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ʋɼʂ 62 

ʉ 56 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ: ʧʨʦʙʣʝʤʳ, ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ : ʤʘʪʝʨʠʘʣʳ 

XV ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦΆʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ), 21ï22 

ʥʦʷʙʨʷ 2025 ʛ. / ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ; ʧʦʜ ʨʝʜ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪʘ 

ʉ. ɸ. ɻʦʥʯʘʨʦʚʘ. ð ʈʫʙʮʦʚʩʢ, 2025. ð 750 ʩ. ð URL: 

https://www.rubinst.ru/sites/default/files/files/science/conference_materials/technical_collection-

2025.pdf ð ʊʝʢʩʪ : ʵʣʝʢʪʨʦʥʥʳʡ. 

 

ɺ ʩʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʠʢʘ ʠ 

ʪʝʭʥʦʣʦʛʠʠ: ʧʨʦʙʣʝʤʳ, ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳè, ʧʨʦʭʦʜʠʚʰʝʡ ʚ ʈʫʙʮʦʚʩʢʦʤ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦʤ ʠʥʩʪʠʪʫʪʝ 21-22 ʥʦʷʙʨʷ 2025 ʛʦʜʘ, ʚʦʰʣʠ ʩʪʘʪʴʠ ʫʯʝʥʳʭ, ʘʩʧʠʨʘʥʪʦʚ ʠ 

ʩʪʫʜʝʥʪʦʚ ʚʫʟʦʚ ʈʦʩʩʠʠ, ʊʘʜʞʠʢʠʩʪʘʥʘ ʠ ʊʫʨʢʤʝʥʠʩʪʘʥʘ ʧʦʩʚʷʱʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʝʩʪʝʩʪʚʝʥʥʳʭ, ʛʫʤʘʥʠʪʘʨʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ. ʂʦʥʬʝʨʝʥʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ 

ʨʘʤʢʘʭ ɼʝʩʷʪʠʣʝʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ (2022-2031 ʛʛ.), ʦʙʲʷʚʣʝʥʥʦʛʦ ʇʨʝʟʠʜʝʥʪʦʤ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ɺ.ɺ. ʇʫʪʠʥʳʤ.  

ɺ ʤʘʪʝʨʠʘʣʘʭ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʦʚʳʭ, ʠʥʥʦʚʘʮʠʦʥʥʳʭ, 

ʠʥʞʝʥʝʨʥʳʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʵʥʝʨʛʝʪʠʢʠ, 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʷ, ʵʢʦʥʦʤʠʢʠ ʠ ʧʝʜʘʛʦʛʠʢʠ. 

ʄʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʝʩʥʳ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʯʠʪʘʪʝʣʝʡ: ʩʪʫʜʝʥʪʘʤ, ʘʩʧʠʨʘʥʪʘʤ, ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ 

ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, ʩʨʝʜʥʝʩʧʝʮʠʘʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ.  

 

ʉʪʠʣʠʩʪʠʢʘ ʪʝʢʩʪʦʚ ʩʦʭʨʘʥʝʥʘ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ.  

ʊʦʯʢʘ ʟʨʝʥʠʷ ʨʝʜʘʢʮʠʠ ʥʝ ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ ʟʨʝʥʠʷ ʘʚʪʦʨʦʚ.  
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ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤè  

ɻʨʠʮʝʥʢʦ ɺ.ɺ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʇʨʦʛʨʝʩʩʠʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝè  

ʂʫʨʩʦʚ ʀ.ɺ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʅʘʟʝʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʠʩʪʝʤʳè  

ʄʠʭʘʡʣʝʥʢʦ ʆ.ɸ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʉʪʨʦʠʪʝʣʴʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʤʘʪʝʨʠʘʣʳ, ʪʝʭʥʦʣʦʛʠʠ, ʤʘʰʠʥʳ ʠ ʤʝʭʘʥʠʟʤʳè  

ɻʦʥʯʘʨʦʚ ʉ.ɸ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʠ 

ʧʦʚʳʰʝʥʠʝ ʵʥʝʛʨʦʵʬʬʝʢʪʠʚʥʦʩʪʠè  

ʏʝʨʥʝʮʢʘʷ ʅ.ɸ. ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʝʜʩʝʜʘʪʝʜʴ ʩʝʢʮʠʠ çʇʨʦʙʣʝʤʳ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè  

ʋʛʣʠʥʩʢʘʷ ɺ.ɺ. ï ʢʘʥʜ. ʵʢʦʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ 

ʧʨʦʙʣʝʤʳ ʵʢʦʥʦʤʠʢʠè  

ʇʘʚʣʦʚ ɸ.ʖ. ï ʢʘʥʜ. ʬʠʣʦʩ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʆʙʨʘʟʦʚʘʥʠʝ. 

ʇʝʜʘʛʦʛʠʢʘ. ɻʫʤʘʥʠʪʘʨʥʳʝ ʥʘʫʢʠè  
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ʉʆɼɽʈɾɸʅʀɽ 

 

ʉɽʂʎʀʗ 1. ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ, ʏʀʉʃɽʅʅʓɽ ʄɽʊʆɼʓ ʀ 

ʂʆʄʇʃɽʂʉʓ ʇʈʆɻʈɸʄʄ 

ɹʝʩʝʜʥʳʡ
 
ʅ.ɻ., ʂʦʨʟʫʥ

 
ɼ.ɾ. 

ʄʆɼɽʃʔ ɸɼɸʇʊʀɺʅʆʁ ʉɽʅʉʆʈʅʆʁ ʉʀʉʊɽʄʓ ɼʃʗ 

ʄʅʆɻʆʇɸʈɸʄɽʊʈʀʏɽʉʂʆɻʆ ʄʆʅʀʊʆʈʀʅɻɸ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʍ 

ʇʈʆʎɽʉʉʆɺ 12 

ɺʘʡʜʦʚ ʄ.ɸ. 

ɺʅɽɼʈɽʅʀɽ ɹʆʃʔʐʀʍ ʗɿʓʂʆɺʓʍ ʄʆɼɽʃɽʁ ɼʃʗ ɸʅɸʃʀɿɸ ʆʊʂʈʓʊʓʍ 

ʆʊɺɽʊʆɺ ɺ ʆʊʏɽʊɸʍ ʇʆ ʊɽʉʊʀʈʆɺɸʅʀʖ ʇɽʈʉʆʅɸʃɸ 17 

ɻʨʠʙʘʥʦʚ ɸ.ɸ., ʄʝʱʝʨʷʢʦʚʘ ɸ.ɸ., ɹʫʣʛʘʢʦʚ ʂ.ɽ. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʀ ʈɸɿʈɸɹʆʊʂɸ ɻʀɹʈʀɼʅʆʁ ʉʀʉʊɽʄʓ ʆɹʅɸʈʋɾɽʅʀʗ 

ɸʅʆʄɸʃʀʁ ʀ ʄʅʆɻʆʋʈʆɺʅɽɺʆʁ ʄʆɼɽʃʀ ʋɻʈʆɿ ɺ ʇʈʆʄʓʐʃɽʅʅʓʍ 

ʉɽʊʗʍ ʋʇʈɸɺʃɽʅʀʗ 26 

ɻʨʠʙʘʥʦʚ
 
ɸ.ɸ., ʄʝʱʝʨʷʢʦʚʘ

 
ɸ.ɸ., ɻʦʥʯʘʨʦʚʘ

 
ɸ.ʀ., ʀʩʤʘʠʣʦʚ ɼ.ʄ. 

ʉɸʄʆʅɸʉʊʈɸʀɺɸʖʑɸʗʉʗ ʀ ʉɸʄʆɼʀɸɻʅʆʉʊʀʈʋʖʑɸʗʉʗ ʉʀʉʊɽʄɸ 

ʋʇʈɸɺʃɽʅʀʗ ʄʀʂʈʆʂʃʀʄɸʊʆʄ ʅɸ ʆʉʅʆɺɽ ɼʀʅɸʄʀʏɽʉʂʀ 

ʇʆɺɽʈʗɽʄʓʍ ʉɽʅʉʆʈʆɺ ʀ EDGE-ɺʓʏʀʉʃɽʅʀʁ 33 

ɿʳʢʦʚʘ ʃ.ɺ. 

ʀʉʂʋʉʉʊɺɽʅʅʓʁ ʀʅʊɽʃʃɽʂʊ ʂɸʂ ʂɸʊɸʃʀɿɸʊʆʈ ʀʅʅʆɺɸʎʀʁ ɺ 

ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʀ 39 

ʂʥʳʰʦʚ ʀ.ʖ., ʄʠʭʘʣʝʚ ɼ.ʀ., ʐʝʚʯʝʥʢʦ ɼ.ʅ. 

ʈɸɿʈɸɹʆʊʂɸ ʂʃʀɽʅʊ-ʉɽʈɺɽʈʅʆʁ ʉʀʉʊɽʄʓ ʆɹʃɸʏʅʆɻʆ ʍʈɸʅɽʅʀʗ 

ʌɸʁʃʆɺ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ASP.NET CORE ʀ WPF 44 

 ʂʥʳʰʦʚ ʀ.ʖ., ʍʨʫʩʪʘʣʝʚ ɼ.ɻ. 

ʈɸɿʈɸɹʆʊʂɸ ʀ ʈɽɸʃʀɿɸʎʀʗ ɹɸɿʓ ɼɸʅʅʓʍ çɺʅɽʋʏɽɹʅɸʗ 

ɼɽʗʊɽʃʔʅʆʉʊʔ ʉʊʋɼɽʅʊʆɺè 51 

ʃʝʥʥʠʢʦʚ ʈ.ɺ. 

ʄʆɼɽʃʀ ʌɸɿʆɺʓʍ ʇɽʈɽʍʆɼʆɺ ʅɸ ʆʉʅʆɺɽ ʕʅʊʈʆʇʀʀ ʈɽʅʔʀ ɺ 

ʉʃʆɾʅʓʍ ʉʀʉʊɽʄɸʍ 58 

ʃʠʪʚʠʥʦʚ ɸ.ʅ. 

ɼʀʅɸʄʀʏɽʉʂʀʁ ʈɸʉʏɽʊ ɺʓʉʆʂʆʏɸʉʊʆʊʅʓʍ ʈʆʊʆʈʅʓʍ ʉʀʉʊɽʄ 66 

ʇʦʧʦʚʘ ʃ.ɸ., ʂʘʨʠʭ ʆ.ʅ. 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʈɽʐɽʅʀʁ ɼʃʗ ʈɽɸʃʀɿɸʎʀʀ ʋʇʈɸɺʃɽʅʀʗ 

ʉʆʉʊʆʗʅʀɽʄ ʇʈʀʃʆɾɽʅʀʗ ɺ ʌʈɽʁʄɺʆʈʂɽ FLUTTER 73 

ʇʦʧʦʚʘ ʃ.ɸ., ʄʠʭʘʣʝʚ ɼ.ʀ., ʐʝʚʯʝʥʢʦ ɼ.ʅ. 

ɸʅɸʃʀɿ ʇʈʆʎɽʉʉɸ ʆʅʃɸʁʅ-ʇʈʆɼɸɾʀ ɹʀʃɽʊʆɺ ʅɸ ʇʈʀɻʆʈʆɼʅʓɽ 

ɸɺʊʆɹʋʉʅʓɽ ʄɸʈʐʈʋʊʓ 78 

ʇʦʧʦʚʘ ʃ.ɸ., ʇʦʩʧʝʣʦʚ ʂ.ɽ. 

ʈɸɿʈɸɹʆʊʂɸ ʉɽʈɺʀʉɸ ɼʃʗ ʄʆʅʀʊʆʈʀʅɻɸ ɸʈɹʀʊʈɸɾʅʓʍ 

ɺʆɿʄʆɾʅʆʉʊɽʁ ʅɸ ʂʈʀʇʊʆɺɸʃʖʊʅʓʍ ɹʀʈɾɸʍ ʅɸ ʆʉʅʆɺɽ 

ɸɻʈɽɻɸʎʀʀ ɼɸʅʅʓʍ 85 

ʉʘʚʚʘʪʝʝʚ
 
ʂ.ʆ., ʊʦʢʘʨʝʚ

 
ʀ.ɼ. 

ʈɸɿʈɸɹʆʊʂɸ ɹɸɿʓ ɼɸʅʅʓʍ ɼʃʗ ʋʏɽʊɸ ʈɸʉʍʆɼʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

ʇʈʀ ʆɹʉʃʋɾʀɺɸʅʀʀ ʆʌʀʉʅʆʁ ʊɽʍʅʀʂʀ 95 

ʉʘʚʚʘʪʝʝʚ
 
ʂ.ʆ., ʊʦʢʘʨʝʚ

 
ʀ.ɼ. 

ʈɸɿʈɸɹʆʊʂɸ ɹɸɿʓ ɼɸʅʅʓʍ ɼʃʗ ʋʏɽʊɸ ʊʆɺɸʈʆɺ ɺ ʄɸɻɸɿʀʅɽ 

ʀɻʈʋʐɽʂ 102 
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ʐʝʚʯʝʥʢʦ ɸ.ʉ., ɼʦʣʤʘʪʦʚʘ ʄ.ɸ., ʀʩʤʘʛʫʣʦʚ ʉ.ɽ., ʈʘʩʩʢʘʟʦʚ ʄ.ʄ. 

ɿɸʑʀʊɸ ʆʊ ʂʀɹɽʈɸʊɸʂ ʅɸ ʄʆɼɽʃʀ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ AI 107 

ʐʝʚʯʝʥʢʦ ɸ.ʉ., ʀʩʤʘʛʫʣʦʚ ʉ.ɽ., ʈʘʩʩʢʘʟʦʚ ʄ.ʄ., ɼʦʣʤʘʪʦʚʘ ʄ.ɸ. 

ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʇʀɻʄɽʅʊɸ ʀ 

ʉʊʈʋʂʊʋʈʆʆɹʈɸɿʆɺɸʅʀʗ ʄɸɿʂɸ: PDE ï ʉʊʆʍɸʉʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ 

ɼʃʗ ɻɽʅɽʈɸʎʀʀ ʈɽɸʃʀʉʊʀʏʅʓʍ ʎʀʌʈʆɺʓʍ ʂʀʉʊɽʁ 113 

ʐʝʚʯʝʥʢʦ ɸ.ʉ., ʈʘʩʩʢʘʟʦʚ ʄ.ʄ., ʀʩʤʘʛʫʣʦʚ ʉ.ɽ., ɼʦʣʤʘʪʦʚʘ ʄ.ɸ. 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆʁ ʉʀʉʊɽʄʓ ɸʅɸʃʀɿɸ 

ɺʆɺʃɽʏɽʅʅʆʉʊʀ ʉʊʋɼɽʅʊʆɺ ɺ ɼʀʉʊɸʅʎʀʆʅʅʆʄ ʆɹʋʏɽʅʀʀ ʅɸ 

ʆʉʅʆɺɽ UML 120 

ʉɽʂʎʀʗ 2. ʇʈʆɻʈɽʉʉʀɺʅʓɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʇʈʆʎɽʉʉʓ ʀ 

ʆɹʆʈʋɼʆɺɸʅʀɽ 

ɹʝʣʦʛʣʘʟʦʚʘ ʉ.ʖ. 

ʄɽʍɸʅʀʏɽʉʂʀʁ ʆʉʎʀʃʃʗʊʆʈ ʉ ʊʈɽʄʗ ɻʈʋɿɸʄʀ ɹɽɿ ʅɸʂʆʇʀʊɽʃʗ 

ʇʆʊɽʅʎʀɸʃʔʅʆʁ ʕʅɽʈɻʀʀ 128 

ɹʝʣʦʛʣʘʟʦʚʘ ʉ.ʖ. 

ʄʋʃʔʊʀʄɸʉʉʆɺʓʁ ʆʉʎʀʃʃʗʊʆʈ ɹɽɿ ʋʇʈʋɻʀʍ ʉɺʗɿɽʁ 134 

ɺʝʨʝʱʘʛʠʥ
 
ɸ.ʃ., ɸʣʝʢʩʝʝʚ ʅ.ʉ. 

ʆ ʇʈʀʄɽʅʀʄʆʉʊʀ ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʆɻʆ ʇʆɼʍʆɼɸ ʂ ʇʈʆʎɽʉʉʋ 

ʐʃʀʌʆɺɸʅʀʗ ʄʀʂʈʆʇʆʈʀʉʊʓʍ ʇʆʂʈʓʊʀʁ 140 

ɻʦʥʯʘʨʫʢ ɼ.ɺ., ʑʝʨʙʘʢʦʚ ʅ.ʇ. 

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ɾʀɿʅɽʅʅʆɻʆ ʎʀʂʃɸ ʊʈʋɹʆʂ ɺʓʉʆʂʆɻʆ 

ɼɸɺʃɽʅʀʗ ʅɸ ʕʊɸʇɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ ʇʆɼɻʆʊʆɺʂʀ ʀʍ 

ʇʈʆʀɿɺʆɼʉʊɺɸ 146 

ɻʨʠʮʝʥʢʦ ɺ.ɺ., ʏʝʨʥʝʮʢʘʷ ʅ.ɸ. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʆɿʄʆɾʅʆʉʊɽʁ ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀʗ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ ɻʀɹʂʀ ʂʈʋɻʃʆɻʆ ʇʈʆʂɸʊɸ ʅɸ 

ʇʈɽɼʇʈʀʗʊʀʀ ɸʆ çʈɿɿè 153 

ɿʘʛʠʜʫʣʠʥ
 
ʀ.ʈ., ʉʚʠʥʮʦʚ

 
ʄ.ʄ., ʂʫʣʶʰʠʥ

 
ɻ.ɸ., ʄʘʢʘʨʦʚ

 
ɻ.ɺ., ʄʳʰʣʷʝʚ

 
ʃ.ʇ., 

ɻʨʘʯʝʚ
 
ɺ.ɺ. 

ʆʇʓʊ ʉʆɿɼɸʅʀʗ ʉʀʉʊɽʄʓ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʋʇʈɸɺʃɽʅʀʗ 

ʈʋɹʎʆɺʉʂʆʁ ʆɹʆɻɸʊʀʊɽʃʔʅʆʁ ʌɸɹʈʀʂʀ 165 

ɿʦʙʥʝʚ ɺ.ɺ., ʏʝʨʥʝʮʢʘʷ ʅ.ɸ. 

ʇʆɺɽʈʍʅʆʉʊʅʆɽ ʃɽɻʀʈʆɺɸʅʀɽ ʈɸɹʆʏʀʍ ʆʈɻɸʅʆɺ 

ʇʆʏɺʆʆɹʈɸɹɸʊʓɺɸʖʑʀʍ ʄɸʐʀʅ: ʈɸɿʈɸɹʆʊʂɸ ʊɽʍʅʆʃʆɻʀʀ ʉ 

ʇʈʀʄɽʅɽʅʀɽʄ ʊɺʏ-ʅɸɻʈɽɺɸ 174 

ʃʠʪʚʠʥʘ ɸ.ʉ. 

ʇʆɺʓʐɽʅʀɽ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ ʆʇɽʈɸʎʀʀ ʇʈʀʊʀʈʂʀ ʇʋʊɽʄ 

ʇʈʀʄɽʅɽʅʀʗ ʉʇɽʎʀɸʃʔʅʓʍ ʇʈʀʉʇʆʉʆɹʃɽʅʀʁ 183 

ʃʠʪʚʠʥʘ ɸ.ʉ. 
ʄʆɼɽʈʅʀɿɸʎʀʗ ʈʋʏʅʆɻʆ ʇʈʆʂɸʊʅʆɻʆ ʉʊɸʅɸ ʈʇʉ-75 187 

ʇʘʚʣʦʚ ɺ.ɼ. 

ʉɺʆʁʉʊɺɸ ʈʆʊɸʊʆʈɸ ʉ ʌʀʂʉʀʈʆɺɸʅʅʆʁ ʋɻʃʆɺʆʁ ʉʂʆʈʆʉʊʔʖ 195 

ʇʘʚʣʦʚ ɺ.ɼ. 

ʈʆʊɸʊʆʈ ʉ ʌʀʂʉʀʈʆɺɸʅʅʆʁ ʋɻʃʆɺʆʁ ʉʂʆʈʆʉʊʔʖ 201 

ʇʦʧʦʚʘ ɸ.ʉ., ʊʦʨʦʱʠʥ ɸ.ʂ. 

ɺʅɽɼʈɽʅʀɽ ɸɼɼʀʊʀɺʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ɺ ʈʌ 207 
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ʉʝʨʛʝʝʚ ʅ.ʆ. 

ʋʇʈɸɺʃɽʅʀɽ ʂʋʈʉʆʄ ɻʆʈʅʆ-ɺʓɽʄʆʏʅʆʁ ʄɸʐʀʅʓ ɺ ʇʆɼɿɽʄʅʓʍ 

ɺʓʈɸɹʆʊʂɸʍ: ɸʅɸʃʀɿ ʀ ɻʀɹʈʀɼʅʓɽ ʈɽʐɽʅʀʗ 215 

ʊʦʢʘʨʝʚ ʀ.ɼ. 

ɺʓɹʆʈ ʂʆʄʇʆʅɽʅʊʅʆʁ ɹɸɿʓ ɼʃʗ ʉʆɿɼɸʅʀʗ ʄɸʂɽʊɸ ɺʓʉʆʊʅʆɻʆ 

ʉʂʃɸɼɸ 221 

ʊʦʢʘʨʝʚ ʀ.ɼ. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʀ ɸʅɸʃʀɿ ʊʈɽʅɼʆɺ ʈɸɿɺʀʊʀʗ ʆʇʊʀʏɽʉʂʀʍ ʉɽʊɽʁ 228 

ʏʝʨʤʥʳʭ ɼ.ʉ., ɺʦʣʢʦʚʩʢʠʡ ɸ.ɸ. 

ɺʅɽɼʈɽʅʀɽ ɹɽʉʂʆʅʊɸʂʊʅʆɻʆ ʂʆʅʊʈʆʃʗ ʊʆʃʑʀʅʓ ʃʀʉʊʆɺʆɻʆ 

ʄɽʊɸʃʃʆʇʈʆʂɸʊɸ 233 

ʉɽʂʎʀʗ 3. ʅɸɿɽʄʅʓɽ ʊʈɸʅʉʇʆʈʊʅʓɽ ʉʀʉʊɽʄʓ 

ɹʝʟʜʝʥʝʞʥʳʭ ɺ.ʀ. 

ɼʀʅɸʄʀʂɸ ʊʈʆɻɸʅʀʗ ɼɺʋʍɿɺɽʅʅʆɻʆ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʉʈɽɼʉʊɺɸ ʉ 

ʋʇʈʋɻʆ ɼɽʌʆʈʄʀʈʋɽʄʆʁ ʉʎɽʇʂʆʁ 240 

ɹʝʟʜʝʥʝʞʥʳʭ ɺ.ʀ. 

ɼʀʅɸʄʀʂɸ ʊʈʆɻɸʅʀʗ ʊʈɽʍɿɺɽʅʅʆɻʆ ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʉʈɽɼʉʊɺɸ ʉ 

ʋʇʈʋɻʆ ɼɽʌʆʈʄʀʈʋɽʄʓʄʀ ʉʎɽʇʂɸʄʀ 245 

ʄʫʩʘʝʚ ʊ.ʈ., ɸʧʪʘʣʘʝʚ ʄ.ʅ. 

ɸʅɸʃʀɿ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈʄɽʅɽʅʀʗ ʉɺɽʊʆɺʆɿɺʈɸʑɸʖʑʀʍ 

ʄɸʊɽʈʀɸʃʆɺ ɺ ʕʃɽʄɽʅʊɸʍ ʆɼɽɾɼʓ ʇɽʐɽʍʆɼʆɺ ʂɸʂ ʉʇʆʉʆɹɸ 

ʉʅʀɾɽʅʀʗ ɸɺɸʈʀʁʅʆʉʊʀ ɺ ʊɽʄʅʆɽ ɺʈɽʄʗ ʉʋʊʆʂ 251 

ʇʘʚʣʦʚ ɺ.ɼ. 

ɸʂʂʋʄʋʃʀʈʆɺɸʅʀɽ ʄɽʍɸʅʀʏɽʉʂʆʁ ʕʅɽʈɻʀʀ ʅɸ ʊʈɸʅʉʇʆʈʊɽ 256 

ʉɽʂʎʀʗ 4. ʉʊʈʆʀʊɽʃʔʅʓɽ ʂʆʅʉʊʈʋʂʎʀʀ, ʄɸʊɽʈʀɸʃʓ, ʊɽʍʅʆʃʆɻʀʀ, 

ʄɸʐʀʅʓ ʀ ʄɽʍɸʅʀɿʄʓ 

ɸʥʜʨʝʝʚ ɸ.ʂ., ɹʘʭʪʠʥʘ ʀ.ɸ., ʂʘʧʦʨʠʥ ɺ.ɸ. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʆʃʀʕʊʀʃɽʅʆɺʓʍ ʂʆʃʆɼʎɽɺ ʅɸ ʅɸʃʀʏʀɽ 

ɼɽʌɽʂʊʆɺ  ɺ ʇʈʆʎɽʉʉɽ ʕʂʉʇʃʋɸʊɸʎʀʀ 262 

ɸʨʟʘʤʘʟʦʚ ʅ.ʆ., ɹʘʭʪʠʥʘ ʀ.ɸ., ʂʘʧʦʨʠʥ ɺ.ɸ. 

ʋɿʃʓ ɺɺʆɼɸ ɺ ʉʀʉʊɽʄʋ ɺʅʋʊʈɽʅʅɽɻʆ ɺʆɼʆʉʅɸɹɾɽʅʀʗ 265 

ɺʦʣʢʦʚ ʄ.ɸ. 

ʇʈʆɹʃɽʄʓ ɺʅɽɼʈɽʅʀʗ ʉɸʄʆʋʇʃʆʊʅʗʖʑɽɻʆʉʗ ɹɽʊʆʅɸ ɺ 

ʉʊʈʆʀʊɽʃʔʅʋʖ ʆʊʈɸʉʃʔ ʀ ʉʇʆʉʆɹʓ ʀʍ ʈɽʐɽʅʀʗ 270 

ɼʘʜʘʙʘʝʚʘ ɿ.ɸ., ɸʤʠʥʦʚ ʌ.ɸ. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʌɸʂʊʆʈʆɺ ɺʃʀʗʖʑʀʍ ʅɸ ʂʆʄʌʆʈʊʅʋʖ ʉʈɽɼʋ ɺ 

ɾʀʃʓʍ ɿɼɸʅʀʗʍ 275 

ɼʝʥʠʩʝʥʢʦ ɸ.ɸ., ɼʨʦʟʜʦʚʘ ʊ.ɺ., ʐʠʨʦʢʦʚ ʗ.ɸ. 

ʋʏɽʊ ʊɽʍʅʆʃʆɻʀʀ ɺʆɿɺɽɼɽʅʀʗ ʆɹʒɽʂʊɸ ʅɸ ʉʊɸɼʀʀ ɽɻʆ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ɼʃʗ ʂʆʅʂʈɽʊʅʓʍ ʋʉʃʆɺʀʁ ʉʊʈʆʀʊɽʃʔʉʊɺɸ 278 

ɼʝʥʠʩʝʥʢʦ ɸ.ɸ., ʐʪʦʮ ɼ.ʅ. 

ʂʆʄʇʃɽʂʉʅʓʁ ʇʆɼʍʆɼ ʂ ʇʆɺʓʐɽʅʀʖ ʊɽʈʄʆʉʊʆʁʂʆʉʊʀ 

ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʂʆʅʉʊʈʋʂʎʀʁ 283 

ɼʨʘʛʘʣʠʥ ɼ.ʉ., ɹʘʭʪʠʥʘ ʀ.ɸ., ʇʦʣʶʛʦ ɼ.ɸ., ʃʦʧʘʪʠʥʘ ʄ.ʃ. 

ʈɸɿʈɸɹʆʊʂɸ ʄʆɼɽʃʀ ʇʈʀ ʇʈʆɽʂʊʀʈʆɺɸʅʀʀ ʈɸʉʇʈɽɼɽʃʀʊɽʃʔʅʓʍ 

ʉʀʉʊɽʄ ɻɸɿʆʉʅɸɹɾɽʅʀʗ ɾʀʃʓʍ ɼʆʄʆɺ ɺ NANOCAD 287 
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ʂʠʩʝʣʝʚ ɽ.ʄ., ɹʘʭʪʠʥʘ ʀ.ɸ., ɻʝʡʢʦ ʅ.ɺ. 

ʈɽʂʋʇɽʈɸʎʀʗ ʊɽʇʃɸ ɺ ʉʀʉʊɽʄɸʍ ɺɽʅʊʀʃʗʎʀʀ: ʇʈʀʅʎʀʇ ʈɸɹʆʊʓ ʀ 

ɺɸʈʀɸʅʊʓ ʀʉʇʆʃʅɽʅʀʗ 291 

ʂʦʣʧʘʢʦʚ ʂ.ɸ., ɹʘʭʪʠʥʘ ʀ.ɸ., ʀʚʘʥʦʚʘ ʊ.ʖ., ʂʦʨʥʝʝʚ ɸ.ʅ. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʆɺʈɽʄɽʅʅʓʍ ʊɽʇʃʆʀɿʆʃʗʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 297 

ʂʦʨʝʧʘʥʦʚ ʊ.ʇ., ʉʠʤʯʝʥʢʦ ʆ.ʃ. 

ʊɽʅɼɽʅʎʀʀ ʀ ʀʅʅʆɺɸʎʀʀ ɺ ʄʆʅʀʊʆʈʀʅɻɽ ʇʈʆʏʅʆʉʊʅʓʍ 

ʇʆʂɸɿɸʊɽʃɽʁ ɹɽʊʆʅɸ ɺʆɿɺʆɼʀʄʓʍ ʉʊʈʆʀʊɽʃʔʅʓʍ ʂʆʅʉʊʈʋʂʎʀʁ 

ʅɽʈɸɿʈʋʐɸʖʑʀʄ ʄɽʊʆɼʆʄ 301 

ʂʦʨʦʙʢʘ ɺ.ɸ., ɹʘʭʪʠʥʘ ʀ.ɸ., ʂʦʨʥʝʝʚ ɸ.ʅ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʀʉʊɽʄ ɺʆɼʆʉʅɸɹɾɽʅʀʗ ʄʅʆɻʆʕʊɸɾʅʆɻʆ 

ɾʀʃʆɻʆ ɼʆʄɸ ʉ ʇʆʄʆʑʔʖ ʀʅʌʆʈʄɸʎʀʆʅʅʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 306 

ʃʘʧʠʥ ʀ.ɺ., ɻʠʣʴʤʫʪʜʠʥʦʚ ʀ.ʄ. 

ʆʎɽʅʂɸ ʉʊʈʋʂʊʋʈʓ ʀ ʕʃɽʄɽʅʊʅʆɻʆ ʉʆʉʊɸɺɸ ʅʆɺʓʍ 

ʂʆʄʇʆɿʀʊʅʓʍ ʇɽʅʆʄɸʊɽʈʀɸʃʆɺ 310 

ʄʘʤʳʢʠʥ ʖ.ʀ. 

ʇʆʊɽʅʎʀɸʃ ʇʈʀʄɽʅɽʅʀʗ ɹʃʆʏʅʆ-ʄʆɼʋʃʔʅʓʍ ʋʉʊɸʅʆɺʆʂ 

ɺʆɼʆʉʅɸɹɾɽʅʀʗ ɺ ʉɽʃʔʉʂʀʍ ʈɸʁʆʅɸʍ 316 

ʄʘʥʦʰʢʠʥʘ ɼ.ɺ., ʐʘʰʝʚ ɸ.ɺ. 

ʇʆɺʓʐɽʅʀɽ ɼʆʉʊʆɺɽʈʅʆʉʊʀ ʋɿʂ ʉɺɸʈʅʓʍ ʉʊʓʂʆɺ 

ʊʈʋɹʆʇʈʆɺʆɼʆɺ ɿɸ ʉʏɽʊ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʄʅʆɻʆʂɸʅɸʃʔʅʓʍ 

ʉʂɸʅɽʈʆɺ 324 

ʄʘʥʷʢ ʉ.ʅ., ɹʘʭʪʠʥʘ ʀ.ɸ., ɻʝʡʢʦ ʅ.ɺ. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʀʄɽʅɽʅʀʗ ʉʆɺʈɽʄɽʅʅʓʍ ʈɽʐɽʅʀʁ 

ʇʆɺʓʐɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʉʀʉʊɽʄ ɺɽʅʊʀʃʗʎʀʀ 334 

ʄʠʭʘʡʣʝʥʢʦ ʆ.ɸ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʈɸɹʆʊʓ ʂʃɽɽʌɸʅɽʈʅʆʁ ʈɽɹʈʀʉʊʆʁ ʇɸʅɽʃʀ 

ʇʆʂʈʓʊʀʗ 337 

ʄʦʨʦʟʦʚʘ ʄ.ʀ. 

ʆʉʆɹɽʅʅʆʉʊʀ ɼɽʄʆʅʊɸɾɸ ɿɼɸʅʀʁ ʀ ʉʆʆʈʋɾɽʅʀʁ ɺ ʋʉʃʆɺʀʗʍ 

ʂʈɸʁʅɽɻʆ ʉɽɺɽʈɸ 344 

ʄʦʨʦʰʝʥʢʦ ɸ.ʉ., ɹʘʭʪʠʥʘ ʀ.ɸ., ʂʦʨʥʝʝʚ ɽ.ɸ. 

ɸʕʈʆɼʀʅɸʄʀʏɽʉʂʀʁ ʈɸʉʏɪʊ ʉʀʉʊɽʄ ɺɽʅʊʀʃʗʎʀʀ 350 

ʄʫʩʘʣʠʪʠʥʘ ɽ.ʉ., ɹʘʭʪʠʥʘ ʀ.ɸ., ɸʚʝʨʴʷʥʯʠʢʦʚʘ ɽ.ʄ., ʂʦʨʥʝʝʚ ɸ.ʅ. 

ʉʇʆʉʆɹʓ ɿɸʑʀʊʓ ʂɸʅɸʃʀɿɸʎʀʆʅʅʓʍ ʊʈʋɹ ʆʊ ʇʆɾɸʈɸ 354 

ʇʝʨʦʚʘ ɸ.ɸ., ʂʦʨʦʙʢʦʚ ʉ.ɺ. 

ʈɽʂʆʅʉʊʈʋʂʎʀʗ: ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʇʆɼʍʆɼʓ ʀ 

ʄɸʊɽʈʀɸʃʓ 359 

ʇʦʛʦʨʝʣʦʚ ɺ.ʉ., ɹʘʭʪʠʥʘ ʀ.ɸ., ʂʦʨʥʝʝʚ ɸ.ʅ. 

ʉʅɽɻʆʇʈʆɺʆɼ ɼʃʗ ʅɸʇʓʃɽʅʀʗ ʉʅɽɻɸ ʅɸ ɻʆʈʓ: ʀʅʅʆɺɸʎʀʆʅʅʓʁ 

ʇʆɼʍʆɼ ʂ ʀʉʂʋʉʉʊɺɽʅʅʆʄʋ ʉʅɽɻʆʅɸʂʆʇʃɽʅʀʖ 365 

ʇʦʧʦʚ ʀ.ʇ. 

ɻʀɼʈɸɺʃʀʏɽʉʂɸʗ ɹɸʃʂɸ 369 

ʈʘʱʝʧʢʠʥ ɼ.ɼ., ɹʘʭʪʠʥʘ ʀ.ɸ., ʇʦʣʶʛʦ ʉ.ɸ., ʂʦʨʥʝʝʚ ɸ.ʅ. 

ʆʉʅʆɺʅʓɽ ɺʀɼʓ ʊʈʋɹ ɺ ʉʀʉʊɽʄɸʍ ɺʆɼʆʉʅɸɹɾɽʅʀʗ 375 

ʉʠʷʥʦʚ ɸ.ʀ., ʇʘʥʠʭʠʥ ʈ.ɺ. 

ʌʆʈʄʆʆɹʈɸɿʆɺɸʅʀɽ ʂʈʀɺʆʃʀʅɽʁʅʓʍ ʉɽʊʏɸʊʓʍ ʇʆʂʈʓʊʀʁ 

ʇʋʊɽʄ ʄʅʆɻʆʂʈʀʊɽʈʀɸʃʔʅʆʁ ʆʇʊʀʄʀɿɸʎʀʀ 381 

ʌʠʰʝʨ ʄ.ɸ., ɹʘʭʪʠʥʘ ʀ.ɸ., ʂʦʨʥʝʝʚ ɸ.ʅ. 

ʇʈʆɹʃɽʄʓ ʄʅʆɻʆʂɺɸʈʊʀʈʅʓʍ ɼʆʄʆɺ, ʇʆʉʊʈʆɽʅʅʓʍ ɺ 60-70 

ɻʆɼɸʍ 385 
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ʍʘʤʳʜʦʚ ʈ.ʍ., ɸʣʣʘʤʳʨʘʜʦʚ ʅ.ʆ., ʍʦʤʤʘʪʛʝʣʴʜʳʝʚ ʃ.ʈ., ʉaʧaʨoʚa O.ʉ., 

ʍʦʤʤʘʪʛʝʣʴʜʳʝʚʘ ɸ.ʈ. 

ɹɽʊʆʅʅʓɽ ʀ ɾɽʃɽɿʆɹɽʊʆʅʅʓɽ ʂʆʅʉʊʈʋʂʎʀʀ ɻʀɼʈʆʊɽʍʅʀʏɽʉʂʀʍ 

ʉʆʆʈʋɾɽʅʀʁ 390 

ʎʳʛʘʥʢʦʚʘ ɽ.ɺ. 

ʆʉʆɹɽʅʅʆʉʊʀ ʋʉʀʃɽʅʀʗ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʂʆʅʉʊʈʋʂʎʀʁ 

ʂʆʄʇʆɿʀʊʅʓʄʀ ʄɸʊɽʈʀɸʃɸʄʀ 394 

ʏʝʨʥʝʮʢʘʷ ʄ.ʂ., ʏʝʨʝʧʘʥʦʚ ɹ.ʄ. 

ʂ ɺʆʇʈʆʉʋ ʂʆʄʇʆɿʀʊʅʆɻʆ ɸʈʄʀʈʆɺɸʅʀʗ ʕʃɽʄɽʅʊʆɺ 

ʂʆʅʉʊʈʋʂʎʀʁ ʆɹʒɽʂʊʆɺ ʉʊʈʆʀʊɽʃʔʉʊɺɸ 403 

ʖʜʝʥʢʦʚ ɸ.ɺ., ɹʘʭʪʠʥʘ ʀ.ɸ., ɻʝʡʢʦ ʅ.ɺ. 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʓ ɼʃʗ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ 

ɸʕʈʆɼʀʅɸʄʀʏɽʉʂʆɻʆ ʈɸʉʏɽʊɸ ɺɽʅʊʀʃʗʎʀʆʅʅʓʍ ʉʀʉʊɽʄ ɺ ʉʈɽɼɽ 

EXCEL 415 

ʖʨʴʝʚ ʀ.ʉ., ʄʠʢʨʶʢʦʚʘ ɽ.ɺ. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʄʅʆɻʆʉʃʆʁʅʆɻʆ ɼʈɽɺɽʉʅʆɻʆ 

ʄɸʊɽʈʀɸʃɸ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɼʈɽɺɽʉʅʓʍ ʆʊʍʆɼʆɺ 422 

ʉɽʂʎʀʗ 5. ʕʅɽʈɻʆʉɹɽʈɽɾɽʅʀɽ ʀ ʇʆɺʓʐɽʅʀɽ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ɹʘʣʘʰʦʚ ʆ.ʇ. 

ʅɸʇʈɸɺʃɽʅʀɽ ʈɸɿɺʀʊʀʗ ʉʍɽʄʅʓʍ ʈɽʐɽʅʀʁ ʈɸʉʇʈɽɼɽʃʀʊɽʃʔʅʓʍ 

ʉɽʊɽʁ ɺ ʉʀʉʊɽʄɽ ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ ʇʈʆʄʓʐʃɽʅʅʓʍ 

ʇʈɽɼʇʈʀʗʊʀʁ 428 

ɹʘʥʥʠʢʦʚ
 
ʄ.ɸ., ɸʧʪʘʣʘʝʚ

 
ʄ.ʅ. 

ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆɽ ʈɽʐɽʅʀɽ ɼʃʗ ʆʍʃɸɾɼɽʅʀʗ ʉɽʈɺɽʈʅʆɻʆ 

ʇʆʄɽʑɽʅʀʗ: ʂʆʄɹʀʅɸʎʀʗ ʈʆʊɸʎʀʀ ɹʓʊʆɺʓʍ ʂʆʅɼʀʎʀʆʅɽʈʆɺ ʀ 

ʉɽɿʆʅʅʆʁ ʇʈʀʊOʏʅʆ-ɺʓʊʗɾʅʆʁ ɺɽʅʊʀʃʗʎʀʀ 433 

ɹʝʟʜʝʥʝʞʥʳʭ ɺ.ʀ. 

ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʔ ʉʀʅʍʈʆʅʅʓʍ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʄɸʐʀʅ ɺ 

ɿɸɺʀʉʀʄʆʉʊʀ ʆʊ ʍɸʈɸʂʊɽʈɸ ʅɸɻʈʋɿʂʀ 438 

ɹʝʣʦʛʣʘʟʦʚʘ ʉ.ʖ. 

ʇʆɺʓʐɽʅʀɽ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ ʈɽʐɽʊʅʆɻʆ ʉɽʇɸʈɸʊʆʈɸ 443 

ɻʨʦʤʦʚʘ ɽ.ʅ. 

ʀʅʊɽʅʉʀʌʀʂɸʎʀʗ ʇʈʆʎɽʉʉʆɺ ʉʋʐʂʀ ɼʀʉʇɽʈʉʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ɺ 

ʇʅɽɺʄɸʊʀʏɽʉʂʀʍ ʉʋʐʀʃʔʅʓʍ ʋʉʊɸʅʆɺʂɸʍ 448 

ɼʫʨʜʳʝʚʘ ɸ, ɹʘʣʪʘʝʚʘ ʉ. ɸ. 

ʇʈʀʄɽʅɽʅʀɽ ʉʆʃʅɽʏʅʓʍ ʅɸʉʆʉʅʓʍ ʉʊɸʅʎʀʁ ɼʃʗ ʆʈʆʐɽʅʀʗ ɺ 

ʋʉʃʆɺʀʗʍ ɿɸʉʋʐʃʀɺʆɻʆ ʂʃʀʄɸʊɸ 454 

ɼʫʰʝʤʦʚʘ ɼ., ɹʘʣʪʘʝʚʘ ʉ.ɸ. 

ʀʅʅʆɺɸʎʀʆʅʅʓɽ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʓɽ ʄɽʃʀʆʈɸʊʀɺʅʓɽ 

ʄɽʈʆʇʈʀʗʊʀʗ 456 

ɸ. ɾʘʧʘʨʦʚ ɸ., ɹʘʣʪʘʝʚʘ ʉ.ɸ. 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɺʆɿʆɹʅʆɺʃʗɽʄʓʍ ʀʉʊʆʏʅʀʂʆɺ ʕʅɽʈɻʀʀ ɺ 

ɺʆɼʆʍʆɿʗʁʉʊɺɽʅʅʓʍ ʉʀʉʊɽʄɸʍ 459 

ʀʣʴʠʯʝʚ
 
ɼ.ʖ., ʊʦʨʦʱʠʥ

 
ɸ.ʂ. 

ʈʆʃʔ ʈɽʃɽʁʅʆʁ ɿɸʑʀʊʓ ɺ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʉʀʉʊɽʄɸʍ 461 

ʂʘʨʘʢʘʡʪʠʩ ɼ.ʖ. 

ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʔ ʅɸ ʀʅʅʆɺɸʎʀʆʅʅʆ-ɸʂʊʀɺʅʆʄ 

ʇʈɽɼʇʈʀʗʊʀʀ: ʊʈɽʅɼʓ ʀ ʊɽʍʅʀʏɽʉʂʀɽ ʈɽʐɽʅʀʗ 464 
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ʄʘʤʝʜʦʚ ɼ., ʄʘʪʛʝʣʜʠʝʚ ɾ., ɹʘʣʪʘʝʚʘ ʉ. 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʁ SMART GRID ɺ ʕʅɽʈɻʆʉʅɸɹɾɽʅʀʀ 

ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʇʃʆʀɿʆʃʗʎʀʆʅʅʓɽ ʉɽʃʔʉʂʀʍ ʊɽʈʈʀʊʆʈʀʁ 470 

ʇʦʧʦʚ ʀ.ʇ. 

ʄɸɻʅʀʊʅʆɽ ʈɸʉʉɽʗʅʀɽ ɺ ʊʈɸʅʉʌʆʈʄɸʊʆʈɸʍ 472 

ʉʘʙʣʠʥʘ ʊ.ʀ., ʇʦʟʥʘʭʘʨʝʚ ɸ.ʀ., ɹʫʡʢʦ ʆ.ɺ. 

ʆɹɽʉʇɽʏɽʅʀɽ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ ʊɽʇʃʆɺʓʍ ʉɽʊɽʁ. 

ʄɸʊɽʈʀɸʃʓ 478 

ʊʦʢʘʨʝʚ ɽ.ʕ., ʊʘʪʘʨʥʠʢʦʚʘ ɸ.ʅ. 

ʄʆɼɽʈʅʀɿɸʎʀʗ ʀ ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʇʈʀʊʆʏʅʆ-ɺʓʊʗɾʅʓʍ ʉʀʉʊɽʄ 483 

ʊʘʪʘʨʥʠʢʦʚʘ ɸ.ʅ. 

ʇɽʈʉʇɽʂʊʀɺʓ ɺʅɽɼʈɽʅʀʗ ʎʀʌʈʆɺʓʍ ʇʆɼʉʊɸʅʎʀʁ ɺ ʕʅɽʈɻɽʊʀʂɽ 

ʈʆʉʉʀʀ 487 

ʉɽʂʎʀʗ 6. ʇʈʆɹʃɽʄʓ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ 

ɹʘʣʪʘʝʚʘ ʉ.ɸ., ɹʝʛʝʥʜʞʦʚʘ ʉ., ɸʢʤʘʤʤʝʜʦʚʘ ʄ. 

ʇʈʀʄɽʅɽʅʀɽ ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ ɿʆʅɼʀʈʆɺɸʅʀʗ ɿɽʄʃʀ ɼʃʗ 

ʆʎɽʅʂʀ ʕʂʆʃʆɻʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ ʊɽʈʈʀʊʆʈʀʁ 492 

ɹʘʣʪʘʝʚʘ ʉ.ɸ., ɾʫʤʘʙʘʝʚ ɻ., ʉʦʡʫʥʦʚ ɸ. 

ʀʅʅʆɺɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʆʏʀʉʊʂʀ ʉʊʆʏʅʓʍ ɺʆɼ ʀ ɻɸɿʆɺ 494 

ɹʘʣʪʘʝʚʘ ʉ.ɸ., ʅʫʨʳʝʚ ʈ., ʆʪʫʟʦʚ ɹ. 

ɹʀʆʃʆɻʀʏɽʉʂʀɽ ʄɽʊʆɼʓ ʇʆɺʓʐɽʅʀʗ ʇʃʆɼʆʈʆɼʀʗ ʇʆʏɺ ʂɸʂ 

ʕʂʆʃʆɻʀʏɽʉʂʀ ɹɽɿʆʇɸʉʅɸʗ ɸʃʔʊɽʈʅɸʊʀɺɸ ʍʀʄʀɿɸʎʀʀ 498 

ɹʘʣʪʘʝʚʘ ʉ.ɸ., ʖʩʫʧʦʚʘ ʈ., ɸʥʥʘʜʫʨʜʳʝʚ ɸ. 

ʆʎɽʅʂɸ ɺʃʀʗʅʀʗ ʄɽʃʀʆʈɸʊʀɺʅʓʍ ʄɽʈʆʇʈʀʗʊʀʁ ʅɸ 

ʕʂʆʃʆɻʀʏɽʉʂʋʖ ɹɽɿʆʇɸʉʅʆʉʊʔ ɸɻʈʆʃɸʅɼʐɸʌʊʆɺ ɺ 

ʊʋʈʂʄɽʅʀʉʊɸʅɽ 501 

ʇʦʧʦʚ ʀ.ʇ. 

ʇʈʀʏʀʅɸ ʄɸɻʅʀʊʅʓʍ ɹʋʈʔ ï ʄɸɻʅʀʊʅʓɽ ɿɸʈʗɼʓ 506 

ʐʘʡʜʫʨʦʚ ʉ.ɸ., ɸʧʪʘʣʘʝʚ ʄ.ʅ. 

ʋʊʀʃʀɿɸʎʀʗ ʃʆʇɸʉʊɽʁ ɺɽʊʈʆɻɽʅɽʈɸʊʆʈʆɺ: ʉʆɺʈɽʄɽʅʅʓɽ 

ɺʓɿʆɺʓ ʀ ʇɽʈʉʇɽʂʊʀɺʅʓɽ ʈɽʐɽʅʀʗ 512 

ʉɽʂʎʀʗ 7. ʉʆɺʈɽʄɽʅʅʓɽ ʇʈʆɹʃɽʄʓ ʕʂʆʅʆʄʀʂʀ 

ɸʩʢʘʥʦʚʘ ʆ.ɺ. 

ɼʋʍʆɺʅʆ-ʅʈɸɺʉʊɺɽʅʅɸʗ ʉʊʆʈʆʅɸ ʂɸʊɽɻʆʈʀʀ çʇʈʀɹʓʃʔè 517 

ɺʠʭʘʨʝʚʘ ɼ.ʅ., ʉʪʝʥʠʥʘ ʄ.ɼ., ʅʠʢʠʬʦʨʦʚʘ ʊ.ʀ. 

ʈɽɻʀʆʅɸʃʔʅɸʗ ɼʀʌʌɽʈɽʅʎʀɸʎʀʗ ʉʊʆʀʄʆʉʊʀ ʉʊʈʆʀʊɽʃʔʉʊɺɸ ɺ 

ʈʆʉʉʀʀ: ʌɸʂʊʆʈʅʓʁ ɸʅɸʃʀɿ 535 

ɼʘʥʠʣʝʥʢʦ ʀ.ɸ. 

çɿɽʃɽʅɸʗè ʃʆɻʀʉʊʀʂɸ ʀ ʊʈɸʅʉʌʆʈʄɸʎʀʗ ɻʃʆɹɸʃʔʅʓʍ ʎɽʇɽʁ 

ʇʆʉʊɸɺʆʂ: ɺʓɿʆɺʓ ʀ ʉʊʈɸʊɽɻʀʏɽʉʂʀɽ ɺɽʂʊʆʈʓ ʈɸɿɺʀʊʀʗ 540 

ɼʠʨʰʘ ɽ.ɺ. 

ʕʃɽʂʊʈʆʅʅʓʁ ɼʆʂʋʄɽʅʊʆʆɹʆʈʆʊ 548 

ɿʦʣʦʪʘʚʠʥ ɼ.ʅ., ʊʦʨʦʱʠʥ ɸ.ʂ. 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʎɽʅ ʅɸ ʌʀʅɸʅʉʆɺʓʍ 

ʈʓʅʂɸʍ ʄɽɾɼʋ ʀʉʂʋʉʉʊɺɽʅʅʓʄ ʀʅʊɽʃʃɽʂʊʆʄ ʀ ʏɽʃʆɺɽʂʆʄ 553 

ɿʦʣʦʪʘʚʠʥ
 
ɼ.ʅ.., ʊʦʨʦʱʠʥ

 
ɸ.ʂ. 

ʎʀʌʈʆɺʆʁ ʈʋɹʃʔ ʀ ʇʆɺʉɽɼʅɽɺʅʓɽ ʇʃɸʊɽɾʀ 558 
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ʂʦʥʜʨʘʪʴʝʚʘ ʂ.ɺ., ʀʩʘʝʚʘ ɺ.ʄ. 

ɼʀʅʆɿɸɺʈʓ ʀ ʄɸʈʂɽʊʀʅɻ ɺ ʉʆɺʈɽʄɽʅʅʆʄ ʄʀʈɽ 563 

ʂʦʥʜʨʘʪʴʝʚʘ
 
ʂ.ɺ., ʂʦʥʜʨʘʪʴʝʚ

 
ʗ.ɺ. 

ɸʂʊʋɸʃʔʅʆʉʊʔ ʇʆɺʓʐɽʅʀʗ ʌʀʅɸʅʉʆɺʆʁ ɻʈɸʄʆʊʅʆʉʊʀ 

ʈɸɹʆʊʅʀʂʆɺ ʇʈʆʄʓʐʃɽʅʅʓʍ ʇʈɽɼʇʈʀʗʊʀʁ 567 

ʂʦʨʝʧʘʥʦʚ ɸ.ɺ. 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʀ ʈɸɿɺʀʊʀɽ ʕʅɼɸʋʄɽʅʊ-ʌʆʅɼʆɺ ʂɸʂ ʌɸʂʊʆʈ 

ʇʆɺʓʐɽʅʀʗ ʌʀʅɸʅʉʆɺʆʁ ʋʉʊʆʁʏʀɺʆʉʊʀ ʈʆʉʉʀʁʉʂʀʍ ɺʋɿʆɺ 572 

ʉʦʨʦʢʠʥ ɸ.ɺ. 

ʂ ɺʆʇʈʆʉʋ ʆ ɼɽʌʀʎʀʊɽ ʂɸɼʈʆɺ ʅɸ ʇʈʆʄʓʐʃɽʅʅʓʍ 

ʇʈɽɼʇʈʀʗʊʀʗʍ ɻʆʈʆɼɸ ʈʋɹʎʆɺʉʂɸ ɺ ʉʆɺʈɽʄɽʅʅʓʍ ʋʉʃʆɺʀʗʍ 578 

ʋʛʣʠʥʩʢʘʷ ɺ.ɺ. 

ʅʆʈʄɸʊʀɺʓ ʇʆʊʈɽɹʃɽʅʀʗ ɺʆɼʓ: ʌɸʂʊʆʈʓ, ɺʃʀʗʖʑʀɽ ʅɸ 

ʈɽɻʀʆʅɸʃʔʅʓɽ ʈɸɿʃʀʏʀʗ 583 

ʋʤʘʨʭʦʜʞʘʝʚ
 
ʌ.ʍ., ɻʘʤʫʣʠʥʩʢʘʷ

 
ʅ.ɺ. 

ʇʈɽɼʉʊɸɺʀʊɽʃʔʉʂʀɽ ʈɸʉʍʆɼʓ: ɹʋʍɻɸʃʊɽʈʉʂʀʁ ʀ ʅɸʃʆɻʆɺʓʁ 

ʋʏɽʊ 589 

ʋʤʘʨʭʦʜʞʘʝʚ
 
ʌ.ʍ., ɻʘʤʫʣʠʥʩʢʘʷ

 
ʅ.ɺ. 

ʋʇʈɸɺʃɽʅʏɽʉʂʀʁ ʋʏɽʊ ʀ ɽɻʆ ʈʆʃʔ ɺ ʇʈʀʅʗʊʀʀ ʋʇʈɸɺʃɽʅʏɽʉʂʀʍ 

ʈɽʐɽʅʀʁ 592 

ʏʫʛʫʥʦʚʘ ʀ.ɺ. 

ɺʃʀʗʅʀɽ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ ʅɸ ʈʆʉʉʀʁʉʂʀʁ ʈʓʅʆʂ 

ʊʈʋɼɸ: ɺʓɿʆɺʓ, ʈʀʉʂʀ ʀ ʇɽʈʉʇɽʂʊʀɺʓ 595 

ʉɽʂʎʀʗ 8. ʆɹʈɸɿʆɺɸʅʀɽ. ʇɽɼɸɻʆɻʀʂɸ. ɻʋʄɸʅʀʊɸʈʅʓɽ ʅɸʋʂʀ 

ɸʥʢʫʜʠʥʦʚʘ ɸ.ʖ., ʊʦʨʦʱʠʥ ɸ.ʂ. 

ʇʈʀʏʀʅʓ ʈʆʉʊɸ ʈɽʇɽʊʀʊʆʈʉʊɺɸ ɺ ʉʆɺʈɽʄɽʅʅʆʄ ʄʀʈɽ 601 

ɹʣʘʪʦʚʘ ʆ.ʖ. 

ʊɺʆʈʏɽʉʂʆɽ ʅɸʉʃɽɼʀɽ ʉʀɹʀʈʉʂʆɻʆ ɸʈʍʀʊɽʂʊʆʈɸ ʇʆʀʉʂ ʀ 

ɺʆʉʉʊɸʅʆɺʃɽʅʀɽ ʇʆɼʃʀʅʅʓʍ ʉɺɽɼɽʅʀʁ 607 

ɹʦʨʦʜʠʥʘ ʊ.ʉ., ʄʫʭʘʝʚʘ ɿ.ɸ. 

ʊɽʆʈɽʊʀʂʆ-ʄɽʊʆɼʆʃʆɻʀʏɽʉʂʀɽ ʆʉʅʆɺʓ ʇʉʀʍʆʃʆɻʆ-

ʇɽɼɸɻʆɻʀʏɽʉʂʆɻʆ ʉʆʇʈʆɺʆɾɼɽʅʀʗ ɺ ʉʆɺʈɽʄɽʅʅʆʄ ʉʈɽɼʅɽʄ 

ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆʄ ʆɹʈɸɿʆɺɸʅʀʀ 613 

ʂʘʟʘʥʮʝʚʘ ʖ.ɺ. 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʈɸɿʃʀʏʅʓʍ ʃɽʂʉʀʂʆ-ɻʈɸʄʄɸʊʀʏɽʉʂʀʍ 

ʋʇʈɸɾʅɽʅʀʁ ɺ ʇʈʆʎɽʉʉɽ ʆɹʋʏɽʅʀʗ ʅɽʄɽʎʂʆʄʋ ʗɿʓʂʋ ɺ 

ʊɽʍʅʀʏɽʉʂʆʄ ɺʋɿɽ 618 

ʂʘʤʝʥʩʢʠʭ ɼ.ɽ., ʍʘʤʘʪʥʫʨʦʚʘ ɽ.ʅ. 

SWOT-ɸʅɸʃʀɿ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈʆɽʂʊʅʆɻʆ ʆɹʋʏɽʅʀʗ ɺ 

ʋʇʈɸɺʃɽʅʀʀ ʈʀʉʂɸʄʀ ʆɹʈɸɿʆɺɸʊɽʃʔʅʆʁ ʉʈɽɼʓ ʍɸʁʊɽʂ-ʎɽʍɸ 

ʊɽʍʅʆʇɸʈʂɸ "ʂɺɸʅʊʆʈʀʋʄ" 622 

ʂʦʥʜʨʘʪʴʝʚʘ ʂ.ɺ., ʈʘʜʘʝʚʘ ʉ.ʉ. 

ɺʅɽɼʈɽʅʀɽ ɻɽʁʄʀʌʀʂɸʎʀʀ ʂɸʂ ʀʅʉʊʈʋʄɽʅʊɸ ɺʆɺʃɽʏɽʅʅʆʉʊʀ 

ʉʊʋɼɽʅʊʆɺ ɺ ʋʏɽɹʅʓʁ ʇʈʆʎɽʉʉ 628 

ʂʨʘʩʠʣʴʥʠʢʦʚʘ ʄ.ɹ. 

ʗɿʓʂʆɺʓɽ ʀ ʂʋʃʔʊʋʈʅʓɽ ɹɸʈʔɽʈʓ ʀ ɼʀɸʃʆɻʀ 632 

ʄʘʣʘʰʝʥʢʦʚʘ ʀ.ɺ. 

ʉʆʎʀʆʂʋʃʔʊʋʈʅɸʗ ʈɽɸɹʀʃʀʊɸʎʀʗ ɼɽʊɽʁ ʉ ʆɺɿ: ʇʈʀʄɽʅɽʅʀɽ 

ʀɻʈʆɺʓʍ ʊɽʍʅʆʃʆɻʀʁ 638 
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ʆʨʣʦʚ ɸ.ɺ. 

ʈʆʃʔ ʀ ʄɽʉʊʆ ʆʎɽʅʆʏʅʆ-ʈɽʌʃɽʂʉʀɺʅʆɻʆ ʂʆʄʇʆʅɽʅʊɸ ɺ 

ʉʊʈʋʂʊʋʈɽ ʃʀʅɻɺʆʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆʁ ʂʆʄʇɽʊɽʅʊʅʆʉʊʀ 

ʉʊʋɼɽʅʊɸ 643 

ʇʘʚʣʦʚ ɸ.ʖ. 

ɸʅɸʃʀɿ ʄɽʊʆɼʀʂ ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʉʀʍʀʏɽʉʂʆɻʆ ʈɸɿɺʀʊʀʗ ɼɽʊɽʁ 

ʉ ʅɸʈʋʐɽʅʀʗʄʀ ʉʃʋʍɸ 648 

ʇʦʧʦʚ ɺ.ʀ., ɺʠʥʠʚʠʪʠʥʘ ʂ.ɺ., ʃʘʟʘʨʝʚ ʄ.ʀ. 

ʊʈɸʅʉʌʆʈʄɸʎʀʗ ʇʆʃʀʊʀʏɽʉʂʆɻʆ ʋʏɸʉʊʀʗ ʄʆʃʆɼɪɾʀ ɺ 

ʋʉʃʆɺʀʗʍ ʎʀʌʈʆɺʀɿɸʎʀʀ ʀ ɻʃʆɹɸʃʔʅʓʍ ɺʓɿʆɺʆɺ 653 

ʇʨʠʱʝʧʘ ʄ.ɸ. 

ʆʉʆɹɽʅʅʆʉʊʀ ʉʇʆʈʊʀɺʅʆɻʆ ʆʊɹʆʈɸ ʖʅʓʍ ɹɸʉʂɽʊɹʆʃʀʉʊʆɺ ɺ 

ʋʉʃʆɺʀʗʍ ʄɸʃʆɻʆ ɻʆʈʆɼɸ (ʅɸ ʇʈʀʄɽʈɽ ɻʆʈʆɼɸ ʉ ʅɸʉɽʃɽʅʀɽʄ ɼʆ 

150 ʊʓʉ. ʏɽʃ.) 658 

ʉʠʜʦʨʢʝʚʠʯ ɸ.ɺ. 

ʆ ʇʈʆɹʃɽʄɽ ʇʈɽɼʋʇʈɽɾɼɽʅʀʗ ʇʈɽʉʊʋʇʅʆʉʊʀ 

ʅɽʉʆɺɽʈʐɽʅʅʆʃɽʊʅʀʍ ɺ ɼɽʗʊɽʃʔʅʆʉʊʀ ʉʀʉʊɽʄʓ ʉʈɽɼʅɽɻʆ 

ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆɻʆ ʆɹʈɸɿʆɺɸʅʀʗ 663 

ʉʠʷʥʦʚ ɸ.ʀ., ʆʩʪʘʥʠʥʘ ʂ.ɺ. 

ʂʆʄʄʋʅʀʂɸɹɽʃʔʅʆʉʊʔ ɺ ʂʆʅʊɽʂʉʊɽ ʉʆʎʀɸʃʀɿɸʎʀʀ 668 

ʉʦʨʦʛʠʥʘ ʇ.ʅ., ʄʫʭʘʝʚʘ ɿ.ɸ. 

ʇʉʀʍʆʃʆɻʆ-ʇɽɼɸɻʆɻʀʏɽʉʂʆɽ ʉʆʇʈʆɺʆɾɼɽʅʀɽ ʉʊʋɼɽʅʊʆɺ, 

ʇʈʀʏɸʉʊʅʓʍ ʂ ʉʇɽʎʀɸʃʔʅʆʁ ɺʆɽʅʅʆʁ ʆʇɽʈɸʎʀʀ 673 

ʏʘʛʠʥʘ ɼ.ɸ. 

ʅɽʁʈʆʇʉʀʍʆʃʆɻʀʏɽʉʂɸʗ ɼʀɸɻʅʆʉʊʀʂɸ ɼʀʉʃɽʂʉʀʀ ʋ ʄʃɸɼʐʀʍ 

ʐʂʆʃʔʅʀʂʆɺ ʉ ʌʆʅɽʊʀʂʆ-ʌʆʅɽʄɸʊʀʏɽʉʂʀʄ ʅɽɼʆʈɸɿɺʀʊʀɽʄ 

ʈɽʏʀ 678 

ʏʫʨʩʠʥʘ ʖ.ɸ., ʇʦʧʮʦʚʘ ɺ.ɸ. 

ʆʊʅʆʐɽʅʀɽ ʉʊʋɼɽʅʊʆɺ ʂ ʉɸʄʆʉʊʆʗʊɽʃʔʅʆʁ ʈɸɹʆʊɽ ʀ ɽɽ ʈʆʃʀ ɺ 

ʋʏɽɹʅʆʄ ʇʈʆʎɽʉʉɽ 687 

ʏʫʨʩʠʥʘ ʖ.ɸ., ɹʨʘʛʠʥʘ ʉ.ɸ. 

ɺʃʀʗʅʀɽ ʉʆʎʀɸʃʔʅʓʍ ʉɽʊɽʁ ʅɸ ʇʆɺʉɽɼʅɽɺʅʋʖ ɾʀɿʅʔ 

ʄʆʃʆɼɽɾʀ. 692 

ʏʫʨʩʠʥʘ ʖ.ɸ., ʂʦʟʣʦʚʘ ɸ.ʄ. 

ɿʅɸʏɽʅʀɽ ɿʅɸʅʀʁ ʇʆ ʆɹʑɽʁ ʇʉʀʍʆʃʆɻʀʀ ɼʃʗ ʃʀʏʅʆʉʊʅʆɻʆ 

ʈɸɿɺʀʊʀʗ 696 

ʏʫʨʩʠʥʘ ʖ.ɸ., ʃʘʧʰʠʥʘ ɸ.ʉ.  

ʆʇʈɽɼɽʃɽʅʀɽ ʍɸʈɸʂʊɽʈɸ ʉʆʎʀɸʃʔʅʆʁ ʉɸʄʆʆʎɽʅʂʀ ʉʊʋɼɽʅʊʆɺ 

ʉʇʆ 702 

ʏʫʨʩʠʥʘ ʖ.ɸ., ʅʝʣʶʙʠʥʘ ɽ.ɺ.  

ʅɸʃʀʏʀɽ ʇʈɸɺʆɺʆʁ ɻʈɸʄʆʊʅʆʉʊʀ ɺ ʈʆʉʉʀʀ: ʈɽɻʀʆʅɸʃʔʅʓʁ 

ɸʅɸʃʀɿ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ɹʖɼɾɽʊʅʓʍ ʄɽʉʊ ɺ ʂʆʃʃɽɼɾɸʍ ʀ ɺʋɿɸʍ 708 

ʏʫʨʩʠʥʘ ʖ.ɸ., ʏʫʧʠʥʘ ʈ.ʅ.  

ʉʇɽʎʀʌʀʂɸ ʀʉʉʃɽɼʆɺɸʅʀʗ ʊʈɸʅʉʌʆʈʄɸʎʀʀ ʄʆɼʅʆʁ ʀʅɼʋʉʊʈʀʀ 714 

ʏʫʨʩʠʥʘ ʖ.ɸ., ɼʦʙʘʝʚʘ ɸ.ʉ. 

ʇʈʆɹʃɽʄʓ ʀɼɽʅʊʀʏʅʆʉʊʀ ʀ ʉɸʄʆʈɽɸʃʀɿɸʎʀʀ ʉʈɽɼʀ ʉʊʋɼɽʅʊʆɺ 

ʀ ʇɽɼɸɻʆɻʆɺ: ʉʆʎʀʆʃʆɻʀʏɽʉʂʀʁ ʀ ʇʉʀʍʆʃʆɻʀʏɽʉʂʀʁ ɸʅɸʃʀɿ 724 

ʏʫʨʩʠʥʘ ʖ.ɸ., ʃʶʙʠʤʦʚ ʂ.ɸ., ʇʝʨʤʠʥʦʚ ʉ.ɺ.  

ʎʀʌʈʆɺʆʁ ɹɸʈʔɽʈ ɺ ɸʋɼʀʊʆʈʀʀ. ʂɸʂ ʉʄɸʈʊʌʆʅʓ ɺʃʀʗʖʊ ʅɸ 

ɸʂɸɼɽʄʀʏɽʉʂʋʖ ɺʆɺʃɽʏɽʅʅʆʉʊʔ ʀ ʂʆʄʄʋʅʀʂɸʎʀʖ ʄɽɾɼʋ 

ʉʊʋɼɽʅʊɸʄʀ ʀ ʇʈɽʇʆɼɸɺɸʊɽʃʗʄʀ 729 
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ʏʫʨʩʠʥʘ ʖ.ɸ., ʆʩʠʧʦʚʘ ɸ.ɸ.  

ɺʆʉʇʀʊɸʅʀɽ ʇɸʊʈʀʆʊʀɿʄɸ ʋ ɼɽʊɽʁ ʀ ʇʆɼʈʆʉʊʂʆɺ 734 

ʐʫʩʪʦʚ ʉ.ɸ., ʐʫʩʪʦʚ ʅ.ʉ. 

ʌʀɿʀʏɽʉʂʆɽ ɺʆʉʇʀʊɸʅʀɽ ɺ ʉʀʉʊɽʄɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɻʆ 

ʆɹʈɸɿʆɺɸʅʀʗ ʂɸʂ ʂʋʃʔʊʋʈɸ ɿɼʆʈʆɺʔɽʉɹɽʈɽɾɽʅʀʗ ʋ ɼɽʊɽʁ ʀ 

ʄʆʃʆɼɪɾʀ 739 

ʗʟʳʢʦʚʘ ʀ.ʅ. 

ʄʋʃʔʊʀʂʋʃʔʊʋʈʅʓʁ ʇʆɼʍʆɼ ʂ ʆɹʋʏɽʅʀʖ ʀʅʆʉʊʈɸʅʅʆʄʋ ʗɿʓʂʋ 744 
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ʉɽʂʎʀʗ 1. ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ, ʏʀʉʃɽʅʅʓɽ 

ʄɽʊʆɼʓ ʀ ʂʆʄʇʃɽʂʉʓ ʇʈʆɻʈɸʄʄ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʠʭ 

ʜʘʥʥʳʭ, ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʦʢʦʚ ʙʳʩʪʨʦ ʠʟʤʝʥʷʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʠʥʘʤʠʯʝʩʢʠ 

ʤʝʥʷʶʱʝʡʩʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ. ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʘʜʘʧʪʠʚʥʦʡ 

ʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʘʣʛʦʨʠʪʤʘʤʠ ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʄʦʜʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʠʥʘʤʠʯʝʩʢʫʶ ʘʜʘʧʪʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ʩʙʦʨʘ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʝʪʨʠʢ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ 

ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʩʦʟʜʘʝʪ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʜʘʧʪʠʚʥʳʭ 

ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ ʧʦʜʩʪʨʘʠʚʘʶʱʠʭʩʷ ʧʦʜ ʣʶʙʳʝ ʫʩʣʦʚʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʷ 

ʩʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʤʦʥʠʪʦʨʠʥʛʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʜʘʧʪʠʚʥʘʷ ʩʝʥʩʦʨʥʘʷ ʩʠʩʪʝʤʘ, ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ, 
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ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʫʩʣʦʚʠʷʭ ʀʥʜʫʩʪʨʠʠ 4.0 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ [3, 4], ʚʢʣʶʯʘʷ ʚʥʝʜʨʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʠ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ. ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʩʪʦʠ ʠ ʩʥʠʟʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ. ʆʜʥʘʢʦ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʩʝʥʩʦʨʥʳʭ ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʳʭ 

ʜʚʦʡʥʠʢʦʚ ʟʘʯʘʩʪʫʶ ʥʝ ʫʯʠʪʳʚʘʶʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʠʛʥʘʣʦʚ, ʦʛʨʘʥʠʯʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʢʦʨʦʩʪʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʝ 

ʚʥʝʜʨʝʥʠʝ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ ʀʥʜʫʩʪʨʠʷ 4.0 ʠ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ [5, 7]. 

ʄʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʤʦʥʠʪʦʨʠʥʛʦʚʘʷ ʩʠʩʪʝʤʘ (ʄʄʉ) 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, 

ʢʦʪʦʨʳʡ ʨʝʰʘʝʪ ʟʘʜʘʯʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ [8] ʵʪʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ [6]. ʆʩʥʦʚʦʡ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩʣʫʞʘʪ ʪʝʭʥʦʣʦʛʠʠ 

ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʠ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ [2]. ʉ ʧʦʤʦʱʴʶ ʩʝʥʩʦʨʥʳʭ 

ʫʩʪʨʦʡʩʪʚ (ʜʘʪʯʠʢʦʚ, ʚʠʜʝʦʢʘʤʝʨ) ʄʄʉ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʮʠʬʨʦʚʢʫ ʪʝʢʫʱʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ [1]. ʇʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʭʦʜʷʪ 

ʧʝʨʚʠʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʙʦʣʴʰʠʭ 

ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʠ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʭʨʘʥʠʣʠʱʘʭ (ʙʘʟʘʭ 

ʜʘʥʥʳʭ). ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 

ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

 

 
 

ʈʠʩ. 1 ï ɸʨʭʠʪʝʢʪʫʨʘ ʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 
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ʂʦʣʠʯʝʩʪʚʦ ʣʦʢʘʣʴʥʳʭ ʩʝʨʚʝʨʦʚ, ʜʘʪʘʭʘʙʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʩʙʦʨʘ ʜʘʥʥʳʭ 

(ʋʉɼ) ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʦʪʩʣʝʞʠʚʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣʠ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʘʜʘʧʪʠʚʥʦʡ ʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. ʈʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʤʝʥʷʪʴ ʯʘʩʪʦʪʫ ʦʧʨʦʩʘ ʜʘʪʯʠʢʦʚ ʠ ʧʨʠʦʨʠʪʝʪʳ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. 

 

ʄʦʜʝʣʴ ʘʜʘʧʪʠʚʥʦʡ ʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ 

ɺʳʜʝʣʠʤ ʧʨʦʙʣʝʤʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʠ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʠʤ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʤʦʜʝʣʴ ʘʜʘʧʪʠʚʥʦʡ ʩʝʥʩʦʨʥʦʡ 

ʩʠʩʪʝʤʳ: 

ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʪʦʯʢʘʤʠ ʫʩʪʘʥʦʚʢʠ 

ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ ʟʘ ʩʯʝʪ ʨʘʩʰʠʨʝʥʠʷ ʯʠʩʣʘ ʫʟʣʦʚ. 

ɸʜʘʧʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʦʙʲʝʤʦʚ, ʩʦʙʠʨʘʝʤʳʭ ʜʘʥʥʳʭ. ɺʳʜʝʣʝʥʥʳʝ ʨʝʩʫʨʩʳ 

ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʙʫʜʫʪ ʟʘʢʘʥʯʠʚʘʪʴʩʷ, ʥʝ ʚʳʜʝʨʞʠʚʘʷ ʪʨʝʙʫʝʤʳʡ 

ʧʝʨʠʦʜ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʘ (ʥʘʧʨʠʤʝʨ, 3 ʛʦʜʘ). 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ. ʇʨʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʦʞʝʪ 

ʚʳʭʦʜʠʪʴ ʠʟ ʩʪʨʦʷ, ʩʣʘʪʴ ʥʝʜʦʩʪʦʚʝʨʥʳʝ ʜʘʥʥʳʝ. ʄʦʜʝʣʴ ʜʦʣʞʥʘ ʨʝʘʛʠʨʦʚʘʪʴ 

ʥʘ ʜʘʥʥʳʝ ʩʠʪʫʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʦʪʢʣʶʯʘʷ ʩʦʭʨʘʥʝʥʠʝ ʪʘʢʠʭ ʜʘʥʥʳʭ, ʠʟʤʝʥʷʷ 

ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ, ʥʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʷʷ ʙʦʣʴʰʝ ʫʩʨʝʜʥʝʥʠʷ, ʬʠʣʴʪʨʘʮʠʠ 

ʰʫʤʦʚ ʘʥʦʤʘʣʠʡ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʚʦʡʩʪʚ ʨʘʩʩʤʦʪʨʠʤ ʰʘʛʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʠʪʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ: 

ʐʘʛ 1. ʆʧʨʝʜʝʣʝʥʠʝ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ. ʆʧʨʝʜʝʣʠʪʴ ό Ὢȟίȟύ  ʚ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘ π ύ ρ ʨʘʟʨʘʙʦʪʯʠʢ ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʘʤ, ʠʣʠ 
ʤʦʞʝʪ ʤʝʥʷʪʴ ʜʠʥʘʤʠʯʝʩʢʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ (ʙʫʜʝʪ 

ʦʧʠʩʘʥ ʜʘʣʝʝ). 

ʐʘʛ 2. ɿʘʜʘʪʴ ʧʘʨʘʤʝʪʨʳ ʭʨʘʥʠʣʠʱʘ. ʆʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʭʨʘʥʠʣʠʱʘ 

Ὓ ȟὝ ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʙʲʝʤ (ʄʙ) ʠ ʧʝʨʠʦʜ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ (ʩ) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʐʘʛ 3. ʆʧʨʝʜʝʣʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʧʨʝʜʦʙʨʘʙʦʪʢʠ. ʆʧʨʝʜʝʣʠʪʴ ʥʘʙʦʨ 

ʘʣʛʦʨʠʪʤʦʚ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʣʷ ʚʩʝʭ ʫʨʦʚʥʝʡ 

ʢʘʯʝʩʪʚʘ ὃ ύ . ɼʣʷ ʦʜʠʥʘʢʦʚʳʭ ʪʠʧʦʚ ʜʘʪʯʠʢʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʜʠʥʘʢʦʚʳʡ ʥʘʙʦʨ ʘʣʛʦʨʠʪʤʦʚ. ɺ ʘʣʛʦʨʠʪʤʳ ʚʭʦʜʷʪ ʣʶʙʳʝ ʚʳʯʠʩʣʝʥʠʷ ʥʘʜ 

ʩʠʛʥʘʣʦʤ: ʬʠʣʴʪʨʘʮʠʷ, ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ, ʚʳʯʠʩʣʝʥʠʝ ʩʪʘʪʠʩʪʠʢ ʠ 
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ʪ.ʧ., ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʠʣʴʪʨʳ ʩ ʢʦʥʝʯʥʦʡ 

ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ (ʂʀʍ): 

ώὲ  ὦ ὼὲ ὰ 

ʠ ʙʝʩʢʦʥʝʯʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ (ɹʀʍ): 

ώὲ ὦ ὼὲ ὰ ὥ ώὲ ὰȟ 

ʛʜʝ ὔ ʯʠʩʣʦ ʦʪʩʯʝʪʦʚ ʩʠʛʥʘʣʘ ʚ ʧʘʢʝʪʝ ʦʙʨʘʙʦʪʢʠ, ώὲ ï ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ 

ʦʪʩʯʝʪʘ ὲ ʧʦʩʣʝ ʬʠʣʴʪʨʘ. 

ʏʘʩʪʥʳʡ ʩʣʫʯʘʡ ʂʀʍ ʬʠʣʴʪʨʘ, ʩʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ, ʢʦʛʜʘ ὦ : 

ώὲ  
ρ

ὔ
ὼὲ ὰ 

ʌʦʨʤʫʣʘ (1) ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʚʳʙʨʦʩʦʚ ʚʦ 

ʚʭʦʜʥʦʤ ʩʠʛʥʘʣʝ. 

ʐʘʛ 4. ʇʦʩʪʨʦʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʩʙʦʨʘ ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʫʷ 

ʠʥʬʦʨʤʘʮʠʶ όȟύȟὃ ύ  ʨʘʟʨʘʙʦʪʯʠʢ ʨʝʘʣʠʟʫʝʪ ʘʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩ 

ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʡ ʠʟʤʝʥʷʝʪ ʘʣʛʦʨʠʪʤʳ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʝʪʨʠʢʠ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʠ ʧʘʨʘʤʝʪʨʳ ʘʜʘʧʪʠʚʥʦʡ ʩʝʥʩʦʨʥʦʡ 

ʩʠʩʪʝʤʳ ʜʣʷ ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʥʝʝ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 2 ï ʄʦʜʝʣʴ ʠ ʧʘʨʘʤʝʪʨʳ ʘʜʘʧʪʠʚʥʦʡ ʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ 

 

(1) 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʰʘʛʦʚ ʨʘʟʨʘʙʦʪʯʠʢ ʧʦʣʫʯʘʝʪ ʤʦʜʝʣʴ ʩʝʥʩʦʨʥʦʡ 

ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʪʦʯʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʨʠʢ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ, ʦʥʘ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʠ ʠʟʤʝʥʷʪʴʩʷ ʩʦ 

ʚʨʝʤʝʥʝʤ ʚʨʫʯʥʫʶ ʠʣʠ ʦʧʨʝʜʝʣʷʪʴʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʥʘʧʨʠʤʝʨ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʟʨʘʙʦʪʢʠ 

ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ: ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ; ʘʜʘʧʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ 

ʦʙʲʝʤʦʚ, ʩʦʙʠʨʘʝʤʳʭ ʜʘʥʥʳʭ; ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ. ɹʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʤʦʜʝʣʴ ʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ 

ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʄʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʧʠʩʘʥʠʝ 

ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ ʠ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ 

ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʩʠʩʪʝʤ. ʇʣʘʥʠʨʫʝʪʩʷ ʦʧʠʩʘʥʠʝ 

ʢʦʥʢʨʝʪʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʦʙʠʨʘʝʤʳʭ 

ʜʘʥʥʳʭ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʪ ʦʧʠʩʘʪʴ ʤʝʪʦʜ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʘʜʘʧʪʠʚʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʡ ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʩʠʩʪʝʤ. 
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ɺʅɽɼʈɽʅʀɽ ɹʆʃʔʐʀʍ ʗɿʓʂʆɺʓʍ ʄʆɼɽʃɽʁ ɼʃʗ ɸʅɸʃʀɿɸ 

ʆʊʂʈʓʊʓʍ ʆʊɺɽʊʆɺ ɺ ʆʊʏɽʊɸʍ ʇʆ ʊɽʉʊʀʈʆɺɸʅʀʖ 

ʇɽʈʉʆʅɸʃɸ 
ʄ.ɸ. ɺʘʡʜʦʚ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʢ.ʵ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʄʆʉʀʊ ʀʀʊ ʈʊʋ ʄʀʈʕɸ, 

ʇʝʪʨʦʩʷʥ ʃʫʩʠʥʵ ʕʜʫʘʨʜʦʚʥʘ 

ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʀʈʕɸ 
ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ 

(Large Language Models, LLM) ʜʣʷ ʘʥʘʣʠʟʘ ʦʪʢʨʳʪʳʭ ʦʪʚʝʪʦʚ ʚ ʧʨʦʮʝʩʩʘʭ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʦʮʝʥʢʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ LLM ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʨʫʯʥʘʷ 

ʵʢʩʧʝʨʪʥʘʷ ʧʨʦʚʝʨʢʘ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʰʢʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ. ʇʨʦʚʝʜʝʥ ʢʨʠʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʢʘʞʜʦʛʦ ʧʦʜʭʦʜʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ, ʪʦʯʥʦʩʪʠ ʦʮʝʥʦʢ, ʟʘʪʨʘʪ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ. ʆʪʜʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ 

ʠʥʪʝʛʨʘʮʠʠ LLM ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʚʦʧʨʦʩʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʢʠ. ʇʦʢʘʟʘʥʘ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʩʦʚʤʝʩʪʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ LLM ʠ ʵʢʩʧʝʨʪʥʦʡ ʧʨʦʚʝʨʢʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʟʘʪʨʘʪ, ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʬʦʨʤʠʨʫʝʤʳʭ ʦʪʯʝʪʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ 

ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ 

ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ, ʵʢʩʧʝʨʪʥʫʶ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʪʦʛʦʚʦʛʦ ʦʪʯʝʪʘ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʢʠ, ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ, 

ʨʘʩʰʠʨʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʠ ʫʣʫʯʰʝʥʠʶ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ HR-ʧʨʘʢʪʠʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: LLM, ʘʥʘʣʠʟ ʦʪʢʨʳʪʳʭ ʦʪʚʝʪʦʚ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, 

HR-ʘʥʘʣʠʪʠʢʘ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʦʮʝʥʢʠ ʢʦʤʧʝʪʝʥʮʠʡ, ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ. 

 

IMPLEMENTATION OF LARGE LANGUAGE MODELS FOR ANALYSIS 

OF OPEN RESPONSES IN EMPLOYEE TESTING REPORTS 

M.A. Vaidov  

Russian Technological University MIREA 
Abstract. The article is devoted to the study of the application of Large Language Models 

(LLM) for analyzing open-ended responses in professional employee testing processes. The main 

focus is placed on evaluating the efficiency of LLMs compared to traditional methods such as 

manual expert review and automated rating techniques. A critical analysis of the advantages and 

limitations of each approach is carried out in terms of data processing speed, assessment accuracy, 

costs, and scalability. Special attention is given to the integration of LLMs into corporate 

information systems, as well as issues of standardization and objectivity in evaluation. The practical 

significance of combining LLM-based analysis with expert review is demonstrated, showing its 

potential to reduce labor costs, improve report quality, and enhance result reproducibility. As a 

result, a conceptual model of a system is proposed that provides preliminary automated assessment, 



18  

expert correction, and final report generation. The proposed approach contributes to increasing 

objectivity, reducing costs, expanding data analysis capabilities, and improving strategic personnel 

management in corporate HR practices. 

Keywords: LLM, open-ended response analysis, professional testing, HR analytics, 

automation of competency assessment, corporate information systems. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ ʠ 

ʩʦʠʩʢʘʪʝʣʝʡ ʩʪʘʣʦ ʚʘʞʥʝʡʰʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʤʠ 

ʨʝʩʫʨʩʘʤʠ ʚ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʷʭ. ʆʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʠ 

ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʢʦʤʧʝʪʝʥʮʠʡ, ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ ʧʝʨʩʦʥʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʥʘʡʤʘ, ʘʪʪʝʩʪʘʮʠʠ ʠ ʨʘʟʚʠʪʠʷ ʩʦʪʨʫʜʥʠʢʦʚ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʢʦʣʦ 76 % ʦʨʛʘʥʠʟʘʮʠʡ 

ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʷʪ ʦʮʝʥʢʫ ʧʝʨʩʦʥʘʣʘ, ʘ 86 % ʠʩʧʦʣʴʟʫʶʪ ʨʝʡʪʠʥʛʦʚʳʝ ʰʢʘʣʳ 

ʠ ʪʝʩʪʳ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [8][9]. ɺ ʨʦʩʩʠʡʩʢʦʡ ʧʨʘʢʪʠʢʝ 

ʵʪʠ ʧʨʦʮʝʩʩʳ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʠ ʧʨʦʤʳʰʣʝʥʥʦʤ 

ʩʝʢʪʦʨʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʪʘʢʠʭ ʢʦʤʧʘʥʠʷʭ, ʢʘʢ ʗʥʜʝʢʩ, Yadro ʠ ʌʦʩɸʛʨʦ, ʛʜʝ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʧʨʠʝʤʝ ʥʘ ʨʘʙʦʪʫ, ʥʦ ʠ ʜʣʷ 

ʚʥʫʪʨʝʥʥʝʡ ʘʪʪʝʩʪʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʦʪʨʫʜʥʠʢʦʚ [10]. 

ʆʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʦʪʢʨʳʪʳʭ ʦʪʚʝʪʦʚ ʠʤʝʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ʈʫʯʥʘʷ ʧʨʦʚʝʨʢʘ ʵʢʩʧʝʨʪʘʤʠ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʡ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ: ʥʘ ʦʜʥʦʛʦ ʢʘʥʜʠʜʘʪʘ ʫʭʦʜʠʪ 10ï

15 ʤʠʥʫʪ. ʇʨʠ ʤʘʩʩʦʚʦʡ ʦʮʝʥʢʝ ʩʦʪʝʥ ʠ ʪʳʩʷʯ ʩʦʪʨʫʜʥʠʢʦʚ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʤʤʘʨʥʦʡ ʥʘʛʨʫʟʢʝ ʚ ʩʦʪʥʠ ʯʘʩʦʚ ʠ ʟʘʪʨʘʪʘʤ ʚ ʤʠʣʣʠʦʥʳ ʨʫʙʣʝʡ, ʯʪʦ ʜʝʣʘʝʪ 

ʧʨʦʮʝʩʩ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤ [8]. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʪʦʚ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʠʟ-ʟʘ ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʢʨʠʪʝʨʠʝʚ 

ʦʮʝʥʢʠ ʠ ʨʘʟʣʠʯʠʡ ʚ ʦʧʳʪʝ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʩʪʴ ʠʪʦʛʦʚʳʭ ʦʮʝʥʦʢ [4]. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʴʰʠʭ 

ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ (LLM) ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ 

ʧʨʦʙʣʝʤ. LLM ʩʧʦʩʦʙʥʳ ʦʙʨʘʙʘʪʳʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʳʡ ʷʟʳʢ, ʠʟʚʣʝʢʘʪʴ 

ʩʤʳʩʣʦʚʳʝ ʧʨʠʟʥʘʢʠ ʠ ʩʦʧʦʩʪʘʚʣʷʪʴ ʦʪʚʝʪʳ ʩ ʵʪʘʣʦʥʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʩʢʦʨʠʪʴ ʦʮʝʥʢʫ, ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ [1][3][7]. 

ɺʥʝʜʨʝʥʠʝ LLM ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʧʨʦʮʝʩʩʘ: ʦʜʥʘ ʩʠʩʪʝʤʘ 

ʤʦʞʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʳʩʷʯʠ ʦʪʚʝʪʦʚ, ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʫʚʝʣʠʯʝʥʠʷ ʰʪʘʪʘ ʵʢʩʧʝʨʪʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ LLM ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ 

ʪʨʫʜʦʟʘʪʨʘʪ, ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʦʚ, ʧʦʚʳʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʪʯʝʪʦʚ ʠ ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ HR [5][9]. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʦʟʚʦʣʷʝʪ ʵʢʩʧʝʨʪʘʤ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ 

ʥʘ ʩʣʦʞʥʳʭ ʩʣʫʯʘʷʭ ʠ ʧʨʦʚʝʨʢʝ ʢʦʨʨʝʢʪʥʦʩʪʠ, ʘ ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʣʷʪʴ ʪʝʥʜʝʥʮʠʠ, ʩʣʘʙʳʝ ʢʦʤʧʝʪʝʥʮʠʠ ʠ ʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʙʫʯʝʥʠʶ ʩʦʪʨʫʜʥʠʢʦʚ [10]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʦʪʢʨʳʪʳʭ ʦʪʚʝʪʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳ 
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ʧʨʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʜʘʥʥʳʭ: ʦʥʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʨʝʙʫʝʤʫʶ ʩʢʦʨʦʩʪʴ, 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʨʛʘʥʠʟʘʮʠʡ ʧʦ ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʝ ʢʦʤʧʝʪʝʥʮʠʡ ʩʦʪʨʫʜʥʠʢʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ 

LLM ʠ ʵʢʩʧʝʨʪʥʫʶ ʧʨʦʚʝʨʢʫ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʢʠ ʦʪʢʨʳʪʳʭ 

ʦʪʚʝʪʦʚ, ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʟʘʪʨʘʪ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʪʯʝʪʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʵʪʦʡ ʮʝʣʠ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʦʪʢʨʳʪʳʭ ʦʪʚʝʪʦʚ ʠ 

ʚʳʷʚʠʪʴ ʠʭ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ; 

2. ʆʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ LLM ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʦʚʳʭ 

ʦʪʚʝʪʦʚ; 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ ʠʥʪʝʛʨʘʮʠʠ LLM ʩ ʵʢʩʧʝʨʪʥʦʡ 

ʧʨʦʚʝʨʢʦʡ; 

4. ʆʧʨʝʜʝʣʠʪʴ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʤʘʩʰʪʘʙʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ HR-ʧʨʘʢʪʠʢʝ. 

 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1. ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ HR-ʧʨʘʢʪʠʢʠ 

ʧʨʝʜʲʷʚʣʷʶʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʢʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʩʦʪʨʫʜʥʠʢʦʚ [5][9]. ʊʝʩʪʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ 

ʦʪʢʨʳʪʳʭ ʦʪʚʝʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʢʣʶʯʝʚʦʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʫʨʦʚʥʷ ʟʥʘʥʠʡ, ʥʘʚʳʢʦʚ ʠ ʢʦʛʥʠʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʨʘʙʦʪʥʠʢʦʚ. ʆʜʥʘʢʦ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʧʦʜʦʙʥʳʭ ʜʘʥʥʳʭ ʩʪʘʥʦʚʷʪʩʷ ʫʟʢʠʤ ʤʝʩʪʦʤ: 

ʨʫʯʥʘʷ ʧʨʦʚʝʨʢʘ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ, ʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʰʢʘʣʴʥʳʝ ʧʦʜʭʦʜʳ ʥʝ ʩʧʦʩʦʙʥʳ ʫʯʠʪʳʚʘʪʴ ʛʣʫʙʠʥʫ 

ʘʨʛʫʤʝʥʪʘʮʠʠ, ʣʦʛʠʢʫ ʨʘʩʩʫʞʜʝʥʠʡ ʠ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʦʪʚʝʪʦʚ. 

ɺʦʟʨʘʩʪʘʶʱʠʡ ʦʙʲʸʤ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʳʩʪʨʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʠ ʩʪʨʝʤʣʝʥʠʝ ʢ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʦʮʝʥʢʠ ʬʦʨʤʠʨʫʶʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʚʥʝʜʨʝʥʠʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʘʣʠʟʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʠʭ 

ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ (LLM) ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʦʪʢʨʳʪʳʭ ʦʪʚʝʪʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʠ HR-ʧʨʦʮʝʩʩʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ LLM ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʤʘʰʠʥʥʳʤ ʠ ʵʢʩʧʝʨʪʥʳʤ ʘʥʘʣʠʟʦʤ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦʟʚʦʣʷʝʪ ʵʢʩʧʝʨʪʘʤ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ 

ʩʣʦʞʥʳʭ ʩʣʫʯʘʷʭ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ 

ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ [7][10]. 

 

2. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʜʭʦʜʦʚ 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʭ 

ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ ʦʪʢʨʳʪʳʭ ʦʪʚʝʪʦʚ: ʨʫʯʥʘʷ ʵʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʟʘʢʨʳʪʳʝ/ʰʢʘʣʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ 

ʦʮʝʥʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ (LLM). ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ 
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ʧʦʜʭʦʜʦʚ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥ ʚ ʨʷʜʝ ʨʘʙʦʪ ʠ ʦʙʟʦʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʈʫʯʥʘʷ ʵʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ çʟʦʣʦʪʦʡ 

ʩʪʘʥʜʘʨʪè ʧʨʠ ʩʣʦʞʥʳʭ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʟʘʜʘʥʠʷʭ: ʵʢʩʧʝʨʪʳ ʩʧʦʩʦʙʥʳ 

ʫʯʠʪʳʚʘʪʴ ʢʦʥʪʝʢʩʪ, ʛʣʫʙʠʥʫ ʘʨʛʫʤʝʥʪʘʮʠʠ ʠ ʜʦʤʝʥʥʳʝ ʥʶʘʥʩʳ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʚʘʣʠʜʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʠ ʦʪʯʸʪʳ ʧʨʘʢʪʠʢʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʝ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʠ 

ʜʝʥʝʛ ʧʨʠ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʚʝʨʢʘʭ: ʦʮʝʥʢʘ ʦʜʥʦʛʦ ʦʪʢʨʳʪʦʛʦ ʦʪʚʝʪʘ 

ʯʘʩʪʦ ʟʘʥʠʤʘʝʪ ʧʦʨʷʜʢʘ 10ï15 ʤʠʥʫʪ, ʘ ʧʨʠ ʦʮʝʥʢʝ ʩʦʪʝʥ ʠ ʪʳʩʷʯ ʢʘʥʜʠʜʘʪʦʚ 

ʩʫʤʤʘʨʥʳʝ ʨʝʩʫʨʩʳ ʩʪʘʥʦʚʷʪʩʷ ʢʨʠʪʠʯʥʳʤʠ [8]. ʂʨʦʤʝ ʪʦʛʦ, ʣʠʪʝʨʘʪʫʨʘ 

ʧʦʜʯʸʨʢʠʚʘʝʪ ʧʨʦʙʣʝʤʫ ʤʝʞʵʢʩʧʝʨʪʥʦʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʠ ʨʠʩʢʘ ʩʫʙʲʝʢʪʠʚʥʳʭ 

ʦʰʠʙʦʢ, ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʫʙʨʠʢ: ʵʢʩʧʝʨʪʳ ʧʦ-ʨʘʟʥʦʤʫ 

ʠʥʪʝʨʧʨʝʪʠʨʫʶʪ ʢʨʠʪʝʨʠʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʦʮʝʥʦʢ [4]. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʰʢʘʣʠʨʦʚʘʥʥʳʝ ʠ ʟʘʢʨʳʪʳʝ ʧʦʜʭʦʜʳ ʭʦʨʦʰʠ ʜʣʷ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʩʢʦʨʦʩʪʠ: ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʢʦʤʧʘʥʠʷʤ ʙʳʩʪʨʦ ʩʦʙʠʨʘʪʴ 

ʤʝʪʨʠʢʠ ʠ ʩʨʘʚʥʠʚʘʪʴ ʩʦʪʨʫʜʥʠʢʦʚ ʧʦ ʝʜʠʥʦʡ ʰʢʘʣʝ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʤʝʪʦʜʠʢʠ ʧʦ 

ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʦʛʨʘʥʠʯʠʚʘʶʪ ʛʣʫʙʠʥʫ ʜʠʘʛʥʦʩʪʠʢʠ ð ʫʪʨʘʯʠʚʘʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʣʦʛʠʢʝ ʨʘʩʩʫʞʜʝʥʠʷ, ʢʨʝʘʪʠʚʥʦʩʪʠ ʠ ʘʨʛʫʤʝʥʪʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ. ɺ 

ʨʘʙʦʪʘʭ ʧʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʟʘʢʨʳʪʳʝ ʬʦʨʤʘʪʳ 

ʜʘʶʪ ʚʳʩʦʢʫʶ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʬʘʢʪʘʤ, ʥʦ ʥʝ ʦʭʚʘʪʳʚʘʶʪ 

ʢʨʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʠ ʩʣʦʞʥʳʝ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʥʘʚʳʢʠ [4]. 

ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʥʘ ʦʩʥʦʚʝ LLM ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʢʘʢ 

ʤʥʦʛʦʦʙʝʱʘʶʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʦʙʲʝʜʠʥʷʶʱʝʝ ʩʢʦʨʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ 

ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʘʥʘʣʠʟʘ ʩʚʦʙʦʜʥʦʛʦ ʪʝʢʩʪʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ LLM ʩʧʦʩʦʙʥʳ ʠʟʚʣʝʢʘʪʴ ʩʤʳʩʣʦʚʳʝ ʧʨʠʟʥʘʢʠ, ʩʦʧʦʩʪʘʚʣʷʪʴ 

ʦʪʚʝʪʳ ʩ ʵʪʘʣʦʥʘʤʠ ʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʧʦʷʩʥʝʥʠʷ ʜʣʷ ʦʮʝʥʦʢ [1,3,7]. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʧʦʜʯʸʨʢʠʚʘʶʪʩʷ ʢʣʶʯʝʚʳʝ ʦʛʨʘʥʠʯʝʥʠʷ: ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʯʝʩʪʚʘ 

ʦʮʝʥʠʚʘʥʠʷ ʦʪ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʠ ʨʫʙʨʠʢ, ʩʢʣʦʥʥʦʩʪʴ ʤʦʜʝʣʝʡ ʢ 

çʛʘʣʣʶʮʠʥʘʮʠʷʤè ʠ ʦʰʠʙʦʯʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʦʥʪʝʢʩʪʘ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʳ 

ʵʪʠʢʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ [6]. 

ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʙʘʟʦʚʳʝ ʩʚʦʡʩʪʚʘ 

ʤʦʜʝʣʠ (ʘʨʭʠʪʝʢʪʫʨʘ ʚʥʠʤʘʥʠʷ, ʤʘʩʰʪʘʙ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʝʜʦʙʫʯʘʶʱʠʡ ʢʦʨʧʫʩ) 

ʚʣʠʷʶʪ ʥʘ ʪʦ, ʥʘʩʢʦʣʴʢʦ ʢʦʨʨʝʢʪʥʦ ʤʦʜʝʣʴ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʵʢʩʧʝʨʪʥʳʝ ʢʨʠʪʝʨʠʠ 

[2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʚʳʚʦʜʦʚ ʠʟ ʵʤʧʠʨʠʯʝʩʢʠʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʨʘʙʦʪ ʜʘʸʪ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ, ʯʪʦ LLM ʠʤʝʶʪ ʧʦʪʝʥʮʠʘʣ ʟʘʤʝʥʠʪʴ ʯʘʩʪʴ 

ʨʫʪʠʥʥʦʡ ʨʘʙʦʪʳ ʵʢʩʧʝʨʪʦʚ ð ʥʦ ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʘ ʩʠʩʪʝʤʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩ 

ʵʢʩʧʝʨʪʥʦʡ ʧʨʦʚʝʨʢʦʡ ʠ ʜʦʦʙʫʯʝʥʠʝʤ ʥʘ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ. 

 

ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ 

ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʦʪʢʨʳʪʳʭ ʦʪʚʝʪʦʚ ʣʫʯʰʝ ʚʩʝʛʦ ʩʨʘʚʥʠʪʴ ʧʦ ʥʝʩʢʦʣʴʢʠʤ 

ʢʨʠʪʝʨʠʷʤ: ʩʢʦʨʦʩʪʴ, ʩʪʦʠʤʦʩʪʴ, ʪʦʯʥʦʩʪʴ, ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ. 
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ʊʘʙʣʠʮʘ 1.  

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʦʪʢʨʳʪʳʭ ʦʪʚʝʪʦʚ 

ʄʝʪʦʜ / 

ʄʦʜʝʣʴ 

ʉʢʦʨʦʩʪʴ 

ʦʮʝʥʢʠ 

ʉʪʦʠʤʦʩʪʴ 

ʟʘ 

ʢʘʥʜʠʜʘʪʘ 

ʊʦʯʥʦʩʪʴ 

ʠ ʥʶʘʥʩʳ 

ʉʫʙʲʝʢʪʠʚ-

ʥʦʩʪʴ / 

ʦʰʠʙʢʠ 

ɺʦʟʤʦʞ-

ʥʦʩʪʴ 

ʤʘʩʰʪʘʙʠʨ

ʦʚʘʥʠʷ 

ʈʫʯʥʘʷ 

ʦʮʝʥʢʘ 

ʵʢʩʧʝʨʪʦʤ 

ʅʠʟʢʘʷ ð

>10-15 

ʤʠʥ/ʦʪʚʝʪ 

ɺʳʩʦʢʘʷ ð 

~1500-2000 

ʨʫʙ. 

ʆʯʝʥʴ 

ʚʳʩʦʢʘʷ, 

ʫʯʸʪ 

ʥʶʘʥʩʦʚ 

ɺʳʩʦʢʘʷ 

ʩʫʙʲʝʢʪʠʚ-

ʥʦʩʪʴ, 

ʚʦʟʤʦʞʥʳ 

ʦʰʠʙʢʠ 

ʵʢʩʧʝʨʪʘ 

ʅʠʟʢʘʷ ʧʨʠ 

ʙʦʣʴʰʠʭ 

ʦʙʲʸʤʘʭ 

ɿʘʢʨʳʪʳʝ / 

ʰʢʘʣʠʨʦ-

ʚʘʥʥʳʝ 

ʚʦʧʨʦʩʳ 

ɺʳʩʦʢʘʷ 

ð 

ʥʝʩʢʦʣʴʢʦ 

ʤʠʥʫʪ 

ʅʠʟʢʘʷ ð 

ʛʦʨʘʟʜʦ 

ʜʝʰʝʚʣʝ 

ʉʨʝʜʥʷʷ 

ð ʥʝʪ 

ʛʣʫʙʦʢʦʡ 

ʘʨʛʫʤʝʥʪʘ

ʮʠʠ 

ʅʠʟʢʘʷ 

ʩʫʙʲʝʢʪʠʚ-

ʥʦʩʪʴ 

ʍʦʨʦʰʘʷ 

ʤʘʩʰʪʘʙʠ-

ʨʫʝʤʦʩʪʴ 

LLM ð 

GPT ʪʠʧʳ 

ʆʯʝʥʴ 

ʚʳʩʦʢʘʷ ð 

ʩʝʢʫʥʜʳ-

ʤʠʥʫʪʳ 

ʉʨʝʜʥʷʷ-

ʚʳʩʦʢʘʷ, 

ʟʘʚʠʩʠʪ ʦʪ 

ʠʥʬʨʘʩʪʨʫʢ

ʪʫʨʳ 

ɺʳʩʦʢʘʷ 

ʧʨʠ 

ʭʦʨʦʰʝʡ 

ʦʙʫʯʝʥʥʦ-

ʩʪʠ, ʥʦ ʥʝ 

ʚʩʝʛʜʘ 

ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʘ ʢ 

ʪʦʥʢʠʤ 

ʥʶʘʥʩʘʤ 

ɺʦʟʤʦʞʥʳ 

ʦʰʠʙʢʠ, 

ñʛʘʣʣʶʮʠ-

ʥʘʮʠʠò, 

ʥʝʧʨʘʚʠʣʴʥ

ʘʷ 

ʠʥʪʝʨʧʨʝʪʘ

ʮʠʷ 

ʆʯʝʥʴ 

ʚʳʩʦʢʘʷ ʧʨʠ 

ʦʙʲʸʤʘʭ 

LLM ð 

Qwen / 

ʣʦʢʘʣʴʥʳʝ 

ʤʦʜʝʣʠ 

ʆʯʝʥʴ 

ʚʳʩʦʢʘʷ 

ʉʨʝʜʥʷʷ, 

ʦʩʦʙʝʥʥʦ 

ʝʩʣʠ 

ʣʦʢʘʣʴʥʘʷ 

ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʘ 

ʝʩʪʴ 

ʍʦʨʦʰʘʷ, 

ʥʦ ʪʨʝʙʫʝʪ 

ʘʜʘʧʪʘʮʠʠ 

ʢ ʢʦʨʧʦʨʘ-

ʪʠʚʥʳʤ 

ʜʘʥʥʳʤ 

ʄʝʥʴʰʝ 

ʨʠʩʢʘ 

ʫʪʝʯʢʠ, ʥʦ 

ʚʦʟʤʦʞʥʳ 

ʦʰʠʙʢʠ ʚ 

ʧʦʥʠʤʘʥʠʠ 

ʢʦʥʪʝʢʩʪʘ 

ɺʳʩʦʢʘʷ, 

ʝʩʣʠ 

ʢʦʤʧʘʥʠʠ 

ʛʦʪʦʚʳ 

ʚʢʣʘʜʳʚʘʪʴ-

ʩʷ ʚ 

ʜʦʦʙʫʯʝʥʠʝ 

LLM ð 

LLaMA ʠ 

ʘʥʘʣʦʛʠʯ-

ʥʳʝ 

ɺʳʩʦʢʘʷ ʅʠʞʝ, ʝʩʣʠ 

ʠʩʧʦʣʴʟʫʝʪ-

ʩʷ 

ʦʪʢʨʳʪʘʷ/ 

ʘʜʘʧʪʠʨʫʝ-

ʤʘʷ ʤʦʜʝʣʴ 

ʍʦʨʦʰʘʷ, 

ʧʨʠ 

ʥʘʣʠʯʠʠ 

ʜʘʥʥʳʭ ʠ 

ʧʨʠʤʝʨʦʚ 

ʆʰʠʙʢʠ 

ʚʦʟʤʦʞʥʳ, 

ʦʩʦʙʝʥʥʦ ʚ 

ʩʧʝʮʠʬʠʯ-

ʥʳʭ ʟʘʜʘʯʘʭ 

ɺʳʩʦʢʘʷ, 

ʧʨʠ 

ʧʨʘʚʠʣʴʥʦʡ 

ʥʘʩʪʨʦʡʢʝ 

 

ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ LLM-ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʥʠʢʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ 

ʩʢʦʨʦʩʪʠ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʛʠʙʨʠʜʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʦʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʮʝʥʢʠ. 
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3. ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʦʚʨʝʤʝʥʥʳʝ HR-ʩʠʩʪʝʤʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʲʝʢʪʠʚʥʦʡ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʦʮʝʥʢʠ ʢʦʤʧʝʪʝʥʮʠʡ ʧʝʨʩʦʥʘʣʘ, ʚʢʣʶʯʘʷ ʘʥʘʣʠʟ ʦʪʢʨʳʪʳʭ 

ʦʪʚʝʪʦʚ, ʪʨʝʙʫʶʱʠʭ ʩʤʳʩʣʦʚʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʆʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ 

ʣʠʙʦ ʟʘʪʨʘʪʥʳ ʧʦ ʚʨʝʤʝʥʠ, ʣʠʙʦ ʥʝ ʦʪʨʘʞʘʶʪ ʛʣʫʙʠʥʫ ʟʥʘʥʠʡ ʠ ʘʨʛʫʤʝʥʪʘʮʠʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ (LLM), 

ʩʧʦʩʦʙʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʦʙʨʘʙʦʪʢʫ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ [1, 3, 5]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʠʥʪʝʛʨʘʮʠʠ 

LLM ʚ ʧʨʦʮʝʩʩ ʦʮʝʥʢʠ ʦʪʢʨʳʪʳʭ ʦʪʚʝʪʦʚ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ HR-ʩʠʩʪʝʤʘʭ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʠ ʵʢʩʧʝʨʪʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ ʦʪʢʨʳʪʳʭ ʦʪʚʝʪʦʚ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ [4, 7]; 

¶ ʚʳʷʚʠʪʴ ʢʣʶʯʝʚʳʝ ʧʨʦʙʣʝʤʳ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʚʥʝʜʨʝʥʠʷ LLM ʚ ʧʨʘʢʪʠʢʫ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʦʮʝʥʢʠ; 

¶ ʧʨʝʜʣʦʞʠʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʯʝʪʘʶʱʝʡ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʤʘʰʠʥʥʦʛʦ ʠ ʵʢʩʧʝʨʪʥʦʛʦ ʘʥʘʣʠʟʘ; 

¶ ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʝʨʠʠ ʠ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʷ ʩʢʦʨʦʩʪʴ, ʪʦʯʥʦʩʪʴ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʦʮʝʥʦʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʚʥʝʜʨʝʥʠʷ LLM ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʝ HR-ʧʨʦʮʝʩʩʳ, ʯʪʦ 

ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʦʮʝʥʢʠ ʢʦʤʧʝʪʝʥʮʠʡ 

ʩʦʪʨʫʜʥʠʢʦʚ. 

 

4. ɺʳʷʚʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ LLM 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʢʝʡʩʦʚ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʚʥʝʜʨʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ ʨʷʜ ʧʨʦʙʣʝʤ, 

ʩʜʝʨʞʠʚʘʶʱʠʭ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ LLM ʚ HR-ʦʮʝʥʢʝ [1, 6]. 

ɺʦ-ʧʝʨʚʳʭ, ʥʘʙʣʶʜʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʧʦʜʦʙʥʳʭ ʨʝʰʝʥʠʡ ʚ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʢʘʜʨʦʚʦʛʦ ʘʥʘʣʠʟʘ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʧʣʘʪʬʦʨʤ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʟʘʢʨʳʪʳʝ ʪʝʩʪʳ ʠʣʠ ʰʢʘʣʴʥʳʝ 

ʦʧʨʦʩʥʠʢʠ, ʘ ʥʝ ʥʘ ʦʙʨʘʙʦʪʢʫ ʩʚʦʙʦʜʥʳʭ ʪʝʢʩʪʦʚʳʭ ʦʪʚʝʪʦʚ. ʕʪʦ ʪʨʝʙʫʝʪ 

ʘʜʘʧʪʘʮʠʠ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʧʝʨʝʩʤʦʪʨʘ ʣʦʛʠʢʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ɺʦ-ʚʪʦʨʳʭ, ʥʝʦʙʭʦʜʠʤʘ ʘʜʘʧʪʘʮʠʷ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʪʝʨʤʠʥʦʣʦʛʠʠ ʠ ʢʦʥʪʝʢʩʪʫ ʢʦʥʢʨʝʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʋʥʠʚʝʨʩʘʣʴʥʳʝ LLM, 

ʦʙʫʯʝʥʥʳʝ ʥʘ ʦʙʰʠʨʥʳʭ ʦʪʢʨʳʪʳʭ ʢʦʨʧʫʩʘʭ, ʯʘʩʪʦ ʥʝ ʧʦʥʠʤʘʶʪ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʝʨʤʠʥʦʚ, ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʣʦʢʘʣʴʥʳʭ 

ʬʦʨʤʫʣʠʨʦʚʦʢ ʟʘʜʘʯ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʝʙʫʝʪʩʷ ʵʪʘʧ ʜʦʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ ʥʘ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ. 

ɺ-ʪʨʝʪʴʠʭ, ʩʫʱʝʩʪʚʫʝʪ ʨʠʩʢ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠ 

ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʦʡ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʝʩʪʘʥʜʘʨʪʥʳʭ, ʤʝʪʘʬʦʨʠʯʥʳʭ 

ʠʣʠ ʢʨʝʘʪʠʚʥʳʭ ʦʪʚʝʪʦʚ. ʉʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʨʘʩʭʦʞʜʝʥʠʡ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʡ ʚ 
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ʧʠʣʦʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʩʦʩʪʘʚʣʷʝʪ 10ï15 %. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʪʦʨʥʦʡ ʧʨʦʚʝʨʢʠ ʯʘʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʅʘʢʦʥʝʮ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʦʙʣʶʜʝʥʠʷ ʥʦʨʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʣʘʯʥʳʭ 

ʩʝʨʚʠʩʦʚ LLM ʪʨʝʙʫʝʪ ʩʪʨʦʛʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʜ ʧʝʨʝʜʘʯʝʡ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʠ ʟʘʱʠʪʦʡ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʵʪʦʤʫ ʚʩʸ ʙʦʣʴʰʝ ʦʨʛʘʥʠʟʘʮʠʡ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʧʝʨʝʭʦʜ ʢ ʣʦʢʘʣʴʥʳʤ ʠʣʠ ʛʠʙʨʠʜʥʳʤ LLM-ʨʝʰʝʥʠʷʤ, 

ʨʘʟʤʝʱʸʥʥʳʤ ʚ ʟʘʱʠʱʸʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. 

ʕʪʠ ʧʨʦʙʣʝʤʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʛʠʙʨʠʜʥʳʭ 

ʤʦʜʝʣʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ LLM ʠ ʵʢʩʧʝʨʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

 

5. ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʠʥʪʝʛʨʘʮʠʠ LLM ʚ ʧʨʦʮʝʩʩ ʦʮʝʥʢʠ 

ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ 

ʤʦʜʝʣʴ ʠʥʪʝʛʨʘʮʠʠ LLM ʚ ʩʠʩʪʝʤʫ ʦʮʝʥʢʠ ʢʦʤʧʝʪʝʥʮʠʡ ʩʦʪʨʫʜʥʠʢʦʚ. ɽʸ 

ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʪʠʥʥʳʭ ʵʪʘʧʦʚ ʘʥʘʣʠʟʘ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʵʢʩʧʝʨʪʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʢʣʶʯʝʚʳʤʠ ʨʝʰʝʥʠʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʙʲʝʜʠʥʠʪʴ ʩʢʦʨʦʩʪʴ ʤʘʰʠʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ. 

ʇʨʦʮʝʩʩ ʦʮʝʥʢʠ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ: 

1. ʇʦʣʫʯʝʥʠʝ ʦʪʚʝʪʦʚ ʦʪ ʫʯʘʩʪʥʠʢʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʯʝʨʝʟ ʢʦʨʧʦʨʘʪʠʚʥʫʶ 

ʩʠʩʪʝʤʫ. 

2. ʇʝʨʚʠʯʥʘʷ ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʦʪʚʝʪʦʚ LLM, ʚʳʜʝʣʝʥʠʝ 

ʢʣʶʯʝʚʳʭ ʩʤʳʩʣʦʚʳʭ ʝʜʠʥʠʮ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʵʪʘʣʦʥʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ. 

3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʦʮʝʥʦʢ ʧʦ ʟʘʜʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ 

(ʣʦʛʠʯʥʦʩʪʴ, ʧʦʣʥʦʪʘ, ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʝʨʤʠʥʘʤ, ʘʨʛʫʤʝʥʪʘʮʠʷ). 

4. ʕʢʩʧʝʨʪʥʘʷ ʧʨʦʚʝʨʢʘ ʩʣʦʞʥʳʭ ʠʣʠ ʩʧʦʨʥʳʭ ʩʣʫʯʘʝʚ. ʕʢʩʧʝʨʪ ʤʦʞʝʪ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʦʮʝʥʢʫ, ʜʦʙʘʚʠʪʴ ʢʦʤʤʝʥʪʘʨʠʡ ʠʣʠ ʠʩʢʣʶʯʠʪʴ ʦʪʚʝʪ ʠʟ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. 

5. ɸʛʨʝʛʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʪʦʛʦʚʦʛʦ ʦʪʯʸʪʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʚʢʣʶʯʘʶʪ: 

¶ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʵʢʩʧʝʨʪʘ ʚ 3-4 ʨʘʟʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʘʥʘʣʠʟʘ; 

¶ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʥʘ 60ï75 %; 

¶ ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʠ ʧʦʚʳʰʝʥʠʝ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪʦʚ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʙʫʯʝʥʠʷ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ LLM [3, 5, 7]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʣʦʚʝʢʘ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ HR-ʘʥʘʣʠʟʝ, 

ʤʠʥʠʤʠʟʠʨʫʷ ʨʠʩʢʠ ʠ ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʢʠ ʢʦʤʧʝʪʝʥʮʠʡ. 

 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʠʭ 

ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʚ ʦʮʝʥʢʝ ʦʪʢʨʳʪʳʭ ʦʪʚʝʪʦʚ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ 
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ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ HR-ʧʨʦʮʝʩʩʦʚ. LLM ʧʦʟʚʦʣʷʶʪ ʫʩʢʦʨʠʪʴ ʦʙʨʘʙʦʪʢʫ 

ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ, ʧʦʚʳʩʠʪʴ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʦʢ ʠ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ 

ʵʢʩʧʝʨʪʦʚ [1, 3, 7]. ɺʥʝʜʨʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʤʘʰʠʥʥʳʡ ʠ 

ʵʢʩʧʝʨʪʥʳʡ ʘʥʘʣʠʟ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʦʜʭʦʜʦʚ ʠ ʩʦʟʜʘʥʠʶ ʝʜʠʥʦʡ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʢʦʤʧʝʪʝʥʮʠʷʤ ʩʦʪʨʫʜʥʠʢʦʚ. 

ʆʜʥʘʢʦ ʨʝʘʣʠʟʘʮʠʷ ʧʦʜʦʙʥʳʭ ʨʝʰʝʥʠʡ ʪʨʝʙʫʝʪ ʫʯʸʪʘ ʨʷʜʘ ʬʘʢʪʦʨʦʚ: 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʜʘʧʪʘʮʠʠ ʤʦʜʝʣʝʡ ʢ ʦʪʨʘʩʣʝʚʦʤʫ ʢʦʥʪʝʢʩʪʫ, ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʠ 

ʚʳʨʘʙʦʪʢʠ ʨʝʛʣʘʤʝʥʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ LLM ʠ ʵʢʩʧʝʨʪʘʤʠ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʶʪ: 

¶ ʨʘʟʨʘʙʦʪʢʫ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ, ʦʙʫʯʝʥʥʳʭ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʜʘʥʥʳʭ 

ʢʦʤʧʘʥʠʡ; 

¶ ʚʥʝʜʨʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʩʘʤʦʦʙʫʯʝʥʠʷ ʠ ʩʘʤʦʢʦʨʨʝʢʮʠʠ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʪ ʵʢʩʧʝʨʪʦʚ; 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʤʦʜʝʣʝʡ (GPT, LLaMA, Qwen ʠ ʜʨ.) ʥʘ 

ʢʘʯʝʩʪʚʦ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚ; 

¶ ʩʦʟʜʘʥʠʝ ʤʝʪʨʠʢ ʜʦʚʝʨʠʷ ʢ LLM-ʦʮʝʥʢʘʤ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʘʫʜʠʪʘ ʢʘʯʝʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʬʦʨʤʠʨʫʝʪ ʦʩʥʦʚʫ ʜʣʷ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ HR-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ 

ʦʙʝʩʧʝʯʠʪʴ ʙʘʣʘʥʩ ʤʝʞʜʫ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʥʘʜʸʞʥʦʩʪʴʶ 

ʵʢʩʧʝʨʪʥʦʛʦ ʢʦʥʪʨʦʣʷ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺʥʝʜʨʝʥʠʝ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ (Large Language Models, LLM) ʚ 

ʧʨʦʮʝʩʩʳ ʘʥʘʣʠʟʘ ʦʪʢʨʳʪʳʭ ʦʪʚʝʪʦʚ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʪʝʩʪʠʨʦʚʘʥʠʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʡ ʰʘʛ ʚ ʨʘʟʚʠʪʠʠ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ LLM ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ 

ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʝʩʧʝʯʠʪʴ ʝʜʠʥʦʦʙʨʘʟʠʝ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʠ 

ʩʦʢʨʘʪʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʵʢʩʧʝʨʪʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʫʯʥʳʭ ʤʝʪʦʜʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʘʥʘʣʠʟ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ 

ʜʘʥʥʳʭ ʙʝʟ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʪʨʫʜʦʟʘʪʨʘʪ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʢʦʤʧʘʥʠʡ ʩ ʤʘʩʩʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʦʜʙʦʨʘ ʠ ʦʮʝʥʢʠ ʧʝʨʩʦʥʘʣʘ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʚ ʨʘʙʦʪʝ ʤʦʜʝʣʴ ʠʥʪʝʛʨʘʮʠʠ LLM ʠ ʵʢʩʧʝʨʪʥʦʡ ʧʨʦʚʝʨʢʠ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʚʳʧʦʣʥʷʝʪ ʧʝʨʚʠʯʥʳʡ ʘʥʘʣʠʟ ʠ ʬʦʨʤʠʨʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʘ ʵʢʩʧʝʨʪ ʦʩʫʱʝʩʪʚʣʷʝʪ ʢʦʥʪʨʦʣʴ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʠʪʦʛʦʚʦʡ 

ʦʮʝʥʢʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʪʦʣʴʢʦ ʩʦʭʨʘʥʷʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʘʥʘʣʠʟʘ ʟʘ ʩʯʝʪ 

ʠʩʢʣʶʯʝʥʠʷ ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ LLM ʚ HR-ʘʥʘʣʠʪʠʢʝ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʚʳʷʚʣʝʥʠʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʦʪʚʝʪʘʭ ʨʝʩʧʦʥʜʝʥʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʧʨʦʬʠʣʝʡ ʢʦʤʧʝʪʝʥʮʠʡ ʥʘ ʦʩʥʦʚʝ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 
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ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʧʦʜʙʦʨʘ ʧʝʨʩʦʥʘʣʘ, ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤ 

ʦʙʫʯʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʦʤʝʥʥʳʭ ʤʦʜʝʣʝʡ, 

ʦʙʫʯʝʥʥʳʭ ʥʘ ʢʦʨʧʫʩʘʭ HR-ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʥʘ ʦʮʝʥʢʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʛʠʙʨʠʜʥʳʭ ʘʨʭʠʪʝʢʪʫʨ, ʦʙʲʝʜʠʥʷʶʱʠʭ LLM, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʠ ʵʢʩʧʝʨʪʥʳʝ ʧʨʘʚʠʣʘ. ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʦʩʪʘʝʪʩʷ ʠ ʚʦʧʨʦʩ ʵʪʠʢʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ ʧʨʠ ʦʮʝʥʢʝ ʧʝʨʩʦʥʘʣʘ ð ʥʝʦʙʭʦʜʠʤʳ ʩʪʘʥʜʘʨʪʳ 

ʧʨʦʟʨʘʯʥʦʩʪʠ, ʦʙʲʷʩʥʠʤʦʩʪʠ ʨʝʰʝʥʠʡ ʠ ʟʘʱʠʪʳ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ LLM ʜʣʷ ʘʥʘʣʠʟʘ ʦʪʢʨʳʪʳʭ ʦʪʚʝʪʦʚ ʚ HR-

ʧʨʘʢʪʠʢʘʭ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʩʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ, ʘ 

ʩʠʩʪʝʤʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ ʢʦʤʧʝʪʝʥʮʠʡ. ʆʥʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ 

ʦʪ ʪʨʫʜʦʝʤʢʠʭ ʵʢʩʧʝʨʪʥʳʭ ʧʨʦʮʝʜʫʨ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ 

ʩʠʩʪʝʤʘʤ, ʩʧʦʩʦʙʥʳʤ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʢʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʢʘʧʠʪʘʣʘ. 
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08.10.2025. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʀ ʈɸɿʈɸɹʆʊʂɸ ɻʀɹʈʀɼʅʆʁ ʉʀʉʊɽʄʓ 

ʆɹʅɸʈʋɾɽʅʀʗ ɸʅʆʄɸʃʀʁ ʀ ʄʅʆɻʆʋʈʆɺʅɽɺʆʁ ʄʆɼɽʃʀ 

ʋɻʈʆɿ ɺ ʇʈʆʄʓʐʃɽʅʅʓʍ ʉɽʊʗʍ ʋʇʈɸɺʃɽʅʀʗ 

ɸ.ɸ. ɻʨʠʙʘʥʦʚ, ɸ.ɸ. ʄʝʱʝʨʷʢʦʚʘ, ʂ.ɽ. ɹʫʣʛʘʢʦʚ
 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ɻ.ʌ. ʄʦʨʦʟʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʝ ʦʙʝʩʧʝʯʝʥʠʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝʪʝʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʫʩʣʦʚʠʷʭ ʛʣʫʙʦʢʦʡ 

ʢʦʥʚʝʨʛʝʥʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ɸʉʋ ʊʇ ʚʩʝ ʯʘʱʝ ʩʪʘʥʦʚʷʪʩʷ 

ʮʝʣʴʶ ʜʣʷ ʩʣʦʞʥʳʭ ʢʠʙʝʨʘʪʘʢ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʢʫ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ ʫʛʨʦʟ, ʘʜʘʧʪʠʨʦʚʘʥʥʫʶ ʢ 

ʩʧʝʮʠʬʠʢʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʨʝʜ ʠ ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʘʨʭʠʪʝʢʪʫʨʝ Purdue, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ 

ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ. ʅʘʰʘ ʩʠʩʪʝʤʘ ʩʦʯʝʪʘʝʪ ʙʳʩʪʨʳʝ ʤʝʪʦʜʳ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʪʘʢʠʝ ʢʘʢ EWMA ʠ CUSUM, ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʛʨʫʙʳʭ ʦʪʢʣʦʥʝʥʠʡ ʚ ʪʨʘʬʠʢʝ ʩ ʙʦʣʝʝ ʪʦʥʢʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʚʢʣʶʯʘʷ 

ʛʣʫʙʦʢʠʡ ʘʚʪʦʵʥʢʦʜʝʨ ʠ One-Class SVM, ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʩʢʨʳʪʳʭ ʘʪʘʢ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʜʦʢʘʟʘʥʘ ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ, ʠʤʠʪʠʨʫʶʱʝʤ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ ʠ 

ʢʠʙʝʨʘʪʘʢʠ ʚ ʩʨʝʜʝ ɸʉʋ ʊʇ. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʦʩʭʦʜʠʪ ʢʘʞʜʳʡ ʠʟ ʤʝʪʦʜʦʚ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʜʦʩʪʠʛʘʷ ʠʪʦʛʦʚʦʡ F1-ʤʝʨʳ ʚ 0.97. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʘʥʦʤʘʣʠʷ, ʤʦʜʝʣʴ, ʩʠʩʪʝʤʘ 

ʦʙʥʘʨʫʞʝʥʠʷ. 
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Summary. This article addresses the pressing issue of ensuring cybersecurity for industrial 

enterprise control networks. With the deep convergence of information and operational 

technologies, automated control systems are increasingly becoming targets for sophisticated 

cyberattacks. In this article, we propose a comprehensive solution that includes the development of 

a multi-level threat model adapted to the specifics of industrial environments and based on the 

Purdue architecture, as well as the creation of a hybrid anomaly detection system. Our system 

combines fast statistical time series analysis methods, such as EWMA and CUSUM, to detect gross 

deviations in traffic with more sophisticated machine learning algorithms, including deep 

autoencoder and One-Class SVM, to detect hidden attacks. The effectiveness of the proposed 

approach has been proven on a dataset simulating network traffic and cyberattacks in a process 

control system environment. According to the results, the hybrid approach significantly outperforms 
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each of the methods individually, achieving a final F1-score of 0.97. 

Keywords: cybersecurity, control systems, anomaly, model, detection system. 

 

ɺʚʝʜʝʥʠʝ 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠʟʚʝʩʪʥʘʷ ʢʘʢ ʀʥʜʫʩʪʨʠʷ 4.0, ʧʨʠʚʝʣʘ ʢ 

ʪʝʩʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʆʊ), ʫʧʨʘʚʣʷʶʱʠʭ ʬʠʟʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [1]. ʕʪʘ ʢʦʥʚʝʨʛʝʥʮʠʷ, 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʙʝʩʧʨʝʮʝʜʝʥʪʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪʢʨʳʣʘ ʥʦʚʳʝ ʚʝʢʪʦʨʳ ʘʪʘʢ ʥʘ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʉʪʘʪʠʩʪʠʢʘ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʢʘʟʳʚʘʝʪ ʥʝʫʢʣʦʥʥʳʡ 

ʨʦʩʪ ʯʠʩʣʘ ʠʥʮʠʜʝʥʪʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝʪʷʭ. ʇʨʠʯʝʤ ʘʪʘʢʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ 

ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʤʠ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʤʝʞʩʝʪʝʚʳʝ ʵʢʨʘʥʳ ʠ 

ʩʠʛʥʘʪʫʨʥʳʝ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ (ʉʆɺ), ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ 

ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ ʚ ʩʨʝʜʘʭ ɸʉʋ ʊʇ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ 

ʢʘʢ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʬʠʯʥʳʭ ʧʨʦʪʦʢʦʣʦʚ (Modbus, DNP3, S7), ʢʦʪʦʨʳʝ ʥʝ 

ʚʩʝʛʜʘ ʢʦʨʨʝʢʪʥʦ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ; ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʨʘʙʦʪʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʝ ʜʦʧʫʩʢʘʶʱʠʝ ʟʘʜʝʨʞʝʢ; ʘ ʪʘʢʞʝ 

ʥʘʣʠʯʠʝ ʫʩʪʘʨʝʚʰʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʦʚʨʝʤʝʥʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʟʘʱʠʪʳ [2-3]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʦʩʪʨʘʷ ʥʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ, ʩʧʦʩʦʙʥʳʭ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʫʥʠʢʘʣʴʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝʪʝʡ ʠ ʦʙʥʘʨʫʞʠʚʘʪʴ ʢʘʢ ʠʟʚʝʩʪʥʳʝ, ʪʘʢ ʠ 

ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ ʘʪʘʢʠ [4]. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ: ʬʦʨʤʘʣʠʟʦʚʘʥʥʫʶ ʤʦʜʝʣʴ 

ʫʛʨʦʟ, ʫʯʠʪʳʚʘʶʱʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʢʠʙʝʨʥʝʪʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʝʡ 

ɸʉʋ ʊʇ, ʠ ʛʠʙʨʠʜʥʫʶ ʩʠʩʪʝʤʫ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʧʦʣʥʦʪʫ ʜʝʪʝʢʮʠʠ ʧʨʠ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʣʦʞʥʳʭ 

ʩʨʘʙʘʪʳʚʘʥʠʡ. 

ʇʨʦʙʣʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ɸʉʋ ʊʇ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʥʘʫʯʥʳʤ 

ʩʦʦʙʱʝʩʪʚʦʤ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʨʘʙʦʪʳ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ 

ʥʘʧʨʘʚʣʝʥʠʷ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʛʨʦʟ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ 

ʚʪʦʨʞʝʥʠʡ. 

ɺ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʛʨʦʟ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, 

ʪʘʢʠʝ ʢʘʢ STRIDE ʠʣʠ ʜʝʨʝʚʴʷ ʘʪʘʢ. ʆʜʥʘʢʦ ʦʥʠ ʥʝ ʚʩʝʛʜʘ ʧʦʜʭʦʜʷʪ ʜʣʷ OT-

ʩʨʝʜ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʫʯʠʪʳʚʘʶʪ ʚʦʟʤʦʞʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ. ʅʝʢʦʪʦʨʳʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʜʣʘʛʘʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʠʩʪʝʤʫ ʢʘʢ ʝʜʠʥʳʡ 

ʢʠʙʝʨʬʠʟʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, ʘʥʘʣʠʟʠʨʫʷ ʛʨʘʬʳ ʩʦʩʪʦʷʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʪʘʢ, ʚʝʜʫʱʠʭ ʢ ʦʧʘʩʥʳʤ ʩʦʩʪʦʷʥʠʷʤ. ɺʘʞʥʝʡʰʠʤ 

ʦʨʠʝʥʪʠʨʦʤ ʟʜʝʩʴ ʩʣʫʞʠʪ ʩʪʘʥʜʘʨʪ ISA/IEC 62443, ʦʧʨʝʜʝʣʷʶʱʠʡ 

ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʟʘʱʠʱʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝʪʝʡ. 

ʉʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ï ʚʪʦʨʦʝ ʚʘʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʛʥʘʪʫʨʥʳʝ ʤʝʪʦʜʳ ʭʦʨʦʰʠ, ʥʦ ʣʠʰʴ ʧʨʦʪʠʚ ʠʟʚʝʩʪʥʳʭ ʫʛʨʦʟ. 

ʆʥʠ ʥʝ ʚʠʜʷʪ ʘʪʘʢ "ʥʫʣʝʚʦʛʦ ʜʥʷ" (ʥʦʚʳʭ ʘʪʘʢ). ʇʦʵʪʦʤʫ ʬʦʢʫʩ ʠʩʩʣʝʜʦʚʘʥʠʡ 
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ʩʤʝʩʪʠʣʩʷ ʚ ʩʪʦʨʦʥʫ ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, 

ʥʘʧʨʠʤʝʨ, ʩʪʨʦʷʪ ʧʨʦʬʠʣʴ ʥʦʨʤʘʣʴʥʦʛʦ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʠ ʠʱʫʪ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʥʝʛʦ. ʆʜʥʘʢʦ ʦʥʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʷʤ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ML) ʧʦʢʘʟʳʚʘʶʪ ʛʦʨʘʟʜʦ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ɸʣʛʦʨʠʪʤʳ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʦʩʦʙʝʥʥʦ ʘʚʪʦʵʥʢʦʜʝʨʳ, ʩʧʦʩʦʙʥʳ 

ʚʳʷʚʣʷʪʴ ʩʣʦʞʥʳʝ, ʩʢʨʳʪʳʝ ʘʥʦʤʘʣʠʠ, ʦʙʫʯʘʷʩʴ ʥʘ ʥʝʨʘʟʤʝʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʠʭ ʛʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʜʝʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʚʩʝ ʝʱʝ ʥʝʪ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʣʠʙʦ ʩʣʠʰʢʦʤ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʳ, ʣʠʙʦ ʪʨʝʙʫʶʪ 

ʦʛʨʦʤʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʅʘʰ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ ʥʘʮʝʣʝʥ ʥʘ 

ʫʩʪʨʘʥʝʥʠʝ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ. ʄʳ ʙʫʜʝʤ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʜʣʷ ʙʳʩʪʨʦʡ ʬʠʣʴʪʨʘʮʠʠ ʦʯʝʚʠʜʥʳʭ ʘʪʘʢ ʠ ʛʣʫʙʦʢʠʡ ML-ʘʥʘʣʠʟ ʜʣʷ ʜʝʪʘʣʴʥʦʡ 

ʧʨʦʚʝʨʢʠ ʧʦʜʦʟʨʠʪʝʣʴʥʦʛʦ ʪʨʘʬʠʢʘ. 

 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʫʛʨʦʟ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʦʡ ʨʠʩʢʘ 

ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʠʤ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʠʥʪʝʛʨʠʨʫʝʪ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʧʦʜʭʦʜ 

Purdue ʠ ʬʦʨʤʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʛʨʘʬʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʥʘʤ ʥʝ ʧʨʦʩʪʦ ʦʧʠʩʳʚʘʪʴ, ʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʪʴ ʨʠʩʢʠ. 

ʇʨʦʤʳʰʣʝʥʥʘʷ ʩʝʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ Ὃ ὠȟὉ, 

ʛʜʝ ὠ ï ʤʥʦʞʝʩʪʚʦ ʫʟʣʦʚ (ʇʃʂ, HMI, ʩʝʨʚʝʨʳ), ʘ Ὁ ï ʤʥʦʞʝʩʪʚʦ ʨʝʙʝʨ (ʩʝʪʝʚʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ). ʂʘʞʜʘʷ ʚʝʨʰʠʥʘ ὺɴ ὠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʢʪʦʨʦʤ ʘʪʨʠʙʫʪʦʚ 

ὃ type, os, services, vuln, ʛʜʝ vuln ï ʩʧʠʩʦʢ ʠʟʚʝʩʪʥʳʭ CVE ʩ ʠʭ ʙʘʟʦʚʳʤʠ 

ʦʮʝʥʢʘʤʠ ʧʦ ʰʢʘʣʝ CVSS. ʂʘʞʜʦʝ ʨʝʙʨʦ Ὡ όȟὺᶰὉ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʝʢʪʦʨʦʤ ὃ protocol, rate, entropy. 

ʇʫʪʴ ʘʪʘʢʠ ὖ ὺȟὺȟȣȟὺ  ʚ ʛʨʘʬʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʢʦʤʧʨʦʤʝʪʠʨʦʚʘʥʥʳʭ ʫʟʣʦʚ. ʈʠʩʢ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ 

ʜʘʥʥʳʤ ʧʫʪʝʤ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʫʩʧʝʰʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʧʫʪʠ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʫʱʝʨʙʘ ʦʪ ʢʦʤʧʨʦʤʝʪʘʮʠʠ 

ʢʦʥʝʯʥʦʡ ʮʝʣʠ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʰʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʷʟʚʠʤʦʩʪʠ ʜʣʷ ʧʝʨʝʭʦʜʘ ʧʦ ʨʝʙʨʫ 

Ὡ ὺȟὺ  ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʙʘʟʦʚʦʡ ʦʮʝʥʢʠ CVSS (CVSSBaseScore)ɴ: 

ὖexploitὩ
CVSSBaseScore. 

ɺʝʨʦʷʪʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʚʩʝʛʦ ʧʫʪʠ ʘʪʘʢʠ ὖ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʫʩʧʝʰʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ: 

ὖsuccessὖ Б ὖexploitᶰ Ὡ . 

ʋʱʝʨʙ, ʦʙʦʟʥʘʯʘʝʤʳʡ ʢʘʢ Impact, ʦʪ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʢʦʥʝʯʥʦʛʦ ʫʟʣʘ vk 

ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʰʢʘʣʝ ʦʪ 1 ʜʦ 100. ʆʥ ʟʘʚʠʩʠʪ ʦʪ ʢʨʠʪʠʯʥʦʩʪʠ ʵʪʦʛʦ ʫʟʣʘ ʜʣʷ 

ʚʩʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʀʪʦʛʦʚʘʷ ʬʦʨʤʫʣʘ ʨʠʩʢʘ ʜʣʷ ʧʫʪʠ P 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ: 

Riskὖ Impactὺ ὖsuccessὖ. 

ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʧʫʪʠ ʘʪʘʢ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ 

ʟʘʱʠʪʥʳʝ ʤʝʨʳ. ʅʘʧʨʠʤʝʨ, ʜʘʞʝ ʝʩʣʠ ʚʝʨʦʷʪʥʦʩʪʴ ʚʟʣʦʤʘ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 
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ʫʟʣʘ ʥʝʚʳʩʦʢʘ, ʥʦ ʦʥ ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʢ ʇʃʂ, ʫʧʨʘʚʣʷʶʱʝʤʫ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʤ ʦʙʲʝʢʪʦʤ (ʚʳʩʦʢʠʡ Impact), ʦʙʱʠʡ ʨʠʩʢ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʜʚʫʭʫʨʦʚʥʝʚʫʶ ʘʨʭʠʪʝʢʪʫʨʫ. ʄʦʜʫʣʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʪʩʣʝʞʠʚʘʝʪ ʧʘʨʘʤʝʪʨʳ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʪʨʘʬʠʢʘ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

- ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʚʟʚʝʰʝʥʥʦʝ ʩʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ (EWMA), 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʘʢʝʪʦʚ ὼ. ɿʜʝʩʴ EWMA ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʩʨʝʜʥʝʛʦ ‘ ʠ ʜʠʩʧʝʨʩʠʠ „ : 

‘ ‌ὼ ρ ‌‘  „ ‌ὼ ‘ ρ ‌„  , 

ʛʜʝ ‌ᶰ πȟρ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʛʣʘʞʠʚʘʥʠʷ.  

ɸʥʦʤʘʣʠʷ ʜʝʪʝʢʪʠʨʫʝʪʩʷ, ʝʩʣʠ ὼ᷆ ‘᷆ Ὧ„, ʛʜʝ Ὧ ï ʧʦʨʦʛʦʚʳʡ 
ʢʦʵʬʬʠʮʠʝʥʪ; 

- ʘʣʛʦʨʠʪʤ ʢʫʤʫʣʷʪʠʚʥʳʭ ʩʫʤʤ (CUSUM) ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʙʦʣʴʰʠʭ, ʥʦ ʧʦʩʪʦʷʥʥʳʭ ʩʜʚʠʛʦʚ ʚ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 

ʧʘʨʘʤʝʪʨʘ ὼ, ʢʦʪʦʨʳʝ EWMA ʤʦʞʝʪ ʧʨʦʧʫʩʪʠʪʴ. ʆʥ ʦʪʩʣʝʞʠʚʘʝʪ ʜʚʝ 

ʩʪʘʪʠʩʪʠʢʠ: 

Ὓ ÍÁØπȟὛ ὼ ‘  ‏

Ὓ ÍÁØπȟὛ ὼ ‘  , ‏

ʛʜʝ ‘ ï ʦʞʠʜʘʝʤʦʝ ʩʨʝʜʥʝʝ, ‏ ï ʜʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦʥʝʥʠʝ.  

ɸʥʦʤʘʣʠʷ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ, ʢʦʛʜʘ Ὓ  ʠʣʠ Ὓ  ʧʨʝʚʳʰʘʶʪ ʟʘʜʘʥʥʳʡ ʧʦʨʦʛ Ὤ. 
ʄʦʜʫʣʴ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʪʝʚʦʛʦ ʧʘʢʝʪʘ ʬʦʨʤʠʨʫʝʪ -

ʤʝʨʥʳʡ ʚʝʢʪʦʨ ʧʨʠʟʥʘʢʦʚ ὼɴ ᴙ , ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

- ʛʣʫʙʦʢʠʡ ʘʚʪʦʵʥʢʦʜʝʨ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʵʥʢʦʜʝʨʘ Ὢ ʠ ʜʝʢʦʜʝʨʘ Ὣ. ʕʥʢʦʜʝʨ ʩʞʠʤʘʝʪ ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ ὼ ʚ 

ʣʘʪʝʥʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ᾀ Ὢ ὼ, ʘ ʜʝʢʦʜʝʨ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʝʛʦ ὼ Ὣ ᾀ. 

ʄʦʜʝʣʴ ʦʙʫʯʘʝʪʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʰʠʙʢʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘ ʥʦʨʤʘʣʴʥʳʭ 

ʜʘʥʥʳʭ: ὒ—ȟ‰ ὼ᷆ Ὣ Ὢ ὼ .᷆ ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʜʣʷ ʢʘʞʜʦʛʦ ʥʦʚʦʛʦ 

ʚʝʢʪʦʨʘ ὼ ʚʳʯʠʩʣʷʝʪʩʷ ʦʰʠʙʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Ὡ ὼ᷆ ὼ ᷆. ʇʦʨʦʛ 

ʘʥʦʤʘʣʠʠ †  ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʚʳʙʦʨʢʝ ʢʘʢ † ‘ σ„, ʛʜʝ ‘ ʠ „ ï 

ʩʨʝʜʥʝʝ ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʰʠʙʦʢ ʥʘ ʥʦʨʤʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɽʩʣʠ 

Ὡ † , ʚʝʢʪʦʨ ʧʦʤʝʯʘʝʪʩʷ ʢʘʢ ʘʥʦʤʘʣʠʷ. 

- ʤʝʪʦʜ One-Class SVM (OCSVM) ʠʱʝʪ ʛʠʧʝʨʧʣʦʩʢʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʦʪʜʝʣʷʝʪ ʪʦʯʢʠ ʜʘʥʥʳʭ ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʟʥʘʢʦʚ. 

ʀʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʶ ʷʜʨʘ ὑὼȟὼ ÅØÐ‎᷆ ὼ ὼ᷆ , OCSVM ʨʝʰʘʝʪ 

ʩʣʝʜʫʶʱʫʶ ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ: 

ÍÉÎȟȟ
ρ

ς
ύ᷆᷆

ρ

’ὲ
‚ ”  

ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ύẗɮὼ ” ‚ ʠ ‚ π.  
ɿʜʝʩʴ ύ ʠ ” ʦʧʨʝʜʝʣʷʶʪ ʛʠʧʝʨʧʣʦʩʢʦʩʪʴ, ‚ ï ʧʝʨʝʤʝʥʥʳʝ, ʜʦʧʫʩʢʘʶʱʠʝ 

ʦʰʠʙʦʯʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʘ ’ɴ πȟρ ï ʛʠʧʝʨʧʘʨʘʤʝʪʨ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʡ 

ʜʦʣʶ ʚʳʙʨʦʩʦʚ. ʈʝʰʘʶʱʘʷ ʬʫʥʢʮʠʷ Ὢὼ sgnύẗɮὼ ” ʚʦʟʚʨʘʱʘʝʪ ρ 
ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ρ ʜʣʷ ʘʥʦʤʘʣʠʡ. 
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ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʚʦʜʦʦʯʠʩʪʥʦʡ ʩʪʘʥʮʠʝʡ (48 ʯʘʩʦʚ ʥʦʨʤʘʣʴʥʦʛʦ ʪʨʘʬʠʢʘ, 1 ʯʘʩ ʘʪʘʢ). ʊʘʢ ʞʝ 

ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ 4 ʪʠʧʘ ʘʪʘʢ: DoS, ʩʢʘʥʠʨʦʚʘʥʠʝ ʩʝʪʠ, ʢʦʤʘʥʜʥʘʷ ʠʥʲʝʢʮʠʷ, 

ʥʝʣʝʛʠʪʠʤʥʳʡ ʤʘʩʪʝʨ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ 

ʠ ʢʘʞʜʦʛʦ ʠʟ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʦʚ 

ʄʝʪʦʜ 
ɼʦʣʷ ʚʝʨʥʳʭ 

ʦʪʚʝʪʦʚ 
ʊʦʯʥʦʩʪʴ ʇʦʣʥʦʪʘ 

F1-

ʤʝʨʘ 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ 

(EWMA+CUSUM) 

0.85 0.88 0.78 0.83 

One-Class SVM 0.92 0.93 0.90 0.91 

ɸʚʪʦʵʥʢʦʜʝʨ 0.94 0.95 0.92 0.93 

ɻʠʙʨʠʜʥʳʡ 0.98 0.98 0.96 0.97 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣʠʮʳ ʛʠʙʨʠʜʥʘʷ ʩʠʩʪʝʤʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʣʦʛʠʯʝʩʢʦʝ 

çʀʃʀè ʜʣʷ ʨʝʰʝʥʠʡ ʦʪ ʤʦʜʫʣʝʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʨʨʝʣʷʮʠʝʡ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʩʨʘʚʥʠʚʘʶʪʩʷ ʦʙʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʭ ʤʦʜʝʣʝʡ ʩ 

ʧʦʤʦʱʴʶ ROC-ʢʨʠʚʳʭ. ʆʥʘ ʧʦʢʘʟʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʭʦʨʦʰʦ ʤʦʜʝʣʴ ʫʤʝʝʪ 

ʦʪʣʠʯʘʪʴ ʘʥʦʤʘʣʠʠ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʪʨʘʬʠʢʘ, ʤʠʥʠʤʠʟʠʨʫʷ ʧʨʠ ʵʪʦʤ ʣʦʞʥʳʝ 

ʪʨʝʚʦʛʠ. ʀʜʝʘʣʴʥʘʷ ʤʦʜʝʣʴ ʩʪʨʝʤʠʪʩʷ ʢ ʣʝʚʦʤʫ ʚʝʨʭʥʝʤʫ ʫʛʣʫ. ʂʘʢ ʚʠʜʥʦ, 

ʢʨʠʚʳʝ ʜʣʷ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ, ʦʩʦʙʝʥʥʦ, ʜʣʷ ʥʘʰʝʡ ʛʠʙʨʠʜʥʦʡ 

ʩʠʩʪʝʤʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʥʝʛʦ ʫʧʠʨʘʶʪʩʷ. ʀʭ ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ (AUC) ʨʘʚʥʘ 

1.0, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʝʚʦʩʭʦʜʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʪʦʞʝ 

ʥʝʧʣʦʭ, ʥʦ ʦʥ ʷʚʥʦ ʫʩʪʫʧʘʝʪ ʚ ʪʦʯʥʦʩʪʠ, ʯʪʦ ʥʘʛʣʷʜʥʦ ʜʦʢʘʟʳʚʘʝʪ ʩʠʣʫ 

ʛʠʙʨʠʜʥʦʛʦ ʧʦʜʭʦʜʘ. 
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ʈʠʩ. 1 ï ʉʨʘʚʥʝʥʠʝ ROC-ʢʨʠʚʳʭ ʤʦʜʝʣʝʡ 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

EWMA ʦʙʥʘʨʫʞʠʚʘʝʪ ʘʥʦʤʘʣʠʶ ʪʠʧʘ çʆʪʢʘʟ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ DoSè. ɺ 

ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʬʠʢʘ ʢʦʣʝʙʣʝʪʩʷ ʚʥʫʪʨʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ɺ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʘʪʘʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʚʩʧʣʝʩʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ 

ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʝ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʘʥʦʤʘʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. 

 

 
ʈʠʩ. 2 ï ʈʘʙʦʪʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 
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ɻʨʘʬʠʢ ʥʘ ʨʠʩʫʥʢʝ 3 ʠʣʣʶʩʪʨʠʨʫʝʪ ʦʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʥʘ 

ʦʩʥʦʚʝ ʘʚʪʦʵʥʢʦʜʝʨʘ. ʄʦʜʝʣʴ, ʦʙʫʯʝʥʥʘʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʥʦʨʤʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʛʝʥʝʨʠʨʫʝʪ ʦʯʝʥʴ ʥʠʟʢʫʶ ʦʰʠʙʢʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ ʣʝʛʠʪʠʤʥʦʛʦ 

ʪʨʘʬʠʢʘ (ʟʝʣʝʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ). ʂʦʛʜʘ ʥʘ ʚʭʦʜ ʧʦʜʘʶʪʩʷ ʘʥʦʤʘʣʴʥʳʝ ʧʘʢʝʪʳ 

(ʥʘʧʨʠʤʝʨ, ʩ ʥʝʩʪʘʥʜʘʨʪʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʢʦʜʦʚ ʬʫʥʢʮʠʡ ʠ ʜʘʥʥʳʭ 

Modbus), ʘʚʪʦʵʥʢʦʜʝʨ ʥʝ ʤʦʞʝʪ ʠʭ ʢʦʨʨʝʢʪʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʦʰʠʙʢʝ (ʦʨʘʥʞʝʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ). ʋʩʪʘʥʦʚʠʚ 

ʧʦʨʦʛ (ʢʨʘʩʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʥʘ ʦʩʥʦʚʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ 

ʦʰʠʙʦʢ, ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʦʪʜʝʣʠʪʴ ʘʥʦʤʘʣʠʠ ʦʪ ʥʦʨʤʳ. 

 

 
ʈʠʩ. 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʰʠʙʦʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʚʪʦʵʥʢʦʜʝʨʘ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʟʘʱʠʪʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝʪʝʡ, 

ʚʢʣʶʯʘʶʱʠʡ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʤʦʜʝʣʴ ʫʛʨʦʟ ʠ ʛʠʙʨʠʜʥʫʶ ʩʠʩʪʝʤʫ 

ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʫʛʨʦʟ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʛʨʘʬʦʚʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʨʠʩʢʘ, ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ 

ʫʛʨʦʟʳ ʩ ʫʯʝʪʦʤ ʢʠʙʝʨʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ɸʉʋ ʊʇ ʠ ʧʨʠʤʝʥʷʪʴ ʟʘʱʠʪʥʳʝ 

ʤʝʨʳ. 

ɻʠʙʨʠʜʥʘʷ ʩʠʩʪʝʤʘ ʧʦʢʘʟʘʣʘ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʥʘʨʫʞʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʘʪʘʢ ʩ F1-ʤʝʨʦʡ 0.97, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʢʦʤʙʠʥʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠ ʠʭ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʥʘʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʞʜʦʛʦ ʠʟ 

ʧʦʜʭʦʜʦʚ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʋɼʂ 681.5.015 

ʉɸʄʆʅɸʉʊʈɸʀɺɸʖʑɸʗʉʗ ʀ ʉɸʄʆɼʀɸɻʅʆʉʊʀʈʋʖʑɸʗʉʗ 

ʉʀʉʊɽʄɸ ʋʇʈɸɺʃɽʅʀʗ ʄʀʂʈʆʂʃʀʄɸʊʆʄ ʅɸ ʆʉʅʆɺɽ 

ɼʀʅɸʄʀʏɽʉʂʀ ʇʆɺɽʈʗɽʄʓʍ ʉɽʅʉʆʈʆɺ ʀ EDGE-ɺʓʏʀʉʃɽʅʀʁ 

ɸ.ɸ. ɻʨʠʙʘʥʦʚ
1
, ɸ.ɸ. ʄʝʱʝʨʷʢʦʚʘ

1
, ɸ.ʀ. ɻʦʥʯʘʨʦʚʘ

1
, ɼ.ʄ. ʀʩʤʘʠʣʦʚ

1
 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ɻ.ʌ. ʄʦʨʦʟʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʮʝʧʮʠʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʦʩʪʨʦʝʥʠʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʦʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʦʙʲʝʢʪʦʚ ʩ 

ʧʦʚʳʰʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʉʠʩʪʝʤʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʨʝʭ ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ: ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʠʭʩʷ ʘʣʛʦʨʠʪʤʘʭ 

ʫʧʨʘʚʣʝʥʠʷ, ʥʝʧʨʝʨʳʚʥʦʡ ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʝ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʚʝʨʢʝ ʩʝʥʩʦʨʦʚ, ʘ ʪʘʢʞʝ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ edge-ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʳʩʪʨʦʡ ʨʝʘʢʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɺ 

ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʩ ʘʜʘʧʪʠʚʥʳʤ ʇʀɼ-

ʨʝʛʫʣʷʪʦʨʦʤ, ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʥʘʙʣʶʜʘʪʝʣʝʡ ʩʦʩʪʦʷʥʠʷ ʠ ʬʠʣʴʪʨʦʚ ʂʘʣʤʘʥʘ ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʢʠ ʩʝʥʩʦʨʦʚ. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ edge-ʘʨʭʠʪʝʢʪʫʨʳ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʟʘʜʝʨʞʝʢ ʠ ʧʦʚʳʰʝʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʘʚʣʝʥʠʝ ʤʠʢʨʦʢʣʠʤʘʪʦʤ, ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʘʷʩʷ ʩʠʩʪʝʤʘ, 

ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʘ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʧʦʚʝʨʢʘ, edge-ʚʳʯʠʩʣʝʥʠʷ, ʘʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʇʀɼ-

ʨʝʛʫʣʷʪʦʨ, ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ. 
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accuracy and reliability in maintaining specified parameters. The system is based on three key 

technologies: self-tuning control algorithms, continuous self-diagnostics and dynamic sensor 

verification, as well as the use of edge computing to ensure fast real-time response. The paper 

proposes mathematical models for implementing the system, including adaptive PID controllers, 

models based on state observers, and Kalman filters for sensor diagnostics. The effectiveness of 

using edge architecture to reduce delays and increase system fault tolerance is justified. 

Keywords: microclimate control, self-tuning system, self-diagnostics, dynamic calibration, 

edge computing, adaptive control, PID controller, Kalman filter. 

 

ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʷʜʦʤ ʚʳʟʦʚʦʚ: ʧʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʫʞʝʩʪʦʯʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʢʦʤʬʦʨʪʘ ʠ ʥʘʜʝʞʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʫʩʣʦʞʥʝʥʠʝ ʩʘʤʠʭ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ [1]. ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʛʫʣʷʪʦʨʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ 

ʦʙʣʘʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ, ʥʝ ʚʩʝʛʜʘ ʩʧʦʩʦʙʥʳ ʘʜʝʢʚʘʪʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʠ ʜʝʛʨʘʜʘʮʠʶ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʜʘʪʯʠʢʠ [2-3]. 

ɼʨʝʡʬ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʥʩʦʨʦʚ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ, ʢʦʥʮʝʥʪʨʘʮʠʠ 

CO2 ʩʦ ʚʨʝʤʝʥʝʤ ʷʚʣʷʝʪʩʷ ʥʝʠʟʙʝʞʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʩʥʠʞʝʥʠʶ 

ʪʦʯʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʢ 

ʥʘʨʫʰʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ ʠ ʧʨʦʮʝʩʩʦʚ. ʇʨʠʯʝʤ, ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʨʫʯʥʘʷ 

ʢʘʣʠʙʨʦʚʢʘ ʠ ʧʦʚʝʨʢʘ ʜʘʪʯʠʢʦʚ ʪʨʫʜʦʝʤʢʘ ʠ ʥʝ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʚʥʝʟʘʧʥʳʭ 

ʦʪʢʘʟʦʚ. 

ʈʝʰʝʥʠʝʤ ʵʪʠʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ, 

ʘʜʘʧʪʠʚʥʦʡ ʠ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʡ ʘʨʭʠʪʝʢʪʫʨʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʨʘʩʩʤʦʪʨʝʪʴ ʩʠʩʪʝʤʫ, ʨʝʘʣʠʟʫʶʱʫʶ ʪʨʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʧʨʠʥʮʠʧʘ: 

1. ʉʘʤʦʥʘʩʪʨʦʡʢʘ, ʚʢʣʶʯʘʶʱʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʘʜʘʧʪʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. 

2. ʉʘʤʦʜʠʘʛʥʦʩʪʠʢʘ ʠ ʜʠʥʘʤʠʯʝʩʢʘʷ ʧʦʚʝʨʢʘ ï ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʩʦʩʪʦʷʥʠʷ ʜʘʪʯʠʢʦʚ, ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ. 

3. Edge-ʚʳʯʠʩʣʝʥʠʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʝ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʠ ʧʨʠʥʷʪʠʝ 

ʫʧʨʘʚʣʷʶʱʠʭ ʨʝʰʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʦ ʢ ʦʙʲʝʢʪʫ, ʯʪʦ ʤʠʥʠʤʠʟʠʨʫʝʪ 

ʟʘʜʝʨʞʢʠ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʦʙʣʘʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ [4-5]. 

ʊʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʫ, ʩʧʦʩʦʙʥʫʶ ʥʝ ʪʦʣʴʢʦ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʟʘʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʥʦ ʠ ʦʮʝʥʠʚʘʪʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ, ʘʜʘʧʪʠʨʫʷʩʴ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʠ ʧʨʝʜʦʪʚʨʘʱʘʷ ʥʝʰʪʘʪʥʳʝ ʩʠʪʫʘʮʠʠ. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ 

ʆʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʜʫʰʥʘʷ ʩʨʝʜʘ ʚ ʢʘʢʦʤ-ʣʠʙʦ ʧʦʤʝʱʝʥʠʠ 

(ʮʝʭ, ʪʝʧʣʠʮʘ, ʦʬʠʩ). ɽʛʦ ʜʠʥʘʤʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʩʠʩʪʝʤʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʝʧʣʦʚʦʛʦ ʠ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ. ɼʣʷ 
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ʫʧʨʦʱʝʥʠʷ, ʨʘʩʩʤʦʪʨʠʤ ʦʜʥʦʟʦʥʥʫʶ ʤʦʜʝʣʴ. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʧʦʤʝʱʝʥʠʠ Ὕ̃  ̖ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: 

ὅ
ὨὝ̖̃

Ὠὸ
ὖ̨ ˏ˗ˏ Ὗ̋ὃ̋ Ὕ̖̃ Ὕ̜̖̃ άὧ Ὕ̐̃ Ὕ̖̃ ὗ̃  ̎

ʛʜʝ ὅ ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ, ɼʞ/ʂ; ὖ̨ ˏ˗ˏ ï ʤʦʱʥʦʩʪʴ, 

ʧʦʜʘʚʘʝʤʘʷ ʩʠʩʪʝʤʦʡ ʆɺʂɺ (ʦʪʦʧʣʝʥʠʝ, ʚʝʥʪʠʣʷʮʠʷ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ 

ʚʦʟʜʫʭʘ), ɺʪ; Ὗ̋ὃ̋ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʯʝʨʝʟ ʦʛʨʘʞʜʘʶʱʠʝ 

ʢʦʥʩʪʨʫʢʮʠʠ, ɺʪ/ʂ; Ὕ̜̃ ̖ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʂ; ά ï ʤʘʩʩʦʚʳʡ 

ʨʘʩʭʦʜ ʧʨʠʪʦʯʥʦʛʦ ʚʦʟʜʫʭʘ, ʢʛ/ʩ; ὧ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʟʜʫʭʘ, 

ɼʞ/(ʢʛĿʂ); Ὕ̐  ̃ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʪʦʯʥʦʛʦ ʚʦʟʜʫʭʘ, ʂ; ὗ̃  ̎ ï ʚʥʫʪʨʝʥʥʠʝ 

ʪʝʧʣʦʧʦʩʪʫʧʣʝʥʠʷ (ʦʪ ʣʶʜʝʡ, ʦʙʦʨʫʜʦʚʘʥʠʷ), ɺʪ. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʡ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ, ʪʘʢ ʢʘʢ Ὕ̜̃ ̖ʠ ὗ̃  ̎

ʷʚʣʷʶʪʩʷ ʚʥʝʰʥʠʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʪʘʢʠʤʠ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʳ ʩ ʟʘʢʦʥʦʤ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ 

ʠʤʝʝʪ ʚʠʜ: 

όὸ ὑὩὸ ὑ Ὡ†Ὠ†ὑ
ὨὩὸ

Ὠὸ
 

ʛʜʝ όὸ ï ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ (ʥʘʧʨʠʤʝʨ, ʤʦʱʥʦʩʪʴ ʥʘʛʨʝʚʘʪʝʣʷ); 

Ὡὸ Ὕ̈́̅ Ὕ̃ ὸ̖ ï ʦʰʠʙʢʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ; ʘ ὑȟὑȟὑ  ï ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʨʝʛʫʣʷʪʦʨʘ. 

ɺ ʩʪʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʵʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʦʜʠʥ ʨʘʟ. ɺ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʥʘʤʠ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ʩʘʤʦʥʘʩʪʨʦʡʢʠ, ʢʦʪʦʨʳʡ 

ʘʜʘʧʪʠʨʫʝʪ ʠʭ ʢ ʧʨʦʮʝʩʩʫ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʆʜʠʥ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ 

ʜʣʷ ʵʪʦʛʦ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ (ɻɸ) ʠʣʠ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. 

ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ɻɸ ʤʦʞʝʪ ʙʳʪʴ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʢʘʢ ʤʠʥʠʤʠʟʘʮʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ, ʥʘʧʨʠʤʝʨ, 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʦʰʠʙʢʠ: 

ὐὑȟὑȟὑ Ὡ ὸȟὑȟὑȟὑ ὨὸO ÍÉÎ 

ɸʣʛʦʨʠʪʤ ʩʘʤʦʥʘʩʪʨʦʡʢʠ, ʨʘʙʦʪʘʶʱʠʡ ʥʘ edge-ʢʦʥʪʨʦʣʣʝʨʝ, ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʨʝʰʘʝʪ ʵʪʫ ʦʧʪʠʤʠʟʘʮʠʦʥʥʫʶ ʟʘʜʘʯʫ, ʥʘʭʦʜʷ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ὑȟὑȟὑ , 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʠ ʪʝʢʫʱʠʭ 

ʫʩʣʦʚʠʷʭ. 

ʅʘʜʝʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʣʶʙʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʜʩʠʩʪʝʤʫ 

ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʠ ʩʝʥʩʦʨʦʚ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʣʶʜʘʪʝʣʝʡ ʩʦʩʪʦʷʥʠʷ ʠ ʬʠʣʴʪʨʦʚ ʂʘʣʤʘʥʘ. 
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ʊʘʙʣʠʮʘ 1  

ʉʨʘʚʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʝʛʦʩʷ 

 ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ 

ʇʦʢʘʟʘʪʝʣʴ ʇʀɼ ɸʜʘʧʪʠʚʥʳʡ ʇʀɼ ʋʣʫʯʰʝʥʠʝ 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ 

(ÁC) 

0.85 0.25 70.6% 

ɺʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ (ʤʠʥ) 25 12 52.0% 

ʇʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ (%) 15 < 2 > 85% 

ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ 

(ʢɺʪĿʯ/ʩʫʪʢʠ) 

120 95 20.8% 

 

ʀʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ çʵʪʘʣʦʥʥʦʡè ʤʦʜʝʣʠ 

ʧʨʦʮʝʩʩʘ ʠ ʩʨʘʚʥʝʥʠʠ ʨʝʘʣʴʥʳʭ ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʘ ʩ ʦʮʝʥʢʦʡ, ʢʦʪʦʨʫʶ ʜʘʝʪ ʵʪʘ 

ʤʦʜʝʣʴ. ɼʣʷ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ, ʦʧʠʩʳʚʘʝʤʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ, 

ʤʦʜʝʣʴ ʠʤʝʝʪ ʚʠʜ: 

Ø !Ø"Õ Ù #Ø 
ʛʜʝ Ø ï ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ (ʪʝʤʧʝʨʘʪʫʨʳ), Õ ï ʚʝʢʪʦʨ ʫʧʨʘʚʣʝʥʠʷ, Ù ï ʚʝʢʪʦʨ 

ʚʳʭʦʜʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʅʘʙʣʶʜʘʪʝʣʴ ʩʦʩʪʦʷʥʠʷ ʩʪʨʦʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ø !Ø "Õ ,Ù Ù Ù #Ø 
ʛʜʝ Ø ï ʦʮʝʥʢʘ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ, ʘ , ï ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ 

ʥʘʙʣʶʜʘʪʝʣʷ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʨʝʘʣʴʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʠ ʦʮʝʥʢʦʡ ʥʘʙʣʶʜʘʪʝʣʷ, 

ʥʘʟʳʚʘʝʤʘʷ ʦʩʪʘʪʢʦʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ: 

Òὸ Ùὸ Ùὸ 

ʇʨʠ ʠʩʧʨʘʚʥʦʡ ʨʘʙʦʪʝ ʜʘʪʯʠʢʘ ʧʘʨʘʤʝʪʨ ὶὸ ʙʣʠʟʦʢ ʢ ʥʫʣʶ. ʇʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʟʥʘʯʝʥʠʝ ὶὸ ʚʳʭʦʜʠʪ ʟʘ ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʧʨʦʙʣʝʤʳ. 

ʌʠʣʴʪʨ ʂʘʣʤʘʥʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʢʫʨʩʠʚʥʳʤ ʦʮʝʥʱʠʢʦʤ ʜʣʷ 

ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʩ ʛʘʫʩʩʦʚʩʢʠʤ ʰʫʤʦʤ ʠ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʚʝʨʢʠ ʜʘʪʯʠʢʦʚ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʛʣʘʞʠʚʘʪʴ ʟʘʰʫʤʣʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ, 

ʥʦ ʠ ʦʙʥʘʨʫʞʠʚʘʪʴ ʘʥʦʤʘʣʠʠ. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʰʘʛʦʚ: 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʠ ʢʦʨʨʝʢʮʠʠ. 

ʇʨʝʜʩʢʘʟʘʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

Øȿ ! Ø ȿ " Õ  0ȿ ! 0 ȿ ! 1  

ʂʦʨʨʝʢʮʠʷ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

+ 0ȿ ( (0ȿ ( 2  Øȿ Øȿ + Ú (Øȿ  

0ȿ ) +( 0ȿ  

ɿʜʝʩʴ Ú ï ʨʝʘʣʴʥʦʝ ʠʟʤʝʨʝʥʠʝ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ Ὧ; 1 ʠ 2 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʢʦʚʘʨʠʘʮʠʦʥʥʳʝ ʤʘʪʨʠʮʳ ʰʫʤʦʚ ʧʨʦʮʝʩʩʘ ʠ ʠʟʤʝʨʝʥʠʡ. ʉʦʩʪʘʚʣʷʶʱʘʷ 

Ú (Øȿ  ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʘʥʦʤʘʣʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʜʘʪʯʠʢʘ. 
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ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʚʨʝʤʝʥʥʦ ʧʝʨʝʡʪʠ ʥʘ 

ʨʘʙʦʪʫ ʧʦ ʧʨʝʜʩʢʘʟʘʥʠʷʤ ʤʦʜʝʣʠ, ʠʩʢʣʶʯʠʚ ʥʝʠʩʧʨʘʚʥʳʡ ʜʘʪʯʠʢ ʠʟ ʢʦʥʪʫʨʘ 

ʫʧʨʘʚʣʝʥʠʷ, ʠ ʦʪʧʨʘʚʠʪʴ ʩʠʛʥʘʣ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʳʰʝ ʦʧʠʩʘʥʥʳʭ ʘʜʘʧʪʠʚʥʳʭ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʤʦʱʥʦʩʪʴ ʠ ʤʠʥʠʤʘʣʴʥʘʷ ʟʘʜʝʨʞʢʘ. ʇʝʨʝʜʘʯʘ ʚʩʝʭ ʜʘʥʥʳʭ ʦʪ ʜʘʪʯʠʢʦʚ ʚ 

ʦʙʣʘʢʦ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʧʦʣʫʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ ʦʙʨʘʪʥʦ ʩʦʟʜʘʝʪ 

ʟʘʜʝʨʞʢʫ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʢʨʠʪʠʯʥʦʡ ʜʣʷ ʙʳʩʪʨʦ ʠʟʤʝʥʷʶʱʠʭʩʷ ʧʨʦʮʝʩʩʦʚ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

edge-ʚʳʯʠʩʣʝʥʠʡ: 

1. ʋʨʦʚʝʥʴ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʘʪʯʠʢʠ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ 

ʤʝʭʘʥʠʟʤʳ, ʪʘʢʠʝ ʢʘʢ ʢʣʘʧʘʥʳ, ʚʝʥʪʠʣʷʪʦʨʳ, ʥʘʛʨʝʚʘʪʝʣʠ, ʥʘʩʦʩʳ ʠ ʪ.ʧ. 

2. ʋʨʦʚʝʥʴ ʧʝʨʠʬʝʨʠʠ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ edge-

ʢʦʥʪʨʦʣʣʝʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʙʣʠʟʢʦ ʢ ʦʙʲʝʢʪʫ. ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ ʚʳʧʦʣʥʷʶʪʩʷ 

ʚʩʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʚʳʯʠʩʣʝʥʠʷ: ʩʙʦʨ ʠ ʧʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʩ 

ʜʘʪʯʠʢʦʚ; ʨʘʙʦʪʘ ʘʣʛʦʨʠʪʤʦʚ ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʠ; ʨʘʙʦʪʘ ʘʣʛʦʨʠʪʤʦʚ 

ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ; ʧʨʠʥʷʪʠʝ ʫʧʨʘʚʣʷʶʱʠʭ ʨʝʰʝʥʠʡ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ. 

3. ʋʨʦʚʝʥʴ ʦʙʣʘʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʜʘʯ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʤʛʥʦʚʝʥʥʦʡ 

ʨʝʘʢʮʠʠ: ʜʦʣʛʦʩʨʦʯʥʦʝ ʭʨʘʥʝʥʠʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ; ʦʙʫʯʝʥʠʝ ʠ ʦʙʥʦʚʣʝʥʠʝ 

ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ; ʛʣʦʙʘʣʴʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʘʥʘʣʠʪʠʢʘ, ʘ 

ʪʘʢʞʝ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ HMI ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʥʘʩʪʨʦʡʢʠ ʩʠʩʪʝʤʳ. 

 

 
ʈʠʩ. 1 ï ʉʨʘʚʥʝʥʠʝ ʚʨʝʤʝʥʠ ʦʪʢʣʠʢʘ ʜʣʷ ʦʙʣʘʯʥʦʡ ʠ Edge-ʘʨʭʠʪʝʢʪʫʨʳ. 

 

ʀʟ ʛʨʘʬʠʢʘ ʥʘ ʨʠʩʫʥʢʝ 1 ʩʣʝʜʫʝʪ, ʯʪʦ ʟʘʜʝʨʞʢʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ edge-

ʚʳʯʠʩʣʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʤʠʣʣʠʩʝʢʫʥʜʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʦʙʣʘʯʥʦʡ 
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ʘʨʭʠʪʝʢʪʫʨʳ ʦʥʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʩʦʪʝʥ ʤʠʣʣʠʩʝʢʫʥʜ ʠ ʙʦʣʝʝ, ʯʪʦ ʥʝʜʦʧʫʩʪʠʤʦ 

ʜʣʷ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʊʘʢʘʷ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ. ɼʘʞʝ ʧʨʠ ʧʦʪʝʨʝ ʩʚʷʟʠ ʩ ʦʙʣʘʢʦʤ, edge-ʫʨʦʚʝʥʴ 

ʧʨʦʜʦʣʞʘʝʪ ʘʚʪʦʥʦʤʥʦ ʫʧʨʘʚʣʷʪʴ ʤʠʢʨʦʢʣʠʤʘʪʦʤ, ʠʩʧʦʣʴʟʫʷ ʧʦʩʣʝʜʥʠʝ 

ʘʢʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ. 

 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ. ʉʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʜʨʝʡʬ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 0.4 ÁC ʚ ʥʝʜʝʣʶ ʠ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ, ʧʦʜʜʝʨʞʠʚʘʷ ʦʰʠʙʢʫ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ Ñ0.2ÁC ʦʪ ʫʩʪʘʚʢʠ. ɸʣʛʦʨʠʪʤ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʇʀɼ-

ʨʝʛʫʣʷʪʦʨʘ ʧʦʟʚʦʣʠʣ ʩʦʢʨʘʪʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ 5-8 % ʟʘ ʩʯʝʪ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. 

ɺʥʝʜʨʝʥʠʝ edge-ʚʳʯʠʩʣʝʥʠʡ ʦʙʝʩʧʝʯʠʣʦ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʩʠʩʪʝʤʳ 

çʠʟʤʝʨʝʥʠʝ-ʚʦʟʜʝʡʩʪʚʠʝè ʥʘ ʫʨʦʚʥʝ ʜʝʩʷʪʢʦʚ ʤʠʣʣʠʩʝʢʫʥʜ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦ ʚ ʩʠʩʪʝʤʘʭ, ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʤʳʭ ʦʪ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʝʡʩʷ ʠ 

ʩʘʤʦʜʠʘʛʥʦʩʪʠʨʫʶʱʝʡʩʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʧʫʪʴ ʢ ʩʦʟʜʘʥʠʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʠ ʥʘʜʝʞʥʳʭ ʨʝʰʝʥʠʡ 

ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʂʦʤʙʠʥʘʮʠʷ ʘʜʘʧʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʤʝʪʦʜʦʚ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʚʝʨʢʠ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʥʘ ʙʘʟʝ edge-ʚʳʯʠʩʣʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʝ 

ʘʚʪʦʥʦʤʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ, ʤʠʥʠʤʠʟʠʨʫʷ ʯʝʣʦʚʝʯʝʩʢʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʠ 

ʦʧʝʨʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ.  
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ʀʉʂʋʉʉʊɺɽʅʅʓʁ ʀʅʊɽʃʃɽʂʊ ʂɸʂ ʂɸʊɸʃʀɿɸʊʆʈ ʀʅʅʆɺɸʎʀʁ 

ɺ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʀ 

ʃ.ɺ. ɿʳʢʦʚʘ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʦʣʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʢʘʢ ʢʣʶʯʝʚʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʬʝʨʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʇʨʦʚʝʜʸʥ 

ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʥʜʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʧʦʜʭʦʜʦʚ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʀʀ-

ʪʝʭʥʦʣʦʛʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʠʥʥʦʚʘʮʠʠ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʇʆ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʢʦʜʠʨʦʚʘʥʠʷ. 
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Annotation. The article examines the role of artificial intelligence as a key catalyst for 

innovative processes in the field of programming. It provides a comprehensive analysis of current 

technological trends that demonstrate the transformation of software development approaches 

under the influence of AI technologies. 

Keywords: artificial intelligence, programming, software development innovations, and 

coding automation. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ (ʀʀ) ʩʪʨʝʤʠʪʝʣʴʥʦ ʧʨʦʥʠʢʘʝʪ 

ʚ ʩʬʝʨʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʨʘʥʩʬʦʨʤʠʨʫʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʆʥ ʚʳʩʪʫʧʘʝʪ ʥʝ ʧʨʦʩʪʦ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʘ ʧʦʣʥʦʮʝʥʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʠʥʥʦʚʘʮʠʡ, 

ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʠʤ 
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ʢʣʶʯʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʀʀ ʥʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʪʨʝʥʜʳ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʀʀ ʨʘʜʠʢʘʣʴʥʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ: 

ʩʦʚʨʝʤʝʥʥʳʝ ʥʝʡʨʦʩʝʪʠ ʩʧʦʩʦʙʥʳ ʛʝʥʝʨʠʨʦʚʘʪʴ ʬʨʘʛʤʝʥʪʳ ʠ ʜʘʞʝ ʮʝʣʳʝ 

ʤʦʜʫʣʠ ʥʘ ʦʩʥʦʚʝ ʪʝʢʩʪʦʚʳʭ ʦʧʠʩʘʥʠʡ ʟʘʜʘʯʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʩʠʩʪʝʤʳ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʚ ʦʪʣʘʜʢʫ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ð ʦʥʠ ʚʳʷʚʣʷʶʪ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʰʠʙʢʠ ʠ ʫʷʟʚʠʤʦʩʪʠ ʙʳʩʪʨʝʝ ʠ ʪʦʯʥʝʝ ʯʝʣʦʚʝʢʘ. 

ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʝʬʘʢʪʦʨʠʥʛʘ: 

ʀʀ ʘʥʘʣʠʟʠʨʫʝʪ ʩʫʱʝʩʪʚʫʶʱʠʡ ʢʦʜ, ʧʨʝʜʣʘʛʘʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʫʥʠʬʠʮʠʨʫʷ 

ʩʪʠʣʴ. ʊʘʢʞʝ ʀʀ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʤʦʛʘʷ 

ʬʦʨʤʠʨʦʚʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʧʨʠʣʦʞʝʥʠʡ ʠ ʚʳʙʠʨʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʪʝʢʠ ʥʘ 

ʦʩʥʦʚʝ ʪʨʝʙʦʚʘʥʠʡ. 

ʅʘʢʦʥʝʮ, ʨʘʩʪʸʪ ʨʦʣʴ ʀʀ ʚ ʦʙʫʯʝʥʠʠ ʧʨʦʛʨʘʤʤʠʩʪʦʚ: ʠʥʪʝʨʘʢʪʠʚʥʳʝ 

ʘʩʩʠʩʪʝʥʪʳ ʦʙʲʷʩʥʷʶʪ ʩʣʦʞʥʳʝ ʢʦʥʮʝʧʮʠʠ, ʨʘʟʙʠʨʘʶʪ ʦʰʠʙʢʠ ʠ ʧʦʜʙʠʨʘʶʪ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʟʘʜʘʥʠʷ.  

 

ʂʣʶʯʝʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʥʜʳ 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʜʫʩʪʨʠʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʨʝʤʠʪʝʣʴʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʥʝʜʨʝʥʠʝʤ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʢʣʶʯʝʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʥʜʳ, 

ʬʦʨʤʠʨʫʶʱʠʝ ʙʫʜʫʱʝʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʢʦʜʠʨʦʚʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʨʘʙʦʯʝʛʦ 

ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʀʀ-ʘʩʩʠʩʪʝʥʪʳ ð GitHub Copilot, 

Tabnine, Codeium ð ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʧʝʯʘʪʣʷʶʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʆʥʠ ʥʝ 

ʧʨʦʩʪʦ ʧʨʝʜʣʘʛʘʶʪ ʩʠʥʪʘʢʩʠʯʝʩʢʠ ʢʦʨʨʝʢʪʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʥʦ ʠ ʫʯʠʪʳʚʘʶʪ 

ʢʦʥʪʝʢʩʪ ʧʨʦʝʢʪʘ, ʧʨʝʜʣʘʛʘʷ ʨʝʣʝʚʘʥʪʥʳʝ ʨʝʰʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɺʘʞʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʵʪʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ð ʧʦʜʜʝʨʞʢʘ ʙʦʣʝʝ 20 ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʦʪ ʧʦʧʫʣʷʨʥʳʭ (Python, JavaScript, Java) ʜʦ 

ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʩʪʠʣʶ ʢʦʜʠʨʦʚʘʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʨʘʟʨʘʙʦʪʯʠʢʘ, ʘʥʘʣʠʟʠʨʫʷ 

ʝʛʦ ʧʨʝʜʳʜʫʱʠʝ ʢʦʤʤʠʪʳ ʠ ʧʘʪʪʝʨʥʳ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ. 

ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʧʨʦʨʳʚʥʦʡ ʧʨʦʝʢʪ AlphaDev ʦʪ Google 

DeepMind. ʕʪʘ ʩʠʩʪʝʤʘ ʩʦʚʝʨʰʠʣʘ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʢʘʯʦʢ, ʩʦʟʜʘʚ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʩʦʨʪʠʨʦʚʢʠ ʥʘ ʘʩʩʝʤʙʣʝʨʝ, ʢʦʪʦʨʳʝ ʧʨʝʚʟʦʰʣʠ 

ʯʝʣʦʚʝʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʀʀ ʩʧʦʩʦʙʝʥ ʥʝ 

ʧʨʦʩʪʦ ʢʦʧʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ, ʥʦ ʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʦʚʳʝ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʢʣʘʩʩʠʯʝʩʢʠʤ ʟʘʜʘʯʘʤ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʨʝʬʘʢʪʦʨʠʥʛ ʚʳʭʦʜʠʪ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʙʣʘʛʦʜʘʨʷ 

ʚʦʟʤʦʞʥʦʩʪʷʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʀʀ-ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʠʨʫʶʪ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʟʘʜʘʯ: 

¶ ʚʳʷʚʣʝʥʠʝ ʠʟʙʳʪʦʯʥʳʭ ʠ ʜʫʙʣʠʨʫʶʱʠʭʩʷ ʢʦʥʩʪʨʫʢʮʠʡ; 

¶ ʫʧʨʦʱʝʥʠʝ ʩʣʦʞʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʙʝʟ ʧʦʪʝʨʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ; 

¶ ʧʨʠʚʝʜʝʥʠʝ ʢʦʜʘ ʢ ʝʜʠʥʦʤʫ ʩʪʠʣʶ ʩʦʛʣʘʩʥʦ ʚʳʙʨʘʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ; 
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¶ ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʫʩʪʨʘʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʷʟʚʠʤʦʩʪʝʡ ʥʘ ʵʪʘʧʝ 
ʥʘʧʠʩʘʥʠʷ. 

ʊʘʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʷʪ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʥʦ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʶʪ ʢʘʯʝʩʪʚʦ ʢʦʜʦʚʦʡ ʙʘʟʳ, ʩʥʠʞʘʷ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʠ 

ʫʣʫʯʰʘʷ ʯʠʪʘʝʤʦʩʪʴ. 

ʋʤʥʘʷ ʦʪʣʘʜʢʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʝʨʝʞʠʚʘʝʪ ʥʘʩʪʦʷʱʫʶ ʨʝʚʦʣʶʮʠʶ. 

ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ ʚʢʣʶʯʘʶʪ: 

¶ ʧʨʦʜʚʠʥʫʪʳʡ ʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʥʘ ʧʨʠʤʝʨʝ DeepCode ʠ 

SonarQube), ʚʳʷʚʣʷʶʱʠʡ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʝʱʸ ʜʦ ʟʘʧʫʩʢʘ 

ʢʦʜʘ; 

¶ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʛʝʥʝʨʘʮʠʶ ʪʝʩʪʦʚʳʭ ʩʮʝʥʘʨʠʝʚ, ʦʭʚʘʪʳʚʘʶʱʠʭ 

ʨʘʟʣʠʯʥʳʝ ʢʝʡʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; 

¶ ʧʨʦʛʥʦʟʥʫʶ ʘʥʘʣʠʪʠʢʫ, ʧʨʝʜʩʢʘʟʳʚʘʶʱʫʶ ʚʦʟʤʦʞʥʳʝ ʪʦʯʢʠ ʦʪʢʘʟʘ 
ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʧʘʪʪʝʨʥʦʚ ʦʰʠʙʦʢ. 

ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʧʦʠʩʢ ʠ 

ʠʩʧʨʘʚʣʝʥʠʝ ʦʰʠʙʦʢ, ʧʦʚʳʰʘʷ ʦʙʱʫʶ ʥʘʜʸʞʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʀʥʪʝʛʨʘʮʠʷ ʩ DevOps-ʧʨʘʢʪʠʢʘʤʠ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ.  

ʀʀ-ʨʝʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦ: 

¶ ʘʚʪʦʤʘʪʠʟʠʨʫʶʪ ʠ ʦʧʪʠʤʠʟʠʨʫʶʪ ʧʨʦʮʝʩʩʳ CI/CD, ʧʨʦʛʥʦʟʠʨʫʷ 
ʚʦʟʤʦʞʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘ ʵʪʘʧʘʭ ʩʙʦʨʢʠ ʠ ʨʘʟʚʸʨʪʳʚʘʥʠʷ; 

¶ ʦʩʫʱʝʩʪʚʣʷʶʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, 
ʚʳʷʚʣʷʷ ʘʥʦʤʘʣʠʠ ʠ ʫʟʢʠʝ ʤʝʩʪʘ; 

¶ ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʩʙʦʠ, ʧʦʟʚʦʣʷʷ ʧʨʠʥʠʤʘʪʴ 

ʧʨʝʚʝʥʪʠʚʥʳʝ ʤʝʨʳ; 

¶ ʦʧʪʠʤʠʟʠʨʫʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʯʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʙʘʣʘʥʩ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʟʘʪʨʘʪʘʤʠ. 

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʪʨʝʥʜʳ ʤʝʥʷʶʪ ʩʘʤʫ ʧʨʦʬʝʩʩʠʶ 

ʨʘʟʨʘʙʦʪʯʠʢʘ, ʩʤʝʱʘʷ ʬʦʢʫʩ ʩ ʨʫʪʠʥʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʢʨʝʘʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʩʧʨʠʷʪʠʷ ʀʀ-ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʨʝʜʠ ʩʪʫʜʝʥʪʦʚ ʠʥʞʝʥʝʨʥʳʭ 

ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʨʦʚʝʜʸʥ ʘʥʦʥʠʤʥʳʡ ʦʧʨʦʩ ʩʨʝʜʠ 140 

ʩʪʫʜʝʥʪʦʚ 2ï4 ʢʫʨʩʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ. ɺʳʙʦʨʢʘ ʚʢʣʶʯʘʣʘ 

ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

¶ ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ; 

¶ ʀʥʬʦʨʤʘʪʠʢʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ. 

ʎʝʣʴ ð ʠʟʫʯʠʪʴ ʧʨʘʢʪʠʢʫ ʧʨʠʤʝʥʝʥʠʷ ʀʀ-ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʫʯʝʙʥʦʡ ʠ 

ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʮʝʥʠʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʚʳʷʚʠʪʴ ʦʧʘʩʝʥʠʷ ʠ 

ʧʨʦʛʥʦʟʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʣʠ ʀʀ ʚ ʧʨʦʬʝʩʩʠʠ. 

ʉʙʦʨ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʯʝʨʝʟ ʦʥʣʘʡʥ-ʩʝʨʚʠʩ ʜʣʷ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ çʗʥʜʝʢʩ ʌʦʨʤʳè. ɸʥʢʝʪʘ ʚʢʣʶʯʘʣʘ 18 ʚʦʧʨʦʩʦʚ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʚ 
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ʯʝʪʳʨʝ ʙʣʦʢʘ: ʯʘʩʪʦʪʘ ʠ ʢʦʥʪʝʢʩʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ-ʠʥʩʪʨʫʤʝʥʪʦʚ; ʦʮʝʥʢʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʀʀ; ʦʧʘʩʝʥʠʷ ʠ ʵʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ; ʧʨʦʛʥʦʟʳ 

ʥʘ ʙʫʜʫʱʝʝ ʧʨʦʬʝʩʩʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ʚ ʨʘʙʦʪʫ ʩ ʀʀ. 

ɹʦʣʝʝ 80 % ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʨʝʛʫʣʷʨʥʦ ʠʣʠ ʵʧʠʟʦʜʠʯʝʩʢʠ: 

¶ ʨʝʛʫʣʷʨʥʦ (3+ ʨʘʟʘ ʚ ʥʝʜʝʣʶ) ð 48%  

¶ ʵʧʠʟʦʜʠʯʝʩʢʠ (1ï2 ʨʘʟʘ ʚ ʥʝʜʝʣʶ) ð 34%; 

¶ ʨʝʜʢʦ (ʨʝʞʝ ʨʘʟʘ ʚ ʤʝʩʷʮ) ð 14%; 

¶ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ð 4%. 

ʉʨʝʜʠ ʧʦʧʫʣʷʨʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʣʠʜʠʨʫʶʪ: 

¶ GitHub Copilot ð 71%; 

¶ ChatGPT (ʜʣʷ ʢʦʜʘ ʠ ʜʦʢʫʤʝʥʪʘʮʠʠ) ð 63%; 

¶ Tabnine ð 32%; 

¶ Codeium ð 24%; 

ʆʮʝʥʢʘ ʧʦʣʝʟʥʦʩʪʠ ʀʀ-ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦ 5-ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ ʚʳʷʚʠʣʘ 

ʩʣʝʜʫʶʱʠʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ: 

¶ ʫʩʢʦʨʝʥʠʝ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ ð 4,7; 

¶ ʧʦʤʦʱʴ ʚ ʠʟʫʯʝʥʠʠ ʥʦʚʳʭ ʷʟʳʢʦʚ/ʬʨʝʡʤʚʦʨʢʦʚ ð 4,3; 

¶ ʩʥʠʞʝʥʠʝ ʨʫʪʠʥʥʦʡ ʥʘʛʨʫʟʢʠ ð 4,6; 

¶ ʢʘʯʝʩʪʚʦ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʢʦʜʘ ð 3,2; 

¶ ʫʜʦʙʩʪʚʦ ʠʥʪʝʛʨʘʮʠʠ ʚ IDE ð 4,5. 

ʇʨʠ ʵʪʦʤ ʩʪʫʜʝʥʪʳ ʦʩʦʟʥʘʶʪ ʨʠʩʢʠ ʠ ʚʳʨʘʞʘʶʪ ʩʝʨʴʸʟʥʳʝ ʦʧʘʩʝʥʠʷ: 

¶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʀʀ, ʩʥʠʞʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʥʘʚʳʢʦʚ ð 73%; 

¶ ʨʠʩʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʦʧʪʠʤʘʣʴʥʦʛʦ ʠʣʠ ʦʰʠʙʦʯʥʦʛʦ ʢʦʜʘ ð 57%; 

¶ ʧʨʦʙʣʝʤʳ ʩ ʘʚʪʦʨʩʪʚʦʤ ʠ ʧʣʘʛʠʘʪʦʤ ð 43%; 

¶ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ (ʧʝʨʝʜʘʯʘ ʢʦʜʘ ʚ ʦʙʣʘʢʦ) ð 37%; 

¶ ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʪʨʦʣʷ ʥʘʜ ʣʦʛʠʢʦʡ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʢʦʜʘ ð 29%. 

ɺ ʚʦʧʨʦʩʝ ʠʥʪʝʛʨʘʮʠʠ ʀʀ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʙʦʣʴʰʠʥʩʪʚʦ ʚʳʩʪʫʧʘʝʪ ʟʘ 

ʘʢʪʠʚʥʦʝ ʚʢʣʶʯʝʥʠʝ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʧʨʦʛʨʘʤʤʫ: 

¶ ʩʣʝʜʫʝʪ ʚʚʝʩʪʠ ʦʙʷʟʘʪʝʣʴʥʳʡ ʢʫʨʩ ʧʦ ʨʘʙʦʪʝ ʩ ʀʀ-ʠʥʩʪʨʫʤʝʥʪʘʤʠ ð

 58%; 

¶ ʜʦʩʪʘʪʦʯʥʦ ʬʘʢʫʣʴʪʘʪʠʚʘ ð 31%; 

¶ ʥʝ ʥʫʞʥʦ ʚʢʣʶʯʘʪʴ ʚ ʧʨʦʛʨʘʤʤʫ ð 11%. 

ʇʨʦʛʥʦʟʳ ʥʘ ʙʫʜʫʱʝʝ ʧʨʦʬʝʩʩʠʠ (ʯʝʨʝʟ 5 ʣʝʪ) ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʪʘʢ: 

¶ ʀʀ ʩʪʘʥʝʪ ʦʙʷʟʘʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʨʘʟʨʘʙʦʪʯʠʢʘ ð 76%; 

¶ ʀʀ ʟʘʤʝʥʠʪ junior-ʨʘʟʨʘʙʦʪʯʠʢʦʚ ð 15%; 

¶ ʨʦʣʴ ʯʝʣʦʚʝʢʘ ʦʩʪʘʥʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʝʡ, ʀʀ ð ʧʦʤʦʱʥʠʢ ð 9%. 

ʂʘʯʝʩʪʚʝʥʥʳʝ ʦʪʚʝʪʳ ʩʪʫʜʝʥʪʦʚ ʜʦʧʦʣʥʷʶʪ ʢʘʨʪʠʥʫ. ʆʥʠ ʦʪʤʝʯʘʶʪ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʦʣʴʟʫ ʀʀ:  

çChatGPT ʵʢʦʥʦʤʠʪ ʯʘʩʳ ʥʘ ʰʘʙʣʦʥʥʳʝ ʟʘʜʘʯʠ, ʥʦ ʪʨʝʙʫʝʪ 

ʧʨʦʚʝʨʢʠè (ʩʪʫʜʝʥʪ 3 ʢʫʨʩʘ);  
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çʀʀ ʧʦʤʦʛʘʝʪ ʙʳʩʪʨʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʪʴ, ʥʦ ʘʨʭʠʪʝʢʪʫʨʘ ʚʩʸ ʨʘʚʥʦ ʟʘ 

ʯʝʣʦʚʝʢʦʤè (ʩʪʫʜʝʥʪ 4 ʢʫʨʩʘ).  

ʊʘʢʞʝ ʩʪʫʜʝʥʪʳ ʧʦʜʯʸʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʦʚʳʭ ʥʘʚʳʢʦʚ:  

çʅʫʞʥʦ ʫʯʠʪʴ ʥʝ ʪʦʣʴʢʦ ʩʠʥʪʘʢʩʠʩ, ʥʦ ʠ ʢʘʢ ʧʨʘʚʠʣʴʥʦ ʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʟʘʧʨʦʩʳè (ʩʪʫʜʝʥʪ 3 ʢʫʨʩʘ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʉʪʫʜʝʥʪʳ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ ʀʀ-ʠʥʩʪʨʫʤʝʥʪʳ, ʚʠʜʷ ʚ ʥʠʭ ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʩʨʝʜʩʪʚʦ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ ʠ ʦʩʚʦʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

2. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʦʮʝʥʢʫ ʧʦʣʝʟʥʦʩʪʠ, ʩʪʫʜʝʥʪʳ ʢʨʠʪʠʯʝʩʢʠ 

ʦʪʥʦʩʷʪʩʷ ʢ ʀʀ, ʦʩʦʟʥʘʚʘʷ ʨʠʩʢʠ ʟʘʚʠʩʠʤʦʩʪʠ, ʩʥʠʞʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ 

ʧʨʦʙʣʝʤ ʩ ʢʘʯʝʩʪʚʦʤ ʢʦʜʘ. 

3. ʉʫʱʝʩʪʚʫʝʪ ʷʚʥʳʡ ʟʘʧʨʦʩ ʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʶ ʟʥʘʥʠʡ: ʙʦʣʴʰʠʥʩʪʚʦ 

ʩʯʠʪʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ ʚʢʣʶʯʠʪʴ ʨʘʙʦʪʫ ʩ ʀʀ ʚ ʫʯʝʙʥʫʶ ʧʨʦʛʨʘʤʤʫ. 

4. ɺ ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʨʦʛʥʦʟʘʭ ʧʨʝʦʙʣʘʜʘʝʪ ʨʝʘʣʠʩʪʠʯʥʳʡ ʚʟʛʣʷʜ: ʀʀ 

ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʤʦʱʥʳʡ ʧʦʤʦʱʥʠʢ, ʘ ʥʝ ʧʦʣʥʘʷ ʟʘʤʝʥʘ ʨʘʟʨʘʙʦʪʯʠʢʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʀ ʨʘʜʠʢʘʣʴʥʦ ʤʝʥʷʝʪ ʣʘʥʜʰʘʬʪ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʦ ʥʝ ʟʘʤʝʥʷʝʪ 

ʯʝʣʦʚʝʢʘ. ɼʣʷ ʫʩʧʝʰʥʦʡ ʘʜʘʧʪʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʘʤ ʥʝʦʙʭʦʜʠʤʦ ʦʩʚʘʠʚʘʪʴ ʨʘʙʦʪʫ 

ʩ ʀʀ-ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʫʛʣʫʙʣʷʪʴ ʟʥʘʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʘʣʛʦʨʠʪʤʘʭ, ʨʘʟʚʠʚʘʪʴ 

ʢʨʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʢʦʜʘ, ʘ ʪʘʢʞʝ ʠʟʫʯʘʪʴ 

ʧʨʠʥʮʠʧʳ ʧʨʦʤʧʪ-ʠʥʞʠʥʠʨʠʥʛʘ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʀʀ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʫʜʝʥʪʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʚʦʩʧʨʠʥʠʤʘʝʪ ʀʀ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʳʡ ʵʣʝʤʝʥʪ ʧʨʦʬʝʩʩʠʠ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʦʩʦʟʥʘʸʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʥʘʚʳʢʘʤʠ. 

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʥʜʳ ʬʦʨʤʠʨʫʶʪ ʩʦʚʨʝʤʝʥʥʫʶ 

ʧʘʨʘʜʠʛʤʫ ʨʘʟʨʘʙʦʪʢʠ ʇʆ, ʛʜʝ ʀʀ ʚʳʩʪʫʧʘʝʪ ʥʝ ʧʨʦʩʪʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ, ʘ ʧʦʣʥʦʮʝʥʥʳʤ ʧʘʨʪʥʸʨʦʤ ʨʘʟʨʘʙʦʪʯʠʢʘ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ: 

¶ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʳʚʦʜʘ ʧʨʦʜʫʢʪʘ ʥʘ ʨʳʥʦʢ; 

¶ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʥʘʜʸʞʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ; 

¶ ʩʥʠʟʠʪʴ ʦʧʝʨʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʟʘ ʩʯʸʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʪʠʥʥʳʭ 
ʧʨʦʮʝʩʩʦʚ; 

¶ ʦʩʚʦʙʦʜʠʪʴ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʦʪ ʤʦʥʦʪʦʥʥʦʡ ʨʘʙʦʪʳ, ʧʦʟʚʦʣʷʷ 

ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʪʚʦʨʯʝʩʢʠʭ ʟʘʜʘʯʘʭ. 

ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʤʳ ʥʘʙʣʶʜʘʝʤ ʧʦʩʪʝʧʝʥʥʦʝ ʩʤʝʱʝʥʠʝ 

ʘʢʮʝʥʪʦʚ: ʦʪ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ çʚʨʫʯʥʫʶè ʢ ʫʧʨʘʚʣʝʥʠʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʛʝʥʝʨʠʨʫʶʱʠʤʠ ʠ ʦʧʪʠʤʠʟʠʨʫʶʱʠʤʠ ʢʦʜ. 

ɹʫʜʫʱʝʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ð ʚ ʩʠʤʙʠʦʟʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 

ʤʘʰʠʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʊʝ, ʢʪʦ ʥʘʫʯʠʪʩʷ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ 

ʪʘʥʜʝʤ, ʧʦʣʫʯʘʪ ʨʝʰʘʶʱʝʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʨʝʜʝ. 
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ʋɼʂ 004.9 

ʈɸɿʈɸɹʆʊʂɸ ʂʃʀɽʅʊ - ʉɽʈɺɽʈʅʆʁ ʉʀʉʊɽʄʓ ʆɹʃɸʏʅʆɻʆ 

ʍʈɸʅɽʅʀʗ ʌɸʁʃʆɺ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ASP.NET CORE ʀ WPF 

ʀ. ʖ. ʂʥʳʰʦʚ, ɼ. ʀ. ʄʠʭʘʣʝʚ, ɼ. ʅ. ʐʝʚʯʝʥʢʦ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʩʠʩʪʝʤʳ ʦʙʣʘʯʥʦʛʦ 

ʭʨʘʥʝʥʠʷ ʬʘʡʣʦʚ ʥʘ ʦʩʥʦʚʝ ASP.NET Core ʠ WPF. ʇʨʝʜʣʦʞʝʥʳ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ 

ʠʥʬʦʣʦʛʠʯʝʩʢʘʷ ʠ ʜʘʪʘʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʦʨʤʘʣʠʟʘʮʠʶ ʭʨʘʥʝʥʠʷ ʠ 
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ʜʝʜʫʧʣʠʢʘʮʠʶ ʜʘʥʥʳʭ. ʆʧʠʩʘʥ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʫʧʨʘʚʣʝʥʠʷ ʜʠʩʢʦʚʳʤʠ ʢʚʦʪʘʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʤʝʭʘʥʠʟʤ ʪʨʘʥʟʘʢʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʨʠʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. ʇʨʦʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʭʝʰ-ʬʫʥʢʮʠʠ Blake3, 

ʧʦʢʘʟʘʚʰʠʝ ʫʩʢʦʨʝʥʠʝ ʜʦ 3,8 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ SHA-256. ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʨʝʰʝʥʠʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʝ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʨʝʜʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʣʘʯʥʦʝ ʭʨʘʥʠʣʠʱʝ, ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ASP.NET Core, 

WPF, ʭʝʰʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ, Entity Framework Core. 
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ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʨʦʩʪʦʤ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʷʭ ʜʣʷ ʠʭ ʭʨʘʥʝʥʠʷ ʠ ʦʙʤʝʥʘ. ʆʙʣʘʯʥʳʝ ʭʨʘʥʠʣʠʱʘ 

ʬʘʡʣʦʚ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʩ ʣʶʙʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ, ʦʙʝʩʧʝʯʠʚʘʷ ʛʠʙʢʦʩʪʴ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ 

ʣʦʢʘʣʴʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. 

ʆʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ï ʵʪʦ ʫʜʦʙʥʘʷ ʩʨʝʜʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʬʘʡʣʦʚ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʚ ʩʝʙʝ ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʢʘʥʘʣʳ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʪʝʭʥʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʈʘʙʦʪʘ ʚ 

ʦʙʣʘʯʥʳʭ ʭʨʘʥʠʣʠʱʘʭ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʦʚ ʠ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʡ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʚʷʟʢʠ ʢ ʘʧʧʘʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʝ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ 

ʨʘʩʧʦʣʦʞʝʥʠʶ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ʂʣʠʝʥʪ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ 

ʩ ʦʙʣʘʯʥʳʤʠ ʩʝʨʚʠʩʘʤʠ ʩ ʣʶʙʦʡ ʪʦʯʢʠ ʧʣʘʥʝʪʳ ʠ ʩ ʣʶʙʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʠʤʝʶʱʝʛʦ ʜʦʩʪʫʧ ʚ ʠʥʪʝʨʥʝʪ ʠ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʷʶʱʠʝʩʷ 

ʙʠʟʥʝʩ-ʟʘʜʘʯʠ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʨʳʥʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ 

ʧʦʜʭʦʜ ʢ ʭʨʘʥʝʥʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʬʘʡʣʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʮʝʩʩʳ ʭʨʘʥʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʬʘʡʣʘʤʠ ʚ 

ʦʙʣʘʯʥʳʭ ʩʠʩʪʝʤʘʭ.  
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ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʭʨʘʥʝʥʠʝ ʬʘʡʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʠʝʥʪ-

ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ.  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ, ʩʦʯʝʪʘʶʱʝʡ ʧʨʦʩʪʦʪʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʩʪʫʱʠʤ ʩʧʨʦʩʦʤ ʥʘ ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ ʚ 

ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʠʟʘʮʠʠ.  

 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʦʙʣʘʯʥʳʝ ʭʨʘʥʠʣʠʱʘ (ʥʘʧʨʠʤʝʨ, Google Drive, Dropbox) 

ʧʨʝʜʣʘʛʘʶʪ ʥʘʜʝʞʥʳʝ ʨʝʰʝʥʠʷ, ʥʦ ʯʘʩʪʦ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʠ ʥʝ 

ʚʩʝʛʜʘ ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʥʫʞʜ, ʪʘʢʠʭ ʢʘʢ ʠʥʪʝʛʨʘʮʠʷ ʩ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ 

ʤʘʣʳʡ ʠ ʩʨʝʜʥʠʡ ʙʠʟʥʝʩ, ʘ ʪʘʢʞʝ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ, ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʦʪʢʨʳʪʳʡ 

ʠʩʭʦʜʥʳʡ ʢʦʜ. 

ɿʘʜʘʯʘ: ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʭʨʘʥʝʥʠʷ ʬʘʡʣʦʚ ʥʘ ʫʜʘʣʝʥʥʦʤ 

ʩʝʨʚʝʨʝ ʩ ʜʦʩʪʫʧʦʤ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ. ʂʣʶʯʝʚʳʝ ʬʫʥʢʮʠʠ ʚʢʣʶʯʘʶʪ ʚʝʜʝʥʠʝ ʙʘʟʳ 

ʜʘʥʥʳʭ, ʟʘʛʨʫʟʢʫ ʠ ʩʢʘʯʠʚʘʥʠʝ ʬʘʡʣʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʚʳʚʦʜ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʬʘʡʣʘʭ, ʘ ʪʘʢʞʝ ʧʦʠʩʢ. 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʝʪ ʩʦʟʜʘʥʠʝ ʠʥʬʦʣʦʛʠʯʝʩʢʦʡ ʠ 

ʜʘʪʘʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʀʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʨʠʩ. 1) ʦʧʠʩʳʚʘʝʪ ʣʦʛʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ: 

ʩʫʱʥʦʩʪʠ çʇʦʣʴʟʦʚʘʪʝʣʴè, çʌʘʡʣè, çʀʥʬʦʨʤʘʮʠʷ ʦ ʬʘʡʣʝè ʠ ʠʭ ʩʚʷʟʠ, 

ʥʘʧʨʠʤʝʨ, çʇʦʣʴʟʦʚʘʪʝʣʴ ʚʣʘʜʝʝʪ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʬʘʡʣʝè ʩʦ ʩʚʷʟʴʶ ʦʜʠʥ ʢʦ 

ʤʥʦʛʠʤ. 

 

 
ʈʠʩ. 1 ï ʀʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʩʢʣʶʯʘʝʪ ʜʫʙʣʠʨʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʬʘʡʣʦʚ: ʦʜʠʥ ʠ ʪʦʪ 

ʞʝ ʬʘʡʣ ʤʦʞʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʥʝʩʢʦʣʴʢʠʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ, ʥʦ ʭʨʘʥʠʪʩʷ ʥʘ ʜʠʩʢʝ 

ʪʦʣʴʢʦ ʚ ʝʜʠʥʩʪʚʝʥʥʦʤ ʵʢʟʝʤʧʣʷʨʝ. 

ɼʘʪʘʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʨʠʩ. 2) ʦʧʠʩʳʚʘʝʪ ʨʝʣʷʮʠʦʥʥʫʶ ʩʭʝʤʫ ʚ MariaDB. 

ʉʚʷʟʠ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʚʥʝʰʥʠʤʠ ʢʣʶʯʘʤʠ, ʩ ʥʦʨʤʘʣʠʟʘʮʠʝʡ ʜʦ 3-ʡ 

ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʳ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʠʟʙʳʪʦʯʥʦʩʪʠ. 
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ʈʠʩ. 2 ï ɼʘʪʘʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ɹʣʘʛʦʜʘʨʷ ʨʘʟʜʝʣʝʥʠʶ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʡʣʘ (Files) ʠ ʝʛʦ ʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫ ʧʦʣʴʟʦʚʘʪʝʣʷ (FileInfos) ʜʦʩʪʠʛʘʝʪʩʷ ʵʢʦʥʦʤʠʷ ʤʝʩʪʘ ʠ ʟʘʱʠʪʘ 

ʦʪ ʩʣʫʯʘʡʥʦʛʦ ʫʜʘʣʝʥʠʷ ʬʘʡʣʘ, ʧʦʢʘ ʥʘ ʥʝʛʦ ʝʩʪʴ ʭʦʪʷ ʙʳ ʦʜʥʘ ʩʩʳʣʢʘ. 

 

ʄʦʜʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʜʠʩʢʦʚʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ. 

ʉʚʦʙʦʜʥʦʝ ʬʠʟʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʩʝʨʚʝʨʝ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

Ὂ Ὕ Ὑ Ὗ ȟ 

ʛʜʝ Ui ï ʧʨʦʩʪʨʘʥʩʪʚʦ, ʟʘʥʷʪʦʝ i-ʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, R ï ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, T ï ʚʩʸ ʜʦʩʪʫʧʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

 

ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʝ ʭʝʰʠʨʦʚʘʥʠʝ ʠ ʜʝʜʫʧʣʠʢʘʮʠʷ 

ʋʥʠʢʘʣʴʥʦʩʪʴ ʬʘʡʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ Blake3: 

 

Ὄ ὄὰὥὯὩσὄȟ 
 

ʛʜʝ H ï ʭʝʰ-ʩʫʤʤʘ ʬʘʡʣʘ, B ï ʤʘʩʩʠʚ ʙʘʡʪʦʚ ʬʘʡʣʘ. 

ʉʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʩʦʩʪʘʚʣʷʝʪ O(n), ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ 

ʢʨʠʧʪʦʩʪʦʡʢʦʩʪʴ. ʉʢʦʨʦʩʪʴ ʭʝʰʠʨʦʚʘʥʠʷ ʚ 3-5 ʨʘʟ ʚʳʰʝ SHA-256 ʧʨʠ ʪʝʭ ʞʝ 

ʨʘʟʤʝʨʘʭ ʭʝʰʘ. 

ɽʩʣʠ ʬʘʡʣ ʩ ʪʘʢʠʤ ʭʝʰʝʤ ʫʞʝ ʩʫʱʝʩʪʚʫʝʪ, ʩʦʟʜʘʸʪʩʷ ʪʦʣʴʢʦ ʥʦʚʘʷ ʟʘʧʠʩʴ ʚ 

FileInfos, ʘ ʬʠʟʠʯʝʩʢʠ ʬʘʡʣ ʥʝ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʚʪʦʨʥʦ (ʤʝʭʘʥʠʟʤ ʜʝʜʫʧʣʠʢʘʮʠʠ). 

ɼʣʷ ʧʘʨʦʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ SHA-256: 

 

Ὄ ὛὌὃςυφὟὝὊψὖ ȟ 
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ʛʜʝ Hp ï ʭʝʰʠʨʦʚʘʥʥʳʡ ʧʘʨʦʣʴ, P ï ʠʩʭʦʜʥʳʡ ʧʘʨʦʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʣʛʦʨʠʪʤʦʚ ʭʝʰʠʨʦʚʘʥʠʷ BLAKE3 ʠ SHA-256 

ɺʳʙʦʨ ʘʣʛʦʨʠʪʤʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʭʝʰʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʘʢ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ, 

ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʤʝʭʘʥʠʟʤʘ ʜʝʜʫʧʣʠʢʘʮʠʠ, ʛʜʝ ʭʝʰ-ʬʫʥʢʮʠʷ ʚʳʟʳʚʘʝʪʩʷ 

ʜʣʷ ʢʘʞʜʦʛʦ ʟʘʛʨʫʞʘʝʤʦʛʦ ʬʘʡʣʘ. 

SHA-256 ï ʵʪʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʠ ʧʨʦʚʝʨʝʥʥʳʡ ʚʨʝʤʝʥʝʤ 

ʘʣʛʦʨʠʪʤ ʠʟ ʩʝʤʝʡʩʪʚʘ SHA-2. ɽʛʦ ʦʩʥʦʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ 

ʢʨʠʧʪʦʩʪʦʡʢʦʩʪʴ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ. ʆʜʥʘʢʦ, ʙʫʜʫʯʠ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʚ ʵʧʦʭʫ, 

ʢʦʛʜʘ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʴ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʚʝʢʪʦʨʥʳʝ ʠʥʩʪʨʫʢʮʠʠ ʧʨʦʮʝʩʩʦʨʦʚ 

(ʪʘʢʠʝ ʢʘʢ SSE, AVX) ʥʝ ʙʳʣʠ ʩʪʦʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ, SHA-256 ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ 

ʜʘʥʥʳʭ. ɸʣʛʦʨʠʪʤ ʠʤʝʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ. 

BLAKE3 ï ʵʪʦ ʩʦʚʨʝʤʝʥʥʘʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʭʝʰ-ʬʫʥʢʮʠʷ, ʷʚʣʷʶʱʘʷʩʷ 

ʵʚʦʣʶʮʠʝʡ ʘʣʛʦʨʠʪʤʘ BLAKE2. ɽʝ ʢʣʶʯʝʚʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ: 

ɺʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ: BLAKE3 ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʜʣʷ ʧʦʣʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ. ʆʥ ʧʦʩʪʨʦʝʥ ʥʘ 

ʦʩʥʦʚʝ ʜʝʨʝʚʘ ʄʝʨʢʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʪʴ 

ʚʳʯʠʩʣʝʥʠʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʷʜʨʘʭ CPU. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʚ ʩʢʦʨʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

ɼʣʷ ʟʘʜʘʯ ʦʙʣʘʯʥʦʛʦ ʭʨʘʥʠʣʠʱʘ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʯʘʩʪʦʝ ʚʳʯʠʩʣʝʥʠʝ 

ʭʝʰʝʡ ʜʣʷ ʬʘʡʣʦʚ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ BLAKE3 ʷʚʣʷʝʪʩʷ 

ʨʝʰʘʶʱʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʥʘʰʠ ʵʢʩʧʝʨʠʤʝʥʪʳ (ʩʤ. ʊʘʙʣʠʮʫ 1), 

ʦʥ ʚ ʩʨʝʜʥʝʤ ʚ 3ï4 ʨʘʟʘ ʙʳʩʪʨʝʝ SHA-256, ʯʪʦ ʥʘʧʨʷʤʫʶ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ 

ʟʘʛʨʫʟʢʠ ʬʘʡʣʦʚ ʠ ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʧʨʦʮʝʩʩʦʨ ʩʝʨʚʝʨʘ. 

ɺ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʝ BLAKE3 ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ 

ʜʝʜʫʧʣʠʢʘʮʠʠ ʬʘʡʣʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ SHA-256, ʩ ʝʛʦ ʩʚʦʡʩʪʚʦʤ ʥʘʤʝʨʝʥʥʦ 

ʟʘʤʝʜʣʝʥʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ (ʦʪʥʦʩʠʪʝʣʴʥʦ BLAKE3), ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʭʝʰʠʨʦʚʘʥʠʷ ʧʘʨʦʣʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠʥʷʪʦʡ ʧʨʘʢʪʠʢʦʡ 

ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʣʦʞʥʦʩʪʠ ʧʦʜʙʦʨʘ ʧʨʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʫʪʝʯʢʝ ʭʝʰʝʡ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʭʝʰʠʨʦʚʘʥʠʷ Blake3 ʠ SHA-256 

ʈʘʟʤʝʨ ʬʘʡʣʘ Blake3, ʤʩ SHA-256, ʤʩ ʋʩʢʦʨʝʥʠʝ 

1 ʄɹ 1,8 5,2 Ĭ2,9 

10 ʄɹ 12 42 Ĭ3,5 

100 ʄɹ 108 398 Ĭ3,7 

1 ɻɹ 1020 3920 Ĭ3,8 
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ʊʨʘʥʟʘʢʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʦʧʝʨʘʮʠʡ 

ʂʨʠʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ (ʟʘʛʨʫʟʢʘ, ʫʜʘʣʝʥʠʝ, ʧʝʨʝʠʤʝʥʦʚʘʥʠʝ) ʚʳʧʦʣʥʷʶʪʩʷ 

ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʪʨʘʥʟʘʢʮʠʠ ɹɼ. ʇʨʠ ʫʜʘʣʝʥʠʠ ʬʘʡʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʫʭʵʪʘʧʥʘʷ 

ʧʨʦʚʝʨʢʘ: 

1. ʋʜʘʣʷʝʪʩʷ ʟʘʧʠʩʴ ʚ FileInfos. 

2. ɽʩʣʠ ʥʘ ʟʘʧʠʩʴ ʚ Files ʙʦʣʴʰʝ ʥʝʪ ʩʩʳʣʦʢ ï ʬʠʟʠʯʝʩʢʠʡ ʬʘʡʣ ʫʜʘʣʷʝʪʩʷ ʩ 

ʜʠʩʢʘ. 

ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʦʪʩʫʪʩʪʚʠʝ çʦʩʠʨʦʪʝʚʰʠʭè ʬʘʡʣʦʚ ʠ ʢʦʨʨʝʢʪʥʦʝ 

ʦʩʚʦʙʦʞʜʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʯʠʩʣʝʥʥʳʝ 

ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ: 

- ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʜʘʥʥʳʭ, 

- ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

- ʟʘʱʠʪʫ ʦʪ ʜʫʙʣʠʨʦʚʘʥʠʷ ʬʘʡʣʦʚ, 

- ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʙʨʘʱʝʥʠʷʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʬʦʨʤʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʥʘʜʸʞʥʫʶ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʫʶ ʩʠʩʪʝʤʫ ʦʙʣʘʯʥʦʛʦ ʭʨʘʥʝʥʠʷ, ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʤʧʣʝʢʩʘʤ. 

 

ɸʨʭʠʪʝʢʪʫʨʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ 

ʉʠʩʪʝʤʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʝ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʛʜʝ 

ʩʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʦʪʚʝʯʘʝʪ ʟʘ ʦʙʨʘʙʦʪʢʫ ʟʘʧʨʦʩʦʚ, ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʢʣʠʝʥʪʩʢʘʷ ï ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʳ ʚʢʣʶʯʘʝʪ ʤʦʜʫʣʠ ʜʣʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ 

ʬʘʡʣʘʤʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʨʝʩʫʨʩʦʚ. ʉʝʨʚʝʨʥʘʷ ʯʘʩʪʴ ʨʘʟʨʘʙʦʪʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʨʝʡʤʚʦʨʢʘ ASP.NET Core, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʧʦʜʜʝʨʞʢʫ ʘʩʠʥʭʨʦʥʥʳʭ ʦʧʝʨʘʮʠʡ. ɼʣʷ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʦʪʦʢʦʣʳ WebSocket, ʧʦʟʚʦʣʷʶʱʠʝ ʤʛʥʦʚʝʥʥʦ 

ʦʙʥʦʚʣʷʪʴ ʜʘʥʥʳʝ, ʪʘʢʠʝ ʢʘʢ ʧʨʦʛʨʝʩʩ ʟʘʛʨʫʟʢʠ ʬʘʡʣʦʚ, ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ 

ʧʦʩʪʦʷʥʥʳʭ ʦʧʨʦʩʘʭ ʩʝʨʚʝʨʘ. REST API ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʪʘʥʜʘʨʪʥʳʭ 

ʦʧʝʨʘʮʠʡ, ʚʢʣʶʯʘʷ CRUD (ʩʦʟʜʘʥʠʝ, ʯʪʝʥʠʝ, ʦʙʥʦʚʣʝʥʠʝ, ʫʜʘʣʝʥʠʝ) ʥʘʜ 

ʩʫʱʥʦʩʪʷʤʠ ʩʠʩʪʝʤʳ. 

ɹʘʟʘ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥʘ ʥʘ ʨʝʣʷʮʠʦʥʥʦʡ ʉʋɹɼ MariaDB, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ʯʝʨʝʟ ʦʙʲʝʢʪʥʦ-ʨʝʣʷʮʠʦʥʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ (ORM), ʯʪʦ ʫʧʨʦʱʘʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʘʥʥʳʤʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʤʠʛʨʘʮʠʷʤʠ ʩʭʝʤʳ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʧʠʩʘʥʥʳʝ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʨʘʟʜʝʣʝ, ʨʝʘʣʠʟʫʶʪʩʷ ʟʜʝʩʴ: ʠʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʷʝʪ ʣʦʛʠʯʝʩʢʠʝ 

ʩʚʷʟʠ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ (ʧʦʣʴʟʦʚʘʪʝʣʠ, ʬʘʡʣʳ, ʤʝʪʘʜʘʥʥʳʝ), ʘ ʜʘʪʘʣʦʛʠʯʝʩʢʘʷ 

ï ʠʭ ʬʠʟʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʪʘʙʣʠʮʘʭ. ʅʘʧʨʠʤʝʨ, ʫʧʨʘʚʣʝʥʠʝ ʜʠʩʢʦʚʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʚʢʣʶʯʘʝʪ ʯʠʩʣʝʥʥʳʝ ʧʨʦʚʝʨʢʠ ʩʚʦʙʦʜʥʦʛʦ ʤʝʩʪʘ ʧʝʨʝʜ 

ʨʝʛʠʩʪʨʘʮʠʝʡ ʠʣʠ ʟʘʛʨʫʟʢʦʡ ʬʘʡʣʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʫʨʘʚʥʝʥʠʷʭ ʙʘʣʘʥʩʘ 

ʨʝʩʫʨʩʦʚ, ʩ ʫʯʝʪʦʤ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʦʛʦ ʦʙʲʝʤʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʛʨʫʟʢʠ. 

ʂʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʩʦʟʜʘʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ WPF, 

ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʡ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʩ ʧʦʜʜʝʨʞʢʦʡ ʧʝʨʝʪʘʩʢʠʚʘʥʠʷ 
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ʬʘʡʣʦʚ (drag-and-drop) ʠ ʦʢʦʥ ʧʨʦʛʨʝʩʩʘ ʦʧʝʨʘʮʠʡ. ɸʣʛʦʨʠʪʤ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʢʣʶʯʘʝʪ: ʚʚʦʜ ʫʯʝʪʥʳʭ ʜʘʥʥʳʭ, ʭʝʰʠʨʦʚʘʥʠʝ ʧʘʨʦʣʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ SHA-256 ʜʣʷ ʟʘʱʠʪʳ ʦʪ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʦʪʧʨʘʚʢʫ ʘʩʠʥʭʨʦʥʥʦʛʦ ʟʘʧʨʦʩʘ ʥʘ ʩʝʨʚʝʨ ʠ, ʚ 

ʩʣʫʯʘʝ ʫʩʧʝʭʘ, ʟʘʛʨʫʟʢʫ ʩʧʠʩʢʘ ʬʘʡʣʦʚ ʩ ʦʙʥʦʚʣʝʥʠʝʤ ʠʥʜʠʢʘʪʦʨʘ ʟʘʧʦʣʥʝʥʠʷ 

ʭʨʘʥʠʣʠʱʘ. ʆʙʨʘʙʦʪʢʘ ʬʘʡʣʦʚ ʦʭʚʘʪʳʚʘʝʪ ʟʘʛʨʫʟʢʫ ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʧʨʦʛʨʝʩʩʘ, 

ʩʢʘʯʠʚʘʥʠʝ ʩ ʚʳʙʦʨʦʤ ʣʦʢʘʣʴʥʦʛʦ ʧʫʪʠ, ʧʝʨʝʠʤʝʥʦʚʘʥʠʝ ʩ ʧʨʦʚʝʨʢʦʡ 

ʫʥʠʢʘʣʴʥʦʩʪʠ ʠʤʝʥʠ ʚ ʢʦʥʪʝʢʩʪʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʫʜʘʣʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʨʘʥʟʘʢʮʠʡ ʜʣʷ ʘʪʦʤʘʨʥʦʩʪʠ ʦʧʝʨʘʮʠʡ ï ʵʪʦ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʬʘʡʣ ʫʜʘʣʷʝʪʩʷ ʩ 

ʜʠʩʢʘ ʪʦʣʴʢʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʩʳʣʦʢ ʦʪ ʜʨʫʛʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʤʠʥʠʤʠʟʠʨʫʷ 

ʨʠʩʢʠ ʧʦʪʝʨʠ ʜʘʥʥʳʭ. 

ɺʝʨʠʬʠʢʘʮʠʷ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʝ ʨʝʘʣʠʟʦʚʘʥʘ ʯʝʨʝʟ SMTP-ʧʨʦʪʦʢʦʣ: 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʚʨʝʤʝʥʥʳʡ ʢʦʜ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʩʨʦʢʦʤ ʜʝʡʩʪʚʠʷ, ʦʪʧʨʘʚʣʷʝʤʳʡ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʘʨʦʣʷ. ʕʪʦ 

ʜʦʙʘʚʣʷʝʪ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʨʝʤʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʠ 

ʩʣʫʯʘʡʥʦʡ ʛʝʥʝʨʘʮʠʠ ʢʦʜʦʚ. ʀʥʪʝʛʨʘʮʠʷ ʩ ʩʠʩʪʝʤʘʤʠ ʥʝʧʨʝʨʳʚʥʦʡ ʠʥʪʝʛʨʘʮʠʠ 

ʠ ʜʦʩʪʘʚʢʠ (CI/CD) ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩʳ ʩʙʦʨʢʠ, ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ, ʧʦʚʳʰʘʷ ʥʘʜʝʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ. ʉʙʦʨ ʤʝʪʨʠʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ Prometheus, ʵʢʩʧʦʨʪʠʨʫʶʱʝʛʦ ʜʘʥʥʳʝ ʯʝʨʝʟ 

ʩʧʝʮʠʘʣʴʥʳʡ ʵʥʜʧʦʠʥʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʦʥʠʪʦʨʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ 

ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʘʷ ʩʠʩʪʝʤʘ ʦʙʣʘʯʥʦʛʦ ʭʨʘʥʝʥʠʷ ʬʘʡʣʦʚ, 

ʨʝʘʣʠʟʫʶʱʘʷ ʩʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʫʜʦʙʩʪʚʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʉʠʩʪʝʤʘ ʧʦʩʪʨʦʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʢʪʫʘʣʴʥʦʛʦ ʩʪʝʢʘ 

ʪʝʭʥʦʣʦʛʠʡ.  

ʂʣʶʯʝʚʳʝ ʥʘʫʯʥʳʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ: 

1. ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʬʦʨʤʘʣʠʟʦʚʘʥʳ ʠʥʬʦʣʦʛʠʯʝʩʢʘʷ ʠ ʜʘʪʘʣʦʛʠʯʝʩʢʘʷ 

ʤʦʜʝʣʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʨʝʪʴʶ ʥʦʨʤʘʣʴʥʫʶ ʬʦʨʤʫ ʠ 

ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʠʩʢʦʚʳʤʠ ʢʚʦʪʘʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

2. ʇʨʝʜʣʦʞʝʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʯʠʩʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʢʦʥʪʨʦʣʷ ʜʠʩʢʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʫʯʸʪʦʤ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʠ ʜʝʜʫʧʣʠʢʘʮʠʠ ʬʘʡʣʦʚ ʥʘ ʦʩʥʦʚʝ ʭʝʰ-

ʬʫʥʢʮʠʠ Blake3, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʠʟʙʳʪʦʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ 

ʧʘʤʷʪʠ. 

3. ʈʝʘʣʠʟʦʚʘʥʘ ʙʝʟʦʧʘʩʥʘʷ ʩʭʝʤʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʨʘʟʦʚʳʭ ʢʦʜʦʚ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʝ ʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʭʝʰʠʨʦʚʘʥʠʷ ʧʘʨʦʣʝʡ 

4. ʆʙʝʩʧʝʯʝʥʘ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʘʷ ʟʘʛʨʫʟʢʘ, ʩʢʘʯʠʚʘʥʠʝ, ʧʝʨʝʠʤʝʥʦʚʘʥʠʝ ʠ 

ʫʜʘʣʝʥʠʝ ʬʘʡʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʘʥʟʘʢʮʠʡ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʘʩʠʥʭʨʦʥʥʳʭ 

ʧʦʪʦʢʦʚʳʭ ʦʧʝʨʘʮʠʡ. 

5. ɺʥʝʜʨʝʥʘ ʩʠʩʪʝʤʘ ʩʙʦʨʘ ʠ ʵʢʩʧʦʨʪʘ ʪʝʣʝʤʝʪʨʠʠ. 
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ʇʨʦʚʝʜʸʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦ ʢʦʨʨʝʢʪʥʦʩʪʴ ʨʘʙʦʪʳ ʚʩʝʭ 

ʤʦʜʫʣʝʡ, ʦʪʩʫʪʩʪʚʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʠ ʧʨʠʝʤʣʝʤʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʨʠ 

ʥʘʛʨʫʟʢʝ ʜʦ 100 ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʪʝʩʪʦʚʦʤ ʦʢʨʫʞʝʥʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʤʘʣʦʤ ʠ ʩʨʝʜʥʝʤ ʙʠʟʥʝʩʝ, ʘ ʪʘʢʞʝ ʢʘʢ ʙʘʟʦʚʘʷ 

ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʦʙʣʘʯʥʳʭ ʨʝʰʝʥʠʡ. 
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ʈɸɿʈɸɹʆʊʂɸ ʀ ʈɽɸʃʀɿɸʎʀʗ ɹɸɿʓ ɼɸʅʅʓʍ çɺʅɽʋʏɽɹʅɸʗ 

ɼɽʗʊɽʃʔʅʆʉʊʔ ʉʊʋɼɽʅʊʆɺè 

ʀ. ʖ. ʂʥʳʰʦʚ, ɼ. ɻ. ʍʨʫʩʪʘʣʝʚ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʫʯʝʪʘ ʚʥʝʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʦʯʝʥʴ ʚʘʞʥʘ ʜʣʷ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʧʝʨʩʦʥʘʣ ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʡ, ʧʦʤʦʛʘʝʪ ʚ ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʩʪʠʤʫʣʠʨʫʝʪ 

ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɹʘʟʘ ʜʘʥʥʳʭ, ʚʥʝʫʯʝʙʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʤʦʜʝʣʠ ʜʘʥʥʳʭ, ʫʯʝʪ 

ʧʦʩʝʱʘʝʤʦʩʪʠ, ʦʨʛʘʥʠʟʘʮʠʷ ʚʥʝʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 
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Annotation. Automatization of accounting for extracurricular activities of students is very 

important for educational institutions, as it reduces the burden on staff of educational institutions, 
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ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʧʦʤʠʤʦ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ ʩʪʫʜʝʥʪʳ ʚʩʸ ʯʘʱʝ ʥʘʯʠʥʘʶʪ 

ʟʘʥʠʤʘʪʴʩʷ ʢʘʢʦʡ-ʣʠʙʦ ʚʥʝʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ʕʪʦ ʚʘʞʥʦ ʜʣʷ ʧʦʷʚʣʝʥʠʷ 

ʥʦʚʳʭ ʠʥʪʝʨʝʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʤʦʯʴ ʫʯʘʱʠʤʩʷ ʚ ʚʳʙʦʨʝ ʙʫʜʫʱʝʡ 

ʧʨʦʬʝʩʩʠʠ. ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʪʝ ʠʣʠ ʠʥʳʝ ʚʥʝʫʯʝʙʥʳʝ ʟʘʥʷʪʠʷ 

ʧʝʨʝʩʝʢʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʨʘʩʧʠʩʘʥʠʠ, ʪʘʢʞʝ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʠ ʪʦ, ʯʪʦ 

ʩʪʫʜʝʥʪʳ ʥʝ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʚʫʭ ʤʝʩʪʘʭ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʘ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʦʙʫʯʘʶʱʠʭʩʷ ʥʫʞʥʦ ʫʧʨʦʩʪʠʪʴ ʚʝʜʝʥʠʝ ʫʯʸʪʘ ʟʘ ʧʦʩʝʱʝʥʠʝʤ 

ʚʥʝʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ. ʇʨʦʝʢʪ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʥʝʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. 

ʎʝʣʴ ʧʨʦʝʢʪʘ: ʨʘʟʨʘʙʦʪʘʪʴ ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʧʨʠʣʦʞʝʥʠʝ ʧʦʜ ʥʝʸ, ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʯʸʪʘ ʧʦʩʝʱʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʘʤʠ ʚʥʝʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ ʚ ʫʯʝʙʥʦʤ 

ʟʘʚʝʜʝʥʠʠ. 

ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʙʘʟʫ ʜʘʥʥʳʭ ʜʣʷ ʫʯʸʪʘ ʚʥʝʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ; 

2. ʈʝʘʣʠʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʙʦʣʝʝ ʫʜʦʙʥʦʡ ʨʘʙʦʪʳ ʩ 

ʜʘʥʥʳʤʠ ʧʨʦʛʨʘʤʤʳ; 

3. ɺʥʝʜʨʠʪʴ ʧʨʦʝʢʪ ʚ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ. 

ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ: 

1. ɺʝʜʝʥʠʝ ʙʘʟʳ ʩʪʫʜʝʥʪʦʚ ï ʨʝʛʠʩʪʨʘʮʠʷ ʫʯʘʩʪʥʠʢʦʚ ʚʥʝʫʯʝʙʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʙʥʦʚʣʝʥʠʝ ʠʭ ʣʠʯʥʳʭ ʜʘʥʥʳʭ ʠ ʠʩʢʣʶʯʝʥʠʝ ʠʟ ʩʧʠʩʢʦʚ; 

2. ɺʝʜʝʥʠʝ ʧʝʨʝʯʥʷ ʜʦʩʪʫʧʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ï ʨʝʛʠʩʪʨʘʮʠʷ ʥʦʚʳʭ ʚʠʜʦʚ 

ʚʥʝʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ, ʤʦʜʠʬʠʢʘʮʠʷ ʦʧʠʩʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʠʭ 

ʘʨʭʠʚʠʨʦʚʘʥʠʝ; 

3. ʇʣʘʥʠʨʦʚʘʥʠʝ ʟʘʥʷʪʠʡ ï ʩʦʩʪʘʚʣʝʥʠʝ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʚʨʝʤʝʥʥʦʛʦ 

ʛʨʘʬʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ, ʫʜʘʣʝʥʠʝ ʦʪʤʝʥʸʥʥʳʭ ʟʘʥʷʪʠʡ; 

4. ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ï ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʩʦʨʪʠʨʦʚʢʠ 

ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʠʩʢʘ ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ. 

 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʝʤʷʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʇʨʠʦʨʠʪʝʪʥʦʡ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ 

ʛʘʨʤʦʥʠʯʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʠʯʥʦʩʪʠ ʦʙʫʯʘʶʱʝʛʦʩʷ, ʯʪʦ ʜʝʣʘʝʪ ʚʥʝʫʯʝʙʥʫʶ 

ʨʘʙʦʪʫ ʥʝʦʪʲʝʤʣʝʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʪʫʜʝʥʯʝʩʢʦʛʦ ʙʳʪʘ. 
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ɺʥʝʫʯʝʙʥʘʷ ʨʘʙʦʪʘ ʦʭʚʘʪʳʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʘʢʪʠʚʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ ʧʦʤʠʤʦ ʦʙʷʟʘʪʝʣʴʥʳʭ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ. ʆʥʘ ʩʦʟʜʘʸʪ 

ʫʩʣʦʚʠʷ ʜʣʷ ʪʚʦʨʯʝʩʢʦʛʦ ʩʘʤʦʚʳʨʘʞʝʥʠʷ ʚ ʤʥʦʛʦʦʙʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʪʝʧʝʥʠ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʷ ʚʳʙʨʘʥʥʦʡ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ. ʊʘʢʠʝ ʘʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʥʝʨʘʙʦʯʝʝ ʚʨʝʤʷ ʠ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʩʚʦʙʦʜʥʦʝ ʚʦʣʝʠʟʲʷʚʣʝʥʠʝ ʫʯʘʩʪʥʠʢʦʚ. 

ʕʬʬʝʢʪʠʚʥʦ ʚʳʩʪʨʦʝʥʥʘʷ ʚʥʝʫʯʝʙʥʘʷ ʨʘʙʦʪʘ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʥʝʩʢʦʣʴʢʦ 

ʟʥʘʯʠʤʳʭ ʟʘʜʘʯ ʢʘʢ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ, ʪʘʢ ʠ ʜʣʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ: 

1. ʩʦʟʜʘʸʪ ʫʩʣʦʚʠʷ ʜʣʷ ʪʚʦʨʯʝʩʢʦʛʦ ʩʘʤʦʚʳʨʘʞʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʩʪʫʜʝʥʪʦʚ; 

2. ʫʢʨʝʧʣʷʝʪ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʩʚʷʟʠ ʚ ʩʪʫʜʝʥʯʝʩʢʦʤ ʩʦʦʙʱʝʩʪʚʝ; 

3. ʧʨʠʚʣʝʢʘʝʪ ʦʙʫʯʘʶʱʠʭʩʷ ʢ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʧʨʦʝʢʪʘʤ ʟʘ 

ʨʘʤʢʘʤʠ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ; 

4. ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʶʱʝʝ ʥʘ ʘʢʘʜʝʤʠʯʝʩʢʫʶ ʫʩʧʝʚʘʝʤʦʩʪʴ; 

5. ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʠʟʠʯʝʩʢʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʢʫʣʴʪʫʨʳ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ. 

ʆʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʭʚʘʪʳʚʘʝʪ ʩʬʝʨʫ ʚʳʩʰʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʟʘʪʨʘʛʠʚʘʝʪ ʚʦʧʨʦʩʳ ʢʦʦʨʜʠʥʘʮʠʠ 

ʚʥʝʫʯʝʙʥʳʭ ʩʪʫʜʝʥʯʝʩʢʠʭ ʘʢʪʠʚʥʦʩʪʝʡ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʬʠʢʩʘʮʠʠ ʫʯʘʩʪʠʷ ʩʪʫʜʝʥʪʦʚ ʚʦ ʚʥʝʫʯʝʙʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʷʭ, ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʦ ʩʪʫʜʝʥʪʘʭ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʨʝʰʝʥʠʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʦʩʝʱʘʝʤʦʩʪʠ [1, ʩ.122-125]. 

ɹʘʟʘ ʜʘʥʥʳʭ çɺʥʝʫʯʝʙʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚè ʩʦʟʜʘʥʘ ʜʣʷ 

ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʫʯʸʪʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʩʝʱʝʥʠʠ ʩʪʫʜʝʥʪʘʤʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʥʷʪʠʡ. ɽʸ ʚʥʝʜʨʝʥʠʝ ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʝʨʩʦʥʘʣʦʤ ʦʪʜʝʣʘ ʚʥʝʫʯʝʙʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʨʫʢʦʚʦʜʷʱʠʤ ʩʦʩʪʘʚʦʤ ʩʝʢʮʠʡ ʩ 

ʮʝʣʴʶ ʢʦʥʪʨʦʣʷ ʧʦʩʝʱʘʝʤʦʩʪʠ. ʇʨʦʛʨʘʤʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʩʩʨʦʯʥʫʶ ʨʘʙʦʪʫ ʠ 

ʘʢʪʠʚʠʨʫʝʪʩʷ ʧʦ ʟʘʧʨʦʩʘʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʨʝʞʠʤʝ ʜʠʘʣʦʛʘ. ʀʥʪʝʛʨʘʮʠʦʥʥʳʝ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʦʪʩʫʪʩʪʚʫʶʪ. 

 

ʄʦʜʝʣʴ ʙʘʟʳ ʜʘʥʥʳʭ 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʘʟʳ ʜʘʥʥʳʭ ʙʳʣʘ ʚʳʙʨʘʥʘ ʉʋɹɼ SQL Server Management 

Studio 21. 

SQL Server Management Studio (ʜʘʣʝʝ SSMS) ï ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʝ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ SQL Server ʠ ʙʘʟ ʜʘʥʥʳʭ SQL 

Azure, ʘ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʶʱʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʥʘʩʪʨʦʡʢʠ, 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʢʟʝʤʧʣʷʨʘʤʠ SQL Server ʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. SSMS 

ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʝʨʪʳʚʘʪʴ, ʦʪʩʣʝʞʠʚʘʪʴ ʠ ʦʙʥʦʚʣʷʪʴ ʢʦʤʧʦʥʝʥʪʳ ʫʨʦʚʥʷ ʜʘʥʥʳʭ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʩ ʧʦʤʦʱʴʶ SSMS ʤʦʞʥʦ 

ʩʦʟʜʘʚʘʪʴ ʟʘʧʨʦʩʳ ʠ ʩʢʨʠʧʪʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. [5].  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ Microsoft Visual Studio 2022 

ʛʦʜʘ. 
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Visual Studio ï ʵʪʦ ʤʦʱʥʦʝ ʩʨʝʜʩʪʚʦ ʨʘʟʨʘʙʦʪʯʠʢʘ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʛʦ ʮʠʢʣʘ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʜʥʦʤ ʤʝʩʪʝ. ʕʪʦ 

ʢʦʤʧʣʝʢʩʥʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ (IDE), ʢʦʪʦʨʫʶ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʟʘʧʠʩʠ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʦʪʣʘʜʢʠ ʠ ʩʙʦʨʢʠ ʢʦʜʘ, ʘ ʟʘʪʝʤ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ. Visual Studio ʚʢʣʶʯʘʝʪ ʢʦʤʧʠʣʷʪʦʨʳ, ʩʨʝʜʩʪʚʘ 

ʟʘʚʝʨʰʝʥʠʷ ʢʦʜʘ, ʫʧʨʘʚʣʝʥʠʝ ʚʝʨʩʠʷʤʠ, ʨʘʩʰʠʨʝʥʠʷ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʬʫʥʢʮʠʠ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

[6]. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ɼʘʪʘʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɹʘʟʳ ʜʘʥʥʳʭ, ʥʘ ʦʩʥʦʚʝ 

ʢʦʪʦʨʦʡ ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʨʦʛʨʘʤʤʘ: 

 

 
 

ʈʠʩ. 1 ï ɼʘʪʘʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɹʘʟʳ ʜʘʥʥʳʭ çɺʥʝʫʯʝʙʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʩʪʫʜʝʥʪʦʚè 

 

ʈʝʟʫʣʴʪʘʪʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʫʜʘʣʦʩʴ ʨʘʟʨʘʙʦʪʘʪʴ ʧʝʨʚʫʶ ʚʝʨʩʠʶ 

ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ. ʈʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 

ʥʠʞʝ (ʚʩʝ ʜʘʥʥʳʝ ʜʣʷ ʪʘʙʣʠʮ ʩʛʝʥʝʨʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʩʝʨʚʠʩʘ Chatbot Arena 

(formerly LMSYS): Free AI  Chat to Compare & Test Best AI  Chatbots [4]: 
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ʈʠʩ. 2 ï ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ 

 

ʊʘʙʣʠʮʘ çʉʪʫʜʝʥʪʳè ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʫʜʝʥʪʘʭ 

ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ (ʨʠʩ. 3). 

 
ʈʠʩ. 3 ï ʊʘʙʣʠʮʘ çʉʪʫʜʝʥʪʳè 

 

ʊʘʙʣʠʮʘ çʇʨʝʧʦʜʘʚʘʪʝʣʠè ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʭ, ʧʨʦʚʦʜʷʱʠʭ ʚʥʝʫʯʝʙʥʳʝ ʟʘʥʷʪʠʷ (ʨʠʩ. 4). 

 
ʈʠʩ. 4 ï ʊʘʙʣʠʮʘ çʇʨʝʧʦʜʘʚʘʪʝʣʠè 
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ʊʘʙʣʠʮʘ çɺʥʝʫʯʝʙʥʳʝ ʟʘʥʷʪʠʷè ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʯʝʪʘ ʚʩʝʭ ʚʥʝʫʯʝʙʥʳʭ 

ʟʘʥʷʪʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʫʯʝʙʥʦʤ ʟʘʚʝʜʝʥʠʠ (ʨʠʩ. 5). 

 
ʈʠʩ. 5 ï ʊʘʙʣʠʮʘ çɺʥʝʫʯʝʙʥʳʝ ʟʘʥʷʪʠʷè 

 

ʊʘʙʣʠʮʘ çʈʘʩʧʠʩʘʥʠʝè ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʯʸʪʘ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ 

ʚʥʝʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ (ʨʠʩ. 6). 

 
ʈʠʩ. 6 ï ʊʘʙʣʠʮʘ çʈʘʩʧʠʩʘʥʠʝè 

 

ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʧʨʠʤʝʨ ʨʘʙʦʪʳ ʙʘʟʳ ʜʘʥʥʳʭ. ʇʨʠ ʥʘʞʘʪʠʠ ʢʥʦʧʢʠ 

çɼʦʙʘʚʠʪʴè ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʘʷ ʩʪʨʦʢʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʦ 

ʥʦʚʦʤ ʦʙʲʝʢʪʝ ʚ ʙʘʟʝ (ʨʠʩ. 7). 

 
ʈʠʩ. 7 ï ʈʘʙʦʪʘ ʢʥʦʧʢʠ çɼʦʙʘʚʠʪʴè 
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ʇʨʠ ʥʘʞʘʪʠʠ ʢʥʦʧʢʠ çʋʜʘʣʠʪʴè ʦʙʲʝʢʪ ʩʪʠʨʘʝʪʩʷ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ (ʨʠʩ. 8 - 

9). 

 
ʈʠʩ. 8 ï ʅʘʞʘʪʠʝ ʢʥʦʧʢʠ çʋʜʘʣʠʪʴè 

 

 
ʈʠʩ. 9 ï ʈʘʙʦʪʘ ʢʥʦʧʢʠ çʋʜʘʣʠʪʴè 

 

ʇʨʠ ʥʘʞʘʪʠʠ ʢʥʦʧʢʠ çʉʦʭʨʘʥʠʪʴè ʦʙʲʝʢʪ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɹʘʟʘ ʜʘʥʥʳʭ çɺʥʝʫʯʝʙʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚè ʠʤʝʝʪ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʚʥʝʫʯʝʙʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʞʠʟʥʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ 

ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ ʠ ʨʘʟʚʠʪʠʶ ʪʘʣʘʥʪʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ, ʮʝʣʴ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʮʝʣʠ ʧʨʦʝʢʪʘ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʜʣʷ ʫʯʸʪʘ ʚʥʝʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ ʩʪʫʜʝʥʪʦʚ; 

2. ʈʝʘʣʠʟʦʚʘʥʦ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʢʦʪʦʨʦʝ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʠ: 

- ɺʝʜʝʥʠʝ ʙʘʟʳ ʩʪʫʜʝʥʪʦʚ; 

- ɺʝʜʝʥʠʝ ʧʝʨʝʯʥʷ ʜʦʩʪʫʧʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ; 

- ʇʣʘʥʠʨʦʚʘʥʠʝ ʟʘʥʷʪʠʡ; 

- ʉʘʤʳʡ ʩʪʘʥʜʘʨʪʥʳʡ ʚʠʜ ʩʦʨʪʠʨʦʚʢʠ ʚ ʩʪʦʣʙʮʘʭ ʪʘʙʣʠʮ ʙʘʟʳ ʜʘʥʥʳʭ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʜʦʨʘʙʦʪʢʘ ʙʘʟʳ ʜʘʥʥʳʭ, ʜʣʷ ʩʦʟʜʘʥʠʝ ʙʦʣʝʝ 

ʫʜʦʙʥʳʭ ʤʝʪʦʜʦʚ ʩʦʨʪʠʨʦʚʢʠ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʦʪʯʸʪʦʚ ʜʣʷ ʢʫʨʘʪʦʨʦʚ ʚʥʝʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʘʣʴʥʝʡʰʘʷ 

ʠʥʪʝʛʨʘʮʠʷ ʧʨʦʛʨʘʤʤʳ ʚ ʩʠʩʪʝʤʫ ʦʙʨʘʟʦʚʘʥʠʷ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʇʨʦʙʣʝʤʳ ʩʦʮʠʘʣʴʥʦʛʦ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 
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ʋɼʂ 519.86 

ʄʆɼɽʃʀ ʌɸɿʆɺʓʍ ʇɽʈɽʍʆɼʆɺ ʅɸ ʆʉʅʆɺɽ ʕʅʊʈʆʇʀʀ ʈɽʅʔʀ ɺ 

ʉʃʆɾʅʓʍ ʉʀʉʊɽʄɸʍ 

ʈ.ɺ. ʃʝʥʥʠʢʦʚ 

ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ, ʜʣʷ ʘʥʘʣʠʟʘ ʩʣʦʞʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʉʦʯʝʪʘʥʠʝ 

ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʩ ʢʦʥʮʝʧʮʠʝʡ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʨʠʪʠʯʝʩʢʠʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʩʠʩʪʝʤ. ɺʳʷʚʣʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʥʪʨʦʧʠʝʡ ʐʝʥʥʦʥʘ ʧʨʠ ʘʥʘʣʠʟʝ 

ʬʨʘʢʪʘʣʴʥʳʭ ʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʧʨʦʮʝʩʩʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʪʨʦʧʠʷ ʈʝʥʴʠ, ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ, 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʚʟʘʠʤʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʬʨʘʢʪʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

 

MODELS OF PHASE TRANSITIONS BASED ON RENYI ENTROPY IN 

COMPLEX SYSTEMS 

R.V. Lennikov 

Tula State University 
Abstract. This article examines mathematical models based on R®nyi entropy for the analysis 

of complex economic and sociological systems. Combining R®nyi entropy with the concept of 

phase transitions allows for the identification of structural and informational changes associated 

with critical system states. The advantages of R®nyi entropy over Shannon entropy in analyzing 

fractal and nonequilibrium processes are identified. 

Keywords: R®nyi entropy, phase transitions, complex systems, economic models, 

sociological models, information interactions, mutual information, fractal structures. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʥʦʞʝʩʪʚʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʦʡ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʚʩʸ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʫʱʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ 

https://imes.su/press-tsentr/stati/vneuchebnaya-deyatelnost-studentov-v-vuze/
https://lmarena.ai/
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ʵʣʝʤʝʥʪʘʤʠ. ʕʥʪʨʦʧʠʷ, ʚʚʝʜʸʥʥʘʷ ʚ ʪʨʫʜʘʭ ʂ. ʐʝʥʥʦʥʘ, ʩʪʘʣʘ ʦʜʥʠʤ ʠʟ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʦʥʷʪʠʡ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʠʟʤʝʨʷʷ ʩʪʝʧʝʥʴ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠʣʠ ʙʝʩʧʦʨʷʜʢʘ ʚ ʩʠʩʪʝʤʝ. ʆʜʥʘʢʦ ʢʣʘʩʩʠʯʝʩʢʘʷ ʵʥʪʨʦʧʠʷ 

ʐʝʥʥʦʥʘ ʥʝ ʚʩʝʛʜʘ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʘʥʘʣʠʟʘ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʩ ʙʦʛʘʪʦʡ 

ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʩ ʪʷʞʸʣʳʤʠ ʭʚʦʩʪʘʤʠ. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʙʨʘʱʘʶʪʩʷ ʢ ʦʙʦʙʱʸʥʥʳʤ ʤʝʨʘʤ ʵʥʪʨʦʧʠʠ, 

ʪʘʢʠʤ ʢʘʢ ʵʥʪʨʦʧʠʷ ʈʝʥʴʠ, ʜʣʷ ʙʦʣʝʝ ʪʦʥʢʦʛʦ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. ʕʥʪʨʦʧʠʷ ʈʝʥʴʠ ʚʚʦʜʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʨʝʜʢʠʭ 

ʩʦʩʪʦʷʥʠʷʭ ʩʠʩʪʝʤʳ, ʠ ʧʣʘʚʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʵʥʪʨʦʧʠʶ ʐʝʥʥʦʥʘ ʧʨʠ 

ʦʧʨʝʜʝʣʸʥʥʦʤ ʟʥʘʯʝʥʠʠ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʥʘʣʦʛʠʷ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ï ʨʝʟʢʠʭ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʢʘʢ 

ʚ ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʜʚʫʭ ʧʦʜʭʦʜʦʚ ï 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ï ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʳʭ 

ʵʥʪʨʦʧʠʷ ʈʝʥʴʠ ʩʣʫʞʠʪ ʠʥʩʪʨʫʤʝʥʪʦʤ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʵʣʝʤʝʥʪʦʚ ʠ 

ʢʨʠʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ (ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ) ʚ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ 

ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ.  

ʕʥʪʨʦʧʠʷ ʈʝʥʴʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ 

ʵʥʪʨʦʧʠʠ ʐʝʥʥʦʥʘ, ʚʚʝʜʸʥʥʦʝ ɸʣʴʬʨʝʜʦʤ ʈʝʥʴʠ ʚ 1960-ʭ ʛʦʜʘʭ. ɼʣʷ 

ʜʠʩʢʨʝʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ὴ ʵʥʪʨʦʧʠʷ ʈʝʥʴʠ ʧʦʨʷʜʢʘ ή (ʧʨʠ 
ή πȟή ρ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

Ὄ
ρ

ρ ή
ÌÎ ὴ 

ʇʨʠ ʧʨʝʜʝʣʴʥʦʤ ʧʝʨʝʭʦʜʝ ήO ρ ʵʪʘ ʚʝʣʠʯʠʥʘ ʧʝʨʝʭʦʜʠʪ ʚ ʩʪʘʥʜʘʨʪʥʫʶ 
ʵʥʪʨʦʧʠʶ ʐʝʥʥʦʥʘ Ὄ ВὴÌÎὴ. ʇʘʨʘʤʝʪʨ ή ʧʦʟʚʦʣʷʝʪ çʥʘʩʪʨʘʠʚʘʪʴè 
ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʨʳ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ: ʧʨʠ ή ρ ʙʦʣʴʰʝʝ 
ʚʣʠʷʥʠʝ ʥʘ ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʦʢʘʟʳʚʘʶʪ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ ʠʩʭʦʜʳ 

(ʵʥʪʨʦʧʠʷ ʩʥʠʞʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʨʝʜʢʠʭ ʩʦʙʳʪʠʡ), ʪʦʛʜʘ ʢʘʢ ʧʨʠ ή ρ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʩ ʤʘʣʦʚʝʨʦʷʪʥʳʭ ʩʦʙʳʪʠʡ (ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʨʦʣʴ ʨʝʜʢʠʭ 

ʠʩʭʦʜʦʚ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʤʝʡʩʪʚʦ ʵʥʪʨʦʧʠʡ ʈʝʥʴʠ ʦʭʚʘʪʳʚʘʝʪ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʤʝʨ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ï ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʨʝʜʢʠʤ 

ʩʦʙʳʪʠʷʤ (ʧʨʠ ήO π, ʢʦʛʜʘ Ὄ ÌÎὔ ʬʘʢʪʠʯʝʩʢʠ ʨʘʚʥʘ ʣʦʛʘʨʠʬʤʫ ʯʠʩʣʘ 

ʚʦʟʤʦʞʥʳʭ ʠʩʭʦʜʦʚ) ʜʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʥʪʨʦʧʠʠ ʐʝʥʥʦʥʘ (ʧʨʠ ή ρ) ʠ ʜʘʣʝʝ 
ʜʦ ʤʝʨ, ʘʢʮʝʥʪʠʨʫʶʱʠʭ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʭ ʩʦʩʪʦʷʥʠʡ (ʧʨʠ ή
ρ). 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʡ ʛʠʙʢʦʩʪʠ ʵʥʪʨʦʧʠʷ ʈʝʥʴʠ ʦʢʘʟʘʣʘʩʴ ʧʦʣʝʟʥʦʡ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʛʜʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʯʘʩʪʦ 

ʜʘʣʝʢʠ ʦʪ ʧʨʦʩʪʦʪʳ (ʥʘʧʨʠʤʝʨ, ʠʤʝʶʪ ʜʣʠʥʥʳʝ ʭʚʦʩʪʳ ʠʣʠ ʩʪʝʧʝʥʥʦʡ 

ʭʘʨʘʢʪʝʨ). ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʵʥʪʨʦʧʠʷ ʐʝʥʥʦʥʘ ʤʦʞʝʪ ʥʝ ʦʪʨʘʞʘʪʴ ʥʝʢʦʪʦʨʳʝ 

ʚʘʞʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ: ʥʘʧʨʠʤʝʨ, ʨʝʜʢʠʝ, ʥʦ ʟʥʘʯʠʤʳʝ ʩʦʙʳʪʠʷ 
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(ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʘʚʘʨʠʠ, ʢʨʠʟʠʩʳ) ʤʦʛʫʪ ʚʥʦʩʠʪʴ ʥʝʙʦʣʴʰʦʡ ʚʢʣʘʜ 

ʚ ʩʪʘʥʜʘʨʪʥʫʶ ʵʥʪʨʦʧʠʶ, ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤʳ. 

ʕʥʪʨʦʧʠʷ ʈʝʥʴʠ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʪʘʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʚʳʙʠʨʘʷ ʧʘʨʘʤʝʪʨ ή, 
ʦʭʚʘʪʳʚʘʶʱʠʡ ʞʝʣʘʝʤʳʡ ʜʠʘʧʘʟʦʥ ʚʝʨʦʷʪʥʦʩʪʝʡ. ʄʘʢʩʠʤʠʟʘʮʠʷ ʵʥʪʨʦʧʠʠ 

ʈʝʥʴʠ ʧʨʠʚʦʜʠʪ ʢ ʩʪʝʧʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ ʚʝʨʦʷʪʥʦʩʪʝʡ (ʩ ʪʷʞʸʣʳʤʠ 

ʭʚʦʩʪʘʤʠ), ʚ ʦʪʣʠʯʠʝ ʦʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɻʠʙʙʩʘ, 

ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʢʩʠʤʠʟʘʮʠʝʡ ʵʥʪʨʦʧʠʠ ʐʝʥʥʦʥʘ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʠʥʮʠʧ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʧʨʝʜʩʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʩʠʩʪʝʤʳ ʙʫʜʫʪ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʩʪʝʧʝʥʥʦʛʦ ʟʘʢʦʥʘ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʤʧʠʨʠʯʝʩʢʠ 

ʥʘʙʣʶʜʘʝʤʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʩ ʪʷʞʝʣʳʤʠ ʭʚʦʩʪʘʤʠ ʚʦ ʤʥʦʛʠʭ ʩʣʦʞʥʳʭ 

ʩʠʩʪʝʤʘʭ (ʥʘʧʨʠʤʝʨ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʦʛʘʪʩʪʚʘ, ʩʝʪʝʚʳʝ ʩʚʷʟʠ ʠʣʠ ʨʘʟʤʝʨ 

ʠʟʤʝʥʝʥʠʡ ʮʝʥ ʥʘ ʨʳʥʢʝ). 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʩʣʦʞʥʳʭ 

ʩʠʩʪʝʤ ʵʥʪʨʦʧʠʷ ʈʝʥʴʠ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ ʢʘʢ ʦʙʦʙʱʸʥʥʘʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʵʥʪʨʦʧʠʷ ʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨ ʜʝʬʦʨʤʘʮʠʠ 

– ρ ή ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʦʪʢʣʦʥʝʥʠʝ 

ʩʠʩʪʝʤʳ ʦʪ ʩʦʩʪʦʷʥʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʪʨʦʧʠʝʡ ʐʝʥʥʦʥʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ – 
(ʪʦ ʝʩʪʴ ʧʨʠ ʫʜʘʣʝʥʠʠ ή ʦʪ 1) ʩʠʩʪʝʤʘ ʚʩʸ ʙʦʣʝʝ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʩʦʩʪʦʷʥʠʷ 
ɻʠʙʙʩʦʚʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠ ʝʸ ʧʨʝʜʝʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ 

ʩʪʝʧʝʥʥʦʡ ʭʘʨʘʢʪʝʨ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ – ʢʘʢ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ ʦʢʘʟʳʚʘʝʪʩʷ 
ʚʝʩʴʤʘ ʧʣʦʜʦʪʚʦʨʥʦʡ: ʢʘʢ ʧʦʢʘʟʘʣ ɸ. ɻ. ɹʘʰʢʠʨʦʚ, ʧʨʠ – π (ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ή ρ, ʩʣʫʯʘʶ ʵʥʪʨʦʧʠʠ ʐʝʥʥʦʥʘ) ʧʦʚʝʜʝʥʠʝ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʠʩʧʳʪʳʚʘʝʪ 
ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ï ʧʨʦʠʟʚʦʜʥʘʷ çʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡè ʵʥʪʨʦʧʠʠ ʧʦ ʂ 
ʠʩʧʳʪʳʚʘʝʪ ʨʘʟʨʳʚ, ʯʪʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʩʠʩʪʝʤʳ ʢ 

ʙʦʣʝʝ ʫʧʦʨʷʜʦʯʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʤʘʣʝʡʰʝʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

ή ρ ʧʨʠʚʦʜʠʪ ʢ ʩʢʘʯʢʦʦʙʨʘʟʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʚʦʡʩʪʚ ʵʥʪʨʦʧʠʠ, 

ʟʥʘʤʝʥʫʶʱʝʤʫ ʧʝʨʝʭʦʜ ʥʘ ʠʥʦʡ ʨʝʞʠʤ (ʧʦʷʚʣʝʥʠʝ ʧʦʨʷʜʢʘ), ʧʨʠ ʢʦʪʦʨʦʤ 

ʜʘʣʴʥʝʡʰʝʝ ʚʦʟʨʘʩʪʘʥʠʝ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʦʩʪʦʤ ʵʥʪʨʦʧʠʠ 

ʈʝʥʴʠ. ʕʪʦʪ ʧʘʨʘʜʦʢʩʘʣʴʥʳʡ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʬʘʢʪ (ʫʚʝʣʠʯʝʥʠʝ ʵʥʪʨʦʧʠʠ ʧʨʠ 

ʚʦʟʨʘʩʪʘʥʠʠ ʧʦʨʷʜʢʘ) ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ ʚʪʦʨʳʤ ʥʘʯʘʣʦʤ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ 

ʧʦʜʯʸʨʢʠʚʘʝʪ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ 

ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ ʨʦʩʪʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʝʨʳ, ʪ.ʝ. 

ʩʠʩʪʝʤʘ ʧʨʠʦʙʨʝʪʘʝʪ ʙʦʣʝʝ ʩʣʦʞʥʫʶ (ʥʦ ʧʨʠ ʵʪʦʤ ʫʧʦʨʷʜʦʯʝʥʥʫʶ) ʩʪʨʫʢʪʫʨʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʥʪʨʦʧʠʷ ʈʝʥʴʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ ʨʘʟʚʠʪʠʷ ʩʪʨʫʢʪʫʨʳ ʚ ʩʣʦʞʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʜʦʧʦʣʥʷʷ ʪʨʘʜʠʮʠʦʥʥʫʶ ʵʥʪʨʦʧʠʶ ʐʝʥʥʦʥʘ ʙʦʣʝʝ ʙʦʛʘʪʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚ ʩʠʩʪʝʤʝ. 

ɺ ʮʝʣʦʤ, ʵʥʪʨʦʧʠʷ ʈʝʥʴʠ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʜʣʷ ʘʥʘʣʠʟʘ 

ʩʣʦʞʥʳʭ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʥʪʨʦʧʠʝʡ 

ʐʝʥʥʦʥʘ. ɺʦ-ʧʝʨʚʳʭ, ʝʸ ʧʘʨʘʤʝʪʨ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ çʤʘʩʰʪʘʙ 

ʥʘʙʣʶʜʝʥʠʷè ʠʥʬʦʨʤʘʮʠʠ: ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴʩʷ ʣʠʙʦ ʥʘ ʦʙʱʫʶ ʢʘʨʪʠʥʫ 

(ʙʣʠʟʢʠʝ ʢ ʵʥʪʨʦʧʠʠ ʐʝʥʥʦʥʘ ʟʥʘʯʝʥʠʷ ή), ʣʠʙʦ ʥʘ ʚʳʷʚʣʝʥʠʝ ʨʝʜʢʠʭ, ʥʦ 
ʚʘʞʥʳʭ ʩʦʙʳʪʠʡ (ʟʥʘʯʝʥʠʷ ή ρ). ɺʦ-ʚʪʦʨʳʭ, ʵʥʪʨʦʧʠʷ ʈʝʥʴʠ ʩʚʷʟʘʥʘ ʩ 

ʧʦʥʷʪʠʝʤ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʤʥʦʛʦʬʨʘʢʪʘʣʴʥʳʤʠ ʩʧʝʢʪʨʘʤʠ, ʯʪʦ 
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ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʩʠʩʪʝʤ ʩ ʠʝʨʘʨʭʠʯʝʩʢʠʤʠ ʠ ʩʝʪʝʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ (ʥʘʧʨʠʤʝʨ, 

ʬʠʥʘʥʩʦʚʳʝ ʨʳʥʢʠ ʩ ʠʭ ʢʘʩʢʘʜʥʳʤʠ ʚʦʣʘʪʠʣʴʥʦʩʪʷʤʠ ʠʣʠ ʩʦʮʠʘʣʴʥʳʝ ʩʚʷʟʠ ʩ 

ʢʣʘʩʪʝʨʠʟʘʮʠʝʡ). ɺ-ʪʨʝʪʴʠʭ, ʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʯʘʩʪʦ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳ ʢ ʚʳʙʨʦʩʘʤ ʠ ʰʫʤʘʤ, ʧʦʟʚʦʣʷʷ ʥʘʜʸʞʥʝʝ ʦʮʝʥʠʚʘʪʴ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʜʘʥʥʳʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ 

ʵʢʦʥʦʤʠʢʝ ʠ ʬʠʥʘʥʩʘʭ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠʣʦʞʝʥʠʷ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ï ʥʘʧʨʠʤʝʨ, 

ʜʣʷ ʦʮʝʥʢʠ ʨʳʥʦʯʥʦʛʦ ʨʠʩʢʘ, ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʨʪʬʝʣʝʡ ʠʣʠ ʠʟʤʝʨʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʳʥʢʦʚ.  

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʩʦʯʝʪʘʥʠʝ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʠ ʢʦʥʮʝʧʮʠʠ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʠ 

ʨʝʟʢʠʭ ʧʝʨʝʤʝʥ ʚ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʂʦʥʮʝʧʮʠʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚʦʟʥʠʢʣʘ ʚ ʬʠʟʠʢʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʝʟʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ (ʪʘʢʠʭ ʢʘʢ ʧʣʘʚʣʝʥʠʝ, ʢʠʧʝʥʠʝ ʠ ʤʘʛʥʠʪʥʳʝ 

ʧʝʨʝʭʦʜʳ), ʥʦ ʦʢʘʟʘʣʘʩʴ ʫʜʠʚʠʪʝʣʴʥʦ ʧʣʦʜʦʪʚʦʨʥʦʡ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢ 

ʥʝʬʠʟʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ, ʚʢʣʶʯʘʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ. ʌʘʟʦʚʳʡ ʧʝʨʝʭʦʜ 

ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ï ʵʪʦ ʩʪʨʫʢʪʫʨʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʥʝʙʦʣʴʰʦʝ ʠʟʤʝʥʝʥʠʝ ʚʥʝʰʥʝʛʦ ʧʘʨʘʤʝʪʨʘ ʠʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʤ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ.  

ɺ ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʩʚʷʟʘʥ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʜʘʣʴʥʠʭ 

ʢʦʨʨʝʣʷʮʠʡ ʠ ʥʦʚʦʡ ʩʪʝʧʝʥʴʶ ʧʦʨʷʜʢʘ (ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ, ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʠ ʪ. ʜ.), ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ ʧʦʨʷʜʢʘ. 

ɺ ʩʦʮʠʘʣʴʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩʪʨʦʛʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʘ ʤʦʞʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ, ʥʦ ʘʥʘʣʦʛʠʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʫʟʳʨʠ ʠ ʦʙʚʘʣʳ ʬʦʥʜʦʚʦʛʦ ʨʳʥʢʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʬʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ: ʨʳʥʦʢ ʧʝʨʝʭʦʜʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʢ 

ʩʦʩʪʦʷʥʠʶ ʚʩʝʦʙʱʝʡ ʧʘʥʠʢʠ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʢ ʙʫʨʥʦʤʫ ʨʦʩʪʫ, ʧʨʠʯʸʤ ʵʪʘ 

ʧʝʨʝʩʪʨʦʡʢʘ ʟʘʪʨʘʛʠʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ. ɺ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ 

ʥʘʙʣʶʜʘʶʪʩʷ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʷʟʥʦʩʪʠ: ʢʦʛʜʘ 

ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʝʡ ʧʨʝʚʳʰʘʝʪ ʦʧʨʝʜʝʣʸʥʥʳʡ ʧʦʨʦʛ, ʨʘʟʨʦʟʥʝʥʥʳʝ ʛʨʫʧʧʳ 

ʣʶʜʝʡ ʚʥʝʟʘʧʥʦ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ çʛʠʛʘʥʪʩʢʠʡ ʢʣʘʩʪʝʨè ï ʝʜʠʥʦʝ ʩʦʦʙʱʝʩʪʚʦ, ʚ 

ʢʦʪʦʨʦʤ ʧʦʯʪʠ ʚʩʝ ʫʯʘʩʪʥʠʢʠ ʩʚʷʟʘʥʳ ʮʝʧʦʯʢʘʤʠ ʢʦʥʪʘʢʪʦʚ. ʕʪʦʪ 

ʣʘʚʠʥʦʦʙʨʘʟʥʳʡ ʨʦʩʪ ʩʚʷʟʥʦʩʪʠ ʧʦ ʩʫʪʠ ʷʚʣʷʝʪʩʷ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʦʪ 

ʨʘʟʦʙʱʸʥʥʦʩʪʠ ʢ ʝʜʠʥʦʤʫ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʤʫ ʢʣʘʩʪʝʨʫ. ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ 

ʩʣʫʞʠʪ ʜʠʥʘʤʠʢʘ ʤʥʝʥʠʡ: ʤʦʜʝʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 

ʛʨʫʧʧʘʭ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ (ʩʪʝʧʝʥʠ ʢʦʥʬʦʨʤʠʟʤʘ, ʜʘʚʣʝʥʠʷ ʩʨʝʜʳ) 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʨʝʟʢʠʡ ʧʝʨʝʭʦʜ ʦʪ ʩʠʪʫʘʮʠʠ ʤʥʦʞʝʩʪʚʝʥʥʳʭ 

ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʤʥʝʥʠʡ ʢ ʢʦʥʩʝʥʩʫʩʫ (ʚʩʝ ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʪʦʯʢʠ ʟʨʝʥʠʷ) ʠʣʠ ʢ ʧʦʣʷʨʠʟʘʮʠʠ (ʜʚʝ ʧʨʦʪʠʚʦʙʦʨʩʪʚʫʶʱʠʝ ʛʨʫʧʧʳ). ɺ ʪʘʢʠʭ 

ʤʦʜʝʣʷʭ (ʥʘʧʨʠʤʝʨ, ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ çʛʦʣʦʩʦʚʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʦʤ ʛʦʣʦʩʦʚè ʪʠʧʘ 

ʀʟʠʥʛʘ) ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʝʤ 

ʨʘʟʥʦʨʦʜʥʦʛʦ ʤʥʝʥʠʷ (ʙʝʩʧʦʨʷʜʢʘ) ʠ ʝʜʠʥʦʛʣʘʩʠʷ (ʧʦʨʷʜʢʘ), ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ 

ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʦʡ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʝʨʦʷʪʥʦʩʪʠ ʥʝʟʘʚʠʩʠʤʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʠʥʜʠʚʠʜʦʚ. ʂʣʘʩʩʠʯʝʩʢʘʷ ʵʥʪʨʦʧʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʥʝʥʠʡ ʟʜʝʩʴ ʚʳʩʪʫʧʘʝʪ 

ʘʥʘʣʦʛʦʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʵʥʪʨʦʧʠʠ: ʧʨʠ ʨʘʚʥʦʤ ʨʘʟʜʝʣʝʥʠʠ ʤʥʝʥʠʡ (50/50) 
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ʵʥʪʨʦʧʠʷ ʤʘʢʩʠʤʘʣʴʥʘ, ʘ ʧʨʠ ʢʦʥʩʝʥʩʫʩʝ (100/0) ʵʥʪʨʦʧʠʷ ʤʠʥʠʤʘʣʴʥʘ ï ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ ʧʦʨʦʛʫ ʵʥʪʨʦʧʠʷ ʥʘʯʠʥʘʝʪ 

ʫʤʝʥʴʰʘʪʴʩʷ, ʩʠʛʥʘʣʠʟʠʨʫʷ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʧʦʨʷʜʢʘ ʚ ʩʠʩʪʝʤʝ. 

ʄʦʞʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʘʥʘʣʠʟʘ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ ʚ ʥʝʢʣʘʩʩʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʝʨʳ 

ʦʢʘʟʘʣʠʩʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʥʘʯʘʣʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʆʜʥʠʤ ʠʟ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ï ʚʝʣʠʯʠʥʘ, 

ʠʟʤʝʨʷʶʱʘʷ ʩʪʝʧʝʥʴ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ. ʇʦ ʤʝʨʝ 

ʧʨʠʙʣʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʚʟʘʠʤʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʝʞʜʫ 

ʵʣʝʤʝʥʪʘʤʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʜʦʩʪʠʛʘʝʪ ʧʠʢʘ ʚʙʣʠʟʠ ʪʦʯʢʠ ʧʝʨʝʭʦʜʘ. ʕʪʦʪ 

ʵʬʬʝʢʪ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʝʥ: ʧʝʨʝʜ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʢʦʨʨʝʣʷʮʠʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʵʣʝʤʝʥʪʳ çʯʫʚʩʪʚʫʶʪè ʜʨʫʛ ʜʨʫʛʘ, 

ʦʙʤʝʥʠʚʘʶʪʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ï ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʥʘʷ ʠʥʬʦʨʤʘʮʠʷ (ʢʦʪʦʨʘʷ 

ʫʯʠʪʳʚʘʝʪ ʚʩʝ ʥʝʣʠʥʝʡʥʳʝ ʩʚʷʟʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʩʪʳʭ ʢʦʨʨʝʣʷʮʠʡ) ʦʪʨʘʞʘʝʪ 

ʨʘʩʪʫʱʫʶ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. ʇʦʢʘʟʘʪʝʣʴʥʦ, ʯʪʦ 

ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚʪʦʨʦʛʦ ʨʦʜʘ (ʧʣʘʚʥʳʝ, ʥʝʧʨʝʨʳʚʥʳʝ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʤʘʢʩʠʤʫʤʘ ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʢʨʠʪʠʯʝʩʢʦʤ 

ʧʘʨʘʤʝʪʨʝ. ʕʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʢʘʢ ʚ ʤʦʜʝʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ, ʪʘʢ ʠ ʚ ʜʘʥʥʳʭ ʨʝʘʣʴʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʅʘʧʨʠʤʝʨ, ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʟʘʠʤʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʝʞʜʫ ʮʝʥʘʤʠ ʘʢʮʠʡ 

ʜʦʩʪʠʛʘʝʪ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʦ ʚʨʝʤʷ ʢʨʫʧʥʳʭ ʨʳʥʦʯʥʳʭ 

ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʨʳʥʦʯʥʳʝ ʢʨʘʭʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʝʪʨʠʢʠ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ ʧʦʩʪʬʘʢʪʫʤ, ʥʦ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʙʥʘʨʫʞʠʪʴ ʧʨʠʙʣʠʞʝʥʠʝ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. ʇʦʤʠʤʦ ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʜʨʫʛʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʝʪʨʠʢʠ ʚʝʜʫʪ ʩʝʙʷ ʩʭʦʞʠʤ ʦʙʨʘʟʦʤ ï ʥʘʧʨʠʤʝʨ, ʪʨʘʥʩʬʝʨʥʘʷ 

ʵʥʪʨʦʧʠʷ (ʫʩʣʦʚʥʘʷ ʚʟʘʠʤʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʠʟʤʝʨʷʶʱʘʷ 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦʪʦʢ ʠʥʬʦʨʤʘʮʠʠ) ʯʘʩʪʦ ʤʘʢʩʠʤʠʟʠʨʫʝʪʩʷ ʥʝʟʘʜʦʣʛʦ ʜʦ 

ʧʝʨʝʭʦʜʘ ʢ ʩʠʥʭʨʦʥʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʘʛʝʥʪʦʚ. ʊʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʨʘ 

ʠʥʬʦʨʤʘʮʠʠ ʌʠʰʝʨʘ ʠ ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʢʨʠʪʠʯʝʩʢʦʝ ʟʘʤʝʜʣʝʥʠʝ ʬʣʫʢʪʫʘʮʠʡ ï ʦʥʠ ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʨʘʩʪʘʶʱʠʡ 

ʧʦʨʷʜʦʢ ʠ ʢʦʨʨʝʣʷʮʠʠ ʧʝʨʝʜ ʧʝʨʝʭʦʜʦʤ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʪʠʧʘʤʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 

ʦʪʨʘʞʘʝʪʩʷ ʚ ʧʦʚʝʜʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʝʨ: ʧʨʠ ʥʝʧʨʝʨʳʚʥʳʭ (ʧʝʨʝʭʦʜʘʭ 

ʚʪʦʨʦʛʦ ʨʦʜʘ) ʩʠʩʪʝʤʘ ʧʦʩʪʝʧʝʥʥʦ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʫʧʦʨʷʜʦʯʝʥʥʦʡ, ʠ 

ʠʥʬʦʨʤʘʮʠʷ (ʚʟʘʠʤʥʘʷ ʵʥʪʨʦʧʠʷ) ʜʦʩʪʠʛʘʝʪ ʧʠʢʘ ʚ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʝ, ʘ ʟʘʪʝʤ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʧʦʣʥʦʩʪʴʶ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʝ (ʛʜʝ ʜʦʤʠʥʠʨʫʝʪ ʛʣʦʙʘʣʴʥʳʡ 

ʧʦʨʷʜʦʢ). ʅʘʧʨʦʪʠʚ, ʧʨʠ ʧʝʨʝʭʦʜʘʭ ʧʝʨʚʦʛʦ ʨʦʜʘ (ʩʢʘʯʢʦʦʙʨʘʟʥʳʭ, 

ʛʠʩʪʝʨʝʟʠʩʥʳʭ) ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʨʳʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ï 

ʘʥʘʣʦʛʠʯʥʦ, ʵʥʪʨʦʧʠʷ ʩʠʩʪʝʤʳ ʠʩʧʳʪʳʚʘʝʪ ʩʢʘʯʦʢ ʚ ʪʦʯʢʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. 

ʅʘʧʨʠʤʝʨ, ʚ ʤʦʜʝʣʠ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ, ʛʜʝ ʦʙʨʘʟʦʚʘʥʠʝ ʛʠʛʘʥʪʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʧʨʦʠʩʭʦʜʠʪ ʩʢʘʯʢʦʤ, ʵʥʪʨʦʧʠʷ ʩʚʷʟʥʦʩʪʠ ʩʝʪʠ (ʣʦʛʘʨʠʬʤ ʯʠʩʣʘ ʢʦʤʧʦʥʝʥʪʦʚ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʭ ʨʘʟʤʝʨʦʚ) ʠʟʤʝʥʷʝʪʩʷ ʜʠʩʢʨʝʪʥʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʦʨʦʛʦʚʦʛʦ 

ʟʥʘʯʝʥʠʷ. ʕʪʦʪ ʩʣʫʯʘʡ ʩʣʦʞʥʝʝ ʧʨʝʜʩʢʘʟʘʪʴ ʩ ʧʦʤʦʱʴʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 



63  

ʤʘʢʩʠʤʫʤʦʚ ï ʩʢʦʨʝʝ, ʦʥ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʘʟʨʳʚʝ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʵʥʪʨʦʧʠʠ, 

ʢʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ ʚ ʧʨʠʤʝʨʝ ʩ ʵʥʪʨʦʧʠʝʡ ʈʝʥʴʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʞʝ ʜʣʷ 

ʪʘʢʠʭ ʧʝʨʝʭʦʜʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʧʦʣʝʟʝʥ: ʦʥ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ 

çʤʝʨʮʘʥʠʷè ʠ ʧʨʝʜʚʝʩʪʥʠʢʠ ï ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʤʝʞʜʫ ʜʚʫʤʷ 

ʨʝʞʠʤʘʤʠ (ʚʨʝʤʝʥʥʦ ʧʝʨʝʭʦʜʷ ʚ ʥʦʚʫʶ ʬʘʟʫ, ʘ ʟʘʪʝʤ ʚʦʟʚʨʘʱʘʷʩʴ), ʯʪʦ 

ʦʪʨʘʞʘʝʪʩʷ ʚ ʵʥʪʨʦʧʠʡʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʝʤ ʦ ʥʘʜʚʠʛʘʶʱʝʤʩʷ ʥʝʦʙʨʘʪʠʤʦʤ ʨʘʟʨʫʰʝʥʠʠ ʨʝʞʠʤʘ.  

ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʢʦʥʮʝʧʪʫʘʣʠʟʘʮʠʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʯʝʨʝʟ ʧʨʠʟʤʫ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʜʘʸʪ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ: 

ʢʨʫʧʥʳʝ ʢʨʠʟʠʩʳ, ʚʥʝʟʘʧʥʳʝ ʦʙʱʝʩʪʚʝʥʥʳʝ ʧʦʪʨʷʩʝʥʠʷ ʠ ʥʘʨʫʰʝʥʠʝ 

ʩʦʮʠʘʣʴʥʳʭ ʩʚʷʟʝʡ ï ʚʩʸ ʵʪʦ çʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳè, ʛʜʝ 

ʢʦʣʣʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʥʦʚʦʤʫ ʢʘʯʝʩʪʚʝʥʥʦʤʫ 

ʩʦʩʪʦʷʥʠʶ ʩʠʩʪʝʤʳ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʣʷ ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʝʩʪʝʩʪʚʝʥʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʪʨʦʧʠʡʥʳʝ ʤʝʨʳ.  

ʉʦʯʝʪʘʥʠʝ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʩ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʦʚʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. ʀʜʝʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ (ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʡ ʚʝʣʠʯʠʥ, 

ʪʘʢʠʭ ʢʘʢ ʚʟʘʠʤʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ) ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʜʠʢʘʪʦʨʘ ʥʘʜʚʠʛʘʶʱʝʛʦʩʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʘ. ʂʘʢ ʫʞʝ 

ʫʧʦʤʠʥʘʣʦʩʴ, ʵʥʪʨʦʧʠʷ ʈʝʥʴʠ ʚʚʦʜʠʪ ʧʘʨʘʤʝʪʨ q, ʢʦʪʦʨʳʡ ʢʦʥʪʨʦʣʠʨʫʝʪ ʘʢʮʝʥʪ 

ʥʘ ʨʝʜʢʠʭ ʠʣʠ ʯʘʩʪʳʭ ʩʦʙʳʪʠʷʭ. ɺ ʢʦʥʪʝʢʩʪʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʥʘʩʪʨʦʠʪʴ ʧʦʢʘʟʘʪʝʣʴ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʨʠʟʥʘʢʘʤ 

ʥʘʜʚʠʛʘʶʱʝʛʦʩʷ ʧʦʨʷʜʢʘ. 

ɺʦ-ʧʝʨʚʳʭ, ʵʥʪʨʦʧʠʷ ʈʝʥʴʠ ʩʘʤʦʡ ʩʠʩʪʝʤʳ (ʥʘʧʨʠʤʝʨ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʦʩʪʦʷʥʠʡ ʵʣʝʤʝʥʪʦʚ) ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʘʨʘʤʝʪʨʦʤ ʧʦʨʷʜʢʘ. ɺ ʨʘʙʦʪʝ ɹʘʰʢʠʨʦʚʘ 

(2006) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ή ʦʪ 1 ʵʢʚʠʚʘʣʝʥʪʥʦ ʚʚʦʜʫ 
ʥʝʢʦʪʦʨʦʛʦ çʧʦʣʷ ʧʦʨʷʜʢʘè – ρ ή. ʇʨʠ – π ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʨʘʥʠʮʝ 
ʤʝʞʜʫ ɻʠʙʙʩʦʚʩʢʠʤ (ʧʦʣʥʦʩʪʴʶ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʤ, ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʪʨʦʧʠʠ 

ʐʝʥʥʦʥʘ) ʨʝʞʠʤʦʤ ʠ ʥʦʚʳʤ ʩʪʝʧʝʥʥʳʤ (ʩʘʤʦʦʨʛʘʥʠʟʦʚʘʥʥʳʤ) ʨʝʞʠʤʦʤ; ʠ 

ʠʤʝʥʥʦ ʚ ʵʪʦʡ ʪʦʯʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʨʳʚ ʚ ʧʨʦʠʟʚʦʜʥʦʡ ʵʥʪʨʦʧʠʠ, 

ʘʥʘʣʦʛʠʯʥʳʡ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ. ʊʝʤ ʩʘʤʳʤ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʝʤʝʡʩʪʚʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʠʩʪʝʤʳ ʧʨʠ ʨʘʟʥʳʭ ή, ʪʦʯʢʘ ή ρ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʢʨʠʪʠʯʝʩʢʘʷ: 
ʜʣʷ ή ρ ʩʠʩʪʝʤʘ çʧʨʝʜʧʦʯʠʪʘʝʪè ʙʦʣʝʝ ʫʧʦʨʷʜʦʯʝʥʥʳʝ (ʩʪʝʧʝʥʥʳʝ) ʩʦʩʪʦʷʥʠʷ 
ʩ ʨʦʩʪʦʤ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʥʪʫʠʪʠʚʥʫʶ ʪʝʥʜʝʥʮʠʶ ʢ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. ʕʪʦʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ 

ʧʨʘʢʪʠʢʝ: ʘʥʘʣʠʟʠʨʫʷ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʵʥʪʨʦʧʠʷ ʈʝʥʴʠ ʩʠʩʪʝʤʳ ʧʨʠ ʚʘʨʠʘʮʠʠ ή, 
ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʥʘʣʠʯʠʝ ʩʢʨʳʪʦʛʦ ʧʦʨʷʜʢʘ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʧʨʠ ʥʝʢʦʪʦʨʦʤ 

ή ρ ʵʥʪʨʦʧʠʷ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʱʝʛʦ ʐʝʥʥʦʥ-

ʵʥʪʨʦʧʠʶ, ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʚ ʩʠʩʪʝʤʝ ʩʪʨʫʢʪʫʨ (ʢʣʘʩʪʝʨʦʚ, 

ʢʦʨʨʝʣʷʮʠʡ), ʢʦʪʦʨʳʝ ʵʥʪʨʦʧʠʷ ʐʝʥʥʦʥʘ çʨʘʟʤʳʚʘʝʪè, ʘ ʵʥʪʨʦʧʠʷ ʈʝʥʴʠ 

ʦʙʥʘʨʫʞʠʚʘʝʪ. 

ɺʦ-ʚʪʦʨʳʭ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʚʟʘʠʤʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʦʩʥʦʚʝ ʵʥʪʨʦʧʠʠ 

ʈʝʥʴʠ ï ʘʥʘʣʦʛ ʧʨʠʚʳʯʥʦʡ ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʟʘʜʘʥʥʦʛʦ ʧʦʨʷʜʢʘ ή, ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʳʷʚʣʷʪʴ 
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ʢʨʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ ʜʘʞʝ ʙʝʟ ʟʥʘʥʠʷ ʷʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ. ʕʪʫ ʤʝʨʫ ʤʦʞʥʦ 

ʧʨʠʤʝʥʷʪʴ ʠ ʢ ʥʝʷʚʥʳʤ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʘʤ ʚ ʜʘʥʥʳʭ ï ʥʘʧʨʠʤʝʨ, ʚ ʵʢʦʥʦʤʠʢʝ 

ʯʘʩʪʦ ʥʝʠʟʚʝʩʪʝʥ çʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʘè ʨʳʥʢʘ, ʥʦ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ 

(ʚʨʝʤʝʥʥʳʤ ʨʷʜʘʤ ʮʝʥ, ʦʙʲʸʤʦʚ) ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʤʝʨʫ ʠ 

ʦʪʩʣʝʜʠʪʴ ʝʸ ʵʢʩʪʨʝʤʫʤʳ. ʇʦʩʢʦʣʴʢʫ ʧʨʠʚʳʯʥʦʡ ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʫʯʠʪʳʚʘʝʪ ʥʝʣʠʥʝʡʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʢʦʣʣʝʢʪʠʚʥʳʝ ʵʬʬʝʢʪʳ, ʦʥʘ ʩʧʦʩʦʙʥʘ 

ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʬʘʟʦʧʦʜʦʙʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ (ʥʘʧʨʠʤʝʨ, ʧʝʨʝʭʦʜ ʨʳʥʢʘ ʦʪ 

ʨʘʟʨʦʟʥʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ ʩʠʥʭʨʦʥʥʦʤʫ ʧʘʜʝʥʠʶ ʮʝʥ) ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʤʦʜʝʣʠ. 

ʊʨʝʪʴʝ ʚʘʞʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦʜʭʦʜʘ ʈʝʥʴʠ ï ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʣʷʪʴ ʨʦʣʴ 

ʨʝʜʢʠʭ ʩʦʙʳʪʠʡ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʧʝʨʝʭʦʜʘ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ, ʧʨʠ ή ρ ʵʥʪʨʦʧʠʷ 
ʈʝʥʴʠ ʫʩʠʣʠʚʘʝʪ ʚʢʣʘʜ ʤʘʣʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ. ɺ ʢʦʥʪʝʢʩʪʝ ʬʠʥʘʥʩʦʚ, ʥʘʧʨʠʤʝʨ, 

ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʙʦʣʴʰʠʝ ʨʝʜʢʠʝ ʢʦʣʝʙʘʥʠʷ ʮʝʥ (ʬʘʢʪʠʯʝʩʢʠ ʟʘʨʦʞʜʘʶʱʠʝʩʷ 

ʢʨʘʭʠ ʠʣʠ ʧʫʟʳʨʠ) ʩʠʣʴʥʝʝ ʦʪʨʘʞʘʶʪʩʷ ʚ ʟʥʘʯʝʥʠʠ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ, ʯʝʤ ʚ 

ʵʥʪʨʦʧʠʠ ʐʝʥʥʦʥʘ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʵʥʪʨʦʧʠʷ ʈʝʥʴʠ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʠʤʝʥʥʦ ʚ ʤʝʥʝʝ ʚʝʨʦʷʪʥʳʭ ʩʦʙʳʪʠʷʭ: 

ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʨʳʥʢʦʚ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʥʸʩ çʜʣʠʥʥʳʡ ʭʚʦʩʪè ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʦʭʦʜʥʦʩʪʝʡ. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʚ ʪʫʨʙʫʣʝʥʪʥʦʤ ʧʝʨʠʦʜʝ ʚʦʟʨʘʩʪʘʶʪ ʨʝʜʢʠʝ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, 

ʠ ʵʥʪʨʦʧʠʷ ʈʝʥʴʠ ʷʚʥʦ ʬʠʢʩʠʨʫʝʪ ʵʪʦʪ ʩʜʚʠʛ ï ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʨʦʩʪʘ ʩʠʩʪʝʤʥʦʛʦ 

ʨʠʩʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚʟʘʠʤʥʘʷ ʠʥʬʦʨʤʘʮʠʷ (ʧʦ ʐʝʥʥʦʥʫ) ʤʝʞʜʫ ʨʳʥʢʘʤʠ 

ʩʫɦʝʩʪʚʝʥʥʦ ʧʝʨʝʩʪʨʦʠʣʘʩʴ ʚ ʧʝʨʠʦʜ ʢʨʠʟʠʩʘ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʠʟʤʝʥʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʢʪʠʚʘʤʠ. ɽʩʣʠ ʞʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʨʘʥʥʠʝ ʧʨʠʟʥʘʢʠ ʢʨʘʭʘ, ʵʥʪʨʦʧʠʷ ʈʝʥʴʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʧʝʨʝʞʘʶʱʠʤ 

ʠʥʜʠʢʘʪʦʨʦʤ: ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʠ 

ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʨʘʤ ʚʳʷʚʠʪʴ ʩʠʛʥʘʣʳ, ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʝ 

ʦ ʛʨʷʜʫʱʝʤ ʦʙʚʘʣʝ ʨʳʥʢʘ ʚʦ ʚʨʝʤʷ ʧʘʥʜʝʤʠʠ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʚ ʧʦʣʴʟʫ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ: ʬʠʢʩʠʨʫʷ ʥʝ ʪʦʣʴʢʦ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʙʝʩʧʦʨʷʜʢʘ, ʥʦ ʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʤʝʞʜʫ ʯʘʩʪʳʤʠ ʠ ʨʝʜʢʠʤʠ ʩʦʙʳʪʠʷʤʠ, 

ʤʦʞʥʦ ʨʘʥʴʰʝ ʫʣʦʚʠʪʴ ʟʘʨʦʞʜʝʥʠʝ ʢʦʣʣʝʢʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʠ ʢʨʠʪʠʯʝʩʢʠʭ 

ʩʦʩʪʦʷʥʠʡ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʦʯʝʪʘʥʠʝ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʩ ʘʥʘʣʠʟʦʤ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. ʆʥʦ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʬʠʢʩʠʨʦʚʘʪʴ ʤʦʤʝʥʪʳ, ʢʦʛʜʘ 

ʩʠʩʪʝʤʘ ʤʝʥʷʝʪ ʩʪʨʫʢʪʫʨʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʝʨʝʭʦʜʷ ʦʪ ʭʘʦʪʠʯʝʩʢʦʛʦ ʢ 

ʫʧʦʨʷʜʦʯʝʥʥʦʤʫ ʨʝʞʠʤʫ (ʠʣʠ ʥʘʦʙʦʨʦʪ). 

ʇʨʠʤʝʥʝʥʠʝ. ʌʠʥʘʥʩʦʚʳʝ ʠ ʙʘʥʢʦʚʩʢʠʝ ʩʠʩʪʝʤʳ ʯʘʩʪʦ ʧʨʦʷʚʣʷʶʪ ʨʝʟʢʠʝ 

ʧʝʨʝʭʦʜʳ ʠʟ ʦʜʥʦʛʦ ʨʝʞʠʤʘ ʚ ʜʨʫʛʦʡ, ʥʘʧʨʠʤʝʨ ʢʨʘʭʠ ʠ ʤʘʩʩʦʚʳʝ ʢʦʨʨʝʢʮʠʠ 

ʨʳʥʢʦʚ. ʕʥʪʨʦʧʠʷ ʈʝʥʴʠ ʠ ʚʟʘʠʤʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʧʨʠʟʥʘʢʠ 

ʪʘʢʦʡ ʢʦʣʣʝʢʪʠʚʥʦʡ ʜʠʥʘʤʠʢʠ: ʧʝʨʝʜ ʨʳʥʦʯʥʳʤ ʧʦʪʨʷʩʝʥʠʝʤ ʟʘʤʝʪʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʚʷʟʘʥʥʦʩʪʴ ʤʝʞʜʫ ʬʠʥʘʥʩʦʚʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʧʦʤʦʛʘʝʪ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʧʦʷʚʣʝʥʠʝ ʨʝʜʢʠʭ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʮʝʥʥʳʤ ʧʨʝʜʠʢʪʦʨʦʤ ʥʘʯʘʣʘ ʬʘʟʦʚʦʛʦ 
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ʧʝʨʝʭʦʜʘ ð ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʬʠʥʘʥʩʦʚʳʤʠ ʨʠʩʢʘʤʠ. 

ɺ ʫʧʨʘʚʣʝʥʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʤʠ ʧʦʨʪʬʝʣʷʤʠ ʵʥʪʨʦʧʠʷ ʈʝʥʴʠ ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʣʷ ʫʯʸʪʘ ʪʷʞʸʣʳʭ ʭʚʦʩʪʦʚ ʜʦʭʦʜʥʦʩʪʝʡ, ʧʦʟʚʦʣʷʷ ʙʦʣʝʝ ʛʠʙʢʦ ʦʮʝʥʠʚʘʪʴ 

ʩʪʝʧʝʥʴ ʨʠʩʢʦʚʘʥʥʦʩʪʠ ʘʢʪʠʚʦʚ: ʵʪʦʪ ʧʦʜʭʦʜ ʫʯʠʪʳʚʘʝʪ ʢʘʢ ʫʩʪʦʡʯʠʚʳʝ, ʪʘʢ ʠ 

ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ. ʆʧʪʠʤʠʟʘʮʠʷ ʧʦʨʪʬʝʣʷ ʩ 

ʧʦʤʦʱʴʶ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʟʘʱʠʱʘʝʪ ʦʪ ʚʥʝʟʘʧʥʳʭ ʢʨʘʭʦʚ ʨʳʥʢʦʚ ʠ ʣʫʯʰʝ 

ʦʪʨʘʞʘʝʪ ʩʠʩʪʝʤʥʳʝ ʨʠʩʢʠ, ʯʝʤ ʢʣʘʩʩʠʯʝʩʢʘʷ ʜʠʩʧʝʨʩʠʷ ʠʣʠ ʵʥʪʨʦʧʠʷ 

ɺ ʤʘʢʨʦʵʢʦʥʦʤʠʢʝ ʵʥʪʨʦʧʠʡʥʳʝ ʠʥʜʠʢʘʪʦʨʳ ʈʝʥʴʠ ʦʪʩʣʝʞʠʚʘʶʪ ʧʝʨʝʭʦʜʳ 

ʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʧʦʪʝʨʝ ʨʘʟʥʦʦʙʨʘʟʠʷ: ʩʥʠʞʝʥʠʝ ʵʥʪʨʦʧʠʠ ʧʦ ʧʘʨʘʤʝʪʨʘʤ 

ʩʠʩʪʝʤʳ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʨʦʩʪʦʤ ʚʦʚʣʝʯʸʥʥʦʩʪʠ ʘʛʝʥʪʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʨʠʙʣʠʞʝʥʠʝ ʨʝʮʝʩʩʠʠ ʠ ʜʠʩʙʘʣʘʥʩʘ. ʌʘʟʦʚʳʡ ʘʥʘʣʠʟ, ʜʦʧʦʣʥʝʥʥʳʡ ʵʥʪʨʦʧʠʝʡ 

ʈʝʥʴʠ, ʧʦʤʦʛʘʝʪ ʚʠʜʝʪʴ ʩʢʨʳʪʳʝ ʜʠʩʙʘʣʘʥʩʳ ʜʦ ʠʭ ʷʚʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ. 

ɺ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʛʨʫʧʧʘʭ ʵʥʪʨʦʧʠʷ ʈʝʥʴʠ ʧʦʣʝʟʥʘ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʝʨʝʭʦʜʦʚ ʦʪ ʧʣʶʨʘʣʠʟʤʘ ʢ ʢʦʥʩʝʥʩʫʩʫ ʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʤʦʤʝʥʪʘ, 

ʢʦʛʜʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʝʣʢʠʝ ʤʥʝʥʠʷ ʠʩʯʝʟʘʶʪ, ʫʩʪʫʧʘʷ ʤʝʩʪʦ ʝʜʠʥʦʦʙʨʘʟʠʶ 

ʠʣʠ ʨʘʩʢʦʣʫ ʥʘ ʙʦʣʴʰʠʝ ʣʘʛʝʨʷ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʥʜʠʢʘʪʦʨʳ ʬʠʢʩʠʨʫʶʪ, 

ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʪʝʨʷʝʪ çʭʚʦʩʪʳè (ʨʘʟʥʦʦʙʨʘʟʠʝ), ï ʵʪʦ ʩʠʛʥʘʣ ʧʨʠʙʣʠʞʘʶʱʝʛʦʩʷ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠʣʠ ʩʦʮʠʘʣʴʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ. 

ʄʝʨʳ ʈʝʥʴʠ ʪʘʢʞʝ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʘʥʘʣʠʟʘ ʩʚʷʟʥʦʩʪʠ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ: ʨʦʩʪ ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʚ 

ʩʝʪʠ ʠʣʠ ʩʥʠʞʝʥʠʝ ʵʥʪʨʦʧʠʠ ʨʘʟʤʝʨʘ ʢʣʘʩʪʝʨʦʚ ʩʣʫʞʘʪ ʠʥʜʠʢʘʪʦʨʘʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʛʘʥʪʩʢʠʭ ʢʦʤʧʦʥʝʥʪ ʠ ʬʘʟʦʚʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʦʙʱʝʩʪʚʘ. 

ʅʘʢʦʥʝʮ, ʚ ʜʠʥʘʤʠʢʝ ʧʨʦʪʝʩʪʥʳʭ ʜʚʠʞʝʥʠʡ ʧʘʜʝʥʠʝ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ 

ʦʪʨʘʞʘʝʪ ʫʩʠʣʝʥʠʝ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʞʜʫ ʨʘʟʥʳʤʠ 

ʛʨʫʧʧʘʤʠ. ʊʘʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʟʘʨʘʥʝʝ ʦʙʥʘʨʫʞʠʪʴ ʧʦʜʛʦʪʦʚʢʫ ʢ ʤʘʩʩʦʚʦʡ 

ʘʢʮʠʠ ʠ ʥʘʨʘʩʪʘʶʱʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʚ ʩʦʮʩʠʩʪʝʤʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʥʪʨʦʧʠʷ ʈʝʥʴʠ ï ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʘʥʥʝʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʢʨʠʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʢʘʢ ʚ ʵʢʦʥʦʤʠʢʝ, ʪʘʢ ʠ ʚ ʩʦʮʠʫʤʝ. ʆʥʘ 

ʧʦʟʚʦʣʷʝʪ ʬʠʢʩʠʨʦʚʘʪʴ ʟʘʨʦʞʜʝʥʠʝ ʢʦʣʣʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ, ʦʮʝʥʠʚʘʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʨʠʩʢʠ ʠ 

ʧʦʪʝʥʮʠʘʣ ʧʝʨʝʭʦʜʘ ʢ ʥʦʚʳʤ ʩʦʩʪʦʷʥʠʷʤ. 

ɿʘʢʣʶʯʝʥʠʝ. ʕʥʪʨʦʧʠʷ ʈʝʥʴʠ, ʷʚʣʷʷʩʴ ʦʙʦʙʱʝʥʠʝʤ ʵʥʪʨʦʧʠʠ ʐʝʥʥʦʥʘ, 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʦʪʨʘʞʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠ ʚʣʠʷʥʠʝ ʨʝʜʢʠʭ ʩʦʙʳʪʠʡ 

ï ʢʣʶʯʝʚʦʡ ʘʩʧʝʢʪ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʠʩʪʝʤ ʩ ʪʷʞʝʣʳʤʠ ʭʚʦʩʪʘʤʠ ʠ ʩʣʦʞʥʦʡ 

ʜʠʥʘʤʠʢʦʡ. 

ʂʦʤʙʠʥʘʮʠʷ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʩ ʪʝʦʨʠʝʡ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʟʤʝʥʝʥʠʡ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʛʜʝ 

ʵʥʪʨʦʧʠʷ ʩʣʫʞʠʪ ʠʥʜʠʢʘʪʦʨʦʤ ʩʢʨʳʪʦʛʦ ʧʦʨʷʜʢʘ. ʀʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʈʝʥʴʠ 

ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʢʨʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ, ʘ ʚʟʘʠʤʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʥʘ ʝʸ ʦʩʥʦʚʝ 

ʬʠʢʩʠʨʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʨʨʝʣʷʮʠʡ ʜʘʞʝ ʙʝʟ ʷʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ, ʯʪʦ 

ʚʘʞʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 
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ʇʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ ʠʟ ʬʠʥʘʥʩʦʚ, ʨʳʥʢʘ ʠ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʩʧʦʩʦʙʥʳ ʩʣʫʞʠʪʴ ʨʘʥʥʠʤʠ 

ʠʥʜʠʢʘʪʦʨʘʤʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ (ʥʘʧʨʠʤʝʨ, ʬʠʥʘʥʩʦʚʦʛʦ ʢʨʠʟʠʩʘ ʠʣʠ 

ʤʘʩʩʦʚʳʭ ʩʦʮʠʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ) ï ʧʦ ʜʠʥʘʤʠʢʝ ʚʟʘʠʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʘʜʝʥʠʶ ʵʥʪʨʦʧʠʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. ʕʪʦʪ ʤʝʪʦʜ ʜʘʸʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʛʣʫʙʠʥʳ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʝʸ ʛʠʙʢʦʩʪʠ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʜʝʣʷʪʴ ʢʨʠʪʠʯʝʩʢʠʝ 

ʷʚʣʝʥʠʷ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʵʥʪʨʦʧʠʠ ʥʘ ʨʝʘʣʴʥʳʭ ʰʫʤʥʳʭ ʜʘʥʥʳʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʢʦʤʧʣʝʢʩʝ ʧʦʟʚʦʣʷʝʪ 

ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʵʚʦʣʶʮʠʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʘ 

ʪʘʢʞʝ ʫʧʨʘʚʣʷʪʴ ʨʠʩʢʘʤʠ ʠ ʢʨʠʟʠʩʘʤʠ ʚ ʵʢʦʥʦʤʠʢʝ ʠ ʦʙʱʝʩʪʚʝ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɹʘʰʢʠʨʦʚ ɸ. ɻ. ʕʥʪʨʦʧʠʷ ʈʝʥʴʠ ʢʘʢ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʵʥʪʨʦʧʠʷ ʜʣʷ 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ // ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘ. ï 2006. ï ʊ. 149, ˉ 

2. ï ʉ. 299ï317. 

2. ʏʫʤʘʢ ʆ. ɺ. ʕʥʪʨʦʧʠʷ ʠ ʬʨʘʢʪʘʣʘ ʚ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ. ï ʄ.ïʀʞʝʚʩʢ: ʅʀʎ 

çʈʝʛʫʣʷʨʥʘʷ ʠ ʭʘʦʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘè, ʀʥʩʪʠʪʫʪ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

2011. ï 164 ʩ. 

3. Shannon C. E. A mathematical theory of communication // Bell System 

Technical Journal. ï 1948. ï Vol. 27. ï P. 379ï423, 623ï656. 

4. R®nyi A. On measures of entropy and information // Proceedings of the 

Fourth Berkeley Symposium on Mathematical Statistics and Probability. ï Berkeley: 

University of California Press, 1961. ï Vol. 1. ï P. 547ï561. 

5. Talih M. Examining socioeconomic health disparities using a rank-dependent 

R®nyi index // Annals of Applied Statistics. ï 2015. ï Vol. 9, ˉ 2. ï P. 992ï1023. 

 

ʋɼʂ 531.1 

ɼʀʅɸʄʀʏɽʉʂʀʁ ʈɸʉʏɽʊ ɺʓʉʆʂʆʏɸʉʊʆʊʅʓʍ ʈʆʊʆʈʅʓʍ 

ʉʀʉʊɽʄ 

ɸ. ʅ. ʃʠʪʚʠʥʦʚ 

ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ. 
ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥ ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʨʦʪʦʨʥʳʭ ʩʠʩʪʝʤ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʫʧʨʫʛʠʝ ʦʧʦʨʳ. ʇʨʠʚʝʜʝʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʢʨʠʪʠʯʝʩʢʠʭ ʩʢʦʨʦʩʪʝʡ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʘʤʧʣʠʪʫʜ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ ʨʦʪʦʨʘ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʝʛʦ ʩʢʦʨʦʩʪʝʡ 

ʚʨʘʱʝʥʠʷ. ɺʳʧʦʣʥʝʥ ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʨʝʘʣʴʥʦʡ ʨʦʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʧʥʝʚʤʦʧʨʷʜʠʣʴʥʦʡ 

ʤʘʰʠʥʳ ʠ ʘʥʘʣʠʟ ʨʘʙʦʪʳ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʦʧʦʨ ʨʦʪʦʨʥʦʡ ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʨʦʪʦʨʥʳʝ ʩʠʩʪʝʤʳ, ʫʧʨʫʛʠʝ ʦʧʦʨʳ, ʜʠʥʘʤʠʢʘ, 

ʢʨʠʪʠʯʝʩʢʠʝ ʩʢʦʨʦʩʪʠ, ʠʟʥʦʩ. 
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Annotation. Abstract. A dynamic analysis of high-frequency rotor systems mounted on 

elastic supports has been carried out. An algorithm for calculating critical speeds and dynamic 

amplitudes of bending vibrations of the rotor in the operating range of its rotational speeds is 

presented. A dynamic calculation of a real rotor system of a pneumatic spinning machine and an 

analysis of the operation of the bearing supports of the rotor system have been performed. 

Keywords: high-speed rotary systems, elastic supports, dynamics, critical speeds, wear. 

 

ɺʚʝʜʝʥʠʝ 

ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʨʦʪʦʨʥʳʝ ʩʠʩʪʝʤʳ (ʈʉ) ʥʘ ʫʧʨʫʛʠʭ ʦʧʦʨʘʭ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʪʘʥʢʦʩʪʨʦʝʥʠʠ, ʘ ʪʘʢʞʝ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʰʠʥʘʭ ʠ ʤʝʭʘʥʠʟʤʘʭ, 

ʥʘʧʨʠʤʝʨ, ʚ ʧʨʷʜʠʣʴʥʳʭ ʙʣʦʢʘʭ ʧʥʝʚʤʦʧʨʷʜʠʣʴʥʳʭ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʰʠʥ ʠ 

ʜʨʫʛʠʭ ʠʟʜʝʣʠʷʭ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ʉʫʱʝʩʪʚʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʈʉ ʩʫʱʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʘ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʫʩʪʘʥʦʚʣʝʥʳ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ 

ʩʪʘʥʢʦʩʪʨʦʝʥʠʠ ʠ ʪʝʢʩʪʠʣʴʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ 

ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʠʟʥʦʩʫ 

ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʦʧʦʨ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʜʝʪʘʣʝʡ ʠ ʢʘʯʝʩʪʚʫ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʷʞʠ ʪʝʢʩʪʠʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʈʉ ʩ ʫʯʝʪʦʤ ʧʦʜʘʪʣʠʚʦʩʪʠ 

ʫʧʨʫʛʠʭ ʦʧʦʨ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ. ɺ ʨʘʙʦʪʝ ʠʟʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ 

ʨʘʩʯʝʪʘ ʢʨʠʪʠʯʝʩʢʠʭ ʩʢʦʨʦʩʪʝʡ ʈʉ ʥʘ ʫʧʨʫʛʠʭ ʦʧʦʨʘʭ. 

 

1 ʈʘʩʯʝʪ ʢʨʠʪʠʯʝʩʢʠʭ ʩʢʦʨʦʩʪʝʡ ʨʦʪʦʨʥʳʭ ʩʠʩʪʝʤ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʨʦʪʦʨʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ.1.  

 
ʈʠʩ.1 ï ɼʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʦʪʦʨʘ 

 

ʈʦʪʦʨ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʚʨʘʱʘʶʱʘʷʩʷ ʫʧʨʫʛʘʷ ʩʠʩʪʝʤʘ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʝʩʫʱʘʷ ʤʘʩʩʫ ʄ ʠ ʩʦʚʝʨʰʘʶʱʫʶ ʠʟʛʠʙʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʧʨʠ ʚʨʘʱʝʥʠʠ. ʉʯʠʪʘʝʤ, ʯʪʦ ʞʝʩʪʢʦʩʪʠ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʦʧʦʨ (ʩ1 ʠ 

ʩ2) ʩʦʠʟʤʝʨʠʤʳ ʩ ʠʟʛʠʙʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʚʘʣʘ. ɿʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʚ ʩʠʩʪʝʤʝ 
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ʢʦʦʨʜʠʥʘʪ ʭ, ʫ, z. ɺʘʣ ʠʤʝʝʪ ʜʠʘʤʝʪʨ d ʠ ʨʘʟʤʝʨʳ l1, l2, l; F ï ʫʩʠʣʠʝ, 

ʜʝʡʩʪʚʫʶʱʝʝ ʩʦ ʩʪʦʨʦʥʳ ʧʨʠʚʦʜʘ ʨʦʪʦʨʥʦʡ ʩʠʩʪʝʤʳ (ʈʉ) 

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʈʉ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ w 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ [1]: 

)1(,)()(ɤ)(ɤ
2

1
0

22

4

4

ä
=

=
++=-

µ

µ

i
iix
lcFlMxm

x
EJ jj

j
 

ʛʜʝ ɽ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚʘʣʘ; J = pd
4
/64; m ï ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ 

ʤʘʩʩʘ ʚʘʣʘ; ʢʦʣʝʙʘʥʠʡ.ʠʟʛʠʙʥʳʭ  ʬʦʨʤʘ )( -ʭj  
ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʥʘʭʦʜʠʤ ʦʧʝʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʫʥʢʮʠʡ ʂʨʳʣʦʚʘ [2]: 

)()()( xxRx F+=j  ,                                           (2) 

ʛʜʝ R(x) ï ʨʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʘ F(ʭ) ï ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ 

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1), ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʠʜ 

);()()()()( kxDVkxUckxTBksɸSxR +Ö+Ö+=                      (3) 

 [ ] .)()(
1

)(
0

3
xxx dxkVf

k
x

x

-=F ñ                                 (4) 

ɿʜʝʩʴ ɸ, ɺ, ʉ, D ï ʧʦʩʪʦʷʥʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ; S, T, U, V ï ʬʫʥʢʮʠʠ 

ʂʨʳʣʦʚʘ; 4 2ɤ EJmk=  ï ʯʘʩʪʦʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ; )(xf  ï ʧʨʘʚʘʷ ʯʘʩʪʴ 

ʫʨʘʚʥʝʥʠʷ (1). 

ɺʳʯʠʩʣʷʷ ʠʥʪʝʛʨʘʣ ʚ (4) ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ 

,0)0()0()0()0( =F¡¡¡=F¡¡=F¡=F ʧʦʣʫʯʠʤ 

[ ] [ ]
ý
ü
û

í
ì
ë

-+++-=F ä
=

- )()()()()()()(
2

1

213
i

i
ii lxkVlckxFVlxkVlMɽJkʭ jjw .   (5) 

ʋʜʦʚʣʝʪʚʦʨʷʷ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ0)0()0( =¡¡¡=¡ jj  ʠ ʫʯʠʪʳʚʘʷ ʩʚʦʡʩʪʚʘ 

ʬʫʥʢʮʠʡ ʂʨʳʣʦʚʘ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦʣʫʯʠʤ, ʯʪʦ 0=ʉ ; ( ) .
13 FEJkD
-

-=  
ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠ lx=  (ʨʠʩ.1) ʧʨʠʥʠʤʘʶʪ ʚʠʜ 

( ) [ ] ;0)()()()()(
2

1

122 =-++Ö=¡¡ ä
=

-

i
i

ii llkTlcEJkklVBkklUAkl jj              (6) 

( ) [ ]( ) .0)(ɤ)()()()()( 21
2

1

133 =+-++Ö=¡¡¡
-

=

-
ä lMEJllkSlcEJkklUBkklʊAkl i
i

ii jjj

 

ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʈʉ, ʚʭʦʜʷʱʠʝ ʚ (6), ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ: 

- ʧʨʠ 0 ¢ ʭ ¢ l1: );()(S)( 11 klBʊklAʭ +=j  

- ʧʨʠ l1¢ ʭ ¢ l2: ( ) [ ];)()()()( 1111

1

12 lxkVlʩEJkʭʭ -+=
-
jjj                    (7) 

- ʧʨʠ l2¢ ʭ ¢ l: ( ) [ ].)()()()( 2222

13
23 lxkVlʩEJkʭʭ -+=

-
jjj  

ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ (7) ʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (6), ʠ ʧʨʦʚʝʜʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʡ ʂʨʳʣʦʚʘ, ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ 

ʩʠʩʪʝʤʫ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ɸ ʠ ɺ ʚ ʚʠʜʝ: 
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2121
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ʛʜʝ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘjk  ʧʨʠ  j, k =1, 2 ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ: 
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[ ] [ ]³-Ö+Ö-Ö+= )ɓ1(Ŭ)Ŭɓ()ɓ1(Ŭ)Ŭ(Ŭ 22111
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22 SWTSWUʘ  
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[ ] [ ] [ ]
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ì
ë
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[ ] }.)Ŭɓ()ɓɓ(Ŭ 112 TV Ö-³
 ɿʜʝʩʴ ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʈʉ: 

EJlcW jj
3=  ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʞʝʩʪʢʦʩʪʴ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʦʧʦʨ; ll jj =ɓ  ï 

ʙʝʟʨʘʟʤʝʨʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʦʧʦʨʳ; j ï ʥʦʤʝʨ ʦʧʦʨʳ (j=1, 2);  

mlMn=  ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʤʘʩʩʘ; kl=Ŭ  ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʯʘʩʪʦʪʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʘʩʪʦʪʳ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ ʈʉ. 

ʀʟ ʫʩʣʦʚʠʷ ʥʝʪʨʠʚʠʘʣʴʥʦʩʪʠ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (8) ʧʦʣʫʯʠʤ 

ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʝ ʯʘʩʪʦʪʥʦʝ ʫʨʘʚʥʝʥʠʝ  

021122211 =-Ö ʘʘʘʘ ,                                                (9) 

ʢʦʨʥʠ ʢʦʪʦʨʦʛʦ ak  ʦʧʨʝʜʝʣʷʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ 

wk  ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʨʠʪʠʯʝʩʢʠʝ ʩʢʦʨʦʩʪʠ nk ʨʦʪʦʨʘ 

(8) 
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m

EJ

l

k
k 2

2

ɤ
a
= (c

-1
);  

ˊ

ɤ30 k
kn =  (ʤʠʥ

-1
) , (k =1, 2, é.).                  (10) 

ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʨʠʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ nʢʨ = n1, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʝʨʚʦʡ ʩ ʥʠʟʰʝʡ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʝ w1, ʪʘʢ ʢʘʢ ʥʘ ʥʝʡ 

ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʦʛʠʙ ʈʉ.  

ʈʝʰʝʥʠʝ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʯʘʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (9) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʶʙʳʤ 

ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ (ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ ʭʦʨʜ ʠʣʠ ʧʦʣʦʚʠʥʥʦʛʦ ʜʝʣʝʥʠʷ ʩ 

ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ). ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʨʝʰʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʯʘʩʪʦʪʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ a1, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʦʩʥʦʚʥʳʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʦʪʦʨʥʦʡ ʩʠʩʪʝʤʳ: 

nWjj ,,ɓ . ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʢʨʠʪʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ ʠ ʨʘʩʰʠʨʠʪʴ ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ ʈʉ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

 

2 ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʨʦʪʦʨʥʳʭ ʩʠʩʪʝʤ 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ 

ʘʤʧʣʠʪʫʜʘ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʈʉ. ɺʘʣ ʩʯʠʪʘʝʤ ʥʝʚʝʩʦʤʳʤ, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʚʦʟʤʫʱʘʶʱʝʡ ʥʘʛʨʫʟʢʠ ʧʨʠʤʝʤ ʠʥʝʨʮʠʦʥʥʫʶ ʩʠʣʫ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ e ʤʘʩʩʳ ʄ (ʨʠʩ.2). 

 

 
ʈʠʩ.2 ï ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʈʉ 

 

ɺʝʣʠʯʠʥʘ ʠʥʝʨʮʠʦʥʥʦʡ ʩʠʣʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

)(ɤ2 eyʄʈ += .                                               (11) 

ɿʜʝʩʴ ʫ ï ʧʨʦʛʠʙ ʚ ʤʝʩʪʝ ʢʨʝʧʣʝʥʠʷ ʤʘʩʩʳ ʄ (ʘʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʱʝʥʠʷ 

ʈʉ); D1 ʠ D2 ï ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʦʧʦʨʘʭ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʦʧʦʨʥʳʭ ʨʝʘʢʮʠʡ R1 ʠ R2: 

111 cR=D ;  222 cR=D     ,                                        (12) 

ʛʜʝ 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ ʩʠʣ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʛʠʙ ʦʧʨʝʜʝʣʷʝʤ 

ʚʳʨʘʞʝʥʠʝʤ 

),(ɤŭŭ 2
11 eyʄʈy +==                                               (13) 
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3 ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʝʥʘ ʈʉ ʧʥʝʚʤʦʧʨʷʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: D = 54 ʤʤ,  d = 10 ʤʤ, l1 = 45 ʤʤ,   l2 = 85 ʤʤ,  l = 

112 ʤʤ, ʄ = 58 ʛ, ɽ = 2Ö10
5
 ʄʇʘ; ʩ1 = ʩ2 = 6Ö10

3
 ʅ/ʤʤ; m = 0,63 ʛ/ʤʤ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ 

ʩʢʦʨʦʩʪʠ ʈʉ nʢʨ = 69310 ʤʠʥ
-1
. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʷʚʣʝʥʠʡ ʨʦʪʦʨʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʙʦʪʳ ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 

ʨʦʪʦʨʘ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ n ¢ 0,6 nʢʨ, ʪ.ʝ.  n ¢ 41580 ʤʠʥ
-1
. 

ʅʘ ʨʠʩ. 3 ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʈʉ ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʙʝʟʨʘʟʤʝʨʥʦʛʦ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʠʙʘ ʝʫʫ=  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʙʦʯʝʡ ʩʢʦʨʦʩʪʠ  n (ʤʠʥ
-1
). 
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ʈʠʩ.3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʠʙʘ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 

 

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʈʉ ʧʥʝʚʤʦʧʨʷʜʠʣʴʥʳʭ ʤʘʰʠʥ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʩʦʩʪʘʚʣʷʝʪ ʝ=(1-3)ʤʢʤ. 

 

ɺʳʚʦʜʳ 

ʀʟ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʈʉ ʧʨʠ 

ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ n¢ 0,6 nʢʨ ʚʘʣʘ (n¢ 41580 ʤʠʥ
-1
) ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʛʠʙʳ ʟʘ 

ʩʯʝʪ ʠʟʛʠʙʘ ʚʘʣʘ ʈʉ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʚʝʣʠʯʠʥʦʡ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʝ, ʪ.ʝ ʥʘ ʵʪʠʭ 

ʨʘʙʦʯʠʭ ʩʢʦʨʦʩʪʷʭ ʈʉ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʦʡ ʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʝʙʘʥʠʡ 

ʨʦʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʘ ʩ ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʤ 

ʠʟʥʦʩʦʤ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʦʧʦʨ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʜʠʘʣʴʥʦʛʦ 

ʟʘʟʦʨʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʙʦʯʝʡ ʩʢʦʨʦʩʪʠ ʈʉ n > 0,6 nʢʨ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʨʦʪʦʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʟʥʦʩʫ 

ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʦʧʦʨ. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʠʩʙʘʣʘʥʩʘ 

ʚʩʝʡ ʨʦʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚʠʙʨʦʫʜʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʧʦʨʘʭ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʟʥʦʩʘ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʦʧʦʨ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ 

ʨʦʪʦʨʥʳʭ ʩʠʩʪʝʤ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚ 

ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʦʧʦʨʘʭ ʧʨʠʤʝʥʷʪʴ ʤʝʪʘʣʣʣʦʧʣʘʢʠʨʫʶʱʠʝ ʩʤʘʟʦʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ [3], ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʱʠʪʥʳʭ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ 

ʧʣʝʥʦʢ ʟʘ ʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʵʬʬʝʢʪʘ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ [4]. 
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ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʈɽʐɽʅʀʁ ɼʃʗ ʈɽɸʃʀɿɸʎʀʀ 

ʋʇʈɸɺʃɽʅʀʗ ʉʆʉʊʆʗʅʀɽʄ ʇʈʀʃʆɾɽʅʀʗ ɺ ʌʈɽʁʄɺʆʈʂɽ 

FLUTTER  

ʃ.ɸ. ʇʦʧʦʚʘ, ʆ.ʅ. ʂʘʨʠʭ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ʉʦʦʙʱʝʩʪʚʦ Flutter ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʝʜʣʘʛʘʝʪ ʥʘ ʚʳʙʦʨ ʤʥʦʞʝʩʪʚʦ 

ʨʘʟʣʠʯʥʳʭ ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʝʤ ʚʠʜʞʝʪʦʚ ʠ ʨʘʟʜʝʣʝʥʠʷ ʛʨʘʬʠʢʠ ʠ ʣʦʛʠʢʠ. 

ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʙʠʙʣʠʦʪʝʢ ʠʤʝʝʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʀ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʭʦʪʠʤ 

ʨʘʩʩʢʘʟʘʪʴ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʢʘʞʜʦʡ ʠʟ ʥʠʭ, ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʦʪʚʝʪʠʪʴ ʥʘ 

ʚʦʧʨʦʩ ʜʣʷ ʢʘʢʠʭ ʧʨʦʝʢʪʦʚ ʧʦʜʭʦʜʠʪ ʢʘʞʜʘʷ ʙʠʙʣʠʦʪʝʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: flutter, state management, ʬʨʦʥʪʝʥʜ ʨʘʟʨʘʙʦʪʢʘ, ʙʠʙʣʠʦʪʝʢʠ. 

 

A COMPARATIVE ANALYSIS OF SOLUTIONS FOR IMPLEMENTING 

APPLICATION STATE MANAGEMENT IN THE FLUTTER FRAMEWORK  

L.A. Popova, O.N. Karikh 

Rubtsovsk Industrial Institute (branch) of the çI.I. Polzunov Altai State Technical 

Universityè 
Annotation:  The Flutter developer community offers a variety of libraries for managing 

widget state and separating graphics and logic. Each of these libraries has its own advantages and 

disadvantages. In this article, we want to discuss the features of each, conduct a comparative 

analysis, and create a short test to help you decide which library is best for your project. 

Keywords: flutter, state management, frontend development, libraries. 

 

ɺʚʝʜʝʥʠʝ 

ʇʦʥʷʪʠʝ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʝʤ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʚ ʣʶʙʦʤ ʧʨʠʣʦʞʝʥʠʠ, 

ʢʦʪʦʨʦʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʥʘ ʬʨʝʡʤʚʦʨʢʝ Flutter. ʂʘʢ ʨʘʟʜʝʣʷʶʪʩʷ ʙʠʟʥʝʩ-ʣʦʛʠʢʘ 

ʠ ʦʪʦʙʨʘʞʝʥʠʝ, ʢʘʢ ʭʨʘʥʷʪʩʷ ʜʘʥʥʳʝ ʦʙ ʦʪʦʙʨʘʞʘʝʤʳʭ ʵʣʝʤʝʥʪʘʭ, ʢʘʢ ʦʥʠ 

ʠʟʤʝʥʷʶʪʩʷ ʠ ʢʘʢ ʧʝʨʝʨʠʩʦʚʳʚʘʶʪʩʷ ʩʘʤʠ ʚʠʜʞʝʪʳ ï ʠʤʝʥʥʦ ʪʘʢʠʤʠ 

ʚʦʧʨʦʩʘʤʠ ʠ ʟʘʥʠʤʘʶʪʩʷ State management ʙʠʙʣʠʦʪʝʢʠ. 

ɺʩʝʛʜʘ ʥʘʯʠʥʘʷ ʥʦʚʳʡ ʧʨʦʝʢʪ, ʤʳ ʧʨʠʤʝʨʥʦ ʟʥʘʝʤ ʩ ʢʘʢʦʡ ʮʝʣʴʶ ʝʛʦ 

ʜʝʣʘʝʤ ʠ ʯʪʦ ʩ ʥʠʤ ʙʫʜʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʫʯʝʙʥʳʡ ʧʨʦʝʢʪ, MVP 

ʙʫʜʫʱʝʛʦ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ ʧʨʝʟʝʥʪʘʮʠʠ ʧʝʨʝʜ ʠʥʚʝʩʪʦʨʘʤʠ ʠʣʠ 

ʙʦʣʴʰʦʡ ʠ ʢʨʫʧʥʳʡ ʢʦʤʤʝʨʯʝʩʢʠʡ ʧʨʦʜʫʢʪ. ʀ ʪʦ, ʯʪʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʢʨʫʧʥʦʛʦ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʘ, ʤʦʞʝʪ ʩʪʘʪʴ ʠʟʣʠʰʥʝ ʩʣʦʞʥʳʤ ʠ ʟʘʧʫʪʘʥʥʳʤ ʜʣʷ 

ʫʯʝʙʥʦʛʦ ʧʨʦʝʢʪʘ. ʀʟ-ʟʘ ʚʳʙʦʨʘ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ, ʙʫʜʫʪ 

ʧʦʪʨʘʯʝʥʳ ʣʠʰʥʠʝ ʩʠʣʳ, ʜʝʥʴʛʠ ʠ ʚʨʝʤʷ, ʢʦʪʦʨʳʝ ʚ ʙʫʜʫʱʝʤ ʩʝʙʷ ʥʝ ʦʢʫʧʷʪ. 

ʀʣʠ, ʥʘʦʙʦʨʦʪ, ʝʩʣʠ ʥʫʞʥʦ ʩʦʟʜʘʪʴ ʙʦʣʴʰʦʡ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʡ ʢʦʤʤʝʨʯʝʩʢʠʡ 

ʧʨʦʜʫʢʪ, ʥʦ ʚʳʙʨʘʣʠ ʥʝʙʦʣʴʰʫʶ ʙʠʙʣʠʦʪʝʢʫ, ʢʦʪʦʨʘʷ ʧʨʠʛʦʜʥʘ ʣʠʰʴ ʜʣʷ 
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ʦʜʥʦʩʪʨʘʥʠʯʥʳʭ ʣʝʥʜʠʥʛʦʚ ʙʝʟ ʩʣʦʞʥʦʡ ʣʦʛʠʢʠ, ʪʦ ʚ ʠʪʦʛʝ ʯʝʨʝʟ ʧʘʨʫ ʤʝʩʷʮʝʚ 

ʨʘʙʦʪʳ ʨʘʟʚʠʪʠʝ ʧʨʦʜʫʢʪʘ ʦʩʪʘʥʦʚʠʪʩʷ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʙʫʜʝʪ ʪʨʝʙʦʚʘʪʴ ʚʩʸ ʙʦʣʴʰʠʭ ʠ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʙʠʙʣʠʦʪʝʢʠ 

ʜʣʷ State management: BloC, Provider, Riverpod. ʄʳ ʩʨʘʚʥʠʤ ʠʭ ʧʦ ʥʝʩʢʦʣʴʢʠʤ 

ʢʨʠʪʝʨʠʷʤ ʠ ʦʪʚʝʪʠʤ ʥʘ ʚʦʧʨʦʩ, ʜʣʷ ʢʘʢʠʭ ʮʝʣʝʡ ʢʘʢʘʷ ʠʟ ʥʠʭ ʧʦʜʭʦʜʠʪ ʙʦʣʴʰʝ 

ʚʩʝʛʦ.  

 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʙʠʙʣʠʦʪʝʢʘʭ 

Provider ï ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʝʤ ʚʦ Flutter. ʆʥ ʠʩʧʦʣʴʟʫʝʪ InheritedWidgets ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʜʘʯʠ ʩʦʩʪʦʷʥʠʷ ʯʝʨʝʟ ʜʝʨʝʚʦ ʚʠʜʞʝʪʦʚ [3]. 

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʜʘʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʩʯʠʪʘʝʪʩʷ ʥʝʤʥʦʛʦ ʫʩʪʘʨʝʚʰʝʡ, ʥʦ 

ʵʪʦ ʥʝ ʤʝʥʷʝʪ ʪʦʛʦ, ʯʪʦ ʦʥʘ ʩʘʤʘʷ ʣʝʛʢʦʚʝʩʥʘʷ ʠ ʧʨʦʩʪʘʷ ʩʨʝʜʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 

ʚʘʨʠʘʥʪʦʚ [3].  

Bloc (Business Logic Component) ï ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʤʦʱʥʳʭ ʠ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʝʤ ʚʦ Flutter. ʆʥ 

ʧʨʝʚʦʩʭʦʜʥʦ ʨʘʟʜʝʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʠ ʙʠʟʥʝʩ-ʣʦʛʠʢʫ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʯʸʪʢʫʶ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ 

[3]. 

Riverpod ʩʦʟʜʘʥ ʥʘ ʦʩʥʦʚʝ Provider, ʫʩʪʨʘʥʷʷ ʤʥʦʛʠʝ ʝʛʦ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʧʨʝʜʣʘʛʘʷ ʙʦʣʴʰʫʶ ʛʠʙʢʦʩʪʴ ʠ ʫʣʫʯʰʝʥʥʦʝ ʚʥʝʜʨʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʆʥ 

ʦʩʦʙʝʥʥʦ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʢʨʫʧʥʳʭ ʠ ʩʣʦʞʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʦʜʥʘʢʦ 

ʷʚʣʷʝʪʩʷ ʥʦʚʠʯʢʦʤ ʥʘ ʨʳʥʢʝ ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʫʩʪʫʧʘʝʪ ʚ ʧʦʧʫʣʷʨʥʦʩʪʠ ʠ 

ʢʦʣʠʯʝʩʪʚʝ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʟʚʘʥʥʦʤʫ ʚʳʰʝ BLoC [3]. 

 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʘʥʘʣʠʟʘ ʙʠʙʣʠʦʪʝʢ ʤʳ ʩʨʘʚʥʠʤ ʠʭ ʧʦ ʧʷʪʠ ʢʨʠʪʝʨʠʷʤ, ʢʦʪʦʨʳʝ 

ʦʧʠʩʘʥʳ ʥʠʞʝ. 

ʆʙʲʝʤ ʰʘʙʣʦʥʥʦʛʦ ʢʦʜʘ. ʐʘʙʣʦʥʥʳʡ ʢʦʜ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ñʩʣʫʞʝʙʥʳʤò ʢʦʜʦʤ, ï ʵʪʦ ʪʘ ʯʘʩʪʴ ʣʠʩʪʠʥʛʘ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ 

ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʘʤʦʡ ʙʠʙʣʠʦʪʝʢʠ, ʥʦ ʢʦʪʦʨʘʷ ʩʘʤʘ ʧʦ ʩʝʙʝ ʥʝ ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʴʶ ʣʦʛʠʢʠ ʧʨʠʣʦʞʝʥʠʷ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʰʘʙʣʦʥʥʦʛʦ ʢʦʜʘ ʦʧʨʝʜʝʣʸʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤʳ, ʥʦ ʦʙʳʯʥʦ ʵʪʦ 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦ ʙʠʙʣʠʦʪʝʢʘ ʦʙʝʩʧʝʯʠʚʘʣʘ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʪʝʩʪʠʨʫʝʤʦʩʪʴ. 

ʇʦʨʦʛ ʚʭʦʜʘ. ʋʨʦʚʝʥʴ ʩʣʦʞʥʦʩʪʠ ʙʠʙʣʠʦʪʝʢʠ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʥʘʥʠʷʤ 

ʨʘʟʨʘʙʦʪʯʠʢʘ ʜʣʷ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɹʦʣʝʝ ʩʣʦʞʥʳʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʙʠʙʣʠʦʪʝʢʠ ʪʨʝʙʫʶʪ ʦʪ ʧʨʦʛʨʘʤʤʠʩʪʘ ʙʦʣʴʰʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʷ ʠ 

ʦʧʳʪʘ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ BuildContext. BuildContext ï ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʦʙʲʝʢʪ ʚʦ 

Flutter, ʧʦʟʚʦʣʷʶʱʠʡ ʦʙʨʘʱʘʪʴʩʷ ʢ ʜʦʯʝʨʥʠʤ ʵʣʝʤʝʥʪʘʤ ʚ ʜʝʨʝʚʝ ʚʠʜʞʝʪʦʚ. 

ɽʩʣʠ ʙʠʙʣʠʦʪʝʢʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʥʠʤ, ʘ ʪʘʢʠʭ ʙʠʙʣʠʦʪʝʢ 

ʙʦʣʴʰʠʥʩʪʚʦ, ʪʦ ʧʨʦʛʨʘʤʤʠʩʪʫ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ ʚʥʠʤʘʪʝʣʴʥʦ ʠ ʩʪʨʦʛʦ 
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ʩʣʝʜʠʪʴ ʟʘ ʪʝʤ ʚ ʢʘʢʦʤ ʤʝʩʪʝ ʜʝʨʝʚʘ ʚʠʜʞʝʪʦʚ ʥʘʭʦʜʠʪʩʷ ʚʠʜʞʝʪ, ʩ ʢʦʪʦʨʳʤ ʦʥ 

ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʙʦʪʘʝʪ, ʯʪʦʙʳ ʠʟʙʝʛʘʪʴ ʦʰʠʙʦʢ. 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʩʪʨʦʛʦʩʪʴ. ʉʧʦʩʦʙʥʦʩʪʴ 

ʙʠʙʣʠʦʪʝʢʠ ʩʣʝʜʦʚʘʪʴ ʩʪʨʦʛʦʤʫ ʩʪʘʥʜʘʨʪʫ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʘʞʝ ʧʨʠ ʪʝʢʫʯʢʝ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʰʘʥʩ ʥʘ ʧʫʪʘʥʠʮʫ ʚ ʢʦʜʝ ʙʫʜʝʪ ʥʠʟʢʠʤ. ɸ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ 

ʙʠʙʣʠʦʪʝʢʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʩʰʠʨʷʝʤʦʩʪʴ ʢʦʜʘ ʠ ʚʚʝʜʝʥʠʝ ʥʦʚʳʭ ʬʫʥʢʮʠʡ ʩ 

ʦʜʠʥʘʢʦʚʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʙʲʸʤ ʢʦʜʦʚʦʡ ʙʘʟʳ. 

ʆʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ. ʉʧʦʩʦʙʥʦʩʪʴ ʙʠʙʣʠʦʪʝʢʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʦʰʠʙʢʠ ʥʘ 

ʵʪʘʧʝ ʢʦʤʧʠʣʷʮʠʠ ʠ ʩʥʠʞʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ ʚʦ ʚʨʝʤʷ ʠʩʧʦʣʥʝʥʠʷ 

ʧʨʦʛʨʘʤʤʳ (Runtime errors). 

 

ɺʩʝ ʚʳʙʨʘʥʥʳʝ ʢʨʠʪʝʨʠʠ ʙʫʜʫʪ ʦʮʝʥʠʚʘʪʴʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʰʢʘʣʝ: 

- ʥʠʟʢʠʡ; 

- ʩʨʝʜʥʠʡ; 

- ʚʳʩʦʢʠʡ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

Provider. 

ʆʙʲʝʤ ʰʘʙʣʦʥʥʦʛʦ ʢʦʜʘ. ʄʠʥʠʤʘʣʴʥʳʡ. ʗʚʣʷʝʪʩʷ ʣʠʰʴ ʦʙʸʨʪʢʦʡ ʥʘʜ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ Flutter. ʀʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʩʪʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʩʜʝʣʘʪʴ ʨʝʘʣʠʟʘʮʠʶ ʚ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ 

[2]. 

ʇʦʨʦʛ ʚʭʦʜʘ. ʅʠʟʢʠʡ. ʗʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ 

ʨʝʢʦʤʝʥʜʫʶʪ ʠʟʫʯʘʪʴ ʥʦʚʠʯʢʘʤ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʥʠ ʦʟʥʘʢʦʤʷʪʩʷ ʩ ʙʘʟʦʚʳʤʠ 

ʢʦʥʮʝʧʮʠʷʤʠ ʬʨʝʡʤʚʦʨʢʘ [5]. 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ BuildContext. ɿʘʚʠʩʠʤ. ʄʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ runtime 

ʦʰʠʙʢʘʤ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤ ʧʦʩʪʨʦʝʥʠʠ ʜʝʨʝʚʘ ʚʠʜʞʝʪʦʚ [5]. 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʩʪʨʦʛʦʩʪʴ. ʅʠʟʢʘʷ. ʅʝ ʠʤʝʝʪ 

ʩʪʨʦʛʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʦʩʪʘʚʣʷʝʪ ʵʪʦ ʥʘ ʜʠʩʮʠʧʣʠʥʫ ʨʘʟʨʘʙʦʪʯʠʢʘ. ɺʳ ʩʘʤʠ 

ʨʝʰʘʝʪʝ ʜʝʣʘʪʴ ʧʨʘʚʠʣʴʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʠ ʛʨʘʬʠʢʘ ʠʣʠ ʥʘʧʠʩʘʪʴ 

ʤʦʥʦʣʠʪʥʫʶ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʧʨʦʛʨʘʤʤʫ [2]. 

ʆʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ. ʅʠʟʢʘʷ. ʇʨʠʚʦʜʠʪ ʢ runtime ʦʰʠʙʢʘʤ ʚ ʦʩʥʦʚʥʦʤ 

ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʨʠʪʴ ʩʪʨʫʢʪʫʨʫ ʜʝʨʝʚʘ ʚʠʜʞʝʪʦʚ ʥʘ ʵʪʘʧʝ 

ʢʦʤʧʠʣʷʮʠʠ [2]. 

ʀʪʦʛ. ʀʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʥʦʚʠʯʢʦʚ, ʢʦʪʦʨʳʝ ʭʦʪʷʪ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ 

ʧʦʥʷʪʠʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʝʤ. ʇʦʜʭʦʜʠʪ ʜʣʷ ʫʯʝʙʥʳʭ ʧʨʦʝʢʪʦʚ, ʥʝʙʦʣʴʰʠʭ 

ʧʨʠʣʦʞʝʥʠʡ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʨʘʥʠʮʘʤʠ ʠʣʠ ʩʦʟʜʘʥʠʷ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ MVP. 

 

BLoC. 

ʆʙʲʝʤ ʰʘʙʣʦʥʥʦʛʦ ʢʦʜʘ. ɺʳʩʦʢʠʡ. ʊʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ 

ʦʪʜʝʣʴʥʳʭ ʬʘʡʣʦʚ ʜʣʷ ʢʘʞʜʦʡ ʥʝʙʦʣʴʰʦʡ ʬʫʥʢʮʠʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɿʘʤʝʜʣʷʝʪ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʩʪʳʭ ʬʫʥʢʮʠʡ, ʥʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʟʘʧʫʪʘʪʴʩʷ ʚ ʢʦʜʝ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ [1]. 
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ʇʦʨʦʛ ʚʭʦʜʘ. ɺʳʩʦʢʠʡ. ʊʨʝʙʫʝʪ ʧʦʥʠʤʘʥʠʷ ʨʝʘʢʪʠʚʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʨʘʙʦʪʳ ʩ Streams ʠ ʥʘʚʳʢʠ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʉʣʦʞʥʘ ʜʣʷ ʥʦʚʠʯʢʦʚ ʙʝʟ ʭʦʨʦʰʝʛʦ ʬʫʥʜʘʤʝʥʪʘ ʠ ʦʧʳʪʘ 

ʬʨʦʥʪʝʥʜ ʨʘʟʨʘʙʦʪʢʠ [4]. 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ BuildContext. ɿʘʚʠʩʠʤ. ʊʘʢʞʝ ʢʘʢ ʠ ʧʨʦʚʘʡʜʝʨ ʪʨʝʙʫʝʪ 

ʥʘʣʠʯʠʝ ʢʦʥʪʝʢʩʪʘ ʜʣʷ ʧʦʠʩʢʘ ʚ ʜʝʨʝʚʝ ʚʠʜʞʝʪʦʚ [3]. 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʩʪʨʦʛʦʩʪʴ. ʆʯʝʥʴ ʚʳʩʦʢʘʷ. ʉʪʨʦʛʦ 

ʨʘʟʜʝʣʷʝʪ ʛʨʘʬʠʢʫ ʠ ʣʦʛʠʢʫ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʪʦʡʪʠ ʦʪ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ. 

ʅʘʚʷʟʳʚʘʝʪ ʝʜʠʥʳʡ ʩʪʠʣʴ ʢʦʜʘ, ʧʦʟʚʦʣʷʷ ʧʦʜʜʝʨʞʠʚʘʪʴ ʝʛʦ ʙʦʣʴʰʠʤ ʢʦʤʘʥʜʘʤ 

ʠ ʧʨʠ ʪʝʢʫʯʢʝ ʢʘʜʨʦʚ [4]. 

ʆʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ. ʉʨʝʜʥʷʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʪʨʦʛʫʶ ʪʠʧʠʟʘʮʠʶ 

ʩʦʩʪʦʷʥʠʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʦʛʠʢʠ ʩ ʛʨʘʬʠʢʦʡ, ʚʩʸ ʨʘʚʥʦ ʫʷʟʚʠʤʘ ʢ ʦʰʠʙʢʘʤ 

ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤ ʧʦʩʪʨʦʝʥʠʠ ʜʝʨʝʚʘ ʚʠʜʞʝʪʦʚ [3]. 

ʀʪʦʛ. ʅʘʠʚʳʩʰʘʷ ʩʪʨʦʛʦʩʪʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. ɿʘʪʷʛʠʚʘʝʪ ʨʘʟʨʘʙʦʪʢʫ 

ʧʨʦʝʢʪʘ, ʦʜʥʘʢʦ ʵʪʦ ʦʢʫʧʘʝʪʩʷ, ʢʦʛʜʘ ʢʦʜʦʚʘʷ ʙʘʟʘ ʜʦʩʪʠʛʘʝʪ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ. 

ʇʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʠ ʨʘʩʰʠʨʷʪʴ ʧʨʦʜʫʢʪ ʜʘʞʝ ʦʯʝʥʴ ʙʦʣʴʰʠʤ ʢʦʤʘʥʜʘʤ 

ʠʟ ʜʝʩʷʪʢʦʚ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. ʇʦʜʭʦʜʠʪ ʪʦʣʴʢʦ ʜʣʷ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʦʚ, ʠ ʥʘʦʙʦʨʦʪ 

ʤʥʦʛʦʢʨʘʪʥʦ ʟʘʤʝʜʣʷʝʪ ʨʘʙʦʪʫ ʥʘʜ ʤʘʣʝʥʴʢʠʤʠ.  

 

Riverpod. 

ʆʙʲʝʤ ʰʘʙʣʦʥʥʦʛʦ ʢʦʜʘ. ʉʨʝʜʥʠʡ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʧʘʢʝʪʦʤ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʢʦʜʘ ʢʣʘʩʩʦʚ ʧʦʟʚʦʣʷʝʪ ʧʠʩʘʪʴ ʣʘʢʦʥʠʯʥʳʡ ʢʦʜ ʚ 

ʜʦʚʦʣʴʥʦ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ [6]. 

ʇʦʨʦʛ ʚʭʦʜʘ. ʉʧʝʮʠʬʠʯʝʩʢʠʡ. ɺʚʦʜʠʪ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʥʮʝʧʮʠʠ, ʢʦʪʦʨʳʝ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʪʘʥʜʘʨʪʦʚ, ʧʨʠʥʷʪʳʭ ʚʦ Flutter. ʊʨʝʙʫʝʪ ʚʨʝʤʝʥʠ ʜʣʷ 

ʧʝʨʝʩʪʨʦʡʢʠ ʤʳʰʣʝʥʠʷ ʠ ʦʪʢʘʟʘ ʦʪ ʧʨʠʚʳʯʥʳʭ ʧʨʠʥʮʠʧʦʚ [3]. 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ BuildContext. ʅʝʟʘʚʠʩʠʤ. ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʙʠʙʣʠʦʪʝʢʠ ʧʝʨʝʜ ʜʨʫʛʠʤʠ. ʉʦʩʪʦʷʥʠʝ ʭʨʘʥʠʪʩʷ ʦʪʜʝʣʴʥʦ ʦʪ ʜʝʨʝʚʘ ʚʠʜʞʝʪʦʚ ʠ 

ʜʦʩʪʫʧ ʢ ʥʝʤʫ ʛʣʦʙʘʣʝʥ ʠʟ ʣʶʙʦʛʦ ʚʠʜʞʝʪʘ [4]. 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʩʪʨʦʛʦʩʪʴ. ɺʳʩʦʢʘʷ. ʇʦʦʱʨʷʝʪ 

ʤʦʜʫʣʴʥʦʩʪʴ ʠ ʨʘʟʜʝʣʝʥʠʝ ʣʦʛʠʢʠ ʦʪ ʛʨʘʬʠʢʠ. ɹʠʙʣʠʦʪʝʢʘ ʦʪʣʠʯʥʦ ʩʝʙʷ 

ʧʦʢʘʟʳʚʘʝʪ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʣʦʞʥʳʭ ʠ ʤʥʦʛʦʤʦʜʫʣʴʥʳʭ ʩʠʩʪʝʤ [6]. 

ʆʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ. ʉʘʤʘʷ ʚʳʩʦʢʘʷ. ʍʨʘʥʝʥʠʝ ʩʦʩʪʦʷʥʠʝ ʦʪʜʝʣʴʥʦ ʦʪ 

ʜʝʨʝʚʘ ʚʠʜʞʝʪʦʚ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʙʦʣʴʰʠʥʩʪʚʘ ʦʰʠʙʦʢ ʚʦ ʚʨʝʤʷ ʠʩʧʦʣʥʝʥʠʷ 

ʧʨʦʛʨʘʤʤʳ. ʊʘʢʞʝ ʚʳʷʚʣʷʝʪ ʙʦʣʴʰʠʥʩʪʚʦ ʦʩʪʘʚʰʠʭʩʷ ʦʰʠʙʦʢ ʝʱʸ ʥʘ ʵʪʘʧʝ 

ʢʦʤʧʠʣʷʮʠʠ [6]. 

ʀʪʦʛ. ʆʜʥʘ ʠʟ ʩʘʤʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʧʝʨʝʜʦʚʳʭ ʙʠʙʣʠʦʪʝʢ. ʧʦʢʘʟʳʚʘʝʪ 

ʩʝʙʷ ʭʦʨʦʰʦ ʢʘʢ ʚ ʨʘʙʦʪʝ ʥʘʜ ʤʘʣʝʥʴʢʠʤʠ ʧʨʦʝʢʪʘʤʠ, ʪʘʢ ʠ ʥʘʜ ʢʨʫʧʥʳʤʠ. 

ʆʜʥʘʢʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʥʝʜʦʩʪʘʪʢʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʡ ʧʦʨʦʛ 

ʚʭʦʜʘ, ʯʪʦ ʜʝʣʘʝʪ provider ʚʩʸ ʝʱʸ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʜʣʷ ʥʦʚʠʯʢʦʚ. ʀʟ-ʟʘ 

ʥʦʚʠʟʥʳ ʧʦ ʜʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʦʯʝʥʴ ʤʘʣʦ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʤʘʣʦ 

ʚʦʧʨʦʩʦʚ ʥʘ ʬʦʨʫʤʘʭ, ʯʪʦ ʜʝʣʘʝʪ BLoC ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ.  
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ʊʘʙʣʠʮʘ1 

ʉʨʘʚʥʝʥʠʝ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʚʳʙʦʨʘ ʠʩʩʣʝʜʫʝʤʳʭ ʙʠʙʣʠʦʪʝʢ 

ʂʨʠʪʝʨʠʡ Provider Riverpod BLoC 

ʆʙʲʝʤ ʰʘʙʣʦʥʥʦʛʦ 

ʢʦʜʘ 

ʅʠʟʢʠʡ ʉʨʝʜʥʠʡ ɺʳʩʦʢʠʡ 

ʇʦʨʦʛ ʚʭʦʜʘ ʅʠʟʢʠʡ ʉʨʝʜʥʠʡ ɺʳʩʦʢʠʡ 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ 

BulidContext 

ɺʳʩʦʢʘʷ - ɺʳʩʦʢʘʷ 

ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ 

ʠ ʩʪʨʦʛʦʩʪʴ 

ʘʨʭʠʪʝʢʪʫʨʳ 

ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ 

ʆʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʴ ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʧʦʜʚʝʩʪʠ ʠʪʦʛ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʮʝʣʝʡ ʢʘʞʜʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʠ ʧʦʨʘʙʦʪʘʪʴ ʩ ʙʠʙʣʠʦʪʝʢʦʡ Provider, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʚ ʤʠʨ State management. ʋʞʝ ʧʦʩʣʝ ʵʪʦʛʦ ʤʦʞʥʦ ʧʝʨʝʭʦʜʠʪʴ ʢ 

ʜʨʫʛʠʤ ʙʠʙʣʠʦʪʝʢ ʠ ʫʞʝ ʪʦʛʜʘ ʚʳʙʠʨʘʪʴ ʥʘ ʦʩʥʦʚʝ ʚʘʰʠʭ ʪʨʝʙʦʚʘʥʠʡ. ʇʝʨʚʦʝ ʠ 

ʩʘʤʦʝ ʚʘʞʥʦʝ, ʯʪʦ ʥʫʞʥʦ ʩʜʝʣʘʪʴ ï ʵʪʦ ʨʝʰʠʪʴ, ʯʪʦ ʙʫʜʝʪ ʟʘ ʧʨʦʝʢʪ, ʢʘʢʦʚ ʙʫʜʝʪ 

ʝʛʦ ʤʘʩʰʪʘʙ ʠ ʥʘʩʢʦʣʴʢʦ ʚʘʞʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ. BLoC ï ʩʣʦʞʥʳʡ, 

ʪʷʞʸʣʳʡ, ʪʨʝʙʦʚʘʪʝʣʴʥʳʡ ʠ ʢʨʘʡʥʝ ʩʪʘʙʠʣʴʥʳʡ, ʠʤʝʶʱʠʡ ʤʥʦʞʝʩʪʚʦ 

ʥʘʢʦʧʣʝʥʥʦʛʦ ʩʦʦʙʱʝʩʪʚʦʤ ʦʧʳʪʘ. Provider ï ʥʠʯʝʤ ʥʝ ʫʩʪʫʧʘʝʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ BLoC, ʘ ʛʜʝ-ʪʦ ʜʘʞʝ ʧʨʝʚʦʩʭʦʜʠʪ ʝʛʦ, ʦʜʥʘʢʦ ʷʚʣʷʝʪʩʷ 

ʤʦʣʦʜʳʤ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʚʳʙʦʨ ʙʦʣʝʝ ʨʠʩʢʦʚʘʥʥʳʤ ʨʝʰʝʥʠʝʤ ʥʝʜʝʣʠ ʚʳʙʦʨ 

BloC. 
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ʃ. ɸ. ʇʦʧʦʚʘ, ɼ. ʀ. ʄʠʭʘʣʝʚ, ɼ. ʅ. ʐʝʚʯʝʥʢʦ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʜʘʞʠ ʙʠʣʝʪʦʚ ʥʘ ʧʨʠʛʦʨʦʜʥʳʝ ʘʚʪʦʙʫʩʥʳʝ ʤʘʨʰʨʫʪʳ ʥʘ ʧʨʠʤʝʨʝ 

ʈʫʙʮʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ. ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʣʝʛʘʩʠ-ʩʠʩʪʝʤʘʤʠ ʥʘ ʙʘʟʝ ʉʋɹɼ Firebird, ʦʙʝʩʧʝʯʝʥʠʝʤ ʤʦʙʠʣʴʥʦʛʦ 

ʜʦʩʪʫʧʘ ʚʦʜʠʪʝʣʝʡ, ʘʫʪʝʥʪʠʬʠʢʘʮʠʝʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʥʘʜʸʞʥʦʩʪʴʶ ʪʨʘʥʟʘʢʮʠʡ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʆʧʨʝʜʝʣʝʥʳ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ, 

ʦʭʚʘʪʳʚʘʶʱʠʝ ʫʧʨʘʚʣʝʥʠʝ ʥʘʨʷʜʘʤʠ, ʪʘʨʠʬʠʢʘʮʠʶ, ʧʨʦʜʘʞʫ ʙʠʣʝʪʦʚ ʠ ʦʪʯʸʪʥʦʩʪʴ. 

ʆʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʝʢʘ, ʚʢʣʶʯʘʶʱʝʛʦ Flask-ʙʵʢʝʥʜ ʠ ʤʦʙʠʣʴʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ ʥʘ Flet, ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʟʜʘʪʴ ʤʘʩʰʪʘʙʠʨʫʝʤʫʶ ʪʨʸʭʩʣʦʡʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʩ 

ʧʦʜʜʝʨʞʢʦʡ offline-ʨʝʞʠʤʘ ʠ ʙʝʟʦʧʘʩʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʘʚʪʦʨʠʟʘʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʠʣʝʪʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʜʘʞʠ ʙʠʣʝʪʦʚ; ʧʨʠʛʦʨʦʜʥʳʝ ʘʚʪʦʙʫʩʥʳʝ 

ʤʘʨʰʨʫʪʳ; ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ; ʘʨʭʠʪʝʢʪʫʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ; ʉʋɹɼ Firebird; 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʩʠʩʪʝʤʳ; ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ; ʦʬʣʘʡʥ-ʨʝʞʠʤ; REST API; Flet. 
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ɺʚʝʜʝʥʠʝ 

ʉʠʩʪʝʤʳ ʧʨʦʜʘʞʠ ʙʠʣʝʪʦʚ ʥʘ ʦʙʱʝʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪ ʷʚʣʷʶʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʛʦʨʦʜʩʢʦʡ ʤʦʙʠʣʴʥʦʩʪʠ ʠ ʪʨʝʙʫʶʪ 

ʚʳʩʦʢʦʡ ʥʘʜʸʞʥʦʩʪʠ, ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʣʝʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʯʘʩʪʫʶ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʧʨʦʙʣʝʤʘʤʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ʜʘʥʥʳʭ, ʦʪʩʫʪʩʪʚʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ 

ʢʦʥʪʨʦʣʷ ʦʧʝʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʝʣʴʥʦʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʜʘʞʠ ʙʠʣʝʪʦʚ ʥʘ ʧʨʠʛʦʨʦʜʥʳʭ ʤʘʨʰʨʫʪʘʭ ʩʪʘʥʦʚʠʪʩʷ 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʫʜʦʙʩʪʚʦ ʜʣʷ ʧʘʩʩʘʞʠʨʦʚ, 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʚʦʜʠʪʝʣʝʡ ʠ ʦʧʝʨʘʪʦʨʦʚ ʪʨʘʥʩʧʦʨʪʘ, ʘ ʪʘʢʞʝ 

ʫʣʫʯʰʠʪʴ ʢʦʥʪʨʦʣʴ ʬʠʥʘʥʩʦʚʳʭ ʧʦʪʦʢʦʚ. ɺ ʈʫʙʮʦʚʩʢʦʤ ʨʘʡʦʥʝ ɸʣʪʘʡʩʢʦʛʦ 

ʢʨʘʷ ʧʨʠʛʦʨʦʜʥʳʡ ʘʚʪʦʙʫʩʥʳʡ ʪʨʘʥʩʧʦʨʪ ʚʳʧʦʣʥʷʝʪ ʢʣʶʯʝʚʫʶ ʩʦʮʠʘʣʴʥʫʶ 

ʬʫʥʢʮʠʶ, ʩʚʷʟʳʚʘʷ ʛʦʨʦʜ ʩ ʫʜʘʣʸʥʥʳʤʠ ʥʘʩʝʣʸʥʥʳʤʠ ʧʫʥʢʪʘʤʠ. ʇʦʵʪʦʤʫ 

ʚʥʝʜʨʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʤʦʙʠʣʴʥʳʤ 

ʧʨʠʣʦʞʝʥʠʝʤ ʜʣʷ ʚʦʜʠʪʝʣʝʡ ʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʰʘʛʦʤ ʢ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʪʨʘʩʣʠ [6]. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʜʘʞʠ ʙʠʣʝʪʦʚ, ʠʥʪʝʛʨʠʨʫʝʤʦʡ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʙʝʟʦʧʘʩʥʫʶ ʠ ʥʘʜʸʞʥʫʶ ʨʘʙʦʪʫ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʤʦʪʠʚʘʮʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1. ʇʨʦʙʣʝʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʉʠʩʪʝʤʘ ʨʦʟʥʠʯʥʦʡ ʪʦʨʛʦʚʣʠ ʙʠʣʝʪʘʤʠ ʥʘ 

ʦʙʱʝʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪ ʜʦʣʞʥʘ ʨʝʰʠʪʴ ʤʥʦʞʝʩʪʚʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʧʨʦʙʣʝʤ: 

1) ʇʨʦʙʣʝʤʘ ʠʥʪʝʛʨʘʮʠʠ ʩ ʣʝʛʘʩʠ-ʩʠʩʪʝʤʘʤʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʝ ʫʩʪʘʨʝʚʰʠʭ 

ʪʝʭʥʦʣʦʛʠʡ (ʥʘʧʨʠʤʝʨ, Firebird ʉʋɹɼ). 

ʀʥʪʝʛʨʘʮʠʷ ʩ ʪʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʩʦʟʜʘʸʪ: 

- ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ ʜʘʥʥʳʭ: ʩʪʘʨʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ 

ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʪʠʧʳ ʜʘʥʥʳʭ, ʠʤʝʥʦʚʘʥʠʝ, ʠ ʩʭʝʤʳ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʩʦʚʨʝʤʝʥʥʳʤ ORM-ʬʨʝʡʤʚʦʨʢʘʤ; 

- ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʤʠʛʨʘʮʠʠ: ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʪʦʛʦ ʧʝʨʝʥʦʩʘ ʜʘʥʥʳʭ 

ʙʝʟ ʨʠʩʢʘ ʧʦʪʝʨʠ ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ; 

- ʧʨʦʙʣʝʤʳ ʩ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴʶ: ʫʩʪʘʨʝʚʰʠʝ ʨʝʰʝʥʠʷ ʥʝ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʳʩʦʢʠʭ ʦʙʲʸʤʦʚ ʪʨʘʥʟʘʢʮʠʡ. 

2) ʇʨʦʙʣʝʤʘ ʤʦʙʠʣʴʥʦʛʦ ʜʦʩʪʫʧʘ ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʦʩʪʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʦʙʳʯʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʘʙʦʯʠʭ 

ʤʝʩʪʘʭ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʜʦʩʪʫʧʘ (ʚʦʜʠʪʝʣʠ ʥʘʭʦʜʷʪʩʷ 

ʚ ʧʫʪʠ, ʤʦʛʫʪ ʧʦʪʝʨʷʪʴ ʩʚʷʟʴ) ʪʨʝʙʫʝʪ: 
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- ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʦʩʪʦʷʥʠʷ: ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʜʘʥʥʳʭ 

ʧʨʠ ʘʩʠʥʭʨʦʥʥʳʭ ʦʧʝʨʘʮʠʷʭ; 

- ʨʘʙʦʪʳ ʚ ʦʬʣʘʡʥ ʨʝʞʠʤʝ: ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʪʨʘʥʟʘʢʮʠʠ ʙʝʟ 

ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʨʚʝʨʫ; 

- ʙʝʟʦʧʘʩʥʦʛʦ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʭʨʘʥʠʣʠʱʘ: ʟʘʱʠʪʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʜʘʥʥʳʭ ʥʘ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

3) ʇʨʦʙʣʝʤʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʘʚʪʦʨʠʟʘʮʠʠ. ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʢʘʪʝʛʦʨʠʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʫʨʦʚʥʷʤʠ ʜʦʩʪʫʧʘ: 

- ʘʜʤʠʥʠʩʪʨʘʪʦʨʳ: ʪʨʝʙʫʶʪ ʧʦʣʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ, ʛʝʥʝʨʘʮʠʠ 

ʪʦʢʝʥʦʚ, ʩʦʟʜʘʥʠʷ ʦʪʯʸʪʦʚ; 

- ʚʦʜʠʪʝʣʠ: ʪʨʝʙʫʶʪ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʪʦʣʴʢʦ ʧʦ 

ʪʝʢʫʱʝʤʫ ʥʘʨʷʜʫ; 

- ʩʠʩʪʝʤʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: ʪʨʝʙʫʶʪ ʙʝʟʦʧʘʩʥʦʛʦ API ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ (ʣʦʛʠʥ/ʧʘʨʦʣʴ, ʧʨʦʩʪʳʝ ʨʦʣʠ) ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʛʠʙʢʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ [5]. 

4) ʇʨʦʙʣʝʤʘ ʥʘʜʸʞʥʦʩʪʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʉʠʩʪʝʤʘ ʧʨʦʜʘʞʠ ʙʠʣʝʪʦʚ 

ʨʘʙʦʪʘʝʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʣʶʙʦʡ ʝʸ ʩʙʦʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʬʠʥʘʥʩʦʚʳʤ 

ʧʦʪʝʨʷʤ: 

- ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʡ ʪʦʯʢʠ ʦʪʢʘʟʘ: ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʠʪʴ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʩʙʦʝ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ; 

- ʘʫʜʠʪ ʠ ʦʪʯʸʪʥʦʩʪʴ: ʪʨʝʙʦʚʘʥʠʝ ʚʝʜʝʥʠʷ ʧʦʣʥʦʛʦ ʞʫʨʥʘʣʘ ʚʩʝʭ 

ʦʧʝʨʘʮʠʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ; 

- ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʩʣʝ ʩʙʦʝʚ: ʤʝʭʘʥʠʟʤʳ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʚ ʩʣʫʯʘʝ ʧʨʝʨʳʚʘʥʠʷ ʦʧʝʨʘʮʠʡ. 

2. ʉʣʦʞʥʦʩʪʴ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ: 

1) ʇʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ ʦʙʣʘʜʘʝʪ ʩʣʦʞʥʦʡ ʠʝʨʘʨʭʠʝʡ ʩʫʱʥʦʩʪʝʡ (ʨʠʩ.1). 

 

 
ʈʠʩ. 1 ï ʀʝʨʘʨʭʠʷ ʩʫʱʥʦʩʪʝʡ 
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2) ɺʨʝʤʝʥʥʳʝ ʘʩʧʝʢʪʳ: 

- ʥʘʨʷʜʳ ʩʦʟʜʘʶʪʩʷ ʥʘ ʢʦʥʢʨʝʪʥʫʶ ʜʘʪʫ ʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʚʨʝʤʷ 

ʜʝʡʩʪʚʠʷ; 

- ʪʘʨʠʬʳ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʪʳ; 

- ʢʣʶʯʠ ʜʦʩʪʫʧʘ ʜʣʷ ʚʦʜʠʪʝʣʝʡ ʠʤʝʶʪ ʤʝʭʘʥʠʟʤ ʚʳʯʠʩʣʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʜʘʪʳ. 

3) ʂʦʥʪʨʦʣʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ: 

- ʚʦʜʠʪʝʣʴ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʩ ʘʢʪʠʚʥʳʤ ʥʘʨʷʜʦʤ ʥʘ 

ʪʝʢʫʱʫʶ ʜʘʪʫ; 

- ʧʨʦʜʘʞʘ ʙʠʣʝʪʘ ʧʨʠʚʷʟʘʥʘ ʢ ʢʦʥʢʨʝʪʥʦʡ ʦʩʪʘʥʦʚʢʝ ʤʘʨʰʨʫʪʘ; 

- ʥʝʦʙʭʦʜʠʤʦ ʦʪʩʣʝʞʠʚʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʜʘʥʥʳʭ ʙʠʣʝʪʦʚ ʧʦ 

ʪʠʧʘʤ (ʧʦʣʥʳʝ, ʜʝʪʩʢʠʝ, ʙʘʛʘʞʥʳʝ). 

 

ɸʥʘʣʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʝ 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ [4, 7]: 

ʊʨʝʙʦʚʘʥʠʝ R1. ʇʦʜʜʝʨʞʢʘ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ: 

- ʜʣʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʚ: ʚʭʦʜ ʧʦ ʧʘʨʝ ʣʦʛʠʥ/ʧʘʨʦʣʴ ʩ ʧʨʘʚʘʤʠ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʫʨʦʚʥʷ; 

- ʜʣʷ ʚʦʜʠʪʝʣʝʡ: ʚʭʦʜ ʧʦ 16-ʟʥʘʯʥʦʤʫ ʙʫʢʚʝʥʥʦ-ʮʠʬʨʦʚʦʤʫ ʢʣʶʯʫ, 

ʩʧʝʮʠʬʠʯʥʦʤʫ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʥʘʨʷʜʘ. 

ʇʨʠʯʠʥʳ: 

1) ʘʜʤʠʥʠʩʪʨʘʪʦʨʳ ʠ ʚʦʜʠʪʝʣʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

2) ʢʣʶʯʠ ʜʣʷ ʚʦʜʠʪʝʣʝʡ ʜʦʣʞʥʳ ʙʳʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʳ ʪʦʣʴʢʦ ʜʣʷ ʪʝʢʫʱʝʛʦ 

ʜʥʷ; 

3) ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʜʣʷ ʚʦʜʠʪʝʣʝʡ (ʙʝʟ ʚʚʦʜʘ 

ʩʣʦʞʥʦʛʦ ʧʘʨʦʣʷ). 

ʊʨʝʙʦʚʘʥʠʝ R2. ʋʧʨʘʚʣʝʥʠʝ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʥʘʨʷʜʘ: 

- ʩʦʟʜʘʥʠʝ ʥʘʨʷʜʘ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʩ ʫʢʘʟʘʥʠʝʤ ʤʘʨʰʨʫʪʘ, ʘʚʪʦʙʫʩʘ, 
ʚʦʜʠʪʝʣʷ(ʝʡ); 

- ʛʝʥʝʨʘʮʠʷ ʫʥʠʢʘʣʴʥʦʛʦ ʢʣʶʯʘ ʜʦʩʪʫʧʘ ʜʣʷ ʚʦʜʠʪʝʣʷ ʥʘ ʪʝʢʫʱʫʶ 
ʜʘʪʫ; 

- ʦʪʩʣʝʞʠʚʘʥʠʝ ʩʪʘʪʫʩʘ ʥʘʨʷʜʘ (ʘʢʪʠʚʝʥ, ʟʘʚʝʨʰʸʥ, ʦʪʤʝʥʸʥ); 

- ʩʚʷʟʴ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ ʩ ʪʝʢʫʱʠʤ ʥʘʨʷʜʦʤ. 

ʇʨʠʯʠʥʳ: 

1) ʥʘʨʷʜ ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʝʜʠʥʠʮʝʡ ʩʠʩʪʝʤʳ; 

2) ʨʘʟʣʠʯʥʳʝ ʥʘʨʷʜʳ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʘʨʰʨʫʪʘ, 

ʪʘʨʠʬʳ, ʦʩʪʘʥʦʚʢʠ; 

3) ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʢʦʥʪʨʦʣʴ ʥʘʜ ʪʝʤ, ʢʘʢʦʡ ʚʦʜʠʪʝʣʴ ʨʘʙʦʪʘʝʪ ʩ 

ʢʘʢʠʤ ʥʘʨʷʜʦʤ. 

ʊʨʝʙʦʚʘʥʠʝ R3. ʋʧʨʘʚʣʝʥʠʝ ʪʘʨʠʬʥʳʤʠ ʩʝʪʢʘʤʠ: 

- ʭʨʘʥʝʥʠʝ ʤʘʪʨʠʮʳ ʪʘʨʠʬʦʚ ʜʣʷ ʧʘʨ (ʦʪʢʫʜʘ ï ʦʪʢʫʜʘ); 

- ʧʦʜʜʝʨʞʢʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ʪʘʨʠʬʳ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ); 

- ʙʳʩʪʨʳʡ ʧʦʠʩʢ ʪʘʨʠʬʘ ʜʣʷ ʧʘʨʳ ʦʩʪʘʥʦʚʦʢ. 
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ʇʨʠʯʠʥʳ: 

1) ʪʘʨʠʬʳ ʟʘʚʠʩʷʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʩʪʘʥʦʚʢʘʤʠ; 

2) ʪʘʨʠʬʳ ʤʦʛʫʪ ʙʳʪʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ ʧʦ ʪʠʧʘʤ ʙʠʣʝʪʦʚ (ʧʦʣʥʳʝ, 

ʜʝʪʩʢʠʝ, ʙʘʛʘʞʥʳʝ); 

3) ʠʟʤʝʥʝʥʠʝ ʪʘʨʠʬʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʦʟʨʘʯʥʳʤ ʜʣʷ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʊʨʝʙʦʚʘʥʠʝ R4. ʈʝʛʠʩʪʨʘʮʠʷ ʠ ʧʨʦʜʘʞʘ ʙʠʣʝʪʦʚ; 

- ʟʘʧʠʩʴ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʜʘʥʥʦʤ ʙʠʣʝʪʝ (ʢʦʛʜʘ, ʧʦ ʢʘʢʦʤʫ ʪʘʨʠʬʫ, ʥʘ 
ʢʘʢʦʡ ʦʩʪʘʥʦʚʢʝ); 

- ʧʨʠʚʷʟʢʘ ʧʨʦʜʘʞʠ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʥʘʨʷʜʫ ʠ ʚʦʜʠʪʝʣʶ; 

- ʧʦʜʜʝʨʞʢʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʙʠʣʝʪʦʚ (ʧʦʣʥʳʝ, ʜʝʪʩʢʠʝ, ʙʘʛʘʞʥʳʝ); 

- ʨʘʩʯʸʪ ʩʫʤʤʳ ʧʣʘʪʝʞʘ ʥʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʦʛʦ ʪʘʨʠʬʘ. 

ʇʨʠʯʠʥʳ: 

1) ɻ ʪʦ ʮʝʥʪʨʘʣʴʥʘʷ ʦʧʝʨʘʮʠʷ, ʪʨʝʙʫʶʱʘʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʜʸʞʥʦʩʪʠ; 

2) ʜʘʥʥʳʝ ʦ ʧʨʦʜʘʞʘʭ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʠ 

ʦʪʯʸʪʥʦʩʪʠ; 

3) ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʣʠʯʘʪʴ ʪʠʧʳ ʙʠʣʝʪʦʚ ʜʣʷ ʮʝʣʝʡ ʩʪʘʪʠʩʪʠʢʠ ʠ 

ʬʠʥʘʥʩʦʚʳʭ ʨʘʩʯʸʪʦʚ. 

ʊʨʝʙʦʚʘʥʠʝ R5. ʆʪʯʸʪʥʦʩʪʴ ʠ ʘʥʘʣʠʪʠʢʘ: 

- ʛʝʥʝʨʘʮʠʷ ʦʪʯʸʪʦʚ ʧʦ ʧʨʦʜʘʞʘʤ ʟʘ ʧʝʨʠʦʜ; 

- ʘʛʨʝʛʠʨʦʚʘʥʠʝ ʧʦ ʚʦʜʠʪʝʣʷʤ, ʤʘʨʰʨʫʪʘʤ; 

- ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥʠʷ ʧʣʘʥʘ ʧʦ ʜʦʭʦʜʘʤ; 

- ʨʘʩʯʸʪ ʩʪʘʪʠʩʪʠʢʠ (ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʣʝʪʦʚ ʧʦ ʤʘʨʰʨʫʪʫ ʠ ʪ.ʜ.). 

ʇʨʠʯʠʥʳ: 

1) ʫʧʨʘʚʣʝʥʠʶ ʪʨʘʥʩʧʦʨʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʩʣʝʞʠʚʘʪʴ ʂʇʀ; 

2) ʜʘʥʥʳʝ ʦ ʧʨʦʜʘʞʘʭ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʧʠʩʘʥʠʷ; 

3) ʬʠʥʘʥʩʦʚʘʷ ʦʪʯʸʪʥʦʩʪʴ ʪʨʝʙʫʝʪ ʧʦʣʥʦʛʦ ʘʫʜʠʪʘ ʚʩʝʭ ʪʨʘʥʟʘʢʮʠʡ. 

ʅʝʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ [4, 7]: 

ʊʨʝʙʦʚʘʥʠʝ NR1. ɹʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ: 

- JWT-ʪʦʢʝʥʳ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ: Access-ʪʦʢʝʥʳ 

ʜʝʡʩʪʚʫʶʪ 15 ʤʠʥʫʪ, refresh-ʪʦʢʝʥʳ ï ʜʦ ʢʦʥʮʘ ʜʥʷ; 

- ʟʘʱʠʪʘ ʵʥʜʧʦʠʥʪʦʚ: ʨʘʟʜʝʣʝʥʠʝ ʜʦʩʪʫʧʘ ʤʝʞʜʫ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘʤʠ ʠ 

ʚʦʜʠʪʝʣʷʤʠ; 

- ʰʠʬʨʦʚʘʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ 
(ʣʦʢʘʣʴʥʦʝ ʭʨʘʥʠʣʠʱʝ). 

ʊʨʝʙʦʚʘʥʠʝ NR2. ʅʘʜʸʞʥʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ: 

- ʦʙʨʘʙʦʪʢʘ ʦʰʠʙʦʢ: ʧʦʣʥʦʝ ʣʦʛʠʨʦʚʘʥʠʝ ʚʩʝʭ ʦʧʝʨʘʮʠʡ ʜʣʷ ʘʥʘʣʠʟʘ 
ʦʪʢʘʟʦʚ; 

- ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʩʣʝ ʩʙʦʷ: ʤʝʭʘʥʠʟʤʳ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ; 

- ʨʘʙʦʪʘ ʚ ʨʝʞʠʤʝ offline (ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ): ʙʫʬʝʨʠʟʘʮʠʷ 
ʦʧʝʨʘʮʠʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ʊʨʝʙʦʚʘʥʠʝ NR3. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ: 
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- ʙʳʩʪʨʘʷ ʘʚʪʦʨʠʟʘʮʠʷ: ʧʦʠʩʢ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦ ʣʦʛʠʥʫ ʠʣʠ ʢʣʶʯʫ 
ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴʩʷ ʟʘ O(1) ʚ ʩʨʝʜʥʝʤ; 

- ʙʳʩʪʨʳʡ ʧʦʠʩʢ ʪʘʨʠʬʘ: ʧʦʠʩʢ ʪʘʨʠʬʘ ʜʣʷ ʧʘʨʳ ʦʩʪʘʥʦʚʦʢ ʜʦʣʞʝʥ 
ʙʳʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥ; 

- ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ: ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ 
ʤʘʨʰʨʫʪʦʚ, ʥʘʨʷʜʦʚ, ʧʨʦʜʘʥʥʳʭ ʙʠʣʝʪʦʚ. 

ʊʨʝʙʦʚʘʥʠʝ NR4. ɼʨʫʞʝʣʶʙʥʳʡ ʠʥʪʝʨʬʝʡʩ: 

- ʠʥʪʫʠʪʠʚʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʙʳʩʪʨʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ 

ʚʦʜʠʪʝʣʝʤ; 

- ʧʦʜʜʝʨʞʢʘ ʩʢʘʥʠʨʦʚʘʥʠʷ QR-ʢʦʜʦʚ: ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ʚʭʦʜʘ 

ʜʣʷ ʚʦʜʠʪʝʣʷ; 

- ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ: ʫʚʝʜʦʤʣʝʥʠʷ ʦʙ ʦʰʠʙʢʘʭ ʠ 

ʫʩʧʝʰʥʳʭ ʦʧʝʨʘʮʠʷʭ. 

 

ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʚʳʟʦʚʳ ʠ ʢʦʤʧʨʦʤʠʩʩʳ. 

1. ʈʘʙʦʪʘ ʩ Firebird ʉʋɹɼ [1]. 

ʇʨʦʙʣʝʤʘ: 

- Firebird ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ORM-

ʬʨʝʡʤʚʦʨʢʦʚ, 

- Alembic (ʩʪʘʥʜʘʨʪʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʤʠʛʨʘʮʠʡ ʜʣʷ SQLAlchemy) ʠʤʝʝʪ 
ʦʛʨʘʥʠʯʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ Firebird, 

- ʪʠʧʳ ʜʘʥʥʳʭ ʚ Firebird ʥʝ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ Python ʪʠʧʘʤ. 

ɺʦʟʤʦʞʥʳʝ ʨʝʰʝʥʠʷ: 

1) ʀʩʧʦʣʴʟʦʚʘʥʠʝ SQLAlchemy ʩ ʜʨʘʡʚʝʨʦʤ fdb: ʪʨʝʙʫʝʪ ʥʘʧʠʩʘʥʠʷ 

ʢʘʩʪʦʤʥʳʭ ʧʘʪʯʝʡ ʠ ʦʙʨʘʙʦʪʯʠʢʦʚ ʦʰʠʙʦʢ [3]. 

2) ʉʦʟʜʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ API ʩʣʦʷ: ʠʟʦʣʷʮʠʷ Firebird ʦʪ ʦʩʪʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʯʝʨʝʟ REST API. 

3) ʄʠʛʨʘʮʠʷ ʥʘ ʩʦʚʨʝʤʝʥʥʫʶ ʉʋɹɼ: ʜʦʨʦʛʦʩʪʦʷʱʘʷ ʦʧʝʨʘʮʠʷ, ʪʨʝʙʫʶʱʘʷ 

ʧʦʣʥʦʛʦ ʧʝʨʝʥʦʩʘ ʜʘʥʥʳʭ. 

ɺʳʙʨʘʥʥʳʡ ʧʦʜʭʦʜ: ʈʝʰʝʥʠʝ 1 (ʠʩʧʦʣʴʟʦʚʘʥʠʝ SQLAlchemy + fdb) ʩ 

ʢʘʩʪʦʤʥʳʤʠ ʧʘʪʯʘʤʠ. 

2. ɺʳʙʦʨ ʬʨʝʡʤʚʦʨʢʘ ʜʣʷ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ɺʘʨʠʘʥʪʳ: 

1) Native (Android/iOS): ʧʦʣʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʥʦ ʪʨʝʙʫʝʪ ʩʣʦʞʥʦʡ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ, ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʣʘʪʬʦʨʤʳ. 

2) React Native: ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ, ʥʦ ʧʨʦʙʣʝʤʳ ʩ ʠʥʪʝʛʨʘʮʠʝʡ 

ʥʘʪʠʚʥʳʭ ʬʫʥʢʮʠʡ (ʢʘʤʝʨʘ, GPS). 

3) Flutter: ɹʳʩʪʨʘʷ ʨʘʟʨʘʙʦʪʢʘ, ʭʦʨʦʰʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʦʪʣʠʯʥʘʷ 

ʠʥʪʝʛʨʘʮʠʷ ʩ ʥʘʪʠʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ [2]. 

4) Flet (Python): ʈʘʟʨʘʙʦʪʢʘ ʥʘ Python, ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ, ʥʦ ʙʦʣʝʝ 

ʤʦʣʦʜʘʷ ʵʢʦʩʠʩʪʝʤʘ. 

ɺʳʙʨʘʥʥʳʡ ʧʦʜʭʦʜ: Flet (Python) ï ʧʦʟʚʦʣʷʝʪ: 

- ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʜʠʥʳʡ ʷʟʳʢ ʜʣʷ backend ʠ frontend; 
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- ʙʳʩʪʨʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʪʴ ʠʥʪʝʨʬʝʡʩʳ; 

- ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʥʘʪʠʚʥʳʝ ʬʫʥʢʮʠʠ (ʢʘʤʝʨʘ, GPS, ʨʘʟʨʝʰʝʥʠʷ) ʯʝʨʝʟ 

ʧʣʘʛʠʥʳ; 

- ʨʘʟʚʸʨʪʳʚʘʪʴ ʥʘ ʨʘʟʥʳʭ ʧʣʘʪʬʦʨʤʘʭ ʙʝʟ ʧʝʨʝʢʦʤʧʠʣʷʮʠʠ ʢʦʜʘ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʪʨʸʭʩʣʦʡʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ: 

1. ʉʣʦʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

ʄʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ (Flet): 

- ʵʢʨʘʥ ʚʭʦʜʘ (ʪʝʢʩʪ/QR/ʙʠʦʤʝʪʨʠʷ); 

- ʛʣʘʚʥʦʝ ʤʝʥʶ (ʚʳʙʦʨ ʦʧʝʨʘʮʠʠ); 

- ʧʨʦʜʘʞʘ ʙʠʣʝʪʘ (ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʠʥʪʝʨʬʝʡʩ); 

- ʦʪʯʸʪʥʦʩʪʴ (ʣʦʢʘʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ). 

2. ʉʣʦʡ ʧʨʠʣʦʞʝʥʠʷ / ɹʠʟʥʝʩ-ʣʦʛʠʢʠ. 

Flask REST API: 

- ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ (ʘʜʤʠʥ/ʚʦʜʠʪʝʣʴ); 

- ʫʧʨʘʚʣʝʥʠʝ ʥʘʨʷʜʘʤʠ; 

- ʧʨʦʜʘʞʘ ʙʠʣʝʪʘ (ʚʘʣʠʜʘʮʠʷ, ʟʘʧʠʩʴ); 

- ʛʝʥʝʨʘʮʠʷ ʦʪʯʸʪʦʚ; 

- ʛʝʥʝʨʘʮʠʷ QR-ʢʦʜʦʚ. 

3. ʉʣʦʡ ʜʘʥʥʳʭ. 

SQLAlchemy ORM: 

- ʤʦʜʝʣʠ; 

- ʤʠʛʨʘʮʠʠ. 

Firebird ʉʋɹɼ (ʃʝʛʘʩʠ): 

- ʪʘʙʣʠʮʳ; 

- ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʤʘʨʰʨʫʪʘʭ ʠ ʪ.ʜ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʜʘʞʠ ʙʠʣʝʪʦʚ ʥʘ ʧʨʠʛʦʨʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, 

ʘ ʪʘʢʞʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʠʩʪʝʤʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʥʦʚʫʶ ʧʨʦʛʨʘʤʤʫ ʩ 

ʣʝʛʘʩʠ-ʩʠʩʪʝʤʦʡ ʥʘ ʦʩʥʦʚʝ ʉʋɹɼ Firebird ʠ ʦʙʝʩʧʝʯʠʪʴ ʤʦʙʠʣʴʥʳʡ ʜʦʩʪʫʧ ʜʣʷ 

ʚʦʜʠʪʝʣʝʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʪʨʸʭʫʨʦʚʥʝʚʦʝ ʨʘʟʜʝʣʝʥʠʝ ʥʘ 

ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʠ ʜʘʥʥʳʭ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʘʜʸʞʥʦʩʪʴ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ 

ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʝʸ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʚʦʧʨʦʩʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʤʝʭʘʥʠʟʤ ʜʚʫʭʫʨʦʚʥʝʚʦʡ 
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ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʟʘʱʠʪʫ ʜʘʥʥʳʭ ʥʘ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʘ ʪʘʢʞʝ 

ʧʦʜʜʝʨʞʢʝ ʦʬʣʘʡʥ-ʨʝʞʠʤʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʨʠ ʨʘʙʦʪʝ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʩʝʪʝʚʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ. 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʦʰʠʙʦʢ ʧʨʠ 

ʧʨʦʜʘʞʝ ʙʠʣʝʪʦʚ, ʦʙʝʩʧʝʯʠʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʠ ʩʦʟʜʘʪʴ ʝʜʠʥʦʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʘʥʘʣʠʟʘ ʜʦʭʦʜʦʚ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ 

ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʘ, ʥʘʧʨʠʤʝʨ, ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʠʩʪʝʤʘʤʠ 

ʙʝʟʥʘʣʠʯʥʦʡ ʦʧʣʘʪʳ, ʦʥʣʘʡʥ-ʧʦʢʫʧʢʠ ʙʠʣʝʪʦʚ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʦʜʫʣʷʤʠ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʨʰʨʫʪʥʦʡ ʩʝʪʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʘʨʙʠʪʨʘʞʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʘ ʢʨʠʧʪʦʚʘʣʶʪʥʳʭ ʙʠʨʞʘʭ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʠʢʨʦʩʝʨʚʠʩʥʦʤ ʧʦʜʭʦʜʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Spring Framework, ʨʝʘʣʠʟʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ ʘʛʨʝʛʘʮʠʠ ʜʘʥʥʳʭ ʠ ʚʳʷʚʣʝʥʠʷ 

ʮʝʥʦʚʳʭ ʜʠʩʧʨʦʧʦʨʮʠʡ. ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʢʦʪʠʨʦʚʢʠ ʥʘ ʚʝʜʫʱʠʭ ʙʠʨʞʘʭ (Bybit, Bitget, MEXC) ʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʧʨʠʙʳʣʴʥʳʝ ʘʨʙʠʪʨʘʞʥʳʝ ʦʧʝʨʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʧʪʦʚʘʣʶʪʘ, ʘʨʙʠʪʨʘʞ, ʢʨʠʧʪʦʚʘʣʶʪʥʘʷ ʙʠʨʞʘ, ʤʦʥʠʪʦʨʠʥʛ ʮʝʥ, 

Spring Framework, REST API, ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʬʠʥʘʥʩʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʩʨʝʜʝ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʧʦʣʫʯʝʥʠʷ ʜʦʭʦʜʘ ʷʚʣʷʝʪʩʷ ʘʨʙʠʪʨʘʞ ʢʨʠʧʪʦʚʘʣʶʪ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʜʘʚʥʝʝ ʧʦʷʚʣʝʥʠʝ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʦʥʦ ʩʪʨʝʤʠʪʝʣʴʥʦ ʥʘʙʠʨʘʝʪ 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʩʨʝʜʠ ʠʥʚʝʩʪʦʨʦʚ ʠ ʪʨʝʡʜʝʨʦʚ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʨʙʠʪʨʘʞʘ ʦʩʪʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʙʠʨʞʝʚʳʭ ʢʦʪʠʨʦʚʦʢ ʠ ʩʣʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʘʥʘʣʠʟʘ ʨʳʥʦʯʥʦʡ ʩʠʪʫʘʮʠʠ. ʕʪʠ ʬʘʢʪʦʨʳ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ 

ʟʘʪʨʘʪ, ʯʪʦ ʤʦʞʝʪ ʩʜʝʣʘʪʴ ʨʫʯʥʦʡ ʘʨʙʠʪʨʘʞʘ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʨʙʠʪʨʘʞ ʢʨʠʧʪʦʚʘʣʶʪ ʥʘ ʚʝʜʫʱʠʭ 

ʪʦʨʛʦʚʳʭ ʧʣʦʱʘʜʢʘʭ ï Bybit, Bitget ʠ MEXC Global, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ ʮʝʥʦʚʳʭ ʜʠʩʧʨʦʧʦʨʮʠʡ ʤʝʞʜʫ 

ʙʠʨʞʘʤʠ. 

ɸʨʙʠʪʨʘʞʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘ ʬʠʥʘʥʩʦʚʳʭ ʨʳʥʢʘʭ ʪʨʘʜʠʮʠʦʥʥʦ ʪʨʝʙʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ 

ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ. ɺ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʚʦʣʘʪʠʣʴʥʦʩʪʠ ʢʨʠʧʪʦʚʘʣʶʪʥʳʭ ʨʳʥʢʦʚ 

ʟʘʜʘʯʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʮʝʥʦʚʳʭ ʜʠʩʧʨʦʧʦʨʮʠʡ ʧʨʠʦʙʨʝʪʘʝʪ 

ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʘ ʘʛʨʝʛʘʮʠʠ 

ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ ʢʨʠʧʪʦʚʘʣʶʪʥʳʭ ʙʠʨʞ, ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʨʙʠʪʨʘʞʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʪʦʢʦʚʳʭ ʜʘʥʥʳʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʢʣʶʯʝʚʳʭ ʩʣʦʚ:  

ʂʨʠʧʪʦʚʘʣʶʪʘ ï ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʮʠʬʨʦʚʦʡ ʚʘʣʶʪʳ, ʫʯʸʪ ʚʥʫʪʨʝʥʥʠʭ 

ʨʘʩʯʸʪʥʳʭ ʝʜʠʥʠʮ ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʧʣʘʪʸʞʥʘʷ 

ʩʠʩʪʝʤʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʙʣʦʢʯʝʡʥ [1]. 

ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʙʠʨʞʘ ï ʵʪʦ ʧʣʘʪʬʦʨʤʘ, ʥʘ ʢʦʪʦʨʦʡ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ 

ʪʦʨʛʦʚʘʪʴ ʢʨʠʧʪʦʚʘʣʶʪʘʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʙʠʨʞ, ʵʪʠ ʙʠʨʞʠ 

ʫʧʨʘʚʣʷʶʪʩʷ ʢʦʤʧʘʥʠʝʡ ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ 

ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʠ ʟʘʯʘʩʪʫʶ ʫʜʦʙʥʫʶ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʪʦʨʛʦʚʫʶ ʩʨʝʜʫ. ʆʥʠ 

ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʜʦʚʝʨʝʥʥʳʭ ʪʨʝʪʴʠʭ ʩʪʦʨʦʥ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʨʘʥʟʘʢʮʠʡ, 

ʚʝʜʷ ʢʥʠʛʠ ʟʘʢʘʟʦʚ ʠ ʩʦʜʝʡʩʪʚʫʷ ʧʨʦʚʝʜʝʥʠʶ ʪʦʨʛʦʚ [2]. 

 

 
ʈʠʩ. 1 ï ʃʦʛʦʪʠʧʳ ʚʝʜʫʱʠʭ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʢʨʠʧʪʦʚʘʣʶʪʥʳʭ ʙʠʨʞ 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʪʨʘʪʝʛʠʠ ʘʨʙʠʪʨʘʞʘ: 

P2P (Peer-to-Peer) ʘʨʙʠʪʨʘʞ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʝʥʦʚʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʶʪ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʧʦʩʨʝʜʥʠʢʠ [3]. ʆʜʥʘʢʦ ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ ʟʘʥʠʤʘʪʴʩʷ P2P ʘʨʙʠʪʨʘʞʝʤ 

ʤʦʞʥʦ ʠ ʥʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʙʠʨʞʘʭ. 

ʊʨʝʫʛʦʣʴʥʳʡ ʘʨʙʠʪʨʘʞ ï ʩʪʨʘʪʝʛʠʷ, ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ 

ʢʦʥʚʝʨʪʘʮʠʶ ʪʨʝʭ ʚʘʣʶʪ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʧʨʠʙʳʣʠ ʠʟ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʝʡ ʨʳʥʢʘ 

[4]. 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʩʪʨʘʪʝʛʠʷ P2P ʘʨʙʠʪʨʘʞʘ. ɼʣʷ 

ʥʘʛʣʷʜʥʦʡ ʜʝʤʦʥʩʪʨʘʮʠʠ ʨʘʟʣʠʯʠʡ ʧʨʝʜʩʪʘʚʠʤ ʩʭʝʤʘʪʠʯʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ. 

 

 
ʈʠʩ. 2 ï ʉʭʝʤʘ, ʦʪʨʘʞʘʶʱʘʷ ʩʫʪʴ P2P ʘʨʙʠʪʨʘʞʘ 
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ʈʠʩ. 3 ï ʉʭʝʤʘ, ʦʪʨʘʞʘʶʱʘʷ ʩʫʪʴ ʪʨʝʫʛʦʣʴʥʦʛʦ ʘʨʙʠʪʨʘʞʘ 

 

ʆʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʨʙʠʪʨʘʞʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʥʪʥʳʡ ʩʧʨʝʜ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʙʠʨʞʘʭ. 

ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [5]: 

Ὓ
ὃ ὄ

ὃ
ϽρππϷ 

ɸʩʢ-ʮʝʥʘ (ɸ) ï ʤʠʥʠʤʘʣʴʥʘʷ ʮʝʥʘ, ʧʦ ʢʦʪʦʨʦʡ ʠʥʚʝʩʪʦʨ ʛʦʪʦʚ ʧʨʦʜʘʪʴ ʩʚʦʡ 

ʘʢʪʠʚ, ʠʣʠ ʤʠʥʠʤʘʣʴʥʘʷ ʩʫʤʤʘ, ʢʦʪʦʨʫʶ ʦʥ ʭʦʯʝʪ ʧʦʣʫʯʠʪʴ ʟʘ ʝʜʠʥʠʮʫ, ʩ 

ʢʦʪʦʨʦʡ ʨʘʩʩʪʘʸʪʩʷ. 

ɹʠʜ ï ʮʝʥʘ (ɹ) ï ʵʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʮʝʥʘ, ʢʦʪʦʨʫʶ ʧʦʢʫʧʘʪʝʣʴ ʛʦʪʦʚ 

ʟʘʧʣʘʪʠʪʴ ʟʘ ʢʦʥʢʨʝʪʥʳʡ ʪʦʚʘʨ ʠʣʠ ʫʩʣʫʛʫ. 

ʇʨʦʮʝʥʪ ʩʧʨʝʜʘ (S) ï ʧʦʢʘʟʘʪʝʣʴ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʨʘʚʥʠʪʴ ʩʧʨʝʜʳ 

ʨʘʟʣʠʯʥʳʭ ʢʨʠʧʪʦʚʘʣʶʪʥʳʭ ʘʢʪʠʚʦʚ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʘʩʢ-ʮʝʥʘ ʠ ʙʠʜ-ʮʝʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʨʝʜʠ ʚʩʝʭ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʙʠʨʞ. 

ɼʣʷ ʨʘʩʯʸʪʘ ʯʠʩʪʦʡ ʧʨʠʙʳʣʠ ʩ ʫʯʸʪʦʤ ʢʦʤʠʩʩʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ: 

ὖ Ὓ Ὢ Ὢ , 

ʛʜʝ Pn ï ʯʠʩʪʘʷ ʧʨʠʙʳʣʴ; äb ï ʢʦʤʠʩʩʠʷ ʟʘ ʧʦʢʫʧʢʫ ʥʘ ʙʠʨʞʝ ʩ ʤʠʥʠʤʘʣʴʥʦʡ 

ʮʝʥʦʡ; äa ï ʢʦʤʠʩʩʠʷ ʟʘ ʧʨʦʜʘʞʫ ʥʘ ʙʠʨʞʝ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʮʝʥʦʡ. 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʜʦʭʦʜʘ ʚ ʜʝʥʝʞʥʦʤ ʚʳʨʘʞʝʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʬʦʨʤʫʣʘ: 

ὖ Ὅ
Ϸ
, 

ʛʜʝ Pa ï ʘʙʩʦʣʶʪʥʘʷ ʧʨʠʙʳʣʴ; I ï ʦʙʲʸʤ ʠʥʚʝʩʪʠʨʫʝʤʳʭ ʩʨʝʜʩʪʚ. 

ʉʠʩʪʝʤʘ ʬʠʣʴʪʨʫʝʪ ʪʦʣʴʢʦ ʟʥʘʯʠʤʳʝ ʘʨʙʠʪʨʘʞʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ 

ʢʨʠʪʝʨʠʶ: 

ὖ Ὕ, 
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ʛʜʝ T ï ʤʠʥʠʤʘʣʴʥʳʡ ʧʦʨʦʛ ʯʠʩʪʦʡ ʧʨʠʙʳʣʠ (0.2%), ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʜʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʤʘʣʦʟʥʘʯʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʠʚʝʣʠʨʦʚʘʥʳ 

ʢʦʣʝʙʘʥʠʷʤʠ ʨʳʥʢʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʠʟʜʝʨʞʢʘʤʠ. 

 

ʈʘʟʨʘʙʦʪʢʘ 

Java ʙʳʣʘ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʷʟʳʢʘ ʨʘʟʨʘʙʦʪʢʠ ʚ ʩʚʷʟʠ ʩ ʝʛʦ 

ʥʘʜʝʞʥʦʩʪʴʶ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʙʦʛʘʪʦʡ ʵʢʦʩʠʩʪʝʤʦʡ ʬʨʝʡʤʚʦʨʢʦʚ. Java 

Enterprise Edition ʧʨʝʜʦʩʪʘʚʣʷʝʪ API ʠ ʩʨʝʜʫ ʚʳʧʦʣʥʝʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʟʘʧʫʩʢʘ ʢʨʫʧʥʳʭ, ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ, ʥʘʜʝʞʥʳʭ ʠ ʙʝʟʦʧʘʩʥʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʝʨʝʥʦʩʠʤʳʤʠ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʤʠ, ʘ ʪʘʢʞʝ 

ʣʝʛʢʦ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʩ ʫʩʪʘʨʝʚʰʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʠ ʜʘʥʥʳʤʠ. Spring Boot 

3.2.5 ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʫʶ ʨʘʟʨʘʙʦʪʢʫ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, Spring 

Data JPA ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʘ Spring Cloud OpenFeign 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʜʦʙʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʩ ʚʥʝʰʥʠʤʠ API. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ Java 17 ʩ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʦʜʜʝʨʞʢʦʡ ʛʘʨʘʥʪʠʨʫʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠʣʦʞʝʥʠʷ [6, 7]. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʤʦʥʠʪʦʨʠʥʛʘ ʘʨʙʠʪʨʘʞʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ REST API ʘʨʭʠʪʝʢʪʫʨʘ, ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʧʦ ʧʨʠʥʮʠʧʫ 

ʨʘʟʜʝʣʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʂʘʞʜʳʡ ʫʨʦʚʝʥʴ ʩʠʩʪʝʤʳ 

ʚʳʧʦʣʥʷʝʪ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʜʘʯʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʦʜʫʣʴʥʦʩʪʴ, 

ʣʝʛʢʦʩʪʴ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. 

ʀʥʪʝʛʨʘʮʠʷ ʩ ʚʥʝʰʥʠʤʠ API ʙʠʨʞ ʨʝʘʣʠʟʦʚʘʥʘ ʯʝʨʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʫʙʣʠʯʥʳʭ ʵʥʜʧʦʠʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʘʢʪʫʘʣʴʥʳʝ ʨʳʥʦʯʥʳʝ ʜʘʥʥʳʝ 

ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ʕʪʦ ʨʝʰʝʥʠʝ ʫʧʨʦʱʘʝʪ ʘʨʭʠʪʝʢʪʫʨʫ 

ʩʠʩʪʝʤʳ ʠ ʩʥʠʞʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʜʦʩʪʫʧ ʢ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʢʫʱʠʭ ʮʝʥʘʭ, ʦʙʲʝʤʘʭ ʪʦʨʛʦʚ ʠ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʨʙʠʪʨʘʞʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ [8]. 

 

ʊʘʙʣʠʮʘ 1 

ʊʘʙʣʠʮʘ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 
Routers Controllers Services Repositories Models 

GET 

/api/v1/arbitrage/opportunities/{cur

rency} 

Arbitrage 

Controller 

Arbitrage 

Service 

PriceSnapshot 

Repository 

Arbitrage 

Opportuni

ty 

GET /api/v1/arbitrage/opportunities Arbitrage 

Controller 

Arbitrage 

Service 

PriceSnapshot 

Repository 

Arbitrage 

Opportuni

ty 

GET /api/v1/charts/currency/ 

{currency} 

Chart Controller - PriceSnapshot 

Repository 

CharData 

GET /api/v1/charts/currencies Chart Controller - PriceSnapshot 

Repository 

Currency 

GET /api/v1/market/fetch/bybit MarketDataContro

ller 

ExchangeD

ata Service 

CryptoMarketReposi

tory 

Price 

Snapshot 

GET /api/v1/market/fetch/bitget MarketDataContro

ller 

ExchangeD

ata Service 

Currency Repository Crypto 

Market 

GET /api/v1/market/fetch/mexc MarketDataContro

ller 

ExchangeD

ata Service 

- Exchange 

Price 
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ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʚʳʙʨʘʥʘ PostgreSQL 16 ï 

ʤʦʱʥʘʷ ʦʙʲʝʢʪʥʦ-ʨʝʣʷʮʠʦʥʥʘʷ ʉʋɹɼ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ. ɽʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ ʥʘʜʝʞʥʘʷ ʪʨʘʥʟʘʢʮʠʦʥʥʦʩʪʴ, ʧʦʜʜʝʨʞʢʘ JSON ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ API, ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠʥʜʝʢʩʘʤʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʟʘʧʨʦʩʦʚ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʘ ʪʘʢʞʝ ʚʩʪʨʦʝʥʥʘʷ ʨʝʧʣʠʢʘʮʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ. PostgreSQL ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʯʝʨʝʟ 

ʤʝʭʘʥʠʟʤʳ ʚʥʝʰʥʠʭ ʢʣʶʯʝʡ ʠ ʪʨʘʥʟʘʢʮʠʡ ACID [9]. 

 

 
ʈʠʩ. 4 ï ʉʪʨʫʢʪʫʨʘ ʧʨʦʝʢʪʘ ʢʨʠʧʪʦ-ʘʨʙʠʪʨʘʞʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ IntelliJ IDEA 

 

ʂʣʶʯʝʚʳʝ ʠʥʪʝʛʨʘʮʠʦʥʥʳʝ ʪʦʯʢʠ: 

¶ Feign Clients ï ʤʦʩʪ ʢ ʚʥʝʰʥʠʤ API ʙʠʨʞ; 

¶ JPA Repositories ï ʘʙʩʪʨʘʢʮʠʷ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ; 

¶ Spring Controllers ï REST API ʜʣʷ ʬʨʦʥʪʝʥʜʘ; 

¶ Scheduled Tasks ï ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ; 

¶ DTO Pattern ï ʙʝʟʦʧʘʩʥʘʷ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʤʝʞʜʫ ʩʣʦʷʤʠ; 

¶ ORM Entities ï ʩʫʱʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʪʘʙʣʠʮ ʙʘʟʳ ʜʘʥʥʳʭ; 

¶ Service ï ʨʝʘʣʠʟʘʮʠʷ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ; 

¶ Liquibase ï ʩʠʩʪʝʤʘ ʤʠʛʨʘʮʠʠ ʠ ʨʘʩʢʘʪʢʠ ʙʘʟʳ ʜʘʥʥʳʭ. 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʪʨʫʢʪʫʨʫ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ: 

ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʧʦʩʪʨʦʝʥʘ ʧʦ ʤʥʦʛʦʫʨʦʚʥʝʚʦʤʫ ʧʨʠʥʮʠʧʫ ʩ ʯʝʪʢʠʤ 

ʨʘʟʜʝʣʝʥʠʝʤ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɺʝʙ-ʠʥʪʝʨʬʝʡʩ charts.html 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʙʵʢʝʥʜʦʤ ʯʝʨʝʟ REST API, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʥʘ Spring Boot. 

ʋʨʦʚʝʥʴ ʢʦʥʪʨʦʣʣʝʨʦʚ ʦʙʨʘʙʘʪʳʚʘʝʪ HTTP-ʟʘʧʨʦʩʳ ʠ ʜʝʣʝʛʠʨʫʝʪ ʚʳʧʦʣʥʝʥʠʝ 

ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʩʝʨʚʠʩʥʦʤʫ ʩʣʦʶ. 

ʉʝʨʚʠʩʥʳʡ ʩʣʦʡ ʩʦʜʝʨʞʠʪ ʷʜʨʦ ʩʠʩʪʝʤʳ ï ArbitrageService ʜʣʷ ʘʥʘʣʠʟʘ 

ʘʨʙʠʪʨʘʞʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ExchangeDataService ʜʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ. 

ʀʥʪʝʛʨʘʮʠʷ ʩ ʚʥʝʰʥʠʤʠ ʙʠʨʞʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ Feign Client, ʢʦʪʦʨʳʡ 
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ʠʥʢʘʧʩʫʣʠʨʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ API ʢʨʠʧʪʦʚʘʣʶʪʥʳʭ ʧʣʦʱʘʜʦʢ Bybit, Bitget ʠ 

MEXC. 

 

ʈʠʩ. 5 ï ʉʭʝʤʘ ʦʙʱʝʡ ʘʨʭʠʪʝʢʪʫʨʳ ʧʦʪʦʢʘ ʜʘʥʥʳʭ 

 

ʇʣʘʥʠʨʦʚʱʠʢ DataFetchScheduler ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʩʙʦʨ 

ʜʘʥʥʳʭ ʩ ʚʥʝʰʥʠʭ ʙʠʨʞ ʩ ʠʥʪʝʨʚʘʣʦʤ 30 ʩʝʢʫʥʜ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʨʝʣʷʮʠʦʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ PostgreSQL ʯʝʨʝʟ JPA Repository, 

ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʘʙʩʪʨʘʢʮʠʶ ʜʣʷ ʨʘʙʦʪʳ ʩ ʩʫʱʥʦʩʪʷʤʠ. ʄʦʜʝʣʴ ʜʘʥʥʳʭ 

ʚʢʣʶʯʘʝʪ ʩʫʱʥʦʩʪʠ ʢʨʠʧʪʦʙʠʨʞ, ʚʘʣʶʪ ʠ ʮʝʥʦʚʳʭ ʩʥʠʤʢʦʚ, ʩʚʷʟʘʥʥʳʝ 

ʦʪʥʦʰʝʥʠʷʤʠ ʦʜʠʥ-ʢʦ-ʤʥʦʛʠʤ. 

ʇʦʪʦʢ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʩʙʦʨʘ ʜʘʥʥʳʭ 

ʧʣʘʥʠʨʦʚʱʠʢʦʤ, ʧʨʦʜʦʣʞʘʝʪʩʷ ʯʝʨʝʟ ʢʣʠʝʥʪʳ ʢ ʚʥʝʰʥʠʤ API, ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ 

ʩʝʨʚʠʩʥʳʤ ʩʣʦʝʤ ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʬʨʦʥʪʝʥʜ 

ʟʘʧʨʘʰʠʚʘʝʪ ʜʘʥʥʳʝ ʯʝʨʝʟ ʢʦʥʪʨʦʣʣʝʨʳ, ʢʦʪʦʨʳʝ ʠʟʚʣʝʢʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʠʟ 

ʙʘʟʳ ʯʝʨʝʟ ʨʝʧʦʟʠʪʦʨʠʠ ʠ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ ʝʝ ʚ ʬʦʨʤʘʪ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʝ. 

 

 
ʈʠʩ. 6 ï ɼʘʪʘʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʘʟʳ ʜʘʥʥʳʭ 
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ɼʘʪʘʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʘʟʳ ʜʘʥʥʳʭ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʨʝʣʷʮʠʦʥʥʦʡ ʉʋɹɼ 

PostgreSQL ʠ ʚʢʣʶʯʘʝʪ ʪʨʠ ʦʩʥʦʚʥʳʝ ʩʫʱʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʦʪʥʦʰʝʥʠʷʤʠ ʦʜʠʥ-

ʢʦ-ʤʥʦʛʠʤ. 

ʉʫʱʥʦʩʪʴ "ʂʨʠʧʪʦʙʠʨʞʘ" (crypto_market) ʭʨʘʥʠʪ ʩʧʨʘʚʦʯʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʨʛʦʚʳʭ ʧʣʦʱʘʜʢʘʭ ʠ ʩʦʜʝʨʞʠʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʫʥʠʢʘʣʴʥʦʝ 

ʥʘʟʚʘʥʠʝ ʙʠʨʞʠ ʠ URL ʝʝ API.  

ʉʫʱʥʦʩʪʴ "ʂʨʠʧʪʦʚʘʣʶʪʘ" (currency) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʧʨʘʚʦʯʥʠʢ ʮʠʬʨʦʚʳʭ 

ʘʢʪʠʚʦʚ ʩ ʫʥʠʢʘʣʴʥʳʤ ʪʠʢʝʨʦʤ ʠ ʧʦʣʥʳʤ ʥʘʠʤʝʥʦʚʘʥʠʝʤ. 

ʎʝʥʪʨʘʣʴʥʘʷ ʩʫʱʥʦʩʪʴ "ʎʝʥʦʚʦʡ ʩʥʠʤʦʢ" (price_snapshot) ʩʚʷʟʳʚʘʝʪ ʙʠʨʞʠ 

ʠ ʚʘʣʶʪʳ, ʭʨʘʥʷ ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʢʦʪʠʨʦʚʢʘʭ. ʂʘʞʜʘʷ ʟʘʧʠʩʴ ʩʦʜʝʨʞʠʪ 

ʩʩʳʣʢʠ ʥʘ ʙʠʨʞʫ ʠ ʚʘʣʶʪʫ ʯʝʨʝʟ ʚʥʝʰʥʠʝ ʢʣʶʯʠ, ʮʝʥʫ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʚʦʩʴʤʠ 

ʟʥʘʢʦʚ ʧʦʩʣʝ ʟʘʧʷʪʦʡ, ʦʙʲʝʤ ʪʦʨʛʦʚ ʟʘ 24 ʯʘʩʘ ʠ ʚʨʝʤʝʥʥʫʶ ʤʝʪʢʫ ʧʦʣʫʯʝʥʠʷ 

ʜʘʥʥʳʭ. 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʧʨʦʩʦʚ ʩʦʟʜʘʥʳ ʩʦʩʪʘʚʥʳʝ ʠʥʜʝʢʩʳ ʧʦ ʧʘʨʘʤ "ʚʘʣʶʪʘ-

ʚʨʝʤʷ" ʠ "ʙʠʨʞʘ-ʚʘʣʶʪʘ", ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ 

ʘʥʘʣʠʟʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʧʦʠʩʢʝ ʘʨʙʠʪʨʘʞʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʪʦʨʛʦʚʳʤʠ ʧʣʦʱʘʜʢʘʤʠ. ʄʦʜʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʝʣʦʩʪʥʦʩʪʴ 

ʜʘʥʥʳʭ ʯʝʨʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʫʥʠʢʘʣʴʥʦʩʪʠ ʠ ʚʥʝʰʥʠʝ ʢʣʶʯʠ. 

 

ʆʧʠʩʘʥʠʝ ʠʥʪʝʨʬʝʡʩʘ 

ɺʝʙ-ʠʥʪʝʨʬʝʡʩ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʫʶ ʧʘʥʝʣʴ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʎʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ 

ʟʘʥʠʤʘʝʪ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʛʨʘʬʠʢ ʮʝʥ, ʦʪʦʙʨʘʞʘʶʱʠʡ ʜʠʥʘʤʠʢʫ ʢʦʪʠʨʦʚʦʢ 

ʢʨʠʧʪʦʚʘʣʶʪ ʥʘ ʨʘʟʣʠʯʥʳʭ ʙʠʨʞʘʭ. ɻʨʘʬʠʢ ʧʦʩʪʨʦʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʠʙʣʠʦʪʝʢʠ Chart.js ʠ ʘʜʘʧʪʝʨʘ Luxon ʜʣʷ ʨʘʙʦʪʳ ʩ ʚʨʝʤʝʥʥʳʤʠ ʤʝʪʢʘʤʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʘʚʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʮʝʥ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 

ʇʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠʥʪʝʨʬʝʡʩʘ ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪʳ ʜʣʷ 

ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʦʪʦʙʨʘʞʝʥʠʷ. ʇʦʣʝ ʚʳʙʦʨʘ ʚʘʣʶʪʳ ʩ ʘʚʪʦʜʦʧʦʣʥʝʥʠʝʤ 

ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʨʠʧʪʦʚʘʣʶʪʘʤʠ, ʧʨʠ 

ʵʪʦʤ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʛʨʫʞʘʝʪ ʩʧʠʩʦʢ ʜʦʩʪʫʧʥʳʭ ʘʢʪʠʚʦʚ ʠʟ ʙʘʟʳ 

ʜʘʥʥʳʭ. ɺʳʧʘʜʘʶʱʠʝ ʩʧʠʩʢʠ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʠ ʤʘʩʰʪʘʙʘ ʛʨʘʬʠʢʘ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʛʠʙʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ï ʦʪ ʢʨʘʪʢʦʩʨʦʯʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʜʦ ʜʦʣʛʦʩʨʦʯʥʳʭ ʪʝʥʜʝʥʮʠʡ ʟʘ 24 ʯʘʩʘ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʘʥʝʣʴ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʠʥʪʝʨʬʝʡʩʘ ʦʪʦʙʨʘʞʘʝʪ 

ʚʳʷʚʣʝʥʥʳʝ ʘʨʙʠʪʨʘʞʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʬʦʨʤʘʪʝ, ʫʜʦʙʥʦʤ ʜʣʷ ʙʳʩʪʨʦʛʦ 

ʚʦʩʧʨʠʷʪʠʷ. ʂʘʞʜʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʛʦ ʙʣʦʢʘ ʩ 

ʮʚʝʪʦʚʦʡ ʠʥʜʠʢʘʮʠʝʡ ʧʨʠʙʳʣʴʥʦʩʪʠ, ʛʜʝ ʟʝʣʝʥʳʡ ʮʚʝʪ ʦʙʦʟʥʘʯʘʝʪ 

ʚʳʩʦʢʦʜʦʭʦʜʥʳʝ ʦʧʝʨʘʮʠʠ, ʘ ʞʝʣʪʳʡ ï ʫʤʝʨʝʥʥʦ ʧʨʠʙʳʣʴʥʳʝ. ɺ ʢʘʞʜʦʤ ʙʣʦʢʝ 

ʯʝʪʢʦ ʫʢʘʟʘʥʳ ʙʠʨʞʠ ʜʣʷ ʧʦʢʫʧʢʠ ʠ ʧʨʦʜʘʞʠ, ʮʝʥʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʣʦʱʘʜʢʘʭ, ʚʝʣʠʯʠʥʘ ʩʧʨʝʜʘ ʠ ʨʘʩʯʝʪʥʘʷ ʯʠʩʪʘʷ ʧʨʠʙʳʣʴ ʧʦʩʣʝ ʫʯʝʪʘ ʪʦʨʛʦʚʳʭ 

ʢʦʤʠʩʩʠʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʫʩʧʝʰʥʦ ʨʘʟʨʘʙʦʪʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʘʨʙʠʪʨʘʞʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʘ 
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ʢʨʠʧʪʦʚʘʣʶʪʥʳʭ ʙʠʨʞʘʭ. ʆʩʥʦʚʥʳʤ ʜʦʩʪʠʞʝʥʠʝʤ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ 

ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʦʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʪʩʣʝʞʠʚʘʪʴ 

ʮʝʥʦʚʳʝ ʜʠʩʧʨʦʧʦʨʮʠʠ ʤʝʞʜʫ ʚʝʜʫʱʠʤʠ ʪʦʨʛʦʚʳʤʠ ʧʣʦʱʘʜʢʘʤʠ Bybit, Bitget ʠ 

MEXC. 

 
ʈʠʩ. 7 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʮʝʥʳ ʦʪ ʚʨʝʤʝʥʠ ʥʘ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʝ 

 

ʂ ʦʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩ ʠʥʪʝʨʚʘʣʦʤ ʦʙʥʦʚʣʝʥʠʷ 30 ʩʝʢʫʥʜ, ʤʘʩʰʪʘʙʠʨʫʝʤʫʶ 

ʘʨʭʠʪʝʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʣʝʛʢʦ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ ʙʠʨʞʠ, ʪʦʯʥʳʡ ʘʣʛʦʨʠʪʤ 

ʨʘʩʯʝʪʘ ʯʠʩʪʦʡ ʧʨʠʙʳʣʠ ʧʦʩʣʝ ʢʦʤʠʩʩʠʡ, ʘ ʪʘʢʞʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 

ʩ ʘʜʘʧʪʠʚʥʳʤ ʜʠʟʘʡʥʦʤ ʠ ʧʦʜʨʦʙʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʊʝʢʫʱʘʷ ʨʝʘʣʠʟʘʮʠʷ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʡ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʣʦʢʘʣʴʥʦʤ 

ʢʦʤʧʴʶʪʝʨʝ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʜʦʩʪʫʧʥʦʩʪʴ ʩʠʩʪʝʤʳ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʦʙʣʘʯʥʦʛʦ ʩʝʨʚʝʨʘ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʪʧʨʘʚʢʠ ʫʚʝʜʦʤʣʝʥʠʡ ʦ 
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ʚʳʛʦʜʥʳʭ ʘʨʙʠʪʨʘʞʥʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʯʝʨʝʟ Telegram-ʙʦʪʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʣʘʥʠʨʫʝʪʩʷ ʜʦʙʘʚʠʪʴ ʨʝʘʣʠʟʘʮʠʶ ʤʝʭʘʥʠʟʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʥʝʥʠʷ 

ʩʜʝʣʦʢ ʯʝʨʝʟ ʪʦʨʛʦʚʳʝ API ʙʠʨʞ ʠ ʬʫʥʢʮʠʦʥʘʣʘ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʪʨʝʫʛʦʣʴʥʦʛʦ 

ʘʨʙʠʪʨʘʞʘ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʶʪ ʠʥʪʝʛʨʘʮʠʶ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʢʨʠʧʪʦʚʘʣʶʪʥʳʤʠ ʙʠʨʞʘʤʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʦʢʨʳʪʠʷ ʨʳʥʢʘ, ʚʥʝʜʨʝʥʠʝ 

ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʮʝʥ, 

ʨʘʟʨʘʙʦʪʢʫ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʘ ʪʘʢʞʝ 

ʩʦʟʜʘʥʠʝ ʨʘʩʰʠʨʝʥʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʩ ʠʩʪʦʨʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʨʙʠʪʨʘʞʥʳʭ ʩʪʨʘʪʝʛʠʡ. 
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ʋɼʂ 004.65 

ʈɸɿʈɸɹʆʊʂɸ ɹɸɿʓ ɼɸʅʅʓʍ ɼʃʗ ʋʏɽʊɸ ʈɸʉʍʆɼʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ ʇʈʀ ʆɹʉʃʋɾʀɺɸʅʀʀ ʆʌʀʉʅʆʁ ʊɽʍʅʀʂʀ 

ʂ.ʆ. ʉʘʚʚʘʪʝʝʚ
1
, ʀ.ɼ. ʊʦʢʘʨʝʚ

2
 

ʃʳʩʴʚʝʥʩʢʠʡ ʬʠʣʠʘʣ ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ "ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ" 
ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʙʘʟʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʦʝ ʧʨʦʭʦʜʠʪ ʪʨʠ 

ʢʣʶʯʝʚʳʭ ʩʪʘʜʠʠ: ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ, ʣʦʛʠʯʝʩʢʫʶ ʠ ʬʠʟʠʯʝʩʢʫʶ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʬʦʨʤʠʨʫʶʪʩʷ ʩʚʷʟʠ ʠ ʩʦʟʜʘʸʪʩʷ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʚ ʥʦʪʘʮʠʠ ʏʝʥʘ. ɼʘʣʝʝ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʝʥʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʩʭʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʪʘʮʠʠ 

çɺʦʨʦʥʴʠ ʣʘʧʢʠè. ɿʘʚʝʨʰʘʶʱʠʤ ʰʘʛʦʤ ʩʪʘʥʦʚʠʪʩʷ ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʚʢʣʶʯʘʶʱʝʝ ʧʦʩʪʨʦʝʥʠʝ ʪʘʙʣʠʮ ʩ ʩʫʱʥʦʩʪʷʤʠ ʠ ʘʪʨʠʙʫʪʘʤʠ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʘʟʳ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʟʳ ʜʘʥʥʳʭ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ, ʣʦʛʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʥʦʪʘʮʠʷ ʏʝʥʘ, çɺʦʨʦʥʴʠ ʣʘʧʢʠè, ʥʦʨʤʘʣʠʟʘʮʠʷ, ʩʭʝʤʳ ʜʘʥʥʳʭ, 

ʩʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ 
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Abstract. The article is devoted to database design, which goes through three key stages: 

conceptual, logical and physical. At the first stage, connections are formed and a conceptual model 

is created in Chen notation. Then, unnormalized and normalized schemes are developed using the 

Crow's Foot notation. The final step is physical modeling, including the construction of tables with 

entities and attributes, as well as the formation of the final database structure. 
Keywords: databases, design, conceptual model, logical model, physical model, Chen 

notation, crow's feet, normalization, data schemas, database structure 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʵʬʬʝʢʪʠʚʥʳʡ ʫʯʸʪ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʦʬʠʩʥʦʡ ʪʝʭʥʠʢʠ. ʆʪʩʫʪʩʪʚʠʝ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʙʳʪʦʯʥʳʤ ʟʘʪʨʘʪʘʤ, 

ʧʦʪʝʨʷʤ ʠ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʩʪʘʥʦʚʠʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʭʨʘʥʠʪʴ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʘʪʝʨʠʘʣʘʭ, ʦʪʩʣʝʞʠʚʘʪʴ ʠʭ ʜʚʠʞʝʥʠʝ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʧʨʦʟʨʘʯʥʦʩʪʴ ʫʯʸʪʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʪʳ, ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʫʯʸʪʘ ʠ ʨʘʮʠʦʥʘʣʴʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʝʩʫʨʩʦʚ. 
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ʆʧʠʩʘʥʠʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʉʦʚʨʝʤʝʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʚʢʣʶʯʘʷ ʚ ʩʝʙʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ, 

ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʠ ʦʨʛʪʝʭʥʠʢʫ ʚ ʩʚʦʝʡ ʧʦʚʩʝʜʥʝʚʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʨʝʛʫʣʷʨʥʦʝ 

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʥʝʠʟʙʝʞʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʨʘʩʭʦʜʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʦʪ 

ʧʝʯʘʪʥʳʭ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʠ 

ʪʦʯʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʨʘʩʭʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 

ʉʝʨʴʸʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɺʊ ʠ ʆʊ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʠʭ ʫʯʸʪ ʚʝʜʸʪʩʷ ʚʨʫʯʥʫʶ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʬʠʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʙʲʝʢʪʠʚʥʳʤ ʦʮʝʥʢʘʤ ʠ ʯʘʩʪʳʤ ʦʰʠʙʢʘʤ ʚ 

ʨʘʩʯʸʪʘʭ. ʆʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʫʯʸʪʘ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʟʘʪʨʫʜʥʷʝʪ ʢʘʢ 

ʢʨʘʪʢʦʩʨʦʯʥʦʝ, ʪʘʢ ʠ ʜʦʣʛʦʩʨʦʯʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʟʘʢʫʧʦʢ, ʘ ʪʘʢʞʝ ʟʘʪʨʫʜʥʷʝʪ 

ʢʦʥʪʨʦʣʴ ʪʝʢʫʱʠʭ ʦʩʪʘʪʢʦʚ. 

ʉʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʪʘʢ ʞʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʥʝʩʝʥʠʝ 

ʜʘʥʥʳʭ ʦ ʨʝʘʣʴʥʦʤ ʧʦʪʨʝʙʣʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ. ʀʟ-ʟʘ ʵʪʦʛʦ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ 

ʟʘʢʫʧʦʯʥʳʭ ʟʘʷʚʦʢ ʩʣʦʞʥʦ ʚʳʷʚʠʪʴ ʧʨʠʦʨʠʪʝʪʥʳʝ ʧʦʟʠʮʠʠ ʠ ʦʧʨʝʜʝʣʠʪʴ, ʧʦ 

ʢʘʢʠʤ ʥʘʠʤʝʥʦʚʘʥʠʷʤ ʫʞʝ ʠʤʝʝʪʩʷ ʠʟʙʳʪʦʯʥʳʡ ʟʘʧʘʩ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʧʪʠʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʝʩʫʨʩʦʚ, ʣʠʙʦ ʚʦʟʥʠʢʘʝʪ ʦʩʪʨʘʷ ʥʝʭʚʘʪʢʘ 

ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʣʠʙʦ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʠʟʣʠʰʢʠ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʪʘʢ ʠ ʥʝ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʷ. 

ʅʘʠʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚ ʙʶʜʞʝʪʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʷʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝʤ, ʪʘʢʠʭ ʢʘʢ ʨʝʛʠʦʥʘʣʴʥʳʝ 

ʬʠʣʠʘʣʳ ʚʫʟʦʚ. ɺ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʥʝ ʧʨʦʩʪʦ ʠʤʝʪʴ 

ʥʝʦʙʭʦʜʠʤʳʝ ʤʘʪʝʨʠʘʣʳ, ʥʦ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʠʭ ʧʨʠʦʙʨʝʪʝʥʠʝ ʩ ʫʯʸʪʦʤ 

ʤʠʥʠʤʠʟʘʮʠʠ ʠʟʜʝʨʞʝʢ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʶʜʞʝʪʘ. ʆʪʩʫʪʩʪʚʠʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʯʸʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʩʣʦʞʥʷʝʪ ʢʦʥʪʨʦʣʴ ʟʘ 

ʨʘʩʭʦʜʦʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ, ʪʨʫʜʥʦ ʦʪʩʣʝʜʠʪʴ, ʢʪʦ, ʢʦʛʜʘ ʠ ʜʣʷ ʢʘʢʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣ ʪʝ ʠʣʠ ʠʥʳʝ ʨʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʧʨʦʙʣʝʤ ʥʝʦʙʭʦʜʠʤ ʧʝʨʝʭʦʜ ʢ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʨʘʩʯʸʪʘ ʠ ʫʯʸʪʘ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʘʷ 

ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʩʪʘʪʠʩʪʠʢʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʚʰʠʭʩʷ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʠʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʙʫʜʫʱʠʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʠʪ ʙʦʣʝʝ ʪʦʯʥʦʝ, ʨʘʮʠʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ. 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʘʟʳ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʝʸ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ, 

ʣʦʛʠʯʝʩʢʫʶ ʠ ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. ʅʘʯʘʪʴ ʩʪʦʠʪ ʩ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ. 

ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ï ʵʪʦ ʦʪʨʘʞʝʥʠʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʜʣʷ ʢʦʪʦʨʦʡ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʙʘʟʘ ʜʘʥʥʳʭ, ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʢʦʥʢʨʝʪʥʳʤ ʉʋɹɼ.ɺ 
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ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʝʨʤʠʥʳ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠ. 

ʉʫʱʥʦʩʪʴ ï ʨʝʘʣʴʥʳʡ ʠʣʠ ʘʙʩʪʨʘʢʪʥʳʡ ʦʙʲʝʢʪ, ʠʤʝʶʱʠʡ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ [1]. ʉʫʱʥʦʩʪʴ ʜʦʣʞʥʘ ʠʤʝʪʴ ʥʘʠʤʝʥʦʚʘʥʠʝ, 

ʚʳʨʘʞʝʥʥʦʝ ʩʫʱʝʩʪʚʠʪʝʣʴʥʳʤ ʚ ʝʜʠʥʩʪʚʝʥʥʦʤ ʯʠʩʣʝ, ʦʙʦʟʥʘʯʘʝʪʩʷ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ ʥʘ ʩʭʝʤʝ. 

ɸʪʨʠʙʫʪ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʫʱʥʦʩʪʠ, ʟʥʘʯʠʤʘʷ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʣʠ ʚʳʨʘʞʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʫʱʥʦʩʪʠ, 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʦʚʘʣʦʤ ʥʘ ʩʭʝʤʝ[2]. 

ʆʪʥʦʰʝʥʠʝ ï ʧʦʢʘʟʳʚʘʝʪ ʩʚʷʟʠ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ, ʦʙʦʟʥʘʯʘʝʪʩʷ ʨʦʤʙʦʤ ʥʘ 

ʩʭʝʤʝ. 

ɼʣʷ ʨʘʙʦʪʳ ʧʨʝʮʝʜʝʥʪʘ çʈʘʩʯʸʪ ʈʘʩʭʦʜʥʳʭ ʄʘʪʝʨʠʘʣʦʚè ʥʝʦʙʭʦʜʠʤʘ 

ʩʫʱʥʦʩʪʴ çʋʩʪʨʦʡʩʪʚʘ-ʈʘʩʭʦʜʥʳʝ ʄʘʪʝʨʠʘʣʳè, ʚ ʢʦʪʦʨʳʭ ʧʝʨʝʯʠʩʣʷʶʪʩʷ ʚʩʝ 

ʩʚʷʟʠ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠ ʠʭ ʨʘʩʭʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ɸʥʘʣʦʛʠʯʥʦ 

ʨʘʩʩʫʞʜʘʷ ʚʳʜʝʣʝʥʳ ʩʫʱʥʦʩʪʠ ʙʘʟʳ ʜʘʥʥʳʭ: 

1. ʋʩʪʨʦʡʩʪʚʘ-ʈʘʩʭʦʜʥʳʝ ʄʘʪʝʨʠʘʣʳ (ʜʘʥʥʳʝ ʦ ʩʚʷʟʷʭ); 

2. ʋʩʪʨʦʡʩʪʚʘ (ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʫʩʪʨʦʡʩʪʚʘʭ); 

3. ʈʘʩʭʦʜʥʳʝ ʄʘʪʝʨʠʘʣʳ (ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʘʭ); 

4. ʊʝʭʥʠʢʘ (ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʠʜʘʭ ʪʝʭʥʠʢʠ); 

5. ʂʘʪʝʛʦʨʠʷ ʋʩʪʨʦʡʩʪʚʘ (ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʘʪʝʛʦʨʠʷʭ ʫʩʪʨʦʡʩʪʚʘ); 

6. ʉʦʩʪʦʷʥʠʝ (ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʠʜʘʭ ʩʦʩʪʦʷʥʠʷ ʫʩʪʨʦʡʩʪʚʘ); 

7. ʂʦʨʧʫʩ (ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʨʧʫʩʘʭ); 

8. ʂʘʙʠʥʝʪ (ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʘʙʠʥʝʪʘʭ); 

9. ɺʠʜʳ ʈʘʩʭʦʜʥʦʛʦ ʄʘʪʝʨʠʘʣʘ (ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʠʜʘʭ); 

10. ʊʨʘʪʘ ʟʘ ʛʦʜ (ʫʯʸʪ ʧʦʪʨʝʙʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ) 

ʆʧʨʝʜʝʣʝʥʳ ʩʚʷʟʠ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ ʩ ʧʦʤʦʱʴʶ ʦʧʠʩʘʥʠʷ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʉʚʷʟʠ ʩʫʱʥʦʩʪʝʡ ʩ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʴʶ ʩ ʪʠʧʦʤ 
ˉ ʉʫʱʥʦʩʪʴ ʉʚʷʟʴ ʉʫʱʥʦʩʪʴ ʊʠʧ 

1 ʊʝʭʥʠʢʘ ʆʪʥʦʩʠʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʂʘʪʝʛʦʨʠʷ ʫʩʪʨʦʡʩʪʚʘ ʆʜʠʥ ʢʦ ʤʥʦʛʠʤ 

2 ʂʦʨʧʫʩ ɺʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʙʠʥʝʪ ʂʘʙʠʥʝʪ ʆʜʠʥ ʢʦ ʤʥʦʛʠʤ 

3 ʋʩʪʨʦʡʩʪʚʘ ʆʪʥʦʩʠʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʂʘʪʝʛʦʨʠʷ ʋʩʪʨʦʡʩʪʚʘ ʄʥʦʛʠʝ ʢ ʦʜʥʦʤʫ 

4 ʋʩʪʨʦʡʩʪʚʘ ʀʤʝʝʪ ʩʪʘʪʫʩ ʉʦʩʪʦʷʥʠʝ ʄʥʦʛʠʝ ʢ ʦʜʥʦʤʫ 

5 ʋʩʪʨʦʡʩʪʚʘ ʈʘʩʧʦʣʦʞʝʥ ʚ ʢʘʙʠʥʝʪʝ ʂʘʙʠʥʝʪ ʄʥʦʛʠʝ ʢ ʦʜʥʦʤʫ 

6 
ʈʘʩʭʦʜʥʳʝ 

ʄʘʪʝʨʠʘʣʳ 
ʇʨʠʥʘʜʣʝʞʠʪ ʢ ʚʠʜʫ 

ɺʠʜʳ ʈʘʩʭʦʜʥʦʛʦ 

ʄʘʪʝʨʠʘʣʘ 
ʆʜʠʥ ʢʦ ʤʥʦʛʠʤ 

7 ʋʩʪʨʦʡʩʪʚʘ 
ʊʨʝʙʫʝʪʩʷ ʜʣʷ 

ʦʙʩʣʫʞʠʚʘʥʠʷ 
ʈʘʩʭʦʜʥʳʝ ʄʘʪʝʨʠʘʣʳ ʄʥʦʛʠʝ ʢʦ ʤʥʦʛʠʤ 

8 ʊʨʘʪʳ ʟʘ ʛʦʜ ʀʤʝʶʪ ʟʘʧʠʩʴ 
ʋʩʪʨʦʡʩʪʚʘ-

ʈʘʩʭʦʜʥʳʝ ʄʘʪʝʨʠʘʣʳ 
ʆʜʠʥ ʢ ʦʜʥʦʤʫ 
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ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ çʉʫʱʥʦʩʪʴ-ʩʚʷʟʴè ʩʦʛʣʘʩʥʦ ʥʦʪʘʮʠʠ ʇʠʪʝʨʘ ʏʝʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ. 1 ï ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ɹɼ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ ʚʳʜʝʣʝʥʳ 

ʜʝʩʷʪʴ ʩʫʱʥʦʩʪʝʡ: ʊʝʭʥʠʢʘ, ʂʘʪʝʛʦʨʠʷ ʋʩʪʨʦʡʩʪʚʘ, ʉʦʩʪʦʷʥʠʝ, ʂʦʨʧʫʩ, 

ʂʘʙʠʥʝʪ, ʋʩʪʨʦʡʩʪʚʘ, ɺʠʜʳ ʈʘʩʭʦʜʥʦʛʦ ʄʘʪʝʨʠʘʣʘ, ʈʘʩʭʦʜʥʳʝ ʄʘʪʝʨʠʘʣʳ, 

ʊʨʘʪʘ ʟʘ ʛʦʜ, ʋʩʪʨʦʡʩʪʚʘ-ʈʘʩʭʦʜʥʳʡ ʄʘʪʝʨʠʘʣ. ʆʧʨʝʜʝʣʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ 

ʩʫʱʥʦʩʪʷʤʠ. ʇʦʩʪʨʦʝʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʩʦʛʣʘʩʥʦ ʥʦʪʘʮʠʠ ʇʠʪʝʨʘ ʏʝʥʘ. 

ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. 

ʃʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ï ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʘʟʳ ʜʘʥʥʳʭ ʩ 

ʫʯʸʪʦʤ ʧʨʠʥʠʤʘʝʤʦʡ ʤʦʜʝʣʠ ʜʘʥʥʳʭ (ʠʝʨʘʨʭʠʯʝʩʢʦʡ, ʩʝʪʝʚʦʡ, ʨʝʣʷʮʠʦʥʥʦʡ ʠ 

ʪ.ʜ.), ʥʝʟʘʚʠʩʠʤʦʝ ʦʪ ʢʦʥʝʯʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʘʧʧʘʨʘʪʥʦʡ 

ʧʣʘʪʬʦʨʤʳ [3]. ʆʥʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʭʨʘʥʠʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʥʦ ʥʝ ʧʦʢʘʟʳʚʘʝʪ, 

ʢʘʢ ʭʨʘʥʠʪʩʷ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʟʲʷʩʥʝʥʳ ʪʠʧʳ ʩʚʷʟʝʡ ʩʫʱʥʦʩʪʝʡ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

ʆʜʠʥ ʚʠʜ ʪʝʭʥʠʢʠ ʤʦʞʝʪ ʠʤʝʪʴ ʦʪʥʦʰʝʥʠʷ ʢ ʥʝʩʢʦʣʴʢʠʤ ʢʘʪʝʛʦʨʠʷʤ, 

ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ çʊʝʭʥʠʢʘè ʠ 

çʂʘʪʝʛʦʨʠʷ ʋʩʪʨʦʡʩʪʚʘè ʙʫʜʝʪ ʦʜʠʥ ʢʦ ʤʥʦʛʠʤ. 

ʆʜʠʥ ʢʦʨʧʫʩ ʤʦʞʝʪ ʠʤʝʪʴ ʚ ʩʝʙʝ ʥʝʩʢʦʣʴʢʦ ʢʘʙʠʥʝʪʦʚ, ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ çʂʦʨʧʫʩè ʠ çʂʘʙʠʥʝʪè ʙʫʜʝʪ ʦʜʠʥ 

ʢʦ ʤʥʦʛʠʤ. 

ʆʜʥʘ ʢʘʪʝʛʦʨʠʷ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʫʩʪʨʦʡʩʪʚ, ʠʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ çʋʩʪʨʦʡʩʪʚʘè ʠ çʂʘʪʝʛʦʨʠʷ 

ʋʩʪʨʦʡʩʪʚʘè ʙʫʜʝʪ ʤʥʦʛʠʝ ʢ ʦʜʥʦʤʫ. 

ʆʜʥʦ ʩʦʩʪʦʷʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʫʩʪʨʦʡʩʪʚ, ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ 

çʋʩʪʨʦʡʩʪʚʘè ʠ çʉʦʩʪʦʷʥʠʝè ʙʫʜʝʪ ʤʥʦʛʠʝ ʢ ʦʜʥʦʤʫ. 
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ʆʜʠʥ ʢʘʙʠʥʝʪ ʤʦʞʝʪ ʩʜʝʨʞʘʪʴ ʚ ʩʝʙʝ ʥʝʩʢʦʣʴʢʦ ʫʩʪʨʦʡʩʪʚ, ʠʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ çʋʩʪʨʦʡʩʪʚʘè ʠ çʂʘʙʠʥʝʪè 

ʙʫʜʝʪ ʤʥʦʛʠʝ ʢ ʦʜʥʦʤʫ. 

ʆʜʠʥ ʚʠʜ ʨʘʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʨʘʩʭʦʜʥʠʢʦʚ, ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ 

çʈʘʩʭʦʜʥʳʝ ʄʘʪʝʨʠʘʣʳè ʠ çɺʠʜʳ ʈʘʩʭʦʜʥʦʛʦ ʄʘʪʝʨʠʘʣʘè ʙʫʜʝʪ ʦʜʠʥ ʢʦ 

ʤʥʦʛʠʤ. 

ʂʘʢ ʦʜʥʦ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʨʘʩʭʦʜʥʠʢʦʚ, ʪʘʢ ʠ 

ʦʜʠʥ ʨʘʩʭʦʜʥʠʢ, ʤʦʞʝʪ ʧʦʜʭʦʜʠʪʴ ʢ ʥʝʩʢʦʣʴʢʠʤ ʫʩʪʨʦʡʩʪʚʘʤ, ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ çʋʩʪʨʦʡʩʪʚʘè ʠ çʈʘʩʭʦʜʥʳʝ 

ʄʘʪʝʨʠʘʣʳè ʙʫʜʝʪ ʤʥʦʛʠʝ ʢʦ ʤʥʦʛʠʤ. 

ʆʜʥʘ ʟʘʧʠʩʴ ʦ ʩʚʷʟʠ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʦʤ ʠ ʨʘʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʤʦʞʝʪ 

ʠʤʝʪʴ ʪʦʣʴʢʦ ʦʜʥʫ ʟʘʧʠʩʴ ʦʙ ʠʭ ʪʨʘʪʘʭ ʟʘ ʛʦʜ, ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ çʋʩʪʨʦʡʩʪʚʘ-ʈʘʩʭʦʜʥʳʝ ʄʘʪʝʨʠʘʣʳè ʠ çʊʨʘʪʳ ʟʘ 

ʛʦʜè ʙʫʜʝʪ ʦʜʠʥ ʢ ʦʜʥʦʤʫ. 

ʉʚʷʟʴ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʘʪʨʠʙʫʪʘʤ, ʚ 

ʦʩʥʦʚʥʦʤ ʵʪʦ ʫʥʠʢʘʣʴʥʳʡ ʢʦʜ ʩʫʱʥʦʩʪʠ. 

ʃʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʥʦʪʘʮʠʠ çɺʦʨʦʥʴʠ ʣʘʧʢʠè ʩ ʩʚʷʟʥʳʤʠ ʘʪʨʠʙʫʪʘʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩ.2 ï ʃʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʨʦʝʥʘ ʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʥʦʪʘʮʠʠ çɺʦʨʦʥʴʠ ʣʘʧʢʠè. 

ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʢ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʌʠʟʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ï ʵʪʦ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʦʧʠʩʘʥʠʷ 

ʨʝʘʣʠʟʘʮʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ ʭʨʘʥʝʥʠʷ [4]. ɿʜʝʩʴ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʢʣʶʯʝʚʳʝ ʩʚʷʟʠ, ʩʪʨʫʢʪʫʨʘ ʬʘʡʣʦʚ ʠ ʠʥʜʝʢʩʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʙʳʩʪʨʳʡ 

ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʚʷʟʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʠ 

ʤʝʭʘʥʠʟʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʃʦʛʠʯʝʩʢʦʝ ʠ ʬʠʟʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦʩʪʦʷʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ, 

ʧʦʩʢʦʣʴʢʫ ʨʝʰʝʥʠʷ, ʧʨʠʥʠʤʘʝʤʳʝ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘ 

ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʤʦʛʫʪ ʠʟʤʝʥʠʪʴ ʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʘʥʥʳʭ [5]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʫʱʥʦʩʪʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʝʸ ʘʪʨʠʙʫʪʘʤ. 
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ʉʫʱʥʦʩʪʴ çʋʩʪʨʦʡʩʪʚʘè ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʪʝʛʦʨʠʝʡ, ʩʦʩʪʦʷʥʠʝʤ, 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ 

ʚʢʣʶʯʠʪʴ ʩʚʷʟʥʳʝ ʵʣʝʤʝʥʪʳ ʪʘʙʣʠʮ, ʪʦ ʝʸ ʘʪʨʠʙʫʪʘʤ ʜʘʥʥʦʡ ʩʫʱʥʦʩʪʠ 

ʦʪʥʦʩʷʪʩʷ: ID_ʋʩʪʨʦʡʩʪʚʘ, ʂʘʪʝʛʦʨʠʷ ʋʩʪʨʦʡʩʪʚʘ, ʉʦʩʪʦʷʥʠʝ, ʂʘʙʠʥʝʪ, 

ʄʦʜʝʣʴ, ʉʝʨʠʡʥʳʡ ʥʦʤʝʨ ʠ ʀʥʚʝʥʪʘʨʥʳʡ ʥʦʤʝʨ. 

ʇʨʠ ʵʪʦʤ ʪʠʧ ʜʘʥʥʳʭ ʘʪʨʠʙʫʪʘ çID_ʋʩʪʨʦʡʩʪʚʘè ʯʠʩʣʦʚʦʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʚʠʜʝ ʩʯʸʪʯʠʢʘ, ʪʘʢ ʞʝ ʦʥ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʘʪʨʠʙʫʪʦʤ. çʄʦʜʝʣʴè ʠ 

çʉʝʨʠʡʥʳʡ ʥʦʤʝʨè ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʪʝʢʩʪʦʚʦʤ ʚʠʜʝ. 

ʉʫʱʥʦʩʪʴ çʈʘʩʭʦʜʥʳʝ ʄʘʪʝʨʠʘʣʳè ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʠʜʦʤ, ʥʘʟʚʘʥʠʝʤ, 

ʢʦʣʠʯʝʩʪʚʦʤ ʥʘ ʩʢʣʘʜʝ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʟʘʧʘʩʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʚʢʣʶʯʠʪʴ 

ʩʚʷʟʥʳʝ ʵʣʝʤʝʥʪʳ ʪʘʙʣʠʮ, ʪʦ ʢ ʘʪʨʠʙʫʪʘʤ ʜʘʥʥʦʡ ʩʫʱʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ: 

ID_ʈʘʩʭʦʜʥʠʢʘ, ɺʠʜ, ʅʘʟʚʘʥʠʝ, ʂʦʣʠʯʝʩʪʚʦ ʥʘ ʩʢʣʘʜʝ, ʄʠʥʠʤʘʣʴʥʳʡ ʟʘʧʘʩ. 

ʇʨʠ ʵʪʦʤ ʪʠʧ ʜʘʥʥʳʭ ʘʪʨʠʙʫʪʘ çID_ʈʘʩʭʦʜʥʠʢʘè ʯʠʩʣʦʚʦʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʚʠʜʝ ʩʯʸʪʯʠʢʘ, ʪʘʢ ʞʝ ʦʥ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʘʪʨʠʙʫʪʦʤ. çʂʦʣʠʯʝʩʪʚʦ ʥʘ 

ʩʢʣʘʜʝè ʠ çʄʠʥʠʤʘʣʴʥʳʡ ʟʘʧʘʩè ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʯʠʩʣʦʚʦʤ ʬʦʨʤʘʪʝ. 

ɸʥʘʣʦʛʠʯʥʦ ʨʘʩʩʫʞʜʘʷ ʚʳʜʝʣʝʥʳ ʘʪʨʠʙʫʪʳ ʚʩʝʭ ʩʫʱʥʦʩʪʝʡ, ʠʭ ʪʠʧ ʜʘʥʥʳʭ 

ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 

ɸʪʨʠʙʫʪʳ ʩʫʱʥʦʩʪʝʡ 

ʉʫʱʥʦʩʪʴ ɸʪʨʠʙʫʪʳ ʊʠʧ ʜʘʥʥʳʭ ʆʛʨʘʥʠʯʝʥʠʷ 

ʋʩʪʨʦʡʩʪʚʘ 

ID_ʋʩʪʨʦʡʩʪʚʘ ʉʯʸʪʯʠʢ  

ʂʘʪʝʛʦʨʠʷ ʋʩʪʨʦʡʩʪʚʘ ʏʠʩʣʦʚʦʡ  

ʉʦʩʪʦʷʥʠʝ ʏʠʩʣʦʚʦʡ 1 ʩʠʤʚʦʣ 

ʂʘʙʠʥʝʪ ʏʠʩʣʦʚʦʡ  

ʄʦʜʝʣʴ ʊʝʢʩʪʦʚʳʡ  

ʉʝʨʠʡʥʳʡ ʥʦʤʝʨ ʊʝʢʩʪʦʚʳʡ  

ʀʥʚʝʥʪʘʨʥʳʡ ʥʦʤʝʨ ʏʠʩʣʦʚʦʡ  

ɼʘʪʘ ʧʦʩʪʫʧʣʝʥʠʷ ɼʘʪʘ  

ʊʝʭʥʠʢʘ 
ID_ʊʝʭʥʠʢʠ ʉʯʸʪʯʠʢ  

ʊʝʭʥʠʢʘ ʊʝʢʩʪʦʚʳʡ ɼʦ 2 ʩʠʤʚʦʣʦʚ 

ʂʘʪʝʛʦʨʠʷ ʫʩʪʨʦʡʩʪʚʘ 

ID_ʂʘʪʝʛʦʨʠʠ ʉʯʸʪʯʠʢ  

ɺʠʜ ʊʝʭʥʠʢʠ ʏʠʩʣʦʚʦʡ 1 ʩʠʤʚʦʣ 

ʂʘʪʝʛʦʨʠʷ ʊʝʢʩʪʦʚʳʡ  

ʉʦʩʪʦʷʥʠʝ 
ID_ʉʦʩʪʦʷʥʠʷ ʉʯʸʪʯʠʢ  

ʉʦʩʪʦʷʥʠʝ ʊʝʢʩʪʦʚʳʡ ɼʦ 10 ʩʠʤʚʦʣʦʚ 

ʂʦʨʧʫʩ 
ID_ʂʦʨʧʫʩʘ ʉʯʸʪʯʠʢ  

ʂʦʨʧʫʩ ʊʝʢʩʪʦʚʳʡ 1 ʩʠʤʚʦʣ 

ʂʘʙʠʥʝʪ 

ID_ʂʘʙʠʥʝʪʘ ʉʯʸʪʯʠʢ  

ʂʦʨʧʫʩ ʏʠʩʣʦʚʦʡ 1 ʩʠʤʚʦʣ 

ʂʘʙʠʥʝʪ ʊʝʢʩʪʦʚʳʡ ɼʦ 5 ʩʠʤʚʦʣʦʚ 

ʈʘʩʭʦʜʥʳʝ 

ʄʘʪʝʨʠʘʣʳ 

ID_ʈʘʩʭʦʜʥʠʢʘ ʉʯʸʪʯʠʢ  

ɺʠʜ ʏʠʩʣʦʚʦʡ  

ʅʘʟʚʘʥʠʝ ʊʝʢʩʪʦʚʳʡ  

ʂʦʣʠʯʝʩʪʚʦ ʥʘ ʩʢʣʘʜʝ ʏʠʩʣʦʚʦʡ  

ʄʠʥʠʤʘʣʴʥʳʡ ʟʘʧʘʩ ʏʠʩʣʦʚʦʡ  

ɺʠʜ ʈʘʩʭʦʜʥʦʛʦ 

ʄʘʪʝʨʠʘʣʘ 

ID_ɺʠʜʘ ʉʯʸʪʯʠʢ  

ɺʠʜ ʊʝʢʩʪʦʚʳʡ  
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ʋʩʪʨʦʡʩʪʚʘ-

ʈʘʩʭʦʜʥʳʡ ʄʘʪʝʨʠʘʣ 

ID_ʉʚʷʟʠ ʉʯʸʪʯʠʢ  

ʋʩʪʨʦʡʩʪʚʦ ʏʠʩʣʦʚʦʡ  

ʈʘʩʭʦʜʥʳʡ ʄʘʪʝʨʠʘʣ ʏʠʩʣʦʚʦʡ  

ʊʨʘʪʳ ʟʘ ʛʦʜ 

ID_ɿʘʧʠʩʠ ʉʯʸʪʯʠʢ  

ʗʥʚʘʨʴ ʏʠʩʣʦʚʦʡ  

ʌʝʚʨʘʣʴ ʏʠʩʣʦʚʦʡ  

ʄʘʨʪ ʏʠʩʣʦʚʦʡ  

ɸʧʨʝʣʴ ʏʠʩʣʦʚʦʡ  

ʄʘʡ ʏʠʩʣʦʚʦʡ  

ʀʶʥʴ ʏʠʩʣʦʚʦʡ  

ʀʶʣʴ ʏʠʩʣʦʚʦʡ  

ɸʚʛʫʩʪ ʏʠʩʣʦʚʦʡ  

ʉʝʥʪʷʙʨʴ ʏʠʩʣʦʚʦʡ  

ʆʢʪʷʙʨʴ ʏʠʩʣʦʚʦʡ  

ʅʦʷʙʨʴ ʏʠʩʣʦʚʦʡ  

ɼʝʢʘʙʨʴ ʏʠʩʣʦʚʦʡ  

 

ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ çʈʘʩʯʸʪ ʈʘʩʭʦʜʥʳʭ ʄʘʪʝʨʠʘʣʦʚè 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩ.3 ï ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʚʳʜʝʣʝʥʳ 10 ʩʫʱʥʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʭ 

ʘʪʨʠʙʫʪʳ ʠ ʘʪʨʠʙʫʪʳ ʜʣʷ ʩʚʷʟʠ ʩʫʱʥʦʩʪʝʡ ʤʝʞʜʫ ʩʦʙʦʡ. ʆʙʲʷʩʥʝʥʳ ʩʚʷʟʠ 

ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ. ʆʧʨʝʜʝʣʝʥʳ ʪʠʧʳ ʩʚʷʟʝʡ. ʆʙʦʟʥʘʯʝʥʳ ʪʠʧʳ ʜʘʥʥʳʭ ʚ 

ʘʪʨʠʙʫʪʘʭ. ʇʦʩʪʨʦʝʥʳ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʩʦʛʣʘʩʥʦ ʥʦʪʘʮʠʠ ʇʠʪʝʨʘ ʏʝʥʘ, 

ʣʦʛʠʯʝʩʢʘʷ ʠ ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʥʦʪʘʮʠʠ çɺʦʨʦʥʴʠ ʣʘʧʢʠè. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʠʪʦʛʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʫʯʸʪʘ ʨʘʩʭʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʦʬʠʩʥʦʡ ʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʥʘ 

ʧʫʪʠ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʮʝʩʩʦʚ ʦʨʛʘʥʠʟʘʮʠʠ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʥʝ 

ʪʦʣʴʢʦ ʫʧʨʦʱʘʝʪ ʢʦʥʪʨʦʣʴ ʟʘ ʜʚʠʞʝʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʠ 

ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʚʝʜʝʥʠʷ ʫʯʸʪʘ, ʤʠʥʠʤʠʟʠʨʫʝʪ ʦʰʠʙʢʠ ʠ ʩʦʢʨʘʱʘʝʪ 

ʥʝʥʫʞʥʳʝ ʨʘʩʭʦʜʳ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʫʯʸʪʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 
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ʫʩʢʦʨʠʪʴ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ. ɺʩʸ ʵʪʦ ʜʝʣʘʝʪ ʙʘʟʫ ʜʘʥʥʳʭ ʵʬʬʝʢʪʠʚʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʦʙʱʝʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ. 
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ʈɸɿʈɸɹʆʊʂɸ ɹɸɿʓ ɼɸʅʅʓʍ ɼʃʗ ʋʏɽʊɸ ʊʆɺɸʈʆɺ ɺ ʄɸɻɸɿʀʅɽ 

ʀɻʈʋʐɽʂ 

ʂ.ʆ. ʉʘʚʚʘʪʝʝʚ
1
, ʀ.ɼ. ʊʦʢʘʨʝʚ

2
 

ʃʳʩʴʚʝʥʩʢʠʡ ʬʠʣʠʘʣ ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ "ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ" 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ, 

ʚʢʣʶʯʘʶʱʠʡ ʪʨʠ ʦʩʥʦʚʥʳʝ ʩʪʘʜʠʠ: ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ, ʣʦʛʠʯʝʩʢʫʶ ʠ ʬʠʟʠʯʝʩʢʫʶ. ʉʥʘʯʘʣʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʚ ʥʦʪʘʮʠʠ ʏʝʥʘ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʩʫʱʥʦʩʪʷʤʠ. ɿʘʪʝʤ ʩʦʟʜʘʶʪʩʷ ʥʝʥʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʩʭʝʤʳ ʚ ʥʦʪʘʮʠʠ 

çɺʦʨʦʥʴʠ ʣʘʧʢʠè. ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʛʜʝ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʪʘʙʣʠʮʳ ʩ ʩʫʱʥʦʩʪʷʤʠ ʠ ʘʪʨʠʙʫʪʘʤʠ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʟʳ ʜʘʥʥʳʭ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ, ʣʦʛʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʥʦʪʘʮʠʷ ʏʝʥʘ, çɺʦʨʦʥʴʠ ʣʘʧʢʠè, ʥʦʨʤʘʣʠʟʘʮʠʷ, ʩʭʝʤʳ ʜʘʥʥʳʭ, 

ʩʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ 

 

DEVELOPING A DA TABASE FOR ACCOUNTING FOR GOODS IN A TOY 

STORE 

K.O. Savvateev
1
, I.D. Tokarev

2
 

Lysva branch of the Federal State Autonomous Educational Institution of Higher 

Education "Perm National Research Polytechnic University" 
Abstract. The article discusses the database design process, which includes three main stages: 

conceptual, logical, and physical. First, a conceptual model is formed in Chen notation with the 

definition of relationships between entities. Then, unnormalized and normalized schemes are 

created in Crow's Foot notation. At the final stage, physical modeling is performed, where tables 

with entities and attributes are developed and the final structure of the database is determined. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʘʛʘʟʠʥʦʚ ʠʛʨʫʰʝʢ, ʩʦʚʩʝʤ ʥʝ ʫʜʠʚʣʷʝʪ. 

ʆʜʥʘ ʬʠʨʤʘ ʪʘʢʠʭ ʟʘʚʝʜʝʥʠʡ ʚ ʦʜʥʦʤ ʛʦʨʦʜʝ ʤʦʞʝʪ ʚʩʪʨʝʪʠʪʩʷ ʠ ʥʝ ʦʜʠʥ ʨʘʟ, ʘ 

ʝʩʣʠ ʩʯʠʪʘʪʴ ʧʦ ʚʩʝʡ ʩʪʨʘʥʝ, ʪʦ ʠʭ ʥʘʡʜʝʪʩʷ ʙʦʣʴʰʝ ʪʳʩʷʯʠ. ɸ ʬʠʨʤʘ ʪʦ ʥʝ 

ʦʜʥʘ, ʠʭ ʪʦʞʝ ʥʝ ʦʜʥʘ ʩʦʪʥʷ ʥʘʙʝʨʸʪʩʷ. ɸ ʚ ʢʘʞʜʦʤ ʤʘʛʘʟʠʥʝ, ʢʦʣʦʩʩʘʣʴʥʝʡʰʠʡ 

ʘʩʩʦʨʪʠʤʝʥʪ ʪʦʚʘʨʦʚ, ʢʦʪʦʨʳʡ ʢʘʞʜʳʡ ʜʝʥʴ ʧʨʦʜʘʶʪ, ʟʘʢʘʟʳʚʘʶʪ, ʠ ʪ.ʜ. ʀ 

ʯʪʦʙʳ ʥʝ ʟʘʧʫʪʘʪʴʩʷ ʭʦʪʷ ʙʳ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʟʜʘʥʠʷ, ʩʣʝʜʫʝʪ ʚʩʶ ʵʪʫ ʨʘʙʦʪʫ 

ʧʝʨʝʚʝʩʪʠ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʘʪ. ɺʝʜʴ ʢʦʤʧʴʶʪʝʨ ʩʧʦʩʦʙʝʥ ʩʦʭʨʘʥʷʪʴ ʚ ʩʝʙʝ 

ʦʛʨʦʤʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ, ʥʝ ʚ ʯʸʤ ʥʝ ʧʫʪʘʷʩʴ. ʇʨʦʩʪʦʝ ʩʦʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ 

ʙʫʜʝʪ ʥʝ ʵʬʬʝʢʪʠʚʥʦ, ʧʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʘʟʫ ʜʘʥʥʳʭ. ɺ ʙʘʟʝ 

ʜʘʥʥʳʭ ʙʫʜʫʪ ʭʨʘʥʠʪʴʩʷ ʩʚʝʜʝʥʠʷ ʦ ʥʘʣʠʯʠʠ ʪʦʚʘʨʘ ʚ ʤʘʛʘʟʠʥʝ ʠʛʨʫʰʝʢ, ʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʭ, ʚʦʟʨʘʩʪʝ ʜʝʪʝʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʠʛʨʫʰʢʠ. ʕʪʦ 

ʩʠʣʴʥʦ ʧʦʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʣʝʛʯʝʥʠʶ ʫʯʸʪʘ ʚʩʝʭ ʪʦʚʘʨʦʚ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʪʘʢʘʷ 

ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʦʙʷʟʘʪʝʣʴʥʦʡ ʚʦ ʚʩʝʭ ʤʘʛʘʟʠʥʘʭ. 

 

ʆʧʠʩʘʥʠʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʙʘʟʘ ʜʘʥʥʳʭ çʀʛʨʫʰʢʠè. ʆʥʘ ʭʨʘʥʠʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʣʠʯʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʪʦʚʘʨʘ, ʩʧʠʩʦʢ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩ 

ʢʦʪʦʨʳʤʠ ʩʦʪʨʫʜʥʠʯʘʝʪ ʟʘʚʝʜʝʥʠʝ, ʫʯʸʪ ʦ ʧʨʦʜʘʞʝ ʪʦʚʘʨʦʚ ʠ ʟʘʷʚʢʠ ʥʘ ʥʦʚʳʝ 

ʪʦʚʘʨʳ. ɺ ʙʘʟʝ ʜʘʥʥʳʭ ʜʦʣʞʥʘ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʧʨʦʜʘʞʫ 

ʵʪʠʭ ʪʦʚʘʨʦʚ. ɼʣʷ ʢʘʞʜʦʛʦ ʪʦʚʘʨʘ, ʧʦʩʪʫʧʠʚʰʝʛʦ ʥʘ ʩʢʣʘʜ, ʜʦʣʞʥʘ ʭʨʘʥʠʪʴʩʷ 

ʩʣʝʜʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ: ʥʘʠʤʝʥʦʚʘʥʠʝ, ʢʦʣʠʯʝʩʪʚʦ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ, ʮʝʥʘ, 

ʚʦʟʨʘʩʪʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ. ɼʣʷ ʚʦʟʨʘʩʪʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ 

ʦʪʜʝʣʴʥʳʡ ʩʧʨʘʚʦʯʥʳʡ ʤʘʪʝʨʠʘʣ. ʇʨʠ ʧʨʦʜʘʞʝ ʪʦʚʘʨʘ, ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʚ ʫʯʸʪ ʦ ʧʨʦʜʘʞʝ ʪʦʚʘʨʦʚ ʫʭʦʜʠʪ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʘʥʥʳʭ ʪʦʚʘʨʦʚ 

ʠ ʩʢʦʣʴʢʦ ʙʳʣʦ ʟʘʨʘʙʦʪʘʥʦ ʥʘ ʵʪʦʤ. 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ 

ɼʣʷ ʨʘʙʦʪʳ ʧʨʝʮʝʜʝʥʪʘ çʀʛʨʫʰʢʠè ʥʝʦʙʭʦʜʠʤʘ ʩʫʱʥʦʩʪʴ çʊʦʚʘʨè, ʚ 

ʢʦʪʦʨʳʭ ʧʝʨʝʯʠʩʣʷʶʪʩʷ ʚʩʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʚʘʨʘ. ɸʥʘʣʦʛʠʯʥʦ ʚʳʜʝʣʝʥʳ 

ʩʫʱʥʦʩʪʠ ɹɼ: 

- ʊʦʚʘʨʳ (ʜʘʥʥʳʝ ʦ ʪʦʚʘʨʘʭ), 

- ʇʨʦʠʟʚʦʜʠʪʝʣʠ (ʩʧʠʩʦʢ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ), 

- ɺʦʟʨʘʩʪʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ (ʩʧʠʩʦʢ ʚʠʜʦʚ ʚʦʟʨʘʩʪʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 
ʪʦʚʘʨ), 

- ʋʯʸʪ ʧʨʦʜʘʞʠ ʪʦʚʘʨʦʚ (ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʜʘʥʥʳʭ ʪʦʚʘʨʘʭ); 

- ɿʘʷʚʢʠ (ʠʥʬʦʨʤʘʮʠʷ ʦ ʟʘʷʚʢʘʭ). 

ʆʧʨʝʜʝʣʝʥʳ ʩʚʷʟʠ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ, ʩ ʧʦʤʦʱʴʶ ʦʧʠʩʘʥʠʷ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ, ʠʭ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1 

ʉʚʷʟʠ ʩʫʱʥʦʩʪʝʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩ ʪʠʧʦʤ 
 ̄ ʉʫʱʥʦʩʪʴ ʉʚʷʟʴ ʉʫʱʥʦʩʪʴ ʊʠʧ 

1 ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʇʨʦʠʟʚʦʜʷʪ ʊʦʚʘʨ ʆʜʠʥ ʢʦ ʤʥʦʛʠʤ 

2 ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʆʪʧʨʘʚʣʷʶʪ ʟʘʢʘʟ ɿʘʷʚʢʘ ʆʜʠʥ ʢʦ ʤʥʦʛʠʤ 

3 ɿʘʷʚʢʘ ɿʘʷʚʢʘ ʥʘ ʪʦʚʘʨ ʊʦʚʘʨ ʄʥʦʛʠʝ ʢ ʦʜʥʦʤʫ  

4 ʊʦʚʘʨ ʀʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ɺʦʟʨʘʩʪʥʦʝ 

ʦʛʨʘʥʠʯʝʥʠʝ 

ʄʥʦʛʠʝ ʢ ʦʜʥʦʤʫ  

5 ʊʦʚʘʨ ʋʯʠʪʳʚʘʝʪ ʧʨʦʜʘʞʫ ʋʯʸʪ ʧʨʦʜʘʞʠ ʪʦʚʘʨʦʚ ʆʜʠʥ ʢ ʦʜʥʦʤʫ 

 

ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ çʩʫʱʥʦʩʪʴ-ʩʚʷʟʴè ʩʦʛʣʘʩʥʦ ʥʦʪʘʮʠʠ ʇʠʪʝʨʘ-ʏʝʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 1ï ɼʠʘʛʨʘʤʤʘ çʩʫʱʥʦʩʪʴ-ʩʚʷʟʴè ʩʦʛʣʘʩʥʦ ʥʦʪʘʮʠʠ ʇʠʪʝʨʘ ʏʝʥʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ ʚʳʜʝʣʝʥʳ 5 

ʩʫʱʥʦʩʪʝʡ: ʊʦʚʘʨ, ʇʨʦʠʟʚʦʜʠʪʝʣʴ, ɺʦʟʨʘʩʪʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ, ʋʯʸʪ ʧʨʦʜʘʞʠ 

ʪʦʚʘʨʦʚ, ɿʘʷʚʢʘ. ʆʧʨʝʜʝʣʝʥʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ. ʇʦʩʪʨʦʝʥʘ 

ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʩʦʛʣʘʩʥʦ ʥʦʪʘʮʠʠ ʇʠʪʝʨʘ ʏʝʥʘ. ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ 

ʧʝʨʝʡʪʠ ʢ ʧʦʩʪʨʦʝʥʠʶ ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 
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ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʟʲʷʩʥʝʥʳ ʪʠʧʳ ʩʚʷʟʝʡ ʩʫʱʥʦʩʪʝʡ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ[1].ʆʜʠʥ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʤʦʞʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʪʦʚʘʨʦʚ, ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ 

çʇʨʦʠʟʚʦʜʠʪʝʣʴè ʠ çʊʦʚʘʨè ʙʫʜʝʪ ʦʜʠʥ ʢʦ ʤʥʦʛʠʤ. ʆʜʠʥ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʤʦʞʝʪ 

ʦʪʧʨʘʚʠʪʴ ʚ ʤʘʛʘʟʠʥ ʥʝʩʢʦʣʴʢʦ ʟʘʢʘʟʦʚ, ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʩʚʷʟʴ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ çʇʨʦʠʟʚʦʜʠʪʝʣʴè ʠ çɿʘʷʚʢʘè ʙʫʜʝʪ ʦʜʠʥ ʢʦ ʤʥʦʛʠʤ. 

ʅʝʩʢʦʣʴʢʦ ʟʘʷʚʦʢ ʤʦʛʫ ʧʦʜʘʚʘʪʴʩʷ ʥʘ ʦʜʠʥ ʪʦʚʘʨ, ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʝʤ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ çɿʘʷʚʢʘè ʠ çʊʦʚʘʨè ʙʫʜʝʪ ʤʥʦʛʠʝ ʢ 

ʦʜʥʦʤʫ. ʆʜʥʦ ʚʦʟʨʘʩʪʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʪʦʚʘʨʦʚ, ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ 

çɺʦʟʨʘʩʪʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝè ʠ çʊʦʚʘʨè ʙʫʜʝʪ ʦʜʠʥ ʢʦ ʤʥʦʛʠʤ[2]. ʋ ʦʜʥʦʛʦ ʪʦʚʘʨʘ 

ʠʤʝʝʪʩʷ ʦʜʠʥ ʫʯʸʪ ʦ ʝʛʦ ʧʨʦʜʘʞʝ, ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʚʷʟʴ 

ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ çʊʦʚʘʨè ʠ çʋʯʸʪ ʦ ʧʨʦʜʘʞʝ ʪʦʚʘʨʘè ʙʫʜʝʪ ʦʜʠʥ ʢ ʦʜʥʦʤʫ. 

ʉʚʷʟʴ ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʘʪʨʠʙʫʪʘʤ, ʚ 

ʦʩʥʦʚʥʦʤ ʵʪʦ ʫʥʠʢʘʣʴʥʳʡ ʥʦʤʝʨ ʩʫʱʥʦʩʪʠ. ʃʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʥʦʪʘʮʠʠ 

çʚʦʨʦʥʴʠ ʣʘʧʢʠè ʩ ʩʚʷʟʥʳʤʠ ʘʪʨʠʙʫʪʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩ. 2ï ʃʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʥʦʪʘʮʠʠ çɺʦʨʦʥʴʠ ʣʘʧʢʠè 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʨʦʝʥʘ ʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʥʦʪʘʮʠʠ çʚʦʨʦʥʴʠ ʣʘʧʢʠè. 

ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʧʝʨʝʡʪʠ ʢ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʣʝʜʫʝʪ ʨʘʟʙʠʪʴ ʩʫʱʥʦʩʪʠ ʧʦ 

ʘʪʨʠʙʫʪʘʤ[3]. ʉʫʱʥʦʩʪʴ çʊʦʚʘʨʳè ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʟʚʘʥʠʝʤ, ʢʦʣʠʯʝʩʪʚʦʤ, 

ʮʝʥʦʡ, ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʠ ʚʦʟʨʘʩʪʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ 

ʚʢʣʶʯʠʪʴ ʩʚʷʟʥʳʝ ʵʣʝʤʝʥʪʳ ʪʘʙʣʠʮ, ʪʦ ʢ ʘʪʨʠʙʫʪʘʤ ʜʘʥʥʦʡ ʩʫʱʥʦʩʪʠ 

ʦʪʥʦʩʷʪʩʷ: ID ʊʦʚʘʨʘ, ʅʘʠʤʝʥʦʚʘʥʠʝ, ʂʦʣʠʯʝʩʪʚʦ ʪʦʚʘʨʦʚ, ʇʨʦʠʟʚʦʜʠʪʝʣʴ, 

ʎʝʥʥʘ ʟʘ ʪʦʚʘʨ ʠ ɺʦʟʨʘʩʪʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʪʠʧ ʜʘʥʥʳʭ ʘʪʨʠʙʫʪʘ çID 

ʊʦʚʘʨʘè ʯʠʩʣʦʚʦʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʩʯʝʪʯʠʢʘ, ʪʘʢ ʞʝ ʦʥ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʘʪʨʠʙʫʪʦʤ [4]. ʅʘʠʤʝʥʦʚʘʥʠʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʪʝʢʩʪʦʚʦʤ ʪʠʧʝ ʜʘʥʥʳʭ.  

ɸʥʘʣʦʛʠʯʥʦ ʚʳʜʝʣʝʥʳ ʘʪʨʠʙʫʪʳ ʚʩʝʭ ʩʫʱʥʦʩʪʝʡ, ʠʭ ʪʠʧ ʜʘʥʥʳʭ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʪʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 2 

ɸʪʨʠʙʫʪʳ ʩʫʱʥʦʩʪʝʡ 

ʉʫʱʥʦʩʪʴ ɸʪʨʠʙʫʪʳ 
ʊʠʧ 

ʜʘʥʥʳʭ 
ʆʛʨʘʥʠʯʝʥʠʝ 

ʋʩʪʨʦʡʩʪʚʘ 

ID ʋʩʪʨʦʡʩʪʚʘ ʉʯʝʪʯʠʢ   

ʂʘʪʝʛʦʨʠʷ 

ʫʩʪʨʦʡʩʪʚʘ ʊʝʢʩʪʦʚʳʡ 

 ʉʦʩʪʦʷʥʠʝ ʏʠʩʣʦʚʦʡ 

 ʂʘʙʠʥʝʪ ʊʝʢʩʪʦʚʳʡ  

 
ʄʦʜʝʣʴ ʏʠʩʣʦʚʦʡ 

 ʉʝʨʠʡʥʳʡ ʥʦʤʝʨ 

     

ʇʦʩʪʘʚʱʠʢʠ 
ID ʇʨʦʠʟʚʦʜʠʪʝʣʷ ʉʯʝʪʯʠʢ   

ʅʘʟʚʘʥʠʝ ʊʝʢʩʪʦʚʳʡ 

 
ɺʦʟʨʘʩʪʥʦʝ 

ʦʛʨʘʥʠʯʝʥʠʝ 

ID ʆʛʨʘʥʠʯʝʥʠʷ ʉʯʝʪʯʠʢ   

ɺʦʟʨʘʩʪʥʦʝ 

ʦʛʨʘʥʠʯʝʥʠʝ ʊʝʢʩʪʦʚʳʡ   ʜʦ 3 ʩʠʤʚʦʣʦʚ 

ʋʯʸʪ ʧʨʦʜʘʞʠ 

ʪʦʚʘʨʦʚ 

ID ʋʯʸʪʘ ʉʯʝʪʯʠʢ 

 ʊʦʚʘʨ ʏʠʩʣʦʚʦʡ 

 ʂʦʣʠʯʝʩʪʚʦ 

ʧʨʦʜʘʥʥʦʛʦ ʪʦʚʘʨʘ ʏʠʩʣʦʚʦʡ 

 ʀʪʦʛʦʚʘʷ ʧʨʠʙʳʣʴ ʏʠʩʣʦʚʦʡ   

ɿʘʷʚʢʘ 

ID ɿʘʷʚʢʠ ʉʯʝʪʯʠʢ 

 ʊʦʚʘʨ ʏʠʩʣʦʚʦʡ 

 ʂʦʣʠʯʝʩʪʚʦ ʪʦʚʘʨʘ ʏʠʩʣʦʚʦʡ  

ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʏʠʩʣʦʚʦʡ  

ʎʝʥʘ ʟʘ ʪʦʚʘʨ (ʨʫʙ) ʏʠʩʣʦʚʦʡ  

ɼʘʪʘ ʜʦʩʪʘʚʢʠ ɼʘʪʘ ʢʨʘʪʢʠʡ ʬʦʨʤʘʪ ʜʘʪʳ 

 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. ɽʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 

3. 

 
 

ʈʠʩ. 3ï ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʥʦʪʘʮʠʠ çɺʦʨʦʥʴʠ ʣʘʧʢʠè 

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʚʳʜʝʣʝʥʳ 5 ʩʫʱʥʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʭ 

ʘʪʨʠʙʫʪʳ ʠ ʘʪʨʠʙʫʪʳ ʜʣʷ ʩʚʷʟʠ ʩʫʱʥʦʩʪʝʡ ʤʝʞʜʫ ʩʦʙʦʡ. ʆʙʲʷʩʥʝʥʳ ʩʚʷʟʠ 

ʤʝʞʜʫ ʩʫʱʥʦʩʪʷʤʠ. ʆʧʨʝʜʝʣʝʥʳ ʪʠʧʳ ʩʚʷʟʝʡ. ʆʙʦʟʥʘʯʝʥʳ ʪʠʧʳ ʜʘʥʥʳʭ ʚ 
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ʘʪʨʠʙʫʪʘʭ. ʇʦʩʪʨʦʝʥʳ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʩʦʛʣʘʩʥʦ ʥʦʪʘʮʠʠ ʇʠʪʝʨʘ ʏʝʥʘ, 

ʣʦʛʠʯʝʩʢʘʷ ʠ ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʥʦʪʘʮʠʠ çʚʦʨʦʥʴʠ ʣʘʧʢʠè. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʛʨʦʤʥʳʡ ʘʩʩʦʨʪʠʤʝʥʪ ʠʛʨʫʰʝʢ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʘʛʘʟʠʥʦʚ ʜʝʣʘʶʪ ʥʝʦʙʭʦʜʠʤʳʤ ʧʝʨʝʭʦʜ ʢ ʮʠʬʨʦʚʳʤ ʩʠʩʪʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ 

ʜʘʥʥʳʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʫʧʦʨʷʜʦʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʪʦʚʘʨʘʭ, ʧʨʦʠʟʚʦʜʠʪʝʣʷʭ ʠ ʚʦʟʨʘʩʪʥʳʭ ʢʘʪʝʛʦʨʠʷʭ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ 

ʫʯʸʪ ʠ ʫʧʨʘʚʣʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʦʤ. ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʨʘʙʦʪʝ ʤʘʛʘʟʠʥʦʚ ʠ ʚ ʙʫʜʫʱʝʤ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʴʶ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 
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ʋɼʂ 004.8 

ɿɸʑʀʊɸ ʆʊ ʂʀɹɽʈɸʊɸʂ ʅɸ ʄʆɼɽʃʀ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ AI 

ɸ.ʉ. ʐʝʚʯʝʥʢʦ, ʄ.ɸ. ɼʦʣʤʘʪʦʚʘ, ʉ.ɽ. ʀʩʤʘʛʫʣʦʚ, ʄ.ʄ. ʈʘʩʩʢʘʟʦʚ 

ʌɻɹʆʋ ɺʆ çʖʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
ɸʥʥʦʪʘʮʠʷ. ʐʠʨʦʢʦʤʘʩʰʪʘʙʥʦʝ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʜʝʣʘʣʦ ʩʘʤʠ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʦʚʦʡ 

ʤʠʰʝʥʴʶ ʜʣʷ ʢʠʙʝʨʘʪʘʢ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʦʪʠʚ ʘʪʘʢ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʫʷʟʚʠʤʦʩʪʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ 

ʦʩʥʦʚʳ ʀʀ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʜʝʣʝʡ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʚʢʣʶʯʘʷ ʘʪʘʢʠ ʥʘ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ ʠ ʥʘ ʵʪʘʧʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʦʜʨʦʙʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʘʪʘʢ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʦʡ 

ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ. ʇʨʝʜʩʪʘʚʣʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ, ʪʘʢʠʭ ʢʘʢ ʩʧʝʮʠʘʣʴʥʘʷ ʪʨʝʥʠʨʦʚʢʘ ʤʦʜʝʣʝʡ, ʚʳʷʚʣʝʥʠʝ ʘʥʦʤʘʣʠʡ, ʘ ʪʘʢʞʝ 

ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ 

ʰʠʬʨʦʚʘʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ ʤʝʨʘʤ, ʚʢʣʶʯʘʶʱʠʤ ʧʨʠʥʮʠʧ 

çʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦ ʜʠʟʘʡʥʫè ʠ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ. ʉʪʘʪʴʷ ʥʦʩʠʪ 

ʦʙʟʦʨʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʧʨʘʢʪʠʢʦʚ ʚ ʦʙʣʘʩʪʠ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʚʨʘʞʜʝʙʥʳʝ ʘʪʘʢʠ, ʟʘʱʠʪʘ ʤʦʜʝʣʝʡ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʀʀ. 
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Abstract. The widespread deployment of artificial intelligence systems in critical 

infrastructures has made machine learning models themselves a new target for cyberattacks. 

Traditional approaches to information security are proving ineffective against attacks targeting 

vulnerabilities in the underlying algorithms of AI. This article provides a systematic analysis of the 

security threats to machine learning models, including attacks during the training and deployment 

phases. It examines in detail the mechanisms by which these attacks are carried out under 

conditions of varying attacker knowledge. A comprehensive overview of modern security methods 

is presented, including specialized model training, anomaly detection, and the use of data privacy 

and encryption techniques. Particular attention is paid to organizational measures, including the 

"security by design" principle and the creation of continuous monitoring systems. This article is 

intended for researchers and practitioners in the fields of cybersecurity and machine learning. 

Keywords: artificial intelligence, machine learning, cybersecurity, adversarial attacks, model 

protection, AI resilience. 

 

ɺʚʝʜʝʥʠʝ. ʕʧʦʭʘ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʟʥʘʤʝʥʦʚʘʣʘ ʩʦʙʦʡ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʵʪʘʧ ʚ ʨʘʟʚʠʪʠʠ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʛʜʘ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ ʧʝʨʝʰʸʣ ʠʟ ʩʬʝʨʳ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʢʘʪʝʛʦʨʠʶ ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʝʢʪʦʨ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ. 

ʉʝʛʦʜʥʷ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʬʠʥʘʥʩʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʤʠʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ, ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʩʣʦʞʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʥʦʤʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ[1]. ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʵʪʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚʦ ʚʩʝ ʩʬʝʨʳ ʞʠʟʥʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʚʦʟʨʘʩʪʘʶʱʝʡ 

ʟʥʘʯʠʤʦʩʪʠ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʨʦʞʜʘʝʪ ʠ ʥʦʚʳʝ ʩʝʨʴʸʟʥʳʝ ʚʳʟʦʚʳ. 

ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʦʪ ʪʝʭʥʦʣʦʛʠʡ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʩʪʫʪ ʠ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʝʡ. ɽʩʣʠ ʠʟʥʘʯʘʣʴʥʦ ʀʀ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʢ 

ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʫʩʠʣʝʥʠʷ ʩʠʩʪʝʤ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ï ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʠʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʫʛʨʦʟ ï ʪʦ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ 

ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʦʪʜʝʣʴʥʦʝ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ, ʧʦʩʚʷʱʸʥʥʦʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʘʤʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʦʟʥʘʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʩʠʩʪʝʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʘʤʠ ʧʦ ʩʝʙʝ 

ʩʪʘʥʦʚʷʪʩʷ ʤʠʰʝʥʴʶ ʜʣʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ, ʘ ʠʭ ʫʷʟʚʠʤʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʱʝʨʙʘ. 

ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʘʨʘʜʠʛʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʢʠʙʝʨʘʪʘʢʠ ʦʙʳʯʥʦ ʥʘʮʝʣʝʥʳ ʥʘ ʫʷʟʚʠʤʦʩʪʠ 

ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ï ʦʰʠʙʢʠ ʚ ʢʦʜʝ, ʥʝʢʦʨʨʝʢʪʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ 

ʠʣʠ ʥʝʜʦʩʪʘʪʢʠ ʚ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ, ʘʪʘʢʠ ʥʘ ʤʦʜʝʣʠ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʵʢʩʧʣʫʘʪʠʨʫʶʪ ʩʘʤʫ ʘʣʛʦʨʠʪʤʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʵʪʠʭ 

ʩʠʩʪʝʤ, ʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʘʥʥʳʭ ʠ ʩʪʘʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʣʝʞʘʱʠʝ ʚ 

ʦʩʥʦʚʝ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ 

ʤʘʥʠʧʫʣʠʨʦʚʘʪʴ ʥʝ ʩʪʦʣʴʢʦ ʢʦʜʦʤ ʨʝʘʣʠʟʘʮʠʠ, ʩʢʦʣʴʢʦ ʜʘʥʥʳʤʠ ï ʣʠʙʦ ʥʘ 

ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ, ʧʫʪʸʤ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʩʢʘʞʝʥʠʷ ʪʨʝʥʠʨʦʚʦʯʥʦʡ 

ʚʳʙʦʨʢʠ, ʣʠʙʦ ʥʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ 
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ʚʭʦʜʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ. ɻʣʘʚʥʘʷ ʮʝʣʴ ʪʘʢʠʭ ʘʪʘʢ ï ʚʳʟʚʘʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ 

ʦʰʠʙʦʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʦʩʪʘʚʘʪʴʩʷ ʥʝʟʘʤʝʪʥʳʤ ʚ 

ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ[2]. 

ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʫʩʧʝʰʥʳʭ ʘʪʘʢ ʥʘ ʩʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʥʦʩʷʪ ʤʘʩʰʪʘʙʥʳʡ ʠ ʤʥʦʛʦʛʨʘʥʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʬʠʥʘʥʩʦʚʦʡ ʩʬʝʨʝ 

ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʨʛʘʥʠʟʦʚʘʥʥʦʤʫ ʤʦʰʝʥʥʠʯʝʩʪʚʫ ʚ ʢʨʫʧʥʳʭ ʨʘʟʤʝʨʘʭ, ʚ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ï ʢ ʩʦʟʜʘʥʠʶ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʚ ʵʥʝʨʛʝʪʠʢʝ  ï ʢ ʤʘʩʰʪʘʙʥʳʤ 

ʦʪʢʣʶʯʝʥʠʷʤ ʠ ʥʘʨʫʰʝʥʠʶ ʨʘʙʦʪʳ ʢʨʠʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʅʘʠʙʦʣʝʝ 

ʩʝʨʴʸʟʥʳʝ ʩʮʝʥʘʨʠʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʨʘʟʨʫʰʝʥʠʡ ʠ 

ʧʨʷʤʫʶ ʫʛʨʦʟʫ ʞʠʟʥʠ ʣʶʜʝʡ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʨʝʯʴ ʠʜʸʪ ʦ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ 

ʘʚʪʦʥʦʤʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʠʣʠ ʤʝʜʠʮʠʥʩʢʠʤʠ ʨʦʙʦʪʘʤʠ-ʭʠʨʫʨʛʘʤʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʱʠʱʸʥʥʦʩʪʠ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʧʝʨʝʭʦʜʠʪ ʠʟ ʢʘʪʝʛʦʨʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚ ʨʘʟʨʷʜ ʩʪʨʘʪʝʛʠʯʝʩʢʠ 

ʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ ʥʘʮʠʦʥʘʣʴʥʦʡ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʫʛʨʦʟ ʜʣʷ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʚʩʪʨʦʝʥʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʘʨʩʝʥʘʣʘ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʠʟʚʝʩʪʥʳʝ ʪʠʧʳ ʘʪʘʢ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʥʪʨʤʝʨʳ, ʥʦ ʠ 

ʚʳʷʚʠʪʴ ʩʠʩʪʝʤʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʠʭ ʨʘʟʚʠʪʠʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʮʝʣʦʩʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʙʣʝʤʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʀʀ, 

ʫʯʠʪʳʚʘʶʱʝʛʦ ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʪʘʢ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ 

ʚʦʧʨʦʩʳ. ɺʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʥʘʫʯʥʳʭ ʠʟʳʩʢʘʥʠʡ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʦʙʝʩʧʝʯʠʪʴ ʦʧʝʨʝʞʘʶʱʝʝ ʨʘʟʚʠʪʠʝ 

ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʚʦʣʶʮʠʠ ʫʛʨʦʟ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʠʭ ʘʢʪʠʚʥʳʤ ʚʥʝʜʨʝʥʠʝʤ ʚ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ 

ʩʠʩʪʝʤʳ. ʆʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʜʝʣʝʡ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʦʟʜʘʸʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʠʩʢʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ 

ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ. ʇʨʝʜʣʘʛʘʝʤʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʟʘʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʧʨʦʙʝʣʘ ʯʝʨʝʟ ʩʦʟʜʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ 

ʢ ʟʘʱʠʪʝ ʩʠʩʪʝʤ ʀʀ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʧʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. 

 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʩʥʦʚʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ML-ʤʦʜʝʣʝʡ ʩʪʨʦʠʪʩʷ ʥʘ ʨʘʟʜʝʣʝʥʠʠ ʧʦ ʬʘʟʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʠʩʪʝʤʳ. ɸʪʘʢʠ 

ʥʘ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ, ʠʟʚʝʩʪʥʳʝ ʢʘʢ "ʦʪʨʘʚʣʝʥʠʝ ʜʘʥʥʳʭ" ʨʝʘʣʠʟʫʶʪʩʷ ʯʝʨʝʟ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʠʩʢʘʞʝʥʠʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. ɿʜʝʩʴ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʭ ʧʦʜʭʦʜʘ: ʧʨʦʩʪʦʝ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ ʤʝʪʢʘʤʠ ʠ ʙʦʣʝʝ 

ʠʟʦʱʨʸʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʠʟʥʘʢʠ, ʩʦʟʜʘʶʱʝʝ ʩʢʨʳʪʳʝ ʫʷʟʚʠʤʦʩʪʠ, 

ʘʢʪʠʚʠʨʫʝʤʳʝ ʪʦʣʴʢʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʜʝʣʝʡ ʢ ʚʳʙʨʦʩʘʤ ʨʘʩʩʤʦʪʨʠʤ 

ʩʨʘʚʥʝʥʠʝ ʬʫʥʢʮʠʡ ʧʦʪʝʨʴ ʥʘ ʨʠʩʫʥʢʝ 1 (ʨʠʩ. 1) ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

Python:  
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ɺʠʟʫʘʣʠʟʘʮʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʬʫʥʢʮʠʷ Huber ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ 

ʚʳʙʨʦʩʘʤ, ʯʪʦ ʜʝʣʘʝʪ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʝʝ, ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ ʢ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʘʤ ʘʪʘʢ ʥʘ ʦʪʨʘʚʣʝʥʠʝ ʜʘʥʥʳʭ. 

ʅʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ ʷʚʣʷʶʪʩʷ ʘʪʘʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ "ʚʨʘʞʜʝʙʥʳʭ ʧʨʠʤʝʨʦʚ", ʢʦʛʜʘ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʤʘʥʠʧʫʣʠʨʫʝʪ 

ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʨʘʙʦʪʘʶʱʝʡ ʤʦʜʝʣʠ[3]. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʵʪʠʭ ʘʪʘʢ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʯʠʩʣʝʥʠʠ ʛʨʘʜʠʝʥʪʘ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʧʦ ʚʭʦʜʥʳʤ ʜʘʥʥʳʤ ʠ 

ʜʦʙʘʚʣʝʥʠʠ ʩʧʝʮʠʘʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʤʘʣʦʟʘʤʝʪʥʦʛʦ ʰʫʤʘ. 

 

 
ʈʠʩ. 1 ï ʉʨʘʚʥʝʥʠʝ ʬʫʥʢʮʠʡ ʧʦʪʝʨʴ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

 

ʂʣʶʯʝʚʳʤ ʤʝʪʦʜʦʤ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ "ʦʙʫʯʝʥʠʝ ʩ ʟʘʱʠʪʦʡ", 

ʢʦʪʦʨʦʝ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʢʘʢ ʟʘʜʘʯʘ ʤʠʥʠ-ʤʘʢʩ ʦʧʪʠʤʠʟʘʮʠʠ. ʏʠʩʣʝʥʥʦ ʵʪʦ 

ʨʝʰʘʝʪʩʷ ʯʝʨʝʟ ʚʢʣʶʯʝʥʠʝ ʚʨʘʞʜʝʙʥʳʭ ʧʨʠʤʝʨʦʚ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ. ɼʣʷ 

ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ ʨʠʩʫʥʦʢ 2 (ʨʠʩ. 2) ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python:  

 

 
ʈʠʩ. 2 ï ʎʠʢʣ ʦʙʫʯʝʥʠʷ ʩ ʟʘʱʠʪʦʡ ʦʪ ʘʪʘʢ 
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ɼʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʦʪʩʣʝʞʠʚʘʶʱʠʝ ʘʥʦʤʘʣʠʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʜʝʪʝʢʪʦʨʘ ʘʥʦʤʘʣʠʡ ʤʦʞʝʪ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʘʥʘʣʠʟʝ ʩʪʘʪʠʩʪʠʢ 

ʧʨʝʜʩʢʘʟʘʥʠʡ. ʅʘ ʨʠʩʫʥʢʝ 3 (ʨʠʩ. 3) ʧʨʝʜʩʪʘʚʣʝʥʦ, ʢʘʢ ʵʪʦ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python:  

 

 
ʈʠʩ. 3 ï ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʘʥʦʤʘʣʠʡ ʚ ʧʨʝʜʩʢʘʟʘʥʠʷʭ ʤʦʜʝʣʠ 

 

ʈʘʟʨʘʙʦʪʢʘ ʟʘʱʠʱʝʥʥʳʭ ML-ʩʠʩʪʝʤ ʪʨʝʙʫʝʪ ʠʥʪʝʛʨʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʫʨʦʚʥʝʡ ʟʘʱʠʪʳ. ɸʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʦʣʞʥʳ ʢʦʤʙʠʥʠʨʦʚʘʪʴʩʷ ʩ 

ʩʠʩʪʝʤʥʳʤʠ ʧʦʜʭʦʜʘʤʠ, ʚʢʣʶʯʘʷ: 

1. ʄʥʦʛʦʫʨʦʚʥʝʚʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʜʝʪʝʢʪʦʨʘʤʠ ʘʥʦʤʘʣʠʡ; 

2. ʉʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʜʨʝʡʬʘ ʜʘʥʥʳʭ ʠ ʢʦʥʮʝʧʮʠʡ; 

3. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʧʘʡʧʣʘʡʥʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ; 

4. ʄʝʪʦʜʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʨʘʙʦʪʳ ʩ ʟʘʰʠʬʨʦʚʘʥʥʳʤʠ 

ʜʘʥʥʳʤʠ; 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʦʙʨʘʟʫʶʪ 

ʦʩʥʦʚʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤ ʟʘʱʠʪʳ, ʩʧʦʩʦʙʥʳʭ ʧʨʦʪʠʚʦʩʪʦʷʪʴ 

ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʤ ʫʛʨʦʟʘʤ ʚ ʦʙʣʘʩʪʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 

ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʦʜʝʣʝʡ ʠ ʩʧʦʩʦʙʥʳʭ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʦʚʳʤ ʪʠʧʘʤ 

ʘʪʘʢ [4]. 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ɹʝʟʦʧʘʩʥʦʩʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʠ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʫʶʩʷ ʦʙʣʘʩʪʴ ʟʥʘʥʠʡ, ʛʜʝ 

ʘʪʘʢʫʶʱʠʝ ʠ ʟʘʱʠʪʥʳʝ ʩʪʦʨʦʥʳ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʧʨʦʪʠʚʦʩʪʦʷʥʠʷ, ʦʙʨʘʟʫʶʱʝʛʦ ʩʚʦʝʦʙʨʘʟʥʫʶ çʛʦʥʢʫ ʚʦʦʨʫʞʝʥʠʡè. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʷʟʚʠʤʦʩʪʠ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʥʦʩʷʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʩʘʤʦʡ ʧʨʠʨʦʜʦʡ ʘʣʛʦʨʠʪʤʦʚ 

ʠ ʧʨʦʮʝʩʩʦʚ ʠʭ ʦʙʫʯʝʥʠʷ. ʕʪʠ ʫʷʟʚʠʤʦʩʪʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʪʨʝʙʫʶʪ ʨʘʟʨʘʙʦʪʢʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ, ʥʘʙʣʶʜʘʶʱʠʭ ʟʘ ʩʧʝʮʠʬʠʢʦʡ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 
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ʉʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʩʧʦʩʦʙʥʦʛʦ 

ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʫʶ ʟʘʱʠʪʫ ʦʪ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʚʠʜʦʚ ʘʪʘʢ. ʕʬʬʝʢʪʠʚʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʪʦʣʴʢʦ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʩʦʯʝʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʢʘʢ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳ, ʪʘʢ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʳ. ɸʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚʢʣʶʯʘʶʪ ʚ 

ʩʝʙʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ, ʨʘʟʨʘʙʦʪʢʫ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ ʠ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ 

ʘʥʦʤʘʣʠʡ. ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʳʩʪʨʘʠʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʠʩʪʝʤ ʀʀ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʥʘʯʠʥʘʷ ʩ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʟʘʢʘʥʯʠʚʘʷ ʚʳʚʦʜʦʤ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʝʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ ʫʩʪʦʡʯʠʚʳʤʠ 

ʪʦʣʴʢʦ ʚ ʦʪʥʦʰʝʥʠʠ ʘʪʘʢ ʪʘʢʦʛʦ ʪʠʧʘ, ʧʨʦʪʠʚ ʢʦʪʦʨʳʭ ʦʥʠ ʙʳʣʠ ʦʙʫʯʝʥʳ, ʯʪʦ 

ʩʦʟʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʦʙʝʣ ʚ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʝʦʙʭʦʜʠʤʳ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʦʚʝr ʤʝʪʦʜʳ, ʩʧʦʩʦʙʥʳʝ ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ ʦʪ ʫʛʨʦʟ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʜʝʡʩʪʚʠʷ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʦʜʝʣʝʡ. ʆʩʦʙʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠʥʪʝʛʨʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʚ 

ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʦʮʝʩʩʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʙʫʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ 

ʧʨʦʚʝʜʝʥʠʝ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʙʝʟ ʫʯʝʪʘ ʠʭ ʪʦʯʥʦʩʪʠ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʂʨʘʡʥʝ ʘʢʪʫʘʣʴʥʦʡ ʩʪʦʨʦʥʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ 

ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʠ ʦʪʨʘʩʣʝʚʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ ʩʪʘʥʜʘʨʪʦʚ 

ʪʨʝʙʫʝʪ ʩʪʨʦʛʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʤʝʞʜʫ ʩʪʨʦʛʠʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ, ʦʪʨʘʩʣʝʚʳʤʠ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʠ ʨʝʛʫʣʠʨʫʶʱʠʤʠ ʦʨʛʘʥʘʤʠ. 

 

ɿʘʢʣʶʯʝʥʠʝ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚʠʜʠʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʝʡ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ 

ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʨʝʜʩʪʚʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʠ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʫʛʨʦʟʳ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʢ ʨʘʟʨʘʙʦʪʢʝ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤ ʩʝʨʪʠʬʠʢʘʮʠʠ ʀʀ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʊʦʣʴʢʦ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠ ʦʩʦʟʥʘʥʥʦʛʦ 

ʧʦʜʢʣʶʯʝʥʠʷ, ʦʙʲʝʜʠʥʝʥʠʷ ʧʝʨʝʜʦʚʳʭ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʧʨʦʜʫʤʘʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨ ʠ ʩʦʟʜʘʥʠʷ ʥʦʨʤʘʪʠʚʥʳʭ ʙʘʟ, ʤʦʞʥʦ 

ʦʙʝʩʧʝʯʠʪʴ ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʚʝʨʠʷ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʚ ʰʠʨʦʢʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. ʋʩʧʝʰʥʦʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʩʪʘʥʝʪ 

ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠ ʰʠʨʦʢʦʝ 

ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʀʀ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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Abstract: The article presents a PDE-stochastic model of pigment distribution and 

brushstroke microstructure formation for generating realistic digital brushes. The model combines 

the advection-diffusion equation with a stochastic source simulating the contact of individual 

bristles with the surface. Accounting for parameters such as pressure, velocity, humidity, and 

number of bristles enables reproduction of effects ranging from watercolor bleeding to dry texture. 
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ʎʠʬʨʦʚʘʷ ʞʠʚʦʧʠʩʴ ʢʘʢ ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ ʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʝʪʝʨʧʝʣʘ ʵʚʦʣʶʮʠʶ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. ʅʘʯʠʥʘʷ ʩ 

ʧʝʨʚʳʭ ʨʘʩʪʨʦʚʳʭ ʨʝʜʘʢʪʦʨʦʚ 1980-ʭ ʛʦʜʦʚ (ʥʘʧʨʠʤʝʨ, MacPaint) ʨʘʟʚʠʪʠʝ ʰʣʦ 

ʢ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ, ʠʥʪʝʛʨʠʨʫʶʱʠʤ ʩʣʦʠ, ʪʝʢʩʪʫʨʳ ʠ 

ʩʠʤʫʣʷʮʠʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1]. ʉ ʧʦʷʚʣʝʥʠʝʤ ʛʨʘʬʠʯʝʩʢʠʭ 

ʧʣʘʥʰʝʪʦʚ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʜʘʚʣʝʥʠʶ ʠ ʩʪʠʣʫʩʦʚ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʫʛʣʘ 

ʥʘʢʣʦʥʘ, ʮʠʬʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʣʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʤʠʪʠʨʦʚʘʪʴ 

ʬʠʟʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʢʠʩʪʝʡ, ʢʨʘʩʦʢ ʠ ʭʦʣʩʪʘ [2]. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ 

ʠ ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʠʟʫʘʣʠʟʘʮʠʶ, ʧʨʠʙʣʠʞʝʥʥʫʶ ʢ 

ʬʦʪʦʨʝʘʣʠʟʤʫ, ʘ ʛʝʥʝʨʘʪʠʚʥʳʝ ʤʦʜʝʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʟʚʦʣʷʶʪ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʢʩʪʦʚʳʭ ʦʧʠʩʘʥʠʡ [3]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʦʡ ʞʠʚʦʧʠʩʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʦʪʜʝʣʴʥʦʛʦ ʤʘʟʢʘ ʢʠʩʪʠ ʦʩʪʘʸʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʤʧʠʨʠʯʝʩʢʠʤ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʦʩʥʦʚʘʥʳ ʥʘ ʙʠʙʣʠʦʪʝʯʥʳʭ ʪʝʢʩʪʫʨʘʭ, 

ʧʨʦʮʝʜʫʨʥʳʭ ʰʫʤʘʭ (ʥʘʧʨʠʤʝʨ, Perlin noise) ʠ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣʘʭ 

ʩʤʝʰʠʚʘʥʠʷ ʮʚʝʪʘ, ʯʪʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʠʟʠʯʝʩʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ 

ʧʠʛʤʝʥʪʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ [4]. ʕʪʠ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʠ ʩʪʠʣʠʟʘʮʠʠ, ʥʦ ʥʝ ʜʘʶʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʜʠʥʘʤʠʢʫ ʞʠʜʢʦʩʪʝʡ, ʜʝʬʦʨʤʘʮʠʠ 

ʢʠʩʪʠ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

ʈʝʘʣʠʩʪʠʯʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʘʟʢʘ ʪʨʝʙʫʝʪ ʫʯʸʪʘ ʜʚʫʭ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʘʩʧʝʢʪʦʚ: ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʠʛʤʝʥʪʘ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʢʠʩʪʠ. 

ʇʠʛʤʝʥʪ ʚʝʜʸʪ ʩʝʙʷ ʢʘʢ ʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ. ʆʥ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʘʤ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ: ʜʠʬʬʫʟʠʠ, ʘʜʚʝʢʮʠʠ, ʢʘʧʠʣʣʷʨʥʳʤ ʩʠʣʘʤ ʠ ʩʝʜʠʤʝʥʪʘʮʠʠ [5]. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʠʛʤʝʥʪʘ ʟʘʚʠʩʠʪ ʦʪ ʜʘʚʣʝʥʠʷ, ʥʘʢʣʦʥʘ ʠ ʩʢʦʨʦʩʪʠ ʢʠʩʪʠ, ʘ 

ʪʘʢʞʝ ʦʪ ʚʧʠʪʳʚʘʥʠʷ ʧʦʜʣʦʞʢʠ ʠ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʕʪʦ ʬʦʨʤʠʨʫʝʪ 

ʛʨʘʜʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʢʨʳʪʠʷ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʠʩʪʠ 

ʚʦʟʥʠʢʘʝʪ ʠʟ ʜʝʬʦʨʤʘʮʠʠ, ʨʘʟʜʝʣʝʥʠʷ ʠ ʢʦʥʪʘʢʪʘ ʚʦʨʩʠʥʦʢ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ, 

ʩʦʟʜʘʚʘʷ ʙʦʨʦʟʜʢʠ, ʧʫʩʪʦʪʳ ʠ ʤʠʢʨʦʨʘʟʨʳʚʳ ʩʣʦʷ ʧʠʛʤʝʥʪʘ [6]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʜʚʠʞʢʠ ʢʠʩʪʝʡ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʠʣʦʞʝʥʠʷʭ 

ʮʠʬʨʦʚʦʡ ʞʠʚʦʧʠʩʠ, ʪʘʢʠʭ ʢʘʢ Krita ʠ Photoshop. ʆʥʠ ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʠ ʪʝʢʩʪʫʨʥʳʭ ʰʘʙʣʦʥʘʭ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʪʨʦʠʪʩʷ 

ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʘʟʢʦʚ ʧʦ ʜʠʩʢʨʝʪʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ 

ʜʚʠʞʝʥʠʷ ʧʝʨʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ, ʥʦ ʵʤʧʠʨʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ 

ʨʝʟʫʣʴʪʘʪʘ [7]. 

ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʚʦʜʷʪʩʷ ʢ ʩʣʝʜʫʶʱʠʤ 

ʧʦʣʦʞʝʥʠʷʤ: ʙʦʣʴʰʠʥʩʪʚʦ ʛʨʘʬʠʯʝʩʢʠʭ ʨʝʜʘʢʪʦʨʦʚ ʬʦʨʤʠʨʫʶʪ ʤʘʟʦʢ ʩʝʨʠʝʡ 

ʦʪʧʝʯʘʪʢʦʚ ʬʦʨʤʳ ʢʠʩʪʠ. ʇʘʨʘʤʝʪʨʳ: ʤʘʩʰʪʘʙ, ʧʦʚʦʨʦʪ, ʧʣʦʪʥʦʩʪʴ, 

ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʠʥʪʝʨʚʘʣ ï ʟʘʚʠʩʷʪ ʦʪ ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʘ. ʆʜʥʘʢʦ ʦʥʠ ʥʝ 

ʠʤʝʶʪ ʬʠʟʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ɺʠʟʫʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʟʜʘʸʪʩʷ 

ʥʘʣʦʞʝʥʠʝʤ ʤʘʩʦʢ ʛʨʘʥʫʣʷʮʠʠ, ʪʝʢʩʪʫʨʳ ʭʦʣʩʪʘ ʠʣʠ ʚʦʨʩʠʥʦʢ, ʠʤʠʪʠʨʫʶʱʠʭ 

ʥʝʨʦʚʥʦʩʪʠ, ʥʦ ʥʝ ʜʚʠʞʝʥʠʝ ʧʠʛʤʝʥʪʘ. ʕʬʬʝʢʪʳ ʚʣʘʞʥʦʛʦ ʤʘʟʢʘ ʨʝʘʣʠʟʫʶʪʩʷ 
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ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʨʝʞʠʤʘʤʠ ʥʘʣʦʞʝʥʠʷ (ʥʘʧʨʠʤʝʨ, Multiply), ʙʝʟ ʫʯʸʪʘ ʬʠʟʠʢʠ 

ʞʠʜʢʦʩʪʝʡ. 

ʆʪʩʫʪʩʪʚʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʨʝʘʣʠʩʪʠʯʥʦʩʪʴ ʮʠʬʨʦʚʳʭ ʢʠʩʪʝʡ: ʤʘʟʢʠ ʥʝ ʦʪʨʘʞʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʠ 

ʪʝʢʩʪʫʨʥʫʶ ʩʣʦʞʥʦʩʪʴ, ʩʚʦʡʩʪʚʝʥʥʫʶ ʪʨʘʜʠʮʠʦʥʥʦʡ ʞʠʚʦʧʠʩʠ. ɼʣʷ 

ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʛʦ ʨʘʟʨʳʚʘ, ʩʦʟʜʘʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʠʛʤʝʥʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʘʟʢʘ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʫʨʘʚʥʝʥʠʷʭ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ 

ʚʢʣʶʯʝʥʠʝʤ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪ, ʦʧʠʩʳʚʘʶʱʠʭ ʩʣʫʯʘʡʥʳʝ ʚʘʨʠʘʮʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʠʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʠ [7]. 

ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʵʤʧʠʨʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʪʨʝʙʫʝʪʩʷ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʧʝʨʝʥʦʩʘ ʩʦ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ ʯʣʝʥʘʤʠ, ʦʧʠʩʳʚʘʶʱʠʤʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʢʠʩʪʠ.  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ PDE-ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʨʝʘʣʠʩʪʠʯʥʳʭ ʮʠʬʨʦʚʳʭ ʤʘʟʢʦʚ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ: ʦʧʠʩʘʪʴ ʘʜʚʝʢʮʠʶ ʠ 

ʜʠʬʬʫʟʠʶ ʧʠʛʤʝʥʪʘ, ʫʯʝʩʪʴ ʩʪʦʭʘʩʪʠʢʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʱʝʪʠʥʦʢ, 

ʨʘʟʨʘʙʦʪʘʪʴ ʯʠʩʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠ ʧʨʦʚʝʩʪʠ ʛʝʥʝʨʘʮʠʶ ʢʠʩʪʝʡ. 

ʇʦʩʪʘʥʦʚʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʪʦʠʪ ʥʘʯʘʪʴ ʩ ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ 

ʧʠʛʤʝʥʪʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʠʛʤʝʥʪʘ ʥʘ ʭʦʣʩʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

( , , )C x y y, ʛʜʝ ( , )x y  ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʧʣʦʩʢʦʩʪʠ, ʘ t  ï ʚʨʝʤʷ. ɼʠʥʘʤʠʢʘ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʘʜʚʝʢʮʠʠïʜʠʬʬʫʟʠʠ ʩ ʠʩʪʦʯʥʠʢʦʤ: 

 ( , , ),
C

v C D C S x y t
t

µ
+ ÖÐ = D +

µ
 

ʛʜʝ: ( , , )v x y t  ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʧʠʛʤʝʥʪʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʜʚʠʞʝʥʠʝʤ 

ʢʠʩʪʠ; 

D  ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʚʷʟʢʦʩʪʠ ʢʨʘʩʢʠ, ʚʣʘʞʥʦʩʪʠ ʠ 

ʘʙʩʦʨʙʮʠʠ ʭʦʣʩʪʘ;  

( , , )S x y z ï ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ, ʤʦʜʝʣʠʨʫʶʱʠʡ ʣʦʢʘʣʴʥʦʝ ʥʘʥʝʩʝʥʠʝ 

ʧʠʛʤʝʥʪʘ ʦʪʜʝʣʴʥʳʤʠ ʱʝʪʠʥʢʘʤʠ. 

ʂʘʞʜʳʡ ʯʣʝʥ ʫʨʘʚʥʝʥʠʷ ʠʤʝʝʪ ʯʸʪʢʫʶ ʬʠʟʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ: 

C

t

µ

µ
 ï ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʝ;  

v CÖÐï ʘʜʚʝʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ, ʦʪʨʘʞʘʶʱʠʡ ʩʤʝʱʝʥʠʝ ʧʠʛʤʝʥʪʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʢʠʩʪʠ;  
D CD ï ʜʠʬʬʫʟʠʷ, ʦʪʚʝʪʩʪʚʝʥʥʘʷ ʟʘ ʨʘʟʤʳʪʠʝ ʟʘ ʩʯʸʪ ʚʷʟʢʦʩʪʠ, 

ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ ʠ ʚʧʠʪʳʚʘʥʠʷ ʚ ʧʦʜʣʦʞʢʫ;  

( , , )S x y tï ʚʥʝʩʝʥʠʝ ʧʠʛʤʝʥʪʘ ʚ ʤʝʩʪʘʭ ʢʦʥʪʘʢʪʘ ʱʝʪʠʥʦʢ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʟʘʜʘʶʪ ʩʦʩʪʦʷʥʠʝ ʯʠʩʪʦʛʦ ʭʦʣʩʪʘ:  
 ( , , ) 0C x y z=  ( , ) ,  0.x y t" ÍW = 

ɻʣʘʚʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʢʦʥʪʫʨʝ ʦʙʣʘʩʪʠ µW ʧʨʠʥʠʤʘʶʪ ʚʠʜ ʫʩʣʦʚʠʷ ʅʝʡʤʘʥʘ: 
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ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʦʪʩʫʪʩʪʚʠʝ ʧʦʪʦʢʘ ʧʠʛʤʝʥʪʘ ʟʘ ʧʨʝʜʝʣʳ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʤʘʟʢʘ. 

ɻʣʘʚʥʘʷ ʠʜʝʷ ʤʦʜʝʣʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʰʪʘʤʧʦʚ, ʩʪʨʫʢʪʫʨʘ ʤʘʟʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʬʠʟʠʯʝʩʢʠʡ ʩʣʝʜ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʞʠʜʢʦʛʦ ʧʠʛʤʝʥʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʱʝʪʠʥʦʢ. 

ʋʨʘʚʥʝʥʠʝ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʧʠʩʳʚʘʝʪ ʤʘʢʨʦʜʠʥʘʤʠʢʫ ʧʠʛʤʝʥʪʘ, ʪʦʛʜʘ 

ʢʘʢ ʠʩʪʦʯʥʠʢ S ʦʪʚʝʯʘʝʪ ʟʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʢʠʩʪʠ. 

ʉʪʦʭʘʩʪʠʯʝʩʢʘʷ ʢʦʤʧʦʥʝʥʪʘ: ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʠʩʪʠ, ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʘʢ 

ʘʥʩʘʤʙʣʴ ʠʟ N  ʥʝʟʘʚʠʩʠʤʳʭ ʱʝʪʠʥʦʢ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʠʪʠʨʫʝʪ 

ʦʪʜʝʣʴʥʳʡ ʚʦʣʦʢʦʥʥʳʡ ʵʣʝʤʝʥʪ (ʱʝʪʠʥʫ). ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʝʩʪʝʩʪʚʝʥʥʫʶ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʤʘʟʢʘ ï ʙʦʨʦʟʜʢʠ, 

ʨʘʟʨʳʚʳ, ʩʛʫʩʪʢʠ ʧʠʛʤʝʥʪʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʭʘʦʪʠʯʥʳʤ ʧʦʚʝʜʝʥʠʝʤ ʚʦʨʩʠʥʦʢ 

ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ʂʘʞʜʘʷ ʱʝʪʠʥʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʙʦʨʦʤ ʩʣʫʯʘʡʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1, ʦʙʥʦʚʣʷʝʤʳʭ ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ 

ʩʠʤʫʣʷʮʠʠ: 

ʊʘʙʣʠʮʘ 1 

ʅʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʱʝʪʠʥ 

ʇʘʨʘʤʝʪʨ ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʉʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

( ( ), ( ))i jx t y t  ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʢʦʥʪʘʢʪʘ ʩ 

ʭʦʣʩʪʦʤ 

( ), ( )x yx y Nms m s^N  

( )im t  
ʄʘʩʩʘ ʧʠʛʤʝʥʪʘ, ʧʝʨʝʥʦʩʠʤʘʷ 

ʱʝʪʠʥʢʦʡ 
min max( , )im Uniform m m  

is 
ʕʬʬʝʢʪʠʚʥʳʡ ʨʘʜʠʫʩ ʦʙʣʘʩʪʠ 

ʥʘʥʝʩʝʥʠʷ 
0 0( , / 4)i Ns s s  

iq ʋʛʦʣ ʦʨʠʝʥʪʘʮʠʠ ʱʝʪʠʥʢʠ 
0( ( ), )i N t qq q s 

 

ɿʜʝʩʴ: ( ), ( )x yt tm m  ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʢʠʩʪʠ ʚ ʤʦʤʝʥʪ t, ʟʘʜʘʚʘʝʤʳʝ 

ʪʨʘʝʢʪʦʨʠʝʡ ʜʚʠʞʝʥʠʷ ʩʪʠʣʫʩʘ, s  ï ʨʘʟʙʨʦʩ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ 

(ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ), ŝï ʨʘʟʙʨʦʩ ʧʦʧʝʨʸʢ ʪʨʘʝʢʪʦʨʠʠ 

(ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʩʠʣʴʥʦʤ ʜʘʚʣʝʥʠʠ), ŝï ʙʘʟʦʚʳʡ ʤʘʩʰʪʘʙ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʜʠʘʤʝʪʨʫ ʢʠʩʪʠ. 

ʉʪʦʭʘʩʪʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ( , , )S x y t  ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩ ʧʦʜʘʯʠ ʧʠʛʤʝʥʪʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʘʢ ʩʫʧʝʨʧʦʟʠʮʠʷ ʣʦʢʘʣʴʥʳʭ ʛʘʫʩʩʦʚʳʭ ʧʨʦʬʠʣʝʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʪʜʝʣʴʥʳʤ ʱʝʪʠʥʢʘʤ ʢʠʩʪʠ: 

 
2 2

2 2
1

1 ( ( )) ( ( ))
( , , ) ( ) exp ( ),

2 2

N
i i

i

i i i

x x t y y t
S x y t m t tj

ps s=

å õ- + -
= Ö - Öæ ö

ç ÷
ä  

ʛʜʝ: ( )tj  = 

t

e t
-

 ï ʬʫʥʢʮʠʷ ʟʘʪʫʭʘʥʠʷ, ʦʪʨʘʞʘʶʱʘʷ ʧʦʩʪʝʧʝʥʥʦʝ ʠʩʪʦʱʝʥʠʝ 

ʧʠʛʤʝʥʪʘ ʥʘ ʢʠʩʪʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʤʘʟʢʘ ʠʟʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ( , , )S x y t. ɼʘʚʣʝʥʠʝ ʫʤʝʥʴʰʘʝʪ ʨʘʟʙʨʦʩ ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʠ (s®) ʠ 
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ʫʚʝʣʠʯʠʚʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʥʪʘʢʪʦʚ (N¬). ʉʢʦʨʦʩʪʴ ʧʦʚʳʰʘʝʪ ʨʘʩʩʝʷʥʠʝ ʢʘʢ 

ʚʜʦʣʴ (s¬), ʪʘʢ ʠ ʧʦʧʝʨʸʢ (ŝ ¬) ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ. ɺʣʘʞʥʦʩʪʴ 

ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʥʦʩʠʤʦʛʦ ʧʠʛʤʝʥʪʘ (im) ʠ ʚʨʝʤʷ ʝʛʦ ʠʩʪʦʱʝʥʠʷ (t) 

ʠʟʤʝʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ S. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʤʦʜʝʣʴʶ ʯʝʨʝʟ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʝ 

ʧʘʨʘʤʝʪʨʳ, ʘʥʘʣʦʛʠʯʥʳʝ ʥʘʩʪʨʦʡʢʘʤ ʮʠʬʨʦʚʳʭ ʢʠʩʪʝʡ ʠ ʨʝʘʣʴʥʳʭ 

ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʪʝʭʥʠʢ. ɺʝʣʠʯʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2, 

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ PDE-ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦ 

ʩʪʨʦʛʠʤ ʬʦʨʤʫʣʘʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠ ʬʠʟʠʯʝʩʢʫʶ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ.  

ʊʘʙʣʠʮʘ 2 

ʅʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʢʠʩʪʝʡ ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ 

ɺʭʦʜʥʦʡ ʧʘʨʘʤʝʪʨ ɼʠʘʧʘʟʦʥ ʋʨʘʚʥʝʥʠʝ ʚ ʤʦʜʝʣʠ 

P ï ʜʘʚʣʝʥʠʝ [0, 1] 
0

(1 5 )P

s
s=

+
 0(1 2 )N N P= +  

V ï ʩʢʦʨʦʩʪʴ [0, 10] ʧʠʢʩ/ʰʘʛ 
0(1 0.1 )

v V e

V

t

s s^

= Ö

+=
 

H ï ʚʣʘʞʥʦʩʪʴ [0.3, 1.0] 0D D H=  

d ï ʜʠʘʤʝʪʨ ʢʠʩʪʠ [5, 50] ʧʠʢʩ 0
6

d
s =  

A ï ʘʙʩʦʨʙʮʠʷ 

ʭʦʣʩʪʘ 
[0, 1] 310D A -+= Ö  

ɿʜʝʩʴ: et ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʠ, 0D  ï ʙʘʟʦʚʘʷ ʜʠʬʬʫʟʠʷ, a 

ï ʩʨʝʜʥʷʷ ʧʣʦʱʘʜʴ ʥʘ ʱʝʪʠʥʢʫ. 

ʇʨʦʩʪʨʘʥʩʪʚʦ ʜʠʩʢʨʝʪʠʟʫʝʪʩʷ ʥʘ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʢʝ ʩ ʰʘʛʦʤ 
1x y hD =D = = ʧʠʢʩʝʣʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʘʟʨʝʰʝʥʠʶ ʮʠʬʨʦʚʦʛʦ ʭʦʣʩʪʘ. ʐʘʛ 

ʧʦ ʚʨʝʤʝʥʠ tD ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠ ʠʟ ʫʩʣʦʚʠʷ CFL (CourantïFriedrichsï

Lewy condition): 

 
2

ȹt = min , ,
4 | |

h h

D v

å õ
æ ö
ç ÷

 

ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʷʚʥʳʭ ʩʭʝʤ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʯʠʩʣʝʥʥʳʝ 

ʘʨʪʝʬʘʢʪʳ. 

ʇʨʠʤʝʨ ʛʝʥʝʨʘʮʠʠ ʢʠʩʪʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1. ʄʦʜʝʣʴ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ 

ʷʟʳʢʝ Python ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ NumPy ʜʣʷ ʩʠʤʫʣʷʮʠʠ ʫʨʘʚʥʝʥʠʷ 

ʘʜʚʝʢʮʠʠïʜʠʬʬʫʟʠʠ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʘʥʩʘʤʙʣʷ ʱʝʪʠʥʦʢ. ɻʝʥʝʨʠʨʦʚʘʥʥʳʝ 

ʤʘʟʢʠ ʩʦʭʨʘʥʷʣʠʩʴ ʚ ʬʦʨʤʘʪʝ PNG ʩ ʧʨʦʟʨʘʯʥʳʤ ʬʦʥʦʤ ʠ ʠʤʧʦʨʪʠʨʦʚʘʣʠʩʴ ʚ 

Clip Studio Paint (CSP) ʢʘʢ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʢʦʥʯʠʢʘ ʢʠʩʪʠ (brush tip shape). 
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ʈʠʩ. 1 ï ʇʨʠʤʝʨ ʛʝʥʝʨʘʮʠʠ ʢʠʩʪʠ 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʢʪʥʦʩʪʠ PDEïʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʯʝʪʳʨʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʠʩʪʝʡ (ʪʘʙʣ. 2), ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʥʘʙʣʶʜʘʪʴ ʜʠʘʧʘʟʦʥ ʚʠʟʫʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ, ʦʪ ʧʦʣʫʧʨʦʟʨʘʯʥʳʭ 

ʘʢʚʘʨʝʣʴʥʳʭ ʤʘʟʢʦʚ ʜʦ ʩʫʭʠʭ, ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʭ ʩʣʝʜʦʚ. 

ʂʠʩʪʴ ʩ ʧʘʨʘʤʝʪʨʘʤʠ P = 0.2, V = 1.5, H = 0.9, d = 25, A = 0.8, T = 70, N = 

30 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ, ʯʪʦ ʚʣʘʞʥʦʩʪʴ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʠʟʢʠʤ ʜʘʚʣʝʥʠʝʤ 

ʩʦʟʜʘʶʪ ʧʦʣʫʧʨʦʟʨʘʯʥʳʡ ʧʠʛʤʝʥʪʥʳʡ ʩʣʦʡ ʩ ʤʷʛʢʠʤ ʫʛʘʩʘʥʠʝʤ ʥʘ ʢʨʘʷʭ. 

ʄʘʟʦʢ ʦʪʣʠʯʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠ ʵʬʬʝʢʪʦʤ ʨʘʩʪʝʢʘʥʠʷ, 

ʥʘʧʦʤʠʥʘʶʱʠʤ ʘʢʚʘʨʝʣʴ. ʀʪʦʛ ʨʘʙʦʪʳ ʢʠʩʪʠ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩ. 2 ï ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʝʨʚʦʡ ʢʠʩʪʠ 

 

ʂʠʩʪʴ ʩ ʥʘʩʪʨʦʡʢʘʤʠ P = 0.5, V = 1.0, H = 0.6, d = 35, A = 0.5, T = 60, N = 50 

ʧʦʢʘʟʘʣʘ, ʪʝʤʥʳʡ ʤʘʟʦʢ ʧʦʯʪʠ ʙʝʟ ʧʨʦʟʨʘʯʥʦʩʪʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʠʛʤʝʥʪʘ 

ʙʣʠʟʢʦ ʢ ʦʜʥʦʨʦʜʥʦʤʫ, ʩ ʫʧʣʦʪʥʝʥʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʈʝʟʫʣʴʪʘʪ ʦʪ ʢʠʩʪʠ ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩ. 3 ï ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʚʪʦʨʦʡ ʢʠʩʪʠ 

 

ʂʠʩʪʴ, ʩ ʧʘʨʘʤʝʪʨʘʤʠ P = 0.6, V = 3.0, H = 0.2, d = 15, A = 0.1, T = 40, N = 8, 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʤʘʟʦʢ ʥʝ ʧʦʣʥʦʩʪʴʶ ʦʜʥʦʨʦʜʝʥ: ʧʦ ʢʨʘʷʤ ʦʪʪʝʥʦʢ ʩʝʨʦʛʦ 

ʩʣʘʙʝʝ, ʘ ʙʣʠʞʝ ʢ ʮʝʥʪʨʫ ʦʥ ʫʧʣʦʪʥʷʝʪʩʷ ʠ ʥʘʙʠʨʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ. ʊʝʢʩʪʫʨʘ 

ʧʨʦʷʚʣʷʝʪʩʷ ʦʪʯʸʪʣʠʚʦ, ʩ ʚʠʜʠʤʳʤʠ ʱʝʪʠʥʢʘʤʠ ʚʜʦʣʴ ʛʨʘʥʠʮ. ʈʝʟʫʣʴʪʘʪ ʦʪ 

ʢʠʩʪʠ ʦʪʨʘʞʸʥ ʥʘ ʨʠʩʫʥʢʝ 4. 

 
ʈʠʩ. 4 ï ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʪʨʝʪʴʝʡ ʢʠʩʪʠ 
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ʂʠʩʪʴ ʩ ʧʘʨʘʤʝʪʨʘʤʠ P = 0.4, V = 5.0, H = 0.5, d = 20, A = 0.3, T = 40, N = 25 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʫʤʝʨʝʥʥʦʡ ʚʣʘʞʥʦʩʪʴʶ ʩʦʟʜʘʶʪ 

ʵʬʬʝʢʪ ʩʫʭʦʡ ʢʠʩʪʠ: ʤʘʟʦʢ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʧʨʝʨʳʚʠʩʪʳʭ ʰʪʨʠʭʦʚ ʩ 

ʚʳʨʘʞʝʥʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʠʛʤʝʥʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʯʪʦ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʜʠʥʘʤʠʢʫ ʜʚʠʞʝʥʠʷ ʠ ʠʥʝʨʮʠʶ ʢʠʩʪʠ. ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʢʠʩʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 5. 

 
ʈʠʩ. 5 ï ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʯʝʪʚʝʨʪʦʡ ʢʠʩʪʠ 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ PDEïʩʪʦʭʘʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʠʛʤʝʥʪʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʟʢʘ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʦʮʝʩʩʦʚ ʘʜʚʝʢʮʠʠ, ʜʠʬʬʫʟʠʠ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʦʪ 

ʦʪʜʝʣʴʥʳʭ ʱʝʪʠʥʦʢ ʢʠʩʪʠ. ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ, ʯʪʦ 

ʚʘʨʴʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʜʘʚʣʝʥʠʷ, ʩʢʦʨʦʩʪʠ, ʚʣʘʞʥʦʩʪʠ ʠ ʯʠʩʣʘ ʚʦʨʩʠʥʦʢ 

ʧʦʟʚʦʣʷʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʠʟʫʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ï ʦʪ 

ʘʢʚʘʨʝʣʴʥʦʛʦ ʨʘʩʪʝʢʘʥʠʷ ʜʦ ʩʫʭʦʛʦ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʦʛʦ ʤʘʟʢʘ. 

ʏʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʠ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʨʝʘʣʠʩʪʠʯʥʳʝ ʮʠʬʨʦʚʳʝ ʤʘʟʢʠ, ʚʠʟʫʘʣʴʥʦ ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʠʢ ʞʠʚʦʧʠʩʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʠʟʠʯʝʩʢʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʚʦʡʩʪʚʘʤʠ ʮʠʬʨʦʚʦʡ 

ʢʠʩʪʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʵʚʨʠʩʪʠʢ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪʠʝ ʤʦʜʝʣʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʫʯʸʪ 

ʪʨʸʭʤʝʨʥʦʡ ʪʦʣʱʠʥʳ ʩʣʦʷ ʢʨʘʩʢʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʦʢʨʳʪʠʡ ʠ 

ʵʬʬʝʢʪʦʚ ʩʤʝʰʝʥʠʷ ʧʠʛʤʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʤʦʜʝʣʠ ʜʣʷ ʟʘʜʘʯ ʨʝʥʜʝʨʠʥʛʘ, ʩʠʤʫʣʷʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʛʝʥʝʨʘʪʠʚʥʳʭ 

ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ. 
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ʋɼʂ 004.8 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆʁ ʉʀʉʊɽʄʓ ɸʅɸʃʀɿɸ 

ɺʆɺʃɽʏɽʅʅʆʉʊʀ ʉʊʋɼɽʅʊʆɺ ɺ ɼʀʉʊɸʅʎʀʆʅʅʆʄ ʆɹʋʏɽʅʀʀ 

ʅɸ ʆʉʅʆɺɽ UML  

ɸ.ʉ. ʐʝʚʯʝʥʢʦ, ʄ.ʄ. ʈʘʩʩʢʘʟʦʚ, ʉ.ɽ. ʀʩʤʘʛʫʣʦʚ, ʄ.ɸ. ɼʦʣʤʘʪʦʚʘ 

ʖʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʘʥʘʣʠʟʘ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʷʟʳʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ UML. ʈʘʟʨʘʙʦʪʢʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘ ʩʯʸʪ ʘʥʘʣʠʟʘ ʘʢʪʠʚʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, ʚʳʷʚʣʝʥʠʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʠʭ ʧʦʚʝʜʝʥʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ɺ 

ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ, ʨʘʟʨʘʙʦʪʘʥʳ UML-ʜʠʘʛʨʘʤʤʳ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʘʨʭʠʪʝʢʪʫʨʫ ʠ ʣʦʛʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʥʮʠʧʳ 

ʧʦʩʪʨʦʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʠ ʦʙʦʟʥʘʯʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʝʛʦ ʠʥʪʝʛʨʘʮʠʠ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, UML, ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, 

ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 
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DESIGN OF AN INTELLIGENT SYSTEM FOR ANALYZING STUDENT 

ENGAGEMENT IN DISTANCE LEARNING BASED ON UML  

A.S. Shevchenko, M.M. Rasskazov, S.E. Ismagulov, M.A. Dolmatova 

Yugra State University 
Abstract. The article presents the design of an intelligent system for analyzing student 

engagement in distance learning using the Unified Modeling Language (UML). The proposed 

system aims to improve the quality of education through analysis of student activity, detection of 

behavioral patterns, and generation of recommendations for instructors. The paper defines the 

systemôs functional requirements and provides UML diagrams describing its architecture and 

component interactions. The principles of building the analytical module are presented, along with 

prospects for integrating it into modern educational platforms. 

Keywords: intelligent system, UML, distance learning, student engagement, data analysis, 

educational technologies. 

 

ɺʚʝʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʚʩʝʤʝʩʪʥʳʡ 

ʧʝʨʝʭʦʜ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʢ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʠ ʩʤʝʰʘʥʥʳʤ 

ʬʦʨʤʘʪʘʤ ʦʙʫʯʝʥʠʷ ʩʦʟʜʘʶʪ ʥʦʚʳʝ ʚʳʟʦʚʳ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʩʪʫʜʝʥʪʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʜʦʙʩʪʚʦ ʠ ʛʠʙʢʦʩʪʴ ʦʥʣʘʡʥ-ʦʙʫʯʝʥʠʷ, ʦʩʪʘʸʪʩʷ ʥʝʨʝʰʸʥʥʦʡ 

ʧʨʦʙʣʝʤʘ ʩʥʠʞʝʥʠʷ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, ʦʪʩʫʪʩʪʚʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ ʘʢʪʠʚʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ [1]. 

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʦʚʝʜʝʥʠʝ ʦʙʫʯʘʶʱʠʭʩʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʠʭ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʝʧʦʜʘʚʘʪʝʣʶ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ ʧʦ 

ʤʫʣʴʪʠʘʛʝʥʪʥʳʤ ʧʦʜʭʦʜʘʤ ʚ ʘʜʘʧʪʠʚʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʦʙʫʯʘʶʱʠʭ 

ʩʠʩʪʝʤʘʭ [2]. 

ʇʨʠʤʝʥʝʥʠʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʷʟʳʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ UML (Unified 

Modeling Language) ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ, 

ʦʧʠʩʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʘ ʪʘʢʞʝ 

ʚʳʷʚʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʟʢʠʝ ʤʝʩʪʘ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ 

ʘʜʘʧʪʠʚʥʳʭ ʦʙʫʯʘʶʱʠʭ ʤʦʜʫʣʝʡ [3]. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ UML-ʤʦʜʝʣʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʘʥʘʣʠʟʘ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʦʙʫʯʝʥʠʠ, ʚʢʣʶʯʘʶʱʝʡ 

ʦʧʠʩʘʥʠʝ ʝʸ ʘʨʭʠʪʝʢʪʫʨʳ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʤʦʜʫʣʝʡ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʚʝʩʪʠ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʤʦʥʠʪʦʨʠʥʛʫ ʘʢʪʠʚʥʦʩʪʠ 

ʩʪʫʜʝʥʪʦʚ. 

2. ʆʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ. 

3. ʉʧʨʦʝʢʪʠʨʦʚʘʪʴ UML-ʜʠʘʛʨʘʤʤʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʘʨʭʠʪʝʢʪʫʨʫ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʦʥʝʥʪʦʚ. 

4. ɺʳʜʝʣʠʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʠʩʪʝʤʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʪʦʪʠʧʘ. 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʘʥʘʣʠʟʫ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ ʚ 
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ʩʠʩʪʝʤʘʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɺ ʨʘʙʦʪʘʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʘʚʪʦʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʩʙʦʨʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʦʙ ʘʢʪʠʚʥʦʩʪʠ 

ʩʪʫʜʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʘʥʘʣʠʟ ʧʦʩʝʱʘʝʤʦʩʪʠ, ʯʘʩʪʦʪʳ ʦʙʨʘʱʝʥʠʡ ʢ ʫʯʝʙʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ, ʫʯʘʩʪʠʷ ʚ ʬʦʨʫʤʘʭ ʠ ʩʨʦʢʦʚ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʡ, ʩ ʘʢʮʝʥʪʦʤ ʥʘ 

ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʤʦʪʠʚʘʮʠʷ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ [1]. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʫʯʝʥʠʝʤ (Learning Management 

Systems, LMS), ʪʘʢʠʝ ʢʘʢ Moodle ʠ Canvas, ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʘʟʦʚʳʡ ʩʙʦʨ 

ʩʪʘʪʠʩʪʠʢʠ, ʦʜʥʘʢʦ ʥʝ ʦʙʣʘʜʘʶʪ ʧʦʣʥʦʮʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʢʘʢ ʦʪʤʝʯʝʥʦ ʚ ʦʙʟʦʨʘʭ ʧʦʜʭʦʜʦʚ ʦʮʝʥʢʠ 

ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ UML [4].  

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʜʜʝʨʞʢʫ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦ ʚʳʙʦʨʝ ʩʪʨʘʪʝʛʠʠ ʦʙʫʯʝʥʠʷ, 

ʚʢʣʶʯʘʷ ʩʠʩʪʝʤʳ ʩ ʧʨʝʜʩʢʘʟʘʥʠʝʤ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ [5]. 

UML, ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʷʟʳʢ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʣʘʪʬʦʨʤ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʚʷʟʝʡ ʠ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ. ʕʪʦ 

ʜʝʣʘʝʪ ʝʛʦ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʪʨʝʙʦʚʘʥʠʡ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʪʦʪʠʧʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ, ʦʩʦʙʝʥʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʘʜʘʧʪʠʚʥʳʭ ʦʙʫʯʘʶʱʠʭ ʤʦʜʫʣʝʡ [3]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʨʭʠʪʝʢʪʫʨʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʚ 

ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʦʙʫʯʝʥʠʠ. ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ ʦ ʜʝʡʩʪʚʠʷʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʣʘʪʬʦʨʤʝ, ʧʨʦʚʦʜʠʪʴ ʠʭ ʦʙʨʘʙʦʪʢʫ ʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʪʯʸʪʳ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʩ ʫʯʝʪʦʤ ʬʘʢʪʦʨʦʚ 

ʮʠʬʨʦʚʦʡ ʩʨʝʜʳ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʦʧʳʪʘ [6]. 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʬʫʥʢʮʠʡ ʩʠʩʪʝʤʳ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ 

ʝʸ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ 

 ̄ ʌʫʥʢʮʠ ̫ ʅʘʟʥʘʯʝʥʠʝ 

1 ʉʙʦʨ ʜʘʥʥʳʭ ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʝʡʩʪʚʠʷʭ 

ʩʪʫʜʝʥʪʦʚ ʚ LMS 

2 ɸʥʘʣʠʟ ʘʢʪʠʚʥʦʩʪʠ ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ 

ʧʦʚʝʜʝʥʠʷ ʩʪʫʜʝʥʪʦʚ 

3 ʆʪʯʝʪʥʦʩʪʴ ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ ʠ 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

4 ʋʚʝʜʦʤʣʝʥʠʷ ʆʧʦʚʝʱʝʥʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʦ ʩʥʠʞʝʥʠʠ 

ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʚʢʣʶʯʘʶʪ ʩʙʦʨ ʠ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ, ʘʥʘʣʠʟ 

ʘʢʪʠʚʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʦʚ ʠ ʫʚʝʜʦʤʣʝʥʠʡ. 
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ʅʝʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢʘʩʘʶʪʩʷ ʥʘʜʸʞʥʦʩʪʠ ʩʠʩʪʝʤʳ, 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʠ UML-ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ UML-ʜʠʘʛʨʘʤʤʳ, ʦʪʨʘʞʘʶʱʠʝ ʩʪʨʫʢʪʫʨʫ, ʩʚʷʟʠ ʠ 

ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʧʨʝʮʝʜʝʥʪʦʚ, 

ʦʪʦʙʨʘʞʘʶʱʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʘʢʪʸʨʘʤʠ: ʇʨʝʧʦʜʘʚʘʪʝʣʴ, 

ʉʪʫʜʝʥʪ ʠ ʉʠʩʪʝʤʘ ʘʥʘʣʠʟʘ ʚʦʚʣʝʯʝʥʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʮʝʥʘʨʠʠ ʚʢʣʶʯʘʶʪ ʨʝʛʠʩʪʨʘʮʠʶ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʙʦʨ ʜʘʥʥʳʭ ʦ 

ʜʝʡʩʪʚʠʷʭ ʩʪʫʜʝʥʪʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʸʪʦʚ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʶ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʜʦʢ ʧʦ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ, ʦʧʠʩʳʚʘʶʱʘʷ ʦʩʥʦʚʥʳʝ 

ʩʫʱʥʦʩʪʠ ʩʠʩʪʝʤʳ: ʇʦʣʴʟʦʚʘʪʝʣʴ, ʉʪʫʜʝʥʪ, ʇʨʝʧʦʜʘʚʘʪʝʣʴ, ʂʫʨʩ, ɸʢʪʠʚʥʦʩʪʴ, 

ʆʪʯʸʪ ʠ ʄʦʜʫʣʴ ʘʥʘʣʠʪʠʢʠ. 

ʂʣʘʩʩ çʇʦʣʴʟʦʚʘʪʝʣʴè ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʳʤ ʠ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ 

ʥʘʩʣʝʜʫʝʤʳʭ ʨʦʣʝʡ çʉʪʫʜʝʥʪè ʠ çʇʨʝʧʦʜʘʚʘʪʝʣʴè. ʉʫʱʥʦʩʪʴ çɸʢʪʠʚʥʦʩʪʴè 

ʬʠʢʩʠʨʫʝʪ ʜʝʡʩʪʚʠʷ ʩʪʫʜʝʥʪʘ ʚ LMS, ʘ ʩʫʱʥʦʩʪʴ çʄʦʜʫʣʴ ʘʥʘʣʠʪʠʢʠè 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʩʫʱʥʦʩʪʴʶ çʆʪʯʸʪè ʜʣʷ ʨʘʩʯʸʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʚʣʝʯʝʥʥʦʩʪʠ. 

 

 
 

ʈʠʩ. 1 ï ɼʠʘʛʨʘʤʤʘ ʧʨʝʮʝʜʝʥʪʦʚ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ 
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ɼʠʘʛʨʘʤʤʘ ʢʦʤʧʦʥʝʥʪʦʚ (ʨʠʩʫʥʦʢ 3) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʪʨʫʢʪʫʨʫ 

ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ: ʤʦʜʫʣʴ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʤʦʜʫʣʴ ʘʥʘʣʠʪʠʢʠ, ʦʪʯʸʪʥʳʡ 

ʤʦʜʫʣʴ, ʠʥʪʝʨʬʝʡʩ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʙʘʟʘ ʜʘʥʥʳʭ LMS. ʂʦʤʧʦʥʝʥʪʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʯʝʨʝʟ REST API, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʳ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩ ʚʥʝʰʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

 

 
 

ʈʠʩ. 2 ï ɼʠʘʛʨʘʤʤʘ ʢʣʘʩʩʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʚʦʚʣʝʯʝʥʥʦʩʪʠ 

 

 
 

ʈʠʩ. 3 ï ɼʠʘʛʨʘʤʤʘ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 
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ɼʠʘʛʨʘʤʤʘ ʨʘʟʚʝʨʪʳʚʘʥʠʷ (ʨʠʩʫʥʦʢ 4) ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʘʟʤʝʱʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ: ʢʣʠʝʥʪʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʩʝʨʚʝʨ LMS, 

ʦʙʣʘʯʥʦʝ ʭʨʘʥʠʣʠʱʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ. ʇʦʜʦʙʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ ʩ 

ʜʦʩʪʫʧʦʤ ʚ ʩʝʪʴ. 

 

 
ʈʠʩ. 4 ï ɼʠʘʛʨʘʤʤʘ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʚʦʚʣʝʯʝʥʥʦʩʪʠ 

 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʩʪʝʤʳ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ 

ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʳ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɼʣʷ ʨʘʩʯʸʪʘ ʫʨʦʚʥʷ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ: ʚʨʝʤʷ ʘʢʪʠʚʥʦʩʪʠ, ʨʝʛʫʣʷʨʥʦʩʪʴ ʧʦʩʝʱʝʥʠʡ, 

ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʫʯʝʙʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ, ʢʘʢ ʚ ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʘʛʝʥʪʥʦʛʦ ʧʦʜʭʦʜʘ 

[2]. 

ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʤʦʜʫʣʴ ʘʥʘʣʠʪʠʢʠ ʬʦʨʤʠʨʫʝʪ ʨʝʡʪʠʥʛ ʩʪʫʜʝʥʪʦʚ ʠ 

ʧʨʦʛʥʦʟʠʨʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʠʭ ʚʦʚʣʝʯʝʥʥʦʩʪʠ. 

ʇʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠ ʜʝʨʝʚʴʷ 

ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʛʨʫʧʧʠʨʦʚʘʪʴ ʩʪʫʜʝʥʪʦʚ ʧʦ ʫʨʦʚʥʶ ʚʦʚʣʝʯʝʥʥʦʩʪʠ 

ʠ ʚʳʷʚʣʷʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʠʭ ʧʦʚʝʜʝʥʠʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʟʦʨʘʤʠ 

ʧʦʜʭʦʜʦʚ ʦʮʝʥʢʠ ʚʦʚʣʝʯʝʥʥʦʩʪʠ [4]. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʩʧʝʭʘ ʦʙʫʯʝʥʠʷ ʠ ʘʜʘʧʪʘʮʠʠ ʫʯʝʙʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʜ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʩ ʫʯʝʪʦʤ ʧʨʝʜʩʢʘʟʘʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [5]. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʪʦʪʠʧʘ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʧʨʠʤʝʥʷʣʠʩʴ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ StarUML ʠ Visual Paradigm, ʧʦʟʚʦʣʷʶʱʠʝ 

ʩʪʨʦʠʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ UML-ʜʠʘʛʨʘʤʤʳ ʠ ʧʨʦʚʝʨʷʪʴ ʢʦʨʨʝʢʪʥʦʩʪʴ ʠʭ 

ʩʪʨʫʢʪʫʨʳ. ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʠʘʛʨʘʤʤ ʙʳʣ ʩʦʟʜʘʥ ʧʨʦʪʦʪʠʧ ʩ ʙʘʟʦʚʳʤ 
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ʬʫʥʢʮʠʦʥʘʣʦʤ (MVP), ʨʝʘʣʠʟʫʶʱʠʡ ʩʙʦʨ ʜʘʥʥʳʭ ʦ ʩʪʫʜʝʥʪʘʭ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʪʯʸʪʦʚ ʧʦ ʚʦʚʣʝʯʝʥʥʦʩʪʠ. 

ʇʨʠʤʝʨ ʬʨʘʛʤʝʥʪʘ ʢʦʜʘ ʜʣʷ ʨʘʩʯʸʪʘ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʘʢʪʠʚʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ 

ʧʨʠʚʝʜʸʥ ʚ ʣʠʩʪʠʥʛʝ 1. 

 

ʃʠʩʪʠʥʛ 1 ï ʌʨʘʛʤʝʥʪ ʢʦʜʘ ʜʣʷ ʨʘʩʯʸʪʘ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʚʦʚʣʝʯʸʥʥʦʩʪʠ 

ʩʪʫʜʝʥʪʦʚ 
Python  
# ʉʧʠʩʦʢ ʦʮʝʥʦʢ ʘʢʪʠʚʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ 

activity _scores  = [0.85, 0.73, 0.90, 0.62]  

 

# ʈʘʩʯʸʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

average_engagement = sum(activity_scores) / 

len(activity_scores)  

 

# ɺʳʚʦʜ ʨʝʟʫʣʴʪʘʪʘ ʩ ʦʢʨʫʛʣʝʥʠʝʤ ʜʦ ʜʚʫʭ ʟʥʘʢʦʚ 

print ("ʉʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʚʦʚʣʝʯʸʥʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ:", 

round ( average _engagement , 2))  

 

ʕʪʦʪ ʬʨʘʛʤʝʥʪ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʘʟʦʚʳʡ ʨʘʩʯʸʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʩʧʠʩʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ ʤʦʜʫʣʴ ʘʥʘʣʠʪʠʢʠ 

ʩʠʩʪʝʤʳ. ɼʘʥʥʳʡ ʧʨʦʪʦʪʠʧ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʛʨʘʮʠʠ ʩ ʨʝʘʣʴʥʳʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ. 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ UML-ʤʦʜʝʣʴ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ 

ʦʙʫʯʝʥʠʠ. 

ʆʧʨʝʜʝʣʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʦʩʪʨʦʝʥʳ 

ʢʣʶʯʝʚʳʝ UML-ʜʠʘʛʨʘʤʤʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʩʪʨʫʢʪʫʨʫ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʠ ʚʥʝʜʨʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʩʦʚʨʝʤʝʥʥʳʝ LMS-ʧʣʘʪʬʦʨʤʳ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʦʜʫʣʷ 

ʘʥʘʣʠʪʠʢʠ ʠ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ 

ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʘʜʘʧʪʘʮʠʠ ʫʯʝʙʥʳʭ ʢʫʨʩʦʚ ʧʦʜ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ, ʚʢʣʶʯʘʷ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʥʘ 

ʦʩʥʦʚʝ ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʚ ʦʥʣʘʡʥ-ʦʙʨʘʟʦʚʘʥʠʠ [6]. 
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ʉɽʂʎʀʗ 2. ʇʈʆɻʈɽʉʉʀɺʅʓɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʇʈʆʎɽʉʉʓ ʀ 

ʆɹʆʈʋɼʆɺɸʅʀɽ 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

çʊʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚè 

ɻʨʠʮʝʥʢʦ ɺʷʯʝʩʣʘʚ ɺʣʘʜʠʤʠʨʦʚʠʯ 

 

ʋɼʂ 625.088 

ʄɽʍɸʅʀʏɽʉʂʀʁ ʆʉʎʀʃʃʗʊʆʈ ʉ ʊʈɽʄʗ ɻʈʋɿɸʄʀ ɹɽɿ 

ʅɸʂʆʇʀʊɽʃʗ ʇʆʊɽʅʎʀɸʃʔʅʆʁ ʕʅɽʈɻʀʀ 

ʉ.ʖ. ɹʝʣʦʛʣʘʟʦʚʘ  

ɿɸʆ çʀʥʠʮʠʘʪʠʚʘè (ʂʫʨʛʘʥ) 
ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʤʦʥʦʨʝʘʢʪʠʚʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʩ ʪʨʝʤʷ ʛʨʫʟʘʤʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ 

ʜʦʨʦʞʥʳʭ ʤʘʰʠʥʘʭ. ʏʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʥʝ ʬʠʢʩʠʨʦʚʘʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ, ʘʩʠʤʤʝʪʨʠʷ, ʚʠʙʨʦʟʘʱʠʪʘ, ʩʠʤʤʝʪʨʠʯʥʘʷ 

ʩʭʝʤʘ, ʪʨʝʭʢʦʦʨʜʠʥʘʪʥʘʷ ʩʠʩʪʝʤʘ, ʢʠʥʝʤʘʪʠʢʘ. 

 

THREE-WEIGHT MECHANICAL OSCILLATOR WITHOUT POTENTIAL 

ENERGY STORAGE  

S.Yu. Beloglazova 

JSC "Initiative" (Kurgan) 
Annotation. A diagram of a monoreactive oscillator with three masses is presented. The 

relevance of this work lies in the fact that mechanical vibrations are widespread in various 

technological processes, including specialized construction and road machinery. The oscillation 

frequency is not fixed. 

Key words: imbalance, asymmetry, vibration protection, symmetrical scheme, three-

coordinate system, kinematics. 

 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʤʝʭʘʥʠʯʝʩʢʦʤ ʦʩʮʠʣʣʷʪʦʨʝ ʩʚʦʙʦʜʥʳʝ ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʚʟʘʠʤʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ. 

ʀʟʚʝʩʪʝʥ ʦʩʮʠʣʣʷʪʦʨ, ʚ ʢʦʪʦʨʦʤ ʩʚʦʙʦʜʥʳʝ ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠʥʝʨʪʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʢʠʥʝʪʠʯʝʩʢʫʶ ʞʝ ʵʥʝʨʛʠʶ ʜʨʫʛʦʛʦ ʠʥʝʨʪʥʦʛʦ ʵʣʝʤʝʥʪʘ [1ï5]. ʕʣʝʤʝʥʪʳ ʩ 

ʜʨʫʛʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʝʘʢʪʠʚʥʦʩʪʠ ʚ ʪʘʢʦʤ ʦʩʮʠʣʣʷʪʦʨʝ ʦʪʩʫʪʩʪʚʫʶʪ. ʊʘʢʦʡ 

ʦʩʮʠʣʣʷʪʦʨ ʧʦ ʩʫʱʝʩʪʚʫ ʷʚʣʷʝʪʩʷ ʤʦʥʦʨʝʘʢʪʠʚʥʳʤ, ʘ ʠʤʝʥʥʦ: m-m [6ï10]. 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʵʪʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʥʝ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʦʡ 

ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ. ʏʘʩʪʦʪʘ ʝʛʦ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ [11ï15]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʚ ʩʠʣʫ 

ʘʩʠʤʤʝʪʨʠʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʤʦʞʝʪ ʪʨʝʙʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʚʠʙʨʦʟʘʱʠʪʥʳʭ ʤʝʨ. 

ʕʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʩʠʤʤʝʪʨʠʯʥʫʶ ʩʭʝʤʫ ʩ 

ʪʨʝʤʷ ʛʨʫʟʘʤʠ. 
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ.  

ɼʣʷ ʮʝʣʝʡ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʣʦʩʢʫʶ 

ʪʨʝʭʢʦʦʨʜʠʥʘʪʥʫʶ ʩʠʩʪʝʤʫ ʘʥʘʣʦʛʠʯʥʫʶ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, 

ʧʨʠʤʝʥʷʝʤʦʡ ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ. ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʝʢʪʦʨʘ R , ʣʝʞʘʱʝʛʦ ʚ 

ʪʨʝʭʢʦʦʨʜʠʥʘʪʥʦʡ ʧʣʦʩʢʦʩʪʠ Z, ʥʘʯʘʣʦ ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʯʘʣʦʤ 

ʢʦʦʨʜʠʥʘʪ (ʩʤ. ʨʠʩʫʥʦʢ 1), ʩʧʨʘʚʝʜʣʠʚʘ 

ʊʝʦʨʝʤʘ 1  

ʂʦʦʨʜʠʥʘʪʳ 1x , 2x , 3x  ʚʝʢʪʦʨʘ R  ʦʙʨʘʟʫʶʪ ʧʨʘʚʠʣʴʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ, 

ʨʘʟʤʝʨ ʢʦʪʦʨʦʛʦ ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʦʚʦʨʦʪʝ ʚʝʢʪʦʨʘ R . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ 

ʂʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ R  ʠʤʝʶʪ ʚʠʜ: 

1 cosx R= j,  

2 cos
3

x R
på õ

= -jæ ö
ç ÷

,  

2

2
cos

3
x R

på õ
= -jæ ö

ç ÷
. 

ʛʜʝ j ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ R  ʠ ʦʩʴʶ 10x .  

ʉ ʫʯʝʪʦʤ ʪʝʦʨʝʤʳ ʢʦʩʠʥʫʩʦʚ 

( )
2 2 2 2

1 2 cos cos 2cos cos cos
3 3 3

x x R
è p p pøå õ å õ

= j+ -j - j -j =æ ö æ öé ù
ç ÷ ç ÷ê ú

 

2

2 2 1 3 1 3 1
cos cos sin 2cos cos sin

2 2 2 2 2
R
è øå õ å õ
é ùj+ j+ j - j j+ j =æ ö æ ö
é ùç ÷ ç ÷ê ú

 

2 2 2 2 2 21 3 3 1 3 3
cos cos sin cos sin cos cos sin

4 4 2 2 2 4
R R
è ø

j+ j+ j+ j j- j- j j =é ù
ê ú

. 

( )
2 2 2 2

1 3

2 2 2
cos cos 2cos cos cos

3 3 3
x x R

è p p pøå õ å õ
= j+ -j - j -j =æ ö æ öé ù

ç ÷ ç ÷ê ú
 

2

2 2 1 3 1 3 1
cos cos sin 2cos cos sin

2 2 2 2 2
R
è øå õ å õå õ
é ùj+ - j+ j - j - j+ j - =æ ö æ öæ ö
é ùç ÷ç ÷ ç ÷ê ú

 

2 2 2 2 2 21 3 3 1 3 3
cos cos sin cos sin cos cos sin

4 4 2 2 2 4
R R
è ø

j+ j+ j- j j- j+ j j =é ù
ê ú

. 

( )
2 2 2 2

2 3

2 2
cos cos 2cos cos cos

3 3 3 3 3
x x R

è p p p p pøå õ å õ å õ å õ
= -j + -j - -j -j =æ ö æ ö æ ö æ öé ù

ç ÷ ç ÷ ç ÷ ç ÷ê ú
 

2 2

2 1 3 1 3
cos sin cos sin

2 2 2 2
R
èå õ å õ
é j+ j + - j+ j -æ ö æ ö
éç ÷ ç ÷ê
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1 3 1 3 1
2 cos sin cos sin

2 2 2 2 2

øå õå õ
- j+ j - j+ j =ùæ öæ ö

ùç ÷ç ÷ú

 

2 2 2 21 3 3 1
cos sin cos sin cos

4 4 2 4
R
è

j+ j+ j j+ j+é
ê

 

2 2 2 23 3 1 3 3
sin cos sin cos sin

4 2 4 4 4
R

ø
+ j- j j+ j- j =ù

ú
. 

ʊʨʝʫʛʦʣʴʥʠʢ 1x 2x 3x  ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʳʤ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʪʦʨʦʥʦʡ 

ʨʘʚʥʦʡ ĲR
2
.  

ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

ʊʝʦʨʝʤʘ 2  

ʉʝʨʝʜʠʥʘ ʚʝʢʪʦʨʘ Rʩʦʚʤʝʱʝʥʘ ʩ ʮʝʥʪʨʦʤ ʪʨʝʫʛʦʣʴʥʠʢʘ 1 2 3x x x . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ  
ɼʘʣʝʝ ʩʝʨʝʜʠʥʘ ʚʝʢʪʦʨʘ R  ʦʙʦʟʥʘʯʘʝʪʩʷ r .  

ʉ ʫʯʝʪʦʤ ʪʝʦʨʝʤʳ ʢʦʩʠʥʫʩʦʚ 

( )
2

2 2 2

1

1 1
cos 2cos cos

4 2 4

R
x r R

å õ
= j+ - j j =æ ö
ç ÷

. 

( )
2

2 2 2

2

1 1
cos 2cos cos

3 4 3 2 3 4

R
x r R

è p p p øå õ å õ å õ
= -j + - -j -j =æ ö æ ö æ öé ù

ç ÷ ç ÷ ç ÷ê ú
. 

( )
2

2 2 2

3

2 1 2 1 2
cos 2cos cos

3 4 3 2 3 4

R
x r R

è p p p øå õ å õ å õ
= -j + - -j -j =æ ö æ ö æ öé ù

ç ÷ ç ÷ ç ÷ê ú
. 

ʈʘʩʩʪʦʷʥʠʷ ʦʪ ʪʦʯʝʢ 1x  ʠ 2x  ʜʦ ʪʦʯʢʠ r  ʷʚʣʷʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ. ʇʦʵʪʦʤʫ 

ʪʦʯʢʘ r  ʣʝʞʠʪ ʥʘ ʧʨʷʤʦʡ, ʢʦʪʦʨʘʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʩʪʦʨʦʥʝ ʪʨʝʫʛʦʣʴʥʠʢʘ 1 2x x  

ʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʝʝ ʩʨʝʜʠʥʫ.  

ʊʦ ʞʝ ʩʘʤʦʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʧʨʦ ʩʪʦʨʦʥʫ ʪʨʝʫʛʦʣʴʥʠʢʘ 1 3x x . 

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʦʯʢʘ r  ʦʪʥʦʩʠʪʩʷ ʢ ʚʳʩʦʪʘʤ ʪʨʝʫʛʦʣʴʥʠʢʘ 1 2 3x x x, ʘ 

ʵʪʦ ʚʦʟʤʦʞʥʦ, ʪʦʣʴʢʦ ʝʩʣʠ ʦʥʘ ʩʦʚʧʘʜʘʝʪ ʩ ʠʭ ʧʝʨʝʩʝʯʝʥʠʝʤ. ʇʝʨʝʩʝʯʝʥʠʝ ʞʝ 

ʚʳʩʦʪ ʧʨʘʚʠʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʢʦʪʦʨʳʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʤʦʡ 1 

ʷʚʣʷʝʪʩʷ 1 2 3x x x, ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʪʨʝʫʛʦʣʴʥʠʢʘ.  

ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

ʆʙʝ ʜʦʢʘʟʘʥʥʳʝ ʪʝʦʨʝʤʳ ʜʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʭʝʤʝ 

ʤʦʥʦʨʝʘʢʪʠʚʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʩ ʪʨʝʤʷ ʛʨʫʟʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʫʜʦʙʥʝʝ, ʯʪʦʙʳ ʢʦʣʝʙʘʥʠʷ ʛʨʫʟʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ. ɼʣʷ ʵʪʦʛʦ ʩʭʝʤʘ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʥʘʱʝʥʘ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ. 

ʂʦʦʨʜʠʥʘʪʳ 1x , 2x , 3x   ʛʨʫʟʦʚ ʪʨʠʠʥʝʨʪʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʠʤʝʶʪ ʚʠʜ: 

 

                                                   1 cosx R= j,                                                  (1) 
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                                               2 cos
3

x R
på õ

= -jæ ö
ç ÷

,                                           (2) 

                                               2

2
cos

3
x R

på õ
= -jæ ö

ç ÷
.                                         (3) 

ɼʘʣʝʝ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʚʥʝʰʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʮʠʣʣʷʪʦʨʫ ʩʠʣʳ 

ʦʪʩʫʪʩʪʚʫʶʪ. ʄʘʩʩʳ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʩʮʠʣʣʷʪʦʨʘ ʩʯʠʪʘʶʪʩʷ 

ʨʘʚʥʳʤʠ ʥʫʣʶ. ʇʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʥʝʪ. 

 
 

ʈʠʩ. 1 ï ʄʦʥʦʨʝʘʢʪʠʚʥʳʡ ʦʩʮʠʣʣʷʪʦʨ ʩ ʪʨʝʤʷ ʛʨʫʟʘʤʠ 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʷʤʠ (1) ï (3) ʤʛʥʦʚʝʥʥʳʝ ʩʢʦʨʦʩʪʠ ʠʥʝʨʪʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʦʩʮʠʣʣʷʪʦʨʘ ʨʘʚʥʳ 

1 sin
dx d

R
dt dt

j
=- j , 

2 sin
3

dx d
R

dt dt

p jå õ
=- -jæ ö

ç ÷
, 

3 2
sin

3

dx d
R

dt dt

p jå õ
=- -jæ ö

ç ÷
. 

ʇʨʠ ʩʚʦʙʦʜʥʳʭ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʦʩʮʠʣʣʷʪʦʨʘ 

ʩʦ ʚʨʝʤʝʥʝʤ ʥʝ ʤʝʥʷʝʪʩʷ. ɺ ʤʦʥʦʨʝʘʢʪʠʚʥʦʤ ʠʥʝʨʪʥʦʤ ʦʩʮʠʣʣʷʪʦʨʝ 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʦʵʪʦʤʫ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʷʚʣʷʝʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʠʥʝʪʠʯʝʩʢʦʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʩʧʨʘʚʝʜʣʠʚʦ ʚʳʨʘʞʝʥʠʝ 
2

2 2 2 2 2
0,5 sin sin sin

3 3

d
T mR

dt

è p p ø jå õ å õ å õ
= j+ -j + -j =æ ö æ ö æ öé ù

ç ÷ ç ÷ ç ÷ê ú
 

2

20,75
d

mR const
dt

jå õ
= =æ ö

ç ÷
. 
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1

d
C

dt

j
= , 

1 2C t Cj= +. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʥʘʯʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ 

0(0)j =j, 

0(0)
d

dt

j
=w. 

ʆʪʩʶʜʘ                                         

2 0C =j, 

1 0C =w. 

ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ű ʚʳʨʘʞʝʥʠʷ (1) ï (3) ʢʦʥʢʨʝʪʠʟʠʨʫʶʪʩʷ 

                                            ( )1 0 0cosx R t= w +j,                                           (4) 

                                         2 0 0cos
3

x R t
på õ

= -w -jæ ö
ç ÷

,                                       (5) 

                                         3 0 0

2
cos

3
x R t

på õ
= -w -jæ ö

ç ÷
.                                     (6) 

ɼʣʷ ʟʥʘʯʝʥʠʡ  

1 10(0)x x= , 

1
10(0)

dx
v

dt
=  

ʠʤʝʶʪ ʤʝʩʪʦ ʚʳʨʘʞʝʥʠʷ 

10
0cos

x

R
j = , 

2

10 10
0 2

arccos arcsin 1
x x

R R
j = = -. 

( )0 0 0 10sin 0R v- w w +j =,  

10
0

2 2

10

v

R x
w =-

-
. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʤʦʥʦʨʝʘʢʪʠʚʥʦʤ ʦʩʮʠʣʣʷʪʦʨʝ ʩ 

ʪʨʝʤʷ ʛʨʫʟʘʤʠ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʛʨʫʟʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʟʘʠʤʥʳʤ ʦʙʤʝʥʦʤ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ 

ʥʠʤʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ (4) ï (6) ʧʨʠ ʩʚʦʙʦʜʥʳʭ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʚʝʢʪʦʨ R  ʚʨʘʱʘʝʪʩʷ ʩ ʥʝʠʟʤʝʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ w. 

ʇʨʘʚʠʣʴʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ 1 2 3x x x  ʩʦʚʝʨʰʘʝʪ ʜʚʦʡʥʦʝ ʨʘʚʥʦʤʝʨʥʦʝ ʚʨʘʱʝʥʠʝ 

ïʚʦʢʨʫʛ ʩʚʦʝʛʦ ʮʝʥʪʨʘ r  ʠ ʚʦʢʨʫʛ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ 0. 

ʇʦʣʦʚʠʥʘ ʚʝʢʪʦʨʘ R  (0r) ʠʛʨʘʝʪ ʨʦʣʴ ʢʨʠʚʦʰʠʧʘ, ʢʦʪʦʨʳʡ ʚ ʨʝʘʣʴʥʳʭ 
ʫʩʪʨʦʡʩʪʚʘʭ ʥʫʞʝʥ ʜʣʷ ʨʘʟʚʠʪʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ w ʠ ʩʦʦʙʱʝʥʠʷ ʤʦʤʝʥʪʘ 
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ʩʠʣʳ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʦʪʝʨʴ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʷʤʠ (4) ï (6) ʚ ʤʦʥʦʨʝʘʢʪʠʚʥʦʤ ʛʘʨʤʦʥʠʯʝʩʢʦʤ 

ʦʩʮʠʣʣʷʪʦʨʝ ʩ ʪʨʝʤʷ ʛʨʫʟʘʤʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʩʚʦʙʦʜʥʳʝ ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʣʶʙʦʡ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʳ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 
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ʋɼʂ 625.088 

ʄʋʃʔʊʀʄɸʉʉʆɺʓʁ ʆʉʎʀʃʃʗʊʆʈ ɹɽɿ ʋʇʈʋɻʀʍ ʉɺʗɿɽʁ  

ʉ.ʖ. ɹʝʣʦʛʣʘʟʦʚʘ  

ɿɸʆ çʀʥʠʮʠʘʪʠʚʘè (ʂʫʨʛʘʥ) 
ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʥʦʛʦʤʝʨʥʳʡ ʧʣʦʩʢʠʡ ʤʦʥʦʨʝʘʢʪʠʚʥʳʡ ʦʩʮʠʣʣʷʪʦʨ, ʚ 

ʢʦʪʦʨʦʤ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩʚʦʙʦʜʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʣʠʥʝʡʥʳʝ ʢʦʣʝʙʘʥʠʷ ʛʨʫʟʦʚ. ʇʨʠ ʵʪʦʤ 

ʚ ʵʥʝʨʛʦʦʙʤʝʥʝ ʫʯʘʩʪʚʫʝʪ ʪʦʣʴʢʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ. ɺ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʘʭ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʋʩʣʦʚʠʝʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ 

ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʠʥʝʪʠʯʝʩʢʦʡ, ʯʪʦ ʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʤʦʥʦʨʝʘʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʦʩʮʠʣʣʷʪʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʥʦʛʦʫʛʦʣʴʥʠʢ, ʦʩʮʠʣʣʠʨʫʶʱʠʡ ʛʨʫʟ, ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ, 

ʤʦʥʦʨʝʘʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ, ʯʘʩʪʦʪʘ. 

 

MULTIMASS OSCILLATOR WITHOUT ELASTIC CONNECTIONS  

S.Yu. Beloglazova 

JSC "Initiative" (Kurgan) 
Annotation. A multidimensional flat monoreactive oscillator is considered, in which free 

harmonic linear oscillations of weights can occur. In this case, only kinetic energy participates in 

energy exchange. There is no need for elastic elements. The condition for the occurrence of free 

harmonic oscillations is the equality to zero of the time derivative of the total energy of the system, 

which in the case under consideration is exclusively kinetic, which determines the monoreactive 

nature of the oscillator. 

Key words: polygon, oscillating load, free oscillations, monoreactive system, frequency. 

 

ʀʟʚʝʩʪʥʳ ʜʚʫʭʤʝʨʥʳʝ [1-5] ʠ ʪʨʝʭʤʝʨʥʳʝ [6-10] ʧʣʦʩʢʠʝ ʤʦʥʦʨʝʘʢʪʠʚʥʳʝ 

ʦʩʮʠʣʣʷʪʦʨʳ, ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʩʚʦʙʦʜʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʜʚʫʭʤʝʨʥʳʭ ʷʚʣʷʝʪʩʷ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʧʦ ʩʠʣʘʤ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʚʨʝʜʥʳʤ ʧʦʙʦʯʥʳʤ ʚʠʙʨʘʮʠʦʥʥʳʤ ʵʬʬʝʢʪʘʤ. ʕʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ 

ʣʠʰʝʥʳ ʪʨʝʭʤʝʨʥʳʝ ʦʩʮʠʣʣʷʪʦʨʳ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʧʣʦʩʢʠʭ ʤʦʥʦʨʝʘʢʪʠʚʥʳʭ ʦʩʮʠʣʣʷʪʦʨʦʚ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʮʝʥʪʨʘʣʴʥʦ ʩʠʤʤʝʪʨʠʯʥʳʭ ʤʥʦʛʦʧʦʨʰʥʝʚʳʭ 

ʤʝʭʘʥʠʟʤʦʚ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʠʥʝʨʪʥʳʭ 

ʤʘʩʩ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ [11-15].  

ʇʦʜʦʙʥʦ ʪʨʝʭʤʝʨʥʦʡ ʧʣʦʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚ ʢʦʦʨʜʠʥʘʪʥʦʡ 

ʧʣʦʩʢʦʩʪʠ Z  ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʘ ʤʥʦʛʦʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʩ n  ʦʩʷʤʠ 

1 20 ,0 ,...,0z z znx x x , ʩʤʝʱʝʥʥʳʭ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʥʘ ʫʛʣʳ 2 np . ʀʤʝʝʪʩʷ 
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ʧʨʦʠʟʚʦʣʴʥʳʡ ʚʝʢʪʦʨ R, ʠʩʭʦʜʷʱʠʡ ʠʟ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ 0. ZËR  (ʩʤ. 

ʨʠʩʫʥʦʢ 1). 

ɺ ʫʢʘʟʘʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʩʧʨʘʚʝʜʣʠʚʘ 

ʊʝʦʨʝʤʘ 1. 

1.1. ʊʦʯʢʠ 1 2, ,..., nx x x, ʷʚʣʷʶʱʠʝʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʢʦʥʮʘ ʚʝʢʪʦʨʘ R  ʚ ʢʦʦʨʜʠʥʘʪʥʦʡ 

ʩʠʩʪʝʤʝ 1 20 ,0 ,...,0z z znx x x , ʷʚʣʷʶʪʩʷ ʚʝʨʰʠʥʘʤʠ ʧʨʘʚʠʣʴʥʦʛʦ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ. 

1.2. ʌʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ ʥʝ ʩʚʷʟʘʥʳ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʝʢʪʦʨʘ R, ʪ.ʝ. ʥʝʠʟʤʝʥʥʳ.  

1.3. ʎʝʥʪʨ ʧʨʘʚʠʣʴʥʦʛʦ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʦʚʧʘʜʘʝʪ ʩ ʩʝʨʝʜʠʥʦʡ ʚʝʢʪʦʨʘ R . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʂʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ R  ʨʘʚʥʳ 

1 cosx R= j, 2 cosx R
n

på õ
= -jæ ö

ç ÷
,  

3

2
cosx R

n

på õ
= -jæ ö

ç ÷
,  

é, 

( 1)
cosi

i
x R

n

- pè ø
= -jé ù

ê ú
, 

é, 

                                       
( 1)

cosn

n
x R

n

- pè ø
= -jé ù

ê ú
.                                          (1) 

ʀʟ ʪʝʦʨʝʤʳ ʢʦʩʠʥʫʩʦʚ ʩʣʝʜʫʝʪ 

( )
2 2 2 2

1

( 1)
cos cosi i

i i
x x R

n n
+

ë - p pè ø å õ
= -j + -j -ì æ öé ù

ê ú ç ÷í
 

( 1)
2cos cos cos

i i

n n n

- p p pûè ø å õ
- -j -j =üæ öé ù

ê ú ç ÷ý
 

( )2 2 2 2 2 2 2 2 2 2 2cos sin sin sin sin cos sin sinR R R
n n n n

p p p på õ
= j + j = j+ j =æ ö
ç ÷

. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʣʶʙʘʷ ʩʪʦʨʦʥʘ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ ʠʤʝʝʪ ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʜʣʠʥʫ, ʥʝ ʩʚʷʟʘʥʥʫʶ 

ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʝʢʪʦʨʘ R .  

ʇʫʩʪʴ r  ï ʵʪʦ ʩʨʝʜʥʷʷ ʪʦʯʢʘ ʚʝʢʪʦʨʘ R. ʀʟ ʪʝʦʨʝʤʳ ʢʦʩʠʥʫʩʦʚ ʩʣʝʜʫʝʪ 

( )
2

2 2 2 1 1 1 1 1
cos 2cos cos

4 2 4
i

i i i R
x r R

n n n

ë - - - ûè ø è ø è ø
= p-j + - p-j p-j =ì üé ù é ù é ù

ê ú ê ú ê úí ý
. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʪʦʯʢʠ r  ʜʦ ʚʩʝʭ ʚʝʨʰʠʥ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʦʯʢʘ r  ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ, ʯʪʦ ʩ ʫʯʝʪʦʤ ʨʘʚʝʥʩʪʚʘ ʝʛʦ ʩʪʦʨʦʥ, 

ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʤʥʦʛʦʫʛʦʣʴʥʠʢ ʧʨʘʚʠʣʴʥʳʡ. 

ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

ʊʝʦʨʝʤʘ 1 ʜʘʝʪ ʠʩʯʝʨʧʳʚʘʶʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʯʝʨʪʘʥʠʷʭ ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʣʦʩʢʦʛʦ 

ʤʦʥʦʨʝʘʢʪʠʚʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ, ʢʦʪʦʨʳʡ ʩʭʝʤʘʪʠʯʥʦ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ.  

ɼʘʣʝʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʩʮʠʣʣʷʪʦʨ.  

ʇʨʦʠʟʚʦʜʥʳʝ ʚʳʨʘʞʝʥʠʡ (1) ʜʦʩʪʘʚʣʷʶʪ ʩʢʦʨʦʩʪʠ ʛʨʫʟʦʚ. 
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ʈʠʩ. 1 ï ʄʥʦʛʦʤʝʨʥʳʡ ʧʣʦʩʢʠʡ ʤʦʥʦʨʝʘʢʪʠʚʥʳʡ ʦʩʮʠʣʣʷʪʦʨ 
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ʋʩʣʦʚʠʝʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ 

ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʠʥʝʪʠʯʝʩʢʦʡ, ʯʪʦ ʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʤʦʥʦʨʝʘʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʦʩʮʠʣʣʷʪʦʨʘ.  

2 2 2 21 ( 1)
sin sin ... sin

2

i
T mR

n n

ë p - på õ è ø
= j+ -j + + -j +ì æ ö é ù

ç ÷ ê úí
 

                                  

2

2 ( 1) d
... sin

d

n

n t

- p û jè ø å õ
+ + -jüæ öé ù

ê ú ç ÷ý
.                                   (2) 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʣʦʩʢʦʡ ʤʥʦʛʦʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩʧʨʘʚʝʜʣʠʚʘ 

ʊʝʦʨʝʤʘ 2. ɼʣʷ 2n²  ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 

2

1

( 1)
sin

2

n

i

i n

n=

- pè ø
°j =é ù

ê ú
ä . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ.         

2
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( 1)
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i

i
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- pè ø
°j =é ù

ê ú
ä  

1 1

1 ( 1)2 1 ( 1)2
cos2 cos sin2 sin

2 2 2

n n

i i

n i i

n n= =

- p - p
= - j jä ä . 

ʉʫʤʤʘ ʝʜʠʥʠʯʥʳʭ ʚʝʢʪʦʨʦʚ, ʦʪʣʦʞʝʥʥʳʭ ʥʘ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʷʭ 1 20 ,0 ,...,0z z znx x x , ʨʘʚʥʘ 

ʥʫʣʶ ʚ ʩʠʣʫ ʮʝʥʪʨʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ. ʀʟ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʠ ʩʫʤʤʘ ʧʨʦʝʢʮʠʡ 

ʫʢʘʟʘʥʥʳʭ ʚʝʢʪʦʨʦʚ ʥʘ ʢʘʞʜʫʶ ʠʟ ʦʩʝʡ 1 20 ,0 ,...,0z z znx x x  ʪʦʞʝ ʨʘʚʥʘ ʥʫʣʶ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʪʦʨʦʝ ʠ 

ʪʨʝʪʴʝ ʩʣʘʛʘʝʤʳʝ ʧʦʩʣʝʜʥʝʛʦ ʚʳʨʘʞʝʥʠʷ ʠʤʝʶʪ ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ.      

ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

ʉʣʝʜʩʪʚʠʝ.  

2 2 2 2 2

1

( 1)
2 sin sin sin sin cos 1

2 2

n

i

i n
n

n=

- p pè ø å õ
= Ý °j = = j+ +j = j+ j=æ öé ù

ê ú ç ÷
ä . 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʧʨʘʚʝʜʣʠʚʘ ʠ 

ʊʝʦʨʝʤʘ 3. ɼʣʷ 2n²  ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ  

2

1

( 1)
cos

2

n

i

i n

n=

- pè ø
°j =é ù

ê ú
ä . 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʦʨʝʤʳ 2 ʢ ʵʥʝʨʛʠʠ (2) ʜʘʝʪ  
2

21 d
const

4 d
T nmR

t

jå õ
= =æ ö

ç ÷
. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ  

d
const

dt

j
= , 1 2C t Cj= +. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠʤʝʶʪ ʚʠʜ:  

0(0)j =j,  

0

d
(0)

dt

j
=w. 

ʇʦʵʪʦʤʫ                            
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2 0C =j,  

1 0C =w. 

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʟʦʚ (1) ʧʨʠʦʙʨʝʪʘʶʪ ʬʦʨʤʫ:  

( )1 0 0cosx R t= w +j,  

2 0 0cosx R t
n

på õ
= -w -jæ ö

ç ÷
,  

3 0 0

2
cosx R t

n

på õ
= -w -jæ ö

ç ÷
,  

é, 

0 0

( 1)
cosi

i
x R t

n

- pè ø
= -w -jé ù

ê ú
, 

ééééééééééé.é,  

0 0

( 1)
cosn

n
x R t

n

- pè ø
= -w -jé ù

ê ú
. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠʤʝʶʪ ʚʠʜ:  

1 10(0)x x= ,  

1
10

d
(0)

d

x
v

t
= . 

ʆʯʝʚʠʜʥʦ, ʯʪʦ  

10
0cos

x

R
j = ,  

2

10 10
0 2

arccos arcsin 1
x x

R R
j = = -, 

0 0 0 10sin( 0 )R v- w w +j =, 

                                            10
0

2 2

10

v

R x
w =-

-
.                                                (3) 

ɺ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʤʥʦʛʦʤʝʨʥʦʤ ʧʣʦʩʢʦʤ ʤʦʥʦʨʝʘʢʪʠʚʥʦʤ ʦʩʮʠʣʣʷʪʦʨʝ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʩʚʦʙʦʜʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʣʠʥʝʡʥʳʝ ʢʦʣʝʙʘʥʠʷ ʛʨʫʟʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʵʥʝʨʛʦʦʙʤʝʥʝ ʫʯʘʩʪʚʫʝʪ ʪʦʣʴʢʦ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ. ɺ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʘʭ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ.  

ʆʩʮʠʣʣʷʪʦʨ ʥʝ ʠʤʝʝʪ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (3) 

ʯʘʩʪʦʪʘ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʧʦʣʦʞʝʥʠʡ ʛʨʫʟʦʚ. 

ʇʨʘʚʠʣʴʥʳʡ ʤʥʦʛʦʫʛʦʣʴʥʠʢ 1 2, ,..., nx x x  ʩʦʚʝʨʰʘʝʪ ʜʚʦʡʥʦʝ ʚʨʘʱʝʥʠʝ ï ʚʦʢʨʫʛ ʪʦʯʢʠ 0 ʠ 

ʚʦʢʨʫʛ ʪʦʯʢʠ r.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʛʨʫʟʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʣʠʥʝʡʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʩ ʘʤʧʣʠʪʫʜʦʡ R. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʦʛʦ ʠʣʠ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦʟʚʦʣʠʪ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʘʨʘʣʣʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʛʨʫʟʦʚ. 
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ʋɼʂ621.922.02 

ʆ ʇʈʀʄɽʅʀʄʆʉʊʀ ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʆɻʆ ʇʆɼʍʆɼɸ ʂ 

ʇʈʆʎɽʉʉʋ ʐʃʀʌʆɺɸʅʀʗ ʄʀʂʈʆʇʆʈʀʉʊʓʍ ʇʆʂʈʓʊʀʁ 

ɸ.ʃ. ɺʝʨʝʱʘʛʠʥ
1
, ʅ.ʉ. ɸʣʝʢʩʝʝʚ

2 

ɹʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çɸʣʪʘʡʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè
1 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. 

ʇʦʣʟʫʥʦʚʘè
2
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʨʘʟʨʫʰʘʶʱʠʭ ʥʘʛʨʫʟʦʢ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʘʙʨʘʟʠʚʥʦʝ ʟʝʨʥʦ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ ʠ ʟʘʛʦʪʦʚʢʠ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ  ʰʣʠʬʦʚʘʥʠʝ 

ʤʝʪʘʣʣʦʚ ʢʘʢ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʧʨʦʮʝʩʩ ʨʝʟʘʥʠʷ ʤʝʪʘʣʣʘ ʧʨʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʦʪʥʦʩʠʪʩʷ ʢ ʟʘʢʨʳʪʳʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ. ʇʨʝʜʩʪʘʚʣʝʥʘ 

ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʰʣʠʬʦʚʘʣʴʥʳʭ ʢʨʫʛʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ 

ʠʟʦʙʘʨʥʦ-ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ ʚ ʢʦʥʪʘʢʪʘʭ Ni/SiC ʠ Ni/Al 2O3.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʨʦʧʦʨʠʩʪʳʝ ʧʦʢʨʳʪʠʷ, ʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʰʣʠʬʦʚʘʣʴʥʳʝ 

ʢʨʫʛʠ, ʠʟʥʦʩ ʢʨʫʛʦʚ, ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 
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ɺʚʝʜʝʥʠʝ 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ ʪʨʘʢʪʦʨʦʚ, ʘʚʪʦʤʦʙʠʣʝʡ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ 

ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʥʘʨʦʜʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʦʥʦ ʷʚʣʷʝʪʩʷ ʦʛʨʦʤʥʳʤ ʨʝʟʝʨʚʦʤ ʵʢʦʥʦʤʠʠ ʤʝʪʘʣʣʦʚ, 

ʪʨʫʜʦʚʳʭ ʟʘʪʨʘʪ, ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʦʚʝʩʪʠ ʨʘʙʦʪʳ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ 

ʨʝʤʦʥʪʫ ʪʝʭʥʠʢʠ ʠ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʩʪʦʝʚ ʤʘʰʠʥ [1]. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ 

ʜʝʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʥʘʥʝʩʝʥʠʝ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ 
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(ʜʘʣʝʝ ʧʨʦʩʪʦ ʧʦʢʨʳʪʠʡ) ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʤ ʥʘʧʳʣʝʥʠʝʤ (ɻʊʅ) [2]. ʂ ʯʠʩʣʫ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ɻʊʅ ʦʪʥʦʩʷʪʩʷ ʵʣʝʢʪʨʦʜʫʛʦʚʘʷ 

ʤʝʪʘʣʣʠʟʘʮʠʷ, ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ, ʜʝʪʦʥʘʮʠʦʥʥʦʝ, ʧʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ ʠ ʜʨ. 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʦʙʨʘʙʦʪʢʠ ʧʦʢʨʳʪʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʜʝʪʘʣʝʡ ʩ 

ʥʝʙʦʣʴʰʠʤʠ ʧʨʠʧʫʩʢʘʤʠ ʷʚʣʷʝʪʩʷ ʰʣʠʬʦʚʘʥʠʝ. ʆʜʥʘʢʦ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʧʦʢʨʳʪʠʡ (ʚʳʩʦʢʘʷ ʧʦʨʠʩʪʦʩʪʴ, ʥʘʣʠʯʠʝ ʦʢʩʠʜʦʚ, ʢʘʨʙʠʜʦʚ ʠ 

ʰʣʘʢʦʚ, ʧʦʥʠʞʝʥʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʜʨ.) ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʥʠʟʢʠʝ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʰʣʠʬʦʚʘʥʠʷ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʥʦʛʦ ʠʟʥʦʩʘ ʘʙʨʘʟʠʚʥʳʭ 

ʢʨʫʛʦʚ ʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʭ ʟʘʩʘʣʠʚʘʥʠʷ. 

ʇʨʦʙʣʝʤʘ ʙʦʨʴʙʳ ʩ ʟʘʩʘʣʠʚʘʥʠʝʤ ʰʣʠʬʦʚʘʣʴʥʳʭ ʢʨʫʛʦʚ (ʐʂ) ʥʝʨʝʜʢʦ 

ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʨʘʟʤʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʥʘ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘ ʠ ʧʦʪʦʤʫ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʚ ʧʦʣʝ 

ʟʨʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [3].  

ʇʨʠ ʵʪʦʤ ʦʩʦʙʫʶ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʦʚ ʚʳʙʦʨʘ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʐʂ, ʪʘʢ ʢʘʢ ʠʟʚʝʩʪʥʦ [4], ʯʪʦ 

ʩʨʝʜʠ ʚʩʝʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʰʣʠʬʦʚʘʥʠʷ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʥʘʫʯʥʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʚʳʙʦʨʫ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʐʂ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʠʢʨʦʧʦʨʠʩʪʳʭ 

ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ. 

 

ʆʙʦʩʥʦʚʘʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʮʝʩʩʫ ʰʣʠʬʦʚʘʥʠʷ 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ ʨʝʟʘʥʠʝʤ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʀʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ ʧʨʠ ʨʝʟʘʥʠʠ 

ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʜʝʬʦʨʤʘʮʠʠ ʚ ʩʣʦʝ ʩʨʝʟʘ ʠ ʩʣʦʷʭ, 

ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʨʝʟʘ, ʘ ʪʘʢʞʝ ʥʘ 

ʧʨʝʦʜʦʣʝʥʠʝ ʪʨʝʥʠʷ ʥʘ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʝʟʮʘ (ʘʙʨʘʟʠʚʥʦʛʦ 

ʟʝʨʥʘ). ɺ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘʮʠʠ ʟʸʨʥʘ ʤʝʪʘʣʣʘ ʧʝʨʝʤʝʱʘʶʪʩʷ ʜʨʫʛ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, ʯʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʘ. ʇʦʵʪʦʤʫ 

ʧʨʠ ʨʝʟʘʥʠʠ ʤʝʪʘʣʣʦʚ ʩʪʨʫʞʢʘ ʠ ʢʦʥʪʘʢʪʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘʶʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 500-1000Á ʉ [5].  

ʉʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʝ 

ʧʨʦʪʝʢʘʥʠʝ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ ʤʝʞʜʫ ʘʙʨʘʟʠʚʦʤ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤ 

ʤʘʪʝʨʠʘʣʦʤ. ʊʚʝʨʜʦʬʘʟʥʳʝ ʨʝʘʢʮʠʠ ʚʩʝʛʜʘ ʧʨʦʠʩʭʦʜʷʪ ʚ ʛʝʪʝʨʦʬʘʟʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʪʘʢ ʢʘʢ ʨʝʘʛʝʥʪʳ ʠ ʧʨʦʜʫʢʪʳ ʦʙʨʘʟʫʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʬʘʟʳ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʩʪʨʫʢʪʫʨʥʦ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʯʘʩʪʠʮ, 

ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ ʙʳʪʴ ʪʝ ʞʝ ʤʦʣʝʢʫʣʳ, ʠʦʥʳ ʠʣʠ ʨʘʜʠʢʘʣʳ. ʃʶʙʘʷ 

ʪʚʝʨʜʦʬʘʟʥʘʷ ʨʝʘʢʮʠʷ ʩʦʚʝʨʰʘʝʪʩʷ ʚ ʚʠʜʝ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʛʦ ʥʘʙʦʨʘ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʤʘʣʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʜʥʦ ʦʪ ʜʨʫʛʦʛʦ 

[6]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩ ʨʝʟʘʥʠʷ ʤʝʪʘʣʣʘ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ ʟʘʢʨʳʪʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʠ 

ʥʘʠʣʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ ʝʸ ʨʘʩʩʤʦʪʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʥʝʨʘʚʥʦʚʝʩʥʦʡ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ [7]. 
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ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʟʥʦʩʘ ʠ ʟʘʩʘʣʠʚʘʥʠʷ ʐʂ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʠʭ ʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢ ʘʙʨʘʟʠʚʥʦʤʫ 

ʤʘʪʝʨʠʘʣʫ. ʇʨʷʤʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ [8] ʧʨʦʪʝʢʘʥʠʝ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʘʙʨʘʟʠʚ-ʧʦʢʨʳʪʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ 

ʥʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʘʙʨʘʟʠʚʥʳʭ ʟʸʨʝʥ ʬʦʨʤʠʨʫʶʪʩʷ ʘʜʛʝʟʠʦʥʥʳʝ ʥʘʣʠʧʳ. 

ɺ ʧʨʦʮʝʩʩʝ ʰʣʠʬʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʩʦʟʜʘʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ: ʚʦʟʥʠʢʘʶʪ ʚʳʩʦʢʠʝ ʣʦʢʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʜʘʚʣʝʥʠʷ, ʦʙʨʘʟʫʶʪʩʷ ʶʚʝʥʠʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ, ʩʧʦʩʦʙʥʳʝ 

ʵʤʠʪʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʥʳ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪʩʷ ʭʠʤʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʦʩʦʙʝʥʥʦ ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ 

ʦʩʥʦʚʝ. ʅʘʧʨʠʤʝʨ, ʥʠʢʝʣʴ ʩʧʦʩʦʙʝʥ ʟʘ ʤʘʣʦʝ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ (10
-5
 ʩʝʢ) ʚʩʪʫʧʘʪʴ 

ʚ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʪʘʢʠʤʠ ʠʥʝʨʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʢʘʢ ʢʦʨʫʥʜ ʠ 

ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ [9]. 

ʋʩʪʘʥʦʚʣʝʥʦ [8], ʯʪʦ ʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʢʨʳʪʠʡ ʧʨʠ ʠʭ ʰʣʠʬʦʚʘʥʠʠ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ ʤʘʪʝʨʠʘʣʘ ʘʙʨʘʟʠʚʥʳʭ ʟʸʨʝʥ. ʇʦʵʪʦʤʫ 

ʧʨʦʮʝʩʩ ʰʣʠʬʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʤʦʞʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʧʫʪʸʤ ʧʦʜʙʦʨʘ ʪʘʢʠʭ 

ʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʜʦʩʪʠʯʴ ʥʘʠʙʦʣʴʰʝʛʦ ʩʥʠʞʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʢʦʥʪʘʢʪʝ ʘʙʨʘʟʠʚ ï ʧʦʢʨʳʪʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʙʨʘʟʠʚʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚʳʧʫʩʢʘʝʪ ʢʨʫʛʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʟʝʣʸʥʳʡ 

ʠ ʯʸʨʥʳʡ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ (SiC) ʠ ʨʘʟʣʠʯʥʳʝ ʤʘʨʢʠ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ (Al 2O3). 

ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʩʩʤʦʪʨʠʤ ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʠ 

ʢʦʨʫʥʜ. 

 

ʄʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʰʣʠʬʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʚʸʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ 

ɼʣʷ ʚʳʙʦʨʘ ʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʢʦʥʪʘʢʪʦʚ Ni/SiC ʠ Ni/Al 2O3 ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʧʨʦʪʝʢʘʥʠʷ ʪʚʸʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ ʥʠʢʝʣʷ ʩ ʢʘʨʙʠʜʦʤ ʢʨʝʤʥʠʷ ʠ ʦʢʩʠʜʦʤ 

ʘʣʶʤʠʥʠʷ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʠʟʤʝʥʝʥʠʡ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʪʨʫʢʪʫʨʳ, 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʠʢʦʡ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [10]. 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʜʦʧʫʱʝʥʠʷʤʠ 

ʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤʠ: 

- ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ ʜʠʘʧʘʟʦʥʦʤ ʛʦʤʦʛʝʥʥʦʩʪʠ ʬʘʟ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ; 

- ʩʫʙʣʠʤʘʮʠʷ ʠ ʞʠʜʢʠʝ ʬʘʟʳ ʚ ʩʠʩʪʝʤʝ ʦʪʩʫʪʩʪʚʫʶʪ; 

- ʪʨʦʡʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʦʪʩʫʪʩʪʚʫʶʪ; 

- ʨʝʘʢʮʠʠ, ʚ ʧʨʦʜʫʢʪʘʭ ʢʦʪʦʨʳʭ ʙʦʣʝʝ ʜʚʫʭ ʚʝʱʝʩʪʚ, ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ 

ʘʥʘʣʠʟʘ ʢʘʢ ʤʘʣʦʚʝʨʦʷʪʥʳʝ.  

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [11,12] ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʦʤʝʨʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʜʣʷ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ çʥʠʢʝʣʴ-ʢʨʝʤʥʠʡ-

ʫʛʣʝʨʦʜè ʠ çʥʠʢʝʣʴ-ʘʣʶʤʠʥʠʡ-ʢʠʩʣʦʨʦʜè ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʥʪʘʢʪʦʚ (300é1300 ʂ). ʂʨʠʪʝʨʠʝʤ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʜʚʫʭ ʬʘʟ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʤʝʞʜʫ 
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ʚʝʱʝʩʪʚʘʤʠ, ʠʭ ʦʙʨʘʟʫʶʱʠʤʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʷʚʣʝʥʦ ʧʫʪʸʤ ʘʥʘʣʠʟʘ 

ʤʝʪʦʜʘʤʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ [13]. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʫʨʘʚʥʝʥʠʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʤʝʞʜʫ 

ʚʝʱʝʩʪʚʘʤʠ.  

ɺ ʪʚʝʨʜʦʬʘʟʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʚʝʜʝʥʠʝ ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ ʠʣʠ ʠʦʥʦʚ ʢʘʞʜʦʛʦ 

ʨʝʘʛʝʥʪʘ ʠʣʠ ʧʨʦʜʫʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʠʭ ʭʠʤʠʯʝʩʢʠʤ ʩʨʦʜʩʪʚʦʤ, ʥʦ ʠ 

ʵʥʝʨʛʝʪʠʢʦʡ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ ʯʘʩʪʠʮʘʤʠ ʚ ʧʨʝʜʝʣʘʭ ʪʚʝʨʜʳʭ ʬʘʟ - ʨʝʘʛʝʥʪʦʚ. ʀʟ 

ʘʥʘʣʠʟʘ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ ʚʠʜʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʠ ʯʘʩʪʠʮ ʚ ʨʝʘʛʝʥʪʘʭ, 

ʦʮʝʥʠʚʘʝʤʘʷ ʵʥʝʨʛʠʝʡ ʩʫʙʣʠʤʘʮʠʠ ʧʦʩʣʝʜʥʠʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʚʦʩʭʦʜʠʪ 

ʵʥʪʘʣʴʧʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʕʥʪʘʣʴʧʠʷ (ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʝ) ʩʦʝʜʠʥʝʥʠʷ ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ ʪʝʧʣʦʪʝ, 

ʚʳʜʝʣʷʝʤʦʡ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʦʜʥʦʛʦ ʤʦʣʷ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʵʣʝʤʝʥʪʦʚ (ʚ ʠʭ 

ʩʪʘʥʜʘʨʪʥʦʤ ʩʦʩʪʦʷʥʠʠ) ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʥʪʘʣʴʧʠʷ 

ʨʝʘʢʮʠʠ ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ ʵʥʪʘʣʴʧʠʡ ʧʨʦʜʫʢʪʦʚ ʠ ʨʝʘʛʝʥʪʦʚ ʠ ʦʥʘ ʦʯʝʥʴ ʤʘʣʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʤʝʥʝʥʠʝʤ ʵʥʪʘʣʴʧʠʠ ʨʝʘʢʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʭʦʪʷ ʙʳ ʦʜʠʥ ʠʟ 

ʨʝʘʛʝʥʪʦʚ ʠʣʠ ʧʨʦʜʫʢʪʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʪʚʝʨʜʦʡ ʬʘʟʦʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʵʥʝʨʛʝʪʠʢʘ ʪʚʝʨʜʦʬʘʟʥʦʛʦ (ʢʘʢ ʠ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ) ʧʨʦʮʝʩʩʘ ʧʦʤʠʤʦ ʠʟʤʝʥʝʥʠʷ 

ʵʥʪʘʣʴʧʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʵʥʪʨʦʧʠʠ ʩʠʩʪʝʤʳ. 

ɼʨʫʛʦʡ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ ʷʚʣʷʝʪʩʷ ʠʭ 

ʪʦʧʦʭʠʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʪʦ ʝʩʪʴ ʣʦʢʘʣʠʟʘʮʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ. ɺ ʩʣʫʯʘʝ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ 

ʨʝʘʢʮʠʦʥʥʘʷ ʟʦʥʘ (ʟʦʥʘ ʢʦʥʪʘʢʪʘ) ʠʤʝʝʪ ʥʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨ, ʯʪʦ ʦʩʣʦʞʥʷʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ.  

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʠ ʥʘ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʤʘʩʩʦʚʘʷ 

ʜʦʣʷ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʪʨʫʞʢʝ ʩʦʩʪʘʚʣʷʝʪ ʜʦʣʠ ʧʨʦʮʝʥʪʘ, ʯʪʦ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʠʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

(ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ, ʵʤʠʩʩʠʦʥʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ, ʨʝʥʪʛʝʥʦʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ) ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤ ʤʝʪʘʣʣʦʤ, ʧʦʨʦʛ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 5%.  

ʄʦʞʥʦ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ ʘʙʨʘʟʠʚʘ ʠ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ ʧʦ ʩʧʝʢʪʨʫ ʠʟʣʫʯʝʥʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ 

ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʠ 

ʜʘʚʣʝʥʠʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. ʆʩʣʦʞʥʷʝʪ ʧʨʝʜʩʢʘʟʘʥʠʝ 

ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʢʠʥʝʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ 

ʩʢʦʨʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʷ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʪʤʦʩʬʝʨʦʡ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʦʢʠʩʣʝʥʠʝ, ʦʙʨʘʟʦʚʘʥʠʝ ʥʠʪʨʠʜʦʚ ʠ ʪ.ʜ.). 

ʇʦʣʘʛʘʶʪ [6,14], ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʛʝʥʪʦʚ ʟʘʚʠʩʠʪ ʥʝ 

ʪʦʣʴʢʦ ʦʪ ʠʭ ʭʠʤʠʯʝʩʢʦʡ ʠ ʬʘʟʦʚʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʠ, ʥʦ ʠ ʦʪ ʩʦʩʪʦʷʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʧʦʩʦʙʦʤ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʣʠ ʦʙʨʘʙʦʪʢʠ ʨʝʘʛʝʥʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʚʳʟʳʚʘʝʪ 

ʩʦʤʥʝʥʠʡ, ʯʪʦ ʵʪʠ ʨʘʟʣʠʯʠʷ ʚ ʩʦʩʪʦʷʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʩʚʷʟʘʥʳ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʥʝʡ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʜʝʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʠʟʫʯʘʪʴ ʠ 
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ʪʱʘʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ, ʯʪʦʙʳ ʦʧʪʠʤʘʣʴʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʪʚʝʨʜʦʬʘʟʥʳʡ 

ʧʨʦʮʝʩʩ [6]. 

 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʭʠʤʠʯʝʩʢʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʘʙʨʘʟʠʚʘ 

ʢ ʦʙʨʘʙʘʪʳʚʘʝʤʦʤʫ ʤʝʪʘʣʣʫ 

ʈʘʩʯʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʘʙʨʘʟʠʚʘ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ:  

- ʢ ʩʠʩʪʝʤʝ ʘʙʨʘʟʠʚ ï ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʝʪʘʣʣ ʧʨʠʤʝʥʠʤʳ ʤʝʪʦʜʳ 

ʨʘʚʥʦʚʝʩʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ; 

- ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʣʫʯʝʥʠʷ ʥʝ 

ʙʝʨʫʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʢʘʢ ʠ ʦʢʠʩʣʝʥʠʝ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ; 

- ʘʙʨʘʟʠʚ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʝʪʘʣʣ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 1300 K ʥʝ 

ʧʨʝʪʝʨʧʝʚʘʶʪ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʢʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʤʝʝʪ ʧʨʷʤʦʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ; 

- ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ 

ʠʟʦʙʘʨʥʦ-ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʨʘʩʩʯʠʪʘʥʥʦʤʫ ʧʦ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ 

ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ  

                            æGʧʨʦʮʝʩʩʘ =  ễGʧʨʦʜʫʢʪʦʚ - ễGʨʝʘʛʝʥʪʦʚ                                (1) 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ (1) ʦʪ ʟʥʘʢʘ ʝʸ ʠʟʤʝʥʝʥʠʷ ʚʦʟʤʦʞʥʳ ʪʨʠ ʩʣʫʯʘʷ. 

1. æG < 0, ʨʝʘʢʮʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʚʦʟʤʦʞʥʘ. 

ʇʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʪʦʣʴʢʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʤʝʥʴʰʝʥʠʷ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʚ ʩʠʩʪʝʤʝ 

(æG < 0). 

2. æG> 0, ʨʝʘʢʮʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʘ; 

3. æG = 0, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳ, ʢʘʢ ʧʨʷʤʘʷ, ʪʘʢ ʠ ʦʙʨʘʪʥʘʷ 

ʨʝʘʢʮʠʠ. 

ɽʩʣʠ ʟʥʘʯʝʥʠʷ æG ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʨʝʘʢʮʠʠ 

ʦʪʩʫʪʩʪʚʫʶʪ, ʪʦ ʜʣʷ ʨʘʩʯʝʪʘ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʠʟʦʙʘʨʥʦ-

ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: 

ʵʥʪʘʣʴʧʠʡʥʳʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʵʥʪʘʣʴʧʠʠ ʩʠʩʪʝʤʳ (ȹH), ʠ 

ʵʥʪʨʦʧʠʡʥʳʤ T ȹS, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʙʝʩʧʦʨʷʜʢʘ ʚ ʩʠʩʪʝʤʝ 

ʚʩʣʝʜʩʪʚʠʝ ʨʦʩʪʘ ʝʝ ʵʥʪʨʦʧʠʠ  

                                            ȹG = ȹH ï T ȹS.                                               (2) 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʪʦʛʦ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʜʘʥʥʳʤʠ ʦʙ 

ʩʪʘʥʜʘʨʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʵʥʪʘʣʴʧʠʠ, ʵʥʪʨʦʧʠʠ ʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʦʪ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 1300 K. 

ʀʪʘʢ, ʚ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʥʷʶʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʟʘʧʘʩ ʩʠʩʪʝʤʳ (ʵʥʪʘʣʴʧʠʡʥʳʡ ʬʘʢʪʦʨ) ʠ ʩʪʝʧʝʥʴ ʝʝ ʙʝʩʧʦʨʷʜʢʘ (ʵʥʪʨʦʧʠʡʥʳʡ 

ʬʘʢʪʦʨ, ʥʝ ʩʦʚʝʨʰʘʶʱʘʷ ʨʘʙʦʪʫ ʵʥʝʨʛʠʷ). 

ʀʟ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʷ (2) ʩʣʝʜʫʝʪ, ʢʘʢʦʡ ʠʟ ʬʘʢʪʦʨʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʵʥʝʨʛʠʶ ɻʠʙʙʩʘ, ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, 

ʵʥʪʘʣʴʧʠʡʥʳʡ (ȹH) ʠʣʠ ʵʥʪʨʦʧʠʡʥʳʡ (ȹSĿT). 
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ɽʩʣʠ ȹH < 0 ʠ ȹS > 0, ʪʦ ʚʩʝʛʜʘ ȹG < 0 ʠ ʨʝʘʢʮʠʷ ʚʦʟʤʦʞʥʘ ʧʨʠ ʣʶʙʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. 

ɽʩʣʠ ȹH > 0 ʠ ȹS < 0, ʪʦ ʚʩʝʛʜʘ ȹG > 0, ʠ ʨʝʘʢʮʠʷ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʪʝʧʣʦʪʳ 

ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʵʥʪʨʦʧʠʠ ʥʝʚʦʟʤʦʞʥʘ ʥʠ ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ (ȹH < 0, ȹS < 0 ʠ ȹH > 0, ȹS > 0) ʟʥʘʢ ȹG ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ȹH ʠ TȹS. ʈʝʘʢʮʠʷ ʚʦʟʤʦʞʥʘ, ʝʩʣʠ ʦʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝʤ ʠʟʦʙʘʨʥʦ-ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ; ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ T ʥʝʚʝʣʠʢʦ, ʟʥʘʯʝʥʠʝ TȹS ʪʘʢʞʝ ʥʝʚʝʣʠʢʦ, ʠ 

ʦʙʳʯʥʦ ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʙʦʣʴʰʝ TȹS. ʇʦʵʪʦʤʫ ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʘʢʮʠʡ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʵʢʟʦʪʝʨʤʠʯʥʳ. ʏʝʤ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʤ ʙʦʣʴʰʝ TȹS, ʠ ʜʘʞʝ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʩʪʘʥʦʚʷʪʩʷ 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʤʠ. 

ɿʘʚʠʩʠʤʦʩʪʴ ȹH ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʨʘʞʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ȹHT = ȹH + 

ȹCpĿȹT, ʛʜʝ ȹCp ï ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩʠʩʪʝʤʳ. ɽʩʣʠ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 298 ʂ ï T ʨʝʘʛʝʥʪʳ ʥʝ ʧʨʝʪʝʨʧʝʚʘʶʪ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʪʦ ȹCp= 

0, ʠ ʜʣʷ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʟʥʘʯʝʥʠʷʤʠ ȹH
Á
. 

ʕʥʪʨʦʧʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚʩʝʛʜʘ ʙʦʣʴʰʝ ʥʫʣʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 

ʜʝʩʷʪʢʦʚ ʜʦ ʩʦʪʝʥ ɼʞĀʤʦʣʴ
ï1

K
ï1
. ɿʥʘʢ ȹG ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʆʜʥʘʢʦ ʜʣʷ ʦʮʝʥʢʠ ʦʩʫʱʝʩʪʚʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʙʳʯʥʦ ʧʦʣʴʟʫʶʪʩʷ 

ʟʥʘʯʝʥʠʷʤʠ ʩʪʘʥʜʘʨʪʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ȹG
Á
. ɺʝʣʠʯʠʥʘ ȹG

Á
 ʥʝ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʚ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʵʥʪʨʦʧʠʠ (ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʨʝʘʢʮʠʠ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ ʠ ʜʨ.). ʊʘʢʠʝ 

ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʳ ʟʘ ʩʯʝʪ ʵʥʪʨʦʧʠʡʥʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠ ʫʩʣʦʚʠʠ 

ʊ > ȹH/ȹS. 

 

ɿʘʢʣʶʯʝʥʠʝ 

1. ʇʨʠʤʝʥʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤ ʤʝʪʘʣʣʦʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʝʩʴʤʘ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ ʠ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʜʦʧʫʱʝʥʠʡ ʚ ʨʘʩʯʝʪʘʭ ʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʡ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʚʨʝʤʝʥʥʳʭ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʥʘʥʝʩʝʥʥʳʭ ʥʠʢʝʣʝʚʳʭ ʧʦʢʨʳʪʠʡ. 

2. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ 

ʤʝʪʘʣʣʘ ʩʠʩʪʝʤʫ ʘʙʨʘʟʠʚ ï ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʟʘʢʨʳʪʦʡ 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʯʝʪʳ ʧʨʦʠʟʚʦʜʠʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 1300 K. 

3. ʊʝʦʨʝʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢ ʥʠʢʝʣʶ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ (SiC) ʠ ʢʦʨʫʥʜʘ (Al 2O3) ʚ ʢʦʥʪʘʢʪʘʭ Ni/SiC ʠ Ni/Al 2O3 ʥʘ ʦʩʥʦʚʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ 

ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʩʣʝʜʫʝʪ ʜʘʚʘʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 300é1300 ʂ. 
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ʋɼʂ 621.058  

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ɾʀɿʅɽʅʅʆɻʆ ʎʀʂʃɸ ʊʈʋɹʆʂ 

ɺʓʉʆʂʆɻʆ ɼɸɺʃɽʅʀʗ ʅɸ ʕʊɸʇɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ 

ʇʆɼɻʆʊʆɺʂʀ ʀʍ ʇʈʆʀɿɺʆɼʉʊɺɸ 

ɼ.ɺ. ɻʦʥʯʘʨʫʢ, ʅ.ʇ. ʑʝʨʙʘʢʦʚ 

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ 
ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ  ʟʥʘʯʠʤʦʩʪʴ ʪʨʫʙʦʢ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 
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(ʊɺɼ), ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʪʦʧʣʠʚʦʧʨʦʚʦʜʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ  ʵʪʘʧʳ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʊɺɼ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ  ʵʪʘʧʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (ʊʇʇ), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʠ ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ. ɺʳʷʚʣʝʥʳ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ, 

ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʠʭ ʨʝʰʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʫʙʢʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʊɺɼ), ʪʦʧʣʠʚʦʧʨʦʚʦʜʳ, ʞʠʟʥʝʥʥʳʡ 

ʮʠʢʣ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʊɺɼ. 

 

IMPROVEMENT OF THE LIFE CYCLE OF HIGH -PRESSURE PIPES AT 

THE STAGE OF TECHNOLOGICAL PREPARATION OF THEIR 

PRODUCTION 

D.V. Goncharuk, N.P. Shcherbakov 

Altai State Technical University I.I. Polzunova 
Annotation. The relevance and importance of high-pressure pipes (HPP) as the main 

component of high-pressure fuel lines are considered. The stages of the life cycle of the turbojet 

engine are considered, special attention is paid to the stage of technological preparation of 

production (TPP), which is a key factor in improving product quality and reducing production costs. 

The problems that arise at this stage are identified, methods for solving them are proposed. 

Keywords: high-pressure pipes (HPP), fuel lines, life cycle, technological preparation of the 

production (HPP). 

 

ʊʨʫʙʢʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʊɺɼ) ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʜʠʟʝʣʴʥʳʭ 

ʜʚʠʛʘʪʝʣʷʭ[1], ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʵʥʝʨʛʝʪʠʢʝ, 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ. ʂʘʯʝʩʪʚʦ ʠ ʥʘʜʝʞʥʦʩʪʴ ʊɺɼ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ  ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʨʘʙʦʪʳ. ɸʢʪʫʘʣʴʥʦʡ ʠ ʚʘʞʥʝʡʰʝʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʩʝʭ ʵʪʘʧʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

(ɾʎ) ʊɺɼ, ʚʢʣʶʯʘʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ 

ʫʪʠʣʠʟʘʮʠʶ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (ʊʇʇ). ʊʇʇ ʊɺɼ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʨʦʧʨʠʷʪʠʡ 

ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʟʘʜʘʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʨʦʢʘʭ, ʦʙʲʝʤʘʭ ʠ ʟʘʪʨʘʪʘʭ.  

ʊʨʫʙʢʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʷʚʣʷʶʱʘʷʩʷ ʯʘʩʪʴʶ  ʪʦʧʣʠʚʦʧʨʦʚʦʜʘ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʦʝ ʠʟʜʝʣʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʞʠʜʢʦʩʪʝʡ ʠʣʠ ʛʘʟʦʚ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ. 

ʀʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʢʦʨʨʦʟʠʠ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʚʨʝʞʜʝʥʠʷʤ. 

ʆʩʥʦʚʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʪʨʫʙʦʢ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ: 

¶ ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ (ʪʦʧʣʠʚʥʳʝ ʩʠʩʪʝʤʳ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ);  

¶ ʅʝʬʪʝʛʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ (ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʥʝʬʪʠ ʠ 
ʛʘʟʘ); 

¶ ʕʥʝʨʛʝʪʠʢʘ (ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ, ʧʘʨʦʧʨʦʚʦʜʳ); 

¶ ʍʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ (ʧʝʨʝʨʘʙʦʪʢʘ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ); 

¶ ʉʫʜʦʩʪʨʦʝʥʠʝ ʠ ʘʚʠʘʮʠʷ (ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ). 
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ɸʣʪʘʡʩʢʠʡ ʟʘʚʦʜ ʧʨʝʮʠʟʠʦʥʥʳʭ ʠʟʜʝʣʠʡ (ɸɿʇʀ) ï ʨʦʩʩʠʡʩʢʠʡ ʣʠʜʝʨ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʦʧʣʠʚʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚʩʝʭ ʪʠʧʦʚ. 

ɸɿʇʀ ʚʭʦʜʠʪ ʚ ʜʝʩʷʪʢʫ ʤʠʨʦʚʳʭ ʣʠʜʝʨʦʚ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʪʦʧʣʠʚʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʆʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ  ɸɿʇʀ ï 

ʵʣʝʢʪʨʦʫʧʨʘʚʣʷʝʤʘʷ ʪʦʧʣʠʚʥʘʷ ʘʧʧʘʨʘʪʫʨʘ. ʇʦʣʥʦʢʦʤʧʣʝʢʪʥʳʝ 

ʪʦʧʣʠʚʦʧʦʜʘʶʱʠʝ ʩʠʩʪʝʤʳ ʪʠʧʘ Common Rail ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʢʣʘʩʩʦʚ EURO-4 ʠ EURO-5. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ɸɿʇʀ ʚʳʧʫʩʢʘʝʪ ʰʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ 

ʪʦʧʣʠʚʦʧʨʦʚʦʜʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʥʘʩʯʠʪʳʚʘʶʱʠʡ ʙʦʣʝʝ ʜʚʘʜʮʘʪʠ ʪʠʧʦʚ ʠ 

ʚʠʜʦʚ [2]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥ ʪʦʧʣʠʚʦʧʨʦʚʦʜ ʬʦʨʩʫʥʢʠ  

ʧʝʨʚʦʛʦ ʮʠʣʠʥʜʨʘ ɸ-12-096-01-00-00. ʕʪʦʪ ʪʦʧʣʠʚʦʧʨʦʚʦʜ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ CUMMINS ISB 6,7 E5  KAMAZ  667 ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ  

KAMAZ , NEFAZ, KAVZ    ʠ ʜʨʫʛʠʭ. 

 

 
ʈʠʩ. 1 ï ʊʦʧʣʠʚʦʧʨʦʚʦʜ  ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

 

ɸʥʘʣʠʟ ʧʨʦʠʟʚʦʜʩʪʚʘ ʊɺɼ ʥʘ ɸɿʇʀ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʫʙʦʢ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ɾʎ: 

1. ʄʘʨʢʝʪʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

2. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ 

3. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʊʇʇ) 

4. ʇʨʦʠʟʚʦʜʩʪʚʦ 

5. ʕʢʩʧʣʫʘʪʘʮʠʷ 

6. ʋʪʠʣʠʟʘʮʠʷ. 

ʂʘʞʜʳʡ ʵʪʘʧ ʠʤʝʝʪ ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ ʠ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ  ʧʨʦʜʫʢʪʘ. ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʣʘ ʧʨʘʢʪʠʢʘ,  ʠʤʝʥʥʦ ʵʪʘʧ ʊʇʇ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʠ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ. ɺ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʊʇʇ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 30 ʜʦ 60 

ʧʨʦʮʝʥʪʦʚ ʪʨʫʜʦʝʤʢʦʩʪʠ. 

https://azpi22.ru/search/dvigatel-cummins-isb-6-7-e5/
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ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ɸɿʇʀ, ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʵʪʘʧʝ ʊʇʇ: 

¶ ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

¶ ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ ʚʳʙʨʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʠʟʚʦʜʩʪʚʘ 

¶ ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

¶ ʆʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. 

ʇʝʨʚʦʡ ʦʧʝʨʘʮʠʝʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʊɺɼ ʚʳʩʪʫʧʘʝʪ ʦʪʨʝʟʥʘʷ ʦʙʨʘʙʦʪʢʘ ʟʘʛʦʪʦʚʢʠ, ʠʤʝʥʥʦ ʥʘ ʢʦʪʦʨʦʡ ʠʟʥʘʯʘʣʴʥʦ 

ʚʦʟʥʠʢ ʨʷʜ ʩʝʨʴʝʟʥʳʭ ʪʨʫʜʥʦʩʪʝʡ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʝʨʚʳʭ ʦʧʳʪʥʳʭ 

ʧʘʨʪʠʡ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʚʳʷʚʠʣʠ ʢʨʠʪʠʯʝʩʢʠʡ ʥʝʜʦʩʪʘʪʦʢ: ʦʙʨʘʟʦʚʘʥʠʝ 

ʛʣʫʙʦʢʠʭ ʧʨʦʜʦʣʴʥʳʭ çʟʘʨʝʟʦʚè, ʧʨʦʥʠʢʘʶʱʠʭ ʩʢʚʦʟʴ ʟʘʱʠʪʥʳʡ ʩʣʦʡ ʮʠʥʢʘ 

ʚʧʣʦʪʴ ʜʦ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ ʪʨʫʙʳ (ʨʠʩ. 2). ʕʪʦ ʷʚʣʝʥʠʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʪʨʝʟʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʥʘʨʫʰʝʥʥʳʤ ʧʦʢʨʳʪʠʝʤ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʭʫʜʰʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ, 

ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʯʘʛʦʚ ʢʦʨʨʦʟʠʠ ʠ ʫʩʢʦʨʷʝʪ ʠʟʥʦʩ ʵʣʝʤʝʥʪʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ (ʨʠʩ. 3, 4). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʩʪʘʥʦʚʠʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʷ 

ʨʝʞʠʤʦʚ ʨʝʟʢʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʩʦʭʨʘʥʝʥʠʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʟʘʱʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʥʝʰʥʝʛʦ ʧʦʢʨʳʪʠʷ ʠʟʜʝʣʠʷ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʜʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʪʨʘʪʝʛʠʠ: ʧʨʦʚʝʜʝʥʠʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʦʪʨʝʟʥʦʛʦ ʩʪʘʥʢʘ ʩ ʮʝʣʴʶ ʫʩʪʨʘʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠʟʲʷʥʦʚ ʠ 

ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ, ʣʠʙʦ ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʦʚʦʛʦ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʝʦʙʭʦʜʠʤʳʤ ʪʝʭʥʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʩʪʘʥʜʘʨʪʘʤ ʢʘʯʝʩʪʚʘ. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʦʙʫʩʣʦʚʣʝʥ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʢ, ʩʦʭʨʘʥʠʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʠ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʟʜʝʨʞʢʠ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʪʨʝʙʫʝʤʳʡ 

ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. 

ʏʪʦʙʳ ʫʩʪʨʘʥʠʪʴ ʫʢʘʟʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ 

ʧʨʦʜʫʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 
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ʈʠʩ. 2 ï ʈʝʘʣʴʥʳʝ ʟʘʨʝʟʳ ʥʘ ʦʧʝʨʘʮʠʠ ʦʪʨʝʟʢʠ ʟʘʛʦʪʦʚʦʢ 

 
 



151  

ʈʠʩ. 3 ï ɿʘʨʝʟʳ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ 

 

 
 

ʈʠʩ. 4 - ɿʘʨʝʟʳ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ, ʩ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʢʦʨʨʦʟʠʝʡ 

 

ʎʠʢʣ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ 

ʩʣʝʜʫʶʱʠʝ ʧʨʠʝʤʳ. 1. ɺʳʩʪʘʚʠʪʴ ʫʧʦʨ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʣʠʥʫ ʦʪ ʮʘʥʛʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʪʦʧʣʠʚʦʧʨʦʚʦʜʘ. 2. ʋʩʪʘʥʦʚʠʪʴ 

ʪʨʫʙʢʫ-ʟʘʛʦʪʦʚʢʫ ʚ ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʣʴʮʘ ʜʦ ʫʧʦʨʘ. 3. ɿʘʞʘʪʴ ʪʨʫʙʢʫ-ʟʘʛʦʪʦʚʢʫ 

ʚ ʮʘʥʛʝ. 4. ɺʢʣʶʯʠʪʴ ʢʥʦʧʢʫ çʇʫʩʢè (ʚʢʣʶʯʘʝʪʩʷ ʚʨʘʱʝʥʠʝ ʰʧʠʥʜʝʣʷ). 5. 

ʇʨʦʠʟʚʝʩʪʠ ʦʪʨʝʟʢʫ ʪʨʫʙʢʠ-ʟʘʛʦʪʦʚʢʠ, ʧʨʠʜʝʨʞʠʚʘʷ ʦʪʨʝʟʘʝʤʫʶ ʯʘʩʪʴ ʨʫʢʦʡ. 6. 

ʋʣʦʞʠʪʴ ʦʪʨʝʟʘʥʥʫʶ ʯʘʩʪʴ ʪʨʫʙʢʠ-ʟʘʛʦʪʦʚʢʠ ʚ ʪʘʨʫ. 7. ʈʘʟʞʘʪʴ ʮʘʥʛʫ ʠ 

ʧʦʜʚʝʩʪʠ ʪʨʫʙʢʫ-ʟʘʛʦʪʦʚʢʫ ʜʦ ʫʧʦʨʘ ʚʨʫʯʥʫʶ. 

ʄʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ. 1. ɿʘʤʝʥʘ ʫʩʪʘʨʝʚʰʝʛʦ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʫʧʦʨʘ ʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʟʘʞʠʤ ʩ ʧʥʝʚʤʘʪʠʯʝʩʢʠʤ 

ʧʨʠʚʦʜʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʩʦ ʩʪʦʨʦʥʳ ʧʦʜʘʯʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʢʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʧʦʨʥʳʭ ʩʪʦʝʢ ʥʘ ʨʘʤʝ ʩʪʘʥʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʠʩʢʣʶʯʠʪʴ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʜʝʨʞʠʚʘʥʠʷ ʚʨʫʯʥʫʶ ʦʪʨʝʟʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʟʘʛʦʪʦʚʢʠ. 2. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʥʘʩʪʨʦʡʢʫ ʜʣʠʥʳ ʪʨʫʙʦʢ-ʟʘʛʦʪʦʚʦʢ, ʟʘʤʝʥʠʚ ʧʨʝʞʥʶʶ 

ʨʫʯʥʫʶ ʨʝʛʫʣʠʨʦʚʢʫ ʩʠʩʪʝʤʦʡ ʯʠʩʣʦʚʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʏʇʋ), ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʜʦʩʪʠʛʘʪʴ ʟʘʜʘʥʥʳʭ ʨʘʟʤʝʨʦʚ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ 

ʤʠʥʠʤʠʟʠʨʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʢ ʦʧʝʨʘʪʦʨʘ. 3. ʀʟʤʝʥʠʪʴ ʩʭʝʤʫ ʦʙʨʘʙʦʪʢʠ: 

ʧʨʦʠʟʚʦʜʠʪʴ ʦʪʨʝʟʢʫ ʙʝʟ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʘʤʦʡ ʟʘʛʦʪʦʚʢʠ, ʠʩʧʦʣʴʟʫʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʨʘʱʘʶʱʫʶʩʷ ʜʠʩʢʦʚʫʶ ʬʨʝʟʫ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʛʘʨʘʥʪʠʨʫʝʪ 
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ʩʥʠʞʝʥʠʝ ʨʠʩʢʘ ʧʦʚʨʝʞʜʝʥʠʡ ʥʘʨʫʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʫʣʫʯʰʘʝʪ ʯʠʩʪʦʪʫ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 4. ʆʙʝʩʧʝʯʠʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ 

ʟʘʛʦʪʦʚʢʠ ʜʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʦʧʝʨʘʮʠʠ ʦʪʨʝʟʢʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʥʝʚʤʦʮʠʣʠʥʜʨʘ, ʠʩʢʣʶʯʘʶʱʝʡ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʠ ʧʦʚʳʰʘʶʱʝʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 5. ʇʦʜʚʝʩʪʠ ʩʠʩʪʝʤʫ ʧʦʜʘʯʠ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʝʡ 

ʞʠʜʢʦʩʪʠ (ʉʆɾ) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ ʨʝʟʘʥʠʷ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʠ ʫʜʘʣʝʥʠʝ 

ʩʪʨʫʞʢʠ, ʩʥʠʞʘʷ ʥʘʛʨʫʟʢʫ ʥʘ ʠʥʩʪʨʫʤʝʥʪ ʠ ʫʚʝʣʠʯʠʚʘʷ ʩʨʦʢ ʝʛʦ ʩʣʫʞʙʳ. 

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ, ʦ 

ʧʨʠʦʙʨʝʪʝʥʠʠ ʦʪʨʝʟʥʦʛʦ ʩʪʘʥʢʘ MC32 FANC ð ʵʪʦ ʩʦʚʨʝʤʝʥʥʳʡ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʦʪʨʝʟʥʦʡ ʩʪʘʥʦʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ 

ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʪʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʨʫʙ ʠ ʧʨʦʬʠʣʝʡ ʨʘʟʣʠʯʥʦʛʦ 

ʜʠʘʤʝʪʨʘ. ʄʦʜʝʣʴ ʦʩʥʘʱʘʝʪʩʷ ʤʦʱʥʳʤ ʰʧʠʥʜʝʣʝʤ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʯʠʩʣʦʤ 

ʦʙʦʨʦʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ. ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʣʝʜʫʶʱʠʝ. 1. 

ʕʢʦʥʦʤʠʯʥʦʩʪʴ: ʩʪʦʠʤʦʩʪʴ ʧʦʢʫʧʢʠ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʢʘʟʘʣʘʩʴ ʥʠʞʝ 

ʩʦʚʦʢʫʧʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ʤʦʜʝʨʥʠʟʘʮʠʶ ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʪʝʭʥʠʯʝʩʢʫʶ 

ʧʦʜʜʝʨʞʢʫ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʩʪʘʥʢʘ. 2. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ: ʥʦʚʘʷ ʪʝʭʥʠʢʘ 

ʦʙʣʘʜʘʝʪ ʫʚʝʣʠʯʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʠ ʫʩʢʦʨʷʷ ʚʳʧʫʩʢ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ. 3. ʇʦʚʳʰʝʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ 

ʧʘʢʝʪʥʦʛʦ ʧʠʣʝʥʠʷ (ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʛʨʫʧʧʳ ʟʘʛʦʪʦʚʦʢ) ʧʦʟʚʦʣʷʝʪ 

ʤʥʦʛʦʢʨʘʪʥʦ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʥʠʟʠʚ ʫʜʝʣʴʥʳʝ ʨʘʩʭʦʜʳ ʥʘ 

ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʮʠʠ. 4. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ: ʥʦʚʳʡ ʩʪʘʥʦʢ ʦʩʥʘʱʝʥ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʟʘʛʨʫʟʢʠ ʠ ʬʠʢʩʘʮʠʠ ʟʘʛʦʪʦʚʦʢ, ʤʠʥʠʤʠʟʠʨʫʶʱʝʡ 

ʫʯʘʩʪʠʝ ʦʧʝʨʘʪʦʨʘ ʠ ʩʚʦʜʷʱʝʡ ʢ ʤʠʥʠʤʫʤʫ ʨʠʩʢʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʯʪʦ 

ʧʦʚʳʰʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ ʫʩʪʨʘʥʷʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʙʨʘʢʘ. 5. ɺʳʩʦʢʘʷ 

ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʙʣʘʛʦʜʘʨʷ ʩʦʚʨʝʤʝʥʥʳʤ ʩʝʨʚʦʧʨʠʚʦʜʘʤ ʠ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 6. ʅʘʜʝʞʥʘʷ ʩʠʩʪʝʤʘ ʟʘʞʠʤʘ ʟʘʛʦʪʦʚʢʠ, 

ʧʨʝʜʦʪʚʨʘʱʘʶʱʘʷ ʩʤʝʱʝʥʠʷ ʠ ʚʠʙʨʘʮʠʠ ʚʦ ʚʨʝʤʷ ʨʝʟʢʠ. 7. ʀʥʪʝʛʨʘʮʠʷ ʏʇʋ 

(ʯʠʩʣʦʚʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ), ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʨʘʟʨʝʟʦʚ ʠ ʤʠʥʠʤʘʣʴʥʳʡ ʜʦʧʫʩʢ ʦʪʢʣʦʥʝʥʠʡ. 8. ɺʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʥʘʨʝʟʢʠ ʧʘʢʝʪʘ ʟʘʛʦʪʦʚʦʢ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ 

ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 9. ʀʩʢʣʶʯʝʥʠʝ ʟʘʨʝʟʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʠ 

ʦʪʨʝʟʢʠ ʟʘʛʦʪʦʚʦʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʦʙʨʝʪʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʪʨʝʟʥʦʛʦ ʩʪʘʥʢʘ ʩʪʘʥʝʪ 

ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʠ ʧʨʠʚʝʜʝʪ ʢ ʜʦʩʪʠʞʝʥʠʶ ʩʪʘʙʠʣʴʥʦʛʦ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʨʦʩʪʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʠ ʦʙʱʝʡ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʟʥʘʯʠʤʦʩʪʴ ʠ 

ʩʣʦʞʥʦʩʪʴ ʵʪʘʧʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʊʇʇ) ʚ 

ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ  ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʨʫʙʦʢ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. ɹʳʣʠ ʚʳʷʚʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
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ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ: 

o ʌʦʨʤʠʨʦʚʘʥʠʝ ʛʣʫʙʦʢʠʭ ʜʝʬʝʢʪʦʚ ("ʟʘʨʝʟʦʚ") ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʫʙʦʢ 

ʚʩʣʝʜʩʪʚʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʘʩʪʨʦʡʢʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

o ʇʦʚʨʝʞʜʝʥʠʷ ʮʠʥʢʦʚʦʛʦ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʩʥʠʞʘʶʱʠʝ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢ ʢʦʨʨʦʟʠʠ ʠ ʫʤʝʥʴʰʘʶʱʠʝ ʩʨʦʢ ʩʣʫʞʙʳ ʠʟʜʝʣʠʡ. 

o ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʪʘʨʳʭ ʩʪʘʥʢʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ʜʣʷ ʠʭ ʤʦʜʝʨʥʠʟʘʮʠʠ. 

ʇʨʝʜʣʦʞʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ, ʚʢʣʶʯʘʶʱʝʝ ʟʘʤʝʥʫ ʫʩʪʘʨʝʚʰʠʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʥʦʚʳʤʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʏʇʋ) ʠ ʠʥʪʝʛʨʘʮʠʶ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʩʪʘʣʦ ʧʨʠʦʙʨʝʪʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʪʨʝʟʥʦʛʦ ʩʪʘʥʢʘ ʤʦʜʝʣʠ MC32 FANC, ʦʙʣʘʜʘʶʱʝʛʦ ʨʷʜʦʤ 

ʧʨʝʠʤʫʱʝʩʪʚ: 

o ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠ ʪʦʯʥʦʩʪʠ ʨʘʟʨʝʟʦʚ. 

o ʄʠʥʠʤʠʟʘʮʠʷ ʫʯʘʩʪʠʷ ʦʧʝʨʘʪʦʨʘ ʠ ʠʩʢʣʶʯʝʥʠʝ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʬʘʢʪʦʨʘ. 

o ɺʦʟʤʦʞʥʦʩʪʴ ʧʘʢʝʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʦʚʳʰʘʶʱʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

o ʕʬʬʝʢʪʠʚʥʘʷ ʧʦʜʘʯʘ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ ʠʟʥʦʩʘ 

ʠʥʩʪʨʫʤʝʥʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʠʟʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦʟʚʦʣʠʪ ʜʦʩʪʠʯʴ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʨʦʚʥʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʨʫʙʦʢ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ, ʫʤʝʥʴʰʠʪʴ ʙʨʘʢ ʠ ʫʚʝʣʠʯʠʪʴ ʦʙʱʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ. ʇʨʝʜʧʨʠʷʪʠʝ ʩʤʦʞʝʪ ʚʳʡʪʠ ʥʘ ʥʦʚʳʝ ʫʨʦʚʥʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʳʩʦʢʠʤ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. 
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ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ çʉʢʦʙʘè ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ɸʆ çʈɿɿè ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʧʨʠ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʧʨʝʩʩʦʚʘʷ ʦʩʥʘʩʪʢʘ, ʚʥʫʪʨʠʮʝʭʦʚʘʷ 

ʣʦʛʠʩʪʠʢʘ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʦʪʦʢʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʛʠʙʦʯʥʳʡ ʩʪʘʥʦʢ. 
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Annotation. The article describes a technical solution for the development and 

implementation of measures to modernize the technological process for manufacturing the "Staples" 

part at the JSC "RZZ" enterprise in order to increase labor productivity in its production. 
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ɺʚʝʜʝʥʠʝ. ɸʆ çʈʫʙʮʦʚʩʢʠʡ ʟʘʚʦʜ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡè (ɸʆ çʈɿɿè) ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʛʨʘʝʪ ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʩʨʝʜʠ ʧʨʝʜʧʨʠʷʪʠʡ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ, 

ʪʘʢ ʢʘʢ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʟʘʧʘʩʥʳʭ 

ʯʘʩʪʝʡ ʢ ʧʣʫʛʘʤ, ʙʦʨʦʥʘʤ, ʢʫʣʴʪʠʚʘʪʦʨʘʤ ʠ ʩʝʷʣʢʘʤ, ʥʦ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʘʤʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. 

ʆʩʥʦʚʥʳʤʠ ʮʝʣʷʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ɸʆ çʈɿɿè ʷʚʣʷʶʪʩʷ: 

ï ʧʦʣʫʯʝʥʠʝ ʧʨʠʙʳʣʠ; 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʟʘʧʘʩʥʳʤʠ ʯʘʩʪʷʤʠ; 

ï ʦʩʚʦʝʥʠʝ ʥʦʚʳʭ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ ʠ ʚʳʭʦʜ ʥʘ ʥʦʚʳʝ ʨʳʥʢʠ ʩʙʳʪʘ; 

ï ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ; 

ï ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʝʜʠʥʠʮʫ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ. 

ʅʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ ʚʳʧʦʣʥʝʥʘ ʥʘ ʪʝʤʫ: çʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʛʠʙʢʠ ʢʨʫʛʣʦʛʦ ʧʨʦʢʘʪʘ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ɸʆ çʈɿɿè. ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʨʳʥʦʯʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʚ ʤʝʣʢʦʩʝʨʠʡʥʦʤ ʠ ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʘ ʧʝʨʚʳʡ 

ʧʣʘʥ ʚʳʜʚʠʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʢʦʪʦʨʦʝ ʣʝʛʢʦ ʤʦʞʥʦ ʧʝʨʝʥʘʣʘʜʠʪʴ ʜʣʷ ʚʳʧʫʩʢʘ ʥʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʠ ʩʦʢʨʘʱʝʥʠʶ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʧʫʪʝʤ 

ʚʥʝʜʨʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ çʉʢʦʙʘè 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʙʳʩʪʨʦʧʝʨʝʥʘʣʘʞʠʚʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ɿɸʆ 

çʈɿɿè. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ɺʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʜʝʡʩʪʚʫʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ çʉʢʦʙʘè ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʚ ʥʝʤ ʥʝʜʦʩʪʘʪʢʦʚ. 

2) ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʠʣʠ ʤʠʥʠʤʠʟʘʮʠʠ ʚʳʷʚʣʝʥʥʳʭ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝʜʦʩʪʘʪʢʦʚ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 
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ʪʨʫʜʘ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʢʦʥʩʪʨʫʢʮʠʷʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʢʦʙʳ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʨʘʟʤʝʨʦʚ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ (ʨʠʩʫʥʦʢ 1), ʦʥʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ (ʨʠʩʫʥʦʢ 2). ʇʦʟʚʦʣʷʶʪ 

ʦʧʝʨʘʪʠʚʥʦ ʧʨʦʠʟʚʝʩʪʠ ʟʘʤʝʥʫ ʠʟʥʦʰʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʤʘʰʠʥʳ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ʠ ʨʝʛʫʣʠʨʦʚʢʫ ʥʘʚʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

 

 
ʈʠʩ. 1 ï ʈʘʟʥʦʚʠʜʥʦʩʪʠ ʜʝʪʘʣʠ ʪʠʧʘ çʉʢʦʙʘè 

 

ɸʥʘʣʠʟ ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʧʦʣʥʠʤ ʥʘ ʧʨʠʤʝʨʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
ʈʠʩ. 2 ï ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʪʘʣʠ ʪʠʧʘ çʉʢʦʙʘè 
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ʈʠʩ. 3 ï ʕʩʢʠʟ ʜʝʪʘʣʠ çʉʢʦʙʘè 

 

ɼʝʡʩʪʚʫʶʱʠʡ (ʪʠʧʦʚʦʡ) ʤʘʨʰʨʫʪʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ çʉʢʦʙʘè ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1 [1]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʤʘʨʰʨʫʪʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʠʧʦʚʦʡ ʜʝʪʘʣʠ çʉʢʦʙʘè ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʘ ʦʧʝʨʘʮʠʠ 005 ʩ ʧʦʤʦʱʴʶ ʧʨʝʩʩ-ʥʦʞʥʠʮ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʦʜʛʦʪʦʚʢʘ (ʦʙʨʫʙʢʘ ʠʟ ʧʨʫʪʢʘ) ʟʘʛʦʪʦʚʦʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʟʤʝʨʘ, ʜʘʣʝʝ ʥʘ 

ʦʧʝʨʘʮʠʠ 010 ʥʘ ʬʨʝʟʝʨʥʦ-ʮʝʥʪʨʦʚʘʣʴʥʦʤ ʩʪʘʥʢʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʜʨʝʟʢʘ ʪʦʨʮʝʚ 

ʟʘʛʦʪʦʚʦʢ ʠ ʩʚʝʨʣʝʥʠʝ ʮʝʥʪʨʦʚʳʭ ʦʪʚʝʨʩʪʠʡ, ʥʘ ʦʧʝʨʘʮʠʠ 015 ʥʘ 

ʨʝʟʴʙʦʥʘʨʝʟʥʦʤ ʩʪʘʥʢʝ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘʨʝʟʘʥʠʝ ʨʝʟʴʙʳ ʥʘ ʦʙʦʠʭ ʢʦʥʮʘʭ 

ʟʘʛʦʪʦʚʢʠ, ʜʘʣʝʝ ʟʘʛʦʪʦʚʢʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʥʘ ʦʧʝʨʘʮʠʶ 020, ʛʜʝ ʥʘ ʫʩʪʘʥʦʚʢʝ 

ʊɺʏ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʭ ʥʘʛʨʝʚ ʧʝʨʝʜ ʧʨʝʩʩʦʚʦʡ ʦʧʝʨʘʮʠʝʡ 025, ʥʘ ʢʦʪʦʨʦʡ ʩ 

ʧʦʤʦʱʴʶ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʝʩʩʦʚʦʡ ʦʩʥʘʩʪʢʠ 

ʟʘʛʦʪʦʚʢʝ ʧʨʠʜʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ (ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʠʙʢʘ 

ʟʘʛʦʪʦʚʢʠ). 

ʊʘʙʣʠʮʘ 1 

ɼʝʡʩʪʚʫʶʱʠʡ ʤʘʨʰʨʫʪʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ 

çʉʢʦʙʘè 

 ̄

ʦʧ. 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʆʙʦʨʫʜʦʚʘʥʠʝ 

ʊ(ʰʪʫʯʥ.), 

ʤʠʥ.  

005 ʆʪʨʫʙʥʘʷ ʇʨʝʩʩ-ʥʦʞʥʠʮʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 0,22 

010 
ʌʨʝʟʝʨʥʦ-

ʮʝʥʪʨʦʚʘʣʴʥʘʷ 
ʉʪʘʥʦʢ ʬʨʝʟʝʨʥʦ-ʮʝʥʪʨʦʚʘʣʴʥʳʡ  1,11 

015 ʈʝʟʴʙʦʪʦʢʘʨʥʘʷ ʈʝʟʴʙʦʥʘʨʝʟʥʦʡ ʩʪʘʥʦʢ 1,37 

020 ʊʝʨʤʠʯʝʩʢʘʷ ʋʩʪʘʥʦʚʢʘ ʊɺʏ-ʥʘʛʨʝʚʘ 0,39 

025 ʇʨʝʩʩʦʚʘʷ ʇʨʝʩʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ 0,5 

ʀʪʦʛʦ: 3,59 
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ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʥʠʨʦʚʢʠ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʮʝʭʘ ɸʆ çʈɿɿè, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʫʯʘʩʪʢʠ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʚ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʪʠʧʘ çʉʢʦʙʘè [1]. 

 
 

ʈʠʩ. 4 ï ɼʝʡʩʪʚʫʶʱʘʷ ʧʣʘʥʠʨʦʚʢʘ ʫʯʘʩʪʢʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʪʠʧʘ çʉʢʦʙʘè 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 4 ʧʣʘʥʠʨʦʚʢʠ, ʦʧʝʨʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʪʠʧʘ çʉʢʦʙʘè ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ, ʯʪʦ ʚʝʜʝʪ ʢ ʧʦʪʝʨʝ ʚʨʝʤʝʥʠ ʧʨʠ ʤʝʞʦʧʝʨʘʮʠʦʥʥʦʡ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ. ʂ ʪʦʤʫ ʞʝ, ʠʤʝʝʪ ʤʝʩʪʦ ʥʘʣʠʯʠʝ ʚʩʪʨʝʯʥʳʭ ʛʨʫʟʦʧʦʪʦʢʦʚ, ʯʪʦ 

ʪʘʢʞʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ. 

ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʥʘ ʧʨʝʩʩʦʚʦʡ ʦʧʝʨʘʮʠʠ 025 ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʝʩʩʦʚʘʷ ʦʩʥʘʩʪʢʘ (ʛʠʙʦʯʥʳʡ ʰʪʘʤʧ) ʵʩʢʠʟ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 5. 

ɼʘʥʥʳʡ ʰʪʘʤʧ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ ʪʠʧʘ çʉʢʦʙʘè, 

ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3. ɽʛʦ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ, ʫʯʠʪʳʚʘʷ ʟʘʪʨʘʪʳ ʥʘ 

ʤʘʪʝʨʠʘʣ ʠ ʪʨʫʜʦʝʤʢʦʩʪʴ, ʦʙʦʰʣʠʩʴ ʧʨʝʜʧʨʠʷʪʠʶ ɸʆ çʈɿɿè ʚ 59000 ʨʫʙʣʝʡ [1]. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʦʤʝʥʢʣʘʪʫʨʘ ʠʟʜʝʣʠʡ ʪʠʧʘ çʉʢʦʙʘè ʥʘ ɸʆ çʈɿɿè ʜʦʚʦʣʴʥʦ 

ʰʠʨʦʢʘʷ ʠ ʢʘʞʜʘʷ ʜʝʪʘʣʴ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʝ ʨʘʟʤʝʨʳ ʠ ʢʦʥʬʠʛʫʨʘʮʠʶ (ʘ ʵʪʦ 

ʟʥʘʯʠʪ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʦʨʘʟʤʝʨʘ ʥʫʞʝʥ ʩʚʦʡ ʛʠʙʦʯʥʳʡ ʰʪʘʤʧ), ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʪʘʢʦʛʦ ʧʘʨʢʘ ʧʨʝʩʩʦʚʦʡ ʦʩʥʘʩʪʢʠ ʚʝʩʴʤʘ ʟʘʪʨʘʪʥʦ. 

 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʪʘʣʝʡ ʪʠʧʘ çʉʢʦʙʘè ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ɸʆ çʈɿɿè ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ: 
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ʈʠʩ. 5 ï ʕʩʢʠʟ ʛʠʙʦʯʥʦʛʦ ʰʪʘʤʧʘ 

 

1) ʦʧʝʨʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʪʠʧʘ 

çʉʢʦʙʘè ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʮʝʭʘ, ʯʪʦ ʚʝʜʝʪ ʢ ʧʦʪʝʨʝ 

ʚʨʝʤʝʥʠ ʧʨʠ ʤʝʞʦʧʝʨʘʮʠʦʥʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ, ʘ ʥʘʣʠʯʠʝ ʚʩʪʨʝʯʥʳʭ 

ʛʨʫʟʦʧʦʪʦʢʦʚ ʪʘʢʞʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ; 

2) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʦʧʝʨʘʮʠʠ 020 ʊɺʏ-ʫʩʪʘʥʦʚʢʠ, ʜʣʷ ʥʘʛʨʝʚʘ ʟʘʛʦʪʦʚʦʢ 

ʧʝʨʝʜ ʠʭ ʛʠʙʢʦʡ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʜʘʥʥʦʡ ʦʧʝʨʘʮʠʠ; 

3) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʰʪʘʤʧʦʚʦʡ ʦʩʥʘʩʪʢʠ ʚʣʝʯʝʪ ʟʘ 

ʩʦʙʦʡ ʚʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʝʝ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʢʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʝʝ 

ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʣʦʱʘʜʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʙʳʣʦ ʧʨʠʥʷʪʦ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʪʠʧʘ çʉʢʦʙʘè, ʩʦʜʝʨʞʘʱʝʝ ʚ 

ʩʝʙʝ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ. 

1) ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʚʥʫʪʨʠʮʝʭʦʚʦʡ ʣʦʛʠʩʪʠʢʠ ʛʨʫʟʦʧʦʪʦʢʦʚ ʟʘʛʦʪʦʚʦʢ ʠ 

ʠʟʜʝʣʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʝʪʘʣʝʡ ʪʠʧʘ çʉʢʦʙʘè ʥʘ 

ʦʜʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʢʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʮʝʭʘ ɸʆ çʈɿɿè. 

2) ʉʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʨʝʨʘʮʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ 

ʪʠʧʘ çʉʢʦʙʘè, ʦʪʢʘʟʘʚʰʠʩʴ ʦʪ ʦʧʝʨʘʮʠʠ 020 çʊʝʨʤʠʯʝʩʢʘʷè, ʥʘ ʢʦʪʦʨʦʡ 

ʚʳʧʦʣʥʷʝʪʩʷ ʥʘʛʨʝʚ ʟʘʛʦʪʦʚʢʠ ʧʝʨʝʜ ʝʝ ʛʠʙʢʦʡ ʥʘ ʧʨʝʩʩʦʚʦʤ ʰʪʘʤʧʝ. 

3) ʀʟʙʘʚʠʪʴʩʷ ʦʪ ʙʦʣʴʰʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʧʨʝʩʩʦʚʳʭ ʰʪʘʤʧʦʚ, ʟʘʤʝʥʠʚ 

ʦʧʝʨʘʮʠʶ 025 çʇʨʝʩʩʦʚʘʷè ʥʘ ʛʠʙʦʯʥʫʶ ʩ ʏʇʋ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʳʧʦʣʥʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʦʣʦʞʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʝʜʧʨʠʷʪʠʷ ɸʆ çʈɿɿè ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʚʥʝʜʨʝʥʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʛʠʙʦʯʥʦʛʦ ʩʪʘʥʢʘ ʩ ʏʇʋ OR130-S, ʪʘʢ ʢʘʢ ʦʥ ʧʦʣʥʦʩʪʴʶ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʛʠʙʢʝ ʜʝʪʘʣʝʡ ʠʟ ʢʨʫʛʣʦʛʦ 

ʧʨʦʢʘʪʘ ʤʝʨʥʦʡ ʜʣʠʥʳ. 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʛʠʙʦʯʥʳʡ ʩʪʘʥʦʢ ʩ ʏʇʋ OR130-S (ʩʤ. ʨʠʩʫʥʦʢ 6) 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʣʦʩʢʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʠʙʢʠ ʪʨʫʙʢʠ ʠʣʠ ʥʘʨʝʟʘʥʥʦʛʦ ʚ 
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ʨʘʟʤʝʨ ʧʨʫʪʢʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʏʇʋ ʧʨʦʛʨʘʤʤʦʡ ʚ ʣʶʙʦʤ ʢʦʣʠʯʝʩʪʚʝ 

(ʰʪʫʯʥʦʝ, ʤʝʣʢʦʩʝʨʠʡʥʦʝ ʠ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ). ʉʪʘʥʦʢ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ 

ʚ ʩʣʫʯʘʷʭ, ʛʜʝ ʧʦ ʢʘʢʠʤ-ʪʦ ʧʨʠʯʠʥʘʤ, ʧʨʠʭʦʜʠʪʩʷ ʨʘʙʦʪʘʪʴ ʠʤʝʥʥʦ ʩ 

ʥʘʨʝʟʘʥʥʦʡ ʚ ʨʘʟʤʝʨ ʟʘʛʦʪʦʚʢʦʡ (ʘ ʥʝ ʠʟ ʙʫʭʪʳ) [2]. 

 
ʈʠʩ. 6 ï ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʛʠʙʦʯʥʳʡ ʩʪʘʥʦʢ ʩ ʏʇʋ OR130-S 

 

ʉʪʘʥʦʢ ʆR130-S ʥʝ ʠʤʝʝʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʫʟʣʦʚ ʠʣʠ ʢʦʤʧʦʥʝʥʪʦʚ. ɺʩʝ 

ʜʚʠʞʝʥʠʷ ʩʪʘʥʢʘ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʝʨʚʦʤʦʪʦʨʦʚ, ʣʠʙʦ ʧʥʝʚʤʘʪʠʢʠ. 

ʉʪʘʥʦʢ ʠʩʧʦʣʴʟʫʝʪ 6 ʩʝʨʚʦʤʦʪʦʨʦʚ (6 ʏʇʋ ʢʦʦʨʜʠʥʘʪ) ʥʘ ʚʩʝ ʦʩʥʦʚʥʳʝ 

ʜʚʠʞʝʥʠʷ ʛʠʙʦʯʥʦʛʦ ʩʪʘʥʢʘ. 

ʊʨʸʭʤʝʨʥʦʩʪʴ ʠʟʜʝʣʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʩʝʚʳʤ ʧʦʚʦʨʦʪʦʤ ʨʫʢʠ-

ʤʘʥʠʧʫʣʷʪʦʨʘ. ʈʫʢʘ-ʤʘʥʠʧʫʣʷʪʦʨ ʟʘʙʠʨʘʝʪ ʟʘʛʦʪʦʚʢʫ ʠʟ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ 

ʤʘʛʘʟʠʥʘ, ʧʨʦʠʟʚʦʜʠʪ ʛʠʙʢʫ, ʠ ʧʦ ʦʢʦʥʯʘʥʠʠ ï ʩʢʠʜʳʚʘʝʪ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʤʝʩʪʦ, 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʝ ʚ ʏʇʋ. ʅʘ ʨʠʩʫʥʢʝ 7 ʧʦʢʘʟʘʥʳ ʥʝʢʦʪʦʨʳʝ ʦʙʨʘʟʮʳ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ (3D) ʛʠʙʢʠ ʠʟʜʝʣʠʡ ʠʟ ʧʨʦʚʦʣʦʢʠ ʠ ʧʨʫʪʢʘ ʥʘ ʜʘʥʥʦʤ ʩʪʘʥʢʝ 

[2]. 

ʆʧʮʠʦʥʘʣʴʥʦ, ʚ ʩʪʘʥʦʢ ʚʦʟʤʦʞʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚʪʦʨʦʡ ʛʠʙʦʯʥʳʡ ʫʟʝʣ, 

ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʪʘʥʢʘ.  

ʇʨʦʩʪʘʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʦʩʥʘʩʪʢʘ, ʧʦʟʚʦʣʷʝʪ ʛʥʫʪʴ ʠʟʜʝʣʠʝ ʢʘʢ 

ʤʠʥʠʤʫʤ ʩ ʜʚʫʤʷ ʨʘʜʠʫʩʘʤʠ ʥʘ ʢʘʞʜʦʡ ʛʠʙʦʯʥʦʡ ʛʦʣʦʚʢʝ. ʈʝʘʣʠʟʦʚʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʨʘʟʚʦʨʦʪʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʦʞʥʦ-

ʧʨʦʬʠʣʴʥʫʶ ʦʩʥʘʩʪʢʫ ʜʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʩʣʦʞʥʳʭ ʠʟʜʝʣʠʡ. 
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ʇʨʦʛʨʘʤʤʘ ʏʇʋ ʩʪʘʥʢʘ ʠʤʝʝʪ ʧʨʦʩʪʦʡ ʠ ʫʜʦʙʥʳʡ ʠʥʪʝʨʬʝʡʩ, 

ʦʪʦʙʨʘʞʘʶʱʠʡʩʷ ʥʘ 15 ʜʶʡʤʦʚʦʤ ʮʚʝʪʥʦʤ ʩʝʥʩʦʨʥʦʤ ʵʢʨʘʥʝ. ʀʤʝʝʪʩʷ USB-

ʧʦʨʪ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʬʣʝʰ-ʥʘʢʦʧʠʪʝʣʝʡ. ɺʥʫʪʨʝʥʥʷʷ ʧʘʤʷʪʴ ʩʪʘʥʢʘ ʤʦʞʝʪ 

ʠʤʝʪʴ ʜʦ 100 ʧʘʧʦʢ, ʚ ʢʘʞʜʦʡ ʧʘʧʢʝ ï ʜʦ 50 ʧʨʦʛʨʘʤʤ. 

 

 
 

ʈʠʩ. 7 ï ʆʙʨʘʟʮʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ (3D) ʛʠʙʢʠ ʠʟʜʝʣʠʡ ʠʟ ʧʨʦʚʦʣʦʢʠ ʠ ʧʨʫʪʢʘ 

ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʛʠʙʦʯʥʦʤ ʩʪʘʥʢʝ ʩ ʏʇʋ OR130-S 

 

ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʥʢʘ ʠ ʦʩʥʘʩʪʢʠ ʚʩʝ ʚʥʫʪʨʝʥʥʠʝ ʨʘʟʤʝʨʳ ʚʳʧʦʣʥʝʥʳ ʚ 

ʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʠʟʤʝʨʝʥʠʷ. ɺʩʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʥʘ ʜʚʫʭ 

ʷʟʳʢʘʭ ï ʨʫʩʩʢʦʤ ʠ ʘʥʛʣʠʡʩʢʦʤ. 

ʎʘʥʛʘ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʭʦʜʠʪʴʩʷ ʢʘʢ ʟʘ ʛʠʙʦʯʥʦʡ ʛʦʣʦʚʢʦʡ, ʪʘʢ ʠ ʧʝʨʝʜ 

ʥʝʡ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʝʩʧʝʯʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʠ ʟʘʛʦʪʦʚʢʠ ʩ ʦʙʦʠʭ ʩʪʦʨʦʥ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʨʷʤʳʝ ʫʯʘʩʪʢʠ ʢʘʢ ʚ ʥʘʯʘʣʝ ʟʘʛʦʪʦʚʢʠ, ʪʘʢ ʠ ʚ ʢʦʥʮʝ. 

ʉʪʘʥʦʢ ʦʙʦʨʫʜʦʚʘʥ ʩʪʘʥʜʘʨʪʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʢʦʤʧʣʝʢʪʦʤ ʨʫʯʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʉʪʘʥʢʠ ʜʣʷ ʛʠʙʢʠ ʧʨʫʪʢʦʚ ʠ ʪʨʫʙʦʢ, ʩʝʨʠʠ OR-S ʢʦʤʧʣʝʢʪʫʶʪʩʷ 

ʥʘʢʦʧʠʪʝʣʴʥʳʤ ʤʘʛʘʟʠʥʦʤ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʘʯʝʡ ʟʘʛʦʪʦʚʢʠ ʚ ʩʪʘʥʦʢ. ʊʘʢʘʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʦʧʝʨʘʪʦʨʘ ʚ 

ʨʘʙʦʯʝʡ ʟʦʥʝ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʪʘʥʢʘ, ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʊʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʛʠʙʦʯʥʦʛʦ ʩʪʘʥʢʘ ʩ ʏʇʋ 

OR130-S ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 2 

ʊʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʛʠʙʦʯʥʦʛʦ ʩʪʘʥʢʘ ʩ ʏʇʋ OR130-S 

ɿʘʛʦʪʦʚʢʘ 

ɼʠʘʤʝʪʨ ʧʨʦʚʦʣʦʢʠ (ʤʤ), ʩʪʘʣʴ 4 - 13 

ɼʠʘʤʝʪʨ ʪʨʫʙʢʠ (ʤʤ), ʩʪʘʣʴ 8 - 18 

ʄʘʢʩ. ʜʣʠʥʘ ʟʘʛʦʪʦʚʢʠ (ʤʤ) 1700 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʂʦʣʠʯʝʩʪʚʦ ʛʠʙʦʯʥʳʭ ʛʦʣʦʚʦʢ 1 (2) 

ʂʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʨʘʜʠʫʩʦʚ ʥʘ ʦʩʥʘʩʪʢʝ 2 (4) 

ʂʦʣʠʯʝʩʪʚʦ ʩʝʨʚʦʧʨʠʚʦʜʳʭ ʦʩʝʡ 6 

ʅʘʣʠʯʠʝ ʛʠʜʨʘʚʣʠʢʠ ʥʝʪ 

ʊʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʊʦʯʥʦʩʪʴ ʛʠʙʢʠ, ʛʨʘʜ +/- 0,05 

ʊʦʯʥʦʩʪʴ ʧʦʚʦʨʦʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʛʨʘʜ +/- 0,05 

ʊʦʯʥʦʩʪʴ ʧʦʜʘʯʠ, ʤʤ +/- 0,05 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʇʦʪʨʝʙʣʷʝʤʘʷ (ʧʠʢʦʚʘʷ) ʤʦʱʥʦʩʪʴ ʩʪʘʥʢʘ, ʢɺʪ 19 

ɿʘʥʠʤʘʝʤʘʷ ʧʣʦʱʘʜʴ ʩʪʘʥʢʘ (ɼ Ĭ ʐ), ʤʤ 3380 Ĭ 1700 

ɺʝʩ, ʢʛ 2520 

 

ʇʨʦʝʢʪʥʳʡ ʚʘʨʠʘʥʪ ʪʠʧʦʚʦʛʦ ʤʘʨʰʨʫʪʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ ʪʠʧʘ çʉʢʦʙʘè (ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʛʠʙʦʯʥʦʛʦ ʩʪʘʥʢʘ ʩ ʏʇʋ OR130-S ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ) ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ 3 

ʇʨʦʝʢʪʥʳʡ ʤʘʨʰʨʫʪʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ 

çʉʢʦʙʘè 

 ̄

ʦʧ. 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʆʙʦʨʫʜʦʚʘʥʠʝ 

ʊ(ʰʪʫʯʥ.), 

ʤʠʥ.  

005 ʆʪʨʫʙʥʘʷ ʇʨʝʩʩ-ʥʦʞʥʠʮʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 0,22 

010 
ʌʨʝʟʝʨʥʦ-

ʮʝʥʪʨʦʚʘʣʴʥʘʷ 
ʉʪʘʥʦʢ ʬʨʝʟʝʨʥʦ-ʮʝʥʪʨʦʚʘʣʴʥʳʡ  1,11 

015 ʈʝʟʴʙʦʪʦʢʘʨʥʘʷ ʈʝʟʴʙʦʥʘʨʝʟʥʦʡ ʩʪʘʥʦʢ 1,37 

020 ɻʠʙʦʯʥʘʷ ʩ ʏʇʋ 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʛʠʙʦʯʥʳʡ ʩʪʘʥʦʢ ʩ 

ʏʇʋ 

OR-130-S 

0,20 

ʀʪʦʛʦ: 2,90 

 

ʀʟ ʩʨʘʚʥʝʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʠ ʧʨʦʝʢʪʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʚʠʜʥʦ, ʯʪʦ ʧʨʦʝʢʪʥʳʡ ʚʘʨʠʘʥʪ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʰʪʫʯʥʦʝ ʚʨʝʤʷ ʥʘ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʜʝʪʘʣʠ ʪʠʧʘ çʉʢʦʙʘè, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3, ʥʘ 0,69 ʤʠʥ. 

ʇʨʦʝʢʪʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʧʣʦʱʘʜʴ ʠ ʫʣʫʯʰʠʪʴ ʚʥʫʪʨʠʮʝʭʦʚʫʶ ʣʦʛʠʩʪʠʢʫ, ʠʩʢʣʶʯʠʚ 
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ʥʘʣʠʯʠʝ ʚʩʪʨʝʯʥʳʭ ʛʨʫʟʦʧʦʪʦʢʦʚ ʟʘʛʦʪʦʚʦʢ ʠ ʜʝʪʘʣʝʡ, ʯʪʦ ʥʘʛʣʷʜʥʦ ʚʠʜʥʦ ʠʟ 

ʨʠʩʫʥʢʘ 8. 

ʉʪʦʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʛʠʙʦʯʥʦʛʦ ʩʪʘʥʢʘ ʩ ʏʇʋ OR-

130-S ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʦʪʜʝʣʦʤ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʥʘʙʞʝʥʠʷ (ʄʊʉ) ɸʆ 

çʈɿɿè [1] ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʥʢʫʨʝʥʪʥʳʭ ʣʠʩʪʦʚ ʠ ʩʦʩʪʘʚʣʷʝʪ 6300000 ʨʫʙʣʝʡ. 

ɻʣʘʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʥʝʜʨʝʥʠʷ ʧʨʦʝʢʪʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʷʚʣʷʶʪʩʷ ʝʛʦ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʝʨʠʦʜ ʦʢʫʧʘʝʤʦʩʪʠ. 

 

 
ʈʠʩ. 8 ï ʇʨʦʝʢʪʥʘʷ ʧʣʘʥʠʨʦʚʢʘ ʫʯʘʩʪʢʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʪʠʧʘ çʉʢʦʙʘè 

 

ʆʙʱʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʦʣʫʯʘʝʤʳʡ ʦʪ ʚʥʝʜʨʝʥʠʷ ʧʨʦʝʢʪʘ 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ: 

1) ɻʦʜʦʚʘʷ ʵʢʦʥʦʤʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [3]: 

ʇɼʕ ʕʕʕ -=  ,                                                (1) 

ʛʜʝ ʕɼ ï ʛʦʜʦʚʦʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʜʝʡʩʪʚʫʶʱʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, 

ʨʫʙ.; ʕʇï ʛʦʜʦʚʦʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʨʦʝʢʪʝ, ʨʫʙ. 

ɻʦʜʦʚʦʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ [3]: 

äÖÖ= iii KNnʌʎʕ  ,                                            (2) 

ʛʜʝ ʎ ï ʮʝʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ 1 ʢɺʪ, ʨʫʙ. (ʎ = 5,55 ʨʫʙ.); ʌ ï ʛʦʜʦʚʦʡ 

ʬʦʥʜ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʫʪʢʠ (ʌ = 247 ʩʫʪʦʢ); ni ï ʢʦʣʠʯʝʩʪʚʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ i ï ʛʦ ʥʘʠʤʝʥʦʚʘʥʠʷ, ʰʪ; Ni ï ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ i ï ʛʦ ʥʘʠʤʝʥʦʚʘʥʠʷ, ʢɺʪ; Ki ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ i ï ʛʦ ʥʘʠʤʝʥʦʚʘʥʠʷ ʚ ʩʫʪʢʠ, ʯʘʩ. 

ɼʘʥʥʳʝ ʧʦ ʨʘʩʭʦʜʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʜʝʡʩʪʚʫʶʱʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʚ 

ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʨʦʝʢʪʝ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʵʥʝʨʛʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʣʫʞʙʦʡ ɸʆ çʈɿɿè 

[1] ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 4 ʠ 5 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʊʘʙʣʠʮʘ 4 

ʈʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʜʝʡʩʪʚʫʶʱʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ Niɼ, ʢɺʪ niɼ, ʰʪ Kiɼ, ʯʘʩʳ 

ʇʨʝʩʩ ʇ6330 100 ʪ.ʩ 22 1 20 

ʋʩʪʘʥʦʚʢʘ ʊɺʏ ʕʣʩʠʪ120 60 1 22 

 

ʊʘʙʣʠʮʘ 5 

ʈʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʨʦʝʢʪʝ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ Niʇ, ʢɺʪ niʇ, ʰʪ Kiʇ, ʯʘʩʳ 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʛʠʙʦʯʥʳʡ ʩʪʘʥʦʢ ʩ 

ʏʇʋ OR130-S  
19 1 20 

 

ʊʦʛʜʘ ʛʦʜʦʚʦʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʜʝʡʩʪʚʫʶʱʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʫʜʝʪ 

ʨʘʚʝʥ: 

2412696)2260120221(24755,5ä =ÖÖ+ÖÖÖÖ=ÖÖ= iɼiɼiɼɼ KNnʌʎʕ  ʨʫʙ. 

ɻʦʜʦʚʦʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʨʦʝʢʪʝ: 

520923)20191(24755,5ä =ÖÖÖÖ=ÖÖ= iʇiʇiʇʇ KNnʌʎʕ  ʨʫʙ. 

ʀ ʦʢʦʥʯʘʪʝʣʴʥʦ ʛʦʜʦʚʘʷ ʵʢʦʥʦʤʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʚʥʝʜʨʝʥʠʷ ʧʨʦʝʢʪʘ 

ʩʦʩʪʘʚʠʪ: 

18917735209232412696 =-=-= ʇɼʕ ʕʕʕ  ʨʫʙ. 

2) ɻʦʜʦʚʘʷ ʵʢʦʥʦʤʠʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

ʆʇʆɼʆ ʕʕʕ -=  ,            (3) 

ʛʜʝ ʕʆɼ ï ʛʦʜʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʩʥʘʩʪʢʠ ʚ 

ʜʝʡʩʪʚʫʶʱʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʨʫʙ.; ʕʆʇ ï ʛʦʜʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʩʥʘʩʪʢʠ ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʨʦʝʢʪʝ, ʨʫʙ. 

ɺ ʩʨʝʜʥʝʤ ʟʘʪʨʘʪʳ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʜʥʦʛʦ ʛʠʙʦʯʥʦʛʦ 

ʰʪʘʤʧʘ ʚ ʜʝʡʩʪʚʫʶʱʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʦ ʜʘʥʥʳʤ ʩʣʫʞʙʳ ʬʠʥʘʥʩʦʚʦʛʦ 

ʢʦʥʪʨʦʣʷ (ʉʌʂ) ɸʆ çʈɿɿè [1], ʩʦʩʪʘʚʣʷʶʪ: 

65000=ʆɼiʕ  ʨʫʙ. 

ʉʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʡ ʦʩʥʘʩʪʢʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ɸʆ çʈɿɿè 

ʩʦʩʪʘʚʣʷʝʪ 6 ʛʠʙʦʯʥʳʭ ʰʪʘʤʧʦʚ ʚ ʛʦʜ [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʛʦʜʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʩʥʘʩʪʢʠ ʚ ʜʝʡʩʪʚʫʶʱʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʦʩʪʘʚʣʷʶʪ 

3900006650006 =Ö=Ö= ʆɼiʆɼ ʕʕ  ʨʫʙ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʨʦʝʢʪʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʛʠʙʦʯʥʳʭ ʰʪʘʤʧʦʚ 

ʥʝ ʪʨʝʙʫʝʪʩʷ, ʧʦʵʪʦʤʫ 

0=ʆʇʕ  ʨʫʙ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʛʦʜʦʚʘʷ ʵʢʦʥʦʤʠʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʝ ʧʨʠ 

ʚʥʝʜʨʝʥʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʨʦʝʢʪʘ ʩʦʩʪʘʚʠʪ: 
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3900000390000 =-=-= ʆʇʆɼʆ ʕʕʕ  ʨʫʙ. 

3) ɻʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʕɻ , ʨʫʙ. ʦʪ ʚʥʝʜʨʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʧʨʦʝʢʪʘ ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ 

22817733900001891773 =+=+= ʆʕɻ ʕʕʕ  ʨʫʙ.          (4) 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʦʚ ʧʦ ʚʥʝʜʨʝʥʠʶ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʝʛʦ ʦʢʫʧʘʝʤʦʩʪʴ, ʪʦ ʝʩʪʴ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʳʡ 

ʜʣʷ ʧʦʣʥʦʛʦ ʚʦʟʤʝʱʝʥʠʷ ʠʥʚʝʩʪʠʮʠʡ ʟʘ ʩʯʝʪ ʯʠʩʪʳʭ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʚʥʝʜʨʝʥʠʷ ʧʨʦʝʢʪʘ 

ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʊ ʦʧʨʝʜʝʣʠʤ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

ɻʕʉʊ /=  ,                                                        (5) 

ʛʜʝ ʉ ï ʟʘʪʨʘʪʳ ʥʘ ʚʥʝʜʨʝʥʠʝ ʧʨʦʝʢʪʘ, ʨʫʙ. 

ɿʘʪʨʘʪʳ ʥʘ ʚʥʝʜʨʝʥʠʝ ʧʨʦʝʢʪʘ ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ ʩʪʦʠʤʦʩʪʠ ʧʨʠʦʙʨʝʪʝʥʠʷ 

ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʉʆɹ, ʨʫʙ., ʠ ʟʘʪʨʘʪ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʫʯʘʩʪʢʘ ʉʈ, ʨʫʙ. ʇʦ ʜʘʥʥʳʤ ʦʪʜʝʣʘ ʄʊʉ ʆɸ çʈɿɿè, ʉʆɹ = 6300000 ʨʫʙ., ʠ 

ʉʈ=35000 ʨʫʙ. [1] 

6335000350006300000 =+=+= ʈʆɹ ʉʉʉ  , ʨʫʙ.,                   (6) 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ  

8,22281773/6335000/ === ɻʕʉʊ , ʛ. 

 

ɿʘʢʣʶʯʝʥʠʝ. ʇʦʜʚʦʜʷ ʠʪʦʛ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ çʉʢʦʙʘè ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ɸʆ 

çʈɿɿè, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʝʜʦʩʪʘʪʢʠ, ʩʥʠʞʘʶʱʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʧʦʣʥʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʙʳʣʦ ʧʨʠʥʷʪʦ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. ɺʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʠ ʩʨʦʢʘ ʦʢʫʧʘʝʤʦʩʪʠ ʧʨʦʝʢʪʘ, ʘ ʟʥʘʯʠʪ ʧʦʩʪʘʚʣʝʥʥʳʝ 

ʟʘʜʘʯʠ ʨʝʰʝʥʳ ʠ ʮʝʣʴ ʨʘʙʦʪʳ ʜʦʩʪʠʛʥʫʪʘ. 
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ʆʇʓʊ ʉʆɿɼɸʅʀʗ ʉʀʉʊɽʄʓ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʋʇʈɸɺʃɽʅʀʗ 

ʈʋɹʎʆɺʉʂʆʁ ʆɹʆɻɸʊʀʊɽʃʔʅʆʁ ʌɸɹʈʀʂʀ 
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1,2
, ʃ.ʇ. 

ʄʳʰʣʷʝʚ
1
, ɺ.ɺ. ɻʨʘʯʝʚ

1,2 

ʆʆʆ çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷè
1 

ʌɻɹʆʋ ɺʆ çʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè
2 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʶ ʉɸʋ ʨʫʜʦʦʙʦʛʘʪʠʪʝʣʴʥʦʡ 

ʬʘʙʨʠʢʠ çʈʫʙʮʦʚʩʢʘʷè. ʇʨʝʜʩʪʘʚʣʝʥ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩ ʠʥʪʝʛʨʘʮʠʝʡ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ ʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʆʧʠʩʘʥʘ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʰʠʭ ʧʦʚʳʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʧʫʩʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʜʪʚʝʨʞʜʝʥʦ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʝʢʪʘ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʥʜʝʥʮʠʷʤ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʥʘʙʣʶʜʘʝʤʳʤ ʚ ʘʢʪʫʘʣʴʥʳʭ 

ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʉɸʋ, ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ, ʨʫʜʦʦʙʦʛʘʱʝʥʠʝ, ʧʨʦʤʳʰʣʝʥʥʘʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʮʠʬʨʦʚʠʟʘʮʠʷ 
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ɺʚʝʜʝʥʠʝ. ʈʫʙʮʦʚʩʢʘʷ ʦʙʦʛʘʪʠʪʝʣʴʥʘʷ ʬʘʙʨʠʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ. ʕʪʦ ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ ʧʨʦʮʝʩʩ, 

ʚʢʣʶʯʘʶʱʠʡ ʧʦʜʘʯʫ ʨʫʜʳ, ʠʟʤʝʣʴʯʝʥʠʝ, ʬʣʦʪʘʮʠʶ, ʦʪʩʘʜʢʫ ʠ ʩʛʫʱʝʥʠʝ, ʘ 

ʪʘʢʞʝ ʦʪʛʨʫʟʢʫ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. ʏʘʩʪʴ ʬʫʥʢʮʠʡ ʨʝʘʣʠʟʦʚʳʚʘʝʪʩʷ ʚ ʩʪʘʨʦʤ 

ʦʙʦʛʘʪʠʪʝʣʴʥʦʤ ʢʦʨʧʫʩʝ, ʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʦʛʦ ʙʳʣʦ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ 

ʧʨʦʜʫʢʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʦʩʥʘʩʪʠʪʴ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʚʷʟʳʚʘʶʱʝʡ ʥʦʚʦʝ ʠ ʩʪʘʨʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ (ʉɸʋ) ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ 

ʬʘʙʨʠʢʠ çʈʫʙʮʦʚʩʢʘʷè ʧʨʠʰʣʦʩʴ ʥʘ ʩʣʦʞʥʳʡ ʧʝʨʠʦʜ 2022 ʛʦʜʘ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʢ ʩʦʚʨʝʤʝʥʥʦʡ ʉɸʋ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʩʪʘʥʜʘʨʪʳ. 

ʊʘʢ, ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʦʪʤʝʯʘʝʪʩʷ ʨʘʩʪʫʱʘʷ ʪʝʥʜʝʥʮʠʷ ʢ 
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ʚʥʝʜʨʝʥʠʶ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʦʙʲʝʢʪʘʤʠ, ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʛʠʙʢʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʘ 

ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʦʡ ʘʜʘʧʪʘʮʠʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ 

ʫʩʣʦʚʠʷʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ [1-4].   

ʆʪʝʯʝʩʪʚʝʥʥʳʤʠ ʘʚʪʦʨʘʤʠ ʚ ʵʪʦ ʞʝ ʚʨʝʤʷ ʦʪʤʝʯʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʩʘʥʢʮʠʡ, 

ʢʦʪʦʨʘʷ ʧʨʦʷʚʠʣʘʩʴ ʚ ʦʛʨʘʥʠʯʝʥʠʠ ʧʦʩʪʘʚʦʢ ʟʘʨʫʙʝʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʝʨʠʦʜ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ - ʚ ʫʩʣʦʚʠʷʭ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʘʥʘʣʠʟʘ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʦʪ ʠʥʦʩʪʨʘʥʥʳʭ ʨʝʰʝʥʠʡ, ʠ 

ʚʤʝʩʪʝ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʳʤʠ ʦʩʪʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʦʚʳʰʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [5]. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ ʚʘʞʥʦʩʪʴ 

ʨʘʟʚʠʪʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ: 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢʘʭ ʛʦʨʥʦ-

ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʢʦʤʙʠʥʘʪʦʚ, ʧʨʝʜʣʘʛʘʶʪʩʷ ʤʦʜʝʣʠ ʧʦʜʩʠʩʪʝʤ ʧʨʝʜʠʢʪʠʚʥʦʡ 

ʘʥʘʣʠʪʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʩʦʩʪʘʚʘ ʨʫʜʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ [6]. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʧʦʜʭʦʜʳ ʥʘ 

ʦʩʥʦʚʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʘʢʪʠʚʦʚ, ʦʧʪʠʤʠʟʘʮʠʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʩʥʠʞʝʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʠʩʢʦʚ [7]. ɺ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚʥʝʜʨʝʥʠʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʛʠʜʨʘʚʣʠʢʦ-ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʱʠʪʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʦʜʟʝʤʥʦʡ ʫʛʣʝʜʦʙʳʯʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʩʣʦʞʥʳʭ 

ʢʨʫʪʳʭ ʤʦʱʥʳʭ ʧʣʘʩʪʘʭ ʂʫʟʙʘʩʩʘ, ʯʪʦ ʧʦʜʯʸʨʢʠʚʘʝʪ ʦʙʱʝʤʠʨʦʚʫʶ ʪʝʥʜʝʥʮʠʶ 

ʧʝʨʝʭʦʜʘ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʜʦʙʳʯʝ ʩʳʨʴʷ 

ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ [8]. ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʧʨʦʜʦʣʞʘʶʪ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴʩʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʩʪʘʥʜʘʨʪʳ ʚ ʦʙʣʘʩʪʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʩ ʮʝʣʴʶ ʩʦʭʨʘʥʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʘʢʪʫʘʣʠʟʠʨʫʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢʘʢ ʢ 

ʩʘʤʠʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʩʠʩʪʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ, ʪʘʢ ʠ ʢ ʧʨʦʝʢʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ [9-10]. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʛʨʘʥʠʯʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʡ ʜʣʷ 

ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʉɸʋ ʥʝ ʧʦʟʚʦʣʷʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʦʚʝʨʝʥʥʳʝ ʩʦʚʤʝʩʪʠʤʳʝ ʩʨʝʜʩʪʚʘ ʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʧʨʠʭʦʜʠʣʦʩʴ ʙʨʘʪʴ ʨʠʩʢ, 

ʚʳʙʠʨʘʷ ʤʝʥʝʝ ʠʟʚʝʩʪʥʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʠʣʠ ʜʦʩʪʫʧʥʳʝ ʥʘ ʨʳʥʢʝ 

ʘʥʘʣʦʛʠ. ʉʣʦʞʠʚʰʝʝʩʷ ʧʦʣʦʞʝʥʠʝ ʜʝʣ ʟʘʪʨʦʥʫʣʦ ʚʩʝ ʘʩʧʝʢʪʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ ʚʳʙʦʨ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʧʦʩʪʘʚʦʢ ʠ ʦʨʛʘʥʠʟʘʮʠʶ ʠʥʞʝʥʝʨʥʳʭ ʨʘʙʦʪ. ʇʨʦʝʢʪʥʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤ 

ʪʨʝʙʦʚʘʣʦʩʴ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʠ 

ʥʦʨʤʘʪʠʚʦʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʦ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʘʨʭʠʪʝʢʪʫʨʥʳʝ 

ʨʝʰʝʥʠʷ ʢ ʥʦʚʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ, ʬʦʨʤʠʨʫʷ 

ʫʩʪʦʡʯʠʚʫʶ ʢ ʚʥʝʰʥʠʤ ʨʠʩʢʘʤ ʤʦʜʝʣʴ ʧʦʩʪʨʦʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉɸʋ. 
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ʇʨʘʢʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʚʳʟʦʚʦʤ ʩʪʘʣʦ ʦʛʨʘʥʠʯʝʥʠʝ 

ʧʦʩʪʘʚʦʢ ʟʘʨʫʙʝʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. 

ʆʪʩʫʪʩʪʚʠʝ ʫʩʪʦʷʚʰʠʭʩʷ ʘʣʛʦʨʠʪʤʦʚ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʠ ʜʦʩʪʘʪʦʯʥʦʡ 

ʥʦʤʝʥʢʣʘʪʫʨʳ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʥʘʣʦʛʦʚ ʧʦʪʨʝʙʦʚʘʣʦ ʨʘʟʨʘʙʦʪʢʠ ʦʧʝʨʘʪʠʚʥʦʡ 

ʩʪʨʘʪʝʛʠʠ ʧʝʨʝʭʦʜʘ ʢ ʩʤʝʰʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ 

ʤʠʥʠʤʠʟʘʮʠʶ ʨʠʩʢʦʚ ʠ ʩʦʭʨʘʥʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɹʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʩʦʯʝʪʘʥʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʜʦʧʫʩʪʠʤʳʭ ʢ ʧʨʠʤʝʥʝʥʠʶ ʟʘʨʫʙʝʞʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʭʨʘʥʠʪʴ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʬʘʙʨʠʢʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʠʩʧʦʣʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ. 

ɺ ʦʩʥʦʚʝ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʣʝʞʘʣʦ ʧʨʠʤʝʥʝʥʠʝ ʨʦʩʩʠʡʩʢʠʭ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ 

ʩʠʩʪʝʤʳ ʠ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʝʨʚʠʩʦʚ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʚʢʣʶʯʘʣʠ SCADA-ʧʣʘʪʬʦʨʤʫ MasterSCADA 4D [11] (ʛ. ʄʦʩʢʚʘ), 

ʧʨʦʤʳʰʣʝʥʥʦʝ ʩʝʪʝʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ Eltex (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ), ʢʦʤʤʫʪʘʮʠʦʥʥʫʶ 

ʘʧʧʘʨʘʪʫʨʫ ʂʕɸɿ (ʛ. ʂʫʨʩʢ) ʠ ʰʢʘʬʥʳʝ ʨʝʰʝʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʥʳʤʠ 

ʫʯʘʩʪʢʘʤʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʪʝʛʨʘʮʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ 

ʫʟʣʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʥʪʨʦʣʣʝʨʳ ʘʥʘʣʦʛʠʯʥʳʝ ʫʞʝ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʤ ʥʘ 

ʬʘʙʨʠʢʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʪʨʝʙʫʝʤʫʶ ʥʘʜʸʞʥʦʩʪʴ, ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʦʙʤʝʥʘ ʠ 

ʛʠʙʢʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ 

ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʰʢʘʬʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʝʨʚʝʨʥʦʛʦ ʰʢʘʬʘ ʩʢʦʤʧʦʥʦʚʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʧʨʦʜʫʢʮʠʠ. 

 

    
 

ʈʠʩ. 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʰʢʘʬʘ ʫʧʨʘʚʣʝʥʠʷ (ʩʣʝʚʘ) ʠ ʩʝʨʚʝʨʥʦʛʦ ʰʢʘʬʘ (ʩʧʨʘʚʘ) 
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ʇʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʙʳʣʠ ʥʘʮʝʣʝʥʳ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʩʥʠʞʝʥʠʝʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʠʩʢʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʝʤ ʫʩʪʦʡʯʠʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʩʳʨʴʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʣʦʩʴ ʩʦʟʜʘʥʠʶ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʦʭʚʘʪʳʚʘʶʱʝʡ 

ʚʩʝ ʩʪʘʜʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ ð ʦʪ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʜʛʦʪʦʚʢʠ 

ʧʫʣʴʧʳ ʜʦ ʬʣʦʪʘʮʠʦʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʩʛʫʱʝʥʠʷ ʠ ʚʳʜʘʯʠ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʣ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ, ʧʦʚʳʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʝʞʠʤʦʚ, ʧʨʦʟʨʘʯʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʥʘ 

ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʮʠʬʨʦʚʠʟʘʮʠʠ. ʅʘ ʨʠʩʫʥʢʝ 2 

ʧʦʢʘʟʘʥʘ ʜʠʩʧʝʪʯʝʨʩʢʘʷ ʬʘʙʨʠʢʠ, ʛʜʝ ʜʠʩʧʝʪʯʝʨ ʠʤʝʝʪ ʩʚʦʙʦʜʥʳʡ ʠ 

ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʬʘʙʨʠʢʦʡ, ʩʠʩʪʝʤʝ 

ʦʪʯʝʪʥʦʩʪʠ ʠ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʶ ʟʘ ʭʦʜʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʪʨʝʙʦʚʘʣʘ 

ʥʝ ʪʦʣʴʢʦ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ, ʥʦ ʠ ʩʪʨʦʛʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʦʪʨʘʩʣʝʚʳʭ 

ʥʦʨʤʘʪʠʚʦʚ ʠ ʨʝʛʣʘʤʝʥʪʦʚ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʝʢʪʘ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʣʦ ʬʦʨʤʘʣʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʜʪʚʝʨʞʜʸʥʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʢʦʤʧʣʝʢʩʘʤ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʫʜʦʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ 

çʈʫʙʮʦʚʩʢʘʷè, ʚʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʢʦʪʦʨʦʡ ʩʦʩʪʦʷʣʩʷ ʚ 2023 ʛʦʜʫ, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʫʶʱʠʤ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʠ. 

 

 
ʈʠʩ. 2 ï ɼʠʩʧʝʪʯʝʨʩʢʘʷ ʬʘʙʨʠʢʠ 

 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʳ ʙʳʣʠ ʩʦʙʣʶʜʝʥʳ ʧʨʠʥʮʠʧʳ ʠ ʩʪʘʜʠʡʥʦʩʪʴ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʤʧʣʝʢʩʦʤ ʩʪʘʥʜʘʨʪʦʚ ʥʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʤ ʧʦʵʪʘʧʥʦʝ ʚʳʧʦʣʥʝʥʠʝ 
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ʨʘʙʦʪ ð ʦʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʧʫʩʢʦʥʘʣʘʜʦʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ 

ʨʝʛʣʘʤʝʥʪʘ ʩʦʧʨʦʚʦʞʜʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʨʝʘʣʠʟʦʚʘʥʘ ʧʦʣʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʪʘʜʠʡ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ, ʚʢʣʶʯʘʷ ʨʘʟʨʘʙʦʪʢʫ 

ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʚʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦʜʩʠʩʪʝʤ, 

ʠʩʧʳʪʘʥʠʷ, ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʠ ʦʨʛʘʥʠʟʘʮʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʉɸʋ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ 

ʩʪʘʥʜʘʨʪʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ʉʦʙʣʶʜʝʥʳ ʧʦʣʦʞʝʥʠʷ 

ʩʪʘʥʜʘʨʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʩʪʘʚʘ ʬʫʥʢʮʠʡ, ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ, ʧʨʦʛʨʘʤʤʥʦʛʦ ʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʧʨʠʥʮʠʧʳ 

ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ, ʫʥʠʬʠʢʘʮʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʮʝʣʦʩʪʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʨʤʘʤ ʩʪʘʥʜʘʨʪʘ 

ʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʦʧʳʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʝʡ. 

 

ʅʘʫʯʥʳʝ ʘʩʧʝʢʪʳ. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʨʫʜʦʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ çʈʫʙʮʦʚʩʢʘʷè ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ʂʘʞʜʳʡ ʢʦʥʪʫʨ, ʠ, ʧʨʘʢʪʠʯʝʩʢʠ, ʢʘʞʜʳʡ ʘʛʨʝʛʘʪ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ 

ʦʩʥʘʱʝʥ ʢʦʥʪʫʨʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ï ʙʫʜʴ ʪʦ ʧʦʜʜʝʨʞʘʥʠʝ 

ʫʨʦʚʥʷ, ʜʘʚʣʝʥʠʷ, ʨʘʩʭʦʜʘ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʠ ʵʪʦʤ ʢʦʥʪʫʨʳ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʧʦʟʚʦʣʷʷ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʥʘʛʨʫʟʢʫ, 

çʣʦʚʠʪʴè ʙʘʣʘʥʩ ʠ ʦʪʨʘʙʘʪʳʚʘʪʴ ʦʪʢʣʦʥʝʥʠʷ ʙʝʟ ʫʯʘʩʪʠʷ ʦʧʝʨʘʪʦʨʘ. ʆʪʜʝʣʴʥʦ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʠʤʝʨʳ. 

ʋʧʨʘʚʣʝʥʠʝ ʥʘʛʨʫʟʢʦʡ ʥʘ ʬʘʙʨʠʢʫ. ʇʨʠ ʧʦʜʘʯʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ 

ʧʨʝʜʲʷʚʣʷʣʠʩʴ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʳ ʙʳʣʠ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʳ 2 ʮʝʣʝʚʳʭ ʢʨʠʪʝʨʠʷ ï ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʤʛʥʦʚʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ, ʘ 

ʪʘʢʞʝ ʩʫʤʤʘʨʥʦʡ ʟʘ ʯʘʩ. ʉʪʘʥʜʘʨʪʥʳʝ ʨʝʰʝʥʠʷ ʥʘ ʙʘʟʝ ʇʀɼ-ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ 

ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʣʠ ʜʦʩʪʠʯʴ ʪʦʯʥʦʩʪʠ 2-3%, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ 

ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʟʘʛʨʫʟʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʦʩʦʙʝʥʥʦ ʤʝʣʴʥʠʮ) ʠ ʥʝʚʳʧʦʣʥʝʥʠʶ 

ʧʣʘʥʘ. ʊʘʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʙʳʣʠ ʦʙʫʩʣʦʚʣʝʥʳ ʩʠʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʧʦʢʘʟʘʥʠʡ 

ʚʝʩʦʚ (ʚ ʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ), ʥʝ ʧʦʟʚʦʣʷʶʱʠʤʠ 

ʢʦʨʨʝʢʪʥʦ ʚʳʜʝʣʠʪʴ ʧʦʣʝʟʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʠʛʥʘʣʘ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʦʙʨʘʙʦʪʢʠ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʜʚʫʭ ʢʦʥʪʫʨʦʚ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ 

ʦʪʨʘʙʘʪʳʚʘʝʪ ʦʪʢʣʦʥʝʥʠʷ ʤʛʥʦʚʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʘ ʚʪʦʨʦʡ ʢʦʥʪʫʨ ʩʦʜʝʨʞʠʪ 

ʩʢʦʣʴʟʷʱʫʶ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʢ ʢʦʥʮʫ ʯʘʩʘ. ʕʪʦʪ ʢʦʥʪʫʨ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟʚʝʩʪʥʦʡ ʤʦʜʝʣʠ ʉɸʈ ʉʤʠʪʘ [12] ʪʝʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʛʥʦʟʘ 

ʙʝʨʝʪʩʷ ʥʝ ʤʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ, ʘ ʧʨʦʛʥʦʟ ʝʛʦ ʥʘʢʦʧʣʝʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʛʥʦʚʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʟʘʜʘʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ 

ʚʣʠʷʥʠʝ ʢʦʥʪʫʨʘ ʧʨʦʛʥʦʟʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʟʘʜʘʥʥʳʤ 
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ʜʦʧʫʩʪʠʤʳʤ ʜʠʘʧʘʟʦʥʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʤʛʥʦʚʝʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʚ 

ʧʨʝʜʝʣʘʭ 1% ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʯʘʩʦʚʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʢʦʣʦ 0,1% [13]. 

 

 

ʈʠʩ. 3 ï ɻʨʘʬʠʢ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜʳ 

 

ɺ ʨʘʤʢʘʭ ʩʦʟʜʘʥʠʷ ʉɸʋ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʜʦʟʠʨʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʡ ʟʘʤʝʥʳ ʠʥʦʩʪʨʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʊʘʢʘʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʦʟʥʠʢʣʘ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʧʨʦʝʢʪʦʤ 

ʜʦʟʠʨʦʚʦʯʥʳʝ ʩʪʦʣʳ ʥʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʢʘʟʘʣʠʩʴ 

ʥʝʘʜʘʧʪʠʨʦʚʘʥʥʳ ʢ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʨʝʘʛʝʥʪʦʚ ʠ ʥʝ ʤʦʛʣʠ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʫʶ ʪʦʯʥʦʩʪʴ ʜʦʟʠʨʦʚʘʥʠʷ. ɹʳʩʪʨʘʷ 

ʟʘʤʝʥʘ ʥʘ ʜʨʫʛʫʶ ʤʦʜʝʣʴ ʦʪ ʪʦʛʦ ʞʝ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʚʦʟʤʦʞʥʦʡ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʣʘʩʴ ʠʟ-ʟʘ ʩʘʥʢʮʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʜʣʠʪʝʣʴʥʳʭ ʩʨʦʢʦʚ ʧʦʩʪʘʚʢʠ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʨʘʟʨʘʙʦʪʢʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ 

ʜʦʟʠʨʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʢʣʘʧʘʥʦʚ ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ 

ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʧʝʨʘʪʦʨʫ ʟʘʜʘʚʘʪʴ ʪʨʝʙʫʝʤʳʡ ʨʘʩʭʦʜ 

ʨʝʘʛʝʥʪʘ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʸʤ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʳ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʧʦʜʘʯʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ ʥʘ ʦʪʢʨʳʪʠʝ 

ʢʣʘʧʘʥʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʝʛʦ ʩʨʘʙʘʪʳʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʦʙʲʸʤ ʨʝʘʛʝʥʪʘ, 

ʧʨʦʭʦʜʷʱʠʡ ʟʘ ʵʪʦʪ ʠʤʧʫʣʴʩ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣ ʚʳʧʦʣʥʝʥ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʜʦʟʠʨʦʚʘʥʠʝʤ ʢʘʞʜʦʛʦ 

ʨʝʘʛʝʥʪʘ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʟʘʜʘʚʘʷ ʝʛʦ ʨʘʩʭʦʜ ʚ ʤʠʣʣʠʣʠʪʨʘʭ ʚ ʤʠʥʫʪʫ. 

ʀʥʪʝʨʬʝʡʩ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʦʟʠʨʦʚʘʥʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4. 

ʀʪʦʛʦʚʦʝ ʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʩʪʝʧʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʦʟʠʨʦʚʘʥʠʷ ʠ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʮʝʥʝ ʠ ʩʢʦʨʦʩʪʠ ʚʥʝʜʨʝʥʠʷ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʥʘʣʦʛʠʯʥʳʝ ʩʠʩʪʝʤʳ ʧʨʠ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ [14]. 
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ʈʠʩ. 4 ï ʆʢʥʦ ʫʧʨʘʚʣʝʥʠʷ ʜʦʟʠʨʦʚʘʥʠʝʤ 

 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʚʥʝʜʨʝʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʟʘʧʫʩʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʩʣʫʞʠʣ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʩʣʫʞʙʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʨʝʛʣʘʤʝʥʪ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʫʯʝʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʚ ʚʳʙʦʨʝ ʩʦʩʪʘʚʘ 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʜʝʣʴʥʳʝ ʘʛʨʝʛʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ 

ʠʣʠ ʠʩʢʣʶʯʝʥʳ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʧʫʩʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʅʘ 

ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥʦ ʦʢʥʦ ʇʊʉ ʜʣʷ ʚʳʙʦʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘʧʫʩʢʘ. 

 

 
ʈʠʩ. 5 ï ʆʢʥʦ ʟʘʧʫʩʢʘ ʇʊʉ 1 

 

ɺ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʫʯʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʦʜʦʣʞʝʥʠʷ ʟʘʧʫʩʢʘ ʦʧʝʨʘʪʦʨʦʤ. ʊʘʢʘʷ ʤʝʨʘ 

ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʚʝʨʦʢ ʩʦʩʪʦʷʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʥʪʨʦʣʴ ʢʦʪʦʨʳʭ ʥʝ 
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ʦʭʚʘʯʝʥ ʩʨʝʜʩʪʚʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʩʪʝʧʝʥʴ 

ʦʧʝʨʘʪʦʨʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʚʣʠʷʥʠʠ ʥʘ ʩʢʦʨʦʩʪʴ ʟʘʧʫʩʢʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʧʫʩʢʘ [15] ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʫʩʢʘ ʧʦʩʣʝ ʧʣʘʥʦʚʳʭ ʠ ʚʥʝʧʣʘʥʦʚʳʭ ʦʩʪʘʥʦʚʦʢ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʘʩʴ ʥʘʛʣʷʜʥʦʩʪʴ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʧʨʦʮʝʩʩʘ: ʦʧʝʨʘʪʦʨ 

ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʘʪʴ ʟʘ ʭʦʜʦʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʘʛʨʝʛʘʪʦʚ, ʦʮʝʥʠʚʘʪʴ ʪʝʢʫʱʫʶ ʩʪʘʜʠʶ ʟʘʧʫʩʢʘ ʠ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʦʟʥʠʢʘʶʱʠʝ ʦʪʢʣʦʥʝʥʠʷ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʦʙʱʫʶ 

ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ. 

 

ɿʘʢʣʶʯʝʥʠʝ. ɺʳʧʦʣʥʝʥʠʝ ʧʨʦʝʢʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʦʚʧʘʣʦ ʩ ʧʝʨʠʦʜʦʤ ʥʘʯʘʣʘ ʩʘʥʢʮʠʦʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʦʞʥʠʣʦ ʧʨʦʮʝʩʩ ʚʳʙʦʨʘ ʠ ʧʦʩʪʘʚʢʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʧʦʜʙʦʨʫ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʥʘʣʦʛʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʠʭ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʬʘʙʨʠʢʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʩʦʭʨʘʥʠʪʴ ʮʝʣʦʩʪʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʝʢʪʘ ʢ ʚʥʝʰʥʠʤ 

ʦʛʨʘʥʠʯʝʥʠʷʤ. 

ʇʦʤʠʤʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ, ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʘ 

ʨʝʘʣʠʟʦʚʘʥʘ ʠʥʪʝʛʨʘʮʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʚ 

ʫʧʨʘʚʣʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʚʥʝʜʨʠʪʴ ʨʷʜ ʥʘʫʢʦʸʤʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʝ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʩʠʩʪʝʤʳ ʚ 

ʮʝʣʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʝʢʪ ʥʝ ʪʦʣʴʢʦ ʧʦʜʪʚʝʨʜʠʣ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʠʤʧʦʨʪʦʥʝʟʘʚʠʩʠʤʳʭ ʨʝʰʝʥʠʡ, ʥʦ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʧʦʪʝʥʮʠʘʣ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʉɸʋ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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SURFACE ALLOYING OF WORKING BODIES OF TILLAGE MACHINES: 

DEVELOPMENT OF TECHNOLOGY USING HDPE HEATING  

V.V. Zobnev, N.A. Chernetskaya 

Rubtsovsk Industrial Institute (branch) of Polzunov Altai State Technical University 
Annotation. The influence of three key factors ð the composition of the saturating mixture, 

the chemical composition of steel, and technological parameters ð on the phase composition, 

microstructure, and performance properties of alloyed coatings formed by heating with high-

frequency currents (HDPE) to strengthen the working surfaces of tillage plants has been studied. 

Additionally, the features of applying boronΆcontaining coatings under HDPE heating conditions 

have been studied. 

Keywords: diffusion layer, saturation process, high frequency current, deposited metal. 

 

ʊʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʫʧʨʦʯʥʝʥʠʷ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʦʨʛʘʥʦʚ ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ 

ʧʦʩʨʝʜʩʪʚʦʤ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʧʝʯʥʦʤ ʥʘʛʨʝʚʝ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠʤʝʥʷʣʘʩʴ ʧʝʯʴ ʩ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ (ʪʦʯʥʦʩʪʴ ʢʦʥʪʨʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ð Ñ 0,1ÁC ʥʘ ʩʧʘʝ ʪʝʨʤʦʧʘʨʳ). ʆʙʨʘʟʝʮ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ - ʣʘʧʘ ʢʫʣʴʪʠʚʘʪʦʨʘ. ʆʙʨʘʟʝʮ ʩ ʥʘʩʳʱʘʶʱʝʡ 

ʦʙʤʘʟʢʦʡ ʥʘ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʧʦʤʝʱʘʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʦʛʨʝʪʫʶ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 950
0
ʉ ʧʝʯʴ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʯʝʩʢʠʤ ʨʝʢʦʤʝʥʜʘʮʠʷʤ [1 ]. 

 

ʅʘʩʳʱʝʥʠʝ ʩʪʘʣʝʡ ʙʦʨʦʤ ʠ ʭʨʦʤʦʤ. ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦ ʥʘʩʳʱʝʥʠʝ 

ʣʝʛʠʨʫʁ ʠɦʤʠ ɻʣʝʤʝʥʪʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦӢʣɹ ʫhʁ ʪʦʣɦ ʠʥʫ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʩʣʦʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʤ. ʉʪʝʧʝʥʴ ʧʨʠʨʦʩʪʘ ʪʦʣʱʠʥʳ ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʣʦʞʝʥʠʷ ʚʪʦʨʦʛʦ ʥʘʩʳʱʘʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ɼ. ʀ. 

ʄʝʥʜʝʣʝʝʚʘ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʚʣʠʷʥʠʶ ʨʘʟʣʠʯʥʳʭ ʥʘʩʳʱʘʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʪʦʣʱʠʥʫ ʩʣʦʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1 

ʊʦʣʱʠʥʘ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ 

ʇʝʨʚʳʡ ʥʘʩʳʱʘʶʱʠʡ 

ʢʦʤʧʦʥʝʥʪ 

ɺʪʦʨʦʡ ʥʘʩʳʱʘʶʱʠʡ 

ʢʦʤʧʦʥʝʥʪ 

ʇʨʦʮʝʥʪ ʫʚʝʣʠʯʝʥʠʷ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ 

ɹʦʨ ʍʨʦʤ 5õ15 [2] 

ɹʦʨ ɸʟʦʪ 3õ5 [3] 

ɹʦʨ ɸʣʶʤʠʥʠʡ 5õ8,5 [4] 

 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘʩʳʱʘʶʱʝʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʨʙʠʜ 

ʙʦʨʘ. ɺ ʨʦʣʠ ʘʢʪʠʚʘʪʦʨʦʚ ʚʳʩʪʫʧʘʶʪ ʬʪʦʨʠʜʳ, ʭʣʦʨʠʜʳ, ʬʪʦʨʙʦʨʘʪʳ ʥʘʪʨʠʷ ʠ 

ʘʤʤʦʥʠʷ; ʚʪʦʨʳʤ ʥʘʩʳʱʘʶʱʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʣʫʞʘʪ ʧʦʨʦʰʢʠ ʬʝʨʨʦʭʨʦʤʘ, 

ʦʢʩʠʜʘ ʭʨʦʤʘ (III), ʢʫʙʦʚʳʡ ʦʩʪʘʪʦʢ ʦʪ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʭʨʦʤʠʨʦʚʘʥʠʷ (ʩʤʝʩʴ 

ʦʢʩʠʜʦʚ ʭʨʦʤʘ) ʠ ʙʦʨʠʜʳ ʭʨʦʤʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʥʘʩʳʱʝʥʠʷ ʘʪʦʤʳ ʛʘʣʦʛʝʥʦʚ (F, Cl ʠ ʜʨ.) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʦʢʠʜʘʶʪ ʦʙʤʘʟʢʫ ʙʣʘʛʦʜʘʨʷ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ ʝʸ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʢʣʦʦʙʨʘʟʥʦʡ 

ʧʣʸʥʢʠ (ʦʢʩʠʜʳ ʙʦʨʘ ʠ ʭʨʦʤʘ, ʪʝʪʨʘʙʦʨʘʪ ʥʘʪʨʠʷ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ. ʕʪʦ 

ʜʝʣʘʝʪ ʥʘʩʳʱʝʥʠʝ ʠʟ ʩʘʤʦʟʘʱʠʪʥʳʭ ʦʙʤʘʟʦʢ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʙʦʨʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ. ʇʣʸʥʢʘ ʚʳʧʦʣʥʷʝʪ ʜʚʝ ʬʫʥʢʮʠʠ: 

- ʟʘʱʠʱʘʝʪ ʨʝʘʢʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʪ ʠʟʙʳʪʦʯʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʦʢʠʩʣʝʥʠʝ ʥʘʩʳʱʘʶʱʝʡ ʩʨʝʜʳ; 

- ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʝʥʝʨʘʮʠʠ ʘʢʪʠʚʘʪʦʨʦʚ, ʫʜʝʨʞʠʚʘʷ ʛʘʣʦʛʝʥʳ ʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʟʦʥʝ. 

ʆʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʩʳʱʝʥʠʷ ð 950ÁC; ʜʦʧʫʩʪʠʤʳʡ ʜʠʘʧʘʟʦʥ ð 

950Ñ70ÁC (ʩ ʫʯʸʪʦʤ ʤʘʨʢʠ ʩʪʘʣʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʩ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʩʳʱʝʥʠʷ). [5, 6, 7] ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 

950ÁC ʚʦʟʤʦʞʥʦ ʦʧʣʘʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟΆʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʣʝʛʢʦʧʣʘʚʢʦʡ 
ʙʦʨʠʜʥʦʡ ʵʚʪʝʢʪʠʢʠ (Tʧʣå1050ÁC). [8] ʊʝʤʧʝʨʘʪʫʨʘ ʥʠʞʝ 850 ÁC ʥʝʵʬʬʝʢʪʠʚʥʘ: 

ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʘʢʪʠʚʘʮʠʠ ʠ ʜʠʬʬʫʟʠʠ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ (çʧʷʪʥʠʩʪʦʛʦè) ʫʧʨʦʯʥʷʶʱʝʛʦ ʧʦʢʨʳʪʠʷ, ʯʪʦ ʩʥʠʞʘʝʪ ʨʝʩʫʨʩ 

ʠʟʜʝʣʠʷ. [9]. 

 

ʍʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʪʘʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʊɺʏ-ʥʘʛʨʝʚʘ. 

ʇʨʦʚʝʜʝʥʘ ʧʨʦʮʝʜʫʨʘ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʩʪʘʣʝʡ 

ʤʘʨʦʢ 50, 50ɻ ʠ 65ɻ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʊɺʏ-ʥʘʛʨʝʚʘ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʩʳʱʘʶʱʝʡ 

ʩʨʝʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʘʤʦʟʘʱʠʪʥʳʝ ʦʙʤʘʟʢʠ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʙʦʨʘ. ɺ ʩʦʩʪʘʚ 

ʦʙʤʘʟʦʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʠʣʠʩʴ ʙʦʨʠʜʳ ʭʨʦʤʘ ʠ ʪʠʪʘʥʘ, ʬʝʨʨʦʪʠʪʘʥ, 

ʬʝʨʨʦʭʨʦʤ. 

ɼʣʷ ʛʝʥʝʨʘʮʠʠ ʊɺʏ ʧʨʠʤʝʥʷʣʩʷ ʧʨʦʤʳʰʣʝʥʥʳʡ ʠʥʚʝʨʪʦʨʥʳʡ ʛʝʥʝʨʘʪʦʨ. ɺ 

ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʢʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ: ʪʦʢ 

ʠʥʜʫʢʪʦʨʘ; ʯʘʩʪʦʪʘ ʪʦʢʘ; ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ (ʟʘʚʠʩʝʣʘ ʦʪ ʧʨʝʜʳʜʫʱʠʭ 

ʧʘʨʘʤʝʪʨʦʚ); ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ. 

ʂʘʨʙʠʜ ʙʦʨʘ ʚʳʧʦʣʥʷʣ ʜʚʦʡʥʫʶ ʬʫʥʢʮʠʶ - ʠʩʪʦʯʥʠʢ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 

ʘʪʦʤʦʚ ʙʦʨʘ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴ ʟʘʱʠʪʥʦʡ ʧʣʸʥʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʩʳʱʝʥʠʷ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʦʢʩʠʜʳ ʙʦʨʘ ʚʳʩʪʫʧʘʣʠ ʚ ʨʦʣʠ 

ʬʣʶʩʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʦʯʠʩʪʢʫ ʫʧʨʦʯʥʷʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʦʢʠʩʣʦʚ. 

ɹʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʪʨʠ ʚʘʨʠʘʥʪʘ ʥʘʧʣʘʚʢʠ: 

1. ʊʨʘʜʠʮʠʦʥʥʘʷ ʥʘʧʣʘʚʢʘ ʧʦʨʦʰʢʦʚʳʤ ʩʦʨʤʘʡʪʦʤ ʇʅΆʋ50ʍɿ8ʅ. 

2. ʅʘʧʣʘʚʢʘ ʩʦʨʤʘʡʪʦʤ ʇʅΆʋ50ʍɿ8ʅ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʥʘʩʳʱʘʶʱʠʭ ʩʤʝʩʝʡ. 

3. ʅʘʧʣʘʚʢʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʩʳʱʘʶʱʠʤʠ ʩʤʝʩʷʤʠ. 

ʇʨʠ ʥʘʧʣʘʚʢʝ ʊɺʏ ʧʦʨʦʰʢʦʚʳʤ ʩʦʨʤʘʡʪʦʤ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʥʝʜʦʩʪʘʪʢʠ: 

- ʠʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʟʝʨʥʘ ʚ ʦʩʥʦʚʥʦʤ ʤʝʪʘʣʣʝ; 

- ʚʳʨʘʞʝʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚʠʜʤʘʥʰʪʝʪʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ (ʩʚʠʜʝʪʝʣʴʩʪʚʦ 

ʦʙʝʜʥʝʥʠʷ ʤʝʪʘʣʣʘ ʫʛʣʝʨʦʜʦʤ ʠʟΆʟʘ ʝʛʦ ʜʠʬʬʫʟʠʠ ʢ ʥʘʧʣʘʚʣʝʥʥʦʤʫ ʩʣʦʶ); 

- ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʨ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ 

ʥʘʧʣʘʚʣʝʥʥʦʤ ʩʣʦʝ; 

- ʯʸʪʢʦ ʦʯʝʨʯʝʥʥʘʷ ʛʨʘʥʠʮʘ ʩʧʣʘʚʣʝʥʠʷ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʢʩʠʜʥʳʤ 

ʩʦʩʪʘʚʦʤ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʜʝʬʝʢʪʳ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʩʪʦʡʢʦʩʪʠ 

ʣʘʧ ʢʫʣʴʪʠʚʘʪʦʨʘ, ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʦʨʤʘʡʪʦʤ. ʆʢʩʠʜʥʘʷ ʧʨʦʩʣʦʡʢʘ ʧʨʦʚʦʮʠʨʫʝʪ 

ʩʢʦʣʳ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ. ʂʨʫʧʥʦʟʝʨʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʚʠʜʤʘʥʰʪʝʪʪʦʚʘ 

ʤʦʨʬʦʣʦʛʠʷ ʩʥʠʞʘʶʪ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʥʠʢʘʶʪ ʦʪʣʦʤʳ ʢʨʳʣʴʝʚ ʣʘʧʳ. 

ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʥʘʧʣʘʚʢʠ ʩʦʨʤʘʡʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʪʨʘʥʩʛʨʘʥʠʯʥʦʡ ʟʦʥʳ ʤʝʞʜʫ ʥʘʧʣʘʚʣʝʥʥʳʤ ʠ ʦʩʥʦʚʥʳʤ ʤʝʪʘʣʣʦʤ. ʕʪʘ ʟʦʥʘ 

ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʥʠʟʢʦʧʨʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ð ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʚʠʜʘ FexOy. 

ʉʚʦʡʩʪʚʘ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʟʘʚʠʩʷʪ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʘʧʣʘʚʦʯʥʦʡ 

ʰʠʭʪʳ, ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ, ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʥʘʛʨʝʚʘ, ʯʘʩʪʦʪʳ ʠ ʤʦʱʥʦʩʪʠ ʥʘ 

ʠʥʜʫʢʪʦʨʝ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʦʪʘ ʠ ʤʦʱʥʦʩʪʴ ʠʥʜʫʢʪʦʨʘ, ʯʠʩʣʦ ʮʠʢʣʦʚ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʥʘʛʨʝʚʘ ʚʣʠʷʶʪ ʥʘ ʬʘʟʦʚʳʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʯʝʨʝʟ ʧʨʦʮʝʩʩʳ 

ʜʠʬʬʫʟʠʠ ʠ ʧʣʘʚʣʝʥʠʷ, ʢʘʢ ʥʘ ʛʨʘʥʠʮʝ çʦʩʥʦʚʥʦʡ ʤʝʪʘʣʣð ʥʘʩʳʱʘʶʱʘʷ 

ʩʤʝʩʴè, ʪʘʢ ʠ ʚʥʫʪʨʠ ʩʘʤʦʡ ʩʤʝʩʠ. ʇʦʩʢʦʣʴʢʫ ʥʘʩʳʱʘʶʱʘʷ ʩʤʝʩʴ ʦʙʣʘʜʘʝʪ 

ʥʠʟʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʦʥʘ ʩʣʘʙʦ ʨʘʟʦʛʨʝʚʘʝʪʩʷ ʧʨʠ ʪʠʧʠʯʥʳʭ ʨʝʞʠʤʘʭ 

ʊɺʏ (ʯʘʩʪʦʪʘ: 4ï60 ʢɻʮ; ʤʦʱʥʦʩʪʴ ʥʘ ʠʥʜʫʢʪʦʨʝ: 70ï140 ʢɺʪ). ʆʩʥʦʚʥʦʡ 

ʤʝʭʘʥʠʟʤ ʥʘʛʨʝʚʘ ð ʧʝʨʝʜʘʯʘ ʪʝʧʣʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ, ʨʘʟʦʛʨʝʪʦʡ ʊɺʏ, ʢ 

ʥʘʩʳʱʘʶʱʝʡ ʩʤʝʩʠ (ʪʝʧʣʦʧʝʨʝʜʘʯʘ) ʧʦʩʨʝʜʩʪʚʦʤ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʯʝʨʝʟ 

ʜʠʬʬʫʟʠʶ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʊɺʏ ʦʙʳʯʥʦ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ. ʅʘʩʳʱʘʶʱʠʝ ʠ ʥʘʧʣʘʚʦʯʥʳʝ ʩʤʝʩʠ ʠʤʝʶʪ ʥʠʟʢʫʶ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʩʪʨʳʡ ʥʘʛʨʝʚ ʊɺʏ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʣʦʢʘʣʴʥʦʤʫ ʠʣʠ ʧʦʚʩʝʤʝʩʪʥʦʤʫ ʧʣʘʚʣʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ. 

ɺʦʟʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʫʧʨʦʯʥʝʥʠʝ ʜʠʬʬʫʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩ ʊɺʏ ʙʝʟ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʦʧʣʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ ʵʪʦ ʣʠʰʘʝʪ ʧʨʦʮʝʩʩ ʛʣʘʚʥʦʛʦ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ð ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 
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ʚʨʝʤʷ ʥʘʛʨʝʚʘ. ʉʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʘʩʳʱʘʶʱʝʡ ʩʨʝʜʳ ʟʘʜʘʸʪ ʬʘʟʦʚʳʡ ʠ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʫʧʨʦʯʥʸʥʥʦʛʦ ʩʣʦʷ ʟʘ ʩʯʸʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ. ʇʨʦʮʝʥʪʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʨʝʜʝ ʚʣʠʷʝʪ ʥʘ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚ 

ʫʧʨʦʯʥʷʶʱʝʤ ʧʦʢʨʳʪʠʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʢʨʘʪʢʦʩʪʠ ʮʠʢʣʘ 
(ʦʙʳʯʥʦ ʥʝ ʙʦʣʝʝ 10 ʤʠʥʫʪ) ʧʨʠ ʊɺʏ-ʥʘʛʨʝʚʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʥʘʧʣʘʚʢʠ, ʘ 

ʥʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʥʘʩʳʱʝʥʠʷ. 

ʇʨʠ ʥʘʧʣʘʚʢʝ ʩʤʝʩʷʤʠ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʠ ʢʘʨʙʠʜʦʚ ʭʨʦʤʘ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʦ ʪʱʘʪʝʣʴʥʦ ʟʘʯʠʩʪʠʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪ ʦʢʠʩʥʦʡ ʧʣʸʥʢʠ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʝʸ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʥʘʧʣʘʚʣʝʥʥʳʡ ʩʣʦʡ ʙʫʜʝʪ 

ʠʤʝʪʴ ʥʠʟʢʫʶ ʘʜʛʝʟʠʶ ʢ ʦʩʥʦʚʥʦʤʫ ʤʝʪʘʣʣʫ, ʯʪʦ ʯʨʝʚʘʪʦ ʝʛʦ ʦʪʩʣʦʝʥʠʝʤ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɼʣʷ ʟʘʱʠʪʳ ʩʪʘʣʴʥʳʭ ʠʟʜʝʣʠʡ ʧʨʠ ʥʘʧʣʘʚʢʝ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ 

ʬʣʶʩʳ - ʪʝʪʨʘʙʦʨʘʪ ʥʘʪʨʠʷ (ʙʫʨʫ) ʠ ʩʠʣʠʢʘʪ ʥʘʪʨʠʷ (ʥʘʪʨʠʝʚʦʝ ʩʪʝʢʣʦ). ʅʦ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʢʣʘʜʳʚʘʝʪ ʞʸʩʪʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ 

ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʬʣʶʩʘ. ʀʟʙʳʪʦʢ ʬʣʶʩʘ ʚʝʜʸʪ ʢ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤ ʚʢʣʶʯʝʥʠʷʤ ʚ 

ʥʘʧʣʘʚʣʝʥʥʦʤ ʩʣʦʝ, ʘ ʥʝʜʦʩʪʘʪʦʢ ð ʢ ʥʝʩʧʣʘʚʣʝʥʠʷʤ. ʀʟΆʟʘ ʵʪʦʛʦ ʟʘʯʘʩʪʫʶ ʥʝ 
ʫʜʘʸʪʩʷ ʧʦʣʥʦʩʪʴʶ ʠʟʙʝʞʘʪʴ ʦʢʠʩʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʞʜʫ 

ʥʘʧʣʘʚʣʝʥʥʳʤ ʠ ʦʩʥʦʚʥʳʤ ʤʝʪʘʣʣʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʥʠʟʢʦʧʨʦʯʥʘʷ ʠ ʭʨʫʧʢʘʷ 

ʦʢʩʠʜʥʘʷ ʧʣʸʥʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ Fe2ʆ3 ʠ 

Fe3ʆ4. 

ʊʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʩʪʘʚ, ʢʦʪʦʨʳʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʝʜʦʪʚʨʘʪʠʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʢʩʠʜʥʦʡ ʧʣʸʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʠ ʧʦʚʳʩʠʪ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʨʝʩʫʨʩ ʢʫʣʴʪʠʚʘʪʦʨʥʦʡ ʣʘʧʳ, ʫʧʨʦʯʥʸʥʥʦʡ ʩ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʝʤ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʩʦʩʪʘʚʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʩʦʩʪʘʚʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʙʦʨʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʩʪʘʣʴʥʳʭ ʠʟʜʝʣʠʡ ʙʦʨʦʤ, 

ʭʨʦʤʦʤ ʠ ʪʠʪʘʥʦʤ. [10] ʆʩʥʦʚʘʥʠʷ ʜʣʷ ʚʳʙʦʨʘ: 

- ʬʣʶʩʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘ ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʪʚʦʨʷʶʪ ʫʞʝ 

ʠʤʝʶʱʫʶʩʷ ʦʢʩʠʜʥʫʶ ʧʣʸʥʢʫ ʠ ʧʨʝʧʷʪʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʦʡ ʦʢʩʠʜʥʦʡ 

ʧʣʸʥʢʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ; 

- ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʙʦʨʠʜʦʚ ʞʝʣʝʟʘ ʥʘʜ ʢʘʨʙʠʜʘʤʠ. ʉʦʝʜʠʥʝʥʠʷ ʙʦʨʘ ʩ 

ʞʝʣʝʟʦʤ (ʙʦʨʠʜʳ ʞʝʣʝʟʘ) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʚʸʨʜʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʨʙʠʜʘʤʠ ʞʝʣʝʟʘ ʠ ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʢʘʨʙʠʜʘʤʠ ʭʨʦʤʘ ʧʦʢʘʟʘʪʝʣʠ 

ʪʚʸʨʜʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ. 

- ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʥʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʥʘ ʙʘʟʝ ʢʘʨʙʠʜʘ ʙʦʨʘ ʥʝ ʧʨʝʚʳʩʠʪ ʮʝʥʫ ʥʳʥʝ ʧʨʠʤʝʥʷʝʤʦʛʦ ʩʧʣʘʚʘ 

ʇʅΆʋ50ʍ38ʅ. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʢʘʨʙʠʜʫ ʙʦʨʘ ʚ ʩʦʩʪʘʚ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʫʣʴʪʠʚʘʪʦʨʥʳʭ ʣʘʧ ʚʢʣʶʯʝʥʳ ʬʝʨʨʦʪʠʪʘʥ, ʬʝʨʨʦʭʨʦʤ, ʩʤʝʩʴ ʤʦʥʦΆ ʠ 
ʜʠʙʦʨʠʜʘ ʞʝʣʝʟʘ. 
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ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʥʘʧʣʘʚʣʝʥʥʳʤʠ ʩʣʦʷʤʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʨʠʜʦʚ ʞʝʣʝʟʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʡ 

ʥʘ ʦʩʥʦʚʝ ʙʦʨʠʜʥʦʡ ʵʚʪʝʢʪʠʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʧʦʚʳʰʝʥʥʦʡ 

ʤʠʢʨʦʪʚʸʨʜʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʨʳʪʠʝʤ ʠʟ ʧʦʨʦʰʢʦʚʦʛʦ ʩʧʣʘʚʘ 

ʇʅΆʋ50ʍ38ʅ. ʅʘ ʛʨʘʥʠʮʝ ʩʧʣʘʚʣʝʥʠʷ ʧʨʠ ʙʦʨʠʜʥʦʡ ʥʘʧʣʘʚʢʝ ʦʪʩʫʪʩʪʚʫʝʪ 
ʦʢʩʠʜʠʨʦʚʘʥʥʘʷ ʧʝʨʝʭʦʜʥʘʷ ʟʦʥʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʯʥʦʝ ʩʮʝʧʣʝʥʠʝ ʩʣʦʷ ʠ 

ʫʣʫʯʰʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʜʝʣʠʷ. ɺ ʩʪʨʫʢʪʫʨʝ ʙʦʨʠʜʥʦʛʦ 

ʩʣʦʷ ʦʙʥʘʨʫʞʝʥʳ ʛʣʦʙʫʣʷʨʥʳʝ ʚʢʣʶʯʝʥʠʷ (1ï12 ʤʢʤ) ʩ ʪʚʸʨʜʦʩʪʴʶ 2800ï

3000 HV, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʙʦʨʠʜʳ ʭʨʦʤʘ ʠ ʪʠʪʘʥʘ 

ʠʣʠ ʣʝʛʠʨʦʚʘʥʥʳʝ ʭʨʦʤʦʤ ʠ ʪʠʪʘʥʦʤ ʙʦʨʠʜʳ ʞʝʣʝʟʘ. ʉʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʙʦʨʠʜʥʦʛʦ ʩʣʦʷ ð 965 HV ʠ ʩʣʦʷ ʠʟ ʩʦʨʤʘʡʪʘ ð 913 HV. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʩʧʣʘʚʦʤ ʇʅ-ʋ50ʍɿ8ʅ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʨʘʞʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ 

ʰʣʘʢʦʚʳʭ ʚʢʣʶʯʝʥʠʡ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʢʣʶʯʝʥʠʡ: ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ð 32ï

36 ʤʢʤ; ʧʦʢʘʟʘʪʝʣʴ ʘʥʠʟʦʪʨʦʧʠʠ ʨʘʟʤʝʨʦʚ ð 1,02, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ 

ʛʣʦʙʫʣʷʨʥʦʩʪʴ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ 

ʯʘʩʪʠʮʳ ʝʸ ʬʦʨʤʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʥʝʧʨʘʚʠʣʴʥʦʡ. ʊʘʢʠʝ ʚʢʣʶʯʝʥʠʷ ʩʧʦʩʦʙʥʳ 

ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʚʝʜʸʪ ʢ ʨʘʟʫʧʨʦʯʥʝʥʠʶ 

ʚʩʝʛʦ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ. ɿʦʥʘ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ, ʧʨʠʣʝʛʘʶʱʘʷ ʢ 

ʥʘʧʣʘʚʣʝʥʥʦʤʫ ʩʣʦʶ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʥʠʤ ʯʝʨʝʟ ʦʢʩʠʜʥʫʶ ʧʨʦʩʣʦʡʢʫ. 

ʊʦʣʱʠʥʘ ʵʪʦʡ ʧʨʦʩʣʦʡʢʠ ʩʦʩʪʘʚʣʷʝʪ 3ï7 ʤʢʤ. ʄʝʞʟʸʨʝʥʥʳʝ ʛʨʘʥʠʮʳ 

ʧʦʜʚʝʨʛʣʠʩʴ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (ʚʧʣʦʪʴ ʜʦ ʧʣʘʚʣʝʥʠʷ). ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʙʝʣʳʭ ʧʨʦʞʠʣʦʢ ʤʝʞʜʫ ʟʸʨʥʘʤʠ ð ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʵʪʦ ʵʚʪʝʢʪʠʢʘ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ, ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʬʝʨʨʠʪ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʪʨʫʢʪʫʨʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ 

ʚʳʷʚʣʝʥʦ ʜʦ 4 ʙʘʣʣʦʚ ʚʠʜʤʘʥʰʪʝʪʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. ʆʥʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʬʝʨʨʠʪʥʳʭ ʧʨʦʞʠʣʢʘʭ ʤʝʞʜʫ ʟʸʨʥʘʤʠ ʠ ʠʛʦʣʴʯʘʪʳʭ ʚʳʜʝʣʝʥʠʷʭ ʬʝʨʨʠʪʘ 

ʚʥʫʪʨʠ ʟʸʨʝʥ. ʅʘʣʠʯʠʝ ʚʠʜʤʘʥʰʪʝʪʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ð ʩʚʠʜʝʪʝʣʴʩʪʚʦ 

ʜʣʠʪʝʣʴʥʳʭ ʚʳʜʝʨʞʝʢ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʂʨʫʧʥʳʡ ʨʘʟʤʝʨ ʟʸʨʝʥ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʛʨʝʚ ʚʳʰʝ 1160 ÁC ð ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʟʸʨʝʥ ʚ ʩʪʘʣʠ 50ɻ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

(ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ, ʥʘʣʠʯʠʝ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ, 

ʦʢʩʠʜʥʘʷ ʧʨʦʩʣʦʡʢʘ, ʚʠʜʤʘʥʰʪʝʪʪʦʚʘ ʩʪʨʫʢʪʫʨʘ, ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʩʪʴ) ʩʥʠʞʘʶʪ 

ʧʨʦʯʥʦʩʪʴ ʢʘʢ ʥʘʧʣʘʚʣʝʥʥʦʛʦ, ʪʘʢ ʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ. 

ɼʨʫʛʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʧʣʘʚʢʠ ʙʦʨʠʜʘʤʠ 

ʞʝʣʝʟʘ ʚ ʨʝʞʠʤʝ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʜʣʷ ʩʦʨʤʘʡʪʦʚʦʛʦ ʩʧʣʘʚʘ. 

ɹʦʨʠʜʳ ʞʝʣʝʟʘ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʙʦʨʠʨʦʚʘʥʠʷ ʩʪʘʣʴʥʳʭ ʦʧʠʣʦʢ ʚ 

ʩʘʤʦʟʘʱʠʪʥʦʡ ʙʦʨʠʨʫʶʱʝʡ ʩʤʝʩʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 950 ÁC ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʚʳʜʝʨʞʢʠ 2,5 ʯʘʩʘ. ɹʦʨʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʥʝʛʝʨʤʝʪʠʯʥʦʤ ʞʘʨʦʩʪʦʡʢʦʤ 

ʢʦʥʪʝʡʥʝʨʝ. ʅʘ ʜʥʦ ʢʦʥʪʝʡʥʝʨʘ ʫʢʣʘʜʳʚʘʣʠ ʩʣʦʡ ʙʦʨʠʨʫʶʱʝʡ ʩʤʝʩʠ (ʪʦʣʱʠʥʘ: 

30ï40 ʤʤ). ʏʝʨʝʜʦʚʘʣʠ ʩʣʦʠ ʞʝʣʝʟʥʳʭ ʦʧʠʣʦʢ ʠ ʙʦʨʠʨʫʶʱʝʡ ʩʤʝʩʠ (ʪʦʣʱʠʥʘ 

ʢʘʞʜʦʛʦ ʩʣʦʷ: 25ï30 ʤʤ). ɺʝʨʭʥʠʡ ʩʣʦʡ ʦʧʠʣʦʢ ʧʦʢʨʳʚʘʣʠ ʙʦʨʠʨʫʶʱʝʡ ʩʨʝʜʦʡ 

(ʪʦʣʱʠʥʘ: 50 ʤʤ). ɼʘʣʝʝ ʢʦʥʪʝʡʥʝʨ ʧʦʤʝʱʘʣʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʦʛʨʝʪʫʶ ʜʦ 

950 ÁC ʧʝʯʴ, ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 2,5 ʯʘʩʘ, ʠʟʚʣʝʢʘʣʠ ʠʟ 
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ʧʝʯʠ ʠ ʦʭʣʘʞʜʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʜʦ 25ï30 ÁC ʠ ʧʦʜʚʝʨʛʘʣʠ ʚʳʙʠʚʢʝ. ʈʘʟʜʝʣʝʥʠʝ 

ʙʦʨʠʜʦʚ ʞʝʣʝʟʘ ʠ ʥʘʩʳʱʘʶʱʝʡ ʩʨʝʜʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ ʤʘʛʥʠʪʥʦʡ 

ʩʝʧʘʨʘʮʠʠ (ʩ ʫʯʸʪʦʤ ʩʣʘʙʦʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦʩʪʠ ʙʦʨʠʜʦʚ). ɿʘʪʝʤ ʜʠʬʬʫʟʠʦʥʥʦ 

ʦʙʨʘʙʦʪʘʥʥʳʝ ʦʧʠʣʢʠ ʠʟʤʝʣʴʯʘʣʠ ʥʘ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ʄʇ4Ά1,0. 

ʇʨʦʜʫʢʪʳ ʧʦʤʦʣʘ ʧʨʦʩʝʠʚʘʣʠ ʯʝʨʝʟ ʩʠʪʦ ʩ ʷʯʝʡʢʦʡ 200 ʤʢʤ. ʌʨʘʢʮʠʶ, 

ʧʨʦʰʝʜʰʫʶ ʩʢʚʦʟʴ ʩʠʪʦ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʥʘʧʣʘʚʢʠ, ʘ ʦʩʪʘʪʦʢ ʥʘ ʩʠʪʝ 

ʥʘʧʨʘʚʣʷʣʠ ʥʘ ʜʦʤʦʣ. 

ʅʘʧʣʘʚʣʝʥʥʳʡ ʩʣʦʡ ʣʠʰʸʥ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ. ʄʝʪʘʣʣ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʨ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʝʨʝʛʨʝʚ, ʦ ʯʸʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʥʳʡ ʨʘʟʤʝʨ ʟʸʨʝʥ. 

ʆʜʥʘʢʦ ʚʠʜʤʘʥʰʪʝʪʪʦʚʘ ʩʪʨʫʢʪʫʨʘ ʦʪʩʫʪʩʪʚʫʝʪ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ 

ʜʠʬʬʫʟʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʙʦʨʘ ʠ ʫʛʣʝʨʦʜʘ, ʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʤ 

ʚʨʝʤʝʥʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ɺ ʫʩʣʦʚʠʷʭ ʊɺʏ-ʥʘʛʨʝʚʘ ʩ ʢʘʨʙʠʜʦʙʦʨʥʦʡ ʩʤʝʩʴʶ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʮʝʩʩ 

ʥʘʧʣʘʚʢʠ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʥʦʡ ʧʨʦʩʣʦʡʢʠ ʤʝʞʜʫ ʧʦʢʨʳʪʠʝʤ ʠ ʦʩʥʦʚʥʳʤ 

ʤʝʪʘʣʣʦʤ. ʌʦʨʤʠʨʫʝʪʩʷ ʨʦʚʥʘʷ ʛʨʘʥʠʮʘ ʩʧʣʘʚʣʝʥʠʷ ʙʝʟ ʧʦʨ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʚʢʣʶʯʝʥʠʡ. ʅʘʧʣʘʚʣʝʥʥʳʡ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʨʠʜʥʫʶ ʵʚʪʝʢʪʠʢʫ, 

ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʪʚʦʨʝʥʠʷ ʯʘʩʪʠ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ ʚ 

ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʦʩʥʦʚʥʦʤ ʤʝʪʘʣʣʝ. ʇʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʧʦʵʪʘʧʥʦ: 

- ʥʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ: ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠʥʠʮʠʠʨʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʣʝʛʢʦʧʣʘʚʢʦʡ ʙʦʨʠʜʥʦʡ ʵʚʪʝʢʪʠʢʠ; 

- ʧʦʩʣʝʜʫʶʱʘʷ ʩʪʘʜʠʷ: ʨʘʩʧʣʘʚ ʘʢʪʠʚʥʦ ʨʘʩʪʚʦʨʷʝʪ ʢʘʨʙʠʜ ʙʦʨʘ ʠ ʠʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʥʘʩʳʱʘʶʱʝʡ ʩʤʝʩʠ. 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʟʘʬʠʢʩʠʨʦʚʘʥ 

ʬʨʘʛʤʝʥʪ ʥʝ ʜʦ ʢʦʥʮʘ ʨʘʩʪʚʦʨʠʚʰʝʛʦʩʷ ʟʝʨʥʘ ʢʘʨʙʠʜʘ ʙʦʨʘ, ʚʧʣʘʚʣʝʥʥʦʛʦ ʚ 

ʧʦʢʨʳʪʠʝ. ʄʠʢʨʦʪʚʸʨʜʦʩʪʴ ʟʝʨʥʘ ʢʘʨʙʠʜʘ ʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʪʘʣʦʥʥʦʡ 

ʪʚʸʨʜʦʩʪʠ ʢʘʨʙʠʜʘ ʙʦʨʘ 8000 HV. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʨʠʤʳʢʘʶʱʝʡ ʢ ʢʘʨʙʠʜʫ 

ʪʸʤʥʦʡ ʧʨʦʩʣʦʡʢʠ ʩʦʩʪʘʚʣʷʝʪ 2500 HV. ʇʨʦʩʣʦʡʢʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʢʘʢ 

ʤʦʥʦʙʦʨʠʜ ʞʝʣʝʟʘ FeB. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʩʚʝʪʣʦʡ ʧʨʦʩʣʦʡʢʠ ʫ ʛʨʘʥʠʮʳ 

ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʝʪ 1500 HV ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʝʤʠʙʦʨʠʜʫ ʞʝʣʝʟʘ 

FeϜB. ʉʨʝʜʥʷʷ ʤʠʢʨʦʪʚʸʨʜʦʩʪʴ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ: 1100ï1200 HV. ɼʘʥʥʳʝ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʟʘʤʝʨʦʚ ʪʚʸʨʜʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʣʝʜʫʶʱʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʟʘʧʫʩʢʘʝʪʩʷ ʜʠʬʬʫʟʠʷ, ʚʝʜʫʱʘʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ. 

ɼʠʬʬʫʟʠʦʥʥʳʡ ʩʣʦʡ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʬʘʟ: ʯʠʩʪʦʝ ʞʝʣʝʟʦ; ʤʦʥʦʙʦʨʠʜ ʞʝʣʝʟʘ 

(FeB); ʛʝʤʠʙʦʨʠʜ ʞʝʣʝʟʘ (FeϜB). ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʵʪʦʡ ʩʤʝʩʠ ð ʦʢʦʣʦ 

1150 ÁC. ʇʦʩʣʝ ʧʣʘʚʣʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʞʠʜʢʘʷ ʵʚʪʝʢʪʠʢʘ, ʢʦʪʦʨʘʷ 

ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ ʨʘʩʪʚʦʨʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʩʳʱʘʶʱʝʡ ʩʤʝʩʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʦʙʲʸʤ ʨʘʩʧʣʘʚʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʘʣʠ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʝʨʝʛʨʝʚ. 

ɺ ʝʸ ʩʦʩʪʘʚʝ ʚʳʷʚʣʝʥʦ ʦʢʦʣʦ 20 % ʚʠʜʤʘʥʰʪʝʪʪʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʣʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 
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ʉʪʨʫʢʪʫʨʘ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʥʘʥʝʩʝʥʠʠ ʙʦʨʠʜʦʚ ʞʝʣʝʟʘ ʠ ʩʦʨʤʘʡʪʘ 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʧʨʠ ʜʚʫʭʩʣʦʡʥʦʡ ʥʘʧʣʘʚʢʝ. ʉʥʘʯʘʣʘ ʥʘʥʦʩʷʪ ʙʦʨʠʜʳ ʞʝʣʝʟʘ 

(ʪʦʣʱʠʥʘ ʩʣʦʷ å 1 ʤʤ), ʟʘʪʝʤ ð ʩʧʣʘʚ ʇʅΆʋ50ʍ38ʅ (ʪʦʣʱʠʥʘ ʩʣʦʷ å 2 ʤʤ). 

ʉʬʦʨʤʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʦʢʩʠʜʥʦʡ ʧʣʸʥʢʠ ʥʘ 

ʛʨʘʥʠʮʝ ʩʧʣʘʚʣʝʥʠʷ ʠ ʥʘʣʠʯʠʝʤ ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʦʥʳ. ʅʘʧʣʘʚʣʝʥʥʳʡ ʩʣʦʡ ʥʝ 

ʩʦʜʝʨʞʠʪ ʧʦʨ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ. ʄʠʢʨʦʪʚʸʨʜʦʩʪʴ ʥʘʧʣʘʚʣʝʥʥʦʛʦ 

ʤʝʪʘʣʣʘ ð 1250 HV, ʟʦʥʳ ʩʧʣʘʚʣʝʥʠʷ (ʙʦʨʘ) ð 1500ï1700 HV, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʠʬʬʫʟʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʟʦʥʳ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʥʘʧʣʘʚʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʙʦʣʝʝ ʛʦʤʦʛʝʥʥʘʷ ʩ ʤʝʥʴʰʠʤ ʨʦʩʪʦʤ ʟʸʨʝʥ ʠ 

ʦʪʩʫʪʩʪʚʠʝʤ ʚʠʜʤʘʥʰʪʝʪʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. ʉʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʣʦʙʫʣʷʨʥʳʤ ʧʝʨʣʠʪʦʤ. ʅʘʙʣʶʜʘʶʪʩʷ ʩʣʘʙʦʪʨʘʚʷʱʠʝʩʷ 

ʛʣʦʙʫʣʷʨʥʳʝ ʚʳʜʝʣʝʥʠʷ (7ï30 ʤʢʤ) ʩ ʤʠʢʨʦʪʚʸʨʜʦʩʪʴʶ 1750ï1800 HV. ʇʦ 

ʜʘʥʥʳʤ ʨʝʥʪʛʝʥΆʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʍΆʄɽʊ 7500, ʩʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ 

ʚ ʦʩʥʦʚʥʦʤ ʤʝʪʘʣʣʝ ʚʦʟʨʦʩʣʦ ʩ 0,27 % ʜʦ 0,43 % (ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʡ 

ʩʪʘʣʠ 50ɻ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʢʣʶʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʢʘʨʙʠʜʘʤʠ 

ʭʨʦʤʘ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʥʘ ʛʨʘʥʠʮʘʭ ʟʸʨʝʥ ʠ ʩʫʙʟʸʨʝʥ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʥʠʞʥʝʛʦ ʩʣʦʷ ʙʦʨʠʨʫʶʱʝʡ ʩʨʝʜʳ ʥʘ ʦʩʥʦʚʝ 

ʢʘʨʙʠʜʘ ʙʦʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʘʷʩʷ ʦʪ 

ʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʥʦʡ ʩ ʙʦʨʠʜʘʤʠ ʞʝʣʝʟʘ. ɿʜʝʩʴ ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ ʬʘʟʦʚʳʡ 

ʩʦʩʪʘʚ ʵʚʪʝʢʪʠʢʠ ʠ ʟʦʥʳ ʩʧʣʘʚʣʝʥʠʷ. ɺ ʩʢʝʣʝʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʚʪʝʢʪʠʢʠ 

ʚʤʝʩʪʦ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ ʧʦʷʚʣʷʶʪʩʷ ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ, ʭʨʦʤʘ ʠ 

ʫʛʣʝʨʦʜʘ. ʄʠʢʨʦʪʚʸʨʜʦʩʪʴ ʥʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ð 1200ï1800 HV. ɿʦʥʘ 

ʩʧʣʘʚʣʝʥʠʷ (ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ) ʚʢʣʶʯʘʝʪ ʙʦʨʠʜʳ ʞʝʣʝʟʘ ʠ ʭʨʦʤʘ - 

ʢʘʨʙʦʙʦʨʠʜʳ (Fe, Cr)Ϝϝ(C, B)Ϡ. ʇʨʦʪʷʞʸʥʥʦʩʪʴ ʟʦʥʳ ʩʧʣʘʚʣʝʥʠʷ ð 10ï18 ʤʢʤ. 

ʄʠʢʨʦʪʚʸʨʜʦʩʪʴ ʟʦʥʳ ʩʧʣʘʚʣʝʥʠʷ ð 2400ï2700 HV. ʉʨʝʜʥʷʷ ʤʠʢʨʦʪʚʸʨʜʦʩʪʴ 

ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ð 1650 HV. ɺ ʥʘʧʣʘʚʣʝʥʥʦʤ ʩʣʦʝ ʟʘʤʝʪʥʳ ʦʩʪʘʪʢʠ ʟʸʨʝʥ 

ʩʧʣʘʚʘ ʇʅΆʋ50ʍ38ʅ, ʥʝ ʫʩʧʝʚʰʠʝ ʨʘʩʪʚʦʨʠʪʴʩʷ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʦʣʝʝ ʪʫʛʦʧʣʘʚʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʚʘʨʠʘʥʪʘʤʠ). ʊʦʯʥʳʡ ʩʦʩʪʘʚ ʩʣʦʞʥʳʭ 

ʢʘʨʙʦʙʦʨʠʜʦʚ ʫʩʪʘʥʦʚʠʪʴ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠʟΆʟʘ ʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʣʦʞʥʦʩʪʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʬʠʢʩʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʙʦʨʘ ʠ 

ʫʛʣʝʨʦʜʘ. 

 

ɺʳʚʦʜʳ 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʚ ð ʤʠʢʨʦʩʢʦʧʠʠ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʠ ʨʝʥʪʛʝʥʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ð ʠʟʫʯʝʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʩʣʝʜʫʶʱʠʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ: 

- ʩʦʩʪʘʚ ʥʘʩʳʱʘʶʱʝʡ ʩʤʝʩʠ; 

- ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʘʣʠ; 

- ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʣʠ ʧʦʢʨʳʪʠʷ, ʬʦʨʤʠʨʫʝʤʳʝ ʤʝʪʦʜʦʤ ʊɺʏ-

ʥʘʛʨʝʚʘ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ. 
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1. ɺʣʠʷʥʠʝ ʙʦʨʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɼʦʙʘʚʣʝʥʠʝ ʙʦʨʠʜʦʚ ʞʝʣʝʟʘ ʠ 

ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʦʩʪʫ ʪʚʸʨʜʦʩʪʠ ʥʘʧʣʘʚʣʝʥʥʦʛʦ 

ʩʣʦʷ ð ʚ 1,8ï2,4 ʨʘʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʨʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ: 

- ʫʩʪʨʘʥʷʶʪ ʦʢʩʠʜʳ ʚ ʟʦʥʝ ʩʧʣʘʚʣʝʥʠʷ; 

- ʧʦʚʳʰʘʶʪ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʤʝʞʜʫ ʥʘʧʣʘʚʣʝʥʥʳʤ ʠ ʦʩʥʦʚʥʳʤ 

ʤʝʪʘʣʣʦʤ. 

2. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘʧʣʘʚʢʘ ʣʘʧ ʢʫʣʴʪʠʚʘʪʦʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʙʦʨʩʦʜʝʨʞʘʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʞʝʣʝʟʥʦʡ ʦʩʥʦʚʝ 

(ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʚ 1,6ï

1,8 ʨʘʟʘ. 

ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʥʘʥʝʩʝʥʠʷ ʙʦʨʩʦʜʝʨʞʘʱʠʭ ʧʦʢʨʳʪʠʡ ʧʨʠ ʊɺʏ-ʥʘʛʨʝʚʝ. 

1. ɼʠʬʬʫʟʠʦʥʥʦʝ ʥʘʩʳʱʝʥʠʝ ʙʦʨʦʤ: 

- ʪʝʭʥʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʊɺʏ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʥʘʛʨʝʚʘ; 

- ʩʦʧʨʷʞʝʥʦ ʩ ʪʨʫʜʥʦʩʪʷʤʠ: ʩʣʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʝʧʣʦʚʣʦʞʝʥʠʝ ʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʦʧʣʘʚʣʝʥʠʷ; 

- ʥʝ ʧʦʟʚʦʣʷʝʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ ʜʠʬʬʫʟʠʦʥʥʦʝ 

ʧʦʢʨʳʪʠʝ. 

2. ʇʨʦʮʝʩʩ ʥʘʧʣʘʚʢʠ ʩ ʙʦʨʩʦʜʝʨʞʘʱʠʤʠ ʥʘʩʳʧʢʘʤʠ: 

- ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʜʦʧʫʩʪʠʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ; 

- ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʣʶʯʝʚʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʷ 

ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʙʦʨʘ ʠ ʫʛʣʝʨʦʜʘ; 

- ʧʦʢʘʟʳʚʘʝʪ ʩʣʘʙʦʝ ʚʣʠʷʥʠʝ ʪʠʧʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʥʘʩʳʧʢʝ ʥʘ ʠʪʦʛʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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ʇʆɺʓʐɽʅʀɽ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ ʆʇɽʈɸʎʀʀ ʇʈʀʊʀʈʂʀ 

ʇʋʊɽʄ ʇʈʀʄɽʅɽʅʀʗ ʉʇɽʎʀɸʃʔʅʓʍ ʇʈʀʉʇʆʉʆɹʃɽʅʀʁ  

ɸ.ʉ. ʃʠʪʚʠʥʘ 

ʃʳʩʴʚʝʥʩʢʠʡ ʬʠʣʠʘʣ ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠʯʠʥʳ ʫʚʝʣʠʯʝʥʠʷ 

ʪʨʫʜʦʝʤʢʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʠʪʠʨʦʯʥʦʡ ʦʧʝʨʘʮʠʠ, ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʠʪʠʨʘʝʤʳʭ 

ʠʟʜʝʣʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʯʠʥʳ ʙʳʩʪʨʦʛʦ ʨʘʩʭʦʜʘ ʧʨʠʪʠʨʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. ɹʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʧʦʜʘʯʠ ʧʨʠʪʠʨʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ, ʧʦʚʳʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʧʨʠʪʠʨʘʝʤʳʭ ʠʟʜʝʣʠʡ ʠ ʦʧʪʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʧʨʠʪʠʨʦʯʥʦʡ ʩʤʝʩʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʠʪʠʨʦʯʥʘʷ ʦʧʝʨʘʮʠʷ, ʧʨʠʪʠʨ, ʧʨʠʪʠʨʦʯʥʳʡ ʨʘʩʪʚʦʨ, ʢʘʯʝʩʪʚʦ 

ʧʨʦʜʫʢʮʠʠ, ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ. 

 

IMPROVIG THE QUALITY OF PARTS PROCESSED ON LAPPING 

EQUIPMENT  

A.S. Litvina 

Lysva branch of the Federal State Autonomous Educational Institution of Higher 

Education "Perm National Research Polytechnic University" 
Annotation. This article discusses and identifies the causes of increased labor intensity of the 

lapping operation, deterioration of the quality of the lapped products, as well as the causes of rapid 

consumption of the lapping solution. A device for supplying the lapping solution to the working 

area has been developed. The result of the research is a reduction in the auxiliary processing time, 

an increase in the quality of the lapped products, and an optimal consumption of the lapping 

mixture. 

Keywords: lapping operation, lapping tool, lapping solution, product quality, and fixture. 

 

ɺʚʝʜʝʥʠʝ. 

ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʤʥʦʞʝʩʪʚʦ ʫʟʣʦʚ ʤʝʭʘʥʠʟʤʦʚ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʨʘʙʦʪʘʶʪ ʧʨʠ ʚʟʘʠʤʥʦʤ ʪʨʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʧʦʜʧʷʪʥʠʢ ʠ ʧʷʪʘ, ʧʦʛʨʫʞʥʦʛʦ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ (ʇʕɼ), ʧʦʵʪʦʤʫ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʚʳʩʦʢʠʡ ʢʣʘʩʩ 

ʪʦʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʠʩʢʣʶʯʠʪʴ ʩʣʝʜʳ, ʦʩʪʘʚʰʠʝʩʷ ʦʪ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʊʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʩʦʧʨʷʛʘʝʤʳʤ 

ʧʦʚʝʨʭʥʦʩʪʷʤ ʚʳʨʘʞʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʦʪʢʣʦʥʝʥʠʷʭ ʬʦʨʤʳ: ʧʣʦʩʢʦʩʪʥʦʩʪʴ - ʥʝ 

ʙʦʣʝʝ 0,005 ʤʤ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ - ʥʝ ʙʦʣʝʝ Ra=0,03 ʤʢʤ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʩʝ 

ʫʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʧʨʠʪʠʨʦʯʥʫʶ ʦʧʝʨʘʮʠʶ.  
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ʇʨʠʪʠʨʦʯʥʘʷ ʦʧʝʨʘʮʠʷ (ʧʨʠʪʠʨʢʘ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʩʣʦʞʥʦʛʦ 

ʠʟʥʘʰʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ, ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟ ʤʷʛʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʥʘʥʝʩʝʥʥʳʤ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʘʙʨʘʟʠʚʥʳʭ ʠʣʠ ʟʘʢʨʝʧʣʸʥʥʳʭ 

ʟʝʨʝʥ, ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʫʜʘʣʷʶʪ ʩʣʦʡ ʤʝʪʘʣʣʘ ʠʣʠ ʧʣʝʥʢʠ ʝʛʦ ʦʢʠʩʣʦʚ [1]. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʨʝʥʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʦʨʤʘʣʴʥʳʭ 

ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ [2].ʊʦʣʱʠʥʘ ʩʣʦʷ ʩʥʠʤʘʝʤʦʛʦ ʧʨʠʪʠʨʦʤ 

ʤʝʪʘʣʣʘ, ʥʝ ʧʨʝʚʳʰʘʝʪ 0,02 ʤʤ. ʇʨʠʧʫʩʢ ʥʘ ʧʨʠʪʠʨʢʫ ʜʦʣʞʝʥ ʙʳʪʴ ʚʝʩʴʤʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʠ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʙʦʣʝʝ 0,05 ʤʤ [3].ʀʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʨʠʪʠʨʢʠ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʧʦ ʬʦʨʤʝ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ. ʇʨʠʪʠʨʳ ʠʟʛʦʪʦʚʣʷʶʪ ʠʟ 

ʩʪʝʢʣʘ, ʤʷʛʢʦʛʦ ʯʫʛʫʥʘ, ʤʷʛʢʦʡ ʩʪʘʣʠ, ʤʝʜʠ, ʣʘʪʫʥʠ, ʩʚʠʥʮʘ ʠ ʜʨʝʚʝʩʠʥʳ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʪʠʨʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪ ʧʨʠʪʠʨʦʯʥʫʶ ʧʘʩʪʫ 

(ʨʘʩʪʚʦʨ), ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʠʪ ʘʙʨʘʟʠʚʥʳʡ ʧʦʨʦʰʦʢ, ʩʤʝʰʘʥʥʳʡ ʩ 

ʦʢʠʩʣʷʶʱʝʡ ʞʠʜʢʦʩʪʴʶ (ʢʝʨʦʩʠʥ) ʠ ʩʤʘʟʳʚʘʶʱʠʤ ʤʘʪʝʨʠʘʣʦʤ (ʪʝʭʥʠʯʝʩʢʦʝ 

ʤʘʩʣʦ)[4]. 

ʎʝʣʴʶ ʧʨʠʪʠʨʦʯʥʦʡ ʦʧʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʛʦ ʠʣʠ ʨʘʟʲʝʤʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ 

ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʫʩʪʨʘʥʝʥʠʝ ʩʣʝʜʦʚ ʨʝʞʫʱʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʦʩʪʘʶʪʩʷ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʝʪʘʣʝʡ[2].ʏʪʦʙʳ ʜʝʪʘʣʴ ʧʨʠʪʠʨʘʣʘʩʴ ʙʳʩʪʨʝʝ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦ, 

ʦʙʝʩʧʝʯʠʪʴ ʧʦʩʪʦʷʥʥʦʝ ʥʘʣʠʯʠʝ ʧʨʠʪʠʨʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ. 

ʈʘʩʧʨʝʜʝʣʷʪʩʷ ʦʥ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ ʩ ʥʘʛʥʝʪʘʪʝʣʝʤ ʠ ʚʨʘʱʘʶʱʠʤʩʷ 

ʨʝʟʝʨʚʫʘʨʦʤ, ʯʪʦʙʳ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʩʪʦʷʥʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ.  

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ʆʥʘ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʧʦʣʫ ʨʷʜʦʤ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʪʝʤ ʩʘʤʳʤ ʘʙʨʘʟʠʚʥʳʡ 

ʧʦʨʦʰʦʢ ʟʘʩʪʘʠʚʘʝʪʩʷ ʯʘʩʪʠʯʥʦ ʚ ʪʨʫʙʢʘʭ ʠ ʥʘ ʜʥʝ ʨʝʟʝʨʚʫʘʨʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ ʧʦʜʘʝʪʩʷ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʦʝ ʤʘʩʣʦ. ʏʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʥʝ 

ʪʦʣʴʢʦ ʢ ʧʦʣʦʤʢʝ ʩʠʩʪʝʤʳ, ʥʦ ʠ ʢ ʥʝʢʘʯʝʩʪʚʝʥʥʦʤʫ ʧʨʦʮʝʩʩʫ ʦʙʨʘʙʦʪʢʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʩʦʢʨʘʱʝʥʠʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʠʪʠʨʘʝʤʳʭ 

ʠʟʜʝʣʠʡ ʠ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʧʨʠʪʠʨʦʯʥʦʡ ʩʤʝʩʠ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ 

ʟʘʜʘʯ: ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʧʨʠʪʠʨʦʯʥʦʡ ʦʧʝʨʘʮʠʠ, ʚʳʷʚʣʝʥʠʝ 

ʧʨʠʯʠʥʳ ʫʚʝʣʠʯʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ ʦʙʨʘʙʦʪʢʠ, ʨʘʩʩʤʦʪʨʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʜʣʷ ʧʦʜʘʯʠ ʧʨʠʪʠʨʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ. 

ʉ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʚʳʧʦʣʥʝʥʠʷ ʧʨʠʪʠʨʦʯʥʦʡ ʦʧʝʨʘʮʠʠ. ʅʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʧʨʠʪʠʨʦʯʥʘʷ ʦʧʝʨʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʪʘʢʠʭ ʜʝʪʘʣʷʭ ʢʘʢ ʇʷʪʘ ʠ 

ʇʦʜʧʷʪʥʠʢ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʙʦʪʘʶʪ ʚ ʧʘʨʝ ʪʨʝʥʠʷ. 

ɼʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʩʪʘʥʢʘʭ ʬʠʨʤʳ LapmasterWolters. 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ʇʨʠʪʠʨ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʪʨʝʙʫʝʪ 

ʪʱʘʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʷʜʘ 
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ʪʨʝʙʦʚʘʥʠʡ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʪʚʝʯʘʶʱʫʶ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ[5]. 

ʇʝʨʝʜ ʟʘʧʫʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʥʘʯʘʣʝ ʨʘʙʦʯʝʡ ʩʤʝʥʳ, ʚʳʧʦʣʥʷʝʪʩʷ 

ʚʠʟʫʘʣʴʥʘʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʨʠʪʠʨʦʯʥʦʡ ʧʣʠʪʳ. ɽʸ ʧʨʦʪʠʨʘʶʪ ʚʝʪʦʰʴʶ, 

ʩʤʦʯʝʥʥʫʶ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ, ʯʪʦʙʳ ʦʯʠʩʪʠʪʴ ʦʪ ʧʦʩʪʦʨʦʥʥʠʭ ʚʢʣʶʯʝʥʠʡ. ɺ 

ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʧʣʠʪʘ ʧʨʦʚʝʨʷʝʪʩʷ ʥʘ ʪʨʝʙʦʚʘʥʠʝ ʯʝʨʪʝʞʘ, ʧʣʦʩʢʦʩʪʥʦʩʪʴ 

ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʟʥʘʯʝʥʠʷ ʜʦʧʫʩʢʘ ʧʣʦʩʢʦʩʪʥʦʩʪʠ, ʫʢʘʟʘʥʥʦʡ ʥʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ, ʚ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʢʘʥʘʚʢʘʭ ʧʨʠʪʠʨʦʯʥʦʡ ʧʣʠʪʳ 

ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʨʘʜʠʫʩʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʩʪʨʳʝ ʢʨʦʤʢʠ ʥʝ 

ʮʘʨʘʧʘʣʠ ʧʨʠʪʠʨʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʪʘʣʠ. 

ʇʝʨʝʜ ʟʘʛʨʫʟʢʦʡ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ ʥʘ ʧʨʠʪʠʨʦʯʥʫʶ ʧʣʠʪʫ 

ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʢʦʣʴʮʘ,ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʜʝʪʘʣʠ 

ʩʦʚʝʨʰʘʣʠ ʚʨʘʱʘʪʝʣʴʥʳʝ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʧʦ ʚʩʝʡ ʧʣʦʩʢʦʩʪʠ 

ʧʨʠʪʠʨʘ. ɿʘʬʠʢʩʠʨʦʚʘʪʴ ʠʭ ʧʨʠ ʧʦʤʦʱʠ ʨʳʯʘʛʦʚ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

çʚʳʣʝʪʘè ʠʟ ʨʘʙʦʯʝʡ ʟʦʥʳ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ[5]. 

ɺ ʢʘʞʜʦʝ ʢʦʨʨʝʢʪʠʨʫʶʱʝʝ ʢʦʣʴʮʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʦʨʨʝʢʪʠʨʫʶʱʠʡ 

ʚʢʣʘʜʳʰ, ʯʪʦʙʳ ʜʝʪʘʣʠ ʚ ʢʦʨʨʝʢʪʠʨʫʶʱʝʤ ʢʦʣʴʮʝ ʥʝ ʫʜʘʨʷʣʠʩʴ ʜʨʫʛ ʦʙ ʜʨʫʛʘ 

ʪʝʤ ʩʘʤʳʤ, ʠʩʢʣʶʯʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʟʘʙʦʠʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ. 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʩʥʘʩʪʢʠ ʚ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʚʢʣʘʜʳʰʠ 

ʟʘʛʨʫʞʘʶʪʩʷ ʜʝʪʘʣʠ, ʦʥʠ ʦʩʥʘʱʘʶʪʩʷ ʛʨʫʟʘʤʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ 

ʜʝʪʘʣʠ ʧʣʦʪʥʦ ʩʦʧʨʠʢʘʩʘʣʠʩʴ ʩ ʧʨʠʪʠʨʦʯʥʦʡ ʧʣʠʪʦʡ. 

ɿʘʪʝʤ ʛʦʪʦʚʠʪʩʷ ʧʨʠʪʠʨʦʯʥʘʷ ʧʘʩʪʘ. ʈʘʩʧʨʝʜʝʣʷʪʩʷ ʦʥʘ ʧʨʠ ʧʦʤʦʱʠ 

ʩʠʩʪʝʤʳ ʩ ʥʘʛʥʝʪʘʪʝʣʝʤ ʠ ʚʨʘʱʘʶʱʠʤʩʷ ʨʝʟʝʨʚʫʘʨʦʤ, ʯʪʦʙʳ ʧʨʦʠʩʭʦʜʠʣʦ 

ʧʦʩʪʦʷʥʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʧʦʜʘʯʘ ʧʨʠʪʠʨʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʨʫʯʥʫʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʠʪʠʨʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʠʪʠʨʦʯʥʘʷ ʦʧʝʨʘʮʠʷ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʙʝʟ 

ʧʨʠʪʠʨʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʪʦ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʪʘʥʫʪʩʷ ʩʣʝʜʳ ʦʪ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʧʨʝʜʳʜʫʱʠʭ ʦʧʝʨʘʮʠʡ ʠ ʤʦʛʫʪ ʧʦʷʚʠʪʴʩʷ ʥʦʚʳʝ 

ʨʠʩʢʠ. ɸ ʪʘʢʞʝ, ʫʯʠʪʳʚʘʷ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʚʦʟʥʠʢʘʝʪ ʥʝʨʘʮʠʦʥʘʣʴʥʳʡ 

ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʘ. ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʪʠʨʦʯʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʩʥʠʤʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʣʦʡ ʤʝʪʘʣʣʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ 

ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʠ ʥʘ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʳʰʝʫʢʘʟʘʥʥʫʶ ʧʨʦʙʣʝʤʫ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ 

ʨʘʟʨʘʙʦʪʢʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʘʯʠ 

ʧʨʠʪʠʨʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ (ʨʠʩ.1). 

ɼʘʥʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʨʠʪʠʨʦʯʥʳʡ 

ʩʪʘʥʦʢ ʪʘʢ, ʯʪʦʙʳ ʨʝʟʝʨʚʫʘʨ ʜʣʷ ʧʨʠʪʠʨʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʨʘʩʧʦʣʘʛʘʣʩʷ ʚʳʰʝ 

ʨʘʙʦʯʝʡ ʟʦʥʳ. 

ɺ ʝʤʢʦʩʪʴ 1 ʟʘʣʠʚʘʝʪʩʷ ʧʨʠʪʠʨʦʯʥʳʡ ʨʘʩʪʚʦʨ. ʇʨʠ ʧʦʤʦʱʠ ʤʦʪʦʨʘ-

ʨʝʜʫʢʪʦʨʘ 19 ʯʝʨʝʟ ʚʘʣ 6 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʨʘʱʘʶʱʝʝ ʜʚʠʞʝʥʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʚ 

ʜʚʠʞʝʥʠʝ ʣʦʧʘʩʪʠ ʢʨʳʣʴʯʘʪʢʠ. ʇʨʠʪʠʨʦʯʥʳʡ ʨʘʩʪʚʦʨ ʧʦʧʘʜʘʝʪ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ 
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ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʚ ʝʤʢʦʩʪʠ 1 ʧʦ ʪʨʫʙʢʝ 5. ɼʦʟʘ ʨʘʩʪʚʦʨʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʚʝʥʪʠʣʝʤ 

ʢʨʘʥʘ.  

 

 
ʈʠʩ.1 ï ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʧʦʜʘʯʠ ʧʨʠʪʠʨʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ 

 

ɹʣʘʛʦʜʘʨʷ ʤʦʪʦʨʫ ï ʨʝʜʫʢʪʦʨʫ ʢʨʳʣʴʯʘʪʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ 

ʜʚʠʞʝʥʠʠ ʠ ʧʨʠʪʠʨʦʯʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʙʝʟ ʦʩʪʘʥʦʚʢʠ. ɺʩʣʝʜʩʪʚʠʝ 

ʯʝʛʦ ʘʙʨʘʟʠʚʥʳʡ ʧʦʨʦʰʦʢ ʥʝ ʟʘʩʪʘʠʚʘʝʪʩʷ ʥʘ ʜʥʝ ʝʤʢʦʩʪʠ ʠ ʩʤʝʰʠʚʘʝʪʩʷ ʩ 

ʪʝʭʥʠʯʝʩʢʠʤ ʤʘʩʣʦʤ, ʠ ʧʦʧʘʜʘʝʪ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ ʚ ʧʦʣʥʦʤ ʩʦʩʪʘʚʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʤʦʞʥʦ ʨʝʰʠʪʴ ʨʷʜ ʧʨʦʙʣʝʤ. 

ɺʦ-ʧʝʨʚʳʭ, ʪʘʢʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʠʪ ʥʝʧʨʝʨʳʚʥʫʶ ʧʦʜʘʯʫ 

ʧʨʠʪʠʨʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʨʘʚʥʦʤʝʨʥʦʤʫ ʩʥʷʪʠʶ 

ʩʣʦʷ ʤʝʪʘʣʣʘ. ʊʘʢ ʞʝ ʦʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʩʠʩʪʝʤʳ ʚʳʩʪʫʧʘʝʪ ʩʪʘʙʠʣʴʥʘʷ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʧʦʜʘʯʠ ʧʨʠʪʠʨʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʟʦʥʫ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ 

ʩʦʙʦʡ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺʦ-ʚʪʦʨʳʭ, ʠʩʢʣʶʯʠʪʩʷ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʚ ʩʣʫʯʘʝ ʯʝʛʦ, ʚʦʟʤʦʞʝʥ 

ʨʘʟʣʠʚ ʠʣʠ ʥʝʜʦʣʠʚ ʧʨʠʪʠʨʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

ɺ-ʪʨʝʪʴʠʭ, ʩʦʢʨʘʪʠʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʧʦʪʨʘʯʝʥʥʦʝ ʥʘ ʜʦʧʦʣʥʝʥʠʝ 

ʧʨʠʪʠʨʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ.  
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ʉʦʛʣʘʩʥʦ ʪʝʭʥʦʣʦʛʠʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʨʘʙʦʯʠʡ ʜʦʣʞʝʥ 

ʜʦʙʘʚʣʷʪʴ ʧʨʠʪʠʨʦʯʥʳʡ ʨʘʩʪʚʦʨ ʢʘʞʜʳʝ 1-2 ʤʠʥ ʧʦ 1 ʩʪʦʣʦʚʦʡ ʣʦʞʢʝ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʚʨʝʤʷ ʫʚʝʣʠʯʠʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ. ʇʦʩʣʝ 

ʚʥʝʜʨʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʨʘʙʦʯʠʡ ʛʦʪʦʚʠʪ ʦʜʠʥ ʟʘʤʝʩ 

ʧʨʠʪʠʨʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʪʘʨʝ ʝʤʢʦʩʪʴʶ 1ʣ.,ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʩʪʦʪʳ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. 

 

ɺʳʚʦʜ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʦʙʝʩʧʝʯʠʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʥʝʧʨʝʨʳʚʥʫʶ ʧʦʜʘʯʫ ʧʨʠʪʠʨʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ, 

ʯʪʦ ʠʩʢʣʶʯʠʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʩʳʭʘʥʠʷ ʧʨʠʪʠʨʦʯʥʦʡ ʧʣʠʪʳ ʠ ʩʚʝʜʝʪ ʢ 

ʤʠʥʠʤʫʤʫ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʨʘʢʦʚʘʥʥʳʭ ʜʝʪʘʣʝʡ. ʇʨʠʪʠʨʦʯʥʳʡ ʨʘʩʪʚʦʨ ʤʦʞʥʦ 

ʙʫʜʝʪ ʧʨʠʛʦʪʦʚʠʪʴ ʦʜʠʥ ʨʘʟ ʟʘ ʚʩʶ ʨʘʙʦʯʫʶ ʩʤʝʥʫ, ʧʨʠ ʵʪʦʤ ʫ ʨʘʙʦʯʝʛʦ 

ʧʦʷʚʠʪʩʷ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʤʳʚʢʠ ʠ ʢʦʥʪʨʦʣʷ 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʝʪʘʣʝʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʫʯʥʦʤ ʜʦʙʘʚʣʝʥʠʠ ʩʤʝʩʠ ʚ 

ʨʘʙʦʯʫʶ ʟʦʥʫ, ʨʘʙʦʯʠʡ ʪʨʘʪʠʪ 120 ʤʠʥʫʪ ʟʘ ʚʩʶ ʨʘʙʦʯʫʶ ʩʤʝʥʫ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʫʤʝʥʴʰʠʪ ʪʨʫʜʦʝʤʢʦʩʪʴ ʥʘ 2 ʯʘʩʘ. 
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ʄʆɼɽʈʅʀɿɸʎʀʗ ʈʋʏʅʆɻʆ ʇʈʆʂɸʊʅʆɻʆ ʉʊɸʅɸ ʈʇʉ-75 
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ʧʝʨʝʜʘʪʦʯʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ, ʧʨʦʢʘʪʥʳʝ ʚʘʣʢʠ, ʤʝʭʘʥʠʟʘʮʠʷ. 
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MODERNIZATION OF THE RPS -75 MANUAL ROLLING MILL  

A.S. Litvina 

Lysva branch of the Federal State Autonomous Educational Institution of Higher 

Education "Perm National Research Polytechnic University" 
Annotation. This article presents an improvement in the design of the RPS-75 rolling mill. A 

schematic diagram of the modernization was developed based on the introduction of an additional pair 

of gears that ensure smooth transmission of motion to the rolling rolls.  

Keywords: cold rolling, manual rolling mill, working cage, gear mechanisms, gear wheel, rolling 

rolls, mechanization. 

 

ɺʚʝʜʝʥʠʝ. ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʜʨʫʛʠʭ 

ʚʠʜʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʨʘʩʣʝʡ, ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʟʘʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [1]. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʢʘʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʭʦʣʦʜʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘʭ 

ʭʦʣʦʜʥʦʢʘʪʘʥʦʡ ʣʠʩʪʦʚʦʡ ʩʪʘʣʠ. ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ 

ʤʝʭʘʥʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʟʘʛʦʪʦʚʢʠ ʟʘʜʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ 

ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʜʦʧʫʩʢʘʤʠ ʠ ʢʘʯʝʩʪʚʦʤ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʠʩʪʦʚʦʛʦ ʤʝʪʘʣʣʘ. ɺ 

ʜʦʧʦʣʥʝʥʠʝ ʢ ʧʝʨʝʯʠʩʣʝʥʥʦʤʫ ʩʦʢʨʘʱʘʝʪʩʷ ʯʠʩʣʦ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ 

ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʦʢʘʪʢʠ [2]. 

ɼʦʣʷ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʧʨʝʚʳʰʘʝʪ 50 %, ʯʪʦ ʚʳʟʚʘʥʦ 

ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ, ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʡ, ʘʚʠʘʮʠʦʥʥʦʡ, ʠ ʜʨʫʛʠʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [3]. 

ɺ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʚʦʟʥʠʢʘʝʪ ʚʳʩʦʢʠʡ ʩʧʨʦʩ ʥʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʘʥʥʦʛʦ ʧʨʦʬʠʣʷ. ɼʣʷ ʠʭ ʧʦʜʛʦʪʦʚʢʠ 

ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʬʝʨʝ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ, 

ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʨʫʯʥʳʝ ʧʨʦʢʘʪʥʳʝ ʩʪʘʥʳ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʤʠʥʫʩʦʚ ʷʚʣʷʝʪʩʷ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʢʦʨʦʩʪʴ ʠ ʤʦʱʥʦʩʪʴ ʧʨʦʢʘʪʢʠ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʤʝʭʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʷʚʣʷʝʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʨʫʯʥʦʛʦ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʘʥʘʣʠʟ ʧʫʪʝʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʢʣʝʪʝʡ ʠ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʨʝʰʝʥʠʡ ʥʘ ʧʨʠʤʝʨʝ ʩʪʘʥʘ ʈʇʉ-15. 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ʇʨʦʢʘʪʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ 

ʜʘʚʣʝʥʠʝʤ. ʇʨʦʮʝʩʩ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʟʘʛʦʪʦʚʢʠ 2 ʤʝʞʜʫ 

ʧʨʠʚʦʜʥʳʤʠ ʚʘʣʢʘʤʠ 1, ʧʨʠ ʵʪʦʤ ʩʠʣʳ ʪʨʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝ ʤʝʥʴʰʝ, ʯʝʤ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʝʩʣʠ ʫʩʣʦʚʠʝ ʥʝ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ, ʚʘʣʢʠ 

ʥʘʯʥʫʪ ʧʨʦʩʢʘʣʴʟʳʚʘʪʴ, ʪʝʤ ʩʘʤʳʤ ʠʩʢʣʶʯʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʟʘʛʦʪʦʚʢʠ (ʨʠʩ.1) [5]. 
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ʄʝʪʦʜʦʤ ʧʨʦʢʘʪʘ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟʜʝʣʠʷ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʠ 

ʢʦʥʬʠʛʫʨʘʮʠʡ. ʍʦʣʦʜʥʘʷ ʧʨʦʢʘʪʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʪʦʥʢʠʭ ʠʟʜʝʣʠʡ ʩ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʈʘʟʣʠʯʘʶʪ ʧʨʦʜʦʣʴʥʫʶ, 

ʧʦʧʝʨʝʯʥʫʶ ʠ ʢʦʩʫʶ ʧʨʦʢʘʪʢʫ[5]. 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʧʨʦʜʦʣʴʥʦʛʦ ʧʨʦʢʘʪʘ 

 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʢʘʪʢʠ ʜʝʬʦʨʤʘʮʠʷ ʤʝʪʘʣʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʫʯʘʩʪʢʫ 

ʥʘʟʳʚʘʝʤʦʤ ʦʯʘʛʦʤ ʜʝʬʦʨʤʘʮʠʠ (ʨʠʩ. 2) [5]. 

 
ʈʠʩ. 2 ïʆʯʘʛ ʜʝʬʦʨʤʘʮʠʠ 

 

ʄʝʪʘʣʣ ʩʦʧʨʠʢʘʩʘʝʪʩʷ ʩ ʢʘʞʜʳʤ ʠʟ ʚʘʣʢʦʚ ʧʦ ʜʫʛʝ ɸɺ, ʢʦʪʦʨʫʶ ʥʘʟʳʚʘʶʪ 

ʜʫʛʦʡ ʟʘʭʚʘʪʘ ï ǎq. ʇʨʦʝʢʮʠʷ ʜʫʛʠ ʟʘʭʚʘʪʘ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʦʩʴ ʥʘʟʳʚʘʝʪʩʷ 

ʜʣʠʥʦʡ ʦʯʘʛʘ ǎ. ʎʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ Ŭ ,ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʵʪʦʡ ʜʫʛʝ, ʥʘʟʳʚʘʝʪʩʷ 

ʫʛʣʦʤ ʟʘʭʚʘʪʘ. ɽʛʦ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʪ 3Á ʜʦ 32Á.ʏʘʩʪʦ ʜʣʠʥʫ ʜʫʛʠ ǎq ʚʚʠʜʫ 

ʥʝʙʦʣʴʰʦʛʦ ʫʛʣʘ ʟʘʭʚʘʪʘ ʟʘʤʝʥʷʶʪ ʜʣʠʥʦʡ ʭʦʨʜʳ ǎx=ɸɺ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʜʠʘʤʝʪʨʘ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʫʰʠʨʝʥʠʝ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʟʘʛʦʪʦʚʢʠ [6]. 
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ʇʨʦʤʳʰʣʝʥʥʳʝ ʧʨʦʢʘʪʥʳʝ ʩʪʘʥʳ ʩʦʩʪʦʷʪ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ: 

ʨʘʙʦʯʝʡ ʢʣʝʪʠ, ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠ ʜʚʠʛʘʪʝʣʷ (ʨʠʩ. 3). 

 

 
ʈʠʩ. 3 ï ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ 

 

ɺ ʨʘʙʦʯʝʡ ʢʣʝʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʢʘʪʢʘ ʤʝʪʘʣʣʘ. ʈʘʙʦʯʘʷ ʢʣʝʪʴ ʩʦʩʪʦʠʪ ʠʟ 

ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ, ʚʨʘʱʘʶʱʠʭʩʷ ʚ ʧʦʜʰʠʧʥʠʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʜʚʫʭ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʦʡʢʘʭ ʩʪʘʥʠʥʳ. ɺʘʣʢʠ ʧʨʠʚʦʜʷʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʦʪ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 8, ʯʝʨʝʟ ʨʝʜʫʢʪʦʨ 5, ʩʥʠʞʘʶʱʠʡ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʨʘʙʦʯʠʭ 

ʚʘʣʢʦʚ, ʠ ʰʝʩʪʝʨʝʥʥʫʶ ʢʣʝʪʴ 3 (ʨʠʩ. 3) [8]. 

 

 
ʈʠʩ. 4 ï ɺʘʣʦʢ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ 

 

ʅʝʦʙʭʦʜʠʤʘʷ ʬʦʨʤʘ ʦʙʞʠʤʘʝʤʦʛʦ ʤʝʪʘʣʣʘ ʧʨʠʜʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʨʘʙʦʯʝʡ ʢʣʝʪʠ (ʨʠʩ. 4). ɺʘʣʢʠ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʯʫʛʫʥʘ ʠʣʠ ʩʪʘʣʠ [8]. 

ɺ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʘʥʘʣʠʟ ʧʫʪʝʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʢʣʝʪʝʡ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʧʨʠʤʝʨʝ ʩʪʘʥʘ ʈʇʉ-75. ʆʩʥʦʚʥʘʷ 

ʧʨʦʙʣʝʤʘ ʩʪʘʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ ʤʝʞʜʫ 

ʰʝʩʪʝʨʥʷʤʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʳʩʦʪʳ ʟʘʛʦʪʦʚʢʠ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʩʪʘʥʘ ʩʭʦʞʘ ʧʦ ʩʚʦʝʤʫ ʪʠʧʫ ʩ ʨʫʯʥʳʤʠ ʚʘʣʴʮʘʤʠ ʜʣʷ 

ʶʚʝʣʠʨʥʳʭ ʫʢʨʘʰʝʥʠʡ (ʨʠʩ. 5). ʈʝʛʫʣʠʨʫʝʤʳʡ ʨʘʟʚʦʜ ʚʘʣʦʚ ʥʘ ʪʘʢʠʭ ʩʪʘʥʘʭ 

ʦʛʨʘʥʠʯʝʥ 5 ʤʤ, ʢʦʛʜʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʪʨʝʙʫʝʪʩʷ 7,5 ʤʤ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ, ʩʫʱʝʩʪʚʫʝʪ ʧʦʥʷʪʠʝ ʨʝʚʝʨʩʠʚʥʦʛʦ 

ʜʚʠʞʝʥʠʷ: ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʚʝʜʦʤʦʡ ʰʝʩʪʝʨʥʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 
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ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ ʚʝʜʫʱʝʡ ʰʝʩʪʝʨʥʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʭʦʜʥʘʷ ʰʝʩʪʝʨʥʷ 

ʚʨʘʱʘʣʘʩʴ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦ ʠ ʚʭʦʜʥʘʷ ʰʝʩʪʝʨʥʷ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʰʝʩʪʝʨʥʠ, ʢʦʪʦʨʳʝ ʥʝ ʚʣʠʷʶʪ ʥʘ ʦʙʱʝʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ. 

 

 
ʈʠʩ. 5 ï ʈʫʯʥʳʝ ʚʘʣʴʮʳ 

 

ʀʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʛʦʪʦʚʳʭ ʩʧʦʩʦʙʦʚ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʪʘʥʘ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʚʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʘʨʳ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʣʘʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʚʠʞʝʥʠʷ ʥʘ ʧʨʦʢʘʪʥʳʝ ʚʘʣʢʠ. ɺ 

ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʧʪʠʤʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ ʠ ʨʝʜʫʢʪʦʨ. ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ 

ʫʨʦʚʝʥʴ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʦʙʣʝʛʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ. 

 

 
ʈʠʩ. 6 ï ʉʭʝʤʘ ʨʫʯʥʦʛʦ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ ʈʇʉ-75  
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ʆʧʠʩʘʥʠʝ ʩʭʝʤʳ: ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 1, ʯʝʨʝʟ ʪʦʨʦʦʙʨʘʟʥʫʶ ʤʫʬʪʫ, 

ʜʚʠʞʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʨʝʜʫʢʪʦʨ 2, ʟʘʪʝʤ ʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʮʝʧʴ 3, 4, 5. 

ɼʘʣʝʝ ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʮʝʧʣʝʥʠʷ ʜʚʠʞʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ 

ʧʨʦʢʘʪʥʦʡ ʢʣʝʪʠ 6, 7. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʤʝʞʦʩʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚʘʣʢʦʚ 9 ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʟʘʮʝʧʣʝʥʠʷ. ɺʦʟʦʙʥʦʚʣʝʥʠʝ ʟʘʮʝʧʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʢʦʣʝʩʦ 4 ʥʘ ʧʦʜʚʠʞʥʦʡ ʨʝʛʫʣʠʨʦʚʦʯʥʦʡ ʦʩʠ 10, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʥʘ ʣʝʚʦʡ ʦʧʦʨʝ 

8, ʧʝʨʝʤʝʱʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʜʘʯʫ ʚʨʘʱʝʥʠʷ ʦʪ ʢʦʣʝʩʘ 

3 ʢ ʢʦʣʝʩʫ 5. 

ɼʣʷ ʚʳʙʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʠʪʴ ʨʷʜ ʨʘʩʯʝʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʠʞʝ [4],[7]. 

1. ʆʙʞʘʪʠʝ ʧʦ ʦʜʥʦʡ ʢʣʝʪʠ 

 

ЎὬ Ὑ ‎ȟ (1) 

 

ʛʜʝ R ï ʨʘʜʠʫʩ ʚʘʣʢʘ, R = 0,04 ʤ 

‎  ʫʛʦʣ ʦʙʭʚʘʪʘ, ‎= 0,25 ʨʘʜ 

 

ЎὬ πȟπτπȟςυ πȟππςυ ʤ 

 

2. ʈʘʩʯʝʪ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʝ ʤʝʪʘʣʣʘ ʥʘ ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʘʭ 

 

ὖʩ ὑ ὲ, (2) 

 

ʛʜʝ ὑ  ʢʦʥʩʪʘʥʪʘ ʫʨʘʚʥʝʥʠʷ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʝʪʘʣʣʘ 

ὲ  ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʧʦʚʝʜʝʥʠʝ ʤʝʪʘʣʣʘ 

 

ὑ ρȟρυὋȟ (3) 

 

ʛʜʝ Ὃ  ʥʘʠʤʝʥʴʰʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʥʘʛʨʫʟʢʠ, Ὃ= 12 ʄʇʘ 

 

ὲ ʩ
ὰ

Ὤʜʟ
Ὠ
Ὤʜʟ
ὰ
ȟ 

(4) 

 

ʛʜʝ c, dï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʪʠʧ ʧʨʦʬʠʣʷ, c = 0,6, d = 0,8; 

hɼɿ ï ʰʠʨʠʥʘ ʟʘʛʦʪʦʚʢʠ ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ, hɼɿ = 5,25 ʤ; 

l ï ʜʣʠʥʘ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʤ 

 

ὰ ЍЎὬ Ὑȟ (5) 

 

ὰ πȟππςυπȟπτ πȟπρʤ 
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ὲ πȟφ
πȟπρ

υȟςυ
πȟψ

υȟςυ

πȟπρ
υȟπυ 

 

ὑ ρȟρυρς ρσȟψ 

 

ὖʩʨ ρσȟψ υȟπυ χπʄʇʘ 

 

3. ʉʠʣʘ ʧʨʦʢʘʪʢʠ ʥʘ ʚʘʣʢʘʭ 

 

ὖ ὖʩʨ ὰ Ὤʩʨȟ (6) 

 

ὖ χππȟπρυȟςυ σȟχʄʅ 

4. ʄʦʤʝʥʪ ʧʨʦʢʘʪʢʠ 

 

ὓʧʨ ς ὖ ὥ, (7) 

 

ʛʜʝ a ï ʧʣʝʯʦ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ ʧʨʦʢʘʪʢʠ ʥʘ ʚʘʣʢʘʭ, ʤ 

 

ὥ • ὰ, (8) 

 

ʛʜʝ •  ʢʦʵʬʬʠʮʠʝʥʪ ʧʣʝʯʘ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ, •= 0,2 

 

ὥ πȟς πȟπρ πȟππςʤ 

 

ὓʧʨ ς σȟχ πȟππςπȟπρυʄʅĿʤ 

 

5. ʄʦʤʝʥʪ ʪʨʝʥʠʷ ʚ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʘʭ 

 

ὓʪʨ
ὖ ‘ Ὠh

–
ȟ 

(9) 

ʛʜʝ ‘  ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʚʘʣʢʦʚ, ‘ = 0,001 

Ὠh  ʜʠʘʤʝʪʨ ʰʝʡʢʠ ʚʘʣʢʘ, Ὠh  = 0,03 ʤ 

–  ʂʇɼ ʢʣʝʪʠ, – = 0,66 

 

ὓʪʨ
σȟχ πȟππρπȟπσ

πȟφφ
πȟπππς ʄʅϽʤ 

 

6. ʅʦʤʠʥʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʄʥʦʤ ʄʧʨ ʄʪʨȟ (10) 

 

˙̎ ̏̍ πȟπρυπȟπππςπȟπςʄʅĿʤ 
 

7. ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʢʘ 



194  

‫ʚ
ὠ

Ὑ
ȟ 

 

(11) 

ʛʜʝ V ï ʩʢʦʨʦʩʪʴ ʧʨʦʢʘʪʢʠ ʚʘʣʢʘ, ʤ/ʩʝʢ 

ὠ
Ὗ ὰ

‐
ȟ 

(12) 

 

Ὗ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ, Ὗ= 10  

‐  ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʙʞʘʪʠʝ, % 

‐
Ὤ Ὤ

Ὤ
ρππ Ϸȟ 

(13) 

 

ʛʜʝ Ὤ  ʚʳʩʦʪʘ ʧʦʣʦʩʳ ʜʦ ʧʨʦʢʘʪʢʠ, È = 0,0075 ʤ 

Ὤ  ʚʳʩʦʪʘ ʧʦʣʦʩʳ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ, È = 0,003 ʤ 

 

‐
πȟππχυπȟππσ

πȟππχυ
ρππ Ϸ φπ Ϸ 

 

ὠ
ρππȟπρ

φπ
πȟππς ʤȾʩʝʢ 

 

‫ʚ
πȟππς

πȟπτ
πȟπυ ʩʝʢ 

8. ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ 

ὔ̅ ̃ ˙̎ ̏̍ ȟ                                          (14)̃‫ 

 

.ʜʚ πȟπςπȟπυ πȟππρ ʄɺʪ = 1 ʢɺʪ 

 

9. ʅʘʯʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ 

ὲ
σπ ‫ʚ
“
ȟ 

(15) 

 

ὲ
σππȟπυ

σȟρτ
πȟυʦʙʩʝʢϳ σπʦʙʤʠʥϳ  

 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʥʳ 

ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʢʘʪʥʦʛʦ 

ʩʪʘʥʘ. ʈʘʩʩʯʠʪʘʥʦ ʥʘʯʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ ʨʘʚʥʦʝ 30 ʦʙ/ʤʠʥ, ʧʨʠ ʵʪʦʤ 

ʩʢʦʨʦʩʪʴ ʧʨʦʢʘʪʢʠ ʚʘʣʢʘ ʩʦʩʪʘʚʣʷʝʪ  0,002 ʤ/ʩʝʢ, ʪʘʢ ʞʝ ʥʝʦʙʭʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ 

1 ʢɺʪ, ʜʣʷ ʵʪʦʛʦ ʙʳʣ ʚʳʙʨʘʥ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ɸʀʈ71ɺ2. ʄʠʥʠʤʘʣʴʥʦ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ, ʟʘʷʚʣʝʥʥʦʝ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ ʩʦʩʪʘʚʣʷʝʪ 600 ʦʙ/ʤʠʥ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ  ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʝ ʯʝʨʚʷʯʥʦʛʦ ʨʝʜʫʢʪʦʨʘ, ʧʦ ɻʆʉʊ ʈ50891-96 ʩ 
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ʧʝʨʝʜʘʪʦʯʥʳʤ ʯʠʩʣʦ i=2, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʦʨʦʪʦʚ ʥʘ 

ʚʳʭʦʜʥʦʤ ʚʘʣʫ. 

 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʦʤ ʚ ʨʘʟʚʠʪʠʠ. ɼʣʷ ʝʛʦ ʜʦʩʪʠʞʝʥʠʷ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʘʭ, ʧʦʜʛʦʪʦʚʢʘ ʢʦʪʦʨʳʭ 

ʪʨʝʙʫʝʪ ʭʦʨʦʰʝʡ ʦʩʥʘʱʝʥʥʦʩʪʠ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ʄʦʜʝʨʥʠʟʘʮʠʷ 

ʦʙʫʯʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʤʘʣʳʭ ʤʘʩʰʪʘʙʘʭ, ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʨʝʘʣʴʥʦʤʫ 

ʧʨʦʠʟʚʦʜʩʪʚʫ. ɺ ʭʦʜʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ʨʫʯʥʦʛʦ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ ʈʇʉ-75, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʩʦʟʜʘʥ ʧʨʦʪʦʪʠʧ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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PROPERTIES OF A FIXED-VELOCITY ROTATOR  

V.D. Pavlov 

Vladimir Electromechanical Plant  
Annotation. The non-stationary mode of a stabilized rotator, the second remarkable property 

of a stabilized rotator, the rotator runout in a stabilized mode, and the rotation frequency 

stabilization algorithm are considered. 

Keywords: rotator, pendulum, frequency, stabilization, coasting, energy, angular momentum, 

cyclotron motion. 

 

ʅʝʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʨʦʪʘʪʦʨʘ 

ʉʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʨʦʪʘʪʦʨ [1-3] ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʩʫʧʝʨʧʦʟʠʮʠʝʡ 

ʜʚʫʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʨʫʞʠʥʥʳʭ ʤʘʷʪʥʠʢʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ 

( ) cos ( ) sin ( )t r t r t= j + jr i j . 

ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʭʨʝʩʪʦʤʘʪʠʡʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ ʧʨʠ ʦʧʠʩʘʥʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʨʦʪʘʪʦʨʘ [4-6], ʘ ʠʤʝʥʥʦ: 

( )
0

0 1 1 2 22
2 2 2 2 0 1
0 1

2
( ) cos( ) cos arctg

4

t x
t r e t t-d

è ø
å õdwé ù

= w +j + w - +æ öé ùw -wç ÷w -w + d wé ùê ú

r i  

( )
0

0 1 1 2 22
2 2 2 2 0 1
0 1

2
sin( ) sin arctg

4

t x
r e t t-d

è ø
å õdwé ù

+ w +j + w -æ öé ùw -wç ÷w -w + d wé ùê ú

j . 

ɿʜʝʩʴ r
0
 ï ʥʘʯʘʣʴʥʳʡ ʨʘʜʠʫʩ, (2 )R md=  ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ, R ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 
2 2 2

1 0 0w =w -d >, 1j ï ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ, ɤ ï ʯʘʩʪʦʪʘ 

ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, 0 (2 )x F m= , Fï ʚʦʟʤʫʱʘʶʱʘʷ ʩʠʣʘ. 

ʇʦ ʤʝʨʝ ʟʘʪʫʭʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʨʦʪʘʪʦʨ [7-

9] ʙʫʜʝʪ ʚʨʘʱʘʪʴʩʷ ʩ ʮʠʢʣʠʯʝʩʢʦʡ ʯʘʩʪʦʪʦʡ ɤ, ʘ ʝʛʦ ʨʘʜʠʫʩ ʧʨʠʤʝʪ ʟʥʘʯʝʥʠʝ 

( )
0

2 2 2 2
2 2 2 2

0 1

2

164

x mF
r

R R m
= =

+ ww -w + d w

. 

ʇʨʠ 
2

1 0w ¢ ʧʨʦʠʩʭʦʜʠʪ ʘʧʝʨʠʦʜʠʯʝʩʢʦʝ ʟʘʪʫʭʘʥʠʝ. 

 

ɺʪʦʨʦʝ ʟʘʤʝʯʘʪʝʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʨʦʪʘʪʦʨʘ 

(ʇʝʨʚʳʤ ʷʚʣʷʝʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʠ ʝʝ 

ʩʦʚʧʘʜʝʥʠʝ ʩ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ). 

ʇʨʠ ʚʳʥʫʞʜʝʥʥʦʤ ʚʨʘʱʝʥʠʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʨʦʪʘʪʦʨʘ [10-12] ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʦʡ 

0aw= w 
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(a ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ) ʝʛʦ ʨʘʜʠʘʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ 

( ) ( ) rarar
m

k

dt

rd 2

0

22

0

2

0

22

2

2

1 w--=w-w=ö
÷

õ
æ
ç

å
-w= . 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʘ ʚʦʟʤʦʞʥʳ ʪʨʠ ʚʘʨʠʘʥʪʘ. 

1. ʇʨʠ 1<a  ʠʤʝʝʪ ʤʝʩʪʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʚʦʙʦʜʥʳʭ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʥʝʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʩ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʦʡ 
2

0 1 aa -w=w . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʨʦʪʘʪʦʨ ʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʧʨʘʚʣʷʪʴ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʡ ʨʘʜʠʘʣʴʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ. 

2. ʇʨʠ 1=a  0
2

2

=
dt

rd
, const==V

dt

dr
, Vtrr +=01 .  

ʂʦʣʝʙʘʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʷʪ. 

3. ʇʨʠ 1>a  ( ) ra
dt

rd 2

0

2

2

2

1w-= , 
( )ta

err
1

01

2
0 -w

= .  

ʂʦʣʝʙʘʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʷʪ. 

ɿʘʪʫʭʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʚ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʤ ʨʦʪʘʪʦʨʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʟʘʪʫʭʘʥʠʷ ʚ ʦʙʳʯʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. 

 

ɺʳʙʝʛ ʨʦʪʘʪʦʨʘ ʚ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ 

ʄʠʥʠʤʘʣʴʥʘʷ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʨʦʪʘʪʦʨʘ ʚ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʪʠʯʝʩʢʦʤʫ ʩʤʝʱʝʥʠʶ ʛʨʫʟʘ r
0
. 

2

000000 22 krUKUKW ===+= . 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʝ ʦʛʨʘʥʠʯʝʥʘ, ʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʜʠʫʩʦʤ r
m
. 

2

mm krW = . 

ʇʫʩʪʴ ʩʨʝʜʥʷʷ ʟʘ ʚʳʙʝʛ ʤʦʱʥʦʩʪʴ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʦʪʝʨʴ ʨʘʚʥʘ ʈ. 

ʊʦʛʜʘ ʚʨʝʤʷ ʚʳʙʝʛʘ ʩʦʩʪʘʚʠʪ 

P

rr
k

P

WW mm

2

0

2

0 -
=

-
=t . 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʯʝʤ ʤʝʥʴʰʝ ʈ, ʪʝʤ ʤʝʥʴʰʝ ʦʪʢʣʦʥʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ɤ 

ʦʪ ʩʦʙʩʪʚʝʥʥʦʡ ɤ
0
. 

 

ʉʪʘʙʠʣʠʟʘʮʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʧʨʦʩʪʦʛʦ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʜʝʬʦʨʤʘʮʠʠ 

ʧʨʫʞʠʥ ȹx ʨʘʩʩʪʦʷʥʠʶ r ʦʪ ʮʝʥʪʨʘ ʤʘʩʩ ʛʨʫʟʘ ʜʦ ʦʩʠ ʚʘʣʘ 

r = ȹx 

ʙʘʣʘʥʩ ʩʠʣ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 
2mv

F k x kr
r

= = D =. 
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ʀʣʠ 
2mv

kr
r
= . 

ʇʨʠ ʵʪʦʤ 

2 2 2 2k
v r r

m
= =w. 

ʀʟ ʵʪʦʡ ʬʦʨʤʫʣʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʣʝʜʫʝʪ ʚʳʨʘʞʝʥʠʝ  

                                                            
m

k
=w0

.                                               (1) 

ʄʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʨʦʪʘʪʦʨʘ ʨʘʚʝʥ 

L mvr= . 

ʆʪʩʶʜʘ 

                                                      
L

r
mv
= .                                                     (2) 

ʇʨʠ ʵʪʦʤ 

                                                      v r=w.                                                      (3) 

ʇʦʵʪʦʤʫ (2) ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 

L
r

m r
=
w

. 

ʆʪʩʶʜʘ 

2 L
r

m
=
w

. 

ʉ ʫʯʝʪʦʤ ʬʦ(1) ʧʦʩʣʝʜʥʶʶ ʬʦʨʤʫʣʫ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ: 

2 L m L
r

m k mk
= = . 

ʆʪʩʶʜʘ 
1 2 1 4( )r L mk -= . 

1 4( )mk -  ï ʚʝʣʠʯʠʥʘ ʥʝʠʟʤʝʥʷʶʱʘʷʩʷ. ʆʥʘ ʜʘʣʝʝ ʟʘʤʝʥʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ 
1 4

1 ( )C mk -= . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

                                                       
1 2

1r C L= .                                                 (4) 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʛʨʫʟʘ ʜʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʬʫʥʢʮʠʝʡ ʦʪ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ. 

ʀʟ (2) ʩʣʝʜʫʝʪ 

                                                    
L

v
mr
= .                                                       (5) 

ʉ ʫʯʝʪʦʤ (3)  

v
r =
w

. 

ʇʦʜʩʪʘʥʦʚʢʘ ʧʦʩʣʝʜʥʝʛʦ ʚʳʨʘʞʝʥʠʷ ʚ (5) ʜʘʝʪ 
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L
v

m v

w
= . 

ʆʪʩʶʜʘ 

2 L
v

m
= w. 

ʉ ʫʯʝʪʦʤ (1) ʧʦʩʣʝʜʥʷʷ ʬʦʨʤʫʣʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 

2 L k
v

m m
= . 

ʆʪʩʶʜʘ 
1 2 1 4 3 4v L k m-= . 

1 4 3 4k m-  ï ʚʝʣʠʯʠʥʘ ʥʝʠʟʤʝʥʷʶʱʘʷʩʷ. ʆʥʘ ʜʘʣʝʝ ʟʘʤʝʥʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ  
1 4 3 4

2C k m-= . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

                                                      
1 2

2v C L= .                                                  (6) 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʛʨʫʟʘ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʦʪ 

ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ. 

ʇʫʩʪʴ ʧʨʠ  ʨʘʜʠʫʩ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (4) ʨʘʚʝʥ , ʘ 

ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʛʨʫʟʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (6 ) ʨʘʚʥʘ .  

ɽʩʣʠ ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʠʟʤʝʥʠʪʩʷ ʠ ʩʪʘʥʝʪ ʨʘʚʥʳʤ , ʪʦ ʨʘʜʠʫʩ ʪʦʞʝ 

ʠʟʤʝʥʠʪʩʷ ʠ ʩʪʘʥʝʪ ʨʘʚʥʳʤ , ʪ.ʝ. ʫʚʝʣʠʯʠʪʩʷ ʚ  ʨʘʟ. 

ʃʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʪʦʞʝ ʠʟʤʝʥʠʪʩʷ ʠ ʩʪʘʥʝʪ ʨʘʚʥʦʡ , 

ʪ.ʝ. ʪʦʞʝ ʫʚʝʣʠʯʠʪʩʷ ʚ  ʨʘʟ.  

ʇʨʠ ʵʪʦʤ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ 

, 

ʪ.ʝ. ʦʩʪʘʥʝʪʩʷ ʪʘʢʦʡ ʞʝ, ʢʘʢʦʡ ʙʳʣʘ ʧʨʠ ʧʨʝʜʳʜʫʱʝʤ ʟʥʘʯʝʥʠʠ ʤʦʤʝʥʪʘ 

ʠʤʧʫʣʴʩʘ .  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʨʦʪʘʪʦʨ ʦʙʣʘʜʘʝʪ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ, ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʠ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʘʢʞʝ, ʢʘʢ ʠ ʧʨʠ ʮʠʢʣʦʪʨʦʥʥʦʤ ʜʚʠʞʝʥʠʠ ʧʨʠ ʥʫʣʝʚʦʤ 

ʚʨʘʱʘʶʱʝʤ ʤʦʤʝʥʪʝ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʨʦʪʘʪʦʨʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʦʣʴʥʦʡ ʠ ʧʨʠʥʠʤʘʝʪ 

ʝʜʠʥʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

ɼʨʫʛʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʨʦʪʘʪʦʨʘ ʷʚʣʷʶʪʩʷ 

ʠʜʝʥʪʠʯʥʦʩʪʴ ʬʦʨʤʫʣʳ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʬʦʨʤʫʣʝ ʯʘʩʪʦʪʳ ʧʨʫʞʠʥʥʦʛʦ 

ʤʘʷʪʥʠʢʘ, ʨʘʚʝʥʩʪʚʦ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʡ ʠ ʚʳʪʝʢʘʶʱʝʝ ʠʟ 

ʵʪʦʛʦ ʨʘʚʝʥʩʪʚʦ ʨʘʜʠʫʩʘ ʚʨʘʱʝʥʠʷ ʛʨʫʟʘ ʚʝʣʠʯʠʥʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʫʞʠʥʳ. 


