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ʄʘʪʝʤʘʪʠʢʘ ʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ï 2019 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʤʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩ. ʥʘʫʯ.-ʧʨʘʢʪ. ʢʦʥʬ. 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʩ ʤʝʞʜʫʥʘʨ. ʫʯʘʩʪʠʝʤ (ʛ. ʇʝʨʤʴ, 15ï18 ʤʘʷ 

2019 ʛ.). / ʛʣ. ʨʝʜ. ɸ. ʇ. ʐʢʘʨʘʧʫʪʘ; ʇʝʨʤ. ʛʦʩ. ʥʘʮ. ʠʩʩʣʝʜ. ʫʥ-ʪ. 

ï ʕʣʝʢʪʨʦʥ. ʜʘʥ. ï ʇʝʨʤʴ, 2019. ï 10,8 ʄʙ; 428 ʩ. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: http://www.psu.ru/files/docs/science/books/sborniki/mmi-

2019.pdf. ï ɿʘʛʣ. ʩ ʵʢʨʘʥʘ. 

ISBN 978-5-7944-3300-5 

ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʘʪʴʠ ʫʯʘʩʪʥʠʢʦʚ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʄʘʪʝʤʘʪʠʢʘ ʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ï 2019è. ʅʘ ʢʦʥʬʝʨʝʥʮʠʶ ʙʳʣʦ 

ʧʨʠʩʣʘʥʦ ʙʦʣʝʝ ʩʪʘ ʩʪʘʪʝʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʠʟ ʙʣʠʞʥʝʛʦ ʠ 

ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ. ʇʦ ʠʪʦʛʘʤ ʨʘʙʦʪʳ ʵʢʩʧʝʨʪʥʦʡ ʢʦʤʠʩʩʠʠ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʚ 

ʩʙʦʨʥʠʢʝ ʙʳʣʦ ʦʪʦʙʨʘʥʦ ʜʝʚʷʥʦʩʪʦ ʯʝʪʳʨʝ ʩʪʘʪʴʠ. ʂʘʞʜʘʷ ʩʪʘʪʴʷ ʦʮʝʥʠʚʘʣʘʩʴ 

ʛʨʫʧʧʦʡ ʵʢʩʧʝʨʪʦʚ ʚ ʪʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʘ ̫ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʚʪʦʨʦʤ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʪʘʪʴʠ ʦʭʚʘʪʳʚʘʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʢʘʢ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʤʝʭʘʥʠʢʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʧʨʠʢʣʘʜʥʘʷ ʣʠʥʛʚʠʩʪʠʢʘ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ, ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʠʢʠ 

ʧʨʝʧʦʜʘʚʘʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʥʦʩʠʪ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ. 
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ʀʟʜʘʝʪʩʷ ʧʦ ʨʝʰʝʥʠʶ ʫʯʝʥʦʛʦ ʩʦʚʝʪʘ ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ʇʝʨʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ 

ɸ.ʇ. ʐʢʘʨʘʧʫʪʘ (ʛʣ. ʨʝʜ.), ʀ.ʉ. ɸʟʘʥʦʚʘ, ɸ.ʆ. ɸʣʝʢʩʝʝʚ, ɺ.ɻ. ɸʣʷʙʴʝʚʘ, ɺ.ʅ. ɸʧʪʫʢʦʚ, 

ʅ.ɹ. ɸʩʪʘʰʠʥʘ, ʀ.ɸ. ɹʘʣʘʥʜʠʥʘ, ʖ.ɺ. ɹʠʜʫʣʷ, ʄ.ʄ. ɹʫʟʤʘʢʦʚʘ, ɺ.ɻ. ɻʠʣʝʚ, 

ɼ.ʉ. ɻʦʣʜʦʙʠʥ, ɸ.ʖ. ɻʦʨʦʜʠʣʦʚ, ɽ.ʖ. ɼʘʥʠʣʦʚʘ, ɸ.ɻ. ɼʝʤʝʥʝʚ, ʂ.ɺ. ɼʦʤʦʞʠʨʦʚʘ, 

ɽ.ɹ. ɿʘʤʷʪʠʥʘ, ʀ.ɺ. ɿʦʨʠʥ, ɸ.ʆ. ʀʚʘʥʮʦʚ, ɽ.ɺ. ʀʩʘʝʚʘ, ɸ.ɸ. ʂʘʤʝʥʩʢʠʭ, 

ʊ.ɸ. ʂʦʩʪʘʨʝʚʘ, ɼ.ʉ. ʂʫʨʫʰʠʥ, ɺ.ɺ. ʃʘʥʠʥ, ʃ.ʅ. ʃʷʜʦʚʘ, ʅ.ɸ. ʄʝʜʚʝʜʝʚʘ, 

ʉ.ɺ. ʅʘʫʤʦʚ, ʖ.ʀ. ʅʷʰʠʥ, ʂ.ʉ. ʆʩʦʨʛʠʥ, ɽ.ʅ. ʆʩʪʘʧʝʥʢʦ, ʆ.ʀ. ʇʝʨʝʩʢʦʢʦʚʘ, 

ɺ.ʄ. ʇʝʩʪʨʝʥʠʥ, ʄ.ɸ. ʇʣʘʢʩʠʥ, ʀ.ʉ. ʇʦʩʪʘʥʦʛʦʚ, ʉ.ɺ. ʈʫʩʘʢʦʚ, ʆ.ʃ. ʈʫʩʘʢʦʚʘ, 

ʂ.ɺ. ʈʷʙʠʥʠʥ, ɸ.ʖ. ʉʢʦʨʥʷʢʦʚʘ, ʉ.ʀ. ʉʧʠʚʘʢ, ɸ.ʆ. ʉʫʭʦʚ, ɽ.ʅ. ʍʘʨʝʙʦʚʘ, 

ɽ.ʂ. ʍʝʥʥʝʨ, ɸ.ɺ. ʏʝʨʥʠʢʦʚ, ɺ.ɺ. ʏʠʯʘʛʦʚ, ʉ.ʀ. ʏʫʧʨʠʥʘ, ʖ.ɸ. ʐʘʨʘʧʦʚ, ʂ.ɻ. ʐʚʘʨʮ, 

ɺ.ʀ. ʗʢʦʚʣʝʚ 
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ɸʚʨʘʤʝʥʢʦ ɼ.ɻ., ɼʘʥʠʣʦʚʘ ɽ.ʖ. 

ɻɽʅɽʈʀʈʆɺɸʅʀɽ ʊɽʉʊʆɺ ɼʃʗ ɼʀɸɻʅʆʉʊʀʈʆɺɸʅʀʗ çɿɸʄʓʂɸʅʀʁè ɺʍʆɼʆɺ ʇʃʀʉ ĿĿĿĿĿĿĿĿĿĿĿ 10 

ɸʚʭʠʤʦʚʠʯ ɼ.ɺ. 

ʆɹʆɻɸʑɽʅʀɽ ɼɸʅʅʓʍ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʀʅɼʀʂɸʊʆʈʆɺ ʊɽʍʅʀʏɽʉʂʆɻʆ ɸʅɸʃʀɿɸ ɼʃʗ 

ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʌʀʅɸʅʉʆɺʓʍ ɺʈɽʄɽʅʅʓʍ ʈʗɼʆɺ ʄɽʊʆɼɸʄʀ ʄɸʐʀʅʅʆɻʆ ʆɹʋʏɽʅʀʗ

 ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 14 

ɸʛʝʝʚʘ ɼ.ʖ. 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʆʅʊʆʃʆɻʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʇʈʀ ʇʈʆɽʂʊʀʈʆɺɸʅʀʀ ʈɽɼɸʂʊʆʈɸ 

ʇʈɸɺʀʃ ɼʃʗ IOT ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 19 

ɸʛʠʙʘʣʦʚʘ ʆ.ʉ., ʉʪʨʝʣʢʦʚʘ ʅ.ɸ. 

ʇʈʀʄɽʅɽʅʀɽ ʄɽʊʆɼɸ ʋʉʈɽɼʅɽʅʀʗ ʂ ɿɸɼɸʏɸʄ ʆʇʊʀʄɸʃʔʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ 

ɺʈɸʑɽʅʀʗʄʀ ʆʉɽʉʀʄʄɽʊʈʀʏʅʆɻʆ ʊɺɽʈɼʆɻʆ ʊɽʃɸ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 24 

ɸʢʫʣʠʥʠʥ ɼ.ʉ., ʐʘʧʮʝʚ ɺ.ɸ. 

ʃɸʂʆʅʀʏʅʆɽ ʆɹʆʉʅʆɺɸʅʀɽ ʉʃɽɼʉʊɺʀʗ ʊɽʆʈɽʄʓ ʆ ʉʃʆɾɽʅʀʀ ɺɽʈʆʗʊʅʆʉʊɽʁ ĿĿĿĿĿĿĿĿĿĿĿĿ 29 

ɸʣʝʢʩʝʝʚ ɸ.ʆ. 

ʈʆʃʔ ʀ ʄɽʉʊʆ ʉʆɻʃɸʉʆɺɸʅʀʗ ʇʆʃʀʊʀʂʀ ʈʀʉʂ-ʄɽʅɽɼɾʄɽʅʊɸ ʆʈɻɸʅʀɿɸʎʀʀ ʇʈʀ 

ʂʆʃʃɽɻʀɸʃʔʅʆʄ ʆʈɻɸʅɽ ʋʇʈɸɺʃɽʅʀʗ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 32 

ɸʥʪʦʥʝʥʢʦ ɸ.ʈ., ʂʳʯʢʠʥ ɸ.ɺ. 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ ɼʃʗ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ 

ʕʃɽʂʊʈʆɼɺʀɻɸʊɽʃɽʄ ʅɸ ʆʉʅʆɺɽ ʊɽʍʅʆʃʆɻʀʁ ʀʅʊɽʈʅɽʊɸ ɺɽʑɽʁ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 36 

ɸʭʤʝʪʴʷʥʦʚʘ ɸ.ʀ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɹɸɿʀʉɸ ɻʆʄʆɼɽʉʄʀʏɽʉʂʀʍ ʈɽɸʂʎʀʁ ɼʃʗ ʊɽʈʄʆʍʀʄʀʏɽʉʂʆɻʆ 

ɸʅɸʃʀɿɸ ʕʅɽʈɻɽʊʀʂʀ ʍʀʄʀʏɽʉʂʀʍ ʉʆɽɼʀʅɽʅʀʁ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 40 

ɹʝʢʤʘʥʩʫʨʦʚ ʄ.ʈ., ɹʦʷʨʰʠʥʦʚʘ ʀ.ʅ. 

ɼɺʋʍʕʊɸʇʅɸʗ ʄɽʊʆɼʀʂɸ ʆʇʊʀʄʀɿɸʎʀʀ ʉʊʈʆʀʊɽʃʔʅʓʍ ʂʆʅʉʊʈʋʂʎʀʁ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 45 

ɹʦʢʦʚ ʂ.ɸ., ɹʫʟʤʘʢʦʚʘ ʄ.ʄ. 

ɼɾɽʄʄʀʅɻ ʂ-ʄɽʈʆɺ ʈɸɿʅʆʁ ʌʆʈʄʓ ʅɸ ʂɺɸɼʈɸʊʅʆʁ ʈɽʐɽʊʂɽ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 50 

ɹʦʥʜʘʨʝʥʢʦ ɸ.ʉ. 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ɼʀɿɸʁʅɸ ʕʃɽʂʊʈʆʅʅʆɻʆ ʂʋʈʉɸ: ʆʊ ʊɽʆʈʀʀ ʂ ʇʈɸʂʊʀʂɽ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 55 

ɹʘʣʜʠʥʘ ʅ.ɺ., ɹʦʨʪʥʠʢʦʚ ʈ.ʆ., ʇʝʡʩʘʭʦʚʠʯ ɸ.ɼ., ʈʝʜʦʟʫʙʦʚʘ ɼ.ʉ. 
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ʅʆɺɸʗ ɸʉʀʄʇʊʆʊʀʂɸ ɺ ʄʆɼɽʃʀ ʇʆɼʆɹʀʗ ɹʓʉʊʈʆʍʆɼʅʓʍ ʅɸʉʆʉʆɺ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 177 

ʂʦʢʦʫʣʠʥʘ ʄ.ɸ., ʉʤʦʨʦʜʦʚ ɸ.ɸ. 

ʂʆʄʇʔʖʊɽʈʅʓʁ ʊʈɽʅɸɾɽʈ çʀʊ-ʄɽʅɽɼɾɽʈè ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 181 

ʂʦʣʯʘʥʦʚʘ ɽ.ɸ., ʂʦʣʯʘʥʦʚ ʅ.ɺ. 

ɺʀɹʈʆʂʆʅɺɽʂʊʀɺʅʓɽ ʊɽʏɽʅʀʗ ʇʈʀ ɺɽʈʊʀʂɸʃʔʅʓʍ ʂʆʃɽɹɸʅʀʗʍ ʇʆɼʆɻʈɽɺɸɽʄʆʁ 

ʉɺɽʈʍʋ ʉʀʉʊɽʄʓ ɹʀʅɸʈʅɸʗ ɾʀɼʂʆʉʊʔ ï ʇʆʈʀʉʊɸʗ ʉʈɽɼɸĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 186 

ʂʦʩʪʘʨʝʚʘ ʊ.ɸ. 

ʀʅʉʊʈʋʄɽʅʊɸʃʔʅɸʗ ʉʈɽɼɸ ɼʃʗ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ ʇʆʉʊʈʆɽʅʀʗ ʆʅʊʆʃʆɻʀʁ ʅɸ 

ɹɸɿɽ ʃɽʂʉʀʂʆ-ʉʀʅʊɸʂʉʀʏɽʉʂʀʍ ʐɸɹʃʆʅʆɺ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 191 
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ʂʫʢʣʠʥ ɺ.ɺ. 

ʆʇʈɽɼɽʃɽʅʀɽ ʇʈʀʉʋʊʉʊɺʀʗ ʏɽʃʆɺɽʂɸ ɺ ʇʆʄɽʑɽʅʀʀ ʅɸ ʆʉʅʆɺɽ ʄɽʊʆɼʆɺ BUSINESS 

INTELLIGENCE ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 195 

ʂʫʧʨʠʷʥʳʯʝʚʘ ɽ.ɸ. 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆʁ ʀʅʆʗɿʓʏʅʆʁ ʂʆʄʇɽʊɽʅʎʀʀ ʉʊʋɼɽʅʊʆɺ ɺ 

ʋʉʃʆɺʀʗʍ ʀʅʌʆʈʄɸʊʀɿɸʎʀʀ ɺʓʉʐɽɻʆ ʆɹʈɸɿʆɺɸʅʀʗ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 200 

ʂʫʯʫʤʦʚ ɸ.ʀ. 

ʉʈɸɺʅɽʅʀɽ ʄɽʊʆɼʆɺ ʆʎɽʅʂʀ ʕʌʌɽʂʊɸ ʆʊ ɺʆɿɼɽʁʉʊɺʀʗ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 206 

ʂʳʣʦʩʦʚʘ ɺ.ɺ. 

ʆʊʈɸʉʃɽɺʆʁ ʀɼɽʅʊʀʌʀʂɸʎʀʀ ʇʈɽɼʇʈʀʗʊʀʁ ʀ ʆʈɻɸʅʀɿɸʎʀʁ ʇʆ ɺʀɼɸʄ 

ʕʂʆʅʆʄʀʏɽʉʂʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 210 

ʃʘʙʫʪʠʥ ʀ.ɸ., ɹʝʣʦʫʩʦʚ ʂ.ʀ., ʏʫʧʨʠʥʘ ʉ.ʀ. 

ʂʃɸʉʊɽʈʀɿɸʎʀʗ ʊɽʂʉʊʆɺʓʍ ɼʆʂʋʄɽʅʊʆɺ ʅɸ ʆʉʅʆɺɽ ʉɽʄɸʅʊʀʏɽʉʂʀʍ ʇʆʃɽʁ ĿĿĿĿĿĿĿĿĿ 214 

ʃʘʧʠʥ ɸ.ɸ. 

ɸʅɸʃʀɿ ʉʇʆʉʆɹʆɺ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ɼɽʇɸʈʊɸʄɽʅʊɸ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ʉ 

ʇʆʃʔɿʆɺɸʊɽʃʗʄʀ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 219 

ʄʘʢʘʨʦʚʘ ʀ.ɺ. 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʄʋʃʔʊʀɸɻɽʅʊʅʆʁ ʈɽʂʆʄɽʅɼɸʊɽʃʔʅʆʁ ʉʀʉʊɽʄʓ ʇʈɽɼʃʆɾɽʅʀʗ 

ONLINE-ʂʋʈʉʆɺĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 224 

ʄʘʢʫʨʠʥ ɸ.ɺ., ʇʝʪʨʦʚ ɼ.ɸ. 

ʆʈʀɽʅʊɸʎʀʆʅʅɸʗ ʀ ʄɸɻʅʀʊʅɸʗ ʉʊʈʋʂʊʋʈɸ ʌɽʈʈʆʅɽʄɸʊʀʂɸ ɺ ʄɸɻʅʀʊʅʆʄ ʀ 

ɻʈɸɺʀʊɸʎʀʆʅʅʆʄ ʇʆʃʗʍ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 230 

ʄʘʣʴʮʝʚ ɸ.ʉ., ʄʘʢʩʠʤʦʚ ʇ.ɺ. 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʆɹʃɽɻʏɽʅʅʆʁ ɼɽʊɸʃʀ ʉ ʇʆʄʆʑʔʖ ʊʆʇʆʃʆɻʀʏɽʉʂʆʁ ʆʇʊʀʄʀɿɸʎʀʀ 

ANSYS ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 235 

ʄʝʣʴʥʠʢ ɽ.ɸ., ʍʦʣʤʦʛʦʨʦʚʘ ɸ.ʉ., ʅʝʫʜʘʯʠʥʘ ʃ.ʂ. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʋʉʃʆɺʀʁ ʂʆʄʇʃɽʂʉʆʆɹʈɸɿʆɺɸʅʀʗ ʈʋɹɽɸʅɸʊɸ ʂʆɹɸʃʔʊɸ (II) ɺ ɺʆɼʅʓʍ 

ʈɸʉʊɺʆʈɸʍ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 240 

ʄʝʭʦʥʦʰʠʥ ɺ.ʂ., ʐʫʚʘʝʚ ʅ.ɺ. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʆʇʈɽɼɽʃɽʅʀɽ ʈɽɿʆʅɸʅʉʅʓʍ ʏɸʉʊʆʊ ɿɸʄʂʅʋʊʆʁ ʇʆʃʆʉʊʀ ĿĿĿĿĿ 245 

ʄʠʥʠʥ ɸ.ʉ., ʏʫʧʨʠʥʘ ʉ.ʀ. 

ʈɸɿʈɸɹʆʊʂɸ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʍ ʇʆʄʆʑʅʀʂʆɺ-ʀʅʌʆʈʄɸʅʊʆɺ ʆ ʈʀʉʂɸʍ ɿɼʆʈʆɺʔʖ ʇʆ 

ɼɸʅʅʓʄ ʄɽɼʀʎʀʅʉʂʀʍ ɸʅɸʃʀɿʆɺ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 250 

ʄʠʨʦʥʝʥʢʦ ɸ.ʆ., ʏʫʧʨʠʥʘ ʉ.ʀ. 

ʂʆʅʎɽʇʎʀʗ ʇʈʀʄɽʅɽʅʀʗ ʄɽʊʆɼʆɺ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ ʂ ʆɹʈɸɹʆʊʂɽ 

ɸʈʍʀɺʆɺ ʊɽʂʉʊʆɺʓʍ ɼʆʂʋʄɽʅʊʆɺ ɼʃʗ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʇʆʉʊʈʆɽʅʀʗ ɹɸɿ ɼɸʅʅʓʍ Ŀ 255 
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ʄʠʪʠʥ ɺ.ʖ. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʌʈɸʂʊɸʃʔʅʓʍ ʀ ʏɸʉʊʆʊʅʆ-ʈɸʅɻʆɺʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʃʀʅɻɺʀʉʊʀʏɽʉʂʀʍ ʈʗɼʆɺ ɺ ʇɸʂɽʊɽ WOLFRAM MATHEMATICA 11 ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 261 

ʄʫʢʦʩʝʝʚʘ ʗ.ʖ. 

ʇʈʀʄɽʅɽʅʀɽ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ çʉɽʄʆɻʈɸʌè ɼʃʗ ɸʅɸʃʀɿɸ ʀʉʊʆʈʀʏɽʉʂʀʍ 

ʀʉʊʆʏʅʀʂʆɺ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 266 

ʅʘʟʘʨʝʥʢʦʚʘ ɽ.ɺ. 

ʀɿ ʀʉʊʆʈʀʀ ʄɽʍɸʅʀʏɽʉʂʆɻʆ ɻʀʈʆʉʂʆʇɸ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 270 

ʅʝʧʨʠʥʘ ɸ.ɼ. 

ʉʈɸɺʅɽʅʀɽ ɸʃɻʆʈʀʊʄʆɺ ʌʋʅɼɸʄɽʅʊɸʃʔʅʆɻʆ ʀ ʊɽʍʅʀʏɽʉʂʆɻʆ ɸʅɸʃʀɿɸ ɼʃʗ 

ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʂʋʈʉɸ ɸʂʎʀʁ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 276 

ʅʠʢʠʪʠʥ ʀ.ɺ., ɹʫʟʤʘʢʦʚʘ ʄ.ʄ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʊʈʋʂʊʋʈʓ ʇʆʃʀʄɽʈɸ, ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʆɻʆ ʋɻʃɽʈʆɼʅʓʄʀ 

ʅɸʅʆʊʈʋɹʂɸʄʀ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 281 

ʅʦʩʦʚ ʖ.ʆ., ʂʘʤʝʥʩʢʠʭ ɸ.ɸ., ɸʜʘʤʦʚ ɸ.ɸ. 

ʏʀʉʃɽʅʅʓʁ ɸʅɸʃʀɿ ɼɽʌʆʈʄʀʈʆɺɸʅʅʆɻʆ ʇʆɺɽɼɽʅʀʗ ʇʃʆʉʂʆɻʆ ʉʃʆʗ ʉʂʆʃʔɾɽʅʀʗ 

ɸʅʊʀʌʈʀʂʎʀʆʅʅʆɻʆ ʄɸʊɽʈʀɸʃɸ ʉ ʃʋʅʂɸʄʀ ɼʃʗ ʉʄɸɿʂʀ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 286 

ʇʘʚʣʦʚ ɼ.ɸ., ʇʝʱʝʨʝʥʢʦ ʉ.ʅ. 

ʄɽʊʆɼʀʂɸ ʈɸʉʏɽʊɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʅɽʌʊɽɼʆɹʓɺɸʖʑɽɻʆ ʇʆɻʈʋɾʅʆɻʆ ʅɸʉʆʉɸ ʅɸ 

ɺʗɿʂʆʁ ɾʀɼʂʆʉʊʀ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 290 

ʇʝʥʢʠʥ ʅ.ʂ., ʇʝʱʝʨʝʥʢʦ ʉ.ʅ. 

ʅɽʉʊɸʎʀʆʅɸʈʅɸʗ ʄʆɼɽʃʔ ʇʃɸʉʊïʉʂɺɸɾʀʅɸïʋʕʎʅ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 294 

ʇʝʰʠʥ ʉ.ɽ. 

ɹʀʆʄɽʍɸʅʀʂɸ ɹʈʋʂʉʀɿʄɸ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 298 

ʇʦʩʧʝʣʦʚʘ ʅ.ʉ., ʇʝʨʤʷʢʦʚʘ ɸ.ɺ. 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʎʀʊʆʄɽɻɸʃʆɺʀʈʋʉʅʆʁ ʀʅʌɽʂʎʀʀ ʋ ɼɽʊɽʁ 

ʄʃɸɼʐɽɻʆ ɺʆɿʈɸʉʊɸ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 302 

ʇʦʪʘʧʦʚʘ ʅ.ɺ. 

ɺʓʉʐɽɽ ʆɹʈɸɿʆɺɸʅʀɽ ɺ ʋʉʃʆɺʀʗʍ ʈɸɿɺʀʊʀʗ ʎʀʌʈʆɺʆʁ ʕʂʆʅʆʄʀʂʀ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 306 

ʇʦʪʘʧʦʚʘ ʅ.ɺ., ʄʘʢʘʨʦʚʩʢʘʷ ʊ.ɻ. 

ʂ ɺʆʇʈʆʉʋ ʆɹ ʀʉʇʆʃʔɿʆɺɸʅʀʀ ʄɽʊʆɼɸ ʅɸʀʄɽʅʔʐʀʍ ʂɺɸɼʈɸʊʆɺ ʉʊʋɼɽʅʊɸʄʀ 

ʅɽʄɸʊɽʄɸʊʀʏɽʉʂʀʍ ʌɸʂʋʃʔʊɽʊʆɺ ɺ ɿɸɼɸʏɸʍ ʍʀʄʀʏɽʉʂʆɻʆ ɸʅɸʃʀɿɸĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 310 

ʇʴʷʥʢʦʚ ɼ.ɺ. 

ʇʈʀʄɽʅɽʅʀɽ ʊɽʍʅʆʃʆɻʀʀ ɹʃʆʂʏɽʁʅ ɺ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄɽ ʋʇʈɸɺʃɽʅʀʗ 

ʇʃɸʊɽɾɸʄʀ ɾʂʍ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 314 
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ʈʝʰʝʪʥʠʢʦʚʘ ɽ.ɸ., ɹʫʟʤʘʢʦʚʘ ʄ.ʄ. 

ɸʃɻʆʈʀʊʄ ʈɸɺʅʆʄɽʈʅʆɻʆ ʈɸʉʇʈɽɼɽʃɽʅʀʗ K-ʄɽʈʆɺ ɺ ʇʈʆʉʊʈɸʅʉʊɺɽ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 319 

ʈʦʤʘʥʦʚʘ ʄ.ʇ., ɹʫʟʤʘʢʦʚʘ ʄ.ʄ. 

ʂʆʅʊʀʅʋɸʃʔʅɸʗ ʄʆɼɽʃʔ ʉʊʈʋʂʊʋʈʓ ʊʆʅʂʆʁ ʇʃɽʅʂʀ ʇʆʃʀʄɽʈɸ, ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʆʁ 

ʋɻʃɽʈʆɼʅʓʄʀ ʅɸʅʆʊʈʋɹʂɸʄʀ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 324 

ʈʦʤʘʥʦʚʩʢʘʷ ʉ.ɺ. 

ʂʆʅʎɽʇʎʀʗ ʈɸɿʈɸɹʆʊʂʀ SMART-ʈɽʇʆɿʀʊʆʈʀʗ ʇɸʊʊɽʈʅʆɺ ɼʃʗ ɿɸɼɸʏ NATURAL 

LANGUAGE PROCESSING ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 330 

ʉʘʛʠʨʦʚʘ ɸ.ʈ., ʅʠʢʫʣʠʥ ʀ.ʃ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺʆʃʆʂʆʅʅʆ-ʆʇʊʀʏɽʉʂʆɻʆ ɼɸʊʏʀʂɸ ɺʀɹʈɸʎʀʀ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 335 

ʉʤʠʨʥʦʚ ɸ.ɺ. 

ʄʆɼʀʌʀʂɸʎʀʗ ɸʈʍʀʊɽʂʊʋʈʓ MVP ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʇɸʊʊɽʈʅɸ çʂʆʆʈɼʀʅɸʊʆʈè ĿĿĿ 339 

ʉʤʠʨʥʦʚ ʄ.ɸ. 

ʉʀʉʊɽʄɸ ʀɿɺʃɽʏɽʅʀʗ ʀʅʊɽʈʅɽʊ ʂʆʅʊɽʅʊɸ ɼʃʗ ʈɽʐɽʅʀʗ ɿɸɼɸʏ ɸʅɸʃʀɿɸ ɻʃʆɹɸʃʔʅʓʍ 

ʇʈʆʎɽʉʉʆɺ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 343 

ʉʥʝʛʠʨʝʚ ɸ.ʉ. 

ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʉʀʉʊɽʄɸ ɼʃʗ ɸʂʊʋɸʃʀɿɸʎʀʀ ʉʆʉʊʆʗʅʀʗ ʈʓʅʂɸ ʊʈʋɼɸ ʉ ʇʆʄʆʑʔʖ 

ʇʆʉʊʈʆɽʅʀʗ ɼʆʈʆɾʅʓʍ ʂɸʈʊ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 348 

ʉʦʢʦʣʦʚ ɸ.ʂ., ʉʚʠʩʪʢʦʚ ɸ.ʃ., ɻʘʨʠʰʠʥ ʆ.ʂ. 

ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ʅɸʅʆɻʃʀʅʓ ʀ ʊɽʍʅʀʏɽʉʂʆɻʆ ʋɻʃɽʈʆɼɸ ʂɸʂ ʇʈʀʏʀʅɸ 

ɼʀʉʉʀʇɸʊʀɺʅʓʍ ʇʆʊɽʈʔ ɺ ʕʃɸʉʊʆʄɽʈʅʆʄ ʂʆʄʇʆɿʀʊɽ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 353 

ʉʧʨʳʩʢʦʚ ɸ.ɸ., ɹʠʜʫʣʷ ʖ.ɺ. 

ʆʇʈɽɼɽʃɽʅʀɽ ʈɽʏɽɺʆɻʆ ɸʂʊɸ ʆʊɿʓɺɸ ɺ ʀʅʊɽʈʅɽʊ-ʄɸɻɸɿʀʅɽ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 358 

ʉʫʙʙʦʪʠʥ ɽ.ɸ., ɼʘʮʫʥ ʅ.ʅ. 

ʉʀʉʊɽʄɸ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʉʂʈʀʅʀʅɻɸ ʇʋɹʃʀʂɸʎʀʁ ɼʃʗ ʉʀʉʊɽʄɸʊʀʏɽʉʂʆɻʆ ʆɹɿʆʈɸ 

ʃʀʊɽʈɸʊʋʈʓ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 363 

ʉʫʢʦʥʢʠʥʘ ɸ.ʅ., ɻʨʠʛʦʨʴʝʚ ʄ.ɺ. 

ʄʆʅʀʊʆʈʀʅɻ ɺʆɼʅʆʁ ʇʆɺɽʈʍʅʆʉʊʀ ʄɽʊʆɼɸʄʀ ʆɹʒɽʂʊʅʆ-ʆʈʀɽʅʊʀʈʆɺɸʅʅʆʁ 

ʂʃɸʉʉʀʌʀʂɸʎʀʀ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 368 

ʉʫʭʦʜʦʝʚʘ ʊ.ʉ., ʉʤʝʪʘʥʥʠʢʦʚ ʆ.ʖ. 

ʏʀʉʃɽʅʅʓʁ ʈɸʉʏɽʊ ʈɸɿʈʋʐɽʅʀʗ ʆɹʈɸɿʎɸ ʀɿ ʂʆʄʇʆɿʀʎʀʆʅʅʆɻʆ ʄɸʊɽʈʀɸʃɸ ɺ ʇɸʂɽʊɽ 

ANSYS ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 372 

ʊʝʤʠʨʢʘʝʚʘ ʄ.ʈ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʆɺɽɼɽʅʀʗ ʇʆʊʈɽɹʀʊɽʃʗ ʅɸ ʈʓʅʂɽ ʉʆʊʆɺʆʁ ʉɺʗɿʀ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 376 
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ʋʩʘʥʠʥ ɸ.ʉ., ɿʘʤʷʪʠʥʘ ɽ.ɹ. 

ʆʇʓʊ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɻɽʆʆʈʀɽʅʊʀʈʆɺɸʅʅʆɻʆ ɸʃɻʆʈʀʊʄɸ ʄɸʈʐʈʋʊʀɿɸʎʀʀ ɼʃʗ 

ʇʆʀʉʂɸ ʂʆʅʊɽʅʊɸ ɺ AD HOC ʉɽʊʗʍ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 380 

ʋʩʪʶʛʦʚʘ ʊ.ʅ., ʂʘʤʝʥʩʢʠʭ ɸ.ɸ., ɸʩʪʘʰʠʥʘ ʅ.ɹ., ʉʝʨʛʝʝʚʘ ɽ.ʉ. 

ʏʀʉʃɽʅʅʓʁ ɸʅɸʃʀɿ ɼɽʌʆʈʄɸʎʀʆʅʅʆɻʆ ʇʆɺɽɼɽʅʀʗ ʇɸʈʓ ɿʋɹʆɺ ɼʃʗ ʆɼʅʆɻʆ 

ʂʃʀʅʀʏɽʉʂʆɻʆ ʉʃʋʏɸʗ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 385 

ʌʠʣʠʧʩʦʥ ʉ.ʂ. 

ɸʃɻʆʈʀʊʄ ɻɽʅɽʈɸʎʀʀ ʃɽʂʉʀʂʆ-ʉɽʄɸʅʊʀʏɽʉʂʀʍ ʐɸɹʃʆʅʆɺ ʅɸ ʆʉʅʆɺɽ 

ʆʅʊʆʃʆɻʀʏɽʉʂʆɻʆ ʆʇʀʉɸʅʀʗ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 389 

ʍʦʨʦʰʝʚ ɼ.ɺ., ʀʣʴʷʣʦʚ ʆ.ʈ., ʋʩʪʶʞʘʥʮʝʚ ʅ.ɽ. 

ʆɹʒɽʄʅʆɽ ʂʆʅɽʏʅʆ-ʕʃɽʄɽʅʊʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʄɽɾʇʆɿɺʆʅʆʏʅʆɻʆ ɼʀʉʂɸ L4-L5 394 

ʍʦʪʴʢʦ ʆ.ɸ., ʃʫʪʤʘʥʦʚ ʉ.ɺ. 

ʅɸɺɽɼɽʅʀɽ ʅɸ ʎɽʃʔ ʊʗɾɽʃʆʁ ʄɸʊɽʈʀɸʃʔʅʆʁ ʊʆʏʂʀ ɺ ʉʈɽɼɽ ʉ ʉʆʇʈʆʊʀɺʃɽʅʀɽʄ, 

ʇʈʆʇʆʈʎʀʆʅɸʃʔʅʓʄ ʂɺɸɼʈɸʊʋ ʉʂʆʈʆʉʊʀ ĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿĿ 400 

ʎʘʨʸʚʘ ʌ.ʐ. 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ɼʃʗ ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ ʆɹʋʏɽʅʀʗ ʇʈʀ 
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ʋɼʂ 519.688 

ɻɽʅɽʈʀʈʆɺɸʅʀɽ ʊɽʉʊʆɺ ɼʃʗ ɼʀɸɻʅʆʉʊʀʈʆɺɸʅʀʗ çɿɸʄʓʂɸʅʀʁè 

ɺʍʆɼʆɺ ʇʃʀʉ1 

ɸʚʨʘʤʝʥʢʦ ɼʘʨʴʷ ɻʝʦʨʛʠʝʚʥʘ, ɼʘʥʠʣʦʚʘ ɽʢʘʪʝʨʠʥʘ ʖʨʴʝʚʥʘ 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614990, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ɹʫʢʠʨʝʚʘ, 15, AvramenkoDasha@yandex.ru 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʛʝʥʝʨʘʪʦʨʘ ʪʝʩʪʦʚ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʟʘʤʳʢʘʥʠʡ ʚʭʦʜʦʚ ʇʃʀʉ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʚ ʇʃʀʉ. ɼʣʷ ʠʭ ʦʪʣʘʜʢʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʠʭ ʪʝʩʪʠʨʦʚʘʥʠʝ. ʆʜʠʥ ʠʟ ʚʠʜʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʘʣʛʦʨʠʪʤʦʤ ʜʣʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʝʩʪʘ. ʊʘʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʝʩʪʦʚ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʩʦʟʜʘʥʠʷ ʧʦʜʦʙʥʳʭ ʪʝʩʪʦʚ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʘʣʛʦʨʠʪʤ, ʧʨʦʠʟʚʦʜʷʱʠʡ ʥʘʙʦʨʳ ʪʝʩʪʦʚ ʧʦ ʟʘʜʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. ɺ ʩʪʘʪʴʝ ʜʘʥʳ ʧʨʘʚʠʣʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʩʪʦʚʦʡ ʬʫʥʢʮʠʠ ʠ ʦʧʠʩʘʥʠʝ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ 

ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʩʜʝʣʘʥʳ ʦʙʱʠʝ ʚʳʚʦʜʳ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʝʥʝʨʘʪʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʃʀʉ, ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ, ʛʝʥʝʨʘʪʦʨ ʪʝʩʪʦʚ, çʟʘʤʳʢʘʥʠʝè ʚʭʦʜʦʚ ʇʃʀʉ. 

ʇʃʀʉ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʨʠʛʠʥʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʪʨʝʙʫʶʱʝʡ 

ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʇʃʀʉ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʪʝʥʜʦʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. ʆʪʜʝʣʴʥʦʡ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ 

ʇʃʀʉ ʷʚʣʷʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʢʦʧʠʨʦʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʇʃʀʉ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ. ʅʘ ʠʭ ʦʩʥʦʚʝ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʢʦʥʪʨʦʣʣʝʨʳ ʰʠʥʳ, ʘʜʨʝʩʥʳʝ ʜʝʰʠʬʨʘʪʦʨʳ ʠ ʜʨ. ʅʘ ʇʃʀʉ ʯʘʩʪʦ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʤʠʢʨʦʧʨʦʛʨʘʤʤʥʳʝ ʘʚʪʦʤʘʪʳ [1]. ʇʨʠ ʵʪʦʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʰʠʙʦʢ ʚ ʨʘʙʦʪʝ ʇʃʀʉ ʧʨʦʠʩʭʦʜʠʪ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ. ʇʦʵʪʦʤʫ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʇʃʀʉ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. 

ɼʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʇʃʀʉ ï ʧʨʦʮʝʩʩ ʦʙʥʘʨʫʞʝʥʠʷ ʦʪʢʘʟʘ, ʥʘʭʦʞʜʝʥʠʷ ʤʝʩʪʘ ʝʛʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʝʛʦ ʪʠʧʘ [2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʪʘʢʦʡ 

ʚʠʜ ʦʪʢʘʟʦʚ, ʢʘʢ ʟʘʤʳʢʘʥʠʝ ʩʦʩʝʜʥʠʭ ʚʭʦʜʦʚ. ɼʘʥʥʳʡ ʚʠʜ ʦʪʢʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ 

ʜʚʫʤʷ ʚʠʜʘʤʠ ʟʘʤʳʢʘʥʠʡ: çʤʦʥʪʘʞʥʦʝ ʀè ʠ çʤʦʥʪʘʞʥʦʝ ʀʃʀè. çʄʦʥʪʘʞʥʦʝ ʀè ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʥʘ ʦʙʘ ʚʭʦʜʘ ʙʫʜʝʪ ʧʦʜʘʥ ʩʠʛʥʘʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʣʦʛʠʯʝʩʢʦʤʫ ʀ ʠʩʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ. 

çʄʦʥʪʘʞʥʦʝ ʀʃʀè ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘ ʦʙʘ ʚʭʦʜʘ ʙʫʜʝʪ ʧʦʜʘʥ ʩʠʛʥʘʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʣʦʛʠʯʝʩʢʦʤʫ ʀʃʀ ʠʩʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ [3]. 
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ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʢʘʯʝʩʪʚʝʥʥʳʝ ʥʘʙʦʨʳ 

ʪʝʩʪʦʚ. ʆʜʠʥ ʪʝʩʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʫʣʝʚʫ ʬʫʥʢʮʠʶ ʦʪ n ʧʝʨʝʤʝʥʥʳʭ. ɼʣʷ ʵʪʦʡ ʬʫʥʢʮʠʠ 

ʩʪʨʦʷʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʧʨʠ ʟʘʤʳʢʘʥʠʠ 

ʩʦʩʝʜʥʠʭ ʚʭʦʜʦʚ. ʂʦʣʠʯʝʩʪʚʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʨʘʚʥʦ 2Önï2, ʛʜʝ n ïʢʦʣʠʯʝʩʪʚʦ 

ʚʭʦʜʦʚ ʇʃʀʉ (ʘʨʛʫʤʝʥʪʦʚ ʬʫʥʢʮʠʠ f0). ʇʫʩʪʴ f0 ï ʠʩʭʦʜʥʘʷ ʬʫʥʢʮʠʷ, ʪʦʛʜʘ f1 ï ʬʫʥʢʮʠʷ, 

ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪʩʷ ʠʟ f0 ʧʨʠ ʟʘʤʳʢʘʥʠʠ ʚʭʦʜʦʚ x1, x2 ʧʦ çʀè, f2 ï ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ 

ʧʦʣʫʯʘʝʪʩʷ ʠʟ f0 ʧʨʠ ʟʘʤʳʢʘʥʠʠ ʚʭʦʜʦʚ x1, x2 ʧʦ çʀʃʀè, f3 ï ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪʩʷ ʠʟ 

f0 ʧʨʠ ʟʘʤʳʢʘʥʠʠ ʚʭʦʜʦʚ x2, x3 ʧʦ çʀè ʠ ʪ.ʜ. ʇʦʣʫʯʝʥʥʳʝ ʬʫʥʢʮʠʠ fi ʤʦʛʫʪ ʧʦʚʪʦʨʷʪʴʩʷ ʠʣʠ 

ʙʳʪʴ ʫʥʠʢʘʣʴʥʳʤʠ. ʂʘʞʜʘʷ ʫʥʠʢʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʩ. ɽʩʣʠ 

ʚ ʢʘʢʦʡ-ʪʦ ʢʣʘʩʩ ʚʭʦʜʠʪ ʙʦʣʴʰʝ ʦʜʥʦʡ ʬʫʥʢʮʠʠ, ʪʦ ʛʦʚʦʨʷʪ, ʯʪʦ ʵʪʦʪ ʪʝʩʪ ʩ ʧʦʚʪʦʨʘʤʠ, ʠʥʘʯʝ 

ï ʙʝʟ ʧʦʚʪʦʨʦʚ.  

ʅʘʙʦʨ ʪʝʩʪʦʚ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ, ʧʦʵʪʦʤʫ ʧʦʷʚʣʷʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʛʝʥʝʨʘʪʦʨʝ ʪʝʩʪʦʚ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʫʤʝʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʪʝʩʪʳ, ʢʘʢ ʩ ʧʦʚʪʦʨʘʤʠ, ʪʘʢ ʠ ʙʝʟ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ ʤʦʞʝʪ ʧʦʥʘʜʦʙʠʪʴʩʷ ʣʠʙʦ ʪʦʪ, ʣʠʙʦ ʜʨʫʛʦʡ ʚʘʨʠʘʥʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʥʝʨʘʮʠʷ ʪʝʩʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʫʥʢʮʠʡ f0,é,f2Ön-2 ʦʪ 

xn,é,x1 ʧʝʨʝʤʝʥʥʳʭ (n ï ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʦʝ ʟʘʜʘʝʪʩʷ ʚ ʛʝʥʝʨʘʪʦʨʝ ʪʝʩʪʦʚ). 

ʊʘʙʣʠʮʘ 1. ʇʨʠʤʝʨ ʪʝʩʪʘ ʩ ʧʦʚʪʦʨʘʤʠ 

x3 x2 x1 f0 f1 f2 f3 f4 

0 0 0 1 1 1 1 1 

0 0 1 1 1 1 1 1 

0 1 0 0 1 1 1 1 

0 1 1 1 1 1 1 0 

1 0 0 1 1 1 1 1 

1 0 1 0 1 0 1 0 

1 1 0 1 1 0 1 1 

1 1 1 0 0 0 0 0 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʪʝʩʪʘ ʩ ʧʦʚʪʦʨʘʤʠ ʜʣʷ ʬʫʥʢʮʠʠ ʪʨʝʭ ʧʝʨʝʤʝʥʥʳʭ (n = 

3). ɼʣʷ ʵʪʦʛʦ ʪʝʩʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ (1). 

 f1 = f3 (1) 

ʊʝʩʪ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʘʚʠʣʘʤ. ʇʫʩʪʴ ʛʝʥʝʨʠʨʫʝʤʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ: 

f0(x1,é,xn) = (Ŭ0, Ŭ1,é, Ŭ2
n
-1), ʛʜʝ Ŭi = {0,1}, i = 0é2n-1. ʊʦʛʜʘ ʜʣʷ n = 3 ʬʫʥʢʮʠʷ f1 ʙʫʜʝʪ ʠʤʝʪʴ 

ʚʠʜ: f1(x1,é,xn) = (Ŭ0, Ŭ0, Ŭ0, Ŭ3, Ŭ4, Ŭ4, Ŭ4, Ŭ7), ʘ ʬʫʥʢʮʠʷ f2: f2(x1,é,xn) = (Ŭ0, Ŭ3, Ŭ3, Ŭ3, Ŭ4, Ŭ7, Ŭ7, 

Ŭ7). ʇʨʠʤʝʨ ʧʨʘʚʠʣ ʜʣʷ n = 3 ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 2. ʇʨʘʚʠʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʩʪʘ 

x3 x2 x1 f0 f1 f2 f3 f4 

0 0 0 Ŭ0 Ŭ0 Ŭ0 Ŭ0 Ŭ0 

0 0 1 Ŭ1 Ŭ0 Ŭ3 Ŭ1 Ŭ1 

0 1 0 Ŭ2 Ŭ0 Ŭ3 Ŭ0 Ŭ6 

0 1 1 Ŭ3 Ŭ3 Ŭ3 Ŭ1 Ŭ7 

1 0 0 Ŭ4 Ŭ4 Ŭ4 Ŭ0 Ŭ6 

1 0 1 Ŭ5 Ŭ4 Ŭ7 Ŭ1 Ŭ7 

1 1 0 Ŭ6 Ŭ4 Ŭ7 Ŭ6 Ŭ6 

1 1 1 Ŭ7 Ŭ7 Ŭ7 Ŭ7 Ŭ7 

ʅʘ ʦʩʥʦʚʝ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʧʨʘʚʠʣ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʛʝʥʝʨʘʪʦʨʘ (ʥʘ 

ʧʨʠʤʝʨʝ ʩʦʟʜʘʥʠʷ ʪʝʩʪʘ ʩ ʦʜʥʠʤ ʢʣʘʩʩʦʤ ʩ ʧʦʚʪʦʨʦʤ ʠʟ ʜʚʫʭ ʬʫʥʢʮʠʡ): 

1. ɺʳʙʠʨʘʝʤ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʜʚʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʨʘʚʥʷʪʴ. 

2. ʀʩʧʦʣʴʟʫʷ ʧʨʘʚʠʣʘ ʠʟ ʪʘʙʣ.ˉ2 ʧʦʣʫʯʘʝʤ ʟʥʘʯʝʥʠʷ Ŭi1 ʠ Ŭi2 ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʩʪʦʣʙʮʦʚ, i 

= 0é2nï1. 

3. ʅʘʭʦʜʠʤ ʩʪʨʦʢʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦ i1 Í i2 ʠ ʟʘʤʝʥʷʝʤ ʝʛʦ 

ʨʘʚʝʥʩʪʚʦʤ Ŭi1 = Ŭi2. 

4. ʉʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʷ ʪʦʣʴʢʦ ʨʘʚʝʥʩʪʚʘ ʠʟ ʧ.3, ʟʘʜʘʝʤ ʚʩʝ Ŭi, i = 0é2nï1. 

ʏʘʩʪʴ ʢʦʥʩʪʘʥʪ ʧʨʠ ʵʪʦʤ ʥʝ ʟʘʜʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʙʫʜʫʪ ʨʘʚʥʳ ʜʨʫʛʠʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʬʫʥʢʮʠʡ ʚ ʢʣʘʩʩʝ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʙʨʘʪʴ ʬʫʥʢʮʠʠ fi, fj, ʧʦʩʪʨʦʯʥʦ ʧʨʦʩʤʦʪʨʝʪʴ ʩʪʦʣʙʮʳ i ʠ j ʠ ʩʦʩʪʘʚʠʪʴ ʨʘʚʝʥʩʪʚʘ, ʢʦʪʦʨʳʝ 

ʟʘʪʝʤ ʚʳʧʦʣʥʠʪʴ. 

ʅʘʧʨʠʤʝʨ, ʨʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʶ ʪʨʝʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʚʦʟʴʤʝʤ ʩʪʦʣʙʮʳ f2 ʠ f3. ʏʪʦʙʳ 

ʵʪʠ ʩʪʦʣʙʮʳ ʙʳʣʠ ʨʘʚʥʳ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʠʩʴ ʨʘʚʝʥʩʪʚʘ (2). 

 Ŭ0 = Ŭ0, Ŭ3 = Ŭ1, Ŭ3 = Ŭ0, Ŭ3 = Ŭ1, Ŭ4 = Ŭ0, Ŭ7 = Ŭ1, Ŭ7 = Ŭ6, Ŭ7 = Ŭ7 (2) 

ɽʩʣʠ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʵʪʠ ʨʘʚʝʥʩʪʚʘ, ʪʦ ʧʦʣʫʯʠʪʩʷ (3) 

 Ŭ0 = Ŭ1 = Ŭ3 = Ŭ4 = Ŭ6 = Ŭ7 (3) 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʨʘʚʝʥʩʪʚ, ʧʨʦʠʩʭʦʜʠʪ ʩʘʤʦ ʧʨʠʨʘʚʥʠʚʘʥʠʝ, ʠ ʧʦʷʚʣʷʶʪʩʷ 

ʢʣʘʩʩʳ ʩ ʧʦʚʪʦʨʘʤʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʩʪʘ ʩ ʬʫʥʢʮʠʷʤʠ ʙʝʟ ʧʦʚʪʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʦʛʠʯʥʫʶ 

ʦʧʝʨʘʮʠʶ, ʨʘʩʩʤʦʪʨʝʚ ʚʩʝ ʬʫʥʢʮʠʠ ʧʦʧʘʨʥʦ, ʘ ʟʘʪʝʤ ʚʤʝʩʪʦ ʨʘʚʝʥʩʪʚ ʫʢʘʟʘʪʴ ʥʝʨʘʚʝʥʩʪʚʘ. 

ʂʘʞʜʘʷ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʥʝʨʘʚʝʥʩʪʚ ʜʣʷ ʧʘʨ ʬʫʥʢʮʠʡ ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴʩʷ ʭʦʪʷ ʙʳ ʜʣʷ 

ʦʜʥʦʡ ʧʘʨʳ ʟʥʘʯʝʥʠʡ (ʦʜʥʦʡ ʩʪʨʦʢʠ ʚ ʪʘʙʣʠʮʝ). 



 

13 

 

ʆʧʠʩʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥ. ʊʝʩʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʧʦʩʪʘʚʣʝʥʥʳʤ ʟʘʜʘʯʘʤ. 
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TEST GENERATION FOR INPUT CIRCUIT  FPGA DIAGNOSIS 

Avramenko Darya G., Danilova Ekaterina U. 

Perm State University, 15, Bukireva st., Perm, 614990, Russia, AvramenkoDasha@yandex.ru 

This work is devoted to the development of a test generator for testing algorithms for diagnosing 

circuit of FPGA inputs. There are many algorithms for diagnosing FPGAs failures. To debug them 

and determine the effectiveness of their work, they should be tested. One type of testing is to 

determine how effective diagnostic sequences were constructed by the algorithm for a particular test. 

Such testing requires a lot of different tests. To simplify the generation of such tests, an algorithm 

was developed that produces test sets by specified parameters. The article gives the rules for the 

formation of the test function and a description of this algorithm, examples of work and general 

conclusions about the efficiency of the generator. 

Key words: FPGA, diagnosis, test generator, input circuit FPGA. 
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ʋɼʂ 004.622 

ʆɹʆɻɸʑɽʅʀɽ ɼɸʅʅʓʍ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʀʅɼʀʂɸʊʆʈʆɺ 

ʊɽʍʅʀʏɽʉʂʆɻʆ ɸʅɸʃʀɿɸ ɼʃʗ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʌʀʅɸʅʉʆɺʓʍ 

ɺʈɽʄɽʅʅʓʍ ʈʗɼʆɺ ʄɽʊʆɼɸʄʀ ʄɸʐʀʅʅʆɻʆ ʆɹʋʏɽʅʀʗ2 

ɸʚʭʠʤʦʚʠʯ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, 614070, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ʉʪʫʜʝʥʯʝʩʢʘʷ, 38, dxl95@mail.ru 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʦʛʘʱʝʥʠʷ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʜʠʢʘʪʦʨʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ ʮʝʣʴʶ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʫʜʫʱʠʭ ʟʥʘʯʝʥʠʡ ʬʠʥʘʥʩʦʚʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʙʦʛʘʱʝʥʠʷ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʙʠʥʘʮʠʠ ʩʢʦʣʴʟʷʱʠʭ 

ʩʨʝʜʥʠʭ, ʧʦʣʦʩʳ ɹʦʣʣʠʥʜʞʝʨʘ, ʦʩʮʠʣʣʷʪʦʨʳ ʩʢʦʣʴʟʷʱʠʭ ʩʨʝʜʥʠʭ. ʀʥʜʠʢʘʪʦʨʘʤʠ ʚʳʩʪʫʧʘʶʪ 

ʩʠʛʥʘʣʳ, ʧʨʠʥʷʪʳʝ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʠ ʧʨʠʤʝʥʷʝʤʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ ʠ 

ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʙʦʛʘʱʝʥʥʳʭ 

ʜʘʥʥʳʭ ʩ ʠʥʜʠʢʘʪʦʨʘʤʠ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʥʜʠʢʘʪʦʨʦʚ. ʊʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʫʚʝʣʠʯʝʥʘ ʥʘ 3,41% ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʥʥʳʭ ʙʝʟ ʠʥʜʠʢʘʪʦʨʦʚ 

(ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʠʥʘʢʦʚʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ). ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʳ 

ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʦʛʘʱʝʥʠʝ ʜʘʥʥʳʭ, ʠʥʜʠʢʘʪʦʨʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʬʠʥʘʥʩʦʚʳʝ 

ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʬʠʥʘʥʩʦʚʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʜʦʚʦʣʴʥʦ ʯʘʩʪʘʷ ʪʝʤʘ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ, 

ʤʥʦʛʠʝ ʘʚʪʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʚʦʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ, ʦʜʥʘʢʦ ʚ ʦʩʥʦʚʥʦʤ, ʧʨʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʳʝ ʤʦʜʝʣʠ ʠ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʦʣʝʙʣʶʪʩʷ ʦʪ ʦʪʢʣʦʥʝʥʠʷ 9,5% ʜʦ ʦʪʢʣʦʥʝʥʠʷ 11% [1], [2], [3], [4]. ʂ ʪʦʤʫ 

ʞʝ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʳʭ ʨʳʥʢʘʭ, ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʩʠʣʴʥʦʡ ʚʦʣʘʪʠʣʴʥʦʩʪʠ. ɺ ʜʘʥʥʦʤ ʞʝ ʩʣʫʯʘʝ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʮʝʥʳ 

ʥʘ ʢʨʠʧʪʦʚʘʣʶʪʫ, ʘ ʠʤʝʥʥʦ ʧʨʦʛʥʦʟ ʮʝʥʳ ʥʘ ʧʘʨʫ BTC/ USD.  

ʈʳʥʦʢ ʢʨʠʧʪʦʚʘʣʶʪ ʦʙʫʩʣʦʚʣʝʥ ʙʦʣʴʰʦʡ ʚʦʣʘʪʠʣʴʥʦʩʪʴʶ (ʪʘʢ ʧʦ ʜʘʥʥʳʤ ʩʝʨʚʠʩʘ 

CryptoCompare, ʢʦʣʝʙʘʥʠʷ ʮʝʥʳ ʙʠʪʢʦʠʥʘ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣʠ ʦʢʦʣʦ 20% ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

2018 ʛʦʜʘ, ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ ʦʥʠ ʜʦʩʪʠʛʘʣʠ ʦʪʤʝʪʦʢ ʚ 30-40% [5]), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʙʫʜʫʱʠʝ ʟʥʘʯʝʥʠʷ ʮʝʥʳ ʥʘ ʪʘʢʦʤ ʨʳʥʢʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ, ʥʝʞʝʣʠ ʥʘ 

ʨʳʥʢʝ ʘʢʮʠʡ. ɸʚʪʦʨʳ ʩʪʘʪʝʡ, ʧʨʦʚʦʜʠʚʰʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʮʝʥ ʥʘ ʨʳʥʢʝ ʢʨʠʧʪʦʚʘʣʶʪ, 

ʜʦʙʠʚʘʣʠʩʴ 70-75%% ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʦʚ ʠ ʯʘʩʪʠʯʥʦ ʙʳʣʠ ʫʜʦʚʣʝʪʚʦʨʝʥʳ ʨʝʟʫʣʴʪʘʪʦʤ [6].  
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ʇʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʚ ʠʪʦʛʝ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʤʝʪʦʜʳ ʣʠʥʝʡʥʦʡ 

ʨʝʛʨʝʩʩʠʠ ʠ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ.  

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʦʙʦʛʘʪʠʪʴ ʜʘʥʥʳʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʫʣʫʯʰʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʜʠʢʘʪʦʨʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

1. ʈʘʩʩʤʦʪʨʝʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʦʛʘʱʝʥʠʷ ʜʘʥʥʳʭ. 

2. ʆʧʨʝʜʝʣʠʪʴ ʠʥʜʠʢʘʪʦʨʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

3. ʉʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʠʢʘʪʦʨʦʚ ʠ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʜʠʢʘʪʦʨʦʚ. 

4. ʇʨʝʜʣʦʞʠʪʴ ʚʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʫʣʫʯʰʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ɼʣʷ ʦʙʦʛʘʱʝʥʠʷ ʜʘʥʥʳʭ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ [7], [8], ʘ ʪʘʢʞʝ ʠʥʜʠʢʘʪʦʨʘʤʠ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʧʦʢʘʟʘʥʠʷʭ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʦʙʦʛʘʱʝʥʠʷ ʜʘʥʥʳʭ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ 

ʢʦʤʙʠʥʘʮʠʡ ʩʢʦʣʴʟʷʱʠʭ ʩʨʝʜʥʠʭ. ʇʝʨʚʘʷ ʩʢʦʣʴʟʷʱʘʷ ʩʨʝʜʥʷʷ ʩ ʦʢʨʝʩʪʥʦʩʪʴʶ = 2 ʜʥʷ 

(ʢʦʨʦʪʢʘʷ ʩʢʦʣʴʟʷʱʘʷ ʩʨʝʜʥʷʷ), ʚʪʦʨʘʷ ʩʢʦʣʴʟʷʱʘʷ ʩʨʝʜʥʷʷ ʩ ʦʢʨʝʩʪʥʦʩʪʴʶ = 20 ʜʥʷʤ 

(ʜʣʠʥʥʘʷ ʩʢʦʣʴʟʷʱʘʷ ʩʨʝʜʥʷʷ). ɺ ʪʝʭʥʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʩʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʪʦʜʳ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʪʘʢ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʤʝʪʦʜʘʤ, ʧʨʦʙʠʪʠʝ ʢʦʨʦʪʢʦʡ 

ʩʢʦʣʴʟʷʱʝʡ ʩʨʝʜʥʝʡ ʜʣʠʥʥʦʡ ʩʢʦʣʴʟʷʱʝʡ ʩʨʝʜʥʝʡ ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʩʤʝʥʳ ʪʨʝʥʜʘ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʚ ʤʦʤʝʥʪ ʦʙʦʛʘʱʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʚʝʨʷʝʪʩʷ ʥʘʣʠʯʠʝ ʜʘʥʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʠ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʪʦʣʙʝʮ. 

ɼʘʣʝʝ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʥʘʟʚʘʥʥʳʡ ʧʦʣʦʩʘʤʠ ɹʦʣʣʠʥʜʞʝʨʘ. 

ʈʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʜʚʫʤʷ ʣʠʥʠʷʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʢʦʨʠʜʦʨ ʮʝʥ. 

ʃʠʥʠʠ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʮʝʥʪʨʘʣʴʥʦʡ ʣʠʥʠʠ (ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʢʦʣʴʟʷʱʫʶ ʩʨʝʜʥʶʶ ʩ ʥʝʙʦʣʴʰʦʡ ʦʢʨʝʩʪʥʦʩʪʴʶ) ʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ. 

ʀʥʜʠʢʘʪʦʨʘʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚʳʩʪʫʧʘʶʪ ʧʨʦʙʠʪʠʷ ʦʩʥʦʚʥʳʤ 

ʬʠʥʘʥʩʦʚʳʤ ʨʷʜʦʤ ʢʦʨʠʜʦʨʘ ʮʝʥ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʣʠʥʠʷʤʠ ʧʦʣʦʩ ɹʦʣʣʠʥʜʞʝʨʘ. ʇʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠʩʧʦʣʴʟʫʶʪ ʜʚʘ ʠʥʜʠʢʘʪʦʨʘ ï ʜʣʷ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʧʦʣʦʩ. ʇʨʠ 

ʦʙʦʛʘʱʝʥʠʠ ʜʘʥʥʳʭ ʚʳʯʠʩʣʷʶʪʩʷ ʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʦʪʜʝʣʴʥʳʝ ʩʪʦʣʙʮʳ ʦʙʘ ʠʥʜʠʢʘʪʦʨʘ. 
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ʌʠʥʘʣʴʥʳʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʦʙʦʛʘʱʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʩʮʠʣʣʷʪʦʨʳ ʩʢʦʣʴʟʷʱʠʭ 

ʩʨʝʜʥʠʭ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʦʩʪʦʷʥʠʝ ʧʝʨʝʢʫʧʣʝʥʥʦʩʪʠ ʠ ʧʝʨʝʧʨʦʜʘʥʥʦʩʪʠ ʨʳʥʢʘ. 

ʆʩʮʠʣʣʷʪʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʟʥʠʮʫ ʜʚʫʭ ʩʢʦʣʴʟʷʱʠʭ ʩʨʝʜʥʠʭ ʩ ʨʘʟʥʦʡ ʦʢʨʝʩʪʥʦʩʪʴʶ. 

ʈʘʟʥʦʩʪʴ ʩʪʨʦʠʪʩʷ ʥʘ ʦʪʢʨʳʪʦʡ ʰʢʘʣʝ ʦʢʦʣʦ ʥʫʣʝʚʦʡ ʣʠʥʠʠ. ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʝ ï 

ʠʥʜʠʢʘʪʦʨ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ ʧʦʢʫʧʢʝ, ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʘʟʥʠʮʝ ï ʠʥʜʠʢʘʪʦʨ ʩʠʛʥʘʣʠʟʠʨʫʝʪ 

ʦ ʧʨʦʜʘʞʝ. ʇʨʠ ʦʙʦʛʘʱʝʥʠʠ ʜʘʥʥʳʭ ʚʳʯʠʩʣʷʶʪʩʷ ʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʠʥʜʠʢʘʪʦʨʘ ʚ 

ʦʪʜʝʣʴʥʳʡ ʩʪʦʣʙʝʮ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʦʤ ʦʙʦʛʘʱʝʥʠʷ ʜʘʥʥʳʭ ʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 11 

ʩʪʦʣʙʮʦʚ: ʢʦʨʦʪʢʘʷ ʩʢʦʣʴʟʷʱʘʷ ʩʨʝʜʥʷʷ, ʜʣʠʥʥʘʷ ʩʢʦʣʴʟʷʱʘʷ ʩʨʝʜʥʷʷ, ʠʥʜʠʢʘʪʦʨ ʩʢʦʣʴʟʷʱʠʭ 

ʩʨʝʜʥʠʭ, ʮʝʥʪʨʘʣʴʥʘʷ ʣʠʥʠʷ, ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʧʦʣʦʩ ɹʦʣʣʠʥʜʞʝʨʘ, 

ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʧʦʣʦʩ ɹʦʣʣʠʥʜʞʝʨʘ, ʠʥʜʠʢʘʪʦʨ ʧʨʦʙʠʪʠʷ ʚʝʨʭʥʝʡ ʧʦʣʦʩʳ, ʠʥʜʠʢʘʪʦʨ 

ʧʨʦʙʠʪʠʷ ʥʠʞʥʝʡ ʧʦʣʦʩʳ, ʦʩʮʠʣʣʷʪʦʨʳ ʩʢʦʣʴʟʷʱʠʭ ʩʨʝʜʥʠʭ, ʠʥʜʠʢʘʪʦʨ ʦʩʮʠʣʣʷʪʦʨʦʚ 

ʩʢʦʣʴʟʷʱʠʭ ʩʨʝʜʥʠʭ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʩʝ 11 ʩʪʦʣʙʮʦʚ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʮʝʥʳ ʟʘʢʨʳʪʠʷ ʪʦʨʛʦʚ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʩʝʭ ʦʙʦʛʘʱʝʥʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʙʝʟ ʠʥʜʠʢʘʪʦʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ ʚ ʪʘʙʣʠʮʝ 1: 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

 ʆʙʦʛʘʱʝʥʥʳʝ ʜʘʥʥʳʝ ʩ ʠʥʜʠʢʘʪʦʨʘʤʠ ʆʙʦʛʘʱʝʥʥʳʝ ʜʘʥʥʳʝ ʙʝʟ ʠʥʜʠʢʘʪʦʨʦʚ 

% ʦʪʢʣʦʥʝʥʠʷ 

ʛʨʘʜʠʝʥʪʥʦʛʦ 

ʙʫʩʪʠʥʛʘ 

% ʦʪʢʣʦʥʝʥʠʷ 

ʣʠʥʝʡʥʦʡ 

ʨʝʛʨʝʩʩʠʠ 

% ʦʪʢʣʦʥʝʥʠʷ 

ʛʨʘʜʠʝʥʪʥʦʛʦ 

ʙʫʩʪʠʥʛʘ 

% ʦʪʢʣʦʥʝʥʠʷ 

ʣʠʥʝʡʥʦʡ 

ʨʝʛʨʝʩʩʠʠ 

ʉʨʝʜʥʝʝ 

ʦʪʢʣʦʥʝʥʠʝ 
6.43 6.19 8.08 9.54 

ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ 
16.74 17.07 18.12 19.36 

ʄʠʥʠʤʘʣʴʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ 
0.02 0.00 0.03 0.01 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʠʥʪʝʨʚʘʣʝ ʩ 01.01.2018 ʧʦ 31.01.2018. ɺʳʩʦʢʠʡ ʧʨʦʮʝʥʪ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʥʦʚʦʩʪʥʦʛʦ ʬʦʥʘ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʥʠ ʠʥʪʝʨʚʘʣʘ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʩʠʩʪʝʤʘ ʥʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʢ ʦʩʥʦʚʥʦʡ ʠʥʩʪʨʫʤʝʥʪ ʪʨʝʡʜʠʥʛʘ, ʘ ʣʠʰʴ ʧʦʟʠʮʠʦʥʠʨʫʝʪʩʷ ʢʘʢ ʩʠʩʪʝʤʘ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʪʦ ʪʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤ. ʂ ʪʦʤʫ ʞʝ, 

ʧʨʦʩʤʦʪʨʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʘʙʦʪʳ ʜʘʣʝʢʠ ʦʪ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ.  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʳʙʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʠʣʴʥʳʤ ʥʦʚʦʩʪʥʳʤ ʬʦʥʦʤ, ʙʫʜʫʪ 

ʬʠʣʴʪʨʦʚʘʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʠʤ ʪʨʝʡʜʝʨʦʤ, ʪʦ ʝʩʪʴ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʩʠʣʴʥʦʛʦ 
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ʥʦʚʦʩʪʥʦʛʦ ʬʦʥʘ ʩʪʦʠʪ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʨʝʟʫʣʴʪʘʪ ʩ ʙʦʣʴʰʠʤ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ 

ʨʝʘʣʴʥʦʛʦ.  

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʦʜʦʙʥʳʭ ʚʳʙʨʦʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʠʤʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʳʥʢʘ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʪ.ʝ. ʢʘʢ ʤʠʥʠʤʫʤ ʧʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ ʧʨʦʠʟʚʦʜʠʪʴ 

ʩʙʦʨ ʠ ʥʝʢʫʶ ʦʮʝʥʢʫ ʥʦʚʦʩʪʝʡ ʠ ʧʨʠʥʠʤʘʪʴ ʠʭ ʚʦ ʚʥʠʤʘʥʠʝ. ɺ ʩʣʫʯʘʝ ʜʦʩʪʦʡʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʥʠʟʠʪʴ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʦʪʢʣʦʥʝʥʠʷ ʥʘ 2-3%% (ʜʘʥʥʳʝ 

ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʠʩʢʣʶʯʝʥʠʷ ʜʘʪ ʚʳʙʨʦʩʦʚ). 

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʫʣʫʯʰʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʦʙʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʘʤʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ ʠʣʠ ʤʝʪʦʜʦʤ ʠʩʢʣʶʯʝʥʠʷ 

ʩʝʟʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ X13-ARIMA -SEATS.  

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚʘʨʠʘʥʪ ʥʘʭʦʞʜʝʥʠʷ ʩʨʝʜʥʝʛʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ ʚ ʪʘʙʣʠʮʝ 2: 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

 % ʦʪʢʣʦʥʝʥʠʷ 

ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ 

% ʦʪʢʣʦʥʝʥʠʷ ʣʠʥʝʡʥʦʡ 

ʨʝʛʨʝʩʩʠʠ 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʉʨʝʜʥʝʝ ʦʪʢʣʦʥʝʥʠʝ 6.43 6.19 6.13 

ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ 
16.74 17.07 15.2 

ʄʠʥʠʤʘʣʴʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ 
0.02 0.00 0.01 

ʀʪʦʛʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʫʪʝʤ 

ʧʨʠʤʝʥʝʥʠʷ ʠʥʜʠʢʘʪʦʨʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘ 3,41%. ʉʨʝʜʥʠʡ ʧʨʦʮʝʥʪ ʦʪʢʣʦʥʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 6,13%. 
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The paper discusses data enrichment mathematical methods by technical analysis indicators for 

applying machine-learning methods to predict the financial time series future values. A combination 

of moving averages, Bollinger bands, moving average oscillators are used as mathematical methods 

of data enrichment. The indicators are the signals accepted in the technical analysis and applied in 

relation to the above-listed mathematical methods. Gradient boosting and linear regression are used 

as machine-learning methods for predicting financial time series. To compare the forecasting results 

based on enriched data with indicators, the results of forecasting without using indicators are also 

presented. The forecast accuracy is increased by 3.41% relative to the data without indicators (using 

the same forecasting methods). Also in the work proposed methods for improving the quality of 

data that can increase the accuracy of the forecast. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʆʅʊʆʃʆɻʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

ʇʈʀ ʇʈʆɽʂʊʀʈʆɺɸʅʀʀ ʈɽɼɸʂʊʆʈɸ ʇʈɸɺʀʃ ɼʃʗ IOT 3 

ɸʛʝʝʚʘ ɼʠʘʥʘ ʖʨʴʝʚʥʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, 614070, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ʉʪʫʜʝʥʯʝʩʢʘʷ, 38, diana-ageeva98@mail.ru 

ɺ ʅʀʋ ɺʐʕ-ʇʝʨʤʴ ʟʘʧʫʱʝʥ ʧʨʦʝʢʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʦʬʠʩʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT). ʆʩʥʦʚʦʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʬʠʩʦʚ ʪʘʢʦʛʦ ʨʦʜʘ 

ʷʚʣʷʶʪʩʷ ʩʮʝʥʘʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʟʘʜʘʥʥʳʭ ʧʨʘʚʠʣʘʭ. ʇʦʵʪʦʤʫ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ 

ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʝʜʘʢʪʦʨʘ ʧʨʘʚʠʣ ʜʣʷ IoT-ʧʣʘʪʬʦʨʤʳ çʫʤʥʦʛʦè ʦʬʠʩʘ ʥʘ ʙʘʟʝ ʅʀʋ 

ɺʐʕ-ʇʝʨʤʴ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʦ ʦʥʪʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʝ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʝʜʘʢʪʦʨʘ ʧʨʘʚʠʣ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

çʫʤʥʳʡè ʦʬʠʩ ʅʀʋ ɺʐʕ-ʇʝʨʤʴ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʦʥʪʦʣʦʛʠʷ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʩʪʘʪʴʝ ʩʦʜʝʨʞʠʪʩʷ ʦʧʠʩʘʥʠʝ ʠʝʨʘʨʭʠʠ ʢʣʘʩʩʦʚ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ 

ʦʥʪʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʩʚʷʟʝʡ ʤʝʞʜʫ ʝʝ ʦʙʲʝʢʪʘʤʠ; ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʧʨʦʝʢʪʠʨʫʝʤʦʤʫ ʨʝʜʘʢʪʦʨʫ ʩʮʝʥʘʨʠʝʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʠʩʭʦʜʷ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʟʘʢʣʶʯʝʥʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʘʨʠʘʥʪʳ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʥʪʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ, çʫʤʥʳʡè ʦʬʠʩ, 

ʢʠʙʝʨʬʠʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʩʮʝʥʘʨʠʠ, ʨʝʜʘʢʪʦʨ ʧʨʘʚʠʣ. 

ɺʚʝʜʝʥʠʝ 

ʉʝʛʦʜʥ ̫ʘʢʪʠʚʥʦ ʥʘʙʠʨʘʶʪ ʩʚʦʶ ʧʦʧʫʣʷʨʥʦʩʪʴ çʫʤʥʝrè ʦʬʠʩʳ. ɺ ʅʀʋ ɺʐʕ-ʇʝʨʤʴ 

ʟʘʧʫʱʝʥ ʧʨʦʝʢʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʦʬʠʩʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT). ʆʩʥʦʚʦʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʬʠʩʦʚ ʪʘʢʦʛʦ ʨʦʜʘ ʷʚʣʷʶʪʩʷ ʩʮʝʥʘʨʠʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʟʘʜʘʥʥʳʭ ʧʨʘʚʠʣʘʭ. ʇʦʵʪʦʤʫ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʝʜʘʢʪʦʨʘ ʧʨʘʚʠʣ ʜʣʷ IoT-ʧʣʘʪʬʦʨʤʳ çʫʤʥʦʛʦè ʦʬʠʩʘ ʥʘ ʙʘʟʝ 

ʅʀʋ ɺʐʕ-ʇʝʨʤʴ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʦ ʦʥʪʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʝʜʘʢʪʦʨʘ ʧʨʘʚʠʣ. 

ʆʥʪʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʆʥʪʦʣʦʛʠʷ ð ʦʪʣʠʯʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʟʥʘʥʠʡ ʦ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʠ ʫʧʦʨʷʜʦʯʠʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ [1]. ɺ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ 

ʨʘʟʨʘʙʦʪʢʘ ʦʥʪʦʣʦʛʠʠ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʮʝʥʘʨʠʝʚ ʠ ʤʝʩʪʘ ʨʝʜʘʢʪʦʨʘ ʚ 

ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʝ. 

çʋʤʥʳʡè ʦʬʠʩ ʅʀʋ ɺʐʕ-ʇʝʨʤʴ ï ʢʠʙʝʨʬʠʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʠʟʤʝʥʷʶʱʘʷʩʷ ʚʦ 

ʚʨʝʤʝʥʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʘʷ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ, ʫʧʨʘʚʣʷʝʤʘʷ ʩʫʙʲʝʢʪʘʤʠ (ʩʦʪʨʫʜʥʠʢʘʤʠ 
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ʦʬʠʩʘ), ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʬʠʟʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ʠ ʨʘʟʣʠʯʥʳʝ 

ʠʥʪʝʨʬʝʡʩʳ [2]. ɸʨʭʠʪʝʢʪʫʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʫʧʨʘʚʣʷʶʱʝʡ ʪʘʢʦʡ 

ʢʠʙʝʨʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʩʪʘʪʴʝ [3]. 

ʂʣʘʩʩʳ ʠ ʧʦʜʢʣʘʩʩʳ 

ɺ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʦʥʪʦʣʦʛʠʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʩʦʟʜʘʥʳ ʯʝʪʳʨʝ 

ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʢʣʘʩʩʘ çʉʫʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷè, çɺʨʝʤʷè, çɺʥʝʰʥʷʷ ʩʨʝʜʘè ʠ 

ʢʠʙʝʨʬʠʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ (ʜʘʣʝʝ çʂʌʉè). ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʣʘʩʩ ʂʌʉ, 

ʧʦʜʢʣʘʩʩʘʤʠ ʢʦʪʦʨʦʛʦ ʚʳʩʪʫʧʘʶʪ ʪʨʠ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʵʣʝʤʝʥʪʘ: çʌʠʟʠʯʝʩʢʠʡ ʦʙʲʝʢʪè, 

çʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢè ʠ çʀʥʪʝʨʬʝʡʩè.  

ʌʠʟʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ çʫʤʥʦʛʦè ʦʬʠʩʘ ʷʚʣʷʶʪʩʷ: 

¶ ʦʙʲʝʢʪʳ ʫʧʨʘʚʣʝʥʠʷ (çʆʋè) ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʚ ʦʬʠʩʝ (ʚʣʘʞʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ, ʟʘʜʳʤʣʝʥʥʦʩʪʴ ʠ ʜʨ.); 

¶ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ (çʀʩʧʋè) - ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ çʫʤʥʳʝè ʚʝʱʠ ʚ ʦʬʠʩʝ 

(ʯʘʡʥʠʢ, ʢʦʤʧʴʶʪʝʨ, ʰʪʦʨʳ, ʙʘʪʘʨʝʠ ʠ ʜʨ.); 

¶ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ (çʋʋè) ï ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʧʝʨʝʜʘʝʪʩʷ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ (ʩʮʝʥʘʨʠʡ) ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ; 

¶ ʫʩʪʨʦʡʩʪʚʘ ʩʚʷʟʠ (çʋʉè) ï ʢʘʥʘʣʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʦʚ; 

¶ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ (çʀʟʤʋè) ï ʦʥʠ ʞʝ ʜʘʪʯʠʢʠ, ʩʥʠʤʘʶʱʠʝ ʧʦʢʘʟʘʥʠʷ ʩ 

ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɺ ʂʌʉ ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥʦ ʪʨʠ ʪʠʧʘ ʠʥʪʝʨʬʝʡʩʘ: ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ, ʧʨʦʛʨʘʤʤʥʳʡ ʠ 

ʩʝʪʝʚʦʡ. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʢʘʢ ʨʘʟ ʠ ʷʚʣʷʝʪʩʷ 

ʧʨʦʝʢʪʠʨʫʝʤʳʡ ʨʝʜʘʢʪʦʨ ʧʨʘʚʠʣ.  

ʎʠʬʨʦʚʳʤʠ ʜʚʦʡʥʠʢʘʤʠ ʚ ʨʘʤʢʘʭ ʂʌʉ ʚʳʩʪʫʧʘʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ, ʦʥʪʦʣʦʛʠʠ, ʦʧʝʨʘʪʠʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʮʠʬʨʦʚʳʝ ʩʭʝʤʳ ʠ ʯʝʨʪʝʞʠ, ʵʣʝʢʪʨʦʥʥʘʷ 

ʜʦʢʫʤʝʥʪʘʮʠʷ. çʉʮʝʥʘʨʠʡè ʷʚʣʷʝʪʩʷ ʧʦʜʢʣʘʩʩʦʤ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʂʘʞʜʳʡ ʩʮʝʥʘʨʠʡ ï ʵʪʦ ʧʨʘʚʠʣʦ, ʢʦʪʦʨʦʝ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ: ʠʩʪʦʯʥʠʢ 

ʜʘʥʥʳʭ (ʜʘʪʯʠʢʠ ʣʠʙʦ ʚʥʫʪʨʝʥʥʠʝ ʧʝʨʝʤʝʥʥʳʝ), ʩʘʤʦ ʧʨʘʚʠʣʦ (ʦʧʝʨʘʮʠʷ ʧʣʶʩ ʢʦʥʩʪʘʥʪʘ) ʠ 

ʜʝʡʩʪʚʠʝ (ʢʦʤʘʥʜʘ ʣʠʙʦ ʦʧʦʚʝʱʝʥʠʝ). ʄʝʞʜʫ ʩʦʙʦʡ ʵʪʠ ʵʣʝʤʝʥʪʳ ʩʚʷʟʳʚʘʶʪʩʷ ʧʦ ʩʭʝʤʝ 

ʝʩʣʠ-ʪʦ-ʠʥʘʯʝ ʠ ʩ ʧʦʤʦʱʴʶ ʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʦʢ çʠè / çʠʣʠè/ çʥʝè. 

  

https://publications.hse.ru/view/221557135
https://publications.hse.ru/view/221557135
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ʉʚʦʡʩʪʚʘ ʦʙʲʝʢʪʦʚ 

ɼʘʣʝʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʦʚ (ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ). ʉʚʦʡʩʪʚʘ 

ʩʚʷʟʳʚʘʶʪ ʠʥʜʠʚʠʜʦʚ ʠʟ ʜʦʤʝʥʦʚ ʩ ʠʥʜʠʚʠʜʘʤʠ ʚ ʜʠʘʧʘʟʦʥʘʭ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ.  

ʊʘʙʣʠʮʘ. ɼʦʤʝʥʳ ʠ ʜʠʘʧʘʟʦʥʳ ʩʚʦʡʩʪʚ 

ɼʦʤʝʥ ʉʚʦʡʩʪʚʦ ɼʠʘʧʘʟʦʥ 

ʩʫʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ (ʉʋ) ʠʩʧʦʣʴʟʫʝʪ ʨʝʜʘʢʪʦʨ ʧʨʘʚʠʣ 

ʨʝʜʘʢʪʦʨ ʧʨʘʚʠʣ ʩʦʟʜʘʝʪ ʩʮʝʥʘʨʠʡ 

ʩʮʝʥʘʨʠʡ ʩʦʜʝʨʞʠʪʩʷ ʚ ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ (ʋʋ) 

ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ (ʋʋ) ʢʦʤʫ ʧʝʨʝʜʘʝʪ ʫʧʨʘʚʣʷʶʱʠʡ 

ʩʠʛʥʘʣ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

(ʀʩʧʋ) 

ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ (ʋʋ) ʯʪʦ ʧʝʨʝʜʘʝʪ ʫʧʨʘʚʣʷʶʱʠʡ 

ʩʠʛʥʘʣ 

ʜʝʡʩʪʚʠʝ 

ʚʥʝʰʥʷʷ ʩʨʝʜʘ (ɺʉ) ʦʢʘʟʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ (ʆʋ) 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

(ʀʩʧʋ) 

ʦʢʘʟʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ (ʆʋ) 

ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

(ʀʟʤʋ) 

ʩʥʠʤʘʝʪ ʧʦʢʘʟʘʥʠʷ ʆʋ, ʉʋ, ɺʉ, ʀʩʧʋ 

ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

(ʀʟʤʋ) 

ʧʝʨʝʜʘʝʪ ʚʳʭʦʜʷʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ 

ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ (ʋʋ) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Prot®g® ʙʳʣʘ ʩʦʟʜʘʥʘ ʠʝʨʘʨʭʠʷ ʢʣʘʩʩʦʚ ʠ 

ʩʬʦʨʤʠʨʦʚʘʥ ʦʥʪʦʛʨʘʬ, ʦʪʨʘʞʘʶʱʠʡ ʚʩʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ çʫʤʥʦʤè ʦʬʠʩʝ (ʩʤ. 

ʨʠʩʫʥʦʢ).  

 

ʈʠʩʫʥʦʢ. ʆʥʪʦʛʨʘʬ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʦʙʲʝʢʪʦʚ 

ʉʦʟʜʘʥʥʘʷ ʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʢʘʟʘʣʘ, ʥʘʩʢʦʣʴʢʦ ʩʣʦʞʥʘ ʩʠʩʪʝʤʘ çʫʤʥʦʛʦè ʦʬʠʩʘ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʠʩʪʝʤʳ ʪʘʢʦʛʦ ʨʦʜʘ, ʥʝʦʙʭʦʜʠʤʳ IoT-ʧʣʘʪʬʦʨʤʳ ʠ 

ʩʮʝʥʘʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʟʘʜʘʥʥʳʭ ʧʨʘʚʠʣʘʭ [4]. 
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ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʚʳʜʚʠʥʫʪʳ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʜʘʢʪʦʨʫ ʧʨʘʚʠʣ: 

1. ʈʝʜʘʢʪʦʨ ʜʦʣʞʝʥ ʧʦʟʚʦʣʷʪʴ ʩʦʟʜʘʚʘʪʴ ʪʨʠ ʪʠʧʘ ʵʣʝʤʝʥʪʦʚ: ʠʩʪʦʯʥʠʢ ʜʘʥʥʳʭ, 

ʧʨʘʚʠʣʘ ʠ ʜʝʡʩʪʚʠʷ.  

2. ʈʝʜʘʢʪʦʨ ʜʦʣʞʝʥ ʧʦʟʚʦʣʷʪʴ ʩʚʷʟʳʚʘʪʴ ʦʙʲʝʢʪʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʚʳʩʪʨʘʠʚʘʷ ʮʝʧʦʯʢʠ. 

3. ʈʝʜʘʢʪʦʨ ʜʦʣʞʝʥ ʧʦʟʚʦʣʷʪʴ ʨʘʟʨʝʰʘʪʴ ʢʦʣʣʠʟʠʠ ʧʫʪʝʤ ʨʘʩʩʪʘʚʣʝʥʠʷ ʧʨʠʦʨʠʪʝʪʦʚ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʪʨʘʞʘʝʪ ʩʪʨʫʢʪʫʨʫ çʫʤʥʦʛʦè ʦʬʠʩʘ ʅʀʋ 

ɺʐʕ-ʇʝʨʤʴ, ʥʘ ʝʝ ʦʩʥʦʚʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʫʜʫʱʝʤʫ 

ʨʝʜʘʢʪʦʨʫ ʧʨʘʚʠʣ. ʆʥʪʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ çʫʤʥʦʛʦè ʦʬʠʩʘ ʚ ʮʝʣʦʤ. ʊʘʢ, ʩ ʧʦʤʦʱʴʶ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʚʦʟʤʦʞʥʘ ʥʝ ʪʦʣʴʢʦ ʨʘʟʨʘʙʦʪʢʘ ʨʝʜʘʢʪʦʨʘ, ʥʦ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʟʘʧʦʣʥʝʥʠʷ ʩʮʝʥʘʨʠʝʚ 

ʧʨʘʚʠʣʘʤʠ [5]. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʦʩʥʦʚʝ ʩʦʟʜʘʥʥʦʡ ʦʥʪʦʣʦʛʠʠ ʚʦʟʤʦʞʥʘ ʨʘʟʨʘʙʦʪʢʘ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʧʨʘʚʣʷʪʴ çʫʤʥʳʤè ʦʬʠʩʦʤ.  
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ONTOLOGY -BASED IOT RULE EDITOR MODELING  

Ageeva Diana U. 

National Research University Higher School of Economics, 38, Studencheskaya st., Perm, 614070, 

Russia, diana-ageeva98@mail.ru 

NRU HSE Perm has launched a project to develop an office using progressive Internet of things 

(IoT) technologies. Scenarios based on rules are the basis of such offices. Therefore, it is important 

to design a rule editor for the IoT platform. This paper describes the ontology-based method for 

modeling the IoT rule editor. NRU HSE Perm smart office is an object to study. Ontology is a 

subject to study. The article describes classesô hierarchy and relationships between its objects. 

Moreover, it presents functional requirements for the rule editor, which are based on developed 

ontology. In conclusion, there are some further applications for developed ontology. 

Keywords: ontology-based modeling, Internet of Things, smart office, cyber-physical system, 

scenarios, rule editor. 
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ʋɼʂ 62-50 

ʇʈʀʄɽʅɽʅʀɽ ʄɽʊʆɼɸ ʋʉʈɽɼʅɽʅʀʗ ʂ ɿɸɼɸʏɸʄ ʆʇʊʀʄɸʃʔʅʆɻʆ 

ʋʇʈɸɺʃɽʅʀʗ ɺʈɸʑɽʅʀʗʄʀ ʆʉɽʉʀʄʄɽʊʈʀʏʅʆɻʆ ʊɺɽʈɼʆɻʆ ʊɽʃɸ4 

ɸʛʠʙʘʣʦʚʘ ʆʣʴʛʘ ʉʝʨʛʝʝʚʥʘ, ʉʪʨʝʣʢʦʚʘ ʅʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614990, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ɹʫʢʠʨʝʚʘ, 15, olga-sa94@yandex.ru 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʝ ʟʘʜʘʯʠ ʪʦʨʤʦʞʝʥʠʷ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʨʠ ʟʘʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʫʧʨʘʚʣʝʥʠʝ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʦʩʝʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ, ʘ 

ʫʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʝʤ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʠ ʧʦʤʦʱʠ ʦʜʥʦʛʦ ʠʣʠ ʜʚʫʭ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʣʦʤ ʦʩʷʭ ʜʚʠʛʘʪʝʣʝʡ. 

ʂʨʠʪʝʨʠʝʤ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʠʥʮʠʧʘ ʤʘʢʩʠʤʫʤʘ ʃ.ʉ. ʇʦʥʪʨʷʛʠʥʘ ʠ ʤʝʪʦʜʘ ʫʩʨʝʜʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʬʦʨʤʝ ʩʠʥʪʝʟʘ, ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ, ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʨʝʘʣʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʡ. ʋʢʘʟʘʥ r

ʫʩʣʦʚʠ,̫ ʢʦʛʜʘ ʨʝʰʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʘʜʘʯ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʪʠʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ; ʚʨʘʱʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ; ʤʠʥʠʤʫʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ; ʧʨʠʥʮʠʧ ʤʘʢʩʠʤʫʤʘ ʇʦʥʪʨʷʛʠʥʘ. 
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ʩʢʦʨʦʩʪʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʨʠ ʧʦʤʦʱʠ ʤʘʣʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʤʦʤʝʥʪʦʚ. 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠʤʝʶʪ ʚʠʜ [1, 2] 
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ʧʨʠ ʧʦʤʦʱʠ ʦʜʥʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (,cos1 auu = ,sin2 auu = const, 0 =¢ auu ) 

                                                 

É ɸʛʠʙʘʣʦʚʘ ʆ.ʉ., ʉʪʨʝʣʢʦʚʘ ʅ.ɸ., 2019 
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APPLICATION OF THE M ETHOD OF AVERAGING F OR OPTIMAL CONTROL O F 

ROTATION OF AN AXISY MMETRIC SOLID BODY  

Agibalova Olga S., Strelkova .Nina A. 

Perm State University, 15, Bukireva st., Perm, 614990, Russia, olga-sa94@yandex.ru 

Two problems of deceleration of the Equatorial component of the angular velocity of an 

axisymmetric solid body under given control constraints are considered. It is assumed that the axial 

component of the angular velocity is a given function of time, and the control of the change in the 

Equatorial component of the angular velocity is carried out by means of one or two fixed in the axes 

of the engines connected to the body. The optimality criterion is the minimization of energy costs. 

Using the principle of maximum HP Pontryagin and averaging method optimal control in the form 

of synthesis, angular velocities, minimum values of the functional energy costs are determined. 

Various modes of realization of managements are considered. Conditions when the solution of the 

considered problems does not exist are specified. 

Keywords: optimal control; rotation of a solid body; low energy costs; the Pontryagin maximum 

principle. 
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ʋɼʂ 519.2 

ʃɸʂʆʅʀʏʅʆɽ ʆɹʆʉʅʆɺɸʅʀɽ ʉʃɽɼʉʊɺʀʗ ʊɽʆʈɽʄʓ ʆ ʉʃʆɾɽʅʀʀ 

ɺɽʈʆʗʊʅʆʉʊɽʁ5 

ɸʢʫʣʠʥʠʥ ɼʝʥʠʩ ʉʝʨʛʝʝʚʠʯ, ʐʘʧʮʝʚ ɺʘʣʝʨʠʡ ɸʣʝʢʩʝʝʚʠʯ 

ʊʶʤʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 625003, ʈʦʩʩʠʷ, ʛ. ʊʶʤʝʥʴ, ʫʣ. ʉʝʤʘʢʦʚʘ, 10, 

akulinin.denisYouTube@mail.ru 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʜʦʢʣʘʜʝ ʢʣʘʩʩʠʯʝʩʢʘʷ ʩʭʝʤʘ ʚʳʚʦʜʘ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʠ ʩʫʤʤʳ ʪʨʸʭ 

ʩʦʚʤʝʩʪʥʳʭ ʩʦʙʳʪʠʡ ʟʘʤʝʥʷʝʪʩʷ ʥʘ ʫʧʨʦʱʸʥʥʫʶ. ʆʙʳʯʥʦ: ʩʫʤʤʘ ʵʪʠʭ 3 ʩʦʙʳʪʠʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʫʤʤʳ 7 ʥʝʩʦʚʤʝʩʪʥʳʭ ʩʦʙʳʪʠʡ (ʧʦʜʤʥʦʞʝʩʪʚ ʤʥʦʞʝʩʪʚʘ A + B + C); 

ʜʘʣʝʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʙʱʝʥʠʝ 3-ʡ ʘʢʩʠʦʤʳ ʦ ʩʣʦʞʝʥʠʠ 2-ʭ ʥʝʩʦʚʤʝʩʪʥʳʭ ʩʦʙʳʪʠʡ ʥʘ 7 

ʥʝʩʦʚʤʝʩʪʥʳʭ ʩʦʙʳʪʠʡ; ʟʘʪʝʤ ʧʨʦʠʟʚʦʜʷʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʠʚʝʜʝʥʠʝ 

ʧʦʜʦʙʥʳʭ. ɺ ʩʪʘʪʴʝ ʩʭʝʤʘ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʬʦʨʤʫʣʳ ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʠ ʩʫʤʤʳ 3-ʭ ʩʦʚʤʝʩʪʥʳʭ 

ʩʦʙʳʪʠʡ - ʩʣʝʜʫʶʱʘʷ. ʆʥʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʝʪʴʝʡ ʘʢʩʠʦʤʳ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ, 

ʬʦʨʤʫʣʳ ʨʘʟʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʦʨʝʤʳ (ʜʣʷ 2-ʭ ʩʦʙʳʪʠʡ). ʊʘʢʘʷ ʬʦʨʤʘ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʦʢʘʟʘʣʘʩʴ ʙʦʣʝʝ ʦʯʝʚʠʜʥʦʡ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʛʦ 

ʯʠʩʣʘ ʜʝʡʩʪʚʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʦʨʝʤʘ ʩʣʦʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʩʦʚʤʝʩʪʥʳʝ ʩʦʙʳʪʠʷ, ʝʸ ʩʣʝʜʩʪʚʠʝ ʜʣʷ 

ʪʨʸʭ ʩʦʙʳʪʠʡ, ʪʨʝʪʴʷ ʘʢʩʠʦʤʘ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʨʘʟʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʝʡ. 

ʆʩʚʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʘʤʠ 

ʥʘʯʘʣʴʥʳʭ ʢʫʨʩʦʚ ʦʩʣʦʞʥʷʝʪʩʷ ʠʭ ʫʩʪʦʷʚʰʠʤʩʷ ʩʪʠʣʝʤ ʚʦʩʧʨʠʷʪʠʷ ʥʦʚʳʭ ʩʚʝʜʝʥʠʡ, 

ʢʦʪʦʨʳʡ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʝʨʬʠʥʛ [1] (ʠʥʦʛʜʘ, ʢʣʠʧʦʚʦʝ ʤʳʰʣʝʥʠʝ). 

ʉʪʫʜʝʥʪʘʤ ʩʣʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʣʠʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʢʣʘʜʢʠ. ʇʦʵʪʦʤʫ ʤʝʪʦʜʳ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʫʤʝʥʴʰʠʪʴ ʦʙʲʸʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʦʩʚʦʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ, ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. ʆʜʠʥ ʠʟ ʧʨʠʤʝʨʦʚ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ 

ʪʝʦʨʝʤʳ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʣʣʝʢʪ-ʢʘʨʪʳ ʧʨʝʜʩʪʘʚʣʝʥ ʚ [1]. ʅʠʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʘʨʠʘʥʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ çʩʞʘʪʠʝè ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ. 

ʈʝʯʴ ʠʜʸʪ ʦ ʪʝʦʨʝʤʝ ʩʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ: ʜʣʷ ʜʚʫʭ ʩʦʚʤʝʩʪʥʳʭ ʩʦʙʳʪʠʡ A ʠ 

B (AB  ̧Å) ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ: 

 )()()()( ABPBPAPBAP -+=+  (1) 

ʘ ʪʘʢʞʝ ʦ ʝʸ ʩʣʝʜʩʪʚʠʠ ʜʣʷ 3-ʭ ʩʦʚʤʝʩʪʥʳʭ ʩʦʙʳʪʠʡ: 

 )()()()()()()()( ABCPBCPACPABPCPBPAPCBAP +---++=++ . (2) 

ɺ [2] ʧʨʝʜʣʦʞʝʥʦ ʜʦʢʘʟʘʪʴ ʵʪʦ ʩʣʝʜʩʪʚʠʝ ʩʘʤʦʤʫ ʯʠʪʘʪʝʣʶ. 
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ɺ [3] ʵʪʦ ʩʣʝʜʩʪʚʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʧʨʠ n = 3 ʙʦʣʝʝ ʦʙʱʝʛʦ 

ʩʣʝʜʩʪʚʠʷ, ʜʦʢʘʟʘʥʥʦʛʦ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʠ ʜʣʷ n ʩʦʚʤʝʩʪʥʳʭ ʩʦʙʳʪʠʡ. ʕʪʦʪ 

ʧʫʪʴ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʫʜʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʨʫʜʥʳʤ. 

ʀʪʘʢ, ʥʘʤ ʧʨʝʜʩʪʦʠʪ ʜʦʢʘʟʘʪʴ ʬʦʨʤʫʣʫ (2). 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʩʭʝʤʘ ʚʳʚʦʜʘ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʉʫʤʤʘ ʵʪʠʭ 

ʪʨʸʭ ʩʦʙʳʪʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʫʤʤʳ ʩʝʤʠ ʥʝʩʦʚʤʝʩʪʥʳʭ ʩʦʙʳʪʠʡ (ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ 

ʧʦʜʤʥʦʞʝʩʪʚ ʤʥʦʞʝʩʪʚʘ A + B + C). ɼʘʣʝʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʙʱʝʥʠʝ ʪʝʦʨʝʤʳ ʦ ʩʣʦʞʝʥʠʠ ʥʘ 

ʩʝʤʴ ʥʝʩʦʚʤʝʩʪʥʳʭ ʩʦʙʳʪʠʡ. ʅʘʢʦʥʝʮ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʨʘʟʥʦʩʪʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ (ʩʣʝʜʩʪʚʠʝ 3-ʡ ʘʢʩʠʦʤʳ) 

 )()()\( ABPAPBAP -= . (3) 

ɺ ʵʪʦʡ ʩʫʤʤʝ ʩʝʤʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʢʨʫʧʫʣʸʟʥʦ ʧʨʦʠʟʚʦʜʷʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʧʨʠʚʝʜʝʥʠʝ ʧʦʜʨʦʙʥʳʭ ʯʣʝʥʦʚ. ɺ ʮʝʣʦʤ - ʵʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʫʜʦʸʤʢʠʡ ʜʣʷ ʩʪʫʜʝʥʪʘ 

ʧʨʦʮʝʩʩ.  

ʇʨʝʜʣʘʛʘʝʪʩʷ ʙʦʣʝʝ ʣʘʢʦʥʠʯʥʳʡ ʚʘʨʠʘʥʪ. 

 =+++=++ )()](\[)( CBPCBAPCBAP   

{ʠʩʧʦʣʴʟʦʚʘʥʘ 3-ʷ ʘʢʩʠʦʤʘ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ}  

 ++-= )]([)( CBAPAP   

{ʨʘʟʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʝʡ (3)}  

 =-++ )()()( BCPCPBP   

{ʪʝʦʨʝʤʘ ʦ ʩʣʦʞʝʥʠʠ (1)}  

 )()()()()()()( ABACPACPABPBCPCPBPAP +---++=   

{ʪʝʦʨʝʤʘ ʦ ʩʣʦʞʝʥʠʠ (1)} . 

ʇʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʠ ʝʩʪʴ ʬʦʨʤʫʣʘ (2). 

ɺ ʠʪʦʛʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʨʦʟʨʘʯʥʦ ʠ ʫʤʝʱʘʝʪʩʷ ʚ ʥʝʧʦʣʥʳʝ ʜʚʝ ʩʪʨʦʢʠ:  

=-+++-=+++=++ )()()()]([)()()]([)( BCPCPBPCBAPAPCBPCBAPCBAP   

 )()()()()()()( ABCPACPABPBCPCPBPAP +---++= .  
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In the proposed report, the classical scheme for deriving an expression for the probability of the 

sum of three joint events has replaced by a simplified one. Usually: the sum of these 3 events is 

represented as the sum of 7 incompatible events (subsets of the set A + B + C); next, a 

generalization of the 3rd axiom about of the addition of 2 incompatible events on 7 incompatible 

events; then the corresponding transformations and bringing similar. In the article, the scheme of 

the formula proof for the probability of the 3 joint events sum is the following. It has based on the 

use of the third axiom of probability theory, the formula for the difference of probabilities and the 

main theorem under consideration (for 2 events). Such proof form turns out to be more obvious to 

students and requires a significantly smaller number of actions. 

Keywords: probability addition theorem, its consequence for three events, joint events, the third 

axiom of probability theory, the difference of probabilities. 
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ʈʆʃʔ ʀ ʄɽʉʊʆ ʉʆɻʃɸʉʆɺɸʅʀʗ ʇʆʃʀʊʀʂʀ ʈʀʉʂ-ʄɽʅɽɼɾʄɽʅʊɸ 

ʆʈɻɸʅʀɿɸʎʀʀ ʇʈʀ ʂʆʃʃɽɻʀɸʃʔʅʆʄ ʆʈɻɸʅɽ ʋʇʈɸɺʃɽʅʀʗ6 

ɸʣʝʢʩʝʝʚ ɸʣʝʢʩʘʥʜʨ ʆʣʝʛʦʚʠʯ 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614000, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʂʦʤʩʦʤʦʣʴʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ. 29, alekseev@cems.pstu.ru 

ʆʙʩʫʞʜʘʝʪʩʷ ʟʘʜʘʯʘ ʩʦʛʣʘʩʦʚʘʥʠ ̫ʤʥʝʥʠʡ ʣʠʮ, ʚʭʦʜʷʱʠʭ ʚ ʢʦʣʣʝʛʠʘʣʴʥʳʡ ʦʨʛʘʥ ʫʧʨʘʚʣʝʥʠʷ 

ʦʨʛʘʥʠʟʘʮʠʝʡ, ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʝʜʠʥʦʡ ʧʦʣʠʪʠʢʠ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʘ ʚ ʯʘʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʘʪʨʠʮʳ ʨʠʩʢʦʚ, ʦʧʠʩʳʚʘʶʱʝʡ ʨʝʘʢʮʠʠ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʨʠʩʢʠ ʧʨʠ ʚʩʝʚʦʟʤʦʞʥʳʭ 

ʩʦʯʝʪʘʥʠʷʭ ʨʠʩʢʦʙʨʘʟʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʨʠʩʢʦʚʦʛʦ ʩʦʙʳʪʠʷ ʠ 

ʧʦʩʣʝʜʩʪʚʠʷ ʚ ʩʣʫʯʘʝ ʝʛʦ ʥʘʩʪʫʧʣʝʥʠʷ. ʉ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʩʠʪʫʘʮʠʠ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʩʦ 

ʩʪʦʨʦʥʳ ʣʶʙʦʛʦ ʯʣʝʥʘ ʢʦʣʣʝʛʠʘʣʴʥʦʛʦ ʦʨʛʘʥʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʨʠʯʥʳʡ 

ʘʥʦʥʠʤʥʳʡ ʦʙʦʙʱʝʥʥʳʡ ʤʝʜʠʘʥʥʳʡ ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ 

ʥʝʤʘʥʠʧʫʣʠʨʫʝʤʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪ, ʧʦʣʠʪʠʢʘ ʦʨʛʘʥʠʟʘʮʠʠ, ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʥʪʝʨʝʩʦʚ, 

ʥʝʤʘʥʠʧʫʣʠʨʫʝʤʦʩʪʴ. 

ʆʙʩʫʞʜʘʝʪʩʷ ʟʘʜʘʯʘ [1] ʩʦʛʣʘʩʦʚʘʥʠʷ ʝʜʠʥʦʡ ʧʦʣʠʪʠʢʠ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʘ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʠ ʢʦʣʣʝʛʠʘʣʴʥʦʤ ʦʨʛʘʥʝ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʚʦʩʪʨʝʙʦʚʘʥʘ ʚ ʧʨʦʮʝʩʩʝ ʚʳʨʘʙʦʪʢʠ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʨʠʩʢʠ.  

ʈʠʩʢ, ʩʦʛʣʘʩʥʦ PMBOKÈ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʤʷ ʬʘʢʪʦʨʘʤʠ:  

1) ʨʠʩʢʦʚʦʝ ʩʦʙʳʪʠʝ (risk event, ʩʦʛʣʘʩʥʦ ISO 31000: 2018 ʨʝʯʴ ʠʜʝʪ ʦ ʣʶʙʳʭ ʩʦʙʳʪʠʷʭ, 

ʩʧʦʩʦʙʥʳʭ ʧʦʚʣʠʷʪʴ ʥʘ ʮʝʣʠ ʦʨʛʘʥʠʟʘʮʠʠ), 

 2) ʚʝʨʦʷʪʥʦʩʪʴ ʨʠʩʢʘ (probability of risk, ʢʦʪʦʨʳʡ ʩʦʛʣʘʩʥʦ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʩʪʘʥʜʘʨʪʫ 

ʧʦ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʫ ISO 31000: 2018 ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʥʘʟʳʚʘʪʴ likelihood, ʪʦ ʝʩʪʴ ʨʝʯʴ ʥʝ 

ʠʜʝʪ ʪʦʣʴʢʦ ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʢʘʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ 

ʩʦʙʳʪʠʡ),  

3) ʧʦʩʣʝʜʩʪʚʠʷ (amount of risk) ʚ ʩʣʫʯʘʝ ʥʘʩʪʫʧʣʝʥʠʷ ʨʠʩʢʦʚʦʛʦ ʩʦʙʳʪʠʷ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʝʨʝʡʪʠ ʢ ʧʨʦʮʝʩʩʫ çʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ ʨʠʩʢʦʚè ʥʝʦʙʭʦʜʠʤʦ ʩʥʘʯʘʣʘ ʵʪʠ 

ʨʠʩʢʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ, ʧʦʥʷʪʴ, ʩ ʢʘʢʠʤ ʠʤʝʥʥʦ ʨʠʩʢʦʤ ʩʪʦʣʢʥʫʣʘʩʴ ʦʨʛʘʥʠʟʘʮʠʷ ʠʣʠ 

ʤʦʞʝʪ ʩʪʦʣʢʥʫʪʴʩʷ ʚ ʙʫʜʫʱʝʤ ʠ ʥʘʩʢʦʣʴʢʦ ʦʥ ʦʧʘʩʝʥ ʚ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʦ ʧʨʦʮʝʩʩ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʘʥʘʣʠʟʘ, ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʠ ʚʳʨʘʙʦʪʢʠ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʨʠʩʢ (ʈʠʩʫʥʦʢ 1). 

                                                 

ʇʫʙʣʠʢʘʮʠʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ 17-07-01550). 
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ʈʠʩʫʥʦʢ 1. ɹʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʘʥʘʣʠʟʘ, ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʠ ʚʳʨʘʙʦʪʢʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʨʠʩʢ, ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʚ ʥʦʪʘʮʠʠ IDEF0 [2] 

ɸʥʘʣʠʟ ʨʠʩʢʦʚ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʞʜʦʛʦ ʚʳʷʚʣʝʥʥʦʛʦ ʨʠʩʢʦʚʦʛʦ 

ʩʦʙʳʪʠʷ ʩ ʧʦʟʠʮʠʠ ʜʚʦʡʩʪʚʝʥʥʦʩʪʠ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ: ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʨʠʩʢʦʚʦʛʦ 

ʩʦʙʳʪʠʷ ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʚ ʩʣʫʯʘʝ ʠʭ ʥʘʩʪʫʧʣʝʥʠʷ. ʆʮʝʥʢʫ ʨʠʩʢʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʧʦʣʥʷʪʴ ʩ 

ʧʦʟʠʮʠʠ ʩʦʯʝʪʘʥʠʷ ʨʠʩʢʦʦʙʨʘʟʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʠ ʫʯʠʪʳʚʘʪʴ ʧʦʣʠʪʠʢʫ ʦʨʛʘʥʠʟʘʮʠʠ ʚ 

ʦʙʣʘʩʪʠ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʘ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʨʠʩʢʠ ʨʘʩʧʦʟʥʘʥʳ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠ ʦʮʝʥʝʥʳ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ 

ʨʝʝʩʪʨ ʨʠʩʢʦʚ ʠ ʧʦʩʪʨʦʠʪʴ ʢʘʨʪʫ ʨʠʩʢʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʨʝʘʢʮʠʝʡ ʥʘ ʨʠʩʢʠ. 

ɺ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʙʱʝʧʨʠʥʷʪʳʭ ʩʪʨʘʪʝʛʠʡ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʨʠʩʢʠ: 

ʧʨʠʥʷʪʠʝ, ʩʥʠʞʝʥʠʝ, ʧʝʨʝʜʘʯʘ ʠ ʦʪʢʘʟ (ʊʘʙʣʠʮʘ 1).  

ʊʘʙʣʠʮʘ 1. ʉʦʦʪʚʝʪʩʪʚʠʝ ʫʨʦʚʥʝʡ ʨʠʩʢʘ ʠ ʨʝʘʢʮʠʡ ʥʘ ʥʠʭ 

 ̄ ʋʨʦʚʝʥʴ ʨʠʩʢʘ 

(ʢʘʪʝʛʦʨʠʷ ʨʠʩʢʘ) 

ʈʝʘʢʮʠʷ ʥʘ ʨʠʩʢʠ ʇʨʠʤʝʨʳ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ 

1 ʅʠʟʢʠʡ ʇʨʠʥʷʪʠʝ ʨʠʩʢʘ ʈʝʟʝʨʚʠʨʦʚʘʥʠʝ 

2 ʉʨʝʜʥʠʡ ʋʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʍʝʜʞʠʨʦʚʘʥʠʝ ʠ ʜʨ. 

3 
ɺʳʩʦʢʠʡ ʇʝʨʝʜʘʯʘ ʨʠʩʢʘ 

ʉʪʨʘʭʦʚʘʥʠʝ, ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ, 

ʧʨʠʚʣʝʯʝʥʠʝ ʥʦʚʳʭ ʧʘʨʪʥʸʨʦʚ 

4 
ʆʯʝʥʴ ʚʳʩʦʢʠʡ ʆʪʢʘʟ ʦʪ ʨʠʩʢʘ 

ʆʪʢʘʟ ʦʪ ʫʯʘʩʪʠʷ ʚ ʧʨʦʝʢʪʝ, ʦʪʢʘʟ ʦʪ 

ʧʦʩʪʘʚʱʠʢʘ ʠ ʪ.ʧ. 

ʅʘʙʦʨ ʧʨʘʚʠʣ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʨʠʩʢʠ ʜʦʣʞʝʥ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʚʩʝʚʦʟʤʦʞʥʦʝ ʩʦʯʝʪʘʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʡ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʨʠʩʢʠ ʚʦʟʤʦʞʥʳ, ʘ 
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ʧʦʩʣʝʜʩʪʚʠʷ ʩʫʱʝʩʪʚʝʥʥʳʝ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʜʘʪʴ ʵʪʠ ʨʠʩʢʠ ʩʪʨʘʭʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʇʦʜʦʙʥʳʝ ʧʨʘʚʠʣʘ ʤʦʛʫʪ ʙʳʪʴ, ʠ ʥʝ ʧʨʦʧʠʩʘʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʣʠʪʠʢʝ ʨʠʩʢ-

ʤʝʥʝʜʞʤʝʥʪʘ ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʣʦʢʘʣʴʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʢʘʢ ʯʘʩʪʴ ʧʨʠʣʦʞʝʥʠʡ ʢ ʥʝʡ. 

ʇʣʘʥ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʨʠʩʢʠ ʙʫʜʝʪ ʧʦʢʘʟʳʚʘʪʴ, ʢʘʢʠʝ ʤʝʪʦʜʳ (ʩʤ. ʪʘʙʣʠʮʫ 1) ʢ ʢʘʢʠʤ 

ʨʠʩʢʦʚʳʤ ʩʦʙʳʪʠʷʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʠ ʥʘʜʦ ʣʠ ʧʨʠʤʝʥʷʪʴ ʚʦʦʙʱʝ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ 

ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʨʠʩʢʘʤʠ ʠʜʝʪ ʧʘʨʘʣʣʝʣʴʥʦ (ʩʤ. ʨʠʩʫʥʦʢ 1). 

ɺ ʩʣʫʯʘʝ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʨʠʩʢʦʚ ʤʦʞʥʦ ʩʨʘʟʫ ʧʝʨʝʭʦʜʠʪʴ ʢ ʤʦʥʠʪʦʨʠʥʛʫ ʨʠʩʢʦʚ, ʚ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï ʤʦʥʠʪʦʨʠʥʛʫ ʨʠʩʢʦʚ ʠ ʤʦʥʠʪʦʨʠʥʛʫ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʚʦʟʜʝʡʩʪʚʠ ʁ

(ʨʝʘʛʠʨʦʚʘʥʠʶ) ʥʘ ʨʠʩʢʠ. 

ʇʨʘʚʠʣʘ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʨʠʩʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʧʠʩʘʥʳ ʢʘʢ ʚʝʨʙʘʣʴʥʦ (ʘʥʘʣʦʛʠʯʥʦ 

ʪʝʢʩʪʫ ʚʳʰʝ) ʩ ʫʢʘʟʘʥʠʝʤ ʢʦʥʢʨʝʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʪʥʝʩʝʥʠʷ ʨʠʩʢʦʚ ʢ ʪʝʤ ʠʣʠ ʠʥʳʤ 

ʢʘʪʝʛʦʨʠʷʤ çʚʦʟʤʦʞʥʦʩʪʝʡè ʠ çʧʦʩʣʝʜʩʪʚʠʡè, ʪʘʢ ʠ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʨʠʩʢʠ 

(ʈʠʩʫʥʦʢ 2). 

     ɺʦʟʤʦʞʥʦʩʪʠ: 

 
4 ï ʦʪʢʘʟ 4 ïʦʪʢʘʟ 3 ï ʧʝʨʝʜʘʯʘ 3 ï ʧʝʨʝʜʘʯʘ 

4 ï ʦʞʠʜʘʝʤʳʝ 

ʩʦʙʳʪʠʷ 

 
4 ï ʦʪʢʘʟ 3 ï ʧʝʨʝʜʘʯʘ 2 ï ʩʥʠʞʝʥʠʝ 2 ï ʩʥʠʞʝʥʠʝ 

3 ï ʯʘʩʪʳʝ  

ʩʦʙʳʪʠʷ 

 
4 ï ʦʪʢʘʟ 3 ï ʧʝʨʝʜʘʯʘ 2 ï ʩʥʠʞʝʥʠʝ 1 ï ʧʨʠʥʷʪʠʝ 

2 ï ʨʝʜʢʠʝ  

ʩʦʙʳʪʠʷ 

 
3 ï ʧʝʨʝʜʘʯʘ 3 ï ʧʝʨʝʜʘʯʘ 2 ï ʩʥʠʞʝʥʠʝ 1 ï ʧʨʠʥʷʪʠʝ 

1 ï ʢʨʘʡʥʝ 

ʨʝʜʢʠʝ ʩʦʙʳʪʠʷ 

ʇʦʩʣʝʜʩʪʚʠʷ: 4 ï

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ 

3 ï

ʢʨʠʪʠʯʝʩʢʠʝ 

2 ï

ʩʫʱʝʩʪʚʝʥʥʳʝ 

1 ï 

ʧʨʠʝʤʣʝʤʳʝ 

 

ʈʠʩʫʥʦʢ 2. ʇʨʠʤʝʨ ʤʘʪʨʠʮʳ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʨʠʩʢʠ 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʧʦʧʳʪʢʝ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʦʜʦʙʥʦʛʦ ʥʘʙʦʨʘ ʧʨʘʚʠʣ 

ʷʚʣʷʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʠʝ ʤʥʝʥʠʡ ʚʩʝʭ ʣʠʮ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʫʧʨʘʚʣʝʥʠʠ ʦʨʛʘʥʠʟʘʮʠʝʡ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʣʠʮʘ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʨʫʛ ʚʦʧʨʦʩʦʚ, ʤʦʛʫʪ ʠʤʝʪʴ ʩʦʙʩʪʚʝʥʥʳʝ 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʪʦʤ, ʢʘʢ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʨʠʩʢʠ. 

ʅʘʧʨʠʤʝʨ, ʜʠʨʝʢʪʦʨ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ (CIO) ʤʦʞʝʪ ʠʤʝʪʴ ʦʪʣʠʯʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʪ ʤʥʝʥʠʷ ʜʠʨʝʢʪʦʨʘ ʧʦ ʬʠʥʘʥʩʘʤ (CFO), ʘ ʪʦʪ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʣʠʯʥʦʝ ʦʪ 

ʤʥʝʥʠʷ ʜʠʨʝʢʪʦʨʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ (CPO) ʠ ʪ.ʜ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʝ ʠʩʢʣʶʯʝʥ ʩʣʫʯʘʡ 

ʣʠʯʥʦʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʯʣʝʥʦʚ ʢʦʣʣʝʛʠʘʣʴʥʦʛʦ ʦʨʛʘʥʘ ʫʧʨʘʚʣʝʥʠʷ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʳʛʦʜʥʦʡ ʠʤ ʧʦʣʠʪʠʢʠ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʘ. ʅʘʧʨʠʤʝʨ, ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ 

ʙʶʜʞʝʪʘ ʥʘ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʢʘʢʠʤ-ʣʠʙʦ ʨʠʩʢʘʤ.  

ɼʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʝʜʠʥʦʡ ʧʦʣʠʪʠʢʠ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʘ ʠ ʠʩʢʣʶʯʝʥʠʷ ʩʠʪʫʘʮʠʠ 

ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʣʶʙʦʛʦ ʯʣʝʥʘ ʢʦʣʣʝʛʠʘʣʴʥʦʛʦ ʦʨʛʘʥʘ ʧʨʝʜʣʘʛʘʝʪʩʷ 
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ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʨʠʯʥʳʡ ʘʥʦʥʠʤʥʳʡ ʦʙʦʙʱʝʥʥʳʡ ʤʝʜʠʘʥʥʳʡ ʤʝʭʘʥʠʟʤ (ʄɸʆʄʄ) [3], 

ʢʦʪʦʨʳʡ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʥʝʤʘʥʠʧʫʣʠʨʫʝʤʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʉʪʦʠʪ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʝʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, [4]), ʚ ʢʦʪʦʨʳʭ ʢʨʠʪʠʢʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʨʠʮ ʨʠʩʢʘ. ɺ ʜʘʥʥʦʡ ʞʝ ʨʘʙʦʪʝ ʨʝʯʴ ʠʜʝʪ ʥʝ ʦʙ ʦʮʝʥʢʝ ʨʠʩʢʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʘʪʨʠʮ ʨʠʩʢʘ, ʘ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦ ʪʦʤ, ʯʪʦ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʨʫʢʦʚʦʜʩʪʚʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʘʚʠʣʘ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʨʠʩʢʠ. 
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ROLE AND PLACE OF COORDINATION OF THE  RISK MANAGEMENT POLICY 

IN CASE OF COLLEGIAL MA NAGEMENT BODY  
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alekseev@cems.pstu.ru 

The management organization body may consist of the few decision makers. It makes necessary the 

coordination of their opinions including case of development a risk management policy. The 

approach to the coordination a risk matrix is illustrated. The risk matrix is describing responses to 

the effects on risks in all possible combinations of risk factors: the likelihood of the risk event (risk 

probability) and amount of risk (consequences in case of its event occurrence). In order to exclude 

the situation of manipulation by any member of the collegial body (decision makers), it is proposed 

to use a matrix anonymous generalized median scheme for coordination, because median scheme 

belongs to the class of non-manipulated planning mechanisms. 

Keywords: risk-management, management organization body, coordination of interests, strategy-

proof mechanism 
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ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ ɼʃʗ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ 

ʕʃɽʂʊʈʆɼɺʀɻɸʊɽʃɽʄ ʅɸ ʆʉʅʆɺɽ ʊɽʍʅʆʃʆɻʀʁ ʀʅʊɽʈʅɽʊɸ ɺɽʑɽʁ7 

ɸʥʪʦʥʝʥʢʦ ɸʥʘʩʪʘʩʠʷ ʈʦʤʘʥʦʚʥʘ, ʂʳʯʢʠʥ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, 61060, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ɹʫʣʴʚʘʨ ɻʘʛʘʨʠʥʘ, 37ʘ, arantonenko@edu.hse.ru 

ʆʧʠʩʳʚʘʝʪʩ ̫ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʡ ʀʥʪʝʨʥʝʪʘ ɺʝʱʝʡ. 

ʆʧʠʩʳʚʘʶʪʩʷ ʬʫʥʢʮʠʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʙʲʝʢʪʘ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʣʘʯʥʦʡ ʧʣʘʪʬʦʨʤʳ ʀʥʪʝʨʥʝʪʘ ɺʝʱʝʡ. ʇʨʠʚʦʜʠʪʩʷ 

ʦʙʱʘʷ ʚʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʷʩʥʝʥʠʝʤ. ʇʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ 

ʩʮʝʥʘʨʠʝʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʆʙʦʟʥʘʯʝʥʳ ʚʳʚʦʜʳ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʧʫʪʠ ʥʘʨʘʱʠʚʘʥʠʷ ʬʫʥʢʮʠʡ ʩʠʩʪʝʤʳ. ʇʨʠʚʦʜʠʪʩʷ ʬʦʪʦʛʨʘʬʠʷ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ, 

ʧʝʨʝʯʠʩʣʷʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʬʠʟʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ. ʉʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʦʣʥʝʥʘ ʥʘ ʙʘʟʝ ʢʦʥʪʨʦʣʣʝʨʘ Arduino Uno, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʪʫ 

ʩʤʦʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʥʝʡ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

ATmega328. ʉʚʷʟʴ ʩ ʩʝʨʚʝʨʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ wi-fi  ʤʦʜʝʤʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʇʝʨʤʩʢʦʛʦ ʬʠʣʠʘʣʘ ʅʀʋ 

ɺʐʕ çʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʋʤʥʳʡ ʦʬʠʩ, ʀʥʪʝʨʥʝʪ ɺʝʱʝʡ, ɸʨʜʫʠʥʦ, ʦʙʣʘʯʥʳʝ ʧʣʘʪʬʦʨʤʳ. 

çʋʤʥʳʝ ʚʝʱʠè ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʠʚʳʯʥʳʝ ʧʨʝʜʤʝʪʳ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʩ 

ʨʘʩʰʠʨʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ ʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʧʨʦʝʢʪʘ çʋʤʥʳʡ ʛʦʨʦʜè. ɺʝʩʴ ʧʨʦʝʢʪ 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʦʨʦʜʩʢʠʭ ʩʣʫʞʙ, ʧʦʚʳʰʝʥʠʝ ʢʦʤʬʦʨʪʘ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʜʘʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʚʝʱʘʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʆʙʲʝʢʪʳ ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʷʚʣʷʷʩʴ ʯʘʩʪʴʶ ʥʘʟʚʘʥʥʦʛʦ ʧʨʦʝʢʪʘ 

ʧʨʝʩʣʝʜʫʝʪ ʪʝ ʞʝ ʮʝʣʠ. ʊʝʨʤʠʥʳ çʦʙʲʝʢʪè ʠ çʫʤʥʘʷ ʚʝʱʴè ʩʯʠʪʘʶʪʩʷ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʤʠ. 

ʌʫʥʢʮʠʠ ʦʙʲʝʢʪʦʚ ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ, ʢʘʢ ʠ ʫ ʦʙʳʯʥʳʭ ʚʝʱʝʡ, ï ʵʪʦ ʦʪʢʨʳʚʘʪʴ ʠ 

ʟʘʢʨʳʚʘʪʴ, ʧʦʜʥʠʤʘʪʴ ʠ ʦʧʫʩʢʘʪʴ, ʘ ʪʘʢʞʝ ʧʝʨʝʤʝʱʘʪʴ ʯʪʦ-ʣʠʙʦ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ 

ʦʪʧʨʘʚʠʪʴ ʢʦʤʘʥʜʫ ʫʜʘʣʝʥʥʦ, ʪʦ ʝʩʪʴ ʥʘʞʘʚ ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʥʘ ʧʦʜʢʣʶʯʝʥʥʦʡ ʢ ʦʙʲʝʢʪʫ 

ʠʥʪʝʨʥʝʪ-ʧʣʘʪʬʦʨʤʝ; ʘ ʪʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥ ʨʫʯʥʦʡ ʨʝʞʠʤ ʜʣʷ ʩʣʫʯʘʝʚ ʧʝʨʝʙʦʝʚ ʩ 

ʧʦʜʢʣʶʯʝʥʠʝʤ ʢ ʠʥʪʝʨʥʝʪʫ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʧʠʩʘʥʥʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʲʝʢʪʦʤ. 
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ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ

ɺʘʨʠʘʥʪʳ:

¶ ʋʜʘʣʝʥʥʘʷ ʢʦʤʘʥʜʘ

¶ ʈʫʯʥʦʡ ʨʝʞʠʤ

¶ ɸʚʪʦʦʩʪʘʥʦʚʢʘ ʧʦ 

ʜʦʩʪʠʞʝʥʠʠ ʮʝʣʠ

¶ ʈʫʯʥʦʡ ʨʝʞʠʤ
 

ʈʠʩʫʥʦʢ 1. ʌʫʥʢʮʠʠ ʠ ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ çʋʤʥʦʡ ʚʝʱʴʶè ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ 

ʅʘ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚʳʰʝ, ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʦʪʜʝʣʴʥʦ ʚʳʥʝʩʝʥ ʧʨʦʮʝʩʩ 

ʦʩʪʘʥʦʚʢʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʇʦʜ ʵʪʠʤ ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ ʪʦ, ʯʪʦ, ʧʦʜʘʚ ʩʠʛʥʘʣ ʥʘ, ʥʘʧʨʠʤʝʨ, 

ʦʪʢʨʳʪʠʝ ʯʝʛʦ-ʣʠʙʦ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʧʦʣʫʯʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʠ 

ʢʦʤʘʥʜʫ ʥʘ ʟʘʧʫʩʢ. ʆʩʪʘʥʦʚʢʘ ʞʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ ʪʦʛʜʘ, ʢʦʛʜʘ ʜʚʠʛʘʝʤʳʡ 

ʧʨʝʜʤʝʪ ʜʦʩʪʠʛ ʧʫʥʢʪʘ ʥʘʟʥʘʯʝʥʠʷ (ʠ ʟʘʜʝʣ ʥʘʭʦʜʷʱʫʶʩʷ ʪʘʤ ʢʥʦʧʢʫ, ʥʘʧʨʠʤʝʨ). ʅʘ 

ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʚʩʝ ʩʮʝʥʘʨʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʋʜʘʣʝʥʥʘʷ 

ʢʦʤʘʥʜʘ ʚʧʨʘʚʦ

ʋʜʘʣʝʥʥʘʷ 

ʢʦʤʘʥʜʘ ʚʣʝʚʦ

ʂʥʦʧʢʘ ʨʫʯʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ

ʃʝʚʘʷ ʢʥʦʧʢʘ 

ʦʩʪʘʥʦʚʢʠ

ʇʨʘʚʘʷ ʢʥʦʧʢʘ 

ʦʩʪʘʥʦʚʢʠ

ʋʧʨʘʚʣʝʥʠʝ

ʅʘʧʨʘʚʣʝʥʠʝ

ˉ 1 ˉ 2 ˉ 3 ˉ 4 ˉ 5

t, ms

t, ms

t, ms

t, ms

t, ms

t, ms

t, ms

 

ʈʠʩʫʥʦʢ 2. ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʩʮʝʥʘʨʠʠ ʨʘʙʦʪʳ ʦʙʲʝʢʪʘ ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ 

ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʦʧʠʩʘʥʠʝ ʩʮʝʥʘʨʠʝʚ.  

ʉʮʝʥʘʨʠʡ ˉ 1: ɺʢʣʶʯʠʣʠ ʠ ʚʳʢʣʶʯʠʣʠ ʚʨʫʯʥʫʶ; 

ʉʮʝʥʘʨʠʡ ˉ 2: ɺʢʣʶʯʠʣʠ ʚʨʫʯʥʫʶ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʚʳʢʣʶʯʠʣʩʷ ʧʦ ʜʦʩʪʠʞʝʥʠʠ 

ʩʪʝʥʳ. 

ʉʮʝʥʘʨʠʡ ˉ 3: ɺʢʣʶʯʠʣʠ ʚʨʫʯʥʫʶ, ʥʘʞʘʣʠ ʢʥʦʧʢʫ ʝʱʝ ʨʘʟ ʜʣʷ ʩʤʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʤʦʪʦʨ ʚʳʢʣʶʯʠʣʩʷ ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʜʨʫʛʦʡ ʩʪʝʥʳ; 
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ʉʮʝʥʘʨʠʡ ˉ4: ʉ ʦʙʣʘʯʥʦʡ ʠʥʪʝʨʥʝʪ-ʧʣʘʪʬʦʨʤʳ ʧʦʩʣʘʣʠ ʢʦʤʘʥʜʫ ʥʘ ʦʪʢʨʳʪʠʝ 

ʯʝʛʦ-ʣʠʙʦ (ʦʢʥʘ, ʜʚʝʨʠ, ʚʦʨʦʪ ʠ ʧʨ.), ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʦʩʪʘʥʦʚʠʣʩʷ ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʧʫʥʢʪʘ 

ʥʘʟʥʘʯʝʥʠʷ; 

ʉʮʝʥʘʨʠʡ ˉ 5: ʉ ʦʙʣʘʯʥʦʡ ʠʥʪʝʨʥʝʪ-ʧʣʘʪʬʦʨʤʳ ʧʦʩʣʘʣʠ ʢʦʤʘʥʜʫ ʥʘ ʟʘʢʨʳʪʠʝ 

ʯʝʛʦ-ʣʠʙʦ, ʤʦʪʦʨ ʦʩʪʘʥʦʚʠʣʩʷ ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʧʫʥʢʪʘ ʥʘʟʥʘʯʝʥʠʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ Arduino IDE ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʦʙʣʘʯʥʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ IoT ʧʨʦʝʢʪʦʚ. ʉʦʩʪʘʚ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʝ: 

1. ʂʦʤʧʣʝʢʪ ʜʠʩʢʦʚ. 

2. ʄʦʪʦʨ.  

3. 4x ʨʝʣʝ. 

4. Arduino Uno. 

5. ɹʣʦʢ ʧʠʪʘʥʠʷ 12 v. 

6. ʄʘʢʝʪʥʘʷ ʧʣʘʪʘ. 

7. ʈʝʟʠʩʪʦʨʳ, ʧʨʦʚʦʜʘ, ʢʥʦʧʢʠ. 

8. ʄʦʜʫʣʴ wi-fi.  

ʅʘ ʨʠʩʫʥʢʝ 3 ʚʳ ʤʦʞʝʪʝ ʚʠʜʝʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʦʙʲʝʢʪ ʠʟʥʫʪʨʠ.  

 

ʈʠʩʫʥʦʢ 3. ʉʦʩʪʘʚ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʦʟʜʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʣʶʙʦʛʦ ʪʠʧʘ ʪʨʘʥʩʧʦʨʪʝʨʦʚ ï ʜʣʷ ʢʦʥʚʝʡʝʨʥʳʭ ʣʝʥʪ ʥʘ ʟʘʚʦʜʘʭ, ʜʣʷ 

ʜʚʠʞʫʱʠʭʩʷ ʣʝʥʪ ʚ ʨʝʩʪʦʨʘʥʥʦʤ ʙʠʟʥʝʩʝ (ʥʘʧʨʠʤʝʨ, ʢʘʡʪʝʥ-ʩʫʰʠ), ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʨʦʩʦʚ 

(ʫʧʨʘʚʣʝʥʠʝ ʣʠʬʪʘʤʠ, ʧʦʜʲʝʤʥʠʢʘʤʠ ʠ ʧʨ.). ɺ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 
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ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ: 

ʈʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ Arduino, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ 

ʫʧʨʘʚʣʷʪʴ ʧʦʜʲʝʤʥʳʤʠ, ʦʪʢʨʳʚʘʶʱʠʤʠ ʠ ʧʝʨʝʤʝʱʘʶʱʠʤʠ ʦʙʲʝʢʪʘʤʠ. 

ɺʳʧʦʣʥʝʥʦ ʧʦʜʢʣʶʯʝʥʠʝ ʦʙʲʝʢʪʘ ʢ ʦʙʣʘʯʥʦʡ IoT ʧʣʘʪʬʦʨʤʝ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʡ ʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʦʙʘʚʣʝʥʠʝ ʜʘʪʯʠʢʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʪʦʢʦʣʘ ZigBee ʜʣʷ 

ʩʚʷʟʠ ʩ ʩʝʨʚʝʨʦʤ ʠʣʠ ʜʨʫʛʠʤʠ ʚʝʱʘʤʠ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɼʞʝʨʝʤʠ ɹʣʫʤ ʀʟʫʯʘʝʤ Arduino: ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʤʝʪʦʜʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʦʣʰʝʙʩʪʚʘ: 

ʇʝʨ. ʩ ʘʥʛʣ. ʉʇʙ.: ɹʍɺ-ʇʝʪʝʨʙʫʨʛ, 2018. ʉ. 27-201. 

ELECTRIC MOTOR MANAG EMENT SYSTEM SOFTWAR E DEVELOPMENT  BASED 

ON THE INTERNET OF T HINGS TECHNOLOGIES  

Antonenko Anastasiia R., Kychkin Aleksey V. 

National Research University Higher School of Economics, 37a, Boulevard Gagarina st., Perm, 

61060, Russia, arantonenko@edu.hse.ru 

The solution of software development task for actuator management system based on technologies 

of the Internet of Things is described. Functions and features of the DC motor are described, 

performance of the object is demonstrated with use of the cloud platform of the Internet of Things. 

The overall time diagram of control algorithm with an explanation is given. A description of the use 

case of the object is given, and the variety of applicability of the developed software is 

demonstrated. The findings of the research, results of development and ways to increase the 

functions of the system were outlined. A photo of preproduction model is given and components 

which was used in development process are listed. Management system is based on Arduino Uno 

controller, which is a board of electronic components mounted on it under control of ATmega328 

microcontroller. Communication with server is provided using a wi-fi modem. Research done 

within priority direction development of science Perm campus of HSE ñResearch of management 

methods in cyberphysical systemsò. 

Keywords: Smart office, Internet of Things, Arduino, IoT Cloud Platform. 
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ʋɼʂ 51-7, 519.6, 544.15 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɹɸɿʀʉɸ ɻʆʄʆɼɽʉʄʀʏɽʉʂʀʍ ʈɽɸʂʎʀʁ 

ɼʃʗ ʊɽʈʄʆʍʀʄʀʏɽʉʂʆɻʆ ɸʅɸʃʀɿɸ ʕʅɽʈɻɽʊʀʂʀ ʍʀʄʀʏɽʉʂʀʍ 

ʉʆɽɼʀʅɽʅʀʁ8 

ɸʭʤʝʪʴʷʥʦʚʘ ɸʣʴʙʠʥʘ ʀʣʴʰʘʪʦʚʥʘ 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 450076, ʈʦʩʩʠʷ, ʛ.ʋʬʘ, ʫʣ. ɿʘʢʠ ɺʘʣʠʜʠ, 32, 

ai-albina@mail.ru 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʙʘʟʠʩʘ 

ʛʦʤʦʜʝʩʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ (ɻɼʈ), ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʛʦʤʦʜʝʩʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʩ 

ʮʝʣʴʶ ʨʘʩʯʝʪʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʮʠʢʣʠʯʝʩʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʣʷ 

ɻɼʈ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʣʝʜʫʶʱʠʭ ʙʘʣʘʥʩʦʚ ï ʤʘʪʝʨʠʘʣʴʥʦʛʦ, ʩʚʷʟʝʚʦʛʦ, 

ʠʟʦʛʠʨʠʯʝʩʢʦʛʦ, ʛʨʫʧʧʦʚʦʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ. ʇʨʦʛʨʘʤʤʘ ʛʝʥʝʨʠʨʫʝʪ ʧʦʣʥʳʡ 

ʥʘʙʦʨ ʥʝʟʘʚʠʩʠʤʳʭ ʛʦʤʦʜʝʩʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪ 

ʜʣʷ ʥʝʛʦ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʦʩʪʨʦʝʥʠʷ 

ʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠʟʫʶʱʝʡ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʙʘʟʠʩʘ ɻɼʈ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʵʥʪʘʣʴʧʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʥʘʙʦʨʘ 

ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʦʧʨʝʜʝʣʝʥʠʷ ʙʘʟʠʩʘ ʛʦʤʦʜʝʩʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʜʣʷ 

ʤʦʣʝʢʫʣʳ ʤʝʪʠʣʝʥʮʠʢʣʦʙʫʪʘʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʘʬ, ʤʘʪʨʠʮʘ ʩʤʝʞʥʦʩʪʠ, ʙʘʟʠʩ ʛʦʤʦʜʝʩʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʵʥʪʘʣʴʧʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʤʝʪʠʣʝʥʮʠʢʣʦʙʫʪʘʥ. 

ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ [8]. ɼʘʥʥʳʝ ʨʘʩʯʝʪʳ 

ʜʘʶʪ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʠ ʧʦʟʚʦʣʷʶʪ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ. 

ʈʘʥʝʝ ʤʝʪʦʜ ɻɼʈ ʙʳʣ ʩ ʧʨʠʤʝʥʝʥ ʚ ʨʘʙʦʪʘʭ ʍʫʨʩʘʥʘ ʉ.ʃ., ʀʩʤʘʛʠʣʦʚʦʡ ɸ.ʉ. ʠ ʜʨ. [4-7, 

9-10] ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʡ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʘʮʠʢʣʠʯʝʩʢʠʭ ʥʝʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʢʣʘʩʩʳ ʩʧʠʨʪʦʚ, ʧʨʦʩʪʳʭ ʠ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ, ʢʘʨʙʦʥʠʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʦʢʘʟʘʣʠʩʴ ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʫʨʦʚʥʶ ʩʣʦʞʥʦʩʪʠ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ ɻɼʈ, ʨʘʟʨʘʙʦʪʘʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ, 

ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. 

                                                 

ʇʫʙʣʠʢʘʮʠʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ 18-07-00584 ɸ)  

É ɸʭʤʝʪʴʷʥʦʚʘ ɸ.ʀ. 2019 
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ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʮʠʢʣʠʯʝʩʢʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʦʧʠʩʘʥʳ ʧʦʜʨʦʙʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʙʘʟʠʩʘ ɻɼʈ, ʨʝʘʣʠʟʫʝʤʳʝ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Delphi. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʥʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʦʝʜʠʥʝʥʠʝ ʤʝʪʠʣʝʥʮʠʢʣʦʧʨʦʧʘʥ (C5H8). 

ʇʨʠʤʝʥʷʷ ʘʜʜʠʪʠʚʥʦ-ʛʨʫʧʧʦʚʦʡ ʤʝʪʦʜ ɹʝʥʩʦʥʘ [1], ʧʦʣʫʯʘʝʤ ʢʦʤʙʠʥʘʮʠʶ ʠʟ ʪʨʝʭ ʪʠʧʦʚ 

ʚʥʫʪʨʝʥʥʠʭ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ɺ1, ɺ2 ʠ ɺ3. ɺ ʜʘʥʥʦʡ ʤʦʣʝʢʫʣʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʨʠ ʪʠʧʘ 

ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ: CïC, CïH ʠ ʉ=ʉ. 

 

 
ʠʣʠ 

 

ɺʥʫʪʨʝʥʥʠʝ ʛʨʫʧʧʳ 

ɺ1:  ɺ2:  ɺ3:  

ʂʦʥʮʝʚʳʝ ʛʨʫʧʧʳ 

ʂ1:  ʂ2:  ʂ3:  

ʘ) ʙ) ʚ) 

ʈʠʩʫʥʦʢ 1 ʘ) ʄʦʣʝʢʫʣʘ ʤʝʪʠʣʝʥʮʠʢʣʦʙʫʪʘʥ; ʙ) ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʤʦʣʝʢʫʣʳ ʠ ʝʝ ʛʨʫʧʧʦʚʦʡ ʩʦʩʪʘʚ; ʚ) 

ɺʥʫʪʨʝʥʥʠʝ ʛʨʫʧʧʳ ɺ1, ɺ2 ʠ ɺ2, ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʦʣʝʢʫʣʫ, ʠ ʢʦʥʮʝʚʳʝ ʛʨʫʧʧ rʂ1, ʂ2 ʠ ʂ3 [3] 

ʇʨʠ ʚʳʙʦʨʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʦʛʨʘʤʤʘ ʩʯʠʪʳʚʘʝʪ ʩ ʙʘʟʳ ʜʘʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʨʫʧʧʦʚʦʤ ʩʦʩʪʘʚʝ ʠ ʤʘʪʨʠʮʫ ʩʤʝʞʥʦʩʪʠ. ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʥʫʤʝʨʘʮʠʷ ʩʪʦʣʙʮʦʚ ʠʣʠ ʩʪʨʦʢ ʚ ʤʘʪʨʠʮʝ ʩʤʝʞʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʫʤʝʨʘʮʠʠ ʛʨʫʧʧʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʚ ʙʘʟʝ ʜʘʥʥʳʭ [2] (ʨʠʩʫʥʦʢ 2).  

 

ʈʠʩʫʥʦʢ 2. ʄʘʪʨʠʮʘ ʩʤʝʞʥʦʩʪʠ 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʛʨʫʧʧʦʚʦʤ ʩʦʩʪʘʚʝ ʠ ʤʘʪʨʠʮʘ ʩʤʝʞʥʦʩʪʠ ʚ ʧʨʦʛʨʘʤʤʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ 

ʩʪʨʦʢʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ (ʨʠʩʫʥʦʢ 3). 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 3. ʘ) ɿʘʧʠʩʴ ʤʘʪʨʠʮʳ ʩʤʝʞʥʦʩʪʠ ʚ ʤʘʩʩʠʚ MATR; ʙ) ʇʨʦʮʝʜʫʨʘ ʧʦʜʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʝʜʠʥʠʮ ʚ 

ʤʘʪʨʠʮʝ ʩʤʝʞʥʦʩʪʠ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʠʤʝʨʘ ʮʠʢʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʠʣʝʥʮʠʢʣʦʙʫʪʘʥʘ 

(C5H8) ʧʦʣʫʯʝʥʳ ʜʝʚ̫ ʪʴ ʙʘʟʠʩʥʳʭ ʛʦʤʦʜʝʩʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ (ʨʠʩʫʥʦʢ 4).  

 

ʈʠʩʫʥʦʢ 4. ɹʘʟʠʩ ʛʦʤʦʜʝʩʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 

ʈʘʟʨʳʚ ʦʜʥʦʡ ʩʚʷʟʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʥʫʣʝʥʠʶ 2 ʝʜʠʥʠʮ ʚʦ ʚʩʝʡ ʤʘʪʨʠʮʝ ʩʤʝʞʥʦʩʪʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʪʨʠʮʘ ʩʤʝʞʥʦʩʪʠ ʜʦʣʞʥʘ ʫʚʝʣʠʯʠʪʴʩʷ ʥʘ ʜʚʘ ʩʪʦʣʙʮʘ ʠ ʥʘ ʜʚʝ ʩʪʨʦʢʠ, ʪ.ʢ. 

ʜʦʙʘʚʣʷʶʪʩʷ ʜʚʝ ʢʦʥʮʝʚʳʝ ʛʨʫʧʧʳ K1 ʠ K2. 

ʈʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʙʘʟʠʩʘ ɻɼʈ ʜʣʷ ʮʠʢʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ 

ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ [2]: 

ɺʦ-ʧʝʨʚʳʭ, ʥʝʦʙʭʦʜʠʤ ʧʦʜʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʦʙʥʫʣʝʥʥʳʭ ʝʜʠʥʠʮ. 

ɺʦ-ʚʪʦʨʳʭ, ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʦʤʝʨʘ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢʦʥʮʝʚʦʡ ʛʨʫʧʧʳ. ɺ ʩʣʫʯʘʝ 

ʨʘʟʨʳʚʘ ʩʚʷʟʠ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤʠ ʛʨʫʧʧʘʤʠ Bi ʠ Bj, ʢ ʚʥʫʪʨʝʥʥʝʡ ʛʨʫʧʧʝ Bi ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ 

ʢʦʥʮʝʚʘʷ ʛʨʫʧʧʘ ʩ ʠʥʜʝʢʩʦʤ j (ʂj), ʘ ʢ Bj ʢʦʥʮʝʚʘʷ ʛʨʫʧʧʘ ʩ ʠʥʜʝʢʩʦʤ i (ʂi). 

ɺ-ʪʨʝʪʴʠʭ, ʩʦʚʝʨʰʠʪʴ ʨʘʩʰʠʨʝʥʠʝ ʤʘʪʨʠʮʳ ʩʤʝʞʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʢʦʣʠʯʝʩʪʚʘ 

ʦʙʥʫʣʝʥʥʳʭ ʝʜʠʥʠʮ. ɺ ʥʘʯʘʣʝ, ʧʨʦʛʨʘʤʤʘ ʨʘʩʰʠʨʷʝʪ ʤʘʪʨʠʮʫ ʠ ʟʘʧʠʩʳʚʘʝʪ ʚ ʜʦʙʘʚʣʝʥʥʳʝ 

ʩʪʦʣʙʮʳ ʠ ʩʪʨʦʢʠ ʤʘʩʩʠʚʘ Matr_New ʥʫʣʠ. ɿʘʪʝʤ, ʫʯʠʪʳʚʘʷ ʠʥʜʝʢʩʳ ʦʙʥʫʣʝʥʥʳʭ ʝʜʠʥʠʮ, 

ʧʨʦʩʪʘʚʣʷʶʪʩʷ ʝʜʠʥʠʮʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʚʷʟʠ ʚʥʫʪʨʝʥʥʝʡ ʠ ʢʦʥʮʝʚʦʡ ʛʨʫʧʧ. ʉʣʝʜʫʝʪ 
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ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʙʥʫʣʝʥʠʠ ʦʜʥʦʡ ʝʜʠʥʠʮʳ, ʢ ʠʩʭʦʜʥʦʡ ʤʘʪʨʠʮʝ ʩʤʝʞʥʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʨʠʩʦʝʜʠʥʝʥʳ ʝʱʝ 2 ʩʪʨʦʢʠ ʠ 2 ʩʪʦʣʙʮʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Delphi. ʇʨʠʤʝʥʝʥ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʧʝʨʝʙʦʨʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʢʫʨʩʠʠ. ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ 

ï ʙʘʟʠʩ ɻɼʈ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ, ʦʪʢʣʦʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ. ɺʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʩʪʨʫʢʪʫʨʝ, ʩʦʩʪʘʚʝ ʠ ɻʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʭʨʘʥʠʪʩʷ ʚ 

ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ SQLite. 
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MODELING THE BASIS O F HOMODESMIC REACTIO NS FOR THERMOCHEMICAL 

ANALYSIS O F ENERGY OF CHEMICAL COMPOUN DS 

Akhmetyanova Albina I. 

Bashkir State University, 32, Zaki Validi st., Ufa, 450076, Russia, ai-albina@mail.ru 

This paper describes software for constructing a basis for homodemic reactions (GDR), which 

allows one to implement a homodemic approach in order to calculate the thermodynamic 

parameters of cyclic chemical compounds. For the GDR, a set of the following balances is 

performed ð material, bond, isogyric, group, and energy balance. The program generates a 

complete set of independent homodesmic reactions for the compound under study and calculates the 

formation enthalpies for it. The paper presents the main stages of building a program that 

implements an algorithm for determining the basis of the GDR for organic compounds. At the 

moment, calculations of the enthalpies of formation for the test set of chemical compounds of 

various classes have been carried out. For clarity, the developed algorithm in this paper provides an 

example of determining the basis of homodesmic reactions for the methylenecyclobutane molecule. 

Keywords: graph, adjacency matrix, basis of homodemic reactions, formation enthalpy, 

methylenecyclobutane. 
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ʋɼʂ 539.3 

ɼɺʋʍʕʊɸʇʅɸʗ ʄɽʊʆɼʀʂɸ ʆʇʊʀʄʀɿɸʎʀʀ ʉʊʈʆʀʊɽʃʔʅʓʍ 

ʂʆʅʉʊʈʋʂʎʀʁ9 

ɹʝʢʤʘʥʩʫʨʦʚ ʄʘʨʘʪ ʈʘʤʠʣʴʝʚʠʯ, ɹʦʷʨʰʠʥʦʚʘ ʀʨʠʥʘ ʅʠʢʦʣʘʝʚʥʘ 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614000, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʂʦʤʩʦʤʦʣʴʩʢʠʡ ʧʨʦʩʧʝʢʪ, 29, bekmansurov@list.ru 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʜʚʘ ʵʪʘʧʘ: 

ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʊʦʧʦʣʦʛʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ 

ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ SolidThinking Inspire. ʕʪʘʧ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʧʦʣʥʷʣʩʷ ʚ 

ʧʘʢʝʪʘʭ Solidworks ʠ Ansys Mechanical APDL ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʥʘʧʠʩʘʥʠʝʤ ʢʦʜʘ ʤʝʪʦʜʘ 

ʅʝʣʜʝʨʘ-ʄʠʜʘ. ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʤʝʪʦʜʘ ʅʝʣʜʝʨʘ-ʄʠʜʘ ʙʳʣʘ 

ʨʝʰʝʥʘ ʤʦʜʝʣʴʥʘʷ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʧʘʢʝʪʝ Ansys Mechanical APDL. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʘ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʜʘʥʥʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʧʦʣʦʛʠʯʝʩʢʘʷ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ, ʤʝʪʦʜ ʅʝʣʜʝʨʘ-ʄʠʜʘ, 

ʙʘʣʦʯʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʟʘʤʝʪʥʦ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʥʝ ʠʟʤʝʥʷʷ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʜʝʣʠ, ʥʦ ʟʘʤʝʪʥʦ ʩʥʠʞʘʷ ʝʝ ʠʩʭʦʜʥʫʶ ʤʘʩʩʫ. ʂʘʞʜʳʡ ʠʟ ʤʝʪʦʜʦʚ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʠʣʠ ʩʥʠʞʝʥʠʷ 

ʚʣʠʷʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ: ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʬʦʨʤ ʠ ʨʘʟʤʝʨʦʚ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʝʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭʵʪʘʧʥʦʡ ʤʝʪʦʜʠʢʠ 

ʦʧʪʠʤʠʟʘʮʠʠ [1, 2]. 

ɼʘʥʘ ʪʨʝʭʤʝʨʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʘʷ ʥʘ ʟʘʜʥʝʡ ʩʪʝʥʢʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʦʙʱʠʡ ʚʠʜ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1. ʆʙʱʠʡ ʚʠʜ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦ ʦʧʪʠʤʠʟʘʮʠʠ 

ɼʘʥʘ ʪʨʝʭʤʝʨʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʥʘʭʦʜʷʱʘʷʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʦʙʱʠʡ ʚʠʜ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʊʨʝʙʫʝʪʩʷ ʩʦʟʜʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʠʟ ʙʘʣʦʢ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʤʠʥʠʤʘʣʴʥʳʤ 

ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ, ʥʦ ʦʩʪʘʚʘʪʴʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʟʘʜʘʥʥʳʭ ʥʘʛʨʫʟʦʢ.  

ɼʚʫʭʵʪʘʧʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʧʦʣʦʛʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ [1], ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʷʚʠʪʴ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʙʘʣʦʢ ʚ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʤʝʪʦʜʘʤʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ [1-3] 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʙʘʣʦʢ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʶ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ ʩʪʘʪʴʝ [1]. 

ʊʦʧʦʣʦʛʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʧʘʢʝʪʝ SolidThinking Inspire. 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʵʪʘʧʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʩʤʦʪʨʠʤ 

ʦʧʪʠʤʠʟʘʮʠʶ ʢʚʘʜʨʘʪʥʦʡ ʧʣʘʩʪʠʥʳ ʩ ʚʳʨʝʟʦʤ, ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʦʡ ʧʦ ʜʚʫʤ ʧʘʨʘʣʣʝʣʴʥʳʤ 

ʩʪʦʨʦʥʘʤ. ʅʘ ʚʝʨʭʥʶʶ ʛʨʘʥʴ ʜʝʡʩʪʚʫʝʪ ʜʘʚʣʝʥʠʝ. ɹʫʜʝʤ ʠʩʢʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ 

ʧʣʘʩʪʠʥʳ ʥʘʠʤʝʥʴʰʝʛʦ ʚʝʩʘ ʚ ʜʚʫʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʘʭ: SolidWorks ʠ Ansys Mechanical 

APDL ʩ ʥʘʧʠʩʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ʘʣʛʦʨʠʪʤʘ ʅʝʣʜʝʨʘ-ʄʠʜʘ.  

ʇʦʢʘʞʝʤ ʥʘ ʨʠʩʫʥʢʝ 2 ʩʭʝʤʫ ʥʘʛʨʫʞʝʥʠʷ ʧʣʘʩʪʠʥʳ. 

 

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʥʘʛʨʫʞʝʥʠʷ ʧʣʘʩʪʠʥʳ 
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ʇʘʨʘʤʝʪʨʘʤʠ ʦʧʪʠʤʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ: h ï ʩʪʦʨʦʥʘ ʚʳʨʝʟʘ ʧʣʘʩʪʠʥʢʠ, t ï ʪʦʣʱʠʥʘ 

ʧʣʘʩʪʠʥʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʥʷʪʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʧʣʘʩʪʠʥʝ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʳ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʣʘʩʪʠʥʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚ SolidWorks (1) ʠ Ansys Mechanical APDL (2). 

 

ʈʠʩʫʥʦʢ 3. ʅʘʧʨʷʞʝʥʠʷ ʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʧʣʘʩʪʠʥʝ 

ʈʝʟʫʣʴʪʘʪʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʬʠʟʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʟʘʜʘʯʝ. ʆʧʪʠʤʠʟʘʮʠʷ, ʚʳʧʦʣʥʝʥʥʘʷ ʚ ʧʘʢʝʪʝ Ansys Mechanical APDL, ʧʨʠʚʝʣʘ ʢ ʤʝʥʴʰʠʤ 

ʟʥʘʯʝʥʠʷʤ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʤʝʥʴʰʝʤ ʦʧʪʠʤʘʣʴʥʦʤ ʚʝʩʝ ʧʣʘʩʪʠʥʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʘʧʠʩʘʥʥʘʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʛʨʘʤʤʘ ʤʝʪʦʜʘ ʅʝʣʜʝʨʘ-ʄʠʜʘ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʘʤʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʚʩʪʨʦʝʥʥʳʤʠ ʚ ʧʘʢʝʪ SolidWorks.  

ɼʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʙʘʣʦʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʨʝʰʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʘʢʝʪʝ SolidWorks. 

ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʨʘʥ  r ʧʝʨʝʤʝʥʥʳʝ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦʧʝʨʝʯʥʳʭ ʙʘʣʦʢ ʥʘ ʩʨʝʜʥʝʡ ʛʨʘʥʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʛʨʘʥʠʯʝʥʠʡ ʟʘʜʘʥʳ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ. ʎʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ 

ʚʳʩʪʫʧʘʝʪ ʤʘʩʩʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʫʶ ʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ. 

ʅʘ ʨʠʩʫʥʢʘʭ 4 ʠ 5 ʧʦʢʘʟʘʥʳ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʩʣʝ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠ 

ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʩʣʝ ʚʪʦʨʦʛʦ ʵʪʘʧʘ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. 
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ʈʠʩʫʥʦʢ 4. ʂʦʥʩʪʨʫʢʮʠʷ ʧʦʩʣʝ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ (ʩʦʭʨʘʥʝʥʦ 85% ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʙʲʝʤʘ) 

 

ʈʠʩʫʥʦʢ 5. ʂʦʥʩʪʨʫʢʮʠʷ ʧʦʩʣʝ ʵʪʘʧʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʇʦ ʠʪʦʛʘʤ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʘ ʥʘʡʜʝʥʘ 

ʦʧʪʠʤʘʣʴʥʘʷ ʬʦʨʤʘ ʢʦʥʩʪʨʫʢʮʠʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʝʩʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʦʛʨʘʥʠʯʝʥʠʷʤ ʥʘ 

ʥʘʧʨʷʞʝʥʠʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʇʦʩʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʩʩʘ ʢʦʥʩʪʨʫʢʮʠʠ ʩʥʠʟʠʣʘʩʴ ʚ 150 ʨʘʟ. 

ʈʝʰʝʥʠʝ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ ʧʦʢʘʟʘʣʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ʅʝʣʜʝʨʘ-ʄʠʜʘ ʧʝʨʝʜ ʤʝʪʦʜʘʤʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʚʩʪʨʦʝʥʥʳʤʠ ʚ ʧʘʢʝʪ SolidWorks. 
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As part of the work, a methodology was developed for solving optimization problems in two stages: 

topological and parametric optimization. Topological optimization was carried out using the 

package SolidThinking Inspire. The parametric optimization stage was performed in Solidworks 

and Ansys Mechanical APDL packages with additional writing of the Nelder-Mead method code. 

To test the developed program of the Nelder-Mead method, a model optimization problem was 

solved in the Ansys Mechanical APDL package. The developed technique is applied to the 

optimization of a given building structure. 

Keywords: topological and parametric optimization, Nelder-Mead method, beam construction. 
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ʋɼʂ 004.94 

ɼɾɽʄʄʀʅɻ ʂ-ʄɽʈʆɺ ʈɸɿʅʆʁ ʌʆʈʄʓ ʅɸ ʂɺɸɼʈɸʊʅʆʁ ʈɽʐɽʊʂɽ10 

ɹʦʢʦʚ ʂʠʨʠʣʣ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ɹʫʟʤʘʢʦʚʘ ʄʘʨʠʷ ʄʠʭʘʡʣʦʚʥʘ 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614990, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ɹʫʢʠʨʝʚʘ, 15, cyrilevel@rambler.ru 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʠ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ 

ʜʞʝʤʤʠʥʛʘ k-ʤʝʨʦʚ ʨʘʟʥʦʡ ʬʦʨʤʳ ʥʘ ʢʚʘʜʨʘʪʥʦʡ ʨʝʰʝʪʢʝ. k-ʤʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ k 

ʧʦʜʨʷʜ ʟʘʥʷʪʳʭ ʫʟʣʦʚ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. k-ʤʝʨʳ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʚʩʝʡ ʨʝʰʝʪʢʝ. ʈʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʩʣʫʯʘʷ: ʚ ʧʝʨʚʦʤ k-ʤʝʨʳ ʣʠʥʝʡʥʳʝ, ʚʦ 

ʚʪʦʨʦʤ ï ʥʝʣʠʥʝʡʥʳʝ, ʪʦ ʝʩʪʴ ʤʦʛʫʪ ʠʤʝʪʴ ʠʟʛʠʙʳ ʧʦ ʢʨʘʷʤ ʠ ʚ ʩʝʨʝʜʠʥʝ. k-ʤʝʨʳ ʥʝ ʤʦʛʫʪ 

ʧʝʨʝʩʝʢʘʪʴʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʦʨʠʝʥʪʘʮʠʠ k-ʤʝʨʦʚ 

ʨʘʚʥʦʚʝʨʦʷʪʥʳ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. 

ʂʦʦʨʜʠʥʘʪʘʤʠ ʥʘʯʘʣʘ k-ʤʝʨʘ ʠ ʝʛʦ ʦʨʠʝʥʪʘʮʠʷ ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʯʠʩʣʘ. 

ʇʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʨʦʛʘ ʜʞʝʤʤʠʥʛʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʣʠʥʳ k-ʤʝʨʘ ʠ ʜʦʣʠ 

ʥʝʣʠʥʝʡʥʳʭ k-ʤʝʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʜʣʷ ʧʝʨʚʦʛʦ ʩʣʫʯʘʷ ʩʦʚʧʘʜʘʶʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʚʪʦʨʦʛʦ ʩʣʫʯʘʷ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ ʠ ʦʨʠʛʠʥʘʣʴʥʳʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʜʞʝʤʤʠʥʛ, k-ʤʝʨ. 

ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʝʨʢʦʣʷʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʠʥʪʝʨʝʩʝʥ ʚʦʧʨʦʩ ʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤ 

ʩʣʫʯʘʡʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʦʙʲʝʢʪʘʤʠ ï ʜʞʝʤʤʠʥʛʝ. ʈʘʟʣʠʯʥʳʤʠ 

ʘʚʪʦʨʘʤʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʨʦʛʦʚ ʜʞʝʤʤʠʥʛʘ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʧʝʨʢʦʣʷʮʠʦʥʥʳʭ 

ʨʝʰʝʪʦʯʥʳʭ ʠ ʢʦʥʪʠʥʫʘʣʴʥʳʭ ʟʘʜʘʯ [6-7]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʠ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ 

ʜʞʝʤʤʠʥʛʘ k-ʤʝʨʦʚ ʨʘʟʥʦʡ ʬʦʨʤʳ ʥʘ ʢʚʘʜʨʘʪʥʦʡ ʨʝʰʝʪʢʝ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɺ ʨʘʤʢʘʭ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʜʞʝʤʤʠʥʛʘ k-ʤʝʨʦʚ ʨʘʟʥʦʡ ʬʦʨʤʳ ʥʘ ʢʚʘʜʨʘʪʥʦʡ 

ʨʝʰʝʪʢʝ k-ʤʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ k ʧʦʜʨʷʜ ʟʘʥʷʪʳʭ ʫʟʣʦʚ ʨʝʰʝʪʢʠ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

(ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦʤ). ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʦʨʠʝʥʪʘʮʠʠ k-ʤʝʨʦʚ 

ʨʘʚʥʦʚʝʨʦʷʪʥʳ. k-ʤʝʨʳ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʚʩʝʡ ʨʝʰʝʪʢʝ. ʈʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʩʣʫʯʘʷ: 

ʚ ʧʝʨʚʦʤ k-ʤʝʨʳ ʣʠʥʝʡʥʳʝ, ʚʦ ʚʪʦʨʦʤ ï ʥʝʣʠʥʝʡʥʳʝ, ʪʦ ʝʩʪʴ ʤʦʛʫʪ ʠʤʝʪʴ ʠʟʛʠʙʳ ʧʦ ʢʨʘʷʤ ʠ 

ʚ ʩʝʨʝʜʠʥʝ. ʂʦʦʨʜʠʥʘʪʘʤʠ ʥʘʯʘʣʘ k-ʤʝʨʘ ʠ ʝʛʦ ʦʨʠʝʥʪʘʮʠʷ ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʦ 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʯʠʩʣʘ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣʴ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 
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  ,k, pn, KL,Zn  M= ,  

ʛʜʝ L ï ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʢʚʘʜʨʘʪʥʦʡ ʨʝʰʝʪʢʠ, { }iin yxZ ,= , ni ,1=  ï ʤʥʦʞʝʩʪʚʦ ʧʘʨ 

ʢʦʦʨʜʠʥʘʪ ʥʘʯʘʣʘ k-ʤʝʨʘ, k ï ʜʣʠʥʘ k-ʤʝʨʘ, ʨn ï ʜʦʣʷ ʥʝʣʠʥʝʡʥʳʭ k-ʤʝʨʦʚ, ʂ ï ʢʦʣʠʯʝʩʪʚʦ 

ʠʩʧʳʪʘʥʠʡ. ʈʘʩʩʤʦʪʨʝʥʳ ʥʝʣʠʥʝʥʳʝ k-ʤʝʨʳ ʜʚʫʭ ʬʦʨʤ (ʤʦʛʫʪ ʠʤʝʪʴ ʠʟʛʠʙʳ ʧʦ ʢʨʘʷʤ ʠ ʚ 

ʩʝʨʝʜʠʥʝ ï ʨʠʩʫʥʦʢ 1). 

  

ʈʠʩʫʥʦʢ 1. ʅʝʣʠʥʝʡʥʳʝ k-ʤʝʨʳ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʄʦʥʪʝ-ʂʘʨʣʦ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʤʦʜʝʣʠ ʙʳʣʘ ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ ʩ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ ʥʘ ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ#. ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʨʝʰʝʪʢʠ k-ʤʝʨʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʘʣʛʦʨʠʪʤ, ʨʘʙʦʪʘʶʱʠʡ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ɻʝʥʝʨʠʨʫʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʪʠʧ k-ʤʝʨʘ . 

2. ɻʝʥʝʨʠʨʫʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʥʘʯʘʣʘ k-ʤʝʨʘ (ʧʘʨʘ ʮʝʣʳʭ ʯʠʩʝʣ i ʠ j, ʛʜʝ 1 Ò i Ò L ʠ 1 Ò j Ò L, L 

ï ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʨʝʰʝʪʢʠ). 

3. ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʦʧʳʪʢʘ ʫʧʘʢʦʚʘʪʴ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ k-ʤʝʨ: 

a) ʝʩʣʠ ʧʨʠ ʧʨʦʚʝʨʢʝ ʫʟʣʦʚ, ʚʩʝ ʦʢʘʟʳʚʘʶʪʩʷ ʩʚʦʙʦʜʥʳʤʠ, ʦʥʠ ʧʦʤʝʯʘʶʪʩʷ ʢʘʢ ʟʘʥʷʪʳʝ, ʠ 

ʪʝʢʫʱʠʡ k-ʤʝʨ ʩʯʠʪʘʝʪʩʷ ʫʧʘʢʦʚʘʥʥʳʤ; 

b) ʠʥʘʯʝ ʪʝʢʫʱʠʡ k-ʤʝʨ ʦʪʚʝʨʛʘʝʪʩʷ, ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʧʳʪʢʘ ʨʘʟʤʝʩʪʠʪʴ ʝʛʦ ʩ ʜʨʫʛʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ï ʧʝʨʝʭʦʜ ʢ ʧʫʥʢʪʫ 2. 

4. ʉʣʫʯʘʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ k-ʤʝʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʢʦʣʠʯʝʩʪʚʦ ʧʦʧʳʪʦʢ 

ʫʧʘʢʦʚʘʪʴ n-ʳʡ k-ʤʝʨ ʥʝ ʧʨʝʚʳʩʠʪ ʯʠʩʣʘ L, L*sqrt(L), L*L ï ʚʳʙʨʘʥʥʦʡ ʩʣʦʞʥʦʩʪʠ 

ʫʧʘʢʦʚʢʠ. 

5. ʂʘʞʜʳʡ ʫʟʝʣ [ i][ j]  ʨʝʰʝʪʢʠ ʧʨʦʚʝʨʷʝʪʩʷ, ʷʚʣʷʝʪʩʷ ʣʠ ʦʥ ʩʚʦʙʦʜʥʳʤ: 

a) ʝʩʣʠ ʫʟʝʣ ʩʚʦʙʦʜʝʥ, ʪʦ ʛʝʥʝʨʠʨʫʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʪʠʧ k-ʤʝʨʘ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʧʳʪʢʘ 

ʫʧʘʢʦʚʘʪʴ k-ʤʝʨ ʚ ʫʟʣʝ [ i][ j] ; 

b) ʝʩʣʠ ʫʧʘʢʦʚʢʘ ʥʝ ʫʜʘʣʘʩʴ, ʪʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʨʫʛʘʷ ʧʦʧʳʪʢʘ ï ʨʘʟʤʝʩʪʠʪʴ k-ʤʝʨ ʩ ʜʨʫʛʠʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʣʠ ʪʠʧʦʤ. 



 

52 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʶʪʩʷ ʪʝʢʩʪʦʚʳʝ ʬʘʡʣʳ ʩ ʜʘʥʥʳʤʠ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʦʣʫʯʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ k-ʤʝʨʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʠʩʧʳʪʘʥʠʷ ʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ k-ʤʝʨʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. 

ʇʨʠ ʢʦʤʧʴʶʪʝʨʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʨʦʛʠ ʜʞʝʤʤʠʥʛʘ ʜʣʷ ʨʝʰʝʪʦʢ 

ʢʦʥʝʯʥʦʛʦ ʨʘʟʤʝʨʘ L. ʆʜʥʘʢʦ ʵʪʠ ʟʥʘʯʝʥʠʷ ʧʦʨʦʛʦʚ ʠʜʝʥʪʠʯʥʳ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʩʣʫʯʘʷ 

ʙʝʩʢʦʥʝʯʥʳʭ ʩʠʩʪʝʤ (ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʢʘ). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʜʚʫʭ ʩʣʫʯʘʝʚ: ʚ ʧʝʨʚʦʤ k-ʤʝʨʳ ʣʠʥʝʡʥʳʝ 

(ʨʠʩʫʥʦʢ 2, ʪʘʙʣʠʮʘ 1), ʚʦ ʚʪʦʨʦʤ ï ʥʝʣʠʥʝʡʥʳʝ (ʨʠʩʫʥʦʢ 3, ʪʘʙʣʠʮʘ 2). ʈʝʟʫʣʴʪʘʪʳ ʜʣʷ 

ʧʝʨʚʦʛʦ ʩʣʫʯʘʷ ʩʦʚʧʘʜʘʶʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [6-7], ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ 

ʚʪʦʨʦʛʦ ʩʣʫʯʘʷ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ ʠ ʦʨʠʛʠʥʘʣʴʥʳʤʠ. 

  

ʈʠʩʫʥʦʢ 1. L=1000, k=100, pn=0% ʈʠʩʫʥʦʢ 2. L=1000, k=100, pn=75% 

ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʧʦʨʦʛʘ ʜʞʝʤʤʠʥʛʘ ʣʠʥʝʡʥʳʭ k-ʤʝʨʦʚ ʥʘ ʢʚʘʜʨʘʪʥʦʡ ʨʝʰʝʪʢʝ 

ςk 2 3 4 5 6 7 8 9 10 

Pj 90,682 84,658 81,039 78,662 76,986 75,739 74,773 74,000 73,365 

k 11 16 32 64 100 128 256 384 512 

Pj 72,835 71,088 68,925 67,611 67,030 66,826 66,321 66,138 66,055 
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ʊʘʙʣʠʮʘ 2. ɿʥʘʯʝʥʠʷ ʧʦʨʦʛʘ ʜʞʝʤʤʠʥʛʘ ʥʝʣʠʥʝʡʥʳʭ k-ʤʝʨʦʚ ʥʘ ʢʚʘʜʨʘʪʥʦʡ ʨʝʰʝʪʢʝ 
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THE JAMMING  OF THE K -MERES OF DIFFERENT FORM ON THE SQARE LATT ICE 

Bokov Kirill A., Buzmakova Mariya M. 

Perm State University, 15, Bukireva st., Perm, 614990, Russia, cyrilevel@rambler.ru 

In the present work the mathematical and computer model of the jamming of the k-meres of 

different form on the square lattice are proposed and investigated. k-mer is k neighboring occupied 

nodes in the horizontal or vertical direction. k-meres are uniformly distributed on the lattice. Two 

cases are considered: in the first k-meres are linear, in the second ï nonlinear, that is, they can have 

curves at the edges and in the middle. k-meres cannot overlap. The horizontal and vertical 

orientations of k-meres are equally probable. Periodic boundary conditions are used in the 

simulation. The coordinates of the beginning of the k-mer and its orientation are randomly 

generated numbers. The values of the jamming threshold for different values of the length k-mer 

and the proportion of non-linear k-meres are obtained. The results for the first case coincide with 

the results of other researchers, the results for the second case are new and original.  

Keywords: the mathematical and computer modeling, the jamming, the k-mer 
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ɼʀɿɸʁʅɸ ʕʃɽʂʊʈʆʅʅʆɻʆ ʂʋʈʉɸ: 

ʆʊ ʊɽʆʈʀʀ ʂ ʇʈɸʂʊʀʂɽ11 

ɹʦʥʜʘʨʝʥʢʦ ɸʥʥʘ ʉʝʨʛʝʝʚʥʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, 614070, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʉʪʫʜʝʥʯʝʩʢʘʷ ʜ. 38, annpostanogova@yandex.ru 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʜʠʟʘʡʥʫ. ʎʝʣʴʶ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʪʦʛʦ, ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʜʠʟʘʡʥʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʢʫʨʩ ʟʥʘʢʦʤʠʪ ʩʦʪʨʫʜʥʠʢʦʚ ʩ ʥʦʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʢʦʤʧʘʥʠʠ, ʢʦʪʦʨʳʝ ʠʤ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʥʫʞʥʦ ʙʫʜʝʪ ʧʨʦʜʘʚʘʪʴ. ʆʥ ʚʳʧʦʣʥʝʥ ʚ ʬʦʨʤʘʪʝ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʧʨʝʟʝʥʪʘʮʠʠ ʠ 

ʚʟʷʪ ʩ ʩʘʡʪʘ ʢʨʫʧʥʦʡ ʢʦʤʧʘʥʠʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʇʆ ʠ ʢʫʨʩʦʚ ʜʣʷ ʦʥʣʘʡʥ-ʦʙʫʯʝʥʠʷ. ɺ ʩʪʘʪʴʝ 

ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʧʝʨʝʩʝʯʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤʫ ʜʠʟʘʡʥʫ ʠ ʶʟʘʙʠʣʠʪʠ ʢʫʨʩʘ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʱʠʡ ʩʧʠʩʦʢ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʟʘʡʥ ʵʣʝʢʪʨʦʥʥʳʭ ʢʫʨʩʦʚ, ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʜʠʟʘʡʥ, ʶʟʘʙʠʣʠʪʠ, 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʪʝʨʬʝʡʩʘ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʠʟʘʡʥʘ ʢʫʨʩʘ ʷʚʣʷʝʪʩʷ ʩʬʝʨʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʪʳʢʝ ʧʝʜʘʛʦʛʠʢʠ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʣʝʢʪʨʦʥʥʳʡ ʢʫʨʩ ï ʵʪʦ ʧʨʦʜʫʢʪ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʪʨʫʜʘ, ʪʘʢ ʢʘʢ ʦʥ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʟʥʘʥʠʷ ʦʪ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʢ 

ʦʙʫʯʘʝʤʦʤʫ ʩ ʮʝʣʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʥʘʚʳʢʦʚ ʠ ʫʤʝʥʠʡ (ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʜʠʟʘʡʥ). ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʨʦʜʫʢʪ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤʫ ʠʥʪʝʨʬʝʡʩʫ (UX) ʠ ʫʜʦʙʩʪʚʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (usability). ʇʝʨʝʩʝʯʝʥʠʝ ʵʪʠʭ 

ʜʚʫʭ ʦʙʣʘʩʪʝʡ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʂʫʨʥʦʩʦʚʘ, ʧʦʜʯʝʨʢʠʚʘʷ, ʯʪʦ ʚʝʙ-ʜʠʟʘʡʥ ʚʳʩʪʫʧʘʝʪ ʚ 

ʨʦʣʠ ʧʦʤʦʱʥʠʢʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ [7].  

ʈʦʣʴ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʢʫʨʩʘʭ ʫʞʝ ʧʨʠʟʥʘʥʘ ʜʘʚʥʦ. ʂʨʝʯʝʪʥʠʢʦʚ 

ʚ ʩʚʦʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʚʦʜʠʪ ʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʨʦʚ, ʧʦʚʝʩʪʚʫʶʱʠʭ ʦ ʪʦʤ, ʯʪʦ ʛʨʘʤʦʪʥʦ 

ʧʦʩʪʨʦʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʩʨʝʜʘ ʧʦʤʦʛʘʝʪ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʘʤʦʨʘʟʚʠʪʠʠ 

ʫʯʘʱʠʭʩʷ [6].  

ʉ ʩʘʤʦʛʦ ʨʘʟʚʠʪʠʷ ʪʘʢʠʭ ʧʦʥʷʪʠʡ ʢʘʢ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʪʝʨʬʝʡʩ, ʥʘʢʦʧʠʣʦʩʴ ʤʥʦʞʝʩʪʚʦ ʪʝʦʨʠʠ ʦ ʪʦʤ, ʢʘʢ ʜʦʣʞʝʥ ʙʳʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʜʠʟʘʡʥ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʧʨʠʥʦʩʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʦʣʴʟʫ [1, 2, 5, 6, 7, 9, 10]. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʡ 
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ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʜʠʟʘʡʥʫ ʢʫʨʩʦʚ ʠ ʠʭ ʨʝʘʣʠʟʘʮʠʷ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʢʫʨʩʘʭ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʝ ʢʫʨʩʳ. 

ʇʨʝʜʤʝʪʦʤ ʷʚʣʷʝʪʩʷ ʜʠʟʘʡʥ ʵʣʝʢʪʨʦʥʥʳʭ ʢʫʨʩʦʚ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʦʟʚʦʣʠʪ ʩʦʩʪʘʚʠʪʴ 

ʩʧʠʩʦʢ ʜʣʷ ʩʘʤʦʧʨʦʚʝʨʢʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʜʠʟʘʡʥʘ ʢʫʨʩʘ. 

ɼʠʟʘʡʥ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʤʦʪʠʚʘʮʠʶ, ʩʢʦʨʦʩʪʴ ʚʦʩʧʨʠʷʪʠʷ 

ʤʘʪʝʨʠʘʣʘ, ʫʪʦʤʣʷʝʤʦʩʪʴ ʠ ʥʘ ʜʨʫʛʠʝ ʟʥʘʯʠʤʳʝ ʧʦʢʘʟʘʪʝʣʠ [6]. ʇʦʵʪʦʤʫ ʢ ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʭʦʜʠʪʴ ʧʦʵʪʘʧʥʦ ʠ ʧʨʠ ʵʪʦʤ ʩʦʙʣʶʜʘʪʴ 

ʚʳʧʦʣʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ. ɼʘʥʥʳʝ ʬʘʢʪʦʨʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ ʪʝʦʨʠʠ ʪʝʨʤʠʥʘ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʨʘʟʥʳʤʠ ʫʯʝʥʳʤʠ: ʥʘʯʠʥʘʷ ʩ ʨʘʙʦʪ ʈʦʙʝʨʪʘ ɻʘʥʴʝ ʚ 1974 ʛʦʜʫ [1] ʜʦ 

ɼʵʚʠʜʘ ʄʵʨʨʠʣʣʘ [2] ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʨʘʟʫʤʝʝʪʩʷ ʠ ʩʝʡʯʘʩ ʵʪʘ ʩʬʝʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʘʢʪʠʚʥʦʡ 

ʨʘʟʨʘʙʦʪʢʝ. ʇʨʠʥʮʠʧʳ ʠ ʧʨʘʚʠʣʘ ʚʳʩʪʨʦʠʣʠʩʴ ʚ ʤʝʪʦʜʦʣʦʛʠʠ, ʧʨʝʜʣʘʛʘʶʱʠʝ ʧʦʵʪʘʧʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʠʟʘʡʥʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ: ADDIE, SAM, ALD ʜʨ.  

ʇʦʩʣʝʜʥʠʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ ʢʫʨʩʘ ʩʚʷʟʘʥʳ ʩ ʮʝʣʝʚʳʤ 

ʠʣʠ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʧʦʜʭʦʜʦʤ. ʊʘʢ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ɼʵʚʠʜ ʄʵʨʨʠʣʣ 

ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʜʠʟʘʡʥʘ ʦʪʚʦʜʠʪ ʧʨʦʙʣʝʤʝ, ʨʝʰʘʝʤʦʡ ʚ ʦʙʫʯʝʥʠʠ. ɽʛʦ 

ʦʩʥʦʚʥʳʤ ʧʨʠʥʮʠʧʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʙʫʯʘʝʤʳʝ ʚʦ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʢʫʨʩʘ ʜʦʣʞʥʳ 

ʨʝʰʘʪʴ ʨʝʘʣʴʥʫʶ ʠ ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ. 

ʅʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʘ ISO 9241-210:2010 [3] ʉʝʨʛʝʡ ʉʝʨʛʝʝʚ ʚʳʨʘʙʦʪʘʣ ʩʚʦʶ 

ʤʝʪʦʜʦʣʦʛʠʶ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʠʟʘʡʥʘ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʠʤʝʥʥʦ ʥʘ ʫʜʦʙʩʪʚʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʢʫʨʩʦʚ, ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʢʦʪʦʨʦʡ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʶʟʘʙʠʣʠʪʠ ʪʝʩʪʠʨʦʚʘʥʠʷ [8]. 

ɼʣʷ ʦʮʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʝʢʫʱʠʭ ʧʨʦʝʢʪʦʚ ʪʨʝʙʦʚʘʥʠʷʤ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʜʠʟʘʡʥʘ ʠ 

ʶʟʘʙʠʣʠʪʠ ʢʫʨʩʘ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʨʩʘ ʜʣʷ ʧʨʦʜʘʚʮʦʚ-ʢʦʥʩʫʣʴʪʘʥʪʦʚ, 

ʢʦʪʦʨʳʡ ʟʥʘʢʦʤʠʪ ʠʭ ʩ ʥʦʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʩʝʪʠ çʃʝʨʫʘ ʄʝʨʣʝʥè [4]. ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʜʘʥʥʳʡ 

ʢʫʨʩ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʜʠʟʘʡʥʘ, ʜʣʷ ʢʘʞʜʦʛʦ ʢʨʠʪʝʨʠʷ ʠʟ ʪʨʝʭ ʛʨʫʧʧ ʪʨʝʙʦʚʘʥʠʡ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʰʢʘʣʘ ʦʪ 1 ʜʦ 5 (1 - ʩʦʚʩʝʤ ʥʝ ʩʦʙʣʶʜʝʥʦ, 5 ï ʧʦʣʥʦʩʪʴʶ ʩʦʙʣʶʜʝʥʦ). ɼʘʣʝʝ 

ʙʫʜʝʪ ʚʳʩʯʠʪʘʥʘ ʩʨʝʜʥʷʷ ʦʮʝʥʢʘ ʧʦ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʪʨʝʙʦʚʘʥʠʡ, ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 

ʦʪ ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʫʜʝʪ ʦʮʝʥʠʪʴ ʚ ʜʘʥʥʦʤ ʢʫʨʩʝ. ʈʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʪʘʙʣʠʮʝ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʫʨʩ ʧʦʣʫʯʠʣ ʩʨʝʜʥʶʶ ʦʮʝʥʢʫ ʧʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤʫ ʜʠʟʘʡʥʫ, 

ʨʘʚʥʫʶ 3.5, ʘ ʧʦ ʶʟʘʙʠʣʠʪʠ ï 4.1. ɼʘʥʥʦʤʫ ʵʣʝʢʪʨʦʥʥʦʤʫ ʢʫʨʩʫ ʥʝ ʭʚʘʪʠʣʦ ʘʢʪʠʚʘʮʠʠ 

ʧʨʝʜʳʜʫʱʝʛʦ ʦʧʳʪʘ ʦʙʫʯʘʝʤʳʭ, ʦʙʦʙʱʝʥʠʷ ʟʥʘʥʠʡ, ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʚʳʙʦʨʘ ʧʫʪʠ ʦʙʫʯʝʥʠʷ. 

ʆʮʝʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʜʘʥʥʳʝ ʧʨʦʙʝʣʳ ʧʦʚʣʠʷʣʠ ʥʘ ʢʘʯʝʩʪʚʦ ʦʙʫʯʝʥʠʷ ʧʦʢʘ ʥʝʚʦʟʤʦʞʥʦ, 

ʩʢʦʨʝʝ ʚʩʝʛʦ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʨʠʥʮʠʧʦʚ ʤʦʛʣʘ ʙʳ ʧʦʩʣʫʞʠʪʴ ʭʦʨʦʰʠʤ ʜʦʧʦʣʥʝʥʠʝʤ ʢ 
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ʪʝʢʫʱʝʤʫ ʧʨʦʝʢʪʫ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʜʘʥʥʳʡ ʢʫʨʩ ʚʳʧʦʣʥʝʥ ʥʘ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʪʘʢ 

ʢʘʢ ʠʩʧʦʣʴʟʫʝʪ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʥʘʧʨʘʚʣʝʥ ʥʘ ʝʛʦ 

ʚʦʚʣʝʯʝʥʠʝ ʠ ʧʦʜʢʨʝʧʣʷʝʪ ʪʝʦʨʠʶ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʟʘʜʘʥʠʷʤʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ ʧʦʜʪʚʝʨʜʠʣʘʩʴ ʪʝʩʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʧʝʜʘʛʦʛʠʢʦʡ ʠ 

ʫʜʦʙʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʫʨʩʘ. ʀʪʘʢ, ʵʣʝʢʪʨʦʥʥʳʡ ʢʫʨʩ ʦʙʫʯʝʥʠʷ ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

1. ʈʝʰʝʥʠʝ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ; 

2. ʇʨʠʚʣʝʯʝʥʠʝ ʚʥʠʤʘʥʠʷ; 

3. ʀʥʬʦʨʤʠʨʦʚʘʥʠʝ ʦ ʮʝʣʷʭ; 

4. ɸʢʪʠʚʘʮʠʷ ʧʨʝʜʳʜʫʱʝʛʦ ʦʧʳʪʘ; 

5. ʋʯʝʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʩʧʨʠʷʪʠʷ; 

6. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʝʤʦʥʩʪʨʘʮʠʠ (ʚʠʟʫʘʣʠʟʘʮʠʷ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ); 

7. ʆʪʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ ʚ ʟʥʘʢʦʤʦʡ ʠ ʥʝʟʥʘʢʦʤʦʡ ʩʠʪʫʘʮʠʷʭ; 

8. ʆʙʝʩʧʝʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ; 

9. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʠ ʠʪʦʛʦʚʦʡ ʘʪʪʝʩʪʘʮʠʠ; 

10. ʆʙʦʙʱʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ ʚ ʢʦʥʮʝ ʢʫʨʩʘ; 

11. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʪʝʨʝʦʪʠʧʦʚ ʨʘʙʦʪʳ, ʝʜʠʥʦʦʙʨʘʟʥʦʝ ʦʬʦʨʤʣʝʥʠʝ ʢʫʨʩʘ; 

12. ʂʦʨʨʝʢʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ; 

13. ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʪʫʧʠʢʦʚʦʡ 

ʩʠʪʫʘʮʠʠ; 

14. ʆʙʝʩʧʝʯʝʥʠʝ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ ʙʝʟ ʧʦʚʪʦʨʥʦʛʦ ʚʚʦʜʘ ʜʘʥʥʳʭ; 

15. ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʭʦʜʦʤ ʦʙʫʯʝʥʠʷ; 

16. ʗʩʥʦʩʪʴ ʠ ʢʦʨʨʝʢʪʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ; 

17. ʆʙʝʩʧʝʯʠʪʴ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʦʙʲʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ 

ʦʙʲʝʤʦʤ ʝʛʦ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʵʪʘʧʦʤ ʦʙʫʯʝʥʠʷ; 

18. ɼʝʣʘʪʴ ʘʢʮʝʥʪ ʚ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʰʠʙʢʘʭ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʪʦ, ʢʘʢ ʤʦʞʥʦ ʵʪʠ ʦʰʠʙʢʠ 

ʠʩʧʨʘʚʠʪʴ; 

19. ʇʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʜʠʘʣʦʛʘ. 
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E-LEARNING COURSE  DESIGN: FROM THEORY TO PRA CTICE  

Bondarenko Anna S. 

National Research University Higher School of Economics, 38, Studencheskaya st., Perm, 614070, 

Russia, annpostanogova@yandex.ru 

This article shows the results of the analysis of e-learning course for compliance with design 

requirements. The purpose of the analysis is to identify how theoretical knowledge in the design of 

the e-course can be used in practice. Reviewed course introduces employees to the new products of 

the company, which they will later need to sell. It is an interactive presentation and taken from the 

website of a large company for the development of software for online learning. The article 

illustrates the intersection of the requirements for instructional and UX design. The result of the 

work is a list of requirements that can help in the design and testing of the e-course. During the 
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course analysis, there were prerequisites for the use of General principles of UX-design in the 

subsequent development of electronic courses. 

Keywords: e-course design, instructional design, usability, user interface, formation of the 

requirements, interface design. 
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ʋɼʂ 372.8 

ʃʀʅɻɺʆɼʀɼɸʂʊʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ ʇʈʀʄɽʅɽʅʀʗ ɻʆʊʆɺʓʍ ʏɸʊ-ɹʆʊʆɺ 

ɺ ʆɹʋʏɽʅʀʀ ʀʗ12 

ɹʘʣʜʠʥʘ ʅʘʪʘʣʴʷ ɺʣʘʜʠʤʠʨʦʚʥʘ, ɹʦʨʪʥʠʢʦʚ ʈʫʩʣʘʥ ʆʣʝʛʦʚʠʯ, ʇʝʡʩʘʭʦʚʠʯ ɸʥʥʘ ɼʤʠʪʨʠʝʚʥʘ, 

ʈʝʜʦʟʫʙʦʚʘ ɼʘʨʴʷ ʉʝʨʛʝʝʚʥʘ  

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614990, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ɹʫʢʠʨʝʚʘ, 15, siyalm2017@gmail.com 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʧʦʩʚʷʱʸʥʥʦʡ 

ʧʨʠʤʝʥʝʥʠʶ ʯʘʪ-ʙʦʪʦʚ ʚ ʦʙʫʯʝʥʠʠ ʠʥʦʩʪʨʘʥʥʳʤ ʷʟʳʢʘʤ ʠ ʚʥʝʜʨʝʥʠʠ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠ ʚʳʚʝʜʝʥʳ 

ʣʠʥʛʚʦʜʠʜʘʢʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʪʦʚʳʭ ʯʘʪ ʙʦʪʦʚ ʚ ʦʙʫʯʝʥʠʠ ʠʥʦʩʪʨʘʥʥʳʤ 

ʷʟʳʢʘʤ. ɺ ʧʫʙʣʠʢʘʮʠʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʛʦʪʦʚʳʭ ʠ ʧʦʧʫʣʷʨʥʳʭ ʯʘʪ-ʙʦʪʦʚ. ɺʠʜʳ ʯʘʪ-ʙʦʪʦʚ ʙʳʣʠ ʠʟʫʯʝʥʳ ʠ ʦʮʝʥʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʟʘʧʨʦʩʘʤʠ ʠ ʚʳʜʚʠʛʘʝʤʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʥʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɹʳʣ ʚʳʜʝʣʝʥ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʪʠʧ ʯʘʪ-ʙʦʪʦʚ ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʩʪʘʪʴʝ 

ʙʳʣʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʯʘʪ-ʙʦʪʦʚ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʠʥʦʩʪʨʘʥʥʳʤ ʷʟʳʢʘʤ ʚ 

ʰʢʦʣʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʦʩʪʨʘʥʥʳʡ ʷʟʳʢ, ʀʂʊ, ʯʘʪ-ʙʦʪ, ʠʤʠʪʘʮʠʷ ʜʠʘʣʦʛʘ, ʷʟʳʢʦʚʦʡ ʙʘʨʴʝʨ, 

ʦʙʫʯʝʥʠʝ ʀʗ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ. 

ʆʙʫʯʝʥʠʝ ʠʥʦʩʪʨʘʥʥʦʤʫ ʷʟʳʢʫ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʀʂʊ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʢʘʢ ʯʘʪ-ʙʦʪ (ʦʪ ʘʥʛʣ. chat ï ʙʦʣʪʘʪʴ, bot ï 

ʨʦʙʦʪ). ʊʨʘʜʠʮʠʦʥʥʦ ʯʘʪ-ʙʦʪ (ʠʣʠ ʚʠʨʪʫʘʣʴʥʳʡ ʩʦʙʝʩʝʜʥʠʢ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

çʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʥʘ ʜʣʷ ʠʤʠʪʘʮʠʠ ʨʝʯʝʚʦʛʦ ʧʦʚʝʜʝʥʠʷ ʯʝʣʦʚʝʢʘ ʧʨʠ 

ʦʙʱʝʥʠʠ ʩ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʩʦʙʝʩʝʜʥʠʢʘʤʠè [ʂʫʟʥʝʮʦʚ 2016: 17]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʯʘʪ-ʙʦʪʦʚ, 

ʢʦʪʦʨʳʝ ʚʳʜʝʣʷʶʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ 

ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʩʪʚʦ ʪʝʨʤʠʥʦʣʦʛʠʠ. ɺ ʨʦʩʩʠʡʩʢʠʭ ʠʩʪʦʯʥʠʢʘʭ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʝʪʩʷ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʯʘʪ-ʙʦʪʦʚ ʥʘ ʧʨʠʤʠʪʠʚʥʳʝ ʠ ʧʨʦʜʚʠʥʫʪʳʝ [ʌʠʨʩʦʚʘ 2018: 189]. 

ʇʨʠʤʠʪʠʚʥʳʝ ʯʘʪ-ʙʦʪʳ ʦʩʥʦʚʘʥʳ ʥʘ ʛʦʪʦʚʳʭ, ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʘʣʛʦʨʠʪʤʘʭ 

ʜʝʡʩʪʚʠʷ ʠ ʦʪʚʝʪʘʭ ʥʘ ʟʘʧʨʦʩʳ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ ʧʨʦʜʚʠʥʫʪʳʝ ʯʘʪ-ʙʦʪʳ 

ʨʘʙʦʪʘʶʪ ʥʘ ʧʨʠʥʮʠʧʘʭ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʨʘʤʤʝ ʩʘʤʦʦʙʫʯʘʪʴʩʷ ʠ 

ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʩʚʦʝʛʦ ʩʦʙʝʩʝʜʥʠʢʘ. ɿʘʨʫʙʝʞʥʳʝ ʠʩʪʦʯʥʠʢʠ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜʣʘʛʘʶʪ 

ʩʚʦʡ ʚʘʨʠʘʥʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʯʘʪ-ʙʦʪʦʚ, ʧʦʜʨʘʟʜʝʣʷʷ ʠʭ ʥʘ ʨʝʪʨʠʚʠʘʣʴʥʳʝ (retrieval-based 
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chatbots) ʠ ʛʝʥʝʨʘʪʠʚʥʳʝ (generative chatbots) [Babar 2017: 2]. ʈʝʪʨʠʚʠʘʣʴʥʳʝ ʯʘʪ-ʙʦʪʳ 

ʦʩʥʦʚʘʥʳ ʥʘ ʟʘʧʨʦʩʘʭ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʳʤʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʪʫʘʮʠʷʭ, ʪʨʝʙʫʶʱʠʭ ʪʠʧʠʯʥʦʛʦ ʜʣʷ ʥʝʝ ʦʪʚʝʪʘ ʠʣʠ ʨʝʘʢʮʠʠ ʥʘ ʟʘʧʨʦʩ ʠʣʠ 

ʢʦʤʘʥʜʫ. ɻʝʥʝʨʘʪʠʚʥʳʝ ʯʘʪ-ʙʦʪʳ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʚ ʧʣʘʥʝ ʩʪʨʫʢʪʫʨʳ ʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʪʫʘʮʠʷʭ, ʪʨʝʙʫʶʱʠʭ ʫʥʠʢʘʣʴʥʳʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʪʝʢʩʪʫ ʦʪʚʝʪʦʚ ʥʘ 

ʟʘʧʨʦʩʳ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊʘʢ ʢʘʢ ʦʙʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʩʥʦʚʘʥʳ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʧʨʠʥʮʠʧʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠʤʠʪʠʚʥʳʝ ʠ ʨʝʪʨʠʚʠʘʣʴʥʳʝ ʚʠʜʳ 

ʯʘʪ-ʙʦʪʘ (ʧʨʝʜʫʩʤʦʪʨʝʥʥʘʷ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʨʝʘʢʮʠʷ ʥʘ ʟʘʧʨʦʩ ʧʦʣʴʟʦʚʘʪʝʣʷ), ʢʘʢ ʠ 

ʧʨʦʜʚʠʥʫʪʳʝ ʠ ʛʝʥʝʨʘʪʠʚʥʳʝ (ʩʛʝʥʝʨʠʨʦʚʘʥʥʘʷ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʨʝʘʢʮʠʷ ʥʘ 

ʟʘʧʨʦʩ ʧʦʣʴʟʦʚʘʪʝʣʷ), ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʩʦʦʪʥʦʩʠʤʳ.  

ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʘʞʜʳʡ ʚʠʜ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʮʝʣʝʚʦʡ ʛʨʫʧʧʳ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʦʙʝʩʝʜʥʠʢʘ. ʇʨʦʚʝʜʸʤ ʩʨʘʚʥʝʥʠʝ ʧʨʠʤʠʪʠʚʥʳʭ ʠ ʧʨʦʜʚʠʥʫʪʳʭ ʯʘʪ-ʙʦʪʦʚ, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʷʭ. 

ʇʨʠʤʠʪʠʚʥʳʝ ʯʘʪ-ʙʦʪʳ ʜʝʡʩʪʚʫʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʦʛʠʤ ʘʣʛʦʨʠʪʤʦʤ, 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʤ ʨʘʟʨʘʙʦʪʯʠʢʦʤ. ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʢʘʢ ʥʝʛʘʪʠʚʥʳʝ, ʪʘʢ ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʚʠʨʪʫʘʣʴʥʳʭ ʩʦʙʝʩʝʜʥʠʢʦʚ ʦʙʦʟʥʘʯʝʥʥʦʛʦ ʪʠʧʘ. ʂ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʩʪʦʨʦʥʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʦʛʨʘʥʠʯʝʥʥʳʡ ʣʝʢʩʠʯʝʩʢʠʡ ʠ ʛʨʘʤʤʘʪʠʯʝʩʢʠʡ ʨʝʩʫʨʩ: ʯʘʪ-ʙʦʪ 

ʠʩʧʦʣʴʟʫʝʪ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʠ ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʚʚʝʜʝʥʥʳʝ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʚ ʢʦʜ 

ʧʨʦʛʨʘʤʤʳ; ʥʝʣʦʛʠʯʥʦʩʪʴ ʦʪʚʝʪʦʚ: ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʚʝʜʝʥʥʦʛʦ ʩʪʠʤʫʣʘ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʯʘʪ-

ʙʦʪʘ, ʧʨʦʛʨʘʤʤʘ ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʜʘʩʪ ʥʝʣʦʛʠʯʥʳʝ ʦʪʚʝʪʳ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʜʘʥʥʳʤ 

ʚʦʧʨʦʩʦʤ; ʦʛʨʘʥʠʯʝʥʥʘʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ: ʯʘʪ-ʙʦʪʳ ʜʝʡʩʪʚʫʶʪ ʧʦ ʧʨʠʥʮʠʧʫ çʦʜʠʥ ʩʪʠʤʫʣ ï 

ʦʜʥʘ ʨʝʘʢʮʠʷè, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʡ ʧʦʪʝʨʝ ʠʥʪʝʨʝʩʘ ʢ ʦʙʱʝʥʠʶ ʩ ʚʠʨʪʫʘʣʴʥʳʤ 

ʩʦʙʝʩʝʜʥʠʢʦʤ; ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦʡ ʨʫʯʥʦʡ ʢʘʩʪʦʤʠʟʘʮʠʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ 

ʨʝʩʫʨʩʘ ʧʨʦʛʨʘʤʤʳ ʝʸ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ, ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʤʤʫʥʠʢʘʮʠʠ ʯʘʪ-ʙʦʪʘ ʩ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠ ʚʳʷʚʣʝʥʠʷ ʦʰʠʙʦʢ.  

ʆʜʥʘʢʦ ʧʨʠʤʠʪʠʚʥʳʝ ʯʘʪ-ʙʦʪʳ ʦʙʣʘʜʘʶʪ ʦʜʥʦʡ ʚʘʞʥʝʡʰʝʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ, 

ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʷʭ - ʩʪʨʦʛʠʡ ʦʪʙʦʨ ʢʦʥʪʝʥʪʘ: 

ʢʦʥʪʝʥʪ ʠʣʠ ʣʝʢʩʠʢʦ-ʛʨʘʤʤʘʪʠʯʝʩʢʠʡ ʨʝʩʫʨʩ ʧʦʣʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʦʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ çʟʘʫʯʠʚʘʥʠʷè ʙʦʪʦʤ ʛʨʫʙʳʭ ʠ ʥʝʮʝʥʟʫʨʥʳʭ ʚʳʨʘʞʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʚʝʨʩʠʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʦʙʝʩʝʜʥʠʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʫʨʦʚʥʷ ʚʣʘʜʝʥʠʷ ʠʥʦʩʪʨʘʥʥʳʤ ʷʟʳʢʦʤ ʠ ʜʘʞʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʦʙʝʩʝʜʥʠʢʘ ʜʣʷ ʦʪʨʘʙʦʪʢʠ 

ʤʘʪʝʨʠʘʣʘ ʢʘʢʦʛʦ-ʣʠʙʦ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ. 
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ʇʨʦʜʚʠʥʫʪʳʝ ʯʘʪ-ʙʦʪʳ ʦʪʨʘʞʘʶʪ ʨʘʟʚʠʪʠʝ ʠʟʫʯʘʝʤʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʷʟʳʢʘ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ. ʇʨʦʛʨʘʤʤʘ ʩʦʭʨʘʥʷʝʪ ʥʦʚʳʝ ʣʝʢʩʠʯʝʩʢʠʝ ʠ ʛʨʘʤʤʘʪʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ, ʢʦʪʦʨʳʝ 

ʚʥʦʩʷʪʩʷ ʚ ʝʛʦ ʧʘʤʷʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʦ 

ʦʙʫʯʝʥʥʳʤʠ ʣʶʜʴʤʠ ï ʤʦʜʝʨʘʪʦʨʘʤʠ, ʧʨʠʟʚʘʥʥʳʤʠ çʦʪʩʝʠʚʘʪʴè ʞʘʨʛʦʥʠʟʤʳ ʠ ʥʝʮʝʥʟʫʨʥʫʶ 

ʣʝʢʩʠʢʫ. ʆʙʱʘʷʩʴ ʩ ʯʘʪ-ʙʦʪʦʤ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʧʘʜʘʝʪ ʚ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʷʟʳʢʦʚʫʶ ʩʨʝʜʫ, 

ʩʦʟʜʘʥʥʫʶ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʯʘʪ-ʙʦʪʘ, ʥʦʩʠʪʝʣʷʤʠ ʷʟʳʢʘ ʠ ʜʨʫʛʠʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. 

ɸʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʜʚʠʥʫʪʳʭ ʯʘʪ-ʙʦʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʣʶʙʦʡ ʛʦʪʦʚʳʡ ʯʘʪ-ʙʦʪ ʚʩʝʛʜʘ 

ʙʫʜʝʪ ʠʤʝʪʴ ʢʘʢ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʦʜʘ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʘʢ ʠ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʧʦʩʢʦʣʴʢʫ 

ʩʦʟʜʘʪʝʣʠ ʢʘʞʜʦʛʦ ʯʘʪ-ʙʦʪʘ ʧʨʝʩʣʝʜʦʚʘʣʠ ʩʦʙʩʪʚʝʥʥʳʝ ʮʝʣʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ ʥʝ ʩʚʷʟʘʥʥʳʝ ʩʦ 

ʰʢʦʣʴʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʦʙʫʯʝʥʠʷ ʠʥʦʩʪʨʘʥʥʦʤʫ ʷʟʳʢʫ. 

ʀʟ ʧʨʝʠʤʫʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʜʚʠʥʫʪʳʭ ʯʘʪ-ʙʦʪʦʚ ʥʘ ʫʨʦʢʘʭ ʠʥʦʩʪʨʘʥʥʦʛʦ ʷʟʳʢʘ 

ʦʪʤʝʪʠʤ: ʛʦʪʦʚʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʜʠʘʣʦʛʦʚ; 

ʨʝʛʫʣʷʨʥʦʝ ʧʦʧʦʣʥʝʥʠʝ ʩʣʦʚʘʨʷ ʯʘʪ-ʙʦʪʘ ʥʦʚʳʤ ʘʢʪʫʘʣʴʥʳʤ ʷʟʳʢʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ; 

ʙʝʟʣʠʯʥʦʝ ʦʙʱʝʥʠʝ ʩ ʤʘʰʠʥʦʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʝ ʧʨʝʦʜʦʣʝʥʠʶ ʷʟʳʢʦʚʦʛʦ ʙʘʨʴʝʨʘ; ʨʘʟʚʠʪʠʝ 

ʤʝʪʘʧʨʝʜʤʝʪʥʳʭ ʥʘʚʳʢʦʚ ʧʨʠ ʨʘʙʦʪʝ ʩ ʯʘʪ-ʙʦʪʦʤ (ʨʘʙʦʪʘ ʩ ʊʉʆ, ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʢ 

ʩʦʙʝʩʝʜʥʠʢʫ ʧʨʠ ʚʝʜʝʥʠʠ ʙʝʩʝʜʳ, ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʩ ʇʂ ʠ ʪ.ʧ). 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʥʝʜʦʩʪʘʪʢʦʚ, ʩʨʝʜʠ ʥʠʭ ʤʳ ʚʳʜʝʣʠʣʠ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ: 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʷʟʳʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʣʦʞʥʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʯʘʪ-ʙʦʪʦʚ ʧʦ ʫʨʦʚʥʶ 

ʚʣʘʜʝʥʠʷ ʠʥʦʩʪʨʘʥʥʳʤ ʷʟʳʢʦʤ; ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʦʣʢʥʦʚʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʥʝʥʦʨʤʘʪʠʚʥʦʡ 

ʣʝʢʩʠʢʦʡ ʠʣʠ ʜʨʫʛʠʤʠ ʥʝʢʦʨʨʝʢʪʥʳʤʠ ʚʳʩʢʘʟʳʚʘʥʠʷʤʠ ʜʨʫʛʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʷʟʳʢʦʚʦʡ ʧʦʜʛʦʪʦʚʢʠ ʫʯʘʱʠʭʩʷ ʧʨʠ ʨʘʙʦʪʝ ʩ ʥʝʟʥʘʢʦʤʦʡ 

ʣʝʢʩʠʢʦʡ ï ʪʝʨʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʪʘʢʦʛʦ ʯʘʪ-ʙʦʪʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʢʨʝʧʣʝʥʠʷ 

ʠʟʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʜʚʠʥʫʪʳʡ ʯʘʪ-ʙʦʪ ï ʧʨʦʛʨʘʤʤʘ ʥʝʧʨʝʜʩʢʘʟʫʝʤʘʷ, 

ʩʧʦʩʦʙʥʘʷ ʦʪʚʝʪʠʪʴ ʥʝʩʢʦʣʴʢʠʤʠ ʪʳʩʷʯʘʤʠ ʚʘʨʠʘʥʪʦʚ ʥʘ ʨʝʧʣʠʢʫ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʪʦʪ ʥʫʞʜʘʝʪʩʷ ʚ ʧʦʚʪʦʨʝʥʠʠ ʢʦʥʢʨʝʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʀʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʘʞʜʳʡ ʪʠʧ ʯʘʪ-ʙʦʪʘ ʤʦʞʝʪ ʥʘʡʪʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ. ʇʨʠʤʠʪʠʚʥʳʡ ʯʘʪ-ʙʦʪ ʧʨʦʩʪ ʚ ʫʧʨʘʚʣʝʥʠʠ, ʝʛʦ ʰʘʙʣʦʥʥʳʡ 

ʩʪʠʣʴ ʦʙʱʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ ʫʩʚʦʝʥʠʶ ʦʩʥʦʚʥʳʭ ʨʝʯʝʚʳʭ ʢʣʠʰʝ ʥʘ ʠʥʦʩʪʨʘʥʥʦʤ 

ʷʟʳʢʝ, ʘ ʝʛʦ ʢʦʨʦʪʢʘʷ, ʧʦʩʪʦʷʥʥʦ ʦʙʥʦʚʣʷʶʱʘʷʩʷ ʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʨʝʩʫʨʩ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ. ʊʘʢʞʝ 

ʧʨʠʤʠʪʠʚʥʳʡ ʯʘʪ-ʙʦʪ ʧʦʣʥʦʩʪʴʶ ʫʧʨʘʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʦʤ, ʪʦ ʝʩʪʴ ʠʩʢʣʶʯʝʥ ʨʠʩʢ 

ʥʘʧʦʣʥʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʳ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʠʤʠʪʠʚʥʳʡ ʯʘʪ-ʙʦʪ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʝʥ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʮʠʡ-ʢʣʠʰʝ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʦʤʥʠʪʴ ʚ ʯʸʪʢʦ ʦʧʨʝʜʝʣʸʥʥʦʡ ʛʨʘʤʤʘʪʠʯʝʩʢʠʤ ʩʪʨʦʝʤ ʷʟʳʢʘ ʬʦʨʤʝ. ɹʦʣʝʝ 
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ʪʦʛʦ, ʧʨʠʤʠʪʠʚʥʳʡ ʯʘʪ-ʙʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪ ʚ ʩʦʟʜʘʥʠʠ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʷʭ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʯʘʪ-ʙʦʪʘ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʫʨʦʢʘʭ ʠʥʦʩʪʨʘʥʥʦʛʦ ʷʟʳʢʘ, 

ʧʦʪʨʝʙʫʝʪ ʦʧʦʨʳ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʫʯʝʙʥʠʢ, ʝʛʦ ʪʝʤʘʪʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

çʥʘʡʪʠ ʦʙʱʠʡ ʷʟʳʢè ʫʯʘʱʠʤʩʷ ʠ ʚʠʨʪʫʘʣʴʥʦʤʫ ʩʦʙʝʩʝʜʥʠʢʫ. 
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LINGO -DIDACTIC ASPEC TS OF EXISTING CHATB OTS APPLICATION IN F OREIGN 

LANGUAGE TEACHING  

 Baldina Natalia V., Bortnikov Ruslan O., Peisakhovich Anna D., Redozubova Daria S. 

Perm State University, 15, Bukireva st., Perm, 614990, Russia, siyalm2017@gmail.com 

This article is devoted to the analysis of international scientific papers describing functions of 

chatbots application in foreign languages teaching. Lingo-didactic aspects of existing chatbots 

application in teaching of foreign languages are identified and outlined. Various classifications of 

chatbots are provided and analyzed. The types of chatbots are evaluated and assessed according to 

modern educational requirements of comprehensive school education. Possibilities and limitations 

of chatbots implementation in teaching foreign languages in schools are described. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɸʅʀɿʆʊʈʆʇʅʓʍ ʆʇʊʀʏɽʉʂʀʍ ɺʆʃʆʂʆʅ ʄɽʊʆɼʆʄ 

ʇʆʃʗʈʀɿɸʎʀʆʅʅʆʁ ʈɽʌʃɽʂʊʆʄɽʊʈʀʀ13 

ɹʦʯʢʦʚʘ ʉʦʬʴʷ ɼʤʠʪʨʠʝʚʥʘ 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614000, ʛ. ʇʝʨʤʴ, 

ʂʦʤʩʦʤʦʣʴʩʢʠʡ ʧʨ., 29, sooyfar@gmail.com 

ʄʝʪʦʜ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʜʣʠʥʝ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʧʦʣʷʨʠʟʘʮʠʠ. ʂ ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʝ, 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʤʦʜʦʚʫʶ ʜʠʩʧʝʨʩʠ,ʁ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʙʠʝʥʠʷ ʠ h-ʧʘʨʘʤʝʪʨ 

(ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʚʦʣʦʢʥʘ). ɺ ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ h-ʧʘʨʘʤʝʪʨʘ ʚ ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ ʪʠʧʘ ʇʘʥʜʘ. ʇʨʦʚʝʜʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ 

ʤʝʪʦʜʠʢʠ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʚʦʣʦʢʥʘ ʠ ʠʟʦʪʨʦʧʥʦʛʦ 

ʚʦʣʦʢʥʘ SMF-28. ʇʦʣʫʯʝʥʥʳʝ ʨʝʬʣʝʢʪʦʛʨʘʤʤʳ ʧʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʳʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ 

ʙʠʝʥʠʷ ʚ ʤʝʩʪʝ ʩʦʝʜʠʥʝʥʠʷ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʠ ʠʟʦʪʨʦʧʥʦʛʦ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʠʟʣʫʯʝʥʠʷ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ 

ʧʦʣʷʨʠʟʘʪʦʨʘ ʢ ʠʤʧʫʣʴʩʥʦʤʫ ʦʧʪʠʯʝʩʢʦʤʫ ʨʝʬʣʝʢʪʦʤʝʪʨʫ PK-8000 ʜʘʥʥʳʡ ʧʨʠʙʦʨ 

ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ. ɺ ʢʦʥʮʝ ʢʦʥʮʦʚ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʨʝʬʣʝʢʪʦʤʝʪʨʘ PK-8000 ʠʤʝʝʪ ʤʝʩʪʦ ʙʳʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʬʣʝʢʪʦʤʝʪʨʠʷ, ʘʥʠʟʦʪʨʦʧʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ, ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ 

ʨʝʬʣʝʢʪʦʤʝʪʨ, h-ʧʘʨʘʤʝʪʨ, ʜʣʠʥʘ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ. 

ʋʩʢʦʨʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʙʦʨʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʥʫʞʜʘʶʪʩʷ ʚ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʤ ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ [1]. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʘʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʥʠʟʦʪʨʦʧʥʦʝ ʚʦʣʦʢʥʦ. ʆʥʦ ʩʧʦʩʦʙʥʦ ʩʦʭʨʘʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠ ʣʶʙʦʤ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʪʘʢʦʛʦ ʚʦʣʦʢʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʅʘʛʨʫʞʘʶʱʠʝ ʩʪʝʨʞʥʠ ʠʟ 

ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ ʩʦʟʜʘʶʪ ʚ ʩʝʨʜʮʝʚʠʥʝ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʘʥʠʟʦʪʨʦʧʠʶ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʡ 

ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʠʟʣʫʯʝʥʠʷ ʧʦ ʚʦʣʥʦʚʦʜʫ ʩʦʩʪʦʷʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʩʪʦʷʥʥʦ [2].  
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ʈʠʩʫʥʦʢ 1. ɸʥʠʟʦʪʨʦʧʥʦʝ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʪʠʧʘ ʇʘʥʜʘ 

ʄʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʫʶʪ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ, ʧʦʟʚʦʣʷʶʪ ʣʠʰʴ ʪʦʯʝʯʥʦ ʦʮʝʥʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʙʨʘʟʮʘ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʠʟʤʝʨʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʧʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʩʠʛʥʘʣʦʚ PXA, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ. ʆʜʥʘʢʦ ʚʩʣʝʜʩʪʚʠʝ ʥʝʢʦʪʦʨʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ (ʚʭʦʜʷʱʝʛʦ ʚ ʝʛʦ 

ʩʦʩʪʘʚ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ) ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʜʣʠʥʝ ʠʟʤʝʨʝʥʠʷ (ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ī ʜʦ 1 ʢʤ), ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʘʭ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʥʠʟʦʪʨʦʧʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʚʦʣʦʢʦʥ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʜʣʠʥʝ ʠʟʤʝʨʝʥʠʷ. 

ʄʝʪʦʜ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʪʘʢʦʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ h-ʧʘʨʘʤʝʪʨ (ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʚʷʟʴ ʜʚʫʭ ʦʩʝʡ 

ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʷ: ʤʝʜʣʝʥʥʦʡ ʠ ʙʳʩʪʨʦʡ). ɸʚʪʦʨʳ ʨʘʙʦʪʳ [3] ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʩʭʝʤʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʨʝʬʣʝʢʪʦʤʝʪʨ. ɺ ʧʦʨʷʜʢʝ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ 

ʧʨʝʜʣʦʞʝʥʠʷ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʧʦʚʪʦʨʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʛʦ 

ʠʤʧʫʣʴʩʥʦʛʦ ʨʝʬʣʝʢʪʦʤʝʪʨʘ PK-8000 ʩ ʧʦʜʢʣʶʯʝʥʥʳʤ ʧʦʣʷʨʠʟʘʪʦʨʦʤ (ʨʠʩʫʥʦʢ 2). 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: ʩʚʘʨʢʘ ʘʥʠʟʦʪʨʦʧʥʳʭ ʚʦʣʦʢʦʥ ʤʝʞʜʫ 

ʧʦʣʷʨʠʟʘʪʦʨʦʤ ʠ ʦʙʨʘʟʮʦʤ ʧʦʜ ʫʛʣʘʤʠ 0 ʠ 45 ʛʨʘʜʫʩʦʚ.  

ʇʨʠ ʧʦʤʦʱʠ ʜʚʫʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʨʝʬʣʝʢʪʦʛʨʘʤʤ (ʧʦ 

ʨʘʟʥʦʩʪʠ ʠʭ ʥʘʢʣʦʥʘ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣʳ 1: 
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ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʩʢʦʤʦʡ ʚʝʣʠʯʠʥʳ ʩʚʷʟʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʤʦʜ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ h-ʧʘʨʘʤʝʪʨʘ 

 

ʈʠʩʫʥʦʢ 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ h-ʧʘʨʘʤʝʪʨʘ ʧʦ ʜʣʠʥʝ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʚʦʣʦʢʥʘ 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʩʪʘʚʠʣʘʩʴ ʟʘʜʘʯʘ ʚʝʨʠʬʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʢ ʠʩʭʦʜʥʦʡ ʩʭʝʤʝ ʜʦʙʘʚʠʪʴ ʠʟʦʪʨʦʧʥʦʝ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ (ʨʠʩʫʥʦʢ 4).  

 

ʈʠʩʫʥʦʢ 4. ʉʭʝʤʘ ʚʝʨʠʬʠʢʘʮʠʠ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ h-ʧʘʨʘʤʝʪʨʘ 

ʇʦʩʢʦʣʴʢʫ ʚ ʜʘʥʥʦʤ ʚʠʜʝ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʦʯʝʥʴ ʣʝʛʢʦ ʨʘʟʨʫʰʘʝʪʩʷ ʧʦʣʷʨʠʟʘʮʠʷ, 

ʵʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʟʚʦʣʠʣʘ ʚʠʟʫʘʣʴʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ ʨʝʬʣʝʢʪʦʛʨʘʤʤʝ (ʨʠʩʫʥʦʢ. 5) 

ʜʝʧʦʣʷʨʠʟʘʮʠʶ ʠʟʣʫʯʝʥʠʷ (700-750 ʤʝʪʨʦʚ) ʠ ʩʠʣʴʥʳʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʙʠʝʥʠʷ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʠʟʦʪʨʦʧʥʦʛʦ ʫʯʘʩʪʢʘ ʚʦʣʦʢʥʘ (750-1250 ʤʝʪʨʦʚ). 
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ʈʠʩʫʥʦʢ 5. ʇʦʣʷʨʠʟʘʮʠʦʥʥʘʷ ʨʝʬʣʝʢʪʦʛʨʘʤʤʘ (ʦʪ 0 ʜʦ 700ʤ ï ʘʥʠʟʦʪʨʦʧʥʦʝ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʪʠʧʘ 

ʇʘʥʜʘ, ʦʪ 700ʤ ï ʠʟʦʪʨʦʧʥʦʝ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ SMF-28). 

ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʜʦʩʪʘʪʦʯʥʫʶ ʩʪʝʧʝʥʴ ʘʜʝʢʚʘʪʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʝʪʦʜʠʢʠ, ʘ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʨʝʬʣʝʢʪʦʤʝʪʨ PK-8000 (Photon Kinetics) 

ʨʘʙʦʪʘʝʪ ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʝ ʢʘʢ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ.  

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ 

ʜʣʠʥʝ ʠʟʤʝʨʷʝʤʳʭ ʦʙʨʘʟʮʦʚ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ h-ʧʘʨʘʤʝʪʨʘ ʚ 

ʟʘʚʦʜʩʢʠʭ ʦʙʨʘʟʮʘʭ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʪʠʧʘ ʇʘʥʜʘ ʠ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʜʨʫʛʠʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʘʣʠʟʘʮʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʭ ʠʟʤʝʨʝʥʠʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʘʤ ʣʘʙʦʨʘʪʦʨʠʠ ʬʦʪʦʥʠʢʠ ʇʌʀʎ ʋʨʆ ʈɸʅ ʠ 

ʢʘʬʝʜʨʳ ʦʙʱʝʡ ʬʠʟʠʢʠ ʇʅʀʇʋ. 
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RESEARCH ANISOTROPIC  OPTICAL FIBERS WITH  THE POLARIZATION 

REFLECTOMETRY METHOD  

Bochkova Sofya. D. 

Perm National Research Polytechnic University, Komsomolsky Av. 29, Perm, Russia, 614000, 

sooyfar@gmail.com 

The polarization reflectometry method is designed to determine the values of polarization 

parameters distributed along the length of the polarization-maintaining optical fiber. These 

parameters include birefringence, polarization-mode dispersion, polarization beats length and h-

parameter (exclusively for anisotropic fibers). The paper analyzes the method of measuring the 

distributed h-parameter in the Panda type optical fiber. The verification of this technique for this 

anisotropic fibers and isotropic fibers SMF-28 used simultaneously in one experiment is done.The 

obtained reflectograms show strong polarization beats at the connection of anisotropic and isotropic 

optical fibers. This means that the radiation is under depolarization process. Due to the fact that 

when the polarizer is connected to the pulsed optical reflectometer PK-8000, this device becomes 

polarization-sensitive. In the end the we suppose that universality of the pulsed optical reflectometer 

PK-8000 takes a place. 

Keywords: reflectometry, polarization-maintaining fibers, polarization reflectometer, h-parameter, 

radiation depolatization length 
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ʋɼʂ 539.2 

ʂʆʄʇʃɽʂʉʅʆɽ ʆʎɽʅʀɺɸʅʀɽ ʇʈʆʏʅʆʉʊʅʓʍ ʉɺʆʁʉʊɺ 

ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʆʉʅʆɺɽ ɸʅɸʃʀɿɸ ʇɸʈɸʄɽʊʈʆɺ 

ɿɽʈɽʅʅʆ-ʌɸɿʆɺʆʁ ʉʊʈʋʂʊʋʈʓ ʀ ʄʀʂʈʆʇʆɺʈɽɾɼɸɽʄʆʉʊʀ14 

ɹʦʷʨʰʠʥʦʚ ɼʤʠʪʨʠʡ ɸʣʴʙʝʨʪʦʚʠʯ, ɻʠʪʤʘʥ ʄʠʭʘʠʣ ɹʦʨʠʩʦʚʠʯ, ɹʘʪʠʥ ʉʝʨʛʝʡ ɽʚʛʝʥʴʝʚʠʯ 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ, 614990, 

ʛ. ʇʝʨʤʴ, ʂʦʤʩʦʤʦʣʴʩʢʠʡ ʧʨʦʩʧʝʢʪ, 29, houston707@mail.ru 

ʀʩʩʣʝʜʫʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʟʝʨʝʥʥʦ-ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ 

ʤʠʢʨʦʧʦʚʨʝʞʜʘʝʤʦʩʪʴʶ, ʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʵʣʝʤʝʥʪʦʚ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ. ʇʨʠʚʝʜʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʚʝʨʜʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ʟʝʨʝʥʥʦ-ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʧʦʚʨʝʞʘʝʤʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ. ʊʘʢʞʝ ʧʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʩʭʦʜʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ, 

ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ 

ʤʠʢʨʦʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʠʩʩʣʝʜʫʝʤʳʝ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ ʙʳʣ ʩʦʟʜʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʤʠʢʨʦʧʦʚʨʝʞʜʘʝʤʦʩʪʴ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʭʩʷ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʫʞʜʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪʚʝʯʘʶʱʠʭ 

ʥʝʢʦʪʦʨʳʤ ʟʘʜʘʥʥʳʤ ʫʩʣʦʚʠʷʤ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʦʧʝʨʘʪʦʨʘ, ʙʣʘʛʦʜʘʨʷ 

ʢʦʪʦʨʦʤʫ ʙʳʣʦ ʙʳ ʚʦʟʤʦʞʥʦ ʧʦ ʟʘʜʘʥʥʳʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʣʫʯʠʪʴ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʪʝʨʠʘʣʘ ʠ ʩʧʦʩʦʙ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ, ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʧʦʠʩʢ ʤʝʪʦʜʠʢʠ ʥʘʭʦʞʜʝʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʟʘʜʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ 

ʤʠʢʨʦʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

ʊʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʪʘʢʦʡ ʦʧʝʨʘʪʦʨ F, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʦʮʝʥʢʫ 

ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ 

ʤʠʢʨʦʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʠ ʝʝ ʵʚʦʣʶʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʜʘʣʝʝ 

ʧʦʜʭʦʜ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ [1] ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʦʩʪʨʦʝʥʠʠ ʦʧʝʨʘʪʦʨʘ F ʚ ʚʠʜʝ ʥʝʯʝʪʢʦʛʦ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʦʣʫʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 
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ʤʠʢʨʦʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʠ ʠʥʜʫʮʠʨʫʝʤʦʡ ʵʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʧʨʦʯʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʟ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ʟʝʨʝʥʥʦ-ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʤʠʢʨʦʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʜʣʷ 

ʤʠʢʨʦʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʵʪʦ: ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʪʨʝʱʠʥ ʠ ʧʦʨ, ʠʭ ʨʘʟʤʝʨʳ ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ, ʨʘʟʤʝʨʳ ʟʦʥ ʣʦʢʘʣʠʟʘʮʠʠ ʤʠʢʨʦʧʦʚʨʝʞʜʝʥʠʡ ʠ ʪ.ʧ., ʘ ʜʣʷ 

ʟʝʨʝʥʥʦ-ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ: ʦʙʲʝʤʥʳʝ ʜʦʣʠ ʬʘʟ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʝʨʝʥ. ʂʦʣʠʯʝʩʪʚʦ 

ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʠʣʠ ʧʘʨʘʤʝʪʨʦʚ ʟʸʨʝʥʥʦ-ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ 

ʦʙʦʟʥʘʯʠʤ ʧʝʨʝʤʝʥʥʦʡ k. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ  z , ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʪʨʝʙʫʝʤʳʡ ʢʦʤʧʣʝʢʩ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʨʘʚʥʦ r. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ F ʧʦʩʪʨʦʠʤ ʥʝʯʝʪʢʠʝ ʦʪʥʦʰʝʥʠʷ iS  ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʟʝʨʝʥʥʦ-

ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʠʣʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʠʢʨʦʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [1].  

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠʤʝʶʱʠʭʩʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʤʠʢʨʦʰʣʠʬʦʚ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʞʜʦʤʫ ʠʟ ʥʠʭ ʟʘʤʝʨʦʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ) ʨʘʚʥʦ l. ʊʦʛʜʘ 

 liBAS iii ,1, =³= , (1) 

ʛʜʝ iA ï ʩʧʝʮʠʘʣʴʥʦʝ ʥʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ, ʩʦʜʝʨʞʘʱʝʝ ʧʘʨʘʤʝʪʨʳ 

ʤʠʢʨʦʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʠʣʠ ʧʘʨʘʤʝʪʨʳ ʟʝʨʝʥʥʦ-ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ i-ʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ; iB

ï ʩʧʝʮʠʘʣʴʥʦʝ ʥʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ, ʩʦʜʝʨʞʘʱʝʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ i-ʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ; ³ ï ʟʥʘʢ ʜʝʢʘʨʪʦʚʘ ʧʨʦʠʟʚʝʜʝʥʠʷ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ [1].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʘʞʜʦʛʦ i-ʛʦ ɻʢʩʧʝʨʠʤʝʥʪʘ (i=1,é,l) ʦʧʨʝʜʝʣʝʥʦ ʦʪʥʦʰʝʥʠʝ ʩʚʷʟʠ 

iS  ʤʝʞʜʫ ʥʝʯʝʪʢʠʤʠ ʤʥʦʞʝʩʪʚʘʤʠ iA ʠ iB : 

 8
l

i

iSSF
1=

==  (2) 

ʇʨʠ ʵʪʦʤ ʠʥʜʫʮʠʨʫʝʤʦʝ ʤʥʦʞʝʩʪʚʦ tB ʦʧʨʝʜʝʣʠʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

 FAB tt A= , (3) 

ʛʜʝ " "A ï ʟʥʘʢ ʤʘʢʩʠʤʠʥʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ (ʤʘʢʩʠʤʠʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʢ ʦʙʳʯʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʤʘʪʨʠʮ [2], ʛʜʝ ʚʤʝʩʪʦ ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ ʚʚʦʜʠʪʩʷ min, ʘ 

ʚʤʝʩʪʦ ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ ï max). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʚ ʚʠʜʝ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ. ɽʩʣʠ ʥʘʩ 

ʠʥʪʝʨʝʩʫʝʪ  ʚ ʚʠʜʝ ʦʙʳʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʢʘʞʜʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʰʠʪʴ 

ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʯʝʪʢʦʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʥʝʯʝʪʢʦʛʦ ʯʠʩʣʘ [1]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʣʝʜʫʶʱʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʯʝʪʢʦʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʷ: 

tB

tB
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ʛʜʝ 
l

ia  ï l-ʡ ʵʣʝʤʝʥʪ ʥʦʩʠʪʝʣʷ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘiA ; )( l

iA a
i
m ï ʬʫʥʢʮʠʷ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ l-ʦʛʦ ʵʣʝʤʝʥʪʘ ʥʦʩʠʪʝʣʷ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘiA ; r ï ʢʦʣʠʯʝʩʪʚʦ ʧʘʨ ʚ 

ʥʝʯʝʪʢʦʤ ʤʥʦʞʝʩʪʚʝiA . 

ʆʧʨʝʜʝʣʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʥʘʭʦʞʜʝʥʠʷ 

ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʤʠʢʨʦʧʦʚʨʝʞʜʘʝʤʦʩʪʠ, ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ: ʧʦʢʘʟʘʪʝʣʴ ʍʝʨʩʪʘ H, ʢʨʠʪʠʯʝʩʢʠʡ ʤʘʩʰʪʘʙ lsc, ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ ů ʠ ʤʘʩʰʪʘʙ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʟʦʥʦʡ ʧʨʦʮʝʩʩʘ Lpz. ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʠ ʫʩʪʘʣʦʩʪʥʦʡ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ 8 ʦʙʨʘʟʮʦʚ ʚʟʷʪʳ ʠʟ ʨʘʙʦʪʳ [3]. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʟʷʪʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜ ʥʦʤʝʨʘʤʠ 

1,2,3,5,6,7,8, ʘ ʠʩʢʦʤʳʤʠ ʚʳʙʨʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 4 ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ, ʠʩʧʦʣʴʟʫʷ ʚʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ 

ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 4 ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʘʚʥʳʤ 7.2757 ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 8.9125 %. 

ʄʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʥʝʦʙʭʦʜʠʤʦʛʦ ʯʠʩʣʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʦʮʝʥʢʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʩ ʧʨʠʝʤʣʝʤʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʠʤʝʥʷʣʘʩʴ ʥʘ 7 ʦʙʨʘʟʮʘʭ ʠʟ ʅʀʀ ʅʘʥʦʩʪʘʣʝʡ 

ʧʨʠ ʄʘʛʥʠʪʦʛʦʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʳʭ ʝʩʪʴ ʚ 

ʨʘʙʦʪʝ [4]. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʝʨʝʥʥʦ-ʬʘʟʦʚʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚʳʙʨʘʥʳ: ʬʘʟʳ ï ʬʝʨʨʠʪʥʦ-ʢʘʨʙʠʪʥʘʷ ʩʤʝʩʴ, ʙʝʡʥʠʪ, ʤʘʨʪʝʥʩʠʪ, ʘ ʪʘʢʞʝ ï 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʥʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʨʘʟʤʝʨʘ ʟʝʨʥʘ, ʩʪʝʧʝʥʴ ʘʥʠʟʦʪʨʦʧʠʠ ʟʝʨʝʥ ʠ 

ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʟʝʨʝʥ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʳʙʨʘʥʘ ʪʚʝʨʜʦʩʪʴ ʧʦ ɺʠʢʢʝʨʩʫ. ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʳʙʝʨʝʤ ʦʙʨʘʟʮʳ ˉ 1, 2, 3, 4, 6, 7 (ʚʩʝʛʦ ʰʝʩʪʴ ʦʙʨʘʟʮʦʚ), ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʩʪʠʨʫʝʤʦʛʦ ʦʙʨʘʟʝʮ ˉ 5. 

ʇʨʦʚʝʜʝʤ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʨʘʟʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʠʩʢʦʤʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(ʪʚʝʨʜʦʩʪʴ ʧʦ ɺʠʢʢʝʨʩʫ) ʦʙʨʘʟʮʘ ˉ5. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ 

6 ʧʨʦʮʝʥʪʦʚ ʜʦʩʪʘʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʨʘʚʥʳʤ 4. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ, ʧʨʠ ʧʦʤʦʱʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʪʝʦʨʠʠ ʩʧʝʮʠʘʣʴʥʳʭ 

ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʦʧʝʨʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦ 

ʟʘʜʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʟʝʨʝʥʥʦ-ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʠʣʠ ʤʠʢʨʦʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʧʦʣʫʯʠʪʴ 

ʟʥʘʯʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦʠʩʢ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʩʭʦʜʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʫʞʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
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COMPREHENSIVE ASSESSMENT STRENGTH PROPERTIES OF METAL 

FUNCTIONAL MATERIAL ON THE BASIS ANALYSI S OF PARAMETERS GRAIN

К PHASE STRUCTURE AND MICRODAMAGE  

Boyarshinov Dmitriy A., Gitman Mikhail B., Batin Sergey E. 

Perm National Research PolytechnicUniversity, Komsomolsky Av. 29, Perm, Russia, 614990, 

houston707@mail.ru 

The relationship between the parameters grain-phase structure, as well as microdamage, and 

strength properties of metal functional materials is investigated. The method of determining the 

strength properties based on the analysis of the parameters of the microstructure of the functional 

material is described, based on the use of elements of the theory of fuzzy sets. This method is used 

to determine the hardness based on the analysis of the parameters of the grain-phase structure of the 

material. Further this method is used to determine the fatigue resistance based on the analysis of the 

parameters of the microdamage structure of the material. Also the method of determining the 

minimum number of source experiments are needed to evaluate the strength characteristics with a 

given accuracy is described. And the method of determining the minimum number of parameters of 

the microstructure and microdamage the most significant effect on the investigated strength 

characteristics of metallic functional materials is described. A software package was created to 

implement the developed methodology. 

Keywords: fuzzy set theory, microstructure, functional materials, microdamage. 
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ʈʆʊʆʈʅʆɼʀʅɸʄʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʆʉɽɺʆɻʆ ʄʋʃʔʊʀʌɸɿʅʆɻʆ15 

ɹʨʶʭʦʚʘ ʂʩʝʥʠʷ ʉʝʨʛʝʝʚʥʘ, ʇʝʱʝʨʝʥʢʦ ʉʝʨʛʝʡ ʅʠʢʦʣʘʝʚʠʯ 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614000, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʂʦʤʩʦʤʦʣʴʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ. 29, k.bryuxova@list.ru 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʝʬʪʝʜʦʙʳʯʠ ʟʘʧʨʝʱʝʥʦ ʩʞʠʛʘʥʠʝ ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ ʥʘ 

ʩʢʚʘʞʠʥʘʭ. ʇʦʵʪʦʤʫ ʛʘʟ ʧʝʨʝʢʘʯʠʚʘʶʪ ʥʘ ʧʫʥʢʪʳ ʩʙʦʨʘ. ɼʣʷ ʧʝʨʝʢʘʯʢʠ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʢʦʤʧʨʝʩʩʦʨʳ, ʧʦʩʢʦʣʴʢʫ ʛʘʟ ʩʦʜʝʨʞʠʪ ʢʘʧʣʠ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʨʘʟʨʫʰʘʶʪ ʝʛʦ ʣʦʧʘʩʪʠ. ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʢʘʯʢʠ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ 

ʩʤʝʩʠ ʩ ʧʦʤʦʱʴʶ ʣʦʧʘʩʪʥʳʭ ʤʫʣʴʪʠʬʘʟʥʳʭ ʥʘʩʦʩʦʚ ʙʦʣʴʰʦʛʦ ʛʘʙʘʨʠʪʘ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ 

ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʚʘʣʘ. ʆʜʥʘʢʦ, ʪʘʢʠʝ ʥʘʩʦʩʳ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʤʘʩʩʫ ʨʦʪʦʨʘ, ʧʦʵʪʦʤʫ ʧʨʠ 

ʤʘʣʝʡʰʝʤ ʝʛʦ ʜʠʩʙʘʣʘʥʩʝ ʠ ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʠʤʝʝʪʩʷ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʚʠʙʨʘʮʠʡ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʠʭ ʨʝʩʫʨʩ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʫʣʴʪʠʬʘʟʥʳʝ ʣʦʧʘʩʪʥʳʝ 

ʥʘʩʦʩʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʠʙʨʘʮʠʶ, ʥʘ ʧʨʠʤʝʨʝ ʤʫʣʴʪʠʬʘʟʥʦʛʦ ʥʘʩʦʩʘ 7ʘ ʛʘʙʘʨʠʪʘ ʧʨʠ ʯʘʩʪʦʪʝ 

ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʚ ʜʠʘʧʘʟʦʥʝ 3000-6000 ʦʙ/ʤʠʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ, ANSYS, apdl, ʧʦʜʰʠʧʥʠʢ, ʤʫʣʴʪʠʬʘʟʥʳʡ ʥʘʩʦʩ, ʤʝʪʦʜ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʠʙʨʘʮʠʷ, ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ. 

ʆʜʥʦʡ ʠʟ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʫʣʴʪʠʬʘʟʥʳʭ ʥʘʩʦʩʦʚ 

ʷʚʣʷʝʪʩʷ ʚʠʙʨʘʮʠʷ. ʆʩʥʦʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʪ ʚʠʙʨʘʮʠʠ ʚʦʩʧʨʠʥʠʤʘʶʪ ʨʘʜʠʘʣʴʥʳʝ 

ʧʦʜʰʠʧʥʠʢʠ. ʇʨʝʚʳʰʝʥʠʝ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʧʦ ʚʠʙʨʘʮʠʷʤ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʩʣʦʤʫ 

ʧʦʜʰʠʧʥʠʢʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʪʘʢʪʫ ʤʝʞʜʫ ʚʨʘʱʘʶʱʠʤʩʷ ʨʘʙʦʯʠʤ 

ʢʦʣʝʩʦʤ ʠ ʥʝʧʦʜʚʠʞʥʳʤ ʥʘʧʨʘʚʣʷʶʱʠʤ ʘʧʧʘʨʘʪʦʤ. ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʪʘʢʦʡ ʢʦʥʪʘʢʪ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʩʪʫʧʝʥʠ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʚʩʝʛʦ ʥʘʩʦʩʘ. 

ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʩʪʠ ʤʦʜʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ ʚʘʣ-

ʩʪʫʧʝʥʴ-ʧʦʜʰʠʧʥʠʢ-ʢʦʨʧʫʩ ʩ ʧʦʤʦʱʴʶ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʧʘʢʝʪʘ ANSYS Mechanical apdl 

(ʩʦʙʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʯʘʩʪʦʪʳ), ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʛʦ 

ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʠʙʨʘʮʠʶ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚʘʣʘ ʩ ʧʦʤʦʱʴʶ ʤʦʜʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ (ʥʘʭʦʞʜʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ) ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦ ʧʨʠ ʦʮʝʥʢʝ 

ʚʠʙʨʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ [1]. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ 

ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʙʳʣ ʚʳʙʨʘʥ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʡ ʧʘʢʝʪ ANSYS Mechanical apdl. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʧʘʢʝʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʠʩʪʝʤʘ 

ʣʠʥʝʡʥʘ [2]. ʄʝʪʦʜʦʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʦʜʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣ ʚʳʙʨʘʥ ʙʣʦʯʥʳʡ ʤʝʪʦʜ 

                                                 

É ɹʨʶʭʦʚʘ ʂ. ʉ., ʇʝʱʝʨʝʥʢʦ ʉ.ʅ., 2019 



 

75 

 

ʃʘʥʮʦʰʘ [3], ʢʦʪʦʨʳʡ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʙʘʣʦʯʥʳʝ ʠ 

ʦʙʦʣʦʯʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʙʦʣʴʰʠʤʠ ʤʦʜʝʣʷʤʠ ʠ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʤʦʜ. 

ʇʦʩʪʨʦʝʥʘ ʛʝʦʤʝʪʨʠʷ ʚʘʣʘ ʠ ʢʦʨʧʫʩʘ (ʈʠʩʫʥʦʢ 1). ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʝʦʤʝʪʨʠʠ ʚʘʣʘ ʠ 

ʩʪʫʧʝʥʝʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʣʝʤʝʥʪ beam189, ʜʣʷ ʢʦʨʧʫʩʘ shell281. ʉ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʘ link11 

ʙʳʣ ʩʤʦʜʝʣʠʨʦʚʘʥ ʧʦʜʰʠʧʥʠʢ, ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʝʪ ʤʝʞʜʫ ʩʦʙʦʡ ʚʘʣ ʠ ʢʦʨʧʫʩ. 

 

ʈʠʩʫʥʦʢ 1. ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʩʝʪʢʘ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ 

ʎʝʣʴʶ ʙʳʣʦ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʥʘ ʤʦʜʝʣʠ ʤʘʢʩʠʤʘʣʴʥʦ ʩʭʦʞʝʡ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʦʡ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʙʳʣʦ ʨʝʰʝʥʦ ʨʘʟʙʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʧʫʩʪʦʡ ʚʘʣ ʠ ʜʚʘ ʩʧʦʩʦʙʘ ʝʛʦ ʟʘʢʨʝʧʣʝʥʠʷ:  

1. ɾʝʩʪʢʦʝ ʟʘʢʨʝʧʣʝʥʠʝ ʥʘ ʦʙʦʠʭ ʢʦʥʮʘʭ ʚʘʣʘ (ʚʩʝ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʫʛʣʳ ʧʦʚʦʨʦʪʘ 

ʨʘʚʥʳ ʥʫʣʶ); 

2. ɾʝʩʪʢʦʝ ʟʘʢʨʝʧʣʝʥʠʝ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʩʚʦʙʦʜʥʳʡ ʢʨʘʡ ʩ ʜʨʫʛʦʡ. 

ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʧʫʪʝʤ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩ ʫʢʘʟʘʥʥʳʤʠ ʚʳʰʝ ʛʨʘʥʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ [4,5]. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʥʝ ʧʨʝʚʳʩʠʣʘ 5%. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʩʠʩʪʝʤʘ ʚʘʣ-ʧʦʜʰʠʧʥʠʢ-ʢʦʨʧʫʩ: 

1. ʂʦʨʧʫʩ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥ ʥʝʩʢʦʣʴʢʠʤʠ ʭʦʤʫʪʘʤʠ (ʈʠʩʫʥʦʢ 1). 

2. ʅʘʩʦʩ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʨʘʤʫ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʘʣʦʯʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. 

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʥʘ ʚʘʣʫ ʨʘʩʧʦʣʦʞʠʣʠ ʩʪʫʧʝʥʠ, ʚʠʜ ʢʦʪʦʨʳʭ ʙʳʣ ʫʧʨʦʱʝʥ ʜʦ 

ʜʠʩʢʦʚ ʩ ʟʘʜʘʥʥʦʡ ʪʦʣʱʠʥʦʡ ʠ ʤʘʩʩʦʡ (ʈʠʩʫʥʦʢ 2). 
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ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʯʘʩʪʠ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ 

ɺ ʧʨʦʛʨʘʤʤʝ XLRotor ʙʳʣ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʠ 

ʞʝʩʪʢʦʩʪʠ [6,7]. ɼʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʩʯʝʪʘ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʧʨʠ ʟʘʜʘʥʠʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ. 

ʈʝʟʫʣʴʪʘʪʳ. ʈʘʟʨʘʙʦʪʘʥʘ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʝʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ 

ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʠ ʤʫʣʴʪʠʬʘʟʥʦʛʦ ʦʩʝʚʦʛʦ ʥʘʩʦʩʘ ʩ ʫʯʸʪʦʤ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʦʜʰʠʧʥʠʢʘʭ. ʄʦʜʝʣʴ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʘ ʠ ʧʨʠʛʦʜʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʥʘʩʦʩʘ. ʇʨʦʚʝʜʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʧʦ ʠʟʚʝʩʪʥʳʤ 

ʜʘʥʥʳʤ [5-7]. 
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ROTORNODYNAMIC ANALY SIS OF AXIAL MULTIPH ASE PUMP 
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In modern technology of oil production, the combustion of associated petroleum gas at wells is 

prohibited. Therefore, the gas is pumped to collection points. High-speed compressors cannot be 

used for pumping, as the gas contains liquid droplets that destroy its blades. The technology of 

pumping gas-liquid mixture using blade multiphase pumps of large size with an increased 

frequency of rotation of the shaft is attractive. However, such pumps have a large rotor mass, so 

with the slightest imbalance and increased rotational speed there is a risk of vibrations limiting their 

life. Therefore, at present, multiphase vane pumps are used to a limited extent. The purpose of this 

work is to identify the main factors that determine the vibration, using the example of a multi-phase 

pump 7a envelope at a frequency of rotation of the shaft in the range of 3000-6000 rpm. 

Keywords: modal analysis, ANSYS, apdl, bearing, multiphase pump, finite element method, 

vibration, natural frequencies. 
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ʛ. ʇʝʨʤʴ, ʫʣ. ʉʠʙʠʨʩʢʘʷ, 78-ʘ, serega-bublik@mail.ru 

ʈʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʦ ʬʠʣʴʪʨʘʮʠʦʥʥʦʤ ʪʝʯʝʥʠʠ ʥʝʬʪʠ ʚ ʪʨʝʱʠʥʦʚʘʪʦ-ʧʦʨʠʩʪʦʤ ʢʦʣʣʝʢʪʦʨʝ. ɺ 

ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʡ ʢʦʣʣʝʢʪʦʨ ʚ ʬʦʨʤʝ 

ʢʦʣʴʮʝʚʦʛʦ ʩʝʢʪʦʨʘ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʚ ʚʠʜʝ ʜʚʫʤʝʨʥʦʡ ʪʨʝʱʠʥʳ. ʇʨʠʯʠʥʦʡ ʪʝʯʝʥʠʷ 

ʥʝʬʪʠ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʥʘ ʜʚʫʭ ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʠ. ɼʣʷ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʝʫʛʦʣʴʥʳʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʩʦ ʩʛʫʱʝʥʠʝʤ ʚʙʣʠʟʠ ʪʨʝʱʠʥ.r 

ʇʦʣʝ ʜʘʚʣʝʥʠʷ ʧʦʣʫʯʝʥʦ ʠʟ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʠ, ʘ ʧʦʣʝ ʩʢʦʨʦʩʪʠ ï ʠʟ ʣʠʥʝʡʥʦʛʦ 

ʟʘʢʦʥʘ ʬʠʣʴʪʨʘʮʠʠ ɼʘʨʩʠ. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʯʠʩʣʝʥʥʦ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʘʣʝʝ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʠʩʭʦʜʷ ʠʟ 

ʨʝʰʝʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʘʜʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ 

ʧʦʣ̫ ʩʢʦʨʦʩʪʠ. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʘʜʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ ʧʦʣʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʢʦʥʝʯʥʳʭ ʦʙʲʸʤʦʚ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʷ ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʪʨʝʱʠʥ ʥʘ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʥʝʬʪʠ ʩʦ ʚʨʝʤʝʥʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʝʱʠʥʦʚʘʪʦ-ʧʦʨʠʩʪʳʡ ʢʦʣʣʝʢʪʦʨ, ʟʘʢʦʥ ɼʘʨʩʠ, ʬʠʣʴʪʨʘʮʠʷ, ʥʝʬʪʝʜʦʙʳʯʘ, 

ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʦʙʲʸʤʦʚ. 

ɺʚʝʜʝʥʠʝ 

ɺʚʠʜʫ ʠʩʯʝʨʧʘʥʠʷ ʟʘʧʘʩʦʚ ʣʝʛʢʦʜʦʩʪʫʧʥʦʡ ʥʝʬʪʠ, ʚʩʝ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʠʦʙʨʝʪʘʝʪ 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʷʞʝʣʦʡ ʠ ʚʳʩʦʢʦʚʷʟʢʦʡ ʥʝʬʪʠ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʠʤʝʝʪʩʷ 

ʗʨʝʛʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʚʳʩʦʢʦʚʷʟʢʦʡ ʥʝʬʪʠ, ʢʦʪʦʨʦʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩ 40-ʭ ʛʛ. ʧʨʦʰʣʦʛʦ 

ʚʝʢʘ. ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʜʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʦʰʘʭʪʥʦʛʦ ʩʧʦʩʦʙʘ ʜʦʙʳʯʠ [1]. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʥʝʬʪʝʩʦʜʝʨʞʘʱʝʤ ʧʣʘʩʪʝ. ʅʘ ʪʝʢʫʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʫʯʘʶʪʩʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʨʝʱʠʥʦʚʘʪʦʤ ʢʦʣʣʝʢʪʦʨʝ ʚ ʜʚʫʤʝʨʥʦʤ ʩʣʫʯʘʝ. 

ɼʣʷ ʵʪʦʛʦ ʧʨʦʚʦʜʠʪʩʷ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʠʣʴʪʨʘʮʠʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʢʦʣʣʝʢʪʦʨʘ. 

ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʡ ʛʝʦʤʝʪʨʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʛʦʨʥʘʷ ʚʳʨʘʙʦʪʢʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʚ ʚʠʜʝ ʢʦʣʴʮʝʚʦʛʦ ʩʝʢʪʦʨʘ ʩ ʧʦʜʦʙʣʘʩʪʴʶ ʷʚʣʷʶʱʝʡʩʷ ʜʚʫʤʝʨʥʦʡ ʪʨʝʱʠʥʦʡ, 
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ʢʦʪʦʨʘʷ ʩʯʠʪʘʝʪʩʷ ʵʢʚʠʚʘʣʝʥʪʦʤ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ (ʩʤ. ʈʠʩʫʥʦʢ 1ʘ). ʇʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ 

ʥʝʬʪʴ ʠʟ ʧʣʘʩʪʘ ʚʳʪʝʩʥʷʝʪʩʷ ʚʦʜʦʡ. ʇʣʘʩʪ ʩʯʠʪʘʝʪʩʷ ʜʝʬʦʨʤʠʨʫʝʤʳʤ, ʘ ʥʝʬʪʴ ï 

ʥʝʩʞʠʤʘʝʤʦʡ ʠ ʥʴʶʪʦʥʦʚʩʢʦʡ. ʆʪʩʫʪʩʪʚʫʝʪ ʚʣʠʷʥʠʝ ʛʨʘʚʠʪʘʮʠʠ ʠ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ. 

ʋʯʠʪʳʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʣʘʩʪʘ ʦʪ ʥʝʬʪʝ- ʠ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ. ɿʘʜʘʯʘ 

ʩʯʠʪʘʝʪʩʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ. ʈʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦʣʷ ʜʘʚʣʝʥʠʷ, ʩʢʦʨʦʩʪʠ ʠ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ 

ʇʦʣʝ ʜʘʚʣʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʠ (ʧʴʝʟʦʧʨʦʚʦʜʥʦʩʪʠ) [2]: 
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ÐÖÐ=
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 (1) 

ʛʜʝ p = p(t, x, y) ï ʜʘʚʣʝʥʠʝ, ʇʘ, t ï ʚʨʝʤʷ, ʩʫʪ, x, y ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʜʝʢʘʨʪʦʚ rʢʦʦʨʜʠʥʘʪ rʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤ, D ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, ʤ2/ʩʫʪ. 

ɼʣʷ ʫʯʝʪʘ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʨʦʜʳ ʦʪ ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʥʝʡ ʬʘʟʳ (ʥʝʬʪʷʥʘʷ ʠ 

ʚʦʜʥʘʷ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʂʦʨʠ-ɹʨʫʢʩʘ [3]. 

ʅʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (1): 
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ʛʜʝ p0, p1, p2 = const, ʇʘ, t0 ï ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʩʫʪ, ɻ1, ɻ2, ɻ3 ï ʛʨʘʥʠʮʳ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ, ʫʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1ʙ, n ï ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʢ ʛʨʘʥʠʮʝ. 

ʘ) 

 

ʙ) 

 

ʈʠʩʫʥʦʢ. 1. ʘ) ʦʙʱʠʡ ʚʠʜ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ; ʙ) ʦʙʦʟʥʘʯʝʥʠʝ ʛʨʘʥʠʮ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʦʙʱʠʡ ʚʠʜ ʩʝʪʢʠ 

ʉʢʦʨʦʩʪʴ ʚ ʧʣʘʩʪʝ ʥʘʭʦʜʠʪʩʷ ʠʟ ʣʠʥʝʡʥʦʛʦ ʟʘʢʦʥʘ ʬʠʣʴʪʨʘʮʠʠ ɼʘʨʩʠ: 
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ʛʜʝ v ï ʜʚʫʤʝʨʥʳʡ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʚ ʧʣʘʩʪʝ, ʤ/ʩʫʪ, kro, kwo ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʥʝʬʪʷʥʦʡ ʠ ʚʦʜʥʦʡ ʬʘʟʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙ/ʨ, ɛo, ɛw ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʥʝʬʪʠ ʠ ʚʦʜʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʇʘ ẗ ʩʫʪ. 

ʇʦʣʝ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʠ ʩʪʨʦʠʪʩʷ ʠʟ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʘʜʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ [4]: 

 sas
t

s
D=ÐÖ+

µ

µ
vj , (4) 

ʛʜʝ s = s(t, x, y) ï ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʴ, t ï ʚʨʝʤʷ, ʩʫʪ, a ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʜʠʬʬʫʟʠʠ, ʤ2/ʩʫʪ. 

ɺ ʫʨʘʚʥʝʥʠʠ (4) ʜʠʬʬʫʟʠʦʥʥʦʝ ʩʣʘʛʘʝʤʦʝ ʜʦʙʘʚʣʝʥʦ ʠʩʢʫʩʩʪʚʝʥʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʜʠʬʬʫʟʠʶ, ʧʦʷʚʣʷʶʱʫʶʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

ʘʜʚʝʢʪʠʚʥʦʛʦ ʯʣʝʥʘ sÐÖv . 

ʅʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (4): 
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ʛʜʝ s0 ï ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʬʪʠ ʚ ʧʣʘʩʪʝ, s1 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝʬʪʠ ʥʘ ʛʨʘʥʠʮʝ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʫʨʘʚʥʝʥʠʝ (1) ʨʝʰʘʝʪʩʷ ʯʠʩʣʝʥʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ [5]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦ ʨʘʩʩʯʠʪʘʥʥʦʤʫ ʧʦʣʶ ʜʘʚʣʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʧʦʣʷ 

ʩʢʦʨʦʩʪʝʡ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ (3). ɼʣʷ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠʥʝʡʥʳʝ 

ʬʫʥʢʮʠʠ ʬʦʨʤʳ, ʧʨʠʥʠʤʘʝʤʳʝ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ (1). 

ʋʨʘʚʥʝʥʠʝ (8) ʨʝʰʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʦʙʲʸʤʦʚ [6]. ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʭʝʤʳ ʩ ʨʘʟʥʦʩʪʷʤʠ ʧʨʦʪʠʚ ʧʦʪʦʢʘ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ. ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʸʤ ʧʨʠʤʝʥʝʥʠʷ ʥʝʷʚʥʦʡ ʩʭʝʤʳ. 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ 

ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʪʨʝʫʛʦʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʦ 

ʩʛʫʱʝʥʠʝʤ ʚʙʣʠʟʠ ʪʨʝʱʠʥʳ. ʉʝʪʢʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʈʠʩʫʥʦʢ 1ʙ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ű = 26% ï ʧʦʨʠʩʪʦʩʪʴ, ɛo = 

0,15 ʇʘ ẗ ʩ, ɛw = 0,001 ʇʘ ẗ ʩ, Km = 2,5 ʤʢʤ2 ï ʘʙʩʦʣʶʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʘʪʨʠʮʳ, Kf = 3,3 ẗ 

109 ï ʘʙʩʦʣʶʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʪʨʝʱʠʥʳ, p0 = 1,4 ʄʇʘ, p1 = 0,4 ʄʇʘ, p2 = 1,4 ʄʧʘ, s0 = 

100 %, s1 = 0, tn = 80 ʩʫʪ ï ʚʨʝʤʷ ʨʘʩʯʝʪʘ. 

ʇʦʣʫʯʘʶʱʠʝʩʷ ʧʦʣʷ ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʘ) 

 

ʙ) 

 

ʈʠʩʫʥʦʢ 2. ʘ) ʧʦʣʝ ʜʘʚʣʝʥʠʷ; ʙ) ʧʦʣʝ ʩʢʦʨʦʩʪʠ 

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʨʠʩʫʥʢʘ 2, ʚʙʣʠʟʠ ʪʨʝʱʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʠʩʢʘʞʝʥʠʝ ʥʘ ʧʦʣʝ 

ʜʘʚʣʝʥʠʷ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʤʘʪʨʠʮʳ ʜʘʚʣʝʥʠʝ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ, ʘ ʚ ʪʨʝʱʠʥʝ ï ʧʦ ʣʠʥʝʡʥʦʤʫ. ʅʘ ʧʦʣʝ ʩʢʦʨʦʩʪʠ ʚʠʜʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʪʨʝʱʠʥʳ, ʯʪʦ ʩʣʝʜʫʝʪ ʠʟ ʟʘʢʦʥʘ ɼʘʨʩʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʥʝʬʪʠ ʚ ʦʙʣʘʩʪʠ 

ʜʦʙʳʯʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʪʨʝʱʠʥ ʚ ʧʣʘʩʪʝ (ʈʠʩʫʥʦʢ 3). 

 

ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʥʝʬʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʪʨʝʱʠʥ 

ʀʟ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʘ ʥʘ ʨʠʩʫʥʢʝ 2 ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʪʨʝʱʠʥ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʪʝʪ ʨʘʩʭʦʜ ʥʝʬʪʠ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʦ ʟʘʢʦʥʫ ɼʘʨʩʠ ʩʢʦʨʦʩʪʴ ʚ ʪʨʝʱʠʥʘʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʤʘʪʨʠʮʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ ʩʠʣʴʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʚ 

ʧʣʘʩʪʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʩʸʤ ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ. 

ɺʳʚʦʜʳ 

ʇʦʣʫʯʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʠʣʴʪʨʘʮʠʠ ʥʝʬʪʠ ʚ ʪʨʝʱʠʥʦʚʘʪʦ-ʧʦʨʠʩʪʦʤ 

ʢʦʣʣʝʢʪʦʨʝ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦʣʷ ʜʘʚʣʝʥʠʷ, ʩʢʦʨʦʩʪʠ ʥʝʬʪʝʩʦʞʝʨʞʘʱʝʡ 

ʞʠʜʢʦʩʪʠ, ʝʝ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʥʝʬʪʠ ʚ ʜʦʙʳʯʥʦʡ 

ʩʢʚʘʞʠʥʝ ʩʦ ʚʨʝʤʝʥʝʤ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʧʦʟʚʦʣʠʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ 
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ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʫʯʘʩʪʢʦʚ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʝ ʦ ʥʝʦʙʭʦʜʠʤʳʭ 

ʤʝʨʦʧʨʠʷʪʠʷʭ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʘ. 
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NUMERICAL  SIMULATION OF OIL S EEPAGE IN POROUS OIL RESERVOIR WITH 

FRACTURES 

Bublik Sergey A., Semin Mikhail A. 

Mining Institute of The Ural Branch of the Russian Academy of Sciences, 78-a, Sibirskaya st., 

Perm, 614007, Russia, serega-bublik@mail.ru 

The problem of oil seepage in fractured-porous oil reservoir is considered. We model the oil-

bearing reservoir as an annular sector with heterogeneity in the form of a two-dimensional fracture. 

The cause of the oil flow is the pressure difference at the two boundaries of the domain. For 

discretization of the computational domain, triangular finite elements are used with thickening near 

the fracture. The pressure field obtained from the solution of the diffusion equation, and the velocity 

field derived from the Darcyôs law. The solution of the diffusion equation carried out numerically 

using the finite element method. Next, the oil saturation calculated based on the solution of the non-

stationary advection-diffusion equation using the obtained velocity field. The solution of the 

advection-diffusion equation obtained using the finite volume method. Comparative analysis of the 

influence of the number of fractures on the oil mass flow rate with time is conducted. 

Keywords: fractured porous rock, Darcyôs law, seepage flow, oil production, numerical modelling, 

finite element method, finite volume method 
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ɹʫʰʫʝʚ ɼʤʠʪʨʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ɸʣʷʙʴʝʚʘ ɺʘʣʝʥʪʠʥʘ ɻʝʦʨʛʠʝʚʥʘ 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614990, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ɹʫʢʠʨʝʚʘ, 15, bushic95@gmail.com 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʮʠʬʨʦʚʦʡ ʧʣʘʪʬʦʨʤʳ VeXA ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʵʢʩʧʦʨʪʥʳʭ 

ʩʜʝʣʦʢ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʣʘʪʬʦʨʤʝ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʝʸ 

ʢʦʥʮʝʧʮʠʠ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʣʦʢʘʣʴʥʦʡ ʩʨʝʜʝ ʧʣʘʪʬʦʨʤʳ ʨʘʟʨʘʙʦʪʘʥ ʠ ʜʦʚʝʜʸʥ ʜʦ 

ʨʝʘʣʠʟʘʮʠʠ ʨʦʙʦʪ-ʧʦʠʩʢʦʚʠʢ. ʉʦʟʜʘʥʥʳʡ ʨʦʙʦʪ ʦʪʚʝʯʘʝʪ ʩʣʝʜʫʶʱʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ: ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʠʩʢ ʢʦʥʪʨʘʛʝʥʪʦʚ, ʚʳʧʦʣʥʷʝʪ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ, ʨʝʛʠʩʪʨʘʮʠʶ 

ʧʘʨʪʥʸʨʦʚ ʩʜʝʣʢʠ, ʛʦʪʦʚʠʪ ʠ ʩʦʭʨʘʥʷʝʪ ʚ ʙʣʦʢʯʝʡʥʝ ʤʘʪʝʨʠʘʣʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʩʜʝʣʢʠ. ɺʝʙ-

ʧʨʠʣʦʞʝʥʠʝ ʩʦʜʝʨʞʠʪ ʩʝʨʚʝʨʥʫʶ ʯʘʩʪʴ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʘʷ ʧʣʘʪʬʦʨʤʘ, ʨʦʙʦʪ-ʧʦʠʩʢʦʚʠʢ, ʙʣʦʢʯʝʡʥ, ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ, 

ʩʝʨʚʝʨʥʘʷ ʯʘʩʪʴ, ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 

ʉ 2017 ʛʦʜʘ ʆʆʆ "ɺʝʨʰʠʥʘ-ʕʢʩʧʦʨʪ" ʩʦʚʤʝʩʪʥʦ ʩ ʇʝʨʤʩʢʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʥʘʮʠʦʥʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʧʨʠʩʪʫʧʠʣʦ ʢ ʨʘʟʨʘʙʦʪʢʝ ʮʠʬʨʦʚʦʡ 

ʧʣʘʪʬʦʨʤʳ ivexa. ʎʠʬʨʦʚʘʷ ʧʣʘʪʬʦʨʤʘ ivexa ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʝʩʴ ʮʠʢʣ ʵʢʩʧʦʨʪʥʦʡ ʩʜʝʣʢʠ: 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʩʝʨʚʠʩʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʫʩʣʫʛʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 

ʠʩʧʦʣʴʟʫʝʪ ʩʘʤʳʝ ʥʘʜʝʞʥʳʝ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʩʧʦʩʦʙʳ ʨʘʩʯʝʪʦʚ ʚ ʢʨʠʧʪʦʚʘʣʶʪʝ ʥʘ ʦʩʥʦʚʝ 

ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ; ʩʦʢʨʘʱʘʝʪ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʫʢʨʘʪʥʦ ʨʘʩʭʦʜʳ ʚʨʝʤʝʥʠ ʠ ʜʝʥʝʛ ʤʝʣʢʦʛʦ 

ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ ʧʨʠ ʚʳʭʦʜʝ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʨʳʥʢʠ; ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʣʘʪʬʦʨʤʳ ʦʪ ʥʝʜʨʫʞʝʩʪʚʝʥʥʳʭ (ʩʘʥʢʮʠʦʥʥʳʭ) ʜʝʡʩʪʚʠʡ ʢʨʫʧʥʳʭ ʠʛʨʦʢʦʚ; 

ʧʦʤʦʛʘʝʪ ʤʝʣʢʠʤ ʠ ʩʨʝʜʥʠʤ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷʤ ʚʳʭʦʜʠʪʴ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʨʳʥʢʠ ʠ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ ʥʠʭ ʧʨʦʜʘʞʠ ʩʚʦʠʭ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ [1]. ʅʘ ʨʘʟʨʘʙʦʪʢʫ ʜʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳ 

ʙʳʣ ʧʦʣʫʯʝʥ ʧʘʪʝʥʪ, ʢʦʪʦʨʳʝ ʟʘʢʨʝʧʣʷʝʪ ʧʨʘʚʘ ʥʘ ʵʪʫ ʧʣʘʪʬʦʨʤʫ ʟʘ ʢʦʤʧʘʥʠʝʡ ʆʆʆ 

çɺʕʂʉʇʆʈʊè [2]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʱʝʡ ʢʦʥʮʝʧʮʠʠ ʘʨʭʠʪʝʢʪʫʨʳ ʧʣʘʪʬʦʨʤʳ VeXA ʙʳʣ ʚʳʙʨʘʥ ʧʦʜʭʦʜ 

ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʥʝʙʦʣʴʰʠʭ ʩʝʨʚʠʩʦʚ, ʨʘʙʦʪʘʶʱʠʭ 

ʨʘʟʜʝʣʴʥʦ ʠ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʨʝʜʩʪʚʦʤ 

HTTP-ʟʘʧʨʦʩʦʚ. ʆʙʱʘʷ ʩʭʝʤʘ ʘʨʭʠʪʝʢʪʫʨʳ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʥʘʙʦʨʘ ʩʝʨʚʠʩʦʚ 

(ʈʠʩʫʥʦʢ 1). 
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ʈʠʩʫʥʦʢ 1. ʆʙʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʣʘʪʬʦʨʤʳ VeXA 

Robot Service ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʠʩʢ ʢʦʥʪʨʘʛʝʥʪʦʚ ʧʦ ʫʢʘʟʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʠʟ ʦʪʢʨʳʪʳʭ  

ʠʩʪʦʯʥʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʵʣʝʢʪʨʦʥʥʳʝ ʪʦʨʛʦʚʳʝ ʧʣʦʱʘʜʢʠ (ʕʊʇ), ʙʠʟʥʝʩ ʩʧʨʘʚʦʯʥʠʢʠ, 

ʩʦʜʝʨʞʘʱʠʝ ʦʬʠʮʠʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠʟ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʣʠ ʨʝʩʫʨʩʦʚ. ɼʘʥʥʳʡ 

ʩʝʨʚʠʩ ʪʘʢʞʝ ʚʳʯʠʩʣʷʝʪ ʨʝʡʪʠʥʛ ʢʘʞʜʦʛʦ ʢʦʥʪʨʘʛʝʥʪʘ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʚʘʞʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʦʟʨʘʩʪ ʢʦʤʧʘʥʠʠ, ʫʯʘʩʪʠʝ ʚ ʩʫʜʝʙʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʥʘʣʠʯʠʝ ʢʦʤʧʘʥʠʠ ʚ 

ʩʧʠʩʢʝ ʥʝʙʣʘʛʦʥʘʜʝʞʥʳʭ ʢʣʠʝʥʪʦʚ. Statistics Service ʩʦʙʠʨʘʝʪ ʩʪʘʪʠʩʪʠʢʫ ʵʢʩʧʦʨʪʘ ʧʦ 

ʩʪʨʘʥʘʤ ʠ ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʵʢʩʧʦʨʪʥʦʡ ʩʜʝʣʢʠ ʜʣʷ ʫʢʘʟʘʥʥʦʛʦ ʪʦʚʘʨʘ 

ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. Payment Service ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʙʨʘʙʦʪʢʫ ʧʣʘʪʝʞʝʡ, 

ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʥʘ ʧʣʘʪʬʦʨʤʝ, ʢʦʤʤʫʥʠʢʘʮʠʶ ʩ ʚʥʝʰʥʠʤʠ ʧʣʘʪʝʞʥʳʤʠ ʩʝʨʚʠʩʘʤʠ. ʆʧʣʘʪʘ ʚ 

ʨʘʤʢʘʭ ʧʣʘʪʬʦʨʤʳ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʪʦʢʝʥʘʤʠ, ʚʳʧʫʱʝʥʥʳʤʠ ʧʦʩʣʝ 

ʩʪʘʨʪʘ ʧʣʘʪʬʦʨʤʳ. 

ʅʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʦʙʦʪʘ ʧʦʠʩʢʦʚʠʢʘ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʨʘʟʨʘʙʦʪʢʝ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʩʝʨʚʝʨʥʫʶ ʯʘʩʪʴ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. 

ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʫʧʝʥ ʧʦ ʧʨʦʪʦʢʦʣʫ HTTP ʚ ʨʘʤʢʘʭ ʣʦʢʘʣʴʥʦʡ 

ʩʝʪʠ ʢʦʤʧʘʥʠʠ ʆʆʆ çɺʕʉʇʆʈʊè. ɺ ʢʘʯʝʩʪʚʝ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ 

ʷʟʳʢ Java ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ [3]. ɺʘʞʥʦ, ʯʪʦ ʵʪʦʪ ʷʟʳʢ 

ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʩʨʝʜʩʪʚʦʤ ʨʘʟʨʘʙʦʪʢʠ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʙʦʪʘʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʝʨʚʝʨʦʚ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʦʥ ʷʚʣʷʝʪʩʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʧʫʩʢʘʪʴ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʤʦʜʫʣʴ ʥʘ ʣʶʙʦʡ ʧʣʘʪʬʦʨʤʝ. ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʩʨʦʢʠ ʨʘʟʨʘʙʦʪʢʠ ʨʦʙʦʪʘ-

ʧʦʠʩʢʦʚʠʢʘ ʦʛʨʘʥʠʯʝʥʳ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʦʜʦʙʨʘʪʴ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʬʨʝʡʤʚʦʨʢʠ ʜʣʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʙʳʩʪʨʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʠʷ 

ʪʘʢʦʛʦ ʚʠʜʘ ʟʘʜʘʯ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʬʨʝʡʤʚʦʨʢʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ 

ʧʨʠʣʦʞʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ Spring Framework [4], ʢʘʢ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʡ. ʆʥ ʚʢʣʶʯʘʝʪ 

ʤʦʜʫʣʠ: Spring Data, Spring Data, Spring Boot, Spring Web. ʆʩʥʦʚʥʦʝ ʧʦʥʷʪʠʝ ʚ Spring Data ð 

ʨʝʧʦʟʠʪʦʨʠʡ. ʕʪʦ ʥʝʩʢʦʣʴʢʦ ʠʥʪʝʨʬʝʡʩʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʩʫʱʥʦʩʪʠ ʜʣʷ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʬʨʝʡʤʚʦʨʢʦʤ. ʅʘʧʨʠʤʝʨ, ʠʥʪʝʨʬʝʡʩ CrudRepository ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ ʧʦ ʧʦʠʩʢʫ, ʩʦʭʨʘʥʝʥʠʷ, ʫʜʘʣʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢʞʝ ʩʧʠʩʦʢ ʵʪʠʭ 

ʦʧʝʨʘʮʠʡ ʤʦʞʥʦ ʨʘʩʰʠʨʷʪʴ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʭʦʜʘ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʧʣʘʪʬʦʨʤʳ ï ʨʦʙʦʪʘ-ʧʦʠʩʢʦʚʠʢʘ ʙʳʣ ʚʳʙʨʘʥ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʩʷ ʥʝʦʙʭʦʜʠʤʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʩʝʨʚʝʨʝ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʨʦʠʟʚʦʜʠʪ ʟʘʧʨʦʩʳ ʢ 

ʥʝʤʫ ʧʨʠ ʧʦʤʦʱʠ REST API [6]. ɺʩʝ ʜʘʥʥʳʝ ʥʘ ʩʪʦʨʦʥʫ ʢʣʠʝʥʪʘ ʙʫʜʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʚ 

ʬʦʨʤʘʪʝ JSON [5]. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʚ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʫʣʷ ʧʦʠʩʢʘ ʢʦʥʪʨʘʛʝʥʪʦʚ ʙʳʣʘ 

ʨʝʘʣʠʟʘʮʠʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʩʠʩʪʝʤʝ ʜʣʷ ʙʣʦʢʠʨʦʚʘʥʠʷ ʟʘʧʨʦʩʦʚ ʢ ʩʝʨʚʝʨʫ 

ʜʦ ʪʦʛʦ, ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʠ ʘʚʪʦʨʠʟʦʚʘʣʩʷ ʚ ʥʝʡ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʠʩʢʘ ʚ ʨʘʤʢʘʭ ʪʝʢʫʱʝʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʧʦʠʩʢʘ ʪʦʚʘʨʦʚ ʥʝʪ 

ʝʜʠʥʦʛʦ ʩʧʨʘʚʦʯʥʠʢʘ ʪʦʚʘʨʦʚ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʦʙʣʘʩʪʠ ʤʝʜʠʮʠʥʳ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʪʘʢʦʡ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʙʳ ʧʦʟʚʦʣʷʣ ʧʨʦʠʟʚʦʜʠʪʴ ʧʦʠʩʢ ʧʦ ʝʜʠʥʦʤʫ 

ʩʧʨʘʚʦʯʥʠʢʫ ʧʣʘʪʬʦʨʤʳ VeXA ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʦʨʦʥʥʠʭ ʨʝʩʫʨʩʘʭ, ʪʘʢʠʤʠ ʢʘʢ ʵʣʝʢʪʨʦʥʥʳʝ-

ʪʦʨʛʦʚʳʝ ʧʣʦʱʘʜʢʠ ʠʣʠ ʙʠʟʥʝʩ-ʩʧʨʘʚʦʯʥʠʢʠ ʨʘʟʥʳʭ ʩʪʨʘʥ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʧʣʘʪʬʦʨʤʘ ʷʚʣʷʝʪʩʷ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʠ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʤʫʣʴʪʠʷʟʳʯʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʪʦʨʛʦʚʳʭ ʧʣʦʱʘʜʢʘʭ ʜʘʞʝ ʦʜʥʦʡ ʩʪʨʘʥʳ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʨʫʙʨʠʢʘʪʦʨʳ ʜʣʷ 

ʪʦʚʘʨʦʚ ʠʣʠ ʫʩʣʫʛ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪ ʫʥʠʚʝʨʩʘʣʠʟʘʮʠʠ ʧʦʠʩʢʘ ʪʦʚʘʨʦʚ ʧʦ 

ʚʥʫʪʨʝʥʥʝʤʫ ʩʧʨʘʚʦʯʥʠʢʫ ʧʣʘʪʬʦʨʤʳ VeXA ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ ʝʩʪʴ ʦʜʠʥ ʚʥʫʪʨʝʥʥʠʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʩʧʨʘʚʦʯʥʠʢ 

ʩʦʩʪʘʚʣʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ. ʕʪʦʪ ʩʧʨʘʚʦʯʥʠʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ɼʘʣʝʝ ʚʳʛʨʫʞʘʶʪʩʷ ʩʧʨʘʚʦʯʥʠʢʠ ʩ ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩʦʚ, ʜʦʙʘʚʣʝʥʥʳʭ ʚ 

ʩʠʩʪʝʤʫ, ʠ ʧʨʦʠʩʭʦʜʠʪ ʨʫʯʥʦʝ ʩʦʦʪʥʝʩʝʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʧʨʘʚʦʯʥʠʢʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚ ʦʜʠʥ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʩʧʨʘʚʦʯʥʠʢ ʪʦʚʘʨʦʚ VeXA. ʅʘʟʦʚʝʤ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʤʵʧʧʠʥʛʦʤ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʫʥʠʚʝʨʩʘʣʠʟʘʮʠʠ ʩʧʨʘʚʦʯʥʠʢʘ ʪʦʚʘʨʦʚ ʠ 

ʫʩʣʫʛ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʥʪʦʣʦʛʠʠ (ʈʠʩʫʥʦʢ 2). 
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ʈʠʩʫʥʦʢ 2. ʌʨʘʛʤʝʥʪ ʦʥʪʦʣʦʛʠʠ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʧʨʘʚʦʯʥʠʢʘ ʚ ʩʨʝʜʝ Ontolis 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʵʧʧʠʥʛʘ ʪʘʢʞʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʥʪʦʣʦʛʠʠ, ʯʪʦʙʳ ʚ 

ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʙʳʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʩʪʠ ʠʩʧʨʘʚʣʝʥʠʷ ʚʨʫʯʥʫʶ. 
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ROBOT DEVELOPMENT FOR THE P LATFORM  VEXA  

Bushuev Dmitri A., Alyabieva Valentina G. 

Perm State University, 15, Bukireva st., Perm, 614990, Russia, bushic95@gmail.com 

The article is devoted to the development of the digital platform VeXA to automate export 

transactions. To date, a search engine robot has been developed in the platform's local environment 

and brought to implementation. The created robot meets the following functional requirements: it 

searches for contractors, performs authentication, registration of transaction partners, prepares and 

stores materials and transaction results in the blockchain.irst stage, the requirements for the 

platform were formulated and its concepts were developed. The web application contains the server 

part and the user interface.  

Keywords: digital platform, search engine robot, blockchain, web application, backend, user 

interface. 
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ʆ ɿɸɼɸʏɽ ʇɽʈɽʏʀʉʃɽʅʀʗ ʎʀʂʃʆɺ ɺ ɻʈɸʌɸʍ ʇʆɺʆʈʆʊʆɺ18 

ɹʳʟʦʚ ɺʠʢʪʦʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ɺʷʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 610000, ʈʦʩʩʠʷ, ʛ. ʂʠʨʦʚ, ʫʣ. ʄʦʩʢʦʚʩʢʘʷ, 36, 

vbyzov@yandex.ru 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʦʜʥʦʛʦ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʙʠʥʘʪʦʨʥʳʭ 

ʠʥʪʝʨʧʨʝʪʘʮʠʡ ʯʠʩʝʣ ʂʘʪʘʣʘʥʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʙʳʩʪʨʦ ʫʩʣʦʞʥʷʶʱʫʶʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʠʥʪʝʨʧʨʝʪʘʮʠʡ ʢʦʤʙʠʥʘʪʦʨʥʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. ʕʪʘ 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʦʙʨʘʪʠʤʘ; ʬʦʨʤʘʣʴʥʦ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʩʪʘʥʦʚʢʫ ʥʘ ʦʯʝʥʴ 

ʙʦʣʴʰʦʤ ʤʥʦʞʝʩʪʚʝ. ʆʜʥʘʢʦ ʝʸ ʮʠʢʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘʩʪʦʣʴʢʦ ʩʣʦʞʥʘ, ʯʪʦ ʧʨʷʤʦʝ 

ʠʟʫʯʝʥʠʝ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʟʘʤʝʪʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʪʝʤ, ʯʪʦ 

ʮʠʢʣʳ ʧʝʨʝʩʪʘʥʦʚʢʠ ʬʦʨʤʘʣʴʥʦ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʣʫʯʰʘʶʱʠʭʩʷ ʘʧʧʨʦʢʩʠʤʘʮʠʡ: 

ʧʨʝʜʣʦʞʝʥʦ ʩʝʤʝʡʩʪʚʦ ʦʨʛʨʘʬʦʚ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʠʜʘ, ʥʘʟʳʚʘʝʤʳʭ ʚ ʨʘʙʦʪʝ ʛʨʘʬʘʤʠ 

ʫʨʦʚʥʝʚʳʭ ʧʦʚʦʨʦʪʦʚ. ɺʝʨʰʠʥʘʤʠ ʵʪʠʭ ʛʨʘʬʦʚ ʷʚʣʷʶʪʩʷ ʢʣʘʩʩʳ ʜʝʨʝʚʴʝʚ, ʯʪʦ ʨʝʰʘʝʪ 

ʦʙʦʟʥʘʯʝʥʥʫʶ ʧʨʦʙʣʝʤʫ. ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʭʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʮʠʢʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʝʨʝʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪʠʚʥʳʤ ʧʨʝʜʝʣʦʤ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ 

ʛʨʘʬʦʚ. ɺ ʨʘʙʦʪʝ ʠʟʫʯʘʝʪʩʷ ʢʦʤʙʠʥʘʪʦʨʠʢʘ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʮʠʢʣʦʚ ʚ ʦʧʠʩʘʥʥʦʤ ʩʝʤʝʡʩʪʚʝ 

ʛʨʘʬʦʚ, ʷʚʣʷʶʱʠʭʩʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʦʝʢʮʠʷʤʠ ʦʨʙʠʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʦʩʢʠʝ ʜʝʨʝʚʴʷ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ɼʦʥʘʭʴʶ, ʛʨʘʬ ʧʦʚʦʨʦʪʦʚ, ʧʨʦʠʟʚʦʜʷʱʘʷ 

ʬʫʥʢʮʠʷ, ʧʝʨʝʯʠʩʣʝʥʠʝ ʮʠʢʣʦʚ. 

ʈ. ɼʦʥʘʭʴʶ (R. Donaghey) ʚ ʨʘʙʦʪʝ [1] ʦʧʨʝʜʝʣʠʣ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ 

ʢʦʤʙʠʥʘʪʦʨʥʳʭ ʠʥʪʝʨʧʨʝʪʘʮʠʷʭ ʯʠʩʝʣ ʂʘʪʘʣʘʥʘ. ʊʘʢʠʤʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷʤʠ ʷʚʣʷʶʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʧʣʦʩʢʠʝ ʜʝʨʝʚʴʷ, ʩʢʦʙʦʯʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʫʪʠ ɼʠʢʘ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ 

ʢʦʤʙʠʥʘʪʦʨʥʳʝ ʦʙʲʝʢʪʳ. ʅʝʩʢʦʣʴʢʦ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʵʪʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʚ [2]. 

ɿʜʝʩʴ ʧʨʠʚʝʜʸʤ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɼʦʥʘʭʴ,ʁ ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʙʠʝʢʮʠʠ ʤʝʞʜʫ 

ʧʣʦʩʢʠʤʠ ʢʫʙʠʯʝʩʢʠʤʠ ʜʝʨʝʚʴʷʤʠ ʩ ʚʠʩʷʯʠʤ ʢʦʨʥʝʤ (ʇʂɼɺʂ) ʠ ʧʣʦʩʢʠʤʠ ʥʝʢʫʙʠʯʝʩʢʠʤʠ 

ʜʝʨʝʚʴʷʤʠ ʩ ʚʠʩʷʯʠʤ ʢʦʨʥʝʤ (ʇɼɺʂ). ʇʦʜʨʦʙʥʦ ʜʘʥʥʳʝ ʢʣʘʩʩʳ ʦʙʲʝʢʪʦʚ ʨʘʩʩʤʦʪʨʝʥʳ, 

ʥʘʧʨʠʤʝʨ, ʚ [3]. ɽʩʪʴ ʜʚʘ ʚʘʨʠʘʥʪʘ ʵʪʦʡ ʙʠʝʢʮʠʠ ï ʧʨʘʚʘʷ r ʠ ʣʝʚʘʷ l. ʇʨʠ ʧʨʘʚʦʡ 

(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʣʝʚʦʡ) ʙʠʝʢʮʠʠ ʧʨʘʚʳʝ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʣʝʚʳʝ) ʧʫʪʠ ʢʫʙʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ 

ʧʝʨʝʭʦʜʷʪ ʚ ʚʝʨʰʠʥʳ ʥʝʢʫʙʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ. ʈʠʩʫʥʦʢ 1 ʠʣʣʶʩʪʨʠʨʫʝʪ ʜʝʡʩʪʚʠʝ ʵʪʠʭ 

ʦʪʦʙʨʘʞʝʥʠʡ. ɺ ʮʝʥʪʨʝ ʠʟʦʙʨʘʞʝʥʦ ʇɼɺʂ T, ʩʣʝʚʘ ï ʜʝʨʝʚʦ 
1( )r T-

, ʩʧʨʘʚʘ ï ʜʝʨʝʚʦ 
1( )l T-

. 
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ʈʠʩʫʥʦʢ 1 ɹʠʝʢʮʠʠ ʤʝʞʜʫ ʇʂɼɺʂ ʠ ʇɼɺʂ 

ʆʧʨʝʜʝʣʝʥʠʝ 1. ʆʙʨʘʟʦʤ ʇʂɼɺʂ t ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ɼʦʥʘʭʴʶ ʥʘʟʳʚʘʝʪʩʷ ʜʝʨʝʚʦ 

1( ) ( )t l r tt -=  (ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʩʧʨʘʚʘ ʥʘʣʝʚʦ). 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ɼʦʥʘʭʴʶ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʝʨʝʩʪʘʥʦʚʢʫ ʥʘ ʤʥʦʞʝʩʪʚʝ 

ʜʝʨʝʚʴʝʚ ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ. ɹʫʜʝʤ ʥʘʟʳʚʘʪʴ ʝʸ ʛʨʘʬʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɼʦʥʘʭʴʶ. ʇʨʠ ʵʪʦʤ, 

ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʦʡ ʧʝʨʝʩʪʘʥʦʚʢʠ, ʢʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ [1], [4], ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʦʡ. ɼ. ʂʥʫʪ (D. Knuth) ʚ ʛʨʫʧʧʝ ʫʧʨʘʞʥʝʥʠʡ ʩʚʦʝʛʦ ʪʨʫʜʘ [5] ʩʪʘʚʠʪ ʚʦʧʨʦʩ ʦ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʪʝʭ ʦʙʲʝʢʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʜʣʠʥʘ ʮʠʢʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɼʦʥʘʭʴʶ ʨʘʚʥʘ ʜʚʫʤ. 

ʅʘʩʢʦʣʴʢʦ ʥʘʤ ʠʟʚʝʩʪʥʦ, ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʳʤ, ʯʪʦ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʝʟʠʩ ʦ ʩʣʦʞʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ. 

ʅʠʞʝ ʥʘ ʤʥʦʞʝʩʪʚʝ ʇɼɺʂ ʙʫʜʝʪ ʚʚʝʜʝʥʦ ʦʪʥʦʰʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʦʧʨʝʜʝʣʸʥʥʦʛʦ 

ʚʠʜʘ. ɽʩʣʠ ʬʘʢʪʦʨʠʟʦʚʘʪʴ ʛʨʘʬ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ɼʦʥʘʭʴʶ ʧʦ ʜʘʥʥʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, 

ʧʦʣʫʯʠʤ ʥʦʚʳʡ ʛʨʘʬ ʩ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʦʛʦ ʛʨʘʬʘ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʝʨʚʳʤ ʰʘʛʦʤ ʢ ʠʟʫʯʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɼʦʥʘʭʴʶ. 

ʆʧʨʝʜʝʣʝʥʠʝ 2. ʐʘʙʣʦʥʦʤ k-ʛʦ ʫʨʦʚʥʷ ʜʣʷ ʇɼɺʂ ʩ n ʥʝʢʦʨʥʝʚʳʤʠ ʚʝʨʰʠʥʘʤʠ 

ʥʘʟʦʚʸʤ ʥʝʢʫʙʠʯʝʩʢʦʝ ʜʝʨʝʚʦ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ: 

1. ʚʳʩʦʪʘ ʜʝʨʝʚʘ, ʪʦ ʝʩʪʴ ʥʘʠʙʦʣʴʰʘʷ ʜʣʠʥʘ ʧʫʪʠ ʦʪ ʢʦʨʥʷ ʢ ʣʠʩʪʫ, ʨʘʚʥʘ 1k+  ʨʝʙʨʫ; 

2. ʣʠʩʪʴʷ ʜʝʨʝʚʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʥʠʞʥʝʤ ʷʨʫʩʝ, ʧʦʤʝʯʝʥʳ ʥʘʪʫʨʘʣʴʥʳʤʠ ʯʠʩʣʘʤʠ; 

3. ʩʫʤʤʘ ʤʝʪʦʢ ʠ ʢʦʣʠʯʝʩʪʚʘ ʥʝʧʦʤʝʯʝʥʥʳʭ ʥʝʢʦʨʥʝʚʳʭ ʚʝʨʰʠʥ ʨʘʚʥʘ n. 

ʆʧʨʝʜʝʣʝʥʠʝ 3. ʇɼɺʂ T ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʰʘʙʣʦʥʫ P, ʝʩʣʠ T ʧʦʣʫʯʘʝʪʩʷ ʠʟ P ʧʫʪʸʤ 

ʜʦʙʘʚʣʝʥʠʷ ʥʘ ʧʦʟʠʮʠʠ ʣʠʩʪʴʝʚ ʥʠʞʥʝʛʦ ʷʨʫʩʘ ʧʦʜʜʝʨʝʚʴʝʚ, ʢʦʣʠʯʝʩʪʚʦ ʚʝʨʰʠʥ ʚ ʢʦʪʦʨʳʭ 

ʨʘʚʥʦ ʤʝʪʢʘʤ ʵʪʠʭ ʣʠʩʪʴʝʚ. 

ʅʠʞʝ ʥʘ ʨʠʩʫʥʢʝ 2 ʩʣʝʚʘ ʠʟʦʙʨʘʞʸʥ ʰʘʙʣʦʥ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ. ɺ ʮʝʥʪʨʝ ʠ ʩʧʨʘʚʘ ʥʘ ʵʪʦʤ 

ʨʠʩʫʥʢʝ ʠʟʦʙʨʘʞʝʥʳ ʜʝʨʝʚʴʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʘʥʥʦʤʫ ʰʘʙʣʦʥʫ. 

 

ʈʠʩʫʥʦʢ 2 ʐʘʙʣʦʥ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʤʫ ʜʝʨʝʚʴʷ 
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ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʘ ʙʠʝʢʮʠʷ ʤʝʞʜʫ ʥʝʢʫʙʠʯʝʩʢʠʤʠ ʜʝʨʝʚʴʷʤʠ ʠ ʨʘʩʩʪʘʥʦʚʢʘʤʠ ʩʢʦʙʦʢ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʣʠʩʪʴʷʤ ʜʝʨʝʚʴʝʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʥʠʞʥʝʤ ʷʨʫʩʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʥʫʪʨʝʥʥʠʝ 

ʧʘʨʳ ʩʢʦʙʦʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʣʦʞʝʥʥʦʩʪʠ. ʅʘʧʠʩʘʚ ʤʝʞʜʫ ʪʘʢʠʤʠ ʩʢʦʙʢʘʤʠ ʤʝʪʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʩʪʴʝʚ, ʧʦʣʫʯʠʤ ʢʦʤʧʘʢʪʥʫʶ ʟʘʧʠʩʴ ʜʣʷ ʰʘʙʣʦʥʘ ʜʝʨʝʚʘ. ʊʘʢ ʰʘʙʣʦʥ, 

ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ((2)(1)(4))()((3)). 

ʆʧʨʝʜʝʣʝʥʠʝ 4. ɻʨʘʬʦʤ ʧʦʚʦʨʦʪʦʚ m-ʛʦ ʫʨʦʚʥʷ ʜʣʷ ʜʝʨʝʚʴʝʚ ʩ n ʣʠʩʪʴʷʤʠ ʥʘʟʳʚʘʝʪʩʷ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ 
m

nG , ʚʝʨʰʠʥʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʰʘʙʣʦʥʳ m-ʛʦ ʫʨʦʚʥʷ, ʘ ʨʸʙʨʘʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʫʙʠʯʝʩʢʠʝ ʜʝʨʝʚʴʷ ʩ n ʣʠʩʪʴʷʤʠ. ʈʝʙʨʦ e ʠʜʸʪ ʦʪ ʚʝʨʰʠʥʳ 1v  ʢ 2v , ʝʩʣʠ 

ʦʙʨʘʟ ʜʝʨʝʚʘ e ʧʨʠ ʣʝʚʦʡ ʙʠʝʢʮʠʠ ( )l e  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʰʘʙʣʦʥʫ 1v , ʘ ʦʙʨʘʟ ʵʪʦʛʦ ʜʝʨʝʚʘ ʧʨʠ 

ʧʨʘʚʦʡ ʙʠʝʢʮʠʠ ( )r e  ï ʰʘʙʣʦʥʫ 2v . 

ʉʣʝʚʘ ʥʘ ʨʠʩʫʥʢʝ 3 ʠʟʦʙʨʘʞʸʥ ʛʨʘʬ ʧʦʚʦʨʦʪʦʚ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ 
1

5G . 

 

ʈʠʩʫʥʦʢ 3 ɻʨʘʬʳ 
1

5G  ʠ 
1

5[ ]G  

ʉʜʝʣʘʝʤ ʝʱʸ ʤʦʜʠʬʠʢʘʮʠʶ: çʩʢʣʝʠʤè ʚ 
m

nG  ʢʨʘʪʥʳʝ ʨʸʙʨʘ ʦʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ɼʣʷ 

ʧʦʣʫʯʝʥʥʦʛʦ ʛʨʘʬʘ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʧʠʩʴ [ ]m

nG . ɻʨʘʬ 
1

5[ ]G  ʠʟʦʙʨʘʞʸʥ ʥʘ ʈʠʩʫʥʦʢ 3 

ʩʧʨʘʚʘ. 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ( , )mc n s  ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʩʪʳʭ ʮʠʢʣʦʚ ʜʣʠʥʳ s ʚ [ ]m

nG . ɼʣʷ ʢʦʣʠʯʝʩʪʚʘ 

ʮʠʢʣʦʚ ʚ ʛʨʘʬʝ 
1[ ]nG  ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʧʨʦʠʟʚʦʜʷʱʘʷ ʬʫʥʢʮʠʷ ʠ ʥʘʡʜʝʥʘ ʷʚʥʘʷ ʬʦʨʤʫʣʘ. 

ʊʝʦʨʝʤʘ 1. ʇʨʠ 2s²  ʚʝʨʥʦ, ʯʪʦ 
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ʉʣʝʜʩʪʚʠʝ ʠʟ ʪʝʦʨʝʤʳ. ʇʨʠ 2s² , 1n s² + ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ: 
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ʊʘʢʞʝ ʘʚʪʦʨʦʤ ʙʳʣʘ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʧʝʨʝʯʠʩʣʝʥʠʷ ʮʠʢʣʦʚ ʜʣʠʥʳ 2 ʠ 3 ʚ ʛʨʘʬʝ 
2[ ]nG . 

ɹʳʣʠ ʜʦʢʘʟʘʥʳ ʩʣʝʜʫʶʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ. 

ʊʝʦʨʝʤʘ 2. 

 

2 3 4 5 6 7 8 9 10 3

2 2
3

(1 4 3 2 2 3 3 5 4 )
( ,2)

(1 3 )(1 2 )

n
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TASK OF CYCLE COUNTI NG IN THE GRAPHS OF ROTATIONS  

Byzov Viktor A. 

Vyatka State University, 36, Moskovskaya st., Kirov, 610000, Russia, vbyzov@yandex.ru 

This article describes one special transformation of combinatorial interpretations of Catalan 

numbers, which represents a rapidly complicating combinatorial dynamical system, wherein the 

interpretation size is increasing. This dynamical system is inversible; formally, it is by its nature a 

large-scale repositioning. However, its cyclic structure is so complicated so that its direct study is 

fraught with outstanding technical challenges since the repositioning cycles donôt formally interact 

with one another. As an alternative to this approach, the sequence of progressive approximations 

can be taken: the class of special orgraphs has been offered, referred to in the course of work as óthe 

graphs of level rotationô. The nodes of these graphs are the tree classes, which resolves the 

abovementioned issue. The potential efficiency of the approach is defined by the fact that the cyclic 

structure of the repositioning is the projective limit for this class of graphs. In this paper, the 

combinatorial analysis of oriented cycles, which are, in their turn, the projections of transformation 

orbits, are investigated. 

Keywords: plane trees, Donaghey's transformation, graph of rotations, generating function, 

enumeration of cycles. 
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ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʈʀʂ ʉʈɸɺʅɽʅʀʗ ʉʊʀʃʀʉʊʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʅɸʋʏʅʓʍ ʊɽʂʉʊʆɺ 

ɻʦʨʙʫʥʦʚʘ ʄʘʨʠʷ ɸʥʜʨʝʝʚʥʘ19 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, ʈʦʩʩʠʷ, 

ʇʝʨʤʴ, ʫʣ. ʉʪʫʜʝʥʯʝʩʢʘʷ, 38, gorbunova123@inbox.ru 

ʉʪʘʪʴʷ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩʪʠʣʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʫʯʥʳʭ ʪʝʢʩʪʦʚ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʨʝʮʝʥʟʠʨʦʚʘʥʠʷ ʪʝʢʩʪʘ ʥʘ ʧʨʝʜʤʝʪ ʥʘʣʠʯʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʨʘʚʥʝʥʠʷ 

ʩʪʠʣʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʢʩʪʦʚ. ɸʥʘʣʠʟ ʪʠʧʦʚʳʭ ʟʘʜʘʯ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʪʠʣʷ 

ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʤʝʪʦʜʳ ʩʨʘʚʥʝʥʠʷ ʯʠʩʣʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʢʩʪʦʚ. ɺ ʪʝʢʩʪʝ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʦʡ 

ʨʝʰʘʝʪʩʷ ʫʢʘʟʘʥʥʳʡ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʟʘʜʘʯʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʪʠʣʷ. ʄʦʜʝʣʴ ʩʨʘʚʥʝʥʠʷ 

ʩʪʠʣʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʤʝʪʦʜ ʩʨʘʚʥʝʥʠʷ ʵʪʠʭ ʤʦʜʝʣʝʡ ʠ ʩʧʦʩʦʙ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʠʣʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʢʩʪʘ, ʘ ʪʘʢʞʝ ʘʧʨʦʙʠʨʦʚʘʥʘ ʥʘ ʪʝʩʪʦʚʦʤ 

ʥʘʙʦʨʝ ʜʘʥʥʳʭ. ʄʝʪʨʠʢʠ ʩʨʘʚʥʝʥʠʷ ʩʪʠʣʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʢʩʪʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠ ʢʦʨʧʫʩʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʠʣʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʢʩʪʘ, ʩʨʘʚʥʝʥʠʝ ʪʝʢʩʪʦʚ, ʚʝʢʪʦʨʥʘʷ 

ʤʦʜʝʣʴ, ʤʘʨʢʝʨʳ ʩʪʠʣʷ, ʥʘʫʯʥʘʷ ʧʫʙʣʠʢʘʮʠʷ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʚ ʤʠʨʦʚʦʤ ʩʦʦʙʱʝʩʪʚʝ ʪʨʝʙʫʝʪ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘ 

ʘʢʘʜʝʤʠʯʝʩʢʦʤ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ, ʯʪʦ ʙʳʚʘʝʪ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʜʣʷ ʣʶʜʝʡ, ʥʝ ʷʚʣʷʶʱʠʭʩʷ 

ʥʦʩʠʪʝʣʷʤʠ ʷʟʳʢʘ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ-ʣʠʥʛʚʠʩʪʳ ʚʳʜʝʣʷʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʜʘʥʥʦʛʦ ʩʪʠʣʷ ʨʝʯʠ ʠʟ 

ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʜʙʦʨʦʢ ʪʝʢʩʪʦʚ, ʥʘʧʠʩʘʥʥʳʭ ʥʦʩʠʪʝʣʷʤʠ ʷʟʳʢʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʦʟʥʘʯʠʪʴ 

ʯʝʨʪʳ ʭʘʨʘʢʪʝʨʥʳʝ. ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩʪʠʣʴ ʪʝʢʩʪʘ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʢʦʨʧʫʩʥʦʡ 

ʣʠʥʛʚʠʩʪʠʢʠ - ʨʘʟʜʝʣʘ ʥʘʫʢʠ ʦ ʷʟʳʢʝ, ʦʩʥʦʚʳʚʘʶʱʝʛʦʩʷ ʥʘ ʠʟʫʯʝʥʠʠ ʤʘʩʩʠʚʦʚ ʪʝʢʩʪʦʚ, 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʧʦ ʢʘʢʦʤʫ-ʣʠʙʦ ʧʨʠʟʥʘʢʫ. ʇʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʪʝʢʩʪʘ çʚʨʫʯʥʫʶè ʚʝʩʴʤʘ 

ʪʨʫʜʦʟʘʪʨʘʪʥʳʡ ʧʨʦʮʝʩʩ, ʧʦʵʪʦʤʫ ʨʝʘʣʠʟʦʚʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚ ʵʪʦʤ ʧʦʤʦʯʴ [11, 12, 13]. ʇʨʠʤʝʨʘʤʠ ʟʘʜʘʯ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʪʠʣʷ ʪʝʢʩʪʘ 

ʷʚʣʷʶʪʩʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʵʢʩʧʝʨʪʠʟʘ [1, 3, 6], ʟʘʜʘʯʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʚʪʦʨʩʪʚʘ ʪʝʢʩʪʘ [2, 

10], ʘ ʪʘʢʞʝ ʟʘʜʘʯʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ [5]. ʈʝʰʝʥʠʝ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʟʘʜʘʯʠ ʧʦ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʪʠʣʷ ʪʨʝʙʫʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʪʝʢʩʪ ʚ ʬʦʨʤʝ, ʫʜʦʙʥʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ 

ʠ ʦʙʨʘʙʦʪʢʠ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʚʝʢʪʦʨʥʘʷ ʤʦʜʝʣʴ 

[4, 8], ʪʘʢʞʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʤʦʜʝʣʴ çʤʝʰʦʢ ʩʣʦʚè, ʦʙʲʝʢʪʥʘʷ ʠ ʛʨʘʬʦʚʘʷ ʤʦʜʝʣʠ. ɺ 
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ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʠʣʷ ʪʝʢʩʪʘ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʨʘʚʥʝʥʠʷ ʩ ʪʘʢʦʡ ʞʝ ʤʦʜʝʣʴʶ ʵʪʘʣʦʥʥʦʛʦ ʥʘʫʯʥʦʛʦ ʪʝʢʩʪʘ ʥʘ ʘʥʛʣʠʡʩʢʦʤ 

ʷʟʳʢʝ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʪʝʢʩʪʦʚ ʷʚʣʷʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʤʘʨʢʝʨʳ ʩʪʠʣʷ, ʚʳʜʝʣʝʥʥʳʝ ʵʢʩʧʝʨʪʥʦʡ ʛʨʫʧʧʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʚʳʩʪʫʧʘʶʪ 

ʜʚʘ ʥʘʙʦʨʘ ʩʪʠʣʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʦʜʠʥ ʜʣʷ ʪʝʢʩʪʘ ʠʣʠ ʢʦʨʧʫʩʘ ʪʝʢʩʪʦʚ, ʢʦʪʦʨʳʡ 

ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʵʪʘʣʦʥʥʳʤ, ʠ ʚʪʦʨʦʡ ï ʠʩʩʣʝʜʫʝʤʳʡ (ʩʤ. ʨʠʩʫʥʦʢ). 

ɺʝʢʪʦʨʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʢʩʪʘ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ: ʢʦʩʠʥʫʩʥʘʷ ʤʝʨʘ [7], ʝʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ [9], ʚʟʚʝʰʝʥʥʦʝ ʝʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ 

[7], ʨʘʩʩʪʦʷʥʠʝ ʛʦʨʦʜʩʢʠʭ ʢʚʘʨʪʘʣʦʚ [9] ʠ ʨʘʩʩʪʦʷʥʠʝ ʏʝʨʙʳʰʝʚʘ. ʂʦʩʠʥʫʩʥʘʷ ʤʝʨʘ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʘʷ ʜʣʷ ʨʝʰʝʥʠʷ ʪʝʢʫʱʝʡ ʟʘʜʘʯʠ, ʪʘʢ ʢʘʢ ʚ ʜʘʥʥʦʤ ʤʝʪʦʜʝ 

ʩʨʘʚʥʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʦʨʤʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʘ ʧʦ ʜʣʠʥʝ ʚʝʢʪʦʨʦʚ ʜʦʢʫʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʨʝʟʫʣʴʪʘʪ ʩʨʘʚʥʝʥʠʷ ʣʝʞʠʪ ʚ ʠʥʪʝʨʚʘʣʝ [0; 1], ʯʪʦ ʚʝʩʴʤʘ ʫʜʦʙʥʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʅʠʞʝ ʦʧʠʩʘʥ ʧʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠ ʧʦʰʘʛʦʚʦ ʥʘ ʧʨʠʤʝʨʝ ʩʨʘʚʥʝʥʠʷ 1 

ʩʪʫʜʝʥʯʝʩʢʦʡ ʨʘʙʦʪʳ ʩ 10 ʘʢʘʜʝʤʠʯʝʩʢʠʤʠ ʩʪʘʪʴʷʤʠ. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʥʘʙʦʨ ʤʘʨʢʝʨʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʢʩʧʝʨʪʦʤ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʢʩʪʘ - 

ʩʨʝʜʥʷʷ ʯʘʩʪʦʪʘ ʫʧʦʪʨʝʙʣʝʥʠʷ ʤʘʨʢʝʨʘ ʥʘ 1000 ʩʣʦʚ.  

 
ʈʠʩʫʥʦʢ. ʆʙʲʝʢʪʳ ʩʨʘʚʥʝʥʠʷ 

ʐʘʛ 1. ɺʝʢʪʦʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʪʠʣʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʢʩʪʦʚ. 

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʚʟʚʝʰʠʚʘʥʠʷ ʪʝʨʤ TF, ʩʪʠʣʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʢʩʪʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪ ʫʧʦʪʨʝʙʣʝʥʠʷ ʤʘʨʢʝʨʦʚ ʥʘ 1000 

ʩʣʦʚ.  

ʐʘʛ 2. ɺʳʯʠʩʣʝʥʠʝ ʢʦʩʠʥʫʩʥʦʡ ʤʝʨʳ ʙʣʠʟʦʩʪʠ ʜʚʫʭ ʚʝʢʪʦʨʦʚ. 
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ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʪʝʧʝʥʠ ʧʦʜʦʙʠʷ ʜʚʫʭ ʚʝʢʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤ ʚʳʙʨʘʥʥʳʡ ʨʘʥʝʝ ʤʝʪʦʜ 

ʢʦʩʠʥʫʩʥʦʡ ʤʝʨʳ. ʉʦʩʪʘʚʠʤ ʬʦʨʤʫʣʫ ʢʦʩʠʥʫʩʥʦʡ ʤʝʨʳ ʩ ʫʢʘʟʘʥʠʝʤ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ʚʝʢʪʦʨʦʚ (1): 
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q , (1) 

ʛʜʝ AV1-AV10 ï ʧʦʢʘʟʘʪʝʣʠ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʘ LV ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʫʜʝʥʯʝʩʢʦʡ 

ʨʘʙʦʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʯʠʩʣʝʥʠʝ ʢʦʩʠʥʫʩʥʦʡ ʤʝʨʳ ʚ MS Excel ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ (2). 

 
))21:2((*))21:2((

)21:2(

DDʉʋʄʄʂɺʂʆʈɽʅʔCCʉʋʄʄʂɺʂʆʈɽʅʔ

DCʉʋʄʄʇʈʆʀɿɺ
ʂʄ=  (1) 

ʛʜʝ ʜʠʘʧʘʟʦʥ C2:C21 ï ʚʝʢʪʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʫʜʝʥʯʝʩʢʦʡ ʨʘʙʦʪʳ, ʜʠʘʧʘʟʦʥ D2:D21 ï 

ʚʝʢʪʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʩʪʘʪʴʠ, ʜʠʘʧʘʟʦʥ C2:D21 ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʙʦʠʭ ʚʝʢʪʦʨʦʚ. 

ʈʝʟʫʣʴʪʘʪ ʩʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ, ʛʜʝ ʟʥʘʯʝʥʠʷ ʢʦʩʠʥʫʩʥʦʡ ʤʝʨʳ ʙʣʠʟʦʩʪʠ ʩʦ 

ʩʪʫʜʝʥʯʝʩʢʦʡ ʨʘʙʦʪʦʡ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʛʨʘʜʫʩʥʘʷ ʤʝʨʘ, ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʢʘʞʜʦʡ 

ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʩʪʘʪʴʠ ʢʦʨʧʫʩʘ.  

ʊʘʙʣʠʮʘ. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʪʝʢʩʪʦʚ 

 
ʉʪʫʜʝʥʯʝʩʢʘʷ ʨʘʙʦʪʘ ɻʨʘʜʫʩʥʘʷ ʤʝʨʘ ʫʛʣʘ 

ɸʢʘʜʝʤʠʯʝʩʢʘʷ ʩʪʘʪʴʷ 1 0,989886 8Á 

ɸʢʘʜʝʤʠʯʝʩʢʘʷ ʩʪʘʪʴʷ 2 0,449929 63Á 

ɸʢʘʜʝʤʠʯʝʩʢʘʷ ʩʪʘʪʴʷ 3 0,957742 17Á 

ɸʢʘʜʝʤʠʯʝʩʢʘʷ ʩʪʘʪʴʷ 4 0,695589 46Á 

ɸʢʘʜʝʤʠʯʝʩʢʘʷ ʩʪʘʪʴʷ 5 0,988547 9Á 

ɸʢʘʜʝʤʠʯʝʩʢʘʷ ʩʪʘʪʴʷ 6 0,981407 11Á 

ɸʢʘʜʝʤʠʯʝʩʢʘʷ ʩʪʘʪʴʷ 7 0,982755 10Á 

ɸʢʘʜʝʤʠʯʝʩʢʘʷ ʩʪʘʪʴʷ 8 0,989818 8Á 

ɸʢʘʜʝʤʠʯʝʩʢʘʷ ʩʪʘʪʴʷ 9 0,976974 12Á 

ɸʢʘʜʝʤʠʯʝʩʢʘʷ ʩʪʘʪʴʷ 10 0,984239 10Á 

ʈʝʣʝʚʘʥʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʵʢʩʧʝʨʪ, ʧʦʩʨʝʜʩʪʚʦʤ 

ʨʫʯʥʦʡ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʝʢʩʪʦʚ. ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʵʢʩʧʝʨʪʘ, ʧʨʦʚʝʨʢʘ 

ʟʘʡʤʝʪ 3 ʨʘʙʦʯʠʭ ʜʥʷ (24 ʯʝʣ.ʯ.). ʇʨʦʮʝʩʩ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʩʨʘʚʥʝʥʠʝ ʫʧʦʪʨʝʙʣʝʥʠʡ 

ʢʘʞʜʦʛʦ ʤʘʨʢʝʨʘ ʚ ʨʘʤʢʘʭ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʩʪʘʪʴʠ ʠ ʩʪʫʜʝʥʯʝʩʢʦʡ ʨʘʙʦʪʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʦʮʝʥʦʢ 20 ʤʘʨʢʝʨʦʚ ʜʣʷ 10 ʧʘʨ ʪʝʢʩʪʦʚ ʙʫʜʝʪ ʚʳʩʪʘʚʣʝʥʘ ʦʮʝʥʢʘ ʧʦʜʦʙʠʷ ʩʪʠʣʝʡ ʪʝʢʩʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʘʥʠʠ, ʢʦʪʦʨʦʡ 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʩʪʠʣʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʢʩʪʦʚ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʥʝ ʷʚʣʷʝʪʩʷ ʢʦʥʝʯʥʳʤ 
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ʨʝʟʫʣʴʪʘʪʦʤ, ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʩʚʦʝʦʙʨʘʟʥʳʡ ʢʘʨʢʘʩ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ʄʦʜʝʣʴ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʨʠʤʝʥʝʥʘ ʢ ʪʝʩʪʦʚʦʤʫ 

ʥʘʙʦʨʫ ʜʘʥʥʳʭ. 
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DEVELOPMENT OF METRI CS FOR COMPARING SCIENTIFIC TEXT STYLIST IC 

CHARAC TERISTICS 

Gorbunova Mariia A. 

National Research University Higher School of Economics, 38, Studencheskaya st., Perm, 614070, 

Russia,gorbunova123@inbox.ru 

Article describes development process of model for comparing scientific texts stylistic 

characteristics. During work, the existing systems of reviewing of the text regarding existence of a 

possibility of comparison of stylistic characteristics of texts were analysed. The analysis of standard 

problems of identification of style allowed revealing the most often applied methods of comparison 

of numerical characteristics of texts. The model according to which the specified special case of a 

problem of identification of style is solved is presented in the text of work. The model has been 

created from several components, such as method of text information representation, method of 

these models comparison and way of text stylistic characteristics representation and tested on a trial 

data set. Metrics for comparing texts stylistic characteristics can be used for paper quality control in 

education and at linguistic researches. 

Keywords: text stylistic characteristics, text comparing, vector space model, stylistic markers, 

scientific text 
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ɿɸɼɸʏɸ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆɻʆ ʇʆʀʉʂɸ ɺ ʇʈʆʄʓʐʃɽʅʅʓʍ 

ʉʊɸʅɼɸʈʊɸʍ20 

ɻʦʩʪʝʚʘ ɽʢʘʪʝʨʠʥʘ ɸʥʜʨʝʝʚʥʘ, ʃʘʥʠʥ ɺʷʯʝʩʣʘʚ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, 614070, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ʉʪʫʜʝʥʯʝʩʢʘʷ, 38, vlanin@live.com 

ʉʪʘʥʜʘʨʪʳ ʠ ʩʧʝʮʠʬʠʢʘʮʠʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʜʫʢʪʘʤ ʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤ, ʦʙʝʩʧʝʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ, 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ, ʧʦʵʪʦʤʫ ʘʢʪʫʘʣʝʥ ʚʦʧʨʦʩ ʦʨʛʘʥʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʡ ʠʭ ʦʙʨʘʙʦʪʢʠ. 

ɼʦʢʫʤʝʥʪʳ ʩʪʘʥʜʘʨʪʦʚ ʩʦʜʝʨʞʘʪ ʧʝʨʝʢʨʝʩʪʥʳʝ ʩʩʳʣʢʠ ʥʘ ʜʨʫʛʠʝ ʩʪʘʥʜʘʨʪʳ ʠ ʩʧʝʮʠʬʠʢʘʮʠʠ, 

ʦʙʲʷʩʥʷʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʦʙʣʘʩʪʴ ʟʥʘʥʠʡ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʨʘʟʫʷ ʩʝʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ. ʆʩʦʙʫʶ ʨʦʣʴ ʩʪʘʥʜʘʨʪʳ ʠʛʨʘʶʪ ʚ ʫʤʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʝʶʱʫʶʩʷ 

ʙʘʟʫ ʩʪʘʥʜʘʨʪʦʚ ʠʟ-ʟʘ ʝʝ ʩʣʘʙʦʡ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚʦʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʦʥʪʝʥʪʘ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʫʤʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʦʠʩʢ. 

ʉʪʘʥʜʘʨʪʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʈʘʙʦʪʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʤʳʩʣʠʤʘ ʙʝʟ 

ʩʪʘʥʜʘʨʪʦʚ. ʆʢʨʫʞʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ: ʢʦʤʧʴʶʪʝʨʳ, ʩʤʘʨʪʬʦʥʳ, ʧʣʘʪʝʞʥʳʝ ʪʝʨʤʠʥʘʣʳ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘ ʙʘʟʝ ʩʪʘʥʜʘʨʪʦʚ. ʅʘʧʨʠʤʝʨ, ʩʪʘʥʜʘʨʪʳ 

ʧʦʟʚʦʣʠʣʠ ʚʦ ʚʨʝʤʝʥʘ ʚʪʦʨʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʝʚʦʣʶʮʠʠ ʟʘʚʦʜʘʤ ʠ ʬʘʙʨʠʢʘʤ ʧʦʜʢʣʶʯʠʪʴʩʷ 

ʢ ʤʫʥʠʮʠʧʘʣʴʥʦʤʫ ʧʦʩʪʘʚʱʠʢʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (ʩʪʘʨʪ ʤʘʩʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʘʚʪʦʤʦʙʠʣʝʡ ʚ çFord Motor Companyè ʟʘ ʩʯʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ ʤʥʦʞʝʩʪʚʘ 

ʩʪʘʥʢʦʚ ʠ ʜʨʫʛʦʛʦ ʢʦʥʚʝʡʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ) [1]. ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ ʠ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʨʝʚʦʣʶʮʠʦʥʥʦʤʫ ʨʦʩʪʫ ʚ ʪʫ ʵʧʦʭʫ. ʉʝʡʯʘʩ, ʥʘ ʵʪʘʧʝ ʯʝʪʚʝʨʪʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʝʚʦʣʶʮʠʠ, ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʘʨʭʠʪʝʢʪʫʨʳ ʜʘʥʥʳʭ ʠ 

ʩʪʘʥʜʘʨʪʦʚ ʦʙʤʝʥʘ ʜʣʷ ʧʦʜʥʷʪʠʷ ʮʠʬʨʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʫʨʦʚʥʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  

ʄʝʪʦʜʳ ʫʤʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʝʙʫʶʪ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʧʦʩʪʘʚʱʠʢʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ 

ʫʨʦʚʥʝʡ ʩʚʷʟʝʡ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʇʦʚʳʰʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ ʚ ʜʝʡʩʪʚʠʷʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʷʭ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʘʢʪʠʚʘʤʠ (ʥʘʧʨʠʤʝʨ, ʜʝʪʘʣʝʡ, ʫʩʪʘʥʦʚʦʢ, ʜʘʪʯʠʢʦʚ ʠ 
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ʩʠʩʪʝʤ), ʧʦʙʫʞʜʘʝʪ ʧʨʝʜʧʨʠʷʪʠʝ ʦʙʤʝʥʠʚʘʪʴʩʷ ʜʘʥʥʳʤʠ ʦ ʧʨʦʜʫʢʪʘʭ ʠ ʧʨʦʮʝʩʩʘʭ ʚ 

ʩʪʘʥʜʘʨʪʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʬʦʨʤʘʪʘʭ. ʆʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠ ʦʪʜʝʣʘʤʠ 

ʚʥʫʪʨʠ ʥʠʭ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʙʝʩʧʝʨʝʙʦʡʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʙʤʝʥ 

ʠʥʬʦʨʤʘʮʠʠ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥ ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥ. ʉʪʘʥʜʘʨʪʳ ʩʣʫʞʘʪ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʳʭ ʩʦʛʣʘʰʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʦʧʨʝʜʝʣʝʥʠʷ, ʪʝʭʥʠʯʝʩʢʠʝ ʩʧʝʮʠʬʠʢʘʮʠʠ ʠ 

ʢʨʠʪʝʨʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʘʚʠʣ, ʨʫʢʦʚʦʜʩʪʚ ʠʣʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʜʫʢʪʦʚ, ʧʨʦʮʝʩʩʦʚ ʠ ʫʩʣʫʛ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʠʨʦʚʦʝ 

ʝʜʠʥʦʦʙʨʘʟʠʝ, ʧʦʟʚʦʣʷʶʪ ʫʩʪʨʘʥʠʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʙʘʨʴʝʨʳ, ʦʪʢʨʳʚʘʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʥʦʚʳʭ ʨʳʥʢʦʚ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʚ ʦʪʨʘʩʣʠ. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʥʜʘʨʪʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʝʝ:  

1. ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʩʙʦʨ, ʦʧʠʩʘʥʠʝ, ʦʨʛʘʥʠʟʘʮʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʚʝʨʩʠʡ 

ʪʨʝʙʦʚʘʥʠʡ ʠ ʩʧʝʮʠʬʠʢʘʮʠʡ ʧʨʦʜʫʢʪʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. 

2. ʇʦʚʩʝʤʝʩʪʥʳʡ ʜʦʩʪʫʧ ʢ ʘʢʪʫʘʣʴʥʳʤ ʠ ʜʦʩʪʦʚʝʨʥʳʤ ʜʘʥʥʳʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʜʫʢʪʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʮʝʧʠ. ɼʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʥʝ ʜʦʣʞʝʥ 

ʟʘʚʠʩʝʪʴ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʚʤʝʩʪʦ ʵʪʦʛʦ ʚ ʫʤʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʜʦʩʪʫʧ ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʢ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʜʘʥʥʳʤ. 

3. ʇʦʚʳʰʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʚ 

ʮʠʬʨʦʚʳʭ, ʬʠʟʠʯʝʩʢʠʭ, ʯʝʣʦʚʝʯʝʩʢʠʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʘʭ. 

4. ʉʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʟʘʢʫʧʢʠ, ʫʧʨʘʚʣʝʥʠʝ ʧʦʩʪʘʚʱʠʢʦʤ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʦʥʪʨʦʣʴ 

ʢʘʯʝʩʪʚʘ ʠ ʚʥʝʜʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʫʩʣʫʛ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʩʦʚʤʝʩʪʥʦʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʠʟʥʝʩ-ʩʨʝʜʝ. 

5. ɻʠʙʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʮʠʬʨʦʚʳʭ, ʬʠʟʠʯʝʩʢʠʭ, 

ʯʝʣʦʚʝʯʝʩʢʠʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʠʤʝʶʱʠʭʩʷ ʙʠʟʥʝʩ-

ʪʨʝʙʦʚʘʥʠʡ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ. ʇʦ ʤʝʨʝ ʫʩʢʦʨʝʥʠʷ 

ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʦʨʛʘʥʠʟʘʮʠʷʤ ʥʝʦʙʭʦʜʠʤʦ ʣʝʛʢʦ ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʤʝʞʜʫ ʥʦʚʳʤʠ 

ʧʦʢʦʣʝʥʠʷʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪ ʨʘʟʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ [2].  

ʈʘʟʨʘʙʦʪʢʘ ʩʪʘʥʜʘʨʪʦʚ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʪʘʥʜʘʨʪʳ ʚ ʥʘʰʝ ʚʨʝʤʷ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ 

ʢʘʢ ʜʦʣʞʥʦʝ, ʥʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʨʘʟʚʠʚʘʪʴ, ʯʪʦʙʳ ʠʜʪʠ ʚ ʥʦʛʫ 

ʩ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʝʡʩʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʣʘʥʜʰʘʬʪʦʤ. ɼʣʷ ʨʘʟʚʠʪʠʷ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠ ʦʙʲʝʜʠʥʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʚ ʜʣʷ ʚʟʘʠʤʥʦʡ ʚʳʛʦʜʳ ʢʦʤʠʪʝʪʳ ʧʦ ʩʪʘʥʜʘʨʪʘʤ 

ʦʨʛʘʥʠʟʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʬʦʨʫʤʳ, ʥʘ ʢʦʪʦʨʳʭ ʦʨʛʘʥʠʟʘʮʠʠ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʨʘʟʨʘʙʦʪʢʦʡ, 

ʩʦʟʜʘʥʠʝʤ ʧʨʦʪʦʪʠʧʦʚ ʠ ʧʨʦʜʚʠʞʝʥʠʝʤ ʩʪʘʥʜʘʨʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʤʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʦʙʩʫʞʜʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʪʘʥʜʘʨʪʦʚ ʠ ʦʙʲʝʜʠʥʷʶʪ ʩʚʦʠ ʨʝʩʫʨʩʳ ʜʣʷ ʠʭ ʨʘʟʨʘʙʦʪʢʠ.  
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ʂ ʪʘʢʠʤ ʦʨʛʘʥʠʟʘʮʠʷʤ ʢʘʢ ʨʘʟ ʦʪʥʦʩʠʪʩʷ ʠ ʥʝʟʘʚʠʩʠʤʘʷ ʥʝʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʘʷ 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ (ISO, International Organization for 

Standardization). ɼʘʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 165 ʩʪʨʘʥ-ʫʯʘʩʪʥʠʢʦʚ ʠ ʦʧʫʙʣʠʢʦʚʘʣʘ 

ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 22542 ʩʪʘʥʜʘʨʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʥʘʧʨʠʤʝʨ, ʪʝʭʥʦʣʦʛʠʠ, ʩʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ ʠ ʜʨʫʛʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʣʶʯʝʚʳʤ ʩʪʘʥʜʘʨʪʦʤ ʚ ʦʙʣʘʩʪʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ISO 15926 çIndustrial automation systems and 

integrationè, ʢʦʪʦʨʳʡ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʞʝ ʥʘʩʯʠʪʳʚʘʝʪ 13 ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʯʘʩʪʝʡ ʠ ʦʜʥʫ 

ʯʘʩʪʴ ʥʘ ʩʪʘʜʠʠ ʨʘʙʦʯʝʛʦ ʯʝʨʥʦʚʠʢʘ. ʆʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʤʦʜʝʣʠ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʠʩʧʳʪʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ, ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʚʘʣʠʜʘʮʠʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʣʦʛʠʶ ʫʧʨʦʱʝʥʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʨʘʚʦʯʥʳʭ 

ʜʘʥʥʳʭ, ʢʦʤʧʣʝʢʩʥʳʡ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʧʣʘʥʠʨʦʚʘʥʠʷ ʘʢʪʠʚʦʚ [3]. 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʘʷ ʢʦʤʠʩʩʠʷ (IEC, International Electrotechnical 

Commission) ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʝʡ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʝʡʩʷ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʘʭ ʜʣʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʪʝʭʥʦʣʦʛʠʡ. IEC ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT, Internet of Things). ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʫʙʣʠʢʘʮʠʠ ʦʪ IEC ʨʘʩʩʤʦʪʨʠʤ çInternet of Things: Wireless Sensor 

Networksè, ʚ ʢʦʪʦʨʦʡ ʦʙʩʫʞʜʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ 

ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʢʦʥʪʝʢʩʪʝ IoT, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʩʪʘʥʜʘʨʪʦʚ [4]. ʊʘʢʞʝ, ʩʦʚʤʝʩʪʥʳʤʠ ʫʩʠʣʠʷʤʠ ISO ʠ IEC ʩʦʟʜʘʣʠ ʩʧʝʮʠʘʣʴʥʦʝ 

ʧʦʜʨʘʟʜʝʣʝʥʠʝ ï ISO/IEC JTC 1 (ISO/IEC Join Technical Committee 1), ʢʦʪʦʨʦʝ ʟʘʥʠʤʘʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʦʡ ʛʣʦʙʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʜʝʣʦʚʳʭ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. 

ɽʱʝ ʦʜʥʘ ʥʝʢʦʤʤʝʨʯʝʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʦʙʱʝʩʪʚʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ (ISA, 

International Society of Automation) ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʪʘʥʜʘʨʪʳ ʜʣʷ ʪʝʭ, ʢʪʦ ʧʨʠʤʝʥʷʝʪ 

ʠʥʞʝʥʝʨʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʠ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ) ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚʘʞʥʝʡʰʠʭ ʦʙʲʝʢʪʘʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺ ʧʝʯʝʥʴ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʘʥʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʩʪʘʥʜʘʨʪʦʚ ʚʭʦʜʠʪ ISA-95 çEnterprise-Control System Integrationè ï 

ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʪʘʥʜʘʨʪ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʤʝʞʜʫ 

ʧʨʝʜʧʨʠʷʪʠʝʤ ʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ, ʮʝʣʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʪʝʨʤʠʥʦʣʦʛʠʠ (ʦʩʥʦʚʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ ʧʦʩʪʘʚʱʠʢʦʤ ʠ 

ʠʟʛʦʪʦʚʠʪʝʣʝʤ), ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʦʧʝʨʘʮʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ [5]. 
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ʇʦʤʠʤʦ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʨʘʟʚʠʪʠʝʤ ʩʪʘʥʜʘʨʪʦʚ ʟʘʥʠʤʘʶʪʩʷ 

ʠ ʪʘʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʘʢ OPC Foundation (ʩʪʘʥʜʘʨʪʳ ʧʦ ʙʝʟʦʧʘʩʥʦʤʫ ʠ ʥʘʜʝʞʥʦʤʫ ʦʙʤʝʥʫ 

ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʦʙʣʘʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ), OAGi (ʩʪʘʥʜʘʨʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʢʘʢ ʚʥʫʪʨʠ, ʪʘʢ ʠ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ), MIMOSA 

(ʩʪʘʥʜʘʨʪʳ ʠʥʪʝʛʨʘʮʠʡ ʦʧʝʨʘʮʠʡ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ), MESA International (ʩʪʘʥʜʘʨʪʳ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ) [2]. 

ʇʨʦʙʣʝʤʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʢʦʩʠʩʪʝʤʘ ʩʪʘʥʜʘʨʪʦʚ 

ʫʤʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʦʣʝʝ 50 ʨʘʟʣʠʯʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʠ 

ʦʙʟʦʨ ʢʦʪʦʨʳʭ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ [6]. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʫʞʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (ʥʘʧʨʠʤʝʨ, ISA-95 ʠʣʠ IEC 62264), ʥʝʢʦʪʦʨʳʝ ʞʝ ʩʦʟʜʘʶʪʩʷ ʧʦ ʤʝʨʝ 

ʨʘʟʚʠʪʠʷ ʫʤʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʥʘʧʨʠʤʝʨ, ISO 12100). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1, ʤʥʦʛʠʝ 

ʩʪʘʥʜʘʨʪʳ (ʢʦʥʢʨʝʪʥʦ ʟʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʩʪʘʥʜʘʨʪʳ ʠʥʪʝʛʨʘʮʠʠ) ʧʝʨʝʩʝʢʘʶʪʩʷ 

ʠʣʠ ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʪʘʥʜʘʨʪʳ MIMOSA ʠ ISA-95 ʩ ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ 

ʜʝʪʘʣʠʟʘʮʠʠ ʦʧʠʩʳʚʘʶʪ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʠʭ ʘʢʪʠʚʦʚ, ISO 10303 

- STEP ʠ ISO-15926 ʚʢʣʶʯʘʶʪ ʧʦʜʜʝʨʞʢʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʨʦʜʫʢʪʝ. ʊʘʢʞʝ, IEC ʚʝʜʝʪ ʨʘʟʨʘʙʦʪʢʫ ʩʪʘʥʜʘʨʪʦʚ ʚ ʦʙʣʘʩʪʠ IoT, ʩʚʷʟʘʥʥʳʭ ʩ ʜʘʪʯʠʢʘʤʠ ʠ 

ʜʘʥʥʳʤʠ, ʧʦʩʪʫʧʘʶʱʠʤʠ ʠʟ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʦʚʧʘʜʘʪʴ ʚ 

ʥʝʢʦʪʦʨʦʤ ʨʦʜʝ ʩ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʧʝʮʠʬʠʢʘʮʠʝʡ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ OPC UA. 

 

ʈʠʩʫʥʦʢ 1. ʇʨʠʤʝʨʳ ʩʪʘʥʜʘʨʪʦʚ ʠʥʪʝʛʨʘʮʠʠ ʚ ʫʤʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʊʘʢʦʡ ʟʘʧʫʪʘʥʥʳʡ ʠ ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʣʘʥʜʰʘʬʪ ʩʦʟʜʘʝʪ ʧʨʦʙʣʝʤʳ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʦʚ ï ʢʘʢ ʯʝʣʦʚʝʢ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʥ ʩʧʝʮʠʘʣʠʩʪʦʤ ʠʣʠ ʥʝʪ, 

ʩʤʦʞʝʪ ʥʘʡʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʩʨʝʜʠ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʩʪʘʥʜʘʨʪʦʚ? ʈʝʰʝʥʠʝʤ 

ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʥʘʯʘʣ ʟʘʥʠʤʘʪʴʩʷ ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ʩʪʘʥʜʘʨʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ (NIST) ʠ ʚ 
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2013 ʧʨʝʜʩʪʘʚʠʣ NIST Ontological Visualization Interface for Standards (NOVIS) ï ʩʠʩʪʝʤʫ ʜʣʷ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʩ ʪʝʨʤʠʥʦʣʦʛʠʝʡ ʠʟ ʩʪʘʥʜʘʨʪʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʫʩʪʦʡʯʠʚʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. ɼʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʦʪʦʙʨʘʞʘʝʪ ʩʦʜʝʨʞʘʥʠʝ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ (ʚ ʦʩʥʦʚʥʦʤ ISO) ʩ ʧʦʤʦʱʴʶ ʦʥʪʦʣʦʛʠʠ, ʦʧʠʩʘʥʥʦʡ ʥʘ ʷʟʳʢʝ Web 

Ontology Language (OWL), ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪ ʙʦʣʴʰʦʡ ʩʝʪʝʚʦʡ ʛʨʘʬ ʪʝʨʤʠʥʦʚ. NOVIS 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʚʠʟʫʘʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʥʘʚʠʛʘʮʠʠ ʧʦ ʙʦʣʴʰʠʤ ʩʝʪʷʤ 

ʪʝʨʤʠʥʦʚ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʦʠʪʴ ʧʨʦʩʪʳʝ ʠ ʩʣʦʞʥʳʝ ʚʦʧʨʦʩʳ, ʘ ʪʘʢʞʝ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ 

ʚʳʙʨʘʥʥʳʝ ʪʝʨʤʠʥʳ ʚ ʫʜʦʙʥʳʡ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʬʦʨʤʘʪ (HTML ʠʣʠ Excel ʬʘʡʣ). 

ʈʝʘʣʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʥʘ ʷʟʳʢʝ Java, ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʜʦʙʘʚʣʝʥʠʷ ʦʥʪʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʨʝʜʘʢʪʦʨ Protege, ʜʣʷ ʝʝ ʚʠʟʫʘʣʠʟʘʮʠʠ - ʦʩʥʦʚʘʥʥʳʡ ʥʘ Java ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ Prefuse, ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʟʘʧʨʦʩʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʷʟʳʢ SPARQL [7].  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʨʘʩʩʤʦʪʨʠʤ ʟʘʧʨʦʩ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʧʦʠʩʢ ʪʝʨʤʠʥʘ 

çproductè ʠʟ ʩʪʘʥʜʘʨʪʦʚ ISO. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʩʣʦʞʥʳʡ ʟʘʧʨʦʩ ʩʦ ʩʣʝʜʫʶʱʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʤʳ ʠʱʝʤ ʪʝʨʤʠʥʳ (çType ï Termè), ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ çproductè (çProperty ï 

definition ï productè) ʚ ʩʪʘʥʜʘʨʪʘʭ ISO (çRelation ï adaptedFrom ï ISOè). ɼʣʷ ʜʘʥʥʦʛʦ ʟʘʧʨʦʩʘ 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ 11 ʨʝʟʫʣʴʪʘʪʦʚ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.  

 

ʈʠʩʫʥʦʢ 2. ɺʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʟʘʧʨʦʩʘ ʚ ʩʠʩʪʝʤʝ NOVIS 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʘʷ ʥʘʚʠʛʘʮʠʷ ʧʦ ʩʭʝʤʝ, 

ʥʘʩʪʨʦʡʢʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʨʘʩʰʠʨʝʥʥʦʛʦ ʧʦʠʩʢʦʚʦʛʦ ʟʘʧʨʦʩʘ. ʂ 

ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʝʝ: ʦʛʨʘʥʠʯʝʥʥʳʡ ʥʘʙʦʨ ʩʪʘʥʜʘʨʪʦʚ, 
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ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʦʥʪʦʣʦʛʠʡ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʙʘʟʳ 

ʟʥʘʥʠʡ ʩʠʩʪʝʤʳ.  

ɺ 2015 ʛʦʜʫ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ (Small 

Business Innovation Research Program, SBIR) ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʚʘ ʨʝʰʝʥʠʷ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ ʥʘ ʦʩʥʦʚʝ NOVIS - Visual Ontological Language for Technical Standards (VOLTS) ʠ A 

Tool for Building Semantically Interoperable Specification and Standards. ʉʠʩʪʝʤʘ VOLTS ʦʪ 

ʢʦʤʧʘʥʠʠ Aztera ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ, 

ʢʦʪʦʨʘʷ ʙʳʣʘ ʩʦʟʜʘʥʘ ʥʘ ʦʩʥʦʚʝ ʢʦʥʮʝʧʮʠʡ NOVIS, ʤʦʜʝʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (MDE) ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʝʨʩʠʷʤʠ (VCS). ɼʘʥʥʳʡ ʧʨʦʝʢʪ ʠʤʝʝʪ ʜʚʝ 

ʬʘʟʳ: ʥʘ ʧʝʨʚʦʡ ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʠʤʧʦʨʪʘ/ʵʢʩʧʦʨʪʘ ʠ ʧʨʦʩʤʦʪʨʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʪʘʥʜʘʨʪʦʚ, ʥʘ ʚʪʦʨʦʡ ʨʘʙʦʪʘʝʪ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ, ʩʚʷʟʳʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʚʝʨʩʠʡ ʩʪʘʥʜʘʨʪʦʚ [8]. ɺʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʨʦʝʢʪ ʦʪ ʢʦʤʧʘʥʠʠ XSB ʧʝʨʝʨʦʩ ʚ ʧʨʦʝʢʪ 

SWISS (The Semantic Web for Interoperable Specifications and Standards), ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʝʥ 

ʥʘ ʩʦʟʜʘʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʥʦʚʳʭ ʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʧʝʮʠʬʠʢʘʮʠʡ, 

ʠʩʧʦʣʴʟʫʷ ʦʥʪʦʣʦʛʠʶ [9]. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʠʥʜʝʢʩʘʮʠʶ 

ʩʣʘʙʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʪʝʢʩʪʘ ʩʪʘʥʜʘʨʪʦʚ ʥʘ ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʧʨʝʚʨʘʱʘʷ 

ʢʦʨʧʫʩ ʩʪʘʥʜʘʨʪʦʚ ʚ ʙʘʟʫ çʫʤʥʳʭè ʜʦʢʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ çʧʦʥʠʤʘʶʪè, ʩ ʯʝʤ ʦʥʠ ʩʚʷʟʘʥʳ, 

çʧʦʯʝʤʫè ʦʥʠ ʩʚʷʟʘʥʳ ʠ ʩʦʩʪʦʷʥʠʝ ʵʪʦʡ ʩʚʷʟʠ. ʄʦʞʥʦ ʜʘʞʝ ʩʢʘʟʘʪʴ, ʯʪʦ ʪʘʢʘʷ ʤʦʜʝʣʴ 

ʥʘʧʦʤʠʥʘʝʪ ʢʦʥʮʝʧʮʠʶ IoT ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠʟ ʩʪʘʥʜʘʨʪʦʚ ʠ ʩʧʝʮʠʬʠʢʘʮʠʡ. 

ɺ ʨʘʤʢʘʭ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʧʨʦʚʦʜʠʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʠʥʜʝʢʩʘʮʠʶ ʜʦʢʫʤʝʥʪʦʚ ʩʪʘʥʜʘʨʪʦʚ, ʚʳʷʚʣʝʥʠʝ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʜʦʢʫʤʝʥʪʘʤʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʨʧʫʩʘ ʩʪʘʥʜʘʨʪʦʚ ʢʘʢ ʝʜʠʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʦʚ, ʪʦ ʝʩʪʴ ʠʟʚʣʝʯʝʥʠʝ ʟʥʘʥʠʡ ʚ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʤ ʚʠʜʝ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʙʫʜʝʪ ʧʦʜʜʝʨʞʢʘ ʨʘʙʦʪʳ ʩ 

ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʥʘ ʨʫʩʩʢʦʤ ʠ ʘʥʛʣʠʡʩʢʠʭ ʷʟʳʢʘʭ. 
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Russia, vlanin@live.com 

Standards and specifications are widely used in industry to define requirements for products and 

business processes, ensure interoperability, safety and quality, so the main question is how best to 

apply them in the process of own production? Standards play a special role in smart manufacturing, 

since the documents, as the documents contain cross-references to other standards and 

specifications, explaining the same area of knowledge, together forming a network of interrelated 

standards. One of the problems at the moment is the inability to effectively use the existing 

standards base due to its weak structure. This paper discusses the need to create a system of 

semantic search and content visualization of industry standards. 

Keywords: industrial standards, smart manufacturing, intelligent search. 
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ʉʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʜʠʜʘʢʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʘʩʝʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʧʨʠʤʝʨʝ ʢʫʨʩʘ 

ʠʥʬʦʨʤʘʪʠʢʠ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ ʥʘʙʦʨʳ ʫʯʝʙʥʳʭ ʟʘʜʘʥʠʡ 

ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʦʚ ʠ ʫʨʦʚʥʝʡ ʩʣʦʞʥʦʩʪʠ. ʋʩʣʦʚʠʷ ʟʘʜʘʯʠ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʬʘʩʝʪʥʫʶ 

ʬʦʨʤʫʣʫ, ʩʪʨʫʢʪʫʨʘ ʠ ʧʨʠʤʝʨʳ ʢʦʪʦʨʦʡ ʧʨʠʚʦʜʷʪʩʷ ʚ ʩʪʘʪʴʝ. ʌʘʩʝʪʥʘʷ ʬʦʨʤʫʣʘ ʩʦʦʪʥʦʩʠʪʩʷ 

ʩ ʦʙʦʙʱʝʥʥʦʡ ʩʭʝʤʦʡ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ï ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʥʝʢʦʪʦʨʦʛʦ ʪʠʧʘ. 

ʇʦʩʪʨʦʝʥʠʝ ʬʘʩʝʪʥʦʡ ʬʦʨʤʫʣʳ ʜʦʧʫʩʢʘʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ, ʯʪʦ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʫʯʠʪʝʣʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʜʠʜʘʢʪʠʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʘʩʝʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʠʪʝʣʝʡ ʠʥʬʦʨʤʘʪʠʢʠ, ʢʘʢ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʜʠʜʘʢʪʠʢʠ, ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʨʘʟʥʦʫʨʦʚʥʝʚʳʭ 

ʘʚʪʦʨʩʢʠʭ ʟʘʜʘʥʠʡ, ʥʦ ʠ ʨʘʩʰʠʨʠʪʴ ʤʝʪʦʜʠʢʫ ʦʙʫʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʢʠ ʩʨʝʜʩʪʚʦʤ 

ʬʦʨʤʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʟʘʜʘʯʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-

ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʫʯʠʪʝʣʝʡ ʠʥʬʦʨʤʘʪʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ 

ʟʘʜʘʥʠʡ, ʬʘʩʝʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʬʘʩʝʪʥʘʷ ʬʦʨʤʫʣʘ ʟʘʜʘʯʠ, ʦʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʫʯʠʪʝʣʝʡ ʠʥʬʦʨʤʘʪʠʢʠ 

ʚʢʣʶʯʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʚʳʢʦʚ ʚʣʘʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʷʤʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʜʠʜʘʢʪʠʢʠ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʫʯʘʱʠʤʩʷ, ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʢʠ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ [1]. 

ɺʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʫʤʝʥʠʝ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʜʠʜʘʢʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʪʦʨʦʛʦ 

ʚ ʫʩʣʦʚʠʷʭ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ [2]. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ 

ʙʦʣʴʰʠʝ ʥʘʙʦʨʳ ʨʘʟʥʦʫʨʦʚʥʝʚʳʭ ʫʯʝʙʥʳʭ ʟʘʜʘʥʠʡ ʠ ʜʦʧʫʩʢʘʶʱʠʭ ʠʭ ʧʨʦʩʪʫʶ 

ʘʚʪʦʤʘʪʠʟʘʮʠʶ, ʷʚʣʷʝʪʩʷ ʬʘʩʝʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ. 
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ʌʘʩʝʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʝʪ ʫʯʝʙʥʫʶ ʟʘʜʘʯʫ ʥʘ ʦʩʥʦʚʝ ʬʘʩʝʪʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʨʠ 

ʵʪʦʤ ʫʯʝʙʥʘʷ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʠʟ ʵʣʝʤʝʥʪʦʚ ʜʚʫʭ ʪʠʧʦʚ: ʠʟʤʝʥʷʝʤʳʝ (ʬʘʩʝʪʥʳʝ ʧʨʠʟʥʘʢʠ) ʠ 

ʥʝʠʟʤʝʥʷʝʤʳʝ (ʙʘʟʦʚʳʝ ʩʣʦʚʘ). ɺʘʨʴʠʨʦʚʘʥʠʝ ʬʘʩʝʪʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯ ʦʜʥʦʡ ʪʝʤʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʦʨʤʫʣʠʨʦʚʢʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ 

ʦʙʫʯʘʝʤʦʤʫ ʟʘ ʩʯʝʪ ʧʦʩʪʨʦʝʥʠʷ ʙʦʣʴʰʠʭ ʥʘʙʦʨʦʚ ʨʘʟʥʦʫʨʦʚʥʝʚʳʭ ʦʜʥʦʪʠʧʥʳʭ ʟʘʜʘʥʠʡ, ʥʦ ʠ 

ʧʦʟʚʦʣʷʝʪ ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʩʪʨʫʢʪʫʨʫ ʟʘʜʘʯʠ, ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʝʝ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʦʪʥʝʩʪʠ ʩ 

ʥʝʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ.  

ʆʧʠʨʘʷʩʴ ʥʘ ʣʦʢʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʬʘʩʝʪʥʳʭ ʪʝʩʪʦʚ, ʚʚʝʜʝʥʥʳʭ ɸ.ʀ. ɸʨʭʠʧʦʚʦʡ ʥʘʤʠ 

ʧʨʝʜʣʦʞʝʥ ʧʨʦʮʝʩʩ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʬʘʩʝʪʥʦʡ ʬʦʨʤʫʣʳ ʟʘʜʘʯʠ [3, 4]. ʌʦʨʤʫʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʥʘʙʦʨ ʬʘʩʝʪʦʚ (ʬʘʩʝʪʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʙʘʟʦʚʳʭ ʩʣʦʚ), ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ʟʘʜʘʯʠ 

ʠ ʧʦʟʚʦʣʷʶʱʠʭ ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʦʜʥʦʪʠʧʥʳʭ ʟʘʜʘʯ. 

ʌʘʩʝʪʥʳʝ ʬʦʨʤʫʣʳ ʜʝʣʷʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʩʣʦʞʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʬʘʩʝʪʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʠʭ ʩʦʜʝʨʞʘʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ ʬʘʩʝʪʥʫʶ ʬʦʨʤʫʣʫ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʫʶ ʥʘʤʠ ʧʦ ʨʘʟʜʝʣʫ: 

çʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝè: çɼʘʥ {ʌ1}. ɽʩʣʠ ʦʥ {ʌ2}, ʪʦ {ʌ3} {ʌ4} ʵʣʝʤʝʥʪʳè [5]. ɿʜʝʩʴ {ʌ1} ï 

ʬʘʩʝʪʥʳʡ ʧʨʠʟʥʘʢ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ʦʜʥʦʤʝʨʥʳʡ 

ʤʘʩʩʠʚ, ʬʘʡʣ, ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʩʧʠʩʦʢ, ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ ʩʧʠʩʦʢ. {ʌ2} ï ʧʨʠʟʥʘʢ ʩʚʦʡʩʪʚʘ 

ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ; ʝʛʦ ʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ: ʫʧʦʨʷʜʦʯʝʥ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ, ʫʧʦʨʷʜʦʯʝʥ ʧʦ 

ʫʙʳʚʘʥʠʶ, ʟʥʘʢʦʯʝʨʝʜʫʶʱʠʡʩʷ, ʥʝ ʟʥʘʢʦʯʝʨʝʜʫʶʱʠʡʩʷ, ʩʠʤʤʝʪʨʠʯʥʳʡ ʠ ʪ.ʜ. {ʌ3} ï 

ʧʨʠʟʥʘʢ ʜʝʡʩʪʚʠʷ: ʟʘʤʝʥʠʪʴ ʥʘ ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ N, ʫʚʝʣʠʯʠʪʴ ʥʘ ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ N, ʫʤʝʥʴʰʠʪʴ 

ʥʘ ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ N, ʚʦʟʚʝʩʪʠ ʚ ʩʪʝʧʝʥʴ N, ʫʜʘʣʠʪʴ ʠ ʜʨ. {ʌ4} ï ʬʘʩʝʪʥʳʡ ʧʨʠʟʥʘʢ ʩʚʦʡʩʪʚʘ 

ʵʣʝʤʝʥʪʘ: ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʦʪʨʠʮʘʪʝʣʴʥʳʝ, ʯʝʪʥʳʝ, ʥʝʯʝʪʥʳʝ, ʢʨʘʪʥʳʝ ʯʠʩʣʫ K, ʥʝ ʢʨʘʪʥʳʝ 

ʯʠʩʣʫ K, ʧʨʦʩʪʳʝ, ʩʦʚʝʨʰʝʥʥʳʝ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ [a,b], ʦʢʘʥʯʠʚʘʶʱʠʝʩʷ ʥʘ ʯʠʩʣʦ K ʠ ʪ.ʜ. 

çɼʘʥè, çɽʩʣʠ ʦʥè, çʪʦè ʠ çʵʣʝʤʝʥʪʳè ï ʵʪʦ ʙʘʟʦʚʳʝ (ʥʝʠʟʤʝʥʷʝʤʳʝ) ʩʣʦʚʘ. ʀʩʧʦʣʴʟʫʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʬʘʩʝʪʥʫʶ ʬʦʨʤʫʣʫ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʥʘʧʨʠʤʝʨ, ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: çɼʘʥ 

ʦʜʥʦʤʝʨʥʳʡ ʤʘʩʩʠʚ. ɽʩʣʠ ʦʥ ʥʝʩʠʤʤʝʪʨʠʯʥʳʡ, ʪʦ ʟʘʤʝʥʠʪʴ ʚʩʝ ʯʝʪʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘ 

ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ Nè, çɼʘʥ ʬʘʡʣ. ɽʩʣʠ ʦʥ ʫʧʦʨʷʜʦʯʝʥ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ, ʪʦ ʚʦʟʚʝʩʪʠ ʚ ʢʚʘʜʨʘʪ 

ʚʩʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳè, çɼʘʥ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ ʩʧʠʩʦʢ. ɽʩʣʠ ʦʥ ʟʥʘʢʦʯʝʨʝʜʫʶʱʠʡʩʷ, 

ʪʦ ʫʚʝʣʠʯʠʪʴ ʥʘ ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ N ʢʨʘʪʥʳʝ ʧʷʪʠ ʵʣʝʤʝʥʪʳè, çɼʘʥ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʩʧʠʩʦʢ. 

ɽʩʣʠ ʦʥ ʥʝʫʧʦʨʷʜʦʯʝʥ ʧʦ ʫʙʳʚʘʥʠʶ, ʪʦ ʫʜʘʣʠʪʴ ʧʨʠʥʘʜʣʝʞʘʱʠʝ [a,b] ʵʣʝʤʝʥʪʳè. 
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Flag = <initial value>; 

for (i=0; i<n; i++) 

 if (condition1) Flag=< modified value>; 

if (Flag) 

{for (i=0; i<n; i++) 

  if (condition2) {action} } 

for (i=0; i<n; i++) 

 { output on display}  

ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ ʚ ʬʘʩʝʪʥʫʶ ʬʦʨʤʫʣʫ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʜʘʥʥʦʛʦ ʪʠʧʘ. ʊʘʢʦʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ ʥʘʟʦʚʝʤ 

ʦʙʦʙʱʝʥʥʦʡ ʩʭʝʤʦʡ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ ʬʘʩʝʪʥʦʡ ʬʦʨʤʫʣʳ 

ʦʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʥʘ ʷʟʳʢʝ C++ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ: 

ʈʠʩʫʥʦʢ. ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ 

ɿʜʝʩʴ ʧʝʨʚʳʝ ʪʨʠ ʩʪʨʦʢʠ ʩʭʝʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʘʩʝʪʥʦʤʫ ʧʨʠʟʥʘʢʫ ʩʚʦʡʩʪʚʘ ʩʪʨʫʢʪʫʨʳ 

ʜʘʥʥʳʭ (ʌ2); <condition2> ʦʧʨʝʜʝʣʷʝʪ ʬʘʩʝʪʥʳʡ ʧʨʠʟʥʘʢ ʜʝʡʩʪʚʠʷ (ʌ3), ʘ <action> 

ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʬʘʩʝʪʥʳʤ ʧʨʠʟʥʘʢʦʤ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʘ (ʌ4). ɿʘʤʝʥʘ ʬʘʩʝʪʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚ 

ʬʦʨʤʫʣʝ ʢʦʥʢʨʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʟʚʦʣʷʝʪ ʥʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʥʦʡ ʩʭʝʤʳ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʜʠʜʘʢʪʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ï ʪʝʭʥʦʣʦʛʠʠ ʬʘʩʝʪʦʚ ï ʚ 

ʦʙʫʯʝʥʠʠ ʠʥʬʦʨʤʘʪʠʢʝ ʧʦʟʚʦʣʷʝʪ, ʦʙʝʩʧʝʯʠʪʴ ʫʯʠʪʝʣʷ ʤʦʱʥʳʤ ʩʨʝʜʩʪʚʦʤ ʨʘʟʨʘʙʦʪʢʠ 

ʘʚʪʦʨʩʢʠʭ ʟʘʜʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʦʚ ʠ ʫʨʦʚʥʝʡ ʩʣʦʞʥʦʩʪʠ. ʇʦʩʪʨʦʝʥʠʝ ʬʘʩʝʪʥʦʡ 

ʬʦʨʤʫʣʳ ʤʦʞʝʪ ʙʳʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʢʨʦʩʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ ʜʦ 

ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʘʩʝʪʥʳʭ ʬʦʨʤʫʣ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʫʯʠʪʝʣʷ 

ʠʥʬʦʨʤʘʪʠʢʠ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʤʝʥʠʷ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʘʚʪʦʨʩʢʠʝ ʟʘʜʘʯʠ, ʨʘʩʰʠʨʝʥʠʷ 

ʤʝʪʦʜʠʢʠ ʦʙʫʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʢʝ ʩʨʝʜʩʪʚʦʤ ʬʦʨʤʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʟʘʜʘʯ ʧʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ; ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʧʦʩʪʨʦʝʥʠʷ ʥʘʙʦʨʦʚ ʨʘʟʥʦʫʨʦʚʥʝʚʳʭ ʟʘʜʘʥʠʡ. 
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FACETT TECHNOLOGIES IN THE PROCESS OF FORMATION OF PROFESSIONAL 

AND PEDAGOGICAL COMP ETENCE OF INFORMATIC S TEACHERS 

Grushevskii Sergey P., Dobrovolskaia Natalia U., Kharchenko Anna V. 

Kuban State University, 149, Stavropolskay st., Krasnodar, 350040, spg@kubsu.ru 

An integral part of professional and pedagogical competence is the design of the didactic support of 

the educational process. The article proposes the use of facet technology to support this process on 

the example of an informatics course. The technology allows you to develop large sets of training 

tasks of various formats and levels of complexity. The conditions of the problem are transformed 

into a facet formula, the structure and examples of which are given in the article. The facet formula 

is related to a generalized problem-solving scheme ð a formalized algorithm of some type. 

Building a facet formula allows automation, which can provide teachers with an effective means of 

computer didactics. The use of facet technology in the professional activity of informatics teachers 

as a computer didactic technology allows not only to optimize the development time of authorôs 

different-level tasks, but also to expand the informatics teaching methodology by means of 

formalizing the task structure, which ensures the development of professional pedagogical 

competence of information teachers. 

Keywords. Professional-pedagogical competence, design tasks, facet technology, the facet formula 

of the problem, a generalized scheme. 
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ʋɼʂ 004.43 

ʌʈɽʁʄɺʆʈʂ REACT ʂɸʂ ʕʌʌɽʂʊʀɺʅʓʁ ʉʆɺʈɽʄɽʅʅʓʁ ʀʅʉʊʈʋʄɽʅʊ 

ɺɽɹ-ʈɸɿʈɸɹʆʊʂʀ22 

ɼʝʥʠʩʦʚʘ ʖʣʠʷ ɸʣʝʢʩʝʝʚʥʘ, ʐʝʩʪʘʢʦʚ ɸʣʝʢʩʘʥʜʨ ʇʝʪʨʦʚʠʯ 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʫʤʘʥʠʪʘʨʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614990, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ʉʠʙʠʨʩʢʘʷ, 24, denisova@pspu.ru 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʚʝʙ-ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɺr ʧʦʣʥʝʥ 

ʦʙʟʦʨ ʦʜʥʦʛʦ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʥʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʩ 

ʧʦʤʦʱʴʶ JavaScript. ʌʨʝʡʤʚʦʨʢʠ ʩʠʣʴʥʦ ʠʟʤʝʥʠʣʠ ʤʠʨ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʩʪʘʣʠ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʨʝʡʤʚʦʨʢʘ 

React, ʝʛʦ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ. ʆʙʩʫʞʜʘʝʪʩʷ ʦʩʥʦʚʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʬʨʝʡʤʚʦʨʢʘ React ï ʢʦʤʧʦʥʝʥʪʳ. ʇʨʠʚʦʜʷʪʩʷ ʵʪʘʧʳ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ ʚ 

React.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: JavaScript, ʬʨʝʡʤʚʦʨʢ, React, ʚʝʙ-ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. 

JavaScript ʷʚʣʷʝʪʩʷ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ, ʨʘʟʨʘʙʦʪʢʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʠ ʘʜʘʧʪʠʚʥʳʭ 

ʠʥʪʝʨʬʝʡʩʦʚ, ʠʟʤʝʥʝʥʠʷ ʚʝʙ-ʩʘʡʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʜʨʫʛʠʭ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʚʝʙ-ʩʘʡʪʘ ʠʣʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ JavaScript ʦʯʝʥʴ ʚʘʞʥʦ ʚʳʙʨʘʪʴ 

ʧʦʜʭʦʜʷʱʠʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʧʨʦʝʢʪʘ. ʕʪʦ ʧʦʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʠʪʴ ʧʨʦʮʝʩʩ 

ʨʘʟʨʘʙʦʪʢʠ, ʩʦʭʨʘʥʠʪʴ ʢʦʜ ʦʨʛʘʥʠʟʦʚʘʥʥʳʤ, ʦʙʝʩʧʝʯʠʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪʳ ʠ 

ʦʙʱʠʡ ʫʩʧʝʭ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʵʬʬʝʢʪʠʚʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʚʳʩʪʫʧʘʶʪ JavaScript-ʬʨʝʡʤʚʦʨʢʠ. 

ʌʨʝʡʤʚʦʨʢ ð ʰʘʙʣʦʥ (ʟʘʛʦʪʦʚʢʘ) ʜʣʷ ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʡ 

ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʳ; ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʦʙʣʝʛʯʘʶʱʝʝ ʨʘʟʨʘʙʦʪʢʫ ʠ ʦʙʲʝʜʠʥʝʥʠʝ 

ʨʘʟʥʳʭ ʤʦʜʫʣʝʡ ʚʝʙ-ʧʨʦʝʢʪʘ [1]. 

ɺʳʙʦʨ ʧʦʜʭʦʜʷʱʝʛʦ ʬʨʝʡʤʚʦʨʢʘ JavaScript ʟʘʚʠʩʠʪ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʮʝʣʝʡ ʧʨʦʜʫʢʪʘ, 

ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʝʢʪʘ, ʦʙʱʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʝʛʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ 

ʩʣʫʯʘʝ. ʈʘʟʨʘʙʦʪʯʠʢʠ, ʚʣʘʜʝʶʱʠʝ ʪʝʭʥʦʣʦʛʠʷʤʠ ʨʘʙʦʪʳ ʩ ʬʨʝʡʤʚʦʨʢʘʤʠ JavaScript, 

ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʪʨʫʜʘ.  

ʇʝʨʚʦʝ ʤʝʩʪʦ ʚ ʩʧʠʩʢʝ ʣʫʯʰʠʭ JavaScript-ʬʨʝʡʤʚʦʨʢʦʚ ʥʘ 2019 ʛʦʜ ʟʘʥʠʤʘʝʪ React.JS. 

React ï ʵʪʦ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʥʝʥʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 
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ʠʥʪʝʨʬʝʡʩʦʚ ʩ ʧʦʤʦʱʴʶ JavaScript. React ʩʣʫʞʠʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʙʥʦʚʣʷʪʴ ʠ ʦʪʦʙʨʘʞʘʪʴ ʜʘʥʥʳʝ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʟʘʛʨʫʟʢʠ ʩʪʨʘʥʠʮʳ.  

ʉʪʘʪʠʩʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

Å 475 ʪʳʩʷʯ ʚʝʙ-ʩʘʡʪʦʚ ʚ ʩʝʪʠ ʨʘʙʦʪʘʶʪ ʥʘ React. 

Å 64,8% ʨʘʟʨʘʙʦʪʯʠʢʦʚ JavaScript ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪ React. 

Å ɿʘʥʠʤʘʝʪ ʧʝʨʚʦʝ ʤʝʩʪʦ ʧʦ ʧʦʧʫʣʷʨʥʦʩʪʠ ʩʨʝʜʠ ʛʦʪʦʚʳʭ JavaScript-

ʬʨʝʡʤʚʦʨʢʦʚ ʚ ʦʧʨʦʩʝ State Of JS (ʩʤ. ʨʠʩʫʥʦʢ). 

 

ʈʠʩʫʥʦʢ. ʈʝʡʪʠʥʛ State Of JS ʬʨʝʡʤʚʦʨʢʦʚ JavaScript [2] 

ʆʙʩʫʜʠʤ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ React. 

ɼʦʩʪʦʠʥʩʪʚʘ: 

1) ɺʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ - React ʠʟʚʝʩʪʝʥ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ 

ʛʠʙʢʦʩʪʴʶ. ʆʥ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʠʥʪʝʛʨʠʨʦʚʘʥ ʩ ʜʨʫʛʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ 

ʧʨʦʙʣʝʤ. ʊʘʢʞʝ React ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ, ʪʘʢ ʠ ʥʘ ʩʪʦʨʦʥʝ 

ʩʝʨʚʝʨʘ. 

2) ʉʦʚʤʝʩʪʠʤʦʩʪʴ ï ʣʝʛʢʠʡ ʧʝʨʝʭʦʜ ʦʪ ʩʪʘʨʳʭ ʚʝʨʩʠʡ ʢ ʥʦʚʳʤ. 

3) ʃʝʛʢʘʷ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʥʝʥʪʦʚ - ʘʨʭʠʪʝʢʪʫʨʘ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʦʤʦʛʘʝʪ ʧʦʚʳʩʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʜʘ ʠ ʦʙʣʝʛʯʠʪʴ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʝʢʪʘʭ. 

4) ʆʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦʪʦʢ ʜʘʥʥʳʭ - ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʜʘʥʥʳʭ ʯʝʨʝʟ 

ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ ʧʦʤʦʛʘʝʪ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʣʶʙʳʝ ʠʟʤʝʥʝʥʠʷ, ʚʥʝʩʝʥʥʳʝ ʚ 

ʩʪʨʫʢʪʫʨʫ ʜʦʯʝʨʥʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʝ ʚʣʠʷʶʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʨʦʜʠʪʝʣʴʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

5) ʈʝʥʜʝʨʠʥʛ. ʄʥʦʛʠʝ ʩʭʦʞʠʝ ʩ React ʬʨʝʡʤʚʦʨʢʠ ʨʘʙʦʪʘʶʪ ʩ DOM ʥʘʧʨʷʤʫʶ. ɸ 

ʠʥʪʝʨʬʝʡʩʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʩʣʦʞʥʝʝ. ʀ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ DOM 
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ʥʘʧʨʷʤʫʶ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ. ɺ React ʨʝʰʠʣʠ ʵʪʫ 

ʧʨʦʙʣʝʤʫ, ʚʥʝʜʨʠʚ ʢʦʥʮʝʧʮʠʶ Virtual DOM. 

ʅʝʜʦʩʪʘʪʢʠ: 

1) ʉʣʦʞʥʳʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ - ʤʥʦʛʠʝ ʨʘʟʨʘʙʦʪʯʠʢʠ ʥʘʭʦʜʷʪ React ʩʣʠʰʢʦʤ ʩʣʦʞʥʳʤ ʜʣʷ 

ʩʚʦʠʭ ʮʝʣʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʬʨʝʡʤʚʦʨʢʘʤʠ. ɼʦʙʘʚʣʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ ʤʦʞʝʪ 

ʙʳʪʴ ʥʝʥʫʞʥʦʡ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʧʨʦʝʢʪʦʚ. 

2) ʅʝʭʚʘʪʢʘ ʦʬʠʮʠʘʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɹr ʩʪʨʘʷ ʨʘʟʨʘʙʦʪʢʘ React ʥʝ ʦʩʪʘʚʣʷʝʪ ʤʝʩʪʘ ʜʣʷ 

ʧʨʘʚʠʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʢʦʪʦʨʘʷ ʥʝ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʪʘʢ ʢʘʢ ʤʥʦʛʠʝ 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʚʥʦʩʷʪ ʚ ʥʝʸ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ. 

3) ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʙʦʨʢʠ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ React 

ʪʨʝʙʫʝʪʩʷ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʙʦʨʢʠ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʜʨʫʛʠʤʠ 

ʙʠʙʣʠʦʪʝʢʘʤʠ ʠ ʩʨʝʜʘʤʠ. 

ʇʨʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʝʜʦʩʪʘʪʢʘʭ, React ʚʳʧʦʣʥʷʝʪ ʟʘʜʘʯʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʥ 

ʧʨʝʜʥʘʟʥʘʯʝʥ, ʠ ʧʨʝʫʩʧʝʚʘʝʪ ʚ ʪʝʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʜʨʫʛʠʝ ʬʨʝʡʤʚʦʨʢʠ ʪʝʨʧʷʪ ʥʝʫʜʘʯʫ. 

ɺ ʦʩʥʦʚʝ ʚʩʝʭ ʧʨʠʣʦʞʝʥʠʡ React ʣʝʞʘʪ ʢʦʤʧʦʥʝʥʪʳ, ʷʚʣʷʶʱʝʝʩʷ ʯʘʩʪʴʶ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ʇʦʵʪʦʤʫ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʨʠʣʦʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ React, 

ʩʦʟʜʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʥʝʟʘʚʠʩʠʤʳʭ ʠ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʟʘʪʝʤ ʠʭ 

ʦʙʲʝʜʠʥʷʶʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ. 

ʂʘʞʜʦʝ ʧʨʠʣʦʞʝʥʠʝ React ʠʤʝʝʪ ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʠʥ ʢʦʤʧʦʥʝʥʪ, ʨʦʜʠʪʝʣʴʩʢʠʡ. ʆʥ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʠ ʩʦʜʝʨʞʠʪ ʜʨʫʛʠʝ ʜʦʯʝʨʥʠʝ ʢʦʤʧʦʥʝʥʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʦʝ 

ʧʨʠʣʦʞʝʥʠʝ React ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʝʨʘʨʭʠʶ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʉʘʤʳʤ ʙʦʣʴʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʦʞʥʦ 

ʠʟʤʝʥʠʪʴ ʪʦʪ ʠʣʠ ʠʥʦʡ ʢʦʤʧʦʥʝʥʪ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʦʩʪʘʣʴʥʳʝ. ʕʪʘ 

ʬʫʥʢʮʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ, ʢʦʛʜʘ ʦʥʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʛʜʝ 

ʜʘʥʥʳʝ ʯʘʩʪʦ ʠʟʤʝʥʷʶʪʩʷ. ʂʘʞʜʳʡ ʨʘʟ, ʢʦʛʜʘ ʣʶʙʳʝ ʜʘʥʥʳʝ ʜʦʙʘʚʣʷʶʪʩʷ, React 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʙʥʦʚʣʷʝʪ ʢʦʥʢʨʝʪʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʦʛʦ ʬʘʢʪʠʯʝʩʢʠ 

ʠʟʤʝʥʠʣʦʩʴ. ʕʪʦ ʠʟʙʘʚʣʷʝʪ ʙʨʘʫʟʝʨ ʦʪ ʧʝʨʝʟʘʛʨʫʟʢʠ ʚʩʝʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ 

ʠʟʤʝʥʝʥʠʡ. 

ɺ React ʝʩʪʴ ʜʚʘ ʪʠʧʘ ʜʘʥʥʳʭ: props (ʧʨʦʧʩʳ) ʠ state (ʩʦʩʪʦʷʥʠʝ). ʂʣʶʯʝʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ 

ʚ ʪʦʤ, ʯʪʦ state ï ʵʪʦ ʧʨʠʚʘʪʥʳʡ ʪʠʧ ʜʘʥʥʳʭ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥ ʠʟʥʫʪʨʠ ʢʦʤʧʦʥʝʥʪʘ. 

Props, ʥʘʦʙʦʨʦʪ, ʷʚʣʷʶʪʩʷ ʚʥʝʰʥʠʤʠ ʠ ʥʝ ʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴʩʷ ʩʘʤʠʤ ʢʦʤʧʦʥʝʥʪʦʤ. ʆʥʠ 

ʧʝʨʝʜʘʶʪʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚʳʰʝ ʧʦ ʠʝʨʘʨʭʠʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʫʧʨʘʚʣʷʶʪ ʠ 

ʜʘʥʥʳʤʠ.  
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ʕʪʘʧʳ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ ʚ React [3]. 

1. ʈʘʟʙʠʪʴ ʠʥʪʝʨʬʝʡʩ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʅʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʦʥʘʣ ʢʘʞʜʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ (ʠ ʧʦʜʢʦʤʧʦʥʝʥʪʘ) ʚ ʤʘʢʝʪʝ ʠ ʜʘʪʴ ʠʤ ʠʤʝʥʘ. ɽʩʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ 

ʢʦʤʧʦʥʝʥʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʝʛʦ ʩʣʝʜʫʝʪ ʨʘʟʙʠʪʴ ʥʘ ʧʦʜʢʦʤʧʦʥʝʥʪʳ.  

2. ʉʦʟʜʘʥʠʝ ʩʪʘʪʠʯʝʩʢʦʡ ʚʝʨʩʠʠ ʚ React. ʊʝʧʝʨʴ, ʢʦʛʜʘ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʠʝʨʘʨʭʠʯʝʩʢʦʤ ʧʦʨʷʜʢʝ, ʧʨʠʰʣʦ ʚʨʝʤʷ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʠʣʦʞʝʥʠʝ. ʉʘʤʳʡ ʣʸʛʢʠʡ ʩʧʦʩʦʙ ð 

ʩʦʟʜʘʪʴ ʚʝʨʩʠʶ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʤʦʜʝʣʴ ʜʘʥʥʳʭ ʠ ʨʝʥʜʝʨʠʪ (ʚʠʟʫʘʣʠʟʠʨʫʝʪ) ʠʥʪʝʨʬʝʡʩ, 

ʥʦ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʠʢʘʢʦʡ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ. ɺ ʢʦʥʮʝ ʵʪʦʛʦ ʵʪʘʧʘ ʧʦʷʚʠʪʩʷ ʙʠʙʣʠʦʪʝʢʘ 

ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʪʦʙʨʘʞʘʶʱʠʭ ʤʦʜʝʣʴ ʜʘʥʥʳʭ. 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ (ʥʦ ʧʦʣʥʦʮʝʥʥʦʛʦ) ʦʪʦʙʨʘʞʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʠʥʪʝʨʬʝʡʩʘ. 

ʏʪʦʙʳ ʩʜʝʣʘʪʴ ʧʨʠʣʦʞʝʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʤ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʠʮʠʠʨʦʚʘʪʴ 

ʠʟʤʝʥʝʥʠʷ ʚ ʩʚʦʝʡ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʜʘʥʥʳʭ. React ʦʙʣʝʛʯʘʝʪ ʵʪʦ, ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʩʦʩʪʦʷʥʠʷ (state). ʉʦʩʪʦʷʥʠʝ - ʵʪʦ ʦʙʲʝʢʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʯʘʩʪʠ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ. ʋ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʦʸ ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʚʦʡʩʪʚʝ ʦʙʲʝʢʪʘ this.state. 

4. ʆʧʨʝʜʝʣʠʪʴ, ʥʘ ʢʘʢʦʤ ʫʨʦʚʥʝ ʠʝʨʘʨʭʠʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʩʦʩʪʦʷʥʠʝ, ʪ.ʝ. ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʧʨʝʜʝʣʠʣʩʷ ʤʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʩʦʩʪʦʷʥʠʷ ʧʨʠʣʦʞʝʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʡ ʢʦʤʧʦʥʝʥʪ ʚʣʘʜʝʝʪ ʵʪʠʤ ʩʦʩʪʦʷʥʠʝʤ ʠ ʠʟʤʝʥʷʝʪ ʝʛʦ. 

5. ɼʦʙʘʚʣʝʥʠʝ ʦʙʨʘʪʥʦʛʦ ʧʦʪʦʢʘ ʜʘʥʥʳʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʟʜʘʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ ʠ ʧʨʠʣʦʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ React.  

ɺ ʮʝʣʦʤ, ʬʨʝʡʤʚʦʨʢ React ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ɽʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʫʩʢʦʨʷʝʪ ʨʘʟʨʘʙʦʪʢʫ ʟʘ ʩʯʝʪ 

ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʥʘ ʥʘʧʠʩʘʥʠʝ ʢʦʜʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʠʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ʂʨʫʧʥʳʝ ʢʦʤʧʘʥʠʠ, ʪʘʢʠʝ ʢʘʢ Netflix, Yahoo, Instagram, 

Facebook, WhatsApp, ʉʙʝʨʙʘʥʢ, PayPal, Microsoft, BBC, ʠʩʧʦʣʴʟʫʶʪ React ʚ ʢʘʯʝʩʪʚʝ 

ʙʘʟʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ. 
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Currently, web programming technologies are actively developing. We have reviewed one of the 

most effective modern web development tools that can be used to create component-oriented user 

interfaces using JavaScript. Frameworks have greatly changed the world of programming and have 

become an integral part of the development process. The characteristic of the React framework, its 

advantages and disadvantages, as well as the possibility of application for the implementation and 

creation of interactive user interfaces are considered. Discusses the core capability framework React 

ï components. The steps of creating an application in React are given. 

Keywords: JavaScript, framework, React, web programming. 
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ʋɼʂ 616.92/.93 

ɼʀʌʌɽʈɽʅʎʀɸʃʔʅɸʗ ɼʀɸɻʅʆʉʊʀʂɸ ʉʀʅɼʈʆʄɸ ʕʅɼʆɻɽʅʅʆʁ 

ʀʅʊʆʂʉʀʂɸʎʀʀ ʋ ɼɽʊɽʁ23 

ɼʝʨʶʰʝʚʘ ɸʥʥʘ ʖʨʴʝʚʥʘ, ʇʝʨʤʷʢʦʚʘ ɸʥʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɽ.ɸ. ɺʘʛʥʝʨʘ, 

614000, ʇʝʨʤʴ, ʫʣ. ʇʝʪʨʦʧʘʚʣʦʚʩʢʘʷ 26, derucheva@mail.ru 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʠʥʜʨʦʤʘ ʵʥʜʦʛʝʥʥʦʡ 

ʠʥʪʦʢʩʠʢʘʮʠʠ, ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʧʨʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʠʰʝʯʥʳʭ ʠʥʬʝʢʮʠʷʭ. ɼʣʷ ʨʘʩʯʝʪʘ 

ʚʝʨʦʷʪʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʝʡʢʦʮʠʪʘʨʥʳʝ ʠʥʜʝʢʩʳ ʧʦʢʘʟʘʪʝʣʝʡ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʫ 

ʜʝʪʝʡ, ʛʦʩʧʠʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦ ʧʦʚʦʜʫ ʦʩʪʨʦʡ ʢʠʰʝʯʥʦʡ ʠʥʬʝʢʮʠʠ. ʆʙʱʠʡ ʘʥʘʣʠʟ ʢʨʦʚʠ 

ʙʨʘʣʠ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʩʪʘʮʠʦʥʘʨ, ʜʘʣʝʝ ʧʨʦʚʦʜʠʣʠ ʩʪʘʥʜʘʨʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ 

ʚʝʨʠʬʠʢʘʮʠʠ ʵʪʠʦʣʦʛʠʠ ʟʘʙʦʣʝʚʘʥʠʷ (ʙʘʢʪʝʨʠʘʣʴʥʘʷ/ʚʠʨʫʩʥʘʷ). ɺ ʦʙʝʠʭ ʛʨʫʧʧʘʭ ʩʨʘʚʥʠʚʘʣʠ 

ʣʝʡʢʦʮʠʪʘʨʥʳʝ ʠʥʜʝʢʩʳ, ʧʨʠʯʝʤ, ʪʦʣʴʢʦ ʜʣʷ ʷʜʝʨʥʦʛʦ ʠʥʜʝʢʩʘ ʠʥʪʦʢʩʠʢʘʮʠʠ ʧʦʣʫʯʝʥʳ 

ʜʦʩʪʦʚʝʨʥʳʝ ʨʘʟʣʠʯʠʷ ʚ 2 ʨʘʟʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠ ʧʦʤʦʱʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ. ʆʧʨʝʜʝʣʝʥʘ ʬʦʨʤʫʣʘ 

ʚʝʨʦʷʪʥʦʩʪʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʵʪʠʦʣʦʛʠʠ ʢʠʰʝʯʥʦʡ ʠʥʬʝʢʮʠʠ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʡ ʟʥʘʯʝʥʠʷ 

ʷʜʝʨʥʦʛʦ ʠʥʜʝʢʩʘ ʠʥʪʦʢʩʠʢʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʪʠ, ʢʠʰʝʯʥʳʝ ʠʥʬʝʢʮʠʠ, ʣʝʡʢʦʮʠʪʘʨʥʳʡ ʠʥʜʝʢʩ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʚʣʝʢʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʮʝʣʷʭ ʥʘʫʯʥʦʛʦ ʧʦʟʥʘʥʠʷ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʠʭ ʩʦʟʜʘʥʠʝ ʥʝʢʦʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ, ʟʘʜʘʶʱʝʛʦ ʧʦʚʝʜʝʥʠʝ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ. ɺ ʩʣʫʯʘʝ ʞʠʚʦʛʦ ʦʙʲʝʢʪʘ, ʢʦʛʜʘ ʩʠʩʪʝʤʘ-ʦʨʠʛʠʥʘʣ ʩʦʩʪʦʠʪ ʠʟ 

ʤʥʦʞʝʩʪʚʘ ʧʦʜʩʠʩʪʝʤ, ʧʦʚʝʜʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦ ʠ ʟʘʚʠʩʠʪ ʦʪ ʩʣʫʯʘʡʥʳʭ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ, ʦʩʥʦʚʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʷʚʣʷʶʪʩʷ ʘʣʛʦʨʠʪʤʳ, ʠʤʠʪʠʨʫʶʱʠʝ ʧʨʦʮʝʩʩʳ 

ʚ ʦʨʠʛʠʥʘʣʝ ï ʵʪʦ ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʶʪ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʪʝʦʨʠʶ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʠʤʫʣʷʮʠʶ ʥʘ ʦʩʥʦʚʝ 

ʘʛʝʥʪʦʚ, 3D-ʚʠʨʪʫʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʤʳ ʚʳʙʨʘʣʠ ʩʠʥʜʨʦʤ ʵʥʜʦʛʝʥʥʦʡ 

ʠʥʪʦʢʩʠʢʘʮʠʠ, ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʧʨʠ ʦʩʪʨʳʭ ʢʠʰʝʯʥʳʭ ʠʥʬʝʢʮʠʷʭ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʵʪʠʦʣʦʛʠʠ. 

ʄʘʨʢʝʨʘʤʠ ʜʘʥʥʦʛʦ ʩʠʥʜʨʦʤʘ ʤʦʛʫʪ ʙʳʪʴ ʦʙʱʝʠʟʚʝʩʪʥʳʝ ʣʝʡʢʦʮʠʪʘʨʥʳʝ ʠʥʜʝʢʩʳ, 

ʚʳʯʠʩʣʝʥʠʝ ʢʦʪʦʨʳʭ ʜʦʩʪʫʧʥʦ ʚ ʨʫʪʠʥʥʦʡ ʧʨʘʢʪʠʢʝ. ʇʨʦʙʣʝʤʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʪʘʨʪʦʚʘʷ 

ʪʝʨʘʧʠʷ ʦʩʪʨʳʭ ʢʠʰʝʯʥʳʭ ʠʥʬʝʢʮʠʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʷʚʣʷʝʪʩʷ ʵʤʧʠʨʠʯʝʩʢʦʡ, 

ʧʦʩʢʦʣʴʢʫ ʤʥʦʛʦʦʙʨʘʟʠʝ ʠ ʥʝʩʧʝʮʠʬʠʯʥʦʩʪʴ ʢʣʠʥʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʳʭ ʜʘʥʥʳʭ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʫʩʪʘʥʦʚʠʪʴ ʵʪʠʦʣʦʛʠʶ ʟʘʙʦʣʝʚʘʥʠʷ (ʙʘʢʪʝʨʠʘʣʴʥʫʶ/ʚʠʨʫʩʥʫʶ). ʇʦʵʪʦʤʫ 
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʦʙʱʝʛʦ ʘʥʘʣʠʟʘ ʢʨʦʚʠ (ʆɸʂ) ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʧʦʩʢʦʣʴʢʫ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʢʠʰʝʯʥʦʡ ʠʥʬʝʢʮʠʠ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʢʨʠʪʝʨʠʠ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ, ʨʘʟʚʠʚʘʶʱʝʡʩʷ 

ʧʨʠ ʠʥʚʘʟʠʚʥʦʤ ʭʘʨʘʢʪʝʨʝ ʧʘʪʦʣʦʛʠʠ, ʥʘʭʦʜʷʪʩʷ ʚ ʪʝʩʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ [1].  

ʎʝʣʴ. ʆʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʵʥʜʦʛʝʥʥʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ ʧʨʠ ʢʠʰʝʯʥʳʭ 

ʠʥʬʝʢʮʠʷʭ ʫ ʜʝʪʝʡ ʨʘʥʥʝʛʦ ʚʦʟʨʘʩʪʘ, ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ ʣʝʡʢʦʮʠʪʘʨʥʳʭ ʠʥʜʝʢʩʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʙʘʟʝ ʜʝʪʩʢʦʛʦ 

ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʂɼʀʂɹ ʛ ʇʝʨʤʠ ʚ 2017 ʛ. ʇʨʦʚʝʜʝʥ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ 

ʠʩʪʦʨʠʡ ʙʦʣʝʟʥʠ 76 ʜʝʪʝʡ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 3 ʣʝʪ, ʧʦʩʪʫʧʠʚʰʠʭ ʥʘ ʣʝʯʝʥʠʝ ʧʦ ʧʦʚʦʜʫ ʦʩʪʨʦʡ 

ʢʠʰʝʯʥʦʡ ʠʥʬʝʢʮʠʠ, ʧʨʦʷʚʣʷʚʰʝʡʩʷ ʜʠʘʨʝʝʡ, ʨʚʦʪʦʡ, ʙʦʣʷʤʠ ʚ ʞʠʚʦʪʝ. ʇʨʠ ʧʦʤʦʱʠ 

ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʘ 

ʵʪʠʦʣʦʛʠʯʝʩʢʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ʜʠʘʛʥʦʟʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 2 ʩʦʧʦʩʪʘʚʠʤʳʝ 

ʛʨʫʧʧʳ ʜʝʪʝʡ: 32 ʨʝʙʝʥʢʘ, ʫ ʢʦʪʦʨʳʭ ʟʘʙʦʣʝʚʘʥʠʝ ʙʳʣʦ ʚʳʟʚʘʥʦ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ 

ʚʦʟʙʫʜʠʪʝʣʷʤʠ ʪʠʧʘ Salmonella ʠ Chigella, ʠ 44 ʨʝʙʝʥʢʘ ʩ ʜʠʩʧʝʧʩʠʝʡ ʚʠʨʫʩʥʦʡ ʵʪʠʦʣʦʛʠʠ. 

ʂʣʠʥʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʣʦ: ʩʙʦʨ ʞʘʣʦʙ, ʠʟʫʯʝʥʠʝ ʘʥʘʤʥʝʟʘ ʞʠʟʥʠ ʠ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʦʙ̡ ʝʢʪʠʚʥʳʡ ʦʩʤʦʪʨ. ɿʘʙʦʨ ʦʙʱʝʛʦ ʘʥʘʣʠʟʘ ʢʨʦʚʠ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʠʟʚʦʜʠʣʩʷ 

ʨʘʩʯʝʪ ʣʝʡʢʦʮʠʪʘʨʥʳʭ ʠʥʜʝʢʩʦʚ, ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʧʝʨʚʳʡ ʜʝʥʴ ʛʦʩʧʠʪʘʣʠʟʘʮʠʠ, ʜʦ ʥʘʯʘʣʘ 

ʣʝʯʝʥʠʷ. 

ʃʝʡʢʦʮʠʪʘʨʥʳʝ ʠʥʜʝʢʩʳ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ: 

ʃʝʡʢʦʮʠʪʘʨʥʳʡ ʠʥʜʝʢʩ ʠʥʪʦʢʩʠʢʘʮʠʠ (ʃʀʀ), ʬʦʨʤʫʣʘ ɻ.ɸ. ɼʘʰʪʘʷʥʮʘ:  

 
( )

( )1
1./1/234

+³+

+³+³+³+³
=

ʵʦʟʠʥʦʬʠʣʳʣʠʤʬʦʮʠʪʳʤʦʥʦʮʠʪʳ

ʢʣʧʣʷʩʷʧʶʥʳʝʤʠʝʣʦʮʠʪʳ
ʃʀʀ   

ʃʠʤʬʦʮʠʪʘʨʥʳʡ ʠʥʜʝʢʩ (ʃʀ): 

 
ʤʦʥʦʮʠʪʳ

ʣʠʤʬʦʮʠʪʳ
ʃʀ=   

ʗʜʝʨʥʳʡ ʠʥʜʝʢʩ (ʗʀʀ): 

 
( )

ʷʩ

ʷʧʶʥʳʝʤʦʥʦʮʠʪʳ
ʗʀ

/

/++
= ,  

ʛʜʝ ʧ/ʷ ï ʧʘʣʦʯʢʦʷʜʝʨʥʳʝ ʥʝʡʪʨʦʬʠʣʳ (%), ʩ/ʷ ï ʩʝʛʤʝʥʪʦʷʜʝʨʥʳʝ ʥʝʡʪʨʦʬʠʣʳ (%), ʧʣ.ʢʣ. ï 

ʧʣʘʟʤʘʪʠʯʝʩʢʠʝ ʢʣʝʪʢʠ (%), ʜʦʣʷ ʤʠʝʣʦʮʠʪʦʚ, ʤʦʥʦʮʠʪʦʚ, ʣʠʤʬʦʮʠʪʦʚ, ʵʦʟʠʥʦʬʠʣʦʚ 

ʫʢʘʟʳʚʘʝʪʩʷ ʚ %. ʇʦʢʘʟʘʪʝʣʠ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʨʝʛʠʦʥʘʨʥʳʤʠ ʥʦʨʤʘʤʠ ʜʣʷ ʜʘʥʥʦʛʦ ʚʦʟʨʘʩʪʘ 

[2]. ɿʘ ʚʦʟʨʘʩʪʥʫʶ ʥʦʨʤʫ ʙʳʣʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ʜʣʷ ʃʀʀ - ʦʪ 0,08 ʜʦ 0,2, ʃʀ ï 

9,2-44,0, ʗʀʀ ï 0,08-0,32.  
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ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ. 

ʇʦʩʢʦʣʴʢʫ ʟʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ (ʥʘʣʠʯʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʠʥʬʝʢʮʠʠ ʫ ʧʘʮʠʝʥʪʘ ï ʜʘ/ʥʝʪ), 

ʙʠʥʘʨʥʘ, ʠ ʧʦʜʯʠʥʷʝʪʩʷ ʙʠʥʦʤʠʥʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʨʠʤʝʥʷʣʠ ʣʦʛʠʩʪʠʯʝʩʢʫʶ 

ʨʝʛʨʝʩʩʠʶ. ʇʨʦʚʝʨʢʫ ʟʥʘʯʠʤʦʩʪʠ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʢʨʠʪʝʨʠʷ ɢ2, 

ʦʪʚʝʨʛʘʶʱʝʛʦ ʥʫʣʝʚʫʶ ʛʠʧʦʪʝʟʫ, ʯʪʦ ʚʩʝ ʦʮʝʥʠʚʘʝʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʚʥʳ ʥʫʣʶ, ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ RĮ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʜʦʣʶ ʚʘʨʠʘʮʠʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʧʨʠʟʥʘʢʘ y, 

ʦʙʲʷʩʥʷʝʤʫʶ ʨʝʛʨʝʩʩʠʝʡ, ʚ ʦʙʱʝʡ ʚʘʨʠʘʮʠʠ (ʜʠʩʧʝʨʩʠʠ). ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʦʧʠʩʳʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʩʣʝʜʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ (ʄ), ʩ ʫʢʘʟʘʥʠʝʤ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (ɼʀ). ʉʚʷʟʠ ʤʝʞʜʫ 

ʥʦʤʠʥʘʣʴʥʳʤʠ ʠ ʧʦʨʷʜʢʦʚʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ ʭʠ-

ʢʚʘʜʨʘʪ (ɢ2). ʈʘʟʥʠʮʘ ʟʥʘʯʠʤʘ ʧʨʠ p<0,05. ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʘʥʳ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ 

Excel (Microsoft Corp), Deductor Studio.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ɺ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʥʘʙʣʶʜʝʥʠʷ ʚ 

78,0%(25/32) ʩʣʫʯʘʝʚ ʫʩʪʘʥʦʚʣʝʥ ʜʠʘʛʥʦʟ ʩʘʣʴʤʦʥʝʣʣʝʟ, ʚ 22,0% (7/32) - ʰʠʛʝʣʣʝʟ. ɺ 

ʢʣʠʥʠʯʝʩʢʦʡ ʢʘʨʪʠʥʝ ʟʘʙʦʣʝʚʘʥʠʷ ʜʝʪʝʡ ʵʪʦʡ ʛʨʫʧʧʳ ʧʨʝʦʙʣʘʜʘʣʠ ʷʚʣʝʥʠʷ ʠʥʪʦʢʩʠʢʘʮʠʠ. ɺʦ 

ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʧʨʠʯʠʥʦʡ ʟʘʙʦʣʝʚʘʥʠʷ ʷʚʣʷʣʩʷ ʨʦʪʘʚʠʨʫʩ ʚ 31,8%(14/44) ʩʣʫʯʘʝʚ, ʫ 

68,2%(30/44) ʟʘʙʦʣʝʚʰʠʭ ʫʩʪʘʥʦʚʣʝʥʘ ʩʤʝʰʘʥʥʘʷ ʵʪʠʦʣʦʛʠʷ (ʨʦʪʘʚʠʨʫʩ ʠ ʋʇʌ). ʋʩʣʦʚʥʦ-

ʧʘʪʦʛʝʥʥʘʷ ʬʣʦʨʘ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ, ʚ ʦʩʥʦʚʥʦʤ, St. aureus. Kl. pneumoniae, Morganella 

morganii ʠ E. Coli ʣʘʢʪʦʟʦʥʝʛʘʪʠʚʥʘʷ. ʂʣʠʥʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʟʘʙʦʣʝʚʘʥʠʷ ʜʝʪʝʡ ʚʪʦʨʦʡ ʛʨʫʧʧʳ 

ʧʨʦʪʝʢʘʣʘ ʧʦ ʪʠʧʫ ʵʢʩʠʢʦʟʘ. ɺ ʣʝʡʢʦʮʠʪʘʨʥʦʡ ʬʦʨʤʫʣʝ ʫ ʜʝʪʝʡ ʦʙʝʠʭ ʛʨʫʧʧ ʦʧʨʝʜʝʣʷʣʩʷ 

ʫʤʝʨʝʥʥʳʡ ʥʝʡʪʨʦʬʠʣʝʟ, ʯʪʦ ʟʘʪʨʫʜʥʷʣʦ ʧʦʩʪʘʥʦʚʢʫ ʜʠʘʛʥʦʟʘ. 

ʇʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʣʝʡʢʦʮʠʪʘʨʥʳʭ ʠʥʜʝʢʩʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʜʝʪʝʡ ʦʙʝʠʭ ʛʨʫʧʧ ʃʀʀ 

ʙʳʣ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ ʥʦʨʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ: ʃʀʀ1 ʛʨʫʧʧʘ = 2,7 (ɼʀ 1,13;3,2), ʃʀʀ2 ʛʨʫʧʧʘ = 2,5 

(ɼʀ 1,3;2,8). ɿʥʘʯʝʥʠʷ ʃʀ, ʚ ʦʙʝʠʭ ʛʨʫʧʧʘʭ ʙʳʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʛʨʘʥʠʮ ʥʦʨʤʳ: 

ʃʀ1 ʛʨʫʧʧʘ = 6,72(ɼʀ3,7;7,7), ʃʀ2 ʛʨʫʧʧʘ = 8,2(ɼʀ3,2;10,8). ʀ, ʪʦʣʴʢʦ ʜʣʷ ʗʀʀ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʨʘʟʣʠʯʠʷ: ʗʀʀ1 ʛʨʫʧʧʘ = 0,24 (ɼʀ 0,15;0,31), ʗʀʀ2 ʛʨʫʧʧʘ = 0,42 (ɼʀ 

0,25;0,57), (ʨ=0,003). ʇʨʠʤʝʥʠʚ ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʨʝʛʨʝʩʩʠʶ, ʦʧʨʝʜʝʣʠʣʠ ʬʦʨʤʫʣʫ ʚʝʨʦʷʪʥʦʩʪʠ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʵʪʠʦʣʦʛʠʠ ʦʩʪʨʦʡ ʢʠʰʝʯʥʦʡ ʠʥʬʝʢʮʠʠ:  
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ʛʜʝ ʈ - ʚʝʨʦʷʪʥʦʩʪʴ (%) ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʵʪʠʦʣʦʛʠʠ ʦʩʪʨʦʡ ʢʠʰʝʯʥʦʡ ʠʥʬʝʢʮʠʠ; ʝ - ʦʩʥʦʚʘʥʠʝ 

ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʦʛʘʨʠʬʤʘ, ʨʘʚʥʦʝ 2,7, ʭ- ʟʥʘʯʝʥʠʝ ʗʀʀ ʢʦʥʢʨʝʪʥʦʛʦ ʙʦʣʴʥʦʛʦ. ʈʘʩʩʯʠʪʘʣʠ, 

ʯʪʦ 50,0%-ʚʝʨʦʷʪʥʦʩʪʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʵʪʠʦʣʦʛʠʠ ʆʂʀ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʗʀʀ=40. 
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ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʵʪʠʦʣʦʛʠʠ ʢʠʰʝʯʥʦʡ 

ʠʥʬʝʢʮʠʠ ʫ ʜʝʪʝʡ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 3 ʣʝʪ, ʚ ʧʝʨʚʳʝ ʩʫʪʢʠ ʟʘʙʦʣʝʚʘʥʠʷ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʳʰʝʧʨʠʚʝʜʝʥʥʫʶ ʬʦʨʤʫʣʫ, ʫʯʠʪʳʚʘʶʱʫʶ çʷʜʝʨʥʳʡ ʠʥʜʝʢʩ ʠʥʪʦʢʩʠʢʘʮʠʠè ʣʝʡʢʦʮʠʪʦʚ. 
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DIFFERENTIAL DIAGNOS IS OF THE ENDOGENOUS INTOXICATION SYNDROME 

IN CHILDREN  

Deryusheva Anna U., Permyakova Anna V. 

E.A. Vagner Perm State Medical University, 26, Petropavlovskaya st, Perm, Russia, 614000, 

derucheva@mail.ru 

The study presents the possibility of predicting the syndrome of endogenous intoxication which 

develops with acute bacterial intestinal infections. Leukocyte indices of peripheral blood in 

inpatient children with acute intestinal infection were used for the calculation. A complete blood 

count was taken on admission to the hospital then standard tests were performed to verify the 

etiology of the disease (bacterial / viral). Leukocyte indices were compared in both groups and 

significant differences in 2 times were obtained only for the nuclear index of intoxication. The data 

obtained were used to construct a mathematical model using logistic regression. The formula for the 

probability of bacterial etiology of intestinal infection and the corresponding values of the nuclear 

index of intoxication are determined. 

Keywords: children, intestinal infections, leukocyte index. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʂʆʄɹʀʅɸʎʀʀ ʄɽʊʆɼʆɺ EMBEDDINGS ʀ TF-IDF 

ɼʃʗ ɸʅɸʃʀɿɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʊɽʂʉʊʆɺ24 

ɼʞʝʤʘʜʠʥʦʚ ʕʩʢʝʥʜʝʨ ʈʫʩʪʝʤʦʚʠʯ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, 614060, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʙʫʣʴʚʘʨ ɻʘʛʘʨʠʥʘ, 37ʘ, erdzhemadinov@gmail.com 

ʉʦʮʠʘʣʴʥʳʤ ʩʝʪʷʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʥʘʠʙʦʣʝʝ ʨʝʣʝʚʘʥʪʥʳʝ ʜʣʷ 

ʥʝʛʦ ʥʦʚʦʩʪʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʦʙʱʝʥʠʝ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ word-

embeddings ʠ TF-IDF ʜʣʷ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚ ʠ ʚʳʷʚʣʝʥʠʷ ʩʤʳʩʣʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʧʦʩʪʦʚ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʜʘʯʠ ʙʠʥʘʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʩʪʦʚ ʥʘ ʨʝʣʝʚʘʥʪʥʳʝ ʠ 

ʥʝʨʝʣʝʚʘʥʪʥʳʝ. ʉ ʧʦʤʦʱʴʶ ʢʦʤʙʠʥʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʤʝʪʦʜʦʚ, ʠ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʩʪʨʦʷʪʩʷ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʨʘʥʞʠʨʦʚʘʥʠʷ ʧʦʩʪʦʚ ʠʟ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ 

ʧʦ ʫʙʳʚʘʥʠʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʂʨʦʤʝ ʪʦʛʦ, ʩʨʘʚʥʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʘʥʥʳʭ ʤʝʪʦʜʠʢ ʚʳʯʠʩʣʝʥʠʝʤ ʩʨʝʜʥʝʛʦ ʧʝʨʩʦʥʘʣʴʥʦʛʦ AUC. ʄʦʜʝʣʴ, ʩʦʟʜʘʥʥʘʷ 

ʦʙʲʝʜʠʥʝʥʠʝʤ ʵʪʠʭ ʤʝʪʦʜʦʚ, ʜʘʸʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: embeddings, tf-idf, social networks, ʘʥʘʣʠʟ ʜʘʥʥʳʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʥʘʣʠʟ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ Data Mining. ɺʦ ʤʥʦʛʠʭ ʟʘʜʘʯʘʭ ʪʝʢʩʪʦʚʳʝ ʜʦʢʫʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʩʦʦʪʥʝʩʝʥʳ ʩ 

ʥʝʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʠʟʤʝʨʷʶʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʵʪʠʭ ʪʝʢʩʪʦʚ. ʇʦʜ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚʦʟʜʝʡʩʪʚʠʷ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʯʝʣʦʚʝʢʘ, ʪ.ʝ. 

ʦʮʝʥʢʘ ʧʨʠʚʣʝʯʝʥʠʷ ʚʥʠʤʘʥʠʷ ʩʫʙʲʝʢʪʘ. ʅʘʧʨʠʤʝʨ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʩʦʦʙʱʝʥʠʷ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʪʤʝʪʢʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊʝʢʩʪ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ 

ʦʙʲʝʢʪʦʤ ʠ ʤʦʞʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴʩʷ ʢʘʢ ʥʘ ʩʠʤʚʦʣʴʥʦʤ, ʪʘʢ ʠ ʥʘ ʩʤʳʩʣʦʚʦʤ ʫʨʦʚʥʝ [3].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʚʳʷʚʣʝʥʠʶ ʢʣʶʯʝʚʳʭ ʩʤʳʩʣʦʚ ʪʝʢʩʪʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʥʝʢʫʶ ʮʝʣʝʚʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʛʜʝ ʧʦʜ ʢʣʶʯʝʚʳʤʠ ʩʤʳʩʣʘʤʠ ʪʝʢʩʪʘ 

ʧʦʥʠʤʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʫʤʤʘʨʥʦʝ ʩʤʳʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ ʩʣʦʚ. ɺʳʷʚʣʝʥʠʷ ʪʘʢʠʭ ʩʤʳʩʣʦʚ 

ʧʦʣʝʟʥʦ, ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʵʪʦʡ ʮʝʣʝʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʥʦʚʳʭ ʪʝʢʩʪʦʚ, 

ʪʘʢ ʠ ʜʣʷ ʠʭ ʫʣʫʯʰʝʥʠʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʢʩʪʳ ʧʦʩʪʦʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʘ ʚʳʭʦʜʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ ʙʫʜʝʪ ʧʦʩʪʘʥʦʚʢʘ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʦʪʤʝʪʢʠ "ʥʨʘʚʠʪʩʷ". ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʜʦʙʥʦʡ 

ʤʦʜʝʣʠ ʤʦʞʥʦ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʫʤʥʫʶ ʣʝʥʪʫ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʪ.ʝ. ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʦʜʥʠʤʘʪʴ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʡ ʢʦʥʪʝʥʪ ʚ ʚʚʝʨʭ ʣʝʥʪʳ. 

                                                 

ʇʫʙʣʠʢʘʮʠʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ (No19-04-048) ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʅʘʫʯʥʳʡ ʬʦʥʜ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ñɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠò (ʅʀʋɺʐʕ) ʚ 2019 ʛ. ʠ ʚ ʨʘʤʢʘʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʚʝʜʫʱʠʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ñ5-100ò  

É ɼʞʝʤʘʜʠʥʦʚ  ʕ.ʈ. 2019 
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ɼʣʷ ʦʮʝʥʢʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʝʢʩʪ, ʚʳʷʚʣʷʷ ʥʝʢʦʪʦʨʳʝ ñʪʝʢʩʪʦʚʳʝ ʩʤʳʩʣʳò.  

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʚʳʷʚʣʝʥʠʷ ʩʤʳʩʣʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʢʦʤʙʠʥʘʮʠʠ ʧʦʜʭʦʜʦʚ TF-IDF ʠ word-embeddings (word2vec, doc2vec). ʇʦʜ ʧʦʥʷʪʠʝʤ 

embeddings ʟʜʝʩʴ ʧʦʥʠʤʘʝʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩʣʦʚ ʥʝʢʦʪʦʨʦʤʫ ʚʝʢʪʦʨʫ ʚ ʤʥʦʛʦʤʝʨʥʦʤ 

ʤʝʪʨʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉʣʦʚʘ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʩʭʦʜʥʳʭ ʢʦʥʪʝʢʩʪʘʭ, ʙʫʜʫʪ ʠʤʝʪʴ 

ʙʣʠʟʢʠʝ ʪʦʯʢʠ ʚ ʵʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ [1]. ʊʘʢʞʝ ʧʨʠʤʝʥʷʝʪʩʷ TF-IDF ï ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʝʨʘ, 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʦʮʝʥʢʠ ʚʘʞʥʦʩʪʠ ʩʣʦʚʘ ʚ ʢʦʥʪʝʢʩʪʝ ʜʦʢʫʤʝʥʪʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʯʘʩʪʴʶ 

ʢʦʨʧʫʩʘ ʜʦʢʫʤʝʥʪʦʚ [2]. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʪ ʚ ʦʙʦʙʱʝʥʠʠ ʤʝʪʨʠʢʠ TF-IDF ʥʘ ʩʣʫʯʘʡ 

ʩʭʦʞʠʭ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʚ ʚʝʢʪʦʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ embeddings) ʩʣʦʚ, ʢʦʪʦʨʘʷ 

ʧʦʤʠʤʦ ʩʘʤʦʛʦ ʩʣʦʚʘ (ʠ ʝʛʦ ʣʝʢʩʠʯʝʩʢʠʭ ʬʦʨʤ) ʫʯʠʪʳʚʘʝʪ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʚ ʪʝʢʩʪʝ ʜʨʫʛʠʭ, 

ʙʣʠʟʢʠʭ ʢ ʥʝʤʫ ʧʦ ʟʥʘʯʝʥʠʶ ʩʣʦʚ.  

ɼʣʷ ʦʙʦʙʱʝʥʠʷ ʤʝʪʨʠʢʠ TF-IDF, ʚ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ, ʤʦʞʥʦ ʚʚʝʩʪʠ ʧʦʨʦʛ, ʪʘʢʦʡ ʯʪʦ 

ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʣʦʚʘʤʠ ʤʝʥʴʰʝ ʵʪʦʛʦ ʧʦʨʦʛʘ, ʪʦ ʦʥʠ ʩʯʠʪʘʶʪʩʷ ʥʝʨʘʟʣʠʯʠʤʳʤʠ, ʠ 

ʪʦʛʜʘ ʨʘʩʯʝʪ ʠʥʜʝʢʩʘ TF-IDF ʥʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʩʣʫʯʘʷ. ɺʦ ʚʪʦʨʦʤ, 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʩʪʠ ʬʫʥʢʮʠʶ ʩʭʦʜʩʪʚʘ ύὸȟ†) ʩʣʦʚ t ʠ †, ʚʦʟʚʨʘʱʘʶʱʘʷ 1 ʜʣʷ ʩʭʦʜʩʪʚʘ ʩʣʦʚʘ 

t ʩ ʩʘʤʠʤ ʩʦʙʦʡ ʠ ʟʥʘʯʝʥʠʝ ʠʟ [0; 1] ʜʣʷ ʩʭʦʜʩʪʚʘ ʩʣʦʚʘ t ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʩʣʦʚʦʤ †. 

ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ: 
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ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʭʦʞʠʤʠ ʩʣʦʚʘʤʠ. 
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ʛʜʝ † ʠ t ï ʥʝʢʦʪʦʨʳʝ ʩʣʦʚʘ, d ï ʜʦʢʫʤʝʥʪ (ʤʫʣʴʪʠʤʥʦʞʝʩʪʚʦ ʩʣʦʚ), D ï ʢʦʨʧʫʩ ʜʦʢʫʤʝʥʪʦʚ 

(ʤʥʦʞʝʩʪʚʦ ʜʦʢʫʤʝʥʪʦʚ), n ï ʬʫʥʢʮʠʷ ʧʦʜʩʯʸʪʘ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʚ ʚ ʜʦʢʫʤʝʥʪʝ d. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚʟʷʪʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʩʪʦʚ ʠʟ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ 

ñʆʜʥʦʢʣʘʩʩʥʠʢʠò. ɼʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʢʩʪʦʚʳʝ ʧʦʩʪʳ, ʷʟʳʢ, ʘ ʪʘʢʞʝ ʙʠʥʘʨʥʳʡ 
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ʦʪʚʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ: ʥʘʣʠʯʠʝ, ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʦʪʤʝʪʢʠ çʥʨʘʚʠʪʩʷè. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʨʠʢʠ 

ʪʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʩʦʥʘʣʴʥʳʡ ʫʩʨʝʜʥʸʥʥʳʡ AUC (area under curve). ʇʦʣʫʯʘʝʪʩʷ ʦʥ 

ʦʮʝʥʢʦʡ ROC AUC ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʪʝʩʪʦʚʦʛʦ ʥʘʙʦʨʘ. ʇʨʠ ʦʮʝʥʢʝ ʜʣʷ ʢʘʞʜʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʯʠʪʘʝʪʩʷ ʝʛʦ ʣʠʯʥʳʡ ROC AUC, ʧʦʩʣʝ ʯʝʛʦ ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʩʨʝʜʥʝʝ ʧʦ ʚʩʝʤ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ ʠʟ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ lightgbm, 

ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʝ ʤʝʪʨʠʢʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ. ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩʫʥʢʝ 1, 

ʧʦʢʘʟʘʥʘ ʪʦʯʥʦʩʪʴ ʜʣʷ ʤʦʜʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ TF-IDF.  

 

ʈʠʩʫʥʦʢ 1. ROC AUC ʤʦʜʝʣʝʡ 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ: (1) ʫʜʘʣʝʥʠʝ ʩʪʦʧ-

ʩʣʦʚ, (2) ʫʜʘʣʝʥʠʝ ʣʠʰʥʠʭ ʩʠʤʚʦʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʟʥʘʢʠ ʧʫʥʢʪʫʘʮʠʠ, (3) ʣʝʤʤʘʪʠʟʘʮʠʷ. 

 ɼʘʣʝʝ ʩʪʨʦʷʪʩʷ ʤʦʜʝʣʠ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ embeddings (ʤʝʪʦʜ 

doc2vec), TF-IDF ʠ ʤʦʜʝʣʠ, ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʚ ʩʝʙʝ TF-IDF ʠ embeddings ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ AUC 

ʨʘʚʥʳʤʠ 0.56, 0.59 ʠ 0.62 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʤ. ʨʠʩʫʥʦʢ 2). 

 

ʈʠʩʫʥʦʢ 2. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʵʬʬʝʢʪʠʚʥʝʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʧʨʝʜʩʢʘʟʘʥʠʷ, ʯʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʠ 

ʯʠʩʣʦʚʦʡ ʦʮʝʥʢʠ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ.  
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This article describes a generalization of embeddings and TF-IDF for analyzing texts and evaluating 

semantic constructions in the problem of binary classification of posts from social networks. Using 

the above algorithms, their combinations and machine learning methods, predictive models are built 

for ranking posts from social networks by descending attractiveness to users. In addition, the 

effectiveness of these methods is compared. 
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ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʧʣʦʚʦʛʦ ʜʨʝʡʬʘ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʦʛʦ ʛʠʨʦʩʢʦʧʘ, ʚʳʟʳʚʘʝʤʦʛʦ ʪʝʨʤʦʧʝʨʝʦʜʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ 

ʚʣʠʷʥʠʝ ʪʝʨʤʦ- ʠ ʫʧʨʫʛʦʦʧʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʦʚ. ʏʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʢʦʥʪʫʨ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʥʝʩʢʦʣʴʢʦ 

ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʪʝʨʤʦʫʧʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʦʚ ʚʦʣʦʢʥʘ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʪʨʝʭʤʝʨʥʦʡ ʷʯʝʡʢʝ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʝʬʦʨʤʘʮʠ ʚ 

ʚʦʣʦʢʦʥʥʦʤ ʢʦʥʪʫʨʝ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʥʝʩʚʷʟʥʘʷ ʢʚʘʟʠʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ ʠ 

ʧʦʩʣʝ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʨʝʡʬ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʛʠʨʦʩʢʦʧʘ. ʏʠʩʣʝʥʥʦʝ 

ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʚʳʧʦʣʥʝʥʦ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʘʢʝʪʝ Ansys 

Mechanical APDL, ʘ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ MATLAB . 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʛʠʨʦʩʢʦʧ, ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʜʨʝʡʬ, ʥʝʩʚʷʟʥʘʷ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ. 

ɿʘʨʫʙʝʞʥʳʝ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʬʠʨʤʳ ʧʨʦʷʚʣʷʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢ 

ʦʧʪʠʯʝʩʢʠʤ ʛʠʨʦʩʢʦʧʘʤ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʝʛʦ ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚʨʘʱʝʥʠʷ ʚ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘʚʠʛʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʧʦʩʦʙʥʦ ʚʩʝʮʝʣʦ ʟʘʤʝʥʠʪʴ 

ʩʣʦʞʥʳʝ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʛʠʨʦʩʢʦʧʳ, ʠ ʪʨʝʭʦʩʥʳʝ 

ʛʠʨʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʧʣʘʪʬʦʨʤʳ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ɺʆɻ ʧʦʜʚʝʨʞʝʥ ʚʣʠʷʥʠʶ ʥʘʨʫʞʥʳʭ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʦʷʚʣʝʥʠʶ ʢʘʞʫʱʝʡʩʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (ʜʨʝʡʬʘ), ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʦʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ. ʂ ʪʘʢʠʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʷʪʩʷ ʧʝʨʝʤʝʥʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʭʦʜʷʱʠʡʩʷ ʚʦʢʨʫʛ ʩʨʝʜʳ, ʘʢʫʩʪʠʯʝʩʢʠʝ ʰʫʤʳ, ʧʫʣʴʩʘʮʠʠ ʠ ʫʜʘʨʳ, ʚʣʠʷʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ.  

ɼʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʦʢʘʟʘʥʠʡ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ ʚ ʩʣʫʯʘʝ ʧʝʨʝʤʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʜʨʝʡʬʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʧʨʠʤʝʥʷʷ ʜʣʷ ʵʪʦʛʦ ʧʦʢʘʟʘʥʠʷ ʩ ʪʝʨʤʦʜʘʪʯʠʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʧʨʠʙʦʨʝ. ʅʝʣʴʟʷ 

ʩʜʝʣʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʪʦʯʥʦʛʦ ʛʠʨʦʩʢʦʧʘ ʙʝʟ ʦʮʝʥʢʠ ʜʨʝʡʬʘ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 
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ʧʦʵʪʦʤʫ ʥʫʞʥʦ ʧʨʦʚʝʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʚʝʜʝʥʠʷ ɺʆɻ ʚ 

ʢʨʠʪʝʨʠʷʭ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʥʝʧʦʩʪʦʷʥʥʦʩʪʠ. ʇʦ ʧʨʠʯʠʥʝ ʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʜʨʝʡʬʘ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ ʛʠʨʦʩʢʦʧʘ ʩʯʠʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ 

ʎʝʣʴʶ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʜʨʝʡʬʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʛʠʨʦʩʢʦʧʘ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ 

ʥʘʤʦʪʢʠ, ʚʳʟʚʘʥʥʦʛʦ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ ʪʝʧʣʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ. 

ʇʦ ʭʦʜʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʛʠʨʦʩʢʦʧʘ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ ʠ 

ʠʟʛʦʪʦʚʣʝʥʦ ʦʩʦʙʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʜʨʝʡʬʘ (ʈʠʩʫʥʦʢ 1). 

 

ʈʠʩʫʥʦʢ 1. ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ: 1 ï ʢʨʳʰʢʘ, 2 ï ʦʩʥʦʚʘʥʠʝ, 3 ï ʚʦʣʦʢʦʥʥʳʡ ʢʦʥʪʫʨ, 4 ï ʧʨʦʢʣʘʜʢʠ, 5 ï 

ʧʨʫʞʠʥʘ, 1T  ʠ 2T  ï ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʣʦʢʦʥʥʳʡ ʢʦʥʪʫʨ ʜʣʠʥʥʦʡ 1000 ʤ 

ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʩʭʝʤʦʡ ʥʘʤʦʪʢʠ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʠʪʢʦʚ ʚ ʢʦʪʦʨʦʡ 

ʫʩʣʦʚʥʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. ʀʩʩʣʝʜʫʝʤʳʡ ʢʦʥʪʫʨ ʩʦʩʪʦʠʪ ʠʟ 40 ʩʣʦʝʚ (10 ʷʯʝʝʢ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ) ʧʦ 80/79 ʚʠʪʢʦʚ ʚ ʢʘʞʜʦʤ ʩʣʦʝ. ʉʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʢʦʚ ï 3180. 

ʋʩʪʨʦʡʩʪʚʦ ʥʘʛʨʝʚʘʣʦʩʴ ʦʪ 20 ʜʦ 60 Áʉ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʳʜʝʨʞʢʦʡ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʝʪʦʧʨʦʚʦʜʷʱʝʡ ʞʠʣʳ ʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʏʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʥʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʢʦʥʪʫʨ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʪʨʦʠʪʩʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ 

ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʦʧʪʦʚʦʣʦʢʥʘ ʢʘʪʫʰʢʠ. ʆʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ [1] ʨʝʰʘʶʪʩʷ 
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ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʘʢʝʪʝ ANSYS. ʇʦ ʦʪʜʝʣʴʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 2 ʚʠʜʘ 

ʷʯʝʝʢ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʠ ʫʢʣʘʜʢʠ ʚʦʣʦʢʥʘ (ʈʠʩʫʥʦʢ 2).  

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 2. ʗʯʝʡʢʘ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʢʘʪʫʰʢʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʛʠʨʦʩʢʦʧʘ ʜʚʫʭ ʚʠʜʦʚ (ʘ) ʠ (ʙ). 

ɻʦʣʫʙʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʘ ʢʚʘʨʮ, ʩʠʥʠʤ - ʞʠʣʘ, ʬʠʦʣʝʪʦʚʳʤ ï ʩʪʝʨʞʝʥʴ, ʨʦʟʦʚʳʤ ï ʧʝʨʚʠʯʥʦʝ 

ʧʦʢʨʳʪʠʝ ɿʋʇ-1, ʟʝʣʝʥʳʤ ï ʚʪʦʨʠʯʥʦʝ ʧʦʢʨʳʪʠʝ ɿʋʇ-2, ʦʨʘʥʞʝʚʳʡ ï ʢʦʤʧʘʫʥʜ (ʤʘʪʨʠʮʘ). 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʦʰʘʛʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʝʰʘʝʪʩʷ ʢʚʘʟʠʩʪʘʮʦʥʘʨʥʘʷ ʟʘʜʘʯʘ 

ʪʝʨʤʦʫʧʨʫʛʦʩʪʠ ʚ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʦʜʩʪʘʥʦʚʢʝ, ʝʝ ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʘʙʦʪʝ 

[1]. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥ ʜʚʫʤʝʨʥʳʡ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʡ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʦʛ ʫʩʪʨʦʡʩʪʚʘ (ʈʠʩʫʥʦʢ 3). ʉʝʯʝʥʠʝ ʢʘʪʫʰʢʠ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʛʠʨʦʩʢʦʧʘ ʧʦʣʫʯʝʥʦ ʠʟ ʨʘʥʝʝ ʧʦʩʪʨʦʝʥʥʳʭ ʷʯʝʝʢ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ANSYS. ɻʝʦʤʝʪʨʠʷ ʷʯʝʝʢ ʫʧʨʦʱʘʣʘʩʴ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʧʨʦʛʨʘʤʤʝ. ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʥʘʡʜʝʥʥʳʭ ʨʘʥʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʵʪʘʧʝ 1, ʧʨʠʤʝʥʷʣʘʩʴ ʢʦʤʘʥʜʘ MP. ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʨʘʩʩʤʦʪʨʝʥ ʥʘʛʨʝʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 1 ʉ̄/ʤʠʥ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʭʦʜʦʤ ʥʘ 

ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ. 

 

ʈʠʩʫʥʦʢ 3. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ: 1 ï ʢʦʨʧʫʩ, 2 ï ʚʦʟʜʫʭ, 3 ï ʨʝʟʠʥʦʚʘʷ ʧʨʦʢʣʘʜʢʘ, 4 ï ʚʦʣʦʢʥʦ 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʢʘʪʫʰʢʝ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʛʠʨʦʩʢʦʧʘ ʫʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ. 4 ʠ 5. 
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ʈʠʩʫʥʦʢ 4. ʉʝʯʝʥʠʝ ʢʘʪʫʰʢʠ ɺʆɻ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 2000 ʩʝʢ 

 

ʈʠʩʫʥʦʢ 5. ʉʝʯʝʥʠʝ ʢʘʪʫʰʢʠ ɺʆɻ, ʠʟʤʝʥʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʚʜʦʣʴ ʚʦʣʦʢʥʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 2000 ʩʝʢ 

ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ ʜʘʣʝʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʢʘʞʫʱʠʝʡʩʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚ ʧʘʢʝʪʝ MATLAB, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʢʦʪʦʨʦʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ ʨʘʙʦʪʝ [1]. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʝʱʝ ʠʟʛʦʪʦʚʣʝʥʳ ʜʚʘ ʚʦʣʦʢʦʥʥʳʭ ʢʦʥʪʫʨʘ. ʂʦʥʪʫʨʳ 

ʧʦʦʯʝʨʝʜʥʦ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ (ʈʠʩʫʥʦʢ 1). ɺ ʪʝʨʤʦʢʘʤʝʨʝ ʟʘʜʘʚʘʣʠ ʪʦʪ ʞʝ 

ʨʝʞʠʤ ʥʘʛʨʝʚʘ ʦʪ 20 ʜʦ 60 ʉ̄ ʩʦ ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 1 ʉ̄/ʤʠʥ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʚʳʜʝʨʞʢʦʡ 1 ʯ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.ʊʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʝʱʝ ʦʜʠʥ ʯʠʩʣʝʥʥʳʡ 

ʨʘʩʯʝʪ ʪʝʧʣʦʚʦʛʦ ʜʨʝʡʬʘ, ʥʦ ʧʨʠ ʧʦʣʥʦʤ ʧʦʩʪʨʦʝʥʠʠ ʷʯʝʝʢ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʚʦʣʦʢʥʘ ʢʘʪʫʰʢʠ 

ʛʠʨʦʩʢʦʧʘ. ʉʫʤʤʘʨʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʚʳʟʚʘʥʥʘʷ ʪʝʨʤʦ- ʠ ʫʧʨʫʛʦʦʧʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʘʤʠ, 

ʠ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʚʦʣʦʢʦʥʥʳʭ ʢʦʥʪʫʨʦʚ ʧʨʠ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʠ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6. 
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ʈʠʩʫʥʦʢ 6. ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ (ʯʝʨʥʘʷ, ʬʠʦʣʝʪʦʚʘʷ ʣʠʥʠʠ) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ (ʢʨʘʩʥʘʷ ʠ ʟʝʣʝʥʘʷ 

ʣʠʥʠʠ) ʜʨʝʡʬʦʚ W 

ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ 

ʚʳʚʦʜ: ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩ ʧʦʚʝʜʝʥʠʷ ʚʦʣʦʢʦʥʥʦʛʦ 

ʢʦʥʪʫʨʘ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ɺʆɻ ʚ 

ʮʝʣʷʭ ʩʥʠʞʝʥʠʷ ʝʛʦ ʜʨʝʡʬʘ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ɽʣʩʫʢʦʚʘ ʊ. ɺ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʜʨʝʡʬʘ ɺʆɻ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʫʧʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʪʫʰʢʠ  

TWO-STEP METHOD  OF OPTIMIZATION  OF CONSTRUCTION STRUCTURES 

Eksukova Tatyana. V. 

Perm National Research Polytechnic University, Komsomolsky Av. 29, Perm, Russia, 614000, 

felerro@mail.ru 

A mathematical model of thermal drift of a fiber-optic gyroscope caused by a thermoperode process, 

including the influence of thermo - and elastic-optical effects, which was presented in the 

framework of the work. A numerical study of the influence of ambient temperature on the fiber-

optic circuit was carried out in several stages. At the first stage, the necessary computational 

experiments on the three-dimensional periodicity cell were carried out to find the thermoelastic 

parameters of the fiber materials. In the second stage for finding the fields of temperature and 

deformation in the fiber loop was placed incoherent quasistationary the problem of thermoelasticity 

and after was determined a temperature drift of fiber-optic gyroscope. The numerical solution of the 

problems was performed by the finite element method in the Ansys Mechanical APDL package, 

and the results were processed in MATLAB. 

Keywords: fiber-optic gyroscope, thermodeformation drift, disjoint quasi-stationary problem of 

thermoelasticity. 
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ʌɸʂʋʃʔʊɸʊʀɺʅʓʁ ʂʋʈʉ çʀʉʊʆʈʀʗ ʄɽʍɸʅʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʆɻʆ 

ʆɹʈɸɿʆɺɸʅʀʗ ɺ ʈʆʉʉʀʀè26 

ɽʨʝʤʝʝʚʘ ʖʣʠʷ ɼʤʠʪʨʠʝʚʥʘ, ɸʥʘʥʴʝʚʘ ʄʠʣʷʫʰʘ ʉʘʙʠʪʦʚʥʘ 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʫʤʘʥʠʪʘʨʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614990, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ʉʠʙʠʨʩʢʘʷ, 24, m-ananeva@yandex.ru 

ʌʘʢʫʣʴʪʘʪʠʚʥʳʡ ʢʫʨʩ ʘʜʨʝʩʦʚʘʥ ʦʙʫʯʘʶʱʠʤʩʷ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʘʢʫʣʴʪʝʪʦʚ. 

ʇʨʦʛʨʘʤʤʘ ʩʦʩʪʘʚʣʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʩʪʘʥʜʘʨʪʘ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ - ʙʘʢʘʣʘʚʨʠʘʪ (2016) ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ 44.03.05. 

çʇʝʜʘʛʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝè (ʩ ʜʚʫʤʷ ʧʨʦʬʠʣʷʤʠ ʧʦʜʛʦʪʦʚʢʠ). ʄʘʪʝʤʘʪʠʢʘ ʚʦ ʚʩʝ ʚʨʝʤʝʥʘ 

ʣʝʞʘʣʘ ʚ ʦʩʥʦʚʝ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ, ʘ ʚʤʝʩʪʝ ʩ ʤʝʭʘʥʠʢʦʡ ʙʳʣʘ ʬʫʥʜʘʤʝʥʪʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʧʦʟʥʘʥʠʠ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʠʨʦʟʜʘʥʠʷ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʚ ʦʪʢʨʳʪʠʷʭ ʫʯʝʥʳʭ-ʤʝʭʘʥʠʢʦʚ: ʃ. ʕʡʣʝʨʘ 

(1707-1783), ɾ. ʃʘʛʨʘʥʞʘ (1736-1813), ʇ.-ʉ. ʃʘʧʣʘʩʘ (1749-1827), ʉ. ʂʦʚʘʣʝʚʩʢʦʡ 

(1850-1891), ʅ. ɾʫʢʦʚʩʢʦʛʦ (1847-1921) ʠ ʜʨ. ʌʘʢʫʣʴʪʘʪʠʚʥʳʡ ʢʫʨʩ ʧʦʤʦʞʝʪ ʨʘʟʦʙʨʘʪʴʩʷ ʚ 

ʩʣʝʜʫʶʱʠʭ ʚʦʧʨʦʩʘʭ: ʩ ʯʝʛʦ ʥʘʯʘʣʘʩʴ ʠʩʪʦʨʠʷ ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʈʦʩʩʠʠ? ɺ ʯʝʤ ʩʦʩʪʦʷʣʠ ʥʘʫʯʥʳʝ ʦʪʢʨʳʪʠʷ ʠ ʘʢʪʫʘʣʴʥʳ ʣʠ ʵʪʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʥʘʰʝ ʚʨʝʤʷ? 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʪʦʨʠʷ, ʤʘʪʝʤʘʪʠʢʘ, ʤʝʭʘʥʠʢʘ, ʦʙʨʘʟʦʚʘʥʠʝ. 

ʉ ʜʘʚʥʠʭ ʚʨʝʤʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʫʯʝʥʳʤʠ-

ʤʝʭʘʥʠʢʘʤʠ. ʀʟʫʯʝʥʠʶ ʤʘʪʝʤʘʪʠʢʠ, ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʟʥʘʥʠʷ ʦʙʱʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʠʨʦʟʜʘʥʠʷ ʚ ʫʯʝʙʥʦʤ ʧʦʟʥʘʥʠʠ, ʦʪʚʦʜʠʪʩʷ ʚʘʞʥʦʝ ʤʝʩʪʦ, ʘ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʠʥʪʝʨʝʩ ʦʙʫʯʘʶʱʠʭʩʷ ʢ ʠʟʫʯʝʥʠʶ ʤʘʪʝʤʘʪʠʢʠ, ʫʯʠʪʝʣʴ ʜʦʣʞʝʥ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʦʥ ʜʦʣʞʝʥ ʟʥʘʪʴ ʦ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ ʠ ʤʝʪʦʜʘʭ ʦʪ ʠʭ ʠʩʪʦʨʠʠ ʜʦ 

ʧʨʠʣʦʞʝʥʠʷ. 

ʆʜʥʘʢʦ ʥʝ ʚʩʝ ʠʩʪʦʨʠʯʝʩʢʠʝ ʬʘʢʪʳ, ʦʩʚʝʱʘʶʱʠʝ ʤʝʞʧʨʝʜʤʝʪʥʳʝ ʩʚʷʟʠ ʤʘʪʝʤʘʪʠʢʠ ʠ 

ʤʝʭʘʥʠʢʠ, ʤʦʞʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚ ʭʦʜʝ ʪʨʘʜʠʮʠʦʥʥʦ ʠʟʫʯʘʝʤʳʭ ʥʘ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʘʢʫʣʴʪʝʪʘʭ ʜʠʩʮʠʧʣʠʥ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʛʦ ʮʠʢʣʘ. ɼʦʧʦʣʥʠʪʴ ʢʨʫʛ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘ ʥʠʭ ʚʦʧʨʦʩʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥ ʬʘʢʫʣʴʪʘʪʠʚʥʳʡ ʢʫʨʩ çʀʩʪʦʨʠʷ ʤʝʭʘʥʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʈʦʩʩʠʠè, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʩʣʫʰʘʪʝʣʠ ʤʦʛʫʪ ʫʟʥʘʪʴ ʦʙ 

ʦʪʢʨʳʪʠʷʭ ʚ ʤʘʪʝʤʘʪʠʢʝ ʠ ʤʝʭʘʥʠʢʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʫʯʝʥʳʤʠ, ʠʩʪʦʨʠʠ ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʈʦʩʩʠʠ. 
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ʇʨʦʛʨʘʤʤʘ ʢʫʨʩʘ (ʩʤ. ʪʘʙʣʠʮʫ) ʩʦʩʪʘʚʣʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 2016 ʛ. ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʧʦʜʛʦʪʦʚʢʠ 44.03.05. çʇʝʜʘʛʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝè (ʩ ʜʚʫʤʷ ʧʨʦʬʠʣʷʤʠ ʧʦʜʛʦʪʦʚʢʠ) ʜʣʷ 

ʦʙʫʯʘʶʱʠʭʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ [1]. 

ʊʘʙʣʠʮʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤ ʠ ʚʠʜʦʚ ʫʯʝʙʥʦʡ ʨʘʙʦʪʳ ʧʦ ʯʘʩʘʤ 

ˉ ʊʝʤʘ 
ɺʠʜʳ ʨʘʙʦʪʳ ʠ ʪʨʫʜʦʝʤʢʦʩʪʴ 

ɺʩʝʛʦ  ʃʝʢʮʠʠ ʇʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ ʉʈʉ 

1 ɺʚʝʜʝʥʠʝ ʚ ʠʩʪʦʨʠʶ ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ 

14 2 2 10 

2 ʈʘʟʚʠʪʠʝ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ ʚ ʈʦʩʩʠʠ ʚ XVIII  ʚ. 16 2 4 10 

3 ʉʪʘʥʦʚʣʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ 16 2 4 10 

4 ʄʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʪʢʨʳʪʠʷ XVIII  ʚ. ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ 

22 2 2 18 

5 ɿʘʯʝʪ 4 - - 4 

 ʀʪʦʛʦ (ʦʙʱʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ) 72 8 12 52 

ʎʝʣʴ: ʨʘʩʰʠʨʝʥʠʝ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʟʥʘʥʠʡ ʧʦ ʠʩʪʦʨʠʠ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ.  

ɿʘʜʘʯʠ:  

1. ɺʥʝʜʨʝʥʠʝ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʥʘʫʯʥʦʤʫ ʧʦʟʥʘʥʠʶ;  

2. ʋʛʣʫʙʣʝʥʠʝ ʠ ʨʘʩʰʠʨʝʥʠʝ ʟʥʘʥʠʡ ʧʦ ʠʩʪʦʨʠʠ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ.  

ɺ ʦʮʝʥʢʫ ʦʩʚʦʝʥʠʷ ʚʭʦʜʠʪ ʫʩʧʝʰʥʘʷ ʩʜʘʯʘ ʪʝʦʨʠʠ (ʥʘʧʠʩʘʥʠʝ ʪʝʩʪʦʚ), ʘʢʪʠʚʥʘʷ ʨʘʙʦʪʘ 

ʥʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʷʭ (ʚʳʩʪʫʧʣʝʥʠʝ ʩ ʩʦʦʙʱʝʥʠʷʤʠ) ʠ ʜʠʩʢʫʩʩʠʷ ʦ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ 

ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʪʢʨʳʪʠʡ XVIII  ʚ. ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ.  
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ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʌʝʜʝʨʘʣʴʥʳʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʩʪʘʥʜʘʨʪ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ: 

ʫʪʚ. 09.02.2016, ˉ 91. ï ʄ., 2016.  

THE ELECTIVE  COURSE çHISTORY OF MECHANICA L AND MATHEMATICAL 

EDUCATION IN  RUSSIAè 

Ananyeva Milyausha S., Eremeeva Julia D. 

Perm State Humanitarian-Pedagogical University, 24, Sibirskaya st., Perm, 614990, Russia,  

m-ananeva@yandex.ru 

The elective course is addressed to students of physics and mathematics faculties. The program is 

based on the Federal state educational standard of higher education - bachelor's degree (2016) in 

the field of training 44.03.05. çPedagogical educationè (profile training). Mathematics at all times 

was the basis of natural science, and together with mechanics was the Foundation of technical 

Sciences, the main tool in the knowledge of the General laws of the universe. Mathematical 

methods were used at different times in the discoveries of mechanical scientists: L. Euler 

(1707-1783), J. Lagrange (1736-1813), P.-S. Laplace (1749-1827), S. Kovalevskaya (1850-1891), 

N. Zhukovsky (1847-1921) and others. Elective course will help to understand the following 

questions: how did the history of mechanical and mathematical education in Russia? What were the 

scientific discoveries and whether these developments are relevant in our time? 

Keywords: history, mathematics, mechanics, education. 
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ʋɼʂ 378.1:004, 004.415.2 

ɸʅɸʃʀɿ ʈɽʐɽʅʀʁ ɼʃʗ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ɹʀɿʅɽʉ-ʇʈʆʎɽʉʉɸ 

ʆʈɻɸʅʀɿɸʎʀʀ ʄɽʊʆɼʀʏɽʉʂʆʁ ʈɸɹʆʊʓ ɺ ʋʅʀɺɽʈʉʀʊɽʊɽ27 

ɿʘʭʘʨʦʚʘ ʀʨʠʥʘ ʀʦʩʠʬʦʚʥʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, 614070, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ʉʪʫʜʝʥʯʝʩʢʘʷ, 38, izaharova@hse.ru 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʨʝʰʝʥʠʡ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʫʥʠʚʝʨʩʠʪʝʪʘ ï 

ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʳ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʝʜʣʘʛʘʝʤʳʝ ʚʥʝʰʥʠʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ 

ʛʦʪʦʚʳʝ ʨʝʰʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ 1ʉ-ʋʥʠʚʝʨʩʠʪʝʪ, ʊʘʥʜʝʤ. ʋʥʠʚʝʨʩʠʪʝʪ, ɻʘʣʘʢʪʠʢʘ. ʋʧʨʘʚʣʝʥʠʝ 

ʚʫʟʦʤ, ʠ ʙʘʟʦʚʳʝ ʬʫʥʢʮʠʠ, ʨʝʘʣʠʟʫʝʤʳʝ ʵʪʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʘʢʞʝ ʦʧʠʩʘʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ ʚʥʝʜʨʝʥʠʷ ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʡ. ɼʘʣʝʝ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʜʘʥʥʳʭ 

ʨʝʰʝʥʠʷʭ ʥʝʪ ʤʦʜʫʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʦʡ. ɿʘʪʝʤ ʦʧʠʩʘʥ ʚʘʨʠʘʥʪ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʣʦʢʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʝʛʦ 

ʠʥʪʝʛʨʘʮʠʝʡ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚʫʟʘ. ɼʘʥʥʳʡ ʚʘʨʠʘʥʪ ʧʨʠʟʥʘʥ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʅʀʋ ɺʐʕ ï ʇʝʨʤʴ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʨʠʚʝʜʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʦʡ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʤʝʪʦʜʠʯʝʩʢʘʷ ʨʘʙʦʪʘ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ 

ʨʦʩʩʠʡʩʢʦʡ ʩʠʩʪʝʤʳ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʦʙʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠ ʨʘʟʚʠʪʠʶ 

ʩʠʩʪʝʤʳ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʚ ʚʫʟʝ. ʆʪ ʢʘʯʝʩʪʚʘ ʦʨʛʘʥʠʟʘʮʠʠ, ʰʠʨʦʪʳ ʠ 

ʜʦʩʪʫʧʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʤʝʪʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʠ ʨʘʙʦʪʥʠʢʦʚ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʫʨʦʚʝʥʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʚʫʟʝ ʚ ʮʝʣʦʤ. 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʨʝʰʝʥʠʡ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʫʥʠʚʝʨʩʠʪʝʪʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʙʨʘʪʴ 

ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʜʣʷ ʇʝʨʤʩʢʦʛʦ ʬʠʣʠʘʣʘ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè (ʜʘʣʝʝ ï ʅʀʋ 

ɺʐʕ ï ʇʝʨʤʴ). 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʡ ʥʘ ʧʨʝʜʤʝʪ ʥʘʣʠʯʠʷ ʤʦʜʫʣʝʡ 

ʫʧʨʘʚʣʝʥʠ ̫ ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʦʡ ʫʥʠʚʝʨʩʠʪʝʪʘ. ɹʳʣʠ ʠʟʫʯʝʥ  r ʪʘʢʠʝ ʧʨʦʛʨʘʤʤʥʳʝ 
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ʢʦʤʧʣʝʢʩʳ ʫʧʨʘʚʣʝʥʠʷ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʢʘʢ 1ʉ-ʋʥʠʚʝʨʩʠʪʝʪ [1], ʊʘʥʜʝʤ. ʋʥʠʚʝʨʩʠʪʝʪ [2], 

ɻʘʣʘʢʪʠʢʘ. ʋʧʨʘʚʣʝʥʠʝ ʚʫʟʦʤ [3], ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪʁ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ, 

ʜʝʣʦʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʦʚʝʜʝʥʠʝ ʧʨʠʝʤʥʦʡ ʢʘʤʧʘʥʠʠ, ʨʘʙʦʪʫ 

ʩ ʜʦʛʦʚʦʨʘʤʠ. 

ɿʘ ʨʫʙʝʞʦʤ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʩʠʩʪʝʤʳ. ɺ ʩʪʘʪʴʝ çʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʚʫʟʦʤè ʌʝʜʷʢʦʚʦʡ ʅ.ʅ. ʚʢʣʶʯʝʥʳ ʚ ʦʙʟʦʨ ʪʘʢʞʝ 

ʟʘʨʫʙʝʞʥʳʝ ʘʥʘʣʦʛʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ, çSIMS.net Capita Education 

(UNITe)è [4]. ɸʚʪʦʨ ʜʝʣʘʝʪ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ, ʠ ʟʘʨʫʙʝʞʥʳʝ ʨʘʟʨʘʙʦʪʯʠʢʠ 

ʨʝʘʣʠʟʫʶʪ ʦʜʠʥʘʢʦʚʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʚʫʟʦʤ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʦʙʱʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʦʜʫʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʨʠʣʦʞʝʥʠʡ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʧʦʜʩʠʩʪʝʤʫ ʠ ʦʨʛʘʥʠʯʥʦ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʦʙʱʫʶ ʩʠʩʪʝʤʫ [5]. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʪʁʩ̫ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʨʝʰʝʥʠʷ, ʦʪʩʫʪʩʪʚʠʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʤʝʪʴ ʚ ʩʪʨʫʢʪʫʨʝ ʫʥʠʚʝʨʩʠʪʝʪʘ ʦʪʜʝʣ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʦʜʜʝʨʞʢʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʦʪʩʫʪʩʪʚʠʝ ʟʘʪʨʘʪ ʠ ʨʠʩʢʦʚ ʧʨʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ 

ʝʩʪʴ ʥʝʜʦʩʪʘʪʢʠ: ʥʘʣʠʯʠʝ ʦʧʣʘʪʳ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʠ ʣʠʮʝʥʟʠʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʤʘʩʰʪʘʙʥʦʛʦ ʦʙʫʯʝʥʠ ̫ ʧʝʨʩʦʥʘʣʘ ʨʘʙʦʪʝ ʚ ʥʦʚʦʡ ʩʠʩʪʝʤʝ. ɹʦʣʝʝ ʪʦʛʦ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʚʫʟʘ, ʥʠ ʦʜʠʥ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʥʝ ʩʦʜʝʨʞʠʪ ʙʣʦʢʠ ʫʧʨʘʚʣʝʥʠʷ ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʦʡ. ʇʦʵʪʦʤʫ, ʧʦʢʫʧʢʘ 

ʝʜʠʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʰʝʥʠʷ ʥʝ ʧʦʤʦʞʝʪ ʨʝʰʠʪʴ. ʂʦʥʝʯʥʦ, ʨʫʢʦʚʦʜʩʪʚʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʤʦʞʝʪ ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʦ ʚʥʝʜʨʝʥʠʠ ʢʦʤʧʣʝʢʩʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ, 

ʪʨʝʙʫʝʤʳʤ ʢʦʥʢʨʝʪʥʦʤʫ ʟʘʢʘʟʯʠʢʫ, ʥʦ ʵʪʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦʩʨʦʯʥʳʤ ʠ ʪʨʫʜʦʝʤʢʠʤ 

ʧʨʦʮʝʩʩʦʤ ʠ ʩʪʦʠʤʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʟʘʢʘʟʘ ʤʦʞʝʪ ʧʨʝʚʳʩʠʪʴ ʩʪʦʠʤʦʩʪʴ ʙʘʟʦʚʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ 

ʨʘʟʨʘʙʦʪʢʫ ʘʥʘʣʦʛʠʯʥʦʡ ʩʠʩʪʝʤʳ ʩ ʫʯʝʪʦʤ ʧʝʨʩʦʥʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʚʫʟʘ. ɼʦʩʪʦʠʥʩʪʚʘʤʠ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʳʡ ʫʯʝʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʥʠʚʝʨʩʠʪʝʪʘ-

ʟʘʢʘʟʯʠʢʘ, ʵʢʦʥʦʤʠʷ ʩʨʝʜʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʨʘʙʦʪʳ ʚʥʝʰʥʠʤ ʟʘʢʘʟʯʠʢʦʤ. 

ʇʨʦʙʣʝʤʦʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʩʪʘʪʴ ʦʪʩʫʪʩʪʚʠʝ ʢʦʤʧʝʪʝʥʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʚʫʟʝ, 

ʩʧʦʩʦʙʥʳʭ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʝʢʪ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. 

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʚʫʟʘ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʣʦʢʘʣʴʥʦ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʝʸ ʠʥʪʝʛʨʘʮʠʝʡ ʚ 

ʩʫʱʝʩʪʚʫʶʱʫʶ ʢʦʨʧʦʨʘʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʫʥʠʚʝʨʩʠʪʝʪʘ. 
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ʈʘʙʦʪʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʦʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʦ ʠ ʠʤʝʶʪ 

ʫʟʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. ʅʘʧʨʠʤʝʨ, ʚ ʩʪʘʪʴʝ çʉʦʟʜʘʥʠʝ web-ʩʝʨʚʠʩʘ ʨʘʟʨʘʙʦʪʢʠ ʨʘʙʦʯʠʭ 

ʧʨʦʛʨʘʤʤ ʫʯʝʙʥʳʭ ʤʦʜʫʣʝʡ/ʜʠʩʮʠʧʣʠʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʫʥʠʚʝʨʩʠʪʝʪʘè ɸʰʫʨʦʚʘ ɸ.ʇ., ʈʘʙʦʚʩʢʦʡ ʄ.ʗ. ʦʧʠʩʳʚʘʝʪʩʷ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠ ̫ ʧʨʦʙʣʝʤʳ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʦʟʜʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʧʨʦʛʨʘʤʤ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ [6]. 

ɺ ʅʀʋ ɺʐʕ ï ʇʝʨʤʴ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ: ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚʫʟʘ [7], ʩʠʩʪʝʤʘ ʦʥʣʘʡʥ ʧʦʜʜʝʨʞʢʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ [8], 

ʩʠʩʪʝʤʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʩʧʠʩʘʥʠʡ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ, ʩʠʩʪʝʤʘ ʜʦʢʫʤʝʥʪʘʮʠʦʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʨʪʘʣ ʅʀʋ ɺʐʕ, ʢʦʨʧʦʨʘʪʠʚʥʘ ̫ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʦʯʪʘ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʠʩʪʝʤʳ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʧʦʵʪʦʤʫ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʥʝʜʨʷʪʴ ʪʠʧʦʚʦʝ ʨʝʰʝʥʠʝ ʩ 

ʙʘʟʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ. ɹʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʦʡ (ʜʘʣʝʝ ï ʀʉʋ ʄʈ) ʣʦʢʘʣʴʥʦ, ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʝʸ ʠʥʪʝʛʨʘʮʠʝʡ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʩʝʪʴ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʀʉʋ ʄʈ ʥʝʦʙʭʦʜʠʤʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʦʙʱʠʤʠ ʧʨʠʥʮʠʧʘʤʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ: ʦʪʢʨʳʪʦʩʪʠ, ʤʦʜʫʣʴʥʦʩʪʠ ʠ ʨʘʟʚʠʪʠʷ, ʩʠʩʪʝʤʥʦʩʪʠ, 

ʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. 

ʂʨʦʤʝ ʵʪʦʛʦ ʩʫʱʝʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʅʀʋ ɺʐʕ ï ʇʝʨʤʴ.  

ɺ ʀʉʋ ʄʈ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʤ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʦʤ, ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʫʪʚʝʨʞʜʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʭʨʘʥʝʥʠʷ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʝʜʠʥʦʤ ʤʝʩʪʝ, ʚʢʣʶʯʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʛʨʫʟʢʠ ʜʦʢʫʤʝʥʪʦʚ ʚ ʝʜʠʥʦʝ ʦʙʣʘʯʥʦʝ 

ʭʨʘʥʠʣʠʱʝ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ.  

ɺ ʀʉʋ ʄʈ ʜʦʣʞʥʳ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʳ ʣʠʯʥʳʝ ʢʘʙʠʥʝʪʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʧʝʨʩʦʥʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʚʠʨʪʫʘʣʴʥʳʝ ʧʣʦʱʘʜʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ 

ʛʨʫʧʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʚʦʟʤʦʞʥʦʩʪʴ ʁʧʨʦʚʝʜʝʥʠʷ ʛʦʣʦʩʦʚʘʥʠʡ. 

ʂʨʦʤʝ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚʭʦʜ ʯʝʨʝʟ ɽʜʠʥʳʡ ʣʠʯʥʳʡ ʢʘʙʠʥʝʪ ʅʀʋ ɺʐʕ 

ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ ʧʦʣʠʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʨʠʤʝʥʝʥʠʷ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʫʜʦʙʩʪʚʘ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ [9]. 

ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʀʉʋ ʄʈ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ 

ʜʦʢʫʤʝʥʪʘʤʠ Microsoft Office, ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʘʥʘʣʠʪʠʢʠ Google, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ 



 

132 

 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʦʚ ʧʦ ʰʘʙʣʦʥʫ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʩʪʘʥʦʚʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʜʨʫʛʠʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʫʥʠʚʝʨʩʠʪʝʪʘ. 
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ANALYSIS  OF SOLUTIONS FOR AUTOMA TION OF THE BUSINESS PROCESS 

OF THE ORGANIZATION OF METHODICAL WORK AT T HE UNIVERSITY  
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The article provides an overview of solutions for automating the business process of methodical 

work organization in the University. The ready-made solutions, such as 1C-University, 

Tandem. University, Galaxy. University management are considered. Also describes the advantages 

and disadvantages of implementing ready-made solutions. Further, it was concluded that these 

solutions do not have a required functions. Then the variant of self-development of the local 

information system with its subsequent integration into the corporate information systems of the 

University is described. This solution is recognized as the most suitable for HSE ï Perm. In 

conclusion, the requirements for the developed information system are given. 
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ʄɸʊɽʄɸʊʀʏɽʉʂʀʁ ɸʇʇɸʈɸʊ ɼʃʗ ʀɿɺʃɽʏɽʅʀʗ ɿʅɸʅʀʁ ʆ ʇʈʆʎɽʉʉɸʍ28 

ɿʘʷʢʠʥ ɺʠʢʪʦʨ ʉʝʨʛʝʝʚʠʯ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, 614070, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ʉʪʫʜʝʥʯʝʩʢʘʷ, 38, vszayakin@yandex.ru 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʧʦʜʭʦʜʘ ʢ ʠʟʚʣʝʯʝʥʠʶ ʟʥʘʥʠʡ ʦ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʩʠʩʪʝʤʘʭ ʧʨʦʮʝʩʩʘʭ. ʇʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʩʚʦʝʥʠʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʤ ʩʦʙʳʪʠʷʤ ʪʠʧʦʚ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ. ɺʚʦʜʷʪʩʷ ʧʦʥʷʪʠʷ ʩʦʙʳʪʠʡʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʩʦʙʳʪʠʡʥʦʛʦ ʨʷʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʧʘʨʘʪʘ ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚ. 

ʆʧʨʝʜʝʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʘʥʘʣʠʟʘ ʩʦʙʳʪʠʡʥʳʭ ʨʷʜʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʯʘʩʪʦʪʝ ʧʦʷʚʣʝʥʠʷ 

ʩʦʙʳʪʠʡ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʠʧʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ 

ʩʠʩʪʝʤʝ. ʂʨʦʤʝ ʵʪʦʛʦ, ʠʟʣʘʛʘʶʪʩʷ ʧʨʠʣʦʞʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʪʘʢʠʝ, ʢʘʢ 

ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ 

ʘʪʨʠʙʫʪʘʤʠ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ Process Mining ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʛʣʦʙʘʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʢʩʪʦʚ ʥʦʚʦʩʪʥʳʭ ʩʦʦʙʱʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʚʣʝʯʝʥʠʝ ʟʥʘʥʠʡ, Process Mining, ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ, ʘʥʘʣʠʟ ʥʦʚʦʩʪʥʳʭ 

ʩʦʦʙʱʝʥʠʡ, ʢʣʘʩʪʝʨʠʟʘʮʠʷ. 

ɺʚʝʜʝʥʠʝ 

ʋʧʨʘʚʣʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʝʤ ʠ ʝʛʦ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʚʦʟʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʥʘʢʦʧʣʝʥʠʝ ʜʘʥʥʳʭ, ʦʙʲʝʤ ʢʦʪʦʨʳʭ ʥʝʧʨʝʨʳʚʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʊʘʢ ʧʦʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʟʚʣʝʯʝʥʠʠ ʪʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʭ ʟʥʘʥʠʡ ʦ ʧʨʦʮʝʩʩʘʭ. ɿʥʘʥʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʧʦʚʝʜʝʥʠʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʉʫʱʝʩʪʚʫʶʪ ʥʝʤʥʦʛʠʝ ʧʦʧʳʪʢʠ ʨʘʟʨʘʙʦʪʢʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ [1] ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ [2] ʠ ʘʧʧʘʨʘʪʘ ʮʝʧʝʡ ʄʘʨʢʦʚʘ [3-4] ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ. 

ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʦʜʭʦʜʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʠʤʝʥʷʪʴ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʣʘʛʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʜʣʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʆʧʠʩʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʦʧʠʩʳʚʘʝʪʩʷ m ʨʘʟʣʠʯʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ k ʛʨʫʧʧ ʧʦ ʦʙʦʙʱʘʶʱʠʤ ʧʨʠʟʥʘʢʘʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʙʨʘʥʳ, ʠʩʭʦʜʷ 

ʠʟ ʥʫʞʜ ʘʥʘʣʠʟʘ (ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʧʦʣʠʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʧʨ.). ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʜʦʧʫʩʪʠʤ, ʯʪʦ ʤʥʦʞʝʩʪʚʦʤ ʟʥʘʯʝʥʠʡ ʢʘʞʜʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʧʦʣʝ 
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ʚʝʱʝʩʪʚʝʥʥʳʭ ʯʠʩʝʣ R. ʇʫʩʪʴ ʠʤʝʝʪʩʷ n ʥʘʙʣʶʜʝʥʠʡ (ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʥʳʭ ʛʨʫʧʧ ʦʙʦʟʥʘʯʠʤ 

ʨʘʟʥʳʤʠ ʙʫʢʚʘʤʠ): 
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ɺʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʤʥʦʞʝʩʪʚʦ E = { ej | j =  1, 2, é, l} , ʩʦʩʪʦʷʱʝʝ ʠʟ l ʵʣʝʤʝʥʪʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʪʠʧr ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʩʪʫʧʘʪʴ ʚ ʩʠʩʪʝʤʝ. 

ʉʦʙʳʪʠʡʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ S(E) ʥʘʟʦʚʝʤ ʪʨʦʡʢʫ: S(E) = <Rm, T, E  ᷾{Ů} >, ʛʜʝ T ï 

ʢʦʤʧʦʥʝʥʪʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʚʨʝʤʷ, ʘ Ů ï ʩʧʝʮʠʘʣʴʥʳʡ ʥʝʦʧʨʝʜʝʣʸʥʥʳʡ ʪʠʧ ʩʦʙʳʪʠʷ. ʂʘʞʜʦʡ 

ʪʦʯʢʝ qx ʩʦʙʳʪʠʡʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʝʢʪʦʨʦʤ ʥʘʙʣʶʜʝʥʠʡ x. 

ʉʦʙʳʪʠʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʜʝʣʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɺ ʣʶʙʦʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʠʩʪʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʧʦʢʘʟʘʪʝʣʝʡ, ʘ ʩʦʙʳʪʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ 

ʚ ʥʝʡ, ʤʦʛʫʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʪʠʧʫ ʠʟ ʤʥʦʞʝʩʪʚʘ E. ʀʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʤʝʞʜʫ 

ʨʝʛʠʩʪʨʘʮʠʝʡ ʩʦʙʳʪʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴʶ ʪʠʧʘ ʩʦʙʳʪʠʷ (ʩʤ. ʨʠʩʫʥʦʢ). 

 

ʈʠʩʫʥʦʢ. ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʪʠʧʘ ʩʦʙʳʪʠʡ ʤʝʞʜʫ ʠʭ ʨʝʛʠʩʪʨʘʮʠʝʡ 

ʅʘʙʣʶʜʝʥʠʝʤ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t, ʷʚʣʷʝʪʩʷ ʪʦʯʢʘ ʩʦʙʳʪʠʡʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʦʤ ʩʦʙʳʪʠʷ: ex
- = (x, t, Ů). ʉʦʙʳʪʠʝ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʝ 

ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t, ʦʧʨʝʜʝʣʠʤ ʢʘʢ ʥʘʙʣʶʜʝʥʠʝ ʩ ʧʨʠʩʚʦʝʥʥʳʤ ʝʤʫ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ 

ʧʨʘʚʠʣʫ ʪʠʧʦʤ ʩʦʙʳʪʠʷ: ex = (x, t, ex
*), ex

* Í E. ʉʦʙʳʪʠʡʥʳʤ ʨʷʜʦʤ Ser(E) ʥʘʟʦʚʝʤ ʤʥʦʞʝʩʪʚʦ, 

ʩʦʩʪʦʷʱʝʝ ʠʟ ʩʦʙʳʪʠʡ, ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʥʘʩʪʫʧʣʝʥʠʷ (ʥʘʙʣʶʜʝʥʠʷ): 

 ).()();,,(},,,2,1|{)( * ESESeretxenieESer
iii xiixx Ë=== 2   

ʇʦ ʘʥʘʣʦʛʠʠ ʩ [5] l-ʘʨʥʘʷ ʵʥʪʨʦʧʠʷ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʦʮʝʥʢʘʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʪʦʛʦ, 

ʯʪʦ ʩʦʙʳʪʠʝ ʙʫʜʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʪʠʧʫ ʤʥʦʞʝʩʪʚʘ E, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʠʧʘʭ ʩʦʙʳʪʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʝ: 
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ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʙʳʪʠʡ, ʩʦʩʪʦʷʱʘʷ ʠʟ r ʧʦʜʨʷʜ ʠʜʫʱʠʭ ʩʦʙʳʪʠʡ, ʥʘʯʠʥʘʷ ʩ i-ʦʛʦ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ si, r = { exi + k | k = 0, 1, 2, é, r ï 1}.  ʉ i-ʳʤ ʩʦʙʳʪʠʝʤ ʩʚʷʟʘʥʦ ʥʝʩʢʦʣʴʢʦ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʚʩʝʭ ʩʦʙʳʪʠʡ, ʠʜʫʱʠʭ ʜʦ ʠ ʧʦʩʣʝ ʥʝʛʦ ʩ ʚʢʣʶʯʝʥʠʝʤ 

ʵʪʦʛʦ ʩʦʙʳʪʠʷ ʠ ʙʝʟ: si
< = s1, i ï 1; si

Ò = s1, i; si
> = si + 1, n ï i; si

Ó = si, n ï i + 1. 

ʇʣʦʪʥʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʯʘʩʪʦ ʚ ʩʨʝʜʥʝʤ ʚ ʥʝʡ 

ʧʦʷʚʣʷʶʪʩʷ ʩʦʙʳʪʠʷ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʣʦʪʥʝʥʠʷ ki ʩʦʙʳʪʠʡʥʦʛʦ ʨʷʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ i-ʦʛʦ 

ʩʦʙʳʪʠʷ ï ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʣʘʩʴ ʧʣʦʪʥʦʩʪʴ ʨʷʜʘ ʧʦʩʣʝ ʥʘʩʪʫʧʣʝʥʠʷ ʵʪʦʛʦ ʩʦʙʳʪʠʷ: 

 .
1)(

)(
;

1
)( 1

1

,

in

i

i

i
i

iri

ri
tt

tt

i

in

s

s
k

tt

r
s

-

-
Ö

-

-
==

-

-
=

<

²

-+ j

j
j   

ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʦʙʳʪʠʡ, ʦʢʘʟʳʚʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʯʘʩʪʦʪʫ ʧʦʷʚʣʝʥʠʷ ʩʦʙʳʪʠʡ ʚ ʩʠʩʪʝʤʝ ʧʦʩʣʝ ʠʭ ʥʘʩʪʫʧʣʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʨʠʯʠʥ ʧʝʨʝʭʦʜʘ ʩʠʩʪʝʤʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ. 

ʇʨʠʣʦʞʝʥʠʷ ʩʦʙʳʪʠʡʥʳʭ ʨʷʜʦʚ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ ʦ ʧʨʦʮʝʩʩʘʭ 

ɺ ʫʢʘʟʘʥʥʳʭ ʪʝʨʤʠʥʘʭ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʩʦʙʳʪʠʡʥʦʛʦ, ʪʦ ʝʩʪʴ 

ʤʥʦʞʝʩʪʚʦ ʥʘʙʣʶʜʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʘʣʠʟʘʮʠʶ ʥʝʢʦʪʦʨʦʛʦ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, ʩʦʙʳʪʠʡʥʳʡ ʨʷʜ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʤʦʜʝʣʝʡ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʯʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ (ʢ ʧʨʠʤʝʨʫ, 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ). ʆʙʱʘʷ ʩʭʝʤʘ ʧʦʜʦʙʥʦʛʦ ʘʥʘʣʠʟʘ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ [6]. 

ʄʝʪʦʜʳ Process Mining ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʦʚ (ʚ ʚʠʜʝ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʛʨʘʬʦʚ) ʧʨʦʪʦʢʦʣ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ [7, ʩ. 391]. ʃʝʛʢʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʣʶʙʦʡ ʩʦʙʳʪʠʡʥʳʡ ʨʷʜ ʬʦʨʤʘʣʴʥʦ ʠʤ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʦʚ, ʥʝ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʜʫʙʣʠʨʫʝʤʳʝ 

ʟʘʜʘʯʠ [7, ʩ. 398], ʢʘʞʜʘʷ ʚʝʨʰʠʥʘ ʛʨʘʬʘ ʙʫʜʝʪ ʦʜʥʦʟʥʘʯʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʜʥʦʤʫ ʪʠʧʫ ʠʟ 

ʤʥʦʞʝʩʪʚʘ E. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʟʣʘʤ ʤʦʜʝʣʠ ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʧʦʜʤʥʦʞʝʩʪʚʘ ʩʦʙʳʪʠʡ ʨʷʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʝʥ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʘʪʨʠʙʫʪʦʚ ʩʠʩʪʝʤʳ ʥʝ ʪʦʣʴʢʦ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ, ʥʦ ʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʛʦ ʪʠʧʘ ʩʦʙʳʪʠʷ ʢ ʜʨʫʛʦʤʫ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʩʦʙʳʪʠʷ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʚ ʥʝʙʦʣʴʰʦʤ 

ʯʠʩʣʝ ʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ, ʪʝʭʥʠʯʝʩʢʠʭ. ɼʣʷ ʧʨʦʯʠʭ ʩʠʩʪʝʤ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ 

ʥʘʙʣʶʜʝʥʠʡ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʠʤ ʜʣʷ ʘʥʘʣʠʟʘ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʢʩʪʦʚ 

ʥʦʚʦʩʪʥʳʭ ʩʦʦʙʱʝʥʠʡ, ʜʦʩʪʫʧ ʢ ʢʦʪʦʨʳʤ ʣʝʛʢʦ ʦʩʫʱʝʩʪʚʠʤ ʧʦʩʨʝʜʩʪʚʦʤ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʘʛʨʝʛʘʪʦʨʦʚ (Yandex News, Google News). ʊʝʢʩʪʳ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʚʝʢʪʦʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ [8] ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʚʝʢʪʦʨʳ, ʘ ʠʭ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʩʦʛʣʘʩʥʦ ʛʠʧʦʪʝʟʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ [9] ʦʧʨʘʚʜʘʥʘ ʪʝʤ, ʯʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʦʚ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ ʩʭʦʞʝʩʪʠ ʩʤʳʩʣʘ, ʟʘʣʦʞʝʥʥʦʛʦ ʚ ʪʝʢʩʪ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʦʧʠʩʘʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʜʦʧʦʣʥʷʶʱʠʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʘ ʪʘʢʞʝ ʜʦʧʫʩʢʘʶʱʠʡ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ Process 

Mining ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʦʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ 

ʘʧʧʘʨʘʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʝʨʘʮʠʡ ʥʘʜ ʩʦʙʳʪʠʡʥʳʤʠ ʨʷʜʘʤʠ. 
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1. ʉʠʛʦʚ ɸ. ʉ., ɾʫʢʦʚ ɼ. ʆ., ʅʦʚʠʢʦʚʘ ʆ. ɸ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʝʘʣʠʟʘʮʠʠ 
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ABOUT PROCESSES 

Zayakin Viktor S. 
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The paper aims to develop an approach for discovering knowledge about processes in different 

systems. The approach is based on event types assignment to recorded events permitting the 

application of various techniques to study processes. The concepts of event space and event series 

using the apparatus of set theory are introduced. Indicators for the analysis of event series based on 

the frequency of events of certain types occurrence and the distribution of their instants in system 

are defined. Besides, the applications of developed apparatus such as time series specification for 

identification of regression dependencies or using of Process Mining for process modelling are 

represented. Additionally, the feasibility of global processes analysis using newsô texts is described. 

Keywords: knowledge discovery, Process Mining, process analysis, news analysis, clustering. 



 

139 

 

ʋɼʂ 004.434 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɸʃɻʆʈʀʊʄɸ ɼʀʅɸʄʀʏɽʉʂʆʁ ʀʄʄʋʅʀɿɸʎʀʀ ʋɿʃʆɺ 

ɼʃʗ ʆɻʈɸʅʀʏɽʅʀʗ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʗ ɺʈɽɼʆʅʆʉʅʆʁ ʀʅʌʆʈʄɸʎʀʀ 

ɺ ʉʆʎʀɸʃʔʅʓʍ ʉɽʊʗʍ29 

ɿʠʤʠʥ ʀʣʴʷ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614990, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ɹʫʢʠʨʝʚʘ, 15, ziminsrve@gmail.com 

ɿʘʤʷʪʠʥʘ ɽʣʝʥʘ ɹʦʨʠʩʦʚʥʘ 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, 

614070, ʈʦʩʩʠʷ, ʛ. ʇʝʨʤʴ, ʫʣ. ʉʪʫʜʝʥʯʝʩʢʘʷ, ʜ. 38, e_zamyatina@mail.ru 

ʆʛʨʘʥʠʯʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʨʝʜʦʥʦʩʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʟʜʦʨʦʚʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʧʨʦʙʣʝʤʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʦʡ (ʚʨʝʜʦʥʦʩʥʦʡ, ʟʘʧʨʝʱʝʥʥʦʡ, 

ʟʣʦʥʘʤʝʨʝʥʥʦʡ) ʠʥʬʦʨʤʘʮʠʠ ʧʫʪʝʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʠʤʤʫʥʠʟʘʮʠʠ ʫʟʣʦʚ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. 

ʇʨʠʚʦʜʠʪʩʷ ʧʦʩʪʘʥʦʚʢʘ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ, ʦʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʠʤʤʫʥʠʟʘʮʠʠ [1], ʘ ʪʘʢʞʝ ʝʛʦ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʧʦʩʪʨʦʝʥʥʘʷ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʨʝʜʩʪʚʘ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ AnyLogic, ʢʦʪʦʨʦʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʛʝʥʪʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. ʆʙʦʩʥʦʚʘʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʛʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ (ʯʠʩʣʦ ʟʘʨʘʞʝʥʥʳʭ ʚʨʝʜʦʥʦʩʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʚ ʢʦʥʝʯʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ) ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʬʬʫʟʠʠ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʣʫʯʘʡʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ 

ʠ ʝʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʈʘʩʩʤʦʪʨʝʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʫʢʘʟʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʚʨʝʜʦʥʦʩʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʠʤʤʫʥʠʟʘʮʠʷ, ʜʠʬʬʫʟʠʷ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʧʨʦʯʥʦ ʫʢʨʝʧʠʣʠʩʴ ʚ 

ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ɿʘʯʘʩʪʫʶ ʤʦʞʥʦ ʠʟʚʣʝʯ ɹ ʚʳʛʦʜʫ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʜʝʡ, ʥʦʚʦʩʪʝʡ, 

ʠʥʥʦʚʘʮʠʡ, ʙʨʝʥʜʦʚ (ʤʘʨʢʝʪʠʥʛ, ʥʘʧʨʠʤʝʨ). ʆʜʥʘʢʦ ʥʠʢʦʛʜʘ ʥʝʣʴʟʷ ʙʳʪʴ ʫʚʝʨʝʥʥʳʤ, ʯʪʦ, 

ʧʦʣʴʟʫʷʩʴ ʩʦʮʠʘʣʴʥʳʤʠ ʩʝʪʷʤʠ, ʣʶʜʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʣʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʦʮʠʘʣʴʥʳʤʠ 

ʩʝʪʷʤʠ ʧʦʣʴʟʫʶʪʩʷ ʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ, ʠʭ ʮʝʣʠ ʥʦʩʷʪ ʜʨʫʛʦʡ, ʟʣʦʥʘʤʝʨʝʥʥʳʡ ʭʘʨʘʢʪʝʨ.  

ʉʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ï ʦʜʠʥ ʠʟ ʧʦʧʫʣʷʨʥʝʡʰʠʭ ʩʧʦʩʦʙʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʜʝʦʣʦʛʠʠ 

ʪʝʨʨʦʨʠʟʤʘ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʦʙʤʝʥʠʚʘʪʴʩʷ ʣʶʙʦʛʦ ʨʦʜʘ ʠʥʬʦʨʤʘʮʠʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʚʨʝʜʦʥʦʩʥʦʡ, ʠʩʧʦʣʴʟʫʶʱʝʡʩʷ ʚ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʮʝʣʷʭ. ʇʦʵʪʦʤʫ ʢʨʘʡʥʝ ʚʘʞʥʘʷ ʟʘʜʘʯʘ ï 

ʚʳʷʚʠʪʴ ʜʠʥʘʤʠʢʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʠ 

ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʝʝ ʙʣʦʢʠʨʦʚʢʠ. ʆʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʧʨʠʤʝʥʝʥʠʝ 
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ʤʝʪʦʜʦʚ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʤʠʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ AnyLogic [2].  

ɹʝʟʫʩʣʦʚʥʦ, ʧʨʦʙʣʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʧʨʝʱʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʘ ʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [3] ʙʳʣʘ 

ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʚʳʷʚʣʝʥʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ. ɸʚʪʦʨʳ ʨʝʘʣʠʟʦʚʘʣʠ ʵʪʫ ʟʘʜʘʯʫ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Triad ʠ ʧʨʦʚʝʣʠ ʥʝʩʢʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɸʚʪʦʨʳ 

ʨʘʙʦʪ r[1] ʩʦʟʜʘʣʠ ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ ʙʣʦʢʠʨʦʚʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʣʦʚʨʝʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

ɿʘʜʘʯʘ ʠʤʤʫʥʠʟʘʮʠʠ ʫʟʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʜʠʬʬʫʟʠʠ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʤʤʫʥʠʟʘʮʠʷ ʫʟʣʘ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ï ʵʪʦ ʧʨʦʮʝʩʩ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ 

ʫʟʝʣ (ʢʦʥʢʨʝʪʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ) ʧʨʠʦʙʨʝʪʘʝʪ ʠʤʤʫʥʠʪʝʪ, ʠʣʠ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʚʦʩʧʨʠʠʤʯʠʚʳʤ ʢ ʠʥʬʝʢʮʠʦʥʥʦʡ (ʚʨʝʜʦʥʦʩʥʦʡ, ʟʘʧʨʝʱʝʥʥʦʡ) ʠʥʬʦʨʤʘʮʠʠ, ʘ ʜʠʬʬʫʟʠʷï 

ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʘʢʦʡ-ʣʠʙʦ ʩʠʛʥʘʣ ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʚʩʝʡ ʩʝʪʠ (ʚ ʥʘʰʝʤ 

ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʩʠʛʥʘʣʘ ʚʳʩʪʫʧʘʝʪ ʟʘʧʨʝʱʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ).  

ʉʝʪʝʚʘʷ ʠʤʤʫʥʠʟʘʮʠʷ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʤʠʥʠʤʠʟʘʮʠʠ (ʯʪʦ ʦʙʨʘʪʥʦ ʧʨʦʙʣʝʤʝ 

ʤʘʢʩʠʤʠʟʘʮʠʠ) ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʨʝʜʦʥʦʩʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. ɺ ʧʨʦʙʣʝʤʝ 

ʤʘʢʩʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ [4] ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʚʷʱʝʥʳ ʩʦʢʨʘʱʝʥʠʶ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʚ ʞʘʜʥʳʭ ʘʣʛʦʨʠʪʤʘʭ ʠʣʠ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʘʣʛʦʨʠʪʤʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ 

ʦʩʥʦʚʥʳʝ ʢʘʪʝʛʦʨʠʠ: (ʘ) ʘʣʛʦʨʠʪʤʳ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʟʥʘʥʠʷ ʚʨʝʜʦʥʦʩʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

(ʘʣʛʦʨʠʪʤʳ ʫʧʨʝʞʜʘʶʱʝʡ ʠʤʤʫʥʠʟʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʨʝʜʦʥʦʩʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʩʪʦʷʥʠʷ ʠʩʭʦʜʥʦʡ ʜʠʬʬʫʟʠʠ); (ʙ) ʘʣʛʦʨʠʪʤʳ, 

ʨʝʘʣʠʟʫʶʱʠʝ ʩʪʨʘʪʝʛʠʠ ʠʤʤʫʥʠʟʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʞʝ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʫʟʣʦʚ, ʨʝʰʝʥʠʷ 

ʧʦ ʠʤʤʫʥʠʟʘʮʠʠ ʧʨʠʥʠʤʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʟʥʘʥʠʡ ʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʨʘʞʝʥʥʳʭ ʫʟʣʘʭ. 

ʇʦʜʨʦʙʥʝʝ ʨʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʜʠʥʘʤʠʯʝʩʢʦʡ ʠʤʤʫʥʠʟʘʮʠʠ ʠ ʠʩʩʣʝʜʫʝʤ ʘʣʛʦʨʠʪʤ 

ʠʤʤʫʥʠʟʘʮʠʠ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʟʥʘʥʠʷʭ ʦʙ ʫʞʝ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʫʟʣʘʭ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ: 

ɺ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ G = (V, E) ʤʥʦʞʝʩʪʚʦ ʫʟʣʦʚ V ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʜʠʚʠʜʦʚ, ʘ ʤʥʦʞʝʩʪʚʦ 

ʨʝʙʝʨ E ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʠʥʜʠʚʠʜʘʤʠ. ʂʘʞʜʦʝ ʨʝʙʨʦ e(u, v) ŗ E ʠʤʝʝʪ 

ʚʝʩ p(u, v)  0, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ 

ʚʝʨʰʠʥʘʤʠ u ʠ v. I0, - ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ-ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ. K ï ʙʶʜʞʝʪ ʠʤʤʫʥʠʟʘʮʠʠ ï

ʯʠʩʣʦ ʫʟʣʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʠʤʤʫʥʠʟʘʮʠʠ (ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ K ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʯʠʩʣʘ 

ʥʝʠʥʬʠʮʠʠʨʦʚʘʥʥʳʭ ʫʟʣʦʚ). 
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ɿʘʜʘʯʘ ʵʢʚʠʚʘʣʝʥʪʥʘ ʟʘʜʘʯʝ ʦ ʪʦʤ, ʢʘʢ ʠʤʤʫʥʠʟʠʨʦʚʘʪʴ K ʫʟʣʦʚ, ʯʪʦʙʳ ʚ ʢʦʥʮʝ 

ʜʠʬʬʫʟʠʠ ʙʳʣʦ ʟʘʨʘʞʝʥʦ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʫʟʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, K ʫʟʣʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʠʤʤʫʥʠʟʠʨʦʚʘʥʳ ʚ ʧʨʦʮʝʩʩʝ ʜʠʬʬʫʟʠʠ, ʘ ʥʝ ʚ ʥʘʯʘʣʝ ʜʠʬʬʫʟʠʠ (ʢʘʢ ʚ ʩʣʫʯʘʝ ʩʪʘʪʠʯʝʩʢʦʡ 

ʠʤʤʫʥʠʟʘʮʠʠ). ʇʫʩʪʴ Im(t) ʩʦʜʝʨʞʠʪ ʫʟʣʳ ʠʤʤʫʥʠʟʘʮʠʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t.  

ʎʝʣʴ ʟʘʜʘʯʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʠʤʤʫʥʠʟʘʮʠʠ - ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʫʶ ʩʪʨʘʪʝʛʠʶ ʠʤʤʫʥʠʟʘʮʠʠ 

ū = (Im(0), Im(1), ..., Im(Ű)), ʛʜʝ Ű - ʚʨʝʤʷ ʦʢʦʥʯʘʥʠʷ ʜʠʬʬʫʟʠʠ, ʪʘʢ, ʯʪʦ ʯʠʩʣʦ ʢʦʥʝʯʥʳʭ 

ʥʝʟʘʪʨʦʥʫʪʳʭ ʚʨʝʜʦʥʦʩʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʫʟʣʦʚ ʤʘʢʩʠʤʘʣʴʥʦ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ 

ʈʝʘʣʠʟʫʝʤ ʟʘʜʘʯʫ, ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʦ ʚʳʰʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʛʝʥʪʥʦʡ 

ʩʠʩʪʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ AnyLogic (ʘʛʝʥʪʳ ï ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ, ʘʛʝʥʪʥʘʷ 

ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʘʛʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʪʴ ʠʭ ʧʦʚʝʜʝʥʠʝ, 

ʧʦʤʝʱʘʪʴ ʠʭ ʚ ʥʝʢʫʶ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʩʚʷʟʠ).  

AnyLogic ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʩʝʪʝʡ ʘʛʝʥʪʦʚ: (ʘ) ʩʣʫʯʘʡʥʦʝ ï ʘʛʝʥʪʳ 

ʩʦʝʜʠʥʷʶʪʩʷ ʩʣʫʯʘʡʥʦ, ʫ ʢʘʞʜʦʛʦ ʘʛʝʥʪʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘʜʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʝʡ, (ʙ) 

ʩʦʛʣʘʩʥʦ ʨʘʩʩʪʦʷʥʠʶ ï ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩʦʝʜʠʥʷʶʪʩʷ ʪʝ ʘʛʝʥʪʳ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʥʝ ʙʦʣʴʰʝ ʟʘʜʘʥʥʦʛʦ ʨʘʜʠʫʩʘ ʩʦʝʜʠʥʝʥʠʷ (ʪʦʣʴʢʦ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ), (ʚ) 

ʨʝhʝʪʦʯʥʦ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʢʦʣʴʮʦ ï ʩʚʷʟʠ ʘʛʝʥʪʦʚ ʦʙʨʘʟʫʶʪ ʢʦʣʴʮʦ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʘʛʝʥʪ 

ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʟʘʜʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʙʣʠʞʘʡʰʠʭ ʘʛʝʥʪʦʚ, ʤʘʣʳʡ ʤʠʨ ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʨʝʰʝʪʦʯʥʦ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʢʦʣʴʮʦ, ʛʜʝ ʥʝʢʦʪʦʨʳʝ ʩʚʷʟʠ ʙʳʣʠ ʨʘʟʦʨʚʘʥʳ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩ 

ʫʜʘʣʝʥʥʳʤʠ ʘʛʝʥʪʘʤʠ, ʙʝʟʨʘʟʤʝʨʥʘʷ ï ʥʝʢʦʪʦʨʳʝ ʘʛʝʥʪʳ ʷʚʣʷʶʪʩʷ çʭʘʙʘʤʠè ʩ ʤʥʦʞʝʩʪʚʘʤʠ 

ʩʦʝʜʠʥʝʥʠʡ.  

ʆʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ 

ɺ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʠʥʜʠʚʠʜ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʤ ʠʟ ʪʨʝʭ 

ʩʦʩʪʦʷʥʠʡ: (ʘ) ʘʢʪʠʚʥʦʝ ï ʩʦʩʪʦʷʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʷʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʠʪʝʣʠ ʚʨʝʜʦʥʦʩʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, (ʙ) ʥʝʘʢʪʠʚʥʦʝ ï ʩʦʩʪʦʷʥʠʝ ʠʥʜʠʚʠʜʦʚ, ʚʦʩʧʨʠʠʤʯʠʚʭr ʢ ʚʨʝʜʦʥʦʩʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, (ʚ) ʠʤʤʫʥʠʟʠʨʦʚʘʥʥʦʝ ï ʩʦʩʪʦʷʥʠʝ ʠʥʜʠʚʠʜʦʚ, ʥʝ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʜʠʬʬʫʟʠʠ. 

ʅʘ ʚʭʦʜ ʘʣʛʦʨʠʪʤʫ ʧʦʜʘʪʁ ʤʦʜʝʣʴ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʚ ʚʠʜʝ ʛʨʘʬʘ G=(V, E), ʯʠʩʣʦ 

ʘʢʪʠʚʥʳʭ ʫʟʣʦʚ ʚ ʥʘʯʘʣʝ ʜʠʬʬʫʟʠʠ I0, ʠ ʙʶʜʞʝʪ ʠʤʤʫʥʠʟʘʮʠʠ ï K. 

ʐʘʛ 1. ɼʣʷ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʜʠʬʬʫʟʠʠ ʚʳʯʠʩʣʷʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʠʤʤʫʥʠʟʘʮʠʠ IG 

ʜʣʷ ʚʩʝʭ ʥʝʘʢʪʠʚʥʳʭ ʫʟʣʦʚ ʧʦ ʬʦʨʤʫʣʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ [1].  

ʐʘʛ 2. ɿʘʧʦʤʠʥʘʶʪ ʫʟʝʣ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ IG, ʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ, 

ʠʤʤʫʥʠʟʘʮʠʶ ʦʪʢʣʘʜʳʚʘʶʪ ʥʘ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ.  

ʐʘʛ 3. ɿʘʧʫʩʢʘʶʪ ʚʟʚʝʰʝʥʥʫʶ IC ʤʦʜʝʣʴ [1] ʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʜʠʬʬʫʟʠʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t+1 ʚʳʯʠʩʣʷʶʪ ʧʦʚʪʦʨʥʦ IG ʜʣʷ ʢʘʞʜʦʛʦ ʥʝʘʢʪʠʚʥʦʛʦ ʠʥʜʠʚʠʜʘ.  
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ʐʘʛ 4. ʇʦʚʪʦʨʷʶʪ ʧʦʩʣʝʜʥʝʝ ʜʝʡʩʪʚʠʝ R (ʟʘʜʘʶʪ ʧʨʦʠʟʚʦʣʴʥʦ, ʯʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ, 

ʪʝʤ ʨʝʟʫʣʴʪʘʪ ʣʫʯʰʝ) ʨʘʟ ʠ ʥʘʭʦʜʠʤ ʩʨʝʜʥʠʡ IG ʠʟ R ʤʘʢʩʠʤʘʣʴʥʳʭ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t+1. 

ʐʘʛ 5. ʉʨʘʚʥʠʚʘʶʪ ʧʦʣʫʯʝʥʥʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ IG ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ IG ʚ 

ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʳʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ IG ʙʦʣʴʰʝ ï ʚʳʧʦʣʥʷʝʤ 

ʠʤʤʫʥʠʟʘʮʠʶ ʫʟʣʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ IG ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠ ʫʤʝʥʴʰʘʝʤ K, ʠʥʘʯʝ, 

ʟʘʧʫʩʢʘʝʤ IC ʤʦʜʝʣʴ ʠ ʧʨʦʜʚʠʛʘʝʤ ʯʘʩʳ. ɺʦʟʚʨʘʱʘʝʤʩʷ ʚ ʰʘʛʫ 1. ʈʘʙʦʪʘ ʘʣʛʦʨʠʪʤʘ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʙʶʜʞʝʪ ʠʤʤʫʥʠʟʘʮʠʠ ʠʩʯʝʨʧʘʥ.  

ʇʩʝʚʜʦʢʦʜ ʨʝʘʣʠʟʫʝʤʦʛʦ ʥʘʤʠ ʘʣʛʦʨʠʪʤʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩʫʥʦʢ 1. ʇʩʝʚʜʦʢʦʜ ʘʣʛʦʨʠʪʤʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʠʤʤʫʥʠʟʘʮʠʠ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʥʝ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʠ ʙʦʣʴʰʠʭ R. ʕʪʦʪ 

ʬʘʢʪ ʦʙʲʷʩʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ: ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ t+1 (ʵʪʦʪ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ IG) ʚʩʣʝʜʩʪʚʠʝ ʜʠʬʬʫʟʠʠ ʩʦʩʪʦʷʥʠʝ ʩʝʪʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʠʪʴʩʷ. ʂ ʧʨʠʤʝʨʫ: ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0 ʝʩʪʴ ʦʜʠʥ ʘʢʪʠʚʥʳʡ ʫʟʝʣ, ʠ ʦʥ ʠʤʝʝʪ 5 

ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʫʟʣʦʚ. ʊʦʛʜʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 1 ʚʦʟʤʦʞʥʦ 32 ʩʦʩʪʦʷʥʠʷ ʜʠʬʬʫʟʠʠ, ʧʦʪʦʤʫ 

ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʩʚʷʟʘʥʥʳʭ ʫʟʣʦʚ ʤʦʞʝʪ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

(ʥʘʟʥʘʯʝʥʥʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ IC [1]). ʉʣʝʜʫʝʪ ʟʘʤʝʥʠʪʴ ʧʝʨʝʙʦʨ ʚʩʝʚʦʟʤʦʞʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʜʠʬʬʫʟʠʠ ʚ ʩʣʝʜʫʶʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘ ʩʣʫʯʘʡʥʫʶ ʚʳʙʦʨʢʫ R ʩʦʩʪʦʷʥʠʡ ʠ 

ʚʳʯʠʩʣʠʪʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ IG (ʤʦʜʝʣʴ ʄʦʥʪʝ-ʂʘʨʣʦ). ʆʜʥʘʢʦ ʵʪʦʪ ʧʦʜʭʦʜ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʘʣʛʦʨʠʪʤ ʩʪʘʥʦʚʠʪʩʷ ʥʝʪʦʯʥʳʤ.  

ʈʘʩʩʤʦʪʨʠʤ IC ʤʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ï ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʤʦʜʝʣʝʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠʚʝʜʝʤ ʜʠʘʛʨʘʤʤʫ ʩʦʩʪʦʷʥʠʡ ʘʛʝʥʪʘ ʠʟ ʩʨʝʜʳ AnyLogic ʥʘ 

ʨʠʩʫʥʢʝ 2 ʠ ʧʦʧʨʦʙʫʝʤ ʚ ʥʝʡ ʨʘʟʦʙʨʘʪʴʩʷ. 
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ʈʠʩʫʥʦʢ 2. IC ʤʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʝ ʜʚʘ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ IC ʤʦʜʝʣʠ:  

1) UIC ʤʦʜʝʣʴ ï ʨʘʚʥʦʤʝʨʥʘʷ ʥʝʟʘʚʠʩʠʤʘʷ ʢʘʩʢʘʜʥʘʷ ʤʦʜʝʣʴ, ʛʜʝ ʚʝʨʦʷʪʥʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʝʞʜʫ ʣʶʙʦʡ ʧʘʨʦʡ ʠʥʜʠʚʠʜʦʚ ʥʘʟʥʘʯʘʝʪʩʷ ʨʘʚʥʦʡ 0.1. 

2) WIC ʤʦʜʝʣʴ ï ʚʟʚʝʰʝʥʥʘʷ ʥʝʟʘʚʠʩʠʤʘʷ ʢʘʩʢʘʜʥʘʷ ʤʦʜʝʣʴ, ʛʜʝ ʚʝʨʦʷʪʥʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʚʥʘ 1/ʯʠʩʣʦ ʜʨʫʟʝʡ (ʩʚʷʟʘʥʥʳʭ ʫʟʣʦʚ).  

ʅʘ ʨʠʩʫʥʢʝ 2 ʠʟʦʙʨʘʞʝʥʘ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʡ ʠʥʜʠʚʠʜʘ (ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʦʮʠʘʣʴʥʦʡ 

ʩʝʪʠ), ʪʦ ʝʩʪʴ, ʘʛʝʥʪ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʤ ʠʟ 3-ʭ ʩʦʩʪʦʷʥʠʡ: ʘʢʪʠʚʥʦʝ, ʥʝʘʢʪʠʚʥʦʝ, 

ʠʤʤʫʥʠʟʠʨʦʚʘʥʥʦʝ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʨʘʩʥʦʤʫ, ʦʨʘʥʞʝʚʦʤʫ, ʟʝʣʝʥʦʤʫ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ. 

ʇʨʠ ʟʘʧʫʩʢʝ ʤʦʜʝʣʠ ʚʩʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʧʝʨʝʭʦʜʷʪ ʚ ʦʜʥʦ ʠʟ ʜʚʫʭ 

ʩʦʩʪʦʷʥʠʡ çNotActiveè ʠʣʠ çActiveè, ʧʨʠʯʝʤ ʚʦ ʚʪʦʨʦʝ ʧʦʧʘʜʘʶʪ ʪʦʣʴʢʦ I0 ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ IG ʚʩʝ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʦʩʪʦʷʥʠʠ çActiveè, ʥʘʯʠʥʘʶʪ 

ʨʘʩʩʳʣʘʪʴ ʟʘʧʨʝʱʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚʩʝʤ ʩʚʦʠʤ ʜʨʫʟʴʷʤ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 

çNotActiveè. ʇʦʣʴʟʦʚʘʪʝʣʠ, ʢʦʪʦʨʳʭ ʫʜʘʣʦʩʴ ʟʘʨʘʟʠʪʴ (ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ), ʧʝʨʝʭʦʜʷʪ ʚ ʩʦʩʪʦʷʥʠʝ çActiveè, ʘ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʢʦʪʦʨʳʭ ʫʜʘʣʦʩʴ 

ʠʤʤʫʥʠʟʠʨʦʚʘʪʴ, ʧʝʨʝʭʦʜʷʪ ʚ ʩʦʩʪʦʷʥʠʝ çImmuneè. ɺʳʡʪʠ ʠʟ ʩʦʩʪʦʷʥʠʡ çActiveè ʠ 

çImmuneè ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ 

ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ 200 ʫʟʣʦʚ, ʚ ʢʦʪʦʨʦʡ ʫ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʤʦʞʝʪ ʙʳʪʴ ʥʝ 

ʙʦʣʝʝ 5 ʜʨʫʟʝʡ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʫ ʥʘʩ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʤʤʫʥʠʟʠʨʦʚʘʪʴ ʪʦʣʴʢʦ 10 ʫʟʣʦʚ, 

ʪʦ ʝʩʪʴ ʙʶʜʞʝʪ ʠʤʤʫʥʠʟʘʮʠʠ K = 10. ʀʟʤʝʥʷʷ ʥʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ, ʘ ʠʤʝʥʥʦ: ʯʠʩʣʦ 

ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ï I0, ʢʦʥʩʪʘʥʪʫ R (ʯʠʩʣʦ ʟʘʧʫʩʢʦʚ IC ʤʦʜʝʣʠ), ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤʘ 

ʪʘʙʣʠʮʝ 1. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʜʚʫʭ ʚʠʜʦʚ IC ʤʦʜʝʣʠ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʧʦ 5 ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʢʘʞʜʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ, ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʫʩʨʝʜʥʝʥʥʳʝ ʜʘʥʥʳʝ. ʈʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʯʠʩʣʦ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʢʦʥʮʝ 

ʜʠʬʬʫʟʠʠ ʠʟ 200. 
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ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤʘ 

ʄʦʜʝʣʴ R I0 K ʈʝʟʫʣʴʪʘʪ 

UIC 

20  

5 
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88/200 

50 81/200 

100 88/200 
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10 
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50 90/200 

100 114/200 

WIC 

20  
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37/200 

50 27/200 

100 29/200 

20  
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32/200 

50 29/200 

100 36/200 

ɿʘʢʣʶʯʝʥʠʝ 

ɹʳʣ ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʠʤʤʫʥʠʟʘʮʠʠ ʧʨʠ ʧʦʤʦʱʠ ʩʨʝʜʳ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ AnyLogic. ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ. ʋʜʘʣʦʩʴ ʚʳʷʩʥʠʪʴ, ʯʪʦ ʥʘ ʯʠʩʣʦ ʟʘʨʘʞʝʥʥʳʭ ʚʨʝʜʦʥʦʩʥʳʭ ʠʥʬʦʨʤʘʮʠʝʡ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚʣʠʷʝʪ ʪʠʧ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʟʚʝʰʝʥʥʦʡ IC ʤʦʜʝʣʠ ʨʝʟʫʣʴʪʘʪʳ ʣʫʯʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʚʥʦʤʝʨʥʦʡ. 

ʃʶʙʦʧʳʪʥʳʤ ʬʘʢʪʦʤ ʩʪʘʣʦ ʪʦ, ʯʪʦ ʧʨʠ R = 100 ʨʘʙʦʪʘʝʪ ʭʫʞʝ, ʯʝʤ ʧʨʠ R = 50. ʇʦ ʩʫʪʠ, ʝʩʣʠ 

ʤʳ ʦʙʲʝʜʠʥʠʤ ʚʩʝ ʘʢʪʠʚʥʳʝ ʫʟʣʳ ʚ ʦʜʠʥ ʩʫʧʝʨʫʟʝʣ (ʢʘʢ ʵʪʦ ʠ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ 

ʧʨʦʛʨʘʤʤʥʦʤ ʫʨʦʚʥʝ) ʠ ʫ ʥʝʛʦ ʙʫʜʝʪ 5 ʩʚʷʟʝʡ, ʪʦ ʚʦʟʤʦʞʥʦ ʚʩʝʛʦ 25=32 ʩʦʩʪʦʷʥʠʷ ʜʠʬʬʫʟʠʠ 

ʚ ʧʦʩʣʝʜʫʶʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʚʠʜʠʤʦ ʧʦʵʪʦʤʫ 50 ʟʘʧʫʩʢʦʚ IC ʤʦʜʝʣʠ ʜʣʷ ʜʘʥʥʦʡ 

ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ. ʉʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʦʩʪʘʚʣʷʝʪ ʞʝʣʘʪʴ 

ʣʫʯʰʝʛʦ, ʪ.ʢ. ʥʘ ʩʦʮ. ʩʝʪʠ, ʛʜʝ ʚʩʝʛʦ 200 ʫʟʣʦʚ ʠ ʦʢʦʣʦ 600 ʩʚʷʟʝʡ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʷʜʢʘ 3-4 ʩʝʢʫʥʜ (ʧʨʠ R = 50), ʧʦʵʪʦʤʫ ʘʣʛʦʨʠʪʤ ʥʫʞʜʘʝʪʩʷ ʚ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ 
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Restricting the spread of malicious information is crucial to the healthy and sustainable 

development of social networks. This article addresses the problem of preventing the spread of 

unwanted (malicious, prohibited, malicious) information by dynamically immunizing nodes in 

social networks. A statement of the problem to be solved, a description of the dynamic 

immunization algorithm [1], as well as its simulation model, built using the simulation tool 

AnyLogic, which allows agent-based modeling of social networks, are given. Reasonable use of 

agent-based modeling. The results (the number of infected with a malicious information of users of 

a social network at a finite point in time) simulation of the diffusion of a social network with 

different parameters of the initial state of a randomly generated social network and its users are 

presented. The advantages and disadvantages of this algorithm are considered. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʦʮʝʥʢʠ ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʉʪʫʜʠʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʳʭ ʜʝʣʦʚʳʭ ʠʛʨ 

(ʉʂɼʀ). ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ 

ʢʦʤʧʝʪʝʥʮʠʡ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʝʢʪʘ ʩ ʫʯʝʪʦʤ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʫʪʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʢʦʤʧʝʪʝʥʮʠʡ. ʇʨʠʚʦʜʠʪʩʷ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʧʦʥʷʪʠʷ 

çʢʦʤʧʝʪʝʥʮʠʷè, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʩʪʨʫʢʪʫʨʘ 

ʢʦʤʧʝʪʝʥʮʠʠ ʚ ʨʘʤʢʘʭ ʉʂɼʀ. ʀʩʩʣʝʜʫʶʪʩʷ ʤʦʜʝʣʠ ʦʧʠʩʘʥʠʷ ʉʂɼʀ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʤʝʩʪʘ 

ʦʮʝʥʢʠ ʢʦʤʧʝʪʝʥʮʠʠ ʚ ʢʦʥʮʝʧʮʠʠ ʉʂɼʀ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʤʦʜʝʣʠ ʪʦʯʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. ʆʧʠʩʳʚʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʢʦʤʧʝʪʝʥʮʠʠ ʚ ʉʂɼʀ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʦʮʝʥʢʝ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʝʪʝʥʮʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʠ ʩʨʝʜʩʪʚʘ ʦʮʝʥʢʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʝʪʝʥʮʠʠ. ʇʨʠʚʦʜʠʪʩʷ ʬʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʠʪʦʛʦʚʦʡ ʦʮʝʥʢʠ ʢʦʤʧʝʪʝʥʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʝʪʝʥʮʠʷ, ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʢʦʤʧʝʪʝʥʮʠʠ, ʩʪʫʜʠʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʳʭ 

ʜʝʣʦʚʳʭ ʠʛʨ 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʙʦʣʴʰʠʥʩʪʚʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʜʝʣʦʚʳʭ ʠʛʨ ʷʚʣʷʶʪʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʦ ʢʦʪʦʨʳʤ ʦʮʝʥʠʚʘʝʪʩʷ ʫʩʧʝʰʥʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʠʛʨʳ, ʘ ʥʝ 

ʤʦʜʝʣʴ ʠʛʨʦʢʘ, ʦʪʨʘʞʘʶʱʘʷ ʩʪʝʧʝʥʴ ʧʨʦʷʚʣʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ [1]. 

ʋʩʪʦʷʚʰʠʝʩʷ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʢʦʤʧʝʪʝʥʮʠʡ, ʪʘʢʠʝ ʢʘʢ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʝ ʠʥʪʝʨʚʴʶ, 

ʘʩʩʝʩʩʤʝʥʪ-ʮʝʥʪʨʳ ʠʣʠ ʢʝʡʩ-ʦʮʝʥʢʘ, ʯʘʩʪʦ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʩʫʙʲʝʢʪʠʚʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʪʘʢ ʢʘʢ 

ʦʥʠ ʦʩʥʦʚʘʥ rʥʘ ʣʠʯʥʦʤ ʤʥʝʥʠʠ ʵʢʩʧʝʨʪʘ [2, 3]. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʩʧʦʩʦʙʳ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʦʮʝʥʢʠ ʢʦʤʧʝʪʝʥʮʠʡ, ʪʘʢ ʢʘʢ ʯʘʩʪʦ ʨʝʟʫʣʴʪʘʪ ʥʝ 

ʠʤʝʝʪ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʢʦʥʮʝʧʮʠʠ çʉʪʫʜʠʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʳʭ ʜʝʣʦʚʳʭ ʠʛʨè (ʉʂɼʀ) [4], 

ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʭʦʞʜʝʥʠʷ ʠʛʨʳ ʷʚʣʷʝʪʩʷ ʦʪʯʝʪ ʦʙ ʫʨʦʚʥʝ ʢʦʤʧʝʪʝʥʮʠʡ ʠʛʨʦʢʘ, ʢʦʪʦʨʳʡ 

ʜʦʣʞʝʥ ʙʳʪʴ ʠʟʤʝʨʝʥ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʭʘʥʠʟʤ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʦʮʝʥʠʚʘʪʴ ʫʨʦʚʝʥʴ ʦʩʚʦʝʥʠʷ ʢʦʤʧʝʪʝʥʮʠʠ ʠʛʨʦʢʦʤ, ʢʦʪʦʨʳʡ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚ ʉʂɼʀ ʥʝ 

ʨʝʘʣʠʟʦʚʘʥ. ʉʂɼʀ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʵʢʩʧʝʨʪʘ ʧʨʝʜʦʩʪʘʚʠʪʴ ʦʮʝʥʢʫ ʢʦʤʧʝʪʝʥʮʠʡ ʠʛʨʦʢʘ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʝʛʦ ʜʝʡʩʪʚʠʡ ʚʦ 

ʚʨʝʤʷ ʠʛʨʳ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʦʤʧʝʪʝʥʮʠʠ ʢʘʢ ʧʨʝʜʤʝʪʘ ʦʮʝʥʢʠ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʠʪ ʚʦʧʨʦʩ 
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ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚ ʝʸ ʩʪʨʫʢʪʫʨʝ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪʳ 

ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʝ [5]. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʨʘʩʩʫʞʜʝʥʠʷ ʘʚʪʦʨʦʚ ʩʚʦʜʷʪʩʷ ʢ ʩʣʝʜʫʶʱʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʦʤʧʝʪʝʥʮʠʠ [5, 6, 7]: ʟʥʘʥʠʷ, ʫʤʝʥʠʷ, ʥʘʚʳʢʠ, ʣʠʯʥʦʩʪʥʳʝ ʢʘʯʝʩʪʚʘ. ʉʨʝʜʠ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʟʥʘʥʠʝ ʠ ʫʤʝʥʠʝ, ʪʘʢ ʢʘʢ 

ʠʤʝʥʥʦ ʵʪʠ ʯʘʩʪʠ ʢʦʤʧʝʪʝʥʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ. ʇʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ ʉʂɼʀ ʧʨʠʥʷʪʦ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ: 

ʢʦʤʧʝʪʝʥʮʠʷ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʯʝʣʦʚʝʢʫ ʚʳʧʦʣʥʷʪʴ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʬʫʥʢʮʠʶ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. 

ʆʙʟʦʨ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ [8] 

ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʦʮʝʥʢʠ ʟʥʘʥʠʡ ʙʦʣʴʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʘ 

ʦʮʝʥʢʫ ʫʤʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʯʝʨʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʜʝʤʦʥʩʪʨʘʮʠʶ ʫʤʝʥʠʷ ʥʘ 

ʧʨʠʤʝʨʝ ʚʳʧʦʣʥʝʥʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʟʘʜʘʥʠʷ. ɺ ʉʂɼʀ ʧʦʜʦʙʥʳʝ ʟʘʜʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʮʝʥʘʨʠʷ ʜʝʣʦʚʦʡ ʠʛʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʮʝʥʢʘ 

ʢʦʤʧʝʪʝʥʮʠʠ ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʠʟ ʦʮʝʥʢʠ ʟʥʘʥʠʷ ʠ ʦʮʝʥʢʠ ʫʤʝʥʠʷ.  

ʉ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʉʂɼʀ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʮʝʥʢʫ ʟʥʘʥʠʡ ʧʨʦʚʦʜʠʪʴ ʧʦʩʨʝʜʩʪʚʦʤ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʛʨʦʢʘ ʚ ʧʨʦʮʝʩʩʝ ʠʛʨʳ, ʘ ʦʮʝʥʢʫ ʫʤʝʥʠʡ ʧʨʦʚʦʜʠʪʴ ʧʫʪʝʤ ʦʮʝʥʠʚʘʥʠʷ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʙʦʨʘ ʨʝʩʫʨʩʦʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ (ʜʝʤʦʥʩʪʨʘʮʠʠ ʫʤʝʥʠʡ). 

ʆʮʝʥʠʚʘʥʠʝ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʦʯʢʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ.  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ ʉʂɼʀ [4, 9, 10] ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʘʤ: 

1. ɺ ʉʂɼʀ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʪʜʝʣʴʥʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʙʳ ʦʧʠʩʳʚʘʣʘ ʦʮʝʥʢʫ ʫʨʦʚʥʷ 

ʦʩʚʦʝʥʠʷ ʢʦʤʧʝʪʝʥʮʠʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʝʦʜʥʦʢʨʘʪʥʦ ʫʧʦʤʠʥʘʣʩʷ ʚ 

ʜʨʫʛʠʭ ʤʦʜʝʣʷʭ. 

2. ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʦʩʥʦʚʥʳʝ ʜʝʡʩʪʚʠʷ ʠʛʨʦʢʘ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʪʦʯʢʝ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʷ (ʊʇʈ), ʠʤʝʥʥʦ ʟʜʝʩʴ ʦʥ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʚʦʠ ʢʦʤʧʝʪʝʥʮʠʠ, ʧʦʵʪʦʤʫ ʠʤʝʥʥʦ 

ʵʪʘ ʩʫʱʥʦʩʪʴ ʙʫʜʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ. 

ʊʘʢ ʢʘʢ ʚ ʨʘʤʢʘʭ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʨʘʥʝʝ ʧʦʜʭʦʜʘ, ʟʥʘʥʠʷ ʦʙʫʯʘʝʤʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʦʮʝʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʦʧʨʦʩʘ, ʪʦ ʪʦʯʢʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ [10] ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʧʦʣʥʝʥʘ 

ʤʥʦʞʝʩʪʚʦʤ ʚʦʧʨʦʩʦʚ: ʊʇʈi = {Ri, Ti}, ʛʜʝ Ri ï ʤʥʦʞʝʩʪʚʦ ʨʝʩʫʨʩʦʚ ʦʧʝʨʘʮʠʠ, Ti = {tij}, ï 

ʤʥʦʞʝʩʪʚʦ ʚʦʧʨʦʩʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʧʨʦʚʝʨʷʪʴʩʷ ʟʥʘʥʠʷ ʠʛʨʦʢʘ. ɼʘʣʝʝ ʦʮʝʥʢʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʊʇʈ ʙʫʜʝʪ ʦʙʦʟʥʘʯʘʪʴʩʷ ʆ(Ti) ʠ ʆ(Ri). ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʪʦʯʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʘʣʛʦʨʠʪʤʳ ʦʮʝʥʢʠ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʨʘʚʥʝʥʠʠ 

ʩʨʘʚʥʝʥʠʷ ʦʪʚʝʪʘ ʠʛʨʦʢʘ ʩ ʵʪʘʣʦʥʦʤ. ɸʣʛʦʨʠʪʤʳ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʥʘʯʠʩʣʝʥʠʝ ʠʛʨʦʢʫ ʰʪʨʘʬʘ 

ʟʘ ʥʝʚʝʨʥʳʝ ʦʪʚʝʪʳ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʮʝʥʢʠ ʟʥʘʥʠʡ ʙʘʣʣ ʥʫʞʥʦ ʧʨʠʚʝʩʪʠ ʚ 
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ʧʨʦʮʝʥʪʥʳʡ ʬʦʨʤʘʪ, ʨʘʟʤʝʨ ʰʪʨʘʬʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʣʠʯʝʩʪʚʫ ʚʝʨʥʳʭ ʠ 

ʥʝʚʝʨʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʪʚʝʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʪʦʯʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ɺ ʪʦʯʢʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦʧʨʝʜʝʣʝʥ ʤʠʥʠʤʘʣʴʥʳʡ ʧʦʨʦʛ ʜʣʷ ʦʮʝʥʢʠ ʟʥʘʥʠʡ (min_T) ʠ 

ʫʤʝʥʠʡ (min_R), ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ, ʯʪʦʙʳ ʧʝʨʝʡʪʠ ʢ ʩʣʝʜʫʶʱʝʤʫ ʜʝʡʩʪʚʠʶ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʛʨʦʢ ʦʙʣʘʜʘʝʪ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʫʨʦʚʥʝʤ ʟʥʘʥʠʡ ʠʣʠ ʫʤʝʥʠʡ ʚ ʩʣʫʯʘʝ 

ʩʦʚʝʨʰʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʠʣʠ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʢʨʠʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ. 

ʆʮʝʥʢʘ ʢʦʤʧʝʪʝʥʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʜʝʣʦʚʦʡ ʠʛʨʳ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʠʤʝʶʱʝʛʦʩʷ ʤʥʦʞʝʩʪʚʘ ʦʮʝʥʦʢ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʞʥʦʩʪʠ ʢʘʞʜʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʝʪʝʥʮʠʠ. ɼʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʢʩʧʝʨʪ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʤʦʞʝʪ ʫʩʪʘʥʦʚʠʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ ʬʦʨʤʫʣʫ: ˛˗  В Ὧ ὕ Ὁ, 

ʛʜʝ O(ʂ) ï ʦʮʝʥʢʘ ʢʦʤʧʝʪʝʥʮʠʠ, ki ï ʚʝʩ i-ʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʝʪʝʥʮʠʠ, Oi(ɽ) ï ʦʮʝʥʢʘ 

i-ʛʦ ʵʣʝʤʝʥʪʘ ʢʦʤʧʝʪʝʥʮʠʠ (ʟʥʘʥʠʷ ʠʣʠ ʫʤʝʥʠʷ), n ï ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʝʪʝʥʮʠʠ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʢʦʤʧʝʪʝʥʮʠʡ ʤʦʞʝʪ ʙʳʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ ʚ ʨʘʤʢʘʭ 

ʉʂɼʀ. ʈʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʠʪʦʛʘʤ ʠʛʨʳ ʦʮʝʥʢʘ ʧʦʚʳʰʘʝʪ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʛʨʳ, 

ʜʦʧʦʣʥʷʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʫʶ ʤʦʜʝʣʴ ʠʛʨʦʢʘ [11]. 
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CONʉEPT OF COMPETENCE ASSESSMENT IN COMPUTER BUSINESS GAMES 

Zorina Maria I. 

National Research University Higher School of Economics, 38, Studencheskaya st., Perm, 614070, 

Russia, bemybestfriend@mail.ru 

The competence assessment method for ʉompetence-based business games studio (CBGS) is 

considered. The explanation of necessity to develop its own approach of competence assessment, 

taking into account its features is given by examining existing competence assessment methods. 

According to the overview of the competence, the competence definition and structure is defined in 

terms of CBGS. The existing models of CBGS description are studied to identify the place of 

competence assessment in the CBGS concept. The modification of decision-making point model is 

suggested. An approach of competence assessment in CBGS based on the assessment of 

competence components is proposed. Possible ways and means of assessing the competence 

components are considered. The formula for calculating the final competence assessment is derived. 

Keywords: competence, competence assessment methods, competence-based business games studio 



 

151 

 

ʋɼʂ 517.2 

ʊɽʆʈɽʄɸ ɽɼʀʅʉʊɺɽʅʅʆʉʊʀ ɼʃʗ ʌʋʅʂʎʀʁ ʉ ʅʋʃɽɺʓʄʀ ʀʅʊɽɻʈɸʃɸʄʀ 

ʇʆ ʇʈɸɺʀʃʔʅʓʄ ʏɽʊʓʈɽʍʄɽʈʅʓʄ ʉʀʄʇʃɽʂʉɸʄ 

ʀʚʘʥʠʩʝʥʢʦ ʅʘʪʘʣʴʷ ʉʝʨʛʝʝʚʥʘ31 

ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʢʦʥʦʤʠʢʠ ʠ ʪʦʨʛʦʚʣʠ ʠʤʝʥʠ ʄʠʭʘʠʣʘ ʊʫʛʘʥ-

ɹʘʨʘʥʦʚʩʢʦʛʦ, 83001, ʋʢʨʘʠʥʘ, ʛ. ɼʦʥʝʮʢ, ʫʣʠʮʘ ɸʨʪʝʤʘ, ʜ. 133, Ivanisenko.n.s@gmail.com 

ʀʩʩʣʝʜʫʝʤʦʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʥʦʞʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʘʚʠʣʴʥʳʡ ʯʝʪʳʨʝʭʤʝʨʥʳʡ 

ʩʠʤʧʣʝʢʩ, ʜʣʠʥʘ ʨʝʙʨʘ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ Ѝς. ʀʩʩʣʝʜʫʶʪʩʷ ʬʫʥʢʮʠʠ ʩ ʥʫʣʝʚʳʤʠ ʠʥʪʝʛʨʘʣʘʤʠ 

ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʩʠʤʧʣʝʢʩʘʤ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʫʩʘ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʦʪʢʨʳʪʦʤ 

ʰʘʨʝ ʨʘʜʠʫʩʘ R  (ʧʨʠ 2ʦʧR R< < , ʛʜʝ / 52ʦʧR =  ï ʨʘʜʠʫʩ ʥʘʠʤʝʥʴʰʝʛʦ ʟʘʤʢʥʫʪʦʛʦ ʰʘʨʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʟʘʤʳʢʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʠʤʧʣʝʢʩʘ). ʆʩʥʦʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʤʘ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ, ʠʟ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ ʥʝʥʫʣʝʚʘʷ ʬʫʥʢʮʠʷ ʨʘʚʥʘ 

ʥʫʣʶ ʚ ʰʘʨʝ ʥʝʢʦʪʦʨʦʛʦ ʨʘʜʠʫʩʘ r R< , ʪʦ ʦʥʘ ʙʫʜʝʪ ʨʘʚʥʘ ʥʫʣʶ ʠ ʚ ʰʘʨʝ ʨʘʜʠʫʩʘ R . 

ʀʟʫʯʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʣʦʢʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʧʨʦʙʣʝʤʳ ʇʦʤʧʝʡʶ. ʆʙʣʘʩʪʴʶ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʷʚʣʷʝʪʩʷ ʪʝʦʨʠʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ (ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ʬʫʥʢʮʠʡ ʣʠʥʝʡʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ), ʪʝʦʨʠʷ ʦʪʦʙʨʘʞʝʥʠʡ, ʩʦʭʨʘʥʷʶʱʠʭ ʤʝʨʫ ʠ 

ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ (ʫʪʦʯʥʝʥʠʝ ʊʝʦʨʝʤʳ ʄʦʨʝʨʳ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʘʚʠʣʴʥʳʡ ʩʠʤʧʣʝʢʩ, ʬʫʥʢʮʠʠ ʩ ʥʫʣʝʚʳʤʠ ʠʥʪʝʛʨʘʣʘʤʠ, ʣʦʢʘʣʴʥʳʡ 

ʚʘʨʠʘʥʪ ʧʨʦʙʣʝʤʳ ʇʦʤʧʝʡʶ. 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ nR  ï ʚʝʱʝʩʪʚʝʥʥʦʝ ʝʚʢʣʠʜʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʟʤʝʨʥʦʩʪʠ  n  (n 2)² ʩ 

ʝʚʢʣʠʜʦʚʦʡ ʥʦʨʤʦʡ | |Ö, ( )nM  ï ʛʨʫʧʧʫ ʠʟʦʤʝʪʨʠʡ nR . ɼʣʷ ʢʦʤʧʘʢʪʥʦʛʦ ʤʥʦʞʝʩʪʚʘ nS RË  ʠ 

ʦʙʣʘʩʪʠ nB RË , ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ Mot(S, ) { ( ) : }B n S Bl l= Í ËM  ï ʯʘʩʪʴ ʛʨʫʧʧʳ ʜʚʠʞʝʥʠʡ, 

ʦʩʪʘʚʣʷʶʱʘʷ ʤʥʦʞʝʩʪʚʦ Ὓ ʚʥʫʪʨʠ ʤʥʦʞʝʩʪʚʘ B , RB ï ʦʪʢʨʳʪʳʡ ʰʘʨ ʨʘʜʠʫʩʘ Ὑ, (S, )BP  ï 

ʢʣʘʩʩ ʣʦʢʘʣʴʥʦ ʩʫʤʤʠʨʫʝʤʳʭ ʚ B  ʬʫʥʢʮʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ  

 ( ) 0
S

f x dx
l

=ñ   

ʧʨʠ ʚʩʝʭ ( , )Mot S BlÍ . 

ɽʩʣʠ nS RË  ʢʦʤʧʘʢʪʥʦʝ ʤʥʦʞʝʩʪʚʦ ʠ ʚʩʷʢʘʷ ʣʦʢʘʣʴʥʦ ʩʫʤʤʠʨʫʝʤʘʷ ʬʫʥʢʮʠʷ ʚ B, ʜʣʷ 

ʢʦʪʦʨʦʡ  

 ( ) 0
S

f x dx
l

=ñ   

ʧʨʠ ʚʩʝʭ Mot(S, )BlÍ , ʨʘʚʥʘ ʥʫʣʶ ʧʦʯʪʠ ʚʩʶʜʫ ʚ B , ʪʦ ʤʥʦʞʝʩʪʚʦ Ὓ ʥʘʟʳʚʘʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦʤ ʇʦʤʧʝʡʶ ʚ ʦʙʣʘʩʪʠ B  (ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ Pomp( )S BÍ ). ʂʣʘʩʩʠʯʝʩʢʘʷ 

ʧʨʦʙʣʝʤʘ ʇʦʤʧʝʡʶ ʩʦʩʪʦʠʪ ʚ ʦʧʠʩʘʥʠʠ ʢʣʘʩʩʘ Pomp(R )n
 ʪʘʢʠʭ ʤʥʦʞʝʩʪʚ S [1]. 
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ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ "ʣʦʢʘʣʴʥʳʝ" ʚʘʨʠʘʥʪʳ ʧʨʦʙʣʝʤʳ ʇʦʤʧʝʡʶ: ʥʘʧʨʠʤʝʨ, 

ʢʦʛʜʘ ʬʫʥʢʮʠʷ f  ʟʘʜʘʥʘ ʚ ʰʘʨʝ 
n

R RËB  ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ  

 ( ) 0
S

f x dx
l

=ñ   

ʜʣʷ ʚʩʝʭ RSl ËB . ɼʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʤʥʦʞʝʩʪʚ S ʦʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 0f =  ʚ RB , ʝʩʣʠ 

ʨʘʟʤʝʨʳ ʤʥʦʞʝʩʪʚʘ RB  ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʥʦʞʝʩʪʚʦʤ S [2]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦ ʥʘʭʦʞʜʝʥʠʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ ʰʘʨʘ. 

ʃʦʢʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʧʨʦʙʣʝʤʳ ʇʦʤʧʝʡʶ. ɼʣʷ ʜʘʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ S  ʥʘʡʪʠ ʨʘʜʠʫʩ 

ʇʦʤʧʝʡʶ 

 (S) inf{ 0 :S ( )}RR Pomp= > Í BR
 
[3].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʨʷʜ ʨʝʟʫʣʴʪʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʦʮʝʥʢʫ 

ʩʚʝʨʭʫ ʚʝʣʠʯʠʥʳ (S)R , ʧʦʣʫʯʝʥʥʳʝ ʂ.ɸ. ɹʝʨʝʥʩʪʝʡʥʦʤ ʠ ʈ. ɻʵʝʤ [1, 4], ʘ ʪʘʢʞʝ ɺ.ɺ. 

ɺʦʣʯʢʦʚʳʤ [3]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʦʤʧʘʢʪʥʦʝ ʤʥʦʞʝʩʪʚʦ S  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʘʚʠʣʴʥʳʡ 

ʯʝʪʳʨʝʭʤʝʨʥʳʡ ʩʠʤʧʣʝʢʩ ʩ ʚʝʨʰʠʥʘʤʠ 1 2 3 4(1,0,0,0), (0,1,0,0), (0,0,1,0), (0,0,0,1),z z z z
 

5

1 5 1 5 1 5 1 5
, , ,

4 4 4 4
z
å õ- - - -
æ öæ ö
ç ÷

.  

ʇʦʤʝʩʪʠʤ ʜʘʥʥʳʡ ʩʠʤʧʣʝʢʩ ʚ ʰʘʨ ʨʘʜʠʫʩʘ R  ( 5)2 /R> . ʈʘʩʩʤʦʪʨʠʤ ʤʥʦʞʝʩʪʚʦ 

( ) {z z : (S, }RiU R Motl l= = Í B . ʇʨʠ 2R²  ʤʥʦʞʝʩʪʚʦ ʷʚʣʷʝʪʩʷ ʰʘʨʦʤ RB  ʧʨʠ 2R<  

ʰʘʨʦʚʳʤ ʩʣʦʝʤ
25 4 3

,
2

R
R

å õ- -
æ ö
æ ö
ç ÷

B . ʀʩʧʦʣʴʟʫʷ ʪʝʦʨʝʤʫ 4.3.2 ʠʟ [3] ʧʨʠ 2 / 5R>  ʧʦʣʫʯʠʤ 

ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ. 

ʃʝʤʤʘ 1. ɽʩʣʠ ʬʫʥʢʮʠʷ (S, )RÍf P B  ʠ ʷʚʣʷʝʪʩʷ ʨʘʜʠʘʣʴʥʦʡ, ʪʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʥʫʣʝʚʦʡ ʤʥʦʛʦʯʣʝʥ 1:P ­  ʪʘʢʦʡ, ʯʪʦ ( ) f 0P D = ʚ ( )U R . 

ɺʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʣʝʜʫʶʱʝʝ ʤʥʦʞʝʩʪʚʦ ( ) inf{R 0 :[0;max ]ADCDP S = > Ç 

[MIN ;MAX ] [MIN ;MAX ] [MIN ;MAX ] [MIN ;MAX ] [MIN ;R] [0;R]}.ABC ABC ABW ABW AB AB AW AW WÇ Ç Ç Ç Ç =

ʇʨʠ (R)R P>  ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ. 

ʃʝʤʤʘ 2. ɽʩʣʠ ʬʫʥʢʮʠʷ (S, )RÍf P B  ʠ ʷʚʣʷʝʪʩʷ ʨʘʜʠʘʣʴʥʦʡ ʪʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʥʫʣʝʚʦʡ ʤʥʦʛʦʯʣʝʥ 1:P ­  ʪʘʢʦʡ, ʯʪʦ ( ) f 0P D = ʚ P(S). 
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ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʥʝʥʫʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʣʦʢʘʣʴʥʦ ʠʥʪʝʛʨʠʨʫʝʤʦʡ ʚ ʰʘʨʝ ʨʘʜʠʫʩʘ R  ʩ 

ʥʫʣʝʚʳʤʠ ʠʥʪʝʛʨʘʣʘʤʠ ʧʦ ʤʥʦʞʝʩʪʚʘʤ ʚʠʜʘ RSl ËB , ʨʘʚʥʦʡ 0 ʚ ʰʘʨʝ ʨʘʜʠʫʩʘ r  ( (S)r P= ) 

ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ. 

ʊʝʦʨʝʤʘ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ. ʇʫʩʪʴ (S, )Rf Í BP  ʠ 0f =  ʚ rB , ʪʦʛʜʘ 0f =  ʚ RB . 

ʈʝʟʫʣʴʪʘʪ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʦʨʠʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ (ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʬʫʥʢʮʠʡ 

ʣʠʥʝʡʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ) ʠ ʢʦʤʧʣʝʢʩʥʦʤ ʘʥʘʣʠʟʝ (ʫʪʦʯʥʝʥʠʝ ʪʝʦʨʝʤʳ ʄʦʨʝʨʳ) ʠ ʪʝʦʨʠʠ 

ʦʪʦʙʨʘʞʝʥʠʡ, ʩʦʭʨʘʥʷʶʱʠʭ ʤʝʨʫ [3]. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Williams S.A. Analyticity of the boundary for Lipshits domains without the Pompeiu 

property // Ind. Univ. Math. J. 1981. V.30. P.357-369. 

2. Berenstein C. A. Le probleme de Pompeiu locale // J. Anal. Math. 1989. V. 52. P. 133-166. 

3. Volchkov V.V. Integral Geometry and Convolution Equations // Dordrecht: Kluwer 

Academic Publishers. 2003. P. 454. 

4. Berenstein C.A. A local version of the two-circles theorem // Israel J. Math. 1986. V.55. 

P. 267-288. 

UNIQUENESS THEOREM FOR FUNCTIONS WITH ZERO INTE GRALS 

OVER CORRECT SIMPLEʍES IN FOUR-DIMENSION AL SPACE 

Ivanisenko Natalia S. 

Donetsk National University of Economics and Trade named after Mikhail Tugan-Baranovsky, 

24, Artema st., Donetsk, 83001, Ukraine, Ivanisenko.n.s@gmail.com 

We consider the set which is a regular simplex in a four-dimensional space, the edge length of 

which is Ѝς. Functions with zero integrals over a given set are investigated. Which are contained in 

an open ball radius R ( 1 2R R< < ). Where 1 / 52R =  ï radius of the smallest closed ball 

containing the closure of the simplex. Our main result is the uniqueness theorem which implies that 

any locally integrable function with zero integrals over the simplex and zero in the ball of radius 

r R>  is equal to zero almost everywhere in the ball of radius R . The questions concerning the 

local version Pompeiu's problem are investigated in this paper. The scope of the result is the theory 

of approximation (approximation of functions by linear combinations), the theory of mappings 

preserving measure and in complex analysis (clarification of the Morera Theorem). 

Keywords: regular simplex, function with zero integrals, the local version Pompeiu problem. 
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ʋɼʂ 53.091:53.092 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂʆʅʊɸʂʊɸ ʕʃɽʄɽʅʊʆɺ ʆʇʆʈʅʆʁ ʏɸʉʊʀ  

ʉ ɸʅʊʀʌʈʀʂʎʀʆʅʅʆʁ ʇʈʆʉʃʆʁʂʆʁ ʉ ʋʏɽʊʆʄ ʀ ɹɽɿ ʋʏɽʊɸ ʂɸʅɸɺʆʂ  

ʉʆ ʉʄɸɿʆʏʅʓʄ ʄɸʊɽʈʀɸʃʆʄ32 

ʂʘʤʝʥʩʢʠʭ ɸʥʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614000, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʂʦʤʩʦʤʦʣʴʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ. 29, anna_kamenskih@mail.ru 

ɸʜʘʤʦʚ ɸʥʘʪʦʣʠʡ ɸʨʩʘʥʛʘʣʝʝʚʠʯ 

ʀʥʩʪʠʪʫʪ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʋʨʆ ʈɸʅ, 614013, ʈʦʩʩʠʷ, ʛ. ʇʝʨʤʴ, ʫʣ. ɸʢʘʜʝʤʠʢʘ 

ʂʦʨʦʣʝʚʘ, ʜ. 1 

ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʨʦʩʣʦʡʢʠ ʠʟ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʬʨʠʢʮʠʦʥʥʦʤ ʢʦʥʪʘʢʪʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦ ʩʪʘʣʴʥʳʤʠ ʧʣʠʪʘʤʠ 

ʩʬʝʨʠʯʝʩʢʦʡ ʦʧʦʨʥʦʡ ʯʘʩʪʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʘ ʚʘʨʠʘʥʪʘ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʡ ʧʨʦʩʣʦʡʢʠ: ʩ 

ʫʯʝʪʦʤ ʠ ʙʝʟ ʫʯʝʪʘ ʢʘʥʘʚʦʢ ʩʦ ʩʤʘʟʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʣʝʥʦ: 

ʫʨʦʚʝʥʴ ʚʣʠʷʥʠʷ ʬʨʠʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʘʨʘʤʝʪʨʳ ʟʦʥʳ 

ʢʦʥʪʘʢʪʘ; ʧʝʨʝʤʝʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʙʦʜʥʦʡ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ 

ʢʘʥʘʚʦʢ ʩʦ ʩʤʘʟʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʙʦʣʴʰʝ ʜʦ 34%; ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʘʜʝʥʠʝ ʫʨʦʚʥʷ 

ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʢʦʥʪʘʢʪʥʦʛʦ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʦʥʘʭ ʢʘʥʘʚʦʢ ʩʦ ʩʤʘʟʦʯʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ; ʚʦʟʨʘʩʪʘʥʠʝ ʫʨʦʚʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʩ ʥʠʞʥʝʡ ʧʣʠʪʦʡ 

ʦʧʦʨʥʦʡ ʯʘʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘ 16,6%; ʚ ʩʣʫʯʘʝ ʦʜʥʦʡ ʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʢʘʥʘʚʦʢ ʜʣʷ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʢʦʥʪʘʢʪʥʦʛʦ ʢʘʩʘʪʝʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʚʳʨʦʩ ʥʘ 93,5%. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʪʘʢʪ, ʪʨʝʥʠʝ, ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʦʣʠʤʝʨ, ʦʧʦʨʥʳʝ ʯʘʩʪʠ 

ʤʦʩʪʦʚ. 

ʉʬʝʨʠʯʝʩʢʠʝ ʦʧʦʨʥʳʝ ʯʘʩʪʠ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʤʦʩʪʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʦʪʚʝʪʩʪʚʝʥʥʳʤ 

ʵʣʝʤʝʥʪʘʤ ʪʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʊʘʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚʦʩʧʨʠʥʠʤʘʶʪ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʦʪ ʤʦʩʪʦʚʦʛʦ ʧʨʦʣʝʪʘ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʥʪʘʢʪʥʳʤ 

ʫʟʣʘʤ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʥʢʠʤʠ ʩʣʦʷʤʠ ʩʢʦʣʴʞʝʥʠʷ ʠʟ ʧʦʣʠʤʝʨʥʦʛʦ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʦʧʦʨʥʦʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʭʘʨʘʢʪʝʨ 

ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʬʝʨʠʯʝʩʢʦʡ ʧʨʦʩʣʦʡʢʝ ʠʟ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʛʣʫʙʣʝʥʠʷ ʜʣʷ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʨʘʟʥʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʢʦʥʪʘʢʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʝʨʭʥʝʡ ʧʣʠʪʳ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ 

ʩʝʛʤʝʥʪʦʤ (1) ʠ ʥʠʞʥʝʡ ʧʣʠʪʳ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ ʚʳʨʝʟʦʤ (2) ʦʧʦʨʥʦʡ ʯʘʩʪʠ ʯʝʨʝʟ 

                                                 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 18-79-00147). 

É ʂʘʤʝʥʩʢʠʭ ɸ.ɸ., ɸʜʘʤʦʚ ɸ.ɸ., 2019 
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ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʫʶ ʧʦʣʠʤʝʨʥʫʶ ʧʨʦʩʣʦʡʢʫ (3) ʩ ʫʯʝʪʦʤ (ʨʠʩʫʥʦʢ 1ʙ) ʠ ʙʝʟ ʫʯʝʪʘ 

(ʨʠʩʫʥʦʢ 1ʘ) ʢʘʥʘʚʦʢ ʩʦ ʩʤʘʟʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ (4). 

 

ʈʠʩʫʥʦʢ 1. ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʦʧʦʨʥʦʡ ʯʘʩʪʠ: ʘ ï ʙʝʟ ʫʯʝʪʘ; ʙ ï ʫʯʝʪʦʤ ʢʘʥʘʚʦʢ ʩʦ ʩʤʘʟʦʯʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ 

ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʝ ʤʦʜʝʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʦʨʥʦʡ ʯʘʩʪʠ ʧʨʦʣʝʪʥʳʭ 

ʩʪʨʦʝʥʠʡ ʤʦʩʪʦʚ ʃ-100 ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ çɸʣʴʬʘʊʝʭè ʛ. ʇʝʨʤʴ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʥʘ 

ʥʦʤʠʥʘʣʴʥʫʶ ʚʝʨʪʠʢʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ 1000 ʢʅ. ʍʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ ʩʬʝʨʠʯʝʩʢʦʡ ʦʧʦʨʥʦʡ 

ʯʘʩʪʠ: ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʚʝʨʭʥʝʡ ʧʣʠʪʳ 1 0,03h =  ʤ, ʤʠʥʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʥʠʞʥʝʡ ʧʣʠʪʳ 

ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ ʚʳʨʝʟʦʤ 2 0,02h =  ʤ (2 0,0179h =  ʤ ʜʣʷ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʢʘʥʘʚʦʢ), 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ ʢʦʥʩʪʨʫʢʮʠʠ 2 0,155kb b= =  ʤ, ʪʦʣʱʠʥʘ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʡ 

ʧʦʣʠʤʝʨʥʦʡ ʧʨʦʩʣʦʡʢʠ 0,004ph =  ʤ, ʪʦʣʱʠʥʘ ʢʘʥʘʚʦʢ ʩʦ ʩʤʘʟʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

0,003kh =  ʤ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʦʧʦʨʥʳʭ ʯʘʩʪʝʡ ʤʦʩʪʦʚ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʩʠʣʳ ʠʥʜʝʥʪʠʨʦʚʘʥʠʷ F = 500-1250 ʢʅ. ʅʘ 1S  ʧʨʠʣʦʞʝʥʘ F  ʠ ʟʘʧʨʝʱʝʥ ʠʟʛʠʙ, ʥʘ 

2S  ʟʘʧʨʝʱʝʥʳ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʝ y. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʧʨʠʚʝʜʝʥʘ ʚ [1]. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʳ ʧʝʨʝʤʝʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʙʦʜʥʦʡ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

3KS . ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ F  ʥʦʨʤʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʙʦʜʥʦʛʦ ʢʨʘʷ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʡ ʧʨʦʩʣʦʡʢʠ ~ 1,22 ʤʤ. ʇʨʠ ʵʪʦʤ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʦʩʣʦʡʢʠ ʫ ʤʦʜʝʣʠ (ʙ) 

ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʝʣʴʶ (ʘ), ʚ ʩʣʫʯʘʝ ʥʦʤʠʥʘʣʴʥʦʡ ʨʘʙʦʯʝʡ ʥʘʛʨʫʟʢʠ 1000 ʢʅ 

ʨʘʟʥʠʮʘ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʘʷ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʛʘʝʪ 34%. 

ʘ) ʙ) 
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ʈʠʩʫʥʦʢ 2. ʇʝʨʝʤʝʱʝʥʠʝ ʢʨʘʷ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʧʨʦʩʣʦʡʢʠ: ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ï ʤʦʜʝʣʴ a; 

ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʤʦʜʝʣʴ ʙ; 1, 4 ï 500 ʅ; 2, 5 ï 1000 ʅ; 3, 6 ï 1250 ʅ 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 
1KS . 

 

ʈʠʩʫʥʦʢ 3. ʆʪʥʦʩʠʪʝʣʴʥʳʝ 
1KSP P  (ʘ) ʠ 

1KS Pt  (ʙ): ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ï ʤʦʜʝʣʴ a; ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʤʦʜʝʣʴ ʙ 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʢʘʥʘʚʦʢ ʩʦ ʩʤʘʟʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʥʘ 

ʢʦʥʪʘʢʪʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɺ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʚʝʨʭʥʝʡ ʧʣʠʪʳ ʩʦ ʩʤʘʟʢʦʡ ʫʨʦʚʝʥʴ ʢʦʥʪʘʢʪʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʟʦʥʘʭ ʢʦʥʪʘʢʪʘ ʩ ʧʦʣʠʤʝʨʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʝʨʠʠ 

ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʣʫʯʝʥʳ ʧʦʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʤʦʜʝʣʴ ʦʧʦʨʥʦʡ ʯʘʩʪʠ ʢʘʥʘʚʦʢ ʩʦ ʩʤʘʟʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʩ ʥʠʞʥʝʡ ʩʪʘʣʴʥʦʡ ʧʣʠʪʦʡ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ ʚʳʨʝʟʦʤ: 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʙʦʣʴʰʝ ʥʘ 16,6%, ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʢʦʥʪʘʢʪʥʦʛʦ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ï ʥʘ 93,5%. ɺʣʠʷʥʠʝ ʢʘʥʘʚʦʢ ʩʦ ʩʤʘʟʦʯʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʙʦʜʥʳʡ ʢʨʘʡ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʡ ʧʨʦʩʣʦʡʢʠ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ. 
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ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Kamenskih A.A., Trufanov N.A. Regularities Interaction of Elements Contact Spherical Unit 

with the Antifrictional Polymeric Interlayer // Friction and Wear. ï 2015. ï ʊ. 36. ̄  2. ï Pp. 
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THE MODELING OF CONT ACT OF THE BEARING E LEMENTS  WITH 

ANTIFRICTION LAYER W ITH ACC OUNT AND WITHOUT ACC OUNT 

OF THE GROOVES WITH LUBRICA NT MATERIAL  

Kamenskikh Anna A. 

Perm National Research Polytechnic University, Komsomolsky Av. 29, Perm, Russia, 614000, 

anna_kamenskih@email.ru 

Adamov Anatoly A. 

Institute of Continuous Media Mechanics of the UB of RAS, Academician Korolev st., 1, Perm, 

Russia, 614013 

The deformation behavior analysis of the layer from antifriction material at frictional contact 

interaction with steel plates of a spherical bearing is performed in the work. Two versions of the 

antiʘriction interlayer are considered: with and without grooves with a lubricant. Installed as part of 

work: the level of frictional properties influence of antifriction material on the parameters of the 

contact zone; the displacements relative to the free contact surface of the model taking into account 

the grooves with a lubricant is more on 34%; significant drop in the level of contact pressure and 

contact tangential stress in zones of grooves with lubricant; the increase in the level of contact 

pressure in the zone of contact with the bearing bottom plate by a maximum of 16.6%; in the case 

of one geometrical configurations of the lubricant grooves the maximum level of contact tangential 

stress increased by 93.5%. 

Keywords: contact, friction, antifriction material, polymer, bridge bearing. 
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ʀʅʊɽɻʈɸʎʀʗ ARCHIMATE  ʀ BPMN33 

ʂʘʰʘʧʦʚ ɸʥʬʠʩ ʍʘʬʠʟʦʚʠʯ, ɻʘʨʘʬʫʪʜʠʥʦʚ ʈʦʙʝʨʪ ɺʠʢʪʦʨʦʚʠʯ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, 614060, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ʙʫʣʴʚʘʨ ɻʘʛʘʨʠʥʘ 37ʘ, anfiskashapov@gmail.com 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʚʦʟʤʦʞʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʤʝʞʜʫ 

ʢʦʥʮʝʧʮʠʷʤʠ Archimate ʠ BPMN. ʆʩʥʦʚʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ 

ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʠ ʥʦʪʘʮʠʷ (BPMN). Archimate ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʨʦʮʝʩʩʦʚ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʠ ʠʭ ʩʚʷʟʠ ʩ ʢʦʨʧʦʨʘʪʠʚʥʳʤ ʢʦʥʪʝʢʩʪʦʤ, ʥʦ ʦʥ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʧʦʜʨʦʙʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ. BPMN ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʜʨʦʙʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʜʧʨʦʮʝʩʩʘ ʠ ʟʘʜʘʯ ʚʧʣʦʪʴ ʜʦ ʫʨʦʚʥʷ ʠʩʧʦʣʥʷʝʤʳʭ ʩʧʝʮʠʬʠʢʘʮʠʡ, ʥʦ ʥʝ 

ʠʤʝʝʪ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʢʦʥʪʝʢʩʪʘ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʨʚʠʩʦʚ 

ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʨʦʮʝʩʩ, ʠʣʠ ʮʝʣʝʡ ʠ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʦʥ ʜʦʣʞʝʥ 

ʚʳʧʦʣʥʷʪʴ. ʉ ʵʪʦʡ ʮʝʣʴʶ BPMN ʠʤʝʝʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʥʘʙʦʨ ʵʣʝʤʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʪʠʧʘʤʠ ʩʦʙʳʪʠʡ, ʟʘʜʘʯ ʠ ʰʣʶʟʦʚ. ʆʙʘ ʷʟʳʢʘ ʜʦʚʦʣʴʥʦ ʣʝʛʢʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʦʤʙʠʥʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Archimate, BPMN, BPM, BPMS, ʙʠʟʥʝʩ ï ʧʨʦʮʝʩʩ, ʫʧʨʘʚʣʝʥʠʝ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʦʜʝʣʠ ʙʠʟʥʝʩ ï ʧʨʦʮʝʩʩʦʚ. 

Archimate - ʵʪʦ ʦʪʢʨʳʪʳʡ ʠ ʥʝʟʘʚʠʩʠʤʳʡ ʷʟʳʢ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Enterprise Architecture. 

ʆʥ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩ ʫʯʝʪʦʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ UML, BPMN ʠ 

TOGAF. ʆʥ ʙʳʣ ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʛʣʘʩʦʚʘʥ ʩ ʥʠʤʠ, ʯʪʦʙʳ ʠʭ ʤʦʞʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʤʝʩʪʝ 

ʩ ʥʠʤʠ, ʘ ʥʝ ʟʘʤʝʥʷʪʴ ʠʭ. 

Archimate ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʜʠʥʦʦʙʨʘʟʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʠʘʛʨʘʤʤ, ʜʣʷ 

ʮʝʣʝʡ ʮʝʣʦʩʪʥʦʛʦ ʤʥʦʛʦʘʩʧʝʢʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʡ, ʧʨʝʜʣʘʛʘʝʪ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ. ʕʚʦʣʶʮʠʷ ʩʪʘʥʜʘʨʪʘ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩʦ 

ʩʪʘʥʜʘʨʪʦʤ TOGAF ʠ ʥʦʚʳʭ ʨʘʟʨʘʙʦʪʦʢ Open Group ʠ ʨʘʙʦʯʠʭ ʛʨʫʧʧ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʪʘʥʜʘʨʪ Archimate ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʥʘʙʦʨ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʨʤʠʥʦʚ, ʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʩʪʘʥʜʘʨʪʦʤ TOGAF. ʗʟʳʢ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩ 2004 ʛ, ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʢʣʶʯʝʚʳʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʢʘʢ Archi. ɼʘʥʥʳʡ ʷʟʳʢ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ BPM ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʠʤʝʥʥʦ, ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʣʝʢʩʥʦ ʦʧʠʩʘʪʴ 

ʦʨʛʘʥʠʟʘʮʠʶ. 

BPMN ɻʨʘʬʠʯʝʩʢʘʷ ʥʦʪʘʮʠʷ ʠ ʤʦʜʝʣʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ (Business Process Modeling 

Notation) ð ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʩʪʘʥʜʘʨʪ ʚʠʟʫʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʠʩʧʦʣʥʷʝʤʳʭ ʤʦʜʝʣʝʡ 
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ʧʨʦʮʝʩʩʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʫʯʘʩʪʥʠʢʘʤʠ. ʀʩʧʦʣʴʟʫʝʪʩʷ 

ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʠʩʪʝʤ BPMS ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʤʝʝʪ ʪʝʭʥʠʯʝʩʢʫʶ ʨʝʘʣʠʟʘʮʠʶ, ʪ.ʯ. ʤʦʜʝʣʴ ʤ.ʙ. ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ ʚ 

ʠʩʧʦʣʥʷʝʤʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ [1]. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ BPM ʩʨʝʜʩʪʚʘʤʠ EA ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʝ 

ʤʦʜʝʣʠ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʧʨʦʮʝʩʩʥʳʤʠ ʤʦʜʝʣʷʤʠ BPMN, ʵʪʦ ʦʩʦʙʝʥʥʦ ʮʝʥʥʦ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʡ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʮʠʬʨʦʚʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʠ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʤʦʜʝʣʝʡ ʚʝʜʝʥʠʷ ʙʠʟʥʝʩʘ. 

ʆʙʘ ʷʟʳʢʘ Archimate ʠ BPMN ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ ʠʭ ʮʝʣʠ ʨʘʟʥʳʝ, ʥʦʪʘʮʠʷ Archimate ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʮʝʩʩʦʚ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʠ ʠʭ ʦʪʥʦʰʝʥʠʡ ʩ ʢʦʥʪʝʢʩʪʦʤ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʦ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʜʝʪʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, ʪʦʛʜʘ ʢʘʢ BPMN ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʜʨʦʙʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʜʧʨʦʮʝʩʩʦʚ ʠ ʟʘʜʘʯ ʚʧʣʦʪʴ ʜʦ ʫʨʦʚʥʷ ʠʩʧʦʣʥʷʝʤʳʭ ʩʧʝʮʠʬʠʢʘʮʠʡ, ʥʦ ʥʝ 

ʠʤʝʝʪ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʧʨʦʮʝʩʩ, ʠʣʠ ʮʝʣʝʡ ʠ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʦʥ ʜʦʣʞʝʥ ʚʳʧʦʣʥʠʪʴ [2]. 

ʆʙʘ ʷʟʳʢʘ ʨʘʟʜʝʣʷʶʪ ʢʦʥʮʝʧʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʠ ʩʦʙʳʪʠʷ. ɺ ʥʦʪʘʮʠʠ Archimate 

ʠʤʝʝʪʩʷ ʦʜʠʥ ʵʣʝʤʝʥʪ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʦʞʝʥ ʚ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʘʭ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʪʦʢʘʤʠ ʠ ʠʥʠʮʠʠʨʫʶʱʠʤʠ ʦʪʥʦʰʝʥʠʷʤʠ, ʚʦʟʤʦʞʥʦ, ʠʩʧʦʣʴʟʫʷ ʧʝʨʝʭʦʜʳ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. BPMN ʠʤʝʝʪ ʙʦʣʝʝ ʪʦʥʢʠʡ ʥʘʙʦʨ ʵʣʝʤʝʥʪʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʩʦʙʳʪʠʡ, ʟʘʜʘʯ ʠ ʰʣʶʟʦʚ. ɽʛʦ ʤʝʪʘʤʦʜʝʣʴ ʪʘʢʞʝ ʯʝʪʢʦ ʨʘʟʣʠʯʘʝʪ 

ʧʨʦʮʝʩʩ ʠ ʧʦʜʧʨʦʮʝʩʩ (ʭʦʪʷ ʚ ʥʝʤ ʦʪʩʫʪʩʪʚʫʝʪ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʘʤʦʛʦ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʘ). ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʥʮʝʧʮʠʷ ʫʯʘʩʪʥʠʢʘ (ʠʣʠ ʧʫʣʘ) BPMN ʠ ʢʦʥʮʝʧʮʠʠ Archimate 

ʜʣʷ ʙʠʟʥʝʩ-ʨʦʣʠ ʠʣʠ ʙʠʟʥʝʩ-ʫʯʘʩʪʥʠʢʘ (ʠʣʠ ʧʨʠʢʣʘʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ) ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ. 

ɺ ʪʠʧʠʯʥʦʤ ʩʮʝʥʘʨʠʠ ʦʙʘ ʷʟʳʢʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʦʚʤʝʩʪʥʦ. ʂʘʨʪʠʨʦʚʘʥʠʝ ʠʟ 

ʥʦʪʘʮʠʠ Archimate ʜʦ BPMN ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦʝ. ɼʨʫʛʦʡ ʩʧʦʩʦʙ - ʪʝʨʷʪʴ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʵʣʝʤʝʥʪʳ BPMN. ɹʦʣʝʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʩʪʨʫʢʪʫʨʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʷʟʳʢʘʤʠ, ʢʦʪʦʨʳʝ 

ʧʨʝʧʷʪʩʪʚʫʶʪ ʧʨʷʤʦʤʫ ʢʘʨʪʠʨʦʚʘʥʠʶ ʢʦʥʮʝʧʮʠʠ ʦʪ ʢʦʥʮʝʧʮʠʠ. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʪʘʢʦʛʦ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʩʪʘʥʜʘʨʪʘ. Archimate ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ 

ʫʨʦʚʥʝ Enterprise Architecture ʧʦʜʨʦʙʥʦ, ʘ ʥʝ ʥʘ ʫʨʦʚʥʝ ʘʨʭʠʪʝʢʪʫʨʳ ʨʝʰʝʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. BPMN ʠʤʝʝʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʜʝʪʘʣʝʡ, ʯʝʤ Archimate. BPMN 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʜʨʦʙʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʜʧʨʦʮʝʩʩʦʚ ʠ ʟʘʜʘʯ ʚʧʣʦʪʴ ʜʦ ʫʨʦʚʥʷ 

ʠʩʧʦʣʥʷʝʤʳʭ ʩʧʝʮʠʬʠʢʘʮʠʡ, ʥʦ ʥʝ ʠʤʝʝʪ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʢʦʥʪʝʢʩʪʘ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʘʧʨʠʤʝʨ, 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʧʨʦʮʝʩʩ, ʘ ʪʘʢʞʝ ʮʝʣʝʡ ʠ ʪʨʝʙʦʚʘʥʠʡ, 
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ʢʦʪʦʨʳʝ ʦʥ ʜʦʣʞʝʥ ʚʳʧʦʣʥʠʪʴ. ʉ ʵʪʦʡ ʮʝʣʴʶ BPMN ʠʤʝʝʪ ʙʦʣʝʝ ʪʦʥʢʠʡ ʥʘʙʦʨ ʵʣʝʤʝʥʪʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʩʦʙʳʪʠʡ, ʟʘʜʘʯ ʠ ʰʣʶʟʦʚ. 

ɺ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʚʦʟʤʦʞʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʤʝʞʜʫ 

ʢʦʥʮʝʧʮʠʷʤʠ Archimate ʠ BPMN. ɺ ʵʪʦʡ ʪʘʙʣʠʮʝ ʙʦʣʝʝ ʘʙʩʪʨʘʢʪʥʳʝ ʢʦʥʮʝʧʮʠʠ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʚʘ, ʘ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʳʝ, ʧʦʜʨʦʙʥʳʝ ʢʦʥʮʝʧʮʠʠ ʥʘʭʦʜʷʪʩʷ ʩʧʨʘʚʘ. 

ʊʘʙʣʠʮʘ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʥʦʪʘʮʠʠ Archimate ʠ BPMN 

Archimate BPMN 

Business Actor, Role, Application 

Component 
Participant/Pool, Lane 

Business/Application Collaboration Collaboration 

Business/Application Process Process 

Triggering Sequence flow 

Access Data association 

Junction Inclusive and parallel gateways 

Or-junction Exclusive and event-based gateways 

ʆʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʚʷʟʳʚʘʥʠʷ ʷʟʳʢʘ, ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ Archimate ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʡ 

ʤʦʜʝʣʠ BPMN, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʚ ʪʘʙʣʠʮʝ ʚʳʰʝ. ʏʪʦʙʳ ʩʦʟʜʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʩʳʣʢʠ ʜʣʷ ʧʨʠʚʷʟʢʠ ʦʙʲʝʢʪʦʚ Archimate ʢ ʤʦʜʝʣʠ BPMN, ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʧʨʠ ʧʦʤʦʱʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʨʠʯʥʦʡ ʪʘʙʣʠʮʳ. ɽʱʝ 

ʦʜʠʥ ʚʘʨʠʘʥʪ ʠʥʪʝʛʨʘʮʠʠ ʤʝʞʜʫ ʤʦʜʝʣʷʤʠ BPMN ʠ Archimate, ʚʳʙʨʘʪʴ ʤʦʜʝʣʴ ʣʘʥʜʰʘʬʪʘ 

ʧʨʠʣʦʞʝʥʠʷ ʚ Archimate, ʘ ʟʘʪʝʤ ʩʚʷʟʘʪʴ ʵʪʦ ʩ ʤʦʜʝʣʴʶ BPMN ʧʨʠ ʧʦʤʦʱʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʮʚʝʪʦʚʳʭ ʨʘʟʣʠʯʠʡ ʛʨʘʥʠʮ ʧʨʠʣʦʞʝʥʠʡ Archimate ʚ ʤʦʜʝʣʠ BPMN. 

ʆʙʲʝʜʠʥʝʥʠʝ ʷʟʳʢʦʚ ʧʦʟʚʦʣʠʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʦʪʚʝʯʘʪʴ ʥʘ ʢʦʥʢʨʝʪʥʳʝ ʙʠʟʥʝʩ-ʚʦʧʨʦʩʳ 

ʠ ʧʦʚʳʰʘʪʴ ʮʝʥʥʦʩʪʴ ʙʠʟʥʝʩʘ ʜʣʷ ʨʘʟʥʳʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ, ʘ ʪʘʢʞʝ ʦʪʢʨʦʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩ ʫʨʦʚʥʷ EA ʜʦ ʫʨʦʚʥʷ 

ʠʩʧʦʣʥʠʤʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. 
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INTEGRATION ARCHIMAT E AND BPMN 

Kashapov Anfis K., Garafutdinov Robert V. 

National Research University Higher School of Economics, Gagarin Boulevard 37a, Perm, Russia, 

614060, anfiskashapov@gmail.com 

This article presents an approximate possible comparison between Archimate and BPMN concepts. 

The main standard for modelling business processes is the Business Process Model and Notation 

(BPMN). Archimate is typically used for high-level processes and their relations to the enterprise 

context, but it is not intended for detailed workflow modeling. BPMN supports detailed sub-process 

and task modelling down to the level of executable specifications, but lacks the broader enterprise 

context, for example, to model the application services that support a process or the goals and 

requirements it has to fulfil. To this end, BPMN has a more fine-grained set of elements, with 

various types of events, tasks, and gateways. Both languages can quite easily be used in 

combination. 

Keywords: Archimate, BPMN, BPM, BPMS, business process, management in the organizations, 

information technology, business process models. 

 



 

162 

 

ʋɼʂ: 621.89.099 

ʆʇʈɽɼɽʃɽʅʀɽ ʄɸʂʉʀʄɸʃʔʅʆ ɼʆʇʋʉʊʀʄʆʁ ʉʂʆʈʆʉʊʀ ʈɽɿɸʅʀʗ 

ʉʊɸʃʀ 45 ʇʈʀ ʌʈɽɿɽʈʆɺɸʅʀʀ34 

ʂʣʠʤʦʚ ʅʠʢʠʪʘ ɸʥʜʨʝʝʚʠʯ, ʂʦʣʤʦʛʦʨʦʚ ɻʝʨʤʘʥ ʃʝʦʥʠʜʦʚʠʯ 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614000, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʂʦʤʩʦʤʦʣʴʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ. 29, nikita-kl@yandex.ru 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʨʤʦʫʧʨʫʛʦʝ ʩʦʩʪʦʷʥʠʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʝʣʘ ʧʨʠ ʥʘʣʠʯʠʠ 

ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʩʯʝʪ ʥʘʛʨʝʚʘ ʢʦʥʪʘʢʪʥʦʛʦ ʩʣʦʷ ʚ ʧʨʦʮʝʩʩʝ ʬʨʝʟʝʨʦʚʘʥʠʷ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʙʳʣʘ ʦʮʝʥʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 

ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʭʣʘʞʜʝʥʠʠ. ɼʣʷ 

ʜʝʪʘʣʝʡ ʠʟ ʩʪʘʣʠ 45 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʝʜʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʞʠʤʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʩʞʠʤʘʶʱʠʤ ʠʣʠ ʨʘʩʪʷʛʠʚʘʶʱʠʤ ʦʩʪʘʪʦʯʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʢʨʝʪʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʘʩʯʝʪʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ, ʧʨʝʚʳʰʝʥʠʝ 

ʢʦʪʦʨʦʡ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʯʨʝʟʤʝʨʥʦʛʦ ʥʘʛʨʝʚʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʟʘʛʦʪʦʚʢʠ ʠ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʥʘʜʝʞʥʦʩʪʴ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʜʝʪʘʣʠ. ɹʣʘʛʦʜʘʨʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʚʳʯʠʩʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʘʨʝ ʠʥʩʪʨʫʤʝʥʪ-

ʟʘʛʦʪʦʚʢʘ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʤʝʪʦʜʫ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʨʝʟʝʨʦʚʘʥʠʝ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʦʩʪʘʪʦʯʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʢʦʥʪʘʢʪʥʳʡ ʩʣʦʡ, ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ. 

ɺʚʝʜʝʥʠʝ 

ʆʧʝʨʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʘʥʠʝʤ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ 

ʛʨʫʧʧʳ: ʥʝʧʨʝʨʳʚʥʳʝ ʠ ʧʨʝʨʳʚʠʩʪʳʝ. ʌʨʝʟʝʨʦʚʘʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʦʧʝʨʘʮʠʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʩʣʫʞʠʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʣʦʩʢʠʭ ʠʣʠ ʪʨʝʭʤʝʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ. ʇʨʠ ʣʶʙʳʭ ʚʠʜʘʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʘʥʠʝʤ ʚʳʜʝʣʷʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ (ʧʦʨʷʜʢʘ 90 ï 95 % ʚʩʝʡ ʵʥʝʨʛʠʠ ʛʝʥʝʨʠʨʫʝʤʦʡ ʚ 

ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʧʣʦʚʫʶ [1]), ʚʦʟʥʠʢʘʶʱʝʡ ʚʩʣʝʜʩʪʚʠʝ ʠʥʪʝʥʩʠʚʥʦʡ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʜʝʡʩʪʚʠʷ ʩʠʣ ʪʨʝʥʠʷ ʥʘ ʥʝʙʦʣʴʰʦʡ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʱʘʜʢʝ ʤʝʞʜʫ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʴʶ [2]. ɼʘʥʥʘʷ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʨʘʩʩʝʠʚʘʝʪʩʷ ʤʝʞʜʫ 

ʩʪʨʫʞʢʦʡ, ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʦʡ. ʏʨʝʟʤʝʨʥʳʡ ʥʘʛʨʝʚ ʚ ʟʦʥʝ ʦʙʨʘʟʝʮ ï 

ʦʙʨʘʙʘʪʳʚʘʝʤʘʷ ʜʝʪʘʣʴ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʯʨʝʟʤʝʨʥʳʡ ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ, ʘ ʪʘʢʞʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ (ʜʘʣʝʝ ï ʆʅ) ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʠʟʜʝʣʠʷ, ʠ ʥʘʧʨʷʤʫʶ ʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʟʦʛʨʝʚʝ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ ʚʦʟʥʠʢʘʶʪ ʪʝʨʤʦʫʧʨʫʛʠʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʢʨʦʤʝ ʪʦʛʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʨʘʜʠʝʥʪʘʭ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ 
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ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. ʇʦʩʣʝʜʫʶʱʝʝ ʦʭʣʘʞʜʝʥʠʝ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʠʟʜʝʣʠʡ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʆʅ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, ʢʦʪʦʨʳʝ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ ʢʘʯʝʩʪʚʦ 

ʠʟʜʝʣʠʡ [3, 4]. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ, ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ [5]. 

ʆʅ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʦʧʨʝʜʝʣʷʶʪ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʴ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ [6, 7]. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʡ ɻʨʠʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʊʘʢʞʝ ʜʣʷ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʩʪʘʣʠ 45 ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ ʠʟ ʫʩʣʦʚʠʷ ʦʪʩʫʪʩʪʚʠʷ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʠʭ 

ʜʝʬʦʨʤʘʮʠʡ.  

ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ 

ʊʝʧʣʦ, ʚʳʜʝʣʷʝʤʦʝ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʠʟʚʝʩʪʥʳʤ ʫʩʠʣʠʷʤ 

ʠ ʩʢʦʨʦʩʪʷʤ ʨʝʟʘʥʠʷ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚʩʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ, ʚʳʧʦʣʥʷʝʤʘʷ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʟʘʥʠʷ, ʧʝʨʝʭʦʜʠʪ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ, ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [8]:  

 R CQ F V= Ö, (1) 

ʛʜʝ RF  - ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣʘ ʨʝʟʘʥʠʷ, CV  - ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ. ɽʩʣʠ ʪʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʟʘʛʦʪʦʚʢʠ ʦʜʥʦʨʦʜʥʳ ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ, ʪʦ ʫʨʘʚʥʝʥʠʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

 
2 2 2

2 2 2

pcT T T T

k tx y z

rµ µ µ µ
+ + =

µµ µ µ
, (2) 

ʛʜʝ k  - ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʠʥʩʪʨʫʤʝʥʪʘ, r - ʧʣʦʪʥʦʩʪʴ, pc  - ʪʝʧʣʦʝʤʢʦʩʪʴ, T  - 

ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ.  

ɺ ʧʨʦʮʝʩʩʝ ʬʨʝʟʝʨʦʚʘʥʠʷ ʨʝʞʫʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʮʠʢʣʠʯʝʩʢʦʤʫ ʥʘʛʨʝʚʫ ʠ ʦʭʣʘʞʜʝʥʠʶ. ʆʙʣʘʩʪʴ, ʥʘʛʨʝʚʘʝʤʘʷ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 

(ʚʳʜʝʣʝʥʘ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ). 

 

ʈʠʩʫʥʦʢ 1. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʦʜʝʣʠ ʠʥʩʪʨʫʤʝʥʪʘ 
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ʆʪʩʶʜʘ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (2) ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 ( ), , ,
T

k q z y t
z

µ
- =
µ

0;0 ,0x yz x L y L= ¢ ¢ ¢ ¢ (3) 

ʛʜʝ ,x yL L  ʨʘʟʤʝʨʳ ʦʙʣʘʩʪʠ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 1, ( , , )q x y t  

ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʧʨʠʣʦʞʝʥʥʳʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ xy. ʇʨʦʯʠʝ ʛʨʘʥʠʯʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʯʠʪʘʶʪʩʷ 

ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ, ʘ ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ (2), ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʰʝʥʦ ʯʠʩʣʝʥʥʦ ʠʣʠ ʘʥʘʣʠʪʠʯʝʩʢʠ. ʉʦʛʣʘʩʥʦ ʠʩʪʦʯʥʠʢʫ [9], ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʰʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʡ ɻʨʠʥʘ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʨʝʟʝʮ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʫʙʝʩʢʦʥʝʯʥʳʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ, ʥʘʛʨʝʚʘʝʤʳʡ ʚ ʝʛʦ ʚʝʨʰʠʥʝ. ʊʦʛʜʘ, 

ʬʫʥʢʮʠʷ ɻʨʠʥʘ Gq , ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ( ), ,x y z  ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t , ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʪʦʯʢʝ 

, , 0p px x y y z= = =, ʢʦʪʦʨʳʡ ʚʳʜʝʣʷʝʪ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t t= . 

( )

( ) ( )

( ) ( )

2 2
2

3 2 2 2

2 2

2 2

2
( , , , , ,0, ) exp exp exp

exp exp

p p

G p p

p p

x x x xz
x y z x y D

D D DD

y y y y

D D

q
p

è øå õ å õ- + - -è ø- é ùæ ö æ ö= ³ + ³é ùé ùæ ö æ öê ú
ç ÷ ç ÷ê ú

è øå õ å õ- + - -
é ùæ ö æ ö³ +
é ùæ ö æ ö
ç ÷ ç ÷ê ú

 (4) 

ʛʜʝ  

 
( )2D ta t= -è øê ú.  

ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ (4) ʧʦ ʚʨʝʤʝʥʠ, xL  ʠ yL . 

 ( )
0 0 0

( , , , ) ( , , , , ,0, ) , ,
x yt L L

G p p p p p pT x y z t x y z x y D Q x y d y dx d
k

a
q t t= ññ ñ . (5) 

ʀʥʪʝʛʨʘʣ ʦʪ Gq  ʧʦ xL  ʠ yL  ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʟʥʘʯʝʥ, ʢʘʢ GRq  ʠ ʟʘʧʠʩʘʥ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

 
0 0

2

2

( , , , , , ) ( , , , , ,0, )

1
exp ( , , ) ( , , )

2

x yL L

GR x y G p p p p

GU x GU y

x y z L L D x y z x y D dy dx

z
x L D y L D

DD

q q

q q
p

= =

è ø-
= é ù

ê ú

ñ ñ
, (6) 

ʛʜʝ  

 ( , , )GU

L u L u
u L D erf erf

D D
q

+ -å õ å õ
= +æ ö æ ö

ç ÷ ç ÷
.  
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ʇʦʜʩʪʘʚʠʚ ʫʨʘʚʥʝʥʠʝ (6) ʚ ʚʳʨʘʞʝʥʠʝ (5), ʧʦʣʫʯʠʤ ʩʦʦʪʥʦʰʝʥʠʝ (7), ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʠʥʩʪʨʫʤʝʥʪʘ. 

 
0

( , , , ) ( , , , , , ) ( )
t

GR x yT x y z t x y z L L D q d
k

a
q t t= Öñ  (7) 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʨʘʞʝʥʠʝ (7) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʚʳʨʘʞʝʥʠʷ, ʟʘʚʠʩʷʱʠʭ ʦʪ 

ʚʨʝʤʝʥʠ GRq  ʠ ( )qt. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʦ ʧʫʪʝʤ ʩʚʝʨʪʢʠ 

ʧʦ ʜʘʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (7) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʨʝʟʘʥʠʷ: 

100, 200, 300 ʤ/ʤʠʥ. ʇʨʦʯʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʛʣʫʙʠʥʘ ʨʝʟʘʥʠʷ, ʧʦʜʘʯʘ 

ʠʥʩʪʨʫʤʝʥʪʘ ʟʘ ʦʙʦʨʦʪ ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 1 ʤʤ ʠ 0,15 ʤʤ/ʦʙ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʩʯʝʪʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʙʳʣʘ ʧʨʠʥʷʪʘ  

ʨʘʚʥʦʡ 65 
ɺʪ

ʤ ʂÖ
. 

 

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʚʨʝʤʝʥʠ 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ 

ɺ ʨʘʙʦʪʝ [10] ʘʚʪʦʨʳ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʭʦʜʷʪ ʢʨʠʪʠʯʝʩʢʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ 

ʚ ʧʣʘʩʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ: ʜʣʷ ʩʪʘʣʠ 45 ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʙʫʜʝʪ 394,6ʢʨT =  ʉ̄. 

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʥʘʡʪʠ 

ʢʨʠʪʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ, ʧʨʝʚʳʰʝʥʠʝ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ, ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʆʅ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ. 
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ʀʟ ʨʠʩʫʥʢʘ 2 ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ. 

ʊʘʢ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʨʘʥʝʝ ʧʨʦʯʠʭ ʧʘʨʘʤʝʪʨʘʭ ʨʝʟʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʪʘʣʠ ʙʫʜʝʪ 122,23ʢʨv = ʤ/ʤʠʥ. 

ɺʳʚʦʜʳ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʩʢʦʨʦʩʪʠ ʜʣʷ 

ʩʪʘʣʝʡ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʨʝʟʘʥʠʝʤ (ʬʨʝʟʝʨʦʚʘʥʠʝʤ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ, ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ 

ʛʣʫʙʠʥʝ ʨʝʟʘʥʠʷ ʠ ʧʦʜʘʯʠ ʠʥʩʪʨʫʤʝʥʪʘ ʟʘ ʦʙʦʨʦʪ, ʟʘʛʦʪʦʚʢʠ ʠʟ ʩʪʘʣʠ 45, ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ 

ʦʪʩʫʪʩʪʚʠʷ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʟʘʛʦʪʦʚʢʠ. 
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DETERMINATION OF THE  MAXIMUM PERMISSIBLE CUTTING SPEED 

OF STEEL 45 DURING MILLING  

Kolmogorov German L., Klimov Nikita A. 

Perm National Research Polytechnic University, Komsomolsky Av. 29, Perm, Russia, 614000, 

nikita-kl@yandex.ru 

The article examines the thermoelastic state of an axisymmetric body in the presence of a 

temperature gradient due to heating of the contact layer during milling. Specifically, the possibility 

of the thermoplastic deformation in the surface layer and the possibility of the residual stresses 

formation during subsequent cooling have been estimated. For the steel specimen, we have 

determined the boundary temperature regimes leading to the compressive or tensile residual stresses. 

Furthermore, the paper presents a specific implementation of calculating the maximum cutting 

speed, which, if exceeded, will cause excessive heating of the machined cylindrical specimen and 

residual stress, which may significantly affect the reliability of the machined part. Finally, we have 

derived an analytical solution for calculating the maximum temperature required for machining the 

tool without using the finite element method. 

Keywords: milling, machining, temperature, residual stresses, contact layer, cutting speed. 
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ʋɼʂ 004 

ʆ ʄʆɼɽʃʀʈʆɺɸʅʀʀ ʉʆʎʀɸʃʔʅʓʍ ʉɽʊɽʁ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ɸɻɽʅʊʅʆɻʆ ʇʆɼʍʆɼɸ35 

ʂʦʙʮʝʚʘ ʉʚʝʪʣʘʥʘ ɽʚʛʝʥʴʝʚʥʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, 614070, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ʉʪʫʜʝʥʯʝʩʢʘʷ, 38, sekobtseva@gmail.com 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʠʟʫʯʝʥʠʝʤ, ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʘʥʘʣʠʟʦʤ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. ʀʟʫʯʝʥʦ ʪʘʢʦʝ ʧʦʥʷʪʠʝ ʢʘʢ ʩʦʮʠʘʣʴʥʘʷ ʩʝʪʴ ʠ ʝʛʦ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʝʪʠ. ɺ ʭʦʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʘ ʨʘʙʦʪʘ ʙʨʘʟʠʣʴʩʢʦʛʦ ʫʯʝʥʦʛʦ ʄʘʨʠʠ ɻʘʪʪʠ ʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʠʨʪʫʘʣʴʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ. ʉʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʜʦʧʦʣʥʠʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ɻʘʪʪʠ ʩʪʦʭʘʩʪʠʯʝʩʢʫʶ 

ʤʫʣʴʪʠʘʛʝʥʪʥʫʶ ʩʠʩʪʝʤʫ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʧʦʜʭʦʜʝ ʢ ʘʥʘʣʠʟʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʚʠʨʪʫʘʣʴʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʪʘʢʠʭ ʢʘʢ Twitter ʠ Facebook. ʇʨʝʜʣʘʛʘʝʪʩʷ ʜʦʧʦʣʥʠʪʴ 

ʩʠʩʪʝʤʫ ʘʥʘʣʠʟʘ ʩʦʦʙʱʝʥʠʡ, ʦʧʠʨʘʷʩʴ ʥʝ ʪʦʣʴʢʦ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʦʙʱʝʥʠʡ ʧʦ ʪʝʤʘʤ, ʥʦ ʠ 

ʥʘ ʝʛʦ ʩʦʜʝʨʞʘʪʝʣʴʥʫʶ ʯʘʩʪʴ ʠ ʵʤʦʮʠʦʥʘʣʴʥʫʶ ʦʢʨʘʩʢʫ. ɹʳʣʘ ʧʦʩʪʨʦʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ 

ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʮʠʘʣʴʥʘʷ ʩʝʪʴ, ʤʫʣʴʪʠʘʛʝʥʪʥʘʷ ʩʠʩʪʝʤʘ, ʘʛʝʥʪʥʳʡ ʧʦʜʭʦʜ, ʘʥʘʣʠʟ 

ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʘ. 

ʉʝʛʦʜʥʷ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ. ʆʥʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʩʨʝʜʩʪʚʦ ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ ʣʶʜʴʤʠ, ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʚ ʩʝʪʠ, ʧʨʦʚʝʜʝʥʠʷ ʨʝʢʣʘʤʥʳʭ ʠ ʧʦʣʠʪʠʯʝʩʢʠʭ ʢʘʤʧʘʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʶʪʩʷ ʫʥʠʚʝʨʩʠʪʝʪʳ ʂʘʨʥʝʛʠ-

ʄʝʣʣʦʥ, ʉʪʵʥʬʦʨʜ, ʆʢʩʬʦʨʜ, INRIA, ʘ ʪʘʢʞʝ ʢʦʤʧʘʥʠʠ Facebook, Google, Yahoo!, LinkedIn. 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʳ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢʘʢ ʉʚʠʥʮʦʚʩʢʠʡ ɸ.ɸ. ʠ ʄʘʨʠʷ ɻʘʪʪʠ.  

ʉʘʤʦ ʧʦʥʷʪʠʝ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʧʦʷʚʠʣʦʩʴ ʠ ʥʘʯʘʣʦ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ɿʘʧʘʜʝ 

ʝɦ ʝ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʍʍ ʚʝʢʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʦʮʠʘʣʴʥʳʭ ʩʚʷʟʝʡ ʠ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ 

ʣʶʜʴʤʠ. ʉʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ʇʘʪʶʢʦʚʘ ʉ. ɺ. ʠ ʂʦʚʨʠʛʘ ɽ. ɺ. çʩʦʮʠʘʣʴʥʘʷ ʩʝʪʴ (ʀʥʪʝʨʥʝʪ) 

ð ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʚʝʙ-ʩʘʡʪ, ʢʦʥʪʝʥʪ ʢʦʪʦʨʦʛʦ ʥʘʧʦʣʥʷʝʪʩʷ ʩʘʤʠʤʠ 

ʫʯʘʩʪʥʠʢʘʤʠ ʩʝʪʠ. ʉʘʡʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʦʮʠʘʣʴʥʫʶ ʩʨʝʜʫ, 

ʧʦʟʚʦʣʷʶʱʫʶ ʦʙʱʘʪʴʩʷ ʛʨʫʧʧʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʦʙʱʠʤ ʠʥʪʝʨʝʩʦʤ. ʉʚʷʟʴ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʚʝʙ-ʩʝʨʚʠʩʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʯʪʳ ʠʣʠ ʤʛʥʦʚʝʥʥʦʛʦ ʦʙʤʝʥʘ 

ʩʦʦʙʱʝʥʠʷʤʠè [1]. 
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʝʡʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʮʠʘʣʴʥʫʶ 

ʞʠʟʥʴ, ʧʦʵʪʦʤʫ, ʠʭ ʘʥʘʣʠʟ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʟʘʥʠʤʘʶʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʦʣʠʪʠʯʝʩʢʠʭ, 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʭʘʥʠʟʤʦʚ ʚʣʠʷʥʠʷ ʥʘ ʜʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʨʘʟʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʩʝʨʚʠʩʦʚ ʠ ʧʨʠʣʦʞʝʥʠʡ. 

ɸʥʘʣʠʟ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʩʧʝʮʠʬʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʜʘʥʥʳʭ ʩʝʪʝʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʶ ʪʘʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʨʦʣʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʪʘʢʠʝ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʢʘʢ ʜʠʩʢʨʝʪʥʦʩʪʴ, ʧʦʜʦʙʠʝ, ʙʣʠʟʦʩʪʴ ʠ 

ʚʟʘʠʤʥʦʩʪʴ [2].  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʘʛʝʥʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʙʨʘʟʠʣʴʩʢʠʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʄʘʨʠʝʡ 

ɻʘʪʪʠ [3]. ɺ ʩʚʦʝʡ ʩʪʘʪʴʝ ɻʘʪʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʪʦʭʘʩʪʠʯʝʩʢʫʶ ʤʫʣʴʪʠʘʛʝʥʪʥʫʶ ʩʠʩʪʝʤʫ, 

ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʧʦʜʭʦʜʝ ʢ ʘʥʘʣʠʟʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ, ʪʘʢʠʭ 

ʢʘʢ Twitter ʠ Facebook [3]. ɼʘʥʥʳʝ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ, ʟʘʧʫʩʢʘ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡ. ɻʘʪʪʠ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʥʘ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟʝ ʧʦʚʝʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʩʪʘ/ʩʦʦʙʱʝʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʝʤʘʤ. ɼʘʥʥʘʷ ʪʝʤʘ ʨʘʩʢʨʳʚʘʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ Twitter 

ʘʢʢʘʫʥʪʘ 44-ʛʦ ʧʨʝʟʠʜʝʥʪʘ ʉʐɸ ɹʘʨʘʢʘ ʆʙʘʤʳ, ʢʦʪʦʨʳʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʵʛʦʮʝʥʪʨʠʯʝʩʢʘʷ ʩʝʪʴ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʝʜʩʪʘʚʠʪʴ ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʠ 

ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʉ ʧʦʤʦʱʴʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʦʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʜʝʘʢʪʠʚʘʮʠʠ ʘʢʢʘʫʥʪʘ ʆʙʘʤʳ ʠ ʩʘʤʳʭ 

ʘʢʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʥʷʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʪʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ 

ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʙʫʜʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʩʝʪʠ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʩʦʩʪʘʚʣʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʫʜʘʣʦʩʴ ʚʳʷʩʥʠʪʴ, ʯʪʦ ʧʨʠ 

ʜʝʘʢʪʠʚʘʮʠʠ ʷʜʨʘ ʩʝʪʠ (ʘʢʢʘʫʥʪʘ ʆʙʘʤʳ) ʠ ʩʘʤʳʭ ʘʢʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʢʘʟʳʚʘʝʪʩʷ 

ʚʣʠʷʥʠʝ ʥʘ ʚʝʩʴ ʧʦʪʦʢ ʩʦʦʙʱʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʦʥʠ ʩʚʷʟʘʥʳ ʩ ɹʘʨʘʢʦʤ ʆʙʘʤʦʡ [3]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ɻʘʪʪʠ ʫʜʘʣʦʩʴ ʧʨʦʩʣʝʜʠʪʴ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʦʮʠʘʣʴʥʳʭ 

ʩʝʪʷʭ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʩʪʦʠʪ ʫʜʝʣʷʪʴ ʥʝ ʪʦʣʴʢʦ 

ʟʥʘʯʠʤʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʢʦʣʠʯʝʩʪʚʫ ʝʛʦ ʧʦʜʧʠʩʯʠʢʦʚ, ʥʦ ʠ ʩʦʜʝʨʞʘʥʠʶ ʪʝʢʩʪʦʚʳʭ 

ʩʦʦʙʱʝʥʠʡ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʚ ʩʝʪʠ. ɺʝʜʴ ʧʫʙʣʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʫʱʝʩʪʚʝʥʥʫʶ ʯʘʩʪʴ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʩʝʛʦʜʥʷ ʟʘʯʘʩʪʫʶ 

ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʩʨʝʜʩʪʚ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʣʶʙʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴ 
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ʤʦʞʝʪ ʦʧʫʙʣʠʢʦʚʘʪʴ ʧʦʩʪ, ʧʦʩʚʷʱʝʥʥʳʡ ʢʘʢʦʤʫ-ʣʠʙʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʧʦʚʦʜʫ. ʀʤʝʥʥʦ 

ʧʦʵʪʦʤʫ ʥʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʛʝʥʪ, ʨʝʘʣʠʟʫʶʱʠʡ ʘʣʛʦʨʠʪʤʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʪʝʢʩʪʘ, ʜʣʷ ʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʜʦʧʦʣʥʠʪʴ ʩʠʩʪʝʤʫ, ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʄ. ɻʘʪʪʠ, ʘʛʝʥʪʦʤ, ʨʝʘʣʠʟʫʶʱʠʤ 

ʘʣʛʦʨʠʪʤʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʢʩʪʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ, ʥʦ ʠ ʩʦʜʝʨʞʘʥʠʝ ʪʝʢʩʪʘ ʧʫʙʣʠʢʘʮʠʡ. 

ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ɻʘʪʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʩʦʦʙʱʝʥʠʡ ʧʦ ʪʝʤʘʤ, ʥʦ ʙʝʟ ʫʯʝʪʘ 

ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʦʢʨʘʩʢʠ. ɼʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʢʣʶʯʝʚʳʭ ʩʣʦʚʘʭ. ɺ ʥʘʯʘʣʝ ʩʦʩʪʘʚʣʷʣʩʷ ʩʧʠʩʦʢ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʘʞʜʦʡ 

ʪʝʤʳ. ɿʘʪʝʤ ʪʝʢʩʪ ʢʘʞʜʦʛʦ ʩʦʦʙʱʝʥʠʷ ʙʳʣ ʨʘʟʙʠʪ ʥʘ ʪʦʢʝʥʳ, ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʜʝʣʠʪʝʣʝʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʙʝʣʳ ʠ ʟʥʘʢʠ ʧʨʝʧʠʥʘʥʠʷ. ɿʘʪʝʤ ʪʦʢʝʥʠʟʠʨʦʚʘʥʥʳʡ ʪʚʠʪ (ʩʦʦʙʱʝʥʠʝ) 

ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʢ ʦʜʥʦʡ ʠʟ ʪʝʤ. 

ɺʩʝ ʩʦʦʙʱʝʥʠʷ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ ʪʨʠ ʪʠʧʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ 

ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʦʢʨʘʩʢʠ: ʧʦʟʠʪʠʚʥʳʝ, ʥʝʛʘʪʠʚʥʳʝ, ʥʝʡʪʨʘʣʴʥʳʡ. ɺ ʨʘʤʢʘʭ ʥʘʰʝʡ ʩʠʩʪʝʤʳ 

ʘʛʝʥʪʳ ʚʳʧʦʣʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʪʝʢʩʪʦʚ, ʚʠʟʫʘʣʠʟʘʮʠʷ ʪʝʢʩʪʦʚ, 

ʨʝʬʝʨʠʨʦʚʘʥʠʝ ʪʝʢʩʪʦʚ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʪʝʢʩʪʦʚ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʩʠʩʪʝʤʘ ʘʥʘʣʠʟʘ 

ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʦʢʨʘʩʢʠ (ʪʦʥʘʣʴʥʦʩʪʠ) ʪʝʢʩʪʘ (ʩʤ. ʨʠʩʫʥʦʢ 1): 

 

ʈʠʩʫʥʦʢ. ʉʠʩʪʝʤʘ ʘʥʘʣʠʟʘ ʪʦʥʘʣʴʥʦʩʪʠ ʪʝʢʩʪʘ 

ʆʧʫʙʣʠʢʦʚʘʥʥʦʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʦʦʙʱʝʥʠʝ ʧʦʧʘʜʘʝʪ ʢ ʘʛʝʥʪʫ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʤʫ 

ʧʨʦʮʝʩʩ ʠʥʜʝʢʩʠʨʦʚʘʥʠʷ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʘ, ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ 

ʪʦʢʝʥʠʟʘʮʠʷ, ʣʝʢʩʠʯʝʩʢʘʷ ʥʦʨʤʘʣʠʟʘʮʠʷ, ʩʪʝʤʤʠʥʛ (ʥʘʭʦʞʜʝʥʠʝ ʦʩʥʦʚʳ ʩʣʦʚʘ), ʫʜʘʣʝʥʠʝ 

ʩʧʝʮʠʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ). ɿʘʪʝʤ ʪʝʢʩʪ ʧʝʨʝʭʦʜʠʪ ʚ ʨʘʙʦʪʫ ʘʛʝʥʪʫ, ʟʘʥʠʤʘʶʱʝʤʫʩʷ 

ʠʟʚʣʝʯʝʥʠʝʤ ʧʨʠʟʥʘʢʦʚ, ʪʦ ʝʩʪʴ ʚʳʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ ʩʦʦʙʱʝʥʠʷ 

(ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʠʟʥʘʢʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ, ʯʘʩʪʠ ʨʝʯʠ, ʣʝʢʩʠʯʝʩʢʠʝ 
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ʦʩʦʙʝʥʥʦʩʪʠ). ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʙʦʨ ʧʨʠʟʥʘʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʩʦʦʙʱʝʥʠʡ. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʢʩʪʦʚ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʤʝʪʦʜʳ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʘʢ ʥʘʠʚʥʳʡ ɹʘʡʝʩ, ʜʝʨʝʚʦ ʨʝʰʝʥʠʡ ʠ SVM. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʦʙʲʝʜʠʥʝʥʠʝ 

ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʦʪʥʝʩʝʥʠʝ ʩʦʦʙʱʝʥʠʷ ʚ ʢʦʥʢʨʝʪʥʳʡ ʢʣʘʩʩ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʛʦ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʦʢʨʘʩʢʦʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʦʢʨʘʩʢʠ 

ʪʝʢʩʪʘ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ, ʧʦʩʢʦʣʴʢʫ 

ʩʫʱʝʩʪʚʫʶʪ ʩʣʦʞʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʥʘʣʠʟʦʤ ʠ ʦʙʨʘʙʦʪʢʦʡ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʜʦʣʞʠʪʴ ʨʘʙʦʪʫ ʥʘʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʨʘʟʨʘʙʦʪʢʦʡ 

ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ, ʨʝʘʣʠʟʫʶʱʝʡ ʘʣʛʦʨʠʪʤʳ Text Mining, ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. ʇʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʘʪʝʛʠʠ ʧʦ ʚʳʷʚʣʝʥʠʶ ʬʝʡʢʦʚʳʭ (ʣʦʞʥʳʭ) 

ʥʦʚʦʩʪʝʡ ʠ ʦʮʝʥʢʝ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʦʮʝʥʢʠ ʪʝʢʩʪʦʚ ʩʦʦʙʱʝʥʠʡ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ. 
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This paper focuses on issues related to the modeling and analysis of social networks. There were 

considered social network and its main characteristics, and also the process of informational 

diffusion. There was studied the paper of the Brazilian scientist Maria Gatti on the modeling of 

virtual social networks and the dissemination of informational diffusion in a social network. An 

attempt was made to complement the stochastic multi-agent system developed by Gatti, based on an 

approach to analyzing the dissemination of information in virtual social networks such as Twitter 

and Facebook. It is proposed to supplement the system of analyzing messages, relying not only on 

the distribution of messages by topic, but also on its substantive part and emotional coloring. The 

architecture of the Sentiment analysis system was built. 

Keywords: social network, multi-agent system, agent-based approach, Sentiment analysis. 
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ʋɼʂ 004.896 

ʇʈɽɼʉʂɸɿɸʅʀɽ ʕʄʆʎʀʆʅɸʃʔʅʆɻʆ ʉʆʉʊʆʗʅʀʗ ʏɽʃʆɺɽʂɸ 

ʅɸ ʆʉʅʆɺɸʅʀʀ ʄɽʊʆɼʆɺ ʄɸʐʀʅʅʆɻʆ ʆɹʋʏɽʅʀʗ36 

ʂʦʚʘʣʝʚʘ ɽʢʘʪʝʨʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, 614070, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ʉʪʫʜʝʥʯʝʩʢʘʷ, 38, kovaleva.ekaterin@gmail.com 

ɺʳʷʚʣʝʥʠʝ ʵʤʦʮʠʡ ʠʟ ʜʘʥʥʳʭ ʕʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤʳ (ʕʕɻ) ʦʙʨʝʣʦ ʙʦʣʴʰʫʶ 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʠ ʧʦʚʩʝʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. ʅʦ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ 

ʤʝʪʦʜʘ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʵʤʦʮʠʡ ʪʨʝʙʫʝʪ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ ʩʠʛʥʘʣʦʚ ʤʦʟʛʘ. ʆʜʥʘʢʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ, 

ʥʘ ʢʘʢʠʭ ʧʨʠʟʥʘʢʘʭ ʥʫʞʥʦ ʜʝʣʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʨʝʜʩʢʘʟʘʥʠʷ ʵʤʦʮʠʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʨʘʟʥʳʝ ʢʘʪʝʛʦʨʠʠ ʧʨʠʟʥʘʢʦʚ ʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʵʤʦʮʠʡ. ɼʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʠʟ 

ʩʠʛʥʘʣʦʚ ʩʥʷʪʳʭ ʩ ʵʣʝʢʪʨʦʜʦʚ ʕʕɻ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʧʨʠʟʥʘʢʦʚ: ʯʘʩʪʦʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʘ ʵʣʝʢʪʨʦʜʦʚ, ʠʥʜʝʢʩʳ ʘʩʠʤʤʝʪʨʠʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʵʥʪʨʦʧʠʷ 

ʩʠʛʥʘʣʦʚ ʵʣʝʢʪʨʦʜʦʚ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʵʣʝʢʪʨʦʜʦʚ, ʵʥʪʨʦʧʠʷ 

ʠ ʚʝʣʴʚʝʪ ʩʠʛʥʘʣʦʚ ʵʣʝʢʪʨʦʜʦʚ, ʧʝʨʝʩʝʯʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ (HOC). ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʚʳʙʨʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʦʩʪʨʦʝʥʳ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʵʪʠʭ ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʣʩʷ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʦʢ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʵʪʠʭ ʤʦʜʝʣʝʡ ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʩʣʫʯʘʡʥʦʤ ʨʘʟʙʠʝʥʠʝ 

ʠʤʝʶʱʝʡʩʷ ʚʳʙʦʨʢʠ ʜʘʥʥʳʭ ʥʘ ʦʙʫʯʘʶʱʫʶ ʠ ʪʝʩʪʦʚʫʶ ʧʦʜʚʳʙʦʨʢʠ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʤʦʜʝʣʝʡ ʧʨʝʜʩʢʘʟʘʥʠʷ ʥʘ ʛʨʫʧʧʘʭ ʧʨʠʟʥʘʢʦʚ ʠ ʚʳʜʝʣʝʥʳ ʩʘʤʳʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʛʜʝ ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʠ ʧʨʝʚʳʰʘʣʦ 0.55 ʧʨʦʮʝʥʪʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʕʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤʘ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʵʤʦʮʠʡ, ʵʣʝʢʪʨʦʜʳ, HOC, ʤʦʜʝʣʠ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʕʤʦʮʠʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ʈʘʟʨʘʙʦʪʢʘ 

ʧʦʜʭʦʜʦʚ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʵʤʦʮʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʩʬʦʢʫʩʠʨʦʚʘʥʘ ʥʘ 

ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʵʤʦʮʠʡ ʩ ʧʦʤʦʱʴʶ ʩʠʛʥʘʣʦʚ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤʳ (ʕʕɻ), ʢʦʪʦʨʘʷ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʩʳʤʠʪʠʨʦʚʘʪʴ ʠʣʠ ʩʢʨʳʪʴ ʠʩʪʠʥʥʦʝ ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʯʝʣʦʚʝʢʘ. ʅʘʧʨʠʤʝʨ, 

ʚ ʤʝʜʠʮʠʥʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʵʤʦʮʠʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʜʣʷ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʠ ʢʦʨʨʝʢʮʠʠ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʘʮʠʝʥʪʘ, ʘ ʚ ʤʘʨʢʝʪʠʥʛʝ, 

ʠʟʫʯʘʷ ʠ ʠʩʧʦʣʴʟʫʷ ʵʤʦʮʠʠ ʯʝʣʦʚʝʢʘ, ʤʦʞʥʦ ʟʘʚʦʝʚʘʪʴ ʝʛʦ ʚʥʠʤʘʥʠʝ ʠ ʫʧʨʘʚʣʷʪʴ ʝʛʦ 

ʧʦʚʝʜʝʥʠʝʤ.  

ʅʘʩʢʦʣʴʢʦ ʫʩʧʝʰʥʦ ʤʦʞʥʦ ʚʳʷʚʣʷʪʴ ʵʤʦʮʠʠ ʧʦ ʜʘʥʥʳʤ ʩʠʛʥʘʣʦʚ ʕʕɻ? ʕʪʦʪ ʚʦʧʨʦʩ 

ʚʩʸ ʝʱʸ ʦʩʪʘʸʪʩʷ ʦʪʢʨʳʪʳʤ. ʊʘʢ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʫʜʝʥʪʘ ʊʝʛʘʥʘ ʍʘʨʨʠʩʦʥʘ ʠʟ 
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ʋʥʠʚʝʨʩʠʪʝʪʘ ʂʝʥʪʝʨʙʝʨʠ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʩʪʨʦʡʩʪʚʦ Emotiv EPOC, ʦʜʥʦ ʠʟ ʩʘʤʳʭ 

ʧʦʧʫʣʷʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʕʕɻ, ʥʝ ʥʘʜʝʞʥʦ ʚ ʚʳʷʚʣʝʥʠʠ ʵʤʦʮʠʡ ʯʝʣʦʚʝʢʘ, 

ʧʦʩʢʦʣʴʢʫ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ ʩʣʫʯʘʡʥʦ. ɸ 

ʪʘʢʞʝ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʦʦʪʚʝʪʩʪʚʠʡ ʤʝʞʜʫ ʵʤʦʮʠʦʥʘʣʴʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ 

ʫʯʘʩʪʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʮʝʥʢʘʤʠ ʠʩʧʳʪʫʝʤʳʭ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʛʥʦʟʘ ʵʤʦʮʠʡ 

ʵʪʠʤ ʫʩʪʨʦʡʩʪʚʦʤ [4]. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʵʤʦʮʠʡ ʯʝʣʦʚʝʢʘ ʧʦ ʩʠʛʥʘʣʘʤ ʕʕɻ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʪʴ 

ʦʧʨʝʜʝʣʷʪʴ ʩʘʤʳʝ ʚʘʞʥʳʝ ʜʣʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʧʨʠʟʥʘʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʨʠʟʥʘʢʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʩʠʛʥʘʣʘ ʕʕɻ, ʩ ʮʝʣʴʶ 

ʤʘʢʩʠʤʠʟʘʮʠʠ ʢʘʯʝʩʪʚʘ ʧʨʝʜʩʢʘʟʘʥʠʷ ʪʝʢʫʱʝʛʦ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ.  

ɼʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʣʘʛʘʝʪʩʷ ʥʘ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʇʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʚ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʢʘʞʜʦʤʫ ʠʩʧʳʪʫʝʤʦʤʫ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠʩʴ 60 ʠʟʦʙʨʘʞʝʥʠʡ ʠʟ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ International Affective Picture System (IAPS) ʜʣʷ 

ʩʪʠʤʫʣʷʮʠʠ ʨʘʟʣʠʯʥʳʭ ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʇʨʦʚʦʜʠʣʘʩʴ ʟʘʧʠʩʴ ʕʕɻ ʩ 21 ʵʣʝʢʪʨʦʜʘ ʩ 

ʧʦʤʦʱʴʶ ʧʦʨʪʘʪʠʚʥʦʛʦ 24-ʢʘʥʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬʘ, ʛʜʝ 3 ʢʘʥʘʣʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʜʨʫʛʠʭ ʜʘʪʯʠʢʦʚ. ʇʦʩʣʝ ʧʨʦʩʤʦʪʨʘ ʢʘʞʜʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʧʳʪʫʝʤʳʡ 

ʦʮʝʥʠʚʘʣ ʧʦ 10-ʙʘʣʴʥʦʡ ʰʢʘʣʝ ʧʦʣʦʞʠʪʝʣʴʥʦʩʪʴ/ʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ʠʩʧʳʪʳʚʘʝʤʦʡ ʵʤʦʮʠʠ 

(valence).  

ʆʩʥʦʚʥʳʤʠ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠʟ ʩʠʛʥʘʣʦʚ ʕʕɻ ʷʚʣʷʶʪʩʷ: 

ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʘ ʵʣʝʢʪʨʦʜʦʚ, ʠʥʜʝʢʩʳ ʘʩʠʤʤʝʪʨʠʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, 

ʵʥʪʨʦʧʠʷ ʩʠʛʥʘʣʦʚ ʵʣʝʢʪʨʦʜʦʚ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʝʡʚʣʝʪ ʩʠʛʥʘʣʦʚ 

ʵʣʝʢʪʨʦʜʦʚ, higher order crossings (HOC) [1]. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʧʨʠʟʥʘʢʦʚ ʧʦ ʩʠʛʥʘʣʘʤ ʕʕɻ. ʆʜʥʘʢʦ ʚ ʩʚʷʟʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ 

ʨʘʟʤʝʨʦʤ ʚʳʙʦʨʢʠ ʜʘʥʥʳʭ ʜʣʷ ʠʟʙʝʛʘʥʠʷ ʧʝʨʝʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʦʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʧʨʠʟʥʘʢʠ. ʆʪʙʦʨ ʧʨʠʟʥʘʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʡ ʣʘʩʩʦ ʨʝʛʨʝʩʩʠʠ: ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʚʳʙʠʨʘʝʪʩʷ ʧʦ 10 ʣʫʯʰʠʭ ʧʨʠʟʥʘʢʦʚ.  

ʇʦʣʫʯʝʥʥʳʡ ʩʠʛʥʘʣ ʩ ʕʕɻ ʙʳʣ ʧʨʝʦʙʨʘʟʦʚʘʥ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤʠ ʤʝʪʦʜʘʤʠ, ʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʢʘʞʜʘʷ ʧʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʛʨʫʧʧʘ ʧʨʠʟʥʘʢʦʚ ʙʳʣʘ ʤʥʦʛʦʢʨʘʪʥʦ ʨʘʟʜʝʣʝʥʘ 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʩ ʧʦʤʦʱʴʶ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʠ ʜʣʷ ʧʨʦʚʝʨʢʠ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʝʤʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʧʦʩʦʙʥʘ ʨʘʙʦʪʘʪʴ ʥʘ ʥʝʟʘʚʠʩʠʤʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ: 

ʦʙʫʯʘʶʱʘʷ (75%) ʠ ʪʝʩʪʦʚʘʷ (25%) ʚʳʙʦʨʢʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʪʘʢʦʛʦ ʨʘʟʙʠʝʥʠʷ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

100 ʤʝʪʨʠʢ ʢʘʯʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʥʷʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ 

ʤʦʜʝʣʠ, ʩ ʧʦʤʦʱʴʶ ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʰʠʙʢʠ, ʢʚʘʨʪʠʣʠ. ʅʘ ʦʙʨʘʙʦʪʘʥʥʳʭ 
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ʜʘʥʥʳʭ ʩʪʨʦʷʪʩʷ ʧʷʪʴ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ: ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ, ʛʨʘʜʠʝʥʪʥʳʡ 

ʙʫʩʪʠʥʛ, ʥʘʠʚʥʳʡ ʙʘʡʝʩ, ʣʠʥʝʡʥʘʷ ʣʘʩʩʦ-ʨʝʛʨʝʩʩʠʷ ʠ ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ (SVM) [1].  

ɹʳʣʦ ʧʦʣʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʜʣʷ ʢʘʞʜʦʡ ʠʟ 6 ʛʨʫʧʧ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʦʩʨʝʜʩʪʚʦʤ 

ʜʠʘʛʨʘʤʤʳ ñʷʱʠʢ ʩ ʫʩʘʤʠò, ʧʦʢʘʟʳʚʘʶʱʝʛʦ ʢʚʘʨʪʠʣʠ, ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʷ ʢʘʞʜʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  

 

ʈʠʩʫʥʦʢ 1. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʝʡ ʧʦʩʪʨʦʝʥʥʳʭ  

ʥʘ ʛʨʫʧʧʘʭ ʧʨʠʟʥʘʢʘʭ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʜʘʥʥʳʭ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0.40 - 

0.70. ʃʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʜʘʸʪ ʢʘʯʝʩʪʚʦ ʦʢʦʣʦ 60% ʩ ʨʘʟʙʨʦʩʦʤ ʦʪ 0,56 ʜʦ 0,64. ʕʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʜʣʷ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʦʚ ʵʣʝʢʪʨʦʜʦʚ ʥʘ ʤʦʜʝʣʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ 

ʨʝʛʨʝʩʩʠʠ ʠ ʥʘ ʣʘʩʩʦ ʨʝʛʫʣʷʨʠʟʘʮʠʷ. ʕʥʪʨʦʧʠʷ ʩʠʛʥʘʣʦʚ ʵʣʝʢʪʨʦʜʦʚ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ 

ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʩʨʝʜʠ ʚʩʝʭ ʛʨʫʧʧ ʧʨʠʟʥʘʢʦʚ ʥʘ ʣʘʩʩʦ ʨʝʛʫʣʷʨʠʟʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʵʤʦʮʠʡ ʯʝʣʦʚʝʢʘ ʧʦ 

ʩʠʛʥʘʣʘʤ ʕʕɻ ʷʚʣʷʝʪʩʷ ʥʝʚʳʩʦʢʠʤ ʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʪʦʯʥʳʭ ʤʝʪʦʜʦʚ 

ʧʨʝʜʩʢʘʟʘʥʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʝʜʩʢʘʟʘʥʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʭ ʮʝʣʷʭ, ʯʪʦ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʫʙʲʝʢʪʠʚʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʪʦʯʥʦʩʪʠ ʪʘʢʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʶ 

ʣʶʜʴʤʠ. 
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Identification of emotions from data of the electroencephalography (EEG) found great popularity 

and is everywhere used in various areas. But application of such method for prediction of emotions 

demands the correct allocation of the signs transformed from brain signals. However today there is 

open a question on what signs it is necessary to do high-quality predictions of emotions. In this 

work different categories of signs are compared and their influence on quality of prediction of 

emotions is analyzed. For the analysis of the data obtained as a result of an experiment from the 

signals removed from electrodes of EEG the following types of signs were received: frequency 

characteristics of a signal of electrodes, indexes of asymmetry between electrodes, Entropy of 

signals of electrodes, coefficients of Wavelet transform of signals of electrodes, Entropy and 

Wavelet of signals of electrodes, higher order crossings (HOC). On the basis of the chosen signs 

several models of machine learning are constructed. The comparative analysis of quality of work of 

these models was carried out by comparison of distribution of errors of prediction of these models 

on test selection at repeated accidental splitting the available selection of data into the training and 

test subsamples. Quantitative estimates of models of prediction on groups of signs were received 

and the results where the quality of model exceeded 0.55 percent are marked out. 

Keywords: The electroencephalogram, recognition of emotions, electrodes, HOC, machine learning 

models. 
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ʋɼʂ 53.072.2 

ʅʆɺɸʗ ɸʉʀʄʇʊʆʊʀʂɸ ɺ ʄʆɼɽʃʀ ʇʆɼʆɹʀʗ ɹʓʉʊʈʆʍʆɼʅʓʍ ʅɸʉʆʉʆɺ37 

ʂʦʟʣʦʚ ʀʛʦʨʴ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʇʝʱʝʨʝʥʢʦ ʉʝʨʛʝʡ ʅʠʢʦʣʘʝʚʠʯ 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614000, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʂʦʤʩʦʤʦʣʴʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ. 29, kozlov.iv@novomet.ru 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʥʘʧʦʨ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʨʘʩʪʝʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʢʚʘʜʨʘʪʫ ʯʘʩʪʦʪʳ. ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʥʝʢʦʪʦʨʳʡ ʨʦʩʪ ʂʇɼ 

ʥʘʩʦʩʦʚ. ʇʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʨʦʩʪʘ ʯʘʩʪʦʪʳ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʨʝʩʫʨʩʘ ʥʘʩʦʩʦʚ, ʧʨʠʤʝʨʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʫʙʫ ʯʘʩʪʦʪʳ, ʯʪʦ ʩʜʝʨʞʠʚʘʣʦ ʨʘʟʨʘʙʦʪʢʫ ʙʳʩʪʨʦʭʦʜʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɺ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʝʩʧʝʯʠʚʰʠʭ ʨʦʩʪ ʪʦʯʥʦʩʪʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ, ʫʜʘʣʦʩʴ ʥʘʩʪʦʣʴʢʦ ʫʤʝʥʴʰʠʪʴ ʜʠʩʙʘʣʘʥʩ ʨʦʪʦʨʦʚ, ʯʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʥʦʚʳʭ ʥʘʩʦʩʦʚ. ʆʜʥʘʢʦ ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʚʦʟʨʘʩʪʘʝʪ ʠ 

ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʨʘʩʪʫʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ. ɸʢʪʫʘʣʝʥ ʚʦʧʨʦʩ ʦ ʟʘʢʦʥʝ 

ʨʦʩʪʘ ʥʘʧʦʨʘ ʠ ʂʇɼ ʥʘʩʦʩʦʚ. ʄʦʥʦʪʦʥʥʳʡ ʣʠ ʵʪʦ ʨʦʩʪ ʠʣʠ ʩʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʜʣʷ ʥʘʩʦʩʦʚ ʩ ʟʘʜʘʥʥʳʤ ʜʠʘʤʝʪʨʦʤ ʨʦʪʦʨʘ? ɼʣʷ ʦʪʚʝʪʘ ʥʘ ʵʪʠ ʚʦʧʨʦʩʳ ʥʘʤʠ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʝʭ ʪʠʧʦʚ ʥʘʩʦʩʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʦʩʪ 

ʥʘʧʦʨʘ ʠ ʂʇɼ ʠʤʝʝʪ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ, ʦʙʲʷʩʥʷʶʱʘʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʧʦʜʦʙʠʷ, ʮʝʥʪʨʦʙʝʞʥʳʡ ʥʘʩʦʩ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʥʘʧʦʨ ʥʘʩʦʩʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʪʝʥʜʝ ʜʣʷ ʠʩʧʳʪʘʥʠʡ 

ʥʘʩʦʩʥʳʭ ʩʝʢʮʠʡ (ʩʤ. ʨʠʩʫʥʦʢ1), ʧʨʠ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 1000, 1500, 2000, 2500, 2910, 

4000, 5000 ʠ 6000 ʦʙ/ʤʠʥ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʠʭ ʞʠʜʢʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʜʫ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʛʠʜʨʦʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠʩʧʳʪʘʥʠʷ ʥʘʩʦʩʦʚ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ, 

ʧʨʦʚʦʜʷʪ ʥʘ ʚʦʜʝ. ɼʘʚʣʝʥʠʝ P ʠ ʤʦʱʥʦʩʪʴ N, ʧʦʪʨʝʙʣʷʝʤʘʷ ʥʘʩʦʩʦʤ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ɟ, 

ʧʦʜʘʯʠ Q, ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ n, ʜʠʘʤʝʪʨʘ ʚʘʣʘ D ʠ ʚʷʟʢʦʩʪʠ ɜ. ʇʦʩʢʦʣʴʢʫ ʚʷʟʢʦʩʪʴ 

ʬʠʢʩʠʨʦʚʘʥʘ, ʪʦ ʠʩʧʦʣʴʟʫʶʪ ʫʧʨʦʱʝʥʥʫʶ ʤʦʜʝʣʴ. 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ 

ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ 

ʇʝʨʝʜ ʠʩʧʳʪʘʥʠʷʤʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʘʧʦʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʩʦʩ 

ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪ ʦʙʢʘʪʢʝ ʥʘ ʦʜʥʦʤ ʠʟ ʨʝʞʠʤʦʚ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ 

ʤʝʥʝʝ 2 ʯ. ʇʨʠ ʦʙʢʘʪʢʝ ʧʨʦʚʝʨʷʶʪ ʦʪʩʫʪʩʪʚʠʝ ʷʚʣʝʥʠʡ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʥʝʜʦʩʪʘʪʢʘʭ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʣʠ ʩʙʦʨʢʠ (ʧʦʚʳʰʝʥʥʳʡ ʰʫʤ, ʚʠʙʨʘʮʠʷ, ʠ ʪ.ʧ.). 

ʇʦʜʘʯʘ ʠʟʤʝʥʷʣʘʩʴ ʦʪ ʥʫʣʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʧʦʨ ʠ ʤʦʱʥʦʩʪʴ 

ʧʝʨʝʩʯʠʪʳʚʘʣʠ ʥʘ ʦʜʥʫ ʩʪʫʧʝʥʴ. ʂʘʞʜʦʝ ʧʦʩʣʝʜʫʶʱʝʝ ʠʩʧʳʪʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʧʦʜʘʯʠ, ʥʘʧʦʨʘ ʠ 

ʤʦʱʥʦʩʪʠ ʩʦʩʪʘʚʣʷʣʘ Ñ0,1 %. ɹr ʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʪʨʝʭʤʝʪʨʦʚʳʭ ʩʝʢʮʠʡ 

ʮʝʥʪʨʦʙʝʞʥʦ-ʚʠʭʨʝʚʳʭ ʥʘʩʦʩʦʚ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ çʅʦʚʦʤʝʪ-ʇʝʨʤʴè: 

ɺʅʅ2-28, ɺʅʅ5-25ʤ2, ɺʅʅ5-50 ʩʦ ʩʪʫʧʝʥʷʤʠ ʨʘʜʠʘʣʴʥʦʛʦ ʪʠʧʘ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘʧʦʨʥʦ-ʨʘʩʭʦʜʥʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʦʚʦʜʠʣʠ 

ʠʩʧʳʪʘʥʠʷ ʥʘʩʦʩʘ ʥʝ ʤʝʥʝʝ ʯʝʤ ʧʨʠ ʜʝʩʷʪʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʘʯʘʭ. 
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ʈʝʟʫʣʴʪʘʪ  r

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʜʘʯʠ ʦʪ ʥʘʧʦʨʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʩʪʫʧʝʥʴʶ 

ɺʅʅ5-50, ʧʨʠ 1000 ʠ 3000 ʦʙ/ʤʠʥ, ʧʨʠʚʝʜʝʥʥʳʝ ʢ 3000 ʦʙ/ʤʠʥ. ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʯʘʩʪʦʪʳ n ʥʘʧʦʨ ʨʘʩʪʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ n2.  

 

ʈʠʩʫʥʦʢ 2. ʅʘʧʦʨʥʦ-ʨʘʩʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʩʦʩʘ 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʦʨʘ ʵʪʦʡ ʩʪʫʧʝʥʠ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʚʘʣʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʜʘʯʠ ʥʘʩʦʩʘ (Q = 0) ʠ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦʜʘʯʝ ʥʘʩʦʩʘ 

(ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʢʩʠʤʫʤʫ ʂʇɼ). ɺʠʜʥʦ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʦʨʘ ʩ ʯʘʩʪʦʪʦʡ 

ʨʘʩʪʝʪ ʠ ʧʨʠ ~3500 ʦʙ/ʤʠʥ ʚʳʭʦʜʠʪ ʥʘ ʘʩʠʤʧʪʦʪʫ. 

 
ʘ) 

 
ʙ) 

ʈʠʩʫʥʦʢ 3. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʦʨʘ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʜʘʯʠ ʥʘʩʦʩʘ(ʘ) 

ʠ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦʜʘʯʠ ʥʘʩʦʩʘ(ʙ). 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʂʇɼ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʜʘʯʠ (Q/Qmax) ʧʨʠ 

ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ: ʂʇɼ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʜʘʯʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʂʇɼ 

ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʥʝ ʤʝʥʷʝʪʩʷ. ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʂʇɼ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ. ɺʠʜʥʦ, ʯʪʦ ʂʇɼ ʨʘʩʪʝʪ ʠ ʪʘʢʞʝ ʚʳʭʦʜʠʪ ʥʘ 

ʘʩʠʤʧʪʦʪʫ. 
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NEW ASYMPTOTICS  IN THE MODEL  OF SIMILARITY  HIGH  SPEED PUMPS 

Kozlov Igor V., Pesherenko Sergey N. 
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kozlov.iv@novomet.ru 

Centrifugal pump head increases in proportion to almost the square of RPM. Pump efficiency is 

also increasing. A barrier to the growth of frequency is the reduction of the pump reliability 

approximately in proportion to the cube of frequency, which restrained the development of high-

speed pump design. New manufacturing technologies improves accuracy. Thatôs why imbalance of 

rotors is increased and that significantly maximize RPM. However, increasing of RPM influence 

the flow rate and also hydrodynamic losses. The question of pressure and pumps efficiency growth 

law is important. Is this growth monotonous or there is an optimum RPM with a given rotor 

diameter? To answer these questions, we carried out experimental studies of three types of pumps. 

It is shown that the growth of pressure and efficiency has an asymptotic behavior. A model that 

explains the experimental data is proposed. 

Keywords: method of dimension and similarity, centrifugal pump, shaft rotational speed, efficiency, 
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ʂʆʄʇʔʖʊɽʈʅʓʁ ʊʈɽʅɸɾɽʈ çʀʊ-ʄɽʅɽɼɾɽʈè38 

ʂʦʢʦʫʣʠʥʘ ʄʘʨʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ, ʉʤʦʨʦʜʦʚ ɸʣʝʢʩʘʥʜʨ ɸʥʜʨʝʝʚʠʯ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, 614070, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ʉʪʫʜʝʥʯʝʩʢʘʷ, 38, nigaihatura@mail.ru 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʤʧʴʶʪʝʨʥʳʡ ʪʨʝʥʘʞʝʨ çʀʊ-ʤʝʥʝʜʞʝʨè, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ 

ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʥʘʚʳʢʘʤ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʘʥʜʥʦʡ ʨʘʟʨʘʙʦʪʢʦʡ ʀʊ-ʧʨʦʝʢʪʦʚ ʚ ʨʘʤʢʘʭ 

agile-ʪʝʭʥʦʣʦʛʠʡ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ɺʝʨʙʠʮʢʦʛʦ ɸ.ɸ. ʠ ʨʷʜʘ ʠʥʦʩʪʨʘʥʥʳʭ 

ʜʝʷʪʝʣʝʡ, ʚʳʷʚʠʚʰʠʝ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʝʣʦʚʳʭ ʠʛʨ ʥʘʜ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʣʝʢʮʠʷʤʠ ʠ ʧʨʘʢʪʠʢʘʤʠ. ʇʦʢʘʟʘʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠʛʨʦʚʳʭ ʪʨʝʥʘʞʝʨʦʚ. ʇʝʨʝʯʠʩʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ agile- 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʯʠʥʘ ʚʳʙʦʨʘ ʛʠʙʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚ ʠʛʨʝ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʨʝʘʣʠʷʤ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ʇʝʨʝʯʠʩʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʪʨʝʥʘʞʝʨʘ çʀʊ-ʤʝʥʝʜʞʝʨè, ʧʨʠʚʦʜʠʪʩʷ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʠʛʨʦʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʩʥʦʚʥʳʭ 

ʵʪʘʧʦʚ. ʆʙʲʷʩʥʷʝʪʩʷ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʂʘʥʙʘʥ-ʜʦʩʢʠ. ʆʙʦʟʥʘʯʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʷ 

ʧʦʩʪʧʨʦʝʢʪʥʳʡ ʘʥʘʣʠʟ, ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʛʦ ʧʨʦʚʝʜʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʦʧʠʩʳʚʘʶʪʩʷ ʪʘʢʠʝ ʩʨʝʜʩʪʚʘ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʠʛʨʝ ʜʣʷ ʝʛʦ ʧʨʦʚʝʜʝʥʠʷ, ʢʘʢ ʜʠʘʛʨʘʤʤʳ ʠ 

ʛʨʘʬʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʣʦʚʘʷ ʠʛʨʘ, ʪʨʝʥʘʞʝʨʳ, ʫʧʨʘʚʣʝʥʠʝ ʀʊ-ʧʨʦʝʢʪʘʤʠ, agile, ʧʦʩʪʧʨʦʝʢʪʥʳʡ 

ʘʥʘʣʠʟ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʦʙʣʘʩʪʠ IT-ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʣʷ ʩʪʫʜʝʥʪʦʚ 

ʠ ʰʢʦʣʴʥʠʢʦʚ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʥʠ ʧʦʣʫʯʘʶʪ ʠʟ ʨʘʟʣʠʯʥʳʭ ʫʯʝʙʥʠʢʦʚ 

ʠ ʥʘʢʦʧʣʝʥʥʳʭ ʟʥʘʥʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʫʨʦʢʠ, ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤ, ʨʝʘʣʠʟʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ, ʧʦʩʪʘʚʣʝʥʥʳʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʥʘʫʯʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʯʪʦ ʣʝʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ 

ʫʩʚʘʠʚʘʶʪʩʷ ʦʙʫʯʘʶʱʠʤʠʩʷ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʚʳʧʦʣʥʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ [1]. ʆʜʥʘʢʦ 

ʠʟʫʯʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʝʱʝ ʣʫʯʰʝ ʫʩʚʘʠʚʘʝʪʩʷ, ʝʩʣʠ ʧʨʦʚʦʜʠʪʴ ʟʘʥʷʪʠʷ ʧʦ ʧʨʠʥʮʠʧʫ ʠʛʨʳ, 

ʪʘʢ ʢʘʢ ʠʛʨʦʚʘʷ ʬʦʨʤʘ ʦʙʫʯʝʥʠʷ ʩʦʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʩʦʟʥʘʪʝʣʴʥʫʶ ʠ ʯʫʚʩʪʚʝʥʥʫʶ ʬʦʨʤʫ 

ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʫʯʝʥʠʢʘʤʠ [2]. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʝʣʦʚʳʝ ʠʛʨʳ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ 

ʠ ʤʝʭʘʥʠʟʤʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʠʩʧʦʣʴʟʫʷ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʫʶ ʤʦʜʝʣʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʠʛʨ ʚ ʦʙʫʯʝʥʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ 

ʦʙʫʯʘʝʤʳʭ. ʆʥʠ ʫʯʘʪ ʟʘʱʠʱʘʪʴ ʩʚʦʶ ʪʦʯʢʫ ʟʨʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʦʙʦʩʥʦʚʘʥʥʳʝ ʘʨʛʫʤʝʥʪʳ, 
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ʧʝʨʝʬʨʘʟʠʨʦʚʘʪʴ ʠ ʧʨʠʤʝʥʷʪʴ ʧʦʣʫʯʘʝʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʨʘʙʦʪʘʪʴ ʩʦʦʙʱʘ. ʊʘʢʞʝ ʜʝʣʦʚʘʷ 

ʠʛʨʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʩʦʮʠʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʚ ʣʶʜʷʭ ʠ ʚʦʩʧʠʪʘʥʠʶ ʧʨʘʚʠʣʴʥʦʡ 

ʩʘʤʦʦʮʝʥʢʠ. ɺ ʩʚʦʝʤ ʨʘʩʩʫʞʜʝʥʠʠ ɸ. ɸ. ɺʝʨʙʠʮʢʠʡ ʦʧʨʝʜʝʣʷʝʪ ʜʝʣʦʚʫʶ ʠʛʨʫ ʢʘʢ çʬʦʨʤʫ 

ʚʦʩʩʦʟʜʘʥʠʷ ʧʨʝʜʤʝʪʥʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʧʝʮʠʘʣʠʩʪʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭ ʩʠʩʪʝʤ ʦʪʥʦʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ 

ʜʣʷ ʵʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʢ ʮʝʣʦʛʦè. ʊʘʢʘʷ ʠʛʨʘ ʧʦʟʚʦʣʷʝʪ ʯʝʣʦʚʝʢʫ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʪʝʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʷʚʠʪʴʩʷ ʚ ʨʝʘʣʴʥʦʩʪʠ. ʀ, ʦʙʥʘʨʫʞʠʚ ʧʨʦʙʣʝʤʫ 

ʦʜʠʥ ʨʘʟ, ʥʝ ʜʦʧʫʩʪʠʪʴ ʝʝ ʧʦʷʚʣʝʥʠʝ ʚʦ ʚʪʦʨʦʡ [3]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʷʜʘ ʠʥʦʩʪʨʘʥʥʳʭ ʜʝʷʪʝʣʝʡ (Chang, Liang, Chou, Lin) [4] ʥʘ ʥʘʙʦʨʝ 

ʥʝʩʢʦʣʴʢʠʭ ʛʨʫʧʧ ʩʪʫʜʝʥʪʦʚ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʴʶ 103 ʯʝʣʦʚʝʢʘ, ʛʜʝ 50 ʫʯʝʥʠʢʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʛʨʝ, ʘ ʜʨʫʛʠʝ 53 ʫʯʝʥʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʪʘʥʜʘʨʪʥʳʝ ʫʯʝʙʥʠʢʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʙʫʯʘʶʱʘʷʩʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʛʨʳ ʛʨʫʧʧʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʧʦʣʫʯʠʣʘ ʦʧʳʪʘ ʚ ʠʟʫʯʘʝʤʦʡ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʯʝʤ ʜʨʫʛʘʷ ʛʨʫʧʧʘ, ʥʝ ʩʚʷʟʘʥʥʘʷ ʩ ʠʛʨʦʡ. ɻʨʫʧʧʘ, 

ʦʙʫʯʘʶʱʘʷʩʷ ʥʘ ʦʩʥʦʚʝ ʠʛʨʳ, ʙʳʣʘ ʙʦʣʝʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʘ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʘ ʠ ʩʧʦʩʦʙʥʘ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʚʦʝ ʦʙʫʯʝʥʠʝ, ʯʝʤ ʥʝ ʫʯʘʩʪʚʫʶʱʘʷ ʚ ʠʛʨʝ ʛʨʫʧʧʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʛʨʳ 

ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʧʦʤʦʱʠ ʦʙʫʯʘʶʱʠʤʩʷ ʠ ʤʦʪʠʚʠʨʦʚʘʪʴ ʠʭ ʠʟʫʯʘʪʴ ʥʦʚʳʡ 

ʤʘʪʝʨʠʘʣ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʬʝʨʘ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʥʘʚʳʢʘʤ ʧʨʦʛʨʘʤʤʥʦʡ 

ʠʥʞʝʥʝʨʠʠ, ʛʜʝ ʦʥʠ ʜʦʣʞʥʳ ʨʘʟʙʠʨʘʪʴʩʷ ʢʘʢ ʧʨʘʚʠʣʴʥʦ ʚʝʩʪʠ IT-ʧʨʦʝʢʪʳ ʚ ʢʦʤʘʥʜʥʦʡ 

ʨʘʟʨʘʙʦʪʢʝ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʨʝʥʘʞʝʨʘ. ɺ ʵʪʦʡ ʠʛʨʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʠʙʢʘʷ 

ʤʝʪʦʜʦʣʦʛʠʷ ʢʦʤʘʥʜʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʛʜʝ ʥʘ ʵʪʘʧʘʭ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʚʳʢʦʚ ʨʘʙʦʪʥʠʢʦʚ ʠ ʩʣʫʯʘʡʥʦ ʧʨʦʠʩʭʦʜʷʱʠʭ ʩʦʙʳʪʠʡ 

ʤʝʥʷʶʪʩʷ ʫʩʣʦʚʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʠʛʨʝ ʛʠʙʢʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʧʦʟʚʦʣʠʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʣʘʥʠʨʦʚʘʪʴ ʥʘ ʦʜʥʫ 

ʠʪʝʨʘʮʠʶ ʨʘʟʨʘʙʦʪʢʫ ʪʦʣʴʢʦ ʥʫʞʥʳʭ ʤʦʜʫʣʝʡ ʧʨʦʛʨʘʤʤʳ, ʘ ʦʩʪʘʣʴʥʳʝ ʦʩʪʘʚʣʷʪʴ 

ʥʘ ʩʣʝʜʫʶʱʫʶ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʠʛʨʦʢ ʥʝ ʟʘʜʘʚʘʣʩʷ ʮʝʣʴʶ 

ʩʜʝʣʘʪʴ ʩʨʘʟʫ ʠʜʝʘʣʴʥʳʡ ʧʨʦʜʫʢʪ, ʪʘʢ ʢʘʢ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʝʢʪʦʚ 

ʜʦʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦ ʭʦʜʫ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʩʪʘʨʘʣʩʷ ʜʦʩʪʠʛʘʪʴ ʩʦʚʝʨʰʝʥʩʪʚʘ, ʧʦʩʪʝʧʝʥʥʦ 

ʜʦʙʘʚʣʷʷ ʥʦʚʳʡ ʬʫʥʢʮʠʦʥʘʣ, ʠʩʧʨʘʚʣʷʷ ʦʰʠʙʢʠ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʫʷ ʧʨʦʛʨʘʤʤʫ. 

ɺ ʢʦʥʮʝ ʠʪʝʨʘʮʠʠ ʯʘʩʪʠʯʥʦ ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʧʨʦʛʨʘʤʤʳ ʦʪʧʨʘʚʣʷʝʪʩʷ 

ʟʘʢʘʟʯʠʢʫ ʠ ʦʪ ʥʝʛʦ ʧʨʠʭʦʜʠʪ ʦʪʚʝʪ ʦ ʛʦʪʦʚʥʦʩʪʠ ʠʪʦʛʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʟʥʘʪʴ, ʯʪʦ ʝʱʝ ʦʩʪʘʣʠʩʴ ʥʝʨʝʘʣʠʟʦʚʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʧʨʦʜʫʢʪ ʥʝ ʟʘʢʦʥʯʝʥ, 



 

183 

 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʫʞʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʪʝʨʘʮʠʠ. ʆʜʥʘʢʦ ʥʘ ʧʦʟʜʥʠʭ ʩʨʦʢʘʭ, ʢʦʛʜʘ ʚʝʩʴ 

ʬʫʥʢʮʠʦʥʘʣ ʫʞʝ ʨʝʘʣʠʟʦʚʘʥ, ʥʦʚʳʡ ʮʠʢʣ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʥʘ ʠʩʧʨʘʚʣʝʥʠʝ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʦʰʠʙʦʢ ʠʣʠ ʜʦʨʘʙʦʪʢʫ ʬʫʥʢʮʠʦʥʘʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʥʦʚʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʟʘʢʘʟʯʠʢʘ. ʊʘʢʠʝ ʠʪʝʨʘʮʠʠ ʜʝʨʞʘʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʘʢʪʠʚʥʳʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʝʢʪʘ, 

ʪʘʢ ʢʘʢ ʥʘ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʝʤʫ ʪʨʝʙʫʝʪʩʷ ʠʟʤʝʥʷʪʴ ʜʝʪʘʣʠ ʧʨʦʝʢʪʘ 

ʠ ʩʦʩʪʘʚʣʷʪʴ ʧʣʘʥ ʥʘ ʪʝʢʫʱʫʶ ʠ ʙʫʜʫʱʠʝ ʠʪʝʨʘʮʠʠ, ʯʪʦʙʳ ʟʘʚʝʨʰʠʪʴ ʧʨʦʝʢʪ ʚʦʚʨʝʤʷ 

ʠ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʟʘʢʘʟʯʠʢʘ. 

ʇʨʦʛʨʘʤʤʘ çʀʊ-ʄʝʥʝʜʞʝʨè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʢʦʤʘʥʜʥʦʛʦ ʧʨʦʝʢʪʘ, ʘ ʪʘʢʞʝ 

ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ [5] ʠ ʢʫʨʩʦʚʦʡ ʨʘʙʦʪʳ [6] ʩʪʫʜʝʥʪʦʚ ʅʀʋ ɺʐʕ-

ʇʝʨʤʴ ʥʘʧʨʘʚʣʝʥʠʷ çʇʨʦʛʨʘʤʤʥʘʷ ʠʥʞʝʥʝʨʠʷè. ʆʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ 

Windows ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʵʬʬʝʢʪʠʚʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʀʊ-ʧʨʦʝʢʪʦʚ ʚ ʨʘʤʢʘʭ agile-

 ʤʝʪʦʜʦʣʦʛʠʠ, ʥʘʧʠʩʘʥʥʦʝ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ WPF. 

ɺʩʷ ʠʛʨʘ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʘʧʘʤ ʛʠʙʢʦʡ ʤʝʪʦʜʦʣʦʛʠʠ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʀʛʨʦʢ ʤʦʞʝʪ ʚ ʨʘʤʢʘʭ ʠʪʝʨʘʮʠʡ ʥʘʥʠʤʘʪʴ ʢʦʤʘʥʜʫ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʪʝʩʪʠʨʦʚʱʠʢʦʚ, ʘʨʭʠʪʝʢʪʦʨʦʚ ʠ ʘʥʘʣʠʪʠʢʦʚ, ʧʨʦʠʟʚʦʜʠʪʴ ʩʙʦʨ 

ʩʚʝʜʝʥʠʡ ʫ ʩʪʝʡʢʭʦʣʜʝʨʦʚ, ʚʳʧʦʣʥʷʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʫ ʤʦʜʫʣʝʡ, ʘ ʪʘʢʞʝ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʜʝʤʦʥʩʪʨʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʠʪʝʨʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʶ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʘʥʥʦʡ 

ʠʛʨʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʧʨʦʝʢʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʤʦʛʘʶʱʝʛʦ ʠʛʨʦʢʫ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʚʦʠ ʜʝʡʩʪʚʠʷ ʠ ʥʘʡʪʠ ʚ ʥʠʭ ʦʰʠʙʢʠ. ɺ ʧʨʦʛʨʘʤʤʫ ʪʘʢʞʝ ʚʥʝʜʨʝʥʳ 

çʂʘʥʙʘʥ-ʜʦʩʢʘè ʠ ʜʠʘʛʨʘʤʤʘ ʩʛʦʨʘʥʠʷ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʨʪʝʬʘʢʪʳ ʤʝʪʦʜʘ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ Scrum. ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʢʥʦ ʵʪʘʧʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ 

ʪʨʝʥʘʞʝʨʘ. 

 

ʈʠʩʫʥʦʢ. ʆʢʥʦ ʧʨʦʛʨʘʤʤʳ çʀʊ-ʄʝʥʝʜʞʝʨè ʵʪʘʧʘ ʪʝʩʪʠʨʦʚʘʥʠʷ 
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ʂʘʥʙʘʥ-ʜʦʩʢʘ ï ʵʪʦ ʠʥʩʪʨʫʤʝʥʪ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʘʙʣʠʮʫ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʝʤʠ ʣʦʛʠʯʝʩʢʠʭ ʩʝʢʮʠʡ: ʜʚʝ ʜʣʷ ʪʨʝʙʦʚʘʥʠʡ ʠ ʧʷʪʴ ʜʣʷ ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʝ 

ʦʪʦʙʨʘʞʘʶʪ ʵʪʘʧʳ ʠʪʝʨʘʮʠʠ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ, 

ʥʦ ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ ʠʛʨʦʢʫ ʦʧʨʝʜʝʣʠʪʴ ʦʙʲʝʤ ʨʘʙʦʪ, ʧʦʜʩʢʘʟʳʚʘʝʪ, ʢʘʢʠʝ ʤʦʜʫʣʠ ʫʞʝ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ, ʚ ʢʘʢʠʭ ʤʦʜʫʣʷʭ ʙʳʣʠ ʥʘʡʜʝʥʳ ʦʰʠʙʢʠ.  

ɼʣʷ ʵʪʘʧʘ ʧʦʩʪʧʨʦʝʢʪʥʦʛʦ ʘʥʘʣʠʟʘ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʳ ʜʠʘʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʶʪʩʷ 

ʥʘ ʢʦʤʧʴʶʪʝʨ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʟʫʯʝʥʳ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʠʛʨʳ. ɼʘʥʥʳʝ 

ʜʠʘʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʟʘʢʦʥʯʝʥʥʳʡ ʧʨʦʝʢʪ, ʚʳʷʩʥʠʪʴ, ʥʘ ʢʘʢʦʤ ʵʪʘʧʝ 

ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩʢʦʣʴʢʦ ʤʦʜʫʣʝʡ, ʢʘʢ ʜʣʷ ʵʪʦʛʦ ʙʳʣʘ ʨʘʩʧʨʝʜʝʣʝʥʘ ʨʘʙʦʪʘ, ʠ ʥʘʩʢʦʣʴʢʦ 

ʫʩʧʝʰʥʦʡ ʙʳʣʘ ʚʳʙʨʘʥʥʘʷ ʩʪʨʘʪʝʛʠʷ. 
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Russia, nigaihatura@mail.ru 

This paper presents a computer simulator "IT Manager", designed to teach students how to manage 

team development of IT projects in the framework of agile technologies. Studies by Verbitsky A.A. 

and foreign leaders who revealed the main advantages of business games over the traditional 

educational process presented by lectures and practitioners. The necessity of introducing game 

simulators is shown. The basic principles of agile development are listed, and the reason 

for choosing a flexible development technology for use in the game as the closest to the modern 

realities of software development is explained. Lists the main technological characteristics 

of the IT-simulator computer simulator, provides a brief description of the game process, the main 

stages. The purpose of the kanban board is explained. Denotes the definition of the concept of post-

 project analysis, justifies the need for it, and describes such tools implemented in the game for its 

implementation, as charts and graphs. 

Keywords: business game, simulators, IT project management, agile, post-project analysis. 
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ʋɼʂ 532.5 

ɺʀɹʈʆʂʆʅɺɽʂʊʀɺʅʓɽ ʊɽʏɽʅʀʗ ʇʈʀ ɺɽʈʊʀʂɸʃʔʅʓʍ ʂʆʃɽɹɸʅʀʗʍ 

ʇʆɼʆɻʈɽɺɸɽʄʆʁ ʉɺɽʈʍʋ ʉʀʉʊɽʄʓ ɹʀʅɸʈʅɸʗ ɾʀɼʂʆʉʊʔ ï ʇʆʈʀʉʊɸʗ 

ʉʈɽɼɸ39 

ʂʦʣʯʘʥʦʚʘ ɽʢʘʪʝʨʠʥʘ ɸʥʜʨʝʝʚʥʘ 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614000, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʂʦʤʩʦʤʦʣʴʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ. 29, kolchanovaea@gmail.com 

ʂʦʣʯʘʥʦʚ ʅʠʢʦʣʘʡ ɺʠʢʪʦʨʦʚʠʯ 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614990, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ɹʫʢʠʨʝʚʘ, 15, kolchanovn@gmail.com 

ʏʠʩʣʝʥʥʦ ʤʦʜʝʣʠʨʫʶʪʩʷ ʦʩʨʝʜʥʝʥʥʳʝ ʚʠʙʨʦʢʦʥʚʝʢʪʠʚʥʳʝ ʪʝʯʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ 

ʜʚʫʭʩʣʦʡʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʝʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʚ ʧʦʣʝ ʩʠʣʳ 

ʪʷʞʝʩʪʠ. ʉʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʣʦʠ ʙʠʥʘʨʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʥʘʩʳʱʝʥʥʦʡ 

ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ. ɿʘʧʦʣʥʷʶʱʘʷ ʞʠʜʢʦʩʪʴ ʧʦʜʦʛʨʝʚʘʝʪʩʷ ʩʚʝʨʭʫ ʠ ʠʤʝʝʪ ʥʝʦʜʥʦʨʦʜʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ. ʌʠʣʴʪʨʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʳ (ʧʦʨʠʩʪʦʩʪʴ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴ) ʥʝ 

ʤʝʥʷʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ. ʇʦʣʫʯʝʥʳ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ, ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʙʣʠʟʠ ʧʦʨʦʛʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʞʠʜʢʦʩʪʠ ʜʣʷ ʤʘʣʦʡ 

ʥʘʜʢʨʠʪʠʯʥʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ ʚʠʙʨʘʮʠʠ ʠ ʯʠʩʣʘ ʈʝʣʝʷ-ɼʘʨʩʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʦʤ ʚʠʙʨʘʮʠʦʥʥʦʤ ʧʘʨʘʤʝʪʨʝ ʜʣʠʥʘ ʚʦʣʥʳ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʚʘʣʦʚ ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʯʠʩʝʣ ʈʝʣʝʷ-ɼʘʨʩʠ, ʘ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʠʙʨʘʮʠʡ ʦʥʘ ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʙʨʦʢʦʥʚʝʢʪʠʚʥʳʝ ʪʝʯʝʥʠʷ, ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʚʠʙʨʘʮʠʠ, 

ʙʠʥʘʨʥʘʷ ʩʤʝʩʴ, ʧʦʨʠʩʪʘʷ ʩʨʝʜʘ, ʜʚʫʭʩʣʦʡʥʘʷ ʩʠʩʪʝʤʘ, ʧʦʜʦʛʨʝʚ ʩʚʝʨʭʫ, ʤʘʣʘʷ 

ʥʘʢʨʠʪʠʯʥʦʩʪʴ. 

ʂʦʥʚʝʢʪʠʚʥʳʝ ʪʝʯʝʥʠʷ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ/ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʝ ʙʠʥʘʨʥʦʡ 

ʞʠʜʢʦʩʪʠ ʛʝʥʝʨʠʨʫʶʪʩʷ ʚ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʨʠ ʥʘʣʠʯʠʠ ʛʨʘʜʠʝʥʪʘ ʧʣʦʪʥʦʩʪʠ. ʆʥʠ 

ʧʨʠʚʦʜʷʪ ʢ ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʞʠʜʢʦʩʪʠ, ʫʩʠʣʝʥʠʶ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʧʨʠʤʝʩʠ ʚ ʥʝʡ. ɺ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʣʦʷʭ ʞʠʜʢʦʩʪʠ, ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʳʭ ʧʦʨʠʩʪʦʡ ʩʨʝʜʦʡ, 

ʢʦʥʚʝʢʮʠʷ ʚʦʟʥʠʢʘʝʪ ʚ ʚʠʜʝ ʚʘʣʦʚ ʨʘʟʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ, ʢʦʪʦʨʘʷ, ʚ ʦʩʥʦʚʥʦʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʘʟʤʝʨʘʤʠ ʩʠʩʪʝʤʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʦʣʱʠʥʦʡ ʩʣʦʷ ʞʠʜʢʦʩʪʠ, ʩʚʦʙʦʜʥʦʛʦ ʦʪ ʧʦʨ, ʘ ʪʘʢʞʝ 

ʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʨʝʜʳ [1-4].  

ɼʝʡʩʪʚʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʚʠʙʨʘʮʠʡ ʥʘ ʞʠʜʢʦʩʪʴ, ʥʝʦʜʥʦʨʦʜʥʫʶ ʧʦ ʧʣʦʪʥʦʩʪʠ, ʩʚʷʟʘʥʦ ʩ 

ʛʝʥʝʨʘʮʠʝʡ ʦʩʨʝʜʥʝʥʥʳʭ ʚʠʙʨʦʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʚ ʞʠʜʢʦʤ ʠ ʧʦʨʠʩʪʦʤ ʩʣʦʷʭ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʚʘʝʤʳʭ ʚʠʙʨʘʮʠʦʥʥʳʭ ʫʩʢʦʨʝʥʠʡ [5-10]. ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʦʩʨʝʜʥʝʥʥʦʡ 

                                                 

É ʂʦʣʯʘʥʦʚʘ ɽ.ɸ., ʂʦʣʯʘʥʦʚ ʅ.ɺ, 2019 



 

187 

 

ʢʦʥʚʝʢʮʠʠ ʚ ʧʦʨʠʩʪʦʤ ʩʣʦʝ ʪʨʝʙʫʶʪʩʷ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʠʝ ʚʠʙʨʘʮʠʦʥʥʳʝ ʫʩʢʦʨʝʥʠʷ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʩʚʦʙʦʜʥʦʛʦ ʦʪ ʧʦʨ ʞʠʜʢʦʛʦ ʩʣʦʷ, ʛʜʝ ʠʥʝʨʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʚʳʨʘʞʝʥʳ ʛʦʨʘʟʜʦ 

ʩʠʣʴʥʝʝ. 

ɺʠʙʨʘʮʠʠ ʷʚʣʷʶʪʩʷ ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʩʧʦʩʦʙʦʤ ʧʝʨʝʤʝʰʠʚʘʷ ʞʠʜʢʦʩʪʝʡ. ɺʠʙʨʘʮʠʦʥʥʦʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ ʥʝʚʝʩʦʤʦʩʪʠ, ʛʜʝ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʢʦʥʚʝʢʮʠʷ 

ʩʣʘʙʘ ʠʣʠ ʚʦʦʙʱʝ ʦʪʩʫʪʩʪʚʫʝʪ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʝʨʪʠʢʘʣʴʥʳʝ ʚʠʙʨʘʮʠʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʧʦʜʘʚʣʝʥʠʶ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʜʚʫʭʩʣʦʡʥʦʡ ʩʠʩʪʝʤʝ 

çʙʠʥʘʨʥʳʡ ʨʘʩʧʣʘʚ ï ʧʦʨʠʩʪʘʷ ʜʚʫʭʬʘʟʥʘʷ ʟʦʥʘè, ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʧʨʠ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʭʣʘʞʜʘʝʤʦʛʦ ʩʥʠʟʫ ʙʠʥʘʨʥʦʛʦ ʨʘʩʧʣʘʚʘ, ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʪʝʨʤʦʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ. ʂʦʥʚʝʢʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʜʝʬʝʢʪʘʤ 

ʚʳʨʘʱʠʚʘʝʤʦʛʦ ʢʨʠʩʪʘʣʣʘ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʚʠʙʨʘʮʠʠ ʤʦʛʫʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʨʘʩʧʣʘʚʘ. 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʘʶʪʩʷ ʚʠʙʨʦʢʦʥʚʝʢʪʠʚʥʳʝ ʪʝʯʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ 

ʥʘʢʨʠʪʠʯʥʦʩʪʠ ʚ ʧʦʜʦʛʨʝʚʘʝʤʦʡ ʩʚʝʨʭʫ ʜʚʫʭʩʣʦʡʥʦʡ ʩʠʩʪʝʤʝ, ʩʦʚʝʨʰʘʶʱʝʡ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʚ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʉʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʩʣʦʡ ʙʠʥʘʨʥʦʡ 

ʞʠʜʢʦʩʪʠ, ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʳʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʦʡ. ɾʠʜʢʦʩʪʴ ʥʝʦʜʥʦʨʦʜʥʘ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʇʦʨʠʩʪʦʩʪʴ m = 0.4 ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ K(m) ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʢʦʦʨʜʠʥʘʪ ʠ ʟʘʜʘʶʪʩʷ ʜʣʷ 

ʩʠʩʪʝʤʳ ʫʧʘʢʦʚʘʥʥʳʭ ʩʪʝʢʣʷʥʥʳʭ ʰʘʨʦʚ ʩ ʜʠʘʤʝʪʨʦʤ, ʚ 10 ʢʘʣʠʙʨʦʚ ʦʪʣʠʯʘʶʱʠʤʩʷ ʦʪ 

ʪʦʣʱʠʥʳ ʧʦʨʠʩʪʦʛʦ ʩʣʦʷ hm. ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ʂʘʨʤʘʥʘ-ʂʦʟʝʥʠ. 

ʆʪʥʦʰʝʥʠʝ ʪʦʣʱʠʥ ʞʠʜʢʦʛʦ ʠ ʧʦʨʠʩʪʦʛʦ ʩʣʦʝʚ ʨʘʚʥʦ 0.5. 

ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ ʈʝʣʝʷ-ɼʘʨʩʠ Rmc 

ʧʦʷʚʣʷʝʪʩʷ ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʪʝʤ, ʯʪʦ ʚʙʣʠʟʠ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʞʠʜʢʦʛʦ 

ʩʣʦʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʷʞʝʣʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʘʩʪʚʦʨʘ ʙʦʣʴʰʝ, ʯʝʤ ʚʙʣʠʟʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ 

ʧʦʨʠʩʪʦʛʦ ʩʣʦʷ. ʉʦʟʜʘʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʧʦ ʧʣʦʪʥʦʩʪʠ. 

ɻʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʚʝʨʭ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʛʨʘʝʪ ʩʪʘʙʠʣʠʟʠʨʫʶʱʫʶ ʨʦʣʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʥʝʢʦʪʦʨʳʭ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1 ʠ ʨʠʩʫʥʢʝ 2. ʅʘ 

ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥʳ ʧʨʦʬʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ ʜʣʷ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʚʘʣʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʩʨʘʟʫ ʧʦʩʣʝ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʝ, ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʚʠʙʨʘʮʠʦʥʥʦʤ ʧʘʨʘʤʝʪʨʝ 04.0=vp  ʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ ʈʝʣʝʷ-ɼʘʨʩʠ Rm. ʉʢʦʨʦʩʪʴ ʥʦʨʤʠʨʦʚʘʥʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ɺʠʙʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ( )mvp Pr22 W= eh  ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʠʙʨʘʮʠʦʥʥʳʤ ʫʩʢʦʨʝʥʠʝʤ 

ga 2wh= , ʯʠʩʣʦʤ ɼʘʨʩʠ 
2

mhK=e , ʙʝʟʨʘʟʤʝʨʥʦʡ ʯʘʩʪʦʪʦʡ ʚʠʙʨʘʮʠʡ nwK=W  ʠ ʯʠʩʣʦʤ 
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ʇʨʘʥʜʪʣʷ mm cn=Pr  ʜʣʷ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ. ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʯʠʩʣʘʭ ʈʝʣʝʷ-ɼʘʨʩʠ 

ʪʝʯʝʥʠʝ ʣʦʢʘʣʠʟʫʝʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʩʣʦʝ ʞʠʜʢʦʩʪʠ ʥʘʜ ʧʦʨʘʤʠ (ʩʧʣʦʰʥʘʷ ʢʨʠʚʘʷ 1, 

ʨʠʩʫʥʦʢ 1). ʉ ʨʦʩʪʦʤ Rm ʦʥʦ ʧʨʦʥʠʢʘʝʪ ʚ ʧʦʨʳ, ʘ ʚ ʩʣʦʝ ʞʠʜʢʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚʘʣʳ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʟʘʢʨʫʪʢʠ (ʪʨʝʫʛʦʣʴʥʠʢʠ, ʢʚʘʜʨʘʪʳ, ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ, ʨʠʩʫʥʦʢ 1).  

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʙʝʟʨʘʟʤʝʨʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʢʦʥʚʝʢʪʠʚʥʳʭ ʚʘʣʦʚ, 

ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘ ʪʦʣʱʠʥʫ ʧʦʨʠʩʪʦʛʦ ʩʣʦʷ, ʦʪ ʯʠʩʣʘ ʈʝʣʝʷ-ɼʘʨʩʠ ʜʣʷ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʜʣʠʥʘ ʚʦʣʥʳ ʚʘʣʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʯʠʩʣʘ ʈʝʣʝʷ-ɼʘʨʩʠ ʜʣʠʥʘ ʚʦʣʥʳ 

ʤʝʥʷʝʪʩʷ ʥʝʤʦʥʦʪʦʥʥʦ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʈʝʣʝʷ-

ɼʘʨʩʠ ʦʥʘ ʨʘʩʪʝʪ ʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʧʨʠ 8.1-=mR , ʘ ʟʘʪʝʤ ʫʙʳʚʘʝʪ. ʈʝʟʢʦʛʦ ʩʢʘʯʢʘ 

ʜʣʠʥʳ ʚʦʣʥʳ ʢʦʥʚʝʢʪʠʚʥʳʭ ʚʘʣʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚʙʣʠʟʠ ʧʦʨʦʛʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʠʷ, 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʪʝʨʤʦʛʨʘʚʠʪʘʮʠʦʥʥʦʡ [1, 2, 4] ʠ/ʠʣʠ ʪʝʨʤʦʚʠʙʨʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ [7, 8] ʚ 

ʧʦʜʦʛʨʝʚʘʝʤʳʭ ʩʥʠʟʫ ʩʣʦʠʩʪʳʭ ʩʠʩʪʝʤʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ, ʧʨʠ ʧʦʜʦʛʨʝʚʝ 

ʩʚʝʨʭʫ ʥʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ. 

  

ʈʠʩʫʥʦʢ 1 ʇʨʦʬʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʣʷ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʚʘʣʦʚ, ʧʦʷʚʣʷʶʱʠʭʩʷ ʧʦʩʣʝ 

ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʠʷ ʞʠʜʢʦʩʪʠ ʚ 

ʦʙʣʘʩʪʠ ʤʘʣʦʡ ʥʘʜʢʨʠʪʠʯʥʦʩʪʠ, ʧʨʠ pv = 0.04 ʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ ʈʝʣʝʷ-ɼʘʨʩʠ Rm: -0.3 

(ʩʧʣʦʰʥʘʷ ʢʨʠʚʘʷ), -5 (ʪʦʯʢʠ), -10 

(ʪʨʝʫʛʦʣʴʥʠʢʠ), -20 (ʢʚʘʜʨʘʪʳ), -40 (ʰʪʨʠʭʦʚʘʷ 

ʣʠʥʠʷ). ʉʢʦʨʦʩʪʴ ʥʦʨʤʠʨʦʚʘʥʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 

ʈʠʩʫʥʦʢ 2 ɼʣʠʥʘ ʚʦʣʥʳ ʢʦʥʚʝʢʪʠʚʥʳʭ ʚʘʣʦʚ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʩʣʝ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʞʠʜʢʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 

ʤʘʣʦʡ ʥʘʜʢʨʠʪʠʯʥʦʩʪʠ, ʧʨʠ Rm = -50 ʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ pv: 0 (ʢʨʠʚʘʷ 

1), 0.04 (ʢʨʠʚʘʷ 2), 0.08 (ʢʨʠʚʘʷ 3). ɼʣʠʥʘ ʚʦʣʥʳ 

ʥʦʨʤʠʨʦʚʘʥʘ ʥʘ ʪʦʣʱʠʥʫ ʧʦʨʠʩʪʦʛʦ ʩʣʦʷ 
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VIBROCONVECTIVE FLOW S IN A VERTICALLY OSCILLA TING BINARY  

FLUIDïPOROUS MEDIUM SYSTEM HEAT ED FROM ABOVE  

Kolchanova Ekaterina A. 

Perm National Research Polytechnic University, Komsomolsky Av. 29, Perm, Russia, 614000, 

kolchanovaea@gmail.com 

Kolchanov Nikolay V. 

Perm State University, 15, Bukireva st., Perm, 614990, Russia, kolchanovn@gmail.com 

The average vibroconvective flows occurring in a two-layer system that performs vertical high-

frequency oscillations in a gravitational field are numerically simulated. The system contains a 

horizontal binary fluid layer and a fluid-saturated porous layer. The fluid filling the system is heated 

from above and has a non-uniform concentration. The filtration characteristics of the medium 

(porosity and permeability) do not depend on the space and time coordinates. For low 

supercriticality near the threshold of the mechanical equilibrium stability in the fluid, we has 

obtained the stream patterns, temperature and concentration fields at different values of the 

vibrational parameter and Rayleigh-Darcy number. It has been shown that the wavelength of the 

convective rolls, which form within the layers, has a maximum in the region of small Rayleigh-

Darcy numbers for a given vibrational parameter and decreases monotonously with enhancing the 

intensity of vibrations. 

Keywords: vibroconvective flows, vertical high-frequency vibrations, binary mixture, porous 

medium, two-layer system, heating from above, low supercriticality. 
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ʀʅʉʊʈʋʄɽʅʊɸʃʔʅɸʗ ʉʈɽɼɸ ɼʃʗ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ ʇʆʉʊʈʆɽʅʀʗ 

ʆʅʊʆʃʆɻʀʁ ʅɸ ɹɸɿɽ ʃɽʂʉʀʂʆ-ʉʀʅʊɸʂʉʀʏɽʉʂʀʍ ʐɸɹʃʆʅʆɺ40 

ʂʦʩʪʘʨʝʚʘ ʊʘʠʩʠʷ ɸʣʝʢʩʝʝʚʥʘ 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614990, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ɹʫʢʠʨʝʚʘ, 15, tais_kos@outlook.com 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝʡ ʤʳ ʦʧʠʩʳʚʘʝʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʫʶ ʩʨʝʜʫ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʦʩʪʨʦʝʥʠʷ ʦʥʪʦʣʦʛʠʡ ʥʘ ʙʘʟʝ ʣʝʢʩʠʢʦ-ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ ʰʘʙʣʦʥʦʚ TAISim, ʧʦʟʚʦʣʷʶʱʫʶ 

ʦʙʲʝʜʠʥʠʪʴ ʫʩʠʣʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʣʠʥʛʚʠʩʪʦʚ ʠ ʵʢʩʧʝʨʪʦʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ontology learning ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ 

ʜʦʢʫʤʝʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʨʝʜʣʘʛʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʨʝʜʳ ʢ 

ʦʮʝʥʠʚʘʥʠʶ ʵʢʩʧʝʨʪʘʤ, ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʧʦʤʦʛʘʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʩʠʩʪʝʤʳ ʚ ʝʸ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʯʝʨʝʟ, ʥʘʧʨʠʤʝʨ, ʫʣʫʯʰʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʩʫʨʩʦʚ (ʣʝʢʩʠʢʦ-

ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ ʰʘʙʣʦʥʦʚ ʠ ʩʣʦʚʘʨʝʡ) ʠʣʠ ʚʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʨʘʙʦʪʫ ʩʘʤʦʡ ʩʠʩʪʝʤʳ. 

ʇʦʜʭʦʜ ʧʨʠʤʝʥʠʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʦʜʥʘʢʦ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ 

ʧʨʠʚʦʜʠʤ ʧʨʠʤʝʨ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʧʣʘʪʬʦʨʤʳ BioGenom 2.0, ʦʢʘʟʳʚʘʶʱʝʡ 

ʫʩʣʫʛʠ ʧʦ ʩʦʩʪʘʚʣʝʥʠʶ ʧʦʣʥʦʬʘʢʪʦʨʥʳʭ ʦʪʯʸʪʦʚ ʦ ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʪʝʢʩʪʘ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʧʦʩʪʨʦʝʥʠʝ 

ʦʥʪʦʣʦʛʠʡ, ʣʝʢʩʠʢʦ-ʩʠʥʘʪʘʢʩʠʯʝʩʢʠʝ ʰʘʙʣʦʥʳ  

ɺ ʫʩʣʦʚʠʷʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʷ ʠ ʟʥʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ 

ʢʦʥʢʫʨʝʥʪʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʧʦʵʪʦʤʫ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʚʩʝʛʦ ʮʠʢʣʘ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ 

ʢʨʘʡʥʝ ʚʘʞʥʘ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʤʝʪʦʜʳ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʥʞʠʥʠʨʠʥʛʘ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʜʫʢʪʘʭ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʟʥʘʥʠʡ ʠ ʟʘʧʨʦʩʦʚ [1]. ʆʥʠ ʩʧʦʩʦʙʥʳ ʪʦʯʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʦʧʠʩʳʚʘʪʴ ʩʝʤʘʥʪʠʢʫ ʜʘʥʥʳʭ ʜʣʷ 

ʥʝʢʦʪʦʨʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʫ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ 

ʧʦʥʷʪʠʡ. ɸʨʭʠʪʝʢʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ, ʚʳʩʪʨʦʝʥʥʘʷ ʧʦ ʧʨʠʥʮʠʧʘʤ ontology-driven, ʧʦʟʚʦʣʷʝʪ 

ʫʧʨʘʚʣʷʪʴ ʨʘʙʦʪʦʡ ʩʠʩʪʝʤʳ, ʥʘʩʪʨʘʠʚʘʪʴ ʝʸ ʧʦʜ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʚ ʨʘʤʢʘʭ ʦʧʨʝʜʝʣʸʥʥʦʡ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʠʩʭʦʜʥʳʡ ʢʦʜ. 

ʊʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʠʩʫʱʘ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʧʣʘʪʬʦʨʤʝ BioGenom 2.0 (ʩʤ. ʨʠʩʫʥʦʢ), ʚ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʙʘʟʘ ʟʥʘʥʠʡ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʟʜʦʨʦʚʴʶ ʩ ʫʯʸʪʦʤ 

ʤʝʜʠʮʠʥʩʢʠʭ, ʛʝʥʝʪʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ. ʄʝʭʘʥʠʟʤ ʣʦʛʠʯʝʩʢʦʛʦ 

ʚʳʚʦʜʘ (ʨʠʟʦʥʝʨ), ʦʙʭʦʜʷ ʵʪʫ ʙʘʟʫ ʩʧʦʩʦʙʝʥ ʨʘʩʩʯʠʪʳʚʘʪʴ ʨʠʩʢ ʟʜʦʨʦʚʴʶ, ʧʨʠʯʸʤ ʵʪʦ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʟʘʙʦʣʝʚʘʥʠʷ, ʪ.ʢ. ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʧʦʩʪʨʦʝʥ ʧʦ ʧʨʠʥʮʠʧʘʤ ontology-
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driven architecture, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʨʝʰʝʥʠʝ ʢ ʩʧʝʮʠʬʠʢʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʥʝ 

ʚʥʦʩʷ ʠʟʤʝʥʝʥʠʡ ʚ ʠʩʭʦʜʥʳʡ ʢʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʛʫʪ ʩʪʨʦʠʪʴʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʧʦʤʦʱʥʠʢʠ ʚ ʩʠʩʪʝʤʘʭ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʝʜʠʮʠʥʳ ʜʣʷ ʚʨʘʯʝʡ ʠ 

ʩʪʫʜʝʥʪʦʚ-ʤʝʜʠʢʦʚ. 

 

ʈʠʩʫʥʦʢ. ʄʝʩʪʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʨʝʜʳ TAISim  ʚ ʧʣʘʪʬʦʨʤʝ BioGenom 2.0 

ʆʜʥʘʢʦ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʨʠʟʦʥʝʨʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʠ ʧʦʣʥʦʪʳ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʦʥʪʦʣʦʛʠʡ. ʉʦʟʜʘʥʠʝ ʠ ʦʙʦʛʘʱʝʥʠʝ ʦʥʪʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, 

ʪʨʝʙʫʷ ʧʨʠʚʣʝʯʝʥʠʝ ʵʢʩʧʝʨʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʠ ʟʘʥʠʤʘʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʧʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʟʘʜʘʯʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʣʷ 

ʵʪʦʛʦ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ Text Mining ʥʘ ʙʘʟʝ ʣʝʢʩʠʢʦ-ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ 

ʰʘʙʣʦʥʦʚ ʜʣʷ ʥʘʯʘʣʴʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʙʘʟʳ ʟʥʘʥʠʡ, ʜʦʨʘʙʘʪʳʚʘʪʴ ʢʦʪʦʨʫʶ ʙʫʜʝʪ ʫʞʝ ʵʢʩʧʝʨʪ. 

ʆʜʥʘʢʦ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʳ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʨʝʜʳ ʜʣʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʦʪʣʘʜʢʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ. 

ʅʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ 

ʦʢʨʫʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʩʠʩʪʝʤ ʢʣʘʩʩʘ ɸʆʊ ʚ ʫʜʦʙʥʦʡ ʠ ʥʘʛʣʷʜʥʦʡ ʬʦʨʤʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʩʚʦʡ ʪʨʫʜ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʧʦʜ ʪʝʤʘʪʠʯʝʩʢʫʶ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʪʝʢʩʪʦʚ ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ 
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ʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ ʜʦʢʫʤʝʥʪʦʚ. ʅʘʧʨʠʤʝʨ, GATE [2] ʠʣʠ NLTK [3] ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʭʦʞʜʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʝ ʜʘʞʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʩʫʨʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʣʦʚʘʨʠ 

ʠʣʠ ʣʝʢʩʠʢʦ-ʩʠʥʪʘʢʩʠʯʝʩʢʠʝ ʰʘʙʣʦʥʳ, ʷʚʣʷʝʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʠ ʪʨʝʙʫʝʪ ʚʥʝʩʝʥʠʡ 

ʠʟʤʝʥʝʥʠʡ ʚ ʠʩʭʦʜʥʳʡ ʢʦʜ ʧʨʦʛʨʘʤʤʳ. 

 ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʥʘʤʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʩʨʝʜʘ TAISim [4] ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʩʪʨʦʠʪʴ ʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ ʜʦʢʫʤʝʥʪʦʚ. ʆʜʥʠʤ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ 

ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ ʠʟ ʪʝʢʩʪʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜʳ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʥʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʤʝʪʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʙʦʣʴʰʠʭ 

ʜʘʥʥʳʭ, ʧʨʠʯʸʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʤʝʯʝʥʥʳʭ. ʇʦʵʪʦʤʫ ʤʳ ʦʙʨʘʪʠʣʠʩʴ ʢ ʤʝʪʦʜʘʤ, ʥʝ 

ʪʨʝʙʫʱʠʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʨʘʟʤʝʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʦʩʥʦʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʨʝʜʳ, 

ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʪʝʢʩʪʘ, ʧʦʜʭʦʜ PatternSim ʩʠʩʪʝʤʳ Serelex [5, 6], 

ʧʨʠʤʝʥʷʶʱʠʡ ʥʘ ʵʪʘʧʘʭ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʠ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʣʝʢʩʠʢʦ-ʩʠʥʪʘʢʩʠʯʝʩʢʠʝ 

ʰʘʙʣʦʥʳ. ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʦʩʪʨʦʝʥʠʷ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ ʜʦʢʫʤʝʥʪʦʚ. ʆʜʥʘʢʦ ʢʘʯʝʩʪʚʦ ʵʪʠʭ ʧʨʦʬʠʣʝʡ ʟʘʚʠʩʠʪ 

ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʘʤʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʥʦ ʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʩʨʝʜʳ ʚ ʨʘʤʢʘʭ ʧʣʘʪʬʦʨʤʳ BioGenom 2.0 

ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʪʝʢʩʪʳ ʜʣʷ ʘʥʘʣʠʟʘ, ʠ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʳ 

ʚʳʙʨʘʣʠ ʘʨʭʠʚ ʧʦʣʥʦʪʝʢʩʪʦʚʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʧʫʙʣʠʢʘʮʠʝʡ ʩʦ ʩʚʦʙʦʜʥʳʤ ʜʦʩʪʫʧʦʤ Pubmed 

Central [7]. ʄʳ ʩʦʟʥʘʪʝʣʴʥʦ ʚʳʙʠʨʘʝʤ ʧʫʙʣʠʢʘʮʠʠ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ, ʪ.ʢ., ʚʦ-ʧʝʨʚʳʭ, 

ʘʥʛʣʠʡʩʢʠʡ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʷʟʳʢʦʤ ʥʘʫʯʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʘ ʚ-ʚʪʦʨʳʭ, ʧʦʣʫʯʝʥʥʳʝ 

ʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʧʝʨʝʚʝʩʪʠ ʥʘ ʜʨʫʛʦʡ ʷʟʳʢ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʥʘʧʨʠʤʝʨ, ɼʝʩʷʪʦʛʦ ʧʝʨʝʩʤʦʪʨʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʦʣʝʟʥʝʡ 

(ʄʂɹ-10), ʠʩʧʦʣʴʟʫʝʤʦʡ ʥʘʤʠ ʪʘʢ ʞʝ ʥʘ ʵʪʘʧʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʵʢʩʧʝʨʪʘʤ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʩʪʝʧʝʥʴ 

ʧʦʣʥʦʪʳ ʠ ʪʦʯʥʦʩʪʠ ʠʟʚʣʝʯʸʥʥʳʭ ʟʥʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʤʦʛʘʶʪ ʣʠʥʛʚʠʩʪʘʤ ʚʳʷʚʠʪʴ ʥʝʪʦʯʥʦʩʪʠ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʠ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʴʶʪʝʨʥʳʝ ʣʠʥʛʚʠʩʪʳ ʧʦʣʫʯʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʠʙʦʣʝʝ ʦʧʝʨʘʪʠʚʥʦ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʫ ʨʘʙʦʪʳ ʠ ʚʥʝʩʪʠ ʥʫʞʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʘʢ 

ʚ ʣʝʢʩʠʢʦ-ʩʠʥʪʘʢʩʠʯʝʩʢʠʝ ʰʘʙʣʦʥʳ ʯʝʨʝʟ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʡ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ ʠʥʪʝʨʬʝʡʩ, 

ʪʘʢ ʠ ʚ ʨʘʙʦʪʫ ʩʘʤʦʡ ʩʠʩʪʝʤʳ. ʇʦʣʫʯʝʥʥʳʝ ʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ ʦʙʦʛʘʱʘʶʪ 

ʦʥʪʦʣʦʛʠʯʝʩʢʫʶ ʙʘʟʫ ʟʥʘʥʠʡ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʨʘʩʯʸʪʘ ʨʠʩʢʦʚ 

ʟʜʦʨʦʚʴʶ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʧʨʠʸʤʘ ʧʘʮʠʝʥʪʘ. 
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The present paper is devoted to a framework for ontology learning based on lexico-syntactic 

patterns TAISim that gives an opportunity to leverage knowledge and experience of computer 

linguists and domain experts in order to extract knowledges from texts and create its ontological 

profiles. Obtained ontological profiles are proposed to domain expert for an evaluation, which helps 

computer linguists reveal most common problems and fix them through changing linguistic 

resources of the NLP system itself. The approach can be applied to different domains, but in this 

article we give an example of its use-case within the platform BioGenom 2.0, that provides services 

for the full-factor reports of health status. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʇʈʀʉʋʊʉʊɺʀʗ ʏɽʃʆɺɽʂɸ ɺ ʇʆʄɽʑɽʅʀʀ ʅɸ ʆʉʅʆɺɽ 

ʄɽʊʆɼʆɺ BUSINESS INTELLIGENCE 41 

ʂʫʢʣʠʥ ɺʠʪʘʣʠʡ ɺʠʢʪʦʨʦʚʠʯ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, 614070, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ʉʪʫʜʝʥʯʝʩʢʘʷ, 38, kuklinvitalik77@gmail.com 

ʈʝʰʝʥʠʷ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʶ ʢʦʤʬʦʨʪʥʳʭ 

ʫʩʣʦʚʠʡ ʚ ʟʜʘʥʠʠ, ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ. ʅʘ ʨʝʰʝʥʠʝ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʥʘʧʨʘʚʣʝʥ ʧʨʦʝʢʪ 

çʋʤʥʳʡ ʜʦʤè. ʆʜʥʦʡ ʠʟ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ 

ʯʝʣʦʚʝʢʘ ʚ ʧʦʤʝʱʝʥʠʠ. ʏʘʱʝ ʚʩʝʛʦ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʥʝʧʨʠʝʤʣʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʝʢʪʘ çèʋʤʥʳʡ ʜʦʤ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʤʝʩʪʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʪʯʠʢʠ, 

ʠʟʤʝʨʷʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ ʜʘʥʥʳʝ ʩ 

ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʚ ʢʦʤʥʘʪʝ, ʪʝʤʧʝʨʘʪʫʨʳ ʙʘʪʘʨʝʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʫʣʠʮʝ, 

ʢʦʪʦʨʳʝ ʠʟʤʝʨʷʶʪ ʧʦʢʘʟʘʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ. ʄʦʜʝʣʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʥʘ 

ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʥʘʠʚʥʦʛʦ ʙʘʡʝʩʦʚʩʢʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʣʝʩʘ ʜʝʨʝʚʴʝʚ ʨʝʰʝʥʠʡ ʠ 

ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʤʝʪʦʜʘʤ Business Intelligence. ʈʝʟʫʣʴʪʘʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, ʧʦʢʘʟʘʚʰʠʡ ʧʨʠʝʤʣʝʤʫʶ ʪʦʯʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʚ 

98%. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʟʜʘʥʠʝ, ʫʤʥʳʡ ʜʦʤ, ʤʝʪʦʜʳ Business Intelligence, ʤʦʜʝʣʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʙʫʯʘʶʱʘʷ ʠ ʪʝʩʪʦʚʘʷ ʚʳʙʦʨʢʠ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʟʜʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʚ ʥʠʭ ʩʦʜʝʨʞʘʪʩʷ 

ʤʥʦʞʝʩʪʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʩʠʩʪʝʤ, ʧʦʜʩʠʩʪʝʤ ʠ ʤʦʜʫʣʝʡ (ʩʠʩʪʝʤʳ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ, ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʠ 

ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ) [1]. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʀɿ, ʚʦʟʨʘʩʪʘʝʪ ʩʣʦʞʥʦʩʪʴ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʟʜʘʥʠʷ. ʄʦʥʠʪʦʨʠʥʛ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘʤʠ ʟʜʘʥʠʷ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ ʯʝʣʦʚʝʢʦʤ, ʩʪʘʥʦʚʠʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʳʡ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ 

ʤʠʥʠʤʠʟʘʮʠʶ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ [2]. ɼʣʷ ʨʝʰʝʥʠʷ 

ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʧʨʦʙʣʝʤ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʦʝʢʪʳ ʧʦʜ ʥʘʟʚʘʥʠʷʤʠ 

çʋʤʥʳʡ ʜʦʤè, çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʟʜʘʥʠʝè, ʢʦʪʦʨʳʝ ʥʘʮʝʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʨʝʰʝʥʠʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʜʘʥʠʝʤ, ʪ.ʝ. ʤʠʥʠʤʠʟʘʮʠʶ ʧʦʪʨʝʙʣʷʝʤʳʭ 

ʨʝʩʫʨʩʦʚ ʠ ʩʦʟʜʘʥʠʝ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ [1,6]. ʇʨʦʮʝʩʩʳ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚʥʫʪʨʠ ʟʜʘʥʠʷ, ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʡ 

ʦʢʘʟʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʫʩʣʦʚʠʷ ʚ ʟʜʘʥʠʠ (ʧʨʦʚʝʪʨʠʚʘʥʠʝ ʧʦʤʝʱʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ 
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ʦʪʢʨʳʪʠʷ ʦʢʥʘ, ʚʢʣʶʯʝʥʠʝ ʢʦʥʜʠʮʠʦʥʝʨʘ, ʦʪʢʨʳʪʠʝ ʜʚʝʨʝʡ, ʚʢʣʶʯʝʥʠʝ ʪʝʭʥʠʢʠ ʠ ʤʥʦʛʦʝ 

ʜʨʫʛʦʝ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ 

ʟʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ, ʚ ʢʘʢʠʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʚ ʧʦʤʝʱʝʥʠʠ ʥʘʭʦʜʠʪʩʷ ʯʝʣʦʚʝʢ. 

ɿʘʜʘʯʘ ʦʙʥʘʨʫʞʝʥʠʷ ʯʝʣʦʚʝʢʘ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘʜʘʯʘ 

ʨʝʰʘʝʪʩʷ ʚ ʦʭʨʘʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʩʨʝʜʩʪʚ ʧʦ 

ʫʩʪʘʥʦʚʢʝ ʠ ʧʦʜʜʝʨʞʢʝ ʘʧʧʘʨʘʪʥʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ [3]. ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ 

çʋʤʥʳʡ ʜʦʤè ʟʘʜʘʯʘ ʦʙʥʘʨʫʞʝʥʠʷ ʯʝʣʦʚʝʢʘ ʙʫʜʝʪ ʨʝʰʘʪʴʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʟʜʘʥʠʷ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʟ ʩʝʙʷ ʧʦʢʘʟʘʥʠʷ 

ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʙʠʨʘʝʤʳʭ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʚʫʭ ʥʝʜʝʣʴ. 

ʂ ʤʝʪʦʜʘʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʩʪʨʦʠʪʴ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ, ʦʪʥʦʩʷʪʩʷ ʤʝʪʦʜʳ Business 

Intelligence (ʜʘʣʝʝ BI), ʢʦʪʦʨʳʝ ʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʭʦʞʜʝʥʠʷ ʯʝʣʦʚʝʢʘ ʚ ʧʦʤʝʱʝʥʠʠ [4,5].  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʧʨʝʜʝʣʠʪʴ ʤʝʪʦʜ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʭʦʞʜʝʥʠʷ ʯʝʣʦʚʝʢʘ ʚ 

ʧʦʤʝʱʝʥʠʠ ʩ ʧʨʠʝʤʣʝʤʦʡ ʪʦʯʥʦʩʪʴʶ ʚ 80%. 

ɼʣʷ ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʙʳʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ, ʩʦʙʠʨʘʝʤʳʝ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʅʀʋ ɺʐʕ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʜʘʪʯʠʢʠ: 9 ʜʘʪʯʠʢʦʚ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʚ ʢʦʤʥʘʪʝ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ 

ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʧʦʤʝʱʝʥʠʷ (ʧʦ ʚʳʩʦʪʝ ʠ ʜʣʠʥʝ); ʜʘʪʯʠʢ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʙʘʪʘʨʝʠ; 

ʜʘʪʯʠʢ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʟʘ ʦʢʥʦʤ, ʤʝʪʢʘ ʧʨʠʩʫʪʩʪʚʠʷ ʯʝʣʦʚʝʢʘ (ʚ ʨʘʤʢʘʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʩʪʘʚʣʷʣʘʩʴ ʚʨʫʯʥʫʶ). ɼʘʥʥʳʝ ʩʦʙʠʨʘʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ IoT ï ʧʣʘʪʬʦʨʤʳ 

ThingBoard, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʦʙʠʨʘʪʴ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʧʦʣʫʯʘʝʤʫʶ ʩ 

ʜʘʪʯʠʢʦʚ ʝʞʝʤʠʥʫʪʥʦ. ɹʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʚʘ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʨʘʟʥʦʡ ʛʨʘʥʫʣʷʨʥʦʩʪʠ ï 

ʧʦʣʯʘʩʘ (ʯʝʪʳʨʝ ʜʥʷ ʠʟʤʝʨʝʥʠʡ) ʠ ʧʦʣʪʦʨʘ ʯʘʩʘ (ʜʚʝ ʥʝʜʝʣʠ ʠʟʤʝʨʝʥʠʡ). ɸʧʨʦʙʘʮʠʷ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʚ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ R-Studio ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʦʝʥʥʳʭ ʧʘʢʝʪʦʚ.  

ʄʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʠʭ ʪʨʸʭ ʤʝʪʦʜʦʚ: 

ʥʘʠʚʥʳʡ ʙʘʡʝʩʦʚʩʢʠʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ (ʧʘʢʝʪ çe1071è), ʣʝʩ ʜʝʨʝʚʴʝʚ ʨʝʰʝʥʠʡ (ʧʘʢʝʪ 

çrandomForestè) ʠ ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ (ʧʘʢʝʪ çxgboostè). 

ʀʟʚʣʝʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʟʘʛʨʫʞʝʥʳ ʚ ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ R-Studio. ʇʦʜʛʦʪʦʚʢʘ ʜʘʥʥʳʭ 

ʢ ʘʥʘʣʠʟʫ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: ʧʨʠʚʝʜʝʥʠʝ ʪʠʧʦʚ ʜʘʥʥʳʭ (ʥʘʧʨʠʤʝʨ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʯʠʩʣʦʚʦʡ ʪʠʧ); ʫʜʘʣʝʥʠʝ ʧʨʦʧʫʩʢʦʚ ʠ ʚʳʙʨʦʩʦʚ; ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʣʝʡ ʜʣʷ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. ɼʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʣʷ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʢʦʤʥʘʪʝ: ʦʪʢʣʦʥʝʥʠʝ 

ʪʝʢʫʱʝʛʦ ʧʦʢʘʟʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʧʦʢʘʟʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʧʝʨʠʦʜ 
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ʠʟʤʝʨʝʥʠʷ, ʠʟʤʝʥʝʥʠʝ ʪʝʢʫʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʢʘʟʘʥʠʷ. 

ɺʳʙʦʨʢʘ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʣʝʡ ï ʙʘʟʦʚʳʡ ʥʘʙʦʨ ʧʨʠʟʥʘʢʦʚ, ʚʳʙʦʨʢʘ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʦʣʷʤʠ ï ʨʘʩʰʠʨʝʥʥʳʡ ʥʘʙʦʨ ʧʨʠʟʥʘʢʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦʣʷ ʧʦʟʚʦʣʷʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ.  

ʇʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʜʘʣʝʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʝʩʪʦʚʫʶ ʠ ʦʙʫʯʘʶʱʫʶ ʚʳʙʦʨʢʠ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 50 ʥʘ 50. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʩʬʦʨʤʠʨʦʚʘʥʘ ʜʚʘ ʥʘʙʦʨʘ ʦʙʫʯʘʶʱʠʭ ʠ 

ʪʝʩʪʦʚʳʭ ʚʳʙʦʨʦʢ ʜʣʷ ʘʧʨʦʙʘʮʠʠ ʥʘ ʜʘʥʥʳʭ ʛʨʘʥʫʣʷʨʥʦʩʪʠ ʚ ʧʦʣʪʦʨʘ ʯʘʩʘ: ʩʣʫʯʘʡʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʠʟ ʣʶʙʳʭ ʜʥʝʡ ʥʘʙʣʶʜʝʥʠʡ (ʠʟ ʩʣʫʯʘʡʥʳʭ ʜʥʝʡ ʠʟʤʝʨʝʥʠʡ 50 % ʩʪʨʦʢ ï 

ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ, ʦʩʪʘʣʴʥʳʝ - ʪʝʩʪʦʚʘʷ), ʠʟʤʝʨʝʥʠʷ ʧʦ ʜʥʷʤ (7 ʩʣʫʯʘʡʥʳʭ ʜʥʝʡ 

ʦʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʠ 7 ʩʣʫʯʘʡʥʳʭ ʜʥʝʡ - ʪʝʩʪʦʚʘʷ). ɼʘʣʝʝ ʥʘ ʦʩʥʦʚʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ 

ʜʘʥʥʳʭ ʧʦ ʙʘʟʦʚʳʤ ʧʨʠʟʥʘʢʘʤ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʠʩʫʪʩʪʚʠʷ ʯʝʣʦʚʝʢʘ. ʅʘ ʦʩʥʦʚʝ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʠ ʙʳʣʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʳ ʢʣʘʩʩʳ 

(ʧʨʠʩʫʪʩʪʚʠʝ ʯʝʣʦʚʝʢʘ), ʘ ʟʘʪʝʤ ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʠ ʙʳʣʦ ʦʮʝʥʝʥʦ ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 

Accuracy (ʩʤ. ʪʘʙʣʠʮʫ 1). 

ʊʘʙʣʠʮʘ 1. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʝʡ ʧʦ ʙʘʟʦʚʳʤ ʧʨʠʟʥʘʢʘʤ 

ʄʝʪʦʜ ɻʨʘʥʫʣʷʨʥʦʩʪʴ ʜʘʥʥʳʭ 
ʉʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ 

ʊʦʯʥʦʩʪʴ 

ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʅʘʠʚʥʳʡ ʙʘʡʝʩʦʚʩʢʠʡ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨ 

ʧʦʣʯʘʩʘ ʉʣʫʯʘʡʥʳʝ ʩʪʨʦʢʠ 0,83 

ʧʦʣʪʦʨʘ ʯʘʩʘ 
ʇʦ ʜʥʷʤ 0,59 

ʉʣʫʯʘʡʥʳʝ ʩʪʨʦʢʠ 0,73 

ʃʝʩ ʜʝʨʝʚʴʝʚ ʨʝʰʝʥʠʡ 

ʧʦʣʯʘʩʘ ʉʣʫʯʘʡʥʳʝ ʩʪʨʦʢʠ 0,88 

ʧʦʣʪʦʨʘ ʯʘʩʘ 
ʇʦ ʜʥʷʤ 0,56 

ʉʣʫʯʘʡʥʳʝ ʩʪʨʦʢʠ 0,7 

ɻʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ 

ʧʦʣʯʘʩʘ ʉʣʫʯʘʡʥʳʝ ʩʪʨʦʢʠ 0,83 

ʧʦʣʪʦʨʘ ʯʘʩʘ 
ʇʦ ʜʥʷʤ 0,49 

ʉʣʫʯʘʡʥʳʝ ʩʪʨʦʢʠ 0,73 

ɸʥʘʣʦʛʠʯʥʳʝ ʜʝʡʩʪʚʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠ ʩ ʚʳʙʦʨʢʦʡ ʜʘʥʥʳʭ ʧʦ ʨʘʩʰʠʨʝʥʥʦʡ 

ʧʨʠʟʥʘʢʘʤ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʝʡ ʧʦ ʨʘʩʰʠʨʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ 

ʄʝʪʦʜ ɻʨʘʥʫʣʷʨʥʦʩʪʴ ʜʘʥʥʳʭ 
ʉʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ 

ʊʦʯʥʦʩʪʴ 

ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʅʘʠʚʥʳʡ ʙʘʡʝʩʦʚʩʢʠʡ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨ 

ʧʦʣʯʘʩʘ ʉʣʫʯʘʡʥʳʝ ʩʪʨʦʢʠ 0,93 

ʧʦʣʪʦʨʘ ʯʘʩʘ 
ʇʦ ʜʥʷʤ 0,86 

ʉʣʫʯʘʡʥʳʝ ʩʪʨʦʢʠ 0,9 

ʃʝʩ ʜʝʨʝʚʴʝʚ ʨʝʰʝʥʠʡ 

ʧʦʣʯʘʩʘ ʉʣʫʯʘʡʥʳʝ ʩʪʨʦʢʠ 0,98 

ʧʦʣʪʦʨʘ ʯʘʩʘ 
ʇʦ ʜʥʷʤ 0,88 

ʉʣʫʯʘʡʥʳʝ ʩʪʨʦʢʠ 0,89 

ɻʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ 

ʧʦʣʯʘʩʘ ʉʣʫʯʘʡʥʳʝ ʩʪʨʦʢʠ 0,96 

ʧʦʣʪʦʨʘ ʯʘʩʘ 
ʇʦ ʜʥʷʤ 0,87 

ʉʣʫʯʘʡʥʳʝ ʩʪʨʦʢʠ 0,91 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʝʜʫʶʱʠʝ: ʢʘʢ ʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʤʦʜʝʣʠ ʩ ʨʘʩʰʠʨʝʥʥʳʤ 

ʥʘʙʦʨʦʤ ʧʨʠʟʥʘʢʦʚ ʧʨʠʥʦʩʷʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʨʝʟʫʣʴʪʘʪ ʢʘʢ ʜʣʷ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʩ 

ʛʨʘʥʫʣʷʨʥʦʩʪʴʶ ʚ ʧʦʣʪʦʨʘ ʯʘʩʘ, ʪʘʢ ʠ ʜʣʷ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʩ ʛʨʘʥʫʣʷʨʥʦʩʪʴʶ ʚ ʧʦʣʯʘʩʘ; 

ʛʨʘʥʫʣʷʨʥʦʩʪʴ ʜʘʥʥʳʭ ʪʘʢʞʝ ʠʛʨʘʝʪ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʳʭ ʤʦʜʝʣʷʭ ʚ 

ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʤʦʜʝʣʠ ʩ ʛʨʘʥʫʣʷʨʥʦʩʪʴʶ ʚ ʧʦʣʯʘʩʘ ʜʘʶʪ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ; 

ʤʝʪʦʜ çʃʝʩ ʜʝʨʝʚʴʝʚ ʨʝʰʝʥʠʡè ʦʢʘʟʘʣʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʜʣʷ ʨʝʰʝʥʠʷ ʪʝʢʫʱʝʡ ʟʘʜʘʯʠ; 

ʚʳʙʦʨʢʘ ʜʘʥʥʳʭ çʧʦ ʜʥʷʤè ʥʝ ʦʧʨʘʚʜʘʣʘ ʩʝʙʷ, ʤʦʜʝʣʠ, ʦʙʫʯʝʥʥʳʝ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʝ ʥʘ 

ʦʩʥʦʚʝ ʩʣʫʯʘʡʥʳʭ ʩʪʨʦʢ ʠʟ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʧʦʢʘʟʘʣʠ ʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʴ 

ʧʦ ʤʝʪʦʜʫ ʣʝʩʘ ʨʝʰʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʚʳʙʦʨʢʝ ʩ ʨʘʩʰʠʨʝʥʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʠ 

ʛʨʘʥʫʣʷʨʥʦʩʪʴʶ ʚ ʧʦʣʯʘʩʘ, ʧʦʢʘʟʘʣʘ ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʩ ʪʦʯʥʦʩʪʴʶ ʧʨʝʜʩʢʘʟʘʥʠʷ ʚ 98%, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʝʤʣʝʤʳʤ ʨʝʟʫʣʴʪʘʪʦʤ. 
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DETERMINATION OF THE  PRESENCE OF THE PERSON IN THE PREMISES 

ON THE BASIS OF BUSINESS INTELLIGENCE ME THOD  

Kuklin Vitalii V. 

National Research University Higher School of Economics, 38, Studencheskaya st., Perm, 614070, 

Russia, kuklinvitalik77@gmail.com 

Solutions for optimization of the energy consumption and creation of a comfortable environment in 

the building are actively developing. The ñSmart Homeò project is aimed at solving such problems. 

One of the tasks to be solved in this project is to detect a person in the room. Most often, in other 

areas the problem is solved using specialized expensive equipment and software. Such approach is 

not appropriate for solving the tasks of the Smart Home project. This study uses sensors measuring 

air temperature instead of specialized equipment. For the experiment, data were extracted from the 

room temperature sensors, the battery temperature and the outdoor temperature, which measure the 

readings in the laboratory. The models of classifiers were built on the basis of the methods of the 

naive Bayes classifier, the forest of decision trees, and gradient boosting related to Business 

Intelligence methods. The result of the study is a classifier, which has showed an acceptable 

prediction accuracy of 98%. 

Keywords: intelligent building, smart home, Business Intelligence methods, classification models, 

training and test samples, power consumption. 
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ʌʆʈʄʀʈʆɺɸʅʀɽ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆʁ ʀʅʆʗɿʓʏʅʆʁ ʂʆʄʇɽʊɽʅʎʀʀ 

ʉʊʋɼɽʅʊʆɺ ɺ ʋʉʃʆɺʀʗʍ ʀʅʌʆʈʄɸʊʀɿɸʎʀʀ ɺʓʉʐɽɻʆ ʆɹʈɸɿʆɺɸʅʀʗ42 

ʂʫʧʨʠʷʥʳʯʝʚʘ ɽʢʘʪʝʨʠʥʘ ɸʥʜʨʝʝʚʥʘ 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614990, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ɹʫʢʠʨʝʚʘ, 15, katya_bukreeva@mail.ru 

ɿʘʜʘʯʘʤ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʱʝʩʪʚʘ ʠ ʚʩʝʭ ʝʛʦ ʩʬʝʨ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ, ʫʜʝʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʛʦʩʫʜʘʨʩʪʚʘ. ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʱʝʩʪʚʦ ʠ 

ʩʠʩʪʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʥʫʞʜʘʶʪʩʷ ʚ ʩʧʝʮʠʘʣʠʩʪʘʭ, ʩʧʦʩʦʙʥʳʭ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩʚʦʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʜʠʥʘʤʠʯʥʦ ʠʟʤʝʥʷʶʱʝʡʩʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʛʦʪʦʚʳʭ 

ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʩʚʦʝʥʠʷ ʙʫʜʫʱʠʤʠ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʠʨʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʠʥʦʩʪʨʘʥʥʳʭ 

ʷʟʳʢʘʭ ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʦʥʣʘʡʥ-ʨʝʩʫʨʩ çPROʯʪʝʥʠʝè, ʢʦʪʦʨʘʷ, ʫʯʠʪʳʚʘʷ 

ʧʦʟʥʘʚʘʪʝʣʴʥʫʶ ʠ ʪʚʦʨʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʪʫʜʝʥʪʘ, ʩʣʫʞʠʪ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʠʥʦʷʟʳʯʥʦʡ ʯʠʪʘʪʝʣʴʩʢʦʡ ʢʦʤʧʝʪʝʥʮʠʠ ʩʪʫʜʝʥʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʪʠʟʘʮʠʷ ʦʙʱʝʩʪʚʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʦʥʣʘʡʥ-ʨʝʩʫʨʩ çPROʯʪʝʥʠʝè, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʠʥʦʷʟʳʯʥʘʷ ʯʠʪʘʪʝʣʴʩʢʘʷ 

ʢʦʤʧʝʪʝʥʮʠʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʤʠʨʝ ʧʨʦʠʩʭʦʜʷʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʘʢ ʚ 

ʧʨʠʨʦʜʝ ʦʪʜʝʣʴʥʦʛʦ ʯʝʣʦʚʝʢʘ, ʪʘʢ ʠ ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ. ʏʝʣʦʚʝʢ ʚ ʛʣʦʙʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʮʠʚʠʣʠʟʘʮʠʠ ʧʨʠʦʙʨʝʪʘʝʪ ʥʦʚʳʝ ʩʚʦʡʩʪʚʘ ʠ ʯʝʨʪʳ [1, 2]. ʀʟʤʝʥʝʥʠʷʤ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʪʘʢʞʝ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ, ʩʪʨʝʤʷʱʝʛʦʩʷ ʦʚʣʘʜʝʪʴ ʠʥʬʦʨʤʘʮʠʝʡ, 

çʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʩ ʢʘʢʠʤʠ ʮʝʣʷʤʠ ʵʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ: ʧʦʟʥʘʥʠʝ, ʥʘʢʦʧʣʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠʦʙʨʝʪʝʥʠʝ ʝʝ, ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʜʦʩʫʛ ʠ ʨʘʟʚʣʝʯʝʥʠʝ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʣʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʚʟʘʠʤʦʦʙʤʝʥè [1, ʩ. 282]. ʆʜʥʘʢʦ, 

ʙʝʩʢʦʥʝʯʥʳʡ ʧʦʪʦʢ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʪʝʢʩʪʘ ʢʘʢ ʠʩʪʦʯʥʠʢʘ ʟʥʘʥʠʡ 

ʧʨʠʚʦʜʷʪ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʣʦʞʥʦʩʪʷʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʦʙʨʘʙʦʪʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʝʝ 

ʢʘʯʝʩʪʚʝʥʥʳʤ ʫʩʚʦʝʥʠʝʤ.  

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʷʚʣʷʝʪʩʷ 

ʩʠʩʪʝʤʥʳʡ ʢʨʠʟʠʩ ʯʠʪʘʪʝʣʴʩʢʦʡ ʢʫʣʴʪʫʨʳ, ʩʚʷʟʘʥʥʳʡ ʩʦ ʩʥʠʞʝʥʠʝʤ ʠʥʪʝʨʝʩʘ ʢ ʯʪʝʥʠʶ [3, 4]. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʯʪʝʥʠʶ ʦʪʚʦʜʠʪʩʷ ʨʦʣʴ ʢʣʶʯʝʚʦʡ ʢʦʤʧʝʪʝʥʮʠʠ, ʪʘʢ ʢʘʢ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʦʥʦ çʚʳʩʪʫʧʘʝʪ ʚʘʞʥʝʡʰʠʤ ʩʧʦʩʦʙʦʤ ʦʩʚʦʝʥʠʷ ʙʘʟʦʚʦʡ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʦʡ 
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ʠʥʬʦʨʤʘʮʠʠ ï ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʠ ʦʙʳʜʝʥʥʦʛʦ ʟʥʘʥʠʷ, ʢʫʣʴʪʫʨʥʳʭ ʮʝʥʥʦʩʪʝʡ ʧʨʦʰʣʦʛʦ ʠ 

ʥʘʩʪʦʷʱʝʛʦ, ʩʚʝʜʝʥʠʡ ʦʙ ʠʩʪʦʨʠʯʝʩʢʠ ʥʝʧʨʝʭʦʜʷʱʠʭ ʠ ʪʝʢʫʱʠʭ ʩʦʙʳʪʠʷʭ, ʥʦʨʤʘʪʠʚʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ï ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʩʥʦʚʫ, ʩʠʩʪʝʤʥʦʝ ʷʜʨʦ ʢʫʣʴʪʫʨʳè [5]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʯʠʪʘʪʝʣʴʩʢʘʷ ʛʨʘʤʦʪʥʦʩʪʴ ʜʘʝʪ ʯʝʣʦʚʝʢʫ ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʪʫʧʘʪʴ ʚ ʦʪʥʦʰʝʥʠʷ ʩ ʚʥʝʰʥʝʡ 

ʩʨʝʜʦʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʙʳʩʪʨʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʥʝʡ. 

ʆʙʱʝʤʠʨʦʚʫʶ ʪʝʥʜʝʥʮʠʶ ʩʥʠʞʝʥʠʷ ʯʠʪʘʪʝʣʴʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ ʦʮʝʥʢʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʜʦʩʪʠʞʝʥʠʡ 

ʫʯʘʱʠʭʩʷ PISA, ʢʦʪʦʨʘʷ ʜʘʝʪ ʦʮʝʥʢʫ ʩʧʦʩʦʙʥʦʩʪʷʤ 15-ʣʝʪʥʠʭ ʫʯʘʱʠʭʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʠʦʙʨʝʪʝʥʥʳʝ ʚ ʰʢʦʣʝ ʟʥʘʥʠʷ ʠ ʦʧʳʪ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʞʠʟʥʝʥʥʳʭ ʟʘʜʘʯ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʙʱʝʥʠʷ ʠ ʩʦʮʠʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ 

(ʦʮʝʥʠʚʘʝʪʩʷ ʯʠʪʘʪʝʣʴʩʢʘʷ ʛʨʘʤʦʪʥʦʩʪʴ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʛʨʘʤʦʪʥʦʩʪʴ ʠ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʘʷ 

ʛʨʘʤʦʪʥʦʩʪʴ).  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʠʪʫʘʮʠʠ ʩ ʯʪʝʥʠʝʤ ʚ ʈʦʩʩʠʠ, ʪʦ ʩʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʠʤ ʨʝʟʫʣʴʪʘʪʘʤ PISA ʟʘ 

2015 ʛ. ʩʨʝʜʥʠʡ ʨʝʟʫʣʴʪʘʪ ʨʦʩʩʠʡʩʢʠʭ 15-ʣʝʪʥʠʭ ʫʯʘʱʠʭʩʷ ʧʦ ʯʠʪʘʪʝʣʴʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ 

ʩʦʩʪʘʚʠʣ 495 ʙʘʣʣʦʚ (26 ʤʝʩʪʦ ʚ ʨʝʡʪʠʥʛʝ ʩʪʨʘʥ). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ 2015 ʛ. ʥʘʤʝʪʠʣʘʩʴ 

ʥʝʙʦʣʴʰʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʮʠʢʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

2012 ʛ. (ʩʨʝʜʥʠʝ ʨʝʟʫʣʴʪʘʪʳ ʨʦʩʩʠʡʩʢʠʭ ʰʢʦʣʴʥʠʢʦʚ ʧʦ ʯʠʪʘʪʝʣʴʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ 

ʧʦʚʳʩʠʣʠʩʴ ʥʘ 20 ʙʘʣʣʦʚ), ʜʦ ʩʠʭ ʧʦʨ ʚʝʣʠʢʘ ʜʦʣʷ ʪʝʭ ʦʙʫʯʘʶʱʠʭʩʷ, ʢʦʪʦʨʳʝ ʥʝ ʛʦʪʦʚʳ 

ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʪʝʢʩʪʦʚ ʜʘʞʝ ʚ ʟʥʘʢʦʤʳʭ ʞʠʪʝʡʩʢʠʭ ʩʠʪʫʘʮʠʷʭ (16 % 

ʰʢʦʣʴʥʠʢʦʚ ʈʦʩʩʠʠ). ʕʪʠ ʦʙʫʯʘʶʱʠʝʩʷ ʥʝ ʜʦʩʪʠʛʣʠ ʧʦʨʦʛʦʚʦʛʦ ʫʨʦʚʥʷ ʯʠʪʘʪʝʣʴʩʢʦʡ 

ʛʨʘʤʦʪʥʦʩʪʠ (2-ʛʦ ʫʨʦʚʥʷ ʠʟ 6-ʪʠ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʰʢʘʣʝ) [6]. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʩʣʦʞʠʚʰʘʷʩʷ 

ʩʠʪʫʘʮʠʷ ʫʭʦʜʠʪ ʢʦʨʥʷʤʠ ʚ ʨʦʩʩʠʡʩʢʫʶ ʩʠʩʪʝʤʫ ʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʯʪʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʩʥʦʚʥʦʝ ʩʨʝʜʩʪʚʦ ʦʙʫʯʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ. ʅʘʤʠ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ 

ʧʦʧʳʪʢʘ ʦʙʦʟʥʘʯʠʪʴ ʛʣʘʚʥʳʝ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʧʨʦʪʠʚʦʨʝʯʠʷ ʨʦʩʩʠʡʩʢʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ: 

1) ʤʝʞʜʫ ʚʦʟʨʘʩʪʘʶʱʝʡ ʜʦʣʝʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʦʙʫʯʘʶʱʠʭʩʷ ʩ ʪʝʢʩʪʘʤʠ ʠ 

ʦʪʩʫʪʩʪʚʠʝʤ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʦʙʫʯʝʥʠʷ ʯʪʝʥʠʶ; 2) ʤʝʞʜʫ ʪʝʭʥʠʢʦʡ ʯʪʝʥʠʷ, 

ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʢʦʪʦʨʦʡ ʚʳʩʦʢʠ, ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʟʨʝʣʦʛʦ ʯʪʝʥʠʷ, ʥʘʚʳʢʠ ʢʦʪʦʨʦʛʦ ʥʝ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ; 3) ʦʙʫʯʝʥʠʝ ʯʪʝʥʠʶ ʚ ʨʦʩʩʠʡʩʢʠʭ ʰʢʦʣʘʭ ʦʩʥʦʚʘʥʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʷʭ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ (ʠʟʫʯʘʶʱʝʝ ʯʪʝʥʠʝ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ). 

ʅʝʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʥʘʚʳʢʠ ʯʪʝʥʠʷ ʚ ʰʢʦʣʝ ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ ʬʘʢʪʦʨʦʤ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʤ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʠʥʦʷʟʳʯʥʦʡ ʢʦʤʧʝʪʝʥʮʠʠ. ʇʨʦʙʣʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʠʪʘʪʝʣʴʩʢʦʡ 
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ʢʦʤʧʝʪʝʥʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʪʨʝʙʥʦʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʦʙʱʝʩʪʚʘ ʠ ʩʠʩʪʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʧʝʮʠʘʣʠʩʪʘʭ, ʩʧʦʩʦʙʥʳʭ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩʚʦʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʜʠʥʘʤʠʯʥʦ ʠʟʤʝʥʷʶʱʝʡʩʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʠʪʫʘʮʠʠ, 

ʛʦʪʦʚʳʭ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʩʘʤʦʦʙʝʩʧʝʯʝʥʠʶ. ʉʦʛʣʘʩʠʤʩʷ ʩ 

ɻ.ɸ. ʂʨʘʩʥʦʱʝʢʦʚʦʡ, ʯʪʦ çʠʥʦʷʟʳʯʥʘʷ ʯʠʪʘʪʝʣʴʩʢʘʷ ʢʦʤʧʝʪʝʥʮʠʷ ʚʳʩʪʫʧʘʝʪ ʢʘʢ 

ʢʘʯʝʩʪʚʝʥʥʘʷ ʩʪʦʨʦʥʘ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʵʪʘʧʝ ʚʫʟʦʚʩʢʦʛʦ ʦʙʫʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʦʙʦʛʘʱʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ 

ʟʥʘʯʠʤʳʝ ʟʥʘʥʠʷ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʚʘʞʥʳʝ ʫʤʝʥʠʷ, ʨʘʟʚʠʚʘʪʴ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʟʥʘʯʠʤʳʝ ʣʠʯʥʦʩʪʥʳʝ ʢʘʯʝʩʪʚʘ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ 

ʛʦʪʦʚʥʦʩʪʴ ʢ ʚʳʧʦʣʥʝʥʠʶ ʫʯʝʙʥʦʡ ʠ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠè [7]. 

ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʧʦʛʨʫʞʝʥʠʝ ʦʙʱʝʩʪʚʘ ʚ ʮʠʬʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʦʙʫʯʘʶʱʠʡʩʷ ʨʘʙʦʪʘʝʪ ʩ ʚʠʨʪʫʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʟʥʘʥʠʡ. ɹʦʣʝʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʠʨʪʫʘʣʠʟʘʮʠʷ ʢʦʤʤʫʥʠʢʘʮʠʡ ʤʝʞʜʫ ʫʯʠʪʝʣʝʤ ʠ ʫʯʝʥʠʢʘʤʠ, ʤʝʞʜʫ ʩʪʫʜʝʥʪʦʤ ʠ ʪʝʢʩʪʘʤʠ 

ʧʨʦʰʣʦʡ ʠ ʩʦʚʨʝʤʝʥʥʦʡ ʢʫʣʴʪʫʨ, ʤʝʞʜʫ ʩʘʤʠʤʠ ʩʪʫʜʝʥʪʘʤʠ [2]. ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʥʘʤʠ ʦʥʣʘʡʥ-

ʨʝʩʫʨʩʦʤ çPROʯʪʝʥʠʝè, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʥʝʷʟʳʢʦʚʳʭ ʬʘʢʫʣʴʪʝʪʦʚ ʇʝʨʤʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʨʘʟʚʠʚʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʠʥʦʷʟʳʯʥʫʶ ʢʦʤʧʝʪʝʥʮʠʶ ʧʦʩʨʝʜʩʪʚʦʤ ʯʪʝʥʠʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʪʝʢʩʪʦʚ ʥʘ ʠʟʫʯʘʝʤʦʤ ʷʟʳʢʝ. ʆʥʣʘʡʥ-ʨʝʩʫʨʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʥʥʫʶ ʙʠʙʣʠʦʪʝʢʫ, ʨʘʟʤʝʱʝʥʥʫʶ ʚ ʦʙʣʘʯʥʦʤ ʭʨʘʥʠʣʠʱʝ Google 

ɼʠʩʢ, ʩ ʬʫʥʢʮʠʝʡ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʣʝ ʧʨʦʯʪʝʥʠʷ ʪʝʢʩʪʘ ʩʦʩʪʘʚʣʝʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ Google 

ʌʦʨʤʳ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʫʧʨʘʞʥʝʥʠʡ, ʟʘ ʢʦʪʦʨʳʝ ʥʘʯʠʩʣʷʶʪʩʷ ʙʘʣʣʳ. ɹʘʣʣʴʥʦ-ʨʝʡʪʠʥʛʦʚʘʷ 

ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʤʦʪʠʚʘʮʠʦʥʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʜʦʩʪʠʞʝʥʠʶ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ï ʦʚʣʘʜʝʥʠ ʁʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʠʥʦʷʟʳʯʥʦʡ ʢʦʤʧʝʪʝʥʮʠʝʡ. ʈʝʛʫʣʷʨʥʦʩʪʴ 

ʠ ʩʠʩʪʝʤʘʪʠʯʥʦʩʪʴ ʯʪʝʥʠʷ ʪʝʢʩʪʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʧʦʣʥʝʥʠʝʤ ʫʧʨʘʞʥʝʥʠʡ ʢ ʥʠʤ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʫ ʩʪʫʜʝʥʪʦʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʢʦʤʧʝʪʝʥʮʠʠ ʥʘ ʠʥʦʩʪʨʘʥʥʦʤ ʷʟʳʢʝ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʠʥʦʷʟʳʯʥʦʡ ʢʦʤʧʝʪʝʥʮʠʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʪʝʢʩʪʘʤʠ 

ʥʘ ʠʥʦʩʪʨʘʥʥʦʤ ʷʟʳʢʝ. ʅʘ ʜʦʪʝʢʩʪʦʚʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʥʘʢʦʤʩʪʚʦ ʩ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʝʡ ʧʦ ʪʝʤʝ ʪʝʢʩʪʘ ʩ ʝʝ ʧʦʩʣʝʜʫʶʱʠʤ ʫʩʚʦʝʥʠʝʤ ʥʘ 

ʧʣʘʪʬʦʨʤʝ QUIZLET, ʚ ʨʘʙʦʪʝ ʢʦʪʦʨʦʡ ʟʘʣʦʞʝʥʘ ʬʫʥʢʮʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʛʝʥʝʨʠʨʦʚʘʥʠʷ 

ʫʧʨʘʞʥʝʥʠʡ. ʋʩʚʦʝʥʠʝ ʪʝʨʤʠʥʦʣʦʛʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʚʢʣʶʯʝʥʠʝʤ ʪʨʝʭ ʚʠʜʦʚ ʨʝʯʝʚʦʡ 
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ʜʝʷʪʝʣʴʥʦʩʪʠ: ʯʪʝʥʠʷ ʠ ʩʣʫʰʘʥʠʷ (ʚʦʩʧʨʠʷʪʠʝ ʠʥʬʦʨʤʘʮʠʠ), ʘ ʪʘʢʞʝ ʧʠʩʴʤʘ (ʧʝʨʝʜʘʯʘ 

ʠʥʬʦʨʤʘʮʠʠ). ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʩʪʫʜʝʥʪʳ ʧʝʨʝʭʦʜʷʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʯʪʝʥʠʶ ʪʝʢʩʪʘ. 

ʅʘ ʧʦʩʣʝʪʝʢʩʪʦʚʦʤ ʵʪʘʧʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʢʦʤʧʣʝʢʩ ʫʧʨʘʞʥʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩ 

ʫʯʝʪʦʤ ʫʨʦʚʥʝʡ ʧʦʥʠʤʘʥʠʷ ʪʝʢʩʪʘ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ PISA, ʘ ʪʘʢʞʝ ʪʝʦʨʠʠ 

ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʧʩʠʭʦʣʦʛʘ ɹʝʥʞʘʤʠʥʘ ɹʣʫʤʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʢʦʛʥʠʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ 

ʫʩʚʦʝʥʠʷ ʟʥʘʥʠʡ ʠʝʨʘʨʭʠʯʝʩʢʠ ʦʨʛʘʥʠʟʦʚʘʥʳ, ʥʘʯʠʥʘʷ ʩ ʩʘʤʦʛʦ ʧʨʦʩʪʦʛʦ (ʫʨʦʚʥʷ ʟʥʘʥʠʡ) ʠ 

ʟʘʢʘʥʯʠʚʘʷ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤ (ʚʳʨʘʙʦʪʢʘ ʩʫʞʜʝʥʠʡ ʦ ʟʥʘʯʠʤʦʩʪʠ ʢʦʥʢʨʝʪʥʦʡ ʠʜʝʠ). 

ʂʦʤʧʣʝʢʩ ʫʧʨʘʞʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʙʘʟʝ Google ʌʦʨʤ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

1. ʫʧʨʘʞʥʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʨʦʚʝʨʢʫ ʦʙʱʝʛʦ ʧʦʥʠʤʘʥʠʷ ʪʝʢʩʪʘ (ʫʟʥʘʚʘʥʠʝ, 

ʧʦʥʠʤʘʥʠʝ, ʧʨʠʤʝʥʝʥʠʝ); 

2. ʫʧʨʘʞʥʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʳʷʚʣʝʥʠʝ ʢʦʥʢʨʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʫʟʥʘʚʘʥʠʝ, 

ʧʦʥʠʤʘʥʠʝ, ʧʨʠʤʝʥʝʥʠʝ); 

3. ʫʧʨʘʞʥʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʪʝʢʩʪʘ (ʧʨʠʤʝʥʝʥʠʝ, ʘʥʘʣʠʟ, ʩʠʥʪʝʟ); 

4. ʫʧʨʘʞʥʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʝʬʣʝʢʩʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʜʝʨʞʘʥʠʷ ʪʝʢʩʪʘ (ʘʥʘʣʠʟ, 

ʩʠʥʪʝʟ, ʦʮʝʥʢʘ); 

5. ʫʧʨʘʞʥʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʝʬʣʝʢʩʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʨʤʳ ʧʦʜʘʯʠ ʪʝʢʩʪʘ (ʘʥʘʣʠʟ, 

ʩʠʥʪʝʟ, ʦʮʝʥʢʘ). 

ɺ ʢʘʯʝʩʪʚʝ ʪʚʦʨʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʩʪʫʜʝʥʪʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʢʣʶʯʠʪʴʩʷ ʚ ʧʨʦʝʢʪʥʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʡ ʩʦʟʜʘʝʪʩʷ ʩʦʚʤʝʩʪʥʳʡ ʢʨʝʘʪʠʚʥʳʡ ʧʨʦʜʫʢʪ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʪʬʦʨʤʘ TRELLO. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʥʣʘʡʥ-ʨʝʩʫʨʩʘ çPROʯʪʝʥʠʝè ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ 

ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʜʦʩʪʠʞʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʝʡ ʠ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʚʠʪʠʝʤ ʫ ʩʪʫʜʝʥʪʦʚ ʥʝʷʟʳʢʦʚʳʭ 

ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʠʥʦʷʟʳʯʥʦʡ ʢʦʤʧʝʪʝʥʮʠʠ. ɺʣʘʜʝʥʠʝ ʠʥʦʷʟʳʯʥʦʡ 

ʯʠʪʘʪʝʣʴʩʢʦʡ ʢʦʤʧʝʪʝʥʮʠʝʡ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠʤʝʝʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ. ɺʦʟʨʘʩʪʘʶʱʠʡ ʧʦʪʦʢ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʠʥʦʩʪʨʘʥʥʦʤ ʷʟʳʢʝ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʩʪʫʧʘʶʱʠʡ ʯʝʨʝʟ 

ʧʝʯʘʪʥʳʝ ʠʟʜʘʥʠʷ ʠ ʀʥʪʝʨʥʝʪ, ʩʪʘʚʠʪ ʩʪʫʜʝʥʪʦʚ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʝʨʝʜ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʣʘʜʝʪʴ ʠʥʦʩʪʨʘʥʥʳʤ ʷʟʳʢʦʤ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ, ʠʟʚʣʝʯʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʡʜʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʫʯʝʙʥʳʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ. 

ʂʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪ ʧʨʦʮʝʩʩ ʧʨʝʧʦʜʘʚʘʥʠʷ ʠʥʦʩʪʨʘʥʥʦʛʦ ʷʟʳʢʘ, 

ʦʙʣʘʜʘʷ ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ: ʠʥʬʦʨʤʘʪʠʚʥʘʷ 

ʝʤʢʦʩʪʴ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ, ʧʦʚʳʰʝʥʠʝ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʠ 

ʪʚʦʨʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. ɹʣʘʛʦʜʘʨʷ ʠʭ ʘʢʪʠʚʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʚʦʟʤʦʞʥʦ 
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ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʦʜʛʦʪʦʚʢʫ ʩʪʫʜʝʥʪʘ ʢ ʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʦʙʨʘʟʦʤ. 
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FORMING OF THE STUDENTôS PROFESSIONAL FOREIGN LANGUAGE 

COMPETENCE UNDER THE  CONDITIONS OF INFOR MATIZATION OF HIGHER  

EDUCATION  

Kupriyanycheva Ekaterina A. 

Perm State University, 15, Bukireva st., Perm, 614990, Russia, katya_bukreeva@mail.ru 

Abstract. The tasks of informatization of society and all its spheres, including education, are 

receiving increased attention from the state. Modern society and the education system need 

specialists who is able to realize their educational opportunities in a dynamically changing 

educational environment, ready for professional information support. The need for future specialists 

to master a large number of world information resources in foreign languages makes the use of 

information and communication technologies important in the process of preparing for professional 

activities. One of such information technologies is the online-program ĂPROʯʪʝʥʠʝñ, which serves 

as an innovative tool for the forming of a studentôs professional foreign language reading 

competence. 

Key words: informatization of society, information and communication technologies, online-

program ĂPROʯʪʝʥʠʝò, professional foreign language reading competence. 
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ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʵʬʬʝʢʪʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʣʝʟʥʦ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ, 

ʥʘʧʨʠʤʝʨ, ʢʘʢ ʤʘʨʢʝʪʠʥʛ ʠ ʬʘʨʤʘʢʦʣʦʛʠʷ. ɺ ʩʪʘʪʴʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʪʨʠ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʵʬʬʝʢʪʘ 

ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ: ʤʝʪʦʜ ʜʚʫʭ ʤʦʜʝʣʝʡ, ʚʦʟʜʝʡʩʪʚʠʝ ʢʘʢ ʧʝʨʝʤʝʥʥʘʷ ʠ ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ. 

ɺʩʝ ʪʨʠ ʤʝʪʦʜʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʘʩʩ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʚʳʯʠʩʣʷʶʪ ʦʮʝʥʢʫ ʵʬʬʝʢʪʘ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʫʪʝʤ ʩʚʝʜʝʥʠʷ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ ʢ ʟʘʜʘʯʝ ʨʝʛʨʝʩʩʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʛʦʨʠʪʤʦʚ 

ʨʝʛʨʝʩʩʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ʠ ʩʣʫʯʘʡʥʳʡ ʣʝʩ. ʉʨʘʚʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʜʚʫʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ. ʇʝʨʚʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʫʣʝ. ɺʪʦʨʦʡ ʥʘʙʦʨ ʜʘʥʥʳʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʘʣʴʥʳʝ ʜʘʥʥʳʝ ʥʝʢʦʪʦʨʦʛʦ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʘ. ɺ ʢʦʥʮʝ ʩʪʘʪʴʠ ʜʘʝʪʩʷ 

ʨʝʢʦʤʝʥʜʘʮʠʷ ʧʦ ʚʳʙʦʨʫ ʘʣʛʦʨʠʪʤʦʚ ʨʝʛʨʝʩʩʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʘ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ. 

ɺ ʤʘʨʢʝʪʠʥʛʝ ʝʩʪʴ ʨʷʜ ʟʘʜʘʯ ʦʮʝʥʢʠ ʵʬʬʝʢʪʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ. ʅʘʧʨʠʤʝʨ, ʦʯʝʥʴ ʯʘʩʪʦ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʢʦʤʧʘʥʠʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʨʘʟʣʠʯʥʳʝ ʙʦʥʫʩʳ ʟʘ ʧʦʧʦʣʥʝʥʠʝ ʩʯʝʪʘ ʩ 

ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʩʨʝʜʥʠʭ ʪʨʘʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʩʚʷʟʴ: ʢʦʤʧʘʥʠʷ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʙʝʩʧʣʘʪʥʳʝ ʟʚʦʥʢʠ, ʣʠʙʦ ʩʤʩ, ʝʩʣʠ ʢʣʠʝʥʪ ʧʦʧʦʣʥʠʪ ʩʚʦʡ ʩʯʝʪ ʥʘ ʫʢʘʟʘʥʥʫʶ ʩʫʤʤʫ. ɽʩʣʠ 

ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʙʦʥʫʩʳ ʚʩʝʤ ʢʣʠʝʥʪʘʤ, ʪʦ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴʩʷ ʪʘʢ, ʯʪʦ ʢʦʤʧʘʥʠʷ ʙʦʣʴʰʝ 

ʧʦʪʝʨʷʝʪ, ʯʝʤ ʚʳʠʛʨʘʝʪ. ʅʘʧʨʠʤʝʨ, ʢʦʤʧʘʥʠʷ ʤʦʞʝʪ ʧʦʪʝʨʷʪʴ ʢʣʠʝʥʪʘ, ʝʩʣʠ ʦʥʘ ʥʘʯʥʝʪ ʝʤʫ 

ʟʚʦʥʠʪʴ ʠ ʧʨʝʜʣʘʛʘʪʴ ʙʦʥʫʩʳ ʠ ʢʣʠʝʥʪ ʢʨʘʡʥʝ ʥʝʛʘʪʠʚʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʪʘʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʪʘʢʦʡ ʩʧʦʩʦʙ, ʢʦʪʦʨʳʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦʙ ʘʢʪʠʚʥʦʩʪʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦʤʦʛ ʙʳ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪ ʦʪ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʪʦʛʦ ʢʣʠʝʥʪʘ. 

ʇʦʤʠʤʦ ʤʘʨʢʝʪʠʥʛʘ, ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʭʦʞʠʝ ʟʘʜʘʯʠ. ʅʘʧʨʠʤʝʨ, ʚ 

ʬʘʨʤʘʢʦʣʦʛʠʠ ʝʩʪʴ ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʣʝʯʝʙʥʳʭ ʩʚʦʡʩʪʚ ʥʝʢʦʪʦʨʦʛʦ ʧʨʝʧʘʨʘʪʘ. 

ʆʜʥʦ ʠʟ ʧʝʨʚʳʭ ʨʝʰʝʥʠʡ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʟʘʜʘʯ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʚ 2002 ʛʦʜʫ 

ɺʠʢʪʦʨʦʤ ʃʦ [1]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʥʝ ʙʫʜʝʤ ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ ʦʧʠʩʘʥʠʠ ʤʝʪʦʜʦʚ. 

ʇʦʜʨʦʙʥʝʝ ʩ ʤʝʪʦʜʘʤʠ ʦʮʝʥʢʠ ʵʬʬʝʢʪʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʦʙʟʦʨʥʦʡ 

ʩʪʘʪʴʝ [2]. ʇʝʨʝʡʜʝʤ ʢ ʩʨʘʚʥʝʥʠʶ ʤʝʪʦʜʦʚ. 

                                                 

É ʂʫʯʫʤʦʚ ɸ.ʀ., 2019 



 

207 

 

ʉʨʘʚʥʝʥʠʝ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʪʨʝʭ ʤʝʪʦʜʘʭ ʦʮʝʥʢʠ ʵʬʬʝʢʪʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʤʝʪʦʜʳ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʩʝʤʝʡʩʪʚʫ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʦʝ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʫʪʝʤ ʝʸ ʩʚʝʜʝʥʠʷ ʢ ʟʘʜʘʯʝ ʨʝʛʨʝʩʩʠʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʝʛʨʝʩʩʠʠ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʝʡ ʠ ʩʣʫʯʘʡʥʳʤ ʣʝʩʦʤ. ʂʦʤʙʠʥʘʮʠʷ ʪʨʸʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʜʚʫʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʝʛʨʝʩʩʠʠ ʜʘʝʪ ʰʝʩʪʴ ʤʦʜʝʣʝʡ: 

ʚʦʟʜʝʡʩʪʚʠʝ ʢʘʢ ʧʝʨʝʤʝʥʥʘʷ (ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ), ʚʦʟʜʝʡʩʪʚʠʝ ʢʘʢ ʧʝʨʝʤʝʥʥʘʷ (ʩʣʫʯʘʡʥʳʡ 

ʣʝʩ), ʤʝʪʦʜ ʜʚʫʭ ʤʦʜʝʣʝʡ (ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ), ʤʝʪʦʜ ʜʚʫʭ ʤʦʜʝʣʝʡ (ʩʣʫʯʘʡʥʳʡ ʣʝʩ), 

ʢɻʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ (ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ), ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ (ʩʣʫʯʘʡʥʳʡ ʣʝʩ). 

ʊʘʢ ʢʘʢ ʢʘʞʜʘʷ ʪʝʩʪʠʨʫʝʤʘʷ ʤʦʜʝʣʴ ʚʳʯʠʩʣʷʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʵʬʬʝʢʪ, ʘ ʥʘʤ ʥʫʞʥʦ 

ʦʮʝʥʠʪʴ, ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʚʩʝʡ ʤʦʜʝʣʠ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʩʨʘʚʥʝʥʠʷ ʤʦʜʝʣʝʡ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʥʠʡ ʵʬʬʝʢʪ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ 3 ʰʘʛʦʚ. ʅʘ ʧʝʨʚʦʤ 

ʰʘʛʝ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʨʘʟʜʝʣʠʤ ʜʘʥʥʳʝ ʥʘ ʦʙʫʯʘʶʱʫʶ ʠ ʪʝʩʪʦʚʫʶ ʚʳʙʦʨʢʫ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 7 ʢ 3. ɿʘʪʝʤ ʦʙʫʯʠʤ ʢʘʞʜʫʶ ʤʦʜʝʣʴ ʠ ʧʨʝʜʩʢʘʞʝʤ ʩʨʝʜʥʠʡ ʵʬʬʝʢʪ ʥʘ ʪʝʩʪʦʚʦʡ 

ʚʳʙʦʨʢʝ ʜʣʷ ʢʘʞʜʦʡ ʤʦʜʝʣʠ. ʇʨʦʜʝʣʘʝʤ ʦʧʠʩʘʥʥʳʝ ʰʘʛʠ 10 ʨʘʟ ʜʣʷ ʢʘʞʜʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. 

ʏʝʤ ʚʳʰʝ ʩʨʝʜʥʠʡ ʵʬʬʝʢʪ, ʪʝʤ ʣʫʯʰʝ ʨʘʙʦʪʘʝʪ ʤʦʜʝʣʴ. ʉʨʘʚʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʚʦʜʠʪʩʷ ʚ 

ʘʚʪʦʨʩʢʦʤ ʧʘʢʝʪʝ, ʥʘʧʠʩʘʥʥʦʤ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. ɺ ʨʘʤʢʘʭ ʩʨʘʚʥʝʥʠʷ, 

ʘʣʛʦʨʠʪʤʳ ʨʝʛʨʝʩʩʠʠ ʥʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʥʘʩʪʨʦʡʢʠ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘʙʦʨ ʜʘʥʥʳʭ Hillstrom Email 

Marketing ʠ ʥʘʙʦʨ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʅʘʙʦʨ ʜʘʥʥʳʭ Hillstrom Email Marketing ʭʨʘʥʠʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ 64000 ʢʣʠʝʥʪʘʭ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʘ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʟʘʢʣʶʯʘʣʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʨʛʘʥʠʟʘʪʦʨʳ ʦʪʦʙʨʘʣʠ 64000 ʢʣʠʝʥʪʦʚ, ʢʦʪʦʨʳʝ 

ʩʦʚʝʨʰʘʣʠ ʧʦʢʫʧʢʠ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʠ ʨʘʟʜʝʣʠʣʠ ʠʭ ʥʘ 3 ʛʨʫʧʧʳ. ʇʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʧʨʘʚʠʣʠ 

ʩʦʦʙʱʝʥʠʝ ʩ ʨʝʢʣʘʤʦʡ ʞʝʥʩʢʠʭ ʪʦʚʘʨʦʚ, ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʩ ʨʝʢʣʘʤʦʡ ʤʫʞʩʢʠʭ ʪʦʚʘʨʦʚ. 

ʋʯʘʩʪʥʠʢʘʤ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ ʩʦʦʙʱʝʥʠʡ ʥʝ ʦʪʧʨʘʚʣʷʣʠ. ʏʝʨʝʟ 2 ʥʝʜʝʣʠ ʦʨʛʘʥʠʟʘʪʦʨʳ 

ʧʦʩʯʠʪʘʣʠ, ʩʢʦʣʴʢʦ ʢʘʞʜʳʡ ʢʣʠʝʥʪ ʧʦʪʨʘʪʠʣ ʟʘ 2 ʥʝʜʝʣʠ. ɺ ʩʨʘʚʥʝʥʠʠ ʙʫʜʫʪ ʫʯʘʩʪʚʦʚʘʪʴ 

ʪʦʣʴʢʦ ʢʣʠʝʥʪʳ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʣʫʯʘʣʠ ʩʦʦʙʱʝʥʠʡ ʠ ʧʦʣʫʯʠʣʠ ʩʦʦʙʱʝʥʠʝ ʩ ʨʝʢʣʘʤʦʡ 

ʤʫʞʩʢʠʭ ʪʦʚʘʨʦʚ. ʅʘʙʦʨ ʩ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʩʦʜʝʨʞʠʪ 100 ʪʳʩʷʯ ʥʘʙʣʶʜʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ X1, X2, X3 ï ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ; E ï 

ʥʝʢʦʪʦʨʘʷ ʧʦʛʨʝʰʥʦʩʪʴ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ; T ï ʚʦʟʜʝʡʩʪʚʠʝ (0 ʠʣʠ 

1), ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ; Y ï ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʢʘʟʘʥʠʷ. 
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ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʧʦʩʨʝʜʩʪʚʦʤ çʷʱʠʢʦʚ ʩ ʫʩʘʤʠè) 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʩʢʘʟʘʥʠʡ ʵʬʬʝʢʪʦʚ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. ʂʘʢ 

ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʣʠʥʝʡʥʫʶ ʨʝʛʨʝʩʩʠʶ, ʜʘʶʪ ʣʫʯʰʝ ʨʝʟʫʣʴʪʘʪ 

ʥʝʞʝʣʠ, ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʩʣʫʯʘʡʥʳʡ ʣʝʩ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ 

ʠʩʭʦʜʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʩʛʝʥʝʨʠʨʦʚʘʥ ʧʦ ʣʠʥʝʡʥʦʡ ʬʦʨʤʫʣʝ. 

 

ʈʠʩʫʥʦʢ 1. ʇʨʝʜʩʢʘʟʘʥʥʳʡ ʵʬʬʝʢʪ ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʩ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ 

 

ʈʠʩʫʥʦʢ 2. ʇʨʝʜʩʢʘʟʘʥʥʳʡ ʵʬʬʝʢʪ ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ Hillstrom Email Marketing 
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ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʩʢʘʟʘʥʠʡ ʵʬʬʝʢʪʦʚ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ Hillstrom Email Marketing. ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, 

ʵʢʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ (ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ) ʠ ʤʝʪʦʜ ʜʚʫʭ ʤʦʜʝʣʝʡ (ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ) 

ʜʘʶʪ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʦʜʥʘʢʦ, ʦʩʪʘʣʴʥʳʝ ʤʦʜʝʣʠ ʪʦʞʝ ʧʦʢʘʟʳʚʘʶʪ ʭʦʨʦʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ. 

ʕʢʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ (ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ) ʠ ʤʝʪʦʜ ʜʚʫʭ ʤʦʜʝʣʝʡ (ʣʠʥʝʡʥʘʷ 

ʨʝʛʨʝʩʩʠʷ) ʥʘ ʦʙʦʠʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʉʢʦʨʝʝ ʚʩʝʛʦ, 

ʝʩʣʠ ʙʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʘʩʪʨʦʡʢʘ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʘʣʛʦʨʠʪʤʦʚ ʨʝʛʨʝʩʩʠʠ, ʪʦ ʤʦʜʝʣʠ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʩʣʫʯʘʡʥʳʡ ʣʝʩ, ʧʦʢʘʟʘʣʠ ʙʳ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʦʤʠʤʦ ʣʠʥʝʡʥʦʡ 

ʨʝʛʨʝʩʩʠʠ ʠ ʩʣʫʯʘʡʥʦʛʦ ʣʝʩʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʦʡ ʜʨʫʛʦʡ ʘʣʛʦʨʠʪʤ ʨʝʛʨʝʩʩʠʠ, 

ʥʘʧʨʠʤʝʨ, SVM ʠʣʠ ʣʶʙʫʶ ʨʝʘʣʠʟʘʮʠʶ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ (XGBoost, CatBoost ʠ ʜʨʫʛʠʝ). 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. Lo V. The true lift model: a novel data mining approach to response modeling in database 

marketing // ACM SIGKDD Explorations Newsletter. 2002 Dec 1;4(2):78-86. 

2. Devriendt F, Moldovan D, Verbeke W. A literature survey and experimental evaluation of 

the state-of-the-art in uplift modeling: A stepping stone toward the development of 

prescriptive analytics // Big data. 2018 Mar 1;6(1):13-41. 

COMPARISON OF METHODS EVALUATI ON TREATMENT EFFECTS  

Kuchumov Artem I. 

National Research University Higher School of Economics, 38, Studencheskaya st., Perm, 614070, 

Russia, duketemon@yandex.ru 

Machine learning methods are widely used nowadays. Recommender systems, voice control, self-

driving cars, etc. In this paper, the author tells about a number of problems whose solution requires 

the use of machine learning methods. Also, this article compares three methods for assessing the 

effect of exposure. The method of two models, treatment as variable method and econometric 

method. All three methods are a class of methods that calculate the impact effect score by reducing 

the original problem to the regression problem. The comparison takes place on two datasets. The 

first data set is synthetic data, which was obtained by a predetermined law. The second dataset of 

data represents the real data of some online store. The paper concludes with a discussion on the best 

method choice. 

Keywords: artificial intelligence, machine learning, uplift modeling. 
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ʆʊʈɸʉʃɽɺɸʗ ʀɼɽʅʊʀʌʀʂɸʎʀʗ ʇʈɽɼʇʈʀʗʊʀʁ ʀ ʆʈɻɸʅʀɿɸʎʀʁ ʇʆ ɺʀɼɸʄ 

ʕʂʆʅʆʄʀʏɽʉʂʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ44 

ʂʳʣʦʩʦʚʘ ɺʠʢʪʦʨʠʷ ɺʠʢʪʦʨʦʚʥʘ 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614000, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʂʦʤʩʦʤʦʣʴʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ. 29, kylosova1195@mail.ru 

ʈʘʩʩʤʦʪʨʝʥʘ ʛʠʧʦʪʝʟʘ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʠʜʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ 

ʙʫʭʛʘʣʪʝʨʩʢʦʡ ʦʪʯʝʪʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʚʝʨʢʫ 

ʢʦʥʪʨʘʛʝʥʪʘ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʥʘʜ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ. ʈʘʙʦʪʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʧʷʪʠ ʦʪʨʘʩʣʝʡ: ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʜʦʙʳʯʘ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʭʠʤʠʯʝʩʢʘʷ, ʦʪʨʘʩʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʘʚʠʣʴʥʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʪʨʘʩʣʠ ʩ ʪʦʯʥʦʩʪʴʶ 83%. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʬʠʥʘʥʩʦʚʘʷ ʦʪʯʝʪʥʦʩʪʴ, ʧʨʦʚʝʨʢʘ 

ʢʦʥʪʨʘʛʝʥʪʦʚ, ʦʪʨʘʩʣʝʚʘʷ ʩʧʝʮʠʬʠʢʘ, ʦʪʨʘʩʣʝʚʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʩʠʩʪʝʤʥʦ-ʢʦʛʥʠʪʠʚʥʳʡ 

ʘʥʘʣʠʟ. 

ɺ ʫʩʣʦʚʠʷʭ ʚʩʸ ʙʦʣʝʝ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʵʢʦʥʦʤʠʢʠ ʚʦʧʨʦʩ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ ʦʪʨʘʩʣʝʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʪʦ ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʠʶ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʙʫʭʛʘʣʪʝʨʩʢʦʡ ʦʪʯʝʪʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ 

ʧʨʦʚʝʨʢʫ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʦʪʨʘʩʣʝʡ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʚʝʨʢʫ 

ʢʦʥʪʨʘʛʝʥʪʦʚ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʦʪʨʘʩʣʝʚʫʶ 

ʩʧʝʮʠʬʠʢʫ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʬʠʥʘʥʩʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʠʩʪʝʤʥʦ-ʢʦʛʥʠʪʠʚʥʳʡ ʘʥʘʣʠʟ ʚʳʙʦʨʢʠ ʠʟ 500 

ʧʨʝʜʧʨʠʷʪʠʡ ʧʷʪʠ ʦʪʨʘʩʣʝʡ (ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʜʦʙʳʯʘ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ, ʭʠʤʠʯʝʩʢʘʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʦʪʨʘʩʣʴ) ʩ ʮʝʣʴʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʦʪʨʘʩʣʠ ʩʨʝʜʠ ʦʩʪʘʣʴʥʳʭ 4 [2]. ʊʦ ʝʩʪʴ ʚʳʜʝʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʠʭ 

ʜʠʘʧʘʟʦʥʦʚ ʜʣʷ ʦʪʥʝʩʝʥʠʷ ʦʪʨʘʩʣʠ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʜʫ. ʆʪʨʘʩʣʝʚʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠʤʝʝʪ ʤʘʩʩʫ ʥʘʧʨʘʚʣʝʥʠʡ ʚʥʝʜʨʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʘ ʮʝʣʦʩʪʥʘʷ ʩʠʩʪʝʤʘ 

ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʧʨʦʩʦʤ, 

ʪʘʢʠʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʤʦʛʫʪ ʩʪʘʪʴ: ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʨʛʘʥʳ, ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʢʦʤʧʘʥʠʠ, 

ʢʨʝʜʠʪʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ.  

                                                 

É ʂʳʣʦʩʦʚʘ ɺ.ɺ., 2019 

 



 

211 

 

ʄʝʪʦʜʳ ʩʠʩʪʝʤʥʦ-ʢʦʛʥʠʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʤʦʜʝʣʴ ʩ ʥʘʠʙʦʣʴʰʝʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʘʚʠʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ï INF 1 [1]: 

 
ji

ij

ij
NN

NN
I 2logÖ=y , (1) 

ʛʜʝ I ij ï ʦʮʝʥʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʚʘʞʥʦʩʪʠ ʧʨʠʟʥʘʢʘ i ʜʣʷ ʢʣʘʩʩʘ j, Nij ï ʢʦʣʠʯʝʩʪʚʦ ʚʩʪʨʝʯ j-

ʛʦ ʟʥʘʯʝʥʠʷ ʙʫʜʫʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ i-ʤ ʟʥʘʯʝʥʠʠ ʧʨʦʰʣʦʛʦ ʧʘʨʘʤʝʪʨʘ, Ni ï ʢʦʣʠʯʝʩʪʚʦ 

ʚʩʪʨʝʯ i-ʤ ʟʥʘʯʝʥʠʷ ʧʨʦʰʣʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦ ʚʩʝʡ ʚʳʙʦʨʢʝ, Nj ï ʢʦʣʠʯʝʩʪʚʦ ʚʩʪʨʝʯ j-ʛʦ 

ʟʥʘʯʝʥʠʷ ʙʫʜʫʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦ ʚʩʝʡ ʚʳʙʦʨʢʝ, N ï ʢʦʣʠʯʝʩʪʚʦ ʚʩʪʨʝʯ j-ʛʦ ʟʥʘʯʝʥʠʷ 

ʙʫʜʫʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ i-ʤ ʟʥʘʯʝʥʠʠ ʧʨʦʰʣʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦ ʚʩʝʡ ʚʳʙʦʨʢʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʡ ʤʦʜʝʣʠ ʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʙʫʭʛʘʣʪʝʨʩʢʦʡ ʦʪʯʝʪʥʦʩʪʠ 86 ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʜʣʷ ʚʳʜʝʣʝʥʥʳʭ ʜʠʘʧʘʟʦʥʦʚ 

ʦʩʥʦʚʥʳʭ ʩʪʘʪʝʡ ʙʘʣʘʥʩʘ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʭʘʨʘʢʪʝʨʥʦʩʪʠ (ʩʤ. ʪʘʙʣʠʮʫ). 

ʊʘʙʣʠʮʘ. ʇʦʨʪʨʝʪ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ 
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1 ˻͍ͫͤͦͤ·͔ ͔͍ͫͪ͒ͫͭ͊ 0,37 1,26 1,29 1,29 -1,13 -2,27 -0,46 -3,76 -3,76 0,00 

2 ͙͍̅ͤ͊ͤͫͦ·͔ ͍͔͙ͦ͗ͤ͡Ύ  0,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

3 ˻͔ͭͦ͗ͤͤ͡·͔ ͎͍ͤ͊ͦͦ͡·͔ ͙͍͊ͭ͟·  0,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

4 ˭͊ͨ͊ͫ· -1,74 1,50 1,97 0,58 0,75 -0,36 2,67 0,00 -2,27 0,00 

5 ˨͔͙͋ͭͦͪͫ͊͟Ύ ͔͊͒ͦ͗ͤͤͦͫͭ͘͡Έ  -2,90 -0,93 1,44 0,23 2,01 1,46 2,72 1,31 1,17 0,00 

6 

͙͍̅ͤ͊ͤͫͦ·͔ ͍͔͙ͦ͗ͤ͡Ύ ό͊͘ 
͙ͫ͟͡Ό;͔͙͔ͤͣ ͔͔͒ͤ͗ͤ·ͻ 
Ή͍͙͍͔͍͊ͤͭͦ͟͡ύ -0,13 2,86 -1,13 2,15 3,78 0,00 0,00 0,00 0,00 0,00 

7 
˨͔͔ͤ͗ͤ·͔ ͔͍ͫͪ͒ͫͭ͊ ͙ ͔͔͒ͤ͗ͤ·͔ 
Ή͍͙͍͔͊ͤͭ͟͡· 0,04 -1,02 2,37 0,00 0,00 0,00 2,15 0,00 0,00 0,00 

8 
˹͔͔͔͔ͪ͊ͫͨͪ͒ͤͤ͊͡Ύ ͙ͨͪ͋·͡Έ 
ό͔ͤͨͦͪ͟·ͭ·͚ ͯ͋·ͭͦ͟ύ 1,28 1,28 1,28 -2,10 -2,10 -2,10 -2,10 -2,10 -2,10 

-
2,10 

9 ˨͎ͦͦͫͪͦ͡;ͤ·͔ ͔͊ͣͤ͘·͔ ͔͍ͫͪ͒ͫͭ͊  0,95 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

10 ˴ͪ͊ͭͦͫͪͦ͟;ͤ·͔ ͔͊ͣͤ͘·͔ ͔͍ͫͪ͒ͫͭ͊  0,95 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

11 ˴͔͙ͪ͒ͭͦͪͫ͊͟Ύ ͔͊͒ͦ͗ͤͤͦͫͭ͘͡Έ -2,31 -2,31 -2,31 2,02 2,02 2,02 2,02 1,50 1,50 1,50 

ɺ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʡ ʪʘʙʣʠʮʝ ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʦ ʫʩʣʦʚʥʦʝ ʬʦʨʤʘʪʠʨʦʚʘʥʠʝ, 

ʛʜʝ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ ʦʪʨʘʞʝʥʳ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʜʠʘʧʘʟʦʥʳ ʩʪʘʪʝʡ, ʢʨʘʩʥʳʤ ï ʥʘʠʙʦʣʝʝ 

ʥʝʭʘʨʘʢʪʝʨʥʳʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʪʴʷ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ʜʦ 40%. 

ʉʪʘʪʴʷ ʟʘʧʘʩʦʚ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʘ ʚ ʜʠʘʧʘʟʦʥʝ 60-70%, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʧʘʩʦʚ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ. ʉʪʘʪʴʷ 

ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʘ ʧʨʠ ʚʳʩʦʢʦʡ ʜʦʣʝ ʚ ʙʘʣʘʥʩʝ ʠ ʘʙʩʦʣʶʪʥʦ ʥʝ 

ʭʘʨʘʢʪʝʨʥʘ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 10%. ʉʧʝʮʠʬʠʢʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ 
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ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ 

ʮʠʢʣʝ ʨʘʙʦʪʳ ʜʣʷ ʢʦʤʧʘʥʠʡ ʭʘʨʘʢʪʝʨʥʦ ʫʚʝʣʠʯʝʥʠʝ ʜʘʥʥʦʡ ʩʪʘʪʴʠ. ʇʨʠʟʥʘʢ ʩ ʥʘʠʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʴʶ ʭʘʨʘʢʪʝʨʥʦʩʪʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʝʪʩʷ ʜʠʘʧʘʟʦʥ 40-50% ʜʣʷ 

ʩʪʘʪʴʠ ʬʠʥʘʥʩʦʚʳʭ ʚʣʦʞʝʥʠʡ. ɺr ʩʦʢʘʷ ʜʦʣʷ ʥʝʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʧʨʠʙʳʣʠ ʘʙʩʦʣʶʪʥʦ ʥʝ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʜʘʥʥʘʷ ʩʪʘʪʴʷ ʭʘʨʘʢʪʝʨʥʘ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 30%. 

ɼʦʣʛʦʩʨʦʯʥʳʝ ʠ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʟʘʝʤʥʳʝ ʩʨʝʜʩʪʚʘ ʭʘʨʘʢʪʝʨʥʳ ʣʠʰʴ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 10%. 

ʉʪʘʪʴʷ ʢʨʝʜʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʪʘʢʞʝ ʢʘʢ ʠ ʜʝʙʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʠʥʜʠʢʘʪʠʨʫʶʱʝʡ ʩʪʘʪʴʸʡ. ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʡ ʜʠʘʧʘʟʦʥ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 30 ʜʦ 

70%.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʧʦʩʪʨʦʝʥ ʧʦʨʪʨʝʪ ʦʪʨʘʩʣʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʢ ʦʪʨʘʩʣʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

ɺ ʭʦʜʝ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʜʠʘʧʘʟʦʥʳ 

ʩʪʘʪʝʡ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ ʢʘʞʜʦʡ ʠʟ 5 ʦʪʨʘʩʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʦʚʦʜʠʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʦʪʨʘʩʣʠ ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʜʘʚʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʦʮʝʥʢʫ 

ʩʬʝʨʝ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʦʪʨʘʩʣʝʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʘʩʪ 

ʥʝʦʙʭʦʜʠʤʫʶ ʙʘʟʫ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʘ ʨʝʘʣʠʟʘʮʠʠ ʨʝʛʠʦʥʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ, 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʦʣʠʪʠʢʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ. ʊʘʢʞʝ ʚ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʠ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʨʘʩʣʝʚʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʥʘʠʙʦʣʝʝ ʢʦʨʨʝʢʪʥʳʤ ʦʙʨʘʟʦʤ ʦʪʨʘʞʘʪʴ ʪʝʢʫʱʫʶ ʩʠʪʫʘʮʠʶ ʚ ʦʪʨʘʩʣʷʭ.  
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The hypothesis about the possibility of identifying the type of economic activity on the financial 

statements of enterprises and organizations was considered, which will allow to verify the 

counterparty, as well as to control the provided statistical data. The work was carried out on the 

example of five industries: construction, mining, chemical, information technology and agriculture. 

As a result of the study, a model was developed with the probability of correct identification of the 

industry with an accuracy of 83%. 
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ʂʃɸʉʊɽʈʀɿɸʎʀʗ ʊɽʂʉʊʆɺʓʍ ɼʆʂʋʄɽʅʊʆɺ ʅɸ ʆʉʅʆɺɽ ʉɽʄɸʅʊʀʏɽʉʂʀʍ 

ʇʆʃɽʁ 

ʃʘʙʫʪʠʥ ʀʚʘʥ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ɹʝʣʦʫʩʦʚ ʂʦʥʩʪʘʥʪʠʥ ʀʛʦʨʝʚʠʯ, ʏʫʧʨʠʥʘ ʉʚʝʪʣʘʥʘ ʀʛʦʨʝʚʥʘ 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614990, ʈʦʩʩʠʷ, 
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ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʠ ʝʛʦ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ 

ʧʦʨʪʨʝʪʦʤ ʧʦ ʤʦʜʝʣʠ Big Five. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʢ ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʠʩʪʝʤʫ 

ʛʨʘʬʦʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ñʉʝʤʦʛʨʘʬò. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʞʜʫ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤ 

ʧʦʚʝʜʝʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʝʛʦ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ 

ʣʠʥʝʡʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʥʦ ʥʘʣʠʯʝʩʪʚʫʝʪ ʚʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʥʝʣʠʥʝʡʥʳʭ. ɼʝʤʦʥʩʪʨʠʨʫʝʪʩʷ, ʯʪʦ ʧʦʩʪʨʦʝʥʥʦʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘʜ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ, ʜʘʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʣʷʪʴ ʚ ʥʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʥʘʭʦʜʠʪʴ ʦʰʠʙʢʠ, ʜʦʧʫʱʝʥʥʳʝ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ. 45 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʤʘʥʪʠʯʝʩʢʦʝ ʧʦʣʝ, ʢʣʘʩʪʝʨʠʟʘʮʠʷ, ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ, 

ʪʝʢʩʪʦʚʳʡ ʜʦʢʫʤʝʥʪ  

ɺʚʝʜʝʥʠʝ 

ʆʪʝʯʝʩʪʚʝʥʥʳʡ ʧʨʦʝʢʪ ñʉʝʤʦʛʨʘʬò [1] ʥʘʮʝʣʝʥ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʪʨʫʜʘ ʧʨʠʢʣʘʜʥʦʛʦ 

ʣʠʥʛʚʠʩʪʘ. ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚ ʩʪʘʜʠʠ ʘʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʭʦʜʠʪʩʷ ʥʦʚʘʷ, ʪʨʝʪʴʷ ʚʝʨʩʠʷ 

ñʉʝʤʦʛʨʘʬʘò. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʥʘʜ ñʉʝʤʦʛʨʘʬʦʤò ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ - ʨʝʘʣʠʟʦʚʘʪʴ 

ʤʝʪʦʜʳ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʧʦʣʝʡ. ʉʝʤʘʥʪʠʯʝʩʢʦʝ ʧʦʣʝ - 

ñʩʦʚʦʢʫʧʥʦʩʪʴ ʷʟʳʢʦʚʳʭ ʝʜʠʥʠʮ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʦʙʱʥʦʩʪʴʶ ʩʦʜʝʨʞʘʥʠʷ ʠ ʦʪʨʘʞʘʶʱʠʭ 

ʧʦʥʷʪʠʡʥʦʝ, ʧʨʝʜʤʝʪʥʦʝ ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʭʦʜʩʪʚʦ ʦʙʦʟʥʘʯʘʝʤʳʭ ʷʚʣʝʥʠʡò [2]. 

ʉʝʤʘʥʪʠʯʝʩʢʠʝ ʧʦʣʷ ʤʦʛʫʪ ʙʳʪʴ ʚʣʦʞʝʥʳ ʜʨʫʛ ʚ ʜʨʫʛʘ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʠʝʨʘʨʭʠʶ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʩʦʟʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪ [3] 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʜ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ ʠ 

ʘʣʛʦʨʠʪʤʘʤʠ, ʧʣʘʥʠʨʫʝʤʫʶ ʢ ʜʘʣʴʥʝʡʰʝʡ ʠʥʪʝʛʨʘʮʠʠ ʚ ñʉʝʤʦʛʨʘʬò, ʘ ʪʘʢʞʝ ʝʝ ʧʨʠʤʝʥʝʥʠʝ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʤʝʞʜʫ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʠ ʝʛʦ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ ʧʦʨʪʨʝʪʦʤ ʧʦ ʤʦʜʝʣʠ Big Five [4] .  

                                                 

É ɹʝʣʦʫʩʦʚ ʂ.ʀ., ʃʘʙʫʪʠʥ ʀ.ɸ., ʏʫʧʨʠʥʘ ʉ.ʀ., 2019 
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ʈʝʘʣʠʟʘʮʠʷ 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʜʘ ñʉʝʤʦʛʨʘʬʘò ʠ ʠʤʝʶʱʠʭʩʷ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ ʥʘʧʠʩʘʥʘ ʥʘ 

ʷʟʳʢʝ Python, ʧʦʵʪʦʤʫ ʦʥ ʙʳʣ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ. ʉʠʩʪʝʤʘ ʧʦʩʪʨʦʝʥʘ ʚ ʚʠʜʝ ʤʦʜʫʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩ ʥʘʙʦʨʦʤ ʧʦʜʢʣʶʯʘʝʤʳʭ 

ʧʣʘʛʠʥʦʚ (ʩʤ. ʨʠʩʫʥʦʢ 1), ʚ ʨʦʣʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʨʘʥʝʝ ʢʦʤʧʦʥʝʥʪʳ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʠʩʪʝʤʳ ʚʳʩʪʫʧʘʝʪ ʩʧʝʮʠʘʣʠʩʪ - ʧʨʠʢʣʘʜʥʦʡ ʣʠʥʛʚʠʩʪ, 

ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʧʦʣʥʠʪʴ ʫʩʪʘʥʦʚʢʫ ʠ ʥʘʩʪʨʦʡʢʫ ʧʣʘʛʠʥʦʚ. ɼʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʧʨʦʙʣʝʤ ʶʨʠʜʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʦʨʦʥʥʠʝ ʢʦʤʧʦʥʝʥʪʳ ʧʦʜ 

ʩʚʦʙʦʜʥʳʤʠ ʠ ʧʝʨʤʠʩʩʠʚʥʳʤʠ ʣʠʮʝʥʟʠʷʤʠ.  

 

ʈʠʩʫʥʦʢ 1. ʀʣʣʶʩʪʨʘʮʠʷ ʢʦʥʮʝʧʮʠʠ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ 

ʆʩʥʦʚʥʦʡ ʯʘʩʪʴʶ ʦʢʨʫʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʷʶʱʠʡ ʤʦʜʫʣʴ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʧʦʠʩʢ ʠ 

ʟʘʛʨʫʟʢʫ ʧʣʘʛʠʥʦʚ, ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʚʥʝʰʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʘ ʪʘʢʞʝ ʟʘ 

ʢʦʥʪʨʦʣʴ ʠʭ ʨʘʙʦʪʳ.  

ʇʨʠʢʣʘʜʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʣʘʛʠʥʳ, 

ʨʝʘʣʠʟʫʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ.  

ʈʝʟʫʣʴʪʘʪʳ 

ʎʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʣʩʷ ʧʦʠʩʢ ʠ ʚʳʷʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤ 

ʧʦʚʝʜʝʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʠ ʝʛʦ ʧʩʠʭʦʩʦʮʠʘʣʴʥʳʤ ʧʦʨʪʨʝʪʦʤ. ɼʣʷ ʵʪʦʛʦ 

ʙʳʣʦ ʩʦʙʨʘʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 20 ʪʳʩ. ʨʝʧʣʠʢ 299 ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, 

ʧʨʦʰʝʜʰʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʘʥʢʝʪʠʨʦʚʘʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʨʝʧʣʠʢʘʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʠʢʣʘʜʳʤʠ ʣʠʥʛʚʠʩʪʘʤʠ ʙʳʣʦ ʚʨʫʯʥʫʶ 

ʨʘʟʤʝʯʝʥʦ 110 ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʧʦʣʝʡ. ʄʦʜʝʣʴ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʩʪʨʦʠʣʘʩʴ ʧʫʪʝʤ ʚʳʙʦʨʘ ʤʝʜʠʘʥʳ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʧʦ ʚʩʝʤ ʝʛʦ ʪʝʢʩʪʘʤ. 
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a) ʂʦʨʝʣʣʷʮʠʷ ʙ) CANOVA 

ʈʠʩʫʥʦʢ 2. ʄʘʪʨʠʮʳ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʦ ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʨʠʮʳ ʢʦʨʝʣʣʷʮʠʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ 

ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʨʠʩʫʥʦʢ 2a). ʄʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʛʨʫʧʧʳ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʠʜʥʘ ʚʝʩʴʤʘ ʩʠʣʴʥʘʷ ʢʦʨʝʣʣʷʮʠʷ, ʢʘʢ ʠ ʚʥʫʪʨʠ ʛʨʫʧʧʳ 

ʧʘʨʘʤʝʪʨʦʚ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ (ʯʪʦ ʜʘʝʪ ʧʦʚʦʜ ʟʘʜʫʤʘʪʴʩʷ ʥʘ ʪʝʤʫ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʤʦʜʝʣʴ Big 

Five ʤʦʞʥʦ ʩʯʠʪʘʪʴ ñʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ ʙʘʟʠʩʦʤò), ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʢʦʨʝʣʣʷʮʠʡ ʤʝʞʜʫ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʥʝ ʚʳʷʚʣʝʥʦ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʤʘʪʨʠʮʘ ʢʦʨʝʣʣʷʮʠʠ ʧʦʟʚʦʣʠʣʘ ʦʙʥʘʨʫʞʠʪʴ ʚ ʜʘʥʥʳʭ ʜʫʙʣʠʨʫʶʱʠʝ 

ʜʨʫʛ ʜʨʫʛʘ ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʧʦʣʷ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʠʟ ʘʥʘʣʠʟʘ.  

ʆʪʩʫʪʩʪʚʠʝ ʢʦʨʝʣʣʷʮʠʠ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʣʠʰʴ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʩʪʘʣʦ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (1 ʩʢʨʳʪʳʡ ʩʣʦʡ ʩʦ 100 ʥʝʡʨʦʥʘʤʠ) ʩ 

ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ ʥʝʣʠʥʝʡʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʆʙʫʯʝʥʠʝ ʥʘ ʚʳʙʦʨʢʝ ʠʟ 210 

ʩʣʫʯʘʡʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦʟʚʦʣʠʣʦ ʥʘ ʪʝʩʪʦʚʦʤ ʥʘʙʦʨʝ ʠʟ 89 ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦʣʫʯʠʪʴ ʠʭ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩ ʪʦʯʥʦʩʪʴʶ 0.79, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʫʚʝʨʝʥʥʦʩʪʴʶ 

ʫʪʚʝʨʞʜʘʪʴ ʦ ʥʘʣʠʯʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ.  

ʊʘʢʞʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʚʳʷʚʣʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ CANOVA [7] 

(ʨʠʩʫʥʦʢ 2ʙ). ʆʪʤʝʪʠʤ, ʯʪʦ CANOVA ʷʚʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʳʤ ʪʝʩʪʦʤ, ʧʦʵʪʦʤʫ ʢ ʝʛʦ 

ʧʨʝʜʩʢʘʟʘʥʠʷʤ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴʩʷ ʩ ʦʩʪʦʨʦʞʥʦʩʪʴʶ.  

ɿʘʢʣʶʯʠʪʝʣʴʥʦʡ ʯʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʘ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ʇʦʩʣʝ ʧʝʨʚʠʯʥʦʡ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʤʝʪʦʜʦʤ k-means (ʨʝʘʣʠʟʦʚʘʥ SciPy) ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʧʦʣʫʯʝʥʥʦʛʦ ʢʣʘʩʪʝʨʘ 

ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚʪʦʨʠʯʥʘʷ ʙʠʢʣʘʩʪʝʨʠʟʘʮʠʷ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʜʝʣʠ Big Five, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʣʶʜʝʡ, ʧʦʧʘʚʰʠʭ ʚ ʜʘʥʥʳʡ ʢʣʘʩʪʝʨ, ʘ ʪʘʢʞʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʧʦʣʝʡ). ʈʝʟʫʣʴʪʘʪʳ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʢʣʘʩʪʝʨʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʈʠʩʫʥʦʢ 3, a - ʛ. 

 
 

a) ʉʝʤʘʥʪʠʯʝʩʢʠʝ ʧʦʣʷ (ʜʝʥʜʨʦʛʨʘʤʤʘ) ʙ) ʉʝʤʘʥʪʠʯʝʩʢʠʝ ʧʦʣʷ ʧʝʨʚʦʛʦ ʢʣʘʩʪʝʨʘ (heatmap) 

 
 

ʚ ) ʇʦʢʘʟʘʪʝʣʠ ʤʦʜʝʣʠ BFI (ʜʝʥʜʨʦʛʨʘʤʤʘ) ʛ) ʇʦʢʘʟʘʪʝʣʠ ʤʦʜʝʣʠ BFI (heatmap) 

ʈʠʩʫʥʦʢ 4: ʈʝʟʫʣʴʪʘʪʳ ʢʣʘʩʪʝʨʠʟʘʮʠʠ 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ c ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʫʚʝʨʝʥʥʦʩʪʠ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʤʝʞʜʫ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʠ ʝʛʦ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝ ʠʤʝʝʪʩʷ ʧʨʦʩʪʳʭ ʣʠʥʝʡʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʥʦ 

ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʝ, ʥʝʣʠʥʝʡʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʪʨʝʙʫʶʱʠʝ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʟʫʯʝʥʠʷ.  
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TEXT CLUSTERING WITH  SEMANTIC FIELDS  

 Belousov Konstantin I., Labutin Ivan A., Chuprina Svetlana I. 

Perm State University, 15, Bukireva st., Perm, 614990, Russia, barracuda72@bk.ru  

In this work we present the solution to the text clustering using semantic fields for the task of user 

profiling with Big Five model in social media by linguistic features (namely, semantic fields) that 

he uses in his comments. Study was conducted using machine learning algorithms in the çXè 

framework that is going to be integrated as a part of ``Semograph'' graphosemanical modeling 

system. It's shown that there are no clear linear dependencies between linguistic features and 

psychological traits, but with high certainty it could be assumed that there are some kind of 

nonlinear relations. The used framework proved to be useful tool in experimenting with datasets, 

helping with error catching and dependency tracking. 

Keywords: semantic fields, clustering, hierarchical clustering, text document 



 

219 

 

ʋɼʂ 004.451.25 

ɸʅɸʃʀɿ ʉʇʆʉʆɹʆɺ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ɼɽʇɸʈʊɸʄɽʅʊɸ 

ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ʉ ʇʆʃʔɿʆɺɸʊɽʃʗʄʀ46 

ʃʘʧʠʥ ɸʣʝʢʩʘʥʜʨ ɸʥʜʨʝʝʚʠʯ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, 614070, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ʉʪʫʜʝʥʯʝʩʢʘʷ, 38, alexanderlapin@yandex.ru 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʪʘʥʜʘʨʪʳ, ʚ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʶʪʩʷ ʣʫʯʰʠʝ ʠʟ ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʧʨʘʢʪʠʢʝ 

ʩʧʦʩʦʙʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʀʊ-ʧʦʜʨʘʟʜʝʣʝʥʠʡ: Control Objectives for Information and 

Related Technologies (CobIT), IT Infrastructure Library (ITIL ) ʠ Microsoft Operations Framework 

(MOF). ʂʘʞʜʳʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʧʨʝʜʝʣʝʥʥʫʶ ʤʝʪʦʜʠʢʫ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʀʊ-ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʇʨʦʚʝʜʝʥ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʪʦʠʤʦʩʪʥʦʡ ʘʥʘʣʠʟ ʢʘʞʜʦʡ ʠʟ ʤʝʪʦʜʠʢ, ʦʧʠʩʘʥʥʳʭ ʚ ʩʪʘʥʜʘʨʪʘʭ, ʜʣʷ ʀʊ-

ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʢʨʫʧʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʢʦʤʧʘʥʠʠ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʩʧʦʩʦʙʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʀʊ-ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʩ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʀʊ-ʫʩʣʫʛ, ʦʮʝʥʝʥʘ ʠʭ ʟʥʘʯʠʤʦʩʪʴ, ʦʮʝʥʝʥʘ ʩʪʦʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʨʦʣʝʡ ʚ ʚʳʧʦʣʥʝʥʠʝ ʬʫʥʢʮʠʡ, ʦʮʝʥʝʥʘ ʩʪʦʠʤʦʩʪʴ ʬʫʥʢʮʠʡ ʠ 

ʧʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʟʥʘʯʠʤʦʩʪʠ ʩʦ ʩʪʦʠʤʦʩʪʴʶ ʬʫʥʢʮʠʡ. ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʀʊ-

ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʠ ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʢʨʫʧʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʢʦʤʧʘʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʀʊ-ʫʩʣʫʛ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʪʦʠʤʦʩʪʥʦʡ ʘʥʘʣʠʟ, ITIL , 

CobIT, MOF. 

ʇʨʘʚʠʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʣʶʙʳʝ ʚʳʧʦʣʥʷʝʤʳʝ ʜʝʡʩʪʚʠʷ, ʬʫʥʢʮʠʠ ʠʣʠ ʮʝʣʳʝ ʧʨʦʮʝʩʩʳ. ɿʘʯʘʩʪʫʶ ʜʝʧʘʨʪʘʤʝʥʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʜʝʧʘʨʪʘʤʝʥʪ ʀʊ) ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ ʥʝ ʤʦʞʝʪ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʚʝʩʴ ʩʧʝʢʪʨ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʀʊ-ʫʩʣʫʛ ʠ ʚʳʩʪʨʦʠʪʴ 

ʧʦʨʷʜʦʢ ʠʭ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʝʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʩʪʘʥʜʘʨʪʳ ʫʧʨʘʚʣʝʥʠʷ ʀʊ, ʦʧʠʨʘʷʩʴ ʥʘ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʳʩʪʨʦʠʪʴ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʝʧʘʨʪʘʤʝʥʪʘ ʀʊ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʇʨʘʚʠʣʴʥʦ 

ʚʳʩʪʨʦʝʥʥʳʡ ʧʨʦʮʝʩʩ ʧʦʟʚʦʣʷʝʪ ʧʦʚʩrʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʀʊ-ʫʩʣʫʛ, ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʷ ʠʭ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ, ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʠ ʚʝʩʪʠ ʘʥʘʣʠʪʠʢʫ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. ʕʪʦ, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʚʝʜʝʪ ʥʘ ʤʠʥʠʤʫʤ ʧʨʦʩʪʦʠ ʦʪ ʦʞʠʜʘʥʠʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʨʘʙʦʪʳ ʀʊ ʠ 

ʩʦʢʨʘʪʠʪ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʢʣʠʝʥʪʦʚ ʢʦʤʧʘʥʠʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʨʦʜʫʢʮʠʠ.  

ʇʝʨʚʳʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʩʪʘʥʜʘʨʪʦʤ ʷʚʣʷʝʪʩʷ Control Objectives for Information and 

Related Technologies (CobIT). ɿʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʝʧʘʨʪʘʤʝʥʪʘ ʀʊ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʚ 
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ʜʘʥʥʦʤ ʩʪʘʥʜʘʨʪʝ ʦʪʚʝʯʘʝʪ çʋʧʨʘʚʣʝʥʠʝ ʩʣʫʞʙʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʠ ʠʥʮʠʜʝʥʪʘʤʠè. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʦʟʜʘʥʠʝ ʩʣʫʞʙʳ ʧʦʜʜʝʨʞʢʠ ʩ ʬʫʥʢʮʠʷʤʠ ʨʝʛʠʩʪʨʘʮʠʠ 

ʠʥʮʠʜʝʥʪʦʚ, ʘʥʘʣʠʟʘ ʠʥʮʠʜʝʥʪʦʚ ʠ ʪʝʥʜʝʥʮʠʡ, ʘ ʪʘʢʞʝ ʨʘʟʨʝʰʝʥʠʷ ʚʦʟʥʠʢʰʠʭ ʧʨʦʙʣʝʤ [1]. 

ʉʣʝʜʫʶʱʠʡ ʩʪʘʥʜʘʨʪ ï Information Technologies Infrastructure Library (ITIL ). ɿʜʝʩʴ ʚ 

ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʟʚʝʥʘ ʤʝʞʜʫ ʜʝʧʘʨʪʘʤʝʥʪʦʤ ʀʊ ʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʚʳʩʪʫʧʘʝʪ Service 

Desk ï ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʝʜʠʥʠʮʘ, ʢʦʪʦʨʘʷ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʦʙʨʘʙʦʪʢʫ 

ʩʝʨʚʠʩʥʳʭ ʩʦʙʳʪʠʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʚʠʜʝ ʦʙʨʘʱʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʀʊ-ʫʩʣʫʛ ʠʣʠ 

ʩʦʦʙʱʝʥʠʡ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ [2]. 

ʇʦʩʣʝʜʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʩʪʘʥʜʘʨʪ ï Microsoft Operations Framework (MOF). 

ʇʨʦʮʝʩʩ çʋʧʨʘʚʣʝʥʠʝ ʧʨʦʙʣʝʤʘʤʠè, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʝʧʘʨʪʘʤʝʥʪʘ ʀʊ ʩ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘʙʦʨʦʤ ʠʥʩʪʨʫʢʮʠʡ ʧʦ ʦʙʨʘʙʦʪʢʝ ʩʣʦʞʥʳʭ 

ʠʥʮʠʜʝʥʪʦʚ ʠ ʧʨʦʙʣʝʤ. ʀʥʮʠʜʝʥʪ ï ʵʪʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʦʙʳʪʠʝ, ʢʦʪʦʨʦʝ ʥʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ 

ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʀʊ-ʫʩʣʫʛʠ ʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛʠ ʠʣʠ ʝʝ ʥʘʨʫʰʝʥʠʶ 

[3]. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʷʚʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʧʦʩʦʙ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʜʝʧʘʨʪʘʤʝʥʪʘ ʀʊ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʩʪʘʥʜʘʨʪʦʚ ʧʦʩʪʨʦʠʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʤʦʜʝʣʴ. ʄʦʜʝʣʴ ʧʦʟʚʦʣʠʪ ʥʘʛʣʷʜʥʦ ʦʪʦʙʨʘʟʠʪʴ ʚʳʧʦʣʥʷʝʤʳʝ ʚ ʨʘʤʢʘʭ 

ʧʨʦʮʝʩʩʘ ʬʫʥʢʮʠʠ ʠ ʨʦʣʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʚʳʧʦʣʥʝʥʠʠ. 

ʅʠʞʝ, ʥʘ ʨʠʩʫʥʢʝ 1, ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʦ ʤʝʪʦʜʠʢʝ çʋʧʨʘʚʣʝʥʠʝ 

ʧʨʦʙʣʝʤʘʤʠè ʩʪʘʥʜʘʨʪʘ MOF. ʂʘʢ ʚʠʜʥʦ, ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʷʝʪʩʷ 8 ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ, 

ʫʯʘʩʪʚʫʝʪ 7 ʨʦʣʝʡ. ʇʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʦʟʥʘʯʘʝʪ ʥʝʧʨʷʤʫʶ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʨʦʣʠ ʚ ʚʳʧʦʣʥʝʥʠʝ 

ʬʫʥʢʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ ʧʨʦʚʝʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʪʦʠʤʦʩʪʥʦʡ ʘʥʘʣʠʟ. 
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ʈʠʩʫʥʦʢ 1 ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʦ ʤʝʪʦʜʠʢʝ çʋʧʨʘʚʣʝʥʠʝ ʧʨʦʙʣʝʤʘʤʠè ʩʪʘʥʜʘʨʪʘ MOF 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʦ ʤʝʪʦʜʠʢʝ çʋʧʨʘʚʣʝʥʠʝ ʩʣʫʞʙʦʡ 

ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʠ ʠʥʮʠʜʝʥʪʦʚè ʩʪʘʥʜʘʨʪʘ CobIT. ʂʘʢ ʚʠʜʥʦ, ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʷʝʪʩʷ 

6 ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ, ʫʯʘʩʪʚʫʝʪ 7 ʨʦʣʝʡ. 

 

ʈʠʩʫʥʦʢ 2 ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʦ ʤʝʪʦʜʠʢʝ çʋʧʨʘʚʣʝʥʠʝ ʩʣʫʞʙʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʠ 

ʠʥʮʠʜʝʥʪʘʤʠè ʩʪʘʥʜʘʨʪʘ CobIT 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʦ ʤʝʪʦʜʠʢʝ çService Deskè 

ʩʪʘʥʜʘʨʪʘ ITIL . ʂʘʢ ʚʠʜʥʦ, ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʷʝʪʩʷ 10 ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ, ʫʯʘʩʪʚʫʝʪ 4 ʨʦʣʠ. 
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ʈʠʩʫʥʦʢ 3 ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʦ ʤʝʪʦʜʠʢʝ çService Deskè ʩʪʘʥʜʘʨʪʘ ITIL  

ʇʦʩʪʨʦʝʥʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʠʣʠ ʧʨʦʚʝʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʪʦʠʤʦʩʪʥʦʡ ʘʥʘʣʠʟ ʢʘʞʜʦʡ 

ʤʝʪʦʜʠʢʠ. ʌʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʪʦʠʤʦʩʪʥʳʡ ʘʥʘʣʠʟ (ʌʉɸ) ï ʤʝʪʦʜ ʩʠʩʪʝʤʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʫʥʢʮʠʡ ʦʙʲʝʢʪʘ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ ʠ ʧʦʣʝʟʥʦʩʪʴʶ [5]. ɺ ʮʝʣʦʤ, 

ʌʉɸ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʭʦʜʠʣ ʩʪʘʥʜʘʨʪʥʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʢʦʪʦʨʳʭ ʰʘʛʦʚ. ɺʦ-

ʧʝʨʚʳʭ, ʘʥʘʣʠʟ ʟʥʘʯʠʤʦʩʪʠ ʬʫʥʢʮʠʡ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʪʨʝʭʟʥʘʯʥʳʭ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ [4]. 

ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʘʥʘʣʠʟʝ ʩʪʦʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʫʯʠʪʳʚʘʣʠʩʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʪʘʢʠʝ ʢʘʢ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʨʦʣʠ (ʢʦʤʧʦʥʝʥʪʘ) ʚ ʧʨʦʮʝʩʩ, 

ʥʘʣʠʯʠʝ ʨʦʣʠ ʚ ʜʝʧʘʨʪʘʤʝʥʪʝ ʀʊ ʠ ʭʘʨʘʢʪʝʨ ʚʳʧʣʘʪ (ʧʦʣʥʦʮʝʥʥʘ ̫ʟʘʨʧʣʘʪʘ ʠʣʠ ʜʦʧʣʘʪʘ ʟʘ 

ʚʳʧʦʣʥʝʥʠʝ ʬʫʥʢʮʠʡ). 

ʂʨʘʪʢʘʷ ʩʚʦʜʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʌʉɸ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ. ʥʠʞʝ. 

ʊʘʙʣʠʮʘ. ʇʨʠʤʝʨ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʩʪʦʠʤʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ 

ʄʝʪʦʜʦʣʦʛʠʷ 
ʂʦʣ-ʚʦ 

ʬʫʥʢʮʠʡ 
ʂʦʣ-ʚʦ ʫʯʘʩʪʥʠʢʦʚ 

ɿʘʪʨʘʪʳ ʚ 

ʤʝʩʷʮ 
ʇʨʦʮʝʥʪ ʮʝʣʝʩʦʦʙʨʘʟʥʳʭ ʬʫʥʢʮʠʡ 

CobIT  6 6 ʩʫʱ. ʨʦʣʝʡ + 1 ʥʦʚʘʷ 101000  67% 

ITIL  10 2 ʩʫʱ. ʨʦʣʠ + 2 ʥʦʚʳʝ 82000  
70% (80% ʩ ʫʯʝʪʦʤ ʦʜʥʦʛʦ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ) 

MOF 8 2 ʩʫʱ. ʨʦʣʠ + 5 ʥʦʚʳʭ 172000  
50% (75% ʩ ʫʯʝʪʦʤ ʜʚʫʭ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ) 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʪʘʥʜʘʨʪʳ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʤʝʪʦʜʠʢʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʝʧʘʨʪʘʤʝʥʪʘ ʀʊ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩ ʮʝʣʴʶ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʦʪʩʫʪʩʪʚʠʷ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʩʧʝʢʪʨʘ ʠ ʧʦʨʷʜʢʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʀʊ-ʫʩʣʫʛ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʝʟʥʦʩʪʠ 

ʬʫʥʢʮʠʡ ʠ ʝʞʝʤʝʩʷʯʥʳʭ ʟʘʪʨʘʪ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʜʣʷ ʜʝʧʘʨʪʘʤʝʥʪʘ ʀʊ ʢʨʫʧʥʦʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʢʦʤʧʘʥʠʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʠʢʘ Service Desk, ʦʧʠʩʘʥʥʘʷ ʚ ʩʪʘʥʜʘʨʪʝ ITIL . 
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The standards describing the best of the applied in practice ways of the organization of activity of 

IT-departments are considered: Control Objectives for Information and Related Technologies 

(CobIT), IT Infrastructure Library (ITIL) and Microsoft Operations Framework (MOF). Each of 

these standards includes a specific methodology for the organization of interaction of IT-

departments with users. Conducted a functional cost analysis of each of the methods described in 

the standards for the IT department of a large manufacturing company. The analysis highlighted the 

main functions for each of the ways the IT-department interacts with the users of IT-services, 

assesses their significance, assesses the cost of components, analyzes the involvement of roles in the 

execution of functions, assesses the cost of functions and compares the significance with the cost of 

functions. The result of the analysis should be the most effective method of organizing the 

interaction of IT departments and employees in a large manufacturing company. 

Keywords: IT services provision, functional cost analysis, ITIL, CobIT, MOF. 



 

224 

 

ʋɼʂ 004.75 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʄʋʃʔʊʀɸɻɽʅʊʅʆʁ ʈɽʂʆʄɽʅɼɸʊɽʃʔʅʆʁ ʉʀʉʊɽʄʓ 

ʇʈɽɼʃʆɾɽʅʀʗ ONLINE-ʂʋʈʉʆɺ47 

ʄʘʢʘʨʦʚʘ ʀʥʥʘ ɺʘʣʝʨʴʝʚʥʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠè, 614070, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ʉʪʫʜʝʥʯʝʩʢʘʷ, 38, studyforim@gmail.com 

ʆʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʤʳ. ʈʘʩʩʤʦʪʨʝʥʦ ʧʦʥʷʪʠʝ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ ʠ ʦʩʥʦʚʥʳʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʦʜʭʦʜʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʠʩʪʝʤ: 

ʬʠʣʴʪʨʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʩʦʜʝʨʞʘʥʠʷ, ʢʦʣʣʘʙʦʨʘʪʠʚʥʘʷ ʬʠʣʴʪʨʘʮʠʷ, ʛʠʙʨʠʜʥʳʝ 

ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʟʥʘʥʠʷʭ. ʇʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʧʨʠʤʝʨʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ʈʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʤʫʣʴʪʠʘʛʝʥʪʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʧʨʠʚʝʜʝʥʳ ʦʙʟʦʨʳ 

ʨʘʙʦʪ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʠʭ ʨʝʟʫʣʴʪʘʪ. ʇʨʝʜʣʦʞʝʥʦ ʩʦʙʩʪʚʝʥʥʦʝ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʨʝʰʝʥʠʝ 

ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʦʧʠʩʘʥʳ ʟʘʜʘʯʠ ʩʠʩʪʝʤʳ: ʩʙʦʨ ʧʨʦʬʠʣʝʡ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʠ online-ʢʫʨʩʦʚ, ʚʳʷʚʣʝʥʠʝ ʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦ 

ʩʭʦʞʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʧʦʠʩʢ ʢʦʥʪʝʥʪʘ ʜʣʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʘ ʪʘʢʞʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ. ʆʧʠʩʘʥʘ ʢʦʤʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ, 

ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨʘ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ ʠ ʧʨʠʤʝʥʝʥʠʝ ʦʥʪʦʣʦʛʠʠ ʜʣʷ ʚʳʨʘʙʦʪʢʠ 

ʨʝʢʦʤʝʥʜʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʫʣʴʪʠʘʛʝʥʪʥʘʷ ʩʠʩʪʝʤʘ, ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ. 

ʈʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʩʪʦʣʴʢʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʠʤʳ, ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ ʵʪʦʪ ʢʣʘʩʩ 

ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʯʘʩʪʦ ʠʩʩʣʝʜʫʝʤʳʭ. ʈʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʨʘʟʥʳʝ 

ʧʦʜʭʦʜʳ ʚ ʨʝʘʣʠʟʘʮʠʠ, ʥʦ ʦʯʝʥʴ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ ʩʧʦʨʥʳʤ ʚʦʧʨʦʩʦʤ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʘ 

ʪʘʢʞʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʦʥʪʝʥʪ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʠʩʢʦʤ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʚ 

ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ online-ʢʫʨʩʦʚ. ʅʦʚʘʷ ʧʘʨʘʜʠʛʤʘ ʦʙʫʯʝʥʠʷ online (ʥʝ 

ʪʦʣʴʢʦ ʢʫʨʩʳ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʘʥʠʡ, ʥʦ ʠ ʧʝʨʝʭʦʜ ʢ ʩʠʩʪʝʤʝ online-ʫʥʠʚʝʨʩʠʪʝʪʦʚ) ʪʘʢʞʝ 

ʦʙʲʷʩʥʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʈʝʢʦʤʝʥʜʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ï ʵʪʦ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ çʩʧʦʩʦʙʥʳ ʫʛʘʜʳʚʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʷ 

ʠ ʥʫʞʜʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʧʨʝʜʣʘʛʘʪʴ ʧʦʜʭʦʜʷʱʠʝ ʨʝʰʝʥʠʷè [1]. ʅʘ ʩʝʛʦʜʥʷ 

ʦʩʥʦʚʥʳʤʠ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʤʦʜʝʣʷʤʠ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ: ʢʦʣʣʘʙʦʨʘʪʠʚʥʘʷ 

ʬʠʣʴʪʨʘʮʠʷ, ʬʠʣʴʪʨʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʥʪʝʥʪʘ, ʛʠʙʨʠʜʥʳʝ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʟʥʘʥʠʷʭ [2]. 

                                                 

É ʄʘʢʘʨʦʚʘ ʀ.ɺ., 2019 

 



 

225 

 

ʄʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʢʦʣʣʘʙʦʨʘʪʠʚʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʠʩʧʦʣʴʟʫʶʪ ʤʦʱʥʦʩʪʠ 

ʨʝʡʪʠʥʛʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʩʪʘʚʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʯʪʦʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʘʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʜʨʫʛʠʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ [2, ʩ. 8]. ɺ ʩʠʩʪʝʤʘʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʬʠʣʴʪʨʘʮʠʠ ʢʦʥʪʝʥʪʘ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʝʩʢʨʠʧʪʠʚʥʳʡ ʠʣʠ ʦʧʠʩʘʪʝʣʴʥʳʡ ʧʨʠʟʥʘʢ ʧʨʝʜʤʝʪʘ 

(ʨʝʢʦʤʝʥʜʘʮʠʠ), ʠ çʢʦʥʪʝʥʪè ʩʩʳʣʘʝʪʩʷ ʥʘ ʵʪʠ ʦʧʠʩʘʥʠʷ [2, ʩ. 14]. ʉʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʟʥʘʥʠʷʭ, ʵʬʬʝʢʪʠʚʥʳ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʮʝʥʢʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʤʘʣʦ ʜʣʷ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʘ ʚʳʙʦʨ 

ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʩʥʦʚʘʥ çʩʣʦʞʥʦʩʪʴʶè ʩʘʤʦʛʦ ʧʨʝʜʤʝʪʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ 

ʩʚʦʡʩʪʚ, ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʨʝʢʦʤʝʥʜʘʮʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʭʦʜʩʪʚʝ ʪʨʝʙʦʚʘʥʠʡ ʢʣʠʝʥʪʘ ʠ 

ʦʧʠʩʘʥʠʷ ʪʦʚʘʨʘ [2, ʩ.15]. ʀ ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʦʙʲʝʜʠʥʷʪʴ ʚ ʩʝʙʝ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ 

ʨʘʟʣʠʯʥʳʭ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʙʦʣʝʝ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ [2, ʩ.8]. 

ʇʦʧʫʣʷʨʥʝʡʰʠʝ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʩʝʛʦʜʥʷ ï Amazon, IMDb, Coursera, 

ʂʠʥʦʧʦʠʩʢ ʚ ʈʦʩʩʠʠ. ʊʦʨʛʦʚʳʝ ʧʣʦʱʘʜʢʠ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʝ 

ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ, AliExpress. 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʨʝʘʣʠʟʘʮʠʠ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʤʝʥʝʥʠʝ 

ʧʨʦʛʨʘʤʤʥʳʭ ʘʛʝʥʪʦʚ, ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʥʘʟʳʚʘʶʪ ʤʫʣʴʪʠʘʛʝʥʪʥʳʤʠ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ.  

ɺ ʨʘʙʦʪʝ çA Multi-Agent Recommender Systemè ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʫʣʴʪʠʘʛʝʥʪʥʳʡ 

ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʚʝʙ-ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ, ʛʜʝ ʥʝʩʢʦʣʴʢʦ ʠʥʢʨʝʤʝʥʪʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʙʠʥʘʨʥʳʭ ʜʘʥʥʳʭ, ʚʳʨʘʙʘʪʳʚʘʶʪ ʨʝʢʦʤʝʥʜʘʮʠʠ item-based ʠ ʧʨʝʜʣʘʛʘʶʪ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʘʙʦʨ ʨʝʢʦʤʝʥʜʘʮʠʡ [3]. ɸʚʪʦʨʳ ʩʪʘʚʷʪ ʩʚʦʝ ʮʝʣʴʶ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʜʘʥʥʳʭ 

ʧʦʜʭʦʜ ʩʧʦʩʦʙʝʥ ʜʘʪʴ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ, ʯʝʤ ʦʪʜʝʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ [3]. ɸʚʪʦʨʳ ʚʳʜʝʣʷʶʪ 

ʪʨʝʙʦʚʘʥʠʝ ʢ ʩʠʩʪʝʤʝ: ʘʛʝʥʪ ʜʦʣʞʝʥ ʙʳʩʪʨʦ ʦʪʚʝʯʘʪʴ ʜʨʫʛʦʤʫ ʘʛʝʥʪʫ ʠ ʪʘʢʞʝ ʙʳʩʪʨʦ 

ʧʦʜʛʦʪʦʚʠʪʴ ʟʘʧʨʦʩ [3]. ɺ ʩʠʩʪʝʤʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʚʘ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʘʛʝʥʪʘ: ʧʝʨʚʳʡ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ çsingle-conditionè ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʧʨʘʚʠʣʘʭ, ʘ ʚʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪ ʘʣʛʦʨʠʪʤ 

ʢʦʣʣʘʙʦʨʘʪʠʚʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʵʪʠ ʘʣʛʦʨʠʪʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʩʧʦʩʦʙʥʳ ʙʳʩʪʨʦ ʧʨʝʜʦʩʪʘʚʣʷʪʴ 

ʥʘʙʦʨ ʨʝʢʦʤʝʥʜʘʮʠʠ ʟʘ ʦʯʝʥʴ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ [3]. 

ɸʚʪʦʨʳ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʩʠʩʪʝʤʦʡ ʠ ʘʨʭʠʪʝʢʪʫʨʫ 

ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 5 ʵʣʝʤʝʥʪʦʚ: Directory Facilitator, Server Agent, KB, 

Client Agents, Recommender Agents [3].  

ʂʘʢ ʠʪʦʛ, ʘʚʪʦʨʳ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʤʫʣʴʪʠʘʛʝʥʪʥʘʷ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʜʘʝʪ 

ʨʝʟʫʣʴʪʘʪ ʣʫʯʰʝ, ʯʝʤ ʚʳʙʨʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦ-ʦʪʜʝʣʴʥʦʩʪʠ [3].  

ʇʨʠʤʝʨ ʜʨʫʛʦʡ ʨʘʙʦʪʳ çAn Intelligent Multi-agent Recommender Systemè, ʛʜʝ ʩʠʩʪʝʤʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʙʦʪʫ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʘʛʝʥʪʦʚ: ʩʦʛʣʘʩʫʶʱʝʛʦ ʘʛʝʥʪʘ ʠ 
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ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʦʛʦ ʘʛʝʥʪʘ, ʘ ʪʘʢʞʝ ʚ ʨʘʙʦʪʝ ʪʘʢʞʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʝʢʦʡ ʪʝʦʨʠʠ 

rough mereology [4]. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʠʩʪʝʤʦʡ, ʛʜʝ ʩʦʛʣʘʩʫʶʱʠʡ ʘʛʝʥʪ ʠʱʝʪ ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʘʥʘʣʦʛʠʯʥʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʭʦʪʷ ʙʳ ʦʜʠʥ ʘʪʨʠʙʫʪ ʚ ʩʠʩʪʝʤʝ, ʘ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʡ ʘʛʝʥʪ ʫʞʝ 

ʧʨʝʜʣʘʛʘʝʪ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʰʘʶʱʝʛʦ ʘʪʨʠʙʫʪʘ [4].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʚʪʦʨʳ ʧʨʠʭʦʜʷʪ ʢ ʚʳʚʦʜʫ: ʤʫʣʴʪʠʘʛʝʥʪʥʳʡ ʧʦʜʭʦʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ rough 

mereology ʷʚʣʷʝʪʩʷ ʫʩʧʝʰʥʳʤ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʝʨʝʛʨʫʟʢʠ ʧʨʠ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʨʝʣʝʚʘʥʪʥʳʭ ʨʝʰʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʶ [4]. 

ʈʘʙʦʪʘ çʈʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʟ ʧʨʦʬʠʣʷ 

ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ "ɺʂʦʥʪʘʢʪʝ"è ʪʘʢʞʝ ʦʧʠʩʳʚʘʝʪ ʨʘʟʨʘʙʦʪʢʘ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ 

çEZSurfè, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʥʪʝʨʝʩʳ ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ çɺʂʦʥʪʘʢʪʝè. ɸʚʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚ ʨʘʙʦʪʝ ʪʨʠ ʘʛʝʥʪʘ: 

ʩʙʦʨʱʠʢ, ʘʥʘʣʠʟʘʪʦʨ, ʨʝʢʦʤʝʥʜʘʪʝʣʴ [5]. ʉʠʩʪʝʤʘ ʨʝʘʣʠʟʫʝʪ ʤʝʪʦʜ ʬʠʣʴʪʨʘʮʠʠ ʩʦʜʝʨʞʠʤʦʛʦ 

(content-based) [5]. ɸʚʪʦʨ ʧʨʠʚʦʜʠʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ ʠ ʦʧʠʩʳʚʘʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ ʤʝʞʜʫ ʵʪʠʤʠ ʘʛʝʥʪʘʤʠ: ʩʙʦʨʱʠʢ ʜʦʣʞʝʥ 

ʩʦʙʠʨʘʪʴ ʩʚʝʜʝʥʠʷ ʠʟ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ çɺʂʦʥʪʘʢʪʝè (ʩʪʘʪʫʩ, ʦʮʝʥʢʘ çʤʥʝ ʥʨʘʚʠʪʩʷè, ʘʫʜʠʦ- ʠ 

ʚʠʜʝʦʟʘʧʠʩʠ ʩʪʨʘʥʠʮʳ ʠ ʜʨ. ï ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʧʦʤʦʯʴ ʦʧʨʝʜʝʣʠʪʴ ʠʥʪʝʨʝʩʳ), 

ʘʥʘʣʠʟʘʪʦʨ ï ʘʛʝʥʪ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʦʥʪʝʥʪ ʩʦ ʩʪʨʘʥʠʮʳ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ 

ʦʧʨʝʜʝʣʷʪʴ ʝʛʦ ʧʨʝʜʧʦʯʪʝʥʠʷ, ʨʝʢʦʤʝʥʜʘʪʝʣʴ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʠ ʩʙʦʨʘ ʨʝʢʦʤʝʥʜʫʝʤʦʛʦ: 

ʩʦʙʠʨʘʝʪ ʥʝʦʙʭʦʜʠʤʳʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʥʪʝʥʪ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ [5].  

ɸʚʪʦʨʦʤ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʩ ʪʨʝʤʷ ʘʛʝʥʪʘʤʠ, ʪʨʝʤʷ ʙʘʟʘʤʠ 

ʜʘʥʥʳʭ, ʨʝʝʩʪʨʦʤ ʩʘʡʪʦʚ, ʧʨʦʬʠʣʝʤ ʩʝʪʠ çɺʂʦʥʪʘʢʪʝè ʠ ʩʝʪʠ ʀʥʪʝʨʥʝʪ [5]. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ ʘʚʪʦʨ ʧʦʣʫʯʠʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʫʶ ʠ ʨʝʘʣʠʟʦʚʘʥʥʫʶ 

ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʯʪʦ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʤʠʥʠʤʘʣʴʥʦ ʥʘʛʨʫʞʝʥʥʫʶ [5]. 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ ʪʘʢʞʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʝʘʣʠʟʘʮʠʶ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʳʭ ʘʛʝʥʪʦʚ. ʇʦʩʣʝʜʥʷʷ ʨʘʙʦʪʘ ʥʘʤ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʘ. ʅʦ ʧʨʝʜʧʦʣʘʛʘʝʤ 

ʨʝʘʣʠʟʘʮʠʶ 4 ʘʛʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ: ʜʚʘ ʘʛʝʥʪʘ Collector, Analyzer, Recommender.  

ɺ ʩʠʩʪʝʤʝ ʜʦʣʞʥʦ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʦʙʨʘʱʝʥʠʝ ʢ ʧʨʝʜʤʝʪʥʦʡ ʦʥʪʦʣʦʛʠʠ ʜʣʷ ʧʦʠʩʢʘ 

ʥʫʞʥʦʛʦ ʢʫʨʩʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢʘʪʝʛʦʨʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺʳʙʦʨ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʦʠʩʢʘ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ ʚʳʷʚʣʝʥʠʷ ʢʘʪʝʛʦʨʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʤʝʩʪʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʨʝʢʦʤʝʥʜʘʮʠʠ ʩʚʷʟʘʥ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

online-ʢʫʨʩʦʚ: ʦʛʨʦʤʥʳʡ ʩʧʝʢʪʨ ʧʨʠʟʥʘʢʦʚ ʧʨʝʜʤʝʪʘ ʨʝʢʦʤʝʥʜʘʮʠʠ ʚ ʮʝʣʦʤ ʤʦʞʝʪ ʟʘʤʝʜʣʠʪʴ 

ʧʨʦʮʝʩʩ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ ʚ ʩʠʩʪʝʤʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ.  
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ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʩʠʩʪʝʤʳ ʥʘʡʪʠ ʨʝʣʝʚʘʥʪʥʳʝ online-ʢʫʨʩʳ (ʤʠʥʠʤʫʤ ʦʜʠʥ) ʩʦʛʣʘʩʥʦ 

ʢʘʪʝʛʦʨʠʠ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʦʡ ʮʝʣʴʶ ʚʳʜʝʣʝʥʥʳʝ ʘʛʝʥʪʳ 

ʚʳʧʦʣʥʷʶʪ ʩʚʦʶ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʟʘʜʘʯʫ. 

ɼʚʘ ʘʛʝʥʪʘ Collector ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʙʦʨʘ ʜʘʥʥʳʭ. ʇʝʨʚʳʡ ʘʛʝʥʪ ʦʪʚʝʯʘʝʪ ʟʘ ʩʙʦʨ 

ʧʨʦʬʠʣʝʡ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʠ ʘʚʪʦʨʠʟʘʮʠʶ ʧʨʦʬʠʣʝʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʠʩʪʝʤʫ. ɼʘʥʥʳʡ 

ʘʛʝʥʪ ʜʦʣʞʝʥ ʧʝʨʝʜʘʚʘʪʴ ʘʛʝʥʪʫ Analyzer, ʟʘʧʨʦʩ ʚʳʧʦʣʥʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʥʘʡʜʝʥʥʳʭ 

ʧʨʦʬʠʣʝʡ. ɺʪʦʨʦʡ ʘʛʝʥʪ ʜʦʣʞʝʥ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩʙʦʨ online-ʢʫʨʩʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʤʝʪʦʤ ʨʝʢʦʤʝʥʜʘʮʠʠ. ɸʛʝʥʪ ʜʦʣʞʝʥ ʩʦʙʠʨʘʪʴ ʢʫʨʩʳ ʪʦʣʴʢʦ ʩ ʧʨʦʠʥʜʝʢʩʠʨʦʚʘʥʥʳʭ 

ʩʪʨʘʥʠʮ ʚ ʩʝʪʠ Internet. 

ɸʛʝʥʪ Analyzer ʦʪʚʝʯʘʝʪ ʟʘ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʚʳʷʚʣʝʥʠʷ ʢʘʪʝʛʦʨʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʡ ʨʝʢʦʤʝʥʜʘʮʠʠ ʢʫʨʩʦʚ. ɸʛʝʥʪ ʪʘʢʞʝ 

ʧʨʠʩʚʘʠʚʘʝʪ ʘʚʪʦʨʠʟʦʚʘʥʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʘʪʝʛʦʨʠʶ, ʩʦʦʪʥʦʩʷ 

ʧʨʠʟʥʘʢʠ ʩ ʠʤʝʶʱʠʤʠʩʷ ʜʘʥʥʳʤʠ ʧʦ ʩʦʙʨʘʥʥʳʤ ʧʨʦʬʠʣʷʤ.  

ɼʣʷ ʘʚʪʦʨʠʟʦʚʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʘʛʝʥʪ Analyzer ʦʪʧʨʘʚʣʷʝʪ ʟʘʧʨʦʩ Recommender, 

ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʠʩʢ ʨʝʣʝʚʘʥʪʥʦʛʦ ʢʦʥʪʝʥʪʘ. Recommender ʦʪʧʨʘʚʣʷʝʪʩʷ ʟʘʧʨʦʩʳ 

ʦʥʪʦʣʦʛʠʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ online-ʢʫʨʩʦʚ, ʛʜʝ ʩʦʛʣʘʩʥʦ ʠʝʨʘʨʭʠʠ ʢʫʨʩʦʚ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ 

ʧʫʣ ʨʝʢʦʤʝʥʜʘʮʠʡ. ɽʩʣʠ ʥʘ ʚʳʭʦʜʝ ʘʛʝʥʪ ʧʦʣʫʯʘʝʪ ʧʫʩʪʦʝ ʩʦʦʙʱʝʥʠʝ, ʦʥ ʜʝʣʘʝʪ ʟʘʧʨʦʩ 

ʘʛʝʥʪʫ Collector, ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ ʩʙʦʨ ʢʫʨʩʦʚ, ʥʘ ʧʦʠʩʢ ʠ ʦʙʥʦʚʣʝʥʠʝ ʨʝʝʩʪʨʘ online-ʢʫʨʩʦʚ. 

ʉʞʘʪʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1, ʛʜʝ ʪʘʢʞʝ ʫʢʘʟʘʥʳ ʠʥʪʝʨʬʝʡʩ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʙʘʟʳ ʜʘʥʥʳʭ. 

 

ʈʠʩʫʥʦʢ 1. ʉʞʘʪʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ online-ʢʫʨʩʦʚ 
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ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʧʠʩʘʪʴ ʚʘʞʥʳʡ ʘʩʧʝʢʪ ʩʠʩʪʝʤʳ ï ʢʦʤʤʫʥʠʢʘʮʠʷ ʘʛʝʥʪʦʚ. ʆʜʥʘ ʠʟ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʛʨʘʤʤʥʳʭ ʘʛʝʥʪʦʚ ï ʦʙʱʝʥʠʝ ʤʝʞʜʫ ʩʦʙʦʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʮʝʣʠ. ʅʘ ʨʠʩʫʥʢʝ 2 ʜʠʘʛʨʘʤʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʦʙʱʝʥʠʷ ʘʛʝʥʪʦʚ ʜʨʫʛ ʜʨʫʛʫ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʛʝʥʪʘ Recommender ʠʩʧʦʣʴʟʫʝʪ ʜʚʘ ʧʦʨʪʘ ʜʣʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʧʨʦʩʦʚ: ʥʘ P1 ʧʨʠʥʠʤʘʝʪʩʷ ʟʘʧʨʦʩ ʦʪ Analyzer, ʦʪ P2 ʦʪʧʨʘʚʣʷʝʪʩʷ ʟʘʧʨʦʩ ʢ 

Collector, ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ.  

 

ʈʠʩʫʥʦʢ 2. ɼʠʘʛʨʘʤʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʛʝʥʪʦʚ ʩʠʩʪʝʤʳ 

ʆʜʥʦ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʝ ï ʩʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩ ʘʜʝʢʚʘʪʥʦʝ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤʫ ʦʞʠʜʘʥʠʶ. ʇʦʵʪʦʤʫ ʚ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʤʳ ʠʩʧʦʣʴʟʫʝʤ 4 ʘʛʝʥʪʘ ʩ 

ʮʝʣʴʶ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʥʘʛʨʫʟʢʠ ʚ ʩʠʩʪʝʤʝ ʟʘ ʩʯʝʪ ʚʳʧʦʣʥʝʥʠʷ ʙʦʣʝʝ 

ʫʟʢʠʭ ʟʘʜʘʯ ʘʛʝʥʪʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ, ʚʳʷʚʣʝʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʡ ʚ ʮʝʣʦʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʢʦʥʝʯʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʜʘʯʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʶ. 

ʅʦ ʥʫʞʥʦ ʧʦʥʠʤʘʪʴ, ʤʫʣʴʪʠʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʪʨʝʙʫʶʪ ʚʳʩʦʢʠʭ ʤʦʱʥʦʩʪʝʡ ʜʣʷ ʩʚʦʝʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʚ ʧʦʜʦʙʥʳʭ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʩʠʩʪʝʤʘʭ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʥʷʪʠʝ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʤʦʜʝʣʠ ʨʝʘʣʠʟʘʮʠʠ 

ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʘʛʝʥʪʥʦʛʦ ʧʦʜʭʦʜʘ. ʈʘʩʩʤʦʪʨʝʥ ʧʨʠʤʝʨ 

ʘʨʭʠʪʝʢʪʫʨʳ ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ online-ʢʫʨʩʦʚ 

ʩ ʧʦʤʦʱʴʶ 4 ʧʨʦʛʨʘʤʤʥʳʭ ʘʛʝʥʪʦʚ. ʆʩʥʦʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ - 
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ʦʥʪʦʣʦʛʠʠ ʜʣʷ ʧʦʠʩʢʘ ʨʝʢʦʤʝʥʜʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʢʘʪʝʛʦʨʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʈʝʰʝʥʠʝ ʦʙʦʩʥʦʚʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. 
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DESIGNING THE MULTI -AGENT RECOMMENDER SYSTEM OF ONLINE COURSES 

Makarova Inna V. 

National Research University Higher School of Economics, 38, Studencheskaya st., Perm, 614070, 

Russia, studyforim@gmail.com 

The relevance of the research topic is provided. The concept of recommender systems and the main 

approaches used to implement this class of systems are considered: content-based filtering, 

collaborative filtering, hybrid recommender systems and knowledge-based systems. Some examples 

of recommender systems are given. The application of a multi-agent approach in recommender 

systems is considered. Also there are presented some reviews of work and their result. There is the 

proprietary example of the multi-agent recommender system architecture. The systemôs tasks are 

collecting user profiles for social networks, determination a group of users by similar attributes, 

searching for a recommendation and the distribution of these tasks among agents. Communication 

between agents is described. The choice of the system architecture and the ontological approach to 

make recommendations is justified. 

Keywords: a multia-gent system, a recommender system 
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ʋɼʂ 532.783; 539.22 

ʆʈʀɽʅʊɸʎʀʆʅʅɸʗ ʀ ʄɸɻʅʀʊʅɸʗ ʉʊʈʋʂʊʋʈɸ ʌɽʈʈʆʅɽʄɸʊʀʂɸ 

ɺ ʄɸɻʅʀʊʅʆʄ ʀ ɻʈɸɺʀʊɸʎʀʆʅʅʆʄ ʇʆʃʗʍ48 

ʄʘʢʫʨʠʥ ɸʣʝʢʩʝʡ ɺʠʢʪʦʨʦʚʠʯ, ʇʝʪʨʦʚ ɼʘʥʠʣ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614990, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ɹʫʢʠʨʝʚʘ, 15, makurin-1997@mail.ru  

ʅʘ ʦʩʥʦʚʝ ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʪʝʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʨʠʝʥʪʘʮʠʦʥʥʳʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʡ ʩʫʩʧʝʥʟʠʠ ʦʜʥʦʜʦʤʝʥʥʳʭ ʠʛʣʦʦʙʨʘʟʥʳʭ ʬʝʨʨʦʯʘʩʪʠʮ ʚ ʥʝʤʘʪʠʯʝʩʢʦʤ 

ʞʠʜʢʦʤ ʢʨʠʩʪʘʣʣʝ ï ʬʝʨʨʦʥʝʤʘʪʠʢʝ. ʋʯʠʪʳʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʚʢʣʘʜʳ ʚ ʧʣʦʪʥʦʩʪʴ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ: ʧʦʪʝʥʮʠʘʣ ʆʟʝʝʥʘ-ʌʨʘʥʢʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʘʤʘʛʥʠʪʥʦʛʦ ʥʝʤʘʪʠʢʘ ʩ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʝʨʨʦʯʘʩʪʠʮ ʩ ʤʘʛʥʠʪʥʳʤ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʧʦʣʷʤʠ, 

ʵʥʝʨʛʠʷ ʩʮʝʧʣʝʥʠʷ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʠʤʝʩʥʳʭ ʯʘʩʪʠʮ ʠ 

ʚʢʣʘʜ ʵʥʪʨʦʧʠʠ ʩʤʝʰʝʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʯʘʩʪʠʮ ʩʫʩʧʝʥʟʠʠ. ɼʣʷ ʪʚʠʩʪ-ʷʯʝʡʢʠ 

ʬʝʨʨʦʥʝʤʘʪʠʢʘ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʨʘʩʩʣʦʝʥʠʷ: ʩʝʛʨʝʛʘʮʠʷ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʚ 

ʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʦʩʝʜʘʥʠʝ. ʇʦʩʪʨʦʝʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʜʠʨʝʢʪʦʨʘ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʬʝʨʨʦʥʝʤʘʪʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʠʣʦʞʝʥʥʦʛʦ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʤʘʣʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 

ʧʨʠʤʝʩʴ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʣʦʷ, ʘ ʚ ʙʦʣʴʰʠʭ ʧʦʣʷʭ ï ʚ ʥʠʞʥʝʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʝʨʨʦʥʝʤʘʪʠʢ, ʤʘʛʥʠʪʥʳʝ ʯʘʩʪʠʮʳ, ʵʬʬʝʢʪ ʩʝʛʨʝʛʘʮʠʠ, ʛʨʘʚʠʪʘʮʠʷ, ʤʷʛʢʦʝ 

ʩʮʝʧʣʝʥʠʝ.  

ʈʘʩʩʤʦʪʨʠʤ ʪʚʠʩʪ-ʷʯʝʡʢʫ ʬʝʨʨʦʥʝʤʘʪʠʢʘ (ʌʅ) ʪʦʣʱʠʥʦʡ L, ʛʜʝ ʜʠʨʝʢʪʦʨ n  ʞʠʜʢʦʛʦ 

ʢʨʠʩʪʘʣʣʘ (ɾʂ), ʞʝʩʪʢʦ ʧʣʘʥʘʨʥʦ ʩʮʝʧʣʝʥ ʩ ʛʨʘʥʠʮʘʤʠ ʩʣʦʷ, ʥʦ ʤʷʛʢʦ ʧʣʘʥʘʨʥʦ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʯʘʩʪʠʮ, ʪ.ʝ. mn || , ʛʜʝ )/( fSmMm=  ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʌʅ ( M  ï ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʌʅ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝʤ ʪʚʝʨʜʦʡ ʬʘʟʳ, sɛ   

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʬʝʨʨʦʯʘʩʪʠʮ, f   ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʪʚʝʨʜʦʡ ʬʘʟʳ). 

                                                 

ʇʫʙʣʠʢʘʮʠʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ 19-02-00231)  

É ʄʘʢʫʨʠʥ ɸ.ɺ., ʇʝʪʨʦʚ ɼ.ɸ., 2019 

 

ʈʠʩʮʥʦʢ 1. ʉʣʦʡ ʬʝʨʨʦʥʝʤʘʪʠʢʘ ʚ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ 

https://kias.rfbr.ru/index.php


 

231 

 

ɻʝʦʤʝʪʨʠʷ ʟʘʜʘʯʠ ʠ ʚʳʙʦʨ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ. 1.  

ʅʘʧʨʘʚʣʝʥʠʝ ʜʠʨʝʢʪʦʨʘ ʥʘ ʛʨʘʥʠʮʘʭ ʩʣʦʷ ʧʘʨʘʣʣʝʣʴʥʳ ʧʣʦʩʢʦʩʪʷʤ 0=z  ʠ Lz= , ʥʦ 

ʧʦʚʝʨʥʫʪʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʥʘ 2/p . ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘʧʨʘʚʠʤ ʚʜʦʣʴ ʛʨʘʥʠʮ ʩʣʦʷ 

ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ y  ï ).0,,0( H=H  ʇʫʩʪʴ ʚ ʦʪʩʫʪʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʝʢʪʦʨʘ n  ʠ m  

ʩʦʥʘʧʨʘʚʣʝʥʳ.  

ʉʦʛʣʘʩʥʦ [1 3] ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ ʌʅ ʚʦ ʚʥʝʰʥʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʠ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʷʭ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ  

 ( ) ( ) ( )[ ] ( ) ( )+
í
ì
ë

Ö-Ö-³Ð³+³ÐÖ+ÖÐ=ñ HmHnnnnnn fɛɢKKKF sa
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33

2
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 ( ) ( ) ,ln
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dVf
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W
fz ɟɟaff

v

Tk
LCp
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ý
ü
û

Ö---ö
÷

õ
æ
ç

å
+ mn  (1) 

ʛʜʝ 
11K , 

22K , 33K   ʫʧʨʫʛʠʝ ʤʦʜʫʣʠ ʌʨʘʥʢʘ, ac   ʘʥʠʟʦʪʨʦʧʠʷ ʜʠʘʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ɾʂ, v   ʦʙʲʝʤ ʬʝʨʨʦʯʘʩʪʠʮʳ, bk   ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, T   

ʪʝʤʧʝʨʘʪʫʨʘ ʌʅ, a   ʤʦʜʫʣʴ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, pɟ  ʠ LCɟ   ʧʣʦʪʥʦʩʪʠ ʯʘʩʪʠʮ 

ʠ ɾʂ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, d   ʧʦʧʝʨʝʯʥʳʡ ʜʠʘʤʝʪʨ ʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠʮʳ, W   ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʩʮʝʧʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʩ ʤʦʣʝʢʫʣʘʤʠ ɾʂ. ʄʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ 

ʨʘʟʙʘʚʣʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ, ʪ.ʝ. 1<<= VNv f  (ʟʜʝʩʴ N  - ʯʠʩʣʦ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʚ 

ʩʫʩʧʝʥʟʠʠ, V  - ʦʙʲʝʤ ʌʅ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʥʝʙʨʝʯʴ ʤʝʞʯʘʩʪʠʯʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʜʠʧʦʣʴ-

ʜʠʧʦʣʴʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ.  

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʥʘʤʠ ʩʣʫʯʘʝ ʜʝʬʦʨʤʘʮʠʷ ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʪʚʝʯʘʝʪ 

ʯʠʩʪʦʤʫ ʢʨʫʯʝʥʠʶ, ʪʦʛʜʘ ʢʦʤʧʦʥʝʥʪʳ ʜʠʨʝʢʪʦʨʘ ɾʂ ʠ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʤʝʶʪ ʚʠʜ 

 [ ]0),(sin),(cos zz jj=n , [ ]0),(sin),(cos zz yy=m  (2) 

ʛʜʝ j ʠ y ⱷ ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʜʠʨʝʢʪʦʨʘ ɾʂ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʦʩʠ x  ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʟʘʜʘʯʫ ʙʫʜʝʤ ʨʝʰʘʪʴ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ. ɼʣʷ ʵʪʦʛʦ ʚʚʝʜʝʤ ʨʷʜ 

ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 
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ɿʜʝʩʴ z ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʢʦʦʨʜʠʥʘʪʘ, g  ï ʧʨʠʚʝʜʝʥʥʘʷ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʯʘʩʪʠʮ ʚ ʩʫʩʧʝʥʟʠʠ. 

ʇʘʨʘʤʝʪʨ  b  ʦʧʨʝʜʝʣʷʝʪ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʠ ʜʠʧʦʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʦʚ 

ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʦʨʠʝʥʪʘʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʌʅ. ɼʣʷ 1 >b  ʜʝʬʦʨʤʘʮʠʷ 

ʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʠʧʦʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʚʣʠʷʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ ʜʣʷ 1 <b  ï ʢʚʘʜʨʫʧʦʣʴʥʳʡ. ɺʝʣʠʯʠʥʘ s  ï ʙʝʟʨʘʟʤʝʨʥʘ ̫ ʵʥʝʨʛʠ ̫

ʩʮʝʧʣʝʥʠʷ ʬʝʨʨʦʯʘʩʪʠʮ ʩ ɾʂ-ʤʘʪʨʠʮʝʡ, ʧʘʨʘʤʝʪʨʳ k ʠ a  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʶʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʝʛʨʝʛʘʮʠʦʥʥʳʭ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ, ʘ ʧʦʣʝ aq KLH c1

1-=  

ʚʳʙʨʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʠʮʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʉʦʩʪʦʷʥʠʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʦʪʚʝʯʘʝʪ ʤʠʥʠʤʫʤ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʌʅ 

(1). ʋʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʝʟʘʚʠʩʠʤʳʤ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʘ 

(1) ʧʦ )(ɕj , )(ɕy  ʠ )(ɕg , ʛʜʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʧʦ )(ɕg  ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʩʷ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʯʠʩʣʘ ʯʘʩʪʠʮ ʚ ʩʠʩʪʝʤʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ  
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ʋʨʘʚʥʝʥʠʷ (4)ï(6) ʩʦʚʤʝʩʪʥʦ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

 0)0( =j , 2/)( pj =L  (7) 

ʦʙʨʘʟʫʶʪ ʟʘʤʢʥʫʪʫʶ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʦʥʥʦʛʦ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʧʨʦʬʠʣʝʡ )(ɕj , )(ɕy  ʠ )(ɕg  ʌʅ ʚ ʤʘʛʥʠʪʥʦʤ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʷʭ. 
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ʈʠʩʫʥʦʢ 2. ʆʨʠʝʥʪʘʮʠʦʥʥʳʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʧʨʦʬʠʣʠ ʌʅ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ ʜʠʨʝʢʪʦʨʘ )(ɕj , ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

)(ɕy  ʠ ʧʨʠʚʝʜʝʥʥʦʡ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʬʝʨʨʦʯʘʩʪʠʮ )(ɕg  ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ h  ʥʘʭʦʜʠʣʠʩʴ ʯʠʩʣʝʥʥʦ ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (4)  (6). ʅʘ ʨʠʩʫʥʢʝ 2. 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ 10=b , 1=a , 5.0=k  ʠ 2=s . ɺ 

ʦʪʩʫʪʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʨʝʢʪʦʨʘ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʤʝʶʪ ʚʠʜ 

2/)()( pzyj == ɕɕ , ʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʝʨʨʦʯʘʩʪʠʮ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 

ɹʦʣʴʮʤʘʥʘ  

 ( ) [ ]( ) [ ],/exp/exp1/
1

kkk ŬɕŬŬg ---=
-

  

ʯʝʤʫ ʦʪʚʝʯʘʝʪ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʥʘ ʈʠʩʫʥʦʢ 2. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠʤʝʩ ɹ

ʥʘʯʠʥʘʝʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʫ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʩʣʦʷ (ʩʤ. ʢʨʠʚʳʝ 1.0=h , 5.0=h  ʠ 2=h ). ʉ 

ʨʦʩʪʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʬʝʨʨʦʯʘʩʪʠʮʳ ʩʪʨʝʤʷʪʩʷ ʧʝʨʝʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʷ 

2/)( py ­ɕ , ʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʨʝʢʪʦʨʘ ʙʣʠʟʢʦ ʢ ʠʟʥʘʯʘʣʴʥʦʤʫ ʚʧʣʦʪʴ ʜʦ 2=h . ʀʟ-ʟʘ 

ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ ac  ʪʨʝʙʫʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʜʣʷ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ 

ʤʦʣʝʢʫʣʳ ɾʂ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʷ. ʊʘʢ ʧʨʠ 5=h  ʩʪʘʥʦʚʠʪʩʷ ʟʘʤʝʪʥʳʤ ʦʪʢʣʦʥʝʥʠʝ 

ʜʠʨʝʢʪʦʨʘ ɾʂ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʷ, ʘ ʚʤʝʩʪʝ ʩ ʵʪʠʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʰʠʨʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʠ ʦʪ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʩʣʦʷ ʢ ʥʠʞʥʝʡ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦʡ ʜʣʷ ʦʨʠʝʥʪʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ. ɺ ʙʦʣʴʰʠʭ ʧʦʣʷʭ (50=h ) 

ʤʦʣʝʢʫʣʳ ɾʂ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʫʟʢʦʡ ʦʙʣʘʩʪʠ ʚʙʣʠʟʠ 

ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʩʣʦʷ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʦʙʨʘʪʥʫʶ ʤʠʛʨʘʮʠʶ ʬʝʨʨʦʯʘʩʪʠʮ ʚ ʩʪʦʨʦʥʫ ʥʠʞʥʝʡ 

ʛʨʘʥʠʮʳ ʩʣʦʷ ʌʅ.  
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ORIENTATION AND MAGNETI C STRUCTURE OF FERRONEMATICS  

IN MAGNETIC  AND GRAVITATIONAL FI ELDS 

Makurin Alexey V., Petrov Danil A. 

Perm State University, 15, Bukireva st., Perm, 614990, Russia, makurin-1997@mail.ru  

Based on the continuum theory, the orientation and magnetic properties of ferronematic, i.e. a 

highly dispersed suspension of single-domain needle-shaped ferroparticles in a nematic liquid 

crystal were investigated. The following contributions to the free energy were taken into account: 

the Oseen-Frank potential, the interaction of the diamagnetic nematic with a magnetic field, the 

interaction of ferroparticles with the magnetic and gravitational fields, the coupling energy of the 

liquid crystal matrix with the surface of impurity particles and the contribution of the entropy of 

mixing of the ideal solution of suspension particles. For twist-cell of ferronematic two separation 

mechanisms were considered: the segregation of magnetic particles in the uniform magnetic field 

and their gravitational sedimentation. The orientation and concentration profiles of ferronematic 

were constructed depending on the applied external magnetic field. It was found that in small 

magnetic fields the impurity accumulates in the upper part of the layer, and in large fields in the 

lower one. 

Keywords: ferronematic, magnetic particles, segregation effect, gravity, soft coupling. 
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ʋɼʂ 539.3 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʆɹʃɽɻʏɽʅʅʆʁ ɼɽʊɸʃʀ ʉ ʇʆʄʆʑʔʖ 

ʊʆʇʆʃʆɻʀʏɽʉʂʆʁ ʆʇʊʀʄʀɿɸʎʀʀ ANSYS49 

ʄʘʣʴʮʝʚ ɸʣʝʢʩʝʡ ʉʝʨʛʝʝʚʠʯ, ʄʘʢʩʠʤʦʚ ʇʝʪʨ ɺʠʢʪʦʨʦʚʠʯ 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614000, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʂʦʤʩʦʤʦʣʴʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ. 29, lekanys@mail.ru 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʵʪʘʧʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʦʙʣʝʛʯʝʥʥʦʡ ʜʝʪʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʤʦʜʫʣʷ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ ANSYS, ʛʜʝ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʧʨʦʚʦʜʠʣʩʷ ʩʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʧʦʣʫʯʝʥʥʦʡ ʜʝʪʘʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʦʙʣʝʛʯʝʥʥʘʷ ʜʝʪʘʣʴ, ʢʦʪʦʨʘʷ ʫʜʦʚʣʝʪʚʦʨʷʣʘ ʟʘʜʘʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ ʧʦ ʥʘʧʨʷʞʝʥʠʷʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʧʦʣʦʛʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʙʣʝʛʯʝʥʥʳʭ ʜʝʪʘʣʝʡ, 

ANSYS, SpaceClaim. 

ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ(3D-ʧʝʯʘʪʴ) ʜʘʣʦ ʙʦʣʴʰʦʡ ʪʦʣʯʦʢ ʚ 

ʠʟʫʯʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʣʝʛʯʝʥʥʳʭ ʜʝʪʘʣʝʡ, 

ʢʦʪʦʨʳʝ ʦʙʰʠʨʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʷʭ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʧʨʘʢʪʠʢʠ, ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʠʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʷ ʟʘʪʨʘʪʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ.  

ɼʣʷ ʥʘʯʘʣʘ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʴʶ, ʚ ʢʦʪʦʨʦʡ 

ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʩʯʝʪʘʭ ʤʦʞʥʦ ʙʫʜʝʪ ʫʙʨʘʪʴ. ɺ 

ʧʦʩʣʝʜʫʶʱʠʡ ʵʪʘʧ ʥʫʞʥʦ ʧʦʢʘʟʘʪʴ ʠ ʦʪʤʝʪʠʪʴ ʤʝʩʪʘ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʦʧʪʠʤʠʟʘʮʠʠ, ʵʪʦ 

ʪʨʝʙʫʝʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʝʩʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʪʝʭʥʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʤʝʩʪʘ 

ʟʘʢʨʝʧʣʝʥʠʷ ʪʝʣʘ ʠʣʠ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘʩʪʨʦʡʢʘ ʨʝʰʘʪʝʣʷ, ʚ ʢʦʪʦʨʳʡ 

ʚʭʦʜʷʪ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʦʛʨʘʥʠʯʝʥʠʝ ʦʙʲʝʤʘ ʠʣʠ ʤʘʩʩʳ, ʪʘʢ ʞʝ 

ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʤʠʥʠʤʘʣʴʥʳʡ 

ʨʘʟʤʝʨ ʵʣʝʤʝʥʪʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʥʘʰʘ ʫʩʪʘʥʦʚʢʘ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʭ ʵʪʘʧʦʚ 

ʧʦʣʫʯʘʝʪʩʷ STL ʛʝʦʤʝʪʨʠʷ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʥʝʨʦʚʥʦʩʪʠ ʠ ʦʙʨʳʚʢʠ ʤʘʪʝʨʠʘʣʘ, ʚʠʩʷʱʠʝ ʚ 

ʚʦʟʜʫʭʝ, ʯʪʦʙʳ ʚʩʝ ʵʪʦ ʠʩʧʨʘʚʠʪʴ, ʥʫʞʥʦ ʚʨʫʯʥʫʶ ʧʦʩʪʨʦʠʪʴ ʥʦʚʫʶ ʜʝʪʘʣʴ, ʥʦ ʫʞʝ ʩ ʫʯʝʪʦʤ 

ʚʩʝʭ ʵʪʠʭ ʥʝʜʦʯʝʪʦʚ. ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠʪʦʛʦʚʦʡ ʜʝʪʘʣʠ. ʇʨʦʚʝʜʝʥʠʝ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʣʝʛʯʝʥʥʦʡ ʜʝʪʘʣʠ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʭʝʤʳ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʣʝʛʯʝʥʥʦʡ ʜʝʪʘʣʠ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʩʢʦʙʳ 

ʧʦʣʫʢʦʣʝʮ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʝʸ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʢʘʯʝʩʪʚʝ ʟʘʜʘʯʠ ʙʳʣʦ ʧʦʩʪʘʚʣʝʥʦ 

ʟʘʜʘʥʠʝ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʩʢʦʙʳ ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ 10% ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʚʝʩʘ ʜʝʪʘʣʠ ʠ ʯʪʦʙʳ 

ʧʨʠ ʵʪʦʤ ʚʝʩʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʄʠʟʝʩʫ ʥʝ ʧʨʝʚʳʰʘʣʠ 441.3 ʄʇʘ ʧʨʠ ʨʘʩʯʝʪʥʦʡ ʥʘʛʨʫʟʢʝ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠʥʦʛʜʘ ʥʝʢʦʪʦʨʳʝ ʤʝʩʪʘ ʥʫʞʥʦ ʦʩʪʘʚʠʪʴ ʙʝʟ ʠʟʤʝʥʝʥʠʡ, ʪʘʢʠʤʠ 

ʤʝʩʪʘʤʠ ʚ ʟʘʜʘʯʝ ʙʳʣʠ ʤʝʩʪʘ ʟʘʢʨʝʧʣʝʥʠʷ ʜʝʪʘʣʠ, ʠʟʦʙʨʘʞʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2.  

 

ʈʠʩʫʥʦʢ 2. ʄʝʩʪʘ ʟʘʢʨʝʧʣʝʥʠʷ ʠ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʜʝʪʘʣʠ 

ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʨʘʩʰʠʨʠʪʴ ʨʘʩʯʝʪʥʫʶ ʦʙʣʘʩʪʴ, ʪʘʢ ʢʘʢ ʦʧʪʠʤʠʟʘʮʠʷ ʥʝ ʤʦʞʝʪ ʜʦʙʘʚʣʷʪʴ 

ʤʘʪʝʨʠʘʣ, ʦʥʘ ʤʦʞʝʪ ʪʦʣʴʢʦ ʫʜʘʣʠʪʴ ʣʠʰʥʠʡ. ʇʦʣʫʯʝʥʥʘʷ ʜʝʪʘʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩʫʥʦʢ 3. ʉʢʦʙʘ ʩ ʨʘʩʰʠʨʝʥʥʦʡ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʴʶ 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʡ ʜʝʪʘʣʠ ʤʦʞʥʦ ʟʘʧʫʩʢʘʪʴ ʨʘʩʯʝʪ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʥʦ ʧʝʨʝʜ ʵʪʠʤ ʟʘʜʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʦʛʨʘʥʠʯʝʥʠʶ ʧʦ ʥʘʧʨʷʞʝʥʠʷʤ, ʘ ʪʘʢʞʝ ʦʙʦʟʥʘʯʠʪʴ ʤʝʩʪʘ, 

ʚ ʢʦʪʦʨʳʭ ʥʝ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʫʜʘʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʧʨʠʚʝʜʸʥ ʥʘ 

ʨʠʩʫʥʢʝ 4. 

 

ʈʠʩʫʥʦʢ 4. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʜʝʪʘʣʴ 

ʅʦ ʪʘʢʘʷ ʜʝʪʘʣʴ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʛʨʫʙʦʡ ʠ ʰʝʨʦʭʦʚʘʪʦʡ, ʧʦʵʪʦʤʫ ʩ ʧʦʤʦʱʴʶ CAD-

ʧʘʢʝʪʘ SpaceClaim ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩʛʣʘʞʠʚʘʥʠʝ ʛʝʦʤʝʪʨʠʠ, ʨʝʟʫʣʴʪʘʪ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 5. 
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ʈʠʩʫʥʦʢ 5. ʉʢʦʙʘ ʧʦʩʣʝ ʩʛʣʘʞʠʚʘʥʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʚ ʧʘʢʝʪʝ SpaceClaim 

ɼʘʣʝʝ ʧʨʦʚʝʜʝʤ ʚʝʨʠʬʠʢʘʮʠʦʥʥʳʡ ʧʨʦʯʥʦʩʪʥʦʡ ʨʘʩʯʝʪ ʜʣʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʜʝʪʘʣʠ ʠ 

ʧʨʦʚʝʨʠʤ, ʚʳʧʦʣʥʷʝʪʩʷ ʣʠ ʟʘʜʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 6. ʅʘʧʨʷʞʝʥʠʷ ʧʦ ʄʠʟʝʩʫ 

ʇʦ ʠʪʦʛʫ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʧʨʝʜʝʣʴʥʳʭ, ʧʨʠ ʵʪʦʤ ʤʘʩʩʘ ʜʦ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʘ 0,33402 ʢʛ; ʘ ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʘʣʘ 

0,22745 ʢʛ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʤʘʩʩʝ ʠ ʥʘʧʨʷʞʝʥʠʷʤ ʚʳʧʦʣʥʷʶʪʩʷ.  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʋʉʃʆɺʀʁ ʂʆʄʇʃɽʂʉʆʆɹʈɸɿʆɺɸʅʀʗ ʈʋɹɽɸʅɸʊɸ 

ʂʆɹɸʃʔʊɸ (II) ɺ ɺʆɼʅʓʍ ʈɸʉʊɺʆʈɸʍ50 

ʄʝʣʴʥʠʢ ɽʢʘʪʝʨʠʥʘ ɸʥʜʨʝʝʚʥʘ, ʍʦʣʤʦʛʦʨʦʚʘ ɸʥʘʩʪʘʩʠʷ ʉʝʨʛʝʝʚʥʘ, ʅʝʫʜʘʯʠʥʘ ʃʶʜʤʠʣʘ 

ʂʦʥʩʪʘʥʪʠʥʦʚʥʘ 

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 620002, ʈʦʩʩʠʷ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʫʣ. ʄʠʨʘ, 19, ea -

 melnik@mail.ru 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ 

ʢʦʙʘʣʴʪ (II) ï ʨʫʙʝʘʥʦʚʦʜʦʨʦʜʥʘʷ ʢʠʩʣʦʪʘ ï ʩʫʣʴʬʦʥʦʣ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ. 

ʆʧʨʝʜʝʣʝʥʘ ʜʣʠʥʘ ʚʦʣʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 

435 ʥʤ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʥʘ ʨʝʘʢʮʠʶ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ, ʚʳʷʚʣʝʥ 

ʠʥʪʝʨʚʘʣ ʟʥʘʯʝʥʠʡ ʨʅ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʠʦʥʦʚ ʤʝʪʘʣʣʘ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʢʠʥʝʪʠʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʨʫʙʝʘʥʘʪʘ ʢʦʙʘʣʴʪʘ (II) ʧʨʠ ʨʅ = 7,5. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ, ʫʩʪʦʡʯʠʚʳʡ ʚ ʪʝʯʝʥʠʝ 25 ʯʘʩʦʚ. ʀʩʧʦʣʴʟʫʷ 

ʤʝʪʦʜʳ ʠʟʦʤʦʣʷʨʥʳʭ ʩʝʨʠʡ ʠ ʤʦʣʷʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ; 

ʧʫʪʝʤ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ OriginLab 8 ʦʧʨʝʜʝʣʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʈɺʂ : ʢʦʙʘʣʴʪ (II) ʚ ʢʦʤʧʣʝʢʩʝ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʫʙʝʘʥʘʪʘ ʢʦʙʘʣʴʪʘ (II). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʫʙʝʘʥʦʚʦʜʦʨʦʜʥʘʷ ʢʠʩʣʦʪʘ, ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ, ʨʫʙʝʘʥʘʪ ʢʦʙʘʣʴʪʘ (II), 

ʤʝʪʦʜ ʠʟʦʤʦʣʷʨʥʳʭ ʩʝʨʠʡ, ʤʝʪʦʜ ʤʦʣʷʨʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʤʝʪʦʜ ʂʦʤʘʨʷ. 

ʇʨʠ ʟʘʢʨʝʧʣʝʥʠʠ ʛʨʫʧʧ ʨʫʙʝʘʥʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ (ʈɺʂ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʨʙʝʥʪʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪʩʷ ʢʨʫʛ ʩʦʨʙʠʨʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʚʦʡʩʪʚʦʤ ʈɺʂ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʤʥʦʛʠʤʠ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. ɼʘʥʥʘʷ ʛʨʫʧʧʘ 

ʩʦʨʙʝʥʪʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ ʪʷʞʝʣʳʭ ʠ ʙʣʘʛʦʨʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʪʠʧʘ ʟʦʣʦʪʘ (III ), ʩʝʨʝʙʨʘ (I), ʧʘʣʣʘʜʠʷ (II) ʠ ʜʨ. [1]. ʊʘʢʞʝ ʨʘʩʪʚʦʨ ʈɺʂ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʨʝʘʢʪʠʚ ʚ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʪʘʢʠʭ ʢʘʢ 

ʤʝʜʴ, ʥʠʢʝʣʴ, ʞʝʣʝʟʦ ʠ ʧʨ. ʧʦʩʢʦʣʴʢʫ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʘ ʩʧʦʩʦʙʥʘ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩ ʥʠʤʠ ʚ 

ʨʘʩʪʚʦʨʘʭ ʫʩʪʦʡʯʠʚʳʝ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [2]. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʫʶ ʠʟʫʯʝʥʥʦʩʪʴ 

ʩʦʨʙʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʈɺʂ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ ʜʘʥʥʳʭ ʦ ʩʦʩʪʘʚʝ, ʩʪʨʦʝʥʠʠ, ʫʩʣʦʚʠʷʭ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʥʩʪʘʥʪʘʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʤʝʭʘʥʠʟʤʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʨʫʙʝʘʥʘʪʦʚ 

ʤʝʪʘʣʣʦʚ. 

                                                 

É ʄʝʣʴʥʠʢ ɽ.ɸ., ʍʦʣʤʦʛʦʨʦʚʘ ɸ.ʉ., ʅʝʫʜʘʯʠʥʘ ʃ.ʂ., 2019 
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ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ 

ʢʦʙʘʣʴʪ (II) ï ʈɺʂ ï ʩʫʣʴʬʦʥʦʣ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʦʤʧʣʝʢʩʝ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ. 

ʊʘʢ ʢʘʢ ʨʫʙʝʘʥʘʪʳ ʤʝʪʘʣʣʦʚ ʦʙʨʘʟʫʶʪ ʚ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʢʦʣʣʦʠʜʥʫʶ 

ʩʠʩʪʝʤʫ [3], ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʝʸ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚ ʨʘʩʪʚʦʨ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʇɸɺ). ʈʘʥʝʝ ʘʚʪʦʨʘʤʠ [2] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʫʣʴʬʦʥʦʣʘ, 

ʢʦʪʦʨʳʡ ʥʝ ʤʝʰʘʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʨʫʙʝʘʥʘʪʦʚ ʤʝʪʘʣʣʦʚ, ʚʳʧʘʜʝʥʠʝ ʦʩʘʜʢʘ 

ʧʨʝʜʫʧʨʝʞʜʘʝʪʩʷ ʩʦʣʶʙʠʣʠʟʘʮʠʝʡ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʇɸɺ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨ ʩʫʣʴʬʦʥʦʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʠʩʪʝʤʫ ʙʳʣʘ ʚʚʝʜʝʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ 

ʙʫʬʝʨʥʘʷ ʩʤʝʩʴ (ʋɹʉ), ʢʦʪʦʨʘʷ ʧʦʜʜʝʨʞʠʚʘʣʘ ʢʠʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ ʥʘ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ. 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʝʨʝʢʨʳʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤʫ, ʠ ʩʘʤʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʙʳʣʠ ʩʥʷʪʳ ʩʧʝʢʪʨʳ ʨʘʩʪʚʦʨʦʚ ʩʫʣʴʬʦʥʦʣʘ, 

ʋɹʉ, ʈɺʂ ʠ ʢʦʙʘʣʴʪʘ (II). ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʪʩʫʪʩʪʚʠʷ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ 

ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʤʝʩʠ ʙʳʣʠ ʩʥʷʪʳ ʩʧʝʢʪʨʳ ʩʠʩʪʝʤ: ʩʫʣʴʬʦʥʦʣ ï ʢʦʙʘʣʴʪ (II), ʋɹʉ ï 

ʢʦʙʘʣʴʪ (II), ʩʫʣʴʬʦʥʦʣ ï ʢʦʙʘʣʴʪ (II) ï ʋɹʉ, ʩʫʣʴʬʦʥʦʣ ï ʢʦʙʘʣʴʪ (II) ï ʋɹʉ ï ʈɺʂ. ʇʫʪʝʤ 

ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʥʘ ʩʧʝʢʪʨʘʭ ʦʪʩʫʪʩʪʚʫʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʠʢʠ, ʢʨʦʤʝ ʧʦʛʣʦʱʝʥʠʷ ʈɺʂ ʠ ʨʫʙʝʘʥʘʪʘ ʢʦʙʘʣʴʪʘ (II). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, 

ʯʪʦ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʨʘʩʪʚʦʨʝ ʧʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ ʥʝ ʧʨʦʪʝʢʘʶʪ. ʅʘʙʣʶʜʘʝʪʩʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʈɺʂ ʚ ʠʥʪʝʨʚʘʣʝ 290ï400 ʥʤ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 

305 ʥʤ; ʨʫʙʝʘʥʘʪ ʢʦʙʘʣʴʪʘ (II) ʧʦʛʣʦʱʘʝʪ ʚ ʜʠʘʧʘʟʦʥʝ 360ī460 ʥʤ, ʧʦʵʪʦʤʫ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʷʚʣʝʥʠʷ ʧʝʨʝʢʨʳʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʚʳʙʨʘʥ ʜʠʘʧʘʟʦʥ 400ī460 

ʥʤ. ɺ ʫʢʘʟʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʳʙʨʘʥʘ ʜʣʠʥʘ ʚʦʣʥʳ 435 ʥʤ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʶ ʨʫʙʝʘʥʘʪʘ ʢʦʙʘʣʴʪʘ (II). 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʚʣʠʷʥʠʶ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʥʘ ʧʨʦʮʝʩʩ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʫʙʝʘʥʘʪ ʢʦʙʘʣʴʪʘ (II) ʦʙʨʘʟʫʝʪʩʷ ʚʦ ʚʩʝʤ 

ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʨʅ. ʅʘ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹɸ = f(pH) ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ ʚ 

ʠʥʪʝʨʚʘʣʝ ʨʅ 7ī8, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʥʦʤʫ ʩʚʷʟʳʚʘʥʠʶ ʠʦʥʘ ʢʦʙʘʣʴʪʘ (II) ʚ ʨʫʙʝʘʥʘʪ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʟʥʘʯʝʥʠʠ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ 7,5. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʈɺʂ ʠ ʠʦʥʦʤ ʤʝʪʘʣʣʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʫʙʝʘʥʘʪ 

ʢʦʙʘʣʴʪʘ (II) ʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ, ʦʥ ʫʩʪʦʡʯʠʚ ʚ ʪʝʯʝʥʠʝ 25 ʯʘʩʦʚ ʧʦʩʣʝ ʩʤʝʰʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʩʧʫʩʪʷ 30 ʯʘʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʨʫʰʝʥʠʠ ʢʦʣʣʦʠʜʥʦʡ ʩʠʩʪʝʤʳ. 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʫʙʝʘʥʘʪʘ 

ʢʦʙʘʣʴʪʘ (II) ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʠʟʦʤʦʣʷʨʥʳʭ ʩʝʨʠʡ (ʤʝʪʦʜ ʂʦʤʘʨʷ) ʠ ʤʝʪʦʜ ʤʦʣʷʨʥʳʭ 

ʦʪʥʦʰʝʥʠʡ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ȹɸ=f(x) ʠ 

ȹɸ=f(CR/CM), ʛʜʝ ʭ ï ʤʦʣʴʥʘʷ ʜʦʣʷ ʈɺʂ ʚ ʨʘʩʪʚʦʨʝ, ʢʦʪʦʨʘʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1), 

ʉR ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʈɺʂ ʚ ʨʘʩʪʚʦʨʝ, ʤʦʣʴ/ʜʤ3; ʉʄ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨʝ, 

ʤʦʣʴ/ʜʤ3, ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʈɺʂ ʠ ʢʦʙʘʣʴʪʘ (II), ʦʥʦ ʩʦʩʪʘʚʠʣʦ 3:2, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ɺ ʨʘʙʦʪʝ [3] ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʈɺʂ ï ʢʦʙʘʣʴʪ (II) ï ʛʫʤʤʠʘʨʘʙʠʢ ʧʦʣʫʯʝʥʦ 

ʪʘʢʦʝ ʞʝ ʦʪʥʦʰʝʥʠʝ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʘʪʦʣʢʥʫʣ ʘʚʪʦʨʦʚ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʙʘʣʴʪʘ ʠʟ II ʚ III 

ʚʩʣʝʜʩʪʚʠʝ ʦʢʠʩʣʝʥʠʷ ʢʦʙʘʣʴʪʘ (II) ʢʠʩʣʦʨʦʜʦʤ, ʨʘʩʪʚʦʨʝʥʥʳʤ ʚ ʚʦʜʝ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʜʘʥʥʦʡ ʛʠʧʦʪʝʟʳ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʄʝʪʦʜ ʂʦʤʘʨʷ [4] ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ 

ʨʘʚʥʦʚʝʩʠʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʩʪʘʥʪ r

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʦʨʤʫʣʫ (2):  
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ʛʜʝ ȹA1 ʠ ȹɸ2 ï ʟʥʘʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʤʘʢʩʠʤʫʤʦʚ ʥʘ ʜʚʫʭ ʠʟʦʤʦʣʷʨʥʳʭ ʢʨʠʚʳʭ; 

C1 ʠ ʉ2 ï ʦʙʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʘ ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨʝ ʜʣʷ ʜʚʫʭ ʠʟʦʤʦʣʷʨʥʳʭ ʩʝʨʠʡ, 

ʤʦʣʴ/ʜʤ3; n ï ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ ʫʨʘʚʥʝʥʠʶ (3): 
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ʛʜʝ x max ï ʟʥʘʯʝʥʠʝ ʤʦʣʴʥʦʡ ʜʦʣʠ ʈɺʂ ʚ ʨʘʩʪʚʦʨʝ ʚ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ.  

ʂʦʥʩʪʘʥʪʫ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʤʝʪʦʜʫ ʤʦʣʷʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʨʘʩʩʯʠʪʘʣʠ ʧʦ ʬʦʨʤʫʣʝ (4): 
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ʛʜʝ ȹɸɻ ʢʩʧ ï ʟʥʘʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ; ȹɸʪʝʦʨ ï

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʝʥʠʷ 

ʢʘʩʘʪʝʣʴʥʳʭ; ʉʄ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨʝ, ʤʦʣʴ/ʜʤ3; ʉʍ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʣʣʘ, 
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ʩʚʷʟʘʥʥʦʛʦ ʚ ʢʦʤʧʣʝʢʩ, ʤʦʣʴ/ʜʤ3, ʜʦ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ ʉʍ=ʉR/n, ʧʦʩʣʝ ʪʦʯʢʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʉʍ=ʉR, ʧʨʠ ʭ=ʭmax, ʉʍ=ʉM=ʉR/n; ʉR ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʈɺʂ ʚ ʨʘʩʪʚʦʨʝ, ʤʦʣʴ/ʜʤ3, 

n ï ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʨʘʚʥʦʝ ʟʥʘʯʝʥʠʶ ʘʙʩʮʠʩʩʳ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ 

ʢʘʩʘʪʝʣʴʥʳʭ. 

ʇʦ ʤʝʪʦʜʫ ʠʟʦʤʦʣʷʨʥʳʭ ʩʝʨʠʡ ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʩʪʘʚʠʣʦ 5,50Ŀ107, 

ʧʦ ʤʝʪʦʜʫ ʤʦʣʷʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ï 3,67Ŀ105. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʨʘʚʥʠʣʠ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ: ʚ ʨʘʙʦʪʝ [5] ʠʟʫʯʝʥʘ ʩʠʩʪʝʤʘ ʢʦʙʘʣʴʪ (II) ï ʈɺʂ ï ʪʠʦʢʘʨʙʘʤʠʜ ʧʨʠ ʨʅ = 7, ʚ 

ʢʦʪʦʨʦʡ ʦʙʥʘʨʫʞʝʥʦ ʧʦʷʚʣʝʥʠʝ ʨʘʟʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ; ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʦʩʪʘʚʠʣʦ 1 : 2 : 4, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʙʘʣʴʪ (II) : ʈɺʂ : ʪʠʦʢʘʨʙʘʤʠʜ; ʢʦʥʩʪʘʥʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʨʘʚʥʘ 6,82Ŀ1014. ɺ ʨʘʙʦʪʝ [6] ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ ʨʫʙʝʘʥʘʪʘ ʢʦʙʘʣʴʪʘ (III ), 

ʩʦʦʪʥʦʰʝʥʠʝ ʈɺʂ ʠ ʢʦʙʘʣʴʪʘ (III ) ʩʦʩʪʘʚʠʣʦ 1 : 3, ʢʦʥʩʪʘʥʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʩʨʝʜʝ ʫʢʩʫʩʥʦʡ 

ʠ ʭʣʦʨʥʦʡ ʢʠʩʣʦʪ (0,6 ʤʦʣʴ/ʜʤ3) ʨʘʚʥʘ 4,57Ŀ109
. ʀʟ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʥʘ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʥʦʡ ʩʦʣʠ ʤʦʞʝʪ ʚʣʠʷʪʴ ʧʨʠʨʦʜʘ ʚʚʝʜʝʥʥʦʛʦ ʚ 

ʩʠʩʪʝʤʫ ʩʪʘʙʠʣʠʟʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʢʠʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʠʟʤʝʥʝʥʠʶ ʜʝʥʪʘʥʪʥʦʩʪʠ 

ʈɺʂ.  

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

1. ʍʦʣʤʦʛʦʨʦʚʘ ɸ. ʉ., ʅʝʫʜʘʯʠʥʘ ʃ.ʂ., ʇʫʟʳʨʝʚ ʀ.ʉ ʠ ʜʨ. ʆʙʤʝʥʥʘʷ ʝʤʢʦʩʪʴ ʠʦʥʠʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʠʩʠʣʦʢʩʘʥʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʜʠʪʠʦʦʢʩʘʤʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʩʝʨʝʙʨʫ (I), ʧʣʘʪʠʥʝ (IV) ʠ ʧʘʣʣʘʜʠʶ (II) // ɾʫʨʥʘʣ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ. ï 

2018. ï ʊ. 92, ˉ 11. ï ʉ. 1779ï1785. 

2. ɸʣʴʙʦʪʘ ʃ. ɸ., ʉʝʨʜʶʢ ʃ. ʉ., ɿʘʚʝʨʘʯ ʄ. ʄ. ʌʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ ʠ 

ʥʠʢʝʣʷ ʚ ʩʪʘʣʷʭ // ɾʫʨʥʘʣ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ï 1974. ï ʊ. 29, ˉ 3. ï ʉ. 590ï591. 

3. ʊʘʥʘʥʘʝʚ ʀ. ɺ., ʐʘʧʠʨʦ ʃ.ʄ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ ʭʣʦʨʠʩʪʳʡ ʢʦʙʘʣʴʪ 

ï ʨʫʙʝʘʥʦʚʦʜʦʨʦʜʥʘʷ ʢʠʩʣʦʪʘ ï ʚʦʜʘ // ɾʫʨʥʘʣ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ï 1957. ï ʊ. 2, 

ˉ 6. ï ʉ. 1424ï1427. 

4. ʂʦʤʘʨʴ ʅ. ʇ. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ ʢʘʢ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʤʝʩʝʡ. // 

ɾʫʨʥʘʣ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ï 1950. ï ʊ.5, ˉ 3. ï ʉ 139ïâ144. 

5. ɻʣʠʥʠʥʘ ɸ.ɻ., ʊʫʣʝʰʢʘʣʠʝʚʘ ɸ.ʂ., ɻʣʠʥʠʥʘ ɽ.ɻ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ 

ʠʦʥʦʚ ʢʦʙʘʣʴʪʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ // ɺʝʩʪʥʠʢ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʦʙʣʘʩʪʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ: ʝʩʪʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ. ï 2009. ï ˉ 4. ï ʉ. 16ï17. 

6. Antolini, L. Apparent formation constants of dithiooxamide and substituted dithiooxamide 

complexes of cobalt (II, III), nickel (II) and copper (II) in strongly acidic media // Analytica 

Chimica Acta. ï 1976. ï V. 83. ï P. 337ï342.  



 

244 

 

STUDY OF THE CONDITIONS OF  COMPLEXING DITHIOOX AMIDE COMPLEX OF 

COBALT (II) IN AQUEOUS SOLU TIONS 

Melnik Ekaterina A., Kholmogorova Anastasia S., Neydachina Lyudmila K. 

Ural Federal University, 19, Mira st. Ekaterinburg, 620002, Russia, ea-melnik@mail.ru 

This work is devoted to the study of the complexing in the system cobalt (II) ï dithiooxamide ï 

alkylbenzene sulfonates using spectrophotometry. The wavelength of maximum absorption of the 

complex was determined, which amounted to 435 nm. The effect of the acidity of the medium on 

the complexation was studied, the range of pH values at which the most complete binding of metal 

ions determinated. The kinetics dithiooxamide complex of cobalt (II) formation was studied at pH = 

7.5. It was established that in the studied system a complex forms that is stable for 25 hours. 

Graphic dependencies were obtained using the methods of isomolar series and molar relations. The 

ratio of the components of dithiooxamide : cobalt (II) in the complex is determined by their 

mathematical processing in the software package of the OriginLab 8. In addition the values of the 

stability constant of dithiooxamide complex of cobalt (II) were calculated, on the basis of the 

obtained data, 

Keywords: dithiooxamide, complexing, isomolar series, molar ratios, spectrophotometry 
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ʋɼʂ 534.2:533.6:519.6 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʆʇʈɽɼɽʃɽʅʀɽ ʈɽɿʆʅɸʅʉʅʓʍ ʏɸʉʊʆʊ 

ɿɸʄʂʅʋʊʆʁ ʇʆʃʆʉʊʀ51 

ʄʝʭʦʥʦʰʠʥ ɺʠʪʘʣʠʡ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ, ʐʫʚʘʝʚ ʅʠʢʦʣʘʡ ɺʘʩʠʣʴʝʚʠʯ 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614990, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ɹʫʢʠʨʝʚʘ, 15, fortress-europe@ya.ru 

ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʘʷ ʨʝʰʘʝʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʩʘʤʦʣʝʪʘ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʢʦʤʙʠʥʘʮʠʠ ʫʩʣʦʚʠʡ, ʩʦʚʧʘʜʝʥʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʦʙʲʝʤʘ ʠ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʨʝʟʦʥʘʥʩʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʤʦʛʫʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʣʦʤʢʘʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʫʣʫʯʰʝʥʠʶ 

ʧʦʥʠʤʘʥʠʷ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʨʝʟʦʥʘʥʩʦʚ, ʯʪʦ ʜʘʩʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʝʩʪʴ ʠʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʜʦʨʘʙʦʪʢʝ ʩʫʱʝʩʪʚʫʶʱʠʭ. 

ʀʟʛʦʪʦʚʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʟʘʤʢʥʫʪʦʡ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʦʣʦʩʪʠ. ɿʘʬʠʢʩʠʨʦʚʘʥʳ ʘʢʫʩʪʠʯʝʩʢʠʝ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʚ ʧʦʣʦʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʭʘʨʘʢʪʝʨʥʳʤ ʣʠʥʝʡʥʳʤ ʨʘʟʤʝʨʘʤ ʫʩʪʘʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʢʫʩʪʠʢʘ, ʨʝʟʦʥʘʥʩ, ʛʘʟʦʪʫʨʙʠʥʥʳʡ ʜʚʠʛʘʪʝʣʴ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʝʟʦʥʘʥʩʥʳʭ 

ʷʚʣʝʥʠʡ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʦʚʳʰʝʥʥʳʭ 

ʧʫʣʴʩʘʮʠʡ ʜʘʚʣʝʥʠʷ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʠ ʧʦʚʳʰʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʜʝʪʘʣʷʭ. ɺ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʟʘʤʢʥʫʪʦʡ ʧʦʣʦʩʪʠ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʥʦʧʦʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ 

ʚʠʜʝ ʧʫʣʴʩʠʨʫʶʱʝʡ ʩʬʝʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʮʝʥʪʨʝ ʟʘʤʢʥʫʪʦʡ ʧʦʣʦʩʪʠ [1]. ʅʘ ʧʨʘʢʪʠʢʝ 

ʚʦʩʩʦʟʜʘʪʴ ʪʘʢʦʡ ʠʩʪʦʯʥʠʢ ʧʨʦʙʣʝʤʘʪʠʯʥʦ, ʧʦʵʪʦʤʫ ʦʥ ʟʘʤʝʥʷʝʪʩʷ ʪʨʫʙʢʦʡ, ʦʜʠʥ ʢʦʥʝʮ 

ʢʦʪʦʨʦʡ ʧʨʠʢʨʝʧʣʷʝʪʩʷ ʢ ʜʠʥʘʤʠʢʫ, ʘ ʚʪʦʨʦʡ ï ʦʪʢʨʳʪʳʡ ʢʦʥʝʮ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʥʫʪʨʠ 

ʟʘʤʢʥʫʪʦʡ ʧʦʣʦʩʪʠ.  

ɺ ʨʘʙʦʪʝ ʈʦʥʳ [2] ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ. ʂʦʣʝʙʘʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ 

ʨʘʙʦʪʝ [3]. 

                                                 

ʇʫʙʣʠʢʘʮʠʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ 17-41-590409) 

É ʄʝʭʦʥʦʰʠʥ ɺ.ʂ., ʐʫʚʘʝʚ ʅ.ɺ., 2019 
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ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʤʢʥʫʪʘʷ ʧʦʣʦʩʪʴ ʚ ʬʦʨʤʝ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʨʘʟʤʝʨʦʤ 25ʭ15ʭ15 ʩʘʥʪʠʤʝʪʨʦʚ. ʌʦʨʤʘ ʧʦʣʦʩʪʠ ʚʳʙʨʘʥʘ 

ʩ ʮʝʣʴʶ ʧʨʦʩʪʦʪʳ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʥʝʝ ʚʦʟʤʦʞʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠ ʦʮʝʥʠʪʴ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʦʩʪʠ ʩʦʟʜʘʝʪʩʷ ʢʦʨʦʙ ʠʟ ʬʘʥʝʨʳ ʪʦʣʱʠʥʦʡ 0.8 ʩʘʥʪʠʤʝʪʨʘ. 

ɺʳʩʚʝʨʣʠʚʘʶʪʩʷ ʚʦʩʝʤʴ ʦʪʚʝʨʩʪʠʡ ʜʣʷ ʤʠʢʨʦʬʦʥʘ ʠ ʦʜʥʦ ʜʣʷ ʪʨʫʙʢʠ. ʅʝʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʚʦ 

ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʤʠʢʨʦʬʦʥʘ ʟʘʢʨʳʚʘʶʪʩʷ ʨʝʟʠʥʦʚʳʤʠ ʟʘʛʣʫʰʢʘʤʠ. 

ʀʩʪʦʯʥʠʢʦʤ ʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʜʠʥʘʤʠʢ, ʥʘ ʢʦʪʦʨʳʡ 

ʥʘʢʨʫʯʠʚʘʝʪʩʷ ʩʪʘʣʴʥʘʷ ʪʨʫʙʢʘ ʜʣʠʥʦʡ 22 ʩʤ, ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ 0.25 ʩʤ ʠ ʨʘʜʠʫʩʦʤ 0.135 ʩʤ. 

ʉʠʛʥʘʣ ʛʝʥʝʨʠʨʫʝʪʩʷ, ʟʘʧʠʩʳʚʘʝʪʩʷ ʠ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘʪʦʨʘ 

ʩʧʝʢʪʨʘ ZET 018-U8. ɿʘʧʠʩʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʬʦʥʘ MPA-201, 

ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʘʥʘʣʠʟʘʪʦʨʫ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

  

ʈʠʩʫʥʦʢ 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ɻʝʥʝʨʠʨʫʝʪʩʷ ʩʠʛʥʘʣ çʧʦʣʦʩʦʚʦʡ ʰʫʤè, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʨʘʚʥʦʤʝʨʥʳʡ ʩʧʝʢʪʨ ʚ 

ʟʘʜʘʚʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 100-5000 ɻʮ. ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʚʳʙʨʘʥ ʠʟ ʫʩʣʦʚʠʷ ʧʦʠʩʢʘ 

ʨʝʟʦʥʘʥʩʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ: ʯʘʩʪʦʪʳ ʧʦʨʷʜʢʘ 100-200 ɻʮ ï ʨʘʙʦʯʠʝ 

ʣʦʧʘʪʢʠ ʚʝʥʪʠʣʷʪʦʨʘ, 3000-5000 ɻʮ ï ʧʝʨʚʳʝ ʨʘʙʦʯʠʝ ʣʦʧʘʪʢʠ ʂɺɼ. ʉʧʝʢʪʨ ʚʳʭʦʜʷʱʝʛʦ ʠʟ 

ʪʨʫʙʢʠ ʩʠʛʥʘʣʘ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2. ʉʧʝʢʪʨ ʚʳʭʦʜʷʱʝʛʦ ʠʟ ʪʨʫʙʢʠ ʩʠʛʥʘʣʘ 

ʅʘ ʨʠʩʫʥʢʝ 2. ʚʠʜʥʳ ʧʠʢʠ ʥʘ ʯʘʩʪʦʪʘʭ 1011, 1582, 2117, 2710, 3350, 4077, 4576 ɻʮ, 

ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʠʟ-ʟʘ ʪʨʫʙʢʠ, ʧʨʠʢʨʝʧʣʝʥʥʦʡ ʢ ʜʠʥʘʤʠʢʫ. ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 

ʠʩʪʦʯʥʠʢʘ ʙʳʣ ʠʟʤʝʨʝʥ ʚ ʟʘʛʣʫʰʝʥʥʦʡ ʢʘʤʝʨʝ çʇɻʅʀʋè.  

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʪʨʝʭ ʧʦʣʦʞʝʥʠʡ ʪʨʫʙʢʠ ʠ ʟʚʫʢʦʚʦʝ ʜʘʚʣʝʥʠʷ ʠʟʤʝʨʷʝʪʩʷ ʚ 

ʪʨʝʭ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ. ʈʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʟʘʤʢʥʫʪʦʡ ʧʦʣʦʩʪʠ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʧʦ ʬʦʨʤʫʣʝ [4]: 
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ʛʜʝ w ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ, a,b,c ï ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʟʘʤʢʥʫʪʦʛʦ ʦʙʲʝʤʘ, l,m,n ï ʥʦʤʝʨʘ ʤʦʜ 

ʢʦʣʝʙʘʥʠʡ). ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ, ʨʘʩʧʦʣʘʛʘʶʱʝʡʩʷ ʚ ʢʦʥʮʝ ʩʪʘʪʴʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʟʘʤʢʥʫʪʦʛʦ ʦʙʲʝʤʘ ʤʦʛʫʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ, ʦʧʠʩʘʥʥʦʡ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ. 

ʅʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʥʝ ʙʦʣʝʝ 

ʯʝʤ ʥʘ 3.31 %. ʆʪʣʠʯʠʝ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʪʨʫʙʢʠ ʠ ʤʠʢʨʦʬʦʥʘ ʚʥʫʪʨʠ ʢʦʨʦʙʘ ʚʦ ʚʨʝʤʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʠʩʫʪʩʪʚʠʝ ʧʠʢʦʚ ʥʘ ʩʧʝʢʪʨʝ ʚʳʭʦʜʷʱʝʛʦ ʠʟ ʪʨʫʙʢʠ ʩʠʛʥʘʣʘ, 

ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʩʪʦʷʯʝʡ ʚʦʣʥʳ ʚ ʪʨʫʙʢʝ [5]. ʅʘʙʣʶʜʘʝʤʳʝ ʧʠʢʠ ʷʚʣʷʶʪʩʷ ʜʦʧʫʩʪʠʤʳʤʠ 

ʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʟʘʤʢʥʫʪʦʡ 

ʧʦʣʦʩʪʠ. 
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ʊʘʙʣʠʮʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʦʪ ʧʦʣʦʞʝʥʠʷ ʪʨʫʙʢʠ 

l m n ..ʘʥʘʣʠʪʨʝʟf  
1 ʧʦʣʦʞʝʥʠʝ 2 ʧʦʣʦʞʝʥʠʝ 3 ʧʦʣʦʞʝʥʠʝ 

ʵʢʩʧʨʝʟf .  ʦʪʣʠʯʠʝ ʵʢʩʧʨʝʟf .  ʦʪʣʠʯʠʝ ʵʢʩʧʨʝʟf .  ʦʪʣʠʯʠʝ 

0 1 0 690 - - 680 1.47% 674 2.37% 

1 0 0 1150 1158 0.69% 1154 0.35% 1146 0.35% 

1 1 0 1341 1387 3.31% - - - - 

0 2 0 1380 1387 0.50% 1393 0.93% 1397 1.22% 

1 0 1 1626 - - 1623 0.21% 1628 0.10% 

1 2 0 1796 1817 1.14% 1808 0.64% 1804 0.42% 

2 0 0 2300 2314 0.61% 2304 0.17% 2302 0.09% 

1 3 0 2368 2314 2.33% 2336 1.37% - - 

2 2 0 2682 2683 0.03% 2673 0.35% 2681 0.05% 

3 0 0 3450 3430 0.58% 3472 0.63% 3466 0.46% 

3 1 0 3518 3495 0.67% - - - - 

3 0 2 4146 4103 1.06% 4106 0.98% 4128 0.45% 

1 3 3 4184 4195 0.25% 4181 0.08% 4185 0.01% 

3 1 2 4203 4195 0.20% 4181 0.54% 4185 0.44% 

3 3 2 4634 4612 0.49% 4624 0.22% 4618 0.35% 
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EXPERIMENTAL DETERMI NATION OF THE RESONA NT FREQUENCY OF CLOSED 

CAVITY  

Mekhonoshin Vitaliy K., Shuvaev Nikolay V. 

Perm State University, 15, Bukireva st., Perm, 614990, Russia, fortress-europe@ya.ru 

Ensuring flight safety is the most important task, which is solved in the process of designing an 

aircraft engine and aircraft. Under a certain combination of conditions, the coincidence of the 

natural frequencies of the oscillations of the air volume and the solid body, the resonance processes 

in the flow part of the gas turbine engine can lead to serious breakdowns. Currently, there are no 

sufficiently detailed mathematical models to predict the acoustic resonance in the flow of the gas 

turbine engine. The analysis of the obtained results can serve to improve the understanding of the 

main mechanisms of acoustic resonances, which will make it possible to take them into account in 

the development of new engines and refinement of existing ones. An experimental setup to 

determine the resonance frequencies of a closed rectangular cavity was made. The acoustic 

resonance frequencies in the cavity corresponding to the characteristic linear dimensions of the 

installation are fixed. Analytical and experimental results are compared. 

Keywords: acoustics, resonance, gas turbine engine 
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ʋɼʂ 004.93 

ʈɸɿʈɸɹʆʊʂɸ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʍ ʇʆʄʆʑʅʀʂʆɺ-ʀʅʌʆʈʄɸʅʊʆɺ  

ʆ ʈʀʉʂɸʍ ɿɼʆʈʆɺʔʖ ʇʆ ɼɸʅʅʓʄ ʄɽɼʀʎʀʅʉʂʀʍ ɸʅɸʃʀɿʆɺ52 

ʄʠʥʠʥ ɸʥʜʨʝʡ ʉʝʨʛʝʝʚʠʯ, ʏʫʧʨʠʥʘ ʉʚʝʪʣʘʥʘ ʀʛʦʨʝʚʥʘ 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614990, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ɹʫʢʠʨʝʚʘ, 15, mandrey0501@gmail.com 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʦʤʦʱʥʠʢʦʚ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʥʘ ʧʨʠʥʮʠʧʘʭ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (ʘʥʛʣ., Augmented Reality, AR), ʩ 

ʮʝʣʴʶ ʚʳʜʘʯʠ ʢʦʥʪʝʢʩʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʠʩʢʘʭ ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʧʦʢʘʟʘʪʝʣʠ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʙʣʘʥʢʘʭ ʘʥʘʣʠʟʦʚ, ʚʳʭʦʜʷʪ ʟʘ ʛʨʘʥʠʮʳ ʨʝʬʝʨʝʥʪʥʳʭ ʟʥʘʯʝʥʠʡ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʦʤʦʱʥʠʢʦʚ-ʠʥʬʦʨʤʘʥʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ 

ʭʨʘʥʝʥʠʷ ʟʥʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʥʪʦʣʦʛʠʠ ʚ ʧʨʠʚʷʟʢʝ ʢ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʢʣʘʩʩʠʬʠʢʘʪʦʨʫ 

ʙʦʣʝʟʥʝʡ (ʄʂɹ), ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʪʘʢʞʝ ʚ ʚʠʜʝ ʦʥʪʦʣʦʛʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʦʥʪʦʣʦʛʠʡ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʤʦʱʥʠʢʘ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʚʩʪʨʘʠʚʘʝʤʳʡ ʚ 

ʠʟʦʙʨʘʞʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʥʪʝʥʪ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʥʘʰʝʤ 

ʩʣʫʯʘʝ, ʩʪʨʫʢʪʫʨʳ ʙʣʘʥʢʘ ʢʦʥʢʨʝʪʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʩʧʝʮʠʬʠʢʠ ʢʦʥʢʨʝʪʥʦʛʦ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ OCR (ʘʥʛʣ., 

Optical Character Recognition). ɹʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ AR ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ ʜʦʩʪʘʪʦʯʥʦ ʥʘʚʝʩʪʠ ʢʘʤʝʨʫ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ 

ʢʦʥʢʨʝʪʥʳʡ ʙʣʘʥʢ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʝʜʠʮʠʥʩʢʠʭ ʘʥʘʣʠʟʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʦʤʦʱʥʠʢ, ʤʦʙʠʣʴʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʦʥʪʦʣʦʛʠʷ. 

ɺʚʝʜʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʤʦʱʥʠʢʘ (ʘʥʛʣ., 

intelligent assistant), ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʣʶʜʝʡ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʩʧʝʮʠʘʣʴʥʳʤʠ ʟʥʘʥʠʷʤʠ ʚ 

ʤʝʜʠʮʠʥʩʢʦʡ ʩʬʝʨʝ, ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʨʦʯʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʢ ʚʨʘʯʫ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʤʝʜʠʮʠʥʩʢʠʭ ʘʥʘʣʠʟʦʚ. ʇʦʜ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʧʦʤʦʱʥʠʢʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ 

ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ, ʢʦʪʦʨʦʝ ʘʜʘʧʪʠʨʫʝʪʩʷ ʧʦʜ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʨʝʰʘʝʪ ʢʘʢʫʶ-

ʣʠʙʦ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ ʯʝʣʦʚʝʢʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ AR ʠ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ [1]. 

AR ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ, ʜʦʧʦʣʥʷʶʱʘʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʬʠʟʠʯʝʩʢʠʡ ʤʠʨ ʮʠʬʨʦʚʳʤʠ 

ʜʘʥʥʳʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʚʠʨʪʫʘʣʴʥʳʝ 2D- ʠ 3D-ʦʙʲʝʢʪʳ, ʧʦʟʚʦʣʷʷ ʩʦʚʤʝʱʘʪʴ ʨʝʘʣʴʥʳʡ 

ʠ ʚʠʨʪʫʘʣʴʥʳʡ ʤʠʨʳ ʧʦʩʨʝʜʩʪʚʦʤ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʢʘʢ ʩʤʘʨʪʬʦʥʳ ʠ ʧʣʘʥʰʝʪʳ [2]. ɺ ʥʘʰʝʤ 

ʧʨʦʝʢʪʝ ʯʝʣʦʚʝʢ ʧʦʩʣʝ ʥʘʚʝʜʝʥʠʷ ʢʘʤʝʨʳ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʙʣʘʥʢ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʝʜʠʮʠʥʩʢʠʭ ʘʥʘʣʠʟʦʚ ʧʦʣʫʯʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʠʩʢʘʭ ʟʜʦʨʦʚʴʶ ʚ ʩʚʷʟʠ ʩ 
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ʥʘʨʫʰʝʥʠʝʤ ʜʦʧʫʩʪʠʤʳʭ ʥʦʨʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʝʩʣʠ ʪʘʢʦʚʳʝ ʠʤʝʶʪʩʷ), ʣʠʙʦ 

ʩʧʨʘʚʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʳʜʝʣʝʥʥʦʤ ʥʘ ʵʢʨʘʥʝ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʧʦʤʦʱʠ 

swipe-ʞʝʩʪʘ ʧʦʢʘʟʘʪʝʣʝ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʦʤʦʱʥʠʢ ʧʨʠ ʧʦʤʦʱʠ OCR ʨʘʩʧʦʟʥʘʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʘʥʥʳʝ ʠ ʧʦʜʛʨʫʞʘʝʪ ʠʟ ʩʚʦʝʡ ʙʘʟʳ ʟʥʘʥʠʡ ʥʫʞʥʳʡ ʢʦʥʪʝʥʪ ʩ 

ʠʥʬʦʨʤʘʮʠʝʡ ʧʦʷʩʥʷʶʱʝʛʦ ʭʘʨʘʢʪʝʨʘ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʚʝʨʭ ʠʟʦʙʨʘʞʝʥʠʷ ʨʝʘʣʴʥʦʛʦ 

ʙʣʘʥʢʘ ʘʥʘʣʠʟʘ. ɺ ʩʚʷʟʠ ʩ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴʶ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʘʧʧʘʨʘʪʥʫʶ ʧʦʜʜʝʨʞʢʫ ʪʝʭʥʦʣʦʛʠʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʣʶʜʝʡ, ʦʙʨʘʱʘʶʱʠʭʩʷ ʚ ʤʝʜʠʮʠʥʩʢʠʝ ʣʘʙʦʨʘʪʦʨʠʠ, ʨʘʟʨʘʙʦʪʢʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʧʦʤʦʱʥʠʢʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ʂʦʥʮʝʧʮʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ 

ʇʝʯʘʪʥʳʝ ʙʣʘʥʢʠ ʨʘʟʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʧʨʠʯʝʤ ʥʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʠʣʠ ʜʘʞʝ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝ ʚ 

ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ. ɼʘʞʝ ʚ ʩʣʫʯʘʝ ʪʘʙʣʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʟʥʘʯʝʥʠʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʧʦʢʘʟʘʪʝʣʝʡ (ʥʘʧʨʠʤʝʨ, ʵʨʠʪʨʦʮʠʪʳ, ʣʝʡʢʦʮʠʪʳ) ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʚ 

ʧʦʣʷʭ, ʠʤʝʶʱʠʭ ʚ ʙʣʘʥʢʘʭ ʨʘʟʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ ʨʘʟʣʠʯʥʦʝ ʥʘʠʤʝʥʦʚʘʥʠʝ, ʯʪʦ ʩʦʟʜʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʠʟʚʣʝʯʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɼʣʷ ʘʜʘʧʪʘʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʤʦʱʥʠʢʘ ʢ ʩʧʝʮʠʬʠʢʝ ʚʠʟʫʘʣʠʟʠʨʫʝʤʦʛʦ ʢʦʥʪʝʥʪʘ 

ʠ ʨʘʟʥʦʦʙʨʘʟʠʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʙʣʘʥʢʦʚ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʧʦʜʭʦʜ ʥʘ ʙʘʟʝ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ [1]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʝʭʥʦʣʦʛʠʠ ʤʛʥʦʚʝʥʥʳʭ ʧʝʨʝʚʦʜʯʠʢʦʚ Word 

Lens, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʧʨʠʥʮʠʧʘʭ AR, ʥʦ ʥʝ ʪʨʝʙʫʶʪ ʥʘʩʪʨʦʡʢʠ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʧʝʯʘʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʜʣʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʥʘʤʠ ʟʘʜʘʯʠ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʘʜʘʧʪʘʮʠʠ ʢ ʩʪʨʫʢʪʫʨʝ ʠ ʢʦʥʪʝʥʪʫ ʙʣʘʥʢʦʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʤʳ 

ʨʘʟʨʘʙʦʪʘʣʠ ʦʥʪʦʣʦʛʠʯʝʩʢʫʶ ʙʘʟʫ ʟʥʘʥʠʡ ʠ ʦʥʪʦʣʦʛʠʯʝʩʢʠ ʫʧʨʘʚʣʷʝʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʦʥʪʦʣʦʛʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʆʅʊʆʃʀʉ 2.0. ï ʘʜʘʧʪʠʨʫʝʤʳʡ 

ʚʠʟʫʘʣʴʥʳʡ ʨʝʜʘʢʪʦʨ ʦʥʪʦʣʦʛʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʦʪʨʫʜʥʠʢʘʤʠ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʇɻʅʀʋ [3]. 

ɼʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʤʝʜʠʮʠʥʩʢʠʭ ʟʥʘʥʠʡ ʦ ʨʠʩʢʘʭ ʟʘʙʦʣʝʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ 

ʜʦʩʪʫʧ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʫʩʩʢʦʷʟʳʯʥʳʤ ʙʘʟʘʤ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʪʘʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʥʝʪ, ʧʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʧʘʨʩʝʨʳ, ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʪʨʦʷʪ ʥʝʦʙʭʦʜʠʤʳʝ ʙʘʟʳ ʥʘ ʦʩʥʦʚʝ 

ʜʦʩʪʦʚʝʨʥʳʭ ʠʥʪʝʨʥʝʪ-ʠʩʪʦʯʥʠʢʦʚ (ʄʂɹ-10, ʦʬʠʮʠʘʣʴʥʳʝ ʩʘʡʪʳ ʤʝʜʠʮʠʥʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ) 

[4]. ʇʨʠʤʝʨ ʬʨʘʛʤʝʥʪʘ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʦʥʪʦʣʦʛʠʠ ʜʣʷ ʨʘʟʜʝʣʘ ʟʘʙʦʣʝʚʘʥʠʡ çIV Endocrine, 

nutritional and metabolic diseasesè ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1. ʌʨʘʛʤʝʥʪ ʦʥʪʦʣʦʛʠʠ ʄʂɹ çIV Endocrine, nutritional and metabolic diseasesè 

ɺʳʚʦʜ ʦ ʥʘʣʠʯʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʨʠʩʢʘ ʟʜʦʨʦʚʴʶ ʜʝʣʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʠʟʚʣʝʯʝʥʥʳʭ ʠʟ ʠʟʦʙʨʘʞʝʥʠʷ ʙʣʘʥʢʘ ʩ ʘʥʘʣʠʟʘʤʠ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʠʭ 

ʨʝʬʝʨʝʥʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ɼʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʝʜʠʮʠʥʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

(ʫʯʠʪʳʚʘʝʪʩʷ ʣʦʛʦʪʠʧ ʦʨʛʘʥʠʟʘʮʠʠ), ʜʣʷ ʧʦʠʩʢʘ ʤʘʨʢʝʨʦʚ ʧʦʢʘʟʘʪʝʣʝʡ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ 

ʚʳʰʣʠ ʟʘ ʧʨʝʜʝʣʳ ʥʦʨʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʥʘʣʦʞʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝ 

ʙʣʘʥʢʘ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ 

ʙʣʘʥʢʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʫʪʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʵʪʘʣʦʥʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ-ʣʦʛʦʪʠʧʦʚ. ɿʘʛʨʫʟʢʘ ʠ ʚʩʪʨʘʠʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʥʪʝʥʪʘ ʚ ʥʫʞʥʦʝ ʤʝʩʪʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʵʢʨʘʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʤʦʤʝʥʪ ʥʘʚʝʜʝʥʠʷ ʢʘʤʝʨʳ ʤʦʙʠʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʙʣʘʥʢ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʟʘʱʠʪʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷ.  

ɺ ʦʙʦʙʱʝʥʥʦʤ ʚʠʜʝ ʘʨʭʠʪʝʢʪʫʨʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʤʦʱʥʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2. ɼʝʤʦ-ʧʨʦʪʦʪʠʧ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʤʦʱʥʠʢʘ ʨʘʟʨʘʙʦʪʘʥ ʢʘʢ 

ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʝ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʝ ʚ ʨʝʞʠʤʝ ʦʬʣʘʡʥ, ʧʦʵʪʦʤʫ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʉʋɹɼ ʥʘ ʤʦʙʠʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʢʣʠʝʥʪʘ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʇʦʣʴʟʦʚʘʪʝʣʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʧʦʤʦʱʥʠʢʦʤ ʯʝʨʝʟ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. ʇʦʩʣʝ 

ʥʘʚʝʜʝʥʠʷ ʢʘʤʝʨʳ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʙʣʘʥʢ ʘʥʘʣʠʟʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘʭʚʘʪ ʚʠʜʝʦʧʦʪʦʢʘ ʩ 

ʮʝʣʴʶ ʧʦʩʣʝʜʫʶʱʝʛʦ OCR-ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʘʥʥʳʭ. ʇʦʩʣʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 
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ʨʝʬʝʨʝʥʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʟʥʘʥʠʡ ʠʟ ʦʥʪʦʣʦʛʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʢʦʥʪʝʥʪʘ ʜʣʷ ʚʩʪʨʘʠʚʘʥʠʷ ʚ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʵʢʨʘʥʝ ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʧʨʠʥʮʠʧʘʭ AR. 

 

ʈʠʩʫʥʦʢ 2. ɸʨʭʠʪʝʢʪʫʨʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʤʦʱʥʠʢʘ-ʠʥʬʦʨʤʘʥʪʘ 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʧʣʘʪʬʦʨʤʳ: Unity (ʩʨʝʜʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ); 

Vuforia (ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʘ ʧʨʠʣʦʞʝʥʠʡ AR: ʚ ʥʘʰʝʤ ʧʨʦʝʢʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʦʛʦʪʠʧʘ ʤʝʜʠʮʠʥʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʤʘʨʢʝʨʘ ʚʳʭʦʜʷʱʠʭ ʟʘ ʥʦʨʤʳ 

ʟʥʘʯʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʚʦʩʢʣʠʮʘʪʝʣʴʥʦʛʦ ʟʥʘʢʘ, ʠ ʜʨ.); Tesseract (ʙʠʙʣʠʦʪʝʢʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʟʨʝʥʠʷ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʟʥʘʯʝʥʠʡ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʨʝʬʝʨʝʥʪʥʳʭ ʟʥʘʯʝʥʠʡ).ʊʝʩʪʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʙʣʘʥʢʘʭ 

ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʧʦʜʪʚʝʨʜʠʣʦ ʧʨʠʛʦʜʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʜʣʷ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʣʘʥʢʘ ʧʦ ʣʦʛʦʪʠʧʫ ʦʨʛʘʥʠʟʘʮʠʡ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʥʪʦʣʦʛʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʤʦʱʥʠʢʘ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʘʜʘʧʪʠʨʫʝʤʦʡ ʢ ʩʪʨʫʢʪʫʨʝ ʙʣʘʥʢʦʚ ʨʘʟʣʠʯʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʠʩʭʦʜʥʳʡ ʢʦʜ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʠʣʦʞʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʙʣʘʥʢʦʚ, ʜʦʩʪʘʪʦʯʥʦ ʧʦʤʝʥʷʪʴ ʠʣʠ ʨʘʩʰʠʨʠʪʴ ʩʘʤʫ 

ʦʥʪʦʣʦʛʠʶ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʧʦʤʦʱʥʠʢʘ-

ʠʥʬʦʨʤʘʥʪʘ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʧʨʦʝʢʪʫ ʧʨʘʢʪʠʢʫʶʱʠʭ ʚʨʘʯʝʡ ʠ ʩʦʟʜʘʥʠʝ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʨʦʪʦʪʠʧʘ ʩ ʘʜʘʧʪʘʮʠʝʡ ʢ ʙʦʣʝʝ ʫʟʢʠʤ ʧʨʝʜʤʝʪʥʳʤ ʦʙʣʘʩʪʷʤ, ʥʘʧʨʠʤʝʨ, ʚ 

ʦʙʣʘʩʪʠ ʵʥʜʦʢʨʠʥʦʣʦʛʠʠ. 
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INTELLIGENT ASSISTAN TSô DEVELOPMENT TO AUGME NT VISUAL CONTENT 

WITH HEALTH RISK ASSESSMENT INFORMATION  

Andrey Minin S., Svetlana Chuprina I. 

Perm State University, 15, Bukireva st., Perm, 614990, Russia, mandrey0501@gmail.com 

Abstract. The article presents how to develop intelligent assistants, which help a person getting the 

augmented content to describe health risk assessment information in the case if medical test results 

are out of the norm of reference values. A conception of suggested approach uses ontology 

engineering methods and augmented reality (AR) techniques. The architecture of the intelligent 

assistant based on suggested approach is considered. Ontology-driving solution makes it possible to 

adapt the augmented content to the specifics of application domain without source code 

modification.  

Keywords: augmented reality, intelligent assistant, mobile device, ontology. 
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ʋɼʂ 004.89 

ʂʆʅʎɽʇʎʀʗ ʇʈʀʄɽʅɽʅʀʗ ʄɽʊʆɼʆɺ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ 

ʂ ʆɹʈɸɹʆʊʂɽ ɸʈʍʀɺʆɺ ʊɽʂʉʊʆɺʓʍ ɼʆʂʋʄɽʅʊʆɺ ɼʃʗ ɸɺʊʆʄɸʊʀɿɸʎʀʀ 

ʇʆʉʊʈʆɽʅʀʗ ɹɸɿ ɼɸʅʅʓʍ 53 

ʄʠʨʦʥʝʥʢʦ ɸʥʘʩʪʘʩʠʷ ʆʣʝʛʦʚʥʘ, ʏʫʧʨʠʥʘ ʉʚʝʪʣʘʥʘ ʀʛʦʨʝʚʥʘ 

ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 614990, ʈʦʩʩʠʷ, 

ʛ. ʇʝʨʤʴ, ʫʣ. ɹʫʢʠʨʝʚʘ, 15, miss.mironenko@bk.ru 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʮʝʧʮʠʷ ʧʦʜʭʦʜʘ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʩʪʨʦʝʥʠʷ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟ 

ʜʘʥʥʳʭ (ɹɼ) ʥʘ ʦʩʥʦʚʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ ʠʟ ʪʝʢʩʪʦʚʳʭ 

ʜʦʢʫʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ ʠ Table 

Mining. ʂʦʥʮʝʧʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʩʦʟʜʘʥʠʷ ɹɼ ʥʘ ʦʩʥʦʚʝ ʪʝʢʩʪʦʚ ʧʨʠʢʘʟʦʚ ʦ 

ʟʘʢʨʝʧʣʝʥʠʠ ʘʫʜʠʪʦʨʠʡ ʚ ʇʝʨʤʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʥʘʮʠʦʥʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ. ʀʩʩʣʝʜʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʥʞʠʥʠʨʠʥʛʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʟʚʣʝʯʝʥʠʶ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ ʠʟ 

ʨʘʩʧʦʟʥʘʥʥʳʭ ʪʝʢʩʪʦʚ ʧʝʯʘʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʥʝ ʠʤʝʶʱʠʭ ʯʝʪʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʦ 

ʩʦʩʪʘʚʣʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʥʝʢʦʪʦʨʳʭ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʜʝʤʦ-ʧʨʦʪʦʪʠʧ 

ʧʨʠʣʦʞʝʥʠʷ ʜʦʢʘʟʳʚʘʝʪ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʟʘʧʦʣʥʝʥʠʝʤ ɹɼ ʩʚʝʜʝʥʠʷʤʠ ʦ ʜʦʢʫʤʝʥʪʘʭ ʠ ʦʨʛʘʥʠʟʘʮʠʝʡ 

ʟʘʧʨʦʩʦʚ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ ʢ ʵʣʝʢʪʨʦʥʥʳʤ ʭʨʘʥʠʣʠʱʘʤ ʪʘʢʠʭ ʜʦʢʫʤʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Table Mining, ʙʘʟʳ ʜʘʥʥʳʭ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ETL-ʧʨʦʮʝʩʩʦʚ, ʦʥʪʦʣʦʛʠʯʝʩʢʠʡ 

ʠʥʞʠʥʠʨʠʥʛ, ʦʙʨʘʙʦʪʢʘ ʪʝʢʩʪʦʚ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ, ʨʝʛʫʣʷʨʥʳʝ ʚʳʨʘʞʝʥʠʷ, 

ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʧʦʠʩʢ. 

ɺʚʝʜʝʥʠʝ 

ʆʙʱʝʧʨʠʟʥʘʥʦ, ʯʪʦ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʮʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʣʶʙʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʩʦʢʨʘʱʘʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʣʶʙʳʭ ʦʧʝʨʘʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʫʪʠʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʦʧʝʨʘʮʠʡ ʩ ʜʦʢʫʤʝʥʪʘʤʠ. ʅʘ ʤʥʦʛʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʘʨʭʠʚʦʚ ʜʦʢʫʤʝʥʪʦʚ ʟʘʪʨʫʜʥʝʥʘ ʚʚʠʜʫ ʪʦʛʦ, 

ʯʪʦ ʣʠʙʦ ʥʝ ʚʩʝ ʧʝʯʘʪʥʳʝ ʜʦʢʫʤʝʥʪʳ ʭʨʘʥʷʪʩʷ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ, ʣʠʙʦ ʵʪʠ ʜʦʢʫʤʝʥʪʳ 

ʦʮʠʬʨʦʚʘʥʳ ʥʝ ʧʦʣʥʦʩʪʴʶ (ʥʘʧʨʠʤʝʨ, ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ ʧʨʠʣʦʞʝʥʠʷ ʢ 

ʜʦʢʫʤʝʥʪʘʤ), ʣʠʙʦ ʠʤʝʶʱʠʭʩʷ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ ʜʘʥʥʳʭ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʥʫʞʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʠʟʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ ʠ 

ʟʥʘʥʠʡ ʠʟ ʧʝʯʘʪʥʳʭ ʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʘʨʭʠʚʘʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʧʦʣʥʝʥʠʷ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ (ʧʦʩʨʝʜʩʪʚʦʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ETL-
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ʧʨʦʮʝʩʩʦʚ: ʦʪ ʘʥʛʣ., Extract, Transform, Load, ʪ.ʝ. çʠʟʚʣʝʯʝʥʠʝ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʟʘʛʨʫʟʢʘè) ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʪʳʤ ʥʘʚʝʜʝʥʠʝʤ ʢʘʤʝʨʳ 

ʤʦʙʠʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʙʫʤʘʞʥʳʡ ʜʦʢʫʤʝʥʪ, ʥʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʱʠʡ ʪʝʢʩʪ ʥʝʢʦʪʦʨʦʛʦ 

ʧʨʠʢʘʟʘ, ʧʦʣʫʯʠʪʴ ʠ ʩʦʭʨʘʥʠʪʴ ʚ ʧʘʤʷʪʠ ʫʩʪʨʦʡʩʪʚʘ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʧʠʶ ʵʪʦʛʦ ʜʦʢʫʤʝʥʪʘ. 

ʆʜʥʘʢʦ ʜʣʷ ʟʘʜʘʯ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɼʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʠʥʪʝʨʝʩʫʶʱʫʶ ʝʛʦ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʦʜʝʨʞʘʥʠʠ ʢʦʥʢʨʝʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʫʪʝʤ ʧʨʦʩʪʦʛʦ ʟʘʜʘʥʠʷ ʚʦʧʨʦʩʦʚ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ 

ʷʟʳʢʝ, ʪʨʝʙʫʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠʟʚʣʝʯʝʥʠʝ ʠʟ ʜʦʢʫʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ ʩ 

ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʭʨʘʥʝʥʠʝʤ ʚ ʥʝʢʦʪʦʨʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʭʨʘʥʠʣʠʱʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ. ʅʦ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʝʰʝʥʠʷ, 

ʢʘʟʘʣʦʩʴ ʙʳ, ʪʘʢʦʡ ʧʨʦʩʪʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʟʘʜʘʯʠ, ʥʝʦʙʭʦʜʠʤʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ 

ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʥʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʤʝʪʦʜʳ ʜʦʧʦʣʥʝʥʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ, Text Mining, Table Mining ʠ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʦʧʠʩʘʥʠʶ ʢʦʥʮʝʧʮʠʠ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʮʝʣʝʡ 

ʤʝʪʦʜʦʚ ʠʟʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʝʢʩʪʦʚʦʤ ʚʠʜʝ ʪʘʙʣʠʮ (Table 

Mining) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ. ʆʥʪʦʣʦʛʠʠ ʧʨʠʤʝʥʷʶʪʩʷ 

ʢʘʢ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ ʠ ʜʘʥʥʳʭ ʠʟ ʪʝʢʩʪʦʚʳʭ 

ʜʦʢʫʤʝʥʪʦʚ, ʪʘʢ ʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʟʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ ʠʟ ʪʝʢʩʪʦʚ 

ʧʨʠʢʘʟʦʚ ʧʦ ʫʥʠʚʝʨʩʠʪʝʪʫ. ʊʘʢ ʢʘʢ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʪʝʢʩʪʦʚ ʧʨʠʢʘʟʦʚ ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʘʚʠʣ ʠ ʥʦʨʤ, ʪʦ ʵʪʠ ʧʨʘʚʠʣʘ ʠ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʨʘʩʰʠʨʷʝʤʦʡ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ 

ʙʘʟʳ ʟʥʘʥʠʡ ʩʠʩʪʝʤʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʝʢʩʪʳ ʧʝʯʘʪʥʳʭ ʧʨʠʢʘʟʦʚ ʥʝ ʠʤʝʶʪ ʪʘʙʣʠʯʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʤʳ ʥʘ ʧʨʘʢʪʠʢʝ ʜʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ ʠʟ ʧʨʠʢʘʟʦʚ ʚ ʚʠʜʝ ʪʘʙʣʠʮ ʤʝʪʦʜʘʤʠ ʠ ʩʨʝʜʩʪʚʘʤʠ Table Mining. 

ʂʦʥʮʝʧʮʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ 

ɺ ʦʩʥʦʚʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʧʦʟʠʪʦʨʠʷ ʦʥʪʦʣʦʛʠʡ ʜʣʷ 

ʮʝʣʝʡ ʠʟʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ ʠʟ ʪʝʢʩʪʦʚ ʜʦʢʫʤʝʥʪʦʚ (ʧʨʠʢʘʟʦʚ), ʘ ʪʘʢʞʝ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʜʣʷ ʦʪʚʝʪʦʚ ʥʘ 

ʚʦʧʨʦʩʳ ʧʦ ʠʭ ʩʦʜʝʨʞʘʥʠʶ. ʄʝʩʪʦ ʦʥʪʦʣʦʛʠʡ ʚ ʥʘʰʝʤ ʧʨʦʝʢʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʥʘ ʚʭʦʜ ʩʠʩʪʝʤʳ ʧʦʜʘʝʪʩʷ ʵʣʝʢʪʨʦʥʥʘʷ ʚʝʨʩʠʷ 

ʜʦʢʫʤʝʥʪʘ, ʥʦ ʚ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʧʣʘʥʠʨʫʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ 
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ʧʝʯʘʪʥʳʭ ʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

(OCR). 

 

ʈʠʩʫʥʦʢ 1. ɸʨʭʠʪʝʢʪʫʨʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʋʧʨʘʚʣʷʝʤʦʝ ʦʥʪʦʣʦʛʠʷʤʠ (ʘʥʛʣ., ontology-driven) ʨʝʰʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʩʦʟʜʘʥʠʝ ʠ ʦʪʣʘʜʢʫ ʩʘʤʠʭ ʦʥʪʦʣʦʛʠʡ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʧʨʠʢʣʘʜʥʘʷ 

ʦʥʪʦʣʦʛʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʩʪʨʫʢʪʫʨʫ ʠ ʩʤʳʩʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʢʘʟʦʚ ʦ ʟʘʢʨʝʧʣʝʥʠʠ 

ʘʫʜʠʪʦʨʠʡ ʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʫʥʠʚʝʨʩʠʪʝʪʘ. ɼʘʥʥʘʷ ʦʥʪʦʣʦʛʠʷ 

ʦʧʠʩʳʚʘʝʪ ʢʘʢ ʦʙʱʠʝ ʟʥʘʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʣʶʙʦʛʦ ʧʨʠʢʘʟʘ (ʰʘʧʢʘ, ʪʝʤʘ, ʧʦʜʧʠʩʘʥʪʳ ʠ ʪ.ʧ.), 

ʪʘʢ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʨʝʜʤʝʪʥʳʝ ʟʥʘʥʠʷ ʦ ʩʤʳʩʣʝ ʧʨʠʢʘʟʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʟʘʢʨʝʧʣʝʥʠʝʤ 

ʘʫʜʠʪʦʨʠʡ. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʥʘʤʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʧʦʣʥʷʝʪ ʦʙʭʦʜ ʛʨʘʬʘ 

ʦʥʪʦʣʦʛʠʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʥʪʝʨʧʨʝʪʠʨʫʷ ʩʦʜʝʨʞʘʥʠʝ ʚʝʨʰʠʥ ʦʥʪʦʣʦʛʠʠ ʩ ʫʯʝʪʦʤ ʠʭ 

ʚʟʘʠʤʦʩʚʷʟʝʡ (ʜʫʛ) ʠ ʦʧʨʝʜʝʣʷʷ, ʢʘʢʠʝ ʠʟ ʭʨʘʥʷʱʠʭʩʷ ʚ ʦʥʪʦʣʦʛʠʠ ʰʘʙʣʦʥʦʚ ʠ ʨʝʛʫʣʷʨʥʳʭ 

ʚʳʨʘʞʝʥʠʡ, ʢʦʛʜʘ ʠ ʢ ʢʘʢʦʤʫ ʬʨʘʛʤʝʥʪʫ ʪʝʢʩʪʘ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʟʚʣʝʯʴ ʥʫʞʥʳʝ 

ʜʘʥʥʳʝ ʠ ʧʦʤʝʩʪʠʪʴ ʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʷ ʪʘʙʣʠʮ ɹɼ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ 

ʬʨʘʛʤʝʥʪ ʦʥʪʦʣʦʛʠʠ, ʦʧʠʩʳʚʘʶʱʠʡ ʰʘʧʢʫ ʧʨʠʢʘʟʘ. ʆʥʪʦʣʦʛʠʷ ʩʦʟʜʘʥʘ ʚ ʩʨʝʜʝ 

ʘʜʘʧʪʠʨʫʝʤʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʨʝʜʘʢʪʦʨʘ ʦʥʪʦʣʦʛʠʡ ʆʅʊʆʃʀʉ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʢʘʬ. ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʇɻʅʀʋ [1]. 


