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ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ : ʩʙʦʨʥʠʢ ʪʨʫʜʦʚ XIII  ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʊʦʤʩʢ : ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2020. ï 

328 ʩ.  

 
ʉʙʦʨʥʠʢ ʩʦʜʝʨʞʠʪ ʜʦʢʣʘʜʳ XIII  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 
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ʂʦʥʬʝʨʝʥʮʠʷ ʧʨʦʚʝʜʝʥʘ ʧʦ ʩʝʢʮʠʷʤ: ʥʘʜʝʞʥʦʩʪʴ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ; ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘ ʠ 

ʤʝʭʘʪʨʦʥʠʢʘ; ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ; ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ; ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ; ʧʨʦʤʳʰʣʝʥʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ; ʜʠʟʘʡʥ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ; ʥʘʟʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʘʰʠʥʳ ʠ 

ʢʦʤʧʣʝʢʩʳ.  
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ʋɼʂ 621.002(063) 

ɹɹʂ 34.4ʣ0 

 

 

 

 

 

 

 

 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ  

ɽ.ʅ. ʇʘʰʢʦʚ, ʢ.ʪ.ʥ., ʠ.ʦ. ʨʫʢʦʚʦʜʠʪʝʣʷ ʆʆʊɼ ʐɹʀʇ ʊʇʋ;  

ʄ.ʉ. ʏʝʨʝʤʠʩʢʠʥʘ, ʘʩʩʠʩʪʝʥʪ ʆʆʊɼ ʐɹʀʇ ʊʇʋ;  

ɺ.ʅ. ʂʦʟʣʦʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʆʄ ʀʐʅʇʊ ʊʇʋ;  

ɺ.ʅ. ɼʝʨʶʰʝʚʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʆʄ ʀʐʅʇʊ ʊʇʋ;  

ɽ.ɸ. ɽʬʨʝʤʝʥʢʦʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʆʄ ʀʐʅʇʊ ʊʇʋ;  

ʉ.ʅ. ʂʣʘʜʠʝʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʆʕʕ ʀʐʕ ʊʇʋ; 

ɸ.ʀ. ʉʝʯʠʥ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʆʆʊɼ ʐɹʀʇ ʊʇʋ; 

ʉ.ʅ. ʉʦʨʦʢʦʚʘ, ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ʆʄ ʀʐʅʇʊ ʊʇʋ;  

ɸ.ʄ. ɹʦʛʜʘʥ, ɻ ʢʩʧʝʨʪ ʦʨʛ. ʦʪʜʝʣʘ ʀʐʀʊʈ ʊʇʋ;  

ɽ.ɸ. ʂʫʣʠʥʠʯ, ʢ.ʪ.ʥ., ʫʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ ʀʗʊʐ ʊʇʋ;   

ʇ.ɺ. ʀʩʘʝʥʢʦ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ɸʊʠʕ ʊɻɸʉʋ. 

 

 

 

 

 

 

 
É ʌɻɸʆʋ ɺʆ ʅʀ ʊʇʋ, 2020 

 

ʉ56 



 
XIII  ȲɋɌɊəɓɆɖɔɊɓɆɥ ɓɆəɝɓɔ-ɘɋɛɓɎɝɋɗɐɆɥ ɐɔɓɚɋɖɋɓɜɎɎ 

çȷɔɈɖɋɒɋɓɓɡɋ ɕɖɔɇɑɋɒɡ ɒɆɞɎɓɔɗɘɖɔɋɓɎɥè 
 

4 

 

 

ʆʛʣʘʚʣʝʥʠʝ 

ʉɽʂʎʀʗ 1. ʅɸɼɽɾʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 

 

ɸʅɸʃʀɿ ʈɸɹʆʊʓ ʑɽʂʆɺʆʁ ɼʈʆɹʀʃʂʀ 

ɸʣʠʝʚ ɸ.ɸ. .......................................................................................................................................... 16 

ʂʋʃɸʏʂʆɺʓɽ ʄɽʍɸʅʀɿʄʓ  

ɸʣʢʝʥʦʚʘ ʂ.ɸ. .................................................................................................................................... 18 

ɸʅɸʃʀɿ ʕʂʉʇɽʈʀʄɽʅʊɸ ʇʀʃʔʅʆɻʆ ɼɾʀʅɸ ʉ ʋʉʂʆʈʀʊɽʃɽʄ ɺʈɸʑɽʅʀʗ 

ʉʓʈʎʆɺʆɻʆ ɺɸʃʀʂɸ 

ɸʭʤʝʜʞʘʥʦʚ ʖ.ɸ ............................................................................................................................. 20 

ʀɿʋʏɽʅʀɽ ʂʀʅɽʄɸʊʀʂʀ ʇʃɸʅɽʊɸʈʅʆɻʆ ʄɽʍɸʅʀɿʄɸ ʉ ʇɽʈɽʄɽʅʅʓʄ 

ʇɸʈɸʄɽʊʈʆʄ ɿɺɽʅɸ 

ɹʘʨʘʪʦʚ ʅ.ɹ. .................................................................................................................................... 22 

ʇʈʆʍʆɼʂɸ ʉʂɺɸɾʀʅ ɸɺʊʆʅʆʄʅʓʄʀ ɹʋʈʆɺʓʄʀ ʉʅɸʈʗɼɸʄʀ 

ɹʝʣʦʟʝʨʮʝʚʘ ʃ.ʖ. ............................................................................................................................. 24 

ɸʅɸʃʀɿ ʉʀʉʊɽʄ ʊʆʈʄʆɾɽʅʀʗ ɺɽʊʈʗʅʓʍ ʋʉʊɸʅʆɺʆʂ ʇʋʊɪʄ ʀɿʄɽʅɽʅʀʗ 

ʋɻʃɸ ɸʊɸʂʀ 

ɹʫʭʘʨʦʚ ɽ.ɺ. ...................................................................................................................................... 26 

ʈɸɿʈɸɹʆʊʂɸ ɺʆʈʆʐʀʊɽʃʗ ɼʃʗ ʉʓʇʋʏʀʍ ʄɸʊɽʈʀɸʃʆɺ 

ɻʨʘʯʝʚ ʅ.ɸ., ɿʫʙʢʦ ɸ.ɺ., ʐʘʤʠʥ ɺ.ʆ., ʅʠʢʦʥʦʚ ʆ.ʀ., ɻʫʢʘʩʷʥ ɸ.ɺ., ʉʪʝʧʘʥʦʚʘ ɽ.ɻéééé...28 

ʈɸʄʅʓɽ ʂʆʅʉʊʈʋʂʎʀʀ ʀʍ ʇʈʀʄɽʅɽʅʀɽ 

ɻʨʠʛʦʨʴʝʚʘ ɸ.ɺ. ................................................................................................................................. 30 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɼʀʅɸʄʀʂʀ ʆɼʅʆʇʆʈʐʅɽɺʆɻʆ ɼɺʀɻɸʊɽʃʗ 

ɼʨʦʥʦʚ ɺ.ɺ. ʉʧʝʩʠʚʮʝʚ ɽ.ʉ. ............................................................................................................. 32 

ʈɸʉʏɽʊ ʅɸ ʇʈʆʏʅʆʉʊʔ ʉɺɸʈʅʆɻʆ ʋʊʆʈʅʆɻʆ ʐɺɸ ʈɽɿɽʈɺʋɸʈɸ ʈɺʉ- 30000 

ɿʠʷʢʘʝʚ ɻ.ʈ., ʂʫʢʣʠʥ ɽ.ʆé .............................................................................................................. 34 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼʀʅɸʄʀʏɽʉʂʆʁ ɺʀɹʈɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ 

ɺɽʈʊʀʂɸʃʔʅʆɻʆ ʉɺɽʈʃʀʃʔʅʆɻʆ ʉʊɸʅʂɸ 

ʂʘʙʘʢʘʝʚ ɽ.ɸ. .................................................................................................................................... 36 

ʆʉʅɸʑɽʅʀɽ ʄʆʉʊɸ ɻʀɼʈʆɻɽʅɽʈɸʊʆʈʆʄ 

ʂʦʚʘʣʝʥʢʦɺ.ʉ. ................................................................................................................................... 38 

ʇʈʀʏʀʅʓ ɺʆɿʅʀʂʅʆɺɽʅʀʗ ɸɺɸʈʀʁʅʓʍ ʆʉʊɸʅʆɺʆɺ ʇʈʀ ʕʂʉʇʃʋɸʊɸʎʀʀ 

ʂʆʄʇʃɽʂʉʆɺ ɻʃʋɹʆʂʆʁ ʈɸɿʈɸɹʆʊʂʀ ʋɻʃʗ 

ʂʦʧʳʪʠʥ ɼ.ɺ. ................................................................................................................................... 40 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʂʆʅʉʊʈʋʂʎʀʀ ʂʃɽʑɽɺʆɻʆ ɿɸʍɺɸʊɸ  

ʂʦʨʰʫʥʦʚ ʉ.ɸ., ʂʫʟʴʤʠʥʘ ʂ.ʉ., ʉʦʣʦʜʦʚʥʠʢʦʚ ʉ.ɼ ....................................................................... 42 

ʏɸʉʆɺʆʁ ʄɽʍɸʅʀɿʄ  

ʃʦʛʠʥʘ ɸ.ʃ ........................................................................................................................................ 44 

ʋʉʃʆɺʀɽ ʂʆʅʊɸʂʊʅʆʁ ʇʈʆʏʅʆʉʊʀ ʉʌɽʈʀʏɽʉʂʆʁ ʈʆʃʀʂʆɺʆʁ ʇɽʈɽɼɸʏʀ ʉ 

ɼɺʋʍʈʗɼʅʓʄ ʉɸʊɽʃʃʀʊʆʄ 

ʃʫʩʪʝʥʢʦʚ ʄ.ɽ., ʄʦʠʩʝʝʥʢʦ ɸ.ʅ..................................................................................................... 46 

ɼʀʅɸʄʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʉʌɽʈʀʏɽʉʂʀʍ ʈʆʃʀʂʆɺʓʍ ʇɽʈɽɼɸʏ 

ʃʫʩʪʝʥʢʦʚʘ ɽ.ʉ. ............................................................................................................................... 48 



 
XIII  ȲɋɌɊəɓɆɖɔɊɓɆɥ ɓɆəɝɓɔ-ɘɋɛɓɎɝɋɗɐɆɥ ɐɔɓɚɋɖɋɓɜɎɎ 

çȷɔɈɖɋɒɋɓɓɡɋ ɕɖɔɇɑɋɒɡ ɒɆɞɎɓɔɗɘɖɔɋɓɎɥè 
 

5 

 

ʈɸʉʏɽʊ ʅɸɻʈʋɿʆʂ ʅɸ ʕʃɽʄɽʅʊʓ ʊʈʆʉʆɺʆʁ ʉʀʉʊɽʄʓ ʈʆɹʆʊʀɿʀʈʆɺɸʅʅʆɻʆ 

ʂʆʄʇʃɽʂʉɸ, ʀʉʇʆʃʔɿʋɽʄʆɻʆ ɺ ʉʊʈʆʀʊɽʃʔʉʊɺɽ ʄɽʊʆɼʆʄ 3-D ʇɽʏɸʊʀ  

ʄʘʨʯʫʢ ɽ.ɸ., ʀʜʨʠʩʦʚ ɸ.ʄ., ʄʘʣʦʣʝʪʦʚ ɸ.ɺ. éééééééééééééééééééééé..50 
ɸʅɸʃʀɿ ʇɽʈɽɼɸʏ ɺ ʉʆɺʈɽʄɽʅʅʓʍ ʇʆɼʒɽʄʅʆ-ʊʈɸʅʉʇʆʈʊʅʓʍ ʄɽʍɸʅʀɿʄɸʍ 

ʅʝʣʶʙʠʥ ʂ.ʉ., ɽʬʨʝʤʝʥʢʦʚ ɽ.ɸ. ..................................................................................................... 52 

ɿɸʂʃɽʇʆʏʅʓɽ ʉʆɽɼɽʅɽʅʀʗ ʀ ʅɸɻʈʋɿʂʀ ɺ ʅʀʍ 

ʆʣʝʡʥʠʢ ɸ.ɺ. ..................................................................................................................................... 54 

ɻʈɽʁʌɽʈʅʓʁ ʄɽʍɸʅʀɿʄ 

ʇʘʥʴʢʦʚʘ ɽ.ʀ. ................................................................................................................................... 56 

ʉʆɿɼɸʅʀɽ ʄʆɼʀʌʀʎʀʈʆɺɸʅʓʍ ʇʆɺɽʈʍʅʆʉʊɽʁ ʊʈɽʅʀʗ 

ʈʦʜʠʯʝʚ ɸ.ʖ., ʅʦʚʠʢʦʚ ɸ.ʅ., ɻʦʨʠʥ ɸ.ɺ., ʊʦʢʤʘʢʦʚʘ ʄ.ɸ., ......................................................... 58 

ʄɽʍɸʅʀɿʄʓ ʉ ʇɸʈɸʃʃɽʃʔʅʆʁ ʂʀʅɽʄɸʊʀʂʆʁ ʉ ʈɸɿʅʓʄ ʏʀʉʃʆʄ ʉʊɽʇɽʅɽʁ 

ʇʆɼɺʀɾʅʆʉʊʀ ʍʘʡʜʘʨʦʚʘ ʄ.ʈ., ʂʨʘʫʠʥʴʰ ʇ.ʗ. .................................................................... 60 

ʈʆʃʀʂʆɺɸʗ ʇɸʈɸ ɺʀʅʊ-ɻɸʁʂɸ  

ʍʘʣʪʫʨʠʥ.ʅ.ʉ ................................................................................................................................... 62 

ʉʇʆʉʆɹ ʋɼɸʈʅʆɻʆ ɹʋʈɽʅʀʗ ʉʂɺɸɾʀʅ ɺ ʇʆʈʆɼɸʍ ʉʈɽɼʅɽʁ ʀ ɺʓʉʆʂʆʁ 

ʂʈɽʇʆʉʊʀ  

ʏʝʨʥʠʝʥʢʦʚ ɽ.ʄ. ............................................................................................................................... 64 

ʆʎɽʅʂɸ ʊɽʍʅʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ ʋɿʃʆɺ ɼʆɹʓʏʅʓʍ ʀ 

ʊʈɸʅʉʇʆʈʊʀʈʋʖʑʀʍ ʄɸʐʀʅ ʂɸʃʀʁʅʓʍ ʈʋɼʅʀʂʆɺ ʅɸ ʆʉʅʆɺɽ ɸʅɸʃʀɿɸ 

ɺʆɿɹʋɾɼɽʅʅʓʍ ʂʆʃɽɹɸʅʀʁ  

ʐʠʰʣʷʥʥʠʢʦʚ ɼ.ʀ., ɿʚʝʨʝʚ ɺ.ʖ., ʉʦʬʴʠʥʘ ʅ.ʅééééééééééééééééééééé66 

 

ʉɽʂʎʀʗ 2. ʕʃɽʂʊʈʆʄɽʍɸʅʀʂɸ ʀ ʄɽʍɸʊʈʆʅʀʂɸ 

ʆʉʆɹɽʅʅʆʉʊʀ ɿɸʑʀʊ ʅɸ ɸɺʊʆʄʆɹʀʃʔʅʆʄ ʇʆɼʒɽʄʅʀʂɽ 

ɸʡʪʝʥʦʚ ʈ.ʂ. ʂʣʘʜʠʝʚ ʉ.ʅ. ............................................................................................................. 69 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʀʉʊɽʄʓ ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ ʉʋʑɽʉʊɺʋʖʑʀʍ ɻɸɿʆɺʓʍ 

ʄɽʉʊʆʈʆɾɼɽʅʀʁ ɿɸʇɸɼʅʆʁ ʉʀɹʀʈʀ ʉ ʇʆʄʆʑʔʖ ʊɽʆʈʀʀ ʇʃɸʅʀʈʆɺɸʅʀʗ 

ʕʂʉʇɽʈʀʄɽʅʊɸ 

ɹʦʛʘʯʢʦʚ ʀ.ʄ. ................................................................................................................................... 71 

ʆʎɽʅʂɸ ɼʀʅɸʄʀʂʀ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʅɸɻʈʋɿʆʂ ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʗʍ 

ɿɸʇɸɼʅʆʁ ʉʀɹʀʈʀ ʉ ʋʏɽʊʆʄ ɾʀɿʅɽʅʅʆɻʆ ʎʀʂʃɸ ʄɽʉʊʈʆɾɼɽʅʀʗ 

ɹʦʛʘʯʢʦʚ ʀ.ʄ., ʍʘʤʠʪʦʚ ʈ. ʅ., ʌʨʘʡʰʪʝʪʝʨ ɺ. ʇéééééééééééééééééééé73 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺɿɸʀʄʆɺʃʀʗʅʀʗ ʄʅʆɻʆɼɺʀɻɸʊɽʃʔʅʆʁ ʉʀʉʊɽʄʓ 

ʌʆʈʄʆɺɸʅʀʗ ʀɿɼɽʃʀʁ ɼɺʆʁʅʆʁ ʂʈʀɺʀɿʅʓ 

ɼʝʨʶʞʢʦʚʘ ʅ. ɽ., ʉʦʣʦʚʴʝʚ ɺ. ɸ., ʊʝʪʝʨʠʥ ɺ.ɺééééééééééééééééééééé..75 

ɸʅɸʃʀɿ ʇʈʆɹʃɽʄ ʇʆɼʂʃʖʏɽʅʀʗ ʕʅɽʈɻʆʆɹʆʈʋɼʆɺɸʅʀʗ ʏɽʈɽɿ ʇʈʀʃʆɾɽʅʀʗ 

çTEMPLATESè ʅɸ ɼʆʉʂɽ MIRO  

ɽʧʠʬʘʥʮʝʚ ʂ.ɺ. ................................................................................................................................. 75 

ɺʆɿʄʆɾʅʆʉʊʀ ʀʅʊɽʉʀʌʀʂɸʎʀʀ ʎʀʌʈʆɺʀɿɸʎʀʀ ʀɿʄɽʈʀʊɽʃʔʅʓʍ 

ʇʈʆʎɽʉʉʆɺ ɼʃʗ ʄʆɹʀʃʔʅʆʉʊʀ ʉʇɽʎʊɽʍʅʀʂʀ  

ɽʧʠʬʘʥʮʝʚ ʂ.ɺ .................................................................................................................................. 79 

ɺʆɿʄʆɾʅʆʉʊʀ ʇʈʆɻʈɸʄʄʅʓʍ ʇɸʂɽʊʆɺ ɼʃʗ ʉʀʉʊɽʄɸʊʀɿɸʎʀʀ 

ʀɿʄɽʈʀʊɽʃʔʅʓʍ ʉʀʉʊɽʄ  

ɽʧʠʬʘʥʮʝʚ ʂ.ɺ .................................................................................................................................. 81 



 
XIII  ȲɋɌɊəɓɆɖɔɊɓɆɥ ɓɆəɝɓɔ-ɘɋɛɓɎɝɋɗɐɆɥ ɐɔɓɚɋɖɋɓɜɎɎ 

çȷɔɈɖɋɒɋɓɓɡɋ ɕɖɔɇɑɋɒɡ ɒɆɞɎɓɔɗɘɖɔɋɓɎɥè 
 

6 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ  ʂʆʕʌʌʀʎʀɽʅʊʆɺ ɼɽʃɽʅʀʗ ʅɸ ʊʆʏʅʆʉʊʔ 

ʆʉʎʀʃʃʆɻʈɸʄʄʓ  

ɽʧʠʬʘʥʮʝʚ ʂ.ɺ .................................................................................................................................. 83 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʆʅʎɽʅʊʈɸʎʀʀ ʈɸʉʊɺʆʈʆɺ ʀ ʈɸɿʄɽʈɸ ʏɸʉʊʀʎ ɺ PHET 

SIMULATORS  ɼʃʗ ʈɸɿɺʀʊʀʗ ʂʆʄʇɽʊɽʅʎʀʁ ʕʂʆʃʆɻʀʏɽʉʂʆɻʆ ʄʆʅʀʊʆʈʀʅɻɸ 

ʇʈʆʄʓʐʃɽʅʅʓʍ ʆɹʔɽʂʊʆɺ  

ɽʧʠʬʘʥʮʝʚ ʂ.ɺ .................................................................................................................................. 85 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɽɿʀʉʊʀɺʅʆɻʆ ɼɽʃʀʊɽʃʗ ɺ MULTISIM 

ɽʧʠʬʘʥʮʝʚ ʂ.ɺ .................................................................................................................................. 87 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʆɹʆʈʋɼʆɺɸʅʀʗ ʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ 

ʇʈʆʀɿɺʆɼʉʊɺɸ ɺ ʆʅʃɸʁʅ-ʂʆʄɸʅɼɽ  ʅɸ ɼʆʉʂɽ MIRO                                               

ɽʧʠʬʘʥʮʝʚ ʂ.ɺ .................................................................................................................................. 89 

ʉʀʉʊɽʄɸ ʇʃɸʅʀʈʆɺɸʅʀʗ ʇʋʊʀ ʄʆɹʀʃʔʅʆɻʆ ʈʆɹʆʊɸ ʅɸ ɹɸɿɽ RASPBERRY PI 

ʀʚʘʥʦʚ ɽ.ɸ., ɹʝʣʷʝʚ ɸ.ʉ., ɹʨʳʣʝʚ ʆ.ɸ. 

 ............................................................................................................................................................ 91 

ʉʃɽɼʗʑʀʁ ɸʉʀʅʍʈʆʅʅʓʁ ʇʈʀɺʆɼ ɻʃɸɺʅʆɻʆ ɼɺʀɾɽʅʀʗ 

ʄɽʊɸʃʃʆʈɽɾʋʑɽɻʆ ʉʊɸʅʂɸ                                                                                                       

ʂʣʘʜʠʝʚ ʉ.ʅ, ʇʨʠʤʦʯʢʠʥ ʀ.ɸ.  ........................................................................................................ 93 

ʕʃɽʂʊʈʆʇʈʀɺʆɼ ʈʆʊʆʈɸ ɹʋʈʆɺʓʍ ʋʉʊɸʅʆɺʆʂ                                                                    

ʂʣʘʜʠʝʚ ʉ.ʅ., ʐʠʨʦʢʦʚ ɸ.ɸ. ........................................................................................................... 95 

ʆʉʆɹɽʅʅʆʉʊʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʂʆʄʇʃɽʂʉɸ ʋʇʈɸɺʃɽʅʀʗ 

ɺɽʅʊʀʃʗʊʆʈʆʄ                                                                                                               

ʂʦʞʘʭʘʥʦʚ ɼ, ʂʣʘʜʠʝʚ ʉ.ʅ ............................................................................................................. 97 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʅʋʊʈɽʅʅɽɻʆ ʊʈɽʅʀʗ ʄɽʊɸʃʃʆɺ ʄɽʊʆɼʆʄ 

ʕʃɽʂʊʈʆʄɽʍɸʅʀʏɽʉʂʆʁ ɺʀɹʈʆʄɽʊʈʀʀ                                                                

ʂʫʟʥʝʮʦʚ ʌ.ʖ., ʂʦʥʦʚʘʣʝʥʢʦʀ.ʉ.................................................................................................... 99 

ʉʀʅʊɽɿ ʀ ɸʇʈʆɹɸʎʀʗ ʃʀʅɽʁʅʆ-ʂɺɸɼʈɸʊʀʏʅʆɻʆ ʈɽɻʋʃʗʊʆʈɸ ɼʃʗ ʉʀʉʊɽʄʓ 

çBALL-ON-PLATEè                                                                                                                    

ʂʫʨʛʠʥʦʚ ʗ. ʆ., ɿʘʨʥʠʮʳʥ ɸ.ʖ. .................................................................................................... 101 

ʂʆʅʉʊʈʋʂʎʀʗ ʀ ʄɽʊʆɼʀʂɸ ʈɸʉʏɽʊɸ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆɻʆ ɸʄʆʈʊʀɿɸʊʆʈɸ 

ʃʝʦʥʦʚ ʉ.ɺ., ʂʦʤʢʦʚʘ ɸ.ɸ., ʇʨʦʭʦʨʝʥʢʦ ɸ.ʇ. ééééééééééééééééé..éé103 

ʇʈʀʄɽʅɽʅʀɽ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʗ ʏɸʉʊʆʊʓ ʀ ɼɸʊʏʀʂɸ ʊʆʂɸ ɼʃʗ ʋʇʈɸɺʃɽʅʗʀ 

ɺɽʅʊʀʃʔʅʓʄ ʕʃɽʂʈʆɼɺʀɻɸʊɽʃɽʄ 

ʄʦʤʦʪ ʇ.ʄ., ʐʠʣʠʥ ɸ.ɸ. .............................................................................................................. 105 

ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʔ ɼʃʗ ʇʀʊɸʅʀʗ ɼɺʀɻɸʊɽʃʗ ʇʆʉʊʆʗʅʅʆɻʆ ʊʆʂɸ 

ʕʃɽʂʊʈʆɹʋʉɸ                                                                                                                   

ʇʘʨʘʤʦʥʦʚ ʅ.ɸ., ʂʣʘʜʠʝʚ ʉ.ʅ. ...................................................................................................... 107 

ʈɸɿʈɸɹʆʊʂɸ ʄɽʍɸʊʈʆʅʅʆɻʆ ʄʆɼʋʃʗ ɼʃʗ ʄʆɹʀʃʔʅʆɻʆ ʈʆɹʆʊɸ 

ʇʆɺʓʐɽʅʅʆʁ ʇʈʆʍʆɼʀʄʆʉʊʀ 

ʇʦʙʝʨʝʟʢʠʥ ʅ.ʀéééé.éééééééééééééééééééééééééééééé...109 
ʉʈɸɺʅɽʅʀɽ ʄɽʊʆɼʆɺ ʋʇʈɸɺʃɽʅʀʗ 2-ʍ ʉʊɽʇɽʅʅʓʄ ʇɽʈɽɺɽʈʅʋʊʓʄ 

ʄɸʗʊʅʀʂʆʄ ʅɸ ʊɽʃɽɾʂɽ 

ʉʫʤʝʥʢʦʚ ʆ.ʖ., ɹʝʣʷʝʚ ɸ.ʉ ééééééééééééééééééééééééééééé 111 
ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɽɾʀʄʆɺ ʈɸɹʆʊʓ ʇʆɻʈʋɾʅʆɻʆ ʕʃɽʂʊʈʆʎɽʅʊʈʆɹɽɾʅʆɻʆ 

ʅɸʉʆʉɸ ɼʆɹʓʏʀ ʅɽʌʊʀ 

ʍʘʣʘʥʩʢʘʷ ʊ.ɽ., ʂʣʘʜʠʝʚ ʉ.ʅ ......................................................................................................... 113 

ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ ɺʀʈʊʋɸʃʀɿɸʎʀʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ ʅɸ 

ɹɸɿɽ ʀʅʊɽɻʈʀʈʆɺɸʅʅʆʁ ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ ʄʆɼɽʃʀ ʕʃɽʂʊʈʆʇʈʀɺʆɼɸ 



 
XIII  ȲɋɌɊəɓɆɖɔɊɓɆɥ ɓɆəɝɓɔ-ɘɋɛɓɎɝɋɗɐɆɥ ɐɔɓɚɋɖɋɓɜɎɎ 

çȷɔɈɖɋɒɋɓɓɡɋ ɕɖɔɇɑɋɒɡ ɒɆɞɎɓɔɗɘɖɔɋɓɎɥè 
 

7 

 

ʈʆɹʆʊɸ-ʄɸʅʀʇʋʃʗʊʆʈɸ ʉ ʎʀʌʈʆɺʆʁ ʉʀʉʊɽʄʆʁ ʋʇʈɸɺʃɽʅʀʗ (ILABIT 

ROBOTICA) 

ʍʦʣʦʜʠʣʠʥ ʀ.ʖ., ʉʘʚʦʩʪʝʝʥʢʦ ʅ.ɺ.. ............................................................................................ 115 

ʉɽʂʎʀʗ 3. ʉʆɺʈɽʄɽʅʅʓɽ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʈʀʊɽʈʀɽɺ ʆʎɽʅʂʀ ʇɽʈɽʅʆʉɸ ʕʃɽʂʊʈʆɼʅʆɻʆ ʄɽʊɸʃʃɸ ʇʈʀ 

ɼʋɻʆɺʆʁ ʉɺɸʈʂɽ ɺ ɿɸʑʀʊʅʓʍ ɻɸɿɸʍ ʉ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʄʀ ʂʆʈʆʊʂʀʄʀ 

ɿɸʄʓʂɸʅʀʗʄʀ 

ɹʦʣʦʪʦʚ ʉ.ɺ. ................................................................................................................................... 118 

ɸʅɸʃʀɿ ʇʆɺʓʐɽʅʀʗ ʂɸʏɽʉʊɺɸ ʀɿɼɽʃʀʁ ʄɸʐʀʅʆʉʊʈʆɽʅʀʗ ɺɸʂʋʋʄʅʆʁ 

ʀʆʅʅʆ-ʇʃɸɿʄɽʅʅʆʁ ʆɹʈɸɹʆʊʂʆʁ ʅɸ ʆʉʅʆɺɽ ʂʈʀʊɽʈʀɽɺ ʊɽʆʈʀʀ 

ʅɸɼɽɾʅʆʉʊʀ 

ɹʦʛʜʘʥʦʚʠʯ ɺ.ʀ., ɻʠʦʨʙʝʣʠʜʟʝ ʄ.ɻ. .............................................................................................. 120 

ʇʆɺʓʐɽʅʀɽ ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʓʍ ʉɺʆʁʉʊɺ ʀʆʅʅʆ-ʇʃɸɿʄɽʅʅʓʍ 

ʇʆʂʈʓʊʀʁ, ʇʆʃʋʏɽʅʅʓʍ ʕʃɽʂʊʈʆɼʋɻʆɺʓʄ ʄɽʊʆɼʆʄ  

ɹʦʛʜʘʥʦʚʠʯ ɺ.ʀ., ɻʠʦʨʙʝʣʠʜʟʝ ʄ.ɻ ............................................................................................... 122 

ʋʇʈɸɺʃɽʅʀɽ ʇʈʆʇʃɸɺʃʗʖʑɽʁ ʉʇʆʉʆɹʅʆʉʊʔʖ ɼʋɻʀ ʇʈʀ ʉɺɸʈʂɽ 

ʅɽʇʃɸɺʗʑʀʄʉʗ ʕʃɽʂʊʈʆɼʆʄ ɺ ʉʈɽɼɽ ɸʈɻʆʅɸ 

ɻʦʨʜʳʥʝʮ ɸ.ʉ., ʂʠʩʝʣʝʚ ɸ.ʉ., ʉʢʨʠʧʢʦ ʉ.ʀ., ............................................................................... 124 

ʋʉʊʈʆʁʉʊɺʆ ɸɺʊʆʄɸʊʀʏɽʉʂʆʁ ʇʆɼɸʏʀ ʇʆʂʈʓʊʓʍ ʕʃɽʂʊʈʆɼʆɺ ɺ 

ʉɺɸʈʆʏʅʋʖ ɺɸʅʅʋ  

ɻʦʨʜʳʥʝʮ ɸ.ʉ., ʅʝʧʦʤʥʷʱʠʡ ɸ.ʉ. ééééééééééééééééééééééééé....126 

ʈɸʉʇʈɽɼɽʃɽʅʀɽ ʂʆʅʊɸʂʊʅʓʍ ʅɸʇʈʗɾɽʅʀʁ ʅɸ ʇɽʈɽɼʅɽʁ ʇʆɺɽʈʍʅʆʉʊʀ 

ʈɽɾʋʑɽɻʆ ʀʅʉʊʈʋʄɽʅʊɸ ʇʈʀ ʆɹʈɸɹʆʊʂɽ ʉʊɸʃʀ  

ʂʦʟʣʦʚ ɺ.ʅ., ʖ ʎ., ʎʠ ʄ., ʏʞʘʥ ʎ .............................................................................................. 126 

ɺʃʀʗʅʀɽ ɺʅɽʐʅɽʁ ʉʈɽɼʓ ʅɸ ʆɹʈɸɿʆɺɸʅʀɽ ʆɹʈɸʊʅʆɻʆ ɺɸʃʀʂɸ ʇʈʀ 

ɼʋɻʆɺʆʁ ʉɺɸʈʂɽ  

ʂʨʘʩʠʢʦʚ ʇ.ʇ., ʉʘʚʠʥʦʚ ɸ.ɺ., ʏʫʜʠʥ ɸ.ɸ., ʇʦʣʝʩʩʢʠʡ ʆ.ɸ., ʂʨʘʩʠʢʦʚʘ ʃ.ʉ., ʇʦʣʫʥʠʥ ʀ.ɸé.130 

ʇʈʀʄɽʅɽʅʀɽ ʉʊɸʊʀʉʊʀʏɽʉʂʀʍ ʄɽʊʆɼʆɺ ɼʃʗ ɸʅɸʃʀɿɸ ɺʓʉʆʊʅʓʍ 

ʈɸɿʄɽʈʆɺ ʆʊʅʆʉʀʊɽʃʔʅʆ ɺʓʉʆʂʀʍ ʂʆʈʆɹʆʂ ʇʈʀ ʀʍ ɺʓʊʗɾʂɽ ʀɿ 

ʃʀʉʊʆɺʓʍ ɿɸɻʆʊʆɺʆʂ ʇɽʈɽʄɽʅʅʆʁ ʊʆʃʑʀʅʓ  

ʄʘʣʳʰʝʚ ɸ.ʅ., ɹʳʩʦʚ ʉ.ɸ. ............................................................................................................ 132 

ʆʉʆɹɽʅʅʆʉʊʀ ʆʇʊʆɺʆʃʆʂʅɸ ʇʈʀ ʇʈʆʀɿɺʆɼʉʊɺɽ 

ʄʦʢʠʥ ɸ.ɽ., ʍʘʬʠʟʦʚ ɼ.ɽ. .............................................................................................................. 134 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʅɸʂʃɽʇɸ ʇʆɺɽʈʍʅʆʉʊʀ ʇʈʀ ʋʇʈɸɺʃʗɽʄʆʁ 

ʀʅɽʈʎʀʆʅʅʆ-ʀʄʇʋʃʔʉʅʆʁ ʆɹʈɸɹʆʊʂɽ ɺ ʀɿɼɽʃʀʗʍ ʀɿ ɺʓʉʆʂʆʇʈʆʏʅʆɻʆ 

ʏʋɻʋʅɸ 

ʇʘʰʢʝʚʠʯ ɺ.ʄ., ɸʬʘʥʝʚʠʯ ɺ.ɺ. ..................................................................................................... 136 

ʊɽʍʅʆʃʆɻʀʗ ʉʆɺʄɽʑɽʅʅʆʁ ʆɹʈɸɹʆʊʂʀ ʈɽɿɸʅʀɽʄ ʀ ʄɸɻʅʀʊʅʆ-

ɼʀʅɸʄʀʏɽʉʂʀʄ ʅɸʂɸʊʓɺɸʅʀɽʄ 

ʉʚʠʨʝʧʘ ɼ.ʄ., ʂʨʫʯʠʥʠʥʘ ɸ.ʉ.  ..................................................................................................... 138 

ʅɽʂʆʊʆʈʓɽ ɸʉʇɽʂʊʓ ʅɸʅʆʊʈʀɹʆʃʆɻʀʀ ʇʈʀ ɺɿɸʀʄʆɼɽʁʉʊɺʀʀ 

ʂʆʅʊɸʂʊʅʆʁ ʇʆɺɽʈʍʅʆʉʊʀ ʈɽɿʎɸ ʀ ʉʍʆɼʗʑɽʁ ʉʊʈʋɾʂʀ  

ʋʩʤʘʥʦʚ ʂ.ɹ., ʗʢʫʙʦʚɸ.ɸ., ʅʠʷʟʙʘʝʚ ɸ.ʄ. ................................................................................... 140 

ɺʃʀʗʅʀɽ ʅɽʂʆʊʆʈʓʍ ʇɸʈɸʄɽʊʈʆɺ ʅɸʄɸɻʅʀʏʀɺɸʅʀʗ ʀ ʈɽɾʀʄʆɺ ʈɽɿɸʅʀʗ 

ʅɸ ʉʊʆʁʂʆʉʊʔ ʀʅʉʊʈʋʄɽʅʊʆɺ ʇʈʀ ʆɹʈɸɹʆʊʂɽ ʂʆʅʉʊʈʋʂʎʀʆʅʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ  

ʍʘʩʘʥʦʚ ʉ.ʄ., ʗʢʫʙʦʚ ɸ.ɸ. .............................................................................................................. 142 



 
XIII  ȲɋɌɊəɓɆɖɔɊɓɆɥ ɓɆəɝɓɔ-ɘɋɛɓɎɝɋɗɐɆɥ ɐɔɓɚɋɖɋɓɜɎɎ 

çȷɔɈɖɋɒɋɓɓɡɋ ɕɖɔɇɑɋɒɡ ɒɆɞɎɓɔɗɘɖɔɋɓɎɥè 
 

8 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʕʇʖʈ ʂʆʅʊɸʂʊʅʓʍ ʅɸʇʈʗɾɽʅʀʁ ʅɸ ʇɽʈɽɼʅɽʁ 

ʇʆɺɽʈʍʅʆʉʊʀ ʈɽɾʋʑɽɻʆ ʀʅʉʊʈʋʄɽʅʊɸ ʇʈʀ ʆɹʈɸɹʆʊʂɽ ʉʊɸʃʀ 

ʏʞʘʦ ʎ., ʂʦʟʣʦʚ ɺ.ʅ., ʖ ʎ., ʖ ʎ., ʎʠ ʄééééééééééééééééééééééé..144 

ʉɽʂʎʀʗ 4.  ʄɸʊɽʈʀɸʃʆɺɽɼɽʅʀɽ ʀ ʅɸʅʆʊɽʍʅʆʃʆɻʀʀ ɺ 

ʄɸʐʀʅʆʉʊʈʆɽʅʀʀ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʇɽʂɸɽʄʆʉʊʀ ʕʃɽʂʊʈʆʕʈʆɿʀʆʅʅʓʍ ʂʆɹɸʃʔʊʆʍʈʆʄʆɺʓʍ 

ʇʆʈʆʐʂʆɺ, ʀɿɻʆʊɸɺʃʀɺɸɽʄʓʍ ɼʃʗ ɸɼɼʀʊʀɺʅʓʍ ʀɿɼɽʃʀʁ 

ɸʛʝʝʚ ɽ.ɺ., ɸʣʪʫʭʦʚ ɸ.ʖ., ɸʛʝʝʚʘ ɽ.ɺ .......................................................................................... 147 

ʈɽʅʊɻɽʅʆʉʇɽʂʊʈɸʃʔʅʓʁ ʄʀʂʈʆɸʅɸʃʀɿ ʊʗɾɽʃʓʍ ɺʆʃʔʌʈɸʄʆɺʓʍ 

ʇʉɽɺɼʆʉʇʃɸɺʆɺ ʅɸ ʆʉʅʆɺɽ ɼʀʉʇɽʈɻʀʈʆɺɸʅʅʓʍ ʕʃɽʂʊʈʆʕʈʆɿʀɽʁ ʏɸʉʊʀʎ 

ʉʇʃɸɺɸ ɺʅɾ, ʇʆʃʋʏɽʅʅʓʍ ɺ ɺʆɼɽ 

ɸʛʝʝʚʘ ɽ.ɺ., ɸʛʝʝʚ ɽ.ɺ., ʇʠʢʘʣʦʚ ʉ.ɺ. ........................................................................................... 149 

ʆʎɽʅʂɸ ʋʉʊʆʁʏʀɺʆʉʊʀ ʋɻʃɽʇʃɸʉʊʀʂɸ ʂ ɼɽʁʉʊɺʀʖ ʇʆʇɽʈɽʏʅʓʍ 

ʅɸɻʈʋɿʆʂ ʇʆʉʃɽ ʇʈʆɺɽɼɽʅʀʗ ʅɸʊʋʈʅʓʍ ʀʉʇʓʊɸʅʀʁ  

ɹʝʢʨʝʥʝʚ ʅ.ɺ., ɿʣʦʙʠʥʘ ʀ.ɺ., ʂʘʮʫʙʘ ʀ.ʉ .................................................................................... 151 

ʆʉʆɹɽʅʅʆʉʊʀ ʈɸɿʈʋʐɽʅʀʗ ɸʅʊʀʌʈʀʂʎʀʆʅʅʆʁ ɹʈʆʅɿʓ ʉ ʃɽɻʂʆʇʃɸɺʂʆʁ 

ʌɸɿʆʁ  

ɹʫʨʢʦʚ ʇ.ɺ., ʅʠʢʫʣʠʥʘ ʖ.ɸ. .......................................................................................................... 153 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʅɸʅʆʇʃɸʉʊʀʅ ɻʈɸʌɽʅɸ ʅɸ ʊɽʇʃʆʇʈʆɺʆɼʅʆʉʊʔ ʀ 

ʊɺɪʈɼʆʉʊʔ ʄɽʊɸʃʃʆʂʆʄʇʆɿʀʊʆɺ ʉ ʄɸʊʈʀʎɽʁ ɸʃʖʄʀʅʀʗ 

ɺʦʟʥʷʢʦʚʩʢʠʡ ɸ.ɸ., ɿʘʚʘʨʠʥʩʢʠʡ ɺ.ʀ. ........................................................................................... 155 

ʊɽʇʃʆʇʈʆɺʆɼʅʆʉʊʔ ʀ ʊɽʇʃʆɽʄʂʆʉʊʔ ʅɸʅʆɾʀɼʂʆʉʊʀ ʅɸ ʆʉʅʆɺɽ ɺʆɼʓ, 

ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʆʁ ɻʀɹʈʀɼʅʓʄ ʄɸʊɽʈʀɸʃʆʄ ʉʆʉʊɸɺɸ ɼɽʊʆʅɸʎʀʆʅʅʓɽ 

ʅɸʅʆɸʃʄɸɿʓ-ʋɻʃɽʈʆɼʅʓɽ ʅɸʅʆʊʈʋɹʂʀ 

ɺʦʟʥʷʢʦʚʩʢʠʡ ɸ.ʇ., ɺʦʟʥʷʢʦʚʩʢʠʡ ɸ.ɸ., ʂʠʜʘʣʦʚ ʉ.ɺ., ʂʘʣʘʰʥʠʢʦʚʘ ɽ.ʀ. ................................ 157 

ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʆɽ ʄɸɻʅɽʊʈʆʅʅʆɽ ʆʉɸɾɼɽʅʀɽ ʇʆʂʈʓʊʀʁ ʅʀʊʈʀɼɸ 

ʍʈʆʄɸ 

ɻʨʫʜʠʥʠʥ ɺ.ɸ., ʉʠʜʝʣʸʚ ɼ.ɺ., ɹʣʝʡʭʝʨ ɻ.ɸ. ................................................................................... 159 

ʆ ɺʂʃɸɼɽ ʈɸɼʀɸʎʀʆʅʅʆɻʆ ʊʆʈʄʆɾɽʅʀʗ ɺʆ ɺʅʋʊʈɽʅʅɽɽ ʊʈɽʅʀɽ ʇʈʀ 

ʀɿɻʀɹʅʓʍ ʂʆʃɽɹɸʅʀʗʍ ɹɽʉʂʆʅɽʏʅʆʁ ʂʈɸɽɺʆʁ ɼʀʉʃʆʂɸʎʀʀ 

ɼʝʞʠʥ ɺ.ɺ ....................................................................................................................................... 161 

ʆ ɺʂʃɸɼɽ ʈɸɼʀɸʎʀʆʅʅʆɻʆ ʊʆʈʄʆɾɽʅʀʗ ɺʆ ɺʅʋʊʈɽʅʅɽɽ ʊʈɽʅʀɽ ʇʈʀ 

ʂʆʃɽɹɸʅʀʗʍ ʉɽɻʄɽʅʊɸ ʂʈɸɽɺʆʁ ɼʀʉʃʆʂɸʎʀʀ 

ɼʝʞʠʥ ɺ.ɺ ....................................................................................................................................... 163 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʉɺʆʁʉʊɺ ɺʆʃʔʌʈɸʄʆɺʓʍ ʇʆʂʈʓʊʀʁ ʉʇʆʉʆɹʆʄ  

ʕʃɽʂʊʈʆʂʆʅʊɸʂʊʅʆɻʆ ʉʇɽʂɸʅʀʗ  

ʂʘʨʠʤʦʚ ʐ.ɸ., ʇʘʨʜʘʝʚʘ ɻ.ʊ., ʍʘʙʠʙʫʣʣʘʝʚʘ ʀ.,  ɸʙʜʫʢʘʨʠʤʦʚʘ ʉ., ʄʫʨʘʪʦʚʘ ɻ.  

 .......................................................................................................................................................... 165 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʅɸʇʃɸɺʃɽʅʅʓʍ ʉʃʆɽɺ ɺʓʉʆʂʆʕʅʊʈʆʇʀʁʅʆɻʆ ʉʇʃɸɺɸ 

ʉʆʉʊɸɺɸ CoCrFeNiMn ʅɸ ʇʆɺɽʈʍʅʆʉʊʀ ʂʆʅʉʊʈʋʂʎʀʆʅʅʆʁ ʉʊɸʃʀ  

ʂʠʩʝʣʝʚʘ ʅ.ɸ., ʇʝʪʨʦʚ ʀ.ʖ., ʈʫʢʪʫʝʚ ɸ.ɸ. ................................................................................ 167 

ʇʈʀʄɽʅɽʅʀɽ ʉʇʃɸɺʆɺ ʉ ʕʌʌɽʂʊɸʄʀ ʇɸʄʗʊʀ ʌʆʈʄʓ ɼʃʗ ʈɸɹʆʊʓ 

ʊɸʈɽʃʔʏɸʊʓʍ ʇʈʋɾʀʅ 

ʂʣʦʧʦʪʦʚ ɸ.ɸ., ʐʠʰʝʣʦʚʘ ɸ. ɸ., ʂʫʥʮ ʆ. ɸ. ................................................................................ 169 

ɺʃʀʗʅʀɽ ʂʆɹɸʃʔʊɸ ʅɸ ʕʌʌɽʂʊʓ ʇɸʄʗʊʀ ʌʆʈʄʓ ʀ ʌʀɿʀʂʆ-ʄɽʍɸʅʀʏɽʉʂʀɽ 

ʉɺʆʁʉʊɺɸ ʉʇʃɸɺɸ ʊʅ-10 

ʂʣʦʧʦʪʦʚ ɸ.ɸ., ɼʫʙʦʚʠʢʦʚ ʂ.ʖ., ʂʫʥʮ ʆ. ɸ................................................................................. 171 



 
XIII  ȲɋɌɊəɓɆɖɔɊɓɆɥ ɓɆəɝɓɔ-ɘɋɛɓɎɝɋɗɐɆɥ ɐɔɓɚɋɖɋɓɜɎɎ 

çȷɔɈɖɋɒɋɓɓɡɋ ɕɖɔɇɑɋɒɡ ɒɆɞɎɓɔɗɘɖɔɋɓɎɥè 
 

9 

 

 

 

ɺʃʀʗʅʀɽ ʊʀʇɸ ʍʀʄʀʏɽʉʂʆʁ ʉɺʗɿʀ ʂʆʄʇʆʅɽʅʊʆɺ ʌʃʖʉ-ʇɸʉʊ ʅɸ 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʂʆʈʅɽɺʆɻʆ ʉʃʆʗ ʐɺɸ  

ʂʨʘʩʠʢʦʚ ʇ.ʇ., ʉʘʚʠʥʦʚ ɸ.ɺ., ʏʫʜʠʥ ɸ.ɸ., ʇʦʣʝʩʩʢʠʡ ʆ.ɸ., ʂʨʘʩʠʢʦʚʘ ʃ.ʉ., ʌʠʣʠʧʧʦʚ ɺ.ɺ, 

ʇʦʣʫʥʠʥ ʀ.ɸ. ................................................................................................................................... 173 

ɺʃʀʗʅʀɽ ʉʇʆʉʆɹʆɺ ʇʆʃʋʏɽʅʀʗ ɻʈɸʅʋʃʀʈʆɺɸʅʅʆɻʆ ʇʈɽʉʉ-ʇʆʈʆʐʂɸ ʅɸ 

ʉʊʈʋʂʊʋʈʋ ʀ ʉɺʆʁʉʊɺɸ ʉʇɽʏɽʅʅʆʁ ʂɽʈɸʄʀʂʀ  

ʂʫʟʴʤʠʥ ʈ.ʀ., ʌʝʣʦʬʴʷʥʦʚʘ ɸ.ɺ., ɸʥʪʨʦʧʦʚʘ ʂ.ɸ. ..................................................................... 175 

ɼɽʊʆʅɸʎʀʆʅʅʓɽ ʂʆʄʇʆɿʀʎʀʆʅʅʓɽ ʇʆʂʈʓʊʀʗ ʀɿ ʄʅʆɻʆʂʆʄʇʆʅɽʅʊʅʆɻʆ 

ʉʇʃɸɺɸ ʅɸ ʆʉʅʆɺɽ ɾɽʃɽɿɸ ʉ ɸʈʄʀʈʋʖʑʀʄʀ ɺʂʃʖʏɽʅʀʗʄʀ ʇʆʈʆʐʂɸ 

ʆʂʉʀɼɸ ɸʃʖʄʀʅʀʗ  

ʂʫʯʫʤʦʚʘ ʀ.ɼ., ʕʤʫʨʣʘʝʚ ʖ.ʖéééééééééééééééééééééééééééé.177 

ʕʌʌɽʂʊʀɺʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʇʆʃʋʏɽʅʀʗ ɿɸɻʆʊʆɺʆʂ ʀ ʀɿɼɽʃʀʁ ʀɿ ʏʋɻʋʅʆɺ 

ʉ ɿɸɼɸʅʅʓʄʀ ʉɺʆʁʉʊɺɸʄʀ ʀ ʄʀʂʈʆʉʊʈʋʂʊʋʈʆʁ 

ʃʫʙʷʥʦʡ ɼ.ɸ., ʄʘʨʢʠʜʦʥʦʚ ɸ.ɺ., ʇʫʜʦʚ ɽ.ʖ., ʐʘʭʤʘʥʦʚ ɺ.ʅ., ʂʫʟʠʥ ɽ.ɻ., ʉʝʤʝʥʦʚʘ ʆ.ʉé.177 

ʇʆʃʋʏɽʅʀɽ ɸʅʆʈʊʀʊʆɺʆʁ ʂɽʈɸʄʀʂʀ ʅɸ ʆʉʅʆɺɽ ʅɽʂʆʅɼʀʎʀʆʅʅʆɻʆ ʉʓʈʔʗ 

ʉʝʤʝʥʦʚʳʭ ʄ.ɸ ............................................................................................................................... 181 

ʊʈɸɺʃɽʅʀɽ ʋɻʃɽʈʆɼʅʓʍ ʇʆʂʈʓʊʀʁ ɺ ɸʈɻʆʅ-ɺʆɼʆʈʆɼʅʆʁ  

ʇʃɸɿʄɽ ɺʓʉʆʂʆʏɸʉʊʆʊʅʆɻʆ ʈɸɿʈʗɼɸ 

ʉʠʜʝʣʸʚ ɼ.ɺ., ʈʫʯʢʠʥ ʉ.ɽéééééééééééééééééééééééé.ééééééé183 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɽʍɸʅʀʏɽʉʂʀʍ ʀ ʊɽʇʃʆʌʀɿʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ 

ʇʆʃʀʄɽʈʅʓʍ ʂʆʄʇʆɿʀʊʆɺ ʉ ɻʈɸʌɽʅʆɺʓʄʀ ʅɸʅʆʉʊʈʋʂʊʋʈɸʄʀ 

ʇʆʃʋʏɸɽʄʓʍ ʄɽʊʆɼʆʄ ʃɸɿɽʈʅʆʁ ʉʊɽʈɽʆʃʀʊʆɻʈɸʌʀʀ 3D ʇɽʏɸʊʀ 

ʉʤʠʨʥʦʚʘ ɺ.ʕ., ɺʦʟʥʷʢʦʚʩʢʠʡ ɸ.ɸ. ................................................................................................ 185 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɽʉʋʈʉɸ ʋɻʃɽʇʃɸʉʊʀʂɸ ʉ ɼɽʌɽʂʊʆʄ ʊʀʇɸ çʈɸʉʉʃʆɽʅʀɽè 

ʉʪʫʨʦʚ ɸ.ɸ., ʏʘʱʠʥ ʅ.ʉ., ʀʚʘʥʦʚ ʖ.ʅ ....................................................................................... 187 

ɺʃʀʗʅʀɽ ʆɹʈɸɹʆʊʂʀ ʊʃɽʖʑʀʄ ʈɸɿʈʗɼʆʄ ʅɸ ɻʃʋɹʀʅʋ ʀ ʉʊɽʇɽʅʔ 

ʉʊʈʋʂʊʋʈʅʆ-ʌɸɿʆɺʆɻʆ ʄʆɼʀʌʀʎʀʈʆɺɸʅʀʗ ʀɿɼɽʃʀʁ ʀɿ 

ʀʅʉʊʈʋʄɽʅʊɸʃʔʅʓʍ ʉʊɸʃɽʁ 

ʐʝʤʝʥʢʦʚ ɺ.ʄ., ʈʘʙʳʢʦ ʄ.ɸ. ....................................................................................................... 189 

ɼʀʅɸʄʀʏɽʉʂʆɽ ʉʊɸʈɽʅʀɽ ʄɸʈʊɽʅʉʀʊɸ ɺ ʋʉʃʆɺʀʗʍ ʌʈʀʂʎʀʆʅʅʆɻʆ 

ʅɸɻʈʋɾɽʅʀʗ 

ʕʤʫʨʣʘʝʚ ʂ.ʀ. ................................................................................................................................. 190 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʄɽʍɸʅʀʏɽʉʂʀ-ʇɽʈɽʄɽʐɸʅʅʆɻʆ ʉʃʆʗ ɺ ʋʉʃʆɺʀʗʍ ʊʈɽʅʀʗ 

ʉʂʆʃʔɾɽʅʀʗ 

ʕʤʫʨʣʘʝʚ ʂ.ʀ. ................................................................................................................................. 193 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɸʃʄɸɿʆʇʆɼʆɹʅʓʍ ʇʆʂʈʓʊʀʁ, ʇʆʃʋʏɽʅʅʓʍ ʄɽʊʆɼʆʄ 

ʀʄʇʋʃʔʉʅʆɻʆ ʆʉɸɾɼɽʅʀʗ 

ʖʨʴʝʚ ʖ.ʅ., ʈʫʥʮ ɸ.ɸ. .................................................................................................................. 195 

ʉɽʂʎʀʗ 5.  ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʀ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ 

ʇʈʆʎɽʉʉʆɺ 

ʂʆʅɺɽʂʊʀɺʅʓʁ ʊɽʇʃʆʇɽʈɽʅʆʉ ɺ ɿɸʄʂʅʋʊʆʁ ʇʆʈʀʉʊʆʁ ʂʋɹʀʏɽʉʂʆʁ 

ʇʆʃʆʉʊʀ ʇʈʀ ʅɸʃʀʏʀʀ ʊɽʇʃʆɺʓɼɽʃʗʖʑɽɻʆ ʕʃɽʄɽʅʊɸ 

ɸʩʪʘʥʠʥʘ ʄ.ʉ., ʐʝʨʝʤʝʪ ʄ.ɸ. .................................................................................................... 198 



 
XIII  ȲɋɌɊəɓɆɖɔɊɓɆɥ ɓɆəɝɓɔ-ɘɋɛɓɎɝɋɗɐɆɥ ɐɔɓɚɋɖɋɓɜɎɎ 

çȷɔɈɖɋɒɋɓɓɡɋ ɕɖɔɇɑɋɒɡ ɒɆɞɎɓɔɗɘɖɔɋɓɎɥè 
 

10 

 

ʆʎɽʅʂɸ ʊɽʍʅʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀ ʊʈʋɹʆʇʈʆɺʆɼʆɺ ʇʆʉʈɽɼʉʊɺʆʄ 

ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʇʈʆʎɽʉʉʆɺ ʋʊʆʅɽʅʀʗ ʉʊɽʅʆʂ ʊʈʋɹʓ ʉ ʇʆʄʆʑʔʖ 

ʄɽʊʆɼɸ ʄʆʅʊɽ-ʂɸʈʃʆ 

ɹʫʨʢʦʚ ʇ.ɺ., ɹʫʨʢʦʚ ʇ.ɺ., ʃʶʪʠʢʦʚ ʀ.ʅ. ..................................................................................... 200 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂʆʅʊɸʂʊɸ ɿʋɹʔɽɺ  ɺʆʃʅʆɺʆɻʆ 

ʊʆʈʎɽɺʆɻʆ ʂʀʅɽʄɸʊʀʏɽʉʂʆɻʆ ʈɽɼʋʂʊʆʈɸ 

ɼʞʘʩʝʤ ʄʦʭʘʤʘʜ ........................................................................................................................... 202 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʊɽʈʄʆɻʈɸɺʀʊɸʎʀʆʅʅʆʁ ʂʆʅɺɽʂʎʀʀ ʉʊɽʇɽʅʅʆʁ 

ʅɸʅʆɾʀɼʂʆʉʊʀ ɺ ʇʆʃʆʉʊʀ ʇʈʀ ʅɸʃʀʏʀʀ ʊɽʇʃʆɺʓɼɽʃʗʖʑɽɻʆ ʋʏɸʉʊʂɸ 

ʅʀɾʅɽʁ ʉʊɽʅʂʀ  

ʃʦʝʥʢʦ ɼ.ʉ., ʐʝʨʝʤʝʪ ʄ.ɸ. ......................................................................................................... 204 

ʂʆʅɺɽʂʊʀɺʅʆ-ʈɸɼʀɸʎʀʆʅʅʓʁ ʊɽʇʃʆʇɽʈɽʅʆʉ ɺ ʂʈʋʇʅʆɻɸɹɸʈʀʊʅʆʁ 

ʆɹʃɸʉʊʀ ʅɸɻʈɽɺɸɽʄʆʁ ʉʅʀɿʋ  

ʄʠʨʦʰʥʠʯʝʥʢʦ ʀ.ɺ., ʊʦʡʣʠʙʘʝʚ ɸ.ɸ., ɻʠʙʘʥʦʚ ʅ.ʉ. ................................................................... 206 

ɸɺʊʆɹɸʃɸʅʉʀʈʋʖʑɽɽ ʋʉʊʈʆʁʉʊɺʆ 

ʂʫʟʥʝʮʦʚ ʄ.ɸ., ʂʫʚʰʠʥʦʚ ʂ.ɸ., ɻʘʚʨʠʣʠʥ ɸ.ʅ., ʄʦʡʟʝʩ ɹ.ɹ. ...................................................... 208 

ʉʅʀɾɽʅʀɽ ʊʈʋɼʆɽʄʂʆʉʊʀ ʆʇɽʈɸʎʀʀ ʏʀʉʊʆɺʆɻʆ ʌʈɽɿɽʈʆɺɸʅʀʗ ʃʆʇɸʊʆʂ 

ɻɸɿʆʊʋʈɹʀʅʅʓʍ ʂʆʃɽʉ  

ʄʷʩʥʠʢʦʚʘ ʃ.ɸ ................................................................................................................................ 210 

ʈɸɿʈɸɹʆʊʂɸ ɹʀɹʃʀʆʊɽʂʀ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɼʀʉʂʈɽʊʅʆʉʆɹʓʊʀʁʅʓʍ 

ʇʆʊʆʂʆɺʓʍ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʍ ʇʈʆʎɽʉʉʆɺ 

ʅʠʢʠʪʠʥ ɸ.ʉ. .................................................................................................................................. 212 

ɺʅɽɼʈɽʅʀɽ ʉʀʉʊɽʄʓ ʇʆʂɸɿɸʊɽʃɽʁ ʆʎɽʅʂʀ ʂɸʏɽʉʊɺɸ ʊʈɸʅʉʇʆʈʊʅʆɻʆ 

ʆɹʉʃʋɾʀɺɸʅʀʗ 

ʅʦʚʠʢʦʚ ɸ.ʅ., ʐʝʚʮʦʚʘ ɸ.ɻ., ɽʨʝʤʠʥ ʉ.ɺ., ʂʫʣʝʚ ɸ.ɺ., ʃʦʤʘʢʠʥ ɼ.ʆ. ...................................... 214 

ʈɸɿʈɸɹʆʊʂɸ ʉʊɽʅɼɸ ʌʀɿʀʏɽʉʂʆɻʆ ʇʆɼʆɹʀʗ çʊʈɪʍʌɸɿʅʓʁ ʉɽʇɸʈɸʊʆʈ 

ʉʂɺɸɾʀʅʅʆʁ ɾʀɼʂʆʉʊʀè 

ʌʠʣʠʧʘʩ ɸ.ɸ., ʄʠʛʝʣʴ ɸ.ɺ. ............................................................................................................. 216 

ʇʈʀʄɽʅɽʅʀɽ ɸʇʇɸʈɸʊʅʆ-ʇʈʆɻʈɸʄʄʅʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʇʈʀ ʈɸɿʈɸɹʆʊʂɽ 

ʇʈʀʂʃɸɼʅʆɻʆ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ ɸʉʋ ʊʇ ʅɸ ɹɸɿɽ ʄʆɹʀʃʔʅʆɻʆ 

ʉʊɽʅɼɸ ʀɿʋʏɽʅʀʗ ʇʈʀʅʎʀʇʆɺ ʇʈʆʄʓʐʃɽʅʅʆʁ ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʀ 

ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ 

ʍʦʭʣʦʚʩʢʠʡ ɺ.ʅ., ʆʣʝʡʥʠʢʦʚ ɺ.ʉ., ɹʫʨʷʯʝʢ ʀ.ʖ., ʂʫʨʦʯʢʠʥʘ ɺ.ʉ., ʇʝʨʝʩʚʝʪ ɺ.ɸ. ................. 218 

ʉɽʂʎʀʗ 6. ʇʈʆʄʓʐʃɽʅʅɸʗ ɹɽɿʆʇɸʉʅʆʉʊʔ 

ʆɹʈɸɹʆʊʂɸ ɺʆɼʓ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʄɽʍɸʅʆɸʂʊʀɺɸʎʀʀ 

ɸʚʟʘʣʦʚ ɼ.ɼ., ʇʠʣʠʧʝʮ ʅ.ɺ., ʉʝʯʠʥ ɸ.ʀ. ....................................................................................... 221 

ʄʆɼɽʈʅʀɿɸʎʀʗ ʇʆɼʉʀʉʊɽʄʓ ʆʊ ʀ ʇɹ ɺ ʂʆʈʇʆʈɸʊʀɺʅʆʁ 

ɻɽʆʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄɽ ʋʇʈɸɺʃɽʅʀʗ ʇʈʆʀɿɺʆɼʉʊɺʆʄ ɺ 

ɸʆ çʊʆʄʉʂɻɸɿʇʈʆʄè                                                                                                                        

ɻʫʣʷʝʚ ʄ.ɺ., ʅʝʩʳʥʦʚ ɸ.ʅ., ʉʦʨʦʢʠʥ ʂ.ɺ., ɻʫʩʝʣʴʥʠʢʦʚ ʄ.ʕ., ʉʝʯʠʥ ɸ.ʀ., ʉʝʯʠʥ ɸ.ɸ., 

ʈʦʤʘʥʮʦʚ ʀ.ʀ., ɸʚʜʝʝʚʘ ʀ.ʀ. ........................................................................................................ 223 

ʆʈɻɸʅʀɿɸʎʀʗ ʈɸɹʆʊ ɺ ʆɹʃɸʉʊʀ ʆʍʈɸʅʓ ʊʈʋɼɸ, ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ 

ʇʆɾɸʈʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ, ʈɸɿʈɸɹʆʊʂɸ ʀ ɺʅɽɼʈɽʅʀɽ ʉʀʉʊɽʄʓ ʄʆʊʀɺɸʎʀʀ 

ɺʓʇʆʃʅɽʅʀʗ ʈɸɹʆʊ ɺ ɸʆ çʊʆʄʉʂɻɸɿʇʈʆʄè                                                                       

ɻʫʣʷʝʚ ʄ.ɺ., ʅʝʩʳʥʦʚ ɸ.ʅ., ʉʦʨʦʢʠʥ ʂ.ɺ., ɻʫʩʝʣʴʥʠʢʦʚ ʄ.ʕ., ʉʝʯʠʥ ɸ.ʀ., ʉʝʯʠʥ ɸ.ɸ., 

ʈʦʤʘʥʮʦʚ ʀ.ʀ., ɸʚʜʝʝʚʘ ʀ.ʀ. ........................................................................................................ 225 



 
XIII  ȲɋɌɊəɓɆɖɔɊɓɆɥ ɓɆəɝɓɔ-ɘɋɛɓɎɝɋɗɐɆɥ ɐɔɓɚɋɖɋɓɜɎɎ 

çȷɔɈɖɋɒɋɓɓɡɋ ɕɖɔɇɑɋɒɡ ɒɆɞɎɓɔɗɘɖɔɋɓɎɥè 
 

11 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʆʅʎɽʅʊʈɸʎʀʀ ʈɸʉʊɺʆʈʆɺ ʀ ʈɸɿʄɽʈɸ ʏɸʉʊʀʎ ɺ PHET 

SIMULATORS ɼʃʗ ʈɸɿɺʀʊʀʗ ʂʆʄʇɽʊɽʅʎʀʁ ʕʂʆʃʆɻʀʏɽʉʂʆɻʆ ʄʆʅʀʊʆʈʀʅɻɸ 

ʇʈʆʄʓʐʃɽʅʅʓʍ ʆɹʔɽʂʊʆɺ                                                                                                   

ɽʧʠʬʘʥʮʝʚ ʂ.ɺ. ............................................................................................................................... 227 

ɸʅɸʃʀɿ ʌɸʂʊʆʈʆɺ, ɺʃʀʗʖʑʀʍ ʅɸ ʌʆʈʄʀʈʆɺɸʅʀɽ ʕʃɽʂʊʈʆʉʊɸʊʀʏɽʉʂʆɻʆ 

ʈɸɿʈʗɼɸ ɺ ʎʀʂʃʆʅɽ ʀ ɽɻʆ ʇʆʊɽʅʎʀɸʃʔʅʆʁ ʆʇɸʉʅʆʉʊʀ                                      

ʂʳʨʤʘʢʦʚʘ ʆ.ʉ., ʉʢʦʨʶʧʠʥʘ ʂ.ɸ., ʉʝʯʠʥ ɸ.ʀ. ........................................................................... 229 

ʄɽʈʆʇʈʀʗʊʀʗ ʇʆ ʇʈɽɼʋʇʈɽɾɼɽʅʀʖ ʏʉ ʅɸ ʅɽʌʊɽɻɸɿʆɺʆʄ 

ʄɽʉʊʆʈʆɾɼɽʅʀʀ                                                                                                                         

ʄʘʪʚʝʝʚ ʂ.ɸ., ʂʦʯʝʪʢʦʚʘ ʆ.ʇ. ..................................................................................................... 231 

ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʆʃʆɻʀʏɽʉʂʆɻʆ ʇʆɼʍʆɼɸ ʂ ʉɽʂʎʀʆʅʀʈʆɺɸʅʀʖ 

ʐɸʍʊʅʆɻʆ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʆɹʒɽʄɸ                                                                      

ʄʝʟʝʥʮʝʚʘ ʀ.ʃ., ʉʝʯʠʥ ɸ.ɸ. ........................................................................................................... 233 

ʄɽʊʆɼʀʂɸ ʈɸʉʏɽʊɸ ɻʀɼʈʆɼʀʅɸʄʀʏɽʉʂʆɻʆ ɻɽʅɽʈɸʊʆʈɸ                                         

ʇʠʣʠʧʝʮ ʅ.ɺ., ɸʚʟʘʣʦʚ ɼ.ɼ., ʉʝʯʠʥ ɸ.ʀ. ....................................................................................... 235 

ɸʅɸʃʀɿ ʇʈʆɹʃɽʄ ʇʈʀ ʆɹʋʏɽʅʀʀ ʅɸʉɽʃɽʅʀʗ ɺ ʆɹʃɸʉʊʀ ɻʈɸɾɼɸʅʉʂʆʁ 

ʆɹʆʈʆʅʓ ʀ ɿɸʑʀʊʓ ʆʊ ʏʈɽɿɺʓʏɸʁʅʓʍ ʉʀʊʋɸʎʀʁ                                                 

ʈʦʤʘʥʮʦʚ ʀ.ʀ., ɸʚʜʝʝʚʘ ʀ.ʀ., ʉʝʯʠʥ ɸ.ʀ., ɻʫʣʷʝʚ ʄ.ɺ., ɻʫʩʝʣʴʥʠʢʦʚ ʄ.ʕ............................... 237 

ʆʉʆɹɽʅʅʆʉʊʀ ʇʆɼɻʆʊʆɺʂʀ ʈʋʂʆɺʆɼʀʊɽʃɽʁ ʀ ʉʇɽʎʀɸʃʀʉʊʆɺ ʇʆ 

ʇʈʆʄʓʐʃɽʅʅʆʁ ʀ ʇʆɾɸʈʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ ɺ ʅɽʌʊɽɻɸɿʆɺʆʄ 

ʇʈʆʀɿɺʆɼʉʊɺɽ                                                                                                                          

ʈʦʤʘʥʮʦʚ ʀ.ʀ., ʇʘʰʢʦʚ ɽ.ʅ., ʉʝʯʠʥ ɸ.ʀ., ɻʫʣʷʝʚ ʄ.ɺ., ɸʚʜʝʝʚʘ ʀ.ʀ ...................................... 239 

ʆʉʅʆɺʅʓɽ ʌʆʈʄʓ ʆɹʋʏɽʅʀʗ ʅɸʉɽʃɽʅʀʗ ɺ ʆɹʃɸʉʊʀ ɻʈɸɾɼɸʅʉʂʆʁ 

ʆɹʆʈʆʅʓ ʀ ɿɸʑʀʊʓ ʆʊ ʏʈɽɿɺʓʏɸʁʅʓʍ ʉʀʊʋɸʎʀʁ                                                  

ʈʦʤʘʥʮʦʚ ʀ.ʀ., ɸʚʜʝʝʚʘ ʀ.ʀ., ʉʝʯʠʥ ɸ.ʀ., ɻʫʣʷʝʚ ʄ.ɺ., ɻʫʩʝʣʴʥʠʢʦʚ ʄ.ʕ............................... 241 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʆʈɹʎʀʆʅʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʋɻʃɽʈʆɼʅʆɻʆ ʆʉʊɸʊʂɸ 

ʇʀʈʆʃʀɿɸ ɸɺʊʆʐʀʅ                                                                                                                    

ʉʝʯʠʥ ɸ.ʀ., ʄʘʢʘʨʝʚʠʯ ɽ.ɸ., ʇʘʧʠʥ ɸ.ɺ., ʏʝʨʢʘʩʦʚʘ ʊ.ɻ. .......................................................... 243 

ʆʇʓʊ ʇʆɺʓʐɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɸɺɸʈʀʁʅʆ-

ʉʇɸʉɸʊɽʃʔʅʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ                                                                                             

ʉʝʯʠʥ ɸ.ʀ., ʐʪʝʥʮʦʚ ɼ.ɻ. ............................................................................................................. 245 

ʈɸɿʈɸɹʆʊʂɸ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ ʄʆʅʀʊʆʈʀʅɻɸ 

ʊɽʈʈʀʊʆʈʀɸʃʔʅʅʆɻʆ ʈʀʉʂɸ ʆɹʒɽʂʊʆɺ ɼɽʇɸʈʊɸʄɽʅʊɸ 

ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆɻʆ ʆɹʈɸɿʆɺɸʅʀʗ ʊʆʄʉʂʆʁ ʆɹʃɸʉʊʀ                                           

ʉʝʯʠʥ ɸ.ʀ., ɼʦʣʜʠʥ ʀ.ʅ. ................................................................................................................ 247 

ʈɸɿʈɸɹʆʊʂɸ ʉʊʈʋʂʊʋʈʓ ʇɸʉʇʆʈʊɸ ɹɽɿʆʇɸʉʅʆʉʊʀ ʆɹʈɸɿʆɺɸʊɽʃʔʅʆʁ 

ʆʈɻɸʅʀɿɸʎʀʀ                                                                                                                                   

ʉʝʯʠʥ ɸ.ʀ., ɼʦʣʜʠʥ ʀ.ʅ. ................................................................................................................ 249 

ʆɹʆʉʅʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʈɸʉʇʆʃʆɾɽʅʀʗ ʕʃɽʂʊʈʆʉʊɸʊʀʏɽʉʂʆɻʆ 

ʅɽʁʊʈɸʃʀɿɸʊʆʈɸ ɺ ʎʀʂʃʆʅɽ                                                                                                 

ʉʢʦʨʶʧʠʥʘ ʂ.ɸ., ʂʳʨʤʘʢʦʚʘ ʆ.ʉ., ʉʝʯʠʥ ɸ.ʀ. ........................................................................... 251 

ʆɹʆʉʅʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʋʃʔʊʈɸɿɺʋʂʆɺʓʍ ʋɿʃʆɺ 

ʂʆʅʊʈʆʃʗ ɼʃʗ ʆʎɽʅʂʀ ʊɽʍʅʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ ʊʈʋɹʆʇʈʆɺʆɼʆɺ 

ʊʝʨʝʥʪʴʝʚ ɽ.ʉ., ɹʫʨʢʦʚ ʇ.ɺ. ......................................................................................................... 253 

ʂʈʀʊɽʈʀʀ ʆʇʈɽɼɽʃɽʅʀʗ ʇʆʂɸɿɸʊɽʃɽʁ ʆʎɽʅʂʀ ʇʆɾɸʈʅʆɻʆ ʈʀʉʂɸ ʆʏɸɻʆɺ 

ɺʆɿɻʆʈɸʅʀʗ ʃɽʉʅʓʍ ɻʆʈʖʏʀʍ ʄɸʊɽʈʀɸʃʆɺ ɺ ʇʈʀʈʆɼʅʓʍ ʃɸʅɼʐɸʌʊɸʍ 

ʊʆʄʉʂʆʁ ʆɹʃɸʉʊʀ 

ʏʘʣʜʘʝʚʘ ɽ.ʀ., ʉʝʯʠʥ ɸ.ʀééééééééééééé..ééééééééééééééééé.253 



 
XIII  ȲɋɌɊəɓɆɖɔɊɓɆɥ ɓɆəɝɓɔ-ɘɋɛɓɎɝɋɗɐɆɥ ɐɔɓɚɋɖɋɓɜɎɎ 

çȷɔɈɖɋɒɋɓɓɡɋ ɕɖɔɇɑɋɒɡ ɒɆɞɎɓɔɗɘɖɔɋɓɎɥè 
 

12 

 

ʉɽʂʎʀʗ 7. ɼʀɿɸʁʅ ʀ ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ɺ ʄɸʐʀʅʆʉʊʈʆɽʅʀʀ 

ʂʆʅʎɽʇʊʋɸʃʔʅʆɽ ʂʆʅʉʊʈʋʀʈʆɺɸʅʀɽ ɼɺʋʍʂʆʃɽʉʅʆɻʆ ɺɽʃʆʉʀʇɽɼɸ               

ɸʣʠʝʚ ɸ.ɸ. ........................................................................................................................................ 258 

ʈɸɿʈɸɹʆʊʂɸ ʂʆʅʉʊʈʋʂʎʀʀ ʊʈɽʂʆɺʆɻʆ ɺɽʃʆʉʀʇɽɼɸ                                               

ɹʘʨʘʥʦʚ ʄ.ɸ. ................................................................................................................................... 260 

ʂʆʅʎɽʇʊ ʊʈɽʍʂʆʃɽʉʅʆɻʆ ɻʈʋɿʆɺʆɻʆ ɺɽʃʆʉʀʇɽɼɸ-ʌʋʈɻʆʅɸ                                  

ʂʘʙʘʢʘʝʚ ɽ.ɸ.. ................................................................................................................................. 262 

ʀʉʊʆʈʀʗ ʈɸɿɺʀʊʀʗ ʈʆʊɸʈɸ ɼɸʈʔɽ                                                                                 

ʂʣʠʤʝʥʦʚ ɺ.ɸ., ʂʫʭʪʘ ʄ.ʉ., ɻʨʦʩʫ ʈ.ɸ. ....................................................................................... 264 

ɺʓʗɺʃɽʅʀɽ ʆʉʅʆɺʅʓʍ ʇʈʀʅʎʀʇʆɺ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʂʆʈʇʋʉɸ 

ʉʆɺʈɽʄɽʅʅʆɻʆ ʊʋʈʀʉʊʀʏɽʉʂʆɻʆ ɹʀʅʆʂʃʗ                                                                     

ʂʫʢʣʠʥʘ ɸ.ɺ. .................................................................................................................................... 266 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ɼɺʋʍ CAD-ʉʀʉʊɽʄ                                                                    

ʅʝʚʝʨʦʚ ʇ.ɸ., ʈʦʤʘʥʦʚʘ ʉ.ɺ. ......................................................................................................... 268 

ʆʉʆɹɽʅʅʆʉʊʀ ɼʀɿɸʅ-ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʂʈɽʉʃɸ-ʆʇʆʈʓ ɼʃʗ ɼɽʊɽʁ ʆʊ 7 ɼʆ 14 

ʃɽʊ                                                                                                                                                    

ʍʤʝʣʝʚʩʢʠʡ ʖ.ʇ., ʊʢʘʯʝʚʘ ʃ.ʖ .................................................................................................... 270 

ʈɸɿɺʀʊʀɽ ʉʈɽɼʉʊɺ ʆʈʀɽʅʊɸʎʀʀ ʉʃɽʇʆɻʆ ɺ ʇʈʆʉʊʈɸʅʉʊɺɽ                                       

ʈʘʠʩʦʚʘ ʂ.ɸ., ʉʦʢʦʣʦʚ ɸ.ʇ ............................................................................................................ 272 

ʈʆʃʔ ɺʀɿʋɸʃʔʅʆɻʆ ʇʈɽɼʉʊɸɺʃɽʅʀʗ ɼʀɿɸʁʅ-ʇʈʆɼʋʂʊɸ ɺ ɽɻʆ ʇʈʆɼɺʀɾɽʅʀʀ 

ʅɸ ʈʓʅʂɽ                                                                                                                                    

ʈʠʟʝʥ ʖ.ʉ., ʊʝʥ ʇ.ʆ ...................................................................................................................... 274 

ʈʆʃʔ ʅɸʏɽʈʊɸʊɽʃʔʅʆʁ ɻɽʆʄɽʊʈʀʀ ɺ ʉʊɸʅʆɺʃɽʅʀʀ ʈɸɿɺʀʊʀʗ ʄʓʐʃɽʅʀʗ 

ɹʋɼʋʑɽɻʆ ʀʅɾɽʅɽʈɸ                                                                                                                      

ʈʦʤʘʥʦʚʘ ʉ.ɺ., ɸʪʝʧʘʝʚʘ ʅ.ɸ. ...................................................................................................... 276 

ʈʆʃʔ ɻɽʆʄɽʊʈʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɺ ʇʈʆʎɽʉʉɽ ʆɹʋʏɽʅʀʗ 

ɻʈɸʌʀʏɽʉʂʀʄ ɼʀʉʎʀʇʃʀʅɸʄ                                                                                                

ʉʢʘʯʢʦʚʘ ʃ.ɸ., ʌʝʭ ɸ.ʀ ................................................................................................................. 278 

ʈʆɹʆʊʓ ɺ ʍʋɼʆɾɽʉʊɺɽʅʅʆʁ ʉɺɸʈʂɽ                                                                         

ʉʢʦʨʦʙʦʛʘʪʦʚ ɺ.ʄ., ʉʦʢʦʣʦʚ ɸ.ʇ. ................................................................................................ 280 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ɹʀʆʃʆɻʀʏɽʉʂʀʍ ʆɹʒɽʂʊʆɺ ɺ ʉʈɽɼɽ 3ɼ-ʇɽʏɸʊʀ                      

ʌʝʜʷʝʚʘ ʃ.ɺ., ʉʦʢʦʣʦʚ ɸ.ʇ. ........................................................................................................... 282 

ʆɻʈɸʅʀʏɽʅʀʗ ɺ ʕʈɻʆɼʀɿɸʁʅɽ ʉʅɸʈʗɾɽʅʀʗ ɼʃʗ ʇʆɼɺʆɼʅʆɻʆ ʉʇʆʈʊɸ 

(ʇʃɸɺɸʅʀɽ ɺ ʃɸʉʊɸʍ)                                                                                                                    

ʐʢʣʷʨ ɸ.ɺ., ʅʘʜʝʠʥʘ ʄ.ɺ. ............................................................................................................. 284 

ʂʆʅʎɽʇʊʋɸʃʔʅʆɽ ʂʆʅʉʊʈʋʀʈʆɺɸʅʀɽ ʊʈɽʍʂʆʃɽʉʅʆɻʆ ʃʆʇʀʌʀʊɸ          

ʐʝʧʦʚʘʣʦʚ ʀ.ʄ.ééééééééééééééééééééééééééééééé..284 

ʂʆʅʉʊʈʋʂʎʀʗ ʀ ʕʉʊɽʊʀʂɸ ʉɺɽʊʀʃʔʅʀʂʆɺ                                                                      

ʐʫʙʠʥ ɼ.ʉ., ʉʦʢʦʣʦʚ ɸ.ʇ. ............................................................................................................. 288 

ʕʉʊɽʊʀʂɸ ʉɺɸʈʅʆɻʆ ʐɺɸ                                                                                                             

ʖʨʴʝʚ ʄ.ɺ., ʉʦʢʦʣʦʚ ɸ.ʇ .............................................................................................................. 290 

˞˒˗ˣ˕ˬ 8. ̊ ˍ˔˒˙˚˛-˟˝ˍ˚˞˜˛˝˟˚˨˒ ˙ˍ˥˕˚ ˨  ̞˗˛˙˜˘˒˗˞˨ 

ʄʅʆɻʆʄɽʈʅʓʁ ɸʅɸʃʀɿ ɼɸʅʅʓʍ ʇʈʀ ɼʀɸɻʅʆʉʊʀʈʆɺɸʅʀʀ ʄɸʐʀʅ ʇʆ 

ʇɸʈɸʄɽʊʈɸʄ ʄɸʉʃɸ                                                                                                                     

ɸʤʝʪʦʚ ɺ.ɸ, ʐʘʣʴʢʦʚ ɸ.ɺ ............................................................................................................. 293 



 
XIII  ȲɋɌɊəɓɆɖɔɊɓɆɥ ɓɆəɝɓɔ-ɘɋɛɓɎɝɋɗɐɆɥ ɐɔɓɚɋɖɋɓɜɎɎ 

çȷɔɈɖɋɒɋɓɓɡɋ ɕɖɔɇɑɋɒɡ ɒɆɞɎɓɔɗɘɖɔɋɓɎɥè 
 

13 

 

ɻʀɼʈʆʌʆɹʅɸʗ ʂʆʄʇʆɿʀʎʀʗ ɼʃʗ ɿɸʑʀʊʓ ɸɺʊʆʄʆɹʀʃɽʁ ʆʊ ʂʆʈʈʆɿʀʀ              

ɺʣʘʩʦʚ ʖ.ɸ., ɼʝʙʝʣʦʚʘ ʅ.ʅ., ɻʨʠʰʠʥ ɼ.ɸ. ................................................................................... 295 

ʆʈɻɸʅʀɿɸʎʀʗ ʉʀʉʊɽʄʓ ʂʆʅʊʈʆʃʗ ɹʆʃʔʐɽɻʈʋɿʅʓʍ ʉɸʄʆʉɺɸʃʆɺ ɺ 

ʋʉʃʆɺʀʗʍ ʕʂʉʇʃʋɸʊɸʎʀʀ                                                                                                     

ɺʣʘʩʦʚ ʖ.ɸ., ʃʷʧʠʥ ɸ.ʅ., ʃʷʧʠʥʘ ʆ.ɺ., ʌʫʢʩ ɺ.ʈ. ...................................................................... 297 

ʇɽʈʉʇɽʂʊʀɺʓ ʌʆʊʆʌʀʂʉɸʎʀʀ ɼʃʗ ʆʎɽʅʂʀ ʊɽʍʅʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ 

ɸɺʊʆʄʆɹʀʃɽʁ                                                                                                                                  

ɺʣʘʩʦʚ ʖ.ɸ., ʌʫʢʩ ɺ.ʈ., ʋʩʦʚ ʈ.ʉ................................................................................................. 299 

ʋʉʊɸʅʆɺʂʀ ɼʃʗ ʀʉʇʓʊɸʅʀʗ ʉʀʃʆɺʓʍ ɸɻʈɽɻɸʊʆɺ                                                        

ɺʣʘʩʦʚ ʖ.ɸ., ʄʝʱʝʨʷʢʦʚ ʄ.ʖ...................................................................................................... 301 

ʏʀʉʃɽʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɿɸɺʀʉʀʄʆʉʊʀ ʆʇʊʀʄɸʃʔʅʆʁ ɺɽʃʀʏʀʅʓ 

ʅɸɻʈʋɿʂʀ ʂʆʃʔʎɽɺʆɻʆ ʏɽʊʓʈɪʍʉʊʋʇɽʅʏɸʊʆɻʆ ʊɽʈʄʆɸʂʋʉʊʀʏɽʉʂʆɻʆ 

ɼɺʀɻɸʊɽʃʗ ʆʊ ʊɽʄʇɽʈʊʋʈʓ ɻʆʈʗʏɽɻʆ ʊɽʇʃʆʆɹʄɽʅʅʀʂɸ                                           

ɻʦʨʰʢʦʚ ʀ.ɹ., ʏʝʨʥʳʰʝʚʩʢʦʛʦ ʅ.ɻ. ............................................................................................. 303 

ɺʃʀʗʅʀɽ ʉʂʆʈʆʉʊʅʆɻʆ ʈɽɾʀʄɸ ʅɸ ʉʅʀɾɽʅʀɽ ɼʆʈʆɾʅʆʁ ɸɺɸʈʀʁʅʆʉʊʀ 

ɻʫʢʦʚ ɼ.ɺ., ʌʫʢʩ ɺ.ʈ., ɺʣʘʩʦʚ ʖ.ɸ. .............................................................................................. 305 

ʂɸʏɽʉʊɺʆ ʇʆɼɻʆʊʆɺʂʀ ɺʆɼʀʊɽʃɽʁ ʂɸʂ ɺɸɾʅɽʁʐʀʁ ʌɸʂʊʆʈ ʇʆɺʓʐɽʅʀʗ 

ɹɽɿʆʇɸʉʅʆʉʊʀ ɼʆʈʆɾʅʆɻʆ ɼɺʀɾɽʅʀʗ                                                                              

ɻʫʢʦʚ ɼ.ɺ., ʌʫʢʩ ɺ.ʈ., ɺʣʘʩʦʚ ʖ.ɸ. .............................................................................................. 307 

ʆʉʆɹɽʅʅʆʉʊʀ ʈɸʉʏɽʊɸ ʈɽʉʋʈʉɸ ʉʇʀʈʆʀɼʅʓʍ ʇɽʈɽɼɸʏ ʉ 

ʋʏɽʊʆʄʕʂɺʀɺɸʃɽʅʊʅʆɻʆ ɺʈɸʑɸʖʑɽɻʆ ʄʆʄɽʅʊɸ                                                        

ɿʘʡʮʝʚ ɸ.ɺ. ...................................................................................................................................... 309 

ʆʇʊʀʄʀɿɸʎʀʗ ʇʈʆʎɽʉʉɸ ɿɸʇʀʉʀ ʇɸʈɸʄɽʊʈʆɺ ɸɺʊʆʄʆɹʀʃʗ ʇʈʀ ɸʅɸʃʀɿɽ 

ɼʆʈʆɾʅʆ-ʊʈɸʅʉʇʆʈʊʅʓʍ ʇʈʆʀʉʐɽʉʊɺʀʁ                                                                           

ɿʘʭʘʨʦʚ ɸ.ʀ., ʉʝʤʝʥʦʚ ɸ.ɺ. ........................................................................................................... 311 

ɸʅɸʃʀɿ ɺʃʀʗʅʀʗ ʌɸʂʊʆʈʆɺ ʅɸ ʀʅʊɽʅʉʀɺʅʆʉʊʔ ʀɿʅɸʐʀɺɸʅʀʗ 

ʄɽʍɸʅʀɿʄʆɺ                                                                                                                        

ʀʩʘʝʥʢʦ ɺ.ɼ., ʀʩʘʝʥʢʦ ʇ.ɺ., ʀʩʘʝʥʢʦ ɸ.ɺ.................................................................................... 313 

ʂ ɺʆʇʈʆʉʋ ʆ ʈɸɹʆʊʆʉʇʆʉʆɹʅʆʉʊʀ ɺʆɿɼʋʐʅʓʍ ʌʀʃʔʊʈʆɺ ɼʀɿɽʃɽʁ 

ɸɺʊʆʉɸʄʆʉɺɸʃʆɺ                                                                                                                          

ʀʩʘʝʥʢʦ ɺ.ɼ., ʀʩʘʝʥʢʦ ʇ.ɺ., ʀʩʘʝʥʢʦ ɸ.ɺ.................................................................................... 315 

ʉʇʆʉʆɹʓ ʂʆʅʊʈʆʃʗ ʉʆʉʊʆʗʅʀʗ ʊʆʈʄʆɿʆɺ ʄɽʍɸʅʀɿʄʆɺ ʇʆɼʒɽʄɸ 

ɻʈʋɿʆʇʆɼʒɪʄʅʓʍ ʄɸʐʀʅ                                                                                                        

ʆʨʣʦʚ ɼ.ʖ., ʆʨʣʦʚ ʖ.ɸ., ʉʪʦʣʷʨʦʚ ɼ.ʇ., ʂʘʭʠʝʚ ʈ.ʅ. .............................................................. 317 

ʀʅʊɽɻʈʀʈʆɺɸʅʅɸʗ ʉʀʉʊɽʄɸ ɹɽɿʆʇɸʉʅʆʉʊʀ ʃʀʌʊɸ                                                   

ʇʦʧʦʚ ʄ.ʖ., ʅʝʛʦʜʠʥ ɸ.ɺ. ............................................................................................................ 319 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼɽʁʉʊɺʀʗ ʊʆʈʄʆɿʅʆʁ ʉʀʃʓ ʃʀʌʊʆɺʓʍ ʃʆɺʀʊɽʃɽʁ 

ʇʃɸɺʅʆɻʆ ʊʆʈʄʆɾɽʅʀʗ                                                                                                         

ʇʦʧʦʚ ʄ.ʖ., ʅʝʛʦʜʠʥ ɸ.ɺ ............................................................................................................. 321 

ʇʈʆɹʃɽʄʓ ʉʀʉʊɽʄʓ ɹɽɿʆʇɸʉʅʆʉʊʀ ʇʈʀ ɸɺɸʈʀʁʅʆʄ ʇɸɼɽʅʀʀ ʂɸɹʀʅʓ 

ɻʈʋɿʆʇɸʉʉɸɾʀʈʉʂʀʍ ʃʀʌʊʆɺ, ʕʂʉʇʃʋɸʊʀʈʋɽʄʓʍ ɺ ʇʈʆʄʓʐʃɽʅʅʓʍ ʀ 

ɻʈɸɾɼɸʅʉʂʀʍ ɿɼɸʅʀʗʍ                                                                                                                   

ʇʦʧʦʚ ʄ.ʖ., ʅʝʛʦʜʠʥ ɸ.ɺ ............................................................................................................. 323 

ʆʉʆɹɽʅʅʆʉʊʀ ʈɸʉʊʈɽʉʂʀɺɸʅʀʗ ɼʆʕɺʊɽʂʊʆʀɼʅʓʍ ʉʊɸʃɽʁ  

ʄɸɻʀʉʊʈɸʃʔʅʓʍ ɻɸɿʆʇʈʆɺʆɼʆɺ ʇʆɼ ɺʆɿɼɽʁʉʊɺʀɽʄ ʈɸɹʆʏɽɻʆ ɼɸɺʃɽʅʀʗ ʀ 

ʂɸʊʆɼʅʆɻʆ ɺʆɼʆʈʆɼɸ                                                                                                               

ʍʠʞʥʷʢʦʚ ɺ.ʀ., ʀʚʘʥʦʚ ɸ.ʉ.,  ....................................................................................................... 325 



 
XIII  ȲɋɌɊəɓɆɖɔɊɓɆɥ ɓɆəɝɓɔ-ɘɋɛɓɎɝɋɗɐɆɥ ɐɔɓɚɋɖɋɓɜɎɎ 

çȷɔɈɖɋɒɋɓɓɡɋ ɕɖɔɇɑɋɒɡ ɒɆɞɎɓɔɗɘɖɔɋɓɎɥè 
 

14 

 

 

ʆ ɺʆɿʄʆɾʅʆʉʊʗʍ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʕʌʌɽʂʊʆɺ ɼʀʅɸʄʀʏɽʉʂʆɻʆ 

ʅɸʊʗɾɽʅʀʗ ʃɽʅʊʆʏʅʓʍ ʇʀʃ ɺ ɼɽʈɽɺʆʆɹʈɸɹɸʊʓɺɸʖʑʀʍ 

ʃɽʅʊʆʏʅʆʇʀʃʔʅʓʍ ʉʊɸʅʂɸʍ                                                                                       

ʐʠʣʴʢʦ ɺ.ʂ., ʉʣʝʧʯʝʥʢʦ ɺ.ɸ., ʉʣʝʧʯʝʥʢʦ ʀ.ɺ. ............................................................................... 327 

 

 

 

  



 
XIII  ȲɋɌɊəɓɆɖɔɊɓɆɥ ɓɆəɝɓɔ-ɘɋɛɓɎɝɋɗɐɆɥ ɐɔɓɚɋɖɋɓɜɎɎ 

çȷɔɈɖɋɒɋɓɓɡɋ ɕɖɔɇɑɋɒɡ ɒɆɞɎɓɔɗɘɖɔɋɓɎɥè 
 

15 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉɽʂʎʀʗ 1 

 

ʅɸɼɽɾʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ  

  



 
XIII  ȲɋɌɊəɓɆɖɔɊɓɆɥ ɓɆəɝɓɔ-ɘɋɛɓɎɝɋɗɐɆɥ ɐɔɓɚɋɖɋɓɜɎɎ 

çȷɔɈɖɋɒɋɓɓɡɋ ɕɖɔɇɑɋɒɡ ɒɆɞɎɓɔɗɘɖɔɋɓɎɥè 
 

16 

 

ɸʅɸʃʀɿ ʈɸɹʆʊʓ ʑɽʂʆɺʆʁ ɼʈʆɹʀʃʂʀ 

ɸ.ɸ. ɸʣʠʝʚ, ʩʪʫʜʝʥʪ ʛʨ. 4ʅʄ91 

ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 634050, ʛ. ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ,30,  

E-mail: aaa96@tpu.ru 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʨʦʙʠʣʦʢ, ʪʘʢʠʭ ʢʘʢ ʱʝʢʦʚʳʝ, ʚʨʘʱʘʪʝʣʴʥʳʝ, 

ʢʦʥʫʩʥʳʝ (ʠʣʠ ʜʠʩʢʦʚʳʝ) ʠ ʫʜʘʨʥʳʝ ʜʨʦʙʠʣʢʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʪʨʝʙʫʝʤʦʡ 

ʬʦʨʤʳ. 

ʑʝʢʦʚʘʷ ʜʨʦʙʠʣʢʘ, ʠʟʦʙʨʝʪʝʥʥʘʷ ʋʠʪʥʠ ɹʣʝʡʢʦʤ ʚ 1858 ʛʦʜʫ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʝʨʚʠʯʥʫʶ ʜʨʦʙʠʣʴʥʫʶ ʤʘʰʠʥʫ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʠʣʠ ʢʘʤʥʝʡ ʜʦ ʙʦʣʝʝ ʤʝʣʢʠʭ 

ʨʘʟʤʝʨʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ 1906 ʛʦʜʫ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʱʝʢʦʚʘʷ ʜʨʦʙʠʣʢʘ McLanahan ʙʳʣʘ 

ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʵʢʩʮʝʥʪʨʠʢʦʚʳʭ ʱʝʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʩʦʚʨʝʤʝʥʥʦʡ ʵʧʦʭʠ. ʑʝʢʦʚʳʝ ʜʨʦʙʠʣʢʠ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʛʨʫʙʳʭ ʠ 

ʩʨʝʜʥʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦ hʠʨʠʥʝ ʟʘʛʨʫʟʦʯʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʱʝʢʦʚʳʝ ʜʨʦʙʠʣʢʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʪʨʠ ʪʠʧʘ: ʤʘʣʳʝ, ʩʨʝʜʥʠʝ ʠ ʙʦʣʴʰʠʝ [1]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʠ ʥʘʩʯʠʪʳʚʘʶʪ ʙʦʣʝʝ ʩʪʘ ʣʝʪ, ʢʦʥʩʪʨʫʢʮʠʷ ʱʝʢʦʚʳʭ 

ʜʨʦʙʠʣʦʢ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʠʩʴ, ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ [2]. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʩʪʦʪʫ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʨʝʤʦʥʪʘ, ʨʘʟʙʦʨʢʠ 

ʠ ʥʠʟʢʠʝ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʜʨʦʙʠʣʦʢ. 

ʕʪʘ ʤʘʰʠʥʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ (ʙʨʦʥʝʚʳʭ ʧʣʠʪ), ʦʙʨʘʟʫʶʱʠʭ V-

ʦʙʨʘʟʥʫʶ ʬʦʨʤʫ. ʆʜʠʥ ʠʟ ʥʠʭ ʟʘʬʠʢʩʠʨʦʚʘʥ, ʘ ʜʨʫʛʦʡ ʢʘʯʘʝʪʩʷ, ʧʝʨʝʤʝʱʘʷʩʴ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ 

ʵʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʚʘʣʘ, ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ ʜʚʠʛʘʪʝʣʝʤ. ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʨʫʜʘ ʧʦʜʘʝʪʩʷ ʚ ʚʝʨʭʥʝʝ 

ʦʪʚʝʨʩʪʠʝ ʠ ʜʚʠʞʝʪʩʷ ʚʥʠʟ ʧʦ ʢʘʤʝʨʝ. ɿʘʟʦʨ ʤʝʞʜʫ ʜʚʫʤʷ ʛʫʙʢʘʤʠ ʩʫʞʘʝʪʩʷ ʧʦ ʤʝʨʝ 

ʧʨʦʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʯʝʨʝʟ ʜʨʦʙʠʣʢʫ, ʯʪʦ ʝʱʝ ʙʦʣʴʰʝ ʫʤʝʥʴʰʘʝʪ ʨʘʟʤʝʨ. ʇʨʦʮʝʩʩ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʯʘʩʪʠʮʳ ʥʝ ʜʦʩʪʠʛʥʫʪ ʨʘʟʤʝʨʘ, ʢʦʪʦʨʳʡ ʤʝʥʴʰʝ ʨʘʟʤʝʨʘ 

ʥʠʞʥʝʛʦ ʦʪʚʝʨʩʪʠʷ, ʠʟ-ʟʘ ʯʝʛʦ ʯʘʩʪʠʮʳ ʨʫʜʳ ʚʳʧʘʜʘʶʪ ʠʟ ʢʘʤʝʨʳ ʜʨʦʙʣʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʠʣʳ ʪʷʞʝʩʪʠ [3]. 

 

 
ʈʠʩ. 1. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʱʝʢʦʚʦʡ ʜʨʦʙʠʣʢʠ 

ʑʝʢʦʚʘʷ ʜʨʦʙʠʣʢʘ ʩʦʩʪʦʠʪ ʠʟ ʥʝʧʦʜʚʠʞʥʦʡ ʱʝʢʠ 1, ʧʦʜʚʠʞʥʦʡ ʱʝʢʠ 2, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʡ 

ʥʘ ʦʧʦʨʥʦʤ ʢʦʨʦʤʳʩʣʝ 8 ʠ ʦʙʨʘʟʫʶʱʝʡ ʩ ʰʘʪʫʥʘʤʠ 3, 5, 7 ʠ ʪʨʝʭʰʘʨʥʠʨʥʳʤ ʚʝʜʫʱʠʤ 

ʢʦʨʦʤʳʩʣʦʤ 6 ʧʷʪʠʫʛʦʣʴʥʳʡ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ, ʧʨʠ ʵʪʦʤ ʩʚʷʟʴ ʩ ʧʨʠʚʦʜʥʳʤ ʢʨʠʚʦʰʠʧʦʤ 4 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʰʘʪʫʥ 5 [4].  

ʑʝʢʦʚʳʝ ʜʨʦʙʠʣʢʠ ʦʪʣʠʯʘʶʪʩʷ ʧʨʦʯʥʦʩʪʴʶ ʠ ʷʚʣʷʶʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʜʣʷ 

ʦʧʝʨʘʮʠʡ, ʛʜʝ ʩʳʨʴʝ ʠʤʝʝʪ ʢʨʫʧʥʳʡ ʚʝʨʭʥʠʡ ʨʘʟʤʝʨ ʠ ʪʨʝʙʫʝʪʩʷ ʫʤʝʨʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʟʤʝʣʴʯʝʥʠʷ ʙʝʟ ʤʝʣʢʠʭ ʯʘʩʪʠʮ. ʀʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠʣʠ 
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ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ, ʢʦʥʩʪʨʫʢʮʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʣʦʪʥʦʩʪʴʶ, ʪʚʝʨʜʦʩʪʴʶ, ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ, ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʠ ʧʨʦʯʥʦʩʪʴʶ (ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʴʶ), ʘ ʪʘʢʞʝ ʠʟʤʝʣʴʯʘʝʤʦʩʪʴʶ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

 

 
ʈʠʩ. 2. 3D ï ʤʦʜʝʣʴ ʱʝʢʦʚʦʡ ʜʨʦʙʠʣʢʠ 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʨʦʙʠʣʢʠ ʚʢʣʶʯʘʶʪ ʨʘʟʤʝʨ ʚʝʨʭʥʝʛʦ ʦʪʚʝʨʩʪʠʷ, ʢʦʤʧʣʝʢʪ, 

ʦʙʲʝʤ ʢʘʤʝʨʳ ʜʨʦʙʣʝʥʠʷ ʠ ʪʠʧ ʧʦʚʝʨʭʥʦʩʪʠ ʱʝʢ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʛʣʘʜʢʦʡ ʠʣʠ 

ʛʦʬʨʠʨʦʚʘʥʥʦʡ. ʂ ʨʘʙʦʯʠʤ ʧʘʨʘʤʝʪʨʘʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪʥʦʩʷʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʯʘʩʪʦʪʘ ʠ 

ʘʤʧʣʠʪʫʜʘ ʭʦʜʘ ʧʦʜʚʠʞʥʦʡ ʢʫʣʘʯʢʘ, ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ, ʧʦʣʦʞʝʥʠʝ ʟʘʢʨʳʪʦʡ ʩʪʦʨʦʥʳ 

ʨʘʟʛʨʫʟʦʯʥʦʛʦ ʦʪʚʝʨʩʪʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʪʝʨʠʘʣ, ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʦʚʣʝʥʳ ʧʣʘʩʪʠʥʳ, 

ʜʦʣʞʝʥ ʙʳʪʴ ʪʚʝʨʜʳʤ ʠ ʧʨʦʯʥʳʤ, ʯʪʦʙʳ ʚʳʜʝʨʞʠʚʘʪʴ ʫʜʘʨʳ ʠ ʠʟʥʦʩ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ. ʇʨʦʩʪʘʷ 

ʨʝʛʫʣʠʨʦʚʢʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʱʝʢʘʤʠ ʨʝʛʫʣʠʨʫʝʪ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʘʟʤʝʨ ʦʙʨʘʟʮʘ. 

ʆʩʥʦʚʥʳʝ ʤʦʜʝʣʠ ʦʩʥʘʱʝʥʳ ʢʣʠʥʴʷʤʠ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʨʝʛʫʣʠʨʦʚʢʦʡ ʜʣʷ ʙʳʩʪʨʦʡ ʠ ʣʝʛʢʦʡ 

ʨʝʛʫʣʠʨʦʚʢʠ ʧʦʣʦʞʝʥʠʷ ʟʘʢʨʳʪʦʡ ʩʪʦʨʦʥʳ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: ʜʨʦʙʠʣʢʘ ʠʤʝʝʪ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʠ 

ʤʝʥʴʰʝ ʧʳʣʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʩʠʩʪʝʤʘ ʤʦʞʝʪ 

ʩʵʢʦʥʦʤʠʪʴ ʙʦʣʝʝ ʯʝʤ ʚʜʚʦʝ ʵʥʝʨʛʠʶ. ʊʘʢʞʝ ʱʝʢʦʚʳʝ ʜʨʦʙʠʣʢʠ ʦʪʣʠʯʘʶʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ 

ʧʨʦʩʪʦʪʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. ɺʩʝ ʜʝʪʘʣʠ ʤʦʞʥʦ ʥʘʡʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ, ʥʦ ʦʥʠ 

ʥʫʞʜʘʶʪʩʷ ʚ ʩʚʦʝʚʨʝʤʝʥʥʦʤ ʠ ʥʘʜʣʝʞʘʱʝʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʫʧʨʝʯʥʦʡ 

ʩʣʫʞʙʳ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ. 
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ʂʫʣʘʯʢʦʚʳʝ ʤʝʭʘʥʠʟʤʳ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʩʬʝʨʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ʀʭ 

ʤʦʞʥʦ ʥʘʡʪʠ ʚʥʫʪʨʠ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʚ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʘʭ ʠ ʩʪʘʥʢʘʭ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʜʝ ʤʝʭʘʥʠʟʤ ʢʫʣʘʯʢʘ ʠ ʪʦʣʢʘʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʦʛʨʘʤʤʥʫʶ 

ʨʘʙʦʪʫ. ɺ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʪʘʥʢʘʭ ʞʝ, ʢʫʣʘʯʢʦʚʳʝ ʤʝʭʘʥʠʟʤʳ ʦʪʚʝʯʘʶʪ ʟʘ ʬʫʥʢʮʠʶ 

ʫʧʨʘʚʣʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʩʦʝʜʠʥʷʶʪ ʠʣʠ ʨʘʟʲʝʜʠʥʷʶʪ ʧʦʜʚʠʞʥʳʝ ʯʘʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ. 

ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʦʨʰʥʝʚʳʭ ʜʚʠʛʘʪʝʣʷʭ, ʩʪʘʥʢʘʭ-ʘʚʪʦʤʘʪʘʭ ʠ ʚ 

ʤʥʦʞʝʩʪʚʝ ʜʨʫʛʠʭ ʤʘʰʠʥ. 

ʂʫʣʘʯʢʦʚʳʝ ʤʝʭʘʥʠʟʤʳ ʩʧʦʩʦʙʥʳ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʟʘʢʦʥʳ ʜʚʠʞʝʥʠʷ, ʦʥʠ 

ʦʪʚʝʯʘʶʪ ʟʘ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ, ʚʳʧʦʣʥʷʶʱʠʝ ʦʩʥʦʚʥʳʝ (ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ 

ʨʘʙʦʪʦʡ ʯʘʩʪʠ ʜʚʠʛʘʪʝʣʷ, ʤʘʰʠʥʳ) ʬʫʥʢʮʠʠ ʚ ʫʩʪʨʦʡʩʪʚʝ. ʂʫʣʘʯʦʢ ʩʦʩʪʦʠʪ ʠʟ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʚʘʣʘ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʠʤʝʝʪ ʥʝʢʦʪʦʨʫʶ ʧʨʦʜʦʣʛʦʚʘʪʫʶ ʠʣʠ ʥʝʨʝʛʫʣʷʨʥʫʶ ʬʦʨʤʫ, 

ʠʩʧʦʣʴʟʫʝʤʫʶ ʜʣʷ ʩʦʟʜʘʥʠʷ ʞʝʣʘʝʤʦʛʦ ʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʜʠʘʣʴʥʳʝ 

ʢʫʣʘʯʢʠ, ʢʦʪʦʨʳʝ ʧʝʨʝʚʦʜʷʪ ʜʚʠʞʝʥʠʝ ʚʜʦʣʴ ʦʜʥʦʡ ʦʩʠ. ʊʘʢʞʝ ʙʳʚʘʶʪ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ 

ʢʫʣʘʯʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʝʨʝʚʦʜʠʪʴ ʜʚʠʞʝʥʠʝ ʚʜʦʣʴ ʜʚʫʭ ʦʩʝʡ. ʈʦʣʠʢ, ʠʥʦʛʜʘ ʥʘʟʳʚʘʝʤʳʡ 

ʪʦʣʢʘʪʝʣʝʤ, - ʵʪʦ ʜʝʪʘʣʴ, ʢʦʪʦʨʘʷ ʩʣʝʜʫʝʪ ʚʤʝʩʪʝ ʩ ʜʚʠʞʝʥʠʝʤ ʢʫʣʘʯʢʘ, ʠ ʦʙʳʯʥʦ ʦʥʘ 

ʦʛʨʘʥʠʯʝʥʘ ʩʪʨʦʛʦ ʣʠʥʝʡʥʳʤ ʧʦʣʝʤ ʜʚʠʞʝʥʠʷ. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʠʤʝʥʷʶʪ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʜʚʠʞʝʥʠʝ ʣʠʥʝʡʥʦʝ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʢʫʣʘʯʢʘ 

ʪʦʣʢʘʪʝʣʴ ʧʦʜʥʠʤʘʝʪʩʷ ʠ ʦʧʫʩʢʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ, ʠʟʚʝʩʪʥʦʤ ʢʘʢ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ 

ʜʚʠʞʝʥʠʝ. 
 

ʈʠʩ. 1. ʉʭʝʤʳ ʧʣʦʩʢʠʭ ʢʫʣʘʯʢʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ 
 

ɼʣʷ ʢʘʞʜʦʡ ʚʳʧʦʣʥʷʝʤʦʡ ʜʘʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʬʫʥʢʮʠʠ ʠʤʝʝʪʩʷ ʩʚʦʷ ʦʧʨʝʜʝʣʝʥʥʘʷ 

ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʢʫʣʘʯʢʦʚ, ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʢʫʣʘʯʢʘ ʠ ʪʦʣʢʘʪʝʣʷ. ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʩʭʝʤʳ ʧʣʦʩʢʠʭ ʢʫʣʘʯʢʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ. [1] 

ʂʫʣʘʯʢʦʚʳʡ ʤʝʭʘʥʠʟʤ ʧʨʝʚʨʘʱʘʝʪ ʚʨʘʱʝʥʠʝ ʚ ʣʠʥʝʡʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʤʘʣʦʡ 

ʘʤʧʣʠʪʫʜʳ. ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʦ ʢʦʨʦʪʢʦʝ ʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʮʠʡ: 

¶ ʩʮʝʧʣʝʥʠʝ ʠʣʠ ʨʘʩʮʝʧʣʝʥʠʝ ʯʘʩʪʝʡ ʤʝʭʘʥʠʟʤʘ; 

¶ ʦʪʢʨʳʪʠʝ ʠʣʠ ʟʘʢʨʳʪʠʝ ʢʣʘʧʘʥʘ; 

¶ ʚʦʟʚʨʘʪʥʦ- ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʜʚʠʞʝʥʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʘ 

ʠʟʜʝʣʠʷ; 

¶ ʧʦʚʪʦʨʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʦʨʛʘʥʦʤ ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʦʡ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʫʣʘʯʢʘ ʩʣʦʞʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. 
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ʕʪʠ ʦʧʝʨʘʮʠʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʣʝʜʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʩʠʩʪʝʤʘʭ: 

¶ ʫʧʨʘʚʣʝʥʠʝ ʢʣʘʧʘʥʘʤʠ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ; 

¶ ʪʦʧʣʠʚʥʳʝ ʠ ʤʘʩʣʷʥʳʝ ʥʘʩʦʩʳ; 

¶ ʧʨʠʚʦʜʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʪʦʨʤʦʟʥʳʭ ʩʠʩʪʝʤ; 

¶ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʟʘʞʠʛʘʥʠʷ ʚ ʫʩʪʘʨʝʚʰʝʤ ʢʘʨʙʶʨʘʪʦʨʥʦʤ ʜʚʠʛʘʪʝʣʝ; 

¶ ʧʨʠʚʦʜ ʧʝʨʝʤʝʥʳ ʧʝʨʝʜʘʯ ʚ ʪʨʘʥʩʤʠʩʩʠʷʭ ʤʦʪʦʮʠʢʣʦʚ ʠ ʜʨʫʛʦʛʦ ʜʚʫʭʪʘʢʪʥʦʛʦ 
ʪʨʘʥʩʧʦʨʪʘ; 

¶ ʰʚʝʡʥʳʝ ʤʘʰʠʥʳ; 

¶ ʤʫʟʳʢʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ: ʤʝʭʘʥʠʯʝʩʢʠʡ ʦʨʛʘʥ, ʰʘʨʤʘʥʢʘ, ʰʢʘʪʫʣʢʘ ʠ ʪ. ʧ.; 

¶ ʪʨʘʥʩʧʦʨʪʥʦ- ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʘʰʠʥʳ; 

¶ ʪʘʡʤʝʨʳ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ; 

¶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʢʦʤʙʘʡʥʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʫʙʦʨʢʫ ʠ 

ʩʦʨʪʠʨʦʚʢʫ ʢʦʨʥʝʧʣʦʜʦʚ ʠʣʠ ʟʣʘʢʦʚ. [6] 

ʂʨʦʤʝ ʪʦʛʦ, ʰʠʨʦʯʘʡʰʘʷ ʦʙʣʘʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʫʣʘʯʢʦʚʳʭ ʧʘʨ ʣʝʞʠʪ ʪʘʤ, ʛʜʝ 

ʪʨʝʙʫʝʪʩʷ ʥʝ ʧʦʛʘʩʠʪʴ, ʘ, ʥʘʦʙʦʨʦʪ, ʩʦʟʜʘʪʴ ʚʠʙʨʘʮʠʶ. ʆʥʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʚʠʙʨʦʤʘʰʠʥʘʭ, ʩʣʫʞʘʱʠʭ ʜʣʷ ʫʧʣʦʪʥʝʥʠʷ ʛʨʫʥʪʘ ʠʣʠ ʙʝʪʦʥʥʳʭ ʧʦʣʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɻʦʨʥʘʷ 

ʪʝʭʥʠʢʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʨʠ ʜʦʙʳʯʝ ʨʫʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʠʪ ʩʦʨʪʠʨʦʚʢʫ ʪʦʥʢʠʭ 

ʬʨʘʢʮʠʡ ʥʘ ʚʠʙʨʦʩʪʦʣʘʭ, ʧʨʠʚʦʜʠʤʳʭ ʚ ʜʚʠʞʝʥʠʝ ʢʫʣʘʯʢʦʚʳʤʠ ʧʘʨʘʤʠ. 

ɽʱʝ ʦʜʥʘ ʚʘʞʥʘʷ ʩʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ï ʪʦʯʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʠ ʩʨʝʜʩʪʚʘ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʂʦʥʪʘʢʪʥʳʡ ʤʘʥʦʤʝʪʨ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ 

ʧʨʝʮʠʟʠʦʥʥʳʝ ʧʨʠʙʦʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʢʫʣʘʯʢʦʚʳʝ ʧʘʨʳ ʜʣʷ ʧʝʨʝʜʘʯʠ ʚʨʘʱʝʥʠʷ ʩʪʨʝʣʢʠ 

ʥʘ ʰʪʦʢ, ʟʘʤʳʢʘʶʱʠʡ ʢʦʥʪʘʢʪʥʳʝ ʛʨʫʧʧʳ. [4] 

ɻʣʘʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʷʚʣʷʝʪʩʷ ʣʝʛʢʦʩʪʴ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʧʦʣʫʯʝʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚʝʜʦʤʦʛʦ ʟʚʝʥʘ ï ʪʦʣʢʘʪʝʣʷ. ʀʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʢʫʣʘʯʢʦʚʦʤʫ 

ʤʝʭʘʥʠʟʤʫ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʣʶʙʦʛʦ ʟʘʢʦʥʘ ʜʚʠʞʝʥʠʷ ʪʦʣʢʘʪʝʣʷ. 

ʂʫʣʘʯʢʦʚʳʝ ʤʝʭʘʥʠʟʤʳ ʢʦʤʧʘʢʪʥʳ ʠ ʠʥʦʛʜʘ ʚʚʦʜʷʪʩʷ ʚ ʦʙʱʫʶ ʩʭʝʤʫ ʤʘʰʠʥʳ ʠʣʠ 

ʦʪʜʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʠʣʴʥʦʤ ʠʟʥʦʩʝ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʧʘʨʳ ʜʚʦʡʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʩʢʣʦʥʥʦʩʪʠ ʢ ʨʘʟʲʝʜʠʥʝʥʠʶ ʥʘ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʟʥʦʩʘ ʵʣʝʤʝʥʪʳ ʢʫʣʘʯʢʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʩʪʘʣʠ, ʘ ʟʘʪʝʤ ʟʘʢʘʣʷʶʪʩʷ ʠ ʪʱʘʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ. 
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ʇʨʦʮʝʩʩ ʜʞʠʥʠʨʦʚʘʥʠʷ (ʚʦʣʦʢʥʦʦʪʜʝʣʝʥʠʷ) ʩʨʝʜʥʝʚʦʣʦʢʥʠʩʪʳʭ ʩʦʨʪʦʚ ʭʣʦʧʢʘ-ʩʳʨʮʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʠʣʴʥʳʤʠ ʜʞʠʥʘʤʠ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʞʠʥʠʨʦʚʘʥʠʷ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ 

ʦʪ ʧʣʦʪʥʦʩʪʠ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ, ʧʨʠ ʫʧʣʦʪʥʝʥʠʠ ʢʦʪʦʨʦʛʦ ʧʘʜʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʞʠʥʘ, 

ʫʭʫʜʰʘʶʪʩʷ ʚʳʜʝʣʝʥʠʝ ʦʛʦʣʸʥʥʳʭ ʩʝʤʷʥ ʠ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦʨʦʢʠ ʚʦʣʦʢʥʘ ʠ 

ʩʝʤʷʥ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ, ʣʫʯʰʝʛʦ ʚʳʜʝʣʝʥʠʷ ʦʛʦʣʝʥʥʳʭ ʩʝʤʷʥ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʭʘʥʠʟʤ ʫʩʢʦʨʠʪʝʣʷ ʩʳʨʮʦʚʦʡ 

ʢʘʤʝʨʳ, ʛʜʝ ʫʩʢʦʨʠʪʝʣʴ ʚʨʘʱʘʝʪʩʷ ʩ ʧʝʨʝʤʝʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. ʇʝʨʝʤʝʥʥʘʷ ʫʛʣʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʫʩʢʦʨʠʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ  ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʝʡ ʧʨʠʚʦʜʘ ʩ ʧʝʨʝʤʝʥʥʳʤ 

ʥʘʪʷʞʝʥʠʝʤ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʫʩʢʦʨʠʪʝʣʷ ʩ ʧʝʨʝʤʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʥʘ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʣʦʢʥʘ ʠ ʩʝʤʷʥ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʪ ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʥʘʪʷʞʥʦʛʦ ʨʝʤʥʷ ʨʝʤʝʥʥʦʡ 

ʧʝʨʝʜʘʯʠ ʫʩʢʦʨʠʪʝʣʷ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʥʘ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʚʘʣʘ, ʘ 

ʪʘʢʞʝ ʢʦʣʝʙʘʥʠʷ ʘʤʧʣʠʪʫʜ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪ ʭʣʦʧʢʘ-ʩʳʨʮʘ ʥʘ 

ʬʘʨʪʫʢ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʦʙʱʝʥʠʷ ʫʩʢʦʨʠʪʝʣʶ ʚʨʘʱʝʥʠʷ ʩ ʧʝʨʝʤʝʥʥʦʡ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʩʠʣʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʤʘʩʩʫ ʩʳʨʮʦʚʦʡ 

ʢʘʤʝʨʳ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʜʦʣʴʢʠ ʭʣʦʧʢʘ-ʩʳʨʮʘ, ʣʫʯʰʝ ʥʘʙʨʘʩʳʚʘʶʪʩʷ ʥʘ ʟʫʙʴʷ ʧʠʣ 

ʧʠʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ, ʦʛʦʣʝʥʥʳʝ ʩʝʤʝʥʘ ʙʳʩʪʨʝʝ ʧʦʢʠʜʘʶʪ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ, ʫʤʝʥʴʰʘʝʪʩʷ ʤʘʩʩʘ 

ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʛʦ ʚʦʣʦʢʥʠʩʪʦʩʪʴ [1]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʞʠʥʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʬʘʢʪʦʨʦʚ ʭʣʦʧʢʘ-ʩʳʨʮʘ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ 

ʚ ʤʘʰʠʥʫ (ʩʝʣʝʢʮʠʦʥʥʳʡ ʠʣʠ ʧʨʦʤʳʰʣʝʥʥʳʡ ʩʦʨʪ, ʚʣʘʞʥʦʩʪʴ, ʟʘʩʦʨʝʥʥʦʩʪʴ ʠ ʜʨ.), ʪʘʢ ʠ ʦʪ 

ʬʘʢʪʦʨʦʚ ʤʘʰʠʥʳ (ʦʪʣʘʞʝʥʥʦʩʪʴ ʠ ʨʝʛʫʣʠʨʦʚʢʘ ʤʝʭʘʥʠʟʤʦʚ). 

ʆʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʞʠʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦ 

ʚʦʣʦʢʥʘ ʠ ʩʝʤʷʥ. ʉ ʮʝʣʴʶ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʜʞʠʥʠʨʦʚʘʥʠʷ ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʚʨʘʱʝʥʠʠ 

ʫʩʢʦʨʠʪʝʣʷ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ, ʙʳʣʠ ʚʳʨʘʙʦʪʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ [2,3]: 

ʕʢʩʮʝʥʪʨʠʩʠʪʝʪ ʥʘʪʷʞʠʪʝʣʷ ʨʝʤʥʷ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ; 

Å ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʫʩʢʦʨʠʪʝʣʷ; 

Å ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʞʠʥʘ (ʧʦʜʘʯʘ ʭʣʦʧʢʘ-ʩʳʨʮʘ), ʫʩʪʘʥʘʚʣʠʚʘʝʤʘʷ ʩʢʦʨʦʩʪʴʶ 

ʚʨʘʱʝʥʠʷ ʚʘʣʠʢʦʚ ʧʠʪʘʪʝʣʷ. 

ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʠʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ, ʦʙʲʝʤ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ, ʧʦʣʦʞʝʥʠʝ 

ʩʝʤʝʥʥʦʡ ʛʨʝʙʝʥʢʠ, ʠ ʜʠʘʤʝʪʨ ʧʠʣ ʦʩʪʘʶʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. 

ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʧʨʠʥʮʠʧ ʨʘʟʣʠʯʥʦʩʪʠ ʚ ʧʦʩʪʘʥʦʚʢʝ ʠ ʦʙʨʘʙʦʪʢʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʎʝʣʴʶ   ʧʨʦʚʝʜʝʥʠʷ   ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ   ʵʢʩʧʝʨʠʤʝʥʪʘ   ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ 

ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ - ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʥʘʪʷʞʥʦʛʦ ʨʝʤʥʷ, ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʫʩʢʦʨʠʪʝʣʷ 

ʠ ʧʦʜʘʯʘ ʭʣʦʧʢʘ-ʩʳʨʮʘ - ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʣʦʢʥʘ ʠ ʩʝʤʷʥ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʜʞʠʥʘ ʠ ʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ ʜʘʝʪʩʷ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ [4]: 

                                          ää ++=
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ii0 xbxbbyú                                          (1) 
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ʛʜʝ: yú - ʦʮʝʥʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ;   b0, bi, bij - ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ;  ʭi, xij 

- ʧʝʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʬʘʢʪʦʨʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʘʪʨʠʮʝʡ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ 

ʧʨʦʚʝʜʝʥʦ 8 ʘʢʪʦʚ ʚ ʪʨʝʭʢʨʘʪʥʦʤ ʧʦʚʪʦʨʝʥʠʠ.. ɼʣʷ ʧʦʣʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʠʧʘ Z3 

ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ: 

3211233223311321123322110
Ĕ xxxbxxbxxbxxbxbxbxbby +++++++=                     (2) 

ʛʜʝ:Ĕy - ʦʮʝʥʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ (ʧʦ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʢʘʯʝʩʪʚʫ ʚʦʣʦʢʥʘ ʠʣʠ 

ʩʝʤʷʥ); b0 - ʩʚʦʙʦʜʥʳʡ ʯʣʝʥ ʨʝʛʨʝʩʩʠʠ; b1, b2, b3  - ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ, ʜʘʶʱʠʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ ʚ ʧʨʦʮʝʩʩ ʜʞʠʥʠʨʦʚʘʥʠʷ;       b12, b13 , b23, b123 - 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ; x1, ʭ2, ʭ3 - ʬʘʢʪʦʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ; ʭ1ʭ2, ʭ1ʭ3, ʭ1ʭ2ʭ3 - 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʘʢʪʦʨʦʚ, ʜʘʶʱʝʝ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʢʦʤʙʠʥʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʬʘʢʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩ ʜʞʠʥʠʨʦʚʘʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʘ x1 ʚʟʷʪʦ ʦʙʦʨʦʪʳ ʫʩʢʦʨʠʪʝʣʷ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ; ʭ2 -ʧʦʜʘʯʘ ʭʣʦʧʢʘ-

ʩʳʨʮʘ ʚ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ ʜʞʠʥʘ, ʢʦʪʦʨʘʷ ʨʝʛʫʣʠʨʫʝʪʩʷ ʨʘʟʤʝʨʘʤʠ ʟʝʚʘ ʜʚʫʭ ʧʣʘʩʪʠʥ ʧʨʠ 

ʧʦʤʦʱʠ ʨʫʢʦʷʪʢʠ ʥʘ ʩʝʢʪʦʨʝ; x3 -ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʥʘʪʷʞʥʦʛʦ ʨʝʤʥʷ ʧʨʠʚʦʜʘ ʫʩʢʦʨʠʪʝʣʷ 

ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ. ɿʘ ʠʥʪʝʨʚʘʣ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨʘ x1 ʧʨʠʥʠʤʘʝʤ ʚʘʨʴʠʨʦʚʘʥʠʝ ʦʙʦʨʦʪʦʚ 

ʫʩʢʦʨʠʪʝʣʷ  ɿʘ ʤʘʢʩʠʤʫʤ ʬʘʢʪʦʨʘ x2 ʧʨʠʥʷʪʦ ʚʝʨʭʥʝʝ ʧʦʣʦʞʝʥʠʝ ʨʫʢʦʷʪʢʠ ʥʘ ʩʝʢʪʦʨʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʟʝʚ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʜʦʩʪʠʛʘʝʪ ʥʘʠʙʦʣʴʰʝʡ ʚʝʣʠʯʠʥʳ. ɿʘ ʥʫʣʝʚʫʶ ʪʦʯʢʫ ʬʘʢʪʦʨʘ 

ʍʟ ʧʨʠʥʷʪ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʥʘʪʷʞʥʦʛʦ ʨʦʣʠʢʘ ʝ=3 ʤʤ.  

ʉʚʦʙʦʜʥʳʡ ʯʣʝʥ ʨʝʛʨʝʩʩʠʠ ʨʘʚʝʥ: 

                                             ä ä
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ʙʙ NyNyb
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0 //                                                     (3)       

ʛʜʝ ʙy  - ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ, N=8 - ʯʠʩʣʦ ʦʧʳʪʦʚ. 
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b Nymyy
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m - ʯʠʩʣʦ ʧʦʚʪʦʨʝʥʠʡ, m=3. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

                                                     ä
=

=
N

n

ʙii Nyxb
1

/                                                             (5) 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ ʜʘʥʳ ʚ ʪʘʙʣʠʮʝ 4. ʉʦ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

    
32132

3121321
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xxxxx

xxxxxxxy
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--+-++=
                   (6) 

ʅʘʠʤʝʥʴʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʦʙʦʨʦʪʘʭ ʫʩʢʦʨʠʪʝʣʷ =300 ʦʙ/ʤʠʥ ʠ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʝ ʥʘʪʷʞʥʦʛʦ ʨʦʣʠʢʘ ʝ=3ʤʤ. ʇʨʠ ʜʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʠʣʴʥʦʛʦ ʜʞʠʥʘ, ʫʤʝʥʴʰʘʶʪʩʷ ʩʫʤʤʘ ʧʦʨʦʢʦʚ (ʙʠʪʦʛʦ ʩʝʤʝʥʠ) ʠ 

ʟʘʩʦʨʸʥʥʦʩʪʠ ʚʦʣʦʢʥʘ ʫʚʝʣʠʯʠʚʘʝʪ ʢʘʯʝʩʪʚʦ ʭʣʦʧʢʘ-ʚʦʣʦʢʥʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʄʠʨʦʰʥʠʯʝʥʢʦ ɻ.ʀ. ʆʩʥʦʚʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʰʠʥ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʭʣʦʧʢʘ. ʄ. 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ. 1972 ʛ. ʉʪʨ. 486. 

2. ʇʣʶɦʝʥʢʦʚ ɸ.ʇ. ʇʣʘʥʠʨʦʚʘʥʠʝ ʬʘʢʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ 
ʠ ʧʨʦʯʥʦʩʪʠ ʤʘʰʠʥ. ʊʫʣʘ. 1980 ʛ. 

3. ʄʝʪʦʜʠʯʝʩʢʠʝ   ʫʢʘʟʘʥʠʷ.   ʄʝʪʦʜʠʢʘ   ʚʳʙʦʨʘ   ʠ   ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʬʘʢʪʦʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʈɼʄʋ 109-07. ʄʦʩʢʚʘ. ʀʟʜ. ʉʪʘʥʜʘʨʪ. 1978 ʛ. 

ʉʪʨ. 63. 

4. ɺ. ɹ. ʊʠʭʦʤʠʨʦʚ. ʇʣʘʥʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ. ʄ. "ʃʝʛʢʘʷ ʠʥʜʫʩʪʨʠʷ", 

1974ʛ. ʩʪʨ. 135-160, 255. 
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ɺʦ ʤʥʦʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ (ʩʤʝʩʠʪʝʣʝʡ, ʭʣʦʧʢʦʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ, 

ʦʯʠʩʪʠʪʝʣʝʡ ʚʦʣʦʢʦʥ ʦʪ ʧʳʣʠ ʪ.ʜ.) ʪʨʝʙʫʝʪʩʷ ʜʚʠʞʝʥʠʝ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ ʧʝʨʝʤʝʥʥʳʤʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʨʠ ʵʪʦʤ ʜʚʠʞʝʥʠʝ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʚʝʨʩʠʚʥʳʤ.  

ɼʣʷ ʩʙʦʨʘ ʭʣʦʧʢʘ-ʩʳʨʮʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʘ ʰʧʠʥʜʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʥʝʪʘʨʥʳʡ 

ʤʝʭʘʥʠʟʤ ʩ ʚʥʝʰʥʠʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʩʮʝʧʣʝʥʠʝʤ, ʛʜʝ ʩʘʪʝʣʣʠʪʳ (ʰʧʠʥʜʝʣʠ) ʷʚʣʷʶʪʩʷ 

ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ. 

ʐʧʠʥʜʝʣʠ ʜʝʣʷʪʩʷ ʥʘ ʧʨʘʚʳʝ (ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʧʨʘʚʳʝ ʙʘʨʘʙʘʥʳ) ʠ ʣʝʚʳʝ 

(ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʣʝʚʳʝ ʙʘʨʘʙʘʥʳ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʷʜʘ ʢʫʩʪʦʚ ʭʣʦʧʯʘʪʥʠʢʘ. ʇʨʠ ʵʪʦʤ 

ʦʩʪʨʠʝ ʟʫʙʘ ʧʨʘʚʳʭ ʰʧʠʥʜʝʣʝʡ ʥʘʧʨʘʚʣʝʥʦ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, ʘ ʣʝʚʳʭ - ʧʨʦʪʠʚ. ʂʘʞʜʳʡ 

ʙʘʨʘʙʘʥ ʠʤʝʝʪ ʩʚʦʡ ʧʨʠʚʦʜ ʰʧʠʥʜʝʣʝʡ ʚ ʚʠʜʝ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩ ʚʥʝʰʥʠʤ ʠ 

ʚʥʫʪʨʝʥʥʠʤ ʩʮʝʧʣʝʥʠʝʤ ʧʦ ʟʦʥʘʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʙʦʨʘ. ʐʧʠʥʜʝʣʠ ʚ ʢʫʩʪʘʭ 

ʭʣʦʧʯʘʪʥʠʢʘ ʚʨʘʱʘʶʪʩʷ ʠʭ ʨʦʣʠʢʘʤʠ, ʢʘʪʷʱʠʤʠʩʷ ʧʦ ʥʘʪʷʥʫʪʳʤʠ ʧʨʫʞʠʥʘʤʠ ʦʪʨʝʟʢʘʤʠ 

ʢʣʠʥʦʚʳʭ ʨʝʤʥʝʡ, ʘ ʚ ʟʦʥʝ ʧʨʠʝʤʥʦʡ ʢʘʤʝʨʳ ʘʧʧʘʨʘʪʘ- ʧʦ ʦʪʨʝʟʢʘʤ ʨʝʤʥʝʡ, ʟʘʢʨʝʧʣʝʥʥʳʤ ʥʘ 

ʢʦʣʦʜʢʝ, ʧʨʠʞʠʤʘʝʤʦʡ ʢ ʨʦʣʠʢʘʤ ʰʧʠʥʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʯʘʩʪʷʤʠ ʢʦʣʝʩ ʧʣʘʥʝʪʘʨʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ. 

ʅʘ ʭʣʦʧʢʦʫʙʦʨʦʯʥʦʤ ʘʧʧʘʨʘʪʝ (ʈʠʩ.1.) ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʰʧʠʥʜʝʣʝʡ (ʩʘʪʝʣʣʠʪʳ 

ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ) ʚ ʟʦʥʝ ʩʙʦʨʘ ʭʣʦʧʢʘ ʠ ʚ ʟʦʥʝ ʩʙʨʦʩʘ ʧʦ ʪʝʦʨʠʠ ʘʢʪʠʚʥʦʩʪʠ ʟʫʙʴʝʚ 

ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʥʳʤʠ [1,2,].ɺ ʮʠʢʣʠʯʝʩʢʠ ʜʚʠʞʫʱʝʤʩʷ ʧʣʘʥʝʪʘʨʥʦʤ ʤʝʭʘʥʠʟʤʝ ʧʝʨʝʤʝʥʥʳʡ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ-ʩʘʪʝʣʣʠʪʘ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʠʟʤʝʥʝʥʠʝʤ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʚʝʥʴʝʚ [3,4]. 

 

 
ʈʠʩ.1. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʭʣʦʧʢʦʫʙʦʨʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ 1-ʰʧʠʥʜʝʣʴ; 

2-ʰʧʪʥʜʝʣʥʠʡ ʙʘʨʘʙʘʥ; 3-ʨʝʤʝʥʴ; 4-ʢʦʣʦʜʢʘ. 

ɼʣʷ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩ ʚʥʫʪʨʥʥʠʤ ʠ ʚʥʝʰʥʠʤ ʩʮʝʧʣʝʥʠʝʤ ʧʨʠ ʬʦʨʤʝ   

ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʣʝʩʘ ʚ ʚʠʜʝ ʵʣʣʠʧʩʘ ʧʨʠ ʧʦʤʦʱʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ Mathcad ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʪʨʘʝʢʪʦʨʠʠ ʩʘʪʝʣʣʠʪʘ, ʧʦʢʘʟʠʚʘʶʰʠʝ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʈʠʩ.2.) 
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ʈʠʩ.2. ʊʨʘʝʢʪʦʨʠʠ ʩʘʪʣʣʠʪʘ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

(ʩʘʪʝʣʣʠʪʘ) ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʬʦʨʤʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʣʝʩʘ (ʚʥʝʰʥʷʷ ʠʣʠ ʚʥʫʪʨʝʥʥʷʷ). ɺ ʪʘʢʦʤ 

ʧʣʘʥʝʪʘʨʥʦʤ ʤʝʭʘʥʠʟʤʝ ʚʦʜʠʣʦ ʚʳʧʦʣʥʷʝʪʩʷ ʠʟ ʰʘʨʥʠʨʥʦ ʩʦʯʣʝʥʸʥʥʳʭ ʜʚʫʭ ʨʘʜʠʘʣʴʥʦ -  

ʧʨʠʞʘʪʳʭ ʯʘʩʪʝʡ [4] (ʈʠʩ.3). ʎʝʥʪʨʘʣʴʥʳʤ ʢʦʣʝʩʘʤ, ʧʨʠ ʵʪʦʤ, ʤʦʞʥʦ ʧʨʠʜʘʚʘʪʴ ʬʦʨʤʫ ʚ ʚʠʜʝ 

ʟʘʤʢʥʫʪʦʡ ʚʟʘʠʤʦʦʛʠʙʘʶʱʝʡ ʢʨʠʚʦʡ, ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʚ ʟʦʥʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩʙʦʨʘ ʭʣʦʧʢʘ-ʩʳʨʮʘ.  

ʅʘ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʘʢʝʪʥʳʭ ʦʙʨʘʟʮʘʭ ʈʠʩ.3 ʘ, ʧʦʣʫʯʝʥʘ ʪʨʘʝʢʪʦʨʠʷ  ʰʧʠʥʜʝʣʷ-ʩʘʪʝʣʣʠʪʘ  

ʈʠʩ.2 ʙ), ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʫʩʣʦʚʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʫʙʦʨʢʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʘʪʝʣʣʠʪʘ 

(ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ) ʧʨʠ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʮʝʥʪʨʘʣʴʥʳʭ ʢʦʣʝʩ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʜʘʥʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ.  

       

                                 
                          ʘ)                                                                           ʙ) 

ʈʠʩ.3. ʄʘʢʝʪ ʤʝʭʘʥʠʟʤʘ ʘ) ʠ ʪʨʘʝʢʪʦʨʠʷ ʩʘʪʝʣʣʠʪʘ ʙ). 
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ʆʩʥʦʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʪʝʭʥʦʣʦʛʠʡ ʧʦʠʩʢʘ ʠ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʷʚʣʷʝʪʩʷ 

ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ. ʆʩʥʦʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʯʝʥʳʭ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʠ ʧʦʠʩʢ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʛʦʨʥʦʡ ʧʦʨʦʜʦʡ, ʧʦʠʩʢ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʮʠʢʣʦʚ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ [6], ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ [10] ʫʜʘʨʥʳʭ ʤʘʰʠʥ, ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʩʥʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʙʫʨʝʥʠʷ, 

ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʩʩʠʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʡ ʥʘ ʟʘʙʦʝ [5, 7]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʥʘ ʩʝʛʦʜʥʷ ʩʧʦʩʦʙʦʤ ʧʨʦʭʦʜʢʠ ʩʢʚʘʞʠʥ ʷʚʣʷʝʪʩʷ ʫʜʘʨʥʦ-

ʚʨʘʱʘʪʝʣʴʥʦʝ ʙʫʨʝʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ ʠ ʧʦʛʨʫʞʥʳʭ ʫʜʘʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

ʅʘʣʠʯʠʝ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʙʫʨʠʪʴ ʠʟ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʩʝʯʝʥʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʘʚʪʦʥʦʤʥʳʝ ʙʫʨʦʚʳʝ ʩʥʘʨʷʜʳ ʜʣʷ 

ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʩʥʘʨʷʜʦʚ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʦʪʧʘʜʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʙʫʨʦʚʦʤ ʩʪʘʥʢʝ; ʥʝ ʪʨʝʙʫʝʪʩʷ ʩʪʘʚ ʙʫʨʦʚʳʭ ʰʪʘʥʛ; ʜʠʩʪʘʥʮʠʦʥʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʙʝʩʰʪʘʥʛʦʚʳʤ ʩʥʘʨʷʜʦʤ; ʩʥʘʨʷʜʳ ʤʦʞʥʦ ʣʝʛʢʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʧʨʦʭʦʜʢʠ ʩʢʚʘʞʠʥ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ ʚʳʨʘʙʦʪʢʘʭ ʤʘʣʦʛʦ ʩʝʯʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʠʟʚʝʩʪʥʳʝ ʧʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʰʪʘʥʛʦʚʳʭ ʩʥʘʨʷʜʦʚ ʧʨʠ 

ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʚ ʛʨʫʥʪʘʭ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ. ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʧʨʠ ʧʨʦʭʦʜʢʝ 

ʩʢʚʘʞʠʥ ʚ ʫʧʣʦʪʥʷʝʤʳʭ ʛʨʫʥʪʘʭ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʚʠʙʨʦʫʜʘʨʥʦʛʦ ʧʨʦʢʦʣʘ ʧʥʝʚʤʦʧʨʦʙʦʡʥʠʢʘʤʠ 

[4]. ʊʘʢʞʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʢʚʘʞʠʥ ʚ ʫʧʣʦʪʥʷʝʤʳʭ ʛʨʫʥʪʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʛʨʫʥʪʦʧʨʦʭʦʜʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ [8]. ɼʣʷ ʧʨʦʭʦʜʢʠ ʩʢʚʘʞʠʥ ʚ ʧʨʦʯʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʧʨʝʜʣʦʞʝʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʘʯʠ ʧʝʨʬʦʨʘʪʦʨʘ ʚ ʩʢʚʘʞʠʥʝ [1]. ɺ ʀʥʩʪʠʪʫʪʝ ʛʦʨʥʦʛʦ ʜʝʣʘ ʕ.ʇ. ɺʘʨʥʝʣʣʦ 

ʙʳʣ ʩʦʟʜʘʥ ʙʫʨʦʚʦʡ ʙʝʩʰʪʘʥʛʦʚʳʡ ʧʥʝʚʤʦʫʜʘʨʥʳʡ ʩʥʘʨʷʜ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʠʣ ʥʘʠʤʝʥʦʚʘʥʠʝ 

ɹʇʇ-1ɸ, ʜʣʷ ʧʨʦʭʦʜʢʠ ʩʢʚʘʞʠʥ ʚ ʫʛʣʝ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʩ ʢʨʝʧʦʩʪʴʶ ʜʦ 30 ʄʇʘ. ʉʥʘʨʷʜ ɹʇʇ-

1ɸ ʙʳʣ ʠʩʧʳʪʘʥ ʚ ʰʘʭʪʥʳʭ ʫʩʣʦʚʠʷʭ. ɺʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʩʥʘʨʷʜ ʨʘʙʦʪʘʣ ʙʝʟ ʧʦʣʦʤʦʢ 

ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ. ɺ ʀɻɼ ʉʆ ʈɸʅ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʝʢʪʦʨʠʝʡ [3, 9]. ɼʣʷ ʩʦʟʜʘʥʠʷ ʘʚʪʦʥʦʤʥʳʭ ʙʫʨʦʚʳʭ ʩʥʘʨʷʜʦʚ 

ʚʝʩʴʤʘ ʠʥʪʝʨʝʩʥʳʤ ʚʳʛʣʷʜʷʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʥʳʝ ɽ.ʇ. ʈʫʩʠʥʳʤ ʠ ɻ.ʅ. ʍʘʥʦʤ ʧʦ 

ʠʟʫʯʝʥʠʶ ʧʨʦʜʦʣʴʥʦ-ʚʨʘʱʘʪʝʣʴʥʦʛʦ (ʚʠʥʪʦʚʦʛʦ) ʫʜʘʨʘ [2]. 

ʇʨʦʚʝʜʝʥʥʳʡ ʦʙʟʦʨ ʠ ʘʥʘʣʠʟ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠ ʠʩʧʳʪʘʥʥʳʭ ʨʘʥʝʝ ʙʫʨʦʚʳʭ ʩʥʘʨʷʜʦʚ ʜʣʷ 

ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʚ ʛʨʫʥʪʘʭ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʧʦʟʚʦʣʠʣ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ 

ʜʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʙʫʨʦʚʦʛʦ ʩʥʘʨʷʜʘ ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʅʘ ʠʭ ʦʩʥʦʚʘʥʠʠ 

ʧʨʝʜʣʦʞʝʥʦ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʥʦʤʥʦʛʦ ʙʝʩʰʪʘʥʛʦʚʦʛʦ ʙʫʨʦʚʦʛʦ ʩʥʘʨʷʜʘ 

ʜʣʷ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʫʜʘʨʥʳʤ ʩʧʦʩʦʙʦʤ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʙʫʨʦʚʦʛʦ ʩʥʘʨʷʜʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʋʩʪʨʦʡʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʫʜʘʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʦʨʠʛʠʥʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʩʥʘʱʝʥʥʦʛʦ ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʠʤʠ ʚʩʪʘʚʢʘʤʠ, ʘ 

ʪʘʢʞʝ ʨʘʩʧʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʥʘ ʨʠʩʫʥʢʝ ʥʝ ʧʦʢʘʟʘʥʦ), ʧʨʝʜʦʪʚʨʘʱʘʶʱʝʛʦ ʜʚʠʞʝʥʠʷ ʩʥʘʨʷʜʘ 

ʦʪ ʟʘʙʦʷ. 

ʈʘʙʦʪʘʝʪ ʫʩʪʨʦʡʩʪʚʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʨʠ ʧʨʦʭʦʜʢʝ ʩʢʚʘʞʠʥʳ 1 ʚ ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ 2 

ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪ 3 ʧʨʠʞʠʤʘʝʪʩʷ ʢ ʟʘʙʦʶ 4 ʩʢʚʘʞʠʥʳ 1. 
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ʋʜʘʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 5, ʥʘʥʦʩʠʪ ʙʦʡʢʦʤ 6 ʫʜʘʨʳ ʧʦ 

ʪʦʨʮʫ 7 ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 3. 

ʇʦʨʦʜʦʨʘʟʨʫʰʘʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪ 3 ʩʦʚʝʨʰʘʝʪ 

ʜʚʠʞʝʥʠʝ ʚʧʝʨʝʜ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʜʘʨʦʚ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʨʦʚʦʨʘʯʠʚʘʝʪʩʷ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʚ ʧʦʧʝʨʝʯʥʦʡ ʢ 

ʩʢʚʘʞʠʥʝ 1 ʧʣʦʩʢʦʩʪʠ. ʇʦʚʦʨʦʪ ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ 3 ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʨʝʘʢʮʠʠ ʧʦʨʦʜʥʦʛʦ 

ʤʘʩʩʠʚʘ 2 ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʝʛʦ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʩʧʠʨʘʣʝʦʙʨʘʟʥʳʤʠ ʣʦʧʘʩʪʷʤʠ 8, ʦʩʥʘʱʝʥʥʳʤʠ 

ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʠʤʠ ʚʩʪʘʚʢʘʤʠ 9. ʏʝʨʝʟ ʢʘʥʘʣ 10 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʯʠʩʪʢʘ ʟʘʙʦʷ 4 ʦʪ ʙʫʨʦʚʦʡ ʤʝʣʦʯʠ ʠ ʝʸ 

ʚʳʥʦʩ ʠʟ ʩʢʚʘʞʠʥʳ. 

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ, 

ʨʝʘʣʠʟʫʶʱʝʛʦ ʫʜʘʨʥʳʡ 

ʩʧʦʩʦʙ ʙʫʨʝʥʠʷ 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʙʫʨʦʚʦʛʦ ʩʥʘʨʷʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʚʦʨʦʪʥʦʝ 

ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʩʢʚʘʞʠʥʝ ʧʨʦʠʟʚʦʜʷʪ 

ʦʜʥʠʤ ʫʜʘʨʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʙʫʨʝʥʠʷ. ʇʦʚʦʨʦʪʥʦʝ 

ʜʚʠʞʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʩʢʚʘʞʠʥʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʟʘ ʩʯʝʪ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ 

ʦʪ ʩʠʣ ʨʝʘʢʮʠʠ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʝʛʦ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʩʧʠʨʘʣʝʦʙʨʘʟʥʳʤʠ ʣʦʧʘʩʪʷʤʠ ʙʫʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʩʥʘʱʝʥʥʳʤʠ ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʠʤʠ 

ʚʩʪʘʚʢʘʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʥʘ ʢʦʨʧʫʩʝ ʠʥʩʪʨʫʤʝʥʪʘ. 
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ɺʝʪʨʷʥʳʝ ʫʩʪʘʥʦʚʢʠ ʟʘʯʘʩʪʫʶ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʤʝʩʪʘʭ, ʛʜʝ ʰʪʦʨʤʦʚʦʡ ʚʝʪʝʨ ʠʣʠ 

ʧʨʦʩʪʦ ʩʠʣʴʥʳʝ ʧʦʨʳʚʳ ʚʝʪʨʘ ʥʝ ʨʝʜʢʦʩʪʴ, ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʚʘʞʥʦ, ʯʪʦʙʳ ʦʥʠ ʙʳʣʠ 

ʟʘʱʠʱʝʥʳ ʦʪ ʯʨʝʟʤʝʨʥʦ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ. ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʪʘʢʦʡ ʟʘʱʠʪʳ ʷʚʣʷʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ ʘʪʘʢʠ ʚʝʪʨʘ ʦ ʣʦʧʘʩʪʠ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ, 

ʠʣʠ ʚ ʵʢʩʪʨʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ ʧʦʤʦʞʝʪ ʦʩʥʦʚʥʦʡ ʩʠʩʪʝʤʝ ʟʘʪʦʨʤʦʟʠʪʴ ʙʳʩʪʨʝʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʥʮʠʧ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʟʜʫʭʘ ʥʘ ʣʦʧʘʩʪʠ ʚʝʪʨʦʚʦʡ ʫʩʪʘʥʦʚʢʠ. ʄʘʩʩʘ ʧʦʪʦʢ 

ʚʝʪʨʘ, ʥʘʙʝʛʘʶʱʝʛʦ ʥʘ ʣʦʧʘʩʪʴ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ, ʟʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ (”), ʧʣʦʱʘʜʴ 
ʧʦʚʝʨʭʥʦʩʪʠ (S) ʠ ʫʛʦʣ ʘʪʘʢʠ (‌): Ὠά ”ϽὛϽίὭὲ‌ϽὺϽὨὸ. 

ɺʦʟʜʫʭ, ʦʙʣʘʜʘʶʱʠʡ ʠʤʧʫʣʴʩʦʤ ʙʫʜʝʪ ʩʪʘʣʢʠʚʘʪʴʩʷ ʠ ʦʪʨʘʞʘʪʴʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʦʧʘʩʪʠ, ʠʟʤʝʥʷʷ ʩʚʦʡ ʠʤʧʫʣʴʩ, ʠʟʤʝʥʝʥʠʝ ʤʦʜʫʣʷ ʩʢʦʨʦʩʪʠ ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ ʨʘʚʥʦ ȿῳὺᴆȿ
ςὺÓÉÎ‌.  

ʆʪʩʶʜʘ ʚʳʯʠʩʣʠʤ ʠʟʤʝʥʝʥʠʝ ʠʤʧʫʣʴʩʘ: Ὠὴ άὺ ς”ϽὛϽὺϽÓÉÎ‌ϽὨὸ. ɸ ʪʘʢ ʢʘʢ 
ʩʠʣʘ ʨʘʚʥʷʝʪʩʷ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʠʤʧʫʣʴʩʫ, ʤʦʞʝʤ ʝʸ ʚʳʯʠʩʣʠʪʴ ʠ ʨʘʟʣʦʞʠʪʴ ʥʘ ʚʝʢʪʦʨʳ 

X ʠ Y: Ὑ  ς”ϽὛϽὺϽÓÉÎ‌; Ὑ ὢ ὙϽÓÉÎ‌ ς”ϽὛϽὺϽÓÉÎ‌; Ὑ ὣ ὙϽ

ÃÏÓ‌ ς”ϽὛϽὺϽÓÉÎ‌ϽÃÏÓ ‌. Y ï ʪɻʦ ʧʦʜʲʸʤʥʘʷ ʩʠʣʘ, ʢʦʪʦʨʘʷ ʠ ʧʨʠʚʦʜʠʪ ʚ ʜʝʡʩʪʚʠʷ 

ʣʦʧʘʩʪʠ, X ï ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ. ʄʥʦʞʠʪʝʣʴ ςÓÉÎ‌ϽÃÏÓ ‌ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 

ὅ (ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ), ʘ ςÓÉÎ‌ ʢʘʢ ὅ(ʢʦʵʬʬʠʮʠʝʥʪ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ). 

ɺ ʨʝʘʣʴʥʦʩʪʠ ʵʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʚʠʩʷʪ ʝʱʸ ʦʪ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʚʳʯʠʩʣʷʶʪʩʷ ʦʥʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʤʧʠʨʠʯʝʩʢʠʤ 

ʧʫʪʸʤ ʚ ʘʵʨʦʪʨʫʙʘʭ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ, ʥʦ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʫʛʣʘ ‌ ʩʦʭʨʘʥʷʝʪʩʷ.  

ʉʪʦʠʪ ʪʘʢ ʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʣʝʜʩʪʚʠʝ ʜʚʠʞʝʥʠʷ ʣʦʧʘʩʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, 

ʚʝʢʪʦʨ ʥʘʙʝʛʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʩʤʝʱʘʝʪʩʷ, ʠʟʤʝʥʷʷʩʴ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʫʛʣʘ ʘʪʘʢʠ, ʚ 

ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʫʛʦʣ ʘʪʘʢʠ ʥʘ ʧʨʘʢʪʠʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. [5] 

 
ʈʠʩ.1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʠʣ 

ʂʦʥʩʪʨʫʢʮʠʠ ʦʧʦʨ ʠ ʣʦʧʘʩʪʝʡ ʨʘʙʦʯʠʭ ʚʝʪʨʷʥʳʭ ʫʩʪʘʥʦʚʦʢ ʨʘʩʩʯʠʪʘʥʳ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʚ 22-25 ʤ/ʩ, ʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʩʢʦʨʦʩʪʴ 10-15 ʤ/ʩ, 

ʧʦʵʪʦʤʫ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʩʠʩʪʝʤʫ ʛʘʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʘʪʘʢʠ, ʥʘ 

ʛʨʘʬʠʢʝ [1] ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʸʤʘ ʦʪ ʫʛʣʘ ʘʪʘʢʠ ʜʣʷ ʦʜʥʦʛʦ ʠʟ 

ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʨʦʬʠʣʝʡ NACA 4412 (ʈʠʩʫʥʦʢ 2).  
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ʈʠʩ.2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʸʤʘ ʦʪ ʫʛʣʘ ʘʪʘʢʠ 

ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ ʜʘʥʥʳʭ ʠ ʚʳʯʠʩʣʠʚ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʠ ʪʨʝʥʠʷ ʚʥʫʪʨʠ 

ʤʝʭʘʥʠʟʤʦʚ, ʤʳ ʤʦʞʝʤ ʩʦʟʜʘʪʴ ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʢʦʨʦʩʪʴ ʣʦʧʘʩʪʝʡ ʙʫʜʝʪ 

ʦʩʪʘʚʘʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ. 

ʄʦʤʝʥʪ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ: ὓ ᷿ὙὨὙ  ᷿ ὅϽ”ϽὛϽὺὨὙ ὅϽ”Ͻὺ Ͻ᷿ ὛὨὙ, ʪʘʢ 

ʢʘʢ ʧʣʦʱʘʜʴ ʧʨʦʬʠʣʷ ʪʘʢ ʞʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʜʠʫʩʘ, ʦʩʪʘʚʠʤ ʠʥʪʝʛʨʘʣ ʥʝ ʨʝʰʝʥʥʳʤ. ʊʦʛʜʘ ὓ
ὓ̓ ̑ ὓ̒ ̏̐̑Ȣ̖̃̏̅Ȣ, ʛʜʝ ὓ̓  ̑ï ʩʫʤʤʘ ʤʦʤʝʥʪʦʚ ʚʩʝʭ ʩʠʣ ʪʨʝʥʠʷ ʚ ʤʝʭʘʥʠʟʤʘʭ ʫʩʪʘʥʦʚʢʠ, ὓ̒ ̏̐̑Ȣ̃̏̈̅Ȣ 

ï ʤʦʤʝʥʪ ʩʠʣʳ ʚʷʟʢʦʛʦ ʪʝʨʥʠʷ ʚʦʟʜʫʭʘ ʥʘ ʣʦʧʘʩʪʴ. ὓ̓  ̑ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ, 

ὓ̒ ̏̐̑Ȣ̖̃̏̅Ȣ ʪʘʢ ʞʝ ʙʣʠʟʢʘ ʢ ʢʦʥʩʪʘʥʪʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʚ ʜʘʥʥʦʤ 

ʫʨʘʚʥʝʥʠʝ ʚʣʠʷʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʤʦʤʝʥʪ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʩʦʭʨʘʥʷʪʴ 

ʧʦʩʪʦʷʥʥʳʤ ʤʝʥʷʷ ὅ. [4] 

ʆʧʠʨʘʷʩʴ ʥʘ ʜʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ, ʠ ʧʦʣʫʯʝʥʥʦʝ ʚʳʰʝ ʫʨʘʚʥʝʥʠʝ, 

ʢʦʤʧʴʶʪʝʨʳ, ʚʩʪʨʦʝʥʥʳʝ ʚ ʚʝʪʨʷʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʤʦʛʫʪ ʤʛʥʦʚʝʥʥʦ, ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʩ 

ʜʘʪʯʠʢʦʚ, ʚʳʯʠʩʣʷʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʫʛʦʣ ʘʪʘʢʠ ʜʣʷ ʣʦʧʘʩʪʝʡ, ʠ ʧʨʠ ʩʠʣʴʥʳʭ 

ʧʦʨʳʚʠʩʪʳʭ ʚʝʪʨʘʭ, ʩʦʭʨʘʥʷʪʴ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʣʦʧʘʩʪʝʡ ʙʣʠʟʢʦʡ ʢ ʧʦʩʪʦʷʥʥʦʡ.    
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ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʳʧʫʯʠʝ ʤʘʪʝʨʠʘʣʳ. ɺ 

ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʭʨʘʥʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ (ʥʘʧʨʠʤʝʨ, ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʝ)  ʩʧʦʩʦʙʥʳ ʩʣʠʧʘʪʴʩʷ, ʢʦʤʢʦʚʘʪʴʩʷ, 

ʟʘʪʨʫʜʥʷʷ ʪʝʤ ʩʘʤʳʤ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʩʳʧʫʯʠʭ ʛʨʫʟʦʚ [1]. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʝʨʝʜʢʦ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʢʦʤʴʝʚ ʠʩʧʦʣʴʟʫʶʪ ʨʫʯʥʦʡ ʪʨʫʜ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʚʦʨʦʰʠʪʝʣʷ ʩʳʧʫʯʠʭ 

ʧʨʦʜʫʢʪʦʚ ʧʦ ʩʣʝʜʫʶʱʠʤ ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

-  ʢʦʤʧʘʢʪʥʦʩʪʴ ʠ ʧʨʦʩʪʦʪʘ  ʢʦʥʩʪʨʫʢʮʠʠ; 

- ʥʘʜʝʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ, ʣʝʛʢʦʩʪʴ ʩʙʦʨʢʠ, ʤʦʥʪʘʞʘ ʠ ʩʤʘʟʢʠ ʠ ʨʝʤʦʥʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʦʣʴʰʠʥʩʪʚʘ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ; 

- ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ; 

- ʥʝʚʳʩʦʢʘʷ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ.  

ʈʝʰʝʥʠʝ  ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʦʩʣʦʞʥʷʝʪʩʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝʤ ʟʘʤʦʨʦʞʝʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʧʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʭʨʘʥʝʥʠʷ ʥʘ ʟʘʚʦʜʩʢʠʭ ʧʣʦʱʘʜʢʘʭ.   ʇʨʝʜʣʦʞʝʥʘ 

ʢʦʥʩʪʨʫʢʮʠʷ ʚʦʨʦʰʠʪʝʣʷ ʜʣʷ ʩʳʧʫʯʠʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʨʠʩ.1).  

  

ʊʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʨʦʰʠʪʝʣʷ 

ɽʤʢʦʩʪʴ ʙʫʥʢʝʨʘ, ʤ3 20 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʦʚ, ʦʙ / ʤʠʥ 8,0 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ, ʢɺʪ 55 

ɻʘʙʘʨʠʪʳ, ʤ 5,6ʭ3,7ʭ4,5 

ʄʘʩʩʘ, ʪ 9,5 

 

 ʇʝʨʝʤʝʰʠʚʘʝʤʳʡ ʧʦʜʤʦʨʦʞʝʥʥʳʡ ʤʘʪʝʨʠʘʣ (ʩʘʭʘʨʥʘʷ ʩʚʝʢʣʘ) ʨʘʚʥʦʤʝʨʥʦ ʟʘʩʳʧʘʝʪʩʷ 

ʥʘ ʚʘʣʳ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʥʠʭ ʢʫʣʘʯʢʘʤʠ. ʆʪʜʝʣʴʥʳʝ ʢʣʫʙʥʠ ʩʚʦʙʦʜʥʦ ʧʨʦʭʦʜʷʪ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʢʫʣʘʯʢʘʤʠ ʠ ʚʳʛʨʫʞʘʶʪʩʷ. ʉʤʝʨʟʰʠʝʩʷ ʢʦʤʴʷ ʧʨʦʜʫʢʪʘ ʟʘʩʪʨʝʚʘʶʪ ʥʘ 

ʧʝʨʝʤʝʰʠʚʘʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ ʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʫʜʘʨʥʦʤʫ ʠʟʤʝʣʴʯʝʥʠʶ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʶ. 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʠʟʤʝʣʴʯʸʥʥʳʝ ʧʦʜʤʦʨʦʞʝʥʥʳʝ ʠ ʧʨʦʰʝʜʰʠʝ ʢʫʣʘʯʢʠ ʦʪʜʝʣʴʥʳʝ ʢʣʫʙʥʠ 

ʩʤʝʰʠʚʘʶʪʩʷ   ʠ ʥʘʧʨʘʚʣʷʶʪʩʷ  ʥʘ  ʜʘʣʴʥʝʡʰʫʶ ʧʝʨʝʨʘʙʦʪʢʫ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʣʫʯʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʰʠʥʳ ʫʢʘʟʘʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ.           

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ  ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʰʠʥʳ ʷʚʣʷʶʪʩʷ:  

- ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʥʪʘʞʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʤʝʰʠʚʘʶʱʠʭ ʚʘʣʦʚ ʚ ʧʝʨʠʦʜ ʟʘʤʦʨʦʟʢʦʚ,  

- ʧʨʦʩʪʦʪʘ ʩʙʦʨʢʠ ʠ ʨʘʟʙʦʨʢʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʸʭ ʣʝʛʢʦ ʩʲʸʤʥʳʭ 

ʢʫʣʘʯʢʦʚʳʭ ʚʘʣʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʦʪʜʝʣʴʥʳʤ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʦʤ 

[2]. ɺʘʣʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʯʝʨʝʟ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʙʫʥʢʝʨʘ, ʟʘʥʠʤʘʷ ʥʝʦʙʭʦʜʠʤʦʝ ʧʦʣʦʞʝʥʠʝ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʜʦʣʴʥʦʛʦ ʧʘʟʘ ʥʘ ʢʦʥʮʘʭ ʚʘʣʦʚ. ʇʨʘʚʠʣʴʥʘʷ ʬʠʢʩʘʮʠʷ ʠ ʩʦʦʩʥʦʩʪʴ 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʚʘʣʘ ʠ ʚʘʣʘ ʤʦʪʦʨ- ʨʝʜʫʢʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʰʧʦʥʦʯʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ. 

ɾʸʩʪʢʦʩʪʴ ʩʦʝʜʠʥʝʥʠʶ ʧʨʠʜʘʸʪ ʧʨʦʜʦʣʴʥʦ-ʨʘʟʲʸʤʥʘʷ ʤʫʬʪʘ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʘʷ ʚ ʤʝʩʪʘʭ 

ʩʮʝʧʢʠ ʚʘʣʦʚ (ʨʠʩ.3).  
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ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʚʦʨʦʰʠʪʝʣʷ: 1- ʙʫʥʢʝʨ; 2- ʚʘʣ ʨʝʜʫʢʪʦʨʘ; 3-ʚʘʣ ʩ ʧʨʦʜʦʣʴʥʳʤ ʧʘʟʦʤ; 4-ʚʘʣ 

ʢʫʣʘʯʢʦʚʳʡ;5- ʢʫʣʘʯʦʢ; 6-ʨʘʤʘ; 7-ʧʦʜʰʠʧʥʠʢʦʚʘʷ ʦʧʦʨʘ; 8-ʧʦʜʰʠʧʥʠʢ; 9- ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ; 

10-ʤʫʬʪʘ; 11-ʟʘʱʠʪʥʳʡ ʢʦʞʫʭ ʤʝʥʴʰʠʡ; 12- ʟʘʱʠʪʥʳʡ ʢʦʞʫʭ ʙʦʣʴʰʠʡ; 13- ʟʘʱʠʪʥʘʷ 

ʧʣʘʩʪʠʥʘ 

 
ʈʠʩ.2. ʉʦʝʜʠʥʝʥʠʝ ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʣʘ ʠ ʚʘʣʘ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʘ 

 

 ʆʧʠʩʘʥʥʘʷ ʧʨʦʩʪʘʷ ʣʝʛʢʦʩʲʝʤʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʧʦ ʤʥʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʠʢʦʚ, 

ʜʦʣʞʥʘ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ ʧʝʨʝʤʝʱʝʥʠʷ 

ʢʦʤʢʫʶʱʠʭʩʷ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ.    

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʉʪʝʧʘʥʦʚʘ ɽ.ɻ., ɸʥʜʨʝʝʚʩʢʠʡ ɼ.ɸ., ɼʘʚʳʜʦʚ ɼ.ɸ., ɻʨʘʯʝʚ ʅ.ɸ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʧʨʠ ʨʘʟʤʦʨʘʞʠʚʘʥʠʠ 

2. ɺ ʩʙʦʨʥʠʢʝ: ʇʨʠʦʨʠʪʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʧʦ ʠʪʦʛʘʤ ʯʝʪʚʝʨʪʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ. 2020. ʉ. 237-239.ɻʨʘʯʝʚ ʅ.ɸ., ɻʫʢʘʩʷʥ ɸ.ɺ., ʅʠʢʦʥʦʚ ʆ.ʀ., ʉʪʝʧʘʥʦʚʘ ɽ.ɻ. 

ʈʘʟʨʘʙʦʪʢʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʟʘʛʨʫʟʢʠ ʧʦʜʤʦʨʦʞʝʥʥʦʡ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʥʘ ʩʚʝʢʣʦʨʝʟʢʫ. ɺ 

ʩʙʦʨʥʠʢʝ: ʄʝʭʘʥʠʢʘ, ʦʙʦʨʫʜʦʚʘʥʠʝ, ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ.ʕʣʝʢʪʨʦʥʥʳʡ ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ 

ʩʪʘʪʝʡ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʈʝʜʘʢʮʠʦʥʥʘʷ 

ʢʦʣʣʝʛʠʷ: ʃʠʪʚʠʥʦʚ ɸ.ɽ., ʇʣʦʤʦʜʴʷʣʦ ʈ.ʃ., ʂʦʥʦʚʘʣʦʚʘ ʊ.ɺ., ɻʫʢʘʩʷʥ ɸ.ɺ., ɺʦʡʥʘ ɸ.ɸ., 

ɺʦʣʴʯʝʥʢʦ ʅ.ɸ.. 2019. ʉ. 490-493. 
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ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʦʦʨʫʞʝʥʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ 

çʧʦʣʦʪʥʘè; ʚ ʠʭ ʯʠʩʣʦ ʚʭʦʜʷʪ ʨʘʤʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʘʟʳʚʘʝʤʳʝ çʬʝʨʤʳè. ʌʝʨʤʦʡ - ʵʪʦ 

ʨʝʰʝʪʯʘʪʦ ʩʢʚʦʟʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʦʪʜʝʣʴʥʳʭ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʩʪʝʨʞʥʝʡ, 

ʩʦʝʜʠʥʸʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʫʟʣʘʭ.  

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʨʘʙʦʪʘʝʪ ʜʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ. ʌʝʨʤʘ ʨʘʙʦʪʘʝʪ ʥʘ ʠʟʛʠʙ ʦʪ ʚʥʝʰʥʝʡ 

ʥʘʛʨʫʟʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʣʦʞʝʥʥʦʡ ʚ ʫʟʣʘʭ, ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʚ ʝʝ ʵʣʝʤʝʥʪʘʭ ʚʦʟʥʠʢʘʶʪ 

ʦʩʝʚʳʝ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʠ ʩʞʠʤʘʶʱʠʝ ʫʩʠʣʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʠʙʦʣʝʝ 

ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʯʝʤ ʚ ʠʟʛʠʙʘʝʤʳʭ ʵʣʝʤʝʥʪʘʭ 

(ʙʘʣʢʘʭ). ʌʝʨʤʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʣʷ ʧʝʨʝʢʨʳʪʠʷ ʙʦʣʴʰʠʭ ʧʨʦʣʸʪʦʚ ʩ 

ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʭʦʜʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʣʝʛʯʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ. ʊʘʢʞʝ ʬʝʨʤʝʥʥʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʢʘʨʢʘʩʦʤ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʫʢʨʝʧʣʝʥʠʝʤ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʩʦʦʨʫʞʝʥʠʡ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʧʨʦʤʘʪʘ ʢ ʪʘʢʠʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʦʪʥʦʩʷʪʩʷ ʬʶʟʝʣʷʞ ʩʘʤʦʣʸʪʘ, 

ʪʝʧʣʦʚʦʟ ʠ ʜʘʞʝ ʢʦʨʧʫʩ ʢʦʨʘʙʣʷ (ʈʠʩ. 1). 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1.  ʌʝʨʤʘ ʬʶʟʝʣʷʞʘ ʩʘʤʦʣʝʪʘ "ʐʝʨʰʝʥʴ" 

ʏʪʦʙʳ ʧʨʘʚʠʣʴʥʦ ʦʮʝʥʠʪʴ ʥʘʣʦʞʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ 

ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʩʭʝʤʫ ʬʝʨʤʳ, ʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʯʝʨʪʘʥʠʝʤ ʧʦʷʩʦʚ ʠ ʚʠʜʦʤ ʨʝʰʝʪʢʠ. ʇʦ 

ʦʯʝʨʪʘʥʠʶ ʧʦʷʩʦʚ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʩʪʨʦʧʠʣʴʥʳʭ ʬʝʨʤ (ʈʠʩ.2.) ʙʳʚʘʶʪ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʧʦʷʩʘʤʠ; ʪʨʘʧʝʮʝʠʜʘʣʴʥʳʝ; ʪʨʝʫʛʦʣʴʥʳʝ ʠ ʩʝʛʤʝʥʪʥʳʝ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ ʚʩʝʭ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʪʠʧʦʚ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤ ʧʦ ʨʘʩʭʦʜʫ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʶʪʩʷ ʩʝʛʤʝʥʪʥʳʝ 

ʬʝʨʤʳ, ʧʦʵʪʦʤʫ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʣʸʪʘ. ʅʦ ʪʘʢʠʝ 

ʬʝʨʤʳ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʪʨʫʜʦʸʤʢʠʤʠ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʧʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʩʝʛʤʝʥʪʥʳʝ ʬʝʨʤʳ 

ʟʘʤʝʥʷʶʪ ʧʦʣʠʛʦʥʘʣʴʥʳʤʠ, ʪʦ ʝʩʪʴ ʩʦ ʩʧʨʷʤʣʸʥʥʳʤʠ ʚ ʧʨʝʜʝʣʘʭ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʵʣʝʤʝʥʪʘʤʠ 

ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ. [4] 

ʆʧʪʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʬʝʨʤ ʠʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʤʘʩʩʳ ʠ ʪʨʝʙʫʝʤʦʡ ʞʸʩʪʢʦʩʪʠ 

(ʤʠʥʠʤʘʣʴʥʘʷ ʤʘʩʩʘ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʤʘʩʩ ʧʦʷʩʦʚ ʠ ʨʝʰʸʪʢʠ) ʠʤʝʝʪ ʦʪʥʦʰʝʥʠʝ 

ʚʳʩʦʪʳ ʬʝʨʤʳ ʢ ʧʨʦʣʸʪʫ / 1/ 4 1/ 5h l= - . ʅʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʬʝʨʤʳ ʧʦʣʫʯʘʶʪʩʷ ʙʦʣʴʰʦʡ 

ʚʳʩʦʪʳ ʠ ʩʪʘʥʦʚʷʪʩʷ ʥʝʫʜʦʙʥʳʤʠ ʧʨʠ ʠʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʤʦʥʪʘʞʝ. ʇʦʵʪʦʤʫ 

ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʳʩʦʪʳ ʬʝʨʤ ʤʝʥʴʰʝ ʦʧʪʠʤʘʣʴʥʳʭ. 

ʅʝʠʟʤʝʥʷʝʤʦʩʪʴ ʬʝʨʤʳ ʧʨʠ ʣʶʙʦʡ ʥʘʛʨʫʟʢʝ ʜʦʩʪʠʛʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦʤ ʨʝʰʸʪʢʠ, 

ʦʙʨʘʟʫʶʱʝʡ ʩʠʩʪʝʤʫ ʪʨʝʫʛʦʣʴʥʠʢʦʚ (ʈʠʩ. 2).  ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʟʣʘʤʠ ʨʝʰʸʪʢʠ ʧʦ ʚʝʨʭʥʝʤʫ 

ʧʦʷʩʫ ʥʘʟʳʚʘʝʪʩʷ ʧʘʥʝʣʴʶ ʬʝʨʤʳ, ʨʘʟʤʝʨ ʢʦʪʦʨʦʡ ʥʘʟʥʘʯʘʝʪʩʷ ʧʦ ʰʠʨʠʥʝ ʩʪʘʥʜʘʨʪʥʳʭ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʣʠʪ ʧʦʢʨʳʪʠʡ 1,5 ʠʣʠ 3 ʤ ʠ ʷʚʣʷʶʪʩʷ ʢʨʘʪʥʳʤ ʤʦʜʫʣʶ 6 ʤ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʨʝʰʸʪʢʦʡ ʷʚʣʷʝʪʩʷ ʪʨʝʫʛʦʣʴʥʘʷ, ʥʦ ʫ ʥʝʸ ʝʩʪʴ ʧʘʨʫ ʥʝʜʦʩʪʘʪʢʦʚ. ʆʜʠʥ ʠʟ 

ʥʠʭ ï ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʣʠʥʘ ʧʘʥʝʣʝʡ ʧʦʷʩʦʚ ʦʩʦʙʝʥʥʦ ʧʨʠ ʙʦʣʴʰʠʭ ʧʨʦʣʸʪʘʭ, ʢʦʪʦʨʘʷ ʚʳʟʳʚʘʝʪ 
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ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʫʟʣʦʚʦʡ ʥʘʛʨʫʟʢʠ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʱʝʡ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

 

 
ʈʠʩ.2. ʆʯʝʨʪʘʥʠʝ ʧʦʷʩʦʚ ʬʝʨʤ 

ʆʩʥʦʚʥʳʤ çʦʧʨʝʜʝʣʝʥʠʝʤè ʧʨʠ ʨʘʩʯʸʪʝ ʥʘʛʨʫʟʢʠ ʠ ʫʟʣʦʚ ʬʝʨʤ ʷʚʣʷʝʪʩʷ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ, ʧʦʵʪʦʤʫ ʦʩʥʦʚʦʡ ʷʚʣʷʝʪʩʷ ʧʝʨʝʩʝʯʝʥʠʝ ʚʩʝʭ ʩʭʦʜʷʱʠʭʩʷ ʚ ʫʟʣʝ ʩʪʝʨʞʥʝʡ ʚ 

ʮʝʥʪʨʝ ʫʟʣʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝʪ ʜʦʩʪʠʛʘʝʪʩʷ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʝ ʩʠʣ ʚ ʫʟʣʝ ʠ ʩʦʭʨʘʥʝʥʠʝ ʦʩʝʚʳʭ 

ʫʩʠʣʠʡ ʚʦ ʚʩʝʭ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʘʭ. [2] 

ʌʝʨʤʳ ʵʢʦʥʦʤʠʯʥʝʝ ʙʘʣʦʢ ʧʦ ʨʘʩʭʦʜʫ ʩʪʘʣʠ, ʥʦ ʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʝʨʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʣʦʰʥʦʩʪʝʥʯʘʪʳʤʠ ʙʘʣʢʘʤʠ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ 

ʧʨʦʣʝʪ ʠ ʤʝʥʴʰʝ ʥʘʛʨʫʟʢʘ. ʈʘʤʥʳʝ ʬʝʨʤʳ ʵʢʦʥʦʤʠʯʥʳ ʧʦ ʨʘʩʭʦʜʫ ʤʘʪʝʨʠʘʣʘ ʠ ʠʤʝʶʪ 

ʤʝʥʴʰʠʝ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʦʜʥʘʢʦ ʙʦʣʝʝ ʩʣʦʞʥʳ ʚ ʤʦʥʪʘʞʝ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦ 

ʜʣʷ ʙʦʣʴʰʝʧʨʦʣʸʪʥʳʭ ʟʜʘʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʨʦʯʥʳʭ ʩʠʩʪʝʤ ʭʦʪʴ ʠ ʜʘʸʪ ʵʢʦʥʦʤʠʶ ʩʪʘʣʠ, 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʸʤʘ ʧʦʤʝʱʝʥʠʷ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʀʭ 

ʧʨʠʤʝʥʝʥʠʝ ʜʠʢʪʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ. 

ʈʘʤʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʣʠ ʬʝʨʤʳ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʧʦʵʪʦʤʫ ʦʯʝʥʴ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʧʦʜʦʙʨʘʪʴ 

ʧʨʘʚʠʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʩʪʨʦʧʠʣ ʠ ʩʘʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʫʞʥʫʶ ʬʦʨʤʫ, ʦʩʫʱʝʩʪʚʠʪʴ 

ʧʨʘʚʠʣʴʥʳʡ ʧʦʜʙʦʨ ʨʘʩʢʦʩʦʚ, ʫʛʦʣʢʦʚ ʠ ʫʟʣʦʚ. 
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ʊʨʦʬʠʤʦʚ, ɸ.ʄ. ʂʘʤʠʥʩʢʠʡ. - ʄ.: ʀʟʜ-ʚʦ ɸʉɺ, 2002. - 575 ʩ.  

2. ʄʫʭʘʥʦʚ ʂ. ʂ. ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. ʀʟʜ. 3-ʝ, ʠʩʧʨ. ʀ ʜʦʧ. 

ʄ., ʉʪʨʦʡʠʟʜʘʪ, 1978. 572 ʩ. 

3. ʌʘʡʙʠʰʝʥʢʦ ɺ. ʂ. ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ: ʋʯʝʙ. ʇʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ. ï ʄ.: 

ʉʪʨʦʡʠʟʜʘʪ, 1984. ï 336 ʩ. 

4. Pashkov E.N. VESSEL ELLIPTICITY AND ECCENTRICITY EFFECT ON AUTOMATIC 

BALANCING ACCURACY/ Pashkov E.N., Martyushev N.V., Masson I.A.// ɺ ʩʙʦʨʥʠʢʝ: IOP 

Conference Series: Materials Science and Engineering 20, Modern Techniques and Technologies. 

ʉʝʨ. "20th International Conference for Students and Young Scientists: Modern Techniques and 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɼʀʅɸʄʀʂʀ ʆɼʅʆʇʆʈʐʅɽɺʆɻʆ ɼɺʀɻɸʊɽʃʗ 

 

ɺ.ɺ. ɼʨʦʥʦʚ, ʢ.ʪ.ʥ., ʜʦʮ., 

ɽ.ʉ. ʉʧʝʩʠʚʮʝʚ, ʩʪʫʜʝʥʪ ʛʨ. 4ʅʄ91 

ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 634050, ʛ. ʊʦʤʩʢ, ʧʨ.ʃʝʥʠʥʘ,30,  

E-mail: ess42@tpu.ru  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʠʤʝʨ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʦʜʥʦʧʦʨʰʥʝʚʦʛʦ ʜʚʠʛʘʪʝʣʷ 62GX 

62cc Single-Cylinder Gas Engine ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ 

ʚʳʯʠʩʣʝʥʠʡ MATLAB . ɼʣʷ ʜʚʠʛʘʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

 

ʘ)  ʙ)  

ʈʠʩ. 1. - ʘ) ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʙʨʦʥʟʳ ɹʨʉ10. ʦʜʥʦʧʦʨʰʥʝʚʦʡ ʜʚʠʛʘʪʝʣʴ 62GX 62cc 

Single-Cylinder Gas Engine ʙ) ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʉʭʝʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʪʨʦʡʩʪʚʦ: ʦʜʥʦʧʦʨʰʥʝʚʦʡ 

ʜʚʠʛʘʪʝʣʴ. ʇʨʦʥʫʤʝʨʦʚʘʥʥʳʤ ʤʘʩʩʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʫʟʣʳ ʜʚʠʛʘʪʝʣʷ: 

¶ m1 ï ʧʦʨʰʝʥʴ; 

¶ m2 ï ʥʠʞʥʷʷ ʛʦʣʦʚʢʘ ʰʘʪʫʥʘ ; 

¶ m3 ï ʢʦʣʝʥʯʘʪʳʡ ʚʘʣ; 

¶ m4 ï ʤʘʭʦʚʠʢ 

ʇʨʦʥʫʤʝʨʦʚʘʥʥʳʤ ʧʨʫʞʠʥʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʥʢʘ: 

¶ c1 ï ʨʘʟʨʝʞʸʥʥʦʩʪʴ ʚʥʫʪʨʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ; 

¶ c2 ï ʩʫʤʤʘʨʥʘʷ ʞʝʩʪʢʦʩʪʴ ʰʘʪʫʥʘ; 

¶ c3 ï ʩʫʤʤʘʨʥʘʷ ʞʝʩʪʢʦʩʪʴ ʢʨʝʧʝʞʝʡ ʥʠʞʥʝʡ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ; 

¶ c4 ï ʩʫʤʤʘʨʥʘʷ ʞʝʩʪʢʦʩʪʴ ʢʨʝʧʝʞʝʡ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ; 

¶ c5 ï ʩʫʤʤʘʨʥʘʷ ʞʝʩʪʢʦʩʪʴ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ ʢʦʣʝʥʯʘʪʳʤ ʚʘʣʦʤ ʠ 

ʤʘʭʦʚʠʢʦʤ; 

¶ c6 ï ʩʫʤʤʘʨʥʘʷ ʞʝʩʪʢʦʩʪʴ ʥʘʞʠʤʥʦʛʦ ʜʠʩʢʘ. 

ʇʨʦʥʫʤʝʨʦʚʘʥʥʳʤ ʜʝʤʧʬʝʨʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʥʢʘ: 

¶ hext ï ʪʨʝʥʠʝ ʚʦʟʜʫʭʦʪʦʧʣʠʚʥʦʡ ʩʤʝʩʠ; 

¶ h1 ï ʪʨʝʥʠʝ ʧʦʨʰʥʷ ʦ ʮʠʣʠʥʜʨ ; 

¶ h3 ï ʪʨʝʥʠʝ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʦ ʥʠʞʥʝʶ ʛʦʣʦʚʢʫ ʰʘʪʫʥʘ ; 

¶ h4 ï ʪʨʝʥʠʝ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ; 

¶ h6 ï ʪʨʝʥʠʝ ʤʘʭʦʚʠʢʘ ʦ ʥʘʞʠʤʥʦʡ ʜʠʩʢ. 

ʄʘʩʩʘ ʪʝʣ m1 m2 m4 = 20 ʢʛ, m3 = 40 ʢʛ, ʏʘʩʪʦʪʘ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʤʝʤ Ὢ = 90 

ɻʮ. ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ hext, h3, h4, h6 = 65 ʅĿʩ/ʤ, h1 = 80 ʅĿʩ/ʤ. 

ʉʦʩʪʘʚʣʝʥʠʝ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 
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ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ: 

ὡ ὴ
ὼ̃ ̜̖

ὼ̃ ̖

ὼ

ὼὩὼὸ
 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʘʧʣʘʩʘ ʧʨʠ ʧʦʤʦʱʠ MATLAB 

 
ʈʠʩ. 2. ï ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ ʚ MATLAB  

ʇʦʜʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʞʝʩʪʢʦʩʪʝʡ ʜʚʫʭ 

ʧʨʫʞʠʥ ʩ1 ʠ c6, ʧʨʠʜʝʨʞʠʚʘʷʩʴ ʟʥʘʯʝʥʠʡ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ (f04 - f01, f02 - f04, f03 - 

f02) Ó 10, ʘ ʪʘʢʞʝ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʥʝ ʜʦʣʞʥʳ ʩʦʚʧʘʜʘʪʴ ʩʦ ʟʥʘʯʝʥʠʝʤ ʚʥʝʰʥʝʡ 

ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ (f01, f02, f03, f04) Í fw. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ c1 ʠ c6 ʚʣʠʷʶʪ ʥʘ 

ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʫ ʪʝʣ ʩ ʤʘʩʩʘʤʠ m1 ʠ m4. ʇʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ, 

ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

 
ʈʠʩ. 3. ï ʊʘʙʣʠʮʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʪʝʣ 

ʇʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʩ1 = 29439 ʅ/ʤ ʠ ʩ6 = 35490 ʅ/ʤ. ʞʝʩʪʢʦʩʪʴ ʧʨʫʞʠʥ 

ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʪ.ʢ. ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʩʘʤʘʷ ʤʠʥʠʤʘʣʴʥʘʷ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʕʥʮʠʢʣʦʧʝʜʠʷ ʧʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʶ XXL: [ʩʘʡʪ]. ï URL: https://mash-

xxl.info/info/65342/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 14.05.2020). - ʈʝʞʠʤ ʜʦʩʪʫʧʘ: ʩʚʦʙʦʜʥʳʡ. ʊʝʢʩʪ: 

ʵʣʝʢʪʨʦʥʥʳʡ. 

2. ɼʝʨʶʰʝʚʘ, ɺ.ʅ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ 
ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ /ɺ.ʅ. ɼʝʨʶʰʝʚʘ. ï ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ï ʊʦʤʩʢ: ʀʟʜʘʪʝʣʴʩʪʚʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, 2014, - 8 ʩ.  
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ʈɸʉʏɽʊ ʅɸ ʇʈʆʏʅʆʉʊʔ ʉɺɸʈʅʆɻʆ ʋʊʆʈʅʆɻʆ ʐɺɸ ʈɽɿɽʈɺʋɸʈɸ ʈɺʉ- 30000 

 

ɻ.ʈ. ɿʠʷʢʘʝʚ, ʢ.ʪ.ʥ., ʜʦʮ.,  

ɽ.ʆ. ʂʫʢʣʠʥ, ʩʪʫʜʝʥʪ ʛʨ. 2ɹʄ05 

ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 634050, ʛ.ʊʦʤʩʢ, ʧʨ.ʃʝʥʠʥʘ,30,  

E-mail: eok8@tpu.ru 

 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʟʝʨʚʫʘʨʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʧʝʨʘʮʠʡ ʧʦ ʩʙʦʨʫ, ʭʨʘʥʝʥʠʶ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʢʣʶʯʝʥʠʡ ʠ ʫʯʝʪʘ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʘʢʠʭ ʨʝʟʝʨʚʫʘʨʦʚ ʦʪʨʘʙʦʪʘʥʘ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ, ʨʠʩʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʬʝʢʪʘ ʚ ʩʚʘʨʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ.  

ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʡ, ʥʝʩʦʙʣʶʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʝʞʠʤʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʩʦʝʜʠʥʝʥʠʷ. ʇʦʠʩʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʫʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɺ ʫʟʣʝ ʩʦʧʨʷʞʝʥʠʷ ʩʪʝʥʢʘ - ʜʥʠʱʝ ʚʦʟʥʠʢʘʝʪ ʢʨʘʝʚʦʡ ʵʬʬʝʢʪ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʧʦʷʚʣʝʥʠʶ 

ʠʟʛʠʙʘ ʦʙʦʣʦʯʝʢ, ʦʪ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ, ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʠ ʢʦʣʴʮʝʚʳʭ ʫʩʠʣʠʡ. ʀʟʛʠʙʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʫʤʤʠʨʫʶʪʩʷ ʩ 

ʤʝʨʠʜʠʦʥʘʣʴʥʳʤʠ ʠ ʢʦʣʴʮʝʚʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʦʢ, 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʨʘʩʯʝʪʘ ʤʝʪʦʜʦʤ ʩʠʣ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1. - ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʦʢ ʜʣʷ ʫʟʣʘ ʩʦʧʨʷʞʝʥʠʷ ʩʪʝʥʢʠ ʨʝʟʝʨʚʫʘʨʘ ʠ 

ʜʥʠʱʘ, ʨʝʰʘʝʤʘʷ ʤʝʪʦʜʦʤ ʩʠʣ 

ʘ) ʠʩʭʦʜʥʘʷ ʩʠʩʪʝʤʘ ï ʩʦʚʤʝʩʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʩʪʝʥʢʠ ʠ ʜʥʠʱʘ; ʙ) ʦʩʥʦʚʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ 

ʨʘʩʯʝʪʘ ʥʠʞʥʝʛʦ ʫʟʣʘ ʤʝʪʦʜʦʤ ʩʠʣ 

 

ɺ ʟʦʥʝ ʫʪʦʨʥʦʛʦ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʟʘ ʩʯʝʪ ʣʠʤʠʪʠʨʦʚʘʥʠʷ ʨʘʜʠʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ 

ʩʪʝʥʢʠ ʠ ʜʥʠʱʘ ʚʦʟʥʠʢʘʝʪ ʩʦʚʤʝʩʪʥʦʝ ʜʝʡʩʪʚʠʝ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣʳ. 

ʋʟʝʣ ʩʦʝʜʠʥʝʥʠʷ ʩʪʝʥʢʘ - ʜʥʠʱʝ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʳʤ, ʠ ʜʣʷ ʝʝ ʨʘʩʢʨʳʪʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʩʠʣ. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʝ ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʳʝ 

ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘʥʳ ʧʫʪʝʤ ʤʳʩʣʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʪʝʥʢʠ ʠ ʜʥʠʱʘ ʚ ʪʦʯʢʝ 

ʩʦʧʨʷʞʝʥʠʷ. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʝʰʝʥʠʝ ʜʚʫʭ ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʳʭ ʩʠʩʪʝʤ.  

ɺ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʚʚʦʜʷʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʠʣʠʷ ʥʝʠʟʚʝʩʪʥʦʡ ʚʝʣʠʯʠʥʳ (X1 ï 

ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ, X2 ï ʧʦʧʝʨʝʯʥʘʷ ʩʠʣʘ). ʈʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʦʩʥʦʚʥʳʤ 

ʫʩʣʦʚʠʝʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝ ʩʦʚʤʝʩʪʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʡ ʩʪʝʥʢʠ ʠ ʜʥʠʱʘ ʚ ʪʦʯʢʝ 

ʩʦʧʨʷʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʝʣʠʯʠʥʳ ʚʚʝʜʝʥʥʳʭ ʥʝʠʟʚʝʩʪʥʳʭ. ɺʩʝ ʧʝʨʝʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 
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ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʪ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ, ʤʦʤʝʥʪʘ ʠ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣʳ 

ʧʨʠʥʠʤʘʶʪʩʷ ʨʘʚʥʳʤʠ ʥʫʣʶ. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 
ʜʝ ‏ὭὮ ʩʪ , ‏ὭὮ ʜʥ - ʝʜʠʥʠʯʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʩʪʝʥʢʠ ʠ ʜʥʠʱʘ ʦʪ ʝʜʠʥʠʯʥʦʛʦ ʤʦʤʝʥʪʘ X1 ʠ 

ʝʜʠʥʠʯʥʦʡ ʩʠʣʳ X2;  

æὭὴ ʩʪ , æὭὴ ʜʥ - ʝʜʠʥʠʯʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʩʪʝʥʢʠ ʠ ʜʥʠʱʘ ʦʪ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʧʨʠʚʝʜʝʥ ʚ ʊʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 - ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʛʣʦʚʳʭ 

ʰʚʦʚ ʪʘʚʨʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʪʝʥʢʘ-ʜʥʠʱʝ ʨʝʟʝʨʚʫʘʨʦʚ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʨʘʟʤʝʨʦʚ 

ʨʝʟʝʨʚʫʘʨʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʩʪʘʣʠ 09ɻ2ʉ 

ʋʪʦʨʥʳʡ ʫʟʝʣ  ʋʋ-1 ʋʋ-2 ʋʋ-3 ʋʋ-4 ʋʋ-5 

ʊʦʣʱʠʥʘ ʜʥʠʱʘ Sd, ʤʤ 9 9 9 14 16 

ʊʦʣʱʠʥʘ ʩʪʝʥʢʠ Sʩʪ, ʤʤ 9 10 13 22 28 

ʈʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ, 

ʄʇʘ 

245 262 284 186 174 

 

ʈʘʟʨʘʙʦʪʘʥʘ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʫʪʦʨʥʦʛʦ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʩʪʘʣʴʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʷʪʴ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʫʟʣʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʟʝʨʚʫʘʨʘ. ʇʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʪʠʧʦʨʘʟʤʝʨʦʚ ʫʪʦʨʥʳʭ ʫʟʣʦʚ. ʇʨʦʚʝʜʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʩʫʱʝʩʪʚʫʶʱʠʤ 

ʤʝʪʦʜʘʤ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʪʦʨʥʦʛʦ ʫʟʣʘ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼʀʅɸʄʀʏɽʉʂʆʁ ɺʀɹʈɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄʓ 

ɺɽʈʊʀʂɸʃʔʅʆɻʆ ʉɺɽʈʃʀʃʔʅʆɻʆ ʉʊɸʅʂɸ 

 

ɽ.ɸ. ʂʘʙʘʢʘʝʚ, ʩʪʫʜʝʥʪ ʛʨ. 4ʅʄ91 

ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 634050, ʛ.ʊʦʤʩʢ, ʧʨ.ʃʝʥʠʥʘ,30, 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɺ.ɺ. ɼʨʦʥʦʚ, ʢ.ʪ.ʥ. ʜʦʮʝʥʪ ʆʄ ʀʐʅʇʊ 

 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʜʝʨʞʢʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʩʥʠʞʝʥʳ ʦʧʪʠʤʠʟʘʮʠʝʡ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʦʟʜʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ MATLAB [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʠ ʜʘʣʴʥʝʡʰʝʤʫ ʧʦʜʙʦʨʫ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʩʪʫʧʘʣ ʚʝʨʪʠʢʘʣʴʥʳʡ ʩʚʝʨʣʠʣʴʥʳʡ 

ʩʪʘʥʦʢ KSB 40 CNC (ʨʠʩ. 1ʘ). 

 

 
ʈʠʩ. 1. ɺʝʨʪʠʢʘʣʴʥʳʡ ʩʚʝʨʣʠʣʴʥʳʡ ʩʪʘʥʦʢ KSB 40 CNC: ʚʥʝʰʥʠʡ ʚʠʜ ʩʪʘʥʢʘ (ʘ), 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʪʘʥʢʘ (ʙ) 

 

ʇʨʦʥʫʤʝʨʦʚʘʥʥʳʤ ʤʘʩʩʘʤ (mn) ʥʘ ʩʭʝʤʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʘʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʥʢʘ, 

ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʞʝʩʪʢʦʩʪʝʡ (cn) ï ʩʫʤʤʘʨʥʘʷ ʞʝʩʪʢʦʩʪ ɹʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ ʯʘʩʪʷʤʠ ʩʪʘʥʢʘ, 

ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʪʨʝʥʠʷ (hn) ï ʪʨʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʤʝʞʜʫ ʯʘʩʪʷʤʠ ʩʪʘʥʢʘ [2]. 

ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʪʫʧʘʝʪ ʩʠʣʘ ʨʝʟʘʥʠʷ Fʨ (1), ʩʦʩʪʦʷʱʘʷ ʠʟ ʧʦʩʪʦʷʥʥʦʡ 

ʩʠʣʳ F0 ʠ ʢʦʣʝʙʣʶʱʝʡʩʷ ʠʟ-ʟʘ ʧʝʨʝʤʝʥʥʦʡ ʪʚʝʨʜʦʩʪʠ ʜʝʪʘʣʠ ʩʠʣʳ Aʨ. 

╕̑ ╕ ˍ̑ Ͻ▼░▪◌Ͻ◄ (1) 

ʉʦʩʪʘʚʠʤ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (2) ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ (ʨʠʩ. 1ʙ). 
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(2) 

ʅʘʧʠʰʝʤ ʧʨʦʛʨʘʤʤʳ ʚ ʩʨʝʜʝ MATLAB  ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ. ʇʦʜʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʞʝʩʪʢʦʩʪʝʡ ʜʚʫʭ 

ʧʨʫʞʠʥ ʩ1 ʠ c4. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʚʣʠʷʶʪ ʥʘ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʫ ʪʝʣ ʩ 
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ʤʘʩʩʘʤʠ m1 ʠ m4. ʅʝʦʙʭʦʜʠʤʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ, ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʜʦ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʩʚʝʜʝʤ ʚ ʪʘʙʣʠʮʫ 1. 

 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ 

 ʩ4 = 5.662e7 ʅ/ʤ ʩ4 = 6.662e7 ʅ/ʤ ʩ4 = 7.662e7 ʅ/ʤ 

c1 = 3.4413e5 ʅ/ʤ 9.301e-5 ʤ 8.8ʝ-5 ʤ 8.333ʝ-5 ʤ 

c1 = 4.4413e5 ʅ/ʤ 9.844ʝ-5 ʤ 8.848ʝ-5 ʤ 8.991ʝ-5 ʤ 

c1 = 5.4413e5 ʅ/ʤ 9.236ʝ-5 ʤ 9.017ʝ-5 ʤ 8.619ʝ-5 ʤ 

 

ʀʟ ʪʘʙʣʠʮʳ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ, ʩʘʤʦʝ ʤʠʥʠʤʘʣʴʥʦʝ ʧʨʠ ʥʘʠʤʝʥʴʰʝʤ 

ʟʥʘʯʝʥʠʠ ʩ1 = 3.4413e5 ʅ/ʤ ʠ ʥʘʠʙʦʣʴʰʝʤ ʟʥʘʯʝʥʠʠ ʩ4 = 7.662e7 ʅ/ʤ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʥʝ ʚʦʟʥʠʢʘʣ ʨʝʟʦʥʘʥʩ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʯʘʩʪʦʪʘ 

ʚʥʝʰʥʠʭ ʢʦʣʝʙʘʥʠʡ fw ʥʝ ʩʦʚʧʘʜʘʣʘ ʩ ʯʘʩʪʦʪʦʡ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʝʣ. ɻʨʘʬʠʢ ʩʧʝʢʪʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2. 

 

 
 

ʈʠʩ. 2. ɻʨʘʬʠʢ ʩʧʝʢʪʨʘ ʈʠʩ. 3. ɻʨʘʬʠʢ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʯʘʩʪʦʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 

ʇʦ ʛʨʘʬʠʢʫ ʚʠʜʥʦ, ʯʪʦ ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʥʝ ʚʦʟʥʠʢʘʝʪ ʨʝʟʦʥʘʥʩ. 

ʇʦʩʪʨʦʠʤ ʛʨʘʬʠʢʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʠʩ. 3.). ʇʦ ʛʨʘʬʠʢʘʤ Step 

Response ʠ Impulse Response ʚʠʜʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ ʫʩʪʦʡʯʠʚʘ ʪ.ʢ. ʧʝʨʝʭʦʜʥʘʷ ʬʫʥʢʮʠʷ ʟʘʪʫʭʘʝʪ. 

ʇʦ ʜʠʘʛʨʘʤʤʝ ɹʦʜʝ: ʩʠʩʪʝʤʘ ʫʩʪʦʡʯʠʚʘ, ʪʘʢ ʢʘʢ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʌʏʍ 180Ü, ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ 

ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʘʷ ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʨʠʮʘʪʝʣʴʥʘ. ɻʨʘʬʠʢ Nyquist Diagram 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʩʪʦʡʯʠʚʳʡ ʫʩʠʣʠʪʝʣʴ, ʪ.ʢ. ʧʝʨʝʩʝʢʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʦʩʴ 

ʩʧʨʘʚʘ ʦʪ ʪʦʯʢʠ (-1, 0), ʘ ʘʤʧʣʠʪʫʜʘ ʧʝʪʣʝʚʦʛʦ ʫʩʠʣʝʥʠʷ ʧʨʠ f180 ï ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ [3]. 

ɺ ʭʦʜʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʩʪʘʥʢʘ, ʧʦʜʦʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ MATLAB  ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʠʟʜʝʨʞʢʠ ʠ ʚʨʝʤʷ ʥʘ ʥʘʪʫʨʥʳʝ 

ʠʩʧʳʪʘʥʠʷ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʪ.ʝ. ʪʝʯʝʥʠʷ, ʚʦʜʥʳʭ ʤʘʩʩ ʚ ʨʫʩʣʦʚʳʭ 

ʚʦʜʦʪʦʢʘʭ ʠ ʧʨʠʣʠʚʥʳʭ ʜʚʠʞʝʥʠʷʭ. ʏʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʥʝʨʛʠʷ ʧʘʜʘʶʱʝʡ ʚʦʜʳ. ɼʦ 

ʩʝʨʝʜʠʥʳ 19 ʚ. ʜʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʣʠʩʴ ʚʦʜʷʥʳʝ ʢʦʣʝʩʘ, ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʵʥʝʨʛʠʶ ʜʚʠʞʫʱʝʡʩʷ 

ʚʦʜʳ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚʨʘʱʘʶʱʝʛʦʩʷ ʚʘʣʘ. ʇʦʟʜʥʝʝ ʧʦʷʚʠʣʠʩʴ ʙʦʣʝʝ ʙʳʩʪʨʦʭʦʜʥʳʝ 

ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʪʫʨʙʠʥʳ. ɼʦ ʢʦʥʮʘ 19 ʚ. ʵʥʝʨʛʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ ʚʘʣʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʟʤʦʣʘ ʟʝʨʥʘ ʠʣʠ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚ ʜʝʡʩʪʚʠʝ 

ʢʫʟʥʝʯʥʳʭ ʤʝʭʦʚ ʠ ʤʦʣʦʪʘ. ɺ ʥʘʰʠ ʜʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʩʦʟʜʘʚʘʝʤʘʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʪʫʨʙʠʥʘʤʠ, ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 

ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʙʦʣʝʝ 2,8 ʤʣʥ ʨʝʢ ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 12,4 ʤʣʥ ʢʤ, ʜʣʷ ʧʝʨʝʧʨʘʚʳ 

ʯʝʨʝʟ ʥʠʭ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʤʦʩʪʳ. ʄʦʩʪ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʟʘʪʨʘʪʥʳʤ ʩʦʦʨʫʞʝʥʠʝʤ, 

ʧʦʤʠʤʦ ʝʛʦ ʧʦʩʪʨʦʡʢʠ ʥʝ ʤʘʣʳʝ ʩʨʝʜʩʪʚʘ ʪʨʘʪʷʪʩʷ ʥʘ ʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʝ. ɼʣʷ ʦʩʚʝʱʝʥʠʷ ʤʦʩʪʘ, 

ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʚʦʜʷʪ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʠʟ ʙʣʠʞʘʡʰʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ. [1] 

ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʥʘʩʝʣʝʥʥʳʤʠ ʧʫʥʢʪʘʤʠ, ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʚʩʝ ʯʘʱʝ ʧʦʜʥʠʤʘʝʪʩʷ ʚʦʧʨʦʩ ʦ 

ʧʨʠʤʝʥʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ.  ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ, ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʠʣʠ ʛʠʜʨʦʛʝʥʝʨʘʪʦʨʳ. ʅʦ ʚʝʪʨʦʚʳʝ ʧʦʪʦʢʠ 

ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʩʪʘʙʠʣʴʥʳʤʠ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʚʦʚʩʝ, ʘ ʤʦʛʫʪ ʙʳʪʴ ʫʨʘʛʘʥʳ, 

ʢʦʪʦʨʳʝ ʧʦʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʨʘʟʨʫʰʝʥʠʝ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ. ɺ ʩʣʫʯʘʝ ʩ ʩʦʣʥʝʯʥʳʤʠ ʙʘʪʘʨʝʷʤʠ, 

ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʳʤ, ʦʩʦʙʝʥʥʦ ʚ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʘʭ ʩʪʨʘʥʳ, ʛʜʝ 

ʥʝʙʦʣʴʰʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʩʚʝʪʦʚʦʛʦ ʜʥʷ ʠ ʦʙʠʣʴʥʳʝ ʩʥʝʞʥʳʝ ʦʩʘʜʢʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʛʠʜʨʦʛʝʥʝʨʘʪʦʨʘ, ʦʥʠ ʨʘʙʦʪʘʶʪ ʦʪ ʪʝʯʝʥʠʷ ʨʝʢʠ. ɺʦʜʘ ʥʝʩʝʪ ʟʘ 

ʩʦʙʦʡ ʧʦʩʪʦʷʥʥʳʡ ʧʦʪʦʢ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʚ 

ʤʝʭʘʥʠʯʝʩʢʫʶ, ʘ ʜʘʣʝʝ ʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʧʦʪʦʢ ʵʥʝʨʛʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ 

ʧʦʩʪʦʷʥʥʳʡ.  

ʈʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ ʤʦʜʫʣʴʥʦʛʦ ʛʠʜʨʦʛʝʥʝʨʘʪʦʨʘ (ʨʠʩ.1): 

 
ʈʠʩ.1. ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʤʦʜʫʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ  

ʇʦʜ ʤʦʜʫʣʴʥʳʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʪʦ, ʯʪʦ ʢʘʞʜʘʷ ʝʛʦ ʯʘʩʪʴ (ʊʫʨʙʠʥʘ, 

ʨʝʜʫʢʪʦʨ, ʛʝʥʝʨʘʪʦʨ) ʙʫʜʝʪ ʟʘʤʝʥʷʝʤʦʡ. ʇʦʜʙʦʨ ʤʦʜʫʣʝʡ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʩʪʘ ʠ ʨʝʢʠ. [4] 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʛʠʜʨʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʉʝʚʝʨʥʦʤ ʤʦʩʪʫ ʛʦʨʦʜʘ 

ʊʦʤʩʢʘ.  

mailto:vsk55@tpu.ru
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ʅʘ ʤʦʩʪʫ ʥʘʭʦʜʷʪʩʷ 60 ʩʚʝʪʦʜʠʦʜʥʳʭ ʬʦʥʘʨʝʡ, ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʧʦʪʨʝʙʣʷʝʪ 60 ɺʪ 

ʵʥʝʨʛʠʠ ʚ ʯʘʩ, ʪʦ ʝʩʪʴ ʚʝʩʴ ʤʦʩʪ ʧʦʪʨʝʙʣʷʝʪ 3.6 ʂɺʪ ʚ ʯʘʩ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤ ʛʝʥʝʨʘʪʦʨ ʩ ʟʘʧʘʩʦʤ ʤʦʱʥʦʩʪʠ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤ ʛʝʥʝʨʘʪʦʨ ʥʘ 10 ʂɺʪ/ʯ, ʦʥ ʨʘʙʦʪʘʝʪ ʥʘ 2600 ï 3200  ʦʙ./ʤʠʥ. 

ʆʙʳʢʥʦʚʝʥʥʘʷ ʪʫʨʙʠʥʘ ʥʝ ʩʤʦʞʝʰʴ ʨʘʟʚʠʪʴ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʪʘʚʠʤ 

ʨʝʜʫʢʪʦʨ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʝʯʝʥʠʝ ʨʝʢʠ ʧʨʠʤʝʨʥʦ 1.8 ʤ/ʩ, ʧʨʠ ʪʘʢʦʡ ʥʝʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ 

ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʪʫʨʙʠʥʫ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʚʨʘʱʘʪʴ ʚʘʣ 300 ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ ʩ ʜʦʩʪʘʪʦʯʥʦʡ 

ʤʦʱʥʦʩʪʴʶ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤ ʨʝʜʫʢʪʦʨ ʩ ʧʝʨʝʜʘʪʦʯʥʳʤ ʯʠʩʣʦʤ 1 ʢ 10, ʯʪʦ ʩʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʯʝʨʚʷʯʥʳʡ ʨʝʜʫʢʪʦʨ.  

 
ʈʠʩ.2. ʉʝʚʝʨʥʳʡ ʤʦʩʪ ʛʦʨʦʜʘ ʊʦʤʩʢʘ  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʳ ʩʤʦʞʝʤ ʩʥʘʙʞʘʪʴ ʤʦʩʪ, ʥʝ ʧʨʦʚʦʜʷ ʢ ʥʝʤʫ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʜʘʥʥʦʡ 

ʫʩʪʘʥʦʚʢʦʡ.  

ʂʦʥʝʯʥʦ ʚʦʟʥʠʢʘʝʪ ʤʥʦʞʝʩʪʚʦ ʚʦʧʨʦʩʦʚ ʩ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʠ ʫʩʪʘʥʦʚʢʦʡ. ɼʘʥʥʳʡ 

ʛʝʥʝʨʘʪʦʨ ʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʘ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʩ ʧʦʜʲʝʤʥʠʢʦʤ, ʢʦʪʦʨʘʷ ʢʨʝʧʠʪʩʷ 

ʢ ʤʦʩʪʫ ʠ ʚ ʩʣʫʯʘʝ ʧʦʣʦʤʢʠ, ʧʦʜʳʤʘʪʴ ʛʝʥʝʨʘʪʦʨ ʠ ʯʠʥʠʪʴ ʥʘ ʤʝʩʪʝ. ʊʘʢ ʢʘʢ ʛʠʜʨʦʛʝʥʝʨʘʪʦʨ 

ʤʦʜʫʣʴʥʳʡ, ʪʦ ʤʦʞʥʦ ʩʨʘʟʫ ʞʝ ʟʘʤʝʥʷʪʴ ʧʦʣʦʤʘʥʥʳʡ ʙʣʦʢ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ:  

1. https://ru.wikipedia.org/wiki/ʉʠʩʪʝʤʘ_ʘʚʪʦʥʦʤʥʦʛʦ_ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

2. ʇʦʥʦʤʘʨʝʚ-ʉʪʩʧʥʦʡ ʅ.ʅ. ɸʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʠ ʝʝ ʙʫʜʫʱʝʝ // ʕʥʝʨʛʝʪʠʢʘ ʈʦʩʩʠʠ: 

ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ. ʊʨʫʜʳ ʥʘʫʯ. ʩʝʩʩʠʠ ʈɸʅ. ʄ.: ʅʘʫʢʘ, 2006. 

3.  ɸʥʪʨʦʧʦʚ ʇ.ʗ. ʊʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ɿʝʤʣʠ. ʄ.: ɺʀʅʀʊʀ, 1974. 

4. Pashkov E.N. VESSEL ELLIPTICITY AND ECCENTRICITY EFFECT ON AUTOMATIC 

BALANCING ACCURACY/ Pashkov E.N., Martyushev N.V., Masson I.A.// ɺ ʩʙʦʨʥʠʢʝ: IOP 

Conference Series: Materials Science and Engineering 20, Modern Techniques and Technologies. 

ʉʝʨ. "20th International Conference for Students and Young Scientists: Modern Techniques and 

Technologies, MTT 2014" - 2014. - ʉ. 012011. 
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ʇʈʀʏʀʅʓ ɺʆɿʅʀʂʅʆɺɽʅʀʗ ɸɺɸʈʀʁʅʓʍ ʆʉʊɸʅʆɺʆɺ 

ʇʈʀ ʕʂʉʇʃʋɸʊɸʎʀʀ ʂʆʄʇʃɽʂʉʆɺ ɻʃʋɹʆʂʆʁ ʈɸɿʈɸɹʆʊʂʀ ʋɻʃʗ1 

 

ɼ.ɺ. ʂʦʧʳʪʠʥ, ʩʦʠʩʢʘʪʝʣʴ ʢʘʬʝʜʨʳ ʛʦʨʥʳʭ ʤʘʰʠʥ ʠ ʢʦʤʧʣʝʢʩʦʚ 

ʂʫʟʙʘʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʊ.ʌ. ɻʦʨʙʘʯʝʚʘ 

650099, ʂʝʤʝʨʦʚʦ, ʫʣ. ɺʝʩʝʥʥʷʷ, 28 

 

ʕʬʬʝʢʪʠʚʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʛʣʫʙʦʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʫʛʣʷ (ʂɻʈʇ) (ʨʠʩ. 1) [1-3] 

ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʪʢʘʟʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʨʦʞʜʘʶʱʠʭʩʷ ʜʝʬʝʢʪʦʚ. ɼʦʩʪʠʞʝʥʠʝ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʧʦʣʥʠʤʦ ʪʦʣʴʢʦ ʧʨʠ 

ʩʦʙʣʶʜʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʝʤʦʥʪʫ 

ʠ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 
 

 

ʈʠʩ. 1. ʂʦʤʧʣʝʢʩ ʛʣʫʙʦʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʫʛʣʷ ʤʦʜʝʣʠ CAT-SHM 

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʂɻʈʇ ʟʘʚʦʜʩʢʠʭ ʥʦʤʝʨʦʚ 28 ʠ 29, 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʚʝʩʪʥʦʡ ʢʦʤʧʘʥʠʠ Caterpillar SUPERIOR HIGHWALL  MINERS (CAT-SHM), 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʭʨʦʥʦʤʝʪʨʘʞʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʠʭ ʨʘʙʦʪʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʧʨʠʯʠʥʳ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʠʩʰʝʩʪʚʠʡ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʘʚʘʨʠʡʥʳʤ ʧʨʦʩʪʦʷʤ 

ʢʦʤʧʣʝʢʩʦʚ (ʨʠʩ. 2). ʅʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 2-ʭ ʣʝʪ ʥʘ ʨʘʟʨʝʟʝ çʈʘʩʧʘʜʩʢʠʡè 

ɿɸʆ çʐʘʭʪʘ ʈʘʩʧʘʜʩʢʘʷè ʧʨʠ ʚʳʝʤʢʝ ʫʛʣʷ ʩ ʙʦʨʪʘ ʨʘʟʨʝʟʘ. 

 
ʈʠʩ. 2. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʩʪʦʝʚ ʂɻʈʇ, ʩʚʷʟʘʥʥʳʭ ʩ ʣʠʢʚʠʜʘʮʠʝʡ ʦʪʢʘʟʦʚ 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ ʈʌʌʀ (ʂʝʤʝʨʦʚʩʢʘʷ ʦʙʣʘʩʪʴ)  

ˉ 20-45-420018 çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚʳʝʤʢʠ 

ʟʘʙʘʣʘʥʩʦʚʳʭ ʟʘʧʘʩʦʚ ʫʛʣʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʛʣʫʙʦʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʩʪʘè 
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ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 2, - ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʘʚʘʨʠʡʥʳʭ 

ʦʩʪʘʥʦʚʦʚ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʶʪʩʷ ʦʪʢʘʟʳ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʚʷʟʢʦʩʪʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʤʘʩʣʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ (ʨʠʩ.3) [4]. 

 
ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ ʧʦ ʤʝʩʷʮʘʤ ʛʦʜʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʂɻʈʇ CAT-SHM ˉ28 ʠ CAT-SHM ˉ29 ʚ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʧʦʢʘʟʘʣ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʙʣʝʤʳ 

ʫʭʫʜʰʝʥʠʷ ʩʚʦʡʩʪʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʤʘʩʝʣ ʚ ʪʝʧʣʳʝ ʧʝʨʠʦʜʳ ʛʦʜʘ, ʘ ʩ ʜʨʫʛʦʡ ï ʠʭ 

ʥʝʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʢ ʨʘʙʦʪʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ -25Áʉ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʳ 

ʧʨʦʙʣʝʤʳ ʠʤʝʥʥʦ ʟʠʤʥʠʭ ʧʝʨʠʦʜʦʚ, ʪʘʢ ʢʘʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʨʝʤʷ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʦʪʢʘʟʦʚ ʠ 

ʫʩʣʦʞʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ, ʘ ʪʘʢʞʝ ʪʨʝʙʫʶʪʩʷ ʤʝʨʦʧʨʠʷʪʠʷ ʜʣʷ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʘʜʘʧʪʘʮʠʠ ʂɻʈʇ ʢ ʫʢʘʟʘʥʥʳʤ ʫʩʣʦʚʠʷʤ. 
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʢʣʝʱʝʚʦʛʦ ʟʘʭʚʘʪʘ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʚ ʮʝʣʷʭ ʧʨʝʜʧʨʠʷʪʠʷ ʆɸʆ çʊɼʉʂè. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʟʘʭʚʘʪʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʛʨʫʟʦʟʘʭʚʘʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʟʘʭʚʘʪʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ: ʢʣʝʱʝʚʳʝ (ʟʘʞʠʤʥʳʝ); 

ʚʠʣʦʯʥʳʝ (ʣʘʧʯʘʪʳʝ); ʵʢʩʮʝʥʪʨʠʢʦʚʳʝ; ʚʠʥʪʦʚʳʝ (ʩʪʨʫʙʮʠʥʥʳʝ); ʰʪʳʨʝʚʦ-ʩʪʨʦʧʦʚʳʝ; 

ʢʦʨʦʤʳʩʣʦʚʳʝ [1]. 

ʀʟʫʯʠʚ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ ʪʠʧʘ ʟʘʭʚʘʪʘ, ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʩʘʤʳʤ ʵʬʬʝʢʪʠʚʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʟʘʭʚʘʪ ʨʳʯʘʞʥʦ 

ʢʣʝʱʝʚʦʛʦ ʪʠʧʘ. 

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʟʘʭʚʘʪʘ ʤʳ ʧʦʥʷʣʠ, ʯʪʦ ʧʝʨʝʜ ʥʘʤʠ ʩʪʦʠʪ ʥʝʧʨʦʩʪʘʷ ʟʘʜʘʯʘ ï ʧʦʜʥʷʪʴ 

ʤʝʭʘʥʠʟʤ ʩ ʛʨʫʟʦʤ. ʆʙʨʘʪʠʚʰʠʩʴ ʢ ʠʩʪʦʯʥʠʢʘʤ, ʧʦʥʷʣʠ, ʯʪʦ ʠʜʝʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʧʦʜʲʝʤʘ 

ʷʚʣʷʝʪʩʷ ʪʝʣʴʬʝʨ. ʊʘʢ ʢʘʢ ʧʦ ʨʘʩʯʝʪʘʤ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʨʦʡʩʪʚʦ ʩ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ ʯʫʪʴ 

ʙʦʣʴʰʝ 500 ʢʛ. ʅʘʰ ʚʳʙʦʨ ʦʩʪʘʥʦʚʠʣʩʷ ʥʘ ɹʦʣʛʘʨʩʢʦʤ ʪʝʣʴʬʝʨʝ (ʊ02312) ʩ ʛ/ʧ 1 ʪʦʥʥʘ ʠ 

ʚʳʩʦʪʦʡ ʧʦʜʲʝʤʘ 6 ʤ., ʮʝʥʦʡ ʦʢʦʣʦ 60 ʪʳʩʷʯ ʨʫʙʣʝʡ 

ʆʩʥʦʚʥʦʡ ʨʘʩʯʝʪʥʦʡ ʨʘʙʦʪʦʡ ʷʚʣʷʣʩʷ ʨʘʩʯʝʪ ʩʠʣ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ 

ʤʝʭʘʥʠʟʤ. ʂʘʢʠʝ ʤʳ ʠʤʝʝʤ ʫʩʣʦʚʠʷ: ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʟʘʭʚʘʪʠʪʴ ʠ ʧʦʜʥʷʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ 8 

ʰʣʘʢʦʙʣʦʢʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʨʘʟʤʝʨʳ 200ʭ200ʭ400 ʠ ʚʝʩ ʨʘʚʥʳʡ 28ʢʛ.  

ɹʣʦʢʠ ʠʤʝʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʧʨʠʙʣʠʞʝʥʥʳʡ ʢ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʦʤʫ ʙʣʦʢʫ, 

ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʢʣʝʱʝʚʦʛʦ ʟʘʭʚʘʪʘ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʨʳʯʘʞʥʦ ʢʣʝʱʝʚʳʭ ʟʘʭʚʘʪʦʚ ʠʩʭʦʜʠʤ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʧʨʠ ʧʦʜʲʝʤʝ 

ʛʨʫʟʘ ʩʠʣʘ ʪʨʝʥʠʷ ʤʝʞʜʫ ʫʧʦʨʘʤʠ ʢʣʝʱʝʡ ʠ ʛʨʫʟʦʤ ʟʘʪʷʛʠʚʘʝʪ ʢʣʝʱʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʚʦʟʥʠʢʘʝʪ ʩʞʠʤʘʶʱʘʷ ʩʠʣʘ 
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=
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ʛʜʝ k = 1,25..1,5 ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʦʟʤʦʞʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ ʠ ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʚ ʰʘʨʥʠʨʘʭ ʨʳʯʘʞʥʦʡ ʩʠʩʪʝʤʳ; G ï ʚʝʩ ʛʨʫʟʘ; f ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ ʤʝʞʜʫ ʛʨʫʟʦʤ ʠ ʫʧʦʨʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʪʝʨʠʘʣʘ ʛʨʫʟʘ. 

ʉʭʝʤʘ ʟʘʭʚʘʪʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.1. ʈʘʩʯʝʪ ʢʣʝʱʝʚʳʭ ʟʘʭʚʘʪʦʚ ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 

ʨʘʟʤʝʨʦʚ ʨʳʯʘʛʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʠʣʘ ʪʨʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʘʷ ʢʣʝʱʘʤʠ, ʫʜʝʨʞʠʚʘʣʘ ʙʳ ʛʨʫʟ [2]. 

ʀʟ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʠʤʝʝʤ - ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʚ ʪʷʛʝ ʙʝʟ ʫʯʝʪʘ ʚʝʩʘ ʢʣʝʱʝʡ 
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ʈʠʩ. 1. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʩ ʩʠʣʘʤʠ ʠ ʜʘʥʥʳʤʠ 

 

ʊʘʢ ʢʘʢ ʨʳʯʘʛʠ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ, ʪʦ 

ä =0M
                                                                     (3) 

ʈʘʩʯʸʪ ʧʘʣʴʮʝʚ, ʦʩʝʡ ʠ ʧʨʦʫʰʠʥ ʚʝʜʸʪʩʷ ʩ ʫʯʸʪʦʤ ʠʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ 

ʚʠʜʘ ʥʘʛʨʫʟʦʢ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʠʭ. 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʣʝʱʝʚʦʛʦ ʟʘʭʚʘʪʘ ʚ ʮʝʣʷʭ ʧʨʝʜʧʨʠʷʪʠʷ ʚʳʙʨʘʣʠ ʧʨʷʤʦʫʛʦʣʴʥʳʡ 

ʧʨʦʬʠʣʴ 60ʭ20 ʤʤ ʠʟ ʤʘʪʝʨʠʘʣʘ ʉʊɸʃʔ 3. ɸʨʛʫʤʝʥʪʠʨʦʚʘʣʠ ʩʚʦʡ ʚʳʙʦʨ, ʙʣʘʛʦʜʘʨʷ ʨʘʩʯʝʪʫ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɸ ʠʤʝʥʥʦ ʧʨʠ ʮʝʥʪʨʘʣʴʥʦʤ ʨʘʩʪʷʞʝʥʠʠ-ʩʞʘʪʠʠ ʚ ʧʦʧʝʨʝʯʥʳʭ 

ʩʝʯʝʥʠʷʭ ʚʦʟʥʠʢʘʶʪ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʩʝʯʝʥʠʶ. ʇʨʠ 

ʨʘʩʯʝʪʝ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ ʠ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʯʝʥʠʷ ʧʦʣʫʯʠʣʠ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʟʥʘʯʝʥʠʷ. ʇʨʠ ʨʘʩʯʸʪʝ ʧʘʣʴʮʘ ʦʧʨʝʜʝʣʠʣʠ ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ, ʪʦʣʱʠʥʫ 

ʧʨʦʫʰʠʥʳ.  
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(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 21.03.2020). 
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ʂʦʛʜʘ ʣʶʜʠ ʥʘʯʘʣʠ ʠʟʤʝʨʷʪʴ ʚʨʝʤʷ? ʂʘʢʠʝ ʤʝʭʘʥʠʟʤʳ ʟʘʩʪʘʚʣʷʶʪ ʯʘʩʳ ʨʘʙʦʪʘʪʴ? ʏʘʩʳ 

ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʜʨʝʚʥʝʡʰʠʭ ʠʟʦʙʨʝʪʝʥʠʡ. ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʠʟʤʝʨʝʥʠʠ ʚʨʝʤʝʥʠ ʧʦʷʚʠʣʘʩʴ ʫ 

ʣʶʜʝʡ ʦʯʝʥʴ ʜʘʚʥʦ. ʀʟʥʘʯʘʣʴʥʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʣʶʜʠ ʦʨʠʝʥʪʠʨʦʚʘʣʠʩʴ ʥʘ ʥʝʙʝʩʥʳʝ 

ʩʚʝʪʠʣʘ. ɺ ʪʦ ʚʨʝʤʷ ʧʨʠʜʫʤʘʣʠ ʩʦʣʥʝʯʥʳʝ ʯʘʩʳ. ʏʫʪʴ ʧʦʟʞʝ ʧʦʷʚʣʷʶʪʩʷ ʚʦʜʷʥʳʝ, ʧʝʩʦʯʥʳʝ ʠ 

ʦʛʥʝʥʥʳʝ ʯʘʩʳ, ʢʦʪʦʨʳʝ ʩʦ ʚʨʝʤʝʥʝʤ ʩʤʝʩʪʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʯʘʩʳ. ʇʝʨʚʳʝ ʫʧʦʤʠʥʘʥʠʷ ʦ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʯʘʩʘʭ ʧʦʷʚʠʣʠʩʴ ʚ 6 ʚʝʢʝ ʚ ɺʠʟʘʥʪʠʠ. ʇʦʷʚʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʯʘʩʦʚ ʙʳʣʦ 

ʢʨʫʧʥʳʤ ʰʘʛʦʤ ʥʝ ʪʦʣʴʢʦ ʚ ʜʝʣʝ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ, ʥʦ ʠ ʚ ʤʝʭʘʥʠʢʝ ʚʦʦʙʱʝ. ʏʘʩʦʚʦʡ 

ʤʝʭʘʥʠʟʤ ʦʢʘʟʘʣ ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʘʚʪʦʤʘʪʠʢʠ ʠ ʪʝʦʨʠʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ʇʨʠʤʝʥʷʝʤʳʝ ʚ ʙʳʪʦʚʦʡ ʞʠʟʥʠ ʠ ʪʝʭʥʠʢʝ ʯʘʩʳ ʠ ʯʘʩʦʚʳʝ ʤʝʭʘʥʠʟʤʳ ʦʪʣʠʯʘʶʪʩʷ 

ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʬʦʨʤ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʨʘʟʣʠʯʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

ʏʘʩʦʚʦʡ ʤʝʭʘʥʠʟʤ - ʘʚʪʦʤʘʪ, ʠʟʤʝʨʷʶʱʠʡ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʨʘʟʣʠʯʥʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ. 

ʇʦ ʩʚʦʝʤʫ ʥʘʟʥʘʯʝʥʠʶ ʯʘʩʳ ʠ ʯʘʩʦʚʳʝ ʤʝʭʘʥʠʟʤʳ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: 

1) ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ (ʙʳʪʦʚʳʝ ʯʘʩʳ ʠ ʭʨʦʥʦʤʝʪʨʳ); 

2)ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʤʝʞʫʪʢʦʚ ʚʨʝʤʝʥʠ ʨʘʟʣʠʯʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ (ʩʝʢʫʥʜʦʤʝʨʳ, 

ʭʨʦʥʦʩʢʦʧʳ, ʭʨʦʥʦʛʨʘʬʳ); 

3) ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʤʝʞʫʪʢʦʚ ʚʨʝʤʝʥʠ ʟʘʜʘʥʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ (ʨʝʣʝ ʚʨʝʤʝʥʠ, 

ʪʘʡʤʝʨʳ); 

4) ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʤʦʤʝʥʪʦʚ ʪʝʢʫʱʝʛʦ ʚʨʝʤʝʥʠ (ʪʘʙʝʣʴʥʳʝ ʯʘʩʳ, ʰʪʝʤʧʝʣʠ ʚʨʝʤʝʥʠ). 

ʄʝʭʘʥʠʟʤ ʦʙʳʯʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʯʘʩʦʚ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ: 

1) ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ (ʙʘʣʘʥʩ ʩ ʚʦʣʦʩʢʦʤ ʠʣʠ ʤʘʷʪʥʠʢ); 

2) ʩʧʫʩʢʦʚʦʡ ʤʝʭʘʥʠʟʤ; 

3) ʟʫʙʯʘʪʘʷ ʧʝʨʝʜʘʯʘ; 

4) ʜʚʠʛʘʪʝʣʴ (ʧʨʫʞʠʥʥʳʡ ʠʣʠ ʛʠʨʝʚʦʡ); 

5) ʫʟʝʣ ʟʘʚʦʜʘ ʠ ʧʝʨʝʚʦʜʘ ʩʪʨʝʣʦʢ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘʨʫʯʥʳʭ ʯʘʩʦʚ (ʨʠʩʫʥʦʢ 1): 

ɹʘʨʘʙʘʥ ʥʫʞʝʥ ʜʣʷ ʟʘʱʠʪʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚʥʫʪʨʠ ʧʨʫʞʠʥʳ-ʩʧʠʨʘʣʠ, ʦʪ ʧʦʧʘʜʘʥʠʷ ʥʘ 

ʥʝʝ ʧʳʣʠ ʠʣʠ ʚʣʘʛʠ. 

ɹʘʣʘʥʩ - ʩʧʠʨʘʣʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ʯʘʩʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ. ɹʘʣʘʥʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʫʛʣʳʡ ʪʦʥʢʠʡ ʦʙʦʜ ʩ ʧʦʧʝʨʝʯʥʦʡ ʧʝʨʝʢʣʘʜʠʥʦʡ, ʧʦʩʘʞʝʥʥʦʡ ʥʘ 

ʩʪʘʣʴʥʫʶ ʦʩʴ. ɹʘʣʘʥʩʳ ʙʳʚʘʶʪ ʚʠʥʪʦʚʳʤʠ ʠ ʙʝʟ ʚʠʥʪʦʚʳʤʠ. ʋ ʚʠʥʪʦʚʦʛʦ ʙʘʣʘʥʩʘ ʚ ʦʙʦʜ 

ʚʚʠʥʯʝʥʳ ʚʠʥʪʳ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʜʣʷ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ ʦʙʦʜʘ ʠ ʨʝʛʫʣʠʨʦʚʢʠ ʯʘʩʪʦʪʳ ʝʛʦ 

ʢʦʣʝʙʘʥʠʡ. [1] 

ʉʧʠʨʘʣʴ - ʚʦʣʦʩʦʢ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ. ʕʪʦ ʫʧʨʫʛʘʷ ʧʨʫʞʠʥʘ, ʢʦʥʝʮ 

ʢʦʪʦʨʦʡ ʟʘʜʝʣʘʥ ʚ ʣʘʪʫʥʥʫʶ ʚʪʫʣʦʯʢʫ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʵʥʝʨʛʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʦʪ ʜʚʠʛʘʪʝʣʷ, 

ʙʘʣʘʥʩ ʩʦʚʝʨʰʘʝʪ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ, ʚʨʘʱʘʷʩʴ ʜʝʣʘʝʪ ʧʦʚʦʨʦʪʳ ʪʦ ʚ ʦʜʥʫ, ʪʦ ʚ ʜʨʫʛʫʶ 

ʩʪʦʨʦʥʳ ï ʣʠʙʦ ʟʘʚʦʜʠʪ, ʣʠʙʦ ʨʘʩʢʨʫʯʠʚʘʝʪ ʩʧʠʨʘʣʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʪʦ ʟʘʧʠʨʘʝʤʘʷ, ʪʦ 

ʦʩʚʦʙʦʞʜʘʝʤʘʷ ʩʧʫʩʢʦʚʳʤ ʨʘʩʧʨʝʜʝʣʠʪʝʣʝʤ ʢʦʣʝʩʥʘʷ ʧʝʨʝʜʘʯʘ ʯʘʩʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʜʚʠʛʘʝʪʩʷ. ʕʪʦ ʜʚʠʞʝʥʠʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʦ ʩʢʘʯʢʦʦʙʨʘʟʥʦʤʫ ʜʚʠʞʝʥʠʶ 

ʩʝʢʫʥʜʥʦʡ ʩʪʨʝʣʢʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʥʘʨʫʯʥʳʭ ʯʘʩʦʚ ʙʘʣʘʥʩ ʩʦʚʝʨʰʘʝʪ 9 000 ʢʦʣʝʙʘʥʠʡ ʚ ʯʘʩ. 

ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʷ ʙʘʣʘʥʩʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʩʧʠʨʘʣʠ. 
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ʈʠʩ.1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʝʭʘʥʠʟʤʘ ʯʘʩʦʚ 

1- ʮʝʥʪʨʘʣʴʥʦʝ ʢʦʣʝʩʦ; 2 ð ʪʨʠʙʢʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʣʝʩʘ; 3 ð ʙʘʣʘʥʩ; 4 ð ʢʦʣʦʜʢʘ 

ʚʦʣʦʩʢʘ; 5 ð ʢʦʣʦʥʢʘ ʚʦʣʦʩʢʘ; 6 ð ʚʦʣʦʩʦʢ; 7 ð ʦʩʴ ʙʘʣʘʥʩʘ; 8 ð ʘʥʢʝʨʥʘʷ ʚʠʣʢʘ ʩ 

ʅʘʣʝʪʘʤʠ ʠ ʦʩʴʶ; 9 ð ʘʥʢʝʨʥʦʝ ʢʦʣʝʩʦ; 10 - ʪʨʠʙʢʘ ʘʥʢʝʨʥʦʛʦ ʢʦʣʝʩʘ; 11 ð 

ʩʝʢʫʥʜʥʦʝ ʢʦʣʝʩʦ; 12 ðʪʨʠʙʢʘ ʩʝʢʫʥʜʥʦʛʦ ʢʦʣʝʩʘ; 13 ð ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʢʦʣʝʩʦ; 14 ð 

ʪʨʠʙʢʘ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʦʣʝʩʘ; 15 ð ʙʘʨʘʙʘʥ; 16 ð ʟʘʚʦʜʥʘʷ ʧʨʫʞʠʥʘ; 17 ð 

ʩʦʙʘʯʢʘ; 18 ð ʙʘʨʘʙʘʥʥʦʝ ʢʦʣʝʩʦ; 2- ʟʘʚʦʜʥʦʝ ʢʦʣʝʩʘ 

 

ʊʫʨʙʠʡʦʥ. ʄʝʭʘʥʠʟʤ, ʢʦʤʧʝʥʩʠʨʫʶʱʠʡ ʟʝʤʥʦʝ ʧʨʠʪʷʞʝʥʠʝ. ʂʦʣʝʩʦ ʙʘʣʘʥʩʘ ʠ 

ʩʧʫʩʢʦʚʦʡ ʤʝʭʘʥʠʟʤ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʫʶ ʚʨʘʱʘʶʱʫʶʩʷ ʧʣʘʪʬʦʨʤʫ. ʇʣʘʪʬʦʨʤʘ 

ʚʨʘʱʘʷʩʴ ʚʦʢʨʫʛ ʩʦʙʩʪʚʝʥʥʦʡ ʦʩʠ (ʟʘʯʘʩʪʫʶ, ʙʫʜʝʪ ʩʦʚʝʨʰʘʪʩʷ ʦʜʠʥ ʦʙʦʨʦʪ ʟʘ ʦʜʥʫ ʤʠʥʫʪʫ) 

ʤʝʥʷʝʪ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʚʩʝʛʦ ʤʝʭʘʥʠʟʤʘ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʧʣʘʪʬʦʨʤʳ, ʯʘʩʳ ʪʦ ʧʦʣʤʠʥʫʪʳ 

ʩʧʝʰʘʪ, ʪʦ ʧʦʣ ʤʠʥʫʪʳ ʦʪʩʪʘʶʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ ʭʦʜʘ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʠ. [3] 

ʄʦʩʪʳ. ɺʩʝ ʜʝʪʘʣʠ ʯʘʩʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ: ʜʚʠʛʘʪʝʣʴ, ʙʘʣʘʥʩ ʠ ʜʨʫʛʠʝ ʬʠʢʩʠʨʫʶʪʩʷ ʢ ʧʣʘʪʝ 

ʤʦʩʪʘʤʠ. 

ʉʪʨʝʣʦʯʥʳʡ ʤʝʭʘʥʠʟʤ ʨʘʩʧʦʣʦʞʝʥ ʩ ʧʦʜ ʮʠʬʝʨʙʣʘʪʥʳʝ ʩʪʦʨʦʥʳ ʧʣʘʪʠʥʳ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ 

ʯʘʩʦʚʦʛʦ ʢʦʣʝʩʘ, ʚʝʢʩʝʣʴʥʦʛʦ ʢʦʣʝʩʘ ʠ ʤʠʥʫʪʥʦʛʦ ʪʨʠʙʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʦʟʥʘʢʦʤʠʣʠʩʴ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʠ ʨʘʙʦʪʦʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʯʘʩʦʚ. 

ɺʳʷʩʥʠʣʠ, ʯʪʦ ʯʘʩʳ ʠʤʝʶʪ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʛʜʝ ʢʘʞʜʘʷ ʤʘʣʝʥʴʢʘʷ ʜʝʪʘʣʴ 

ʦʪʚʝʯʘʝʪ ʟʘ ʪʦʯʥʦʩʪʴ ʠ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʘ ʯʘʩʦʚ. 
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ʉʬʝʨʠʯʝʩʢʠʝ ʨʦʣʠʢʦʚʳʝ ʧʝʨʝʜʘʯʠ (ʉʈʇ) ʩ ʜʚʫʭʨʷʜʥʳʤ ʩʘʪʝʣʣʠʪʦʤ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʧʨʠ ʤʘʣʳʭ ʤʘʩʩʦʚʦ-ʛʘʙʘʨʠʪʥʳʭ 

ʧʦʢʘʟʘʪʝʣʷʭ. ʉʈʇ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʩʬʝʨʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʢʠʥʝʤʘʪʠʢʝ 

ʘʥʘʣʦʛʠʯʥʳ ʟʫʙʯʘʪʳʤ ʧʣʘʥʝʪʘʨʥʳʤ ʧʝʨʝʜʘʯʘʤ ʩ ʜʚʫʭʚʝʥʮʦʚʳʤ ʩʘʪʝʣʣʠʪʦʤ, ʚ ʪ. ʯ. ʩ ʪʝʣʘʤʠ 

ʢʘʯʝʥʠʷ [1]. ʆʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʘʪʝʣʣʠʪ ʉʈʇ ʩʦʚʝʨʰʘʝʪ ʥʝ ʧʣʦʩʢʦʝ, ʘ ʩʬʝʨʠʯʝʩʢʦʝ 

ʜʚʠʞʝʥʠʝ, ʘ ʠʤʝʥʥʦ ʨʝʛʫʣʷʨʥʫʶ ʧʨʝʮʝʩʩʠʶ, ʧʨʠ ʵʪʦʤ ʨʦʣʠʢʠ ʜʚʫʭ ʨʷʜʦʚ ʩʘʪʝʣʣʠʪʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʮʝʥʪʨʘʣʴʥʳʤʠ ʢʦʣʝʩʘʤʠ, ʘ ʪʨʘʝʢʪʦʨʠʠ ʪʦʯʝʢ ʨʦʣʠʢʦʚ ʩʘʪʝʣʣʠʪʘ ʣʝʞʘʪ ʥʘ 

ʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. ɸʥʘʣʦʛʦʤ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʟʨʘʙʦʪʢʠ ʚʳʩʪʫʧʘʶʪ ʧʨʝʮʝʩʩʠʦʥʥʳʝ 

ʧʝʨʝʜʘʯʠ [2], ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ. 

ʉʧʨʦʝʢʪʠʨʦʚʘʥʳ ʧʝʨʝʜʘʯʠ ʩ ʨʘʜʠʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʨʷʜʦʚ ʨʦʣʠʢʦʚ [3], ʦʜʥʘʢʦ ʦʥʠ ʠʤʝʶʪ 

ʩʣʦʞʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʩʘʪʝʣʣʠʪʘ.  

ɺ 3D-ʤʦʜʝʣʠ ʧʝʨʝʜʘʯʠ (ʨʠʩ. 1), ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʠ 

ʧʨʦʯʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʦʚ ʫʜʘʣʝʥʳ ʣʠʰʥʠʝ ʵʣʝʤʝʥʪʳ, ʨʦʣʠʢʠ ʦʙʲʝʜʠʥʝʥʳ ʩ ʪʝʣʦʤ ʩʘʪʝʣʣʠʪʘ ʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʝʚʢʠ ʠʣʠ ʟʫʙʴʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. 

ɺʝʜʫʱʠʡ ʚʘʣ ʧʨʝʜʣʘʛʘʝʤʦʡ ʉʈʇ ʩ ʦʩʝʚʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʨʷʜʦʚ ʨʦʣʠʢʦʚ [4] ʩʦʜʝʨʞʠʪ 

ʥʘʢʣʦʥʝʥʥʳʡ ʫʯʘʩʪʦʢ ʢ ʝʛʦ ʦʩʠ ʧʦʜ ʫʛʣʦʤ Ū (ʫʛʦʣ ʥʫʪʘʮʠʠ). ʅʘʢʣʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʵʢʩʮʝʥʪʨʠʢʘ 1, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʥʘ ʚʝʜʫʱʠʡ ʚʘʣ. ʉʘʪʝʣʣʠʪ 4 ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ 

ʵʢʩʮʝʥʪʨʠʢ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ ʠʣʠ ʧʘʨʳ ʧʦʜʰʠʧʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʥʝ 

ʧʦʢʘʟʘʥʳ. ʉʘʪʝʣʣʠʪ 4 ʩʦʜʝʨʞʠʪ ʪʝʣʘ ʢʘʯʝʥʠʷ (ʨʦʣʠʢʠ).  

 

 
1 ï ʵʢʩʮʝʥʪʨʠʢ; 2 ï ʚʝʜʦʤʦʝ ʮʝʥʪʨʘʣʴʥʦʝ ʢʦʣʝʩʦ; 3 ï ʥʝʧʦʜʚʠʞʥʦʝ ʮʝʥʪʨʘʣʴʥʦʝ ʢʦʣʝʩʦ; 

4 ï ʩʘʪʝʣʣʠʪ 

ʈʠʩ. 1. ʄʦʜʝʣʴ ʉʈʇ (ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ).  

 

ʈʦʣʠʢʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʜʚʘ ʨʷʜʘ ʩ ʨʘʚʥʳʤ ʫʛʣʦʚʳʤ ʰʘʛʦʤ, ʠʭ ʦʩʠ ʨʘʩʧʦʣʦʞʝʥʳ 

ʩʠʤʤʝʪʨʠʯʥʦ ʦʩʠ ʩʘʪʝʣʣʠʪʘ. ʆʜʠʥ ʨʷʜ ʨʦʣʠʢʦʚ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʮʝʥʪʨʘʣʴʥʳʤ 

ʢʦʣʝʩʦʤ 3, ʘ ʚʪʦʨʦʡ ʨʷʜ ʨʦʣʠʢʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʦʜʚʠʞʥʳʤ ʮʝʥʪʨʘʣʴʥʳʤ ʢʦʣʝʩʦʤ 2, 

ʩʦʝʜʠʥʝʥʥʳʤ ʩ ʚʝʜʦʤʳʤ ʚʘʣʦʤ (ʚ ʤʦʜʝʣʠ ʥʝ ʧʦʢʘʟʘʥ). ɿʫʙʴʷ ʮʝʥʪʨʘʣʴʥʳʭ ʢʦʣʝʩ ʠʤʝʶʪ 

ʧʦʩʪʦʷʥʥʫʶ ʚʳʩʦʪʫ ʧʦ ʜʣʠʥʝ. 

ʄʝʪʦʜʠʢʘ ʧʨʦʯʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʝʨʝʜʘʯʠ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ 
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ʬʦʨʤʫʣʝ ɻʝʨʮʘ ʜʣʷ ʢʦʥʪʘʢʪʘ ʜʚʫʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʚʳʧʫʢʣʦʡ ʠ ʚʦʛʥʫʪʦʡ) [4], 

ʪ. ʢ. ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʥʘʜʝʞʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʦʥʪʘʢʪʥʘʷ ʧʨʦʯʥʦʩʪʴ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʩʠʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʦ ʟʘʮʝʧʣʝʥʠʝ ʨʦʣʠʢʦʚ ʩ ʮʝʥʪʨʘʣʴʥʳʤ 

ʢʦʣʝʩʦʤ ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʨʦʚʝʨʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʷʚʣʷʶʪʩʷ: 

ʥʦʤʠʥʘʣʴʥʳʡ ʤʦʤʝʥʪ ʥʘ ʚʝʜʦʤʦʤ ʚʘʣʫ T2, ʅʤ, ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʜʝʪʘʣʝʡ, 

ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʠʩʣʘ ʟʫʙʴʝʚ ʢʦʣʝʩ ʠ ʨʦʣʠʢʦʚ ʩʘʪʝʣʣʠʪʘ, ʘ ʪʘʢʞʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʯʠ. 

ʋʩʣʦʚʠʝ ʢʦʥʪʘʢʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʟʫʙʴʝʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʣʝʩʘ: 
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ʛʜʝ ůHmax ï ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʄʇʘ; [ůH] ï ʜʦʧʫʩʢʘʝʤʳʝ ʢʦʥʪʘʢʪʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʄʇʘ; KGs  ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ 

ʜʝʪʘʣʝʡ, ʄʇʘ1/2; ɟ2m ʠ rs  ʨʘʜʠʫʩʳ ʢʨʠʚʠʟʥʳ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʟʫʙʯʘʪʦʛʦ 

ʧʨʦʬʠʣʷ ʚ ʩʨʝʜʥʝʤ ʩʝʯʝʥʠʠ ʠ ʨʦʣʠʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʤʤ; Ŭ2m ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ 

ʧʦʜʲʝʤʘ ʮʝʥʪʨʦʚʦʡ ʢʨʠʚʦʡ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʚ ʩʨʝʜʥʝʤ ʩʝʯʝʥʠʠ ʚʝʜʦʤʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʣʝʩʘ; 

R2m ï ʨʘʜʠʫʩ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʳ, 

ʤʤ; ns2 ï ʯʠʩʣʦ ʨʦʣʠʢʦʚ ʚ ʨʷʜʫ ʩʘʪʝʣʣʠʪʘ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʚʝʜʦʤʳʤ ʮʝʥʪʨʘʣʴʥʳʤ 

ʢʦʣʝʩʦʤ; Kp2 ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʢʨʳʪʠʷ (ʯʠʩʣʦ ʨʦʣʠʢʦʚ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʜʘʶʱʠʭ ʥʘʛʨʫʟʢʫ, 

ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ ʦʪʜʝʣʴʥʦʤʫ ʘʣʛʦʨʠʪʤʫ); Kn ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦ ʧʦʪʦʢʘʤ. 

ʇʦ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʬʦʨʤʫʣʘʤ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʨʦʚʝʨʦʯʥʳʡ ʨʘʩʯʝʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩ 

ʧʝʨʝʜʘʪʦʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ 36, ʤʦʜʝʣʴ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. ʇʨʠ ʯʠʩʣʝ ʟʫʙʴʝʚ 

ʦʩʪʘʥʦʚʣʝʥʥʦʛʦ ʢʦʣʝʩʘ Z3 = 7 ʠ ʚʝʜʦʤʦʛʦ ʢʦʣʝʩʘ Z2 = 9 ʯʠʩʣʘ ʨʦʣʠʢʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʷʜʘʭ ʩʘʪʝʣʣʠʪʘ ʙʳʣʠ ʥʘ ʝʜʠʥʠʮʫ ʙʦʣʴʰʝ: ns3 = 8, ns2 = 10. ʇʨʠʥʠʤʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: R2m = 30 ʤʤ, rs = 5 ʤʤ, Ū = 0,2 ʨʘʜ. ɼʝʪʘʣʠ ʧʝʨʝʜʘʯʠ ʩʪʘʣʴʥʳʝ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʧʦ 7 ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʩʦʩʪʘʚʠʣʠ ůHmax = 605 ʄʇʘ. ɼʦʧʫʩʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʨʘʚʥʳʝ ʠ ʧʨʝʚʳʰʘʶʱʠʝ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʩʯʝʪʥʳʝ, ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʜʦʨʦʛʠʭ ʚʠʜʦʚ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ (ʩʪʘʣʴ 40ʍ, 40XH ʠ ʜʨ.) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ. 
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ʉʬʝʨʠʯʝʩʢʠʝ ʨʦʣʠʢʦʚʳʝ ʧʝʨʝʜʘʯʠ (ʉʈʇ) ʩ ʜʚʫʭʨʷʜʥʳʤ ʩʘʪʝʣʣʠʪʦʤ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʪʫʧʝʥʝʡ ʤʝʭʘʪʨʦʥʥʳʭ ʤʦʜʫʣʝʡ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʮʝʧʷʭ ʨʦʙʦʪʦʚ ʠ 

ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʠʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʧʨʠ ʤʘʣʳʭ ʛʘʙʘʨʠʪʘʭ 

ʧʨʠʚʦʜʘ [1]. ʉʈʇ ʦʪʥʦʩʷʪʩʷ ʢ ʩʬʝʨʠʯʝʩʢʠʤ ʤʝʭʘʥʠʟʤʘʤ, ʪ. ʢ. ʩʘʪʝʣʣʠʪ ʩʦʚʝʨʰʘʝʪ ʩʬʝʨʠʯʝʩʢʦʝ 

ʜʚʠʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ. ɼʚʘ ʨʷʜʘ ʨʦʣʠʢʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʦʘʢʩʠʘʣʴʥʦ 

ʩ ʨʘʚʥʳʤ ʫʛʣʦʚʳʤ ʰʘʛʦʤ. ʈʦʣʠʢʠ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʨʘʱʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʙʩʪʚʝʥʥʳʭ 

ʦʩʝʡ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʘʯʝʥʠʝ ʧʦ ʧʦʚʝʨʭʥʦʩʪʷʤ ʙʝʛʦʚʳʭ ʜʦʨʦʞʝʢ ʩʚʦʠʤʠ ʚʳʩʪʫʧʘʶʱʠʤʠ 

ʪʦʨʮʘʤʠ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʂ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʘʤ ʧʝʨʝʜʘʯʠ (ʨʠʩ. 1, ʘ) ʦʪʥʦʩʷʪʩʷ: 1  

ʚʝʜʫʱʠʡ ʚʘʣ, ʩʦʜʝʨʞʘʱʠʡ ʥʘʢʣʦʥʝʥʥʳʡ ʫʯʘʩʪʦʢ 2 (ʢʨʠʚʦʰʠʧ); 3  ʧʦʜʰʠʧʥʠʢʠ ʢʘʯʝʥʠʷ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʩʘʪʝʣʣʠʪ 4 ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʢʨʠʚʦʰʠʧʝ; 5, 6  ʜʚʘ ʨʷʜʘ ʨʦʣʠʢʦʚ 

(ʚʥʫʪʨʝʥʥʠʡ ʠ ʥʘʨʫʞʥʳʡ);7  ʚʝʜʦʤʳʡ ʚʘʣ ʩ ʙʝʛʦʚʦʡ ʜʦʨʦʞʢʦʡ ʥʘ ʪʦʨʮʝ; 8  ʢʫʣʘʯʢʠ, 

ʟʘʢʨʝʧʣʷʝʤʳʝ ʚ ʢʦʨʧʫʩʝ ʠ ʦʙʨʘʟʫʶʱʠʝ ʥʝʧʦʜʚʠʞʥʫʶ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʙʝʛʦʚʫʶ ʜʦʨʦʞʢʫ. 

 

     ʘ)                                                                 ʙ) 

    
ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʠʷ (ʘ) ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ (ʙ) ʉʈʇ. 

 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʟʘʚʠʩʠʤʦʩʪʷʤ ʜʣʷ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʩ 

ʜʚʫʭʚʝʥʮʦʚʳʤ ʩʘʪʝʣʣʠʪʦʤ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʤ ʧʦ ʩʭʝʤʝ 2k-h. ʈʦʣʴ ʯʠʩʝʣ ʟʫʙʴʝʚ ʚʝʥʮʦʚ 

ʩʘʪʝʣʣʠʪʘ ʚʳʧʦʣʥʷʶʪ ʯʠʩʣʘ ʨʦʣʠʢʦʚ, ʘ ʯʠʩʝʣ ʟʫʙʴʝʚ ʮʝʥʪʨʘʣʴʥʳʭ ʢʦʣʝʩ ï ʯʠʩʣʘ ʧʝʨʠʦʜʦʚ 

ʙʝʛʦʚʳʭ ʜʦʨʦʞʝʢ [3]. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʉʈʇ ʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʠʝ ʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʠ, ʪ. ʢ. 

ʮʝʥʪʨ ʤʘʩʩ ʩʘʪʝʣʣʠʪʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʩʠ ʧʝʨʝʜʘʯʠ, ʠ ʟʘʤʝʥʘ ʩʢʦʣʴʞʝʥʠʷ ʢʘʯʝʥʠʝʤ.  

ʂ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʧʝʨʝʜʘʯʠ ʦʪʥʦʩʷʪ ʨʘʜʠʫʩʳ ʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

(ʦʩʥʦʚʥʳʭ ʩʬʝʨ) R3 ʠ R2, ʛʜʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʮʝʥʪʨʳ ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʥʮʦʚ ʨʦʣʠʢʦʚ ʧʝʨʚʦʛʦ ʠ 

ʚʪʦʨʦʛʦ ʨʷʜʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʪʘʢʞʝ ʫʛʦʣ ʥʘʢʣʦʥʘ ʢʨʠʚʦʰʠʧʘ Ū. 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʩʬʝʨʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʩʘʪʝʣʣʠʪʘ (ʨʠʩ. 1, ʙ) 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ O ʚʦʢʨʫʛ ʤʛʥʦʚʝʥʥʦʡ ʦʩʠ ɋ ʣʠʙʦ ʧʦʚʦʨʦʪʘʤʠ ʩ ʫʛʣʘʤʠ ʕʡʣʝʨʘ (ɣ, Ū ʠ ű) 

ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʚʝʜʝʥʥʦʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ (ʢ ʚʝʜʫʱʝʤʫ ʚʘʣʫ 

ʧʝʨʝʜʘʯʠ) Jp1 
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ʛʜʝ J1, J2 ï ʦʩʝʚʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʚʝʜʫʱʝʛʦ ʠ ʚʝʜʦʤʦʛʦ ʚʘʣʦʚ; 
()3
12i ï ʧʝʨʝʜʘʪʦʯʥʦʝ 

ʦʪʥʦʰʝʥʠʝ; Jsx, Jsz ï ʦʩʝʚʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʩʘʪʝʣʣʠʪʘ. 

ʉʘʪʝʣʣʠʪ ʚ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʩʧʣʦʰʥʦʛʦ ʜʠʩʢʘ ʩ ʨʘʜʠʫʩʦʤ R3 ʠ ʚʳʩʦʪʦʡ Ls. 

ʆʩʝʚʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʠʟʚʝʩʪʥʳʤ ʬʦʨʤʫʣʘʤ: 
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ʛʜʝ ms ï ʤʘʩʩʘ ʩʘʪʝʣʣʠʪʘ. 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ Jp1 ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʦʙʦʙʱʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʠ ʝʝ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ 

ʧʦ ʚʨʝʤʝʥʠ, ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ ʃʘʛʨʘʥʞʘ  

2-ʛʦ ʨʦʜʘ, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʉʈʇ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʦʜʥʦʡ ʤʘʩʩʳ, ʧʨʠʚʝʜʝʥʥʦʡ ʢ ʚʝʜʫʱʝʤʫ ʚʘʣʫ ʧʝʨʝʜʘʯʠ. 

ɿʘʜʘʯʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʦʧʦʨ ʜʣʷ ʚʨʘʱʘʶʱʝʛʦʩʷ ʮʠʣʠʥʜʨʘ, 

ʥʘʢʣʦʥʝʥʥʦʛʦ ʧʦʜ ʫʛʣʦʤ ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʨʝʰʝʥʘ ʚ [4]. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʉʈʇ ʧʨʠ 

ʩʠʤʤʝʪʨʠʯʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʧʦʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʘʪʝʣʣʠʪʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ 

ʦʧʨʝʜʝʣʷʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
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ʛʜʝ ɤ1  ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʝʜʫʱʝʛʦ ʚʘʣʘ, ʩ1; h  ʧʦʣʦʚʠʥʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʧʦʨʘʤʠ 

ʚʝʜʫʱʝʛʦ ʚʘʣʘ (ʩʤ. ʨʠʩ. 1, ʙ). 

ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ: R3 = 30 ʤʤ, Ū = 5/30 ʨʘʜ, 

h = 20 ʤʤ. ɿʥʘʯʝʥʠʝ Ls ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʬʦʨʤʫʣʝ Ls = ds + ȹrs, ʛʜʝ ds ï ʜʠʘʤʝʪʨ ʩʬʝʨʠʯʝʩʢʦʛʦ 

ʚʳʩʪʫʧʘ ʨʦʣʠʢʘ; ȹrs ï ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʨʘʟʤʝʨ, ʫʚʝʣʠʯʠʚʘʶʱʠʡ ʰʠʨʠʥʫ ʩʘʪʝʣʣʠʪʘ (ȹrs = 2é6 

ʤʤ). ʇʨʠ ds = 10 ʤʤ ʠ ȹrs = 4 ʤʤ, Ls = 14 ʤʤ. ʄʘʩʩʘ ʩʘʪʝʣʣʠʪʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ ʤʘʩʩʘ 

ʦʜʥʦʨʦʜʥʦʛʦ ʩʪʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ (ʧʣʦʪʥʦʩʪʴ ʩʪʘʣʠ ɔʩʪ = 7,9Ŀ103 ʢʛ/ʤ3). ʆʥʘ ʩʦʩʪʘʚʠʣʘ 

ms = 0,309 ʢʛ. 

ʇʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʚʝʜʫʱʝʛʦ ʚʘʣʘ n1 = 1000 ʤʠʥ1 ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣʠ 

8,84 ʅ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ ʫʯʝʪʘ ʧʨʠ ʧʨʦʝʢʪʥʦʤ ʨʘʩʯʝʪʝ 

ʉʈʇ, ʪ. ʢ. ʥʦʨʤʘʣʴʥʳʝ ʨʝʘʢʮʠʠ ʚ ʟʘʮʝʧʣʝʥʠʠ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʪʝʣʘ ʢʘʯʝʥʠʷ ʠ ʙʝʛʦʚʳʝ 

ʜʦʨʦʞʢʠ, ʜʣʷ ʧʝʨʝʜʘʯʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʜʝʡʩʪʚʫʶʱʠʭ ʤʦʤʝʥʪʦʚ 

T2 = 30...150 ʅĿʤ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʧʨʝʚʳʰʘʶʪ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ Nd. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʪʨʫʜʥʠʢʘʤʠ ʎʝʥʪʨʘ ʪʝʭʥʦʣʦʛʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʠ 

ʤʝʭʘʪʨʦʥʠʢʠ ʋʥʠʚʝʨʩʠʪʝʪʘ ʀʥʥʦʧʦʣʠʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʨʦʩʦʚʦʡ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ ʟʜʘʥʠʡ ʤʝʪʦʜʦʤ 3D-ʧʝʯʘʪʠ. ʆʙʦʟʥʘʯʝʥʥʘʷ ʩʠʩʪʝʤʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʨʘʣʣʝʣʴʥʳʡ ʪʨʦʩʦʚʳʡ ʨʦʙʦʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ 

(ʦʧʦʨʥʳʭ ʙʘʰʝʥ), ʫʩʪʨʦʡʩʪʚ ʧʦʜʘʯʠ ʠ ʥʘʤʦʪʢʠ ʪʨʦʩʦʚ (ʣʝʙʝʜʦʢ), ʪʨʦʩʦʚʦʡ ʧʦʜʩʠʩʪʝʤʳ 

(ʚʢʣʶʯʘʷ ʪʨʦʩʳ ʠ ʥʘʧʨʘʚʣʷʶʱʠʝ ʨʦʣʠʢʠ), ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ (ʵʢʩʪʨʫʜʝʨʘ) ʠ ʧʦʜʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ, ʨʠʩ. 1.  

 

 
ʈʠʩ. 1. ʄʦʜʝʣʴ ʪʨʦʩʦʚʦʡ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ ʟʜʘʥʠʡ. 

 

ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʩʯʝʪʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʜʝʣʠ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʎʝʥʪʨʦʤ ʪʝʭʥʦʣʦʛʠʡ ʢʦʤʧʦʥʝʥʪʦʚ 

ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʠ ʤʝʭʘʪʨʦʥʠʢʠ ʋʥʠʚʝʨʩʠʪʝʪʘ ʀʥʥʦʧʦʣʠʩ. ʈʘʩʯʝʪʳ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ 

ʧʨʠʥʷʪʠʝʤ ʤʘʩʩʳ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʨʦʙʦʪʘ m=1200 ʢʛ, ʨʘʟʤʝʨʦʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ 20x20 

ʤ, ʚʳʩʦʪʳ ʢʘʞʜʦʡ ʦʧʦʨʥʦʡ ʙʘʰʥʠ 15 ʤ. ʈʘʩʯʝʪʳ ʚ ʩʪʘʪʠʢʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʥʘʪʷʞʝʥʠʷ i-ʛʦ ʪʨʦʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʝʥʠʶ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʨʦʙʦʪʘ ʚ ʪʦʯʢʝ 

ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʪʦʯʢʝ ʩʭʦʜʘ ʪʨʦʩʘ ʩ ʥʘʧʨʘʚʣʷʶʱʝʛʦ 

ʨʦʣʠʢʘ. ʈʘʩʯʝʪʳ ʚ ʜʠʥʘʤʠʢʝ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʎʝʥʪʨʦʤ ʪʝʭʥʦʣʦʛʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʨʦʙʦʪʦʪʝʭʥʠʢʠ 

ʠ ʤʝʭʘʪʨʦʥʠʢʠ ʋʥʠʚʝʨʩʠʪʝʪʘ ʀʥʥʦʧʦʣʠʩ. ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩ 

ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ. ɺ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʘ-ʄʝʨʩʦʥʘ [1]. 

ʇʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʨʘʬʠʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʠʣ ʥʘʪʷʞʝʥʠʷ 

i-ʛʦ ʪʨʦʩʘ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ t, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʩʠʣ ʥʘʪʷʞʝʥʠʷ 

ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʤʦʤʝʥʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ ʚ ʥʘʯʘʣʝ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʨʦʙʦʪʘ, ʨʠʩ. 2.  
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ʈʠʩ. 2. ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʠʣʳ ʥʘʪʷʞʝʥʠʷ i-ʛʦ ʪʨʦʩʘ ʊ, ʅ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ t, ʩ. 

 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣ ʥʘʪʷʞʝʥʠʷ ʪʨʦʩʦʚ ʚ ʜʠʥʘʤʠʢʝ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʚ ʭʦʜʝ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʦʩʪʘʚʣʷʝʪ maxT = 17500 H. ʇʨʠ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʘʭ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʮʝʥʢʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʘ ʩ 

ʫʯʝʪʦʤ ʜʦʙʘʚʣʷʶʱʠʭʩʷ ʬʘʢʪʦʨʦʚ ʚʦʟʜʝʡʩʪʚʠʷ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʦʢ ʚ 

ʩʣʫʯʘʝ ʦʙʨʳʚʘ ʦʜʥʦʛʦ ʠʟ ʪʨʦʩʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʠʢʦʚʳʝ ʚʝʣʠʯʠʥʳ ʩʠʣ ʥʘʪʷʞʝʥʠʷ ʦʩʪʘʚʰʠʭʩʷ 

ʪʨʦʩʦʚ ʤʦʛʫʪ ʧʨʝʚʳʰʘʪʴ ʧʨʠʚʝʜʝʥʥʦʝ ʚʳʰʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʛʨʫʟʦʢ ʚ ʰʪʘʪʥʦʤ 

ʨʝʞʠʤʝ ʚ 6 ï 7 ʨʘʟ. ɿʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʪʨʦʩʳ ʦʧʨʝʜʝʣʷʶʪ ʚʳʙʦʨ ʪʨʦʩʦʚ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʄʘʪʝʨʠʘʣ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʙʨʘʥʥʦʛʦ ʪʠʧʘ 

ʩʪʘʣʴʥʦʛʦ ʪʨʦʩʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʙʣʠʞʘʡʰʠʤʠ ʧʦ ʩʚʦʡʩʪʚʘʤ ʘʥʘʣʦʛʘʤʠ ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʘʙʣʠʮʝ 1.  

 

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʝʥʠʝ ʩʚʦʡʩʪʚ ʪʨʦʩʦʚ. 

ʉ ʫʯʝʪʦʤ ʤʘʪʝʨʠʘʣʘ ʪʨʦʩʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʧʦʩʦʙʳ ʟʘʜʝʣʢʠ ʢʦʥʮʦʚ ʪʨʦʩʘ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʶʱʠʝ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʪʨʦʩʘ ʚʳʜʝʨʞʠʚʘʪʴ ʥʘʛʨʫʟʢʠ [2].  

ɺ ʨʝʘʣʴʥʦʤ ʠʟʜʝʣʠʠ ʥʘʛʨʫʟʢʠ ʥʘ ʪʨʦʩʳ ʠ ʥʘ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʙʫʜʫʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʝʥʳ ʟʘ ʩʯʝʪ ʫʧʨʝʞʜʝʥʠʷ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʪʨʦʣʝʤ ʥʘʪʷʞʝʥʠʷ ʪʨʦʩʦʚ (Shock-Load Prevention) [3]. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʄʫʜʨʦʚ ɸ.ɽ., ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʇʕɺʄ. ï ʊʦʤʩʢ: ʄʇ ʈʘʩʢʦ, 1991. ï 272 ʩ. 

2. Verreet R. Wire Rope End Connections. ð Germany, Aachen: Technology Aachen, 2018. ð 

78 p. 

3. Industrial crane modernization: The smart way to extend overhead crane service life. ï 

Conecranes USA, 2015 
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12ʍ18ʅ10ʊ ʥʝʨʞ. ʩʪʘʣʴ 14 500 200 + + + + 200 

Dayneema ʧʦʣʠʤʝʨ 12 345 100 + + + + 650 

Zylon ʧʦʣʠʤʝʨ 12 580 270 - + + + 1200 
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ʇʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʝʭʘʥʠʟʤʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʘʢʠʝ ʤʝʭʘʥʠʟʤʳ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʣʘʚʥʦʩʪʴ ʭʦʜʘ, 

ʚʳʩʦʢʫʶ ʥʘʛʨʫʟʦʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ, ʙʳʪʴ ʢʦʤʧʘʢʪʥʳʤʠ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤʠ. 

ʅʝʦʙʭʦʜʠʤʳʝ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʤ ʤʝʭʘʥʠʟʤʘʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ. ɺʳʧʦʣʥʠʤ ʘʥʘʣʠʟ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʝʨʝʜʘʯ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʜʘʯ ʚ ʜʦʩʪʠʞʝʥʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʲʝʤʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

ʅʇʆ ʂɸɿɻɽʆʄɸʐ [1] ʠʟʛʦʪʘʚʣʠʚʘʝʪ ʣʝʙʝʜʢʠ ʥʘ ʙʘʟʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ 

ʧʝʨʝʜʘʯ (ʨʠʩ.1). ʊʘʢʠʝ ʤʝʭʘʥʠʟʤʳ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ, ʥʦ ʦʯʝʥʴ 

ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ. 

 
ʈʠʩ. 1. ʃʝʙʝʜʢʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʊʕʃ-2. 

 

ʀʟ ʨʠʩʫʥʢʘ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʪʦ ʜʘʥʥʘʷ ʣʝʙʝʜʢʘ ʠʤʝʝʪ ʪʷʞʝʣʫʶ ʨʘʤʫ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ 

ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʬʫʥʜʘʤʝʥʪ, ʧʨʠ ʵʪʦʤ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ, ʘ ʤʘʩʩʘ ʝʝ 

ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 650 ʢʛ. ʊʘʢ ʦʪʥʦʰʝʥʠʝ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʢ ʤʘʩʩʝ ʩʦʩʪʘʚʣʷʝʪ 2,97. 

ʏʝʰʩʢʦʝ ʧʨʝʜʧʨʠʷʪʠʝ Zitrek ʚʳʧʫʩʢʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʪʘʣʠ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ ʜʦ 3 

ʪʦʥʥ [2]. ʇʨʠ ʵʪʦʤ ʦʪʥʦʰʝʥʠʝ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʢ ʤʘʩʩʝ ʜʦ 8,04. ɺ ʪʘʢʠʭ ʤʝʭʘʥʠʟʤʘʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʣʘʥʝʪʘʨʥʳʝ ʧʝʨʝʜʘʯʠ (ʨʠʩ. 2) ʥʘ ʙʘʟʝ ʵʚʦʣʴʚʝʥʪʥʦʛʦ ʟʘʮʝʧʣʝʥʠʷ. 

 
ʈʠʩ. 2. ʊʘʣʴ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʝʨʝʜʚʠʞʥʘʷ ZITREK CD-300 

 

ʃʝʙʝʜʢʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ TOR KDJ (ʨʠʩ. 3) ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ ʧʣʘʥʝʪʘʨʥʳʝ ʵʚʦʣʴʚʝʥʪʥʳʝ 

ʧʝʨʝʜʘʯʠ [3]. ɺ ʪʘʢʠʭ ʣʝʙʝʜʢʘʭ ʦʪʥʦʰʝʥʠʝ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʢ ʤʘʩʩʝ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 7,07. 
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ʈʠʩ. 3. ʃʝʙʝʜʢʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ TOR KDJ 2.0 

 

ʃʝʙʝʜʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 3 ʚ ʜʣʠʥʫ ʜʦʩʪʠʛʘʝʪ ʦʢʦʣʦ 1 ʤʝʪʨʘ ʠ ʪʘʢ ʞʝ ʟʘʥʠʤʘʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʧʨʦʩʪʨʘʥʩʪʨʚʦ. 

ʈʦʩʩʠʡʩʢʘʷ ʢʦʤʧʘʥʠʷ Simaco ʚʳʧʫʩʢʘʝʪ ʣʝʙʝʜʢʠ ʥʘ ʙʘʟʝ ʧʣʘʥʝʪʘʨʥʳʭ ʧʝʨʝʜʘʯ ʩ 

ʮʠʢʣʦʠʜʘʣʴʥʳʤ ʟʘʮʝʧʣʝʥʠʝʤ (ʨʠʩ. 4). 

 
ʈʠʩ. 4. ʃʝʙʝʜʢʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʃʕʄ-3-7,5 

 

ʊʘʢʠʝ ʣʝʙʝʜʢʠ ʥʘʠʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳ, ʥʘʧʨʠʤʝʨ, ʣʝʙʝʜʢʘ ʃʕʄ-2,3-1,1 ʩ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ ʜʦ 2,3 ʪʦʥʥ ʚ ʜʣʠʥʫ ʟʘʥʠʤʘʝʪ ʚʩʝʛʦ ʦʢʦʣʦ 550 ʤʤ. ɸ ʩʦʦʥʦʰʝʥʠʝ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʢ ʤʘʩʩʝ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 54,76, ʵʪʦ ʣʫʯʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʩʨʝʜʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʛʨʫʟʦʧʦʜʲʝʤʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʯʘʱʝ ʚʩʝʛʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʧʣʘʥʝʪʘʨʥʳʝ ʧʝʨʝʜʘʯʠ, ʘ ʣʫʯʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʳʚʘʶʪ ʧʝʨʝʜʘʯʠ 

ʮʠʢʣʦʠʜʘʣʴʥʳʤ ʟʘʮʝʧʣʝʥʠʝʤ. ʊʘʢʠʝ ʧʝʨʝʜʘʯʠ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʥʘʛʨʫʟʦʯʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ ʤʝʭʘʥʠʟʤʘ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤʳ ʩ ʵʪʠʤʠ ʧʝʨʝʜʘʯʘʤʠ 

ʢʦʤʧʘʢʪʥʳ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. http://kazgeomash.ru/store/katalog-

ru/lebedki?page=2&utm_campaign=Ru_kazgeomash_Search&utm_content=ad2&utm_medium=cp

c&utm_source=yandex&utm_term=ʣʝʙʝʜʢʘ+ʪʵʣ&yclid=6197047918127253520 

2. https://zitrek.ru/production/gruzopodyemnoe-oborudovanie/tali-elektricheskie/ 

3. https://rs-td.ru/lebedka-elektricheskaya-tor-kdj-20-t-100-m-380v/ 

4. http://simaco.tomsk.ru/production/item/24 
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http://kazgeomash.ru/store/katalog-ru/lebedki?page=2&utm_campaign=Ru_kazgeomash_Search&utm_content=ad2&utm_medium=cpc&utm_source=yandex&utm_term=лебедка+тэл&yclid=6197047918127253520
https://zitrek.ru/production/gruzopodyemnoe-oborudovanie/tali-elektricheskie/
https://rs-td.ru/lebedka-elektricheskaya-tor-kdj-20-t-100-m-380v/
http://simaco.tomsk.ru/production/item/24
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ɿɸʂʃɽʇʆʏʅʓɽ ʉʆɽɼɽʅɽʅʀʗ ʀ ʅɸɻʈʋɿʂʀ ɺ ʅʀʍ 

ɸ.ɺ. ʆʣʝʡʥʠʢ, ʩʪʫʜʝʥʪ ʛʨ. 5ɸ91 

ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 634050, ʛ.ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ 30 

E-mail: avo31@tpu.ru 

 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʜʝʪʘʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʢʨʝʧʝʞʥʳʭ 

ʩʠʩʪʝʤ. ʏʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʟʘʢʣʸʧʦʢ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚ ʪʘʢʠʭ ʦʪʨʘʩʣʷʭ, ʢʘʢ: 

ʘʚʠʘʩʪʨʦʝʥʠʝ, ʩʫʜʦʩʪʨʦʝʥʠʝ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʰʚʝʡʥʘʷ ʠʥʜʫʩʪʨʠʷ, ʙʳʪʦʚʘʷ ʠ 

ʮʠʬʨʦʚʘʷ ʪʝʭʥʠʢʘ. ʉʢʨʝʧʣʝʥʠʝ ʜʝʪʘʣʝʡ ʥʘ ʟʘʢʣʝʧʢʠ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ, ʝʩʣʠ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʜʝʪʘʣʠ ʥʝ ʧʝʨʝʥʦʩʷʪ ʪʝʤʧʝʨʘʪʫʨʫ ʩʚʘʨʢʠ, ʠʣʠ ʞʝ ʢʦʛʜʘ ʥʫʞʥʦ 

ʦʙʝʩʧʝʯʠʪʴ ʩʪʦʡʢʦʩʪʴ ʰʚʘ ʢ ʫʜʘʨʘʤ ʠ ʚʠʙʨʘʮʠʠ. 

ʇʨʠʯʠʥʘʤʠ ʨʘʟʨʫʰʝʥʠʷ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʢʨʝʧʝʞʘ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʨʝʟ ʟʘʢʣʝʧʦʢ ʚ 

ʧʣʦʩʢʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ (ʨʠʩ. 1, ʙ); ʩʤʷʪʠʝ ʟʘʢʣʝʧʦʢ ʠ ʣʠʩʪʦʚ (ʨʠʩ. 1, ʚ); ʨʘʟʨʳʚ ʣʠʩʪʦʚ 

ʚ ʩʝʯʝʥʠʠ, ʦʩʣʘʙ-ʣʝʥʥʦʤ ʦʪʚʝʨʩʪʠʷʤʠ (ʨʠʩ. 1, ʛ); ʩʨʝʟ ʢʨʦʤʢʠ ʣʠʩʪʘ ʫ ʦʪʚʝʨʩʪʠʷ (ʨʠʩ. 1, ʜ) [1]. 

 
ʈʠʩ.1. ʆʜʥʦʨʷʜʥʳʡ ʰʦʚ ʚʥʘʭʣʸʩʪʢʫ, ʥʘʛʨʫʞʝʥʥʳʡ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣʦʡ F 

ɼʦʧʫʩʢʘʝʤʳʝ ʥʘʧʨʷʞʝʥʠʷ ʟʘʢʣʸʧʦʯʥʦʛʦ ʰʚʘ ʟʘʚʠʩʷʪ ʦʪ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʟʘʢʣʸʧʦʢ 

ʠ ʩʢʣʸʧʳʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ, ʦʪ ʯʠʩʪʦʪʳ ʠ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʦʪʚʝʨʩʪʠʡ ʧʦʜ ʢʣʸʧʢʫ, ʦʪ 

ʭʘʨʘʢʪʝʨʘ ʨʘʙʦʯʝʡ ʥʘʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʜʦʣʞʥʦ ʨʘʙʦʪʘʪʴ 

ʩʦʝʜʠʥʝʥʠʝ. [4] 

ɺ ʥʘʭʣʝʩʪʦʯʥʳʭ ʠ ʩʪʳʢʦʚʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʦʜʥʦʡ ʥʘʢʣʘʜʢʦʡ ʟʘʢʣʝʧʢʠ ʨʘʙʦʪʘʶʪ ʥʘ ʩʨʝʟ, 

ʥʘ ʩʤʷʪʠʝ ʠ ʥʘ ʠʟʛʠʙ. ʋʨʘʚʥʦʚʝʰʠʚʘʶʱʠʝ ʩʠʣʳ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʚʳʩʦʪʝ 

ʟʘʢʣʝʧʢʠ(ʨʠʩ.2.) [2]. 

ʈʘʩʯʝʪ ʟʘʢʣʝʧʦʢ ʚ ʩʦʝʜʠʥʝʥʠʠ, ʥʘʭʦʜʷʱʝʤʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʦʜʦʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, 

ʩʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʝ ʢ ʨʘʩʯʝʪʫ ʥʘ ʩʨʝʟ ʠ ʩʤʷʪʠʝ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʧʦ ʟʘʢʣʝʧʢʘʤ, ʘ ʪʨʝʥʠʝʤ ʚ ʩʪʳʢʘʭ ʧʨʝʥʝʙʨʝʛʘʶʪ ʠ ʫʯʠʪʳʚʘʶʪ 

ʚʳʙʦʨʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

mailto:avo31@tpu.ru
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ʈʠʩ.2. ʇʨʠʤʝʨʥʘʷ ʩʭʝʤʘ ʧʝʨʝʜʘʯʠ ʜʘʚʣʝʥʠʡ ʥʘ ʩʪʝʨʞʝʥʴ ʟʘʢʣʝʧʢʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʢʣʝʧʦʯʥʦʛʦ ʢʨʝʧʝʞʘ ʠʤʝʝʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ: 

- ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ;  

-ʧʨʦʩʪʦʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʢʣʝʧʢʠ;  

-ʧʦʚʳʰʝʥʥʘʷ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʫʜʘʨʥʳʤ ʠ ʚʠʙʨʘʮʠʦʥʥʳʤ ʥʘʛʨʫʟʢʘʤ; 

-ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ ʠʟ ʪʨʫʜʥʦʩʚʘʨʠʚʘʝʤʳʭ ʤʝʪʘʣʣʦʚ; 

-ʥʝʠʟʤʝʥʥʦʩʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʢʣʸʧʢʝ; 

-ʦʪʩʫʪʩʪʚʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʝʬʦʨʤʘʮʠʡ; 

-ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʨʫʰʝʥʠʷ ʜʝʪʘʣʠ ʧʨʠ ʨʘʟʙʦʨʢʝ. 

ʆʜʥʘʢʦ, ʪʘʢʦʡ ʩʧʦʩʦʙ ʠʤʝʝʪ ʠ ʤʥʦʞʝʩʪʚʦ ʥʝʜʦʩʪʘʪʢʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʢʣʸʧʦʢ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ [5]: 

- ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

- ʧʦʚʳʰʝʥʥʳʡ ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ  

- ʜʝʪʘʣʠ ʦʩʣʘʙʣʝʥʳ ʦʪʚʝʨʩʪʠʷʤʠ; 

- ʚʳʩʦʢʠʡ ʰʫʤ ʠ ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ; 

- ʥʘʨʫʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʰʚʦʚ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

- ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʢʦʥʩʪʨʫʢʮʠʡ. 

- ʦʜʥʦʨʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʢʨʝʧʣʝʥʠʷ ʠ ʩʘʤʠʭ ʜʝʪʘʣʝʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʟʘʢʣʝʧʢʠ ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɸ.ʅ. ʇʘʭʦʤʝʥʢʦ; ʃ.ʈ. ʍʘʤʠʜʫʣʣʦʚʘ. ɿʘʢʣʝʧʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ð ñɼʝʪʘʣʠ ʤʘʰʠʥò ð 14 

ʩ.  

2. ʐʘʧʠʥ ɺ.ʀ. ʃʝʢʮʠʷ ˉ24. ʈʘʩʯʝʪ ʟʘʢʣʝʧʦʢ ʥʘ ʩʤʷʪʠʝ ʠ ʣʠʩʪʦʚ ʥʘ ʨʘʟʨʳʚ.ð 

ñʉʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚò ð 78ʩ. 

3.  ʂʘʨʠʤʦʚ ʀ. ʅʝʨʘʟʲʝʤʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ð ñʉʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥò ð 40 ʩ. 

4. ʇʘʰʢʦʚ ɽ.ʅ. MATERIALS AND ENGINEERING SCIENCE (ʋʏɽɹʅʆɽ ʇʆʉʆɹʀɽ) 
/ʇʘʰʢʦʚ ɽ.ʅ., ʄʘʨʪʶʰʝʚ ʅ.ɺ.// ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʞʫʨʥʘʣ ʧʨʠʢʣʘʜʥʳʭ ʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. - 2013. -  ̄  2.  - ʉ. 126-127. 

5. ʄʦʠʩʝʝʥʢʦ, ʂʦʥʩʪʘʥʪʠʥ ɸʣʝʢʩʘʥʜʨʦʚʠʯ. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʧʦʜʩʪʘʥʮʠʠ "ʉʪʘʨʦʜʫʙʩʢʘʷ" 
[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ʂ. ɸ. ʄʦʠʩʝʝʥʢʦ, ʄ. ʉ. ʏʝʨʝʤʠʩʢʠʥʘ // ʅʘʫʢʘ. ʊʝʭʥʦʣʦʛʠʠ. 

ʀʥʥʦʚʘʮʠʠ ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ, ʅʦʚʦʩʠʙʠʨʩʢ, 3-7 ʜʝʢʘʙʨʷ 2018 ʛ.: ʚ 9 ʯ.: / 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʅɻʊʋ) . ð 2018 . ð ʏ. 4 : 

ʕʥʝʨʛʝʪʠʢʘ . ð [ʉ. 62-66] 
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ɻʈɽʁʌɽʈʅʓʁ ʄɽʍɸʅʀɿʄ 

 
ɽ.ʀ. ʇʘʥʴʢʦʚʘ, ʩʪʫʜʝʥʪʢʘ ʛʨ. 5ɸ97 

ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 634050, ʛ.ʊʦʤʩʢ, ʧʨ.ʃʝʥʠʥʘ,30,  

E-mail: eip4@tpu.ru. 

 
ɻʨʝʡʬʝʨ ð ʵʪʦ ʛʨʫʟʦʟʘʭʚʘʪʥʦʝ ʥʘʚʝʩʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʨʷʜʘ ʤʘʥʠʧʫʣʷʮʠʡ ʧʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤʫ ʧʦʜʲʝʤʫ, ʧʦʛʨʫʟʢʝ-ʨʘʟʛʨʫʟʢʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʣʷ 

ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ [1]. 

ʉʫʪʴ ʛʨʝʡʬʝʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʩʦʙʦʡ ʨʘʟʲʝʤʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʘ ʠʤʝʥʥʦ 

ʥʘʣʠʯʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʯʝʣʶʩʪʝʡ ï ʪʷʞʝʣʦʚʝʩʥʳʭ ʧʦʣʦʚʠʥʦʢ, ʢʦʪʦʨʳʝ ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʶʪ 

ʜʨʫʛ ʢ ʜʨʫʛʫ ʚʦ ʚʨʝʤʷ ʩʤʳʢʘʥʠʷ ʠ ʨʘʩʭʦʜʷʪʩʷ ʚʦ ʚʨʝʤʷ ʨʘʟʤʳʢʘʥʠʷ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ. ʅʘ 

ʦʜʥʦʤ ʢʨʘʶ ʢʘʞʜʦʡ ʯʝʣʶʩʪʠ ʝʩʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʟʫʙʴʷ, ʫʧʨʦʱʘʶʱʠʝ ʟʘʙʦʨ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʢʦʧʢʫ 

ʟʝʤʣʠ. 

ʎʠʢʣ ʨʘʙʦʪʳ ʛʨʝʡʬʝʨʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʨʠʩ.1: 

1) ʦʧʫʩʢʘʥʠʝ ʩ ʨʘʩʢʨʳʪʳʤʠ ʯʝʣʶʩʪʷʤʠ ʥʘ ʛʨʫʟ (ʚʦʟʤʦʞʥʦ ʙʨʦʩʘʥʠʝ ʜʣʷ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣ) 

2) ʟʘʭʚʘʪ ʛʨʫʟʘ (ʩ ʧʦʤʦʱʴʶ ʣʝʙʸʜʢʠ ʯʝʣʶʩʪʠ ʟʘʢʨʳʚʘʶʪʩʷ) 

3) ʧʦʜʲʝʤ (ʪʘʢ ʞʝ ʩ ʧʦʤʦʱʴʶ ʣʝʙʸʜʢʠ ʛʨʝʡʬʝʨʥʳʡ ʢʦʚʰ ʦʪʨʳʚʘʝʪʩʷ ʦʪ ʟʝʤʣʠ ʠ 

ʧʦʜʥʠʤʘʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʚʳʩʦʪʫ) 

4) ʚʳʛʨʫʟʢʘ (ʧʝʨʝʤʝʱʸʥʥʳʡ ʢʦʚʰ ʨʘʩʧʘʭʠʚʘʝʪʩʷ, ʧʨʦʠʩʭʦʜʠʪ ʚʳʩʳʧʘʥʠʝ ʛʨʫʟʘ) 

 
ʈʠʩ 1. ʎʠʢʣ ʨʘʙʦʪʳ ʛʨʝʡʬʝʨʘ: ʘ ï ʦʧʫʩʢʘʥʠʝ, ʙ ï ʟʘʭʚʘʪ, ʚ ï ʧʦʜʲʸʤ, ʛ ï ʚʳʛʨʫʟʢʘ. 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʛʨʝʡʬʝʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʦʡ ʯʝʣʶʩʪʝʡ. ʂʦʚʰʝʦʙʨʘʟʥʳʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʯʝʨʧʘʥʠʷ ʠ ʟʘʛʣʫʙʣʝʥʠʷ, ʢʣʝʱʝʦʙʨʘʟʥʳʝ ï ʜʣʷ ʦʧʝʨʘʮʠʡ ʩ ʪʨʫʙʘʤʠ ʠ ʣʝʩʦʤ, 

ʚʠʣʴʯʘʪʳʝ ï ʜʣʷ ʚʦʣʦʢʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʨʦʩʩʳʧʴʶ ʠʣʠ ʨʫʣʦʥʘʤʠ, ʣʘʧʯʘʪʳʝ ï ʜʣʷ 

ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ [2]. 

ɻʨʝʡʬʝʨ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ ʪʠʧʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ: ʜʣʷ ʧʦʛʨʫʟʦʯʥʦ-

ʨʘʟʛʨʫʟʦʯʥʳʭ ʤʘʥʠʧʫʣʷʮʠʡ ʠ ʜʣʷ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ. ʊʘʢʞʝ ʛʨʝʡʬʝʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʢʘʥʘʪʥʳʝ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʨʘʙʦʯʠʭ ʢʘʥʘʪʦʚ) ʠ ʧʨʠʚʦʜʥʳʝ, ʚ ʢʦʪʦʨʦʤ ʟʘ 

ʨʘʙʦʪʫ ʯʝʣʶʩʪʝʡ ʦʪʚʝʯʘʝʪ ʦʪʜʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ, ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʢʨʶʢʦʚʦʡ ʦʙʦʡʤʝ ʩ 

ʣʝʙʸʜʢʦʡ.  
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ʆʜʥʦʢʘʥʘʪʥʳʡ ʛʨʝʡʬʝʨ (ʨʠʩ. 2) ʩʦʜʝʨʞʠʪ ʢʦʨʧʫʩ 5, ʯʝʣʶʩʪʠ 7, ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ ʦʩʠ 8, 

ʥʝʧʦʜʚʠʞʥʫʶ ʩʪʦʡʢʫ 3, ʧʦʜʚʠʞʥʫʶ ʪʨʘʚʝʨʩʫ 1, ʢʘʥʘʪ 10, ʧʨʦʫʰʠʥʫ 4, ʥʘʧʨʘʚʣʷʶʱʠʝ ʨʦʣʠʢʠ 

9, ʮʝʧʴ 2, ʩʦʝʜʠʥʷʶʱʫʶ ʢʨʶʢ ʩ ʧʦʜʚʠʞʥʦʡ ʪʨʘʚʝʨʩʦʡ 1 ʠ ʟʘʢʨʝʧʣʝʥʥʫʶ ʥʘ ʧʦʩʣʝʜʥʝʡ 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʩʠ, ʛʨʝʡʬʝʨʥʳʡ ʤʝʭʘʥʠʟʤ 6, ʙʘʣʣʘʩʪʳ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʦʩʠ 

ʢʨʝʧʣʝʥʠʷ ʯʝʣʶʩʪʝʡ 7, ʘ ʜʚʘ ʚʪʦʨʳʭ ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʢʨʶʢʝ. 

 
ʈʠʩ. 2. ʆʜʥʦʢʘʥʘʪʥʳʡ ʛʨʝʡʬʝʨ: 

1 - ʧʦʜʚʠʞʥʘʷ ʪʨʘʚʝʨʩʘ; 2 - ʮʝʧʴ; 3 - ʥʝʧʦʜʚʠʞʥʘʷ ʩʪʦʡʢʘ; 

4 - ʧʨʦʫʰʠʥʘ; 5 - ʢʦʨʧʫʩ; 6 - ʛʨʝʡʬʝʨʥʳʡ ʤʝʭʘʥʠʟʤ; 

7 - ʯʝʣʶʩʪʴ; 8 - ʦʩʴ; 9 - ʥʘʧʨʘʚʣʷʶʱʠʝ ʨʦʣʠʢʠ; 10 - ʢʘʥʘʪ [3]. 

ɼʘʥʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʦʜʥʦʢʘʥʘʪʥʦʛʦ ʛʨʝʡʬʝʨʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʤʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʢ ʢʨʘʥʘʤ. ɹʳʩʪʨʘʷ ʥʘʚʝʩʢʘ ʛʨʝʡʬʝʨʥʦʛʦ ʢʦʚʰʘ ʨʘʩʰʠʨʷʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʢʨʦʤʝ ʪʦʛʦ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʦʩʪʘ ʚ ʫʧʨʘʚʣʝʥʠʠ ʠ ʥʘʜʝʞʥʘ ʚ ʨʘʙʦʪʝ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɻʦʨʢʠʥ ɸ.ʇ. ʕʥʮʠʢʣʦʧʝʜʠʷ çʊʝʭʥʠʢʘè [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʕʣʝʢʪʨʦʥʥʳʝ ʜʘʥʥʳʝ 

- ʄʦʩʢʚʘ: ʈʦʩʤʵʥ, 2006. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://pdf.knigi-x.ru/21raznoe/3362-1-aleksandr-

pavlovich-gorkin-enciklopediya-tehnika-s-illyustraciyami-seriya-sovremennaya-illyustrirovannaya-

enciklopediya-t.php 

2. ɿʘʡʮʝʚ ʃ.ɺ., ʇʦʣʦʩʠʥ ʄ.ɼ. ɸʚʪʦʤʦʙʠʣʴʥʳʝ ʢʨʘʥʳ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʄ.: ɺʳʩʰʘʷ 

ʰʢʦʣʘ, 1987. ï 208 ʩ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.studmed.ru/view/zaycev-lv-polosin-md-

avtomobilnye-krany_7d4559862f4.html  

3. ʄʘʣʦʚ ɸ.ʅ. ʉʧʨʘʚʦʯʥʠʢ ʪʝʭʥʦʣʦʛʘ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʄ.: 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ,1973. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://lib-bkm.ru/load/11-1-0-3068 

4. ʇʘʰʢʦʚ ɽ.ʅ. MATERIALS AND ENGINEERING SCIENCE (ʋʏɽɹʅʆɽ ʇʆʉʆɹʀɽ) 
/ʇʘʰʢʦʚ ɽ.ʅ., ʄʘʨʪʶʰʝʚ ʅ.ɺ.// ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʞʫʨʥʘʣ ʧʨʠʢʣʘʜʥʳʭ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. - 2013. -  ̄  2.  - ʉ. 126-127. 

5. Cheremiskina, Maria Sergeevna. Load-bearing of axle-box assemblies / M. S. Cheremiskina, 

E. N. Pashkov // Journal of Economics and Social Sciences electronic scientific journal: . ð 2020 . 

ð ˉ 16 . ð [4 p.] 
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ʇʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʫʟʣʘʭ ʠ ʤʝʭʘʥʠʟʤʘʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʝʪʘʣʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʧʦʢʨʳʪʠʡ. 

ʊʘʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʚʳʰʘʶʪ ʥʘʜʝʞʥʦʩʪʴ ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʩʨʦʢ ʩʣʫʞʙʳ ʜʝʪʘʣʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ 

[1]. ʇʨʠ ʵʪʦʤ ʪʘʢʠʝ ʜʝʪʘʣʠ ʦʯʝʥʴ ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʩʣʦʡʥʳʝ ʠʟʜʝʣʠʷ, ʩʦʩʪʦʷʱʠʝ 

ʠʟ ʩʪʘʣʴʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʥʝʩʝʥʠʝʤ ʥʘ ʥʝʛʦ ʧʦʢʨʳʪʠʷ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ 

ʟʘʚʠʩʠʪ ʦʪ ʤʘʪʝʨʠʘʣʘ ʠ ʩʧʦʩʦʙʘ ʝʛʦ ʥʘʥʝʩʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, ʯʪʦ ʩʚʦʡʩʪʚʦ ʧʦʢʨʳʪʠʷ 

ʜʦʣʞʥʦ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʦʡ ʜʝʪʘʣʠ [2]. ʇʨʠʤʝʥʷʝʤʳʝ 

ʧʨʠ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʨʝʤʦʥʪʝ ʤʘʰʠʥ ʧʦʢʨʳʪʠʷ, ʧʦ ʩʚʦʝʤʫ ʥʘʟʥʘʯʝʥʠʶ, ʧʨʠʥʷʪʦ 

ʧʦʜʨʘʟʜʝʣʷʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʠʟʥʦʩʦʩʪʦʡʢʠʝ, ʣʘʢʦʢʨʘʩʦʯʥʳʝ, 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ, ʢʦʨʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʠʝ, ʞʘʨʦʩʪʦʡʢʠʝ. ʏʘʩʪʦ ʧʨʠ ʥʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʡ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʛʘʙʘʨʠʪʥʳʭ ʠ ʧʨʠʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ, ʧʨʠ ʵʪʦʤ ʨʘʟʤʝʨʳ ʜʝʪʘʣʝʡ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ ʪʦʣʱʠʥʫ ʥʘʥʦʩʠʤʦʛʦ ʩʣʦʷ ʧʦʢʨʳʪʠʷ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ, ʵʪʦ ʥʝʜʦʧʫʩʪʠʤʦ, 

ʪʘʢ ʢʘʢ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ [3]. ʆʜʥʘʢʦ 

ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʣʝʥʦʯʥʳʭ ʧʦʢʨʳʪʠʡ (ʪʦʣʱʠʥʘ ʧʣʝʥʦʯʥʦʛʦ ʩʣʦʷ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5 ʤʢʤ ʜʦ 30 ʤʢʤ) ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʭ ʥʘʥʝʩʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ (ʨʠʩ. 1). 

 
 

ʈʠʩ. 1. ʉʦʩʪʘʚ ʧʣʝʥʦʯʥʦʛʦ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

 

ʉʝʛʦʜʥʷ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʧʨʦʜʘʶʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʧʣʝʥʦʯʥʳʭ ʧʦʢʨʳʪʠʡ, 

ʨʘʟʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ. ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʫʧʘʢʦʚʢʦʡ, ʩʧʦʩʦʙʦʤ ʥʘʥʝʩʝʥʠʷ, ʠ 

ʩʚʦʠʤ ʥʘʟʥʘʯʝʥʠʝʤ. ʅʝʤʘʣʦ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʠ ʮʝʥʦʚʘʷ ʧʦʣʠʪʠʢʘ ʥʘ ʧʦʢʨʳʪʠʷ 

ʪʘʢʦʛʦ ʪʠʧʘ. ɿʘʯʘʩʪʫʶ ʧʦʪʨʝʙʠʪʝʣʴ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʩʣʦʞʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʠ ʚʳʙʦʨʝ ʪʦʛʦ ʯʪʦ ʝʤʫ 

ʥʝʦʙʭʦʜʠʤʦ. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ ʯʪʦ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʧʦʢʨʳʪʠʝ, 

ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ ʬʫʥʢʮʠʠ, ʣʝʛʢʦ ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʜʝʣʠʷ, ʥʝ ʪʨʝʙʫʷ 

ʩʣʦʞʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʠ ʵʪʦʤ ʠʤʝʪʴ ʚʳʩʦʢʫʶ ʘʜʛʝʟʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ 

ʩʮʝʧʣʝʥʠʷ ʩ ʦʩʥʦʚʥʳʤ ʤʝʪʘʣʣʦʤ [4]. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʥʝ ʫʢʘʟʳʚʘʝʪ ʦʜʠʥ ʠʟ 
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ʦʩʥʦʚʥʳʭ ʠ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʤ ʷʚʣʷʝʪʩʷ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʷ. ʆʪ ʥʝʛʦ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ 

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʣʝʥʦʯʥʦʛʦ ʧʦʢʨʳʪʠʡ [5].  

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʨʦʠʟʚʝʩʪʠ ʧʦʜʙʦʨ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʝʞʠʤʦʚ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʧʣʝʥʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʩʪʘʣʴʥʦʝ 

ʦʩʥʦʚʘʥʠʝ (ʨʠʩ. 2).  

 
ʈʠʩ. 2. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʥʘʥʝʩʝʥʠʷ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʧʣʝʥʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

I ï ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ; II ï ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ; ɸ ï ʟʦʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ çʬʘʢʝʣʘè ʠ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʳʣʷʝʤʦʛʦ ʧʦʢʨʳʪʠʷ. 
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ʩʝʨʠʡʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʙʦʣʴʰʠʥʩʪʚʦ 

ʢʦʥʩʪʨʫʢʮʠʡ PKM, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʧʨʦʙʣʝʤʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʴ, ʟʘʚʠʩʷʱʫʶ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɺ ʦʪʚʝʪ, ʠʟʙʳʪʦʯʥʦʩʪʴ ʤʝʭʘʥʠʟʤʘ 

ʩʪʘʣʘ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʠ ʜʨʫʛʠʭ ʧʨʦʙʣʝʤ. ʈʘʟʚʠʪʠʝ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʚʩʝʤʫ ʤʠʨʫ. ʂʘʢ ʘʥʘʣʦʛ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ 

(ʇʂʄ) ʠʤʝʶʪ ʢʦʤʧʘʢʪʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʟʘ ʩʯʝʪ ʤʥʦʛʦʢʦʥʪʫʨʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ [1ï4]. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʇʂʄ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʚʳʩʦʢʦʡ ʞʝʩʪʢʦʩʪʠ ʠ ʙʳʩʪʨʦʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. ʇʘʨʘʣʣʝʣʴʥʘʷ ʢʠʥʝʤʘʪʠʢʘ - ʪʠʧ, ʢʠʥʝʤʘʪʠʢʘ ʠ ʦʧʪʠʤʘʣʴʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʟʫʣʴʪʘʪʳ 15-ʣʝʪʥʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ 

ʤʘhʠʥ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʠʥʝʤʘʪʠʢʦʡ. ʆʙ̡ʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʩʪʘʪʴʶ ʷʚʣʷʝʪʩʷ 

ʤʝʭʘʥʠʟʤ r ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʠʥʝʤʘʪʠʢʦʡ ʩ ʨʘʟʥʳʤ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʧʦʜʚʠʞʥʦʩʪʠ. 

ʇʘʨʘʣʣʝʣʴʥʦ-ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ (ʇʂʄ) ʠʤʝʶʪ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʦʩʥʦʚʘʥʠʝ ʠ 

ʧʦʜʚʠʞʥʳʡ ʢʦʥʮʝʚʦʡ ʵʬʬʝʢʪʦʨ, ʩʦʝʜʠʥʝʥʥʳʝ ʥʝʩʢʦʣʴʢʠʤʠ (ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʫʤʷ) 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʮʝʧʷʤʠ ʧʦ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʭʝʤʝ. ʂʦʣʠʯʝʩʪʚʦ ʥʝʟʘʚʠʩʠʤʳʭ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʮʝʧʝʡ ʨʘʚʥʦ ʢʦʣʠʯʝʩʪʚʫ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʢʦʥʮʝʚʦʛʦ ʵʬʬʝʢʪʦʨʘ. 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʪʚʦʨʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʟʥʘʥʠʷ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʚʦʧʣʦʱʝʥʠʷ ʠʜʝʠ ʚ ʨʝʘʣʴʥʦʩʪʴ [1].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʭʘʥʠʟʤ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʠʥʝʤʘʪʠʢʦʡ, ʧʨʠ ʥʘʣʠʯʠʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʚʷʟʝʡ.  ɺʚʦʜʷ ʪʘʢʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʷʟʠ, ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʡ 

ʨʘʙʦʯʠʡ ʦʙʲʝʤ ʥʝ ʧʫʪʝʤ ʦʛʨʘʥʠʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʫʧʨʘʚʣʷʝʤʳʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʧʨʠʚʦʜʦʚ ʤʝʭʘʥʠʟʤʘ, ʘ ʦʩʫʱʝʩʪʚʠʪʴ ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʥʘʣʠʯʠʝʤ ʪʘʢʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʚʷʟʝʡ [2]. 

ʄʝʭʘʥʠʟʤ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʠʥʝʤʘʪʠʢʦʡ, ʚ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʠʩ.1. ʆʩʦʙʝʥʥʦʩʪʴ 

ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʫʧʨʘʚʣʷʝʤʳʝ ʜʚʠʞʝʥʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʦ ʦʩʠ Z, ʘ 

ʪʦʣʢʘʪʝʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʝ, ʥʘ ʥʝʢʦʪʦʨʦʡ ʦʢʨʫʞʥʦʩʪʠ  

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʜʠʫʩʘ Rn. ʋʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʪʦʣʢʘʪʝʣʝʡ ɣni ʚʩʝʭ ʰʝʩʪʠ ʧʨʠʚʦʜʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ X (ʥʝʧʦʜʚʠʞʥʦʡ) ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ 

ʥʝʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʝ. ʂʦʦʨʜʠʥʘʪʳ Xni,Yni ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʜʠʫʩʦʤ Rn ʠ 
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ʫʛʣʘʤʠ  ɣni .ʋʧʨʘʚʣʷʝʤʘʷ ʢʦʦʨʜʠʥʘʪʘ ʧʨʠʚʦʜʘ pi ʜʣʷ ʫʜʦʙʩʪʚʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʩʨʝʜʝ SolidWorks ʚʢʣʶʯʘʝʪ ʧʦʩʪʦʷʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ Zn0. ʅʘ ʢʦʥʮʘʭ ʪʦʣʢʘʪʝʣʝʡ 

ʫʩʪʘʥʦʚʣʝʥʳ ʰʘʨʦʚʳʝ ʦʧʦʨʳ, ʩʦʝʜʠʥʷʶʱʠʝ  ʪʦʣʢʘʪʝʣʠ ʩ ʰʘʪʫʥʘʤʠ. ʅʘ ʜʨʫʛʦʤ ʢʦʥʮʝ ʰʘʪʫʥʘ 

ʪʘʢʞʝ ʠʤʝʝʪʩʷ ʰʘʨʦʚʘʷ ʦʧʦʨʘ, ʩʦʝʜʠʥʷʶʱʘʷ ʰʘʪʫʥʳ ʩ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʦʡ [4]. ɺ 

ʥʘʯʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʤʝʭʘʥʠʟʤʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʧʦʜʚʠʞʥʦʡ  ʧʣʘʪʬʦʨʤʳ ʧʦ 

ʢʦʦʨʜʠʥʘʪʘʤ Xp0,Yp0 ʩʦʚʧʘʜʘʝʪ ʩ  ʢʦʦʨʜʠʥʘʪʘʤ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ Xn0,Yn0. ɼʣʷ 

ʦʛʨʘʥʠʯʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚʝʨʭʥʝʡ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʳ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʚʚʝʜʝʥ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʰʘʪʫʥ ʜʣʠʥʦʡ L0, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʰʘʨʦʚʳʭ ʦʧʦʨʘʭ. ʉʘʤʠ ʰʘʨʦʚʳʝ ʦʧʦʨʳ  

ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ ʥʝʧʦʜʚʠʞʥʦʡ ʠ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ. ɺʝʨʭʥʠʝ 

ʰʘʨʦʚʳʝ ʦʧʦʨʳ ʨʘʙʦʯʠʭ ʰʘʪʫʥʦʚ  ʪʘʢ ʞʝ, ʢʘʢ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʝ, ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 

ʧʦʩʪʦʷʥʥʦʤ ʨʘʜʠʫʩʝ Rp , ʘ ʠʭ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʘʤʠ ɣpi ʦʪ ʦʩʠ X ʧʦʜʚʠʞʥʦʡ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʀʩʭʦʜʷ ʠʟ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʟʤʝʨʦʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʙʦʯʝʡ ʟʦʥʳ ʜʣʷ 

ʚʝʨʭʥʝʡ ʧʣʘʪʬʦʨʤʳ ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʜʣʠʥʫ ʨʘʙʦʯʠʭ ʰʘʪʫʥʦʚ S. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʤʘʪʠʢʠ, ʦʧʠʩʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʠʥʝʤʘʪʠʢʦʡ  ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʚʷʟʴʶ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʥʘʯʘʣʘ 

ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (Xp0,Yp0,Zp0,Ap0,Bp0,Cp0) ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ pi [5].  
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ʈʦʣʠʢʦʚʠʥʪʦʚʘʷ ʧʝʨʝʜʘʯʘ ð ʵʪʦ ʥʦʚʘʷ ʵʨʘ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʠʚʦʜʥʦʡ 

ʪʝʭʥʠʢʠ. ʗʚʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʛʨʫʟʦʧʦʜʲʝʤʥʳʭ ʠ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʤ ʩʨʝʜʠ ʣʠʥʝʡʥʳʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ, ʈʦʣʠʢʦʚʠʥʪʦʚʘʷ ʧʝʨʝʜʘʯʘ ʟʘʜʘʝʪ ʪʦʥ ʜʣʷ ʤʝʭʘʥʠʟʤʦʚ ʩʣʝʜʫʶʱʝʛʦ 

ʧʦʢʦʣʝʥʠʷ. ʇʝʨʝʜʘʯʘ ʚʠʥʪ ʛʘʡʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʚ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ. ʇʨʠ ʵʪʦ ʚʨʘʱʝʥʠʝ ʟʘʢʨʝʧʣʝʥʥʦʡ ʦʪ ʦʩʝʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʛʘʡʢʠ ʚʳʟʳʚʘʝʪ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚʠʥʪʘ, ʠʣʠ ʚʨʘʱʝʥʠʝ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʦʪ ʦʩʝʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ 

ʚʠʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʛʘʡʢʠ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʨʦʣʠʢʦʚʠʥʪʦʚʘʷ ʧʘʨʘ ʩʦʩʪʦʠʪ ʠʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʠʥʪʘ ʠ ʛʘʡʢʠ. 

ɺʥʫʪʨʠ ʛʘʡʢʠ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʳ ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʠʥʪʫ ʨʦʣʠʢʠ. ʆʩʦʙʝʥʥʦʩʪʴ ʜʘʥʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʥʝʦʙʳʯʘʡʥʦ ʦʨʠʛʠʥʘʣʴʥʘ ï ʥʘʛʨʫʟʢʘ ʧʝʨʝʜʘʝʪʩʷ ʦʪ ʛʘʡʢʠ ʢ ʚʠʥʪʫ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʯʝʨʝʟ ʚʩʝ ʨʦʣʠʢʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʨʝʟʴʙʳ ʚʠʥʪʘ, ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʘʡʢʠ ʠ ʨʦʣʠʢʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʚʩʝʡ ʩʠʩʪʝʤʳ. ɺ ʜʘʥʥʦʡ ʧʘʨʝ ʧʦʜʰʠʧʥʠʢʦʚʘʷ ʩʪʘʣʴ ʦʙʳʯʥʦ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʢʦʪʦʨʘʷ ʚʢʫʧʝ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʧʪʠʤʘʣʴʥʫʶ ʛʝʦʤʝʪʨʠʶ (ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʜʘʥʥʦʡ ʧʝʨʝʜʘʯʠ), ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠ 

ʥʘʜʝʞʥʦʩʪʴ. [1] 

ʉʫʱʝʩʪʚʫʝʪ 2 ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʨʦʣʠʢʦʚʠʥʪʦʚʳʭ ʧʝʨʝʜʘʯ: 

¶ ʇʣʘʥʝʪʘʨʥʳʝ: ʨʝʟʴʙʦʚʳʝ ʨʦʣʠʢʠ-ʩʘʪʝʣʣʠʪʳ ʜʚʠʞʫʪʩʷ ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʨʝʮʠʨʢʫʣʷʮʠʠ, ʵʪʠʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʯʘʡʰʫʶ ʧʨʦʯʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ, 

ʥʘʜʝʞʥʦʩʪʴ. 

 
ʈʠʩ. 1. ʄʦʜʝʣʴ ʧʣʘʥʝʪʘʨʥʦʡ ʨʦʣʠʢʦʚʠʥʪʦʚʦʡ ʧʝʨʝʜʘʯʠ 

1-ʚʠʥʪ; 2-ʛʘʡʢʘ; 3-ʨʝʟʴʙʦʚʳʝ ʨʦʣʠʢʠ;4-ʚʪʫʣʢʘ ʫʧʣʦʪʥʠʪʝʣʷ 5- ʩʝʧʘʨʘʪʦʨ. 

 

ʈʘʙʦʪʘʝʪ ʇʈɺʇ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʚʠʥʪʘ 1 ʨʦʣʠʢʠ 3 ʦʙʢʘʪʳʚʘʶʪʩʷ ʧʦ 

ʨʝʟʴʙʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʘʡʢʠ 2 ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʜʙʦʨʝ ʫʛʣʦʚ ʧʦʜʲʝʤʘ ʨʝʟʴʙʳ ʨʦʣʠʢʦʚ, 

ʚʠʥʪʘ ʠ ʛʘʡʢʠ, ʧʦʩʣʝʜʥʷʷ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

¶ ʈʝʮʠʨʢʫʣʷʮʠʦʥʥʳʝ: ʥʝʨʝʟʴʙʦʚʳʝ ʨʦʣʠʢʠ ʩ ʢʦʣʴʮʝʚʳʤʠ ʢʘʥʘʚʢʘʤʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʠʜʝʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ, ʦʩʝʚʦʡ ʞʝʩʪʢʦʩʪʠ ʠ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ 

ʰʘʛʘ ʨʝʟʴʙʳ ʜʣʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʚʳʩʦʯʘʡʰʝʡ ʪʦʯʥʦʩʪʴʶ.     
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ʈʠʩ. 2. ʄʦʜʝʣʴ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʨʦʣʠʢʦʚʠʥʪʦʚʦʡ ʧʝʨʝʜʘʯʠ 

    ʈʦʣʠʢʦʚʠʥʪʦʚʳʝ ʧʝʨʝʜʘʯʠ ʩ ʨʝʮʠʨʢʫʣʷʮʠʝʡ ʨʦʣʠʢʦʚ ʦʙʣʘʜʘʶʪ ʚʩʝʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʣʘʥʝʪʘʨʥʳʭ ʈɺʇ, ʪʘʢʠʤʠ ʢʘʢ ʧʨʦʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ. ʅo ʚ ʦʪʣʠʯʠʠ ʦʪ ʥʠʭ 

ʠʤʝʶʪ ʥʝʦʙʳʯʘʡʥʦ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʥʝʚʝʨʦʷʪʥʦ ʤʘʣʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʧʝʨʝʤʝʱʝʥʠʷ. ʕʪʠ ʢʘʯʝʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʢʨʘʡʥʝ ʤʘʣʦʤʫ ʰʘʛʫ ʨʝʟʴʙʳ (ʤʠʥ. 0,6 

ʤʤ). 

ʉ ʧʦʤʦʱʴʶ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʨʦʣʠʢʦʚʠʥʪʦʚʳʭ ʧʝʨʝʜʘʯ ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ 

ʢʦʥʩʪʨʫʢʮʠʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʠ ʫʚʝʣʠʯʠʪʴ ʝʛʦ ʞʝʩʪʢʦʩʪʴ. ʆʥʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʳ ʩʪʘʙʠʣʴʥʳʝ ʚʳʩʦʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʈʝʮʠʨʢʫʣʷʮʠʦʥʥʳʝ ʈɺʇ ʜʦʩʪʫʧʥʳ ʩ ʨʘʟʣʠʯʥʳʤ ʜʠʘʤʝʪʨʦʤ ʠ ʰʘʛʦʤ ʨʝʟʴʙʳ. 

ʀʭ ʚʳʩʦʢʦʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʪʨʝʙʫʝʤʳʡ ʢʨʫʪʷʱʠʡ 

ʤʦʤʝʥʪ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʄʘʪʝʨʠʘʣʳ ʜʝʪʘʣʝʡ: ʚʠʥʪʳ ʚʳʧʦʣʥʷʶʪ ʠʟ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ ʪʘʢʠʭ ʢʘʢ: ʩʪʘʣʴ 

45,40ʍ,50 ʠ ʜʨ. ɻʘʡʢʠ ʦʙʳʯʥʦ ʜʝʣʘʶʪ ʠʟ ʦʣʦʚʷʥʠʩʪʳʭ ʠʣʠ ʙʝʟʦʣʦʚʷʥʠʩʪʳʭ ʙʨʦʥʟ, ʣʘʪʫʥʝʡ, ʘ 

ʪʘʢʞʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʯʫʛʫʥʦʚ. [2]      

ʆʩʥʦʚʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʨʦʣʠʢʦʚʠʥʪʦʚʳʭ ʧʝʨʝʜʘʯ ʷʚʣʷʶʪʩʷ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ ʠ ʨʘʟʥʳʝ ʜʨʫʛʠʝ ʚʠʜʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʘ, ʣʠʪʴʝ 

ʧʣʘʩʪʠʢʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʩʙʦʨʦʯʥʳʝ ʣʠʥʠʠ, ʘ ʪʘʢʞʝ ʚ ʤʝʜʠʮʠʥʩʢʦʤ ʠ ʣaʙʦʨʘʪʦʨʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ. 

ɼʘʥʥʳʝ ʧʨʠʚʦʜʳ ʥʝʦʙʳʯʘʡʥʦ ʭʦʨʦʰʠ. ʆʥʠ ʧʦʜʭʦʜʷʪ ʢʘʢ ʜʣʷ ʙʦʣʴʰʠʭ ʥʘʛʨʫʟʦʢ, 

ʙʳʩʪʨʦʛʦ ʚʨʘʱʝʥʠʷ ʪʘʢ ʠ ʜʣʷ ʨʘʙʦʪʳ ʚ ʜʦʩʪʘʪʦʯʥʦ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, ʧʨʠ ʵʪʦʤ, ʩʦʯʝʪʘʷ ʚ 

ʩʝʙʝ ʚʳʩʦʯʘʡʰʫʶ ʪʦʯʥʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ. ʂ ʢʨʠʪʠʯʝʩʢʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʜʘʥʥʦʡ ʧʝʨʝʜʘʯʠ 

ʤʦʥʦ ʦʪʥʝʩʪʠ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʫʜʘʨʥʳʤ ʥʘʛʨʫʟʢʘʤ. ʅʦ ʠ ʩʦʭʨʘʥʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʩʤʘʟʢʠ ʩʪʦʠʪ ʫʧʦʤʠʥʘʥʠʷ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʣʠʢʦʚʠʥʪʦʚʳʭ 

ʧʝʨʝʜʘʯ, ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʚʥʫʪʨʝʥʥʝʡ ʠʥʪʝʛʨʘʮʠʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʦʪ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʟʘʢʘʣʢʠ, ʜʦ ʰʣʠʬʦʚʢʠ ʠ ʩʙʦʨʢʠ. [3] 
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ʅʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʷʚʣʷʝʪʩʷ ʙʫʨʝʥʠʝ. ʇʦʵʪʦʤʫ 

ʨʘʟʚʠʪʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʙʫʨʝʥʠʷ 

ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ ʧʨʦʮʝʩʩ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʥʳʤ, ʙʝʟʦʧʘʩʥʳʤ ʠ 

ʵʬʬʝʢʪʠʚʥʳʤ [1]. ʋʯʠʪʳʚʘʷ ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʝʢʪʦʨʠʝʡ ʚ ʧʦʨʦʜʘʭ 

ʩʨʝʜʥʝʡ ʠ ʚʳʩʦʢʦʡ ʢʨʝʧʦʩʪʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʝʩʴʤʘ ʩʣʦʞʥʦʡ. 

ɼʣʷ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʧʦ ʫʧʨʘʚʣʷʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠ ̫

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʙʫʨʝʥʠʷ (ɻʅɹ) [2]. ɼʣʷ ʵʪʦʛʦ ʫʩʪʘʥʦʚʢʫ ɻʅɹ ʦʩʥʘʱʘʶʪ ʫʜʘʨʥʳʤ 

ʫʟʣʦʤ, ʘ ʟʘʙʦʡʥʘʷ ʯʘʩʪʴ ʦʩʥʘʱʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ. 

ʊʘʢʞʝ ʠʟʚʝʩʪʝʥ ʤʝʪʦʜ çʢʘʨʚʠʥʛʘè, ʛʜʝ ʫʩʪʘʥʦʚʢʫ ɻʅɹ ʦʩʥʘʱʘʶʪ ʧʦʛʨʫʞʥʳʤ 

ʧʥʝʚʤʦʫʜʘʨʥʠʢʦʤ ʠ ʙʫʨʦʚʳʤ ʜʦʣʦʪʦʤ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ, çʩʢʦʰʝʥʥʦʡè ʟʘʙʦʡʥʦʡ ʯʘʩʪʴʶ.  

ɺ ʥʝʬʪʷʥʦʡ ʠ ʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʧʨʦʭʦʜʢʠ ʩʢʚʘʞʠʥ ʧʦ ʫʧʨʘʚʣʷʝʤʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʨʦʪʦʨʥʳʝ ʫʧʨʘʚʣʷʝʤʳʝ ʩʠʩʪʝʤʳ ʠ 

ʚʠʥʪʦʚʳʝ ʟʘʙʦʡʥʳʝ ʜʚʠʛʘʪʝʣʠ (ɺɿɼ) ʩ ʨʝʛʫʣʷʪʦʨʘʤʠ ʫʛʣʘ. ɺ ʨʦʪʦʨʥʳʭ ʫʧʨʘʚʣʷʝʤʳʭ ʩʠʩʪʝʤʘʭ 

ʦʪʢʣʦʥʝʥʠʝ ʫʛʣʘ ʩʢʚʘʞʠʥʳ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʨʝʭ ʩʧʦʩʦʙʦʚ: Push the bit - ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʦʪʪʘʣʢʠʚʘʥʠʝ ʦʪ ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ ʚʩʝʡ ʢʦʤʧʦʥʦʚʢʠ ʠʣʠ ʙʦʣʴʰʝʡ ʝʸ ʯʘʩʪʠ [3]; Point the bit ï 

ʦʪʢʣʦʥʝʥʠʝ ʦʩʠ ʩʢʚʘʞʠʥʳ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝʤ ʜʦʣʦʪʘ, ʢʦʪʦʨʦʝ ʨʝʘʣʠʟʫʝʪʩʷ 

ʩʤʝʱʝʥʠʝʤ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʤʧʦʥʦʚʢʠ ʣʠʙʦ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʢʨʠʚʠʟʥʳ; Push + 

point ʛʠʙʨʠʜʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʚʤʝʱʘʪʴ ʜʚʘ ʚʳʰʝ ʦʧʠʩʘʥʥʳʭ ʩʧʦʩʦʙʘ [4, 5]. 

ʆʙʨʘʟʦʚʘʥʠʝ ʩʢʚʘʞʠʥ ʧʦ ʫʧʨʘʚʣʷʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚ ʛʨʫʥʪʘʭ ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʧʦʩʨʝʜʩʪʚʦʤ ʫʧʨʘʚʣʷʝʤʳʭ ʧʥʝʚʤʦʧʨʦʙʦʡʥʠʢʦʚ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʠʣ ʩʧʦʩʦʙ ʦʪʢʣʦʥʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʠʣʠ ʠʟʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪʢʣʦʥʷʶʱʝʛʦ ʫʩʠʣʠʷ. [6] 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʠʟʚʝʩʪʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʝʢʪʦʨʠʝʡ [9]. ʉʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ: ʩʧʝʮʠʘʣʴʥʳʡ ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʫʜʘʨʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʫʩʪʨʦʡʩʪʚʦ ʨʘʩʢʨʝʧʣʝʥʠʷ ʚ ʩʢʚʘʞʠʥʝ ʠ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʢʣʶʯʝʥʠʝʤ ʠ 

ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʫʜʘʨʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʇʨʦʮʝʩʩ ʙʫʨʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʫʜʘʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 1 

ʥʘʥʦʩʷʪʩʷ ʧʦʧʝʨʝʤʝʥʥʦ ʫʜʘʨʳ ʧʦ ʦʜʥʦʡ ʠʟ ʩʪʦʨʦʥ ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 2. ɺ 

ʢʘʯʝʩʪʚʝ ʫʜʘʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʛʨʫʞʥʳʝ ʧʥʝʚʤʦʫʜʘʨʥʳʝ ʤʘʰʠʥʳ [8, 

9]. ʇʦʨʦʜʦʨʘʟʨʫʰʘʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʜʘʨʦʚ ʩʪʨʝʤʠʪʩʷ ʧʨʦʚʝʨʥʫʪʴʩ ̫ ʚ 

ʧʨʦʜʦʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʨʘʟʨʫʰʘʷ ʧʨʠ ʵʪʦʤ ʟʘʙʦʡ ʩʢʚʘʞʠʥʳ. ʇʦ ʜʦʩʪʠʞʝʥʠʠ ʧʦʚʦʨʦʪʘ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʛʦʣ ʧʝʨʝʢʣʶʯʘʪʝʣʴ 4 ʚʢʣʶʯʘʝʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʨʘʙʦʪʘʶʱʝʤʫ ʫʜʘʨʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ 1, ʢʦʪʦʨʦʝ ʥʘʥʦʩʠʪ ʫʜʘʨʳ ʧʦ ʜʨʫʛʦʡ ʩʪʦʨʦʥʝ ʠʥʩʪʨʫʤʝʥʪʘ 2. ʋʜʝʨʞʠʚʘʥʠʝ, 

ʬʠʢʩʘʮʠʷ ʠ ʧʦʜʞʘʪʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʫʩʪʨʦʡʩʪʚ 5, 8. ʇʦʜʘʯʘ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʨʫʢʘʚʘ 6, 7. ɿʘ ʩʯʝʪ ʘʣʛʦʨʠʪʤʘ ʨʘʙʦʪʳ ʫʜʘʨʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʨʝʘʣʠʟʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʭʦʜʢʠ ʩʢʚʘʞʠʥʳ. 

                                                 
2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 
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ʀʥʜʝʥʪʦʨ r ʧʨʠ ʨʘʙʦʪʝ 

ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʥʘʥʦʩʷʪ ʢʦʩʦ-ʥʘʧʨʘʚʣʝʥʥʳʝ ʫʜʘʨʳ ʧʦ 

ʧʦʨʦʜʝ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʝʝ ʨʘʟʨʫʰʝʥʠʷ [10]. ɿʘ 

ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ 

ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ 

ʩʢʚʘʞʠʥʳ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ: ʢʨʫʛʣʫʶ, 

ʢʚʘʜʨʘʪʥʫʶ, ʧʨʷʤʦʫʛʦʣʴʥʫʶ, ʚʧʣʦʪʴ ʜʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʱʝʣʝʡ. 

 

1 ï ʫʜʘʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, 2 ï 

ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪ, 3 ï ʙʦʢʦʚʳʝ 

ʯʘʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ, 4 ï ʧʝʨʝʢʣʶʯʘʪʝʣʴ, 5 ï 

ʩʘʣʘʟʢʠ, 6 ï ʢʘʙʝʣʴ (ʨʫʢʘʚ), 7 ï ʨʫʢʘʚ, 8 ï 

ʨʘʩʧʦʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ  

ʈʠʩ. 1. ʉʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʫʜʘʨʥʦʛʦ ʩʧʦʩʦʙʘ 

ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ  

ʆʪʩʫʪʩʪʚʠʝ ʚʨʘʱʝʥʠʷ ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚʦʢʨʫʛ ʦʩʠ ʩʢʚʘʞʠʥʳ 

ʠʟʙʘʚʣʷʝʪ ʢʦʤʧʣʝʢʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪ ʙʫʨʦʚʦʛʦ ʩʪʘʚʘ ʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʛʦ ʙʫʨʦʚʦʛʦ ʩʪʘʥʢʘ, 

ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʝʰʝʚʣʷʝʪ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʛʦʨʥʦʡ 

ʧʦʨʦʜʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʦʨʥʫʶ 

ʧʦʨʦʜʫ ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʦʪ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʤ ʩʪʝʥʜʝ. 

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦʢʘʟʘʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʦʚʦʛʦ ʩʧʦʩʦʙʘ ʧʨʦʭʦʜʢʠ 

ʩʢʚʘʞʠʥ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ. ʋʪʦʯʥʝʥʳ ʧʘʨʘʤʝʪʨʳ ʩʠʣʦʚʦʛʦ ʠ ʫʜʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʦʛʦ ʩʧʦʩʦʙʘ ʙʫʨʝʥʠʷ. 
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ɼʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʢʘʣʠʡʥʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ ʘʢʪʫʘʣʴʥʳʤʠ ʦʩʪʘʶʪʩʷ ʟʘʜʘʯʠ ʫʚʝʣʠʯʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʜʦʙʳʯʥʳʭ ʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʤʘʰʠʥ, ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʶ, 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʨʚʠʩʥʳʭ ʨʘʙʦʪ. ʈʝʰʝʥʠʝ ʜʘʥʥʳʭ ʟʘʜʘʯ ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ [1]. ʆʜʥʠʤ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʚʦʟʙʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʙʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚʥʫʪʨʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʚʷʟʘʥ ʩ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʦʡ ʦʙʲʝʢʪʘ. ʀʤʧʫʣʴʩʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ  ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʦʙʲʝʢʪʝ ʢʦʣʝʙʘʥʠʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʟʘʪʫʭʘʶʱʠʭ ʚʦ ʚʨʝʤʝʥʠ ʩ 

ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ [2]. ɺ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ, ʧʦʩʣʝ ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʯʘʱʝ ʚʩʝʛʦ 

ʧʨʝʦʙʣʘʜʘʶʪ ʤʦʥʦʢʦʣʝʙʘʥʠʷ, ʟʘʪʫʭʘʶʱʠʝ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. ʅʘʣʠʯʠʝ 

ʥʝʩʧʣʦʰʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʦʩʣʘʙʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʘ ʠʟ-ʟʘ ʩʪʘʨʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, 

ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʛʘʨʤʦʥʠʢ ʚ ʩʧʝʢʪʨʝ ʩʠʛʥʘʣʘ, ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʢʦʣʝʙʘʥʠʡ ʧʨʠ 

ʧʦʛʣʦʱʝʥʠʠ ʵʥʝʨʛʠʠ ʚ ʟʦʥʘʭ ʜʝʬʝʢʪʦʚ.  

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ 

ʩʠʥʭʨʦʥʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʢʦʣʝʙʘʥʠʡ ʪʠʧʘ çʂʘʤʝʨʪʦʥè ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ ʆʆʆ çʅʇʇ 

çʈʆʉè. ɺ ʩʦʩʪʘʚ ʘʥʘʣʠʟʠʨʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʚʭʦʜʷʪ ʦʪ 2 ʜʦ 16 ʧʴʝʟʦʘʢʩʝʣʝʨʦʤʝʪʨʠʯʝʩʢʠʭ 

ʜʘʪʯʠʢʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʦʟʙʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʩʠʥʭʨʦʥʥʳʡ ʘʥʘʣʦʛʦ-

ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʜʣʷ ʥʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ, ʘʥʘʣʠʟʘʪʦʨ ʥʘ ʙʘʟʝ 

ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʚʦʟʙʫʜʠʪʝʣʴ ʨʝʟʦʥʘʥʩʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʚʠʜʝ ʤʦʣʦʪʦʯʢʘ ʩ ʚʝʩʦʤ 

ʙʦʡʢʘ ʥʝ ʙʦʣʝʝ 100 ʛʨʘʤʤ ʠʣʠ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʢʦʣʝʙʘʥʠʡ ʩ ʟʘʜʘʥʥʳʤ ʯʘʩʪʦʪʥʳʤ 

ʜʠʘʧʘʟʦʥʦʤ. 

ʉʧʦʩʦʙ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʩʪʘʥʦʚʢʫ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʜʘʪʯʠʢʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʵʣʝʤʝʥʪʘʭ ʦʙʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʋʜʘʣʝʥʥʦʩʪʴ ʜʘʪʯʠʢʦʚ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ ʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʦʚ ʵʣʝʤʝʥʪʘ ʠ ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʠʟ 

ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʦʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ [1]. ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʦʚ ʥʘ ʵʣʝʤʝʥʪʝ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʣʝʙʘʥʠʡ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠ ʠʩʢʣʶʯʝʥʠʷ 

ʩʣʫʯʘʡʥʳʭ ʧʦʤʝʭ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʦʠʟʚʦʜʠʪʴ ʥʝ ʤʝʥʝʝ ʯʝʪʳʨʝʭïʧʷʪʠ 

ʘʥʘʣʦʛʠʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʜʨʷʜ. ʅʦʨʤʘʣʴʥʳʝ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʣʘʚʥʦ 

ʟʘʪʫʭʘʶʱʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ (ʨʠʩ. 1), ʚ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʶʪ ʨʝʟʢʠʝ ʣʦʢʘʣʴʥʳʝ 

ʚʳʙʨʦʩʳ, ʠʟʣʦʤʳ, çʟʘʰʢʘʣʠʚʘʥʠʷè.  

ʆʙʨʘʙʦʪʢʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʨʠʙʦʨʦʤ ʩʠʛʥʘʣʦʚ ʧʨʦʚʦʜʠʪʩʷ ʚ ʦʜʥʦʡ ʠʟ ʵʢʩʧʝʨʪʥʳʭ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʪʠʧʘ çʂʘʤʝʨʪʦʥè. ʇʨʠ ʘʥʘʣʠʟʝ ʩʦʩʪʦʷʥʠʷ ʜʝʪʘʣʠ ʛʦʨʥʦʡ ʤʘʰʠʥʳ ʠʣʠ 

ʵʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʢʘʞʜʦʤ ʩʠʛʥʘʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʟʘʪʫʭʘʥʠʷ ʢʦʣʝʙʘʥʠʡ, ʫʜʘʨʥʘʷ 

(ʥʝʩʫʱʘʷ) ʯʘʩʪʦʪʘ, ʥʘʣʠʯʠʝ ʦʪʢʣʦʥʝʥʠʡ ʫʜʘʨʥʦʡ ʯʘʩʪʦʪʳ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʜʣʷ ʜʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʘʥʘʣʠʟ ʦʙʨʘʟʘ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʢʘʨʪʠʥʳ ʩʠʛʥʘʣʘ ʦʪʢʣʠʢʘ (ʨʠʩ. 2). ʉʧʝʢʪʨʘʣʴʥʳʡ ʦʙʨʘʟ ʜʝʬʝʢʪʦʚ ʚ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʦʜʠʥʘʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʜʘʥʥʳʡ ʤʝʪʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦ ʪʚʝʨʜʦʩʪʠ ʠ ʩʦʩʪʘʚʫ ʤʘʪʝʨʠʘʣʦʚ. 
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ʈʠʩ. 1. ʉʠʛʥʘʣ ʚʦʟʙʫʞʜʝʥʠʷ (ʘ), ʛʝʥʝʨʠʨʫʝʤʳʡ ʠʤʧʫʣʴʩʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʢʦʣʝʙʘʥʠʡ, ʠ ʦʪʢʣʠʢ 

(ʙ), ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ ʜʘʪʯʠʢʦʤ ʧʴʝʟʦʘʢʩʝʣʝʨʦʤʝʪʨʦʤ 

 

 
ʈʠʩ. 2. ʇʨʠʤʝʨʳ ʩʧʝʢʪʨʦʚ ʩʠʛʥʘʣʘ-ʦʪʢʣʠʢʘ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʤʝʪʦʜʦʤ 

ʘʥʘʣʠʟʘ ʚʦʟʙʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʨʘʤʳ ʙʫʥʢʝʨʘ-ʧʝʨʝʛʨʫʞʘʪʝʣʷ ɹʇʉ-25:  

ʘ ï ʜʝʬʝʢʪ ʦʪʩʫʪʩʪʚʫʝʪ; ʙ ï ʥʘʣʠʯʠʝ ʪʨʝʱʠʥʳ ʚ ʤʝʪʘʣʣʝ 

 

ʄʝʪʦʜ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʟʣʦʚ ʜʦʙʳʯʥʳʭ ʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʤʘʰʠʥ 

ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʚʦʟʙʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʧʝʨʘʪʠʚʥʦʝ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʙʝʟ ʚʳʚʦʜʘ ʠʭ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʠʤʝʝʪ ʘʥʘʣʦʛʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʡ 

ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤ ʤʝʪʦʜʦʤ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ.  
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ɺʚʠʜʫ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʘʚʪʦʤʦʙʠʣʝʡ, ʦʩʦʙʝʥʥʦ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ, ʧʦʷʚʣʷʝʪʩʷ 

ʧʨʦʙʣʝʤʘ ʩ ʠʭ ʨʘʟʤʝʱʝʥʠʝʤ, ʪʦ ʝʩʪʴ ʧʘʨʢʦʚʢʦʡ. ʀ ʟʜʝʩʴ ʥʘ ʧʦʤʦʱʴ ʧʨʠʭʦʜʷʪ ʪʝ ʩʘʤʳʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʧʘʨʢʦʚʢʠ ʠ ʘʚʪʦʧʦʜʲʝʤʥʠʢʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʟʤʝʩʪʠʪʴ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʪʝʭ ʞʝ ʧʣʦʱʘʜʷʭ. ʆʜʥʘʢʦ 

ʥʝʢʦʪʦʨʳʝ ʘʚʪʦʚʣʘʜʝʣʴʮʳ ʧʦʙʘʠʚʘʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʚʪʦʧʦʜʲʝʤʥʠʢʠ, ʪʘʢ ʢʘʢ ʧʝʨʝʞʠʚʘʶʪ ʟʘ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʚʦʠʭ ʘʚʪʦ. ʏʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʧʝʨʝʞʠʚʘʥʠʡ, ʣʫʯʰʝ ʚʩʝʛʦ ʨʘʟʦʙʨʘʪʴʩʷ ʚ 

ʩʠʩʪʝʤʝ ʨʘʙʦʪʳ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʧʦʜʲʝʤʥʠʢʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠ 

ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʘʚʪʦʧʦʜʲʝʤʥʠʢʠ. ʋ ʦʙʝʠʭ ʩʠʩʪʝʤ ʝʩʪʴ ʩʚʦʠ ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ, ʥʦ 

ʩʠʩʪʝʤʳ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠʧʘʨʢʦʚʘʥʥʳʭ ʘʚʪʦ, ʫ ʥʠʭ ʩʭʦʞʠ ʠ ʧʨʦʨʘʙʦʪʘʥʳ 

ʦʜʠʥʘʢʦʚʦ ʭʦʨʦʰʦ. [2] 

ʈʘʩʩʤʦʪʨʠʤ ʜʣʷ ʥʘʯʘʣʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ɿʘʱʠʪʦʡ ʦʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʦʧʫʩʢʘʥʠʷ ʧʣʘʪʬʦʨʤʳ ʟʜʝʩʴ ʩʣʫʞʠʪ ʚʠʥʪʦʚʦʡ ʤʝʭʘʥʠʟʤ, ʚʳʧʦʣʥʷʶʱʠʡ ʧʦʜʲʝʤ ʠ ʩʧʫʩʢ 

ʧʣʘʪʬʦʨʤʳ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʨʘʩʩʯʠʪʘʥ ʩ ʫʩʣʦʚʠʝʤ ʩʘʤʦʪʦʨʤʦʞʝʥʠʷ. ʊʦ ʝʩʪʴ, ʝʩʣʠ ʧʣʘʪʬʦʨʤʘ 

ʥʘʯʠʥʘʝʪ ʦʧʫʩʢʘʪʴʩʷ, ʥʘʙʨʘʪʴ ʩʢʦʨʦʩʪʴ ʠ ʥʘʥʝʩʪʠ ʚʨʝʜ ʩʪʦʷʱʝʤʫ ʚʥʠʟʫ ʘʚʪʦʤʦʙʠʣʶ ʙʫʜʝʪ 

ʢʨʘʡʥʝ ʩʣʦʞʥʦ, ʪʘʢ ʢʘʢ ʩʧʫʩʢ ʙʫʜʝʪ ʟʘʪʦʨʤʦʞʝʥ.  

ɺ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʦʜʲʝʤʥʠʢʘʭ ʩʠʩʪʝʤʘ ʥʝʩʢʦʣʴʢʦ ʩʣʦʞʥʝʝ. ʉʫʱʝʩʪʚʫʶʪ ʩʨʘʟʫ 

ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʟʘʱʠʪ: ʪʝʧʣʦʚʦʝ ʨʝʣʝ ʚʥʫʪʨʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ, ʢʦʪʦʨʳʡ ʧʨʝʨʳʚʘʝʪ 

ʧʠʪʘʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʨʠ ʝʛʦ ʧʝʨʝʛʨʫʟʢʝ; ʝʩʣʠ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩʣʠʰʢʦʤ 

ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ, ʪʦ ʧʨʝʜʫʩʤʦʪʨʝʥ ʢʣʘʧʘʥ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ; ʝʩʣʠ ʧʨʦʠʟʦʰʣʘ ʛʜʝ-ʪʦ 

ʫʪʝʯʢʘ ʠʟ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠʣʠ ʧʦʚʨʝʜʠʣʩʷ ʛʠʜʨʦʮʠʣʠʥʜʨ, ʪʦ ʧʨʝʜʦʪʚʨʘʪʠʪ ʦʧʫʩʢʘʥʠʝ 

ʧʦʜʲʝʤʥʠʢʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ, ʢʦʪʦʨʫʶ ʨʘʩʩʤʦʪʨʠʤ ʥʠʞʝ; ʯʪʦʙʳ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʙʝʟʦʩʪʘʥʦʚʦʯʥʳʡ ʧʦʜʲʝʤ, ʛʜʝ ʤʳ ʤʦʞʝʤ ʫʧʝʨʝʪʴʩʷ ʚ ʧʦʪʦʣʦʢ, ʫʩʪʘʥʦʚʣʝʥ 

ʧʨʝʨʳʚʘʪʝʣʴ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʳʩʦʪʝ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʦʪʦʨʦʡ ʦʥ ʨʘʟʤʳʢʘʝʪ ʮʝʧʴ 

ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʠʤ ʥʠʞʝ. [1] 

 

ʈʠʩ. 1. ʂʣʠʥʦʚʘʷ ʩʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʦʜʲʸʤʥʠʢʘ 1 ï 

ʢʦʨʦʤʳʩʣʦ; 2 ï ʢʥʦʧʢʘ ʚʳʢʣʶʯʝʥʠʷ ʛʠʜʨʦʧʨʠʚʦʜʘ; 3 ï ʢʣʠʥ; 4 ï ʧʣʘʥʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ; 5 ï 

ʪʷʛʦʚʳʡ ʪʨʦʩ 

ʉʭʝʤʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʦʜʲʝʤʥʠʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. ɿʜʝʩʴ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʫʞʠʥʥʦ-ʢʣʠʥʦʚʳʝ ʤʝʭʘʥʠʟʤʳ. ʇʣʘʥʢʘ 
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ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʚʦʝʛʦ ʨʦʜʘ ʜʦʨʦʞʢʦʡ ʩ ʧʘʟʘʤʠ ʜʣʷ ʢʣʠʥʴʝʚ 4, ʥʘʭʦʜʷʱʠʭʩʷ ʚʥʫʪʨʠ 

ʩʪʦʡʢʠ. ʂʣʠʥ ʥʘ ʧʨʫʞʠʥʝ 3, ʢʘʯʘʝʪʩʷ ʥʘ ʩʚʦʝʡ ʦʩʠ. ʂʣʠʥ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʣʘʪʬʦʨʤʳ ʚʭʦʜʠʪ 

ʧʦʦʯʝʨʝʜʥʦ ʚ ʧʘʟʳ ʧʣʘʥʢʠ ʠ ʩʪʦʧʦʨʠʪʩʷ ʚ ʦʜʥʦʤ ʠʟ ʧʘʟʦʚ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʦʜʲʝʤʘ ʠʣʠ ʩʧʫʩʢʘ. 

[3] 

ɽʩʣʠ ʦʙʨʳʚʘʝʪʩʷ ʪʨʦʩ, ʪʦ ʩʨʘʙʘʪʳʚʘʝʪ ʢʦʨʦʤʳʩʣʦ 1, ʢʦʪʦʨʦʝ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʠ 

ʥʘʞʠʤʘʝʪ ʢʥʦʧʢʫ 1. ʂʥʦʧʢʘ 1 ʥʘ ʩʭʝʤʝ ʨʠʩʫʥʢʘ 2 ʦʙʦʟʥʘʯʝʥʘ ʢʘʢ SQ 2. ʊʦ ʝʩʪʴ ʥʦʨʤʘʣʴʥʦ 

ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʘʢʪ ʨʘʟʤʳʢʘʝʪʩʷ ʠ ʦʪʢʣʶʯʘʝʪʩʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʧʦʩʣʝ ʯʝʛʦ ʩʪʦʧʦʨʷʪʩʷ 

ʢʣʠʥʴʷ ʚ ʧʘʟʘʭ ʧʣʘʥʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

 

ʈʠʩ. 2. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ: SB1 ï ʢʥʦʧʢʘ ʧʫʩʢʘ, KM ï 

ʢʦʥʪʘʢʪʦʨ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ, SQ1 ï ʜʘʪʯʠʢ-ʦʛʨʘʥʠʯʠʪʝʣʴ (ʧʨʝʨʳʚʘʪʝʣʴ), M ï 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, QS ï ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʢʣʶʯʘʪʝʣʴ 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʧʫʩʢʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʟʘʱʠʪʳ, ʢʦʪʦʨʳʝ ʪʘʤ 

ʧʨʠʩʫʪʩʪʚʫʶʪ. ʇʨʝʨʳʚʘʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʩʧʘʩʘʝʪ ʘʚʪʦʤʦʙʠʣʴ ʦʪ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʧʦʪʦʣʢʦʤ, 

ʦʙʦʟʥʘʯʝʥ ʥʘ ʩʭʝʤʝ SQ1. ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʢʦʥʪʘʢʪ ʥʦʨʤʘʣʴʥʦ ʟʘʤʢʥʫʪ ʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʝʸ ʧʣʘʪʬʦʨʤʦʡ, ʦʥʘ ʨʘʟʤʳʢʘʝʪ ʮʝʧʴ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʂʘʢ ʚʠʜʠʪʝ, ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ʧʦʟʘʙʦʪʠʣʠʩʴ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʚʪʦ, ʢʦʪʦʨʳʝ ʠʭ ʚʣʘʜʝʣʴʮʳ 

ʦʩʪʘʚʣʷʶʪ ʧʨʠʧʘʨʢʦʚʘʥʥʳʤʠ ʥʘ ʘʚʪʦʧʦʜʲʝʤʥʠʢʘʭ. ʂ ʪʦʤʫ ʞʝ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʩ ʚʳʭʦʜʦʤ ʢʘʞʜʦʡ ʥʦʚʦʡ ʤʦʜʝʣʠ ʧʦʜʲʝʤʥʠʢʦʚ, ʧʦʵʪʦʤʫ ʚʳ ʤʦʞʝʪʝ ʙʳʪʴ 

ʘʙʩʦʣʶʪʥʦ ʩʧʦʢʦʡʥʳ ʟʘ ʩʦʭʨʘʥʥʦʩʪʴ ʩʚʦʠʭ ʞʝʣʝʟʥʳʭ ʢʦʥʝʡ. 
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ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ɿɸʇɸɼʅʆʁ ʉʀɹʀʈʀ ʉ ʇʆʄʆʑʔʖ ʊɽʆʈʀʀ 
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E-mail: bogim83@mail.ru 

 

ʆʩʦʙʝʥʥʦʩʪʴ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʥʘ ʥʠʭ ʨʝʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʵʪʠʭ ʩʠʩʪʝʤ ʧʨʦʚʦʜʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺ 80ʭ, 90ʭ ʠ 2000ʭ ʛʦʜʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʛʘʟʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʚʝʣʦʩʴ ʙʝʟ ʫʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʟʘʚʝʱʘʶʱʝʡ 

ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʪʦʨʤʦʟʫ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ 

ʢʦʤʧʨʠʤʠʨʦʚʘʥʠʷ ʛʘʟʘ [1]. 

ɸʚʪʦʨʦʤ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ - ʧʨʦʛʨʘʤʤʘ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʣʘʩʩʘ 

ʥʘʧʨʷʞʝʥʠʷ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʫʯʸʪʦʤ ʚʩʝʛʦ ʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ çʇʈʆʅè. 

çʇʈʆʅè ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʚʳʚʝʜʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʧʠʪʘʶʱʝʡ ʠ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʢʣʘʩʩʦʚ ʥʘʧʨʷʞʝʥʠʷ 6, 10, 20, 35, 110, 220, 330 ʢɺ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʠʪʘʶʱʝʡ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʛʘʟʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʛʘʟʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ çʇʈʆʅè ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʠʪʘʶʱʠʝ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʩʝʪʠ 

ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʧʦ ʢʨʠʪʝʨʠʶ ʦʧʪʠʤʘʣʴʥʳʡ ʢʣʘʩʩ 

ʥʘʧʨʷʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʠʨʦʩʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʜʠʩʢʦʥʪʠʨʫʝʤʳʭ ʟʘʪʨʘʪ ʜʣʷ ʢʘʞʜʦʡ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠʟ ʪʘʙʣʠʮʳ 5 ʜʣʷ ʢʣʘʩʩʘ ʥʘʧʨʷʞʝʥʠʷ 6, 

10, 20, 35, 110 ʢɺ. 

 

ʊʘʙʣʠʮʘ 1. ʈʘʩʯʝʪʥʳʡ ʟʥʘʯʝʥʠʷ ʜʠʩʢʦʥʪʠʨʫʝʤʳʭ ʟʘʪʨʘʪ 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 

ɼʠʩʢʦʥʪʠʨʦʚʘʥʥʳʝ ʟʘʪʨʘʪʳ ʜʣʷ ʢʣʘʩʩʘ 

ʥʘʧʨʷʞʝʥʠʷ, ʤʣʥ. ʨʫʙ. 

6 ʢɺ 10 ʢɺ 20 ʢɺ 35 ʢɺ 110 ʢɺ 

ʇʷʪʳʡ ʫʯʘʩʪʦʢ ɸʯʠʤʦʚʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ʋʂʇɻ 51 

ʇʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʧʝʨʠʦʜʳ ʞʠʟʥʠ 

1 ɺʃ çʂʫʩʪ ʂ-5ɸ22è  143,03 138,83 135,1 215,85 408,61 

2 ɺʃ çʂʫʩʪ ʂ-5ɸ23è  227,43 217,56 211,52 321,3 565,42 

3 ɺʃ çʂʫʩʪ ʂ-5ɸ24è 174,42 170,06 165,62 249,17 470,04 

4 ɺʃ çʂʫʩʪ ʂ-5ɸ25è  145,99 142,71 139,04 214,35 415,27 

ʊʨʝʪʠʡ ʧʝʨʠʦʜ ʞʠʟʥʠ 

1 ɺʃ çʂʫʩʪ ʂ-5ɸ22è  603,99 374,13 279,64 340,69 841,79 

2 ɺʃ çʂʫʩʪ ʂ-5ɸ23è  1116,33 688,07 444,08 491,72 1063,87 

3 ɺʃ çʂʫʩʪ ʂ-5ɸ24è  679,54 414,01 296,26 353,67 826,67 

4 ɺʃ çʂʫʩʪ ʂ-5ɸ25è  557,19 341,57 256,94 315,23 771,6 

                          - ʤʠʥʠʤʘʣʴʥʳʝ ʜʠʩʢʦʥʪʠʨʫʝʤʳʝ ʟʘʪʨʘʪʳ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟʠʨʫʷ ʟʥʘʯʝʥʠʷ ʜʠʩʢʦʥʪʠʨʫʝʤʳʭ ʟʘʪʨʘʪ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ï 

ʢʣʘʩʩ ʥʘʧʨʷʞʝʥʠʷ 20 ʢɺ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʩʠʩʪʝʤʳ 

ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʢʫʩʪʦʚ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ. ʇʨʠ ʜʝʩʷʪʠʢʨʘʪʥʦʤ ʨʦʩʪʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʜʠʩʢʦʥʪʠʨʫʝʤʳʭ ʟʘʪʨʘʪ ʤʠʥʠʤʘʣʴʥʘ. 
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ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʩʝʪʴ ʥʘʧʨʷʞʝʥʠʝʤ 6, 10 ʢɺ ʥʝ ʧʨʠʩʧʦʩʦʙʣʝʥʘ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʛʨʫʟʢʠ ʚ 10 ʨʘʟ (ʥʝʪ ʨʝʟʝʨʚʘ), ʜʣʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʪʨʝʙʫʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ. ɿʥʘʯʝʥʠʷ ʜʠʩʢʦʥʪʠʨʫʝʤʳʭ ʟʘʪʨʘʪ ʩʝʪʠ ʥʘʧʨʷʞʝʥʠʝʤ 6, 

10 ʢɺ ʧʨʠ ʨʦʩʪʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʩʪʘʥʦʚʷʪʩʷ ʩʦʧʦʩʪʘʚʠʤʳ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

ʜʠʩʢʦʥʪʠʨʫʝʤʳʭ ʟʘʪʨʘʪ ʜʣʷ ʢʣʘʩʩʘ ʥʘʧʨʷʞʝʥʠʡ 35 ʠ 110 ʢɺ.  

ɼʣʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʢʫʩʪʦʚ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ ʤʠʥʠʤʘʣʴʥʳʝ ʜʠʩʢʦʥʪʠʨʫʝʤʳʝ 

ʟʘʪʨʘʪʳ ʧʨʠʩʫʱʠ ʢʣʘʩʩʫ ʥʘʧʨʷʞʝʥʠʷ 20 ʢɺ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʢʘʟʘʣʦ: 

1. ʂʦʣʠʯʝʩʪʚʦ ʢʫʩʪʦʚ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 2 

ʜʦ 15 ʰʪ. ɼʣʠʥʘ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ï ʦʪ 3 ʜʦ 16 ʢʤ.  

2. ʆʧʪʠʤʘʣʴʥʳʤ ʢʣʘʩʩʦʤ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʜʦ ʢʫʩʪʦʚ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ (ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʫʩʪʦʚ ʛʘʟʦʚʳʭ 

ʩʢʚʘʞʠʥ ï 8 ʰʪ., ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 11 ʢʤ) ʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ 20 ʢɺ; 

3. ʆʧʪʠʤʘʣʴʥʳʤ ʢʣʘʩʩʦʤ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʧʠʪʘʥʠʷ ʜʦ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ (ʜʦ 7 ʄɺʪ) ʩ ʫʯʝʪʦʤ ʨʦʩʪʘ ʥʘʛʨʫʟʦʢ 

ʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ 35 ʢɺ ʠ 110 ʢɺ; 

4. ʆʧʪʠʤʘʣʴʥʳʤ ʢʣʘʩʩʦʤ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʧʠʪʘʥʠʷ ʜʦ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ (ʦʪ 7 ʜʦ 75 ʄɺʪ) ʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ 

110 ʢɺ. 

ɺʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʠʪʘʶʱʠʝ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʩʝʪʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʥʝ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤʠ, ʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ 

ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʢʦʤʧʨʠʤʠʨʦʚʘʥʠʷ ʛʘʟʘ ʩ ʫʩʪʘʥʦʚʢʦʡ ʄʂʋ ʥʘ ʢʘʞʜʦʤ ʢʫʩʪʝ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ 

ʧʦʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʠ ʧʦʜʩʪʘʥʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʠʩʪʝʤʳ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʥʦʚʳʭ ʛʘʟʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʣʘʩʩ ʥʘʧʨʷʞʝʥʠʷ 110 ʢɺ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʜʣʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ - 20 ʢɺ. ɼʘʥʥʳʝ ʢʣʘʩʩʳ ʥʘʧʨʷʞʝʥʠʷ 

ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʳʡ ʨʝʟʝʨʚ ʤʦʱʥʦʩʪʠ ʧʦ ʧʝʨʝʜʘʯʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ ʫʯʝʪʦʤ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʨʦʩʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ) ʧʨʠ ʥʘʠʤʝʥʴʰʠʭ ʜʠʩʢʦʥʪʠʨʫʝʤʳʭ 

ʟʘʪʨʘʪʘʭ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʉʘʨʘʥʯʘ, ɸ. ɺ. ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʫʣʴʥʳʭ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʈʦʩʩʠʡʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʜʦʙʳʯʠ ʥʠʟʢʦʥʘʧʦʨʥʦʛʦ ʉʝʥʦʤʘʥʩʢʦʛʦ ʛʘʟʘ / ɸ. ɺ. ʉʘʨʘʥʯʘ, ɺ. ɸ. ʆʛʘʡ // 
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ʆʎɽʅʂɸ ɼʀʅɸʄʀʂʀ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʅɸɻʈʋɿʆʂ ɻɸɿʆɺʓʍ 

ʄɽʉʊʆʈʆɾɼɽʅʀʗʍ ɿɸʇɸɼʅʆʁ ʉʀɹʀʈʀ ʉ ʋʏɽʊʆʄ ɾʀɿʅɽʅʅʆɻʆ ʎʀʂʃɸ 

ʄɽʉʊʈʆɾɼɽʅʀʗ 

 

ʀ. ʄ. ɹʦʛʘʯʢʦʚ1, ʩʦʠʩʢʘʪʝʣʴ 

ʈ. ʅ. ʍʘʤʠʪʦʚ2, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, 

ɺ. ʇ. ʌʨʘʡʰʪʝʪʝʨ3, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 
1ʆʆʆ çɻʘʟʧʨʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝè ʊʶʤʝʥʩʢʠʡ ʌʠʣʠʘʣ, ʊʶʤʝʥʴ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

2ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʆʤʩʢ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʊʶʤʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʶʤʝʥʴ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 
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E-mail: bogim83@mail.ru 

 

ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʦʩʪʦʠʪ ʠʟ ʧʠʪʘʶʱʝʡ ʠ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ. ɺ ʨʘʙʦʪʝ ʧʨʠ ʨʘʩʯʝʪʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʠʩʧʦʣʴʟʦʚʘʥ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ [1], ʚʳʧʦʣʥʷʝʤʳʡ ʧʦ ʦʙʱʝʛʦʜʦʚʦʤʫ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʶ Wʵʵ ʠ 

ʩʨʝʜʥʝʛʦʜʦʚʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʩʧʨʦʩʘ Kc. ʈʘʩʯʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʚʳʧʦʣʥʝʥ ʥʘ ʙʘʟʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʡʩʪʚʫʶʱʠʭ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. 

ʈʘʩʯʝʪ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʧʨʦʩʘ ʚʳʧʦʣʥʝʥ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʧʨʦʩʘ 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʉʫʤʤʘʨʥʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ 

ʤʦʱʥʦʩʪʴ, ʢɺɸ 
ʈʘʩʯʝʪʥʘʷ 

ʥʘʛʨʫʟʢʘ, 

ʢɺʪ 

ʉʨʝʜʥʝʛʦʜʦʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʧʨʦʩʘ, ʦ.ʝ. ʇʝʨʚʳʡ ɺʪʦʨʦʡ ʊʨʝʪʠʡ 

1 ʄʝʜʚʝʞʴʝ 15 468,0 29 878,0 29 878,0 5 483,73 0,18 

2 ʋʨʝʥʛʦʡʩʢʦʝ * - - - 20 195,40 - 

3 ʗʤʙʫʨʛʩʢʦʝ * - - - 19 115,96 - 

4 ɺʳʥʛʘʧʫʨʦʚʩʢʦʝ 3 185,0 5 185,0 11 372,5 5 339,99 0,47 

5 ʂʦʤʩʦʤʦʣʴʩʢʦʝ 5 502,5 14 462,5 14 462,5 3 128,90 0,22 

6 
ɿʘʧʘʜʥʦ-

ʊʘʨʢʘʩʘʣʠʥʩʢʦʝ 
6 132,5 8 732,5 11 230,5 2 644,89 0,24 

7 ɻʫʙʢʠʥʩʢʦʝ 4 833,0 8 333,0 8 333,0 2 745,10 0,33 

8 ʖʙʠʣʝʡʥʦʝ 8 560,0 14 810,0 19 810,0 4 243,20 0,29 

9 ʗʤʩʦʚʝʡʩʢʦʝ 7 028,0 12 288,0 12 288,0 4 474,36 0,36 

10 ʖʞʥʦ-ʈʫʩʩʢʦʝ 9 545,0 12 542,0 14 805,0 4 994,76 0,34 

11 
ɺʳʥʛʦʷʭʠʥʩʢʦʝ + 

ɽʪʳʇʫʨʦʚʩʢʦʝ** 
6 112,0 8 112,0 8 112,0 3 106,27 0,38 

* - ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʧʨʦʩʘ ʥʝ ʨʘʩʩʯʠʪʳʚʘʣʩʷ; ** - ʦʜʠʥ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ 

ʥʘ ʜʚʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

 

ʆʧʨʝʜʝʣʝʥʳ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚʦ ʚʪʦʨʦʡ ʠ ʚ ʪʨʝʪʠʡ ʧʝʨʠʦʜʳ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʛʦ ʧʝʨʠʦʜʘ, ʪʝʤ ʩʘʤʳʤ ʧʦʣʫʯʝʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠʨʦʩʪʘ ʥʘʛʨʫʟʢʠ  ʪʘʙʣʠʮʘ 2. ʊʘʤ ʞʝ ʧʨʠʚʝʜʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠʨʦʩʪʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʧʦ ʵʪʘʧʘʤ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʳʙʦʨʘ ʢʣʘʩʩʘ ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʭʝʤʳ ʧʠʪʘʶʱʝʡ ʩʝʪʠ ʧʨʦʤʳʩʣʦʚ. 
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ʊʘʙʣʠʮʘ 2. ʈʘʩʯʝʪʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʚ ʢʘʞʜʦʤ ʧʝʨʠʦʜʝ ʞʠʟʥʠ 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʈʘʩʯʝʪʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʥʘʛʨʫʟʢʘ ʚ ʧʝʨʠʦʜ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʄɺɸ 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʠʨʦʩʪʘ 

ʥʘʛʨʫʟʢʠ ʧʠʪʘʶʱʝʡ ʩʝʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʛʦ 

ʧʝʨʠʦʜʘ, ʦ.ʝ. 

ʇʝʨ

ʚʳʡ 
ɺʪʦʨʦʡ ʊʨʝʪʠʡ 

ɺʦ ʚʪʦʨʦʤ 

ʧʝʨʠʦʜʝ 

ɺ ʪʨʝʪʴʝʤ 

ʧʝʨʠʦʜʝ 

1 ʄʝʜʚʝʞʴʝ 2,84 5,48 5,48 1,93 - 

2 ʋʨʝʥʛʦʡʩʢʦʝ * 8,77 11,42 11,42 1,30 - 

3 ʗʤʙʫʨʛʩʢʦʝ * 
13,1

8 
18,05 49,25 1,37 3,74 

4 ɺʳʥʛʘʧʫʨʦʚʩʢʦʝ 1,50 2,43 5,34 1,63 3,57 

5 ʂʦʤʩʦʤʦʣʴʩʢʦʝ** 1,19 3,13 3,13 2,63 - 

6 ɿʘʧʘʜʥʦ-ʊʘʨʢʘʩʘʣʠʥʩʢʦʝ 1,44 2,06 2,64 1,42 1,83 

7 ɻʫʙʢʠʥʩʢʦʝ 1,59 2,75 2,75 1,72 - 

8 ʖʙʠʣʝʡʥʦʝ 2,45 4,24 5,68 1,73 2,31 

9 ʗʤʩʦʚʝʡʩʢʦʝ 2,56 4,47 4,47 1,75 - 

10 ʖʞʥʦ-ʈʫʩʩʢʦʝ 3,22 4,23 4,99 1,31 1,55 

11 
ɺʳʥʛʦʷʭʠʥʩʢʦʝ + ɽʪʳ-

ʇʫʨʦʚʩʢʦʝ 
2,34 3,11 3,11 1,33 - 

* - ʈʘʩʯʸʪʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʧʝʨʠʦʜ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʟʘʤʝʨʘʤ ʛʦʜʦʚʦʛʦ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪʜʝʣʴʥʦ ʧʦ ʋʂʇɻ ʠ ɼʂʉ;  

** - ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʚʦʜ ʄʂʋ [20] ʂʦʤʩʦʤʦʣʴʩʢʦʝ ï 21 ʝʜ., ʚ ʨʘʩʯʝʪʝ ʥʝ ʫʯʪʝʥʦ 

 

ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚ ʢʘʞʜʦʤ ʧʝʨʠʦʜʝ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʠ ʩʨʘʚʥʝʥʠʝ ʥʘʛʨʫʟʦʢ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʝʨʚʦʛʦ ʧʝʨʠʦʜʘ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʨʦʩʪʘ ʨʘʩʯʝʪʥʦʡ 

ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ: 

- ʜʣʷ ʧʠʪʘʶʱʝʡ ʣʠʥʠʠ ʚʦ ʚʪʦʨʦʤ ʧʝʨʠʦʜʝ ʞʠʟʥʠ - ʦʪ 1,37 ʜʦ 2,63 ʦ.ʝ. (ʟʘ ʩʯʝʪ ʚʚʦʜʘ ɼʂʉ); 

- ʜʣʷ ʧʠʪʘʶʱʝʡ ʣʠʥʠʠ ʚ ʪʨʝʪʴʝʤ ʧʝʨʠʦʜʝ - ʦʪ 3,03 ʜʦ 3,74 ʦ.ʝ. (ʟʘ ʩʯʝʪ ʚʚʦʜʘ ɼʂʉ ʠ ʄʂʋ). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʉʘʟʳʢʠʥ ɺ. ɻ., ʈʘʩʯʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ɸʇʂ: 

ʤʝʪʦʜ. ʫʢʘʟʘʥʠʷ / ɺ. ɻ. ʉʘʟʳʢʠʥ, ɸ. ɻ. ʂʫʜʨʷʢʦʚ. ï ʂʨʘʩʥʦʜʘʨ: ʂʫʙɻɸʋ, 2017. ï 54 ʩ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺɿɸʀʄʆɺʃʀʗʅʀʗ ʄʅʆɻʆɼɺʀɻɸʊɽʃʔʅʆʁ ʉʀʉʊɽʄʓ 

ʌʆʈʄʆɺɸʅʀʗ ʀɿɼɽʃʀʁ ɼɺʆʁʅʆʁ ʂʈʀɺʀɿʅʓ 

 

ʅ. ɽ. ɼʝʨʶʞʢʦʚʘ, ʢ.ʪ.ʥ., ʜʦʮ., 

 ɺ. ɸ. ʉʦʣʦʚʴʝʚ, ʜ.ʪ.ʥ., ʧʨʦʬ., 

ɺ.ɺ. ʊʝʪʝʨʠʥ, ʤʘʛʠʩʪʨ  

ʂʦʤʩʦʤʦʣʴʩʢʠʡ-ʥʘ-ɸʤʫʨʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʈʦʩʩʠʷ, 681013, ʛ. ʂʦʤʩʦʤʦʣʴʩʢ-ʥʘ-ɸʤʫʨʝ, ʧʨ. ʃʝʥʠʥʘ.27). 

E-mail: kepapu@knastu.ru 

 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʨʧʫʩʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʝ ʧʘʥʝʣʠ ʜʚʦʡʥʦʡ ʢʨʠʚʠʟʥʳ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʬʦʨʤʦʚʘʥʠʷ ʟʘʛʦʪʦʚʢʠ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʥʦʛʦʪʦʯʝʯʥʦʡ 

ʬʦʨʤʦʚʢʠ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʙʦʨʘ ʦʧʧʦʟʠʪʥʦ ʧʝʨʝʤʝʱʘʝʤʳʭ ʩʪʝʨʞʥʝʡ. ʄʥʦʞʝʩʪʚʦ ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʵʪʦʛʦ ʧʦʜʭʦʜʘ [1-8] ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʩʦʭʨʘʥʝʥʠʝ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʬʦʨʤʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʤʠʥʠʤʠʟʘʮʠʶ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʠ ʠʩʢʣʶʯʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʠʭ ʠʟʣʦʤʦʚ. ɼʣʷ ʵʪʦʛʦ ʬʦʨʤʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚ ʨʝʞʠʤʝ 

ʧʦʣʟʫʯʝʩʪʠ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʩʪʚʘ ʩʢʦʨʦʩʪʠ ʬʦʨʤʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʡ 

ʪʦʯʢʠ.   

ʉʦʩʪʘʚ ʠ ʫʩʪʨʦʡʩʪʚʦ ʩʪʝʨʞʥʝʚʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʦʜʠʢʪʦʚʘʥʳ ʥʘʙʦʨʦʤ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʬʦʨʤʦʚʘʥʠʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʧʣʠʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ, 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ. 

ɺ ʩʦʩʪʘʚʝ ʫʩʪʘʥʦʚʢʠ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʧʦʜʩʠʩʪʝʤʳ: 

ʇʦʜʩʠʩʪʝʤʘ ʦʙʨʘʙʦʪʢʠ ʟʘʛʦʪʦʚʢʠ. ɺʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʛʦʪʦʚʢʝ (ʢʘʤʝʨʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ, ʬʦʨʤʦʚʦʯʥʘʷ ʢʘʤʝʨʘ, ʢʘʤʝʨʘ 

ʜʦʛʨʝʚʘ ʧʝʨʝʜ ʟʘʢʘʣʢʦʡ, ʟʘʢʘʣʦʯʥʘʷ ʢʘʤʝʨʘ). 

ʇʦʜʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ. ʉʦʜʝʨʞʠʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ. 

ʇʦʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ. ʉʦʜʝʨʞʠʪ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʤʠ ʧʨʦʮʝʩʩʘʤʠ ʦʙʨʘʙʦʪʢʠ ʟʘʛʦʪʦʚʢʠ ʠ ʧʨʦʮʝʩʩʘʤʠ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʌʦʨʤʫʶʱʠʝ ʩʪʝʨʞʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʚʫʭ ʥʘʙʦʨʦʚ ʚʩʪʨʝʯʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʙʣʦʢʦʚ. ʇʨʠʚʦʜ ʧʝʨʝʤʝʱʝʥʠʷ ʩʪʝʨʞʥʝʡ ʚʳʧʦʣʥʝʥ ʥʘ ʙʘʟʝ ʘʚʪʦʥʦʤʥʳʭ ʯʘʩʪʦʪʥʦ-

ʨʝʛʫʣʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʧʨʠ 

ʤʥʦʛʦʪʦʯʝʯʥʦʤ ʬʦʨʤʦʚʘʥʠʠ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ 

ʬʦʨʤʫʶʱʠʭ ʩʪʝʨʞʥʝʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʨʝʜʝ Femap. ɸʥʘʣʠʟʫ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʚʘʨʠʘʥʪʳ, ʢʘʢ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʬʦʨʤʫʶʱʠʭ ʩʪʝʨʞʥʝʡ, ʪʘʢ ʠ ʩʣʫʯʘʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʦʜʥʦʛʦ ʩʪʝʨʞʥʷ ʧʨʠ ʟʘʪʦʨʤʦʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʨʫʛʠʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʭʦʜʠʣʦʩʴ ʫʯʠʪʳʚʘʪʴ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ 

ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʦʚʘʥʠʷ. ɽʩʣʠ ʚʳʙʨʘʪʴ ʩʣʠʰʢʦʤ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ, 

ʪʦ ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʚʤʷʪʠʥ ʦʪ ʬʦʨʤʫʶʱʠʭ ʩʪʝʨʞʥʝʡ ʥʘ ʟʘʛʦʪʦʚʢʝ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʧʣʘʩʪʠʯʥʳʭ ʠʟʣʦʤʦʚ ʠʟ-ʟʘ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʟʘʛʦʪʦʚʢʝ, ʢʦʪʦʨʳʝ ʧʨʝʚʳʰʘʶʪ ʧʨʝʜʝʣ 

ʫʧʨʫʛʦʩʪʠ.  

ʈʘʟʛʨʘʥʠʯʝʥʠʝ ʪʝʨʤʦʩʠʣʦʚʳʭ ʨʝʞʠʤʦʚ ʥʘʛʨʫʞʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʷʤ ʜʝʬʦʨʤʘʮʠʡ 

ʧʦʟʚʦʣʠʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʜʝʬʦʨʤʘʮʠʡ 

ʧʦʨ̫ʜʢʘ 10-3é10-4 ʩ-1 ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʳʩʪʨʳʤ ï çʤʛʥʦʚʝʥʥʳʤè 

ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ: ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪʩʷ ʫʩʠʣʠʷ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, 

ʧʦʚʳʰʘʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʨʘʟʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʦʨʤʫʶʱʠʭ 

ʩʪʝʨʞʥʝʡ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʤʘʪʨʠʮʳ 

ʧʝʨʝʤʝʱʘʝʤʳʭ ʩʪʝʨʞʥʝʡ ʚʳʰʝ 5ʭ5 ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚʝʣʠʯʠʥʳ 

ʨʝʘʢʮʠʠ ʫʩʠʣʠʡ, ʪʦ ʝʩʪʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʤʘʪʨʠʮʝ 5ʭ5, ʪ.ʢ. ʦʥʘ 

ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʪʦʯʥʦʩʪʴ, ʘ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝ ʙʫʜʝʪ ʟʘʥʠʤʘʪʴ ʤʥʦʛʦ 

ʚʨʝʤʝʥʠ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʦʜʥʦʛʦ ʠʟ ʩʪʝʨʞʥʝʡ, ʥʘʠʙʦʣʴʰʫʶ 

ʥʘʛʨʫʟʢʫ ʠʩʧʳʪʳʚʘʶʪ ʩʦʩʝʜʥʠʝ ʩʪʝʨʞʥʠ, ʘ ʠʤʝʥʥʦ ʪʝ ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʣʠʥʠʷʭ ʩʪʨʦʢ 

ʠ ʩʪʦʣʙʮʦʚ. ʅʘʠʙʦʣʴʰʫʶ ʥʘʛʨʫʟʢʫ ʠʩʧʳʪʳʚʘʶʪ ʩʪʝʨʞʥʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʦʙʣʘʩʪʠ  

ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʣʠʥʠʡ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʪʝʨʞʥʷ, ʥʘʠʤʝʥʴʰʫʶ ʞʝ ï ʩʪʝʨʞʥʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʜʠʘʛʦʥʘʣʴʥʳʭ ʣʠʥʠʷʭ. ʈʝʘʢʮʠʷ ʥʘ ʦʩʪʘʣʴʥʳʝ ʩʪʝʨʞʥʠ ʟʘʥʠʤʘʝʪ 

ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʧʦʟʠʮʠʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʚʩʝʭ ʩʪʝʨʞʥʝʡ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʛʨʫʟʢʠ ʥʘ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʠ ʥʘʠʙʦʣʴʰʝʤʫ ʚʣʠʷʥʠʶ ʧʦʜʚʝʨʞʝʥʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ ʮʝʥʪʨʘʣʴʥʳʭ 

ʩʪʝʨʞʥʝʡ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʩ ʫʯʝʪʦʤ 

ʚʦʟʤʦʞʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʝ ʚʩʝʭ ʩʪʝʨʞʥʝʡ. ʂʨʦʤʝ ʪʦʛʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʤʝʞʜʫ ʬʦʨʤʫʶʱʠʤʠ ʩʪʝʨʞʥʷʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʛʦʪʦʚʢʠ 

ʦʱʫʱʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʜʠʥʘʤʠʢʝ, ʚ ʩʣʫʯʘʝ ʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ. 
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ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʤʝʝʪ ʤʥʦʛʦʩʣʦʞʥʳʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʵʪʘʧʳ 

ʧʦʜʢʣʶʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʦʪʦʧʠʪʝʣʴʥʦʤʫ ʩʝʟʦʥʫ, ʠʣʠ ʧʨʠ ʟʘʧʫʩʢʝ ʢʦʪʣʘ 

ʧʦʩʣʝ ʨʝʤʦʥʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʘ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʧʨʝʚʝʥʪʠʚʥʦʛʦ, ʘ ʥʝ ʨʝʘʢʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ, ʘʥʘʣʠʟʘ ʙʣʦʢ ʧʨʠʯʠʥ, ʩʪʘʚʰʠʭ ʧʨʠʯʠʥʦʡ 

ʦʪʢʘʟʘ. ʂ ʪʦʤʫ ʞʝ, ʤʥʦʛʠʝ ʪʨʝʙʦʚʘʥʠʷ ʈʦʩʪʝʭʥʘʜʟʦʨʘ çʧʨʠʚʝʪʩʪʚʫʶʪè ʤʝʪʦʜʠʢʫ ʨʠʩʢ-

ʤʝʥʝʜʞʤʝʥʪʘ. ɺʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʜʠʘʛʨʘʤʤʘ ʀʩʠʢʘʚʳ [1]. 

ʈʘʟʨʘʙʦʪʢʘ ʜʠʘʛʨʘʤʤʳ ʀʩʠʢʘʚʳ ï ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ ʧʨʠ ʚʝʜʝʥʠʠ ʧʨʦʝʢʪʦʚ ʠ 

ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʢʦʣʣʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʧʝʨʠʦʜʝ ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʝʢʪʦʚ ʨʘʮʠʦʥʘʣʴʥʦ ʧʨʠʤʝʥʷʪʴ ʢʦʣʣʝʢʪʠʚʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʘʥʥʦʡ ʜʠʘʛʨʘʤʤʳ [3]. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ï ʥʘʣʠʯʠʝ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʘʭ 

ʤʘʢʝʪʦʚ ʧʦʜ ʜʘʥʥʳʝ ʜʠʘʛʨʘʤʤʳ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʩʦʟʜʘʥʠʷ ʜʠʘʛʨʘʤʤʳ ʀʩʠʢʘʚʳ ʯʝʨʝʟ ʵʣʝʢʪʨʦʥʥʫʶ ʜʦʩʢʫ MIRO. MIRO ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ, ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʦʧʳʪ ʨʘʙʦʪʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʚʘʨʠʘʥʪʘʤʠ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʠ ʘʩʠʥʭʨʦʥʥʘʷ ʨʘʙʦʪʘ ʚ ʢʦʤʘʥʜʝ ʥʘ ʦʥʣʘʡʥ-ʜʦʩʢʝ. [2]. ʂʦʣʣʝʢʪʠʚʥʘʷ 

ʨʘʙʦʪʘ ʧʦʟʚʦʣʠʪ ʚʝʩʪʠ ʤʦʥʠʪʦʨʠʥʛ ʘʢʪʠʚʥʦʩʪʠ ʢʘʞʜʦʛʦ ʯʣʝʥʘ ʧʨʦʝʢʪʥʦʡ ʢʦʤʘʥʜʳ. ʀʪʘʢ, 

ʜʦʙʘʚʣʷʝʤ ʜʠʘʛʨʘʤʤʫ ʀʩʠʢʘʚʳ ʠʟ ʩʧʠʩʢʘ ʰʘʙʣʦʥʦʚ (ʈʠʩ. 1 ) 

 

 
ʈʠʩ. 1. ɼʦʙʘʚʣʝʥʠʝ Templates ʥʘ ʨʘʙʦʯʫʶ ʜʦʩʢʫ 

ɺ ʦʩʥʦʚʝ ʧʨʦʝʢʪʘ ʣʝʞʘʣ ʧʨʦʮʝʩʩ ʧʦʜʢʣʶʯʝʥʠʷ ʊʕʎ ʢ ʩʝʪʠ ʦʪ ʛʘʨʘʥʪʠʨʫʶʱʝʛʦ 

ʧʦʩʪʘʚʱʠʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɼʘʥʥʳʡ ʧʦʩʪʘʚʱʠʢ, ʷʚʣʷʷʩʴ ʤʦʥʦʧʦʣʠʩʪʦʤ ʚ ʨʝʛʠʦʥʝ, ʠʤʝʝʪ 

ʦʯʝʥʴ ʥʝʩʪʘʙʠʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʧʦʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʤʦʞʥʳ çʧʨʦʩʘʜʢʠè 

ʧʨʠ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ï ʯʘʩʪʳʝ ʧʦʣʦʤʢʠ, ʘʚʘʨʠʡʥʳʝ ʦʩʪʘʥʦʚʢʠ. ɺ ʭʦʜʝ 

ʦʙʩʫʞʜʝʥʠʷ ʜʘʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʦʙʱʝʥʠʝ ʰʣʦ ʢʘʢ ʧʦ ʚʠʜʝʦʩʚʷʟʠ, ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ ʯʘʪʘ ʚ 

MIRO. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ ï ʥʝ ʚʩʝ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ ʚʝʩʪʠ ʙʳʩʪʨʳʡ ʯʘʪ ʧʨʠ ʨʘʟʨʘʙʦʪʢʠ 

ʙʦʣʴʰʦʛʦ ʤʘʩʩʠʚʘ ʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʂʨʦʤʝ ʪʝʢʩʪʦʚʦʛʦ ʯʘʪʘ ʚ MIRO ʝʩʪʴ ʠ ʚʠʜʝʦʯʘʪ. 

Customer Journey Map ï ʵʪʦ ʧʨʦʩʪʦʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʜʝʡʩʪʚʠʡ, ʢʦʤʘʥʜ, ʟʘʜʘʥʠʡ ʥʘ ʦʜʥʦʡ ʩʪʨʘʥʠʮʝ ʠ ʨʘʙʦʪʳ ʥʘ ʥʝʡ. 

CJM ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʘʬʠʢ, ʢʦʪʦʨʳʡ ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʫʪʴ (ʧʣʘʥ), ʚʢʣʶʯʘʶʱʠʡ ʚ 

ʩʝʙʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʜʘʥʠʷ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʦʪ ʥʘʯʘʣʘ ʜʦ ʢʦʥʮʘ ʧʨʦʝʢʪʘ, 

ʘ ʪʘʢʞʝ ʦʮʝʥʠʚʘʝʪ ʢʦʣʣʝʛʫ ʧʦ ʧʨʦʝʢʪʫ. ʆʪʦʙʨʘʞʝʥʠʝ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʧʦʤʦʛʘʝʪ ʢʫʨʘʪʦʨʫ-

ʤʦʜʝʨʘʪʦʨʫ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʫʪʴ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʥʠʤʘʥʠʝ ʜʘʣʴʥʝʡʰʠʭ ʜʝʡʩʪʚʠʡ [4].  
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ʈʠʩ. 2. ʂʦʥʝʯʥʘʷ ʜʠʘʛʨʘʤʤʘ ʥʘ ʜʦʩʢʝ MIRO 

 

ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʘʛʨʘʤʤʳ ʦʥʘ ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʥʘ  ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦ ʧʨʦʝʢʪʫ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʝʨʩʦʥʘʣ, ʩʳʨʴʝ ʠ ʤʘʪʝʨʠʘʣʳ, ʧʦʩʪʘʚʱʠʢʠ, 

ʈʦʩʪʝʭʥʘʜʟʦʨ. ɺ ʢʘʞʜʦʤ ʠʟ ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʦʟʠʮʠʡ ʙʳʣʠ ʧʨʦʩʪʘʚʣʝʥʳ ʧʨʠʯʠʥʳ (çʉauseè). 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʠʣʠ ʧʦʣʥʫʶ ʢʘʨʪʠʥʫ ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʠ ʜʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʠʜʝʪʴ ʢʦʨʥʝʚʫʶ 

ʧʨʠʯʠʥʫ ʦʪʢʘʟʘ.  

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ï ʦʪʜʝʣʴʥʘʷ 

ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʘʷ ʧʦʜʩʪʘʥʮʠʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʧʦʩʦʙʥʘ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ çʧʨʦʩʘʜʢʠè 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʛʘʨʘʥʪʠʨʫʶʱʝʛʦ ʧʦʩʪʘʚʱʠʢʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʥʘ ʵʣʝʢʪʨʦʥʥʦʡ ʜʦʩʢʝ ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʤʘʥʜʥʳʡ ʵʬʬʝʢʪ ʤʦʥʠʪʦʨʠʥʛʘ 

ʦʙʩʪʘʥʦʚʢʠ. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʦʜʦʙʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʠ ʧʨʠ 

ʫʜʘʣʝʥʥʦʤ ʬʦʨʤʘʪʝ ʨʘʙʦʪʳ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. 
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ʎʠʬʨʦʚʠʟʘʮʠʷ (ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ) - ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʧʨʝʜʧʨʠʷʪʠʷ. [1,3]. ʈʘʩʩʤʦʪʨʠʤ ʠ ʩʨʘʚʥʠʤ ʮʠʬʨʦʚʠʟʘʮʠʶ ʚ ʈʦʩʩʠʠ ʠ ʚ ɽʉ, 

ʩʜʝʣʘʥʥʦʡ ʚ ʚʠʜʝ ʛʠʩʪʦʛʨʘʤʤʳ  ʢʦʤʧʘʥʠʝʡ MʩCinsey ʚ 2017 ʛ (ʈʠʩʫʥʦʢ 1) 

 

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʈʦʩʩʠʠ ʠ ɽʉ 

 

ʉʜʝʣʘʝʤ ʚʳʚʦʜ ï ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʦʣʴʟʦʚʘʥʠʷ ʩʤʘʨʪʬʦʥʘʤʠ ʠ ʤʦʙʠʣʴʥʦʤʫ ʠʥʪʝʨʥʝʪʫ 

ʈʦʩʩʠʷ ʥʝ ʦʪʩʪʘʝʪ ʦʪ ʝʚʨʦʧʝʡʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʜʥʘʢʦ ʪʘʢʠʝ ʚʘʞʥʳʝ ʵʣʝʤʝʥʪʳ ʢʘʢ CRM-

ʩʠʩʪʝʤʳ ʠ ʩʠʩʪʝʤʳ ʧʦʢʫʧʦʢ  ʦʥʣʘʡʥ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ. ɺ ʵʪʦʤ ʢʨʦʝʪʩʷ ʨʷʜ ʫʩʣʦʚʠʡ, ʩʦʟʜʘʚʘʝʤʳʭ 

ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ: ʪʘʨʠʬʳ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʠʥʪʝʨʥʝʪ ʜʣʷ ʨʦʩʩʠʡʩʢʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʥʠʞʝ, ʯʝʤ ʚ ʩʪʨʘʥʘʭ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ ʥʘ 44%, ʘ ʥʘ ʤʦʙʠʣʴʥʳʡ ʠʥʪʝʨʥʝʪ - ʥʘ 18%, ʩʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ - 12 ʄʙʠʪ/c.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʝ ʧʦʚʝʨʦʯʥʳʭ ʠ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ 

ʩʧʝʮʪʝʭʥʠʢʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʣʦʞʥʝʥʦ ʤʝʩʪʘʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʢʠ  ʚ ʧʨʠʛʨʘʥʠʯʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ ʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʠʷ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʜʨʫʛʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ 

[4,5]. ɺʨʝʤʷ ʥʘ ʧʦʚʝʨʢʫ ʠ ʢʘʣʠʙʨʦʚʢʫ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʢʨʘʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʧʨʠʯʠʥʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʦʩʪʘʚʢʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʦ ʩʪʘʮʠʦʥʘʨʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʠ 

ʦʙʨʘʪʥʦ, ʯʪʦ ʫʭʫʜʰʘʝʪ ʤʦʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʙʦʝʚʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ ʩʦʚʨʝʤʝʥʥʘʷ 

ʪʝʥʜʝʥʮʠʷ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʤʝʪʨʦʣʦʛʠʠ (ʈʠʩ 1), ʥʝʦʜʥʦʢʨʘʪʥʦ ʫʧʦʤʠʥʘʝʤʘʷ 

ʅʘʯʘʣʴʥʠʢʦʤ ʋʧʨʘʚʣʝʥʠʷ ʤʝʪʨʦʣʦʛʠʠ ɺʦʦʨʫʞʝʥʥʳʭ ʉʠʣ ʧʦʣʢʦʚʥʠʢʦʤ ʃʝʩʫʥʦʤ ʀ.ɺ. [6,7]  

ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ  ʧʝʨʝʭʦʜʘ ʢʘʢ ʢ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʮʠʬʨʦʚʳʤ ʵʪʘʣʦʥʘʤ ï 

ʧʝʨʝʥʦʩʯʠʢʘʤ, ʪʘʢ ʠ ʢ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʨʘʟʚʠʪʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʝʨʝʜʚʠʞʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ (ʇʃʀʊ). ʇʃʀʊ ï ɻ ʪʦ ʨʝʟʫʣʴʪʘʪ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʚ ʦʩʥʦʚʫ ʩʚʦʝʡ 

ʢʦʥʮʝʧʮʠʠ ʧʨʠʥʷʣʠ ʤʦʙʠʣʴʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ [7]. 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʦʧʨʝʜʝʣʝʥʥʦ ʷʚʣʷʝʪʩʷ ʙʣʘʛʦʤ ʜʣʷ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʥʦ ʵʪʦ ʙʣʘʛʦ ʣʝʛʢʦ 

ʤʦʞʝʪ ʦʙʝʨʥʫʪʴʩʷ ʢʘʪʘʩʪʨʦʬʦʡ ʜʣʷ ʚʩʝʛʦ ʦʙʱʝʩʪʚʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʘʥʠʡ ʫʚʝʨʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʩ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ 

ʨʘʟʨʘʙʦʪʢʘʤʠ (ʃʦʮʤʘʥ PLM, T-Flex, TDMS, 1S), ʧʦʟʚʦʣʷʶʱʠʡ ʫʩʢʦʨʷʪʴ ʪʝʯʝʥʠʝ ʨʷʜʘ 

ʧʨʦʮʝʩʩʦʚ, ʫʤʝʥʴʰʘʪʴ ʚʨʝʤʷ ʥʘ ʩʦʛʣʘʩʦʚʘʥʠʝ ʜʦʢʫʤʝʥʪʦʚ ʠ ʧʨʦʝʢʪʦʚ, ʘ ʚʚʝʜʝʥʥʘʷ ʵʣʝʢʪʨʦʥʥʦ-

ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ ʧʦʟʚʦʣʷʝʪ ʙʝʟʦʧʘʩʥʦ ʨʘʙʦʪʘʪʴ ʩ ʜʦʢʫʤʝʥʪʘʤʠ. ɺʩʝ ʵʪʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʜʦʩʪʦʠʥʩʪʚʘ, ʥʝʩʦʤʥʝʥʥʦ, ʫʚʝʣʠʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʢʦʤʧʘʥʠʡ ʚʚʠʜʫ ʟʘʢʦʥʘ 

ʦʙ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʠ, ʥʦ ʚʩʝʛʜʘ ʥʫʞʥʦ ʨʘʙʦʪʘʪʴ ʥʘʜ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ 

ʫʚʝʣʠʯʝʥʠʷ ʦʙʨʘʱʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ.  
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ʈʠʩ.2. ʄʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʩʣʫʞʙʘ ɺɺʉ ʉʐɸ 

ʇʃʀʊ ï ʙʝʟʫʩʣʦʚʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ ʧʨʦʜʫʢʪ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʦʜʥʘʢʦ ʝʩʣʠ ʤʳ 

ʧʦʩʤʦʪʨʠʤ ʥʘ ʧʨʷʤʦʛʦ ʢʦʥʢʫʨʝʥʪʘ ʇʃʀʊ ʚ ʉʐɸ, ʪʦ ʫʚʠʜʠʤ ʤʘʩʩʫ ʢʦʤʧʣʝʢʩʦʚ, 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ çU.S. ARMY TEST, MEASUREMENT AND DIAGNOSTIC EQUIPMENTè , 

ʢʦʪʦʨʘʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʚʠʨʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦʚʝʨʦʢ ʠ ʢʘʣʠʙʨʦʚʦʢ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʣʴʟʫʷʩʴ ʪʘʢʠʤʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʤʠ ʤʘʰʠʥʘʤʠ ʢʘʢ ʚʠʜʝʦʠʟʤʝʨʠʪʝʣʴʥʳʝ 

ʤʘʰʠʥʳ Mitutojo, ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʦʙʠʣʴʥʳʝ ʨʫʢʠ ʪʠʧʘ FARO, ʤʦʙʠʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ, ʪʝʧʣʦʚʠʟʦʨʳ Fluke, ʚ ʪ.ʯ. ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʥʘ ɹʇʃɸ, ʦʯʢʠ VR ʜʣʷ 

ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠʣʠ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ 

ʧʦʚʝʨʢʠ ʩʨʝʜʩʪ ʠʟʤʝʨʝʥʠʡ. ʇʦʜʦʙʥʳʝ ʤʝʪʦʜʳ, ʙʝʟʫʩʣʦʚʥʦ, ʜʦʣʞʥʳ ʚʥʝʜʨʷʪʴʩʷ ʚ ʨʦʩʩʠʡʩʢʠʝ 

ʇʃʀʊ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʭ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʀʥʪʝʨʝʩʥʳʤ ʤʦʤʝʥʪʦʤ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʧʨʠʝʤʘ ʥʦʚʦʙʨʘʥʮʝʚ ʚ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʯʘʩʪʠ ʯʝʨʝʟ ʨʷʜ ʢʘʥʘʣʦʚ ʚ 

Youtube [9], ʯʪʦ ʙʝʟʫʩʣʦʚʥʦ ʜʘʝʪ ʰʠʨʦʢʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʜʘʥʥʦʡ ʧʨʦʬʝʩʩʠʠ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ 

ʉʐɸ. ʇʦʜʚʦʜʷ ʠʪʦʛ ʚ ʠʩcʣʝʜʦʚʘʥʠʠ, ʭʦʪʝʣʦʩʴ ʙʳ ʧʦʜʯʝʨʢʥʫʪʴ ï ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴ ʩʣʦʞʥʳʭ ʤʝʪʦʜʠʢ ʠ ʨʘʩʯʝʪʦʚ ʚ ʤʝʪʨʦʣʦʛʠʠ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʦʥʝʩʪʠ ʜʘʥʥʳʝ ʜʦ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʜʝʣʘʪʴ ʠʭ ʧʦʥʷʪʥʳʤʠ ʢʘʢ ʧʦʚʝʨʠʪʝʣʷʤ, ʪʘʢ 

ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʣʠʯʥʦʤʫ ʩʦʩʪʘʚʫ, ʥʝ ʩʚʷʟʘʥʥʦʤʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʧʦʚʝʨʢʦʡ. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ, ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠ 

ʟʘʨʫʙʝʞʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʣʘʙʦʨʘʪʦʨʠʷʤʠ. ʈʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʧʨʠʤʝʥʠʤʳʝ ʧʨʦʛʨʘʤʤʳ 

ʚ ʦʙʣʘʩʪʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚʳʷʚʠʤ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ [1-2].ʇʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ "ɹʝʩʪ: ʄʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʩʣʫʞʙʘ" ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʯʝʪʥʦʡ ʧʦʣʠʪʠʢʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʦʧʪʠʤʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ ʩʣʫʞʙʳ ʤʝʪʨʦʣʦʛʠʠ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ 

ʨʘʙʦʪ          

 
ʈʠʩ. 1. ʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʚ ʚʠʜʝ ʦʬʦʨʤʣʝʥʠʷ ʛʨʘʬʠʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʨʝʜʩʪʚ 

ʠʟʤʝʨʝʥʠʷ ʯʝʨʝʟ ɹʝʩʪ: ʤʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʩʣʫʞʙʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʡ ʚʠʜ ʇʆ ï çɸʩʦʤʠè - ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ 

ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʩʣʫʞʙ ʧʨʝʜʧʨʠʷʪʠʡ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ ʧʘʨʢ ʩʨʝʜʩʪʚ 

ʠʟʤʝʨʝʥʠʡ ʦʪ ʜʝʩʷʪʢʘ ʜʦ ʩʦʪʝʥ ʪʳʩʷʯ ʝʜʠʥʠʮ. ʉʠʩʪʝʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʩʣʫʞʙ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʫʯʝʪʫ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ (ʉʀ). 

 
ʈʠʩ. 2. ʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʚ ʚʠʜʝ ʦʬʦʨʤʣʝʥʠʷ ʞʫʨʥʘʣʘ ʫʯʸʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʉʀ ʯʝʨʝʟ 

ɸʉʆʄʀ 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʩʝʨʚʠʩʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʥʘʩʪʨʦʝʥ ʧʦʜ 

çɻʦʩʫʩʣʫʛʠè ʩʪʘʣ ʩʝʨʚʠʩ çɸʨʰʠʥè. ɺʦʚʣʝʯʝʥʠʝ ʜʘʥʥʦʛʦ ʩʝʨʚʠʩʘ ʚ ʩʝʤʴʶ ʧʨʦʛʨʘʤʤʥʳʭ 

ʨʝʰʝʥʠʡ,  çɻʦʩʫʩʣʫʛʠè ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʪʝʧʝʨʴ ʵʪʦʪ ʩʝʨʚʠʩ ʜʦʩʪʫʧʝʥ ʢʘʞʜʦʤʫ. ʆʙʳʯʥʦ ʵʪʠ ʦʪʯʸʪʳ ʟʘʧʦʣʥʷʶʪʩʷ 

ʚʨʫʯʥʫʶ ʚ ʣʠʯʥʦʤ ʢʘʙʠʥʝʪʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʌɻʀʉ. ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʩʠʩʪʝʤʳ ʠʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 4 ï ʚ ʨʘʤʢʝ ʩʦ ʩʪʨʝʣʢʦʡ ï ʬʘʢʪ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʝʨʩʦʥʳ ʯʝʨʝʟ ʣʠʯʥʳʡ ʢʘʙʠʥʝʪ [3] .  

ʄʝʪʨʦʣʦʛ ʆʥʣʘʡʥ (ʈʠʩ.5) ï ɻ ʪʦ ʤʦʙʠʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʇʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çɸʉʋ 

ʄʉè ʚʝʨʩʠʠ 6.5. ʇʨʠʣʦʞʝʥʠʝ ʨʘʙʦʪʘʝʪ ʩ ʙʘʟʦʡ ɸʉʋ ʄʉ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʩʥʦʚʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʨʝʜʩʪʚʝ ʠʟʤʝʨʝʥʠʡ (ʉʀ). ɿʘʜʘʯʘ ʧʨʠʣʦʞʝʥʠʷ ï ʵʪʦ ʦʧʝʨʘʪʠʚʥʦʝ ʧʦʣʫʯʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʨʝʜʩʪʚʝ ʠʟʤʝʨʝʥʠʡ [3]. ʇʨʠʣʦʞʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʫʜʘʣʝʥʥʳʭ 

ʦʙʲʝʢʪʘʭ ʠ ʧʦʟʠʮʠʷʭ ʠʟʤʝʨʝʥʠʡ. 
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ʈʠʩ. 3.  ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʌɻʀʉ ɸʈʐʀʅ 

 

              
ʈʠʩ. 4. ʇʨʠʣʦʞʝʥʠʝ çʄʝʪʨʦʣʦʛ ʆʥʣʘʡʥè ʠ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ MiCAT  

 

ʉʣʝʜʫʶʱʘʷ ʧʨʦʛʨʘʤʤʘ MICAT (MCOSMOS-3) ʠʩʧʦʣʴʟʫʝʪ ʬʘʢʪʠʯʝʩʢʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʂʀʄ, ʚʢʣʶʯʘʷ ʚʩʝ ʤʘʛʘʟʠʥʳ ʠ ʜʘʪʯʠʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʤʘʰʠʥʝ, ʯʪʦʙʳ 

ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʧʨʘʚʘʭ 

ʠʟʤʝʨʝʥʠʷ [4]. 

ʀʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʢʘʞʜʘʷ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʚ ʦʙʣʘʩʪʠ 

ʠʟʤʝʨʝʥʠʡ, ʫʯʠʪʳʚʘʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʚʝʨʠʪʝʣʝʡ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʩʪʘʪʠʩʪʠʢʠ. 

ʈʘʟʚʠʪʠʝ ʧʦʜʦʙʥʳʭ ʧʨʦʛʨʘʤʤ ʧʨʦʠʩʭʦʜʠʪ ʩʫʛʫʙʦ ʧʦ ʥʘʨʘʱʠʚʘʥʠʶ ʧʦʪʝʥʮʠʘʣʦʚ ʩʨʝʜʩʪʚ 

ʠʟʤʝʨʝʥʠʡ. ʆʜʥʘʢʦ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ ʙʝʟʛʨʘʥʠʯʥʳ ï 

ʧʝʨʝʭʦʜ ʥʘ VR ʠ ʜʨʫʛʠʝ ʚʠʨʪʫʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʦʙʫʩʣʦʚʠʣʠ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʭʨʘʥʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʨʝʜʩʪʚʘʭ ʠʟʤʝʨʝʥʠʷ ʚ ʫʜʦʙʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʚ ʩʪʘʪʴʝ. 

ɺʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʨʘʟʚʠʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚʦʟʤʦʞʥʦ 

ʛʦʚʦʨʠʪʴ ʦ ʠʭ ʩʣʠʷʥʠʠ ʩ ʘʧʧʘʨʘʪʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʙʠʙʣʠʦʪʝʢʦʡ ʚʠʜʝʦʧʦʜʢʘʩʪʦʚ 

ʧʦ ʢʘʣʠʙʨʦʚʢʝ ʠʣʠ ʧʦʚʝʨʢʝ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ. 
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ʏʘʩʪʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʭʝʤʳ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʫʯʠʪʴ 

ʪʦʯʢʫ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʨʦʚʥʝʤ ʩʠʛʥʘʣʘ. ʅʘʧʨʠʤʝʨ, ʩʦʟʜʘʪʴ ʦʧʦʨʥʫʶ ʪʦʯʢʫ ʠʣʠ ʩʤʝʱʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʟʘʧʠʪʘʪʴ ʤʘʣʦʤʦʱʥʳʡ ʧʦʪʨʝʙʠʪʝʣʴ, ʧʦʥʠʟʠʚ ʝʛʦ ʫʨʦʚʝʥʴ ʠ ʦʛʨʘʥʠʯʠʪʴ ʪʦʢ [1-2]. 

ʀʤʝʥʥʦ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʝʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ. ɼʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʦʩʮʠʣʣʦʛʨʘʬʘ ʩʧʨʦʝʢʪʠʨʫʝʤ ʜʝʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʡ ʩ ʧʝʨʝʤʝʥʥʳʤ ʢʦʵʬʠʮʠʝʥʪʦʤ ʜʝʣʝʥʠʷ [3-

4]. ɺʦʟʴʤʝʤ ʩʪʘʥʜʘʨʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʝʣʝʥʠʷ ʚ 1, 2, 10 ʠ 50 ʨʘʟ. ɼʣʷ ʙʦʣʴʰʝʛʦ ʫʜʦʙʩʪʚʘ 

ʦʜʠʥ ʨʝʟʠʩʪʦʨ ʚ ʩʭʝʤʝ ʦʩʪʘʚʠʤ ʧʦʩʪʦʷʥʥʳʤ R4=1ʢʆʤ [5]. 

ʇʦʜʙʝʨʝʤ ʟʥʘʯʝʥʠʷ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʨʝʟʠʩʪʦʨʦʚ, ʠʩʭʦʜʷ ʠʟ ʥʫʞʥʦʛʦ ʥʘʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʝʣʝʥʠʷ. 

5ʚʳʭ ʚʭz ʚʭ ;                                                           (1) 

              

R1=1ʢʆʤ;                                                                       (2) 

 

5ʚʳʭ ʚʭz ʚʭ;                                                           (3) 

R2=9ʢʆʤ;                                                                      (4) 

 

5ʚʳʭ ʚʭz ʚʭ ;                                                            (5) 

 

R3=49ʢʆʤ.                                                                    (6) 

ɺ ʩʦʦʪʚʝʪʩʚʪʠʠ ʩ ɻʆʉʊ 11282-93 [8], ʨʝʟʠʩʪʠʚʥʳʡ ʜʝʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ ʫʩʪʨʦʡʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʨʝʟʠʩʪʠʚʥʦʡ ʩʭʝʤʳ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʜʝʣʝʥʠʷ. ɼʝʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʫʤʥʦʞʠʪʝʣʷ ʜʠʘʧʘʟʦʥʘ ʜʣʷ 

ʧʦʪʝʥʮʠʦʤʝʪʨʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʅʦʤʠʥʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʣʝʥʠʷ ʚ ʜʝʣʠʪʝʣʝ 

ʥʘʧʨʷʞʝʥʠʷ - ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʥʦʤʠʥʘʣʴʥʳʤ ʚʭʦʜʥʳʤ ʠ ʥʦʤʠʥʘʣʴʥʳʤ ʚʳʭʦʜʥʳʤ 

ʥʘʧʨʷʞʝʥʠʷʤʠ. ʀʩʪʠʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʣʝʥʠʷ - ʦʪʥʦʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠʣʦʞʝʥʥʦʛʦ ʢʦ 

ʚʭʦʜʫ, ʢ ʚʳʭʦʜʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʨʘʟʦʤʢʥʫʪʦʡ ʮʝʧʠ [6]. ʉʤʦʜʝʣʠʨʫʝʤ ʩʭʝʤʫ ʚ Multisim ʠ 

ʧʨʦʚʝʜʝʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠ ʨʘʙʦʪʝ ʜʘʥʥʦʡ ʩʭʝʤʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʜʝʣʝʥʠʷ. (ʈʠʩ. 

1) 

 
ʈʠʩ. 1. ʄʦʜʝʣʴ ʢʦʥʝʯʥʦʡ ʩʭʝʤʳ ʜʝʣʠʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʨʝʜʝ Multisim 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʣʝʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʢʣʶʯʝʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʢʣʶʯʝʡ. 
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ɺ ʩʭʝʤʝ ʪʘʢ ʞʝ ʫʩʪʘʥʦʚʣʝʥ ʜʘʪʯʠʢ ʥʘʣʠʯʠʷ ʥʘʧʨʷʞʝʥʠʷ. ʆʥ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʩʚʝʪʦʜʠʦʜʘ 

ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʨʝʟʠʩʪʦʨʘ [7]. ʀʟ ʠʥʞʝʥʝʨʥʦʛʦ ʦʧʳʪʘ ʚʳʙʠʨʘʝʤ ʟʥʘʯʝʥʠʝ 

ʨʝʟʠʩʪʦʨʘ ʨʘʚʥʳʤ 220 ʆʤ. 

 
ʈʠʩ. 2. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʷ ʩʠʛʥʘʣʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʣʝʥʠʷ ʨʘʚʥʳʤ 1 (ʩʣʝʚʘ) ʠ 2 

(ʩʧʨʘʚʘ) 

 

 
ʈʠʩ. 3. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʷ ʩʠʛʥʘʣʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʣʝʥʠʷ ʨʘʚʥʳʤ 10 (ʩʣʝʚʘ) ʠ 

50 (ʩʧʨʘʚʘ) 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʨʝʟʠʩʪʦʨʥʳʝ ʜʝʣʠʪʝʣʠ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʥʦʨʤʠʨʫʝʤʫʶ 

ʪʦʯʥʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʣʝʥʠʷ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʯʘʩʪʦʪʘʭ, ʪʘʢ ʢʘʢ 

ʨʝʟʠʩʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʪʫʰʢʫ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʚʠʪʢʦʚ ʚʳʩʦʢʦʦʤʥʦʛʦ ʧʨʦʚʦʜʘ, ʪ.ʝ. 

ʦʙʣʘʜʘʝʪ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʠ ʤʝʞʚʠʪʢʦʚʦʡ ʝʤʢʦʩʪʴʶ [7]. ʆʜʥʘʢʦ , ʙʣʘʛʦʜʘʨʷ ʚʠʨʪʫʘʣʴʥʦʤʫ 

ʦʩʮʠʣʣʦʛʨʘʬʫ ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʧʨʠʦʨʠʪʝʪʥʳʡ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ, ʩ ʢʦʪʦʨʳʤ 

ʚʦʟʤʦʞʥʦ ʧʦʨʘʙʦʪʘʪʴ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ. 
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ɺʠʨʪʫʘʣʴʥʳʝ ʨʘʙʦʪʳ ʜʣʷ ʧʝʨʩʦʥʘʣʘ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʠ ʧʦʧʫʣʷʨʥʳʤ ʨʝʩʫʨʩʦʤ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʢʦʤʧʝʪʝʥʮʠʡ. ʂʘʢ ʦʜʥʫ ʠʟ 

ʧʣʘʪʬʦʨʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʦʜʦʙʥʳʭ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ Phet Simulators. 

ʀʥʪʝʨʘʢʪʠʚʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ PhET, ʧʨʦʝʢʪ ʋʥʠʚʝʨʩʠʪʝʪʘ ʂʦʣʦʨʘʜʦ ʚ ɹʦʫʣʜʝʨʝ, 

ʷʚʣʷʝʪʩʷ ʥʝʢʦʤʤʝʨʯʝʩʢʠʤ [1] ʧʨʦʝʢʪʦʤ ʦʪʢʨʳʪʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʆʥ ʙʳʣ ʦʩʥʦʚʘʥ 

ʚ 2002 ʛʦʜʫ ʣʘʫʨʝʘʪʦʤ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ʂʘʨʣʦʤ ɺʠʤʘʥʦʤ [6-7]. ʇʨʦʛʨʘʤʤʘ PhET ʥʘʯʘʣʘʩʴ 

ʩ ʚʠʜʝʥʠʷ ɺʠʤʘʥʘ ʫʣʫʯʰʠʪʴ ʩʧʦʩʦʙ ʧʨʝʧʦʜʘʚʘʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʥʘʫʢʠ. ʀʭ ʟʘʷʚʣʝʥʥʘʷ ʤʠʩʩʠʷ - 

çʇʨʦʜʚʠʛʘʪʴ ʥʘʫʢʫ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʛʨʘʤʦʪʥʦʩʪʴ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦ ʚʩʝʤ ʤʠʨʝ ʩ ʧʦʤʦʱʴʶ 

ʙʝʩʧʣʘʪʥʳʭ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʩʠʤʫʣʷʪʦʨʦʚè [2-3]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʷ  ʠʦʥʦʚ ɻʠʜʨʦʢʩʦʥʠʷ H30
+, ɻʠʜʨʦʩʢʠʜ 

ï ʠʦʥʦʚ OH- ʠ ʤʦʣʝʢʫʣ ʚʦʜʳ H2O, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʫʤʤʝ ʩ  

ʚʝʱʝʩʪʚʘʤʠ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ï ʤʳʣʦ, ʦʩʪʘʪʢʠ ʧʠʱʠ ʠ ʪ.ʜ. ʊʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʠʪʴ ʢʠʩʣʦʪʥʦʩʪʴ PH ʚ ʨʘʩʪʚʦʨʝ ʯʠʩʪʦʡ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʫʤʤʝ ʩ  ʚʝʱʝʩʪʚʘʤʠ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ï ʤʳʣʦ, ʦʩʪʘʪʢʠ 

ʧʠʱʠ ʠ ʪ.ʜ.. ʆʪʢʨʦʡʪʝ ʧʨʦʛʨʘʤʤʫ PHET , ʟʘʧʫʩʪʠʪʝ ʧʦʟʠʮʠʶ MICRO 

ʐʘʛ 1 ï ʦʧʫʩʪʦʰʠʪʝ ʨʝʟʝʨʚʫʘʨ ʧʫʪʝʤ ʥʘʞʘʪʠʷ ʥʘ ʢʨʘʥʠʢ 1 (ʈʠʩʫʥʦʢ 1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ʆʧʫʩʪʦʰʝʥʠʝ ʨʝʟʝʨʚʫʘʨʘ 

ʅʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʚ ʚʝʨʭʥʝʤ ʵʣʝʤʝʥʪʘ ʧʨʦʛʨʘʤʤʳ ï ʧʦʟʠʮʠʷ 2 ʥʘ ʨʠʩʫʥʢʝ 1. 

 ʇʨʦʚʝʜʠʪʝ ʠʟʤʝʨʝʥʠʝ H30
+, ɻʠʜʨʦʩʢʠʜ ï ʠʦʥʦʚ OH- ʠ ʤʦʣʝʢʫʣ ʚʦʜʳ H2O, ʥʘʣʠʚʘʷ ʢʘʞʜʳʡ ʨʘʟ 

0,1 ʣ    

 

ʊʘʙʣʠʮʘ 1 ï ʀʟʤʝʨʝʥʠʝ  H30
+ ,OH- , H2O 

ʆʙʴʝʤ H30
+ OH- H2O 

0,1 ʇʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ ʇʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ ʇʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ 

0,2 ʇʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ ʇʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ ʇʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ 

0,3 ʇʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ ʇʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ ʇʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ 

 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʥʘ ʨʠʩʫʥʢʝ 2 , ʧʦʟʠʮʠʶ 3 -  ʩʤʝʥʫ ʞʠʜʢʦʩʪʠ, ʚʳʙʨʘʪʴ ʦʙʴʝʤ 

0,5 ʣʠʪʨʦʚ, ʦʪʢʨʳʚʘʷ ʢʨʘʥʠʢ ʥʘ ʧʦʟʠʮʠʠ 4. ɼʦʙʘʚʣʷʷ ʚʦʜʫ ʢʘʞʜʳʝ 0,1 ʣʠʪʨʦʚ, ʥʝʦʙʭʦʜʠʤʦ 

1 

2 
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ʠʟʤʝʨʠʪʴ ʢʘʢ ʤʝʥʷʝʪʩʷ ʢʠʩʣʦʪʥʦʩʪʴ ʧʨʠ ʚʩʝʭ ʚʠʜʘʭ ʞʠʜʢʦʩʪʠ. ʅʘ ʨʠʩʫʥʢʝ 2, ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʨʠʪʴ H30
+, ɻʠʜʨʦʩʢʠʜ ï ʠʦʥʦʚ OH- ʠ ʤʦʣʝʢʫʣ ʚʦʜʳ H2O, 

 

 

 

 

ʈʠʩ. 2. ʉʤʝʥʘ ʞʠʜʢʦʩʪʠ ʠ ʜʦʙʘʚʣʝʥʠʝ ʚʦʜʳ ʠ ʚʳʙʦʨ ʞʠʜʢʦʩʪʠ ʠ ʠʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʀʪʘʢ, ʜʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʧʦʣʥʝʥʠʝ ʪʘʙʣʠʮʳ ï ʊʘʙʣʠʮʘ 2. 

 

ʊʘʙʣʠʮʘ 2  ï ʀʟʤʝʨʝʥʠʝ  PH, H30+ ,OH- , H2O Drain clear 

ʇʨʠʤʝʩʴ ʆʙʲʸʤ 

ʚʦʜʳ ʩʚʝʨʭ 

ʧʨʠʤʝʩʠ 

PH H30
+ OH- H2O 

Drain clear 0,1 ʇʨʦʚʝʩʪʠ 

ʠʟʤʝʨʝʥʠʝ 

ʇʨʦʚʝʩʪʠ 

ʠʟʤʝʨʝʥʠʝ 

ʇʨʦʚʝʩʪʠ 

ʠʟʤʝʨʝʥʠʝ 

ʇʨʦʚʝʩʪʠ 

ʠʟʤʝʨʝʥʠʝ 

 0,2 ʇʨʦʚʝʩʪʠ 

ʠʟʤʝʨʝʥʠʝ 

ʇʨʦʚʝʩʪʠ 

ʠʟʤʝʨʝʥʠʝ 

ʇʨʦʚʝʩʪʠ 

ʠʟʤʝʨʝʥʠʝ 

ʇʨʦʚʝʩʪʠ 

ʠʟʤʝʨʝʥʠʝ 

ɺ ʬʠʥʘʣʴʥʦʤ ʦʪʯʝʪʝ ʧʨʠ ʦʙʫʯʝʥʠʠ ʚ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʧʦʣʥʝʥʳ ʚʩʝ 

ʞʠʜʢʦʩʪʠ ʚ ʪʘʙʣʠʮʘʭ ʧʦ ʘʥʘʣʦʛʠʠ. ɺ ʠʪʦʛʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ, ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʠʙʦʣʝʝ ʘʛʨʝʩʩʠʚʥʳʝ ʜʣʷ ʚʦʜʳ ʩʙʨʦʩʳ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʢʦʤʧʝʪʝʥʮʠʷ  ʙʣʘʛʦʜʘʨʷ ʚʳʧʦʣʥʝʥʠʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʫʜʝʪ ʧʨʦʥʠʟʳʚʘʪʴ ʚʩʝ ʢʣʶʯʝʚʳʝ ʢʦʤʧʝʪʝʥʮʠʠ, ʬʦʨʤʠʨʫʝʤʳʝ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ 

ʦʙʨʘʟʦʚʘʥʠʠ, ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʩʪʠʣʴ ʤʳʰʣʝʥʠʷ ʠ ʧʦʚʝʜʝʥʠʷ ʚ ʩʦʮʠʘʣʴʥʦ ʧʨʦʙʣʝʤʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʷʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʘʟʥʳʭ ʚʠʜʘʭ ʠ ʥʘʧʨʘʚʣʝʥʠʷʭ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ [4-5]. 
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ɼʝʣʠʪʝʣʠ ʥʘʧʨʷʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʟʘʜʘʥʥʦʝ 

ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠʟ ʙʦʣʴʰʝʛʦ ʚʭʦʜʥʦʛʦ (ʧʦʩʪʦʷʥʥʦʛʦ ʠʣʠ ʧʝʨʝʤʝʥʥʦʛʦ) ʥʘʧʨʷʞʝʥʠʷ. ɺ 

ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʚ ʵʣʝʢʪʨʦʥʠʢʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʠʢʨʦʩʭʝʤʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ 

ʤʘʣʦʝ ʥʘʧʨʷʞʝʥʠʝ. ɼʣʷ ʠʭ ʠ ʜʨʫʛʦʡ ʫʩʪʨʦʡʩʪʚ, ʪʨʝʙʫʶʱʠʭ ʤʝʥʴʰʝ ʥʘʧʨʷʞʝʥʠʝ, ʯʝʤ ʚʩʷ 

ʦʩʪʘʣʴʥʘʷ ʩʭʝʤʘ, ʩʦʟʜʘʥʳ ʜʝʣʠʪʝʣʠ ʥʘʧʨʷʞʝʥʠʷ [1]. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʜʝʣʠʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʨʘʩʰʠʨʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʝʣʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ Multisim. 

ɹʣʘʛʦʜʘʨʷ Multisim ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʥʥʦʡ ʪʘʙʣʠʮʳ ʧʦʟʚʦʣʷʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʥʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʶʙʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ: ʦʪ ʩʭʝʤʳ ʧʝʯʘʪʥʦʡ 

ʧʣʘʪʳ ʜʦ ʤʦʜʝʣʠ SPICE. ɹʝʟʨʝʞʠʤʥʦʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ï ʵʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ 

ʨʘʟʤʝʱʝʥʠʷ ʠ ʩʦʝʜʠʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. ʈʘʙʦʪʘʪʴ ʩ ʘʥʘʣʦʛʦʚʳʤʠ ʠ ʮʠʬʨʦʚʳʤʠ ʩʦʩʪʘʚʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʠʥʪʫʠʪʠʚʥʦ ʧʨʦʩʪʦ ʠ ʧʦʥʷʪʥʦ [2-3]. 

ʂʨʦʤʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ SPICE, Multisim ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʦʜʢʣʶʯʘʪʴ ʢ 

ʩʭʝʤʝ ʚʠʨʪʫʘʣʴʥʳʝ ʧʨʠʙʦʨʳ. ʂʦʥʮʝʧʮʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ï ɻ ʪʦ ʧʨʦʩʪʦʡ ʠ ʙʳʩʪʨʳʡ 

ʩʧʦʩʦʙ ʫʚʠʜʝʪʴ ʨʝʟʫʣʴʪʘʪ ʩ ʧʦʤʦʱʴʶ ʠʤʠʪʘʮʠʠ ʨʝʘʣʴʥʳʭ ʩʦʙʳʪʠʡ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʠʟ ʠʩʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʣʠʰʴ ʝʛʦ ʯʘʩʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʝʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ. ʕʪʦ ʩʭʝʤʘ, ʩʪʨʦʷʱʘʷʩʷ ʥʘ ʦʩʥʦʚʝ ʧʘʨʳ ʨʝʟʠʩʪʦʨʦʚ. 

ɺ ʧʨʠʤʝʨʝ, ʥʘ ʚʭʦʜ ʧʦʜʘʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ 9 ɺ. ʅʦ ʢʘʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʣʫʯʠʪʩʷ ʥʘ 

ʚʳʭʦʜʝ Vout? 

ʊʦʢ, ʧʨʦʪʝʢʘʶʱʠʡ ʯʝʨʝʟ R1 ʠ R2 ʦʜʠʥʘʢʦʚ ʧʦʢʘ ʢ ʚʳʭʦʜʫ Vout ʥʠʯʝʛʦ ʥʝ ʧʦʜʢʣʶʯʝʥʦ. ɸ 

ʩʫʤʤʘʨʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʘʨʳ ʨʝʟʠʩʪʦʨʦʚ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ: 

 

Rt=R1+R2                                                                     (1) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʣʘ ʪʦʢʘ ʧʨʦʪʝʢʘʶʱʘʷ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨʳ: 

 

I=U/Rt=9ɺ/900Oʤ=0.01ɸ=10ʤɸ                                              (2) 

 

ʊʝʧʝʨʴ, ʢʦʛʜʘ ʥʘʤ ʠʟʚʝʩʪʝʥ ʪʦʢ ʚ R2, ʨʘʩʩʯʠʪʘʝʤ ʥʘʧʨʷʞʝʥʠʝ ʚʦʢʨʫʛ ʥʝʛʦ: 

 

Vout=IĿR2=0,01ɸ Ŀ500ʆʤ                                                      (3) 

 

ʀʣʠ ʝʩʣʠ ʦʪʘʚʠʪʴ ʬʦʨʤʫʣʫ ʚ ʦʙʱʝʤ ʚʠʜʝ: 

 

Vout=Vin Ŀ(R2/(R1+R2))                                                          (4) 

 

ʊʘʢ ʩ ʧʦʤʦʱʴʶ ʧʘʨʳ ʨʝʟʠʩʪʦʨʦʚ ʤʳ ʠʟʤʝʥʠʣʠ ʟʥʘʯʝʥʠʝ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ 9 ʜʦ 5 

ɺ. ʕʪʦ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʠʪʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʜʥʦʡ ʩʭʝʤʝ, ʦʩʪʘʚʠʚ ʧʨʠ 

ʪɻʦʤ ʪʦʣʴʢʦ ʦʜʠʥ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ [4]. 

ɼʣʷ ʙʦʣʴʰʝʡ ʥʘʛʣʷʜʥʦʩʪʠ ʩʦʙʝʨʝʤ ʧʨʦʩʪʝʡʰʫʶ ʩʭʝʤʫ ʜʝʣʠʪʝʣʷ ʚ ʧʨʦʛʨʘʤʤʝ multisim 

ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʝʝ ʨʘʙʦʪʫ.  
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ʈʠʩ. 1. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʝʣʠʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ multisim 

 

ɺʳʰʝ ʧʨʝʜʩʪʘʚʣʝʥʥʘ ʩʭʝʤʘ ʜʝʣʠʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʅʘ ʚʭʦʜ ʜʝʣʠʪʝʣʷ ʧʦʩʪʫʧʘʝʪ ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʯʘʩʪʦʪʦʡ 60 ɻʮ ʠ ʫʨʦʚʥʝʤ ʚ 120 ɺ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘ ʨʠʩʫʥʢʝ 3 ʥʘ ʚʳʭʦʜʝ ʜʝʣʠʪʝʣʷ ʤʳ ʧʦʣʫʯʘʝʤ ʥʘʧʨʷʞʝʥʠʝ 

ʧʦʜʝʣʝʥʥʦʝ ʥʘ 2. 

 

 
ʈʠʩ. 2. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʚʭʦʜʝ/ʚʳʭʦʜʝ ʫʩʪʨʦʡʩʪʚʘ 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʝʤʣʝʤʦʡ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʜʝʣʠʪʝʣʷ ʪʨʝʙʫʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʝʛʦ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʝʣʠʯʠʥʘ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʮʝʧʠ ʜʝʣʠʪʝʣʷ, ʙʳʣʘ ʥʝ ʤʝʥʝʝ ʯʝʤ 

ʚ 10 ʨʘʟ ʙʦʣʴʰʝ, ʥʝʞʝʣʠ ʪʦʢ, ʧʨʦʪʝʢʘʶʱʠʡ ʯʝʨʝʟ ʥʘʛʨʫʟʢʫ. ʋʚʝʣʠʯʝʥʠʝ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʜʦ 

Ĭ100, Ĭ1000 ʠ ʙʦʣʝʝ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ 

ʨʘʙʦʪʳ ʜʝʣʠʪʝʣʷ. ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʜʦʣʞʥʳ ʩʦʦʪʥʦʩʠʪʴʩʷ ʠ ʚʝʣʠʯʠʥʳ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ʜʝʣʠʪʝʣʷ ʠ ʥʘʛʨʫʟʢʠ. ʀʜʝʘʣʴʥʳʤ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʂʇɼ) ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʜʝʣʠʪʝʣʷ, ʷʚʣʷʝʪʩʷ 

ʨʝʞʠʤ ʪ.ʥ. ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʪ.ʝ. ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʨʠ ʦʪʢʣʶʯʝʥʥʦʡ ʥʘʛʨʫʟʢʝ, ʢʦʛʜʘ ʝʸ ʩʚʦʡʩʪʚʘʤʠ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ɹʣʘʛʦʜʘʨʷ ʵʣʝʢʪʨʦʥʥʦʤʫ ʦʩʮʠʣʣʦʛʨʘʬʫ ʚ ʩʨʝʜʝ Multisim , ʚʦʟʤʦʞʥʦ 

ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʜʝʣʠʪʝʣʝʡ, ʯʪʦ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʢʠ 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
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ɺʩʚʷʟʠ ʩ ʧʦʩʣʝʜʥʠʤʠ ʩʦʙʳʪʠʷʤʠ ʫʜʘʣʝʥʥʦʡ ʨʘʙʦʪʳ , ʢʦʤʘʥʜʳ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ 

ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʤʥʦʛʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ï ʚ ʨʘʩʧʨʦʩʪʘʥʝʥʥʳʭ ʚʠʜʝʦʪʨʘʥʩʣʷʪʦʨʘʭ ʢʦʥʬʝʨʝʥʮʠʡ 

ʙʝʟʫʩʣʦʚʥʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʦʚ, ʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʚʣʘʜʝʣʴʮʘ IP ʘʜʨʝʩʘ ï 

ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʫʶ, ʩʠʥʭʨʦʥʥʫʶ ʨʘʙʦʪʫ ʢʦʤʘʥʜʳ, 

ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʡʩʪʚʠʡ ʢʘʞʜʦʛʦ? ɼʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʠʤʝʶʪ 

ʦʯʝʥʴ ʫʟʢʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʨʝʩʫʨʩʦʚ 

ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʧʨʦʝʢʪʠʨʦʚʚʚʱʠʢʦʚ. 

 ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʨʫʢʦʚʦʜʩʪʚʘ ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʢ ʦʥʣʘʡʥ-ʦʙʨʘʟʦʚʘʥʠʶ [2,3]. 

ʆʥʣʘʡʥ-ʜʦʩʢʘ ʦʙʲʷʚʣʝʥʠʡ ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ MIRO ï ʵʪʦ ʙʳʩʪʨʘʷ, ʙʝʩʧʣʘʪʥʘʷ 

ʠ ʧʨʦʩʪʘʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʠʬʨʦʚʘʷ ʜʦʩʢʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʜʣʷ ʧʦʤʦʱʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩ 

ʜʨʫʛʠʤʠ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʠ ʚ ʣʶʙʦʤ ʤʝʩʪʝ - ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʨʘʟʤʝʱʝʥʳ ʣʠ ʚʘʰʠ ʢʦʤʘʥʜʳ 

ʩʦʚʤʝʩʪʥʦ, ʨʘʩʧʨʝʜʝʣʝʥʳ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʝʥʳ [1]. 

ʎʠʬʨʦʚʘʷ ʜʦʩʢʘ MIRO ʠʤʝʝʪ ʩʚʳʰʝ 5 ʤʠʣʣʠʦʥʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʩʨʝʜʠ 

ʢʣʠʝʥʪʦʚ ʢʦʤʧʘʥʠʠ ʯʠʩʣʷʪʩʷ Netflix, Twitter, Hubspot, Airbnb ʠ Salesforce. ʈʘʥʴʰʝ ʧʨʦʝʢʪ, 

ʟʘʧʫʱʝʥʥʳʡ ʚ 2011 ʛʦʜʫ ʚ ʇʝʨʤʠ, ʥʦʩʠʣ ʥʘʟʚʘʥʠʝ RealtimeBoard. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ ʯʪʦ ʵʪʦʪ 

ʧʨʦʜʫʢʪ ʠʤʝʝʪ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʢʦʨʥʠ, ʯʪʦ ʚ ʵʧʦʭʫ ʛʣʦʙʘʣʴʥʳʭ ʩʘʥʢʮʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʈʦʩʩʠʠ 

ʠʤʝʝʪ ʛʣʦʙʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ï ʥʘʰʝ ʛʦʩʫʜʘʨʩʪʚʦ ʩʪʘʥʦʚʠʪʩʷ ʠʥʠʮʠʘʪʦʨʦʤ ʠ ʧʨʦʚʦʜʥʠʢʦʤ ʚ 

ʦʙʣʘʩʪʠ ʤʠʨʦʚʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʪʘ ʩʦʟʜʘʥʥʘʷ ʜʦʩʢʘ ï ʪʦʤʫ ʧʦʜʪʚʝʨʞʜʝʥʠʝ. 

ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴ ʢʘʢ ʨʘʙʦʪʘʝʪ ʦʥʣʘʡʥ ʮʝʣʘʷ ʛʨʫʧʧʘ ʩʪʫʜʝʥʪʦʚ, ʢʘʢ 

ʧʝʨʝʤʝʱʘʶʪ ʦʥʠ ʪʝ ʠʣʠ ʠʥʳʝ ʩʣʘʡʜʳ, ʢʘʢ ʨʘʙʦʪʘʝʪ ʭʦʜ ʤʳʩʣʝʡ ʦʙʫʯʘʶʱʠʭʩʷ, ʵʪʦʪ ʦʙʱʠʡ 

ʬʦʨʤʘʪ ʫʜʦʙʝʥ ʦʥʣʘʡʥ ʠʩʧʦʣʥʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ï ʥʘʧʨʠʤʝʨ ʧʦ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʢʦʤʘʥʜ ʧʨʠ ʜʚʠʞʝʥʠʠ ʢ ʦʙʱʝʡ ʮʝʣʠ. 

ʀʥʪʝʨʝʩ ʠʥʚʝʩʪʦʨʦʚ ʢ MIRO ʦʙʫʩʣʦʚʣʝʥ ʧʘʥʜʝʤʠʝʡ ʢʦʨʦʥʘʚʠʨʫʩʘ ï ʠʥʩʪʨʫʤʝʥʪ, 

ʢʦʪʦʨʳʡ ʧʨʝʜʣʘʛʘʝʪ ʢʦʤʧʘʥʠʷ, ʦʢʘʟʘʣʩʷ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʳʤ ʠʟ-ʟʘ ʤʘʩʩʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ʨʘʙʦʪʥʠʢʦʚ ʠ ʫʯʘʱʠʭʩʷ ʥʘ ʫʜʘʣʝʥʥʫʶ ʨʘʙʦʪʫ.ʆʪʦʙʨʘʞʝʥʠʝ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʧʦʤʦʛʘʝʪ 

ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʫʪʴ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʥʠʤʘʥʠʝ ʜʘʣʴʥʝʡʰʠʭ ʜʝʡʩʪʚʠʡ. ʅʘ 

ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʛʨʫʧʧʳ ʥʘ ʜʦʩʢʝ ï ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʜʢʣʶʯʝʥ ZOOM ʠ 

ʢʦʤʘʥʜʘ ʨʝʰʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʟʘʜʘʯʫ, ʧʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʚʦʚʣʝʯʝʥ ʚ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʪʨʘʪʝʛʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʦʟʤʦʞʥʦʛʦ ʩʮʝʥʘʨʠʷ, ʢʦʛʜʘ ʚʩʝ ʛʦʚʦʨʷʪ, ʘ ʪʦʣʴʢʦ ʦʜʠʥ ʯʝʣʦʚʝʢ 

ʬʠʢʩʠʨʫʝʪ ʜʘʥʥʳʝ. 

 
ʈʠʩ. 1. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʥʘ ʜʦʩʢʝ MIRO ʠ ʧʘʨʘʣʣʝʣʴʥʦ ʚ ZOOM 

 

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʤ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ: 
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ʊʘʙʣʠʮʘ 1 ï ɼʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ MIRO 

ɼʦʩʪʦʠʥʩʪʚʘ ʜʦʩʢʠ MIRO: ʅʝʜʦʩʪʘʪʢʠ ʜʦʩʢʠ MIRO: 

- ʥʘʩʪʨʘʠʚʘʝʤʳʡ ʤʘʢʝʪ (ʦʙʥʦʚʣʝʥʠʝ, 

ʫʜʘʣʝʥʠʝ ʠʣʠ ʥʘʩʪʨʦʡʢʘ ʣʶʙʦʡ ʜʝʪʘʣʠ 

ʧʣʘʥʘ); 

- ʨʘʙʦʪʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

(ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʠ ʫʯʘʱʠʝʩʷ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ 

ʩ ʢʘʨʪʦʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ); 

- ʵʢʩʧʦʨʪ (ʵʢʩʧʦʨʪ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʘʤʦʤ 

ʣʫʯʰʝʤ ʢʘʯʝʩʪʚʝ ʧʦ ʦʢʦʥʯʘʥʠʶ ʨʘʙʦʪʳ); 

- ʚʩʪʨʦʝʥʥʳʡ ʪʘʡʤʝʨ (ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʜʣʷ ʣʶʙʦʡ ʯʘʩʪʠ ʧʣʘʥʘ, 

ʝʛʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠ ʦʪʩʣʝʞʠʚʘʥʠʝ); 

- ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ iOS ʠ 

Android (ʜʦʩʪʫʧ ʢ ʧʣʘʥʫ ʨʘʙʦʪʳ ʚ ʣʶʙʦʤ 

ʤʝʩʪʝ ʠ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʙʝʟ ʦʙʷʟʘʪʝʣʴʥʦʛʦ 

ʦʩʥʘʱʝʥʠʷ ʢʦʤʧʴʶʪʝʨʦʤ ʠʣʠ ʥʦʫʪʙʫʢʦʤ); 

- ʨʝʞʠʤ ʧʨʝʟʝʥʪʘʮʠʠ (ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ 

ʫʩʠʣʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʣʘʥ ʟʘʥʷʪʠʷ, 

ʩʝʤʝʩʪʨʘ ʠ ʟʘʜʘʥʠʡ). 

- ʦʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʤʠʥʫʩʦʚ ʜʦʩʢʠ ï MIRO ʥʝ 

ʠʤʝʝʪ ʨʫʩʩʢʦʷʟʳʯʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ; 

- ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʢʨʝʧʠʪʴ 

ʘʫʜʠʦʬʘʡʣ; 

- ʧʨʠ ʧʣʦʭʦʤ ʠʥʪʝʨʥʝʪ ʩʦʝʜʠʥʝʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʩʪʘʚʢʠ ʠʟ ʚʥʝ ʤʝʜʣʝʥʥʦ 

ʛʨʫʟʷʪʩʷ ʠʣʠ ʥʝ ʛʨʫʟʷʪʩʷ ʚʦʦʙʱʝ. ʅʦ ʵʪʘ 

ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ pdf ʠʣʠ 

jpeg-ʜʫʙʣʠʢʘʪʘ ʜʦʩʢʠ. 

- ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʕʋ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝ 

ʩʦʚʩʝʤ ʭʦʨʦʰʫʶ ʬʠʟʠʦʣʦʛʠʯʥʦʩʪʴ ʜʠʩʧʣʝʷ 

ʢʘʢ ʩʨʝʜʩʪʚʘ ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ 

(ʚʦʩʧʨʠʷʪʠʝ ʩ ʵʢʨʘʥʘ ʪʝʢʩʪʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʫʜʦʙʥʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦ, ʯʝʤ ʯʪʝʥʠʝ ʢʥʠʛʠ) ʠ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʥʠʛʦʡ. 

 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ online ʨʝʩʫʨʩʘ ï ʜʦʩʢʠ 

MIRO, ʚʣʠʷʶʱʠʝ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ çʧʨʝʧʦʜʘʚʘʪʝʣʴ ï ʦʙʫʯʘʶʱʠʡʩʷè. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ online ʨʝʩʫʨʩʘ ʙʳʣʠ ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʰʘʙʣʦʥʳ, 

ʬʫʥʢʮʠʠ ʠ ʠʥʩʪʨʫʤʝʥʪʳ. ʊʘʢʞʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʫʨʦʢʘ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

Online ʨʝʩʫʨʩ ï ʜʦʩʢʘ MIRO ʭʦʨʦʰʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʫʯʝʙʳ, ʧʨʝʟʝʥʪʘʮʠʡ ʠ ʭʨʘʥʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʠ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠʜʝʡ ʥʘ ʢʘʨʪʦʯʢʘʭ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʦʛʦ ʬʦʨʤʘʪʘ ʚ ʪʦʤ, ʯʪʦ 

ʦʥ ʧʦʟʚʦʣʷʝʪ ʫʯʘʩʪʥʠʢʘʤ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʙʦʪʝ, ʥʝ ʧʦʧʘʜʘʷ ʧʦʜ ʚʣʠʷʥʠʝ 

ʣʠʜʝʨʦʚ. ʇʨʠʥʮʠʧ MIRO ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʨʘʟʤʝʱʝʥʳ ʣʠ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʦʚʤʝʩʪʥʦ, ʨʘʩʧʨʝʜʝʣʝʥʳ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, MIRO 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ, ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʦʧʳʪ ʨʘʙʦʪʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʚʘʨʠʘʥʪʘʤʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʠ ʘʩʠʥʭʨʦʥʥʘʷ ʨʘʙʦʪʘ ʚ ʢʦʤʘʥʜʝ ʥʘ ʦʥʣʘʡʥ-ʜʦʩʢʝ. 
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ɺ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʳʡ ʚʳʭʦʜ 

ʤʦʙʠʣʴʥʳʭ ʘʚʪʦʥʦʤʥʳʭ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠʟ çʪʝʧʣʠʯʥʳʭè, ʢʦʤʥʘʪʥʳʭ ʫʩʣʦʚʠʡ ʚ 

çʩʫʨʦʚʳʝè, ʝʩʪʝʩʪʚʝʥʥʳʝ. ʇʨʠʯʝʤ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʩʪʴ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʩʨʝʜʳ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦ. ʉʨʝʜʠ ʙʘʟʦʚʳʭ ʟʘʜʘʯ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ ʦʩʪʘʝʪʩʷ ʟʘʜʘʯʘ ʥʘʚʠʛʘʮʠʠ, 

ʩʦʩʪʦʷʱʘʷ, ʢʘʢ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʩ ʙʦʨʪʦʚʦʡ 

ʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʪʘʢ ʠ ʠʟ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʫʪʠ ʠʩʭʦʜʷ ʠʟ ʪʨʫʜʦʝʤʢʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʚʠʞʝʥʠʷ, ʦʙʭʦʜʘ ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʜʨʫʛʠʭ [1-4]. ɼʣʷ ʦʪʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʟʘʜʘʯ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʘʚʪʦʨʩʢʦʛʦ ʧʦʣʠʛʦʥʘ, ʠʤʠʪʠʨʫʶʱʝʛʦ 

ʬʠʟʠʯʝʩʢʠ ʥʝʦʜʥʦʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʩʨʝʜʳ, ʢʘʤʝʨʳ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘʜ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤ 

ʧʦʣʠʛʦʥʦʤ, ʠ ʦʜʥʦʧʣʘʪʥʦʛʦ ʢʦʤʧʴʁ ʪʝʨʘ Raspberry Pi 3, ʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʠʟʦʙʨʘʞʝʥʠʝ ʩ 

ʢʘʤʝʨʳ ʠ ʧʝʨʝʜʘʶʱʝʛʦ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ, ʜʚʠʛʘʶʱʝʛʦʩʷ ʧʦ 

ʩʪʝʥʜʫ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʧʦʣʠʛʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʠ ʚʥʝʰʥʠʡ ʚʠʜ ʩʪʝʥʜʘ 

 

ɺ ʨʘʙʦʪʘʭ [5,6] ʛʨʫʧʧʘ ʘʚʪʦʨʦʚ ʨʘʟʨʘʙʦʪʘʣʘ ʩʠʩʪʝʤʫ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʫʛʣʦʚʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʦʚ ʧʦʜʩʪʠʣʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ ʧʦ ʬʠʟʠʯʝʩʢʠ ʥʝʦʜʥʦʨʦʜʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʩ ʫʯʝʪʦʤ ʠʭ 

ʧʨʦʭʦʜʠʤʦʩʪʠ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʟʘʜʘʥʘ ʩʣʝʜʫʶʱʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʝʡ: 1 ï ʩʚʝʪʣʦ-ʩʝʨʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, 2 ï ʨʦʟʦʚʘʷ ʠ ʩʚʝʪʣʦ-ʟʝʣʝʥʘʷ, 3 ï ʟʝʣʝʥʘʷ, 4 ï 

ʙʝʞʝʚʘʷ, ʩʠʥʷʷ, ʪʝʤʥʦ-ʟʝʣʝʥʘʷ, 5 ï ʩʝʨʘʷ, ʢʦʨʠʯʥʝʚʘʷ, 10 ï ʢʨʘʩʥʘʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ, ʩʝʛʤʝʥʪʠʨʫʶʱʠʡ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʦʣʠʛʦʥʘ ʥʘ ʫʯʘʩʪʢʠ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʘʚʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʦʭʦʜʠʤʦʩʪʠ, 

ʠ ʦʧʨʝʜʝʣʷʶʱʠʡ ʮʝʥʪʨʳ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʫʯʘʩʪʢʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ 

ʚʟʚʝʰʝʥʥʦʛʦ ʛʨʘʬʘ, ʧʣʝʯʠ ʢʦʪʦʨʦʛʦ ʩʦʝʜʠʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʮʝʥʪʨʳ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɼʘʣʝʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʧʣʝʯ. ʕʪʦ ʨʝʘʣʠʟʦʚʘʥʦ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ʢʘʞʜʦʤʫ ʧʠʢʩʝʣʶ, ʧʨʠʥʘʜʣʝʞʘʱʝʤʫ ʜʘʥʥʦʤʫ ʧʣʝʯʫ ʛʨʘʬʘ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ 

ʪʨʫʜʦʝʤʢʦʩʪʠ, ʠʩʭʦʜʷ ʠʟ ʪʨʫʜʦʝʤʢʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʧʦʩʣʝ ʯʝʛʦ ʵʪʠ ʟʥʘʯʝʥʠʷ ʩʫʤʤʠʨʫʶʪʩʷ. 
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ʇʦʩʢʦʣʴʢʫ ʪʨʘʝʢʪʦʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʢʦʪʦʨʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʣʝʯ ʛʨʘʬʘ, ʪʦ 

ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʩʣʦʞʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʝʡ 

ʧʨʦʭʦʞʜʝʥʠʷ ʚʩʝʭ ʧʣʝʯ ʚʥʫʪʨʠ ʪʨʘʝʢʪʦʨʠʠ. ʇʨʠʤʝʨʦʤ ʨʝʟʫʣʴʪʘʪʘ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ 

ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʩʣʫʞʘʪ ʜʘʥʥʳʝ ʠʟ ʪʘʙʣʠʮʳ 1. ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʦʪʦʙʨʘʞʝʥʘ ʥʘʠʙʦʣʝʝ 

ʦʧʠʪʠʤʘʣʴʥʘʷ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ, ʪʨʘʝʢʪʦʨʠʷ, ʘ ʩʠʥʠʤ ï ʢʨʘʪʯʘʡʰʘʷ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʜʣʠʥʳ, ʪʨʘʝʢʪʦʨʠʷ. ʊʘʙʣʠʮʘ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ. 

ʊʘʙʣʠʮʘ 1. ʇʨʠʤʝʨʳ ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʝʢʪʦʨʠʡ 

ʀʟʦʙʨʘʞʝʥʠʝ 

ʪʨʘʝʢʪʦʨʠʡ 

ɼʣʠʥʘ ʪʨʘʝʢʪʦʨʠʠ 

(ʚ ʧʠʢʩʝʣʷʭ) 

ʊʨʫʜʦʝʤʢʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ 

(ʚ ʦʯʢʘʭ ʪʨʫʜʦʝʤʢʦʩʪʠ) 

 

ʂʨʘʩʥʘʷ ï 617 

ʉʠʥʷʷ ï 259 

ʂʨʘʩʥʘʷ ï 1360 

ʉʠʥʷʷ ï 1634 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʩʪʘʣ ʘʣʛʦʨʠʪʤ, ʚʳʜʘʶʱʠʡ ʦʧʪʠʤʘʣʴʥʫʶ 

ʪʨʘʝʢʪʦʨʠʶ ʜʣʷ ʧʝʨʝʜʚʠʞʝʥʠʷ ʨʦʙʦʪʘ ʧʦ ʬʠʟʠʯʝʩʢʠ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʠʭ 

ʧʨʦʭʦʜʠʤʦʩʪʝʡ. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ ʙʘʟʳ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʥʘʚʠʛʘʮʠʠ ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʬʦʨʤ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. Howard A., Seraji H., Werger B. Fuzzy terrain-based path planning for planetary rovers // 

IEEE International Conference on Fuzzy Systems. , 2002. 

2. Zhou L., Yang L., Tang H. Research on path planning algorithm and its application based on 

terrain slope for slipping prediction in complex terrain environment // 2017 International Conference 

on Security, Pattern Analysis, and Cybernetics, SPAC 2017. , 2018. 

3. Iwasa M., Toda Y., Kubota N. The return way path planning of an autonomous mobile robot 

considering traveling risk of the road // Proceedings - 2018 Joint 10th International Conference on 

Soft Computing and Intelligent Systems and 19th International Symposium on Advanced Intelligent 

Systems, SCIS-ISIS 2018. , 2018. 

4. Guo Y. ʠ ʜʨ. Optimal path planning in field based on traversability prediction for mobile robot 

// 2011 International Conference on Electric Information and Control Engineering, ICEICE 2011 - 

Proceedings. , 2011. 

5. Andrakhanov A., Belyaev A. Navigation learning system for mobile robot in heterogeneous 

environment: Inductive modeling approach // Proceedings of the 12th International Scientific and 

Technical Conference on Computer Sciences and Information Technologies, CSIT 2017. , 2017. 

6. Andrakhanov, A.; Belyaev, A. GMDH-Based Learning System for Mobile Robot Navigation 

in HeterogeneousEnvironment. InAdvances in Intelligent Systems and Computing; Shakhovska, N., 

Stepashko, V., Eds.; Springer:Cham, Switzerland, 2018; Volume 689, pp. 1ï20. 
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ʄɽʊɸʃʃʆʈɽɾʋʑɽɻʆ ʉʊɸʅʂɸ 

 

ʉ.ʅ. ʂʣʘʜʠʝʚ, ʢ.ʪ.ʥ., ʜʦʮ.,  

ʀ.ɸ. ʇʨʠʤʦʯʢʠʥ, ʩʪʫʜʝʥʪ ʛʨ. 5ɸ7ʂ 

ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 634050, ʛ.ʊʦʤʩʢ, ʧʨ.ʃʝʥʠʥʘ,30,  

E-mail: iap27@tpu.ru 

ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʪʘʥʢʠ, ʘ ʪʘʢʞʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʨʦʙʦʪʳ 

ʦʙʦʨʫʜʦʚʘʥʳ ʤʥʦʛʦʜʚʠʛʘʪʝʣʴʥʳʤʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʝʨʝʤʝʱʝʥʠʝ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʉʠʩʪʝʤʘ ʧʨʠʚʦʜʦʚ ʬʨʝʟʝʨʥʦʛʦ ʩʪʘʥʢʘ ʩ ʏʇʋ 

ʋʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʦʡ ʩʪʘʥʢʘ ʩ ʏʇʋ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʠʧʦʚʳʭ ʩʠʩʪʝʤ, 

ʚʳʨʘʙʘʪʳʚʘʶʱʠʭ ʫʢʘʟʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ ʧʨʦʛʨʘʤʤʦʡ. 

ʉʦʟʜʘʥʠʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ, ʘ ʪʘʢʞʝ ʦʜʥʦʢʨʠʩʪʘʣʴʥʳʭ 

ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʝ ʷʜʨʦ ʏʇʋ, ʯʪʦ ʧʨʝʜʦʩʪʘʚʠʣʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ ʩ ʠʭ ʧʦʤʦʱʴʶ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʷʤʦʝ ʮʠʬʨʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʠ ʵʣʝʢʪʨʦʘʚʪʦʤʘʪʠʢʦʡ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʩʪʘʥʢʦʚ ʩ 

ʏʇʋ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʙʘʟʝ ʘʩʠʥʭʨʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʫ ʢʦʪʦʨʳʭ ʦʙʤʦʪʢʘ ʨʦʪʦʨʘ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʘʷ, ʵʪʦʤʫ ʧʦʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʤʥʦʞʝʩʪʚʦ 

ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʫʣʫʯʰʝʥʠʝ ʙʘʟr ʵʣʝʤʝʥʪʦʚ ʩʠʣʦʚʦʡ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʨʝʞʠʤʦʚ ʜʚʠʛʘʪʝʣʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʠʣʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʥʘʨʷʜʫ ʩ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʯʘʩʪʦʪʳ ʠʟʤʝʥʝʥʠʝ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʝʜʷʱʝʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʩʪʨʦʝʥʥʦʡ ʉɸʋ. ʇʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʧʨʝʜʦʩʪʘʚʠʣʦ 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ. 
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ʈʠʩ. 2. ʊʠʧʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʘʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ 

ʂʦʥʪʨʦʣʣʝʨ ʧʨʠʚʦʜʘ ʛʝʥʝʨʠʨʫʝʪ ʯʠʩʣʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʩʠʣʦʚʦʛʦ 

ʢʦʤʤʫʪʘʪʦʨʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʂʦʥʪʨʦʣʣʝʨ ʘʚʪʦʤʘʪʠʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʨʝʞʠʤʘʭ ʧʫʩʢʘ ʠ 

ʪʦʨʤʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʥʘʩʪʨʦʡʢʫ ʠ ʟʘʱʠʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɸʧʧʘʨʘʪʥʘʷ ʯʘʩʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ: - ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʝ ʠ 

ʮʠʬʨʦʘʥʘʣʦʛʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʜʣʷ ʚʚʦʜʘ ʩʠʛʥʘʣʦʚ ʩ ʜʘʪʯʠʢʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʨʘʙʦʪʦʡ; 

¶ ʤʦʜʫʣʠ ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ ʘʥʘʣʦʛʦʚʳʭ ʠ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʦʩʥʘʱʝʥʥʳʝ ʠʥʪʝʨʬʝʡʩʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʢʘʙʝʣʴʥʳʤʠ ʨʘʟʲʝʤʘʤʠ; 

¶ ʠʥʪʝʨʬʝʡʩʥʳʝ ʙʣʦʢʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʚʥʫʪʨʝʥʥʠʝ ʤʝʞʤʦʜʫʣʴʥʳʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ 

ʩʚʷʟʠ ʩ ʚʥʝʰʥʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʚʦʜʠʤʳʭ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʪʨʦʡʢʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʯʘʩʪʦʪʳ ʩ ʫʯʝʪʦʤ ʧʦʜʨʦʙʥʳʭ ʜʘʥʥʳʭ ʢʦʥʢʨʝʪʥʦʶ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʜʘʥʥʳʝ 

ʧʨʦʮʝʜʫʨʳ ʫʧʨʘʚʣʝʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ: 

¶ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ, 

¶ ʚʝʨʭʥʝʝ ʠ ʥʠʞʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʯʘʩʪʦʪʳ, 

¶ ʦʛʨʘʥʠʯʝʥʠʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, 

¶ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʪʦʨʤʦʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʘʯʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʦʜʥʫ ʠʟ ʬʘʟ 

ʜʚʠʛʘʪʝʣʷ, 

¶ ʟʘʱʠʪʘ ʦʪ ʧʝʨʝʛʨʫʟʢʠ ʧʦ ʪʦʢʫ ʠ ʦʪ ʧʝʨʝʛʨʝʚʘ, ʦʙʝʩʧʝʯʝʥʠʝ ʨʝʞʠʤ ʵʢʦʥʦʤʠʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 
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ʆʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʦʭʦʜʢʠ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʷʚʣʷʝʪʩʷ ʚʨʘʱʘʪʝʣʴʥʦʝ ʙʫʨʝʥʠʝ. ɼʦʣʦʪʦ, ʥʘʭʦʜʷʱʝʝʩʷ ʥʘ ʥʠʞʥʝʤ ʢʦʥʮʝ ʢʦʣʦʥʥʳ ʙʫʨʠʣʴʥʳʭ 

ʪʨʫʙ (ʂɹʊ) ʠ ʩʦʟʜʘʶʱʝʝ ʫʩʠʣʠʝ ʥʘ ʟʘʙʦʡ ʩʢʚʘʞʠʥʳ ʟʘ ʩʯʝʪ ʯʘʩʪʠ ʚʝʩʘ ʂɹʊ, ʧʨʠ ʝʛʦ ʚʨʘʱʝʥʠʠ 

ʨʘʟʨʫʰʘʝʪ ʧʦʨʦʜʫ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʛʣʫʙʣʝʥʠʝ ʩʢʚʘʞʠʥʳ.  

ʆʩʥʦʚʥʳʤ ʥʘʟʝʤʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʣʷ ʧʨʠʚʦʜʘ ʜʦʣʦʪʘ ʷʚʣʷʝʪʩʷ ʙʫʨʦʚʦʡ ʨʦʪʦʨ. ɺʘʞʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʥʘʟʝʤʥʳʭ ʧʨʠʚʦʜʦʚ ʂɹʊ ʠ ʜʦʣʦʪʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʨʠʚʦʜʘ ʤʦʞʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ (ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʤʥʦʛʦʩʢʦʨʦʩʪʥʳʭ ʧʝʨʝʜʘʯ, ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʠ ʪ.ʜ.).  

ʇʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʜʦʣʦʪʫ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʯʝʨʝʟ ʥʘʟʝʤʥʳʝ ʧʝʨʝʜʘʪʦʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʂɹʊ 

ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʠ ʩʠʣʴʥʦ ʩʥʠʞʘʝʪ ʂʇɼ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʙʫʨʝʥʠʷ, 

ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʛʣʫʙʠʥʘ ʩʢʚʘʞʠʥʳ ʜʦʩʪʠʛʘʝʪ 4ð5 ʪʳʩ. ʤ. 

ɺ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦʨʦʜ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʜʦʣʦʪʝ ʥʝʧʨʝʨʳʚʥʦ 

ʤʝʥʷʝʪʩʷ. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʢʦʣʝʙʘʥʠʷ ʤʦʤʝʥʪʘ ʚʳʨʘʞʝʥʳ ʧʨʠ ʜʦʣʦʪʘʭ ʨʝʞʫʱʝʛʦ ʪʠʧʘ, 

ʤʝʥʴʰʝ ð ʧʨʠ ʰʘʨʦʰʝʯʥʳʭ ʜʦʣʦʪʘʭ. ʂʦʣʝʙʘʥʠʷ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʜʦʣʦʪʝ 

ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʢʦʣʦʥʥʝ ʙʫʨʠʣʴʥʳʭ ʪʨʫʙ ʧʨʠʚʦʜʥʦʤʫ ʜʚʠʛʘʪʝʣʶ ʨʦʪʦʨʘ ʚ ʚʠʜʝ ʫʧʨʫʛʠʭ ʚʦʣʥ 

ʢʨʫʯʝʥʠʷ, ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʜʨʫʛʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʩʪʘʣʴʥʳʭ 

ʪʨʫʙʘʭ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʢʦʣʦ 3 ʢʤ/ʩ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥ ʢʨʫʯʝʥʠʷ, ʚʳʟʚʘʥʥʳʭ ʟʘʢʣʠʥʠʚʘʥʠʝʤ ʜʦʣʦʪʘ, ʥʘʧʨʷʞʝʥʠʷ 

ʢʨʫʯʝʥʠʷ, ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʧʦʣʦʤʢʫ ʂɹʊ. ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʷ 

ʢʨʫʯʝʥʠʷ ʚ ʢʦʣʦʥʥʝ ʙʫʨʠʣʴʥʳʭ ʪʨʫʙ ʧʨʠ ʤʷʛʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʠʚʦʜʘ ʙʫʜʫʪ 

ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʞʝʩʪʢʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʂɹʊ ʠ 

ʟʘʱʠʪʳ ʝʝ ʦʪ ʧʦʣʦʤʦʢ ʩʣʝʜʫʝʪ ʦʪʜʘʚʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʧʨʠʚʦʜʫ ʩ ʤʷʛʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. 

ʇʨʠ ʟʘʢʣʠʥʠʚʘʥʠʠ ʜʦʣʦʪʘ, ʢʦʛʜʘ ʥʠʟ ʢʦʣʦʥʥʳ ʙʫʨʠʣʴʥʳʭ ʪʨʫʙ ʥʝʧʦʜʚʠʞʝʥ, ʘ ʨʦʪʦʨ 

ʧʨʦʜʦʣʞʘʝʪ ʚʨʘʱʘʪʴʩʷ, ʟʘʢʨʫʯʠʚʘʷ ʪʨʫʙʳ, ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ ʤʦʞʝʪ ʜʦʩʪʠʛʥʫʪʴ ʩʚʦʝʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʏʪʦʙʳ ʦʛʨʘʥʠʯʠʪʴ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʥʘʧʨʷʞʝʥʠʷ ʢʨʫʯʝʥʠʷ ʚ 

ʂɹʊ, ʩʣʝʜʫʝʪ ʦʛʨʘʥʠʯʠʪʴ ʤʦʤʝʥʪ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʦʪ ʜʚʠʛʘʪʝʣʷ ʨʦʪʦʨʫ. ʕʪʦʛʦ ʤʦʞʥʦ 

ʜʦʩʪʠʛʥʫʪʴ, ʧʨʠʤʝʥʷʷ ʜʚʠʛʘʪʝʣʠ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʢʨʘʪʥʦʩʪʴʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ ʠʣʠ ʠʩʧʦʣʴʟʫʷ ʚ ʧʨʠʚʦʜʝ ʨʦʪʦʨʘ ʩʨʝʜʩʪʚʘ ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʤʝʥʪʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʣʦʞʝʥʥʦʛʦ ʚʳʙʦʨ ʧʨʠʚʦʜʘ ʨʦʪʦʨʘ ʠ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʣʞʝʥ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩ ʫʯʝʪʦʤ ʩʣʝʜʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ: 

 - ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʨʠʚʦʜʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʩ ʠʟʤʝʥʷʶʱʠʤʩʷ ʤʦʤʝʥʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʨʠ ʙʫʨʝʥʠʠ ʧʦʨʦʜ ʨʘʟʣʠʯʥʦʡ ʪʚʝʨʜʦʩʪʠ; 

 - ʧʨʠʚʦʜ ʜʦʣʞʝʥ ʠʤʝʪʴ ʤʷʛʢʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘ ʫʯʘʩʪʢʝ ʦʪ 

ʥʦʤʠʥʘʣʴʥʦʛʦ ʜʦ ʩʪʦʧʦʨʥʦʛʦ ʨʝʞʠʤʘ; ʩʪʦʧʦʨʥʳʡ (ʤʘʢʩʠʤʘʣʴʥʳʡ) ʤʦʤʝʥʪ ʜʦʣʞʝʥ ʙʳʪʴ 

ʦʛʨʘʥʠʯʝʥ ʥʘ ʫʨʦʚʥʝ 1,6ð 1,8 ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ; 

- ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʙʫʨʝʥʠʷ ʞʝʣʘʪʝʣʴʥʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ: ʦʪ 1 00ð 1 50 ʦʙ/ʤʠʥ (ʨʝʞʝ ʙʳʚʘʝʪ ʜʦ 200 ʦʙ/ʤʠʥ) ʧʨʠ 

ʧʨʦʭʦʜʢʝ ʚʝʨʭʥʠʭ ʠʥʪʝʨʚʘʣʦʚ ʩʢʚʘʞʠʥʳ ʠ ʜʦ 20 ʦʙ/ʤʠʥ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ; 

- ʧʨʠʚʦʜ ʜʦʣʞʝʥ ʙʳʪʴ ʨʝʚʝʨʩʠʚʥʳʤ, ʦʜʥʘʢʦ ʨʝʚʝʨʩ ʥʝʦʧʝʨʘʪʠʚʥʳʡ; ʚ ʦʩʥʦʚʥʳʭ ʨʘʙʦʯʠʭ 

ʨʝʞʠʤʘʭ ʨʦʪʦʨ ʚʨʘʱʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ), ʦʙʨʘʪʥʦʝ 

ʚʨʘʱʝʥʠʝ ʪʨʝʙʫʝʪʩʷ ʣʠʰʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʠ ʚ 

ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʘʭ, ʧʦʵʪʦʤʫ ʚʦʟʤʦʞʥʳ ʦʧʝʨʘʪʠʚʥʳʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ 

ʧʝʨʝʨʳʚʦʤ ʧʠʪʘʥʠʷ. 

mailto:aas247@tpu.ru
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ʈʠʩ1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ (ʘ) ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʙ) ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʨʦʪʦʨʘ, 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʦ ʩʠʩʪʝʤʝ ʧʦʜʯʠʥʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

 

ʅʘ ʩʦʚʨʝʤʝʥʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ ʨʦʪʦʨʘ ʧʨʠʤʝʥʷʝʪʩʷ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʧʦ ʩʠʩʪʝʤʝ ʊʇ ð ɼ, ʢʦʪʦʨʳʡ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝʯʘʝʪ ʫʢʘʟʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʨʦʪʦʨʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ, ʘ. ʆʥʘ ʘʥʘʣʦʛʠʯʥʘ ʩʭʝʤʝ 

ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʙʫʨʦʚʦʛʦ ʥʘʩʦʩʘ. ʆʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʥʘʣʠʯʠʠ ʫʧʨʘʚʣʷʝʤʦʛʦ 

ʦʛʨʘʥʠʯʠʪʝʣʷ ʋʆʊ ʫʨʦʚʥʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ ʕɼʉ ʠ ʫʟʣʘ ʫʧʨʘʚʣʝʥʠʷ ʋʆ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʝʛʦ ʵʪʦʪ ʫʨʦʚʝʥʴ, ʪ.ʝ. ʩʠʛʥʘʣ Uʟʪ ʟʘʜʘʥʠʷ ʪʦʢʘ (ʤʦʤʝʥʪʘ) ʜʚʠʛʘʪʝʣʷ 

ʨʦʪʦʨʘ. ɹʣʘʛʦʜʘʨʷ ʫʟʣʫ ʋʆ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʜʦʩʪʠʛʘʝʪʩʷ ʤʷʛʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ (ʨʠʩ.1). ʊʦʯʢʝ ɸ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ, 

ʘ ʪʦʯʢʝ ɺ ð ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ Uʟʪ, ʉ ð ʦʜʥʘ ʠʟ ʨʘʙʦʯʠʭ ʪʦʯʝʢ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɺʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʨʦʪʦʨʘ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʧʦ ʩʠʩʪʝʤʝ ʇʏ ð ɸɼ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʚ ʂɹʊ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʧʦ ʩʠʩʪʝʤʝ ʊʇ ð ɼ, ʪʘʢ ʢʘʢ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʛʦ ʜʚʠʛʘʪʝʣʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʣʝʚʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʟʘ ʩʯʝʪ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʪ ʨʝʡʩʘ ʢ ʨʝʡʩʫ ʩʦʩʪʘʚʣʷʝʪ 1,13, ʘ ʚ ʧʨʦʮʝʩʩʝ ʦʜʥʦʛʦ ʨʝʡʩʘ 1,1 ð 1,18, 

ʫʚʝʣʠʯʝʥʠʝ ʨʝʡʩʦʚʦʡ ʩʢʦʨʦʩʪʠ ð ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1,09 ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠ 1,07ð1,13 ð ʚʦ 

ʚʪʦʨʦʤ. 

ʅʘ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʢʘʭ ʢʣʘʩʩʘ 1 ð4 ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʧʦ ʩʠʩʪʝʤʝ ʊʇ ð ɼ ʜʣʷ ʨʦʪʦʨʘ 

ʧʨʠʤʝʥʷʝʪʩʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ (160 ð 250 ʢɺʪ). ʅʘ 

ʫʩʪʘʥʦʚʢʘʭ ʚʳʰʝ 4-ʛʦ ʢʣʘʩʩʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʨʦʪʦʨʘ ʚ ʮʝʣʷʭ ʫʥʠʬʠʢʘʮʠʠ ʦʙʳʯʥʦ 

ʧʨʠʥʠʤʘʝʪʩʷ ʪʦʛʦ ʞʝ ʪʠʧʘ, ʢʘʢ ʠ ʜʣʷ ʙʫʨʦʚʳʭ ʥʘʩʦʩʦʚ, ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʟʘʧʘʩʦʤ ʧʦ ʤʦʱʥʦʩʪʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʕʣʝʢʪʨʦʧʨʠʚʦʜ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. / ʩʦʩʪ. ʉ. ɺ. ʇʝʪʫʭʦʚ, ʄ.ɺ. ʂʨʠʰʴʷʥʠʩ. ï 

ɸʨʭʘʥʛʝʣʴʩʢ: ʉ(ɸ)ʌʋ, 2015. ï 303 ʩ. 

2. ʏʝʨʥʳʰʝʚ ʀ. ɸ., ʏʝʨʥʳʰʝʚ ʊ.ɸ. ʄʦʥʪʘʞ, ʥʘʣʘʜʢʘ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʠ ʨʝʤʦʥʪ ʩʠʩʪʝʤ 
ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ï 

ʀʟʜʘʪʝʣʴʩʪʚʦ ʊʇʋ, 2010. 
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ʆʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʤʳʰʣʝʥʥʳʡ ʚʝʥʪʠʣʷʪʦʨ, ʟʘʚʠʩʠʪ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʯʝʥʴ ʚʘʞʥʦʡ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʫʩʪʘʥʦʚʢʦʡ, ʧʨʘʚʠʣʴʥʦʡ ʧʫʩʢʦ-

ʥʘʣʘʜʢʦʡ ʠ ʩʚʦʝʚʨʝʤʝʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ.  

ɺʝʥʪʠʣʷʪʦʨʘʤʠ ʥʘʟʳʚʘʶʪʩʷ ʥʘʛʥʝʪʘʪʝʣʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʪʠʧʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʧʦʜʘʯʠ ʛʘʟʦʚ ʠʣʠ ʚʦʟʜʫʭʘ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʥʘʧʦʨʝ (ʜʦ 15ʢʇʘ) ʠ ʧʣʦʪʥʦʩʪʠ ʛʘʟʦʚ ɟ=1,2 ʢʛ/ʤ3 

[1]. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʝʥʪʠʣʷʪʦʨ ð ʨʦʪʦʨ, ʥʘ ʢʦʪʦʨʦʤ ʦʧʨʝʜʝʣʸʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘʢʨʝʧʣʝʥʳ 

ʣʦʧʘʪʢʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʚʨʘʱʝʥʠʠ ʨʦʪʦʨʘ, ʩʪʘʣʢʠʚʘʷʩʴ ʩ ʚʦʟʜʫʭʦʤ, ʦʪʙʨʘʩʳʚʘʶʪ ʝʛʦ. ʆʪ 

ʧʦʣʦʞʝʥʠʷ ʠ ʬʦʨʤʳ ʣʦʧʘʪʦʢ ʟʘʚʠʩʠʪ ʥʘʧʨʘʚʣʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʦʪʙʨʘʩʳʚʘʝʪʩʷ ʚʦʟʜʫʭ.    

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʧʦ ʪʠʧʫ ʢʦʥʩʪʨʫʢʮʠʠ ʚʝʥʪʠʣʷʪʦʨʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʚʦʟʜʫʭʘ: ʦʩʝʚʳʝ (ʘʢʩʠʘʣʴʥʳʝ), ʮʝʥʪʨʦʙʝʞʥʳʝ (ʨʘʜʠʘʣʴʥʳʝ), 

ʜʠʘʤʝʪʨʘʣʴʥʳʝ (ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ), ʙʝʟʣʦʧʘʩʪʥʳʝ (ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʪʠʧ). 

ʊʘʢʞʝ ʚʝʥʪʠʣʷʪʦʨʳ ʨʘʟʜʝʣʷʶʪ ʧʦ ʩʧʦʩʦʙʫ ʠʩʧʦʣʥʝʥʠʷ: ʤʥʦʛʦʟʦʥʘʣʴʥʳʝ, 

ʮʝʥʪʨʦʙʝʞʥʳʝ (ʨʘʜʠʘʣʴʥʳʝ), ʢʘʥʘʣʴʥʳʝ, ʢʨʳʰʥʳʝ, ʧʦʪʦʣʦʯʥʳʝ, ʦʩʝʚʳʝ, ʦʢʦʥʥʳʝ. 

ʎʝʥʪʨʦʙʝʞʥʳʝ ʚʝʥʪʠʣʷʪʦʨʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʇʦ ʩʦʟʜʘʚʘʝʤʦʤʫ ʜʘʚʣʝʥʠʶ: 

¶ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʜʦ 1 ʢʇʘ); 

¶ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ (ʜʦ 3 ʢʇʘ); 

¶ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʚʳʰʝ 3 ʢʇʘ). 

2. ʇʦ ʥʘʟʥʘʯʝʥʠʶ: 

¶ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ï ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʯʠʩʪʦʛʦ ʚʦʟʜʫʭʘ ʠ ʥʝʘʛʨʝʩʩʠʚʥʳʭ ʛʘʟʦʚ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 180 Áʉ ʠ ʚʦʟʜʫʭʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʧʳʣʴ ʚ ʢʦʣʠʯʝʩʪʚʝ ʥʝ ʙʦʣʝʝ 150 ʤʛ/ʤ3; 

¶ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʥʫʞʜ: ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ï 

ʚʠʥʠʣʧʣʘʩʪʦʚʳʝ; ʚʦ ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ï ʘʣʶʤʠʥʠʚʳʝ; ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ 

ʚʦʟʜʫʭʘ, ʟʘʩʦʨʝʥʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʨʠʤʝʩʷʤʠ ï ʧʳʣʝʚʳʝ; 

¶ ʜʳʤʦʩʦʩʳ ï ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʜʳʤʦʚʳʭ ʛʘʟʦʚ. 

3. ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ: 

¶ ʧʨʘʚʦʛʦ ʚʨʘʱʝʥʠʷ ï ʝʩʣʠ ʢʦʣʝʩʦ ʚʨʘʱʘʝʪʩʷ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ; 

¶ ʣʝʚʦʛʦ ʚʨʘʱʝʥʠʷ ï ʝʩʣʠ ʢʦʣʝʩʦ ʚʨʘʱʘʝʪʩʷ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ; 

4. ʧʦ ʨʘʩʧʦʣʦʞʝʥʠʶ ʚʳʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ: ʚʝʨʭʥʝʝ ï ɺ; ʧʨʘʚʦʝ ï ʇ; ʣʝʚʦʝ ï ʃ;  

ʥʠʞʥʝʝ ï ʅ; 

5. ʧʦ ʩʧʦʩʦʙʫ ʧʨʠʚʦʜʘ: ʥʘ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʝ ʠʣʠ ʥʘ ʦʜʥʦʤ ʚʘʣʫ ʩ ʜʚʠʛʘʪʝʣʝʤ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:

mailto:rka5@tpu.ru
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ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨ 

ɺʦʟʜʫʭ ʧʦʩʪʫʧʘʝʪ ʚ ʚʝʥʪʠʣʷʪʦʨ ʯʝʨʝʟ ʚʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ 1 ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʨʘʙʦʯʝʝ 

ʢʦʣʝʩʦ 2, ʢʦʪʦʨʦʝ ʩʦʩʪʦʠʪ ʠʟ ʩʪʫʧʠʮʳ 5, ʚʝʜʫʱʝʛʦ ʜʠʩʢʘ 7, ʣʦʧʘʩʪʝʡ ʠ ʧʦʢʨʳʚʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ 

ʜʠʩʢʘ 9. ʆʙʳʯʥʦ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ ʧʨʠʚʦʜʠʪʩʷ ʚʦ ʚʨʘʱʝʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ʩʪʫʧʠʮʳ 5, ʥʘʩʘʞʝʥʥʦʡ 

ʥʘ ʨʘʙʦʯʠʡ ʚʘʣ 6, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʝʪ ʜʚʠʞʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʜʚʠʛʘʪʝʣʷ ʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʡ ʧʝʨʝʜʘʯʠ. ʅʘ ʩʪʫʧʠʮʝ ʩʤʦʥʪʠʨʦʚʘʥ ʚʝʜʫʱʠʡ ʜʠʩʢ, ʢ ʢʦʪʦʨʦʤʫ 

ʧʨʠʢʨʝʧʣʝʥʳ ʣʦʧʘʩʪʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ. ʉʦ ʩʪʦʨʦʥʳ ʚʭʦʜʘ ʥʘ ʣʦʧʘʩʪʷʭ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ 

ʢʨʝʧʠʪʩʷ ʧʦʢʨʳʚʥʦʡ ʢʦʣʴʮʝʚʦʡ ʜʠʩʢ 9. 

ɺʨʘʱʘʶʱʝʝʩʷ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ ʧʦʤʝʱʘʝʪʩʷ ʚ ʥʝʧʦʜʚʠʞʥʳʡ ʩʧʠʨʘʣʴʥʳʡ ʢʦʞʫʭ 8, 

ʠʤʝʶʱʠʡ ʥʘ ʚʳʭʦʜʝ ʨʘʩʰʠʨʷʶʱʠʡʩʷ ʧʘʪʨʫʙʦʢ 4. ɺʦʟʜʫʭ ʠʣʠ ʛʘʟ, ʧʦʧʘʜʘʶʱʠʡ ʯʝʨʝʟ ʚʭʦʜʥʦʡ 

ʧʘʪʨʫʙʦʢ 1 ʚ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ 2, ʣʦʧʘʩʪʷʤʠ ʦʪʙʨʘʩʳʚʘʝʪʩʷ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʢ ʧʝʨʠʬʝʨʠʠ. 

ʏʘʩʪʴ ʵʪʦʡ ʵʥʝʨʛʠʠ ʚʩʣʝʜʩʪʚʠʝ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʣʦʧʘʩʪʝʡ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʧʦʣʫʯʘʝʪʩʷ ʚ  

ʚʠʜʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʜʘʚʣʝʥʠʷ. ɼʨʫʛʘʷ ʯʘʩʪʴ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʨʝʘʢʪʠʚʥʦʩʪʠ 

ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ, ʧʦʣʫʯʘʝʪʩʷ ʚ ʚʠʜʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (ʩʢʦʨʦʩʪʥʦʛʦ ʥʘʧʦʨʘ). 

ɺʦʟʜʫʭ, ʧʦʩʪʫʧʘʶʱʠʡ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʠʟ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ, ʪʦʨʤʦʟʠʪʩʷ ʚ ʢʦʞʫʭʝ 

ʚʝʥʪʠʣʷʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʥʦʡ ʥʘʧʦʨ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʜʘʚʣʝʥʠʷ. 

ʉʧʠʨʘʣʴʥʘʷ ʬʦʨʤʘ ʢʦʞʫʭʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʪʦʤʫ ʧʨʦʮʝʩʩʫ. ʀʟʙʳʪʦʢ ʜʘʚʣʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʚʝʥʪʠʣʷʪʦʨʘ ʚ ʧʘʪʨʫʙʢʝ 4 ʠʜʝʪ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʷ ʚ 

ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʫʪʝʯʢʠ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʜʚʝʨʛʥʫʪ ʩʞʘʪʠʶ ʚ ʚʝʥʪʠʣʷʪʦʨʝ, 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʫʧʣʦʪʥʝʥʠʷ ʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʦʧʨʷʞʝʥʠʝ ʚʭʦʜʥʦʛʦ ʧʘʪʨʫʙʢʘ 

ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʚʭʦʜʥʦʡ ʢʨʦʤʢʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʟʘʟʦʨʦʤ 1 ʤʤ. ʉ ʵʪʦʡ ʮʝʣʴʶ 

ʷʟʳʢ 3 ʩʧʠʨʘʣʴʥʦʡ ʢʘʤʝʨʳ ʧʦʜʚʦʜʷʪ ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʢ ʚʥʝʰʥʝʤʫ ʦʙʦʜʫ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ [1]. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʐʣʠʧʯʝʥʢʦ ɿ. ʉ., ʊʝʭʥiʢʘ  ʂ. ʅʘʩʦʩʳ, ʢʦʤʧʨʝʩʩʦʨʳ ʠ ʚʝʥʪʠʣʷʪʦʨʳ. ï 1976 ï 368 ʩ. 
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ʀ.ʉ. ʂʦʥʦʚʘʣʝʥʢʦ, ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ʆʆɼ ʐɹʀʇ 
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ɼʣʷ ʫʯʝʪʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʚ ʤʝʪʘʣʣʘʭ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʠʧʦʪʝʟʘ ʌʦʡʭʪʘ [1]. 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʩʯʠʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʠ ʥʝ ʟʘʚʠʩʷʱʠʤ ʦʪ ʯʘʩʪʦʪʳ ʠ 

ʘʤʧʣʠʪʫʜʳ. ʆʜʥʘʢʦ ʪʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʘʩʭʦʞʜʝʥʠʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

[2].  ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʤʝʪʘʣʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʪʨʝʙʫʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʘʣʣʘ ʠʣʠ ʩʧʣʘʚʘ ʩ ʮʝʣʴʶ ʘʜʝʢʚʘʪʥʦʛʦ ʫʯʝʪʘ ʝʛʦ ʧʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʠʙʨʘʮʠʡ ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʤʝʪʘʣʣʦʚ ʦʧʨʝʜʝʣʝʥʳ 

ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʚʠʙʨʦʤʝʪʨʠʠ. ʊʝʦʨʠʷ ʤʝʪʦʜʘ ʠʟʣʦʞʝʥʘ ʚ ʤʦʥʦʛʨʘʬʠʠ [3]. ɺ 

ʩʪʘʪʴʝ [4] ʦʧʠʩʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʝʩʢʦʣʴʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʘʣʶʤʠʥʠʝʚʳʤ ʠ ʤʝʜʥʳʤ ʩʪʝʨʞʥʷʤʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʨʠʩ.1), ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʠʪʴ 

ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʩʮʠʣʣʦʛʨʘʤʤʫ ʟʘʪʫʭʘʶʱʠʭ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʝʨʞʥʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ 

(ʨʠʩ. 2). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʜʝʢʨʝʤʝʥʪ ʟʘʪʫʭʘʥʠʷ 

ʠ ʚʳʯʠʩʣʠʪʴ ʬʘʢʪʦʨ ʟʘʪʫʭʘʥʠʷ . 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ 

ʈʠʩ.2. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ 

ʩʪʝʨʞʥʷ 

ʌʘʢʪʦʨ ʟʘʪʫʭʘʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʪʝʨʞʥʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ [4]: 

                                                                (1) 

ʛʜʝ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʝʰʥʝʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʩʚʦʡʩʪʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 

ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʩʪʨʝʞʥʷ; ï 

ʩʦʙʩʪʚʝʥʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ ʥʝʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʩʪʝʨʞʥʷ. 

ʀʟ ʚʳʨʘʞʝʥʠʷ (1) ʚʠʜʥʦ, ʯʪʦ ʚʥʫʪʨʝʥʥʠʝ ʪʨʝʥʠʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʦʪʥʦ ʟʘʚʠʩʠʤʳʤ. ɽʩʣʠ 

ʚʥʝʰʥʝʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, ʪʦ ʬʦʨʤʫʣʘ 

(1) ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʧʨʠʙʣʠʞʝʥʥʦʤ ʚʠʜʝ: 
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( )* 2
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1
,

2
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.                                                                    (2) 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ ʩʪʝʨʞʥʝʚʳʭ ʦʙʨʘʟʮʘʭ ʠʟ ʩʧʣʘʚʘ ɸʄʛ6 ʠ ʤʝʜʠ.  ʆʙʨʘʟʮʳ 

ʠʤʝʣʠ ʨʘʟʣʠʯʥʳʝ ʣʠʥʝʡʥʳʝ ʠ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ, ʧʨʠ ʵʪʦʤ ʩʦʙʩʪʚʝʥʥʳʝ ʧʦʧʝʨʝʯʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʦʩʥʦʚʥʦʡ ʤʦʜʳ ʩʦʚʝʨʰʘʣʠʩʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʯʘʩʪʦʪʘʤʠ.  ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʛʝʨʮʝʚʦʤ ʜʠʘʧʘʟʦʥʝ ʬʘʢʪʦʨʳ ʟʘʪʫʭʘʥʠʷ ʚʦʟʨʘʩʪʘʶʪ ʩ ʯʘʩʪʦʪʦʡ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ (ʨʠʩ.3 ʠ 

5). ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʩʧʣʘʚʘ ʧʨʠ ʵʪʦʤ ʤʦʞʥʦ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ (ʨʠʩ. 4 ʠ 6).  

ʈʠʩ. 3 ɿʘʚʠʩʠʤʦʩʪʴ ʬʘʢʪʦʨʘ ʟʘʪʫʭʘʥʠʷ  ʩʧʣʘʚʘ 

ɸʄʛ6 ʦʪ ʮʠʢʣʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ  

 

ʈʠʩ. 4 ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʥʫʪʨʝʥʥʝʛʦ 
ʪʨʝʥʠʷ ʩʧʣʘʚʘ ɸʄʛ6 ʦʪ ʮʠʢʣʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ 

 

                                
ʈʠʩ. 5 ɿʘʚʠʩʠʤʦʩʪʴ ʬʘʢʪʦʨʘ ʟʘʪʫʭʘʥʠʷ  ʤʝʜʠ 

 ʦʪ ʮʠʢʣʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ  

ʈʠʩ. 6 ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʥʫʪʨʝʥʥʝʛʦ 
ʪʨʝʥʠʷ ʤʝʜʠ ʦʪ ʮʠʢʣʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ  

ɺʳʚʦʜʳ: 

1. ʂʦʵʬʬʠʮʠʝʥʪ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʫʙʳʚʘʝʪ ʧʦ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʚ ʛʝʨʮʝʚʦʤ ʜʠʘʧʘʟʦʥʝ 

ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʫʩʣʦʚʠʷ ʠʟʦʭʨʦʥʥʦʩʪʠ. 

2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʫʪʦʯʥʠʪʴ ʛʠʧʦʪʝʟʫ ʌʦʡʭʪʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ ʊʦʤʠʣʠʥʘ ɸ.ʂ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɹʘʙʘʢʦʚ ʀ.ʄ. ʊʝʦʨʠʷ ʢʦʣʝʙʘʥʠʡ. ʄ.: ʅʘʫʢʘ, 1968. 560 ʩ. 
2. ʉʦʬʠʥʩʢʠʡ ɸ.ʅ. ʉʠʩʪʝʤʘ ʦʪʨʘʙʦʪʢʠ ʚʠʙʨʦʧʨʦʯʥʦʩʪʠ: ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʨʘʟʚʠʪʠʷ // ʂʦʩʤʠʯʝʩʢʘʷ ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ. 2016. ˉ1(12). ʉ. 12-21. 
3. ʊʦʤʠʣʠʥ ɸ. ʂ. ʂʦʣʝʙʘʥʠʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʀʟʜ-ʚʦ ɺʂɻʊʋ. ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ. 2004. 286ʩ. 

4. ʂʫʟʥʝʮʦʚ ʌ.ʖ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʩʧʦʩʦʙ ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ 
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ʉʀʅʊɽɿ ʀ ɸʇʈʆɹɸʎʀʗ ʃʀʅɽʁʅʆ-ʂɺɸɼʈɸʊʀʏʅʆɻʆ ʈɽɻʋʃʗʊʆʈɸ ɼʃʗ 

ʉʀʉʊɽʄʓ çBALL -ON-PLATEè 

ʂʫʨʛʠʥʦʚ ʗ. ʆ., ʩʪʫʜʝʥʪ ʛʨ. 8ɽʄ02, ɿʘʨʥʠʮʳʥ ɸ.ʖ. ʘʩʩʠʩʪʝʥʪ ʆɸʈ ʀʐʀʊʈ 

ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 634050, ʛ.ʊʦʤʩʢ, ʧʨ.ʃʝʥʠʥʘ,30,  
ʪʝʣ. (913)-807-39-69 

E-mail: yok9@tpu.ru 

ɺʥʝʜʨʝʥʠʝ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʝʜʫʱʠʝ ʦʪʨʘʩʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʠʢʪʫʝʪ 

ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʙʦʪʦʚ. ɺ ʭʦʜʝ 

ʘʥʘʣʠʟʘ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʚʳʜʝʣʷʶʪ ʢʣʘʩʩ ʨʦʙʦʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ 

ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʘ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʠʤʝʥʫʝʤʳʭ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ 

ʦʪʨʘʩʣʠ ʥʝʧʦʣʥʦʧʨʠʚʦʜʥʳʤʠ, ʘ ʥʝʫʧʨʘʚʣʷʝʤʳʝ ʥʘʧʨʷʤʫʶ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʥʘʟʳʚʘʶʪ 

ʧʘʩʩʠʚʥʳʤʠ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʠʤʠ ʨʦʙʦʪʘʤʠ ʯʘʩʪʦ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʪʝʦʨʠʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʣʠʙʦ ʥʝ ʧʦʜʭʦʜʷʪ, ʣʠʙʦ ʪʨʝʙʫʶʪ ʥʝʢʦʪʦʨʦʡ ʤʦʜʠʬʠʢʘʮʠʠ [1]. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʦʜʭʦʜʠʪ ʣʠʥʝʡʥʦ-

ʢʚʘʜʨʘʪʠʯʥʳʡ ʨʝʛʫʣʷʪʦʨ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʦ ʧʦʣʥʦʤʫ ʚʝʢʪʦʨʫ 

ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʠ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʥʝʷʚʥʦ ʫʯʝʩʪʴ ʧʘʩʩʠʚʥʦʩʪʴ 

ʩʪʝʧʝʡ ʩʚʦʙʦʜʳ. ɺ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʥʝʧʦʣʥʦʧʨʠʚʦʜʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʠʩʪʝʤʘ çball-on-plateè ʩ ʯʝʪʳʨʴʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʜʚʝ ʠʟ ʢʦʪʦʨʳʭ ʧʘʩʩʠʚʥʳ. ɼʣʷ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʣʠʥʝʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʠ ʝʛʦ ʘʧʨʦʙʘʮʠʷ ʥʘ ʨʝʘʣʴʥʦʤ 

ʦʙʲʝʢʪʝ ʫʧʨʘʚʣʝʥʠʷ. 

ʆʙʱʠʡ ʚʠʜ ʩʠʩʪʝʤʳ çball-on-plateè ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.ʘ. ʉʠʩʪʝʤʘ ʠʤʝʝʪ ʯʝʪʳʨʝ 

ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ï ʧʦʣʦʞʝʥʠʝ ʰʘʨʠʢʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ (x, y) ʠ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ (• , •). ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (1) ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ 

ʃʘʛʨʘʥʞʘ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʘʧʨʦʢʩʠʤʘʮʠʠ ʜʠʥʘʤʠʢʠ ʧʨʠʚʦʜʘ ʘʧʝʨʠʦʜʠʯʝʩʢʠʤ ʟʚʝʥʦʤ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (ʈʠʩʫʥʦʢ 1ʙ). 

 
ʘ)  

ʙ)  

ʈʠʩ. 1. ʘ) ʆʙʱʠʡ ʚʠʜ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʙ) ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ 

ʅʘ ʨʠʩʫʥʢʝ 1.ʙ ‌ ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ, ʨʘʜ; ; ‚ ï ʜʣʠʥʘ ʧʦʜʚʠʞʥʦʛʦ ʩʪʝʨʞʥʷ, 
ʩʦʝʜʠʥʷʶʱʝʡ ʧʦʩʨʝʜʩʪʚʦʤ ʰʘʨʥʠʨʘ ʧʣʦʩʢʦʩʪʴ ʠ ʜʠʩʢ, ʤ; r ï ʨʘʜʠʫʩ ʜʠʩʢʘ, ʥʘʜʝʪʦʛʦ ʥʘ ʚʘʣ 

ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʚʠʞʝʥʠʷ ʩʪʝʨʞʥʶ, ʤ; h ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ ʜʦ ʮʝʥʪʨʘ 

ʧʣʦʩʢʦʩʪʠ, ʤ; ὰ ï ʧʨʦʝʢʮʠʷ ‚ ʥʘ ʬʨʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ, ʤ; • ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʧʣʦʩʢʦʩʪʠ, ʨʘʜ; 

Ўὰ ï ʦʪʨʝʟʦʢ ʥʘ ʬʨʦʥʪʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ, ʢʦʪʦʨʦʝ ʧʨʦʭʦʜʠʪ ʪʦʯʢʘ ʟʘʮʝʧʣʝʥʠʷ ʧʨʠ ʧʦʚʦʨʦʪʝ 
ʜʚʠʛʘʪʝʣʷ ʥʘ ʫʛʦʣ ‌ ‌, ʤ. 

ρȢτάὼ άὫίὭὲ• άὼ• άώ•• π 

ρȢτάώ άὫίὭὲ• άώ• άὼ•• π 
‌ ί
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• ÁÒÃÓÉÎ
ςὛϽὄ ςὛϽὄ Ὓ ὅ ὄ ὅ

ςὛ ὅ
ȟ   Ὥ ὼȟώ 

Ὑ ὶϽίὭὲ‌ ὶϽίὭὲ‌ ὃ ὰ Ὤ ὄȟ   Ὥ ὼȟώ 

ςὙϽὶϽίὭὲ‌ ὶϽίὭὲ‌ ὃ Ὓȟ    Ὥ ὼȟώ 

ςὙϽὬ ὅ 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʣʠʥʝʘʨʠʟʘʮʠʠ ʤʦʜʝʣʠ (1), ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʣʠʥʝʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʳʡ 

ʨʝʛʫʣʷʪʦʨ [2]. ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩ ʚ ʨʝʞʠʤʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʫʣʝʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 2.  

  
ʈʠʩ. 2. ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʫʣʝʚʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʩʠʩʪʝʤʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ R ʧʨʠ Q ʨʘʚʥʦʤ 

ʝʜʠʥʠʯʥʦʡ ʤʘʪʨʠʮʝ I. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʧʳʪʘ 2 ʢ 3 ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ 

ʩʠʩʪʝʤʳ ʥʝ ʤʝʥʷʝʪʩʷ. 

ʊʘʙʣʠʮʘ 1 ï ʉʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʩʠʩʪʝʤʳ ʧʨʠ ʨʘʟʥʳʭ R 

ˉ ʦʧʳʪʘ R ʉʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ 

1 10ĿI [-1.17, 0.95Ñ0.99i, -0.98, -1.17, -1.05Ñ1.09i, -0.98 ] 

2 I [-334.9, -1.01Ñ1.02i, -1, -334.9, -1.11Ñ1.12i, -1] 

3 0.1ĿI [-1047, -1.01Ñ1.02i, -1, -1047, -1.11Ñ1.12i, -1] 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʠʥʝʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʳʡ ʨʝʛʫʣʷʪʦʨ ʧʨʠʤʝʥʠʤ ʚ ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʝʥʠʷ 

ʥʝʧʦʣʥʦʧʨʠʚʦʜʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʦʜʥʘʢʦ ʝʩʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʝʛʦ ʨʘʙʦʪʫ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʚ ʬʘʟʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʦʪʠʚʦʨʝʯʘʱʫʶ ʜʠʥʘʤʠʢʝ ʩʠʩʪʝʤʳ. 
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ʉʝʛʦʜʥʷ ʤʦʙʠʣʴʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʚʩʸ ʯʘʱʝ ʟʘʜʝʡʩʪʚʦʚʘʥʘ ʚ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʚʳʩʦʢʘʷ 

ʧʨʦʭʦʜʠʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʮʝʣʠ. ʇʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʡ ʘʤʦʨʪʠʟʘʪʦʨ ï ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘ ʧʫʪʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʪʦʡ ʮʝʣʠ. ɸʤʦʨʪʠʟʘʪʦʨ ʚʳʧʦʣʥʷʝʪ ʰʠʨʦʢʠʡ ʨʷʜ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʡ ʩ ʢʦʥʪʨʦʣʝʤ 

ʜʚʠʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ [1].  

ɺ ʧʦʠʩʢʘʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʨʦʙʣʝʤ ʥʘʜʝʞʥʦʩʪʠ, ʵʢʦʣʦʛʠʯʥʦʩʪʠ, ʙʝʩʰʫʤʥʦʩʪʠ 

ʠ ʪʦʧʣʠʚʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ, ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʩʦʟʜʘʶʪ ʥʦʚʳʝ ʚʠʜʳ ʜʚʠʛʘʪʝʣʝʡ, 

ʫʣʫʯʰʘʶʪ ʢʦʥʩʪʨʫʢʮʠʠ ʘʚʪʦʤʦʙʠʣʷ ʠ ʚʥʝʜʨʷʶʪ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ.  

ʆʜʥʘʢʦ ʜʘʞʝ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʩʦʚʨʝʤʝʥʥʳʭ ʘʤʦʨʪʠʟʘʪʦʨʦʚ, ʣʠʥʠʷ ʛʦʨʠʟʦʥʪʘ ʘʚʪʦʥʦʤʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʥʝʨʦʚʥʦʤʫ ʜʦʨʦʞʥʦʤʫ ʧʦʣʦʪʥʫ, ʙʫʜʝʪ ʥʝ ʩʪʘʪʠʯʥʘ, 

ʘ ɻʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʷ ʙʫʜʝʪ ʨʘʩʩʝʠʚʘʪʴʩʷ ʚ ʚʠʜʝ ʪʝʧʣʘ ʚ ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ [2].  

ɺʦʟʤʦʞʥʳʤ ʨʝʰʝʥʠʝʤ ʦʧʠʩʘʥʥʳʭ ʧʨʦʙʣʝʤ, ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʘʤʦʨʪʠʟʘʪʦʨʦʚ, ʩʫʪʴ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʣʳ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʘʢʪʠʚʥʦ 

ʧʨʦʨʘʙʘʪʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ, ʥʦ ʜʦ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʢʘ ʥʠ ʦʜʠʥ 

ʠʟ ʦʙʨʘʟʮʦʚ ʥʝ ʜʦʰʝʣ. 

ɼʣʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʥʝʨʦʚʥʦʩʪʝʡ 

ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʘʤʦʨʪʠʟʘʪʦʨʦʚ. ʇʦʩʣʝ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʜʨʦʙʥʦʛʦ ʦʙʟʦʨʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʟʨʘʙʦʪʦʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʘʤʦʨʪʠʟʘʪʦʨʦʚ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʣʠʥʝʡʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʘʤʦʨʪʠʟʘʪʦʨʦʚ, ʚ ʦʩʥʦʚʥʦʤ, ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ: ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʡ ʘʤʦʨʪʠʟʘʪʦʨ, 

ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ ʵʥʝʨʛʠʶ ʢʦʣʝʙʘʥʠʡ ʘʚʪʦʤʦʙʠʣʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ; 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʤʦʨʪʠʟʘʪʦʨ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʣʠʥʝʡʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʩ 

ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ; ʘʤʦʨʪʠʟʘʪʦʨʳ ʩ ʨʝʢʫʧʝʨʘʪʠʚʥʳʤ ʵʬʬʝʢʪʦʤ, ʩʧʦʩʦʙʥʳʝ ʨʝʘʣʠʟʦʚʘʪʴ 

ʨʝʢʫʧʝʨʘʮʠʶ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʫʟʦʚʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, 

ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʧʦ ʪʠʧʫ ʛʝʥʝʨʘʪʦʨʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ 

ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ: ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʠ ʥʘ ʦʩʥʦʚʝ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ.  

ʇʨʦʚʝʜʸʥʥʳʡ ʨʘʥʝʝ ʘʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʪʠʧʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʘʤʦʨʪʠʟʘʪʦʨʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʫ ʢʘʞʜʦʛʦ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʤʝʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʥʠʟʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ, ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʘʤʦʨʪʠʟʘʪʦʨ ʜʨʫʛʦʛʦ ʨʦʜʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʠʤʝʶʱʝʛʦʩʷ ʤʦʙʠʣʴʥʦʛʦ 

ʨʦʙʦʪʘ. 

ʀʟʦʙʨʝʪʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʣʘʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʢ ʧʦʜʚʝʩʢʝ 

ʥʘʟʝʤʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʘʤʦʨʪʠʟʘʪʦʨ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʜʣʷ ʛʘʰʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʢʫʟʦʚʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʥʠʷ 

ʧʦʩʣʝʜʥʝʛʦ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʧʦʚʳʰʘʷ ʪʝʤ ʩʘʤʳʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʦ ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʝʛʦ ʙʫʜʫʱʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʚʥʝʰʥʠʡ ʚʠʜ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥ ʵʩʢʠʟ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ.  
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ʈʠʩ. 1. ʕʩʢʠʟ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʘʤʦʨʪʠʟʘʪʦʨʘ ʠ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ 

 

ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʮʝʧʠ ʧʦʩʪʨʦʝʥʘ ʩ ʫʯʝʪʦʤ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ 

ʧʫʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ (ʪ.ʝ. ʩ ʫʯʝʪʦʤ ʧʦʪʦʢʦʚ ʨʘʩʩʝʷʥʠʷ ʤʘʛʥʠʪʥʦʡ 

ʩʠʩʪʝʤʳ). ʉʦʩʪʘʚʠʤ ʨʘʩʯʝʪʥʳʝ ʫʨʘʚʥʝʥʠʷ: 

 

ˡ Ὑ Ὑ ὙᴂǬ Ὑ Ὑ ˡ Ὑ Ὑ Ὂ Ὂ 

ˡ Ὑ Ὑ ὙᴂǬ Ὑ Ὑ ˡ Ὑ Ὑ Ὂ Ὂȟ
 

 

ʛʜʝ    Ὂ , Ὂ ð ʄɼʉ ʧʦʣʶʩʥʦʡ ʩʠʩʪʝʤʳ ʠ ʦʙʤʦʪʢʠ ʤʘʰʠʥʳ, Ὑ ȟὙᴂ ð ʤʘʛʥʠʪʥʳʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʟʘʟʦʨʦʚ, Ὑ ð ʤʘʛʥʠʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʫʙʮʦʚ, Ὑ ð ʤʘʛʥʠʪʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʷʨʤʘ, Ὑ  ð ʤʘʛʥʠʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʶʩʘ ʤʘʰʠʥʳ, ʝ l, l  ï ʢʦʥʪʫʨʥʳʝ 

ʤʘʛʥʠʪʥʳʝ ʧʦʪʦʢʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʨʘʩʯʝʪʘ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʘʨʘʤʝʪʨʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʘʤʦʨʪʠʟʘʪʦʨʘ, ʦʪʨʘʞʘʶʱʠʝ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ; ʧʨʦʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʠ ʚ ʠʪʦʛʝ ʫʣʫʯʰʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʤʦʨʪʠʟʘʪʦʨʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʩʪʨʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʥʦʚʦʛʦ ʢʘʯʝʩʪʚʘ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ. ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʬʦʨʪ, ʦʪʣʠʯʥʫʶ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʪʘ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʩʷ ʨʠʩʢ ʘʚʘʨʠʡʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʠʤʝʶʱʝʛʦʩʷ 

ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ, ʘ ʟʥʘʯʠʪ, ʚʦʟʤʦʞʥʳʡ ʨʝʤʦʥʪ ʙʫʜʝʪ ʤʝʥʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʜʣʷ ʙʶʜʞʝʪʘ. 

ʕʪʦ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʝʤʣʝʤʦ ʧʦ ʟʘʪʨʘʪʘʤ ʠ ʧʦʣʥʦʩʪʴʶ ʦʧʨʘʚʜʘʝʪ ʠʭ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ.  
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ɺʝʥʪʠʣʴʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʚ ʛʠʨʦʩʢʫʪʝʨʘʭ, ʛʠʨʦʢʦʧʪʝʨʘʭ, ʚ ʢʘʯʝʩʪʚʝ 

ʩʝʨʚʦʜʚʠʛʘʪʝʣʝʡ ʏʇʋ ʩʪʘʥʢʦʚ, ʠ ʜʨʫʛʠʭ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʥʝʦʙʭʦʜʠʤ ʙʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ɺʝʥʪʠʣʴʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʘʢʪʫʘʣʴʥʳ, ʟʘ ʩʯʝʪ ʦʪʩʫʪʩʪʚʠʷ ʢʦʣʣʝʢʪʦʨʥʦʛʦ 

ʫʟʣʘ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʜʚʠʛʘʪʝʣʝʡ. ʊʘʢ ʞʝ ʚʝʥʪʠʣʴʥʳʝ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʠʟʜʘʶʪ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʰʫʤʘ, ʯʝʤ ʜʨʫʛʠʝ ʪʠʧʳ ʜʚʠʛʘʪʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʠʤʝʥʷʪʴ ʜʘʥʥʳʡ ʚʠʜ ʜʚʠʛʘʪʝʣʷ ʚ ʩʠʩʪʝʤʘʭ, ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʧʦʩʪʦʷʥʥʦʡ ʚʝʥʪʠʣʷʮʠʠ. ɼʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʚʝʥʪʠʣʴʥʳʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʧʦʣʦʞʝʥʠʝ ʨʦʪʦʨʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʪʦʨʘ, ʯʪʦʙʳ ʚʢʣʶʯʠʪʴ ʥʫʞʥʫʶ ʩʪʘʪʦʨʥʫʶ ʦʙʤʦʪʢʫ ʠ ʩʦʟʜʘʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ. ʕʪʫ ʟʘʜʘʯʫ ʤʦʞʥʦ ʨʝʰʠʪʴ, ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʪʯʠʢʘ ʪʦʢʘ. 

ʇʦ ʬʦʨʤʝ ʪʦʢʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘ ʢʘʢʫʶ ʬʘʟʫ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʫʞʥʦ ʧʦʜʘʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʦʜʠʪʩʷ ʬʦʨʤʘ ʪʦʢʦʚ, ʩʥʷʪʳʭ ʩ ʨʝʘʣʴʥʦʛʦ ʚʝʥʪʠʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ A2212/13T, ʧʨʠ ʵʪʦʤ ʚʘʣ ʜʚʠʛʘʪʝʣʷ ʠʤʝʣ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ, ʘ ʦʙʤʦʪʢʠ 

ʦʙʝʩʪʦʯʝʥʳ (ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦ ʦʪʚʝʜʝʥʥʳʝ ʧʘʫʟʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ). ʂʘʢ ʪʦʣʴʢʦ ʪʦʢ ʦʜʥʦʡ ʠʟ ʦʙʤʦʪʦʢ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʫʤʘ (ʟʥʘʯʠʪ 

ʪʦʢ ʚ ʵʪʦʡ ʦʙʤʦʪʢʝ ʥʝ ʩʦʟʜʘʩʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʠ ʜʘʞʝ ʤʦʞʝʪ ʦʩʪʘʥʦʚʠʪʴ ʚʘʣ 

ʜʚʠʛʘʪʝʣʷ), ʧʦʜʘʝʪʩʷ ʧʠʪʘʥʠʝ ʥʘ ʩʣʝʜʫʶʱʫʶ ʦʙʤʦʪʢʫ. ʇʦʨʷʜʦʢ ʚʢʣʶʯʝʥʠʷ ʬʘʟ ʧʨʠʚʝʜʝʥ 

ʪʘʙʣʠʮʝ 1 [1]. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚʨʝʤʷ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʘʫʟ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʥʦ ʙʳʪʴ ʤʥʦʛʦ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʠ 

ʢʦʤʤʫʪʘʮʠʠ ʩʠʣʦʚʳʭ ʢʣʶʯʝʡ. ʀʟʤʝʨʝʥʠʷ ʜʦʣʞʥʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʦʣʥʦʛʦ 

ʟʘʧʠʨʘʥʠʷ ʩʠʣʦʚʳʭ ʢʣʶʯʝʡ, ʯʪʦʙʳ ʜʘʪʯʠʢ ʪʦʢʘ ʧʦʣʫʯʘʣ ʪʦʣʴʢʦ ʪʦʢʠ, ʥʘʚʝʜʸʥʥʳʝ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʧʨʠʤʝʥʷʪʩʷ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʠʪʴ 

ʥʦʤʠʥʘʣʴʥʫʶ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʚʝʥʪʠʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʙʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʧʣʘʚʥʳʡ ʧʫʩʢ ʙʝʟ ʙʨʦʩʢʦʚ ʪʦʢʘ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʠ ʧʦʣʫʤʦʩʪʘ, ʩʨʝʜʥʠʝ 

ʪʦʯʢʠ ʢʦʪʦʨʳʭ ʧʦʜʢʣʶʯʝʥʳ ʢ ʦʙʤʦʪʢʘʤ ʚʝʥʪʠʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʫʧʨʘʚʣʷʶʱʠʭ ʢʣʶʯʝʡ 

(ʪʨʘʥʟʠʩʪʦʨʦʚ), ʘ ʠʤʝʥʥʦ ʚʨʝʤʷ ʢʦʤʤʫʪʘʮʠʠ, ʯʪʦʙʳ ʥʝ ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ 

ʧʦʣʫʤʦʩʪʦʚʦʡ ʩʭʝʤʳ. ɺʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʪʴ ʢʦʥʜʝʥʩʘʪʦʨ ʚʦʣʴʪʦʜʦʙʘʚʢʠ, ʯʪʦʙʳ ʦʥ ʥʝ 

ʫʩʧʝʚʘʣ ʨʘʟʨʷʞʘʪʴʩʷ ʟʘ ʚʨʝʤʷ, ʧʦʢʘ ʚʝʨʭʥʠʡ ʢʣʶʯ ʧʦʣʫʤʦʩʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʦʪʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɸʣʛʦʨʠʪʤ ʯʝʨʝʜʦʚʘʥʠʷ ʢʣʶʯʝʡ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʨʷʜʦʢ ʢʦʤʤʫʪʘʮʠʠ ʦʙʤʦʪʦʢ ʜʚʠʛʘʪʝʣʷ, 

ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩ. 1. ɹʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʣʶʯʘʤʠ ʪʨʝʭ 

ʧʦʣʫʤʦʩʪʦʚ ʩ ʮʝʣʴʶ ʩʦʟʜʘʪʴ ʚʨʘʱʘʶʱʝʝʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʅʘ ʨʠʩ. 2 ʧʨʠʚʦʜʠʪʩʷ ʛʨʘʬʠʢ 

ʯʝʨʝʜʦʚʘʥʠʷ ʪʦʢʦʚ ʚ ʦʙʤʦʪʢʘʭ ʜʚʠʛʘʪʝʣʷ, ʠ ʢʘʢ ʚʠʜʥʦ, ʬʘʟʳ ʩʜʚʠʥʫʪʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ 

ʥʘ ʩʪʦ ʜʚʘʜʮʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʨʘʜʫʩʦʚ. ʊʘʢʞʝ ʧʦ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʫʧʨʘʚʣʷʪʴ ʫʛʣʦʚʦʡ 

ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ ʤʦʞʥʦ ʠʟʤʝʥʷʷ ʧʝʨʠʦʜ 

ʠʤʧʫʣʴʩʘ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʠ ʚʝʣʠʯʠʥʫ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɺʝʣʠʯʠʥʘ ʧʠʪʘʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ, ʠʟʤʝʥʝʥʠʝʤ ʩʢʚʘʞʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ 

ʤʦʜʫʣʷʮʠʠ, ʫʧʨʘʚʣʷʶʱʝʡ ʚʝʨʭʥʠʤ ʧʣʝʯʦʤ ʤʦʩʪʦʚʦʛʦ ʜʨʘʡʚʝʨʘ, ʩʢʚʘʞʥʦʩʪʴ ʵʪʠʭ ʠʤʧʫʣʴʩʦʚ 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ 0,9 ʦ.ʝ., ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜʟʘʨʷʜʢʠ 

ʚʦʣʴʪʦʜʦʙʘʚʦʯʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʉʚʷʟʘʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʩ ʜʘʪʯʠʢʘʤʠ ʪʦʢʘ ʧʨʠ 

ʧʦʤʦʱʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʞʝʩʪʢʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʜʚʠʛʘʪʝʣʷ. 
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ʈʠʩ. 1. ʊʦʢʠ ʚ ʦʙʤʦʪʢʘʭ A2212/13T. 
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ʈʠʩ. 2. ʊʦʢʠ ʚ ʦʙʤʦʪʢʘʭ A2212/13T 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɼʘʪʯʠʢʠ ʍʦʣʣʘ ʜʣʷ ʙʝʩʢʦʣʣʝʢʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ: ʚʦʟʚʨʘʱʝʥʠʝ ʢʚʘʜʨʘʪʫʨʥʳʭ ʵʥʢʦʜʝʨʦʚ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://habr.com/ru/post/354086/. 
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ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʔ ɼʃʗ ʇʀʊɸʅʀʗ ɼɺʀɻɸʊɽʃʗ ʇʆʉʊʆʗʅʅʆɻʆ ʊʆʂɸ 

ʕʃɽʂʊʈʆɹʋʉɸ 

 

ʅ.ɸ. ʇʘʨʘʤʦʥʦʚ, ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ 5ɸ7ʂ, 

ʉ.ʅ. ʂʣʘʜʠʝʚ, ʢ.ʪ.ʥ., ʜʦʮ., 

ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 634050, ʛ. ʊʦʤʩʢ, ʧʨ.ʃʝʥʠʥʘ,30, 

E-mail: nap31@tpu.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷ ʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʷʪ ʵʣʝʢʪʨʦʙʫʩ ʩ ʜʚʠʛʘʪʝʣʝʤ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʘʚʪʦʙʫʩʳ -ʩʦʚʩʝʤ ʤʦʣʦʜʘʷ ʢʘʪʝʛʦʨʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʢʦʪʦʨʘʷ ʪʦʣʴʢʦ 

ʥʘʯʠʥʘʝʪ ʩʚʦʝ ʨʘʟʚʠʪʠʝ. ʀʭ ʧʦʷʚʣʝʥʠʝ ʚʧʦʣʥʝ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʦʪʨʘʩʣʴ ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʧʝʨʝʚʦʟʦʢ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʢʦʩʥʝʪʩʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʚʠʞʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʧʨʦʪʦʪʠʧʳ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʳʩʪʨʝʝ ʠ ʤʦʱʥʝʝ ʣʶʙʦʛʦ ʠʟ ʜʠʟʝʣʴʥʳʭ ʘʥʘʣʦʛʦʚ. ʊʘʢʞʝ, ʵʪʦʪ 

ʛʦʨʦʜʩʢʦʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʘ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʚ ʢʨʫʧʥʳʭ 

ʤʝʛʘʧʦʣʠʩʘʭ, ʟʘʤʝʥʠʚ ʩʪʘʨʳʝ ʠ ʚʨʝʜʥʳʝ ʘʚʪʦʙʫʩʳ ʧʨʦʰʣʦʛʦ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʯʝʨʝʜʦʚʘʥʠʝʤ ʨʝʞʠʤʦʚ ʨʘʟʛʦʥʘ, ʚʳʙʝʛʘ ʠ ʪʦʨʤʦʞʝʥʠʷ, ʧʨʝʦʜʦʣʝʥʠʷ ʩʧʫʩʢʦʚ ʠ ʧʦʜʲʝʤʦʚ, 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʩʪʦʷʥʦʢ (ʟʘʪʦʨʳ, ʩʚʝʪʦʬʦʨʳ). ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʥ ʨʘʙʦʪʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɼʣʷ ʪʷʛʦʚʦʛʦ ʧʨʠʚʦʜʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʢʨʠʪʝʨʠʝʤ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ, ʪʘʢ ʢʘʢ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʙʝʛ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʮʠʢʣʘ ʨʘʟʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ 

ʙʘʪʘʨʝʠ. ʈʝʰʘʶʱʠʤ ʢʨʠʪʝʨʠʝʤ ʧʨʠ ʚʳʙʦʨʝ ʪʠʧʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʪʦʨʤʦʞʝʥʠʝ ʩ ʨʝʢʫʧʝʨʘʮʠʝʡ 

ʵʥʝʨʛʠʠ ʚ ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙʘʪʘʨʝʶ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʜʚʠʛʘʪʝʣʷʭ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʥʝʟʘʚʠʩʠʤʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ 

ʪʦʨʤʦʞʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ: ʪʠʧʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʜʚʠʛʘʪʝʣʷ, ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ (ɸɹ) [2]. ʆʙʱʝʠʟʚʝʩʪʥʦ, ʩʣʦʞʥʦʩʪʴʶ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʪʦʨʤʦʞʝʥʠʷ ʥʘ ʘʚʪʦʥʦʤʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʪʦʢʫ ʟʘʨʷʜʢʠ 

ɸɹ. ʆʥʘ ʧʨʦʩʪʦ ʥʝ ʤʦʞʝʪ ʙʳʩʪʨʦ ʧʨʠʥʷʪʴ ʚ ʩʝʙʷ ʚʩʶ ʪʫ ʵʥʝʨʛʠʶ, ʢʦʪʦʨʫʶ ʩʧʦʩʦʙʥʳ 

ʧʨʦʠʟʚʝʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ. ʊʦʢʠ ʟʘʨʷʜʘ ʠ ʨʘʟʨʷʜʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʤʢʦʩʪʴʶ ɸɹ. 

ʇʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʪʦʢ ʟʘʨʷʜʘ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 20-30% ʦʪ ʝʤʢʦʩʪʠ ɸɹ. ɽʩʣʠ ʟʘʨʷʜʥʳʡ ʪʦʢ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ ʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ 

ʘʢʢʫʤʫʣʷʪʦʨʘ. ʉʭʝʤʥʦʝ ʨʝʰʝʥʠʝ ʮʝʧʠ ʧʠʪʘʥʠʷ ʪʷʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. ʆʥʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʠʛʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʥʝʟʘʚʠʩʠʤʳʤ 

ʚʦʟʙʫʞʜʝʥʠʝʤ, ʢʦʥʜʝʥʩʘʪʦʨ, ʦʙʨʘʪʥʳʡ ʜʠʦʜ ʠ ʪʨʘʥʟʠʩʪʦʨʥʳʡ ʢʣʶʯ. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʠʤʧʫʣʴʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʛʜʝ ʄ ï ʜʚʠʛʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ; ʅʆɺ ï ʥʝʟʘʚʠʩʠʤʘʷ ʦʙʤʦʪʢʘ ʚʦʟʙʫʞʜʝʥʠʷ; U ï 

ʥʘʧʨʷʞʝʥʠʝ; VD ï ʦʙʨʘʪʥʳʡ ʜʠʦʜ; C ï ʢʦʥʜʝʥʩʘʪʦʨ; ʊ ï ʪʨʘʥʟʠʩʪʦʨʥʳʡ ʢʣʶʯ 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʤʝʪʦʜ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ (ʐʀʄ). ʉʫʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʧʦʜʘʝʪʩʷ ʥʘ ʜʚʠʛʘʪʝʣʴ ʚ ʚʠʜʝ ʠʤʧʫʣʴʩʦʚ. ʇʨʠ ʵʪʦʤ 
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ʯʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʘ ʠʭ ʜʣʠʪʝʣʴʥʦʩʪʴ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ. 

ʆʩʥʦʚʥʦʡ ʯʘʩʪʴʶ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ʐʀʇ) ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʢʣʶʯ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪ ʪʨʘʥʟʠʩʪʦʨʥʳʝ 

ʢʣʶʯʠ (ʊ). ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʐʀʇ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2. ɹʣʘʛʦʜʘʨʷ ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ ʟʘʤʳʢʘʥʠʶ 

ʢʣʶʯʘ ʊ ʥʘ ʷʢʦʨʴ ʜʚʠʛʘʪʝʣʷ ʧʦʜʘʶʪʩʷ ʠʤʧʫʣʴʩʳ ʥʘʧʨʷʞʝʥʠʷ, ʠ ʪʦʢ ʚ ʷʢʦʨʝ ʢʦʣʝʙʣʝʪʩʷ. ʀʟ ʩʝʪʠ 

ʧʦʪʨʝʙʣʷʝʪʩʷ ʠʤʧʫʣʴʩʥʳʡ ʪʦʢ [1]. 

 
ʈʠʩ. 2. ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʦʚ 

ɺ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʵʣʝʢʪʨʦʥʥʳʡ ʢʣʶʯ ʦʪʢʨʳʪ, ʧʠʪʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʝʪʩʷ 

ʥʘ ʜʚʠʛʘʪʝʣʴ, ʪʦʢ ʷʢʦʨʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʜʚʠʛʘʪʝʣʴ ʨʘʟʚʠʚʘʝʪ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ ʷʢʦʨʷ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʵʪʦʤ ʚʦʟʨʘʩʪʘʝʪ; ʢʦʛʜʘ ʵʣʝʢʪʨʦʥʥʳʡ ʢʣʶʯ ʟʘʢʨʳʪ, ʪʦʢ 

ʚʩʣʝʜʩʪʚʠʝ ʟʘʧʘʩʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʧʨʦʜʦʣʞʘʝʪ ʧʨʦʪʝʢʘʪʴ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʦ 

ʯʝʨʝʟ ʦʙʨʘʪʥʳʡ ʜʠʦʜ. ʇʨʠ ʵʪʦʤ ʦʥ ʫʤʝʥʴʰʘʝʪʩʷ, ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʫʛʣʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʘʜʘʝʪ. ʐʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʬʠʣʴʪʨʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʝ 

ʩʠʣʦʚʳʭ ʮʝʧʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ (ʯʘʩʪʦʪʥʦʤ ʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ) [3]. ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʥʦʡ 

ʙʘʟʳ ʪʨʘʥʟʠʩʪʦʨʦʚ ʝʛʦ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʯʘʩʪʦʪʥʳʤ ʩʧʦʩʦʙʦʤ ʫʧʨʘʚʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʨʘʥʟʠʩʪʦʨʥʳʭ ʢʣʶʯʝʡ ʧʦʟʚʦʣʷʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩʭʝʤʥʦʝ ʨʝʰʝʥʠʝ 

ʪʦʢʦʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʜʣʷ ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʘ ʚ ʧʝʨʠʦʜ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ 

ʪʦʨʤʦʞʝʥʠʷ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʨʝʞʠʤ ʨʝʢʫʧʝʨʘʮʠʠ ʥʘ ʚʳʩʦʢʠʭ ʦʙʦʨʦʪʘʭ ʥʝ ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʦʧʦʣʥʝʥʠʷ ʩʭʝʤʳ ʢʦʥʜʝʥʩʘʪʦʨʦʤ. ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʨʘʙʦʪʘʪʴ 

ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʝʤʢʦʩʪʠ ʪʘʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʦʙʦʪʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʧʦʪʦʤʫ ʨʦʙʦʪʘʤ ʩ ʚʳʩʦʢʦʡ ʧʨʦʭʦʜʠʤʦʩʪʴʶ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ. ʇʦʩʢʦʣʴʢʫ ʫʧʨʘʚʣʝʥʠʝ ʰʘʛʘʶʱʠʤʠ ʨʦʙʦʪʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ ʦʥʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʤʝʥʴʰʝ, ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ 

ʨʘʟʨʘʙʦʪʢʝ ʤʦʙʠʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʰʘʛʘʶʱʝʛʦ ʪʠʧʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʦʪʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʬʦʨʤʦʡ ʢʦʨʧʫʩʘ ʠ ʜʚʠʞʠʪʝʣʷ, ʚʤʝʩʪʝ ʦʥʠ 

ʚʣʠʷʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʣʦʢʦʤʦʮʠʠ ʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʜʚʠʞʝʥʠʡ. ɽʩʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʰʘʛʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʥʠ 

ʨʘʩʧʠʩʘʥʳ ʚ [1], ʦʜʥʘʢʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʚʳʙʨʘʥʘ ʛʝʢʩʘʧʝʜʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʚ ʤʦʤʝʥʪ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦ ʥʝʨʦʚʥʳʤ 

ʧʦʚʝʨʭʥʦʩʪʷʤ. ʇʦʩʢʦʣʴʢʫ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʨʝʜʠ ʜʚʠʞʠʪʝʣʝʡ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ, ʪʦ ʧʨʠ ʚʳʙʦʨʝ, ʜʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʭʦʜʠʤʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʋʯʠʪʳʚʘʷ 

ʵʪʦ, ʙʳʣ ʚʳʙʨʘʥ ʜʚʠʞʠʪʝʣʴ ʚ ʬʦʨʤʝ ʜʫʛʠ ʩʦ ʩʤʝʱʸʥʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥ ʠʤʝʝʪ ʚʩʝʛʦ 

ʦʜʥʫ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ, ʫʧʨʦʩʪʠʪʴ ʘʣʛʦʨʠʪʤ 

ʧʝʨʝʜʚʠʞʝʥʠʷ ʠ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʜʚʠʞʠʪʝʣʷ ʩ ʨʘʩʩʪʘʥʦʚʢʦʡ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʝʛʦ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1ʘ. 

             
                    ʘ              ʙ 

ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ: ʘ) ʜʚʠʞʠʪʝʣʴ; ʙ) ʩʝʯʝʥʠʝ ʜʚʠʞʠʪʝʣʷ 

ɼʣʷ ʚʳʙʦʨʘ ʜʚʠʛʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴʩʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʠ ʩʢʦʨʦʩʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʣʘʪʬʦʨʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʤʦʙʠʣʴʥʦʡ, ʙʳʣʘ ʧʨʠʥʷʪʘ ʤʘʩʩʘ 

ʧʣʘʪʬʦʨʤʳ ʚ 6 ʢʛ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ 1,5 ʤ/ʩ, ʜʠʘʤʝʪʨ ʜʫʛʠ ʜʚʠʞʠʪʝʣʷ 10 ʩʤ, ʠʩʭʦʜʷ ʠʟ 

ʵʪʠʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ, ʥʝʦʙʭʦʜʠʤʳʡ ʨʘʟʚʠʚʘʝʤʳʡ ʤʦʤʝʥʪ ʥʘ 

ʚʘʣʫ ʠ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ. ʀʩʧʦʣʴʟʫʷ ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʠ ʫʯʠʪʳʚʘʷ ʩʠʣʳ, ʫʢʘʟʘʥʥʳʝ ʥʘ 

ʨʠʩʫʥʢʝ 1ʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1, ʘ 

ʪʘʢʞʝ ʚʳʙʨʘʥʳ ʧʨʠʚʦʜ ʠ ʨʝʜʫʢʪʦʨ ʦʪ ʢʦʤʧʘʥʠʠ Maxon, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʘ, 

ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʙʠʥʘʮʠʠ ʜʚʠʛʘʪʝʣʷ ʠ ʨʝʜʫʢʪʦʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

  

mailto:nip6@tpu.ru


XIII  ȲɋɌɊəɓɆɖɔɊɓɆɥ ɓɆəɝɓɔ-ɘɋɛɓɎɝɋɗɐɆɥ ɐɔɓɚɋɖɋɓɜɎɥ  
çȷɔɈɖɋɒɋɓɓɡɋ ɕɖɔɇɑɋɒɡ ɒɆɞɎɓɔɗɘɖɔɋɓɎɥè 

 

  

110 

 

 

ʊʘʙʣʠʮʘ 1. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʘ. 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ EC 45 + GP 32 HP 

M, ˚Ͻ̍  4,2 4 

P, ˏ  ̓ 58,8 50 

n, ʦʙ/ʤʠʥ  143 187 

ɺʳʙʨʘʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʷʚʣʷʝʪʩʷ ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, 

ʢʦʪʦʨʳʡ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʳʝ ʜʘʪʯʠʢʠ ʍʦʣʣʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ 

ʦʪʩʣʝʞʠʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʳʙʨʘʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ 

ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʦʪʦʚʦʝ ʨʝʰʝʥʠʝ ʦʪ ʪʦʡ ʞʝ ʢʦʤʧʘʥʠʠ, ʦʪ ʢʦʪʦʨʦʡ ʙʳʣ ʚʳʙʨʘʥ 

ʜʚʠʛʘʪʝʣʴ. ɹʳʣ ʚʳʙʨʘʥ ʩʠʣʦʚʦʡ ʢʦʥʪʨʦʣʣʝʨ EPOS4, ʧʦʩʢʦʣʴʢʫ ʦʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʝʛʫʣʷʪʦʨ 

ʧʦʣʦʞʝʥʠʷ, ʪʦʢʘ ʠ ʩʢʦʨʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʜʘʥʥʦʡ ʨʦʙʦʪʘ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʩʪʘʣ ʨʘʩʯʸʪ ʜʚʠʞʠʪʝʣʷ ʥʘ ʠʟʛʠʙ, ʚʳʙʦʨ ʩʝʯʝʥʠʷ ʠ ʤʘʪʝʨʠʘʣʘ ʠʟ 

ʢʦʪʦʨʦʛʦ ʦʥ ʙʫʜʝʪ ʠʟʛʦʪʦʚʣʝʥ. ɼʣʷ ʨʘʩʯʸʪʘ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʫʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ: 

„̍ ́̋̒
̍́̋̒ „                                                           (1)                               

ʛʜʝ  „̍ ́̋  ̒ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʦʨʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʄʇʘ; 

ὓ̍ ́̋̒ὔϽὶ ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ, ʅϽʤ;  

ὡ
Ͻ

 ï ʦʩʝʚʦʡ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʝʯʝʥʠʷ, ̍  (ʨʠʩʫʥʦʢ 1ʙ). 

ʀʩʧʦʣʴʟʫʷ ʵʪʦ ʫʩʣʦʚʠʝ, ʜʣʷ ʩʝʯʝʥʠʷ ʩ ʪʦʣʱʠʥʦʡ 6 ʤʤ ʠ ʜʣʠʥʥʦʡ 20 ʤʤ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ 12,5 ʄʇʘ. ʀʟ ʠʩʪʦʯʥʠʢʘ [1] 

ʠʟʚʝʩʪʥʳ ʧʨʝʜʝʣʳ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɹʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʣʘʩʪʠʢ ʇʕʊɻ ʠ ʪʝʭʥʦʣʦʛʠʶ 3D ʧʝʯʘʪʠ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʨʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʤʝʥʴʰʝ, ʯʝʤ ʪʘʙʣʠʯʥʦʝ ʟʥʘʯʝʥʠʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʘʝʪʩʷ 12,5 < 35 ʄʇʘ, ʵʪʦ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʚʳʙʨʘʥʥʦʝ ʩʝʯʝʥʠʝ ʜʦʧʫʩʪʠʤʦ ʠ ʤʘʪʝʨʠʘʣ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ ʧʨʦʯʥʦʩʪʠ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʨʘʩʯʸʪʳ ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ 

Autodesk Inventor 2018. 

 
ʈʠʩ. 2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʠʪʝʣʷ ʥʘ ʠʟʛʠʙ 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʜʚʝʨʞʝʥʥʳʝ ʠʟʛʠʙʫ, ʩʣʝʚʘ ʧʦʢʘʟʘʥʘ 

ʰʢʘʣʘ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʢʦʪʦʨʦʡ ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ             13,12 

ʄʇʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ. 
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ʉʪʘʙʠʣʠʟʘʮʠʷ ʧʦʣʦʞʝʥʠʷ ʧʝʨʝʚʝʨʥʫʪʦʛʦ ʤʘʷʪʥʠʢʘ ʥʘ ʪʝʣʝʞʢʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʟʘʜʘʯ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʫʩʪʦʡʯʠʚʫʶ ʥʝʣʠʥʝʡʥʫʶ ʩʠʩʪʝʤʫ, ʫ ʢʦʪʦʨʦʡ ʯʘʩʪʴ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʥʝ 

ʫʧʨʘʚʣʷʝʪʩʷ ʥʘʧʨʷʤʫʶ. ʊʘʢʠʝ ʩʣʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʦʩʪʳʝ ʨʝʛʫʣʷʪʦʨʳ 

[1], ʥʘʧʨʠʤʝʨ, ʇʀɼ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʧʝʨʝʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʣʦʞʝʥʠʷ ʤʘʷʪʥʠʢʘ ʥʝʦʙʭʦʜʠʤʳ ʤʠʥʠʤʘʣʴʥʦʝ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʚʨʝʤʷ 

ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, 

ʷʚʣʷʶʪʩʷ: ʤʦʜʘʣʴʥʳʡ ʨʝʛʫʣʷʪʦʨ (Modal regulator), ʣʠʥʝʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʳʡ ʨʝʛʫʣʷʪʦʨ (LQ 

regulator) [2], ʨʝʛʫʣʷʪʦʨʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʪʦʜʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ: ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ (Neural networks) [3], ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ (Fuzzy logic) [4], ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ (Genetic 

algorithm)) [5]. ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʤʦʜʘʣʴʥʦʛʦ ʠ ʣʠʥʝʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʨʝʛʫʣʷʪʦʨʦʚ, ʥʝʦʙʭʦʜʠʤʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʧʦ ʢʦʪʦʨʦʡ ʥʘʩʪʨʘʠʚʘʶʪ ʢʦʨʥʠ ʩʠʩʪʝʤʳ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʦʝ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ. ʆʜʥʘʢʦ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʣʠʥʝʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʦʧʪʠʤʘʣʴʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʜʦʩʪʠʯʴ ʣʫʯʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʝʤ ʤʦʜʘʣʴʥʳʡ ʨʝʛʫʣʷʪʦʨ 

[2]. 

ʇʨʦʚʝʜʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʨʘʚʥʝʥʠʝ ʨʘʙʦʪʳ ʜʘʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʧʨʠʤʝʨʝ 2-ʭ 

ʩʪʝʧʝʥʥʦʛʦ ʤʘʷʪʥʠʢʘ ʥʘ ʪʝʣʝʞʢʝ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʪʝʣʝʞʢʠ ʩ ʧʝʨʝʚʝʨʥʫʪʳʤ 2-ʭ ʩʪʝʧʝʥʥʳʤ ʤʘʷʪʥʠʢʦʤ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʦʧʠʰʝʤ ʢʠʥʝʪʠʯʝʩʢʫʶ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʠ ʧʨʠʤʝʥʠʤ ʢ ʥʠʤ ʬʦʨʤʘʣʠʟʤ ʃʘʛʨʘʥʞʘ. ʊʦʛʜʘ ʧʦʣʫʯʝʥʥʘʷ 

ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

( ( )) ( ( ), ( ))M q t q h q t q t Q+ =; 

2

2 2

0 cos 0

0 sin sin cos cos
( ( )) ,

cos sin sin 0

0 cos cos 0 cos

M m ml

M m ml ml
M q t

ml ml ml

ml ml

q

q j q j

q q j

q j q

+è ø
é ù

+
é ù=
é ù
é ù
ê ú
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ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʣʠʥʝʘʨʠʟʘʮʠʷ ʤʦʜʝʣʠ ʚ ʪʦʯʢʝ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʤʘʷʪʥʠʢʘ. ɼʘʣʝʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʦʜʘʣʴʥʳʡ ʠ ʣʠʥʝʡʥʦ-

ʢʚʘʜʨʘʪʠʯʥʳʡ ʨʝʛʫʣʷʪʦʨ, ʧʝʨʝʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʚʩʝʭ ʚʳʭʦʜʥʳʤ ʧʝʨʝʤʝʥʥʳʤ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʇʦ ʜʘʥʥʳʤ ʛʨʘʬʠʢʘʤ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʩʦʧʦʩʪʘʚʠʤʦʤ ʟʥʘʯʝʥʠʠ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ, 

ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʣʠʥʝʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ï ʦʢʦʣʦ 0.4 

ʩʝʢʫʥʜʳ, ʪ.ʝ. ʦʥ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʦʙʘ ʚʠʜʘ ʨʝʛʫʣʷʪʦʨʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢ ʜʘʥʥʦʡ ʟʘʜʘʯʝ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. Lim Y. Y., Hoo C. L., Wong F., Myan Y. Stabilising an Inverted Pendulum with PID 

Controller // MATEC Web of Conferences. ï 2018 ï Vol. 152 ï p. 1-14 

2. Kumar V. E., Jovitha J. Robust LQR Controller Design for Stabilizing and Trajectory 

Tracking of Inverted Pendulum // International Conference on Design and Manufacturing. Procedia 

Engineering. ï- 2013 ï Vol. 64. ï p. 169-178 

3. Wu Q. H., Hogg B. W., Irwin G. W. A Neural Network Regulator for Turbogenerators // IEEE 

Transactions on Neural Networks. ï 1992 ï Vol. 3. ï  ̄1. ï p. 95-100 

4. Ray G., Das S. K., Tyagi B. Stabilization of inverted pendulum via fuzzy control // Journal of 

The Institution of Engineers ï Electrical Engineering. ï 2007 ï Vol.88. ï p. 58-62 

5. Mansoor H., Bhutta H. A. Genetic Algorithm Based Optimal Back Stepping Controller Design 

For Stabilizing Inverted Pendulum // International Conference on Computing, Electronic and 

Electrical Engineering. ï 2016 ï p. 1-5 
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ɺ ʥʳʥʝʰʥʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʥʝʬʪʝʛʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʈʦʩʩʠʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʪʷʞʸʣʦʤ ʩʦʩʪʦʷʥʠʠ. ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʟʘʧʘʩʳ ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʩʯʝʨʧʳʚʘʶʪʩʷ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʜʦʙʳʯʠ, ʩʦʢʨʘʱʘʶʪʩʷ ʦʙʲʸʤʳ ʥʝʬʪʠ. ʇʦʵʪʦʤʫ ʚ 

ʥʘʩʪʦʷʱʝʡ ʚʨʝʤʷ ʦʩʥʦʚʥʦʡ ʥʝʬʪʷʥʦʡ ʬʦʥʜ ʩʦʩʪʦʠʪ ʠʟ ʤʘʣʦʜʝʙʠʪʥʳʭ ʩʢʚʘʞʠʥ ʥʦʤʠʥʘʣʴʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʜʦ 30 ʤ3/ʩʫʪ. 

ʇʨʦʮʝʩʩ ʥʝʬʪʝʜʦʙʳʯʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʧʨʷʞʸʥ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʟʘʪʨʫʜʥʷʶʪ ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂ ʦʩʥʦʚʥʳʤ ʦʩʣʦʞʥʷʶʱʠʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʠʪʩʷ: 

- ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʜʦʙʳʚʘʝʤʦʡ ʥʝʬʪʠ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʜʝʙʝʪʘ ʩʢʚʘʞʠʥʳ, 

ʚʳʟʚʘʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝʤ ʧʦʩʪʫʧʣʝʥʠʷ ʧʣʘʩʪʦʚʦʡ ʞʠʜʢʦʩʪʠ ʢ ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʦʤʫ ʥʘʩʦʩʫ; 

- ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʢʘʯʢʠ ʚʦʜʳ ʚ ʩʢʚʘʞʠʥʫ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʩ 

ʧʦʥʠʞʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʬʪʠ ʚ ʜʦʙʳʚʘʝʤʦʡ ʚʦʜʦʥʝʬʪʷʥʦʡ ʩʤʝʩʠ; 

- ʩʣʦʞʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʯʘʩʪʦʪʥʦʛʦ ʩʢʘʣʷʨʥʦʛʦ ʧʫʩʢʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʋʕʎʅ; 

- ʚʦʟʤʦʞʥʦʩʪʴʶ ʟʘʠʣʠʚʘʥʠʷ ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ ʧʦʩʣʝ ʝʛʦ ʦʪʢʣʶʯʝʥʠʷ; 

- ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙ ʧʨʠ ʧʫʩʢʝ ʧʦʛʨʫʞʥʦʛʦ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

- ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʨʝʛʫʣʠʨʫʝʤʳʭ 
ʢʦʦʨʜʠʥʘʪ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ. 

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʚʝʢʪʦʨʥʦʝ ʯʘʩʪʦʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʩʢʦʨʦʩʪʴʶ ʧʦʛʨʫʞʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʥʘʩʦʩʘ ʠ 

ʚʩʝʛʦ ʩʢʚʘʞʠʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʪʘʥʜʘʨʪʥʳʡ ʥʝʧʨʝʨʳʚʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʠʟʥʦʩʫ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʋʕʎʅ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʜʦʙʳʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. 

ɺ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʣʦʜʝʙʠʪʥʳʭ ʩʢʚʘʞʠʥ ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʳʭ 

ʥʘʩʦʩʦʚ (ʋʕʎʅ) ʥʘ ʩʤʝʥʫ ʥʝʧʨʝʨʳʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠʰʣʠ ʪʘʢʠʝ ʨʝʞʠʤʳ ʢʘʢ 

ʧʝʨʠʦʜʠʯʝʩʢʘʷ (ʇʕʉ), ʮʠʢʣʠʯʝʩʢʘʷ (ʎʕʉ) ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʢʚʘʞʠʥ (ʂʕʉ). 

ʇʕʉ ï çéʩʧʦʩʦʙ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʯʝʨʝʜʦʚʘʥʠʠ ʧʝʨʠʦʜʦʚ ʦʪʢʘʯʢʠ ʠ ʧʝʨʠʦʜʦʚ 

ʥʘʢʦʧʣʝʥʠʷ ʩʢʚʘʞʠʥʥʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʟʘʙʦʝ. ʇʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʧʝʨʠʦʜ ʧʨʦʩʪʦʷ ʤʦʞʝʪ 

ʢʦʣʝʙʘʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï ʦʪ 30 ʤʠʥʫʪ ʜʦ 2 ʯʘʩʦʚ ʠ ʜʦʣʴʰʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʢʚʘʞʠʥʳéè [1]. 

ʇʨʠʤʝʥʷʝʪʩʷ ʇʕʉ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʢʦʛʜʘ ʥʝʬʪʷʥʘʷ 

ʩʤʝʩʴ ʧʦʩʪʫʧʘʝʪ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ [1]. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʨʝʞʠʤʫ ʨʘʙʦʪʳ ʩʦʢʨʘʱʘʝʪʩʷ ʠʟʥʦʩ 

ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʚʦʜʘ ʩʢʚʘʞʠʥʳ ʩ ʧʦʩʪʦʷʥʥʦʡ ʥʘ 

ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ʘʙʩʦʣʶʪʥʦʛʦ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ 

ʪʝʢʫʱʝʛʦ ʜʝʙʠʪʘ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʦʙʳʯʠ 

ʥʝʬʪʠ, ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʪʨʝʙʣʝʥʠʝ ʢʘʢ ʘʢʪʠʚʥʦʡ, ʪʘʢ ʠ ʨʝʘʢʪʠʚʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɹʦʣʝʝ ʵʥʝʨʛʦʟʘʪʨʘʪʥʘ ʜʦʙʳʯʘ ʥʝʬʪʠ ʚ ʩʢʚʘʞʠʥʘʭ ʩ ʜʝʙʠʪʦʤ ʤʝʥʝʝ 2 ʤ3/ʩʫʪ. 

ʇʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʮʠʢʣʳ ʦʪʢʘʯʢʠ 

(3é10 ʤʠʥ.) ʯʝʨʝʜʫʶʪʩʷ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤʠ ʧʝʨʠʦʜʘʤʠ ʥʘʢʦʧʣʝʥʠʷ (10é60 

ʤʠʥ.) ʞʠʜʢʦʩʪʠ ʚ ʩʢʚʘʞʠʥʝ, ʪ.ʝ. ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʘʙʦʪʘʝʪ ʚ ʦʜʥʦʤ ʠʟ 

ʨʝʞʠʤʦʚ: S2 (ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ) ʠʣʠ S3 (ʧʦʚʪʦʨʥʦ-ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʧʝʨʠʦʜʠʯʝʩʢʠʡ) ʧʦ 

ɻʆʉʊ ʈ 5276-2007 [2]. 
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ʇʨʠ ʪʘʢʦʤ ʨʝʞʠʤʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʋʕʎʅ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚ 4é5 ʨʘʟ ʙʝʟ 

ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠ ʛʘʙʘʨʠʪʦʚ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʝʛʦ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ, ʪʦ ʝʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʚʨʝʤʝʥʠ ʦʪʢʘʯʢʠ ʠ 

ʥʘʢʦʧʣʝʥʠʷ [3] ʞʠʜʢʦʩʪʠ. 
ʎʕʉ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʠ ʥʝʧʨʝʨʳʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ 

ʋʕʎʅ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ. ʇʨʠ ʵʪʦʤ ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʪ ʠʟʚʝʩʪʥʳʭ 

ʩʧʦʩʦʙʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ ʎʕʉ ʦʪʣʠʯʘʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʦʙʳʚʘʶʱʝʡ ʫʩʪʘʥʦʚʢʠ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ [4] ʩʦʦʪʥʦʰʝʥʠʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʪʢʘʯʢʠ ʞʠʜʢʦʩʪʠ ʠʟ ʩʢʚʘʞʠʥʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ 

ʞʠʜʢʦʩʪʠ ʚ ʩʢʚʘʞʠʥʝ (ʠ ʨʘʟʚʠʚʘʝʤʦʛʦ ʝʶ ʜʘʚʣʝʥʠʷ) ʠʟʤʝʥʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʥʘʩʦʩʘ. 

ɺʩʝ ʵʣʝʤʝʥʪʳ ʫʩʪʘʥʦʚʢʠ ʨʘʙʦʪʘʶʪ ʚ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʠʣʠ ʮʠʢʣʠʯʝʩʢʦʤ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ 

ʨʝʞʠʤʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩ 

ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʦʡ. 

ʇʨʠ ʥʝʦʜʥʦʢʨʘʪʥʳʭ ʟʘʧʫʩʢʘʭ ʋʕʎʅ ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʦʢʨʘʱʘʝʪʩʷ ʧʦ 

ʧʨʠʯʠʥʝ ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʳ ʚʦʟʜʝʡʩʪʚʠʷ ʫʜʘʨʥʳʭ ʧʫʩʢʦʚʳʭ ʧʝʨʝʛʨʫʟʦʢ [4]. ʋʜʘʨʥʳʝ 

ʧʫʩʢʦʚʳʝ ʧʝʨʝʛʨʫʟʢʠ ʫʩʪʨʘʥʷʶʪʩʷ ʙʣʘʛʦʜʘʨʷ çʤʷʛʢʦʤʫè ʙʝʟʫʜʘʨʥʦʤʫ ʧʫʩʢʫ ʋʕʎʅ ʧʨʠ 

ʧʦʤʦʱʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ (ʇʏ) [5]. 

ʈʘʙʦʪʘ ʚ ʪʘʢʦʤ ʨʝʞʠʤʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝʤ ʚʨʝʤʝʥʠ ʦʪʢʘʯʢʠ ʥʝʬʪʷʥʦʛʦ 

ʬʣʶʠʜʘ ʠ ʚʨʝʤʝʥʝʤ ʥʘʢʦʧʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʩʢʚʘʞʠʥʝ. ʇʨʠ ʮʠʢʣʠʯʝʩʢʦʡ ʨʘʙʦʪʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʪʢʘʯʢʠ ʩʦʩʪʘʚʣʷʝʪ 5é20 ʤʠʥʫʪ, ʯʪʦ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʞʠʜʢʦʩʪʠ (ʦʪ 0,5 ʜʦ 2 ʯʘʩʦʚ). ʎʠʢʣʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ 

ʚʦʟʤʦʞʥʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʢʘʢ ʤʘʣʦʜʝʙʠʪʥʳʝ (5é30 ʤ3/ʩʫʪ), ʪʘʢ ʠ ʩʨʝʜʥʝʜʝʙʠʪʥʳʝ (30é80 

ʤ3/ʩʫʪ) ʩʢʚʘʞʠʥʳ. ʇʨʠʯʝʤ ʚ ʜʠʘʧʘʟʦʥʝ ʜʝʙʠʪʦʚ 30é50 ʤ3/ʩʫʪ, ʛʜʝ ʫʩʪʘʥʦʚʢʠ ʰʪʘʥʛʦʚʳʭ 

ʛʣʫʙʠʥʥʳʭ ʥʘʩʦʩʦʚ (ʋʉʐʅ) ʨʘʙʦʪʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʭʦ, ʘ ʋʕʎʅ ʨʘʙʦʪʘʶʪ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʦ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʎʕʉ ʥʝ ʧʦʜʣʝʞʘʪ ʩʦʤʥʝʥʠʶ. ʊʘʢʞʝ ʚ ʪʘʢʦʤ ʨʝʞʠʤʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʠʟʥʦʩʘ ʦʨʛʘʥʦʚ ʋʕʎʅ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʘʢ ʠ ʚ 

ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʯʘʩʪʴ ʢʘʣʝʥʜʘʨʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʦʩʪʘʣʴʥʦʝ ʚʨʝʤʷ 

ʙʝʟʜʝʡʩʪʚʫʝʪ (ʧʝʨʠʦʜ ʥʘʢʦʧʣʝʥʠʷ ʞʠʜʢʦʩʪʠ) [4]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʨʝʞʠʤʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʩʪʦʷʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʩʢʚʘʞʠʥ, 

ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʩʦʩʪʘʚʣʷʶʱʠʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʜʦʙʳʯʠ ʥʝʬʪʠ: ʫʚʝʣʠʯʝʥʠʝ ʜʝʙʠʪʘ ʥʘ 10-

15%, ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 2é3 ʨʘʟʘ, ʫʚʝʣʠʯʝʥʠʝ ʄʈʇ ʚ 1,5é2 ʨʘʟʘ ʠ 

ʵʢʦʥʦʤʠʷ ʥʘ çʫʜʝʣʴʥʦʡè ʩʪʦʠʤʦʩʪʠ ʫʧʨʘʚʣʷʝʤʳʭ ʋʕʎʅ. 
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ʈʦʙʦʪʳ-ʤʘʥʠʧʫʣʷʪʦʨʳ ï ʵʪʦ ʩʣʦʞʥʳʝ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ 

ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʩ ʥʠʤʠ ʥʝʦʙʭʦʜʠʤʦ 

ʚʣʘʜʝʪʴ ʥʘʚʳʢʘʤʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʦʥʠʤʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʳʡ ʦʥʠ 

ʚʥʝʜʨʝʥʳ, ʘ ʪʘʢʞʝ ʠʤʝʪʴ ʛʣʫʙʦʢʠʝ ʟʥʘʥʠʷ ʚ ʪʝʦʨʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦʙʦʪʘʭ. ʂʘʢ ʧʨʘʚʠʣʦ, ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʙʘʟʘ ɺʋɿʦʚ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʟʥʘʥʠʷ ʦ ʨʦʙʦʪʘʭ-ʤʘʥʠʧʫʣʷʪʦʨʘʭ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʚ ʩʚʷʟʠ ʩ ʠʭ ʜʦʨʦʛʦʚʠʟʥʦʡ, ʩʣʦʞʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʦʡ ʠ 

ʙʦʣʴʰʠʤʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ 

ʩʪʫʜʝʥʪʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʨʘʟʨʘʙʦʪʢʠ ʠʤʠʪʘʮʠʦʥʥʦʡ ʩʨʝʜʳ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʩʪʫʜʝʥʪʳ ʤʦʛʫʪ ʧʨʦʚʦʜʠʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ 

ʨʝʘʣʴʥʦʩʪʠ. 

ʉʫʱʝʩʪʚʫʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ, ʢ ʧʨʠʤʝʨʫ, RobotStudio, ʨʘʟʨʘʙʦʪʘʥʥʦʝ 

ʢʦʤʧʘʥʠʝʡ ABB, ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʮʝʥʘʨʠʝʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʨʦʙʦʪʘʤʠ ʠ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʦʛʨʫʞʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ, ʟʘ ʩʯʝʪ ʨʝʘʣʠʩʪʠʯʥʦʡ  

3D ï ʛʨʘʬʠʢʠ. ʅʝʜʦʩʪʘʪʢʦʤ ʞʝ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʠ ʥʝ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤ ʨʦʙʦʪʦʤ ʚ ʧʦʣʥʦʡ ʤʝʨʝ, ʘ ʠʤʝʥʥʦ ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ, 

ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʩʘʤʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʙʦʪʘ [1]. ɼʘʥʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʣʠʰʝʥ 

ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ ñRobotics Toolboxò, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʇʆ MatLab ʠ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʘʤʠ-

ʤʘʥʠʧʫʣʷʪʦʨʘʤʠ, ʦʜʥʘʢʦ ʜʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʰʝʥʘ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʚ ʢʦʪʦʨʳʡ ʚʥʝʜʨʝʥ ʨʦʙʦʪ [2, 3]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʥʝ ʪʦʣʴʢʦ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʥʦ ʠ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ 

ʥʝʛʦ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ, ʚ ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʤ ʢ 

ʨʝʘʣʴʥʦʤʫ. ɿʘ ʩʯʝʪ ʯʝʛʦ ʥʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʚʠʨʪʫʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʢ ʨʝʘʣʴʥʦʤʫ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʨʦʙʦʪ 

ʤʘʥʠʧʫʣʷʪʦʨ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʡ ʢ ʨʝʘʣʴʥʦʤʫ, ʨʝʘʣʠʟʦʚʘʥ ʥʘ 

ʙʘʟʝ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʳ Unity (ʩʤ. ʨʠʩ.1), ʧʦʟʚʦʣʷʶʱʝʡ ʨʘʙʦʪʘʪʴ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʟʘʢʦʥʘʤʠ, ʥʦ 

ʜʘʥʥʘʷ ʧʣʘʪʬʦʨʤʘ ʥʝ ʩʦʚʩʝʤ ʧʦʜʭʦʜʠʪ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʨʦʙʦʪʘ-

ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ MatLab (ʩʤ. ʨʠʩ.2). ʉʚʷʟʴ ʤʝʞʜʫ ʧʨʦʛʨʘʤʤʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ Unity ʠ MatLab, ʧʦʜʜʝʨʞʠʚʘʶʱʠʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʠ ʨʝʘʣʠʟʫʶʱʠʝ 3D-

ʚʠʟʫʘʣʠʟʘʮʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʦʪʦʢʦʣʘ ʩʚʷʟʠ TCP (ʩʤ. 

ʨʠʩ. 3). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 
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ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʨʦʙʦʪʘ-

ʤʘʥʠʧʫʣʷʪʦʨʘ. 

ʊʘʢʞʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʥʣʘʡʥ ʠ ʦʬʬʣʘʡʥ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʚʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʩʘʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ (ʦʥʣʘʡʥ ʤʝʪʦʜ). ɸ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩ ʙʫʜʝʪ 

ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

(ʦʬʬʣʘʡʥ ʤʝʪʦʜ). 
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ʇʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʧʨʦʮʝʩʩʘʤʠ ʥʘʛʨʝʚʘ, 

ʧʣʘʚʣʝʥʠʷ ʠ ʧʝʨʝʥʦʩʘ ʢʘʧʝʣʴ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. ɺʠʜ ʧʝʨʝʥʦʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣʦʤ ʠ 

ʪʦʣʱʠʥʦʡ ʵʣʝʢʪʨʦʜʥʦʡ ʧʨʦʚʦʣʦʢʠ, ʩʦʩʪʘʚʦʤ ʟʘʱʠʪʥʦʛʦ ʛʘʟʘ, ʧʦʣʷʨʥʦʩʪʴʶ ʠ ʩʠʣʦʡ ʩʚʘʨʦʯʥʦʛʦ 

ʪʦʢʘ, ʥʘʧʨʷʞʝʥʠʝʤ ʥʘ ʜʫʛʝ ʠ ʜʨʫʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ [1]. ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠ ʜʫʛʦʚʦʡ 

ʩʚʘʨʢʝ ʧʣʘʚʷʱʠʤʩʷ ʵʣʝʢʪʨʦʜʦʤ ʚ ʩʨʝʜʝ ʟʘʱʠʪʥʳʭ ʛʘʟʦʚ ʧʦʣʫʯʠʣ ʧʝʨʝʥʦʩ ʩ ʢʦʨʦʪʢʠʤʠ 

ʟʘʤʳʢʘʥʠʷʤʠ ʢʘʧʣʠ ʥʘ ʚʘʥʥʫ, ʦʙʣʘʜʘʶʱʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ï ʙʦʣʴʰʦʡ 

ʛʣʫʙʠʥʦʡ ʧʨʦʧʣʘʚʣʝʥʠʷ, ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʢʘʯʝʩʪʚʝʥʥʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʰʚʘ ʚ 

ʣʶʙʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ [2].  

ɺ ɹʝʣʦʨʫʩʩʢʦ-ʈʦʩʩʠʡʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʨʘʟʨʘʙʦʪʘʥ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ 

ʢʦʤʧʣʝʢʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʧʣʘʚʣʝʥʠʷ ʠ ʧʝʨʝʥʦʩʘ 

ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʧʨʠ ʜʫʛʦʚʦʡ ʩʚʘʨʢʝ [3]. ʇʝʨʝʤʝʱʝʥʠʝ ʩʚʘʨʦʯʥʦʡ ʛʦʨʝʣʢʠ ʩ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʩʢʦʨʦʩʪʴʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʙʦʪʘ FANUC 

Robot ARC Mate 100iC. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ Fronius TransPuls 

Synergic 3200, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʧʦʣʥʷʪʴ ʜʫʛʦʚʫʶ ʩʚʘʨʢʫ ʧʣʘʚʷʱʠʤʩʷ ʵʣʝʢʪʨʦʜʦʤ ʚ ʟʘʱʠʪʥʳʭ 

ʛʘʟʘʭ ʧʨʦʚʦʣʦʢʦʡ ʜʠʘʤʝʪʨʦʤ 0,8..1,6 ʤʤ ʚ ʜʠʘʧʘʟʦʥʝ ʪʦʢʦʚ 3 ï 320 ɸ (ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ 

ʧʨʦʚʦʣʦʢʠ 0,5 ï 22 ʤ/ʤʠʥ) ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʥʘ ʜʫʛʝ 14 ï 30 ɺ. ʉʚʘʨʦʯʥʳʡ ʩʪʦʣ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʥʘ ʦʧʪʠʯʝʩʢʫʶ ʩʢʘʤʴʶ. ɼʣʷ ʧʦʜʩʚʝʪʢʠ ʟʦʥʳ ʩʚʘʨʢʠ, ʩ ʮʝʣʴʶ ʫʩʪʨʘʥʝʥʠʷ ʤʦʱʥʦʛʦ ʩʚʝʪʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩʚʘʨʦʯʥʦʡ ʜʫʛʠ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʚʝʪʦʜʠʦʜ 850 ʥʤ, 3 ɺʪ ʧʨʠ ʧʠʪʘʥʠʠ ʪʦʢʦʤ 700-800 

ʤɸ. ɺʳʜʝʣʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʦʛʦ 

ʩʚʝʪʦʬʠʣʴʪʨʘ ʀʂʉ6 (850-3000 ʥʤ) ʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʩʚʝʪʦʬʠʣʴʪʨʘ ʅʉ13. ɺ ʢʘʯʝʩʪʚʝ ʢʘʤʝʨʳ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʩʲʝʤʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ Evercam 1000-4-ʉ ʩ CMOS ʩʝʥʩʦʨʦʤ ʧʨʠ ʯʘʩʪʦʪʝ 

ʩʲʝʤʢʠ ʦʪ 1000 ʜʦ 4000 ʢ/ʩ. ʈʝʛʠʩʪʨʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʨʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ: ʤʛʥʦʚʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʜʫʛʝ, ʨʘʩʭʦʜʘ ʟʘʱʠʪʥʦʛʦ ʛʘʟʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʨʝʛʠʩʪʨʘʪʦʨʦʤ ʈʉʇ-ɹʈʋ-2001 ʩ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 20 ʢɻʮ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʨʘʟʨʘʙʦʪʘʥʦ ʚ ʩʨʝʜʝ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ NI LabVIEW. ʂʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʚʘʨʢʫ ʥʘ 

ʟʘʜʘʚʘʝʤʳʭ ʦʧʝʨʘʪʦʨʦʤ ʨʝʞʠʤʘʭ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʛʠʩʪʨʘʮʠʶ ʠ ʠʟʤʝʨʝʥʠʝ ʩʚʘʨʦʯʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩ ʩʠʥʭʨʦʥʥʳʤ ʥʘʣʦʞʝʥʠʝʤ ʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʢʘʜʨʦʚ ʩʢʦʨʦʩʪʥʦʡ ʚʠʜʝʦʩʲʝʤʢʠ.   

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʧʨʠ ʜʫʛʦʚʦʡ ʩʚʘʨʢʝ 

ʢʦʨʦʪʢʠʤʠ ʟʘʤʳʢʘʥʠʷʤʠ ʧʨʦʚʝʣʠ ʩʝʨʠʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʥʘʧʣʘʚʢʝ ʥʘ ʧʣʘʩʪʠʥʳ 100ʭ100ʭ10 

ʤʤ ʠʟ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʧʨʦʚʦʣʦʢʦʡ ʉʚ08ɻ2ʉ ʜʠʘʤʝʪʨʦʤ 1,2 ʤʤ ʚ ʩʤʝʩʠ ʛʘʟʦʚ 

82%Ar+18%CO2. ʉʢʦʨʦʩʪʴ ʩʚʘʨʢʠ ʩʦʩʪʘʚʣʷʣʘ 18 ʤ/ʯ, ʚʳʣʝʪ ʵʣʝʢʪʨʦʜʘ 14 ʤʤ, ʨʘʩʭʦʜ 

ʟʘʱʠʪʥʦʛʦ ʛʘʟʘ 14 ʣ/ʤʠʥ. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʘʩʴ ʜʣʷ ʟʥʘʯʝʥʠʡ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʚ ʜʠʘʧʘʟʦʥʝ 100 

ï 200 ɸ,  ʧʨʠ ʩʪʫʧʝʥʯʘʪʦʤ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʜʫʛʝ ʦʪ 14 ʜʦ 24 ɺ. ʇʨʦʛʨʘʤʤʥʦ 

ʦʧʨʝʜʝʣʷʣʠ ʦʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ ʥʘ ʢʘʞʜʦʤ ʤʠʢʨʦʮʠʢʣʝ ʧʝʨʝʥʦʩʘ 

ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ: ʯʘʩʪʦʪʫ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʢʘʧʣʷʤʠ fʢ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʦʨʝʥʠʷ ʜʫʛʠ tʜ, 
ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ tʢ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ Iʧ, ʩʢʦʨʦʩʪʴ ʝʛʦ 

ʥʘʨʘʩʪʘʥʠʷ dIʧ/dt, ʘ ʪʘʢʞʝ ʵʥʝʨʛʠʶ ʜʫʛʠ Q, ʨʘʩʭʦʜʫʝʤʫʶ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʧʣʠ 

ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʩʦʧʦʩʪʘʚʣʷʷ ʠʭ ʩ ʜʠʘʤʝʪʨʦʤ ʢʘʧʣʠ dʢ ʥʘ ʤʦʤʝʥʪ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʚ ʚʘʥʥʫ.  
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 ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ ʜʫʛʦʚʦʛʦ 

ʧʨʦʤʝʞʫʪʢʘ ʥʝ ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʥʦʩʫ ʢʘʧʣʠ ʠ ʧʨʠ ʧʦʜʩʯʸʪʝ ʯʘʩʪʦʪ ʧʝʨʝʥʦʩʘ ʥʝ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʢʦʨʦʪʢʠʝ ʟʘʤʳʢʘʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ tk<1,6 ʤʩ. ʋʚʝʣʠʯʝʥʠʝ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ 

(ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʧʨʦʚʦʣʦʢʠ) ʧʨʠʚʦʜʠʪ ʧʣʘʚʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʯʘʩʪʦʪʳ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ, 

ʘ ʧʨʠ ʤʘʣʦʤ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʯʘʩʪʦʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʙʳʩʪʨʝʝ. ʉ ʨʦʩʪʦʤ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʜʫʛʝ ʯʘʩʪʦʪʘ ʮʠʢʣʘ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʠ ʨʦʩʪʦʤ ʨʘʟʤʝʨʘ ʢʘʧʝʣʴ.  ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʦʮʝʥʢʠ ʧʝʨʝʥʦʩʘ ʠ ʜʠʘʤʝʪʨʦʤ ʢʘʧʝʣʴ ʵʣʝʢʪʨʦʜʥʦʛʦ 

ʤʝʪʘʣʣʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʪʝʩʥʫʶ ʩʚʷʟʴ ʩ ʜʠʘʤʝʪʨʦʤ ʢʘʧʣʠ ʠʤʝʝʪ ʵʥʝʨʛʠʷ ʜʫʛʠ ʥʘ 

ʵʪʘʧʝ ʝʸ ʬʦʨʤʠʨʦʚʘʥʠʷ (ʨʠʩ.1). ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʠʤʝʝʪ ʚʠʜ: dʢ=1,63+0,0566ĀQ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 0,98. ɼʘʥʥʘʷ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʧʨʘʚʝʜʣʠʚʘ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʚʘʨʦʯʥʦʡ ʧʨʦʚʦʣʦʢʠ ʉʚ08ɻ2ʉ ʜʠʘʤʝʪʨʦʤ 1,2 ʤʤ ʚ ʩʤʝʩʠ 

82%Ar+18%CO2 ʥʘ ʨʝʞʠʤʘʭ ʩʚʘʨʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʝʨʝʥʦʩ ʢʦʨʦʪʢʠʤʠ ʟʘʤʳʢʘʥʠʷʤʠ 

ʜʫʛʦʚʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʩʚʘʨʦʯʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʜʣʷ ʜʦʟʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ, ʠʜʫʱʝʡ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʧʣʠ ʥʫʞʥʦʛʦ 

ʨʘʟʤʝʨʘ.  

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʘʤʝʪʨʘ ʢʘʧʣʠ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʦʪ ʵʥʝʨʛʠʠ ʜʫʛʠ   

 

ʇʨʝʜʣʦʞʝʥʦ ʪʘʢʞʝ ʦʮʝʥʠʚʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʫʛʦʚʦʡ ʩʚʘʨʢʠ ʧʦ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʚ ʜʠʘʧʘʟʦʥʝ 5-200 ɻʮ, ʦʧʨʝʜʝʣʷʝʤʦʤʫ ʧʨʦʛʨʘʤʤʥʳʤ ʘʥʘʣʠʟʘʪʦʨʦʤ 

ʩʧʝʢʪʨʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʩʪʘʙʠʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ ʯʘʩʪʦʪʘ ʪʦʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʝ ʧʝʨʝʥʦʩʘ ʢʘʧʝʣʴ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʘʤʧʣʠʪʫʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʦʚ ʩʚʘʨʢʠ ʦʪ 10,5 ɸ ʜʦ 21,6 ɸ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʩʪʘʙʠʣʴʥʦ ʧʨʦʪʝʢʘʶʱʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʘ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʩ ʘʤʧʣʠʪʫʜʘʤʠ, ʩʦʠʟʤʝʨʠʤʳʤʠ ʩ 

ʘʤʧʣʠʪʫʜʦʡ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ, ʥʝ ʧʨʝʚʳʰʘʝʪ 1-3 ɻʮ.  
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ʆʙʳʯʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠ ʥʘʜʝʞʥʦʩʪʠ ʠʟʜʝʣʠʡ 

ʦʙʨʘʙʦʪʢʦʡ ʦʮʝʥʠʚʘʝʪʩʷ ʩʨʘʚʥʝʥʠʝʤ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʷ ʩ 

ʧʦʢʨʳʪʠʝʤ ʠ ʙʝʟ ʥʝʛʦ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʥʝʣʴʟʷ ʧʨʠʟʥʘʪʴ ʧʦʣʥʳʤ, ʪʘʢ ʢʘʢ ʚʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ ʠʟʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ, ʥʦ ʠ ʜʠʩʧʝʨʩʠʷ ʝʛʦ ʨʘʩʩʝʠʚʘʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʧʦʣʥʳʡ ʘʥʘʣʠʟ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ ʚʘʢʫʫʤʥʦʡ 

ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ [2-6] ʥʘ ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʝʚ ʠ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ. ʊʝʤ 

ʙʦʣʝʝ, ʯʪʦ ʤʝʪʦʜʦʣʦʛʠʷ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʜʠʩʧʝʨʩʠʠ 

ʧʘʨʘʤʝʪʨʘ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ [1]. 

ʃʶʙʦʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʧʦʜʯʠʥʝʥʥʦʡ ʦʧʨʝʜʝʣʝʥʥʦʤʫ 

ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʕʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ ʯʠʩʣʝʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ï ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ (ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ) ʠ ʜʠʩʧʝʨʩʠʝʡ 

(ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ). ɽʩʪʝʩʪʚʝʥʥʦ, ʩʨʘʚʥʠʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʜʚʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʥʝʚʦʟʤʦʞʥʦ, ʥʦ 

ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʩʨʘʚʥʝʥʠʝʤ ʪʦʣʴʢʦ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʜʦʧʫʩʪʠʤʦ ʣʠʰʴ ʧʨʠ ʙʣʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ 

ʠʭ ʜʠʩʧʝʨʩʠʡ [1]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʚʚʦʜʷʪʩʷ ʧʦʢʘʟʘʪʝʣʠ 

çʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳè ʠ çʛʘʤʤʘ-ʧʨʦʮʝʥʪʥʳʡ ʨʝʩʫʨʩè, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʠʩʧʝʨʩʠʷʤʠ ʨʘʩʩʝʠʚʘʥʠʷ, ʥʦ ʢʦʪʦʨʳʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʝʪʦʜʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʚʘʢʫʫʤʥʦʡ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʠʟʜʝʣʠʡ.  

ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʧʦʚʳʰʝʥʠʶ ʨʝʩʫʨʩʘ ʠ ʥʘʜʝʞʥʦʩʪʠ ʠʟʜʝʣʠʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʢʦʪʦʨʳʡ ʦʙʲʝʢʪʠʚʥʦ ʫʯʠʪʳʚʘʝʪ 

ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ, ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʜʠʩʧʝʨʩʠʠ, ʫʯʠʪʳʚʘʝʪ ʫʨʦʚʝʥʴ 

ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʣʞʝʥ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, 

ʦʪʨʘʞʘʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʩʯʝʪʘ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʟʜʝʣʠʡ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʨʝʟʝʨʚʦʤ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠʟʜʝʣʠʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ ʢʚʘʜʨʘʪʠʯʝʩʢʠʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʥʠʤʘʪʴ ʨʘʟʣʠʯʥʫʶ ʩʪʨʘʪʝʛʠʶ ʧʦʚʳʰʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʧʦ 

ʠʩʩʣʝʜʫʝʤʦʤʫ ʧʘʨʘʤʝʪʨʫ ʢʘʯʝʩʪʚʘ ʠʣʠ ʩʚʦʡʩʪʚʫ, ʘ ʠʤʝʥʥʦ: 

 ï ʩʪʨʝʤʠʪʴʩʷ ʢ ʧʦʚʳhʝʥʠʁ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ; 
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ï ʩʪʨʝʤʠʪʴʩʷ ʢ ʫʤʝʥʴʰʝʥʠ ʁʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ; 

ï ʩʪʨʝʤʠʪʴʩʷ ʢ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʫʤʝʥʴʰʝʥʠ ʁ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ ʠ ʝʛʦ 

ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʘ ʚʳʥʦʩʣʠʚʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠʟ 

ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʙʝʟ ʧʦʢʨʳʪʠʷ ʠ ʩ ʚʘʢʫʫʤʥʳʤ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʳʤ ʧʦʢʨʳʪʠʝʤ ʥʘ ʦʩʥʦʚʝ 

ʥʠʪʨʠʜʘ ʪʠʪʘʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ 

ʚʳʥʦʩʣʠʚʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩ ʧʦʢʨʳʪʠʝʤ ʠ ʙʝʟ ʥʝʛʦ ʦʪʣʠʯʘʶʪʩʷ ʥʘ 5 %, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʝʣʠʯʠʥʳ 

ʩʨʝʜʥʠʭ ʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪʣʠʯʘʶʪʩʷ ʧʦʯʪʠ ʚ 1,3 ʨʘʟʘ. ʆʧʨʝʜʝʣʝʥʳ ʚʝʨʦʷʪʥʦʩʪʠ 

ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʚʘʢʫʫʤʥʳʭ ʠʦʥʥʦ-

ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʧʦ ʧʨʠʯʠʥʝ ʫʩʪʘʣʦʩʪʠ ʩʥʠʞʝʥʘ ʚ 130 ʨʘʟ. ʇʨʦʚʝʜʝʥʘ 

ʦʮʝʥʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ ʚ ʚʠʜʝ ʥʘʥʝʩʝʥʠʷ ʥʘ ʦʙʨʘʟʮʳ ʧʦʢʨʳʪʠʷ ʠʟ ʥʠʪʨʠʜʘ 

ʪʠʪʘʥʘ ʧʦ ʜʦʧʫʩʪʠʤʦʤʫ ʛʘʤʤʘ-ʧʨʦʮʝʥʪʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʤʝʨʦʧʨʠʷʪʠʷ ʜʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʥʘ 19 % ʠ 37 %. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʟʜʝʣʠʶ ʧʦ ʚʝʣʠʯʠʥʝ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚʘʢʫʫʤʥʦʡ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʨʘʩʪʘʝʪ. 
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ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʡ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʰʝʥʠʝ ʨʷʜʘ ʟʘʜʘʯ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʙʦʨʦʤ ʥʘʥʦʩʠʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʜʦʩʪʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʩʚʦʡʩʪʚ, ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ 

ʧʨʦʮʝʩʩʘ ʠ ʝʛʦ ʦʧʪʠʤʠʟʘʮʠʝʡ, ʥʘʟʥʘʯʝʥʠʝʤ ʨʝʞʠʤʦʚ ʥʘʧʳʣʝʥʠʷ ʠ ʪ.ʜ. [1-7], ʢʦʪʦʨʳʝ ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʧʨʝʜʝʣʷʶʪ ʢʘʯʝʩʪʚʦ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʟʘʜʘʯ, ʧʨʠ 

ʥʘʥʝʩʝʥʠʠ ʧʦʢʨʳʪʠʡ, ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʦʜʝʨʞʘʥʠʝʤ ʤʠʢʨʦʢʘʧʝʣʴʥʦʡ ʬʘʟʳ (ʄʂʌ), 

ʧʨʠʩʫʪʩʪʚʫʶʱʝʡ ʚ ʧʨʦʜʫʢʪʘʭ ʵʨʦʟʠʠ ʢʘʪʦʜʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʶʪ 

ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʣʠ ʄʂʌ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʪʦʜʳ [1-7]. 

ɺ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʠʜʦʚ, ʢʘʨʙʠʜʦʚ ʠ ʦʢʠʩʣʦʚ ʄʂʌ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʨʳʪʠʡ (ʦʩʦʙʝʥʥʦ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ). ʆʜʥʘʢʦ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʧʦʢʨʳʪʠʡ ʠʟ ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʨʦʣʴ ʄʂʌ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ, ʘ ʚ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠʟ ʩʧʣʘʚʦʚ (ʥʘʧʨʠʤʝʨ, ʥʠʢʝʣʴ - ʭʨʦʤ - 

ʘʣʶʤʠʥʠʡ - ʠʪʪʨʠʡ) ʄʂʌ ʠʛʨʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʦʣʴ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʣʠʟʦʩʪʴ ʬʘʟʦʚʳʭ 

ʩʦʩʪʘʚʦʚ ʤʘʪʝʨʠʘʣʦʚ ʢʘʪʦʜʘ ʠ ʧʦʢʨʳʪʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʦʙʦʙʱʝʥʠʝ ʥʘʢʦʧʣʝʥʥʦʛʦ 

ʦʧʳʪʘ ʩʥʠʞʝʥʠʷ ʄʂʌ ʠ ʧʨʝʜʣʦʞʝʥʳ ʦʙʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧ rʝʝ ʢʦʥʪʨʦʣʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʄʂʌ 

ʧʨʦʚʦʜʠʣʦʩʴ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ ʩʪʝʢʣʷʥʥʳʭ ʧʣʘʩʪʠʥʦʢ ʚ ʧʣʘʟʤʝʥʥʦʤ ʧʦʪʦʢʝ. 

ʉʦʩʪʘʚ ʄʂʌ ʠʟʫʯʘʣʩʷ ʥʘ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ, ʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ, ʟʘʥʷʪʦʡ ʄʂʌ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ʩ 

ʘʥʘʣʠʟʘʪʦʨʦʤ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

Ὧʢʬ
ʢʬ

, 

ʛʜʝ Sʢʬ - ʧʣʦʱʘʜʴ, ʟʘʥʠʤʘʝʤʘʷ ʤʠʢʨʦʢʘʧʣʷʤʠ, S0 - ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʘʥʘʣʠʟʠʨʫʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʫʯʠʪʳʚʘʣʦʩʴ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʛʦʨʝʥʠʷ ʜʫʛʠ 

ʢʦʣʠʯʝʩʪʚʦ ʄʂʌ ʤʘʢʩʠʤʘʣʴʥʦ ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʢʘʪʦʜʝ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʛʦʨʝʥʠʠ ʜʫʛʠ ʢʦʣʠʯʝʩʪʚʦ ʄʂʌ ʩʥʘʯʘʣʘ ʫʤʝʥʴʰʘʝʪʩʷ, 

ʘ ʟʘʪʝʤ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʜʦʩʪʠʛʘʝʪ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʨʝʜʥʝʠʥʪʝʛʨʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʦʜʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʚʦʜ ʩʪʝʢʣʷʥʥʳʭ ʧʣʘʩʪʠʥʦʢ ʚ ʧʣʘʟʤʝʥʥʫʶ ʩʪʨʫʶ ʜʦʣʞʝʥ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʦʩʣʝ ʧʨʠʨʘʙʦʪʢʠ ʢʘʪʦʜʘ. ɺʨʝʤʷ ʚʳʜʝʨʞʢʠ ʧʣʘʩʪʠʥʦʢ ʚ ʧʦʪʦʢʝ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʬʦʥʦʚʦʝ ʥʘʧʳʣʝʥʠʝ ʧʦʢʨʳʪʠʷ ʧʦʟʚʦʣʷʣʦ ʧʨʦʚʦʜʠʪʴ 

ʦʧʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘ ʧʨʦʩʚʝʪ ʧʣʘʩʪʠʥʦʢ ʩ ʄʂʌ. 
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ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʥʝʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʘʨʛʦʥʦʜʫʛʦʚʘʷ ʩʚʘʨʢʘ ʥʝʧʣʘʚʷʱʠʤʩʷ ʵʣʝʢʪʨʦʜʦʤ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʝʨʘʟʲʝʤʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʤʠʥʠʘʪʶʨʥʳʭ ʜʝʪʘʣʝʡ. ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʩʚʘʨʢʠ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ 

ʧʨʦʧʣʘʚʣʷʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ [1, 2, 3]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʠʤʝʥʷʶʪ ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʧʦ ʘʤʧʣʠʪʫʜʝ ʩʚʘʨʦʯʥʦʡ ʪʦʢ. 

ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʧʣʘʚʣʝʥʠʷ ʠʟʜʝʣʠʷ ʪʘʢ ʢʘʢ ʚ ʧʝʨʠʦʜ ʥʠʟʢʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʪʝʧʣʦ ʩ ʧʝʨʠʬʝʨʠʠ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ ʦʪʚʦʜʠʪʴʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʠʟ ʝʸ 

ʮʝʥʪʨʘ [4, 5]. ʆʜʥʘʢʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʫʣʷʮʠʠ 

ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʥʘ ʛʣʫʙʠʥʫ ʧʨʦʧʣʘʚʣʝʥʠʝ ʠʟʜʝʣʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʚʳʙʦʨʫ. ʉ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʦʛʦ ʚʣʠʷʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʟʛʦʪʦʚʣʝʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʝʩʢʦʥʪʘʢʪʥʦʝ ʟʘʞʠʛʘʥʠʝ ʜʫʛʠ, ʟʘʜʘʚʘʪʴ ʧʦʣʷʨʥʦʩʪʴ ʝʸ 

ʛʦʨʝʥʠʷ ʠ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʨʝʛʫʣʠʨʦʚʘʪʴ ʚʝʣʠʯʠʥʫ ʪʦʢʘ (0é250 ɸ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ 1 ɸ) ʚ 

ʩʚʘʨʦʯʥʦʡ ʮʝʧʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʟʜʝʣʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʣʘʩʪʠʥʳ ʨʘʟʤʝʨʦʤ 50Ĭ50Ĭ1 ʤʤ ʠʟ ʩʪʘʣʠ 08ʢʧ. 

ʅʝʧʣʘʚʷʱʠʡʩʷ ʵʣʝʢʪʨʦʜ ʜʠʘʤʝʪʨʦʤ 1,0 ʤʤ ʤʘʨʢʠ ʕɺʊ-2 ʠʤʝʣ ʟʘʪʦʯʢʫ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ï 

30Á, ʧʨʠʪʫʧʣʝʥʠʝ ï 0,02 ʤʤ. ɺ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʛʦ ʛʘʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʨʛʦʥ, ʘ ʝʛʦ ʨʘʩʭʦʜ 

ʩʦʩʪʘʚʣʷʣ 5 ʣ/ʤʠʥ. ʄʝʞʵʣʝʢʪʨʦʜʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʙʳʣ ʨʘʚʝʥ 1,0 ʤʤ.  

ʉ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʝ ʪʝʧʣʦʚʦʛʦ ʥʘʩʳʱʝʥʠʷ ʠʟʜʝʣʠʷ ʥʘ ʛʣʫʙʠʥʫ ʝʛʦ 

ʧʨʦʧʣʘʚʣʝʥʠʷ, ʩʫʤʤʘʨʥʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʦʛʨʘʥʠʯʠʚʘʣʠ 

ʚʝʣʠʯʠʥʦʡ 50 ʤʩ, ʘ ʦʙʱʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʚʝʣʠʯʠʥʦʡ 100 ʤʩ. ʇʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʯʝʪʳʨʝ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ ʩ ʘʤʧʣʠʪʫʜʦʡ 100 ɸ: 

ʦʜʠʥʦʯʥʳʡ ʠʤʧʫʣʴʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ (tu) ï 50 ʤʩ; ʜʚʘ ʠʤʧʫʣʴʩʘ  

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ï 25 ʤʩ ʠ ʧʘʫʟʦʡ (tʧ) ʤʝʞʜʫ ʥʠʤʠ 50 ʤʩ; ʪʨʠ ʠʤʧʫʣʴʩʘ (tu = 16,6 ʤʩ,  

tʧ = 25 ʤʩ); ʯʝʪʳʨʝ ʠʤʧʫʣʴʩʘ (tu = 12,5 ʤʩ, tʧ = 16,6 ʤʩ). 

ʇʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ ʥʘ ʠʟʜʝʣʠʝ ʦʮʝʥʠʚʘʣʠ ʜʠʘʤʝʪʨ ʪʦʯʢʠ 

ʨʘʩʧʣʘʚʣʝʥʠʷ, ʘ ʧʦʩʣʝ ï ʛʣʫʙʠʥʫ ʧʨʦʧʣʘʚʣʝʥʠʷ ʧʦ ʧʦʧʝʨʝʯʥʳʤ ʤʘʢʨʦʰʣʠʬʘʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʨʠʪʝʨʠʷ ʧʨʦʧʣʘʚʣʷʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʫʛʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, 

ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ (ʨʠʩʫʥʦʢ 1): 

‪
Ὤ

Ὀ
ȟ 

ʛʜʝ h ï ʛʣʫʙʠʥʘ ʧʨʦʧʣʘʚʣʝʥʠʷ, ʤʤ; 

D ï ʚʠʜʠʤʳʡ ʜʠʘʤʝʪʨ ʟʦʥʳ ʧʣʘʚʣʝʥʠʷ, ʤʤ. 

 

 

 

 

 

 

 

ʈʠʩ. 1. ʈʘʟʤʝʨʳ ʟʦʥʳ ʨʘʩʧʣʘʚʣʝʥʠʷ 
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ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʠʩʪʦʛʨʘʤʤ (ʨʠʩʫʥʦʢ 2) ʠʟ ʘʥʘʣʠʟʘ 

ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʤʝʥʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʧʣʘʚʣʷʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʫʛʠ 

ʦʙʣʘʜʘʝʪ ʦʜʠʥʦʯʥʳʡ ʠʤʧʫʣʴʩ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ. ʋʤʝʥʴʰʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʠʭ ʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʣʘʚʣʝʥʠʷ, ʧʨʠ ʵʪʦʤ 

ʥʘʠʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʧʣʘʚʣʷʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʣʘʜʘʝʪ ʚʘʨʠʘʥʪ ʠʤʧʫʣʴʩʘ 

ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʩ ʯʝʪʳʨʴʤʷ ʠʤʧʫʣʴʩʘʤʠ, ʢʦʪʦʨʳʡ ʥʘ 20 % ʧʨʝʚʳʰʘʝʪ ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ. 

 

 
                        ʘ) ʙ) ʚ) 

ʈʠʩ. 2.  ʛʠʩʪʦʛʨʘʤʤʳ ʚʣʠʷʥʠʷ ʚʘʨʠʘʥʪʘ ʠʤʧʫʣʴʩʘ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʥʘ ʜʠʘʤʝʪʨ ʪʦʯʢʠ 

ʨʘʩʧʣʘʚʣʝʥʠʷ (ʘ), ʛʣʫʙʠʥʫ ʧʨʦʧʣʘʚʣʝʥʠʷ ʠʟʜʝʣʠʷ (ʙ) ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʣʘʚʣʝʥʠʷ (ʚ) 

 

ɺʳʚʦʜ. ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʧʦ ʘʤʧʣʠʪʫʜʝ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʧʣʘʚʣʷʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʫʛʠ. ʅʘʠʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʣʘʚʣʝʥʠʷ 

ʠʟʜʝʣʠʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʨʝʞʠʤʘ ʧʦʣʫʯʝʥ ʧʨʠ ʯʝʪʳʨʝʭ ʠʤʧʫʣʴʩʘʭ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 12,5 ʤʩ ʠ ʧʘʫʟʘʭ ʤʝʞʜʫ ʥʠʤʠ 16,6 ʤʩ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ:  

1. Orion c Series | Orion welders ï [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ - 

http://www.orionwelders.com ï ʩʚʦʙʦʜʥʳʡ ï ʟʘʛʣ. ʩ ʵʢʨʘʥʘ ï ʗʟ. ɸʥʛʣ. ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 

15.11.2019ʛ. 

2. PUK 5 precision welding technology by Lampert [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]  

ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ - http://www.lampert.info ï ʩʚʦʙʦʜʥʳʡ ï ʗʟ. ɸʥʛʣ. ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 

15.11.2019ʛ. 

3. Phaser | primotec ï Lampert [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ -  

http://www.primotecusa.com ï ʩʚʦʙʦʜʥʳʡ ï ʟʘʛʣ. ʩ ʵʢʨʘʥʘ ï ʗʟ. ɸʥʛʣ. ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 

15.11.2019ʛ. 

4. TIG spot welding by means of a pulsating unidirectional current: ʧʘʪʝʥʪ US 3449543; ʟʘʷʚʣ. 

04.11.1966; ʦʧʫʙʣ. 10.06.1969, ɹʶʣ. ˉ ï 6 ʩ. 

5. ʐʠʛʘʝʚ ʊ.ɻ. ʉʚʘʨʢʘ ʤʦʜʫʣʠʨʦʚʘʥʥʳʤ ʪʦʢʦʤ // ʀʪʦʛʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʉʝʨ. ʉʚʘʨʢʘ.- 

ʊ.17.- ʄ.: ɺʀʅʀʊʀ, 1985.- ʉ.91-133. 
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ʋʉʊʈʆʁʉʊɺʆ ɸɺʊʆʄɸʊʀʏɽʉʂʆʁ ʇʆɼɸʏʀ ʇʆʂʈʓʊʓʍ ʕʃɽʂʊʈʆɼʆɺ ɺ 

ʉɺɸʈʆʏʅʋʖ ɺɸʅʅʋ 

ɸ.ʉ. ɻʦʨʜʳʥʝʮ1 ʢ.ʪ.ʥ., ʜʦʮ. 

ɸ.ʉ. ʅʝʧʦʤʥʷʱʠʡ 1, 2 ʩʪʫʜʝʥʪ ʛʨ. 1ɺ81 
1ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 634050, ʛ. ʊʦʤʩʢ, ʧʨ.ʃʝʥʠʥʘ,30,  

ʪʝʣ.+7 (3822) 444-555 
2ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʨʦʯʥʦʩʪʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʆ ʈɸʅ, ʧʨ. ɸʢʘʜʝʤʠʯʝʩʢʠʡ, 2/4, 

ʛ. ʊʦʤʩʢ, 634055, ʈʦʩʩʠʷ. 

E-mail: asgord@tpu.ru1 

E-mail: asn39@tpu.ru2 

ʈʫʯʥʘʷ ʜʫʛʦʚʘʷ ʩʚʘʨʢʘ ʧʣʘʚʷʱʠʤʠʩʷ ʵʣʝʢʪʨʦʜʘʤʠ ʩ ʧʦʢʨʳʪʠʝʤ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʥʝʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ 

ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [1]. ʆʜʥʘʢʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʳʧʦʣʥʷʶʪʩʷ ʚʨʫʯʥʫʶ, ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʧʦʜʘʯʠ ʵʣʝʢʪʨʦʜʦʚ ʚ ʟʦʥʫ ʩʚʘʨʢʠ [2]. ʂʘʯʝʩʪʚʦ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʟʘʚʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʢʘʯʝʩʪʚʦ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʵʣʝʢʪʨʦʜʦʚ; ʦʙʦʨʫʜʦʚʘʥʠʷ; ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

ʚʳʙʦʨ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʩʚʘʨʢʠ ʠ ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʦʪ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʩʚʘʨʱʠʢʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʠʚʥʳʭ, ʜʦʩʪʦʚʝʨʥʳʭ ʠ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʨʫʯʥʦʡ ʜʫʛʦʚʦʡ ʩʚʘʨʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʤʝʥʴʰʘʪʴ ʚʣʠʷʥʠʝ ʥʘʚʳʢʦʚ ʩʚʘʨʱʠʢʘ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʘʞʥʦ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʨʫʯʥʦʡ ʜʫʛʦʚʦʡ ʩʚʘʨʢʠ, ʛʜʝ ʪʘʢʦʝ ʚʣʠʷʥʠʝ 

ʦʢʘʟʳʚʘʝʪʩʷ ʨʝʰʘʶʱʠʤ [3, 5]. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʘʯʠ ʧʦʢʨʳʪʳʭ ʵʣʝʢʪʨʦʜʦʚ ʚ ʩʚʘʨʦʯʥʫʶ ʚʘʥʥʫ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʬʫʥʢʮʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʟʘʞʠʛʘʥʠʷ ʜʫʛʠ, ʨʝʛʫʣʠʨʦʚʢʠ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝʡ ʜʣʠʥʳ 

ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʠ ʛʘʰʝʥʠʷ ʜʫʛʠ ʧʫʪʝʤ ʝʸ ʫʜʣʠʥʝʥʠʷ ʜʦ ʦʙʨʳʚʘ. ʄʝʭʘʥʠʟʤ 

ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʠʟʚʦʜʠʪ ʧʦʜʘʯʫ ʵʣʝʢʪʨʦʜʘ ʚʜʦʣʴ ʝʛʦ ʦʩʠ, ʚ ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʪʦʨʮʘ ʵʣʝʢʪʨʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʚʠʜʝʦʩʲʝʤʢʫ [4, 6]. 

ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʧʨʠʤʝʨ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 1(ʘ, ʙ). 
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ʈʠʩ 1. ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ 

ʜʫʛʠ ʧʨʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʧʦʜʘʯʝ ʵʣʝʢʪʨʦʜʘ OK46.00. 
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ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʥʘʧʣʘʚʢʠ ʥʠʪʦʯʥʦʛʦ ʚʘʣʠʢʘ ʧʦʢʨʳʪʳʤʠ 

ʵʣʝʢʪʨʦʜʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʟʥʘʯʝʥʠʡ ʩʨʝʜʥʝʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʦʨʦʪʢʠʭ 

ʟʘʤʳʢʘʥʠʡ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʩʨʝʜʥʠʭ 

ʟʥʘʯʝʥʠʡ. ʊʘʢ ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ ʩ ʦʩʥʦʚʥʳʤ ʪʠʧʦʤ ʧʦʢʨʳʪʠʷ (OK74.70) ʧʨʠʤʝʥʝʥʠʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʘʯʠ ʵʣʝʢʪʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʘʨʠʘʮʠʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ 1,5 ʨʘʟʘ. ɼʣʷ 

ʵʣʝʢʪʨʦʜʦʚ ʩ ʨʫʪʠʣʦʚʦ-ʮʝʣʣʶʣʦʟʥʳʤ ʧʦʢʨʳʪʠʝʤ (OK46.00) ʠʭ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʦʜʘʯʘ ʚ 

ʩʚʘʨʦʯʥʫʶ ʚʘʥʥʫ ʫʤʝʥʴʰʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʚ 

2,24 ʨʘʟ, ʘ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ 1,3 ʨʘʟʘ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ 

ʥʘʧʨʷʞʝʥʠʷ ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤʠ. 
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ʈʘʩʯʸʪ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ ʪʨʝʙʫʝʪ ʟʘʜʘʥʠʷ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʥʳ ʚ ʚʠʜʝ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʪ.ʝ. ʚ ʚʠʜʝ ʩʦʩʪʘʚʣʷʶʱʠʭ Pz, 

Py ʠ Px ʩʠʣʳ ʨʝʟʘʥʠʷ, ʧʨʠʢʣʘʜʳʚʘʝʤʳʭ ʥʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʪʦʯʢʝ ʮʝʥʪʨʘ ʜʝʡʩʪʚʠʷ ʩʠʣ. 

ʇʨʠ ʵʪʦʤ ʧʦʷʚʣʷʶʪʩʷ ʥʝʨʝʘʣʴʥʦ ʙʦʣʴʰʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʝʞʫʱʝʤ ʢʣʠʥʝ ʚ ʪʦʯʢʝ ʧʨʠʣʦʞʝʥʠʷ 

ʩʠʣ ʠʟ-ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ [1].  

ʇʨʠ ʧʨʠʣʦʞʝʥʠʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ 

ʫʜʝʣʴʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘʠʙʦʣʴʰʠʝ ʚʥʫʪʨʝʥʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʤʝʥʴʰʝ ʥʘ 25-40% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʠʣʦʞʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ, ʠʤʝʶʱʠʭ ʨʝʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ [1].  

ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ ʚʣʠʷʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ 

ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʅɼʉ) 

ʨʝʞʫʱʝʛʦ ʢʣʠʥʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʧʶʨʳ ʩ 

ʨʝʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ (ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ 

ʤʝʪʦʜ, ʣʘʟʝʨʥʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ, ʨʘʟʨʝʟʥʦʛʦ ʨʝʟʮʘ) 

ʦʯʝʥʴ ʪʨʫʜʦʸʤʢʦ ʠ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʧʨʠʙʦʨʦʚ, ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʪʦʜʠʢʠ ʠʭ ʨʘʩʯʸʪʘ. ɿʘ ʦʩʥʦʚʫ ʨʘʩʯʸʪʘ ʧʘʨʘʤʝʪʨʦʚ ʵʧʶʨ 

ʚʟʷʪʳ ʩʚʦʡʩʪʚʘ ʵʧʶʨʳ ʢʘʩʘʪʝʣʴʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ Ű (ʄʇʘ): ʥʘ ʫʯʘʩʪʢʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ 

ʩʪʨʫʞʢʠ ʩ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʣʠʥʦʡ ʩ1 å 0,5Ŀʩ (ʤʤ) 

ʚʝʣʠʯʠʥʘ Ű ʧʦʩʪʦʷʥʥʘ (ʨʠʩ. 1 ʙ); ʥʘ ʚʪʦʨʦʡ ʯʘʩʪʠ ʜʣʠʥʳ 

ʢʦʥʪʘʢʪʘ ʩʪʨʫʞʢʠ Ű ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʷʤʦʣʠʥʝʡʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʥʫʣʷ ʚ ʪʦʯʢʝ ʦʪʨʳʚʘ ʩʪʨʫʞʢʠ ʦʪ 

ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ.   

ʇʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʘʚʣʷʶʱʠʤ Pz, Pʭ ʠ Py 

ʩʠʣʳ ʨʝʟʘʥʠʷ (ʅ) ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ ʨʝʟʘʥʠʷ: ʥʦʨʤʘʣʴʥʘʷ N ʠ ʢʘʩʘʪʝʣʴʥʘʷ F ʩʠʣʳ (ʅ) ʩ ʫʯʸʪʦʤ ʧʝʨʝʜʥʝʛʦ ʫʛʣʘ 

ɔ (ʩʤ. ʨʠʩ. 1 ʘ): N = NPz ï NPxy = PzĬcos ɔ ï PxyĬsin ɔ;  

 F = FPxy+FPz =  PxyĬcos ɔ + PzĬsin ɔ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʠʥʘ ʢʦʥʪʘʢʪʘ ʩ ʩʪʨʫʞʢʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʥʘʰʠʤ ʛʨʘʬʠʢʘʤ ʧʨʠ ʩʦʦʪʚʝʪʩʚʫʶʱʝʡ ʚʝʣʠʯʠʥʝ ʧʝʨʝʜʥʝʛʦ ʫʛʣʘ ɔ (Ü), ʢʦʪʦʨʳʝ 

ʧʦʢʘʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʝ ʩ (ʤʤ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʩʨʝʟʘ ʘ (ʤʤ): ʘ=sĬsinű, ʛʜʝ s ï ʧʦʜʘʯʘ 

(ʤʤ/ʦʙ) ; ű ï ʛʣʘʚʥʳʡ ʫʛʦʣ ʚ ʧʣʘʥʝ. 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ OriginLab ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʠʥʳ ʢʦʥʪʘʢʪʘ ʩ ʦʪ ʪʦʣʱʠʥʳ ʩʨʝʟʘ a ʧʨʠ ʨʘʟʥʳʭ ʧʝʨʝʜʥʠʭ ʫʛʣʘʭ ɔ, ʪ.ʝ. ʩ = f(ʘ): 

ʧʨʠ ɔ=7Ü c=0,026+8,955a-10,903a2 (ʤʤ); ʧʨʠ ɔ=15Ü c=-0,1028+9,564a-12,483a2; ʧʨʠ ɔ=25Ü c=-

0,016+8,728a-10,638a2; ʧʨʠ ɔ=35Ü  c=-0,205+8,105a-9,507a2. 

 
  ʘ 

 

 
      ʙ 

ʈʠʩ. 1. ʉʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ 

ʨʝʟʘʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ 

ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʘ), ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʨʝʟʮʘ (ʙ).  
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ɼʣʠʥʘ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʫʯʘʩʪʢʘ ʢʦʥʪʘʢʪʘ ʩʪʨʫʞʢʠ ʩ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʝʟʮʘ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʠ ʩ1 å 0,5Ŀʩ. ʅʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʫ ʵʧʶʨʳ ʢʘʩʘʪʝʣʴʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ Ű 

ʠʤʝʝʪʩʷ ʣʠʥʠʷ, ʧʘʨʘʣʣʝʣʴʥʘʷ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʛʜʝ Ű = const. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʪʜʘʣʝʥʠʠ 

ʦʪ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʠʤʝʝʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʜʦ ʥʫʣʷ ʚ ʪʦʯʢʝ ʭi = ʩ. ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʫʣʫ Űmax = Űconst = F /(cĬ0,75Ĭbʩ), ʛʜʝ Űconst ï ʚʝʣʠʯʠʥʘ Ű ʥʘ ʫʯʘʩʪʢʝ 

ʵʪʦʡ ʵʧʶʨʳ (ʄʇʘ); bʩ ï h ʠʨʠʥʳ ʢʦʥʪʘʢʪʘ ʩʪʨʫʞʢʠ ʩ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʝʟʮʘ, ʟʘʚʠʩʷʱʘʷ 

ʦʪ ʛʣʫʙʠʥʳ ʨʝʟʘʥʠʷ t (bʩ å t/sin ű) (ʤʤ). 

ʇʦʩʪʨʦʝʥʠʝ ʵʧʶʨʳ ʥʦʨʤʘʣʴʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ů (ʄʇʘ) ʚʳʧʦʣʥʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʧʶʨʳ ʢʘʩʘʪʝʣʴʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ Ű (ʄʇʘ). ɺ ʦʩʥʦʚʝ ʣʝʞʠʪ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ɛ = Ű/ů ʚʜʦʣʴ ʧʝʨʝʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʤʘʣʦ ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ [2]. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʥʦʨʤʘʣʴʥʳʝ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠʤʝʶʪ 

ʥʘʠʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ ůmax (ʨʠʩ. 1 ʙ). ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ůmax å 2 ůʚ, ʛʜʝ ůʚ ï ʵʪʦ 

ʚʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʨʳʚʫ (ʄʇʘ). ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʝʣʠʯʠʥʘ ůmax ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʦʨʤʘʣʴʥʘʷ ʩʠʣʘ Nʵʧ (ʅ), ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʦʙʲʸʤʫ ʵʧʶʨʳ ů, ʙʳʣʘ ʨʘʚʥʘ 

ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʝ, ʦʧʨʝʜʝʣʸʥʥʦʡ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ Nʵʢʩʧ (ʅ), ʪ.ʝ.  

    Nʵʧ = bĬ᷿ Ɑ░▀●
╬

 å Nʵʢʩʧ       (1) 

ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʥʝ ʢʦʥʪʘʢʪʘ 

ʩʪʨʫʞʢʠ ɣ = ʭi/ʩå 0,4, ʪ.ʝ. ʧʨʠ ʭ = 0,4Ŀʩ ʙʫʜʝʪ 

ʧʝʨʝʩʝʯʝʥʠʝ ʛʨʘʬʠʢʘ ů ʩ ʛʨʘʬʠʢʦʤ Ű, ʪ.ʢ. ʚ 

ʵʪʦʡ ʪʦʯʢʝ ʫʩʣʦʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ɛ = 1, ʪʦ ʝʩʪʴ ʪʘʤ ů = Ű  (ʩʤ. ʨʠʩ. 1 ʠ 2). 

ʋ ʵʧʶʨʳ ʥʦʨʤʘʣʴʥʳʭ ʢʦʥʪʘʢʪʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ů ʚ ʦʙʣʘʩʪʠ ʭÒ0,5ʩ ʠʤʝʝʪʩʷ 

ʥʝʙʦʣʴʰʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʫʯʘʩʪʦʢ, ʪ.ʝ. 

ů = const, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʪʜʘʣʝʥʠʠ ʦʪ 

ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ (ʭ>0,5ʩ) ʫ ʵʧʶʨʳ ů ʠʤʝʝʪʩʷ 

ʫʯʘʩʪʦʢ ʩ ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ů ʜʦ 

ʥʫʣʷ ʚ ʪʦʯʢʝ ʭ = ʩ. ɺ ʢʦʥʮʝ ʢʦʥʪʘʢʪʘ ʩʪʨʫʞʢʠ 

ʩ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʥʩʪʨʫʤʝʥʪʘ ʚ 

ʪʦʯʢʝ ɣ å 0,8 (ʪ.ʝ. ʧʨʠ ʭå0,8ʩ) ʜʦʣʞʥʦ ʙʳʪʴ ůi 

å Űi/1,6 (ʨʠʩ. 2). ʅʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʨʝʞʫʱʝʡ 

ʢʨʦʤʢʠ l1 å ʘ (ʤʤ) ʚʝʣʠʯʠʥʘ ůl1 å 0,93Ŀůmax. 

ʇʦ ʨʘʩʩʯʠʪʘʥʥʳʤ ʪʦʯʢʘʤ ʩʪʨʦʠʤ 

ʵʧʶʨʫ ů ʠ ʢʦʨʨʝʢʪʠʨʫʝʤ ʝʸ, ʠʟʤʝʥʷʷ ʥʘ 

ʫʯʘʩʪʢʝ ʦʪ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʜʦ ʭi = 0,4Ŀʩ, 

ʯʪʦʙʳ ʩʦʙʣʶʜʘʣʦʩʴ ʨʘʚʝʥʩʪʚʦ (1).  

ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʣʦʱʘʜʴ 

ʵʧʶʨʳ ů:  Sů =Ɇsi  (ʄʇʘ/ʤʤ) (ʨʠʩ. 2). 

ʅʦʨʤʘʣʴʥʘʷ ʩʠʣʘ ʧʦ ʵʧʶʨʝ ů  Nů=SůĬb (ʅ) 

ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʝ ʧʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ Nʵʢʩʧ (ʅ). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʏʞʘʥ ʎ., ʂʦʟʣʦʚ ɺ.ʅ. ɺʣʠʷʥʠʝ ʚʠʜʘ ʥʘʛʨʫʞʝʥʠʷ ʥʘ ʨʘʩʯʸʪ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʨʝʞʫʱʝʤ ʢʣʠʥʝ // ʀʟʚʝʩʪʠʷ ʊʫʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. 

ɺʳʧ. 8: ʚ 2 ʯ. ʏ. 2. ʊʫʣʘ: ʀʟʜ-ʚʦ ʊʫʣɻʋ, 2017. ʉ. 352-356. 

2. ʂʦʥʪʘʢʪʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʨʝʞʫʱʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠʥʩʪʨʫʤʝʥʪʘ/ʇʦʣʝʪʠʢʘ ʄ.ʌ. ï ʄʦʩʢʚʘ: 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1969. ï 148 ʩ. 

  

ů, Ű (ʄʇʘ) 

 
 

ʈʠʩ. 2. ʇʦʣʦʞʝʥʠʝ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ƺ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʵʧʶʨʳ ʥʦʨʤʘʣʴʥʳʭ 

ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ů ʠ ʧʨʦʚʝʨʢʘ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʵʧʶʨ 

ʥʦʨʤʘʣʴʥʳʭ ů ʠ ʢʘʩʘʪʝʣʴʥʳʭ Ű 

ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʝʨʝʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʮʘ 
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ʇʨʠ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʩʚʘʨʢʝ ʩ ʧʦʣʥʳʤ ʧʨʦʧʣʘʚʣʝʥʠʝʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʚʘʨʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʠ ʚʝʣʠʯʠʥʳ ʦʙʨʘʪʥʦʛʦ ʚʘʣʠʢʘ ʰʚʘ. ʈʦʣʴ ʜʘʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʦʩʦʙʝʥʥʦ ʚʝʣʠʢʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ 

ʧʝʨʝʤʝʥʥʳʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ. ʆʙʝʩʧʝʯʝʥʠʝ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ 

ʧʨʦʞʦʛʦʚ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʩʚʘʨʢʝ ʧʦʜʦʙʥʳʭ ʰʚʦʚ, ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʧʦʜʢʣʘʜʦʢ [1].  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʧʣʘʚʣʷʝʤʳʭ ʧʦʜʢʣʘʜʦʢ ʙʘʣʘʥʩ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʨʘʩʧʣʘʚʣʝʥʥʳʡ ʤʝʪʘʣʣ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ ʨʘʚʝʥʩʪʚʦʤ [2] 

ʈʜ + ʈʛʩ + ʈʮʙ = ʈ h+ ʈʤ + ʈʘʜʛ ,     (1) 

ʛʜʝ Pʛʩ ï ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʤʘʩʩʳ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ, ʦʪʥʝʩʝʥʥʘʷ ʢ ʧʣʦʱʘʜʠ 

ʩʢʚʦʟʥʦʛʦ ʧʨʦʧʣʘʚʣʝʥʠʷ; ʈʮʙ ï ʩʠʣʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ ʠʟ ʛʦʣʦʚʥʦʡ 

ʯʘʩʪʠ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ ʚ ʭʚʦʩʪʦʚʫʶ; ʈʤ ï ʩʠʣʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʟʝʨʢʘʣʘ ʩʚʘʨʦʯʥʦʡ 

ʚʘʥʥʳ; ʈ h ï ʩʠʣʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʰʣʘʢʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʨʘʩʧʣʘʚʣʝʥʠʠ 

ʧʦʜʢʣʘʜʢʠ; ʈʘʜʛ ï ʨʘʙʦʪʘ ʘʜʛʝʟʠʠ ʤʝʞʜʫ ʞʠʜʢʠʤ ʰʣʘʢʦʤ ʠ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʪʘʣʣʘ ʠ 

ʧʦʜʢʣʘʜʢʠ. 

ʋʩʣʦʚʠʝʤ ʦʪʩʫʪʩʪʚʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʦʙʨʘʪʥʦʛʦ ʚʘʣʠʢʘ ʰʚʘ ʜʝʬʝʢʪʦʚ ʷʚʣʷʝʪʩʷ 

ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ, ʢʦʛʜʘ ʣʝʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (1) ʙʫʜʝʪ ʤʝʥʴʰʝ ʧʨʘʚʦʡ ʯʘʩʪʠ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦʟʤʦʞʥʦ ʚʣʠʷʪʴ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʨʘʪʥʦʛʦ ʚʘʣʠʢʘ ʧʫʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ  

ʩʦʩʪʘʚʘ ʩʨʝʜʳ ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʦʡ. 

ʇʨʦʧʣʘʚʣʝʥʠʝ ʧʣʘʩʪʠʥʳ ʪʦʣʱʠʥʦʡ 3 ʤʤ ʥʘ ʛʨʘʥʠʮʝ ʩ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʦʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʪʥʦʛʦ ʚʘʣʠʢʘ (ʰʠʨʠʥʳ, ʚʳʩʦʪʳ) ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʫʛʠ. ɿʘ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʜʫʛʠ 0,3 ʩʝʢ. ʨʘʟʤʝʨʳ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ ʫʚʝʣʠʯʠʚʘʶʪʩʷ 

ʤʥʦʛʦʢʨʘʪʥʦ, ʪʘʢ ʰʠʨʠʥʘ ʦʙʨʘʪʥʦʛʦ ʚʘʣʠʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 4,7 ʤʤ ʜʦ 10,7 ʤʤ, ʘ ʚʳʩʦʪʘ ʩ 1,5 

ʤʤ ʜʦ 5,0 ʤʤ. ɿʘʤʝʥʘ ʩʨʝʜʳ ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʦʡ ʥʘ ʘʨʛʦʥ, 

ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʪʪʝʩʥʝʥʠʶ ʦʪ ʛʨʘʥʠʮʳ ʩ ʨʘʩʧʣʘʚʣʝʥʥʳʤ ʤʝʪʘʣʣʦʤ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ 

ʆ2-, ʠʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʣʶʩ ʧʘʩʪʳ, ʟʘʜʝʨʞʠʚʘʶʱʘʷ ʤʠʛʨʘʮʠʶ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʆ2- ʯʝʨʝʟ 

ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʦʢʩʠʜʥʫʶ ʧʣʝʥʢʫ  Fe2O3, ʚ ʢʦʪʦʨʦʡ ʠʦʥʳ ʞʝʣʝʟʘ Fe3+  ʠʛʨʘʶʪ ʨʦʣʴ 

ʧʝʨʝʥʦʩʯʠʢʘ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʩʢʚʦʟʴ ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʦʢʩʠʜʥʫʶ ʧʣʝʥʢʫ, ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʠ ʧʦ 

ʢʠʩʣʦʨʦʜʥʳʤ ʚʘʢʘʥʩʠʷʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ: 

2Fe3+ + 3O2- = Fe2O3     (2) 

ʉʧʦʩʦʙʩʪʚʫʝʪ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʚʝʣʠʯʠʥʳ ʦʙʨʘʪʥʦʛʦ ʚʘʣʠʢʘ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ, ʪʘʢ ʰʠʨʠʥʘ 

ʚʘʣʠʢʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʘʨʛʦʥ) ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 3,3 ʩʝʢ., ʩʦʩʪʘʚʣʷʝʪ 6,5 ʤʤ 

ʫʤʝʥʴʰʝʥʠʝ ʥʘ 60 %, ʚʳʩʦʪʳ ʚʘʣʠʢʘ ʚ 3 ʨʘʟʘʜ ʜʦ 1,5 ʤʤ, ʘ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʬʣʶʩ ʧʘʩʪʳ ʰʠʨʠʥʘ 

ʚ ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʣʷʝʪ 5,1 ʤʤ, ʚʳʩʦʪʘ 1,25 ʤʤ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʘ ʟʘʤʝʥʘ ʧʦʜʜʫʚ ʘʨʛʦʥʘ ʥʘ ʬʣʶʩ ʧʘʩʪʫ ʧʨʠ ʩʚʘʨʢʝ ʩʦʝʜʠʥʝʥʠʡ 

ʩ ʩʚʦʙʦʜʥʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ, ʛʜʝ ʪʝʭʥʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʫʛʠʭ ʧʨʠʝʤʦʚ ʠ 

ʩʧʦʩʦʙʦʚ ʩʚʘʨʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʪʘʙʠʣʴʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʨʘʪʥʦʛʦ ʚʘʣʠʢʘ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʨʘʪʥʦʛʦ ʚʘʣʠʢʘ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʚʠʜʦʚ ʣʠʩʪʦʚʳʭ ʟʘʛʦʪʦʚʦʢ 

(ʥʘʧʨʠʤʝʨ, ʩʚʘʨʥʳʭ ʣʠʩʪʦʚʳʭ ʟʘʛʦʪʦʚʦʢ ʧʝʨʝʤʝʥʥʦʡ ʪʦʣʱʠʥʳ) ʚ ʨʘʤʢʘʭ ʨʘʟʚʠʪʠʷ ʩʧʦʩʦʙʦʚ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʣʠʩʪʦʚʦʡ ʰʪʘʤʧʦʚʢʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʜʣʷ ʮʝʣʦʛʦ ʨʷʜʘ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʅʘʧʨʠʤʝʨ, ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʩʥʠʞʝʥʠʷ ʤʘʩʩʳ ʜʝʪʘʣʝʡ ʠ ʠʭ 

ʩʪʦʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʧʘʩʩʠʚʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ [1] ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʚʥʝʜʨʝʥʠʷ ʩʚʘʨʥʳʭ 

ʨʘʟʥʦʪʦʣʱʠʥʥʳʭ ʣʠʩʪʦʚʳʭ ʟʘʛʦʪʦʚʦʢ [2, 3, 4]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʧʦʩʪʦʷʥʥʦ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʜʠʟʘʡʥʦʤ ʢʦʨʧʫʩʦʚ, ʢʦʞʫʭʦʚ, ʬʘʨʪʫʢʦʚ, ʙʘʢʦʚ ʠ ʜʨʫʛʠʭ ʠʟʜʝʣʠʡ, 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʦʧʝʨʘʮʠʠ çʚʳʪʷʞʢʘè, ʚʦʟʨʘʩʪʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʣʠʩʪʦʩʚʘʨʥʳʭ ʨʘʟʥʦʪʦʣʱʠʥʥʳʭ ʟʘʛʦʪʦʚʦʢ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʥʘʨʦʜʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʚʢʣʶʯʘʷ ʘʵʨʦʢʦʩʤʠʯʝʩʢʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ [5, 6]. 

ʀʩʭʦʜʥʳʤ ʣʠʩʪʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ ʧʨʠʥʷʪʘ ʩʪʘʣʴ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ HX260PD, 

ʦʪʥʦʩʷʱʘʷʩʷ ʢ RS-ʩʪʘʣʷʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʢʘʪ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠʟ 

ʨʝʬʦʩʬʦʪʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ. ʌʦʨʤʘ ʠʩʭʦʜʥʳʭ ʣʠʩʪʦʚʳʭ ʟʘʛʦʪʦʚʦʢ  ʧʦʣʫʯʝʥʘ ʧʦ ʠʟʚʝʩʪʥʦʡ 

ʤʝʪʦʜʠʢʝ [8] ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʢʦʨʦʙʦʢ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤʠ ʨʘʜʠʫʩʘʤʠ 

ʫʛʣʦʚʳʭ ʟʘʢʨʫʛʣʝʥʠʡ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʩʪʘʚʥʳʝ ʟʘʛʦʪʦʚʢʠ, ʯʘʩʪʠ ʢʦʪʦʨʳʭ 

ʩʦʝʜʠʥʝʥʳ ʚʩʪʳʢ ʣʘʟʝʨʥʦʡ ʩʚʘʨʢʦʡ [9], ʩʚʘʨʦʯʥʳʡ ʰʦʚ ʥʘ ʟʘʛʦʪʦʚʢʘʭ ʨʘʩʧʦʣʘʛʘʣʩʷ ʧʦ ʮʝʥʪʫ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʬʝʜʨʳ ʄʂ1 çʄʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

ʂʘʣʫʞʩʢʦʛʦ ʬʠʣʠʘʣʘ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʘʛʦʪʦʚʢʠ ʜʚʫʭ ʪʠʧʦʚ (1-ʳʡ 

ʪʠʧ: ʨʘʟʥʦʪʦʣʱʠʥʥʦʩʪʴ ȹS=0,5ʤʤ; 2-ʦʡ ʪʠʧ: ʨʘʟʥʦʪʦʣʱʠʥʥʦʩʪʴ ȹS=1,0ʤʤ) ʠ 8 ʠʭ 

ʪʠʧʦʨʘʟʤʝʨʦʚ ʧʨʠ ʪʨʝʭʢʨʘʪʥʦʤ ʧʦʚʪʦʨʝʥʠʠ. ʇʦʣʫʯʝʥʘ ʘʜʝʢʚʘʪʥʘʷ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ ʚ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʤ ʤʘʩʰʪʘʙʝ ʫʨʦʚʥʝʡ ʬʘʢʪʦʨʦʚ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʦʙʱʝʧʨʠʥʷʪʘʷ ʤʝʪʦʜʠʢʘ [10] ʦʙʨʘʙʦʪʢʠ  ʨʝʟʫʣʴʪʘʪʦʚ ʇʌʕ 22. ɺʝʣʠʯʠʥʘ ʠ ʟʥʘʢ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʛʨʝʩʩʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʠʣʝ ʠ ʭʘʨʘʢʪʝʨʝ ʚʣʠʷʥʠʷ  ʠʩʩʣʝʜʫʝʤʳʭ ʬʘʢʪʦʨʦʚ 

ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʩʦʪʳ ʢʦʨʦʙʢʠ. ɸʥʘʣʠʟ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʦʪʢʣʠʢ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʩʦʪʳ ʢʦʨʦʙʢʠ ȹʅʩʨ) 

ʦʢʘʟʳʚʘʝʪ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ m, ʚʣʠʷʥʠʝ ʢʦʪʦʨʦʡ ʧʦʯʪʠ ʚ 7 ʨʘʟʘ ʩʠʣʴʥʝʝ ʚʣʠʷʥʠʷ 

ʨʘʟʥʦʪʦʣʱʠʥʥʩʪʠ ȹS. ɼʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʚʢʣʘʜ ʬʘʢʪʦʨʦʚ ʠ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʜʠʩʧʝʨʩʠʶ (ʚʘʨʠʘʮʠʶ) ʦʪʢʣʠʢʘ (ȹʅʩʨ). ʊʘʢ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʦʙʱʫʶ 

ʜʠʩʧʝʨʩʠʶ ʦʪʢʣʠʢʘ ʚʥʦʩʠʪ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ m  - 96,84% , ʨʘʟʥʦʪʦʣʱʠʥʥʦʩʪʴ ȹS ʚʥʦʩʠʪ  

2,41% ʠ ʧʘʨʥʳʡ ʵʬʬʝʢʪ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ m ʠ ȹS ʚʥʦʩʠʪ 0,75%. 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʚʥʝʩʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʨʨʝʢʮʠʡ ʚ ʨʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʣʠʩʪʦʩʚʘʨʥʦʡ 

ʨʘʟʥʦʪʦʣʱʠʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʚʳʪʷʞʢʠ ʢʦʨʦʙʯʘʪʦʡ ʜʝʪʘʣʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʟʚʝʩʪʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ [11, 12], ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʨʘʩʯʝʪʫ ʢʦʥʪʫʨʘ 

ʠʩʭʦʜʥʦʡ ʣʠʩʪʦʩʚʘʨʥʦʡ ʨʘʟʥʦʪʦʣʱʠʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʦʧʝʨʘʮʠʠ ʦʙʨʝʟʢʠ 

ʢʦʥʪʫʨʘ ʢʦʨʦʙʯʘʪʦʡ ʜʝʪʘʣʠ ʧʦʩʣʝ çʚʳʪʷʞʢʠè ʠ ʧʦʣʫʯʝʥʠʷ çʦʪʥʦʩʠʪʝʣʴʥʦè ʨʦʚʥʦʛʦ ʢʦʥʪʫʨʘ 

ʢʦʨʦʙʢʠ, çʧʨʠʩʫʱʘʷè ʥʝʨʦʚʥʦʩʪʴ (ʧʦʛʨʝʰʥʦʩʪʴ) ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʫʢʣʘʜʳʚʘʪʴʩʷ ʚ ʜʦʧʫʩʢ ʥʘ 

ʚʳʩʦʪʥʳʡ ʨʘʟʤʝʨ ʢʦʨʦʙʢʠ [13]. 
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E-mail: aem25@tpu.ru  

 

ʆʜʥʫ ʠʟ ʣʠʜʠʨʫʶʱʠʭ ʧʦʟʠʮʠʡ ʥʘ ʨʳʥʢʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʫʞʝ ʜʘʚʥʦ ʟʘʥʠʤʘʶʪ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʩʚʷʟʠ (ɺʆʃʉ). ʇʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ɺʆʃʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦ ʦʧʪʠʯʝʩʢʦʤʫ ʚʦʣʦʢʥʫ ï ʚʦʣʥʦʚʦʜʫ ʩ ʢʨʫʛʣʳʤ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ, 

ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʧʝʨʝʜʘʚʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ (ʨʠʩ. 1).  

 
ʈʠʩ.1. ʉʪʨʫʢʪʫʨʘ ʦʧʪʦʚʦʣʦʢʥʘ: 

 

ʕʣʝʤʝʥʪʳ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 1) ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʧʪʦʚʦʣʦʢʥʘ. 

ʎʝʥʪʨʘʣʴʥʳʡ ʦʩʝʚʦʡ ʵʣʝʤʝʥʪ ʩʦʩʪʦʠʪ ʠʟ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ʚ ʧʦʣʠʤʝʨʥʦʡ ʦʙʦʣʦʯʢʝ (1) ʠ ʦʪʚʝʯʘʝʪ 

ʟʘ ʞʝʩʪʢʦʩʪʴ ʢʘʙʝʣʷ. ʆʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʪʦʣʱʠʥʦʡ 125 ʤʠʢʨʦʥ (2) ʦʪʚʝʯʘʝʪ ʟʘ ʧʝʨʝʜʘʯʫ 

ʩʠʛʥʘʣʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʩʝʨʜʝʯʥʠʢʘ ʠ ʩʪʝʢʣʷʥʥʦʡ ʦʙʦʣʦʯʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʣʥʦʝ 

ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʩʝʨʜʝʯʥʠʢʝ. 

ʇʣʘʩʪʠʢʦʚʳʝ ʤʦʜʫʣʠ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ (3) ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʦʣʦʢʦʥ, ʘ 

ʧʣʝʥʢʘ ʩ ʛʠʜʨʦʬʦʙʥʳʤ ʛʝʣʝʤ (4) ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʨʦʜʦʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʣʘʛʠ ʠ ʚʦʜʳ. 

ʇʦʣʠʵʪʠʣʝʥʦʚʘʷ ʦʙʦʣʦʯʢʘ (5) ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʠʜʨʦʬʦʙʥʦʛʦ ʛʝʣʷ, ʘ ʙʨʦʥʷ (6) 

ʟʘʱʠʱʘʝʪ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɺʥʝʰʥʷʷ ʧʦʣʠʵʪʠʣʝʥʦʚʘʷ 

ʦʙʦʣʦʯʢʘ (7) ʟʘʢʣʶʯʘʝʪ ʚ ʩʝʙʝ ʚʩʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʧʪʦʚʦʣʦʢʥʘ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʢʘʙʝʣʴʥʳʤʠ ʠʟʜʝʣʠʷʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʧʝʨʝʜʘʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ, ʦʧʪʦʚʦʣʦʢʥʦ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: 

1. ʆʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴ,ʁ ʦʥʦ ʩʧʦʩʦʙʥʦ ʧʝʨʝʜʘʚʘʪʴ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʪʝʨʘʙʠʪ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʝʢʫʥʜʫ; 

2. ʂʘʙʝʣʴ ʠʟ ʦʧʪʦʚʦʣʦʢʥʘ ʦʙʣʘʜʘʝʪ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʰʫʤʘ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʤʝʥʝʝ 
ʧʦʜʚʝʨʞʝʥʥʳʤ ʢ ʧʦʤʝʭʘʤ, ʘ ʟʥʘʯʠʪ ʧʦʪʝʨʷʤ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ; 

3. ʇʦʞʘʨʦʫʩʪʦʡʯʠʚʦʩʪʴ. ɼʘʥʥʳʡ ʢʘʙʝʣʴ ʥʝ ʧʦʜʜʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʧʦʢʦʡʥʦ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ; 

4. ʉʧʦʩʦʙʝʥ ʨʘʙʦʪʘʪʴ ʙʝʟ ʫʩʠʣʠʪʝʣʝʡ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʧʦʨʷʜʢʘ 100 ʢʤ, ʪʘʢ ʢʘʢ ʦʙʣʘʜʘʝʪ 
ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʘʣʦʛʦ ʟʘʪʫʭʘʥʠʷ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ; 

5. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. ʆʧʪʦʚʦʣʦʢʦʥʥʘʷ ʩʚʷʟʴ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʫʶ ʟʘʱʠʪʫ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʪʘʢ ʢʘʢ ʫ ʥʝʛʦ ʦʪʩʫʪʩʪʚʫʝʪ 

ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʢʦʣʝʙʘʥʠʷʤ ʠ ʦʧʪʦʚʦʣʦʢʥʦ ʥʝ ʠʤʝʝʪ ʠʟʣʫʯʝʥʠʡ ʚ ʨʘʜʠʦʜʠʘʧʘʟʦʥʝ; 

6. ʕʢʦʥʦʤʠʯʥʦʩʪʴ. ʆʧʪʦʚʦʣʦʢʦʥʥʳʡ ʢʘʙʝʣʴ ʥʝ ʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʤʘʪʝʨʠʘʣʴʥʳʝ 

ʟʘʪʨʘʪʳ ʧʨʠ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʦʢʫʧʘʝʪ ʩʨʝʜʩʪʚʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʣʘʜʝʣʴʮʫ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʚʳʛʦʜʫ. 

7. ʉʨʦʢ ʩʣʫʞʙʳ ʩʦʩʪʘʚʣʷʝʪ 25 ʣʝʪ. 
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ʅʝ ʩʤʦʪʨʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʜʦʩʪʦʠʥʩʪʚ, ʦʧʪʦʚʦʣʦʢʥʦ ʠʤʝʝʪ ʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, 

ʪʘʢʠʝ, ʢʘʢ: ʭʨʫʧʢʦʩʪʴ ʚʦʣʦʢʥʘ, ʧʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʩʦʙʣʶʜʘʪʴ ʦʩʪʦʨʦʞʥʦʩʪʴ ʧʨʠ ʧʨʦʢʣʘʜʢʝ, ʪʘʢ 

ʢʘʢ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʠʟʛʠʙʝ ʚʦʣʦʢʥʦ ʤʦʞʝʪ ʩʣʦʤʘʪʴʩʷ; ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʘ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʣʘʜʘʪʴ ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʦʪʦʤʫ ʯʪʦ ʧʨʠ ʨʘʟʨʳʚʝ ʦʧʪʠʯʝʩʢʦʝ 

ʚʦʣʦʢʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʜʣʝʞʠʪ ʨʝʤʦʥʪʫ, ʢʦʪʦʨʳʡ ʫʩʣʦʞʥʷʝʪ ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʘʙʝʣʷ. ʇʨʠ 

ʩʚʘʨʢʝ ʦʧʪʦʚʦʣʦʢʥʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʦʝ ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʘ 

ʢʚʘʣʠʬʠʢʘʮʠʷ ʤʦʥʪʘʞʥʠʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʩʦʢʦʡ. 

ʇʦ ʨʘʟʨʘʙʦʪʢʝ ʦʧʪʦʚʦʣʦʢʥʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ:  

ɺʦ-ʧʝʨʚʳʭ, ʪ.ʢ. ʭʨʫʧʢʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʥʘʣʠʯʠʝʤ ʩʪʝʢʣʷʥʥʦʡ ʦʙʦʣʦʯʢʠ, ʪʦ ʥʫʞʥʦ 

ʧʦʜʦʙʨʘʪʴ ʪʘʢʦʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʨʦʯʥʝʝ ʠ ʙʦʣʝʝ ʫʧʨʫʛʠʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ ʠʤʝʪʴ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʢʠ ʧʨʦʮʝʩʩʘ ʪʘʢʠʝ ʞʝ ʩʚʦʡʩʪʚʘ, ʢʘʢ ʠ ʩʪʝʢʣʦ. 

ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʧʨʦʢʣʘʜʢʝ ʢʘʙʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʝʛʦ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʪ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʅʘʧʨʠʤʝʨ, ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʨʦʙʘ ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ 

ʪʠʧʘ ʧʨʦʢʣʘʜʳʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ.  

ʊʘʢʦʡ ʥʝʜʦʩʪʘʪʦʢ, ʢʘʢ ʥʘʣʠʯʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʩʧʨʘʚʠʪʴ ʥʝʣʴʟʷ, ʪʘʢ ʢʘʢ 

ʧʨʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʠʬʨʦʚʦʡ ʩʧʦʩʦʙ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤ ʠ ʪʦʯʥʳʤ, ʯʝʤ ʧʝʨʝʜʘʯʘ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʦʛʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʠ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ ʦʧʪʦʚʦʣʦʢʥʘ. ʎʝʥʘ ʞʝ ʥʘ ʮʠʬʨʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʩʥʠʞʝʥʠʶ. ʇʨʠ ʵʪʦʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʥʘʣʦʛʦʚʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ, 

ʤʦʥʪʘʞ ʮʠʬʨʦʚʳʭ ï ʜʝʰʝʚʣʝ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ:  

1) ɻʆʉʊ ʈ 52266-2004. ʂʘʙʝʣʴʥʳʝ ʠʟʜʝʣʠʷ. ʂʘʙʝʣʠ ʦʧʪʠʯʝʩʢʠʝ. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ // ʈɸɿʈɸɹʆʊɸʅ ʆɸʆ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ, ʧʨʦʝʢʪʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʢʘʙʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʆɸʆ "ɺʅʀʀʂʇ); 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://docs.cntd.ru/document/1200037683, ʩʚʦʙʦʜʥʳʡ ï ʟʘʛʣ. ʩ ʪʠʪ. ʵʢʨʘʥʘ, (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 01.07.2020); 

2) ʋʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʆʂʉʆ 210000. ʕʣʝʢʪʨʦʥʥʘʷ ʪʝʭʥʠʢʘ, ʨʘʜʠʦʪʝʭʥʠʢʘ ʠ ʩʚʷʟʴ. 

ʃʝʢʮʠʠ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʩʪʫʜʝʥʪʦʚ ɺʋɿʦʚ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʩʪʘʪʴʷ/ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: https://siblec.ru/telekommunikatsii/volokonno-opticheskie-kabeli-i-linii -svyazi/3-

opticheskie-volokna-i-kabeli-klassifikatsiya-kharakteristiki-i-materialy#3.3 ʩʚʦʙʦʜʥʳʡ. ï ɿʘʛʣ. ʩ 

ʪʠʪ. ʵʢʨʘʥʘ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 29.06.2020) 

3) ɸʆ çʆʧʪʠʢʦʚʦʣʦʢʦʥʥʳʝ ʩʠʩʪʝʤʳè [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] URL: 

https://servernews.ru/989756 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 30.06.2020); 

4) ɸʆ çʆʂɹ ʂʇè / ʆʧʪʠʯʝʩʢʠʝ ʢʘʙʝʣʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] URL: 

http://www.okbkp.ru/production/cabels/optical/255/1954/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.07.2020); 

5) ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʙʝʣʷ // 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] URL: https://www.elec.ru/articles/avtomatizirovannyj-kompleks-

proizvodstva-optovolok/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.07.2020). 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʅɸʂʃɽʇɸ ʇʆɺɽʈʍʅʆʉʊʀ ʇʈʀ ʋʇʈɸɺʃʗɽʄʆʁ 

ʀʅɽʈʎʀʆʅʅʆ-ʀʄʇʋʃʔʉʅʆʁ ʆɹʈɸɹʆʊʂɽ ɺ ʀɿɼɽʃʀʗʍ ʀɿ 

ɺʓʉʆʂʆʇʈʆʏʅʆɻʆ ʏʋɻʋʅɸ 

 
ɺ.ʄ. ʇʘʰʢʝʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬ.,  

ɺ.ɺ. ɸʬʘʥʝʚʠʯ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɹʝʣʦʨʫʩʩʢʦ-ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 212000, ʛ.ʄʦʛʠʣʝʚ, ʧʨ-ʪ. ʄʠʨʘ, 43,  

ʪʝʣ. (8-10-375-222) 25-09-05 

E-mail: pvm@bk.ru 

 
ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʜʣʷ ʦʪʜʝʣʦʯʥʦ-ʫʧʨʦʯʥʷʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʚʥʫʪʨʝʥʥʠʭ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʯʫʛʫʥʘ, ʷʚʣʷʝʪʩʷ 

ʠʥʝʨʮʠʦʥʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʦʙʨʘʙʦʪʢʘ (ʀʀʆ). ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʠʥʝʨʮʠʦʥʥʦ-ʠʤʧʫʣʴʩʥʳʡ ʨʘʩʢʘʪʥʠʢ ʦʪʚʝʨʩʪʠʡ (ʨʠʩʫʥʦʢ 1) [1].  

 

 
ʈʠʩ. 1. ʀʥʝʨʮʠʦʥʥʦ-ʠʤʧʫʣʴʩʥʳʡ ʨʘʩʢʘʪʥʠʢ ʦʪʚʝʨʩʪʠʡ 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚʨʘʱʝʥʠʝ ʦʪ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʟʘʛʦʪʦʚʢʠ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʮʘʥʛʫ 9 ʩ ʬʨʠʢʮʠʦʥʥʳʤʠ ʢʦʣʴʮʘʤʠ 10 ʥʘ ʪʦʨʮʦʚʳʡ ʰʘʨʦʚʦʡ 

ʨʝʜʫʢʪʦʨ, ʚʢʣʶʯʘʶʱʠʡ ʚʝʜʫʱʝʝ ʟʚʝʥʦ 5 ʠ ʚʝʜʦʤʦʝ ʟʚʝʥʦ 4,   ʢʦʪʦʨʦʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʝʪʩʷ 

ʦʧʦʨʥʳʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʰʘʨʦʚ 3. ʆʧʦʨʥʳʡ ʵʣʝʤʝʥʪ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ 

ʜʠʩʢʦʤ 2 ʩ ʨʘʜʠʘʣʴʥʳʤʠ ʧʘʟʘʤʠ, ʧʨʠʚʦʜʠʪ ʚ ʜʚʠʞʝʥʠʝ ʜʝʬʦʨʤʠʨʫʶʱʠʝ ʰʘʨʳ, ʢʦʪʦʨʳʝ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʚʠʞʫʪʩʷ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʥʘʥʦʩʷʪ ʧʦ ʥʝʡ ʫʜʘʨʳ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʟʘʛʦʪʦʚʢʠ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʰʘʨʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʤʦʤʝʥʪ ʩʦʚʝʨʰʝʥʠʷ ʫʜʘʨʘ ʧʦ ʥʝʡ. ʀʟʤʝʥʝʥʠʝ ʧʦʜʘʯʠ 

ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʢʨʳʚʘʪʴ ʚʩʶ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʣʝʜʘʤʠ ʦʪ ʫʜʘʨʦʚ ʜʝʬʦʨʤʠʨʫʶʱʠʤʠ ʰʘʨʘʤʠ, ʧʨʠ ʵʪʦʤ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʘʢʠʭ ʩʣʝʜʦʚ ʠʤʝʶʪ 

ʨʝʛʫʣʷʨʥʳʝ ʠʣʠ ʯʘʩʪʠʯʥʦ ʨʝʛʫʣʷʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʥʝʨʮʠʦʥʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʟʜʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘ ̫

ʤʦʜʝʣ,ɹ ʠʤʠʪʠʨʫʶʱʘ ̫ʫʜʘʨ ʰʘʨʘ ʧʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [2].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚʛʣʫʙʴ ʤʘʪʝʨʠʘʣʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʰʘʨʘ ʚ ʤʦʤʝʥʪ 

ʥʘʥʝʩʝʥʠʷ ʫʜʘʨʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩʫʥʦʢ 2). 

ʇʦʢʘʟʘʥ ʭʘʨʘʢʪʝʨ ʟʘʣʝʛʘʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʧʦʩʣʝ 

ʥʘʥʝʩʝʥʠʷ ʫʜʘʨʘ ʜʝʬʦʨʤʠʨʫʶʱʠʤ ʰʘʨʦʤ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʪʦʯʢʠ ʢʦʥʪʘʢʪʘ ʚ ʨʘʜʠʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ (ʨʠʩʫʥʦʢ 3).  

 

mailto:pvm@bk.ru
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ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʢʦʣʴʮʝʚʠʜʥʦʡ ʦʙʣʘʩʪʠ ʥʘʢʣʝʧʘ ʥʘ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʰʘʨʘ. 

 

 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʦʙʣʘʩʪʠ ʥʘʢʣʝʧʘ ʩ ʦʩʪʘʪʦʯʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʦʪ ʩʢʦʨʦʩʪʠ ʰʘʨʘ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʦʤ ʀʀʆ ʦʪʚʝʨʩʪʠʡ ʜʝʪʘʣʝʡ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ 

ʯʫʛʫʥʘ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʟʘʛʦʪʦʚʢʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ 

ʠʟʤʝʥʝʥʠʶ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʰʘʨʘ. ʀʟʤʝʥʝʥʠʝ ʧʦʜʘʯʠ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʦʩʝʚʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚʣʠʷʝʪ ʥʘ ʧʣʦʪʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʝʜʘʤʠ ʦʙʨʘʙʦʪʢʠ. 

ʇʦʣʫʯʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʩʢʦʨʦʩʪʴ ʰʘʨʘ ʚ ʤʦʤʝʥʪ ʫʜʘʨʘ ʚ ʠʥʪʝʨʚʘʣʝ 1-3 ʤ/ʩ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʇʘʪ. 12381 ʈɹ, ʄʇʂ B24B 39/02. ʀʥʝʨʮʠʦʥʥʦ-ʠʤʧʫʣʴʩʥʳʡ ʨʘʩʢʘʪʥʠʢ /  

ɺ.ʄ. ʇʘʰʢʝʚʠʯ, ɺ.ɺ. ɸʬʘʥʝʚʠʯ; ʟʘʷʚʠʪʝʣʴ ʠ ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ ɹʝʣʦʨʫʩ.-ʈʦʩ. ʫʥ-ʪ. ï  

ˉ ʠ20190301; ʟʘʷʚʣ. 02.12.19; ʦʧʫʙʣ. 30.08.20, ɹʶʣ. ˉ4 (135).ï 9ʩ. 

2. ɸʬʘʥʝʚʠʯ, ɺ. ɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʠ ʠʥʝʨʮʠʦʥʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʦʙʨʘʙʦʪʢʝ / ɸʬʘʥʝʚʠʯ ɺ.ɺ., ʇʘʰʢʝʚʠʯ ɺ.ʄ., ʇʦʧʢʦʚʩʢʠʡ ɺ.ɸ. // 

ɺʝʩʪʥ. ɹʝʣʦʨʫʩ.-ʈʦʩ. ʫʥ-ʪʘ. ï 2019. ï ˉ 4(65). ï ʉ. 5ï14. 

3. ʇʘʰʢʝʚʠʯ, ɺ. ʄ. ʋʧʨʘʚʣʷʝʤʦʝ ʠʥʝʨʮʠʦʥʥʦ-ʠʤʧʫʣʴʩʥʦʝ ʨʘʩʢʘʪʳʚʘʥʠʝ ʚʥʫʪʨʝʥʥʠʭ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ / ɺ. ʄ. ʇʘʰʢʝʚʠʯ, ɺ. ɺ. ɸʬʘʥʝʚʠʯ,  

ʂ. ɸ. ʄʘʢʩʠʤʦʚ // ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ ʠ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʘ: ʤʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨ. ʥʘʫʯ.-ʧʨʘʢʪ. 

ʢʦʥʬ., ʄʦʛʠʣʝʚ ï ɹʦʙʨʫʡʩʢ, 10ï11 ʦʢʪʷʙʨʷ 2019 ʛ.: / ʀʥ-ʪ ʪʝʭʥʦʣʦʛʠʠ ʤʝʪʘʣʣʦʚ ʅʘʮ. ʘʢʘʜ. ʥʘʫʢ 

ɹʝʣʘʨʫʩʠ, ɸʜʤʠʥʠʩʪʨʘʮʠʷ ʩʚʦʙʦʜ. ʵʢʦʥ. ʟʦʥʳ çʄʦʛʠʣʝʚè, ɹʝʣʦʨʫʩ.- ʈʦʩ. ʫʥ-ʪ; ʨʝʜʢʦʣ.: ʄ. ɽ. 

ʃʫʩʪʝʥʢʦʚ (ʛʣ. ʨʝʜ.) [ʠ ʜʨ.]. ï ʄʦʛʠʣʝʚ: ɹʝʣʦʨʫʩ.-ʈʦʩ. ʫʥ-ʪ, 2019. ï  

ʉ. 48. 

 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʦʪ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʰʘʨʘ. 
 

ʈʠʩ. 3.  ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʪʦʯʢʠ 

ʫʜʘʨʘ, ʥʘʣʦʞʝʥʥʘʷ ʥʘ ʧʦʣʫʧʨʦʬʠʣʴ ʣʫʥʢʠ. 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ, ʥʘʙʠʨʘʶʱʠʤʠ ʚʩʝ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʠ 

ʠʤʝʶʱʠʤʠ ʰʠʨʦʢʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʶʪʩʷ 

ʪʝʭʥʦʣʦʛʠʠ ʩʦʚʤʝʱʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʘʥʠʝʤ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 

ʤʝʪʦʜʦʤ ʤʘʛʥʠʪʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʢʘʪʳʚʘʥʠ,̫ ʧʦʟʚʦʣʷʶʱʠʝ ʜʦʩʪʠʯʴ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʪʘʣʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ 

ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʨʦʩʪ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ.  

ʊʝʭʥʦʣʦʛʠʷ ʦʪʜʝʣʦʯʥʦ-ʫʧʨʦʯʥʷʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʦʪʚʝʨʩʪʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʛʥʠʪʥʦ-

ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʥʘʨʷʜʫ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʩʧʦʩʦʙʘʤʠ 

ʦʙʨʘʙʦʪʢʠ ʚʥʫʪʨʝʥʥʠʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʜʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʠʭ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʢʦʨʨʦʟʠʦʥʥʘ ̫ ʩʪʦʡʢʦʩʪʠ ʠʟʜʝʣʠʷ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪʘʭ [1]. 

ʊʝʭʥʦʣʦʛʠʷ ʩʦʚʤʝʱʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʘʥʠʝʤ ʠ ʤʘʛʥʠʪʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʢʘʪʳʚʘʥʠ ̫

ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʦʪʜʝʣʦʯʥʦ-ʫʧʨʦʯʥʷʶʱʫʶ ʦʙʨʘʙʦʪʢʫ ʦʪʚʝʨʩʪʠʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ 

ʪʠʧʘ ʮʠʣʠʥʜʨʦʚ, ʚʪʫʣʦʢ, ʢʦʣʝʮ ʜʠʘʤʝʪʨʦʤ ʩʚʳʰʝ 60 ʤʤ. ʆʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʠʥʩʪʨʫʤʝʥʪʦʤ, ʠʤʝʶʱʠʤ ʨʘʩʪʦʯʥʦʡ ʠ ʤʘʛʥʠʪʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʜʫʣʠ, ʢʦʪʦʨʳʝ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʦʦʩʥʦ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʥʘ ʝʜʠʥʫʶ ʦʧʨʘʚʢʫ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʦʧʝʨʘʮʠʠ (ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʩʦʚʤʝʱʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ) ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʘʩʪʨʦʡʢʘ ʩʦʚʤʝʱʝʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʟʘʜʘʥʥʳʡ ʨʘʟʤʝʨ ʠʩʭʦʜʷ ʠʟ ʚʝʣʠʯʠʥʳ 

ʧʨʠʧʫʩʢʘ ʥʘ ʯʠʩʪʦʚʫʶ ʠʣʠ ʧʦʣʫʯʠʩʪʦʚʫʶ ʦʙʨʘʙʦʪʢʫ (0,1 ï 0,5 ʤʤ). ʇʨʠ ʥʘʩʪʨʦʡʢʝ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʜʫʢʪʦʨʥʦʡ ʚʪʫʣʢʠ. ʆʙʨʘʙʘʪʳʚʘʝʤʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʜʝʪʘʣʴ 8 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ ʟʘʢʨʝʧʣʷʝʪʩʷ ʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʥʘ ʩʪʦʣʝ 

ʩʪʘʥʢʘ (ʩʪʘʥʢʠ ʩʚʝʨʣʠʣʴʥʦʡ ʠ ʬʨʝʟʝʨʥʳʭ ʛʨʫʧʧ) ʠʣʠ ʚ ʧʘʪʨʦʥʝ (ʩʪʘʥʢʠ ʪʦʢʘʨʥʦʡ ʛʨʫʧʧʳ). ʅʘ 

ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʩʦʚʤʝʱʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

 

ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʠʷ ʩʦʚʤʝʱʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʘʥʠʝʤ ʠ ʤʘʛʥʠʪʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʥʘʢʘʪʳʚʘʥʠʝʤ 

mailto:svirepa.dmitry@gmail.com
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ʆʧʨʘʚʢʝ 5, ʟʘʢʨʝʧʣʝʥʥʦʡ ʚ ʰʧʠʥʜʝʣʝ (ʩʪʘʥʢʠ ʩʚʝʨʣʠʣʴʥʦʡ ʠ ʬʨʝʟʝʨʥʳʭ ʛʨʫʧʧ), 

ʩʦʦʙʱʘʝʪʩʷ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ɤ. ɼʣʷ ʩʪʘʥʢʦʚ ʪʦʢʘʨʥʦʡ ʛʨʫʧʧʳ ʚʨʘʱʝʥʠʝ ʩʦʦʙʱʘʝʪʩʷ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ 8. ʇʦʜʘʯʘ S ʩʦʦʙʱʘʝʪʩʷ ʣʠʙʦ ʜʝʪʘʣʠ, ʣʠʙʦ ʠʥʩʪʨʫʤʝʥʪʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʦʛʦ ʥʘ ʢʘʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ.  

ʈʝʟʮʦʚʳʡ ʤʦʜʫʣʴ 1 ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʝʟʝʮ 2 ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʜʝʪʘʣʠ. ʅʘʩʪʨʦʡʢʘ ʥʘ ʥʝʦʙʭʦʜʠʤʳʡ 

ʜʠʘʤʝʪʨʘʣʴʥʳʡ ʨʘʟʤʝʨ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʨʘʩʪʦʯʥʦʡ ʛʦʣʦʚʢʠ. ʊʘʢʞʝ ʨʝʟʮʦʚʳʡ 

ʤʦʜʫʣʴ 1 ʩʦʜʝʨʞʠʪ ʠʩʪʦʯʥʠʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 3, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʜʚʝ 

ʟʘʜʘʯʠ: ʦʪʚʦʜ ʦʙʨʘʟʫʝʤʦʡ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʪʘʯʠʚʘʥʠʷ ʩʪʨʫʞʢʠ ʦʪ ʟʦʥʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʤʘʛʥʠʪʥʳʤ ʤʦʜʫʣʝʤ, ʠ ʦʧʝʨʝʞʘʶʱʝʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʟʦʥʳ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʄʘʛʥʠʪʥʦ-ʜʝʬʦʨʤʠʨʫʶʱʠʡ ʤʦʜʫʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʪʜʝʣʦʯʥʦ-ʫʧʨʦʯʥʷʶʱʝʡ ʦʙʨʘʙʦʪʢʠ 

ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʘʛʥʠʪʥʫʶ ʩʠʩʪʝʤʫ ʩ ʨʘʜʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʚ ʚʠʜʝ ʧʦʩʪʦʷʥʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʤʘʛʥʠʪʦʚ 6 ʠ ʨʷʜ ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʰʘʨʦʚ 4. 

ɼʝʬʦʨʤʠʨʫʶʱʠʝ ʰʘʨʳ 4 ʩʚʦʙʦʜʥʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʧʦʣʦʩʪʠ) ʢʦʣʴʮʝʚʦʡ 

ʢʘʤʝʨʳ, ʦʙʨʘʟʫʝʤʦʡ ʜʚʫʤʷ ʜʠʩʢʘʤʠ 7, ʠ ʧʨʠʚʦʜʷʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʩʦʚʤʝʩʪʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʧʦʪʦʢʦʤ ʤʘʛʥʠʪʥʦʛʦ (ʵʥʝʨʛʠʠ) ʧʦʣʷ, ʟʘ ʩʯʝʪ ʯʝʛʦ 

ʩʦʚʝʨʰʘʶʪ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ, ʥʘʥʦʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʫʜʘʨʳ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ [2,3].  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʦʚʤʝʱʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʘʥʠʝʤ ʠ ʤʘʛʥʠʪʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʥʘʢʘʪʳʚʘʥʠʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪ: 

- ʜʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʩʥʠʞʝʥʠʶ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ (ʩ 

ʚʝʣʠʯʠʥʳ Ra 10,4 ï 10,7 ʤʢʤ ʜʦ ʚʝʣʠʯʠʥʳ 0,2 ï 1,7 ʤʢʤ);  

- ʫʧʨʦʯʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʝʪʘʣʠ ʥʘ ʛʣʫʙʠʥʫ 0,05 ï 1 ʤʤ;  

- ʠʟʤʝʥʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʜʠʘʤʝʪʨʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʜʝʪʘʣʠ ʧʨʠ ʩʦʚʤʝʱʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʨʝʟʘʥʠʝʤ ʠ ʤʘʛʥʠʪʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʤ ʥʘʢʘʪʳʚʘʥʠʠ ʨʘʚʥʷʝʪʩʷ ʩʫʤʤʝ ʜʚʫʭ ʚʝʣʠʯʠʥ: ʚʝʣʠʯʠʥʝ 

ʫʜʘʣʷʝʤʦʛʦ ʧʨʠʧʫʩʢʘ ʨʝʟʮʦʚʳʤ ʤʦʜʫʣʝʤ ʠ ʚʝʣʠʯʠʥʝ ʧʨʠʧʫʩʢʘ ʧʦʜ ʤʘʛʥʠʪʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʥʘʢʘʪʳʚʘʥʠʝ ï 18-20 ʤʢʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʘʩʯʝʪʫ ʧʨʠʧʫʩʢʘ ʥʘ 

ʩʦʚʤʝʱʝʥʥʫʶ ʦʙʨʘʙʦʪʢʫ;  

- ʦʙʨʘʙʦʪʢʫ ʜʝʪʘʣʝʡ ʪʚʝʨʜʦʩʪʴʶ ʜʦ 50é55 HRC; 

- ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʚ 2 ï 5 ʨʘʟ. 
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ʀʟʙʠʨʘʪʝʣʴʥʳʡ ʧʝʨʝʥʦʩ ʤʝʪʘʣʣʘ ʧʨʠ ʪʨʝʥʠʠ ʠʣʠ çʵʬʬʝʢʪ ʙʝʟ ʠʟʥʦʩʘè ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʚʠʜ 

ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʨʝʥʠʷ, 

ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʪʝʣ ʭʠʤʠʯʝʩʢʠʭ 

ʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʩʠʩʪʝʤ 

ʘʚʪʦʢʦʤʧʝʥʩʘʮʠʠ ʠʟʥʦʩʘ ʠ ʩʥʠʞʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʱʠʪʥʦʡ (ʩʝʨʚʦʚʠʪʥʦʡ) ʧʣʸʥʢʠ ʚ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʦʩʦʙʳʡ 

ʤʝʭʘʥʠʟʤ ʜʝʬʦʨʤʘʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʡ ʙʝʟ ʥʘʢʦʧʣʝʥʠʷ ʜʝʬʝʢʪʦʚ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʫʩʪʘʣʦʩʪʥʳʤ 

ʧʨʦʮʝʩʩʘʤ. ʈʝʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʪʘʢʦʡ ʧʣʸʥʢʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 100 ʥ.ʤ., ʪʦ ʝʩʪʴ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ ʩ 

ʧʦʣʥʦʡ ʫʚʝʨʝʥʥʦʩʪʴʶ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʧʨʦʷʚʣʝʥʠʷʤ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʥʘʥʦʤʠʨʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩ ʧʦʟʠʮʠʠ ʥʘʥʦʪʨʠʙʦʣʦʛʠʠ, ʪʨʝʥʠʝ ʪʝʧʝʨʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ 

ʨʘʟʨʫʰʠʪʝʣʴʥʦʝ ʷʚʣʝʥʠʝ - ʦʥʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʢʘʢ 

ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʡʩʷ ʩʦʟʠʜʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ [1].  

 

 
ʈʠʩ. 1. ʉʢʘʥʦʛʨʘʤʤʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʠʟʣʫʯʝʥʠʡ ʂŬ ɻʣʝʤʝʥʪʦʚ Si ʠ Mn ʥʘ ʧʝʨʝʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʞʫʱʝʛʦ ʨʝʟʮʘ (ʙʳʩʪʨʦʨʝʞʫʱʘʷ ʩʪʘʣʴ ʤʘʨʢʠ ʈ18); ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ 

ʉʪʘʣʴ 40ʍ; ʩʨʝʜʘ - ʪʝʭʥʠʯʝʩʢʠʡ ʢʠʩʣʦʨʦʜ; ʩʢʦʨʦʩʪʴ v=40 ʤ/ʤʠʥ s=0.25 ʤʤ/ʦʙ, t=1ʤʤ. 

 

ʆʢʘʟʘʣʦʩʴ ʧʨʠ ʨʝʟʘʥʠʠ ʪʘʢʠʝ ʫʩʣʦʚʠʷ ʚʦʟʤʦʞʥʳ. ʇʨʦʚʝʜʝʥʥʳʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʧʳʪʳ 

ʧʨʠ ʨʝʟʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʩʪʘʣʠ ʨʝʟʮʦʤ ʠʟ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʤʘʨʢʠ ʈ18 ʧʦʢʘʟʘʣʠ 

ʚʳʩʦʢʫʶ ʩʪʦʡʢʦʩʪʴ ʧʨʠ ʨʝʟʘʥʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʤʠ ʩʨʝʜʘʤʠ (ʞʠʜʢʠʤʠ 

ʠ ʛʘʟʦʦʙʨʘʟʥʳʤʠ). ʇʨʠ ʨʝʟʘʥʠʠ, ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʝʨʚʦʚʠʪʥʦʡ ʧʣʸʥʢʠ, ʪʘʢ ʞʝ ʧʨʠʤʝʥʠʤ, 

ʧʨʦʠʩʭʦʜʠʪ ʩʭʚʘʪʳʚʘʥʠʝ ʠ ʥʘʤʘʟʳʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʨʘʩʢʠʩʣʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʩʪʘʣʠ, ʢʦʪʦʨʳʝ ʚ ʟʦʥʝ ʩʪʨʫʞʢʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʜʚʝʨʛʘʷʩʴ ʩʠʣʴʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤ, ʨʘʟʤʷʛʯʘʶʪʩʷ ʠ ʚ ʚʠʜʝ ʪʦʥʢʦʛʦ ʥʠʞʥʝʛʦ ʩʣʦʷ ʩʪʨʫʞʢʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦ 
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ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʮʘ, ʦʩʪʘʚʣʷʷ ʟʘ ʩʦʙʦʡ ʩʣʝʜ ʚ ʚʠʜʝ ʧʣʝʥʢʠ ʦʢʩʠʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʝʞʫʱʝʛʦ ʣʝʟʚʠʷ. 

ʈʝʥʪʛʝʥʦ-ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʩʣʦʡ ʩʦʩʪʦʠʪ ʠʟ ʦʢʠʩʣʦʚ 

ʢʨʝʤʥʠʷ ʠ ʤʘʨʛʘʥʮʘ. ʕʣʝʤʝʥʪʳ ʢʨʝʤʥʠʡ ʠ ʤʘʨʛʘʥʝʮ ʥʘʭʦʜʷʪʩʷ ʚ ʢʘʞʜʦʡ ʩʪʘʣʠ ʚ ʚʠʜʝ ʧʨʠʤʝʩʝʡ 

ʠ ʷʚʣʷʶʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤʠ (ʢʘʢ ʨʘʩʢʠʩʣʠʪʝʣʠ) ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʚʳʧʣʘʚʢʠ ʩʪʘʣʠ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ ʪʨʝʥʠʷ ʧʘʨʘ ʩʭʦʜʷʱʘʷ ʩʪʨʫʞʢʘ ʧʝʨʝʜʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʪʨʫʞʢʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʨʳʚʥʦ ʠ ʚ ʤʝʩʪʝ 

ʩʭʦʜʷʱʝʡ ʩʪʨʫʞʢʠ ʚʩʪʫʧʘʶʪ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʟʦʥʝ ʩʜʚʠʛʘ. ʇʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ, ʨʘʟʨʫʰʝʥʠʝ, ʠʟʥʦʩ ʠ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʥʪʘʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʪʦ ʝʩʪʴ ʝʸ 

ʥʝʧʨʝʨʳʚʥʘʷ ʨʝʛʝʥʝʨʘʮʠʷ. 

ʊʨʝʥʠʝ ʠ ʠʟʥʘʰʠʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ, ʙʝʟ ʩʦʤʥʝʥʠʷ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʥʝʨʘʚʥʦʤʝʨʥʳʤ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʧʦʵʪʦʤʫ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʥʠʭ ʥʝʠʟʙʝʞʥʳ ʠ 

ʦʙʷʟʘʪʝʣʴʥʳ [2]. 

ʇʨʦʮʝʩʩ ʨʝʟʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʪʢʨʳʪʘʷ ʩʠʩʪʝʤʘ ʨʘʟʚʠʪʠʷ ʘʢʪʠʚʘʮʠʦʥʥʦ-

ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʘ 

ʪʘʢʞʝ ʠʭ ʨʘʟʨʫʰʝʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʧʦʣʥʦʤ ʩʦʛʣʘʩʠʠ ʩ ʟʘʢʦʥʘʤʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʫʧʨʘʚʣʷʝʪʩʷ ʵʚʦʣʶʮʠʦʥʥʳʤ ʢʨʠʪʝʨʠʝʤ ʀ. ʇʨʠʛʦʞʠʥʘ [3]. 
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ʀʟʚʝʩʪʥʦ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʫʚʣʝʯʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʕʪʦ ʘʟʦʪʠʨʦʚʘʥʠʝ, ʮʠʘʥʠʨʦʚʘʥʠʝ, ʦʙʨʘʙʦʪʢʘ ʭʦʣʦʜʦʤ, ʨʝʟʘʥʠʝ ʠʣʠ ʦʙʨʘʙʦʪʢʘ ʠʥʩʪʨʫʤʝʥʪʘ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʭ ʩʨʝʜ ʠ ʪ.ʧ. ɺ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʚʝʣʘʩʴ ʚ ʨʘʟʣʠʯʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʫʚʝʣʠʯʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ [1]. 

ɺʦʧʨʦʩʦʤ ʚʣʠʷʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʙʳʩʪʨʦʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʨʝʟʮʦʚ ʧʦʩʚʷʱʝʥʦ ʤʥʦʛʦ 

ʨʘʙʦʪ [2].  

ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʥʘ ʩʪʦʡʢʦʩʪʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʆʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ tʠ ʩʠʣʳ ʪʦʢʘ J, ʥʘʤʠ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ T = f (t ) ʠ T = f (J ) ʜʣʷ ʥʝʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ 

ʙʳʩʪʨʦʨʝʞʫʱʠʭ ʨʝʟʮʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʠ 25. ɿʘʪʝʤ ʦʧʨʝʜʝʣʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʳʰʝʥʠʷ 

ʩʪʦʡʢʦʩʪʠ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʬʦʨʤʫʣʝ: 

ʥʝʥʘʤ

ʥʘʤ
T
ʊ

T
K =  

ʛʜʝ: ʥʘʤʊ  - ʩʪʦʡʢʦʩʪ ɹʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ; 

ʥʝʥʘʤʊ  - ʩʪʦʡʢʦʩʪ ɹʥʝ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʨʝʞʠʤʘʭ ʨʝʟʘʥʠʷ J = 120 ʤ/ʤʠʥ; S = 0.11 ʤʤ/ʦʙ; ʠ 
015=g , ʧʨʠ 

ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʩʷ ʫʩʪʦʡʯʠʚʳʡ ʵʬʬʝʢʪ ʦʪ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ.    

ʆʧʪʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ t = 3 ʤʠʥ, ʘ ʩʠʣʘ ʪʦʢʘ J = 

3.75 ʘʤʧʝʨ. ɸʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʝʡ 40ʍ ʠ 45. ʇʦʵʪʦʤʫ 

ʚʦ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʦʧʳʪʘʭ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ t 

= 3 ʤʠʥ, ʠ J = 3.75 ʘʤʧʝʨ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʟʥʘʯʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʥʘ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʨʦʚʦʜʠʣʠʩʴ ʩʪʦʡʢʦʩʪʥʳʝ ʦʧʳʪʳ ʜʣʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ʥʘʤʘʛʥʠʯʝʥʥʳʭ ʨʝʟʮʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʨʝʟʮʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʥʳʭ ʦʧʳʪʦʚ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ɻ ʬʬʝʢʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʨʝʟʘʥʠʷ ʠ ʥʘ ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ 

ʩʨʝʟʘʝʤʦʛʦ ʩʣʦʷ, ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʥʠʡ ʫʛʦʣ ɔ.  

ʆʧʳʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʧʝʨʝʜʥʝʛʦ ʫʛʣʘ ɔ, (0 ï 200), 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʨʝʟʮʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝ ʥʘʤʘʛʥʠʯʝʥʥʳʤ ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʩʪʦʡʢʦʩʪʴ. ʆʜʥʘʢʦ 

ʵʬʬʝʢʪ ʦʪ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʝʨʝʜʥʝʛʦ ʫʛʣʘ ɔ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 
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ʤʝʥʷʝʪʩʷ. ʆʧʪʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʝʨʝʜʥʝʛʦ ʫʛʣʘ ɔ ʜʣʷ ʥʘʤʘʛʥʠʯʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʜʘʯ ʷʚʣʷʝʪʩʷ ɔ = 150. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʦʧʪʠʤʘʣʴʥʳʤ 

ʩʦʯʝʪʘʥʠʝʤ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʨʝʟʘʝʤʦʛʦ ʩʣʦʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʘʥʠʷ, ʧʣʦʱʘʜʠ 

ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʫʩʣʦʚʠʡ ʦʪʚʦʜʘ ʪʝʧʣʘ ʠ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ.   

ʉʣʝʜʫʶʱʘʷ ʩʝʨʠʷ ʦʧʳʪʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʫʛʣʘ ɔ = 150 ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʨʝʟʘʥʠʷ ʠ ʧʦʜʘʯʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʝʡ 25 ʠ 45. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1,2. ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʩʢʦʨʦʩʪʝʡ ʨʝʟʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʣʠʩʴ ʦʧʳʪʳ, ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʪʦʡʢʦʩʪʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʨʝʟʮʘ.  

  

ʈʠʩ.1. ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʨʝʟʮʘ ʥʘ ʩʪʦʡʢʦʩʪʴ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʩʪʘʣʠ 25, S = 0,11 ʤʤ/ʦʙ 

1. ʅʝʥʘʤʘʛʥʠʯʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

2. ʅʘʤʘʛʥʠʯʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

ʈʠʩ.2. ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʨʝʟʮʘ ʥʘ ʩʪʦʡʢʦʩʪʴ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʩʪʘʣʠ 25, S = 0,15 ʤʤ/ʦʙ 

1. ʅʝʥʘʤʘʛʥʠʯʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

2.   ʅʘʤʘʛʥʠʯʝʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʆʧʪʠʤʘʣʴʥʳʤʠ ʨʝʞʠʤʘʤʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʙʳʩʪʨʦ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 75.3=ʦʧʪJ  ʘʤʧʝʨ 3=ʦʧʪt  ʤʠʥ ; 

2. ʆʩʪʘʪʦʯʥʘʷ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʜʣʠʥʳ ʨʝʟʮʘ ʤʝʥʷʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʵʬʬʝʢʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

3. ʇʝʨʝʜʥʠʡ ʫʛʦʣ ɔ = 150 ʠ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʵʪʦ ʚʣʠʷʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʜʘʯʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʍʘʩʘʥʦʚ ʉ.ʄ. ʅʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ. çʉʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠè ɸʥʜʠʞʘʥ-

2016. 

2. ʂʠʥʜʝʥʢʦ ʅ.ʀ. çʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚè. 

ʅʘʫʯʥʳʡ ʚʝʩʪʥʠʢ ɼʦʥʙʘʩʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʘʢʘʜʝʤʠʠ. ˉ2 (8ɽ), 

2011, ʉʪ118-121. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʧʶʨ ʢʦʥʪʘʢʪʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʠ ʧʦʩʪʨʦʠʪʴ 

ʵʧʶʨʳ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʚʝʣʠʯʠʥʝ ʪʦʣʱʠʥʳ ʩʨʝʟʘ a = sĿsin ű (ʤʤ), ʛʜʝ s ï ʧʦʜʘʯʘ 

(ʤʤ/ʦʙ),Ŀű ï ʛʣʘʚʥʳʡ ʫʛʦʣ ʚ ʧʣʘʥʝ (Ü). 

ɸʥʘʣʠʟ ʵʧʶʨ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʨʘʟʨʝʟʥʦʛʦ ʨʝʟʮʘ [1, 2, 3, 4], 

ʧʦʢʘʟʘʣ, ʯʪʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ 

ʦʜʥʦʟʥʘʯʥʦ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʝʨʝʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʮʘ (ʨʠʩ. 1). 

ɼʣʠʥʘ ʢʦʥʪʘʢʪʘ ʩʪʨʫʞʢʠ ʩ 

ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ (ʤʤ) 

ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥʘ ʠʣʠ 

ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʘʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʩʨʝʟʘ ʘ ʠ 

ʧʝʨʝʜʥʝʛʦ ʫʛʣʘ ɔ (Ü).  

ɼʣʠʥʘ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʘʢʪʘ ʩʪʨʫʞʢʠ ʩ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ1 (ʤʤ) ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʠ ʩʨʝʜʥʝʡ ʪʚʸʨʜʦʩʪʠ 

ʦʙʳʯʥʦ ʨʘʚʥʘ 0,5Ŀc.  

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʵʧʶʨ ʢʘʩʘʪʝʣʴʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ Ű ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʥʠʝ 

ʧʦʣʦʞʝʥʠʷ ʪʦʣʴʢʦ ʜʚʫʭ ʪʦʯʝʢ: ʚ ʢʦʥʮʝ ʢʦʥʪʘʢʪʘ ʩʪʨʫʞʢʠ ʩ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ Ű = 0 ʄʇʘ, 

ʚʪʦʨʘʷ ï ʚʝʣʠʯʠʥʘ Ű ʥʘ ʫʯʘʩʪʢʝ ʦʪ ʥʫʣʷ ʜʦ ʩ1 (ʨʘʩʩʪʦʷʥʠʠ l) (ʨʠʩ. 1). ʅʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʚʝʣʠʯʠʥʘ 

Ű = const, ʧʨʠ ʵʪʦʤ Ű = Űmax. ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʥʘ ʙʫʜʝʪ ʦʙʦʟʥʘʯʘʪʴʩʷ ʢʘʢ Űconst. ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ 

ʵʧʶʨʳ Ű ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ Űconst ʧʦ ʩʠʣʝ ʪʨʝʥʠʷ ʥʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ F (ʅ): 

Űconst = F /(cĿ0,75Ŀbʩ) (ʅ/ʤʤ
2) ʠʣʠ (ʄʇʘ), ʛʜʝ bʩ ï ʰʠʨʠʥʳ ʢʦʥʪʘʢʪʘ ʩʪʨʫʞʢʠ ʩ ʧʝʨʝʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʝʟʮʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʛʣʫʙʠʥʳ ʨʝʟʘʥʠʷ t (ʤʤ): bʩ å t/sin ű) (ʤʤ). 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʵʧʶʨ ʥʦʨʤʘʣʴʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ů (ʄʇʘ)  ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʥʠʝ 

ʧʦʣʦʞʝʥʠʷ ʰʝʩʪʠ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ, ʦʪʩʪʦʷʱʠʭ ʦʪ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ l = 0 ʤʤ; 

l1; l = 0,4Ŀʩ;  l2;  l = ʩ1;  l = ʩ (ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ ů = 0 ʄʇʘ, ʪ.ʢ. ʩʪʨʫʞʢʘ ʦʪʭʦʜʠʪ ʦʪ ʧʝʨʝʜʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ). 

 
ʈʠʩ. 1. ʕʧʶʨʳ ʥʦʨʤʘʣʴʥʳʭ ů ʠ ʢʘʩʘʪʝʣʴʥʳʭ Ű 

ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ (ʄʇʘ) ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʩʪʘʣʠ 40ʍ. ʉʪʘʣʴ 40ʍ ï ʊ15ʂ6, ɔ=7Á, v=2 ʤ/ʩ, 

t = 2 ʤʤ, ʘ = 0,368 ʤʤ.  



XIII  ȲɋɌɊəɓɆɖɔɊɓɆɥ ɓɆəɝɓɔ-ɘɋɛɓɎɝɋɗɐɆɥ ɐɔɓɚɋɖɋɓɜɎɥ  
çȷɔɈɖɋɒɋɓɓɡɋ ɕɖɔɇɑɋɒɡ ɒɆɞɎɓɔɗɘɖɔɋɓɎɥè 

 

  

145 

 

 

ʈʘʩʩʪʦʷʥʠʝ l1 ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ ʩʨʝʟʘ ʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠʜʸʪ ʜʘʚʣʝʥʠʝ ʦʪ 

ʟʘʛʦʪʦʚʢʠ, ʘ ʥʝ ʦʪ ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʩʪʨʫʞʢʠ. ʇʦʵʪʦʤʫ ʧʨʠʥʠʤʘʝʤ l1 å ʘ (ʤʤ). ʅʦʨʤʘʣʴʥʦʝ 

ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʢʦʥʮʝ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ůl1 å 0,93Ŀůmax (ʄʇʘ). 

ʅʘ ʨʘʩʩʪʦʷʥʠʠ lʧʝʨʝʩʝʯ = 0,4Ŀʩ (ʤʤ) ʦʪ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʠʤʝʝʪʩʷ ʧʝʨʝʩʝʯʝʥʠʝ ʵʧʶʨʳ 

ʥʦʨʤʘʣʴʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ů ʩ ʵʧʶʨʦʡ ʢʘʩʘʪʝʣʴʥʳʭ Ű, ʪ.ʝ. ʚ ʵʪʦʤ ʤʝʩʪʝ ů = Ű (ʨʠʩ. 1). 

ʅʘ ʨʘʩʩʪʦʷʥʠʠ l2 ʦʪ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʥʘʯʠʥʘʝʪʩʷ ʧʝʨʝʭʦʜ ʥʠʩʧʘʜʘʶʱʝʛʦ ʫʯʘʩʪʢʘ ʵʧʶʨʳ 

ʥʦʨʤʘʣʴʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ů ʚ ʥʝʙʦʣʴʰʦʡ ʧʦ ʧʨʦʪʷʞʸʥʥʦʩʪʠ ʫʯʘʩʪʦʢ, ʛʜʝ ʵʧʶʨʘ ů 

ʧʘʨʘʣʣʝʣʴʥʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 1). ʅʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ů = ůconst (ʄʇʘ). 

ʅʘ ʨʘʩʩʪʦʷʥʠʠ l = ʩ1 ʦʪ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʥʘʯʠʥʘʝʪʩʷ ʧʝʨʝʭʦʜ ʫʯʘʩʪʢʘ ʵʧʶʨʳ ů = ůconst ʚ 

ʥʠʩʧʘʜʘʶʱʠʡ ʜʦ ʥʫʣʷ ʚ ʪʦʯʢʝ ʦʪʨʳʚʘ ʩʪʨʫʞʢʠ ʦʪ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʵʪʦʡ ʪʦʯʢʝ, ʪ.ʝ. ʧʨʠ 

l = ʩ1, ʪʘʢʞʝ ů = ůconst (ʄʇʘ). 

 

 

ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʵʧʶʨ ʢʘʩʘʪʝʣʴʥʳʭ ʠ ʥʦʨʤʘʣʴʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ 

ʥʝʩʢʦʣʴʢʠʭ ʪʦʣʱʠʥ ʩʨʝʟʘ ʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,05 ʜʦ 0,368 ʤʤ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 

ʛʨʘʬʠʢʠ (ʨʠʩ. 2 ʠ 3), ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʳ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʧʶʨ ʜʣʷ 

ʣʶʙʦʡ ʧʦʜʘʯʠ ʚ ʠʟʫʯʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʪʦʣʱʠʥ ʩʨʝʟʘ. 
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ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʪʦʣʱʠʥʳ ʩʨʝʟʘ ʘ (ʤʤ) ʥʘ 

ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʧʶʨ ʢʦʥʪʘʢʪʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ (ʄʇʘ) ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʩʪʘʣʠ 40ʍ. ʉʪʘʣʴ 40ʍ ï ʊ15ʂ6, ɔ=7Á, 

v=2 ʤ/ʩ. 

 
ʈʠʩ. 3. ɺʣʠʷʥʠʝ ʪʦʣʱʠʥʳ ʩʨʝʟʘ ʘ (ʤʤ) ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʵʧʶʨ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʉʪʘʣʴ 40ʍ ï ʊ15ʂ6, ɔ=7Á, v=2 ʤ/ʩ. 
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ʉɽʂʎʀʗ 4 

ʄɸʊɽʈʀɸʃʆɺɽɼɽʅʀɽ ʀ ʅɸʅʆʊɽʍʅʆʃʆɻʀʀ ɺ ʄɸʐʀʅʆʉʊʈʆɽʅʀʀ 
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ʀʩʭʦʜʷ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʩʬʝʨʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʩʬʝʨʠʯʝʩʢʠʭ ʛʨʘʥʫʣ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʡ ʟʝʨʥʠʩʪʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ 

ʵʣʝʢʪʨʦʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʟʘʪʨʘʪʘʤʠ 

ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ. ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʦʝ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʣʝ ʯʠʩʪʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʧʦʟʚʦʣʷʝʪ, ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʘ, ʫʧʨʘʚʣʷʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʧʦʣʫʯʘʝʤʳʭ ʧʦʨʦʰʢʦʚ [1-5]. ʎʝʣʴʶ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʘʝʤʦʩʪʠ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʳʭ ʢʦʙʘʣʴʪʦʭʨʦʤʦʚʳʭ 

ʧʦʨʦʰʢʦʚ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʜʣʷ ʘʜʜʠʪʠʚʥʳʭ ʠʟʜʝʣʠʡ. 
ʂʦʙʘʣʴʪʦʭʨʦʤʦʚʳʝ ʧʦʨʦʰʢʠ ʧʦʣʫʯʘʣʠ ʵʣʝʢʪʨʦʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝʤ ʦʪʭʦʜʦʚ ʩʧʣʘʚʘ ʂʍʄʉ ʚ 

ʩʧʠʨʪʝ. Cʨʝʜʥʠʡ ʨʘʟʤʝʨ ʧʦʣʫʯʝʥʥʳʭ ʯʘʩʪʠʮ ʩʦʩʪʘʚʠʣ 52,5 ʤʢʤ, ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ï 52,496 ʤʢʤ. 

ʇʘʨʘʤʝʪʨʳ ʬʦʨʤʳ ʧʦʣʫʯʝʥʥʳʭ ʤʠʢʨʦʯʘʩʪʠʮ ʢʦʙʘʣʴʪʦʭʨʦʤʦʚʳʭ ʧʦʨʦʰʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

1. 

 

 
ʈʠʩ. 1. ʇʘʨʘʤʝʪʨʳ ʬʦʨʤʳ ʤʠʢʨʦʯʘʩʪʠʮ ʢʦʙʘʣʴʪʦʭʨʦʤʦʚʳʭ ʧʦʨʦʰʢʦʚ 

 
ʕʢʩʧʝʨʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʦʥʛʘʮʠʠ (ʫʜʣʠʥʝʥʠʷ) ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ 

44,128 ʤʢʤ ʩʦʩʪʘʚʣʷʝʪ 1,931. ʉʧʝʢʘʥʠʝ ʢʦʙʘʣʴʪʦʭʨʦʤʦʚʳʭ ʧʦʨʦʰʢʦʚ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ ʠʩʢʨʦʚʦʛʦ 

ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ SPS 25-10 (Thermal 

Technology, ʉʐɸ). ʀʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʨʘʟʤʝʱʘʣʠ ʚ ʤʘʪʨʠʮʝ ʠʟ ʛʨʘʬʠʪʘ, ʧʦʤʝʱʘʝʤʦʡ ʧʦʜ ʧʨʝʩʩ ʚ 

ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ. ʕʣʝʢʪʨʦʜʳ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʯʘʩʪʴ ʧʨʝʩʩʘ, ʧʦʜʚʦʜʷʪ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʢ ʤʘʪʨʠʮʝ ʠ ʩʦʟʜʘʶʪ ʠʩʢʨʦʚʳʝ ʨʘʟʨʷʜʳ ʤʝʞʜʫ ʩʧʝʢʘʝʤʳʤʠ ʯʘʩʪʠʮʘʤʠ ʤʘʪʝʨʠʘʣʘ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʠʥʪʝʥʩʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

ʈʘʩʪʨʦʚʦʝ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʧʝʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʠʟ 

ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʳʭ ʢʦʙʘʣʴʪʦʭʨʦʤʦʚʳʭ ʧʦʨʦʰʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩ. 2. ʈʘʩʪʨʦʚʦʝ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʧʝʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ 

 

 ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʘʝʤʦʩʪʠ 

ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʳʭ ʢʦʙʘʣʴʪʦʭʨʦʤʦʚʳʭ ʧʦʨʦʰʢʦʚ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ  ʜʣʷ ʘʜʜʠʪʠʚʥʳʭ ʠʟʜʝʣʠʡ, 

ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʧʦʨʠʩʪʘʷ ʨʘʚʥʦʚʝʩʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ. ʅʦʤʝʨ 

ʧʨʦʝʢʪʘ 17-79-20336-ʇ. 
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