʛʦ, ʱʦ ʝʢʩʧʦʨʪʝʨʠ ʥʘʤʘʛʘʶʪʴʩʷ 

ʚʠʚʦʟʠʪʠ ʧʨʦʜʫʢʮʽʶ ʟʘ ʢʦʨʜʦʥ ʯʝʨʝʟ ʩʫʭʦʧʫʪʥʽ ʟʘʣʽʟʥʠʯʥʽ ʧʝʨʝʭʦʜʠ. ʆʜʥʘʢ 

ʾʭʥʽʭ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʥʘʨʘʟʽ ʥʝʜʦʩʪʘʪʥʴʦ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʥʘʩʣʽʜʦʢ 

ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ ʟʘʣʽʟʥʠʯʥʦʾ ʤʝʨʝʞʽ ʋʢʨʘʾʥʠ ʪʘ ɭʉ: ʮʝ 

ʨʽʟʥʠʮʷ ʫ ʰʠʨʠʥʽ ʢʦʣʽʾ ʤʽʞ ʟʘʣʽʟʥʠʮʷʤʠ ʋʢʨʘʾʥʠ (1520 ʤʤ) ʪʘ ɭʚʨʦʧʠ (1435 

ʤʤ), ʨʽʟʥʽ ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʟʘʣʽʟʥʠʯʥʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʪʘ ʡʦʛʦ ʛʘʙʘʨʠʪʽʚ, 

ʨʽʟʥʽ ʚʘʛʦʚʽ ʥʦʨʤʠ ʧʦʾʟʜʽʚ ʪʦʱʦ. 

ʗʢ ʥʘʩʣʽʜʦʢ, ɸʊ ʋʢʨʟʘʣʽʟʥʠʮʷ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʣʘ ʦʙʩʷʛʠ ʧʝʨʝʚʝʟʝʥʴ. 

ɿʘʛʘʣʦʤ, ʚʢʣʶʯʥʦ ʟ ʝʢʩʧʦʨʪʥʦ-ʽʤʧʦʨʪʥʠʤʠ ʧʝʨʝʚʝʟʝʥʥʷʤʠ. ʅʘʧʨʠʢʣʘʜ, 

ʜʝʨʞʘʚʥʠʡ ʟʘʣʽʟʥʠʯʥʠʡ ʧʝʨʝʚʽʟʥʠʢ ɸʊ ʋʢʨʟʘʣʽʟʥʠʮʷ ʟʘ ʙʝʨʝʟʝʥʴ 2022 ʨʦʢʫ 

ʦʪʨʠʤʘʚ ʧʦʢʘʟʥʠʢ ʫ ʦʙʩʷʛʘʭ ʧʝʨʝʚʝʟʝʥʴ ʥʘ ʨʽʚʥʽ 30% ʚʽʜ ʘʥʘʣʦʛʽʯʥʦʛʦ ʧʝʨʽʦʜʫ 

2021 ʨʦʢʫ, ʘ ʚ 2023-ʤʫ ï ʱʝ 20 % ʥʠʞʯʝ. 

ɿ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʛʦʩʪʨʝʥʥʶ ʧʨʦʙʣʝʤʠ ʧʦʩʪʘʯʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʋʢʨʘʾʥʦʶ 

ʙʫʣʦ ʫʢʣʘʜʝʥʦ "ɯʥʽʮʽʘʪʠʚʘ ʱʦʜʦ ʙʝʟʧʝʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʝʨʥʘ ʪʘ ʧʨʦʜʫʢʪʽʚ 

ʭʘʨʯʫʚʘʥʥʷ ʟ ʫʢʨʘʾʥʩʴʢʠʭ ʧʦʨʪʽʚ". ʎʷ ʽʥʽʮʽʘʪʠʚʘ ʧʝʨʝʜʙʘʯʘʻ ʩʧʝʮʽʘʣʴʥʫ 

ʧʨʦʮʝʜʫʨʫ ʚʚʝʜʝʥʥʷ ʩʫʜʝʥ ʫ ʧʦʨʪʠ ɺʝʣʠʢʦʾ ʆʜʝʩʠ (ʆʜʝʩʴʢʠʡ ʤʦʨʩʴʢʠʡ ʧʦʨʪ, 

ʤʦʨʩʴʢʽ ʧʦʨʪʠ ʏʦʨʥʦʤʦʨʩʴʢ ʪʘ ʇʽʚʜʝʥʥʠʡ) ʟ ʤʝʪʦʶ ʙʝʟʧʝʯʥʦʛʦ ʚʠʚʝʟʝʥʥʷ 

ʫʢʨʘʾʥʩʴʢʦʛʦ ʟʝʨʥʘ, ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, ʜʦʙʨʠʚ ʪʘ ʘʤʽʘʢʫ ʯʝʨʝʟ ʩʧʝʮʽʘʣʴʥʽ 

"ʟʝʨʥʦʚʽ ʢʦʨʠʜʦʨʠ". ʈʦʙʦʪʘ ʟ "ʟʝʨʥʦʚʠʤʠ ʢʦʨʠʜʦʨʘʤʠ" ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʣʘ 

ʨʦʙʦʪʫ ʣʦʛʽʩʪʠʯʥʠʭ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʚʦʢ ʚʘʥʪʘʞʽʚ ʪʘ ʟʙʽʣʴʰʠʣʘ ʦʙʩʷʛʠ ʝʢʩʧʦʨʪʫ 
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ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʟ ʋʢʨʘʾʥʠ. ʋ ʩʝʨʧʥʽ-ʛʨʫʜʥʽ 2022 ʨʦʢʫ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʦʙʩʷʛʠ 

ʝʢʩʧʦʨʪʫ ʟʝʨʥʦʚʠʭ ʩʪʘʥʦʚʠʣʠ ʙʣʠʟʴʢʦ 4,5 ʤʣʥ. ʪ., ʘʣʝ ʚʩʝ ʱʝ ʥʠʞʯʽ, ʥʽʞ ʫ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʮʽ. ʋ ʧʝʨʽʦʜ ʟ ʙʝʨʝʟʥʷ ʜʦ ʛʨʫʜʥʷ 2022 ʨʦʢʫ ʙʫʣʦ ʝʢʩʧʦʨʪʦʚʘʥʦ 

25,3 ʤʣʥ. ʪ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ. ɿ ʮʴʦʛʦ 

ʦʙʩʷʛʫ 44,1% ʩʪʘʥʦʚʠʣʠ ʚʠʚʝʟʝʥʥʷ ʯʝʨʝʟ ʤʦʨʩʴʢʽ "ʟʝʨʥʦʚʽ ʢʦʨʠʜʦʨʠ" ʚ ʩʝʨʧʥʽ-

ʚʝʨʝʩʥʽ 2022 ʨʦʢʫ.  

ʅʘʞʘʣʴ, ʯʝʨʝʟ ʙʣʦʢʫʚʘʥʥʷ ʤʦʨʩʴʢʠʭ ʧʦʨʪʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʣʦʛʽʩʪʠʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʧʨʦʩʫʚʘʥʥʷ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ ʧʦ ʩʫʭʦʧʫʪʥʠʭ 

ʧʨʠʢʦʨʜʦʥʥʠʭ ʧʝʨʝʭʦʜʘʭ ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʨʦʮʝʩʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ çʞʦʨʩʪʢʦʛʦè ʯʘʩʦʚʦʛʦ ʛʨʘʬʽʢʘ ʨʫʭʫ ʜʣʷ ʧʨʦʩʫʚʘʥʥʷ 

ʧʦʪʫʞʥʠʭ ʧʨʽʦʨʠʪʝʪʥʠʭ ʚʘʥʪʘʞʽʚ, ʥʘʧʨʠʢʣʘʜ, ʟʝʨʥʦʚʠʭ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʻ ʟʤʦʛʫ 

ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʦʤ ʽ ʥʝ ʚʪʨʘʯʘʪʠ ʛʥʫʯʢʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʢʨʘʾʥʠ ʚ ʫʧʨʘʚʣʽʥʥʽ ʚʘʛʦʥʦʧʦʪʦʢʘʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʚʥʘʩʣʽʜʦʢ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʯʘʩʪʠʥ ʟʘʣʽʟʥʠʯʥʦʾ ʤʝʨʝʞʽ. ɿʘ ʫʤʦʚ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʧʣʘʥʦʚʘʥʦʾ ʣʦʛʽʩʪʠʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʣʠʚʝ ʦʪʨʠʤʘʥʥʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʠʙʫʪʢʫ ʜʣʷ ʢʣʽʻʥʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʜʘʞʫ çʞʦʨʩʪʢʠʭè ʥʠʪʦʢ 

ʛʨʘʬʽʢʫ ʨʫʭʫ ʚ ʤʝʞʘʭ çʟʝʨʥʦʚʠʭ ʢʦʨʠʜʦʨʽʚè. 
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ɺ ʜʘʥʠʡ ʯʘʩ, ʚ ʫʤʦʚʘʭ ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʚʠʢʦʥʘʥʥʷ ʤʘʥʝʚʨʦʚʦʾ ʨʦʙʦʪʠ, ʟʥʠʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʧʘʣʠʚʘ ʻ ʦʜʥʠʤ ʽʟ ʘʢʪʫʘʣʴʥʠʭ ʧʠʪʘʥʴ ʟ ʫʧʨʘʚʣʽʥʥʷ 
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ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʥʘ ʩʦʨʪʫʚʘʣʴʥʽʡ ʩʪʘʥʮʽʾ. ɽʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʘʚʜʘʥʴ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʙʝʟʧʝʢʠ ɭʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ. 

ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʚʠʩʦʢʦʛʦ ʟʨʦʩʪʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʧʽʜ 

ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʥʝʚʨʦʚʦʾ ʨʦʙʦʪʠ ʥʘ ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʷʭ ʻ ʟʙʽʣʴʰʝʥʥʷ 

ʦʙʩʷʛʫ ʨʦʙʦʪʠ, ʧʦʚ'ʷʟʘʥʦʾ ʟ ʧʦʚʪʦʨʥʠʤ ʩʦʨʪʫʚʘʥʥʷʤ ʚʘʛʦʥʽʚ, ʟʘʡʚʠʤ ʧʨʦʙʽʛʦʤ ʪʘ 

ʥʝʧʨʦʜʫʢʪʠʚʥʠʤ ʧʨʦʩʪʦʻʤ ʤʘʥʝʚʨʦʚʠʭ ʣʦʢʦʤʦʪʠʚʽʚ. ʆʜʥʝ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʟʘʚʜʘʥʴ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʩʪʽ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʨʦʙʢʠ ʚʘʥʪʘʞʽʚ, ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ 

ʨʦʟʩʪʘʥʦʚʢʠ ʤʘʥʝʚʨʦʚʠʭ ʣʦʢʦʤʦʪʠʚʽʚ, ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʢʦʥʫʚʘʥʠʭ 

ʤʘʥʝʚʨʦʚʠʭ ʦʧʝʨʘʮʽʡ ʥʘ ʩʦʨʪʫʚʘʣʴʥʽʡ ʩʪʘʥʮʽʾ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ 

ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɸʢʪʫʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʘ ʨʝʩʫʨʩʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʚʘʛʦʥʦʧʦʪʦʢʫ ʻ ʨʘʮʽʦʥʘʣʴʥʘ ʧʝʨʝʨʦʙʢʘ ʚʘʥʪʘʞʦʧʦʪʦʢʫ ʫ 

ʣʦʛʽʩʪʠʯʥʽʡ ʩʠʩʪʝʤʽ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʥʘ ʩʦʨʪʫʚʘʣʴʥʽʡ 

ʩʪʘʥʮʽʾ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ 

ʤʘʥʝʚʨʦʚʦʾ ʨʦʙʦʪʠ. 

ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʩʧʝʮʠʬʽʯʥʠʭ ʯʠʥʥʠʢʽʚ, 

ʚʣʘʩʪʠʚʠʭ ʤʘʥʝʚʨʦʚʽʡ ʨʦʙʦʪʽ. ɼʦ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ ʚʽʜʥʦʩʷʪʴʩʷ: ʟʤʽʩʪ ʫ 

ʚʽʜʤʽʥʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʩʪʘʥʽ ʰʣʷʭʫ ʪʘ ʩʪʨʽʣʦʯʥʠʭ ʧʝʨʝʢʣʘʜʽʚ [1], ʚʠʜ 

ʚʠʢʦʥʫʚʘʥʦʾ ʤʘʥʝʚʨʦʚʦʾ ʨʦʙʦʪʠ, ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʩʫʚʘʥʥʷ, ʤʘʩʘ ʤʘʥʝʚʨʦʚʦʛʦ 

ʩʢʣʘʜʫ, ʧʦʟʠʮʽʷ ʢʦʥʪʨʦʣʝʨʘ ʤʘʥʝʚʨʦʚʦʛʦ ʣʦʢʦʤʦʪʠʚʘ, ʨʘʜʽʫʩʠ ʢʨʠʚʠʭ ʰʣʷʭʫ ʪʘ 

ʩʪʨʽʣʦʢ, ʢʽʣʴʢʽʩʪʴ ʩʪʨʽʣʦʯʥʠʭ ʧʝʨʝʢʣʘʜʽʚ ʫ ʤʘʨʰʨʫʪʽ, ʤʦʜʝʨʥʽʟʘʮʽʷ ʤʘʥʝʚʨʦʚʠʭ 

ʪʝʧʣʦʚʦʟʽʚ [2] ʪʘ ʨʷʜ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʨʝʞʠʤʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʥʝʚʨʦʚʦʛʦ ʪʝʧʣʦʚʦʟʘ ʪʘ ʧʘʣʠʚʥʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʫ ʧʨʦʮʝʩʽ 

ʤʘʥʝʚʨʦʚʦʾ ʨʦʙʦʪʠ. ɼʦ ʪʦʛʦ ʞ ʙʝʟʜʦʛʘʥʥʠʡ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʷʢ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʚʘʛʦʥʽʚ [3, 4], ʪʘʢ ʽ ʚʘʥʪʘʞʥʠʭ [5], ʽ ʻ ʟʘʧʦʨʫʢʦʶ ʙʝʟʧʝʢʠ ʟʘʣʽʟʥʠʮʴ. ʆʜʥʘʢ ʥʝ 

ʪʽʣʴʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʭʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʥʝʚʨʦʚʦʛʦ ʪʝʧʣʦʚʦʟʘ ʪʘ ʩʪʘʥʫ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ, ʘ ʡ ʚʽʜ 

ʣʦʛʽʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʘʥʪʘʞ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʚʽʜ ʚʘʥʪʘʞʦʚʣʘʩʥʠʢʘ ʪʘ ʟʽ 

ʩʪʘʥʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʙʘʛʘʪʦʛʨʫʧʥʦʛʦ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ 

ʚʭʦʜʷʪʴ ʷʢ ʟʘʚʘʥʪʘʞʝʥʽ, ʽ ʧʦʨʦʞʥʽ ʚʘʛʦʥʠ, ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ 

ʤʘʥʝʚʨʦʚʦʾ ʨʦʙʦʪʠ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʩʦʨʪʫʚʘʣʴʥʽʡ ʩʪʘʥʮʽʾ ʽ ʩʪʘʥʮʽʾ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʃʦʛʽʩʪʠʯʥʽ ʬʘʢʪʦʨʠ, ʚʽʜ ʷʢʠʭ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʭʝʤʫ ʬʦʨʤʫʚʘʥʥʷ 

ʙʘʛʘʪʦʛʨʫʧʥʦʛʦ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ: ʜʦʚʞʠʥʘ ʚʘʥʪʘʞʥʦʛʦ ʬʨʦʥʪʫ (ʤʘʢʩʠʤʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʚʘʛʦʥʽʚ, ʯʘʩ ʨʦʙʦʪʠ ʚʘʥʪʘʞʦʦʜʝʨʞʫʚʘʯʘ ʘʙʦ ʚʽʜʧʨʘʚʥʠʢʘ ʚʘʥʪʘʞʫ, 

ʛʝʦʛʨʘʬʽʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʪʘʥʮʽʡ ʥʘ ʜʽʣʷʥʮʽ, ʦʬʦʨʤʣʝʥʥʷ ʤʠʪʥʠʭ 

ʬʦʨʤʘʣʴʥʦʩʪʝʡ ʜʣʷ ʚʘʥʪʘʞʫ, ʯʘʩʫ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʘʥʪʘʞʦʦʜʝʨʞʫʚʘʯʘ ʘʙʦ 

ʚʘʥʪʘʞʦʚʽʜʧʨʘʚʥʠʢʘ ʧʨʦ ʧʨʠʙʫʪʪʷ ʚʘʛʦʥʘ ʚʘʥʪʘʞʫ, ʤʽʩʮʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʚʠʚʘʥʪʘʞʝʥʥʷ ʚʘʛʦʥʘ ʗʢʱʦ ʚʨʘʭʦʚʫʚʘʪʠ ʮʽ ʬʘʢʪʦʨʠ, ʪʦ ʤʦʞʥʘ ʨʘʮʽʦʥʘʣʴʥʦ 

ʩʬʦʨʤʫʚʘʪʠ ʙʘʛʘʪʦʛʨʫʧʥʠʡ ʧʦʾʟʜ, ʘ ʪʘʢʦʞ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʜʦʜʘʪʢʦʚʽ ʧʨʦʙʽʛʠ 

ʤʘʥʝʚʨʦʚʦʛʦ ʪʝʧʣʦʚʦʟʘ. 
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ɺ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ ʚ ʪʦʤʫ, ʱʦ ʤʘʥʝʚʨʦʚʠʡ ʜʠʩʧʝʪʯʝʨ ʥʝ ʤʘʻ 

ʜʦʩʪʘʪʥʴʦʾ ʣʦʛʽʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ ʬʦʨʤʫʚʘʥʥʷ 

ʙʘʛʘʪʦʛʨʫʧʥʦʛʦ ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʘ ʪʘ ʡʤʦʚʽʨʥʦʩʪʽ ʦʮʽʥʠʪʠ, ʷʢ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ ʤʘʥʝʚʨʦʚʽ ʦʧʝʨʘʮʽʾ ʟʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʘ ʤʘʥʝʚʨʦʚʠʤ 

ʪʝʧʣʦʚʦʟʦʤ. ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʥʘʚʝʜʝʥʽ ʬʘʢʪʦʨʠ, ʨʘʮʽʦʥʘʣʴʥʦ ʙʫʣʦ ʙ 

ʨʦʟʬʦʨʤʦʚʫʚʘʪʠ ʧʦʾʟʜʠ, ʱʦ ʧʨʠʙʫʣʠ ʚʽʜʨʘʟʫ ʥʘ ʜʝʢʽʣʴʢʦʭ ʩʦʨʪʫʚʘʣʴʥʠʭ ʢʦʣʽʷʭ, 

ʘ ʧʦʪʽʤ ʩʬʦʨʤʫʚʘʪʠ ʙʘʛʘʪʦʛʨʫʧʥʠʡ ʧʦʾʟʜ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʣʦʛʽʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʚʘʥʪʘʞ. 

ʄʘʶʯʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʤʘʥʝʚʨʦʚʦʾ ʨʦʙʦʪʠ, 

ʤʘʥʝʚʨʦʚʦʤʫ ʜʠʩʧʝʪʯʝʨʫ ʜʦʟʚʦʣʠʣʦ ʙ ʰʚʠʜʢʦ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʽ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʧʦʪʦʯʥʫ ʩʠʪʫʘʮʽʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʥʘ ʙʫʣʦ ʙ ʜʦʩʷʛʪʠ ʩʢʦʨʦʯʝʥʥʷ 

ʥʝʧʨʦʜʫʢʪʠʚʥʠʭ ʧʨʦʙʽʛʽʚ ʤʘʥʝʚʨʦʚʦʛʦ ʪʝʧʣʦʚʦʟʘ. 

ʆʜʥʘʢ ʽʩʥʫʻ ʡ ʽʥʰʘ ʧʨʦʙʣʝʤʘ ʥʘ ʩʦʨʪʫʚʘʣʴʥʽʡ ʩʪʘʥʮʽʾ. ɺ ʜʘʥʠʡ ʯʘʩ ʥʘ 

ʃʘʪʚʽʡʩʴʢʽʡ ʟʘʣʽʟʥʠʮʽ ʧʝʨʝʨʦʙʢʘ ʚʘʛʦʥʦʧʦʪʦʢʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 2018 ʨʦʢʦʤ ʫ ʨʘʟʠ 

ʟʤʝʥʰʠʣʘʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʜʥʦʯʘʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ 

ʣʦʢʦʤʦʪʠʚʽʚ (ʛʽʨʢʦʚʦʛʦ ʤʘʥʝʚʨʦʚʦʛʦ ʪʝʧʣʦʚʦʟʘ ʪʘ ʤʘʥʝʚʨʦʚʦʛʦ ʪʝʧʣʦʚʦʟʘ, ʱʦ 

ʧʨʘʮʶʻ ʥʘ ʚʠʪʷʞʥʠʭ ʢʦʣʽʷʭ) ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʥʝ ʜʦʮʽʣʴʥʦ, ʪʦʤʫ ʤʦʞʥʘ ʙʫʣʦ ʙ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʠʰʝ ʦʜʠʥ ʛʽʨʢʦʚʠʡ ʤʘʥʝʚʨʦʚʠʡ ʪʝʧʣʦʚʦʟ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ, ʪʘʢʘ ʦʨʛʘʥʽʟʘʮʽʷ ʟʘʙʝʟʧʝʯʠʪʴ ʪʘʢʦʞ ʝʢʦʥʦʤʽʶ ʧʘʣʠʚʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʙʝʟʣʽʯ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʥʝʚʨʦʚʦʾ ʨʦʙʦʪʠ ʥʘ ʩʦʨʪʫʚʘʣʴʥʽʡ ʩʪʘʥʮʽʾ. 

ʎʝ ʪʘʢʽ ʷʢ ʪʝʭʥʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʥʝʚʨʦʚʦʛʦ ʪʝʧʣʦʚʦʟʘ, 

ʩʪʘʥ ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʣʽʾ ʪʘ ʣʦʛʽʩʪʠʯʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʘʥʪʘʞ, ʱʦ ʧʨʠʙʫʚʘʻ ʥʘ 

ʩʪʘʥʮʽʶ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʤʘʥʝʚʨʦʚʦʤʫ ʜʠʩʧʝʪʯʝʨʫ ʥʝ ʚʠʩʪʘʯʘʻ ʣʦʛʽʩʪʠʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʨʘʮʽʦʥʘʣʴʥʦ ʩʬʦʨʤʫʚʘʪʠ 

ʙʘʛʘʪʦʛʨʫʧʥʠʡ ʧʦʾʟʜ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʥʽʤʘʣʴʥʫ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ. ɼʦʩʷʛʪʠ 

ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʦʛʦ ʝʬʝʢʪʫ ʤʦʞʥʘ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʝʨʩʦʥʘʣʫ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟ ʾʭ ʽʥʪʝʛʨʘʮʽʻʶ ʜʦ ʻʜʠʥʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ çʩʪʘʥʮʽʷ - ʟʘʣʽʟʥʠʮʷ ï ʚʘʥʪʘʞʦʚʣʘʩʥʠʢè. 
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ʋʢʨʘʾʥʘ ʪʘ ʨʬ ʻ ʛʣʦʙʘʣʴʥʠʤʠ ʛʨʘʚʮʷʤʠ ʥʘ ʨʠʥʢʘʭ ʟʝʨʥʘ ʪʘ ʘʛʨʦʧʨʦʜʦʚʦʣʴʯʦʾ 

ʧʨʦʜʫʢʮʽʾ ʽ ʜʦ ʚʽʡʥʠ, ʷʢʘ ʨʦʟʧʦʯʘʣʘʩʴ 2022 ʨ., ʙʫʣʠ ʟʥʘʯʥʠʤʠ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ 

ʧʰʝʥʠʮʽ, ʢʫʢʫʨʫʜʟʠ, ʷʯʤʝʥʶ, ʨʽʧʘʢʫ, ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ ʪʘ ʥʘʩʽʥʥʷ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʢʨʘʾʥ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʪʘ ʻ ʮʽʣʢʦʤ ʟʘʣʝʞʥʠʤʠ ʚʽʜ ʽʤʧʦʨʪʫ ʧʨʦʜʦʚʦʣʴʩʪʚʘ. 

ɿʦʢʨʝʤʘ, 2018-2022 ʨʨ. 32% ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʽʤʧʦʨʪʫ ʘʬʨʠʢʘʥʩʴʢʦʾ ʧʰʝʥʠʮʽ 

ʧʨʠʧʘʜʘʣʦ ʥʘ ʨʦʩʽʡʩʴʢʫ ʬʝʜʝʨʘʮʽʶ, ʧʦʩʪʘʚʢʠ ʟ ʋʢʨʘʾʥʠ ʩʢʣʘʣʠ 12% [1].  

ɺʽʡʥʘ ʚ ʋʢʨʘʾʥʽ ʧʨʠʟʚʝʣʘ ʜʦ ʧʝʨʝʙʦʾʚ ʫ ʩʫʜʥʦʧʣʘʚʩʪʚʽ ʪʘ ʧʝʨʝʚʘʣʢʠ ʚʘʥʪʘʞʽʚ 

ʧʦʨʪʘʭ ʏʦʨʥʦʛʦ ʤʦʨʷ; ʨʦʟʨʠʚ ʚ ʦʙʩʷʛʘʭ ʟʝʨʥʘ, ʚʽʜʚʘʥʪʘʞʝʥʦʛʦ ʟ ʫʢʨʘʾʥʩʴʢʠʭ 

ʧʦʨʪʽʚ, ʩʧʨʠʷʚ ʩʢʦʨʦʯʝʥʥʶ ʛʣʦʙʘʣʴʥʦʛʦ ʦʙʩʷʛʠ ʪʦʨʛʽʚʣʽ ʟʝʨʥʦʤ ʥʘ 2,6 % ʫ 2022 

ʨ. [2]. 

ɼʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʟʨʦʩʪʘʥʥʷ ʩʚʽʪʦʚʠʭ ʮʽʥ ʥʘ ʧʨʦʜʦʚʦʣʴʩʪʚʦ ʪʘ ʧʦʛʽʨʰʝʥʥʷ 

ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ ʥʘ ʪʣʽ ʚʞʝ ʚʠʩʦʢʠʭ ʮʽʥ ʥʘ ʟʝʨʥʦ ʟʘʚʜʷʢʠ ʧʘʥʜʝʤʽʾ COVID-

19 ʆʨʛʘʥʽʟʘʮʽʷ ʆʙôʻʜʥʘʥʠʭ ʅʘʮʽʡ ʚʠʩʪʫʧʠʣʘ ʟ ʏʦʨʥʦʤʦʨʩʴʢʦʶ ʽʥʽʮʽʘʪʠʚʦʶ 

(BSI), ʱʦ ʙʫʣʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʝʢʩʧʦʨʪʫ ʟʝʨʥʘ ʟ 

ʫʢʨʘʾʥʩʴʢʠʭ ʧʦʨʪʽʚ ʏʦʨʥʦʛʦ ʤʦʨʷ. ɺʽʜʧʦʚʽʜʥʽ ʜʦʢʫʤʝʥʪʠ ʙʫʣʠ ʧʽʜʧʠʩʘʥʽ 22 

ʣʠʧʥʷ 2022 ʨ., ʘ ʨʝʘʣʽʟʘʮʽʷ ʮʽʻʾ ʽʥʽʮʽʘʪʠʚʠ ʚʽʜʙʫʚʘʣʘʩʴ ʜʦ 17 ʣʠʧʥʷ 2023 ʨ. ï ʜʦ 

ʤʦʤʝʥʪʫ ʚʠʭʦʜʫ ʨʬ ʟ ʫʛʦʜʠ. ʏʦʨʥʦʤʦʨʩʴʢʘ ʽʥʽʮʽʘʪʠʚʘ ʚʢʣʶʯʘʣʘ ʈʦʩʽʡʩʴʢʫ 

ʌʝʜʝʨʘʮʽʶ, ʊʫʨʝʯʯʠʥʫ ʪʘ ʋʢʨʘʾʥʫ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʤʦʞʣʠʚʦʩʪʽ ʝʢʩʧʦʨʪʫ ʟʝʨʥʘ 

ʪʘ ʜʦʙʨʠʚ ʟ ʧʦʨʪʽʚ ɺʝʣʠʢʦʾ ʆʜʝʩʠ. ɺʘʥʪʘʞʥʽ ʩʫʜʥʘ ʧʨʷʤʫʚʘʣʠ ʏʦʨʥʠʤ ʤʦʨʝʤ, 

ʫʥʠʢʘʶʯʠ ʟʘʤʽʥʦʚʘʥʽ ʨʘʡʦʥʠ, ʘ ʧʦʪʽʤ ʙʝʟʧʝʯʥʦ ʧʨʦʜʦʚʞʫʚʘʣʠ ʨʫʭ ʫʟʛʦʜʞʝʥʠʤ 

ʢʦʨʠʜʦʨʦʤ ʯʝʨʝʟ ʏʦʨʥʝ ʤʦʨʝ. ʉʫʜʥʘ ʽʥʩʧʝʢʪʫʚʘʣʠʩʴ ʛʨʫʧʦʶ ʧʨʝʜʩʪʘʚʥʠʢʽʚ 

ʨʦʩʽʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ, ʊʫʨʝʯʯʠʥʠ, ʋʢʨʘʾʥʠ ʪʘ ʆʆʅ.  

ʇʨʦʪʷʛʦʤ ʨʦʢʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʏʦʨʥʦʤʦʨʩʴʢʦʾ ʽʥʽʮʽʘʪʠʚʠ ʙʫʣʦ 

ʝʢʩʧʦʨʪʦʚʘʥʦ ʤʘʡʞʝ 33 ʤʣʥ. ʪ ʨʽʟʥʠʭ ʧʨʦʜʦʚʦʣʴʯʠʭ ʪʦʚʘʨʽʚ, ʚʢʣʶʯʘʶʯʠ 

ʢʫʢʫʨʫʜʟʫ, ʧʰʝʥʠʮʶ, ʩʦʥʷʰʥʠʢʦʚʫ ʧʨʦʜʫʢʮʽʶ, ʷʯʤʽʥʴ, ʩʦʶ ʪʘ ʨʽʧʘʢʫ ʪʘ 725 

ʪʠʩ. ʪ ʛʫʤʘʥʽʪʘʨʥʦʾ ʧʨʦʜʦʚʦʣʴʯʦʾ ʜʦʧʦʤʦʛʠ ï ʜʦ ʨʝʛʽʦʥʽʚ, ʷʢʽ ʩʪʠʢʘʶʪʴʩʷ ʟ 

ʛʦʩʪʨʦʶ ʧʨʦʜʦʚʦʣʴʯʦʶ ʙʝʟʧʝʢʦʶ; ʤʘʡʞʝ 60% ʧʦʩʪʘʚʦʢ ʧʨʠʧʘʣʦ ʥʘ ʢʨʘʾʥʠ, ʱʦ 

ʨʦʟʚʠʚʘʶʪʴʩʷ [2]. 

ʇʨʠʧʠʥʝʥʥʷ ʧʦʪʦʢʽʚ ʪʦʨʛʽʚʣʽ ʟʝʨʥʦʤ ʢʦʨʠʜʦʨʦʤ, ʚʠʟʥʘʯʝʥʠʤ 

ʏʦʨʥʦʤʦʨʩʴʢʦʶ ʽʥʽʮʽʘʪʠʚʦʶ, ʫ ʧʝʚʥʦʤʫ ʩʝʥʩʽ ʟʤʝʥʰʠʣʦ ʧʦʧʠʪ ʥʘ 

ʩʫʜʥʦʧʣʘʚʩʪʚʦ ʫ ʨʝʛʽʦʥʽ ʪʘ ʧʦʚʧʣʠʚʘʣʦ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ. 
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ʅʘʨʘʟʽ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʤʘʨʰʨʫʪʠ ʚʢʣʶʯʘʶʪʴ ʪʨʘʥʟʠʪ ʯʝʨʝʟ ʏʦʨʥʝ ʤʦʨʝ 

ʪʝʨʠʪʦʨʽʘʣʴʥʠʤʠ ʚʦʜʘʤʠ ʚ ʈʫʤʫʥʽʾ ʪʘ ʯʝʨʝʟ ʧʦʨʪ ʂʦʥʩʪʘʥʮʘ, ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʨʽʯʢʦʶ ɼʫʥʘʡ ʽ ʟʘʣʽʟʥʠʯʥʠʤ ʩʧʦʣʫʯʝʥʥʷʤ ʯʝʨʝʟ ʈʝʩʧʫʙʣʽʢʫ ʄʦʣʜʦʚʘ. ʎʽ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʘʨʽʘʥʪʠ ʚʦʯʝʚʠʜʴ ʧʨʠʟʚʝʣʠ ʜʦ ʟʨʦʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʠʪʨʘʪ ʪʘ 

ʩʧʨʠʷʶʪʴ ʧʨʦʜʦʚʞʝʥʥʶ ʟʤʽʥ ʫ ʤʦʜʝʣʷʭ ʪʦʨʛʽʚʣʽ ʟʝʨʥʦʤ. 

ʊʘʢʽ ʟʤʽʥʠ ʜʦʙʨʝ ʽʣʶʩʪʨʫʻʪʴʩʷ ʧʨʠʢʣʘʜʦʤ ʘʬʨʠʢʘʥʩʴʢʠʭ ʢʨʘʾʥ.  ɯʤʧʦʨʪ 

ʟʝʨʥʘ ʟ ʋʢʨʘʾʥʠ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ ʙʘʛʘʪʴʦʭ 

ʢʨʘʾʥ ʨʝʛʽʦʥʫ. ɿʥʠʞʝʥʥʷ ʽʤʧʦʨʪʫ ʤʘʡʞʝ ʥʘ 15% ʟ ʋʢʨʘʾʥʠ ʫ 2022 ʨ. ʟʤʫʩʠʣʦ ʮʽ 

ʝʢʦʥʦʤʽʢʠ ʘʜʘʧʪʫʚʘʪʠ ʩʚʦʾ ʤʦʜʝʣʽ ʽʤʧʦʨʪʥʠʭ ʧʦʩʪʘʚʦʢ ʜʦ ʚʠʤʦʛ ʩʠʪʫʘʮʽʾ, ʱʦ 

ʩʢʣʘʣʘʩʴ. ɭʛʠʧʝʪ, ʥʘʧʨʠʢʣʘʜ, ʚʧʦʨʘʚʩʷ ʟ ʧʘʜʽʥʥʷʤ ʧʰʝʥʠʮʽ ʥʘ 81% ʽʤʧʦʨʪʫ ʟ 

ʋʢʨʘʾʥʠ ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ ʚʦʩʴʤʠ ʤʽʩʷʮʽʚ ʚʽʡʥʠ ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʜʞʝʨʝʣʘ 

ʽʤʧʦʨʪʫ ʥʘ ʉʧʦʣʫʯʝʥʽ ʐʪʘʪʠ ʪʘ ɭʚʨʦʧʝʡʩʴʢʠʡ ʉʦʶʟ; ɽʬʽʦʧʽʷ ʟʘʤʽʥʠʣʘ ʚʪʨʘʪʫ 

ʧʦʩʪʘʚʦʢ ʧʰʝʥʠʮʽ ʟ ʈʦʩʽʡʩʴʢʦʾ ʌʝʜʝʨʘʮʽʾ ʪʘ ʋʢʨʘʾʥʠ ʟ ʧʦʩʪʘʚʢʘʤʠ ʟ ʉʐɸ ʪʘ 

ɸʨʛʝʥʪʠʥʠ [2]. 

 
[1] ʂʦʩʢʽʥʘ ʖ.ʆ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʨʩʴʢʦʛʦ ʝʢʩʧʦʨʪʫ ʋʢʨʘʾʥʠ. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ ɼʋɯʊ. ʉʝʨʽʷ çʊʨʘʥʩʧʦʨʪʥʽ ʩʠʩʪʝʤʠ ʽ ʪʝʭʥʦʣʦʛʽʾè, 2019. ɺʠʧ. 33. ʊ.2. ʉ. 145-155. 

[2] Review of Maritime TransportË2023. Towards the green and just transition.  United Nations publication issued by 

the United Nations Conference on Trade and Development. Geneva. 126 p. 
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The development of the Ukrainian economy depends on the ability of enterprises 

to compete on the international market. One of the key products offered by the 

economy of Ukraine today is grain cargo. The grain industry is the basis and source 

of sustainable development of the country's agricultural sector and agricultural 

exports. At the moment, rail transport is considered the most popular option for grain 

transportation, the use of which allows you to optimize costs per ton of transported 

cargo. It is obvious that the transportation of grain cargoes is one of the promising 

and profitable transportations for JSC "Ukrzaliznytsia". In this context, an important 

task is the development of the railway transport system in order to ensure the 

necessary capacity for the transportation of grain cargoes with the minimization of 

costs. 
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Studies of the dynamics of the volume of transportation of grain cargoes over the 

last 10 years before the start of the war showed that there is a tendency for this 

indicator to increase. Therefore, the conditions of modern development require 

carriers to create an optimal environment for transportation with the achievement of 

the best quality indicators. The most important thing for improving the organization 

of transportation of grain cargoes is the effective and rational use of technical and 

transport means at cargo stations in connection with producers. Car turnover for this 

type of cargo is one of the key quality indicators of work in modern conditions. Since 

waiting for the formation of a route or a wagon shipment at the elevator has the 

greatest influence on the circulation of grain wagons, this issue requires a 

comprehensive, rational solution. 

JSC "Ukrzaliznytsia" most often uses routes for the delivery of grain cargoes. 

Route delivery of grain means that the entire volume of a grain batch is immediately 

fed to one elevator, loaded into wagons and delivered to a specific destination 

without any obstacles, avoiding unnecessary stops on the way to reform the 

composition. This method makes it possible to reduce the turnover of wagons in 

motion both in the loaded and in the empty state. In general, routing significantly 

increases the volume of transportation of grain crops. However, not all existing 

elevators are able to use the route system and load full trains during the day. For such 

elevators, it is necessary to apply another technology, which involves their ability to 

form stepped routes with different enterprises [1]. This process involves the 

formation of routes that connect several elevators and railway stations and are 

directed to one specific destination. The creation of such staggered routes helps to 

optimize rail transportation of grain and reduce the risk of receiving losses due to late 

delivery of cargo. 

In modern conditions, the formation of a model is relevant, which will allow to 

optimize the process of formation and following of a stepped route with grain to the 

destination. The objective function of the model can be stated as the sum of the 

reduced costs associated with the processes of feeding and cleaning wagons, loading 

wagons, forming a step route, moving wagons to the formation station and to the port 

or border with other countries, as well as storing grain cargoes while waiting 

unloading at the port or transshipment operation at the border station. To ensure the 

efficiency of the transportation process, it is necessary to take into account certain 

factors that affect this process and can complicate it [2]. Therefore, it is proposed to 

include in the model the costs associated with the probability of various 

complications in the transport process and failures of technical means during the 

formation and movement of the route train. In the future, this will allow senders, 

carriers and receivers to effectively manage all information and schedule the 

shipment and delivery of grain cargoes, taking into account certain limitations, 

technical capabilities of stations and elevators. The use of the proposed technology 

will contribute to the optimization of rail transportation of grain cargoes, taking into 

account certain obstacles at various stages of the transportation process, reducing 

non-productive stoppages of wagons and reducing their circulation.  
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[1] ɹʘʫʣʽʥʘ ɻ.ʉ., ɹʦʛʦʤʘʟʦʚʘ ɻ.ɭ, ʄʽʰʢʦʚ ɺ.ʉ. ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʬʦʨʤʫʚʘʥʥʷ ʩʪʫʧʽʥʯʘʩʪʠʭ ʤʘʨʰʨʫʪʽʚ ʽʟ 

ʟʝʨʥʦʚʠʤʠ ʚʘʥʪʘʞʘʤʠ ʥʘ ʟʘʣʽʟʥʠʮʷʭ ʋʢʨʘʾʥʠ. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʋʢʨʘʾʥʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 2019. ɺʠʧ. 187. ʉ. 42-52. URL: http://lib.kart.edu.ua/handle/123456789/1799 

[2] Baulina H., Bohomazova H., Prodashchuk S. Technological proposal for the attention of the risk in the management 

of the work of a railway station with a port. Revista de la Universidad del Zulia, 2023. 14 (39), P. 400-414. 
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In the conditions of the war and existing difficulties with international 

transportation, the railway remains the most stable, reliable and affordable mode of 

transport today. After the blocking of the ports, export-import transportation of goods 

takes place to a large extent through the European countries with which Ukraine 

borders, where border stations play a key role. Export transportation in this direction 

amounted to about 34 million tons in 2022, which is 10 million tons more than in 

2021. For example, the capacity of railway border crossings between Ukraine and 

Poland is from 150 (Mostyska-2 ï Medyka stations) up to 600 wagons per day (Izov 

ï Hrubeshuv stations). Today, the issues of increasing the volume of transportation 

through border stations are being actively worked out, which should ensure the 

unhindered passage of railcar traffic thanks to the availability of rational technology 

for processing export-import railcar traffic, the transfer of goods from one country to 

another. 

Against the background of limited throughput and processing capabilities of the 

border stations of Ukraine and neighboring countries, difficulties in processing 

growing cargo flows were revealed. Currently, there are queues of wagons for 

transfer to foreign carriers and restrictions on cargo transportation. In different 

periods, the queue for them can reach 8-16 days. That is, there are unproductive 

downtimes of wagons, which lead to an increase in their circulation, failure to meet 

the deadline for the delivery of goods and an increase in operating costs. Also, cargo 

transportation in international traffic is carried out unevenly. As a result of the non-

agreed delivery of loaded wagons to the border stations on the 1520 mm track, the 

http://lib.kart.edu.ua/handle/123456789/1799
http://dx.doi.org/10.46925/rdluz.39.22
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wagons, due to the lack of empty ones, are forced to stand still waiting for the 

transshipment operation to the rolling stock on the 1435 mm track [1]. It is possible 

to prevent loaded wagons from stopping if they are unloaded into the warehouse and, 

after empty wagons are delivered to the warehouse along a 1435 mm track, loaded 

from the warehouse. The problem of limited capacities can be solved by forming a 

dry port on the basis of a border transshipment station, which will have the necessary 

devices for carrying out cargo operations and temporary storage of goods unloaded 

from 1520 mm gauge wagons [2]. 

The expediency of creating a dry port and its attractiveness for customers is due 

to the possibility of speeding up the delivery of goods to the destination station. The 

task of creating such an association can be implemented on the basis of container 

terminals of large border transshipment stations that can work with 20- and 40-foot 

international-class containers. The dry port will act as a regulator of cargo flows 

arriving and departing from the stations, in cooperation with the shunting dispatcher, 

who is entrusted with the functions of coordinating actions related to the selection, 

feeding and cleaning of rolling stock for the performance of relevant cargo 

operations. In addition, it is necessary to form a reliable system of information and 

logistics support for container transportation along the entire "door-to-door" route. It 

is very important for all large terminals to have container repair and exchange points, 

security services, 24-hour video surveillance and other forms of logistics service at 

the request of cargo owners. 

The dry port will allow the reception, accumulation, sorting, consolidation of 

cargoes, the formation of transport batches of containers, their reloading, storage and 

processing of containers in a temporary storage warehouse, as well as the 

implementation of customs and other types of control, ensuring the fulfillment of 

logistical principles: delivery "just in time" , "in complete safety" and "from door to 

door". The temporary accumulation of cargo in such centers will allow to overcome 

the temporal, quantitative and qualitative discrepancies between the availability of 

empty fitting platforms and the need for them. 

To determine the efficiency of the use of the dry port, technical and economic 

calculations were performed, which determine the operating costs when using the 

existing technology and when using the proposed logistics infrastructure object. 

During the calculations, it is taken into account that the optimal batch of large-

tonnage containers for departure from the station is formed in the dry port. At the 

same time, the reduction of non-productive stoppages of wagons while waiting for 

technological operations and time spent on shunting work is taken into account. The 

economic efficiency of the implementation of the dry port in the conditions of the 

border station is confirmed by calculations of the economic effect for the estimated 

period of implementation of the proposed solutions. 
 

[1] ɹʘʫʣʽʥʘ ɻ.ʉ., ɼʽʜʫʭ ʇ.ʆ., ʂʘʨʧʘʰ ɸ.ʄ., ʌʝʜʦʨʥʷʢ ɯ.ɯ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʨʠʢʦʨʜʦʥʥʦʾ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʩʪʘʥʮʽʾ. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ 

ʋʢʨʘʾʥʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 2016. ɺʠʧ. 162. ʉ. 182-189. 

https://doi.org/10.18664/1994-7852.162.2016.78448 

[2] ɹʘʫʣʽʥʘ ɻ.ʉ. ʌʦʨʤʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ñʧʨʠʢʦʨʜʦʥʥʠʡ ʩʫʭʠʡ ʧʦʨʪò ʚ ʫʤʦʚʘʭ ʧʨʠʢʦʨʜʦʥʥʦʾ 

ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʩʪʘʥʮʽʾ. ɺʦʩʪʦʯʥʦ-ʝʚʨʦʧʝʡʩʢʠʡ ʞʫʨʥʘʣ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʍʘʨʴʢʦʚ, 2010. ɺʳʧ. 3/6 

(45). ʉ. 60 ï 63. 

https://doi.org/10.18664/1994-7852.162.2016.78448
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For the last decade, the volume of freight has reduced by 35% with an average 

annual freight transportation decrease of 4.5%. In the midst of such indicators, there 

is the infrastructure overload on certain directions, especially wagon traffic to the 

ports and Western borders of Ukraine. This leads to delays in freight delivery.  

The main difficulties arising during freight transportation organization are caused 

by the shortage of technically fully operational wagons as well as tractive rolling 

stock in due time. This leads to the ñfirst mileò effect. The analysis of the elements of 

wagon operation has shown that the majority of time is spent when the rolling stock 

is at the unloading station. The experimental studies have proven that in almost 70% 

of cases there is an excess of the normative time of stay at the destination station, that 

is, there is the ñlast mileò effect.  

The analysis of scientific works and research of the planned and actual 

performance data of rail transport has proven the existence of a significant 

discrepancy between these indicators.  

For this purpose, in the paper, the technological process of wagon traffic on 

directions has been formalized with regard to the effect of the ñfirst and last mileò, 

where the cost of transportation dramatically changes, that is, fines imposed on the 

railway in connection with non-compliance with the delivery terms. This has been 

done in the form of an optimization mathematical model with the possibility to 

determine the financial risks. The target function of the model represents the total 

operating costs and is based on the use of the Lebesgue-Stieltjes integral with the 

variable upper boundary of the time when wagons stay on the ñfirst and last mileò, 

which reflects the nature of uncertainty at these stages of the transportation process. 

That is, time is a variable that can be controlled. Thus, a stochastic programming 

model has been obtained. 

The formed model is universal and with the feedback provided it enable to control 

the transportation process with the least operating costs of the railway. In addition, 

the model takes into account the costs associated with freight transportation risks, 

which can amount to several dozens of percent of the full value of the cost. 

The determined approach to the search for the optimal solution for the 

organization of wagons operation is the basis to form the automated wagon traffic 

control technology. 

The practical value of the work consists in developing the technology of 

automated wagon traffic control on the main transportation directions, which enables 

to take informed reasonable decisions concerning the rational use of railway transport 

objects with minimal operating costs and eliminating delays in the transportation 
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process. The suggested procedure for optimal transportation parameters management 

takes into account the effect of the ñfirst and last mileò, as well as the probability of 

financial risks in the wagons traffic in case of non-compliance with the terms of 

freights delivery. Due to the efficient organization of transportation processes at the 

corresponding divisions of wagon traffic, the freight cost of the railway is reduced by 

approximately 10% compared to the current methodology of determining the actual 

cost of freight. 
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The Ukrainian economy is largely dependent on international trade. In 2018, 

exports of goods and services accounted for 40.7% of the country's GDP, and 

imports, respectively, for 41.9% of GDP (Minfin, 2021). These indicators are much 

higher than the world average. Ukraine, being one of the key players in the global 

agricultural market, provides export deliveries of significant volumes of food. For 

example, the average annual total export for the last pre-war 3 seasons of only four 

key commodities ï corn, wheat, sunflower oil and sunflower meal ï is estimated at 

58.1 million tons, which is more than 14% of the total world export of these goods. 

Moreover, for corn and wheat, the average annual share of Ukrainian exports in total 

world trade is estimated at 15% and 10%, respectively (in 2022). Over the past few 

years, Ukraine has been demonstrating a consistently high increase in the volume of 

gross grain harvest and is strengthening its importance both in the Black Sea region 

and in the global market. At the same time, seaports of Ukraine are an extremely 

important transport road for Ukraine to world markets. More than 60% of Ukrainian 

exports took place through seaports. Ukrainian seaports were able to handle 250 

million tons of cargo annually. 

In 2022, at the beginning of the war, grain transportation almost stopped. This 

raised fears of a food crisis around the world and led to a sharp rise in prices. 

Meanwhile, the Ukrainian authorities find a solution and set out to change the 

logistics of cargo flows towards the European Union. Most of Ukrainian exports have 

been transported by rail towards European ports across borders with neighboring 

countries such as Poland, Romania, Moldova, Slovakia and Hungary. The volume of 

rail traffic through the western border crossings in 2022 increased significantly.  

However, not only Ukraine had to face a number of problems when changing 

logistics routes towards the western borders and blockade of seaports. Such changes 

affected the international market, our state, maritime transport and, of course, 

railway. There was a shortage of agricultural products on the international market in 

at least 10 countries, the growth of world prices for agricultural products began, food 
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inflation appeared and access to food was reduced in countries dependent on imports, 

duplication of control procedures was created in Ukraine and European countries, and 

everything else, the protests of European farmers were added. Our state had sanctions 

from neighboring countries on the import and transit of Ukrainian grain, cargo 

owners suffered huge losses, there was no profit from the sale of grain and, as a 

result, the fall of the Ukrainian gross domestic product.  

In sea transportation, additional costs appeared due to vessel downtime and the 

cost of storing goods before transshipment at sea terminals increased. Ukrainian grain 

had to face the limited capacity of European ports, in connection with which, there 

were queues of wagons on the approaches to European ports. In turn, the workload of 

Ukrainian ports was less than 50%. In the Bosphorus Strait, a line of ships artificially 

created by Russia has appeared, the waiting for the inspection of which is from 2 to 5 

weeks.  

At the same time, it quickly became clear that neither the Ukrainian nor the 

European railway infrastructure was ready to receive and handle the available volume 

of cargo from Ukraine. On the railway, additional costs arose due to idle wagons 

queuing at the border of Ukraine with the European Union and the inability of transit 

railway stations to process the increased wagon traffic. In addition, small railway 

terminals on the territory of the European Union, different widths of railway lines in 

Ukraine and Europe, the initial lack of integration between the railway structures of 

Ukraine and neighboring countries, as well as the lack of wagons from European 

railway carriers have led to a number of problems. 
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ʇʨʘʛʥʝʥʥʷ ʜʦ ʪʦʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʦʥʫ ʘʚʪʦʤʦʙʽʣʷ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ 

ʨʫʭʫ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʚ ʛʘʣʫʟʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʜʦʨʦʞʥʴʦʾ 

ʙʝʟʧʝʢʠ. ʋ ʮʴʦʤʫ ʥʘʧʨʷʤʫ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʦʪʨʠʤʘʥʦ 

ʧʝʚʥʠʡ ʝʤʧʽʨʠʯʥʠʡ ʤʘʪʝʨʽʘʣ, ʦʙʨʦʙʢʘ ʷʢʦʛʦ ʧʨʠʚʝʣʘ ʜʦ ʧʦʷʚʠ ʤʦʜʝʣʝʡ 

ʧʦʩʪʽʡʥʦʛʦ ʪʘ ʣʽʥʽʡʥʦ ʫʙʠʚʘʶʯʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ [1, 2]. 

ʄʦʜʝʣʴ ʧʦʩʪʽʡʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʻ ʥʘʡʧʨʦʩʪʽʰʠʤ ʚʘʨʽʘʥʪʦʤ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʪʘʢ ʷʢ ʫ ʥʽʡ ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʧʨʠʩʢʦʨʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ ʽ 
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ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʥʘʦʯʥʦʛʦ ʦʧʠʩʫ ʨʦʟʛʦʥʫ ʘʚʪʦʤʦʙʽʣʷ. ʇʨʦʩʪʦʪʘ ʪʘ 

ʣʝʛʢʽʩʪʴ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʙʣʷʪʴ ʮʶ ʤʦʜʝʣʴ ʧʨʠʚʘʙʣʠʚʦʶ ʜʣʷ ʧʦʯʘʪʢʦʚʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʦʮʽʥʠʪʠ ʩʝʨʝʜʥʻ ʧʨʠʩʢʦʨʝʥʥʷ, ʷʢʝ ʻ ʻʜʠʥʠʤ 

ʾʾ ʧʘʨʘʤʝʪʨʦʤ, ʥʘ ʦʩʥʦʚʽ ʝʤʧʽʨʠʯʥʠʭ ʜʘʥʠʭ. ɸʣʝ ʮʷ ʤʦʜʝʣʴ ʻ ʥʘʜʪʦ ʩʧʨʦʱʝʥʦʶ ʽ 

ʥʝ ʚʨʘʭʦʚʫʻ ʨʝʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʧʨʠʩʢʦʨʝʥʠʡ ʚʧʣʠʚ ʩʠʣʠ ʪʝʨʪʷ ʪʘ 

ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ, ʱʦ ʦʙʤʝʞʫʻ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʰʚʠʜʢʽʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʠʤʠ ʻ ʙʽʣʴʰʽʩʪʴ 

ʘʚʪʦʤʦʙʽʣʽʚ. 

ʄʦʜʝʣʴ ʣʽʥʽʡʥʦʛʦ ʫʙʠʚʘʶʯʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʜʦʟʚʦʣʷʻ ʥʘʙʣʠʟʠʪʠ ʟʘʣʝʞʥʽʩʪʴ 

ʜʦ ʨʝʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʛʦʥʫ, ʪʘʢ ʷʢ ʚʨʘʭʦʚʫʻ ʟʤʝʥʰʝʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ. ʋ ʥʽʡ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʨʠʩʢʦʨʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʻ ʧʝʨʰʠʤ ʾʾ ʧʘʨʘʤʝʪʨʦʤ, ʜʦ ʥʫʣʷ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ, ʟ ʧʦʩʪʽʡʥʠʤ ʪʝʤʧʦʤ (ʜʨʫʛʠʡ ʧʘʨʘʤʝʪʨ ʤʦʜʝʣʽ). ʎʷ 

ʤʦʜʝʣʴ ʙʽʣʴʰ ʨʝʘʣʽʩʪʠʯʥʘ, ʥʽʞ ʤʦʜʝʣʴ ʧʦʩʪʽʡʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ, ʘʣʝ ʚʦʥʘ ʚʩʝ 

ʦʜʥʦ ʜʝʱʦ ʦʙʤʝʞʝʥʘ ʚ ʟʜʘʪʥʦʩʪʽ ʚʨʘʭʫʚʘʪʠ ʩʢʣʘʜʥʽ ʫʤʦʚʠ ʨʫʭʫ ʪʘ ʜʠʥʘʤʽʢʫ 

ʨʦʟʛʦʥʫ. ʆʩʥʦʚʥʠʡ ʾʾ ʥʝʜʦʣʽʢ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʨʘʤʢʘʭ ʮʽʻʾ ʤʦʜʝʣʽ 

ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʽʢʦʣʠ ʥʝ ʤʦʞʝ 

ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʟʘ ʦʙʤʝʞʝʥʠʡ ʯʘʩ. ʎʝ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʻ ʦʮʽʥʢʫ ʾʾ ʧʘʨʘʤʝʪʨʽʚ ʥʘ 

ʦʩʥʦʚʽ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦ ʯʘʩ ʨʦʟʛʦʥʫ ʟ ʤʽʩʮʷ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʩʪʘʣʦʛʦ ʨʫʭʫ ʥʘ 

ʧʝʚʥʫ ʚʽʜʩʪʘʥʴ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʤʦʞʣʠʚʦ ʦʮʽʥʠʪʠ 

ʣʠʰʝ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ï ʯʝʨʝʟ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʡʜʝʥʦʛʦ ʟʘ ʧʝʚʥʠʡ ʯʘʩ ʰʣʷʭʫ, ʭʦʯʘ 

ʰʫʢʘʥʦʶ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʟʚʦʨʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ, ʯʘʩʫ ʚʽʜ ʰʣʷʭʫ. 

ʇʦʧʨʠ ʦʧʠʩʘʥʽ ʥʝʜʦʣʽʢʠ, ʤʦʜʝʣʽ ʧʦʩʪʽʡʥʦʛʦ ʽ ʣʽʥʽʡʥʦʛʦ ʫʙʠʚʘʶʯʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ ʟʘʣʠʰʘʶʪʴʩʷ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʯʘʩʫ ʟʩʫʚʫ 

ʧʦʯʘʪʢʽʚ ʮʠʢʣʽʚ ʫ ʧʣʘʥʘʭ ʢʦʦʨʜʠʥʘʮʽʾ, ʷʢʱʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʷʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʮʠʭ ʤʦʜʝʣʝʡ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʪʘ ʦʮʽʥʮʽ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɸʣʝ ʜʫʞʝ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʚʠʛʣʷʜʘʻ ʪʘʢʦʞ ʧʦʰʫʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʧʨʠʩʢʦʨʝʥʥʷʤ ʽ 

ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ. ʅʘʷʚʥʽʩʪʴ ʜʝʢʽʣʴʢʦʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʨʦʟʛʦʥʫ 

ʧʦʰʠʨʠʪʴ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʽʚ ʫ ʥʘʣʘʰʪʫʚʘʥʥʽ ʧʣʘʥʽʚ ʢʦʦʨʜʠʥʘʮʽʾ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʽʩʮʝʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. ʇʨʦʪʝ ʚʘʞʣʠʚʦ, ʱʦʙ ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʤʦʜʝʣʝʡ ʚʨʘʭʦʚʫʚʘʣʠ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʫʙʫʚʘʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ 

ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ.  

ʆʜʥʽʻʶ ʟ ʦʯʝʚʠʜʥʠʭ ʘʣʴʪʝʨʥʘʪʠʚ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ ʻ ʛʽʧʝʨʙʦʣʽʯʥʘ ʤʦʜʝʣʴ 

ʫʙʠʚʘʶʯʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʟʤʝʥʰʝʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʰʚʠʜʢʦʩʪʽ ʟʘʚʜʷʢʠ ʾʾ ʨʦʟʪʘʰʫʚʘʥʥʶ ʚ ʟʥʘʤʝʥʥʠʢʫ ʤʦʜʝʣʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʛʽʧʝʨʙʦʣʽʯʥʦʾ ʬʫʥʢʮʽʾ ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʮʴʦʛʦ ʧʨʦʮʝʩʫ 

ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʛʥʫʯʢʠʡ ʽ, ʤʦʞʣʠʚʦ, ʙʽʣʴʰ ʪʦʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʦʟʛʦʥʫ. ʇʦ-ʧʝʨʰʝ, ʚʦʥʘ ʥʝ ʤʘʻ ʞʦʨʩʪʢʦʛʦ ʦʙʤʝʞʝʥʥʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ, ʷʢʘ ʟʨʦʩʪʘʻ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʛʦʥʫ ʜʦ ʙʫʜʴ-ʷʢʦʾ 

ʰʚʠʜʢʦʩʪʽ, ʧʦ-ʜʨʫʛʝ ʚʦʥʘ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʦʩʥʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʫ ʧʦʜʦʣʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʦʤ ʧʝʚʥʦʾ 

ʚʽʜʩʪʘʥʽ. ɺʩʝ ʮʝ ʟʘʛʘʣʦʤ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʽ ʨʦʟʰʠʨʶʻ 

ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʽʚ ʫ ʧʦʰʫʢʫ ʥʘʡʢʨʘʱʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʧʣʘʥʽʚ ʢʦʦʨʜʠʥʘʮʽʾ. ʆʜʥʘʢ ʚʘʞʣʠʚʦ ʧʘʤ'ʷʪʘʪʠ, ʱʦ ʧʨʠ ʦʧʠʩʽ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ 
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ʨʦʟʛʦʥʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʩʣʽʜ ʪʘʢʦʞ ʫʚʘʞʥʦ ʩʪʘʚʠʪʠʩʷ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʽʧʝʨʙʦʣʽʯʥʦʾ ʤʦʜʝʣʽ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʾʾ ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ. 

ʅʘʩʪʫʧʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʩʝʨʝʜ ʤʦʜʝʣʝʡ ʨʦʟʛʦʥʫ ʤʦʞʝ ʙʫʪʠ ʧʦʢʘʟʥʠʢʦʚʘ 

ʬʫʥʢʮʽʷ, ʚ ʷʢʽʡ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʧʦʢʘʟʥʠʢʘ ʩʪʫʧʝʥʶ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʧʘʨʘʤʝʪʨʽ ʬʫʥʢʮʽʾ, ʪʦʜʽ ʷʢ ʫ ʛʽʧʝʨʙʦʣʽʯʥʽʡ ʬʫʥʢʮʽʾ ʨʦʣʽ ʨʦʟʧʦʜʽʣʝʥʽ 

ʥʘʚʧʘʢʠ, ʪʦʙʪʦ ʰʚʠʜʢʽʩʪʴ ʻ ʦʩʥʦʚʦʶ ʩʪʘʪʝʯʥʦʾ ʬʫʥʢʮʽʾ ʟ ʧʦʩʪʽʡʥʠʤ ʧʘʨʘʤʝʪʨʦʤ 

ï ʧʦʢʘʟʥʠʢʦʤ ʩʪʫʧʝʥʶ. ʇʦʢʘʟʥʠʢʦʚʘ ʤʦʜʝʣʴ ʟʘʙʝʟʧʝʯʫʻ ʽʥʰʽ ʪʝʤʧʠ ʫʙʠʚʘʥʥʷ 

ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠ ʨʦʟʛʦʥʽ ʥʽʞ ʛʽʧʝʨʙʦʣʽʯʥʘ, ʱʦ ʪʘʢʦʞ ʧʦʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ 

ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʽʚ ʫ ʧʦʰʫʢʫ ʥʘʡʢʨʘʱʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʣʘʥʽʚ 

ʢʦʦʨʜʠʥʘʮʽʾ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʟʤʽʥʠ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜʥʦʩʥʦ ʯʘʩʫ ʪʘ ʰʚʠʜʢʦʩʪʽ. 

ʆʜʥʘʢ ʧʘʨʘʤʝʪʨʠ ʧʦʢʘʟʥʠʢʦʚʦʾ ʤʦʜʝʣʽ, ʪʘʢʦʞ ʷʢ ʽ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ ʫʙʫʚʘʶʯʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʤʦʞʣʠʚʦ ʦʮʽʥʠʪʠ ʣʠʰʝ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ï ʯʝʨʝʟ ʟʘʣʝʞʥʽʩʪʴ 

ʧʨʦʡʜʝʥʦʛʦ ʟʘ ʧʝʚʥʠʡ ʯʘʩ ʰʣʷʭʫ, ʱʦ ʜʝʱʦ ʧʦʛʽʨʰʫʻ ʪʦʯʥʽʩʪʴ ʾʭ ʦʮʽʥʢʠ. ɸʣʝ ʾʾ 

ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʨʘʢʪʠʯʥʠʭ ʮʽʣʷʭ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʯʘʩʫ ʟʩʫʚʫ 

ʧʦʯʘʪʢʫ ʮʠʢʣʽʚ ʫ ʧʣʘʥʘʭ ʢʦʦʨʜʠʥʘʮʽʾ. 

ɼʣʷ ʚʩʽʭ ʮʠʭ ʤʦʜʝʣʝʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʘ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʥʝʦʙʭʽʜʥʦ 

ʩʪʚʦʨʠʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʢʦʞʥʦʾ ʤʦʜʝʣʽ ʥʘ 

ʦʩʥʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʯʘʩʦʤ ʧʦʜʦʣʘʥʥʷ ʨʝʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʨʽʟʥʠʤʠ 

ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʦʙˇʨʫʥʪʦʚʘʥʦ ʦʙʠʨʘʪʠ ʯʘʩʫ ʟʩʫʚʫ ʜʣʷ 

ʧʣʘʥʽʚ ʢʦʦʨʜʠʥʘʮʽʾ ʩʝʨʝʜ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʮʽʥʦʢ, ʦʪʨʠʤʘʥʠʭ ʟ ʥʘʚʝʜʝʥʠʭ 

ʤʦʜʝʣʝʡ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ ʤʝʨʝʞʽ. 
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ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʫ ʩʚʽʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʪʝʥʜʝʥʮʽʻʶ ʜʦ ʾʭ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ. ʈʦʟʰʠʨʝʥʥʷ ʪʘ ʙʫʜʽʚʥʠʮʪʚʦ ʢʦʥʪʝʡʥʝʨʥʠʭ 

ʪʝʨʤʽʥʘʣʽʚ ʘʢʪʠʚʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽ ʚ ʩʫʩʽʜʥʽʭ ʟ ʋʢʨʘʾʥʦʶ ʜʝʨʞʘʚʘʭ ï 

ʥʘʩʘʤʧʝʨʝʜ ʋʛʦʨʱʠʥʽ ʪʘ ʇʦʣʴʱʽ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʝʚʥʠʡ ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ, ʷʢʠʡ ʤʘʪʠʤʝ ʪʨʘʥʩʧʦʨʪʥʠʡ 

ʩʝʢʪʦʨ ʋʢʨʘʾʥʠ ʚʽʜ ʨʦʟʙʫʜʦʚʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʟ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʩʫʩʽʜʥʽʤʠ ʢʨʘʾʥʘʤʠ, ʦʩʥʦʚʥʠʤ 

ʧʨʽʦʨʠʪʝʪʦʤ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʫ ʮʽʡ ʩʬʝʨʽ ʤʘʻ ʩʪʘʪʠ ʨʦʟʚʪʦʢ ʢʦʥʪʝʡʥʝʨʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʜʣʷ ʯʦʛʦ ʩʣʽʜ ʨʝʘʣʽʟʫʚʘʪʠ ʧʝʚʥʽ ʟʘʭʦʜʠ 

[1]. 

ʏʝʨʝʟ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʫ ʚʽʡʥʫ, ʨʦʟʚôʷʟʘʥʫ ʈʌ, ʥʝʜʦʚʠʨʦʙʥʠʮʪʚʦ ʟʝʨʥʘ ʚ 

ʋʢʨʘʾʥʽ ʩʪʘʥʦʚʠʣʦ ʫʞʝ ʜʝʩʷʪʢʠ ʤʽʣʴʡʦʥʽʚ ʪʦʥʥ. ʅʘʨʘʟʽ ʩʚʽʪʦʚʽ ʮʽʥʠ ʥʘ ʟʝʨʥʦ 

ʟʥʠʞʫʶʪʴʩʷ, ʪʦʞ ʚʘʨʪʽʩʪʴ ʣʦʛʽʩʪʠʢʠ ʤʦʞʝ ʩʪʘʪʠ ʥʝʧʽʜôʻʤʥʦʶ ʜʣʷ ʚʠʨʦʙʥʠʢʽʚ 

ʩʽʣʴʛʦʩʧʧʨʦʜʫʢʮʽʾ. ʇʨʦʚʽʜʥʽ ʟʝʨʥʦʪʨʝʡʜʝʨʠ ʥʝ ʙʘʯʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʠ çʟʝʨʥʦʚʦʤʫ 

ʢʦʨʠʜʦʨʫè ʟʘ ʦʙʩʷʛʘʤʠ ʪʘ ʮʽʥʦʶ ʧʝʨʝʚʝʟʝʥʴ. ʇʨʦʪʝ ʥʘʤʘʛʘʶʪʴʩʷ ʙʫʪʠ ʛʥʫʯʢʠʤʠ 

ʪʘ ʨʦʟʚʠʚʘʶʪʴ ʪʘʢʦʞ ʨʽʯʢʦʚʫ ʡ ʟʘʣʽʟʥʠʯʥʫ ʣʦʛʽʩʪʠʢʫ. ʑʦʜʦ ʦʩʪʘʥʥʴʦʾ, ʪʦ ʚʝʣʠʢʘ 

ʫʚʘʛʘ ʧʦʚʠʥʥʘ ʧʨʠʜʽʣʷʪʠʩʴ ʢʦʥʪʝʡʥʝʨʠʟʘʮʽʾ. 

ʋʢʨʘʾʥʩʴʢʽ ʧʦʨʪʠ ʤʘʶʪʴ ʢʣʶʯʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʥʪʨʘʢʪʽʚ ʱʦʜʦ 

ʧʦʩʪʘʯʘʥʥʷ ʟʝʨʥʘ ʜʦ ʂʅʈ, ʦʜʥʦʛʦ ʟ ʦʩʥʦʚʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʧʨʦʜʫʢʮʽʾ, ʱʦ 

ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ çʟʝʨʥʦʚʠʤ ʢʦʨʠʜʦʨʦʤè. ʆʜʥʘʢ, ʟʦʢʨʝʤʘ, ʨʫʤʫʥʩʴʢʽ ʧʦʨʪʠ çʥʝ 

ʩʝʨʪʠʬʽʢʦʚʘʥʽ ʪʦʨʛʫʚʘʪʠ ʫʢʨʘʾʥʩʴʢʠʤ ʟʝʨʥʦʤ ʜʦ ʂʠʪʘʶè. 

ʋʨʦʞʘʡ 2023 ʨʦʢʫ ʦʮʽʥʝʥʦ ʋʢʨʘʾʥʩʴʢʦʶ ʟʝʨʥʦʚʦʶ ʘʩʦʮʽʘʮʽʻʶ ʫ ʧʨʠʙʣʠʟʥʦ 

68 ʤʣʥ ʪ, ʟ ʷʢʠʭ ʤʘʡʞʝ 44 ʤʣʥ ʪ ʙʫʜʝ ʚʽʜʧʨʘʚʣʝʥʦ ʥʘ ʝʢʩʧʦʨʪ. ɿʝʨʥʦʪʨʝʡʜʝʨʠ, 

ʯʝʨʝʟ ʟʥʠʞʝʥʥʷ ʮʽʥ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ, ʛʦʣʦʚʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʜʣʷ ʧʝʨʝʚʝʟʝʥʴ 

ʚʚʘʞʘʶʪʴ ʤʦʨʩʴʢʠʡ ʪʘ ʨʽʯʢʦʚʠʡ (ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʧʝʨʝʚʝʟʝʥʴ ɼʫʥʘʻʤ). 

ʑʦʜʦ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʪʦ ʡʦʛʦ ʨʦʣʴ ʩʫʪʪʻʚʘ ʫ ʧʝʨʝʚʝʟʝʥʥʷʭ. ʁʜʝʪʴʩʷ 

ʥʝ ʣʠʰʝ ʧʨʦ ʟʝʨʥʦ, ʘ ʡ ʧʨʦ ʙʽʣʴʰ ʚʘʨʪʽʩʥʽ ʚʘʥʪʘʞʽ, ʟʦʢʨʝʤʘ ʩʦʥʷʰʥʠʢʦʚʫ ʦʣʽʶ 

(ʫʩʧʽʰʥʠʤ ʻ ʨʝʘʣʽʟʦʚʘʥʠʡ ʧʨʦʻʢʪ ʽʟ ʧʝʨʝʚʝʟʝʥʴ ʦʣʽʾ ʜʦ ɭʉ ʫ ʪʘʥʢ-ʢʦʥʪʝʡʥʝʨʘʭ). 

ʅʘʨʘʟʽ ʜʣʷ ʟʝʨʥʦʪʨʝʡʜʝʨʽʚ ʢʣʶʯʦʚʝ ʟʘʚʜʘʥʥʷ ï ʜʠʚʝʨʩʠʬʽʢʘʮʽʷ ʣʦʛʽʩʪʠʢʠ. 

ɺʦʥʠ ʙʘʯʘʪʴ ʯʘʩʪʢʦʚʦ ʟʘʭʽʜʥʽ ʧʝʨʝʭʦʜʠ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʫ ʤʦʨʩʴʢʠʤ ʧʦʨʪʘʤ. 

ʑʦʜʦ ʧʝʨʝʚʝʟʝʥʥʷ ʟʝʨʥʘ ʚ ʚʘʛʦʥʘʭ ʫ 2023 ʨʦʮʽ, ʪʦ ʧʦʟʠʪʠʚʥʠʭ ʧʨʦʛʥʦʟʽʚ 

ʥʝʙʘʛʘʪʦ. ɿʝʨʥʦʪʨʝʡʜʝʨʠ ʧʨʘʮʶʶʪʴ ʚʣʘʩʥʠʤ ʧʘʨʢʦʤ. ʅʝʤʘʻ ʥʝʩʪʘʯʽ ʚʘʛʦʥʽʚ. 

ɼʣʷ ʟʘʣʽʟʥʠʮʽ 2022 ʨʽʢ ʙʫʚ ʦʜʠʥ ʽʟ ʢʨʘʱʠʭ ʨʦʢʽʚ, ʷʢʱʦ ʜʠʚʠʪʠʩʴ ʥʘ ʮʝʡ ʙʽʟʥʝʩ. 

ɸʚʪʦʧʝʨʝʚʽʟʥʠʢʘʤ ʪʝʞ ʙʫʣʘ ʚʠʩʦʢʘ ʤʘʨʞʘ (30% ʽ ʙʽʣʴʰʝ). ɿʘʨʘʟ ʚʘʛʦʥʠ 

ʢʦʰʪʫʶʪʴ ʜʫʞʝ ʜʝʰʝʚʦ.  

ʋ 2022 ʨʦʮʽ ʧʝʨʝʚʝʟʝʥʥʷ ʟʝʨʥʘ ʚ ʢʦʥʪʝʡʥʝʨʘʭ ʙʫʣʦ ʧʦʰʠʨʝʥʠʤ ʷʚʠʱʝʤ. 

ʅʘʩʘʤʧʝʨʝʜ ʥʘ ʭʚʠʣʽ ʧʘʥʽʢʠ. ʅʠʥʽ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʚʠʩʦʢʦʾ ʯʘʩʪʢʠ ʦʙʩʷʛʽʚ 

ʧʝʨʝʚʝʟʝʥʴ ʟʝʨʥʦʚʠʭ ʫ ʢʦʥʪʝʡʥʝʨʘʭ, ʪʦʙʪʦ ʮʝ ʥʽʰʝʚʘ ʽʩʪʦʨʽʷ (ʥʘʨʘʟʽ ʚ 

ʢʦʥʪʝʡʥʝʨʽ ʪʨʘʥʩʧʦʨʪʫʶʪʴ ʷʯʤʽʥʴ, ʰʨʦʪ, ʦʣʽʶ (ʫ ʬʣʝʢʩʘʭ) [2]. 

ɺʝʣʠʢʘ ʚʽʪʯʠʟʥʷʥʘ ʢʦʤʧʘʥʽʷ ï Syngenta ï ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻ ʧʝʨʝʚʝʟʝʥʥʷ 

ʟʝʨʥʘ ʟʘʣʽʟʥʠʮʝʶ ʚ ʢʦʥʪʝʡʥʝʨʘʭ. ɺʦʥʘ ʧʣʘʥʫʻ ʟʨʦʙʠʪʠ ʧʨʦʻʢʪ ʽʟ ʧʝʨʝʚʘʣʢʠ 

ʟʝʨʥʘ ʚ ɯʟʤʘʾʣʽ, ʜʝ ʩʢʣʘʜʽʚ ʥʝʜʦʩʪʘʪʥʴʦ ʬʽʟʠʯʥʦ, ʽ ʪʘʤ ʧʦʩʪʽʡʥʽ ʟʘʪʨʠʤʢʠ, 

ʧʦʚôʷʟʘʥʽ ʟ ʦʯʽʢʫʚʘʥʥʷʤ ʟʘʣʽʟʥʠʯʥʠʭ ʚʘʛʦʥʽʚ, ʱʦ ʚʠʚʘʥʪʘʞʫʶʪʴʩʷ ʧʨʷʤʠʤ 

ʚʘʨʽʘʥʪʦʤ. ɸ ʢʦʥʪʝʡʥʝʨ ï ʮʝ ʦʜʥʦʯʘʩʥʦ ʩʢʣʘʜ, ʜʝ ʤʦʞʥʘ ʟʙʝʨʽʛʘʪʠ ʟʝʨʥʦ ʚ 

https://www.railinsider.com.ua/kontejneryzacziya-perevezen-kernel-syagnula-13/
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ʦʯʽʢʫʚʘʥʥʽ ʙʘʨʞʽ. ʂʦʤʧʘʥʽʷ ʧʨʠʜʙʘʣʘ ʢʦʥʪʝʡʥʝʨʠ ʫ ɼʄɿ çʂʘʨʧʘʪʠè. ɺʦʥʠ 

ʥʝʩʪʘʥʜʘʨʪʥʽ. ʄʘʶʪʴ ʦʙôʻʤ 43 ʤ
3
, ʜʝ ʚʤʽʱʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ 28 ʪ ʢʫʢʫʨʫʜʟʠ. 

ʅʠʥʽ ʢʦʤʧʘʥʽʷ ʤʘʻ ʫʩʧʽʰʥʠʡ ʜʦʩʚʽʜ ʦʨʛʘʥʽʟʘʮʽʾ ʧʝʨʝʚʝʟʝʥʴ ʟʝʨʥʘ ʫ ʢʦʥʪʝʡʥʝʨʘʭ 

ʜʦ ʇʦʣʴʱʽ ʪʘ ʃʠʪʚʠ ʽ ʤʘʻ ʥʘʤʽʨ ʽʥʚʝʩʪʫʚʘʪʠ ʫ ʧʣʘʪʬʦʨʤʠ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ 

ʢʦʥʪʝʡʥʝʨʽʚ. 

ʈʦʟʚʠʚʘʶʪʴʩʷ ʽ ʪʝʨʤʽʥʘʣʠ ʥʘ ʢʦʨʜʦʥʽ ʋʢʨʘʾʥʠ ʟ ɭʚʨʦʩʦʶʟʦʤ. ʅʘ 

ʢʦʥʪʝʡʥʝʨʥʦʤʫ ʪʝʨʤʽʥʘʣʽ çʄʦʩʪʠʩʴʢʘè ʧʦʯʘʣʠ ʧʨʘʮʶʚʘʪʠ ʟ ʥʝʚʝʣʠʢʠʤʠ 

ʪʨʝʡʜʝʨʘʤʠ ʷʢʠʤ ʧʦʪʨʽʙʥʦ ʧʝʨʝʚʘʥʪʘʞʠʪʠ 200, 500 ʪ. ʊʦʤʫ ʜʦʜʘʣʠʩʷ ʥʘ 

ʪʝʨʤʽʥʘʣʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʧʦʩʦʙʠ ʟʘʚʘʥʪʘʞʝʥʥʷ. ʈʘʟʦʤ ʟ ʢʦʥʪʝʡʥʝʨʘʤʠ ʢʦʤʧʘʥʽʷ 

ʥʘʤʘʛʘʻʪʴʩʷ ʨʦʟʚʠʚʘʪʠ ʽ ʢʦʥʪʨʝʡʣʝʨʥʽ ʧʝʨʝʚʝʟʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʣʘʥʫʻ ʥʘʜʘʣʽ 

ʙʫʜʫʚʘʪʠ ʩʢʣʘʜʠ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʟʝʨʥʘ. ɿʙʽʣʴʰʫʻ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʨʦʙʢʠ MOST 

Logistic Terminal. ɼʝʷʢʽ ʥʘʧʨʷʤʢʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʩʫʭʦʜʦʣʦʤ ʻ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤʠ ʚʽʜʥʦʩʥʦ çʟʝʨʥʦʚʦʛʦ ʢʦʨʠʜʦʨʫè. ʊʫʪ ʪʘʢʦʞ ʘʢʪʠʚʥʦ 

ʨʦʟʚʠʚʘʶʪʴ ʢʦʥʪʝʡʥʝʨʥʽ ʧʝʨʝʚʝʟʝʥʥʷ. ʑʦʜʦ ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè, ʪʦ ʚʦʥʘ ʧʣʘʥʫʻ 

çʧʽʪʠ ʚ ʝʢʩʧʝʜʠʪʦʨʩʴʢʽ ʧʦʩʣʫʛʠè. ʊʦʙʪʦ ʜʣʷ ʘʛʨʘʨʽʾʚ ʟʘʧʨʦʧʦʥʫʻʪʴʩʷ 

ʢʦʤʧʣʝʢʩʥʘ ʧʦʩʣʫʛʘ: ʟ ʪʦʯʢʠ çɸè ʧʝʨʝʚʝʟʪʠ ʚʘʥʪʘʞ ʟʘ ʬʽʢʩʦʚʘʥʦʶ ʮʽʥʦʶ ʚ 

ʫʟʛʦʜʞʝʥʽ ʪʝʨʤʽʥʠ.  
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URL: https://niss.gov.ua/doslidzhennya/mizhnarodni-vidnosini/schodo-realizacii-potencialu-transportnoi-sistemi-

ukraini-na (ʜʘʪʘ ʚʝʨʥʝʥʥʷ: 30.10.2023). 
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ʅʘ ʩʴʦʛʦʜʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʘʜʽʥʥʷ ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʥʷ ʟʘʣʽʟʥʠʯʥʠʤ 

ʪʨʘʥʩʧʦʨʪʦʤ, ʱʦ ʧʦʚôʷʟʘʥʝ ʟ ʚʦʻʥʥʠʤ ʩʪʘʥʦʤ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ, ʘ ʪʘʢʦʞ 

ʟʤʝʥʰʝʥʥʷʤ ʦʙʩʷʛʽʚ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʟʥʠʞʝʥʥʷʤ ʦʙʩʷʛʽʚ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʧʠʪʫ ʚʥʘʩʣʽʜʦʢ ʟʥʠʞʝʥʥʷ ʢʫʧʽʚʝʣʴʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ. ʅʘʚʽʪʴ ʟʘ 

ʪʘʢʠʭ ʫʤʦʚ ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʚʠʢʦʥʫʻ ʩʚʦʾ ʬʫʥʢʮʽʾ ʟ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ 

ʪʘ ʧʘʩʘʞʠʨʽʚ, ʷʢ ʫ ʚʥʫʪʨʽʰʥʴʦʜʝʨʞʘʚʥʦʤʫ ʩʧʦʣʫʯʝʥʥʽ, ʪʘʢ ʽ ʫ ʤʽʞʥʘʨʦʜʥʦʤʫ. 
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ʋʢʨʘʾʥʘ ʧʨʦʜʦʚʞʫʻ ʧʨʦʮʝʩ ʚʭʦʜʞʝʥʥʷ ʜʦ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʧʨʦʩʪʦʨʫ, ʱʦ ʚʠʤʘʛʘʻ ʚʽʜ ʟʘʣʽʟʥʠʮʽ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʜʦʩʪʘʚʣʝʥʥʷ 

ʚʘʥʪʘʞʽʚ ʚʽʜ ʚʽʜʧʨʘʚʥʠʢʽʚ ʜʦ ʦʜʝʨʞʫʚʘʯʽʚ. ʗʢ ʧʦʢʘʟʫʻ ʩʚʽʪʦʚʠʡ ʜʦʩʚʽʜ, ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʦʚʽʪʥʽʭ ʣʦʛʽʩʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘʢʠʭ, ʷʢ: ʫʧʨʘʚʣʽʥʥʷ ʣʘʥʮʶʛʦʤ ʧʦʩʪʘʯʘʥʥʷ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, 

ʨʦʙʦʪʠʟʘʮʽʷ ʩʢʣʘʜʩʴʢʠʭ ʦʧʝʨʘʮʽʡ. 

 ʊʘʢ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʣʘʥʮʶʛʦʤ ʧʦʩʪʘʯʘʥʥʷ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʫʚʘʪʠ ʘʢʪʫʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʧʝʨʝʤʽʱʝʥʥʷ ʚʘʥʪʘʞʫ, 

ʩʪʘʥ ʰʣʷʭʽʚ ʘʙʦ ʧʽʜôʾʟʥʠʭ ʢʦʣʽʡ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʦʙʨʘʥʥʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫ 

ʜʦʩʪʘʚʣʝʥʥʷ ʚʘʥʪʘʞʽʚ, ʟʤʝʥʰʝʥʥʶ ʚʠʪʨʘʪ ʯʘʩʫ, ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʙʘʯʠʪʠ 

ʤʦʞʣʠʚʽ ʬʦʨʩ-ʤʘʞʦʨʥʽ ʩʠʪʫʘʮʽʾ.  

ʊʘʢʦʞ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ʋ ʂʠʪʘʾ ʪʘ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ ʢʦʥʪʝʡʥʝʨʥʽ 

ʧʝʨʝʚʝʟʝʥʥʷ ʧʨʦʪʷʛʦʤ ʜʦʚʛʦʛʦ ʯʘʩʫ ʜʦʢʘʟʫʶʪʴ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʘʜʞʝ ʟʜʘʪʥʽ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦʩʪʘʚʣʝʥʥʷ ʚʘʥʪʘʞʽʚ ʚʽʜ çʜʚʝʨʝʡ ʜʦ ʜʚʝʨʝʡè, ʩʭʦʨʦʥʥʽʩʪʴ 

ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ, ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʣʫʯʝʥʽ ʜʦ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. 

ʇʨʘʢʪʠʢʘ ʜʝʷʢʠʭ ʢʨʘʾʥ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʜʘʪʥʽʩʪʴ ʧʝʨʝʚʝʟʝʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʫ ʜʚʘ 

ʷʨʫʩʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ.  

  ʇʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ 

ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʚʝʟʝʥʴ ʥʘ ʙʘʟʽ ʘʚʪʦʥʦʤʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʥʷ ʙʝʟ ʚʦʜʽʷ, ʪʠʤ ʩʘʤʠʤ ʟʥʠʞʫʶʯʠ ʚʧʣʠʚ çʣʶʜʩʴʢʦʛʦè 

ʬʘʢʪʦʨʫ ʪʘ ʟʤʝʥʰʫʶʯʠ ʪʨʘʥʩʧʦʨʪʥʽ ʚʠʪʨʘʪʠ. 

ɸʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʦʤ ʪʘʢʦʞ ʻ ʜʦʩʪʘʚʣʝʥʥʷ ʚʘʥʪʘʞʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʣʽʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ. ʊʘʢ, ʢʚʘʜʨʦʢʦʧʪʝʨ ʚʝʣʠʢʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ 

ʟʜʽʡʩʥʶʚʘʪʠʤʝ ʜʦʩʪʘʚʣʝʥʥʷ ʪʦʚʘʨʽʚ ʰʠʨʦʢʦʛʦ ʚʞʠʪʢʫ, ʘ ʚ ʧʝʨʩʧʝʢʪʠʚʽ ʽ 

ʧʝʨʝʚʝʟʝʥʥʷ ʣʶʜʝʡ, ʧʝʨʝʤʽʱʫʶʯʠ ʾʭ ʥʘʜ ʽʩʥʫʶʯʠʤʠ ʰʣʷʭʘʤʠ ʪʘ ʽʥʰʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɿʘʢʣʶʯʥʠʤ ʝʪʘʧʦʤ ʨʦʟʚʠʪʢʫ ʣʦʛʽʩʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʨʘʥʩʧʦʨʪʫ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʨʦʙʦʪʠʟʘʮʽʾ ʩʢʣʘʜʩʴʢʠʭ ʦʧʝʨʘʮʽʡ, ʧʨʠ ʮʴʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʩʪʫʧ ʜʦ 

ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʤʽʩʮʴ, ʤʘʶʯʠ ʨʦʟʰʠʨʝʥʫ ʟʦʥʫ ʦʛʣʷʜʫ. ɼʘʥʠʡ ʟʘʭʽʜ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʽʩʪʴ ʩʢʣʘʜʩʴʢʠʭ ʧʨʦʮʝʩʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʨʦʟʚʠʪʦʢ 

ʩʝʨʚʽʩʫ ʥʘ ʩʫʯʘʩʥʦʤʫ ʨʽʚʥʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʚʘʥʪʘʞʽʚ 

ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʠʪʠ ʨʦʙʦʪʫ ʪʨʘʥʩʧʦʨʪʫ ʚ ʮʽʣʦʤʫ, ʟʘʙʝʟʧʝʯʠʪʠ 

ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. 
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ɿʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰʠʭ ʙʘʟʦʚʠʭ ʛʘʣʫʟʝʡ ʛʦʩʧʦʜʘʨʩʪʚʘ, 

ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʩʢʣʘʜʦʚʦʶ ʚʠʨʦʙʥʠʯʦʾ ʪʘ ʩʦʮʽʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɺʽʥ 

ʧʦʚ'ʷʟʫʻ ʚʩʽ ʨʝʛʽʦʥʠ ʢʨʘʾʥʠ ʪʘ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʮʽʣʽʩʥʦʩʪʽ ʪʘ ʻʜʥʦʩʪʽ ʝʢʦʥʦʤʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ [1]. 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʽ ʧʘʩʘʞʠʨʽʚ ʚʝʜʝʪʴʩʷ ʨʦʙʦʪʘ ʟʽ ʟʙʦʨʫ 

ʧʨʦʧʦʟʠʮʽʡ ʧʨʦ ʟʤʽʥʫ ʨʦʟʢʣʘʜʫ ʨʫʭʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ ʱʦʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʙʽʣʴʰ ʟʨʫʯʥʦʛʦ ʜʣʷ ʧʘʩʘʞʠʨʽʚ ʯʘʩʫ ʚʽʜʧʨʘʚʣʝʥʥʷ ʽ ʧʨʠʙʫʪʪʷ ʥʘ ʩʪʘʥʮʽʾ. 

ʆʧʠʪʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʨʽʚʝʥʴ ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʷʢʽʩʪʶ 

ʧʦʩʣʫʛ ʪʘ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘʭʦʜʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʽ 

ʧʘʩʘʞʠʨʽʚ ʪʘ ʟʘʣʫʯʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ ʟ ʽʥʰʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ. 

ʄʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʧʘʩʘʞʠʨʽʚ ʧʝʨʝʜʙʘʯʝʥʦ ʦʥʦʚʣʝʥʥʷ 

ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʩʝʨʚʽʩʫ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ. ʋʩʽ ʧʝʨʝʣʽʯʝʥʽ 

ʟʘʭʦʜʠ, ʙʝʟʧʝʨʝʯʥʦ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʤʘʨʰʨʫʪʥʦʾ ʤʝʨʝʞʽ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ ʽ ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ [2]. 

ʇʦʯʘʪʢʦʚʠʡ ʝʪʘʧ ʨʦʟʨʘʭʫʥʢʫ ʤʘʨʰʨʫʪʥʦʾ ʤʝʨʝʞʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ 

ʜʘʣʝʢʦʛʦ ʧʨʷʤʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʦʧʨʘʮʶʚʘʥʥʽ ʜʘʥʠʭ, ʱʦ ʥʘʜʭʦʜʷʪʴ, ʱʦʜʦ 

ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʧʦʪʨʽʙʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʾʟʜʽʚ ʥʘ ʜʽʣʷʥʮʽ ʟʘʣʽʟʥʠʮʽ 

ʤʘʻ ʚʠʟʥʘʯʘʪʠʩʷ ʥʝ ʪʽʣʴʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʚʦʻʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ 

ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ, ʘ ʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʧʦʜʦʙʘʥʴ ʧʘʩʘʞʠʨʽʚ ʱʦʜʦ ʚʠʙʦʨʫ ʧʦʾʟʜʽʚ. 

ʆʜʥʘʢ, ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ,  ʧʦʪʨʽʙʥʝ ʦʧʨʘʮʶʚʘʥʥʷ ʙʝʟʣʽʯʽ ʜʘʥʠʭ, ʯʘʩʪʠʥʘ ʟ ʷʢʠʭ 

ʤʦʞʝ ʤʽʩʪʠʪʠ ʨʦʟʤʠʪʽʩʪʴ ʽ ʥʝʪʦʯʥʽʩʪʴ ʬʦʨʤʫʣʶʚʘʥʴ ʚʽʜ ʧʘʩʘʞʠʨʽʚ. ʋ ʟʚ'ʷʟʢʫ ʟ 

ʮʠʤ ʫ ʮʴʦʤʫ ʥʘʫʢʦʚʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʛʣʷʥʫʪʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʘʧʘʨʘʪʫ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʽ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ [3, 4]. ʄʘʪʝʤʘʪʠʯʥʘ ʪʝʦʨʽʷ 

ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʽ ʥʝʯʽʪʢʘ ʣʦʛʽʢʘ ʻ ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʤʥʦʞʠʥ ʽ 

ʬʦʨʤʘʣʴʥʦʾ ʣʦʛʽʢʠ, ʧʦʥʷʪʪʷ ʷʢʠʭ ʟʘʧʨʦʧʦʥʫʚʘʚ ʃʦʪʬʽ ɿʘʜʝ 1965 ʨʦʢʫ [5]. 

ɯʩʥʫʻ ʧʨʦʙʣʝʤʘ ʦʙʣʽʢʫ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚʽʜ ʧʘʩʘʞʠʨʽʚ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʫ ʜʘʣʴʥʴʦʤʫ ʩʧʦʣʫʯʝʥʥʽ. ʂʣʽʻʥʪʦʦʨʽʻʥʪʦʚʘʥʽʩʪʴ 

ʧʝʨʝʚʽʟʥʠʭ ʢʦʤʧʘʥʽʡ ʟʤʫʰʫʻ ʨʦʟʨʦʙʣʷʪʠ ʥʦʚʽ ʧʽʜʭʦʜʠ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʠʭ 
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ʤʦʜʝʣʝʡ ʨʦʟʨʘʭʫʥʢʫ ʤʘʨʰʨʫʪʥʦʾ ʤʝʨʝʞʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ ʜʘʣʝʢʦʛʦ 

ʧʨʷʤʫʚʘʥʥʷ, ʩʪʚʦʨʝʥʥʷ ʷʢʠʭ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʢʦʨʝʩʧʦʥʜʝʥʮʽʡ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʜʘʥʽ ʧʨʦ ʧʝʨʝʚʘʛʠ ʧʘʩʘʞʠʨʽʚ ʚ 

ʫʤʦʚʘʭ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʩʪʽ ʧʨʠ ʚʠʙʦʨʽ ʧʦʾʟʜʽʚ, ʜʦʟʚʦʣʠʪʴ [6, 7]: 

ï ʫʩʫʥʫʪʠ ʥʝʷʩʥʽʩʪʴ ʦʩʚʦʻʥʥʷ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ ʧʦʾʟʜʘʤʠ; 

ï ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʩʚʦʻʥʥʷ ʦʜʥʽʻʾ ʢʦʨʝʩʧʦʥʜʝʥʮʽʾ ʧʦʾʟʜʘʤʠ ʨʽʟʥʠʭ 

ʤʘʨʰʨʫʪʽʚ. 

ɺʚʝʜʝʥʥʷ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʙʝʟʧʝʨʝʩʘʜʢʦʚʠʭ ʩʧʦʣʫʯʝʥʴ ʜʣʷ 

ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʫ ʧʘʩʘʞʠʨʽʚ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʷʢʦʩʪʽ ʪʘ ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʽ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʦʩʣʫʛ. 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʨʽʟʥʠʭ ʟʘʭʦʜʽʚ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʧʦʟʠʮʽʡ 

ʧʘʩʘʞʠʨʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʟʤʽʥʦʶ ʨʦʟʢʣʘʜʫ ʨʫʭʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ ʫ ʯʘʩʪʠʥʽ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʨʫʯʥʽʰʦʛʦ ʜʣʷ ʧʘʩʘʞʠʨʽʚ ʯʘʩʫ ʧʨʠʙʫʪʪʷ ʥʘ ʩʪʘʥʮʽʾ ʧʨʠʟʥʘʯʝʥʥʷ 

ʪʘ ʯʘʩʫ ʚʽʜʧʨʘʚʣʝʥʥʷ. 
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ʃʦʛʽʩʪʠʢʘ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʽʜʽʛʨʘʶʪʴ ʥʝʚʽʜ'ʻʤʥʫ ʨʦʣʴ ʫ ʩʫʯʘʩʥʽʡ 

ʛʣʦʙʘʣʴʥʽʡ ʝʢʦʥʦʤʽʮʽ. ʋ ʩʚʽʪʽ, ʱʦ ʰʚʠʜʢʦ ʟʤʽʥʶʻʪʴʩʷ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʩʪʘʣʽʩʪʴ 

ʣʘʥʮʶʛʽʚ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʩʪʘʶʪʴ ʚʩʝ ʚʘʞʣʠʚʽʰʠʤʠ ʟʘʚʜʘʥʥʷʤʠ. ʆʜʠʥ ʽʟ 

ʢʣʶʯʦʚʠʭ ʩʧʦʩʦʙʽʚ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʟʘʚʜʘʥʴ - ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʝʡ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ.  

ʄʫʣʴʪʠʤʦʜʘʣʴʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʪʨʘʥʩʧʦʨʪʫ, ʪʘʢʠʭ ʷʢ ʘʚʪʦʤʦʙʽʣʽ, ʟʘʣʽʟʥʠʮʷ, ʘʚʽʘʮʽʷ ʪʘ ʤʦʨʩʴʢʽ ʧʝʨʝʚʝʟʝʥʥʷ, ʟ 

ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʚʘʨʽʚ. ʆʩʥʦʚʥʘ ʽʜʝʷ ʧʦʣʷʛʘʻ ʚ ʦʙ'ʻʜʥʘʥʥʽ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʡ ʪʘ 

ʥʘʡʰʚʠʜʰʠʡ ʩʧʦʩʽʙ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʽʚ ʚʽʜ ʚʠʨʦʙʥʠʢʘ ʜʦ ʩʧʦʞʠʚʘʯʘ. 

ɻʣʦʙʘʣʽʟʘʮʽʡʥʽ ʪʘ ʽʥʪʝʛʨʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʫ ʩʚʽʪʦʚʽʡ ʝʢʦʥʦʤʽʮʽ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʪʽʩʥʠʡ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʥʘʮʽʦʥʘʣʴʥʠʭ ʝʢʦʥʦʤʽʢ, ʧʦʩʠʣʝʥʠʡ ʦʙʤʽʥ ʨʝʩʫʨʩʘʤʠ ʽ 

ʪʦʚʘʨʘʤʠ, ʱʦ ʨʦʙʠʪʴ ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʦʩʥʦʚʦʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʝʢʦʥʦʤʽʢʠ ʥʝ ʪʽʣʴʢʠ ʦʢʨʝʤʠʭ ʢʨʘʾʥ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʩʠʩʪʝʤ, ʘ ʡ ʩʚʽʪʫ ʟʘʛʘʣʦʤ [1, 

ʩ. 74]. 

ɹʽʣʴʰʽʩʪʴ ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʧʨʠ ʢʦʤʙʽʥʦʚʘʥʦʤʫ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʚʘʥʪʘʞʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʪʨʝʡʣʝʨʘʭ ʪʘ ʟʡʦʤʥʠʭ ʢʫʟʦʚʘʭ. ʋ 2020 

ʨ. ʻʚʨʦʧʝʡʩʴʢʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ ʟʘʣʽʟʥʠʯʥʠʡ ʢʦʤʙʽʥʦʚʘʥʠʡ ʪʨʘʥʩʧʦʨʪ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʘʥʜʝʤʽʶ, ʟʘʙʝʟʧʝʯʠʚ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʚʽʜʧʨʘʚʣʝʥʴ ʥʘ 1,02% 

ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʢʘʟʥʠʢʦʤ 2019 ʨ., ʘ ʦʪʞʝ, ʽ ʟʨʦʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘ 6,77%, 

ʜʦʩʷʛʥʫʚʰʠ ʨʽʚʥʷ 89,6 ʤʣʨʜ ʪ/ʢʤ ʪʘ 9,12 ʤʣʥ TEU, ʱʦ ʩʪʘʣʦ ʽʩʪʦʨʠʯʥʠʤ 

ʤʘʢʩʠʤʫʤʦʤ ʻʚʨʦʧʝʡʩʴʢʠʭ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ 

ʜʝʩʷʪʠʨʽʯʯʷ [2]. 

ʑʦʜʦʙʠ ʚʽʪʯʠʟʥʷʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ ʧʝʨʝʚʦʟʠʪʴ ʜʦ 4,5 ʤʣʥ ʪ ʚʘʥʪʘʞʽʚ. 

ʆʙʩʷʛʠ ʞ ʪʨʘʥʟʠʪʥʠʭ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ ʟʘ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʨʽʯʯʷ ʟʘ ʚʠʜʘʤʠ 

ʪʨʘʥʩʧʦʨʪʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʘʥʠʤʠ, ʧʦʜʘʥʠʤʠ ʚ ʪʘʙʣʠʮʽ 1, ʷʢʽ ʧʝʨʝʢʦʥʣʠʚʦ 

ʩʚʽʜʯʘʪʴ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʻ ʘʢʪʫʘʣʴʥʠʤ, ʘ ʪʦʤʫ 

ʧʦʻʜʥʘʥʥʷ ʾʭ ʚ ʦʜʥʫ ʤʫʣʴʪʠʤʦʜʘʣʴʥʫ ʩʠʩʪʝʤʫ ʤʘʻ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʦ 

ʨʦʟʚʠʪʢʫ.  

 

ʊʘʙʣʠʮʷ 1. ʆʙʩʷʛʠ ʪʨʘʥʟʠʪʥʠʭ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ ʟʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ 

ʧʨʦʪʷʛʦʤ 2012ð2020 ʨʨ., ʪ/ʢʤ [4] 
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ɺʠʜ 

ʪʨʘʥʩʧʦʨʪʫ 
ʈʦʢʠ 

2012 2013 2014 2015 2016 2017 2018 2019 2020 

ɿʘʣʽʟʥʠʯʥʠʡ 858024 835557 820920 711448 644296 635538 616839 589981 312900 
ɸʚʪʦʤʦʙʽʣʴʥʠʡ 1252390 1259698 1260768 1131313 1020604 1085663 1121674 1205531 1305000 
ɺʦʜʥʠʡ 4145 3457 3428 2805 3291 3032 2253 1892 6100 
ɸʚʽʘʮʽʡʥʠʡ 92 122 99 78 69 74 82 99 100 

 

ʉʝʨʝʜ ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʧʝʨʝʚʘʛʘ ʚʩʝ ʙʽʣʴʰʝ ʥʘʜʘʻʪʴʩʷ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ, ʷʢʠʡ, ʥʘ ʞʘʣʴ, ʤʘʻ ʥʘʡʙʽʣʴʰʠʡ ʚʠʢʠʜ ʚʫʛʣʝʮʝʚʠʭ ʨʝʯʦʚʠʥ ʫ 

ʜʦʚʢʽʣʣʷ, ʷʢʠʡ ʩʧʨʠʯʠʥʷʻ ʥʘʜʤʽʨʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʪʨʘʩ ʪʘ ʻ 

ʯʠʥʥʠʢʦʤ ʨʫʡʥʫʚʘʥʥʷ ʘʚʪʦʜʦʨʽʛ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ 

ʽʥʚʝʩʪʠʮʽʡ ʫ ʾʭ ʚʽʜʥʦʚʣʝʥʥʷ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʥʘʜʤʽʨʥʝ ʚʠʪʨʘʯʘʥʥʷ ʜʝʨʞʘʚʦʶ 

ʢʦʰʪʽʚ ʥʘ ʾʭ ʨʝʢʦʥʩʪʨʫʢʮʽʶ. [2, ʩ. 57]. 

ʄʦʜʝʣʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʻ ʚʘʞʣʠʚʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʣʘʥʮʶʛʽʚ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ. ɺʦʥʠ 

ʜʦʟʚʦʣʷʪʴ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ, ʟʥʠʟʠʪʠ ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ ʪʘ ʧʽʜʚʠʱʘʪʴ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʙʝʟʧʝʯʫʻ ʱʝ 

ʙʽʣʴʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʩʪʘʣʽʩʪʴ ʫ ʣʦʛʽʩʪʠʮʽ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ. ʄʦʜʝʣʽ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʙʫʜʫʪʴ ʚʽʜʽʛʨʘʚʘʪʠ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʤʘʡʙʫʪʥʴʦʤʫ 

ʨʦʟʚʠʪʢʫ ʛʣʦʙʘʣʴʥʠʭ ʣʘʥʮʶʛʽʚ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʪʘ ʩʧʨʠʷʪʠʤʫʪʴ ʩʪʘʣʦʤʫ 

ʛʦʩʧʦʜʘʨʩʪʚʫ. 
 

[1] ʈʠʢʦʚʘʥʦʚʘ ɯ.ʉ. ʂʦʥʪʨʝʡʣʝʨʥʽ ʧʝʨʝʚʝʟʝʥʥʷ: ʻʚʨʦʧʝʡʩʴʢʠʡ ʜʦʩʚʽʜ ʪʘ ʧʨʦʙʣʝʤʠ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʚ 

ʋʢʨʘʾʥʽ. ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʋʞʛʦʨʦʜʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 2020. ˉ 32. ʉ. 74ð80. 
[2] ɺʝʨʥʠʛʦʨʘ ʈ.ɺ., ɾʫʨʘʚʝʣʴ ɯ.ʃ., ɭʣʴʥʽʢʦʚʘ ʃ.ʆ. ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʪʨʝʡʣʝʨʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ ʚ ʋʢʨʘʾʥʽ. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɼʅʋɿʊ. 2021. ɺʠʧ. 22. ʉ. 56ð66 
[3] ʇʝʪʨʝʥʢʦ ɯ. ʊʨʘʥʩʧʦʨʪ ʋʢʨʘʾʥʠ. ʉʪʘʪʠʩʪʠʯʥʠʡ ʟʙʽʨʥʠʢ ɼʝʨʞʘʚʥʘ ʩʣʫʞʙʘ ʩʪʘʪʠʩʪʠʢʠ ʋʢʨʘʾʥʠ. 2020. 116 ʩ 

 

 

ʋɼʂ 624.012.4:699.812 

 
ɺʇʈʆɺɸɼɾɽʅʅʗ ʉʇʇʈ ʗʂ ʇʈʆʄɯɾʅʆɰ ʃɸʅʂʀ ʄɯɾ ʉʋʏɸʉʅʀʄʀ 

ʈɽɸʃɯʗʄʀ ʊɸ ʅɽʆɹʍɯɼʅɯʉʊʖ ɺɯɼʇʆɺɯɼɸʊʀ ʉʋʏɸʉʅʀʄ 

ʊʈɽʅɼɸʄ ɺ ʊʈɸʅʉʇʆʈʊʅɯʁ ɻɸʃʋɿɯ 

 

IMPLEMENTATION OF SPPR AS AN INTERMEDIATE LINK BETWEEN 

MODERN REALITIES AND THE NEED TO MEET MODERN TRENDS IN 

THE TRANSPORT INDUSTRY  

 

ʅ. ʖ.  ʐʝʨ, ʆ.ʄ. ʐʝʨ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ   ɼ.ɺ. ɸʨʩʝʥʝʥʢʦ 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʤ. ʍʘʨʢʽʚ)  
 

N.Y. Sher, O.M. Sher, D.V. Arsenenko PhD (Tech.)
 

Ukrainian State University of Railway Transport (Kharkiv)   
 

ɸʥʘʣʽʟʫʶʯʠ ʧʦʝʪʘʧʥʠʡ ʨʦʟʚʠʪʦʢ ʣʦʛʽʩʪʠʢʠ ʷʢ ʥʦʚʦʫʪʚʦʨʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʚ 

ʪʨʘʥʩʧʦʨʪʥʠʭ, ʘ ʡ ʚ ʟʘʛʘʣʴʥʦʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʘʭ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʧʝʚʥʠʡ ʨʷʜ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ. ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʦʙʩʪʘʚʠʥʠ ʷʢʽ ʟʘ ʙʘʞʘʥʥʷʤ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 
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ʢʣʶʯʦʚʠʤʠ ʯʠʥʥʠʢʘʤʠ, ʢʦʞʝʥ ʪʘʢʠʡ ʝʪʘʧ ʤʘʻ ʧʝʚʥʽ ʩʧʦʨʽʜʥʝʥʽ ʦʟʥʘʢʠ ʷʢʠʤʠ ʥʝ 

ʤʦʞʣʠʚʦ ʥʝʭʪʫʚʘʪʠ. ɼʦ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʩʢʦʨʦʯʝʥʥʷ ʰʪʘʪʫ ʥʘ 

ʬʦʥʽ ʟʨʦʩʪʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʩʢʦʨʦʯʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʙʝʟ ʚʪʨʘʪʠ ʚ 

ʷʢʦʩʪʽ ʪʘ ʥʘʡʛʦʣʦʚʥʽʰʝ ʩʢʦʨʦʯʝʥʥʷ ʛʨʘʚʮʽʚ ʥʘ ʨʠʥʢʫ ʷʢʽ ʥʝ ʟʤʦʛʣʠ 

ʧʨʠʩʪʦʩʫʚʘʪʠʩʴ ʜʦ ʥʦʚʠʭ ʦʙʩʪʘʚʠʥ.  

ʉʴʦʛʦʜʥʽ ʷʢ ʟʘ ʢʦʥʩʝʨʚʘʪʠʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʷʢʽ ʘʢʫʨʘʪʥʦ ʧʽʜʚʦʜʷʪʴ 

ʩʫʩʧʽʣʴʩʪʚʦ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʣʘʥʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʜʦ ʥʘʨʦʙʽʪʦʢ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʪʘʢ ʽ ʙʫʜʴ ʷʢʦʛʦ ʨʦʜʫ ʢʦʥʩʧʽʨʘʣʦʛʽʯʥʽ ʜʞʝʨʝʣʘ  ʷʢʽ ʤʘʶʪʴ ʙʽʣʴʰ 

ʨʘʜʠʢʘʣʴʥʽ ʧʨʦʛʥʦʟʠ ʟʘʛʘʣʴʥʝ ʨʦʟʫʤʽʥʥʷ ʥʝʤʠʥʫʯʦʩʪʽ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʻ 

ʧʨʦʮʝʩʦʤ ʩʪʘʣʠʤ.  

ʈʦʟʫʤʽʶʯʠ ʚʠʱʝʥʘʚʝʜʝʥʽ ʜʦʢʘʟʠ ʪʘ ʘʥʘʣʽʟʫʶʯʠ ʨʝʘʣʴʥʠʡ  ʩʧʨʘʚ ʥʘ 

ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʧʦʩʪʘʻ ʧʨʦʩʪʝ ʧʠʪʘʥʥʷ, ʷʢ ʮʽ ʨʝʯʽ ʤʦʞʣʠʚʦ ʟʚ'ʷʟʘʪʠ ʚ 

ʦʜʥʫ ʪʨʘʥʩʧʦʨʪʥʫ ʟʘʜʘʯʫ. ʉʝʨʝʜ ʟʘʛʘʣʴʥʦʛʦ ʧʝʨʝʣʽʢʫ ʧʨʦʙʣʝʤʘʪʠʢʠ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʩʧʨʦʙʫʻʤʦ ʚʠʜʽʣʠʪʠ ʦʩʥʦʚʥʽ ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʱʦ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʜʦʟʚʦʣʠʪʴ ʩʬʦʨʤʫʚʘʪʠ ʝʣʝʤʝʥʪʘʨʥʫ ʪʘ ʱʦ ʥʘʡʛʦʣʦʚʥʽʰʝ ʨʝʘʣʴʥʫ  

ʪʨʘʥʩʧʦʨʪʫ ʟʘʜʘʯʫ ʷʢʘ ʧʦʪʨʝʙʫʻ ʧʦʜʽʙʥʦʛʦ ʨʦʜʫ ʨʽʰʝʥʴ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘ ʥʘʰʫ ʜʫʤʢʫ  ʽʩʥʫʻ ʪʨʠ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤʠ ʥʘ 

ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʷʢʽ ʬʦʨʤʫʶʪʴ ʟʘʛʘʣʴʥʫ ʧʦʚʽʩʪʢʫ : 

- ʉʢʦʨʦʯʝʥʥʷ ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʥʷ ʥʘ 4ʡ ʚ ʩʚʽʪʽ ʤʝʨʝʞʽ ʟʘʣʽʟʥʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʱʦ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʩʧʦʥʫʢʘʻ ʰʫʢʘʪʠ ʥʦʚʽʪʥʽ ʬʦʨʤʘʪʠ 

ʚʠʨʽʰʝʥʥʷ ʦʧʝʨʘʪʠʚʥʠʭ ʟʘʚʜʘʥʴ ʢʦʣʠ ʢʣʘʩʠʯʥʠʡ ʚʘʨʽʘʥʪ ʬʦʨʤʫʚʘʥʥʷ ʷʢ 

ʤʽʩʮʝʚʦʾ ʪʘʢ ʽ ʩʪʨʘʪʝʛʽʯʥʦʾ ʨʦʙʦʪʠ ʥʝ ʤʘʻ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʚʽʜʛʫʢʫ; 

- ʈʝʘʣʴʥʠʡ ʩʪʘʥ ʷʢ ʚʘʛʦʥʥʦʛʦ ʪʘʢ ʽ ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʷʢ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʦʙʤʝʞʝʥʴ ʙʫʜʴ ʷʢʦʛʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʙʦ 

ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ; 

- ɯʻʨʘʨʭʽʯʥʘ ʩʢʣʘʜʦʚʘ ʷʢ ʥʦʩʽʡ  ʟʘʩʪʘʨʽʣʦʛʦ ʬʦʨʤʘʪʫ ʙʶʨʦʢʨʘʪʠʯʥʠʭ 

ʧʝʨʝʧʦʥ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʝʨʰ ʟʘ ʚʩʝ ʥʝʦʙʭʽʜʥʠʭ ʩʘʤʝ ʩʴʦʛʦʜʥʽ ʨʽʰʝʥʴ. 

ʇʨʦʧʦʥʫʻʤʦ ʟʘ ʜʣʷ ʥʘʦʯʥʦʩʪʽ  ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʽʜʝʡ ʨʦʟʛʣʷʥʫʪʠ 

ʝʣʝʤʝʥʪʘʨʥʫ ʪʨʘʥʩʧʦʨʪʥʫ ʟʘʜʘʯʫ ʬʦʨʤʫʚʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦʾ ʟʘʜʘʯʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʽʣʴʥʠʮʽ ʱʦ ʧʨʠʤʠʢʘʻ ʜʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʚʫʟʣʘ, ʷʢʘ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʻ ʢʣʘʩʠʯʥʦʶ. ɺ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʫʤʦʚʘʭ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘʢʘ ʟʘʜʘʯʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʙʝʟ ʤʦʞʣʠʚʦʩʪʽ 

ʩʣʘʙʢʦʬʦʨʤʘʣʽʟʫʻʤʠʭ ʪʘ ʥʝʯʽʪʢʠʭ ʢʨʠʪʝʨʽʾʚ ʚʠʙʦʨʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʣʴʪʝʨʥʘʪʠʚ, 

ʾʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʦʙʤʝʞʝʥʴ ʷʢʽ ʽ ʬʦʨʤʫʶʪʴ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ.  

ʋʟʘʛʘʣʴʥʝʥʥʷ ʥʘʚʝʜʝʥʠʭ ʧʨʠʥʮʠʧʽʚ ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ ʻʜʠʥʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʣʷ ʜʝ  ʩʪʚʦʨʝʥʥʷ ʉʇʇʈ (ʩʠʩʪʝʤʘ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ) ʚ ʦʩʥʦʚʥʠʭ ʘʩʧʝʢʪʘʭ ʬʦʨʤʫʚʘʥʥʷ ʧʦʪʨʝʙʫʻ ʚ ʫʨʘʭʫʚʘʥʥʽ ʚʩʽʭ ʨʝʘʣʴʥʠʭ 

ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʽ ʻʜʠʥʠʤʠ ʤʦʞʣʠʚʠʤʠ ʥʦʩʽʷʤʠ ʪʘʢʦʛʦ ʨʦʜʫ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʫʪʴ 

ʙʫʪʠ ʣʠʰʝ ʜʦʩʚʽʜʯʝʥʥʽ ʟʘʣʽʟʥʠʯʥʠʢʠ ʷʢʽ ʩʧʨʦʤʦʞʥʽ ʥʘʜʘʚʘʪʠ ʝʢʩʧʝʨʪʥʫ ʦʮʽʥʢʫ 

ʚ ʤʝʞʘʭ ʩʚʦʻʾ ʢʦʤʧʝʪʝʥʮʽʾ. 

ʆʮʽʥʢʘ ʝʢʩʧʝʨʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʘʣʽʟʘʮʽʾ ʫ ʬʦʨʤʽ ʥʝʯʽʪʢʠʭ 

ʥʘʙʦʨʽʚ ð ʮʝ ʤʝʪʦʜ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʠʥʮʠʧʠ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʥʝʚʠʟʥʘʯʝʥʦʾ ʘʙʦ ʥʝʪʦʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʜʘʥʦʾ 

ʝʢʩʧʝʨʪʘʤʠ. ʅʝʯʽʪʢʘ ʣʦʛʽʢʘ ʜʦʟʚʦʣʷʻ ʧʨʝʜʩʪʘʚʣʷʪʠ ʥʝʚʠʟʥʘʯʝʥʽ ʘʙʦ 



 

180 

ʨʦʟʧʣʠʚʯʘʩʪʽ ʧʦʥʷʪʪʷ ʰʣʷʭʦʤ ʧʨʠʩʚʦʻʥʥʷ ʩʪʫʧʝʥʽʚ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʜʦ ʨʽʟʥʠʭ 

ʢʘʪʝʛʦʨʽʡ ʘʙʦ ʢʣʘʩʽʚ, ʘ ʥʝ ʧʦʢʣʘʜʘʪʠʩʷ ʥʘ ʩʫʚʦʨʽ ʙʽʥʘʨʥʽ ʚʽʜʤʽʥʥʦʩʪʽ. 

ʇʦʩʪʘʚʠʤʦ ʛʨʫʧʽ ʝʢʩʧʝʨʪʽʚ ʟʘʚʜʘʥʥʷ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʪʘ ʚʠʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʟʦʙʦʚ'ʷʟʘʥʴ ʦʧʝʨʘʪʦʨʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ  ʥʘ ʜʽʣʴʥʠʮʽ ʱʦ ʧʨʠʤʠʢʘʻ ʜʦ ʚʫʟʣʘ. ʋʤʦʚʠʤʦʩʴ ʱʦ ʥʘʜʘʥʥʷ 

ʦʮʽʥʢʠ ʜʦ ʚʘʛʦʥʥʦʛʦ ʪʘ ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʟʚʘʞʘʶʯʠ ʥʘ ʪʝʭʥʽʯʥʠʡ 

ʩʪʘʥ ʪʘ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʧʘʨʢʫ ʻ ʩʣʘʙʦʬʦʨʤʘʣʽʟʦʚʘʥʦʶ ʟʘʜʘʯʝʶ.  

 

                        ],1[},{ nii Í=E a                                                    

 

ʜʝ - Ŭʽ ï ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʦʜʠʥʦʯʥʫ ʬʫʥʢʮʽʶ ʍʝʚʽʩʘʡʜʘ ]1,0[Íja  

,  ʷʢʘ ʧʦʢʘʟʫʻ ʫʯʘʩʪʴ  ʝʢʩʧʝʨʪʘ ʚ ʛʨʫʧʽ ( 1=ja  ) ʘʙʦ ʥʝʤʦʞʣʠʚʽʩʪʴ ʫʯʘʩʪʽ ( 

0=ja  ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʬʦʨʤʘʣʽʟʘʮʽʶ ʧʨʦʮʝʩʫ ʚʽʜʙʦʨʫ ʝʢʩʧʝʨʪʽʚ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʙʘʟʠ ʟʥʘʥʴ ʉʇʇʈ ʧʨʠ ʚʠʙʦʨʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʽʰʝʥʥʷ ʫ ʣʘʥʮʶʛʫ ʜʦʩʪʘʚʢʠ 

ʚʘʥʪʘʞʽʚ ʟʘʣʽʟʥʠʮʷʤʠ ʙʫʜʝ ʟʚʝʜʝʥʦ ʜʦ ʟʥʘʭʦʜʞʝʥʥʷ ʚʝʢʪʦʨʫ ɽ, ʷʢʠʡ ʤʘʢʩʠʤʽʟʫʻ 

ʙʽʥʘʨʥʝ ʚʽʜʥʦʰʝʥʥʷ ʜʫʤʦʢ ʝʢʩʧʝʨʪʽʚ 

 

    
 

ʉʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʧʝʨʝʚʽʨʢʠ ʧʦʛʦʜʞʝʥʦʩʪʽ ʯʘʩʪʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʧʨʠʨʦʜʠ ʚʽʜʧʦʚʽʜʝʡ ʝʢʩʧʝʨʪʽʚ, ʷʢʱʦ ʚʽʜʧʦʚʽʜʽ - ʨʝʟʫʣʴʪʘʪʠ 

ʥʝʟʘʣʝʞʥʠʭ ʧʘʨʥʠʭ ʧʦʨʽʚʥʷʥʴ. ʇʦʰʫʢ çʩʝʨʝʜʥʴʦʾè ʜʫʤʢʠ ʝʢʩʧʝʨʪʥʦʾ ʛʨʫʧʠ 

ʩʪʦʩʦʚʥʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ, ʤʦʞʣʠʚʦ 

ʟʥʘʡʪʠ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʦʤʦʛʦ ʤʝʪʦʜʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʜʽʘʥʠ 

ʂʝʤʝʥʽ. ʉʘʤʝ ʮʷ çʩʝʨʝʜʥʷ ʜʫʤʢʘè ʟʚʘʞʘʶʯʠ ʥʘ ʚʠʟʥʘʯʝʥʫ ʚʠʱʝ ʩʠʩʪʝʤʫ 

ʦʙʤʝʞʝʥʴ ʽ ʙʫʜʝ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦʶ ʚʽʜʧʦʚʽʜʜʶ ʥʘ ʧʦʩʪʘʚʣʝʥʝ ʟʘʚʜʘʥʥʷ. 

ʃʠʰʝ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʜʦʟʚʦʣʠʪʴ ʩʬʦʨʤʫʚʘʪʠ 

ʚʽʜʥʦʩʥʦ ʨʦʙʦʯʫ ʉʇʇʈ ʷʢʝ ʟʤʦʞʝ ʜʘʚʘʪʠ ʨʝʟʫʣʴʪʘʪ ʚ ʥʘʚʝʜʝʥʠʭ ʫʤʦʚʘʭ.  
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ɺ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʧʨʦʮʝʩʫ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʚʩʴʦʤʫ ʰʣʷʭʫ ʡʦʛʦ ʩʣʽʜʫʚʘʥʥʷ ʟ 

ʤʝʪʦʶ ʩʢʦʨʦʯʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʠʪʨʘʪ, ʪʝʨʤʽʥʫ ʜʦʩʪʘʚʢʠ, ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʫʥʢʪʽʚ ʥʘʡʙʽʣʴʰ 

ʥʝʚʠʟʥʘʯʝʥʦʶ ʚʝʣʠʯʠʥʦʶ ʻ ʜʘʣʴʥʽʩʪʴ ʧʝʨʝʤʽʱʝʥʴ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ, 

ʚʽʜ ʷʢʦʾ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟʘʣʝʞʠʪʴ ʾʭ ʯʠʩʣʦ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. ʊʦʤʫ 

ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʻ ʚʠʙʽʨ ʨʘʮʽʦʥʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤʠ ʟʘʩʦʙʘʤʠ ʫ ʤʝʞʘʭ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ, ʢʦʣʠ ʜʘʣʴʥʽʩʪʴ ʾʭ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʰʚʠʜʢʦʩʪʷʭ ʽ ʧʨʠʩʢʦʨʝʥʥʷʭ ʨʫʭʫ ʻ ʚʠʟʥʘʯʘʣʴʥʦʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ, ʱʦ 

ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘ ʧʘʨʘʤʝʪʨʠ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʫʤʦʚʘʤʠ [1]. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʬʦʨʤʘʣʽʟʦʚʘʥʦ ʨʦʙʦʪʫ ʢʦʥʪʝʡʥʝʨʥʦʾ ʧʣʦʱʘʜʢʠ ʫ 

ʚʠʛʣʷʜʽ ʤʦʜʝʣʽ, ʱʦ ʤʽʩʪʠʪʴ ʦʧʪʠʤʽʟʘʮʽʡʥʝ ʢʦʤʙʽʥʘʪʦʨʥʝ ʟʘʚʜʘʥʥʷ ʧʦʰʫʢʫ 

ʥʘʡʢʦʨʦʪʰʦʛʦ ʤʘʨʰʨʫʪʫ ʥʘ ʛʨʘʬʽ ʤʥʦʞʠʥʠ ʧʝʨʝʩʫʚʘʥʴ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ 

ʟʘʩʦʙʫ. ʂʨʠʪʝʨʽʷʤʠ ʦʙʨʘʥʦ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʧʝʨʝʩʫʚʘʥʥʷ 

ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʟʘʩʦʙʫ ʧʦ ʢʦʥʪʝʡʥʝʨʥʽʡ ʧʣʦʱʘʜʮʽ, ʘ ʪʘʢʦʞ ʪʨʠʚʘʣʽʩʪʴ 

ʧʨʦʩʪʦʶ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʪʘ ʢʦʥʪʝʡʥʝʨʽʚ ʥʘ ʢʦʣʽʷʭ [2]. 

ɺʠʟʥʘʯʝʥʘ ʦʧʪʠʤʽʟʘʮʽʡʥʘ ʟʘʜʘʯʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ NP-ʧʦʚʥʠʭ ʟʘʜʘʯ. ʆʪʞʝ, ʾʾ 

ʚʠʨʽʰʝʥʥʷ ʥʝʤʦʞʣʠʚʝ ʢʣʘʩʠʯʥʠʤ ʞʘʜʽʙʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʟʘ ʫʤʦʚʠ ʦʜʝʨʞʘʥʥʷ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʦʤ ʚʠʨʽʰʝʥʥʷ 

ʚʚʘʞʘʪʠ ʤʦʜʠʬʽʢʘʮʽʶ ʞʘʜʽʙʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʄʦʥʪʝ-ʂʘʨʣʦ 

(ʘʣʛʦʨʠʪʤ ʽʤʽʪʘʮʽʾ ʚʽʜʧʘʣʫ). ʈʽʟʥʠʮʷ ʘʣʛʦʨʠʪʤʫ ʽʤʽʪʘʮʽʾ ʚʽʜʧʘʣʫ ʽ ʞʘʜʽʙʥʦʛʦ 

http://dx.doi.org/10.15587/1729-4061.2015.54496
https://thedigital.gov.ua/news/shvidkiy-peretin-kordonu-dlya-vantazhivok-echerga-bude-diyati-na-16-propusknikh-punktakh
https://thedigital.gov.ua/news/shvidkiy-peretin-kordonu-dlya-vantazhivok-echerga-bude-diyati-na-16-propusknikh-punktakh
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ʘʣʛʦʨʠʪʤʫ ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʚʠʟʥʘʯʝʥʽʡ ʧʦʚʝʜʽʥʮʽ ʘʣʛʦʨʠʪʤʫ, ʢʦʣʠ ʦʙʨʘʥʦ ʥʘʩʪʫʧʥʫ 

ʚʝʨʰʠʥʫ ʜʣʷ ʧʝʨʝʭʦʜʫ. ɾʘʜʽʙʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʢʣʶʯʘʻ ʥʝʦʧʪʠʤʘʣʴʥʠʡ ʧʝʨʝʭʽʜ 

ʙʝʟʫʤʦʚʥʦ, ʘ ʘʣʛʦʨʠʪʤ ʽʤʽʪʘʮʽʾ ʚʽʜʧʘʣʫ ʤʦʞʝ ʜʦʧʫʩʪʠʪʠ ʜʦʜʘʚʘʥʥʷ ʪʘʢʦʛʦ 

ʧʝʨʝʭʦʜʫ ʚ ʧʝʚʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ. 

ʇʨʠʡʥʷʪʘ ʪʝʭʥʦʣʦʛʽʷ ʨʦʙʦʪʠ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʟʘʩʦʙʫ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʦʙʨʘʥʥʽ ʥʘʡʙʣʠʞʯʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʽ ʧʝʨʝʩʪʘʥʦʚʢʫ ʡʦʛʦ ʥʘ ʤʽʩʮʝ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʢʦʥʪʝʡʥʝʨʫ ʟʘ ʪʠʧʦʤ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʥʘ ʧʝʨʝʩʫʚʘʥʥʷ 

ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʟʘʩʦʙʫ, ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʧʦʢʨʘʱʠʪʠ ʦʩʥʦʚʥʽ 

ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʢʦʥʪʝʡʥʝʨʥʦʾ ʧʣʦʱʘʜʢʠ ʙʝʟ ʟʥʘʯʥʦʛʦ ʟʘʣʫʯʝʥʥʷ ʢʦʰʪʽʚ. 

ʈʦʟʨʦʙʣʝʥʫ ʦʧʪʠʤʽʟʘʮʽʡʥʫ ʤʦʜʝʣʴ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʧʘʢʝʪʫ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ Matlab. ʊʘʢʝ ʧʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦʚʠʱʝ ʦʙʨʘʥʝ ʧʦ 

ʧʨʠʯʠʥʽ ʽʩʥʫʚʘʥʥʷ ʚʙʫʜʦʚʘʥʦʾ Java-ʧʦʜʽʙʥʦʾ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʱʦ 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʨʦʙʦʪʠ ʟ ʤʘʪʨʠʮʷʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʫ ʦʧʪʠʤʽʟʘʮʽʡʥʫ ʤʦʜʝʣʴ 

ʤʦʞʣʠʚʦ ʽʥʪʝʛʨʫʚʘʪʠ ʜʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʧʨʘʮʽʚʥʠʢʘ ʢʦʥʪʝʡʥʝʨʥʦʾ ʧʣʦʱʘʜʢʠ. 
 

[1] ʂʦʚʘʣʴʦʚ ɸ.ʆ., ɯʚʘʥʶʢ ʆ.ɯ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʚʘʥʪʘʞʥʠʭ ʩʪʘʥʮʽʷʭ. 

78-ʤʘ ʩʪʫʜʝʥʪʩʴʢʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ : ʪʝʟʠ ʜʦʧ. ʩʪʫʜ. ʥʘʫʢ.-ʪʝʭʥ. ʢʦʥʬ. (ʍʘʨʢʽʚ, 9 ï 11 ʣʠʩʪʦʧʘʜʘ 

2016 ʨ.). ʍʘʨʢʽʚ :ʋʢʨɼʋɿʊ, 2016.  ʉ. 2. 

[2] ɸʣʴʦʰʠʥʩʴʢʠʡ ɭ.ʉ., ʂʦʚʘʣʴʦʚ ɸ. ʆ., ɯʚʘʥʶʢ ʆ. ɯ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʨʦʙʦʪʠ ʢʦʥʪʝʡʥʝʨʥʦʾ ʧʣʦʱʘʜʢʠ 

ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʛʨʘʬʽʚ. ɿʙ. ʥʘʫʢ. ʧʨ. ʋʢʨɼʋɿʊ.  2016.  ɺʠʧ. 162.  ʉ. 60-65. 
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ʉʊɸʅʎɯʁ ɯ ʇɯɼʇʈʀɭʄʉʊɺ 

 

DETERMINATION OF RATIONAL TECHNICAL EQUIPMENT OF 

STATIONS AND ENTERPRISES 

 

ʂʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʆ.ɺ. ʂʦʚʘʣʴʦʚʘ, ʤʘʛʽʩʪʨʘʥʪʠ ɯ.ʆ. ɸʥʪʦʥʝʥʢʦ, ʃ.ʉ. ɹʠʢʦʚʘ   
ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʤ. ʍʘʨʢʽʚ) 

 

 O. ʂovalova PhD (Tech.), ɯ. Antonenko, L. Bykova magistrate 
Ukrainian State University of Railway Transport (Kharkiv) 

 

ʊʝʭʥʦʣʦʛʽʷ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʦʚʠʥʥʘ ʧʦʚʥʽʩʪʶ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʽʥʪʝʨʝʩʠ ʚʘʥʪʘʞʦʚʣʘʩʥʠʢʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ï ʟʘ ʨʘʭʫʥʦʢ 

ʧʦʢʨʘʱʝʥʥʷ ʥʘʩʢʨʽʟʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʤʽʩʮʷʭ ʟʘʛʘʣʴʥʦʛʦ ʽ 

ʥʝʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʧʨʠ ʙʝʟʫʤʦʚʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʧʨʠʥʮʠʧʽʚ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʛʦʥʽʚ ʽ ʢʦʥʪʝʡʥʝʨʽʚ, ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ 

ʜʦʩʪʘʚʢʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʟʙʝʨʝʞʝʥʥʷ ʚʘʥʪʘʞʽʚ [1]. ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʦʙʽʛʫ ʚʘʥʪʘʞʥʦʛʦ ʚʘʛʦʥʘ ʻ ʪʨʠʚʘʣʽʩʪʴ ʡʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʥʘ ʩʪʘʥʮʽʷʭ ʽ 

ʧʽʜôʾʟʥʠʭ ʢʦʣʽʷʭ ʚʽʜʧʨʘʚʣʝʥʥʷ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ. 
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ɼʣʷ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʟʥʘʭʦʜʞʝʥʥʷ ʚʘʛʦʥʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʝʪʦʜ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʨʦʙʦʪʠ ʧʽʜôʾʟʥʠʭ ʢʦʣʽʡ ʽ ʩʪʘʥʮʽʡ ʧʨʠʤʠʢʘʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ 

 

                                               (1) 

 

ʜʝ ʧʢE  ï ʩʫʢʫʧʥʽ ʚʠʪʨʘʪʠ; 

    ʚB  ï ʚʘʨʪʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ ʚʘʛʦʥʘʤʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʧʨʠʡʤʘʣʥɹʦ-

ʟʜʘʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ, ʩʣʽʜʫʚʘʥʥʷ ʥʘ ʧʽʜôʾʟʥʫ ʢʦʣʽʶ, ʬʦʨʤʫʚʘʥʥ-̫

ʨʦʟʬʦʨʤʫʚʘʥʥʷ, ʧʦʜʘʚʘʥʥʷ ʽ ʟʘʙʠʨʘʥʥʷ, ʚʘʥʪʘʞʥʦʾ ʦʧʝʨʘʮʽʾ), ʛʨʥ;  

    ʧʟB  ï ʚʘʨʪʽʩʪʴ ʧʨʦʩʪʦʶ ʙʨʠʛʘʜ ʧʨʠʡʦʤʦʟʜʘʚʘʣʴʥʠʢʽʚ, ʛʨʥ;  

    ʧʣB  ï ʚʘʨʪʽʩʪʴ ʧʨʦʩʪʦʶ ʧʦʾ ʟʥʠʭ ʣʦʢʦʤʦʪʠʚʽʚ, ʛʨʥ;  

    ʤʣB  ï ʚʘʨʪʽʩʪʴ ʧʨʦʩʪʦʶ ʤʘʥʝʚʨʦʚʠʭ ʣʦʢʦʤʦʪʠʚʽʚ ʥʘ ʨʦʟʬʦʨʤʫʚʘʥʥʽ ʽ 

ʬʦʨʤʫʚʘʥʥʽ ʩʦʩʪʘʚʽʚ, ʧʦʜʘʯʽ ʽ ʧʨʠʙʠʨʘʥʥʽ ʚʘʛʦʥʽʚ, ʛʨʥ; 

    ʚʨʤB  ï ʚʘʨʪʽʩʪʴ ʧʨʦʩʪʦʶ ʚʘʥʪʘʞʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʛʨʥ;  

    ʩʢB  ï ʚʘʨʪʽʩʪʴ ʧʨʦʩʪʦʶ ʩʢʣʘʜʽʚ, ʛʨʥ;  

    ʧʢB  ï ʚʘʨʪʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʚʘʛʦʥʽʚ ʥʘ ʧʽʜôʾʟʥʽʡ ʢʦʣʽʾ ʧʽʜ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ, ʛʨʥ [2]. 

ɼʝʷʢʽ ʩʢʣʘʜʦʚʽ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ ʟʥʘʭʦʜʞʝʥʥʷ, ʦʯʽʢʫʚʘʥʥʷ 

ʚʘʛʦʥʽʚ ʪʘ ʾʭ ʢʽʣʴʢʦʩʪʽ ʧʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʧʝʨʘʮʽ̫ ʤʠ, ʷʢʽ ʥʦʩʷʪʴ ʽʤʦʚʽʨʥʽʩʥʠʡ 

ʭʘʨʘʢʪʝʨ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʛʽʜʥʦ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʝʥʥʷ, ʪʦʤʫ ʜʘʥʘ ʤʦʜʝʣʴ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʤʦʜʝʣʝʡ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʊʘʢʦʞ ʦʩʥʦʚʥʽ ʩʢʣʘʜʦʚʽ 

ʬʫʥʢʮʽʾ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʘʛʦʥʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʧʝʚʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ 

ʪʘ ʚ ʾʭ ʦʯʽʢʫʚʘʥʥʽ. 

ʉʝʨʝʜʥʽ ʯʠʩʝʣʴʥʦʩʪʽ ʚʘʛʦʥʽʚ ʧʽʜ ʢʦʞʥʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʦʧʝʨʘʮʽʻʶ ʪʘ ʚ ʾʭ 

ʦʯʽʢʫʚʘʥʥʽ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʜʠʥʘʤʽʢʠ ʩʝʨʝʜʥʽʭ. ɼʣʷ 

ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ (ʛʨʘʬʠ ʩʪʘʥʽʚ ʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ 

ʨʽʚʥʷʥʥʷ), ʱʦ ʚʽʜʪʚʦʨʶʶʪʴ ʪʝʭʥʦʣʦʛʽʶ ʨʦʙʦʪʠ ʧʽʜôʾʟʥʠʭ ʢʦʣʽʡ ʨʽʟʥʠʭ ʪʠʧʽʚ ʽ 

ʩʪʘʥʮʽʡ ʧʨʠʤʠʢʘʥʥʷ. 
 

[1] ʂʦʚʘʣʴʦʚ ɸ.ʆ., ʂʦʪʝʥʢʦ ɸ.ʄ. ʃʦʛʽʩʪʠʯʥʘ ʤʦʜʝʣʴ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʫ ʚʽʜ ʚʽʜʧʨʘʚʥʠʢʘ ʜʦ ʦʜʝʨʞʫʚʘʯʘ. ɿʙ. ʥʘʫʢ. 

ʧʨʘʮʴ ʋʢʨɼɸɿʊ.  2003.  ˉ53.  ʉ.25-29. 

[2] ʂʦʪʝʥʢʦ ɸ.ʄ., ʂʦʚʘʣʴʦʚ ɸ.ʆ. ʆʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʧʽʜôʾʟʥʦʾ ʢʦʣʽʾ / ɿʙ. ʥʘʫʢ. ʧʨʘʮʴ ʋʢʨɼɸɿʊ. 

ʍʘʨʢʽʚ. 2002. ˉ 49. ʉ. 117-121. 
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ʂ.ʪ.ʥ. ʆ.ʄ. ʂʨʘʩʥʦʰʪʘʥ, ʘʩʧʽʨʘʥʪ ɹ.ʆ. ʅʦʚʠʮʴʢʠʡ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʊʨʘʥʩʧʦʨʪʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ (ʤ. ʂʠʾʚ) 

 

PhD O. Krasnoshtan, postgraduate student B. Novytskyi 
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ɺʥʘʩʣʽʜʦʢ ʙʦʡʦʚʠʭ ʜʽʡ ʨʝʛʽʦʥʠ ʥʘ ʩʭʦʜʽ, ʧʽʚʜʥʽ ʪʘ ʧʽʚʥʦʯʽ ʋʢʨʘʾʥʠ ʟʘʟʥʘʣʠ 

ʟʥʘʯʥʠʭ ʚʪʨʘʪ. ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʟʤʫʰʝʥʘ ʙʫʣʘ ʚʠʾʭʘʪʠ ʜʦ ʟʘʭʽʜʥʠʭ 
ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ ʘʙʦ ʟʘ ʢʦʨʜʦʥ. ʊʘʢ, ʟʘ ʜʘʥʠʤʠ ʟʘ ʜʘʥʠʤʠ ɯʥʩʪʠʪʫʪʫ ʜʝʤʦʛʨʘʬʽʾ 
ʪʘ ʩʦʮʽʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʤ. ʄ. ʇʪʫʭʠ ʅɸʅ ʋʢʨʘʾʥʠ [1] ʟ 24 ʣʶʪʦʛʦ 2022 ʨ. ʧʦ 
20 ʣʶʪʦʛʦ 2023 ʨ. ʢʽʣʴʢʽʩʪʴ ʛʨʦʤʘʜʷʥ ʋʢʨʘʾʥʽ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʟʘ ʢʦʨʜʦʥʦʤ, 
ʟʙʽʣʴʰʠʣʘʩʷ ʥʘ 1 ʤʣʥ 830 ʪʠʩ. ʦʩʽʙ. ɿʘʟʥʘʣʠ ʨʫʡʥʫʚʘʥʴ ʽ ʥʘʩʝʣʝʥʽ ʧʫʥʢʪʠ, 
ʟʦʢʨʝʤʘ ʞʠʪʣʦʚʽ ʙʫʜʠʥʢʠ, ʦʙôʻʢʪʠ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʮʠʚʽʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 
ɺʽʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʢʨʘʾʥʦʶ ʻ ʦʜʥʠʤ ʽʟ ʙʘʟʦʚʠʭ ʧʨʘʚ ʛʨʦʤʘʜʷʥ, ʱʦ 

ʟʘʢʨʽʧʣʝʥʽ ʂʦʥʩʪʠʪʫʮʽʻʶ ʋʢʨʘʾʥʠ. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʧʝʨʝʚʝʟʝʥʴ 
ʧʘʩʘʞʠʨʽʚ ʜʣʷ ʝʢʦʥʦʤʽʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʛʽʦʥʽʚ ʻ ʤʘʷʪʥʠʢʦʚʽ ʤʽʛʨʘʮʽʾ. 
ʄʘʷʪʥʠʢʦʚʦʶ ʤʽʛʨʘʮʽʻʶ ʥʘʟʠʚʘʶʪʴ ʱʦʜʝʥʥʽ ʘʙʦ ʱʦʪʠʞʥʝʚʽ ʧʦʾʟʜʢʠ ʚʽʜ ʤʽʩʮʴ 
ʧʨʦʞʠʚʘʥʥʷ ʜʦ ʤʽʩʮʴ ʨʦʙʦʪʠ (ʽ ʥʘʟʘʜ), ʱʦ ʨʦʟʤʽʰʝʥʽ ʚ ʨʽʟʥʠʭ ʥʘʩʝʣʝʥʠʭ 
ʧʫʥʢʪʘʭ [2].  
ʄʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʤʘʷʪʥʠʢʦʚʽ ʤʽʛʨʘʮʽʾ ʜʦʟʚʦʣʷʻ ʛʨʦʤʘʜʷʥʘʤ ʛʥʫʯʢʦ  

ʦʙʠʨʘʪʠ ʤʽʩʮʝ ʨʦʙʦʪʠ (ʥʘʚʯʘʥʥʷ) ʪʘ ʤʽʩʮʝ ʧʨʦʞʠʚʘʥʥʷ. ʊʘʢʦʞ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, 
ʱʦ ʩʢʣʘʜʥʘ ʝʢʦʥʦʤʽʯʥʘ ʩʠʪʫʘʮʽʷ ʚ ʢʨʘʾʥʽ ʟʤʫʰʫʻ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ 
ʦʙʠʨʘʪʠ ʜʣʷ ʧʨʦʞʠʚʘʥʥʷ ʙʽʣʴʰ ʜʦʩʪʫʧʥʝ ʟʘ ʮʽʥʦʚʦʶ ʧʦʣʽʪʠʢʦʶ ʞʠʪʣʦ ʫ 
ʧʝʨʝʜʤʽʩʪʽ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʘʛʣʦʤʝʨʘʮʽʾ ʚʝʣʠʢʠʭ ʤʽʩʪ.  
ʈʘʟʦʤ ʟ ʪʠʤ ʦʩʥʦʚʥʽ ʪʦʯʢʠ ʧʨʠʢʣʘʜʘʥʥʷ ʧʨʘʮʽ (ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ ð 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʙʦʯʠʭ ʤʽʩʮʴ) ʟʥʘʭʦʜʷʪʴʩʷ ʷʢʨʘʟ ʫ ʤʝʛʘʧʦʣʽʩʽ. ɿ ʧʦʩʪʫʧʦʚʠʤ 
ʚʽʜʥʦʚʣʝʥʥʷʤ ʦʙôʻʢʪʽʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʟʨʦʩʪʘʥʥʷʤ ʦʙʩʷʛʽʚ ʧʨʦʤʠʩʣʦʚʦʛʦ 
ʚʠʨʦʙʥʠʮʪʚʘ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʢʽʣʴʢʦʩʪʽ ʧʨʘʮʽʚʥʠʢʽʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 
ʪʘʢʦʛʦ ʟʨʦʩʪʘʥʥʷ, ʚʠʥʠʢʥʝ ʧʦʪʨʝʙʘ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʤʘʩʦʚʠʭ ʪʨʫʜʦʚʠʭ ʤʽʛʨʘʮʽʡ  
ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʨʦʤʘʜʩʴʢʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʜʣʷ ʾʭ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʘʻ ʷʢ ʩʚʦʾ ʧʝʨʝʚʘʛʠ, ʪʘʢ ʽ ʥʝʜʦʣʽʢʠ. ɼʦ ʧʝʨʝʚʘʛ ʚʽʜʥʦʩʷʪʴ: 
1. ʄʦʙʽʣʴʥʽʩʪʴ. ʄʦʞʣʠʚʽʩʪʴ ʛʥʫʯʢʦ ʟʤʽʥʶʚʘʪʠ ʤʘʨʰʨʫʪ ʧʨʷʤʫʚʘʥʥʷ ʽʟ 
ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʠʨʦʢʦ ʨʦʟʚʠʥʝʥʦʾ ʚʫʣʠʯʥʦ-ʜʦʨʦʞʥʴʦʾ ʤʝʨʝʞʽ.  

2. ɻʥʫʯʢʽʩʪʴ. ʄʽʩʪʢʽʩʪʴ ʘʚʪʦʙʫʩʘ ʩʝʨʝʜʥʴʦʛʦ ʢʣʘʩʫ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʘ ʷʢ 
ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʥʦʮʽʥʥʦʾ ʪʨʫʜʦʚʦʾ ʤʽʛʨʘʮʽʾ ʥʝʚʝʣʠʢʦʛʦ ʤʽʩʪʘ, ʱʦ 
ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʦʜʠʥʠʮʴ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. 
ʎʝ ʜʦʟʚʦʣʷʻ ʛʥʫʯʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʧʦʧʠʪʫ, ʢʝʨʫʶʯʠ ʚʠʧʫʩʢʦʤ 
ʦʜʠʥʠʮʴ ʥʘ ʣʽʥʽʶ.  
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ɼʦ ʥʝʜʦʣʽʢʽʚ ʚʽʜʥʦʩʷʪʴ: 
1. ʅʝʝʢʦʣʦʛʽʯʥʽʩʪʴ. ɸʚʪʦʙʫʩʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʠʛʫʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ 
ʟʛʦʨʷʥʥʷ, ʷʢʽ ʚʠʢʠʜʘʶʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴʩʪʴ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚ 
ʘʪʤʦʩʬʝʨʫ.  

2. ʅʠʟʴʢʘ ʧʘʩʘʞʠʨʦʤʽʩʪʢʽʩʪʴ (ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ). 
3. ʅʠʟʴʢʘ ʥʘʜʽʡʥʽʩʪʴ. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʟʘʪʦʨʽʚ, ʪʦʱʦ. 
4. ʉʢʣʘʜʥʽʩʪʴ ʜʦʪʨʠʤʘʥʥʷ ʯʽʪʢʦʛʦ ʛʨʘʬʽʢʫ ʨʫʭʫ. ʇʨʠʯʠʥʠ (ʧ. 3)  ʥʝ 
ʜʦʟʚʦʣʷʶʪʴ ʛʨʦʤʘʜʷʥʘʤ ʟʜʽʡʩʥʶʚʘʪʠ ʯʽʪʢʝ ʧʣʘʥʫʚʘʥʥʷ ʧʦʾʟʜʦʢ ʫ ʯʘʩʽ.  

5. ɺʽʜʥʦʩʥʦ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʣʦʢʘʣʽʟʘʮʽʾ. ɹʽʣʴʰʽʩʪʴ ʘʚʪʦʙʫʩʽʚ, ʷʢʽ ʟʘʜʽʷʥʽ ʫ 
ʥʘʰ ʯʘʩ ʫ ʧʨʠʤʽʩʴʢʦʤʫ ʩʧʦʣʫʯʝʥʥʽ, ʻ ʽʤʧʦʨʪʥʠʤʠ. ɹʽʣʴʰʝ ʥʽʞ 4/5 
ʦʙʩʷʛʽʚ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʧʘʣʠʚ ʪʘʢʦʞ ʟʘʢʫʧʦʚʫʻʪʴʩʷ ʟ-ʟʘ ʢʦʨʜʦʥʫ [3, 4].  

ɺʩʝ ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʛʣʷʜʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ 
ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʷʪʥʠʢʦʚʠʭ ʤʽʛʨʘʮʽʡ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʨʝʛʽʦʥʽʚ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ 
ʻ ʪʨʘʥʩʧʦʨʪ ʟʘʣʽʟʥʠʯʥʠʡ. ʉʭʽʜʥʽ ʪʘ ʧʽʚʜʝʥʥʽ ʨʝʛʽʦʥʠ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʨʦʟʤʽʨ 
ʟʘʣʽʟʥʠʯʦʾ ʤʝʨʝʞʽ, ʱʦ ʽʩʪʦʨʠʯʥʦ ʩʬʦʨʤʫʚʘʣʘʩʴ ʯʝʨʝʟ ʾʭ ʧʨʦʤʠʩʣʦʚʫ 
ʩʧʝʮʽʘʣʽʟʘʮʽʶ. ʋ ʩʭʽʜʥʠʭ ʨʝʛʽʦʥʘʭ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʢʦʣʽʡ ʻ ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʦʶ, ʱʦ 
ʻ ʚʠʛʽʜʥʠʤ ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʘʤ ʧʨʠʤʽʩʴʢʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ 
ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʧʦʾʟʜʽʚ.  
ʇʝʨʝʚʘʛʠ:  

1. ʄʽʩʪʢʽʩʪʴ ʦʜʥʦʛʦ ʚʘʛʦʥʘ ʝʣʝʢʪʨʦʧʦʾʟʜʘ ʩʪʘʥʦʚʠʪʴ 100 ʩʠʜʷʯʠʭ 
ʧʘʩʘʞʠʨʽʚ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʫ ʪʠʧʦʚʦʛʦ ʧʨʠʤʽʩʴʢʦʛʦ ʘʚʪʦʙʫʩʘ 18...33. 
ɽʣʝʢʪʨʦʧʦʾʜʠ ʜʦʟʚʦʣʷʶʪʴ ʬʦʨʤʫʚʘʪʠ ʩʢʣʘʜʠ ʜʦʚʞʠʥʦʶ ʚʽʜ 4 ʜʦ 12 
ʚʘʛʦʥʽʚ. 

2. ʅʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʪʘ ʪʨʘʬʽʢʫ.  
3. ʈʫʭ ʟʘ ʯʽʪʢʠʤ ʛʨʘʬʽʢʦʤ.  
4. ʃʦʢʘʣʽʟʘʮʽʷ. ɼʣʷ ʨʫʭʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʪʯʠʟʥʷʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ, 
ʨʝʤʦʥʪ ʪʘ ʚʠʨʦʙʥʠʮʪʚʦ ʟʘʧʯʘʩʪʠʥ ʧʦʚʥʽʩʪʶ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʽʩʮʝʚʠʤʠ 
ʟʘʩʦʙʘʤʠ.  

5. ɽʢʦʣʦʛʽʯʥʽʩʪʴ.  
ʅʝʜʦʣʽʢʠ:  

1. ʇʦʨʽʚʥʷʥʦ ʤʝʥʰʘ ʯʘʩʪʦʪʘ ʨʫʭʫ, ʥʽʞ ʚ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ.  
2. ɿʥʘʯʥʦ ʥʠʞʯʘ ʤʦʙʽʣʴʥʽʩʪʴ. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʠʭ ʢʦʣʽʡ.  
3. ʄʝʥʰʽ ʤʦʞʣʠʚʦʩʪʽ ʱʦʜʦ ʛʥʫʯʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʟʤʽʥʠ ʧʦʧʠʪʫ.  

ɺʨʘʭʦʚʫʶʯʠ ʜʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙʦʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʜʦʮʽʣʴʥʠʤ ʻ ʧʦʻʜʥʘʥʥʷ 
ʾʭ ʥʘʡʢʨʘʱʠʭ ʷʢʦʩʪʝʡ ʟʘʜʣʷ ʧʦʙʫʜʦʚʠ ʷʢʽʩʥʦʾ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ 
ʩʠʩʪʝʤʠ ʫ ʧʦʩʪʨʘʞʜʘʣʠʭ ʨʝʛʽʦʥʘʭ. ʇʨʘʢʪʠʯʥʦ ʮʝ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʜʣʷ ʧʽʜʚʦʟʫ ʞʠʪʝʣʽʚ ʤʘʣʠʭ ʤʽʩʪ ʜʦ 
ʟʘʣʽʟʥʠʯʥʠʭ ʧʣʘʪʬʦʨʤ; ʘ ʝʣʝʢʪʨʦʧʦʾʟʜʠ ð ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 
ʧʘʩʘʞʠʨʽʚ ʥʘ ʙʽʣʴʰʽ ʚʽʜʩʪʘʥʽ.  

 
[1] ɯʥʪʝʨʚ'ʶ ʟ ɽʣʣʦʶ. ʃʽʙʘʥʦʚʦʶ. ʉʫʩʧʽʣʴʥʝ ʅʦʚʠʥʠ: ʚʝʙ-ʩʘʡʪ. URL: https://suspilne.media/396044-pidtverdzenna-
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ʄʫʣʴʪʠʤʦʜʘʣʴʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ï ʮʝ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʽʚ ʟʘ ʦʜʥʠʤ 

ʜʦʛʦʚʦʨʦʤ, ʷʢʝ ʚʠʢʦʥʫʻʪʴʩʷ ʙʽʣʴʰʝ ʥʽʞ ʜʚʦʤʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ ʟ ʦʜʥʠʤ 

ʪʨʘʥʩʧʦʨʪʥʠʤ ʜʦʢʫʤʝʥʪʦʤ (ʢʦʥʦʩʘʤʝʥʪʦʤ, ʪʨʘʥʩʧʦʨʪʥʦʶ ʥʘʢʣʘʜʥʦʶ). 

ʆʨʛʘʥʽʟʘʮʽʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʚʽʜʥʦʩʠʥʠ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʧʝʨʝʚʝʟʝʥʥʷ, ʘ ʪʘʢʦʞ ʾʭ ʧʨʘʚʘ, ʦʙʦʚôʷʟʢʠ ʽ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʦʛʦʚʦʨʦʤ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʧʝʨʝʚʝʟʝʥʥʷ ʪʘ ʽʥʰʠʤʠ 

ʜʦʛʦʚʦʨʘʤʠ. 

ɼʦ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʧʝʨʝʚʝʟʝʥʥʷ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʙʫʜʴ-ʷʢʫ ʟ ʜʦʩʪʘʚʢʫ 

ʚʘʥʪʘʞʫ, ʷʢʘ ʚʠʭʦʜʠʪʴ ʟʘ ʨʘʤʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ʇʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚ ʪʦʤʫ, ʱʦ ʮʝ ʻʜʠʥʠʡ 

ʩʧʦʩʽʙ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʤʽʞ ʤʘʪʝʨʠʢʘʤʠ, ʪʘʢʦʞ ʣʦʛʽʩʪ ʤʦʞʝ ʢʦʤʧʦʥʫʚʘʪʠ 

ʣʶʙʠʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʫ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʨʝʩʫʨʩʽʚ, ʪʝʨʤʽʥʽʚ ʜʦʩʪʘʚʢʠ ʪʘ ʾʾ 

ʚʘʨʪʦʩʪʽ. 

ʄʫʣʴʪʠʤʦʜʘʣʴʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʻ ʦʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʟʦʚʥʽʰʥʴʦʾ 

ʪʦʨʛʽʚʣʽ, ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 40 ʨʦʢʽʚ ʙʫʣʦ ʧʨʠʡʥʷʪʦ 3 ʢʦʥʚʝʥʮʽʾ ʆʆʅ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ: 

- ɺʥʫʪʨʽʰʥʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ï ʤʫʣʴʪʠʤʦʜʘʣʴʥʝ 

ʧʝʨʝʚʝʟʝʥʥʷ ʙʝʟ ʧʝʨʝʪʠʥʫ ʜʝʨʞʘʚʥʦʛʦ ʢʦʨʜʦʥʫ. 

- ʄʞ̔ʥʘʨʦʜʥʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ï ʤʫʣʴʪʠʤʦʜʘʣʴʥʝ 

ʧʝʨʝʚʝʟʝʥʥʷ ʟ ʧʝʨʝʪʠʥʦʤ ʜʝʨʞʘʚʥʦʛʦ ʢʦʨʜʦʥʫ 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɯʥʪʝʨʤʦʜʘʣʴʥʝ ʧʝʨʝʚʝʟʝʥʥʷ ʻ 

ʨʽʟʥʦʚʠʜʦʤ ʤʫʣʴʪʠʤʦʜʘʣʴʥʦʛʦ ʡ ʦʟʥʘʯʘʻ ʧʦʩʣʽʜʦʚʥʝ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ 

ʜʚʦʤʘ ʘʙʦ ʙʽʣʴʰʝ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ ʚ ʦʜʥʽʡ ʽ ʪʽʡ ʩʘʤʽʡ ʚʘʥʪʘʞʥʽʡ ʦʜʠʥʠʮʽ ʙʝʟ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚʘʥʪʘʞʫ ʧʽʜ ʯʘʩ ʟʤʽʥʠ ʪʨʘʥʩʧʦʨʪʫ. 

ɸʥʘʣʽʟʫʶʯʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ ʧʝʨʝʚʝʟʝʥʥʷ, ʘʚʪʦʨʠ ʜʘʶʪʴ ʚʣʘʩʥʽ ʚʠʟʥʘʯʝʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʦʥʷʪʪʷ. ɺ ʋʢʨʘʾʥʽ, ʩʝʨʝʜ ʫʩʽʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʟʘʣʽʟʥʠʯʥʠʡ 

ʪʨʘʥʩʧʦʨʪ ʟʘʡʤʘʻ ʧʨʦʚʽʜʥʝ ʤʽʩʮʝ. 

ʆʜʥʽʻʶ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʽʚ ʟʘʣʽʟʥʠʮʝʶ 

ʻ ʩʧʦʩʽʙ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʪʝʡʥʝʨʽʚ ʫ ʩʢʣʘʜʽ ʽʥʪʝʨʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. [1] 
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ʉ.ʄ. ɼʠʤʘʨʯʫʢ ʟʘʟʥʘʯʘʻ, ʱʦ çʢʦʤʧʣʝʢʩʥʽ ʣʦʛʽʩʪʠʯʥʽ ʽʥʪʝʨʤʦʜʘʣʴʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʻ ʥʘʡʜʦʩʢʦʥʘʣʽʰʦʶ ʬʦʨʤʦʶ ʦʨʛʘʥʽʟʘʮʽʾ ʧʝʨʝʚʝʟʝʥʴ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʜʘʶʪʴ ʟʤʦʛʫ ʽʥʪʝʛʨʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʝʚʘʛʠ ʢʦʞʥʦʛʦ ʚʠʜʫ ʪʨʘʥʩʧʦʨʪʫ ʽ 

ʥʘʜʘʶʪʴ ʢʦʨʠʩʪʫʚʘʯʫ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʝʨʚʽʩʫ ʧʝʨʝʚʝʟʝʥʴè [2] 

ʆ.ɯ. ʇʝʪʨʝʥʢʦ, ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʻ ʦʜʥʠʤʠ ʽʟ ʥʘʡʩʢʣʘʜʥʽʰʠʭ 

ʨʽʟʥʦʚʠʜʽʚ ʣʦʛʽʩʪʠʯʥʦʛʦ ʧʨʦʮʝʩʫ. ɺʽʥ ʚʠʟʥʘʯʘʻ ʾʭ ʷʢ çʚʥʫʪʨʽʰʥʴʦʜʝʨʞʘʚʥʽ ʪʘ 

ʤʽʞʥʘʨʦʜʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʫ ʟʤʽʰʘʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʟʘ ʫʤʦʚʠ ʜʦʩʪʘʚʢʠ 

ʚʘʥʪʘʞʫ ʜʦ ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ ʜʚʦʤʘ ʘʙʦ ʙʽʣʴʰʝ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ ʥʘ 

ʧʽʜʩʪʘʚʽ ʻʜʠʥʦʛʦ ʜʦʛʦʚʦʨʫè [3]. 

ɺʽʜʤʽʥʥʽʩʪʴ ʽʥʪʝʨʤʦʜʘʣʴʥʠʭ ʪʘ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ: 

- ʋ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ ʚ ʧʨʦʮʝʩʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʙʝʨʝ ʫʯʘʩʪʴ ʦʜʥʘ ʢʦʤʧʘʥʽʷ.  

- ʋ ʽʥʪʝʨʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ ʟʘʤʦʚʥʠʢ ʧʨʘʮʶʻ ʟ 

ʜʝʢʽʣʴʢʦʤʘ ʢʦʤʧʘʥʽʷʤʠ. 

- ʋ ʽʥʪʝʨʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ ʚʩʽ ʫʯʘʩʥʠʢʠ ʤʘʶʪʴ ʩʚʦʶ 

ʯʘʩʪʢʫ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʚʠʟʥʘʯʝʥʥʷ ʚʠʥʫʚʘʪʮʷ ʫ 

ʚʠʧʘʜʢʫ ʧʦʰʢʦʜʞʝʥʥʷ ʪʦʚʘʨʫ. 

- ʋ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ ʦʬʦʨʤʣʷʻʪʴʩʷ ʦʜʠʥ ʧʘʢʝʪ 

ʜʦʢʫʤʝʥʪʽʚ ʜʣʷ ʚʩʴʦʛʦ ʚʘʥʪʘʞʫ, 

-  ʋ ̔ʥʪʝʨʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ  ̒ʥʝʦʙʭʽʜʥʽʩʪʴ ʤʘʪʠ ʢʽʣʴʢʘ 

ʧʘʢʝʪʽʚ ʜʦʢʫʤʝʥʪʽʚ ʜʣʷ ʨʽʟʥʠʭ ʫʯʘʩʥʠʢʽʚ ʧʝʨʝʚʝʟʝʥʥʷ  ʚʘʥʪʘʞʫ. 
 

ɿʘ ʤʦʾʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʤʘʶʪʴ ʪʘʢʽ 

ʧʝʨʝʚʘʛʠ: 

- ɿʥʠʞʝʥʥʷ ʚʠʪʨʘʪ 

- ʋʢʣʘʜʘʥʥʷ ʜʦʛʦʚʦʨʫ ʟ ʦʜʥʽʻʶ ʢʦʤʧʘʥʽʻʶ 

- ʉʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʜʦʩʪʘʚʢʠ (ʜʦʩʪʘʚʢʦʶ ʚʘʥʪʘʞʫ ʟʘʡʤʘʻʪʴʩʷ 

ʧʽʜʨʷʜʥʠʢ) 
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- ʂʦʤʧʘʥʽʷ-ʧʝʨʝʚʽʟʥʠʢ ʧʨʘʮʶʻ ʟʽ ʩʚʦʾʤʠ ʧʽʜʨʷʜʥʠʢʘʤʠ 

- ɹʝʟʧʝʯʥʘ ʜʦʩʪʘʚʢʘ ʚʘʥʪʘʞʽʚ (ʚʠʢʦʥʘʚʝʮʴ ʥʝʩʝ ʧʦʚʥʫ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ) 

- ʆʜʠʥ ʧʘʢʝʪ ʜʦʢʫʤʝʥʪʽʚ ʜʣʷ ʚʘʥʪʘʞʫ 

ʅʘ ʤʦʶ ʜʫʤʢʫ, ʚʩʽ ʮʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʣʦʷʣʴʥʽʩʪʴ ʢʣʽʻʥʪʘ, ʪʘ 

ʩʧʨʠʷʶʪʴ ʛʘʨʥʠʤ ʫʤʦʚʘʤ ʩʧʽʚʧʨʘʮʽ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʢʦʤʧʘʥʽʷ ʧʝʨʝʚʽʟʥʠʢ ʧʨʘʮʶʻ 

ʟʽ ʩʚʦʾʤʠ ʧʦʩʪʽʡʥʠʤʠ, ʥʘʜʽʡʥʠʤʠ ʧʽʜʨʷʜʥʠʢʘʤʠ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʽʥʽʤʽʟʫʻ 

ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʬʦʨʩ-ʤʘʞʦʨʥʠʭ ʩʠʪʫʘʮʽʡ, ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʜʦʩʪʘʚʢʠ 

ʚʘʥʪʘʞʫ, ʧʦʰʢʦʜʞʝʥʴ ʪʘ ʱʝ ʙʝʟʣʽʯ ʷʢʠʭ ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʦʙʩʪʘʚʠʥ. 
 

[1] ʆʛʘʨ ʄ.ʆ. ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʽʥʪʝʨʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚ ʋʢʨʘʾʥʠ 

(http://lib.kart.edu.ua/bitstream/123456789/11075/1/Ohar.pdf) 

[2] ɼʠʤʘʨʯʫʢ ʉ.ʄ. ʆʩʦʙʣʠʚʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤ ʽʥʪʝʨʤʦʜʘʣʴʥʠʭ 

ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʴ. ɺʽʩʥʠʢ ɼʋ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. 2000. ˉ 390. ʉ. 20ï22. 

[3] ʇʝʪʨʝʥʢʦ ʆ.ɯ. ʇʨʦʙʣʝʤʠ ʨʦʟʚʠʪʢʫ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚ ʋʢʨʘʾʥʽ ʪʘ ʰʣʷʭʠ ʾʭ ʨʦʟʚôʷʟʘʥʥʷ. ˉ 5. ʉ. 

URL: http://www.economy.nayka.com.ua/?op=1&z=5582 [3] 

 

 

ʋɼʂ 656.2 
 

ʇʈʆʇʆɿʀʎɯɰ ɿ ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʂʆʅʊɽʁʅɽʈʅʀʍ 

ʇɽʈɽɺɽɿɽʅʔ 

 

PROPOSALS FOR IMPROVING THE EFFICIENCY OF CONTAINER 

TRANSPORTATION  

 

 ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ʆ.ʄ. ʂʦʩʪʻʥʥʽʢʦʚ
1
, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ʆ.ʆ. ʗʨʠʪʘ

2 

1
ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʤ. ʍʘʨʢʽʚ) 

2
ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʤ. ʍʘʨʢʽʚ)  

 

O. ʂostiennikov O., PhD (Tech.) 
1
 , O. Yaryta PhD (Tech.) 

2
 

1
Ukrainian State University of Railway Transport (Kharkiv) 

2
Kharkiv National automobile and highway university (Kharkiv) 

 

ʂʦʥʪʝʡʥʝʨʥʽ ʪʝʨʤʽʥʘʣʠ ʽʟ ʩʝʨʝʜʥʽʤʠ ʦʙʩʷʛʘʤʠ ʨʦʙʦʪʠ ʚ ʦʩʥʦʚʥʦʤʫ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʘ ʚʘʥʪʘʞʥʠʭ ʩʪʘʥʮʽʷʭ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ. ʇʨʠ ʾʭ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʦʙʩʷʛʠ ʨʦʙʦʪʠ ʙʫʣʠ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤʠ, ʥʽʞ ʟʘʨʘʟ, ʪʦʤʫ ʻʤʥʽʩʪʴ 

ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʣʦʱʘʜʦʢ ʥʘ ʩʴʦʛʦʜʥʽ ʧʝʨʝʚʠʱʫʻ ʧʦʪʨʽʙʥʫ [1]. ʏʘʩʪʠʥʫ 

ʧʣʦʱʘʜʦʢ ʙʫʣʦ ʟʘʢʦʥʩʝʨʚʦʚʘʥʦ, ʘʣʝ ʮʝ ʚʠʢʣʠʢʘʻ ʜʦʜʘʪʢʦʚʽ ʱʦʨʽʯʥʽ ʚʠʪʨʘʪʠ ʥʘ 

ʾʭ ʫʪʨʠʤʘʥʥʷ, ʪʦʤʫ ʦʢʨʝʤʽ ʢʝʨʽʚʥʠʢʠ ʫʢʣʘʣʠ ʫʛʦʜʠ ʟ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, ʷʢʽ 

ʧʦʩʪʽʡʥʦ ʚʠʢʦʥʫʶʪʴ ʨʦʙʦʪʫ ʟ ʢʦʥʪʝʡʥʝʨʘʤʠ, ʥʘ ʦʨʝʥʜʫ ʦʢʨʝʤʠʭ ʢʦʥʪʝʡʥʝʨʥʠʭ 

ʧʣʦʱʘʜʦʢ ʘʙʦ ʥʘ ʦʢʨʝʤʽ ʯʘʩʪʠʥʠ ʾʭ ʧʣʦʱ. ʅʘ ʞʘʣʴ ʩʫʯʘʩʥʠʡ ʩʪʘʥ 

ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʥʘ ʟʘʣʽʟʥʠʯʥʽʡ ʤʝʨʝʞʽ ʋʢʨʘʾʥʠ ʥʝʟʘʜʦʚʽʣʴʥʠʡ. 

ɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʡ ʧʦʚôʷʟʘʥʽ ʟ ʥʦʚʠʤʠ ʬʦʨʤʘʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʧʝʨʝʚʝʟʝʥʴ. 

ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʮʝʥʪʨʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʝʨʚʽʩʫ, ʫ ʚʣʘʩʥʦʩʪʽ ʷʢʦʛʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʢʦʥʪʝʡʥʝʨʠ ʪʘ ʧʣʘʪʬʦʨʤʠ. ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ 

ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʢʦʤʧʘʥʽʾ ʻ ʦʨʛʘʥʽʟʘʮʽʷ ʧʨʷʤʠʭ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʦʾʟʜʽʚ ʤʽʞ 
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ʪʝʨʤʽʥʘʣʘʤʠ, ʷʢʽ ʻ ʫ ʚʣʘʩʥʦʩʪʽ ʢʦʤʧʘʥʽʾ. ʆʨʛʘʥʽʟʘʮʽʷ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʦʾʟʜʽʚ 

ʢʦʨʠʩʪʫʻʪʴʩʷ ʧʦʧʠʪʦʤ ʧʨʦʚʽʜʥʠʭ ʣʦʛʽʩʪʠʯʥʠʭ ʢʦʤʧʘʥʽʡ, ʷʢʽ ʟʘʮʽʢʘʚʣʝʥʽ ʚ 

ʧʨʠʩʢʦʨʝʥʽʡ ʜʦʩʪʘʚʮʽ ʜʦ ʦʜʝʨʞʫʚʘʯʘ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʘʥʪʘʞʫ. ɸʣʝ ʥʘ ʩʴʦʛʦʜʥʽ 

ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞʽʚ ʚ ʢʦʥʪʝʡʥʝʨʘʭ ʚʠʢʦʥʫʻʪʴʩʷ ʦʜʠʥʦʯʥʠʤʠ 

ʚʘʛʦʥʘʤʠ ʚ ʩʢʣʘʜʽ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ. ɺʠʭʦʜʷʯʠ ʽʟ ʩʚʽʪʦʚʦʛʦ ʜʦʩʚʽʜʫ ʨʦʟʚʠʪʢʫ 

ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʘʢʪʫʘʣʴʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʢʦʥʪʝʡʥʝʨʥʠʭ ʪʝʨʤʽʥʘʣʽʚ, ʷʢʽ 

ʙʫʜʫʪʴ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʪʘ ʫʢʨʫʧʥʠʪʠ ʨʦʟʦʩʝʨʝʜʞʝʥʽ 

ʢʦʥʪʝʡʥʝʨʥʽ ʧʦʪʦʢʠ, ʘ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣʷʪʠ ʾʭ ʥʘ ʪʝʨʤʽʥʘʣʠ ʧʨʠʟʥʘʯʝʥʥʷ ʰʣʷʭʦʤ 

ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʷʤʠʭ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʦʾʟʜʽʚ, ʪʦʙʪʦ ʙʫʜʫʪʴ ʢʦʥʪʝʡʥʝʨʥʠʤʠ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʦ-ʨʦʟʧʦʜʽʣʴʯʠʤʠ ʮʝʥʪʨʘʤʠ (ʂʅʈʎ) [2]. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʚ ʟʥʘʯʥʽʡ ʯʘʩʪʠʥʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʨʦʙʽʪ ʪʝʨʤʽʥʘʣʠ 

ʚʠʢʦʥʫʶʪʴ ʪʽʣʴʢʠ ʦʜʥʫ ʬʫʥʢʮʽʶ ï ʧʝʨʝʨʦʙʢʠ ʢʦʥʪʝʡʥʝʨʽʚ. ɸʣʝ ʚ ʫʤʦʚʘʭ 

ʩʫʯʘʩʥʦʛʦ ʨʠʥʢʫ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʜʦ ʪʝʨʤʽʥʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

ʚʠʩʫʚʘʶʪʴʩʷ ʥʦʚʽ ʚʠʤʦʛʠ [3]. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʜʦʩʚʽʜʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʢʦʥʪʝʡʥʝʨʥʠʭ ʪʝʨʤʽʥʘʣʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ɭʚʧʨʦʧʠ, ʉʐɸ ʪʘ ʂʘʥʘʜʠ ʤʦʞʣʠʚʦ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʘʩʪʫʧʥʽ ʟʘʛʘʣʴʥʦʩʚʽʪʦʚʽ ʪʝʥʜʝʥʮʽʾ ʚ ʨʦʟʚʠʪʢʫ 

ʪʝʨʤʽʥʘʣʴʥʦ-ʣʦʛʽʩʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʟʘʣʽʟʥʠʯʥʠʤ 

ʪʨʘʥʩʧʦʨʪʦʤ.: 

- ʩʪʚʦʨʝʥʥʷ ʚ ʪʝʭʥʽʯʥʦʤʫ ʦʩʥʘʱʝʥʥʽ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦ-ʨʦʟʧʦʜʽʣʴʯʠʭ ʮʝʥʪʨʽʚ, 

ʷʢʽ ʚʠʩʪʫʧʘʶʪʴ ʚ ʨʦʣʽ ʢʦʥʮʝʥʪʨʘʪʽʚ ʽ ʨʦʟʧʦʜʽʣʴʥʠʢʽʚ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʦʪʦʢʽʚ 

ʷʚʣʷʻʪʴʩʷ ʟʘʛʘʣʴʥʦʩʚʽʪʦʚʦʶ ʪʝʥʜʝʥʮʽʻʶ; 

- ʦʨʛʘʥʽʟʘʮʽʷ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʦʪʦʢʽʚ ʤʽʞ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦ-

ʨʦʟʧʦʜʽʣʴʯʠʤʠ ʮʝʥʪʨʘʤʠ ʚ ʉʐɸ ʪʘ ʂʘʥʘʜʽ ʚʠʢʦʥʫʻʪʴʩʷ ʢʦʥʪʝʡʥʝʨʥʠʤʠ 

ʧʦʾʟʜʘʤʠ. ʉʭʦʞʽ ʪʝʥʜʝʥʮʽʾ ʤʘʶʪʴ ʤʽʩʮʝ ʽ ʚ ɭʚʚʨʦʧʽ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʘʥʘʣʽʟʫ ʨʠʥʢʫ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʋʢʨʘʾʥʠ, ʚ ʷʢʠʭ 

ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʩʢʣʘʜʘʶʪʴ ʦʜʠʥʦʯʥʽ ʚʽʜʧʨʘʚʣʝʥʥʷ ʚʘʛʦʥʘʤʠ ʚ ʩʢʣʘʜʽ ʚʘʥʪʘʞʥʠʭ 

ʧʦʾʟʜʽʚ, ʘ ʪʘʢʦʞ ʩʫʯʘʩʥʠʤʠ ʟʘʛʘʣʴʥʦʩʚʽʪʦʚʠʭ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʜʘʥʦʾ ʛʘʣʫʟʽ, 

ʤʦʞʣʠʚʦ ʧʦʩʪʘʚʠʪʠ ʧʠʪʘʥʥʷ ʧʨʦ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʩʪʚʦʨʝʥʥʷ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦ-ʨʦʟʧʦʜʽʣʴʯʠʭ ʮʝʥʪʨʽʚ ʥʘ ʤʝʨʝʞʽ ʟʘʣʽʟʥʠʮʴ ʋʢʨʘʾʥʠ, 

ʷʢʽ ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʨʫʭʦʤ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʦʾʟʜʽʚ. 

ʂʦʥʪʝʡʥʝʨʥʠʡ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦ ï ʨʦʟʧʦʜʽʣʴʥʠʡ ʮʝʥʪʨ ʜʣʷ ʪʝʨʤʽʥʘʣʫ ʮʝʥʪʨʫ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʝʨʚʽʩʫ, ʟʜʘʪʥʠʤ ʧʨʘʮʶʚʘʪʠ ʚ ʷʢʦʩʪʽ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʛʦ ʽ 

ʨʦʟʧʦʜʽʣʴʥʦʛʦ  ʮʝʥʪʨʫ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʦʪʦʢʽʚ. ʂʅʈʎ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʪʝʨʤʽʥʘʣʫ ʪʠʤ, ʱʦ ʥʝ ʪʽʣʴʢʠ ʧʝʨʝʨʦʙʣʷʻ, ʘ ʱʝ ʡ 

ʦʙ'ʻʜʥʫʻ ʪʘ ʨʦʟʧʦʜʽʣʷʻ ʢʦʥʪʝʡʥʝʨʥʽ ʧʦʪʦʢʠ. ʂʦʥʪʝʡʥʝʨʥʽ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦ ï 

ʨʦʟʧʦʜʽʣʴʥʽ ʮʝʥʪʨʠ ʧʣʘʥʫʻʪʴʩʷ ʫʪʚʦʨʶʚʘʪʠ ʥʘ ʙʘʟʽ ʜʽʶʯʠʭ ʢʦʥʪʝʡʥʝʨʥʠʭ 

ʪʝʨʤʽʥʘʣʽʚ ʦʧʝʨʘʪʦʨʩʴʢʠʭ ʢʦʤʧʘʥʽʡ. ʇʦʜʽʙʥʽ ʮʝʥʪʨʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʽ ʤʽʞ 

ʩʦʙʦʶ ʧʨʷʤʠʤʠ ʢʦʥʪʝʡʥʝʨʥʠʤʠ ʧʦʾʟʜʘʤʠ, ʪʦʤʫ ʜʨʫʛʦʶ ʚʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʂʅʈʎ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʡʤʘʪʠ ʽ ʬʦʨʤʫʚʘʪʠ ʢʦʥʪʝʡʥʝʨʥʽ ʧʦʾʟʜʠ ʥʘ ʩʚʦʾʡ 

ʪʝʨʠʪʦʨʽʾ. 
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ɽʚʨʦʧʝ ʠʣʠ ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʯʪʦʙʳ ʩʠʩʪʝʤʘ ʙʳʣʘ ʥʘ 30% ʵʬʬʝʢʪʠʚʥʝʝ. ʈʠʛʘ, 2007. 191 ʩ. 
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ʋʢʨʘʾʥʘ ʚʽʜʽʛʨʘʻ ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʩʚʽʪʦʚʽʡ ʧʝʨʝʨʦʙʮʽ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ. 

ʂʨʘʾʥʘ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰʠʭ ʚʠʨʦʙʥʠʢʽʚ ʪʘ ʝʢʩʧʦʨʪʝʨʽʚ ʚʠʩʦʢʦʷʢʽʩʥʠʭ 

ʟʝʨʥʦʚʠʭ, ʪʘʢʠʭ ʷʢ ʧʰʝʥʠʮʷ, ʢʫʢʫʨʫʜʟʘ, ʷʯʤʽʥʴ ʪʘ ʽʥʰʽ. ɽʢʩʧʦʨʪ ʟʝʨʥʦʚʠʭ ʻ 

ʚʘʞʣʠʚʠʤ ʜʞʝʨʝʣʦʤ ʧʨʠʙʫʪʢʽʚ ʜʣʷ ʋʢʨʘʾʥʠ. ɿʘʚʜʷʢʠ ʩʚʦʻʤʫ ʛʝʦʛʨʘʬʽʯʥʦʤʫ 

ʧʦʣʦʞʝʥʥʶ ʋʢʨʘʾʥʘ ʤʘʻ ʜʦʩʪʫʧ ʜʦ ʢʣʶʯʦʚʠʭ ʨʠʥʢʽʚ ʫ ɭʚʨʦʧʽ, ɸʟʽʾ ʪʘ ʽʥʰʠʭ 

ʨʝʛʽʦʥʘʭ ʩʚʽʪʫ. ɿʝʨʥʦʚʽ ʚʘʥʪʘʞʽ ʟ ʋʢʨʘʾʥʠ ʝʢʩʧʦʨʪʫʶʪʴʩʷ ʫ ʧʦʥʘʜ 100 ʢʨʘʾʥ. 

ʊʘʢʦʞ ʋʢʨʘʾʥʘ ʨʦʟʚʠʚʘʻ ʽ ʚʥʫʪʨʽʰʥʽʡ ʨʠʥʦʢ ʩʪʦʩʦʚʥʦ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ. 

ɼʦ ʚʽʡʥʠ ʋʢʨʘʾʥʘ ʥʘ ʨʽʢ ʝʢʩʧʦʨʪʫʚʘʣʘ 60-65 ʤʣʥ. ʪʦʥ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʮʝ 

ʧʨʠʙʣʠʟʥʦ 5-7 ʤʣʥ. ʪʦʥ ʟʝʨʥʘ ʚ ʤʽʩʷʮʴ, ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 65% (ʤʘʡʞʝ 4 ʤʣʥ. ʪʦʥ) 

ʧʝʨʝʚʦʟʠʣʘʩʷ ʟʘʣʽʟʥʠʮʝʶ ʜʦ ʧʦʨʪʽʚ. ʈʝʰʪʘ ʟʝʨʥʘ ʜʦʩʪʘʚʣʷʣʘʩʷ ʘʙʦ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ, ʘʙʦ ʨʽʯʢʦʚʠʤ ʪʨʘʥʩʧʦʨʪʦʤ [1]. 

ɺʟʘʛʘʣʽ ʟ 24 ʣʶʪʦʛʦ 2022 ʨ. ʯʝʨʝʟ ʚʪʦʨʛʥʝʥʥʷ ʈʌ ʚ ʋʢʨʘʾʥʫ ʧʦʢʘʟʥʠʢʠ 

ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʜʫʞʫ ʟʤʝʥʰʠʣʠʩʷ ï ʦʙʩʷʛ ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞʽʚ 

ʫ 2022 ʨ. ʟʤʝʥʰʠʚʩʷ ʥʘ 52,1 %, ʘʙʦ ʥʘ 163,7 ʤʣʥ ʪ [2]. 

ʋʢʨʟʘʣʽʟʥʠʮʷ ʚ 2022 ʨʦʮʽ ʧʝʨʝʚʝʟʣʘ 150,582 ʤʣʥ. ʪʦʥʥ ʚʘʥʪʘʞʽʚ. ʎʝ ʥʘ 

52,1% ʤʝʥʰʝ ʧʦʢʘʟʥʠʢʘ 2021 ʨʦʢʫ. ʅʘʡʤʝʥʰʝ ʚʧʘʣʦ ʧʝʨʝʚʝʟʝʥʥʷ ʟʝʨʥʦʚʠʭ. 

ʋʢʨʟʘʣʽʟʥʠʮʝʶ ʧʝʨʝʚʝʟʝʥʦ ʙʽʣʴʰʝ 28,871 ʤʣʥ. ʪ ʟʝʨʥʦʚʠʭ, ʱʦ ʥʘ 14,2% ʤʝʥʰʝ 

ʧʝʨʝʚʝʟʝʥʦʛʦ ʚ 2021 ʨʦʮʽ. ʆʜʥʘ ʟ ʧʨʠʯʠʥ ï ʮʝ ʫʜʘʨʠ ʢʨʘʾʥʠ-ʘʛʨʝʩʦʨʘ ʧʦ 

ʝʥʝʨʛʝʪʠʯʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʫ ʛʨʫʜʥʽ 2022 ʨʦʢʫ ʟʨʦʩʣʠ 

ʧʝʨʝʚʝʟʝʥʥʷ ʟʝʨʥʘ, ʜʦʙʨʠʚ, ʭʽʤʽʢʘʪʽʚ, ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʩʦʣʽ, ʘ ʪʘʢʦʞ ʧʨʦʜʫʢʮʽʾ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ʇʝʨʝʚʝʟʝʥʥʷ ʟʝʨʥʘ ʟ ʣʠʩʪʦʧʘʜʘ ʧʽʜʚʠʱʠʣʠʩʴ ʥʘ 0,5 ʤʣʥ. 

ʪʦʥʥ (ʥʘ 18,8%) [3]. 

ʋʢʨʘʾʥʘ  ̒ ʢʣʶʯʦʚʠʤ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ ʢʫʢʫʨʫʜʟʠ ʜʦ ʢʨʘʾʥ ɭʉ. ʆʙʩʷʛʠ 

ʝʢʩʧʦʨʪʫ ʟʨʦʩʣʠ ʟ 8 ʤʣʥ. ʪʦʥʥ ʫ 2021 ʨʦʮʽ ʜʦ 11,32 ʤʣʥ. ʪʦʥʥ ʫ 2022 ʨʦʮʽ. 

ʉʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ ʫ 2021 ʨʦʮʽ ʝʢʩʧʦʨʪʦʚʘʥʦ ʜʦ ʢʨʘʾʥ ɭʉ 1,96 ʤʣʥ. ʪʦʥʥ, ʫ 2022 

ʨʦʮʽ ï 2,05 ʤʣʥ. ʪ. ʉʦʻʚʦʾ ʦʣʽʾ: ʫ 2021 ʨʦʮʽ ï 183 ʪʠʩ. ʪʦʥʥ, ʫ 2022 ʨʦʮʽ 214 ʪʠʩ. 

ʪʦʥʥ. ʉʦʥʷʰʥʠʢʦʚʦʛʦ ʰʨʦʪʫ: ʫ 2022 ʨʦʮʽ ï 1,4 ʤʣʥ. ʪʦʥʥ. ɽʢʩʧʦʨʪ ʛʦʨʽʭʽʚ 

ʩʢʦʨʦʪʠʚʩʷ ʟ 20 ʪʠʩ. ʪ. ʫ 2021 ʨʦʮʽ ʜʦ 13 ʪʠʩ. ʪʦʥʥ ʫ 2022 ʨʦʮʽ [4].  

ɿʘʛʘʣʦʤ ʋʢʨʟʘʣʽʟʥʠʮʷ ʚ ʫʤʦʚʘʭ ʘʢʪʠʚʥʠʭ ʙʦʡʦʚʠʭ ʜʽʡ ʪʘ ʨʫʡʥʫʚʘʥʴ 

ʟʘʣʽʟʥʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ 2022 ʨʦʮʽ ʧʝʨʝʚʝʟʣʘ 28,9 ʤʣʥ. ʪʦʥʥ ʟʝʨʥʘ, ʥʘ 

ʝʢʩʧʦʨʪ ï 22,55 ʤʣʥ. ʪʦʥʥ [5] 
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ʇʝʨʝʚʝʟʝʥʥʷ ʟʝʨʥʦʚʠʭ ʥʘ ʝʢʩʧʦʨʪ ʫ ʣʶʪʦʤʫ 2023 ʨʦʢʫ ʩʢʣʘʣʠ 2,5 ʤʣʥ. ʪ, 

ʘʙʦ 47% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʧʝʨʝʚʝʟʝʥʴ ʟʝʨʥʦʚʠʭ [6]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʅʘʮʽʦʥʘʣʴʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʪʨʘʪʝʛʽʾ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 

2030 ʨʦʢʫ [7], ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʟʝʨʥʦʚʠʭ ʚʘʥʪʘʞʽʚ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʽʩʥʫʶʯʠʭ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʨʦʙʦʪʠ ʟ ʨʘʮʽʦʥʘʣʴʥʠʤ ʪʝʭʥʽʯʥʠʤ 

ʦʩʥʘʱʝʥʥʷʤ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʤʦʜʝʣʝʡ. ʊʦʤʫ ʚ ʩʫʯʘʩʥʠʭ 

ʫʤʦʚʘʭ ʥʝʦʙʭʽʜʥʽ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʨʦʙʦʪʠ, ʥʦʚʽ ʨʽʰʝʥʥʷ ʧʦ ʧʝʨʝʨʦʙʮʽ 

ʟʝʨʥʦʚʠʭ ʚʘʥʪʘʞʽʚ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʨʦʙʢʠ ʟʝʨʥʦʚʠʭ ʦʜʥʽʻʶ ʟ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʻ ʧʝʨʝʚʝʟʝʥʥʷ ʟʝʨʥʘ ʚ ʢʦʥʪʝʡʥʝʨʘʭ. ʈʦʟʨʦʙʢʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʢʦʥʪʝʡʥʝʨʽʚ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʟʝʨʥʘ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ ʚʠʪʨʘʪʠ ʪʘ ʧʽʜʚʠʱʫʻ 

ʟʙʝʨʝʞʝʥʥʷ ʚʘʥʪʘʞʫ. ʂʦʥʪʝʡʥʝʨʠ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦʩʪʘʪʥʶ ʚʝʥʪʠʣʷʮʽʶ, 

ʟʘʭʠʩʪ ʚʽʜ ʚʦʣʦʛʠ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʪʘʢʠʭ ʷʢ ʧʝʨʝʢʠʜʘʯʽ ʢʦʥʪʝʡʥʝʨʽʚ. ʈʝʛʫʣʶʚʘʥʥʷ ʚʤʽʩʪʫ 

ʢʠʩʥʶ ʪʘ ʨʽʚʥʷ ʚʦʣʦʛʦʩʪʽ ʫ ʚʘʛʦʥʘʭ ʘʙʦ ʢʦʥʪʝʡʥʝʨʘʭ ʤʦʞʝ ʩʧʨʠʷʪʠ ʟʙʽʣʴʰʝʥʥʶ 

ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ ʟʝʨʥʘ ʧʽʜ ʯʘʩ ʧʝʨʝʚʝʟʝʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʤʦʥʽʪʦʨʠʥʛʫ, ʪʘʢʠʭ ʷʢ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ ʪʘ ʪʠʩʢʫ, 

ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʫ ʚʽʜʩʪʝʞʝʥʥʽ ʫʤʦʚ ʧʝʨʝʚʝʟʝʥʥʷ ʟʝʨʥʘ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ 

ʨʝʘʛʫʚʘʪʠ ʥʘ ʙʫʜʴ-ʷʢʽ ʚʽʜʭʠʣʝʥʥʷ ʪʘ ʟʘʧʦʙʽʛʘʪʠ ʤʦʞʣʠʚʠʤ ʧʦʰʢʦʜʞʝʥʥʷʤ 

ʚʘʥʪʘʞʫ. 

ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʬʝʨʫ ʧʝʨʝʚʝʟʝʥʴ ʟʝʨʥʘ, 

ʨʦʟʨʦʙʢʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ 

ʟʙʽʣʴʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʰʚʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ ʟʝʨʥʦʚʠʭ ʚʘʥʪʘʞʽʚ. ʎʝ ʪʘʢʦʞ 

ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʟʤʝʥʰʠʪʠ ʨʠʟʠʢ ʧʦʰʢʦʜʞʝʥʥʷ ʟʝʨʥʘ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʚʝʟʝʥʥʷ. 

ɿʘʚʜʷʢʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʶ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʧʨʦʮʝʩ 

ʣʦʛʽʩʪʠʢʠ ʩʪʘʚ ʰʚʠʜʢʠʤ, ʪʦʯʥʠʤ ʪʘ ʧʨʦʟʦʨʠʤ. ʂʦʞʥʘ ʧʘʨʪʽʷ ʟʝʨʥʘ ʪʝʧʝʨ ʤʦʞʝ 

ʙʫʪʠ ʚʽʜʩʪʝʞʝʥʘ ʚʽʜ ʧʦʣʷ ʜʦ ʧʦʨʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ. ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʽʥʥʦʚʘʮʽʡ ʩʪʘʣʦ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʜʨʦʥʽʚ ʫ ʩʽʣʴʩʴʢʝ 

ʛʦʩʧʦʜʘʨʩʪʚʦ. ɹʝʟʧʽʣʦʪʥʠʢʠ ʘʢʫʨʘʪʥʦ ʩʢʘʥʫʶʪʴ ʧʦʣʷ, ʚʠʟʥʘʯʘʶʪʴ ʩʪʫʧʽʥʴ 

ʟʨʽʣʦʩʪʽ ʚʨʦʞʘʶ ʪʘ ʜʦʧʦʤʘʛʘʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʟʙʠʨʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʟʝʨʥʘ. 

ɺʞʝ ʨʦʟʨʦʙʣʝʥʽ ʙʝʟʧʽʣʦʪʥʽ ʢʦʣʽʩʥʽ ʥʘʚʘʥʪʘʞʫʚʘʯʽ [8] ʪʘ ʘʚʪʦʥʘʚʘʥʪʘʞʫʚʘʯʽ, 

ʱʦ ʚʞʝ ʧʨʘʮʶʶʪʴ ʥʘ ʩʢʣʘʜʘʭ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ ʙʝʟ ʦʧʝʨʘʪʦʨʽʚ ʫ ʢʘʙʽʥʽ. ʂʝʨʫʚʘʪʠ 

ʥʠʤʠ ʤʦʞʣʠʚʦ ʜʠʩʪʘʥʮʽʡʥʦ ʟ ʜʦʤʫ [9] ʘʙʦ ʟ ʙʝʟʧʝʯʥʦʛʦ ʤʽʩʮʷ. ɼʦ ʪʦʛʦ ʞ, ʨʦʙʦʯʽ 

ʤʽʩʮʷ ʦʧʝʨʘʪʦʨʽʚ ʘʚʪʦʥʘʚʘʥʪʘʞʫʚʘʯʽʚ ʤʦʞʥʘ ʟʘʧʦʚʥʠʪʠ ʜʦ ʮʴʦʛʦ 

ʥʝʟʘʪʨʝʙʫʚʘʥʠʤʠ ʫ ʮʽʡ ʧʨʦʬʝʩʽʾ ʩʦʮʽʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ: ʥʘʧʨʠʢʣʘʜ, ʞʽʥʢʘʤʠ, 

ʘʜʞʝ 80% ʦʧʝʨʘʪʦʨʽʚ ʘʚʪʦʢʘʨʽʚ ʩʴʦʛʦʜʥʽ ʩʪʘʥʦʚʣʷʪʴ ʯʦʣʦʚʽʢʠ, ʘʙʦ ʛʝʦʛʨʘʬʽʯʥʦ 

ʽʟʦʣʴʦʚʘʥʠʤʠ ʣʶʜʴʤʠ, ʱʦ ʜʫʞʝ ʘʢʪʫʘʣʴʥʦ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ. 
 

[1] ɺʦʻʥʥʘ ʣʦʛʽʩʪʠʢʘ: ʧʨʦʙʣʝʤʠ ʫʢʨʘʾʥʩʴʢʦʛʦ ʝʢʩʧʦʨʪʫ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʚʠʨʽʰʝʥʠʤʠ. URL: 

https://gmk.center/ua/posts/voennaya-logistika-problemy-ukrainskogo-eksporta-ostajutsya-nereshennymi-2/ ï (ɼʘʪʘ 

ʟʚʝʨʥʝʥʥʷ 30.10.2023) 

[2] ɿʘʣʽʟʥʠʮʷ ʋʢʨʘʾʥʠ ʫ 2022 ʨʦʮʽ ʧʝʨʝʚʝʟʣʘ ʧʦʥʘʜ 150 ʤʣʥ ʪ ʚʘʥʪʘʞʽʚ. Ukrainian Shipping Magazine. 2023. 

05 ʩʽʯ. URL: https://usm.media/zalizniczya-ukra%d1%97ni-u-2022-roczi-perevezla-ponadéï (ɼʘʪʘ ʟʚʝʨʥʝʥʥʷ 

30.10.2023) 

https://gmk.center/ua/posts/voennaya-logistika-problemy-ukrainskogo-eksporta-ostajutsya-nereshennymi-2/
https://usm.media/zalizniczya-ukra%d1%97ni-u-2022-roczi-perevezla-ponad-150-mln-t-vantazhiv/


 

192 

[3] ɿʘʣʽʟʥʠʯʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʟʝʨʥʘ ʚ ʋʢʨʘʾʥʠ ʚ 2022 ʨʦʮʽ ʩʢʦʨʦʪʠʣʠʩʷ ʥʘʡʤʝʥʰʝ. URL: 

https://agravery.com/uk/posts/show/zaliznicni-perevezenna-zerna-v-ukraini-v-2022-roci-skorotilisa-najmense ï (ɼʘʪʘ 

ʟʚʝʨʥʝʥʥʷ 30.10.2023) 

[4] ɽʢʩʧʦʨʪ ʟʝʨʥʘ ʟ ʋʢʨʘʾʥʠ: ʧʝʨʝʚʘʛʠ ʩʧʽʚʧʨʘʮʽ ʟ ʘʛʨʘʨʽʷʤʠ | ɽʢʦʥʦʤʽʯʥʘ ʧʨʘʚʜʘ. URL: 

https://www.epravda.com.ua/columns/2023/04/27/699529/ 

[5] ɿʝʨʥʦʚʽ ʚʘʥʪʘʞʽ ʟʘʡʤʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʯʘʩʪʢʫ ʝʢʩʧʦʨʪʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʋʢʨʟʘʣʽʟʥʠʮʽ ð 38% ð 

SuperAgronom.com. URL: https://superagronom.com/news/16639-u-2022-rotsi-ukrzaliznitsya-perevezla-289-mln-t-

zerna-na-eksport--2255-mln-t ï (ɼʘʪʘ ʟʚʝʨʥʝʥʥʷ 30.10.2023) 

[6] ʋʢʨʟʘʣʽʟʥʠʮʷ ʚ ʙʝʨʝʟʥʽ 2023 ʨʦʢʫ ʟʙʽʣʴʰʠʣʘ ʧʝʨʝʚʝʟʝʥʥʷ ʨʫʜʠ ʥʘ 30 ʚʽʜʩʦʪʢʽʚ ð ɯʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʥʦʚʠʥʠ. 

URL: https://gmk.center/ua/news/ukrzaliznicya-v-berezni-zbilshila-eksportni-perevezennya-rudi-na-30-m-m/ ï (ɼʘʪʘ 

ʟʚʝʨʥʝʥʥʷ 30.10.2023) 

[7] ʅʘʮʽʦʥʘʣʴʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʩʪʨʘʪʝʛʽʷ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫ : ʨʦʟʧʦʨʷʜʞʝʥʥʷ ʢʘʙʽʥʝʪʫ ʤʽʥʽʩʪʨʽʚ 

ʋʢʨʘʾʥʠ ʚʽʜ 30 ʪʨʘʚʥʷ 2018 ʨ. ˉ 430-ʨ. URL: https://zakon.rada.gov.ua/laws/show/430-2018-ʨ#Text. ï (ɼʘʪʘ 

ʟʚʝʨʥʝʥʥʷ 30.10.2023) 

[8] ʀʛʨʫʰʢʫ Lego Technic ʧʨʝʚʨʘʪʠʣʠ ʚ ʨʝʘʣʴʥʳʡ ʢʦʣʝʩʥʳʡ ʧʦʛʨʫʟʯʠʢ ï ɸʚʪʦʮʝʥʪʨ.ua. URL: 

https://www.autocentre.ua/ua/news/sobytie/igrushku-lego-technic-prevratili-v-realnyj-kolesnyj-pogruzchik-

1380276.html 

[9] ʂʘʢ ʘʚʪʦʧʦʛʨʫʟʯʠʢʘʤʠ ʥʘʫʯʠʣʠʩʴ ʫʧʨʘʚʣʷʪʴ ʠʟ ʜʦʤʘ (ʚʠʜʝʦ) ï ɸʚʪʦʮʝʥʪʨ.ua. URL: 

https://www.autocentre.ua/ua/opyt/tehnologii/kak-avtopogruzchikami-nauchilis-upravlyat-iz-doma-video-1359200.html 

 

 

ʋɼʂ 656.223 

 

ʌʆʈʄʋɺɸʅʅʗ ʃɸʅʎʖɻɯɺ ʇʆʉʊɸɺʆʂ ɺɸʅʊɸɾɯɺ ɿɸ ʋʏɸʉʊʖ 

ɸɺʊʆʄʆɹɯʃʔʅʆɻʆ ʊɸ ɿɸʃɯɿʅʀʏʅʆɻʆ ʊʈɸʅʉʇʆʈʊʋ ʋ 

ʉʋʏɸʉʅʀʍ ʋʄʆɺɸʍ 

 

FORMATION OF CARGO SUPPLY CHAINS INVOLVING ROAD AND 

RAIL TRANSPORT IN MODERN CONDITIONS  

 

ʆ.ʆ. ʅʝʩʪʝʨʝʥʢʦ
 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʤ. ʍʘʨʢʽʚ) 
 

O.O. Nesterenko
 

Ukrainian State University of Railway Transport (Kharkiv) 
 

ɺʘʥʪʘʞʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʨʦʙʥʠʯʽ ʽ ʥʝʚʠʨʦʙʥʠʯʽ 

ʧʦʪʨʝʙʠ ʛʦʩʧʦʜʘʨʩʪʚ ʽ ʥʘʩʝʣʝʥʥʷ ʢʨʘʾʥʠ. ɺʦʥʠ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʦʙʤʽʥ 

ʪʦʚʘʨʘʤʠ ʤʽʞ ʦʢʨʝʤʠʤʠ ʨʝʛʽʦʥʘʤʠ, ʪʘ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʢʨʘʾʥʠ. ʊʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ 

ʩʫʩʧʽʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ, ʤʘʪʠ ʨʦʟʛʘʣʫʞʝʥʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʣʷ ʥʘʜʘʥʥʷ ʚʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʘ ʩʫʧʫʪʥʽʭ 

ʧʦʩʣʫʛ, ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʦʚʥʽʰʥʴʦʝʢʦʥʦʤʽʯʥʽ ʟʚôʷʟʢʠ ʋʢʨʘʾʥʠ. 

ɺ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʪʨʘʥʩʧʦʨʪʥʠʡ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ ʚʠʢʦʥʫʻ ʙʘʛʘʪʦ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʭ ʪʘ ʜʦʜʘʪʢʦʚʠʭ ʤʽʩʽʡ. ɰʭ ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʜʦʩʪʘʚʢʫ 

ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ, ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʦʟʙʨʦʻʥʥʷ, ʚʘʥʪʘʞʽʚ ʛʫʤʘʥʽʪʘʨʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ, ʪʦʱʦ ʧʦ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 

ʉʪʨʫʢʪʫʨʘ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚ ʋʢʨʘʾʥʽ ʚ 2021 ʨʦʮʽ, ʘ ʩʘʤʝ ʯʘʩʪʢʘ ʚʠʜʽʚ 

ʪʨʘʥʩʧʦʨʪʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʦʙʩʷʟʽ ʧʝʨʝʚʝʟʝʥʠʭ ʚʘʥʪʘʞʽʚ ʈʠʩ. 1,  ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ 

ʪʘʢ: ʟʘʣʽʟʥʠʮʷ ï 51%, ʘʚʪʦʤʦʙʽʣʴʥʠʡ ï 32%, ʚʦʜʥʠʡ ï 1%,  

ʪʨʫʙʦʧʨʦʚʽʜʥʠʡ ï 16%, ʘʚʽʘʮʽʡʥʠʡ ï 0,10% [1]. 

https://agravery.com/uk/posts/show/zaliznicni-perevezenna-zerna-v-ukraini-v-2022-roci-skorotilisa-najmense
https://superagronom.com/news/16639-u-2022-rotsi-ukrzaliznitsya-perevezla-289-mln-t-zerna-na-eksport--2255-mln-t
https://superagronom.com/news/16639-u-2022-rotsi-ukrzaliznitsya-perevezla-289-mln-t-zerna-na-eksport--2255-mln-t
https://gmk.center/ua/news/ukrzaliznicya-v-berezni-zbilshila-eksportni-perevezennya-rudi-na-30-m-m/
https://zakon.rada.gov.ua/laws/show/430-2018-р#Text
https://www.autocentre.ua/ua/news/sobytie/igrushku-lego-technic-prevratili-v-realnyj-kolesnyj-pogruzchik-1380276.html
https://www.autocentre.ua/ua/news/sobytie/igrushku-lego-technic-prevratili-v-realnyj-kolesnyj-pogruzchik-1380276.html
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ʈʠʩ. 1 ʏʘʩʪʢʘ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʦʙʩʷʟʽ ʧʝʨʝʚʝʟʝʥʠʭ ʚʘʥʪʘʞʽʚ 

 

ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ, ʧʨʦʧʫʩʢʥʘ ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʧʨʦʚʽʟʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ 

ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʘ ʚʽʜʧʨʘʚʥʠʢʠ ʚʘʥʪʘʞʽʚ ʪʘ ʧʦʩʪʘʯʘʣʴʥʠʢʠ 

ʣʦʛʽʩʪʠʯʥʠʭ ʧʦʩʣʫʛ ʚʩʝ ʱʝ ʤʘʶʪʴ ʩʧʨʘʚʫ ʟ ʜʦʩʪʘʪʥʴʦ ʥʝʨʦʟʚʠʥʫʪʦʶ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʪʘ ʧʦʩʣʫʛʘʤʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʚʠʩʦʢʠʭ ʚʠʪʨʘʪʘʭ ʥʘ 

ʣʦʛʽʩʪʠʢʫ. 

ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ 80-ʝ ʤʽʩʮʝ ʋʢʨʘʾʥʠ ʟ 160 ʢʨʘʾʥ ʚ ʨʝʡʪʠʥʛʫ ʟʘ ʽʥʜʝʢʩʦʤ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʣʦʛʽʩʪʠʢʠ LPI, ʫʢʣʘʜʝʥʦʤʫ ʉʚʽʪʦʚʠʤ ʙʘʥʢʦʤ ʫ 2016 ʨʦʮʽ [2].  

ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʧʝʨʝʚʝʟʝʥʴ ʟʘ ʫʯʘʩʪʶ ʟʘʣʽʟʥʠʮʴ ʚ ʋʢʨʘʾʥʽ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʧʨʷʤʢʽʚ [3] ʪʘ ʦʨʽʻʥʪʫʻʪʴʩʷ ʥʘ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʢʠ ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʚ ʧʝʨʝʚʝʟʝʥʥʷʭ. ʆʜʥʽʻʶ ʟ ʟʘʜʘʯ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦ-

ʝʢʩʧʝʜʠʮʽʡʥʦʾ ʨʦʙʦʪʠ ʥʘ ʟʘʣʽʟʥʠʮʷʭ ʻ ʦʧʪʠʤʽʟʘʮʽʷ ʣʘʥʮʶʛʘ ʧʦʩʪʘʚʦʢ ʚʘʥʪʘʞʽʚ 

ʰʣʷʭʦʤ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʚʠʜʢʽʩʥʦʾ 

ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ, ʘ ʪʘʢʦʞ ʩʢʦʨʦʯʝʥʥʷ ʟʘʪʨʠʤʦʢ ʥʘ ʧʨʠʢʦʨʜʦʥʥʠʭ 

ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʩʪʘʥʮʽʷʭ. ɺʠʢʦʥʫʚʘʪʠ ʧʦʜʽʙʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʟ ʝʢʦʥʦʤʽʯʥʦ 

ʜʦʮʽʣʴʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʤʦʞʣʠʚʦ ʫ ʚʠʧʘʜʢʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʽʩʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚʠʜʽʚ 

ʪʨʘʥʩʧʦʨʪʫ. 

ʇʽʩʣʷ 24 ʣʶʪʦʛʦ 2022 ʨʦʢʫ ʯʝʨʝʟ ʦʢʫʧʘʮʽʶ ʯʦʨʥʦʤʦʨʩʴʢʠʭ ʰʣʷʭʽʚ,  ʥʘʚʽʪʴ 

ʢʦʣʠ ʜʝʷʢʽ ʻʚʨʦʧʝʡʩʴʢʽ ʢʨʘʾʥʠ, ʪʘʢʽ ʷʢ ʈʫʤʫʥʽʷ, ʇʦʣʴʱʘ ʪʘ ʢʨʘʾʥʠ ɹʘʣʪʽʾ, 

ʧʦʛʦʜʠʣʠʩʷ ʥʘʜʘʪʠ ʚʣʘʩʥʽ ʧʦʨʪʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʚʝʟʝʥʥʷ, ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ 

ʤʦʨʝʤ, ʦʩʥʦʚʥʠʤʠ ʣʘʥʮʶʛʘʤʠ ʧʦʩʪʘʚʦʢ ʩʪʘʶʪʴ ʩʫʭʦʧʫʪʥʽ ʢʦʨʠʜʦʨʠ ʟ ʢʨʘʾʥʘʤʠ 

ɭʉ. ʉʫʪʴ ʤʘʡʙʫʪʥʴʦʛʦ ʝʬʝʢʪʫ ʧʦʣʷʛʘʻ ʫ ʽʥʪʝʛʨʫʚʘʥʥʽ ʚ ʪʨʘʥʩʧʦʨʪʥʫ ʩʠʩʪʝʤʫ 

ʟʘʩʦʙʠ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʘ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ɿʤʽʰʘʥʽ, ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ, 

ʽʥʪʝʨʤʦʜʘʣʴʥʽ ʽ ʢʦʤʙʽʥʦʚʘʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʟôʻʜʥʫʶʪʴ ʫ ʻʜʠʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ 

ʧʨʦʮʝʩ ʜʚʘ ʜʦʤʽʥʫʶʯʽ ʚʠʜʠ ʥʘʟʝʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ï ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʽ 

ʟʘʣʽʟʥʠʯʥʠʡ. 

ʆʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ ʪʘʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʻ ʥʝʟʤʽʥʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʦʜʠʥʠʮʽ ʽʟ 

ʚʘʥʪʘʞʝʤ, ʪʦʙʪʦ ʫ ʧʨʦʮʝʩʽ ʷʢʠʭ ʚʘʥʪʘʞ ʜʦ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʠʙʫʚʘʻ ʚ ʪʦʤʫ 

ʩʘʤʦʤʫ ʟʥʽʤʥʦʤʫ ʤʦʜʫʣʽ ï ʚʘʥʪʘʞʥʽʡ ʦʜʠʥʠʮʽ (ʢʦʥʪʝʡʥʝʨʠ, ʟʥʽʤʥʽ ʢʫʟʦʚʠ, 

ʥʘʧʽʚʧʨʠʯʝʧʠ, ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʪʦʱʦ). ʎʝ ʥʘʜʘʩʪʴ  ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ 

ʽʩʪʦʪʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ ʥʦʚʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʥʘʧʨʷʤʢʽʚ ʜʦ ʥʘʡʚʽʜʜʘʣʝʥʽʰʠʭ ʨʘʡʦʥʽʚ, ʦʩʦʙʣʠʚʦ ʫ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ. 

ʇʨʠʡʰʦʚ ʯʘʩ ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʣʦʛʽʩʪʠʯʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ 

(ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʦʩʥʘʱʝʥʥʷ ʩʧʝʮ ʦʙʣʘʜʥʘʥʥʷʤ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʚʘʥʪʘʞʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ, ʣʦʛʽʩʪʠʯʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʽʥʪʝʛʨʫʚʘʥʥʷ ʽʟ ʟʦʚʥʽʰʥʽʤʠ ʝʣʝʤʝʥʪʘʤʠ ʣʦʛʽʩʪʠʯʥʦʛʦ 
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ʣʘʥʮʶʛʘ). ʉʣʽʜ ʧʨʦʚʝʩʪʠ ʨʦʙʦʪʫ ʟ ʧʝʨʝʛʣʷʜʫ  ʜʝʷʢʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʧʨʘʚʠʣ, ʱʦ 

ʧʦʚôʷʟʘʥʽ ʽʟ ʧʦʨʷʜʢʦʤ ʧʝʨʝʪʠʥʫ ʢʦʨʜʦʥʫ [4].  

ʎʝ ʩʧʨʠʷʪʠʤʝ ʨʦʟʚʠʪʢʫ ʨʠʥʢʫ ʣʦʛʽʩʪʠʯʥʠʭ ʧʦʩʣʫʛ, ʧʦʟʠʪʠʚʥʦʤʫ ʚʧʣʠʚʫ ʥʘ 

ʦʙʩʷʛʠ ʧʝʨʝʚʝʟʝʥʴ, ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʦʾ ʛʘʣʫʟʽ, ʬʽʥʘʥʩʦʚʠʡ ʨʝʟʫʣʴʪʘʪ 

ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʜʘʩʪʴ ʟʘʛʘʣʴʥʦʩʠʩʪʝʤʥʠʡ 

ʝʬʝʢʪ ʜʣʷ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ. 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʥʟʠʪʥʠʭ ʧʦʾʟʜʽʚ ʙʝʟ 

ʧʝʨʝʨʦʙʢʠ ʫ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʘʥʘ ʩʠʩʪʝʤʘ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʉʄʆ), ʱʦ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʨʠʙʫʪʪʷ, 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʚʽʜʧʨʘʚʣʝʥʥʷ ʮʠʭ ʩʦʩʪʘʚʽʚ. 

ɿ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʪʘ ʭʨʦʥʦʤʝʪʨʘʞʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, 

ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢ: ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʪʨʠʚʘʣʽʩʪʴ ʦʯʽʢʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, 

ʧʦʪʨʽʙʥʘ ʢʽʣʴʢʽʩʪʴ ʙʨʠʛʘʜ ʇʊʆ, ʢʽʣʴʢʽʩʪʴ ʛʨʫʧ ʚ ʥʠʭ, ʩʝʨʝʜʥʽʡ ʽʥʪʝʨʚʘʣ 

ʥʘʜʭʦʜʞʝʥʥʷ ʪʨʘʥʟʠʪʥʠʭ ʧʦʾʟʜʽʚ (ʟʘʷʚʦʢ) ʚ ʩʠʩʪʝʤʫ ʪʘ ʢʽʣʴʢʽʩʪʴ ʢʦʣʽʡ ʜʣʷ ʾʭ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [1]. 

ʉʄʆ ʥʘʟʠʚʘʻʪʴʩʷ ʙʫʜʴ-ʷʢʘ ǷǮǷǸǫǲǦ, ʷʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʟʘʷʚʦʢ [2], ʱʦ ǵǶǮǧǹǨǦȄǸȂ ǪǴ ʥʝʾ ǹ ʚʠʧʘʜʢʦʚʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʘʥʘʣʘʤʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʠʢʣʘʜʠ ʉʄʆ: ʨʝʤʦʥʪʥʝ ʜʝʧʦ, ʙʽʣʝʪʥʘ ʢʘʩʘ, ʪʝʣʝʬʦʥʥʘ 

ʩʪʘʥʮʽʷ, ʘ ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʷ ʩʠʩʪʝʤʘ ʙʫʜʝ ï ʧʨʠʡʤʘʣʴʥʦ-ʚʽʜʧʨʘʚʥʠʡ ʧʘʨʢ ʥʘ 

ʩʪʘʥʮʽʾ.  
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ɿʘʜʘʤʦ ʚʝʣʠʯʠʥʫ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ (ʊ) ʤʽʞ ʤʦʤʝʥʪʘʤʠ ʧʨʠʙʫʪʪʷ ʜʚʦʭ 

ʧʦʩʣʽʜʦʚʥʠʭ ʟʘʷʚ. ʎʷ ʚʝʣʠʯʠʥʘ ʩʧʽʚʧʘʜʘʻ ʟ ʯʘʩʦʤ ʤʽʞ ʜʚʦʤʘ ʧʦʩʣʽʜʦʚʥʠʤʠ 

ʥʘʜʭʦʜʞʝʥʥʷʤʠ ʚ ʧʨʦʮʝʩʽ ʇʫʘʩʩʦʥʘ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʧʦʪʽʢ ʮʠʭ ʟʘʷʚʦʢ 

ʙʫʜʝ ʥʘʡʧʨʦʩʪʽʰʠʤ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ɚ, ʪʦʜʽ ʩʝʨʝʜʥʽʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʤʽʞ 

ʧʦʷʚʘʤʠ ʜʚʦʭ ʧʦʩʣʽʜʦʚʥʠʭ ʟʘʷʚʦʢ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 

 

l

1
 = ʄ(ʊ) ,                                                    (1) 

 

ʜʝ ɚ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʪʦʢʫ ʟʘʷʚ, ʱʦ ʧʦʩʪʫʧʘʻ ʚ ʩʠʩʪʝʤʫ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʜʘʪʠ ʩʠʩʪʝʤʫ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʦʪʨʽʙʥʦ ʦʢʨʽʤ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʉʄʆ ʪʘ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ ʟʘʷʚ ʥʘʜʘʪʠ ʽʤʦʚʽʨʥʽʩʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʠʚʘʣʦʩʪʽ ʯʘʩʫ, ʷʢʽ ʧʦʪʨʽʙʥʽ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʠʥʽʤʫʤ 

ʦʜʥʽʻʾ ʟʘʷʚʢʠ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ S - ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ ʽ ʫ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʘʨʽʘʥʪʽ ʚʦʥʘ 

ʙʫʜʝ ʨʦʟʧʦʜʽʣʝʥʘ ʟʘ ʧʦʢʘʟʥʠʢʦʚʠʤ ʟʘʢʦʥʦʤ, ʟʘ ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʷʢ Õ, ʪʦʜʽ ʾʾ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʙʫʜʝ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʴ 

 

m

1
 = ʄ(S),                                                 (2) 

 

ʜʝ Õ ï ʮʝ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʷʚ 

ɿ ʬʦʨʤʫʣʠ (2) ʚʠʜʥʦ, ʱʦ ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʟʘʷʚ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʟʘ ʦʜʠʥʠʮʶ 

ʯʘʩʫ, ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ Õ. ʎʝʡ ʧʘʨʘʤʝʪʨ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʷʢ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʘʢʽʥʯʝʥʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʷʚ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ 

ʪʨʠʚʘʣʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [3] ʙʫʜʝ 

ʧʽʜʢʦʨʷʪʠʩʴ ʧʦʢʘʟʥʠʢʦʚʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ. 

ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʡʤʘʣʴʥʦ-ʚʽʜʧʨʘʚʥʠʡ ʧʘʨʢ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʫ 

ʚʠʛʣʷʜʽ ʦʜʥʦʢʘʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʥʝʦʙʤʝʞʝʥʦʶ ʯʝʨʛʦʶ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʣʽʡ ʚ ʧʘʨʢʫ, ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʦʜʥʠʤ ʟ ʤʝʪʦʜʽʚ, ʱʦ 

ʚʠʢʣʘʜʝʥʠʡ ʫ [4]. ʊʦʙʪʦ ʦʜʥʦʢʘʥʘʣʴʥʽʩʪʴ ʩʠʩʪʝʤʠ ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʙʫʜʝ ʦʙʫʤʦʚʣʶʚʘʪʠʩʷ ʥʘʷʚʥʽʩʪʶ ʫ ʧʨʠʡʤʘʣʴʥʦ-ʚʽʜʧʨʘʚʥʦʤʫ ʧʘʨʢʫ ʩʦʨʪʫʚʘʣʴʥʦʾ 

ʩʪʘʥʮʽʾ ʦʜʥʽʻʾ ʙʨʠʛʘʜʠ ʇʊʆ, ʷʢʘ ʚʠʢʦʥʫʻ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʘʥʪʘʞʥʦʛʦ 

ʪʨʘʥʟʠʪʥʦʛʦ ʧʦʾʟʜʫ ʧʦ ʧʨʠʙʫʪʪʶ ʪʘ ʧʦ ʚʽʜʧʨʘʚʣʝʥʥʶ, ʘ ʪʘʢʦʞ ʪʝʭʥʽʯʥʠʡ ʦʛʣʷʜ.  
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ɼʽʷʣʴʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʩʧʨʷʤʦʚʘʥʘ ʥʘ 

ʨʦʟʨʦʙʢʫ ʟʘʭʦʜʽʚ ʟ ʧʦʰʫʢʽʚ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʜʦʩʪʘʚʢʠ 

ʪʦʚʘʨʫ ʫ ʤʽʞʥʘʨʦʜʥʦʤʫ ʩʧʦʣʫʯʝʥʥʽ. ʇʨʦʮʝʩ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʤʦʚʥʠʢʽʚ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʠʭ ʧʦʩʣʫʛ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʾʭ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ 

ʧʦʪʨʝʙʘʤʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʥʘʩʪʫʧʥʠʤʠ ʯʠʥʥʠʢʘʤʠ: ʚʠʙʽʨ ʚʠʜ ʪʨʘʥʩʧʦʨʪʫ, ʷʢʠʤ 

ʤʦʞʣʠʚʝ ʚʠʢʦʥʘʥʥʷ ʜʦʩʪʘʚʢʠ; ʤʠʪʥʠʡ ʨʝʞʠʤ, ʱʦ ʙʫʜʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʦ 

ʪʦʚʘʨʫ; ʪʠʧ ʪʦʚʘʨʫ ʪʘ ʡʦʛʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ; ʨʦʟʤʽʨ ʧʘʨʪʽʾ ʪʦʚʘʨʫ, 

ʷʢʠʡ ʧʣʘʥʫʻʪʴʩʷ ʜʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ; ʦʨʽʻʥʪʦʚʥʽ ʪʝʨʤʽʥʠ ʛʦʪʦʚʥʦʩʪʽ ʪʦʚʘʨʫ ʜʦ 

ʧʝʨʝʜʘʯʽ ʧʝʨʝʚʽʟʥʠʢʫ ʪʘ ʡʦʛʦ ʜʦʩʪʘʚʢʠ ʜʦ ʚʘʥʪʘʞʦʦʜʝʨʞʫʚʘʯʘ; ʧʝʨʝʣʽʢ ʚʠʜʽʚ 

ʨʦʙʽʪ, ʷʢʽ ʟʘʤʦʚʥʠʢ ʧʣʘʥʫʻ ʚʠʢʦʥʫʚʘʪʠ ʩʘʤʦʩʪʽʡʥʦ, ʘ ʜʦ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ 

ʟʘʣʫʯʝʥʥʷ ʨʝʩʫʨʩʽʚ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʽʥʰʠʭ 

ʩʫʙôʻʢʪʽʚ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ [1]. ʅʘ ʧʽʜʩʪʘʚʽ ʦʙʨʦʙʢʠ ʟʘʧʠʪʫ ʟʘʤʦʚʥʠʢʘ 

ʥʘ ʦʨʛʘʥʽʟʘʮʽʶ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʤʝʥʝʜʞʝʨʦʤ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʬʦʨʤʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʪʘ ʚʠʙʽʨ ʧʦʩʝʨʝʜʥʠʮʴʢʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʚʠʢʦʥʘʥʥʷ. ʗʢ ʥʘʩʣʽʜʦʢ ʧʨʦʚʝʜʝʥʥʷ ʪʘʢʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ ʬʦʨʤʫʻʪʴʩʷ ʣʦʛʽʩʪʠʯʥʠʡ ʣʘʥʮʶʛ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʫ [2].  

ʊʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʥʘ 

ʩʫʯʘʩʥʦʤʫ ʨʠʥʢʫ ʧʦʩʣʫʛ, ʘʜʞʝ ʧʨʠʙʣʠʟʥʦ 80% ʚʩʴʦʛʦ ʚʘʥʪʘʞʦʦʙʽʛʫ 

ʦʨʛʘʥʽʟʦʚʫʻʪʴʩʷ ʝʢʩʧʝʜʠʪʦʨʘʤʠ. ɽʢʩʧʝʜʠʪʦʨʩʴʢʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʻ ʩʢʣʘʜʦʚʦʶ 

ʨʫʭʫ ʪʦʚʘʨʫ ʚʽʜ ʚʠʨʦʙʥʠʢʘ ʜʦ ʩʧʦʞʠʚʘʯʘ. ʊʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʩʚʦʛʦ ʨʦʜʫ ʧʦʩʝʨʝʜʥʠʢʘʤʠ ʤʽʞ ʦʨʛʘʥʽʟʘʮʽʷʤʠ 

ʪʘ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, ʜʦʧʦʤʘʛʘʶʯʠ ʟʜʽʡʩʥʶʚʘʪʠ ʙʘʛʘʪʦʥʘʮʽʦʥʘʣʴʥʠʤ ʢʦʤʧʘʥʽʷʤ 

ʘʙʦ ʢʦʤʧʘʥʽʷʤ, ʷʢʽ ʦʧʝʨʫʶʪʴ ʥʘ ʜʝʢʽʣʴʢʦʭ ʨʠʥʢʘʭ, ʝʬʝʢʪʠʚʥʫ ʜʦʩʪʘʚʢʫ ʪʘ 

ʨʝʘʣʽʟʘʮʽʶ ʾʭ ʧʨʦʜʫʢʮʽʾ. ʗʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʠʭ ʧʦʩʣʫʛ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʥʘ ʢʦʤʧʘʥʽʾ, ʘʣʝ ʡ ʥʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʨʠʥʢʫ ʧʨʘʮʽ. ʅʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʋʢʨʘʾʥʘ ʨʦʟʚʠʚʘʻ ʩʚʦʾ ʨʠʥʢʦʚʽ ʚʽʜʥʦʩʠʥʠ ʟ ʙʘʛʘʪʴʤʘ 

ʢʨʘʾʥʘʤʠ ʩʚʽʪʫ. ɼʠʚʣʷʯʠʩʴ ʥʘ ʮʝ ʤʦʞʝʤʦ ʩʢʘʟʘʪʠ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʪʘʢʦʞ 

ʪʨʘʥʩʧʦʨʪʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʢʨʘʾʥʠ. ɺ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʋʢʨʘʾʥʘ ʧʨʷʤʫʻ ʜʦ 

ʩʚʽʪʦʚʦʛʦ ʨʠʥʢʫ ʧʨʘʮʽ, ʪʨʘʥʩʧʦʨʪʥʽ ʧʦʩʣʫʛʠ ʪʝʞ ʨʦʟʚʠʚʘʶʪʴʩʷ ʟ ʢʦʞʥʠʤ ʜʥʝʤ 

ʚʩʝ ʙʽʣʴʰʝ. 
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ɺ ʋʢʨʘʾʥʽ ʽʩʥʫʻ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʥʘʜʘʶʪʴ ʪʨʘʥʩʧʦʨʪʥʦ-

ʝʢʩʧʝʜʠʪʦʨʩʴʢʽ ʧʦʩʣʫʛʠ. ɼʝʷʢʽ ʦʨʛʘʥʽʟʘʮʽʾ ʟʜʽʡʩʥʶʶʪʴ ʢʦʤʧʣʝʢʩʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʪʦʨʛʦʚʝʣʴʥʠʭ ʦʧʝʨʘʮʽʡ, ʘ ʜʝʷʢʽ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʣʠʰʝ 

ʥʘ ʦʜʥʦʤʫ ʚʠʜʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʤʦʚʥʠʢʘʤ ʚʽʣʴʥʦ ʦʙʠʨʘʪʠ ʧʦʪʨʽʙʥʠʡ ʥʘʤ ʩʝʨʚʽʩ. 

ʇʝʨʝʚʘʛʠ ʜʽʷʣʴʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ: ʤʦʞʣʠʚʽʩʪʴ 

ʟʜʽʡʩʥʶʚʘʪʠ ʨʽʟʥʽ ʚʠʜʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ; ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʷʢ 

ʚʥʫʪʨʽʰʥʽ, ʪʘʢ ʽ ʤʽʞʥʘʨʦʜʥʽ ʧʝʨʝʚʝʟʝʥʥʷ; ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʤʠʪʥʽ 

ʦʬʦʨʤʣʝʥʥʷ; ʚʝʣʠʢʘ ʢʣʽʻʥʪʩʴʢʘ ʙʘʟʘ; ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʚʠʚʘʪʠʩʷ; ʤʦʞʣʠʚʽʩʪʴ 

ʟʜʽʡʩʥʶʚʘʪʠ ʚʩʽ ʚʠʜʠ ʧʦʩʣʫʛ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʉʝʨʝʜ ʥʝʜʦʣʽʢʽʚ ʧʨʠ 

ʥʘʜʘʥʥʽ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʠʭ ʧʦʩʣʫʛ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ: ʥʝʷʢʽʩʥʝ ʘʙʦ 

ʥʝʩʚʦʻʯʘʩʥʝ ʚʠʢʦʥʘʥʥʷ ʧʦʩʘʜʦʚʠʭ ʦʙʦʚôʷʟʢʽʚ ʝʢʩʧʝʜʠʪʦʨʘʤʠ ʧʨʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʟʘʤʦʚʥʠʢʽʚ; ʚʽʜʤʽʥʥʦʩʪʽ ʧʝʨʝʣʽʢʫ ʜʦʩʪʫʧʥʠʭ ʧʦʩʣʫʛ ʫ ʨʽʟʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ; ʢʦʥʬʣʽʢʪʠ ʟ ʟʘʤʦʚʥʠʢʘʤʠ; ʟʘʪʨʠʤʢʠ ʚ ʦʧʣʘʪʽ ʟʘ ʥʘʜʘʥʽ ʧʦʩʣʫʛʠ. 

ɯʥʪʝʛʨʘʮʽʷ ʋʢʨʘʾʥʠ ʥʘ ʤʽʞʥʘʨʦʜʥʠʡ ʨʠʥʦʢ ʚʠʤʘʛʘʻ ʘʜʘʧʪʘʮʽʾ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ 

ʥʘʮʽʦʥʘʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. ʈʦʟʚʠʪʦʢ ʚ ʮʴʦʤʫ ʚʠʜʽ 

ʧʦʩʣʫʛ ʻ ʥʝʦʙʭʽʜʥʠʤ. ʊʨʘʥʩʧʦʨʪʥʽ ʧʦʩʣʫʛʠ ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʘʜʞʝ 

ʪʨʘʥʩʧʦʨʪ ʻ ʩʢʣʘʜʦʚʦʶ ʧʦʩʪʽʡʥʦʛʦ ʢʨʫʛʦʦʙʽʛʫ ʪʦʚʘʨʽʚ ʷʢ ʚ ʋʢʨʘʾʥʽ, ʪʘʢ ʽ ʫ 

ʚʩʴʦʤʫ ʩʚʽʪʽ. ɼʣʷ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʩʧʝʢʪʨ ʧʦʩʣʫʛ, ʱʦ ʢʦʨʠʩʪʫʶʪʴʩʷ ʥʘʡʙʽʣʴʰʠʤ ʧʦʧʠʪʦʤ 

ʩʝʨʝʜ ʟʘʤʦʚʥʠʢʽʚ. ʇʨʦʪʝ, ʨʷʜ ʧʝʨʝʰʢʦʜ, ʱʦ ʚʠʥʠʢʣʠ ʫ ʜʽʷʣʴʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦ-

ʝʢʩʧʝʜʠʪʦʨʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʧʽʜ ʯʘʩ ʚʽʡʥʠ ʻ ʜʦʩʠʪʴ ʚʘʞʣʠʚʠʤʠ ʽ ʧʦʪʨʝʙʫʶʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʫʩʽʭ 

ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʷʢ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʨʽʚʥʽ, ʪʘʢ ʽ ʟʦʚʥʽʰʥʴʦʤʫ.  

ʊʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʽʜ ʯʘʩ ʚʽʡʥʠ ʛʨʘʶʪʴ ʢʣʶʯʦʚʫ 

ʨʦʣʴ ʫ ʧʦʩʪʘʯʘʥʥʽ ʪʦʚʘʨʽʚ ʨʽʟʥʠʭ ʩʬʝʨ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɿ ʧʦʯʘʪʢʦʤ ʚʽʡʥʠ, ʢʦʣʠ 

ʜʝʷʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʫʧʠʥʠʣʠ ʨʦʙʦʪʫ ʯʝʨʝʟ ʙʦʡʦʚʽ ʜʽʾ, ʘ ʯʘʩʪʠʥʘ ʚʟʘʛʘʣʽ 

ʦʧʠʥʠʣʠʩʴ ʚ ʦʢʫʧʘʮʽʾ, ʚʠʥʠʢʣʘ ʧʨʦʙʣʝʤʘ ʟ ʥʘʧʦʚʥʝʥʥʷʤ ʧʦʣʠʮʴ ʽ ʜʝʷʢʽ ʤʽʩʪʘ 

ʟʘʣʠʰʠʣʠʩʴ ʙʝʟ ʥʘʡʥʝʦʙʭʽʜʥʽʰʠʭ ʪʦʚʘʨʽʚ ʜʣʷ ʽʩʥʫʚʘʥʥʷ (ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, 

ʟʘʩʦʙʽʚ ʛʽʛʽʻʥʠ, ʤʝʜʠʢʘʤʝʥʪʽʚ, ʪʦʱʦ). ɺʝʣʠʢʽ ʪʦʨʛʦʚʝʣʴʥʽ ʤʝʨʝʞʽ 

ʧʝʨʝʦʨʽʻʥʪʫʚʘʣʠ ʯʘʩʪʠʥʫ ʘʩʦʨʪʠʤʝʥʪʫ ʥʘ ʽʤʧʦʨʪ. ʊʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʽ 

ʢʦʤʧʘʥʽʾ ʧʨʦʷʚʠʣʠ ʛʥʫʯʢʽʩʪʴ: ʧʝʨʝʙʫʜʫʚʘʣʠ ʣʦʛʽʩʪʠʯʥʽ ʤʘʨʰʨʫʪʠ ʪʘ ʫʩʧʽʰʥʦ 

ʚʠʢʦʥʘʣʠ ʟʘʜʘʯʫ ʧʦ ʜʦʩʪʘʚʮʽ ʚʘʥʪʘʞʽʚ ʟ-ʟʘ ʢʦʨʜʦʥʫ. ɺʝʣʠʢʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʮʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʚ ʧʝʨʝʚʝʟʝʥʥʽ ʛʫʤʘʥʽʪʘʨʥʠʭ ʚʘʥʪʘʞʽʚ ʜʦ ʪʠʭ ʨʝʛʽʦʥʽʚ, ʜʝ ʾʭ 

ʥʘʡʙʽʣʴʰʝ ʧʦʪʨʝʙʫʶʪʴ. ʅʝ ʤʦʞʥʘ ʟʘʙʫʚʘʪʠ ʧʨʦ ʥʘʡʚʘʞʣʠʚʽʰʽ ʧʽʜ ʯʘʩ ʚʽʡʥʠ 

ʧʝʨʝʚʝʟʝʥʥʷ: ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ ʚʦʻʥʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ ʧʽʜʩʠʣʶʶʪʴ 

ʦʙʦʨʦʥʦʩʧʨʦʤʦʞʥʽʩʪʴ ʜʝʨʞʘʚʠ. ʊʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʫ 

ʮʴʦʤʫ ʪʘʢʦʞ ʥʘʜʽʡʥʽ ʧʘʨʪʥʝʨʠ. ɿʘ ʯʘʩ ʚʽʡʥʠ ʚʽʜʙʫʚʩʷ ʟʥʘʯʥʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʜʦʣʽ 

ʢʦʞʥʦʛʦ ʚʠʜʫ ʪʨʘʥʩʧʦʨʪʫ ʚ ʧʝʨʝʚʝʟʝʥʥʷʭ ʚʘʥʪʘʞʽʚ. ʊʨʘʥʩʧʦʨʪʥʦ-

ʝʢʩʧʝʜʠʪʦʨʩʴʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʟʘʡʤʘʶʪʴʩʷ ʘʚʪʦʤʦʙʽʣʴʥʠʤʠ ʧʝʨʝʚʝʟʝʥʥʷʤʠ, 

ʟʘʙʨʘʣʠ ʥʘ ʩʝʙʝ ʜʦʜʘʪʢʦʚʽ ʦʙôʻʤʠ, ʱʦ ʨʘʥʽʰʝ ʧʦʪʨʝʙʫʚʘʣʠ ʧʝʨʝʚʝʟʝʥʴ ʤʦʨʩʴʢʠʤ 

ʘʙʦ ʘʚʽʘʮʽʡʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ.  
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ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʠʭ ʧʦʩʣʫʛ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʧʦʧʠʪ ʥʘ ʧʦʩʣʫʛʠ ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʥʘʜʘʶʪʴ ʩʫʪʦ ʝʢʩʧʝʜʠʪʦʨʩʴʢʽ ʧʦʩʣʫʛʠ ʘʙʦ ʞ 

ʚʦʣʦʜʽʶʪʴ ʚʣʘʩʥʠʤ ʘʚʪʦʧʘʨʢʦʤ. ɹʽʣʴʰʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚ ʧʦʻʜʥʫʻ ʮ ̔ ʚʠʜʠ 

ʜʽʷʣʴʥʦʩʪʽ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʥʘʜʘʚʘʪʠ ʷʢʦʤʦʛʘ ʙʽʣʴʰʠʡ ʩʧʝʢʪʨ 

ʧʦʩʣʫʛ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʢʦʥʢʫʨʝʥʪʥʽ ʧʝʨʝʚʘʛʠ ʩʝʨʝʜ ʽʥʰʠʭ ʦʨʛʘʥʽʟʘʮʽʾ. ɼʣʷ 

ʥʘʜʘʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʟʘʣʫʯʝʥʥʷ ʢʣʽʻʥʪʽʚ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʨʦʟʰʠʨʷʶʪʴ ʢʦʣʦ ʧʨʦʧʦʟʠʮʽʡ 

ʩʫʧʫʪʥʽʤʠ ʧʦʩʣʫʛʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʩʢʣʘʜʩʴʢʽ ʪʘ ʤʠʪʥʦ-ʙʨʦʢʝʨʩʴʢʽ ʧʦʩʣʫʛʠ, ʪʦʱʦ.  

ɹʽʣʴʰʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʥʘʜʘʶʪʴ ʧʦʩʣʫʛʠ 

ʦʜʨʘʟʫ ʧʦ ʧʝʨʝʚʝʟʝʥʥʶ ʚʩʽʭ ʪʠʧʽʚ ʚʘʥʪʘʞʽʚ, ʱʦ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʧʦʰʫʢʫ 

ʢʣʽʻʥʪʽʚ,  ̔ ʪʽʣʴʢʠ ʦʢʨʝʤʽ ʚʣʘʩʥʠʢʠ ʘʚʪʦʧʘʨʢʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ 

ʤʦʞʫʪʴ ʟʦʩʝʨʝʜʞʫʚʘʪʠʩʴ ʥʘ ʦʢʨʝʤʦʤʫ ʪʠʧʽ ʚʘʥʪʘʞʫ, ʥʘʧʨʠʢʣʘʜ, ʥʝʛʘʙʘʨʠʪʥʠʭ 

ʚʘʥʪʘʞʘʭ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʢʣʽʻʥʪʽʚ ʧʨʦʬʝʩʽʡʥʽʩʪʶ ʚ ʧʝʚʥʽʡ ʚʫʟʴʢʽʡ ʩʬʝʨʽ ʪʘ 

ʷʢʽʩʪʶ ʥʘʜʘʥʠʭ ʧʦʩʣʫʛ. ʉʝʨʝʜ ʥʝʜʦʣʽʢʽʚ ʜʽʷʣʴʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦ-

ʝʢʩʧʝʜʠʪʦʨʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʩʫʯʘʩʥʠʭ ʦʙʩʪʘʚʠʥʘʭ ʩʣʽʜ ʜʦʜʘʪʠ ʥʝʙʝʟʧʝʢʫ 

ʨʦʙʦʪʠ ʚ ʚʦʻʥʥʠʭ ʫʤʦʚʘʭ ʪʘ ʨʠʟʠʢ ʚʪʨʘʪʠ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʚʘʥʪʘʞʫ ʯʝʨʝʟ ʬʦʨʩ-

ʤʘʞʦʨʥʽ ʦʙʩʪʘʚʠʥʠ. ʅʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭ ʨʦʙʦʪʫ ʯʝʨʛʠ ʥʘ ʢʦʨʜʦʥʘʭ, ʷʢʽ 

ʩʧʨʠʷʶʪʴ ʥʝʩʚʦʻʯʘʩʥʦʩʪʽ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ. ʆʙʤʝʞʝʥʥʷ ʧʝʨʝʩʫʚʘʥʥʷ ʧʽʜ ʯʘʩ 

ʢʦʤʝʥʜʘʥʪʩʴʢʦʾ ʛʦʜʠʥʠ ʤʽʩʪʘʤʠ, ʧʦʚʽʪʨʷʥʽ ʪʨʠʚʦʛʠ ʪʘʢʦʞ ʜʦʜʘʶʪʴ ʩʚʦʶ 

ʯʘʩʪʠʥʫ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʯʘʩʫ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ. ʅʝʩʪʘʯʘ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʚʦʜʽʾʚ 

ʜʣʷ ʤʽʞʥʘʨʦʜʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʯʝʨʝʟ ʦʙʤʝʞʝʥʥʷ ʚʠʾʟʜʫ ʯʦʣʦʚʽʢʽʚ ʟʘ ʢʦʨʜʦʥ, ʘ 

ʪʘʢʦʞ ʤʦʙʽʣʽʟʘʮʽʶ, ʧʽʜʚʠʱʝʥʥʷ ʮʽʥ ʥʘ ʧʘʣʴʥʝ ʪʝʞ ʤʘʶʪʴ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʮʶ ʛʘʣʫʟʴ. ʇʝʨʝʚʘʛʘʤʠ ʙʽʣʴʰʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʻ ʰʚʠʜʢʘ ʘʜʘʧʪʘʮʽʷ ʜʦ ʽʩʥʫʶʯʠʭ 

ʫʤʦʚ ʪʘ ʟʥʘʭʦʜʞʝʥʥʷ ʥʦʚʠʭ ʤʘʨʰʨʫʪʽʚ ʽ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʴ 

[1]. ɼʣʷ ʟʘʤʦʚʥʠʢʽʚ ʚʥʫʪʨʽʰʥʽʭ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʠʭ ʧʦʩʣʫʛ ʻ ʧʝʚʥʽ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʜʦʩʪʘʚʢʫ ʚʘʥʪʘʞʽʚ ʜʦ ʪʝʨʠʪʦʨʽʡ, ʜʝ ʧʨʦʭʦʜʷʪʴ ʙʦʡʦʚʽ ʜʽʾ. ʈʠʥʦʢ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʠʭ ʧʦʩʣʫʛ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʩʢʣʘʜʦʚʠʭ: 

ï ʜʣʷ ʋʢʨʘʾʥʠ ʧʝʨʩʧʝʢʪʠʚʦʶ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ ʻ ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʩʣʷ ʚʽʡʥʠ ʪʘ 

ʧʦʢʨʘʱʝʥʥʷ ʜʦ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʨʽʚʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ; 

ï ʚʽʡʥʘ ʪʘ ʙʦʡʦʚʽ ʜʽʾ ʻ ʧʨʷʤʦʶ ʟʘʛʨʦʟʦʶ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʛʘʣʫʟʽ; 
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ï ʨʦʟʚʠʪʦʢ ʨʽʟʥʠʭ ʩʬʝʨ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ, ʟʙʽʣʴʰʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʚʘʨʽʚ, 

ʙʫʜʽʚʥʠʮʪʚʘ (ʧʝʨʝʚʝʟʝʥʥʷ ʩʠʨʦʚʠʥʠ), ʪʦʱʦ ʪʘ ʢʽʣʴʢʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʤʦʞʫʪʴ 

ʟʙʽʣʴʰʠʪʠ ʧʦʪʨʝʙʫ ʫ ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʥʷʭ ʪʘ ʩʧʨʠʷʪʠ ʨʦʩʪʫ ʜʦʣʽ ʪʨʘʥʩʧʦʨʪʥʦ-

ʝʢʩʧʝʜʠʪʦʨʩʴʢʠʭ ʧʦʩʣʫʛ ʥʘ ʨʠʥʢʫ. ʅʘʚʧʘʢʠ, ʟʘʥʝʧʘʜ ʝʢʦʥʦʤʽʢʠ ʧʨʠʟʚʝʜʝ ʜʦ 

ʩʢʦʨʦʯʝʥʥʷ ʧʦʪʨʝʙ ʫ ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʥʷʭ ʽ ʩʪʘʥʝ ʟʘʛʨʦʟʦʶ ʜʣʷ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ;  

ï ʟʦʚʥʽʰʥʴʦʝʢʦʥʦʤʽʯʥʘ ʜʽʷʣʴʥʽʩʪʴ ʜʝʨʞʘʚʠ ʧʨʷʤʦ ʚʧʣʠʚʘʻ ʥʘ ʤʽʞʥʘʨʦʜʥʽ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʽ ʧʦʩʣʫʛʠ. ɿʙʽʣʴʰʝʥʥʷ/ʟʤʝʥʰʝʥʥʷ ʝʢʩʧʦʨʪʫ/ʽʤʧʦʨʪʫ 

ʪʦʚʘʨʽʚ ʦʜʨʘʟʫ ʤʘʻ ʧʨʦʷʚ ʫ ʟʙʽʣʴʰʝʥʥʽ/ʟʤʝʥʰʝʥʥʽ ʤʽʞʥʘʨʦʜʥʠʭ 

ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʴ; 

ï ʚʟʘʻʤʦʚʽʜʥʦʩʠʥʠ ʤʽʞ ʜʝʨʞʘʚʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʧʝʨʩʧʝʢʪʠʚʦʶ ʜʣʷ 

ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ, ʥʘʜʘʶʯʠ ʜʦʜʘʪʢʦʚʽ ʧʝʨʝʚʘʛʠ ʚ ʧʨʦʭʦʜʞʝʥʥʽ ʢʦʨʜʦʥʽʚ, ʤʠʪʥʠʭ 

ʧʨʦʮʝʜʫʨ ʪʘ ʦʬʦʨʤʣʝʥʥʽ ʜʦʢʫʤʝʥʪʽʚ, ʪʘʢ ʽ ʟʘʛʨʦʟʦʶ ʫ ʚʠʧʘʜʢʫ ʟʘʛʦʩʪʨʝʥʥʷ 

ʚʽʜʥʦʩʠʥ ʤʽʞ ʜʝʨʞʘʚʘʤʠ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʜʦʜʘʪʢʦʚʠʭ ʧʝʨʝʚʽʨʦʢ/ 

ʧʨʦʮʝʜʫʨ/ʟʘʪʨʠʤʦʢ ʘʙʦ ʡ ʧʦʚʥʦʾ ʟʘʙʦʨʦʥʠ ʚôʾʟʜʫ/ʪʨʘʥʟʠʪʫ; 

ï ʧʽʜʚʠʱʝʥʥʷ ʮʽʥ ʥʘ ʧʘʣʴʥʝ ʤʦʞʝ ʚʽʜʢʨʠʪʠ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ 

ʙʽʣʴʰ ʜʝʰʝʚʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ, ʤʦʞʣʠʚʦ, ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ, ʷʢʽ ʤʦʞʥʘ ʙʫʣʦ ʙ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʚʝʣʠʢʠʭ ʤʘʩʰʪʘʙʘʭ; 

ï ʯʝʨʝʟ ʚʝʣʠʢʫ ʢʦʥʢʫʨʝʥʮʽʶ ʥʘ ʨʠʥʢʫ ʻ ʨʠʟʠʢ ʙʘʥʢʨʫʪʩʪʚʘ ʤʘʣʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʫ ʷʢʠʭ ʥʝʚʝʣʠʢʠʡ ʦʙʩʷʛ ʢʣʽʻʥʪʽʚ. ʇʝʨʩʧʝʢʪʠʚʦʶ ʜʣʷ ʥʠʭ ʤʦʞʫʪʴ 

ʩʪʘʪʠ ʪʨʘʥʩʧʦʨʪʥʽ ʙʽʨʞʽ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ 

ʚʘʥʪʘʞʦʚʽʜʧʨʘʚʥʠʢʽʚ; 

ï ʋʢʨʘʾʥʘ ʟʘ ʧʣʦʱʝʶ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰʠʭ ʢʨʘʾʥ ɭʚʨʦʧʠ, ʤʘʻ ʚʠʛʽʜʥʝ 

ʛʝʦʛʨʘʬʽʯʥʝ ʧʦʣʦʞʝʥʥʷ ʤʽʞ ɭʚʨʦʧʦʶ ʪʘ ɸʟʽʻʶ, ʤʘʻ ʚʠʭʽʜ ʜʦ ʏʦʨʥʦʛʦ ʤʦʨʷ. ɿʘ 

ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʛʝʦʛʨʘʬʽʷ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ, ʚʘʨʽʘʥʪʠ ʤʘʨʰʨʫʪʽʚ ʜʦʩʠʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʽ. ʎʝ ʪʘʢʦʞ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʩʣʫʛ ʚʩʽʭ 

ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ: ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ, ʤʦʨʩʴʢʦʛʦ, ʘʚʽʘʮʽʡʥʦʛʦ, ʟʘʣʽʟʥʠʯʥʦʛʦ, ʪʦʱʦ. 

ɺʩʽ ʮʽ ʬʘʢʪʦʨʠ ʥʘʜʘʶʪʴ ʜʦʜʘʪʢʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʠʭ ʧʦʩʣʫʛ ʪʘ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʫ ʩʬʝʨʽ 

ʤʽʞʥʘʨʦʜʥʠʭ ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʴ, ʷʢ ʣʦʛʽʩʪʠʯʥʦʛʦ ʮʝʥʪʨʫ ʜʣʷ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ 

ʤʽʞ ɭʚʨʦʧʦʶ ʪʘ ɸʟʽʻʶ; 

ï ʟʤʽʥʠ ʚ ʟʘʢʦʥʦʜʘʚʩʪʚʽ ʪʘʢʦʞ ʤʦʞʫʪʴ ʩʪʘʪʠ ʷʢ ʧʝʨʩʧʝʢʪʠʚʦʶ ʜʣʷ ʨʦʟʚʠʪʢʫ, 

ʪʘʢ ʽ ʜʦʜʘʪʢʦʚʦʶ ʧʝʨʝʧʦʥʦʶ ʥʘ ʡʦʛʦ ʰʣʷʭʫ; 

ï ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʦ-ʝʢʩʧʝʜʠʪʦʨʩʴʢʠʭ ʧʦʩʣʫʛ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ɺʽʥ ʤʦʞʝ ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʢʽ ʦʙôʻʤʠ ʜʘʥʠʭ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʧʠʪ ʥʘ ʪʨʘʥʩʧʦʨʪʥʽ ʧʦʩʣʫʛʠ, ʚʨʘʭʦʚʫʶʯʠ ʩʪʘʥ ʥʘ ʜʦʨʦʛʘʭ, 

ʢʦʨʜʦʥʘʭ ʪʘ ʥʠʟʢʫ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʙʫʜʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʤʘʨʰʨʫʪʠ, 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʚʘʥʪʘʞʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʯʘʪ-

ʙʦʪʽʚ ʪʘ ʛʦʣʦʩʦʚʠʭ ʘʩʠʩʪʝʥʪʽʚ ʜʣʷ ʨʦʙʦʪʠ ʟ ʢʣʽʻʥʪʘʤʠ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ 

ʢʦʨʠʩʥʠʤ; 

ï ʧʝʨʩʧʝʢʪʠʚʦʶ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷʤʠ. ʈʦʙʦʪʠ ʤʦʞʫʪʴ ʰʚʠʜʰʝ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʫ ʩʠʪʫʘʮʽʾ 

ʥʘ ʜʦʨʦʟʽ, ʫʥʠʢʘʪʠ ʘʚʘʨʽʡ, ʘ ʪʘʢʦʞ ʢʝʨʫʚʘʪʠ ʘʚʪʦʤʦʙʽʣʝʤ ʙʝʟ ʚʽʜʧʦʯʠʥʢʫ. 
 

[1] ʗʢ ʣʦʛʽʩʪʠʢʘ ʘʜʘʧʪʫʚʘʣʘʩʷ ʜʦ ʚʽʡʥʠ // ɽʢʦʥʦʤʽʯʥʘ ʇʨʘʚʜʘ. URL: 

https://www.epravda.com.ua/columns/2023/07/24/702529 
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ʈʦʟʚʠʪʦʢ ʪʨʘʥʩʧʦʨʪʥʦʾ ʣʦʛʽʩʪʠʢʠ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ, ʻ ʟʘʧʦʨʫʢʦʶ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʦʥʦʤʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʩʽʻʾ ʛʘʣʫʟʽ. ʉʫʯʘʩʥʦʶ ʪʝʥʜʝʥʮʽʻʶ ʚ 

ʣʦʛʽʩʪʠʮʽ ʟʘʣʽʟʥʠʯʥʠʭ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʻ ʦʧʪʠʤʽʟʘʮʽʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʚʘʥʪʘʞʽʚ. ʆʜʥʘʢ ʟʥʦʰʝʥʽʩʪʴ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʪʘ ʟʘʩʪʘʨʽʣʘ ʢʦʣʽʡʥʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʪʨʠʤʫʶʪʴ ʨʦʟʚʠʪʦʢ ʣʦʛʽʩʪʠʢʠ ʟʘʣʽʟʥʠʯʥʠʭ ʚʘʥʪʘʞʥʠʭ 

ʧʝʨʝʚʝʟʝʥʴ. ʗʢ ʥʘʩʣʽʜʦʢ, ʚʘʥʪʘʞʥʠʡ ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʟʘʣʽʟʥʠʮʽ ʥʝ ʧʦʚʥʦʶ 

ʤʽʨʦʶ ʚʽʜʧʦʚʽʜʘʻ ʟʨʦʩʪʘʶʯʠʤ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʱʦʜʦ ʝʢʦʥʦʤʽʾ ʧʘʣʠʚʘ ʪʘ 

ʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʚʠʪʨʘʪ ʥʘ ʪʝʭʥʽʯʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ. ʇʘʨʢ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ 

ʟʥʦʰʝʥʠʡ ʥʘ 73,2%, ʘ ʣʦʢʦʤʦʪʠʚʽʚ - ʥʘ 71,1%, ʮʝ ʧʝʨʝʰʢʦʜʞʘʻ ʟʥʠʞʝʥʥʶ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ [1,2]. 

ʆʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ ʣʦʛʽʩʪʠʢʠ ʫʢʨʘʾʥʩʴʢʠʭ ʟʘʣʽʟʥʠʮʴ ʻ ʥʠʟʴʢʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ. 

ʋ ʙʘʛʘʪʴʦʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ ʚʘʥʪʘʞʥʠʤ ʧʦʾʟʜʘʤ ʜʦʟʚʦʣʝʥʦ ʨʫʭʘʪʠʩʷ ʟ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ 120 ʢʤ/ʛʦʜ. ʋ ʋʢʨʘʾʥʽ ʪʝʭʥʽʯʥʝ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʜʣʷ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ ʩʪʘʥʦʚʠʪʴ 80-90 ʢʤ/ʛʦʜ, ʦʜʥʘʢ ʚʦʥʠ ʤʦʞʫʪʴ ʨʦʟʚʠʚʘʪʠ 

ʪʘʢʫ ʰʚʠʜʢʽʩʪʴ ʣʠʰʝ ʥʘ ʧʨʷʤʠʭ, ʤʦʜʝʨʥʽʟʦʚʘʥʠʭ ʽ ʜʦʙʨʝ ʫʢʨʽʧʣʝʥʠʭ ʢʦʣʽʷʭ. 

ʆʙʨʦʙʢʘ ʢʦʥʪʝʡʥʝʨʥʠʭ ʚʘʥʪʘʞʽʚ ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʫ ʣʦʛʽʩʪʠʮʽ 

ʚʘʥʪʘʞʥʠʭ ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. ɺʽʜʩʫʪʥʽʩʪʴ ʫ ʥʘʰʦʾ ʢʨʘʾʥʽ ʩʫʯʘʩʥʠʭ 

ʢʦʥʪʝʡʥʝʨʥʠʭ ʪʝʨʤʽʥʘʣʽʚ ʢʣʘʩʫ "ɸ" ʦʙʤʝʞʫʻ ʨʝʘʣʽʟʘʮʽʶ ʧʨʠʥʮʠʧʫ 

ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʚ ʪʨʘʥʩʧʦʨʪʥʽʡ ʣʦʛʽʩʪʠʮʽ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʚʘʛʦʥʠ 

ʙʫʜʴ-ʷʢʠʤ ʚʘʥʪʘʞʝʤ, ʫ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ ʽ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʤʽʩʮʽ [3]. 

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʫ ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ 

ʟʘʣʽʟʥʠʯʥʠʭ ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʴ ʻ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʨʦʩʪʦʶ ʚʘʛʦʥʥʦʛʦ ʧʘʨʢʫ ʧʽʜ 

ʯʘʩ ʚʘʥʪʘʞʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʘʛʦʥʽʚ. ɼʝʷʢʽ ʤʘʨʰʨʫʪʠ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʥʝ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʟʚʦʨʦʪʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʘʛʦʥʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʚʝʨʥʝʥʥʷ 

ʧʦʨʦʞʥʽʭ ʚʘʛʦʥʽʚ [4]. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʥʝʦʙʭʽʜʥʝ ʟʘʣʫʯʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ ʽ ʧʦʩʠʣʝʥʥʷ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʟʫʩʠʣʴ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʟʘʣʽʟʥʠʯʥʽ ʚʘʛʦʥʠ ʯʘʩʪʦ 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʚʠʢʦʨʠʩʪʘʥʠʤʠ ʥʘ ʢʦʣʽʷʭ, ʱʦ ʥʘʣʝʞʘʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘʤ, ʧʽʜ ʯʘʩ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʥʘ ʧʨʠʢʦʨʜʦʥʥʠʭ ʧʝʨʝʭʦʜʘʭ ʯʝʨʝʟ 
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ʥʝʥʘʣʝʞʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʪʝʨʤʽʥʘʣʽʚ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ 

ʦʧʪʠʤʽʟʘʮʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʛʦʥʥʦʛʦ ʧʘʨʢʫ ʩʧʨʠʷʪʠʤʝ ʢʨʘʱʦʤʫ ʨʝʛʫʣʶʚʘʥʥʶ 

ʧʨʦʮʝʜʫʨ ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʜʦʟʚʦʣʠʪʴ ʢʨʘʱʝ ʟʘʜʦʚʦʣʴʥʷʪʠ ʧʦʪʨʝʙʠ ʢʣʽʻʥʪʽʚ 

ʟʘʚʜʷʢʠ ʧʦʢʨʘʱʝʥʥʶ ʜʠʩʧʝʪʯʝʨʠʟʘʮʽʾ ʪʘ ʢʽʣʴʢʽʩʥʠʭ ʽ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ 

ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. 

ʋ ʨʦʟʚʠʪʢʫ ʣʦʛʽʩʪʠʢʠ ʚʘʥʪʘʞʥʠʭ ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚʠʥʠʢʘʶʪʴ 

ʽʥʩʪʠʪʫʮʽʡʥʽ ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʪʘʨʠʬʽʚ, 

ʥʝʫʟʛʦʜʞʝʥʽʩʪʶ ʤʠʪʥʠʭ ʧʨʦʮʝʜʫʨ ʪʘ ʥʝʥʘʣʝʞʥʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʽʚ ʪʝʨʠʪʦʨʽʻʶ ʋʢʨʘʾʥʠ. 

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʦʨʛʘʥʽʟʘʮʽʾ ʣʦʛʽʩʪʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞʽʚ ʟʘʣʽʟʥʠʯʥʠʤ 

ʪʨʘʥʩʧʦʨʪʦʤ ʚ ʋʢʨʘʾʥʽ ʥʝʦʙʭʽʜʥʦ ʦʧʪʠʤʽʟʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʥʘʧʨʷʤʢʠ:  

1) ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ ʜʦ 90 ʢʤ/ʛʦʜ ʰʣʷʭʦʤ 

ʟʘʢʫʧʽʚʣʽ ʩʫʯʘʩʥʠʭ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʪʘ ʧʦʪʫʞʥʠʭ ʣʦʢʦʤʦʪʠʚʽʚ (ʤʦʜʝʨʥʽʟʘʮʽʷ 

ʪʘ ʟʤʽʮʥʝʥʥʷ ʟʘʣʽʟʥʠʯʥʦʛʦ ʧʦʣʦʪʥʘ, ʜʚʦʨʽʚʥʝʚʽ ʨʦʟʚ'ʷʟʢʠ, ʦʧʪʠʤʘʣʴʥʽ ʤʘʨʰʨʫʪʠ 

ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ). 

2) ʦʧʪʠʤʽʟʘʮʽʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʛʦʥʥʦʛʦ ʧʘʨʢʫ: ʩʢʦʨʦʯʝʥʥʷ 

ʧʦʨʦʞʥʴʦʛʦ ʧʨʦʙʽʛʫ ʚʘʛʦʥʽʚ ʰʣʷʭʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʟʚʦʨʦʪʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ; 

ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ ʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʤʠʪʥʦʛʦ 

ʦʬʦʨʤʣʝʥʥʷ; ʩʢʦʨʦʯʝʥʥʷ ʤʘʨʰʨʫʪʥʦʛʦ ʯʘʩʫ. 

3) ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʩʝʨʚʽʩʫ ʷʢ ʜʣʷ ʚʘʥʪʘʞʦʚʽʜʧʨʘʚʥʠʢʽʚ, ʪʘʢ ʽ ʜʣʷ 

ʚʘʥʪʘʞʦʦʜʝʨʞʫʚʘʯʽʚ, ʯʝʨʝʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʚʘʥʪʘʞʫ ʥʘ ʚʩʴʦʤʫ ʰʣʷʭʫ 

ʧʝʨʝʚʝʟʝʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʻʜʠʥʦʛʦ ʧʝʨʝʚʽʟʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʪʘ ʥʘʜʘʥʥʷ 

ʤʦʞʣʠʚʦʩʪʽ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʽʜʩʪʝʞʝʥʥʷ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʚʘʥʪʘʞʫ ʧʽʜ ʯʘʩ 

ʪʨʘʥʟʠʪʫ. 

4) ʟʥʠʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʠʪʨʘʪ (ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʥʫʯʢʦʾ ʪʘʨʠʬʥʦʾ ʧʦʣʽʪʠʢʠ 

ʪʘ ʯʽʪʢʠʭ ʛʨʘʬʽʢʽʚ ʨʫʭʫ; ʦʧʪʠʤʽʟʘʮʽʷ ʽʩʥʫʶʯʠʭ ʤʘʨʰʨʫʪʽʚ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ ʜʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʦʾʟʜʽʚ ʥʘ ʦʩʥʦʚʥʠʭ ʤʘʨʰʨʫʪʘʭ; ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʷʢ ʚʘʥʪʘʞʥʠʤʠ ʧʝʨʝʚʝʟʝʥʥʷʤʠ, ʪʘʢ ʽ ʚʘʥʪʘʞʥʠʤʠ ʧʦʾʟʜʘʤʠ). 

ʆʪʞʝ, ʝʬʝʢʪʠʚʥʝ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ ʟʘʣʽʟʥʠʮʝʶ ʤʘʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤ ʋʢʨʘʾʥʠ. ʆʧʪʠʤʽʟʫʚʘʪʠ ʪʨʘʥʩʧʦʨʪʥʽ ʣʦʛʽʩʪʠʯʥʽ 

ʟʘʣʽʟʥʠʯʥʽ ʚʘʥʪʘʞʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ ʽ 

ʩʪʨʘʪʝʛʽʡ, ʯʝʨʝʟ ʢʦʤʧʣʝʢʩʥʽ ʤʽʨʢʫʚʘʥʥʷ ʽ ʩʪʨʘʪʝʛʽʾ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ 

ʝʬʝʢʪʠʚʥʝ ʧʣʘʥʫʚʘʥʥʷ ʽ ʨʦʟʨʦʙʢʫ ʤʘʨʰʨʫʪʽʚ, ʫʧʨʘʚʣʽʥʥʷ ʚʘʥʪʘʞʦʧʦʪʦʢʘʤʠ, ʘ 

ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʥʦʚʘʮʽʡ. 
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ɺʘʥʪʘʞʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʜʣʷ ʢʨʘʾʥʠ, ʥʘ ʪʝʨʠʪʦʨʽʾ ʷʢʦʾ ʧʨʦʭʦʜʷʪʴ ʙʦʡʦʚʽ ʜʽʾ, ʻ 

ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ ʾʾ ʝʢʦʥʦʤʽʯʥʠʡ ʩʪʘʥ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʛʫʤʘʥʽʪʘʨʥʫ ʪʘ ʚʽʡʩʴʢʦʚʫ ʩʠʪʫʘʮʽʶ. ʇʝʨʝʚʦʟʷʪʴʩʷ ʷʢ ʛʫʤʘʥʽʪʘʨʥʽ 

ʚʘʥʪʘʞʽ, ʪʘʢ ʽ ʚʘʥʪʘʞʽ ʜʣʷ ʚʽʡʩʴʢʦʚʠʭ ʧʦʪʨʝʙ. ʏʠʤʘʣʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʯʘʩ, 

ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʪʘ ʡʦʛʦ ʚʘʨʪʽʩʪʴ. ɺʯʘʩʥʦ ʜʦʩʪʘʚʣʝʥʽ ʚʘʥʪʘʞʽ ʤʦʞʫʪʴ 

ʟʘʧʦʙʽʛʪʠ ʷʢ ʟʘʡʚʠʤ ʣʶʜʩʴʢʠʤ, ʪʘʢ ʽ ʪʝʨʠʪʦʨʽʘʣʴʥʠʤ ʚʪʨʘʪʘʤ ʜʝʨʞʘʚʠ. ʊʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʦʙʠʨʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʩʧʦʩʦʙʠ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ, ʦʜʥʠʤ ʽʟ ʷʢʠʭ ʻ 

ʢʦʥʪʝʡʥʝʨʥʽ ʧʝʨʝʚʝʟʝʥʥʷ.  

ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʭʝʤʠ ʧʝʨʝʚʝʟʝʥʥʷ, ʷʢʽ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʪʘ ʨʦʟʚʠʚʘʣʠʩʷ ʧʦʥʘʜ 20 ʨʦʢʽʚ, ʟʘ ʜʫʞʝ ʢʦʨʦʪʢʠʡ ʪʝʨʤʽʥ ʚʪʨʘʪʠʣʠ ʩʚʦʶ 

ʘʢʪʫʘʣʴʥʽʩʪʴ, ʪʦʤʫ ʚʘʥʪʘʞʦʧʝʨʝʚʽʟʥʠʢʘʤ ʜʦʚʝʣʦʩʷ ʪʝʨʤʽʥʦʚʦ ʨʦʟʨʦʙʣʶʚʘʪʠ ʥʦʚʽ 

ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʰʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ. ʗʢʱʦ ʜʦ ʧʦʯʘʪʢʫ ʙʦʡʦʚʠʭ ʜʽʡ 

ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʤʦʨʩʴʢʠʤ 

ʪʨʘʥʩʧʦʨʪʦʤ, ʘ ʤʘʨʰʨʫʪʠ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʦʾʟʜʽʚ ʙʫʣʠ ʟʘʚôʷʟʘʥʽ ʥʘ ʤʦʨʩʴʢʽ 

ʧʦʨʪʠ, ʪʦ ʪʝʧʝʨ ʪʘʢʘ ʩʭʝʤʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʝʣʠʢʽʡ ʛʨʫʧʽ ʨʠʟʠʢʫ. ɯ ʭʦʯʘ ʙʫʣʠ 

ʩʧʨʦʙʠ ʚʽʜʥʦʚʠʪʠ ʤʦʨʩʴʢʽ ʧʝʨʝʚʝʟʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ çʟʝʨʥʦʚʦʛʦ ʢʦʨʠʜʦʨʫè ʪʘ 

ʨʽʯʢʦʚʦʛʦ ʬʣʦʪʫ ʧʦ ɼʫʥʘʶ, ʟʘʛʨʦʟʘ ʚʠʚʝʜʝʥʥʷ ʟ ʣʘʜʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ 

ʦʙʨʦʙʢʠ ʚʘʥʪʘʞʽʚ ʽ ʢʦʥʪʝʡʥʝʨʽʚ ʫ ʧʦʨʪʘʭ ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʩʦʢʦʶ, ʘ ʦʩʪʘʥʥʽʤ 

ʯʘʩʦʤ ʧʦʨʪʠ ʯʘʩʪʽʰʝ ʻ ʮʽʣʷʤʠ ʫʜʘʨʽʚ ʽʟ ʨʽʟʥʦʛʦ ʚʠʜʫ ʦʟʙʨʦʻʥʥʷ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʜʦʚʞʫʚʘʪʠ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʩʫʭʦʧʫʪʥʠʭ ʧʨʠʢʦʨʜʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ ʥʘ ʟʘʭʦʜʽ 

ʢʨʘʾʥʠ ʧʽʜ ʥʦʚʽ ʧʦʣʽʪʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʽ ʫʤʦʚʠ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʟʘʣʽʟʥʠʯʥʽ ʤʝʨʝʞʽ ʋʢʨʘʾʥʠ ʪʘ ɭʚʨʦʧʠ ʤʘʶʪʴ ʨʽʟʥʫ ʰʠʨʠʥʫ 

ʢʦʣʽʾ, ʤʦʞʣʠʚʦ ʧʝʨʝʜʙʘʯʠʪʠ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʠʭ 

ʢʦʥʪʝʡʥʝʨʥʠʭ ʪʝʨʤʽʥʘʣʽʚ ʧʦʙʣʠʟʫ ʢʦʨʜʦʥʽʚ ʜʣʷ ʧʝʨʝʚʘʣʢʠ ʪʘ ʧʨʦʭʦʜʞʝʥʥʷ 

ʚʘʥʪʘʞʘʤʠ ʤʠʪʥʦʛʦ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ ʢʦʥʪʨʦʣʶ. ʅʘ ʧʦʯʘʪʢʫ ʩʝʨʧʥʷ 2023 ʨʦʢʫ 

ʩʪʘʣʦ ʚʽʜʦʤʦ, ʱʦ ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè ʩʪʚʦʨʶʻ ʪʝʨʤʽʥʘʣʴʥʠʡ ʦʧʝʨʘʪʦʨ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ 21 ʪʝʨʤʽʥʘʣʦʤ [1]. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʨʤʽʥʘʣʦʤ ʤʦʞʝ ʚʚʘʞʘʪʠʩʷ 
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ʟʚʠʯʘʡʥʠʡ ʚʘʥʪʘʞʥʠʡ ʜʚʽʨ, ʱʦ ʤʽʥʽʤʘʣʴʥʦ ʧʨʠʩʪʦʩʦʚʘʥʠʡ ʜʦ ʦʙʨʦʙʣʝʥʥʷ 

ʢʦʥʪʝʡʥʝʨʽʚ. ʎʝ ʟʥʘʯʥʦ ʦʙʤʝʞʫʻ ʦʙʩʷʛʠ ʦʙʨʦʙʢʠ ʪʘ ʟʙʽʣʴʰʫʻ ʟʘʛʘʣʴʥʠʡ ʯʘʩ 

ʧʝʨʝʚʝʟʝʥʴ. ʊʦʤʫ ʥʘ ʪʝʨʤʽʥʘʣʽ ʧʦʚʠʥʥʦ ʟʥʘʭʦʜʠʪʠʩʴ ʚʽʜʧʦʚʽʜʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʷʢʦʛʦ ʤʦʞʣʠʚʦ ʟʘʣʫʯʠʪʠ ʤʽʞʥʘʨʦʜʥʽ ʽʥʚʝʩʪʠʮʽʾ.  

ʉʪʘʥʦʤ ʥʘ ʞʦʚʪʝʥʴ 2023 ʨʦʢʫ, ʚʽʜʩʫʪʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʚʠʜʽʣʝʥʥʷ ʦʢʨʝʤʠʭ 

ʥʠʪʦʢ ʛʨʘʬʽʢʫ ʧʽʜ ʢʦʥʪʝʡʥʝʨʥʽ ʧʦʾʟʜʠ. ʆʩʥʦʚʥʠʤ ʤʽʩʮʝʤ ʧʝʨʝʚʘʣʢʠ ʚʘʥʪʘʞʽʚ 

ʩʪʘʚ ʧʦʣʴʩʴʢʠʡ ɻʜʘʥʩʴʢ. ʄʝʥʰʝ, ʘʣʝ ʪʝʞ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʽʥʰʽ ʧʦʨʪʠ 

ʥʘ ʧʽʚʥʦʯʽ ʇʦʣʴʱʽ ʪʘ ʅʽʤʝʯʯʠʥʠ.  

ʋ ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè ʻ ʜʦʩʚʽʜ ʧʨʦʧʫʩʢʫ ʩʚʦʻʶ ʤʝʨʝʞʝʶ ʨʝʛʫʣʷʨʥʠʭ 

ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʦʾʟʜʽʚ. ʊʦʤʫ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʪʠ ʡʦʛʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʙʽʣʴʰʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʫ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ. ɿʘ ʩʧʽʚʧʨʘʮʝʶ ʽʟ ʧʦʣʴʩʴʢʠʤ 

ʦʧʝʨʘʪʦʨʦʤ PKP Cargo ʪʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʯʘʩʫ ʦʙʨʦʙʢʠ ʢʦʥʪʝʡʥʝʨʽʚ ʥʘ 

ʧʨʠʢʦʨʜʦʥʥʠʭ ʪʝʨʤʽʥʘʣʘʭ ʜʦʮʽʣʴʥʦ ʫʟʛʦʜʠʪʠ ʥʠʪʢʠ ʫʢʨʘʾʥʩʴʢʠʭ ʪʘ ʧʦʣʴʩʴʢʠʭ 

ʛʨʘʬʽʢʽʚ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʪʘʢʪʦʚʠʭ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. ʊʘʢʪ ʟʘʣʝʞʠʪʠʤʝ 

ʚʽʜ ʧʦʧʠʪʫ, ʱʦ ʤʦʞʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʧʦʩʪʫʧʦʚʦ. ʅʘʧʨʠʢʣʘʜ, ʩʧʦʯʘʪʢʫ ʤʦʞʥʘ 

ʚʩʪʘʥʦʚʠʪʠ ʫ ʨʦʟʤʽʨʽ ʦʜʥʦʾ ʧʘʨʠ ʥʘ ʪʠʞʜʝʥʴ ʽʟ ʤʦʞʣʠʚʽʩʪʶ ʟʙʽʣʴʰʝʥʥʷ ʜʦ ʦʜʥʦʾ 

ʧʘʨʠ ʥʘ 3-4 ʜʥʽ. ʂʽʣʴʢʽʩʪʴ ʚʘʛʦʥʽʚ ʫ ʩʭʝʤʽ ʧʦʾʟʜʘ ʙʫʜʝ ʟʘʬʽʢʩʦʚʘʥʘ, ʘʣʝ ʤʦʞʥʘ 

ʧʝʨʝʜʙʘʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʧʨʘʚʣʝʥʥʷ ʥʝʧʦʚʥʠʭ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʦʾʟʜʽʚ, 

ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʘʭ ʧʝʨʝʚʝʟʝʥʥʷ ʪʝʨʤʽʥʦʚʠʭ ʚʘʥʪʘʞʽʚ. ɼʦʜʘʪʢʦʚʽ ʯʠʥʥʠʢʠ ʜʣʷ 

ʚʽʜʧʨʘʚʣʝʥʥʷ ʥʝʧʦʚʥʠʭ ʧʦʾʟʜʽʚ: ʚʽʜʩʪʘʥʴ ʜʦ ʪʝʨʤʽʥʘʣʫ, ʥʘʷʚʥʽʩʪʴ ʚʽʣʴʥʦʾ ʪʷʛʠ 

(ʝʣʝʢʪʨʦʚʦʟʠ, ʪʝʧʣʦʚʦʟʠ) ʪʘ ʦʙôʻʤʠ ʢʦʥʪʝʡʥʝʨʽʚ. ʊʘʢʦʞ ʚʧʣʠʚʘʪʠʤʫʪʴ ʽʥʰʽ 

ʦʙʩʪʘʚʠʥʠ ʢʦʥʢʨʝʪʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʦʧʝʨʘʮʽʡ [2]. 

ʉʣʽʜ ʪʘʢʦʞ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʟʘʢʦʥʦʜʘʚʯʽ ʘʩʧʝʢʪʠ. ʈʦʙʦʪʘ ʚʝʜʝʪʴʩʷ: ʫ 

ʣʠʩʪʦʧʘʜʽ 2021 ʨʦʢʫ ʙʫʚ ʧʨʠʡʥʷʪʠʡ ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ 

ʧʝʨʝʚʝʟʝʥʥʷè, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʾʭ ʧʨʘʚʦʚʽ ʟʘʩʘʜʠ ʪʘ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʩʪʚʦʨʝʥʥʷ 

ʫʤʦʚ ʜʣʷ ʾʭ ʨʦʟʚʠʪʢʫ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ [3]. ɹʘʛʘʪʦ ʩʧʦʚʽʱʝʥʴ ʧʨʦ ʤʦʞʣʠʚʝ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʚʘʪʥʦʾ ʪʷʛʠ ʥʘ ʟʘʣʽʟʥʠʮʷʭ ʋʢʨʘʾʥʠ, ʘʣʝ, ʦʢʨʽʤ ʜʝʷʢʠʭ 

ʥʝʚʝʣʠʢʠʭ ʜʽʣʷʥʦʢ, ʋʢʨʟʘʣʽʟʥʠʮʷ ʥʝ ʚʢʣʘʜʘʣʘ ʜʦʛʦʚʦʨʠ ʧʨʦ ʨʦʙʦʪʫ ʧʨʠʚʘʪʥʠʭ 

ʣʦʢʦʤʦʪʠʚʽʚ [4]. ʇʨʠ ʮʴʦʤʫ, ʚ ʢʨʘʾʥʘʭ ɭʚʨʦʩʦʶʟʫ ʨʦʙʦʪʘ ʧʨʠʚʘʪʥʠʭ 

ʚʘʥʪʘʞʦʧʝʨʝʚʽʟʥʠʢʽʚ ʽʟ ʩʚʦʾʤʠ ʣʦʢʦʤʦʪʠʚʘʤʠ ʪʘ ʚʘʛʦʥʘʤʠ ʥʘ ʥʘʮʽʦʥʘʣʴʥʠʭ 

ʟʘʣʽʟʥʠʯʥʠʭ ʤʝʨʝʞʘʭ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʱʦ ʜʦʚʦʜʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʪʘʢʦʾ ʩʭʝʤʠ ʚʽʜʥʦʩʥʦ ʤʦʨʩʴʢʠʭ ʪʘ ʘʚʪʦʧʝʨʝʚʝʟʝʥʴ. 

 
[1] ʆʣʝʢʩʘʥʜʨ ʊʢʘʯʫʢ: ʉʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʢʦʥʪʝʡʥʝʨ ʜʣʷ ʟʝʨʥʘ ʚʠʷʚʠʚʩʷ ʪʠʤʯʘʩʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ] : [ɺʝʙ-ʩʘʡʪ]. ï ɽʣʝʢʪʨʦʥʥʽ ʜʘʥʽ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.railinsider.com.ua/oleksandr-tkachuk-pro-

konteynerni-terminaly/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 10.11.2023) ï ʅʘʟʚʘ ʟ ʝʢʨʘʥʘ. 

[2] ʇʘʨʭʦʤʝʥʢʦ ʃ. ʆ. ʈʦʟʨʦʙʣʝʥʥʷ ʉʇʇʈ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʦʾʟʜʽʚ ʫ ʨʘʤʢʘʭ 

ʩʠʩʪʝʤʠ ʽʥʪʝʨʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ / ʃ. ʆ. ʇʘʨʭʦʤʝʥʢʦ, ɺ. ʄ. ʇʨʦʭʦʨʦʚ, ʊ. ʖ. ʂʘʣʘʰʥʽʢʦʚʘ, ʆ. ɽ. ʐʘʥʜʝʨ // 

ɯʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʽ ʩʠʩʪʝʤʠ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ. ï 2023. ï ˉ 3. ï ʉ. 29-42. 

[3] ɺʝʨʭʦʚʥʘ ʈʘʜʘ ʧʽʜʪʨʠʤʘʣʘ ʨʦʟʚʠʪʦʢ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚ ʋʢʨʘʾʥʽ, - ɺʣʘʜʠʩʣʘʚ 

ʂʨʠʢʣʽʡ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : [ɺʝʙ-ʩʘʡʪ]. ï ɽʣʝʢʪʨʦʥʥʽ ʜʘʥʽ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://mtu.gov.ua/news/32665.html (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 10.11.2023) ï ʅʘʟʚʘ ʟ ʝʢʨʘʥʘ. 

[4] ʋɿ ʚʧʝʨʰʝ ʜʦʧʫʩʪʠʪʴ ʧʨʠʚʘʪʥʫ ʪʷʛʫ ʥʘ ʟʘʣʽʟʥʠʮʶ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : [ɺʝʙ-ʩʘʡʪ]. ï ɽʣʝʢʪʨʦʥʥʽ ʜʘʥʽ. ï 
ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.epravda.com.ua/news/2020/12/16/669262/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 10.11.2023) ï ʅʘʟʚʘ ʟ 

ʝʢʨʘʥʘ. 
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ɿʨʦʩʪʘʥʥʷ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʨʝʩʫʨʩʽʚ ʚʠʤʘʛʘʶʪʴ ʧʦʰʫʢʫ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʨʫʭʫ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʧʦʾʟʜʽʚ. ʅʝʜʦʩʪʘʪʥʷ ʦʧʪʠʤʽʟʘʮʽʷ ʤʘʨʰʨʫʪʽʚ ʪʘ ʥʠʟʴʢʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʨʝʛʽʦʥʘʣʴʥʠʤʠ ʧʦʾʟʜʘʤʠ ʫʩʢʣʘʜʥʶʶʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʷʢʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ. ʊʘʢ, ʟʘ ʜʘʥʠʤʠ ɸʉʂ ʇʇ ʋɿ, ʟʘ ʦʩʪʘʥʥʽʡ ʨʽʢ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʠʥʫʣʠʤʠ ʨʦʢʘʤʠ, ʭʦʯʘ ʽ ʟʙʽʣʴʰʠʣʘʩʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʝʟʝʥʠʭ 

ʧʘʩʘʞʠʨʽʚ ʪʘ ʨʽʚʝʥʴ ʥʘʩʝʣʝʥʦʩʪʽ ʨʝʛʽʦʥʘʣʴʥʠʭ ʧʦʾʟʜʽʚ, ʧʨʦʪʝ, ʦʩʪʘʥʥʽʡ ʧʦʢʘʟʥʠʢ 

ʤʘʚ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 62% (ʨʠʩ. 1), ʱʦ ʻ ʥʝʜʦʩʪʘʪʥʽʤ ʟʘ ʢʨʠʪʝʨʽʻʤ 

ʨʘʮʽʦʥʘʣʴʥʦʩʪʽ. ʊʦʤʫ, ʟʘʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʨʽʚʥʷ ʨʝʛʽʦʥʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, 

ʘʚʪʦʨʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʤʝʪʘʝʚʨʝʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ 

ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʨʫʭʫ ʧʦʾʟʜʽʚ ʜʘʥʦʾ ʢʘʪʝʛʦʨʽʾ [1]. 

 

 

ʈʠʩ. 1. ɼʠʥʘʤʽʢʘ ʥʘʩʝʣʝʥʦʩʪʽ ʨʝʛʽʦʥʘʣʴʥʠʭ ʧʦʾʟʜʽʚ ʟʘ 2021-2023 ʨʦʢʠ 

 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʪʴ ʧʽʜʣʘʰʪʦʚʫʚʘʪʠ ʨʫʭ ʨʝʛʽʦʥʘʣʴʥʠʭ ʧʦʾʟʜʽʚ ʧʽʜ ʟʤʽʥʥʽ 

ʫʤʦʚʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʤʘʢʩʠʤʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʆʩʢʽʣʴʢʠ ʤʝʪʘʝʚʨʠʩʪʠʯʥʽ 

ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʧʣʘʥʫʚʘʥʥʷ, 

ʚʨʘʭʦʚʫʶʯʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ ʪʘ ʦʙʤʝʞʝʥʴ. 
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ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʨʫʭʫ ʤʘʻ ʧʨʦʚʦʜʠʪʠʩʴ ʥʘ ʦʩʥʦʚʽ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ 

ʷʢ ʧʘʩʘʞʠʨʦʧʦʪʽʢ, ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʧʦʾʟʜʽʚ ʪʘ ʩʪʘʥ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ɸ ʢʨʠʪʝʨʽʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʪʘʢʦʾ ʤʦʜʝʣʽ ʤʘʶʪʴ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʧʘʩʘʞʠʨʽʚ ʪʘ ʚʠʪʨʘʪʘʭ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ. ʆʢʨʽʤ ʮʴʦʛʦ, ʪʘʢʘ ʤʦʜʝʣʴ ʤʘʻ ʙʫʪʠ ʣʝʛʢʦ 

ʘʜʘʧʪʦʚʘʥʘ ʜʦ ʽʩʥʫʶʯʦʛʦ ʛʨʘʬʽʢʫ ʨʫʭʫ ʧʦʾʟʜʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʘʜʘʧʪʠʚʥʦʛʦ ʤʝʪʘʝʚʨʠʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʚ 

ʦʨʛʘʥʽʟʘʮʽʾ ʨʫʭʫ ʨʝʛʽʦʥʘʣʴʥʠʭ ʧʦʾʟʜʽʚ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ, ʱʦ ʩʧʨʠʷʪʠʤʝ 

ʽʥʥʦʚʘʮʽʡʥʦʤʫ ʨʦʟʚʠʪʢʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʪʘ ʟʙʽʣʴʰʠʪʴ ʾʭ 

ʨʽʚʝʥʴ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʚ ʋʢʨʘʾʥʽ.  
 

[1] D. Xinlei, et al. Integrated optimization of train stop planning and timetabling for commuter railways with an 

extended adaptive large neighborhood search metaheuristic approach. Transportation Research Part C: Emerging 

Technologies, 2020, 117: 102681. 
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I .Y. Lesnikova, N.V. Khalipova, S.A. Razgonov 
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ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ï ʦʜʥʘ ʽʟ ʚʘʞʣʠʚʠʭ ʽ ʩʢʣʘʜʥʠʭ 

ʧʨʦʙʣʝʤ ʚ ʪʝʦʨʽʾ ʽ ʧʨʘʢʪʠʮʽ ʧʣʘʥʫʚʘʥʥʷ. ʉʢʣʘʜʥʽʩʪʴ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʥʘ 

ʨʦʟʤʽʨ ʧʝʨʝʚʝʟʝʥʴ ʚʧʣʠʚʘʻ ʙʘʛʘʪʦ ʬʘʢʪʦʨʽʚ: ʝʢʦʥʦʤʽʯʥʠʭ, ʩʦʮʽʘʣʴʥʠʭ, 

ʧʦʣʽʪʠʯʥʠʭ, ʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʝ ʤʦʞʝ ʦʭʦʧʠʪʠ ʫʩʶ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞʽʚ[1].  

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʟʥʽ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʤʠʪʥʦʾ ʚʘʨʪʦʩʪʽ, ʜʝʨʞʘʚʘ ʤʦʞʝ 

ʧʦʩʠʣʶʚʘʪʠ ʬʽʩʢʘʣʴʥʫ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʤʠʪʥʠʭ ʧʣʘʪʝʞʽʚ, ʟʘʩʪʦʩʦʚʫʶʯʠ, 

ʥʘʧʨʠʢʣʘʜ, ʢʦʤʙʽʥʦʚʘʥʽ ʩʪʘʚʢʠ ʤʠʪʘ, ʤʦʞʝ ʩʪʠʤʫʣʶʚʘʪʠ ʪʦʚʘʨʦʧʦʪʽʢ ʫ ʧʝʚʥʦʤʫ 

ʥʘʧʨʷʤʽ ʘʙʦ, ʥʘʚʧʘʢʠ, ʧʝʨʝʰʢʦʜʞʘʪʠ ʽʤʧʦʨʪʫ ʯʠ ʝʢʩʧʦʨʪʫ ʪʦʚʘʨʫ ʫ ʚʠʧʘʜʢʘʭ 

ʬʦʨʤʫʚʘʥʥʷ ʤʠʪʥʦʾ ʚʘʨʪʦʩʪʽ ʥʘ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʬʽʢʩʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʮʽʥ [2].  

ɺʠʭʽʜʥʽ ʜʘʥʽ ʚʘʥʪʘʞʦʧʦʪʦʢʫ ʩʪʘʣʽ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1, ʜʝ ʍ ï ʦʙʩʷʛ ʩʪʘʣʽ ʚ ʪ, 

ʱʦ ʽʤʧʦʨʪʫʚʘʚʩʷ ʚ ʋʢʨʘʾʥʫ ʟ 2016 ʧʦ 2021 ʨʦʢʠ, Y ï ʚʽʜʧʦʚʽʜʥʘ ʩʫʤʘ ʩʧʣʘʯʝʥʠʭ 

ʧʣʘʪʝʞʽʚ ʟʘ ʮʝʡ ʪʦʚʘʨ ʚ ʪʠʩ ʛʨʥ.  

ʊʘʙʣʠʮʷ 1  
ʈʽʢ 2016 2017 2018 2019 2020 2021 

ʍ, ʪ 55565,23 63606,47 25065,234 30544,746 29504,511 30101,7 

ʋ,ʪʠʩ 

ʛʨʥ 
73419,29 81284,33 52419,2867 42405,409 44833,801 53207 
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ʈʽʚʥʷʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʧʘʨʥʦʾ ʨʝʛʨʝʩʽʾ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ : 

¶ ʛʽʧʝʨʙʦʣʽʯʥʦʾ ʬʫʥʢʮʽʾ :
x

1446913313
-,1597609

1
ĔĔĔ

10 =+=
x

aayx  

¶ ʩʪʝʧʝʥʝʚʦʾ ʬʫʥʢʮʽʾ :0,610776Ĕ

0 ʭ,7897219ĔĔ 1 Ö==
ʘ

ʭ ʭʘʫ  

¶ ʧʦʢʘʟʥʠʢʦʚʦʾ ʬʫʥʢʮʽʾ : x

10 1,0000148,184415173ĔĔĔ Ö== x

ʭ aʘʫ  [7]. 

ɼʣʷ ʥʝʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʪʽʩʥʦʪʫ ʟʚôʷʟʢʫ ʬʘʢʪʦʨʥʦʾ ʽ ʨʝʟʫʣʴʪʘʪʠʚʥʦʾ ʦʟʥʘʢ 

ʦʮʽʥʶʻ ʽʥʜʝʢʩ ʢʦʨʝʣʷʮʽʾ ʫʭr , ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

1) ʜʣʷ ʨʽʚʥʦʩʪʦʨʦʥʥʴʦʾ ʛʽʧʝʨʙʦʣʠ0,88873
1250540695

262816903
1 º-=ʫʭr  

2) ʜʣʷ ʩʪʝʧʝʥʝʚʦʾ ʬʫʥʢʮʽʾ
 

0,93318
1250540695

8161533890,
1 º-=ʫʭr

 

3) ʜʣʷ ʧʦʢʘʟʥʠʢʦʚʦʾ ʬʫʥʢʮʽʾ, 0,94633
1250540695

130626007
1 º-=ʫʭr  

ʗʢʽʩʪʴ ʧʦʙʫʜʦʚʘʥʦʾ ʤʦʜʝʣʽ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʯʝʨʝʟ ʽʥʜʝʢʩ ʜʝʪʝʨʤʽʥʘʮʽʾ 2

ʫʭr . 

ʊʘ ʟ ʬʫʥʢʮʽʡ, ʜʣʷ ʷʢʦʾ 2

ʫʭr ʤʘʻ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ, ʻ ʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʦʶ ʽ 

ʢʨʘʱʝ ʦʧʠʩʫʻ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ. 

ɼʣʷ ʦʮʽʥʢʠ ʟʥʘʯʫʱʦʩʪʽ ʽʥʜʝʢʩʫ ʜʝʪʝʨʤʽʥʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ F-ʢʨʠʪʝʨʽʡ 

ʌʽʰʝʨʘ, ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ : 

34,2938)26(
0,946331

0,94633

26,9666)26(
0,933181

0,93318

15,0329)26(
0,888731

0,88873

2

2

3

2

2

2

2

2

1

º-Ö
-

=

º-Ö
-

=

º-Ö
-

=

ʬʘʢʪ

ʬʘʢʪ

ʬʘʢʪ

F

F

F

 

ɼʣʷ ʚʩʽʭ ʪʨʴʦʭ ʧʦʙʫʜʦʚʘʥʠʭ ʨʽʚʥʷʥʴ ʨʝʛʨʝʩʽʾ ʧʝʨʝʚʽʨʷʻʤʦ ʥʫʣʴʦʚʫ ʛʽʧʦʪʝʟʫ 

0ʅ  : ʧʨʦ ʚʠʧʘʜʢʦʚʫ ʧʨʠʨʦʜʫ ʟʘʣʝʞʥʦʩʪʽ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʤʽʥʥʦʾ ʚʽʜ ʧʦʷʩʥʶʶʯʦʾ. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʬʘʢʪʦʨʥʘ ʜʠʩʧʝʨʩʽʷ ʽʩʪʦʪʥʦ ʙʽʣʴʰʘ ʟʘ ʟʘʣʠʰʢʦʚʫ, ʘ ʟʥʘʯʠʪʴ 

ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʡ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʦʩʪʦʨʦʥʥʴʦʾ ʛʽʧʝʨʙʦʣʠ, ʩʪʝʧʝʥʝʚʦʾ ʪʘ 

ʧʦʢʘʟʥʠʢʦʚʦʾ ʬʫʥʢʮʽʡ ʷʢʽʩʥʦ ʦʧʠʩʫʶʪʴ ʟʤʽʥʫ ʨʝʟʫʣʴʪʘʪʠʚʥʦʾ ʦʟʥʘʢʠ Yʧʨʠ 

ʟʤʽʥʽ ʬʘʢʪʦʨʥʦʾ ʦʟʥʘʢʠʍ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʥʘʡʜʝʥʝ ʨʽʚʥʷʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʜʣʷ ʽʤʧʦʨʪʦʚʘʥʦʾ 

ʩʪʘʣʽ, ʟʘʜʘʥʦʾ ʫ ʚʠʛʣʷʜʽ ʩʪʝʧʝʥʝʚʦʾ ʬʫʥʢʮʽʾ, ʟʨʦʙʠʤʦ ʧʨʦʛʥʦʟ ʜʣʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʧʨy  ʥʘ 2022 ʨʽʢ ʧʨʠ .35000ʪʭʧʨ=  

ɿʚʦʜʠʤʦ ʥʝʣʽʥʽʡʥʫ ʨʝʛʨʝʩʽʶ ʜʦ ʣʽʥʽʡʥʦʛʦ ʚʠʜʫ: UV 0,6107764,5195+=  

ʊʦʯʢʦʚʝ ʟʥʘʯʝʥʥʷ ʧʨʦʛʥʦʟʫ ʧʨʠ 10,4631033)35000( ==LnUʧʨ : 

10,91011610,46310330,6107764,519510 =Ö+=+= ʧʨʧʨ UbbV  
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ɼʣʷ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʽʚ m = 2, ʪʦʤʫ ʥʝʟʤʽʱʝʥʘ ʦʮʽʥʢʘ 

ʜʠʩʧʝʨʩʽʾ ʟʘʣʠʰʢʽʚ ʟʥʘʭʦʜʠʪʴʩʷ: 

0,1319338

0,0174065
2-6

0,06962612

=

==

u

u

s

s
 

ɼʠʩʧʝʨʩʽʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʨV  ʧʨʠ ʧʨUU =  :  

0,0203545
20,74042516

10,50777)10,4631033(

6

1
10,0174065

2
2

)(
=öö
÷

õ
ææ
ç

å -
++Ö=

ʽʧʨVs 0,142669
)(
=

ʽʧʨVs  

0,1426691896,110,9101160,1426691896,110,910116 Ö+¢¢Ö- ʧʨV  

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʚʦʨʦʪʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʥʘʭʦʜʠʤʦ, ʱʦ ʥʘʜʭʦʜʞʝʥʥʷ 

ʧʣʘʪʝʞʽʚ (ʪʠʩ. ʛʨʥ.) ʥʘ 2022 ʨʽʢ ʧʨʠ ʦʙʩʷʟʽ ʽʤʧʦʨʪʦʚʘʥʦʾ ʩʪʘʣʽ 35000 ʪ ʙʫʜʝ 

ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʽʥʪʝʨʚʘʣʽ :61083,679649030,116 ¢¢ ʧʨy  

ʆʪʞʝ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚʽʜʥʦʩʥʦ ʚʫʟʴʢʽ ʤʝʞʽ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʧʨʦʛʥʦʟʫ. 
 

[1] ʅʘʟʘʨʝʥʢʦ, ʆ. ʄ. ʆʩʥʦʚʠ ʝʢʦʥʦʤʝʪʨʠʢʠ [ʊʝʢʩʪ]: ʧʽʜʨʫʯʥʠʢ / ʆ. ʄ. ʅʘʟʘʨʝʥʢʦ. ï ʂ.: ʎʝʥʪʨ ʥʘʚʯʘʣʴʥʦʾ 

ʣʽʪʝʨʘʪʫʨʠ, 2005. ï 392 ʩ  

[2] ʂʫʯʤʘ, ʄ. ɯ. ʄʘʪʝʤʘʪʠʯʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ : ʧʨʠʢʣʘʜʠ ʽ ʟʘʜʘʯʽ [ʊʝʢʩʪ]: ʥʘʚʯ. ʧʦʩʽʙʥʠʢ / ʄ. ɯ. ʂʫʯʤʘ. ï ʃ.: 

ʅʦʚʠʡ ʩʚʽʪ-2000, 2006. ï 344 ʩ. 
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ʋ ʟʚôʷʟʢʫ ʟ ʩʢʣʘʜʥʦʶ ʝʢʦʥʦʤʽʯʥʦʶ ʩʠʪʫʘʮʽʻʶ ʚ ʋʢʨʘʾʥʽ ʚʠʢʣʠʢʘʥʦʶ 

ʚʦʻʥʥʠʤʠ ʜʽʷʤʠ, ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʫʯʘʩʥʠʭ ʣʦʛʽʩʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʚ 

ʫʩʽʭ ʣʘʥʢʘʭ ʧʝʨʝʚʽʟʥʦʛʦ ʧʨʦʮʝʩʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʚ ʨʦʙʦʪʽ ʟʘʣʽʟʥʠʯʥʠʭ ʚʫʟʣʽʚ. 

ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʚʘʥʪʘʞʥʦʛʦ ʚʘʛʦʥʘ ʫ ʚʫʟʣʘʭ, ʚ 

ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ, ʧʝʨʝʚʠʱʫʻ ʥʦʨʤʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ʧʦ ʩʪʘʥʮʽʷʭ [1], ʱʦ, ʥʘʡʯʘʩʪʽʰʝ, 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʯʘʩʫ ʟʥʘʭʦʜʞʝʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʫ ʟʘʣʽʟʥʠʯʥʦʤʫ ʚʫʟʣʽ ʚ 

ʮʽʣʦʤʫ. ʆʪʞʝ, ʦʩʥʦʚʥʫ ʫʚʘʛʫ ʧʦʪʨʽʙʥʦ ʩʧʨʷʤʫʚʘʪʠ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ ʟʘʪʨʠʤʦʢ ʧʦ 

ʤʘʨʰʨʫʪʫ ʧʨʷʤʫʚʘʥʥʷ ʚʘʥʪʘʞʥʦʛʦ ʚʘʛʦʥʘ ʧʦ ʚʩʽʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʘʥʮʶʛʘʭ ʩʠʩʪʝʤʠ. 

ʋ ʨʘʟʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʽʩʥʫʶʯʦʾ ʨʦʙʦʪʠ ʝʣʝʤʝʥʪʽʚ ʟʘʣʽʟʥʠʯʥʦʛʦ ʚʫʟʣʘ ʟ'ʷʚʣʷʻʪʴʩʷ 

ʧʦʪʨʝʙʘ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʦʚʽʪʥʽʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟ ʤʝʪʦʶ ʣʽʢʚʽʜʘʮʽʾ 

ʥʝʜʦʣʽʢʽʚ ʫ ʜʘʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʨʦʙʦʪʠ [2]. ʅʘ ʩʦʨʪʫʚʘʣʴʥʠʭ ʪʘ ʚʘʥʪʘʞʥʠʭ ʩʪʘʥʮʽʷʭ, 

ʱʦ ʚʭʦʜʷʪʴ ʩ ʩʦʩʪʘʚ ʟʘʣʽʟʥʠʯʥʠʭ ʚʫʟʣʽʚ, ʚʭʽʜʥʠʤʠ ʪʘ ʚʠʭʽʜʥʠʤʠ ʧʦʪʦʢʘʤʠ ʻ 
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ʪʨʘʥʟʠʪʥʽ ʚʘʛʦʥʠ ʙʝʟ ʧʝʨʝʨʦʙʢʠ, ʪʨʘʥʟʠʪʥʽ ʚʘʛʦʥʠ ʟ ʧʝʨʝʨʦʙʢʦʶ ʪʘ ʤʽʩʮʝʚʽ 

ʚʘʛʦʥʠ. ʊʨʠʚʘʣʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʫ ʚʫʟʣʽ ʬʦʨʤʫʻʪʴʩʷ ʟ 

ʪʨʠʚʘʣʦʩʪʽ ʥʘ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʚʘʥʪʘʞʥʠʭ ʦʧʝʨʘʮʽʡ (ʜʣʷ ʤʽʩʮʝʚʠʭ 

ʚʘʛʦʥʽʚ) ʪʘ ʫ ʾʭ ʦʯʽʢʫʚʘʥʥʽ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʥʘ ʚʥʫʪʨʽʰʥʴʦʚʫʟʣʦʚʽ ʧʝʨʝʤʽʱʝʥʥʷ [3]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʘʥʪʘʞʥʠʡ ʚʘʛʦʥ ʫ ʟʘʣʽʟʥʠʯʥʦʤʫ ʚʫʟʣʽ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʽʟʥʠʭ 

ʩʪʘʜʽʷʭ [4], ʧʦ ʷʢʠʭ, ʟʘ ʨʘʭʫʥʦʢ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʨʠʪʝʨʽʶ, ʱʦ ʦʮʽʥʶʻ ʨʦʙʦʪʫ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʚʫʟʣʘ ʪʘ ʦʢʨʝʤʠʭ ʾʾ ʧʽʜʩʠʩʪʝʤ, ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʥʘ ʷʢʦʤʫ ʝʣʝʤʝʥʪʽ 

ʩʠʩʪʝʤʠ ʟ'̫ ʚʣʷʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʽ ʟʘʪʨʠʤʢʠ ʚʘʛʦʥʽʚ, ʱʦʙ ʧʦʨʽʚʥʷʪʠ ʾʭ ʟ ʥʦʨʤʘʪʠʚʥʠʤʠ. 

ʉʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʥʘ ʦʢʨʝʤʠʭ ʧʽʜʩʠʩʪʝʤʘʭ (ʩʪʘʥʘʭ), ʥʝ ʟʘʚʞʜʠ ʧʨʠʟʚʦʜʝ ʜʦ 

ʡʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʥʘ ʽʥʰʠʭ ʧʽʜʩʠʩʪʝʤʘʭ (ʩʪʘʜʽʷʭ). ɿʛʽʜʥʦ ʮʴʦʛʦ ʟʘʣʽʟʥʠʯʥʠʡ ʚʫʟʦʣ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʛʣʷʜʘʪʠ, ʷʢ ʪʨʘʥʩʧʦʨʪʥʠʡ ʢʦʤʧʣʝʢʩ ʟ ʧʝʚʥʦʶ ʩʠʩʪʝʤʦʶ ʦʙʤʝʞʝʥʴ  

ʆʩʥʦʚʥʠʡ ʢʨʠʪʝʨʽʡ ʧʦ ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʚʠʪʨʘʪ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʪʘʢʠʭ ʦʧʝʨʘʮʽʡ ʷʢ: ʟʥʘʭʦʜʞʝʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʥʘ ʦʢʨʝʤʠʭ ʧʽʜʩʠʩʪʝʤʘʭ ʫ 

ʟʘʣʽʟʥʠʯʥʦʤʫ ʚʫʟʣʽ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʨʦʟʛʣʷʜʘʪʠ ʫ ʘʜʠʪʠʚʥʽʡ ʬʦʨʤʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʙʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʘʛʦʥʽʚ ʫ ʟʘʣʽʟʥʠʯʥʦʤʫ ʚʫʟʣʽ, ʪʨʠʚʘʣʦʩʪʽ 

ʟʥʘʭʦʜʞʝʥʥʷ ʮʠʭ ʚʘʛʦʥʽʚ ʥʘ ʟʘʣʽʟʥʠʯʥʠʭ ʩʪʘʥʮʽʷʭ ʪʘ ʾʭ ʚʥʫʪʨʽʰʥʴʦ ʚʫʟʣʦʚʽ 

ʧʝʨʝʩʫʚʘʥʥʷ [5]. ɼʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʙʫʣʠ ʦʧʨʘʮʴʦʚʘʥʽ ʚʭʽʜʥʽ ʪʘ ʚʠʭʽʜʥʽ 

ʧʦʪʦʢʠ, ʘ ʪʘʢʦʞ ʪʨʠʚʘʣʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʚʘʛʦʥʽʚ ʥʘ ʚʩʽʭ ʝʣʝʤʝʥʪʘʭ ʩʠʩʪʝʤʠ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʦʙʦʪʫ ʩʪʘʥʮʽʡ ʢʨʫʧʥʦʛʦ ʟʘʣʽʟʥʠʯʥʦʛʦ ʚʫʟʣʘ ʽ ʟ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʠ 

ʚʠʟʥʘʯʝʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʬʦʨʤʘʣʽʟʘʮʽʾ ʨʦʙʦʪʠ ʮʴʦʛʦ ʚʫʟʣʘ.  

ɺʠʷʚʣʝʥʦ, ʱʦ ʚʘʛʦʥʦʧʦʪʦʢʠ ʻ ʧʫʘʩʦʥʽʚʩʴʢʠʤʠ ʽ ʥʘʡʯʘʩʪʽʰʝ ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ 

ʟʛʽʜʥʦ ʟ ʥʦʨʤʘʣʴʥʠʤ, ʝʢʩʧʦʥʝʥʮʽʡʥʠʤ ʽ ʟʘʢʦʥʦʤ ɽʨʣʘʥʛʘ ʨʽʟʥʠʭ ʧʦʨʷʜʢʽʚ. ɼʣʷ 

ʧʝʨʝʚʽʨʢʠ ʛʽʧʦʪʝʟʠ ʧʨʦ ʚʠʜ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ 

ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʽ ʡ ʥʝʧʘʨʘʤʝʪʨʠʯʥʽ ʢʨʠʪʝʨʽʾ 

ʫʟʛʦʜʞʝʥʦʩʪʽ. ɼʦ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʥʘʣʝʞʠʪʴ ʢʨʠʪʝʨʽʡ ɢ2 ʇʽʨʩʦʥʘ, ʜʦ 

ʥʝʧʘʨʘʤʝʪʨʠʯʥʠʭ - ʢʨʠʪʝʨʽʡ ʂʦʣʤʦʛʦʨʦʚʘ ï ʉʤʠʨʥʦʚʘ (ʨʠʩ. 1 ʪʘ ʨʠʩ. 2). 
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ʋ ʟʘʛʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʰʣʷʭʽʚ ʩʧʦʣʫʯʝʥʥʷ ʋʢʨʘʾʥʠ ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ 

ʟʘʡʤʘʻ ʧʨʦʚʽʜʥʝ ʤʽʩʮʝ. ɺʽʥ ʷʚʣʷʻ ʩʦʙʦʶ ʜʫʞʝ ʚʝʣʠʢʠʡ ʪʘ ʩʢʣʘʜʥʠʡ ʢʦʤʧʣʝʢʩ 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʧʦʚôʷʟʘʥʠʭ ʦʢʨʝʤʠʭ ʡʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚ. ʋʩʧʽʭ ʨʦʙʦʪʠ ʮʴʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʚʠʨʽʰʫʻʪʴʩʷ ʪʦʯʥʠʤ ʪʘ ʩʚʦʻʯʘʩʥʠʤ ʚʠʢʦʥʘʥʥʷʤ ʢʦʞʥʦʾ ʦʧʝʨʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ. ʋʩʧʽʰʥʝ ʪʘ ʙʝʟʧʝʯʥʝ 

ʚʠʢʦʥʘʥʥʷ ʧʝʨʝʚʽʟʥʦʛʦ ʧʨʦʮʝʩʫ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʪʽʩʥʦʾ ʚʟʘʻʤʦʜʽʾ ʽ ʚʟʘʻʤʥʦʛʦ 

ʟʚôʷʟʢʫ ʤʽʞ ʧʨʘʮʽʚʥʠʢʘʤʠ ʩʣʫʞʙ ʧʝʨʝʚʝʟʝʥʴ, ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʪʘ ʚʘʛʦʥʥʦʛʦ 
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ʛʦʩʧʦʜʘʨʩʪʚ, ʢʦʣʽʡʥʠʢʘʤʠ, ʟʚôʷʟʢʽʚʮʷʤʠ, ʝʥʝʨʛʝʪʠʢʘʤʠ ʪʘ ʧʨʘʮʽʚʥʠʢʘʤʠ ʽʥʰʠʭ 

ʩʣʫʞʙ ʽ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ. ʅʘʡʤʝʥʰʘ ʟʘʪʨʠʤʢʘ ʫ ʚʠʢʦʥʘʥʥʽ ʭʦʯʘ ʙ ʦʜʥʽʻʾ ʦʧʝʨʘʮʽʾ, 

ʥʝʯʽʪʢʘ ʨʦʙʦʪʘ ʙʫʜʴ-ʷʢʦʛʦ ʧʽʜʨʦʟʜʽʣʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʥʚʝʻʨʘ ʤʦʞʫʪʴ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʨʫʰʝʥʥʷ ʛʨʘʬʽʢʘ ʨʫʭʫ [1].  

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ ʚʽʜ 24.02.2022 ˉ 64/2022 

[2] ʥʘ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʢʨʘʾʥʠ ʙʫʣʦ ʚʚʝʜʝʥʦ ʚʦʻʥʥʠʡ ʩʪʘʥ, ʙʝʟʧʝʨʝʙʽʡʥʝ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʦʾ ʧʦʪʫʞʥʦʾ ʛʘʣʫʟʽ, ʷʢ ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʩʪʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʶ. ʉʘʤʝ ʟʘʣʽʟʥʠʮʷ ʚʽʜʽʛʨʘʻ ʦʩʦʙʣʠʚʫ ʨʦʣʴ ʫ ʧʝʨʽʦʜ ʚʽʡʥʠ. ɿʘ ʾʾ 

ʜʦʧʦʤʦʛʦʶ ʜʦʩʪʘʚʣʷʻʪʴʩʷ ʟʙʨʦʷ, ʛʫʤʘʥʽʪʘʨʥʽ ʚʘʥʪʘʞʽ, ʝʚʘʢʫʶʶʪʴʩʷ ʤʽʣʴʡʦʥʠ 

ʣʶʜʝʡ. 

ʆʜʨʘʟʫ ʧʽʩʣʷ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʧʨʘʚʦʛʦ ʨʝʞʠʤʫ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʋʢʨʟʘʣʽʟʥʠʮʽ ʧʦʩʪʽʡʥʦ ʚʽʜʯʫʚʘʻ ʚʧʣʠʚ ʪʘʢʦʛʦ ʬʘʢʪʦʨʫ, ʷʢ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ. ʎʝ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ  ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʠʚʘʥʪʘʞʝʥʥʷ ʚʘʛʦʥʽʚ 

(ʦʩʦʙʣʠʚʦ ʫ ʧʨʠʬʨʦʥʪʦʚʠʭ ʪʝʨʠʪʦʨʽʷʭ), ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʨʠʙʫʪʪʷ ʥʘ ʩʪʘʥʮʽʶ ʽ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʚʽʜʧʨʘʚʣʝʥʥʷ ʟʽ ʩʪʘʥʮʽʾ ʧʦʾʟʜʽʚ, ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘ ʟʘʣʽʟʥʠʯʥʠʭ ʩʪʘʥʮʽʷʭ ʧʦʾʟʜʽʚ ʪʦʱʦ. ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʦʜʥʘ ʽʟ 

ʥʘʡʙʽʣʴʰ ʽʩʪʦʪʥʠʭ ʯʠʥʥʠʢʽʚ, ʰʦ ʤʘʶʪʴ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʚʩʽ ʣʘʥʢʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʅʘʷʚʥʽʩʪʴ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʧʝʨʝʚʝʟʝʥʴ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʟʘ 

ʫʤʦʚʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʦʪʠ, ʘʣʝ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʧʦʪʨʽʙʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʪʘ ʧʝʨʝʨʦʙʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ [3]. 

ɺ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʧʠʪʘʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʟʘʣʽʟʥʠʯʥʠʭ 

ʩʪʘʥʮʽʡ ɸʊ ʋɿ ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʠʤ, ʪʘʢ ʷʢ ʩʪʘʥʮʽʾ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ:  

- ʧʨʦʧʫʩʢ ʽ ʦʙʨʦʙʢʫ ʧʦʾʟʜʽʚ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ɻʝʥʝʨʘʣʴʥʠʤ 
ʰʪʘʙʦʤ ɿʉʋ; 

- ʧʨʦʧʫʩʢ ʽ ʦʙʨʦʙʢʫ ʝʚʘʢʫʘʮʽʡʥʠʭ ʧʦʾʟʜʽʚ; 

- ʧʨʦʧʫʩʢ ʽ ʦʙʨʦʙʢʫ ʩʘʥʽʪʘʨʥʠʭ ʧʦʾʟʜʽʚ; 

- ʧʨʦʧʫʩʢ ʽ ʦʙʨʦʙʢʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ, ʷʢʽ ʧʨʦʜʦʚʞʫʶʪʴ ʢʫʨʩʫʚʘʪʠ 
ʢʨʘʾʥʦʶ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʽ ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ɸʊ ʋɿ ʚ 

ʧʘʩʘʞʠʨʦʧʦʪʦʢʦʤ ʽ ʦʙʩʪʘʚʠʥʘʤʠ, ʥʘ ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʙʦʡʦʚʽ ʜʽʾ ʚʦʨʦʛʘ ʽ ɿʉʋ (ʟʘ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʦʧʝʨʘʪʠʚʥʦ ʟʤʽʥʶʻʪʴʩʷ ʤʘʨʰʨʫʪʠ ʨʫʭʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ); 

- ʧʨʦʧʫʩʢ ʽ ʦʙʨʦʙʢʫ ʧʨʠʤʽʩʴʢʠʭ ʧʦʾʟʜʽʚ, ʢʫʨʩʫʚʘʥʥʷ ʷʢʠʭ ʧʦʪʨʽʙʥʦ ʜʣʷ 

ʧʽʜʚʝʟʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʜʦ ʝʚʘʢʫʘʮʽʡʥʠʭ ʧʦʾʟʜʽʚ, ʚʠʚʝʟʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʽʟ ʟʦʥʠ 

ʟʘʨʘʞʝʥʥʷ, ʜʣʷ ʧʽʜʚʝʟʝʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʟ ʤʽʩʮʴ  ʧʦʩʝʣʝʥʥʷ ʥʘ ʧʨʦʤʠʩʣʦʚʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʥʘʚʧʘʢʠ; 

-  ʧʝʨʝʤʽʱʝʥʥʷ ʫʢʨʘʾʥʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟʽ ʩʭʦʜʫ ʢʨʘʾʥʠ ʥʘ ʟʘʭʽʜ; 

- ʧʨʦʧʫʩʢ ʽ ʦʙʨʦʙʢʫ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ ʟ ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʟ ʧʨʦʜʫʢʮʽʻʶ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ; 

- ʦʙʨʦʙʢʫ ʽ ʧʨʦʧʫʩʢ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ ʟ ʧʨʦʜʫʢʮʽʻʶ ʘʛʨʘʨʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʜʦ ʤʦʨʩʴʢʠʭ ʧʦʨʪʽʚ ʪʘ ʥʘ ʟʘʭʽʜʥʠʡ ʢʦʨʜʦʥ ʢʨʘʾʥʠ (ʝʢʩʧʦʨʪ ʘʛʨʘʨʥʦʾ ʧʨʦʜʫʢʮʽʾ); 

- ʧʨʦʧʫʩʢ ʪʘ ʦʙʨʦʙʢʫ ʧʦʾʟʜʽʚ, ʷʢʽ ʧʝʨʝʥʘʧʨʘʚʣʷʶʪʴʩʷ ʫ ʟʚᾷʷʟʢʫ ʟ 

ʥʝʤʦʞʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʭ ʰʣʷʭʽʚ ʩʧʦʣʫʯʝʥʥʷ (ʦʢʫʧʘʮʽʷ ʪʝʨʠʪʦʨʽʡ, 

ʝʢʩʪʨʝʥʽ ʨʝʤʦʥʪʠ ʢʦʣʽʡ ʪʦʱʦ). 
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ʆʪʞʝ, ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʧʦʾʟʜʽʚ ʫ ʤʠʨʥʠʡ ʯʘʩ ʽ ʧʽʜ ʯʘʩ 

ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʜʣʷ ʦʜʥʽʻʾ ʟ ʜʽʣʴʥʠʯʥʠʭ ʩʪʘʥʮʽʡ. ʈʝʟʫʣʴʪʘʪʠ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ 

ʧʦʾʟʜʽʚ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʜʘʥʫ ʩʪʘʥʮʽʶ ʧʽʜ ʯʘʩ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʢʽʣʴʢʽʩʪʶ ʧʦʾʟʜʽʚ ʫ ʤʠʨʥʠʡ ʯʘʩ ʧʦʢʘʟʘʣʠ:  

- ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ ʥʘ 25%; 

- ʧʦʷʚʫ ʝʚʘʢʫʘʮʽʡʥʠʭ ʪʘ ʩʘʥʽʪʘʨʥʠʭ ʧʦʾʟʜʽʚ; 

- ʟʤʽʥʠ ʫ ʢʽʣʴʢʦʩʪʽ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ ʟ ʥʘʚʘʥʪʘʞʝʥʠʭ ʚʘʛʦʥʽʚ: ʫ ʥʝʧʘʨʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʟʙʽʣʴʰʝʥʥʷ ʥʘ 466,7%, ʫ ʧʘʨʥʦʤʫ ʥʘʧʨʷʤʢʫ ï ʥʘ 10%; 

- ʢʽʣʴʢʽʩʪʴ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ ʟ ʧʦʨʦʞʥʽʭ ʚʘʛʦʥʽʚ: ʫ ʧʘʨʥʦʤʫ ʥʘʧʨʷʤʢʫ 

ʟʤʝʥʰʝʥʥʷ ʥʘ 35,3%, ʫ ʥʝʧʘʨʥʦʤʫ ʥʘʧʨʷʤʢʫ ʟʙʽʣʴʰʝʥʥʷ ʥʘ 500,0%. 

ʗʢ ʙʘʯʠʤʦ, ʫ ʧʝʨʽʦʜ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʥʘʯʥʽ ʟʤʽʥʠ ʥʘʧʨʷʤʢʽʚ 

ʨʫʭʫ ʧʦʾʟʜʦʧʦʪʦʢʽʚ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʟʘʭʦʜʠ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʧʫʩʢʥʦʾ ʪʘ ʧʝʨʝʨʦʙʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʩʪʘʥʮʽʡ. ʇʽʜ ʯʘʩ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ 

ʚʠʢʦʥʘʪʠ ʙʫʜʽʚʝʣʴʥʽ ʨʦʙʦʪʠ ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʣʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʩʪʘʥʮʽʾ ʻ 

ʜʫʞʝ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ, ʪʦʤʫ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʭʦʜʠ: ʟʛʫʱʝʥʝ 

ʥʘʜʭʦʜʞʝʥʥʷ ʧʦʾʟʜʽʚ ʟ ʧʦʨʦʞʥʽʭ ʚʘʛʦʥʽʚ ʪʘ ʧʨʦʧʫʩʢ ʧʦʾʟʜʽʚ ʟ ʧʦʨʦʞʥʽʭ ʚʘʛʦʥʽʚ 

ʥʘ ʪʝʧʣʦʚʦʟʥʽʡ ʪʷʟʽ ʙʝʟ ʟʫʧʠʥʢʠ ʧʦ ʛʦʣʦʚʥʽʡ ʢʦʣʽʾ. 
 

[1] ʄʝʪʦʜʠʯʥʠʡ ʧʦʩʽʙʥʠʢ ʟ ʚʠʚʯʝʥʥʷ ʇʨʘʚʠʣ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʣʽʟʥʠʮʴ ʋʢʨʘʾʥʠ: ʎɼ-0082 / ʟʘʪʚ.: ʥʘʢʘʟ 

ʋʢʨʟʘʣʽʟʥʠʮʽ 03.03.10 ˉ 163-ʎ  / ʋʢʨʪʨʘʥʩʧʨʦʝʢʪ. ʂʠʾʚ, 2001. ï 89 ʩ.  

[2] ɿʘʢʦʥ ʋʢʨʘʾʥʠ ʚʽʜ 24 ʣʶʪʦʛʦ 2022 ʨʦʢʫ ˉ 2102-ɯʍ çʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʋʢʘʟʫ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ çʇʨʦ 

ʚʚʝʜʝʥʥʷ ʚʦʻʥʥʦʛʦ  ʩʪʘʥʫ ʚ ʋʢʨʘʾʥʠè. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://zakon.rada.gov.ua/laws/show/2102-20#Text 

[3] ɺʝʨʥʠʛʦʨʘ ʈ.ɺ. ɸʥʘʣʽʟ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʥʘ ʤʘʛʽʩʪʨʘʣʴʥʦʤʫ ʪʘ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ, ʈ.ɺ. ɺʝʨʥʠʛʦʨʘ ʄ.ɯ. ɹʝʨʝʟʦʚʠʡ  ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʠʡ ʞʫʨʥʘʣ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 
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ɸʥʘʣʽʟ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞʽʚ ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ (ʜʘʣʽ ɻʄʂ) ʧʦʢʘʟʘʚ, ʱʦ ʚ ʽʩʥʫʶʯʠʡ ʪʘʨʠʬʥʽʡ ʩʠʩʪʝʤʽ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʥʘʡʚʘʞʣʠʚʽʰʠʡ ʣʦʛʽʩʪʠʯʥʠʡ ʧʨʠʥʮʠʧ ï çʢʦʨʧʦʨʘʪʠʚʥʘ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴè ï ʫ 

ʣʘʥʮʶʟʽ çʚʠʨʦʙʥʠʢ ï ʪʨʘʥʩʧʦʨʪ (ɸʊ çʋʢʨʘʾʥʩʴʢʘ ʟʘʣʽʟʥʠʮʷè) ï ʢʦʤʧʘʥʽʾ 

ʦʧʝʨʘʪʦʨʠ (ʚʣʘʩʥʠʢʠ ʚʘʛʦʥʽʚ) ï ʩʧʦʞʠʚʘʯè. ʊʘʨʠʬʥʘ ʧʦʣʽʪʠʢʘ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ 

ʪʨʘʥʩʧʦʨʪʽ ʧʦʙʫʜʦʚʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ 

ʪʽʣʴʢʠ ʜʣʷ ʦʜʥʽʻʾ ʣʘʥʢʠ ʣʦʛʽʩʪʠʯʥʦʛʦ ʣʘʥʮʶʛʘ ï ɸʊ çʋʢʨʘʾʥʩʴʢʘ ʟʘʣʽʟʥʠʮʷè. 

ʊʘʢʽ ʫʤʦʚʠ ʪʘʨʠʬʥʦʾ ʩʠʩʪʝʤʠ ʟʤʫʰʫʶʪʴ ʚʣʘʩʥʠʢʽʚ ʚʘʛʦʥʽʚ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʧʦʰʫʢ ʧʦʧʫʪʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʚʘʛʦʥʽʚ ʽʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ 

ʨʽʚʥʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ, ʚʠʷʚʣʷʪʠ ʙʽʣʴʰ ʨʝʥʪʘʙʝʣʴʥʽ ʪʘ ʟʨʫʯʥʽ ʤʘʨʰʨʫʪʠ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʽʚ ʟʘ ʤʝʞʘʤʠ ʋʢʨʘʾʥʠ ʪʦʱʦ [1]. ʅʘʩʣʽʜʢʦʤ ʪʘʢʠʭ ʜʽʡ ʻ 

ʜʝʬʽʮʠʪ ʚʘʛʦʥʽʚ, ʚʠʢʣʠʢʘʥʠʡ ʥʝʨʘʮʽʦʥʘʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʩʥʫʶʯʦʛʦ ʧʘʨʢʫ 

ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ɻʄʂ, 

ʘ ʦʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʮʝ ʚʽʜʯʫʚʘʻʪʴʩʷ ʜʣʷ ʚʘʛʦʥʽʚ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ [2]. 

ʆʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ ʟʤʝʥʰʝʥʥʷ ʜʝʬʽʮʠʪʫ ʚʘʛʦʥʽʚ ʻ ʟʘʣʫʯʝʥʥʷ ʢʦʤʧʘʥʽʡ-

ʦʧʝʨʘʪʦʨʽʚ ʽʟ ʚʣʘʩʥʠʤ ʧʘʨʢʦʤ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ, ʱʦ ʜʦʮʽʣʴʥʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʝʢʦʥʦʤʽʯʥʠʭ ʤʝʪʦʜʽʚ, ʟʦʢʨʝʤʘ ʟʘ ʨʘʭʫʥʦʢ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʧʨʠʙʫʪʢʫ (ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ) ʚʽʜ ʧʝʨʝʚʝʟʝʥʴ ʫ ʩʚʦʾʭ ʚʘʛʦʥʘʭ [3]. 

ʊʦʞ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʷʢ ʤʦʞʣʠʚʠʡ ʧʽʜʭʽʜ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘʨʠʬʽʚ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ 

ʚʘʥʪʘʞʽʚ ʚʣʘʩʥʠʤ ʨʫʭʦʤʠʤ ʩʢʣʘʜʦʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ ʧʨʠʥʮʠʧʽʚ: 

1) ʨʽʚʝʥʴ ʪʘʨʠʬʽʚ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʫ ʜʣʷ ʚʘʥʪʘʞʦʚʽʜʧʨʘʚʥʠʢʘ, ʪʦʙʪʦ ʫ 

ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʚ ʫʤʦʚʘʭ ʜʝʬʽʮʠʪʫ ʚʘʛʦʥʽʚ ʚʘʥʪʘʞʦʚʽʜʧʨʘʚʥʠʢ ʤʘʻ 

ʚʽʜʰʢʦʜʫʚʘʪʠ ʚʘʨʪʽʩʪʴ (ʯʘʩʪʠʥʫ ʚʘʨʪʦʩʪʽ) ʧʦʚʝʨʥʝʥʥʷ ʧʦʨʦʞʥʽʭ ʚʘʛʦʥʽʚ 

ʚʣʘʩʥʠʢʘ, ʷʢʘ ʧʝʨʝʚʠʱʫʻ ʚʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʥʷ ʫ ʚʘʛʦʥʘʭ ʟʘʛʘʣʴʥʦʛʦ ʧʘʨʢʫ; 

2) ʘʜʤʽʥʽʩʪʨʘʮʽʷ ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʤʘʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʚʘʥʪʘʞʽʚ, ʷʢʽ ʧʝʨʝʚʦʟʷʪʴʩʷ ʫ ʚʣʘʩʥʠʭ ʚʘʛʦʥʘʭ, ʥʘ ʦʩʥʦʚʽ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʧʽʜʭʦʜʫ. ʊʦʙʪʦ, ʚʣʘʩʥʠʢʘ ʚʘʛʦʥʽʚ ʥʝʦʙʭʽʜʥʦ ʟʘʮʽʢʘʚʠʪʠ ʚ 

ʦʪʨʠʤʘʥʥʽ ʧʨʠʙʫʪʢʫ ʚʽʜ ʧʝʨʝʚʝʟʝʥʥʷ ʥʘ ʤʘʨʰʨʫʪʘʭ ʟ ʥʘʷʚʥʠʤ ʜʝʬʽʮʠʪʦʤ 

ʚʘʛʦʥʽʚ ʟʘʛʘʣʴʥʦʛʦ ʧʘʨʢʫ; 



 

213 

3) ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʚʘʨʪʦʩʪʽ ʧʦʨʦʞʥʴʦʛʦ ʧʨʦʙʽʛʫ ʤʘʻ ʙʫʪʠ 

ʟʘʙʝʟʧʝʯʝʥʘ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ ʜʣʷ ʚʣʘʩʥʠʢʽʚ ʚʘʛʦʥʽʚ ʥʘ ʤʽʥʽʤʘʣʴʥʦʤʫ 

ʨʽʚʥʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʩʧʨʠʷʪʠʤʝ ʟʘʣʫʯʝʥʥʶ ʚʣʘʩʥʠʢʽʚ ʚʘʛʦʥʽʚ ʜʦ 

ʧʝʨʝʚʝʟʝʥʴ ʥʘ ʤʘʨʰʨʫʪʘʭ ʧʽʜʧʨʠʻʤʩʪʚ ɻʄʂ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʜʝʬʽʮʠʪ 

ʚʘʛʦʥʽʚ ʜʣʷ ʥʠʭ, ʦʜʥʦʯʘʩʥʦ ʩʪʚʦʨʶʶʯʠ ʨʝʥʪʘʙʝʣʴʥʽ ʤʘʨʰʨʫʪʠ ʧʝʨʝʚʝʟʝʥʴ 

ʩʚʦʾʤʠ ʚʘʛʦʥʘʤʠ ʜʣʷ ʚʣʘʩʥʠʢʘ. 
 

[1] ɼʦʚʽʜʥʠʢ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʈʝʛʽʦʥʘʣʴʥʠʭ ʬʽʣʽʡ ɸʊ çʋʢʨʘʾʥʩʴʢʘ ʟʘʣʽʟʥʠʮʷè / ɸʢʮʽʦʥʝʨʥʝ 

ʪʦʚʘʨʠʩʪʚʦ çʋʢʨʘʾʥʩʴʢʘ ʟʘʣʽʟʥʠʮʷè, ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʪʠʩʪʠʢʠ. ʂʠʾʚ, 2021. 141 ʩ. 

[2] ɺʘʥʪʘʞʥʽ ʧʝʨʝʚʝʟʝʥʥʷ: ʷʢ ʨʦʟʚôʷʟʘʪʠ ʪʘʨʠʬʥʠʡ ʚʫʟʦʣ.  

URL: https://biz.censor.net.ua/columns/3019606/vantajn_perevezennya_yak_rozvyazati_tarifniyi_vuzol. 

[3] ɺʦʣʦʭʦʚ ɺ. ɸ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʣʦʛʽʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʘʥʪʘʞʥʠʭ ʟʘʣʽʟʥʠʯʥʠʭ ʪʘʨʠʬʽʚ. ɺʽʩʥʠʢ 

ʝʢʦʥʦʤʽʢʠ ʪʨʘʥʩʧʦʨʪʫ ʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 2013. ˉ 41. ʉ. 96-98. 

 

 

ʋɼʂ 339.13.017 

 

ʌɸʂʊʆʈʀ ʌʆʈʄʋɺɸʅʅʗ ʈʀʅʂʋ ʊʈɸʅʉʇʆʈʊʅʀʍ ʇʆʉʃʋɻ 

 

FACTORS OF TRANSPORTATION SERVICES MARKET FORMATION  

 

ɯ.ʉ. ʄʦʨʞʦʚ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʤ. ʂʠʾʚ) 
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ʌʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ 

ʥʘ ʚʥʫʪʨʽʰʥʽ ʪʘ ʟʦʚʥʽʰʥʽ, ʧʨʠʨʦʜʥʽ (ʛʝʦʛʨʘʬʽʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʨʝʣʴʻʬ, ʧʦʛʦʜʥʽ 

ʫʤʦʚʠ ʨʝʛʽʦʥʫ, ʪʦʱʦ) ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʽ, ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ.  

ɺʩʽ ʮʽ ʬʘʢʪʦʨʠ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʪʘ ʪʘʢ ʯʠ ʽʥʘʢʰʝ ʚʧʣʠʚʘʶʪʴ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ, 

ʱʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. ʈʦʟʚʠʥʝʥʽʩʪʴ ʤʽʩʮʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʚʠʨʦʙʥʠʯʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʯʠ ʤʦʞʣʠʚʽʩʪʴ ʽʤʧʦʨʪʫʚʘʪʠ ʾʭ ʟʟʦʚʥʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʩʫʥʫʪʠ 

ʧʨʠʨʦʜʥʽ ʧʝʨʝʰʢʦʜʠ ʨʝʣʴʻʬʫ ʯʠ ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʚʽʜ ʧʦʛʦʜʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʨʝʛʽʦʥʫ. ʈʝʘʣʽʟʘʮʽʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʝʢʪʽʚ ʧʦʪʨʝʙʫʻ  ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ ʪʘ 

ʪʝʭʥʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʧʨʦʪʝ ʤʦʞʝ ʟʤʽʥʠʪʠ ʥʘʧʨʷʤʢʠ ʦʩʥʦʚʥʠʭ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ 

ʪʘ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ. ʗʩʢʨʘʚʠʤʠ ʧʨʠʢʣʘʜʘʤʠ ʫ ʤʘʢʨʦʝʢʦʥʦʤʽʯʥʠʭ ʤʘʩʰʪʘʙʘʭ 

ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʇʘʥʘʤʩʴʢʠʡ ʯʠ ʉʫʝʮʴʢʠʡ ʢʘʥʘʣʠ. 

ʂʦʞʥʠʡ ʬʘʢʪʦʨ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʙʘʨôʻʨʦʤ ʯʠ ʩʪʠʤʫʣʦʤ. ʗʢ ʽ ʬʘʢʪʦʨʠ ʮʽ 

ʙʘʨôʻʨʠ ʯʠ ʩʪʠʤʫʣʠ ʤʦʞʫʪʴ ʤʘʪʠ ʧʨʠʨʦʜʥʽʡ ʯʠ ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʭʘʨʘʢʪʝʨ.  

ɿ ʙʦʢʫ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʜʝʨʞʘʚʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʚʦʻʾ ʧʦʣʽʪʠʢʠ ʤʦʞʝ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʙʘʨôʻʨʠ ʯʠ ʩʪʠʤʫʣʶʚʘʪʠ ʙʫʜʴ-ʷʢʠʡ ʽʥʰʠʡ ʬʘʢʪʦʨ, ʷʢ 

ʚʥʫʪʨʽʰʥʽʭ, ʪʘʢ ʽ ʟʦʚʥʽʰʥʽʭ, ʥʘ ʟʘʢʦʥʦʜʘʚʯʦʤʫ ʨʽʚʥʽ. ɿʘʢʦʥʠ ʤʦʞʫʪʴ ʤʘʪʠ 

ʬʦʨʤʫ, ʥʦʨʤ ʽ ʩʪʘʥʜʘʨʪʽʚ, ʚʨʘʭʦʚʫʶʯʠ ʪʽ, ʱʦ ʤʘʶʪʴ ʟʦʚʥʽʰʥʻ ʧʦʭʦʜʞʝʥʥʷ ʷʢ 

ʨʝʟʫʣʴʪʘʪ ʧʨʠʡʥʷʪʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʜʦʛʦʚʦʨʽʚ, ʝʢʦʥʦʤʽʯʥʠʭ ʯʠ ʽʥʰʠʭ ʩʦʶʟʽʚ. 
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ʅʘ ʬʦʨʤʫʚʘʥʥʷ ʨʠʥʢʫ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʫʯʘʩʪʴ ʢʨʘʾʥʠ ʫ ʤʽʞʥʘʨʦʜʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʦʝʢʪʘʭ. ɼʦ ʪʘʢʠʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ, ʥʘʧʨʠʢʣʘʜ, 

ʊʨʘʥʩôʻʚʨʦʧʝʡʩʴʢʫ ʪʨʘʥʩʧʦʨʪʥʫ ʤʝʨʝʞʫ [3] (Trans-European Transport Network, 

ʜʘʣʽ ï TEN-T) ï ʧʦʣʽʪʠʢʘ ʪʘ ʧʨʦʛʨʘʤʘ ɭʚʨʦʧʝʡʩʴʢʦʾ ʢʦʤʽʩʽʾ ʜʣʷ ʨʦʟʚʠʪʢʫ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʻʜʠʥʦʾ ɭʚʨʦʧʠ ʷʢ ʦʙôʻʜʥʘʥʦʾ ʤʝʨʝʞʽ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ, ʟʘʣʽʟʥʠʯʥʠʭ ʰʣʷʭʽʚ, ʚʦʜʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʘʝʨʦʧʦʨʪʽʚ 

ʢʨʘʾʥ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ.   

ɿʦʢʨʝʤʘ ʜʦ ʧʨʦʝʢʪʠ TEN-T ʚʭʦʜʷʪʴ ʜʝʩʷʪʴ ʇʘʥôʻʚʨʦʧʝʡʩʴʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʢʦʨʠʜʦʨʽʚ, ʱʦ ʩʧʦʣʫʯʘʶʪʴ ʤʽʞ ʩʦʙʦʶ ʢʨʘʾʥʠ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ ʪʘ ʽʥʰʽ 

ʢʨʘʾʥʠ.   

 
 

ʈʠʩ.1 ʌʘʢʪʦʨʠ ʬʦʨʤʫʚʘʥʥʷ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ 

 

ʈʦʟʨʦʙʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʧʽʜʩʪʘʚʽ ʜʞʝʨʝʣ:[1;2] 
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ɹʘʨôʻʨʠ ʯʠ ʩʪʠʤʫʣʠ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʨʽʚʥʝʤ ʤʦʞʣʠʚʦʩʪʝʡ ʤʘʶʪʴ 

ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʠʥʢʫ ʪʘ ʮʴʦʛʦ ʝʣʝʤʝʥʪʽʚ. ʊʝʭʥʦʣʦʛʽʯʥʽ, ʥʘʫʢʦʚʽ ʪʘ 

ʚʠʨʦʙʥʠʯʽ ʧʦʪʫʞʥʦʩʪʽ, ʢʚʘʣʽʬʽʢʦʚʘʥʽ ʢʘʜʨʠ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ 

ʩʘʤʦʩʪʽʡʥʦ ʯʠ ʽʤʧʦʨʪʫʚʘʪʠ ʟʟʦʚʥʽ, ʚʣʘʩʥʽ ʬʽʥʘʥʩʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʯʠ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʣʫʯʠʪʠ ʽʥʚʝʩʪʠʮʽʾ, ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʪʘ ʽʥʰʽ ʬʘʢʪʦʨʠ, 

ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʪʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ. 

ɹʘʨôʻʨʦʤ ʜʣʷ ʢʨʘʾʥʠ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʬʝʨʽ ʪʨʘʥʩʧʦʨʪʫ, 

ʪʘʢʠʭ ʷʢ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʛʣʦʙʘʣʴʥʽ ʩʠʩʪʝʤʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ (GPS), ʯʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʣʦʛʽʩʪʠʢʦʶ, ʮʝ ʤʦʞʝ ʩʪʘʪʠ ʩʝʨʡʦʟʥʠʤ 

ʙʘʨôʻʨʦʤ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʠʥʢʫ. 

Cʪʠʤʫʣʦʤ ʜʣʷ ʨʠʥʢʫ ʤʦʞʝ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʝʢʪʽʚ. ʅʘʧʨʠʢʣʘʜ, ʚʣʘʜʘ ʤʦʞʝ ʩʧʨʠʷʪʠ ʨʦʟʚʠʪʢʫ 

ʝʣʝʢʪʨʠʯʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʥʘʜʘʶʯʠ ʬʽʥʘʥʩʦʚʽ ʩʪʠʤʫʣʠ ʜʣʷ ʧʦʢʫʧʢʠ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʙʫʜʫʶʯʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʣʷ ʟʘʨʷʜʢʠ, ʪʘ ʚʩʪʘʥʦʚʣʶʶʯʠ 

ʥʦʨʤʘʪʠʚʠ, ʱʦ ʩʧʨʠʷʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʶ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ. ʎʝ ʤʦʞʝ ʩʪʘʪʠ ʩʪʠʤʫʣʦʤ ʜʣʷ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʬʝʨʽ 

ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ. 
 

[1] Michael E. Porter. The Competitive Advantage of Nations. ð New York, 1990. ð ISBN 0-02-925361-6 

[2] Robinson, Joan. The Economics of Imperfect Competition. ð 1969. ð ISBN 978-0-333-10289-3.Trans-European 

[3] Transport Network (TEN-T). ð URL: https://transport.ec.europa.eu/transport-themes/infrastructure-and-

investment/trans-european-transport-network-ten-t_en   
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ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚ ʣʦʛʽʩʪʠʮʽ ʰʚʠʜʢʦʧʩʫʚʥʦʾ ʧʨʦʜʫʢʮʽʾ ʙʫʚ ʩʪʚʦʨʝʥʠʡ 

ʩʧʝʮʽʘʣʴʥʠʡ ʪʠʧ ʫʧʨʘʚʣʽʥʥʷ ʣʘʥʮʶʛʘʤʠ ʧʦʩʪʘʯʘʥʴ, Cold Chain Management ï 

ʫʧʨʘʚʣʽʥʥʷ ʭʦʣʦʜʦʚʠʤ ʣʘʥʮʶʛʦʤ ʧʦʩʪʘʯʘʥʴ. Cold Chain ʮʝ ʪʝʤʧʝʨʘʪʫʨʥʘ 

ʣʦʛʽʩʪʠʯʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʦʙ'ʻʜʥʫʻ ʦʢʨʝʤʽ ʣʦʛʽʩʪʠʯʥʽ ʦʧʝʨʘʮʽʾ ʟʽ ʰʚʠʜʢʦʧʩʫʚʥʠʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʚ ʥʘʷʚʥʠʭ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʧʦʞʠʚʯʦʾ ʮʽʥʥʦʩʪʽ. ʇʨʠ 

ʮʴʦʤʫ ʭʦʣʦʜʠʣʴʥʽ ʫʩʪʘʥʦʚʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʱʦ 

ʚʠʛʦʪʦʚʣʷʶʪʴ ʘʙʦ ʟʙʝʨʽʛʘʶʪʴ ʧʨʦʜʫʢʮʽʶ, ʘ ʽ ʫ ʧʨʦʮʝʩʘʭ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ 

ʧʽʜʯʘʩ ʥʘʚʘʥʪʘʞʝʥʥʷ/ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʪʦʚʘʨʫ ʪʦʱʦ.  
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ʈʠʩ 1 ʉʭʝʤʘ ʭʦʣʦʜʦʚʦʛʦ ʣʘʥʮʶʛʘ ʧʦʩʪʘʯʘʥʴ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1 ʫ ʩʢʣʘʜʽ ʭʦʣʦʜʦʚʦʛʦ ʣʘʥʮʶʛʘ ʧʦʩʪʘʯʘʥʴ ʧʨʠʩʫʪʥʽ ʫʩʽ 

ʦʩʥʦʚʥʽ ʚʠʨʦʙʥʠʯʽ ʪʘ ʣʦʛʽʩʪʠʯʥʽ ʧʨʦʮʝʩʠ ʧʨʠ ʮʴʦʤʫ ʦʩʪʘʥʥʽ ʙʽʣʴʰʦʶ ʤʽʨʦʶ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʙʝʨʝʞʝʥʥʷ ʷʢʦʩʪʽ ʰʚʠʜʢʦʧʩʫʚʥʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ.  

ʋ ʭʦʣʦʜʦʚʦʛʦ ʣʘʥʮʶʛʘ ʧʦʩʪʘʯʘʥʴ çʙʫʜʴ-ʷʢʽ ʟʤʽʥʠ ʯʘʩ ï ʚʽʜʩʪʘʥʴ ʘʙʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʢʦʨʦʯʝʥʥʷ 

ʜʦʜʘʥʦʾ ʚʘʨʪʦʩʪʽ ʧʦ ʚʩʴʦʤʫ ʣʘʥʮʶʛʫ ʧʦʩʪʘʯʘʥʴè [1].  

ɺʽʜʧʦʚʽʜʥʦ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʘ ʩʠʩʪʝʤʘ ʪʘʢʦʛʦ ʣʘʥʮʶʛʘ ʧʦʩʪʘʯʘʥʴ ʤʘʻ 

ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʚʽʜʤʽʥʥʽ ʨʠʩʠ, ʷʢʽ ʨʘʟʶʯʝ ʨʽʟʥʷʪʴʩʷ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʣʦʛʽʩʪʠʢʠ 

ʧʝʨʝʚʝʟʝʥʴ [2]. ʅʘʩʘʤʧʝʨʝʜ ʮʝ ʦʩʦʙʣʠʚʦʩʪʽ, ʱʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʢʦʥʪʨʦʣʝʤ ʽ 

ʚʽʜʩʪʝʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʘʙʦ ʟʘʪʨʠʤʦʢ ʯʘʩʫ ʚ ʣʘʥʮʶʛʫ ʧʦʩʪʘʯʘʥʴ.  

ʇʨʦʝʢʪʫʶʯʠ ʭʦʣʦʜʦʚʽ ʣʦʛʽʩʪʠʯʥʽ ʣʘʥʮʶʛʠ ʥʝʦʙʭʽʜʥʦ ʟʚʘʞʫʚʘʪʠ ʥʘ ʮʽʣʠʡ 

ʥʘʙʽʨ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ, ʷʢ ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʩʢʣʘʜ ʯʘʩʪʠʥ ʭʦʣʦʜʦʚʦʛʦ ʣʦʛʽʩʪʠʯʥʦʛʦ 

ʣʘʥʮʶʛʘ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʟ ʝʪʘʧʽʚ, 

ʬʦʨʤʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʧʨʦʮʝʩʽ ʜʠʩʪʨʠʙʫʮʽʾ, 

ʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʦʱʦ. 

ʊʦʤʫ ʣʦʛʽʩʪʠʢʘ ʭʦʣʦʜʦʚʦʛʦ ʣʘʥʮʶʛʘ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʦʧʝʨʘʮʽʾ:  

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʪʨʠʤʢʠ ʧʦʩʪʽʡʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ 

ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʫ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ ʣʘʥʮʶʛʘ ʧʦʩʪʘʯʘʥʴ;  
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ï ʧʦʩʪʽʡʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʚ ʧʨʦʮʝʩʘʭ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʤʘʥʽʧʫʣʷʮʽʡ ʟ ʪʦʚʘʨʦʤ ʟʘ ʜʦʧʫʩʪʠʤʠʭ (ʤʽʥʽʤʘʣʴʥʠʭ) ʚʠʪʨʘʪ;  

ï ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʚʘʨʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʪʠʤʯʘʩʦʚʠʤʠ ʚʠʪʨʘʪʘʤʠ, ʘʣʝ ʟ 

ʧʦʩʪʽʡʥʠʤ ʧʽʜʪʨʠʤʘʥʥʷʤ ʩʪʘʙʽʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ;  

ï ʧʦʜʽʣ ʪʘ ʽʟʦʣʴʦʚʘʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʦʪʨʠʤʘʥʥʷ ʪʘ ʟʙʫʪʫ ʪʦʚʘʨʽʚ, ʱʦ ʩʧʨʠʷʻ 

ʨʘʮʽʦʥʘʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʭʦʣʦʜʠʣʴʥʠʭ ʩʢʣʘʜʩʴʢʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʽ 

ʧʽʜʪʨʠʤʢʠ ʩʪʘʙʽʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ;  

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʪʦʚʘʨʥʦʛʦ ʧʦʪʦʢʫ ʟ ʧʽʜʪʨʠʤʢʦʶ ʪʘ ʩʫʧʨʦʚʦʜʦʤ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤ ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʽ ʚʠʨʦʙʥʠʯʠʤ ʧʦʪʦʢʘʤʠ [3]. 

ʆʪʞʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʭʦʣʦʜʦʚʦʛʦ ʣʘʥʮʶʛʘ ï ʮʝ ʩʧʝʮʠʬʽʯʥʠʡ ʚʠʜ ʜʽʷʣʴʥʦʩʪʽ 

ʟ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʘʭʦʜʽʚ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʪʘ 

ʧʨʘʢʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʧʪʠʤʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠ 

ʟʙʝʨʽʛʘʥʥʽ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʰʚʠʜʢʦʧʩʫʚʥʠʭ ʘʙʦ ʟʘʤʦʨʦʞʝʥʠʭ ʚʘʥʪʘʞʽʚ, ʷʢʽ 

ʧʦʪʨʝʙʫʶʪʴ ʩʧʝʮʽʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʢʫ ʷʢʦʩʪʽ ʚʘʥʪʘʞʫ ʚ ʤʝʞʘʭ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʦʨʤʘʪʠʚʥʦʛʦ 

ʪʝʨʤʽʥʫ ʧʨʠʜʘʪʥʦʩʪʽ ʧʨʠ ʡʦʛʦ ʧʦʩʪʘʯʘʥʥʽ ʜʦ ʩʧʦʞʠʚʘʯʘ. ɽʬʝʢʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ 

ʭʦʣʦʜʦʚʠʤ ʣʘʥʮʶʛʦʤ ʧʦʩʪʘʯʘʥʴ ʤʘʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʫʩʽ ʧʨʦʮʝʩʠ ʚ ʥʴʦʤʫ, ʩʧʨʠʷʪʠ 
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ʋ ʻʚʨʦʧʝʡʩʴʢʽʡ ʧʨʘʢʪʠʮʽ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʫʭʦʤʦʛʦ 

ʩʢʣʘʜʫ ʥʘ ʧʝʨʰʝ ʤʽʩʮʝ ʩʪʘʚʠʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʚ 

ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʚʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʤʧʘʥʽʷʤʠ-ʚʠʨʦʙʥʠʢʘʤʠ 

ʣʦʢʦʤʦʪʠʚʽʚ. ɺʪʽʤ, ʷʢʽʩʥʝ ʟʜʽʡʩʥʝʥʥʷ ʨʝʤʦʥʪʫ ɽʈʉ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ 

ʬʘʢʪʠʯʥʦʛʦ ʟʥʦʩʫ ʤʦʞʣʠʚʝ ʚʠʢʣʶʯʥʦ ʫ ʚʠʧʘʜʢʫ ʧʦʻʜʥʘʥʥʷ ʫʤʦʚ ʦʩʥʘʱʝʥʥʷ 

ʨʝʤʦʥʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʢʦʤʧʣʝʢʩʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʟ 

ʧʨʦʛʥʦʟʦʚʘʥʦʶ ʣʦʛʽʩʪʠʢʦʶ ʧʦʩʪʘʚʢʠ  ̔ʟʘʤʽʥʠ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʨʝʤʦʥʪʫ. 

ɺ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʪʦʚʘʨʠʩʪʚʽ ʟʘʣʽʟʥʠʮʴ ʌʨʘʥʮʽʾ ʧʦʣʽʪʠʢʫ ʚ ʛʘʣʫʟʽ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ  ̔ʨʝʤʦʥʪʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʨʝʘʣʽʟʫʻ ʮʝʥʪʨʘʣʽʟʦʚʘʥʘ ʦʨʛʘʥʽʟʘʮʽʷ 

(SNCF). ɺʦʥʘ ʚʠʟʥʘʯʘʻ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ, ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʪʨʦʣʴ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʣʦʢʦʤʦʪʠʚʽʚ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ  ̔ʥʘʜʘʻ ʦʙˇʨʫʥʪʦʚʘʥʽ 

ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʟʘʢʫʧʽʚʝʣʴ ʥʦʚʦʛʦ ɽʈʉ. ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ɦ ʦ ʫ ʌʨʘʥʮʽʾ ʢʦʤʧʘʥʽʷ 

Alstom Transport  ̒ʤʘʡʞʝ ʻʜʠʥʠʤ ʛʣʦʙʘʣʴʥʠʤ ʚʠʨʦʙʥʠʢʦʤ ʣʦʢʦʤʦʪʠʚʽʚ, ʩʘʤʝ ʾʾ 

ʝʢʩʧʝʨʪʥʽ ʦʮʽʥʢʠ  ̔ ʨʝʢʦʤʝʥʜʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʨʛʘʥʽʟʘʮʽʻʶ SNCF ʜʣʷ 

ʧʣʘʥʫʚʘʥʥʷ  ̔ ʩʚʦʻʯʘʩʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʦʛʣʷʜʦʚʠʭ ʪʘ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʩʢʦʨʦʯʝʥʥʷ ʾʭ ʦʙʩʷʛʫ  ̔ ʟʘʙʝʟʧʝʯʠʪʠ ʟʥʘʯʥʫ ʝʢʦʥʦʤʽʶ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʫ ʌʨʘʥʮʽʾ ʧʨʠʧʠʩʢʘ ɽʈʉ ʜʦ ʧʝʚʥʦʛʦ ʜʝʧʦ ʥʝ ʧʨʘʢʪʠʢʫʻʪʴʩʷ. ɿʘ 

ʝʢʩʧʝʨʪʥʦʶ ʦʮʽʥʢʦʶ SNCF, ʩʫʯʘʩʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʨʝʤʦʥʪʫ ʧʦʚʠʥʥʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʟ ʤʽʞʨʝʡʩʦʚʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟ 

ʫʩʫʥʝʥʥʷʤ ʥʝʟʥʘʯʥʠʭ ʜʝʬʝʢʪʽʚ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʜʝʧʦ ʧʦʣʽʛʦʥʫ ʟʚʝʨʥʝʥʥʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʣʦʢʦʤʦʪʠʚʫ. ʎʽ ʞ ʜʝʧʦ ʧʨʦʚʦʜʷʪʴ ʾʭ ʱʦʜʝʥʥʠʡ ʪʝʭʥʽʯʥʠʡ ʦʛʣʷʜ ʽ 

ʚʠʢʦʥʫʶʪʴ ʚ ʥʘʡʢʦʨʦʪʰʠʡ ʯʘʩ ʝʢʽʧʽʨʦʚʢʫ. 

ɺʪʽʤ, ʨʝʤʦʥʪ ʤʘʣʦʛʦ ʦʙʩʷʛʫ ʟ ʧʣʘʥʦʚʦʶ ʟʘʤʽʥʦʶ ʦʢʨʝʤʠʭ ʜʝʪʘʣʝʡ ʽ ʚʫʟʣʽʚ 

ʧʨʦʚʦʜʠʪʴʩʷ ʣʠʰʝ ʥʘ ʥʝʙʘʛʘʪʴʦʭ ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʢʦʤʧʘʥʽʾ 

Alstom Transport. ɿ ʮʽʻʶ ʤʝʪʦʶ ʫʤʦʚʠ ʚʟʘʻʤʦʜʽʾ ʚʩʽʭ ʜʝʧʦ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʥʘʷʚʥʽʩʪʴ ʻʜʠʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʟ ʬʘʢʪʠʯʥʦʛʦ ʧʨʦʙʽʛʫ ʢʦʞʥʦʛʦ ʣʦʢʦʤʦʪʠʚʫ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʨʝʤʦʥʪʫ ʚ ʥʘʡʙʣʠʞʯʦʤʫ ʨʝʤʦʥʪʥʦʤʫ 

ʧʽʜʧʨʠʻʤʩʪʚʽ. 
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ʅʘʨʝʰʪʽ, ʢʦʤʧʘʥʽʻʶ Alstom Transport ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʘʧʽʪʘʣʴʥʠʭ ʨʝʤʦʥʪʽʚ 

ʪʘ ʨʝʤʦʥʪʽʚ ʩʝʨʝʜʥʴʦʛʦ ʦʙʩʷʛʫ (ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ) ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʣʘʩʥʦʤʫ 

ʟʘʚʦʜʽ ʚ ɹʝʣʴʬʦʨʽ ʩʪʚʦʨʝʥʦ ʮʝʥʪʨ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʷʢʠʡ ʟʜʘʪʥʠʡ 

ʧʨʠʡʤʘʪʠ ʦʜʥʦʯʘʩʥʦ ʜʦ ʯʦʪʠʨʴʦʭ ʣʦʢʦʤʦʪʠʚʽʚ. 

ɺʜʘʣʝ ʧʦʻʜʥʘʥʥʷ ʩʧʽʚʧʨʘʮʽ ʦʨʛʘʥʽʟʘʮʽʾ SNCF ʟ ʚʠʨʦʙʥʠʯʠʤ ʩʝʢʪʦʨʦʤ Alstom 

Transport ʚʽʜʪʚʦʨʶʻ ʻʜʠʥʠʡ ʫ ʌʨʘʥʮʽʾ ʣʦʛʽʩʪʠʯʥʠʡ ʮʝʥʪʨ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʟʘʣʽʟʥʠʮʽ, ʷʢʠʡ ʥʝ ʪʽʣʴʢʠ ʦʭʦʧʣʶʻ ʚʩʽ ʦʙʣʘʩʪʽ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ɽʈʉ, ʘ ʩʘʤʝ ʫʧʨʘʚʣʷʻ ʧʘʨʢʦʤ ʣʦʢʦʤʦʪʠʚʽʚ, ʧʨʦʚʦʜʠʪʴ ʾʭ ʤʦʜʝʨʥʽʟʘʮʽʶ ʽ 

ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʻ ʧʦʩʪʘʚʢʫ ʽ ʟʘʤʽʥʫ ʢʦʤʧʦʥʝʥʪʽʚ, ʘʣʝ ʡ 

ʦʨʛʘʥʽʟʫʻ ʧʦʜʘʣʴʰʫ ʧʝʨʝʨʦʙʢʫ ʪʘ ʫʪʠʣʽʟʘʮʽʻʶ ʩʢʣʘʜʦʚʠʭ ʨʝʤʦʥʪʫ.  

ʅʘ ʜʘʥʠʡ ʯʘʩ ʻʜʠʥʠʡ ʣʦʛʽʩʪʠʯʥʠʡ ʮʝʥʪʨ ʬʨʘʥʮʫʟʴʢʦʾ ʟʘʣʽʟʥʠʮʽ ʩʢʣʘʜʘʶʪʴ 38 

ʦʩʥʦʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ-ʪʝʭʥʦʮʝʥʪʨʽʚ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʊʆ ʽ ʇʈ ʽ 70 ʤʽʩʮʝʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʽʞʨʝʡʩʦʚʝ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʨʢʫ 

ʜʠʨʝʢʮʽʾ ʟ 1400 ʣʦʢʦʤʦʪʠʚʽʚ.  

ɺʠʨʦʙʥʠʯʘ ʣʦʛʽʩʪʠʢʘ ʮʝʥʪʨʫ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ɻʦʣʦʚʥʠʤ ʧʦʜʘʪʢʦʚʠʤ 

ʫʧʨʘʚʣʽʥʥʷʤ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʨʽʚʥʽʚ (çʚʝʨʭʥʴʦʾè ʪʘ çʥʠʞʥʴʦʾè ʣʦʛʽʩʪʠʢʠ), 

ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʦʙʣʽʢ ʧʦʪʨʝʙ, ʧʦʩʪʘʯʘʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʧʦʪʦʢʘʤʠ 

ʪʦʱʦ, ʽ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʷʛʪʠ ʥʘʡʢʨʘʱʦʾ ʧʨʦʧʦʟʠʮʽʾ ʧʦʩʣʫʛ. 

çɺʝʨʭʥʷè ʣʦʛʽʩʪʠʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʇʨʦʤʠʩʣʦʚʦʛʦ ʮʝʥʪʨʫ ʣʦʛʽʩʪʠʢʠ (ʇʎʃ) ʽ 

ʇʣʘʪʬʦʨʤʠ ʣʦʛʽʩʪʠʢʠ (ʇʃ), ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʫʧʨʘʚʣʽʥʥʷ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʠʤʠ 

ʤʘʪʝʨʽʘʣʴʥʦ-ʚʠʨʦʙʥʠʯʠʤʠ ʟʘʧʘʩʘʤʠ ʩʧʦʞʠʚʘʥʠʭ ʜʝʪʘʣʝʡ (ʫʧʨʘʚʣʷʶʪʴ 

ʨʝʟʝʨʚʥʠʤʠ ʟʘʩʦʙʘʤʠ ʪʘ ʛʘʨʥʽʪʫʨʘʤʠ ʜʣʷ ʾʭ ʤʦʜʠʬʽʢʘʮʽʾ). ɰʾ ʛʦʣʦʚʥʝ 

ʧʨʠʟʥʘʯʝʥʥʷ Έ ʟʘʙʝʟʧʝʯʠʪʠ ʫ ʥʘʩʣʽʜʢʫ ʥʝʧʝʨʝʨʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ 

çʙʫʬʝʨʥʠʡ ʟʘʧʘʩè ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʩʢʣʘʜʽ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʡʤʦʚʽʨʥʠʭ ʨʠʟʠʢʽʚ ʪʘ 

ʟʤʽʥ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʦʩʪʽʡʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʪʘʣʝʡ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʮʝʥʪʨʫ.  

ʇʎʃ ʟʜʽʡʩʥʶʻ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʢʦʥʪʨʦʣʴ ʟʘ ʥʝʧʝʨʝʨʚʥʠʤ ʧʦʧʦʚʥʝʥʥʷʤ ʟʘʧʘʩʫ 

ʜʝʪʘʣʝʡ ʽ ʘʛʨʝʛʘʪʽʚ ʥʘ ʇʃ ʪʘ ʢʝʨʫʻ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʧʦʪʦʢʘʤʠ ʾʭ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʤʽʱʝʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ çʥʠʞʥʴʦʾè ʣʦʛʽʩʪʠʢʠ. ʇʃ ʤʽʩʪʠʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ 

ʜʠʩʪʨʠʙ`ʶʪʦʨʩʴʢʫ ʤʝʨʝʞʫ, ʱʦ ʜʦʩʪʘʚʣʷʻ ʜʝʪʘʣʽ ʜʦ ʇʃ ʘʙʦ ʜʦ ʦʙʩʣʫʛʦʚʫʶʯʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. 

çʅʠʞʥʷè ʣʦʛʽʩʪʠʢʘ, ʘʙʦ ʣʦʛʽʩʪʠʢʘ ʧʦʨʫʢʠ, ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʦʙʩʣʫʛʦʚʫʶʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ɰʾ ʦʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ï ʚʝʜʝʥʥʷ ʦʙʣʽʢʫ ʟʘʧʘʩʽʚ 

ʦʢʨʝʤʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʦʙʝʨʥʝʥʘ ʫʯʘʩʪʴ ʫ ʧʨʠʡʥʷʪʪʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʚʽʜ 

ʇʎʃ. 

ɺʜʘʣʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʦʛʦ ʣʘʥʮʶʛʫ ʤʽʞ çʚʝʨʭʥʽʤè ʪʘ çʥʠʞʥʽʤè 

ʨʽʚʥʷʤʠ ʣʦʛʽʩʪʠʢʠ ʟʘʙʝʟʧʝʯʫʻ ʷʢʽʩʥʝ ʧʣʘʥʫʚʘʥʥʷ ʧʦʪʨʝʙ ʦʙʩʣʫʛʦʚʫʶʯʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʩʚʦʻʯʘʩʥʝ ʾʭ ʧʦʧʦʚʥʝʥʥʷ ʟʘʧʘʩʘʤʠ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ 

ʨʝʤʦʥʪʽʚ. ʇʨʠʯʦʤʫ çʚʝʨʭʥʽʡè ʪʘ çʥʠʞʥʽʡè ʣʦʛʽʩʪʠʯʥʽ ʨʽʚʥʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʫ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʝʙ, ʱʦ ʦʯʽʢʫʶʪʴʩʷ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʘʛʘʣʴʥʠʭ ʪʝʨʤʽʥʽʚ 

ʧʦʧʦʚʥʝʥʥʷ ʟʘʧʘʩʽʚ ʘʙʦ ʨʝʤʦʥʪʫ. 
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ɹʣʦʢʘʜʘ ʤʦʨʩʴʢʠʭ ʧʦʨʪʽʚ ʋʢʨʘʾʥʠ, ʧʦʯʠʥʘʶʯʠ ʟ 22 ʣʶʪʦʛʦ 2022 ʨʦʢʫ, 

ʦʙʽʨʚʘʣʘ ʚʩʽ ʽʩʥʫʶʯʽ ʣʦʛʽʩʪʠʯʥʽ ʣʘʥʮʶʛʠ, ʥʝ ʟʘʣʠʰʠʚʰʠ ʜʣʷ ʝʢʩʧʦʨʪʫ ʪʘ 

ʽʤʧʦʨʪʫ ʤʘʡʞʝ ʥʽʷʢʠʭ ʰʘʥʩʽʚ ʥʘ ʽʩʥʫʚʘʥʥʷ. 

ʊʘʢʠʡ ʧʦʪʫʞʥʠʡ ʨʠʥʦʢ, ʷʢ ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʩʝʢʪʦʨ ʟʘʟʥʘʚ ʜʦʩʠʪʴ ʚʝʣʠʢʦʾ 

ʰʢʦʜʠ ʚʽʜ ʚʽʡʩʴʢʦʚʦʾ ʘʛʨʝʩʽʾ ʈʦʩʽʾ (40% ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʙʫʣʦ 

ʟʘʭʦʧʣʝʥʦ ʘʙʦ ʟʥʠʱʝʥʦ ʚ ʄʘʨʽʫʧʦʣʽ ï ʤʝʪʢʦʤʙʽʥʘʪʠ ʄʄʂ ʽʤ. ɯʣʣʽʯʘ ʪʘ 

çɸʟʦʚʩʪʘʣʴè)[1].  

ʄʘʡʞʝ ʚʝʩʴ ʝʢʩʧʦʨʪ ʜʘʥʦʛʦ ʨʠʥʢʫ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʯʝʨʝʟ ʤʦʨʩʴʢʠʡ ʧʦʨʪ 

çʄʘʨʽʫʧʦʣʴè, ʘʣʝ ʥʘʞʘʣʴ, ʢʦʤʧʘʥʽʾ ɻʄʂ ʧʦʚʠʥʥʽ ʙʫʣʠ ʰʫʢʘʪʠ ʥʘ 

ʧʝʨʝʥʘʧʨʘʚʣʷʪʠ ʚʘʥʪʘʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʫʥʘʡʩʴʢʠʭ ʨʽʯʥʠʭ ʪʘ ʻʚʨʦʧʝʡʩʴʢʠʭ 

ʤʦʨʩʴʢʠʭ ʧʦʨʪʽʚ, ʘ ʪʘʢʦʞ ʟʙʽʣʴʰʠʪʠ ʘʚʪʦʤʦʙʽʣʴʥʽ ʧʝʨʝʚʝʟʝʥʥʷ. ʊʘʢʽ ʥʦʚʽ ʰʣʷʭʠ 

ʜʣʷ ʝʢʩʧʦʨʪʫ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʩʝʢʪʦʨʫ ʩʪʘʣʠ ʜʦʨʦʞʯʠʤʠ ʪʘ ʜʦʚʰʠʤʠ. 

ɺʘʨʪʽʩʪʴ ʜʦʩʪʘʚʢʠ ʫʢʨʘʾʥʩʴʢʦʾ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʧʨʦʜʫʢʮʽʾ ʜʦ ʧʦʨʪʫ 

ʧʨʠʟʥʘʯʝʥʥʷ ʟʙʽʣʴʰʠʣʘʩʴ ʫ 3-4 ʨʘʟʠ, ʘ ʩʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʜʦ ʧʦʨʪʫ ʚʽʜʧʨʘʚʢʠ ʜʣʷ 

ʫʢʨʘʾʥʩʴʢʠʭ ʝʢʩʧʦʨʪʝʨʽʚ ʟʙʽʣʴʰʠʣʘʩʴ ʫ 5 ʨʘʟʽʚ. ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʣʦʛʽʩʪʠʯʥʽ 

ʚʠʪʨʘʪʠ ʩʪʘʣʠ ʨʽʚʥʠʤʠ ʘʙʦ ʧʝʨʝʚʠʱʫʶʪʴ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ. 

ɺ ʪʘʙʣʠʮʽ 1 ʧʨʠʚʝʜʝʥʦ ʬʦʨʤʫʚʘʥʥʷ ʚʘʥʪʘʞʥʠʭ ʧʦʪʦʢʽʚ ʤʦʨʩʴʢʠʭ ʧʦʨʪʽʚ 

ʋʢʨʘʾʥʠ (2017 ï 2021 ʨʨ.), ʟʘ ʥʘʡʙʽʣʴʰ ʝʢʩʧʦʨʪʦʚʘʥʠʤʠ ʛʨʫʧʘʤʠ ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʚʘʥʪʘʞʽʚ: ʯʦʨʥʽ ʤʝʪʘʣʠ; ʨʫʜʘ, ʰʣʘʢʠ ʪʘ ʟʦʣʘ. 

 

ʊʘʙʣʠʮʷ 1 ï ɺʘʥʪʘʞʦʦʙʽʛ ʤʦʨʩʴʢʠʭ ʧʦʨʪʽʚ ʋʢʨʘʾʥʠ ʟʛʽʜʥʦ ʜʦ ʥʦʤʝʥʢʣʘʪʫʨʠ 

ʟʘ 2017 ï 2021 ʨʦʢʠ, ʪʠʩ. ʪʦʥʥ 
ˉ 

ʟ/ʧ 
ɺʘʥʪʘʞʽ 

ʈʦʢʠ 

2017 2018 2019 2020 2021 

1 ʏʦʨʥʽ ʤʝʪʘʣʠ 14816,09 16081,68 15321,48 16670,73 16163,56 

2 
ʈʫʜʘ, ʰʣʘʢʠ ʪʘ 

ʟʦʣʘ 
27464,13 28061,30 37326,06 44334,63 37866,22 

ɼʞʝʨʝʣʦ: ʩʬʦʨʤʦʚʘʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʽ [2-6]. 
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ʗʢɦʦ ʨʦʟʛʣʷʜʘʪʠ ʟʘʛʘʣʴʥʫ ʯʘʩʪʢʫ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʩʝʢʪʦʨʫ ʫ ʬʦʨʤʫʚʘʥʥʽ 

ʚʘʥʪʘʞʥʠʭ ʧʦʪʦʢʽʚ, ʪʦ ʜʘʥʘ ʧʦʟʠʮʽʷ ʟʘʡʤʘʻ ʦʜʥʽ ʟ ʧʝʨʰʠʭ ʧʦʟʠʮʽʡ, 

ʧʦʩʪʫʧʘʶʯʠʩʴ ʣʠʰʝ ʟʝʨʥʦʚʠʤ ʢʫʣʴʪʫʨʘʤ (ʛʨʫʧʘ ʚʘʥʪʘʞʫ: ʭʣʽʙʥʽ), ʱʦ ʽ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.  

 

 
ʈʠʩʫʥʦʢ 1ï ʆʩʥʦʚʥʽ ʚʘʥʪʘʞʽ, ʱʦ ʙʫʣʠ ʧʝʨʝʨʦʙʣʝʥʽ ʚ ʤʦʨʩʴʢʠʭ ʧʦʨʪʘʭ 

ʋʢʨʘʾʥʠ ʟ 2017 ʨʦʢʫ ʧʦ 2021 ʨʽʢ, ʪʠʩ. ʪʦʥʥ 

ɼʞʝʨʝʣʦ: ʩʬʦʨʤʦʚʘʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʽ [2-6]. 

 

ɹʘʯʠʤʦ, ʱʦ ʟʘ ʥʘʡʘʢʪʫʘʣʴʥʽʰʠʤʠ ʜʘʥʠʤʠ, ʫ 2021 ʨʦʮʽ ʛʦʣʦʚʥʠʤʠ ʚʘʥʪʘʞʘʤʠ 

ʻ ʟʝʨʥʦ ʪʘ ʨʫʜʘ, ʷʢʽ ʟʘʙʝʟʧʝʯʠʣʠ 60% ʫʩʴʦʛʦ ʚʘʥʪʘʞʦʧʦʪʦʢʫ ʯʝʨʝʟ ʫʢʨʘʾʥʩʴʢʽ 

ʧʦʨʪʠ. ʅʘ ʯʦʨʥʽ ʤʝʪʘʣʠ ʧʨʠʧʘʜʘʻ 10,5 %, ʥʘ ʢʦʥʪʝʡʥʝʨʠ ï 7,9 %, ʥʘ ʦʣʽʶ ï 3,4 % 

ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʚʘʥʪʘʞʽʚ. ɿʘʛʘʣʦʤ ʧʝʨʰʘ ʧôʷʪʽʨʢʘ ʚʘʥʪʘʞʽʚ ʟʘʙʝʟʧʝʯʫʻ 

ʙʣʠʟʴʢʦ 80% ʫʩʴʦʛʦ ʚʘʥʪʘʞʦʧʦʪʦʢʫ ʯʝʨʝʟ ʧʦʨʪʠ ʋʢʨʘʾʥʠ. 

ɿ ʜʦʩʣʽʜʞʝʥʥʷ ɻʦʥʯʘʨʫʢʘ ʆ., ʈʷʙʢʦ ʆ. ʪʘ ʆʚʝʨʢʦʚʩʴʢʦʛʦ ɹ. [7] ʙʘʯʠʤʦ, ʱʦ 

ʦʩʥʦʚʥʠʤʠ ʢʨʘʾʥʘʤʠ-ʝʢʩʧʦʨʪʝʨʘʤʠ ʯʦʨʥʠʭ ʤʝʪʘʣʽʚ, ʨʫʜʠ, ʰʣʘʢʽʚ ʪʘ ʟʦʣʠ (2020-

2021 ʨʨ.) ʙʫʣʠ: ʂʠʪʘʡ -43,4%, ʇʦʣʴʱʘ ï 9,4%, ʏʝʭʽʷ ï 8,8%, ɸʚʩʪʨʽʷ ï 8,6%, 

ʅʽʤʝʯʯʠʥʘ ï 6,7%. 

ʊʘʢ, ʷʢ ʝʢʩʧʦʨʪ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʩʝʢʪʦʨʫ ʚʧʘʚ ʫ 10 ʨʘʟʽʚ ʜʦ ʇʽʚʜʝʥʥʦ-ʉʭʽʜʥʦʾ 

ɸʟʽʾ ʪʘ ʆʢʝʘʥʽʾ,ʫ 6 ʨʘʟʽʚ ʩʢʦʨʦʪʠʣʠʩʷ ʧʦʩʪʘʚʢʠ ʜʦ ʢʨʘʾʥ  ɸʬʨʠʢʠ ʥʘ ʧʽʚʜʝʥʴ ʚʽʜ 

ʉʘʭʘʨʠ, ʘ ʜʦ ʃʘʪʠʥʩʴʢʦʾ ɸʤʝʨʠʢʠ ï ʫ 8,5 ʨʘʟ, ʚʚʘʞʘʻʤʦ ʟʘ ʜʦʮʽʣʴʥʠʤ 

ʥʘʣʘʛʦʜʠʪʠ ʩʘʤʝ ʮʽ ʣʘʥʮʶʞʢʠ ʧʦʩʪʘʚʦʢ ʪʦʚʘʨʫ, ʧʨʠ ʜʝʙʣʦʢʘʜʽ ʤʦʨʩʴʢʠʭ ʧʦʨʪʽʚ 

ʋʢʨʘʾʥʠ, ʘʙʦ ʚʩʝ ʞ ʪʘʢʠ ʧʨʦʧʨʘʮʶʚʘʪʠ ʽʥʩʪʠʪʫʮʽʡʥʠʡ ʘʧʘʨʘʪ ʪʘ ʩʢʦʨʠʩʪʘʪʠʩʴ 

ʪʠʤʯʘʩʦʚʠʤʠ ʤʦʨʩʴʢʠʤʠ ʢʦʨʠʜʦʨʘʤʠ. 

 
[1] Forbes Ukraine: ʗʢ ʚʽʡʥʘ ʟʤʽʥʠʣʘ ʫʢʨʘʾʥʩʴʢʫ ʤʝʪʘʣʫʨʛʽʶ, ʱʦ ʜʘʚʘʣʘ ʦʩʥʦʚʥʠʡ ʧʨʠʧʣʠʚ ʚʘʣʶʪʠ. URL: 
https://forbes.ua/ru/money/eksport-metaloproduktsii-vpav-utrichi-shcho-viyna-zminila-v-ukrainskikh-metalurgiv-yaki-

davali-osnovnikh-pritok-valyuti-v-krainu-27062023-14446 

[2] ɾʫʨʥʘʣ çʇʦʨʪʠ ʋʢʨʘʾʥʠ ʧʣʶʩè. ʆʜʝʩʘ: ʇʦʨʪʠ ʋʢʨʘʾʥʠ, 1 (163), 2017. 76 ʩ. 
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To ensure competitiveness in new conditions, the main task of the development of 

the railway industry is the gradual development of modern organizational and 

management technologies that are widely used in industrialized countries [1, 2]. 

The energy sector on railways is one of the most important and integral 

components of the economic complex of Ukraine. At the same time, energy security 

is one of the most vulnerable links of the state's national security. Increasing the 

energy efficiency of any enterprise, reducing the level of energy consumption while 

maintaining production volumes, reducing the negative impact on the environment 

requires making appropriate decisions regarding the strategy of using various 

resources. This is based on energy audit and energy management [3, 4]. 

From a scientific point of view, an energy audit (energy survey) is a technical 

inspection of energy consumption at a facility with the aim of determining possible 

energy savings and providing assistance in its implementation through the 

implementation of energy efficiency and energy management mechanisms [5]. 

The main purpose of the energy survey is: 

ï obtaining data on the amount of energy resources used; 

ï determination of energy efficiency indicators; 

ï determination of energy saving potential and improvement of energy efficiency; 

ï development of a list of typical, publicly available energy saving and energy 

efficiency improvement measures and their cost assessment. 

In Fig. 1 shows the structure of the energy audit, which includes four main stages. 

At the first stage, familiarization with the object and its main technological processes 

takes place. At the second stage, a map (energy passport) of energy consumption at 

the facility is drawn up, that is, information on energy consumption by individual 

processes and equipment is collected, energy saving opportunities are determined, 

current data is compared with nominal data. At the third stage, an assessment of the 

economic benefits from the implementation of various possible energy-saving 

measures is carried out, the selection of an energy-saving program, and the 

preparation of technical and economic data. At the fourth stage, the implementation 

of the energy saving program and the launch of the energy management system are 

carried out. 

For electric rolling stock, an energy audit means determining the efficiency of the 

use of fuel and energy resources and developing recommendations for their 
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improvement. The engineering and technical personnel servicing the traction rolling 

stock should be interested in conducting an energy audit, as this will reduce the 

consumption of energy resources. That is, the energy audit and its separate stages 

(conclusions) are an integral part of the energy saving process. 

 
 

F g̔. 1. The structure of the energy audit 

 

Effective use of energy-saving technical means on traction rolling stock due to the 

use of innovative solutions and technologies will reduce costs and increase the 

traction and energy efficiency of the transportation process. 

The current state of Ukraine's railways requires work on the modernization of 

electric rolling stock, optimization of freight and passenger train schedules, 

increasing the level of application of regenerative braking, and reducing unproductive 

specific energy consumption for train traction. 

The further functioning of railway transport should be inextricably linked with a 

gradual reduction in energy intensity and an increase in labor productivity, which 

will, accordingly, lead to a decrease in operating costs related to the fuel and energy 

component, as well as a significant reduction in the impact of the transport industry 

on the environment. 
 

[1] Li  S., Lang M., Li S., Chen X., Yu X., Geng Y. Optimization of high-speed railway line planning with passenger 

and freight transport coordination. IEEE Access. 2022. Vol. 10. P. 110217ï110247. 

DOI: 10.1109/ACCESS.2022.3210578. 

[2] Plakhtii O., Nerubatskyi V., Hordiienko D. Research of operating modes and features of integration of renewable 

energy sources into the electric power system. 2022 IEEE 8th International Conference on Energy Smart Systems 



 

224 

(ESS). 2022. P. 133ï138. DOI: 10.1109/ESS57819.2022.9969337. 

[3] Sathiyanarayanan J., Simon S. P., Sundareswaran K. Energy audit in a railway traction substation (a real case study). 

J. Inst. Eng. India Ser. B. 2020. Vol. 101. P. 411ï416. DOI: 10.1007/s40031-020-00460-x. 

[4] Nerubatskyi V. P., Plakhtii O. A., Hordiienko D. A., Syniavskyi A. V., Philipjeva M. V. Use of modern technologies 

in the problems of automation of data collection in intellectual power supply systems. Modern engineering and 

innovative technologies. 2022. Issue 19. Part 1. P. 38ï51. DOI: 10.30890/2567-5273.2022-19-01-058. 

[5] Al -Ghaili A. M., Kasim H., Al-Hada N. M., Jorgensen B. N., Othman M., Wang J. Energy management systems and 

strategies in buildings sector: a scoping review. IEEE Access. 2021. Vol. 9. P. 63790ï63813. 

DOI: 10.1109/ACCESS.2021.3075485. 

 

 

ʋɼʂ 656.212 

 

ɺʀɿʅɸʏɽʅʅʗ ʇɸʈʂʋ ʈʋʍʆʄʆɻʆ ʉʂʃɸɼʋ ɼʃʗ ɺʀʂʆʅɸʅʅʗ 

ʇɽʈɽɺɽɿɽʅʔ ʅɸ ʇʈʆʄʀʉʃʆɺʆʄʋ ɿɸʃɯɿʅʀʏʅʆʄʋ ʊʈɸʅʉʇʆʈʊɯ 

 

DETERMINATION OF THE ROLLING STOCK PARK FOR 

TRANSPORTATION ON INDUSTRIAL RAIL TRANSPORT  

 

ʜ.ʪ.ʥ. ɼ.ʄ. ʂʦʟʘʯʝʥʢʦ, ɼ.ɺ. ʍʠʣʴʢʝʚʠʯ, ʄ.ʂ. ʐʝʚʯʝʥʢʦ 
ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ (ʤ. ɼʥʽʧʨʦ) 

 

DSc(Eng) D. M. Kozachenko, D. V. Khylkevych, M. K. Shevchenko  
Ukrainian State University of Science and Technologies 

 

ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʢʫ ʚʘʛʦʥʽʚ ʪʘ ʣʦʢʦʤʦʪʠʚʽʚ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʜʘʥʦʛʦ ʦʙôʻʤʫ ʧʝʨʝʚʝʟʝʥʴ, ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʨʦʟʨʘʭʫʥʢʽʚ, ʱʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘʤʠ ʪʘ ʪʝʭʥʦʣʦʛʘʤʠ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ʄʝʪʦʜ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʢʫ ʚʘʛʦʥʽʚ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ 1878 

ʽʥʞʝʥʝʨʦʤ ʂʫʣʴʞʠʥʩʢʠʤ. ʎʝʡ ʤʝʪʦʜ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʚôʷʟʢʫ ʤʽʞ ʨʦʙʦʪʦʶ U, 

ʦʙʦʨʦʪʦʤ ʚʘʛʦʥʘ q ʪʘ ʧʦʪʨʽʙʥʠʤ ʧʘʨʢʦʤ ʚʘʛʦʥʽʚ N 

 

 , (1) 

 

ʜʝ è ø - ʦʧʝʨʘʮʽʷ ʟʜʦʙʫʪʪʷ ʙʽʣʴʰʦʛʦ ʮʽʣʦʛʦ ʯʠʩʣʘ. 

ʄʝʪʦʜ ʽʥʞʝʥʝʨʘ ʂʫʣʴʞʠʥʩʢʦʛʦ ʚ ʨʽʟʥʠʭ ʡʦʛʦ ʽʥʪʝʨʧʨʝʪʘʮʽʷʭ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʦʙʦʪʽ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʪʘ ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʽ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ. ʇʝʨʝʚʘʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʨʘʟʫ (1) ʻ ʡʦʛʦ 

ʧʨʦʩʪʦʪʘ, ʘ ʪʘʢʦʞ ʧʨʦʩʪʦʪʘ ʦʪʨʠʤʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʯʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ 

ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʙʯʠʩʣʝʥʴ. ʅʝʜʦʣʽʢ ʤʝʪʦʜʫ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʪʠʤ, ʱʦ ʚʽʥ ʥʝ 

ʚʨʘʭʦʚʫʻ ʮʽʣʦʯʠʩʝʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʜʘʯʽ. ʆʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʮʷ ʧʨʦʙʣʝʤʘ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʢʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ʆʙôʻʢʪʠʚʥʠʤʠ ʫʤʦʚʘʤʠ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʦʜʽʣʫ ʢʦʤʧʣʝʢʩʫ ʦʧʝʨʘʮʽʡ ʥʘ ʯʘʩʪʠʥʠ;  ʧʦʜʽʣ 

ʜʦʙʠ ʥʘ ʟʤʽʥʠ, ʧʨʠ ʮʴʦʤʫ, ʧʨʠ ʮʴʦʤʫ ʟʤʽʥʠ ʙʨʠʛʘʜ ʧʦʚʠʥʥʽ ʚʽʜʙʫʚʘʪʠʩʷ ʣʠʰʝ ʚ 

ʯʽʪʢʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʤʽʩʮʷʭ;  ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʦʛʣʷʜʫ, ʝʢʽʧʽʨʫʚʘʥʥʷ ʪʘ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʧʨʠ ʯʦʤʫ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ 
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ʣʠʰʝ ʫ ʜʝʥʥʫ ʟʤʽʥʫ ʽ ʪ.ʽ. ɺ ʫʤʦʚʘʭ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʛʦ  ʧʘʨʢʫ ʚʘʛʦʥʽʚ ʪʘ 

ʣʦʢʦʤʦʪʠʚʽʚ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʚ ʨʦʙʦʪʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʚʠʥʠʢʘʶʪʴ 

ʨʝʟʝʨʚʠ ʯʘʩʫ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʽʥʰʠʤʠ ʦʜʠʥʠʮʷʤʠ ʨʫʭʦʤʦʛʦ 

ʩʢʣʘʜʫ. ʊʦʤʫ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʬʦʨʤʫʣʘ (1) ʜʘʻ ʟʘʥʠʞʝʥʫ ʦʮʽʥʢʫ ʧʘʨʢʫ. ɼʣʷ 

ʧʝʨʝʚʽʨʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʛʨʘʬʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ ʜʦʙʦʚʠʭ ʧʣʘʥʽʚ-ʛʨʘʬʽʢʽʚ. ʇʦʙʫʜʦʚʘ 

ʧʣʘʥʽʚ ʛʨʘʬʽʢʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʽʪʝʨʘʪʠʚʥʦ. ɺ ʷʢʦʩʪʽ ʧʦʯʘʪʢʦʚʦʛʦ ʨʦʟʤʽʨʫ ʧʘʨʢʫ 

ʣʦʢʦʤʦʪʠʚʽʚ ʽ ʚʘʛʦʥʽʚ ʦʙʠʨʘʶʪʴʩʷ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʬʦʨʤʫʣʦʶ (1) ʟʥʘʯʝʥʥʷ. ʋ 

ʚʠʧʘʜʢʫ ʤʦʞʣʠʚʦʩʪʽ ʧʦʙʫʜʦʚʠ ʜʦʙʦʚʦʛʦ ʧʣʘʥʘ-ʛʨʘʬʽʢʘ ʨʦʙʠʪʴʩʷ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʜʦʩʪʘʪʥʽʩʪʴ ʧʘʨʢʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ ʧʝʨʝʚʝʟʝʥʴ. ʋ ʚʠʧʘʜʢʫ 

ʥʝʤʦʞʣʠʚʦʩʪʽ ï ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʙʫʜʦʚʘ ʜʦʙʦʚʦʛʦ ʧʣʘʥʫ ʛʨʘʬʽʢʘ ʟ ʽʥʰʠʤ 

ʧʦʨʷʜʢʦʤ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ, ʘʙʦ ʟʽ ʟʙʽʣʴʰʝʥʠʤ ʧʘʨʢʦʤ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʯʘʩʫ ʥʘ ʚʠʢʦʥʘʥʥʷ ʦʙʯʠʩʣʝʥʴ ʪʘ 

ʤʦʜʝʣʶʚʘʥʴ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʘʢʪʫʘʣʴʥʦʶ ʻ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʢʫ ʚʘʛʦʥʽʚ ʪʘ ʣʦʢʦʤʦʪʠʚʽʚ, 

ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʥʦʛʦ ʦʙôʻʤʫ ʧʝʨʝʚʝʟʝʥʴ, ʫ ʮʽʣʦʯʠʩʝʣʴʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ. 

ɺ ʷʢʦʩʪʽ ʤʝʪʦʜʫ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʙʨʘʥʦ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ. 

ɿʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʢʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʥʦʛʦ 

ʦʙôʻʤʫ ʧʝʨʝʚʝʟʝʥʴ, ʤʦʞʝ ʙʫʪʠ ʟʚʝʜʝʥʘ ʜʦ ʟʘʜʘʯʽ ʨʦʟʢʨʦʶ ʤʘʪʝʨʽʘʣʽʚ (ʟʘʜʘʯʽ ʧʨʦ 

ʤʽʥʽʤʽʟʘʮʽʶ ʚʽʜʭʦʜʽʚ) ʚ ʦʜʥʦʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ. ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʟʘʜʘʥʠʡ ʯʘʩ 

ʨʦʙʦʪʠ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʨʦʟʙʠʪʠʡ ʥʘ ʟʤʽʥʠ ʪʨʠʚʘʣʽʩʪʶ Tʟʤ,k (ʪʫʪ k ï ʥʦʤʝʨ 

ʟʤʽʥʠ). ʊʨʠʚʘʣʦʩʪʽ ʟʤʽʥ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʫ ʟʚôʷʟʢʫ ʟ ʧʨʠʡʥʷʪʠʤ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʨʝʛʣʘʤʝʥʪʦʤ, ʘ ʪʘʢʦʞ ʫ ʟôʷʟʢʫ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʢʦʥʘʥʥʷ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʧʨʦʪʷʛʦʤ ʧʝʚʥʠʭ ʟʤʽʥ. ɺ ʪʘʢʦʤʫ 

ʬʦʨʤʫʣʶʚʘʥʥʽ ʟʤʽʥʘ ʚʽʜʧʦʚʽʜʘʻ ʦʢʨʝʤʦʤʫ ʰʤʘʪʢʫ ʤʘʪʝʨʽʘʣʫ ʚ ʩʪʘʥʜʘʨʪʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ ʨʦʟʢʨʦʶ. ʈʫʭʦʤʠʡ ʩʢʣʘʜ ʧʦʚʠʥʝʥ ʚʠʢʦʥʫʚʘʪʠ m ʚʠʜʽʚ 

ʦʧʝʨʘʮʽʡ ʪʨʠʚʘʣʽʩʪʶ tj, . ʂʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ j-ʛʦ ʚʠʜʫ ʩʢʣʘʜʘʻ qj. 

ʆʢʨʝʤʘ ʦʧʝʨʘʮʽʷ ʚʽʜʧʦʚʽʜʘʻ ʦʢʨʝʤʦʤʫ ʟʘʤʦʚʣʝʥʥʶ ʚ ʩʪʘʥʜʘʨʪʥʽʡ ʧʦʩʪʘʥʦʚʮʽ 

ʟʘʜʘʯʽ ʨʦʟʢʨʦʶ. ʇʨʦʪʷʛʦʤ ʟʤʽʥʠ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʚʥʠʭ 

ʦʧʝʨʘʮʽʡ j-ʛʦ ʚʠʜʫ ʪʘʢ, ʱʦ ʟʘʛʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʦʧʝʨʘʮʽʡ ʜʦʨʽʚʥʶʻ ʯʠ ʻ ʤʝʥʰʦʶ 

ʪʨʠʚʘʣʦʩʪʽ ʟʤʽʥʠ. ʆʢʨʝʤʘ ʢʦʤʙʽʥʘʮʽʷ ʦʧʝʨʘʮʽʡ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʟʤʽʥʠ, 

ʫʪʚʦʨʶʻ ʢʘʨʪʫ ʨʦʟʢʨʦʶ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʢʘʨʪʠ ʨʦʟʢʨʦʶ ʻ ʥʝʚʠʢʦʨʠʩʪʘʥʠʡ 

ʨʝʟʝʨʚ ʯʘʩʫ ʩi. ʇʦʟʥʘʯʠʤʦ xi ï ʢʽʣʴʢʽʩʪʴ ʨʘʟʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ  ̔ʢʘʨʪʘ 

ʨʦʟʢʨʦʶ, ; ʘij ï ʙʫʣʝʚʘ ʟʤʽʥʥʘ, ʱʦ ʧʦʢʘʟʫʻ ʬʘʢʪ ʚʭʦʜʞʝʥʥʷ j-ʾ ʦʧʝʨʘʮʽʾ ʚ 

ʢʘʨʪʫ ʨʦʟʢʨʦʶ i; n ï ʢʽʣʴʢʽʩʪʴ ʢʘʨʪ ʨʦʟʢʨʦʶ. ʊʦʜʽ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʢʫ 

ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʬʦʨʤʫʣʶʻʪʴʩʷ ʷʢ 

 

 Ÿmin (2) 

  (3) 

 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʩʢʣʘʜ ʦʧʝʨʘʮʽʡ ʫ ʜʝʥʥʫ ʪʘ ʥʽʯʥʫ ʟʤʽʥʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʧʨʘʢʪʠʯʥʝ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʦʣʷʛʘʻ ʥʝ ʚ ʧʦʰʫʢʫ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘ 
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ʚʠʨʘʟʦʤ (2), ʘ ʫ ʧʝʨʝʚʽʨʮʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʴ (3) ʧʨʠ ʟʘʜʘʥʦʤʫ 

ʯʠʩʣʽ ʟʤʽʥ ʨʦʙʦʪʠ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. ʇʨʠ ʮʴʦʤʫ, ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚ 

(3) ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʜʘʚʘʥʥʷ ʧʦʯʝʨʛʦʚʦ ʜʝʥʥʦʾ ʪʘ ʥʽʯʥʦʾ ʟʤʽʥʠ. 

ʄʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʤʽʥ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʥʘ ʧʽʜʩʪʘʚʽ ʚʠʨʘʟʫ (1). 

ɺʨʘʭʦʚʫʶʯʠ ʱʦ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʥʘʥʥʷ ʦʙʤʝʞʝʥʴ (3) ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʧʨʠ 

ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʷʭ xi,  ʪʦ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʪʘʢʦʞ ʤʘʻ ʦʪʨʠʤʘʥʥʷ ʫʩʽʭ 

ʤʦʞʣʠʚʠʭ ʢʦʤʙʽʥʘʮʽʡ xi ʟ ʤʦʞʣʠʚʽʩʪʶ ʩʦʨʪʫʚʘʥʥʷ ʟʘ ʚʝʣʠʯʠʥʦʶ ʨʝʟʝʨʚʽʚ ʯʘʩʫ ci 

ʦʢʨʝʤʠʭ ʦʜʠʥʠʮʴ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʥʝ ʫʩʫʚʘʻ ʧʦʪʨʝʙʫ ʫ ʧʦʙʫʜʦʚʽ 

ʜʦʙʦʚʠʭ ʧʣʘʥʽʚ ʛʨʘʬʽʢʽʚ, ʪʘʢ ʷʢ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʫʟʛʦʜʞʝʥʥʷ ʫ ʯʘʩʽ ʦʢʨʝʤʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʧʨʦʧʦʥʫʻʤʠʡ ʤʝʪʦʜ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʪʦʯʥʫ ʦʮʽʥʢʫ ʧʦʪʨʝʙʠ ʚ ʨʫʭʦʤʦʤʫ ʩʢʣʘʜʽ ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʚʠʨʘʟʦʤ (1) ʽ ʩʢʦʨʦʪʠʪʠ ʦʙʩʷʛ ʨʦʙʦʪʠ ʟ ʧʦʙʫʜʦʚʠ ʜʦʙʦʚʠʭ ʧʣʘʥʽʚ ʛʨʘʬʽʢʽʚ.  

ɸʧʨʦʙʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʚʠʢʦʥʘʥʘ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯʽ 

ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʢʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʦʙʩʷʛʽʚ ʧʝʨʝʚʝʟʝʥʥʷ 

ʨʫʜʠ, ʩʢʝʣʽ ʪʘ ʛʣʠʥʠ ʇʝʨʰʦʪʨʘʚʥʝʚʦʛʦ ʛʽʨʥʠʯʦʟʙʘʛʘʯʫʚʘʣʴʥʦʛʦ ʢʦʤʙʽʥʘʪʫ. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʽʩʴʢʠʤ ʥʘʩʝʣʝʥʥʷʤ ʤʘʩʦʚʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʱʽʣʴʥʦ ʧʦʚôʷʟʘʥʝ ʟ ʚʠʪʨʘʪʘʤʠ ʨʽʟʥʠʭ ʨʝʩʫʨʩʽʚ ï ʝʢʦʥʦʤʽʯʥʠʭ (ʚʘʨʪʽʩʪʴ ʧʨʦʾʟʜʫ), 

ʯʘʩʦʚʠʭ (ʯʘʩ ʧʦʾʟʜʢʠ) ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ (ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʣʶʜʠʥʠ ʧʨʦʪʷʛʦʤ 

ʧʝʨʝʤʽʱʝʥʥʷ). ɼʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ, ʱʦ ʧʘʩʘʞʠʨʠ, ʦʨʽʻʥʪʫʶʯʠʩʴ ʥʘ ʚʽʜʦʤʽ 

ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʧʦʾʟʜʢʠ (ʯʘʩ, ʢʦʤʬʦʨʪ, ʚʘʨʪʽʩʪʴ ʧʨʦʾʟʜʫ, ʢʽʣʴʢʽʩʪʴ 

ʧʝʨʝʩʘʜʦʢ) [1], ʪʘʢʦʞ ʧʽʜʩʚʽʜʦʤʦ ʦʙʠʨʘʶʪʴ ʤʘʨʰʨʫʪ, ʧʝʨʝʩʫʚʘʥʥʷ ʷʢʠʤ 

ʥʘʡʤʝʥʰ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʠʪʴʩʷ ʥʘ ʦʨʛʘʥʽʟʤʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʦʛʦ 

ʩʪʘʥʫ, ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʪʘ ʽʥ. [2, 3]. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʽʜʯʫʪʥʝ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʧʨʠʚʘʪʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʙʽʣʴʰʽʩʪʴ ʪʨʫʜʦʚʠʭ ʧʦʾʟʜʦʢ ʚʩʝ ʱʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʘʤʝ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʧʠʪʘʥʥʷ ʚʠʙʦʨʫ 

ʧʘʩʘʞʠʨʘʤʠ ʰʣʷʭʽʚ ʧʝʨʝʩʫʚʘʥʥʷ ʪʘ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʾʭ ʦʧʠʩʫ. ɺʨʘʭʦʚʫʶʯʠ 

ʢʦʤʧʣʝʢʩʥʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʘʩʘʞʠʨʘʤʠ ʱʦʜʦ ʤʘʨʰʨʫʪʫ ʧʝʨʝʩʫʚʘʥʥʷ ʪʘ 
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ʨʽʟʥʝ ʧʦʭʦʜʞʝʥʥʷ ʨʝʩʫʨʩʽʚ, ʫʟʘʛʘʣʴʥʝʥʘ ʬʫʥʢʮʽʷ ʚʠʪʨʘʪ ʥʘ ʧʨʦʾʟʜ ʟ -̔ʛʦ ʜʦ j-ʛʦ 

ʧʫʥʢʪʫ ʤʝʨʝʞʽ ʤʘʪʠʤʝ ʚʠʛʣʷʜ:  

jiEjiʊjiʉji
EkTkCkF
----

ÖÖ+ÖÖ+ÖÖ= gba ,    (1) 

ʜʝ gba ,, ï ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʘʨʪʦʩʪʽ ʧʦʾʟʜʢʠ, ʯʘʩʫ ʧʦʾʟʜʢʠ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʧʘʩʘʞʠʨʘ ʥʘ ʟʜʽʡʩʥʝʥʥʷ ʧʦʾʟʜʢʠ ʟ -̔ʛʦ ʜʦ j-ʛʦ ʧʫʥʢʪʫ; 

ETC
kkk ,,  ï ʚʘʨʪʽʩʪʴ ʦʜʠʥʠʮʽ ʧʦʢʘʟʥʠʢʘ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʫʟʘʛʘʣʴʥʝʥʦʾ ʬʫʥʢʮʽʾ 

ʚʠʪʨʘʪ ʥʘ ʧʨʦʾʟʜ (
C

k =1); 
jijiji

ɽʊC
---

,,  ï ʚʘʨʪʽʩʪʴ ʧʦʾʟʜʢʠ, ʚʠʪʨʘʪʠ ʯʘʩʫ ʪʘ 

ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʧʨʠ ʟʜʽʡʩʥʝʥʥʷ ʧʦʾʟʜʢʠ ʟ -̔ʛʦ ʜʦ j-ʛʦ ʧʫʥʢʪʫ, ʛʨʥ; ʛʦʜ.; ʢʢʘʣ.  

ɺʘʨʪʽʩʪʴ ʧʦʾʟʜʢʠ ʬʽʢʩʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ ʜʘʥʠʤʠ ʦʙʩʪʝʞʝʥʴ. 

ɺʠʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʘʢ ʟʚʘʥʠʭ ʩʤʘʨʪ-ʛʦʜʠʥʥʠʢʽʚ ʘʙʦ ʬʽʪʥʝʩ-ʪʨʝʢʝʨʽʚ, ʷʢʽ ʦʩʪʘʥʥʴʦʛʦ ʯʘʩʫ ʥʘʙʫʣʠ 

ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʨʝʜ ʥʘʩʝʣʝʥʥʷ, ʪʘ ʧʝʨʝʪʚʦʨʠʣʠʩʷ ʥʘ ʧʦʩʪʽʡʥʝ ʪʘ 

ʥʘʜʽʡʥʝ ʜʞʝʨʝʣʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʷʢ ʧʨʦ ʩʪʘʥ ʟʜʦʨʦʚôʷ, ʪʘʢ ʡ ʜʝʷʢʽ 

ʧʘʨʘʤʝʪʨʽ ʧʝʨʝʩʫʚʘʥʥʷ [4]. ʄʦʞʣʠʚʝ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʪʘʙʣʠʮʴ, 

ʷʢʽ ʤʽʩʪʷʪʴ ʫʩʝʨʝʜʥʝʥʽ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʟʜʽʡʩʥʝʥʥʷ ʧʝʚʥʦʛʦ ʚʠʜʫ ʘʢʪʠʚʥʦʩʪʽ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʥʘ ʧʦʾʟʜʢʫ ʫ ʤʽʩʴʢʦʤʫ ʪʨʘʥʩʧʦʨʪʽ, ʘ ʪʘʢʦʞ ʢʘʣʴʢʫʣʷʪʦʨʽʚ ʚʠʪʨʘʪ 

ʱʦʜʝʥʥʦʾ ʝʥʝʨʛʽʾ ʩʪʦʩʦʚʥʦ ʚʠʜʫ ʘʢʪʠʚʥʦʩʪʽ [5]. ɺʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʢʦʞʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʌʽʰʙʝʨʥʘ [6] ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʩʪʦʛʦ ʨʘʥʞʫʚʘʥʥʷ ʩʘʤʠʤʠ ʧʘʩʘʞʠʨʘʤʠ ʟʥʘʯʫʱʦʩʪʽ ʢʦʞʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʫʟʘʛʘʣʴʥʝʥʦʾ ʬʫʥʢʮʽʾ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʟʘʣʠʰʘʶʪʴʩʷ ʩʫʧʝʨʝʯʣʠʚʠʤʠ ʧʠʪʘʥʥʷ ʱʦʜʦ 

ʚʽʜʧʦʚʽʜʥʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʦʮʽʥʢʠ ʚʠʪʨʘʪ ʯʘʩʫ ʪʘ ʝʥʝʨʛʽʾ ʧʘʩʘʞʠʨʘ. ɺʠʭʦʜʷʯʠ ʟ 

ʪʦʛʦ, ʱʦ ʯʘʩ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʧʦʾʟʜʢʫ, ʤʽʛ ʙʠ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʩʫʩʧʽʣʴʥʦ-

ʢʦʨʠʩʥʦʾ ʧʨʘʮʽ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ, ʚʘʨʪʽʩʪʴ ʛʦʜʠʥʠ ʧʘʩʘʞʠʨʘ (kC) ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʷʢ:  

ʨʨ

ʜ

C
ʊɼ

ɺɺʇ
k

Ö
= ,      (2) 

ʜʝ ɺɺʇʜ ï ʨʽʯʥʠʡ ʚʘʣʦʚʠʡ ʚʥʫʪʨʽʰʥʽʡ ʧʨʦʜʫʢʪ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ, ʛʨʥ; ɼʨ ï 

ʜʥʽ ʨʦʙʦʪʠ ʥʘ ʨʽʢ, ʜʥ.; ʊʨ ï ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ, ʛʦʜ.  

ʉʢʣʘʜʦʚʽ ʟʘʣʝʞʥʦʩʪʽ (2) ʤʦʞʫʪʴ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʩʪʘʪʠʩʪʠʯʥʽʡ 

ʽʥʬʦʨʤʘʮʽʾ, ʥʘʚʝʜʝʥʦʾ, ʥʘʧʨʠʢʣʘʜ, ʫ [7]. ɻʨʦʰʦʚʘ ʚʘʨʪʽʩʪʴ ʢʽʣʦʢʘʣʦʨʽʾ ʝʥʝʨʛʽʾ 

ʧʘʩʘʞʠʨʘ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ:  

ʧʨʜ

ʭ

ɽ
tɼɽ

ɺ
k

ÖÖ
= ,      (3) 

ʜʝ ɺʭ ï ʨʽʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʭʘʨʯʫʚʘʥʥʷ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ, ʛʨʥ.; ʜ
ɽ ï ʜʦʙʦʚʽ 

ʧʦʪʨʝʙʠ ʝʥʝʨʛʽʾ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ, ʢʢʘʣ/ʜʦʙʘ.; tʧ ï ʯʘʩ ʧʦʾʟʜʢʠ, ʛʦʜ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ [8] ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʭʘʨʯʫʚʘʥʥʷ ʽ ʋʢʨʘʾʥʽ 

ʩʢʣʘʜʘʶʪʴ 108 ʜʦʣʘʨʽʚ ʉʐɸ (ʧʨʠʙʣʠʟʥʦ 50000 ʛʨʥ/ʨʽʢ ʟʘ ʽʩʥʫʶʯʠʤ ʢʫʨʩʦʤ 

ʚʘʣʶʪ), ʜʦʙʦʚʽ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʜʣʷ ʯʦʣʦʚʽʢʽʚ ï 2500é3000 ʢʢʘʣ, ʜʣʷ ʞʽʥʦʢ ï 

2000é2500 [9], ʯʘʩ ʧʦʾʟʜʢʠ ʬʽʢʩʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʠʭ 

ʦʙʩʪʝʞʝʥʴ. ɿʘʣʝʞʥʽʩʪʴ (3) ʜʦʮʽʣʴʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʦʢʨʝʤʦ ʜʣʷ ʯʦʣʦʚʽʢʽʚ ʪʘ 

ʞʽʥʦʢ-ʧʘʩʘʞʠʨʽʚ ʯʝʨʝʟ ʨʽʟʥʠʮʶ ʫ ʜʦʙʦʚʽʡ ʧʦʪʨʝʙʠ ʫ ʢʽʣʦʢʘʣʦʨʽʷʭ. 
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ʋʟʘʛʘʣʴʥʝʥʘ ʬʫʥʢʮʽʷ ʚʘʨʪʦʩʪʽ ʧʨʦʾʟʜʫ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʙʦʨʫ ʧʘʩʘʞʠʨʘʤʠ ʰʣʷʭʫ ʧʨʷʤʫʚʘʥʥʷ, ʨʦʟʧʦʜʽʣʫ 

ʢʦʨʝʩʧʦʥʜʝʥʮʽʡ ʧʦ ʪʨʘʥʩʧʦʨʪʥʽʡ ʤʝʨʝʞʽ, ʨʦʟʨʘʭʫʥʢʫ ʤʘʪʨʠʮʽ ʢʦʨʝʩʧʦʥʜʝʥʮʽʡ 

ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʛʨʘʚʽʪʘʮʽʡʥʠʤ ʤʝʪʦʜʦʤ, ʫ ʷʢʦʤʫ ʫʟʘʛʘʣʴʥʝʥʽ ʚʠʪʨʘʪʠ 

ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʢʦʤʧʣʝʢʩʥʦʶ çʬʫʥʢʮʽʻʶ ʦʧʦʨʫè ʟʘʤʽʩʪʴ ʢʣʘʩʠʯʥʠʭ 

ʦʜʠʥʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ï ʚʽʜʩʪʘʥʽ, ʚʠʪʨʘʪ ʯʘʩʫ ʘʙʦ ʚʘʨʪʦʩʪʽ ʧʨʦʾʟʜʫ ʤʽʞ 

ʨʘʡʦʥʘʤʠ.  
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ʈʦʟʚʠʪʦʢ ʩʠʩʪʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʚʘʛʦʥʥʦʛʦ ʧʘʨʢʫ, ʷʢʠʡ ʪʨʘʜʠʮʽʡʥʦ ʟʚʝʜʝʥʦ 

ʜʦ ʨʦʟʨʦʙʢʠ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʚʘʛʦʥʽʚ ʽʟ ʨʘʡʦʥʽʚ, ʜʝ ʤʘʻ ʤʽʩʮʝ ʾʭ ʥʘʜʣʠʰʦʢ, ʚ ʨʘʡʦʥʠ ʟ ʾʭ 

ʥʝʩʪʘʯʝʶ ʻ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʚ ʧʨʦʮʝʩʽ ʨʝʬʦʨʤʫʚʘʥʥʷ ʛʘʣʫʟʽ. ʈʘʟʦʤ ʟ ʮʠʤ, 

ʧʠʪʘʥʥʷ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʨʘʮʽʦʥʘʣʴʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ 

ʚʘʥʪʘʞʦʚʣʘʩʥʠʢʽʚ ʧʦ ʬʦʨʤʫʚʘʥʥʶ ʩʦʩʪʘʚʽʚ ʧʦʾʟʜʽʚ ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ 

https://www.ericfavre.com/lifestyle/uk/home/sport-nutrition/nutrition-basics/all-about-calories/caloric-expenditure-table
https://index.minfin.com.ua/ua/
https://www.picodi.com/ua/mozhna-deshevshe/vytraty-na-yizhu-2023
https://www.fao.org/3/y5686e/y5686e08.htm
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ʧʝʨʝʚʝʟʝʥʴ ʥʝʦʙʭʽʜʥʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ ʚʘʥʪʘʞʽʚ, ʥʝ ʚʠʨʽʰʝʥʦ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʪʘ 

ʟʘʣʠʰʘʶʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤʠ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ. 

ʈʘʟʦʤ ʟ ʦʙôʻʢʪʠʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʥʝʟʘʜʦʚʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʪʨʠʚʘʣʦʛʦ 

ʟʥʘʭʦʜʞʝʥʥʷ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʥʘ ʤʽʩʮʷʭ ʥʝʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʻ 

ʩʫʙôʻʢʪʠʚʥʽ ʬʘʢʪʦʨʠ ʟʘʪʨʠʤʢʠ ʚʘʛʦʥʽʚ ʚ ʟʦʥʽ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ. ʇʨʠ 

ʮʴʦʤʫ ʚʘʛʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝʨʘʮʽʦʥʘʣʴʥʦ ʚ ʫʤʦʚʘʭ ʾʭ ʜʝʬʽʮʠʪʫ. 

ʇʦʪʨʽʙʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʯʘʩʫ ʟʘʡʤʘʶʪʴ ʦʧʝʨʘʮʽʾ ʟ ʚʠʢʦʥʘʥʥʷ 

ʪʝʭʥʽʯʥʦʛʦ ʪʘ ʢʦʤʝʨʮʽʡʥʦʛʦ ʦʛʣʷʜʽʚ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʥʘʜʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʴ ʚʘʥʪʘʞʦʚʣʘʩʥʠʢʽʚ. ɺʠʷʚʣʝʥʥʷ ʚʘʛʦʥʽʚ ʫ ʩʪʘʥʽ ʥʝʦʙʭʽʜʥʦʾ ʢʦʤʝʨʮʽʡʥʦʾ 

ʧʨʠʜʘʪʥʦʩʪʽ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʘʥʪʘʞʦʚʽʜʧʨʘʚʥʠʢʽʚ ʨʫʭʦʤʠʤ ʩʢʣʘʜʦʤ ʥʝʦʙʭʽʜʥʦʾ ʧʨʠʜʘʪʥʦʩʪʽ, ʟʙʽʣʴʰʫʶʯʠ 

ʦʙʩʷʛʠ ʧʝʨʝʚʝʟʝʥʴ ʪʘ ʟʤʝʥʰʫʶʯʠ ʢʽʣʴʢʽʩʪʴ ʚʽʜʤʦʚ ʫ ʥʘʜʘʥʥʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, 

ʪʘʢʠʤ ʯʠʥʦʤ ʧʦʣʽʧʰʫʶʯʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ ʪʘ ʧʽʜʚʠʱʫʶʯʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ [1]. 

ʇʦʥʷʪʪʷ ʧʨʠʜʘʪʥʦʩʪʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʫ ʚ 

ʢʦʤʝʨʮʽʡʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʢʦʥʢʨʝʪʠʟʦʚʘʥʦ ʫ ʈʦʟôʷʩʥʝʥʥʷ ʧʨʝʟʠʜʽʾ ɺʠʱʦʛʦ 

ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʩʫʜʫ ʋʢʨʘʾʥʠ ʪʘ ñʦʟʥʘʯʘʻ ʪʘʢʫ ʪʝʭʥʽʯʥʫ ʪʘ ʢʦʤʝʨʮʽʡʥʫ 

ʩʧʨʘʚʥʽʩʪʴ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʚʽʜ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʩʭʦʨʦʥʥʽʩʪʴ ʢʦʥʢʨʝʪʥʦʛʦ 

ʚʘʥʪʘʞʫò. 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʚ ʨʦʙʦʪʽ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʚʝʜʝʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʚʽʟʥʠʤ 

ʧʨʦʮʝʩʦʤ, ʘ ʩʘʤʝ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʧʦʣʽʛʦʥʫ ʟʘʣʽʟʥʠʮʽ ʟʘ 

ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʬʫʥʢʮʽʡ ʘʙʦ ʧʽʜʩʠʩʪʝʤʠ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʩʠʩʪʝʤʽ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʷʢʽ ʥʘʜʘʜʫʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʥʘʷʚʥʦʩʪʽ 

ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʧʨʠʜʘʪʥʦʩʪʽ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʦʛʦ ʯʠ 

ʽʥʰʦʛʦ ʚʘʥʪʘʞʫ [2], ʘ ʪʘʢʦʞ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʟʥʘʭʦʜʞʝʥʥʷ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʥʘ 

ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʮʽʷʭ ʚ ʦʯʽʢʫʚʘʥʥʽ ʧʦʜʘʚʘʥʥʷ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʥʘ ʧʽʜôʾʟʥʠʭ 

ʢʦʣʽʷʭ ʧʽʜʧʨʠʻʤʩʪʚ. 

ʎʝ ʤʦʞʣʠʚʦ ʟʘ ʫʤʦʚʠ ʨʦʟʨʦʙʢʠ ʢʨʠʪʝʨʽʶ ʦʮʽʥʶʚʘʥʥʷ ʧʨʠʜʘʪʥʦʩʪʽ ʚʘʛʦʥʽʚ ʚ 

ʢʦʤʝʨʮʽʡʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʝʚʥʦʛʦ ʚʘʥʪʘʞʫ, ʱʦ ʚʠʟʥʘʯʝʥʠʡ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ ʨʽʚʝʥʴ ʢʦʤʝʨʮʽʡʥʦʾ 

ʧʨʠʜʘʪʥʦʩʪʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʱʦ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʛʦ 

ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʫ ʪʘ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʚʘʥʪʘʞʦʚʣʘʩʥʠʢʽʚ ʱʦʜʦ ʥʘʜʘʥʥʷ 

ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʥʝʦʙʭʽʜʥʦʾ ʢʘʪʝʛʦʨʽʾ ʧʨʠʜʘʪʥʦʩʪʽ [3]. 
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ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʋʢʨʘʾʥʘ ʨʦʟʰʠʨʶʻ ʩʚʦʾ ʝʢʦʥʦʤʽʯʥʽ ʟʚôʷʟʢʠ ʟ ʨʽʟʥʠʤʠ 

ʢʨʘʾʥʘʤʠ ʩʚʽʪʫ. ʉʝʢʪʦʨ ʘʛʨʦʣʦʛʽʩʪʠʢʠ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʧʨʠʙʫʪʢʦʚʽʰʠʭ ʛʘʣʫʟʝʡ 

ʫʢʨʘʾʥʩʴʢʦʛʦ ʝʢʩʧʦʨʪʫ. ʋʢʨʘʾʥʘ ʫʚʽʡʰʣʘ ʚ ʯʠʩʣʦ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥ-ʝʢʩʧʦʨʪʝʨʽʚ 

ʟʝʨʥʘ. ʅʝʜʦʩʢʦʥʘʣʽʩʪʴ ʽʩʥʫʶʯʦʾ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʚʝʟʝʥʴ 

ʟʝʨʥʘ ʟʥʠʞʫʻ ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʽʩʪʴ ʫʢʨʘʾʥʩʴʢʠʭ ʩʽʣʴʛʦʩʧʚʠʨʦʙʥʠʢʽʚ, ʷʢ ʥʘ 

ʤʽʞʥʘʨʦʜʥʦʤʫ, ʪʘʢ ʽ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʨʠʥʢʘʭ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʽʩʥʫʶʯʘ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʘ ʩʠʩʪʝʤʘ ʧʝʨʝʚʝʟʝʥʴ ʟʝʨʥʘ ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʽʩʥʫʶʯʠʤ ʧʦʪʨʝʙʘʤ ʚ ʧʝʨʝʚʝʟʝʥʥʷʭ ʽ ʥʝ ʜʘʻ ʟʤʦʛʠ ʧʦʚʥʽʩʪʶ 

ʨʝʘʣʽʟʫʚʘʪʠ ʧʦʩʪʘʚʣʝʥʽ ʟʘʜʘʯʽ. ʈʝʘʣʽʟʘʮʽʷ ʝʢʩʧʦʨʪʥʦʛʦ ʟʝʨʥʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʧʝʨʝʜʙʘʯʘʻ ʟʤʝʥʰʝʥʥʷ ʦʙʤʝʞʝʥʴ ʧʦ ʧʨʦʧʫʩʢʥʽʡ ʩʧʨʦʤʦʞʥʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʾ 

ʣʦʛʽʩʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʘʚʪʦʤʦʙʽʣʴʥʠʡ, ʟʘʣʽʟʥʠʯʥʠʡ, ʚʦʜʥʠʡ ʪʨʘʥʩʧʦʨʪ).  

ɺʠʭʦʜʷʯʠ ʟ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʦʾ ʩʠʩʪʝʤʠ ʻ ʜʦʮʽʣʴʥʠʤ ʟʤʽʥʠʪʠ ʦʨʛʘʥʽʟʘʮʽʶ 

ʨʦʙʦʪʠ ʷʢ ʩʠʩʪʝʤʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʪʘʢ ʽ ʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʥʥʷ ʟʝʨʥʦʚʠʭ. 

ʂʣʶʯʦʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʚʫʟʣʦʚʠʡ ʝʣʝʚʘʪʦʨ, ʥʘ ʷʢʦʤʫ ʤʘʶʪʴ ʬʦʨʤʫʚʘʪʠʩʷ 

ʚʽʜʧʨʘʚʥʠʮʴʢʽ ʤʘʨʰʨʫʪʠ. ʊʘʢʦʞ ʤʦʞʣʠʚʝ ʧʝʨʝʚʝʟʝʥʥʷ ʟʝʨʥʦʚʠʭ ʚʘʥʪʘʞʽʚ ʚ 

ʢʦʥʪʝʡʥʝʨʘʭ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʪʘ ʜʦʩʣʽʜʠʪʠ ʤʦʜʝʣʽ ʦʨʛʘʥʽʟʘʮʽʾ 

ʨʦʙʦʪʠ ʟ ʢʦʥʪʝʡʥʝʨʘʤʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʣʠʚʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʫʥʢʪʽʚ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʻ 

ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʟʥʘʭʦʜʞʝʥʥʷ ʚʘʛʦʥʽʚ ʥʘ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʣʦʱʘʜʢʘʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʥʘ ʾʭ ʧʝʨʝʨʦʙʢʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʟʘʟʜʘʣʝʛʽʜʴ ʩʧʣʘʥʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʨʦʟʤʽʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ 

ʚʠʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʪʘʢʠʭ ʢʦʥʪʝʡʥʝʨʽʚ 

ʯʠʩʣʦ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ [1]. 

ʊʘʢʦʞ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʦʨʛʘʥʽʟʘʮʽʶ ʧʨʠʢʦʨʜʦʥʥʠʭ ʩʪʘʥʮʽʡ, ʱʦ ʻ 

ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ ʣʘʥʢʘʤʠ, ʚʽʜ ʯʽʪʢʦʩʪʽ ʨʦʙʦʪʠ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʽ 

ʨʠʪʤʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʤʽʞʥʘʨʦʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʨʠʜʦʨʽʚ, ʪʝʨʤʽʥʠ ʜʦʩʪʘʚʢʠ 

ʚʘʥʪʘʞʽʚ, ʩʪʫʧʽʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫ. ʄʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʚʘʥʪʘʞʥʦʛʦ ʚʘʛʦʥʦʧʦʪʦʢʫ ʥʘ ʧʨʠʢʦʨʜʦʥʥʽʡ ʩʪʘʥʮʽʾ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʧʦʚʝʜʽʥʢʠ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʦʶ ʻ ʧʨʠʢʦʨʜʦʥʥʘ 

ʩʪʘʥʮʽʷ, ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʥʘ ʨʽʟʥʠʭ 

ʨʽʚʥʷʭ ʢʝʨʫʚʘʥʥʷ ʧʨʦʩʫʚʘʥʥʷʤ ʚʘʛʦʥʦʧʦʪʦʢʫ [2]. ɺʧʨʦʚʘʜʞʝʥʥʷ 
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ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦʟʚʦʣʠʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʝʨʝʭʽʜʥʽ ʨʝʞʠʤʠ ʚ ʩʠʩʪʝʤʽ 

çʇʨʠʢʦʨʜʦʥʥʘ ʩʪʘʥʮʽʷè, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʘʪʠ ʩʝʨʝʜʥʶ ʯʠʩʝʣʴʥʽʩʪʴ ʚʘʛʦʥʽʚ ʫ 

ʢʦʞʥʦʤʫ ʩʪʘʥʽ, ʯʘʩ ʣʽʢʚʽʜʫʚʘʥʥʷ ʯʝʨʛ ʽ ʚʠʭʦʜʫ ʩʠʩʪʝʤʠ ʚ ʩʪʘʮʽʦʥʘʨʥʠʡ ʨʝʞʠʤ 

ʨʦʙʦʪʠ ʧʨʠ ʟʘʜʘʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʦʩʥʘʱʝʥʥʽ ʪʘ ʦʙʩʷʟʽ ʚʘʛʦʥʦʧʦʪʦʢʽʚ, ʱʦ 

ʩʧʨʠʷʪʠʤʝ ʩʢʦʨʦʯʝʥʥʷ ʧʨʦʩʪʦʶ ʪʨʘʥʟʠʪʥʦʛʦ ʚʘʛʦʥʘ ʙʝʟ ʧʝʨʝʨʦʙʢʠ. 
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ɿʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫ ʟ ʜʚʠʛʫʥʘʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ) 

ʩʪʚʦʨʶʻ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʯʘʩ ʟʥʘʯʥʽ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʥʝʚʽʜʢʣʘʜʥʦ 

ʚʠʨʽʰʫʚʘʪʠ. ɺʠʨʽʰʠʪʠ, ʚ ʜʝʷʢʽʡ ʤʽʨʽ, ʮʽ ʧʨʦʙʣʝʤʠ ʤʦʞʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. ʎʝ ʩʫʯʘʩʥʽ ʢʦʣʽʩʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʷʢʦʩʪʽ 

ʨʫʰʽʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥ, ʱʦ ʞʠʚʠʪʴʩʷ ʚʽʜ ʙʘʪʘʨʝʾ. 

ɽʣʝʢʪʨʦʤʦʙʽʣʽ, ʚ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ, ʟʘʨʷʜʞʘʶʪʴʩʷ ʚʥʦʯʽ, ʙʽʣʷ ʞʠʪʣʘ 

ʚʣʘʩʥʠʢʽʚ. ʗʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ, ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʟʫʤʦʚʣʝʥʝ ʥʝ 

ʪʽʣʴʢʠ ʩʪʠʤʫʣʶʚʘʥʥʷʤ ʢʫʧʽʚʣʽ ʟ ʨʝʢʣʘʤʥʠʭ ʧʨʦʩʧʝʢʪʽʚ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʥʘ ʩʧʨʘʚʜʽ ʥʝ ʻ ʪʘʢʠʤ, ʘʣʝ ʡ ʥʠʞʯʦʶ ʚʘʨʪʽʩʪʶ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ [1]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʜʘʻ ʾʭ ʚʣʘʩʥʠʢʘʤ ʨʷʜ ʧʝʨʝʚʘʛ. ʎʝ ʥʝʟʥʘʯʥʽ 

ʚʠʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʽʜʩʫʪʥʷ ʢʦʨʦʙʢʘ 

ʧʝʨʝʜʘʯ, ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚ ʟʘʤʽʥʽ ʤʘʩʣʷʥʦʛʦ, ʧʦʚʽʪʨʷʥʦʛʦ, ʧʘʣʠʚʥʦʛʦ ʬʽʣʴʪʨʽʚ,  

ʤʘʩʣʘ ʚ ʜʚʠʛʫʥʽ,  ʨʝʤʝʥʽʚ ʛʘʟʦʨʦʟʧʦʜʽʣʴʯʦʛʦ ʤʝʭʘʥʽʟʤʫ.  

ɽʣʝʢʪʨʦʤʦʙʽʣʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʪʘʢʩʽ ʻ ʫ ʃʫʮʴʢʫ, ʚʦʥʠ ʤʘʶʪʴ 

ʱʦʜʝʥʥʠʡ ʧʨʦʙʽʛ ʙʽʣʷ 180 ʢʽʣʦʤʝʪʨʽʚ. Nissan Leaf  2015 ʨʦʢʫ ʚʠʧʫʩʢʫ, ʥʘ ʧʦʚʥʦʤʫ 

ʟʘʨʷʜʽ ʙʘʪʘʨʝʾ ʧʨʦʾʞʜʞʘʻ ʜʦ 100 ʢʽʣʦʤʝʪʨʽʚ. ʊʦʙʪʦ, ʦʜʥʽʻʾ ʥʽʯʥʦʾ ʟʘʨʷʜʢʠ ʙʘʪʘʨʝʾ ʥʝ 

ʚʠʩʪʘʯʘʻ. ɿ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʻ  ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʚ 

ʥʽʯʥʠʡ ʯʘʩ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʤʽʥʥʠʭ  ɸʂɹ ʚʠʨʽʰʠʪʴ  ʧʨʦʙʣʝʤʫ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʥʘ ʤʝʨʝʞʫ, ʧʨʠ ʮʴʦʤʫ ʪʘʢʠʡ ʚʘʨʽʘʥʪ  ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʫ ʂʠʪʘʾ ï ʪʘʤ ʚʣʘʩʥʠʢ 

ʟʘʾʞʜʞʘʶʯʠ ʥʘ ʟʘʧʨʘʚʥʫ ʩʪʘʥʮʽʶ ʥʝ ʟʘʨʷʜʞʘʻ ʩʚʦʶ ʙʘʪʘʨʝʶ ʚʠʪʨʘʯʘʶʯʠ ʢʫʧʫ ʯʘʩʫ, 
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ʘ ʧʨʦʩʪʦ ʟʘʤʽʥʶʻ ʾʾ ʥʘ ʚʞʝ ʟʘʨʷʜʞʝʥʫ ï ʤʝʪʦʜ ʩʭʦʞʠʡ ʧʦ ʘʥʘʣʦʛʽʾ ʟ ʬʦʥʜʦʤ 

ʦʙʦʨʦʪʥʠʭ ʘʛʨʝʛʘʪʽʚ. 

ɺ ʋʢʨʘʾʥʽ ʱʝ ʫ 1952 ʨʦʮʽ, ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʝʣʝʢʪʨʦʩʘʤʦʩʢʠʜ ʂʨɸɿ, ʚʠʜ 

ʚʘʥʪʘʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ.  ʇʨʘʮʶʚʘʚ ʷʢ ʽ ʟʚʠʯʘʡʥʠʡ ʪʨʦʣʝʡʙʫʩ:  ʚʽʥ ʨʫʭʘʚʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʥʘʪʷʛʥʫʪʠʭ ʪʨʦʣʝʡ ʽ ʧʘʥʪʦʛʨʘʬʫ ð ʽ ʪʘʢʝ ʥʦʚʦʚʚʝʜʝʥʥʷ ʜʘʣʦ 

ʟʥʘʯʥʫ ʝʢʦʥʦʤʽʶ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ. ʊʘʢʦʞ ʧʘʨʘʣʝʣʴʥʦ ʚ 50ʭ ʨʦʢʘʭ ʟ'ʷʚʠʣʠʩʴ 

ʪʨʦʣʝʡʚʦʟʠ, ʷʢʽ ʩʪʘʣʠ ʪʘʢ ʙʠ ʤʦʚʠʪʠ ʧʝʨʰʠʤ ʧʦʰʪʦʚʭʦʤ ʫ ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. 

ɯ ʚʞʝ ʧʦʪʽʤ ʯʝʨʝʟ ʨʦʢʠ ʚʥʝʩʣʠ ʩʚʽʡ ʚʥʝʩʦʢ ʫ ʤʝʭʘʥʽʟʤ ʩʪʚʦʨʝʥʥʷ ɯʣʦʥʦʤ ʄʘʩʢʦʤ 

ʟʥʘʤʝʥʠʪʦʾ ʤʘʨʢʠ Tesla. 

ʅʘ ʩʴʦʛʦʜʥʽ ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʜʝ ʩʪʘʣʽʩʪʴ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʩʪʘʶʪʴ ʚʩʝ ʚʘʞʣʠʚʽʰʠʤʠ ʟʘʚʜʘʥʥʷʤʠ, 

ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʟʘʡʤʘʶʪʴ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʫ ʪʨʘʥʩʧʦʨʪʥʽʡ ʽʥʜʫʩʪʨʽʾ [2]. 

ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰʠʭ ʧʝʨʝʚʘʛ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʫ ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʥʷʭ ʻ ʾʭʥʷ 

ʝʢʦʣʦʛʽʯʥʽʩʪʴ (ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʝʪʘʧʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʫʪʠʣʽʟʘʮʽʾ) ʪʘ ʟʜʘʪʥʽʩʪʴ ʟʥʠʞʫʚʘʪʠ 

ʚʠʢʠʜʠ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʧʦʚʽʪʨʷ. ɹʽʣʴʰ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʫ 

ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʥʷʭ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʝʢʦʥʦʤʽʶ ʚʠʪʨʘʪ ʥʘ ʧʘʣʠʚʦ.  

ʆʜʥʠʤ ʽʟ ʚʠʢʣʠʢʽʚ, ʟ ʷʢʠʤʠ ʤʦʞʫʪʴ ʩʪʠʢʥʫʪʠʩʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʫ 

ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʥʷʭ, ʻ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ. ʈʦʟʰʠʨʝʥʥʷ ʤʝʨʝʞʽ 

ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ ʻ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʢʨʠʪʪʷ ʚʩʽʭ ʤʽʩʴʢʠʭ 

ʨʘʡʦʥʽʚ . ʋ ʧʽʜʩʫʤʢʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʫ ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʥʷʭ ʤʘʻ 

ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʪʘʣʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʫ ʽ, 

ʷʢ ʥʘʩʣʽʜʦʢ, ʟʤʝʥʰʠʪʠ ʧʘʨʥʠʢʦʚʠʡ ʝʬʝʢʪ ʚʠʢʣʠʢʘʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʟ 

ʜʚʠʛʫʥʘʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. 

ɽʣʝʢʪʨʦʤʦʙʽʣʴ ʥʝ ʟʘʙʨʫʜʥʶʻ ʧʦʚʽʪʨʷ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʻ 

ʧʨʘʚʠʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʨʷʜʫ ʙʘʪʘʨʝʾ, ʪʦʙʪʦ ʩʪʠʣʴ ʚʦʜʽʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʷ. 

ʇʨʘʚʠʣʴʥʝ ʚʦʜʽʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʨʷʜʫ ʙʘʪʘʨʝʾ, 

ʟʙʽʣʴʰʫʻ ʧʨʦʙʽʛ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʦʜʥʦʤʫ ʟʘʨʷʜʽ ʜʦ 20% [2]. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʟʠʪʠʚʥʽ ʤʦʤʝʥʪʠ, ʤʘʩʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʤʦʞʝ 

ʩʪʚʦʨʶʚʘʪʠ ʜʝʷʢʽ ʧʨʦʙʣʝʤʠ ʫ ʝʣʝʢʪʨʦʤʝʨʝʞʘʭ [3]. ʊʘʢ, ʜʦʩʣʽʜʥʠʢʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʥʘ 30 % ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʟʤʽʥʫ ʥʘʧʨʫʛʠ ʥʘ 

10,3%, ʦʩʦʙʣʠʚʦ ʚ ʧʝʨʽʦʜ ʟ 17:00 ʛʦʜ. ʜʦ 20:00 ʛʦʜ. 

ʂʨʽʤ ʪʦʛʦ, ʟʘʨʷʜʢʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʟʙʽʣʴʰʫʻ ʧʽʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʝʥʝʨʛʦʩʠʩʪʝʤʫ.  ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʩʪʨʦʢʫ ʩʣʫʞʙʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʪʘ 

ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʝʥʝʨʛʦʩʠʩʪʝʤʠ [4]. 

ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ ʨʦʱʟʚʠʪʢʫ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʻ ʩʪʚʦʨʝʥʷ ʙʝʟʧʽʣʦʪʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʯʘʩʪʢʦʚʦ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʩʢʣʘʜʘʭ ʛʨʦʤʘʜʩʴʢʦʤʫ 

ʪʨʘʥʩʧʦʨʪʽ ʽ ʤʘʶʪʴ ʦʜʥʫ ʟ ʭʘʨʘʢʪʝʨʥʠʭ ʨʠʩ ʪʨʘʥʩʧʦʨʪʫ ʤʘʡʙʫʪʥʴʦʛʦ. ʅʘʧʨʠʢʣʘʜ, ʫ 

Nissan Ariya ʻ ʩʠʩʪʝʤʘ ProPilot ï ʚʜʦʩʢʦʥʘʣʝʥʘ ʩʠʩʪʝʤʘ ʜʦʧʦʤʦʛʠ ʧʽʜ ʯʘʩ ʚʦʜʽʥʥʷ, 

ʷʢʘ ʥʝ ʪʽʣʴʢʠ ʜʫʞʝ ʟʨʫʯʥʘ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʘʣʝ ʡ ʧʦʣʝʛʰʫʻ ʙʽʣʴʰʽʩʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʙʝʟʧʽʣʦʪʥʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

ʇʽʜʩʫʤʢʦʤ ʻ ʥʘʩʪʫʧʥʝ ï ʧʦʩʪʫʧʦʚʦ ʚ ʮʽʡ ʩʬʝʨʽ ʩʧʨʠʷʪʠʤʝ ʧʦʜʘʣʴʰʘ 

ʢʦʥʩʦʣʽʜʘʮʽʷ ʨʠʥʢʫ ʙʝʟʧʽʣʦʪʥʠʢʽʚ, ʜʝ ʧʘʨʪʥʝʨʩʪʚʦ ʤʽʞ IT-ʢʦʤʧʘʥʽʷʤʠ ʡ 

ʧʨʦʤʠʩʣʦʚʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʚʞʝ ʩʪʘʻ ʙʫʜʝʥʥʠʤ ʷʚʠʱʝʤ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, 

ʄʽʥʽʩʪʝʨʩʪʚʦ ʬʽʥʘʥʩʽʚ ɺʝʣʠʢʦʾ ɹʨʠʪʘʥʽʾ ʧʝʨʝʜʙʘʯʘʻ ʤʘʩʰʪʘʙʥʽ ʽʥʚʝʩʪʠʮʽʾ ʫ ʨʦʟʚʠʪʦʢ 
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ʙʝʟʧʽʣʦʪʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʪʝʭʥʦʣʦʛʽʶ ʟʚ'ʷʟʢʫ 5G ʪʘ ʩʪʘʥʮʽʡ ʧʽʜʟʘʨʷʜʢʠ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. 
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ʉʴʦʛʦʜʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʝʣʝʢʪʨʦʤʦʙʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʷʢʠʡ ʦʙʽʮʷʻ ʟʤʽʥʠʪʠ ʥʘʰʝ ʩʧʽʚʩʫʩʽʜʩʪʚʦ ʟ ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʪʘ ʟʤʝʥʰʠʪʠ 

ʚʧʣʠʚ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɽʣʝʢʪʨʦʤʦʙʽʣʽ ʩʪʘʣʠ ʩʠʤʚʦʣʦʤ ʯʠʩʪʦʾ 

ʪʘ ʟʝʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʧʨʦʪʝ ʾʭ ʧʦʷʚʘ ʪʘʢʦʞ ʧʨʠʟʚʝʣʘ ʜʦ ʥʦʚʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʢʣʠʢʽʚ ʽ 

ʧʠʪʘʥʴ. ʆʪʞʝ ʧʠʪʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʥʝʛʘʪʠʚʥʠʤ ʚʧʣʠʚʦʤ ʧʦʷʚʠ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʥʘ 

ʝʢʦʣʦʛʽʶ ʥʘʰʦʾ ʧʣʘʥʝʪʠ ʻ ʘʢʪʫʘʣʴʥʠʤʠ.  

ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʩʢʣʘʜʦʚʠʭ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʻ ʾʭʥʽ ʙʘʪʘʨʝʾ. ɺʦʥʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʙʝʨʽʛʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʚʠʟʥʘʯʘʶʪʴ ʜʘʣʴʥʽʩʪʴ ʧʦʜʦʨʦʞʝʡ ʥʘ 

ʝʣʝʢʪʨʦʤʦʙʽʣʷʭ. ʇʨʦʪʝ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʦʙʨʦʙʢʘ ʙʘʪʘʨʝʡ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʥʝʛʘʪʠʚʥʠʡ 

ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ, ʘ ʩʘʤʝ: 

¶ ɺʠʜʦʙʫʪʦʢ ʨʽʜʢʽʩʥʠʭ ʤʝʪʘʣʽʚ: ɹʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʣʽʪʽʻʚʠʭ ʙʘʪʘʨʝʡ ʤʽʩʪʷʪʴ 

ʨʽʜʢʽʩʥʽ ʤʝʪʘʣʠ, ʪʘʢʽ ʷʢ ʢʦʙʘʣʴʪ, ʣʽʪʽʡ, ʥʽʢʝʣʴ ʪʘ ʽʥʰʽ. ɺʠʜʦʙʫʪʦʢ ʮʠʭ ʨʝʩʫʨʩʽʚ ʯʘʩʪʦ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʜʝʛʨʘʜʘʮʽʻʶ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʪʘ ʩʝʨʡʦʟʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʅʘʧʨʠʢʣʘʜ, ʚʠʜʦʙʫʪʦʢ ʢʦʙʘʣʴʪʫ ʫ ʂʦʥʛʦ ʯʘʩʪʦ 
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ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʤʠ ʰʘʭʪʘʤʠ, ʷʢʽ ʚʝʜʫʪʴ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ 

ʜʞʝʨʝʣ ʪʦʢʩʠʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʪʘ ʩʧʨʠʯʠʥʷʶʪʴ ʝʢʦʣʦʛʽʯʥʽ ʢʘʪʘʩʪʨʦʬʠ. 

¶ ɽʥʝʨʛʦʻʤʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ: ɺʠʨʦʙʥʠʮʪʚʦ ʙʘʪʘʨʝʡ ʚʠʤʘʛʘʻ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʝʥʝʨʛʽʾ, ʷʢʘ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʚʫʛʽʣʴʥʠʭ ʘʙʦ ʛʘʟʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʚʠʢʠʜʽʚ ʚʫʛʣʝʮʶ ʪʘ ʽʥʰʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʘʪʤʦʩʬʝʨʫ ʪʘ ʢʣʽʤʘʪ. 

ʂʨʽʤ ʥʘʢʦʧʠʯʫʚʘʯʽ ʝʥʝʨʛʽʾ, ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʟʜʽʡʩʥʶʻ ʡ ʩʘʤ ʪʨʘʥʩʧʦʨʪ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ. ɽʣʝʢʪʨʦʤʦʙʽʣʽ, ʭʦʯ ʽ ʥʝ ʚʠʢʠʜʘʶʪʴ ʚʠʢʠʜʠ ʥʘ ʨʽʚʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʚʩʝ ʦʜʥʦ ʤʘʶʪʴ ʚʧʣʠʚ ʥʘ ʝʢʦʣʦʛʽʶ ʯʝʨʝʟ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʪʘ ʧʨʦʮʝʩʠ ʚʠʨʦʙʥʠʮʪʚʘ: 

¶ ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ: ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ 

ʚʠʤʘʛʘʻ ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʟʘʨʷʜʢʠ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ 

ʪʝʨʠʪʦʨʽʡ ʧʽʜ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʱʦ ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʧʨʠʨʦʜʥʽ ʝʢʦʩʠʩʪʝʤʠ ʪʘ 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. ʅʘʧʨʠʢʣʘʜ, ʟʚʝʜʝʥʥʷ ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ ʫ ʧʨʠʙʝʨʝʞʥʠʭ ʨʘʡʦʥʘʭ 

ʤʦʞʝ ʤʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʤʽʩʮʝʚʽ ʤʦʨʩʴʢʽ ʝʢʦʩʠʩʪʝʤʠ. 

¶ ɺʠʨʦʙʥʠʮʪʚʦ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ: ɺʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʪʘʢʦʞ 

ʧʦʪʨʝʙʫʻ ʝʥʝʨʛʽʾ ʪʘ ʨʝʩʫʨʩʽʚ. ɺʝʣʠʢʽ ʟʘʚʦʜʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʤʦʞʫʪʴ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʪʘ ʚʦʜʠ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʦʜʠ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ. 

ɯ ʤʘʙʫʪʴ ʧʠʪʘʥʥʷ ʷʢʝ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ ʩʴʦʛʦʜʥʽ ʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ 

ʚʪʦʨʠʥʥʘ ʦʙʨʦʙʢʘ ʙʘʪʘʨʝʡ. ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʝʨʝʚʘʛ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʻ ʪʨʠʚʘʣʠʡ 

ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʾʭʥʽʭ ʙʘʪʘʨʝʡ, ʦʜʥʘʢ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʙʘʪʘʨʝʡ, 

ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʚʪʦʨʠʥʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʚʠʜʘʣʝʥʥʷ: 

¶ ɺʪʦʨʠʥʥʘ ʦʙʨʦʙʢʘ: ʇʠʪʘʥʥʷ ʚʪʦʨʠʥʥʦʾ ʦʙʨʦʙʢʠ ʙʘʪʘʨʝʡ ʩʪʘʻ ʚʘʞʣʠʚʠʤ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʽʩʪʷʪʴ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʰʢʽʜʣʠʚʠʤʠ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʷʢʱʦ ʥʝ ʦʙʨʦʙʣʷʪʠʤʫʪʴʩʷ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ. ɺʠʢʠʜʠ ʟʥʦʰʝʥʠʭ ʙʘʪʘʨʝʡ 

ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʪʦʢʩʠʯʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʤʦʞʫʪʴ ʧʦʪʨʘʧʠʪʠ ʚ ʛʨʫʥʪ ʽ ʚʦʜʥʽ ʜʞʝʨʝʣʘ. 

¶ ɺʠʜʘʣʝʥʥʷ ʪʘ ʫʪʠʣʽʟʘʮʽʷ: ʇʨʘʚʠʣʴʥʝ ʚʠʜʘʣʝʥʥʷ ʪʘ ʫʪʠʣʽʟʘʮʽʷ ʩʪʘʨʠʭ ʙʘʪʘʨʝʡ 

ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ. ʗʢʱʦ ʮʝ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ, ʚʦʥʠ 

ʤʦʞʫʪʴ ʟʘʣʠʰʘʪʠʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʷʢ ʥʝʙʝʟʧʝʯʥʽ ʚʽʜʭʦʜʠ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʥʝʛʘʪʠʚʥʠʭ ʘʩʧʝʢʪʽʚ ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʥʘ 

ʝʢʦʣʦʛʽʶ, ʮʽ ʧʠʪʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʽʰʝʥʽ ʰʣʷʭʦʤ ʨʦʟʚʠʪʢʫ ʙʽʣʴʰ ʩʪʘʣʦʾ 

ʝʣʝʢʪʨʦʤʦʙʽʣʴʥʦʾ ʽʥʜʫʩʪʨʽʾ, ʘ ʩʘʤʝ: 

¶ ɸʣʴʪʝʨʥʘʪʠʚʥʽ ʤʘʪʝʨʽʘʣʠ: ʈʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʘʪʘʨʝʡ ʙʝʟ 

ʨʽʜʢʽʩʥʠʭ ʤʝʪʘʣʽʚ ʘʙʦ ʟ ʤʝʥʰʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʝ ʟʤʝʥʰʠʪʠ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʚʠʜʦʙʫʪʢʫ. 

¶ ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ: ɿʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʙʘʪʘʨʝʡ 

ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ ʚ ʧʨʦʮʝʩʘʭ ʚʠʨʦʙʥʠʮʪʚʘ. 

¶ ɽʬʝʢʪʠʚʥʘ ʚʪʦʨʠʥʥʘ ʦʙʨʦʙʢʘ: ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʚʪʦʨʠʥʥʦʾ ʦʙʨʦʙʢʠ ʚʘʞʣʠʚʦ 

ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ.  

ʆʪʞʝ ʧʦʷʚʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʧʦʤʦʞʝ ʥʝ ʣʠʰʝ ʚ ʤʦʤʝʥʪ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʘʣʝʡ ʡ ʧʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʪʘ ʾʭ ʫʪʠʣʽʟʘʮʽʾ ï ʦʪʨʠʤʘʪʠ 

ʢʦʨʠʩʪʴ ʽʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʙʘʪʘʨʝʡ ʪʘ ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʠʨʦʜʥʝ 

ʩʝʨʝʜʦʚʠʱʝ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʦʷʚʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ó ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʟʤʝʥʰʝʥʥʽ ʚʠʢʠʜʽʚ 

ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʤʽʩʪʘʭ. ʇʨʦʪʝ ʚʘʞʣʠʚʦ ʨʦʟʛʣʷʜʘʪʠ ʾʭʥʽʡ 

ʚʧʣʠʚ ʥʘ ʝʢʦʣʦʛʽʶ ʷʢ ʢʦʤʧʣʝʢʩʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʚʠʨʦʙʥʠʮʪʚʦ ʙʘʪʘʨʝʡ, 
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ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʚʪʦʨʠʥʥʫ ʦʙʨʦʙʢʫ. ɿʨʦʩʪʘʶʯʘ ʧʦʧʫʣʷʨʥʽʩʪʴ 

ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʩʪʘʚʠʪʴ ʧʝʨʝʜ ʥʘʤʠ ʚʠʢʣʠʢ ʟʥʘʡʪʠ ʙʘʣʘʥʩ ʤʽʞ ʧʝʨʝʚʘʛʘʤʠ ʪʘ 

ʥʝʛʘʪʠʚʥʠʤʠ ʚʧʣʠʚʘʤʠ, ʽ ʨʦʟʚʠʚʘʪʠ ʙʽʣʴʰ ʩʪʘʣʫ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʧʨʠʡʥʷʪʥʫ 

ʝʣʝʢʪʨʦʤʦʙʽʣʴʥʫ ʽʥʜʫʩʪʨʽʶ. ʅʘʰʦʶ ʤʝʪʦʶ ʤʘʻ ʙʫʪʠ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ, ʷʢʠʡ ʙ ʜʦʧʦʤʽʛ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʰʫ ʤʦʙʽʣʴʥʽʩʪʴ, ʥʝ ʧʦʩʷʛʘʶʯʠ ʥʘ 

ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʥʘʰʦʾ ʧʣʘʥʝʪʠ. 
 

[1] Life_Cycle_Assessment_of_Greenhouse_Gas_Emissions_from_Plug-in Hybrid Vehicles Implications for Policy. ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: https://www.researchgate.net/publication/5139850. ï ʅʘʟʚʘ ʟ ʝʢʨʘʥʫ 

[2] IEA (2021), Global EV Outlook 2021 , IEA, End-of-life management: Electric vehicle batteries. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.iea.org/reports/global-ev-outlook-2021. ï ʅʘʟʚʘ ʟ ʝʢʨʘʥʫ 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʰʚʠʜʢʦ 

ʩʪʘʻ ʥʝʟʘʤʽʥʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʤʠ ʤʝʨʝʞʝʚʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ. ʊʘʢ ʷʢ 

ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʬʘʢʪʦʨʽʚ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʘʪʝʛʦʨʽʾ ʩʫʙ'ʻʢʪʠʚʥʦʾ, ʧʨʘʢʪʠʯʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʨʦʙʣʝʥʽ ʷʢ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʥʘ ʙʘʟʽ ʪʝʦʨʽʾ ʩʠʩʪʝʤ 

ʤʘʩʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʤʝʪʦʜʘʤʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʘʢ ʽ ʤʝʪʦʜʘʤʠ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʧʘʨʘʪʫ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ.  

ʄʝʪʦʜʠ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʤʘʶʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʙʘʛʘʪʴʦʭ ʦʙʣʘʩʪʷʭ ʽ ʻ 

ʦʜʥʠʤ ʽʟ ʥʘʡʢʨʘʱʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʚʠʷʚʣʝʥʠʭ 

ʫ ʥʘʙʦʨʘʭ ʜʘʥʠʭ [1ï4].  

ɺ ʜʦʧʦʚʽʜʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʣʴ ʨʦʟʚôʷʟʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʟʘʜʘʯʽ ʧʨʠ 

ʦʨʛʘʥʽʟʘʮʽʾ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. ʎʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʟʘʜʘʻ ʪʘʢʠ ʧʘʨʘʤʝʪʨʠ 

ʚʟʘʻʤʦʜʽʾ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʘ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʧʨʠ ʷʢʠʭ ʤʦʞʥʘ ʙʫʣʦ ʙ 

ʷʢʥʘʡʙʽʣʴʰ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʽʥʦʟʝʤʥʠʭ ʚʘʛʦʥʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʢʨʘʾʥʠ ʪʘ 

ʚʠʪʨʘʪʠ ʢʦʰʪʽʚ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʙʫʣʠ ʙ ʷʢʦʤʦʛʘ ʤʝʥʰʦʶ.  

ʇʨʦʮʝʜʫʨʘ ʧʦʙʫʜʦʚʠ ʥʝʯʽʪʢʦʾ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʙʽʥʘʨʥʠʭ ʥʝʯʽʪʢʠʭ ʚʽʜʥʦʩʠʥ ɸ 

https://www.researchgate.net/publication/5139850
https://www.iea.org/reports/global-ev-outlook-2021
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ʪʘ ɺ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʧʝʨʰʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʜʚʘ 

ʙʘʟʠʩʥʽ ʤʥʦʞʠʥʠ X ʽ Y. ɼʣʷ ʜʨʫʛʦʛʦ ï Y ʽ Z. ʇʨʠʡʥʷʪʦ, ʱʦ ʤʥʦʞʠʥʦʶ X ʦʧʠʩʘʥʦ 

ʢʽʥʮʝʚʫ ʤʥʦʞʠʥʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʘʨʘʤʝʪʨʽʚ: ʍ={x1, x2, x3, x4, x5, ʭ6}. Y ï

ʤʥʦʞʠʥʘ ʘʪʨʠʙʫʪʽʚ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ (ʰʚʠʜʢʽʩʪʴ 

ʜʦʩʪʘʚʢʠ, ʮʽʥʘ, ʪʝʨʤʽʥ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʽʥ), Y={y1, y2, y3, y4, y5,ʫ6}. Z ïʤʥʦʞʠʥʘ 

ʧʦʢʘʟʥʠʢʽʚ, Z={z1, z2, z3, z4, z5, z6}. ɺʽʜʥʦʰʝʥʥʷʤ A ʦʧʠʩʫʚʘʣʠʩʷ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʘʨʘʤʝʪʨʽʚ, ʘ ʚʽʜʥʦʰʝʥʥʷʤ B ï ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ.  

ʉʪʫʧʽʥʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟ ʙʦʢʫ ʷʢʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ʙʫʜʝ ʩʫʪʪʻʚʦ ʚʠʱʦʶ (1,0é0,9é0,8) ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʘʨʽʘʥʪʦʤ ʧʘʨʘʤʝʪʨʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʝ ʯʘʩʪʦ (ʤʘʣʦ ʚʽʜʦʤʽ) (0,8é0,7) . 

ʗʢʱʦ ʙʫʜʝ ʚʠʙʽʨ ʤʽʞ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʘʨʘʤʝʪʨʽʚ, ʪʦ ʟ ʙʽʣʴʰʦʶ ʡʤʦʚʽʨʥʽʩʪʶ 

ʦʜʥʘʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʫʜʫʪʴ ʚʽʜʥʝʩʝʥʽ ʜʦ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʫ. ɼʝʱʦ ʤʝʥʰʠʡ 

ʩʪʫʧʽʥʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ (0,6é0,4) ʙʫʜʝ ʜʦ ʧʘʨʘʤʝʪʨʘ, ʟ ʷʢʠʤ ʥʝʤʘʻ ʧʨʷʤʦʾ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘʣʝ ʤʘʻ ʚʠʩʦʢʽ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʧʘʨʘʤʝʪʨʫ. 

ɺʽʜʧʦʚʽʜʥʦ, ʥʘʡʤʝʥʰʠʡ ʩʪʫʧʽʥʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ (0,3é0) ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ 

ʧʘʨʘʤʝʪʨʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʜʢʦ. ʊʦʤʫ ʟʘʤʽʩʪʴ ʩʫʙ'ʻʢʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʨʦʟʛʣʷʜʘʣʠʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʥʰʽ ʧʦʢʘʟʥʠʢʠ ï ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʧʘʨʘʤʝʪʨʽʚ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ. ʇʨʠʧʫʩʢʘʣʦʩʷ, ʱʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʪʥʠʤ ʰʣʷʭʦʤ ʪʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʘʰʠʥʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɼʘʣʽ 

ʩʢʣʘʜʘʻʪʴʩʷ ʢʦʤʧʦʟʠʮʽʷ ʜʚʦʭ ʥʝʯʽʪʢʠʭ ʙʽʥʘʨʥʠʭ ʚʽʜʥʦʰʝʥʴ A B ʪʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʫʥʢʮʽʷ ʧʨʠʣʘʜʜʷ. ʆʪʨʠʤʘʥʘ ʤʘʪʨʠʮʷ ʧʝʨʝʚʦʜʠʪʴʩʷ ʚ ʪʘʙʣʠʯʥʫ 

ʬʦʨʤʫ ʪʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʚʦʨʦʪʥʘ ʧʽʜʩʪʘʥʦʚʢʘ ʜʦ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʨʝʟʫʣʴʪʫʶʯʘ ʤʘʪʨʠʮʷ ʥʘ 

ʧʽʜʩʪʘʚʽ ʥʝʯʽʪʢʦʾ ʢʦʤʧʦʟʠʮʽʾ ʚʽʜʥʦʰʝʥʴ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʩʢʣʘʩʪʠ ʪʘʙʣʠʮʽ ʧʝʨʝʚʘʛ ʨʽʟʥʠʭ ʦʙ'ʻʢʪʽʚ ʪʘ 

ʾʭ ʘʪʨʠʙʫʪʽʚ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʤʦʞʫʪʴ ʧʨʠʡʤʘʪʠʩʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʩʫʢʫʧʥʦʩʪʽ 

ʧʦʢʘʟʥʠʢʽʚ. ɸʣʛʦʨʠʪʤ ʻ ʚʽʜʥʦʩʥʦ ʣʝʛʢʠʤ ʫ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʽ ʜʦʟʚʦʣʷʻ 

ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʡʦʛʦ ʚ ʝʢʩʧʝʨʪʥʽ ʩʠʩʪʝʤʠ ʜʣʷ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʪʘ ʜʦʟʚʦʣʠʪʴ 

ʟʘʧʨʦʚʘʜʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʘʜʘʧʪʠʚʥʦʩʪʽ ʣʦʛʽʩʪʠʯʥʠʭ ʧʦʪʦʢʽʚ (ʥʘʩʘʤʧʝʨʝʜ 

ʤʘʪʝʨʽʘʣʴʥʠʭ). ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʘ ʧʨʘʢʪʠʮʽ ʤʦʞʣʠʚʽ ʦʙʤʝʞʝʥʥʷ,  ʧʦʚôʷʟʘʥʽ ʟ 

ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʦʶ ʩʪʫʧʝʥʶ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʘʨʘʤʝʪʨʽʚ ʟ ʙʦʢʫ 

ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʩʧʝʨʪʘʤʠ ʨʘʥʛʦʚʦʾ ʰʢʘʣʠ. ɼʨʫʛʝ ʦʙʤʝʞʝʥʥʷ 

ʧʦʚôʷʟʘʥʦ ʟ ʧʨʠʧʫʱʝʥʥʷʤ ʚʽʜʥʦʩʥʦ ʟʥʘʭʦʜʞʝʥʥʷ ʚʘʛʦʚʠʭ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʥʘ 

ʙʘʟʽ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʟʘ ʂʦʣʤʦʛʦʨʦʚʠʤ ʪʘ/ʘʙʦ ʂʦʰʽ, ʘ ʩʘʤʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʝʨʝʜʥʽʭ ʫ ʢʦʥʢʨʝʪʥʽʡ ʰʢʘʣʽ ʟ ʦʪʨʠʤʘʥʥʷʤ ʩʪʽʡʢʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʗʢ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʦʟʰʠʨʝʥʥʷ 

ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʙʽʣʴʰ ʫʟʘʛʘʣʴʥʝʥʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʽ 

ʤʝʨʝʞʽ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʩʪʘʥʮʽʾ ʩʪʠʢʫʚʘʥʴ, ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʨʘʡʦʥʽʚ ʽ 

ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʬʨʦʥʪʽʚ. 
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ɸʥʘʣʽʟ ʧʨʦʙʣʝʤ ʪʘ ʧʝʨʩʧʝʢʪʠʚ ʦʨʛʘʥʽʟʘʮʽʾ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʚ ʨʦʟʧʦʜʽʣʴʯʽʡ 

ʩʠʩʪʝʤʽ ʧʦʩʪʘʯʘʥʴ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ 

ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʫʩʪʘʥʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʦʛʦ 

ʙʽʟʥʝʩʫ ʚ ʩʚʽʪʽ, ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚ ʡʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʋʢʨʘʾʥʽ, ʦʩʦʙʣʠʚʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʚ ʤʝʞʘʭ ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤ ʽ ʣʦʛʽʩʪʠʯʥʠʭ 

ʣʘʥʮʶʛʽʚ, ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʥʠʭ ʩʭʝʤ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʽʚ ʪʘ ʾʭ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʦʪʨʝʙʘ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʦʣʦʛʽʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʡ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ, ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʤʘʨʰʨʫʪʽʚ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʽʚ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ [1-4]. 

ɼʦʧʦʚʽʜʴ ʧʨʠʩʚʷʯʝʥʘ ʘʥʘʣʽʟʫ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʪʘ ʧʝʨʩʧʝʢʪʠʚ ʝʬʝʢʪʠʚʥʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʚ ʨʦʟʧʦʜʽʣʴʯʽʡ ʩʠʩʪʝʤʽ ʧʦʩʪʘʯʘʥʴ. ʄʝʪʦʶ ʜʘʥʦʾ 

ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʦʩʪʘʯʘʥʥʷ ʪʦʚʘʨʽʚ ʰʣʷʭʦʤ 
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ʬʦʨʤʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʨʦʟʧʦʜʽʣʴʯʦʾ ʩʠʩʪʝʤʠ ʪʘ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʩʪʘʯʘʥʥʷʤʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ.  

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʨʦʛʨʘʤʥʠʭ ʧʘʢʝʪʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʦʟʚʦʣʠʚ ʟʫʧʠʥʠʪʠʩʷ ʥʘ ʩʫʯʘʩʥʦʤʫ ʟʘʩʦʙʽ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ AnyLogic, 

ʱʦ ʧʦʻʜʥʘʚ ʩʠʩʪʝʤʥʫ ʜʠʥʘʤʽʢʫ, ʤʦʜʝʣʽ ʜʠʩʢʨʝʪʥʠʭ ʩʠʩʪʝʤ, ʜʠʩʢʨʝʪʥʦ- 

ʧʦʜʽʡʥʠʡ ʧʽʜʭʽʜ ʪʘ ʘʛʝʥʪʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʘ ʧʦʯʠʥʘʶʯʠ ʟ ʚʝʨʩʽʾ 7.2 ï ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʙʫʜʦʚʘʥʫ ʙʘʟʫ ʜʘʥʠʭ, ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʟ ERP ʽ CRM 

ʩʠʩʪʝʤʘʤʠ ʪʘ ʦʢʨʝʤʠʤʠ ʾʭ ʤʦʜʫʣʷʤʠ, ʘ ʪʘʢʦʞ ʟ ʙʘʟʘʤʠ ʜʘʥʠʭ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʧʦʩʪʘʚʢʠ ʧʨʦʜʫʢʮʽʾ ʧʘʨʢʦʤ ʚʣʘʩʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʚ 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ ʦʙʣʘʩʪʽ. ʉʢʣʘʜʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʤ. ʇʘʚʣʦʛʨʘʜ, 

ʅʦʚʦʤʦʩʢʦʚʩʴʢ, ʉʠʥʝʣʴʥʠʢʦʚʝ, ɼʥʽʧʨʦ, ʪʘ ʚ ʉʄʊ ʄʝʞʦʚʘ ʪʘ ʇʝʪʨʦʧʘʚʣʽʚʢʘ. ʋ 

ʜʘʥʽʡ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʘʥʦ 6 ʘʛʝʥʪʽʚ, 14 ʧʘʨʘʤʝʪʨʽʚ, 10 ʟʤʽʥʥʠʭ ʪʘ 6 ʧʦʜʽʡ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʪʨʘʥʩʧʦʨʪʥʦʾ ʣʦʛʽʩʪʠʢʠ ʜʘʥʘ ʤʦʜʝʣʴ ʦʧʠʩʫʻ ʧʦʩʪʘʚʢʠ 

ʥʝʦʙʭʽʜʥʦʛʦ ʪʦʚʘʨʫ, ʜʣʷ ʯʦʛʦ ʙʫʣʦ ʚʚʝʜʝʥʦ ʧʝʨʝʚʽʨʢʫ ʥʘ ʩʢʣʘʜʘʭ ʜʦʩʪʘʪʥʴʦʾ 

ʡʦʛʦ ʢʽʣʴʢʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʤʦʚʣʝʥʥʷ. ɺʦʥʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʦʙ'ʻʢʪʽ Delivery 

ʫ ʧʦʜʽʾ createOrder. ɽʬʝʢʪʠʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ 

ʚʠʟʥʘʯʘʶʪʴʩʷ, ʧʦ-ʧʝʨhʝ ʪʠʤ, ʱʦ ʚʠʙʠʨʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʘ ʚʘʥʪʘʞʽʚʢʘ. ʇʦ-ʜʨʫʛʝ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʙʽʨ ʥʘʡʙʣʠʞʯʦʛʦ ʩʢʣʘʜʫ ʟ ʜʦʩʪʫʧʥʦʶ ʢʽʣʴʢʽʩʪʶ ʪʦʚʘʨʫ, ʘ ʧʽʩʣʷ 

ʜʦʩʪʘʚʢʠ ʟʘʤʦʚʣʝʥʥʷ, ʚʘʥʪʘʞʽʚʢʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘ ʥʘʡʙʣʠʞʯʠʡ ʩʢʣʘʜ. ʊʦʙʪʦ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʫʭ ʦʧʪʠʤʘʣʴʥʠʤ ʤʘʨʰʨʫʪʦʤ. ʂʨʽʤ ʪʦʛʦ, ʪʦʚʘʨ ʙʫʜʝ 

ʜʦʩʪʘʚʣʝʥʠʡ ʩʘʤʝ ʚ ʪʫ ʪʦʯʢʫ, ʟʚʽʜʢʠ ʥʘʜʽʡʰʣʦ ʟʘʤʦʚʣʝʥʥʷ.  

ɺ ʧʨʦʮʝʩʽ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʝʣʽ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʪʘʢʽ ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʟʘʚʜʘʥʥʷ : 

ʤʘʢʩʠʤʽʟʘʮʽʷ ʧʨʠʙʫʪʢʫ ʧʨʠ ʟʤʽʥʽ ʢʽʣʴʢʦʩʪʽ ʩʢʣʘʜʽʚ; ʤʘʢʩʠʤʽʟʘʮʽʾ ʧʨʠʙʫʪʢʫ ʧʨʠ 

ʟʤʽʥʥʦʤʫ ʨʦʟʤʽʨʽ ʘʚʪʦʧʘʨʢʫ; ʫʨʘʭʫʚʘʥʥʷ ʟʤʽʥʠ ʜʚʦʭ ʧʘʨʘʤʝʪʨʽʚ ï ʢʽʣʴʢʦʩʪʽ 

ʩʢʣʘʜʽʚ ʪʘ ʢʽʣʴʢʦʩʪʽ ʚʘʥʪʘʞʽʚʦʢ. 

ʇʨʠ ʚʘʨʽʘʮʽʾ ʜʚʦʭ ʧʘʨʘʤʝʪʨʽʚ ï ʩʢʣʘʜʽʚ ʚʽʜ 1 ʜʦ 6 ʽ ʚʘʥʪʘʞʽʚʦʢ ʚʽʜ 1 ʜʦ 20, 

ʯʠʩʣʦ ʤʦʞʣʠʚʠʭ ʢʦʤʙʽʥʘʮʽʡ ʜʦʨʽʚʥʶʻ 120. ʋ ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ 

ʨʦʟʛʣʷʥʫʪʦ ʚʩʽ ʤʦʞʣʠʚʽ ʢʦʤʙʽʥʘʮʽʾ, ʧʨʠ 48 ʛʦʜʠʥʘʭ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʄʘʢʩʠʤʫʤ ʧʨʠʙʫʪʢʫ ʫ 68139 ʛʨʥ. ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʧʨʠ 2 ʩʢʣʘʜʘʭ ʪʘ 11 

ʚʘʥʪʘʞʽʚʢʘʭ. ʇʦʨʽʚʥʶʶʯʠ ʨʝʟʫʣʴʪʘʪ ʪʨʝʪʴʦʛʦ ʽʟ ʧʝʨʰʠʤ ʦʧʪʠʤʽʟʘʮʽʡʥʠʤ 

ʝʢʩʧʝʨʠʤʝʥʪʦʤ, ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʠʙʫʪʦʢ ʟʨʽʩ ʧʨʘʢʪʠʯʥʦ ʥʘ 50% ʟʘ 

ʨʘʭʫʥʦʢ ʟʥʘʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʘʚʪʦʧʘʨʢʫ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʨʫʛʠʤ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʧʨʠʙʫʪʦʢ ʚʠʨʽʩ ʥʝʟʥʘʯʥʦ, ʦʩʢʽʣʴʢʠ ʤʦʞʣʠʚʽʩʪʴ 

ʚʘʨʽʶʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʚʘʥʪʘʞʽʚʦʢ ʚʞʝ ʟʘʙʝʟʧʝʯʠʣʘ ʟʥʘʯʥʫ ʟʤʽʥʫ ʧʨʠʙʫʪʢʫ 

ʜʨʫʛʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʆʜʥʘʢ ʟʙʽʣʴʰʝʥʥʷ ʧʨʠʙʫʪʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. 

ɼʦʩʷʛʘʻʪʴʩʷ ʚʦʥʦ ʟʘ ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ ʯʠʩʣʘ ʩʢʣʘʜʽʚ, ʷʢ ʥʘʩʣʽʜʦʢ ʚʠʪʨʘʪ ʥʘ ʾʭ 

ʫʪʨʠʤʘʥʥʷ, ʽ ʟʙʽʣʴʰʝʥʥʷ ʘʚʪʦʧʘʨʢʫ, ʱʦ ʢʦʤʧʝʥʩʫʻ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʢʣʘʜʽʚ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʴʯʦʾ ʩʠʩʪʝʤʠ ʥʘ ʧʨʠʢʣʘʜʽ 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ 

ʨʦʟʚʽʟʥʠʭ ʤʘʨʰʨʫʪʘʭ ʘʚʪʦʤʦʙʽʣʽʚ ʩʝʨʝʜʥʴʦʾ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʪʘ ʚʠʟʥʘʯʠʪʠ 

ʦʧʪʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʨʦʟʧʦʜʽʣʴʯʠʭ ʩʢʣʘʜʽʚ [5]. ɸʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ ʚʠʪʨʘʪ ʥʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʽʚ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʜʽʣʴʯʦʾ ʩʠʩʪʝʤʠ ʩʚʽʜʯʠʪʴ, ʱʦ 

ʽʩʥʫʶʪʴ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʢʣʘʜʽʚ, ʢʽʣʴʢʦʩʪʽ ʨʦʟʧʦʜʽʣʴʯʠʭ 

ʮʝʥʪʨʽʚ, ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʟʘʜʽʷʥʠʭ ʫ ʧʝʨʝʚʝʟʝʥʥʷʭ, ʟʘ ʷʢʠʭ 

ʟʘʛʘʣʴʥʽ ʩʫʤʘʨʥʽ ʚʠʪʨʘʪʠ ʤʘʶʪʴ ʤʽʥʽʤʫʤ. 
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ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ ʘʛʨʘʨʥʦʛʦ ʙʽʟʥʝʩʫ ʚ ʋʢʨʘʾʥʽ, ʷʢʘ ʥʘʣʝʞʠʪʴ ʜʦ 

ʚʝʣʠʢʠʭ ʘʛʨʘʨʥʠʭ ʢʨʘʾʥ ʩʚʽʪʫ, ʣʦʛʽʩʪʠʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʢʣʘʜʥʠʤʠ 

ʩʦʮʽʘʣʴʥʠʤʠ ʪʘ ʝʢʦʥʦʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʨʠʥʢʦʚʦʾ 

ʝʢʦʥʦʤʽʢʠ. ɺʦʥʘ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʟʤʽʥ ʮʽʣʦʛʦ ʨʷʜʫ ʧʦʣʦʞʝʥʴ ʝʢʦʥʦʤʽʯʥʦʾ 

ʧʦʣʽʪʠʢʠ. ɯ ʮʝ ʥʘʩʘʤʧʝʨʝʜ ʩʪʦʩʫʻʪʴʩʷ ʘʛʨʘʨʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʻ 

ʦʩʥʦʚʦʶ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʨʠʥʢʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʫ ʚʩʽʭ ʩʬʝʨʘʭ ʝʢʦʥʦʤʽʯʥʦʾ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʋʢʨʘʾʥʠ. 

ɺ ʋʢʨʘʾʥʽ ʘʛʨʘʨʥʘ ʣʦʛʽʩʪʠʢʘ ʧʦʯʘʣʘ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʪʠʩʷ ʥʝʜʘʚʥʦ,  ʘʣʝ ʙʽʟʥʝʩ 

ʚʞʝ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʦʮʽʥʠʚ ʨʦʣʴ ʽ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʣʦʛʽʩʪʠʢʠ. ɿʘ ʜʝʷʢʠʤʠ 

ʜʘʥʠʤʠ ʚʪʨʘʪʠ ʧʨʦʜʫʢʮʽʾ ɸʇʂ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʴʦ ʨʦʟʚʠʥʝʥʫ, ʥʝʩʢʦʦʨʜʠʥʦʚʘʥʫ, 

ʥʝʽʥʪʝʛʨʦʚʘʥʫ ʡ ʩʣʘʙʦ ʝʬʝʢʪʠʚʥʫ ʣʦʛʽʩʪʠʢʫ ʩʢʣʘʜʘʶʪʴ ʜʦ 1/3 ʨʽʯʥʦʛʦ ʦʙʩʷʛʫ 

ʧʨʦʜʫʢʮʽʾ ʢʦʤʧʣʝʢʩʫ [1].  

ʅʘʛʘʣʴʥʠʤʠ ʷʚʣʷʶʪʴʩʷ ʽʥʪʝʛʨʦʚʘʥʽ ʣʦʛʽʩʪʠʯʥʽ ʧʽʜʭʦʜʠ ʩʪʦʩʦʚʥʦ  

ʧʨʦʜʦʚʦʣʴʯʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʟʙʝʨʽʛʘʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʩʠʨʦʚʠʥʠ ʪʘ ʛʦʪʦʚʦʾ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ [2]. ʆʪʞʝ 

ʚʝʣʠʯʝʟʥʽ ʾʾ ʟʘʧʘʩʠ, ʷʢʽ ʟʘ ʥʝʚʽʜʧʦʚʽʜʥʠʭ ʫʤʦʚ ʪʘ ʪʨʠʚʘʣʠʭ ʪʝʨʤʽʥʘʭ ʟʙʝʨʽʛʘʥʥʷ 

ʰʚʠʜʢʦ ʧʩʫʶʪʴʩʷ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʝʧʨʦʜʦʚʦʣʴʯʠʭ ʪʦʚʘʨʽʚ, ʷʢʠʤ ʟʘʛʨʦʞʫʻ ʣʠʰʝ 

çʤʦʨʘʣʴʥʝè ʩʪʘʨʽʥʥʷ).  

http://simulation.su/uploads/files/default/2011-shevchuk-1.pdf
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ɿʘʚʜʘʥʥʷ ʟʤʝʥʰʝʥʥʷ ʩʫʢʫʧʥʠʭ ʚʠʪʨʘʪ ʥʘ ʦʜʠʥʠʮʶ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ 

ʦʟʥʘʯʘʻ ʚ ʣʦʛʽʩʪʠʯʥʦʤʫ ʩʝʥʩʽ, ʱʦ ʚ ʩʠʩʪʝʤʽ ʘʥʛʨʦʣʦʛʽʩʪʠʢʠ ʩʣʽʜ ʦʢʨʝʤʦ 

ʚʠʜʽʣʷʪʠ, ʥʘʧʨʠʢʣʘʜ, ʩʠʩʪʝʤʫ ʣʦʛʽʩʪʠʢʠ ʧʨʦʜʦʚʦʣʴʯʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʢʫʜʠ 

ʚʭʦʜʷʪʴ ʛʘʣʫʟʽ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽ ʧʝʨʝʨʦʙʢʠ, ʷʢʽ ʧʦʩʪʘʚʣʷʶʪʴ ʥʘʩʝʣʝʥʥʶ 

ʧʨʦʜʫʢʪʠ ʭʘʨʯʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʽ ʧʦʩʪʘʯʘʶʪʴ ʟʘʩʦʙʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʜʣʷ ʧʝʨʰʠʭ, ʟʘʡʤʘʶʪʴʩʷ ʟʘʛʦʪʽʚʣʝʶ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷʤ 

ʧʨʦʜʦʚʦʣʴʯʠʭ ʪʦʚʘʨʽʚ [1].  

ʆʪʞʝ, ʜʦ ʟʘʚʜʘʥʴ ʣʦʛʽʩʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ɸʇʂ ʚʽʜʥʦʩʷʪʴ ʥʘʩʪʫʧʥʽ 

ʩʢʣʘʜʦʚʽ: 

1. ɿʚʽʣʴʥʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʚʽʜ ʬʫʥʢʮʽʡ ʚʠʢʦʥʘʥʥʷ 

ʣʦʛʽʩʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ ʟ ʧʦʩʪʘʯʘʥʥʷ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʧʨʦʜʫʢʮʽʾ 

ʪʘ ʽʥ.  

2. ɿʘʙʝʟʧʝʯʝʥʥʷ ʫʤʦʚ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ 

ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ.  

3. ʇʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʚʠʪʨʘʪ.  

ʌʦʨʤʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ɸʇʂ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ 

ʯʠʥʥʠʢʽʚ: ˇʨʫʥʪʦʚʦ-ʢʣʽʤʘʪʠʯʥʠʭ, ʨʝʣʴʻʬʫ, ʢʣʽʤʘʪʫ, ʢʦʥʬʽʛʫʨʘʮʽʡ ʟʝʤʝʣʴʥʦʾ 

ʪʝʨʠʪʦʨʽʾ, ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʛʦʩʧʦʜʘʨʩʪʚ, ʩʪʘʥʫ ʪʘ ʛʫʩʪʦʪʠ ʰʣʷʭʽʚ, 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʡ, ʨʦʟʤʽʱʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʦʙôʻʢʪʽʚ, ʨʽʚʥʷ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʦʱʦ [3].  

ʆʩʥʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʣʦʛʽʩʪʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʻ ʦʢʫʧʥʽʩʪʴ ʚʠʪʨʘʪ ʥʘ ʩʪʚʦʨʝʥʥʷ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʦʙôʻʢʪʽʚ, ʩʣʫʞʙ ʽ ʧʽʜʨʦʟʜʽʣʽʚ. ʆʩʥʦʚʥʠʤʠ ʰʣʷʭʘʤʠ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʚ ɸʇʂ ʻ: ʘ) ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʭʥʽʯʥʦʾ ʛʦʪʦʚʥʦʩʪʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ, ʾʭ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ1 ʪʘ ʧʨʦʙʽʛʫ; ʙ) ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʜʚʦʟʤʽʥʥʦʾ ʨʦʙʦʪʠ; ʚ) 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʯʝʧʽʚ (ʘʚʪʦʧʦʾʟʜʽʚ); ʛ) ʧʦʣʽʧʰʝʥʥʷ ʩʪʘʥʫ ʜʦʨʽʛ; ʜ) ʤʝʭʘʥʽʟʘʮʽʷ 

ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʚʘʥʪʘʞʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ; ʝ) ʧʦʣʽʧʰʝʥʥʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʷʢʦʩʪʝʡ ʘʚʪʦʤʦʙʽʣʽʚ, ʟʦʢʨʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ, 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʪʦʱʦ [4].  

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʯʽʪʢʦʛʦ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʚ ʩʠʩʪʝʤʽ çʣʶʜʠʥʘ-

ʤʘʰʠʥʘ-ʨʦʩʣʠʥʘ, ʪʚʘʨʠʥʘè ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʻʶ ʦʙʩʪʘʚʠʥʦʶ, ʱʦ ʥʘʡʜʨʽʙʥʽʰʠʡ 

ʧʨʦʨʘʭʫʥʦʢ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʾʾ ʣʘʥʮʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ 

ʚʪʨʘʪ.  

ʊʦʤʫ, ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ɸʇʂ 

ʟʘʙʝʟʧʝʯʠʪʴ ʟʤʝʥʰʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʙʣʝʤ ʟʽ ʩʪʦʨʦʥʠ 

ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʥʘʩʠʯʝʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʝʭʥʽʯʥʠʤʠ ʟʘʩʦʙʘʤʠ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ 

ʦʙʩʷʛʠ ʧʝʨʝʚʝʟʝʥʠʭ ʚʘʥʪʘʞʽʚ ʟʘʣʠʰʘʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ.  
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ɺ ʧʨʦʮʝʩʘʭ ʧʦʩʪʘʯʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʨʦʟʧʦʜʽʣʫ ʪʦʚʘʨʥʦʾ ʧʨʦʜʫʢʮʽʾ ʚʘʨʪʽʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʪʨʝʪʶ ʯʘʩʪʠʥʫ ʮʽʥʽ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ. 

ɸʣʝ ʚ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʤʫ ʢʦʤʧʣʝʢʩʽ ʋʢʨʘʾʥʠ ʪʨʘʥʩʧʦʨʪʥʽ ʚʠʪʨʘʪʠ ʩʷʛʘʶʪʴ 30% 

ʚʠʪʨʘʪ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʽ ʨʝʘʣʽʟʘʮʽʶ ʧʨʦʜʫʢʮʽʾ. ʆʜʥʠʤ ʟ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʫ ʘʛʨʦʧʨʦʜʫʢʮʽʾ ʻ ʨʦʟʰʠʨʝʥʥʷ ʡʦʛʦ 

ʦʧʝʨʘʮʽʡ ʧʘʢʝʪʫʚʘʥʥʷʤ.  

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʚʠʪʨʘʪʠ ʥʘ ʫʧʘʢʦʚʢʫ ʪʘ ʧʘʢʝʪʫʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʩʢʣʘʜʘʶʪʴ ʚ 

ʤʝʞʘʭ 1-2 % ʚʘʨʪʦʩʪʽ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʚʽʜ ʨʽʚʥʷ ʷʢʦʩʪʽ ʮʠʭ 

ʦʧʝʨʘʮʽʡ ʟʘʣʝʞʠʪʴ ʥʝ ʣʠʰʝ ʟʙʝʨʝʞʝʥʥʷ ʩʘʤʦʾ ʧʨʦʜʫʢʮʽʾ, ʘʣʝ ʡ ʚʠʪʨʘʪʠ ʥʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ʈʘʮʽʦʥʘʣʴʥʝ ʧʘʢʝʪʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʰʝʚʰʫ 

ʪʘʨʫ, ʟʤʝʥʰʠʪʠ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʚʘʥʪʘʞʥʠʭ ʨʦʙʽʪ, ʩʢʦʨʦʪʠʪʠ ʚʪʨʘʪʠ ʚ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ, ʦʩʦʙʣʠʚʦ ʥʘʩʠʧʥʠʭ ʚʘʥʪʘʞʽʚ, ʽʩʪʦʪʥʦ ʟʤʝʥʰʠʪʠ ʧʨʦʩʪʦʾ ʽ ʧʽʜʚʠʱʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʚʘʥʪʘʞʥʠʭ ʨʦʙʦʪʘʭ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ 

ʩʢʣʘʜʩʴʢʠʭ ʧʨʠʤʽʱʝʥʴ, ʟʙʝʨʝʛʪʠ ʪʦʚʘʨʥʠʡ ʚʠʜ ʧʨʦʜʫʢʮʽʾ ʪʦʱʦ. ʋ ʩʽʣʴʩʴʢʦʤʫ 

ʛʦʩʧʦʜʘʨʩʪʚʽ ʜʦʮʽʣʴʥʦ ʧʘʢʝʪʫʚʘʪʠ ʧʨʦʜʫʢʮʽʶ ʨʦʩʣʠʥʥʠʮʪʚʘ ʽ ʪʚʘʨʠʥʥʠʮʪʚʘ, 

ʜʦʙʨʠʚʘ, ʧʠʣʦʤʘʪʝʨʽʘʣʠ, ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʤʘʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʟʘʧʘʩʥʽ 

ʯʘʩʪʠʥʠ ʜʦ ʤʘʰʠʥ ʽ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʽʥʰʫ ʧʨʦʜʫʢʮʽʶ. ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ, ʷʢʽ 

ʛʘʣʴʤʫʶʪʴ ʰʠʨʦʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʧʘʢʝʪʫʚʘʥʥʷ ʚʘʥʪʘʞʽʚ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʧʝʚʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʝʨʝʚʘʛ ʧʘʢʝʪʫʚʘʥʥʷ. ʆʪʞʝ, ʚʠʨʽʰʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʘʩʧʝʢʪʽʚ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʘʢʪʫʘʣʴʥʽ. 

ʇʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʘʢʝʪʫʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʚʽʜʧʦʚʽʜʥʽ ʩʢʣʘʜʦʚʽ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʠʭ ʜʽʡ: 
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1. ʇʝʨʝʭʽʜ ʥʘ ʜʝʰʝʚʰʫ ʪʘʨʫ (ʥʘʧʨʠʢʣʘʜ, ʟ ʜʝʨʝʚ'ʷʥʦʾ ʪʘʨʠ ʥʘ ʢʘʨʪʦʥʥʽ ʷʱʠʢʠ 
ʯʠ ʪʝʨʤʦʫʩʘʜʦʯʥʫ ʧʣʽʚʢʫ); 

2. ʉʢʦʨʦʯʝʥʥʷ ʨʦʙʦʯʠʭ, ʟʘʡʥʷʪʠʭ ʥʘ ʚʘʥʪʘʞʥʠʭ ʨʦʙʦʪʘʭ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ 

ʧʨʦʮʝʩʽʚ; 

3. ʉʢʦʨʦʯʝʥʥʷ ʚʪʨʘʪ ʧʨʦʜʫʢʮʽʾ, ʘ ʩʘʤʝ ʥʘʩʠʧʥʠʭ ʚʘʥʪʘʞʽʚ ʚ ʤʽʰʢʘʭ (ʮʝʤʝʥʪ, 
ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʨʠʚʘ, ʮʫʢʦʨ, ʙʦʨʦʰʥʦ ʪʦʱʦ). 

4. ʉʢʦʨʦʯʝʥʥʷ ʧʦʪʨʝʙʠ ʚ ʩʢʣʘʜʩʴʢʠʭ ʧʣʦʱʘʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʢʽʣʴʢʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʦʪʠ 

ʰʪʘʙʝʣʶʚʘʥʥʷ ʧʘʢʝʪʦʚʘʥʠʭ ʚʘʥʪʘʞʽʚ; 

5. ɿʙʝʨʝʞʝʥʥʷ ʪʦʚʘʨʥʦʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ; 

6. ʉʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʨʦʩʪʦʾʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʚʘʥʪʘʞʥʠʭ 

ʨʦʙʽʪ; 

7. ʉʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʨʦʩʪʦʾʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚ ʦʯʽʢʫʚʘʥʥʽ ʚʠʢʦʥʘʥʥʷ 
ʚʘʥʪʘʞʥʠʭ ʨʦʙʽʪ; 

8. ʈʦʟʨʦʙʢʘ ʟʘʭʦʜʽʚ ʟ ʧʽʜʚʠʱʝʥʥʷ ʮʽʥ ʥʘ ʧʨʦʜʫʢʮʽʶ, ʷʢʘ ʧʦʩʪʘʚʣʷʻʪʴʩʷ ʫ 
ʧʘʢʝʪʘʭ; 

9. ʈʝʘʣʽʟʘʮʽʾ ʧʘʢʝʪʦʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘ ʢʦʨʜʦʥʦʤ, ʦʙʫʤʦʚʣʝʥʦʾ ʨʽʟʥʠʮʝʶ ʤʽʞ 

ʩʚʽʪʦʚʠʤʠ ʽ ʚʥʫʪʨʽʰʥʽʤʠ ʮʽʥʘʤʠ. 

ɼʣʷ ʤʘʩʦʚʦʛʦ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʪʝʭʥʦʣʦʛʽʡ ʧʘʢʝʪʫʚʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʽ ʨʝʘʣʽʟʫʚʘʪʠ ʥʠʟʢʫ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʟʘʭʦʜʽʚ, ʷʢʽ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʥʘʩʪʫʧʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ: ʨʦʟʨʦʙʢʫ ʧʨʦʝʢʪʫ ʧʘʢʝʪʫʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ; ʧʨʠʜʙʘʥʥʷ 

ʧʽʜʜʦʥʽʚ ʜʣʷ ʧʘʢʝʪʫʚʘʥʥʷ; ʧʨʠʜʙʘʥʥʷ ʪʝʨʤʦʫʩʘʜʦʯʥʦʾ ʧʣʽʚʢʠ ʜʣʷ ʩʢʨʽʧʣʝʥʥʷ 

ʪʦʚʘʨʽʚ, ʩʬʦʨʤʦʚʘʥʠʭ ʚ ʦʜʥʦʤʫ ʧʽʜʜʦʥʽ; ʧʨʠʜʙʘʥʥʷ ʟʘʩʦʙʽʚ ʤʝʭʘʥʽʟʘʮʽʾ 

ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʽ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʽ 

ʩʢʨʽʧʣʝʥʥʷ ʧʣʽʚʢʠ; ʚʠʢʦʥʘʥʥʷ ʤʦʥʪʘʞʥʠʭ ʽ ʧʫʩʢʦʚʠʭ ʥʘʣʘʛʦʜʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ; 

ʟʘʨʧʣʘʪʫ ʟ ʥʘʨʘʭʫʚʘʥʥʷʤʠ ʨʦʙʽʪʥʠʢʘʤ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʩʢʨʽʧʣʝʥʥʷ ʚʘʥʪʘʞʽʚ ʥʘ 

ʧʽʜʜʦʥʘʭ ʧʣʽʚʢʦʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʤʠ ʙʫʣʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʘʢʝʪʫʚʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʚʘʥʪʘʞʽʚ. 
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ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʧʦʣʷʛʘʻ ʫ 

ʩʪʚʦʨʝʥʥʽ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʥʦ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ ʟ 

ʙʘʛʘʪʴʤʘ ʬʘʢʪʦʨʘʤʠ, ʷʢʽ ʤʦʞʥʘ ʚʟʷʪʠ ʟʘ ʝʪʘʣʦʥ ʪʘ ʧʦʨʽʚʥʷʪʠ ʢʦʞʝʥ ʦʢʨʝʤʠʡ ʽ 

ʢʦʤʧʣʝʢʩʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ. ʇʨʠ ʮʴʦʤʫ ʢʦʞʝʥ ʟ ʮʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʤʘʻ ʩʚʽʡ ʦʩʦʙʣʠʚʠʡ ʟʤʽʩʪ ʽ ʚʽʜʧʦʚʽʜʥʫ ʨʦʟʤʽʨʥʽʩʪʴ. 

ʅʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʯʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ 

ʦʮʽʥʦʯʥʠʭ ʟʥʘʯʝʥʴ ʩʠʩʪʝʤʠ ʟʘ ʻʜʠʥʠʤ, ʢʽʣʴʢʽʩʥʠʤ ʽ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʤʝʪʦʜʦʤ 

ʦʮʽʥʢʠ ʩʪʘʥʫ ʧʦʢʘʟʥʠʢʘ ʷʢ ʘʙʩʦʣʶʪʥʦʛʦ ʽ ʚʽʜʥʦʩʥʦʛʦ. ʆʪʞʝ, ʦʮʽʥʠʪʠ ʷʢʽʩʪʴ 

ʩʪʘʥʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ ʤʦʞʥʘ ʣʠʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ï ʩʝʨʝʜʥʴʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʟ ʫʩʽʭ ʚʽʜʭʠʣʝʥʴ 

ʦʢʨʝʤʠʭ ʧʦʢʘʟʥʠʢʽʚ - ʰʣʷʭʦʤ ʟʽʩʪʘʚʣʝʥʥʷ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʥʘʫʢʦʚʦʾ ʢʦʥʮʝʧʮʽʾ ʣʦʛʽʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʦʤ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʡʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ 

ʤʽʞʥʘʨʦʜʥʦʤʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʩʧʦʣʫʯʝʥʥʽ, ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʬʦʨʤʫʚʘʪʠ ʪʘʢʽ 

ʦʩʥʦʚʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ: 

1. ʇʨʦʮʝʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚ ʤʽʞʥʘʨʦʜʥʦʤʫ 

ʩʧʦʣʫʯʝʥʥʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʦʶ ʩʢʣʘʜʥʽʩʪʶ, ʚʠʢʣʶʯʥʦ ʚʠʩʦʢʠʤ 

ʜʠʥʘʤʽʟʤʦʤ ʷʢ ʧʦʪʨʝʙ, ʪʘʢ ʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜʠʯʥʠʡ 

ʩʠʩʪʝʤʥʦ-ʽʻʨʘʨʭʽʯʥʦʛʦ ʧʽʜʭʽʜ ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ 

ʨʦʟʚʠʪʢʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʪʨʘʥʩʧʦʨʪʫ. 

2. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʤʘʪʠ ʝʬʝʢʪʠʚʥʝ ʚʪʽʣʝʥʥʷ ʚ 

ʝʣʝʤʝʥʪʘʭ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʡ ʣʦʛʽʩʪʠʯʥʦʾ ʢʦʥʮʝʧʮʽʾ. ʇʨʦʧʦʥʦʚʘʥʠʡ ʚ 

ʨʦʙʦʪʽ ʤʝʪʦʜ ʢʝʨʫʶʯʠʭ ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʠʪʴ ʧʦʜʦʣʘʪʠ ʪʨʫʜʥʦʱʽ, ʧʦʚ'ʷʟʘʥʽ ʟʽ 

ʟʥʘʯʥʠʤʠ ʦʙʩʷʛʘʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ. 

3. ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʻʜʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ, ʥʘʜʘʥʘ ʦʮʽʥʢʘ ʨʽʚʥʷ 

ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʧʦʩʣʫʛʘʤʠ ʚʘʥʪʘʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʧʽʜʚʝʜʝʥʦ ʧʽʜʩʫʤʦʢ ʧʨʦ 

ʡʦʛʦ ʟʨʦʩʪʘʶʯʫ ʨʦʣʴ ʚ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ ʤʽʞʥʘʨʦʜʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʭ ʟʘʚôʷʟʢʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʚʟʘʻʤʦʟʚ'ʷʟʢʘʭ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʪʨʘʥʩʧʦʨʪʫ ʻ ʟʥʘʯʥʽ ʨʝʟʝʨʚʠ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʡ 

ʫʧʨʘʚʣʽʥʥʷ,  
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4. ʋ ʚʠʢʦʥʘʥʽʡ ʥʘʤʠ ʨʦʙʦʪʽ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʤʝʪʦʜʠʯʥʽ ʧʨʠʥʮʠʧʠ ʨʦʟʚôʷʟʘʥʥʷ 
ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʡ ʫʧʨʘʚʣʽʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʫ ʥʘ 

ʤʽʞʥʘʨʦʜʥʠʭ ʣʽʥʽʷʭ ʩʧʦʣʫʯʝʥʥʷ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ: ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʟʘʭʦʜʠ ʱʦʜʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ; 

ʦʙˇʨʫʥʪʦʚʘʥʽ ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʩʪʘʥʫ ʡ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʧʨʠ 

ʚʟʘʻʤʦʜʽʾ ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʘʛʨʦʧʨʦʜʫʢʮʽʾ; 

ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʪʨʘʥʩʧʦʨʪʫ ʧʨʠ 

ʤʽʞʥʘʨʦʜʥʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ; 

5. ʈʦʟʛʣʷʥʫʪʽ ʚ ʨʦʙʦʪʽ ʦʙ'ʻʢʪʠʚʥʽ ʧʝʨʝʜʫʤʦʚʠ ʩʢʣʘʜʘʶʪʴ ʚʠʭʽʜʥʠʡ ʬʫʥʜʘʤʝʥʪ 
ʧʦʰʠʨʝʥʥʷ ʣʦʛʽʩʪʠʯʥʦʾ ʢʦʥʮʝʧʮʽʾ ʚ ʩʬʝʨʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʦʙʽʛʫ 

ʘʛʨʦʧʨʦʜʫʢʮʽʾ.  

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʣʦʛʽʩʪʠʯʥʠʭ ʣʘʥʮʶʛʽʚ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʚʘʥʪʘʞʽʚ ʫ 

ʤʽʞʥʘʨʦʜʥʦʤʫ ʩʧʦʣʫʯʝʥʥʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʠʪʫʘʮʽʷ, ʧʦʚôʷʟʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʨʘʥʩʧʦʨʪʫ, ʦʙ'ʻʢʪʠʚʥʦ ʚʠʤʘʛʘʻ ʩʪʚʦʨʝʥʥʷ ʽ ʪʝʨʤʽʥʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʦʾ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʚʘʥʪʘʞʦʧʦʪʦʢʘʤʠ, ʟʘʩʥʦʚʘʥʦʾ ʥʘ ʣʦʛʽʩʪʠʯʥʠʭ ʧʨʠʥʮʠʧʘʭ ʨʫʭʫ ʘʛʨʦʧʨʦʜʫʢʮʽʾ.  
 

[1] ʆʤʝʣʴʯʝʥʢʦ, ʆ. ɼ. ʉʪʚʦʨʝʥʥʷ ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʘʥʪʘʞʦʧʦʪʦʢʘʤʠ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ 

[ʊʝʢʩʪ] : ɿʙ. ʥʘʫʢ. ʧʨ. ɼɽʊʋʊ. ʉʝʨ. ʊʨʘʥʩʧʦʨʪʥʽ ʩʠʩʪʝʤʠ ʽ ʪʝʭʥʦʣʦʛʽʾ. ʆ. ɼ. ʆʤʝʣʴʯʝʥʢʦ,ʉ. ʆ. ɸʨʪʝʤ-ʯʫʢ // - 

2007. - ɺʠʧ. 12. - ʉ. 141-145. 

[2] ɹʦʥʜʘʨʻʚ, ʉ. ɯ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʨʠʚʘʣʦʩʪʽ ʨʝʡʩʫ ʧʨʠ ʤʽʞʥʘʨʦʜʥʠʭ ʘʚʪʦʧʝʨʝʚʝʟʝʥʥʷʭ 

[ʊʝʢʩʪ] : ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʠʡ ʞʫʨʥʘʣ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ / ʉ. ɯ. ɹʦʥʜʘʨʻʚ. 2013. ï ʊ. 1, ˉ 4 (61). ï ʉ. 52ï

55. 

[3] ɹʦʥʜʘʨʻʚ, ʉ. ɯ. ʃʦʛʽʩʪʠʯʥʽ ʘʩʧʝʢʪʠ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ ʧʨʠ ʤʽʞʥʘʨʦʜʥʠʭ ʘʚʪʦʧʝʨʝʚʝʟʝʥʥʷʭ[ʊʝʢʩʪ] : 

ɿʙʽʨʥʠʢ ʪʝʟ ʜʦʧʦʚʽʜʝʡ. ɯɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘè / ʉ. ɯ. ɹʦʥʜʘʨʻʚ. 2019. ï ʉ. 63-66. 

[4] Zagurskiy, O.ʄ.  Food supply transport and logistics system organizations [ʊʝʢʩʪ] : Machinery & Energetics // 

O.ʄ. Zagurskiy & T. S. Zhurakovska. 2021, v. 12(4), - P. 53-59. 

[5] S. I. Bondariev(2021).ALGORITHM FOR OPTIMIZATION OF PRODUCTION PROCESSES AND 

PASSENGER  TRANSPORTATION OPERATIONS.    Machinery & Energetics,12(4),95-101. 

 

 

ʋɼʂ 631.15:658.27 

 

ʆʎɯʅʂɸ ʗʂɯʉʅʀʍ ʇʆʂɸɿʅʀʂɯɺ ʇɽʈɽɺɽɿɽʅʔ ɻʈʆʄɸɼʉʔʂʀʄ 

ʊʈɸʅʉʇʆʈʊʆʄ 

 

EVALUATION OF TRANSPORTATION QUALITY INDICATORS BY 

PUBLIC TRANSPORT  

 

ɯ.ɺ. ʈʦʞʦʰʝʥʢʦ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʉ.ɯ. ɹʦʥʜʘʨʻʚ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ (ʤ. ʂʠʾʚ) 

 

ɯ.ɺ. Rozhoshenko, S.I. Bondariev, PhD (Tech.) 
National University of Life and Environmental Sciences of Ukraine (Kyiv) 

 

ɺʽʜʦʤʦ, ʱʦ ʚʘʨʽʘʪʠʚʥʠʤʠ ʧʦʥʷʪʪʷʤʠ ʫ ʩʫʯʘʩʥʽʡ ʜʦʩʣʽʜʥʠʮʴʢʽʡ ʪʨʘʜʠʮʽʾ ʻ 

çʪʨʘʥʩʧʦʨʪʥʘ ʧʦʚʝʜʽʥʢʘè ʪʘ çʤʦʙʽʣʴʥʽʩʪʴè. ʋ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʟʥʘʯʝʥʦ 

ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʪʘ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʮʠʤʠ ʧʦʥʷʪʪʷʤʠ. ɯʩʥʫʻ ʜʚʽ 
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ʽʥʪʝʨʧʨʝʪʘʮʽʾ: ʫʧʨʘʚʣʽʥʩʴʢʠʡ ʪʘ ʪʝʦʨʝʪʠʢʦ-ʧʨʘʢʪʠʯʥʠʡ ʧʦʪʽʢ. ʋʧʨʘʚʣʽʥʩʴʢʠʡ - 

ʮʝ ʤʦʙʽʣʴʥʽʩʪʴ, ʪʝʦʨʝʪʠʢʦ-ʧʨʘʢʪʠʯʥʠʡ - ʨʫʭʣʠʚʽʩʪʴ. ʉʘʤʝ ʧʦʥʷʪʪʷ çʪʨʘʥʩʧʦʨʪʥʘ 

ʧʦʚʝʜʽʥʢʘè ʽʥʪʝʛʨʫʻ ʨʝʟʫʣʴʪʘʪʠ ʢʽʣʴʢʽʩʥʠʭ ʪʘ ʷʢʽʩʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢ 

ʣʘʥʮʶʛ ʚʟʘʻʤʦʜʽʶʯʠʭ ʘʢʪʽʚ ʤʽʞ ʧʘʩʘʞʠʨʘʤʠ ʡ ʪʨʘʥʩʧʦʨʪʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ. 

ʉʧʦʞʠʚʯʘ ʮʽʥʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ ʻ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʫ ʽ ʪʨʘʥʩʧʦʨʪʥʦʾ çʧʦʚʝʜʽʥʢʠè. ʆʩʢʽʣʴʢʠ ʮʽʥʥʽʩʪʴ ʜʣʷ ʧʘʩʘʞʠʨʘ - ʮʝ 

ʤʝʞʘ ʤʽʞ ʦʯʽʢʫʚʘʥʥʷʤʠ ʪʘ çʞʝʨʪʚʘʤʠè ʧʘʩʘʞʠʨʽʚ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʮʽʥʘ ï 

ʷʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʦʩʣʫʛʠ. ʄʦʙʽʣʴʥʽʩʪʴ ʧʨʦʧʦʨʮʽʡʥʘ ʨʽʚʥʶ ʞʠʪʪʷ ʥʘʩʝʣʝʥʥʷ, 

ʢʫʣʴʪʫʨʽ ʧʦʙʫʪʫ, ʨʦʟʚʠʪʢʫ ʧʨʦʜʫʢʪʠʚʥʠʭ ʩʠʣ ʽ, ʥʘʡʛʦʣʦʚʥʽʰʝ, ʨʦʟʚʠʪʢʫ ʩʘʤʦʾ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ [1]. 

ʊʨʘʥʩʧʦʨʪʥʽ ʧʦʪʨʝʙʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʝʤ ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʦʙʽʣʴʥʦʩʪʽ 

ʥʘʩʝʣʝʥʥʷ. ʄʦʙʽʣʴʥʽʩʪʴ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ 

ʧʘʩʘʞʠʨʽʚ ʪʨʘʥʩʧʦʨʪʫ ʜʦ ʢʽʣʴʢʦʩʪʽ ʤʝʰʢʘʥʮʽʚ ʧʝʚʥʦʾ ʪʝʨʠʪʦʨʽʾ, ʽʥʜʠʚʽʜʫʘʣʴʥʦʶ 

ʤʦʙʽʣʴʥʽʩʪʶ ʦʢʨʝʤʠʭ ʛʨʫʧ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʥʘʩʝʣʝʥʥʷ (ʩʪʫʜʝʥʪʠ, ʧʨʘʮʽʚʥʠʢʠ, 

ʧʝʥʩʽʦʥʝʨʠ ʪʘ ʽʥ.) ʪʘ ʤʝʪʦʶ ʧʦʾʟʜʢʠ. ʇʦʢʘʟʥʠʢʠ ʤʦʙʽʣʴʥʦʩʪʽ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʷʢ 

ʯʘʩʪʦ ʧʝʚʥʠʡ ʩʝʛʤʝʥʪ ʧʘʩʘʞʠʨʽʚ ʢʦʨʠʩʪʫʻʪʴʩʷ ʧʦʩʣʫʛʦʶ [2, 3]. ʉʪʘʥʜʘʨʪʠ ʷʢʦʩʪʽ 

ʥʘ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʥʷʭ ʨʝʛʫʣʶʶʪʴʩʷ ʟʘʢʦʥʦʜʘʚʯʠʤʠ ʥʦʨʤʘʤʠ [3]. 

ʆʜʥʘʢ ʩʘʤʘ ʷʢʽʩʪʴ ʥʝ ʚʢʣʘʜʝʥʦ ʚ ʢʦʥʪʝʢʩʪʽ ʦʮʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʮʠʭ ʧʦʩʣʫʛ.  

ʊʨʘʥʩʧʦʨʪʥʽ ʢʦʤʧʘʥʽʾ ʧʝʨʝʚʘʞʥʦ ʦʨʽʻʥʪʫʶʪʴʩʷ ʥʘ ʩʪʘʥʜʘʨʪʠ ʷʢʦʩʪʽ, ʥʽʞ ʥʘ 

ʧʦʪʨʝʙʠ ʧʘʩʘʞʠʨʽʚ. ɼʣʷ ʢʦʞʥʦʾ ʟ ʮʠʭ ʩʬʝʨ ʦʮʽʥʶʚʘʥʥʷ ʩʠʩʪʝʤʘ ʚʠʟʥʘʯʘʻ ʥʘʙʽʨ 

ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʶʚʘʥʥʷ ʥʘ ʦʜʥʦʤʫ ʟ ʪʨʴʦʭ ʨʽʚʥʽʚ [4]: ʢʦʤʙʽʥʦʚʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʷʢʦʩʪʽ; ʝʣʝʤʝʥʪʘʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ; çʩʠʛʥʘʣʴʥʽè ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʩʪʽ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʟ ʟʘʟʥʘʯʝʥʦʛʦ ʟʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʥʫʪʨʽʰʥʷ ʨʝʘʣʴʥʽʩʪʴ 

ʷʢʦʩʪʽ ʥʘʜʘʥʥʷ ʧʘʩʘʞʠʨʩʴʢʦʾ ʧʦʩʣʫʛʠ ʥʘ ʛʨʦʤʘʜʩʴʢʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʻ ʧʨʦʜʫʢʪʦʤ 

ʚʽʜʥʦʩʥʦ ʩʫʙ'ʻʢʪʠʚʥʠʤ ʫ ʨʷʜʽ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʊʦʤʫ ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʣʘʩʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʦʩʣʫʛʠ ʥʘ ʛʨʦʤʘʜʩʴʢʦʤʫ ʧʘʩʘʞʠʨʩʴʢʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʚʝʜʝʥʠʭ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʽʟʥʠʭ ʩʦʮʽʘʣʴʥʠʭ ʛʨʫʧ ʥʘʩʝʣʝʥʥʷ ʫ ʚʝʣʠʢʠʭ 

ʤʽʩʪʘʭ ʋʢʨʘʾʥʠ. ɼʣʷ ʫʥʽʬʽʢʘʮʽʾ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʥʘʤʠ ʧʨʦʚʝʜʝʥʠʡ ɸɺʉ ʘʥʘʣʽʟ 

ʧʦ ʦʩʥʦʚʥʠʤ ʛʨʫʧʘʤ ʥʘʩʝʣʝʥʥʷ - ʩʪʫʜʝʥʪʠ, ʥʘʩʝʣʝʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʛʨʦʤʘʜʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ ʟʘ ʜʽʣʦʚʦʶ ʩʧʨʷʤʦʚʘʥʽʩʪʶ, ʧʝʥʩʽʦʥʝʨʠ ʪʘ ʽʥ. (ʪʘʙʣ. 1). 
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ʊʘʙʣʠʮʷ 1. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ɸɺʉ ʘʥʘʣʽʟʫ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʧʝʨʝʚʝʟʝʥʴ 

ʂʨʠʪʝʨʽʡ ʷʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʦʩʣʫʛʠ 
ɼʦʣʷ ʨʝʩʧʦʥʜʝʥʪʽʚ ʧʦ ʂʘʪʝʛʦʨʽʷ 

ɸɺʉ ʷʢʦʩʪʽ, % ʛʨʫʧʘʤ, % 

ʎʽʥʘ  ʧʦʩʣʫʛʠ 17  ɸ 

ʐʚʠʜʢʽʩʪʴ  ʧʝʨʝʤʽʱʝʥʥʷ 15  ɸ 

ɯʥʪʝʨʚʘʣʠ  ʨʫʭʫ 13 57 ɸ 

ʅʘʷʚʥʽʩʪʴ  ʚʽʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚ ʩʘʣʦʥʽ 13  ɸ 

ʇʽʰʦʭʽʜʥʘ  ʜʦʩʪʫʧʥʽʩʪʴ 10  ɸ 

ɿʨʫʯʥʽʩʪʴ  ʨʦʟʢʣʘʜʫ 9  ɺ 

ʅʘʜʽʡʥʽʩʪʴ  ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ (ʙʝʟʧʝʢʘ) 8 29 ɺ 

ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ  (ʨʦʟʢʣʘʜ, ʩʭʝʤʘ 

ʤʘʨʰʨʫʪʫ) 6  ɺ 

ʈʦʟʤʽʱʝʥʥʷ  ʟʫʧʠʥʦʢ ʚ ʮʝʥʪʨʘʭ ʪʷʞʽʥʥʷ 

ʧʘʩʘʞʠʨʽʚ 5  ʉ 

ʂʦʤʬʦʨʪ (ʤʽʢʨʦʢʣʽʤʘʪ, ʦʩʚʽʪʣʝʥʥʷ, ʷʢʽʩʪʴ 

ʩʘʣʦʥʫ ʪʦʱʦ) 2 14 ʉ 

ʈʦʙʦʪʘ  ʚʦʜʽʷ ʽ ʢʦʥʜʫʢʪʦʨʘ (ʚʽʯʣʠʚʽʩʪʴ, 

ʦʭʘʡʥʽʩʪʴ ʪʦʱʦ) 2  ʉ 

ɺʩʴʦʛʦ 100 100  

 

ʗʢ ʙʘʯʠʤʦ, ʧʦʢʘʟʥʠʢʠ ʚ ʢʘʪʝʛʦʨʽʾ çɸè ʥʘʙʨʘʣʠ ʤʘʡʞʝ ʚ 2 ʨʘʟʠ ʙʽʣʴʰʝ ʙʘʣʽʚ 

ʥʽʞ çɺè ʽ ʘʥʘʣʦʛʽʯʥʦ ʚʽʜʥʦʰʝʥʥʷ ʛʨʫʧ çɺè ʽ çʉè. çʅʘʜʽʡʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ (ʙʝʟʧʝʢʘ)è ʦʮʽʥʝʥʠʡ ʽ ʻ ʫ ʛʨʫʧʽ çɺè (8 %). ɹʽʣʴʰʽʩʪʴ ʧʘʩʘʞʠʨʽʚ ʚʚʘʞʘʶʪʴ, 

ʱʦ ʮʝʡ ʧʦʢʘʟʥʠʢ ʤʘʻ ʙʫʪʠ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʦʨʛʘʥʽʟʘʪʦʨʘʤʠ ʧʝʨʝʚʝʟʝʥʴ.  

ʊʘʢʦʞ ʧʨʦʚʝʜʝʥʽ ʦʧʠʪʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ ʱʦʜʦ ʮʽʥʠ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ. ɰʭʥʷ 

ʜʫʤʢʘ ʨʦʟʜʽʣʠʣʘʩʴ ʧʦ ʩʦʮʽʘʣʴʥʠʤ ʛʨʫʧʘʤ ʥʘʩʝʣʝʥʥʷ, ʘʣʝ ʟʘʛʘʣʴʥʘ ʪʝʥʜʝʥʮʽʷ 

ʤʘʡʞʝ ʦʜʥʦʩʪʘʡʥʘ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʥʘʷʚʥʠʤ ʥʘ ʜʘʥʠʡ ʯʘʩ ʛʨʦʤʘʜʩʴʢʠʤ 

ʪʨʘʥʩʧʦʨʪʦʤ ʧʦʩʪʽʡʥʦ ʢʦʨʠʩʪʫʶʪʴʩʷ ʛʨʦʤʘʜʷʥʠ ʫ ʷʢʠʭ ʮʝʡ ʪʨʘʥʩʧʦʨʪ ʷʚʣʷʻʪʴʩʷ 

ʻʜʠʥʠʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʫ ʽ ʚʦʥʠ ʤʘʶʪʴ ʩʝʨʝʜʥʽʡ ʽ ʥʠʞʯʝ ʩʝʨʝʜʥʴʦʛʦ ʜʦʩʪʘʪʦʢ. 

ʃʝʚʦʚʘ ʯʘʩʪʢʘ ʨʝʩʧʦʥʜʝʥʪʽʚ ʛʦʪʦʚʽ ʧʣʘʪʠʪʠ ʙʽʣʴʰʝ ʟʘ ʢʚʠʪʦʢ, ʦʩʦʙʣʠʚʦ, ʷʢʱʦ 

ʙʫʜʫʪʴ ʟʘʜʦʚʦʣʴʥʷʪʠʩʴ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʛʨʫʧʠ çɸè.  
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʤʝʥʝʜʞʤʝʥʪʫ ʫ ʩʪʚʦʨʝʥʥʽ ʤʽʞʥʘʨʦʜʥʠʭ ʽ 

ʥʘʮʽʦʥʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʙʝʟʧʝʨʝʨʚʥʦ ʟʨʦʩʪʘʻ ʽ ʦʭʦʧʣʶʻ ʥʦʚʽ ʩʬʝʨʠ ʣʶʜʩʴʢʦʾ 

ʜʽʷʣʴʥʦʩʪʽ. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʘʩʧʝʢʪʽʚ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʧʨʦʬʝʩʽʡʥʠʭ 

ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ ʥʘʚʯʘʥʥʷ, ʨʦʟʚʠʪʢʫ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʬʝʩʽʡʥʠʭ ʥʘʚʠʯʦʢ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ, 

ʢʦʤʘʥʜʥʦʾ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʆʩʥʦʚʦʧʦʣʦʞʥʠʤʠ ʥʘʧʨʷʤʘʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ISO-9000-2000 ʪʘ ISO-10015-2001.  

ɼʽʷʣʴʥʽʩʪʴ ʟ ʨʦʟʚʠʪʢʫ ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʨʘʜʠʮʽʡʥʽ 

ʧʨʦʛʨʘʤʠ ʥʘʚʯʘʥʥʷ, ʘʣʝ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʨʦʟʚʠʪʢʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʢʘʧʽʪʘʣʫ ʽ ʩʪʨʘʪʝʛʽʾ ʥʘʚʯʘʥʥʷ. ɯʥʜʠʚʽʜʫʘʣʴʥʝ ʥʘʚʯʘʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ ʚʠʤʦʛʘʤʠ ʜʦ ʧʝʨʩʦʥʘʣʫ ʚ ʦʙʣʘʩʪʽ ʥʘʜʙʘʥʥʷ ʫʤʽʥʴ, ʥʘʚʠʯʦʢ ʽ 

ʪʠʧʽʚ ʧʦʚʝʜʽʥʢʠ. ʉʪʨʘʪʝʛʽʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʽʥʚʝʩʪʫʚʘʥʥʷ ʚ ʧʨʘʮʽʚʥʠʢʽʚ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʦʥʢʫʨʝʥʪʥʦʾ ʧʝʨʝʚʘʛʠ 

ʦʨʛʘʥʽʟʘʮʽʾ.  

ʋ ʩʘʤʦʥʘʚʯʘʥʥʽ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʪʘʢʽ ʧʦʟʠʮʽʾ: 

ʘ) ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʧʨʦʮʝʩ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʟʘ ʩʠʩʪʝʤʦʶ ʤʝʥʝʜʞʤʝʥʪʫ TQM; 

ʙ) ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʜʽʷʣʴʥʽʩʪʴ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʙʝʟʧʝʨʝʨʚʥʝ ʦʨʛʘʥʽʟʘʮʽʡʥʝ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ; 

ʚ) ʥʘʚʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʠʥʫʣʦʛʦ ʜʦʩʚʽʜʫ; 

ʛ) ɹʝʥʯʤʘʨʢʽʥʛ - ʧʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ ʢʦʤʧʘʥʽʡ ʟ çʥʘʡʢʨʘʱʦʶ ʧʨʘʢʪʠʢʦʶè. 

ʜ) ʇʦʰʠʨʝʥʥʷ ʟʥʘʥʴ ʧʝʨʩʦʥʘʣʫ ʟ ʜʦʩʚʽʜʦʤ ʚ ʩʝʨʝʜʠʥʽ ʢʦʣʝʢʪʠʚʫ; 

ʝ) ʬʦʢʫʩʫʚʘʥʥʷ ʥʘ ʛʨʫʧʦʚʦʤʫ ʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤ ʷʢ ʦʩʥʦʚʽ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʘʥʜʥʦʾ ʨʦʙʦʪʠ. 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʢʘʧʽʪʘʣ ʦʨʛʘʥʽʟʘʮʽʾ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʝʤʘʪʝʨʽʘʣʴʥʠʭ ʘʢʪʠʚʽʚ, 

ʷʢʽ ʤʦʞʫʪʴ ʚʽʜʥʦʩʠʪʠʩʴ ʜʦ ʩʧʦʞʠʚʘʯʽʚ (ʣʦʷʣʴʥʽʩʪʴ, ʙʨʝʥʜʠ ʪʦʱʦ), ʜʦ ʜʘʥʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ (ʥʘʢʦʧʠʯʝʥʽ ʟʥʘʥʥʷ, ʢʦʤʝʨʮʽʡʥʽ ʩʝʢʨʝʪʠ, ʩʠʩʪʝʤʠ ʡ ʤʝʪʦʜʠʢʠ) ʽ ʜʦ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʚʠʢʦʥʘʚʮʽʚ (ʟʜʽʙʥʦʩʪʽ, ʦʩʦʙʣʠʚʽ ʚʤʽʥʥʷ ʪʘ ʥʘʚʠʯʢʠ, ʥʦʫ-ʭʘʫ). 

ʆʩʪʘʥʥʷ ʩʢʣʘʜʦʚʘ ʩʧʽʚʚʽʜʥʦʩʠʪʴʩʷ ʟ ʣʶʜʩʴʢʠʤ ʢʘʧʽʪʘʣʦʤ ʦʨʛʘʥʽʟʘʮʽʾ, ʥʘ ʷʢʠʡ, 

ʚʣʘʩʥʝ, ʽ ʩʧʨʷʤʦʚʘʥʽ ʩʪʨʘʪʝʛʽʾ ʟ ʨʦʟʚʠʪʢʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʢʘʧʽʪʘʣʫ. 

ɹʘʣʘʥʩ ʘʢʪʠʚʽʚ ʽ ʧʘʩʠʚʽʚ ʨʦʟʚʠʪʢʫ ʣʶʜʩʴʢʦʛʦ ʢʘʧʽʪʘʣʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ 

ʪʘʙʣʠʮʽ 1.  
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ʊʘʙʣʠʮʷ 1   ɸʢʪʠʚʠ ʽ ʧʘʩʠʚʠ ʨʦʟʚʠʪʢʫ ʣʶʜʩʴʢʦʛʦ ʢʘʧʽʪʘʣʫ ʦʨʛʘʥʽʟʘʮʽʾ 

ɸʢʪʠʚʠ  ʇʘʩʠʚʠ 

ɹʝʟʧʝʨʝʨʚʥʝ ʥʘʚʯʘʥʥʷ ɽʧʽʟʦʜʠʯʥʽ ʧʨʦʛʨʘʤʠ ʥʘʚʯʘʥʥʷ 

ʉʫʯʘʩʥʽ ʟʥʘʥʥʷ ʽ ʥʘʚʠʯʢʠ ɿʘʩʪʘʨʽʣʠʡ ʜʦʩʚʽʜ 

ʅʘʩʪʫʧʥʽʩʪʴ ʨʦʙʦʯʠʭ ʢʦʤʘʥʜ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ 

ɿʘʛʘʣʴʥʘ ʜʦʩʪʫʧʥʝ ʟʥʘʥʥʷ ʃʦʢʘʣʽʟʦʚʘʥʝ ʟʥʘʥʥʷ 

ʆʙʛʦʚʦʨʝʥʥʷ ʜʦʧʫʱʝʥʠʭ 

ʧʦʤʠʣʦʢ ʽ ʥʘʚʯʘʥʥʷ ʥʘ ʧʦʤʠʣʢʘʭ 

ʇʨʘʢʪʠʢʘ ʟʚʠʥʫʚʘʯʝʥʥʷ ʽʥʰʠʭ ʫ 

ʜʦʧʫʱʝʥʠʭ ʧʦʤʠʣʢʘʭ 

ʐʠʨʦʢʝ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ ɯʟʦʣʴʦʚʘʥʽʩʪʴ 

ʅʠʟʴʢʠʡ ʨʽʚʝʥʴ ʚʪʨʘʪʠ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ 

ɺʠʩʦʢʘ ʧʣʠʥʥʽʩʪʴ ʢʘʜʨʽʚ 

ɺʽʜʢʨʠʪʽʩʪʴ ʽ ʦʨʽʻʥʪʦʚʘʥʽʩʪʴ 

 ʥʘ ʩʧʦʞʠʚʘʯʘ 

ʟʘʢʣʦʧʦʪʘʥʽʩʪʴ ʚʥʫʪʨʽʰʥʽʤʠ 

 ʧʨʦʙʣʝʤʘʤʠ 

ɻʥʫʯʢʘ ʦʨʛʘʥʽʟʘʮʽʷ ɾʦʨʩʪʢʘ ʽʻʨʘʨʭʽʷ 

 

ʈʦʟʚʠʪʦʢ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʢʘʧʽʪʘʣʫ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʤʘʢʩʠʤʽʟʘʮʽʶ 

ʘʢʪʠʚʽʚ ʽ ʤʽʥʽʤʽʟʘʮʽʶ ʧʘʩʠʚʽʚ. ʈʦʟʚʠʪʦʢ ʢʝʨʽʚʥʠʭ ʢʘʜʨʽʚ ʦʨʽʻʥʪʦʚʘʥʦ: ʥʘ ʥʘʜʘʥʥʷ 

ʤʝʥʝʜʞʝʨʘʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝ, ʯʦʛʦ ʚʽʜ ʥʠʭ ʦʯʽʢʫʶʪʴ ʚ ʾʭ ʨʦʙʦʪʽ ʽ ʷʢ ʚʦʥʘ 

ʦʮʽʥʶʻʪʴʩʷ; ʚʠʟʥʘʯʝʥʥʷ ʦʙʣʘʩʪʝʡ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʦʪʦʯʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ 

ʤʝʥʝʜʞʝʨʽʚ; ʚʠʷʚʣʝʥʥʷ ʤʝʥʝʜʞʝʨʽʚ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʧʦʪʝʥʮʽʘʣʦʤ ʜʣʷ ʨʦʟʚʠʪʢʫ ʽ 

ʩʪʠʤʫʣʶʚʘʥʥʷ ʾʭ ʜʦ ʩʢʣʘʜʘʥʥʷ ʽ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʽʚ ʦʩʦʙʠʩʪʦʛʦ ʨʦʟʚʠʪʢʫ; 

ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ ʨʦʟʚʠʪʢʫ ʤʝʥʝʜʞʝʨʽʚ ʽ ʧʦʜʘʣʴʰʦʛʦ ʾʭ ʢʘʨôʻʨʥʦʛʦ ʨʦʩʪʫ; 

ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ, ʷʢʘ ʨʝʛʫʣʶʻ ʽ ʢʦʥʪʨʦʣʶʻ ʮʝʡ ʧʨʦʮʝʩ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʟʥʘʯʝʥʥʷ ʩʪʨʘʪʝʛʽʡ ʨʦʟʚʠʪʢʫ ʪʨʫʜʦʚʠʭ ʣʶʜʩʴʢʠʭ 

ʨʝʩʫʨʩʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚʩʽ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʦʨʛʘʥʽʟʘʮʽʾ ʤʘʣʠ ʥʝʦʙʭʽʜʥʽ 

ʟʥʘʥʥʷʤʠ, ʚʤʽʥʥʷʤʠ, ʥʘʚʠʯʢʠ ʽ ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʪʦʯʥʠʭ ʽ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʮʽʣʝʡ, ʧʦʩʪʘʚʣʝʥʠʭ ʦʨʛʘʥʽʟʘʮʽʻʶ. 
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[4] ɹʦʥʜʘʨʻʚ, ʉ. ɯ. ʗʢʽʩʪʴ ʤʝʥʝʜʞʤʝʥʪʫ ʫʧʨʘʚʣʽʥʥʷ ʪʨʫʜʦʚʠʤʠ ʨʝʩʫʨʩʘʤʠ ʥʘ ʘʚʪʦʧʽʜʧʨʠʻʤʩʪʚʘʭ [ʊʝʢʩʪ] :  

ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ: ɯɯɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ, 

23ï26 ʢʚʽʪʥʷ 2020 ʨʦʢʫ: ʪʝʟʠ ʢʦʥʬʝʨʝʥʮʽʾ. - ʂʠʾʚ. 2020. _ ʉ. 27-29. 
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PLANNING  

 

ʆ.ʆ. ɯʱʝʥʢʦ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʉ.ɯ. ɹʦʥʜʘʨʻʚ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ (ʤ. ʂʠʾʚ) 

 

ʆ.ɸ. Ishchenko, S.I. Bondariev, PhD (Tech.) 
National University of Life and Environmental Sciences of Ukraine (Kyiv) 

 

ʈʦʟʛʣʷʜʘʶʯʠ ʧʠʪʘʥʥʷ ʱʦʜʦ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʠʭ ʧʨʠʙʫʪʢʽʚ ʥʘ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʽ, ʥʝʦʙʭʽʜʥʽ ʧʦʩʪʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʧʨʦʬʝʩʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʥʪʘʞʥʦʾ ʪʝʭʥʽʢʠ, ʨʦʙʦʯʦʛʦ 

ʧʝʨʩʦʥʘʣʫ, ʪʘʨʠ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʨʦʟʨʦʙʢʠ ʟ ʜʦʩʪʘʚʢʠ ʽ ʧʝʨʝʤʽʱʝʥʥʷ ʙʫʜʴ-ʷʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʦʜʥʽʻʾ ʪʦʯʢʠ ʚ ʽʥʰʫ ʟʘ ʦʧʪʠʤʘʣʴʥʠʤ ʤʘʨʰʨʫʪʦʤ. ʆʪʞʝ, ʚʠʨʽʰʝʥʥʷ 

ʚʢʘʟʘʥʠʭ ʟʘʜʘʯ ʜʦʟʚʦʣʠʪʴ ʫʟʛʦʜʠʪʠ ʣʦʛʽʩʪʠʢʫ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʚʠʢʦʥʘʚʯʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʣʘʥʦʢ, ʷʢʽ ʟʘʜʽʷʥʽ ʫ ʧʝʨʝʤʽʱʝʥʥʽ ʚʘʥʪʘʞʽʚ [1]. 

ʋ ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ ʷʢʽʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘʜʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ 

ʻ ʩʢʣʘʜʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʛʨʘʬʽʢʽʚ ʧʦʜʘʯʽ ʪʨʘʥʩʧʦʨʪʫ ʫ ʟʘʜʘʥʠʡ ʯʘʩ. ʇʨʦʚʝʜʝʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʽ ʦʙˇʨʫʥʪʫʚʘʥʥʶ ʘʜʝʢʚʘʪʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ 

ʫʟʛʦʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʽ ʚʘʥʪʘʞʥʠʭ ʟʘʩʦʙʽʚ ʫ ʟʘʜʘʥʠʭ 

ʯʘʩʦʚʠʭ ʤʝʞʘʭ. 

ʅʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʩʥʦʚʥʫ ʟʘʣʝʞʥʽʩʪʴ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʩʪʦʾʚ ʟ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʯʠʥ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ 

ʧʨʠ ʚʠʢʦʥʘʥʥʷ ʤʽʞʥʘʨʦʜʥʦʛʦ ʦʙʦʨʦʪʥʦʛʦ ʨʝʡʩʫ [2]: 

 

( )
ʟʤʪ

ʱʦʧʝʨʧʝʨʟʤʦʙ

ʤʠʪʤʠʪʨʦʟʚʥʦʙ
TV

ttNTL
tnttt

)(
2.

++Ö
+ÖÖ++=   

ʜʝ .ʤʠʪn  ï ʢʽʣʴʢʽʩʪʴ ʤʠʪʥʠʮʴ; .ʤʠʪt - ʯʘʩ ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʤʠʪʥʦʛʦ ʧʫʥʢʪʫ; 

tʧʝʨ.ʱʦ  - ʩʫʤʘʨʥʠʡ ʯʘʩ ʧʨʦʩʪʦʶ (ʧʝʨʝʨʚʠ ʽ ʱʦʜʝʥʥʽ ʚʽʜʧʦʯʠʥʢʠ ʚʦʜʽʾʚ; Lʦʙ. ï 

ʜʦʚʞʠʥʠ ʨʝʡʩʫ; ʊʟʤ. ï ʯʘʩ ʥʘ ʚʠʢʦʥʘʥʥʷ ʟʤʽʥʠ; Nʧʝʨ ï ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʨʚ ʧʨʦʪʷʛʦʤ 

ʦʜʥʽʻʾ ʟʤʽʥʠ; tʧʝʨ -  ʯʘʩ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʦʜʥʽʻʾ ʧʝʨʝʨʚʠ ʚʦʜʽʷ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʾ ʨʦʙʦʪʠ ʥʘʤʠ ʦʙˇʨʫʥʪʦʚʘʥʘ ʩʫʪʴ ʽʩʥʫʶʯʦʾ 

ʧʨʦʙʣʝʤʠ ʱʦʜʦ ʫʟʛʦʜʞʝʥʥʷ ʨʦʙʦʪʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʪʘ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʩʢʣʘʜʩʴʢʠʡ ʢʦʤʧʣʝʢʩʽʚ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʤʽʞʥʘʨʦʜʥʠʭ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ [3].  

ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʨʷʜ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʩʘʜ ʱʦʜʦ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʪʘ 

ʚʽʜʧʦʯʠʥʢʫ ʝʢʽʧʘʞʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʤʦʛʘʤʠ ʱʦʜʦ 

ʨʦʙʦʪʠ ʽ ʚʽʜʧʦʯʠʥʢʫ ʚʦʜʽʾʚ . ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʤʽʞʥʘʨʦʜʥʦʛʦ ʦʙʦʨʦʪʥʦʛʦ ʨʝʡʩʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʤʝʞʝʥʴ 
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ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ ʽ ʚʽʜʧʦʯʠʥʢʫ ʚʦʜʽʾʚ ʟʘ ʧʨʘʚʠʣʘʤʠ ɭʚʨʦʧʝʡʩʴʢʦʾ ʫʛʦʜʠ ʱʦʜʦ 

ʨʦʙʦʪʠ ʝʢʽʧʘʞʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 
 

[1] ɹʦʥʜʘʨʻʚ ʉ. ɯ. ʆʮʽʥʢʘ ʯʘʩʫ ʨʫʭʫ ʧʦ ʜʽʣʷʥʢʘʤ ʤʘʨʰʨʫʪʫ ʧʨʠ ʤʽʞʥʘʨʦʜʥʠʭ ʘʚʪʦʧʝʨʝʚʝʟʝʥʥʷʭ [ʊʝʢʩʪ] / ʉ. ɯ. 

ɹʦʥʜʘʨʻʚ // ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ : ɯɯɯ ʄʽʞʥʘʨ. ʥʘʫʢʦʚʦ-ʧʨʘʢʪ. ʢʦʥʬ., ʂʠʾʚ, 23 ʢʚʽʪ. 2020 

ʨ. ï ʂʠʾʚ, 2020. ï ʉ. 169-172. 

[2] ɹʦʥʜʘʨʻʚ ʉ. ɯ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʨʠʚʘʣʦʩʪʽ ʨʝʡʩʫ ʧʨʠ ʤʽʞʥʘʨʦʜʥʠʭ ʘʚʪʦʧʝʨʝʚʝʟʝʥʥʷʭ 

[ʊʝʢʩʪ] / ʉ. ɯ. ɹʦʥʜʘʨʻʚ // ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʠʡ ʞʫʨʥʘʣ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ï 2013. ï ʊ. 1, ˉ 4 (61). ï ʉ. 

52ï55. 

[3] ʂʘʚʫʥ, ɻ. ʄ. ɽʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʚʘʥʪʘʞʦʧʝʨʝʚʝʟʝʥʴ ʚ 

ʘʛʨʘʨʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ [ʊʝʢʩʪ] // ʊʘʚʨʽʡʩʴʢʠʡ ʥʘʫʢʦʚʠʡ ʚʽʩʥʠʢ. - ʉʝʨʽʷ: ɽʢʦʥʦʤʽʢʘ, ˉ 10 (30 ʛʨʫʜʥʷ 2021). 

2021. - ʉ. 38ï44.  
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ʋɼʂ 656.013 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʇʀʊɸʅʅʗ ʆʈɻɸʅɯɿɸʎɯɰ ʇʈʆʎɽʉʋ 

ʆɹʉʃʋɻʆɺʋɺɸʅʅʗ ɺɸʅʊɸɾʆʇʆʊʆʂɯɺ ʅɸ ʊɽʈʄɯʅɸʃɯ ʇʆ 

ʇʈʗʄʆʄʋ ɺɸʈɯɸʅʊʋ ɺ ɯʅʊɽɻʈɸʃʔʅʀʍ ʊʈɸʅʉʇʆʈʊʅʀʍ 

ʉʀʉʊɽʄɸʍ ɼʆʉʊɸɺʂʀ ɺɸʅʊɸɾɯɺ 

 

RESEARCH ON THE ORGANISATION OF THE PROC ESS OF SERVICING 

CARGO FLOWS AT THE T ERMINAL BY THE DIREC T OPTION IN 

INTEGRATED TRANSPORT  SYSTEMS OF CARGO DELIVERY  

 

ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ɭ.ɺ. ʅʘʛʦʨʥʠʡ, ʆ.ʖ. ʃʷʰʝʥʢʦ  
ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʍʘʨʢʽʚ) 

 

Ye.V. Nagornyi, Dr.Sc.(Tech), O. Lyashenko 
Kharkiv National Automobile and Highway University (Kharkiv)  

 

ʉʫʯʘʩʥʘ ʩʠʪʫʘʮʽʷ ʥʘ ʨʠʥʢʫ ʤʽʞʥʘʨʦʜʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞʽʚ ʋʢʨʘʾʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʚʥʦʶ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ, ʘ ʮʝ ʚʠʤʘʛʘʻ ʚʽʜ ʫʯʘʩʥʠʢʽʚ ʨʠʥʢʫ 

ʛʥʫʯʢʦʩʪʽ ʪʘ ʘʜʘʧʪʘʮʽʾ ʜʦ ʫʤʦʚ, ʱʦ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʶʪʴʩʷ. ɿ ʧʦʯʘʪʢʫ ʚʽʡʩʴʢʦʚʦʛʦ 

ʢʦʥʬʣʽʢʪʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʜʦʩʪʘʚʢʘ ʝʢʩʧʦʨʪʥʦ-ʽʤʧʦʨʪʥʠʭ ʚʘʥʪʘʞʽʚ 

ʚʧʨʦʜʦʚʞ 2022-2023 ʨʨ. ʟʜʽʡʩʥʶʻʪʴʩʷ, ʧʝʨʝʚʘʞʥʦ, ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʪʘ 

ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ. ɺʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʨʠʟʠʢʫ ʦʙʫʤʦʚʠʚ ʚʽʜʤʦʚʫ ʟʘʭʽʜʥʠʭ 

ʧʝʨʝʚʽʟʥʠʢʽʚ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʚʘʥʪʘʞʦʧʦʪʦʢʠ ʤʽʞ ʋʢʨʘʾʥʦʶ ʪʘ ʢʨʘʾʥʘʤʠ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ (ɭʉ), ʱʦ ʥʘʜʘʻ ʜʦʜʘʪʢʦʚʽ ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʨʦʟʚʠʪʢʫ ʚʽʪʯʠʟʥʷʥʠʭ ʧʝʨʝʚʽʟʥʠʢʽʚ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʽ, ʚ ʮʽʣʦʤʫ.  

ʇʝʨʝʙʫʜʦʚʘ ʣʦʛʽʩʪʠʯʥʠʭ ʣʘʥʮʶʛʽʚ ʪʘ ʚʽʜʪʽʢ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ 

ʚʽʪʯʠʟʥʷʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʥʘ ʙʝʟʧʝʯʥʽ ʪʝʨʠʪʦʨʽʾ ʟʘʭʽʜʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʪʽʣʴʢʠ 

ʧʦʛʣʠʙʠʣʠ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʚʽʪʯʠʟʥʷʥʦʾ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʜʦʩʪʘʚʢʠ 

ʚʘʥʪʘʞʽʚ, ʟʦʢʨʝʤʘ, ʥʝʩʪʘʯʫ ʪʝʨʤʽʥʘʣʽʚ ʜʣʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʨʜʦʥʽ, ʘ ʪʘʢʦʞ 

ʾʭ ʥʠʟʴʢʠʡ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʽʚʝʥʴ. 

ʈʦʟʚʠʪʦʢ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʢʠ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʨʽʰʝʥʴ ʟ ʤʦʞʣʠʚʽʩʪʶ ʘʜʘʧʪʘʮʽʾ ʜʦ ʩʫʯʘʩʥʠʭ ʫʤʦʚ ʪʘ ʧʦʜʘʣʴʰʦʾ ʽʥʪʝʛʨʘʮʽʾ ʟ 

ʪʨʘʥʩʧʦʨʪʥʦʶ ʩʠʩʪʝʤʦʶ ʢʨʘʾʥ ɭʉ. ʊʨʘʥʩʧʦʨʪʥʘ ʧʦʣʽʪʠʢʘ ɭʉ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ 

ʩʪʚʦʨʝʥʥʽ ɭʜʠʥʦʛʦ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ 

ʥʘ ʩʧʽʚʧʨʘʮʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʚʠʥʠʢʥʝʥʥʽ ʙʘʛʘʪʦʥʘʮʽʦʥʘʣʴʥʠʭ ʽ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʦʧʝʨʘʪʦʨʽʚ, ʱʦ ʩʪʚʦʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʇʝʨʰ ʟʘ ʚʩʝ, ʪʘʢʽ ʨʽʰʝʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ 

ʨʦʟʚʠʪʢʦʤ ʪʝʨʤʽʥʘʣʴʥʠʭ ʩʠʩʪʝʤ ʪʘ ʬʦʨʤʫʚʘʥʥʷʤ ʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʟʘʤʦʚʥʠʢʽʚ ʪʘ ʟʥʠʞʝʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʚʠʪʨʘʪ. ʇʨʠ ʮʴʦʤʫ, ʝʬʝʢʪʠʚʥʘ ʚʟʘʻʤʦʜʽʷ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ ʚ ʽʥʪʝʛʨʘʣʴʥʽʡ ʪʨʘʥʩʧʦʨʪʥʽʡ ʩʠʩʪʝʤʽ ʧʝʨʝʜʙʘʯʘʻ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ, ʥʘʷʚʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʨʝʩʫʨʩʽʚ ʨʽʚʥʶ 

ʧʦʧʠʪʫ ʥʘ ʧʦʩʣʫʛʠ ʪʝʨʤʽʥʘʣʫ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʚʠʜʢʦʛʦ ʽ ʚʽʣʴʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʽʚ. 
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ɯʜʝʷ ʽʥʪʝʛʨʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʻʜʠʥʦʾ ʪʘ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʾ ʙʘʟʠ ʜʣʷ ʤʦʜʫʣʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ [1], 

ʛʦʣʦʚʥʦʶ ʤʝʪʦʶ ʷʢʦʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʚʘʛ ʽʥʪʝʛʨʘʮʽʾ, ʪʘʢʠʭ ʷʢ ʝʢʦʥʦʤʽʷ 

ʨʝʩʫʨʩʽʚ ʘʙʦ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʧʦʩʣʫʛ ʜʣʷ ʟʘʤʦʚʥʠʢʽʚ. ʆʩʥʦʚʥʠʤ 

ʝʣʝʤʝʥʪʦʤ ʽʥʪʝʛʨʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʚʚʘʞʘʻʪʴʩʷ ʪʝʨʤʽʥʘʣ. ɼʣʷ 

ʪʝʨʤʽʥʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʭʘʨʘʢʪʝʨʥʘ ʨʽʟʥʘ ʧʦʪʨʝʙʘ ʚ ʨʝʩʫʨʩʘʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʦʣʠʚʘʥʴ ʧʦʧʠʪʫ ʽ ʟʘʩʪʦʩʦʚʫʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʘ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʡ ʦʙʣʽʢ ʫʤʦʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʽ ʨʠʟʠʢʫ, ʘ ʪʘʢʦʞ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʟʝʨʚʽʚ ʚ ʨʦʙʦʪʽ ʧʝʨʩʦʥʘʣʫ ʽ ʪʨʘʥʩʧʦʨʪʥʦ-

ʩʢʣʘʜʩʴʢʠʭ ʤʝʭʘʥʽʟʤʽʚ [2]. 

ʉʝʨʝʜ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʚʘʨʽʘʥʪʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ 

ʥʘ ʪʝʨʤʽʥʘʣʽ ʻ ʧʨʷʤʠʡ ʚʘʨʽʘʥʪ (ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʧʨʷʤʦʶ 

ʧʝʨʝʚʘʣʢʦʶ). ɿʘ ʮʠʤ ʚʘʨʽʘʥʪʦʤ ʙʝʟʧʝʨʝʙʽʡʥʽʩʪʴ ʧʨʦʮʝʩʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʧʨʠʥʮʠʧʘʭ ʽʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʽ, ʟʘ ʨʘʭʫʥʦʢ 

ʨʠʪʤʽʯʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ / 

ʥʘʚʘʥʪʘʞʝʥʥʷ / ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʚʘʥʪʘʞʽʚ ʟ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʥʘ ʟʘʣʽʟʥʠʯʥʠʡ 

ʪʨʘʥʩʧʦʨʪ ʪʘ ʫʟʛʦʜʞʝʥʥʷ ʛʨʘʬʽʢʽʚ ʨʫʭʫ ʚʠʜʽʚ ʪʨʘʥʩʧʦʨʪʫ, ʷʢʽ ʷʚʣʷʶʪʴʩʷ 

ʝʣʝʤʝʥʪʘʤʠ ʽʥʪʝʛʨʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʦ ʧʝʨʝʣʽʢ  

ʧʨʦʙʣʝʤʥʠʭ ʧʠʪʘʥʴ ʦʨʛʘʥʽʟʘʮʽʾ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ ʥʘ ʪʝʨʤʽʥʘʣʽ ʟʘ 

ʧʨʷʤʠʤ ʚʘʨʽʘʥʪʦʤ ʚ ʽʥʪʝʛʨʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤʘʭ. ʅʘʛʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ 

ʧʽʜʚʠʱʝʥʥʷ  ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ 

ʟʘʣʽʟʥʠʯʥʦ-ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞʽʚ ʪʘ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʚʽʪʯʠʟʥʷʥʫ ʪʝʨʤʽʥʘʣʴʥʫ ʩʠʩʪʝʤʫ ʻ ʬʦʨʤʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ ʥʘ ʪʝʨʤʽʥʘʣʽ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʚ ʣʦʛʽʩʪʠʯʥʠʭ ʣʘʥʮʶʛʘʭ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʱʦʜʦ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʥʠʭ ʧʠʪʘʥʴ [1-6] ʚʠʟʥʘʯʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʙʠ ʚʠʟʥʘʯʘʪʠ 

ʨʘʮʽʦʥʘʣʴʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʘʥʪʘʞʦʧʦʪʦʢʽʚ ʥʘ ʪʝʨʤʽʥʘʣʽ ʟʘ 

ʧʨʷʤʠʤ ʚʘʨʽʘʥʪʦʤ ʚ ʫʤʦʚʘʭ ʥʘʷʚʥʠʭ ʨʝʩʫʨʩʥʠʭ ʦʙʤʝʞʝʥʴ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʽʥʪʝʨʝʩʽʚ ʫʯʘʩʥʠʢʽʚ ʽʥʪʝʛʨʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʜʦʩʪʘʚʢʠ.  
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[6] ɹʫʪʴʢʦ, ʊ.ɺ., ʃʦʤʦʪʴʢʦ ɼ.ɺ., ɻʦʣʦʚʢʦ ʊ.ɺ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ  ʩʫʤʽʩʥʦʾ ʨʦʙʦʪʠ ʧʦʨʪʽʚ ʪʘ ʟʘʣʽʟʥʠʯʥʠʭ ʚʫʟʣʽʚ ʥʘ 

ʦʩʥʦʚʽ ʣʦʛʽʩʪʠʯʥʠʭ. ʉʭʽʜʥʦ-ʻʚʨʦʧʝʡʩʴʢʠʡ ʞʫʨʥʘʣ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 2007. ˉ3/6(27). ʉ. 10-16. 

 



 

253 

 

ʋɼʂ 656.072 

 

ʄɽʊʆɼʀʂɸ ʌʆʈʄʋɺɸʅʅʗ ʈɸʎɯʆʅɸʃʔʅʆɰ ʊɽʍʅʆʃʆɻɯɰ 

ʇɽʈɽɺɽɿɽʅʔ ʇɸʉɸɾʀʈɯɺ ʋ ʄɯʉʔʂʆʄʋ ʉʇʆʃʋʏɽʅʅɯ 

 

THE METHOD OF FORMIN G A RATIONAL TECHNOL OGY OF 

PASSENGER TRANSPORT IN URBAN AREAS 

 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʆ.ʆ. ʆʨʜʘ, ʄ.ɺ. ʄʠʭʘʡʣʝʥʢʦ  
ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʍʘʨʢʽʚ) 

 

O. ʆ. Orda, Ph.D.(Tech), M.V. Mykhailenko 
Kharkiv National Automobile and Highway University (Kharkiv)  

 

ʇʨʽʦʨʠʪʝʪʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʦʚʦʻʥʥʦʾ ʚʽʜʙʫʜʦʚʠ ʤʽʩʪ ʋʢʨʘʾʥʠ ʻ ʚʠʨʽʰʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʦʙʣʝʤ ʟʘ ʨʘʭʫʥʦʢ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʨʦʟʚʠʪʢʫ ʤʽʩʴʢʦʛʦ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʄɻʇʊ), ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ 

ʪʨʘʥʩʧʦʨʪʥʠʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʥʘʩʝʣʝʥʥʷ. ʇʨʦʚʽʜʥʘ ʨʦʣʴ ʄɻʇʊ ʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʦʨʤʘʣʴʥʦʾ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʤʽʩʪ ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʛʦ ʦʙʣʽʢʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ 

ʟʘʭʦʜʽʚ ʟ ʾʾ ʧʽʜʚʠʱʝʥʥʷ ʟ ʧʦʟʠʮʽʾ ʣʦʛʽʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʣʦʛʽʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʘ ʧʨʠʡʥʷʪʪʽ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʽʥʪʝʨʝʩʠ ʪʘ ʚʠʤʦʛʠ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ ʧʨʦʮʝʩʫ. ʇʨʠ ʮʴʦʤʫ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʧʘʩʘʞʠʨʽʚ ʥʘ ʤʘʨʰʨʫʪʘʭ ʄɻʇʊ ʟ ʧʝʨʝʤʽʱʝʥʥʷʤ ʫ ʚʠʟʥʘʯʝʥʠʡ ʯʘʩ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ [1-2]. 

ʊʨʫʜʦʤʽʩʪʢʽʩʪʴ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ ʥʘ ʤʘʨʰʨʫʪʘʭ 

ʄɻʇʊ ʦʙʫʤʦʚʣʶʻ ʧʦʰʫʢ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ 

ʧʝʨʝʚʝʟʝʥʴ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʘʧʪʠʚʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ, ʙʝʟʧʝʯʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʪʘ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʥʘʩʝʣʝʥʥʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ [1-4] ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʝʪʦʜʠʢʫ ʬʦʨʤʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ ʥʘ 

ʤʽʩʴʢʦʤʫ ʤʘʨʰʨʫʪʽ ʚ ʛʦʜʠʥʫ çʧʽʢè, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ:  

 ʧʨʦʚʝʜʝʥʥʷ ʦʙʩʪʝʞʝʥʥʷ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ ʥʘ ʤʘʨʰʨʫʪʽ ʚ ʛʦʜʠʥʫ çʧʽʢè ʟ 7
00 

ʜʦ 10
00

 ʛʦʜ.; 

 ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ ʥʘ ʥʘʡʙʽʣʴʰ ʟʘʚʘʥʪʘʞʝʥʠʭ 

ʧʝʨʝʛʦʥʘʭ ʤʘʨʰʨʫʪʫ; 

 ʚʠʚʯʝʥʥʷ ʪʘ ʟʙʽʨ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʚʝʜʝʥʥʷ ʘʥʢʝʪʫʚʘʥʥʷ ʧʘʩʘʞʠʨʽʚ 
ʱʦʜʦ ʨʽʚʥʷ ʟʘʜʦʚʦʣʝʥʥʷ ʷʢʽʩʪʶ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽʟ ʨʘʥʞʫʚʘʥʥʷʤ 

ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʦʮʽʥʢʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʣʽʢʫ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ 

ʥʝʟʘʜʦʚʦʣʝʥʥʷ;  
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 ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ ʧʘʩʘʞʠʨʘʤʠ ʘʚʪʦʙʫʩʫ 
ʪʘ ʽʥʪʝʨʚʘʣʫ ʨʫʭʫ ʘʚʪʦʙʫʩʽʚ ʥʘ ʤʘʨʰʨʫʪʽ ʚ ʛʦʜʠʥʫ çʧʽʢè, ʬʘʢʪʠʯʥʦʛʦ ʨʽʚʥʷ 

ʷʢʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʧʘʩʘʞʠʨʽʚ ʪʘ ʡʦʛʦ ʚʘʨʪʽʩʥʘ ʦʮʽʥʢʘ; 

 ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʥʘ ʤʘʨʰʨʫʪʽ ʽʟ 

ʚʠʟʥʘʯʝʥʥʷʤ ʩʫʢʫʧʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʢʝʨʦʚʘʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ 

ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʥʠʤʠ ʪʘ ʢʨʠʪʝʨʽʻʤ ʝʬʝʢʪʠʚʥʦʩʪʽ (ʽʥʪʝʨʚʘʣ ʨʫʭʫ ʘʚʪʦʙʫʩʽʚ) ʟ 

ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʶʚʘʥʥʷ;  

 ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʧʦʪʨʽʙʥʦʛʦ ʜʣʷ 
ʨʦʙʦʪʠ ʥʘ ʤʘʨʰʨʫʪʽ ʚ ʛʦʜʠʥʫ çʧʽʢè ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʧʦʚʥʝʥʥʷ ʩʘʣʦʥʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʥʘ ʨʽʚʥʽ 1-1,2 ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʧʦʚʥʝʥʥʷ; 

 ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʨʫʭʫ ʘʚʪʦʙʫʩʽʚ ʥʘ ʤʘʨʰʨʫʪʽ ʚ ʛʦʜʠʥʫ 
çʧʽʢè ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʤʧʨʦʤʽʩʫ ʤʽʞ ʽʥʪʝʨʝʩʘʤʠ ʧʝʨʝʚʽʟʥʠʢʘ ʪʘ ʧʘʩʘʞʠʨʽʚ; 

 ʨʦʟʨʦʙʢʘ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʚʠʙʦʨʫ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʫ ʛʦʜʠʥʫ çʧʽʢè ʟ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ: 

ʨʝʟʝʨʚʫʚʘʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, ʚʚʝʜʝʥʥʷ ʫʢʦʨʦʯʝʥʠʭ ʨʝʡʩʽʚ ʘʙʦ ʧʨʠʩʢʦʨʝʥʦʛʦ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ (ʝʢʩʧʨʝʩʥʠʡ ʘʙʦ ʰʚʠʜʢʽʩʥʠʡ ʨʫʭ), ʚʟʘʻʤʦʜʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ 

ʨʽʟʥʠʭ ʤʘʨʰʨʫʪʽʚ ʧʨʠ ʫʤʦʚʽ, ʱʦ çʧʽʢʦʚʽè ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʠʭ ʥʝ ʩʧʽʚʧʘʜʘʶʪʴ 

ʦʜʥʦʯʘʩʥʦ; 

 ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʟʘ ʨʘʮʽʦʥʘʣʴʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʧʝʨʝʚʝʟʝʥʴ 
ʧʘʩʘʞʠʨʽʚ ʪʘ ʡʦʛʦ ʚʘʨʪʽʩʥʘ ʦʮʽʥʢʘ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʤʘʻ 

ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʟʙʽʣʴʰʝʥʥʷ, ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʷʢʠʭ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʥʘ ʤʘʨʰʨʫʪʽʚ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ 

ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

 ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʥʥʷ ʚʘʨʪʽʩʥʦʾ ʦʮʽʥʢʠ ʨʽʚʥʷ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʧʘʩʘʞʠʨʽʚ ʬʘʢʪʠʯʥʦʛʦ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʚʝʟʝʥʴ 

ʧʘʩʘʞʠʨʽʚ ʫ ʤʽʩʴʢʦʤʫ ʩʧʦʣʫʯʝʥʥʽ ʟʘʩʥʦʚʘʥʦ ʥʘ ʚʘʨʪʽʩʥʽʡ ʦʮʽʥʮʽ ʨʽʚʥʷ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʤʧʣʝʢʩʥʦ ʚʨʘʭʫʚʘʪʠ ʽʥʪʝʨʝʩʠ ʽ ʧʝʨʝʚʽʟʥʠʢʘ, ʽ 

ʧʘʩʘʞʠʨʘ ʟ ʧʦʟʠʮʽʾ ʣʦʛʽʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ.  
 

[1] ɺʜʦʚʠʯʝʥʢʦ ɺ.ʆ. ʄʝʪʦʜʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʽʩʴʢʦʛʦ ʛʨʦʤʘʜʩʴʢʦʛʦ 
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ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʥʘʥʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʥʦʩʫ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʛʘʣʴʤʦʚʠʭ 

ʢʦʣʦʜʦʢ ʪʠʧʫ 2ʊʈ-11 ʜʣʷ ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʋʢʨɼɸɿʊ ʧʨʠʩʪʨʦʶ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʟʥʦʩʫ ʛʘʣʴʤʦʚʠʭ ʢʦʣʦʜʦʢ. ɿʽʙʨʘʥʠʡ ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʚ 

ʧʨʦʮʝʩʽ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦ ʟʤʽʥʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʦʜʦʢ 

ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʦʙʽʛʫ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʜʘʚʘʚʩʷ 

ʨʝʪʝʣʴʥʽʡ ʦʙʨʦʙʮʽ. ʇʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʫ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠʢʫ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʥʦʩʫ ʛʘʣʴʤʦʚʠʭ ʢʦʣʦʜʦʢ ʚʘʥʪʘʞʥʠʭ 

ʚʘʛʦʥʽʚ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʦʙʽʛʫ ʚʘʛʦʥʘ ʟ ʤʦʜʝʨʥʽʟʦʚʘʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ɻɺʇ. ɺ 

ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʚʠʢʦʥʫʚʘʣʦʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʟʥʦʩʫ 

ʛʘʣʴʤʦʚʠʭ ʢʦʣʦʜʦʢ ʫ ʚʝʨʭʥʽʡ ʽ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʜʣʷ ʧʨʦʙʽʛʽʚ ʚʘʛʦʥʽʚ ʚʽʜ 0 ʜʦ 

197,8 ʪʠʩ. ʢʤ. ʏʠʩʝʣʴʥʽʩʪʴ ʚʠʙʽʨʢʠ ʩʢʣʘʣʘ n=106. 

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʢʦʣʦʜʦʢ ʡ ʦʮʽʥʶʚʘʥʥʷ ʾʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʤʦʜʝʨʥʽʟʦʚʘʥʠʭ ʧʨʠʩʪʨʦʾʚ ɻɺʇ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʫ ʚʠʛʣʷʜʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʬʫʥʢʮʽʾ ʱʽʣʴʥʦʩʪʽ 

f(x) ʜʣʷ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʟʥʦʩʫ ʭ ʢʦʣʦʜʦʢ, ʷʢʘ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: 
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ʜʝ a ï ʤʦʜʘʣʴʥʝ ʟʥʘʯʝʥʥʷ; b, c ï ʥʠʞʥʷ ʽ ʚʝʨʭʥʷ ʛʨʘʥʠʮʷ ʟʥʦʩʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ 

ʛʘʣʴʤʦʚʦʾ ʢʦʣʦʜʢʠ, ʚʽʜʧʦʚʽʜʥʦ; k  ï ʧʘʨʘʤʝʪʨ ʬʦʨʤʠ ʟʥʦʩʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ 

ʛʘʣʴʤʦʚʦʾ ʢʦʣʦʜʢʠ. 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʝʩʫʨʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ ʪʦʯʢʘʭ ʧʝʨʝʚʽʨʢʠ ʟʥʦʩʫ 

ʚʠʟʥʘʯʝʥʦ ʧʨʦʙʽʛ ʚʘʥʪʘʞʥʦʛʦ ʚʘʛʦʥʘ ʟ ʤʦʜʝʨʥʽʟʦʚʘʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ɻɺʇ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʟʥʦʩʦʤ ʽ ʧʨʦʙʽʛʦʤ ʚʘʛʦʥʘ ʙʣʠʟʴʢʘ ʜʦ 

ʣʽʥʽʡʥʦʾ. ʋ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʧʨʠʡʥʷʪʦ ʮʶ ʟʘʣʝʞʥʽʩʪʴ ʫ ʚʠʛʣʷʜʽ y=ɖ(x). 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʟʥʘʡʜʝʥʦ ʢʫʪʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ɖ. 

ɼʣʷ ʟʥʦʩʫ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʢʦʣʦʜʢʠ ʚʽʥ ʜʦʨʽʚʥʶʻ ɖ1=5,11, ʘ ʜʣʷ ʟʥʦʩʫ ʥʠʞʥʴʦʾ 

ï ɖ2=5,28.  

ɺʠʟʥʘʯʝʥʦ ʝʤʧʽʨʠʯʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʦʮʽʥʢʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʦʩʫ (ʨʠʩ. 1) ʡ 

ʩʝʨʝʜʥʴʦʛʦ ʟʘʣʠʰʢʦʚʦʛʦ ʟʥʦʩʫ ʛʘʣʴʤʦʚʦʾ ʢʦʣʦʜʢʠ ʚʘʥʪʘʞʥʦʛʦ ʚʘʛʦʥʘ ʟ 

ʤʦʜʝʨʥʽʟʦʚʘʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ɻɺʇ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʙʽʛʫ. 

 

ʘ) ʙ) 

  
 

ʈʠʩ. 1. ɻʨʘʬʽʢʠ ʝʤʧʽʨʠʯʥʦʾ ʡ ʪʝʦʨʝʪʠʯʥʦʾ ʦʮʽʥʢʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʦʩʫ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʛʘʣʴʤʦʚʦʾ ʢʦʣʦʜʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʙʽʛʫ ʚʘʛʦʥʘ 

ʘ) ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ; ʙ) ʥʠʞʥʷ ʯʘʩʪʠʥʘ  
 

ɺʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʦʨʽʛ ʧʨʦʙʽʛʫ ʚʘʛʦʥʘ ʜʦ ʧʦʚʥʦʛʦ ʟʥʦʩʫ 

ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʛʘʣʴʤʦʚʦʾ ʢʦʣʦʜʢʠ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʜʦʨʽʚʥʶʻ 331,88 ʪʠʩ. ʢʤ, ʘ ʚ 

ʥʠʞʥʽʡ ï 343,04 ʪʠʩ. ʢʤ. 

ɿʘ ʧʨʦʙʽʛʫ ʚʘʛʦʥʘ 225 ʪʠʩ. ʢʤ ʟʥʦʩ ʢʦʣʦʜʢʠ ʟʚʝʨʭʫ ʩʢʣʘʚ 74,91 %, ʘ ʟʘ 

ʧʨʦʙʽʛʫ ʚʘʛʦʥʘ 250 ʪʠʩ. ʢʤ ʟʥʦʩ ʢʦʣʦʜʢʠ ʟʥʠʟʫ ʩʢʣʘʚ 80,74 %. 

ɿʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʦʩʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʛʘʣʴʤʦʚʦʾ ʢʦʣʦʜʢʠ ʟʘ ʚʝʣʠʯʠʥʠ 

ʧʨʦʙʽʛʫ 250 ʪʠʩ. ʢʤ ʜʣʷ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʢʦʣʦʜʢʠ ʩʢʣʘʜʝ ɚ=0,02, ʘ ʜʣʷ ʥʠʞʥʴʦʾ 

ï ɚ=0,018. 

ɿʘʧʨʦʧʦʥʦʚʘʥʫ ʤʦʜʝʣʴ ʟʥʦʩʫ ʢʦʣʦʜʦʢ ʚʘʛʦʥʽʚ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʷʢ ʟʽ ʟʥʦʩʦʤ ʙʫʜʴ-ʷʢʠʭ ʪʠʧʽʚ 

ʛʘʣʴʤʦʚʠʭ ʢʦʣʦʜʦʢ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ, ʪʘʢ ʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʚ ʮʽʣʦʤʫ. 
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ʉʫʯʘʩʥʽ ʨʠʥʢʦʚʽ ʫʤʦʚʠ ʪʘ ʜʦʩʚʽʜ ʟʘʢʦʨʜʦʥʥʠʭ ʟʘʣʽʟʥʠʯʥʠʭ ʘʜʤʽʥʽʩʪʨʘʮʽʡ 

ʚʠʤʘʛʘʶʪʴ ʩʪʚʦʨʝʥʥʷ ʥʘ ʨʠʥʢʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ ʢʦʥʢʫʨʝʥʮʽʾ ʤʽʞ 

ʧʝʨʝʚʽʟʥʠʢʘʤʠ. ʌʦʨʤʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʤʦʞʣʠʚʦ 

ʰʣʷʭʦʤ ʬʦʨʤʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʝʣʠʢʦʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ 

ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟ ʧʦʟʠʮʽʾ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ 

ʦʧʪʠʤʽʟʘʮʽʶ ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ ʝʬʝʢʪʫ ʜʣʷ ʚʩʽʭ ʧʽʜʩʠʩʪʝʤ (ʧʽʜʨʦʟʜʽʣʽʚ ɸʊ 

ʋʢʨʟʘʣʽʟʥʠʮʷ, ʧʨʠʚʘʪʥʠʭ ʢʦʤʧʘʥʽʡ-ʧʝʨʝʚʽʟʥʠʢʽʚ, ʚʘʥʪʘʞʦʚʣʘʩʥʠʢʽʚ ʪʦʱʦ). ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʧʝʨʝʚʽʟʥʠʢʘ ʥʘ ʨʠʥʢʫ ʟʘʣʽʟʥʠʯʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʩʣʫʛ ʩʣʽʜ ʚʨʘʭʫʚʘʪʠ ʚʠʪʨʘʪʠ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʫ 

ʪʘ ʥʘʷʚʥʽʩʪʴ ʦʙʤʝʞʝʥʠʭ ʨʝʩʫʨʩʽʚ (ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʧʨʦʧʫʩʢʥʦʾ 

ʩʧʨʦʤʦʞʥʦʩʪʽ, ʢʽʣʴʢʦʩʪʽ ʚʘʥʪʘʞʽʚ, ʥʘʷʚʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ ʪʦʱʦ).  

ʇʽʜ ʟʘʣʽʟʥʠʯʥʦʶ ʧʨʠʚʘʪʥʦʶ ʢʦʤʧʘʥʽʻʶ-ʧʝʨʝʚʽʟʥʠʢʦʤ ʨʦʟʫʤʽʻʪʴʩʷ 

ʢʦʤʝʨʮʽʡʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʥʝʜʝʨʞʘʚʥʦʾ ʬʦʨʤʠ ʚʣʘʩʥʦʩʪʽ, ʱʦ ʟʜʽʡʩʥʶʻ ʥʝʟʘʣʝʞʥʫ 

ʬʽʥʘʥʩʦʚʫ ʜʽʷʣʴʥʽʩʪʴ ʪʘ ʚʠʢʦʥʫʻ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʣʽʟʥʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʜʦʪʨʠʤʫʶʯʠʩʴ ʚʩʽʭ ʧʨʘʚʠʣ, ʥʦʨʤ ʪʘ ʟʘʢʦʥʽʚ, ʱʦ 

ʜʽʶʪʴ ʚ ɸʊ ʋʢʨʟʘʣʽʟʥʠʮʷ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʪʯʠʟʥʷʥʦʾ ʩʧʝʮʠʬʽʢʠ ʪʘ ʟʘʢʦʨʜʦʥʥʦʛʦ ʜʦʩʚʽʜʫ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʜʦʩʢʦʥʘʣʝʥʫ ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʽʥʥʷ ʟʘʣʽʟʥʠʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ 

ʋʢʨʘʾʥʠ ʽʟ ʥʘʷʚʥʽʩʪʶ ʧʨʠʚʘʪʥʠʭ ʢʦʤʧʘʥʽʡ-ʧʝʨʝʚʽʟʥʠʢʽʚ [1,2,3,4].  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʦʨʛʘʥʽʟʘʮʽʡʥʫ ʩʪʨʫʢʪʫʨʫ ʟʘʣʽʟʥʠʯʥʦʾ ʧʨʠʚʘʪʥʦʾ ʢʦʤʧʘʥʽʾ-

ʧʝʨʝʚʽʟʥʠʢʘ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʝʨʪʠʢʘʣʴʥʦ ʽʥʪʝʛʨʦʚʘʥʫ ʩʠʩʪʝʤʫ ʽʟ ʪʨʴʦʤʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʙʣʦʢʘʤʠ. ʆʩʥʦʚʥʠʤ ʟ ʥʠʭ ʻ ʚʠʨʦʙʥʠʯʠʡ ʙʣʦʢ, ʱʦ ʻ ʛʦʣʦʚʥʦʶ 

ʯʘʩʪʠʥʦʶ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʦʞʥʦʾ ʬʽʣʽʾ ʟʘʣʽʟʥʠʯʥʦʾ ʧʨʠʚʘʪʥʦʾ 

ʢʦʤʧʘʥʽʾ-ʧʝʨʝʚʽʟʥʠʢʘ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʟʘʣʽʟʥʠʯʥʽʡ ʤʝʨʝʞʽ [1].  

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʤʽʩʮʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʬʽʣʽʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʥʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ. ʈʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ ʤʘʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ 

ʩʭʦʜʠʪʴʩʷ ʜʫʞʝ ʰʚʠʜʢʦ. ʊʦʤʫ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʩʪʚʦʨʝʥʥʷ 
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ʤʝʨʝʞʽ ʬʽʣʽʡ ʧʨʠʚʘʪʥʦʾ ʢʦʤʧʘʥʽʾ-ʧʝʨʝʚʽʟʥʠʢʘ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʂ-

ʮʝʥʪʨʽʚ ʪʘ ʤʝʪʦʜ ʽʻʨʘʨʭʽʯʥʦʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʮʽ ʤʝʪʦʜʠ ʜʘʶʪʴ ʨʝʟʫʣʴʪʘʪ 

ʽʟ ʟʘʜʦʚʽʣʴʥʦʶ ʧʦʭʠʙʢʦʶ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʠʧʦʚʫ ʪʝʭʥʦʣʦʛʽʶ ʦʙʨʦʙʢʠ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ ʧʨʠʚʘʪʥʦʾ 

ʟʘʣʽʟʥʠʯʥʦʾ ʢʦʤʧʘʥʽʾ-ʧʝʨʝʚʽʟʥʠʢʘ ʫ ʚʠʛʣʷʜʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʘʥʮʶʛʽʚ ʨʦʙʦʪʠ ʧʦ 

ʚʽʜʧʨʘʚʣʝʥʥʶ, ʥʘ ʰʣʷʭʫ ʧʨʷʤʫʚʘʥʥʷ ʪʘ ʧʦ ʧʨʠʙʫʪʪʶ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ 

ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʠʚʘʪʥʦʾ ʢʦʤʧʘʥʽʾ-ʧʝʨʝʚʽʟʥʠʢʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ 

ʰʚʠʜʢʦʩʪʝʡ ʜʦʩʪʘʚʢʠ ʪʘ ʤʝʪʦʜʠʢʫ ʦʙʯʠʩʣʝʥʥʷ ʪʝʨʤʽʥʫ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʫ.  

ʊʝʭʥʦʣʦʛʽʶ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʟʘʣʽʟʥʠʯʥʦʶ ʢʦʤʧʘʥʽʻʶ-ʧʝʨʝʚʽʟʥʠʢʦʤ 

ʩʬʦʨʤʦʚʘʥʦ ʟ ʧʦʟʠʮʽʡ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ [5]. ɺʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʦʮʝʜʫʨʽ 

ʨʦʟʨʘʭʫʥʢʫ, ʱʦ ʚʢʣʶʯʘʻ ʦʧʪʠʤʽʟʘʮʽʡʥʫ ʤʦʜʝʣʴ. ʂʨʠʪʝʨʽʻʤ ʦʧʪʠʤʽʟʘʮʽʾ ʻ ʜʦʙʦʚʽ 

ʚʠʪʨʘʪʠ ʩʠʩʪʝʤʠ, ʧʘʨʘʤʝʪʨʘʤʠ ʢʝʨʫʚʘʥʥʷ ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʤʘʨʰʨʫʪʫ 

ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ, ʢʽʣʴʢʽʩʪʴ ʟʫʧʠʥʦʢ ʥʘ ʤʘʨʰʨʫʪʽ ʧʨʷʤʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʧʦʾʟʜʘ 

ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʡʦʛʦ ʧʨʦʩʪʦʶ ʥʘ ʟʘʣʽʟʥʠʯʥʠʭ ʩʪʘʥʮʽʷʭ ʬʽʣʽʡ ʢʦʤʧʘʥʽʾ-ʧʝʨʝʚʽʟʥʠʢʘ, 

ʯʝʨʝʟ ʷʢʽ ʧʨʦʭʦʜʠʪʴ ʤʘʨʰʨʫʪ ʧʨʷʤʫʚʘʥʥʷ ʧʦʾʟʜʘ, ʚ ʦʯʽʢʫʚʘʥʥʽ ʧʨʠʯʝʧʣʝʥʥʷ 

ʛʨʫʧ ʚʘʛʦʥʽʚ. ɿʘʜʘʯʫ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʩʠʩʪʝʤʠ ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʽʚ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʷʢ ʟʘʜʘʯʫ ʮʽʣʦʯʠʩʝʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʧʨʦʮʝʜʫʨʘ ʚʢʣʶʯʘʻ ʪʘʢʦʞ ʨʦʟʨʘʭʫʥʦʢ ʚʘʨʪʦʩʪʽ 

ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ.  

ʆʪʞʝ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʧʨʠʚʘʪʥʠʭ ʚʘʥʪʘʞʥʠʭ ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʤʧʘʥʽʡ-

ʧʝʨʝʚʽʟʥʠʢʽʚ ʜʦʟʚʦʣʠʪʴ ʩʪʚʦʨʠʪʠ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʢʦʥʢʫʨʝʥʮʽʾ ʚ ʟʘʣʽʟʥʠʯʥʦʤʫ 

ʩʝʢʪʦʨʽ, ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʧʦʩʣʫʛ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ, 

ʘʢʪʠʚʽʟʫʚʘʪʠ ʨʠʥʢʦʚʠʡ ʤʝʭʘʥʽʟʤ ʪʘʨʠʬʦʫʪʚʦʨʝʥʥʷ ʟʘ ʧʨʠʥʮʠʧʘʤʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʧʦʧʠʪʫ, ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʠʪʠ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ. ɼʣʷ ʜʝʨʞʘʚʠ ʫ ʮʽʣʦʤʫ 

ʧʦʷʚʘ ʧʨʠʚʘʪʥʠʭ ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʤʧʘʥʽʡ-ʧʝʨʝʚʽʟʥʠʢʽʚ ï ʮʝ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʪʘ ʥʘʜʭʦʜʞʝʥʴ ʚʽʜ ʩʫʙôʻʢʪʽʚ ʦʧʦʜʘʪʢʫʚʘʥʥʷ.  
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ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʤ. ʍʘʨʢʽʚ 

 

V.P. Nerubatskyi, PhD (Tech.), D.A. Hordiienko, Postgraduate 
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ʉʫʯaʩʥʠʡ eʣeʢʪʨʠʯʥʠʡ ʨʫʭʦʤʠʡ ʩʢʣaʜ (Eʈʉ) ʻ ʩʢʣaʜʥʦʶ eʣeʢʪʨʦʤeʭaʥiʯʥʦʶ 

ʩʠʩʪeʤʦʶ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜeʢiʣʴʢa ʩʠʣʦʚʠʭ ʧeʨeʪʚʦʨʶʚaʯiʚ [1, 2]. ʊaʢ ʫ 

ʩʢʣaʜi eʣeʢʪʨʦʚʦʟiʚ ʪa eʣeʢʪʨʦʧʦʾʟʜiʚ ʤʦʞe ʙʫʜʠ ʜʦ ʚʦʩʴʤʠ ʩʠʣʦʚʠʭ 

ʧeʨeʪʚʦʨʶʚaʯiʚ, ʷʢi ʧʨaʮʶʶʪʴ ʧaʨaʣeʣʴʥʦ ʚiʜ ʢʦʥʪaʢʪʥʦʾ ʤeʨeʞi. 

ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʟaʛaʣʴʥʠʡ ʩʧʦʞʠʪʠʡ ʩʪʨʫʤ Eʈʉ ʻ ʩʫʤʦʶ ʩʪʨʫʤiʚ, 

ʩʧʦʞʠʪʠʭ ʧaʨaʣeʣʴʥʠʤʠ ʧeʨeʪʚʦʨʶʚaʯaʤʠ, ʟʩʫʚ ʤiʞ ʬaʟaʤʠ ʚʠʱʠʭ ʛaʨʤʦʥiʢ ʚ 

ʧaʨaʣeʣʴʥʠʭ ʤʦʩʪaʭ ʦʜʠʥ ʚiʜʥʦʩʥʦ ʦʜʥʦʛʦ ʥa ʥeʦʙʭiʜʥʠʡ eʣeʢʪʨʠʯʥʠʡ ʢʫʪ ʜaʻ 

ʟʤʦʛʫ ʦʪʨʠʤaʪʠ eʬeʢʪ ʚʟaʻʤʥʦʾ ʢʦʤʧeʥʩaʮiʾ ʚʠʱʠʭ ʛaʨʤʦʥiʢ ʩʧʦʞʠʪʦʛʦ ʩʪʨʫʤʫ. 

ɼʣʷ ʪaʢʦʾ ʨeaʣiʟaʮiʾ ʥeʦʙʭiʜʥʦ ʚʠʢʦʥaʥʥʷ ʫʤʦʚʠ ʨiʚʥʦʩʪi ʚeʣʠʯʠʥ ʚʭiʜʥʠʭ 

iʥʜʫʢʪʠʚʥʦʩʪeʡ ʚ ʤʦʩʪaʭ ʢʦʤʧeʥʩaʮiʡʥʦʛʦ 4QS-ʧeʨeʪʚʦʨʶʚaʯa [3, 4]. 

ɺ ʢʦʤʧeʥʩaʮiʡʥʠʭ 4QS-ʧeʨeʪʚʦʨʶʚaʯaʭ ʯʠʩʣʦ ʧaʨaʣeʣʴʥʦ aʙʦ ʧʦʩʣiʜʦʚʥʦ 

ʧʨaʮʶʶʯʠʭ ʤʦʩʪiʚ ʤʦʞe ʙʫʪʠ ʨiʟʥʠʤ, ʯʠʤ ʟʫʤʦʚʣʶʻʪʴʩʷ ʟʥaʯeʥʥʷ ʥeʦʙʭiʜʥʦʛʦ 

ʢʫʪa ʤiʞ ʦʧʦʨʥʠʤʠ ʩʠʛʥaʣaʤʠ ʰʠʨʦʪʥʦ-iʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮiʾ (ʐIʄ) ʚ ʢaʥaʣaʭ 

ʢeʨʫʚaʥʥʷ ʢʦʞʥʦʛʦ ʟ ʤʦʩʪiʚ ʢʦʤʧeʥʩaʮiʡʥʦʛʦ ʧeʨeʪʚʦʨʶʚaʯa. ʂʨiʤ ʪʦʛʦ, 

ʨeʛʫʣʷʪʦʨʠ ʚʠʭiʜʥʦʾ ʥaʧʨʫʛʠ ʜʣʷ ʧʦʩʣiʜʦʚʥʦʛʦ ʪa ʧaʨaʣʣeʣʴʥʦʛʦ ʟôʻʜʥaʥʥʷ 

ʤʦʩʪiʚ ʙʫʜʫʪʴ ʚiʜʨiʟʥʷʪʠʩʷ. 

ʉʭeʤʦʪeʭʥiʯʥa ʨeaʣiʟaʮiʷ ʢʦʤʧeʥʩaʮiʡʥʠʭ 4QS-ʧeʨeʪʚʦʨʶʚaʯiʚ ʟ 

ʧaʨaʣeʣʴʥʠʤ i ʧʦʩʣiʜʦʚʥʠʤ ʟôʻʜʥaʥʥʷʤ ʥaʚaʥʪaʞeʥʥʷ ʜaʻ ʤʦʞʣʠʚiʩʪʴ 

ʦʪʨʠʤaʥʥʷ ʧʦʣiʧʰeʥʦʛʦ ʛaʨʤʦʥiʯʥʦʛʦ ʩʢʣaʜʫ ʩʧʦʞʠʪʠʭ ʚʭiʜʥʠʭ ʩʪʨʫʤiʚ i 

ʚʠʭiʜʥʦʾ ʥaʧʨʫʛʠ. ɼʦʩʷʛaʻʪʴʩʷ ʮe ʟʘ ʨʘʭʫʥʦʢ ʩʠʥʭʨʦʥiʟaʮiʾ ʩʠʩʪeʤ ʢeʨʫʚaʥʥʷ 

ʦʢʨeʤʠʭ ʤʦʩʪiʚ i ʟʩʫʚʫ ʦʧʦʨʥʠʭ ʩʠʛʥaʣiʚ ʐIʄ ʚ ʢaʥaʣaʭ ʢeʨʫʚaʥʥʷ ʢʦʞʥʦʛʦ 

ʤʦʩʪa ʦʜʠʥ ʚiʜʥʦʩʥʦ ʦʜʥʦʛʦ, ʱʦ ʜaʻ ʤʦʞʣʠʚiʩʪʴ ʨeaʣiʟaʮiʾ ʚʟaʻʤʦʢʦʤʧeʥʩaʮiʾ 

ʚʠʱʠʭ ʛaʨʤʦʥiʢ ʚʭiʜʥʠʭ ʩʪʨʫʤiʚ i ʚʠʭiʜʥʦʾ ʥaʧʨʫʛʠ. 

ʉʠʩʪeʤa ʢeʨʫʚaʥʥʷ ʢʦʤʧeʥʩaʮiʡʥʦʛʦ 4QS-ʧeʨeʪʚʦʨʶʚaʯa ʟ ʜʚʦʤa 

ʧaʨaʣeʣʴʥʠʤʠ ʤʦʩʪaʤʠ ʩʢʣaʜaʻʪʴʩʷ ʚiʜʧʦʚiʜʥʦ ʟ ʜʚʦʭ ʢaʥaʣiʚ ʢeʨʫʚaʥʥʷ ʜʣʷ 

ʢʦʞʥʦʛʦ ʤʦʩʪa ʟ ʟaʩʪʦʩʫʚaʥʥʷʤ ʬaʟʦʟʩʫʥʫʪʠʭ ʜʚʦʢaʥaʣʴʥʠʭ ʐIʄ. Cʠʩʪeʤʫ 

ʢeʨʫʚaʥʥʷ ʢʦʤʧeʥʩaʮiʡʥʦʛʦ 4QS-ʧeʨeʪʚʦʨʶʚaʯa, ʜʦ ʩʢʣaʜʫ ʷʢʦʛʦ ʚʭʦʜʷʪʴ ʜʚa 

ʧaʨaʣeʣʴʥʠʭ ʤʦʩʪa ʪa ʜʚa ʢaʥaʣʠ ʢeʨʫʚaʥʥʷ, ʥaʚeʜeʥʦ ʥa ʨʠʩʫʥʢʫ 1. 

ʅaʚeʜeʥa ʩʠʩʪeʤa ʢeʨʫʚaʥʥʷ ʢʦʤʧeʥʩaʮiʡʥʦʛʦ 4QS-ʧeʨeʪʚʦʨʶʚaʯa 

ʩʢʣaʜaʻʪʴʩʷ ʟ ʜʚʦʭ ʢaʥaʣiʚ, ʢʦʞeʥ ʟ ʷʢʠʭ ʧʦʚʪʦʨʶʻ ʜʚʦʢaʥaʣʴʥʫ ʩʠʩʪeʤʫ 

ʢeʨʫʚaʥʥʷ 4QS-ʧeʨeʪʚʦʨʶʚaʯa. 
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ʈʠʩ. 1. ʉʠʩʪeʤa ʢeʨʫʚaʥʥʷ ʢʦʤʧeʥʩaʮiʡʥʦʛʦ 4QS-ʧeʨeʪʚʦʨʶʚaʯa 

ɿaʩʪʦʩʫʚaʥʥʷ ʚʠʢʣaʜeʥʦʛʦ ʧʨʠʥʮʠʧʫ ʢeʨʫʚaʥʥʷ ʢʦʤʧeʥʩaʮiʡʥʠʤ 4QS-

ʧeʨeʪʚʦʨʶʚaʯeʤ ʜaʻ ʟʤʦʛʫ ʨeaʣiʟʫʚaʪʠ ʧʦʣiʧʰeʥi ʧʦʢaʟʥʠʢʠ eʤiʩiʾ ʚʠʱʠʭ 

ʛaʨʤʦʥiʢ ʚʭiʜʥʦʛʦ ʩʪʨʫʤʫ ʪa ʚʠʭiʜʥʦʾ ʥaʧʨʫʛʠ. 

ɿaʩʪʦʩʫʚaʥʥʷ ʧʨʠʥʮʠʧʫ ʬaʟʦʚʦʾ ʢʦʤʧeʥʩaʮiʾ ʚʠʱʠʭ ʛaʨʤʦʥiʢ ʚ ʟaʛaʣʴʥʦʤʫ 

ʩʧʦʞʠʪʦʤʫ ʩʪʨʫʤi ʟʘ ʨʘʭʫʥʦʢ ʩʠʥʭʨʦʥiʟaʮiʾ ʢaʥaʣiʚ ʢeʨʫʚaʥʥʷ ʧaʨaʣeʣʴʥʦ 

ʧʨaʮʶʶʯʠʭ ʧeʨeʪʚʦʨʶʚaʯiʚ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤaʪʠ ʧʦʢʨaʱeʥi ʧʦʢaʟʥʠʢʠ ʷʢʦʩʪi 

eʣeʢʪʨʠʯʥʦʾ eʥeʨʛiʾ ʚ ʨeʞʠʤaʭ ʪʷʛʠ i ʨeʢʫʧeʨaʮiʾ ʪa ʟʥʠʟʠʪʠ ʯaʩʪʦʪʫ ʢʦʤʫʪaʮiʾ 

ʩʠʣʦʚʠʭ ʢʣʶʯiʚ, ʱʦ ʧʨʠʟʚeʜe ʜʦ ʟʥʠʞeʥʥʷ ʜʠʥaʤiʯʥʠʭ ʚʪʨaʪ ʚ ʧeʨeʪʚʦʨʶʚaʯi ʪa 

ʟʙiʣʴʰeʥʥʷ ʟaʛaʣʴʥʦʛʦ ʂʂɼ Eʈʉ. 
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Ukrainian State University of Railway Transport (Kharkiv) 

 

Recently, railway transport in Ukraine has been operating under conditions of 

military conflict. The railway infrastructure has suffered significant damage and 

requires measures for its restoration. Due to the unsatisfactory condition of railway 

station infrastructure, deviations from the train schedule occur. Additionally, the 

suboptimal state of railway station infrastructure can lead to emergency situations. 

Hence, there is a need for research aimed at assessing the state of railway station 

infrastructure. 

The infrastructure of railway stations and the placement of essential devices on 

them should ensure the smooth movement of wagons and locomotives within the 

station, the possibility of mechanization and automation of loading and unloading 

operations, minimal passages for road transport, and more. When developing railway 

station projects, it is essential to consider isolation of mainline and maneuvering 

operations, adequate levels of throughput and processing capacity. 

The assessment of infrastructure condition should take into account the results of 

current inspections of station tracks, turnouts, signals, lighting devices, and other 

elements. It allows identifying urgent technical issues that require prompt resolution. 

The evaluation of railway station infrastructure is a top priority task. The 

unsatisfactory condition of individual elements of the railway station infrastructure 

hinders the quality and timely execution of train operations. On the other hand, 

excellent infrastructure does not guarantee the high efficiency of station operations. 

To ensure reliable and safe train movement through the railway station according to 

the established schedule, it is necessary to ensure the effective execution of 

operations outlined by the station's technological process. 

Train delays at a railway station can be caused by factors such as the 

unsatisfactory state of the station's infrastructure, ineffective organization of work, 

poor condition of the train, and so on. This can lead to disruptions at adjacent stations 

due to deviations in the train schedule. 

To assess the state of railway station infrastructure, it is necessary to compare the 

actual time taken to perform train operations with the normative time established by 

the station's technological process. This will help identify the causes of delays in 

specific elements of the railway station infrastructure and develop a set of measures 

aimed at addressing them. Therefore, the formalization of the process of assessing 

railway station infrastructure is a relevant and crucial issue. 
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ANALYSIS OF THE DEVELOPMENT OF CONTAINER 

TRANSPORTATION IN UKRAINE AND ABROAD  
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ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʤ. ʍʘʨʢʽʚ) 

 

A.V. ʂolisnyk, PhD (tech.), master's student D. S. Yakushko, D.O. Kuraksin 
Ukrainian State University of Railway Transport (Kharkiv) 

 

 ʅʘ ʩʴʦʛʦʜʥʽ ʢʦʥʪʝʡʥʝʨʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʚʽʜʽʛʨʘʶʪʴ ʧʨʦʚʽʜʥʫ ʨʦʣʴ ʽ ʤʘʶʪʴ 

ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʛʣʦʙʘʣʴʥʦʾ ʣʦʛʽʩʪʠʢʠ ʪʘ ʤʽʞʥʘʨʦʜʥʦʾ ʪʦʨʛʽʚʣʽ. 

ʂʦʥʪʝʡʥʝʨʥʽ ʧʝʨʝʚʝʟʝʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ ʪʘ ʥʘʜʽʡʥʝ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʪʦʚʘʨʽʚ ʤʽʞ ʨʽʟʥʠʤʠ ʢʨʘʾʥʘʤʠ ʪʘ ʢʦʥʪʠʥʝʥʪʘʤʠ. 

ʉʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ ʢʦʥʪʝʡʥʝʨʥʠʡ ʬʦʨʤʘʪ ʨʦʙʠʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ, 

ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʝʨʝʚʝʟʝʥʥʷ ʪʦʚʘʨʽʚ ʟʥʘʯʥʦ ʧʨʦʩʪʽʰʝ ʪʘ ʰʚʠʜʰʝ. ɿ ʢʦʞʥʠʤ 

ʨʦʢʦʤ ʦʙʩʷʛʠ ʢʦʥʪʝʡʥʝʨʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʟʙʽʣʴʰʫʶʪʴʩʷ ʫ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ. 

ʋʢʨʘʾʥʘ ʥʝ ʻ ʚʠʢʣʶʯʝʥʥʷʤ. 

 ɿʘ ʜʘʥʠʤʠ ʄʽʥʘʛʨʦʧʦʣʽʪʠʢʠ ʪʘ ɼʝʨʞʘʚʥʦʾ ʬʽʩʢʘʣʴʥʦʾ ʩʣʫʞʙʠ, ʟʘ ʯʘʩ ʚʽʡʥʠ 

ʋʢʨʘʾʥʘ ʟʙʽʣʴʰʠʣʘ ʝʢʩʧʦʨʪ ʟʝʨʥʦʚʠʭ ʪʘ ʟʝʨʥʦʙʦʙʦʚʠʭ ʙʽʣʴʰ ʥʽʞ ʟʘ 30%. ʊʘʢ ʟʘ 

ʣʠʧʝʥʴ-ʛʨʫʜʝʥʴ 2021 ʨʦʢʫ ʋʢʨʘʾʥʘ ʝʢʩʧʦʨʪʫʚʘʣʘ 32,6 ʤʣʥ ʪʦʥʥ ʟʝʨʥʦʚʠʭ, 

ʟʝʨʥʦʙʦʙʦʚʠʭ ʪʘ ʙʦʨʦʰʥʘ, ʱʦ ʧʝʨʝʚʠʱʠʣʦ ʝʢʩʧʦʨʪ ʟʘ ʘʥʘʣʦʛʽʯʥʠʡ ʧʝʨʽʦʜ 2020 

ʨʦʢʫ ʥʘ 6,7 ʤʣʥ ʪʦʥʥ ʪʘ ʝʢʩʧʦʨʪ ʟʘ ʘʥʘʣʦʛʽʯʥʠʡ ʧʝʨʽʦʜ 2019 ʨʦʢʫ ï ʥʘ 1,0 ʤʣʥ 

ʪʦʥʥ.ʋ 2022-2023 ʨʦʢʘʭ ʝʢʩʧʦʨʪʫʚʘʣʘ 48,99 ʤʽʣʴʡʦʥʘ ʪʦʥʥ ʟʝʨʥʦʚʠʭ ʽ 

ʟʝʨʥʦʙʦʙʦʚʠʭ ʢʫʣʴʪʫʨ. 

ʄʘʡʞʝ ʫʚʝʩʴ ʝʢʩʧʦʨʪ ʟʝʨʥʦʚʠʭ ʋʢʨʘʾʥʠ (93-95 %) ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ 

ʤʦʨʩʴʢʽ ʧʦʨʪʠ, 60% ʷʢʦʛʦ ʜʦ ʧʦʨʪʽʚ ʜʦʩʪʘʚʣʷʻʪʴʩʷ ʟʘ ʫʯʘʩʪʶ ʟʘʣʽʟʥʠʮʴ. ʊʦʤʫ 

ʧʦʩʪʘʻ ʟʘʜʘʯʘ ʫʜʦʩʢʦʥʘʣʠʪʠ ʪʝʭʥʦʣʦʛʽʶ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʚ 

ʢʦʥʪʝʡʥʝʨʘʭ ʟʘ ʫʯʘʩʪʶ ʟʘʣʽʟʥʠʮʴ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʦʚʠʭ ʢʣʽʻʥʪʽʚ ʪʘ 

ʟʙʝʨʝʞʝʥʥʷ ʧʦʩʪʽʡʥʠʭ. ɸʜʞʝ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʚʘʥʪʘʞʽʚ ʫ ʢʦʥʪʝʡʥʝʨʘʭ ʤʘʻ ʨʷʜ 

ʧʝʨʝʚʘʛ ʪʘʢʠʭ ʷʢ: ʟʘʙʝʟʧʝʯʫʻ ʾʭʥʶ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʧʨʘʢʪʠʯʥʦ 

ʙʫʜʴ-ʷʢʠʭ ʚʘʥʪʘʞʽʚ ʫʩʽʤʘ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʫ; ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʙʝʟʧʝʢʠ ʚʘʥʪʘʞʫ, 

ʱʦ ʧʝʨʝʚʦʟʠʪʴʩʷ, ʧʣʦʤʙʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʘ, ʢʦʥʪʨʦʣʴ ʙʝʟʧʝʢʠ; ʚʘʥʪʘʞ ʥʘʜʽʡʥʦ 

ʟʘʭʠʱʝʥʠʡ ʚʽʜ ʥʝʛʦʜʠ, ʽʥʰʠʭ ʬʦʨʩ-ʤʘʞʦʨʥʠʭ ʦʙʩʪʘʚʠʥ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʜʦʨʦʟʽ, 

ʣʝʛʢʦ ʩʢʣʘʜʫʻʪʴʩʷ ʽ ʥʝ ʚʠʤʘʛʘʻ ʢʨʠʪʠʭ ʩʧʦʨʫʜ. 
 

[1] ʋʢʨʘʾʥʘ ʟʘ ʚʦʻʥʥʠʡ ʨʽʢ ʟʙʽʣʴʰʠʣʘ ʝʢʩʧʦʨʪ ʟʝʨʥʘ: ʭʪʦ ʢʫʧʫʚʘʚ ʥʘʡʙʽʣʴʰʝ.-[ʈʝʞʠʤ ʜʦʩʪʫʧʫ]: 

https://www.epravda.com.ua/news/2023/07/3/701827/ 
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ʅʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʤʠ ʢʘʪʝʛʦʨʽʷʤʠ ʢʦʣʽʡ ʥʘ ʚʘʥʪʘʞʥʠʭ ʩʪʘʥʮʽʷʭ  ̒

ʧʨʠʡʤʘʣʴʥʦ-ʚʽʜʧʨʘʚʥʽ ʢʦʣʽʾ, ʩʦʨʪʫʚʘʣʴʥʽ ʢʦʣʽʾ  ̔ʩʦʨʪʫʚʘʣʴʥʦ-ʚʽʜʧʨʘʚʥʽ ʢʦʣʽʾ, ʘ 

ʪʘʢʦʞ ʚʘʥʪʘʞʥʽ ʪʘ ʚʠʩʪʘʚʦʯʥʽ ʢʦʣʽʾ ʤʽʩʮʴ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʽ 

ʟô̒ ʜʥʫʚʘʣʴʥʽ ʢʦʣʽ ʾʜʦ ʚʘʥʪʘʞʥʠʭ ʨʘʡʦʥʽʚ  ̔ʧʽʜ'ʾʟʥʠʭ ʢʦʣʽʡ ʧʽʜʧʨʠʻʤʩʪʚ [1]. 

ʋ ʚʠʧʘʜʢʫ ʞʦʨʩʪʢʦʾ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʢʦʣʽʡ ʜʣʷ ʧʨʠʡʤʘʥʥʷ  ̔ ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʧʦʾʟʜʽʚ ʾʭ ʢʽʣʴʢʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʢʨʝʤʦ. ʂʦʣʽʾ ʧʨʠʡʤʘʥʥʷ 

ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʜʣʷ ʧʨʠʡʤʘʥʥʷ ʧʦʾʟʜʽʚ, ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʧʦ ʧʨʠʙʫʪʪʶ ʽ 

ʧʨʦʩʪʦʾʚ ʚ ʦʯʽʢʫʚʘʥʥʽ ʨʦʟʬʦʨʤʫʚʘʥʥʷ, ʪʦʤʫ ʾʭ ʦʩʥʦʚʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ 
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ʈʘʮʽʦʥʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʣʽʡ ʚ ʩʦʨʪʫʚʘʣʴʥʦʤʫ ʧʘʨʢʫ ʚʘʥʪʘʞʥʦʾ ʩʪʘʥʮʽʾ 

ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʠʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʜʣʷ 

ʚʽʜʩʪʦʶ ʚʘʛʦʥʽʚ ʚ ʦʯʽʢʫʚʘʥʥʽ ʧʦʜʘʯʽ ʥʘ ʚʘʥʪʘʞʥʽ ʧʫʥʢʪʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ [2]. ʋ ʚʠʧʘʜʢʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʣʽʡ ʚʽʜʩʪʦʶ ʚʘʛʦʥʽʚ ʫ 

ʦʯʽʢʫʚʘʥʥʽ ʧʦʜʘʚʘʥʥʷ ʥʘ ʚʘʥʪʘʞʥʽ ʧʫʥʢʪʠ ʥʘ ʩʘʤʽʡ ʚʘʥʪʘʞʥʽʡ ʩʪʘʥʮʽʾ ʫ 

ʢʦʤʧʣʝʢʩʽ ʟ ʩʦʨʪʫʚʘʣʴʥʠʤʠ ʢʦʣʽʷʤʠ ʾʭ ʢʽʣʴʢʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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ʂʽʣʴʢʽʩʪʴ ʢʦʣʽʡ ʥʘ ʚʘʥʪʘʞʥʽʡ ʩʪʘʥʮʽʾ ʜʣʷ ʚʽʜʩʪʦʶʚʘʥʥʷ ʚʘʛʦʥʽʚ ʫ ʦʯʽʢʫʚʘʥʥʽ 

ʧʦʜʘʚʘʥʥʷ ʜʣʷ ʧʝʨʽʦʜʫ ʨʦʙʦʪʠ ʦʜʥʦʛʦ ʤʘʥʝʚʨʦʚʦʛʦ ʣʦʢʦʤʦʪʠʚʘ Tʨ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘ ʬʦʨʤʫʣʦʶ [3] 
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ʂʽʣʴʢʽʩʪʴ ʢʦʣʽʡ ʩʦʨʪʫʚʘʣʴʥʦʛʦ ʧʘʨʢʫ ʥʘ ʚʘʥʪʘʞʥʽʡ ʩʪʘʥʮʽʾ ʜʣʷ ʢʽʣʴʢʦʩʪʽ 

ʧʨʠʟʥʘʯʝʥʴ ʩ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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ʆʪʞʝ, ʧʨʦʙʣʝʤʘ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʢʽʣʴʢʦʩʪʽ ʢʦʣʽʡ, ʾʭ ʜʦʚʞʠʥʠ ʽ ʩʫʤʘʨʥʦʾ 

ʻʤʥʦʩʪʽ ʚʘʥʪʘʞʥʠʭ ʩʪʘʥʮʽʡ ʦʩʪʘʪʦʯʥʦ ʥʝ ʚʠʨʽʰʝʥʘ ʪʘ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʦʮʽʥʢʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʘʥʪʘʞʥʦʾ 

ʩʪʘʥʮʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʾʾ ʨʦʙʦʪʠ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ [4]. ʆʢʨʽʤ ʮʴʦʛʦ, ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʤʝʪʦʜʠʢʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʟʤʽʥʠ ʚ 

ʩʪʨʫʢʪʫʨʽ ʚʘʛʦʥʥʦʛʦ ʧʘʨʢʫ. 

 
[1] ɸʢʫʣʠʥʠʯʝʚ ɺ.ʄ., ʇʨʘʚʜʠʥ ʅ.ɺ., ɹʦʣʦʪʥʳʡ ɹ.ʗ., ʉʘʚʯʝʥʢʦ ʀ.ɽ. ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʩʪʘʥʮʠʠ ʠ ʫʟʣʳ: ʫʯʝʙ. 

ʜʣʷ ʚʫʟʦʚ ʞ.ʜ. ʪʨʘʥ. / ʧʦʜ ʨʝʜʘʢʮ. ɺ.ʄ. ɸʢʫʣʠʥʠʯʝʚʘ. ʄʦʩʢʚʘ: ʊʨʘʥʩʧʦʨʪ, 1992. 480 ʩ. 

[2] ʃʦʛʠʥʦʚ ʉ. ʀ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʛʨʫʟʦʚʳʭ ʩʪʘʥʮʠʡ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ [ʊʝʢʩʪ]: ʫʯʝʙ. ʧʦʩʦʙʠʝ / ʉ. ʀ. 

ʃʦʛʠʥʦʚ, ʇ. ʂ. ʈʳʙʠʥ, ɿ. ʅ. ɻʘʨʙʫʟʦʚʘ, ɼ. ɹ.ʊʠʤʦʬʝʝʚ ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ: ʇɻʋʇʉ. ï 2002 ï 51 ʩ. 

[3] ʃʦʛʠʥʦʚ ʉ.ʀ. ʆʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʩʦʨʪʠʨʦʚʦʯʥʳʭ ʧʫʪʝʡ ʥʘ ʛʨʫʟʦʚʳʭ ʩʪʘʥʮʠʷʭ: ʊʨ. ʃʀʀɾʊ. ɺʳʧ. 334. 

ʄʦʩʢʚʘ: 1972. ʉ. 28 ï 31. 

[4] ʂʨʷʯʢʦ ʂ.ɺ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ ʪʝʭʥʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʟʘʣʽʟʥʠʯʥʠʭ ʚʘʥʪʘʞʥʠʭ ʩʪʘʥʮʽʡ //ɿʙ. 

ʥʘʫʢ. ʧʨʘʮʴ. ï ʍʘʨʢʽʚ: ʍʅɽʋ, 2006. ï ɺʠʧ. 1. 
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ɻʦʣʦʚʥʠʤ ʨʝʛʣʘʤʝʥʪʫʶʯʠʤ ʜʦʢʫʤʝʥʪʦʤ [1] ʥʝ ʚʠʟʥʘʯʝʥʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ 

ʢʽʣʴʢʦʩʪʽ, ʧʨʠʡʤʘʣʴʥʦ ï ʚʽʜʧʨʘʚʥʠʭ ʪʘ ʧʨʠʡʤʘʣʴʥʠʭ ʢʦʣʽʡ (mʧʚ) ʥʘ ʚʘʥʪʘʞʥʠʭ 

ʩʪʘʥʮʽʷʭ ʨʽʟʥʦʛʦ ʪʠʧʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʩʷʛʽʚ ʪʘ ʭʘʨʘʢʪʝʨʫ ʨʫʭʫ ʚʘʥʪʘʞʥʠʭ 

ʧʦʾʟʜʽʚ.  

ʇʨʦʬ. ʉʘʚʯʝʥʢʦ ɯ.ʖ. [2] ʨʝʢʦʤʝʥʜʫʻ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʮʠʭ ʢʦʣʽʡ ʟʘ ʾʭ 

ʩʫʤʘʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʧʨʦʪʷʟʽ ʟʛʫʱʝʥʦʛʦ ʧʝʨʽʦʜʫ ʧʨʠʡʤʘʥʥʷ ʪʘ 

ʚʽʜʧʨʘʚʣʝʥʥʷ ʧʦʾʟʜʽʚ, ʘʣʝ ʧʦʩʠʣʘʻʪʴʩʷ ʥʘ ʬʦʨʤʫʣʫ ʽʟ ʜʦʙʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 
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m ,                        (1) 

 

ɺʪʽʤ, ʩʝʨʝʜʥʴʦʜʦʙʦʚʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʥʝ ʚʽʜʦʙʨʘʞʘʻ 

ʬʘʢʪʠʯʥʠʭ ʫʤʦʚ ʨʘʥʢʦʚʦʛʦ ʘʙʦ ʚʝʯʽʨʥʴʦʛʦ ʟʛʫʱʝʥʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʧʦʾʟʜʽʚ ʪʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʠʩʣʘ ʛʦʣʦʚʥʠʭ ʢʦʣʽʡ, ʪʠʧʫ ʩʪʘʥʮʽʾ, ʦʙʩʷʛʽʚ ʨʫʭʫ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʧʦʾʟʜʽʚ, ʪʠʧʫ ʛʨʘʬʽʢʫ ʪʦʱʦ. ɼʦ ʪʦʛʦ ʞ ʪʨʠʚʘʣʽʩʪʴ ʟʘʥʷʪʪʷ ʢʦʣʽʡ ʥʝ ʚʨʘʭʦʚʫʻ 

ʦʯʽʢʫʚʘʥʥʷ ʟʜʽʡʩʥʝʥʥʷ ʦʢʨʝʤʠʭ ʦʧʝʨʘʮʽʡ. 

ɼʦʮ. ɹʘʥʝʢ ʊ.ʉ. [3, 4] ʟʘʩʪʦʩʦʚʫʻ ʧʨʠʥʮʠʧʦʚʦ ʘʥʘʣʦʛʽʯʥʫ ʬʦʨʤʫʣʫ, ʘʣʝ ʾʾ 

ʩʢʣʘʜʦʚʽ ʨʦʟʢʨʠʚʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ 
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ɿʜʝʙʽʣʴʰʦʛʦ ʘʚʪʦʨʠ [5] ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʧʨʠʡʤʘʣʴʥʦ-ʚʽʜʧʨʘʚʥʠʭ 

ʢʦʣʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʬ. (1) ʟ ʧʝʚʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ, ʱʦʙ ʾʭ ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʙʫʣʘ ʥʝ ʤʝʥʰʝ ʯʦʪʠʨʴʦʭ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʭʦʜʦʚʦʾ ʢʦʣʽʾ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʧʨʠʡʤʘʣʴʥʦ-ʚʽʜʧʨʘʚʥʠʭ ʢʦʣʽʡ ʥʘ 

ʚʘʥʪʘʞʥʠʭ ʩʪʘʥʮʽʷʭ ʟʘ ʨʽʟʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʟ ʨʝʘʣʴʥʦʶ ʥʘ 

ʽʩʥʫʶʯʠʭ ʩʪʘʥʮʽʷʭ ʚʠʷʚʠʚ, ʱʦ ʜʣʷ ʩʪʘʥʮʽʡ ʥʘʩʢʨʽʟʥʦʛʦ ʪʠʧʫ ʧʦʚʠʥʥʘ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʴ ʤʦʞʣʠʚʽʩʪʴ ʦʜʥʦʯʘʩʥʦʛʦ ʧʨʠʡʤʘʥʥʷ ʪʘ ʚʽʜʧʨʘʚʣʝʥʥʷ ʤʽʩʮʝʚʠʭ 

ʧʦʾʟʜʽʚ ʽ ʪʦʜʽ ʧʝʨʝʚʘʞʥʫ ʢʽʣʴʢʽʩʪʴ mʧʚ ʧʦʪʨʽʙʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʦʙʩʷʛʽʚ ʨʫʭʫ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ: ʥʘ ʦʜʥʦʢʦʣʽʡʥʠʭ ʣʽʥʽʷʭ ʧʨʠ ʦʙʩʷʛʘʭ ʨʫʭʫ ʜʦ 

ʧôʷʪʠ ʧʘʨ ʧ/ʜʦʙʫ ʥʝ ʤʝʥʰʝ ʜʚʦʭ ʢʦʣʽʡ ʪʘ ʥʘ ʜʚʦʢʦʣʽʡʥʠʭ ʣʽʥʽʷʭ ʧʨʠ ʙʽʣʴʰʠʭ 

ʦʙʩʷʛʘʭ ʨʫʭʫ - ʥʝ ʤʝʥʰʝ ʪʨʴʦʭ, ʘ ʥʘ ʧʝʨʝʜʚʫʟʣʦʚʠʭ ʽ ʧʨʠ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʥʘ 

ʚʥʫʪʨʽʰʥʴʦʚʫʟʣʦʚʠʭ ʚʘʥʪʘʞʥʠʭ ʩʪʘʥʮʽʷʭ ʤʦʞʝ ʜʦʜʘʚʘʪʠʩʷ ʧʦ ʦʜʥʽʡ ʢʦʣʽʾ. ʏʠʩʣʦ 

ʜʦʜʘʪʢʦʚʠʭ mʧʚ, ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʦʙʛʦʥʫ ʯʠ ʩʭʨʝʱʝʥʥʷ ʚʘʥʪʘʞʥʠʭ ʧʦʾʟʜʽʚ, 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʧʦʾʟʜʽʚ ʪʘ ʪʠʧʫ ʛʨʘʬʽʢʘ. 

ʌʘʢʪʠʯʥʝ ʯʠʩʣʦ mʧʚ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 

ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ. 

 
[1] ɼʝʨʞʘʚʥʽ ʙʫʜʽʚʝʣʴʥʽ ʥʦʨʤʠ ʋʢʨʘʾʥʠ: ɼɹʅ ɺ.2.3-19-2008. ï ʂ.:  ʄʽʥʨʝʛʽʦʥʙʫʜ ʋʢʨʘʾʥʠ, 2008. ï 122ʩ. 

[2] ʉʘʚʯʝʥʢʦ ʀ.ɽ., ɿʝʤʙʣʠʥʦʚ ʉ.ɺ., ʉʪʨʘʢʦʚʩʢʠʡ ʀ.ʀ., ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʩʪʘʥʮʠʠ ʠ ʫʟʣʳ / ʀ.ɽ.ʉʘʚʯʝʥʢʦ, ʉ.ɺ. 

ɿʝʤʙʣʠʥʦʚ, ʀ.ʀ. ʉʪʨʘʢʦʚʩʢʠʡ ï ʄ.: ʊʨʘʥʩʧʦʨʪ, 1980. ï 479 ʩ. 

[3] ɸʢʫʣʠʥʠʯʝʚ, ɺ.ʄ. ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʩʪʘʥʮʠʠ ʠ ʫʟʣʳ / ɺ.ʄ. ɸʢʫʣʠʥʠʯʝʚ, ʅ.ɺ. ʇʨʘʚʜʠʥ, ɺ.ʗ. ɹʦʣʦʪʥʳʡ, ʀ.ɽ. 

ʉʘʚʯʝʥʢʦ // ʇʦʜ ʨʝʜ. ɺ.ʄ. ɸʢʫʣʠʥʠʯʝʚʘ. ï ʄ.: ʊʨʘʥʩʧʦʨʪ, 1992. ï 480 ʩ. 

[4] ʇʨʘʚʜʠʥ, ʅ.ɺ., ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʪʘʥʮʠʡ ʠ ʫʟʣʦʚ / ʅ.ɺ. ʇʨʘʚʜʠʥ, ʊ.ʉ. ɹʘʥʝʢ, ɺ.ʗ. ʅʝʛʨʝʡ 

//ʋʯʝʙʥʠʢ.ʏ.2. ï ʄʠʥʩʢ.: òɺʳʰʝʡʰʘʷ ʰʢʦʣʘò, 1984. ï 200 ʩ. 

[5] ɺʝʪʫʭʦʚ, ɽ.ɸ. ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʫʩʪʨʦʡʩʪʚ ʥʘ ʩʪʘʥʮʠʷʭ / ɽ.ɸ. ɺʝʪʫʭʦʚ ï ʄ.: ʊʨʘʥʩʧʦʨʪ, 1978. ï 172 ʩ. 
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ʄ.ʆ. ɼʦʤʙʨʦʚʩʴʢʠʡ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʂ.ɺ. ʂʨʷʯʢʦ  
ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʤ. ʍʘʨʢʽʚ) 

 

M. Dombrovskiy, K. Kryachko PhD (Tech.) 
Ukrainian State University of Railway Transport (Kharkiv) 

 

ɻʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʫʤʦʚʘʭ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʥʘ ʨʠʥʢʫ 

ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ ʻ ʨʝʦʨʛʘʥʽʟʘʮʽʷ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʘ ʩʘʤʝ ʪʦʤʫ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʣʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʛʦʣʦʚʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʩʪʘʥʮʽʡ - ʮʝ  ʥʘʛʘʣʴʥʝ 

ʧʠʪʘʥʥʷ, ʱʦ ʥʘʮʽʣʝʥʝ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ 

ʧʝʨʝʚʘʞʥʠʭ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʥʘʧʨʷʤʢʽʚ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʾʭ ʨʦʙʦʪʠ [1]. 

ʇʨʦʧʫʩʢʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʛʦʨʣʦʚʠʥ (nʛʣ) ʢʨʫʧʥʠʭ ʛʦʣʦʚʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʩʪʘʥʮʽʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʟʥʘʯʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʛʦʨʣʦʚʠʥ (gʛʣ)  

 
     

nʛʣ= nʽʬ * gʛʣ
-1       

(1)
 

 

ʜʝ nʽʬ- ʬʘʢʪʠʯʥʝ ʯʠʩʣʦ ʧʝʨʝʤʽʱʝʥʴ ʫ ʛʦʨʣʦʚʠʥʽ ʧʘʩʘʞʠʨʩʴʢʦʾ ʩʪʘʥʮʽʾ ʥʘ 

ʧʨʦʪʷʟʽ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʽʦʜʫ. 

ɿʘ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʧʝʨʽʦʜ, ʩʣʽʜ ʧʨʠʡʤʘʪʠ ʧʝʨʽʦʜ ʟʛʫʱʝʥʦʛʦ ʧʨʠʡʤʘʥʥʷ ʪʘ 

ʚʽʜʧʨʘʚʣʝʥʥʷ ʊʟʛ, ʟ ʽʥʪʝʨʚʘʣʘʤʠ, ʷʢʽ ʙʫʜʫʪʴ ʤʝʥʰʠʤʠ ʟʘ ʩʝʨʝʜʥʽʡ, ʧʨʦʪʷʛʦʤ 

ʜʦʙʠ. ɺ ʩʝʨʝʜʥʴʦʤʫ ʚʽʥ ʜʦʨʽʚʥʶʻ ʽʥʪʝʨʚʘʣʫ ʚʽʜ 90 ʜʦ 180 ʭʚ. ʪʘ ʜʣʷ ʢʦʞʥʦʾ 

ʩʪʘʥʮʽʾ ʧʨʠʡʤʘʻʪʴʩʷ ʟʛʽʜʥʦ ʛʨʘʬʽʢʫ ʨʫʭʫ ʧʦʾʟʜʽʚ ʥʘ ʣʽʪʥʽʡ ʧʝʨʽʦʜ [2]. 

 
          

(2) 

 

ʜʝ  ï ʩʫʤʘʨʥʘ ʪʨʠʚʘʣʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʦʨʣʦʚʠʥʠ ʧʘʩʘʞʠʨʩʴʢʦʾ ʩʪʘʥʮʽʾ 

ʚʩʽʤʘ ʤʘʨʰʨʫʪʘʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʤʽʱʝʥʴ ʥʘ ʤʦʞʣʠʚʠʭ ʧʘʨʘʣʝʣʴʥʠʭ 

ʤʘʨʰʨʫʪʘʭ, ʭʚ; 

 ï ʪʨʠʚʘʣʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʛʦʨʣʦʚʠʥʠ ʥʘ ʧʨʦʪʷʟʽ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʽʦʜʫ 

 
         

(3) 

 

ʜʝ  ï ʪʨʠʚʘʣʽʩʪʴ ʟʘʡʥʷʪʪʷ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʛʦʨʣʦʚʠʥʠ ʧʦʩʪʽʡʥʠʤʠ 

ʦʧʝʨʘʮʽʷʤʠ ʥʘ ʧʨʦʪʷʟʽ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʽʦʜʫ ʟ ʧʦʪʦʯʥʠʤ ʫʪʨʠʤʘʥʥʷʤ 
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ʚʝʨʭʥʴʦʾ ʙʫʜʦʚʠ ʢʦʣʽʾ ʧʣʘʥʦʚʠʤʠ ʚʠʜʘʤʠ ʨʝʤʦʥʪʫ; ʧʨʠʙʠʨʘʥʥʷ ʩʤʽʪʪʷ ʪʘ ʩʥʽʛʫ; 

ʫʪʨʠʤʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʢʦʥʪʘʢʪʥʦʾ ʤʝʨʝʞʽ ʪʦʱʦ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʛʦʨʣʦʚʠʥ 

ʛʦʣʦʚʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʩʪʘʥʮʽʡ ʜʘʻ ʟʤʦʛʫ ʜʣʷ ʨʦʟʨʦʙʢʠ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʾʭ 

ʢʦʥʩʪʨʫʢʮʽʡ [3] ʧʨʠ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʩʭʝʤ ʩʪʘʥʮʽʡ ʚ ʫʤʦʚʘʭ ʟʤʽʥʠ ʦʙʩʷʛʽʚ 

ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʨʫʭʫ. 
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ʈʦʟʬʦʨʤʫʚʘʥʥʷ ʩʦʩʪʘʚʽʚ ʥʘ ʟʘʣʽʟʥʠʯʥʠʭ ʩʪʘʥʮʽʷʭ ʻ ʜʫʞʝ ʩʢʣʘʜʥʠʤ ʧʨʦʮʝʩʦʤ 

ʽ ʚʠʤʘʛʘʻ ʙʘʛʘʪʦ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ ʥʘ ʩʦʨʪʫʚʘʣʴʥʠʭ ʛʽʨʢʘʭ ʤʦʞʝ ʧʦʣʽʧʰʠʪʠ ʫʤʦʚʠ ʧʨʘʮʽ ʨʦʙʽʪʥʠʢʽʚ, 

ʟʙʽʣʴʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʪʘʥʮʽʾ ʪʘ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʶ ʫʩʪʘʪʢʫʚʘʥʥʷ. ʋ ʩʫʯʘʩʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʫʤʦʚʘʭ 

ʥʘ ʫʢʨʘʾʥʩʴʢʠʭ ʟʘʣʽʟʥʠʯʥʠʭ ʩʪʘʥʮʽʷʭ ʚʘʞʣʠʚʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʟʘʭʦʜʠ, 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʮʝʩʫ ʨʦʟʬʦʨʤʫʚʘʥʥʷ. 

ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʩʚʽʜʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ 

ʰʚʠʜʢʦʩʪʷʤʠ ʨʫʭʫ ʚʘʛʦʥʽʚ ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ.  

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʚʘʛʦʥʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʟʘʢʦʨʜʦʥʥʠʭ ʩʦʨʪʫʚʘʣʴʥʠʭ 

ʩʪʘʥʮʽʷʭ. ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʮʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʻ ʧʽʜʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ 

ʚʘʛʦʥʽʚ ʟ ʛʽʨʢʠ. ʇʨʦʪʷʛʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʮʠʭ ʧʽʜʩʠʩʪʝʤ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʜʝʷʢʽ 

ʥʝʜʦʣʽʢʠ, ʟʦʢʨʝʤʘ: ʥʝʜʦʩʪʘʪʥʴʦ ʨʦʟʚʠʥʫʪʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʘʣʛʦʨʠʪʤʠ, ʥʠʟʴʢʠʡ 
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ʚʽʜʩʦʪʦʢ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʚʠʭʦʜʫ ʚʘʛʦʥʽʚ ʟ ʛʘʣʴʤʦʚʠʭ 

ʧʦʟʠʮʽʡ ʫ ʩʠʩʪʝʤʽ PROYARD [1], ʥʝʤʦʞʣʠʚʽʩʪʴ ʪʦʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʚʘʛʦʥʽʚ ʫ ʤʝʞʘʭ ʟʦʥʠ ʜʽʾ ʧʨʠʩʪʨʦʾʚ ʢʦʥʪʨʦʣʶ ʟʘʡʥʷʪʦʩʪʽ 

ʢʦʣʽʡ ʫ ʩʠʩʪʝʤʽ MSR-32 [2, 3], ʦʙʤʝʞʝʥʘ ʟʦʥʘ ʜʽʾ ʩʠʩʪʝʤʠ ʧʨʠʮʽʣʴʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʫ ʩʠʩʪʝʤʽ DDCIII.  

ʅʘ ʙʘʛʘʪʴʦʭ ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʷʭ ʫ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ 

ʩʠʩʪʝʤʠ ʢʦʤʧʣʝʢʩʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʩʦʨʪʫʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. ʆʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ 

ʟʘʚʜʘʥʴ ʮʠʭ ʩʠʩʪʝʤ ʻ ʨʦʟʨʘʭʫʥʦʢ ʪʘ ʢʝʨʫʚʘʥʥʷ ʦʩʥʦʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʦʨʪʫʚʘʣʴʥʠʭ ʛʽʨʦʢ, ʪʘʢʠʤʠ ʷʢ ʰʚʠʜʢʽʩʪʴ ʨʦʟʧʫʩʢʫ ʩʦʩʪʘʚʽʚ ʽ 

ʰʚʠʜʢʽʩʪʴ ʚʠʭʦʜʫ ʚʘʛʦʥʽʚ ʟ ʛʘʣʴʤʦʚʠʭ ʧʦʟʠʮʽʡ. ʉʝʨʝʜ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʷʭ, ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʩʠʩʪʝʤʠ çSaxbiè (ʌʨʘʥʮʽʷ), MSR 32 (ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʘʥʽʾ Siemens), 

çDDCIIIè, çHC-41è ʪʘ çProyardè (ʉʐɸ).  

ɯʥʬʦʨʤʘʮʽʡʥʦ-ʢʝʨʫʶʯʘ ʩʠʩʪʝʤʘ PROYARD ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʦʶ ʫ ʉʐɸ ʪʘ 

ʂʘʥʘʜʽ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʙʽʣʴʰʦʩʪʽ ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʡ ʮʠʭ ʢʨʘʾʥ. ʋ 

ʉʐɸ ʚʢʘʟʘʥʘ ʩʠʩʪʝʤʘ ʚʧʨʦʚʘʜʞʝʥʘ ʥʘ ʙʣʠʟʴʢʦ 60 ʩʪʘʥʮʽʷʭ. ʈʦʙʦʪʘ ʩʠʩʪʝʤʠ 

PROYARD ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʘʢʠʭ ʞʝ ʧʨʠʥʮʠʧʘʭ, ʷʢ ʽ ʽʥʰʠʭ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ. 

ʇʽʜ ʯʘʩ ʩʦʨʪʫʚʘʥʥʷ ʚʘʛʦʥʽʚ ʩʠʩʪʝʤʘ ʚʨʘʭʦʚʫʻ ʭʦʜʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʘʛʦʥʽʚ, 

ʧʦʛʦʜʥʽ ʫʤʦʚʠ ʪʘ ʚʝʜʝ ʤʦʥʽʪʦʨʠʥʛ ʟʘʧʦʚʥʝʥʥʷ ʢʦʣʽʡ ʥʘ ʩʦʨʪʫʚʘʣʴʥʽʡ ʩʪʘʥʮʽʾ. 

ʇʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ PROYARD ʤʘʡʞʝ 90% ʩʧʽʚʫʜʘʨʽʚ ʤʽʞ ʚʘʛʦʥʘʤʠ 

ʚʜʘʻʪʴʩʷ ʫʥʠʢʥʫʪʠ, ʱʦ ʻ ʜʫʞʝ ʚʠʩʦʢʠʤ ʧʦʢʘʟʥʠʢʦʤ. ʂʨʽʤ ʪʦʛʦ, ʤʘʥʝʚʨʦʚʘ 

ʨʦʙʦʪʘ ʥʘ ʢʦʣʽʷʭ ʩʦʨʪʫʚʘʣʴʥʦʛʦ ʧʘʨʢʫ ʟʤʝʥʰʠʣʘʩʴ ʥʘ 60% ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʦ 

ʩʪʘʥʮʽʷʭ ʉʐɸ. ʊʘʢʦʞ ʜʦʚʞʠʥʘ ʧʨʦʤʽʞʢʽʚ ʤʽʞ ʚʘʛʦʥʘʤʠ ʩʪʘʣʘ ʢʦʨʦʪʰʦʶ [1].  

ʅʘ ʩʦʨʪʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʷʭ ɭʚʨʦʧʠ ʚ ʜʘʥʠʡ ʯʘʩ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʩʠʩʪʝʤʘ ʢʘʤʧʘʥʽʾ Siemens ï MSR 32 (ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʩʠʩʪʝʤʘ ʟʘʣʽʟʥʠʮʽ). ɺ 

ʧʽʜʩʠʩʪʝʤʽ ʧʨʠʮʽʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʽʜʯʝʧʘʤʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʷʢʽʩʥʦʛʦ 

ʧʨʠʮʽʣʴʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʘʛʦʥʥʽ ʫʧʦʚʽʣʴʥʶʚʘʯʽ ʪʘ 

ʢʦʤʙʽʥʦʚʘʥʽ ʚʘʛʦʥʦʦʩʘʜʞʫʶʯʽ ʧʨʠʩʪʨʦʾ. ʇʨʦʪʝ, ʧʨʠʩʪʨʦʾ ʢʦʥʪʨʦʣʶ ʟʘʧʦʚʥʝʥʥʷ 

ʢʦʣʽʡ ʦʭʦʧʣʶʶʪʴ ʥʝ ʚʩʶ ʜʦʚʞʠʥʫ ʢʦʣʽʡ ʩʦʨʪʫʚʘʣʴʥʦʛʦ ʧʘʨʢʫ. ɸʣʛʦʨʠʪʤ 

ʧʽʜʩʠʩʪʝʤʠ ʧʨʠʮʽʣʴʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʪʘʢʽ ʚʠʤʦʛʠ: ʚʽʜʯʝʧ ʧʦʚʠʥʝʥ 

ʧʽʜʭʦʜʠʪʠ ʜʦ ʧʘʨʢʦʚʦʾ ʛʘʣʴʤʦʚʦʾ ʧʦʟʠʮʽʾ ʟʽ ʰʚʠʜʢʽʩʪʶ ʥʝ ʙʽʣʴʰʝ 4 ʤ/ʩ, 

ʚʠʭʦʜʠʪʠ ʟ ʥʝʾ ʟʽ ʰʚʠʜʢʽʩʪʶ ʥʝ ʙʽʣʴʰʝ 1,5 ʤ/ʩ ʪʘ ʨʫʭʘʪʠʩʷ ʜʦ ʧʦʚʥʦʾ ʟʫʧʠʥʢʠ (ʚ 

ʟʦʥʽ ʜʽʾ ʧʨʠʩʪʨʦʾʚ ʢʦʥʪʨʦʣʶ ʟʘʧʦʚʥʝʥʥʷ ʢʦʣʽʡ). ʂʦʤʙʽʥʦʚʘʥʽ ʚʘʛʦʥʦʦʩʘʜʞʫʚʘʯʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʛʘʡʥʝ ʧʨʦʩʫʚʘʥʥʷ ʚʽʜʯʝʧʫ ʟ ʟʦʥʠ ʜʽʾ ʚʢʘʟʘʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʦ ʢʦʣʽʾ 

ʩʦʨʪʫʚʘʣʴʥʦʛʦ ʧʘʨʢʫ [2, 3].  

ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʩʦʨʪʫʚʘʣʴʥʦʶ ʩʪʘʥʮʽʻʶ, ʚʽʜʦʤʘ ʷʢ 

DDCIII (date display control), ʻ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʦʶ ʚ ʉʐɸ, ʂʘʥʘʜʽ, ʢʨʘʾʥʘʭ 

ɭʚʨʦʧʠ, ʂʠʪʘʾ ʪʘ ʜʝʷʢʠʭ ʢʨʘʾʥʘʭ ɸʬʨʠʢʠ. ʎʷ ʩʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜʠ ʪʘ 

ʤʦʜʝʣʽ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʦʟʧʫʩʢʫ ʩʦʩʪʘʚʽʚ. ʆʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʟʘʚʜʘʥʴ 

ʩʠʩʪʝʤʠ ʻ ʢʦʤʧʝʥʩʘʮʽʷ ʚʧʣʠʚʫ ʪʘʢʠʭ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʷʢ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ 

ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ. ʋ ʩʢʣʘʜʽ DDCIII ʪʘʢʦʞ ʧʨʠʩʫʪʥʷ ʧʽʜʩʠʩʪʝʤʘ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʢʦʥʪʨʦʣʴ ʪʘ ʘʚʪʦʤʘʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʜʦʚʞʠʥʠ ʧʨʦʙʽʛʫ 

ʧʦ ʢʦʣʽʷʭ ʩʦʨʪʫʚʘʣʴʥʦʛʦ ʧʘʨʢʫ. ɺʦʥʘ ʪʘʢʦʞ ʨʦʟʨʘʭʦʚʫʻ ʪʘ ʨʝʘʣʽʟʫʻ ʥʝʦʙʭʽʜʥʫ 

ʰʚʠʜʢʽʩʪʴ ʚʠʭʦʜʫ ʚʽʜʯʝʧʽʚ ʟ ʛʘʣʴʤʦʚʠʭ ʧʦʟʠʮʽʡ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʧʽʜʩʠʩʪʝʤʠ 

ʩʠʩʪʝʤʘ DDCIII ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʪʘ ʪʦʯʥʝ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ 
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ʩʦʨʪʫʚʘʥʥʷ ʚʘʛʦʥʽʚ ʥʘ ʩʪʘʥʮʽʾ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʧʨʠʮʽʣʴʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ 

ʚʽʜʯʝʧʽʚ ʧʨʠʚʝʣʘ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʜʦʚʞʠʥʠ çʚʽʢʦʥè ʤʘʡʞʝ ʥʘ 90%. ʂʨʽʤ ʪʦʛʦ, 

ʰʚʠʜʢʽʩʪʴ ʩʧʽʚʫʜʘʨʷʥʥʷ ʙʫʣʘ ʟʥʠʞʝʥʘ ʜʦ 5,6 ʢʤ/ʛʦʜ.  

ɿʘʟʥʘʯʝʥʝ ʚʠʱʝ ʧʦʢʘʟʫʻ, ʱʦ ʟʘʚʜʷʢʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʜʘʻʪʴʩʷ ʟʘʙʝʟʧʝʯʠʪʠ 

ʙʽʣʴʰ ʪʦʯʥʝ ʪʘ ʙʝʟʧʝʯʥʝ ʛʘʣʴʤʫʚʘʥʥʷ ʚʽʜʯʝʧʽʚ, ʟʤʝʥʰʫʶʯʠ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡ ʪʘ ʧʦʰʢʦʜʞʝʥʴ. ʊʘʢʽ ʧʦʢʘʟʥʠʢʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʠʩʦʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʚ ʨʦʙʦʪʽ ʟ 

ʚʽʜʯʝʧʘʤʠ.  
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Customs clearance, as a mandatory procedure for obtaining permission for goods 

transported to any country, is often one of the determining links of the logistics chain 

in the overall duration of the delivery of goods. The increase in the volumes of cargo 

transported from Ukraine to other European countries by rail in recent years has led 

to an increase in waiting time at checkpoints and border railway stations. At the same 

time, the waiting time for customs control at certain checkpoints reached up to 25 

days. This results in an extended delivery period and serves as a reason for the 

reduction in the value of domestic goods, making them less attractive in the 

international market. Therefore, the question of reducing the waiting time for customs 

procedures is a strategically important task that should be addressed 

comprehensively, taking into account the technical and technological components of 

this process. 

In contemporary scientific literature, there are not as many articles and works 

dedicated to the improvement of customs clearance technology. Significantly more 

attention has been given to developing measures in the financial and economic 

aspects of customs procedures ð increasing revenues and fees, implementing 

tariffication in accordance with modern international standards. 

Therefore, firstly, it is necessary to develop technical solutions and technological 

measures to improve customs services with the aim of reducing the time cargo spends 

under customs control and avoiding large queues at the border. 
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With the onset of the war in Ukraine, more than half of domestic enterprises 

either partially or completely ceased their operations due to the destruction of 

facilities and infrastructure, the occupation of regions, high levels of uncertainty and 

risks, disruptions in material-technical and production ties, and forced mass 

migrations of the population. These factors also impacted the transportation sector of 

the country, the enterprises of which constitute 11% of the total in the industrial 

sector. 

Significant changes have also occurred in the export-import component of freight 

transportation. After the blockade of seaports, the export cargo flow was redirected to 

western border crossings. However, the capacity of EU infrastructure currently 

cannot handle the processing of large volumes of Ukrainian exports. The insufficient 

number of railway crossings with different track gauges hinders the transportation of 

goods by rail. The technical capacity and fleet size of neighboring countries are also 

inadequate.  

Moreover, the process of rail freight transportation is accompanied by prolonged 

customs clearance, leading to additional delays. By the middle of 2023, the export of 

goods from Ukraine had decreased by over 35-40%. This reduction occurred across 

all modes of transport, but considering that before the war, over 90% of goods were 

exported through seaports, the export logistics underwent significant changes. 

The analysis of the reasons for the significant duration of procedures during 

customs control, as provided in [1], allows for categorization into three groups: 

technological, technical, and issues related to document processing. 

The reasons for problems with customs documents include: 

- a large number of accompanying documents and obtaining certificates of origin 

for goods at the customs, the absence of simplified rules for determining the origin of 

goods, and the taking of samples of goods; 

- inaccuracies in cargo information, non-compliance of the cargo with the 

provided information; 

- the absence of a complete set of necessary documents; 

- inconsistency between Ukrainian and foreign transportation documents; 

- changes in the customs value of goods or requirements for its increase. 

Technological factors influencing the duration of customs procedures include: 

- lack of transparency in decision-making, conflicting with the requirements of 

international trade laws and control compliance developed by the WTO; 

- complexity of the procedure, which depends on the customs regime, type of 

cargo, destination or origin country, reputation of the cargo owner; 

- intellectual property rights control as one of the formal customs control 

procedures; 

- quality control of goods for certain types of cargo, especially valuable ones; 

- shortage of inspectors on-site due to significant workload of customs officials on 

railways after redirecting cargo flows from maritime transport; 

Technical delays at customs are caused by reasons such as: 

- lack of proper customs infrastructure, equipment, and software; 

- manual decision-making processes; 
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- the need for scanning and weighing vehicles in the absence of regulatory 

documents regulating the use of scanning systems during customs control. 

The key answer to accelerating customs procedures and avoiding delays in the 

movement of international goods lies in the systematic development of customs 

procedure execution technology that aligns with international standards and modern 

technical support for customs through automated decision support systems. The 

implementation of such measures will significantly impact the activities of Ukrainian 

businesses and the personnel of regional customs offices. 

 
[1] Simplification of trade procedures in Ukraine: evaluations and expectations of business. Kyiv. 2021. 275 p. 
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ʆʜʥʠʤ ʽʟ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʻ ʥʝʛʘʪʠʚʥʦ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʡ ʧʨʦʮʝʩ, ʻ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʚʝʟʝʥʴ. ʅʝʫʟʛʦʜʞʝʥʽʩʪʴ ʜʽʡ ʚʘʥʪʘʞʦʚʣʘʩʥʠʢʽʚ 

ʽʟ ʩʫʤʽʞʥʠʤʠ ʦʨʛʘʥʘʤʠ ʜʝʨʞʘʚʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʪʨʠʤʦʢ ʚʘʛʦʥʽʚ ʯʝʨʝʟ ʪʨʠʚʘʣʝ 

ʧʨʦʚʝʜʝʥʥʷ ʤʠʪʥʠʭ ʦʧʝʨʘʮʽʡ. 

Pʛʽʜʥʦ ʟʽ çʉʪʨʘʪʝʛʽʻʶ ʟʜʽʡʩʥʝʥʥʷ ʮʠʬʨʦʚʦʛʦ ʨʦʟʚʠʪʢʫ, ʮʠʬʨʦʚʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʽ ʮʠʬʨʦʚʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʜʝʨʞʘʚʥʠʤʠ ʬʽʥʘʥʩʘʤʠ ʥʘ 

ʧʝʨʽʦʜ ʜʦ 2025 ʨʦʢʫè [1] ʋʢʨʘʾʥʩʴʢʽ IT-ʩʧʝʮʽʘʣʽʩʪʠ ʚʞʝ ʧʦʯʘʣʠ ʪʨʘʥʩʬʦʨʤʘʮʽʶ 

ɼʝʨʞʤʠʪʩʣʫʞʙʠ ʋʢʨʘʾʥʠ. ɺʞʝ ʚʜʘʣʦʩʴ ʦʥʦʚʠʪʠ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ 

ʪʘ ʤʠʪʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ (ɸʉʋʈ 2.0 ʪʘ ɸʉʄʆ 2.0), ʷʢʘ ʽʥʪʝʛʨʦʚʘʥʘ ʟ ʩʠʩʪʝʤʦʶ 

NCTS (ʅʦʚʘ ʢʦʤʧôʶʪʝʨʽʟʦʚʘʥʘ ʪʨʘʥʟʠʪʥʘ ʩʠʩʪʝʤʘ). ʆʥʦʚʣʝʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʩʪʚʦʨʝʥʘ ʱʦʙ ʧʝʨʝʚʝʩʪʠ ʯʘʩʪʠʥʫ ʧʘʧʝʨʦʚʠʭ 
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ʜʦʢʫʤʝʥʪʽʚ ʫ ʮʠʬʨʦʚʠʡ ʬʦʨʤʘʪ. ʎʝ ʦʜʠʥ ʟ ʧʝʨʰʠʭ ʝʪʘʧʽʚ ʤʘʩʰʪʘʙʥʦʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʤʠʪʥʠʮʽ. IT-ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʤʠʪʥʠʮʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 6 ʛʦʣʦʚʥʠʭ 

ʥʘʧʨʷʤʢʽʚ: çɭʜʠʥʝ ʚʽʢʥʦè, çʄʠʪʥʠʡ ʢʦʥʪʨʦʣʴ ʽ ʦʬʦʨʤʣʝʥʥʷè, çʇʫʙʣʽʯʥʘ 

ʟʚʽʪʥʽʩʪʴ ʽ ʘʥʘʣʽʪʠʢʘè,  çʈʦʟʫʤʥʠʡ ʧʫʥʢʪ ʧʨʦʧʫʩʢʫè, çʂʽʙʝʨʙʝʟʧʝʢʘè, 

çɻʘʨʤʦʥʽʟʘʮʽʷ ʟ ɭʉè. ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʟʘʧʣʘʥʦʚʘʥʽ ʥʦʚʦʚʚʝʜʝʥʥʷ ʥʘ ʤʠʪʥʠʮʽ: 

1) ʮʠʬʨʦʚʠʡ ʤʠʪʥʠʡ ñʛʘʤʘʥʝʮʴò ʚ ʦʩʦʙʦʚʦʤʫ ʢʘʙʽʥʝʪʽ ï ʟ ʤʠʪʪʻʚʠʤʠ 

ʩʧʣʘʪʘʤʠ; 

2) ʚʩʽ ʜʦʢʫʤʝʥʪʘʣʴʥʽ ʬʦʨʤʘʣʴʥʦʩʪʽ ʦʢʨʽʤ ʬʽʟʠʯʥʠʭ ʪʘ ʩʢʣʘʜʥʠʭ ʙʫʜʫʪʴ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʘʚʪʦʤʘʪʠʯʥʦ; 

3) ʦʜʠʥ ʽʥʪʝʨʬʝʡʩ, ʻʜʠʥʘ ʘʚʪʦʨʠʟʘʮʽʷ, ʨʦʣʴʦʚʘ ʤʦʜʝʣʴ, ʦʙʣʽʢ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

4) ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʚʠʙʽʨ ʽʥʩʧʝʢʪʦʨʘ, ʚʨʘʭʦʚʫʶʯʠ ʜʦʩʚʽʜ ʪʘ çʨʠʟʠʢʦʚʘʥʽʩʪʴè 

ʪʦʨʛʦʚʝʣʴʥʦʾ ʦʧʝʨʘʮʽʾ; 

5) ʧʦʚʥʦʮʽʥʥʠʡ ʮʠʬʨʦʚʠʡ ʦʙʤʽʥ ʪʘ ʨʝʻʩʪʨ ʛʘʨʘʥʪʽʡ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʦʙʨʦʙʢʘ 

ʪʘ ʚʢʣʶʯʝʥʥʷ ʚ ʧʨʦʮʝʩʠ ʨʦʟʨʘʭʫʥʢʽʚ; 

6) ʜʣʷ ʥʠʟʢʠ ʛʨʫʧ ʪʦʚʘʨʽʚ ʚʘʨʪʽʩʪʴ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʥʘ ʙʘʟʽ 

ʽʩʪʦʨʠʯʥʠʭ ʜʘʥʠʭ, ʢʘʪʘʣʦʛʽʚ, ʙʽʨʞ, ʤʘʪʝʤʘʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ; 

7) ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʤʝʨ ʢʦʥʪʨʦʣʶ ʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʩʢʘʥʝʨʽʚ ʪʘ ʽʥʰʦʾ 

ʝʣʝʢʪʨʦʥʽʢʠ ʙʫʜʝ ʚʪʽʣʝʥʦ ʨʦʟʫʤʥʠʡ ʧʫʥʢʪ ʧʨʦʧʫʩʢʫ.  

ʆʪʞʝ, ʚʠʭʦʜʷʯʠ ʽʟ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʢʦʥʮʝʧʮʽʾ ʮʠʬʨʦʚʽʟʘʮʽʾ ʜʽʷʣʴʥʦʩʪʽ 

ʤʠʪʥʠʭ ʦʨʛʘʥʽʚ, ʤʦʞʥʘ ʜʽʡʪʠ  ʚʠʩʥʦʚʢʫ, ʱʦ ʤʠʪʥʘ ʩʧʨʘʚʘ ʚ ʨʝʘʣʽʷʭ ʩʫʯʘʩʥʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʪʦʨʛʽʚʣʽ ʥʝ ʟʜʘʪʥʘ ʟʘʣʠʰʘʪʠʩʷ ʥʘ ʥʘʣʝʞʥʦʤʫ ʨʽʚʥʽ ʙʝʟ ʙʫʜʴ-ʷʢʦʾ 

ʫʯʘʩʪʽ ʜʦʩʷʛʥʝʥʴ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʪʘ ʮʠʬʨʦʚʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʢʦʥʪʨʦʣʶ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʪʘ 

ʥʘʜʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʟʨʦʩʪʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʡ, ʟʘʪʨʝʙʫʚʘʥʠʭ ʤʠʪʥʦʶ ʩʣʫʞʙʦʶ, ʦʩʢʽʣʴʢʠ ʞʦʜʥʘ ʤʠʪʥʘ 

ʦʨʛʘʥʽʟʘʮʽʷ ʥʝ ʟʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠ ʩʝʙʝ ʯʠ ʧʨʦʜʦʚʞʠʪʠ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʥʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʤʫ ʨʽʚʥʽ ʙʝʟ ʥʘʣʝʞʥʠʭ ʟʤʽʥ. 
 

 [1] ʇʨʦ ʩʭʚʘʣʝʥʥʷ ʉʪʨʘʪʝʛʽʾ ʟʜʽʡʩʥʝʥʥʷ ʮʠʬʨʦʚʦʛʦ ʨʦʟʚʠʪʢʫ, ʮʠʬʨʦʚʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʽ ʮʠʬʨʦʚʽʟʘʮʽʾ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʜʝʨʞʘʚʥʠʤʠ ʬʽʥʘʥʩʘʤʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2025 ʨʦʢʫ ʪʘ ʟʘʪʚʝʨʜʞʝʥʥʷ ʧʣʘʥʫ ʟʘʭʦʜʽʚ ʱʦʜʦ ʾʾ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜ 

17 ʣʠʩʪʦʧʘʜʘ 2021ʨ // ɹʘʟʘ ʜʘʥʠʭ çɿʘʢʦʥʦʜʘʚʩʪʚʦ ʋʢʨʘʾʥʠè. URL: https://zakon.rada.gov.ua/laws/show/1467-2021-

%D1%80  
 

 

https://zakon.rada.gov.ua/laws/show/1467-2021-%D1%80
https://zakon.rada.gov.ua/laws/show/1467-2021-%D1%80
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ʈʦʟʚʠʪʦʢ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʥʘʰʦ ʾ

ʜʝʨʞʘʚʠ. ʆʜʥʘʢ, ʧʨʦʛʨʘʤʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʰʚʠʜʢʽʩʥʦʛʦ ʨʫʭʫ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʧʝʨʝʚʝʟʝʥʴ ʚ ʋʢʨʘʾʥʽ ʦʩʪʘʥʥʽ 20 ʨʦʢʽʚ ʧʝʨʝʙʫʚʘʻ ʚ ʩʪʘʜʽʾ ʧʦʜʽʣʫ ʧʘʩʘʞʠʨʩʴʢʦʛʦ 

ʪʘ ʚʘʥʪʘʞʥʦʛʦ ʨʫʭʫ. 

ɼʦʩʚʽʜ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʰʚʠʜʢʽʩʥʠʭ ʽ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʧʝʨʝʚʝʟʝʥʴ ʤʘʻ ʜʚʘ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ: ʷʧʦʥʩʴʢʠʡ ʪʘ 

ʬʨʘʥʮʫʟʴʢʠʡ [1,2]. ʇʝʨʰʠʡ ʮʝ ʚʽʜʦʢʨʝʤʣʝʥʠʡ ʨʦʟʚʠʪʦʢ ʤʝʨʝʞʽ ɺʐʄ (250-

300 ʢʤ/ʛʦʜ) ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʟʘʣʽʟʥʠʯʥʦʾ ʤʝʨʝʞʽ (ʗʧʦʥʽʷ, ɯʩʧʘʥʽʷ). ɼʨʫʛʠʡ - ʮʝ 

ʚʘʨʽʘʥʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʰʚʠʜʢʽʩʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʥʴ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʣʽʡ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʨʫʭʫ ʧʦʾʟʜʽʚ ʜʦ 200 ʢʤ/ʛʦʜ (ʅʽʤʝʯʯʠʥʘ, 

ɯʪʘʣʽʷ) [3]. 

ʆʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʻʜʠʥʦʾ ɭʚʨʦʧʝʡʩʴʢʦ ʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʧʦʾʟʜʽʚ: 

ʧʝʨʝʚʝʜʝʥʥʷ ʩʪʨʽʣʦʢ, ʚʽʜʢʨʠʪʪʷ ʩʠʛʥʘʣʽʚ, ʢʦʥʪʨʦʣ ɹ ʢʦʦʨʜʠʥʘʪ ʨʫʭʫ ʧʦʾʟʜʘ, 

ʘʚʪʦʤʘʪʠʯʥʝ ʚʝʜʝʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʛʨʘʬʽʢʘ ʨʫʭʫ ʧʦʾʟʜʽʚ, ʨʦʟʨʦʙʢʘ ʥʦʨʤʘʪʠʚʥʦʛʦ 

ʛʨʘʬʽʢʘ ʨʫʭʫ [1]. ʂʦʥʮʝʥʪʨʘʮʽʷ ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʢʝʨʫʚʘʥʥʷ ʤʘʻ ʜʚʦʨʽʚʥʝʚʫ 

ʩʠʩʪʝʤʫ ʨʝʛʽʦʥʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʮʝʥʪʨʽʚ, ʱʦ ʟʤʝʥʰʫ ̒ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʠʪʨʘʪʠ, ʧʽʜʚʠʱʫ ̒ʰʚʠʜʢʩ̔ʪ ɹʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 

ʇʦʪʨʝʙʫʶʪʴ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ ʨʦʟʢʣʘʜʫ ʨʫʭʫ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥ ̫ ʪʝʭʥʦʣʦʛʽʾ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʰʚʠʜʢʽʩʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʧʘʩʘʞʠʨʩʴʢʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟ ʦʧʪʠʤʽʟʘʮʽʻʶ ʾʭ ʦʩʥʦʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ [4]. 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʨʦʙʦʯʝ ʤʽʩʮʝ ʽʥʞʝʥʝʨʘ ʟ ʘʥʘʣʽʟʫ ʛʨʘʬʽʢʘ ʨʫʭʫ ʧʦʾʟʜʽʚ ʚ 

ʯʘʩʪʠʥʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ (ɸʈʄ ɸɻɺʈ) ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʦʙʣʽʢʫ ʽ ʘʥʘʣʽʟʫ ʚʠʢʦʥʘʥʥʷ ʛʨʘʬʽʢʘ ʨʫʭʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʽ ʧʨʠʤʽʩʴʢʠʭ ʧʦʾʟʜʽʚ. 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ɸʈʄ ɸɻɺʈ ʪʘ ʚʠʭʽʜʥʠʭ ʬʦʨʤ ʥʘ ɭʜʠʥʦʤʫ ʢʦʨʧʦʨʘʪʠʚʥʦ-

ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʦʨʪʘʣʽ ʋʢʨʟʘʣʽʟʥʠʮʽ (ɭʂɯʇ ʋɿ) ʤʦʞʣʠʚʝ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ 
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ɸʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ ʨʦʟʢʣʘʜʫ ʨʫʭʫ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ (ɸʉʆʂʈ). 

ʄʦʜʝʣʴ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ ʨʦʟʢʣʘʜʫ ʨʫʭʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʟ ʦʧʪʠʤʽʟʘʮʽʻʶ ʾʭ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʎʽʣʴʦʚʘ ʬʫʥʢʮʽʾ ʚʢʣʶʯʘʻ ʚʘʨʪʽʩʪʴ ʯʘʩʦʚʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ. ɼʦ ʧʝʨʰʠʭ 

ʚʽʜʥʦʩʠʪʴʩʷ ʪʨʠʚʘʣʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʪʘ ʦʯʽʢʫʚʘʥʥʷ ʧʦʯʘʪʢʫ 

ʚʠʢʦʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʪʨʠʚʘʣʽʩʪʴ ʤʽʞʦʧʝʨʘʮʽʡʥʠʭ 

ʧʝʨʝʨʚ ʫ ʧʨʦʮʝʩʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʪʘ ʫʪʨʠʤʘʥʥʷ ʰʪʘʪʫ. 

ɼʦ ʜʨʫʛʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʚʘʨʪʽʩʪʴ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʧʨʦʮʝʩʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʪʨʘʪʠ ʱʦʜʦ ʾʭ ʫʪʨʠʤʘʥʥʷ 

 

min4321 ½­½+++= ɽɽɽɽɽ ,    (1) 

 

ʜʝ  1Ⱥ- ʚʠʪʨʘʪʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʧʨʦʩʪʦʻʤ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʯʝʨʝʟ ʚʠʥʠʢʥʝʥʥʷ 

ʤʽʞʦʧʝʨʘʮʽʡʥʠʭ ʧʝʨʝʨʚ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʥʘ ʇʉ; 

2Ⱥ - ʚʠʪʨʘʪʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʧʨʦʩʪʦʻʤ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʯʝʨʝʟ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʢʦʣʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ (ʩʦʩʪʘʚʽʚ) 

ʜʦ ʧʨʠʡʤʘʣʴʥʦ-ʚʽʜʧʨʘʚʥʦʛʦ ʧʘʨʢʫ ʩʪʘʥʮʽʾ ʽʟ ʇʊʉ;  

3Ⱥ - ʚʠʪʨʘʪʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʧʨʦʩʪʦʻʤ ʚʘʛʦʥʽʚ ʯʝʨʝʟ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʢʦʣʽʡ ʪʘ ʧʣʘʪʬʦʨʤ, ʟʘʡʥʷʪʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ʪʘ ʫʩʪʘʪʢʫʚʘʥʥʷ ʇʊʉ;  

4Ⱥ - ʚʠʪʨʘʪʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʧʨʦʩʪʦʻʤ ʚʘʛʦʥʽʚ ʯʝʨʝʟ ʟʘʡʥʷʪʽʩʪʴ ʤʘʥʝʚʨʦʚʠʭ 

ʣʦʢʦʤʦʪʠʚʽʚ. 

ʇʨʠ ʦʙʤʝʞʝʥʥʷʭ: 

 
min max

ʜʦʜ

min max min

4 24 2 2 2 2

0,80 4 24,0

c ʜʦʜ ʪʨ ʪp ʪp

cʬ cʬ cʬ ʢ ʢ ʪʟ

n ; ʄ ʄ ; Ȼ Z ; Ɂ Ɂ Ɂ ;

Ɂ Ɂ Ɂ ;ɟ ɟ ;ʊ

¢ ¢ ¢ ¢ + ¢ ¢ + ¢ ¢

¢ ¢ ¢ ¢ ¢ ¢
  (2) 

 

ɼʣʷ ʦʮʽʥʢʠ ʚʘʨʽʘʥʪʽʚ ʪʝʭʥʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʽ ʨʽʚʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʠʭ 

ʟʘʩʦʙʽʚ ʜʦ ʩʫʤʘʨʥʠʭ ʧʨʠʚʝʜʝʥʠʭ ʚʠʪʨʘʪ ʚʢʣʶʯʘʶʪʴʩʷ ʪʽʣʴʢʠ ʪʽ ʩʪʘʪʪʽ ʚʠʪʨʘʪ, ʱʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʮʠʭ ʟʘʩʦʙʽʚ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʾʭ ʨʦʙʦʪʠ ʟʘ ʨʦʟʨʘʭʫʥʢʦʚʠʡ 

ʧʝʨʽʦʜ. 
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ʈʠʩʫʥʦʢ - ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ ʨʦʟʢʣʘʜʫ ʨʫʭʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ  

 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ ʨʦʟʢʣʘʜʫ ʨʫʭʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʦʾʟʜʽʚ ʽ 

ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʽʚ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʥʘ ʙʘʟʽ ʝʢʦʥʦʤʽʯʥʠʭ ʝʢʚʽʚʘʣʝʥʪʽʚ  

ʤʘʻ ˇʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʚʠʙʦʨʽ ʧʨʷʤʫʚʘʥʥʷ ʽ ʨʦʟʢʣʘʜʫ ʽʟ ʥʠʪʦʢ ʛʨʘʬʽʢʫ ʨʽʟʥʠʭ 

ʜʽʣʴʥʠʮʴ ʟ ʤʝʪʦʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ  ʥʘʩʝʣʝʥʥʷ ʫ 

ʧʝʨʝʚʝʟʝʥʥʷʭ. 
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ɼʣʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʛʘʣʴʤ ʦʢʨʝʤʦ ʢʦʞʥʦʛʦ ʚʘʛʦʥʘ ʪʘ ʩʦʩʪʘʚʘ ʧʦʾʟʜʘ ʚ 

ʮʽʣʦʤʫ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʦʙʦʪʠ ʩʧʨʘʚʥʦʛʦ ʛʘʣʴʤʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʮʠʢʣ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ. 

ʂʦʥʪʨʦʣʴ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʧʥʝʚʤʘʪʠʯʥʦʛʦ ʛʘʣʴʤʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʚʘʛʦʥʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ [1, 

2, 3] ʚ ʪʘʢʠʭ ʨʝʞʠʤʘʭ: ʘ) çɿʘʨʷʜʢʘ ʽ ʧʦʧʫʩʢè; ʙ) çʇʦʾʟʜʥʝ ʧʦʣʦʞʝʥʥʷ (ʧʝʨʰʘ 

ʩʪʫʧʽʥʴ ʛʘʣʴʤʫʚʘʥʥʷ)è; ʚ) çʉʪʫʧʝʥʝʚʝ ʛʘʣʴʤʫʚʘʥʥʷè; ʛ) çʇʦʚʥʝ ʩʣʫʞʙʦʚʝ 

ʛʘʣʴʤʫʚʘʥʥʷè; ʜ) çʉʪʫʧʝʥʝʚʠʡ ʧʦʧʫʩʢè; ʝ) çɽʢʩʪʨʝʥʝ ʛʘʣʴʤʫʚʘʥʥʷè. 

ʋ ʨʝʞʠʤʽ ʟʘʨʷʜʢʠ ʟʘʧʘʩʥʠʡ ʨʝʟʝʨʚʫʘʨ (ɿʈ) ʟôʻʜʥʫʻʪʴʩʷ ʟ ʛʘʣʴʤʦʚʦʶ 

ʤʘʛʽʩʪʨʘʣʣʶ (ɻʄ) ʯʝʨʝʟ 3 ʦʪʚʦʨʠ ʜʽʘʤʝʪʨʦʤ 1,25 ʤʤ ʢʦʞʝʥ, ʘ ʛʘʣʴʤʦʚʠʡ 

ʮʠʣʽʥʜʨ (ɻʎ) ʟôʻʜʥʫʻʪʴʩʷ ʟ ʘʪʤʦʩʬʝʨʦʶ (ɸʪʤ) ʯʝʨʝʟ ʦʪʚʽʨ ʟ ʧʣʦʱʝʶ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 18 ʤʤ
2
 (ʨʠʩ. 1). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʽʥʩʪʨʫʢʮʽʾ [1] ʧʦʧʫʩʢ ɻʎ ʜʦ 

ʪʠʩʢʫ 0,14 ʄʇʘ ʧʦʚʠʥʝʥ ʚʽʜʙʫʚʘʪʠʩʷ ʟʘ 9  12 ʩ, ʘ ʟʘʨʷʜʢʘ ʟʘʧʘʩʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ 

(ɿʈ) ʚʽʜ ʪʠʩʢʫ 0,5 ʄʇʘ ʜʦ 0,55 ʄʇʘ ʧʦʚʠʥʥʘ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ 15  25 ʩ. 
 

 

ʈʠʩ. 1. ʉʧʨʦʱʝʥʘ ʧʥʝʚʤʘʪʠʯʥʘ ʩʭʝʤʘ ʮʠʢʣʫ çɿʘʨʷʜʢʘ ʪʘ ʧʦʧʫʩʢ ʛʘʣʴʤʘè 
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ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʫ ʟʘʣʝʞʥʽʩʪʴ ʪʠʩʢʫ ʫ ɿʈ ʟʘ ʧʦʩʪʽʡʥʦʛʦ ʪʠʩʢʫ 

ʫ ɻʄ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʯʘʩ (t) 

ʟʘʨʷʜʢʠ ɿʈ ʚʽʜ ʪʠʩʢʫ 0 ʄʇʘ ʜʦ 0,55 ʄʇʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 20 ʩ, ʪʦʙʪʦ ʟʥʘʯʝʥʥʷ 

ʚʢʣʘʜʘʻʪʴʩʷ ʚ ʛʨʘʥʠʯʥʽ ʥʦʨʤʠ [1]. 

 

 
 

ʈʠʩ. 2. ʈʦʟʨʘʭʫʥʢʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʪʠʩʢʫ ʫ ɿʈ ʧʽʜ ʯʘʩ ʧʦʩʪʽʡʥʦʛʦ ʪʠʩʢʫ ʫ ɻʄ 

 

ɺʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʨʦʟʨʦʙʠʪʠ ʜʽʘʛʥʦʩʪʠʯʥʫ ʩʠʩʪʝʤʫ ʛʘʣʴʤ 

ʚʘʛʦʥʽʚ, ʷʢʘ ʜʘʻ ʟʤʦʛʫ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʘʞʣʠʚʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʛʘʣʴʤʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʥʘ ʰʣʷʭʫ ʧʨʷʤʫʚʘʥʥʷ ʧʦʾʟʥʦʶ 

ʙʨʠʛʘʜʦʶ, ʘʙʦ ʧʽʜ ʯʘʩ ʟʫʧʠʥʦʢ ʥʘ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʫʥʢʪʘʭ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʘʛʦʥʽʚ ʦʙʩʣʫʛʦʚʫʶʯʠʤ ʧʝʨʩʦʥʘʣʦʤ. 

ʈʦʟʨʦʙʣʝʥʘ ʜʽʘʛʥʦʩʪʠʯʥʘ ʩʠʩʪʝʤʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʚʽʪʯʠʟʥʷʥʦʤʫ ʨʫʭʦʤʦʤʫ ʩʢʣʘʜʽ, ʜʘʻ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʨʝʻʩʪʨʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʜʘʪʯʠʢʘʤʠ, ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʧʘʤôʷʪʽ ʝʣʝʢʪʨʦʥʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʪʘ 

ʦʙʨʦʙʣʷʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɼʽʘʛʥʦʩʪʠʯʥʫ ʩʠʩʪʝʤʫ ʛʘʣʴʤ ʚʘʛʦʥʽʚ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘ 

ʧʘʩʘʞʠʨʩʴʢʦʤʫ ʨʫʭʦʤʦʤʫ ʩʢʣʘʜʽ ʜʣʷ ʛʘʨʘʥʪʫʚʘʥʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ. 
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 ʇʨʠ ʨʦʟʚʘʥʪʘʞʝʥʥʽ ʟ ʥʘʧʽʚʚʘʛʦʥʽʚ (ʅʇɺ) ʩʠʧʫʯʠʭ ʚʘʥʪʘʞʽʚ ʩʧʦʩʦʙʦʤ 

ʢʣʘʩʠʯʥʦʛʦ ʧʝʨʝʢʠʜʘʥʥʷ ʦʩʥʦʚʥʠʤʠ ʚʠʜʘʤʠ ʧʦʰʢʦʜʞʝʥʴ ʥʝʩʫʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʧʨʠ ʟʘʚʠʱʝʥʠʭ ʚʝʣʠʯʠʥʘʭ, ʥʘʚʘʥʪʘʞʝʥʴ ʱʦ ʜʽʶʪʴ ʥʘ ʅʇɺ, ʻ ʟʣʘʤʠ ʦʙʰʠʚʢʠ, 

ʦʙʨʠʚʠ ʽ ʚʠʛʽʥ ʩʪʽʡʦʢ ʢʫʟʦʚʘ, ʧʨʦʛʠʥʠ ʚʝʨʭʥʴʦʾ ʦʙʚ'ʷʟʢʠ ʚ ʤʽʩʮʷʭ ʢʦʥʪʘʢʪʫ ʟ 

ʫʧʦʨʘʤʠ ʚʘʛʦʥʦʧʝʨʝʢʠʜʘʯʘ, ʜʝʬʦʨʤʘʮʽʷ ʪʦʨʮʝʚʠʭ ʩʪʽʡʦʢ, ʚʠʧʘʜʘʥʥʷ ʧʨʫʞʠʥ 

ʨʝʩʦʨʥʦʛʦ ʧʽʜʚʽʰʫʚʘʥʥʷ ʭʦʜʦʚʠʭ ʯʘʩʪʠʥ (ʚʘʛʦʥʥʠʭ ʚʽʟʢʽʚ), ʮʝʥʪʨʫʶʯʠʭ ʙʘʣʦʯʦʢ 

ʽ ʤʘʷʪʥʠʢʦʚʠʭ ʧʽʜʚʽʩʦʢ ʫʜʘʨʥʦ-ʮʝʥʪʨʫʶʯʠʭ ʧʨʠʣʘʜʽʚ ʘʚʪʦʟʯʝʧʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

(ʉɸ-3), ʪʘʢʦʞ ʯʝʢ ʛʘʣʴʤʦʚʠʭ ʢʦʣʦʜʦʢ [1, 2]. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ ʩʧʦʩʦʙʽʚ 

ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʨʽʚʝʥʴ ʟʙʝʨʝʞʝʥʥʷ ʽ ʥʘʜʽʡʥʦʩʪʽ ʅʇɺ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ 

ʩʧʨʘʚʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʧʨʠʚʘʣʦʯʥʦʾ ʧʣʠʪʠ ʡ ʫʧʦʨʽʚ ʩʪʘʮʽʦʥʘʨʥʠʭ ʨʦʪʦʨʥʠʭ 

ʚʘʛʦʥʦʧʝʨʝʢʠʜʘʯʽʚ (ʉʈɺʇ), ʘ ʪʘʢʦʞ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʱʦʜʦ ʉʈɺʇ ʧʦ ʟʙʝʨʝʞʝʥʥʶ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ (ʈʠʩ. 1.). 

 

ʘ)      ʙ) 

  
 

ʘ)ʤʦʨʩʴʢʠʡ ʧʦʨʪ ʇʽʚʜʝʥʥʠʡ (ʆʜɿ)         ʙ) ʤʦʨʩʴʢʠʡ ʧʦʨʪ ʄʘʨʽʫʧʦʣʴ 

(ɼʦʥɿ) 

ʈʠʩ. 1. ʉʈɺʇ ʫ ʧʦʣʦʞʝʥʥʽ ʦʯʽʢʫʚʘʥʥʷ  ʧʦʜʘʯʽ ʅʇɺ ʧʽʜ ʨʦʟʚʘʥʪʘʞʝʥʥʷ  

 

ʗʢ ʚʽʜʦʤʦ, ʚʩʽ ʪʠʧʠ ʉʈɺʇ ʧʨʘʮʶʶʪʴ ʧʦ ʧʨʠʥʮʠʧʫ ʦʙʝʨʪʘʥʥʷ ʚʘʛʦʥʫ ʥʘʚʢʦʣʦ 

ʩʚʦʛʦ ʮʝʥʪʨʫ ʪʷʞʽʥʥʷ, ʪʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʥʘ ʢʫʟʦʚʠ ʅʇɺ ʤʦʞʫʪʴ 

ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʟʘ ʜʝʷʢʠʤʠ ʥʘʙʣʠʞʝʥʥʷʤʠ ʽʜʝʥʪʠʯʥʠʤʠ. ʎʝ ʥʘʩʪʫʧʥʽ ʚʠʜʠ 
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ʥʘʚʘʥʪʘʞʝʥʴ: ʫʜʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʙʦʢʦʚʫ ʩʪʽʥʫ ʅʇɺ ʧʽʜ ʯʘʩ ʧʨʠʣʷʛʘʥʥʷ 

ʙʦʢʦʚʦʶ ʩʪʽʥʦʶ ʜʦ ʧʨʠʚʘʣʦʯʥʦʾ ʧʣʠʪʠ, ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʢʫʪʘ 

ʧʦʚʦʨʦʪʫ ʨʦʪʦʨʘ ʥʘ 9-16
0
; ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʚʝʨʭʥʽʡ 

ʦʙʚ'ʷʟʦʯʥʠʡ ʧʦʷʩ ʢʫʟʦʚʘ ʅʇɺ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʚʝʨʭʥʽʤʠ ʫʧʦʨʘʤʠ ʉʈɺʇ, ʧʦʚʦʨʦʪ 

ʜʦ ʧʦʯʘʪʢʫ ʩʪʽʡʢʦʛʦ ʦʧʦʨʦʞʥʝʥʥʷ ʢʫʟʦʚʫ ʅʇɺ, - ʥʘ 56
0
; ʫʜʘʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʩ ʰʘʨʽʚ ʚʘʥʪʘʞʫ, ʱʦ ʟʤʝʨʟʘʻʪʴʩʷ, ʘʙʦ ʟʣʝʞʫʻʪʴʩʷ; 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʨʦʟʧʦʜʽʣʝʥʽ ʥʘ ʚʝʨʭʥʽʡ ʦʙʚ'ʷʟʦʯʥʠʡ ʧʦʷʩ ʅʇɺ ʧʨʠ 

ʤʦʥʦʣʽʪʥʦʤʫ ʩʪʘʥʽ ʚʘʥʪʘʞʫ; ʧʨʠ ʚʠʚʘʥʪʘʞʝʥʥʽ ʥʘ ʚʝʨʭʥʽʡ ʦʙʚ'ʷʟʦʯʥʠʡ ʧʦʷʩ ʚʽʜ 

ʫʧʦʨʽʚ ʉʈɺʇ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʮʝʥʪʨʫ ʪʷʞʽʥʥʷ ʚʘʥʪʘʞʫ ʫ ʅʇɺ; ʥʘ 

ʪʦʨʮʝʚʽ ʩʝʢʮʽʾ ʢʫʟʦʚʽʚ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʧʨʠʣʷʛʘʥʥʷ ʢʫʟʦʚʫ ʜʦ 

ʚʝʨʭʥʽʭ ʫʧʦʨʽʚ ʉʈɺʇ; ʩʠʣʠ ʚʘʛʠ ʥʘ ʚʽʣʴʥʽ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʅʇɺ, ʘ 

ʪʦʯʥʽʰʝ, ʧʨʫʞʠʥʠ, ʢʣʠʥʦʚʽ ʛʘʩʠʣʴʥʠʢʠ ʢʦʣʠʚʘʥʴ, ʟʘʧʦʙʽʞʥʽ ʯʝʢʠ ʛʘʣʴʤʦʚʠʭ 

ʢʦʣʦʜʦʢ, ʜʝʪʘʣʽ ʫʜʘʨʥʦ-ʮʝʥʪʨʫʶʯʠʭ ʧʨʠʣʘʜʽʚ ʘʚʪʦʟʯʝʧʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʚʽʜʯʠʥʝʥʥʷ ʪʦʨʮʝʚʠʭ ʜʚʝʨʝʡ, ʢʨʠʰʦʢ ʣʶʢʽʚ ʫ ʚʠʧʘʜʢʘʭ ʧʦʩʣʘʙʣʝʥʥʷ ʟʘʧʽʨʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʽ ʪ.ʧ.; ʩʫʢʫʧʥʽ ʩʫʤʘʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟ ʧʝʨʝʣʽʯʝʥʠʭ ʚʠʱʝ ʫ ʨʽʟʥʠʭ 

ʢʦʤʙʽʥʘʮʽʷʭ, ʱʦ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʽʟʥʦʛʦ ʨʦʜʫ ʧʦʰʢʦʜʞʝʥʴ ʢʫʟʦʚʽʚ ʅʇɺ. 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʧʨʦʚʦʜʠʤʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʟʥʘʯʝʥʥʷ ʥʝʙʣʘʛʦʧʨʠʻʤʥʠʭ 

ʩʧʦʣʫʯʝʥʴ ʛʨʫʧ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʜʽʶʪʴ ʥʘ ʢʫʟʦʚʠ ʥʘʧʽʚʚʘʛʦʥʽʚ ʧʨʠ 

ʨʦʟʚʘʥʪʘʞʝʥʥʽ ʪʘ ʨʝʘʣʴʥʠʭ ʟʦʥ ʾʭ ʧʨʠʢʣʘʜʝʥʥʷ, ʧʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʟ ʉʈɺʇ ʫ 

ʤʦʨʩʴʢʠʭ ʧʦʨʪʘʭ ʪʘ ʚʽʜʦʤʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ɼʣ̫ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ (ʅɼʉ) 

ʢʫʟʦʚʫ ʅʇɺ ʽ ʚʠʢʦʥʘʥʥʷ ʝʪʘʧʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʫʜʘʨʥʦʛʦ ʢʦʥʪʘʢʪʫ ʢʫʟʦʚʘ ʅʇɺ ʟ ʧʨʠʚʘʣʦʯʥʦʶ ʧʣʠʪʦʶ ʉʈɺʇ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ 

ʩʢʽʥʯʝʥʦ ï ʝʣʝʤʝʥʪʥʫ ʤʦʜʝʣʴ (ʉɽʄ) ʢʫʟʦʚʘ ʅʇɺ, ʤʦʜʝʣʽ 12-7023, ʷʢʠʡ ʤʘʻ 

çʛʣʫʭʦʜʦʥʥʫè ʢʦʥʩʪʨʫʢʮʽʶ, ʽ ʩʘʤʝ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʥʘ ʉʈɺʇ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʤʘʶʪʴ ʢʨʠʰʢʠ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ 

ʣʶʢʽʚ ʫ ʧʽʜʣʦʟʽ ʽ ʤʦʞʫʪʴ ʪʘʢʦʞ ʨʦʟʚʘʥʪʘʞʫʚʘʪʠʩʴ ʛʨʘʚʽʪʘʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ, 

ʪʦʙʪʦ, ʧʽʜ ʜʽʻʶ ʚʣʘʩʥʦʾ ʚʘʛʠ ʧʝʨʝʚʦʟʠʤʠʭ ʩʠʧʫʯʠʭ ʽ ʥʘʚʘʣʶʚʘʣʴʥʠʭ ʚʘʥʪʘʞʽʚ [3, 

5]. ʉɽʄ ʢʫʟʦʚʘ ʅʇɺ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʙʦʨʦʤ ʦʢʨʝʤʠʭ ʧʽʜʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ 

ʦʙ'ʻʜʥʘʥʽ ʚ ʟʘʛʘʣʴʥʠʡ ʘʥʩʘʤʙʣʴ (ʈʠʩ. 2.). ʄʦʜʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 16677 ʚʫʟʣʽʚ ʽ 

28412 ʩʢʽʥʯʝʥʠʭ ʵʣʝʤʝʥʪʽʚ (ʉɽ). ʇʨʠ ʩʢʣʘʜʘʥʥʽ ʉɽʄ ʢʫʟʦʚʘ ʅʇɺ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʦʙ'ʻʤʥʽ ʉɽ ʽ ʝʣʝʤʝʥʪʠ ʪʠʧʫ Ăʦʙʦʣʦʥʢʘò, ʯʦʛʦ ʙʫʣʦ ʜʦʩʪʘʪʥʴʦ ʜʣʷ 

ʦʧʠʩʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʢʫʟʦʚʫ. 

 
ʈʠʩ. 2. ʉʽʥʯʝʥʦ-ʝʣʝʤʝʥʪʥʘ ʤʦʜʝʣʴ ʢʫʟʦʚʫ ʥʘʧʽʚʚʘʛʦʥʘ ʤʦʜʝʣʽ 

12-7023 
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ʅʘ (ʈʠʩ. 3.) ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʫʟʦʚʫ ʅʇɺ ʧʨʠ ʧʦʚʦʨʦʪ ̔

ʧʣʘʪʬʦʨʤʠ ʉʈɺʇ ʥʘ 12,5
0 , 
ʟ ʨʦʟʧʦʜʽʣʝʥʥʷʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʧʦʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʢʫʟʦʚʫ ʅʇɺ. 

 

 
 

ʈʠʩ. 3. - ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʢʫʟʦʚʘ ʅʇɺ ʧʨʠ ʧʦʚʦʨʦʪ ̔ʧʣʘʪʬʦʨʤʠ ʉʈɺʇ  

ʥʘ 12,5
0 

 

 
 

ʈʠʩ. 4. - ʄʘʢʩʠʤʘʣʴʥ ̔ʝʢʚ̔ʚʘʣʝʥʪʥ ̔ʥʘʧʨʫʞʝʥʠʷ (ʄʇʘ), ʱʦ ʚʠʥʠʢʘʪʁ ɹʚ 

ʢ̔ʥʮʝʚʦʤʫ ʧʨʦʣʴʦʪ̔ ʙʦʢʦʚʦ ʾʩʪ̔ʥʠ ʅʇɺ ʧʨʠ ʧʦʚʦʨʦʪ ̔ʢʫʟʦʚʫ ʥʘ 12,5
0
 

 

 
ʈʠʩ. 5. - ʄʘʢʩʠʤʘʣʴʥ ̔ʝʢʚ̔ʚʘʣʝʥʪʥ ̔ʥʘʧʨʫʞʝʥʠʷ (ʄʇʘ), ʱʦ ʚʠʥʠʢʘʶʪ ɹʚ  

ʩʝʨʝʜʥʴʦʤʫ ʧʨʦʣʴʦʪ̔ ʙʦʢʦʚʦ ʾʩʪ̔ʥʠ ʅʇɺ ʧʨʠ ʧʦʚʦʨʦʪ ̔ʢʫʟʦʚʫ ʥʘ 12,5
0
 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʅɼʉ ʢʫʟʦʚʘ ʅʇɺ, ʱʦ ʚʽʜʪʚʦʨʝʥʽ 

ʧʨʦʪʦʢʦʣʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʥʘ ʥʘʚʝʜʝʥʠʭ ʨʠʩʫʥʢʘʭ (ʈʠʩ. 4, 5) 

ʚʝʣʠʯʠʥʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʤʽʩʮʷʭ 

ʟ'ʻʜʥʘʥʥʷ ʦʙʰʠʚʢʠ ʙʦʢʦʚʦʾ ʩʪʽʥʠ ʟʽ ʩʪʽʡʢʘʤʠ, ʘ ʪʘʢʦʞ ʫ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʣʠʩʪʽʚ 

ʦʙʰʠʚʢʠ, ʚʽʜʧʦʚʽʜʥʦ ʢʽʥʮʝʚʠʭ ʽ ʩʝʨʝʜʥʽʭ ʩʝʢʮʽʡ ʢʫʟʦʚʘ ʅʇɺ. ʎʽ ʚʝʣʠʯʠʥʠ 

ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ 400 ʄʇʘ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ ʧʨʠʧʫʩʪʠʤʽ 275-295ʄʇʘ 

ʧʨʠʙʣʠʟʥʦ ʥʘ 25%; ʤʘʢʩʠʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʧʝʨʝʤʽʱʝʥʴ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ 
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ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʚʞʝ ʟʘʨʘʟ ʜʦʨʽʚʥʶʶʪʴ 22-29 ʤʤ, ʱʦ ʧʨʠ ʧʨʦʮʝʩʽ ʧʦʜʘʣʴʰʦʛʦ 

ʧʝʨʝʢʠʜʘʥʥʷ, ʧʨʠʚʝʜʝ ʜʦ ʦʩʪʘʪʥʽʭ ʜʝʬʦʨʤʘʮʽʡ ʥʝʩʫʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʢʫʟʦʚʫ ʅʇɺ 

[1, 4]. 
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ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʉ.ʆ. ʂʣʶʻʚ, ɼ.ɻ. ʂʫʟʥʻʮʦʚ 
ʉʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ɼʘʣʷ (ʤ. ʂʠʾʚ) 

 

S.O. Kliuiev, PhD (Tech.), D.H. Kuznietsov, 
Volodymyr Dahl East Ukrainian National University 

 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʪʝʭʥʦʣʦʛʽʷ ʧʨʦʮʝʩʫ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ ʟʘʣʽʟʥʠʯʥʠʭ 

ʧʝʨʝʚʝʟʝʥʴ ʚʢʣʶʯʘʻ ʪʨʠ ʝʪʘʧʠ: 

- ʟʙʽʨ, ʧʽʜʛʦʪʦʚʢʫ ʽ ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʦʙ'ʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ; 

- ʧʝʨʝʨʦʙʢʫ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʨʽʰʝʥʴ; 

- ʚʠʜʘʯʫ ʪʘ ʜʦʚʝʜʝʥʥʷ ʜʦ ʚʠʢʦʥʘʚʮʽʚ ʢʝʨʫʶʯʠʭ ʧʨʠʧʠʩʽʚ, ʨʽʟʥʦʾ ʨʦʟʧʦʨʷʜʯʦʾ 

ʽʥʬʦʨʤʘʮʽʾ; 

ɯʊʉ (ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʩʠʩʪʝʤʠ) ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʧʦʪʫʞʥʠʡ ʟʘʩʽʙ 

ʚʠʨʽʰʝʥʥʷ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʧʽʜ ʯʘʩ ʧʝʨʝʚʝʟʝʥʥʷ ʟʘʣʽʟʥʠʯʥʠʤ 

ʪʨʘʥʩʧʦʨʪʦʤ. 

ʆʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʥʘʤʘʛʘʶʪʴʩʷ ʚʠʨʽʰʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ɯʊʉ: 

- ʥʝʧʨʠʡʥʷʪʥʠʡ ʨʽʚʝʥʴ ʣʶʜʩʴʢʠʭ ʚʪʨʘʪ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ ʥʘ 

ʟʘʣʽʟʥʠʮʽ; 

- ʟʘʪʨʠʤʢʠ ʦʙʦʨʦʪʫ ʧʘʩʘʞʠʨʽʚ ʽ ʚʘʥʪʘʞʽʚ; 

- ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ ʟʘʣʽʟʥʠʮʽ; 

https://docs.cntd.ru/document/1200082560
http://uas.org.ua/
https://zakon.rada.gov.ua/laws/show/1279/2005
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- ʟʨʦʩʪʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʽʥʰʽ. 

ɺ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʥʷʪʪʷ ʪʝʣʝʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤ ʟʘʤʽʩʪʴ 

ɯʊʉ. ɺ ʜʘʥʠʡ ʯʘʩ ʟʘʩʦʙʘʤʠ ʪʝʣʝʤʘʪʠʢʠ, ʰʣʷʭʦʤ ʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʡ ñʤʘʰʠʥʘ 

ï ʤʘʰʠʥʘò, ʚʠʨʽʰʫʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʟʘʚʜʘʥʴ ʤʦʥʽʪʦʨʠʥʛʫ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ, 

ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʦʪʦʢʘʤʠ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʦʪʨʠʤʘʥʥʷ ʘʥʘʣʽʟʫ, 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʽ ʧʝʨʝʨʦʙʢʠ ʢʦʣʦʩʘʣʴʥʠʭ ʦʙôʻʤʽʚ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʯʘʩ ʧʦʜʽʡ, 

ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʽ ʧʘʨʘʤʝʪʨʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʽ ʚʘʥʪʘʞʽʚ ʪʘ ʧʘʩʘʞʠʨʽʚ. 

ʇʨʠʢʣʘʜʠ ɯʊʉ ʚ ʋʢʨʘʾʥʽ: 

- ɽʣʝʢʪʨʦʥʥʠʡ ʢʘʙʽʥʝʪ ʧʝʨʝʚʽʟʥʠʢʘ.  

- ɽ-ʪʽʢʝʪ (ʜʣʷ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ). 

- ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ ï ɯʦʊ (ʇʦʻʜʥʘʥʥʷ ʜʘʪʯʠʢʽʚ ʜʘʥʠʭ ʪʘ ʩʢʣʘʜʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʜʦʟʚʦʣʠʣʦ ʢʦʤʧʘʥʽʷʤ ʦʧʪʠʤʽʟʫʚʘʪʠ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ, ʧʽʜʚʠʱʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ ʪʘ ʨʦʟʚʠʚʘʪʠ ʧʝʨʝʜʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʨʦʜʫʢʪʠ). 

- PLC ï ʪʝʭʥʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʦ ʣʽʥʽʷʭ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʦʩʢʽʣʴʢʠ ʫ ʙʘʛʘʪʴʦʭ ʜʦʜʘʪʢʘʭ ʧʨʠʩʫʪʥʽʡ ʜʦʩʪʫʧ ʜʦ 

ʝʣʝʢʪʨʦʤʝʨʝʞ. 

- ʇʦʙʫʜʦʚʘ ʢʘʙʝʣʴʥʦʾ ʢʘʥʘʣʽʟʘʮʽʾ ʧʦ ʬʽʟʠʯʥʽʡ ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʷʢ ʦʩʥʦʚʠ 

ʨʦʟʚʠʪʢʫ ʦʧʪʠʯʥʠʭ ʣʽʥʽʡ ʟʚ'ʷʟʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʨʝʤʦʥʪʫ, ʨʝʩʪʘʚʨʘʮʽʾ ʪʘ 

ʙʫʜʽʚʥʠʮʪʚʘ. 

- 5G (5-ʝ ʧʦʢʦʣʽʥʥʷ ʙʝʟʜʨʦʪʦʚʠʭ ʩʠʩʪʝʤ) ð ʥʘʟʚʘ, ʷʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ 

ʜʝʷʢʠʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ  ʽ ʧʨʦʝʢʪʘʭ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʥʘʩʪʫʧʥʠʭ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʤʝʨʝʞ ʧʽʩʣʷ ʩʪʘʥʜʘʨʪʽʚ 4G/IMT-

Advanced. 

- ʈʦʟʚʠʪʦʢ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʧʝʨʝʚʝʟʝʥʴé 

ʇʨʠʢʣʘʜʠ ʪʝʣʝʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤ ʚ ɭʚʨʦʧʽ: 

-  Perpetuum  - ʘʥʘʣʽʟ ʪʝʥʜʝʥʮʽʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʭʦʤʦʛʦ 

ʩʢʣʘʜʫ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

-  Traxens ï ʟʘʡʤʘʻʪʴʩʷ ʤʦʥʽʪʦʨʠʥʛʦʤ ʣʘʥʮʶʞʢʽʚ ʧʦʩʪʘʚʦʢ ʽ ʜʦʧʦʤʘʛʘʻ 

ʟʘʧʨʦʚʘʜʞʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ɯʦʊ. 

- Cogniac ï ʧʨʦʛʨʘʤʥʘ ʧʣʘʪʬʦʨʤʘ ʥʘ ʙʘʟʽ ʐɯ, ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʟ 

ʚʽʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ.  

-  ʉʠʩʪʝʤʘ Rail Vision ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʤʘʰʠʥʽʩʪʽʚ ʧʨʦ 

ʧʝʨʝʰʢʦʜʠ ʥʘ ʟʘʣʽʟʥʠʯʥʠʭ ʨʝʡʢʘʭ ʟʘ ʙʫʜʴ-ʷʢʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʪʘ ʨʽʚʥʷ 

ʦʩʚʽʪʣʝʥʥʷé 

ɼʦʩʚʽʜ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ ʧʦʢʘʟʫʻ, ʱʦ ʪʽʣʴʢʠ ʻʜʠʥʘ ʜʝʨʞʘʚʥʘ ʧʦʣʽʪʠʢʘ ʜʦʟʚʦʣʷʻ 

ʦʙ'ʻʜʥʘʪʠ ʟʫʩʠʣʣʷ ʜʝʨʞʘʚʠ, ʡʦʛʦ ʩʫʙ'ʻʢʪʽʚ, ʙʽʟʥʝʩʫ ʚ ʨʦʟʚ'ʷʟʘʥʥʽ 

ʟʘʛʘʣʴʥʦʥʘʮʽʦʥʘʣʴʥʠʭ ʮʽʣʝʡ ʚ ʟʽʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʢʦʤʧʣʝʢʩʽ. ʗʢ 

ʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʚʚʝʜʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʪʷʛʦʶ ʧʦʾʟʜʘ ʥʘ ʧʝʚʥʽʡ ʜʽʣʷʥʮʽ ʨʫʭʫ. ʇʨʠ ʮʴʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ, ʟʦʢʨʝʤʘ, ʪʝʭʥʦʣʦʛʽʡ RFID ʽ GPS ʩʧʽʣʴʥʦ ʽʟ 

ʥʝʯʽʪʢʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʪʷʛʠ, ʟʘʙʝʟʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʝ 

ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʩʠ ʧʦʾʟʜʘ ʽ ʦʧʪʠʤʘʣʴʥʠʭ ʪʦʯʦʢ ʜʽʣʷʥʦʢ ʨʫʭʫ, ʚ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ 

ʧʝʨʝʤʠʢʘʪʠ ʨʝʞʠʤʠ ʪʷʛʠ ʣʦʢʦʤʦʪʠʚʘ (ʢʦʥʪʨʦʣʝʨ ʤʘʰʠʥʽʩʪʘ). 
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 ʈʦʟʛʣʷʥʫʪʦ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʚʽʜ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʰʠʥ, ʷʢʝ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʚʠʢʠʜʘʤʠ ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ ʘʚʪʦʤʦʙʽʣʷ ʥʘʚʽʪʴ ʧʝʨʝʚʠʱʫʻ 

ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ. 

      ʐʠʥʠ ʤʽʩʪʷʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʦʢʩʠʯʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʚʢʣʶʯʘʶʯʠ 

ʚʽʜʦʤʽ ʢʘʥʮʝʨʦʛʝʥʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜ ʰʠʥ ʤʦʞʝ ʰʚʠʜʢʦ 

ʩʪʘʪʠ ʩʝʨʡʦʟʥʦʶ ʧʨʦʙʣʝʤʦʶ. ʈʦʟʛʣʷʥʫʪʦ ʬʦʨʤʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʚʽʜ ʟʥʦʰʝʥʥʷ ʰʠʥ. 

 ɺʽʜʦʤʦ, ʚʠʢʠʜʠ ʟ ʚʠʭʣʦʧʥʠʭ ʪʨʫʙ ʚ ʥʦʚʠʭ ʘʚʪʦʤʦʙʽʣʷʭ ʫ ʨʦʟʚʠʥʝʥʠʭ 

ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ ʥʘʙʘʛʘʪʦ ʥʠʞʯʝ ʟʘʢʦʥʦʜʘʚʯʦʾ ʤʝʞʽ. 

 ʊʝʩʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʥʦʩ ʰʠʥ ʫʪʚʦʨʶʻ ʤʘʡʞʝ ʚ 2000 ʨʘʟʽʚ ʙʽʣʴʰʝ 

ʟʘʙʨʫʜʥʝʥʥʷ ʯʘʩʪʠʥʢʘʤʠ, ʥʽʞ ʚʠʢʠʜʘʻʪʴʩʷ ʟ ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ ʩʫʯʘʩʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ. 

 ɿʘ ʩʣʦʚʘʤʠ ʘʥʘʣʽʪʠʢʽʚ, ʯʘʩʪʠʥʢʠ ʰʠʥ ʟʘʙʨʫʜʥʶʶʪʴ ʧʦʚʽʪʨʷ, ʚʦʜʫ ʪʘ ˇʨʫʥʪ 

ʽ ʤʽʩʪʷʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʦʢʩʠʯʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʚʢʣʶʯʘʶʯʠ ʚʽʜʦʤʽ 

ʢʘʥʮʝʨʦʛʝʥʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜ ʰʠʥ ʤʦʞʝ ʰʚʠʜʢʦ ʩʪʘʪʠ 

ʩʝʨʡʦʟʥʦʶ ʧʨʦʙʣʝʤʦʶ. 

 ɿʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʩʧʨʠʯʠʥʷʻ ʤʽʣʴʡʦʥʠ ʨʘʥʥʽʭ ʩʤʝʨʪʝʡ ʥʘ ʨʽʢ ʫ ʚʩʴʦʤʫ 

ʩʚʽʪʽ. ɺʠʤʦʛʘ ʱʦʜʦ ʢʨʘʱʠʭ ʬʽʣʴʪʨʽʚ ʚ ʘʚʪʦ ʦʟʥʘʯʘʣʘ, ʱʦ ʚʠʢʠʜʠ ʯʘʩʪʦʢ ʟ 

ʚʠʭʣʦʧʥʠʭ ʪʨʫʙ ʫ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʟʘʨʘʟ ʥʘʙʘʛʘʪʦ ʥʠʞʯʽ ʚ ʥʦʚʠʭ 

ʘʚʪʦʤʦʙʽʣʷʭ, ʘ ʚ ɭʚʨʦʧʽ ʥʘʙʘʛʘʪʦ ʥʠʞʯʝ ʟʘʢʦʥʦʜʘʚʯʦʾ ʤʝʞʽ [1].  
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 ʆʜʥʘʢ ʟʙʽʣʴʰʝʥʥʷ ʚʘʛʠ ʘʚʪʦʤʦʙʽʣʽʚ ʦʟʥʘʯʘʻ, ʱʦ ʰʠʥʠ ʚʠʜʽʣʷʶʪʴ ʙʽʣʴʰʝ 

ʯʘʩʪʠʥʦʢ, ʢʦʣʠ ʚʦʥʠ ʟʥʦʰʫʶʪʴʩʷ ʥʘ ʜʦʨʦʟʽ. 

 ʊʝʩʪʠ ʪʘʢʦʞ ʧʦʢʘʟʘʣʠ, ʱʦ ʰʠʥʠ ʚʠʨʦʙʣʷʶʪʴ ʧʦʥʘʜ 1 ʪʨʣʥ., 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʢʦʞʝʥ ʧʨʦʡʜʝʥʠʡ ʢʽʣʦʤʝʪʨ, ʪʦʙʪʦ ʯʘʩʪʠʥʢʠ 

ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 23 ʥʘʥʦʤʝʪʨʽʚ. ɺʦʥʠ ʪʘʢʦʞ ʚʠʜʽʣʷʶʪʴʩʷ ʟ ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ ʽ 

ʩʪʘʥʦʚʣʷʪʴ ʦʩʦʙʣʠʚʝ ʟʘʥʝʧʦʢʦʻʥʥʷ ʜʣʷ ʟʜʦʨʦʚôʷ, ʦʩʢʽʣʴʢʠ ʾʭ ʨʦʟʤʽʨ ʦʟʥʘʯʘʻ, ʱʦ 

ʚʦʥʠ ʤʦʞʫʪʴ ʧʦʪʨʘʧʣʷʪʠ ʚ ʦʨʛʘʥʠ ʯʝʨʝʟ ʢʨʦʚʦʪʽʢ. ʏʘʩʪʠʥʢʠ ʨʦʟʤʽʨʦʤ ʥʠʞʯʝ 23 

ʥʘʦʤʪʨʽʚ ʚʘʞʢʦ ʚʠʤʽʨʷʪʠ, ʽ ʥʘʨʘʟʽ ʚʦʥʠ ʥʝ ʨʝʛʫʣʶʶʪʴʩʷ ʥʽ ʚ ɭʉ, ʥʽ ʚ ʉʐɸ. 

 ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʝʤʘʻ ʧʨʘʚʠʣ ʱʦʜʦ ʰʚʠʜʢʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ ʰʠʥ ʽ ʤʘʣʦ 

ʧʨʘʚʠʣ ʱʦʜʦ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʚʦʥʠ ʤʽʩʪʷʪʴ. ʊʝʧʝʨ ʘʥʘʣʽʪʠʢʘ 

ʚʠʢʠʜʽʚ ʚʠʟʥʘʯʠʣʘ ʭʽʤʽʯʥʽ ʨʝʯʦʚʠʥʠ, ʧʨʠʩʫʪʥʽ ʚ 250 ʨʽʟʥʠʭ ʪʠʧʘʭ ʰʠʥ, ʷʢʽ 

ʟʘʟʚʠʯʘʡ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʽʟ ʩʠʥʪʝʪʠʯʥʦʛʦ ʢʘʫʯʫʢʫ, ʦʪʨʠʤʘʥʦʛʦ ʟ ʩʠʨʦʾ ʥʘʬʪʠ. 

 ʐʚʠʜʢʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʘʨʦʢ ʰʠʥ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʣʘʩʷ, ʘ ʚʤʽʩʪ 

ʪʦʢʩʠʯʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʟʤʽʥʶʚʘʚʩʷ ʱʝ ʙʽʣʴʰʝ, ʩʢʘʟʘʚ ʚʽʥ, ʧʦʢʘʟʫʶʯʠ, ʱʦ 

ʥʝʜʦʨʦʛʽ ʟʤʽʥʠ ʙʫʣʠ ʤʦʞʣʠʚʠʤʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʾʭ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ. 

 ɺʠʧʨʦʙʫʚʘʥʥʷ ʟʥʦʩʫ ʰʠʥ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ 14 ʨʽʟʥʠʭ ʤʘʨʢʘʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ Mercedes C-Class, ʷʢʠʡ ʾʟʜʠʚ ʥʦʨʤʘʣʴʥʦ ʥʘ ʜʦʨʦʟʽ, ʧʨʠʯʦʤʫ ʜʝʷʢʽ 

ʪʝʩʪʫʚʘʣʠʩʷ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ. ɺʠʩʦʢʦʪʦʯʥʽ ʚʘʛʠ ʚʠʤʽʨʶʚʘʣʠ 

ʚʘʛʫ, ʚʪʨʘʯʝʥʫ ʰʠʥʘʤʠ, ʘ ʩʠʩʪʝʤʘ ʚʽʜʙʦʨʫ ʧʨʦʙ, ʷʢʘ ʟʙʠʨʘʻ ʯʘʩʪʠʥʢʠ ʟʘ ʰʠʥʘʤʠ 

ʧʽʜ ʯʘʩ ʨʫʭʫ, ʦʮʽʥʶʚʘʣʘ ʤʘʩʫ, ʢʽʣʴʢʽʩʪʴ ʽ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʜʦ 6 ʥʤ. ʈʝʘʣʴʥʽ 

ʚʠʢʠʜʠ ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ ʙʫʣʠ ʚʠʤʽʨʷʥʽ ʥʘ ʯʦʪʠʨʴʦʭ ʙʝʥʟʠʥʦʚʠʭ 

ʧʦʟʘʰʣʷʭʦʚʠʢʘʭ, ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʥʦʚʠʭ ʘʚʪʦʤʦʙʽʣʷʭ ʩʴʦʛʦʜʥʽ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʝʡ 2019 ʪʘ 2020 ʨʦʢʽʚ. 

      ɺʠʢʦʨʠʩʪʘʥʽ ʰʠʥʠ ʚʠʨʦʙʣʷʣʠ 36 ʤʽʣʽʛʨʘʤʽʚ ʯʘʩʪʠʥʦʢ ʥʘ ʢʦʞʝʥ ʢʽʣʦʤʝʪʨ, ʱʦ 

ʚ 1850 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʩʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ 0,02 ʤʛ/ʢʤ ʫ ʚʠʭʣʦʧʥʠʭ ʛʘʟʘʭ. ɼʫʞʝ 

ʘʛʨʝʩʠʚʥʠʡ, ʭʦʯʘ ʽ ʟʘʢʦʥʥʠʡ, ʩʪʠʣʴ ʚʦʜʽʥʥʷ ʧʽʜʚʠʱʠʚ ʚʠʢʠʜʠ ʯʘʩʪʦʢ ʜʦ 5760 

ʤʛ/ʢʤ. 

 ʐʠʥʠ ʚʠʨʦʙʣʷʶʪʴ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ, ʥʽʞ ʚʝʣʠʢʠʭ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʚ ʪʦʡ ʯʘʩ ʷʢ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʯʘʩʪʠʥʦʢ ʟʘ ʢʽʣʴʢʽʩʪʶ ʜʦʩʠʪʴ 

ʤʘʣʽ, ʱʦʙ ʧʦʪʨʘʧʠʪʠ ʚ ʧʦʚʽʪʨʷ ʽ ʩʧʨʠʷʪʠ ʟʘʙʨʫʜʥʝʥʥʶ ʧʦʚʽʪʨʷ, ʚʦʥʠ ʩʪʘʥʦʚʣʷʪʴ 

ʣʠʰʝ 11% ʯʘʩʪʠʥʦʢ ʟʘ ʚʘʛʦʶ. ʊʠʤ ʥʝ ʤʝʥʰ, ʰʠʥʠ ʚʩʝ ʱʝ ʚʠʨʦʙʣʷʶʪʴ ʫ ʩʦʪʥʽ 

ʨʘʟʽʚ ʙʽʣʴʰʝ ʯʘʩʪʠʥʦʢ ʫ ʧʦʚʽʪʨʽ ʟʘ ʚʘʛʦʶ, ʥʽʞ ʚʠʭʣʦʧʥʽ ʛʘʟʠ. 

 ʉʝʨʝʜʥʷ ʚʘʛʘ ʚʩʽʭ ʘʚʪʦʤʦʙʽʣʽʚ ʟʨʦʩʣʘ. ɸʣʝ ʙʫʣʠ ʦʩʦʙʣʠʚʽ ʜʝʙʘʪʠ ʱʦʜʦ 

ʪʦʛʦ, ʯʠ ʤʦʞʫʪʴ ʘʢʫʤʫʣʷʪʦʨʥʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽ, ʷʢʽ ʚʘʞʯʽ ʟʘ ʟʚʠʯʘʡʥʽ ʘʚʪʦʤʦʙʽʣʽ ʽ 

ʤʦʞʫʪʴ ʤʘʪʠ ʙʽʣʴʰʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʢʦʣʽʩ, ʧʨʠʟʚʝʩʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʙʽʣʴʰʦʾ 

ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʠʥʦʢ ʰʠʥ.  

 ɺʠʩʥʦʚʢʠ ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʟʥʦʩ ʰʠʥ ʻ ʥʝʜʦʦʮʽʥʝʥʠʤ ʪʘ 

ʥʘʚ̔ʪʴ ʧʦ ʰʢʽʜʣʠʚʦʩʪʽ ʧʝʨʝʚʠʱʫʻ ʚʠʢʠʜʠ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʘʚʪʦʤʦʙʽʣʽʚ ʽʟ 

ʜʚʠʛʫʥʦʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦ ʧʨʠʜʽʣʠʪʠ ʫʚʘʛʫ ʮʽʡ 

ʧʨʦʙʣʝʤʽ ʪʘ ʚʧʨʦʚʘʜʠʪʠ ʜʽʾ ʜʣʷ ʡʦʛʦ ʚʠʨʽʰʝʥʥʷ. 
 

[1] ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ: ʐʫʣʜʷʢʦʚʘ,ʂ.ɸ. ɺʦʟʜʝʡʩʪʚʠʝ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ 

ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ/ʂ.ɸ. ʐʫʣʜʷʢʦʚʘ. ð ʊʝʢʩʪ : ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ // ʄʦʣʦʜʦʡ ʫʯʝʥʳʡ. ð 2016. ð ˉ 20 (124). ð 

ʉ. 472-477.  
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ʂʦʟʣʦʚʽ ʢʨʘʥʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʦʨʪʘʭ ʜʣʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʢʦʥʪʝʡʥʝʨʽʚ, ʧʠʣʦʤʘʪʝʨʽʘʣʽʚ ʪʘ ʽʥʰʠʭ ʚʘʥʪʘʞʽʚ [1-3]. 

ʗʢ ʚʽʜʦʤʦ, ʧʦʥʘʜʥʦʨʤʦʚʘ ʪʘ ʪʨʠʚʘʣʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʠʭ ʤʘʰʠʥ  

ʧʨʠʟʚʦʜʠʪʴ ʜʦ  ʧʦʜʘʣʴʰʦʾ ʚʽʜʤʦʚʠ ʚʫʟʣʽʚ ʪʘ ʘʚʘʨʽʡ [1-3].   

ɺʽʜʥʦʚʣʝʥʥʷ ʨʦʙʦʪʠ  ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʩʫʚʘʥʥʷ  ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ 

ʚʠʪʨʘʪ, ʢʦʪʨʽ ʧʦʚ'ʷʟʘʥʽ ʧʨʦʩʪʦʷʤʠ ʫ ʨʦʙʦʪʽ ʪʘ  ʨʝʤʦʥʪʦʤ ʢʨʘʥʘ. ʊʦʤʫ, ʙʝʟʧʝʯʥʘ 

ʪʘ ʥʘʜʽʡʥʘ ʨʦʙʦʪʘ ʻ ʦʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʟʘʚʜʘʥʴ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʨʘʥʽʚ. ʄʝʪʦʶ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʮʽʥʢʘ ʩʪʘʥʫ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʟʣʦʚʠʭ  ʢʨʘʥʽʚ ʟ 

ʧʦʥʘʜʥʦʨʤʦʚʠʤʠ ʪʝʨʤʽʥʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʙʨʘʥʦ 12 ʽʜʝʥʪʠʯʥʠʭ ʢʦʟʣʦʚʠʭ ʢʨʘʥʽʚ ʂʂ-12,5, ʢʦʪʨʽ 

ʧʨʦʧʨʘʮʶʚʘʣʠ ʧʦʥʘʜ 15 ʨʦʢʽʚ ʚ ʧʦʨʪʘʭ ʫ ʢʨʶʢʦʚʦʤʫ ʨʝʞʠʤʽ.  

ɽʢʩʧʝʨʪʥʝ ʦʙʩʪʝʞʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʦʚʦʜʠʚʩʷ ʫ ʩʪʨʦʢʠ 

ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʛʣʷʜʫ ʢʨʘʥʽʚ [4]. ʊʘʢʦʞ ʙʫʣʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʷʢʘ ʤʽʩʪʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʞʫʨʥʘʣʘʭ ʦʙʣʽʢʫ, ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʢʨʘʥʽʚ ʟ 2010 ʧʦ 2021 ʨʦʢʠ.  

ʇʝʨʝʚʽʨʢʫ ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʩʫʚʘʥʥʷ ʢʨʘʥʘ ʟʜʽʡʩʥʝʥʦ ʰʣʷʭʦʤ ʧʝʨʝʩʫʚʘʥʥʷ 

ʢʨʘʥʘ ʟ ʥʦʤʽʥʘʣʴʥʠʤ ʚʘʥʪʘʞʝʤ ʥʘ ʛʘʢʫ ʚ ʦʙʠʜʚʘ ʙʦʢʠ ʨʝʡʢʦʚʦʾ ʢʦʣʽʾ ʥʘ ʚʽʜʩʪʘʥʴ 

ʪʨʴʦʭ ʙʘʟ ʢʨʘʥʘ [4]. 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ: 

1) ʟʥʦʩ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʚʽʜʢʨʠʪʠʭ ʧʝʨʝʜʘʯ ʪʘ ʭʦʜʦʚʠʭ ʢʦʣʽʩ ʫ ʚʩʽʭ ʢʨʘʥʘʭ 

ʥʘʙʣʠʟʠʚʩʷ ʜʦ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ, ʱʦ ʚʠʤʘʛʘʻ ʧʦʚʥʦʾ ʾʭ ʟʘʤʽʥʠ;  

2) ʫ 40% ʢʨʘʥʽʚ ʩʣʽʜ ʥʝʛʘʡʥʦ ʟʘʤʽʥʠʪʠ ʨʝʜʫʢʪʦʨʠ ʚʥʘʩʣʽʜʦʢ  ʚʠʪʽʢʘʥʥʷ 

ʤʘʩʪʠʣʘ ʯʝʨʝʟ ʩʧʨʘʮʶʚʘʥʥʷ ʧʦʩʘʜʢʦʚʠʭ ʧʦʚʝʨʭʦʥʴ,  ʧʽʜʚʠʱʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ  

ʥʘʛʨʽʚʫ ʢʦʨʧʫʩʽʚ ʪʘ ʰʫʤʫ, ʘ ʪʘʢʦʞ  ʚʠʷʚʣʝʥʽ  ʪʨʽʱʠʥʠ ʫ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯʘʭ, 

ʢʦʨʧʫʩʘʭ ʪʘ ʧʽʜʰʠʧʥʠʢʘʭ; 

3) ʤʘʡʞʝ ʫ ʚʩʽʭ ʢʨʘʥʽʚ ʚʠʷʚʣʝʥʦ ʧʝʨʝʨʠʚʯʘʩʪʠʡ ʭʽʜ ʚʥʘʩʣʽʜʦʢ ʟʥʦʩʫ ʭʦʜʦʚʠʭ 

ʢʦʣʽʩ ʽ ʧʝʨʝʢʦʩʫ ʦʩʝʡ; 

4) ʧʦʣʦʤʢʠ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʪʘ ʚʘʣʽʚ ʢʨʘʥʦʚʠʭ ʨʝʜʫʢʪʦʨʽʚ ʥʦʩʷʪʴ ʚʪʦʤʥʠʡ 

ʭʘʨʘʢʪʝʨ ʪʘ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʟʦʥʽ ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʥʘʧʨʫʞʝʥʴ. 
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ʇʝʨʝʢʽʩ ʢʨʘʥʦʚʠʭ ʢʦʣʽʩ ʧʝʨʝʚʠʱʫʚʘʚ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ [4] ʪʘ ʩʪʘʚ 

ʧʨʠʯʠʥʦʶ   ʧʝʨʝʛʨʽʚʫ ʪʘ ʟʘʤʽʥʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ, ʧʝʨʝʜʯʘʩʥʦʤʫ ʟʥʦʩʫ ʪʘ ʟʘʤʽʥʽ 

ʭʦʜʦʚʠʭ ʪʘ ʟʫʙʯʘʩʪʠʭ  ʢʦʣʽʩ. 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʝʨʝʢʦʩʠ ʢʨʘʥʽʚ ʧʨʠʟʚʝʣʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʜʝʬʝʢʪʽʚ ʚ 

ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʷʭ ʫ ʚʠʛʣʷʜʽ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʚʪʦʤʥʠʭ ʪʨʽʱʠʥ. 

ɿ ʤʝʪʦʶ ʧʦʧʝʨʝʜʞʝʥʥʷ ʘʚʘʨʽʡ  ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ  ʧʦʚʥʝ  ʦʙʩʪʝʞʝʥʥʷ 

ʢʦʟʣʦʚʠʭ ʢʨʘʥʽʚ ʢʦʞʥʽ  12  ʤʽʩʷʮʽʚ. 
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ɺ ʜʘʥʠʡ ʯʘʩ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʚʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʟʘʙʝʟʧʝʯʝʥʥʶ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʪʘ 

ʙʝʟʧʝʢʠ ʨʫʭʫ ʧʦʾʟʜʽʚ, ɦ ʦ  ̒ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʫʤʦʚʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ʇʨʘʚʠʣʘʤʠ ʪʝʭʥiʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮi  ʾ

ʟʘʙʦʨʦʥʷʻʪʴʩʷ ʚʠʧʫʩʢʘʪʠ ʚ ʝʢʩʧʣʫʘʪʘʮi  ʁ i ʜʦʧʫʩʢʘʪʠ ʜʦ ʧʨʷʤʫʚʘʥʥʷ ʚ ʧʦʾʟʜʘʭ 

ʨʫʭʦʤʠʡ ʩʢʣʘʜ, ʱʦ ʤʘʻ ʥʝʩʧʨʘʚʥʦʩʪi, ʱʦ ʟʘʛʨʦʞʫʶʪʴ ʙʝʟʧʝʮi ʨʫʭʫ, ʘ ʪʘʢʦʞ 

ʩʪʘʚʠʪʠ ʚ ʧʦʾʟʜʠ ʚʘʥʪʘʞʥi ʚʘʛʦʥʠ, ʩʪʘʥ ʷʢʠʭ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʝʞʝʥʥʷ ʚʘʥʪʘʞiʚ, 

ʱʦ ʧʝʨʝʚʦʟʷʪʴʩʷ [1,2].  

ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮi  ʾ ʫʥiʚʝʨʩʘʣʴʥʠʭ 

ʥʘʧiʚʚʘʛʦʥiʚ, ʮʝ ʥʝʜʦʩʪʘʪʥʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭiʜʥʦʛʦ ʨiʚʥʷ ʙʝʟʧʝʢʠ ʨʫʭʫ 

ʧʦʾʟʜiʚ i ʥʝʜʦʩʪʘʪʥʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʚʘʥʪʘʞʫ, ʷʢʠʡ ʧʝʨʝʚʦʟʠʪʴʩʷ, ʱʦ 

ʚiʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪi ʦʙʨʠʚʫ ʧʝʪʝʣʴ, ʷʢi ʪʨʠʤʘʶʪʴ ʢʨʠʰʢʫ ʣʶʢʘ. 

ɺiʜʧʦʚiʜʘʣʴʥiʩʪʴ ʟʘ ʷʢiʩʪʴ ʚʠʢʦʥʘʥʦʛʦ ʪʝʭʥiʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʨʝʤʦʥʪʫ ʪʘ 

ʙʝʟʧʝʢʫ ʨʫʭʫ ʚʘʛʦʥiʚ ʧʦʢʣʘʜʘʻʪʴʩʷ ʷʢ ʥʘ ʧʨʘʮiʚʥʠʢiʚ, ʷʢi ʙʝʟʧʦʩʝʨʝʜʥʴʦ 
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ʟʜiʡʩʥʶʶʪʴ ʪʝʭʥiʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪ, ʪʘʢ i ʥʘ ʤʘʡʩʪʨiʚ, ʥʘʯʘʣʴʥʠʢiʚ 

ʟʘʚʦʜiʚ, ʜʝʧʦ, ʤʘʡʩʪʝʨʝʥʴ, ʧʫʥʢʪiʚ ʧiʜʛʦʪʦʚʢʠ ʚʘʛʦʥiʚ ʜʦ ʧʝʨʝʚʝʟʝʥʴ ʪʘ ʧʫʥʢʪiʚ 

ʪʝʭʥiʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [3]. 

ʇʨʘʚʠʣʘ ʪʝʭʥiʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮiʾ ʟʘʙʦʨʦʥʷʶʪʴ ʧʦʜʘʯʫ ʧiʜ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʘʥʪʘʞiʚ ʪʘ ʧʦʩʘʜʢʫ ʣʶʜʝʡ ʙʝʟ ʧʨʝʜ'ʷʚʣʝʥʥʷ ʚʘʛʦʥiʚ ʜʦ ʪʝʭʥiʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʟʘʧʠʩʫ ʫ ʩʧʝʮiʘʣʴʥʦʤʫ ʞʫʨʥʘʣi ʧʨʦ ʚʠʟʥʘʥʥʷ ʾʭ ʧʨʠʜʘʪʥʠʤʠ. 

ʄʝʪʘ ʪʝʭʥiʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ï ʧiʜʪʨʠʤʫʚʘʥʥʷ ʟʘʣiʟʥʠʯʥʠʭ 

ʟʘʩʦʙiʚ ʫ ʪʝʭʥiʯʥʦ ʩʧʨʘʚʥʦʤʫ ʩʪʘʥi ʪʘ ʥʘʣʝʞʥʦʤʫ ʟʦʚʥiʰʥʴʦʤʫ ʚʠʛʣʷʜi, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜiʡʥʦʩʪi, ʝʢʦʥʦʤiʯʥʦʩʪi, ʙʝʟʧʝʢʠ ʨʫʭʫ ʪʘ ʝʢʦʣʦʛiʯʥʦʾ ʙʝʟʧʝʢʠ 

[4]. 

ʆʩʥʦʚʥi ʚʫʟʣʠ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘʧiʚʚʘʛʦʥiʚ [5], ʱʦ 

ʧiʜʣʷʛʘʶʪʴ ʧʝʨʝʚiʨʮi: ʢʨʠʰʢʘ ʣʶʢʘ ʥʘʧiʚʚʘʛʦʥʘ (ʥʘʷʚʥiʩʪʴ ʪʨiʱʠʥ i ʧʨʦʛʠʥiʚ, 

ʟʣʘʤ ʧʝʪʝʣʴ ʪʘ ʢʨʦʥʰʪʝʡʥiʚ, ʚiʜʩʫʪʥiʩʪʴ ʦʩʝʡ ʚ ʰʢʚʦʨʥʝʚʠʭ   ʟôʻʜʥʘʥʥʷʭ); 

ʤʝʭʘʥiʟʤ ʧiʜʡʦʤʫ ʢʨʠʰʢʠ ʣʶʢʘ (ʚiʜʩʫʪʥiʩʪʴ ʪʦʨʩiʦʥʘ, ʰʧʣiʥʪʘ ʘʙʦ ʦʩi, ʚʠʛʠʥ 

ʚʘʞʝʣʷ, ʟʥʦʩ ʦʩʝʡ, ʚʠʛʠʥ ʦʧʦʨ, ʧʝʪʝʣʴ).   

ʈʦʟʛʣʷʥʝʤʦ ʚʘʛʦʥʦʨʝʤʦʥʪʥi ʤʘʰʠʥʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ [6] ʥʘʧʨʠʢʣʘʜ ʤʦʙiʣʴʥʫ 

ʫʩʪʘʥʦʚʢʫ ʢʦʥʪʨʦʣʶ ʪʘ ʟʘʤiʥʠ ʣʶʢiʚ ʥʘʧiʚʚʘʛʦʥiʚ (ʨʠʩ. 1), ʷʢʘ ʤiʩʪʠʪʴ 

ʤʘʣʦʛʘʙʘʨʠʪʥʝ ʛʫʩʝʥʠʯʥʝ ʰʘʩi ʟ ʛiʜʨʦʧʨʠʚʦʜʦʤ, ʚʩʪʘʥʦʚʣʝʥʫ ʥʘ ʥʴʦʤʫ 

ʧʣʘʪʬʦʨʤʫ ʟ ʨʫʭʦʤʦʶ ʢʘʨʝʪʢʦʶ ʪʘ ʧʦʚʦʨʦʪʥʦʶ ʩʪiʡʢʦʶ, ʱʦ ʤʘʻ ʰʘʨʥiʨʥʦ 

ʟʘʢʨiʧʣʝʥʫ ʩʧʨʷʤʦʚʫʶʯʫ, ʚʩʪʘʥʦʚʣʝʥʫ ʟ ʤʦʞʣʠʚiʩʪʶ ʧʦʚʝʨʪʘʪʠʩʷ (ʧiʜʥiʤʘʪʠʩʷ 

ʪʘ ʦʧʫʩʢʘʪʠʩʷ) ʥʘ ʦʩi ʫ ʚʝʨʪʠʢʘʣʴʥiʡ ʧʣʦʱʠʥi. ʅʘ ʥʘʧʨʘʚʣʷʶʯiʡ ʫ ʩʧʝʮiʘʣʴʥʠʭ 

ʢʠʰʝʥʷʭ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʭʦʧʣʝʥʥʷ ʜʣʷ ʟʥʷʪʪʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʣʶʢʘ, ʘ ʥʘ ʪʨʫʙʘʭ 

ʜʚʠʛʫʥʘ ʚʠʢʦʥʘʥi ʙʦʙʠʰʢʠ, ʥʘ ʷʢi ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʦʶ ʬiʢʩʘʮiʻʶ 

ʟʘʭʦʧʣʝʥʥʷ. ɼʦʩʷʛʘʻʪʴʩʷ ʧiʜʚʠʱʝʥʥʷ ʟʨʫʯʥʦʩʪi ʝʢʩʧʣʫʘʪʘʮiʾ, ʤʘʥʝʚʨʝʥʦʩʪi, 

ʧʨʦʭiʜʥʦʩʪi ʤʦʙiʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ. 

 

 
 

ʈʠʩ. 1. ʄʦʙiʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʧʨʘʚʢʠ ʪʘ ʟʘʤiʥʠ ʣʶʢiʚ ʥʘʧiʚʚʘʛʦʥiʚ 

 

ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ ʪʦʚʱʠʥʦʤiʨ PocketMIKE (ʅiʤʝʯʯʠʥʘ) ʨʠʩ. 2 ʧʦʨʪʘʪʠʚʥʠʡ 

ʦʜʥʦʢʘʥʘʣʴʥʠʡ ʧʨʠʣʘʜ ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʫʯʥʦʛʦ ʚʠʤiʨʶʚʘʥʥʷ 

ʪʦʚʱʠʥʠ ʚʠʨʦʙiʚ ʟ ʤʝʪʘʣiʚ ʪʘ ʩʧʣʘʚiʚ, ʟʘʣʠʰʢʦʚʦʾ ʪʦʚʱʠʥʠ ʩʪiʥʦʢ ʫ ʤiʩʮʷʭ, ʱʦ 

ʧiʜʜʘʶʪʴʩʷ ʢʦʨʦʟiʡʥʦʤʫ ʘʙʦ ʝʨʦʟiʡʥʦʤʫ ʟʥʦʩʫ. ɼiʘʧʘʟʦʥ ʚʠʤiʨʶʚʘʥʴ ʧʦ ʩʪʘʣi ʦʪ 

1,0 ʜʦ 250 ʤʤ. 
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ʈʠʩ. 2. ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ ʪʦʚʱʠʥʦʤiʨ PocketMIKE 

 
[1] ʌʦʤʽʥ ʆ.ɺ., ʂʦʟʠʥʢʘ ʆ.ʉ. ɿʘʩʦʙʠ ʢʦʥʪʨʦʣʶ ʪʠʧʦʚʠʭ i ʢʦʤʧʦʟʠʪʥʠʭ ʢʨʠʰʦʢ ʣʶʢiʚ ʥʘʧiʚʚʘʛʦʥiʚ. ʅʘʫʢʦʚʠʡ 
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ʩʢʣʘʜʫ (ʜʘʣʽ ï ʉʉʈʉ), ʱʦ ʟʘʜʽʷʥʠʡ ʚ ʧʽʜʪʨʠʤʫʚʘʥʽ ʩʪʘʣʦʾ ʨʦʙʦʪʠ ʢʦʣʽʡʥʦʛʦ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚ. ʆʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʨʦʙʦʪʫ ʟʘʣʽʟʥʠʮʽ ʻ ʥʘʷʚʥʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʨʝʩʫʨʩʽʚ ʻ ʉʉʈʉ. ɼʣʷ ʧʽʜʪʨʠʤʢʠ ʉʉʈʉ ʫ ʨʦʙʦʯʦʤʫ 

ʩʪʘʥʽ ʥʝʦʙʭʽʜʥʦ ʩʪʘʙʽʣʴʥʦ ʧʨʦʭʦʜʠʪʠ ʧʣʘʥʦʚʽ ʚʠʜʠ ʨʝʤʦʥʪʫ ʪʘ ʪʝʭʥʽʯʥʦʛʦ 
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ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʚʠʜʽʣʷʪʠ ʢʦʰʪʠ ʥʘ ʤʦʜʝʨʥʽʟʘʮʽʶ ʪʘ ʦʥʦʚʣʝʥʥʷ ʧʘʨʢʫ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʥʝ ʥʘʡʢʨʘʱʽ ʯʘʩʠ, ʱʦ ʧʝʨʝʞʠʚʘʻ ʟʘʣʽʟʥʠʮʷ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʩʪʘʻ 

ʚʩʝ ʪʷʞʯʝ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʘʨ ʉʉʈʉ ʫ ʥʘʣʝʞʥʦʤʫ ʩʪʘʥʽ. ɺʠʨʽʰʝʥʥʷʤ ʜʘʥʦʾ 

ʧʨʦʙʣʝʤʠ ʤʦʞʝ ʩʪʘʪʠ ʧʝʨʝʧʨʦʬʽʣʶʚʘʥʥʷ ʚʣʘʩʥʠʭ ʨʝʤʦʥʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʧʽʜ 

ʨʝʤʦʥʪ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʶ ʉʉʈʉ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ ʟʙʝʨʝʛʪʠ ʢʦʰʪʠ ʚʩʝʨʝʜʠʥʽ 

ʟʘʣʽʟʥʠʮʽ, ʟʘʚʘʥʪʘʞʠʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʨʦʙʦʪʦʶ ʪʘ ʟʘʙʝʟʧʝʯʠʪʴ ʟʙʝʨʝʞʝʥʥʷ 

ʨʦʙʦʯʠʭ ʤʽʩʮʴ ʥʘ ʨʝʤʦʥʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ʉʪʘʥʦʤ ʥʘ 01.01.2023 ʨʦʢʫ 

ʽʥʚʝʥʪʘʨʥʠʡ ʧʘʨʢ ʉʉʈʉ ʥʘʣʽʯʫʻ 759 ʦʜʠʥʠʮʴ, ʦʩʥʦʚʥʠʤʠ ʪʠʧʘʤʠ ʉʉʈʉ ʻ 

ɸɼʄ ʚ/ʽ. ï 221 ʦʜʠʥʠʮʷ ʪʘ ɼɻʂʫ ï 282 ʦʜʠʥʠʮʽ. ʊʘʢʦʞ ʜʦ ʉʉʈʉ, ʱʦ ʟʘʜʽʷʥʠʡ 

ʚ ʨʝʤʦʥʪʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʽʜʥʦʩʷʪʴʩʷ ʄʇʊ-4, ʄʇʊ-6, ɸɻɺ, ɸɻʄʫ ʪʘ ɸɻɼ-1. 

ɸʥʘʣʽʟʫʶʯʠ ʽʥʚʝʥʪʘʨʥʠʡ ʧʘʨʢ ʉʉʈʉ ʡʦʛʦ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʥʘʩʪʫʧʥʽ 

ʚʽʢʦʚʽ ʛʨʫʧʠ: ʚʽʢʦʤ ʜʦ 20 ʨʦʢʽʚ (140 ʦʜʠʥʠʮʴ ʘʙʦ 19 %), ʚʽʢʦʤ ʚʽʜ 20 ʜʦ 30 

ʨʦʢʽʚ (85 ʦʜʠʥʠʮʴ ʘʙʦ 11 %), ʚʽʢʦʤ ʚʽʜ 30 ʜʦ 40 ʨʦʢʽʚ (250 ʦʜʠʥʠʮʴ ʘʙʦ 33 %), 

ʚʽʢʦʤ ʧʦʥʘʜ 40 ʨʦʢʽʚ (284 ʦʜʠʥʠʮʽ ʘʙʦ 37 %). ɿ ʮʴʦʛʦ ʚʠʜʥʦ, ʱʦ ʧʘʨʢ ʉʉʈʉ 

ʜʦʚʦʣʽ ʚʽʢʦʚʠʡ, ʪʦʙʪʦ 534 ʦʜʠʥʠʮʽ ʘʙʦ 70 % ʧʘʨʢʫ ʩʢʣʘʜʘʻ ʨʫʭʦʤʠʡ ʩʢʣʘʜ 

ʚʽʢʦʤ ʧʦʥʘʜ 30 ʨʦʢʽʚ. ʊʘʢʝ ʩʪʘʨʽʥʥʷ ʧʘʨʢʫ ʧʦʷʩʥʶʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ 

ʥʝʦʙʭʽʜʥʠʭ ʢʦʰʪʽʚ ʥʘ ʧʨʠʜʙʘʥʥʷ ʥʦʚʠʭ ʦʜʠʥʠʮʴ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʙʽʣʴʰʫʻ 

ʚʠʪʨʘʪʠ ʥʘ ʫʪʨʠʤʘʥʥʷ ʪʘ ʨʝʤʦʥʪ ʉʉʈʉ. ʊʘʢʦʞ ʩʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʱʦ ʜʘʥʥʽ 

ʪʠʧʠ ʉʉʈʉ  ʥʝ ʚʠʨʦʙʣʷʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ, ʱʦ ʥʝ ʜʘʻ ʟʤʦʛʠ ʦʥʦʚʣʶʚʘʪʠ ʧʘʨʢ 

ʚʣʘʩʥʠʤʠ ʩʠʣʘʤʠ. ɸʣʝ ʚ ʪʦʡ ʞʝ ʯʘʩ ʚ ʋʢʨʘʾʥʽ ʻ ʜʦʚʦʣʽ ʩʠʣʴʥʘ ʨʝʤʦʥʪʥʘ ʙʘʟʘ, 

ʱʦ ʜʘʻ ʟʤʦʛʫ ʨʝʤʦʥʪʫʚʘʪʠ ʪʘ ʤʦʜʝʨʥʽʟʫʚʘʪʠ ʉʉʈʉ, ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ 

ʚʠʪʨʘʪ ʥʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʽʜʪʨʠʤʢʠ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʧʨʘʮʝʟʜʘʪʥʦʤʫ ʩʪʘʥʽ, ʦʩʦʙʣʠʚʦ ʚ 

ʫʤʦʚʘʭ ʚʽʡʥʠ.  

ʅʘʷʚʥʠʡ ʧʘʨʢ ʉʉʈʉ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʟʘʜʦʚʦʣʴʥʷʻ ʧʦʪʨʝʙʫ ʟʘʣʽʟʥʠʮʽ ʫ 

ʚʠʢʦʥʘʥʽ ʨʝʤʦʥʪʽʚ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʽ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ.  
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ɼ.ʃ., ʈʝʰʝʪʥʽʢʦʚʘ ɻ.ʃ.  ï ʍʘʨʢʽʚ, 2010. ï 41 ʩ. 

[7] ʂʘʧʽʮʘ ʄ. ɯ. ʆʮʽʥʢʘ ʤʦʜʝʣʝʡ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʧʦʪʦʯʥʠʭ ʨʝʤʦʥʪʽʚ ʪʷʛʦʚʦʛʦ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ 

ʧʨʠ ʥʝʧʦʚʥʽʡ ʽʥʬʦʨʤʘʮʽʾ / ʂʘʧʽʮʘ ʄ. ɯ. / ɿʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ ʋʢʨʘʾʥʠ. ï 2013. ï ˉ 3-4. ï  ʉ. 45 ï 47. 
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ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʄ.ɯ. ʂʘʧʽʮʘ, ʆ.ʁ. ɼʝʨʝʚô̫ ʥʢʦ 
ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ (ʤ. ɼʥʽʧʨʦ) 

 

Doct. (Tech.) Sc., Professor Kapitsa M.I., O. Deriavianko 
Ukrainian State University of Science and Technology (Dnipro) 

 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʪʘʥ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʽʩʪʦʪʥʠʤ ʟʥʦʰʝʥʥʷʤ ʪʘ ʩʪʘʨʽʥʥʷʤ. ʎʝ ʚʧʣʠʚʘʻ ʥʘ ʪʝʭʥʽʢʦ-ʦʨʛʘʥʽʟʘʮʽʡʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʟʘʣʽʟʥʠʮʽ. ʆʩʥʦʚʥʘ ʢʽʣʴʢʽʩʪʴ ʣʦʢʦʤʦʪʠʚʽʚ ʪʘ ʤʦʪʦʨʚʘʛʦʥʥʦʛʦ 

ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʤʘʶʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ ʚʽʢ 30 ʽ ʙʽʣʴʰʝ ʨʦʢʽʚ. ʎʽ ʣʦʢʦʤʦʪʠʚʠ 

ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʟ ʧʨʦʙʽʛʦʤ, ʷʢʠʡ ʧʝʨʝʚʠʱʠʚ ʥʦʨʤʘʪʠʚʥʠʡ ( ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʪʝʨʤʽʥ 25-30 ʨʦʢʽʚ ). ʇʠʪʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʥʘʜ ʮʠʭ ʪʝʨʤʽʥʽʚ 

ʚʠʨʽʰʫʻʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʣʦʢʦʤʦʪʠʚʘ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, 

ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ.  

ʇʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʣʦʢʦʤʦʪʠʚʽʚ, ʱʦ ʧʝʨʝʚʠʱʠʣʠ ʥʦʨʤʘʪʠʚʥʠʡ  ʪʝʨʤʽʥ 

ʩʣʫʞʙʠ ʟʥʘʯʥʦ ʟʥʠʞʫʶʪʴʩʷ ʧʦʢʘʟʥʠʢʠ ʙʝʟʧʝʢʠ, ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʴ.  

ɿʘ ʜʘʥʠʤʠ [1] ʚ 2020 ʨʦʮʽ ʜʦʧʫʱʝʥʦ 688 ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʜʽʡ, ʟ ʥʠʭ 391 

ʘʚʘʨʽʷ, ʫ ʪ.ʯ. 51 ʚʠʧʘʜʢʽʚ ʩʭʦʜʞʝʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, 5 ʚʠʧʘʜʢʽʚ ʟʽʪʢʥʝʥʥʷ 

ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, 3 ʚʠʧʘʜʢʠ ʧʦʞʝʞʽ ʥʘ ʨʫʭʦʤʦʤʫ ʩʢʣʘʜʽ, 332 ʚʠʧʘʜʢʽʚ 

ʪʨʘʚʤʫʚʘʥʥʷ ʦʩʽʙ ʨʫʭʦʤʠʤ ʩʢʣʘʜʦʤ (211 ʟʽ ʩʤʝʨʪʝʣʴʥʠʤ ʥʘʩʣʽʜʢʦʤ), ʫ ʪ.ʯ. 8 

ʨʦʙʽʪʥʠʢʽʚ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʪʘ 297 ʽʥʮʠʜʝʥʪʽʚ, ʧʨʦʪʠ 1081 ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʧʦʜʽʾ, ʟ ʥʠʭ 561 ʘʚʘʨʽʷ, ʫ ʪ.ʯ. 57 ʚʠʧʘʜʢʽʚ ʩʭʦʜʞʝʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, 6 

ʚʠʧʘʜʢʽʚ ʟʽʪʢʥʝʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ, 3 ʚʠʧʘʜʢʠ ʧʦʞʝʞʽ ʥʘ ʨʫʭʦʤʦʤʫ ʩʢʣʘʜʽ, 495 

ʚʠʧʘʜʢʽʚ ʪʨʘʚʤʫʚʘʥʥʷ ʦʩʽʙ ʨʫʭʦʤʠʤ ʩʢʣʘʜʦʤ, ʫ ʪ.ʯ. 7 ʧʨʘʮʽʚʥʠʢʽʚ ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ (315 ʟʽ ʩʤʝʨʪʝʣʴʥʠʤ ʥʘʩʣʽʜʢʦʤ) ʪʘ 520 ʽʥʮʠʜʝʥʪʽʚ ʟʘ ʘʥʘʣʦʛʽʯʥʠʡ 

ʧʝʨʽʦʜ 2019 ʨʦʢʫ.  

ɺ ʣʦʢʦʤʦʪʠʚʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʢʽʣʴʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʜʽʡ ʻ ʥʘʡʚʠʱʦʶ. 

ɸʥʘʣʽʟ ʧʨʠʯʠʥ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʜʽʡ ʫ ʣʦʢʦʤʦʪʠʚʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʧʦʢʘʟʫʻ, ʱʦ 

ʧʨʠʯʠʥʦʶ ʷʚʣʷʻʪʴʩʷ ʥʝʷʢʽʩʥʠʡ ʜʝʧʦʚʩʴʢʠʡ ʨʝʤʦʥʪ, ʱʦ ʚ ʯʝʨʛʦʚʠʡ ʨʘʟ 

ʧʽʜʪʚʝʨʜʞʫʻ ʛʨʘʥʠʯʥʝ ʟʥʦʰʝʥʥʷ ʚʩʴʦʛʦ ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʧʘʨʢʫ ʪʘ ʡʦʛʦ ʨʝʤʦʥʪʥʦʾ 

ʩʢʣʘʜʦʚʦʾ. 

ɿ 2008 ʨʦʢʫ, ʢʦʣʠ ʨʦʟʧʦʯʘʣʦʩʷ ʟʥʘʯʥʝ ʟʥʦʰʫʚʘʥʥʷ ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʧʘʨʢʫ, 

ʧʽʜʥʷʣʦʩʴ ʧʠʪʘʥʥʷ ʡʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ. ɺ 2011 ʨʦʮʽ ʫʨʷʜ ʟʘʪʚʝʨʜʠʚ ʧʨʦʛʨʘʤʫ 

ʦʥʦʚʣʝʥʥʷ ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʧʘʨʢʫ, ʱʦ ʧʝʨʝʜʙʘʯʘʣʘ ʧʨʠʜʙʘʥʥʷ 509 ʣʦʢʦʤʦʪʠʚʽʚ. 

ʆʜʥʘʢ, ʟʘ ʙʨʘʢʦʤ ʢʦʰʪʽʚ, ʙʫʣʦ ʧʨʠʜʙʘʥʦ 68 ʣʦʢʦʤʦʪʠʚʽʚ, ʟ ʷʢʠʭ 64 ʝʣʝʢʪʨʦʚʦʟʘ 

ʪʘ 4 ʪʝʧʣʦʚʦʟʘ. 
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ʆʪʞʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʣʦʢʦʤʦʪʠʚʥʠʡ ʧʘʨʢ ʋʢʨʘʾʥʠ ʟʥʦʰʝʥʠʡ 

ʤʘʡʞʝ ʥʘ 99%, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʙʝʟʧʝʢʠ. ɺʥʘʩʣʽʜʦʢ 

ʮʴʦʛʦ, ʪʨʘʥʩʧʦʨʪʥʽ ʧʦʜʽʾ ʚ ʣʦʢʦʤʦʪʠʚʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʟʘʣʠʰʘʶʪʴʩʷ ʥʘ 

ʟʥʘʯʥʦʤʫ ʨʽʚʥʽ, ʘ ʚ ʦʢʨʝʤʽ ʧʝʨʽʦʜʠ ï ʥʘʚʽʪʴ ʟʙʽʣʴʰʫʶʪʴʩʷ. ʆʩʥʦʚʥʠʤʠ 

ʧʨʠʯʠʥʘʤʠ ʷʚʣʷʻʪʴʩʷ ʥʝʷʢʽʩʥʠʡ ʨʝʤʦʥʪ ʽʟ-ʟʘ ʥʝʩʪʘʯʽ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ ʘʙʦ 

ʥʠʟʴʢʦʾ ʾʭ ʷʢʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʟʘʜʘʯʝʶ ʋʢʨʟʘʣʽʟʥʠʮʽ 

ʷʚʣʷʻʪʴʩʷ ʦʥʦʚʣʝʥʥʷ ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʧʘʨʢʫ ʪʘ ʧʦ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʜʦʚʞʝʥʥʷ 

ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʩʥʫʶʯʦʛʦ ʧʘʨʢʫ. ɺʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʧʦʚʠʥʥʦ ʙʫʪʠ 

ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ, ʪʘʢ ʷʢ ʚʦʥʦ ʚʧʣʠʚʘʻ ʥʘ ʥʘʮʽʦʥʘʣʴʥʫ ʙʝʟʧʝʢʫ. 
 

[1] ɸʥʘʣʽʟ ʩʪʘʥʫ ʙʝʟʧʝʢʠ ʨʫʭʫ ʚ ʩʪʨʫʢʪʫʨʽ ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè ʟʘ 2020 ʨʽʢ. ʂʠʾʚ: ɸʊ çʋʢʨʟʘʣʽʟʥʠʮʷè, 2021. 10 ʩ. 
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  ʅʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʟʘʣʽʟʥʠʯʥʦʾ ʛʘʣʫʟʽ ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʻ 

ʪʝʭʥʽʯʥʝ ʧʝʨʝʦʟʙʨʦʻʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ. ɿʘ ʦʬʽʮʽʡʥʠʤʠ ʜʘʥʠʤʠ ʋʢʨʟʘʣʽʟʥʠʮʽ 

ʟʘʛʘʣʴʥʠʡ ʧʘʨʢ ʚʘʥʪʘʞʥʠʭ ʣʦʢʦʤʦʪʠʚʽʚ ʚʩʽʭ ʪʠʧʽʚ ʚ 2020 ʨ. ʩʢʣʘʜʘʚ 3542 

ʦʜʠʥʠʮʴ, ʧʨʠ ʮʴʦʤʫ  ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʤʫ ʩʪʘʥʽ ʟʥʘʭʦʜʠʣʦʩʴ ʪʽʣʴʢʠ 48,2%, ʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʧʘʨʢ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʚʘʥʪʘʞʥʠʭ ʣʦʢʦʤʦʪʠʚʽʚ ʩʢʣʘʜʘʚ 19,4% ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ. ɯʥʚʝʥʪʘʨʥʠʡ ʧʘʨʢ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʥʘʨʘʭʦʚʫʚʘʚ 110267 

ʦʜʠʥʠʮʴ, ʘʣʝ  ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʝʭʥʽʯʥʠʤ ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ 41,2% ʚʘʛʦʥʽʚ. 

ʇʦʢʘʟʥʠʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ 

ʪʝʨʤʽʥʦʚʠʭ  ʟʘʭʦʜʽʚ ʧʨʦʜʦʚʞʝʥʥʷ çʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫè ʧʝʨʰ ʟʘ ʚʩʝ ʚʘʥʪʘʞʥʠʭ 

ʣʦʢʦʤʦʪʠʚʽʚ, ʥʘʩʘʤʧʝʨʝʜ ʤʘʛʽʩʪʨʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʷʢʽ ʱʝ ʧʨʠʜʘʪʥʽ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ.  ʊʘʢʠʡ ʚʠʩʥʦʚʦʢ ʧʽʜʢʨʽʧʣʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʣʦʛʽʯʥʠʤ 

ʘʥʘʣʽʟʦʤ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʨʦʙʦʪʠ ɸʊ çʋʢʨʘʾʥʩʴʢʘ ʟʘʣʽʟʥʠʮʷè ʟʘ 2019 ʨ.  

[1,2] (ʦʬʽʮʽʡʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ  2020, 2021ʨ. [3]  ʥʝ ʤʽʩʪʷʪʴ ʚ ʧʦʚʥʽʡ ʤʽʨʽ  

ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ), ʱʦ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. 

 

 

 

 

 



 

292 

ʊʘʙʣʠʮʷ 1 ï ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʟʘʣʽʟʥʠʮʽ ʚ 2019 ʨʦʮʽ 

 

   ɺʠʭʦʜʷʯʠ ʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ, ʚʠʟʥʘʯʝʥʦ: 

- ʩʝʨʝʜʥʶ  ʪʨʠʚʘʣʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ  ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʚʘʛʦʥʘ ʚ ʨʫʩʽ (), ʜʝ 

                                                  =24*581/436,2=31.97 ʛʦʜ.             (1) 

-  ʩʝʨʝʜʥʶ  ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʙʽʛʫ ʧʦʨʦʞʥʴʦʛʦ ʚʘʛʦʥʘ (), ʜʝ 

                                            =31,97*0,708=22,63 ʛʦʜ.              (2) 

- ʩʝʨʝʜʥʶ ʩʫʢʫʧʥʫ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʙʽʛʫ  ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʪʘ ʧʦʨʦʞʥʴʦʛʦ 

ʚʘʛʦʥʘ (), ʜʝ 

                                         ;  = 31.97+22,63=54,60 ʛʦʜ.              (3) 

- ʩʝʨʝʜʥʶ  ʩʫʢʫʧʥʫ ʪʨʠʚʘʣʽʩʪʴ ʦʧʝʨʘʮʽʡ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ 

ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʨʝʡʩʫ (ʦʙʦʨʦʪʫ) ʚʘʛʦʥʘ  (), ʜʝ 

                                     =  *2;  50,57*2;  =101,14 ʛʦʜ.                    (4) 

- ʩʝʨʝʜʥʶ  ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʩʪʦʶ ʚʘʛʦʥʘ ʚ ʦʯʽʢʫʚʘʥʥʽ ʬʦʨʤʫʚʘʥʥʷ, ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʪʘ ʨʦʟʬʦʨʤʫʚʘʥʥʷ ʧʦʾʟʜʫ ( ), ʜʝ 

                         =    ;  = 232,32 ï 101,14 ï 54,60=76,58 ʛʦʜ.  (5) 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʦʯʽʢʫʚʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ (ʨʦʟʬʦʨʤʫʚʘʥʥʷ) ʪʘ ʚʽʜʧʨʘʚʣʝʥʥʷ 

ʚʘʥʪʘʞʥʦʛʦ ʧʦʾʟʜʫ ʚ 2019 ʨʦʮʽ ʩʢʣʘʜʘʣʦ ʙʽʣʷ 33% (3,19 / 9,68) ʪʨʠʚʘʣʦʩʪʽ ʦʙʽʛʫ 

ʚʘʛʦʥʘ ʽ, ʥʘʩʘʤʧʝʨʝʜ, ʚ ʥʘʩʣʽʜʦʢ ʥʝʩʪʘʯʽ ʣʦʢʦʤʦʪʠʚʽʚ. ɺʧʝʚʥʝʥʽʩʪʴ ʚ ʪʘʢʦʤʫ 

ʚʠʩʥʦʚʢʫ ʜʘʶʪʴ ʘʥʘʣʽʪʠʯʥʽ ʜʘʥʽ ʧʨʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʢʽʚ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʣʦʢʦʤʦʪʠʚʽʚ ʪʘ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʧʨʦʪʷʛʦʤ ʧʦʧʝʨʝʜʥʽʭ ʜʝʩʷʪʠ 

ʨʦʢʽʚ, ʱʦ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.  

 

ʇʦʢʘʟʥʠʢʠ ɺʝʣʠʯʠʥʘ ʧʦʢʘʟʥʠʢʘ 

ʊʨʠʚʘʣʽʩʪʴ ʦʙʽʛʫ ʚʘʥʪʘʞʥʦʛʦ ʚʘʛʦʥʘ (tʦʙ.), ʜʦʙ. 9,68 

ʇʨʦʩʪʽʡ ʚʘʛʦʥʘ ʧʽʜ ʦʜʥʽʻʶ ʚʘʥʪʘʞʥʦʶ ʦʧʝʨʘʮʽʻʶ (tʚ.ʨ..), ʛʦʜ. 50,57 

ʉʝʨʝʜʥʴʦ ʜʦʙʦʚʠʡ ʧʨʦʙʽʛ ʣʦʢʦʤʦʪʠʚʘ (lʣ.), ʢʤ. 436,2 

ʉʝʨʝʜʥʷ ʚʽʜʩʪʘʥʴ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʫ (Sʧʝʨ.), ʢʤ. 581 

ɼʦʣʷ ʧʨʦʙʽʛʫ ʧʦʨʦʞʥʴʦʛʦ ʚʘʛʦʥʘ ʜʦ ʧʨʦʙʽʛʫ ʥʘʚʘʥʪʘʞʝʥʦʛʦ 

ʚʘʛʦʥʘ, % 

70,8 
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ʊʘʙʣʠʮʷ 2 - ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ  ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʧʘʨʢʫ ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ ʽ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʣʦʢʦʤʦʪʠʚʽʚ 
ʇʦʢʘʟʥʠʢʠ ʈʦʢʠ 

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

ʂʽʣʴʢʽʩʪʴ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ 

ʣʦʢʦʤʦʪʠʚʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ 

ʧʘʨʢʫ, ʦʜ.   
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ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ 
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ʂʽʣʴʢʽʩʪʴ 

ʚʘʥʪʘʞʥʠʭ ʚʘʛʦʥʽʚ 

ʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 

ʦʜʠʥ ʣʦʢʦʤʦʪʠʚ, ʦʜ 
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 ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʚ 2019-2020 ʨ. ʚʘʥʪʘʞʥʠʡ ʧʦʾʟʜ ʩʢʣʘʜʘʚʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʟ 53 ʚʘʛʦʥʽʚ, ʪʦʙʪʦ, ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʚʝʟʝʥʥʷ ʚʦʥʠ ʚʠʢʦʥʫʚʘʣʠ ʩʚʦʶ ʧʨʷʤʫ 

ʬʫʥʢʮʽʶ, ʦʩʢʽʣʴʢʠ ʟʥʘʭʦʜʠʣʠʩʴ ʚ ʩʪʘʥʽ ʨʫʭʫ.  ɺ ʪʦʡ ʞʝ ʯʘʩ ʙʽʣʷ 136 ʚʘʛʦʥʽʚ 

(188,7 - 53) ʚ 2019 ʨ. ʪʘ ʙʽʣʷ 107 ʚʘʛʦʥʽʚ (160,3 - 53)  ʚ 2020 ʨ. (ʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 

ʦʜʠʥ ʤʘʛʽʩʪʨʘʣʴʥʠʡ ʣʦʢʦʤʦʪʠʚ) ʧʨʦʩʪʦʶʚʘʣʠ ʚ ʦʯʽʢʫʚʘʥʥʽ ʚʽʜʧʨʘʚʣʝʥʥʷ, ʱʦ 

ʩʢʣʘʜʘʻ, ʚʽʜʧʦʚʽʜʥʦ, 72 ʪʘ 66%   ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʢʽʚ ʚʘʛʦʥʽʚ ʚ ʮʽ ʨʦʢʠ.  ɿʘ 

ʪʘʢʠʭ ʫʤʦʚ ʟʘʣʽʟʥʠʮʷ ʚʪʨʘʯʘʻ ʙʫʜʴ-ʷʢʽ ʤʦʞʣʠʚʦʩʪʽ ʢʦʥʢʫʨʫʚʘʪʠ ʟ 

ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʧʨʠ ʧʝʨʝʚʝʟʝʥʥʽ ʚʘʥʪʘʞʽʚ  ʦʙʩʷʛʦʤ ʦʜʥʦʛʦ ʚʘʛʦʥʘ.  

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʬʘʢʪʠʯʥʠʡ ʟʥʦʩ ʣʦʢʦʤʦʪʠʚʽʚ ʩʢʣʘʜʘʻ ʧʦʥʘʜ 90% 

ʽʥʚʝʥʪʘʨʥʦʛʦ ʧʘʨʢʫ, ʥʘʡʩʫʪʪʻʚʽʰʠʤ ʽ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ 

ʩʴʦʛʦʜʝʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʜʘʣʴʰʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʽʩʥʫʶʯʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʟʦʢʨʝʤʘ ʣʦʢʦʤʦʪʠʚʽʚ, ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʪʝʭʥʽʯʥʠʭ ʥʦʚʘʮʽʡ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʙʽʣʴʰʠʪʠ ʾʭʥʽʡ çʞʠʪʪʻʚʠʡ ʮʠʢʣè. ɺʠʭʦʜʷʯʠ ʟ 

ʪʦʛʦ, ʱʦ  ʋʢʨʘʾʥʘ ʥʝ ʤʘʻ ʥʝʦʙʭʽʜʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʜʣʷ ʚʠʧʫʩʢʫ ʣʦʢʦʤʦʪʠʚʽʚ, 

ʙʫʜʴ-ʷʢʝ ʚʽʜʪʝʨʤʽʥʫʚʘʥʥʷ ʚʠʚʝʜʝʥʥʷ ʾʭ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʟʚʦʣʠʪʴ ʟʥʠʟʠʪʠ ʨʠʟʠʢʠ 

ʜʣʷ ʚʩʽʻʾ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʧʨʽʦʨʠʪʝʪʥʠʤ 

ʟʘʚʜʘʥʥʷʤ, ʘ ʤʦʞʣʠʚʦ ʽ   ʻʜʠʥʠʤ ʚʽʨʥʠʤ ʨʽʰʝʥʥʷʤ,  ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʦʜʦʚʞʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʜʽʶʯʦʛʦ ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʧʘʨʢʫ. ʎʝ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʴ ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ 

ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʩʠʪʫʘʮʽʡ ʚ ʧʝʨʝʭʽʜʥʠʡ ʧʝʨʽʦʜ ʦʥʦʚʣʝʥʥʷ ʧʘʨʢʫ ʣʦʢʦʤʦʪʠʚʽʚ ʪʘ 

ʟʨʦʙʠʪʴ ʮʝʡ ʧʨʦʮʝʩ ʙʽʣʴʰ ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʽ ʢʝʨʦʚʘʥʠʤ, ʘ, ʥʘʡʛʦʣʦʚʥʽʰʝ, 

ʟʤʝʥʰʠʪʴ ʨʠʟʠʢʠ ʟʘʪʨʠʤʢʠ ʧʝʨʝʚʝʟʝʥʥʷ ʤʘʩʦʚʠʭ ʚʘʥʪʘʞʽʚ ʩʪʨʘʪʝʛʽʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ. 
 

[1] ʋʢʨʘʾʥʘ ʚ ʮʠʬʨʘʭ 2014-2019 ʨ.ʨ. ɼʝʨʞʘʚʥʘ ʩʣʫʞʙʘ ʩʪʘʪʠʩʪʠʢʠ ʋʢʨʘʾʥʠ. URL: http://www.ukrstat.gov.ua 

[2] ɼʦʚʽʜʥʠʢ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʨʝʛʽʦʥʘʣʴʥʠʭ ʬʽʣʽʡ ɸʊ çʋʢʨʘʾʥʩʴʢʘ ʟʘʣʽʟʥʠʮʷè (2004-2019 ʨʦʢʠ). 

ʂʠʚʾ, 2020. 39 ʩ. 

[3] ɯʥʬʦʨʤʘʮʽʥʦ ï ʘʥʘʣʽʪʠʯʥʽ ʤʘʪʝʨʽʘʣʠ ʱʦʜʦ ʦʧʝʨʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ɸʊ çʋʂʈɿɸʃɯɿʅʀʎʗè ʃʠʩʪʦʧʘʜ. ʉʽʯʝʥʴ-

ʣʠʩʪʦʧʘʜ 2021, ʋʢʨʟʘʣʽʟʥʠʮʷ, uz.gov.ua   ʎʏʋ 2021. ʉ.17 

 

http://www.ukrstat.gov.ua/
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ʋɼʂ 621.7.08; 621.4.004.67 

 

ʄɽʊʆɼʀ ɺʀɿʅɸʏɽʅʅʗ ʈɽʉʋʈʉʋ ʎʀʃɯʅɼʈɯɺ ɼɺʀɻʋʅɯɺ 

ɺʅʋʊʈɯʐʅʔʆɻʆ ɿɻʆʈʗʅʅʗ 

 

METHODS OF DETERMINING THE RESOURCE OF INTERNAL 

COMBUSTION ENGINE CYLINDERS  

 

ʇ.ʄ. ʄʘʢʘʨʝʥʢʦ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʉ.ɯ. ɹʦʥʜʘʨʻʚ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ (ʤ. ʂʠʾʚ) 

 

P.M. Makarenko, S.I. Bondariev, PhD (Tech.) 
National University of Life and Environmental Sciences of Ukraine (Kyiv) 

 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʽʩʥʫʻ ʥʝʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʩʪʘʥ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʦʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʙʝʟ ʨʦʟʙʠʨʘʥʥʷ 

ʜʚʠʛʫʥʘ ʪʘ ʥʘʷʚʥʽʩʪʴ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʥʘ ʾʾ ʩʪʽʥʢʘʭ.  

ʄʠ ʧʝʨʝʢʦʥʘʥʽ, ʱʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʘʜʽʦʭʚʠʣʴʦʚʦʛʦ 

ʤʝʪʦʜʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʥʝ ʪʽʣʴʢʠ ʩʧʨʘʮʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʽʚ ʧʨʠ 

ʨʽʟʥʠʭ ʧʦʣʦʞʝʥʥʷʭ ʧʦʨʰʥʷ, ʘ ʡ ʩʪʘʥ ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʮʠʣʽʥʜʨʽʚ ʪʘ ʜʥʦ 

ʧʦʨʰʥʷ. ʅʘ ʦʮʽʥʮʽ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʦʣʠʚʘʥʴ, ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʟ 

ʦʙôʻʢʪʦʤ ʙʘʟʫʻʪʴʩʷ ʨʘʜʽʦʭʚʠʣʴʦʚʠʡ ʤʝʪʦʜ. ʆʩʦʙʣʠʚʽʩʪʶ ʨʘʜʽʦʭʚʠʣʴʦʚʦʛʦ 

ʤʝʪʦʜʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʚ ʜʽʘʧʘʟʦʥʽ ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ (ʅɺʏ). ʅʘ ʧʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʚʧʣʠʚʘʶʪʴ ʨʦʟʤʽʨ ʽ 

ʬʦʨʤʘ ʜʦʩʣʽʜʥʦʛʦ ʦʙôʻʢʪʘ, ʜʽʝʣʝʢʪʨʠʯʥʘ ʽ ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ, 

ʜʽʝʣʝʢʪʨʠʯʥʽ ʚʪʨʘʪʠ ʪʦʱʦ. ʇʨʠ ʮʴʦʤʫ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ, ʯʘʩʪʦʪʠ, ʬʘʟʠ ʘʙʦ ʧʦʣʷʨʠʟʘʮʽʾ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ. 

ɺ ʮʠʣʽʥʜʨʠʯʥʠʭ ʨʝʟʦʥʘʪʦʨʘʭ ʩʧʽʚʽʩʥʫʶʪʴ ʜʚʘ ʚʠʜʠ ʢʦʣʠʚʘʥʴ ʟ ʩʢʣʘʜʦʚʠʤʠ 

ʪʠʧʽʚ ɽ ʽ ʅ. ɺ ʪʘʢʽʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽʡ ʩʠʩʪʝʤʽ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʱʦʥʘʡʤʝʥʰʝ ʜʚʦʭ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: ʦʩʥʦʚʥʦʾ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʪʘ 

ʜʦʙʨʦʪʥʦʩʪʽ ʨʝʟʦʥʘʥʩʥʦʾ ʩʠʩʪʝʤʠ. ʈʝʘʣʴʥʘ ʢʘʤʝʨʘ ʟʛʦʨʷʥʥʷ ʮʝ ʦʙôʻʤʥʘ ʢʘʤʝʨʘ, 

ʟʽ ʦʩʦʙʣʠʚʠʤ ʩʪʘʥʦʤ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ (ʢʦʥʩʪʨʫʢʮʽʷ, ʦʙôʻʤʥʠʡ ʚʠʛʣʷʜ, 

ʟʘʧʦʚʥʝʥʥʷ ʥʘʛʘʨʦʤ). ʆʪʞʝ, ʚʘʞʣʠʚʝ ʥʝ ʟʥʘʯʝʥʥʷ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ, ʘ ʾʾ 

ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʨʤʦʚʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ ʜʚʘ ʚʠʧʘʜʢʠ.  

ɺ ʧʝʨʰʦʤʫ - ʩʪʽʥʢʠ ʮʠʣʽʥʜʨʘ ʜʚʠʛʫʥʘ ʤʘʶʪʴ ʽʜʝʘʣʴʥʫ ʬʦʨʤʫ, ʘʣʝ ʥʘ 

ʧʦʚʝʨʭʥʽ ʧʦʨʰʥʷ ʪʘ ʪʘʨʽʣʦʢ ʢʣʘʧʘʥʽʚ ʻ ʚʽʜʢʣʘʜʝʥʥʷ ʥʘʛʘʨʫ. ʎʝʡ ʚʠʧʘʜʦʢ 

ʚʽʜʧʦʚʽʜʘʻ ʪʦʤʫ, ʱʦ ʫ ʨʝʟʦʥʘʪʦʨ ʜʦʚʽʣʴʥʦʾ ʦʙôʻʤʥʦʾ ʬʦʨʤʠ ʦʙʤʝʞʝʥʠʡ ʽʜʝʘʣʴʥʦ 

ʧʨʦʚʽʜʥʦʶ ʧʦʚʝʨʭʥʝʶ ʽ ʟʘʧʦʚʥʝʥʠʡ ʩʝʨʝʜʦʚʠʱʝʤ ʟʽ ʩʚʦʾʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʚʥʦʩʠʪʴʩʷ ʽʥʰʝ ʩʝʨʝʜʦʚʠʱʝ ʟʽ ʩʚʦʻʨʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽ ʦʙôʻʤʦʤ.  

ɺ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ - ʥʘʛʘʨ ʫ ʢʘʤʝʨʽ ʟʛʦʨʷʥʥʷ ʚʽʜʩʫʪʥʽʡ, ʘʣʝ ʧʦʚʝʨʭʥʷ 

ʮʠʣʽʥʜʨʘ ʤʘʻ ʜʝʷʢʠʡ ʟʥʦʩ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʨʝʟʦʥʘʪʦʨ ʦʙʤʝʞʝʥʠʡ ʽʜʝʘʣʴʥʦʶ 

ʧʨʦʚʽʜʥʦʶ ʧʦʚʝʨʭʥʝʶ ʽ ʟʘʧʦʚʥʝʥʠʡ ʩʝʨʝʜʦʚʠʱʝʤ ʪʘ ʤʘʻ ʜʝʬʦʨʤʘʮʽʶ ʽʜʝʘʣʴʥʦ 

ʧʨʦʚʽʜʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦʨʦʞʥʠʥʠ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʦʙôʻʤʫ ʨʝʟʦʥʘʪʦʨʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʚʠʛʫʥʽʚ ʥʘ ʟʤʽʥʫ ʚʣʘʩʥʦʾ 
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ʯʘʩʪʦʪʠ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʷʢ ʥʘʷʚʥʽʩʪʴ ʥʘʛʘʨʫ, ʪʘʢ ʽ ʟʤʽʥʘ ʛʝʦʤʝʪʨʽʾ ʮʠʣʽʥʜʨʫ. 

ʊʦʤʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʥʘʜʣʠʰʢʦʚʦʩʪʽ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽ 

ʽʥʰʠʡ ʽʥʬʦʨʤʘʪʠʚʥʠʡ ʧʘʨʘʤʝʪʨ ï ʟʤʽʥʫ ʜʦʙʨʦʪʥʦʩʪʽ ʨʝʟʦʥʘʥʩʥʦʾ ʩʠʩʪʝʤʠ. 

ɼʦʙʨʦʪʥʽʩʪʴ ʦʙ'ʻʤʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʟʘʧʘʩʝʥʦʾ 

ʝʥʝʨʛʽʾ ʜʦ ʝʥʝʨʛʽʾ ʚʪʨʘʪ ʟʘ ʧʝʨʽʦʜ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʤʫʛʫ ʧʨʦʧʫʱʝʥʥʷ ʨʝʟʦʥʘʪʦʨʘ ʚ 

ʨʝʞʠʤʽ ʟʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʟʙʝʨʝʛʪʠ ʥʘʢʦʧʠʯʝʥʫ 

ʝʥʝʨʛʽʶ ʚ ʨʝʞʠʤʽ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ. ʊʘʢʦʞ ʜʦʙʨʦʪʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʘʪʫʭʘʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʦʣʠʚʘʥʴ ʫ ʨʝʟʦʥʘʪʦʨʘʭ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʪʨʘʪʘʤʠ ʝʥʝʨʛʽʾ ʚ 

ʩʪʽʥʢʘʭ ʨʝʟʦʥʘʪʦʨʘ ʽ ʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʟʘʧʦʚʥʶʻ ʨʝʟʦʥʘʪʦʨ. ʂʨʽʤ ʪʦʛʦ, 

ʜʦʙʨʦʪʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʨʦʟʧʦʜʽʣʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʦ ʦʙôʻʤʫ, ʾʾ 

ʟʥʘʯʝʥʥʷ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʙʽʣʴʰʝ ʚʽʜʥʦʰʝʥʥʷ ʦʙôʻʤʫ ʨʝʟʦʥʘʪʦʨʘ ʜʦ ʧʣʦʱʽ ʡʦʛʦ 

ʧʦʚʝʨʭʥʽ. 

ʉʪʦʩʦʚʥʦ ʚʠʧʘʜʢʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʞʥʘ ʧʨʦʛʥʦʟʫʚʘʪʠ, ʱʦ ʦʩʥʦʚʥʠʡ 

ʚʢʣʘʜ ʫ ʟʤʽʥʫ ʜʦʙʨʦʪʥʦʩʪʽ ʨʝʟʦʥʘʥʩʥʦʾ ʩʠʩʪʝʤʠ ʙʫʜʝ ʚʥʦʩʠʪʠ ʥʘʷʚʥʽʩʪʴ ʥʘʛʘʨʫ ʽ 

ʚʠʢʣʠʢʘʥʽ ʮʠʤ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʇʨʠ ʮʴʦʤʫ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ 

ʯʝʨʝʟ ʟʥʦʩ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʫ ʙʫʜʫʪʴ ʚʽʜʥʦʩʥʦ ʤʘʣʠʤʠ. ʇʨʠ ʟʤʽʥʽ ʧʦʣʦʞʝʥʥʷ 

ʧʦʨʰʥʷ ʚ ʮʠʣʽʥʜʨʽ ʚʽʜʧʦʚʽʜʥʦ ʙʫʜʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ ʨʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ ʽ 

ʜʦʙʨʦʪʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʠ ʥʝ ʧʨʠ ʦʜʥʦʤʫ 

ʧʦʣʦʞʝʥʥʽ ʧʦʨʰʥʷ (ʥʘʧʨʠʢʣʘʜ, ʫ ʥʠʞʥʽʡ ʤʝʨʪʚʽʡ ʪʦʯʮʽ), ʘ ʧʨʠ ʧʦʚʥʦʤʫ 

ʨʦʙʦʯʦʤʫ ʭʦʜʽ. ʈʝʟʫʣʴʪʘʪʦʤ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ ʮʴʦʤʫ ʙʫʜʫʪʴ ʜʚʽ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʽ 

ʧʦʢʘʟʫʶʪʴ ʟʤʽʥʠ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʪʘ ʜʦʙʨʦʪʥʦʩʪʽ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʧʦʨʰʥʷ. ʇʦ 

ʚʽʜʥʦʰʝʥʥʶ ʟʥʘʯʝʥʴ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʘ ʤʽʥʽʤʘʣʴʥʦʾ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʤʦʞʥʘ 

ʪʘʢʦʞ ʧʦʩʝʨʝʜʥʴʦ ʦʮʽʥʶʚʘʪʠ ʩʪʫʧʽʥʴ ʩʪʠʩʢʫ ʚ ʢʦʞʥʦʤʫ ʮʠʣʽʥʜʨʽ. 
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[5] ɻʦʣʦʚʢʦ, ɼ.ɹ. ʏʘʩʪʦʪʥʦ-ʜʠʩʧʝʨʩʽʡʥʽ ʘʥʘʣʽʟʘʪʦʨʠ ʩʢʣʘʜʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʨʝʯʦʚʠʥ [ʊʝʢʩʪ] / 

ɼ.ɹ.ɻʦʣʦʚʢʦ, ʖ.ʆ. ʉʢʨʠʧʥʠʢ, ʂ.ʃ. ʐʝʚʯʝʥʢʦ. ï ʂ.: ʄʇ òʃʝʩʷò, 2002. ï 182 ʩ. 
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ʉʝʢʮʽʷ 

ʌʋʅʂʎɯʆʅɸʃʔʅɯ ʄɸʊɽʈɯɸʃʀ ʊɸ ʊɽʍʅʆʃʆɻɯɰ ʇʈʀ 

ɺʀɻʆʊʆɺʃɽʅʅɯ ʊɸ ɺɯɼʅʆɺʃɽʅʅɯ ɼɽʊɸʃɽʁ  

ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʇʈʀɿʅɸʏɽʅʅʗ 

 

 

ʋɼʂ 621.9416: 621.9.025.7  

 

ɽʌɽʂʊʀɺʅɯʉʊʔ ʈɯɿɸʃʔʅʆɻʆ ɯʅʉʊʈʋʄɽʅʊʋ ɯ ɽʂʆʅʆʄɯʏʅɸ 

ɽʌɽʂʊʀɺʅɯʉʊʔ ɺʀɼʅʆɺʃɽʅʅʗ ɼɽʊɸʃɽʁ 

 

ʏʣ.-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ, ʜ.ʪ.ʥ., ʧʨʦʬ. ʉ.ɸ. ʂʣʠʤʝʥʢʦ 
ɯʥʩʪʠʪʫʪ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʤ. ɺ.ʄ. ɹʘʢʫʣʷ ʅɸʅ ʋʢʨʘʾʥʠ (ʤ. ʂʠʾʚ) 

 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʚôʷʟʘʥʘ ʟ 

ʚʠʪʨʘʪʘʤʠ ʥʘ ʝʪʘʧʝ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʽ ʟ ʚʠʪʨʘʪʘʤʠ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ 

ʾʭ ʥʘʩʪʫʧʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ.   

ɼʣʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ, ʥʘʧʣʘʚʣʝʥʠʭ ʽ ʥʘʧʠʣʝʥʠʭ ʨʽʟʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ, ʦʩʥʘʱʝʥʦʛʦ ʧʦʣʠʢʨʠʪʘʣʽʯʥʠʤʠ 

ʢʦʤʧʦʟʠʪʘʤʠ ʥʘ ʦʩʥʦʚʽ ʢʫʙʽʯʥʦʛʦ ʥʽʪʨʠʜʫ ʙʦʨʫ (PcBN). 

ʈʽʟʮʽ ʟ PcBN ʧʽʜ ʯʘʩ ʯʠʩʪʦʚʦʛʦ ʪʦʯʽʥʥʷ ʧʦʢʨʠʪʪʽʚ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ 

ʰʦʨʩʪʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ Rʘ 0,16-1,00 ʤʢʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʚ ʥʠʟʮʽ ʚʠʧʘʜʢʽʚ 

ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʣʽʬʫʚʘʥʥʷ.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟ PcBN ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʚʝʨʜʦʩʪʽ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘ ʪʘʢʦʞ ʫ ʨʘʟʽ ʦʙʨʦʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʟ ʘʙʨʘʟʠʚʥʠʤʠ 

ʚʢʣʶʯʝʥʥʷʤʠ, ʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʝʣʠʯʠʥʽ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ, ʟ ʷʢʦʶ ʚʠʢʦʥʫʻʪʴʩʷ 

ʦʙʨʦʙʢʘ. ʇʦʨʽʚʥʷʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʦʩʥʘʱʝʥʠʭ ʨʽʟʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ, ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 
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P ö

ö
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= ,       (1) 

ʜʝ hʟ ï ʟʥʦʩ ʽʥʩʪʨʫʤʝʥʪʫ ʧʦ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ; Ű ï ʯʘʩ ʨʦʙʦʪʠ ʽʥʩʪʨʫʤʝʥʪʫ ʜʦ 

ʜʦʩʷʛʥʝʥʥʷ ʟʥʦʩʫ hʟ; W ï ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ; "ʨ" ï ʧʦʢʘʟʥʠʢʠ ʜʣʷ ʝʪʘʣʦʥʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʥʘʧʨʠʢʣʘʜ ʽʟ PcBN. 

ʋ ʪʘʙʣ. 1 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʈ ʜʣʷ ʦʙʨʦʙʢʠ ʥʠʟʢʠ ʥʘʧʣʘʚʣʝʥʠʭ ʽ 

ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ. 
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ʊʘʙʣʠʮʷ 1. ɺʽʜʥʦʩʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʧʦʢʨʠʪʪʽʚ ʨʽʟʮʘʤʠ ʟ  PcBN ʢʠʙʦʨʠʪ ʽ 

ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʊ15ʂ6 

ʄʝʪʦʜ 

ʥʘʥʝʩʝʥʥʷ 
ʇʨʠʩʘʜʦʯʥʠʡ ʤʘʪʝʨʽʘʣ HRC 

ʇʦʢʘʟʥʠʢ 

ʈ 

ɽʣʝʢʪʨʦʜʫʛʦʚʘ 

ʥʘʧʣʘʚʢʘ  

ʜʨʦʪ ʇʇ-ʅʧ-18ʍ1ɻ1ʄ 

ʜʨʦʪ ʇʇ-ʅʧ-35ɺ9ʍ3ʉʌ 

ʜʨʦʪ ʅʧ-65ɻ 

ʣʝʥʪʘ ʃʉ-5ʍ4ɺ3ʄʌʉ 

38ï42 

44ï48 

45ï52 

52ï55 

16,2 

24,2 

25,4 

36,0 

ɻʘʟʦʪʝʨʤʽʯʥʝ 

ʥʘʧʠʣʝʥʥʷ  

ʧʦʨʦʰʦʢ ʇɻ-ʉʈ3 

ʧʦʨʦʰʦʢ ʇɻ-10ʅ-01 

47ï52 

54ï60 

17,3 

24,3 

  

ʇʨʦʧʦʥʦʚʘʥʠʡ ʧʦʢʘʟʥʠʢ ʈ ʚʨʘʭʦʚʫʻ ʟʨʦʩʪʘʥʥʷ ʝʬʝʢʪʫ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʫ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʩʪʽʡʢʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ 

ʚʽʜʥʦʚʣʝʥʠʭ ʜʝʪʘʣʝʡ, ʪʦʙʪʦ ʚʨʘʭʦʚʫʻ ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ. ʗʢ 

ʚʠʜʥʦ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʟ PcBN ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʚʝʨʜʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʢʨʠʪʪʷ. 

ɽʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʪʘʣʝʡ, ʚʽʜʥʦʚʣʝʥʠʭ 

ʥʘʧʣʘʚʣʝʥʠʤʠ ʽ ʥʘʧʠʣʝʥʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ, ʚʢʣʶʯʘʻ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʢʽʣʴʢʘ ʩʢʣʘʜʦʚʠʭ: ï ʟʤʝʥʰʝʥʥʷ ʧʨʠʚʝʜʝʥʠʭ ʚʠʪʨʘʪ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʠʥʠʮʽ 

ʧʨʦʜʫʢʮʽʾ; ïʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ; ï

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʧʦʣʽʧʰʝʥʠʤʠ ʷʢʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʟʘʤʽʥʦʶ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʻʶ 

ʜʝʪʘʣʝʡ; ï ʝʢʦʥʦʤʽʷ ʚʘʣʶʪʥʠʭ ʢʦʰʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʧʦʪʨʝʙʠ ʚ ʟʘʧʘʩʥʠʭ 

ʯʘʩʪʠʥʘʭ ʟʘʨʫʙʽʞʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʘ ʪʝʭʥʦʣʦʛʽʷ ʦʙʨʦʙʢʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪ ʧʦʚʠʥʥʽ ʟʥʠʞʫʚʘʪʠ 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʙʨʦʙʢʠ ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʜʝʪʘʣʝʡ ʫ ʩʧʦʞʠʚʘʯʘ. ɽʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ 

ʨʦʟʨʦʙʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ 

( )eʦ ȹɿȹɿE +=ʄ ,         

(2) 

ʜʝ Dɿʦ ʽ Dɿʝ ï ʟʤʽʥʘ ʚʠʪʨʘʪ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʦʙʨʦʙʢʫ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʜʝʪʘʣʝʡ; ʄ ï 

ʢʽʣʴʢʽʩʪʴ ʜʝʪʘʣʝʡ, ʦʙʨʦʙʣʝʥʠʭ ʟʘ ʧʨʦʧʦʥʦʚʘʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʚʘʨʽʘʥʪʦʤ. 

ʅʘʚʝʜʝʥʽ ʚʠʪʨʘʪʠ ʥʘ ʦʜʠʥʠʮʶ ʧʨʦʜʫʢʮʽʾ ʧʨʠ ʦʙʨʦʙʮʽ 

Nʂʉ+=1E ,      (3) 

ʜʝ ʉ, N, ʂ ï ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ, ʥʦʨʤʘʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ, ʧʠʪʦʤʽ ʢʘʧʽʪʘʣʴʥʽ ʚʢʣʘʜʝʥʥʷ 

ʥʘ ʦʜʠʥʠʮʶ ʧʨʦʜʫʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦ. 

ɿ ʦʛʣʷʜʫ ʥʘ (2), ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʫ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʟ ʧʦʢʨʠʪʪʷʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ 

( )[ ] ( )[ ]ʄNʂINʂʉ
ʊ

ʊ
NʂINʂʉ 2

e

e
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ʜʝ I ï ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʫ ʩʧʦʞʠʚʘʯʘ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʢʠ, ʱʦ 

ʤʽʩʪʠʪʴ ʜʝʪʘʣʽ ʟ ʧʦʢʨʠʪʪʷʤʠ; ʂ' ï ʧʠʪʦʤʽ ʢʘʧʽʪʘʣʴʥʽ ʚʢʣʘʜʝʥʥʷ ʥʘ ʦʜʠʥʠʮʶ 

ʧʨʦʜʫʢʮʽʾ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ; ʊʝ ï ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʝʪʘʣʽ. ɿʤʽʥʘ ʪʝʨʤʽʥʫ 

ʩʣʫʞʙʠ ʜʝʪʘʣʝʡ ʊʝ ʧʦʚ'ʷʟʘʥʘ ʷʢ ʟʽ ʟʤʽʥʦʶ ʩʪʘʥʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʟʘʚʜʷʢʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢ ʽ ʟ ʤʦʞʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʦʙʨʦʙʣʝʥʥʷ ʷʢʠʭ ʨʘʥʽʰʝ ʥʝ ʧʨʦʚʦʜʠʣʦʩʷ ʘʙʦ 

ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʽʥʰʦʶ ʪʝʭʥʦʣʦʛʽʻʶ. ɯʥʜʝʢʩʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʽʩʥʫʶʯʦʾ ʽ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʪʝʭʥʦʣʦʛʽʷʤ ʦʙʨʦʙʢʠ. 

ɽʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʟʘʤʽʥʠ ʧʦʢʫʧʥʠʭ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ ʜʝʪʘʣʷʤʠ ʚʣʘʩʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ 

( )ʄɿB-=2E ,     (5) 

ʜʝ B ï ʮʽʥʘ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ (ʜʣʷ ʽʤʧʦʨʪʥʠʭ ʜʝʪʘʣʝʡ B = kʚB1, ʜʝ kʚ ï ʢʫʨʩ 

ʚʘʣʶʪʠ; B1 ï ʮʽʥʘ ʫ ʚʘʣʶʪʽ). 

ʈʦʟʨʘʭʫʥʦʢ ʩʢʣʘʜʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ (2ï5) ʥʘʚʝʜʝʥʦ ʚ ʚʠʜʘʥʥʷʭ ʽʟ ʚʠʟʥʘʯʝʥʥʷ 

ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʦʢ. 
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ɽʣʝʢʪʨʦʢʦʥʪʘʢʪʥʝ ʟʚʘʨʶʚʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ - ʦʜʠʥ ʟ ʥʘʡʙʽʣʴʰ 

ʧʨʦʛʨʝʩʠʚʥʠʭ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʚʽʜʥʦʚʣʝʥʥʷ. ɿʘ ʧʨʦʛʥʦʟʘʤʠ ʙʘʛʘʪʴʦʭ 

ʬʘʭʽʚʮʽʚ ʥʘʡʙʣʠʞʯʠʤʠ ʨʦʢʘʤʠ ʢʦʥʪʘʢʪʥʝ ʟʚʘʨʶʚʘʥʥʷ ʩʪʘʥʝ ʦʜʥʽʻʶ ʟ ʧʨʦʚʽʜʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʥʦʚʣʝʥʥʷ ʽ ʟʤʽʮʥʝʥʥʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʰʠʨʦʢʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ. ʎʝʡ 

ʩʧʦʩʽʙ ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʱʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʟʦʥʽ ʟ'ʻʜʥʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʽ ʜʦʜʘʪʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʯʘʩ 

ʧʨʦʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʦʜʥʦʯʘʩʥʠʤ ʤʝʭʘʥʽʯʥʠʤ 

ʚʧʣʠʚʦʤ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʨʦʣʠʢʘ. ʂʦʥʪʘʢʪʥʝ ʟʚʘʨʶʚʘʥʥʷ ʤʘʻ ʥʠʟʢʫ ʧʝʨʝʚʘʛ 

ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʨʦʟʧʣʘʚʣʝʥʥʽ ʜʦʜʘʪʢʦʚʦʛʦ 

ʤʝʪʘʣʫ: ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ ʫ 2-3 ʨʘʟʠ, ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʽʚ 

ʟʥʠʞʫʶʪʴʩʷ ʫ 3-4 ʨʘʟʠ, ʷʢ ʧʦʨʽʚʥʷʪʠ ʟ ʜʫʛʦʚʠʤ ʥʘʧʣʘʚʣʝʥʥʷʤ, ʚʠʢʣʶʯʘʻʪʴʩʷ 

ʥʘʛʨʽʚ ʜʝʪʘʣʝʡ, ʧʦʣʽʧʰʫʶʪʴʩʷ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʽ ʫʤʦʚʠ ʧʨʘʮʽ ʪʦʱʦ. 
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ʈʦʟʨʦʙʣʝʥʦ ʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʧʦʩʦʙʠ ʟʚʘʨʶʚʘʥʥʷ ʩʪʘʣʝʚʦʾ ʩʪʨʽʯʢʠ, 

ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʨʦʪʫ ʜʦ ʩʪʘʣʝʚʠʭ ʽ ʯʘʚʫʥʥʠʭ ʜʝʪʘʣʝʡ [1]. 

ʉʧʦʩʦʙʫ ʢʦʥʪʘʢʪʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʩʪʨʽʯʢʠ ʧʨʠʪʘʤʘʥʥʽ ʜʝʷʢʽ ʥʝʜʦʣʽʢʠ. ʅʘʚʽʪʴ 

ʟʘ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʥʘʧʣʘʚʣʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʤʘʻ ʪʨʽʱʠʥʠ, ʧʦʨʠ, 

ʚʠʢʨʠʰʫʚʘʥʥʷ. ʏʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ ʚ ʟʦʥʽ ʟ'ʻʜʥʘʥʥʷ ʩʪʨʽʯʢʠ ʟ ʦʩʥʦʚʦʶ 

ʥʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟ'ʻʜʥʘʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʜʝʪʘʣʣʶ. ɿʘʟʥʘʯʝʥʽ ʥʝʜʦʣʽʢʠ ʩʧʦʩʦʙʫ, 

ʜʝʬʽʮʠʪʥʽʩʪʴ ʩʪʘʣʝʚʦʾ ʩʪʨʽʯʢʠ, ʽʩʪʦʪʥʝ ʜʦ 23% ʟʥʠʞʝʥʥʷ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʜʝʱʦ 

ʦʙʤʝʞʫʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ [2]. 

ʇʨʦʮʝʩ ʢʦʥʪʘʢʪʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʘʢʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ: 

1. ʊʝʧʣʦʚʠʡ ʽ ʤʝʭʘʥʽʯʥʠʡ ʚʧʣʠʚ ʥʘ ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʦʜʥʦʯʘʩʥʦ, ʘ ʥʝ ʧʦʩʣʽʜʦʚʥʦ; 

2. ʅʘʛʨʽʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜ ʜʚʦʭ ʜʞʝʨʝʣ: 

ʟʦʚʥʽʰʥʴʦʛʦ (ʪʝʧʣʦʪʘ ʪʝʨʪʷ) ʽ ʚʥʫʪʨʽʰʥʴʦʛʦ (ʪʝʧʣʦʪʘ ʚʽʜ ʧʨʦʭʦʜʞʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ); 

3. ʊʨʠʚʘʣʽʩʪʴ ʥʘʛʨʽʚʫ ʽ ʚʠʪʨʠʤʢʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʽ ʰʚʠʜʢʦʩʪʽ 

ʦʙʢʘʪʢʠ, ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʦʯʘʩʥʘ (ʚʠʤʽʨʶʻʪʴʩʷ ʩʦʪʠʤʠ ʽ ʪʠʩʷʯʥʠʤʠ ʯʘʩʪʢʘʤʠ 

ʩʝʢʫʥʜʠ); 

4. ɺʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ ʚʽʜʚʝʜʝʥʥʷʤ 

ʪʝʧʣʘ ʚʽʜ ʪʦʥʢʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʚ ʩʝʨʝʜʠʥʫ ʭʦʣʦʜʥʦʾ ʜʝʪʘʣʽ; 

5. ʇʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʜʝʪʘʣʽ ʧʽʜʜʘʻʪʴʩʷ ʙʘʛʘʪʦʨʘʟʦʚʦʤʫ ʪʝʧʣʦʚʦʤʫ ʚʧʣʠʚʫ, 

ʟʘʣʝʞʥʦ ʚʽʜ ʯʠʩʣʘ ʧʨʦʭʦʜʽʚ. 

ɯʩʥʫʶʪʴ ʜʚʘ ʩʧʦʩʦʙʠ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʩʧʦʩʦʙʦʤ ʢʦʥʪʘʢʪʥʦʛʦ 

ʟʚʘʨʶʚʘʥʥʷ: ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʤʝʪʘʣʫ ʽ ʟ ʚʚʝʜʝʥʥʷʤ ʜʦʜʘʪʢʦʚʦʛʦ ʤʝʪʘʣʫ. 

ʊʘʢʠʡ ʤʝʪʦʜ ʚʽʜʥʦʚʣʝʥʥʷ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʤʝʪʘʣʫ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʧʝʨʝʨʦʟʧʦʜʽʣʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʤʝʪʘʣʫ. ʄʘʪʝʨʽʘʣ ʟʥʦʰʝʥʦʾ ʜʝʪʘʣʽ 

ʥʘʩʘʜʞʫʶʪʴ ʥʘ ʪʚʝʨʜʦʩʧʣʘʚʥʫ ʧʣʘʩʪʠʥʫ, ʘʙʦ ʩʧʝʮʽʘʣʴʥʠʭ ʚʘʣʠʢ, ʟʘʪʦʯʝʥʠʡ ʧʽʜ 

ʢʫʪʦʤ 60Á. ʅʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʫʪʚʦʨʝʥʦ ʛʚʠʥʪʦʚʠʡ ʧʘʟ ʫ ʚʠʛʣʷʜʽ ʨʽʟʴʙʠ. ʇʦʪʽʤ 

ʧʦʩʘʜʞʝʥʫ ʧʦʚʝʨʭʥʶ ʨʦʟʛʣʘʜʞʫʶʪʴ ʜʦ ʧʝʚʥʦʛʦ ʨʦʟʤʽʨʫ. ʉʪʨʫʤ ʚʠʩʦʢʦʾ ʪʘ 

ʥʠʟʴʢʦʾ ʥʘʧʨʫʛʠ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʤʽʩʮʝ ʢʦʥʪʘʢʪʫ ʜʝʪʘʣʽ ʪʘ ʽʥʩʪʨʫʤʝʥʪʫ. 

ɿʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʧʦʚ'ʷʟʘʥʝ ʟ ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʤʝʪʘʣʫ [3]. 

ʅʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʟʘʣʠʰʘʻʪʴʩʷ ʛʚʠʥʪʦʚʘ ʢʘʥʘʚʢʘ, ʤʝʪʘʣ ʟ ʷʢʦʾ ʧʝʨʝʤʽʩʪʠʚʩʷ 

ʚ ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʽ ʜʽʣʷʥʢʠ ʧʦʚʝʨʭʥʽ. ɿʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ 

ʜʽʘʤʝʪʨʘ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʜʝʪʘʣʽ. ʇʨʠ ʮʴʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʜʥʦʯʘʩʥʝ ʟʤʽʮʥʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ ʥʘ 17...38%. ʆʜʥʘʢ, ʦʧʠʩʘʥʠʡ ʩʧʦʩʽʙ 

ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʢʦʥʪʘʢʪʥʠʤ ʟʚʘʨʶʚʘʥʥʤ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʜʣʷ ʥʝʨʫʭʦʤʠʭ ʩʧʦʣʫʯʝʥʴ ʟ ʤʘʣʠʤʠ ʟʥʦʩʘʤʠ ʜʝʪʘʣʝʡ - ʜʦ 0,3...0,5 ʤʤ. ʋ 

ʧʨʘʢʪʠʮʽ ʨʝʤʦʥʪʫ ʯʘʩʪʦ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʚʽʜʥʦʚʣʶʚʘʥʘ ʜʝʪʘʣʴ ʤʘʣʘ ʛʣʘʜʢʫ 

ʟʥʦʩʦʩʪʽʡʢʫ ʧʦʚʝʨʭʥʶ, ʘ ʚʝʣʠʯʠʥʘ ʟʥʦʩʫ ʜʝʪʘʣʝʡ ʪʨʘʢʪʦʨʽʚ, ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ 

ʽʥʰʦʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʯʘʩʪʦ ʧʝʨʝʙʫʚʘʻ ʚ ʽʥʪʝʨʚʘʣʽ 0,4...0,9 ʤʤ ʽ 

ʙʽʣʴʰʝ. ɼʣʷ ʮʠʭ ʚʠʧʘʜʢʽʚ ʧʨʠʟʥʘʯʝʥʽ ʩʧʦʩʦʙʠ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʽʟ ʚʚʝʜʝʥʥʷʤ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʽ ʜʦʜʘʪʢʦʚʦʛʦ ʤʝʪʘʣʫ, ʱʦ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʨʦʟʰʠʨʶʻ ʨʝʤʦʥʪʥʦ-

ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ. ɺ ʷʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʧʦʢʩʠʜʥʽ ʢʦʤʧʦʟʠʮʽʾ, ʧʨʠʧʦʾ, ʷʢ ʜʦʜʘʪʢʦʚʠʡ ʤʝʪʘʣ - ʩʪʘʣʝʚʠʡ 

ʜʨʽʪ [4]. 
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ʅʠʥʽ ʫ ʟʚ'ʷʟʢʫ ʟ ʨʦʟʚʠʪʢʦʤ ʨʠʥʢʦʚʠʭ ʚʽʜʥʦʩʠʥ ʧʝʨʝʜʦʚʠʤʠ ʩʧʦʩʦʙʘʤʠ 

ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʩʣʽʜ ʚʚʘʞʘʪʠ ʪʘʢʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʩʪʫʧʥʠʤ 

ʚʠʤʦʛʘʤ: 

1. ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ ʤʘʻ ʙʫʪʠ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʠʤ, 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʤ ʽ ʧʨʦʜʫʢʪʠʚʥʠʤ; 

2. ʄʘʪʝʨʽʘʣʠ ʜʣʷ ʢʦʤʧʝʥʩʫʚʘʥʥʷ ʟʥʦʩʫ ʜʝʪʘʣʝʡ ʥʝ ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʦʨʦʛʠʤʠ ʽ 

ʜʝʬʽʮʠʪʥʠʤʠ, ʚʦʜʥʦʯʘʩ ʤʽʩʪʠʪʠ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʝʣʝʤʝʥʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʛʦ 

ʧʦʢʨʠʪʪʷ; 

3. ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ ʨʝʩʫʨʩ ʚʽʜʥʦʚʣʝʥʦʾ ʜʝʪʘʣʽ ʥʝ 

ʥʠʞʯʠʡ ʟʘ ʨʝʩʫʨʩ ʥʦʚʦʛʦ ʚʠʨʦʙʫ; 

4. ʇʽʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʽ ʧʦʜʘʣʴʰʘ ʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ 

ʚʽʜʥʦʚʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʥʝ ʧʦʚʠʥʥʽ ʚʠʤʘʛʘʪʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʩʢʣʘʜʥʦʛʦ ʽ 

ʜʦʨʦʛʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ;  

5. ɺʽʜʥʦʚʣʝʥʽ ʜʝʪʘʣʽ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʦʚʥʫ ʚʟʘʻʤʦʟʘʤʽʥʥʽʩʪʴ. 
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ɺ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ ʧʣʫʥʞʝʨʥʽ ʧʘʨʠ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ 

ʥʘ ʧʘʣʠʚʥʠʭ ʥʘʩʦʩʘʭ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ, ʧʽʜʜʘʶʪʴʩʷ ʩʠʣʴʥʦʤʫ ʟʥʦʰʫʚʘʥʥʶ. 

ʍʘʨʘʢʪʝʨʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʣʫʥʞʝʨʥʠʭ ʧʘʨ ʧʦʣʷʛʘʻ ʫ ʚʪʨʘʪʽ ʥʠʤʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʧʨʠ ʤʘʣʦʤʫ ʟʥʦʩʽ ʜʝʪʘʣʝʡ, ʱʦ ʦʙʤʝʞʫʻ ʨʝʩʫʨʩ ʧʘʣʠʚʥʠʭ ʥʘʩʦʩʽʚ. 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʝʮʠʟʽʡʥʠʭ ʜʝʪʘʣʝʡ, ʮʽ ʤʝʪʦʜʠ ʪʘ ʾʭʥʽ 

ʥʝʜʦʣʽʢʠ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1. 
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ʊʘʙʣʠʮʷ 1. ʆʩʥʦʚʥʽ ʩʧʦʩʦʙʠ ʢʦʤʧʝʥʩʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ 
Ѕ ͨκͨ ˿ͨͦͫ͋͜ ˹͔͙͒ͦ͜͟͡ 

1 
˿͔͔͙͍ͭͤ͊͟͡ ͒ͦ͋ͪ͊͜͟ ό͔͋͘ ͋͘͜͡Έ΄͔ͤͤΎ 

ͨͦ;͍͙͊ͭͦ͟ͻ ͍ͪͦͣͪ͘͜͜ ͔͒ͭ͊͜͡ύ 

ˤ͍͔͒ͤͦͤͤ͜͡Ό ͨ͒͜͡Ύ͎͊ΌͭΈ нл ҈ ͔͔͚͒ͭ͊͡Σ ΅ͦ 

͚ͤ͊͒͜΄͙͡ ͍ ͔ͪͣͦͤͭ 

2 ˥͊͡Έ͍͊ͤ͜;͔ͤ ͻ͍ͪͦͣͯ͊ͤͤΎ 
˹͙͘Έ͊͟ ͎͔͊͒͘͜Ύ ͙ͨͦͪͭͭ͟Ύ ͘ ͍ͦͫͤͦͦΌΣ ͫͨͦͫ͋͜ 

͙͚ͭͪͯ͒ͦͣͫͭ͜͟ ͜ ͎͙͚͒ͦͪͦΣ ͔͎ͦͦ͟͜͡;ͤͦ ͔ͤ;͙͙͚ͫͭ 

3 ˤ͙͎͍͔ͦͭͦͤͤ͡Ύ ͔ͪͣͦͤͭͤͦ͝ ͔͒ͭ͊͜͡ 
˸͔ͭͦ͒ ͎͙͚͒ͦͪͦΦ ˤ͔͙͊͟͡ ͟͜͡Έͫͭ͟͜Έ ͔͔͚͒ͭ͊͡ ͚͔͒ ͍ 

͙ͯͭ͡ΈΦ ˭ͤ͊;ͤ͊ ͍͙ͭͪ͊ͭ͊ ͙͊ͨ͊ͫͤ͘ͻ ;͙͊ͫͭͤ 

4 ˥͊͡Έ͍͊ͤ͜;͔ͤ ͔ͤ͜͟͡Ό͍͊ͤͤΎ 
˽͎ͦ͊ͤ͊ ͎͔͊͒͘͜Ύ ͙ͨͦͪͭͭ͟Ύ ͘ ͍ͦͫͤͦͦΌ ͜ ͙ͤ͘Έ͊͟ 

͚ͤͦͫͦͫͭͫͭ͘͜͟͜Έ 

5 
˽͍ͦͭͦͪͤ͊ ͼ͔͔ͣͤͭ͊ͼ͜Ύ ͘ ͨͦ͒͊͡Έ΄͙ͣ 

͎͍͊͊ͪͭͯ͊ͤͤ͘Ύͣ ͜ ͔ͣͻ͊ͤ͜;͙ͤͣ ͔ͦ͋ͪͦ͋ͤͤ͡Ύͣ 

ˤ͍͔͒ͤͦͤͤ͜͡Ό ͨ͒͜͡Ύ͎͊ΌͭΈ мр ҈ ͔͔͚͒ͭ͊͡Σ ΅ͦ 

ͤ͊͒ͻͦ͒ΎͭΈ ͒ͦ ͔͎ͪͣͦͤͭͤͦͦ ͺͦͤ͒ͯ 

6 ˽͍͔ͦͭͦͪͤ ͍͊ͦͭͯ͊ͤͤ͘Ύ 
˾͔ͣͦͤͭͯΌͭΈ нр҈ ͔͔͚͒ͭ͊͡ ͔͎ͪͣͦͤͭͤͦͦ ͺͦͤ͒ͯΦ 

˿ͨͦͫ͋͜ ͙͚ͭͪͯ͒ͦͣͫͭ͜͟ ͜ ͎͙͒ͦͪͦ  ͚

7 ˻͋ͪͦ͋͊͟ ͻͦͦ͒ͦͣ͡ 
ˤ͍͒ͤͦ͜͡ΌΌͭΈ р ҈ ͔͔͚͒ͭ͊͡Σ ΅ͦ ͤ͊͒ͻͦ͒ΎͭΈ ͒ͦ 

͔͎ͪͣͦͤͭͤͦͦ ͺͦͤ͒ͯ 

8 
ˤ͍͔͒ͤͦͤͤ͜͡Ύ ͔͔͚͒ͭ͊͡ ό͍ͭͯͦ͟͡ύ ͎͊ͪΎ;͙ͣ 

͙ͨ͊ͫͭ͡;͙ͤͣ ͔͒ͺ͍ͦͪͣͯ͊ͤͤΎͣ 

ˤ͔͙͊͟͡ ͭͪͯ͒ͦͣͫͭͫͭ͜͟͜Έ ͔ͣͻ͊ͤ͜;ͤͦ͝ ͭ͊ ͔ͭͪͣ͜;ͤͦ͝ 

͙ͦ͋ͪͦ͋͟Φ ˿ͨͦͫ͋͜ ͎͙͚͒ͦͪͦ 

9 ˻;͙΅͔ͤͤΎ ͔͔͚͒ͭ͊͡ 

˿ͨͦͫ͋͜ ͔ͤ ͍ͯͫͯ͊Ί ͔͒ͺ͔͍ͭ͟͜ ͔ͨͪͼ͙͚͙ͤ͘͜ͻ ͔͔͚͒ͭ͊͡Σ 

͔͊͡ ͍ ͙ͤ͘ͼ͜ ͍͙͍ͨ͊͒͟͜ ͍͍͒ͤͦ͜͡ΌΊ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ 

͙͍ͨ͊ͤͦ͡͝ ͙͔͙ͫͫͭͣ ͍͙͎͒ͯͤ͊Φ 

 

ʋ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʣʽʩʪʴ ʟʘʟʦʨʫ ʤʽʞ ʧʨʠʪʠʨʦʤ ʽ 

ʦʙʨʦʙʣʶʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ. ʊʦʤʫ ʡʦʛʦ ʥʘʩʘʜʞʫʶʪʴ ʥʘ ʢʦʥʽʯʥʫ ʦʧʨʘʚʫ. ɼʣʷ 

ʯʦʨʥʦʚʦʛʦ ʜʦʚʝʜʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʘʩʪʫ ʄ28, ʜʣʷ ʯʠʩʪʦʚʦʛʦ - ʧʘʩʪʠ ʄɿ ʽ 

ʄ5. ʆʙʨʦʙʣʷʶʪʴ ʦʪʚʦʨʠ ʟ ʦʙʦʭ ʙʦʢʽʚ ʚʪʫʣʢʠ, ʧʦʚʝʨʪʘʶʯʠ ʾʾ ʥʘ 180Á, ʱʦ 

ʟʙʽʣʴʰʫʻ ʪʦʯʥʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ. ʇʨʠʪʠʨ ʧʦʚʠʥʝʥ ʚʠʭʦʜʠʪʠ ʟʘ ʤʝʞʽ 

ʜʝʪʘʣʽ ʚ ʢʨʘʡʥʽʭ ʧʦʣʦʞʝʥʥʷʭ ʥʘ ı ʾʾ ʜʦʚʞʠʥʠ. ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʧʨʠʪʠʨʘ 

200...250 ʭʚ-1 ʽ ʯʠʩʣʦ ʧʦʜʚʽʡʥʠʭ ʭʦʜʽʚ 35...40 ʥʘ 1 ʭʚ [1-2]. 

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʦʙʨʦʙʢʠ ʨʝʪʝʣʴʥʦ ʧʨʦʤʠʚʘʶʪʴ ʫ ʙʝʥʟʠʥʽ ʪʘ ʦʙʜʫʚʘʶʪʴ 

ʩʪʠʩʥʝʥʠʤ ʧʦʚʽʪʨʷʤ. ʆʚʘʣʴʥʽʩʪʴ, ʢʦʥʫʩʥʽʩʪʴ, ʢʨʠʚʠʟʥʘ ʽ ʙʦʯʢʦʧʦʜʽʙʥʽʩʪʴ ʦʪʚʦʨʫ 

ʧʽʩʣʷ ʯʠʩʪʦʚʦʛʦ ʜʦʚʝʜʝʥʥʷ ʜʦʧʫʩʢʘʶʪʴʩʷ ʥʝ ʙʽʣʴʰʝ 0,001 ʤʤ, ʰʦʨʩʪʢʽʩʪʴ 

ʧʦʚʝʨʭʥʽ - ʥʝ ʥʠʞʯʝ Ra = 0,08 ʤʢʤ [3]. 

ʈʦʟʤʽʨʠ ʦʪʚʦʨʫ ʢʦʥʪʨʦʣʶʶʪʴ ʧʥʝʚʤʘʪʠʯʥʠʤʠ ʢʘʣʽʙʨʘʤʠ. ʆʙʨʦʙʣʝʥʽ ʚʪʫʣʢʠ 

ʩʦʨʪʫʶʪʴ ʟʘ ʛʨʫʧʘʤʠ ʟ ʽʥʪʝʨʚʘʣʦʤ ʟ 0,001 ʤʤ ʽ ʫʢʣʘʜʘʶʪʴ ʫ ʩʧʝʮʽʘʣʴʥʫ ʪʘʨʫ. 

ɺʽʜʥʦʚʣʝʥʥʷ ʧʨʝʮʠʟʽʡʥʠʭ ʧʘʨ ʟʘ ʨʘʭʫʥʦʢ ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʭʨʦʤʫʚʘʥʥʷ ʦʜʥʽʻʾ ʟ 

ʜʝʪʘʣʝʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʠʟʢʦʶ ʥʝʜʦʣʽʢʽʚ. ʊʦʤʫ ʥʘ ʟʘʚʦʜʘʭ-ʚʠʨʦʙʥʠʢʘʭ 

ʧʣʫʥʞʝʨʥʽ ʧʘʨʠ ʨʝʤʦʥʪʫʶʪʴ ʧʦʩʪʘʥʦʚʢʦʶ ʥʦʚʦʛʦ ʧʣʫʥʞʝʨʘ ʟʙʽʣʴʰʝʥʦʛʦ 

ʨʦʟʤʽʨʫ. 

ɿʥʦʰʝʥʫ ʚʪʫʣʢʫ ʭʦʥʽʥʛʫʶʪʴ ʜʦ ʫʩʫʥʝʥʥʷ ʩʣʽʜʽʚ ʟʥʦʩʫ, ʧʦʪʽʤ ʘʟʦʪʫʶʪʴ 

(ʚʪʫʣʢʠ ʥʘʩʦʩʘ ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʪʠʧʫ) ʽ ʜʦʚʦʜʷʪʴ. ʇʦʪʽʤ ʚʪʫʣʢʠ ʩʦʨʪʫʶʪʴ ʥʘ 40 

ʨʦʟʤʽʨʥʠʭ ʛʨʫʧ. ʇʣʫʥʞʝʨʠ ʟʙʽʣʴʰʝʥʦʛʦ ʨʝʤʦʥʪʥʦʛʦ ʨʦʟʤʽʨʫ ʧʽʜʙʠʨʘʶʪʴ ʜʦ 

ʚʪʫʣʦʢ ʽ ʧʨʦʚʦʜʷʪʴ ʩʧʽʣʴʥʝ ʜʦʚʝʜʝʥʥʷ ʜʝʪʘʣʝʡ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ 100 %-ʡ 
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ʨʝʩʫʨʩ ʧʨʝʮʠʟʽʡʥʠʭ ʧʘʨ, ʘʣʝ ʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʾ ʚʠʪʨʘʪʠ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ, 

ʜʝʬʽʮʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʟʘʚʦʜʫ-

ʚʠʛʦʪʦʚʣʶʚʘʯʘ ʟʘʚʜʷʢʠ ʚʩʪʘʥʦʚʣʝʥʥʶ ʜʦʜʘʪʢʦʚʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɯʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʠʭ ʩʧʦʩʦʙʠ ʧʨʦʤʠʚʘʥʥʷ ʬʦʨʩʫʥʦʢ: ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʽ 

ʭʽʤʽʯʥʠʡ. ʇʽʜ ʯʘʩ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʦʯʠʱʝʥʥʷ ʟʥʷʪʽ ʟ ʜʚʠʛʫʥʘ ʬʦʨʩʫʥʢʠ 

ʦʯʠʱʘʶʪʴ ʫ ʩʧʝʮʽʘʣʴʥʽʡ ʚʘʥʥʽ. ʇʽʜ ʚʧʣʠʚʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʯʘʩʪʠʥʢʠ 

ʦʯʠʩʥʦʾ ʨʽʜʠʥʠ ʱʦʩʝʢʫʥʜʠ ʟʜʽʡʩʥʶʶʪʴ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʽʟ ʯʘʩʪʦʪʦʶ 

ʛʝʥʝʨʘʪʦʨʘ. ɸʣʝ ʯʝʨʝʟ ʽʥʝʨʮʽʡʥʽʩʪʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʧʝʨʝʤʽʱʝʥʥʷ 

ʤʽʢʨʦʦʙ'ʻʤʽʚ ʨʽʜʠʥʠ ʟ ʨʽʟʢʠʤʠ ʟʤʽʥʘʤʠ ʧʨʠʩʢʦʨʝʥʥʷ, ʘ ʡ ʩʪʨʠʙʢʦʧʦʜʽʙʥʘ ʟʤʽʥʘ 

ʪʠʩʢʫ ʚ ʥʠʭ. ʈʦʙʦʯʘ ʨʽʜʠʥʘ ʥʽʙʠ "ʙʦʤʙʘʨʜʫʻ" ʧʦʚʝʨʭʥʶ ʬʦʨʩʫʥʢʠ, ʱʦ 

ʦʯʠʱʘʻʪʴʩʷ, ʽ ʟʨʠʚʘʻ ʟ ʥʝʾ ʯʘʩʪʠʥʢʠ ʙʨʫʜʫ. ʊʘʢʠʡ ʽʥʪʝʥʩʠʚʥʠʡ ʨʫʭ ʨʦʟʯʠʥʫ 

ʧʦʩʠʣʶʻ ʧʦʜʨʽʙʥʝʥʥʷ ʯʘʩʪʠʥʦʢ ʙʨʫʜʫ ʚ ʨʦʙʦʯʽʡ ʨʽʜʠʥʽ [4].  

ʌʦʨʩʫʥʢʠ ʟʘʥʫʨʶʶʪʴ ʜʦʟʫʶʯʦʶ ʯʘʩʪʠʥʦʶ ʫ ʚʘʥʥʫ, ʚʩʪʘʥʦʚʣʶʶʯʠ ʾʭ ʥʘ 

ʩʧʝʮʽʘʣʴʥʠʡ ʪʨʠʤʘʯ ʫ ʧʽʜʚʽʰʝʥʦʤʫ ʩʪʘʥʽ. ʇʽʩʣʷ ʦʯʠʱʝʥʥʷ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʽʡ 

ʚʘʥʥʽ ʧʨʦʚʦʜʷʪʴ ʪʘʢ ʟʚʘʥʫ "ʟʚʦʨʦʪʥʫ ʧʨʦʤʠʚʢʫ". ɼʣʷ ʮʴʦʛʦ ʚʠʪʷʛʫʶʪʴ ʟ ʥʠʭ 

ʚʭʽʜʥʽ ʬʽʣʴʪʨʠ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʘʜʘʧʪʝʨʽʚ ʚʩʪʘʥʦʚʣʶʶʪʴ ʚ 

ʫʩʪʘʥʦʚʢʫ. ɿʘʣʠʰʢʠ ʟʘʙʨʫʜʥʝʥʴ ʚʠʤʠʚʘʶʪʴʩʷ ʪʝʩʪʦʚʦʶ ʨʽʜʠʥʦʶ ʫ ʟʚʦʨʦʪʥʦʤʫ 

ʥʘʧʨʷʤʢʫ.  

ʗʢ ʧʨʘʚʠʣʦ, ʧʽʜ ʯʘʩ ʧʣʘʥʦʚʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʭʽʤʽʯʥʠʡ ʩʧʦʩʽʙ ʦʯʠʱʝʥʥʷ ʧʘʣʠʚʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ 

ʩʦʣʴʚʝʥʪʽʚ. ɺʽʥ ʤʝʥʰ ʪʨʫʜʦʤʽʩʪʢʠʡ ʽ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʦʩʪʘʪʥʷ ʜʣʷ 

ʧʨʦʬʽʣʘʢʪʠʢʠ. ɼʣʷ ʦʯʠʱʝʥʥʷ ʽʥʰʠʭ ʜʝʪʘʣʝʡ ʧʘʣʠʚʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʛʣʷʥʫʪʠʡ ʤʝʪʦʜ ʽ ʦʙʣʘʜʥʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʠʭ 

ʘʜʘʧʪʝʨʽʚ. 
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master's student ɸ.ʆ. Druzhchenko, associate professor V.A. Bantkovskyi 
State Biotechnological University (Kharkiv) 

 

ʇʨʦʙʣʝʤʘ ʟʘʭʠʩʪʫ ʚʠʨʦʙʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ, ʱʦ 

ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʚ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ,  ̒

ʚʝʣʴʤʠ ʘʢʪʫʘʣʴʥʦʶ. ɺʽʜʦʤʦ, ʱʦ ʦʩʥʦʚʥʠʤ ʟʘʩʦʙʦʤ ʟʘʭʠʩʪʫ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʚʽʜ ʚʧʣʠʚʫ ʯʠʥʥʠʢʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  ̒

ʧʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʩʠʩʪʝʤʠ ʣʘʢʦʬʘʨʙʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʝʪʘʣʽ, ʚʫʟʣʘ ʪʘ ʘʛʨʝʛʘʪʫ, ʘ ʪʘʢʦʞ 

ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʽʥʰʠʭ ʯʠʥʥʠʢʽʚ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʢʦʥʩʪʨʫʢʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʨʦʟʽʡʥʦʩʪʽʡʢʠʭ ʧʦʢʨʠʪʪʽʚ ʥʝʦʙʭʽʜʥʘ ʥʘʷʚʥʽʩʪʴ ʤʽʮʥʦʾ 

ʘʜʛʝʟʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʾʭ ʽʟ ʧʦʚʝʨʭʥʝʶ, ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ. ʉʘʤʝ ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ 

ʘʜʛʝʟʽʾ ʚʜʘʻʪʴʩʷ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ ʨʝʩʫʨʩ ʣʘʢʦʬʘʨʙʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʽʜʦʤʦ, ʱʦ ʝʧʦʢʩʠʜʥʽ ʦʣʽʛʦʤʝʨʠ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʷʢ ʧʦʣʽʤʝʨʥʘ ʦʩʥʦʚʘ ʜʣʷ ʧʦʢʨʠʪʪʽʚ, ʦʩʢʽʣʴʢʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʘʜʛʝʟʽʶ ʜʦ 

ʤʝʪʘʣʝʚʠʭ  ̔ʥʝʤʝʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʽʾ ʚʦʜʠ, ʣʫʛʽʚ, ʢʠʩʣʦʪ, ʘ ʪʘʢʦʞ 

ʚʦʣʦʜʽʶʪʴ ʥʝʚʠʩʦʢʦʶ ʧʦʨʠʩʪʽʩʪʶ, ʥʠʟʴʢʠʤ ʧʦʢʘʟʥʠʢʦʤ ʚʦʣʦʛʦʧʦʛʣʠʥʘʥʥʷ ʪʘ ʽʥ.  

ɸʜʛʝʟʽʷ ʧʦʢʨʠʪʪʷ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ, ʥʘʩʘʤʧʝʨʝʜ, ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʨʠʨʦʜʠ ʧʦʣʽʤʝʨʫ, ʧʽʜʢʣʘʜʢʠ, ʘ ʪʘʢʦʞ ʚʽʜ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ. 

ɸʜʛʝʟʽʡʥʘ ʚʟʘʻʤʦʜʽʷ ʣʘʢʦʬʘʨʙʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʟ ʧʦʚʝʨʭʥʝʶ ʟʨʦʩʪʘʻ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚ ʝʧʦʢʩʠʜʥʦʤʫ ʦʣʽʛʦʤʝʨʽ ʢʽʣʴʢʦʩʪʽ ʧʦʣʷʨʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʛʨʫʧ, ʪʘʢʠʭ ʷʢ -OH, -COOH, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ ʝʧʦʢʩʠʜʥʦʛʦ 

ʦʣʽʛʦʤʝʨʫ, ʘ ʪʘʢʦʞ ʟʘʪʚʝʨʜʞʫʚʘʯʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʧʦʢʨʠʪʪʷ. ɼʣʷ ʧʦʣʽʧʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʝʧʦʢʩʠʜʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʽ ʤʦʜʠʬʽʢʘʪʦʨʠ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʣʘʩʪʠʯʥʦʩʪʽ, ʪʚʝʨʜʦʩʪʽ, ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ ʪʘ ʝʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʧʦʢʨʠʪʪʽʚ [1].  

ʇʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʮʽʾ, ʥʘʧʦʚʥʝʥʽ ʜʠʩʧʝʨʩʥʠʤʠ ʤʽʥʝʨʘʣʴʥʠʤʠ 

ʥʘʧʦʚʥʶʚʘʯʘʤʠ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʛʝʪʝʨʦʛʝʥʥʫ ʩʠʩʪʝʤʫ ʟ ʚʠʩʦʢʦʨʦʟʚʠʥʝʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʨʦʟʜʽʣʫ ʬʘʟ. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʧʦʚʥʝʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʩʠʩʪʝʤ, ʻ ʘʜʛʝʟʽʷ ʧʦʣʽʤʝʨʥʦʛʦ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ ʜʦ 

ʪʚʝʨʜʠʭ ʧʦʚʝʨʭʦʥʴ, ʪʦʙʪʦ ʘʜʩʦʨʙʮʽʷ ʧʦʣʽʤʝʨʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ 

ʥʘʧʦʚʥʶʚʘʯʘ [2]. ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʘʨʤʫʶʯʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʧʦʣʽʤʝʨʥʽʡ 
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ʤʘʪʨʠʮʽ ʜʦ 25% (ʟʘ ʤʘʩʦʶ) ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʧʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ ʜʦ 25% (ʟʘ 

ʤʘʩʦʶ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʟʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʧʦʢʨʠʪʪʽʚ, 

ʧʨʦʪʝ ʘʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ 

ʤʽʩʪʷʪʴ ʥʘʧʦʚʥʶʚʘʯ, ʽʩʪʦʪʥʦ ʥʠʞʯʽ, ʥʽʞ ʟʥʘʯʝʥʥʷ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʣʘʢʦʚʦʾ 

ʝʧʦʢʩʠʜʥʦʧʦʣʽʘʤʽʜʥʦʾ ʢʦʤʧʦʟʠʮʽʾ. ʅʘ ʧʽʜʩʪʘʚʽ ʮʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ 

ʘʨʤʫʚʘʣʴʥʽ ʥʘʧʦʚʥʶʚʘʯʽ (ZnO ʽ BN) ʩʧʨʠʷʶʪʴ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʶ ʽ ʱʽʣʴʥʽʰʽʡ 

ʫʧʘʢʦʚʮʽ ʩʝʛʤʝʥʪʽʚ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʟʥʠʞʫʶʯʠ ʧʦʨʠʩʪʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʽ 

ʟʤʝʥʰʫʶʯʠ ʾʭʥʻ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ [3]. 

ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʠʨʦʜʠ ʪʘ ʩʪʨʫʢʪʫʨʠ ʥʘʧʦʚʥʶʚʘʯʘ ʽ ʧʦʣʽʤʝʨʥʦʛʦ 

ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʯʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʘʜʩʦʨʙʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦʶ. ʋ 

ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʽʩʥʫʻ ʫʤʦʚʥʠʡ ʧʦʜʽʣ ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ ʘʢʪʠʚʥʽ (ʧʽʜʩʠʣʶʚʘʣʴʥʽ), ʱʦ 

ʧʽʜʚʠʱʫʶʪʴ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʤʽʮʥʦʩʪʽ, ʽ ʥʝʘʢʪʠʚʥʽ, 

ʚʚʝʜʝʥʥʷ ʷʢʠʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʣʽʧʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʣʘʢʦʬʘʨʙʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʩʪʚʦʨʝʥʥʷ ʧʝʚʥʠʭ ʢʦʣʽʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʨʠʪʪʷ 

ʪʦʱʦ. ɼʦ ʧʽʜʩʠʣʶʚʘʣʴʥʠʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʘʧʦʚʥʶʚʘʯʽ, ʱʦ ʩʧʨʠʷʶʪʴ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʶ. ʆʩʥʦʚʥʠʤʠ ʫʤʦʚʘʤʠ ʟʤʽʮʥʝʥʥʷ ʧʦʣʽʤʝʨʫ ʰʣʷʭʦʤ 

ʚʚʝʜʝʥʥʷ ʧʽʜʩʠʣʶʚʘʣʴʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʻ: - ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʱʦ 

ʩʧʨʠʷʶʪʴ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʶ ʧʦʣʽʤʝʨʫ; - ʚʚʝʜʝʥʥʷ ʚ ʧʦʣʽʤʝʨ ʘʨʤʫʚʘʣʴʥʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ, ʱʦ ʤʘʶʪʴ ʚʣʘʩʥʫ ʩʪʨʫʢʪʫʨʫ ʽ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ.  

ʉʫʪʪʻʚʠʤ ʬʘʢʪʦʨʦʤ ʟʤʽʮʥʝʥʥʷ (ʧʽʜʚʠʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ) 

ʧʦʣʽʤʝʨʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʻ ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʝʚʠʭ ʘʙʦ ʛʨʘʥʠʯʥʠʭ ʰʘʨʽʚ ʫ 

ʥʘʧʦʚʥʝʥʠʭ ʧʦʣʽʤʝʨʘʭ. ɼʦ ʧʽʜʩʠʣʶʚʘʣʴʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ 

ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʽ ʘʨʤʫʚʘʣʴʥʽ 

ʥʘʧʦʚʥʶʚʘʯʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʘʶʪʴ ʚʣʘʩʥʫ ʥʠʪʢʦʧʦʜʽʙʥʫ ʩʪʨʫʢʪʫʨʫ. ʎʽʣʢʦʤ 

ʤʦʞʣʠʚʦ, ʱʦ ʬʦʨʤʘ ʘʨʤʫʚʘʣʴʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʤʦʞʝ ʩʧʨʠʷʪʠ 

ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʶ ʧʣʽʚʢʠ ʧʦʢʨʠʪʪʷ [4].   

ʅʘ ʩʪʽʡʢʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʜʦ ʝʨʦʟʽʾ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʷʢ ʬʦʨʤʘ ʯʘʩʪʠʥʦʢ 

ʥʘʧʦʚʥʶʚʘʯʘ, ʪʘʢ ʽ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʧʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ. ʇʦʢʨʠʪʪʷ, ʷʢʽ 

ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʥʠʪʢʦʧʦʜʽʙʥʽ ʢʨʠʩʪʘʣʠ ZnO, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʯʽʪʢʽ 

ʧʨʦʩʪʦʨʦʚʽ ʪʝʪʨʘʝʜʨʠ ʟ ʯʦʪʠʨʴʦʭ ʧʦʦʜʠʥʦʢʠʭ ʢʨʠʩʪʘʣʽʚ, ʷʢʽ ʚʠʭʦʜʷʪʴ ʟ ʻʜʠʥʦʛʦ 

ʮʝʥʪʨʫ, ʤʘʶʪʴ ʪʘʢʦʞ ʚʠʱʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʝʨʦʟʽʾ ʧʦʨʽʚʥʷʥʦ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ 

ʧʦʢʨʠʪʪʷʤʠ, ʱʦ ʤʽʩʪʷʪʴ ʥʠʪʢʦʧʦʜʽʙʥʽ ʢʨʠʩʪʘʣʠ BN, ʷʢʽ ʤʘʶʪʴ ʛʦʣʯʘʩʪʫ 

ʩʪʨʫʢʪʫʨʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʨʦʩʪʦʨʦʚʘ ʩʪʨʫʢʪʫʨʘ 

ʘʨʤʫʶʯʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩʠ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʧʦʣʽʤʝʨʽʚ ʽ ʻ 

ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʽʜʩʠʣʶʚʘʣʴʥʫ ʜʽʶ ʥʘʧʦʚʥʶʚʘʯʽʚ ʫ 

ʧʦʣʽʤʝʨʘʭ. ʇʨʦʩʪʦʨʦʚʘ ʤʘʢʨʦʩʪʨʫʢʪʫʨʘ ʥʠʪʢʦʧʦʜʽʙʥʠʭ ʢʨʠʩʪʘʣʽʚ ZnO, ʩʧʨʠʷʻ 

ʫʪʚʦʨʝʥʥʶ ʤʝʥʰ ʞʦʨʩʪʢʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘʧʦʚʥʝʥʦʾ ʝʧʦʢʩʠʜʥʦ-ʧʦʣʽʘʤʽʜʥʦʾ 

ʧʦʣʽʤʝʨʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʣʦʢʘʣʴʥʠʭ ʤʽʢʨʦʥʘʧʨʫʞʝʥʴ, 

ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʣʘʢʦʬʘʨʙʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʟʘʭʠʱʘʻʪʴʩʷ.  
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ɺʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʚʠʩʪʫʧʘʻ ʷʢ ʦʜʠʥ ʽʟ ʩʪʨʘʪʝʛʽʯʥʠʭ  ̔ ʧʨʽʦʨʠʪʝʪʥʠʭ 

ʥʘʧʨʷʤʽʚ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ, ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘʙʣʠʞʘʶʪʴ ʚʽʜʥʦʚʣʝʥʽ ʜʝʪʘʣʽ 

ʟʘ ʨʽʚʥʝʤ ʷʢʦʩʪʽ ʜʦ ʥʦʚʠʭ, ʩʪʠʨʘʶʪʴ ʤʝʞʫ ʤʽʞ ʧʝʨʚʠʥʥʠʤʠ  ̔ ʚʪʦʨʠʥʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʾʭ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽ. ɺʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʟʘʙʝʟʧʝʯʫʻ 

ʟʥʘʯʥʝ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ, ʝʢʦʥʦʤʽʶ ʛʨʦʰʦʚʠʭ ʢʦʰʪʽʚ ʽ 

ʪʨʫʜʦʚʠʭ ʚʠʪʨʘʪ ʧʽʜ ʯʘʩ ʨʝʤʦʥʪʫ ʪʝʭʥʽʢʠ. ɼʣʷ ʚʝʣʠʢʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ ʜʝʪʘʣʝʡ 

ʩʦʙʽ ʚʘʨʪʽʩʪʴ ʾʭ ʚʽʜʥʦʚʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 30-70% ʚʽʜ ʮʽʥʠ ʥʦʚʠʭ ʜʝʪʘʣʝʡ, ʘ ʨʝʩʫʨʩ 

ʯʘʩʪʦ ʟʥʘʯʥʦ ʚʠʱʠʡ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʟʤʽʮʥʶʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ.  

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʩʧʦʩʦʙʘʤʠ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʫ ʨʝʤʦʥʪʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʋʢʨʘʾʥʠ ʪʘ ʟʘ ʢʦʨʜʦʥʦʤ ʻ ʜʫʛʦʚʝ ʥʘʧʣʘʚʣʝʥʥʷ, ʢʦʥʪʘʢʪʥʝ 

ʥʘʚʘʨʶʚʘʥʥʷ ʤʝʪʘʣʝʚʦʛʦ ʰʘʨʫ, ʛʘʟʦʪʝʨʤʽʯʥʝ ʥʘʧʠʣʝʥʥʷ, ʥʘʥʝʩʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ 

ʽ ʛʘʣʴʚʘʥʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ. ɹʽʣʴʰʽʩʪʴ ʜʝʪʘʣʝʡ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʜʽʣʴʥʠʮʽ 

ʚʽʜʥʦʚʣʝʥʥʷ, ʤʘʶʪʴ ʟʥʦʩ ʤʝʥʰʝ 0,3 ʤʤ. ɽʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʾʭ ʚʽʜʥʦʚʣʝʥʥʷ ʻ 

ʥʘʥʝʩʝʥʥʷ ʟʤʽʮʥʶʚʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ. ʇʦʨʽʚʥʷʥʦ ʟ ʧʦʰʠʨʝʥʠʤʠ ʟʚʘʨʶʚʘʣʴʥʦ-

ʥʘʧʣʘʚʦʯʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʚʽʥ ʤʘʻ ʪʘʢʽ ʧʝʨʝʚʘʛʠ: ʚʽʜʩʫʪʥʽʩʪʴ ʚʠʢʨʠʚʣʝʥʥʷ ʜʝʪʘʣʽ, 

ʥʝʚʝʣʠʢʽ ʧʨʠʧʫʩʢʠ ʥʘ ʤʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ, ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʨʠʪʪʽʚ ʫ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʰʣʷʭʦʤ ʟʤʽʥʠ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʣʽʟʫ, 

ʦʪʨʠʤʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʟ ʥʝʜʝʬʽʮʠʪʥʠʭ ʜʝʰʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ [1]. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʟʘʣʽʟʥʽ ʧʦʢʨʠʪʪʷ, ʣʝʛʦʚʘʥʽ ʬʦʩʬʦʨʦʤ, 

ʤʦʣʽʙʜʝʥʦʤ ʽ ʚʦʣʴʬʨʘʤʦʤ. 

ʃʝʛʫʚʘʥʥʷ ʟʘʣʽʟʘ ʚʠʱʝʚʢʘʟʘʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʟʘʙʝʟʧʝʯʠʪʴ ʢʦʤʧʣʝʢʩ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʤʝʭʘʥʽʯʥʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʤʘʰʠʥ. 

ʎʴʦʤʫ ʤʘʻ ʧʝʨʝʜʫʚʘʪʠ ʜʦʢʣʘʜʥʝ ʚʠʚʯʝʥʥʷ ʮʠʭ ʩʠʩʪʝʤ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʨʝʪʝʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ, ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʪʘ 

ʘʥʪʠʬʨʠʢʮʽʡʥʦʩʪʽ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʾʭʥʴʦʛʦ ʦʪʨʠʤʘʥʥʷ ʪʘ ʫʤʦʚ ʟʥʦʰʫʚʘʥʥʷ. 

https://repo.btu.kharkov.ua/bitstream/123456789/12707/1/Tezu_%D0%86%D0%86I_MNTI_Rivne_2022-37-38.pdf
https://repo.btu.kharkov.ua/bitstream/123456789/12707/1/Tezu_%D0%86%D0%86I_MNTI_Rivne_2022-37-38.pdf
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ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʻ ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʣʘʚʽʚ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʜʘʻ ʟʤʦʛʫ ʧʦʙʽʯʥʦ ʦʮʽʥʠʪʠ ʽʥʰʽ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʧʣʘʚʽʚ, ʤʽʞ ʷʢʠʤʠ ʻ ʧʝʚʥʘ ʢʦʨʝʣʷʮʽʷ [2]. 

ɿʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʫ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʣʽʪʫ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʧʦʢʨʠʪʪʷ 

ʽʩʪʦʪʥʦ ʟʤʽʥʶʻʪʴʩʷ. ʊʘʢ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʩʪʦʛʦ ʟʘʣʽʟʘ ʚ 

ʝʣʝʢʪʨʦʣʽʪʽ ʟ 200 ʜʦ 600 ʢʛ/ʤį ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʧʦʢʨʠʪʪʷ ʟʥʠʞʫʻʪʴʩʷ ʤʘʡʞʝ ʥʘ 

2000 ʄʇʘ, ʘ ʜʦʜʘʚʘʥʥʷ ʜʦ ʮʴʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʥʝʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʝʡ ʤʦʣʽʙʜʝʥʫ, 

ʚʦʣɹʬʨʘʤʫ ʽ ʬʦʩʬʦʨʫ ʩʧʨʠʷʶʪʴ ʟʙʽʣʴʰʝʥʥʶ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʥʘ 2500-3000 ʄʇʘ. 

ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʛʫʩʪʠʥʠ ʢʘʪʦʜʥʦʛʦ ʩʪʨʫʤʫ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʟʨʦʩʪʘʻ 

ʜʦ ʜʝʷʢʦʾ ʤʝʞʽ, ʧʽʩʣʷ ʯʦʛʦ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʥʘ ʧʝʚʥʦʤʫ ʜʦʩʠʪʴ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ. 

ʉʧʦʩʪʝʨʝʞʫʚʘʥʝ ʩʧʦʚʽʣʴʥʝʥʥʷ ʽ ʧʨʠʧʠʥʝʥʥʷ ʟʨʦʩʪʘʥʥʷ ʪʚʝʨʜʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʟʘ 

ʧʽʜʚʠʱʝʥʥʷ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ 

ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ ʟʘʣʽʟʦʤʦʣʽʙʜʝʥʦʚʠʭ, ʟʘʣʽʟʦʚʦʣʴʬʨʘʤʦʚʠʭ H ʟʘʣʽʟʦʬʦʩʬʦʨʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʟʘ ʮʠʭ ʫʤʦʚ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʝʚʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ (ʨʠʩ. 1).  

 
ʈʠʩʫʥʦʢ 1 ï ɺʧʣʠʚ ʱʽʣʴʥʦʩʪʽ ʩʪʨʫʤʫ ʥʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʧʦʢʨʠʪʪʷ 

 

ʎʝ ʷʚʠʱʝ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʚʦʻʨʽʜʥʝ ʟʤʽʮʥʝʥʥʷ, ̫ ʢʝ ʦʙʤʝʞʝʥʝ ʬʽʟʠʯʥʦʶ 

ʧʨʠʨʦʜʦʶ ʦʩʘʜʞʫʚʘʥʠʭ ʩʧʣʘʚʽʚ, ʢʦʣʠ ʟʤʽʮʥʝʥʥʷ ʩʧʣʘʚʽʚ ʜʦʩʷʛʘʻ ʛʨʘʥʠʯʥʠʭ 

ʟʥʘʯʝʥʴ  ̔ ʟʘ ʧʦʜʘʣʴʰʦʛʦ ʬʦʨʩʫʚʘʥʥʷ ʨʝʞʠʤʫ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ. ɿʘ 

ʟʙʽʣʴʰʝʥʥʷ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʚʠʱʝ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʱʦ ʜʦʨʽʚʥʶʻ 50-55 

ɸ/ʜʤĮ, ʫ ʧʦʢʨʠʪʪʽ ʟ'ʷʚʣʷʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʦʢʩʠʜʽʚ ʤʦʣʽʙʜʝʥʫ ʪʘ ʚʦʣʴʬʨʘʤʫ, 

ʱʦ ʟʥʘʯʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ ʥʘ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʘʭ ʧʨʦʮʝʩʫ, ʪʘʢ ʽ ʥʘ 

ʟʦʚʥʽʰʥʴʦʤʫ ʚʠʛʣʷʜʽ ʧʦʢʨʠʪʪʽʚ [3-4]. 

ʆʪʞʝ, ʧʨʠʯʠʥʦʶ ʚʠʩʦʢʦʾ ʪʚʝʨʜʦʩʪʽ ʻ ʜʨʽʙʥʦʟʝʨʥʠʩʪʽʩʪʴ (ʜʨʽʙʥʦʙʣʦʢʦʚʽʩʪʴ) ʽ 

ʤʽʢʨʦʩʧʦʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʩʧʣʘʚʫ, ʭʘʨʘʢʪʝʨ ʨʦʩʪʫ ʪʘ ʱʽʣʴʥʽʩʪʴ 

ʜʝʬʝʢʪʽʚ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʟʫʤʦʚʣʶʶʪʴʩʷ ʚʢʣʶʯʝʥʥʷʤʠ ʣʝʛʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʃʝʛʫʚʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʽ ʚʦʜʝʥʴ ʫʪʚʦʨʶʶʪʴ ʽʟ ʟʘʣʽʟʦʤ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ 

ʟʘʤʽʱʝʥʥʷ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʩʧʨʠʯʠʥʷʶʯʠ ʩʧʦʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ, 

ʤʦʣʝʢʫʣʷʨʥʠʡ ʚʦʜʝʥʴ, ʛʽʜʨʘʪʠ, ʦʢʩʠʜʠ ʪʘ ʽʥʰʽ ʢʨʠʩʪʘʣʠ ʨʦʟʧʘʜʘʶʪʴʩʷ ʥʘ 

ʤʘʣʝʥʴʢʽ ʢʦʛʝʨʝʥʪʥʽ ʟʦʥʠ ʨʝʰʽʪʦʢ, ʙʣʦʢʠ ʧʦʜʨʽʙʥʶʶʪʴʩʷ. ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ 

ʩʧʣʘʚʽʚ ʟʘʣʽʟʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʱʽʣʴʥʽʩʪʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʢʣʘʜʦʤ 

ʝʣʝʢʪʨʦʣʽʪʫ ʽ ʨʝʞʠʤʦʤ ʝʣʝʢʪʨʦʣʽʟʫ. 
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ɿʦʚʥʽʰʥʽʡ ʰʘʨ ʜʝʪʘʣʝʡ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʟ'ʻʜʥʘʥʥʶ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʮʝʩʫ 

ʟʚʘʨʶʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʤʘʻ ʤʘʢʨʦ-  ̔ ʤʽʢʨʦʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʽʜʝʘʣʴʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ, ʱʦ ʩʠʣʴʥʦ ʚʧʣʠʚʘʻ ʥʘ ʤʽʮʥʽʩʪʴ ʟ'ʻʜʥʘʥʥʷ [1]. 

ʇʽʜʚʠʱʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ, ʱʦ 

ʧʦʚ'ʷʟʘʥʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʬʘʢʪʠʯʥʦʾ ʧʣʦʱʽ ʟ'ʻʜʥʘʥʥʷ, ʟʤʝʥʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ 

ʧʦʰʠʨʝʥʥʷ ʚʪʦʤʣʶʚʘʥʠʭ ʪʨʽʱʠʥ, ʘ ʪʘʢʦʞ ʙʽʣʴʰʦʶ ʜʠʩʠʧʘʮʽʻʶ ʚ ʧʨʦʮʝʩʽ 

ʜʝʬʦʨʤʘʮʽʾ ʬʨʘʛʤʝʥʪʘ ʟô̒ ʜʥʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʧʝʨʝʙʫʚʘʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʚ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʷʭ. 

ʆʜʥʘʢ ʯʝʨʝʟ ʧʨʠʩʫʪʥʽʩʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʙʨʫʜʥʝʥʴ  ̔

ʧʘʨʽʚ ʚʦʜʠ ʧʦʚʥʦʛʦ ʨʦʟʪʽʢʘʥʥʷ ʢʦʤʧʦʟʠʪʫ ʧʦ ʚʩʽʡ ʧʦʚʝʨʭʥʽ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟʤʝʥʰʫʻʪʴʩʷ ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ, ʧʦʛʽʨʰʝʥʥʷ 

ʟʤʦʯʫʚʘʥʦʩʪʽ ʪʘ ʟʥʠʞʫʻʪʴʩʷ ʢʦʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʚʠʥʠʢʥʝʥʥʷʤ 

ʪʨʽʱʠʥ ʫ ʢʦʤʧʦʟʠʪʽ ʪʘ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʾʭʥʴʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ [2]. 

ɿ ʤʝʭʘʥʽʯʥʠʭ ʩʧʦʩʦʙʽʚ ʥʘʡʜʦʮʽʣʴʥʽʰʠʤʠ  ̒ ʪʦʯʽʥʥʷ  ̔ ʨʦʟʪʦʯʫʚʘʥʥʷ, 

ʰʣʽʬʫʚʘʥʥʷ, ʜʨʦʙʦʩʪʨʫʤʠʥʥʝ  ̔ʧʽʩʢʦʩʪʨʫʤʠʥʥʝ ʦʙʨʦʙʣʝʥʥʷ, ʦʙʨʦʙʢʘ ʱʽʪʢʘʤʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʫʯʥʦʛʦ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ʊʦʯʽʥʥʷ ʽ ʨʦʟʪʦʯʫʚʘʥʥʷ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʙʨʦʙʢʠ ʟʥʦʰʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʽ ʥʘʜʘʥʥʷ ʾʤ 

ʧʨʘʚʠʣʴʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ. ʐʣʽʬʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ 

ʧʦʚʝʨʭʥʽ ʚʩʽʭ ʛʨʫʧ ʜʝʪʘʣʝʡ, ʘ ʩʪʘʥ ʧʦʚʝʨʭʥʽ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʟʘʩʪʦʩʦʚʫʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʪʘʢ ʽ ʚʽʜ ʨʝʞʠʤʽʚ ʰʣʽʬʫʚʘʥʥʷ. ʅʘʡʜʦʮʽʣʴʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʨʫʯʥʝ ʰʣʽʬʫʚʘʥʥʷ ʥʘʞʜʘʯʥʠʤ ʧʦʣʦʪʥʦʤ. ʇʽʜ ʯʘʩ ʜʨʦʙʦʩʪʨʫʤʠʥʥʦʾ ʦʙʨʦʙʢʠ 
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ʜʝʪʘʣʝʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʝʨʭʥʝʚʝ ʟʥʦʰʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʚʠʥʠʢʘʻ ʚʠʩʦʢʘ 

ʰʦʨʩʪʢʽʩʪʴ ʽ ʟʤʽʮʥʶʻʪʴʩʷ ʧʦʚʝʨʭʥʷ. ɺʝʣʴʤʠ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʦʯʠʱʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʱʽʪʦʢ, ʟʚʘʞʘʶʯʠ ʥʘ ʧʨʦʩʪʦʪʫ ʽ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ, ʥʝʩʢʣʘʜʥʽʩʪʴ ʤʝʭʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʽ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ ʚ 20-30 ʨʘʟʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʨʫʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ [3].  

ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʥʘʧʨʫʛʠ ʧʨʠ ʟʩʫʚʽ ʷʢ ʬʫʥʢʮʽʾ ʯʘʩʫ ʧʦʣʽʤʝʨʠʟʘʮʽʾ tʩʜ = 

f(T)  ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʧʦʚʥʦʾ ʤʽʮʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1 ʽ 2.  
 

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʟ'ʻʜʥʘʥʥʷ  "ʢʦʤʧʦʟʠʪ-

ʩʪʘʣʴ" ʚʽʜ ʯʘʩʫ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʽʜ ʯʘʩ ʦʙʨʦʙʣʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʪʦʯʽʥʥʷʤ (ʢʨʠʚʘ 1), ʰʣʽʬʫʚʘʥʥʷʤ (ʢʨʠʚʘ 2) ʽ 

ʬʨʝʟʝʨʫʚʘʥʥʷʤ (ʢʨʠʚʘ 3) 

 

ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʟ'ʻʜʥʘʥʥʷ "ʢʦʤʧʦʟʠʪ - 

ʩʪʘʣʴ" ʚʽʜ ʯʘʩʫ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʽʜ ʯʘʩ 

ʜʨʦʙʦʩʪʨʫʤʝʥʝʚʦʛʦ (ʢʨʠʚʘ 1), ʨʫʯʥʦʛʦ (ʢʨʠʚʘ 2) ʽ 

ʧʽʩʢʦʩʪʨʫʤʝʥʝʚʦʛʦ ʦʙʨʦʙʣʝʥʥʷ (ʢʨʠʚʘ 3) ʧʦʚʝʨʭʦʥʴ 

 

ʗʢ ʚʠʜʥʦ ʟ ʭʘʨʘʢʪʝʨʫ ʢʨʠʚʠʭ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʮʠʭ ʛʨʘʬʽʢʘʭ, ʥʘʡʙʽʣʴʰʘ ʤʽʮʥʽʩʪʴ 

ʤʘʻ ʤʽʩʮʝ ʧʽʜ ʯʘʩ ʪʦʢʘʨʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʜʝʪʘʣʝʡ (ʢʨʠʚʘ 1 ʥʘ ʨʠʩ. 1), ʘ ʥʘʡʤʝʥʰʘ 

- ʧʽʜ ʯʘʩ ʧʽʩʢʦʩʪʨʫʤʠʥʥʦʛʦ (ʢʨʠʚʘ 3 ʥʘ ʨʠʩ. 2), ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʚʠʩʦʪʦʶ 

ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʥʘ ʧʦʚʝʨʭʥʷʭ ʜʝʪʘʣʝʡ ʧʽʜ ʯʘʩ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʜʽʚ ʦʙʨʦʙʣʝʥʥʷ. 

ɯʟ ʛʨʘʬʽʢʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʪʘʢʦʞ ʽ ʧʨʦ ʪʝ, ʱʦ ʧʽʩʣʷ ʧʦʣʽʤʝʨʠʟʘʮʽʾ 

ʢʦʤʧʦʟʠʪʫ (ʪʦʙʪʦ ʯʝʨʝʟ 4 ʛʦʜ) ʟ'ʻʜʥʘʥʥʷ ʥʘʙʫʚʘʻ ʧʨʠʙʣʠʟʥʦ 50-60% ʤʽʮʥʦʩʪʽ, ʘ 

ʯʝʨʝʟ 24 ʛʦʜ - ʧʦʚʥʦʾ ʤʽʮʥʦʩʪʽ.  

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʠʩʦʪʘ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ, ʪʦʙʪʦ 

ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʚʧʣʠʚʘʻ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ. ʂʨʽʤ ʮʴʦʛʦ, ʩʚʦʶ 

ʨʦʣʴ ʫ ʟʥʠʞʝʥʥʽ ʤʽʮʥʦʩʪʽ ʚʽʜʽʛʨʘʻ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʧʨʦʰʘʨʢʫ, ʷʢʝ ʚʠʥʠʢʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʚʠʱʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ. ʊʘʢʦʞ ʽʟ ʛʨʘʬʽʢʽʚ 

ʚʠʜʥʦ, ʱʦ ʤʽʮʥʽʩʪʴ ʟ'ʻʜʥʘʥʴ tʩʜ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʚʠʩʦʪʠ ʤʽʢʨʦ ʥʝʨʽʚʥʦʩʪʝʡ 

Ra, ʘ ʡ ʚʽʜ ʽʥʰʠʭ ʯʠʥʥʠʢʽʚ [4].  ʆʯʝʚʠʜʥʦ, ʱʦ ʪʫʪ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʥʝ ʪʽʣʴʢʠ 

ʛʣʠʙʠʥʘ ʟʘʧʘʜʠʥ ʰʦʨʩʪʢʦʩʪʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʢʣʠʥʶʚʘʥʥʷ ʢʦʤʧʦʟʠʪʫ, ʘ ʡ 

ʾʭʥʷ ʬʦʨʤʘ, ʪʦʙʪʦ ʤʽʢʨʦʨʝʣʴʻʬ, ʷʢʠʡ ʦʪʨʠʤʫʶʪʴ ʫ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ. ʌʦʨʤʘ 

ʟʘʧʘʜʠʥ, ʥʘʨʽʚʥʽ ʟ ʾʭʥʴʦʶ ʛʣʠʙʠʥʦʶ, ʚʧʣʠʚʘʻ ʥʘ ʟʘʪʽʢʘʥʥʷ ʚ ʥʠʭ ʢʦʤʧʦʟʠʪʫ ʽ, 

ʦʪʞʝ, ʥʘ ʧʦʚʥʦʪʫ ʘʜʛʝʟʽʡʥʦʛʦ ʢʦʥʪʘʢʪʫ ʤʽʞ ʥʠʤ ʽ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ, ʘ ʦʪʞʝ, ʽ ʥʘ 

ʢʽʥʮʝʚʫ ʤʽʮʥʽʩʪʴ ʟ'ʻʜʥʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ: 

1. ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ʽʩʥʫʻ ʩʚʦʷ ʦʧʪʠʤʘʣʴʥʘ ʰʦʨʩʪʢʽʩʪʴ, 
ʟʘ ʷʢʦʾ ʤʽʮʥʽʩʪʴ ʟ'ʻʜʥʘʥʥʷ "ʢʦʤʧʦʟʠʪ - ʩʪʘʣʴ" ʥʘʡʙʽʣʴʰʘ; 

2. ʽʩʥʫʻ ʧʝʚʥʘ ʛʝʦʤʝʪʨʽʷ ʤʽʢʨʦʨʝʣʴʻʬʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʙʽʣʴʰʫ ʤʽʮʥʽʩʪʴ 

ʟ'ʻʜʥʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʷʢ ʟ'ʻʜʥʫʚʘʣʴʥʦʛʦ 

ʝʣʝʤʝʥʪʘ. 
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ʌʨʠʢʮʽʡʥʦʤʽʩʪʢʽ ʚʠʜʠ ʦʙʨʦʙʣʝʥʥʷ ï ʮʝ ʪʝʭʥʦʣʦʛʽʯʥʠʽ ʤʝʪʦʜʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ, 

ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʧʽʜ ʯʘʩ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚʠʩʦʢʦʢʦʥʮʝʥʪʨʦʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. ʇʦʪʽʢ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʠʩʦʢʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʟʦʥʽ ʢʦʥʪʘʢʪʫ çʽʥʩʪʨʫʤʝʥʪ-ʜʝʪʘʣʴè ʚʠʥʠʢʘʻ ʚ ʧʨʦʮʝʩʽ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʪʝʨʪʷ ʤʽʞ ʽʥʩʪʨʫʤʝʥʪʦʤ-ʜʠʩʢʦʤ ʪʘ  ʧʦʚʝʨʭʥʝʶ, ʱʦ 

ʦʙʨʦʙʣʷʶʪʴ. ʋ ʟʦʥʽ ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢʦʞ ʟʩʫʚʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʤʝʪʘʣʫ. ʌʦʨʤʫʚʘʥʥʷ ʟʤʽʮʥʝʥʦʛʦ ʰʘʨʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʪʘ ʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʟʦʥʽ ʢʦʥʪʘʢʪʫ 

çʽʥʩʪʨʫʤʝʥʪ-ʜʝʪʘʣʴè, ʘ ʪʘʢʦʞ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʥʘʧʨʷʤʫ ʽ 

ʚʝʣʠʯʠʥʠ ʟʩʫʚʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʫ ʟʦʥʽ ʦʙʨʦʙʢʠ, ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, 

ʧʦʧʝʨʝʜʥʴʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʟʤʽʮʥʝʥʥʷ, ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʪʘ ʪʝʨʤʦʧʨʫʞʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʩʠʣʠ ʪʘ ʩʢʣʘʜʦʚʽ ʩʠʣ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʦʮʝʩʽ 

ʦʙʨʦʙʣʝʥʥʷ, ʷʢʘ ʚʠʥʠʢʘʻ ʫ ʟʦʥʽ ʢʦʥʪʘʢʪʫ çʽʥʩʪʨʫʤʝʥʪ-ʜʝʪʘʣʴè ʫ ʧʨʦʮʝʩʽ 

ʬʨʠʢʮʽʡʥʦʾ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʦʥʴ. ɽʥʝʨʛʦʩʠʣʦʚʽ ʧʘʨʘʤʝʪʨʠ - ʮʝ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʝʥʝʨʛʝʪʠʯʥʽ ʪʘ ʩʠʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ. ʊʦʙʪʦ - ʮʝ ʪʘʢʽ 

ʧʘʨʘʤʝʪʨʠ, ʷʢ ʩʠʣʘ, ʰʚʠʜʢʽʩʪʴ, ʨʦʙʦʪʘ, ʧʦʪʫʞʥʽʩʪʴ, ʤʦʤʝʥʪ [1,2]. ʎʽ ʧʘʨʘʤʝʪʨʠ ʻ 

ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʘʥʘʣʽʟʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʟʫʤʽʪʠ, ʷʢ ʚʦʥʠ 

ʧʨʘʮʶʶʪʴ ʽ ʷʢ ʤʦʞʥʘ ʧʦʢʨʘʱʠʪʠ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ. ɸʥʘʣʽʟ ʝʥʝʨʛʦʩʠʣʦʚʠʭ 
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ʧʘʨʘʤʝʪʨʽʚ ʜʦʟʚʦʣʷʻ ʟʨʦʟʫʤʽʪʠ, ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʩʠʣʘ ʽ ʰʚʠʜʢʽʩʪʴ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ 

ʤʘʪʝʨʽʘʣʽʚ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ, ʜʝ ʪʝʨʪʷ ʚʠʢʣʠʢʘʻ ʥʘʛʨʽʚʘʥʥʷ. ɸ ʪʘʢʝ ʨʦʟʫʤʽʥʥʷ  

ʜʦʟʚʦʣʷʻ ʚʧʣʠʚʘʪʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʽ ʟʤʝʥʰʝʥʥʷ  ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ. 

ʉʝʨʝʜ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦ ʷʢʽ ʡʜʝ ʤʦʚʘ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ: ʚʧʣʠʚ ʪʠʩʢʫ, ʪʝʧʣʦʚʠʡ 

ʚʧʣʠʚ, ʯʘʩʦʚʠʡ ʚʧʣʠʚ, ʭʽʤʽʯʥʽ ʪʘ ʤʽʞʬʘʟʥʽ ʧʨʦʮʝʩʠ ʪʦʱʦ. 
 

[1] Volkov ʆ.ɸ. Study of heat deformation influence in surface strain hardening of steel by thermofriction processing. 
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ʌʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʛʘʟʦʨʦʟʧʦʜʽʣʫ - ʛʝʨʤʝʪʠʟʘʮʽʷ ʢʘʤʝʨʠ 

ʟʛʦʨʷʥʥʷ ʽ ʦʨʛʘʥʽʟʘʮʽʷ ʛʘʟʦʦʙʤʽʥʫ. ɺʧʣʠʚ ʩʧʦʣʫʯʝʥʴ ʜʝʪʘʣʝʡ ʢʣʘʧʘʥʥʦʾ ʛʨʫʧʠ ʥʘ 

ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʢʦʨʦʪʢʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ [1]: 

1) ʢʣʘʧʘʥ-ʩʽʜʣʦ: ʧʨʦʨʠʚ ʛʘʟʽʚ, ʧʨʦʛʦʨʷʥʥʷ - ʟʥʠʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ;                              

ʟʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʽ ʧʽʜʚʠʱʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ. 

2) ʢʣʘʧʘʥ-ʚʪʫʣʢʘ: ʧʝʨʝʢʦʩʠ ʢʣʘʧʘʥʘ - ʧʦʛʽʨʰʝʥʥʷ ʥʘʧʦʚʥʝʥʥʷ, ʪʦʙʪʦ 

ʧʦʪʫʞʥʦʩʪʽ ʽ ʝʢʦʥʦʤʽʯʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ;  ʟʙʽʣʴʰʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ (ʪʝʨʪʷ 

ʧʨʠ ʧʝʨʝʢʦʩʘʭ); ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʠ ʟʤʘʱʝʥʥʷ. 

3) ʢʦʨʦʤʠʩʣʦ-ʢʣʘʧʘʥ (ʟʥʦʰʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ): ʟʤʝʥʰʝʥʥʷ ʯʘʩ-

ʧʝʨʝʪʠʥʫ ʢʣʘʧʘʥʘ - ʟʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʽ ʝʢʦʥʦʤʽʯʥʦʩʪʽ. 

ʋ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʢʪʦʨʘ ʟʥʦʰʫʻʪʴʩʷ ʙʽʣʴʰʽʩʪʴ ʜʝʪʘʣʝʡ ʜʚʠʛʫʥʘ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʜʝʪʘʣʽ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʽ ʛʦʣʦʚʢʠ ʙʣʦʢʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʨʽʟʥʠʭ ʚʽʜʤʦʚ. 

ɼʦ ʦʯʽʢʫʚʘʥʠʭ ʧʦʩʪʫʧʦʚʠʭ ʚʽʜʤʦʚ ɻʈʄ ʟʘ  ʧʘʨʘʤʝʪʨʘʤʠ ʚʽʜʥʦʩʷʪʴ [2]: ʟʤʽʥʘ 

ʜʦ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʪʝʧʣʦʚʦʛʦ ʟʘʟʦʨʫ ʚ ʢʣʘʧʘʥʘʭ; ʟʨʫʰʝʥʥʷ ʬʘʟ 

ʛʘʟʦʨʦʟʧʦʜʽʣʫ; ʟʤʽʥʘ ʜʦ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʟʘʟʦʨʫ ʤʽʞ ʩʪʝʙʣʦʤ ʢʣʘʧʘʥʘ ʽ 

ʥʘʧʨʷʤʥʦʶ ʚʪʫʣʢʦʶ; ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʥʘʛʘʨʫ ʥʘ ʢʣʘʧʘʥʘʭ; ʧʦʩʪʫʧʦʚʝ ʟʥʠʞʝʥʥʷ 

ʧʨʫʞʥʦʩʪʽ ʧʨʫʞʠʥ; ʛʨʘʥʠʯʥʝ ʟʘʛʣʠʙʣʝʥʥʷ ʢʣʘʧʘʥʽʚ; ʧʦʷʚʘ ʨʘʢʦʚʠʥ ʥʘ ʬʘʩʢʘʭ 

ʩʽʜʝʣ ʽ ʢʣʘʧʘʥʽʚ (ʚʪʨʘʪʘ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʢʣʘʧʘʥʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ). 

ʅʘʡʙʽʣʴʰ ʥʝʩʪʘʙʽʣʴʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʟʤʽʥʘ ʪʝʧʣʦʚʦʛʦ ʟʘʟʦʨʫ ʚ ʧʨʠʚʦʜʽ 
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ʢʣʘʧʘʥʘ. ɺʞʠʚʘʥʥʷ ʟʘʭʦʜʽʚ ʧʦ ʟʘʧʦʙʽʛʘʥʥʶ ʚʽʜʤʦʚʠ ʧʦ ʜʘʥʦʤʫ ʧʘʨʘʤʝʪʨʫ 

ʚʢʣʶʯʝʥʝ ʚ ʧʝʨʝʣʽʢ ʦʙʦʚ'ʷʟʢʦʚʠʭ ʨʦʙʽʪ, ʷʢʽ ʧʨʦʚʦʜʷʪʴʩʷ ʫ ʧʣʘʥʦʚʦʤʫ ʧʦʨʷʜʢʫ. 

ɻʝʨʤʝʪʠʯʥʽʩʪʴ ʢʣʘʧʘʥʥʠʭ ʩʧʦʣʫʯʝʥʴ - ʩʢʣʘʜʥʠʡ ʧʘʨʘʤʝʪʨ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ. ɺʽʜʤʦʚʘ ʟʘ ʜʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʤʦʞʝ ʥʘʩʪʘʪʠ ʚʽʜ 0,7 ʜʦ 1,3 

ʜʦʨʝʤʦʥʪʥʦʛʦ ʨʝʩʫʨʩʫ. ʅʘʡʯʘʩʪʽʰʝ, ʧʘʨʘʤʝʪʨ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ. ʅʘ ʦʜʥʦʤʫ ʜʚʠʛʫʥʽ ʩʧʦʣʫʯʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʟ ʛʘʨʥʦʶ 

ʛʝʨʤʝʪʠʯʥʽʩʪʶ, ʪʘʢ ʽ ʟ ʥʝʟʘʜʦʚʽʣʴʥʦʶ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ 

ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʢʣʘʧʘʥʥʠʭ ʩʧʦʣʫʯʝʥʴ ʜʚʠʛʫʥʽʚ, ʷʢʽ ʧʦʩʪʫʧʠʣʠ ʫ ʨʝʤʦʥʪ 

ʥʝʜʦʩʪʘʪʥʴʦ ʯʝʨʝʟ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʧʝʨʝʚʽʨʢʠ ʧʘʨʘʤʝʪʨʘ ʽ ʚʽʜʩʫʪʥʦʩʪʽ ʻʜʠʥʦʛʦ 

ʢʨʠʪʝʨʽʶ ʦʮʽʥʢʠ  

ʈʦʟʧʦʚʩʶʜʞʝʥʠʤ ʜʝʬʝʢʪʦʤ ʛʦʣʦʚʦʢ ʙʣʦʢʫ ʮʠʣʽʥʜʨʽʚ ʚʽʪʯʠʟʥʷʥʠʭ ʜʚʠʛʫʥʽʚ ʻ 

ʟʥʦʰʫʚʘʥʥʷ ʥʘʧʨʷʤʥʠʭ ʚʪʫʣʦʢ - ʜʦ 80-96%. ɿʥʦʰʫʚʘʥʥʷ ʚʪʫʣʦʢ ʟʘʢʦʨʜʦʥʥʠʭ 

ʜʚʠʛʫʥʽʚ ʪʨʦʭʠ ʥʠʞʯʝ - 21-75%, ʦʜʥʘʢ ʙʽʣʴʰʽ ʟʥʦʩʠ ʩʽʜʝʣ ʢʣʘʧʘʥʽʚ - ʜʦ 77-83%, 

ʧʨʦʪʠ 20-64% ʫ ʚʽʪʯʠʟʥʷʥʠʭ. ʎʝ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʧʦʷʩʥʶʻʪʴʩʷ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʚ 

ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʩʽʜʝʣ. 

ɼʦ 20% ʛʦʣʦʚʦʢ ʙʣʦʢʫ ʥʘʜʭʦʜʠʪʴ ʫ ʨʝʤʦʥʪ ʽʟ ʛʨʘʥʠʯʥʦ ʟʥʦʰʝʥʠʤʠ ʩʽʜʣʘʤʠ, ʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʾʭ ʥʝʨʽʜʢʦ ʥʝ ʚʽʜʥʦʚʣʶʶʪʴ, ʥʘʧʨʘʚʣʷʶʯʠ ʚ ʙʨʘʢ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ 

ʥʝʦʙʭʽʜʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʽ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʟʘʤʽʥʠ ʘʙʦ ʚʽʜʥʦʚʣʝʥʥʷ ʩʽʜʝʣ ʢʣʘʧʘʥʽʚ. 

ʋ ʛʦʣʦʚʢʘʭ ʮʠʣʽʥʜʨʽʚ ʽʥʦʜʽ (ʜʦ 3-5%) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʩʣʘʙʣʝʥʥʷ ʧʦʩʘʜʢʠ ʩʽʜʝʣ 

ʫ ʛʥʽʟʜʘʭ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʜʝʬʝʢʪʘʤʠ ʛʦʣʦʚʦʢ ʙʣʦʢʫ ʮʠʣʽʥʜʨʽʚ ʜʚʠʛʫʥʽʚ ʻ [3]: 

1 - ʟʥʦʰʫʚʘʥʥʷ ʚʪʫʣʦʢ ʢʣʘʧʘʥʽʚ; 2 - ʟʥʦʰʫʚʘʥʥʷ ʢʣʘʧʘʥʥʠʭ ʩʽʜʝʣ; 3 - 

ʟʥʦʰʫʚʘʥʥʷ ʬʘʩʦʢ ʽ ʩʪʝʙʝʣ ʢʣʘʧʘʥʽʚ; 4 - ʚʪʨʘʪʘ ʧʨʫʞʥʦʩʪʽ ʢʣʘʧʘʥʥʠʭ ʧʨʫʞʠʥ; 5 

- ʪʨʽʱʠʥʠ ʧʝʨʝʤʠʯʦʢ ʤʽʞ ʦʪʚʦʨʘʤʠ ʧʽʜ ʨʦʟʧʠʣʶʚʘʯʽ ʬʦʨʩʫʥʦʢ ʽ ʩʽʜʣʘʤʠ 

ʢʣʘʧʘʥʽʚ;                              6 - ʥʝʛʝʨʤʝʪʠʯʥʽʩʪʴ ʩʪʘʢʘʥʽʚ ʬʦʨʩʫʥʦʢ ʽ ʟʘʛʣʫʰʦʢ.  

ɻʦʣʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʚʠʙʨʘʢʫʚʘʥʥʷ ʛʦʣʦʚʦʢ ʮʠʣʽʥʜʨʽʚ ʧʨʠ ʢʘʧʽʪʘʣʴʥʠʭ 

ʨʝʤʦʥʪʘʭ ʜʚʠʛʫʥʽʚ ʻ: ʪʨʽʱʠʥʠ ʚʦʜʷʥʠʭ ʩʦʨʦʯʦʢ ʚʽʜ ʨʦʟʤʦʨʦʞʫʚʘʥʥʷ ʽ 

ʪʝʨʤʦʚʪʦʤʥʦʩʪʽ ʤʝʪʘʣʫ; ʪʨʫʜʥʦʱʽ ʧʦʚʪʦʨʥʦʾ ʟʘʚʘʨʢʠ ʪʨʽʱʠʥ, ʧʦʨ ʽ ʨʘʢʦʚʠʥ;            

ʦʩʣʘʙʣʝʥʥʷ ʧʦʩʘʜʢʠ ʩʽʜʝʣ ʫ ʛʥʽʟʜʘʭ; ʦʙʨʠʚ ʢʣʘʧʘʥʽʚ; ʟʤʝʥʰʝʥʥʷ ʚʠʩʦʪʠ ʛʦʣʦʚʦʢ 

ʜʦ ʥʝʧʨʠʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ. 

ɼʣʷ ʦʢʨʝʤʠʭ ʤʘʨʦʢ ʜʚʠʛʫʥʽʚ ʚʣʘʩʪʠʚʽ ʭʘʨʘʢʪʝʨʥʽ ʜʝʬʝʢʪʠ, ʦʙʫʤʦʚʣʝʥʽ 

ʧʝʨʝʚʘʞʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ 

ʜʝʬʝʢʪʦʤ ʛʦʣʦʚʦʢ ʗʄɿ-238, ʗʄɿ-238ʅɹ ʻ ʪʨʽʱʠʥʠ ʚ ʧʝʨʝʤʠʯʮʽ ʤʽʞ ʦʪʚʦʨʦʤ 

ʧʽʜ ʨʦʟʧʠʣʶʚʘʯ ʬʦʨʩʫʥʢʠ ʽ ʩʽʜʣʦʤ ʢʣʘʧʘʥʘ -22% ʽ 45%, ʚʽʜʧʦʚʽʜʥʦ. ʇʨʦʪʝ, 

ʟʘʛʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦ ʚʠʜʘʭ ʚʽʜʤʦʚ ʜʣʷ ʨʽʟʥʠʭ ʤʘʨʦʢ ʷʢ ʚʽʪʯʠʟʥʷʥʠʭ, ʪʘʢ ʽ 

ʟʘʢʦʨʜʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʜʦʩʠʪʴ ʟʘʢʦʥʦʤʽʨʥʦ ʽ ʜʝʷʢʦʶ ʤʽʨʦʶ ʥʦʩʠʪʴ ʦʜʥʘʢʦʚʠʡ 

ʭʘʨʘʢʪʝʨ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʚʜʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʢʣʘʧʘʥʥʦʾ 

ʛʨʫʧʠ, ʥʘʜʽʡʥʦʩʪʽ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʛʝʨʤʝʪʠʟʘʮʽʾ ʢʣʘʧʘʥʥʠʭ ʧʘʨ, ʻ ʦʜʥʽʻʾ ʟ 

ʧʝʨʰʦʨʷʜʥʠʭ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʨʝʤʦʥʪʫ ʜʚʠʛʫʥʘ. ʋ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʫʢʦʤʽʩʪʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʮʝ ʟʘʚʜʘʥʥʷ 

ʟʘʪʨʝʙʫʚʘʥʝ ʜʣʷ ʨʦʟʚ'ʷʟʢʫ ʽ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʚʽʪʯʠʟʥʷʥʠʭ ʨʝʤʦʥʪʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ. 
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ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ  ʤʘʩʰʪʘʙʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʪʦʥʢʦʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʫ 

ʤʘʣʦʚʫʛʣʝʥʮʝʚʠʭ ʪʘ ʥʠʟʴʢʦʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʻ  ʟʘʣʽʟʥʠʯʥʠʡ ʪʨʘʥʩʧʦʨʪ. 

ʅʘʡʙʽʣʴʰ ʤʝʪʘʣʦʤʽʩʪʢʠʤʠ ʻ ʜʝʪʘʣʽ ʢʫʟʦʚʘ ʪʘ ʨʘʤʠ ʚʘʛʦʥʽʚ, ʷʢʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟʽ ʩʪʘʣʝʡ ʉʪ3, ʄ16ʉ, 09ɻ2ʉ [1]. 

ɼʣʷ  ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ (ʢʣʘʩʫ) ʤʽʮʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʽʣʴʰ ʣʝʛʦʚʘʥʽ ʩʪʘʣʽ    

(10ʍʅɼʇ, 15ʍ2ʉɼ), ʪʝʨʤʽʯʥʫ, ʘ ʯʘʩʪʽʰʝ  ʪʝʨʤʦʤʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ, ʙʦ  ʧʨʠ 

ʟʨʦʩʪʘʥʥʽ ʤʽʮʥʦʩʪʽ ʧʦʪʨʽʙʥʦ ʥʝ ʚʪʨʘʪʠ ʟʘʧʘʩʫ ʧʣʘʩʪʠʯʥʦʩʪʽ. ɿʘʚʞʜʠ ʪʨʝʙʘ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʣʶʙʘ ʪʝʨʤʦʦʙʨʦʙʢʘ ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʚ ʤʝʪʘʣʽ, 

ʷʢʽ ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʠʪʠʩʷ ʷʢ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʪʘʢ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʷʭ ʚʠʨʦʙʫ. ʂʨʽʤ ʪʦʛʦ, ʟʤʽʮʥʝʥʘ ʪʝʨʤʦʦʙʨʦʙʢʦʶ ʩʪʘʣʴ ʤʘʻ 

ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʟʘʣʠʰʢʦʚʠʭ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ, ʷʢʠʡ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʝ 

ʥʘ ʧʦʚʝʜʽʥʢʫ ʜʝʪʘʣʝʡ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ, ʚ ʫʤʦʚʘʭ ʮʠʢʣʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʚʽʙʨʘʮʽʡ, ʟʥʦʰʫʚʘʥʥʷ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ  ʟʘʣʽʟʥʠʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ. ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʟʚʘʞʘʪʠ ʥʘ ʪʝ, ʱʦ ʣʝʛʦʚʘʥʘ ʩʪʘʣʴ ʜʦʨʦʞʯʘ ʟʘ 

ʚʫʛʣʝʮʝʚʫ ʽ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʙʽʣʴʰʫʻ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʨʦʙʫ. 

ʆʜʥʠʤ ʽʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʢʽʚ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʢʘʪʫ (ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʩʧʦʩʦʙʘʤʠ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ) ʙʝʟ ʟʤʽʥʠ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ  ʽ ʚʽʜʩʫʪʥʦʩʪʽ ʬʘʟʦʚʠʭ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ,  ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ. 

ʂʝʨʫʶʯʠʩʴ ʜʦʚʝʜʝʥʠʤ ʚ ʥʘʰ ʯʘʩ  ʧʦʣʦʞʝʥʥʷʤ, ʱʦ ʩʪʘʥ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʨʘʜʠʢʘʣʴʥʦ ʚʧʣʠʚʘʻ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʚ ʮʽʣʦʤʫ,  ʝʬʝʢʪʠʚʥʠʤ ʻ 



 

313 

ʝʧʽʣʘʤʫʚʘʥʥʷ (ɽʇ) ï ʧʦʢʨʠʪʪʷ ʧʦʚʝʨʭʥʽ ʥʘʥʦʨʦʟʤʽʨʥʦʶ ( ʪʦʚʱʠʥʦʶ ʜʦ 20 ʥʤ) 

ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʶ ʧʣʽʚʢʦʶ ʬʪʦʨ-ʧʦʚʝʨʭʥʝʚʦ ï ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ (ʬʪʦʨʇɸʈ). 

ʇʣʽʚʢʫ ʥʘʥʦʩʷʪʴ  ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʧʦʢʨʠʪʪʷʤ ʧʝʥʟʣʝʤ, ʨʦʟʧʠʣʝʥʥʷʤ, 

ʟʘʥʫʨʝʥʥʷʤ ʫ ʨʽʜʢʠʡ ʨʦʟʯʠʥ ʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʫʩʪʘʥʦʚʢʘʭ. ʇʨʦʮʝʩ ʥʘʥʝʩʝʥʥʷ 

ʧʣʽʚʢʠ ʜʫʞʝ ʧʨʦʩʪʠʡ,  ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʦʧʝʨʘʮʽʡ: ʟʥʝʞʠʨʝʥʥʷ ʪʘ 

ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʥʽ ï ʥʘʥʝʩʝʥʥʷ ʝʧʽʣʘʤʫ ï ʪʝʨʤʦʬʽʢʩʘʮʽʷ ʧʣʽʚʢʠ ʧʨʠ 50 ï 55 Üʉ, 

ʱʦ ʥʝ ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʴʥʦʛʦ ʩʢʣʘʜʥʦʛʦ ʪʘ  ʝʥʝʨʛʦʻʤʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.  

ʄʦʣʝʢʫʣʷʨʥʽ ʧʣʽʚʢʠ, ʥʝ ʟʤʽʥʶʶʯʠ ʩʪʨʫʢʪʫʨʠ ʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ 

ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʟʥʘʯʥʦ ʾʭ ʤʦʜʠʬʽʢʫʶʪʴ. ʅʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʦʚʝʜʝʥʦ, ʱʦ ɽʇ  ʧʦʚʝʨʭʥʽ ʣʠʩʪʦʚʠʭ ʟʘʛʦʪʦʚʦʢ ʟʽ ʩʪʘʣʝʡ 05 ʢʧ, 20, 

09ɻ2ʉ ʟʘ ʫʤʦʚʠ ʚʽʜʥʦʩʥʦ ʥʝʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ (ʥʘ 3- 

5%) ʩʧʨʠʷʻ ʩʫʪʪʻʚʦʤʫ ʟʙʽʣʴʰʝʥʥʶ ʧʦʢʘʟʥʠʢʽʚ ʧʣʘʩʪʠʯʥʦʩʪʽ (ʥʘ 40-50%).ɺ ʪʦʡ 

ʞʝ ʯʘʩ  ʜʽʡʩʥʝ ʥʘʧʨʫʞʝʥʥʷ ʨʫʡʥʫʚʘʥʥʷ ʫ ʟʚôʷʟʢʫ ʟ ʚʠʩʦʢʦʶ ʧʣʘʩʪʠʬʽʢʘʮʽʻʶ 

ʟʨʦʩʪʘʻ ʥʘ 12-15 %  ʽ ʻ ʜʦʢʘʟʦʤ ʪʦʛʦ, ʱʦ ʩʧʨʘʚʞʥʷ ʤʽʮʥʽʩʪʴ ʣʠʩʪʦʚʠʭ ʟʘʛʦʪʦʚʦʢ 

ʧʽʩʣʷ ɽʇ ʚʠʱʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʥʦʤ ʧʦʩʪʘʯʘʥʥʷ. ʊʚʝʨʜʽʩʪʴ ʣʠʩʪʘ ʟʘʣʠʰʠʣʘʩʷ 

ʥʘ ʚʠʭʽʜʥʦʤʫ ʨʽʚʥʽ, ʪʦʙʪʦ ʟʤʽʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʽʩʣʷ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ  

ʦʙʫʤʦʚʣʝʥʘ ʣʠʰʝ ʽʥʰʦʶ ʧʦʚʝʜʽʥʢʦʶ ʚʠʨʦʙʫ ʧʽʜ ʜʽʻʶ ʽʥʬʦʨʤʘʮʽʾ, ʙʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ ʥʝ ʟʤʽʥʠʣʠʩʷ [2]. ɯʩʪʦʪʥʘ ʧʣʘʩʪʠʬʽʢʘʮʽʷ ʩʪʘʣʽ 

ʟʘʙʝʟʧʝʯʠʣʘ ʧʝʨʝʭʽʜ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʽʟ ʢʘʪʝʛʦʨʽʾ  ʟʜʘʪʥʦʩʪʽ ʜʦ ʛʣʠʙʦʢʦʛʦ 

ʚʠʪʷʛʫʚʘʥʥʷ ʜʦ ʢʘʪʝʛʦʨʽʾ ʦʩʦʙʣʠʚʦ ʩʢʣʘʜʥʦʛʦ ʚʠʪʷʛʫʚʘʥʥʷ (ʩʪʘʣʴ  09ɻ2ʉ)  ʪʘ 

ʚʝʣʴʤʠ ʦʩʦʙʣʠʚʦ ʩʢʣʘʜʥʦʛʦ ʚʠʪʷʛʫʚʘʥʥʷ (ʩʪʘʣʴ 0,8ʢʧ), ʱʦ ʧʦʣʝʛʰʫʻ ʧʨʦʮʝʩʠ 

ʧʨʦʪʷʛʘʥʥʷ, ʟʛʠʥʘʥʥʷ, ʟʘʢʨʫʯʫʚʘʥʥʷ ʪʘ ʽʥ., ʽ  ʮʝ ʤʘʻ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʛʥʫʪʠʭ ʧʨʦʬʽʣʽʚ (ʟʘʤʽʩʪʴ ʢʘʪʘʥʠʭ) ʪʘ ʝʣʝʤʝʥʪʽʚ ʩʢʣʘʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. 

ɽʇ ʟʘ ʨʘʭʫʥʦʢ ʩʚʦʻʾ ʟʥʘʯʥʦʾ ʧʨʦʥʠʢʘʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʫʶʪʴ 

ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ: ʟʘʣʽʢʦʚʫʶʪʴ ʨʽʟʥʽ ʧʦʚʝʨʭʥʝʚʽ ʜʝʬʝʢʪʠ, ʟʘʧʦʚʥʶʶʪʴ 

ʤʽʢʨʦʪʨʽʱʠʥʠ ʪʘ ʧʦʨʠ ʽ ʜʝʛʘʟʫʶʪʴ ʾʭ, ʱʦ ʟʤʝʥʰʫʻ  ʢʽʣʴʢʽʩʪʴ ʡʤʦʚʽʨʥʠʭ 

ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʥʘʧʨʫʞʝʥʴ.  

ɺʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʟʘʟʥʘʯʠʤʦ, ʱʦ ɽʇ (ʷʢ ʨʝʟʫʣʴʪʘʪ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ), ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ 

ʮʠʢʣʽʯʥʫ ʜʦʚʛʦʚʽʯʥʽʩʪʴ:  ʣʠʩʪʦʚʠʭ ʟʘʛʦʪʦʚʦʢ ʟʽ ʩʪʘʣʝʡ 20 ʪʘ 40 ʤʘʡʞʝ ʫ 5 ʨʘʟʽʚ. 

ɺ ʨʦʙʦʪʽ [3] ʪʘʢʦʞ ʚʽʜʤʽʯʘʻʪʴʩʷ ʧʦʟʠʪʠʚʥʘ ʨʦʣʴ ɽʇ ʫ ʧʽʜʚʠʱʝʥʥʽ ʫʪʦʤʥʦʾ 

ʤʽʮʥʦʩʪʽ ʩʠʣʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ.  

ɿʛʽʜʥʦ ʟ ʥʘʰʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ  ʧʽʩʣʷ ɽʇ ʧʦʚʝʨʭʥʽ  ʪʘʢʦʞ ʩʫʪʪʻʚʦ ( ʫ 3-4 

ʨʘʟʠ), ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚʠʨʦʙʽʚ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʽ ʚ ʽʥʰʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʦ ʟʤʝʥʰʝʥʥʶ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ 

ʣʦʢʦʤʦʪʠʚʥʠʭ ʢʦʤʧʨʝʩʦʨʽʚ [4]. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʟʥʘʯʝʥʴ ʝʧʽʣʘʤʽʚ ʻ 

ʫʪʨʠʤʘʥʥʷ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫ ʚʫʟʣʘʭ ʪʝʨʪʷ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʫʤʦʚʘʭ 

ʮʠʢʣʽʯʥʠʭ ʪʘ ʫʜʘʨʥʠʭ ʚʧʣʠʚʽʚ. 

ɽʇ  ʪʘʢʦʞ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ  ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʟʽʾ  ʽ ʟ ʮʽʻʶ 

ʤʝʪʦʶ  ʟʥʘʭʦʜʠʪʴ ʚʩʝ ʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [5]. 

ɿʘʚʜʷʢʠ ʫʥʽʢʘʣʴʥʠʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʝʧʽʣʘʤʫʚʘʥʥʷ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ  ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʜʣʷ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. 
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ʅʘʜʽʡʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʩʫʯʘʩʥʦʾ ʟʘʣʽʟʥʠʯʥʦʾ ʪʝʭʥʽʢʠ ʙʘʛʘʪʦ ʚ ʯʦʤʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʜʽʡʥʽʩʪʶ ʘʛʨʝʛʘʪʽʚ ʽ ʤʝʭʘʥʽʟʤʽʚ, ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʷʢʠʭ ʫ ʩʚʦʶ 

ʯʝʨʛʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. ʋ ʢʦʤʧʣʝʢʩʽ ʟʘʭʦʜʽʚ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʚʘʞʣʠʚʝ 

ʤʽʩʮʝ ʟʘʡʤʘʻ ʨʦʟʨʦʙʢʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʟʤʽʮʥʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʩʫʯʘʩʥʦʾ ʪʝʭʥʽʢʠ. ʇʦʚʝʨʭʥʝʚʝ ʟʤʽʮʥʝʥʥʷ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʥʘ ʾʭ ʧʦʚʝʨʭʥʶ ʟʥʦʩʦʩʪʽʡʢʠʭ ʧʦʢʨʠʪʪʽʚ 

ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʴʥʠʭ, ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʪʨʫʜʦʚʠʭ 

ʨʝʩʫʨʩʽʚ, ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʽʜʚʠʱʠʪʠ 

ʷʢʽʩʪʴ [1]. 

ʇʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ ʥʝʤʦʞʣʠʚʝ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʦʩʦʩʪʽʡʢʠʭ ʽ ʘʥʪʠʬʨʠʢʮʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʾʭ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʘ ʩʘʤʝ ʪʠʭ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʥʦʩʫ. ʆʪʨʠʤʘʥʥʷ 

ʧʦʢʨʠʪʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʦʜʽʚ ʾʭ ʥʘʥʝʩʝʥʥʷ. 

ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ 

ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʮʽʥʘ-ʷʢʽʩʪʴ ʻ ʛʘʟʦʪʝʨʤʽʯʥʽ ʧʦʢʨʠʪʪʷ, ʩʘʤʝ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʫ ʥʘʧʠʣʝʥʥʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʦʢʨʠʪʪʷ ʟ ʚʠʩʦʢʠʤʠ 

ʟʥʦʩʦʩʪʽʡʢʠʤʠ ʪʘ ʘʥʪʠʬʨʠʢʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [2]. ʇʝʨʝʚʘʛʠ 

ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤʫ, ʱʦ ʤʦʞʥʘ ʥʘʥʦʩʠʪʠ ʧʦʢʨʠʪʪʷ ʟ ʙʫʜʴ-

ʷʢʠʭ ʝʣʝʤʝʥʪʽʚ: ʧʦʨʦʰʢʽʚ, ʜʨʦʪʽʚ, ʛʥʫʯʢʠʭ ʰʥʫʨʽʚ, ʘ ʪʘʢʦʞ ʦʪʨʠʤʘʪʠ ʚʠʩʦʢʽ 
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ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: ʚʠʩʦʢʘ ʪʚʝʨʜʽʩʪʴ, ʘʜʛʝʟʽʷ ʜʦ ʦʩʥʦʚʠ, ʚʠʩʦʢʘ 

ʩʪʽʡʢʽʩʪʴ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʠʭ ʽ 

ʤʽʮʥʠʭ ʰʘʨʽʚ ʤʝʪʘʣʫ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ ʟʤʽʮʥʝʥʥʷ, ʘ ʡ ʚʠʨʽʰʠʪʠ 

ʢʦʤʧʣʝʢʩ ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʟʘʚʜʘʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʝʢʦʥʦʤʽʶ ʨʝʩʫʨʩʽʚ. ɼʦ ʪʘʢʠʭ ʟʘʚʜʘʥʴ ʚʽʜʥʦʩʠʪʴʩʷ ʟʥʠʞʝʥʥʷ ʧʠʪʦʤʦʛʦ ʚʤʽʩʪʫ 

ʤʝʪʘʣʽʚ ʫ ʚʠʨʦʙʽ ʪʘ ʡʦʛʦ ʝʣʝʤʝʥʪʘʭ ʥʘ ʦʜʠʥʠʮʶ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘ 

ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʤʽʮʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʧʫʯʠʭ ʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʨʤʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʽʜʥʦʚʣʝʥʥʷ ʟʥʦʰʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʤʝʪʦʜʘʤʠ ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ 

ʜʦʟʚʦʣʷʻ ʧʦʻʜʥʘʪʠ ʧʨʦʮʝʩʠ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʰʘʨʽʚ ʤʝʪʘʣʫ ʟʘʤʽʩʪʴ ʟʥʦʰʝʥʠʭ ʟ 

ʧʨʦʮʝʩʘʤʠ ʾʭ ʟʤʽʮʥʝʥʥʷ. 

ʊʘʢʦʞ ʫ  ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʨʝʤʦʥʪʫ 

ʜʝʪʘʣʝʡ ʟ ʝʣʝʢʪʨʦʜʫʛʦʚʠʤʠ ʧʦʢʨʠʪʪʷʤʠ (ʨʠʩ.1), ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʟʙʽʣʴʰʝʥʥʽ 

ʨʝʩʫʨʩʫ ʜʝʪʘʣʝʡ ʰʣʷʭʦʤ ʫʧʨʘʚʣʽʥʥʷ: ʪʝʭʥʦʣʦʛʽʻʶ ʚʽʜʥʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ 

ʧʦʢʨʠʪʪʷ, ʟʦʢʨʝʤʘ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʪʦʢʫ ʛʘʟʫ (ʰʚʠʜʢʽʩʪʶ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʛʘʟʫ 

ʪʘ ʯʘʩʪʦʢ, ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʥʩʪʨʫʢʮʽʾ). ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ EDN). 

 
 

ʈʠʩ. 1. ʅʘʥʝʩʝʥʥʷ ʝʣʝʢʪʨʦʜʫʛʦʚʠʭ ʧʦʢʨʠʪʪʽʚ 

 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʻʶ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘʥʝʩʝʥʥʷ ʛʘʟʦʪʝʨʤʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ. ʅʘ ʦʩʥʦʚʽ 

ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫʜʦʩʢʦʥʘʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ 

ʨʝʤʦʥʪʫ ʜʝʪʘʣʝʡ  ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʥʠʟʠʪʠ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ. ʟʥʦʰʫʚʘʥʥʷ ʚʽʜʥʦʚʣʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʙʽʣʴʰ ʥʽʞ ʚ 2 ʨʘʟʠ, ʟʘʤʽʥʠʪʠ 

ʜʦʨʦʛʽ ʧʦʨʦʰʢʦʚʽ ʜʨʦʪʷʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʙʽʣʴʰ ʜʝʰʝʚʽ ʡ ʤʝʥʰ ʜʝʬʽʮʠʪʥʽ ʩʪʘʣʝʚʽ 

ʩʫʮʽʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʽʟ ʦʜʥʘʢʦʚʦʶ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ ʪʘ ʨʝʩʫʨʩʦʤ, ʧʽʜʚʠʱʠʪʠ 

ʨʝʩʫʨʩ ʜʝʪʘʣʝʡ ʚ 1,5 ʨʘʟʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʨʝʤʦʥʪʫ 

ʜʝʪʘʣʝʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ. 

ɼʦʚʝʜʝʥʦ, ʱʦ ʧʽʜʚʠʱʠʪʠ ʨʝʩʫʨʩ ʜʝʪʘʣʝʡ ʤʦʞʥʘ ʰʣʷʭʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʨʝʤʦʥʪʫ ʝʣʝʢʪʨʦʜʫʛʦʚʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʰʣʷʭʦʤ ʢʝʨʫʚʘʥʥʷ 

ʤʦʜʝʣʷʤʠ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ.  
 

[1] ʂʦʤʘʨʦʚʘ ɻ.ʃ., ʌʝʜʯʝʥʢʦ ɯ.ɯ., ʅʝʩʪʝʨʯʫʢ ʆ.ʄ. ʇʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʩʪʘʣʝʡ ʰʣʷʭʦʤ 

ʥʘʥʝʩʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʧʦʢʨʠʪʪʽʚ. ɯʥʞʝʥʝʨʽʷ ʧʦʚʝʨʭʥʽ ʪʘ ʨʝʥʦʚʘʮʽʷ ʚʠʨʦʙʽʚ: ʄʘʪʝʨʽʘʣʠ 23-ʾ 
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ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ.  çɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʪʝʭʥʦʣʦʛʽʾè, ʋʢʨɼʋɿʊ,  2021. ʉ.162-164 

 

 

ʋɼʂ 666.266.6.01 
 

ɺʀʉʆʂʆʄɯʎʅɯ ɺʆɻʅɽʉʊɯʁʂɯ ʉʂʃʆʂʈʀʉʊɸʃɯʏʅɯ ʄɸʊɽʈɯɸʃʀ 

ʊɽʍʅɯʏʅʆɻʆ ʇʈʀɿʅɸʏɽʅʅʗ 

 

HIGH -RESISTANCE FIRE-RESISTANT GLASS CRYSTALLINE 

MATERIALS FOR TECHNICAL PURPOSES  

 

ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ ʉ.ʆ. ʈʷʙʽʥʽʥ, ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ ɸ.ɺ. ɿʘʭʘʨʦʚ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè (ʤ. ʍʘʨʢʽʚ) 

 

S.O. Riabinin PhD (Tech.), A.V. Zakharov PhD (Tech.) 
National Technical University "Kharkiv Polytechnic Institute" (Kharkiv) 

 

ʉʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ, ʥʘʫʢʠ ʪʘ ʪʝʭʥʽʢʠ ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʶʻ ʦʙʣʘʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʢʣʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʩʧʝʢʪʽʚ ʝʥʝʨʛʦ- ʪʘ 

ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠ ʾʭ ʚʠʨʦʙʥʠʮʪʚʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

[1]. ʎʠʤ ʧʦʷʩʥʶʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʚʠʜʽʚ ʩʢʣʦʢʨʠʩʪʘʣʽʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʟʦʢʨʝʤʘ, ʚʠʩʦʢʦʶ 

ʫʜʘʨʦ- ʪʘ ʪʝʨʤʦʩʪʽʡʢʽʩʪʶ ʧʨʦʜʠʢʪʦʚʘʥʘ ʧʦʧʠʪʦʤ ʨʠʥʢʫ. 

ɼʣʷ ʋʢʨʘʾʥʠ ʚʘʞʣʠʚʽʩʪʴ ʘʢʪʫʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʚʠʩʦʢʦʤʽʮʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʥʘʯʥʦ ʟʨʦʩʣʘ ʚ ʦʩʪʘʥʥʽʡ ʯʘʩ ʫ ʟʚôʷʟʢʫ ʟ ʚʝʜʝʥʥʷʤ 

ʙʦʡʦʚʠʭ ʜʽʡ. ʅʘ ʩʴʦʛʦʜʥʽ ʚʽʜʦʤʽ ʢʝʨʘʤʽʯʥʽ ʙʨʦʥʝʝʣʝʤʝʥʪʠ: ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ, 

ʢʦʨʫʥʜ, ʩʘʧʬʽʨ, ʰʧʽʥʝʣʴ, ʦʢʩʠʥʽʪʨʠʜ ʘʣʶʤʽʥʽʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʦʩʪʘʪʥʴʦʛʦ 

ʩʢʣʘʜʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ [2]. ʊʦʤʫ ʜʣʷ ʟʘʭʠʩʪʫ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʝʦʙʭʽʜʥʠʤ ʻ ʧʦʰʫʢ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ, ʫ ʥʘʧʨʷʤʢʫ 

ʨʦʟʨʦʙʢʠ ʥʘʜʽʡʥʠʭ ʫʜʘʨʦʩʪʽʡʢʠʭ ʙʨʦʥʝʝʣʝʤʝʥʪʽʚ ʟʽ ʟʥʠʞʝʥʦʶ ʚʘʨʪʽʩʪʶ, 

ʱʽʣʴʥʽʩʪʶ ʪʘ ʚʠʩʦʢʦʶ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʶ. ɽʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʧʨʦʙʣʝʤ 

ʦʙʦʨʦʥʥʦʛʦ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʻ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʦʶ ʫʜʘʨʦ- ʪʘ 

ʚʦʛʥʝʩʪʽʡʢʽʩʪʶ ʥʘ ʦʩʥʦʚʽ ʩʢʣʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʦʜʝʨʞʫʶʪʴ ʚ ʫʤʦʚʘʭ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʪʯʠʟʥʷʥʦʾ ʩʠʨʦʚʠʥʠ. 

ɼʦʩʷʛʥʝʥʥʷ ʚʢʘʟʘʥʠʭ ʚʠʤʦʛ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʰʣʷʭʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʩʦʢʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʤʽʮʥʦʩʪʽ ʩʢʣʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʠʙʦʨʫ 

ʥʝʦʙʭʽʜʥʦʛʦ ʩʢʣʘʜʫ ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʩʪʝʢʦʣ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚ ʥʠʭ ʚ ʧʨʦʮʝʩʽ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʪʝʨʤʦʦʙʨʦʙʢʠ ʥʘʥʦ- ʪʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ 

ʚʠʩʦʢʦʤʽʮʥʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʧʦʣʫʢ. ʌʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʤʽʮʥʦʾ ʩʠʪʘʣʽʟʦʚʘʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʟ ʥʘʷʚʥʽʩʪʶ ɓ-ʩʧʦʜʫʤʝʥʫ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʚ ʩʢʣʦʢʝʨʘʤʽʯʥʠʭ 

ʤʘʪʝʨʽʘʣʘʭ ʥʘ ʦʩʥʦʚʽ ʣʽʪʽʡʪʽʘʣʶʤʦʩʠʣʽʢʘʥʠʭ ʩʪʝʢʦʣ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʪʽʢʘʥʥʷ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʾ ʦʙôʻʤʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʢʣʘ [3, 4], ʱʦ ʽ ʩʢʣʘʣʦ ʪʝʤʫ ʜʘʥʦʾ ʨʦʙʦʪʠ. 
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ʆʜʝʨʞʘʥʽ ʩʧʦʜʫʤʝʥʚʤʽʩʥʽ ʩʢʣʦʢʨʠʩʪʘʣʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʙʫʣʠ ʩʠʥʪʝʟʦʚʘʥʽ ʥʘ 

ʦʩʥʦʚʽ ʣʽʪʽʡʘʣʶʤʦʩʠʣʽʢʘʪʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʪʨʫʢʪʫʨʦʶ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʉʢʣʦʢʝʨʘʤʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʠʭ ʩʪʝʢʦʣ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʟʘ ʩʢʣʷʥʦʶ ʪʘ ʢʝʨʘʤʽʯʥʦʶ ʪʝʭʥʦʣʦʛʽʷʤʠ. ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʦʜʝʨʞʘʥʥʷ ʩʢʣʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʚʠʭʽʜʥʦʛʦ ʩʢʣʘ ʉʇ-10 ʟʘ ʢʝʨʘʤʽʯʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʟʘ ʤʝʪʦʜʘʤʠ ʧʨʝʩʫʚʘʥʥʷ, 

ʰʣʽʢʝʨʥʦʛʦ ʣʠʪʪʷ, ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ, ʟ ʥʘʩʪʫʧʥʦʶ ʜʚʦʩʪʘʜʽʡʥʦʶ 

ʪʝʨʤʦʦʙʨʦʙʢʦʶ ʟʘ ʥʘʩʪʫʧʥʠʤ ʨʝʞʠʤʦʤ: I ʩʪʘʜʽʷ ï ʪʝʤʧʝʨʘʪʫʨʘ (ʊ) 550 Áʉ, 

ʪʨʠʚʘʣʽʩʪʴ (Ű) 4 ʛʦʜ; II  ʩʪʘʜʽʷ ʊ ï 850 Áʉ, Ű ï 4 ʛʦʜ [5]. 

ɿʚʘʞʘʶʯʠ ʥʘ ʦʩʦʙʣʠʚʠʡ ʚʧʣʠʚ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʜʦʩʣʽʜʥʠʭ 

ʣʽʪʽʡʘʣʶʤʦʩʠʣʽʢʘʪʥʠʭ ʩʢʣʦʤʘʪʝʨʽʘʣʽʚ ʥʘ ʊʂʃʈ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʨʠ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʴ ʊʂʃʈ (Ŭ = 

(20,78ï25,2)Ā10
-7
 ʛʨʘʜ

-1
) ʤʦʜʝʣʴʥʠʭ ʩʪʝʢʦʣ ʩʝʨʽʾ ʉʇ ( ʩʠʩʪʝʤʘ R2O ï LiF ï CaF2 ï RO 

ï RO2 ï R2O3 ï P2O5 ï SiO2, ʜʝ R2O ï Na2O, Li2O, K2O; RO ï ʉaO, MgO, ZnO; RO2 ï 

ZrO2, TiO2, SnO2, CeO2,  MnO2; R2O3 ï Al2O3, B2O3) ʧʦʨʷʜ ʟ ʚʤʽʩʪʦʤ ʫ ʾʭ ʩʪʨʫʢʪʫʨʽ 

ʦʢʩʠʜʽʚ ʮʠʥʢʫ, ʮʠʨʢʦʥʽʶ ʪʘ ʙʦʨʫ ʻ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ɓ-ʩʧʦʜʫʤʝʥʫ ʚ ʧʨʦʮʝʩʽ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʫ ʢʽʣʴʢʦʩʪʽ 50ï80 ʦʙ. % ʧʨʠ ʚʤʽʩʪʽ ʦʢʩʠʜʫ ʣʽʪʽʶ ʚ ʤʝʞʘʭ 6,0ï8,0 ʤʘʩ. % [6] 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʚʝʜʝʥʠʭ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʪʝʢʦʣ ʩʝʨʽʾ ʉʇ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʩʢʣʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʉʇ-10 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʟʘ ɺʽʢʢʝʨʩʦʤ HV = 8,90 ɻʇa, ʪʘ ʚôʷʟʢʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ 

K1C = 3,4 ʄʇʘĿʤ
1/2 
ʚʽʜʧʦʚʽʜʥʦ

 
ʜʦʟʚʦʣʠʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʟʘʭʠʩʥʠʭ ʚʠʩʦʢʦʤʽʮʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʩʢʣʘʜʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʙʨʦʥʝʝʣʝʤʝʥʪʽʚ. 

ɼʦʩʣʽʜʥʽ ʩʠʪʘʣʠ ʉʇ-10 ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʝʣʝʢʪʨʦʦʧʦʨʫ ɟv = 31,6Ț10
10

 ʆʤȚʤ ʪʘ ʟʙʽʣʴʰʝʥʠʤ ʧʦʚʝʨʭʥʝʚʠʤ ʦʧʦʨʦʤ ɟs = 

6,9Ț10
14

 ʆʤ, ʱʦ ʤʦʞʣʠʚʦ ʻ ʥʘʩʣʽʜʢʦʤ ʥʘʧʨʘʚʣʝʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʽʜ ʯʘʩ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʢʦʨʦʪʢʦʪʨʠʚʘʣʦʾ ʜʚʦʩʪʘʜʽʡʥʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. 

ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ tgŭ = 0,02, Ů = 15,04 ʧʨʠ f = 10
3
 ɻʮ; 

tgŭ = 0,015, Ů = 17,7 ʧʨʠ f = 10
5
 ɻʮ; tgŭ = 0,005, Ů = 4,75 ʧʨʠ f = 10

10
 ɻʮ ʚ 

ʧʦʻʜʥʘʥʥʽ ʟ ʝʣʝʢʪʨʠʯʥʦʶ ʤʽʮʥʦʩʪʶ ʥʘ ʨʽʚʥʽ ɽ = 28 ʄɺ/ʤ ʧʨʠ 20 Áʉ ʪʘ 50 ɻʮ, ʱʦ 

ʻ ʙʽʣʴʰʦʶ ʟʘ ʤʽʮʥʽʩʪʴ ʝʣʝʢʪʨʦʬʘʨʬʦʨʫ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʚʠʩʦʢʦʤʽʮʥʦʾ 

ʩʠʪʘʣʽʟʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ɓ-ʩʧʦʜʫʤʝʥʫ 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʾʭ ʚʠʩʦʢʽ ʪʝʨʤʽʯʥʽ (ŬĀ10
7
 = 20,83 ʛʨʘʜ

-1
, ʚʦʛʥʝʩʪʽʡʢʽʩʴ RE 

90 (h)) ʪʘ ʤʝʭʘʥʽʯʥʽ (ʪʚʝʨʜʽʩʪʴ ʟʘ ɺʽʢʢʝʨʩʦʤ HV = 8,90 ɻʇa, ʚôʷʟʢʽʩʪʴ 

ʨʫʡʥʫʚʘʥʥʷ K1C = 3,4 ʄʇʘĿʤ
1/2
) ʜʦʟʚʦʣʠʪʴ ʾʭ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ 

ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʜʣʷ ʰʚʠʜʢʦʾ ʪʘ ʷʢʽʩʥʦʾ ʟʘʤʽʥʠ ʽʩʥʫʶʯʠʭ 

ʟʘʩʪʘʨʽʣʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʝʭʥʽʢʠ ʚ ʷʢʦʩʪʽ ʜʽʝʣʝʢʪʨʠʢʽʚ ʜʣʷ 

ʝʣʝʢʪʨʦʥʥʦʾ ʪʘ ʨʘʜʽʦʘʧʘʨʘʪʫʨʠ, ʪʘ ʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʽʟʦʣʷʮʽʾ ʥʘʚʘʥʪʘʞʝʥʠʭ 

ʯʘʩʪʠʥ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘʙʦ ʤʦʞʣʠʚʽʡ ʜʽʾ 

ʚʽʜʢʨʠʪʦʛʦ ʧʦʣʫʤôʷ. 
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ʇʦʨʦʰʢʦʚʘ ʩʪʘʣʴ çʂ390 Microcleanè ʚʠʨʦʙʥʠʮʪʚʘ çBuhlerè (ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ: 

2,3 % ʉ; 0,5 % Si; 4 % Cr; 1.8 % Mo; 8-9 % V; 0.8-1.0 % W; 1-1.5 % Co) 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʘʞʢʦʥʘʚʘʥʪʘʞʝʥʦʛʦ ʰʪʘʤʧʦʚʦʛʦ ʪʘ 

ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ. ɺ ʨʦʙʦʪʽ ʚʠʚʯʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʪʘʣʽ ʟʘ ʨʘʭʫʥʦʢ ʩʪʨʫʢʪʫʨʥʦ-ʭʽʤʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ 

ʾʾ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʣʠ ʘʟʦʪʫʚʘʥʥʷ ʚ çʪʣʽʶʯʦʤʫè ʨʦʟʨʷʜʽ ʟʘ 

ʨʝʞʠʤʦʤ:  ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ ï 500-520 
ʦ
ʉ, ʪʨʠʚʘʣʽʩʪʴ ï 22 ʛʦʜ; ʛʘʟʦʚʝ 

ʩʝʨʝʜʦʚʠʱʝ: ʩʫʤʽʰ 40 % N2 ʪʘ 60 % Ar; ʚʠʪʨʘʪʘ ʛʘʟʫ ï 0,56 ʣ/ʭʚ; ʥʘʧʨʫʛʘ ï 350 

ɺ; ʩʠʣʘ ʩʪʨʫʤʫ ï 3 ɸ. ɼʣʷ ʘʟʦʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʣʠ ʟʨʘʟʢʠ ʩʪʘʣʽ ʂ390 ʚ ʩʪʘʥʽ 

ʧʦʩʪʘʯʘʥʥʷ (ʪʚʝʨʜʽʩʪʴ ʩʪʘʣʽ ï 250 HV20); ʾʭ ʩʪʨʫʢʪʫʨʘ ʩʢʣʘʜʘʣʘʩʴ ʽʟ ʟʝʨʥʠʩʪʠʭ 

ʢʘʨʙʽʜʽʚ ʄC ʪʘ ʄ7ʉ3, ʨʦʟʧʦʜʽʣʝʥʠʭ ʫ ʬʝʨʠʪʥʽʡ ʤʘʪʨʠʮʽ. ʅʘ ʨʠʩʫʥʢʫ 1 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʦʙʨʘʞʝʥʥʷ ʘʟʦʪʦʚʘʥʦʛʦ ʰʘʨʫ, ʱʦ ʚʠʥʠʢ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʾ 

ʦʙʨʦʙʢʠ. 
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ʘ) ʙ) ʚ) 

ʈʠʩ. 1. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʪʘʣʽ ʂ390 ʧʽʩʣʷ ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ: ʘʟʦʪʦʚʘʥʠʡ ʰʘʨ (ʘ, ʙ), ʟʦʥʘ 

ʛʦʣʯʘʩʪʠʭ ʥʽʪʨʠʜʽʚ (ʙ) 
  
 

ɿʘʛʘʣʴʥʘ ʪʦʚʱʠʥʘ ʘʟʦʪʦʚʘʥʦʛʦ ʰʘʨʫ ʩʪʘʥʦʚʠʣʘ 215-220 ʤʢʤ (ʨʠʩ. 1,ʘ). ʋ 

ʩʘʤʽʡ ʧʦʚʝʨʭʥʽ, ʥʘ ʛʣʠʙʠʥʫ ʜʦ 15 ʤʢʤ, ʩʪʨʫʢʪʫʨʘ ʰʘʨʫ ʩʢʣʘʜʘʣʘʩʴ ʽʟ ʚʠʭʽʜʥʠʭ 

ʟʝʨʥʠʩʪʠʭ ʢʘʨʙʽʜʽʚ, ʧʨʦʤʽʞʢʠ ʤʽʞ ʷʢʠʤʠ ʙʫʣʠ ʟʘʡʥʷʪʽ ʱʽʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ 

ʛʦʣʯʘʩʪʠʤʠ ʚʢʣʶʯʝʥʥʷʤʠ ʥʽʪʨʠʜʽʚ (ʨʠʩ. 1,ʙ). ʅʘ ʙʽʣʴʰʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʧʦʚʝʨʭʥʽ 

ʛʦʣʯʘʩʪʽ ʚʢʣʶʯʝʥʥʷ ʟʤʽʥʶʶʪʴʩʷ ʥʘ ʩʽʪʢʫ ʥʽʪʨʠʜʽʚ ʧʦ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ (ʨʠʩ. 1,ʚ). 

ʊʚʝʨʜʽʩʪʴ ʘʟʦʪʦʚʘʥʦʛʦ ʰʘʨʫ ʩʢʣʘʣʘ 730-880 HV20, ʪʦʙʪʦ ʚʽʜʙʫʣʦʩʴ ʾʾ 3-3,5-

ʢʨʘʪʥʝ ʧʽʜʚʠʱʝʥʥʷ ʚʽʜʥʦʩʥʦ ʚʠʭʽʜʥʦʛʦ ʩʪʘʥʫ. 

ɸʟʦʪʦʚʘʥʘ ʩʪʘʣʴ ʂ390 ʙʫʣʘ ʧʽʜʜʘʥʘ ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʥʘ ʟʥʦʰʫʚʘʥʥʷ ʩʫʭʠʤ 

ʪʝʨʪʷʤ ʟʘ ʩʭʝʤʦʶ çBall-on Discè ʥʘ ʪʨʠʙʦʤʝʪʨʽ çCSM Instrumentsè ʟʘ ʥʘʩʪʫʧʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ: ʢʦʥʪʨ-ʪʽʣʦ ï ʢʫʣʴʢʘ SiC ʜʽʘʤʝʪʨʦʤ 6 ʤʤ; ʥʦʨʤʘʣʴʥʠʡ ʪʠʩʢ ï 10 ʅ; 

ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ ï 0,1 ʩʤ/ʩ; ʰʣʷʭ ʪʝʨʪʷ ï 600 ʤ; ʨʘʜʽʫʩ ʜʦʨʽʞʢʠ ʪʝʨʪʷ ï 

3,0 ʤʤ. ɺ ʷʢʦʩʪʽ ʝʪʘʣʦʥʫ ʚʠʧʨʦʙʫʚʘʣʠ ʩʪʘʣʴ ʂ390 ʫ ʚʠʭʽʜʥʦʤʫ (ʜʦ ʘʟʦʪʫʚʘʥʥʷ) 

ʩʪʘʥʽ. ʅʘ ʨʠʩ. 2 ʟʦʙʨʘʞʝʥʦ ʜʦʨʽʞʢʠ ʪʝʨʪʷ ʥʘ ʧʦʚʝʨʭʥʽ ʚʠʭʽʜʥʦʛʦ ʪʘ ʘʟʦʪʦʚʘʥʦʛʦ 

ʟʨʘʟʢʽʚ. ɰʭ ʩʝʨʝʜʥʷ ʰʠʨʠʥʘ ʩʪʘʥʦʚʠʣʘ 640 ʤʢʤ ʪʘ 414 ʤʢʤ, ʘ ʦʙôʻʤʥʠʡ ʟʥʦʩ  ï 

0,114 ʤʤ
3
 ʪʘ 0,031 ʤʤ

3
, ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʟʦʪʦʚʘʥʠʡ ʟʨʘʟʦʢ ʧʦʢʘʟʘʚ 

3,7-ʢʨʘʪʥʫ ʧʝʨʝʚʘʛʫ ʚ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʝʨʝʜ ʥʝʦʙʨʦʙʣʝʥʠʤ ʟʨʘʟʢʦʤ. ʂʦʝʬʽʮʽʻʥʪ 

ʪʝʨʪʷ (m) ʚʠʭʽʜʥʦʛʦ ʟʨʘʟʢʘ ʢʦʣʠʚʘʚʩʷ ʚ ʤʝʞʘʭ 0,105-0,694 (ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ï 

0,446°0,071); ʜʣʷ ʘʟʦʪʦʚʘʥʦʛʦ ʟʨʘʟʢʘ ʚʽʥ ʜʝʱʦ ʟʤʝʥʰʠʚʩʷ: ʢʦʣʠʚʘʥʥʷ m 

ʩʪʘʥʦʚʠʣʠ 0,108-0,477, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ï 0,332°0,041. 
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ʘ) ʙ) 

  
ʚ) ʛ) 

ʈʠʩ. 2. ɼʦʨʽʞʢʠ ʪʝʨʪʷ (ʘ, ʙ) ʪʘ ʟʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʨʪʷ (ʚ, ʛ) ʧʨʠ 

ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʩʪʘʣʽ ʂ390 (ʘ, ʚ ï ʚʠʭʽʜʥʠʡ ʩʪʘʥ; ʙ, ʛ ï ʧʽʩʣʷ ʘʟʦʪʫʚʘʥʥʷ) 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʦʛʦ ʘʟʦʪʫʚʘʥʥʷ 

ʩʪʘʣʽ ʂ390 ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʰʪʘʤʧʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʚ 

ʫʤʦʚʘʭ ʭʦʣʦʜʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʣʠʩʪʦʚʦʛʦ ʤʝʪʘʣʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʽ ʚ ʨʘʤʢʘʭ ʫʢʨʘʾʥʩʴʢʦ-ʩʣʦʚʘʮʴʢʦʛʦ ʥʘʫʢʦʚʦʛʦ ʧʨʦʝʢʪʫ 

(  ̄0123U103142).  
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ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʩʝ ʙʽʣʴʰʫ ʫʚʘʛʫ ʧʨʠʚʝʨʪʘʶʪʴ ʜʠʬʫʟʽʡʥʽ ʟʘʭʠʩʥʽ ʧʦʢʨʠʪʪʷ, 

ʷʢʽ ʥʘʥʦʩʷʪʴʩʷ ʥʘ ʩʪʘʣʴ, ʯʘʚʫʥ, ʪʘ ʽʥʰʽ ʤʘʪʝʨʽʘʣʠ ʟ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ 

ʟʥʦʰʫʚʘʥʥʶ ʚ ʩʧʨʷʞʝʥʠʭ ʜʝʪʘʣʷʭ [1]. 

ɼʠʬʫʟʽʡʥʽ ʧʦʢʨʠʪʪʷ ʤʘʶʪʴ ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ 

ʧʦʢʨʠʪʪʽʚ, ʪʦʤʫ ʱʦ ʤʽʮʥʽʩʪʴ ʟʚôʷʟʢʫ ʾʭ ʟ ʦʩʥʦʚʥʠʤ ʤʝʪʘʣʦʤ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʦʥʠʢʥʝʥʥʷ ʨʝʯʦʚʠʥʠ, ʱʦ ʥʘʥʦʩʠʪʴʩʷ, ʚ ʢʨʠʩʪʘʣʽʯʥʫ ʨʝʰʽʪʢʫ ʦʙʨʦʙʣʶʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʟʚôʷʟʢʫ ʽʥʰʠʭ ʚʠʜʽʚ ʧʦʢʨʠʪʪʽʚ. ʂʨʽʤ ʪʦʛʦ, 

ʧʦʩʪʫʧʦʚʝ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʥʝʩʝʥʦʾ ʨʝʯʦʚʠʥʠ ʧʦ ʛʣʠʙʠʥʽ ʧʦʢʨʠʪʪʷ 

ʩʪʚʦʨʶʻ ʤʝʥʰ ʨʽʟʢʫ ʟʤʽʥʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ [2]. 

ɼʦʩʣʽʜʞʝʥʥʷ [3] ʪʘʢʦʞ ʧʦʢʘʟʘʣʠ, ʱʦ ʤʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʜʠʬʫʟʽʡʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʥʘ ʟʘʣʽʟʽ ʪʘ ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʭ ʩʧʣʘʚʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʨʝʜʫʩʽʤ 

ʨʽʟʥʠʮʝʶ ʚ ʨʦʟʤʽʨʘʭ ʘʪʦʤʥʠʭ ʜʽʘʤʝʪʨʽʚ ʟʘʣʽʟʘ ʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʥʘʥʦʩʠʪʴʩʷ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʜʠʬʫʟʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ [4] ʧʦʚʥʽʩʪʶ 

ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʜʣʷ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʜʠʬʫʟʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʥʝʦʙʭʽʜʥʽ ʥʘʩʪʫʧʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʫʤʦʚʠ: ʘʪʦʤʥʠʡ ʜʽʘʤʝʪʨ ʜʠʬʫʥʜʫʶʯʦʾ 

ʨʝʯʦʚʠʥʠ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ ʘʪʦʤʥʦʛʦ ʜʽʘʤʝʪʨʫ ʟʘʣʽʟʘ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 15 

ï 16%.  

ɿ ʪʦʯʢʠ ʟʦʨʫ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʥʘ ʜʘʥʠʡ ʯʘʩ ʟʥʘʯʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ ʪʠʤ, ʧʦʢʨʠʪʪʷʤ, ʜʦ ʩʢʣʘʜʫ 

ʷʢʠʭ ʚʭʦʜʷʪʴ ʪʘʢʽ ʝʣʝʤʝʥʪʠ ʷʢ ʭʨʦʤ, ʘʣʶʤʽʥʽʡ, ʬʦʩʬʦʨ. ʆʜʥʘʢ, ʦʜʥʦʯʘʩʥʦ ʚ 

ʦʜʥʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʮʠʢʣʽ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʠʩʫʪʥʽʩʪʴ ʘʣʶʤʽʥʽʶ, ʭʨʦʤʫ ʪʘ 

ʬʦʩʬʦʨʫ ʙʫʣʦ ʥʝʤʦʞʣʠʚʦ. ʎʴʦʛʦ ʤʦʞʥʘ ʜʦʩʷʛʥʫʪʠ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ 
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ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʝʣʝʤʝʥʪʠ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʦʜʥʽʻʾ ʨʝʯʦʚʠʥʠ. ɿʚôʷʟʫʶʯʝ 

ʘʣʶʤʦʭʨʦʤʬʦʩʬʘʪʥʝ ʟʘ [3] ʷʚʣʷʻ ʩʦʙʦʶ ʚʦʜʥʠʡ ʨʦʟʯʠʥ ʢʠʩʣʠʭ ʬʦʩʬʦʨʥʦʢʠʩʣʠʭ 

ʩʦʣʝʡ ʘʣʶʤʽʥʽʶ ʪʘ ʪʨʴʦʭʚʘʣʝʥʪʥʦʛʦ ʭʨʦʤʫ. ʍʽʤʽʯʥʘ ʬʦʨʤʫʣʘ CrAl3(H2PO4)x.  

ʆʩʦʙʣʠʚʽʩʪʶ ʬʦʨʤʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʦʢʨʠʪʪʽʚ [4] ʻ ʪʝ ʱʦ, ʩʪʨʫʢʪʫʨʘ 

ʧʦʢʨʠʪʪʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʟʦʥ (ʨʠʩ.1). ʇʝʨʰʘ ʟʦʥʘ - ʫʪʚʦʨʶʻʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʽʣʷ ʤʘʪʨʠʮʽ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʩʢʣʘʜʫ ʤʘʪʨʠʮʽ. ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʜʘʥʽ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʾʾ ʩʢʣʘʜ 

ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʷʢ ʩʫʤʽʰ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ. ɼʨʫʛʘ ʟʦʥʘ ï ʩʠʥʪʝʟʦʚʘʥʘ ʟʦʥʘ 

ʢʦʤʧʦʥʝʥʪʽʚ ʟʦʥʠ 1 ʽ 3. ʄʘʻ ʷʚʥʦ ʚʠʨʘʞʝʥʫ ʢʨʠʩʪʘʣʽʯʥʫ ʙʫʜʦʚʫ ʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʚʥʦʶ ʥʘʧʨʘʚʣʝʥʽʩʪʶ ï ʩʪʦʚʙʯʘʩʪʘ ʩʪʨʫʢʪʫʨʘ. ʊʨʝʪʷ ʟʦʥʘ ï 

ʤʽʩʪʠʪʴ ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʥʘʩʠʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʷ 

ʟʦʥʘ ʤʘʻ ʢʨʫʧʥʦʟʝʨʥʠʩʪʫ ʨʽʚʥʦʚʽʩʥʫ ʩʪʨʫʢʪʫʨʫ [2]. ʇʦʢʨʠʪʪʷ ʬʦʨʤʫʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʟʫʩʪʨʽʯʥʦʾ ʜʠʬʫʟʽʾ - ʝʬʝʢʪ ʂʽʨʢʝʥʜʘʣʣʘ [4]. 

 

 
 

ʈʠʩ.1. ʉʭʝʤʘ ʨʦʟʧʦʜʽʣʝʥʥʷ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ  

ʧʦ ʪʦʚʱʠʥʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʩʬʦʨʤʦʚʘʥʝ ʧʦʢʨʠʪʪʷ ʤʘʻ ʢʦʤʧʣʝʢʩ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʦʩʦʙʣʠʚʽʩʪʶ ʷʢʦʛʦ ʷʚʣʷʻʪʴʩʷ ʪʝ, ʱʦ ʢʦʞʥʠʡ ʰʘʨ ʩʬʦʨʤʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ ʤʘʻ 

ʧʝʚʥʽ ʚʠʟʥʘʯʝʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʇʝʨʰʠʡ ʰʘʨ ʤʘʻ ʘʥʪʠʬʨʠʢʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʨʦʙʽʪʢʫ ʧʘʨ ʪʝʨʪʷ. ɼʨʫʛʠʡ ʰʘʨ ʤʘʻ ʧʽʜʚʠʱʝʥʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. 
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ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ, ʩʪʘʻ ʚʩʝ ʙʽʣʴʰʝ ʽ ʙʽʣʴʰʝ ʥʝ ʨʘʮʽʦʥʘʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ "ʮʽʣʴʥʽ" ʤʝʪʘʣʠ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʥʘʧʨʠʢʣʘʜ, ʫ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ ʘʙʦ ʝʥʝʨʛʝʪʠʮʽ. ʅʘ ʟʘʤʽʥʫ ʧʨʠʡʰʣʠ ʨʽʟʥʽ ʧʦʢʨʠʪʪʷ. ʊʘʢʠʡ 

ʤʝʪʦʜ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʯʫʜʦʚʠʡ ʟʘʭʠʩʪ ʚʽʜ ʢʦʨʦʟʽʾ, ʝʨʦʟʽʾ ʘʙʦ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʜʠʬʫʟʽʡʥʠʡ ʙʘʨ'ʻʨ.  

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʽʩʥʫʻ ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʪʦʥʢʠʭ 

ʧʣʽʚʦʢ, ʷʢ ʟʘʭʠʩʥʠʭ ʙʘʨ'ʻʨʽʚ. ʆʩʥʦʚʥʠʤʠ ʪʠʧʘʤʠ ʻ: PDV (physical vapor 

deposition) ʬʽʟʠʯʥʠʡ ʤʝʪʦʜ ʚʠʧʘʨʦʚʫʚʘʥʥʷ; CDV (chemical vapor deposition) 

ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ; VDS (vapour deposition solidification) ʧʨʦʮʝʩ - 

ʷʚʣʷʻ ʩʦʙʦʶ ʚʘʢʫʫʤʥʠʡ ʧʨʦʮʝʩ ʥʝʨʽʚʥʦʚʘʞʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʟ ʧʘʨʠ ʨʽʜʢʦʾ ʬʘʟʠ ʟ 

ʾʾ ʧʦʜʘʣʴʰʠʤ ʟʘʪʚʝʨʜʽʥʥʷʤ [1, 2]. 

ʆʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ, ʷʢʠʡ ʥʝ ʧʦʛʘʥʦ ʩʝʙʝ ʧʦʢʘʟʫʻ ʚ 

ʢʘʪʝʛʦʨʽʾ - ʮʽʥʘ/ʷʢʽʩʪʴ ʻ ʢʘʪʦʜʥʝ ʨʦʟʧʠʣʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʘʟʦʪʫ 

ʥʽʪʨʠʜʥʽ ʧʦʢʨʠʪʪʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʠʨʦʢʝ ʚʘʨʽʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʫ 

ʰʣʷʭʦʤ ʟʤʽʥʠ ʨʦʟʤʽʨʫ ʟʝʨʝʥ, ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʦʨʽʻʥʪʘʮʽʾ, ʜʝʬʝʢʪʽʚ ʨʝʰʽʪʢʠ, 

ʪʝʢʩʪʫʨʠ, ʘ ʪʘʢʦʞ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʽ ʧʦʪʝʥʮʽʡʥʦ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʷʢʦʩʪʽ ʜʠʬʫʟʽʡʥʠʭ ʙʘʨôʻʨʽʚ. 

ɺ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʴ, ʥʘ ʷʢʦʤʫ ʧʨʦʚʦʜʠʚʩʷ ʝʢʩʧʝʨʠʤʝʥʪ, ʙʫʣʦ 

ʦʙʨʘʥʦ ʩʪʘʣʴ AISI 304. ʅʘ ʦʜʥʽʡ ʩʪʦʨʦʥʽ ʥʘʥʝʩʝʥʦ ʪʦʥʢʠʡ ʰʘʨ ʥʽʪʨʠʜʫ ʭʨʦʤʫ, 

ʜʨʫʛʘ ʩʪʦʨʦʥʘ ʚʽʣʴʥʘ ʚʽʜ ʥʴʦʛʦ. ɺ ʷʢʦʩʪʽ ʘʛʝʥʪʫ, ʱʦ ʜʠʬʫʥʜʫʻ ʙʫʣʦ ʦʙʨʘʥʦ ʙʦʨ. 

ɼʠʬʫʟʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʦʢʠʩʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʝʨʤʽʯʥʦʾ ʧʝʯʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

1100 
Á
ʉ, ʧʨʦʪʷʛʦʤ 5 ʛʦʜʠʥ.  

ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʽʪʨʠʜʫ ʭʨʦʤʫ ʩʪʘʥʦʚʠʪʴ 16 - 26 ɻʇʘ. 

ʊʦʚʱʠʥʘ ʰʘʨʫ 23 ʤʢʤ (ʨʠʩ. 1 ʘ). 
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                               ʘ (ʭ500)                                                                     ʙ (ʭ100) 

  
                               ʚ (ʭ500)                                                                         ʛ  (ʭ500) 

ʈʠʩ. 1. ʇʦʧʝʨʝʯʥʠʡ ʨʦʟʨʽʟ ʩʪʘʥʽʚ ʧʦʚʝʨʭʥʽ 
 

ʇʽʩʣʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʘʫʩʪʝʥʽʪʥʦʾ ʩʪʘʣʽ 

ʧʨʠʩʫʪʥʷ ʜʠʬʫʟʽʡʥʘ ʘʢʪʠʚʥʽʩʪʴ, ʚʠʨʘʞʝʥʘ ʫ ʟʤʽʥʽ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʧʨʦʩʪʷʛʘʻʪʴʩʷ 

ʥʘ ʛʣʠʙʠʥʫ ʱʦʥʘʡʤʝʥʰʝ 130 - 150 ʤʢʤ (ʨʠʩ. 1 ʙ). ʊʘʢʽ ʟʤʽʥʠ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ 

ʚʧʣʠʥʫʪʠ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʦʥʢʦʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ (3 ʤʤ ʽ ʤʝʥʰʝ). ɿʽ 

ʩʪʦʨʦʥʠ ʥʽʪʨʠʜʥʦʛʦ ʰʘʨʫ ʩʫʮʽʣʴʥʠʡ ʜʠʬʫʟʽʡʥʠʡ ʰʘʨ ʩʪʘʥʦʚʠʪʴ ʥʝ ʙʽʣʴʰʝ 

20 ʤʢʤ, ʘ ʧʦʚʥʠʡ ʜʠʬʫʟʽʡʥʠʡ ʰʘʨ, ʚʢʣʶʯʘʶʯʠ ʟʦʥʫ ʜʠʬʫʟʽʾ ʧʦ ʛʨʘʥʠʮʷʤ 

ʘʫʩʪʝʥʽʪʥʠʭ ʟʝʨʝʥ - 100 ʤʢʤ (ʨʠʩ. 1 ʚ, ʛ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʽ ʤʘʛʽʩʪʨʘʣʴʥʽ ʣʽʥʽʾ ʧʨʦʥʠʢʥʝʥʥʷ ʜʠʬʫʟʽʡʥʦʛʦ ʘʛʝʥʪʫ ʫ 

ʘʫʩʪʝʥʽʪʥʫ ʩʪʘʣʴ ʻ ʛʨʘʥʠʮʽ ʟʝʨʝʥ. ʇʨʠ 1100 
Á
ʉ ʧʦʢʨʠʪʪʷ ʥʽʪʨʠʜʫ ʭʨʦʤʫ ʤʦʞʝ 

ʩʫʪʪʻʚʦ ʟʘʪʨʠʤʘʪʠ ʧʨʦʥʠʢʥʝʥʥʷ ʚʠʩʦʢʦ ʘʢʪʠʚʥʦʛʦ ʜʠʬʫʥʜʫʶʯʦʛʦ ʝʣʝʤʝʥʪʫ ʽ 

ʟʤʝʥʰʠʪʠ ʛʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥʥʷ ʫ 1,3 ï 1,5 ʨʘʟʽʚ, ʭʦʯʘ ʩʣʽʜ ʚʠʟʥʘʪʠ ʪʦʡ  ʬʘʢʪ, 

ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ 1100 
Á
ʉ ʩʪʚʦʨʶʻ ʟʥʘʯʥʽ ʜʝʩʪʨʫʢʪʠʚʥʽ ʫʤʦʚʠ ʧʝʨʝʙʫʚʘʥʥʷ 

ʧʦʢʨʠʪʪʷ ʟ ʥʽʪʨʠʜʫ ʭʨʦʤʫ. 
 

[1]. ʀʥʞʝʥʝʨʠʷ ʚʘʢʫʫʤʥʦ-ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ: ʄʦʥʦʛʨʘʬʠʷ / ɸʟʘʨʝʥʢʦʚ ʅ. ɸ., ʉʦʙʦʣʴ ʆ. ɺ., ʇʦʛʨʝʙʥʷʢ ɸ. 

ɼ., ɹʝʨʝʩʥʝʚ ɺ. ʄ. ï ʍ.: ʍʅʋ ʠʤʝʥʠ ɺ. ʅ. ʂʘʨʘʟʠʥʘ, 2011. ï ʩ. 343. 

[2]. B. Tsizh, Z. Dziamski / Technological Methods of Forming Thin Semiconductor Layers Part 3. ʉathode Sputtering 

/ ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʃʅʋɺʄɹ ʽʤʝʥʽ ʉ.ɿ. ˆʞʠʮʴʢʦʛʦ. ʉʝʨʽʷ: ʍʘʨʯʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, 2020, ʪ. 22, ˉ 93. 
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ɺʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʪʝʨʤʽʯʥʦ ʩʪʘʙʽʣʴʥʽ ʩʧʣʘʚʠ. ʇʽʜ ʪʝʨʤʽʯʥʦʶ 

ʩʪʘʙʽʣʴʥʽʩʪʶ ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʩʧʣʘʚʠ, ʷʢʽ ʟʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʚʠʱʝ 600 Áʉ) 

ʤʘʶʪʴ ʤʽʥʽʤʘʣʴʥʽ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ, ʘ ʦʪʞʝ, ʩʣʘʙʦ ʟʥʠʞʫʶʪʴ ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ 

ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʦʛʦ ʪʝʨʤʽʯʥʦ ʩʪʘʙʽʣʴʥʦʛʦ ʩʧʣʘʚʫ ʟ ʜʠʩʧʝʨʩʥʠʤ 

ʨʦʟʤʽʨʦʤ ʧʝʨʚʠʥʥʦʛʦ ʟʝʨʥʘ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʜʫʢʮʽʡʥʦʾ ʧʣʘʚʢʠ. 

ʇʣʘʚʢʫ ʧʨʦʚʦʜʠʣʠ ʽʥʜʫʢʮʽʡʥʠʤ ʥʘʛʨʽʚʘʥʥʷʤ. ʐʠʭʪʘ ʙʫʣʘ ʩʫʤʽʰʰʶ 

ʤʝʪʘʣʝʚʦʾ ʩʪʨʫʞʢʠ, ʙʦʨʚʤʽʩʥʦʾ ʨʝʯʦʚʠʥʠ ʽ ʬʣʶʩʫ - ʘʢʪʠʚʘʪʦʨʘ. ɼʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʦʧʪʠʢʦ-ʝʤʽʩʽʡʥʠʡ ʝʣʝʤʝʥʪʥʠʡ ʘʥʘʣʽʟ, 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʜʶʨʦʤʝʪʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ. ʉʢʣʘʜ ʰʠʭʪʠ ʧʽʜʙʠʨʘʚʩʷ ʪʝʦʨʝʪʠʯʥʦ. ʈʝʟʫʣʴʪʘʪʠ 

ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʶʪʴ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ ʟʘʩʚʦʻʥʥʷ ʙʦʨʫ ʟ ʰʠʭʪʠ ʚ 

ʩʧʣʘʚ, ʱʦ ʻ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚʚʝʜʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʙʦʨʫ ʚ ʧʦʜʘʣʴʰʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ. ʎʽʢʘʚʠʤ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʟʤʝʥʰʝʥʥʷ 

ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ (ʩʽʨʢʠ ʪʘ ʬʦʩʬʦʨʫ) ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʙʦʨʫ (ʪʘʙʣʠʮʷ 

1). ɹʦʨ ʻ ʝʬʝʢʪʠʚʥʠʤ ʨʦʟʢʠʩʣʶʚʘʯʝʤ, ʷʢʠʡ ʘʢʪʠʚʥʦ ʚʠʪʽʩʥʷʻ ʩʽʨʢʫ ʪʘ ʬʦʩʬʦʨ ʫ 

ʰʣʘʢ, ʦʩʢʽʣʴʢʠ ʻ ʪʘʢʦʞ ʚʽʜʦʤʠʤ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤ ʝʣʝʤʝʥʪʦʤ. 

 

ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʟʨʘʟʢʽʚ 

ɿʨʘʟʦʢ/ɽʣʝʤʝʥʪ ʉ ɺ Cr Mn Si Ni S P Fe 

ʦʩʥʦʚʘ 

ʄʝʪʘʣʝʚʘ ʩʢʣʘʜʦʚʘ 

ʰʠʭʪʠ  

0,08 - 6,5 2,7 1,3 1,6 0,053 0,05 ʈʝʰʪʘ 

ʇʣʘʚʢʘ 1 0,03 0,05 6,4 2,6 1,1 1,6 0,051 0,039 ʈʝʰʪʘ 

ʇʣʘʚʢʘ 2 0,05 0,285 6,3 2,5 1,0 1,5 0,05 0,037 ʈʝʰʪʘ 

 ʇʽʩʣʷ ʚʽʜʧʘʣʫ 0,03 0,27 6,3 2,3 0,95 1,5 0,05 0,037 ʈʝʰʪʘ 

ʇʣʘʚʢʘ 3 0,06 6,3 6,1 2,1 0,9 1,3 0,039 0,036 ʈʝʰʪʘ 

ʄʝʪʘʣʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʽʩʪʦʪʥʽ ʟʤʽʥʠ ʚ ʤʦʨʬʦʣʦʛʽʾ ʩʪʨʫʢʪʫʨʠ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʙʦʨʫ ʚ ʩʧʣʘʚʽ.  
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ɿʘ ʢʣʘʩʠʯʥʦʛʦ ʚʤʽʩʪʫ ʙʦʨʫ (ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ 0,05% ʙʦʨʫ) ʩʪʨʫʢʪʫʨʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʘʪʨʠʯʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ, ʷʢʠʡ ʩʣʘʙʢʦ ʪʨʘʚʣʷʪʴʩʷ, ʽ ʜʨʽʙʥʠʭ 

ʨʽʜʢʦ ʨʦʟʤʽʱʝʥʠʭ ʜʝʥʜʨʠʪʽʚ. ʊʘʢ ʩʘʤʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʨʠʩʪʽʩʪʴ. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʙʦʨʫ ʚ ʩʧʣʘʚʽ (0,285% ʙʦʨʫ) ʭʘʨʘʢʪʝʨ ʩʪʨʫʢʪʫʨʠ ʟʤʽʥʶʻʪʴʩʷ. 

ʉʪʨʫʢʪʫʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʚʽʪʣʠʭ ʟʝʨʝʥ (ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ 20,7 ʤʢʤ), ʝʚʪʝʢʪʠʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ (ʜʠʩʧʝʨʩʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʜʦ 2,7 ʤʢʤ) ʽ ʯʦʨʥʠʭ ʚʢʣʶʯʝʥʴ ʨʦʟʤʽʨʦʤ 

5,8 ʤʢʤ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧ'ʷʪʠ ʛʦʜʠʥʥʦʛʦ ʚʽʜʧʘʣʫ ʟʘ 1300 
Á
ʉ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʤʘʻ 

ʥʝʟʥʘʯʥʽ ʟʤʽʥʠ. ɻʦʣʦʚʥʠʤ ʯʠʥʦʤ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʝʚʪʝʢʪʠʯʥʽʡ 

ʩʢʣʘʜʦʚʽʡ ʟ ʧʝʚʥʠʤ ʦʛʨʫʙʽʥʥʷʤ ʬʘʟ (ʜʠʩʧʝʨʩʥʽʩʪʴ ʜʦ 7 ʤʢʤ) (ʨʠʩ. 1). 

 

   
ʈʠʩ.1 ï ʉʪʨʫʢʪʫʨʘ ʩʧʣʘʚʫ ʟ 0,285 % ʙʦʨʫ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ (ʭ200) ʪʘ ʧʽʩʣʷ 

ʚʽʜʧʘʣʫ (ʭ1000) 

 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʙʦʨʫ ʚ ʩʧʣʘʚʽ ʜʦ 6,3 % ʤʦʨʬʦʣʦʛʽʷ ʩʪʨʫʢʪʫʨʠ ʢʘʨʜʠʥʘʣʴʥʦ 

ʟʤʽʥʶʻʪʴʩʷ ʽ ʩʪʘʻ ʩʭʦʞʦʶ ʥʘ ʩʪʨʫʢʪʫʨʫ ʚʠʩʦʢʦʤʽʮʥʠʭ ʯʘʚʫʥʽʚ ʟ ʢʫʣʷʩʪʠʤ 

ʛʨʘʬʽʪʦʤ.  

ɼʶʨʦʤʝʪʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʩʠʣʴʥʠʡ ʚʧʣʠʚ ʙʦʨʫ ʥʘ 

ʤʘʢʨʦʪʚʝʨʜʽʩʪʴ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʩʪʘʣʝʡ. 

ʇʽʩʣʷ ʚʽʜʧʘʣʫ ʟʨʘʟʦʢ ʽʟ ʥʘʡʤʝʥʰʠʤ ʚʤʽʩʪʦʤ ʙʦʨʫ ʤʘʻ ʪʚʝʨʜʽʩʪʴ 25 HRC, ʘ 

ʨʝʰʪʘ ʟʥʠʞʫʶʪʴ ʪʚʝʨʜʽʩʪʴ ʥʘ 6 - 7 ʦʜʠʥʠʮʴ. 

ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʦʢʨʝʤʠʭ ʬʘʟ ʚʠʩʦʢʘ. ɼʣʷ ʚʠʩʦʢʦʙʦʨʠʩʪʦʛʦ ʩʧʣʘʚʫ ʟ 6,3 % 

ʙʦʨʫ ʤʘʪʨʠʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʻ ʙʦʨʠʜ Fe2B ʟ ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʥʴʦʛʦ ʪʚʝʨʜʽʩʪʶ 

14 ɻʇʘ. ɺʦʜʥʦʯʘʩ ʪʚʝʨʜʽʩʪʴ ʟʝʨʝʥ ʩʧʣʘʚʫ ʟ 0,285 % ʙʦʨʫ 7,4 ɻʇʘ ʻ ʟʘʥʠʞʝʥʦʶ 

ʜʣʷ ʙʦʨʠʜʫ Fe2B, ʘʣʝ ʚʠʩʦʢʦʶ ʜʣʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ. ʇʨʦʪʝ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ ʥʘʷʚʥʽʩʪʴ ʜʣʷ ʮʴʦʛʦ ʟʨʘʟʢʘ ʙʦʨʠʜʫ Fe2B ʽ 

ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʘ ʷʢ ʛʦʣʦʚʥʠʭ ʬʘʟ. ʆʪʨʠʤʘʥʽ ʩʧʣʘʚʠ (ʦʩʦʙʣʠʚʦ 

ʩʧʣʘʚ ʧʣʘʚʢʠ ˉ 2) ʤʘʶʪʴ ʩʝʨʡʦʟʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʘ ʧʦʜʘʣʴʰʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ, ʧʨʦʪʝ ʾʭʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʪʨʝʙʫʚʘʪʠʤʫʪʴ ʧʦʜʘʣʴʰʠʭ 

ʧʦʛʣʠʙʣʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʧʣʠʚʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ 

ʤʘʪʝʨʽʘʣʠ, ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʟʘʣʽʟʥʠʯʥʦʾ ʪʝʭʥʽʢʠ. 

ʃʘʟʝʨʥʘ ʦʙʨʦʙʢʘ ʤʘʪʝʨʽʘʣʽʚ ʟʘʩʥʦʚʘʥʘ ʥʘ ʤʦʞʣʠʚʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʘ ʤʘʣʽʡ ʜʽʣʷʥʮʽ ʧʦʚʝʨʭʥʽ ʚʠʩʦʢʽ ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ (ʜʦ 

10
8
...10

9
 ɺʪ/ʩʤ

2
 ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʽ ʜʦ 10

16
...10

17
 ɺʪ/ʩʤ

2
 ʚ ʽʤʧʫʣʴʩʥʦʤʫ 

ʨʝʞʠʤʽ), ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʽʥʪʝʥʩʠʚʥʦʛʦ ʥʘʛʨʽʚʫ ʘʙʦ ʨʦʟʧʣʘʚʣʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-

ʷʢʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɺʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʥʝʨʛʽʾ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ, ʽ ʾʾ ʣʦʢʘʣʴʥʽʩʪʴ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʦʙʨʦʙʢʫ ʪʽʣʴʢʠ ʣʦʢʘʣʴʥʦʾ ʜʽʣʷʥʢʠ ʤʘʪʝʨʽʘʣʫ ʙʝʟ ʥʘʛʨʽʚʫ ʨʝʰʪʠ 

ʦʙ'ʻʤʫ ʽ ʧʦʨʫʰʝʥʥʷ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʢʦʨʦʙʣʝʥʥʷ ʜʝʪʘʣʝʡ [1]. ɺʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʥʝʨʛʽʾ, ʱʦ 

ʧʽʜʚʦʜʠʪʴʩʷ, ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʥʘʛʨʽʚʘʥʥʷ ʽ ʦʭʦʣʦʜʞʝʥʥʷ ʦʙʨʦʙʣʶʚʘʥʦʛʦ 

ʦʙ'ʻʤʫ ʤʘʪʝʨʽʘʣʫ ʟ ʚʝʣʠʢʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʧʨʠ ʜʫʞʝ ʤʘʣʦʤʫ ʯʘʩʽ ʚʧʣʠʚʫ. 

ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ YAG-ʣʘʟʝʨʽʚ 

ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʜʦ 10 ɺʪ) ʜʣʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ, ʷʢ ʨʽʟʘʥʥʷ, 

ʟʚʘʨʶʚʘʥʥʷ, ʪʝʨʤʦʦʙʨʦʙʢʘ. ʊʨʘʜʠʮʽʡʥʦ ʣʘʟʝʨʠ ʧʦʪʫʞʥʽʩʪʶ ʤʝʥʰʝ 0,5 ʢɺʪ ʜʣʷ 

ʮʴʦʛʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ [2]. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʝʨʝʚʘʞʥʫ ʜʫʤʢʫ [2] ʧʨʦ ʪʝ, ʱʦ 

ʙʝʟʧʝʨʝʨʚʥʠʡ ʨʝʞʠʤ ʙʽʣʴʰ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, 

ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʟʚʦʣʠʪʴ 

ʟʥʠʟʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʣʘʟʝʨʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʈʝʟʫʣʴʪʘʪ ʜʽʾ ʽʤʧʫʣʴʩʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ ʯʘʩʫ ʚʧʣʠʚʫ (ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ). ʊʦʤʫ ʝʬʝʢʪʠʚʥʘ ʨʝʘʣʽʟʘʮʽʷ 

ʢʦʞʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʣʠʚʘ ʣʠʰʝ ʜʣʷ ʦʙʤʝʞʝʥʠʭ ʽʥʪʝʨʚʘʣʘʭ 

ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ q ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ t. 

ʇʨʠ q ¢ 10
4
é10

5
 ɺʪ/ʩʤ

2
 ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʛʨʽʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʙʝʟ ʟʤʽʥʠ 

ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʘʥʫ ʨʝʯʦʚʠʥʠ. ʎʝ - ʦʙʣʘʩʪʴ ʪʝʨʤʦʦʙʨʦʙʢʠ. 

ʇʽʜʚʠʱʝʥʥʷ q ʜʦ 10
5
...10

6
 ɺʪ/ʩʤ

2
 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʣʘʚʣʝʥʥʷ ʙʝʟ ʚʠʢʠʜʫ 

ʤʘʪʝʨʽʘʣʫ. ʎʝ ʦʙʣʘʩʪʴ ʪʦʯʢʦʚʦʛʦ ʪʘ ʰʦʚʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ, ʣʘʟʝʨʥʦʛʦ ʣʝʛʫʚʘʥʥʷ. 
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ɺʝʣʠʯʠʥʘ q ~ 10
6
é10

7
 ɺʪ/ʩʤ

2
 ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʥʘʛʨʽʚʘʥʥʷ ʟ ʚʠʜʘʣʝʥʥʷʤ 

ʨʝʯʦʚʠʥʠ ʽʟ ʟʦʥʠ ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʤʦʞʥʘ ʧʨʦʙʠʚʘʪʠ ʦʪʚʦʨʠ, 

ʩʚʝʨʜʣʠʪʠ, ʬʨʝʟʝʨʫʚʘʪʠ, ʨʽʟʘʪʠ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʤʘʪʝʨʽʘʣʠ, ʩʢʨʘʡʙʨʫʚʘʪʠ ʢʨʠʭʢʽ 

ʤʘʪʝʨʽʘʣʠ, ʚʠʧʘʨʦʚʫʚʘʪʠ. 

ʇʨʠ q > 10
7
...10

8
 ɺʪ / ʩʤ

2
 ʚʠʥʠʢʘʻ ʣʘʟʝʨʥʘ ʧʣʘʟʤʘ, ʱʦ ʧʦʛʣʠʥʘʻ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʪʠʤ ʩʘʤʠʤ ʫʩʢʣʘʜʥʶʻ ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. 

ɼʣʷ ʦʮʽʥʢʠ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʘʟʝʨʽʚ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ 

ʚʠʜʽʚ ʦʙʨʦʙʢʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʘʣʦʨʠʤʝʪʨʠʯʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʽʤʧʫʣʴʩʽ. 

ʈʦʟʨʘʭʫʥʦʢ ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ Nd3+:YAG-

ʣʘʟʝʨʘ ʩʝʨʝʜʥʴʦʶ ʧʦʪʫʞʥʽʩʪʶ 5 ɺʪ ʧʨʠ ʜʽʘʤʝʪʨʽ ʧʣʷʤʠ ʬʦʢʫʩʫʚʘʥʥʷ 0,8 ʤʤ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1 ï ʇʘʨʘʤʝʪʨʠ ʦʙʨʦʙʢʠ ʣʘʟʝʨʘʤʠ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ 
ʈʝʞʠʤʠ ʑʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ                      

q, ɺʪ/ʩʤ
2
 ʊʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ Ű, ʤʩ ɽʥʝʨʛʽʷ ʚ ʽʤʧʫʣʴʩʽ ɽ, ɼʞ  

2,0 0,70 1,40Ŀ10
5
 

2,0 1,45 2,90Ŀ10
5
 

2,0 2,38 4,70Ŀ10
5
 

2,0 3,55 7,10Ŀ10
5
 

0,4 0,10 0,56Ā10
7
 

0,4 0,14 0,79Ā10
7
 

0,4 0,21 1,18Ā10
7
 

0,4 0,25 1,40Ā10
7
 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʤʧʫʣʴʩʥʦʛʦ 

ʣʘʟʝʨʘ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʛʘʨʪʫʚʘʥʥʷ ʟ ʦʧʣʘʚʣʝʥʥʷʤ ʽ ʙʝʟ 

ʥʴʦʛʦ, ʨʽʟʘʥʥʷ ʪʘ ʟʚʘʨʶʚʘʥʥʷ ʤʝʪʘʣʽʚ ʤʘʣʠʭ ʪʦʚʱʠʥ, ʘ ʧʨʠ ʟʤʝʥʰʝʥʥʽ 

ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ - ʽ ʛʨʘʚʽʶʚʘʥʥʷ. 
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ɺʀɿʅɸʏɽʅʅʗ ɿɸʃɽɾʅʆʉʊɯ ʄɽʍɸʅɯʏʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ZRO2-3 ʤʘʩ%Y2O3 ɺɯɼ ʈɽɾʀʄʋ ʉʇɯʂɸʅʅʗ ʇʈʀ ʌʆʈʄʋɺɸʅʅɯ 

ʂɽʈɸʄɯʂʀ ʄɽʊʆɼʆʄ ɽʃɽʂʊʈʆʂʆʅʉʆʃɯɼɸʎɯɰ 

 

THE DETERMINATION OF THE DEPENDENCE OF MECHANICAL 

CHARACTERISTICS OF ZRO 2-3 wt%Y 2O3 ON THE SINTERING MODE OF 

CERAMICS MOULDING BY ELECTROCONSOLIDATION METHOD  
 

ʆ.ʄ. ʄʦʨʦʟʦʚʘ, ʉ.ʈ. ʄʘʨʪʠʨʦʩʷʥ, ɺ.ʇ. ʅʝʨʫʙʘʮʴʢʠʡ 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ (ʤ. ʍʘʨʢʽʚ) 

 
O. M. Morozova, S.R. Martyrosyan, V. P. Nerubatskyi 

Ukrainian State University of Railway Transport, (Kharkiv) 
 

The operational properties of ceramic zirconia tools for industrial applications 

determine the requirements for the development and production of ceramic systems. 

Exposure to very high temperatures over long periods of time makes it challenging to 

produce high-strength materials. Products meeting these requirements can be 

obtained by developing composites consisting of nanoscale reinforcing particles and 

by selecting the most suitable sintering technique.  

The aim of the study was to establish the regularities of dependence of some 

mechanical characteristics on the sintering modes of mixtures based on zirconium 

dioxide nanopowders 

It is known that the sintering of composite materials depends on such process 

parameters as pressure, current and voltage, heating rate and time. All of this has a 

wide range of effects on the structure and properties of the formed samples. In 

contrast to conventional sintering, where the main driving force of shrinkage is 

surface tension, electroconsolidation, due to the heterogeneous temperature field, 

creates a heterogeneity of vacancies that causes mass transfer, which leads to the 

reduction of large pores at an accelerated rate [1]. 

Some mechanical characteristics of ZrO2-3wt%Y2O3 composites synthesised by 

hot pressing with direct current flow were investigated in this work. To find the 

hardness and modulus of elasticity, the method of Oliver and Farr was applied [2]. 
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Some mechanical properties of ceramics 

Composite Hardness, GPa Elastic modulus, GPa Referance 

ZrO2ï3 wt% Y2O3 6.24 198 [3] 

ZrO2ï3 wt% Y2O3 

 
270Ñ12 17,6Ñ1 ʊsint. t hold. 

1400 3 

446Ñ15 30,6Ñ2 1500 5 

348Ñ29 19,5Ñ3 1600 5 

 

ZrO2ï8 wt% Y2O3 

3.5 Ñ 0.9 87.5 [4] 

3 60 [5] 

 

A study of the correlation between grain size and mechanical properties 

showed that the elastic modulus decreases with grain size.In the process of studying 

the effect of grain size on mechanical properties such as elastic modulus, yield 

strength and hardness for some ceramics, many models based on dislocation 

clustering approaches for composites have been developed to explain the changes in 

hardness and yield strength in the nanometre regime [3].  

Based on the experimental data, it can be seen that the most optimal mode of 

sintering composites having the highest values of Young's modulus and 

microhardness is consolidation of ZrO2-3 wt% Y2O3 powder at sintering temperature 

T= 1500̄ʉ and holding time t=5min. 

To conclude, the study revealed the dependence of some mechanical 

characteristics on the sintering modes of mixtures based on zirconia nanopowders. 

Thus, the consolidation of ZrO2ï3 wt% Y2O3 ceramics at the sintering mode ʊ= 

1500̄ʉ, t=5 min allows  to obtain high-strength products for tooling purposes. 
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PREPARATION OF HIGHLY DISPERSED PYROCHLORE BY 

MICROWAVE METHOD OF POWDER SYNTHESIS  

 

V.P. Nerubatskyi, PhD (Tech.), E.S. Gevorkyan, Dr. Sc., 

D.A. Hordiienko, Postgraduate 
Ukrainian State University of Railway Transport (Kharkiv) 

 

Cʦntʽnuʦus dʝvʝlʦpmʝnts ʽn mʘtʝrʽʘls ʽncludʝ ʘ wʽdʝ rʘngʝ ʦf nʝw mʝtʘl ʘllʦys 

such ʘs tʽtʘnʽum ʘllʦys, ʘlumʽnum-lʽthʽum ʘllʦys, mʘgnʝsʽum ʘllʦys, ʘs wʝll ʘs 

cʦmpʦsʽtʝ mʘtʝrʽʘls such ʘs cʘrbʦn fʽbʝrs, 3D fʘbrʽcs, thʽn lʘyʝrs, ʝtc., ʘs wʝll ʘs 

bʽʦdʝgrʘdʘblʝ mʘtʝrʽʘls. ɯn ʘddʽtʽʦn tʦ thʽs wʦrk, ʦnʝ ʦf thʝ mʦst prʝssʽng 

ʝngʽnʝʝrʽng chʘllʝngʝs ʽs thʝ sʝʘrch fʦr ʘltʝrnʘtʽvʝ prʦductʽʦn mʝthʦds ʘʽmʝd ʘt 

rʝducʽng ʝnʝrgy cʦnsumptʽʦn ʘnd prʦductʽʦn cʦsts [1, 2]. Thʽs prʦgrʝss cʘn bʝ 

ʦbsʝrvʝd ʽn mʘny ʘrʝʘs ʦf thʝ ʝcʦnʦmy, such ʘs trʘnspʦrt ʘnd ʘutʦmʦtʽvʝ, 

mʝchʘnʽcʘl ʝngʽnʝʝrʽng, bʽʦtʝchnʦlʦgy ʘnd mʝdʽcʽnʝ, ʘs wʝll ʘs ʽn thʝ ʝnʝrgy ʦr 

ʝlʝctrʦnʽcs sʝctʦr. Mʦrʝʦvʝr, dʝvʝlʦpmʝnt ʽn thʝ ʘbʦvʝ sʝctʦrs hʝlps ʽmprʦvʝ thʝ 

quʘlʽty ʦf lʽfʝ ʦf pʝʦplʝ ʘnd prʦtʝct thʝ ʝnvʽrʦnmʝnt, whʽch ʽs ʝspʝcʽʘlly ʽmpʦrtʘnt ʽn 

ʦur tʽmʝ. 

ɸ prʦmʽsʽng dʽrʝctʽʦn ʽn thʝ dʝvʝlʦpmʝnt ʦf mʘtʝrʽʘls ʽn thʝ nuclʝʘr ʽndustry ʽs 

thʝ prʦductʽʦn ʦf cʦmpʦsʽtʝ mʘtʝrʽʘls bʘsʝd ʦn fʝrrʽtʽc-mʘrtʝnsʽtʽc rʘdʽʘtʽʦn-rʝsʽstʘnt 

stʝʝls. Such mʘtʝrʽʘls ʘrʝ ʦxʽdʝ-dʽspʝrsʽʦn-strʝngthʝnʝd ʘllʦys, ʽ.ʝ. ʘllʦys wʽth ʘ stʝʝl 

mʘtrʽx strʝngthʝnʝd by nʘnʦ-sʽzʝd ʦxʽdʝ pʘrtʽclʝs dʽspʝrsʝd ʽnsʽdʝ ʽt. Y-T-̔ʆ 

nʘnʦpʘrtʽclʝ-strʝngthʝnʝd fʝrrʽtʽc stʝʝls hʘvʝ rʝcʝntly ʘttrʘctʝd ʘttʝntʽʦn ʘs lʝʘdʽng 

cʘndʽdʘtʝs fʦr fʽssʽʦn ʘnd fusʽʦn rʝʘctʦr cʦmpʦnʝnts duʝ tʦ thʝʽr hʽgh tʝnsʽlʝ, crʝʝp 

ʘnd rʘdʽʘtʽʦn rʝsʽstʘncʝ, whʽch ʽs much hʽghʝr thʘn ʦthʝr ʽrʦn ʘllʦys [3, 4]. 

Nʘnʦpʘrtʽclʝs mʦstly hʘvʝ ʘn ʘlmʦst stʦʽchʽʦmʝtrʽc cʦmpʦsʽtʽʦn, fʦr ʝxʘmplʝ 

Y2T2̔ʆ7 wʽth ʘ pyrʦchlʦrʝ structurʝ. ɯn gʝnʝrʘl, pyrʦchlʦrʝ ʦxʽdʝs ʦf thʝ typʝ 

ɸ2B2ʆ7, whʝrʝ ɸ ʽs typʽcʘlly ʘ rʘrʝ ʝʘrth ʽʦn ʘnd B ʽs ʘ trʘnsʽtʽʦn mʝtʘl, hʘvʝ ʘ 

spʝcʽfʽc lʘttʽcʝ structurʝ, ʘctʽvʝ chʘrgʝ, spʽn, ʘnd ʦrbʽtʘl dʝgrʝʝs ʦf frʝʝdʦm. ɸs ʘ 

rʝsult, thʝy dʝmʦnstrʘtʝ ʘ cʦmplʝx ʽntʝrʘctʽʦn bʝtwʝʝn gʝʦmʝtrʽc dʽsʦrdʝrs, 

ʝlʝctrʦnʽc cʦrrʝlʘtʽʦns ʘnd spʽn-ʦrbʽt cʦuplʽng. Vʘrʽʦus pyrʦchlʦrʝs ʘrʝ cʦnsʽdʝrʝd 

gʦʦd mʘtrʽx mʘtʝrʽʘls fʦr thʝ sʝpʘrʘtʽʦn ʦf ʘctʽnʽdʝs ʘnd ʦthʝr nuclʝʘr wʘstʝs. 

Pyrʦchlʦrʝs ʘrʝ ʘlsʦ rʝfrʘctʦry mʘtʝrʽʘls wʽth ʽmpʦrtʘnt prʦpʝrtʽʝs, ʽncludʽng ʽʦnʽc 

cʦnductʽvʽty, ʦptʽcʘl nʦnlʽnʝʘrʽty, hʽgh rʘdʽʘtʽʦn rʝsʽstʘncʝ ʘnd ʦthʝrs. Pʦtʝntʽʘl 

ʘpplʽcʘtʽʦns ʦf pyrʦchlʦrʝs ʽncludʝ thʝrmʘl ʘnd ʝnvʽrʦnmʝntʘl prʦtʝctʽʦn cʦʘtʽngs, 

hʽgh dʽʝlʝctrʽc cʦnstʘnts, sʦlʽd ʝlʝctrʦlytʝs, ʘnʦdʝs ʘnd cʘthʦdʝs ʽn sʦlʽd ʦxʽdʝ fuʝl 

cʝlls, trʘnspʘrʝnt cʝrʘmʽcs, ʝtc. ɯn ʘddʽtʽʦn, pyrʦchlʦrʝs hʘvʝ pʦtʝntʽʘl ʘpplʽcʘtʽʦns ʘs 

cʝrʘmʽc pʽgmʝnts duʝ tʦ thʝʽr hʽgh mʝltʽng pʦʽnts, hʽgh rʝfrʘctʽvʝ ʽndʝx, ʘnd ʘbʽlʽty 

tʦ ʘbsʦrb trʘnsʽtʽʦn mʝtʘls. 

ɯn thʝ prʝsʝntʝd study, thʝ mʘʽn gʦʘl wʘs tʦ dʝvʝlʦp ʘ tʝchnʦlʦgy fʦr prʦducʽng 

hʽghly dʽspʝrsʝd pyrʦchlʦrʝ Y2T2̔ʆ7 ʘt thʝ lʦwʝst pʦssʽblʝ tʝmpʝrʘturʝs, pʦssʽbly ʽn 

ʘ shʦrtʝr tʽmʝ, wʽthʦut ʘddʽtʽʦnʘl substʘncʝs ʦr sʦlutʽʦns. 
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Thʝ rʝsults ʦf DTɸ/TG ʘnʘlysʽs ʘrʝ prʝsʝntʝd ʽn Fʽg. 1. Thʽs shʦws thʘt wʝʽght 

lʦss, rʝprʝsʝntʝd by thʝ TG curvʝ, grʘduʘlly dʝcrʝʘsʝd wʽth ʽncrʝʘsʽng tʝmpʝrʘturʝ. 

Thʽs wʘs ʘttrʽbutʝd tʦ ʝvʘpʦrʘtʽʦn ʘnd rʝmʦvʘl ʦf ʝthʘnʦl rʝsʽduʝs frʦm thʝ hʝʘtʝd 

pʦwdʝrs. 

 
F g̔. 1. DTɸ (1) ʘnd TG (2) curvʝs ʦf Y2ʆ3ïTʽʆ2 pʦwdʝr mʽxturʝs 

Thʝ ʽnʽtʽʘlly rʘpʽd wʝʽght lʦss slʦwʝd dʦwn mʘrkʝdly ʘftʝr thʝ tʝmpʝrʘturʝ 

rʝʘchʝd 500 ÁC. Thʝ ʝndʦthʝrmʽc pʝʘk ʽn thʝ DTɸ curvʝ ʘftʝr 50 mʽn wʘs 

prʝsumʘbly duʝ tʦ wʘtʝr lʦss. ɯn gʝnʝrʘl, thʝ mʘss lʦss wʘs ʽnsʽgnʽfʽcʘnt, sʽncʝ ʝvʝn 

ʘt 1300 ÁC ʽt wʘs lʝss thʘn 2%, but fʦr lʘbʦrʘtʦry ʝxpʝrʽmʝnts ʽt wʘs thʝrʝ. 

Sʘmplʝs ʦf cʦld-fʦrmʝd yttr u̔m t t̔ʘnʘtʝ wʝrʝ plʘcʝd n̔ ʘ cʦrundum cruc̔blʝ ʘnd 

s̔ ntʝrʝd n̔ ʘ f r̔ n̔g furnʘcʝ ʘt ʘ tʝmpʝrʘturʝ ʦf 1150 ÁC fʦr 7 hʦurs. X-rʘy d f̔frʘct̔ ʦn 

ʘnʘlys s̔ ʦf thʝsʝ sʘmplʝs rʝvʝʘlʝd thʝ prʝsʝncʝ ʦf bʦth thʝ ʦr g̔ n̔ʘl ʦx d̔ʝs ʘnd thʝ 

pyrʦchlʦrʝ phʘsʝ ʦf Y2T 2̔ʆ7. Thʝ mʘx m̔um ʘmʦunt ʦf pyrʦchlʦrʝ phʘsʝ wʘs ʘbʦut 

20 wt.%. 

Thʝ sʘmplʝs wʝrʝ rʝpʝʘtʝdly mʝchʘn c̔ʘlly crushʝd, mʝchʘn c̔ʘlly hʦmʦgʝn z̔ʝd, 

cʦmpʘctʝd, ʘnd ʘdd̔ tʽʦnʘlly cʘlc n̔ʝd ʘt ʘ tʝmpʝrʘturʝ ʦf 1150 ÁC fʦr 10 hʦurs tʦ 

n̔crʝʘsʝ thʝ ʘmʦunt ʦf pyrʦchlʦrʝ. Thus, thʝ tʦtʘl cʘlc n̔ʘtʽʦn t m̔ʝ wʘs 17 hʦurs. 

ɸftʝr thʝ sʝcʦnd stʘgʝ ʦf cʘlc n̔ʘtʽʦn, ʘccʦrd n̔g tʦ X-rʘy d f̔frʘct̔ ʦn ʘnʘlys s̔, thʝ 

sʘmplʝs bʝcʘmʝ ʘlmʦst s̔ nglʝ-phʘsʝ. Thʝ mʘn̔ phʘsʝ wʘs yttr u̔m t t̔ʘnʘtʝ Y2T 2̔ʆ7, 

t̔s mʘss cʦntʝnt n̔ thʝ sʘmplʝ wʘs mʦrʝ thʘn 96.8 wt.%, thʝ lʘtt c̔ʝ pʘrʘmʝtʝr wʘs 

10.091 ¡. Sʦmʝ ʦf thʝ sʘmplʝs wʝrʝ ʘgʘn̔ mʝchʘn c̔ʘlly crushʝd ʘnd m x̔ʝd, thʝn 

cʦmpʘctʝd ʘgʘn̔ ʘnd cʘlc n̔ʝd fʦr ʘnʦthʝr 8 hʦurs, thʝ tʦtʘl hʝʘt trʝʘtmʝnt t m̔ʝ 

rʝʘchʝd 25 hʦurs. ɸdd̔ tʽʦnʘl cʘlc n̔ʘtʽʦn ʦf thʝsʝ sʘmplʝs n̔crʝʘsʝd thʝ Y2T 2̔ʆ7 

cʦntʝnt tʦ 98 wt.%. Thus, thʝ dʝs̔ rʝd structurʝ ʦf pyrʦchlʦrʝ Y2T 2̔ʆ7 w t̔h ʘ 

dʦm n̔ʘnt cʦmpʦnʝnt wʘs ʦbtʘn̔ʝd n̔ thʝ sʘmplʝ ʘftʝr 25 hʦurs ʦf cʘlc n̔ʘtʽʦn ʘt 

1150 ÁC. 

Thus, mʦd f̔ c̔ʘtʽʦn ʦf thʝ trʘd t̔ʽʦnʘl tʝchnʦlʦgy ʦf d r̔ʝct sʦl d̔-phʘsʝ synthʝs̔ s 

w t̔h m c̔rʦwʘvʝ rʘdʽʘtʽʦn hʘs s̔ gn̔ f c̔ʘntly rʝducʝd thʝ synthʝs̔ s t m̔ʝ ʘnd rʝducʝd 

ʝnʝrgy cʦsts. 
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ʈʝʡʢʠ ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʣʽʡ ʢʨʽʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʯʝʥʥʷ ʥʠʤʠ ʢʦʣʽʩʥʠʭ ʧʘʨ 

ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʻ ʩʢʣʘʜʦʚʠʤʠ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ ï ʩʠʛʥʘʣʴʥʠʭ ʩʪʨʫʤʽʚ ʩʠʩʪʝʤ 

ʩʠʛʥʘʣʽʟʘʮʽʾ, ʮʝʥʪʨʘʣʽʟʘʮʽʾ ʽ ʙʣʦʢʫʚʘʥʥʷ (ʉʎɹ), ʘ ʪʘʢʦʞ ʪʷʛʦʚʦʛʦ ʩʪʨʫʤʫ ʥʘ 

ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʠʭ ʜʽʣʷʥʢʘʭ ʟʘʣʽʟʥʠʮʴ. ɼʣʷ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʮʠʭ ʢʽʣ ʨʝʡʢʠ ʤʘʶʪʴ 

ʙʫʪʠ ʝʣʝʢʪʨʠʯʥʦ ʽʟʦʣʴʦʚʘʥʽ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʪʘ ʚʽʜ ʟʝʤʣʽ. ɿʚʠʯʘʡʥʦ ʮʝ ʜʦʩʷʛʘʻʪʴʩʷ 

ʽʟʦʣʶʶʯʠʤʠ ʜʝʪʘʣʷʤʠ ʧʨʦʤʽʞʥʠʭ ʨʝʡʢʦʚʠʭ ʩʢʨʽʧʣʝʥʴ. ʇʨʦʪʝ ʩʪʘʨʽʥʥʷ, ʟʥʦʩ, 

ʟʘʩʤʽʯʝʥʥʷ ʛʫʤʦʚʠʭ ʽ ʧʦʣʽʤʝʨʥʠʭ ʽʟʦʣʶʶʯʠʭ ʜʝʪʘʣʝʡ ʫ ʚʦʣʦʛʫ ʧʦʛʦʜʫ 

ʩʧʨʠʯʠʥʷʻ ʧʘʜʽʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʽʟʦʣʷʮʽʾ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ ï ʟʙʦʾ ʫ ʨʦʙʦʪʽ 

ʩʠʩʪʝʤ ʉʎɹ ʯʝʨʝʟ ʧʨʦʪʽʢʘʥʥʷ ʩʪʨʫʤʫ ʤʽʞ ʨʝʡʢʘʤʠ ʢʨʽʟʴ ʰʧʘʣʠ, ʚʪʨʘʪʫ ʯʘʩʪʠʥʠ 

ʪʷʛʦʚʦʛʦ ʩʪʨʫʤʫ ʚʽʜ ʡʦʛʦ ʩʪʽʢʘʥʥʷ ʯʝʨʝʟ ʰʧʘʣʠ ʪʘ ʙʘʣʘʩʪ ʫ ʟʝʤʣʶ, 

ʝʣʝʢʪʨʦʢʦʨʦʟʽʶ ʤʝʪʘʣʝʚʠʭ ʽ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʮʠʤ ʩʪʨʫʤʦʤ ʚʠʪʦʢʫ. 

ʊʦʤʫ ʧʽʜʨʝʡʢʦʚʽ ʦʩʥʦʚʠ ï ʰʧʘʣʠ, ʙʨʫʩʠ, ʧʣʠʪʠ ʙʝʟʙʘʣʘʩʪʥʦʛʦ ʤʦʩʪʦʚʦʛʦ 

ʧʦʣʦʪʥʘ ʪʘ ʾʭ ʙʝʪʦʥ ʤʘʶʪʴ ʙʫʪʠ ʥʝ ʪʽʣʴʢʠ ʩʪʽʡʢʠʤ ʜʦ ʤʝʭʘʥʽʯʥʠʭ ʚʧʣʠʚʽʚ, ʘ ʡ 

ʥʘʜʘʚʘʪʠ ʩʚʽʡ ʚʥʝʩʦʢ ʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʽʟʦʣʷʮʽʾ ʨʝʡʦʢ ʤʽʞ ʩʦʙʦʶ ʪʘ 

ʚʽʜ ʟʝʤʣʽ. ʈʘʟʦʤ ʟ ʪʠʤ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʰʧʘʣ ʪʘ ʾʭ ʙʝʪʦʥʫ ʜʦ 2016 ʨ. ʚ ʋʢʨʘʾʥʽ 

ʥʝ ʥʦʨʤʫʚʘʣʠʩʷ. 

 ɺ ʋʢʨɼʋɿʊ ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʤʝʪʦʶ ʷʢʠʭ ʙʫʣʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʧʦʪʨʽʙʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ ʽ ʾʭ ʙʝʪʦʥʫ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʜʞʝʨʝʣ [1ï3], ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

[4] ʧʦʢʘʟʘʥʦ, ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʙʝʪʦʥʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʩʪʨʫʢʪʫʨʦʶ ʷʢ 

ʜʠʩʧʝʨʩʥʦʶ ʩʠʩʪʝʤʦʶ (ʢʘʧʽʣʷʨʥʦ-ʧʦʨʠʩʪʠʤ ʪʽʣʦʤ) ʟ ʬʘʟʦʶ ʽʟ ʟʘʧʦʚʥʶʚʘʯʽʚ ʪʘ 

ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ ʽ ʜʠʩʧʝʨʩʽʡʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ï ʧʦʨʦʚʠʤ 

ʝʣʝʢʪʨʦʣʽʪʦʤ, ʘ ʥʘ ʥʴʦʛʦ ʜʦʜʘʪʢʦʚʦ ʚʧʣʠʚʘʶʪʴ ʚʦʣʦʛʽʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʥʘʷʚʥʽʩʪʴ ʜʦʙʘʚʦʢ-ʝʣʝʢʪʨʦʣʽʪʽʚ ʪʦʱʦ. ʋ [6, 7] ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʫʤʦʚ 
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ʟʙʝʨʽʛʘʥʥʷ ʟʨʘʟʢʽʚ ʥʘ ʧʠʪʦʤʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʙʝʪʦʥʫ ʪʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʫʪʦʯʥʝʥʦ ʤʝʪʦʜʠʢʫ ʡʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ɼʉʊʋ ɹ ɺ.2.6-209:2016 ʪʘ 

ʟʤʽʥʫ 1 ʜʦ ʥʴʦʛʦ ʚʽʜ 2022 ʨ. ʋ ɼʉʊʋ ʥʦʨʤʦʚʘʥʦ ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ 

ʙʝʪʦʥʫ, ʷʢʠʡ ʫ ʨʘʟʽ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ ʟʨʘʟʢʘʭ-ʢʫʙʘʭ ʟ ʨʦʟʤʽʨʦʤ ʨʝʙʨʘ 100 ʤʤ (ʨʠʩ. 

1) ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʜʥʦ-ʩʫʣʴʬʘʪʥʦʛʦ ʝʣʝʢʪʨʦʜʫ (ʨʠʩ. 2) ʤʘʻ ʩʢʣʘʜʘʪʠ ʥʝ ʤʝʥʰʝ 

100 ʆʤĬʤ. ɺʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʟʨʘʟʢʽʚ ʙʝʪʦʥʫ ʧʦʚʠʥʥʦ 

ʧʨʦʚʦʜʠʪʠʩʴ ʧʽʩʣʷ ʾʭ ʚʠʪʨʠʤʫʚʘʥʥʷ ʫ ʧʦʚʽʪʨʷʥʦ-ʩʫʭʠʭ ʫʤʦʚʘʭ ʟʘ ʚʽʜʥʦʩʥʦʾ 

ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʥʝ ʙʽʣʴʰʝ 75 % ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ ʥʠʞʯʝ +18Áʉ ʚʧʨʦʜʦʚʞ 7 

ʜʽʙ. 

  

ʈʠʩ. 1 ʉʭʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʙʝʪʦʥʫ: 1 

- ʟʨʘʟʦʢ ʙʝʪʦʥʫ; 2 - ʤʽʜʥʦ-

ʩʫʣʴʬʘʪʥʠʡ ʝʣʝʢʪʨʦʜ 

ʈʠʩ. 2 ʄʽʜʥʦ-ʩʫʣʴʬʘʪʥʠʡ ʝʣʝʢʪʨʦʜ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʙʝʪʦʥʫ: 1 - 

ʧʦʚʝʨʭʥʷ ʟʨʘʟʢʘ ʙʝʪʦʥʫ; 2 - ʛʫʙʢʘ, ʧʨʦʩʦʯʝʥʘ 

ʨʦʟʯʠʥʦʤ ʤʽʜʥʦʛʦ ʢʫʧʦʨʦʩʫ; 3 ï ʤʽʜʥʘ ʧʣʘʩʪʠʥʘ-

ʝʣʝʢʪʨʦʜ; 4 ï ʧʦʣʽʤʝʨʥʘ ʪʨʫʙʢʘ; 5 ï ʧʨʦʚʽʜʥʠʢ 

ɽʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʰʧʘʣʠ ʫ ʨʘʟʽ ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʞ ʟʘʢʣʘʜʥʠʤʠ ʙʦʣʪʘʤʠ ʘʙʦ 

ʘʥʢʝʨʘʤʠ ʨʽʟʥʠʭ ʨʝʡʢʦʚʠʭ ʥʠʪʦʢ (ʨʠʩ. 3, ʘ) ʤʘʻ ʙʫʪʠ ʥʝ ʤʝʥʰʠʤ 0,33 ʂʆʤ ʜʣʷ 

ʰʧʘʣ ʟ ʢʣʝʤʥʦ-ʙʦʣʪʦʚʠʤ ʩʢʨʽʧʣʝʥʥʷʤ ʂɹ ʽ 0,52 ʂʆʤ ï ʟ ʧʨʫʞʥʠʤ ʩʢʨʽʧʣʝʥʥʷʤ 

ʂʇʇ, ʘ ʫ ʨʘʟʽ ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʞ ʟʘʢʣʘʜʥʠʤ ʙʦʣʪʦʤ ʘʙʦ ʘʥʢʝʨʦʤ ʽ ʘʨʤʘʪʫʨʦʶ 

(ʨʠʩ. 3, ʙ) ï ʥʝ ʤʝʥʰʠʤ 0,66 ʂʆʤ ʜʣʷ ʂɹ ʽ ʥʝ ʤʝʥʰʠʤ 0,46 ʂʆʤ ï ʜʣʷ ʂʇʇ.   

ʘ) 

 

ʙ) 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʰʧʘʣ:  ʘ - ʤʽʞ 

ʟʘʢʣʘʜʥʠʤʠ ʙʦʣʪʘʤʠ (ʘʥʢʝʨʘʤʠ) ʨʽʟʥʠʭ ʨʝʡʢʦʚʠʭ ʥʠʪʦʢ; ʙ - ʟʘʢʣʘʜʥʠʡ ʙʦʣʪ 

(ʘʥʢʝʨ) - ʘʨʤʘʪʫʨʥʠʡ ʜʨʽʪ; 1 - ʘʨʤʘʪʫʨʥʠʡ ʜʨʽʪ; 2 - ʟʘʢʣʘʜʥʽ ʙʦʣʪʠ (ʘʥʢʝʨʠ) 

ʋ ɼʉʊʋ ʪʘʢʦʞ ʚʧʝʨʰʝ ʚ ʋʢʨʘʾʥʽ ʜʦʧʫʱʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ 

ʚ ʙʝʪʦʥ ʰʧʘʣ ʟʘ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʦʚʘʥʠʭ ʚʠʤʦʛ ʜʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ.  
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ɼʣʷ ʚʠʜʘʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʠʭ ʰʘʨʽʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ ʧʦʢʨʠʪʪʽʚ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʦʨʦʞʥʽ ʬʨʝʟʠ, ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʷʢʠʭ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʟ ʥʘʷʚʥʽʩʪʶ ʣʦʢʘʣʴʥʠʭ ʫʜʘʨʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠ ʚʝʣʠʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʪʠʩʢʘʭ ʩʝʨʝʜʦʚʠʱʘ. 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʘ ʥʘʜʽʡʥʽʩʪʴ ʨʽʟʮʽʚ, ʘ ʪʘʢʦʞ ʾʭ ʷʢʽʩʪʴ ʚʽʜʽʛʨʘʻ ʚʠʟʥʘʯʘʣʴʥʫ 

ʨʦʣʴ ʫ ʧʨʦʮʝʩʽ ʚʠʜʘʣʝʥʥʷ ʰʘʨʫ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ, ʪʦʤʫ ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʦʩʪʽʡʥʦʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʚʝʨʭʥʽ ʨʽʟʮʽʚ ʽ, ʧʨʠ ʧʝʚʥʦʤʫ ʨʽʚʥʽ 

ʟʥʦʩʫ, ʾʭ ʟʘʤʽʥʽ ʯʝʨʝʟ ʚʽʜʥʦʩʥʦ ʤʘʣʠʡ ʪʝʨʤʽʥ ʾʭ ʩʣʫʞʙʠ. 

ɼʦ ʨʽʟʮʽʚ ʜʦʨʦʞʥʴʦʾ ʬʨʝʟʠ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦʩʠʪʴ ʩʫʚʦʨʽ ʚʠʤʦʛʠ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʤʽʮʥʽʩʪʶ ʚʪʦʤʠ, ʪʦʤʫ ʾʭ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʩʪʘʣʝʡ, ʣʝʛʦʚʘʥʠʭ 

ʤʘʨʛʘʥʮʝʤ ʽ ʭʨʦʤʦʤ. 

ʅʝʯʠʩʣʝʥʥʽʩʪʴ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʥʘ ʧʦʚʝʨʭʥʷʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʨʽʟʘʥʥʽ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ ʧʦʢʨʠʪʪʽʚ ʦʙʝʨʪʦʚʠʤʠ 

ʨʽʟʮʷʤʠ, ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʽ. 

ʇʽʜʭʦʜʠ ʙʽʣʴʰʦʩʪʽ ʟʘʢʦʨʜʦʥʥʠʭ ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʜʦ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʨʽʟʮʽʚ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʽ 

ʤʘʪʝʨʽʘʣʫ ʥʘʢʦʥʝʯʥʠʢʘ ʷʢ ʥʘʡʚʘʞʣʠʚʽʰʦʛʦ ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʽʾ, ʧʦʢʘʟʘʣʠ, ʱʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʨʦʛʠʭ ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʦʛʦ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʨʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʆʪʞʝ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʟʜʽʡʩʥʝʥʥʷ 

ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʰʣʷʭʦʤ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʨʧʫʩʫ ʨʽʟʮʽʚ ʨʦʟʜʘʚʘʥʥʷʤ ʭʚʦʩʪʦʚʦʾ 

ʯʘʩʪʠʥʠ ʯʝʨʝʟ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʥʦʰʫʚʘʥʥʷ. 

ɿʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ, ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʽʥʩʪʨʫʤʝʥʪʫ ʻ ʟʘʢʦʥʦʤʽʨʥʠʤ 

ʧʨʦʮʝʩʦʤ, ʱʦ ʥʝʤʠʥʫʯʝ ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʙʦʪʫ ʤʘʰʠʥ, ʤʝʭʘʥʽʟʤʽʚ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʝʜʩʪʘʚʣʷʻ ʦʜʥʫ ʟ ʬʦʨʤ ʾʭʥʴʦʛʦ ʬʽʟʠʯʥʦʛʦ ʩʪʘʨʽʥʥʷ. ɿʥʦʩ 
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ʚʽʜʙʫʚʘʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʽʥʪʝʥʩʠʚʥʦ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʨʦʟʤʽʨʽʚ, ʬʦʨʤʠ ʪʘ 

ʩʪʘʥʫ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ, ʯʠʤ ʚʠʢʣʠʢʘʻ ʧʦʩʪʫʧʦʚʝ ʟʥʠʞʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʘʰʠʥ. 

ɿʤʽʥʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʨʽʟʮʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʾ ʚʪʨʘʪʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʻʤʥʦʩʪʽ (ʨʠʩ. 1). 

ʇʨʦʚʝʣʠ ʘʥʘʣʽʟ ʟʥʦʩʫ ʨʽʟʮʽʚ ʪʘ ʚʠʷʚʠʣʠ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʧʨʠʜʘʪʥʘ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʘʢ ʷʢ ʬʦʨʤʘ ʪʚʝʨʜʦʩʧʣʘʚʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʥʝ ʜʫʞʝ ʟʤʽʥʠʣʘʩʴ ʪʘ 

ʤʦʞʝ ʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʘʩʬʘʣʴʪʦ-ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ. ɸʣʝ 

ʚʦʥʠ ʤʘʶʪʴ ʟʥʦʩ ʭʚʦʩʪʦʚʦʾ ʯʘʩʪʠʥʠ ʢʦʨʧʫʩʫ ʨʽʟʮʷ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʚʠʧʘʜʘʥʥʷ 

ʨʽʟʮʽʚ ʟ ʨʽʟʮʝʪʨʠʤʘʯʘ. ʈʦʟʨʦʙʣʝʥʘ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʚʽʜʥʦʚʣʝʥʥʷ 

ʭʚʦʩʪʦʚʦʾ ʯʘʩʪʠʥʠ ʢʦʨʧʫʩʫ ʨʽʟʮʽʚ [1-3]. 

ʄʘʨʰʨʫʪ ʚʽʜʥʦʚʣʝʥʥʷ ʥʘʩʪʫʧʥʠʡ: 

1. ʆʯʠʱʝʥʥʷ ʨʽʟʮʷ; 

2. ʅʘʛʨʽʚʘʥʥʷ ʘʮʝʪʠʣʝʥʦ-ʧʨʦʧʘʥʦʚʠʤ ʧʦʣʫʤôʷʤ ʭʚʦʩʪʦʚʦʾ ʯʘʩʪʠʥʠ ʨʽʟʮʷ; 

3. ʇʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʨʧʫʩʫ ʨʽʟʮʷ ʫ ʰʪʘʤʧʽ; 

4. ʆʭʦʣʦʜʞʝʥʥʷ ʥʘ ʧʦʚʽʪʨʽ; 

5. ʂʦʥʪʨʦʣʴʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʟʤʽʥʠ ʨʦʟʤʽʨʽʚ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʝʨʝʚʽʨʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʩʘʜʦʯʥʦʛʦ ʤʽʩʮʷ 

ʨʽʟʮʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʜʘʚʘʥʥʷ. ʅʘʛʨʽʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʜʦ 1100Üʉ. 

ʉʧʝʨʰʫ ʨʽʟʮʽ ʧʽʜʜʘʚʘʣʠʩʷ ʦʯʠʱʝʥʥʶ. ʇʽʩʣʷ ʮʴʦʛʦ, ʨʽʟʝʮʴ ʧʽʜʜʘʚʘʣʠ 

ʥʘʛʨʽʚʘʥʥʶ ʘʮʝʪʠʣʝʥʦ-ʧʨʦʧʘʥʦʚʠʤ ʧʦʣʫʤôʷʤ, ʘ ʩʘʤʝ ʟʦʥʫ ʨʦʟʜʘʚʘʥʥʷ ʛʨʽʣʠ 

ʚʧʨʦʜʦʚʞ 1 ʭʚʠʣʠʥʠ. ɼʽʣʽ ʥʘʛʨʽʪʠʡ ʨʽʟʝʮʴ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʚ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʨʦʟʜʘʚʘʥʥʷ, ʧʽʜʚʦʜʠʣʠ ʧʦʨʰʝʥʴ ʧʨʝʩʫ ʜʦ ʧʫʘʩʦʥʫ ʪʘ ʧʨʠʢʣʘʜʘʣʠ ʟʫʩʠʣʣʷ. ʋ 

ʧʝʨʰʦʤʫ ʚʘʨʽʘʥʪʽ ʟʫʩʠʣʣʷ ʥʘ ʧʨʝʩʽ ʩʢʣʘʣʦ 5 ʪʦʥ. ʂʦʥʪʨʦʣʴ ʨʦʟʤʽʨʽʚ ʧʨʦʚʦʜʠʣʠ 

ʧʽʩʣʷ ʦʩʪʠʛʘʥʥʷ ʨʽʟʮʷ. ɼʨʫʛʠʡ ʚʘʨʽʘʥʪ ï ʨʽʟʝʮʴ ʥʘʛʨʽʚʘʣʠ ʥʘ ʢʽʥʯʠʢʫ ʭʚʦʩʪʦʚʦʾ 

ʯʘʩʪʠʥʠ ʢʦʨʧʫʩʫ ʨʽʟʮʷ. ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʚ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʪʘ ʧʨʠʢʣʘʜʘʣʠ 

ʟʫʩʠʣʣʷ 10 ʪʦʥ. ʇʽʩʣʷ ʮʴʦʛʦ, ʥʘʛʨʽʚʘʣʠ ʮʝʥʪʨʘʣʴʥʫ ʯʘʩʪʠʥʫ ʭʚʦʩʪʦʚʦʾ ʯʘʩʪʠʥʠ 

ʢʦʨʧʫʩʫ ʨʽʟʮʷ, ʚ ʟʦʥʽ ʢʦʥʪʨʦʣʶʻʤʠʭ ʨʦʟʤʽʨʽʚ, ʢʽʥʝʮʴ ʦʭʦʣʦʜʞʫʚʘʣʠ ʪʘ ʨʽʟʝʮʴ 

ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʚ ʤʘʪʨʠʮʶ ʙʝʟ ʦʧʨʘʚʢʠ ʪʘ ʧʨʠʢʣʘʜʘʣʠ ʟʫʩʠʣʣʷ 5 ʪʦʥ. ʊʘʢʘ 

ʪʝʭʥʦʣʦʛʽʷ ʙʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʻʤʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʭʚʦʩʪʦʚʦʾ ʯʘʩʪʠʥʠ ʢʦʨʧʫʩʫ ʨʽʟʮʷ (ʨʠʩ. 2). ʊʨʝʪʽʡ ʨʽʟʝʮʴ 

ʚʽʜʥʦʚʣʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʨʫʛʦʛʦ ʚʘʨʽʘʥʪʫ ʧʫʘʩʦʥʘ, ʟʫʩʠʣʣʷ ʧʨʠʢʣʘʜʘʣʠ 15 

ʪʦʥ. ʇʦʯʠʥʘʣʠ ʨʦʟʜʘʚʘʥʥʷ ʟ ʟʫʩʠʣʣʷ 5 ʪʦʥ ʡ ʧʦʩʪʫʧʦʚʦ ʜʽʡʰʣʠ ʜʦ 15 ʪʦʥ. ʇʽʩʣʷ 

ʮʴʦʛʦ ʥʘ ʨʽʟʝʮʴ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʰʘʡʙʫ ʪʘ ʬʽʢʩʫʶʯʫ ʧʨʫʞʠʥʥʫ ʚʪʫʣʢʫ ʪʘ 

ʟʘʢʨʽʧʣʶʚʘʣʠ ʧʨʦʙʦʻʤ. 
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The service life and stability of equipment remain important aspects. This 

primarily concerns friction components of printing equipment that operate in severe 

conditions: high rotation speeds (up to 2,000 rpm), increased loads (3.0 MPa and 

more). Such conditions of applied loads are peculiar to the performance of friction 

components in offset and press cylinders of printing equipment such as Solna D390 

and Solna D480 offset printing machines (Sweden) [1, 2]. The traditionally used cast 

Cu-based antifriction materials (bronzes, brasses) do not satisfy the growing needs of 

modern machines for severe friction conditions, for example, for high rotational 

speeds up to 2000 rpm and increased loads up to 3.0 MPa. At high rotational speeds, 

complex physical, thermal, chemical and deformation processes take place on the 

contact surfaces. Under these conditions, any liquid lubricant is inoperable and solid 

lubricant is added to the initial mixture.  

In this case, antifriction bushes made of composite materials are very promising. 

Objective of the study is to research the effect of manufacturing technology on 

the formation of the structure of the self-lubricating antifriction Cu-based composite 
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with CaF2 solid lubricant and its effect on tribological properties at high rotational 

speeds.  

Subject is new antifriction composite based on Cu, alloyed by Ni, Al and Si, with 

the CaF2 solid lubricant additions, wt.%: Cuῐ(4.0-6.0)Niῐ(7.0-10.0)Alῐ(0.5-

0.8)Siῐ(5.0-8.0)CaF2 was studied. In the studies we have used the technology of cold 

pressing followed by hot pressing to minimize porosity. Cold pressing was performed 

at room temperature and specific pressure of 350ῐ400 MPa. The porosity of samples 

was 12ῐ15% after cold pressing. Next, the hot-pressing operation was performed at 

temperature t = 820ῐ870 ÜC and the specific pressure of 500 MPa in the atmosphere 

of a shielding gas (H2). The relative density of the samples was 0.98ῐ0.99 after hot 

pressing [2]. The new composite copper-based material has the complex 

heterogeneous structure after manufacture using the developed technological modes 

(Fig. 1). The structure provided formation of high antifriction properties in 

comparison with cast brass [1, 3], used traditionally in printing machinesô high-speed 

units (Table 1). 

 

 
Fig. 1. The structure of antifriction composite Cuῐ(4.0-6.0)%Niῐ(7.0-10.0)%Alῐ(0.5-

0.8)%Siῐ(5.0-8.0)%CaF2 

 

Table 1. Comparative antifriction properties of the developed Cu-composite and 

CuZn36 cast brass 

 

Material, wt.%, 

Rotational Speed, rpm 

1,200 2,000 

Load, MPa 

1.0  3.0  1.0 3.0 

Frict. 

coef. 

 

Wear 

rate, 

Õm/m 

Frict. 

coef. 

 

Wear 

rate, 

Õm/m 

Frict. 

coef. 

 

Wear 

rate, 

Õm/m 

Frict. 

coef. 

 

Wear 

rate, 

Õm/km 

Composite,  

Cu-(4-6)Ni-(7-

10)Al-(0.5-

0.8)Si-(5-8)CaF2 

0.17-

0.19 
46-54 

0.18-

0.21 
48-52 

0.18-

0.21 
57-63 

0.20-

0.22 
68-74 

CuZn36 cast 

brass   [3] 

0.08-

0.13 

0.004-

0.008 

0.28-

0.36 

128- 

160 

0.06-

0.110 

240-

320 

0.32- 

0.41 
560-720 


