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ʉʋʏɸʉʅɯ ʇɯɼʍʆɼʀ ʋ ʄʆɼɽʃʖɺɸʅʅɯ ʉʂʃɸɼʅʀʍ ʉʀʉʊɽʄ 46 

ɺʣʘʩʦʚ ʆ.ʀ., ʂʘʠʨʦʚ ɸ.ʉ. 
ɺʃʀʗʅʀɽ ʉʊʈʋʂʊʋʈʓ ʀ ʄɽʍɸʅʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʉʆɹʉʊɺɽʅʅʓɽ ʏɸʉʊʆʊʓ  ʀ ʌʆʈʄʓ 
ʂʆʃɽɹɸʅʀʁ ʄʅʆɻʆʉʃʆʁʅʓʍ ʂʆʅʀʏɽʉʂʀʍ ʆɹʆʃʆʏɽʂ 48 

ɻʘʧʝʝʚ ʉ.ʅ., ʉʦʩʥʘ ɼ.ʆ. 

ʇʆɼʍʆɼ ʂ ʄʆɼɽʃʀʈʆɺɸʅʀʖ ʗɺʃɽʅʀʗ ɺʓɼɸɺʃʀɺɸʅʀʗ  ʇʆʈʆɼ ʇʆʏɺʓ ɺ 
ɻʆʈʅʓʍ ɺʓʈɸɹʆʊʂɸʍ 50 

ɻʘʨʤʘʰ ʉ.ʄ., ʏʝʨʥʝʮʴʢʠʡ ɭ.ɺ. 

ʄʆɼɽʃʖɺɸʅʅʗ ɿɸʃɽɾʅʆʉʊɯ ɺʈʆɾɸʁʅʆʉʊɯ ʆɺʆʏɽɺʀʍ ʂʋʃʔʊʋʈ ɺɯɼ 
ɿɸʉʊʆʉʋɺɸʅʅʗ ɼʆɹʈʀɺɸ 55 

ʉ. ɻʨʠʥʠʰʘʢ, ʅ. ɸ. ʃʳʩʝʥʢʦ  

ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʄʆɼɽʃʀ ʉʀɻʅɸʃʆɺ ɺ ʉɽʁʉʄʀʏɽʉʂʀʍ ʉʀʉʊɽʄɸʍ 
ʆʍʈɸʅʓ ʇɽʈʀʄɽʊʈɸ ɸ. 56 

ɻʨʦʜ ɯ.ʄ., ʐʝʚʯʠʢ ʃ.ʆ. 

ʄʆɼɽʃʖɺɸʅʅʗ ɼʀʅɸʄɯʂʀ ʂʆʃʀɺɸʅʅʗ ɹɯʆʄɸʉʀ ʊɸ ʇʈʆɼʋʂʊʀɺʅʆʉʊɯ 
ʇʆʇʋʃʗʎɯɰ ɺʀʅʆɻʈɸɼʅʆɻʆ ʉʃʀʄɸʂɸ ( Helix pomatia) ʋ ʉʂʃɸɼɯ ʃɯʉʆɺʆɻʆ 

ɹɯʆʎɽʅʆɿʋ 60 

ɼʦʨʝʥʩʴʢʠʡ ʆ.ʇ. 
ɯʄɯʊɸʎɯʁʅɸ ʄʆɼɽʃʔ ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʆ-

ʋʇʈɸɺʃʗʖʏʆɰ ʉʀʉʊɽʄʀ ʅɸ ʃʆɻɯʏʅʆʄʋ ʈɯɺʅɯ 63 

ɼʴʦʤʽʯʝʚ ʂ.ɽ., ʉʪʝʙʣʷʥʢʦ ʇ.ʆ. 
ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʋɾʅʆ - ʇʃɸʉʊʀʏʅʀʍ ʎʀʃɯʅɼʈʀʏʅʀʍ ʊɯʃ ɿ 

ʋʈɸʍʋɺɸʅʅʗʄ ʅɽʃɯʅɯʁʅʆɻʆ ʍɸʈɸʂʊɽʈʋ ɼɽʌʆʈʄʋɺɸʅʅʗ 66 

ɾʫʣʴʢʦʚʩʢʠʡ ʆ.ɸ., ɾʫʣʴʢʦʚʩʢʘʷ ʀ.ʀ.  
ʆ ʇʆɼʍʆɼɸʍ ʂ ʄɸʊɽʄɸʊʀʏɽʉʂʆʄʋ ʄʆɼɽʃʀʈʆɺɸʅʀʖ  ʊɽʇʃʆɺʆɻʆ 

ʈɽɾʀʄɸ ʄɽʊɸʃʃʋʈɻʀʏɽʉʂʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ 68 

ʀʚʘʥʝʮ ʅ.ɺ. 

ʇʆʉʊʈʆɽʅʀɽ ʄʆɼɽʃɽʁ ʕʂɺʀɺɸʃɽʅʊʅʓʍ ʉɽʏɽʅʀʁ ʉʊɽʈɾʅɽɺʓʍ 

ʕʃɽʄɽʅʊʆɺ, ʌʋʅʂʎʀʆʅʀʈʋʖʑʀʍ ɺ ɸɻʈɽʉʉʀɺʅʓʍ ʉʈɽɼɸʍ 69 

ɯʚʘʥʢʽʚ ʂ.ʉ. 
ʏʀʉɽʃʔʅɽ ʄʆɼɽʃʖɺɸʅʅʗ  ʇʈʆʉʊʆʈʆɺʆ-ʏɸʉʆɺʆɰ ʄɯɻʈɸʎɯɰ 

ɹʃʀɿʔʂʆʉʇʆʈɯɼʅɽʅʀʍ ɺʀɼɯɺ   70 
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ɿʝʣʝʥʮʦʚ ɼ.ɻ. 

ʇʆɺʓʐɽʅʀɽ ʊʆʏʅʆʉʊʀ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʂʆʈʈʆɿʀʆʅʅʓʍ ʇʈʆʎɽʉʉʆɺ ɺ 

ʕʃɽʄɽʅʊɸʍ ʄɽʊɸʃʃʀʏɽʉʂʀʍ ʂʆʅʉʊʈʋʂʎʀʁ 74 

ɯʚʽʮʴʢʠʡ ɯ.ɯ., ʉʦʢʦʣʴʩʴʢʠʡ ʆ.ʃ., ʄʽʢʫʣʴʦʥʦʢ ɯ.ʆ. 
ʂʆʄʇôʖʊɽʈʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʊɽʏɯɰ ʈʆɿʇʃɸɺʋ ʇʆʃɯʄɽʈʅʀʍ ʄɸʊɽʈɯɸʃɯɺ ʋ 

ʇʈʆɻʈɸʄʅʆʄʋ ʂʆʄʇʃɽʂʉɯ ANSYS POLYFLOW 79 

ʂʘʠʨʦʚ ɺ.ɸ., ʐʝʚʯʝʥʢʦ ɺ.ʇ. 
ʉʆɹʉʊɺɽʅʅʓɽ ʂʆʃɽɹɸʅʀʗ ʂʆʅʉʊʈʋʂʊʀɺʅʆ ʅɽʆɼʅʆʈʆɼʅʓʍ 

ʎʀʃʀʅɼʈʀʏɽʉʂʀʍ ʆɹʆʃʆʏɽʂ, ʆʉʃɸɹʃɽʅʅʓʍ ʂʈʋɻʃʓʄʀ ʆʊɺɽʈʉʊʀʗʄʀ 81 

ʂʘʪʘʥ ɺ.ɸ.  
ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʋɼɸʈʅʓʍ ɿɸɼɸʏ ɻʀɼʈʆʄɽʍɸʅʀʂʀ C 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʅɽʉʆɹʉʊɺɽʅʅʓʍ ʀʅʊɽɻʈɸʃʆɺ ɺ ʉʄʓʉʃɽ ʂʆʅɽʏʅʆʁ 

ʏɸʉʊʀ ʇʆ ɸɼɸʄɸʈʋ   83 

ʂʣʠʤ ɺ.ʖ. 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ  ʈɸɿʆɻʈɽɺɸ ʆɼʅʆʄɽʈʅʓʍ 
ʊɺɽʈɼʓʍ ʊɽʃ   84 

ʂʦʣʦʤʽʻʮʴ ʆ.ɺ., ʉʫʭʠʡ ʂ.ʄ., ɹʻʣʷʥʦʚʩʴʢʘ ʆ.ɸ. 

ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ʐɺʀɼʂʆʉʊɯ ʇɸʈʆɻɸɿʆɺʆɰ ʉʋʄɯʐɯ ʅɸ ʂʂɼ 
ʊɽʇʃʆɺʆɻʆ ɸʂʋʄʋʃʗʊʆʈɸ 85 

ʂʦʩʘʨʝʚʠʯ ʈ.ʗ., ʈʫʩʠʥ ɹ.ʇ.  

ʉʊʆʍɸʉʊʀʏʅɸ ʄʆɼɽʃʔ ʈʆʉʊʋ ʄɸʂʉʀʄɸʃʔʅʆɰ ɻʃʀɹʀʅʀ ʇɯʊɯʅɻɸ  ɿ 
ɺʈɸʍʋɺɸʅʅʗʄ ɺɿɸɭʄʅʆɻʆ ɺʇʃʀɺʋ 88 

ʂʨʘʩʥʽʢʦʚ ʂ.ʉ. 

ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ʆɹʈʆɹʂʀ ʉʊɸʃɽɺʆɻʆ ʈʆɿʇʃɸɺʋ ɼʈʆʊʆʄ ʇɯɼ ʏɸʉ 
ʇʈʆɼʋɺɸʅʅʗ ɯʅɽʈʊʅʀʄ ɻɸɿʆʄ ʅɸ ɸɻʈɽɻɸʊɯ ʂɯɺʐ-ʇɯʏ 92 

ʂʫʜʽʥ ʆ.ɺ., ʏʦʧʦʨʦʚ ʉ.ɺ. 

ɼɽʌʆʈʄʋɺɸʅʅʗ ʊʈʀʐɸʈʆɺʀʍ ʎʀʃɯʅɼʈʀʏʅʀʍ ʆɹʆʃʆʅʆʂ ʇɯɼ ɼɯɭʖ 
ɿʆɺʅɯʐʅʔʆɻʆ ʊʀʉʂʋ 97 

ʃ.ɺ. ʂʫʟʴʤʽʥʦʚʘ, ʄ.ʇ. ʄʘʮʶʢ  

ɻɽʆʄɽʊʈʀʏʅɯ ɺɯɼʆɹʈɸɾɽʅʅʗ ʊɸ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʉʊʆʈʋ ʅɸ ʇʃʆʑʀʅɯ 102 

ʂʫʟʷʝʚ ʀ.ʄ., ʃʦʙʦʜʝʥʢʦ ɸ.ɽ.  

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼʀʅɸʄʀʏɽʉʂʆɻʆ ʇʆɺɽɼɽʅʀʗ ɻɸɿʆɺʓʍ ʇʋɿʓʈʔʂʆɺ ɺ 

ɾʀɼʂʀʍ ʉʈɽɼɸʍ ʀ.ʄ. ʂʫʟʷʝʚ, ɸ.ɽ. ʃʦʙʦʜʝʥʢʦ 106 

ʂʫʟʷʝʚ ʀ.ʄ., ʇʦʧʦʚ ɽ.ʀ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ʊɽʏɽʅʀʗ ʅɽʅʔʖʊʆʅʆɺʉʂʀʍ ɾʀɼʂʆʉʊɽʁ ɺ 

ʂʆʅʋʉʅʓʍ ʂɸʅɸʃɸʍ ʇʆɼ ɼɽʁʉʊɺʀɽʄ ʎɽʅʊʈʆɹɽɾʅʓʍ ʉʀʃ 111 

ʂʫʨʠʣʷʢ ɺ.ɺ.  

ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉʋ ʊɽʍʅɯʏʅʆɻʆ ʆɹʉʃʋɻʆɺʋɺɸʅʅʗ 

ʇɯɼʐʀʇʅʀʂɯɺ ʉʋɼʅʆɺʆɻʆ ɺɸʃʆʇʈʆɺʆɼʋ 115 

ʃʘʪʘʥʩʢʘʷ ʃ.ɸ. 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʅɽʃʀʅɽʁʅʓʍ ʂʆʃɽɹɸʅʀʁ 

ʄʅʆɻʆʉʃʆʁʅʓʍ ʂʆʅʉʊʈʋʂʊʀɺʅʆ-ʅɽʆɼʅʆʈʆɼʅʓʍ ʆɹʆʃʆʏɽʂ ʇʈʀ 
ʀʄʇʋʃʔʉʅʆʄ ʅɸɻʈʋɾɽʅʀʀ 119 

ʃʳʩʝʥʢʦ ʅ.ɸ. 

ʀɼɽʅʊʀʌʀʂɸʎʀʗ ʊɽʄʇɽʈɸʊʋʈʅʓʍ ɼɸʅʅʓʍ ʀ ɼʀʅɸʄʀʂɸ ʉʄɽʅʓ ʂʃʀʄɸʊɸ 
ʇʈʀ ʀʉʇʆʃʔɿʆɺɸʅʀʀ ʈɽʂʋʈʈɽʅʊʅʆɻʆ ɸʅɸʃʀɿɸ   120 
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ʄʽʭʻʻʥʢʦ ɺ.ʄ. 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʂɺɸʅʊʆɺʆ-ʍɯʄɯʏʅʀʍ ʈʆɿʈɸʍʋʅʂɯɺ ɼʃʗ ʄʆɼɽʃʖɺɸʅʅʗ 

ʄɽʍɸʅɯɿʄɯɺ ʍɯʄɯʏʅʀʍ ʈɽɸʂʎɯʁ 121 

ʄʘʨʯʝʥʢʦ ɺ. ʊ., ʉʘʟʠʥʘ ʅ. ʇ., ʉʶʪʢʠʥʘ-ɼʦʨʦʥʠʥʘ ʉ. ɺ. 
ʆɹ ʆɼʅʆʄ ʇʆɼʍʆɼɽ ʂ ʄʆɼɽʃʀʈʆɺɸʅʀʖ ʅɽʆʇʈɽɼɽʃɽʅʅʆʉʊʀ  ʊɽʍʅʀʂʆ-

ʕʂʆʅʆʄʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʉʀʉʊɽʄ ʀ ʀɿɼɽʃʀʁ  ʈɸʂɽʊʅʆ-

ʂʆʉʄʀʏɽʉʂʆʁ ʊɽʍʅʀʂʀ 124 

ʄʠʪʠʥʘ ʅ.ɹ., ɿʫʙʘʨʝʚʘ ʀ.ʄ., ʊʢʘʣʷ ʆ.ʀ. 

ʄʆɼɽʃʔ ʆɹʈɸɿʆɺɸʅʀʗ ɓ-ʂɸʈʆʊʀʅɸ ʋ BLAKESLEA TRISPORA ɺ ʋʉʃʆɺʀʗʍ 

ʇɽʈʀʆɼʀʏɽʉʂʆɻʆ ʂʋʃʔʊʀɺʀʈʆɺɸʅʀʗ 125 

ʅʘʜʨʳʛʘʡʣʦ ʊ.ɾ.  

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇɽʈɽʅʆʉɸ ʇʈʀʄɽʉɽʁ ɺ ɿɸʊɺɽʈɼɽɺɸʖʑɽʄ ʉʃʀʊʂɽ 126 

ʅʘʩʦʥʦʚʘ ʉ.ʉ. 
ʈʆɿʈɸʍʋʅʆʂ ʇʆʂɸɿʅʀʂɯɺ ʅɸɼɯʁʅʆʉʊɯ ʉʊɸʃɽɺʀʍ ʈɽɿɽʈɺʋɸʈɯɺ ɼʃʗ 

ʅɸʌʊʆʇʈʆɼʋʂʊɯɺ 129 

ʅʘʯʦʚʥʠʡ ɯ.ɯ., ʂʫʟʷʻʚ ɯ.ʄ., ʅʘʯʦʚʥʠʡ ɯʚ.ɯ. 

ʈʆɿʈʆɹʂɸ ʄɸʊɽʄɸʊʀʏʅʆɰ ʄʆɼɽʃɯ ʊɽʏɯɰ ɻɸɿʋ ʂʈɯɿʔ ʊʆʈʎɽɺɯ ʉʊʀʂʀ 

ʋʑɯʃʔʅʖɺɸʃʔʅʀʍ ɽʃɽʄɽʅʊɯɺ ʇʈʀ ʇʈʋɾʅʆʄʋ ʂʆʅʊɸʂʊɯ 
ʄɯʂʈʆʅɽʈɯɺʅʆʉʊɽʁ 131 

ʅʝʞʫʨʠʥ ɺ.ʀ., ʂʫʚʘʝʚ ɺ.ʖ., ʂʘʨʷʢʘ ʄ.ʖ. 

ʆɹʆʑɽʅʅɸʗ ʆʉɽʉʀʄʄɽʊʈʀʏʅɸʗ ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ 
ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʕʅɽʈɻʀʀ ɺ ʆɹʒɽʄɽ ʈɸɹʆʏɽɻʆ ʇʈʆʉʊʈɸʅʉʊɺɸ 

ʌɽʈʈʆʉʇʃɸɺʅʆʁ ʕʃɽʂʊʈʆʇɽʏʀ 134 

ʅʦʚʠʢʦʚʘ ʃ.ɺ.  
ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʂʆʈʈʆɿʀʆʅʅʆɻʆ ɼɽʌʆʈʄʀʈʆɺɸʅʀʗ 

ʐɸʈʅʀʈʅʆ-ʉʊɽʈɾʅɽɺʓʍ ʂʆʅʉʊʈʋʂʎʀʁ, ʌʋʅʂʎʀʆʅʀʈʋʖʑʀʍ ɺ 

ɸɻʈɽʉʉʀɺʅʓʍ ʉʈɽɼɸʍ   137 

ʆʣʝʚʩʢʠʡ ɺ.ʀ., ʆʣʝʚʩʢʘʷ ʖ.ɹ.  

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼɽʌʆʈʄʀʈʆɺɸʅʀʗ ʆɹʆʃʆʏɽʂ 

ʅʋʃɽɺʆʁ ɻɸʋʉʉʆɺʆʁ ʂʈʀɺʀɿʅʓ 140 

ʇʽʚʪʦʨʘʢ ɼ.ʆ.  

ʌɯɿʀʂʆ-ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ʇʈʆʎɽʉʋ ʌʆʈʄʋɺɸʅʅʗ ɿʆɹʈɸɾɽʅʅʗ ɺ 

ʌʆʊʆɸʇɸʈɸʍ ʇʈʀ ɺʀʂʆʈʀʉʊɸʅʅɯ ʂʆʄɹɯʅʆɺɸʅʆɻʆ ʉʇʆʉʆɹʋ 146 

ʇʽʚʪʦʨʘʢ ɼ.ɸ. 

ʇʈʆʉʊʆʈʆɺʆ-ʏɸʉʊʆʊʅɸ ʄʆɼɽʃʔ ʇʈʆʎɽʉʋ ʌʆʈʄʋɺɸʅʅʗ ɿʆɹʈɸɾɽʅʅʗ ʋ 

ʌʆʊʆɸʇɸʈɸʊɸʍ ʇʈʀ ɺʀʂʆʈʀʉʊɸʅʅɯ ʂʆʄɹɯʅʆɺɸʅʆɻʆ ʉʇʆʉʆɹʋ 148 

ɺ.ɸ. ʇʦʜʦʣʴʩʢʘʷ, ɸ.ʀ. ʌʝʜʦʨʦʚʠʯ  

ʂʆʄʇʔʖʊɽʈʅɸʗ ʄʆɼɽʃʔ ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ ʕʅʊʈʆʇʀʁʅʓʍ 

ʇʈɽʆɹʈɸɿʆɺɸʅʀʁ ʀɿʄɽʈɽʅʀʁ ɺ ɿɸɼɸʏɸʍ ɼɽʌɽʂʊʆʉʂʆʇʀʀ 
ʄʅʆɻʆʇɸʈɸʄɽʊʈʀʏɽʉʂʀʍ ʆɹʒɽʂʊʆɺ 149 

ʇʨʠʭʦʜʴʢʦ ʉ.ɹ., ʃʫʮʝʥʢʦ ɸ.ɸ.  

ʈɸɿʈɸɹʆʊʂɸ ʅɽʃʀʅɽʁʅʓʍ ʈɽɻʈɽʉʉʀʆʅʅʓʍ ʄʆɼɽʃɽʁ ɼʀʅɸʄʀʂʀ 
ʀɿʄɽʅɽʅʀʗ ʂɸʏɽʉʊɺ ʅɽɸʊʆʄʅʓʍ ʇʆɼɺʆɼʅʓʍ ʃʆɼʆʂ 152 

ʉʘʚʯʫʢ ɸ.ʇ., ʌʦʢʦʚ ɸ.ɸ., ʍʦʨʦʰʠʣʦʚ ʉ.ɺ.  

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʆʇʈɽɼɽʃɽʅʀʗ ɹɽʉʂʆʅʊɸʂʊʅʆɻʆ ɺʆɿɼɽʁʉʊɺʀʗ ʅɸ 
ʆɹʒɽʂʊ ʂʆʉʄʀʏɽʉʂʆɻʆ ʄʋʉʆʈɸ ʇʆ ʂʆʅʊʋʈʋ ʆɹʒɽʂʊɸ 155 
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ʉʘʤʦʭʚʘʣʦʚ ʉ.ɭ.  

ʈɯɺʅʗʅʅʗ ʄɸʂʈʆʉɽɻʈɽɻɸʎɯɰ ɺ ʅɽʈɯɺʅʆɺɸɾʅɯʁ ʊɽʆʈɯɰ ɹɸɻɸʊʆʌɸɿʅʆɰ ɿʆʅʀ 

ʂʈʀʉʊɸʃɯɿɸʎɯɰ ʉʊɸʃɯ 160 

ʉʝʤʝʥʶʪʘ ɼ.ɺ. 
ʊʆʇʆʃʆɻɯʏʅʆ ʅɽɽʂɺɯɺɸʃɽʅʊʅɯ ʉʀʉʊɽʄʀ ɿ ʇʈɸɺʆʖ ʈɸʎɯʆʅɸʃʔʅʆʖ 

ʏɸʉʊʀʅʆʖ 164 

ʉʝʨʙʫʣʦʚʘ ɯ.ɺ.  
ʄʆɼɽʃʖɺɸʅʅʗ ʈʆɿʇʆɼɯʃʋ ʇʀʊʆʄʆɰ ʇʆʊʋɾʅʆʉʊɯ ʆɹôɭʄʅʀʍ ɼɾɽʈɽʃ 

ʊɽʇʃɸ ɿɸ ɯʅɼʋʂʎɯʁʅʆɻʆ ʅɸɻʈɯɺʋ ʊʈʋɹ 166 

ʉôʷʥʦʚ ʆ.ʄ., ʂʦʩʫʭʽʥʘ ʆ.ʉ.  
ɺʀʂʆʈʀʉʊɸʅʅʗ ʏʀʉɽʃʔʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ɼʃʗ ʈʆɿʈɸʍʋʅʂʋ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɸʅʊɽʅ 168 

ʊʦʨʩʴʢʘ ʈ.ɺ., ʈʫʩʠʥ ɹ.ʇ., ʂʝʨʦʜ ʊ.ɯ., ɸʥʜʨʫʰʢʝʚʠʯ ʋ.ʖ.  
ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉʋ ʈʆɿɺʀʊʂʋ ʇɯʊʀʅɻɯɺ ʅɸ ʇʆɺɽʈʍʅɯ ʉʊɸʃɯ 08ʍ18ʅ10ʊ 

ɯɿ ɿɸʉʊʆʉʋɺɸʅʅʗʄ ʂʆʄɯʈʂʆɺʀʍ ɸɺʊʆʄɸʊɯɺ 171 

ʏʝʨʢʘʩʦʚ ɸ.ɸ. 

ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ʂʆʈʈʆɿʀʆʅʅʆɻʆ  

ɼɽʌʆʈʄʀʈʆɺɸʅʀʗ ʇʃʆʉʂʆʅɸʇʈʗɾɽʅʅʓʍ ʇʃɸʉʊʀʅ   175 

ʏʝʨʥʷʢ ʅ.ɸ., ʄʘʨʘʩʘʥʦʚ ɺ.ɺ.   

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉɺɽʈʍʅɸʇʈʗɾɽʅʅʓʍ ʊʈɸʅʉʇʆʈʊʅʓʍ ʉɽʊɽʁ 176 

ʐʘʪʦʭʽʥʘ ʖ.ɺ., ɯʚʘʥʦʚʘ ɯ.ʄ., ʂʣʽʥʮʦʚ ʃ.ʄ.  
ɺʀʂʆʈʀʉʊɸʅʅʗ  ʇʆʂɸɿʅʀʂɸ  ʍʉʂ ʉʊɯʏʅʀʍ ɺʆɼ ɼʃʗ ʇʈʆɻʅʆɿʋɺɸʅʅʗ 

ɽʌɽʂʊʀɺʅʆʉʊɯ ʈʆɹʆʊʀ ʉʊɸʅʎɯɰ ɹɯʆʃʆɻɯʏʅʆɻʆ ʆʏʀʑɽʅʅʗ 181 

ʖʱʝʥʢʦ ʆ.ɺ., ʖʨʢʦ ɼ.ʉ. 
ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉʋ ʇʃɸʉʊʀʏʅʆɰ ɼɽʌʆʈʄɸʎɯɰ  ɿ ʋʈɸʍʋɺɸʅʅʗʄ 

ʉɸʄʆʆʈɻɸʅɯɿɸʎɯɰ ʊʆʏʂʆɺʀʍ ɼɽʌɽʂʊɯɺ 183 

ʉɽʂʎɯʗ 2  

ʄʆɼɽʃɯ ʊɸ ʄɽʊʆɼʀ ʆʇʊʀʄɯɿɸʎɯɰ 186 

ɸʭʤʘʜʦʚ ʈ.ʍ., ʂʘʨʧʝʥʢʦ ɹ.ɺ. 
ʕɺʈʀʉʊʀʏɽʉʂʀʁ ʄɽʊʆɼ ʋʇʈɸɺʃɽʅʀʗ ɺʅʋʊʈʀɿɸɺʆɼʉʂʀʄʀ ʇɽʈɽɺʆɿʂɸʄʀ 187 

ɻʘʚʨʠʣʶʢ ʖ.ɺ.  

ɿɸʉʊʆʉʋɺɸʅʅʗ ʇɽʈʂɸʃʗʎɯʁʅʆɻʆ ɸʅɸʃɯɿʋ ɼʃʗ ʆʇʊʀʄɯɿɸʎɯɰ ʇɸʈɸʄɽʊʈɯɺ 
ʄʆʈʌʆʃʆɻɯʏʅʆɰ ɹʋɼʆɺʀ 192 

ɻʦʣʦʚʢʦ ɺ.ɸ., ʗʱʫʢ ʅ.ʀ., ʍʘʟʠʤ ʗ. 

ʈɸʉʏɽʊ ʌʋʅʂʎʀʁ ʇʈʀʅɸɼʃɽɾʅʆʉʊʀ ɹʀʅɽʏɽʊʂʀʍ ʏʀʉɽʃ 193 

ɽʣʠʟʝʚʘ ɸ.ɺ. 

ʃʆɻʀʉʊʀʏɽʉʂʆɽ ʋʇʈɸɺʃɽʅʀɽ ɿɸʂʋʇʂɸʄʀ ʈɽʉʋʈʉʆɺ ʅɸ ʕʊɸʇɸʍ 

ɾʀɿʅɽʅʅʆɻʆ ʎʀʂʃɸ ʇʈʆɼʋʂʎʀʀ   195 

ɻʦʨʷʯʘʷ ɸ.ɺ. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʎɽʅɸʈʀɽɺ ʈɸɿɺʀʊʀʗ ʇʈɽɼʇʈʀʗʊʀʗ ʂʆʄʌʀ  ʅɸ ʆʉʅʆɺɽ 

ʇʈʀʅʗʊʀʗ ʈɽʐɽʅʀʁ ɺ ʈɽɾʀʄɽ  ʀʄʇʋʃʔʉʅʓʍ ʇʈʆʎɽʉʉʆɺ ʂʆɻʅʀʊʀɺʅʓʍ 
ʂɸʈʊ 196 
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ɭʤʝʮʴ ʆ.ʆ., ɹʘʨʙʦʣʽʥʘ ʊ.ʄ. 

ʂʆʄɹɯʅɸʊʆʈʅɸ ʆʇʊʀʄɯɿɸʎɯʗ ʅɸ ʈʆɿʄɯʑɽʅʅʗʍ ɿɯ ʉʊʆʍɸʉʊʀʏʅʆʖ 

ʅɽɺʀɿʅɸʏɽʅɯʉʊʖ: ɺʃɸʉʊʀɺʆʉʊɯ ʃɯʅɯʁʅʀʍ ɿɸɼɸʏ 198 

ʀʚʘʥʦʚʘ ɸ.ʇ., ʊʨʫʬʘʥʦʚʘ ʆ.ʀ., ʌʝʩʴʢʦʚʘ ʃ.ɺ., ʏʫʤʘʢ ɸ.ʅ. 
ɸʅɸʃʀɿ ʇʈʆɻʈɸʄʄʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ɼʃʗ ʆʇʊʀʄɸʃʔʅʆɻʆ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʉʊʈʆʀʊɽʃʔʅʓʍ ʂʆʉʅʊʈʋʂʎʀʁ 202 

ʂʦʨʦʙʢʦ ɯ.ɺ., ʂʦʚʘʣʝʥʢʦ ɺ.ɸ. 
ʂʆʄʇôʖʊɽʈʅɽ ʇʈʆɽʂʊʋɺɸʅʅʗ ʊʋʈɹɯʅʅʀʍ ɺʀʄɯʈʖɺɸʃʔʅʀʍ 

ʇɽʈɽʊɺʆʈʖɺɸʏɯɺ ɺʀʊʈɸʊʀ ʇʈʀʈʆɼʅʆɻʆ ɻɸɿʋ 208 

ʂʦʩʦʣʘʧ ɸ.ʀ. 
ʕʌʌɽʂʊʀɺʅʓɽ ʄɽʊʆɼʓ ʏʀʉʃɽʅʅʆʁ ʆʇʊʀʄʀɿɸʎʀʀ ʉʃʆɾʅʓʍ ʉʀʉʊɽʄ 209 

ʂʦʩʦʣʘʧ ɸ.ʀ., ʇʝʨʝʪʷʪʴʢʦ ɸ.ʉ. 

ʂɺɸɼʈɸʊʀʏʅɸʗ ʄʆɼɽʃʔ ʆʇʊʀʄʀɿɸʎʀʀ  ʈɸʉʇʆʃʆɾɽʅʀʗ ɼɸʊʏʀʂʆɺ ɺ ʉɽʊʀ 213 

ʂʦʩʦʣʘʧ ɸ.ʀ., ʈʦʤʘʥʯʫʢ ɸ.ʉ. 

ʄɸʂʉʀʄʀɿɸʎʀʗ ʅʆʈʄʓ ɺɽʂʊʆʈɸ ʅɸ ʄʅʆɻʆɻʈɸʅʅʀʂɽ 218 

ʂʦʩʪʨʫʙ ʈ.ɺ.  

ɿɸʉʊʆʉʋɺɸʅʅʗ ɻɽʅɽʊʀʏʅʀʍ ɸʃɻʆʈʀʊʄɯɺ ʑʆɼʆ ʈʆɿɺ'ʗɿɸʅʅʗ ɿɸɼɸʏ 

ɼʀʉʂʈɽʊʅʆɰ ʆʇʊʀʄɯɿɸʎɯɰ  ʂʆʈʆɼʋʖʏʀʍ ʐɸʈʅɯʈʅʆ-ʉʊɽʈɾʅɽɺʀʍ ʉʀʉʊɽʄ 221 

ʂʨʘʩʥʦʰʣʠʢ ʅ.ʆ.  

ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʄɽʊɸɽɺʈʀʉʊʀʏʅʆɻʆ ɸʃɻʆʈʀʊʄʋ ɻʃʆɹɸʃʔʅʆɰ ʄɯʅɯʄɯɿɸʎɯɰ 

ʌʋʅʂʎɯʁ 225 

ʃʷʧʦʱʝʥʢʦ ʆ.ʆ., ʇʘʚʣʝʥʢʦ ɯ.ɺ., ʅʘʩʪʝʥʢʦ ʆ.ɺ., ɼʝʤôʷʥʝʥʢʦ ʄ.ʄ., ʉʪʘʨʠʥʩʴʢʠʡ ʆ.ɭ. 

ʆʇʊʀʄɯɿɸʎɯʁʅɽ ʇʈʆɽʂʊʋɺɸʅʅʗ ɹɸɻɸʊʆʌʋʅʂʎɯʆʅɸʃʔʅʆɻʆ 

ʉɽʇɸʈɸʎɯʁʅʆɻʆ ʅɸʌʊʆɻɸɿʆɺʆɻʆ ʆɹʃɸɼʅɸʅʅʗ 227 

ʄʘʣʠʝʥʢʦ ɸ.ɺ.  

ʇʈʆɺɽʈʂɸ ɸɼɽʂɺɸʊʅʆʉʊʀ ʄʆɼɽʃʀ ɼʀʉʇɽʊʏɽʈʉʂʆɻʆ ʋʇʈɸɺʃɽʅʀʗ 

ɺʓʇʆʃʅɽʅʀɽʄ ʇʃɸʅʆɺʓʍ ʇʆʂɸɿɸʊɽʃɽʁ ɼʆɹʓʏʀ ʋɻʃʗ ʐɸʍʊʓ ʅɸ ʆʉʅʆɺɽ 
ʄɽʊʆɼɸ ʂʋʄʋʃʗʊʀɺʅʓʍ ʉʋʄʄ 232 

ʄʠʭʘʡʣʦʚʘ ʊ.ʌ.  

ʄʆɼɽʃʖɺɸʅʅʗ ɸɺʊʆʄɸʊʀʏʅʆɻʆ ʇʃɸʅʋɺɸʅʅʗ ʇʆʊʆʏʅʆɻʆ ʈɽʄʆʅʊʋ 
ʇɸʉɸɾʀʈʉʔʂʀʍ ɺɸɻʆʅɯɺ 235 

ʄʠʭʝʝʥʢʦ ɼ.ʖ. 

ʆʇʊʀʄʀɿɸʎʀʗ ʂʆʅʉʊʈʋʂʎʀʀ ʂʈʆʅʐʊɽʁʅɸ  ɺ CAD-ʉʀʉʊɽʄɽ SOLID WORKS 236 

ʄʫʟʳʢʘ ʃ.ɺ. , ʇʨʷʜʢʦ ɸ.ɺ.  

ʆʇʊʀʄʀɿɸʎʀʗ ʇʈʆʎɽʉʉɸ ʀɿʄɽʃʔʏɽʅʀʗ ʅɸ ʆʉʅʆɺɽ ɸʂʋʉʊʀʏɽʉʂʆɻʆ 

ʄʆʅʀʊʆʈʀʅɻɸ   240 

ʇʨʠʭʦʜʴʢʦ ʉ.ɹ., ʂʥʷʟʴ ʅ.ɺ. 

ʇʆɹʋɼʆɺɸ ʅɽʃɯʅɯʁʅʆɰ ʈɽɻʈɽʉɯɰ ʊʈʀɺɸʃʆʉʊɯ ɺʀʂʆʅɸʅʅʗ ʇʈʆɽʂʊɯɺ 

ʇɯɼɻʆʊʆɺʂʀ ɾɯʅʆʂ-ɹʆʂʉɽʈɯɺ ɼʆ ɿʄɸɻɸʅʔ ʅɸ ʆʉʅʆɺɯ ʇɽʈɽʊɺʆʈɽʅʅʗ 

ɼɾʆʅʉʆʅɸ 244 

ʈʘʢ ɸ.ʄ. 

ʆʎɯʅʂɸ ɺʇʃʀɺʋ ʉʇʆʊɺʆʈɽʅʔ ʂɯʅɽʄɸʊʀʏʅʆɰ ʉʊʈʋʂʊʋʈʀ ʇʆʊʆʂʋ ʅɸ 
ʊʆʏʅɯʉʊʔ ʋʃʔʊʈɸɿɺʋʂʆɺʀʍ ɺʀʊʈɸʊʆʄɯʈɯɺ ʐʃʗʍʆʄ ʄʆɼɽʃʖɺɸʅʅʗ ɿʄɯʅ 

ɻɯɼʈʆɼʀʅɸʄɯʏʅʆɻʆ ʂʆɽʌɯʎɯɭʅʊɸ 247 
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ʋʩ ʉ.ɸ., ʇʘʚʣʦʚ ʄ.ʉ. 

ʆʉʆɹʃʀɺʆʉʊɯ ʈɽɸʃɯɿɸʎɯɰ ʄɽʊʆɼɸ ʆʈʄ ʋ ɿɸɼɸʏɯ ʈʆɿʄɯʑɽʅʅʗ ɹɸɿʆɺʀʍ 

ʉʊɸʅʎɯʁ   251 

ʌʝʜʦʨʦʚʠʯ ʆ.ɽ., ʃʝʱʝʥʢʦ ʖ.ɸ. 
ʆɹɽʉʇɽʏɽʅʀɽ ʂɸʏɽʉʊɺɸ ɺʓʉʆʂʆʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ ʇʈʆɼʋʂʎʀʀ ʇʈʀ 

ʄʆɼɽʈʅʀɿɸʎʀʀ ʈɸɿɺʀɺɸʖʑɽɻʆʉʗ ʇʈɽɼʇʈʀʗʊʀʗ 253 

ʌʝʜʦʨʦʚʠʯ ʆ.ɽ., ʇʨʦʥʯʘʢʦʚ ʖ.ʃ., ʇʠʩʢʣʦʚʘ ʊ.ʉ. 
ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂʆʈʇʆʈɸʊʀɺʅʓʍ ʆʌʀʉʆɺ  ʈɸɿɺʀɺɸʖʑʀʍʉʗ ʂʆʄʇɸʅʀʁ   254 

ʌʝʜʦʨʦʚʠʯ ʆ.ɽ., ʇʨʦʭʦʨʦʚ ɸ.ɺ., ɿʘʧʘʜʥʷ ʂ.ʆ. 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʀʅʗʊʀʗ ʈɽʐɽʅʀʁ ɺ ʃʆɻʀʉʊʀʂɽ ɼʆɹʓʏʀ, 
ʊʈɸʅʉʇʆʈʊʀʈʆɺʂʀ, ʇɽʈɽʈɸɹʆʊʂʀ ʀ ʈɸʉʇʈɽɼɽʃɽʅʀʀ ʅɽʌʊɽʇʈʆɼʋʂʊʆɺ 255 

ʍʘʡʜʫʨʦʚ ɺ.ɺ. 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄɽʊʆɼʋ ʌʋʈôɭ ɼʃʗ ɿʅɸʍʆɼɾɽʅʅʗ ʏʀʉɽʃʔʅʆɻʆ ʈʆɿɺôʗɿʂʋ 
ɹɸɻɸʊʆɺʀʄɯʈʅʀʍ ʆɹɽʈʅɽʅʀʍ ɿɸɼɸʏ ʊɽʇʃʆʇʈʆɺɯɼʅʆʉʊɯ 256 

ʐʚʘʯʢʘ ɸ.ʀ. 
ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ɹɸɿʆɺʓʍ ʈɽɾʀʄʆɺ ɼʆʄɽʅʅʆʁ ʇɽʏʀ ʅɸ ʆʉʅʆɺɸʅʀʀ 

ʂʆʄʇʈʆʄʀʉʉʅʓʍ ʈɽʐɽʅʀʁ ɺ ʄʆɼɽʃʀ ʊʆʇʃʀɺʆʀʉʇʆʃʔɿʆɺɸʅʀʗ 

ɼʆʄɽʅʅʆʁ ʇʃɸɺʂʀ   261 
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ʉɽʂʎɯʗ 1 

ʇɽʈʉʇɽʂʊʀɺʅɯ ʅɸʇʈʗʄʂʀ ʄɸʊɽʄɸʊʀʏʅʆɻʆ 

ʄʆɼɽʃʖɺɸʅʅʗ 

 

 

 

¶ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʽ ʧʨʦʮʝʩʽʚ;  

¶ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʚ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʞʝʥʝʨʽʾ;  

¶ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 
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SIMULATING OPTICAL P ATTERN RECOGNITION ALGORITHMS FOR OBJEC T 

TRACKING BASED ON NO NLINEAR MODELS AND S UBTRACTION OF FRAMES  

V.G. Krasilenko1, A.I. Nikolskyy2, A.A. Lazarev3, D.V. Nikitovich4 
 

1,4Vinnitsa Social Economy Institute, Vinnitsa 
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Abstract. We have proposed and discussed optical pattern recognition algorithms for object 

tracking based on nonlinear equivalence models and subtraction of frames. Experimental results of 

suggested algorithms in Mathcad and LabVIEW are shown. Application of equivalent functions and 
difference of frames gives good results for recognition and tracking moving objects.  

Keywords: optical pattern recognition algorithm, object tracking, nonlinear equivalence model, 

subtraction of frames, space-invariant recognition, Mathcad, Labview. 

 

Introduction.  For many applications applied in the creation of biometric systems, 
identification systems, extreme-correlation guidance neural cyber machine vision systems and other 

necessary solve the problem of object recognition in images and scenes support problem-identifying 

moving objects. There are many known methods and means 1, 2 to address these problems. The basis of 
most known methods and algorithms is to compare two different images of the same object, or its 

fragment, or two images, one of which is a benchmark or its transformed image and the second image is 

a set of images that belong to different classes and only some of them belong to the class that 
represented the standard. Discriminated measure of the mutual alignment reference fragment with the 

current image, the coordinate offset is often a mutual two-dimensional correlation function. In paper3 it 

was shown that to improve accuracy and probability indicators with strong correlation obstacle-

damaged image, it is desirable to use methods of combining images based on mutual equivalently two-

dimensional spatial functions, nonlinear transformations of adaptive-correlation weighting. At the same 

time, an acute problem of recognition is not only static, but also moving objects, their maintenance, i.e. 
tracking. In addition, in real systems is the need to recognize in such adverse situations where a moving 

object obstructing the obstacles which reduces the share of standard, on which the recognition is 

performed. The purpose of this section is a series of model experiments in model environment Mathcad 
verification methods for detection of moving objects with sufficient probability and accuracy. 

Model experiments in Mathcad. To test the accuracy of coordinate reference standard in 

recognizing moving objects by simulation we used the previous video file splitting into individual 
frames and mutual combination of two methods for the selection frame to current staff. One group of 

methods included processing the current frame of image and the support position of these fragments. 

The second group included the formation of difference frames and further processing and combining the 

current frame difference with the selection of these shots difference. In addition, for both the first 

method consisted in finding equivalent functions between the selected fragment to study with the object 

of attention and the current image by processing halftone images. The second method is different from 
the first that the resulting equivalent function is calculated by weighing all eight successive discharges 

functions from bit-maps of images which were processed in each frame. In both cases additionally used 

equivalently adaptive non-linear weighting strengthened discriminates used measure, and allow better 
highlight extremes (peaks) two-dimensional spatial functions. The experiments showed that the best of 

these options is available by combining equivalent difference comparing the current frame with selected 

position from these difference-fragments, representing objects of attention. Figure 1 shows the 
simulation results. For both groups, the second method of processing successive-slice combination 

gives the best results and for moving objects, that disappear when their movement by barriers second 

group recognition on the basis of the formation of the current frame images of inter-frame difference 
images (sees Fig. 1, second right images in the top row). 

Experimental research of tracking algorithm of moving objects. Especially the process of 

verification and investigation of algorithms for allocation and tracking of moving objects, which are 
recorded by cameras, there is a need of fixing, recording, playback and processing of a large number of 

frames (images). In addition, the dimension of the processed images have a significant and processing 

inline frames forming descriptors, compares them with the help of criteria functions, a decision of a 
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moving object of interest or part thereof, with the subsequent issuance of markers and designators, must 

be made continuously and in real time . 

 
Figure 1 - Model experiments in Mathcad 

 

Therefore, the choice of tools for research, we settled on Labview, as the most powerful 
integrated with the hardware platform and development environment created in the graphical 

programming language «G» company National Instruments (USA). Harnessing the power of Labview 

and its basic applications and modules makes it relatively quickly design the required system of 
recognition and support, to quickly change the behavior, structure and model of the system or process, 

write, read and analyze video file (AVI) frames, which significantly simplifies the process of 

verification of developed systems -specific features and statistics. At the same time for in-depth 
mathematical formalism and describe some of the important stage process, for example, such as the 

construction of two-dimensional functions of criteria we use Mathcad, which as the results of our 

previous studies, there is a powerful tool. We have developed a number of possible projects detection 
and tracking of moving objects (DTMO). Subject to the restrictions consider DTMO one embodiment 

shown in Figure 2 shows a block diagram of a project, and fragments 1b shows the basic design. The 

system introduced by the node read AVI-files to generate both the original video stream and video 
stream of difference frames with the possibility of setting a different delay time (in frames) between the 

deductible frames. Knot formation pattern from the selected frame and the node template comparison 

with selected fragments of the current frame chosen standard, but, as will be shown below, also require 
improvement. Results of the first experiment in support of a moving car for scenes with overlapping 

objects obstacles is shown in Figure 3a shows one of the frames from which was isolated and formed 

pattern, see Figure 3b. Some frames with dedicated red markers (frame) and the designator shown in 
Figure 3c. This test uses frames of the original file without pre-processing, the size of RGB-image 

frames - 281 × 126 resolution 8bit pattern 44 × 24, and for comparison with the current template frame 
mode is used «Grayscale», so use a special type of converters, and image formats. To determine the 

quality of support was estimated number of frames with markers in a video, which was recorded as the 

video output of the project and who was using the application Vision Acquisition transformed into a set 

of 256 frames. Number of frames, in which a moving object (MO), was placed fully, equal to 135. 

Therefore, the proportion of frames in which the object is not specified, was (135-88) / 135, which 

corresponds to approximately 35%. And this in the case, where large relative to MO barrier to not. 
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Figure2 - Block diagram of the project 

 

In this regard, we conducted a second experiment in which watched from the source to the 
video has been formed from the difference inter-frame video images. Number of frames for which 

delayed video stream varied between 3 to 7 and more. Figure 4 shows the results of simulation where 

the difference frames formed by delaying them in frame 7 as an absolute difference of pixel intensities. 
The experiment showed that the percentage of frames without reference to the MO, i.e. with the loss of 

support, depends on the delay time for the inter-frame subtraction, the size of the object, since the 

difference pattern increases with the delay, the speed of movement relative to the frame rate and 
shooting conditions, and also on the specific nature scenes. For example, the camera shake when 

shooting hand-forms on the difference frames the contours of objects (trees, poles, etc.). In addition, the 

quality of the support and influence the choice of the template when a template can be selected only 
some (front, rear) part of the total difference pattern 4b. This experiment showed that for the most 

optimal video there is a delay of 7 shots, but winning over the first experiment, as there is practically no 

maintenance. Therefore, an additional check, we tried to work with a video file of larger dimensions 
(416 × 125 8bit image) and other shooting conditions. The results for this case are shown in Figure 5. 

The experiment with the file showed that the quality of support has improved and the proportion of lost 

bindings decreased to 15% (268 frames in all, 228 with the correct reference, 40 frames in the search 
mode or a loss of MO to). Thus this and similar experiments, we show that the use of inter-frame 

subtraction positively affect the quality and support to at least two or three times, but for special 

occasions, reduces the proportion of errors. 



15 

 
Figure 3 - Modeling results: a) -- One of the original frames; b) - Template; c) - Set of frames 

with markers and pointers of a moving object 

 
Fourth, our experiment was to check the quality of the project in which we used a dynamic 

template and the results of which are shown. This experiment showed that such an approach has its 
advantages and disadvantages, but significant gain compared with the previous experiment does not 

(error rate was 15%). Further studies are needed. 

Conclusions. Experiments in Mathcad have shown that the best option is the use of bit-map 
image processing and non-linear equivalence functions to align positioned comparing fragments of the 

difference current frame with the reference difference fragment representing the object of attention. The 

proposed tracking method implemented in the Labview- project, which allowed them to effectively 
carry out the simulation. Five different experiments with video-file showed, that application of 

equivalently image functions and difference frames gives good results combining recognition and 

consideration of moving objects in video and allows using image momentum features, set point and 
target designation follow this object. 
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Figure 4.  a) - Difference frame with selected object (left) and a pattern (right); b) - The 

enlarged area of selected object (difference); c) - Frames with selected object and with loss of the 

object. 

 
Figure 5.  Modeling results: a) -- One of the original frames; b) - One difference from the frame 

array; c ï A set of frames (the original seven and the remaining difference) 
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Formulation of the problem. Now a big interest exists in the problem of prediction of 

pollution the level on the streets of city. In this situation, there are two important tasks. The first task ï 

is air pollution from traffic, stationary sources on the streets (emissions from small boiler houses, tubes 
from restaurants, cafes, etc.). The second task ï is a prediction of air pollution on the streets when there 

are accidental emissions (fires at gas stations, accidental spills, etc.). There is the problem of creation 

the effective mathematical models that can fast calculate the degree of air pollution on the streets of city 

for different class of tasks. In this work we consider the scheme «street canyon». 

Analysis existing solutions. At present the several classes of mathematical models are used for 
solution these tasks. The analytical models ï the model Gaussian [1, 6] and the numerical models [1, 5, 

7, 9]. Analytical models can calculate of concentration for stationary emissions and for accidental 

situations. These models have the big lack. They do not take the influence of buildings on the streets at 
the process formation of zone dispersion. The numerical models are based on Navier-Stokes equations 

take up much the computer time (several days). Therefore, they are not used for series calculations [8]. 

These numerical models are big problem of the modeling turbulence. Existing models of turbulence [8] 
give the poor results when modeling the flow around buildings. In Ukraine the normative methodology 

[2] used for calculate of air pollution but it does not take the influence of buildings on the transfer 

pollution in atmosphere. 

The aim of work is the development of numerical models to estimate the level of air pollution 

from traffic emissions in the «street canyons» of city, which not takes much computer time for the 

routine calculations.  
The mathematical model. The process of calculation of pollutant transfer on the streets taking 

into account the buildings is dividing into two steps. At the first step, the task solves for definition the 

speed wind field around the buildings. The model separated flows inviscid fluid [5] is used for the 
solution this task. In this case, the basic are the equation of transfer the vorticity (1) and Poisson 

equation for calculation of stream function (2) [5] 
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The separation flow is taking place at corner points the buildings. When the flow is separating 
and the vortices are forming, then task arise for calculating their intensity. For solution this task is using 

the method which was discussed in work [5]. 

For these hydrodynamics equations are put the next boundary conditions. So, for Poisson 

equation on the surface obstacle is put a boundary condition "nonflow" [5]: y=0. 

On the entrance border the air flow to a calculation domain is put his profile speed u=f(y) and 

values of stream function y and of vorticity w:  y¼intel=y(y),  w¼intel=w(y). 

On the upper border of the calculation domain is put a condition "nonflow": y=const. 

On the exit border the air flow out of the calculation domain are put the "soft" boundary 

conditions necessary for close the difference equations [5]. 
The solution of this hydrodynamic task is considered by method of fixed solution in the time. For 

that, at starting time t=0 for vorticity is put the starting condition of type: w¼t=0=0 or w¼t=0 = w0(x,y). 

After solution the equations (1) and (2) and the calculation of speed the wind flow beginning 
the solution of task about the transfer pollution on the streets (the second step). For modeling this 

process is using equation transfer pollution in atmosphere [3, 5]. 
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where ʉ ï concentration of pollutant; vu,  ï components of vector the speed wind; ( )yx mmm ,=  ï the 

coefficient of turbulent diffusion; Q  ï intensity of ejection pollutant; ( )( )ii yyxx -- dd  ï delta 

function of Dirak; ii yx ,  ï coordinates of the emission source; s ï the coefficient taking the 

chemical decomposition pollutant; t ï time. 

The formulation of boundary conditions for this equation was considered in works [3, 5]. 
For the formation of view the calculation domain, of position the buildings, their form is used 

the method marking of the calculation domain [5]. The calculation is realized on rectangular difference 

grid.  

The method of solution. For numerical integration the hydrodynamic equations are used the 

implicit difference schemes. So, for integration of transfer vorticity equation is applied the alternately-

triangular difference scheme [4, 5]. 
The value of vorticity at every calculation step is considered as the formula «running account». 

The value of stream function is calculated with help of difference scheme the total approximation [4]. 
The numeric integration of equation transfer pollution is performed by an implicit difference splitting 

shame [5] as of the method «running account». 

The practical realization of model. The developed numerical model was used to calculate the 
concentration in the street for the scheme «street canyon» Fig. 1.  

 
Fig. 1. Scheme of the calculation domain: 1 ï buildings, 2 ï place an accidental emission 

 

Considered two scenarios. First scenario: the first building lower in height than the second (the 
first height of 6 m, length 16 m, height of the second 10 m, length 12 m). Second scenario: the first 

building above the second (height of the first 12 m, length 16 m, height of the second 6 m, length 12 m).  

On the street there are two sources of NOx emission intensity Q=10g/(mÖs): the first was 
located directly next to the first building, and the second ï between the two buildings. The calculation 

was carried out with the following initial data: wind speed of 5 m/s; atmospheric diffusion coefficients 

mʭ=mʫ=3 m2/s; dimensions of the computational domain: length 125 m, height 30 m. The initial 
background concentration NO2 in the computational domain is zero. The results of the calculation are 

shown in Fig. 2 ï 3. 
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Fig. 2. Zone concentration [mg/m3] air pollution at time t=10 s (first scenario) 

 

 
Fig. 3. Zone concentration [mg/m3] air pollution at time t=10 s (second scenario) 

 
Conclusions. Review the effectiveness of CFD model for the prediction of atmospheric 

pollution on the streets. The proposed model allows us to calculate the hydrodynamic of the wind 

stream in the flow around buildings and calculate dynamics of the pollution distribution in the «streets 
canyons» of city. A distinctive feature of the model is the consideration of the effect of hydrodynamics 

buildings and rapidity of her realization on the computer. 
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This article represents the researching results of the problems of mathematical modeling and 

complex multicriterial control of economical, technological, informational, and other transport 

processes in cases where there are several different types of uncertainty in the characteristic estimations. 

So we have multiple uncertainties of the model parameters: randomness, imprecision, vagueness, 

interval estimation of the values and their combination [1]. In the most situations [2, 3] modeling and 
management are based on uncertainty homogeneous models or by switching to them. The development 

of the models and management procedures that are used correctly all available data from multiple 

sources, or in a different form, expands methods of system analysis and optimization of the complex 
control systems. In [4] developed the method and fuzzy statistical management procedures (FSM), 

which provide the unified framework in the classical model of fuzzy control [2] as a priori fuzzy and 

also accumulated statistical information. Also there are performed the improvement of the FSM 
methods and resources for the inhomogeneous and multiple fuzzy conditions. 

The mathematical model formation is proposed to calculate as the geometric mean of the 

normalized patterns of the individual components: 
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The model consists of the uncertainties of different types ï the confidence index ( )(xd ). 

Further the confidence index is used in the output procedures, like the degree of affiliation in 

the processing of fuzzy variables [2, 4].  
As a method of selecting the control, summarizing the results of the individual rules and the 

axioms built on the "relative concession" compromise [3], instead of a linear model of the "absolute 

assignment" compromise, as is used in the classical scheme of Takagi-Sugeno control (T-S) [2], in the 
module of repeatedly indeterminate T-S control is used a set of the rules: 
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where 
()kR  ï separate rule; 

sD  ï generalized form of the uncertain sets (fuzzy statistical [4] or 

multicomponent), which are different for the rules. The right side of the rule shows the function THEN 

for the input "signal" jX . For management on the basis of (2) it is necessary to calculate the estimation 

for the value jX  and to calculate the "weight" of the each rule. 
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The rules of Takagi-Sugeno control module with axiomatic nonlinear multicomponent 

management are of the form (1), (2) where 
sD  ï the generalized model under uncertainty. According 

to the scheme of T-S control unit calculates the "degree of rule compliance" ð Mamdani, Larsen 

methods: 
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Then the functions ( )
nxxxfy ,...,, 21

)1(

1= are calculated by the estimated signals. Let us 

consider the question of generating an output signal of T-S control unit, which is performed according 

to [2]: 
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The control (4) summarizes the results of the individual rules based on the principle of 

absolute assignment [3]. The compromise (4) is suitable for the linear systems, and its restriction is the 
absence of a priori information about the relationship between the results of individual rules (2) in the 

solution (4).  

Let us consider another multiplicative model of compromise rules (2), corresponding to the 
principle of relative concessions, which provides control with the formation of axiomatically defined set 

of solution properties according to (2) [3]. Then modified repeatedly generated indefinitely (1) Takagi-

Sugeno management is formed. The activity assessment according to the rules (1), (3), (4) and the 

multiplicative model of aggregation of the rules' conclusions (2) are used. For formation of the model 

structure to determine the value of compromise T-S control it is necessary to find a generalized 

functional on the basis of the account of the particular values (2) mjkYj ,...,2,1),( = . During 

formulating a "fair" compromise model { }
mj kY )(  it has been taken into account the following 

properties of the control: symmetry (equality 
jY ), the deviation of group estimates, the value of the 

each )(: jjj kYY *
. Such a compromise of values )(kYj

, mj ,.....,2,1=  determined by the relative 

concessions model [3], considering the parameter 

{ }c
jjc

c

jjjj YYkYkY ,max/))()(( ** -=l ,               (5) 

as a compromise value and calculated as the product of a generalized function of the form: 
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the values of which further are maximized in the problems of optimal control choice. 

In (5), (6) the value jY  is indicated the function value according to (2), (3), 
ck  ï the number 

of iteration of the compromise model (5) for Takagi-Sugeno control 
ck = 1. In accordance to (5), (6) we 

obtain the modified method of Takagi-Sugeno control: 

ä
Ô
=

= i

i
i

n

i

iyY
w

w

1

, (7) 

where n  ï the number of active output rules; 
iy  ï output functions resulting from the findings by the 

rule i ; 
iw ï the degree of uncertainty of the rule 'i' (2). By normalized the degrees of uncertainty 

according to ä ii ww /  the model (1) is simplified, taking the form (6). Note that the control model (6) 

and (7) implement fuzzy nonlinear approximation (multicomponent uncertain - (1)) values.  
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New MATLAB modified units were created and applied for the proposed methods, modeling 

and control procedures with regards to the conditions of multiple parameter uncertainty transport 

systems. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺ ɿɸɼɸʏɸʍ ʉʆɿɼɸʅʀʗ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ ʉʆʃʅɽʏʅʆʁ 

ʕʅɽʈɻʀʀ 

ʌ.ʄ. ɸʣʧʘʪʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳçʂʇʀè, ʂʠʝʚ 

 
ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʦʮʝʥʢʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʧʨʦʙʣʝʤʳ ʩ ʧʦʤʦʱʴʶ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʥʝʨʛʠʠ ʉʦʣʥʮʘ. 

ʆʙʦʩʥʦʚʘʥʥʘʷ ʦʮʝʥʢʘ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʠʥʘʜʣʝʞʠʪ ʘʢʘʜʝʤʠʢʫ ʇ.ʃ. ʂʘʧʠʮʝ [1,2]. ɺʩʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʩʚʦʜʷʪʩʷ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʜʥʦʛʦ ʚʠʜʘ ʵʥʝʨʛʠʠ ʚ ʜʨʫʛʦʡ. 

ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʵʥʝʨʛʠʠ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʢʦʪʦʨʦʤ ʦʙʲʝʤʝ, ʚ ʢʦʪʦʨʳʡ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʦʩʪʫʧʘʝʪ ʦʜʠʥ ʚʠʜ ʵʥʝʨʛʠʠ, ʘ ʚʳʭʦʜʠʪ ʜʨʫʛʦʡ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ 
ʦʧʠʩʳʚʘʝʪʩʷ ʚʝʢʪʦʨʦʤ ʋʤʦʚʘ-ʇʦʡʥʪʠʥʛʘ. 

FU v=      (1) 

ʛʜʝ ɜ- ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʮʝʩʩʘ, F ï ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ.  

ʇʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʦʙʲʝʤ, ʦʛʨʘʥʠʯʝʥʘ ʩʢʦʨʦʩʪʴʶ ɜ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʳ.  ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 
ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʚʳʥʫʞʜʘʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚ ʵʥʝʨʛʝʪʠʢʝ ʙʦʣʴʰʠʭ ʤʦʱʥʦʩʪʝʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʠʥʪʝʨʝʩ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʚʦʟʨʘʩʪʘʝʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ 
ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠ ʪʝʧʣʦʚʫʶ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʚʳʙʦʨʝ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʩʪʦʯʥʠʢʘ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʥʘ ʦʩʥʦʚʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ. ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʪʘʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʚʷʟʠ ʩ ʥʘʨʘʩʪʘʶʱʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ 
ʥʘʰʝʡ ʧʣʘʥʝʪʳ. ʉʫʱʝʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʘʷ ʚʦ ʚʨʝʤʝʥʠ ʪʝʥʜʝʥʮʠʷ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʘʫʯʥʳʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ 

ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʠ ʪʝʥʜʝʥʮʠʷ ʧʦʚʳʰʝʥʠʷ ʩʪʦʠʤʦʩʪʠ 
ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʚʳʟʚʘʥʥʘʷ ʠʭ ʠʩʪʦʱʝʥʠʝʤ ʠ ʫʩʣʦʞʥʝʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʠ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠʣʠ ʪʝʧʣʦʚʫʶ. ʉʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʩʯʝʨʧʘʝʤʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ. ɿʝʤʣʠ ʜʦʩʪʠʛʘʝʪ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʟʣʫʯʘʝʤʦʡ ʉʦʣʥʮʝʤ ʵʥʝʨʛʠʠ. 

ʆʢʦʣʦ 95% ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʠʤʝʝʪ ʚʠʜ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 

0,3 ʜʦ 2,4 ʤʢʤ. 
ʉʦʣʥʮʝ ʠʤʝʝʪ ʜʠʘʤʝʪʨ 1392 ʪʳʩ. ʢʤ. ɽʛʦ ʤʘʩʩʘ ʨʘʚʥʘ 2Ŀ1030 ʢʛ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʉʦʣʥʮʘ: 81,76% ʚʦʜʦʨʦʜʘ, 18,14% ʛʝʣʠʷ ʠ 0,1% ʘʟʦʪʘ. ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ʉʦʣʥʮʘ ʨʘʚʥʘ 
1400 ʢʛ/ʤ3, ʘ ʚ ʝʛʦ ʮʝʥʪʨʝ ʦʥʘ ʜʦʩʪʠʛʘʝʪ 76000 ʢʛ/ʤ3. ʄʦʱʥʦʩʪʴ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 4Ŀ1023ʢɺʪ. ʊʝʤʧʝʨʘʪʫʨʘ ʬʦʪʦʩʬʝʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ ï ʦʢʦʣʦ 5900 ʂ. ɺʝʨʭʥʝʡ 

ʛʨʘʥʠʮʳ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʟʘ ʛʦʜ ʜʦʩʪʠʛʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʨʘʚʥʦʝ 5,6Ŀ1024ɼʞ. 
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ɸʪʤʦʩʬʝʨʘ ɿʝʤʣʠ ʦʪʨʘʞʘʝʪ 35% ʵʪʦʡ ʵʥʝʨʛʠʠ (1,9Ŀ1024ɼʞ). ʆʩʪʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ 
ʥʘʛʨʝʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʦʢʦʣʦ 2,4Ŀ1024ɼʞ), ʠʩʧʘʨʠʪʝʣʴʥʦ-ʦʩʘʜʦʯʥʳʡ ʮʠʢʣ (ʦʢʦʣʦ 

1,3·1024ɼʞ), ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʣʥ ʚ ʤʦʨʷʭ ʠ ʦʢʝʘʥʘʭ, ʚʦʟʜʫʰʥʳʭ ʠ ʦʢʝʘʥʩʢʠʭ ʪʝʯʝʥʠʡ ʠ ʚʝʪʨʘ 

(ʦʢʦʣʦ 1,2Ŀ1022ɼʞ). ʄʦʱʥʦʩʪʴ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʫ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʘʪʤʦʩʬʝʨʳ 
ɿʝʤʣʠ ʨʘʚʥʘ 1,78Ŀ1017ɺʪ, ʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 1,2Ŀ1017ɺʪ. 

ʇʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʫ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʘʪʤʦʩʬʝʨʳ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʦʨʤʘʣʴʥʦ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ, ʨʘʚʥʘ 1353 ɺʪ/ʤ2. ʕʪʘ ʚʝʣʠʯʠʥʘ 
ʥʘʟʳʚʘʝʪʩʷ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ.  ʉʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʟʘ 1 ʯʘʩ ʥʘ 1 

ʤ2ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʚʥʦ 4871 ʢɼʞ. ɼʚʠʞʝʥʠʝ ɿʝʤʣʠ ʚʦʢʨʫʛ ʉʦʣʥʮʘ ʧʦ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʝ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ɿʝʤʣʝʡ ʠ ʉʦʣʥʮʝʤ. ɺ ʪʝʯʝʥʠʝ ʛʦʜʘ ʦʥʦ ʠʟʤʝʥʷʝʪʩʷ ʚ 
ʧʨʝʜʝʣʘʭ 150 ʤʣʥ. ʢʤ.  ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ 1 ʤ2 

ʥʦʨʤʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʟʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʤʝʥʝʝ ʯʝʤ ʥʘ 7%. ʂʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ɿʝʤʣʶ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ, ʩʦʩʪʘʚʣʷʝʪ 1,05Ŀ1018ʢɺʪĀʯ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʫʰʠ 

ʧʨʠʭʦʜʠʪʩʷ ʪʦʣʴʢʦ 20% ʵʪʦʡ ʵʥʝʨʛʠʠ, ʪʦ ʝʩʪʴ. 2Ŀ1017ʢɺʪĀʯ. ʏʘʩʪʴ ʵʥʝʨʛʠʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʚʝʪʨʘ: 1,58Ŀ1016ʢɺʪĀʯ ʚ ʛʦʜ. ɹʝʟ ʫʱʝʨʙʘ ʜʣʷ ʧʨʠʨʦʜʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦ 1,5% ʚʩʝʡ 
ʧʦʧʘʜʘʶʱʝʡ ʥʘ ɿʝʤʣʶ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʪʦ ʝʩʪʴ ʦʢʦʣʦ. 1,62Ŀ1016ʢɺʪȚʯ ʚ ʛʦʜ. ʕʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ 

2·1012ʪ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʥʦʛʦ ʰʘʨʘ ʢʨʘʡʥʝ 
ʥʝʨʘʚʥʦʤʝʨʥʦ. ʂʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʟʘ ʛʦʜ ʥʘ 1 ʤ2 ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, 

ʠʟʤʝʥʷʝʪʩʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʟʦʥʳ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʪ 3000 ʄɼʞ/ʤ2 ʜʦ 8000 

ʄɼʞ/ʤ2.  ʉʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʟʘ 1 ʜʝʥʴ ʥʘ 1 ʤ2 
ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʟʦʥʳ, ʢʦʣʝʙʣʝʪʩʷ ʦʪ 7,2 ʄɼʞ/ʤ2 ʜʦ 21,4 

ʄɼʞ/ʤ2 [3]. ʇʠʢʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʜʦʩʪʠʛʘʝʪ 1 ʢɺʪ/ʤ2.  ʉʦʣʥʝʯʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʫ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʣʫʯʝʥʠʶ 

ʘʙʩʦʣʶʪʥʦ ʯʸʨʥʦʛʦ ʪʝʣʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 5900 ʂ. ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʩ ʜʣʠ ʥʦʡ ʚʦʣʥʳ ʦʪ 0,2 ʜʦ 0,4 ʤʢʤ, ʚʠʜʠʤʳʡ ʩʚʝʪ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʦʪ 

0,4 ʜʦ 0,78 ʤʢʤ ʠ ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩ ʙʦʣʝʝ ʜʣʠʥʥʳʤʠ ʚʦʣʥʘʤʠ. ʄʘʢʩʠʤʫʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ 0,5 ʤʢʤ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʦʣʥʝʯʥʳʭ 

ʣʫʯʝʡ ʩʢʚʦʟʴ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ ʯʘʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʩʩʝʠʚʘʝʪʩʷ ʠ ʧʦʛʣʦʱʘʝʪʩʷ 

ʤʦʣʝʢʫʣʘʤʠ ʦʟʦʥʘ, ʚʦʟʜʫʭʘ, ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠ ʯʘʩʪʠʮʘʤʠ ʧʳʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʷʤʦʝ ʩʦʣʥʝʯʥʦʝ 
ʠʟʣʫʯʝʥʠʝ ʦʩʣʘʙʣʷʝʪʩʷ ʠ ʧʦʷʚʣʷʝʪʩʷ ʜʠʬʬʫʟʥʦʝ, ʨʘʩʩʝʷʥʥʦʝ ʠʟʣʫʯʝʥʠʝ. ʏʘʩʪʴ ʵʥʝʨʛʠʠ, 

ʧʦʛʣʦʱʝʥʥʦʡ ʠ ʨʘʩʩʝʷʥʥʦʡ ʚ ʘʪʤʦʩʬʝʨʝ, ʠʟʣʫʯʘʝʪʩʷ ʚ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ.  ʆʩʥʦʚʥʦʡ 

ʧʦʪʦʢ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʜʦʩʪʠʛʘʝʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚ ʚʠʜʝ ʨʘʩʩʝʷʥʥʦʛʦ, ʜʠʬʬʫʟʥʦʛʦ 
ʠʟʣʫʯʝʥʠʷ. ɼʦʣʷ ʜʠʬʬʫʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʦʙʱʝʤ ʧʦʪʦʢʝ ʧʦʩʪʫʧʘʶʱʝʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ 

ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ. 

 ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʠʤʝʶʱʝʛʦ ʤʝʩʪʦ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʂʨʝʤʥʠʝʚʳʝ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ï ʥʝʣʠʥʝʡʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ. ʀʭ ʜʝʡʩʪʚʠʝ ʥʝʣʴʟʷ ʦʧʠʩʘʪʴ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʪʠʧʘ ʟʘʢʦʥʘ ʆʤʘ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʥʘʛʨʝʚʝ ʵʣʝʤʝʥʪʘ ʥʘ ʦʜʠʥ ʛʨʘʜʫʩ ʩʚʳʰʝ 25ʦʉ ʚʳʨʘʙʘʪʳʚʘʝʤʦʝ ʠʤ ʥʘʧʨʷʞʝʥʠʝ 

ʩʥʠʞʘʝʪʩʷ ʥʘ 0,002 ɺ. ʇʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʩʦʣʥʝʯʥʦʤ ʦʩʚʝʱʝʥʠʠ ʵʣʝʤʝʥʪʳ ʥʘʛʨʝʚʘʶʪʩʷ ʜʦ 60-
70ʦʉ, ʧʨʠ ʵʪʦʤ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʧʘʜʘʝʪ ʥʘ 0,07-0,09 ɺ. ʕʪʦ ʦʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ 

ʩʥʠʞʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʡ ʢʦʣʝʙʣʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 10-16 %. ʆʙʱʝʧʨʠʥʷʪʳʝ ʩʪʘʥʜʘʨʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʘʩʧʦʨʪʠʟʘʮʠʠ ʵʣʝʤʝʥʪʦʚ 
ʩʣʝʜʫʶʱʠʝ: 

ï ʦʩʚʝʱʝʥʥʦʩʪʴ 1000 ɺʪ/ʤ2; 

ï ʪʝʤʧʝʨʘʪʫʨʘ  25ʦʉ; 
ï ʩʧʝʢʪʨ ɸʄ 1,5 (ʩʦʣʥʝʯʥʳʡ ʩʧʝʢʪʨ ʥʘ ʰʠʨʦʪʝ 45ʦ). 

ʊʝʭʥʠʯʝʩʢʠʝ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʪʘʥʮʠʠ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʣʥʝʯʥʳʤʠ ʙʘʪʘʨʝʷʤʠ: ʤʘʪʝʨʠʘʣʘʤʠ, ʠʟ ʢʦʪʦʨʳʭ ʦʥʠ 
ʠʟʛʦʪʦʚʣʝʥʳ ʠ ʪʝʭʥʦʣʦʛʠʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ. ɺ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʜʦʣʷ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʙʘʪʘʨʝʡ ʜʦʩʪʠʛʘʝʪ 60% ʠ ʙʦʣʝʝ. ʆʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʦʣʥʝʯʥʦʡ 

ʙʘʪʘʨʝʠ - ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ. ʇʦ ʜʚʫʤ ʧʨʠʟʥʘʢʘʤ ï ʤʘʪʝʨʠʘʣʫ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ï ʦʥʠ 
ʜʝʣʷʪʩʷ ʥʘ ʢʨʝʤʥʠʝʚʳʝ (ʦʙʲʝʤʥʳʝ, ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ) ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ 
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ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ ɸ2ɺ2, CdS/CdTe, ɸ3ɺ5 ʠ ʜʨ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʩʪʨʫʢʪʫʨʳ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ, 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠ ʘʤʦʨʬʥʳʝ. ʅʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣʠ 

ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ 
ʭʦʨʦʰʦ ʦʪʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʢʨʝʤʥʠʷ ʠ ʚʳʨʘʱʠʚʘʥʠʷ p-n ʧʝʨʝʭʦʜʦʚ, ʚʳʩʦʢʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʧʦʚʳʰʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʥʘʜʝʞʥʦʩʪʴʶ. ʆʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʦʧʠʩʳʚʘʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ. ɺʝʣʠʯʠʥʘ 
ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʬʦʪʦ ʕɼʉ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʧʝʨʝʭʦʜʘ ʠʟʣʫʯʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [4]:  

sp IIIqkTU /)-(1ln()/( +=    (2) 

ʛʜʝ Ipï ʬʦʪʦʪʦʢ, Isï ʪʦʢ ʥʘʩʳʱʝʥʠʷ. 

ʌʦʪʦʪʦʢ ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ 

QSNI p 0= ,     (3) 

ʛʜʝS ï ʧʣʦʱʘʜʴ ʬʦʪʦʵʣʝʤʝʥʪʘ,N0ï ʢʦʣʠʯʝʩʪʚʦ ʩʦʟʜʘʥʥʳʭ ʩʚʝʪʦʤ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʭ 

ʧʘʨ,1<Q  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʧʦʢʘʟʳʚʘʶʱʠʡ, ʢʘʢʘʷ ʜʦʣʷ ʵʪʠʭ ʧʘʨ ʩʦʙʠʨʘʝʪʩʷ p-nï ʧʝʨʝʭʦʜʦʤ. 

ʋʨʘʚʥʝʥʠʝ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʨʘʚʝʜʣʠʚʦ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʬʦʪʦʵʣʝʤʝʥʪʘ 
ʩʚʝʪʦʤ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ.  ʀʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘ ʦʪʨʘʞʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʟʥʘʯʝʥʠʷ ʬʦʪʦʪʦʢʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʩʥʠʤʘʝʤʘʷ ʩ 1 ʩʤ2 ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʨʘʚʥʘ  

UIP p=
,     (4) 

ʠʣʠ 

xxcUIP ɢ= ,     (5) 

ʛʜʝ c- ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, Ic- ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, 

Uxx- ʥʘʧʨʷʞʝʥʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ. 
ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ c-Si ʜʦʩʪʠʛʘʝʪ 26%. 

ʂʦʤʤʝʨʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ c-Si ʠʤʝʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 14-17%, ʘ ʥʘ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʦʩʥʦʚʝ - 12-14%. ɺ ʩʬʝʨʝ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 
ʥʘʠʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʪʝʭʥʦʣʦʛʠʠ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ; CdS/CdTe; CIS (CuInSe2). 

ɸʤʦʨʬʥʳʡ ʛʠʜʨʦʛʝʥʠʟʠʨʦʚʘʥʥʳʡ ʢʨʝʤʥʠʡ (a-Si:H) ï ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ[5]. ʉʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʠʟ a-Si:H ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: ʙʦʣʴʰʠʤ  ʟʥʘʯʝʥʠʝʤ 
ʥʘʧʨʷʞʝʥʠʷ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ,  ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʘʥʝʩʝʥʠʷ ʥʘ ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ, ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʝʢ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʩʪʝʢʣʘ, ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, 

ʧʦʣʠʘʤʠʜʘ), ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. ʅʘʠʚʳʩʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ a-

Si:H(13%) ʧʦʣʫʯʝʥʘ ʥʘ ʵʣʝʤʝʥʪʝ ʩ ʪʨʦʡʥʳʤ p-i-n. ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʠ a-Si:H 

ï ʵʪʦ ʧʦʚʳʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʥʦʛʦʧʝʨʝʭʦʜʥʳʭ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʘʙʣ.1 [6].  
ɺʳʧʫʩʢʘʶʪʩʷ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʥʘ ʦʩʥʦʚʝ CdS/CdTe, ʠʤʝʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ 

ʜʝʡʩʪʚʠʷ, ʨʘʚʥʳʡ 8% ʠ ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʜʦʩʪʠʛʘʝʪ 15-16%. 
ʊʘʙʣʠʮʘ 1. ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʄʘʪʝʨʠʘʣ 

1995 2000 2010 

ʕʬʬʝʢ-

ʪʠʚʥʦʩʪʴ 
ʎʝʥʘ 

ʕʬʬʝʢ-

ʪʠʚʥʦʩʪʴ 
ʎʝʥʘ 

ʕʬʬʝʢ-

ʪʠʚʥʦʩʪʴ 
ʎʝʥʘ 

ʄʦʥʦʢʨʠʩ-

ʪʘʣʣʠʯʝʩʢʠʡ 

ʢʨʝʤʥʠʡ 

15 2,40 18 2,00 22 1,50 

ʇʦʣʠʢʨʠʩ-
ʪʘʣʣʠʯʝʩʢʠʡ 

ʢʨʝʤʥʠʡ 

14 2,25 16 1,95 20 1,45 

ɸʤʦʨʬʥʳʡ 
ʢʨʝʤʥʠʡ 

7 - 9 2,00 10 1,20 14 0.75 

 



25 

ɿʘʢʣʶʯʝʥʠʝ. ɺʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʠ 

ʩʥʠʞʝʥʠʷ ʫʜʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ. ɸʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 
ʠʩʪʦʯʥʠʢʦʚ, ʥʘʧʨʠʤʝʨ, ʪʝʧʣʦʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʪʝʧʣʦʚʳʭ ʪʨʫʙ ʠ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʡ. ʆʩʥʦʚʥʦʡ 

ʧʨʦʙʣʝʤʦʡ, ʢʦʪʦʨʘʷ ʩʜʝʨʞʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ 

ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ. ʆʜʠʥ ʠʟ ʧʫʪʝʡ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. 
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ʇʈʀʄɽʅɽʅʀɽ ʄɸʊɽʄɸʊʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɼʃʗ ʇʆʃʋʏɽʅʀʗ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʆʏʀʉʊʂʀ ʉʀʈʆʇʆɺ ɺ 

ʂʈɸʍʄɸʃʆʇɸʊʆʏʅʆʁ ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ 

ʄ.ɺ. ɸʥʜʨʠʷʥʦʚʘ, ʆ.ɺ. ʏʝʨʚʘʢʦʚ, ɺ.ɸ. ɻʦʣʦʚʝʥʢʦ, ʅ.ʃ. ɻʫʨʝʚʠʥʘ  

 

ʋʢʨʘʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʣʶʢʦʟʥʳʭ ʠʣʠ ʛʣʶʢʦʟʦ-ʬʨʫʢʪʦʟʥʳʭ ʩʠʨʦʧʦʚ 

ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʠʭ ʮʚʝʪʥʦʩʪʠ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʘʞʥʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʠʨʦʧ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʛʜʝ 
ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʮʚʝʪʥʦʩʪʠ. 

ʊʘʢ, ʥʘ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʦʯʠʩʪʢʘ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʦʙʝʩʮʚʝʯʠʚʘʥʠʝ ʩʠʨʦʧʦʚ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʣʠʪʦʚʦʛʦ ʘʜʩʦʨʙʝʥʪʘ ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ. ʆʜʥʘʢʦ ʪʘʢʘʷ 
ʦʙʨʘʙʦʪʢʘ ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʘ. ʇʦʩʣʝ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʩʠʨʦʧʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ 

ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʮʚʝʪʥʦʩʪʴ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʩʠʨʦʧʦʚ 
ʛʣʶʢʦʟʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [1]. ɺ ʭʦʜʝ 

ʨʘʙʦʪʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʡ ʵʬʬʝʢʪ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʘʪʠʦʥʠʪ: ʘʥʠʦʥʠʪ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʂʉʄ-2:ɸʅʉ (ʩʦʦʪʥʦʰʝʥʠʝ 1:1). ʆʜʥʘʢʦ ʨʅ ʩʠʨʦʧʘ ʛʣʶʢʦʟʳ ʚ ʧʨʦʮʝʩʩʝ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ 

ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʥʠʞʝ ʟʥʘʯʝʥʠʷ, ʜʦʧʫʩʪʠʤʦʛʦ ʪʨʝʙʦʚʘʥʠʷʤʠ ɼʉʊʋ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʨʅ ʠ 
ʮʚʝʪʥʦʩʪʠ ʧʫʪʝʤ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʢʘʪʠʦʥʠʪ: ʘʥʠʦʥʠʪ, ʚʘʨʴʠʨʫʷ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʧʨʦʮʝʩʩʘ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʠ ʩʢʦʨʦʩʪʴʶ ʬʠʣʴʪʨʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʝʪʦʜʦʤ ʧʦʣʥʦʛʦ ʪʨʝʭʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ: 

http://intersolar.ru/home_r.shtml
http://www.transgasindustry.com/ren_e_s/solar_e/2/solar1.shtml
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ʍ1 ï ʢʦʣʠʯʝʩʪʚʦ ʩʤ
3 ʢʘʪʠʦʥʠʪʘ ʢ 1 ʩʤ3 ʘʥʠʦʥʠʪʘ;  

ʍ2 ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ, Áʉ; 

ʍ3 ï ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ, ʤʣ/ʤʠʥ. 

ɺʘʨʴʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 
ʪʝʭʥʦʣʦʛʠʠ ʠʦʥʦʦʙʤʝʥʥʦʛʦ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʩʠʨʦʧʦʚ. ʇʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʬʘʢʪʦʨʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1 - ʇʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ ʬʘʢʪʦʨʦʚ 

ʋʨʦʚʝʥʴ ʧʣʘʥʠʨʦʚʘʥʠʷ ʇʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ 

ʍ1 ʍ2, Áʉ ʍ3, ʤʣ/ʤʠʥ 

ʆʩʥʦʚʥʦʡ ʫʨʦʚʝʥʴ 0,85 70 4 

ʀʥʪʝʨʚʘʣ ʚʘʨʴʠʨʦʚʘʥʠʷ 0,15 10 2 

ɺʝʨʭʥʠʡ ʫʨʦʚʝʥʴ 1,0 80 6 

ʅʠʞʥʠʡ ʫʨʦʚʝʥʴ 0,7 60 2 

ɺʳʙʦʨ ʧʨʝʜʝʣʦʚ ʠʟʤʝʥʝʥʠʷ ʬʘʢʪʦʨʦʚ ʦʩʥʦʚʘʥ ʥʘ ʪʨʝʙʦʚʘʥʠʷʭ ɼʉʊʋ ʜʝʡʩʪʚʫʶʱʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʢʨʘʭʤʘʣʦʧʘʪʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʨʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʬʘʢʪʦʨʦʚ ʚʳʙʨʘʥʳ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʨʦʧʦʚ: 

ʋ1 ï  ʮʚʝʪʥʦʩʪʴ ʩʠʨʦʧʘ ʛʣʶʢʦʟʳ, ʝʜ. ʦʧʪ. ʧʣ.; 
ʋ2 ï ʨʅ ʩʠʨʦʧʘ ʛʣʶʢʦʟʳ. 

ʇʨʦʛʨʘʤʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʟʘʣʦʞʝʥʘ ʚ ʤʘʪʨʠʮʫ ʧʣʘʥʠʨʦʚʘʥʠʷ: 

ʊʘʙʣʠʮʘ 2 - ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʂʦʜʠʨʦʚʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ 

ʅʘʪʫʨʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ 

ʋ1 ʋ2 

ʍ1 ʍ2 ʍ3 ʍ1 ʍ2 ʍ3 ʆʧʳʪ 1 ʆʧʳʪ 2 ʆʧʳʪ 1 ʆʧʳʪ 2 

ï1 ï1 ï1 0,7 60 2 0,0012 0,0013 5,19 5,17 

+1 ï1 ï1 1,0 60 2 0,0048 0,0049 4,37 4,38 

ï1 +1 ï1 0,7 80 2 0,0025 0,0023 5,22 5,23 

+1 +1 ï1 1,0 80 2 0,008 0,0083 4,49 4,5 

ï1 ï1 +1 0,7 60 6 0,0018 0,0017 5,18 5,16 

+1 ï1 +1 1,0 60 6 0,0054 0,0058 4,35 4,33 

ï1 +1 +1 0,7 80 6 0,0025 0,0028 5,24 5,25 

+1 +1 +1 1,0 80 6 0,0081 0,0082 4,55 4,52 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʝʨʢʘ ʦʜʥʦʨʦʜʥʦʩʪʠ ʜʠʩʧʝʨʩʠʠ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦ ʢʨʠʪʝʨʠʶ ʂʦʭʨʝʥʘ, ʟʥʘʯʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ï ʧʦ 

ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ, ʘʜʝʢʚʘʪʥʦʩʪʴ ʫʨʘʚʥʝʥʠʡ ï ʢʨʠʪʝʨʠʶ ʌʠʰʝʨʘ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʳ 

ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ, ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʮʝʩʩ 

ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʩʠʨʦʧʦʚ: 
ʋ1 = 0,00435+0,00234Ŀʍ1+0,00099Ŀʍ2+0,00019Ŀʍ3+0,00048Ŀʍ1Ŀʍ2 ï 0,00013Ŀʍ2Ŀʍ3 

ʋ2 = 4,82 ï 0,38Ŀʍ1 + 0,055Ŀʍ2 

ɸʥʘʣʠʟ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʮʝʩʩ 
ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʩʠʨʦʧʦʚ. ʊʘʢ, ʥʘ ʮʚʝʪʥʦʩʪʴ ʩʠʨʦʧʦʚ ʠ ʨʅ ʩʨʝʜʳ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʠʦʥʠʪʘ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʘʪʠʦʥʠʪ: ʘʥʠʦʥʠʪ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ. 

ʉʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʚʣʠʷʝʪ ʥʘ ʮʚʝʪʥʦʩʪʴ ʩʠʨʦʧʦʚ, ʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʠʭ 
ʧʦʢʘʟʘʪʝʣʴ ʨʅ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʩʠʨʦʧʦʚ 

ʛʣʶʢʦʟʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʂʉʄ-2:ɸʅʉ 
ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʩʯʠʪʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1. The use of ion-exchange resins for foodstuff water solutions purification / Andriianova 
M.V., Chervakov O.V., Zontov A,V. // Ukrainian-Polish scientific conference «Membrane and Sorption 

Processes and Technologies» (1-3 December 2014). ï Kyiv : National university of Kyiv-Mohyla 

Academy, 2014. ï ʉ.92-93. 



27 

ɯʄɯʊɸʎɯʁʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʈʆɹʆʊʀ ɸʂʋʄʋʃʖʖʏʆɻʆ ɹʋʅʂɽʈɸ 

ʉʀʉʊɽʄ ʇɯɼɿɽʄʅʆɻʆ ʂʆʅɺɽɭʈʅʆɻʆ ʊʈɸʅʉʇʆʈʊʋ 

ʖ.ɺ. ɹʘʙʝʥʢʦ 

 

ʅʘʮʽʦʥʘʣʴʥʘ ʤʝʪʘʣʫʨʛʽʡʥʘ ʘʢʘʜʝʤʽʷ ʋʢʨʘʾʥʠ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ 

 

ɸʢʫʤʫʣʶʶʯʽ ʙʫʥʢʝʨʠ ʥʘʙʫʣʠ ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʧʽʜʟʝʤʥʦʛʦ ʢʦʥʚʝʻʨʥʦʛʦ 
ʪʨʘʥʩʧʦʨʪʫ (ʉʇʂʊ) ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ, ʦʩʢʽʣʴʢʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʟʘʣʝʞʥʦʾ ʨʦʙʦʪʠ 

ʩʫʤʽʞʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʘʥʦʢ ʪʨʘʥʩʧʦʨʪʫ ʚ ʧʝʨʽʦʜʠ ʾʭ ʘʚʘʨʽʡʥʠʭ ʚʽʜʤʦʚ ʫ ʨʦʙʦʪʽ ʘʙʦ ʟʫʧʠʥʦʢ ʟ 

ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʧʨʠʯʠʥʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʧʨʦʩʪʦʾʚ ʢʦʥʚʝʻʨʥʠʭ ʣʽʥʽʡ ʥʘ ʨʦʙʦʪʫ 
ʦʯʠʩʥʠʭ ʽ ʧʽʜʛʦʪʦʚʯʠʭ ʟʘʙʦʾʚ [1]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʢʫʤʫʣʶʶʯʠʭ ʙʫʥʢʝʨʽʚ ʚ ʉʇʂʊ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʠʪʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʾʭ ʨʦʙʦʪʠ. 

ʅʘʷʚʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ [2 ï 4] ʥʝ ʟʘʚʞʜʠ ʜʘʻ ʟʤʦʛʫ ʘʜʝʢʚʘʪʥʦ ʧʨʦʚʝʩʪʠ 

ʪʝʩʪʫʚʘʥʥʷ ʨʦʙʦʪʠ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ. ʊʦʤʫ ʚ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʨʦʙʠʪʠ ʽʤʽʪʘʮʽʡʥʫ ʤʦʜʝʣʴ 

ʘʢʫʤʫʣʶʶʯʦʛʦ ʙʫʥʢʝʨʘ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʧʨʦʚʝʩʪʠ ʥʝʦʙʭʽʜʥʽ ʪʝʩʪʫʚʘʥʥʷ, ʷʢʽ ʤʘʞʝ ʥʝʤʦʞʣʠʚʦ 
ʚʽʜʪʚʦʨʠʪʠ ʚ ʨʝʘʣʴʥʦʤʫ ʞʠʪʪʽ ʯʝʨʝʟ ʾʭʥʶ ʙʘʛʘʪʦʚʘʨʪʽʩʥʽʩʪʴ. 

ɺ ʧʘʢʝʪʽ ʧʦʙʫʜʦʚʠ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ Anylogic ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ 

ʘʢʫʤʫʣʶʶʯʦʛʦ ʙʫʥʢʝʨʘ, ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 
 

 
ʈʠʩʫʥʦʢ 1 ī ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʘʢʫʤʫʣʶʶʯʦʛʦ ʙʫʥʢʝʨʘ 

 

ɼʘʥʘ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʟʤʽʩʪʦʚʥʠʭ ʙʣʦʢʽʚ: 1) ʛʨʘʬʽʯʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʘʢʫʤʫʣʶʶʯʦʛʦ ʙʫʥʢʝʨʘ, 2) ʛʨʘʬʫ ʟʚôʷʟʢʽʚ, 3) ʛʨʘʬʫ ʩʪʘʥʽʚ, 4) ʛʨʘʬʽʢʽʚ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ 
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ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʘʥʪʘʞʦʧʦʪʦʢʫ, ʦʙôʻʤ ʚʘʥʪʘʞʫ ʚ ʙʫʥʢʝʨʽ, ʯʘʩ ʧʨʦʩʪʦʶ ʙʫʥʢʝʨʘ, ʚʭʽʜʥʠʡ ʪʘ 

ʚʠʭʽʜʥʠʡ ʚʘʥʪʘʞʦʧʦʪʦʢʠ, 5) ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʚʘʥʪʘʞʫ ʚ ʙʫʥʢʝʨʽ, ʦʙôʻʤ 

ʪʨʘʥʩʧʦʨʪʦʚʘʥʦʛʦ ʚʘʥʪʘʞʫ, ʘ ʪʘʢʦʞ ʯʘʩ ʧʨʦʩʪʦʶ. 

ʅʘ ʦʩʥʦʚʽ ʮʽʻʾ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʫʚʘʥʥʷ ʾʾ ʨʦʙʦʪʠ ʧʨʠ ʨʽʟʥʠʭ 
ʧʘʨʘʤʝʪʨʘʭ: ʚʘʨʽʶʚʘʚʩʷ ʚʭʽʜʥʠʡ ʚʘʥʪʘʞʦʧʦʪʽʢ ʪʘ ʰʚʠʜʢʽʩʪʴ ʞʠʚʠʣʴʥʠʢʘ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

1. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʞʠʚʠʣʴʥʠʢʘ, ʩʝʨʝʜʥʽʡ ʦʙôʻʤ ʚʘʥʪʘʞʫ ʚ ʙʫʥʢʝʨʽ ʩʫʪʪʻʚʦ 
ʟʥʠʞʫʻʪʴʩʷ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʚʘʥʪʘʞ ʥʝ ʚʩʪʠʛʘʻ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʚ ʙʫʥʢʝʨʽ, ʙʦ ʰʚʠʜʢʽʩʪʴ 

ʚʭʽʜʥʦʛʦ ʚʘʥʪʘʞʦʧʦʪʦʢʫ ʟʥʘʯʥʦ ʤʝʥʰʘ ʟʘ ʰʚʠʜʢʽʩʪʴ ʞʠʚʠʣʴʥʠʢʘ. ʇʨʦʪʝ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ 

ʜʣʷ ʚʠʧʘʜʢʫ ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ ʞʠʚʠʣʴʥʠʢʘ ʤʘʢʩʠʤʘʣʴʥʘ, ʢʽʣʴʢʽʩʪʴ ʚʘʥʪʘʞʫ ʚ ʙʫʥʢʝʨʽ ʟʥʘʭʦʜʠʪʴʩʷ 
ʤʘʡʞʝ ʥʘ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤʫ ʨʽʚʥʽ, ʪʦʙʪʦ ʙʫʥʢʝʨ ʤʘʡʞʝ ʧʦʨʦʞʥʽʡ. 

2. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʞʠʚʠʣʴʥʠʢʘ ʯʘʩ ʧʨʦʩʪʦʶ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʙʦ ʚʭʽʜʥʠʡ 

ʚʘʥʪʘʞʦʧʦʪʽʢ ʥʝ ʚʩʪʠʛʘʻ ʥʘʧʦʚʥʶʚʘʪʠ ʙʫʥʢʝʨ ʜʦʩʪʘʪʥʴʦʶ ʢʽʣʴʢʽʩʪʶ ʚʘʥʪʘʞʫ, ʷʢʘ ʙ 

ʧʝʨʝʚʠʱʫʚʘʣʘ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ ʚʘʥʪʘʞʫ ʚ ʙʫʥʢʝʨʽ. 

3. ʅʘ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʚʠʭʽʜʥʦʛʦ ʚʘʥʪʘʞʦʧʦʪʦʢʫ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʞʠʚʠʣʴʥʠʢʘ ʤʘʡʞʝ 
ʥʝ ʚʧʣʠʥʫʣʘ. 
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ɯʄɯʊɸʎɯʁʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɺ ɿɸɼɸʏɸʍ ʆʉɺɯʊʅɯʍ ɺʀʄɯʈʖɺɸʅʔ 

ɺ.ɭ. ɹʘʭʨʫʰʠʥ  

 

ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɿʘʧʦʨʽʞʞʷ 

 

ɺʩʪʫʧ. ɼʦ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ ʦʩʚʽʪʥʽʭ ʚʠʤʽʨʶʚʘʥʴ ʥʘʣʝʞʘʪʴ ʦʙôʻʢʪʠʚʥʝ ʦʮʽʥʶʚʘʥʥʷ 

ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʠ, ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ, ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ, ʛʣʦʙʘʣʴʥʠʭ ʪʘ 
ʨʝʛʽʦʥʘʣʴʥʠʭ ʦʩʚʽʪʥʽʭ ʩʠʩʪʝʤ. ʅʘʡʙʽʣʴʰ ʚʽʜʦʤʠʤʠ ʟʘʩʦʙʘʤʠ ʦʩʚʽʪʥʽʭ ʚʠʤʽʨʶʚʘʥʴ ʻ ʧʝʜʘʛʦʛʽʯʥʽ 

ʪʝʩʪʠ ʪʘ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʽ ʨʝʡʪʠʥʛʠ. ɼʣʷ ʾʭ ʨʦʟʨʦʙʢʠ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʙʨʦʙʢʠ 

ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʫʯʘʩʥʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʪʘ ʤʝʪʦʜʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ 
ʤʦʜʝʣʶʚʘʥʥʷ. 

ʄʦʜʝʣʶʚʘʥʥʷ ɿʅʆ. ɺ ʮʽʡ ʨʦʙʦʪʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʠʩʪʝʤʠ R ʚʠʢʦʥʘʥʝ ʽʤʽʪʘʮʽʡʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʥʝʟʘʣʝʞʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ (ɿʅʆ). ʇʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ ʧʝʨʝʜʙʘʯʘʣʘ 
ʛʝʥʝʨʫʚʘʥʥʷ ʚʠʙʽʨʦʢ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ, ʨʦʟʧʦʜʽʣ ʷʢʠʭ ʙʫʚ ʥʘʙʣʠʞʝʥʠʤ ʜʦ ʪʠʧʦʚʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʘʣʴʥʠʭ ʪʝʩʪʽʚ ɿʅʆ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʚʘʣʘʩʷ ʦʙʨʦʙʢʘ ʮʠʭ ʚʠʙʽʨʦʢ ʟʘ 

ʤʝʪʦʜʠʢʘʤʠ ɿʅʆ 2015 ʪʘ ʧʦʧʝʨʝʜʥʽʭ ʨʦʢʽʚ, ʘ ʪʘʢʦʞ ʟʘ ʜʝʷʢʠʤʠ ʽʥʰʠʤʠ ʤʝʪʦʜʠʢʘʤʠ. ʆʜʥʠʤ ʽʟ 
ʛʦʣʦʚʥʠʭ ʟʘʚʜʘʥʴ ʮʴʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʚ ʧʦʰʫʢ ʤʝʪʦʜʠʢʠ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʩʪʫʚʘʥʥʷ, ʷʢʘ ʙ 

ʥʘʜʘʚʘʣʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ɿʅʆ ʤʠʥʫʣʠʭ ʨʦʢʽʚ ʧʨʠ ʚʩʪʫʧʽ ʜʦ ʚʠʱʠʭ 

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʙʝʟ ʩʫʪʪʻʚʦʛʦ ʧʦʨʫʰʝʥʥʷ ʧʦʨʽʚʥʷʥʥʦʩʪʽ ʧʽʜʩʫʤʢʦʚʠʭ ʢʦʥʢʫʨʩʥʠʭ ʙʘʣʽʚ. 
ʆʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʥʝʟʽʩʪʘʚʥʦʩʪʽ ʙʘʣʽʚ ɿʅʆ ʨʽʟʥʠʭ ʨʦʢʽʚ ʻ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʚʘʨʽʘʮʽʾ 

ʩʢʣʘʜʥʦʩʪʽ ʪʝʩʪʽʚ ʪʘ ʨʽʚʥʷ ʧʽʜʛʦʪʦʚʣʝʥʦʩʪʽ ʘʙʽʪʫʨʽʻʥʪʽʚ. ɼʣʷ ʫʩʫʚʘʥʥʷ ʧʝʨʰʦʾ ʟ ʥʠʭ ʧʝʨʚʠʥʥʽ ʙʘʣʠ 

ɿʅʆ ʥʦʨʤʘʣʽʟʫʶʪʴ ʽ ʧʝʨʝʨʘʭʦʚʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʡʪʠʥʛʦʚʦʾ ʰʢʘʣʠ ʧʽʜʩʫʤʢʦʚʠʭ ʙʘʣʽʚ. ɿʘ 
ʫʤʦʚʠ ʦʜʥʘʢʦʚʦʩʪʽ ʚʠʙʽʨʦʢ ʘʙʽʪʫʨʽʻʥʪʽʚ ʨʽʟʥʠʭ ʨʦʢʽʚ ʮʝ ʜʘʻ ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʨʽʚʥʷʥʥʽʩʪʴ ʾʭ 
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ʧʽʜʩʫʤʢʦʚʠʭ ʦʮʽʥʦʢ. ɸʣʝ, ʷʢʱʦ ʤʽʞ ʚʠʙʽʨʢʘʤʠ ʻ ʽʩʪʦʪʥʽ ʚʽʜʤʽʥʥʦʩʪʽ, ʪʦ ʪʘʢʘ ʟʽʩʪʘʚʥʽʩʪʴ 

ʧʦʨʫʰʫʻʪʴʩʷ. ʗʢ ʩʚʽʜʯʘʪʴ ʨʝʟʫʣʴʪʘʪʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʩʪʘʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʨʦʟʢʠʜʫ ʧʽʜʩʫʤʢʦʚʠʭ ʙʘʣʽʚ, ʟʫʤʦʚʣʝʥʝ ʚʠʧʘʜʢʦʚʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʨʽʚʥʷ ʧʽʜʛʦʪʦʚʢʠ ʘʙʽʪʫʨʽʻʥʪʽʚ, 

ʤʦʞʥʘ ʽʩʪʦʪʥʦ ʟʤʝʥʰʠʪʠ ʰʣʷʭʦʤ ʧʝʨʝʭʦʜʫ ʚʽʜ ʨʝʡʪʠʥʛʦʚʦʛʦ ʧʦʨʦʛʫ ʫʩʧʽʰʥʦʩʪʽ, ʷʢʠʡ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʫ ʤʠʥʫʣʽ ʨʦʢʠ, ʜʦ ʬʽʢʩʦʚʘʥʦʛʦ ʧʦʨʦʛʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʪʦʜʘʤʠ ʝʢʩʧʝʨʪʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ. ʑʝ ʙʽʣʴʰʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʚʦʭ 

ʬʽʢʩʦʚʘʥʠʭ ʧʦʨʦʛʽʚ ï ʧʦʨʦʛʫ ʫʩʧʽʰʥʦʩʪʽ ʪʘ ʧʦʨʦʛʫ ʷʢʦʩʪʽ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʨʽʚʥʽ 
ʤʝʞʽ ʤʽʞ ʟʘʜʦʚʽʣʴʥʠʤʠ ʽ ʭʦʨʦʰʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʩʪʫʚʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʜʣʷ ʜʝʷʢʠʭ ʪʠʧʽʚ 

ʨʦʟʧʦʜʽʣʫ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 1. 

 
ʊʘʙʣʠʮʷ 1. ʉʪʘʥʜʘʨʪʥʽ ʚʽʜʭʠʣʝʥʥʷ ʧʽʜʩʫʤʢʦʚʠʭ ʙʘʣʽʚ, ʟʫʤʦʚʣʝʥʽ ʚʘʨʽʘʮʽʻʶ ʨʽʚʥʷ 

ʧʽʜʛʦʪʦʚʢʠ ʘʙʽʪʫʨʽʻʥʪʽʚ 

ʈʦʟʧʦʜʽʣ ʉʪʫʧʝʥʴ ʚʘʨʽʘʮʽʾ ʨʽʚʥʷ ʧʽʜʛʦʪʦʚʢʠ ʘʙʽʪʫʨʽʻʥʪʽʚ 

1 2 3 4 

Unif, 1r  0,74 ï 1,34  1,18 ï 1,54  1,71 ï 2,32  2.05 ï 3,67  

Unif, 1  0,43 ï 0,46  0,86 ï 0,87  1,24 ï 1,27  1,66 ï 1,69  

Unif, 2  0,35 ï 0,40  0,67 ï 0,70  1,02 ï 1,10  1,35 ï 1,48  

Norm, 1r  0,84 ï 0,88  1,18 ï 1,30  1,55 ï 1,70  1,72 ï 1,78  

Norm, 1  0,47 ï 0,48  0,75 ï 0,82  1,04 ï 1,11  1,28 ï 1,35  

Norm, 2  0,35 ï 0,40  0,65 ï 0,69  0,85 ï 0,91  1,01 ï 1,12  

2Norm, 1r  0,71 ï 0,85  1,17 ï 1,31  1,49 ï 1,69  1,70 ï 1,81  

2Norm, 1  0,40 ï 0,44  0,67 ï 0,72  0,94 ï 1,02  1,19 ï 1,30  

2Norm, 2  0,34 ï 0,35  0,57 ï 0,62  0,78 ï 0,84  0,95 ï 0,98  

ʋ ʪʘʙʣʠʮʽ ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ. Unif, Norm, 2Norm ï ʪʠʧʠ ʨʦʟʧʦʜʽʣʫ: ʚʽʜʧʦʚʽʜʥʦ, 

ʨʽʚʥʦʤʽʨʥʠʡ, ʥʦʨʤʘʣʴʥʠʡ ʪʘ ʩʫʤʽʰ ʜʚʦʭ ʥʦʨʤʘʣʴʥʠʭ; 1r, 1, 2 ï ʦʜʠʥ ʨʘʥʛʦʚʠʡ ʧʦʨʽʛ ʫʩʧʽʰʥʦʩʪʽ, 

ʦʜʠʥ ʬʽʢʩʦʚʘʥʠʡ ʧʦʨʽʛ ʫʩʧʽʰʥʦʩʪʽ, ʬʽʢʩʦʚʘʥʽ ʧʦʨʦʛʠ ʫʩʧʽʰʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ. 

ʅʘ ʨʠʩ 1 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʧʝʨʚʠʥʥʠʤʠ ʪʘ ʧʽʜʩʫʤʢʦʚʠʤʠ ʙʘʣʘʤʠ ʜʣʷ 
100 ʩʝʨʽʡ ʚʠʙʽʨʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʤʽʰʽ ʜʚʦʭ ʥʦʨʤʘʣʴʥʠʭ ʨʦʟʧʦʜʽʣʽʚ. 

 
ʈʠʩʫʥʦʢ 1 ï ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʧʝʨʚʠʥʥʠʤʠ ʪʘ ʧʽʜʩʫʤʢʦʚʠʤʠ ʙʘʣʘʤʠ ʜʣʷ 100 ʩʝʨʽʡ 

ʚʠʙʽʨʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʤʽʰʽ ʜʚʦʭ ʥʦʨʤʘʣʴʥʠʭ ʨʦʟʧʦʜʽʣʽʚ 
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ʄʦʜʝʣʶʚʘʥʥʷ ʦʮʽʥʦʢ, ʱʦ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʷʢ ʣʽʥʽʡʥʘ ʟʛʦʨʪʢʘ ʦʢʨʝʤʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ɼʨʫʛʘ ʧʨʦʙʣʝʤʘ, ʱʦ ʨʦʟʛʣʷʜʘʣʘʩʷ ï ʮʝ ʧʦʙʫʜʦʚʘ ʦʮʽʥʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʣʽʥʽʡʥʦʾ ʟʛʦʨʪʢʠ 

ʦʢʨʝʤʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʎʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʟʦʢʨʝʤʘ, ʜʣʷ ʧʦʙʫʜʦʚʠ ʢʦʥʢʫʨʩʥʠʭ ʙʘʣʽʚ 

ʘʙʽʪʫʨʽʻʥʪʽʚ ʧʨʠ ʚʩʪʫʧʽ ʜʦ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ, ʘ ʪʘʢʦʞ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʭ 
ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʠʭ ʨʝʡʪʠʥʛʽʚ. ʆʜʥʠʤ ʟ ʡʦʛʦ ʥʝʜʦʣʽʢʽʚ ʻ ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʚʠʙʦʨʫ ʚʘʛʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ, ʘ ʪʘʢʦʞ ʜʦ ʧʦʭʠʙʢʠ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ ʧʝʨʚʠʥʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʋ ʨʦʙʦʪʽ ʦʪʨʠʤʘʥʦ 

ʦʮʽʥʢʠ ʚʘʨʽʘʮʽʾ ʢʦʥʢʫʨʩʥʠʭ ʙʘʣʽʚ ʪʘ ʨʝʡʪʠʥʛʽʚ ʘʙʽʪʫʨʽʻʥʪʽʚ, ʟʫʤʦʚʣʝʥʽ ʚʘʨʽʘʮʽʷʤʠ ʚʘʛʦʚʠʭ 
ʢʦʝʬʽʮʽʻʥʪʽʚ, ʘ ʪʘʢʦʞ ʦʮʽʥʢʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʧʦʭʠʙʢʠ ʨʝʡʪʠʥʛʽʚ ʫʥʽʚʝʨʩʠʪʝʪʽʚ, ʧʦʚôʷʟʘʥʽ ʽʟ 

ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʧʦʭʠʙʢʘʤʠ ʚʠʭʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ɺʧʣʠʚ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽʣʶʩʪʨʫʻ ʨʠʩ. 2, ʜʝ ʟʦʙʨʘʞʝʥʦ ʨʽʟʥʠʮʶ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ 
ʨʦʟʨʘʭʫʥʢʫ ʨʝʡʪʠʥʛʽʚ ʘʙʽʪʫʨʽʻʥʪʽʚ ʟʘ ʜʚʦʤʘ ʬʦʨʤʫʣʘʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʨʽʟʥʠʤʠ 

ʫʢʨʘʾʥʩʴʢʠʤʠ ʫʥʽʚʝʨʩʠʪʝʪʘʤʠ ʧʨʠ ʚʩʪʫʧʽ ʥʘ ʩʧʝʮʽʘʣʴʥʽʩʪʴ çʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟè. ʗʢ ʚʠʭʽʜʥʽ ʜʘʥʽ 

ʙʫʣʦ ʚʟʷʪʦ ʧʦʢʘʟʥʠʢʠ ʘʙʽʪʫʨʽʻʥʪʽʚ 2015 ʨ. ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ çʂʠʾʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʥʘʚʝʜʝʥʽ ʥʘ ʩʘʡʪʽ vstup.info. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʜʫʞʝ 

ʚʠʩʦʢʠʡ ʚʧʣʠʚ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʘ ʨʝʡʪʠʥʛ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʜʣʷ ʘʙʽʪʫʨʽʻʥʪʽʚ ʱʦ ʤʘʶʪʴ ʚʠʩʦʢʽ 
ʨʝʟʫʣʴʪʘʪʠ ɿʅʆ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʚʘʞʣʠʚʽʩʪʴ ʽ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ ʚʠʙʦʨʫ ʚʘʛʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ (ʽ ʫ ʰʠʨʰʦʤʫ ʨʦʟʫʤʽʥʥʽ ï ʬʦʨʤʫʣʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʢʫʨʩʥʦʛʦ ʙʘʣʘ) ʜʣʷ ʧʨʦʚʽʜʥʠʭ 

ʫʢʨʘʾʥʩʴʢʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ. ɸ ʪʘʢʦʞ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʙʽʪʫʨʽʻʥʪʘʤʠ 
ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʨʽʦʨʠʪʝʪʽʚ ʧʽʜ ʯʘʩ ʧʦʜʘʥʥʷ ʟʘʷʚʦʢ ʥʘ ʚʩʪʫʧ ʜʦ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʧʦʭʠʙʦʢ ʟʥʘʯʝʥʴ ʚʠʭʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʽ 

ʨʝʡʪʠʥʛʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʠʧʘʜʢʦʚʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʨʦʟʧʦʜʽʣ ʷʢʠʭ ʙʫʚ 
ʙʣʠʟʴʢʠʤ ʜʦ ʨʦʟʧʦʜʽʣʫ ʧʦʢʘʟʥʠʢʽʚ ʨʝʡʪʠʥʛʫ ʊʆʇ-200 ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʋʢʨʘʾʥʠ ʽ ʤʽʩʪʠʚ ʥʦʨʤʘʣʴʥʦ 

ʨʦʟʧʦʜʽʣʝʥʫ ʚʠʧʘʜʢʦʚʫ ʢʦʤʧʦʥʝʥʪʫ. ʅʘ ʨʠʩ. 3 ʟʦʙʨʘʞʝʥʦ ʚʧʣʠʚ ʩʪʘʪʠʩʪʠʯʥʦʾ ʧʦʭʠʙʢʠ ʥʘ ʨʦʟʢʠʜ 

ʧʽʜʩʫʤʢʦʚʠʭ ʟʥʘʯʝʥʴ ʨʝʡʪʠʥʛʫ ʜʣʷ ʨʽʟʥʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʚʽʜʭʠʣʝʥʴ ʚʠʧʘʜʢʦʚʦʾ ʢʦʤʧʦʥʝʥʪʠ, 

ʙʣʠʟʴʢʠʭ ʜʦ ʦʮʽʥʦʢ ʧʦʭʠʙʦʢ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ ʫ ʨʦʙʦʪʽ [1], ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʾʾ ʜʫʞʝ ʚʠʩʦʢʠʡ ʚʧʣʠʚ 

ʥʘ ʧʽʜʩʫʤʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ. 

 
ʈʠʩʫʥʦʢ  2 - ʈʽʟʥʠʮʷ ʨʝʡʪʠʥʛʽʚ ʘʙʽʪʫʨʽʻʥʪʽʚ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʢʫʨʩʥʦʛʦ ʙʘʣʘ ʟʘ 

ʦʜʥʘʢʦʚʠʤʠ ʙʘʣʘʤʠ ʩʝʨʪʠʬʽʢʘʪʽʚ ɿʅʆ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 
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ʈʠʩʫʥʦʢ 3 - ɺʧʣʠʚ ʩʪʘʪʠʩʪʠʯʥʦʾ ʧʦʭʠʙʢʠ ʥʘ ʨʦʟʢʠʜ ʧʽʜʩʫʤʢʦʚʠʭ ʟʥʘʯʝʥʴ ʨʝʡʪʠʥʛʫ 

ɺʠʩʥʦʚʢʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʽʪʘʮʽʡʥʦʛʦ 
ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢ ʦʩʚʽʪʥʽʭ ʚʠʤʽʨʶʚʘʥʴ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ 

ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʬʽʢʩʦʚʘʥʠʭ ʧʦʨʦʛʽʚ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ɿʅʆ, ʷʢʽ ʙ 

ʚʽʜʧʦʚʽʜʘʣʠ ʤʝʞʘʤ ʤʽʞ ʟʘʜʦʚʽʣʴʥʠʤʠ ʽ ʥʝʟʘʜʦʚʽʣʴʥʠʤʠ ʪʘ ʟʘʜʦʚʽʣʴʥʠʤʠ ʽ ʭʦʨʦʰʠʤʠ 
ʨʝʟʫʣʴʪʘʪʘʤʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʦʮʽʥʦʢ, 

ʦʜʝʨʞʫʚʘʥʠʭ ʤʝʪʦʜʘʤʠ ʣʽʥʽʡʥʦʾ ʟʛʦʨʪʢʠ, ʜʦ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʝʪʦʜʠʢ 

ʦʩʚʽʪʥʽʭ ʚʠʤʽʨʶʚʘʥʴ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 
1. ɹʘʭʨʫʰʠʥ ɺ. ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʨʝʡʪʠʥʛʽʚ ʫʢʨʘʾʥʩʴʢʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ / ɺ.ɭ. 
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ʀʉʉʃɽɼʆɺɸʅʀʗ ɿɸɺʀʉʀʄʆʉʊɽʁ ʄɽɾɼʋ ʇɸʈɸʄɽʊʈɸʄʀ ʋʇʃʆʊʅɽʅʀʗ ʀ 

ʋʇʈʋɻʀʄ ʇʆʉʃɽɼɽʁʉʊɺʀɽʄ ʉ ʋʏɽʊʆʄ ʉɺʆʁʉʊɺ ɹʈʀʂɽʊʀʈʋɽʄʓʍ 

ʄɸʊɽʈʀɸʃʆɺ 

ʂ.ɺ.ɹʘʶʣ, ɸ.ʖ.ʍʫʜʷʢʦʚ, ʉ.ɺ.ɺʘʱʝʥʢʦ  

 

ʀʥʩʪʠʪʫʪ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠʤ. ɿ.ʀ. ʅʝʢʨʘʩʦʚʘ ʅɸʅ ʋʢʨʘʠʥʳ (ʀʏʄ), ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 
 

ʆʜʥʠʤ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʙʨʠʢʝʪʦʚ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚʠʟʫʘʣʴʥʦ ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʜʝʬʝʢʪʦʚ ʚ ʚʠʜʝ ʪʨʝʱʠʥ ʠ ʩʢʦʣʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʨʝʟʢʦʤʫ ʫʭʫʜʰʝʥʠʶ ʠʭ ʧʨʦʯʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʠʣʠ ʢ ʧʦʣʥʦʡ ʥʝʧʨʠʛʦʜʥʦʩʪʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʝʬʝʢʪʦʚ ï ʤʘʢʨʦ- ʠ ʤʠʢʨʦʪʨʝʱʠʥ, ʨʘʩʩʣʦʝʥʠʡ, ʩʢʦʣʦʚ, 

ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʠ ʜʨ., ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʙʨʠʢʝʪʘʭ ʥʘ ʩʪʘʜʠʠ ʠʭ ʚʳʭʦʜʘ ʠʟ 
ʬʦʨʤʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚʘʣʢʦʚʳʭ ʧʨʝʩʩʦʚ, ʷʚʣʷʝʪʩʷ ʫʧʨʫʛʦʝ ʧʦʩʣʝʜʝʡʩʪʚʠʝ. 

ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʠʤʝʶʱʝʡ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ, 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʧʨʫʛʦʛʦ 
ʧʦʩʣʝʜʝʡʩʪʚʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʨʤʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʨʘʟʤʝʨʦʚ, 

ʦʮʝʥʢʠ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʨʠʢʝʪʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʬʦʨʤʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʦʩʪʠʞʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʧʣʦʪʥʦʩʪʠ 
ʙʨʠʢʝʪʦʚ ʩ ʫʯʝʪʦʤ ʠʭ ʫʧʨʫʛʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʀʏʄ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʢʦʥʮʝʧʮʠʷ, ʩʦʩʪʦʷʱʘʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʚʝʣʠʯʠʥʳ ʠ ʭʘʨʘʢʪʝʨʘ ʫʧʨʫʛʦʛʦ ʧʦʩʣʝʜʝʡʩʪʚʠʷ ʚ ʙʨʠʢʝʪʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʧʨʷʞʝʥʥʦ-
ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʫʧʣʦʪʥʝʥʠʷ, ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʧʶʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʧʨʫʛʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʧʣʦʪʥʝʥʠʷ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʬʦʨʤʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ.   
ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʥʘ ʧʫʪʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʥʷʪʦʡ ʢʦʥʮʝʧʮʠʠ ʷʚʣʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʠʝ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʫʧʣʦʪʥʝʥʠʷ ʰʠʭʪ ʠ ʫʧʨʫʛʠʤ ʧʦʩʣʝʜʝʡʩʪʚʠʝʤ. 
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ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʣʢʦʬʨʘʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʬʨ. -3ʤʤ), 

ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʪʨʝʤ ʛʨʫʧʧʘʤ ʩʦʟʜʘʥʥʦʡ ʚ ʀʏʄ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ [1]. ʕʪʠ ʤʘʪʝʨʠʘʣʳ (ʪʘʙʣ.1) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʚʥʝʰʥʠʤ ʫʧʣʦʪʥʷʶʱʠʤ ʩʠʣʦʚʳʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʨʘʚʝʜʣʠʚʳʤʠ ʜʣʷ 
ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʫʧʣʦʪʥʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʨʝʩʩ ʎɼ-10 ʫʩʠʣʠʝʤ ʧʨʝʩʩʦʚʘʥʠʷ ʜʦ 10ʪʩ, 

ʧʨʝʩʩʬʦʨʤʘ ʩ ʜʠʘʤʝʪʨʦʤ ʤʘʪʨʠʯʥʦʛʦ ʢʘʥʘʣʘ 30°0,1ʤʤ ʠ ʧʫʘʥʩʦʥʳ ʩ ʧʣʦʩʢʠʤʠ ʪʦʨʮʘʤʠ. 

ʇʨʝʩʩʦʚʘʥʠʝ ʙʨʠʢʝʪʦʚ ʠʟ ʧʨʠʥʷʪʳʭ ʰʠʭʪ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ 

ʧʨʝʩʩʦʚʘʥʠʷ ip  ʦʪ 10 ʜʦ 100ʄʇʘ ʩ ʰʘʛʦʤ pD  10ʄʇʘ. ɼʠʘʧʘʟʦʥ ʜʘʚʣʝʥʠʡ ʧʨʝʩʩʦʚʘʥʠʷ ʦʪ 0 ʜʦ 

10ʄʇʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʝ ʧʨʠʥʠʤʘʣʩʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʪʘʢ ʢʘʢ ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʫʧʣʦʪʥʝʥʠʷ ʰʠʭʪʳ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʚʢʣʶʯʘʶʱʠʭ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ. ʅʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʰʠʭʪʘ ʝʱʝ ʥʝ ʩʬʦʨʤʠʨʦʚʘʥʘ ʚ ʧʦʣʥʦʮʝʥʥʳʡ 
ʙʨʠʢʝʪ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʝʜʫʧʣʦʪʥʝʥʥʦʝ ʨʳʭʣʦʝ ʪʝʣʦ, ʠʟʤʝʨʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ, ʜʘʝʪ ʙʦʣʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʠ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʝʩʘ.  
 

ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ 

ʄʘʪʝʨʠʘʣ 

ʊʦʨʬ ʂʘʦʣʠʥ 
ʄʘʨʛʘʥʮʝʚʳʡ 

ʢʦʥʮʝʥʪʨʘʪ 

ɺʣʘʞʥʦʩʪʴ W , % 14,25 1,05 15,9 

ʅʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ, nasr , ʛ/ʩʤ3 0,397 0,912 1,090 

ʊʚʝʨʜʦʩʪʴ ʯʘʩʪʠʮ ʧʦ ʰʢʘʣʝ ʄʦʦʩʘ º2 2é2,5 º3é5 

ʀʩʪʠʥʥʘʷ (ʧʠʢʥʦʤʝʪʨʠʯʝʩʢʘʷ) 

ʧʣʦʪʥʦʩʪʴpiknr , ʛ/ʩʤ3 
1,0é1,2 (0,15é0,5 
ʪʚʝʨʜʳʡ ʩʢʝʣʝʪ) 

2,35é2,42 3,0é3,5 

ʋʛʦʣ ʚʥʝʰʥʝʛʦ ʪʨʝʥʠʷ j,  ̄ 44,0 33,0 40,83 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʥʝʰʥʝʛʦ ʪʨʝʥʠʷ 1f  0,96 0,64 0,87 

ʋʛʦʣ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʢʦʩʘ 0j ,  ̄ 23,56 35,42 35,0 

ʂʦɻʬʬʠʮʠʝʥʪ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ 

2f  
0,44 0,71 0,70 

 
ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʧʦ ʜʘʚʣʝʥʠʶ 

ip  ʧʨʝʩʩʦʚʘʥʠʝ ʧʦʚʪʦʨʷʣʦʩʴ ʥʝ ʤʝʥʝʝ ʩʝʤʠ ʨʘʟ. ʅʘʠʤʝʥʴʰʠʝ ʠ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʚ 

ʨʘʩʯʝʪ ʧʨʠʥʠʤʘʣʠʩʴ ʧʷʪʴ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ip , ʠ ʚʳʯʠʩʣʷʣʠʩʴ ʠʭ ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʤʘʩʩʠʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ ʙʘʟʝ 150 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʦʙʨʘʟʮʦʚ (10 ʪʦʯʝʢ ʧʦ ʜʘʚʣʝʥʠʶ ³ 5 ʧʦʚʪʦʨʝʥʠʡ ʢʘʞʜʦʡ ʪʦʯʢʠ ʧʦ ʜʘʚʣʝʥʠʶ ³ 3 ʚʠʜʘ 
ʤʘʪʝʨʠʘʣʦʚ). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʚʩʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʟʘʜʘʥʥʳʭ ʪʦʯʝʢ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ ʙʳʣ ʧʨʠʥʷʪ ʦʜʠʥʘʢʦʚʳʡ 

ʥʘʯʘʣʴʥʳʡ ʦʙʲʝʤ ʟʘʩʳʧʢʠ. ɿʘʤʝʨʳ ʚʩʝʭ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʙʨʠʢʝʪʦʚ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ 0,05ʤʤ, ʘ ʤʘʩʩʘ ʥʘʚʝʩʢʠ inavm .  ʠ ʙʨʠʢʝʪʦʚ ibrm .  ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,05ʛ.  

ɺ ʨʘʙʦʪʝ ʧʨʠʥʷʪʦ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʵʣʝʤʝʥʪʳ ʧʨʝʩʩʫʶʱʝʡ ʦʩʥʘʩʪʢʠ ʷʚʣʷʶʪʩʷ ʘʙʩʦʣʶʪʥʦ 

ʞʝʩʪʢʠʤʠ, ʧʦʵʪʦʤʫ ʜʠʤʝʪʨ id .0  ʙʨʠʢʝʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚ ʧʨʝʩʩʬʦʨʤʝ, ʨʘʚʝʥ 

ʜʠʘʤʝʪʨʫ ʤʘʪʨʠʯʥʦʛʦ ʢʘʥʘʣʘ.  
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ɿʥʘʯʝʥʠʷ ʦʙʲʝʤʘ ʙʨʠʢʝʪʘ iV .0 , ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʧʨʝʩʩʬʦʨʤʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ 

ʧʨʝʩʩʦʚʘʥʠʷ, ʠ iV .1  ï ʧʦʩʣʝ ʩʥʷʪʠʷ ʜʘʚʣʝʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʧʨʝʩʩʬʦʨʤʳ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ 

ʬʦʨʤʫʣʘʤ: 
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ʛʜʝ, id .0 , ih .0  - ʜʠʘʤʝʪʨ ʠ ʚʳʩʦʪʘ, ʙʨʠʢʝʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʧʨʝʩʩʬʦʨʤʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ 

ʧʨʝʩʩʦʚʘʥʠʷ; ih .1 , id .1  - ʜʠʘʤʝʪʨ ʠ ʚʳʩʦʪʘ ʙʨʠʢʝʪʘ ʧʦʩʣʝ ʩʥʷʪʠʷ ʜʘʚʣʝʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ ʠʟ 

ʧʨʝʩʩʬʦʨʤʳ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʫʧʣʦʪʥʝʥʠʷ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ: 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʣʦʪʥʝʥʠʷ ʚʝʣʠʯʠʥʘ ʫʧʨʫʛʦʛʦ ʧʦʩʣʝʜʝʡʩʪʚʠʷ 
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ʛʜʝ, ibr .0.r  - ʧʣʦʪʥʦʩʪʴ ʙʨʠʢʝʪʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚ ʧʨʝʩʩʬʦʨʤʝ; nasV - ʦʙʲʝʤ ʟʘʩʳʧʢʠ. 

ʇʣʦʪʥʦʩʪʴ ʙʨʠʢʝʪʘ ibr .0.r  ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚ ʧʨʝʩʩʬʦʨʤʝ ʠ ibr .1.r  ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʠʟ 

ʧʨʝʩʩʬʦʨʤʳ 
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ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʘʥʥʳʝ ʙʳʣʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ 

ʤʘʩʩʠʚ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ 

ʥʘ ʨʠʩ. 1-3, ʠ ʚʳʧʦʣʥʝʥʘ ʠʭ ʘʧʧʨʦʢʩʠʤʘʮʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ 
2R . ɸʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ 

ʧʦʜʙʠʨʘʣʠʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʦʛʣʘʩʥʦ ʩʦʦʪʥʦʰʝʥʠʷʤ ʏʝʜʜʦʢʘ [2], ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʚʟʘʠʤʦʩʚʷʟʴ ʙʳʣʘ ʪʝʩʥʦʡ (
2R =0,7é0,9) ʠʣʠ ʚʝʩʴʤʘ ʪʝʩʥʦʡ (

2R =0,9é0,99). 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʚʟʘʠʤʦʩʚʷʟʴ )(Kyfp=  ʜʣʷ ʢʘʦʣʠʥʘ. ʋʨʘʚʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2, ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ ʠ ʧʦʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʬʦʨʤʠʨʫʝʤʦʤ 
ʙʨʠʢʝʪʝ. ʉʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʡ ʚ ʨʘʙʦʪʝ ʢʦʥʮʝʧʮʠʠ ʧʦʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ, ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʠ ʧʦʩʪʨʦʝʥʥʳʝ ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ ʰʠʭʪʳ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʬʦʨʤʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ, ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʠ  ʫʧʨʫʛʦʛʦ 
ʧʦʩʣʝʜʝʡʩʪʚʠʷ ʚ ʙʨʠʢʝʪʝ. 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʣʦʪʥʝʥʠʷ ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ ʜʣʷ 

ʢʘʦʣʠʥʘ 



34 

 

ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʟʘʚʠʩʠʤʦʩʪʴ )(Kyfp=  

ʄʘʪʝʨʠʘʣ ʋʨʘʚʥʝʥʠʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ R2 

ʊʦʨʬ 3,2741,6010 Kyp Ö=  0,98 

ʂʘʦʣʠʥ 11,0860,0117 Kyp Ö=  0,99 

ʄʘʨʛʘʥʮʝʚʳʡ ʢʦʥʮʝʥʪʨʘʪ 10,1580,0115Kyp Ö=  0,99 

 

ʅʘ ʨʠʩ. 2 ʢʘʢ ʧʨʠʤʝʨ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʜʣʷ ʢʘʦʣʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʫʧʨʫʛʠʤ ʧʦʩʣʝʜʝʡʩʪʚʠʝʤ 
iV .d  ʠ ʜʘʚʣʝʥʠʝʤ 

ʧʨʝʩʩʦʚʘʥʠʷ 
ip .  

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʫʧʨʫʛʦʛʦ ʧʦʩʣʝʜʝʡʩʪʚʠʷ ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ ʜʣʷ ʢʘʦʣʠʥʘ 

 
ʊʘʙʣʠʮʘ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʟʘʚʠʩʠʤʦʩʪʴ )(pfV =d  

ʄʘʪʝʨʠʘʣ ʋʨʘʚʥʝʥʠʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ R2 

ʊʦʨʬ 658,292208,00,0021 2 ++Ö-= ppVd  0,72 

ʂʘʦʣʠʥ 
0,3239,55425 pV Ö=d  0,93 

ʄʘʨʛʘʥʮʝʚʳʡ ʢʦʥʮʝʥʪʨʘʪ 
0,1833,97765 pV Ö=d  0,82 

 
ɺʘʞʥʦʡ ʭʘʨʢʪʝʨʠʩʪʠʢʦʡ ʙʨʠʢʝʪʘ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʝʛʦ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ 

ʧʣʦʪʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʫʧʨʫʛʦʛʦ ʧʦʩʣʝʜʝʡʩʪʚʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʥʝʯʥʦʡ 
ʧʣʦʪʥʦʩʪʠ ʙʨʠʢʝʪʦʚ (ʧʦʩʣʝ ʩʥʷʪʠʷ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩ.3, ʦʪʨʘʞʘʶʱʠʝ ʩʚʷʟʠ 

)(0. pfbr =r , (ʢʨʠʚʘʷ 1)  ʠ )(1. pfbr =r  (ʢʨʠʚʘʷ 2). ʂʨʠʚʳʝ ʫʧʣʦʪʥʝʥʠʷ (ʨʠʩ. 3), ʧʦʩʪʨʦʝʥʥʳʝ 

ʚ ʢʦʦʨʜʠʥʘʪʘʭ çʜʘʚʣʝʥʠʝ ʧʨʝʩʩʦʚʘʥʠʷ - ʧʣʦʪʥʦʩʪʴè ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʫʧʨʫʛʠʭ 
(ʦʙʨʘʪʠʤʳʭ) ʠ ʧʣʘʩʪʠʯʝʩʢʠʭ (ʥʝʦʙʨʘʪʠʤʳʭ) ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʢʦʥʝʯʥʫʶ ʧʣʦʪʥʦʩʪʴ ʙʨʠʢʝʪʘ. 
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ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʙʨʠʢʝʪʦʚ ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ ʜʣʷ ʢʘʦʣʠʥʘ: 1 ï 

ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʨʝʩʩʬʦʨʤʝ; 2 ï ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʧʨʝʩʩʬʦʨʤʳ 
 

ʊʘʙʣʠʮʘ 4 ï ʈʝʟʫʣʴʪʘʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʟʘʚʠʩʠʤʦʩʪʴ )(0. pfbr =r  

ʄʘʪʝʨʠʘʣ ʋʨʘʚʥʝʥʠʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ R2 

ʊʦʨʬ 
0,2663

0. 0,4051 pbr Ö=r  0,99 

ʂʘʦʣʠʥ 
0,0897

0. 1,3641 pbr Ö=r  0,99 

ʄʘʨʛʘʥʮʝʚʳʡ ʢʦʥʮʝʥʪʨʘʪ 0,0958 
0. 1,6885 pbr Ö=r  0,99 

 

ʊʘʙʣʠʮʘ 5 ï ʈʝʟʫʣʴʪʘʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʟʘʚʠʩʠʤʦʩʪʴ )(1. pfbr =r  

ʄʘʪʝʨʠʘʣ ʋʨʘʚʥʝʥʠʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ R2 

ʊʦʨʬ 
0,2094

1. 0,3785 pbr Ö=r  0,99 

ʂʘʦʣʠʥ 
0,0667

1. 1,2447 pbr Ö=r  0,99 

ʄʘʨʛʘʥʮʝʚʳʡ ʢʦʥʮʝʥʪʨʘʪ 
0,0818 

1. 1,5878 pbr Ö=r  0,99 

 
ʈʘʟʫʧʣʦʪʥʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʦʩʣʝ ʩʥʷʪʠʷ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ  

)()()( 1.0. ppp brbr rrr -=D  (7) 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʠʯʝʩʢʠ ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ )(pf=Dr  (ʨʠʩ.4). 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʛʨʘʬʠʯʝʩʢʦʤ (ʨʠʩ. 1-4) ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʤ (ʪʘʙʣ. 2-6) ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʘʩʯʝʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʬʦʨʤʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʨʘʟʚʠʪʠʝ ʫʧʨʫʛʦʛʦ ʧʦʩʣʝʜʝʡʩʪʚʠʷ ʚ ʙʨʠʢʝʪʘʭ. 
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ʊʘʙʣʠʮʘ 6 ï ʈʝʟʫʣʴʪʘʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʟʘʚʠʩʠʤʦʩʪʴ )(pf=Dr  

ʄʘʪʝʨʠʘʣ ʋʨʘʚʥʝʥʠʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ R2 

ʊʦʨʬ 2695,00,1012 pÖ=Dr  0,97 

ʂʘʦʣʠʥ ,40500,0654 pÖ=Dr  0,99 

ʄʘʨʛʘʥʮʝʚʳʡ ʢʦʥʮʝʥʪʨʘʪ ,37900,0611 pÖ=Dr  0,99 

 
ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʙʨʠʢʝʪʦʚ irD  ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ ʜʣʷ 

ʢʘʦʣʠʥʘ 

 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʪʚʝʨʜʦʩʪʠ ʯʘʩʪʠʮ, 
ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʚʣʘʞʥʦʩʪʠ ʠ ʜʨʫʛʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʳ ʠ 

ʦʧʠʩʘʥʳ ʛʨʘʬʠʯʝʩʢʠʤʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʩʚʷʟʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʞʘʪʠʶ ʠ ʨʘʟʚʠʪʠʝ ʫʧʨʫʛʦʛʦ ʧʦʩʣʝʜʝʡʩʪʚʠʷ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʧʣʦʪʥʝʥʠʷ ʠ ʜʘʚʣʝʥʠʝʤ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʨʠ ʨʘʩʯʝʪʝ 

ʧʘʨʘʤʝʪʨʦʚ ʫʧʣʦʪʥʝʥʠʷ ʠ ʧʦʣʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʬʦʨʤʠʨʫʝʤʦʤ ʙʨʠʢʝʪʝ.  

ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʚ ʧʨʦʮʝʩʩʘʭ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ ʤʝʣʢʦʬʨʘʢʮʠʦʥʥʳʭ ʰʠʭʪ ʚ ʚʘʣʢʦʚʳʭ 
ʧʨʝʩʩʘʭ, ʧʦʤʠʤʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʥʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʰʠʭʪʳ ʠ ʨʝʞʠʤʳ ʙʨʠʢʝʪʠʨʦʚʘʥʠʷ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʨʝʩʩʫʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

[3-5]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ 
ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʪʠʧʦʨʘʟʤʝʨʦʚ ʬʦʨʤʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʚʝʣʠʯʠʥʫ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚ 

ʙʨʠʢʝʪʘʭ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʚʳʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ ʬʦʨʤʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʥʠʞʘʶʱʠʭ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʫʧʨʫʛʦʛʦ 
ʨʘʩʰʠʨʝʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ʙʨʠʢʝʪʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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ɺʘʱʝʥʢʦ.-ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ: ɯʏʄ ʅɸʅʋ, 2014.-25c. 
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3. ʅʦʩʢʦʚ ɺ. ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʣʢʦʬʨʘʢʮʠʦʥʥʳʭ 
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ʋɼʂ 519.6 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ  ʇʈʆʎɽʉʉɸ ʈɸɿʄʆʈɸɾʀɺɸʅʀʗ ɻʈʋɿʆɺ ɺ 

ɾɽʃɽɿʅʆɼʆʈʆɾʅʓʍ ɺɸɻʆʅɸʍ 

ʅ.ʅ. ɹʝʣʷʝʚ, ɸ.ɸ. ʂʘʨʧʦ 

 

ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ 

ɺ. ʃʘʟʘʨʷʥʘ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 

ʋʛʦʣʴ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʋʢʨʘʠʥʳ (ʢʦʢʩʦʭʠʤʠʯʝʩʢʠʝ 

ʟʘʚʦʜʳ, ʊɽʉ ʠ ʪ.ʜ.). ʆʜʥʘʢʦ ʠʟ-ʟʘ  ʯʘʩʪʳʭ ʧʝʨʝʧʘʜʦʚ ʪʝʤʧʝʨʘʪʫʨ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, 

ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʧʦ ʚʳʛʨʫʟʢʝ ʫʛʣʷ ʫ ʧʦʪʨʝʙʠʪʝʣʷ [1]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʟʘʤʦʨʘʞʠʚʘʥʠʝʤ ʫʛʣʷ ʚ 
ʧʦʣʫʚʘʛʦʥʘʭ.  

ʅʝʨʝʜʢʦ ʜʘʣʴʥʝʧʨʠʚʦʟʥʳʝ ʫʛʣʠ ʧʦʩʪʫʧʘʶʪ ʥʘ ʦʙʲʝʢʪ ʚ ʩʠʣʴʥʦ ʟʘʤʦʨʦʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʦʧʝʨʘʪʠʚʥʫʶ ʚʳʛʨʫʟʢʫ  ʠʟ ʧʦʣʫʚʘʛʦʥʦʚ. ɿʘʯʘʩʪʫʶ ʧʦʣʫʚʘʛʦʥʳ ʧʦʩʣʝ 

ʚʘʛʦʥʦʦʧʨʦʢʠʜʳʚʘʪʝʣʷ ʧʨʠʭʦʜʠʪʩʷ ʟʘʯʠʱʘʪʴ çʚʨʫʯʥʫʶè, ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʨʝʡʬʝʨʳ ʠ ʜʨʫʛʫʶ 

ʪʝʭʥʠʢʫ. ʇʦʵʪʦʤʫ ʧʝʨʝʜ ʚʳʛʨʫʟʢʦʡ ʫʛʣʷ ʠʟ ʚʘʛʦʥʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦ 

ʨʘʟʤʦʨʘʞʠʚʘʥʠʶ ʩʳʧʫʯʠʭ ʛʨʫʟʦʚ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩ 
ʠʥʬʨʘʢʨʘʩʥʳʤ ʠʟʣʫʯʝʥʠʝʤ(ʀʂ) (ʨʠʩ. 1).  

 
ʈʠʩʫʥʦʢ 1- ʈʘʟʤʝʱʝʥʠʝ ʚʘʛʦʥʘ ʩ ʫʛʣʝʤ ʚ ʮʝʭʫ ʫʛʣʝʧʦʜʛʦʪʦʚʢʠ:  

1 ï ʵʣʝʤʝʥʪʳ ʩ ʠʥʬʨʘʢʨʘʩʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʜʣʷ ʨʘʟʤʦʨʘʞʠʚʘʥʠʷ ʫʛʣʷ 
ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʜʝʬʠʮʠʪ  ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʨʘʩʩʯʠʪʘʪʴ ʨʝʞʠʤ ʨʘʟʤʦʨʘʞʠʚʘʥʠʷ ʛʨʫʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʦʟʥʠʢʘʝʪ ʚʘʞʥʘʷ ʟʘʜʘʯʘ ʧʦ ʩʦʟʜʘʥʠʶ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ.  
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷʵʢʩʧʨʝʩʩ ʨʘʩʯʝʪʘ ʧʨʦʮʝʩʩʘ 

ʨʘʟʤʦʨʘʞʠʚʘʥʠʷ ʩʳʧʫʯʠʭ ʛʨʫʟʦʚ ʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʚʘʛʦʥʘʭ. ʄʦʜʝʣʴ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʦʜʥʦʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ: 
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x =  ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ, 
xlï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, c 

ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʝʤʢʦʩʪʠ, ɟï ʧʣʦʪʥʦʩʪʴ ʫʛʣʷ. 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠʤʝʥʷʝʪʩʷ ʩʭʝʤʘ ɸ.ɸ. 

ʉʘʤʘʨʩʢʦʛʦ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʙʘʟʝ 
ʨʘʟʨʘʙʦʪʘʥʥʦʡ  ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1. ʇʘʨʫʥʘʢʷʥ, ɺ.ʕ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʟʤʦʨʘʞʠʚʘʥʠʷ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ 
ʚ ʚʘʛʦʥʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ñDATAMININGò / ɺ.ʕ. ʇʘʨʫʥʘʢʷʥ, ɺ.ɻ. 
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ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ- ʄʘʨʠʫʧʦʣʴ, 2010. ï ɺʳʧ. ˉ 20 ï ʉ.267-274.  

 
ʋɼʂ 519.6 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

 ɿɸɻʈʗɿʅɽʅʀʗ ɸʊʄʆʉʌɽʈʓ ɺ ʉʃʋʏɸɽ ɸɺɸʈʀʀ ʇʈʀ ʊʈɸʅʇʆʈʊʀʈʆɺʂɽ 

ʈɸʂɽʊʅʆɻʆ ʊʆʇʃʀɺɸ 

ʅ.ʅ. ɹʝʣʷʝʚ1, ɺ.ɺ. ɹʝʣʷʝʚʘ2, ɸ.ɺ. ɹʝʨʣʦʚ1 

 

1ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ 

ɺ. ʃʘʟʘʨʷʥʘ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 
2ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʆ. ɻʦʥʯʘʨʘ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ 

ʘʪʤʦʩʬʝʨʳ ʚ ʩʣʫʯʘʝ ʛʦʨʝʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʢʝʪʥʦʛʦ ʪʦʧʣʠʚʘ ʤʝʞʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʙʘʣʣʠʩʪʠʯʝʩʢʦʡ 
ʨʘʢʝʪʳ ʈʉ-22 çʉʢʘʣʴʧʝʣʴè [1-3]. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʮʝʥʘʨʠʡ ʚʦʟʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʚ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʚʘʛʦʥʝ. ʇʨʦʛʥʦʟ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʜʚʫʭ ʤʘʩʰʪʘʙʘʭ: ʚ 

ʤʘʩʰʪʘʙʝ çurbanè (ʨʘʩʯʝʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʙʘʟʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ) ʠ ʚ 
ʤʘʩʰʪʘʙʝ çmicroscaleè.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʚ ʤʘʩʰʪʘʙʝ çmicroscaleè 

ʨʘʟʨʘʙʦʪʘʥʘ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʦʩʥʦ ʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ [1].  
ʕʪʠ ʫʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʚʙʣʠʟʠ 

ʚʘʛʦʥʦʚ ʠ ʟʜʘʥʠʡ. ɼʣʷ ʨʘʩʯʝʪʘ ʨʘʩʩʝʠʚʘʥʠʷ ʧʨʠʤʝʩʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʚʫʭʤʝʨʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʤʘʩʩʦʧʝʨʝʥʦʩʘ.  
ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʟʘʛʨʷʟʥʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʥʝʷʚʥʘʷ ʧʦʧʝʨʝʤʝʥʥʦ-ʪʨʝʫʛʦʣʴʥʘʷ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ [4,5].  

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʦʝ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ 
ʨʘʩʱʝʧʣʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʥʘ ʯʝʪʳʨʝ ʰʘʛʘ. ʅʝʠʟʚʝʩʪʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʟʘʛʨʷʟʥʠʪʝʣʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʨʘʩʱʝʧʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ  ʧʦ ʷʚʥʦʡ ʩʭʝʤʝ ï ʤʝʪʦʜʫ ʙʝʛʫʱʝʛʦ 

ʩʯʝʪʘ. 
ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʟʦʥʳ ʧʦʨʘʞʝʥʠʷ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʝʦʫʩʣʦʚʠʷʭ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʪʘʥʮʠʠ. ʇʦʩʪʨʦʝʥʦ ʧʦʣʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʘʩʥʳʭ 

ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʠ ʛʦʨʝʥʠʠ ʪʚʝʨʜʦʛʦ ʨʘʢʝʪʥʦʛʦ ʪʦʧʣʠʚʘ. 
ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʩʝʣʠʪʝʙʥʦʡ ʟʦʥʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʦʙʣʘʢʘ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʪʚʝʨʜʦʛʦ 

ʨʘʢʝʪʥʦʛʦ ʪʦʧʣʠʚʘ. ɺʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʨʠʩʢʘ ʪʦʢʩʠʯʥʦʛʦ ʧʦʨʘʞʝʥʠʷ ʣʶʜʝʡ. 
ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʵʢʩʧʨʝʩʩ ʧʨʦʛʥʦʟʘ 

ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʠ ʘʚʘʨʠʷʭ ʥʘ ʭʠʤʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʘʭ ʠ 

ʪʨʘʥʩʧʦʨʪʝ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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ʏʀʉʃɽʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɿɸɻʈʗɿʅɽʅʀʗ ɸʊʄʆʉʌɽʈʅʆɻʆ ɺʆɿɼʋʍɸ ʇʈʀ 

ʏʈɽɿɺʓʏɸʁʅʓʍ ʉʀʊʋɸʎʀʗʍ 

ʅ.ʅ. ɹʝʣʷʝʚ1, ʇ.ʉ. ʂʠʨʠʯʝʥʢʦ1, ɿ.ʅ. ʗʢʫʙʦʚʩʢʘʷ2 

 

1ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ 

ɺ. ʃʘʟʘʨʷʥʘ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 
2ʋʢʨʘʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʋʢʨʘʠʥʳ ʷʚʣʷʝʪʩʷ ʨʘʟʤʝʱʝʥʠʝ ʥʘ ʝʝ ʪʝʨʨʠʪʦʨʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
ʭʠʤʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ. ʂ ʪʘʢʠʤ ʦʙʲʝʢʪʘʤ ʦʪʥʦʩʷʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʦʧʘʩʥʳʝ ʚʝʱʝʩʪʚʘ, ʩʢʣʘʜʳ ʠ ʪ.ʧ. ʕʪʠ ʦʙʲʝʢʪʳ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʚʦʟʤʦʞʥʳʭ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ [1]. 
ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʚʘʞʥʘʷ ʧʨʦʙʣʝʤʘ ʧʦ ʦʮʝʥʢʝ ʨʘʟʤʝʨʦʚ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʦʥ ʭʠʤʠʯʝʩʢʦʛʦ 

ʟʘʨʘʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʝ ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ ʣʶʜʝʡ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ 
ʥʘ ʦʮʝʥʢʫ ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ ʣʶʜʝʡ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʘʪʤʦʩʬʝʨʫ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ. ʆʩʥʦʚʥʳʤʠ 

ʟʘʜʘʯʘʤʠ ʜʘʥʥʦʡ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ: 

1) ʧʨʦʛʥʦʟ ʜʠʥʘʤʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ; 

2) ʦʮʝʥʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʘʨʰʨʫʪʦʚ ʵʚʘʢʫʘʮʠʠ; 

3) ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʦʢʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʣʶʜʝʡ ʚ ʟʜʘʥʠʷʭ ʦʪ ʧʦʨʘʞʝʥʠʷ. 

ʆʩʥʦʚʦʡ ʜʘʥʥʦʡ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ [2], 
ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʪʨʠ ʙʣʦʢʘ: 

ï ʧʝʨʚʳʡ ʙʣʦʢ: ʨʘʩʯʝʪ ʘʵʨʦʜʠʥʘʤʠʢʠ ï ʙʣʦʢ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʧʦʣʦʞʝʥʦ ʤʦʜʝʣʴ ʪʝʯʝʥʠʷ 

ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʩʩʯʠʪʘʪʴ ʩʢʦʨʦʩʪʴ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʫʯʝʪʦʤ ʨʝʣʴʝʬʘ 
ʤʝʩʪʥʦʩʪʠ, ʟʘʩʪʨʦʡʢʠ; 

ï ʚʪʦʨʦʡ ʙʣʦʢ: ʨʘʩʯʝʪ ʨʘʩʩʝʠʚʘʥʠʷ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʝ (ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʝʨʝʥʦʩʘ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 2D ʠ 3D ʫʨʘʚʥʝʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʦʛʦ 
ʧʝʨʝʥʦʩʘ ʧʨʠʤʝʩʠ); 

ï ʪʨʝʪʠʡ ʙʣʦʢ: ʨʘʩʯʝʪ ʚʦʟʤʦʞʥʦʛʦ ʫʱʝʨʙʘ. 

ʇʨʝʜʩʪʘʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 
ʩʠʩʪʝʤʳ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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ʕʂʉʇɽʈɽʉʉ ʇʈʆɻʅʆɿ ʋʈʆɺʅʗ ɿɸɻʈʗɿʅɽʅʀʗ ɸʊʄʆʉʌɽʈʓ ʇʈʀ ɸɺɸʈʀʗʍ  ʅɸ 

ʊʈɸʅʉʇʆʈʊɽ ʀ ɿɸʑʀʊɸ ɸʊʄʆʉʌɽʈʓ ʆʊ ɿɸɻʈʗɿʅɽʅʀʗ ʇʋʊɽʄ ʇʈʀʄɽʅɽʅʀʗ 

ʅɽʁʊʈɸʃʀɿɸʊʆʈɸ 

ʅ.ʅ. ɹʝʣʷʝʚ, ʃ.ʗ. ʄʫʥʪʷʥ 

 

ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ 

ɺ. ʃʘʟʘʨʷʥʘ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʨʝʰʝʥʠʷ ʜʚʫʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ. ʇʝʨʚʘʷ ʟʘʜʘʯʘ ï ʧʨʦʛʥʦʟ ʜʠʥʘʤʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʘʪʤʦʩʬʝʨʳ ʧʨʠ ʵʤʠʩʩʠʠ ʭʠʤʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʣʫʯʘʝ ʨʘʟʣʠʚʦʚ, ʟʘʣʧʦʚʳʭ ʠʣʠ 
ʧʦʣʫʥʝʧʨʝʨʳʚʥʳʭ ʚʳʙʨʦʩʦʚ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. ɺʪʦʨʘʷ ʟʘʜʘʯʘ ï ʣʦʢʘʣʠʟʘʮʠʷ ʠ 

ʣʠʢʚʠʜʘʮʠʷ ʟʦʥʳ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʨʘʞʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʧʫʪʝʤ ʧʦʜʘʯʠ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʦʪ 

ʚʦʟʜʫʰʥʳʭ ʩʨʝʜʩʪʚ (ʩʘʤʦʣʝʪ, ʚʝʨʪʦʣʝʪ). ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʶʪ 
ʤʝʪʝʦʫʩʣʦʚʠʷ, ʧʘʨʘʤʝʪʨʳ ʵʤʠʩʩʠʠ ʭʠʤʠʯʝʩʢʠ ʦʧʘʩʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʥʦʩ ʢʘʧʝʣʴ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ, 

ʠʭ ʠʩʧʘʨʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʝʛʦ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ. ʇʦʩʪʨʦʝʥʥʳʝ 

ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʢʘʢ ʜʣʷ ʫʩʣʦʚʠʷ ʨʦʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʜʣʷ ʟʘʩʪʨʦʡʢʠ [1]. 

ʆʩʥʦʚʦʡ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʤʘʩʩʦʧʝʨʝʥʦʩʘ 

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʠ ʟʘʛʨʷʟʥʠʪʝʣʷ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʫʨʘʚʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ 
ʫʨʘʚʥʝʥʠʷ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʧʦʣʝʡ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʠ 

ʟʘʛʨʷʟʥʠʪʝʣʷ ʚ ʘʪʤʦʩʬʝʨʝ. ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʯʝʪ 

ʣʦʢʘʣʴʥʦʛʦ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʫʯʝʪʦʤ ʨʘʟʤʝʱʝʥʠʷ ʟʜʘʥʠʡ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ 
ʚʘʛʦʥʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʝʧʷʪʩʪʚʠʷ ʠ ʚʳʟʳʚʘʶʪ ʜʝʬʦʨʤʘʮʠʶ ʧʦʣʷ ʩʢʦʨʦʩʪʠ. 

ʂʨʦʤʝ ʵʪʦʛʦ ʫʯʠʪʳʚʘʝʪʩʷ ʘʵʨʦʜʠʥʘʤʠʢʘ ʚʳʙʨʦʩʘ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʦʪ 

ʚʦʟʜʫʰʥʦʛʦ ʩʨʝʜʩʪʚʘ. 
ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʷʚʥʳʝ ʨʘʟʥʦʩʪʥʳʝ ʩʭʝʤʳ [2]. ɼʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʜʘ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʩʝʪʢʝ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ 

ʤʘʨʢʠʨʦʚʘʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʝʪʦʜʘ ʟʘʜʘʝʪʩʷ ʬʦʨʤʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʚʘʛʦʥʦʚ, ʮʠʩʪʝʨʥ ʠ 

ʟʜʘʥʠʡ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʦʟʣʝ ʠʩʪʦʯʥʠʢʘ ʵʤʠʩʩʠʠ ʭʠʤʠʯʝʩʢʠ ʦʧʘʩʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʉ 

ʧʦʤʦʱʴʶ ʤʘʨʢʝʨʦʚ ʟʘʜʘʝʪʩʷ ʤʘʨʰʨʫʪ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʧʦʜʘʶʱʝʛʦ 

ʥʝʡʪʨʘʣʠʟʘʪʦʨ. ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʩʦʟʜʘʥʳ ʜʚʘ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ 
ʧʨʦʛʨʘʤʤ. 

ʇʦʩʪʨʦʝʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʛʥʦʟʘ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʨʠʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʩʣʫʯʘʝ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʘʚʘʨʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ 
ʇʨʠʜʥʝʧʨʦʚʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ. ʇʨʝʜʩʪʘʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦ ʦʮʝʥʢʝ 

ʨʘʟʤʝʨʦʚ, ʬʦʨʤʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʦʥ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʘʚʘʨʠʡʥʳʭ 

ʩʠʪʫʘʮʠʡ ʥʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ. 
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ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ɿɸʂʋʇʆʈʀɺɸʅʀʗ ʇʆʈʓ 

ʄɽʄɹʈɸʅʓ ʇʈʀ ʋʃʔʊʈɸʌʀʃʔʊʈɸʎʀʀ ʅɸ ɹɸɿɽ ɼɺʋʍʄɽʈʅʓʍ ʄʆɼɽʃɽʁ 

ʄɸʉʉʆʇɽʈɽʅʆʉɸ 

ʅ.ʅ. ɹʝʣʷʝʚ1, ʅ.ʇ. ʅʝʯʠʪʘʡʣʦ2 

 

1ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ 
ɺ. ʃʘʟʘʨʷʥʘ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

2ʇʨʠʜʥʝʧʨʦʚʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜʳ ʩʪʘʥʦʚʠʪʴʩʷ ʦʜʥʠʤ 

ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʯʠʩʪʢʠ, ʩʝʡʯʘʩ ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʜʝʬʠʮʠʪ 

ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ ʧʨʦʮʝʩʩʘ ʟʘʢʫʧʦʨʠʚʘʥʠʷ ʧʦʨ ʤʝʤʙʨʘʥ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʪʘʢʦʛʦ ʨʘʩʯʝʪʘ 

ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʦʤʝʨʥʳʝ ʤʦʜʝʣʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʢʦʪʦʨʳʝ ʥʝ ʫʯʠʪʳʚʘʶʪ ʨʷʜ ʬʠʟʠʯʝʩʢʠʭ 
ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʟʘʢʫʧʦʨʠʚʘʥʠʷ ʧʦʨʳ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʜʚʫʭʤʝʨʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʤʝʪʦʜʦʤ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩ ʜʠʥʘʤʠʢʠ ʟʘʢʫʧʦʨʠʚʘʥʠʷ ʧʦʨʳ. ʏʠʩʣʝʥʥʦʝ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʙʘʟʝ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ: 

1) ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʩʢʦʨʦʩʪʠ; 

2) ʫʨʘʚʥʝʥʠʝ ʤʘʩʩʦʧʝʨʝʥʦʩʘ. 
ʇʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦʣʝ ʩʢʦʨʦʩʪʠ ʚʥʫʪʨʠ ʧʦʨʳ ʩ ʫʯʝʪʦʤ 

ʠʟʤʝʥʝʥʠʷ ʝʝ ʛʝʦʤʝʪʨʠʠ. ʀʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʢʘ ʥʘ 

ʩʪʝʥʢʘʭ ʧʦʨʳ ʠʣʠ ʥʘ çʚʢʣʶʯʝʥʠʷʭè ï ʦʙʣʘʩʪʷʭ ʩ ʪʚʝʨʜʦʡ ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʛʨʘʥʠʮʝʡ, ʢʦʪʦʨʳʝ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʥʫʪʨʠ ʧʦʨʳ. 

ɺʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ 

ʚʥʫʪʨʠ ʧʦʨʳ ʠ ʠʟʤʝʥʝʥʠʝ ʵʪʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ ʟʘʢʫʧʦʨʠʚʘʥʠʠ ʧʦʨʳ. 
ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʧʦʨʝ ʧʨʦʚʦʜʠʪʩʷ ʥʘ 

ʧʨʤ̫ʦʫʛʦʣʴʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʩʝʪʢʝ. ʌʦʨʤʘ ʧʦʨʳ ʟʘʜʘʝʪʩʷ ʚ ʤʦʜʝʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʤʘʨʢʠʨʦʚʘʥʠʷ. ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʧʦʧʝʨʝʤʝʥʥʦ-ʪʨʝʫʛʦʣʴʥʘʷ ʥʝʷʚʥʘʷ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ [1,2]. ʏʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ 

ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʩʢʦʨʦʩʪʠ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʩʫʤʤʘʨʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ʅʘ ʙʘʟʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʩʦʟʜʘʥ ʧʘʢʝʪ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʘʢʝʪʘ 
ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʡ ʷʟʳʢ FORTRAN. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʟʘʢʫʧʦʨʠʚʘʥʠʷ ʧʦʨ ʤʝʤʙʨʘʥʳ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ, ʛʜʝ 

ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʥʘʯʘʣʴʥʘʷ ʬʦʨʤʘ ʧʦʨʳ ʠ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʜʠʥʘʤʠʢʘ ʝʝ ʟʘʢʫʧʦʨʠʚʘʥʠʷ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ. 
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ɺʆɿɼʋʍɸ ɺ ʇʆʄɽʑɽʅʀʀ 

ʅ.ʅ. ɹʝʣʷʝʚ1, ʉ.ɻ. ʎʳʛʘʥʢʦʚʘ2 
 

1ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ 

ɺ. ʃʘʟʘʨʷʥʘ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 
2ʇʨʠʜʥʝʧʨʦʚʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʩʦʟʜʘʥʠʷ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ (CFD ʤʦʜʝʣʠ) ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ 
ʠʦʥʠʟʘʮʠʠ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʷʭ ʧʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠʦʥʠʟʘʮʠʠ ʚʦʟʜʫʭʘ. ʀʩʢʫʩʩʪʚʝʥʥʘʷ 

ʠʦʥʠʟʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʫʩʪʘʥʦʚʢʦʡ ʠʦʥʠʟʘʪʦʨʘ ʚ ʧʦʤʝʱʝʥʠʠ ʠʣʠ ʧʦʜʘʯʝʡ 

ʫʞʝ ʠʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʚʦʟʜʫʭʘ.  

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 2D ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʛʥʦʟʘ ʘʵʨʦʠʦʥʥʦʛʦ ʨʝʞʠʤʘ ʚ 

ʨʘʙʦʯʠʭ ʟʦʥʘʭ ʦʬʠʩʥʳʭ ʧʦʤʝʱʝʥʠʡ. ʄʦʜʝʣʠʨʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʫʨʘʚʥʝʥʠʷ 
ʘʵʨʦʜʠʥʘʤʠʢʠ, ʵʣʝʢʪʨʦʩʪʘʪʠʢʠ ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ [1-5]. ʈʘʩʯʝʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ 

ʧʦʪʦʢʦʚ ʚ ʧʦʤʝʱʝʥʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ, ʜʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʃʘʧʣʘʩʘ ʜʣʷ ʬʫʥʢʮʠʠ ʪʦʢʘ. ɼʣʷ ʨʘʩʯʝʪʘ ʜʨʝʡʬʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʦʜ 
ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. ʄʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʪʨʠ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʨʘʩʩʝʠʚʘʥʠʝ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ, ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ ʠ ʧʳʣʠ ʚ ʧʦʤʝʱʝʥʠʠ ʠ ʨʘʙʦʯʝʡ ʟʦʥʝ. ʋʨʘʚʥʝʥʠʝ 
ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʫʯʠʪʳʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʦʥʦʚ ʨʘʟʣʠʯʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩ 

ʯʘʩʪʠʮʘʤʠ ʧʳʣʠ. 

ʏʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʝʷʚʥʦʡ 

ʧʦʧʝʨʝʤʝʥʥʦ-ʪʨʝʫʛʦʣʴʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ. ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ 

ʃʘʧʣʘʩʘ ʠ ʇʫʘʩʩʦʥʘ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʃʠʙʤʘʥʘ [1, 2]. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ 
ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ ʫʯʝʪ 

ʧʨʠ ʧʨʦʛʥʦʟʝ ʥʘʣʠʯʠʷ ʤʝʙʝʣʠ ʚ ʧʦʤʝʱʝʥʠʠ, ʨʝʞʠʤʘ ʚʝʥʪʠʣʷʮʠʠ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʪʚʝʨʩʪʠʡ 

ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʦʡ ʚʝʥʪʠʣʷʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʦʥʠʟʘʪʦʨʦʚ, ʢʦʥʢʨʝʪʥʳʭ ʤʝʩʪ 
ʵʤʠʩʩʠʠ ʧʳʣʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʵʢʨʘʥʦʚ ʚ ʧʦʤʝʱʝʥʠʠ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʬʦʨʤʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʠʦʥʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʦʝ ʧʦʣʝ ʘʵʨʦʠʦʥʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʠʟʦʣʠʥʠʡ 
ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʧʦʣʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘ ʙʘʟʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ CFD ʤʦʜʝʣʠ ʪʨʝʙʫʝʪʩʷ 

ʧʦʨʷʜʢʘ 2 ʤʠʥʫʪ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʚʨʝʤʝʥʠ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1. ɹʝʣʷʝʚ, ʅ. ʅ. ʆʮʝʥʢʘ ʘʵʨʦʠʦʥʥʦʛʦ ʨʝʞʠʤʘ ʚ ʨʘʙʦʯʠʭ ʟʦʥʘʭ ʥʘ ʙʘʟʝ CFD ʤʦʜʝʣʠ / ʅ. ʅ. 

ɹʝʣʷʝʚ, ʉ. ɻ. ʎʳʛʘʥʢʦʚʘ // ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʅʘʮʽʦʥʘʣʥɹʦʛʦ ʛʽʨʥʠʯʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ï 
ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, 2015. - ˉ46. ï ʉ. 168ï173. 

2. ɹʝʣʷʝʚ, ʅ. ʅ. ʈʘʩʯʝʪ ʘʵʨʦʠʦʥʥʦʛʦ ʨʝʞʠʤʘ ʚ ʧʦʤʝʱʝʥʠʠ ʠ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʥʘ ʙʘʟʝ 

ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ / ʅ. ʅ. ɹʝʣʷʝʚ, ʉ. ɻ. ʎʳʛʘʥʢʦʚʘ // ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 
ʛʽʨʥʠʯʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ï ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, 2015. - ˉ47. ï ʉ. 137ï143. 

3. ɿʘʧʦʨʦʞʝʮ, ʆ. ɯ. ʇʨʠʥʮʠʧʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʘʝʨʦʽʦʥʥʦʛʦ ʩʢʣʘʜʫ ʧʦʚʽʪʨʷ ʫ 

ʧʨʠʤʽʱʝʥʥʷʭ / ʆ. ɯ. ɿʘʧʦʨʦʞʝʮ, ɺ. ɸ. ɻʣʠʚʘ, ʆ. ɺ. ʉʠʜʦʨʦʚ // ɺʩ̔ʥʠʢ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʽʘʮʽʡʥʦʛʦ 
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ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ɺɿɸɭʄʆɺɯɼʅʆʉʀʅ ʅɸ ɹɸɿɯ ʊɽʆʈɯɰ ʈʗɼɯɺ ʇʈʀ 

ɼʀʉʊɸʅʎɯʁʅʆʄʋ ʅɸɺʏɸʅʅɯ 

ʉ.ʆ. ɹʦʨʟʦʚ 

 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ 

 

ɼʠʩʪʘʥʮʽʡʥʝ ʥʘʚʯʘʥʥʷ ï ʩʫʯʘʩʥʠʡ ʚʠʜ ʦʪʨʠʤʘʥʥʷ ʟʥʘʥʴ, ʘʣʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ, 
ʧʨʠʪʘʤʘʥʥʠʭ ʦʯʥʽʡ, ʘʙʦ ʟʘʦʯʥʽʡ ʬʦʨʤʽ ʜʦʚʦʜʷʪʴ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʧʦʨʦʟʫʤʽʥʥʷ ʪʶʪʦʨʘ (ʚʠʢʣʘʜʘʯʘ 

ʧʨʠ ʜʠʩʪʘʥʮʽʡʥʽʡ ʬʦʨʤʽ) ʪʘ ʩʪʫʜʝʥʪʘ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥ ʤʽʞ ʩʪʫʜʝʥʪʦʤ ʪʘ ʪʶʪʦʨʦʤ ʙʫʣʦ 
ʚʠʢʣʘʜʝʥʝ ʚ ʨʦʙʦʪʽ (1), ʚ ʷʢʽʡ ʜʦʚʦʜʠʪʴʩʷ, ʱʦ ʧʨʦʮʝʩ ʧʦʨʦʟʫʤʽʥʥʷ ʧʽʜʢʦʨʷʻʪʴʩʷ ʝʢʩʧʦʥʝʥʮʽʡʥʽʡ 

ʟʘʣʝʞʥʦʩʪʽ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʧʦʚʥʝʥʥʷ ʝʢʩʧʦʥʝʥʮʽʡʥʦʾ ʤʦʜʝʣʽ ʪʠʤ, ʱʦ ʟʛʘʜʘʥʫ 

ʤʦʜʝʣʴ ʤʦʞʥʘ ʜʦʧʦʚʥʠʪʠ ʘʥʘʣʽʟʦʤ ʧʦʜʽʡ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʫʯʙʦʚʦʤʫ ʧʨʦʮʝʩʽ ʤʽʞ ʪʶʪʦʨʦʤ ʪʘ 

ʩʪʫʜʝʥʪʦʤ. 

ʉʫʪʴ ʥʦʚʦʛʦ ʧʽʜʭʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʪʶʪʦʨʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʢʣʘʩʪʠ ʨʷʜ ʟ ʧʦʜʽʡ, ʷʢʽ 
ʧʨʠʪʘʤʘʥʥʽ ʪʦʤʫ, ʯʠ ʽʥʰʦʤʫ ʩʪʫʜʝʥʪʫ. ɼʘʣʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ, ʥʘʧʨʠʢʣʘʜ, ʢʣʘʩʠʯʥʫ ʦʟʥʘʢʫ 

ɼʘʣʘʤʙʝʨʘ, ʪʶʪʦʨ ʤʦʞʝ ʟ ʧʝʚʥʦʶ ʜʦʣʝʶ ʚʽʨʦʛʽʜʥʦʩʪʽ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʯʠ ʙʫʜʫʪʴ ʧʦʟʠʪʚʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʯʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʪʫʜʝʥʪʘ (ʨʷʜ ʟʙʽʞʥʠʡ), ʘʙʦ ʥʽ (ʷʢʱʦ ʨʷʜ ʨʦʟʙʽʞʥʠʡ). 
ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʚʽʜʥʦʩʠʥ ʤʽʞ ʪʶʪʦʨʦʤ, ʪʘ ʩʪʫʜʝʥʪʦʤ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʪʘʢ. 

ʆʟʥʘʢʘ ɼʘʣʘʤʙʝʨʘ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ. 
ʗʢʱʦ ʚ ʟʥʘʢʦʜʦʜʘʪʥʦʤʫ ʨʷʜʽ ʧʦʜʽʡ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʤʽʞ ʪʶʪʦʨʦʤ ʪʘ ʩʪʫʜʝʥʪʦʤ 
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1) ʨʷʜ ʧʦʜʽʡ (1) ʟʙʽʞʥʠʡ ʧʨʠ 1<r ; 

2) ʨʷʜ ʧʦʜʽʡ (1) ʨʦʟʙʽʞʥʠʡ ʧʨʠ 
1>r

; 

3) ʷʢʱʦ 
1=r
, ʪʦ ʨʷʜ (1) ʤʦʞʝ ʷʢ ʟʙʽʛʘʪʠʩʷ, ʪʘʢ ʽ ʨʦʟʙʽʛʘʪʠʩʷ, ʪʦʙʪʦ ʦʟʥʘʢʘ ʥʝ ʯʠʥʥʘ. 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪ. ʅʘ ʙʘʟʽ ʨʦʙʽʪ ʦʜʥʦʛʦ ʽʟ ʩʪʫʜʝʥʪʽʚ, ʷʢʠʡ ʚʯʘʩʥʦ ʚʠʢʦʥʫʚʘʚ ʚʩʽ ʟʘʚʜʘʥʥʷ, ʪʘ ʥʘʜʩʠʣʘʚ 

ʾʭ ʪʶʪʦʨʫ, ʙʫʚ ʩʢʣʘʜʝʥʠʡ ʯʠʩʣʦʚʠʡ ʨʷʜ ʨʷʜ ʟ ʧʦʜʽʡ, ʱʦ ʚʽʜʙʫʚʘʣʠʩʷ ʤʽʞ ʥʠʤ, ʪʘ ʪʶʪʦʨʦʤ. ʎʽ 
ʧʦʜʽʾ ʙʫʣʠ ʪʘʢʠʤʠ. 

ɼʽʷ ʧʝʨʰʘ. ʉʪʫʜʝʥʪ ʚʯʘʩʥʦ ʟʘʨʝʻʩʪʨʫʚʘʚʩʷ ʥʘ ʩʘʡʪʽ, ʦʪʨʠʤʘʚ ʧʘʨʦʣʴ ʜʦʩʪʫʧʫ ʥʘ ʩʘʡʪ, 

ʚʠʢʦʥʘʚ ʽ ʥʘʜʽʩʣʘʚ ʧʝʨʰʝ ʟʘʚʜʘʥʥʷ. ɺʚʘʞʘʻʤʦ, ʱʦ 11 =u . 

ɼʽʷ ʜʨʫʛʘ. ɼʨʫʛʝ ʟʘʚʜʘʥʥʷ ʚʠʢʦʥʘʥʝ ʚʯʘʩʥʦ, ʘʣʝ ʥʝ ʧʦʚʥʽʩʪʶ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚ 

ʝʣʝʤʝʥʪʽ ʧʦʜʽʾ 
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 ʤʘʻʤʦ ʟʥʘʤʝʥʥʠʢ. 

ʇʦʜʘʣʴʰʽ ʜʽʾ ʜʘʥʦʛʦ ʩʪʫʜʝʥʪʘ ʩʚʽʜʯʠʣʠ ʧʨʦ ʪʝ, ʚʽʥ ʥʘʜʩʠʣʘʚ ʨʦʙʦʪʠ ʟ ʭʘʨʘʢʪʝʨʥʠʤʠ 

ʥʝʜʦʨʦʙʢʘʤʠ, ʚ ʷʢʠʭ ʥʘʢʦʧʠʯʫʚʘʣʠʩʷ ʥʝʜʦʨʦʙʢʠ ʧʦʧʝʨʝʜʥʽʭ ʪʝʤ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʪʶʪʦʨ ʤʦʞʝ 

ʩʢʣʘʩʪʠ ʨʷʜ ʧʦʜʽʡ ʫ ʚʠʛʣʷʜʽ (2), ʘ ʩʘʤʝ: 
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ɿʘ ʦʟʥʘʢʦʶ ɼʘʣʘʤʙʝʨʘ ʨʷʜ ʟʙʽʞʥʠʡ. ʆʪʞʝ, ʭʦʯ ʩʪʫʜʝʥʪ ʥʘʜʩʠʣʘʻ ʨʦʙʦʪʠ ʟ ʧʝʚʥʠʤʠ 
ʥʝʜʦʨʦʙʢʘʤʠ, ʪʶʪʦʨ ʟ ʧʝʚʥʦʶ ʜʦʣʝʶ ʚʽʨʦʛʽʜʥʦʩʪʽ ʤʦʞʝ ʦʯʽʢʫʚʘʪʠ ʧʦʟʠʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʾʭʥʴʦʾ 

ʩʧʽʚʧʨʘʮʽ. 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʽʜʥʦʩʠʥ ʤʽʞ ʪʶʪʦʨʦʤ ʪʘ ʩʪʫʜʝʥʪʦʤ ʧʨʠ 
ʜʠʩʪʘʥʮʽʡʥʽʡ ʬʦʨʤʽ ʥʘʚʯʘʥʥʷ ʤʦʞʝ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʶʪʦʨʘ, ʱʦʙ ʥʝ ʚʠʪʨʘʯʘʪʠ 

ʨʝʩʫʨʩʠ ʥʘ ʪʠʭ, ʭʪʦ ʥʝ ʤʘʻ ʜʦʩʪʘʪʥʴʦʾ ʥʘʧʦʣʝʛʣʠʚʦʩʪʽ. ʇʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ 

ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʥʘ ʙʘʟʽ ʯʠʩʣʦʚʠʭ ʨʷʜʽʚ ʟʽ ʟʥʘʢʦʟʤʽʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. 

1. ɹʦʨʟʦʚ ʉ.ʆ., ɹʦʨʟʦʚʘ ɸ.ʉ. ʄʦʜʝʣʴ ʧʩʠʭʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 
ʥʘʚʯʘʥʥʷ// ɻʫʤʘʥʽʪʘʨʥʠʡ ʚʽʩʥʠʢ ɼɺʅɿ çʇʝʨʝʷʩʣʘʚ-ʍʤʝʣʴʥʠʮʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɻʨʠʛʦʨʽʷ ʉʢʦʚʦʨʦʜʠè - ɼʦʜʘʪʦʢ 1 ʜʦ ɺʠʧ. 27, ʊʦʤ ʍɯ (42) : ʊʝʤʘʪʠʯʥʠʡ ʚʠʧʫʩʢ 

çɺʠʱʘ ʦʩʚʽʪʘ ʋʢʨʘʾʥʠ ʚ ʢʦʥʪʝʢʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʜʦ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʩʪʦʨʫè. ï ʂ.: 
ɻʥʦʟʠʩ. 2012. ï ʩ.51-59. 

 

 

ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʍɯʄɯʂʆ-ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ 

ɯ.ɸ. ɺʘʩʠʣʝʥʢʦ, ʉ.ʆ. ʂʫʤʘʥʴʦʚ, ʆ.ɸ. ʇʽʚʦʚʘʨʦʚ, ʄ.ɯ. ʉʢʠʙʘ 

 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʭʽʤʽʯʥʦʤʫ ʽ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ 
ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʧʦʚʥʦ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʷʚʣʷʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ ʟʥʘʡʪʠ ʰʣʷʭʠ 

ʦʧʪʠʤʽʟʘʮʽʾ ʽ ʢʝʨʫʚʘʥʥʷ. ʆʩʦʙʣʠʚʦ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʧʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. 
ʉʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʝʢʦʣʦʛʽʾ ɼʝʨʞʘʚʥʦʛʦ 

ʚʠʱʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ ʚʝʜʝʪʴʩʷ ʘʢʪʠʚʥʘ ʨʦʙʦʪʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʫʥʽʢʘʣʴʥʠʭ ʧʨʦʛʨʘʤ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʢʽʥʝʪʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ.ʇʨʦʛʨʘʤʠʨʦʟʨʦʙʣʝʥʽ ʫ ʩʝʨʝʜʦʚʠʱʽDelphi 7, ʤʘʶʪʴ 
ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʚʠʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʤʘʩʠʚʫ ʜʘʥʠʭ ʪʘ ʛʨʘʬʽʯʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ. 
ʈʦʟʨʦʙʣʝʥʦ ʢʦʤʧôʶʪʝʨʥʫ ʧʨʦʛʨʘʤʫ çʄʦʜʝʣʴ ʨʦʟʨʘʭʫʥʢʫ ʢʽʥʝʪʠʢʠ ʚʠʣʫʛʦʚʫʚʘʥʥʷ 

ʜʦʨʦʛʦʮʽʥʥʠʭ ʤʝʪʘʣʽʚ ʟ ʨʫʜʥʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚè, ʷʢʘ ʦʙôʻʜʥʫʻ ʫ ʩʦʙʽ ʯʦʪʠʨʠ ʤʦʜʫʣʽ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʢʽʥʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʚʠʣʫʛʦʚʫʚʘʥʥʷ 
ʟʦʣʦʪʘ ʟ ʨʫʜʥʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ ʨʦʟʯʠʥʘʤʠ, ʚʠʛʦʪʦʚʣʝʥʠʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʦʜʠ, ʦʙʨʦʙʣʝʥʦʾ ʧʽʜ 

ʜʽʻʶ ʢʦʥʪʘʢʪʥʦʾ ʥʝʨʽʚʥʦʚʘʞʥʦʾ ʧʣʘʟʤʠ.  

ɺʽʜʦʤʦ, ʱʦ ʧʨʦʮʝʩ ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʻ ʩʢʣʘʜʥʠʤ ʽ ʚʢʣʶʯʘʻ, ʱʦʥʘʡʤʝʥʰʝ, ʜʝʢʽʣʴʢʘ 
ʧʦʩʣʽʜʦʚʥʠʭ ʩʪʘʜʽʡ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʶ ʰʚʠʜʢʽʩʪʶ, ʽ ʙʫʜʴ-ʷʢʘ ʟ ʥʠʭ ʤʦʞʝ 

ʚʠʷʚʠʪʠʩʷ ʥʘʡʙʽʣʴʰ ʧʦʚʽʣʴʥʦʶ (ʣʽʤʽʪʫʶʯʦʶ) ʪʘ ʚʠʟʥʘʯʘʪʠ ʟʘʛʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ ʚ ʮʽʣʦʤʫ. 

ɺ ʟʚôʷʟʢʫ ʟ ʯʠʤ ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʢʽʥʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ 
ʚʽʜʧʦʚʽʜʥʦ ʽ ʣʽʤʽʪʫʶʯʦʾ ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ ʻ ʜʦʮʽʣʴʥʦʶ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ 

ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʜʦʨʦʛʦʮʽʥʥʠʭ ʤʝʪʘʣʽʚ ʟ ʨʫʜʥʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ.ʋ ʧʨʦʛʨʘʤʫ ʚʭʦʜʷʪʴ ʥʘʩʪʫʧʥʽ 

ʤʦʜʫʣʽ:  
1. ʄʦʜʫʣʴ ʚʠʙʦʨʫ ʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥʢʫ. 

2. ʄʦʜʫʣʴ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʪʘ ʧʝʨʝʜʝʢʩʧʦʥʝʮʽʡʥʦʛʦ ʤʥʦʞʥʠʢʘ ʧʨʦʮʝʩʫ 

3. ʄʦʜʫʣʴ ʨʦʟʨʘʭʫʥʢʫ ʢʽʥʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʘʢʮʽʾ n-ʛʦ ʧʦʨʷʜʢʫ 
4. ʄʦʜʫʣʴ ʨʦʟʨʘʭʫʥʢʫ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ [1]. 

ʂʦʤʧôʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ çʄʦʜʝʣʴ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠè ʦʙôʻʜʥʫʻ 

ʫ ʩʦʙʽ ʯʦʪʠʨʠ ʤʦʜʫʣʽ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʪʘ ʨʦʟʨʘʭʫʥʢʫ 
ʢʽʥʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʧʨʠ ʭʽʤʽʯʥʦʤʫ ʦʩʘʜʞʝʥʥʽ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ 

ʽʟ ʟʘʣʽʟʦʚʤʽʩʥʠʭ ʨʦʟʯʠʥʽʚ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʢʝʨʫʚʘʪʠ ʜʠʩʧʝʨʩʥʽʩʪʶ ʪʚʝʨʜʦʾ ʬʘʟʠ. 
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ʆʢʩʠʜʠ ʟʘʣʽʟʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʷʢʦʩʪʽ ʟʘʣʽʟʦʦʢʩʠʜʥʠʭ ʧʽʛʤʝʥʪʽʚ ʜʠʩʧʝʨʩʥʠʡ 

ʩʢʣʘʜ ʷʢʠʭ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʾʭ ʷʢʦʩʪʽ. ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʢʽʥʝʪʠʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ, ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʘ ʨʝʛʫʣʶʚʘʪʠ 

ʜʠʩʧʝʨʩʥʠʡ ʩʢʣʘʜ ʪʚʝʨʜʦʾ ʬʘʟʠ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʧʽʛʤʝʥʪʽʚ ʪʘ ʽʥʰʠʭ ʟʘʣʽʟʦʚʤʽʩʥʠʭ 
ʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.ʋ ʧʨʦʛʨʘʤʫ ʚʭʦʜʷʪʴ ʥʘʩʪʫʧʥʽ ʤʦʜʫʣʽ:  

1. ʄʦʜʫʣʴ ʚʠʟʥʘʯʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʢʨʠʚʠʭ ʧʨʦʮʝʩʫ ʰʚʠʜʢʦʾ ʢʦʘʛʫʣʷʮʽʾ. 

2. ʄʦʜʫʣʴ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʮʝʩʫ ʚʠʪʨʘʪʠ ʢʘʨʙʘʤʽʜʫ ʥʘ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ. 
3. ʄʦʜʫʣʴ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʰʣʷʭʦʤ ʾʾ ʦʩʘʜʞʝʥʥʷ ʢʘʨʙʘʤʽʜʦʤ. 

4. ʄʦʜʫʣʴ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʯʠʩʣʘ ʯʘʩʪʦʢ ʫ ʘʛʨʝʛʘʪʽ ʪʚʝʨʜʦʾ ʬʘʟʠ[2]. 

ʂʦʤʧôʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ çʄʦʜʝʣʴ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʮʝʩʫ ʚʫʣʢʘʥʽʟʘʮʽʾ ʽ ʩʪʘʙʽʣʽʟʘʮʽʾ 
ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʛʫʤʦʚʠʭ ʩʫʤʽʰʝʡè ʦʙôʻʜʥʫʻ ʫ ʩʦʙʽ ʩʽʤ ʤʦʜʫʣʽʚ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʾ 

ʦʮʽʥʢʠ ʢʽʥʝʪʠʢʠ ʧʨʦʮʝʩʫ ʚʫʣʢʘʥʽʟʘʮʽʾ ʛʫʤʦʚʠʭ ʩʫʤʽʰʝʡ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʫʣʢʘʥʽʟʘʪʽʚ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʧʦʨʽʚʥʷʥʥʷ ʤʝʭʘʥʽʟʤʫ ʧʨʦʮʝʩʽʚ ʫ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʷʢ ʤʦʜʝʣʴʥʠʭ, ʪʘʢ ʽ 

ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʪʝʨʽʘʣʘʭ ʛʫʤʦʚʠʭ ʩʫʤʽʰʘʭ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ.  

ɺʫʣʢʘʥʽʟʘʮʽʷ ʢʘʫʯʫʢʫ, ʻ ʩʢʣʘʜʥʠʤ ʭʽʤʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʨʝʘʛʝʥʪʽʚ, 
ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʚʥʠʤʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ ʽ ʧʦʣʷʛʘʻ ʚ ʫʪʚʦʨʝʥʥʽ ʻʜʠʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʩʽʪʢʠ ʟ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʢʘʫʯʫʢʫ. ɺ ʧʨʦʮʝʩʽ ʚʫʣʢʘʥʽʟʘʮʽʾ ʬʦʨʤʫʶʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʽ ʛʫʤʠ. ɯʩʥʫʶʯʽ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʘʥʘʣʽʪʠʯʥʽ ʪʘ ʽʥʞʝʥʝʨʥʽ ʤʝʪʦʜʠ ʦʧʠʩʘʥʥʷ ʢʽʥʝʪʠʢʠ ʚʫʣʢʘʥʽʟʘʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴ, ʚ 
ʦʩʥʦʚʥʦʤʫ, ʜʦ ʧʝʚʥʠʭ ʚʠʜʽʚ ʢʽʥʝʪʠʯʥʠʭ ʢʨʠʚʠʭ. ʆʪʞʝ, ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʛʫʤʦʚʠʭ ʩʫʤʽʰʝʡ ʥʘ ʦʩʥʦʚʽ 

ʢʘʨʙʦʣʘʥʮʶʛʦʚʠʭ ʥʝʥʘʩʠʯʝʥʠʭ ʢʘʫʯʫʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʦʩʬʘʪʠʜʥʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ, ʱʦ ʻ 
ʜʦʩʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʘʩʪʦʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ. ʋʧʨʦʛʨʘʤʫ ʚʭʦʜʷʪʴ ʥʘʩʪʫʧʥʽ ʤʦʜʫʣʽ:  

1. ʄʦʜʫʣʴ ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʷʜʢʫ ʨʝʘʢʮʽʾ ʪʘ ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʫ ʚʫʣʢʘʥʽʟʘʮʽʾ. 

2. ʄʦʜʫʣʴ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʪʘ ʧʝʨʝʜʝʢʩʧʦʥʝʮʽʡʥʦʛʦ ʤʥʦʞʥʠʢʘ ʧʨʦʮʝʩʫ 

ʚʫʣʢʘʥʽʟʘʮʽʾ. 

3. ʄʦʜʫʣʴ ʨʦʟʨʘʭʫʥʢʫ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʚʫʣʢʘʥʽʟʘʮʽʾ. 
4. ʄʦʜʫʣʴ ʨʦʟʨʘʭʫʥʢʫ ʢʽʥʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʘʢʮʽʾ n-ʛʦ ʧʦʨʷʜʢʫ. 

5. ʄʦʜʫʣʴ ʨʦʟʨʘʭʫʥʢʫ ʦʢʨʝʤʠʭ ʩʪʘʜʽʡ ʧʨʦʮʝʩʫ ʚʫʣʢʘʥʽʟʘʮʽʾ. 

6. ʄʦʜʫʣʴ ʨʦʟʨʘʭʫʥʢʫ ʩʪʫʧʝʥʽ ʟʰʠʚʘʥʥʷ ʧʦʣʽʤʝʨʫ ʪʘ ʤʝʞʦʚʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ 
ʟʙʝʨʽʛʘʥʥʷ ʚʫʣʢʘʥʽʟʫʶʯʠʭʩʷ ʢʦʤʧʦʟʠʮʽʡ. 

7. ʄʦʜʫʣʴ ʨʦʟʨʘʭʫʥʢʫ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʛʫʤʦʚʠʭ ʩʫʤʽʰʝʡ ʟ ʨʽʟʥʠʤʠ ʤʦʜʠʬʽʢʫʶʯʠ ʤʠ 

ʜʦʙʘʚʢʘʤʠ[3]. 
ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʙʫʜʴ ʷʢʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʪʘ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʽ ʥʘʧʨʘʚʣʷʪʠ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭʜʞʝʨʝʣ: 
1.ɸʚʪʦʨʩʴʢʝ ʧʨʘʚʦ ʥʘ ʪʚʽʨ ˉ54134 ʋʢʨʘʾʥʘ. ʂʦʤʧôʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ çʄʦʜʝʣʴ ʨʦʟʨʘʭʫʥʢʫ 

ʢʽʥʝʪʠʢʠ ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʜʦʨʦʛʦʮʽʥʥʠʭ ʤʝʪʘʣʽʚ ʟ ʨʫʜʥʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚè / ʇʽʚʦʚʘʨʦʚ ʆ.ɸ., 

ʂʫʤʘʥʴʦʚ ʉ.ʆ., ɺʘʩʠʣʝʥʢʦ ɯ.ɸ., ɺʦʨʦʙʡʦʚʘ ʄ.ɯ. ï ʟʘʨʝʻʩʪʨʦʚʘʥʝ 18.03.2014. 

2.ɸʚʪʦʨʩʴʢʝ ʧʨʘʚʦ ʥʘ ʪʚʽʨ ˉ54135 ʋʢʨʘʾʥʘ. ʂʦʤʧôʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ çʄʦʜʝʣʴ ʨʦʟʨʘʭʫʥʢʫ 
ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠè / ɺʘʩʠʣʝʥʢʦ ɯ.ɸ., ʂʫʤʘʥʴʦʚ ʉ.ʆ., ʏʽʚʘʥʦʚ ɺ.ɼ., ɹʦʨʜʫʥʦʚʘ ʆ.ɻ. 

ï ʟʘʨʝʻʩʪʨʦʚʘʥʝ 18.03.2014. 

3.ɸʚʪʦʨʩʴʢʝ ʧʨʘʚʦ ʥʘ ʪʚʽʨ ˉ589777 ʋʢʨʘʾʥʘ. ʂʦʤʧôʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ çʄʦʜʝʣʴ 
ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʮʝʩʫ ʚʫʣʢʘʥʽʟʘʮʽʾ ʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʛʫʤʦʚʠʭ ʩʫʤʽʰʝʡè / ʂʦʚʪʫʥʽʢ ɯ.ɺ., 

ɺʘʩʠʣʝʥʢʦ ɯ.ɸ., ɺʘʱʝʥʢʦ ʖ.ʅ., ʂʫʤʘʥʴʦʚ ʉ.ʆ. ï ʟʘʨʝʻʩʪʨʦʚʘʥʝ 19.03.2015. 
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ʉʋʏɸʉʅɯ ʇɯɼʍʆɼʀ ʋ ʄʆɼɽʃʖɺɸʅʅɯ ʉʂʃɸɼʅʀʍ ʉʀʉʊɽʄ 

ʆ.ɺ. ɺʘʩʠʣʝʥʢʦ 

 

ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɿʘʧʦʨʽʞʞʷ 
 

ʋ ʧʨʦʮʝʩʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʜʦʩʣʽʜʥʠʢ 

ʧʦʩʪʽʡʥʦ ʟʤʫʰʝʥʠʡ ʤʘʪʠ ʩʧʨʘʚʫ ʟ ʧʦʙʫʜʦʚʦʶ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷʤ ʤʦʜʝʣʝʡ ʨʽʟʥʠʭ ʦʙ'ʻʢʪʽʚ. 
ʄʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʨʽʟʥʦʙʽʯʥʠʡ ʘʥʘʣʽʟ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʧʨʦʝʢʪʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʚʥʷ ʘʙʩʪʨʘʢʮʽʾ, ʩʧʦʩʦʙʫ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʦʜʝʣʽ ʪʘ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʙʠʨʘʶʪʴ ʨʽʟʥʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ (ʉɸʇʈ) [1]: 
- ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʽʥʘʢʰʝ ʩʠʩʪʝʤʠ ʽʥʞʠʥʽʨʠʥʛʫ, ʘʙʦ CAE (Computer 

Aided Engineering). 

- ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʽ ʩʠʩʪʝʤʠ, ʪʦʙʪʦ CAD (Computer Aided Design); 

- ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ ʘʙʦ CAʄ (Computer 

Aided Manufacturing). 
 ɺ ʦʢʨʝʤʠʡ ʢʣʘʩ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʫʥʽʚʝʨʩʘʣʴʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʧʨʦʮʝʩʦʨʠ CAS (Computer 

Algebra System). 

CAE ʪʘ CAS ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʘʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʤʘʢʨʦʨʽʚʥʽ, ʪʦʙʪʦ ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ 
ʦʧʪʠʤʽʟʫʚʘʪʠ  ʩʠʩʪʝʤʫ ʽʟ ʮʽʣʣʶ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʪʦʧʦʣʦʛʽʾ (ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʭʽʜ) ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʚ ʮʽʣʦʤʫ (ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ). ɺ CAD ʧʨʦʝʢʪʫʶʪʴʩʷ ʧʽʜʩʠʩʪʝʤʠ 

ʨʽʟʥʦʾ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ ʷʢ ʥʘ ʤʘʢʨʦʨʽʚʥʽ (ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʨʽʚʝʥʴ ʜʣʷ ʟʤʽʰʘʥʠʭ ʩʠʩʪʝʤ), ʪʘʢ ʽ  ʥʘ 
ʤʽʢʨʦʨʽʚʥʽ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʮʝ ʩʭʝʤʦʪʝʭʥʽʯʥʠʡ ʨʽʚʝʥʴ (ʚ ɽCAD), ʟʚʽʜʢʠ ʜʦ 

CAʄ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʜʘʥʽ ʧʨʦʛʨʘʤʠ ʜʣʷ ʩʪʘʥʢʽʚ ʽʟ ʏʇʋ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʢʘʨʪʠ. ɺ ʩʠʩʪʝʤʘʭ 

ʚʽʨʪʫʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʣʘʥʢʘ CAE Ÿ CAD Ÿ CAʄ ʫʪʚʦʨʶʻ ʥʘʩʢʨʽʟʥʠʡ ʮʠʢʣ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ 

ʧʨʦʛʨʘʤʠ ï ʤʝʥʝʜʞʝʨʘ ʜʘʥʠʤʠ ʧʨʦ ʚʠʨʽʙ (PDM - Product Data Manager) [1]. 

ʄʦʜʝʣʶʚʘʥʥʷ ʤʘʻ ʜʚʘ ʝʪʘʧʠ: çmodelingè ï ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʨʦʮʝʩʫ ʧʦʙʫʜʦʚʠ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ (ʄʄ); çsimulationè ï ʦʟʥʘʯʘʻ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ 
ʤʦʜʝʣʣʶ. ʉʧʦʩʦʙʠ ʦʧʠʩʫ ʩʠʩʪʝʤ ʥʘ ʝʪʘʧʽ ʤʦʜʝʣʽʥʛʫ [2, 3]: 

- ʙʝʟʧʝʨʝʨʚʥʽ ʩʠʩʪʝʤʠ - ʟʚʠʯʘʡʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥ ̫(ɼʈ); 

- ʜʠʩʢʨʝʪʥʽ ʩʠʩʪʝʤʠ - ʢʽʥʮʝʚʦ-ʨʽʟʥʠʮʝʚʽ ɼʈ; 
- ʩʠʩʪʝʤʠ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ - ɼʈ ʚ ʧʨʠʚʘʪʥʠʭ ʧʦʭʽʜʥʠʭ; 

- ʩʠʩʪʝʤʠ ʟ ʧʽʩʣʷʜʽʻʶ - ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ; 

- ʩʪʦʭʘʩʪʠʯʥʽ ʩʠʩʪʝʤʠ ʦʧʠʩʫʶʪʴʩʷ ʡʤʦʚʽʨʥʽʩʥʠʤʠ ʧʦʥʷʪʪʷʤʠ ʽ ʤʝʪʦʜʘʤʠ. 
ʆʩʢʽʣʴʢʠ ʩʢʣʘʜʥʽ ʩʠʩʪʝʤʠ ʻ ʩʠʥʝʨʛʝʪʠʯʥʠʤ ʦʙ'ʻʜʥʘʥʥʷʤ ʧʽʜʩʠʩʪʝʤ ʟ ʨʽʟʥʠʤʠ ʬʽʟʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʤʫʣʴʪʠʜʦʤʝʥʥʽ ʘʛʨʝʛʘʪʠʚʥʽ), ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʧʦʚʠʥʥʽ ʜʦʧʫʩʢʘʪʠ ʾʭʥʻ ʩʧʽʣʴʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʗʢ ʧʦʢʘʟʘʚ ʧʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ, ʨʝʘʣʽʟʫʚʘʪʠ ʮʝ ʤʦʞʣʠʚʦ ʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ. ʇʦ-

ʧʝʨʰʝ, ʤʦʞʥʘ ʧʝʨʝʡʪʠ ʜʦ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʥʘ ʝʪʘʧʽ ʤʦʜʝʣʽʥʛʫ, ʘʣʝ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʩʽ ʬʽʟʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʩʠʩʪʝʤʠ ʙʫʜʫʪʴ ʟʘʛʫʙʣʝʥʽ. ɺʘʨʽʘʥʪʦʤ 

ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʩʪʨʫʢʪʫʨʥʝ/ʢʘʫʟʘʣʴʥʝ ʤʦʜʝʣʚʁʘʥʥʷ, ʟʘʩʥʦʚʘʥʝ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʝʣʝʡ ʫ 
ʚʠʛʣʷʜʽ ʙʣʦʢʽʚ, ʷʢʽ ʤʘʶʪʴ ʚʠʨʘʞʝʥʽ ʚʭʦʜʠ ʽ ʚʠʭʦʜʠ. ʇʦʙʫʜʦʚʘʥʽ ʟʛʽʜʥʦ ʟ ʮʽʻʶ ʪʝʭʥʽʢʦʶ ʤʦʜʝʣʽ 

ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴ ʩʧʨʷʤʦʚʘʥʠʤʠ (ʦʨʽʻʥʪʦʚʘʥʠʤʠ) ʩʠʛʥʘʣʴʥʠʤʠ ʛʨʘʬʘʤʠ. ʉʪʨʫʢʪʫʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʚ ʩʠʩʪʝʤʘʭ CAS (Simulink) ʪʘ ʚ ʉɸɽ (VisSim, 20-Sim) [2,3]. 
ʅʝʜʦʣʽʢʠ ʧʽʜʭʦʜʫ ï ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʧʦʧʝʨʝʜʥʽʭ ʧʝʨʝʪʚʦʨʝʥʴ ʪʘ ʩʭʝʤʘ ʤʦʜʝʣʽ, ʱʦ ʥʝ ʚʽʜʙʠʚʘʻ 

ʨʝʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʦʙôʻʢʪʘ.  

ɯʥʰʠʡ ʚʘʨʽʘʥʪ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʽ ʟʜʘʪʥʽ ʥʘ ʻʜʠʥʽʡ ʤʝʪʦʜʦʣʦʛʽʯʥʽʡ 
ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʪʠ ʢʦʤʧʦʥʝʥʪʠ ʤʝʭʘʥʽʯʥʽ, ʝʣʝʢʪʨʠʯʥʽ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʦʱʦ, ʪʦʙʪʦ ʧʦʻʜʥʫʚʘʪʠ ʾʭ ʫ 

ʻʜʠʥʫ ʩʭʝʤʫ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʟʚʠʯʥʽ ʜʣʷ ʬʘʭʽʚʮʽʚ ʫ ʧʨʝʜʤʝʪʥʠʭ ʦʙʣʘʩʪʷʭ ʩʧʦʩʦʙʠ ʟʘʚʜʘʥʥʷ 

ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʪʦʙʪʦ ʥʘʜʘʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʤʫʣʴʪʠʜʦʤʝʥʥʦʛʦ/ʘʢʘʫʟʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ 
ʦʩʥʦʚʽ ʩʭʝʤ ʬʽʟʠʯʥʠʭ ʧʨʠʥʮʠʧʦʚʠʭ [3]. ʆʩʢʽʣʴʢʠ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʣʘʥʮʶʛʘʭ ʧʦʪʽʢ ʝʥʝʨʛʽʾ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠ ʥʘʧʨʷʤʦʢ, ʪʦ ʜʣʷ ʝʣʝʤʝʥʪʽʚ ʬʽʟʠʯʥʠʭ ʩʭʝʤ ʚʭʦʜʠ ʽ ʚʠʭʦʜʠ ʥʝ ʚʠʟʥʘʯʝʥʽ; ʤʦʜʝʣʴ ʙʫʜʴ-

ʷʢʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʧʨʠʩʪʨʦʶ ʙʫʜʫʻʪʴʩʷ ʷʢ ʧʝʨʝʪʚʦʨʶʶʯʠʡ ʝʥʝʨʛʽʶ ʣʘʥʮʶʛ. ʆʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʻ 
ʛʨʘʬʠ ʟʚ'ʷʟʢʽʚ (bond graph, BG). 

ʑʝ ʦʜʥʠʤ ʧʽʜʭʦʜʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʘʫʟʘʣʴʥʦʾ ʧʦ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʶ 

ʧʨʦʛʨʘʤʠ ʜʣʷ ʢʘʫʟʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʊʘʢ, ʚ CAD ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ 
(ɽCAD) ʤʦʞʥʘ ʙʫʜʫʚʘʪʠ ʤʦʜʝʣʽ ʩʠʩʪʝʤʥʦʛʦ ʨʽʚʥʷ ʥʘ ʦʩʥʦʚʽ ʙʣʦʢʽʚ, ʤʘʪʝʤʘʪʠʯʥʘ ʜʽʷ ʪʘ 
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ʦʜʥʦʥʘʧʨʘʚʣʝʥʽʩʪʴ ʷʢʠʭ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʪʘʢ ʟʚʘʥʠʭ ʧʦʚʝʜʽʥʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚï ʟʘʣʝʞʥʠʭ 

ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʜʞʝʨʝʣ ʪʘ RCL-ʜʚʦʭʧʦʣʶʩʥʠʢʽʚ [4]. ʊʘʢʠʡ ʧʽʜʭʽʜ ʤʦʞʥʘ ʥʘʟʚʘʪʠ 

ʢʚʘʟʽʢʘʫʟʘʣʴʥʠʤ. ʊʽ ʞ ʩʘʤʽ ʧʦʚʝʜʽʥʢʦʚʽ ʝʣʝʤʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʝʤʫʣʷʮʽʾ ʜʽʾ 

ʧʽʜʩʠʩʪʝʤ ʥʝʝʣʝʢʪʨʦʥʥʦʾ ʧʨʠʨʦʜʠ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʤʫʣʴʪʠʜʦʤʝʥʥʠʭ ʩʠʩʪʝʤ ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ 
ʨʝʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʥʽʚʝʣʶʻʪʴʩʷ ʧʨʠʥʮʠʧʦʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʽ 

ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʚʁʘʥʥʷ, ʷʢʘ ʧʦʣʷʛʘʻ ʥʝ ʪʽʣʴʢʠ ʫ ʬʦʨʤʽ ʟʘʚʜʘʥʥʷ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘʣʝ ʽ ʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʝʪʦʜʘʭ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ.  
ɿʘʟʚʠʯʘʡ ʟʽ ʩʪʨʫʢʪʫʨʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʧʦʚ'ʷʟʫʶʪʴ ʷʚʥʠʡ ʚʠʨʽʰʫʚʘʯ/ʩʦʣʚʝʨ, ʷʢʠʡ ʷʚʣʷʻ 

ʩʦʙʦʶ ʙʽʙʣʽʦʪʝʢʫ ʧʽʜʧʨʦʛʨʘʤ ʷʚʥʠʭ ʤʝʪʦʜʽʚ ʯʠʩʝʣʴʥʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʥʘ 

ʩʪʫʧʽʥʴ ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ (ʨʦʟʢʠʜ ʧʦʩʪʽʡʥʠʭ ʯʘʩʫ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ). ɿ 
ʬʽʟʠʯʥʠʤ ʤʫʣʴʪʠʜʦʤʝʥʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʟʘʟʚʠʯʘʡ ʧʦʚ'ʷʟʫʶʪʴ ʽʪʝʨʘʮʽʡʥʠʡ ʚʠʨʽʰʫʚʘʯ, ʷʢʠʡ 

ʨʝʘʣʽʟʫʻ ʥʝʷʚʥʠʡ ʤʝʪʦʜ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻ ʤʘʣʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʽʥʪʝʛʨʫʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʢʚʘʟʽʢʘʫʟʘʣʴʥʦʤʫ ʧʽʜʭʦʜʽ ʤʦʜʝʣʴ 

ʚʽʟʫʘʣʽʟʫʻʪʴʩʷ ʷʢ ʥʘʙʽʨ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ (ʢʘʫʟʘʣʴʥʦ ʧʦʚôʷʟʘʥʠʭ), ʟʘ ʷʢʠʤ ʬʦʨʤʫʻʪʴʩʷ 

ʩʠʩʪʝʤʘ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʚ ʥʝʷʚʥʽʡ ʬʦʨʤʽ, ʱʦ ʨʦʟʰʠʨʶʻ ʩʧʝʢʪʨ ʜʦʧʫʩʪʠʤʠʭ 
ʚʠʜʽʚ ʘʥʘʣʽʟʫ ʪʘ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʞʦʨʩʪʢʠʭ ʩʠʩʪʝʤ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʝʷʢʽ ʉɸɽ-ʩʠʩʪʝʤʠ (ʥʘʧʨʠʢʣʘʜ, 20-sim), ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʽʜʭʦʜʫ ʜʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝʷʚʥʽ ʪʘ ʷʚʥʽ ʤʝʪʦʜʠ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʤʦʜʝʣʶʚʘʪʠ ʚ 
ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʷʢ ʦʙ'ʻʢʪʠ, ʟʘʜʘʥʽ ʩʪʨʫʢʪʫʨʥʠʤʠ ʩʭʝʤʘʤʠ, ʪʦʙʪʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʨʷʤʦʚʘʥʠʭ 

ʣʘʥʦʢ, ʪʘʢ ʽ ʦʙ'ʻʢʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʬʽʟʠʯʥʠʭ ʧʨʠʥʮʠʧʦʚʠʭ ʩʭʝʤ [2,5]. ʇʨʠ ʟʘʚʜʘʥʥʽ 

ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʧʨʠʥʮʠʧʦʚʦʾ ʬʽʟʠʯʥʦʾ ʩʭʝʤʠ ʚ ʤʘʪʝʤʘʪʠʯʥʝ ʷʜʨʦ ʤʦʞʝ ʙʫʪʠ 
ʚʢʣʶʯʝʥʘ ʧʨʦʮʝʜʫʨʘ ʢʘʫʟʘʣʽʟʘʮʽʾ - ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʫʣʴʪʠʜʦʤʝʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʬʦʨʤʠ 

ʩʧʨʷʤʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʘ ʧʦʪʽʤ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʽ ʞ ʩʘʤʽ ʤʝʪʦʜʠ ʷʚʥʦʛʦ ʯʠʩʝʣʴʥʦʛʦ 

ʽʥʪʝʛʨʫʚʘʥʥʷ, ʱʦ ʡ ʫ ʟʚʠʯʘʡʥʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ. ʉʘʤʝ ʪʘʢʠʡ ʧʨʠʥʮʠʧ ʨʝʘʣʽʟʦʚʘʥʦ ʚ 

ʧʘʢʝʪʘʭ Simmechanics ʽ Simpowersystems, ʷʢʽ ʻ ʧʽʜʩʠʩʪʝʤʘʤʠ CAS ʩʠʩʪʝʤʠ Simulink [1-3].  

ʆʪʞʝ, ʜʣʷ ʦʧʠʩʫ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʨʝʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʨʟ̔ʥʠʡ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʮʽʣʝʡ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʚʠʤʦʛ ʪʦʯʥʦʩʪʽ ʪʘ ʘʜʝʢʚʘʪʥʦʩʪʽ. 
ɻʨʘʤʦʪʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʜʘʪʥʝ ʨʦʟʰʠʨʠʪʠ ʤʝʞʽ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʘ ʟʥʘʥʥʷ ʦʙʤʝʞʝʥʴ ʪʘ ʩʧʦʩʦʙʽʚ ʥʘʣʘʛʦʜʞʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʩʠʤʫʣʷʮʽʾ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʮʽʣʦʤʫ. 
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ɺʃʀʗʅʀɽ ʉʊʈʋʂʊʋʈʓ ʀ ʄɽʍɸʅʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʉʆɹʉʊɺɽʅʅʓɽ ʏɸʉʊʆʊʓ  

ʀ ʌʆʈʄʓ ʂʆʃɽɹɸʅʀʁ ʄʅʆɻʆʉʃʆʁʅʓʍ ʂʆʅʀʏɽʉʂʀʍ ʆɹʆʃʆʏɽʂ 

ʆ.ʀ. ɺʣʘʩʦʚ, ɸ.ʉ. ʂʘʠʨʦʚ  

 

ʅʘʮʠʦʥʘʣʴʥʳʡ  ʫʥʠʚʝʨʩʠʪʝʪ  ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʷ, ʅʠʢʦʣʘʝʚ 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʦʣʦʯʝʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʘʥʠʟʦʪʨʦʧʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʤʝʶʱʠʝ ʩʣʦʠʩʪʦ-ʚʦʣʦʢʥʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠ ʦʙʣʘʜʘʶʱʠʝ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʜʥʘʢʦ, ʩʣʦʠʩʪʦʩʪʴ ʠ ʘʨʤʠʨʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʘʥʠʟʦʪʨʦʧʠʷ ʫʧʨʫʛʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʫʶʪ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʪʘʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ 

ʫ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʥʦʛʦʩʣʦʡʥʳʭ ʦʨʪʦʪʨʦʧʥʳʭ ʦʙʦʣʦʯʝʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 
ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʘʥʠʟʦʪʨʦʧʠʝʡ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʜʘʥʥʳʭ ʦʙʦʣʦʯʝʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʫʯʥʳʡ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ʆʙʟʦʨ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ, ʧʨʠʚʝʜʝʥ ʚ ʨʘʙʦʪʘʭ 

[1-7]. 
ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʫʩʝʯʝʥʥʳʭ ʢʦʥʠʯʝʩʢʠʭ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʦʙʦʣʦʯʝʢ ʚʨʘʱʝʥʠʷ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʪʚʝʨʜʳʤʠ ʪʝʣʘʤʠ, ʩʦʟʜʘʶʱʠʤʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ.   

ʀʩʧʦʣʴʟʦʚʘʚʰʠʡʩʷ ʚ ʨʘʙʦʪʘʭ [1, 2] ʧʦʜʭʦʜ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʧʦʣʦʞʝʥʘ ʪʝʦʨʠʷ 

ʘʥʠʟʦʪʨʦʧʥʳʭ ʦʙʦʣʦʯʝʢ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʦʙʱʝʥ ʥʘ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ 
ʢʦʣʝʙʘʥʠʡ ʪʦʥʢʠʭ ʫʧʨʫʛʠʭ ʦʨʪʦʪʨʦʧʥʳʭ ʦʙʦʣʦʯʝʢ ʚʨʘʱʝʥʠʷ ʠʟ ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʘʨʤʠʨʦʚʘʥʥʳʭ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ʚʳʩʦʢʦʧʨʦʯʥʳʤʠ ʥʝʧʨʝʨʳʚʥʳʤʠ ʚʦʣʦʢʥʘʤʠ. 

ʊʦʥʢʦʩʪʝʥʥʘʷ ʦʙʦʣʦʯʢʘ ʩʦʩʪʦʠʪ ʠʟ N  ʦʜʥʦʨʦʜʥʳʭ ʦʨʪʦʪʨʦʧʥʳʭ ʩʣʦʝʚ ʪʦʣʱʠʥʦʡ ih , 

ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʝʜʠʥʳʡ ʧʘʢʝʪ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʧʨʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ  ʠʭ  

ʚʟʘʠʤʥʦʝ  ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ  ʠ  ʦʪʨʳʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʩʣʦʝ ʩʫʱʝʩʪʚʫʝʪ 
ʧʨʠʚʝʜʝʥʥʘʷ ʧʣʦʩʢʦʩʪʴ ʫʧʨʫʛʦʡ ʩʠʤʤʝʪʨʠʠ, ʧʘʨʘʣʣʝʣʴʥʘʷ ʢʘʩʘʪʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢ 

ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʦʪʩʫʪʩʪʚʫʝʪ ʦʙʞʘʪʠʝ ʧʦ ʪʦʣʱʠʥʝ ʧʘʢʝʪʘ. ʇʦʚʝʨʭʥʦʩʪʴ ʧʨʠʚʝʜʝʥʠʷ 

ʦʪʥʝʩʝʥʘ ʢ ʩʠʩʪʝʤʝ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ),,( hqx , ʦʪʩʯʠʪʳʚʘʝʤʳʤ ʚʜʦʣʴ 

ʣʠʥʠʡ ʛʣʘʚʥʳʭ ʢʨʠʚʠʟʥ ʠ ʧʦ ʥʦʨʤʘʣʠ ʢ ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ 
ʧʨʠʥʠʤʘʝʪʩʷ ʛʠʧʦʪʝʟʘ ʥʝʜʝʬʦʨʤʠʨʫʝʤʦʡ ʥʦʨʤʘʣʠ ʜʣʷ ʚʩʝʛʦ ʧʘʢʝʪʘ ʩʣʦʝʚ ʦʙʦʣʦʯʢʠ ʚ ʮʝʣʦʤ. 

ʉʦʧʨʷʛʘʝʤʳʝ ʩʣʦʠ ʣʠʥʝʡʥʦ ʫʧʨʫʛʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʜʯʠʥʷʶʪʩʷ ʦʙʦʙʱʝʥʥʦʤʫ ʟʘʢʦʥʫ ɻʫʢʘ ʩ 

ʫʯʝʪʦʤ ʛʠʧʦʪʝʟʳ ɼʶʘʤʝʣʷ-ʅʝʡʤʘʥʘ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷʤ ʩʦʧʨʷʞʝʥʠʷ ʩʣʦʝʚ ʚ ʧʘʢʝʪʝ. 
ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʟʨʘʙʦʪʘʥʘ ʫʪʦʯʥʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʦʨʪʦʪʨʦʧʥʦʡ ʦʙʦʣʦʯʝʯʥʦʡ ʩʠʩʪʝʤʳ ʠ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʝʝ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʦʨʪʦʪʨʦʧʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʥʝʦʜʥʦʨʦʜʥʳʭ 
ʦʙʦʣʦʯʝʢ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʪʚʝʨʜʳʤʠ ʪʝʣʘʤʠ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʪʦʥʢʠʭ 

ʫʧʨʫʛʠʭ ʦʙʦʣʦʯʝʢ ʚ ʨʘʤʢʘʭ ʛʠʧʦʪʝʟ ʂʠʨʭʛʦʬʘ-ʃʷʚʘ. ɿʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʘ ʈʠʪʮʘ.   

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ-ɻʘʤʠʣʴʪʦʥʘ ʨʝʰʝʥʠʝ ʩʚʦʜʠʪʩʷ ʢ ʚʘʨʠʘʮʠʦʥʥʦʤʫ 

ʫʨʘʚʥʝʥʠʶ =)ŭ(ʕ 0, ʛʜʝ ʇʂʕ -=  ï ʬʫʥʢʮʠʦʥʘʣ ʃʘʛʨʘʥʞʘ ʜʣʷ ʥʝʦʜʥʦʨʦʜʥʦʡ ʦʙʦʣʦʯʝʯʥʦʡ 

ʩʠʩʪʝʤʳ; ʂ ʇ,  ï ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʠ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʠ ʤʥʦʛʦʩʣʦʡʥʦʡ ʦʨʪʦʪʨʦʧʥʦʡ ʦʙʦʣʦʯʢʠ 

ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʪʝʣʘʤʠ. 

ʀʥʪʝʛʨʠʨʫʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʘ ʵʥʝʨʛʠʠ ʧʦ ʪʦʣʱʠʥʝ  i -ʛʦ  ʩʣʦʷ ʠ ʩʫʤʤʠʨʫʷ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʩʝʤʫ ʧʘʢʝʪʫ ʩʣʦʝʚ ʦʙʦʣʦʯʢʠ, ʧʨʠʚʦʜʠʤ ʚʘʨʠʘʮʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʃʘʛʨʘʥʞʘ ʢ ʜʚʫʤʝʨʥʦʤʫ ʚʠʜʫ. ʉʦʩʪʘʚʣʷʶʱʠʝ ʬʫʥʢʮʠʶ ʃʘʛʨʘʥʞʘ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʠ ʢʠʥʝʪʠʯʝʩʢʘʷ 
ʵʥʝʨʛʠʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʟʘʧʠʰʫʪʩʷ ʚ ʚʠʜʝ [1]: 
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ʛʜʝ  ɤ ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ; S  ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʢʠ;  

,1A 2A  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʃʷʤʝ; ih , ir  ï ʪʦʣʱʠʥʘ ʠ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ i -ʛʦ ʩʣʦʷ; 

pqpqpq DKC  , ,  ï ʦʙʦʙʱʝʥʥʳʝ ʞʝʩʪʢʦʩʪʠ (6,1 , =qp ) [1];  pe ,
)(i

k
u  ï ʢʦʤʧʦʥʝʥʪʳ 

ʜʝʬʦʨʤʘʮʠʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʦʙʦʣʦʯʢʠ (6,1=p ; 3,1=k );  
)(u

k
u , uM  ï ʢʦʤʧʦʥʝʥʪʳ 

ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʤʘʩʩʳ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʪʝʣ.  

ɿʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʯʠʩʣʷʶʪʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 
ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʷʟʫʶʱʝʡ ʤʘʪʨʠʮʳ ʠ ʘʨʤʠʨʫʶʱʠʭ ʚʦʣʦʢʦʥ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʘʨʤʠʨʦʚʘʥʠʷ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʦʙʱʝʤ ʩʦʜʝʨʞʘʥʠʠ ʥʘʧʦʣʥʠʪʝʣʷ.  

ʇʨʠʤʝʥʷʷ ʧʨʦʮʝʜʫʨʫ ʈʠʪʮʘ, ʠʟ ʫʩʣʦʚʠʷ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʘ ʃʘʛʨʘʥʞʘ ʧʦʣʫʯʠʤ 
ʨʘʟʨʝʰʘʶʱʫʶ ʩʠʩʪʝʤʫ ʦʜʥʦʨʦʜʥʳʭ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ:  

( ) 0 =- C BA l ,                                                            (2) 

ʛʜʝ A  ʠ B  ï ʤʘʪʨʠʮʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʦʜʥʦʨʦʜʥʳʭ ʫʨʘʚʥʝʥʠʡ; C  ï ʤʘʪʨʠʮʘ 

ʚʝʢʪʦʨʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʬʦʨʤ;  l ï ʚʝʢʪʦʨ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʯʘʩʪʦʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʘʩʯʝʪʦʚ. ʋʯʠʪʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

ɺʘʨʴʠʨʫʶʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʦʣʦʯʝʢ, ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʠ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣ, ʦʨʪʦʪʨʦʧʠʠ ʤʘʪʝʨʠʘʣʘ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ 
ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʠ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ. ɺʳʷʚʣʝʥʳ ʥʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ 

ʦʙʦʣʦʯʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʠʤʝʶʱʠʝ ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ 
ʫʣʫʯʰʝʥʠʶ ʦʩʥʦʚʥʳʭ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʣʦʯʝʯʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʛʣʝʧʣʘʩʪʠʢʠ HMS/DX210, P-313, 

AS/4397 ʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢ GLASS/DX210 [5]. 
ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʣʦʯʝʢ ʠʟ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʪʘ, ʩʭʝʤʳ ʘʨʤʠʨʦʚʘʥʠʷ 
ʤʘʪʝʨʠʘʣʘ ʠ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʦʙʦʣʦʯʝʯʥʦʡ ʩʠʩʪʝʤʳ. ɿʥʘʯʝʥʠʷ ʯʘʩʪʦʪ ʠ ʬʦʨʤʳ ʩʦʙʩʪʚʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʦʙʦʣʦʯʝʢ ʠʟ ʦʨʪʦʪʨʦʧʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ 
ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴ, ʚʘʨʴʠʨʫʷ ʧʘʨʘʤʝʪʨʳ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ 

ʩʦʟʜʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʟʘʜʘʥʥʳʤʠ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.   
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ʇʆɼʍʆɼ ʂ ʄʆɼɽʃʀʈʆɺɸʅʀʖ ʗɺʃɽʅʀʗ ɺʓɼɸɺʃʀɺɸʅʀʗ  

ʇʆʈʆɼ ʇʆʏɺʓ ɺ ɻʆʈʅʓʍ ɺʓʈɸɹʆʊʂɸʍ 

ʉ.ʅ. ɻʘʧʝʝʚ, ɼ.ʆ. ʉʦʩʥʘ 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 

ɺʚʝʜʝʥʠʝ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʭ ʠ ʧʦʚʩʝʤʝʩʪʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʠʜʦʚ 

ʧʨʦʷʚʣʝʥʠʡ ʛʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʦʪʷʞʝʥʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ʫʛʦʣʴʥʳʭ ʰʘʭʪ ʋʢʨʘʠʥʳ ʷʚʣʷʝʪʩʷ 

ʧʫʯʝʥʠʝ ʧʦʨʦʜ ʧʦʯʚʳ, ʟʘʪʨʘʪʳ ʥʘ ʣʠʢʚʠʜʘʮʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʢʦʪʦʨʦʛʦ ʟʥʘʯʠʪʝʣʴʥʳ ʠ ʧʨʠʚʦʜʷʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʫʛʣʷ. ʉʣʦʞʥʦʩʪʴ ʧʨʠʨʦʜʳ ʷʚʣʝʥʠʷ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʛʦʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚʳʨʘʙʦʪʢʠ, ʧʨʠʚʝʣʦ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʤʘʩʩʳ ʛʠʧʦʪʝʟ, ʦʙʲʷʩʥʷʶʱʠʭ ʤʝʭʘʥʠʟʤ ʧʫʯʝʥʠʷ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ, 
ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʷʚʣʝʥʠʷ 

ʚʩʧʫʯʠʚʘʥʠʷ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ ʥʝʩʭʦʞʠʭ ʫʩʣʦʚʠʷʭ, ʣʝʞʘʪ ʥʝʢʠʝ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʫʯʝʥʠʝ ʢʘʢ ʷʚʣʝʥʠʝ ʧʦʪʝʨʠ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʛʦʨʥʘʷ ʚʳʨʘʙʦʪʢʘ-ʧʦʨʦʜʥʳʡ ʤʘʩʩʠʚè [1]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʝʥʠʷ 

ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ 

ʟʘʜʘʯʝʡ, ʠʤʝʶʱʝʡ ʩʚʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʩʣʫʯʘʝʚ. ʇʨʠ ʵʪʦʤ ʪʘʢʠʝ ʨʝʰʝʥʠʷ 
ʩʚʦʜʷʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʤʦʤʝʥʪʘ ʚʩʧʫʯʠʚʘʥʠʷ ʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ 

ʧʨʦʮʝʩʩʘ. ʉʥʷʪʴ ʤʥʦʛʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʟʘʜʘʯʘʭ ʛʝʦʤʝʭʘʥʠʢʠ ʧʦʟʚʦʣʷʶʪ 

ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ, ʢʘʢ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ). ʇʨʠ ʵʪʦʤ ʢʦʨʨʝʢʪʥʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʦʪʨʘʞʘʶʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʝʘʣʴʥʦʛʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʢʦʥʪʫʨʥʦʛʦ ʤʘʩʩʠʚʘ ʧʨʦʪʝʢʘʝʪ ʢʘʢ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ [2]: ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʜʦ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ) ï 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʢʦʥʪʫʨʥʦʛʦ ʤʘʩʩʠʚʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʦ ʩʭʝʤʝ ʟʘʧʨʝʜʝʣʴʥʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ ʝʛʦ ʠʩʧʳʪʘʥʠʠ ʥʘ ʧʨʝʩʩʘʭ çʞʝʩʪʢʦʛʦè ʪʠʧʘ, ʠ 
ʚʦʟʤʫʱʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʧʦʩʣʝ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ) ï ʨʘʟʚʠʪʠʝ ʩʦʙʩʪʚʝʥʥʦ ʚʳʜʘʚʣʠʚʘʥʠʷ ʧʦʨʦʜ 

ʠʟ ʧʦʯʚʳ ʚʳʨʘʙʦʪʢʠ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʝʥʠʷ ʚʩʧʫʯʠʚʘʥʠʷ ʧʦʨʦʜ ʧʦʯʚʳ ʚ ʛʦʨʥʳʭ ʚʨrʘʙʦʪʢʘʭ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢʞʝ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʙ 

ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʜʠʥʦʯʥʦʡ ʚʳʨʘʙʦʪʢʠ ʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʤʝʨʳ ʟʦʥʳ ʥʝʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ. ʈʘʩʯʝʪ ʚʝʜʝʪʩʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 
ʵʣʝʤʝʥʪʦʚ ʧʦ ʘʣʛʦʨʠʪʤʫ, ʫʯʠʪʳʚʘʶʱʝʤʫ ʵʬʬʝʢʪʳ ʨʘʟʨʳʭʣʝʥʠʷ ʠ ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʚʳʨʘʙʦʪʢʠ [3]. ʇʦʣʫʯʝʥʥʳʝ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʷʶʪʩʷ ʥʘ ʚʧrʦʣʥʝʥʠʝ ʢʨʠʪʝʨʠʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʧʫʯʠʚʘʥʠʷ ʧʦʯʚʳ ʦʜʠʥʦʯʥʦʡ ʚʳʨʘʙʦʪʢʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚʥʝ 
ʟʦʥʳ ʚʣʠʷʥʠʷ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʚ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠ ʜʝʬʦʨʤʠʨʫʶɦ ʝʤʩʷ ʤʘʩʩʠʚʝ. ɺ ʨʘʩʯʝʪʘʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʨʠʪʝʨʠʡ, ʧʦʣʫʯʝʥʥʳʡ ɸ.ʅ. ʐʘʰʝʥʢʦ [4] ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʭʦʜʘ 

ʀʰʣʠʥʩʢʦʛʦ-ʃʝʡʙʝʥʟʦʥʘ [5, 6], ʠʤʝʶɦ ʠʡ ʚʠʜ 
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ɿʜʝʩʴ 
Ve  ï ʩʨʝʜʥʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʙʲʝʤʥʦʝ ʨʘʟʨʳʭʣʝʥʠʝ ʧʦʨʦʜ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʦʧʳʪʦʚ ʥʘ 

ʩʞʘʪʠʝ ʧʦʨʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʨʘʟʨʫʰʝʥʠʷ); *

Lr  ï ʢʨʠʪʠʯʝʩʢʠʡ ʨʘʜʠʫʩ 

ʟʦʥʳ ʥʝʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʧʨʠʚʝʜʝʥʥʳʡ ʢ ʨʘʜʠʫʩʫ ʚʳʨʘʙʦʪʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʛʣʫʙʠʥʝ 
ʟʘʣʦʞʝʥʠʷ, ʩ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʡʜʝʪ ʚʩʧʫʯʠʚʘʥʠʝ ʧʦʯʚʳ ʚ ʚʳʨʘʙʦʪʢʝ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʝʰʝʥʠʷ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʢʨʠʪʠʯʝʩʢʘʷ ʛʣʫʙʠʥʘ, ʧʨʠʤʝʥʠʪʝʣʥɹʦ ʢ ʢʦʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʥʠʤʘʶʪ ʧʨʝʜʝʣʴʥʳʝ ʜʣʷ ʵʪʠʭ ʫʩʣʦʚʠʡ ʟʥʘʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʝ ʥʘʧʨʞ̫ʝʥʥʦ-
ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʤʝʱʘʶʱʝʛʦ ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʪʦʡ ʢʨʠʪʠʯʝʩʢʦʡ 

ʛʣʫʙʠʥʝ ʠ ʛʝʦʤʝʪʨʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ. 

ɺʳʧʦʣʥʝʥʠʝ ʢʨʠʪʝʨʠʷ (1) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʩʪʫʧʣʝʥʠʠ ʚʩʧʫʯʠʚʘʥʠʷ ʧʦʯʚʳ ʚ 
ʚʳʨʘʙʦʪʢʝ, ʪ.ʝ. ʦ ʥʘʯʘʣʝ ʚʦʟʤʫʱʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʯʠʩʣʝʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʚʪʦʨʦʛʦ ʵʪʘʧʘ. ʅʘ ʵʪʦʤ 

ʵʪʘʧʝ ʷʚʣʝʥʠʝ ʚʳʜʘʚʣʠʚʘʥʠʷ ʤʦʜʝʣʠʨʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʘ ʢʦʥʪʫʨʝ ʧʦʯʚʳ ʟʘʜʘʶʪʩʷ ʥʦʚʳʝ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ ʠ ʬʦʨʤʘ ʧʦʯʚʳ ʚʳʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʦʩʠʥʫʩʦʠʜʦʡ ʚʠʜʘ 

xdy cos1+= , ʛʜʝ d ï ʢʦʥʩʪʘʥʪʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ, 

ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʝ ʨʝʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʧʦʯʚʳ ʚ ʫʩʣʦʚʠʷʭ, ʷʚʣʷʶʱʠʭʩʷ ʧʨʦʪʦʪʠʧʦʤ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʟʘʜʘʝʪʩʷ ʚ ʧʘʨʘʤʝʪʨʘʭ ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʠʩʢʘʞʝʥʥʳʡ ʢʦʥʪʫʨ ʧʦʯʚʳ 

ʚʳʨʘʙʦʪʢʠ. ʇʦʩʢʦʣʴʢʫ ʵʪʠ ʩʤʝʱʝʥʠʷ ʚ ʙʠʬʫʨʢʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʧʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʪʘʧʫ 
ʚʦʟʤʫʱʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʘʮʠʡ, ʨʘʟʚʠʚʘʶʱʝʤʫʩʷ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʠʩʪʦʨʠʝʡ ʧʨʦʮʝʩʩʘ 

ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʙʠʬʫʨʢʘʮʠʠ, ʪʘʢʠʝ ʩʤʝʱʝʥʠʷ ʚ ʤʦʜʝʣʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ çʟʘʢʨʠʪʠʯʝʩʢʠʤ 

ʧʝʨʝʤʝʱʝʥʠʷʤʠè 
..ʧʟuD . 

ʅʘ ʛʨʘʬʠʢʘʭ ʨʠʩ. 1, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʡ ʪʠʧʠʯʥʳʡ ʛʨʘʬʠʢ 

ʨʘʟʚʠʪʠʷ ʩʤʝʱʝʥʠʡ ʧʦʯʚʳ (ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ )(Tfu= ) ʚʳʜʝʣʷʝʪʩʷ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʭ ʚʨʝʤʝʥʥʳʭ 

ʠʥʪʝʨʚʘʣʘ:  

ʘ) 
1T  ï ʧʝʨʠʦʜ ʨʝʘʣʠʟʘʮʠʠ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʱʝʥʠʡ (ʥʝʚʦʟʤʫʱʝʥʥʳʡ ʧʨʦʮʝʩʩ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʩʩʠʚʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʯʚʳ). ʕʪʦʪ ʫʨʦʚʝʥʴ 

ʧʝʨʝʤʝʱʝʥʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ ʵʪʘʧʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʪ.ʝ ʜʦ ʪʝʭ ʧʦʨ, 
ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ (1). ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ʚʝʣʠʯʠʥʘ ʩʤʝʱʝʥʠʡ ʥʘ ʢʦʥʪʫʨʝ 

ʧʦʯʚʳ ʤʦʜʝʣʠ ʟʘʧʦʤʠʥʘʝʪʩʷ ʠ ʷʚʣʷʝʪʩʷ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ çʪʝʢʫʱʠʤ ʧʦʨʦʛʦʤ ʧʫʯʝʥʠʷè 
..ʧʫʯʧu¡ ; 

ʙ) 
2T  ï ʧʝʨʠʦʜ ʘʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ ʚʩʧʫʯʠʚʘʥʠʷ ʧʦʨʦʜ ʧʦʯʚʳ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʙʠʬʫʨʢʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʧʫʯʝʥʠʷ ʵʪʦʪ ʧʝʨʠʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʦʪ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʢ ʚʦʟʤʫʱʝʥʥʦʤʫ ʠ ʩʣʝʜʫʶʱʝʤʫ ʟʘ ʵʪʠʤ ʧʝʨʝʭʦʜʦʤ ʧʨʦʮʝʩʩʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʡ 

ʬʦʨʤʳ ʢʦʥʪʫʨʘ; 

ʚ) 
3T  ï ʧʝʨʠʦʜ ʧʘʩʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ ʧʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʤʘʣʳʤʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʧʨʠʨʦʩʪʘ ʚʝʣʠʯʠʥ ʩʤʝʱʝʥʠʡ ʧʦʯʚʳ ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚʧʣʦʪʴ ʜʦ ʜʦʩʪʠʞʝʥʠʷ 
ʤʘʢʩʠʤʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ, ʟʘʜʘʥʥʳʭ ʚ ʟʘʜʘʯʝ. 

ʀʥʪʝʨʚʘʣʳ 
2T  ʠ 

3T  ʦʪʥʦʩʷʪʩʷ ʢ ʚʦʟʤʫʱʝʥʥʦʤʫ ʧʨʦʮʝʩʩʫ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʩʩʠʚʘ, ʪ.ʝ. 

ʩʦʙʩʪʚʝʥʥʦ ʧʫʯʝʥʠʶ. ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʫʯʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʘʮʠʷʤ ʩʦʩʪʦʷʥʠʝ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʚʳʨʘʙʦʪʢʘ-
ʧʦʨʦʜʥʳʡ ʤʘʩʩʠʚè, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʥʝʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ (1). ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʚʳʧʦʣʥʷʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʫʯʝʥʠʷ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʩʥʦʚʥʦʛʦ (ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ) ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʦ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʅɼʉ) ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʥʘʢʣʘʜʳʚʘʷ 
ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʨʘʩʯʝʪʘ ʥʘ ʢʘʨʪʠʥʫ ʅɼʉ, ʧʦʣʫʯʝʥʥʫʶ ʚ ʭʦʜʝ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ.  

ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʫʯʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʰʘʛʦʚʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʚʘʪʴ 

ʟʘʢʨʠʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʣʳʤʠ ʜʦʣʷʤʠ, ʨʘʚʥʳʤʠ ʢʦʣʠʯʝʩʪʚʫ ʰʘʛʦʚ ʨʝʰʝʥʠʷ, ʧʦʣʫʯʘʷ ʢʘʨʪʠʥʫ 
ʠʟʤʝʥʝʥʠʷ ʅɼʉ ʤʦʜʝʣʠʨʫʝʤʦʡ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ ʧʫʯʝʥʠʷ ʚ 

ʤʦʜʝʣʠ. ʇʨʦʮʝʜʫʨʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʠʣʦʞʝʥʠʝ ʚʝʣʠʯʠʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʥʝʥʠʷ ʅɼʉ ʚ ʤʘʩʩʠʚʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʤʦʜʝʣʠʨʫʝʤʦʡ ʚʳʨʘʙʦʪʢʠ: 
ɸ) ʝʩʣʠ ʩʤʝʱʝʥʠʷ ʚ ʧʦʯʚʝ ʚʳʨʘʙʦʪʢʠ ʥʘ ʥʘʯʘʣʦ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʥʪʝʨʚʘʣʫ 3T  (ʨʠʩ. 1, ʘ), ʪʦ ʧʨʦʮʝʜʫʨʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʢʘʢ 
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ʧʦʰʘʛʦʚʳʡ ʨʘʩʯʝʪ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʘʢʨʠʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʠʢʣʘʜʳʚʘʶʪʩʷ ʢ ʧʦʯʚʝ 

ʨʘʚʥʦʤʝʨʥʦ, ʫʚʝʣʠʯʠʚʘʷʩʴ ʦʪ ʰʘʛʘ ʢ ʰʘʛʫ ʥʘ ʦʜʠʥʘʢʦʚʫʶ ʚʝʣʠʯʠʥʫ, ʨʘʚʥʫʶ 

..

..max)(

..

ʧʟ

ʧʣʫi

ʧʟ
n

uu
u

-
= ,    (2) 

ʛʜʝ 
maxu  ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʧʫʯʝʥʠʷ; 

..ʧʣʫu  ï ʩʤʝʱʝʥʠʷ ʢʦʥʪʫʨʘ 

ʧʦʯʚʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ; 
..ʧʟn ï ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ ʚ ʧʨʦʮʝʜʫʨʝ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʫʯʝʥʠʷ. 

 
ʘ) 

 
ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʂ ʧʨʦʮʝʜʫʨʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʫʯʝʥʠʷ 

 

ɹ) ʝʩʣʠ ʩʤʝʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʥʪʝʨʚʘʣʫ 
2T  (ʨʠʩ. 1, ʙ), ʪʦ ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʢ ʧʦʯʚʝ ʚʳʨʘʙʦʪʢʠ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 
....

)1(

.. ʧʣʫʧʫʯʘʢʪʧʟ uuu -= , ʛʜʝ 
..ʧʫʯʘʢʪu  ï ʚʝʣʠʯʠʥʘ 

ʩʤʝʱʝʥʠʡ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʤʝʩʪʦ ʥʘ ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʘʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʩʧʫʯʠʚʘʥʠʷ 

(ʧʨʠʥʠʤʘʝʪʩʷ ʠʟ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ). ɿʘ ʦʩʪʘʚʰʝʝʩʷ ʯʠʩʣʦ ʰʘʛʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʢ ʧʦʯʚʝ ʚʳʨʘʙʦʪʢʠ ʧʨʠʢʣʘʜʳʚʘʶʪʩʷ ʟʘʢʨʠʪʠʯʝʩʢʠʝ 

ʧʝʨʝʤʝʱʝʥʠʷ, ʨʘʚʥʳʝ ʧʦ ʚʝʣʠʯʠʥʝ 

1..

..max)(

..
-

-
=

ʧʟ

ʧʫʯʘʢʪi

ʧʟ
n

uu
u .   (3) 

ɺʳʙʦʨ ʚʘʨʠʘʥʪʦʚ ʧʨʦʚʝʜʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʚʘʨʠʘʥʪ ɸ ʠʣʠ ɹ) 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʚʝʣʠʯʠʥʳ 
..ʧʫʯʘʢʪu , ʪ.ʝ. ʩʤʝʱʝʥʠʡ, ʜʦʩʪʠʛʥʫʪʳʭ ʥʘ ʤʦʤʝʥʪ 

ʦʢʦʥʯʘʥʠʷ ʘʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʩʧʫʯʠʚʘʥʠʷ, ʠ ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʡ ʢʦʥʪʫʨʘ ʧʦʯʚʳ 
..ʧʣʫu , 

ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. ɽʩʣʠ 
.... ʧʫʯʘʢʪʧʣʫ uu ² , ʪʦ ʚʳʙʠʨʘʶʪ 

ʚʘʨʠʘʥʪ ɸ, ʠʥʘʯʝ ï ʚʘʨʠʘʥʪ ɹ. ɺʝʣʠʯʠʥʘ 
..ʧʫʯʘʢʪu  ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʳʨʘʙʦʪʢʠ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʧʫʯʝʥʠʝ. ʇʦʰʘʛʦʚʘʷ ʧʨʦʮʝʜʫʨʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʩʫʪʠ ʚʦʩʩʦʟʜʘʝʪ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʘ ʧʫʯʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ, ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʦʤʫ 

ʟʥʘʯʝʥʠʶ )(

..

i

ʧʟu  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʚʦʷ ʢʘʨʪʠʥʘ ʅɼʉ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ, ʟʘʢʨʠʪʠʯʝʩʢʠʝ 

ʧʝʨʝʤʝʱʝʥʠʷ )(

..

i

ʧʟu  ʚʳʟʳʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʅɼʉ, ʢʦʪʦʨʦʝ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ 

ʦʩʥʦʚʥʦʝ, ʧʦʣʫʯʝʥʥʦʝ ʧʦʩʣʝ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʫʯʝʥʠʝ, ʠʤʝʶʱʝʝ 

ʥʝʧʨʝʨʳʚʥʳʡ ʚʨʝʤʝʥʥʦʡ ʭʘʨʘʢʪʝʨ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʜʝʩʴ ʢʘʢ ʜʠʩʢʨʝʪʥʳʡ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʡ 
ʧʨʦʮʝʩʩ.  

ʅʘ ʨʠʩ. 2, 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʡ (ʄʂʕ) ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠ ʩʞʘʪʦʛʦ ʤʘʩʩʠʚʘ, ʦʩʣʘʙʣʝʥʥʦʛʦ ʦʜʠʥʦʯʥʦʡ ʚʳʨʘʙʦʪʢʦʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ 
ʩʣʫʯʘʝʚ ʤʘʩʩʠʚʘ ʩ ʫʛʦʣʴʥʳʤ ʧʣʘʩʪʦʤ ʠ ʩʣʦʠʩʪʦʛʦ ʤʘʩʩʠʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʢʨʦʚʣʝ ʤʦʱʥʳʡ ʩʣʦʡ 

ʢʨʝʧʢʦʛʦ ʧʝʩʯʘʥʠʢʘ. ʈʘʟʣʠʯʥʘʷ ʦʢʨʘʩʢʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ 

ʨʘʟʫʧʨʦʯʥʝʥʠʷ.  
ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʩʩʠʚʘ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʚʳʨʘʙʦʪʢʠ ʦʪ ʦʜʥʦʨʦʜʥʦʛʦ ʜʦ ʩʣʦʠʩʪʦʛʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠ 

ʧʨʦʯʥʦʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʣʦʝʚ, ʬʦʨʤʘ ʟʦʥʳ ʨʘʟʨʳʭʣʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʡ ʦʢʦʣʦ ʚʳʨʘʙʦʪʢʠ, 
ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʧʨʘʢʪʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦ ʦʭʚʘʪʚrʘʶʱʝʡ ʚʳʨʘʙʦʪʢʫ ʜʦ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ, 

ʚʳʪʷʥʫʪʦʡ ʚʜʦʣʴ ʥʘʠʤʝʥʝʝ ʢʨʝʧʢʦʛʦ ʩʣʦʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ 
ʧʘʨʘʤʝʪʨʦʚ ʢʨʝʧʢʦʛʦ ʩʣʦʷ ʚ ʢʨʦʚʣʝ ʥʘ ʨʘʟʚʠʪʠʝ ʷʚʣʝʥʠʷ ʚʩʧʫʯʠʚʘʥʠʷ (ʧʨʠ ʚʘʨʠʘʮʠʠ ʤʦʱʥʦʩʪʠ 

ʵʪʦʛʦ ʩʣʦʷ ʠ ʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʚʳʨʘʙʦʪʢʠ) ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʝʝ. ʅʘ ʵʪʘʧʝ 

ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʪ.ʝ. ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʨʝʜʝʣʴʥʳʝ ʨʘʟʤʝʨʳ ʟʦʥʳ 
ʨʘʟʨʳʭʣʝʥʠʷ, ʜʦʩʪʠʛʥʫʪʳʝ ʢ ʤʦʤʝʥʪʫ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʥʝʣʠʥʝʡʥʦ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 

ʜʦ ʢʨʝʧʢʦʛʦ ʩʣʦʷ, ʪʘʢ ʠ ʦʪ ʝʛʦ ʤʦʱʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʠ ʨʘʩʩʪʦʷʥʠʷʭ ʜʦ ʢʨʝʧʢʦʛʦ 

ʩʣʦʷ ʚ ʢʨʦʚʣʝ ʠ ʧʦʯʚʝ, ʨʘʚʥʳʭ 21,0 ʤ, ʠ ʤʦʱʥʦʩʪʠ ʢʨʝʧʢʦʛʦ ʩʣʦʷ ʚ ʢʨʦʚʣʝ, ʨʘʚʥʦʡ 18,0 ʤ, 
ʚʣʠ̫ʥʠʝ ʵʪʦʛʦ ʩʣʦʷ ʥʘ ʧʨʦʮʝʩʩ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʝʨʝʩʪʘʝʪ ʩʢʘʟʚrʘʪʴʩʷ. 

 

             
ʘ)     ʙ) 
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ʈʠʩʫʥʦʢ 2 ï ʂʦʥʬʠʛʫʨʘʮʠʠ ʟʦʥ ʥʝʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʤʘʩʩʠʚʝ, ʚʢʣʶʯʘʶʱʝʤ ʧʣʘʩʪ 

ʫʛʣʷ, ʥʘ ʵʪʘʧʝ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ (ʘ) ʥʘ ʵʪʘʧʝ ʚʩʧʫʯʠʚʘʥʠʷ (ʙ) 

 

        
ʘ)    ʙ) 

ʈʠʩʫʥʦʢ 3 ï ʂʦʥʬʠʛʫʨʘʮʠʠ ʟʦʥ ʥʝʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʩʣʦʠʩʪʦʤ ʤʘʩʩʠʚʝ ʥʘ ʵʪʘʧʝ 
ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ (ʘ) ʥʘ ʵʪʘʧʝ ʚʩʧʫʯʠʚʘʥʠʷ (ʙ) 

 

ʅʘ ʵʪʘʧʝ ʚʦʟʤʫʱʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʪ.ʝ. ʧʦʩʣʝ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʨʠ ʚʝʣʠʯʠʥʝ 
ʟʘʢʨʠʪʠʯʝʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʧʦʯʚʳ, ʨʘʚʥʦʡ 0,3 ʤ, ʥʘʩʪʫʧʘʝʪ ʩʪʘʙʠʣʠʟʘʮʠʷ ʨʘʟʤʝʨʦʚ ʟʦʥʳ ʥʝʫʧʨʫʛʠʭ 

ʜʝʬʦʨʤʘʮʠʡ ʠ ʜʘʣʴʥʝʡʰʝʝ ʚʦʟʨʘʩʪʘʥʠʝ ʟʘʢʨʠʪʠʯʝʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʥʝ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʨʘʟʤʝʨʘʭ 

ʟʦʥʳ. ʇʨʠʯʝʤ, ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ 
ʨʘʩʧʦʣʦʞʝʥʘ ʚʳʨʘʙʦʪʢʘ. 

ɸʥʘʣʠʟ ʨʠʩ. 2, 3 ʚʳʷʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʠ ʩʪʨʫʢʪʫʨʳ ʤʘʩʩʠʚʘ, 

ʦʢʨʫʞʘʶʱʝʛʦ ʚʳʨʘʙʦʪʢʫ, ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʦʥʳ ʥʝʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʥʘ 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʳʨʘʙʦʪʢʠ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʚʳʜʘʚʣʠʚʘʥʠʷ ʧʦʯʚʳ (ʨʠʩ. 2,ʙ ʠ 3,ʙ) ï 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʟʦʥʳ ʨʘʟʨʳʭʣʝʥʠʷ ʚ ʧʦʯʚʝ ʜʣʷ ʩʣʫʯʘʷ ʩʣʦʠʩʪʦʛʦ ʤʘʩʩʠʚʘ. 

ʕʪʦʪ ʬʘʢʪ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʠʩʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 
ʥʘʧʨʠʤʝʨ, ʚʚʝʜʝʥʠʝʤ ʚ ʢʨʠʪʝʨʠʡ (1) ʥʝʢʦʪʦʨʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʨʘʟʣʠʯʠʷ ʚ 

ʞʝʩʪʢʦʩʪʷʭ ʦʜʥʦʨʦʜʥʦʡ ʠ ʩʣʦʠʩʪʦʡ ʪʦʣʱʠ ʧʦʨʦʜ [2]. 

ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʥ ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʷʚʣʝʥʠʷ ʧʫʯʝʥʠʷ ʧʦʨʦʜ 
ʧʦʯʚʳ ʩ ʧʦʟʠʮʠʡ ʧʦʪʝʨʠ ʝʝ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʩʦʩʪʦʷʥʠʝ 

ʤʘʩʩʠʚʘ ʢʘʢ ʜʦ ʤʦʤʝʥʪʘ ʧʦʪʝʨʠ, ʪʘʢ ʠ ʧʦʩʣʝ ʥʝʛʦ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʦʣʦʞʝʥʥʘʷ ʚ ʦʩʥʦʚʫ 

ʘʣʛʦʨʠʪʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ ʧʦʩʣʝ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʫʯʝʥʠʝ, 
ʠʤʝʶʱʝʝ ʥʝʧʨʝʨʳʚʥʳʡ ʚʨʝʤʝʥʥʦʡ ʭʘʨʘʢʪʝʨ ʢʘʢ ʜʠʩʢʨʝʪʥʳʡ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʨʝh ʝʥʠʷ ʟʘʜʘʯ ʦ ʧʦʪʝʨʝ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʯʚʳ 

ʚʳʨʘʙʦʪʢʠ, ʚ ʥʘʜʣʝʞʘʱʝʡ ʪʦʣʱʝ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥ ʤʦʱʥʳʡ ʩʣʦʡ ʢʨʝʧʢʦʡ ʧʦʨʦʜʳ, ʫʢʘʟʚrʘʶʪ 
ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʧʨʦʯʥʦʩʪʥʳʭ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʣʦʝʚ, 

ʩʣʘʛʘʶʱʠʭ ʤʘʩʩʠʚ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʩʧʫʯʠʚʘʥʠʷ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʧʨʠ ʨʝʰʝʥʠʠ ʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ, ʩʚʷʟʘʥʥʳʭ 
ʩ ʦʮʝʥʢʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʨʝʧʠ, ʧʦʩʢʦʣʴʢʫ ʨʘʟʤʝʨ ɿʅɼ ʠ ʚʝʣʠʯʠʥʘ ʩʤʝʱʝʥʠʡ ʥʘ ʢʦʥʪʫʨʝ 

ʚʳʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʥʘʛʨʫʟʢʫ ʥʘ ʢʨʝʧʴ, ʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ 

ʢʦʨʨʝʣʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ [3, 7].  
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ʄʆɼɽʃʖɺɸʅʅʗ ɿɸʃɽɾʅʆʉʊɯ ɺʈʆɾɸʁʅʆʉʊɯ ʆɺʆʏɽɺʀʍ ʂʋʃʔʊʋʈ ɺɯɼ 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɼʆɹʈʀɺɸ 

ʉ.ʄ. ɻʘʨʤʘʰ, ɭ.ɺ. ʏʝʨʥʝʮʴʢʠʡ 

 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ 
 

ʂʘʬʝʜʨʦʶ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʨʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʦʪʨʠʤʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʛʦ 

ʜʦʙʨʠʚʘ ï ʙʽʦʛʫʤʫʩʫ. ɿ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʡʦʛʦ ʥʘ ʚʨʦʞʘʡʥʽʩʪʴ ʪʦʤʘʪʽʚ ʩʦʨʪʫ ʇʝʨʩʝʡ 

ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʦʛʫʤʫʩʫ ʪʘ ʧʝʨʝʛʥʦʶ ʧʨʠ ʚʥʝʩʝʥʥʽ ʚ ʛʨʫʥʪ. 

ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʪʦʤʘʪʽʚ ʟʘ ʪʨʠ ʨʦʢʠ ʧʨʠ ʚʥʝʩʝʥʥʽ ʨʽʟʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ ʚ ˇʨʫʥʪ ʤʘʶʪʴ ʫ ʚʩʽʭ ʚʘʨʽʘʥʪʘʭ ʜʦʩʣʽʜʫ ʩʪʘʪʠʩʪʠʯʥʦ ʜʦʩʪʦʚʽʨʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ 
ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʨʦʞʘʡʥʽʩʪʶ ʪʦʤʘʪʽʚ ʙʝʟ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ. ʆʢʨʽʤ ʮʴʦʛʦ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʦʩʪʦʚʽʨʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʽʦʛʫʤʫʩʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʠʤ ʧʝʨʝʛʥʦʻʤ, 

ʘʣʝ ʪʽʣʴʢʠ ʜʣʷ ʜʦʟ ʙʽʣʴʰʝ 4 ʪ/ʛʘ (ʪʘʙʣ. 1). 
ʊʘʙʣʠʮʷ 1 ï ɼʝʩʢʨʠʧʪʠʚʥʠʡ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʽ t-ʪʝʩʪ ʧʦʨʽʚʥʷʥʥʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ 

ʚʨʦʞʘʡʥʦʩʪʽ ʪʦʤʘʪʽʚ ʧʨʠ ʚʥʝʩʝʥʥʽ ʚ ʛʨʫʥʪ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ 

ɺʘʨʽʘʥʪʠ 

ʜʦʩʣʽʜʫ 

ʉʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ, ʮ/ʛʘ 

ʉʪʘʥʜʘʨʪʥʝ 

ʚʽʜʭʠʣʝʥʥʷ 

ʈʽʚʝʥʴ 

ʟʥʘʯʫʱʦʩʪʽ 
(ʧʝʨʝʛʥʽʡ) 

ʇʨʠʨʽʩʪ ʫʨʦʞʘʶ 

ʮ/ʛʘ % 

ɹʝʟ ʜʦʙʨʠʚ (ʢʦʥʪʨʦʣʴ) 227,0 4,3    

ʇʝʨʝʛʥʽʡ (2ʪ/ʛʘ) 235,0 3,4  8,0 3,5 

ʇʝʨʝʛʥʽʡ (4ʪ/ʛʘ) 244,0 4,4  17,0 7,5 

ʇʝʨʝʛʥʽʡ (6ʪ/ʛʘ) 258,0 3,9  31,0 13,7 

ɹʽʦʛʫʤʫʩ (2ʪ/ʛʘ) 239,0 5,6 0,086 12,0 5,3 

ɹʽʦʛʫʤʫʩ (4ʪ/ʛʘ) 255,0 3,6 0,000 28,0 12,3 

ɹʽʦʛʫʤʫʩ (6ʪ/ʛʘ) 304,0 3,7 0,000 77,0 33,9 

ʅʘ ʧʽʜʩʪʘʚʽ ʧʦʨʽʚʥʷʥʥʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʚʨʦʞʘʡʥʦʩʪʽ ʪʦʤʘʪʽʚ ʩʦʨʪʫ ʇʝʨʩʝʡ ʟʘ ʜʝʢʽʣʴʢʘ 
ʨʦʢʽʚ ʩʪʚʦʨʝʥʥʽ ʤʦʜʝʣʽ ʟʘʣʝʞʥʦʩʪʝʡ ʚʨʦʞʘʡʥʦʩʪʽ ʚʽʜ ʚʠʪʨʘʪʠ ʙʽʦʛʫʤʫʩʫ. 

ʈʘʥʽʰʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʚʨʦʞʘʡʥʦʩʪʽ ʪʦʤʘʪʽʚ ʚʽʜ ʜʦʟʠ ʚʥʝʩʝʥʦʛʦ ʧʝʨʝʛʥʦʶ 

ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʻʪʴʩʷ ʣʽʥʽʡʥʦʶ ʨʝʛʨʝʩʽʡʥʦʶ ʤʦʜʝʣʣʶ. ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʧʣʠʚʫ ʜʦʟʠ ʙʽʦʛʫʤʫʩʫ 
ʥʘ ʚʨʦʞʘʡʥʽʩʪʴ ʪʦʤʘʪʽʚ ʥʘʡʢʨʘʱʦʶ ʻ ʥʝʣʽʥʽʡʥʘ ʢʚʘʜʨʘʪʠʯʥʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ (ʨʠʩ. 1).  
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ʈʠʩʫʥʦʢ 1 ï ʈʝʛʨʝʩʽʡʥʽ ʤʦʜʝʣʽ ʟʘʣʝʞʥʦʩʪʽ ʚʨʦʞʘʡʥʦʩʪʽ ʪʦʤʘʪʽʚ ʚʽʜ ʥʦʨʤ ʚʥʝʩʝʥʥʷ 

ʙʽʦʛʫʤʫʩʫ ʚ ʛʨʫʥʪ 

 

ɺʠʷʚʣʝʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ ʝʬʝʢʪʽʚ ʜʽʾ ʙʽʦʛʫʤʫʩʫ ʚ ˇʨʫʥʪʽ ʥʘ ʚʨʦʞʘʡʥʽʩʪʴ ʪʦʤʘʪʽʚ ʚʽʜʦʙʨʘʞʘʻ 
ʩʢʣʘʜʥʽ ʤʝʭʘʥʽʟʤʠ ʨʽʟʥʦʩʪʦʨʦʥʥʴʦʾ ʜʽʾ ʜʘʥʦʛʦ ʜʦʙʨʠʚʘ ʥʘ ʨʦʩʣʠʥʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʦ 

ʟʘʩʪʦʩʦʚʘʥʠʤ ʧʝʨʝʛʥʦʻʤ. ʄʦʜʝʣʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʦʩʪʦʚʽʨʥʦ ʚʽʜʦʙʨʘʟʠʣʦ ʨʽʟʥʫ 

ʨʝʘʢʮʽʶ ʨʦʩʣʠʥ ʪʦʤʘʪʽʚ ʥʘ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ ʙʽʦʛʫʤʫʩʫ. ʈʝʛʫʣʶʚʘʥʥʷʤ ʜʦʟʠ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ 
ʤʦʞʥʘ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʧʽʜʩʫʤʢʦʚʫ ʚʨʦʞʘʡʥʽʩʪʴ ʪʦʤʘʪʽʚ. 

 

 

ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʄʆɼɽʃʀ ʉʀɻʅɸʃʆɺ ɺ ʉɽʁʉʄʀʏɽʉʂʀʍ ʉʀʉʊɽʄɸʍ 

ʆʍʈɸʅʓ ʇɽʈʀʄɽʊʈɸ 

ɸ. ʉ. ɻʨʠʥʠʰʘʢ, ʅ. ɸ. ʃʳʩʝʥʢʦ 

 

ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʆʣʝʩʷ ɻʦʥʯʘʨʘ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 

ʉʦʟʜʘʥʠʝ ʣʶʙʦʡ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʧʨʠʦʨʥʳʭ ʩʚʝʜʝʥʠʡ ʦ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʠʣʠ ʧʫʪʝʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʠ ʠ 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʝʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʣʫʯʝʥʥʘʷ 
ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʦʪʦʙʨʘʞʘʪʴ ʬʠʟʠʯʝʩʢʫʶ ʩʫʱʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʯʪʦʙʳ ʙʳʣʦ ʚʦʟʤʦʞʥʳʤ ʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʲʝʢʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
ɸʚʪʦʨʝʛʨʝʩʩʠʦʥʥʫʶ ʤʦʜʝʣʴ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʧʨʝʜʣʦʞʠʣʠ ʫʯʝʥʥʳʝ ʠʟ ʗʧʦʥʠʠ - 

Sadanori Konishi ʠ Genshiro Kitagawa ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ çInformation Criteria and Statistical Modelingè 

[1]. ʗʧʦʥʩʢʠʝ ʫʯʝʥʥʳʝ ʧʦʜʦʰʣʠ ʢ ʵʪʦʤʫ ʚʦʧʨʦʩʫ ʩ ʧʦʟʠʮʠʡ ʧʨʝʜʚʠʜʝʥʠʷ, ʪʘʢ ʢʘʢ ʗʧʦʥʠʷ - ʵʪʦ 
ʩʪʨʘʥʘ ʛʜʝ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʷʪ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʦʙʥʘʨʫʞʠʚʘʪʴ 

ʩʝʡʩʤʦʚʦʟʤʫʱʝʥʠʷ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ. ɸʚʪʦʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ ï ʤʦʜʝʣʴ, ʛʜʝ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ 

ʩʠʛʥʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʩʦʩʪʦʷʥʠʡ ʩʠʛʥʘʣʘ. ʉʠʛʥʘʣ ʦʧʠʩʳʚʘʝʪʩʷ ʜʘʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ: 

ä
=

- +=
L

j

jjiii xax
1

x ,                                                        (1) 

ʛʜʝ 
ix  - ʩʠʛʥʘʣ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, 

jix -  ï ʧʨʝʜʳʜʫʱʠʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʘ, 
ia  ï 

ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʠʛʥʘʣ, ʠ 
ix ï ʙʝʣʳʡ ʰʫʤ. ʇʨʠʤʝʨ 

ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʩʝʡʩʤʦʩʠʛʥʘʣʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1. 
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ʈʠʩʫʥʦʢ 1 - ɸʚʪʦʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ 

 

ɸʚʪʦʨʝʛʨʝʩʩʠʦʥʥʫʶ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪ ʪʘʢʞʝ ʨʦʩʩʠʡʩʢʠʡ ʫʯʝʥʥʳʡ ʉʧʝʢʪʦʨ ɸ. ɸ [2] ʠ 
ʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʠ. ɺ ʬʦʨʤʫʣʝ (1) ʩʫʤʤʘ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʧʠʩʳʚʘʝʪ ʤʝʭʘʥʠʟʤ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʪʝʢʫʱʝʛʦ ʦʪʩʯʝʪʘ ix  ʥʘ ʦʩʥʦʚʝ j ʧʨʝʜʳʜʫʱʠʭ ʦʪʩʯʝʪʦʚ, ʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʝʣʳʡ ʰʫʤ ix 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʦʰʠʙʢʘ ʧʨʝʜʩʢʘʟʘʥʠʷ. 

ʌʠʣʘʪʦʚʘ ʉ. ɻ. ʚ [3] ʧʨʝʜʣʘʛʘʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ, ʢʘʢ ʩʣʫʯʘʡʥʳʝ 
ʧʨʦʮʝʩʩʳ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʰʘʛʦʚ 

ʯʝʣʦʚʝʢʘ ʥʘ ʛʨʫʥʪ ʩʠʛʥʘʣʳ ʥʘ ʚʳʭʦʜʝ ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʘ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨ ʠʤʧʫʣʴʩʦʚ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʩʣʫʯʘʡʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʏʘʩʪʦʪʘ ʠʭ ʧʦʷʚʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ 
ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. ɸʤʧʣʠʪʫʜʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ 

ʩʝʡʩʤʦʩʠʛʥʘʣʘ ʠ ʩʝʡʩʤʦʧʨʠʝʥʠʢʦʤ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʣʦʡ ʫʜʘʨʘ. ʇʦʩʣʝ ʘʜʘʧʪʠʚʥʦʡ 
ʜʝʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʘ, ʝʛʦ ʧʦʣʝʟʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʦʩʪʘʝʪʩʷ ʦʢʨʘʰʝʥʥʳʤ ʛʘʫʩʩʦʚʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ, ʩʦʭʨʘʥʷʶʱʠʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʪʠʧʫ ʩʝʡʩʤʦʘʢʪʠʚʥʦʛʦ ʦʙʲʝʢʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ 
ʘʜʘʧʪʠʚʥʦʡ ʜʝʢʦʨʨʝʣʷʮʠʠ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʩʫʤʤʳ ʜʚʫʭ ʛʘʫʩʩʦʚʳʭ ʩʣʫʯʘʡʥʳʭ 

ʧʨʦʮʝʩʩʦʚ: ʬʦʥʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʙʝʣʳʤ ʰʫʤʦʤ ʩ ʥʫʣʝʚʳʤ ʩʨʝʜʥʠʤ ʠ ʧʦʩʪʦʷʥʥʦʡ ʜʠʩʧʝʨʩʠʝʡ; ʠ 

ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ (ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʙʲʝʢʪʘ). 
ɼʦʣʛʠʭ ʃ. ɸ. ʚ [4] ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʣʝʜʫʶʱʫʶ ʤʦʜʝʣʴ ʩʠʛʥʘʣʘ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥ 

ʩʠʛʥʘʣ ʙʝʛʫʱʝʛʦ ʯʝʣʦʚʝʢʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 20 ʤ ʦʪ ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʘ. 

 
ʈʠʩʫʥʦʢ 2 - ʉʠʛʥʘʣ ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʘ 

 
ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʩʠʛʥʘʣ (ʨʝʘʢʮʠʠ ʥʘ ʫʜʘʨ ʩʪʦʧʳ) ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴʶ ʫʜʘʨʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʛʨʫʥʪʘ ʧʨʠ ʭʦʜʴʙʝ ʠ ʩʧʝʮʠʬʠʢʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʛʨʫʥʪʝ. ʉʫʱʝʩʪʚʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ 
ʧʨʠʚʝʜʝʥʥʳʝ ʩʠʛʥʘʣʳ, ʷʚʣʷʝʪʩʷ ʠʭ ʟʘʪʫʭʘʶʱʠʡ ʧʩʝʚʜʦʛʘʨʤʦʥʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. 

ɺ [4] ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ 
ʟʘʪʫʭʘʶʱʠʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʢʘʢ ʠʤʧʫʣʴʩʳ ʇʫʟʳʨʝʚʘ 
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2 2

0( ) sin( )tY t A e ta w-= Ö                                                (2) 

ʠ ɹʝʨʣʘʛʝ 

)sin()()( 2 tetAtY t ÖÖÖÖÖ= Ö- ww a ,                                  (3) 

ʛʜʝ ɸ ï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ, ɤ ï ʯʘʩʪʦʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ. 

ʄʷʩʥʠʢʦʚʘ ʅ. ɺ. ʠ ɿʝʥʦʚ ɸ. ʖ. ʚ ʨʘʙʦʪʘʭ [5] ʠ [6], ʦʙʦʩʥʦʚʳʚʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ, 

ʛʜʝ ʩʠʛʥʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʫʟʢʦʧʦʣʦʩʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʘʜʜʠʪʠʚʥʦ ʩʤʝʰʘʥʥʳʭ 
ʩ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʰʫʤʦʤ. ʕʪʘ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʙʱʝʡ, ʪʘʢ ʢʘʢ ʦʥʘ ʦʭʚʘʪʳʚʘʝʪ 

ʰʠʨʦʢʠʡ ʢʣʘʩʩ ʚʦʟʤʦʞʥʳʭ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢ ʞʝ ʚʳʜʝʣʷʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʙʳʩʪʨʦʧʝʨʝʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʠʭ ʠʟ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʩʣʫʯʘʡʥʳʭ 
ʧʨʦʮʝʩʩʦʚ. 

ä
=

+=
cK

i

i tttx
1

)()()( xj ,                                                    (4) 

ʛʜʝ )(tij  ï i-ʷ ʫʟʢʦʧʦʣʦʩʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ; )(tx  ï ʰʠʨʦʢʦʧʦʣʦʩʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ; cK  ï 

ʯʠʩʣʦ ʫʟʢʦʧʦʣʦʩʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʤʦʜʝʣʴ (4). 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʩʦʩʪʦʷʣʘ ʠʟ 5 ʫʟʢʦʧʦʣʦʩʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʘʜʜʠʪʠʚʥʦ ʩʤʝʰʘʥʥʳʭ ʩ 
ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʰʫʤʦʤ. 

ʇʨʦʤʦʜʝʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

jjjj YNQʭ ++= ,                                                     (5) 

ʛʜʝ jN  ʵʪʦ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʙʝʣʳʡ ʰʫʤ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʩ 

ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʘ ʠʥʪʝʨʚʘʣʝ [-1;1]. ʉʫʤʤʘ 5-ʪʠ ʫʟʢʦʧʦʣʦʩʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: 

ä
=

=
5

0

,

k

jkj qQ

.                                                        (6) 

ɺ [7] ʫʟʢʦʧʦʣʦʩʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʚʠʜʘ: 

iii fq ,5,10,1 )2cos( xxp ++= , iii fq ,4,22,2 )2cos( xxp ++= , iii fq ,3,33,3 )2cos( xxp ++= ,  

iii fq ,2,44,4 )2cos( xxp ++= , iii fq ,1,55,5 )2cos( xxp ++= ,        (7) 

ʛʜʝ ix ï ʥʦʨʤʘʣʴʥʳʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ ʩ ʥʫʣʝʚʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ ʠ ʝʜʠʥʠʯʥʦʡ 

ʜʠʩʧʝʨʩʠʝʡ 

)2cos()
1

ln(2 2
1

i
i

i r
r

px= ,                                        (8) 

r1 ʠ r2 ï ʚʳʙʦʨʢʠ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʟʘʢʦʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʠʥʪʝʨʚʘʣʝ [0;1].  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ f1=49500 ɻʮ, f2=51500 ɻʮ, f3=50000 
ɻʮ, f4=51000 ɻʮ, f5=49000 ɻʮ. ɺ ʢʘʯʝʩʪʚʝ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʠʤʧʫʣʴʩ ɹʝʨʣʘʛʝ (3) ʩ ʧʘʨʘʤʝʪʨʘʤʠ: ɸ1=1.25, ɸ2=0.75, ɸ3=4.25, ɸ4=2, ɸ5=3.25, ɸ6=1.25; ɤ1=130ˊ, 

ɤ2=120ˊ, ɤ3=110ˊ, ɤ4=120ˊ, ɤ5=102ˊ, ɤ6=98ˊ; Ŭ1=100, Ŭ2=90, Ŭ3=130, Ŭ4=100, Ŭ5=120, Ŭ6=70. 
ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 3. 
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ʈʠʩʫʥʦʢ 3 ï ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʩʝʡʩʤʠʯʝʩʢʠʭ 
ʩʠʛʥʘʣʦʚ. ʈʝʘʣʠʟʦʚʘʥʘ ʤʦʜʝʣʴ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚ ʚʠʜʝ ʩʫʤʤʳ ʫʟʢʦʧʦʣʦʩʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʘʜʜʠʪʠʚʥʦ ʩʤʝʰʘʥʥʳʭ ʩ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʰʫʤʦʤ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʩʦʜʝʨʞʠʪ 
ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚʳʜʝʣʠʪʴ ʠʟ ʩʠʛʥʘʣʘ 

ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʤʝʥʠʪʴ ʠʭ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʥʘʨʫʰʠʪʝʣʷ ʠ 

ʘʥʘʣʠʟʘ ʝʛʦ ʚʠʜʘ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ. 
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ʄʆɼɽʃʖɺɸʅʅʗ ɼʀʅɸʄɯʂʀ ʂʆʃʀɺɸʅʅʗ ɹɯʆʄɸʉʀ ʊɸ ʇʈʆɼʋʂʊʀɺʅʆʉʊɯ 

ʇʆʇʋʃʗʎɯɰ ɺʀʅʆɻʈɸɼʅʆɻʆ ʉʃʀʄɸʂɸ ( Helix pomatia) ʋ ʉʂʃɸɼɯ ʃɯʉʆɺʆɻʆ 

ɹɯʆʎɽʅʆɿʋ 

ɯ.ʄ.ɻʨʦʜ , ʃ.ʆ.ʐʝʚʯʠʢ 

 

ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɺʦʣʦʜʠʤʠʨʘ ɻʥʘʪʶʢʘ, ʊʝʨʥʦʧʽʣʴ 

 
ɺʩʪʫʧ. ɺ ʟʘʭʽʜʥʠʭ ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ ʚʠʚʯʝʥʥʷ ʥʘʟʝʤʥʦʾ ʤʘʣʘʢʦʬʘʫʥʠ ʫ XIX ï XX ʩʪ. 

ʙʫʣʦ ʟʦʩʝʨʝʜʞʝʥʝ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪʘʭ ʽ ʥʘ ʟʘʭʦʜʽ ʇʦʜʽʣʴʩʴʢʦʾ ʚʠʩʦʯʠʥʠ. 

ʅʘʡʩʪʘʨʽʰʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʤʦʣʶʩʢʽʚ  ɿʘʭʽʜʥʦʛʦ ʇʦʜʽʣʣʷ ʪʘ ʇʨʫʪʩʴʢʦ-ɼʥʽʩʪʨʦʚʩʴʢʦʛʦ ʤʝʞʠʨʽʯʯʷ 
ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʧʨʘʮʽ ʁ. ɹʘʢʦʚʩʴʢʦʛʦ  (Bakowski, 1884), ʧʨʠʩʚʷʯʝʥʽʡ ʥʘʟʝʤʥʠʤ ʽ ʧʨʽʩʥʦʚʦʜʥʠʤ 

ʤʦʣʶʩʢʘʤ ɻʘʣʠʯʠʥʠ ʫ ʨʦʟʜʽʣʽ ʧʽʜ ʟʘʛʘʣʴʥʦʶ ʥʘʟʚʦʶ çʇʦʜʽʣè. ɺʽʜʦʤʦʩʪʽ ʧʨʦ ʮʶ ʛʨʫʧʫ ʪʚʘʨʠʥ 

ʊʝʨʥʦʧʽʣʴʱʠʥʠ ʟʥʘʭʦʜʠʤʦ ʚ ʤʘʣʘʢʦʣʦʛʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʢʽʥʮʷ XIX ʩʪʦʣʽʪʪʷ (Clessin 

S.,1887,Bakowski, 1892). ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʮʽʡ ʛʘʣʫʟʽ ʧʨʦʚʦʜʠʣʠ ʖ.ʇʦʣʷʥʩʴʢʠʡ (1932) [5],  

ʪʘ ʂʘʣʫʞʥʷʮʴʢʘ ʄ.ɿ. (1963) [4]. 
ɼʝʪʘʣʴʥʠʤ ʚʠʚʯʝʥʥʷʤ ʥʘʟʝʤʥʠʭ ʤʦʣʶʩʢʽʚ ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ ʦʙʣʘʩʪʽ ʟʘʡʤʘʣʠʩʷ ʂʫʟʴʤʦʚʠʯ 

ʃ.ɻ. ʪʘ ʂʫʟʴʤʦʚʠʯ ʄ.ʃ. ɿʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʚʦʥʠ ʧʨʦʚʦʜʠʣʠ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʠʨʦʜʥʦ-

ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʨʝʛʽʦʥʫ, ʟʦʢʨʝʤʘ, ʚ ʂʨʝʤʝʥʝʮʴʢʠʭ ʛʦʨʘʭ, ʊʦʚʪʨʘʭ, ʇʨʠʜʥʽʩʪʨʦʚôʾ, ʥʘ 
ʇʦʜʽʣʴʩʴʢʽʡ ʚʠʩʦʯʠʥʽ, ʪʘ ʥʘ ɯʢʚʦ-ɺʽʣʽʡʩʴʢʽʡ ʪʘ ɸʚʨʘʪʠʥʩʴʢʽʡ ʨʽʚʥʠʥʘʭ. 

ʇʦʨʷʜ ʟ ʩʫʪʦ ʬʘʫʥʽʩʪʠʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚ ʟʘʭʽʜʥʠʭ ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ ʧʨʦʚʦʜʠʣʠʩʴ 

ʪʘʢʦʞ ʝʢʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʭ ʪʚʘʨʠʥ (ɺ.ɯ.ɿʜʫʥ, 1960,1963 [2,3], ʉʪʘʜʥʠʯʝʥʢʦ ɸ.ʇ., 
ʉʪʘʜʥʠʯʝʥʢʦ ʖ.ɸ., 1984 [10], ɹʘʡʜʘʰʥʽʢʦʚ ʆ.ʆ., 1992,1996 [1], ʉʚʝʨʣʦʚʘ ʅ.ɺ, 1999 [9]). ɺʣʘʩʥʝ 

ʉʚʝʨʜʣʦʚʦʶ ʅ.ɺ.(1999, 2003, 2004) ʜʝʪʘʣʽʟʦʚʘʥʦ ʽʩʪʦʨʠʯʥʽ ʘʩʧʝʢʪʠ ʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʟʦʦʛʝʦʛʨʘʬʽʯʥʠʡ  ʩʢʣʘʜ ʩʫʯʘʩʥʦʾ ʤʘʣʘʢʦʬʘʫʥʠ ʟʘʭʦʜʫ ʋʢʨʘʾʥʠ [6,7,8]. 

ʈʦʟʰʠʨʝʥʥʷ ʩʧʠʩʢʫ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʣʶʜʠʥʘ, ʩʧʨʠʯʠʥʠʣʦ 

ʟʘʣʫʯʝʥʥʷ ʜʦ ʦʙôʻʢʪʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʡ ʩʣʠʤʘʢʘ ʚʠʥʦʛʨʘʜʥʦʛʦ, ʷʢʦʛʦ ʧʨʦʪʷʛʦʤ ʩʪʦʣʽʪʴ ʩʧʦʞʠʚʘʶʪʴ 

ʫ ʾʞʫ ʤʝʰʢʘʥʮʽ ʮʽʣʦʛʦ ʨʷʜʫ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ. ɺ ʋʢʨʘʾʥʽ ʩʣʠʤʘʢʽʚ ʱʝ ʜʦʥʝʜʘʚʥʘ ʧʨʘʢʪʠʯʥʦ ʥʝ 
ʩʧʦʞʠʚʘʣʠ.  ʉʴʦʛʦʜʥʽ ʞ ʩʪʨʘʚʠ ʟ ʥʘʟʝʤʥʠʭ ʤʦʣʶʩʢʽʚ  ʧʦʜʘʶʪʴʩʷ ʫ ʧʨʝʩʪʠʞʥʠʭ ʨʝʩʪʦʨʘʥʘʭ, 

ʧʨʦʜʘʶʪʴʩʷ ʫ ʩʫʧʝʨʤʘʨʢʝʪʘʭ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ɿʘʭʽʜʥʦʾ ʋʢʨʘʾʥʠ ʧʦʯʘʚʩʷ 

ʽʥʪʝʥʩʠʚʥʠʡ ʟʙʽʨ ʪʘ ʟʘʛʦʪʽʚʣʷ ʤʦʣʶʩʢʽʚ ʜʣʷ ʝʢʩʧʦʨʪʫʚʘʥʥʷ ʟʘ ʢʦʨʜʦʥ ʪʘ ʜʣʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ. 
ʇʨʦʪʷʛʦʤ 2014-2015 ʨʦʢʽʚ ʮʝʡ ʧʨʦʮʝʩ ʧʦʰʠʨʠʚʩʷ ʽ ʥʘ ʊʝʨʥʦʧʽʣʴʩʴʢʫ ʦʙʣʘʩʪʴ [11]. 

ʅʝʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʟʙʽʨ ʮʠʭ ʪʚʘʨʠʥ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʨʫʡʥʫʚʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʧʦʧʫʣʷʮʽʡ  Helix 

pomatia ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʦʨʫʰʝʥʥʷ ʢʦʣʦʦʙʽʛʫ ʨʝʯʦʚʠʥ ʚ ʝʢʦʩʠʩʪʝʤʘʭ ʦʙʣʘʩʪʽ. ɺʩʝ ʮʝ ʟʫʤʦʚʣʶʻ 
ʥʝʦʙʭʽʜʥʽʩʪʴ ʘʢʪʠʚʽʟʘʮʽʾ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʚʠʜʫ, ʩʪʨʫʢʪʫʨʠ, ʯʠʩʝʣʴʥʦʩʪʽ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦʧʫʣʷʮʽʡ ʩʣʠʤʘʢʘ ʚʠʥʦʛʨʘʜʥʦʛʦ ʫ ʥʘʰʦʤʫ ʨʝʛʽʦʥʽ. 

ʄʘʪʝʨʽʘʣ ʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɿʙʽʨ ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʦʜʠʣʠ ʫ ʣʽʩʘʭ  ʦʢʦʣʠʮʴ ʩʝʣʘ ɺʝʣʠʢʽ 

ʏʦʨʥʦʢʽʥʮʽ ʏʦʨʪʢʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ ʦʙʣʘʩʪʽ ʧʨʦʪʷʛʦʤ ʚʝʩʥʷʥʦ-ʣʽʪʥʴʦ-ʦʩʽʥʥʴʦʛʦ 

ʧʝʨʽʦʜʽʚ. ɼʦʩʣʽʜʞʫʚʘʥʘ ʪʝʨʠʪʦʨʽʷ (ʧʣʦʱʝʶ ʙʽʣʷ 1 ʛʘ) ʙʫʣʘ ʧʦʜʽʣʝʥʘ ʥʘ 6 ʜʽʣʷʥʦʢ, ʤʽʩʮʝʚʽ ʥʘʟʚʠ 

ʷʢʠʭ: ɼʦʣʠʥʘ (ʧʣʦʱʝʶ 147 ʤ2), ɹʦʜʥʘʨʽ (184 ʤ2 ), ʃʠʩʷʯʽ ʥʦʨʠ (193 ʤ2), ɼʫʙʯʘʢʠ (232 ʤ2 ), ʃʽʩʦʢ 
(112 ʤ2), ʏʝʭʽʚ (132 ʤ2).  

ʇʝʨʰʽ ʚʝʩʥʷʥʽ ʟʙʦʨʠ ʙʫʣʠ ʦʨʽʻʥʪʦʚʘʥʽ, ʧʝʨʝʚʘʞʥʦ, ʥʘ ʜʦʙʨʝ ʧʦʤʽʪʥʽ ʫ ʮʝʡ ʯʘʩ  ʧʦʨʦʞʥʽ 

ʯʝʨʝʧʘʰʢʠ, ʥʘʩʪʫʧʥʽ ï ʥʘ ʟʙʽʨ ʽ ʚʠʚʯʝʥʥʷ ʞʠʚʠʭ ʤʦʣʶʩʢʽʚ. ʅʘʡʙʽʣʴʰ  ʩʧʨʠʷʪʣʠʚʦʶ ʜʣʷ 
ʤʘʣʘʢʦʣʦʛʽʯʥʠʭ  ʜʦʩʣʽʜʞʝʥʴ  ʚʠʷʚʠʣʘʩʴ ʜʦʱʦʚʘ  ʧʦʛʦʜʘ, ʧʨʠ ʷʢʽʡ ʪʚʘʨʠʥʠ, ʚʠʧʦʚʟʘʶʯʠ ʥʘ 

ʩʪʦʚʙʫʨʠ ʜʝʨʝʚ,  ʙʫʣʠ ʜʦʙʨʝ ʧʦʤʽʪʥʠʤʠ ʽ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʟʙʠʨʘʥʥʷ [1]. ɺʝʣʠʢʠʭ ʟʘ ʨʦʟʤʽʨʘʤʠ 

ʤʦʣʶʩʢʽʚ ʟʙʠʨʘʣʠ ʚʨʫʯʥʫ ʫ ʤʽʰʝʯʢʠ, ʧʦʰʠʪʽ ʟ ʮʫʧʢʦʾ ʪʢʘʥʠʥʠ. ɼʣʷ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʢʨʝʤʠʡ ʤʽʰʝʯʦʢ, ʝʪʠʢʝʪʢʫ ʧʨʠʚôʷʟʫʚʘʣʠ ʥʘ ʟʦʚʥʽʰʥʴʦʤʫ ʙʦʮʽ ʤʽʰʢʘ, ʱʦʙ 

ʟʘʧʦʙʽʛʪʠ ʟʘʙʨʫʜʥʝʥʥʶ ʪʘ ʨʦʟʨʠʚʘʤ ʦʩʪʘʥʥʴʦʾ. ɿʽʙʨʘʥʠʭ ʤʦʣʶʩʢʽʚ ʟʚʘʞʫʚʘʣʠ ʨʘʟʦʤ ʟ ʤʽʰʝʯʢʘʤʠ 

ʥʘ ʝʣʝʢʪʨʦʥʥʽʡ ʚʘʟʽ ɺɽʋ-2-0,5/1. 
ɹʽʦʤʘʩʫ ʩʣʠʤʘʢʘ ʚʠʥʦʛʨʘʜʥʦʛʦ ʢʦʞʥʦʾ ʦʢʨʝʤʦʾ ʜʽʣʷʥʢʠ ʦʙʯʠʩʣʶʚʘʣʠ ʷʢ ʤʘʩʫ ʦʩʦʙʠʥ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʠʜʫ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ.  ɺʠʤʽʨʶʚʘʣʠ ʮʶ ʚʝʣʠʯʠʥʫ ʚ ʦʜʠʥʠʮʷʭ 

ʩʠʨʦʾ ʤʘʩʠ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ. 
ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʣʠ ʟʘ ʬʦʨʤʫʣʦʶ 1: 

ɹ̔ ʦʤʘʩʘ = ʤʘʩʘ ʤʦʣʶʩʢʽʚ (ʛ,ʢʛ)/ ʧʣʦʱʫ (ʤ2, ʛʘ)                          ( 1)  
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ɹʽʦʤʘʩʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʟʥʘʭʦʜʠʣʠ ʷʢ ʩʫʤʫ ʙʽʦʤʘʩ ʧʝʨʝʣʽʯʝʥʠʭ ʜʽʣʷʥʦʢ. 

ɿʘʛʘʣʴʥʫ ʙʽʦʤʘʩʫ ʧʦʧʫʣʷʮʽʾ ʦʙʯʠʩʣʶʚʘʣʠ ʤʥʦʞʝʥʥʷʤ ʙʽʦʤʘʩʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ ʥʘ ʧʣʦʱʫ 

ʣʽʩʫ (112 ʛʘ). 

ɼʣʷ ʧʽʜʨʘʭʫʥʢʫ ʧʨʦʜʫʢʮʽʾ ʟôʷʩʦʚʫʚʘʣʠ,  ʩʢʽʣʴʢʠ ʥʦʚʦʾ ʨʝʯʦʚʠʥʠ ʫʪʚʦʨʠʣʦʩʷ ʟʘ ʨʽʢ ʚ 
ʨʝʟʫʣʴʪʘʪʽ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʤʦʣʶʩʢʽʚ (ʬʦʨʤʫʣʘ 2). ʆʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ: ʢʛ / 1000 ʤ2  Ĭ ʨʽʢ. 

ʇʨʦʜʫʢʮʽʷ = ʨʽʟʥʠʮʷ ʙʽʦʤʘʩʠ / ʯʘʩ                                                (2) 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦʧʫʣʷʮʽʾ ʦʙʯʠʩʣʶʚʘʣʠ ʫ ʚʽʜʩʦʪʢʘʭ ʜʽʣʝʥʥʷʤ ʧʨʦʜʫʢʮʽʾ ʥʘ ʙʽʦʤʘʩʫ 
(ʬʦʨʤʫʣʘ 3). 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ = ʧʨʦʜʫʢʮʽʷ / ʙʽʦʤʘʩʘ Ĭ 100%                          (3)  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʴʦʭ 
ʘʢʪʫʘʣʴʥʠʭ ʟʘʜʘʯ ʝʢʦʣʦʛʽʾ ʪʘ ʙʽʦʣʦʛʽʾ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʧʨʦʤʠʩʣʦʚʠʭ ʧʦʧʫʣʷʮʽʡ, ʨʦʟʨʦʙʢʘ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʧʨʦʤʠʩʣʫ, 

ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʯʠʩʝʣʴʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʠʭ ʚʠʜʽʚ ð ʦʩʴ ʜʘʣʝʢʦ ʥʝ 

ʧʦʚʥʠʡ ʧʝʨʝʣʽʢ ʟʘʚʜʘʥʴ, ʚʠʨʽʰʝʥʥʷ ʷʢʠʭ  ʥʝʤʠʩʣʠʤʝ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. 
ʄʠ ʩʧʨʦʙʫʚʘʣʠ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦʧʫʣʷʮʽʾ ʩʣʠʤʘʢʘ ʚʠʥʦʛʨʘʜʥʦʛʦ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʟ ʝʣʝʤʝʥʪʘʤʠ ʩʪʦʭʘʩʪʠʢʠ ʨʽʟʥʠʭ ʟʤʽʥ ʚ ʧʦʧʫʣʷʮʽʾ ʞʠʚʠʭ 

ʦʨʛʘʥʽʟʤʽʚ. ɿʽʙʨʘʥʽ ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʨʦʢʽʚ ʜʘʥʽ ʙʫʣʠ ʟʘʢʣʘʜʝʥʽ ʚ ʢʦʜ ʧʨʦʛʨʘʤʠ ʨʘʟʦʤ ʟ 
ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʬʦʨʤʫʣʘʤʠ ʜʣʷ ʾʭ ʦʧʨʘʮʶʚʘʥʥʷ:  

- oʙʯʠʩʣʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʨʦʩʪʘʥʥʷ ʞʠʚʦʾ ʨʝʯʦʚʠʥʠ ʚ ʧʦʧʫʣʷʮʽʾ  (ʧʦʢʘʟʥʠʢ ʧʨʠʨʦʩʪʫ 

ʧʦʧʫʣʷʮʽʾ) Vn=rN-(r/K)N2 , ʜʝ  r=(ln(N2)-ln(N1))/(t2-t1); 
- ʦʙʯʠʩʣʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʙʽʦʤʘʩʠ N(t)=N0exp(r(t-t0)). 

ʄʘʪʝʤʘʪʠʯʥʦ ʧʨʦʛʥʦʟʦʚʘʥʽ  ʧʦʢʘʟʥʠʢʠ ʣʽʩʦʚʦʾ ʧʦʧʫʣʷʮʽʾ ʩʣʠʤʘʢʘ ʚʠʥʦʛʨʘʜʥʦʛʦ ʤʠ 

ʚʽʜʦʙʨʘʟʠʣʠ ʚ ʪʘʙʣʠʮʽ ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 
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ʈʠʩʫʥʦʢ 1 - ɻʨʘʬʽʢ ʢʦʣʠʚʘʥʥʷ ʙʽʦʤʘʩʠ ʧʦʧʫʣʷʮʽʾ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʾ ʟʤʽʥ ʧʦʢʘʟʫʻ ʬʦʨʤʘ 

ʩʠʩʪʝʤʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 
 

ʆʪʨʠʤʘʥʽ  ʰʣʷʭʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʠ ʟʥʘʡʰʣʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚ 

ʧʨʦʮʝʩʽ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʣʽʩʦʚʦʾ ʧʦʧʫʣʷʮʽʾ ʩʣʠʤʘʢʘ ʚʠʥʦʛʨʘʜʥʦʛʦ. ɺʠʷʚʣʝʥʝ  ʧʨʠ ʮʴʦʤʫ 

ʟʨʦʩʪʘʥʥʷ ʙʽʦʤʘʩʠ ʤʦʣʶʩʢʘ  ʚʽʜ  4896 ʛ/ʛʘ (ʫ 2009 ʨʦʮʽ ), 5864 ʛ/ʛʘ (ʫ 2010 ʨʦʮʽ),   6214 ʛ/ʛʘ (ʫ 

2011 ʨʦʮʽ), 6515 ʛ/ʛʘ (ʫ 2012 ʨʦʮʽ), ʜʦ 6900  ʛ/ʛʘ (ʫ 2013 ʨʦʮʽ) ʧʦʷʩʥʶʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ 

ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʧʦʧʫʣʷʮʽʻʶ ʚ ʧʨʦʮʝʩʽ ʩʘʤʦʚʽʜʪʚʦʨʝʥʥʷ (ʪʘʙʣ. 1). 
ɼʣʷ ʘʥʘʣʽʟʫ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʚʽʜʣʦʚʫ ʤʦʣʶʩʢʽʚ ʦʧʝʨʫʚʘʣʠ ʧʦʥʷʪʪʷʤ ʟʘʛʘʣʴʥʦʾ  ʙʽʦʤʘʩʠ 

ʩʣʠʤʘʢʘ ʚʠʥʦʛʨʘʜʥʦʛʦ. ʇʨʦʚʝʜʝʥʽ ʦʙʯʠʩʣʝʥʥʷ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʨʦʩʪʘʥʥʷ ʮʴʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʚʽʜ 2009 ʨ. (548,4 ʢʛ/ʪ),    2010 ʨ.  ( 656,8 ʢʛ/ʪ),  2011 ʨ.  (696,0 ʢʛ/ʪ), 2012 ʨ. (729,3 ʢʛ/ʪ),  
ʜʦ  2013 ʨ. (772,8 ʢʛ/ʪ). 

 
ʊʘʙʣʠʮʷ 1 - ʇʦʢʘʟʥʠʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʣʽʩʦʚʦʾ ʧʦʧʫʣʷʮʽʾ Helix pomatia (ʥʘ ʧʨʠʢʣʘʜʽ 

ʤʘʪʝʨʽʘʣʽʚ ʏʦʨʪʢʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ ʦʙʣʘʩʪʽ) 

ʈʦʢʠ 

ʜʦʩʣʽʜʞʝʥʥʷ 

ɹʽʦʤʘʩʘ,  

ʛ/ʛʘ 

ɿʘʛʘʣʴʥʘ 

ʙʽʦʤʘʩʘ, 

ʢʛ/ʛʘ 

ʇʨʦʜʫʢʮʽʷ, 

ʛ/ʛʘ 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ, 

% 

2009 4896 548,4   

2010 5864 656,8 968 16,5 

2011 6214 696,0 350 5,6 

2012 6515 729,7 301 4,6 

2013 6900 772,8 385 5,6 

2014 6400 716,8 -500  -7,8 

ɿ ʝʢʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʨʦʩʪʘʥʥʷ ʞʠʚʦʾ ʨʝʯʦʚʠʥʠ 

ʧʽʜʨʘʭʦʚʫʻʤʦ ʧʦʢʘʟʥʠʢ ʧʨʦʜʫʢʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʦʧʫʣʷʮʽʾ. ɼʣʷ ʮʴʦʛʦ, ʟôʷʩʦʚʫʻʤʦ ʩʢʽʣʴʢʠ ʞʠʚʦʾ 
ʨʝʯʦʚʠʥʠ ʫʪʚʦʨʠʣʦʩʷ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʚʥʘʩʣʽʜʦʢ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ Helix pomatia ʚ ʨʝʛʽʦʥʽ, ʪʦʙʪʦ 

ʦʙʯʠʩʣʶʻʤʦ ʟʨʦʩʪʘʥʥʷ ʙʽʦʤʘʩʠ ʥʘ ʦʜʠʥʠʮʶ ʧʦʚʝʨʭʥʽ ʪʘ ʯʘʩʫ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʟʥʠʞʝʥʥʷ ʧʨʠʨʦʩʪʫ ʞʠʚʦʾ ʨʝʯʦʚʠʥʠ ʚʽʜ 968 ʛ/ʛʘ ʧʨʦʪʷʛʦʤ 2009 ï 2010 ʨʦʢʽʚ, 
350 ʛ/ʛʘ  ʧʨʦʪʷʛʦʤ  2010 ï 2011 ʨʦʢʽʚ, 301 ʛ/ʛʘ  ʧʨʦʪʷʛʦʤ  2011 ï 2012 ʨʦʢʽʚ. ɸʥʘʣʦʛʽʯʥʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʦʧʫʣʷʮʽʾ ʚʽʜ 16,5% ʫ 2010 ʨ., 5,6 % ʫ 2011 ʨ., ʜʦ 

4,6 % ʫ 2012 ʨʦʮʽ,  ʱʦ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʩʧʘʜʫ ʧʦʢʘʟʥʠʢʘ ʚ ʥʘʩʪʫʧʥʽ ʨʦʢʠ. 

ɺʠʩʥʦʚʢʠ 

1. ɺʠʷʚʣʝʥʘ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʨʝʣʷʪʠʚʥʘ ʟʘʣʝʞʥʽʩʪʴ  ʤʽʞ 

ʩʧʘʜʘʶʯʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʨʦʜʫʢʮʽʾ,  ʘ ʦʪʞʝ, ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ  ʣʽʩʦʚʦʾ  ʧʦʧʫʣʷʮʽʾ ʩʣʠʤʘʢʘ 
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ʚʠʥʦʛʨʘʜʥʦʛʦ, ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʟʥʠʞʝʥʥʷ ʙʽʦʤʘʩʠ ʤʦʣʶʩʢʘ ʫ ʥʘʡʙʣʠʞʯʽ ʨʦʢʠ,  ʥʝ 

ʜʠʚʣʷʯʠʩʴ ʥʘ ʧôʷʪʠʨʽʯʥʝ  (2009 ï 2013 ʨʨ.) ʟʨʦʩʪʘʥʥʷ  ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ ʨʦʢʽʚ  

ʜʦʩʣʽʜʞʝʥʥʷ. 

2. ʆʪʨʠʤʘʥʽ  ʰʣʷʭʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʠ ʟʥʘʡʰʣʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚ 
ʧʨʦʮʝʩʽ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʣʽʩʦʚʦʾ ʧʦʧʫʣʷʮʽʾ ʩʣʠʤʘʢʘ ʚʠʥʦʛʨʘʜʥʦʛʦ. ɺʠʷʚʣʝʥʝ ʧʨʠ ʮʴʦʤʫ 

ʟʨʦʩʪʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʙʽʦʤʘʩʠ ʧʦʷʩʥʶʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥʠ ʚʠʨʦʙʣʝʥʦʾ 

ʧʦʧʫʣʷʮʽʻʶ ʤʦʣʶʩʢʘ ʚ ʧʨʦʮʝʩʽ ʩʘʤʦʚʽʜʪʚʦʨʝʥʥʷ. 
3. ɿʥʠʞʝʥʥʷ ʧʨʠʨʦʩʪʫ ʞʠʚʦʾ ʨʝʯʦʚʠʥʠ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ,  ʟʤʝʥʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ  

ʩʪʚʦʨʶʻ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʩʧʘʜʫ ʙʽʦʤʘʩʠ ʧʦʧʫʣʷʮʽʾ ʩʣʠʤʘʢʘ ʚʠʥʦʛʨʘʜʥʦʛʦ. 
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ɯʄɯʊɸʎɯʁʅɸ ʄʆɼɽʃʔ ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʆ-

ʋʇʈɸɺʃʗʖʏʆɰ ʉʀʉʊɽʄʀ ʅɸ ʃʆɻɯʏʅʆʄʋ ʈɯɺʅɯ 

ʆ.ʇ. ɼʦʨʝʥʩʴʢʠʡ 

 
ʂʽʨʦʚʦʛʨʘʜʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʂʽʨʦʚʦʛʨʘʜ 

 

ʆʩʥʦʚʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʫʧʨʘʚʣʷʶʯʠʭ ʩʠʩʪʝʤ (ɯʋʉ) ʻ 
ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʇɿ). ʇʨʠ ʮʴʦʤʫ ʜʦ ɯʋʉ ʚʠʩʫʚʘʶʪʴʩʷ ʙʘʛʘʪʦʛʨʘʥʥʽ ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ, 

ʣʝʚʦʚʘ ʯʘʩʪʠʥʘ ʟ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʘʤʝ ʇɿ, ʡʦʛʦ ʥʘʜʽʡʥʽʩʪʶ. ɺʦʜʥʦʯʘʩ, ʚʣʘʩʪʠʚʘ ʧʨʦʛʨʘʤʥʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʶ ɯʋʉ ʩʢʣʘʜʥʽʩʪʴ ʥʝʛʘʪʠʚʥʦ ʩʧʣʠʚʘʻ ʥʘ ʥʘʜʽʡʥʽʩʪʴ [1].  
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ɹʝʟʧʝʨʝʯʥʦ, ʧʝʨʩʧʝʢʪʠʚʥʝ ʇɿ ʩʴʦʛʦʜʥʽ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʧʽʜʭʦʜʫ. ʇʨʦʪʝ ʚʞʝ ʟʘʟʥʘʯʝʥʘ ʩʢʣʘʜʥʽʩʪʴ ʇɿ ɯʋʉ ʚʠʟʥʘʯʘʻ ʽʩʪʦʪʥʝ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʡ 

ʩʪʨʫʢʪʫʨʠ ʦʙôʻʢʪʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʆʆʇ [2]. ʎʝ ʤʦʞʝ 

ʧʨʠʚʝʩʪʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʝʬʝʢʪʽʚ ʚ ʧʨʦʛʨʘʤʥʽʡ ʩʠʩʪʝʤʽ, ʱʦ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʽʩʪʦʪʥʝ 
ʟʥʠʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ. ɸ ʮʝ ʻ ʥʝʧʨʠʧʫʩʪʠʤʠʤ ʽ ʢʨʠʪʠʯʥʠʤ ʟ ʧʦʛʣʷʜʫ ʚʠʤʦʛ ʷʢ ʜʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʪʘʢ ʽ ʜʦ ɯʋʉ ʟʘʛʘʣʦʤ. ʆʪʞʝ, ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʧʨʦʙʣʝʤʘ ʻ ʥʘ ʩʪʽʣʴʢʠ 

ʚʘʞʣʠʚʦʶ, ʱʦ ʾʾ ʚʠʨʽʰʝʥʥʷ ʚʠʤʘʛʘʻ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʫ 
ʧʨʦʛʨʘʤʥʽʡ ʩʠʩʪʝʤʽ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʟʚʘʞʘʪʠ ʥʘ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʇɿ ʩʣʽʜ ʚʠʨʽʰʫʚʘʪʠ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ ʡʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ (ʨʠʩ. 1, ʘ), ʷʢʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙôʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʧʦʜʽʣʷʶʪʴ ʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʠʡ, ʣʦʛʽʯʥʠʡ ʪʘ ʬʽʟʠʯʥʠʡ ʨʽʚʥʽ [3]. ʇʨʦʪʝ 
ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʩʚʽʜʯʫʶʪʴ, ʱʦ ʚʠʪʨʘʪʠ (ʨʝʩʫʨʩʠ) ʥʘ ʚʠʷʚʣʝʥʥʷ ʡ ʫʩʫʥʝʥʥʷ ʧʦʤʠʣʦʢ ʫ ʇɿ 

ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʶʪʴ ʟ ʢʦʞʥʦʶ ʥʘʩʪʫʧʥʦʶ ʩʪʘʜʽʻʶ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ (ʨʠʩ. 1, ʙ) [4]. ɿ ʮʴʦʛʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʧʣʠʚʘʻ ʟʘʜʘʯʘ ʤʦʜʝʣʶʚʘʥʥʷ ʬʫʥʢʮʽʡ ʇɿ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ ʡʦʛʦ ɾʎ, ʥʘ 

ʣʦʛʽʯʥʦʤʫ ʨʽʚʥʽ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʩʢʦʨʦʪʠʪʠ ʨʝʩʫʨʩʠ, ʥʝʦʙʭʽʜʥʽ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ɯʋʉ.  
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʘ) ʤʦʜʝʣʴ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ; ʙ) ʚʽʜʥʦʩʥʽ 

ʚʠʪʨʘʪʠ ʥʘ ʚʠʷʚʣʝʥʥʷ ʡ ʫʩʫʥʝʥʥʷ ʧʦʤʠʣʦʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʘʜʽʡ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʅʘ ʣʦʛʽʯʥʦʤʫ ʨʽʚʥʽ ʨʦʟʨʦʙʣʝʥʥʷ ʇɿ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʜʝʪʘʣʽʟʦʚʘʥʦʾ 

ʤʦʜʝʣʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ ʽʟ ʩʫʚʦʨʦ ʩʬʦʨʤʫʣʴʦʚʘʥʠʤʠ ʮʽʣʷʤʠ, ʧʦʩʪʘʚʣʝʥʠʤʠ 

ʧʝʨʝʜ ʇɿ, ʘ ʪʘʢʦʞ ʥʘʧʠʩʘʥʥʷ ʩʧʝʮʠʬʽʢʘʮʽʡ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʩʪʘʥʦʚʣʝʥʽ ʚʠʤʦʛʠ. ʇʨʦʛʨʘʤʥʝ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ɯʋʉ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʢʦʤʧʣʝʢʩʦʤ ʫʟʛʦʜʞʝʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʨʽʟʥʽ ʡʦʛʦ 

ʘʩʧʝʢʪʠ ʤʦʚʦʶ UML ʪʘ ʚʽʟʫʘʣʽʟʦʚʘʥʠʤʠ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤ. ʂʦʞʥʘ ʟ ʜʽʘʛʨʘʤ ʢʦʥʢʨʝʪʠʟʫʻ 

ʚʽʜʧʦʚʽʜʥʠʡ ʘʩʧʝʢʪ ʇɿ ʥʘ ʣʦʛʽʯʥʦʤʫ ʨʽʚʥʽ [3, 5]. 
ʄʦʜʝʣʽ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʙʫʜʴ-ʷʢʫ ʢʦʤʙʽʥʘʮʽʶ ʩʫʪʥʦʩʪʝʡ. ʇʨʦʪʝ ʫ ʧʨʘʢʪʠʮʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʪʠʧʦʚʠʭ ʢʦʤʙʽʥʘʮʽʡ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʧʨʘʮʽ [3]. ʇʨʠ 

ʮʴʦʤʫ ʾʭ ʩʣʽʜ ʨʦʟʜʽʣʠʪʠ ʥʘ ʤʦʜʝʣʽ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʪʘʪʠʯʥʽ, ʪʘ ʤʦʜʝʣʽ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʜʠʥʘʤʽʯʥʽ ʘʩʧʝʢʪʠ ʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʬʫʥʢʮʽʾ (ʧʦʚʝʜʽʥʢʫ) ʇɿ. ɿ ʦʟʥʘʯʝʥʦʛʦ ʧʦʩʪʘʻ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ, 

ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʧʦʙʫʜʦʚʽ ʡ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘ ʣʦʛʽʯʥʦʤʫ ʨʽʚʥʽ ɾʎ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʜʽʘʛʨʘʤʠ 

ʜʽʷʣʴʥʦʩʪʝʡ, ʷʢʘ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʦʜʠʥʠʮʝʶ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ʦʙôʻʢʪʘ ʚ ʩʧʝʮʠʬʽʢʘʮʽʾ, 
ʟʘʜʣʷ ʩʝʤʘʥʪʠʯʥʦʾ ʧʝʨʝʚʽʨʢʠ ʨʝʘʢʪʠʚʥʦʩʪʽ ʚʩʽʭ ʦʙôʻʢʪʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʆʪʞʝ, ʤʝʪʦʶ 

ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʇɿ ɯʋʉ. 

ʉʬʦʨʤʫʣʴʦʚʘʥʘ ʤʝʪʘ ʨʦʙʦʪʠ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ 
ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ.  
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1. ʅʘ ʦʩʥʦʚʽ ʢʦʥʮʝʧʪʫʘʣʴʥʦʾ ʤʦʜʝʣʽ ï ʜʽʘʛʨʘʤʠ ʜʽʷʣʴʥʦʩʪʝʡ [3] ï ʙʫʜʫʻʪʴʩʷ ʬʦʨʤʘʣʴʥʘ 

ʤʦʜʝʣʴ ʚ ʪʝʨʤʽʥʘʭ ʘʚʪʦʤʘʪʥʠʭ ʤʝʨʝʞ ʇʝʪʨʽ [6, 7]. ɺʠʙʽʨ ʦʟʥʘʯʝʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʷʢ 

ʦʩʥʦʚʠ ʬʦʨʤʘʣʴʥʦʾ ʤʦʜʝʣʽ ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ, ʧʦ-ʧʝʨʰʝ, ʩʢʽʥʯʝʥʥʦ-ʘʚʪʦʤʘʪʥʦʶ ʩʫʪʥʽʩʪʶ ʜʽʘʛʨʘʤʠ 

ʜʽʷʣʴʥʦʩʪʝʡ; ʧʦ-ʜʨʫʛʝ, ʪʘʢʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʘʚʪʦʤʘʪʥʠʭ ʤʝʨʝʞ ʇʝʪʨʽ: ʜʦʧʫʩʢʘʶʪʴ ʜʦʚʽʣʴʥʫ 
ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʝʣʝʤʝʥʪʽʚ ʤʦʜʝʣʽ ʷʢ ʟʘ ʪʠʧʦʤ ʬʨʘʛʤʝʥʪʘ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʘʢ ʽ ʟʘ ʨʽʚʥʝʤ 

ʘʙʩʪʨʘʢʮʽʾ; ʜʦʟʚʦʣʷʶʪʴ ʤʦʜʝʣʶʚʘʪʠ ʘʩʠʥʭʨʦʥʥʽʩʪʴ ʽ ʥʝʜʝʪʝʨʤʽʥʦʚʘʥʽʩʪʴ ʧʘʨʘʣʝʣʴʥʠʭ ʥʝʟʘʣʝʞʥʠʭ 

ʧʦʜʽʡ, ʘ ʪʘʢʦʞ ʢʦʥʬʣʽʢʪʥʽ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʨʦʮʝʩʘʤʠ; ʷʢ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟʘʡʤʘʶʪʴ ʧʨʦʤʽʞʥʝ 
ʤʽʩʮʝ ʤʽʞ ʩʢʽʥʯʝʥʥʠʤʠ ʘʚʪʦʤʘʪʘʤʠ ʪʘ ʤʘʰʠʥʘʤʠ ʊʶʨʽʥʛʘ (ʟʦʢʨʝʤʘ ʟʘ ʚʠʨʘʟʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʦʥʠ 

ʟʥʘʯʥʦ ʙʘʛʘʪʰʽ ʟʘ ʘʚʪʦʤʘʪʠ, ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʤʘʰʠʥ ʊʶʨʽʥʛʘ); ʚʢʣʶʯʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʨʷʜʫ 

ʽʥʰʠʭ ʤʦʜʝʣʝʡ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʜʣʷ ʧʘʨʘʣʝʣʴʥʠʭ ʩʠʩʪʝʤ, ʜʦʟʚʦʣʷʶʯʠ ʦʧʠʩʫʚʘʪʠ ʷʢ ʪʠʧʦʚʽ 
ʩʠʪʫʘʮʽʾ ʚ ʦʟʥʘʯʝʥʠʭ ʩʠʩʪʝʤʘʭ, ʪʘʢ ʽ ʟʘʛʘʣʴʥʫ ʜʠʥʘʤʽʢʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʘʩʠʥʭʨʦʥʥʠʭ 

ʩʠʩʪʝʤ. ɿʘʟʥʘʯʝʥʽ ʬʘʢʪʦʨʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʨʘʥʦʛʦ ʘʧʘʨʘʪʫ ʷʢ ʙʘʟʠ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʦʙôʻʢʪʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʫʧʨʘʚʣʷʶʯʠʭ 

ʩʠʩʪʝʤ. 

2. ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʙʦ ʦʜʥʽʻʶ 
ʟ ʩʫʯʘʩʥʠʭ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʉ++, ʉ#, Delphi ʪʘ ʽʥ.), ʘʙʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʦʤʠʭ ʟʘʩʦʙʽʚ: MATLAB Simulink, PetriNet ʪʦʱʦ. 

ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʟʘʙʝʟʧʝʯʫʻ ʦʧʠʩ ʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 
ʧʨʦʮʝʩʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ɯʋʉ ʚ ʤʝʞʘʭ ʜʽʷʣʴʥʦʩʪʝʡ ʦʙôʻʢʪʽʚ ʟʘʜʣʷ ʘʥʘʣʽʟʫ ʡ 

ʩʝʤʘʥʪʠʯʥʦʾ ʧʝʨʝʚʽʨʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʇɿ ʥʘ ʣʦʛʽʯʥʦʤʫ ʨʽʚʥʽ. ʆʟʥʘʯʝʥʝ ʜʦʟʚʦʣʷʻ ʥʘ ʧʦʯʘʪʢʦʚʠʭ 

ʩʪʘʜʽʷʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ (ʱʝ ʜʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ) ʜʦʩʷʛʪʠ ʥʘʣʝʞʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ 
ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ, ʟʤʝʥʰʠʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʝʩʫʨʩ ʥʘ ʩʪʚʦʨʝʥʥʷ ʡ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʫʧʨʘʚʣʷʶʯʠʭ ʩʠʩʪʝʤ. 
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ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʋɾʅʆ - ʇʃɸʉʊʀʏʅʀʍ ʎʀʃɯʅɼʈʀʏʅʀʍ ʊɯʃ 

ɿ ʋʈɸʍʋɺɸʅʅʗʄ ʅɽʃɯʅɯʁʅʆɻʆ ʍɸʈɸʂʊɽʈʋ ɼɽʌʆʈʄʋɺɸʅʅʗ 

ʂ.ɽ. ɼʴʦʤʽʯʝʚ 1, ʇ.ʆ. ʉʪʝʙʣʷʥʢʦ 2  

 
1 ɭʚʨʦʧʝʡʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʏʝʨʢʘʩʠ 

2 ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢ 

 
ɼʝʪʘʣʽ ʽ ʝʣʝʤʝʥʪʠ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʫʪʴ 

ʧʝʨʝʙʫʚʘʪʠ ʧʽʜ ʚʧʣʠʚʦʤ ʩʢʣʘʜʥʦʛʦ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʠʣʦʚʦʛʦ ʽ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʦ 

ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʽ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʥʘʛʨʽʚ ʪʽʣ ʫ 
ʧʦʻʜʥʘʥʥʽ ʟ ʩʠʣʦʚʠʤʠ ʯʠʥʥʠʢʘʤʠ.  

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʝʣʝʤʝʥʪʽʚ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʘʪʠ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʡ ʩʪʘʥ ʪʽʣʘ ʥʝ ʪʽʣʴʢʠ ʥʘ ʧʨʫʞʥʽʡ ʩʪʘʜʽʾ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʘ ʡ ʟʘ 

ʤʝʞʝʶ ʧʨʫʞʥʦʩʪʽ. ɯʩʥʫʶʯʽ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʠʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʟʘʜʘʯ ʧʨʠʟʚʦʜʷʪʴ, 

ʷʢ ʧʨʘʚʠʣʦ, ʜʦ ʚʝʣʠʢʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʪʨʫʜʥʦʱʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʠʨʽʰʝʥʥʷʤ ʚʝʣʠʢʠʭ ʩʠʩʪʝʤ 
ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ, ʽ ʥʝ ʟʘʚʞʜʠ ʙʫʚʘʶʪʴ ʝʬʝʢʪʠʚʥʽ. ʎʽ ʦʙʩʪʘʚʠʥʠ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʶʪʴ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʪʽʣ ʧʽʜ ʜʽʻʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʘ 

ʩʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
ʊʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʜʣʷ  ʽʟʦʪʨʦʧʥʦʛʦ ʪʽʣʘ ʫ ʚʠʧʘʜʢʫ ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ 

ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʽʜ ʜʽʻʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʘ ʩʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʰʣʷʭʦʤ ʨʦʟʚôʷʟʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʨʠ ʧʝʚʥʠʭ  ʧʦʯʘʪʢʦʚʠʭ ʽ 
ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ [1] 
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ʜʝ 
¶W - ʬʫʥʢʮʽʷ ʨʦʟʩʽʶʚʘʥʥʷ ʘʙʦ ʧʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ ʪʝʧʣʦʪʠ, ()
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ʽʟʦʭʦʨʥʘ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʷʢʘ ʜʣʷ ʪʝʨʤʦʯʫʪʣʠʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʧʦʪʨʝʙʫʻ ʦʢʨʝʤʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ,  Hi -ʧʘʨʘʤʝʪʨʠ ʃʷʤʝ (i= 1, 2, 3), ʪʦʯʢʦʶ 

ʧʦʟʥʘʯʝʥʽ ʧʦʭʽʜʥʽ ʟʘ ʯʘʩʦʤ, -ia  ʦʨʪʦʛʦʥʘʣʴʥʽ ʢʨʠʚʦʣʽʥʽʡʥʽ ʢʦʦʨʜʠʥʘʪʠ 
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ʊʫʪ ijij ʕS , - ʚʽʜʧʦʚʽʜʥʦ ʜʝʚʽʘʪʦʨʠ ʪʝʥʟʦʨʽʚ ʥʘʧʨʫʛ ʽ ʜʝʬʦʨʤʘʮʽʡ, ijij es , - ʪʝʥʟʦʨʠ ʥʘʧʨʫʛʠ ʽ 

ʜʝʬʦʨʤʘʮʽʾ. 

ʇʦʯʘʪʢʦʚʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʪʽʣʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʨʦʜʥʦʤʫ ʥʝʥʘʧʨʫʞʝʥʦʤʫ 

ʩʪʘʥʫ ʪʽʣʘ,  ʟʘʜʘʻʪʴʩʷ ʪʘʢ 

 T T i=
0
( )a       ʧʨʠ       t =0                                       (3) 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʧʣʠʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ 

ʪʽʣʘ, ʟʘʜʘʶʪʴʩʷ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ  

 
l
µ

µ
a qÖ =- - -

T

n
T q( )

,                                           

(4) 

 ʜʝ n - ʟʦʚʥʽʰʥʷ ʥʦʨʤʘʣʴ ʜʦ ʧʦʚʝʨʭʥʽ ʪʽʣʘ, aT - ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ,   a - 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʦʙʤʽʥʫ, Q - ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, q - ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ.  

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʝʣʠʯʠʥʠ a, Q,  q. ʤʦʞʫʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ ʯʘʩʫ ʡ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ  

(a1, a2, a3)  ʥʘ ʧʦʚʝʨʭʥʽ ʪʨʠʚʠʤʽʨʥʦʛʦ ʪʽʣʘ  V.  ʋʤʦʚʘ (2.4) ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ  a 
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ʤʽʩʪʠʪʴ ʪʨʠ ʚʠʜʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʧʝʨʰʦʛʦ  ʨʦʜʫ ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤʫ, ʱʦ ʥʘ 

ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʚ ʢʦʞʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʟʘʜʘʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ (a­¤ =, q 0 ). ɻʨʘʥʠʯʥʽ 

ʫʤʦʚʠ ʜʨʫʛʦʛʦ ʨʦʜʫ ʟʘʜʘʶʪʴ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ  q  ʯʝʨʝʟ ʧʦʚʝʨʭʥʶ ʪʽʣʘ  (a= ¸0 0, q  ).  ɻʨʘʥʠʯʥʽ 

ʫʤʦʚʠ ʪʨʝʪʴʦʛʦ ʨʦʜʫ ʬʦʨʤʫʣʶʶʪʴ ʟʘʢʦʥ ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʪʽʣʘ ʡ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʧʨʠ ʟʘʜʘʥʽʡ ʚʝʣʠʯʠʥʽ  )0,=(q 0 ¸Q a  [  ].  

ʆʢʨʽʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʪʽʣʘ ʪʨʝʙʘ ʟʥʘʡʪʠ ʟʤʽʱʝʥʥʷ ʪʦʯʦʢ ʪʽʣʘ iu  (ʘʙʦ ʾʭ 

ʰʚʠʜʢʦʩʪʽiv ) ʽ ʪʝʥʟʦʨʠ ʥʘʧʨʫʛʠ ʪʘ ʜʝʬʦʨʤʘʮʽʾ. 

ʉʪʚʦʨʝʥʘ ʥʦʚʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʦʧʠʩʫ ʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʪʽʣʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʽ ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʤʦʜʝʣʽ ʨʦʟʚôʷʟʘʥʦ ʨʷʜ ʟʘʜʘʯ 
ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ [2-5], ʧʦʚôʷʟʘʥʠʭ ʟ ʨʦʟʨʘʭʫʥʢʘʤʠ ʥʘ ʤʽʮʥʽʩʪʴ ʜʝʪʘʣʝʡ 

ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʚʘʣʢʠ ʩʣʷʙʽʥʛʽʚ, ʙʣʶʤʽʥʛʽʚ ʽ ʟʘʛʦʪʽʚʝʣʴʥʠʭ ʩʪʘʥʽʚ). ʅʘʚʝʜʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʧʦʨʷʜʦʢ ʪʦʯʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, 
ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʮʝʚʦʛʦ ʤʝʪʦʜʫ ʽ ʨʝʘʣʽʟʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʧʘʢʝʪʽʚ Mathcad, Mathlab. 
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ʆ ʇʆɼʍʆɼɸʍ ʂ ʄɸʊɽʄɸʊʀʏɽʉʂʆʄʋ ʄʆɼɽʃʀʈʆɺɸʅʀʖ  

ʊɽʇʃʆɺʆɻʆ ʈɽɾʀʄɸ ʄɽʊɸʃʃʋʈɻʀʏɽʉʂʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ 

ʆ.ɸ. ɾʫʣʴʢʦʚʩʢʠʡ, ʀ.ʀ. ɾʫʣʴʢʦʚʩʢʘʷ 

 

ɼʥʝʧʨʦʜʟʝʨʞʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʥʝʧʨʦʜʟʝʨʞʠʥʩʢ 

 

ɺʚʝʜʝʥʠʝ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʰʪʘʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 
ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʚʳʰʝʥʠʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʝʨʝʜʝʣʘ, ʩʜʝʨʞʠʚʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʰʠʨʦʢʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʪʝʧʣʦʚʦʤ  ʨʝʞʠʤʝ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʦʚʝʜʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ 
ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʜʘʪʴ ʦʪʚʝʪʳ ʥʘ ʧʨʦʙʣʝʤʥʳʝ ʚʦʧʨʦʩʳ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʚʳʧʣʘʚʢʠ, ʚʥʝʘʛʨʝʛʘʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʨʘʟʣʠʚʢʠ ʤʝʪʘʣʣʘ, 

ʪʨʫʜʥʦʦʩʫʱʝʩʪʚʠʤʦ ʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠ ʤʘʪʝʨʠʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʟʘʜʘʯ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 
ʕɺʄ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ. ɸʚʪʦʨʘʤʠ ʫʥʠʬʠʮʠʨʦʚʘʥʳ ʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʧʦʜʭʦʜʳ ʢ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 
ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʩʪʘʣʝʧʣʘʚʠʣʴʥʦʛʦ ʧʝʨʝʜʝʣʘ, ʦʪ ʚʳʧʣʘʚʢʠ ʜʦ ʨʘʟʣʠʚʢʠ 

ʤʝʪʘʣʣʘ. 

ʇʦʩʣʝ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʠ ʦʙʱʝʛʦ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʩ ʫʯʝʪʦʤ ʧʨʠʥʷʪʳʭ 
ʜʦʧʫʱʝʥʠʡ ʩʪʨʦʠʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʝʝ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ 

ʧʨʠʥʠʤʘʝʪ ʚʠʜ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʳʤʠ ʚ ʟʘʜʘʯʝ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ ʠ ʨʘʟʤʝʨʥʦʩʪʴʶ 

ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɺʦʧʨʦʩ ʩʝʪʦʯʥʦʛʦ ʦʧʠʩʘʥʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʝʨʝʜʝʣʘ ʫʩʪʨʦʡʩʪʚ ʦʙʳʯʥʦ ʥʝ 

ʚʳʟʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʨʫʜʥʦʩʪʝʡ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʣʦʞʥʳʝ ʧʨʦʝʢʮʠʠ ʫʩʪʨʦʡʩʪʚʘ 
ʟʘʤʝʥʷʶʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʠ ʩʪʫʧʝʥʯʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʫʨʘʚʥʝʥʠʷ 

ʌʫʨʴʝ ʧʦʣʫʯʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʪʘʙʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ.  
ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʝʨʝʜʝʣʘ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʦʧʝʨʘʮʠʡ ʥʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʦʞʥʳʡ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ. ɺʚʠʜʫ ʠʟʚʝʩʪʥʦʡ ʩʣʦʞʥʦʩʪʠ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 
ʟʘʜʘʯ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʠʥʞʝʥʝʨʥʳʝ ʨʘʩʯʝʪʳ ʩʣʦʞʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʥʮʠʧʘ ʘʜʜʠʪʠʚʥʦʩʪʠ ï ʦʪʜʝʣʴʥʦ ʠ ʥʝʟʘʚʠʩʠʤʦ ʚʳʯʠʩʣʷʶʪʩʷ ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ ʚʩʣʝʜʩʪʚʠʝ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠʣʠ ʢʦʥʚʝʢʮʠʠ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʩʫʤʤʠʨʫʶʪʩʷ. 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʧʨʠʥʠʤʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. 

ʂʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʨʠʥʷʪʳʭ ʫʨʘʚʥʝʥʠʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʘ ʪʘʢʞʝ 
ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʦʣʫʯʘʝʪʩʷ ʠʥʪʝʛʨʦ-ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ (ʤʝʪʦʜʦʤ ʙʘʣʘʥʩʘ), ʪ.ʝ. ʠʟ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʦʦʪʥʦʰʝʥʠʡ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ, ʟʘʧʠʩʘʥʥʳʭ ʜʣʷ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʙʲʝʤʦʚ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʳʨʘʞʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ ʩʦʛʣʘʩʦʚʘʥʠʷ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʧʨʦʛʦʥʢʠ, ʠ ʧʦʵʪʦʤʫ 

ʫʨʘʚʥʝʥʠʷ ʙʘʣʘʥʩʘ ʪʝʧʣʦʪʳ ʩʨʘʟʫ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʥʝʷʚʥʦʤ, ʨʘʩʱʝʧʣʝʥʥʦʤ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 
ʧʝʨʝʤʝʥʥʳʤ ʚʠʜʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʜʜʠʪʠʚʥʘʷ ʢʚʘʟʠʣʠʥʝʡʥʘʷ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ ʧʨʠʥʠʤʘʝʪ ʚʠʜ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʘʧʘʤʠ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. 

ɺʳʚʦʜʳ. ʈʘʟʨʘʙʦʪʘʥʳ, ʫʥʠʬʠʮʠʨʦʚʘʥʳ ʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʧʦʜʭʦʜʳ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ 
ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʘ 

ʦʩʥʦʚʥʳʭ ʵʪʘʧʘʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʝʨʝʜʝʣʘ ʦʪ ʚʳʧʣʘʚʢʠ ʜʦ ʨʘʟʣʠʚʢʠ ʤʝʪʘʣʣʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʚʝʨʭʥʝʡ ʠ 
ʜʦʥʥʳʭ ʧʨʦʜʫʚʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʢʦʥʚʝʨʪʝʨʦʚ ʜʣʷ ʚʳʧʣʘʚʢʠ, ʘ ʪʘʢʞʝ ʢʦʚʰʦʚʳʭ ʟʘʪʚʦʨʦʚ ʜʣʷ 

ʨʘʟʣʠʚʢʠ ʩʪʘʣʠ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʩʪʦʡʢʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. 
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ʇʆʉʊʈʆɽʅʀɽ ʄʆɼɽʃɽʁ ʕʂɺʀɺɸʃɽʅʊʅʓʍ ʉɽʏɽʅʀʁ ʉʊɽʈɾʅɽɺʓʍ 

ʕʃɽʄɽʅʊʆɺ, ʌʋʅʂʎʀʆʅʀʈʋʖʑʀʍ ɺ ɸɻʈɽʉʉʀɺʅʓʍ ʉʈɽɼɸʍ 

ʅ.ɺ. ʀʚʘʥʝʮ 

 

ʋʢʨʘʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 

ʉʪʝʨʞʥʝʚʳʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʡ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ 
ʧʨʝʜʧʨʠʷʪʠʷʭ ʭʠʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. ʊʘʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʯʘʩʪʦ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʨʝʜʘʭ, ʘʛʨʝʩʩʠʚʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʪʘʣʣʫ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʪʘʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 
ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʚ 

ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʝ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʢʦʨʨʦʜʠʨʫʶʱʝʛʦ ʩʝʯʝʥʠʷ. 

ʉʫʱʝʩʪʚʫʶʪ ʘʣʛʦʨʠʪʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦʣʫʯʠʪʴ ʤʦʜʝʣʠ 

ʢʦʨʨʦʜʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʪʨʝʫʛʦʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ [1]. ʀʭ ʥʝʜʦʩʪʘʪʢʦʤ 
ʚ̫ʣʷʝʪʩʷ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʨʘʟʥʳʭ ʩʝʯʝʥʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʚ ʠʟʚʝʩʪʥʳʭ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʜʝʣʠ ʩʝʯʝʥʠʡ ʨʘʟʥʳʭ 
ʧʨʦʬʠʣʝʡ (ʜʚʫʪʘʚʨ, ʫʛʦʣʦʢ, ʰʚʝʣʣʝʨ) ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ [2], ʚ 

ʜʘʣʴʥʝʡʰʝʤ ï ʤʦʜʝʣʴʥʳʭ ʩʝʯʝʥʠʡ.. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʩʝʯʝʥʠʡ ʥʝʚʝʣʠʢʦ (ʦʪ 2 ʜʦ 4) ʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ. ʇʨʠ ʚʩʝʭ 

ʧʨʝʠʤʫɦ ʝʩʪʚʘʭ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʪʘʢ ʢʘʢ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʘʚʠʣʘ 

ʥʘʟʥʘʯʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʢʦʨʨʦʜʠʨʫʶʱʠʡ ʧʨʦʮʝʩʩ  ʚ ʥʠʭ ʨʘʟʚʠʚʘʣʩʷ 

ʪʘʢʞʝ, ʢʘʢ ʠ ʚ ʨʝʘʣʴʥʳʭ ʩʝʯʝʥʠʷʭ. ʇʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʩʪʝʨʞʥʝ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʦʧʠʩʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʧʣʦʱʘʜʠ, ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʠ ʥʘʧʨʷʞʝʥʠʷ. 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʤʦʜʝʣʴʥʳʭ 

ʩʝʯʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʠʟʤʝʥʝʥʠʝ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢ 

ʞʝ, ʢʘʢ ʠ ʜʣʷ ʨʝʘʣʴʥʳʭ ʩʝʯʝʥʠʡ. 
ʂʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʩʝʯʝʥʠʡ, ʦʯʝʚʠʜʥʦ, ʜʦʣʞʥʦ ʩʦʚʧʘʜʘʪʴ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʫʨʘʚʥʝʥʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʪʦ ʚʳʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʫʩʣʦʚʠʷ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʚ 

ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʦʚʧʘʜʘʣʠ ʧʝʨʠʤʝʪʨ, ʧʣʦʱʘʜʴ ʠ ʤʠʥʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ  ʠʥʝʨʮʠʠ 
ʩʝʯʝʥʠʷ, ʘ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʷʣʠʩʴ ʫʩʣʦʚʠʷ  ʨʘʚʝʥʩʪʚʘ ʧʨʦʠʟʚʦʜʥʳʭ 

ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʧʦ ʚʨʝʤʝʥʠ. 

ɺʝʢʪʦʨ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʴʥʳʭ ʩʝʯʝʥʠʡ x  ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʫʤʘ ʢʚʘʜʨʘʪʘ 

ʦʪʢʣʦʥʝʥʠʡ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʬʫʥʢʮʠʡ: 

() ()
min

2
4

1

­
ö
ö

÷

õ

æ
æ

ç

å -
=ä

=i i

ii

f

fx
xF

j
,                                                   (1) 

ʛʜʝ 
ij ʠ 

if  - ʬʫʥʢʮʠʠ ʧʣʦʱʘʜʠ, ʧʝʨʠʤʝʪʨʘ, ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʚ 

ʤʦʜʝʣʴʥʦʤ ʠ ʨʝʘʣʴʥʦʤ ʩʝʯʝʥʠʷʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
 ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʟʘʜʘʯʘ ʤʠʥʠʤʠʟʘʮʠʠ ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ. 

ɼʣʷ ʚʩʝʭ ʬʘʩʦʥʥʳʭ ʧʨʦʬʠʣʝʡ (ʜʚʫʪʘʚʨ, ʰʚʝʣʣʝʨ, ʫʛʦʣʢʠ) ʧʦʣʫʯʝʥʳ ʨʘʟʤʝʨʳ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʝʯʝʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʝ 
ʢʦʨʨʦʜʠʨʫʶɦ ʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʩʪʝʨʞʥʝʚʳʝ ʵʣʝʤʝʥʪʳ, ʙʦʣʝʝ ʫʜʦʙʥʳʝ ʤʦʜʝʣʠ 

ʢʦʨʨʦʜʠʨʫʶɦ ʠʭ ʩʝʯʝʥʠʡ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 
1. ʄʷʯʝʥʢʦʚ ɺ.ʀ., ɻʨʠʛʦʨʴʝʚ ʀ.ɺ. ʈʘʩʯʝʪ ʩʦʩʪʘʚʥʳʭ ʦʙʦʣʦʯʝʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʕɺʄ. 

ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1981. ï 111 ʩ. 

2. ɿʝʣʝʥʮʦʚ ɼ.ɻ., ʃʷʰʝʥʢʦ ʆ.ɸ., ʅʘʫʤʝʥʢʦ ʅ.ʖ. ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʩʯʝʪʦʚ 
ʢʦʨʨʦʜʠʨʫʶʱʠʭ ʦʙʲʝʢʪʦʚ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʢʦʥʮʝʧʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ. ï 

ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ: ʋɻʍʊʋ, 2012 ï 264 ʩ. 
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ʋɼʂ 519.63 

ʏʀʉɽʃʔʅɽ ʄʆɼɽʃʖɺɸʅʅʗ  ʇʈʆʉʊʆʈʆɺʆ-ʏɸʉʆɺʆɰ ʄɯɻʈɸʎɯɰ 

ɹʃʀɿʔʂʆʉʇʆʈɯɼʅɽʅʀʍ ɺʀɼɯɺ  

ʂ. ʉ. ɯʚʘʥʢʽʚ 

 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, ʃʴʚʽʚ 

 
ɺʩʪʫʧ. ʅʘʧʨʘʚʣʝʥʘ ʤʽʛʨʘʮʽʷ ʻ ʥʝʚʽʜóʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʞʠʪʪʷ ʙʽʦʣʦʛʽʯʥʠʭ ʩʧʽʣʴʥʦʪ. 

ɺʨʘʭʫʚʘʥʥʷ ʤʽʛʨʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʨʦʟʧʦʜʽʣʫ 

ʙʣʠʟʴʢʦʩʧʦʨʽʜʥʝʥʠʭ ʚʠʜʽʚ ʚ ʦʜʥʽʡ ʝʢʦʣʦʛʽʯʥʽʡ ʥʽʰʽ. 
ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʫ ʧʦ ʘʨʝʘʣʫ ʢʦʥʢʫʨʫʶʯʠʭ ʟʘ ʻʜʠʥʠʡ ʨʝʩʫʨʩ 

ʙʣʠʟʴʢʦʩʧʦʨʽʜʥʝʥʠʭ ʧʦʧʫʣʷʮʽʡ, ʱʦ ʟʘʧʠʩʘʥʘ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ ʧʘʨʘʙʦʣʽʯʥʦʛʦ ʪʠʧʫ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʤʽʛʨʘʮʽʡʥʽ ʧʦʪʦʢʠ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʚʠʜʽʚ ʽ ʨʝʩʫʨʩʽʚ. ʅʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʧʨʷʤʠʭ ʧʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʠʭ ʩʮʝʥʘʨʽʾʚ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʽ ʚʠʪʽʩʥʝʥʥʷ ʧʦʧʫʣʷʮʽʡ.  ɺʩʪʘʥʦʚʣʝʥʘ 
ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʢʦʥʢʫʨʫʶʯʠʭ ʚʠʜʽʚ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʨʝʘʣʴʥʠʭ 

ʙʽʦʩʠʩʪʝʤ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʜʚʦʚʠʤʽʨʥʦʛʦ ʘʨʝʘʣʫ ʽ ʜʚʦʭ ʢʦʥʢʫʨʫʶʯʠʭ ʧʦʧʫʣʷʮʽʡ 
ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʜʝʣʴ, ʱʦ ʚʨʘʭʦʚʫʻ ʤʽʛʨʘʮʽʡʥʽ ʧʦʪʦʢʠ ʧʨʠ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʞʠʪʪʻʚʠʭ ʫʤʦʚ ʽ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʩʘʤʠʭ ʧʦʧʫʣʷʮʽʡ: 

11 1 1 1 1,  ( , ) ,
u

q f q u v u u p u v
t

e a b
µ
=-Ð + =- Ð + Ð + Ð

µ

                              (1) 

2 2 2 2 2 2,  ( , ) .
v

q f q u v v v p v u
t

e a b
µ
=-Ð + =- Ð + Ð + Ð

µ

                               (2) 

ʊʫʪ ( , , ),  ( , , )u x y t v x y t- ʛʫʩʪʠʥʠ ʙʣʠʟʴʢʦʩʧʦʨʽʜʥʝʥʠʭ ʚʠʜʽʚ,
1 2,q q  ï ʤʽʛʨʘʮʽʡʥʽ 

ʧʦʪʦʢʠ,
( , ) .T

x y

µ µ
Ð=

µ µ

  

ʇʨʠʨʦʜʥʠʡ ʧʨʠʨʽʩʪ ʛʫʩʪʠʥʠ ʧʦʧʫʣʷʮʽʡ ʦʧʠʰʝʤʦ  çʣʦʛʽʩʪʠʯʥʠʤè ʟʘʢʦʥʦʤ [ 2 ]: 

1 1 0 1 1 0 0,  ,  (1 ).
u v

f uf f uf f
p

m m
+

= = = -

                                                         (3)

 

ʜʝ 
1 2,m m-  ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠʨʦʜʥʦʛʦ ʧʨʠʨʦʩʪʫ ʚʽʜʧʦʚʽʜʥʦ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʧʦʧʫʣʷʮʽʡ. 

ɼʣʷ ʙʣʠʟʴʢʦʩʧʦʨʽʜʥʝʥʠʭ ʚʠʜʽʚ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʞʠʪʪʻʚʠʭ ʫʤʦʚ ʧʦ ʘʨʝʘʣʫ  ʤʦʜʝʣʶʻʪʴʩʷ 

ʚʚʝʜʝʥʥʷʤ ʜʦʜʘʪʥʦʾ ʬʫʥʢʮʽʾ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʨʝʩʫʨʩʫ ( , ).p x y   ɺʧʣʠʚ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ  ʞʠʪʪʻʚʠʭ 

ʫʤʦʚ ʚʨʘʭʦʚʫʻʪʴʩʷ ʫ ʚʠʨʘʟʘʭ ʜʣʷ  
1 2,q q  ʯʣʝʥʘʤʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʛʨʘʜʽʻʥʪ ʬʫʥʢʮʽʾ ( , ).p x y  

ɼʠʬʫʟʽʡʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ̒  ʜʦʜʘʪʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʽ ʟʘʣʝʞʘʪʴ ʚʽʜ 
ʛʫʩʪʠʥ ʧʦʧʫʣʷʮʽʡ [1]:  

( , ).i i ik g u ve g= +                                                                           (4)    

ʊʫʪ 
1 2 1 2, , ,k k g g- ʤʘʪʨʠʮʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʟ ʥʝʚʽʜôʻʤʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʚʠʧʘʜʦʢ ʣʽʥʽʡʥʦʾ 

ʜʠʬʫʟʽʾ ʦʪʨʠʤʫʻʤʦ ʧʨʠ ʥʫʣʴʦʚʠʭ .  

ʋ ʚʠʨʘʟʘʭ ʜʣʷ ʧʦʪʦʢʽʚ 
1 2 ʽ q q   ʚ (1) ï (2) ʥʘʧʨʘʚʣʝʥʘ ʤʽʛʨʘʮʽʷ ʚʨʘʭʦʚʫʻʪʴʩʷ ʜʨʫʛʠʤʠ ʪʘ 

ʪʨʝʪʽʤʠ ʜʦʜʘʥʢʘʤʠ. ʄʽʛʨʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ 
1 2 1 2, , ,a a b b ʻ ʤʘʪʨʠʮʷʤʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ.  

ʇʝʨʝʥʝʩʝʥʥʷ ʛʫʩʪʠʥʠ ʧʦʧʫʣʷʮʽʾ ( , , )u x y t   , ʱʦ ʚʠʢʣʠʢʘʥʝ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ 

ʧʦʧʫʣʷʮʽʾ ( , , )v x y t   ʦʧʠʩʫʻʪʴʩʷ ʜʦʜʘʥʢʦʤ 
1u vbÐ  ɸʥʘʣʦʛʽʯʥʦ ʜʣʷ ʛʫʩʪʠʥʠ ( , , )v x y t   ʤʽʛʨʘʮʽʷ, 

ʚʠʢʣʠʢʘʥʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ  ʨʦʟʧʦʜʽʣʫ ( , , )u x y t  ʦʧʠʩʫʻʪʴʩʷ ʜʦʜʘʥʢʦʤ 
2 .v ub Ð  
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ɼʣʷ ʘʨʝʘʣʫ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ [0, ] x [0, ],  / 1a b b a  (ʤʦʜʝʣʴ ʜʦʣʠʥʠ) ʥʘ ʩʪʦʨʦʥʘʭ  

0,  y y b= = ʩʪʘʚʣʷʪʴʩʷ ʫʤʦʚʠ ʅʝʡʤʘʥʘ, ʘ ʥʘ ʜʚʦʭ ʽʥʰʠʭ ï ʫʤʦʚʠ ɼʽʨʽʭʣʝ: 

0 0

* * * *

( ,0, ) ( , , ) ( ,0, ) ( , , )
0,  0,

(0, , ) ( , ),  ( , , ) ( , ),  (0, , ) ( , ),  ( , , ) ( , ),a a

u x t u x b t v x t v x b t

y y y y

u y t u y t u a y t u y t v y t v y t v a y t v y t

µ µ µ µ
= = = =

µ µ µ µ

= = = =

    (5) 

ʜʝ      0 0

* * * *( , ), ( , ), ( , ), ( , )a au y t v y t u y t v y t- ʚʽʜʦʤʽ ʬʫʥʢʮʽʾ.      

ʋ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʧʦʧʫʣʷʮʽʾ ʨʦʟʤʽʱʝʥʽ ʫ ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʟʦʥʘʭ.             

ʉʭʝʤʘ ʯʠʩʣʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʄʝʪʦʶ ʯʠʩʣʦʚʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʩʠʩʪʝʤʠ (1)-(2) ʻ 
ʘʥʘʣʽʟ ʤʽʛʨʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʜʣʷ ʜʚʦʭ ʙʣʠʟʴʢʦʩʧʦʨʽʜʥʝʥʠʭ ʧʦʧʫʣʷʮʽʡ. 

ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚóʷʟʢʫ ʟʘʜʘʯʽ (1)-(2), (5) ʧʨʠ ʟʘʜʘʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ ʨʦʟʧʦʜʽʣʫ ʱʽʣʴʥʦʩʪʽ 

ʧʦʧʫʣʷʮʽʡ  ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʧʨʷʤʠʭ [3,4,6]. ʄʝʪʦʜ ʧʨʷʤʠʭ ʜʦʟʚʦʣʷʻ ʧʦʥʠʟʠʪʠ ʨʦʟʤʽʨʥʽʩʪʴ 
ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʟʘʜʘʯʽ. ʇʦʜʽʙʥʝ ʧʦʥʠʞʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʦʩʦʙʣʠʚʦ ʚʠʧʨʘʚʜʘʥʦ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, 

ʢʦʣʠ ʨʦʣʽ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʨʽʚʥʦʟʥʘʯʥʠʤʠ.  

ʗʢʱʦ ʟʥʝʭʪʫʚʘʪʠ ʟʤʽʥʦʶ ʱʽʣʴʥʦʩʪʽ ʧʦʧʫʣʷʮʽʾ ʧʦ ʢʦʦʨʜʠʥʘʪʽ y, ʦʪʨʠʤʘʻʤʦ ʩʠʩʪʝʤʫ ʟ 

ʦʜʥʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʟʤʽʥʥʦʶ .x   

ʅʘ ʚʽʜʨʽʟʢʫ [0, ]a  ʚʚʦʜʠʪʴʩʷ ʨʽʚʥʦʤʽʨʥʘ ʩʽʪʢʘ 

,  0,1,..., 1,  / ( 1),ix ih i n h a n= = + = +                                    (6) 

ʘ ʯʝʨʝʟ  ,i iu v  ʧʦʟʥʘʯʠʤʦ ʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥ ʧʦʧʫʣʷʮʽʡ  ʫ ʚʫʟʣʽ .  

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʧʦʪʦʢʽʚ 
1 2,q q  ʚʚʦʜʠʪʴʩʷ ʜʦʜʘʪʢʦʚʘ ʩʽʪʢʘ 1

1

2

( )
,

2

i i

i

x x
x +

+

+
=  0,1,2,... .i n=   

ɼʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʨʽʚʥʷʥʴ (1) ï (2) ʧʦ ʧʨʦʩʪʦʨʦʚʽʡ ʟʤʽʥʥʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʭʝʤʘ, ʧʦʚôʷʟʘʥʘ ʟ 

ʧʦʩʣʽʜʦʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʝʨʘʪʦʨʽʚ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʥʘ ʜʚʦʪʦʯʢʦʚʦʤʫ ʰʘʙʣʦʥʽ [3]. ʋʚʝʜʝʤʦ 

ʨʽʟʥʠʮʝʚʠʡ ʦʧʝʨʘʪʦʨ 
1 1

2

( ) ( ) /i i
i

du u u h+
+
= -

 ʪʘ ʦʧʝʨʘʪʦʨ ʦʙʯʠʩʣʝʥʥʷ 

ʩʝʨʝʜʥʴʦʛʦ
1 1

2

( ) ( ) / 2i i
i

u u ud +
+
= +

 .  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʦʪʨʠʤʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ: 

1 1 1 1 1 1

2 2 2 2 2 2

[ ] ,  ( ) ( ) ,                                                   (7)     

[ ] ,  ( ) ( ) , 1,2,..., .                              (8)

i
i i i

i
i i i

du
dq f q du dp u dv u

dt

dv
dq f q dv dp v du v i n

dt

de a d b d

de a d b d

= + = - -

= + = - - =
 

ʉʽʪʢʦʚʽ ʘʥʘʣʦʛʠ ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

0 1 0 1 0.n nu u v v+ += = = =                                            (9) 

ʉʠʩʪʝʤʫ (7)-(8) ʟʘʧʠʩʫʻʤʦ ʫ ʚʠʛʣʷʜʽ  

1 2 1 2( ),   ( ) ( , ,..., , , ,..., ),n n

dY
Y Y t u u u v v v

dt
=Y =

                                   (10) 

ʜʝ  Y  - ʚʝʢʪʦʨ ʚʫʟʣʦʚʠʭ ʟʤʽʥʥʠʭ. 

ɼʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (10) ʚʠʢʦʨʠʩʪʘʥʦ 

ʚʢʣʘʜʝʥʠʡ ʤʝʪʦʜ  ɼʦʨʤʘʥʘ-ʇʨʽʥʩʘ 5(ñ4ò) ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʚʠʙʦʨʦʤ ʢʨʦʢʫ ʽʥʪʝʛʨʫʚʘʥʥʷ [5].  

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʜʦ ʚʠʭʦʜʫ ʥʘ ʩʪʽʡʢʠʡ  ʩʪʘʮʽʦʥʘʨʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦʧʫʣʷʮʽʡ. 

ʉʪʘʮʽʦʥʘʨʥʠʡ ʨʝʞʠʤ ʦʮʽʥʶʚʘʣʠ ʟʘ ʩʝʨʝʜʥʴʦʶ ʱʽʣʴʥʽʩʪʶ ʧʦʧʫʣʷʮʽʡ 
1 1

0 0

1 1
,  . 

n n

i i

i i

U u V v
n n

+ +

= =

= =ä ä
                                                                 (11) 

ɸʥʘʣʽʟ ʤʽʛʨʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʜʣʷ ʚʠʧʘʜʢʫ ʜʚʦʭ ʧʦʧʫʣʷʮʽʡ. ʏʠʩʣʦʚʠʡ ʝʢʩʧʝʨʠʤʝʥʪ 

ʧʨʦʚʦʜʠʚʩʷ ʧʨʠ ʪʘʢʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ: 
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1 2 1 2 1 2

1

4
2,  0.03,  0.04,  0.01,  ,  3,  4.

3
a k k g g m m

g
= = = = = = =

  

ʌʫʥʢʮʽʷ ʨʝʩʫʨʩʫ ʟʘʜʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 
9 8 7 6 5 4

3 2

( ) 2.0078 10.2238 6.0718 54.7201 134.4155 119.9046

             +39.3701 2.7288 1.5430 0.1036.

p x x x x x x x

x x x

=- + - - + - +

- + +

 (12) 

 ʇʦʯʘʪʢʦʚʽ ʨʦʟʧʦʜʽʣʠ ʛʫʩʪʠʥʠ ʧʦʧʫʣʷʮʽʡ   

0 2

          0,                                    0,

0.2
                      ( ) ( 0.6)( 1.2),   0.6  1.2,                    

(0.4)

           0                                     1.2.

x

u x x x x

x

ë <
î
î
= - - - ¢ ¢ì
î
î >í

                                                       

     (13) 

0 2

          0,                                    1.3,

0.2
                ( ) ( 1.3)( 1.9),   1.3   1.9,                       

(0.4)

           0                                     1.9.

x

v x x x x

x

ë <
î
î
= - - - ¢ ¢ì
î
î >í

                                                   

     (14)

 

ʌʫʥʢʮʽʷ  ( , )g u v  ʚʠʙʨʘʥʘ ʫ ʚʠʛʣʷʜʽ:  g uv=  . 

ʇʦʯʘʪʢʦʚʠʡ ʪʘ ʢʽʥʮʝʚʠʡ ʨʦʟʧʦʜʽʣ ʧʦʧʫʣʷʮʽʡ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 1. 

   
                        (ʘ)                                                                      ( ʙ) 

ʈʠʩʫʥʦʢ 1 - ʇʦʯʘʪʢʦʚʠʡ (ʘ) ʨʦʟʧʦʜʽʣ ʽ ʬʽʥʘʣʴʥʠʡ  (ʙ)  ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʧʦʧʫʣʷʮʽʡ u   

(ʢʨʠʚʘ 1) ʪʘ v  (ʢʨʠʚʘ 2);   ʬʫʥʢʮʽʷ ʨʝʩʫʨʩʫ ( )p x  (ʢʨʠʚʘ 3) 

ʇʨʦʚʝʜʝʥʽ ʦʙʯʠʩʣʝʥʥʷ ʧʦʢʘʟʘʣʠ,  ʱʦ ʧʨʠ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ʤʽʛʨʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʭʽʜ 

ʥʘ ʩʪʽʡʢʠʡ ʩʪʘʮʽʦʥʘʨʥʠʡ ʨʦʟʧʦʜʽʣ.  ɺ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʦ ʬʽʥʘʣʴʥʽ  ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʽʭ ʛʫʩʪʠʥ 

ʧʦʧʫʣʷʮʽʡ  ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ  ʧʘʨʘʤʝʪʨʽʚ ʤʽʛʨʘʮʽʾ. 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ  ʚʧʣʠʚ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʬʫʥʢʮʽʾ ʨʝʩʫʨʩʫ ʥʘ ʤʽʛʨʘʮʽʶ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ  

0( , ) ( )(1 ( ( , ) ( , ))).p x t p x u x t v x ts= - +  ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ 

0.4s= ,   ʤʘʻ ʚʠʛʣʷʜ (11),  ï ʛʫʩʪʠʥʠ ʧʦʧʫʣʷʮʽʡ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t. 

ʊʘʙʣʠʮʷ 1. ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʦʧʫʣʷʮʽʡ ʫ ʢʽʥʮʝʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 

ʂʦʝʬʽʮʽʻʥʪʠ ʤʽʛʨʘʮʽʾ 

ʉʝʨʝʜʥʻ 
ʟʥʘʯʝʥʥʷ 

ʧʦʧʫʣʷʮʽʾ U   

ʉʝʨʝʜʥʻ 
ʟʥʘʯʝʥʥʷ 

ʧʦʧʫʣʷʮʽʾ V   

1 2 1 2 0a a b b= = = =  0.3010 0.1863 

1 2 1 20.15,  0.01,  0,  0a a b b= = = = 0.2386  0.2293 

1 2 1 20,  0,  0.06,  0.06a a b b= = =- =- 0.3189 0.1697 

1 2 1 20.15,  0.01,  0.06,  0.06a a b b= = =- =-  0.2734   0.16837 

ʅʘ ʨʠʩʫʥʢʫ 2 ʟʦʙʨʘʞʝʥʦ ʧʦʯʘʪʢʦʚʠʡ ʪʘ ʢʽʥʮʝʚʽ ʨʦʟʧʦʜʽʣʠ ʛʫʩʪʠʥ ʧʦʧʫʣʷʮʽʡ ʧʨʠ 

ʧʦʯʘʪʢʦʚʠʭ ʨʦʟʧʦʜʽʣʘʭ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴʩʷ. 
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                            (ʘ)                                                                (ʙ) 

ʈʠʩʫʥʦʢ 2 -  ʇʦʯʘʪʢʦʚʠʡ  (ʘ)  ʨʦʟʧʦʜʽʣ  ʽ   ʬʽʥʘʣʴʥʠʡ (ʙ) ʨʦʟʧʦʜʽʣ ʛʫʩʪʠʥʠ ʧʦʧʫʣʷʮʽʡ 

u (ʢʨʠʚʘ 1) ʪʘ v  (ʢʨʠʚʘ 2);   ʬʫʥʢʮʽʷ ʨʝʩʫʨʩʫ ( , )p x t  (ʢʨʠʚʘ 3) 

ɼʠʥʘʤʽʢʫ ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ ʧʦʧʫʣʷʮʽʡ  ʧʦ ʘʨʝʘʣʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3 (ʘ). ʅʘ 
ʨʠʩʫʥʢʫ ɿ (ʙ) ʧʦʢʘʟʘʥʦ ʟʤʽʥʫ ʥʝʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʨʝʩʫʨʩʫ ʧʦ ʘʨʝʘʣʫ  ʟ ʯʘʩʦʤ. 

     
                        (ʘ)                                                                         (ʙ) 

ʈʠʩʫʥʦʢ 3 - ɼʠʥʘʤʽʢʘ ʩʝʨʝʜʥʴʦʾ ʱʽʣʴʥʦʩʪʽ ʧʦʧʫʣʷʮʽʡ ʧʦ ʘʨʝʘʣʫ (ʘ) ʟʘ ʧʝʨʽʦʜ 

[0,100].tÍ  ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʨʝʩʫʨʩʫ ï ʢʨʠʚʘ 3.  ɿʤʽʥʘ ʨʝʩʫʨʩʫ ( , )p x t   (ʙ) ʟʘ ʧʝʨʽʦʜ 

[0,100]tÍ   
ɺʠʩʥʦʚʢʠ. ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʧʘʨʘʙʦʣʽʯʥʦʛʦ 

ʪʠʧʫ, ʱʦ ʦʧʠʩʫʻ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʫ ʝʚʦʣʶʮʽʶ ʜʚʦʭ ʙʣʠʟʴʢʦʩʧʦʨʽʜʥʝʥʠʭ ʚʠʜʽʚ. 

ʅʘ ʤʽʛʨʘʮʽʶ ʧʦʧʫʣʷʮʽʡ ʚʧʣʠʚʘʻ ʜʚʘ ʬʘʢʪʦʨʠ: ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʬʫʥʢʮʽʾ ʨʝʩʫʨʩʫ ʽ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʧʦʧʫʣʷʮʽʡ.  ɺ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʞʥʘ ʧʦʧʫʣʷʮʽʷ ʟʘʡʤʘʻ ʚ 
ʦʩʥʦʚʥʦʤʫ ʪʫ ʩʧʨʠʷʪʣʠʚʫ ʟʦʥʫ, ʜʦ ʷʢʦʾ ʟʥʘʭʦʜʠʪʴʩʷ ʙʣʠʞʯʝ ʫ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ.  

ʇʨʦʚʝʜʝʥʽ ʯʠʩʣʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ʤʽʛʨʘʮʽʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʭʽʜ ʥʘ ʩʪʽʡʢʠʡ ʩʪʘʮʽʦʥʘʨʥʠʡ ʨʦʟʧʦʜʽʣ. ʅʘʡʰʚʠʜʰʝ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʩʪʘʮʽʦʥʘʨʥʠʡ 
ʨʝʞʠʤ ʫ ʚʠʧʘʜʢʫ ʚʨʘʭʫʚʘʥʥʷ ʦʙʦʭ ʤʽʛʨʘʮʽʡʥʠʭ ʬʘʢʪʦʨʽʚ ʽ ʥʘʡʧʦʚʽʣʴʥʽʰʝ ï ʫ ʚʠʧʘʜʢʫ ʤʽʛʨʘʮʽʾ 

ʚʠʢʣʠʢʘʥʦʾ ʪʽʣʴʢʠ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʞʠʪʪʻʚʠʭ ʫʤʦʚ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 
1.  ɹʝʣʦʪʝʣʦʚ ʅ. ɺ. ʇʦʧʫʣʷʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʩ ʥʝʣʠʥʝʡʥʦʡ ʜʠʬʬʫʟʠʝʡ / ɹʝʣʦʪʝʣʦʚ ʅ. 

ɺ., ʃʦʙʘʥʦʚ ɸ. ʀ. // ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ.1997. ï ʪ IX, ˉ12. ï ʉ. 43-56. 
2.  ɹʝʨʝʟʦʚʩʢʘʷ ʌ.ʉ. ʇʦʣʠʥʦʤʠʘʣʴʥʳʝ ʤʦʜʝʣʠ ʧʦʧʫʣʷʮʠʡ ʩ ʘʚʪʦʪʘʢʩʠʩʦʤ: ʨʝʰʝʥʠʷ 

çʙʝʛʫʱʠʝ ʚʦʣʥʳè /ɹʝʨʝʟʦʚʩʢʘʷ ʌ.ʉ., ʂʘʨʝʚ ɺ.ʇ.  // ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 2000. ï ʊ.12, 

ˉ1. ï ʉ.79 ï 93. 
3. ʉʘʤʘʨʩʢʠʡ ɸ. ɸ. ɺʚʝʜʝʥʠʝ ʚ ʪʝʦʨʠʶ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ / ʉʘʤʘʨʩʢʠʡ ɸ. ɸ. ð 

ʄʦʩʢʚʘ: ʅʘʫʢʘ, 1989 ï 552ʩ. 

4.  ʉʘʤʘʨʩʢʠʡ ɸ. ɸ. ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʦʥʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ 
/ʉʘʤʘʨʩʢʠʡ ɸ. ɸ., ɺʘʙʠʱʝʚʠʯ ʇ. ʅ. ï ʄ.: ʕʜʠʪʦʨʠʘʣ ʋʈʉʉ, 1999. ï 480 ʩ. 

5. ʍʘʡʨʝʨ ʕ. ʈʝʰʝʥʠʝ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʅʝʞʝʩʪʢʠʝ 
ʟʘʜʘʯʠ. / ʍʘʡʨʝʨ ʕ., ʅʝʨʩʝʪʪ ʉ., ɺʘʥʥʝʨ ɻ.- ʄʦʩʢʚʘ: ʄʠʨ, 1990. ï 512ʩ. 

6.  ʌʣʝʪʯʝʨ ʂ. ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʚ ʜʠʥʘʤʠʢʝ ʞʠʜʢʦʩʪʝʡ: ɺ 2-ʭ ʪʦʤʘʭ: ʊ.1: 

ʇʝʨʝʚʦʜ ʩ ʘʥʛʣ. / ʌʣʝʪʯʝʨ  ʂ.   ï ʄʦʩʢʚʘ: ʄʠʨ, 1991. ï 504ʩ. 



74 

ʇʆɺʓʐɽʅʀɽ ʊʆʏʅʆʉʊʀ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʂʆʈʈʆɿʀʆʅʅʓʍ ʇʈʆʎɽʉʉʆɺ ɺ 

ʕʃɽʄɽʅʊɸʍ ʄɽʊɸʃʃʀʏɽʉʂʀʍ ʂʆʅʉʊʈʋʂʎʀʁ 

ɼ.ɻ. ɿʝʣʝʥʮʦʚ  

 
ʋʢʨʘʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 

ʇʨʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 
ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ (ɸʉ), ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʦʙʣʝʤʘ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʨʨʦʟʠʠ ʚʦ ʚʨʝʤʝʥʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʩʠʩʪʝʤ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʉɼʋ), ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʦʚʨʝʞʜʝʥʠʡ. ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʚʨʝʤʝʥʥʦʡ ʩʝʪʢʠ 

ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʜʦʩʪʠʛʥʫʪʴ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪʘʭ. 
ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʚʦʜʷʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʉɼʋ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʨʨʦʜʠʨʫʶʱʠʭ ʧʣʘʩʪʠʥ, ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ [1]. ɺ ʥʝʡ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʜʣʠʥʫ ʰʘʛʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʝ ʙʦʣʝʝ 1/200 ʦʪʥʦʰʝʥʠʷ ʪʦʣʱʠʥʳ 
ʧʣʘʩʪʠʥʳ ʢ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʘʧʨʷʞʝʥʠʡ. ʆʙʦʙʱʠʪʴ ʵʪʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʥʘ 

ʩʣʫʯʘʡ ʩʪʝʨʞʥʝʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʪʘʢʠʝ ʚʘʞʥʳʝ ʬʘʢʪʦʨʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʧʦʛʨʝʰʥʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʢʘʢ ʧʝʨʠʤʝʪʨ ʩʝʯʝʥʠʷ ʩʪʝʨʞʥʷ ʠ ʟʥʘʯʝʥʠʝ 
ʥʘʧʨʷʞʝʥʠʷ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʦʚʘʥʠʝ ʫʢʘʟʘʥʥʳʤ ʨʝʢʦʤʝʥʜʘʮʠʷʤ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʯʨʝʟʤʝʨʥʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʟʘʪʨʘʪʘʤ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʝʰʝʥʠʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ. 

ɺ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʘʙʦʪʘʭ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʩʝʯʝʥʠʷ ʠ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ, ʥʘʧʨʷʞʝʥʠʝʤ, 
ʧʨʝʜʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʛʣʫʙʠʥʳ ʢʦʨʨʦʟʠʠ ʠ ʚʨʝʤʝʥʝʤ [2, 3]. ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʨʝʰʝʥʠʷ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʧʨʠʚʝʜʝʥʦ ʥʝ ʙʳʣʦ. 

ɹʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʬʦʨʤʘʣʠʟʘʮʠʠ 
ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʣʠʷʥʠʠ ʥʘ ʧʦʛʨʝʰʥʦʩʪʴ ʨʝʰʝʥʠʷ (ʧʦʤʠʤʦ ʚʝʣʠʯʠʥʳ ʰʘʛʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ) ʪʘʢʠʭ 

ʬʘʢʪʦʨʦʚ, ʢʘʢ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʵʣʝʤʝʥʪʝ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʛʦ ʩʝʯʝʥʠʡ (ʬʦʨʤʳ, 

ʧʣʦʱʘʜʠ, ʧʝʨʠʤʝʪʨʘ) ʠ ʧʘʨʘʤʝʪʨʦʚ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ. ʊʘʢʘʷ ʬʦʨʤʘʣʠʟʘʮʠʷ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ 
ʩ ʧʦʤʦʱʴʶ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʀʅʉ) [4, 5]. ʇʨʠ ʦʯʝʚʠʜʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʘʭ 

ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʩʪʘʣʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʚʥʫʪʨʝʥʥʠʭ ʫʩʠʣʠʡ 

ʚ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʘʭ ʥʘ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ ʨʝh ʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʘ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʢʦʨʨʦʜʠʨʫʶʱʠʭ ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʳʭ ʰʘʨʥʠʨʥʦ-ʩʪʝʨʞʥʝʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʐʉʂ), 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʧʨʠʦʨʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʚʥʫʪʨʝʥʥʠʭ ʫʩʠʣʠʡ ʚ ʩʪʝʨʞʥʷʭ ʠ 
ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ ʠ ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʢʦʨʨʦʟʠʦʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ, 
ʚʢʣʶʯʘʁ ʪ ʚ ʩʝʙʷ ʜʚʝ ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʛʨʫʧʧʳ ʫʨʘʚʥʝʥʠʡ. ʇʝʨʚʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʫʨʘʚʥʝʥʠʷ ʤʝʭʘʥʠʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ï ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʠ ʩʦʚʤʝʩʪʥʦʩʪʠ 

ʜʝʬʦʨʤʘʮʠʡ, ʩʦʦʪʥʦʰʝʥʠʷ ʂʦʰʠ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ.  
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ɿʜʝʩʴ EDK ,, ï ʤʘʪʨʠʮʳ ʞʸʩʪʢʦʩʪʠ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʠ ʫʧʨʫʛʦʩʪʠ; e,, uR  ʠ sï ʚʝʢʪʦʨʳ 

ʫʟʣʦʚʳʭ ʥʘʛʨʫʟʦʢ, ʧʝʨʝʤʝʱʝʥʠʡ, ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ. 
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ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʢʦʨʨʦʟʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʤʝʝʪ ʚʠʜ ʩʠʩʪʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʥɹʳʭ 

ʫʨʘʚʥʝʥʠʡ (ʉɼʋ) ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ: 
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 (2) 

ɿʜʝʩʴ idï ʛʣʫʙʠʥʘ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʦʨʘʞʝʥʠʷ (ʧʘʨʘʤʝʪʨ ʧʦʚʨʝʞʜʸʥʥʦʩʪʠ); t ï ʚʨʝʤʷ; 0v  ï 

ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʘʧʨʷʞʝʥʠʡ; Nï ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʌʫʥʢʮʠʠ ʧʨʘʚʳʭ ʯʘʩʪʝʡ ʉɼʋ ()sF  ʟʘʚʠʩʷʪ ʦʪ ʫʨʦʚʥʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʚʦʡ ʛʨʫʧʧʳ. 

ʆʯʝʚʠʜʥʦ, ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʘʭ ʙʫʜʫʪ ʚʣʠʷʪʴ ʜʚʘ ʬʘʢʪʦʨʘ: 

ʠʟʤʝʥʝʥʠʝ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʡ ʠ ʠʟʤʝʥʝʥʠʝ ʫʩʠʣʠʡ. ɺʝʣʠʯʠʥʘ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʦʨʘʞʝʥʠʷ ʚ 

ʵʣʝʤʝʥʪʝ, ʦʪ ʢʦʪʦʨʦʛʦ ʠ ʟʘʚʠʩʠʪ ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʥʘʧʨʷʞʝʥʠʷ ʪʦʣʴʢʦ ʚ 

ʵʪʦʤ ʵʣʝʤʝʥʪʝ, ʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʫʩʠʣʠʷ ʉɼʋ ʚʠʜʘ (2) ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʩʦʚʦʢʫʧʥʦʩʪʴ 
ʥʝʩʚʷʟʘʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʣʠʰʴ ʧʘʨʘʤʝʪʨʘʤʠ.  
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ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʣʶʙʦʛʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠ, ʪʦ ʝʩʪʴ ʪʦʯʥʦ (ʜʣʷ ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʠʟʥʦʩʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʘ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʳʭ ʐʉʂ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ 

ʥʝʟʘʚʠʩʠʤʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʕʪʦ ʨʝʰʝʥʠʝ ʤʦʞʝʪ ʪʘʢʞʝ ʩʣʫʞʠʪʴ ʧʨʠʙʣʠʞʸʥʥʦʡ 

ʦʮʝʥʢʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɽʛʦ ʧʦʛʨʝʰʥʦʩʪʴ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʟʘʢʦʥʦʤ ʠʟʤʝʥʝʥʠʷ ʫʩʠʣʠʡ ʚ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʘʭ. 

ɺ ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʫʩʠʣʠʝ ʚ ʜʘʥʥʦʤ ʵʣʝʤʝʥʪʝ ʟʘʚʠʩʠʪ ʦʪ 

ʠʟʤʝʥʷʁɦ ʠʭʩʷ ʚʦ ʚʨʝʤʝʥʠ ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ. ʀʤʝʥʥʦ ʵʪʦ ʦʧʨʝʜʝʣʷʝʪ 
ʩʚʷʟʴ ʤʝʞʜʫ ʫʨʘʚʥʝʥʠʷʤʠ ʩʠʩʪʝʤʳ (2): 
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ʅʘ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʫʩʠʣʠʡ ʚʦ ʚʨʝʤʝʥʠ ʢʨʦʤʝ ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʠʟʥʦʩʘ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʪʦʧʦʣʦʛʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʝʸ ʥʘʯʘʣʴʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 
ʧʘʨʘʤʝʪʨʳ, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠ ʫʩʣʦʚʠʷ ʥʘʛʨʫʞʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. 

ʌʦʨʤʘʣʠʟʦʚʘʪʴ ʵʪʫ ʟʘʚʠʩʠʤʦʩʪʴ, ʘ, ʪʝʤ ʙʦʣʝʝ, ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʉɼʋ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʫʩʠʣʠʡ ʦʢʘʟʚrʘʝʪ 

ʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʯʝʤ ʠʟʤʝʥʝʥʠʝ ʧʣʦʱʘʜʝʡ ʩʝʯʝʥʠʡ.  

ʌʫʥʢʮʠʷ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʠʣʠʷ ʚ ʩʪʝʨʞʥʝ ʦʪ ʚʨʝʤʝʥʠ ()tQ , ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʉɼʋ ʚʠʜʘ (4). ɽʩʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʠʣʠʷ ʚ ʵʣʝʤʝʥʪʝ, 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʮʝʣʦʤ, ʦʪ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʬʦʨʤʘʣʠʟʦʚʘʥʘ, ʪʦ 
ʚʤʝʩʪʦ ʉɼʋ (4) ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʧʨʠʯʸʤ, ʩ ʣʶʙʦʡ 

ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ. ʅʘ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʛʠʧʦʪʝʪʠʯʝʩʢʠʤ ʪʦʯʥʳʤ ʨʝʰʝʥʠʝʤ ʉɼʋ (4) ʠ 

ʨʝʰʝʥʠʝʤ ʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʙʫʜʝʪ ʚʣʠʷʪʴ ʪʦʣʴʢʦ ʧʦʛʨʝʰʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 
ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʚ ʜʚʘ ʵʪʘʧʘ.  

ʇʝʨʚʳʡ ʵʪʘʧ (ʵʪʘʧ ʧʨʦʛʥʦʟʘ) ʧʨʝʜʧʦʣʘʛʘʝʪ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʉɼʋ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʤʝʨʘ ʵʣʝʤʝʥʪʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʠ ʧʦʩʪʨʦʝʥʠʷ ʜʣʷ ʥʝʛʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ()tQQ= . ɺ ʨʝʟʫʣʪɹʘʪʝ 

ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʙʣʠʞʸʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. 
ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ (ʵʪʘʧʝ ʢʦʨʨʝʢʮʠʠ) ʯʠʩʣʝʥʥʦ ʨʝʰʘʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʥɹʦʝ 

ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʢʦʨʨʦʟʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʚ ʵʪʦʤ ʵʣʝʤʝʥʪʝ ʩ ʫʯʸʪʦʤ ʠʟʤʝʥʝʥʠʷ ʫʩʠʣʠʷ ʚ 

ʥʸʤ ʩ ʥʫʞʥʦʡ ʪʦʯʥʦʩʪʴʶ. 
ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʦʣʠʥʦʤ 

ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ ʚʝʩʴʤʘ ʪʦʯʥʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʫʩʠʣʠʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ [ ]*;0 t , ʛʜʝ *t   ï ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʪʝʨʞʥʝʚʦʛʦ ʵʣʝʤʝʥʪʘ, 
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ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʳʨʸʭ ʫʟʣʦʚʳʭ ʪʦʯʝʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʵʪʘʧʝ ʧʨʦʛʥʦʟʘ ʟʘʜʘʯʘ ʨʘʩʯʸʪʘ 

ʥʘʧʨʞ̫ʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʰʘʝʪʩʷ ʪʦʣʴʢʦ ʯʝʪʳʨʝ ʨʘʟʘ.  

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʘʣʛʦʨʠʪʤʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʉɼʋ ʚʠʜʘ (4). 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟʚʝʩʪʥʳʭ ʨʘʙʦʪ ʜʣʷ ʨʝʰʝʥʠʷ ʉɼʋ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʜʥʦʰʘʛʦʚʳʝ 
ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʪʠʧʘ ʈʫʥʛʝ-ʂʫʪʪʳ, ʯʘʱʝ ʚʩʝʛʦ ï ʤʝʪʦʜ ʕʡʣʝʨʘ. ʅʝʜʦʩʪʘʪʢʠ ʵʪʠʭ ʤʝʪʦʜʦʚ, 

ʧʦʤʠʤʦ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʠʟʣʦʞʝʥʳ ʚ [3]. 

ɻʣʘʚʥʳʤ ʥʝʫʜʦʙʩʪʚʦʤ ʦʙʳʯʥʦʛʦ ʤʝʪʦʜʘ ʕʡʣʝʨʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʘʙʩʮʠʩʩʘ ʪʦʯʢʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ ()tss=  ʩ ʧʨʷʤʦʡ *ss=  ʥʝʠʟʚʝʩʪʥʘ; ʝʸ ʦʧʨʝʜʝʣʝʥʠʝ ʠ 

ʷʚʣʷʝʪʩʷ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʘ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. ʇʨʦʠʟʚʦʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʰʘʛʘ 
ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʫʟʣʘʤʠ ʚʨʝʤʝʥʥʦʡ ʩʝʪʢʠ) ʥʝ ʪʦʣʴʢʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʦʯʥʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʥʦ ʠ ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ 

ʝʛʦ ʩʫɦ ʝʩʪʚʦʚʘʥʠʷ ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʉɼʋ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʉɼʋ (4) ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʝʪʦʜʘ ʕʡʣʝʨʘ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʘʨʛʫʤʝʥʪʫ 

(ʨʠʩ. 1). ʇʨʝʜʣʘʛʘʝʪʩʷ ʟʘʜʘʚʘʪʴ ʧʨʠʨʘʱʝʥʠʝ ʬʫʥʢʮʠʠ constS=Ds , ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠʨʘʱʝʥʠʷ ʘʨʛʫʤʝʥʪʘ StD  ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʬʦʨʤʫʣʝ, ʚʳʚʦʜ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥ ʚ [3]: 
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ɺ (5) ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: a  ï ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʩʝʯʝʥʠʷ; s  ï ʥʦʤʝʨ 

ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ; Q  ï ʚʝʣʠʯʠʥʘ ʦʩʝʚʦʛʦ ʫʩʠʣʠʷ; k  ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʣʠʷʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ; ;1--= SPb   ;1 kQAc S += -   acbd 42-= ;  1-SA , 1-SP  ï ʧʣʦʱʘʜʴ ʠ 

ʧʝʨʠʤʝʪʨ ʩʝʯʝʥʠʷ ʚ )1( -s -ʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ.  ʇʨʠʨʘʱʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʧʦʚʨʝʞʜʸʥʥʦʩʪʠ SdD , 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʠʨʘʱʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ SsD  ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ: 
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1

2
11  (6) 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ 

ʢʦʨʨʦʟʠʠ ʦʙʦʩʥʦʚʘʥʘ ʚ [3]. ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʧʨʦʮʝʜʫʨʳ ʚʳʩʪʫʧʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʚʥʦʦʪʩʪʦʷʱʠʭ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʠʥʪʝʨʚʘʣʘ [ ]*;0 ss . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʩʣʦʚʠʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʚʩʝʡ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʉɼʋ. 
ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʘ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʨʘʩʩʤʦʪʨʠʤ ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʫʶ 5-ʩʪʝʨʞʥʝʚʫʶ ʬʝʨʤʫ (ʨʠʩ. 2). ʇʘʨʘʤʝʪʨʳ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ ʧʨʠʥʠʤʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ: L =100 ʤ; P  = 200 ʢʅ; []s  = 240 ʄʇʘ; 0v = 0,1 

ʩʤ/ʛʦʜ; k= 0,003 ʄʇʘ-1. ʉʝʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʘʥʜʘʨʪʥʳʤ ʫʛʦʣʢʦʚʳʤ ʧʨʦʬʠʣʷʤ: 

(1) - 160Ĭ100Ĭ10; (2) ʠ (3) - 100×63×8; (4) - 110Ĭ110Ĭ8 ʠ (5) - 180×110×12. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʘʣʦʥʥʦʛʦ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʕʡʣʝʨʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ ʧʦ 

ʚʨʝʤʝʥʠ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʟʣʘʤʠ ʚʨʝʤʝʥʥʦʡ ʩʝʪʢʠ ʧʨʠʥʠʤʘʣʦʩʴ ʨʘʚʥʳʤ tt
~

005,0 Ö=D , ʛʜʝ 

{ }521

~
;;

~
;

~
min

~
tttt 2=  ï ʧʨʠʙʣʠʞʸʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ; 521

~
;;

~
;

~
ttt 2  ï 

ʟʥʘʯʝʥʠʷ  ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʡʜʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣ (5) ʠ (6) 

ʧʨʠ [] 0sss -=D  ʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʚʥʫʪʨʝʥʥʠʭ ʫʩʠʣʠʡ. ʅʘʡʜʝʥʥʦʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ ʯʝʪʚʸʨʪʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʩʦʩʪʘʚʠʣʦ =t
~

 2,512 ʛʦʜʘ,  

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʟʣʘʤʠ =Dt  0,0125 ʛʦʜʘ. 
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ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʠʯʝʩʢʘʷ ʠʣʣʶʩʪʨʘʮʠʷ  

ʚʳʯʠʩʣʠʪʝʣʥɹʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʈʠʩʫʥʦʢ 2 ï ʈʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʬʝʨʤʳ 

ɿʥʘʯʝʥʠʷ ʫʩʠʣʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ (ʚ ʩʢʦʙʢʘʭ) ʚ ʵʣʝʤʝʥʪʘʭ ʬʝʨʤʳ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

 
ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʤʝʪʦʜʦʤ ʕʡʣʝʨʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ 

 

t, ʣʝʪ 

 

( )ʄʇʘʢʅQ ii ,, s  

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

0,0 
-144,69 

(-57,88) 

55,16 

(44,49) 

55,14 

(44,47) 

-77,90 

(-45,94) 

205,01  

(61,46) 

1,0 
-148,71 

(-79,24) 

51,10 

(58,96) 

51,07 

(58,93) 

-72,13 

(-60,69) 

210,82 

(79,98) 

2,0 
-156,52 

(-128,93) 

43,18 

(89,52) 

43,14 

(89,45) 

-60,89 

(-91,90) 

222,17 

(116,84) 

2.66 
-168,79 

(-233,86) 

30,71 

(143,44) 

30,69 

(143,23) 

-43,24 

(-147,65) 

240,08 

(173,85) 

 

ɺ ʵʣʝʤʝʥʪʘʭ (2), (3) ʠ (4) ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʫʩʠʣʠʡ, ʘ ʚ ʵʣʝʤʝʥʪʘʭ (1) ʠ 

(5) ï ʫʚʝʣʠʯʝʥʠʝ. ʇʦʵʪʦʤʫ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʝʨʚʳʡ ʵʣʝʤʝʥʪ.  

ʕʪʘʣʦʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʦʩʪʘʚʠʣʦ =ett  2, 67596 ʛʦʜʘ. ʋʪʦʯʥʝʥʠʝ ʨʝʰʝʥʠʷ 

ʜʣʷ ʪʨʸʭ ʧʦʩʣʝʜʥʠʭ ʫʟʣʦʚ ʚʨʝʤʝʥʥʦʡ ʩʝʪʢʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ ʧʘʨʘʙʦʣ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʵʪʘʣʦʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʘ ʨʘʩʯʸʪʘ ʥʘʧʨʷʞʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʰʘʣʘʩʴ 214 ʨʘʟ. 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʫʩʠʣʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ (ʚ ʩʢʦʙʢʘʭ) ʚ ʵʣʝʤʝʥʪʘʭ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʣʦʞʝʥʥʦʛʦ ʚʳʰʝ ʘʣʛʦʨʠʪʤʘ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 
ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʧʦʣʠʥʦʤʘ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʧʝʨʚʳʭ ʯʝʪʳʨʸʭ ʩʪʨʦʢ ʪʘʙʣʠʮʳ.  

 

ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʤʝʪʦʜʦʤ ʕʡʣʝʨʘ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ 

t, ʣʝʪ tD , ʣʝʪ  
( )ʄʇʘʢʅQ ii ,, s  

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

0,0 1,685 
-144,69 
(-57,88) 

55,16 
(44,49) 

55,14 
(44,47) 

-77,90 
(-45,94) 

205,01 
(61,46) 

1,685 0,654 
-153,00  

(-103,09) 

46,75 

(74,34) 

46,72 

(74,29) 

-65,96  

(-76,34) 

217,76 

(99,05) 

2,339 0,342 
-160,37 

 (-152,48) 
39,27 

(103,41) 
39,24 

(103,31) 
-55,35 

(-106,02) 
227,76 

(133,03) 

2,681 0,223 
-167,38 

(-208,77) 

32,15 

(133,05) 

32,12 

(132,88) 

-45,28 

(-136,49) 

237,98 

(164,89) 

2,904 - 
-174,93 
(281,64) 

24,48 
(167,60) 

25,45 
(166,88) 

-34,43 
(-172,16) 

249,04 
(198,09) 
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ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʯʠʩʣʝʥʥʦ ʨʝʰʘʣʦʩʴ ʦʜʥʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶɦ ʝʝ 

ʧʨʦʮʝʩʩ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʚ ʧʝʨʚʦʤ ʵʣʝʤʝʥʪʝ ʧʨʠ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʫʩʠʣʠʷ ʦʪ ʚʨʝʤʝʥʠ: 

ö
ö
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õ
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ç

å
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+++
Ö+Ö=

2
00
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2
210

0 1
dd

aaad

aPA

tttQ
kv
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d
, (7) 

ʛʜʝ 421 ,, aaa  ï ʢʦʬɻʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʠʣʠʷ ʦʪ 

ʚʨʝʤʝʥʠ, 00, PA  ï ʧʣʦʱʘʜʴ ʠ ʧʝʨʠʤʝʪʨ ʩʝʯʝʥʠʷ ʧʨʠ =t 0,0.  

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (7) ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʕʡʣʝʨʘ ʧʨʠ =Dt  0,0125 ʛʦʜʘ. ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ =*t  2, 69374 ʛʦʜʘ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʘʣʦʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 0,66 % . ʇʨʠ ʵʪʦʤ 
ʟʘʜʘʯʘ ʨʘʩʯʸʪʘ ʥʘʧʨʷʞʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʰʘʣʘʩʴ ʧʷʪʴ ʨʘʟ, ʪʦ ʝʩʪʴ ʚʳʯʠʩʣʠʪʝʣʥɹʳʝ ʟʘʪʨʘʪʳ 

ʫʤʝʥʴʰʠʣʠʩʴ ʙʦʣʝʝ ʯʝʤ ʚ 40 ʨʘʟ. 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʘ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʣʷ 
ʧʷʪʠʩʪʝʨʞʥʝʚʦʡ ʬʝʨʤʳ ʩ ʵʣʝʤʝʥʪʘʤʠ ʦʜʠʥʘʢʦʚʦʛʦ ʩʝʯʝʥʠʷ. 

 

ʊʘʙʣʠʮʘ 3 ï ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʇʨʦʬʠʣʴ t
~
, ʣʝʪ ett , ʣʝʪ ʧ *t , ʣʝʪ e, % 

ʋʛʦʣʦʢ 125Ĭ125Ĭ9 2,26072 2,32173 206 2,30548 0,70 

ʋʛʦʣʦʢ 140Ĭ90Ĭ10 2,52368 2,59140 206 2,57318 0,70 

ɼʚʫʪʘʚʨ 160Ĭ81 1,52978 1,57270 207 1,56206 0,68 

ʐʚʝʣʣʝʨ 180Ĭ70 1,62107 1,66593 206 1,65450 0,69 

ʐʚʝʣʣʝʨ 200Ĭ76 1,79142 1,83823 205 1,82510 0,71 

 

ɺ ʩʪʦʣʙʮʘʭ ʪʘʙʣʠʮʳ ʫʢʘʟʘʥʳ: ʧʨʦʬʠʣʴ, ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʦʚʣʝʥʳ ʩʪʝʨʞʥʠ; ʧʨʠʙʣʠʞʸʥʥʦʝ 
ʟʥʘʯʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ; ʵʪʘʣʦʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ; ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʉɼʋ; ʟʥʘʯʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʥʦʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʧʦʛʨʝʥhʦʩʪʴ ʵʪʦʛʦ 

ʨʝʰʝʥʠʷ. ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʥʝ ʟʘʚʠʩʠʪ 
ʦʪ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʩʝʯʝʥʠʡ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ.  

ʇʨʠʚʝʜʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʙʱʸʥ ʥʘ ʜʨʫʛʠʝ ʢʣʘʩʩʳ ʢʦʥʩʪʨʫʢʮʠʡ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1. ʇʝʪʨʦʚ, ɺ.ɺ. ʈʘʩʯʸʪ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʘʛʨʝʩʩʠʚʥʦʡ 
ʩʨʝʜʦʡ [ʊʝʢʩʪ] / ɺ.ɺ. ʇʝʪʨʦʚ, ʀ.ɻ. ʆʚʯʠʥʥʠʢʦʚ, ʖ.ʄ. ʐʠʭʦʚ. ï ʉʘʨʘʪʦʚ: ʉʘʨʘʪ. ʫʥ-ʪ, 1987. ï 288 
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ʂʆʄʇôʖʊɽʈʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʊɽʏɯɰ ʈʆɿʇʃɸɺʋ ʇʆʃɯʄɽʈʅʀʍ ʄɸʊɽʈɯɸʃɯɺ ʋ 

ʇʈʆɻʈɸʄʅʆʄʋ ʂʆʄʇʃɽʂʉɯ ANSYS POLYFLOW 

ɯ.ɯ. ɯʚʽʮʴʢʠʡ, ʆ.ʃ. ʉʦʢʦʣʴʩʴʢʠʡ, ɯ.ʆ. ʄʽʢʫʣʴʦʥʦʢ 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

 çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʂʠʾʚ,  

 

ɺʩʪʫʧ. ɺʠʨʦʙʠ ʟ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʘʡʞʝ ʫ ʚʩʽʭ ʩʬʝʨʘʭ 

ʣʶʜʩʴʢʦʛʦ ʞʠʪʪʷ ʪʘ ʛʘʣʫʟʷʭ ʚʠʨʦʙʥʠʮʪʚʘ. ɿ ʧʦʯʘʪʢʫ 1950-ʭ ʨʦʢʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʽʡʢʘ 

ʪʝʥʜʝʥʮʽʷ ʩʪʘʙʽʣʴʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʩʚʽʪʦʚʦʛʦ ʨʠʥʢʫ ʧʣʘʩʪʤʘʩ: ʟ 1 ʤʣʥ ʪ  ʫ 1950 ʨ. ʜʦ 170 ʤʣʥ ʪ 
ʫ 2000 ʨ. ʊʦʤʫ ʟʘʚʜʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʧʝʨʝʨʦʙʣʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʩʪʘʻ ʘʢʪʫʘʣʴʥʽʰʠʤ ʟ ʨʦʢʫ ʚ ʨʽʢ. 

ʊʝʦʨʝʪʠʯʥʽ ʟʘʩʘʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʦʟʛʣʷʜʘʣʠʩʷ ʫ 

ʧʨʘʮʷʭ [1ï3]. ʉʝʨʝʜ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʯʽʾ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ANSYS Polyflow, ʷʢʠʡ ʧʨʦʧʦʥʫʻ ʥʘʡʙʽʣʴʰ 
ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʩʽʭ ʘʩʧʝʢʪʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʨʦʟʧʣʘʚʫ. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʫ ʪʝʯʽʾ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫʟʘʛʘʣʴʥʝʥʫ ʤʦʜʝʣʴ ʥʴʶʪʦʥʽʚʩʴʢʦʾ ʧʦʪʦʢʫ [4, 5], ʱʦ 
ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʚôʷʟʘʥʥʽ ʨʽʚʥʷʥʴ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʥʝʩʪʠʩʣʠʚʦʾ ʨʽʜʠʥʠ ʽ ʟʙʝʨʝʞʝʥʥʷ ʽʤʧʫʣʴʩʫ: 
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ʜʝ 
iv , 1,3i =  ï ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ, ʤ/ʩ; 

ix , 1,3i =  ï ʜʝʢʘʨʪʦʚʽ ʢʦʦʨʜʠʥʘʪʠ, ʤ; r ï 

ʛʫʩʪʠʥʘ, ʢʛ/ʤ3; t  ï ʯʘʩ, ʩ; p  ï ʪʠʩʢ, ʇʘ; 
ijt, 1,3i = , 1,3j =  ï ʢʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʴ, ʇʘ; 

ig , 1,3i =  ï ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʤ/ʩ2. 

ɼʝʚʽʘʪʦʨ ʪʝʥʟʦʨʫ ʜʝʬʦʨʤʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ 

()2ijt = h g g# #
,                                              (3) 

ʜʝ h ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ, ʇʘĀʩ;  g# ï ʰʚʠʜʢʽʩʪʴ ʟʩʫʚʫ, ʩ-1, ʷʢʘ ʚʠʟʥʘʯʘʪʴʩʷ 
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.                                           (4) 
ɿʘʣʝʞʥʽʩʪʴ ʚôʷʟʢʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ ʜʣʷ ʧʝʨʝʚʘʞʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʜʦʮʽʣʴʥʦ ʚʠʨʘʞʘʪʠ ʩʪʝʧʝʥʝʚʠʤ ʟʘʢʦʥʦʤ [6] 

() ( )
1n

K
-

h g = lg# #
,                                             (5) 

ʜʝ K  ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʩʠʩʪʝʥʮʽʾ, ʇʘĀʩ; l ï ʧʝʨʽʦʜ ʨʝʣʘʢʩʘʮʽʾ, ʩ; n  ï ʽʥʜʝʢʩ ʪʝʯʽʾ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʚʝʣʠʯʠʥʽ ʽʥʜʝʢʩʫ ʪʝʯʽʾ ʤʝʥʰʝ ʟʘ 0,7 (ʘ ʜʣʷ ʙʽʣʴʰʦʩʪʽ 
ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʥ ʤʝʥʰʠʡ ʟʘ 0,7) ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʪʝʨʘʮʽʡʥʫ ʩʭʝʤʫ ʇʽʢʘʨʜʘ, 

ʟʘʤʽʩʪʴ ʅʴʶʪʦʥʘ, ʱʦ ʚʢʘʟʘʥʘ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

ʋ ʨʘʟʽ ʥʝʽʟʦʪʝʨʤʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʪʝʯʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ, ʱʦ ʚʠʨʘʞʘʻʪʴʩʷ 
ʬʦʨʤʫʣʦʶ 

()()H Th= h g#
,                                           (6) 

ʜʝ ()H T ï ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚôʷʟʢʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ, ʱʦ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʟʘʢʦʥʦʤ ɸʨʨʝʥʽʫʩʘ 
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0 0
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- -ç ÷ê ú,                                  (7) 
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ʜʝ a ï ʚʽʜʥʦʰʝʥʥʷ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʜʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʢʦʥʩʪʘʥʪʠ, ʂ; Ta ï ʪʝʤʧʝʨʘʪʫʨʘ, ʟʘ ʷʢʦʾ 

()1H T =, ʂ; 0T  ï ʥʘʡʥʠʞʯʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʧʨʠʡʥʷʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ (
0 0T = ), ʂ; T  ï 

ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ. 
ʇʨʠ ʟʘʚʜʘʥʥʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘʡʙʽʣʴʰ ʫʞʠʚʘʥʠʤʠ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʪʝʯʽʾ ʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʻ: 

- ʥʘ ʚʭʦʜʽ ʫ ʢʘʥʘʣ ï ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʘʙʦ ʦʙôʻʤʥʘ ʚʠʪʨʘʪʘ; 

- ʥʘ ʚʠʭʦʜʽ ʟ ʢʘʥʘʣʫ ï ʚʽʣʴʥʝ ʚʠʪʽʢʘʥʥʷ; 

- ʥʘ ʩʪʽʥʢʘʭ ʢʘʥʘʣʫ ï ʥʫʣʴʦʚʘ ʰʚʠʜʢʽʩʪʴ ʘʙʦ ʫʤʦʚʠ ʢʦʚʟʘʥʥʷ. 
ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʥʝʽʟʦʪʝʨʤʽʯʥʦʾ ʪʝʯʽʾ ʥʘ ʢʦʞʥʫ ʟ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʤʦʞʝ ʙʫʪʠ ʜʦʜʘʪʢʦʚʦ 

ʧʨʠʢʣʘʜʝʥʘ ʚʽʜʧʦʚʽʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. 
ʇʨʠʩʪʽʥʥʽ ʝʬʝʢʪʠ ʥʘ ʩʪʽʥʮʽ ʦʧʠʩʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʟʘʢʦʥʫ ʅʘʚ'ʻ, ʱʦ 

ʟʚôʷʟʫʻ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʟʽ ʟʤʽʥʦʶ ʰʚʠʜʢʦʩʪʽ 
slipe

slip s wF v vt=- -
,                                                           (8) 

ʜʝ 
sv  ï ʪʘʥʛʝʥʮʽʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʪʝʯʽʾ, ʤ/ʩ; 

wv  ï ʪʘʥʛʝʥʮʽʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʩʪʽʥʢʠ ʢʘʥʘʣʫ, ʤ/ʩ; 

slipF  ʪʘ 
slipe  ï ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʽʘʣʫ. 

ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʟʘʢʦʥʫ ʅʘʚ'ʻ ʤʦʞʣʠʚʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʤʝʪʦʜʠʢʘ ʷʢʠʭ ʦʧʠʩʘʥʘ ʫ [7]. 

ɸʜʝʢʚʘʪʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʚʽʨʝʥʘ ʰʣʷʭʦʤ 
ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʪʫʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʧʽʣʷʨʥʦʛʦ ʚʽʩʢʦʟʠʤʝʪʨʘ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʽʡ ʩʽʪʮʽ, ʱʦ ʧʦʚʥʽʩʪʶ ʚʽʜʪʚʦʨʶʻ ʛʝʦʤʝʪʨʽʶ 

ʢʘʥʘʣʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ. 
ʇʨʠʢʣʘʜ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʨʦʟʧʣʘʚʫ ʧʦʣʽʝʪʠʣʝʥʫ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʤʘʨʢʠ 

15803-020 (ɻʆʉʊ 16337ï77) ʢʨʽʟʴ ʢʘʥʘʣ ʧʣʦʩʢʦʱʽʣʠʥʥʦʾ ʬʦʨʤʫʶʯʦʾ ʛʦʣʦʚʢʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 

1. ʅʘ ʨʠʩʫʥʢʫ ʧʦʢʘʟʘʥʦ ʢʦʥʬʽʛʫʨʘʮʽʶ ʯʚʝʨʪʽ ʢʘʥʘʣʫ ʛʦʣʦʚʢʠ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʛʝʦʤʝʪʨʽʷ ʩʠʤʝʪʨʠʯʥʘ 
ʧʦ ʜʚʦʭ ʧʣʦʱʠʥʘʭ.  

 
ʈʠʩʫʥʦʢ 1 ï ʈʦʟʧʦʜʽʣ ʪʠʩʢʫ ʧʨʠ ʪʝʯʽʾ ʇɽɺʊ ʢʨʽʟʴ ʢʘʥʘʣ ʬʦʨʤʫʶʯʦʾ ʛʦʣʦʚʢʠ 

 
ɺʽʜʩʫʪʥʽ ʯʘʩʪʠʥʠ ʟʘʤʽʥʝʥʦ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ çʧʣʦʱʠʥʘ ʩʠʤʝʪʨʽʾè. ɻʨʘʥʠʯʥʦʶ 

ʫʤʦʚʦʶ ʥʘ ʚʭʦʜʽ ʚ ʢʘʥʘʣ ʙʫʣʦ ʟʘʜʘʥʦ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ 10 ʤʤ/ʩ, ʘ ʥʘ ʚʠʭʦʜʽ ʟ ʛʦʣʦʚʢʠ ï ʥʫʣʴʦʚʠʡ 
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ʪʠʩʢ. ʅʘ ʙʽʯʥʠʭ ʩʪʽʥʢʘʭ ʛʨʘʥʠʯʥʦʶ ʫʤʦʚʦʶ ʟʘʜʘʥʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʧʦ ʩʪʽʥʢʘʭ, ʦʧʠʩʘʥʽ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʟʘʢʦʥʫ ʅʘʚ'ʻ, ʧʘʨʘʤʝʪʨʠ ʷʢʦʛʦ ʚʠʟʥʘʯʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɺ ʥʠʟʮʽ 

ʚʠʧʘʜʢʽʚ ʨʦʟʧʣʘʚ ʜʝʤʦʥʩʪʨʫʻ ʟʜʘʪʥʽʩʪʴ ʧʨʦʢʦʚʟʫʚʘʪʠ ʧʦ ʪʚʝʨʜʠʭ ʩʪʽʥʢʘʭ ʢʘʥʘʣʫ ʘʙʦ ʫʪʚʦʨʶʚʘʪʠ 

ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʡ ʰʘʨ ʟʥʠʞʝʥʦʾ ʚôʷʟʢʦʩʪʽ. ʎʽ ʬʘʢʪʦʨʠ ʤʦʞʫʪʴ ʚʥʦʩʠʪʠ ʧʦʤʽʪʥʽ ʢʦʨʝʢʪʠʚʠ ʫ 
ʧʨʦʮʝʩ ʪʝʯʽʾ [1], ʪʦʤʫ ʾʭ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʫ ʤʦʜʝʣʶʚʘʥʥʽ. ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʠʩʪʽʥʥʦʛʦ ʰʘʨʫ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʤʦʜʝʣʶʚʘʥʥʽ ʥʘʚʝʜʝʥʘ ʫ [2]. 

ɿ ʧʨʦʚʝʜʝʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʝʡ, ʚôʷʟʢʦʩʪʝʡ, ʪʠʩʢʫ (ʱʦ 
ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1), ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɺʠʩʥʦʚʢʠ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦʟʚʦʣʷʻ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʪʘ ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʜʦʚʝʜʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʡʦʛʦ 
ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʘ ʨʦʙʦʯʠʡ ʨʝʞʠʤ ʟʘ ʨʘʭʫʥʦʢ ʚʠʟʥʘʯʝʥʥʷ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʣʘʜʥʘʥʥʷ 

ʱʝ ʥʘ ʝʪʘʧʽ ʤʦʜʝʣʶʚʘʥʥʷ. 
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ʉʆɹʉʊɺɽʅʅʓɽ ʂʆʃɽɹɸʅʀʗ ʂʆʅʉʊʈʋʂʊʀɺʅʆ ʅɽʆɼʅʆʈʆɼʅʓʍ 

ʎʀʃʀʅɼʈʀʏɽʉʂʀʍ ʆɹʆʃʆʏɽʂ, ʆʉʃɸɹʃɽʅʅʓʍ ʂʈʋɻʃʓʄʀ ʆʊɺɽʈʉʊʀʗʄʀ 

ɺ.ɸ. ʂʘʠʨʦʚ1, ɺ.ʇ. ʐʝʚʯʝʥʢʦ2 

 
1 ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʷ, ʅʠʢʦʣʘʝʚ 

2 ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʠʥʥʠʮʘ 

 
ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʨʘʩʯʝʪʥʦʡ ʧʨʘʢʪʠʢʝ ʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʘʥʠʤʘʶʪ ʟʘʜʘʯʠ ʨʘʩʯʝʪʘ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʦʥʢʠʭ ʫʧʨʫʛʠʭ ʧʦʜʢʨʝʧʣʝʥʥʳʭ ʨʝʙʨʘʤʠ ʦʙʦʣʦʯʝʢ ʚʨʘʱʝʥʠʷ ʩ 

ʦʪʚʝʨʩʪʠʷʤʠ ʠ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʪʚʝʨʜʳʤʠ ʪʝʣʘʤʠ. ʆʙʟʦʨ ʨʘʙʦʪ ʧʦ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ 
ʩʦʜʝʨʞʠʪʩʷ ʚ [1, 3]. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʧʨʫʛʘʷ ʦʨʝʙʨʝʥʥʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ ʚʨʘʱʝʥʠʷ, 

ʨʝʛʫʣʷʨʥʦ ʧʦʜʢʨʝʧʣʝʥʥʘʷ ʩʪʨʠʥʛʝʨʘʤʠ ʠ ʰʧʘʥʛʦʫʪʘʤʠ ʚʜʦʣʴ ʢʦʦʨʜʠʥʘʪʥʳʭ ʣʠʥʠʡ ʠ ʦʩʣʘʙʣʝʥʥʘʷ 

ʢʨʫʛʣʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʢʨʘʷʤʠ. ʇʨʠʩʦʝʜʠʥʝʥʥʳʝ ʪʚʝʨʜʳʝ ʪʝʣʘ ʜʠʩʢʨʝʪʥʦ 
ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʦʣʦʯʢʠ ʠ ʨʝʙʝʨ 

ʦʧʠʩʳʚʘʝʪʩʷ ʣʠʥʝʡʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʪʝʦʨʠʠ ʦʙʦʣʦʯʝʢ ʠ ʩʪʝʨʞʥʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʧʦʪʝʟ 

ʂʠʨʭʛʦʬʘ-ʃʷʚʘ ʠ ʂʠʨʭʛʦʬʘ-ʂʣʝʙʰʘ.  
ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʨʫʛʣʳʭ ʦʪʚʝʨʩʪʠʡ, 

ʧʦʜʢʨʝʧʣʷʶʱʠʭ ʨʝʙʝʨ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣ ʠ ʠʭ ʜʠʩʢʨʝʪʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʯʘʩʪʦʪʳ ʠ 

ʬʦʨʤʳ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʦʥʢʠʭ ʫʧʨʫʛʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʥʝʦʜʥʦʨʦʜʥʳʭ ʦʙʦʣʦʯʝʢ ʚʨʘʱʝʥʠʷ.  
ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʦʙʦʣʦʯʝʯʥʦʡ ʩʠʩʪʝʤʳ 

ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ). ɺ ʦʩʥʦʚʫ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʧʦʣʦʞʝʥ ʠʟʚʝʩʪʥʳʡ 

ʧʨʠʥʮʠʧ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ-ɻʘʤʠʣʴʪʦʥʘ. 
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ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʜʣʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʦʜʢʨʝʧʣʝʥʥʦʡ ʦʙʦʣʦʯʢʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʃʘʛʨʘʥʞʘ 
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ʛʜʝ TʇL -=  ï ʬʫʥʢʮʠʷ ʃʘʛʨʘʥʞʘ; ʊʇ, ï ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʠ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʠ 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʢʦʣʝʙʘʥʠʡ ʜʠʩʢʨʝʪʥʦ ʧʦʜʢʨʝʧʣʝʥʥʦʡ ʦʙʦʣʦʯʢʠ; 
iq  ï ʦʙʦʙʱʸʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ i -

ʛʦ ʫʟʣʘ; t  ī ʢʦʦʨʜʠʥʘʪʘ ʚʨʝʤʝʥʠ; N  ī ʯʠʩʣʦ ʫʟʣʦʚ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ. 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (1) ʜʣʷ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʡ ʠʱʝʤ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ:  

{}{} taq wsin= ,                                               (2) 

ʛʜʝ {}q  ï ʚʝʢʪʦʨ ʦʙʦʙʱʝʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʫʟʣʦʚ ʤʦʜʝʣʠ; {}a  ï ʚʝʢʪʦʨ ʘʤʧʣʠʪʫʜ ʧʝʨʝʤʝʱʝʥʠʡ 

ʫʟʣʦʚ; w ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʅʘ ʦʩʥʦʚʝ ʟʘʚʠʩʠʤʦʩʪʠ (1) ʩ ʫʯʝʪʦʤ (2) ʧʦʣʫʯʠʤ ʯʘʩʪʦʪʥʦʝ ʫʨʘʚʥʝʥʠʝ  ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ: 

[] []( ){} 02 =- aMK w ,                                      (5) 

ʇʦʣʫʯʝʥʥʦʝ ʤʘʪʨʠʯʥʦʝ ʚʳʨʘʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʦʜʥʦʨʦʜʥʳʭ ʣʠʥʝʡʥʳʭ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʜʘʝʪ ʚʝʢʪʦʨ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʤʘʪʨʠʮʫ ʬʦʨʤ 

ʢʦʣʝʙʘʥʠʡ ʦʙʦʣʦʯʝʯʥʦʡ ʩʠʩʪʝʤʳ. ɿʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʚʳʯʠʩʣʝʥʠʶ ʤʘʪʨʠʮ ʞʝʩʪʢʦʩʪʠ []K  ʠ ʤʘʩʩ 

[]M  ʦʙʦʣʦʯʢʠ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʠʟ ʤʘʪʨʠʮ ʞʝʩʪʢʦʩʪʠ ʠ ʤʘʩʩ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʝ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. 

ʏʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʩʪʘʣʴʥʳʭ ʧʦʜʢʨʝʧʣʝʥʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʦʙʦʣʦʯʝʢ ʩ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ ʠ ʦʩʣʘʙʣʝʥʥʳʭ ʢʨʫʛʣʳʤʠ 
ʦʪʚʝʨʩʪʠʷʤʠ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺʳʧʦʣʥʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʝʰʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ANSYS ʠ ʜʘʥʥʳʤʠ 
ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʣʦʯʝʢ ʟʘʚʠʩʷʪ ʚ ʦʩʥʦʚʥʦʤ 

ʦʪ ʞʝʩʪʢʦʩʪʠ ʠ ʜʠʩʢʨʝʪʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʧʦʜʢʨʝʧʣʷʶʱʠʭ ʨʝʙʝʨ ʠ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣ. 
ɺʳʷʚʣʝʥʳ ʥʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʦʙʦʣʦʯʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʠʤʝʶʱʠʝ ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʫʣʫʯʰʝʥʠʶ ʝʝ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʥʘ ʦʩʥʦʚʝ ʄʂʕ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʦʜʢʨʝʧʣʝʥʥʳʭ ʨʝʙʨʘʤʠ ʦʙʦʣʦʯʝʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ 
ʥʘʛʨʫʞʝʥʠʠ. 
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ʋɼʂ 532.5 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʋɼɸʈʅʓʍ ɿɸɼɸʏ ɻʀɼʈʆʄɽʍɸʅʀʂʀ C 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʅɽʉʆɹʉʊɺɽʅʅʓʍ ʀʅʊɽɻʈɸʃʆɺ ɺ ʉʄʓʉʃɽ ʂʆʅɽʏʅʆʁ 

ʏɸʉʊʀ ʇʆ ɸɼɸʄɸʈʋ  

ɺ.ɸ. ʂʘʪʘʥ 

 

ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  ʠʤ. ʆ. ɻʦʥʯʘʨʘ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 
  

ɺ ʧʣʦʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦ ʧʨʦʠʟʚʦʣʴʥʦʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ 

ʫʜʘʨʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʪʝʣʘ ʩ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ, ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʪʩʷ ʥʘ 
ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ [1]. ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʩ ʧʦʤʦʱʴʶ ʢʦʥʬʦʨʤʥʦʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ʦʙʣʘʩʪʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʥʘ ʚʝʨʭʥʶʶ ʧʦʣʫʧʣʦʩʢʦʩʪʴ ʩʚʦʜʠʪʩʷ ʢ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʤʝʰʘʥʥʦʡ ʟʘʜʘʯʝ ʂʝʣʜʳʰʘ-ʉʝʜʦʚʘ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʪʝʯʝʥʠʷ, 

ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʢʚʘʜʨʘʪʫʨʘʭ [2]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʪʦʯʝʢ ʟʦʥ ʦʪʨʳʚʘ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʦʪ 
ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚʘʨʠʘʮʠʦʥʥʳʡ ʧʨʠʥʮʠʧ ʆʛʘʟʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʤʫ 

ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʢʦʪʦʨʦʛʦ ʯʠʩʣʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʢʦʪʦʨʳʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʦʪʨʳʚʘ ʥʘ ʢʦʥʪʫʨʝ ʪʝʣʘ (ʚʪʦʨʘʷ ʪʦʯʢʘ ï ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ 
ʢʦʥʪʫʨʘ ʪʝʣʘ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʞʠʜʢʦʩʪʠ). ʕʪʦ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʦʜʝʨʞʠʪ 

ʩʠʥʛʫʣʷʨʥʳʝ ʠʥʪʝʛʨʘʣʳ ʚ ʩʤʳʩʣʝ ʢʦʥʝʯʥʦʡ ʯʘʩʪʠ ʧʦ ɸʜʘʤʘʨʫ, ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʪʦʨʳʭ 

ʧʨʠʤʝʥʷʶʪʩʷ ʬʦʨʤʫʣʳ ɸʜʘʤʘʨʘ-ʄʘʥʛʣʝʨʘ [3-4]. 
ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʦʙʩʪʚʝʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʚ ʩʤʳʩʣʝ ʢʦʥʝʯʥʦʡ ʯʘʩʪʠ ʧʦ ɸʜʘʤʘʨʫ ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʜʦʧʫʩʢʘʶʪ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʪʦ ʝʩʪʴ ʫʢʘʟʘʥʥʳʝ ʢʚʘʜʨʘʪʫʨʳ 

ʤʦʛʫʪ ʚʳʨʘʞʘʪʴʩʷ ʯʝʨʝʟ ʵʣʝʤʝʥʪʘʨʥʳʝ ʬʫʥʢʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʯ ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ: ʟʘʜʘʯʘ ʦ ʚʝʨʪʠʢʘʣʴʥʦʤ ʫʜʘʨʝ ʩ ʚʨʘʱʝʥʠʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʨʳʚʘ, ʟʘʜʘʯʘ ʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʫʜʘʨʝ ʩ ʚʨʘʱʝʥʠʝʤ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ. ɺ 
ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʨʝʰʝʥʠʷ ʯʝʨʝʟ ʥʝʩʦʙʩʪʚʝʥʥʳʝ  ʠʥʪʝʛʨʘʣʳ ʚ 

ʩʤʳʩʣʝ ʢʦʥʝʯʥʦʡ ʯʘʩʪʠ ʧʦ ɸʜʘʤʘʨʫ ʠ ʨʝʰʝʥʠʷ, ʚʳʨʘʞʝʥʥʦʛʦ ʯʝʨʝʟ ʵʣʝʤʝʥʪʘʨʥʳʝ ʬʫʥʢʮʠʠ, 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʫʢʘʟʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʜʘʨʥʦʛʦ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʣʘ ʠ ʞʠʜʢʦʩʪʠ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ [5-6].  
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ɻʦʤʘʥ ʆ. ɻ. ʋʜʘʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʘʩʪʠʥʳ, 
ʧʣʘʚʘʶʱʝʡ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʦʡ ʟʦʥʳ ʦʪʨʳʚʘ ʠ ʥʘʣʠʯʠʠ ʚʨʘʱʝʥʠʷ / 

ʆ.ɻ. ɻʦʤʘʥ, ɺ.ɸ. ʂʘʪʘʥ // ɺʽʩʥʠʢ ɼʅʋ. ʉʝʨʽʷ: ʄʝʭʘʥʽʢʘ. 2013. ï  ˉ 5(21). ï ɺʠʧ. 17, ʊ. 1. ï ʉ. 191 ï 

205. 
ʂʘʪʘʥ ɺ.ɸ. ʆʙ ʦʜʥʦʤ ʩʧʦʩʦʙʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʥʷ ʟʦʥʳ ʦʪʨʳʚʘ ʪʝʯʝʥʠʷ ʧʨʠʫʜʘʨʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʞʠʜʢʦʩʪʠ, / ɺ.ɸ. ʂʘʪʘʥ // ɺʽʩʥʠʢ ɼʅʋ. ʉʝʨʽʷ: ʄʝʭʘʥʽʢʘ.  2014. ï  ̄  

5(22). ï ɺʠʧ. 18, ʊ.1. ï ʉ. 63 ï 71. 
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ʈɸɿʆɻʈɽɺɸ ʆɼʅʆʄɽʈʅʓʍ ʊɺɽʈɼʓʍ ʊɽʃ  

ɺ.ʖ. ʂʣʠʤ 

 

ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʆ. ɻʦʥʯʘʨʘ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

  

ʇʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʨʘʟʦʛʨʝʚʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 
ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ [1,2]. 

ʉʪʝʨʞʥʝʚʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʦʜʥʦʨʦʜʥʳʭ ʠ ʢʫʩʦʯʥʦ-

ʦʜʥʦʨʦʜʥʳʭ ʩʪʝʨʞʥʝʡ, ʩ ʨʘʟʥʳʤʠ ʚʠʜʘʤʠ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʘ ʚ ʤʝʩʪʘʭ ʩʪʳʢʘ ʠ ʫʩʣʦʚʠʷʤʠ 
ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʨʘʟʦʛʨʝʚʘ ʩʪʝʨʞʥʷ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ 

ʦʧʨʝʜʝʣʝ̫ʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ. 

ʇʦ ʜʣʠʥʝ l ʩʪʝʨʞʝʥʴ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ N ʢʦʥʝʯʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʦ ʢʦʦʨʜʠʥʘʪʝ [ ]ii xx ,1- , 

Ni ..2,1= .  ɼʣʷ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ [ ]jj tt ,1-  ʥʘ ʢʘʞʜʦʤ ʠʥʪʝʨʚʘʣʝ ʧʦ ʢʦʦʨʜʠʥʘʪʝ[ ]ii xx ,1-  

ʚrʧʦʣʥʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ:  

1. ɿʥʘʯʝʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ (ʪʝʧʣʦʝʤʢʦʩʪʴ, 
ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ) 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʧʨʠʥʷʪʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ [1]. 

2. ʈʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ, 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʜʣʠʥʝ ʩʪʝʨʞʥʷ ʜʣʷ ʣʶʙʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ Ít [ ]jj tt ,1- .  

3. ʇʨʦʚʝʨʷʝʪʩʷ ʫʩʣʦʚʠʝ ʜʣʷ ʘʤʧʣʠʪʫʜʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʧʘʩʥʦʤ ʩʝʯʝʥʠʠ, ʪʦ ʝʩʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʜʣʠʥʝ ʩʪʝʨʞʥʷ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʟʘʜʘʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ.  

4. ʆʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ *N .  

5. ʆʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʥʫʪʨʝʥʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ ʧʦ ʜʣʠʥʝ 

ʩʪʝʨʞʥʷ ʧʦ ʠʟʚʝʩʪʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ [1].  
6. ʈʝʰʘʝʪʩʷ ʣʠʥʝʡʥʘʷ ʟʘʜʘʯʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

),( txT . 

7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʜʣʠʥʝ ʩʪʝʨʞʥʷ ʚ ʢʦʥʮʝ ʪʝʢʫʱʝʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ 

),( jxT t  ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʴʥʳʤ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ.  

ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʥʘ ʢʘʞʜʦʤ ʠʥʪʝʨʚʘʣʝ ʧʦ ʢʦʦʨʜʠʥʘʪʝ ʧʦʚʪʦʨʷʶʪʩʷ 

ʧʨʝʜʳʜʫʱʠʝ ʰʘʛʠ ʘʣʛʦʨʠʪʤʘ.  

ʈʘʟʙʠʝʥʠʝ ʥʘ ʠʥʪʝʨʚʘʣʳ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʦ ʢʦʦʨʜʠʥʘʪʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝʨʘʚʥʦʤʝʨʥʳʤ. ɼʣʷ 

ʢʫʩʦʯʥʦ-ʦʜʥʦʨʦʜʥʦʛʦ ʩʪʝʨʞʥʷ ʠʟ m ʯʘʩʪʝʡ ʜʣʷ ʢʘʞʜʦʡ ʯʘʩʪʠ ʜʣʠʥʦʡ Rn ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʷ 

),( tnn xT .  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʦʙʨʘʟʮʘ 

ʚʟʷʪ ʩʧʣʦʰʥʦʡ ʩʪʝʨʞʝʥʴ ʢʨʫʛʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠʟ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ XI8ʅ10ʊ, 

ʧʦʜʚʝʨʛʘʶʱʠʡʩʷ ʮʠʢʣʠʯʝʩʢʦʤʫ ʨʘʩʪʷʞʝʥʠʶ-ʩʞʘʪʠʶ [1,2].  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1. ɺʝʩʝʣʦʚʩʢʠʡ ɺ. ɹ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʣʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ, ʨʘʟʦʛʨʝʚʘʶʱʠʭʩʷ 
ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ/ ɺ. ɹ. ɺʝʩʝʣʦʚʩʢʠʡ, ɺ. ʖ. ʂʣʠʤ // ɺʽʩʥʠʢ ɼʦʥʝʮʴʢʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ, ʉʝʨ. ɸ: ʇʨʠʨʦʜʥʠʯʽ ʥʘʫʢʠ, 2003. ï ɺʠʧ. 1.ï ʉ. 127ï130. 
ɺʝʩʝʣʦʚʩʢʠʡ ɺ. ɹ. ʊʝʧʣʦʚʳʜʝʣʝʥʠʝ ʚ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ 

ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ / ɺ. ɹ. ɺʝʩʝʣʦʚʩʢʠʡ, ʀ. ɸ. ʂʦʣʝʩʥʠʢ, ɺ. ʖ. ʂʣʠʤ // ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ 

ʪʝʧʣʦʪʝʭʥʠʢʘ: cʙ. ʥʘʫʯ. ʪʨ. ʅʄʝʪɸʋ.- ɺʳʧ. 2(17).- ɼ.: ʅʦʚʘʷ ʠʜʝʦʣʦʛʠʷ, 2010. ï ʉ. 23 ï 31. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ʐɺʀɼʂʆʉʊɯ ʇɸʈʆɻɸɿʆɺʆɰ ʉʋʄɯʐɯ ʅɸ ʂʂɼ 

ʊɽʇʃʆɺʆɻʆ ɸʂʋʄʋʃʗʊʆʈɸ 

ʆ.ɺ. ʂʦʣʦʤʽʻʮʴ, ʂ.ʄ. ʉʫʭʠʡ, ʆ.ɸ. ɹʻʣʷʥʦʚʩʴʢʘ 

 
ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ 

 

ɺ ʥʘʰ ʯʘʩ ʪʝʥʜʝʥʮʽʷ ʤʦʥʦʪʦʥʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʚʘʨʪʦʩʪʽ ʧʝʨʚʠʥʥʦʛʦ ʧʘʣʠʚʘ ʪʘ ʧʦʩʣʫʛ 
ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʩʪʠʤʫʣʶʻ ʝʢʦʥʦʤʽʶ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʚ ʫʩʽʭ ʛʘʣʫʟʷʭ 

ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ, ʪʘ ʦʙʫʤʦʚʣʶʻ ʧʝʨʝʭʽʜ ʩʧʦʞʠʚʘʯʽʚ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʜʦ ʩʠʩʪʝʤ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʦʧʘʣʝʥʥʷ. ʆʜʥʠʤ ʽʟ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʟʘʚʜʘʥʴ ʥʘʫʢʦʚʮʽʚ ʚʩʴʦʛʦ ʩʚʽʪʫ ʻ ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ 
ʪʝʧʣʦʘʢʫʤʫʣʷʪʦʨʽʚ ʜʣʷ ʘʢʫʤʫʣʶʚʘʥʥʷ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʛʦ ʪʝʧʣʘ, ʥʝ ʦʩʪʘʥʥʻ ʤʽʩʮʝ ʩʝʨʝʜ ʷʢʠʭ 

ʟʘʡʤʘʶʪʴ ʩʦʨʙʮʽʡʥʽ ʪʝʧʣʦʚʽ ʘʢʫʤʫʣʷʪʦʨʠ. 

ɼʣʷ ʦʮʽʥʢʠ ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʨʙʮʽʡʥʠʭ ʪʝʧʣʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ, ʦʧʪʠʤʽʟʘʮʽʾ ʾʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʜʝʪʘʣʴʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ, ʱʦ 

ʧʨʦʪʽʢʘʶʪʴ ʚʩʝʨʝʜʠʥʽ ʟʘʟʥʘʯʝʥʠʭ ʧʨʠʩʪʨʦʾʚ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʧʨʦʚʝʜʝʥʥʷ ʙʘʛʘʪʦʚʘʨʽʘʥʪʥʠʭ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʚ'ʷʟʘʥʝ ʟ ʚʝʣʠʢʠʤʠ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʽ ʯʘʩʦʚʠʤʠ ʚʠʪʨʘʪʘʤʠ, 

ʦʩʦʙʣʠʚʘ ʨʦʣʴ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤ ʘʢʫʤʫʣʶʚʘʥʥʷ ʪʝʧʣʘ ʚʽʜʚʦʜʠʪʴʩʷ ʤʝʪʦʜʘʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʊʦʤʫ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʤʘʩʦʧʝʨʝʥʦʩʫ ʚ ʜʘʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʪʘ ʩʪʚʦʨʝʥʥʷ 
ʥʘʜʽʡʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʾʭ ʦʧʠʩʫ ʥʘʙʫʚʘʶʪʴ ʧʝʨʰʦʯʝʨʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʝʬʝʢʪʠʚʥʠʭ ʪʝʧʣʦʚʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʘ ʩʠʩʪʝʤ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʦʧʘʣʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʚʧʣʠʚʫ 
ʰʚʠʜʢʦʩʪʽ ʧʘʨʦʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʥʘ ʂʂɼ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ. ʂʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ 

ʧʨʠʩʪʨʦʶ ʥʘʚʝʜʝʥʦ ʚ [1]. ɺ ʷʢʦʩʪʽ ʪʝʧʣʦʘʢʫʤʫʣʶʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʤʧʦʟʠʪʥʠʡ 

ʩʦʨʙʝʥʪ çʩʠʣʽʢʘʛʝʣʴ/Nʘ2SO4è ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʛʦ ʦʧʠʩʘʥʦ ʚ [2]. 

ʇʨʦʮʝʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ 4 ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʛʨʽʚ ʪʝʧʣʦʘʢʫʤʫʣʶʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʯʘʪʢʫ ʘʜʩʦʨʙʮʽʾ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʧʨʦʭʦʜʠʪʴ ʘʜʩʦʨʙʮʽʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʥʘ 
ʢʦʤʧʦʟʠʪʥʦʤʫ ʤʘʪʝʨʽʘʣʽ. ʅʘ ʪʨʝʪʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʛʨʽʚʘʥʥʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʝʛʝʥʝʨʘʮʽʾ ʪʘ ʡʦʛʦ ʨʝʛʝʥʝʨʘʮʽʷ. ɯ ʥʘ ʯʝʪʚʝʨʪʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʭʦʣʦʜʞʝʥʥʷ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ çʩʠʣʽʢʘʛʝʣʴ ʥʘʪʨʽʡ/Nʘ2SO4è ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʯʘʪʢʫ ʩʦʨʙʮʽʾ. ɺʨʘʭʦʚʫʶʯʠ 
ʮʽ ʩʪʘʜʽʾ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʚʠʟʥʘʯʘʣʠ ʷʢ, %: 

                                        

100Ö=
ʟ

ʢ

Q

Q
ʂʂɼ

                                                            (1) 

ʜʝ K
Q

 ï ʢʦʨʠʩʥʘ ʪʝʧʣʦʪʘʩʦʨʙʮʽʾ, ʢɼʞ:  

ʩʦʨʢʦʤʢ HʄQ DÖ=
,                                         (2) 

ʢʦʤʄ - ʤʘʩʘ ʢʦʤʧʦʟʠʪʫ, ʢʛ;
ʩʦʨHD - ʪʝʧʣʦʪʘ ʩʦʨʙʮʽʾ, ʢɼʞ/ʢʛ 

ʟQ - ʚʠʪʨʘʪʠ ʪʝʧʣʦʪʠ, ʢɼʞ:  

 
ʚʦʜʠ

ʩʦʨʜʝʩ

ʚʦʜʠ

ʚʠʧʚʠʧʟʤʢʦʨʢʦʤʧʟ QQQQQQQQ ++++++= ,                                           (3) 

ʪʫʪ 
ʢʦʤʧQ , 

ʢʦʨQ , 
ʟʤQ , 

ʜʝʩQ , 
ʚʠʧQ , 

ʚʦʜʠ

ʚʠʧQ , 
ʚʦʜʠ

ʩʦʨQ ï ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʢʦʞʥʽʡ ʽʟ ʩʪʘʜʽʡ, ʚʠʪʨʘʪʠ 

ʪʝʧʣʦʪʠ ʜʣʷ ʥʘʛʨʫʚʫ ʢʦʤʧʦʟʠʪʫ, ʥʘʛʨʽʚʘʥʥʷ ʢʦʨʧʫʩʫ ʫʩʪʘʥʦʚʢʠ, ʥʘʛʨʽʚʘʥʥʷ ʟʤʽʡʦʚʠʢʘ, ʜʝʩʦʨʙʮʽʶ, 
ʥʘʛʨʽʚʘʥʥʷ ʚʦʜʠ ʚ ʙʘʢʫ, ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʜʠ ʚ ʙʘʢʫ, ʥʘʛʨʽʚʘʥʥʷ ʩʦʨʙʦʚʘʥʦʾ ʚʦʜʠ, ʢɼʞ.  

ʂʽʣʴʢʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʧʽʜʚʦʜʫ ʜʣʷ ʚʩʽʭ ʜʝʪʘʣʝʡ, ʦʙʯʠʩʣʶʻʪʴʩʷ ʧʦ 

ʦʜʥʽʡ ʟʘʛʘʣʴʥʦʚʽʜʦʤʽʡ ʬʦʨʤʫʣʽ:  
Q=MĀCĀȹt                                                                          (4) 

ɺʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʧʘʨʦʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʥʘ ʂʂɼ ʚʨʘʭʦʚʘʥʦ ʚʚʝʜʝʥʥʷʤ ʚ ʨʦʟʨʘʭʫʥʦʢ 

ʢʦʝʬʽʮʽʻʥʪʫ ɸ ï ʷʢʠʡ ʧʦʢʘʟʫʻ ʟʥʘʯʝʥʥʷ ʘʜʩʦʨʙʮʽʾ ʢʛ/ʢʛ. ʎʝʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ 
ʨʦʟʨʘʭʫʥʢʫ ʚʠʪʨʘʪ ʪʝʧʣʦʪʠ ʥʘ ʜʝʩʦʨʙʮʽʶ: 

ɸʄHQ ʢʦʤʜʝʩʜʝʩ ÖÖD= ,                                                (5) 

ʪʘ ʥʘ ʥʘʛʨʽʚʘʥʥʷ ʩʦʨʙʦʚʘʥʦʾ ʚʦʜʠ: 
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)( ..ʩʥʨʝʛʚʢʦʤ

ʚʦʜʠ

ʩʦʨ ttʉɸMQ -ÖÖÖ=                                              (6) 

ʜʝʩHD = 2850 - ʪʝʧʣʦʪʘ ʜʝʩʦʨʙʮʽʾ, ʢɼʞ/ʢʛ. 

   ʧʦʚ

ʢʦʤ

V
M

CC
A Ö

-
= 0 [3].                                                         (7) 

ʜʝ Vʧʦʚ. ï ʦʙôʻʤ ʧʦʚʽʪʨʷ: tÖÖ= wFV ʘʜʩʧʦʚ
, ʤ3; Öw ï ʰʚʠʜʢʽʩʪʴ ʧʘʨʦʛʘʟʦʚʦʾ ʩʫʤʽʰʽ, ʤ/ʩ;   

Fʘʜʩ ï ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ, ʤ
2. ʉ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʘʨʦʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʥʘ 

ʚʠʭʦʜʽ ʟ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ [3]: 

1

]]
)(

[

0

0

+

=
+

ÖÖ-

w

H
a

Cw

e

C
C

t
b

,                                                    (8) 

ʜʝ t- ʯʘʩ ʘʜʩʦʨʙʮʽʾ, ʩ; 
0C - ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʘʨʦʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʥʘ ʚʭʦʜʽ ʜʦ ʪʝʧʣʦʚʦʛʦ 

ʘʢʫʤʫʣʷʪʦʨʘ, ʢʛ/ʢʛ; ʅ ï ʚʠʩʦʪʘ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ, ʤ; ʘ ï ʩʦʨʙʮʽʡʥʘ ʻʤʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ʢʛ/ʢʛ; 

ɓ ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦ ʧʝʨʝʜʘʯʽ, ʚʠʟʥʘʯʝʥʠʡ ʽʟ ʟʘʣʝʞʥʦʩʪʽ[4];: 
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b - ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ ʫ ʛʘʟʦʚʽʡ ʬʘʟʽ 

[5], w  - ʰʚʠʜʢʽʩʪʴ ʧʘʨʦʛʘʟʦʚʦʾ ʩʫʤʽʰʽ, ʤ/c;e- ʧʦʨʠʩʪʽʩʪʴ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; d ï 

ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ ʩʦʨʙʝʥʪʫ, ʤ; 
yr , 

ym , 
yD - ʚʽʜʧʦʚʽʜʥʦ ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ, ʚʷʟʢʽʩʪʴ 

ʧʦʚʽʪʨʷ, ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ; 
d

DʧÖ=
10

ʧb  ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʦʚʽʜʜʘʯʽ ʚ ʧʦʨʘʭ; 
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ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʚ ʧʦʨʘʭ [3]; t0,5 ï ʯʘʩ, ʩ (ʟʥʘʭʦʜʠʪʴʩʷ ʧʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʢʽʥʝʪʠʯʥʠʤ ʢʨʠʚʠʤ ʩʦʨʙʮʽʾ ʥʘʚʝʜʝʥʠʤ ʚ [2]); 
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ʧʨ )(
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0567,0
y

y dww
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ÖÖ
Ö

-
Ö= - ʢʦʝʬʽʮʽʻʥʪ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ [5]; ɽʥʝʨʛʽʶ 

ʘʢʪʠʚʘʮʽʾ ʧʨʦʮʝʩʫ ʩʦʨʙʮʽʾ ʚʦʜʠ ʢʦʤʧʦʟʠʪʦʤ ʟʥʘʭʦʜʠʣʠ ʷʢ RtgE Ö= a
, ʪʫʪ R ï ʧʦʩʪʽʡʥʘ ʛʘʟʦʚʘ 

ʩʪʘʣʘ; Ŭ ï ʢʫʪ ʥʘʭʠʣʫ ʧʨʷʤʦʾ,ʱʦ ʽʣʶʩʪʨʫʻ ʟʤʽʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʽʾ ʚ ʢʦʦʨʜʠʥʘʪʘʭ Ln D - 1/T, ʜʦ 

ʛʦʨʠʟʦʥʪʫ. 
ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ, ʟʘ ʬʦʨʤʫʣʘʤʠ 1 ï 9, ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʠʩʥʦʾ ʜʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʧʘʨʦʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ 40, 50, 60 % ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ 

ʨʝʛʝʥʝʨʘʮʽʾ  80-100 ęʉ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 
 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʫ ʜʠʬʫʟʽʾ 

t, ęC 
5,0t , ʩ 5,0t , ʩ 

Dʧ, ʤ
2/ʩ 

40 31 961 8,13Ā10-12 

50 19 361 2,16Ā10-11 

60 8 64 1,22Ā10-10 
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ʘ)                                                                ʙ) 
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ʚ) 

ʈʠʩʫʥʦʢ 1 - ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʠʩʥʦʾ ʜʽʾ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʘʨʦʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠ 

ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ 40-60 %. ʘ) ʊʝʤʧʝʨʘʪʫʨʘ ʨʝʛʝʥʝʨʘʮʽʾ 80 ęʉ; ʙ) ʊʝʤʧʝʨʘʪʫʨʘ ʨʝʛʝʥʝʨʘʮʽʾ 90 ęʉ; 
ʚ) ʊʝʤʧʝʨʘʪʫʨʘ ʨʝʛʝʥʝʨʘʮʽʾ 100 ęʉ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2 ʟʨʦʩʪʘʥʥʷ ʂʂɼ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʧʘʨʦʛʘʟʦʚʦʾ 

ʩʫʤʽʰʽ ʪʘ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʛʝʥʝʨʘʮʽʾ ʩʦʨʙʝʥʪʫ ʤʘʡʞʝ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʥʦʛʦ. 
ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʂʂɼ ʩʢʣʘʜʘʻ 55% ʽ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ 40-60 % ʚ 

ʜʽʘʧʘʟʦʥʽ ʰʚʠʜʢʦʩʪʽ ʧʘʨʦʛʘʟʦʚʦʾ ʩʫʤʽʰʽ 0,6 ï 0,8 ʤ/ʩ.  
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ʉʊʆʍɸʉʊʀʏʅɸ ʄʆɼɽʃʔ ʈʆʉʊʋ ʄɸʂʉʀʄɸʃʔʅʆɰ ɻʃʀɹʀʅʀ ʇɯʊɯʅɻɸ  

ɿ ɺʈɸʍʋɺɸʅʅʗʄ ɺɿɸɭʄʅʆɻʆ ɺʇʃʀɺʋ 

ʈ.ʗ. ʂʦʩʘʨʝʚʠʯ, ɹ.ʇ. ʈʫʩʠʥ 

 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɻ.ɺ.ʂʘʨʧʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʃʴʚʽʚ 
 

ʇʽʪʽʥʛʦʚʘ ʢʦʨʦʟʽʷ ï ʦʜʠʥ ʽʟ ʧʦʰʠʨʝʥʠʭ ʪʘ ʥʘʡʥʝʙʝʟʧʝʯʥʽʰʠʭ ʧʨʦʷʚʽʚ ʢʦʨʦʟʽʾ ʯʝʨʝʟ 

ʚʨʘʟʣʠʚʽʩʪʴ ʜʦ ʥʝʾ ʧʘʩʠʚʥʠʭ ʤʝʪʘʣʽʚ ʪʘ ʟʘʚʜʷʢʠ ʩʪʨʽʤʢʦʤʫ ʧʦʰʠʨʝʥʥʶ ʚ ʛʣʠʙʠʥʫ. ɺʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʯʠʥʥʠʢʽʚ ʩʠʩʪʝʤʠ ʤʝʪʘʣ-ʩʝʨʝʜʦʚʠʱʝ, ʪʘʢʽ ʷʢ ʩʢʣʘʜ ʩʧʣʘʚʫ ʪʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ, 

ʚʣʘʩʪʠʚʦʩʪʽ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʽʪʽʥʛʦʚʽʡ 
ʢʦʨʦʟʽʾ, ʚʠʤʘʛʘʶʪʴ ʨʦʟʚʠʪʢʫ ʪʝʦʨʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʟʘʩʦʙʽʚ ʚʽʜʪʚʦʨʝʥʥʷ ʜʣʷ ʪʦʛʦ ʱʦʙ ʢʨʘʱʝ 

ʟʨʦʟʫʤʽʪʠ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʮʝʩʫ ʧʽʪʠʥʛʦʚʦʾ ʢʦʨʦʟʽʾ. ʆʢʨʽʤ ʯʠʩʣʝʥʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʚʩʪʘʥʦʚʣʝʥʥʶ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʦʟʚʠʪʢʫ ʧʽʪʠʥʛʦʚʦʾ ʢʦʨʦʟʽʾ ʪʘ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʭ 
ʤʦʜʝʣʝʡ ʨʦʩʪʫ ʪʘʢʦʞ ʚʽʜʦʤʦ ʨʷʜ ʩʪʦʭʘʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʟʘʨʦʜʞʝʥʥʷ ʽ ʨʦʩʪʫ 

ʧʽʪʽʥʛʽʚ [1,2].  

ɻʣʠʙʠʥʘ ʢʦʨʦʟʽʡʥʠʭ ʧʽʪʽʥʛʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʢʦʨʦʟʽʾ ʪʘ ʯʘʩʫ ʾʭ ʟʘʨʦʜʞʝʥʥʷ. ʊʦʤʫ 
ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʥʘʡʛʣʠʙʰʦʛʦ ʧʽʪʽʥʛʘ ʢʦʨʦʜʫʶʯʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ 

ʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʨʘʟʢʽʚ, ʦʪʨʠʤʘʥʦʾ ʟ ʟʘʛʘʣʴʥʦʾ ʧʦʧʫʣʷʮʽʾ ʢʦʨʦʟʽʡʥʠʭ ʧʽʪʽʥʛʽʚ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜʭʦʜʠ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʽʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʩʪʫ 

ʛʣʠʙʠʥʠ ʧʽʪʽʥʛʘ [3]. 

ʇʽʪʽʥʛʦʚʘ ʢʦʨʦʟʽʷ ʦʭʦʧʣʶʻ ʜʚʘ ʦʩʥʦʚʥʠʭ ʧʨʦʮʝʩʠ: ʟʘʨʦʜʞʝʥʥʷ ʧʽʪʽʥʛʘ ʪʘ ʨʽʩʪ ʧʽʪʽʥʛʘ. 

ʇʽʩʣʷ ʟʘʨʦʜʞʝʥʥʷ, ʧʽʪʽʥʛ ʤʦʞʝ ʚʽʜʨʘʟʫ ʨʝʧʘʩʠʚʫʚʘʪʠʩʷ ʘʙʦ ʧʨʦʜʦʚʞʫʚʘʪʠ ʨʦʩʪʠ, ʘ ʧʦʪʽʤ 
ʨʝʧʘʩʠʚʫʚʘʪʠʩʷ. ʎʝʡ ʧʨʦʮʝʩ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʤʝʪʘʩʪʘʙʽʣʴʥʘ ʧʽʪʽʥʛʦʚʘ ʢʦʨʦʟʽʷ. ʗʢʱʦ 

ʤʝʪʘʩʪʘʙʽʣʴʥʠʡ ʧʽʪʽʥʛ ʧʨʦʜʦʚʞʫʻ ʟʨʦʩʪʘʪʠ, ʪʦ ʚʽʥ ʩʪʘʻ ʩʪʘʙʽʣʴʥʠʤ ʧʽʪʽʥʛʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʽʥ 

ʤʦʞʝ ʜʦʩʷʛʪʠ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʛʦ ʨʦʟʤʽʨʫ, ʟʘ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ʏʘʩ ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʟ 
ʤʦʤʝʥʪʫ ʫʪʚʦʨʝʥʥʷ ʧʽʪʽʥʛʘ ʜʦ ʡʦʛʦ ʩʪʘʙʽʣʴʥʦʛʦ ʨʦʩʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʨʦʜʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ 

ʫʤʦʚ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʮʴʦʛʦ ʯʘʩʫ ʻ ʚʠʧʘʜʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ 

ʟ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ [2]. 
ʅʘ ʧʽʜʩʪʘʚʽ ʮʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʩʪʦʭʘʩʪʠʯʥʽ ʤʦʜʝʣʽ ʟʘʨʦʜʞʝʥʥʷ ʧʽʪʽʥʛʽʚ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʚ ʣʽʪʝʨʘʪʫʨʽ ʥʘ ʦʩʥʦʚʽ ʦʜʥʦʨʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʇʫʘʩʩʦʥʘ [4]. ɿʛʽʜʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ 

ʟʘʨʦʜʞʝʥʥʷ ʧʽʪʽʥʛʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʧʘʜʢʦʚʦ ʽʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʫʪʚʦʨʝʥʥʷ. ʊʠʤ ʥʝ ʤʝʥʰ, ʚ 

ʽʥʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʟʘʨʦʜʞʝʥʥʷ ʧʽʪʽʥʛʘ ʨʦʟʛʣʷʜʘʣʠ ʘʙʦ ʷʢ ʤʠʪʪʻʚʝ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʯʘʩʫ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʘʙʦ ʷʢ ʪʘʢʝ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʦʙʤʝʞʝʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ [5]. ɺʧʝʨʰʝ 

ʚʠʢʦʨʠʩʪʘʥʦ ʥʝʦʜʥʦʨʽʜʥʠʡ ʄʘʨʢʦʚʩʴʢʠʡ ʧʨʦʮʝʩ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʩʪʫ ʛʣʠʙʠʥʠ ʧʽʪʽʥʛʘ ʫ 
ʨʦʙʦʪʽ [5]. ɿʘʛʘʣʴʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʦʙôʻʜʥʫʻ ʧʨʦʮʝʩʠ ʟʘʨʦʜʞʝʥʥʷ ʪʘ ʨʦʩʪʫ ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʷʢ 

ʫʟʘʛʘʣʴʥʝʥʠʡ ʩʪʦʭʘʩʪʠʯʥʠʡ ʧʨʦʮʝʩ ʫ ʨʦʙʦʪʽ [6]. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʽʜʝʾ 

ʦʪʨʠʤʘʣʠ ʚ ʨʦʙʦʪʽ [7].  
ɿʘʛʘʣʴʥʘ ʤʦʜʝʣʴ ʧʽʪʠʥʛʦʚʦʾ ʢʦʨʦʟʽʾ. ʇʽʪʽʥʛʦʚʘ ʢʦʨʦʟʽʷ ʨʦʟʚʠʚʘʻʪʴʩʷ ʷʢ ʫ ʧʨʦʩʪʦʨʽ ʪʘʢ ʽ 

ʚ ʯʘʩʽ. ʂʨʽʤ ʪʦʛʦ ʢʦʞʥʦʤʫ ʧʽʪʽʥʛʫ ʤʦʞʥʘ ʧʦʩʪʘʚʠʪʠ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʷʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʨʦʟʤʽʨ 

ʚʠʜʠʤʦʛʦ ʦʪʚʦʨʫ, ʛʣʠʙʠʥʘ, ʩʪʘʙʽʣʴʥʠʡ ʯʠ ʤʝʪʘʩʪʘʙʽʣʴʥʠʡ ʪʘ ʽʥʰʽ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʟʘʛʘʣʴʥʦʶ 
ʤʦʜʝʣʣʶ, ʷʢʘ ʙ ʜʦʟʚʦʣʠʣʘ ʧʦʚʥʽʩʪʶ ʦʧʠʩʘʪʠ ʨʦʟʚʠʪʦʢ ʧʽʪʠʥʛʦʚʦʾ ʢʦʨʦʟʽʾ ʜʦʮʽʣʴʥʦ ʦʙʨʘʪʠ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʤʘʨʢʦʚʘʥʠʡ ʪʦʯʢʦʚʠʡ ʧʨʦʮʝʩ, ʨʝʘʣʽʟʘʮʽʻʶ ʷʢʦʛʦ ʻ ʪʦʯʢʦʚʠʡ ʦʙʨʘʟ. 

ʄʘʨʢʦʚʘʥʽ ʪʦʯʢʦʚʽ ʧʨʦʮʝʩʠ ʜʦʟʚʦʣʷʶʪʴ ʧʦʚôʷʟʘʪʠ  ʤʘʨʢʝʨʠ ʪʦʯʦʢ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ 
ʦʙôʻʢʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʪʦʯʢʘʤʠ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʟʘʣʝʞʥʠʤʠ ʚʽʜ ʤʽʩʮʷ ʧʦʣʦʞʝʥʥʷ ʪʦʯʦʢ ʪʘʢ ʽ ʥʝ 

ʧʦʚôʷʟʘʥʠʤʠ ʽʟ ʥʠʤʠ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ ʤʘʨʢʦʚʘʥʠʡ ʪʦʯʢʦʚʠʡ ʧʨʦʮʝʩ 
MX  ʻ ʧʦʩʣʽʜʦʚʥʽʩʪʶ 

ʚʠʧʘʜʢʦʚʠʭ ʤʘʨʢʦʚʘʥʠʭ ʪʦʯʦʢ () ()( ){ }txmtxX nnM ;= , ʜʝ ()( )txm n
 - ʤʘʨʢʝʨ ʪʦʯʢʠ WxnÍ , W- 

ʦʙʤʝʞʝʥʘ ʧʽʜʤʥʦʞʠʥʘ 
2R ʘʙʦ 

3R , M ï ʧʨʦʩʪʽʨ ʤʘʨʢʝʨʽʚ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʇʫʘʩʩʦʥʽʚʩʴʢʠʭ ʪʦʯʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʙʽʣʴʰ ʟʘʛʘʣʴʥʦʶ ʤʦʜʝʣʣʶ ʻ 
ʥʝʦʜʥʦʨʽʜʥʽ ʄʘʨʢʦʚʩʴʢʽ ʪʦʯʢʦʚʽ ʧʨʦʮʝʩʠ ʘʙʦ ʪʦʯʢʦʚʽ ʧʨʦʮʝʩʠ ɻʽʙʙʩʘ. ʊʘʢʽ ʧʨʦʮʝʩʠ ʜʦʟʚʦʣʷʶʪʴ 
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ʚʨʘʭʦʚʫʚʘʪʠ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʦʙôʻʢʪʘʤʠ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʚʽʜ ʥʘʡʧʨʦʩʪʽʰʦʾ ʧʘʨʥʦʾ ʜʦ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʟʚôʷʟʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʦʙôʻʢʪʠ ʧʨʦʮʝʩʫ [8,9]. ʇʦʟʥʘʯʠʤʦ 

( ){ }M,W:,MW ÍwÍwww=³=G 2121
. 

ʅʝʭʘʡ ( )( )nn m,,m,x,,xm,x 22 11= , ʫ ʚʠʧʘʜʢʫ ʧʘʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ 

ʧʨʦʮʝʩʫ ʛʫʩʪʠʥʘ ʦʙʤʝʞʝʥʦʛʦ ʤʘʨʢʦʚʘʥʦʛʦ ʪʦʯʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ɻʽʙʙʩʘ ʤʘʻ ʚʠʛʣʷʜ: 

( )
( )[ ]

Z

mxU
mxf

,exp
,

-
= ,   (1) 

ʜʝ ʧʦʪʝʥʮʽʘʣʴʥʘ ʘʙʦ ʬʫʥʢʮʽʷ ʝʥʝʨʛʽʾ U(x,m) ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

( ) ()( ) ()( )äää
-

= +==

+=
1

1 1

2

1

1
n

s

n

sr

rsrs

n

s

ss m,m,x,xVm,xVm,xU ,  (2) 

ʘ ʥʦʨʤʫʶʯʠʡ ʤʥʦʞʥʠʢ Z ʷʢ: 

()[ ]( ) ( )ä ññ
¤

=
GG

-
-

=
0

11 ,,exp
!n

nn mxdmxdxU
n

We
Z 22 , (3) 

()( ) ()( )[ ]sssss x|mpxlogm,xV l-=1 , ()xl - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʚ ʪʦʯʮʽ x, 

( )x|pÖ - ʨʦʟʧʦʜʽʣ ʟʥʘʯʝʥʴ ʤʘʨʢʝʨʘ ʚ ʪʦʯʮʽ x. ()( ) ( )rsrsrsrs m,m,x,xm,m,x,xV f=2  - 

ʧʦʪʝʥʮʽʘʣʴʥʘ ʬʫʥʢʮʽʷ ʧʘʨʠ ʤʘʨʢʝʨʽʚ ( )rs mm ,  ʨʦʟʤʽʱʝʥʠʭ ʚ ʪʦʯʢʘʭ ( )rs x,x . 

ʌʫʥʢʮʽʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ()sxl  ʻ ʟʘʣʝʞʥʦʶ ʚʽʜ ʯʘʩʫ ʦʩʢʽʣʴʢʠ ʧʽʪʽʥʛʠ ʫʪʚʦʨʶʶʪʴʩʷ ʥʝ 

ʦʜʥʦʯʘʩʥʦ, ʪʦʤʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʦʥʘ ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

() () ( )dxdtx,txx
W

t

t
ssts ññl=l=l

0

.   (4) 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ ʡʤʦʚʽʨʥʦʩʪʽ ʫʤʦʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʘʨʢʝʨʽʚ ʪʦʯʢʦʚʦʛʦ ʧʨʦʮʝʩʫ 

( )ss x|mp  ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʚʠʨʘʟʦʤ ʥʘʚʝʜʝʥʠʤ ʫ [6]. ɼʣʷ ʚʠʧʘʜʢʫ ʦʜʥʦʛʦ ʧʽʪʽʥʛʘ ʡʤʦʚʽʨʥʽʩʪʴ 

ʜʦʩʷʛʥʝʥʥʷ ʛʣʠʙʠʥʠ ʜʠʩʢʨʝʪʥʦʛʦ ʩʪʘʥʫ i ʟ ʤʦʤʝʥʪʫ ʟʘʨʦʜʞʝʥʥʷ ( )ktt-  ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

( ) ( )[ ]{ }ikk ttexptt,iF -r---=- 11 , () ()ñ ttm=r
t

0
dt , (5) 

ʜʝ ()Öm - ʯʘʩʪʦʪʘ ʧʝʨʝʭʦʜʫ ʚʝʣʠʯʠʥʠ ʛʣʠʙʠʥʠ ʧʽʪʽʥʛʘ ʚʽʜ ʧʝʚʥʦʛʦ ʩʪʘʥʫ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʧʨʦʪʷʛʦʤ 

ʜʫʞʝ ʤʘʣʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ.  

ʅʝʦʙʭʽʜʥʦ ʧʦʚôʷʟʘʪʠ ʮʶ ʯʘʩʪʦʪʫ ʽʟ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʧʽʪʽʥʛʘ, ʘ ʩʘʤʝ ʽʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 
ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʫ ʤʽʩʮʽ ʡʦʛʦ ʫʪʚʦʨʝʥʥʷ. ɺʽʜʦʤʠʡ ʬʘʢʪ, ʱʦ ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʠʤ ʤʽʩʮʝʤ 

ʟʘʨʦʜʞʝʥʥʷ ʧʽʪʽʥʛʽʚ ʻ ʤʽʩʮʷ ʚʢʣʶʯʝʥʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʘʟ ʥʘ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʧʨʦʷʚʣʷʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʧʦʪʦʥʰʝʥʥʽ ʟʘʭʠʩʥʦʾ ʦʢʩʠʜʥʦʾ ʧʣʽʚʢʠ. ʆʯʝʚʠʜʥʦ, ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ 
ʟʘʨʦʜʞʝʥʥʽ ʽ ʚʽʜʧʦʚʽʜʥʦ ʨʦʩʪʫ ʧʽʪʽʥʛʘ ʙʫʜʝ ʙʽʣʴʰʦʶ ʚ ʦʙʣʘʩʪʽ, ʜʝ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʢʣʶʯʝʥʴ ʙʽʣʴʰʘ. 

ʗʢʱʦ ʚʠʟʥʘʯʠʪʠ ʚʠʧʘʜʢʦʚʝ ʧʦʣʝ Z(x) ʜʣʷ ʥʝʧʦʰʢʦʜʞʝʥʦʛʦ ʟʨʘʟʢʘ, ʜʣʷ ʷʢʦʛʦ ʟʥʘʯʝʥʥʷʤ ʫ ʢʦʞʥʽʡ 

ʪʦʯʮʽ ʻ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʘʙʦ ʧʣʦʱʘ ʯʠ ʦʙôʻʤ ʥʝʤʝʪʘʣʝʚʠʭ ʚʢʣʶʯʝʥʴ ʫ ʦʢʦʣʽ ɺ ʜʝʷʢʦʛʦ ʨʘʜʽʫʩʫ r 
ʪʦʯʢʠ x, ʪʦʙʪʦ: 

( )
[ ]
ä
Í

-=+=
Am;x

iiB

ii

mxx)x(Z),xB(N)x(Z 1 ,  (6) 

ʜʝ mi ï ʧʣʦʱʘ ʘʙʦ ʦʙôʻʤ ʚʢʣʶʯʝʥʴ. ʊʦʜʽ ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʥʘʩʪʫʧʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

()Öm  ʪʘ Z(x) ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ Z(x) ï ʧʣʦʱʘ ʚʢʣʶʯʝʥʴ ʫ ʦʢʦʣʽ ʥʘʚʢʦʣʦ ʪʦʯʢʠ ʭ: 

( )
()
ö
ö

÷

õ

æ
æ

ç

å

p
--=m

xZ
expx,t 1 .   (7) 



90 

ʌʽʢʩʢʝʣ ʫ 1984 ʨʦʮʽ ʟʘʧʨʦʧʦʥʫʚʘʚ ʤʦʜʝʣʴ ʪʦʯʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʘʨʥʦʾ ʚʟʘʻʤʦʜʽʾ, 

ʧʦʪʝʥʮʽʘʣʴʥʘ ʬʫʥʢʮʽʷ ʜʣʷ ʷʢʦʛʦ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ [9]: 

( ) fxxh,

hxx,

xxexpa

fxx,

)x,x(c rs

rs

rs

rs

rs ¢-¢
î
í

î
ì

ë

<-

-*k-*

>-

=

0

1
, (8) 

ʜʝ h ï ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʚʟʘʻʤʦʜʽʾ, f ï ʧʦʟʥʘʯʘʻ ʜʽʘʧʘʟʦʥ ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ, ʷʢʱʦ 
ʚʽʜʩʪʘʥʴ ʙʽʣʴʰʘ ʟʘ f, ʪʦ ʝʣʝʤʝʥʪʠ ʥʝ ʚʟʘʻʤʦʜʽʶʪʴ,  a ï ʢʦʥʩʪʘʥʪʘ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʚʠʜ ʧʨʦʮʝʩʫ: a=0 ï 

ʇʫʘʩʦʥʽʚʩʴʢʠʡ ʧʨʦʮʝʩ, a>0 ï ʢʣʘʩʪʝʨʥʠʡ ʧʨʦʮʝʩ, a<0 ï ʧʨʦʮʝʩ ʦʙʤʝʞʝʥʦʾ ʚʟʘʻʤʦʜʽʾ, k - 

ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʭʘʨʘʢʪʝʨ ʟʤʝʥʰʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ 
ʧʨʦʮʝʩʫ. ʗʢ ʧʦʢʘʟʘʥʦ ʫ ʨʦʙʦʪʽ [10] ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ʌʽʢʩʝʣʘ ʜʦʟʚʦʣʷʻ ʛʝʥʝʨʫʚʘʪʠ ʪʦʯʢʦʚʽ 

ʦʙʨʘʟʠ ʥʘʙʣʠʞʝʥʽ ʜʦ ʣʘʙʦʨʘʪʦʨʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

ɿ ʚʨʘʭʫʚʘʥʥʷʤ  ʟʥʘʯʝʥʥʷ  ʤʘʨʢʝʨʽʚ ʫ ʪʦʯʢʘʭ ʚʟʘʻʤʦʜʽʾ ʚʠʨʘʟ (8) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 

( )

( )( ) []102

0

1

1
,m,mm*

fxxh,

hxx,

xxexpa

fxx,

)x,x(c

srs

rs

rs

rs

rs

rs

Í+=k

¢-¢
î
í

î
ì

ë

<-

-*k-*

>-

=

-

 (9) 

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʛʣʠʙʠʥʦʶ ʧʽʪʽʥʛʽʚ ʪʘ ʾʭ ʚʟʘʻʤʦʜʽʻʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʧʘʨʘʤʝʪʨ k ʫ ʚʠʨʘʟʽ (9) ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ʛʣʠʙʠʥʠ ʧʽʪʽʥʛʽʚ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ. ʗʢʱʦ ʚʟʘʻʤʦʜʽʶʪʴ 

ʜʚʘ ʩʪʘʙʽʣʴʥʽ ʧʽʪʽʥʛʠ, ʛʣʠʙʠʥʘ ʷʢʠʭ ʙʽʣʴʰʘ ʧʦʣʦʚʠʥʠ ʪʦʚʱʠʥʠ ʤʝʪʘʣʫ (1mm rs >+ ), ʪʦ ʾʭ 

ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʧʨʠʩʢʦʨʝʥʥʽ ʧʨʦʮʝʩʫ ʢʦʨʦʟʽʾ, ʪʦʜʽ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʚʟʘʻʤʦʜʽʾ 

ʟʨʦʩʪʝ. ʗʢʱʦ ʩʝʨʝʜ ʚʟʘʻʤʦʜʽʶʯʠʭ ʪʽʣʴʢʠ ʦʜʠʥ ʟ ʧʽʪʽʥʛʽʚ ʻ ʚʽʜʥʦʩʥʦ ʛʣʠʙʦʢʠʤ, ʪʦʙʪʦ 

5.0mm rs º+ , ʪʦʜʽ ʚʟʘʻʤʦʜʽʷ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʱʦ ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʧʨʘʢʪʠʯʥʦ ʥʝʟʤʽʥʥʦʤʫ ʟʥʘʯʝʥʽ 

ʬʫʥʢʮʽʾ ʚʟʘʻʤʦʜʽʾ ʚʠʨʘʟʫ (9). ʇʨʠ ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ ʥʝʛʣʠʙʦʢʠʭ ʧʽʪʽʥʛʽʚ, ʢʦʣʠ 5.0mm rs ¢+  

ʟʤʽʥʥʘ k ʥʘʙʫʜʝ ʟʥʘʯʝʥʥʷ ʙʽʣʴʰʦʛʦ ʟʘ ʦʜʠʥʠʮʶ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ 

ʚʟʘʻʤʦʜʽʾ. ʊʘʢʝ ʪʨʘʢʪʫʚʘʥʥʷ ʬʫʥʢʮʽʾ ʚʟʘʻʤʦʜʽʾ ʚʽʜʦʙʨʘʞʘʻ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʝʨʝʙʽʛ ʧʽʪʠʥʛʦʚʦʾ 

ʢʦʨʦʟʽʾ ʦʩʢʽʣʴʢʠ ʷʢ ʚʽʜʦʤʦ ʟ ʜʦʩʣʽʜʞʝʥʴ [2] ʧʽʪʽʥʛʠ ʜʦʩʷʛʥʫʚʰʠ ʧʝʚʥʦʾ ʢʨʠʪʠʯʥʦʾ ʛʣʠʙʠʥʠ 
ʧʨʦʜʦʚʞʫʶʪʴ ʩʪʘʙʽʣʴʥʦ ʨʦʩʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʥʘʷʚʥʦʩʪʽ ʜʚʦʭ ʩʪʘʙʽʣʴʥʠʭ 

ʧ̔ ʪʽʥʛʽʚ. ɼʨʫʛʠʡ ʚʠʧʘʜʦʢ ʚʽʜʧʦʚʽʜʘʻ ʥʘʷʚʥʦʩʪʽ ʦʜʥʦʛʦ ʩʪʘʙʽʣʴʥʦʛʦ ʧʽʪʽʥʛʘ, ʚʧʣʠʚ ʷʢʦʛʦ ʤʦʞʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʨʝʧʘʩʠʚʘʮʽʾ ʩʫʩʽʜʥʽʭ ʤʝʪʘʩʪʘʙʽʣʴʥʠʭ ʧʽʪʽʥʛʽʚ [2]. ʊʘʢʦʞ ʫ ʪʨʝʪʴʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʛʣʠʙʠʥʘ ʧʽʪʽʥʛʽʚ ʥʝʚʝʣʠʢʘ ʚʦʥʠ ʤʦʞʫʪʴ ʨʝʧʘʩʠʚʫʚʘʪʠʩʷ ʪʦʙʪʦ ʧʝʨʝʪʚʦʨʠʪʠʩʷ ʫ ʤʝʪʘʩʪʘʙʽʣʴʥʽ, ʱʦ 

ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʩʣʘʙʣʝʥʥʷ ʢʦʨʦʟʽʡʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ. 
ʅʘ ʦʩʥʦʚʽ ʚʠʨʘʟʽʚ (1)-(10) ʤʦʞʝʤʦ ʦʪʨʠʤʘʪʠ ʥʘʩʪʫʧʥʠʡ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʜʣʷ ʬʫʥʢʮʽʾ 

ʛʫʩʪʠʥʠ ʡʤʦʚʽʨʥʦʩʪʽ ʤʘʨʢʦʚʘʥʦʛʦ ʪʦʯʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʽʪʽʥʛʦʚʦʾ ʢʦʨʦʟʽʾ ʫ ʜʝʷʢʽʡ ʦʙʣʘʩʪʽ ʟʨʘʟʢʘ A 

ʤʥʦʞʠʥʠ ʧʽʪʽʥʛʽʚ x ʽʟ ʛʣʠʙʠʥʘʤʠ m ʧʽʩʣʷ ʯʘʩʫ t ʟ ʤʦʤʝʥʪʫ ʧʦʯʘʪʢʫ ʢʦʨʦʟʽʡʥʦʛʦ ʧʨʦʮʝʩʫ. t,x,m ï 
ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʚʝʢʪʦʨʠ ʟʥʘʯʝʥʴ. 
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 (11) 

ʇʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ (11) ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʯʠ 
ʧʦʙʫʜʫʚʘʪʠ ʦʮʽʥʢʠ ʜʣʷ ʾʾ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʚʝʨʠʬʽʢʫʚʘʪʠ ʧʦʙʫʜʦʚʘʥʫ ʤʦʜʝʣʴ.  ɼʣʷ ʮʴʦʛʦ 

ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʽʷ ʢʦʨʦʟʽʡʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʽʩʪʠʚ cn  ʟʨʘʟʢʽʚ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʧʽʜʜʘʚʘʚʩʷ ʚʧʣʠʚʫ ʢʦʨʦʟʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʯʘʩʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʠʤʽʨʶʚʘʣʘʩʴ 

ʛʣʠʙʠʥʘ ʚʩʽʭ ʧʽʪʽʥʛʽʚ ʪʘ ʚʠʟʥʘʯʘʣʠʩʷ ʤʘʢʩʠʤʘʣʴʥʽ. ʈʦʟʧʦʜʽʣ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʤʦʜʝʣʶʚʘʚʩʷ 
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ʨʦʟʧʦʜʽʣʦʤ ɻʫʤʙʝʣʷ [5], ʘ ʨʦʟʧʦʜʽʣ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ï ʨʦʟʧʦʜʽʣʦʤ ʌʽʢʩʝʣʘ [9]. ɺʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʚʠʨʘʟʫ (11) ʚʽʜʙʫʚʘʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʾ ʟʘʛʘʣʴʥʦʾ ʧʦʭʠʙʢʠ, ʷʢʫ 

ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʷʢ: 
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ʜʝ ( )ie

i

e , 2sm  ʪʘ ( )ipi

p , 2sm  ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʪʘ ʜʠʩʧʝʨʩʽʷ ʟʥʘʯʝʥʴ ʜʣʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʦʮʽʥʶʚʘʥʠʭ ʟʘ ʚʠʨʘʟʦʤ (11) ʨʦʟʧʦʜʽʣʽʚ ʦʪʨʠʤʘʥʠʭ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ -̔ʛʦ 
ʝʢʩʧʝʨʠʤʝʥʪʫ.  

 
ʘ  

ɹ 

 
ʚ  

ʛ 

ʈʠʩʫʥʦʢ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ: ʘ) ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ; ʙ) ʨʦʟʧʦʜʽʣ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʛʣʠʙʠʥ ʧʽʪʽʥʛʽʚ; ʚ) ʪʦʯʢʦʚʠʡ ʦʙʨʘʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ; ʛ) 

ʩʠʥʪʝʟʦʚʘʥʠʡ ʪʦʯʢʦʚʠʡ ʦʙʨʘʟ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

ʅʘ ʨʠʩ.1. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʠʨʘʟʫ (11). ʈʠʩ. 1ʘ ʚʽʜʦʙʨʘʞʘʻ 

ʦʜʠʥ ʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ. ʅʘ ʈʠʩ. 1ʙ ʥʘʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣ 
ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʛʣʠʙʠʥ ʧʽʪʽʥʛʽʚ ʦʪʨʠʤʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʚʠʨʘʟʫ (11). ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʝʩʪʫ 

ʉʤʽʨʥʦʚʘ-ʂʦʣʤʦʛʦʨʦʚʘ ʧʽʜʪʚʝʨʜʞʝʥʦ ʡʦʛʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʤʫ 

ʨʦʟʧʦʜʽʣʫ. ʅʘ ʈʠʩ 1ʚ ʪʘ ʈʠʩ.1ʛ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʪʦʯʢʦʚʠʭ ʦʙʨʘʟʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝʘʣʴʥʦʤʫ 
ʟʨʘʟʢʫ ʪʘ ʦʪʨʠʤʘʥʦʤʫ ʥʘ ʦʩʥʦʚʽ ʚʠʨʘʟʫ (11).  
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ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ʆɹʈʆɹʂʀ ʉʊɸʃɽɺʆɻʆ ʈʆɿʇʃɸɺʋ ɼʈʆʊʆʄ ʇɯɼ ʏɸʉ 

ʇʈʆɼʋɺɸʅʅʗ ɯʅɽʈʊʅʀʄ ɻɸɿʆʄ ʅɸ ɸɻʈɽɻɸʊɯ ʂɯɺʐ-ʇɯʏ 

ʂ.ʉ. ʂʨʘʩʥʽʢʦʚ 

 

ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢ 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺʚʝʜʝʥʥʷ ʜʨʦʪʫ ʫ ʨʦʟʧʣʘʚ ʻ ʩʫʯʘʩʥʠʤ ʤʝʪʦʜʦʤ ʧʦʟʘʧʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʩʪʘʣʽ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʫ 

ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʻ ʢʦʰʪʦʚʥʠʤ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 
ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʢʦʤʧôʶʪʝʨʽ, ʷʢʽ ʟʥʘʯʥʦ ʜʝʰʝʚʰʝ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʇʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ 

ʜʦʩʣʽʜʞʫʚʘʣʦʩʴ ʟʘʢʦʨʜʦʥʥʠʤʠ ʚʯʝʥʠʤʠ. ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [1] ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ 
ʤʦʜʝʣʴ, ʫ ʷʢʽʡ ʚʨʘʭʦʚʘʥʦ, ʱʦ ʧʦʨʦʰʢʦʚʠʡ ʜʨʽʪ ʩʧʦʯʘʪʢʫ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʰʣʘʢʦʚʠʡ ʰʘʨ ʽʟ 

ʧʦʷʚʦʶ ʰʣʘʢʦʚʦʾ ʢʽʨʢʠ, ʧʽʩʣʷ ʯʦʛʦ ʜʨʽʪ ʧʦʪʨʘʧʣʷʻ ʜʦ ʩʪʘʣʝʚʦʛʦ ʨʦʟʧʣʘʚʫ, ʜʝ ʩʪʚʦʨʶʻʪʴʩʷ ʩʪʘʣʝʚʘ 

ʢʨ̔ʢʘ.  
ɺ ʦʩʥʦʚʫ ʤʦʜʝʣʽ ʧʣʘʚʣʝʥʥʷ ʟ ʨʫʭʦʤʠʤʠ ʤʝʞʘʤʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚ ʨʦʙʦʪʽ [2] 

ʧʦʢʣʘʜʝʥʦ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʉʪʝʬʘʥʘ. ʆʪʨʠʤʘʥʦ ʬʦʨʤʫʣʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʪʽʢʘʥʥʷ ʜʨʦʪʫ. ɺʟʘʻʤʦʜʽʶ ʽʟ ʰʘʨʦʤ ʰʣʘʢʫ ʥʝ ʚʨʘʭʦʚʘʥʦ.  

ʋ ʨʦʙʦʪʽ [3] ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʽʥʰʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʧʣʘʚʣʝʥʥʷ ʨʝʯʦʚʠʥʠ ʫ 

ʨʦʟʧʣʘʚʽ ʩʪʘʣʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ ʦʙôʻʤʽʚ, ʷʢʠʡ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʚʦ- ʘʙʦ ʪʨʠʚʠʤʽʨʥʦʛʦ ʥʝʩʠʤʝʪʨʠʯʥʦʛʦ ʧʣʘʚʣʝʥʥʷ ʽʟ ʥʘʤʝʨʟʘʥʥʷʤ ʢʽʨʢʠ. 
ʄʦʜʝʣʶʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ ʤʘʻ ʩʚʽʡ ʨʦʟʚʠʪʦʢ. ʋ ʨʦʙʦʪʽ [4] ʥʘʜʘʥʦ 

ʜʚʦʚʠʤʽʨʥʫ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ, ʜʨʽʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʣʘʥʮʶʛʦʤ ʩʪʨʠʞʥʝʡ, ʥʘʚʝʜʝʥʦ ʨʽʚʥʷʥʥʷ 

ʃʘʛʨʘʥʞʫ ʜʨʫʛʦʛʦ ʨʦʜʫ, ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʦʙʨʘʥʦ ʟʝʥʽʪʥʽ ʢʫʪʠ ʩʬʝʨʠʯʥʦʾ ʩʠʩʪʝʤʠ 
ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʢʦʞʥʦʛʦ ʩʪʨʠʞʥʷ, ʘʣʝ ʥʝ ʥʘʜʘʥʦ ʬʦʨʤʫʣʠ ʜʣʷ ʝʥʝʨʛʽʾ, ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʠʣ, 

ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʽʚ ʤʘʩ ʩʪʨʠʞʥʝʡ, ʚʠʨʘʞʝʥʠʭ ʯʝʨʝʟ ʫʟʘʛʘʣʴʥʝʥʽ ʢʦʦʨʜʠʥʘʪʠ ʪʘ ʽʥ.  

ʋ ʨʦʙʦʪʽ [5] ʥʘʚʝʜʝʥʦ ʤʦʜʝʣʴ ʨʫʭʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʪʽʣʴʢʠ ʧʨʠʙʣʠʟʥʦ ʦʮʽʥʠʪʠ ʛʣʠʙʠʥʫ 
ʟʘʥʫʨʝʥʥʷ ʪʘ ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ ʜʨʦʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʣʘʚʣʝʥʥʷ. ʄʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ɸʨʭʽʤʝʜʦʚʫ 

ʩʠʣʫ, ʩʠʣʫ ʪʷʞʽʥʥʷ ʪʘ ʰʚʠʜʢʽʩʪʴ ʚʚʝʜʝʥʥʷ, ʽ ʥʝ ʚʨʘʭʦʚʫʻ ʧʨʫʞʥʽ ʩʠʣʠ ʜʨʦʪʫ, ʩʠʣʠ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʟ ʙʦʢʫ ʨʦʟʧʣʘʚʫ, ʙʽʣʴʰ ʩʭʦʞʘ ʥʘ ʤʦʜʝʣʴ ʨʫʭʫ ʯʘʩʪʠʥʢʠ ʫ ʨʦʟʧʣʘʚʽ 
(ʚʧʣʠʚ ʩʫʩʜ̔ʥʽʭ ʣʘʥʦʢ ʥʝ ʚʨʘʭʦʚʘʥʦ). ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʤʦʜʝʣʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʘʙʣʠʞʝʥʫ 

ʜʚʦʚʠʤʽʨʥʫ ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ. 

ɺʠʤʘʛʘʻ ʫʚʘʛʠ ʨʦʙʦʪʘ [6], ʫ ʷʢʽʡ ʥʘʚʝʜʝʥʦ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʪʨʠʚʠʤʽʨʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ 
ʤʦʜʝʣʽ,  ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʦʨʤʫʣʠ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʽʚ ʤʘʩ ʩʪʨʠʞʥʽʚ, ʚʠʨʘʞʝʥʠʭ ʫʟʘʛʘʣʴʥʝʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ, ʬʦʨʤʫʣʠ ʢʽʥʝʪʠʯʥʠʭ, ʧʦʪʝʥʮʽʡʥʠʭ ʝʥʝʨʛʽʡ ʪʘ ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʠʣ.  

http://link.springer.com/search?facet-author=%22A.+J.+Baddeley%22
http://link.springer.com/search?facet-author=%22M.+N.+M.+van+Lieshout%22
http://link.springer.com/journal/10463
http://link.springer.com/journal/10463
http://link.springer.com/journal/10463
http://link.springer.com/journal/10463/47/4/page/1
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ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʩʪʘʣʝʚʦʛʦ ʨʦʟʧʣʘʚʫ ʘʚʪʦʨʠ ʨʦʙʦʪʠ [7] (ʩ. 26) 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʨʴʦʭʝʪʘʧʥʠʡ ʤʝʪʦʜ ɹʽʣʦʮʝʨʢʦʚʩʴʢʦʛʦ, ʷʢʠʡ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʨʦʟʚôʷʟʢʫ 

ʪʨʠʚʠʤʽʨʥʦʾ ʟʘʜʘʯʽ ʨʫʭʫ ʨʦʟʧʣʘʚʫ. 

ʋ ʨʦʙʦʪʽ [8] ʥʘʚʝʜʝʥʦ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʨʦʟʧʣʘʚʫ ʫ 
ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʄʦʜʝʣʴ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʘʛʨʝʛʘʪʫ ʢʽʚʰ-ʧʽʯ. 

ʇʦʩʪʘʥʦʚʢʘ ʤʝʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʧʠʩ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʣʘʚʣʝʥʥʷ ʜʨʦʪʫ ʟ ʧʦʚ̫ʦʶ 

ʢʽʨʢʠ ʽ ʪʨʠʚʠʤʽʨʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʠʥʘʤʽʢʠ ʨʫʭʫ ʜʨʦʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʽʜʨʦʜʠʥʘʤʽʢʠ 
ʨʦʟʧʣʘʚʫ ʪʘ ʫʩʝʨʝʜʥʝʥʥʷ ʧʦʨʦʰʢʫ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʝʨʝʣʽʢ ʟʘʚʜʘʥʴ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʤʘʻ ʚʠʛʣʷʜ: 

1) ʟʘʜʘʯʘ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʧʣʘʚʣʝʥʥʷ ʜʨʦʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʽʨʢʠ ʨʦʟʧʣʘʚʫ ʪʘ ʨʽʟʥʦʾ 
ʰʚʠʜʢʦʩʪʽ ʚʚʝʜʝʥʥʷ. ɼʣʷ ʮʽʻʾ ʟʘʜʘʯʽ ʜʦʩʪʘʪʥʴʦ ʦʜʥʦʛʦ ʚʠʤʽʨʫ ʫ ʧʨʦʩʪʦʨʽ; 

2) ʟʘʜʘʯʘ ʪʨʠʚʠʤʽʨʥʦʛʦ ʨʫʭʫ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ, ʷʢ ʩʠʩʪʝʤʠ ʪʚʝʨʜʠʭ ʪʽʣ. ʉʘʤʝ 
ʪʨʠʚʠʤʽʨʥʠʡ ʨʦʟʚôʷʟʦʢ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʪʘ ʢʦʦʨʜʠʥʘʪ ʚʠʚʽʣʴʥʝʥʥʷ 

ʧʦʨʦʰʢʫ ʘʙʦ ʯʘʩʪʠʥʠ ʜʨʦʪʫ; 

3) ʟʘʜʘʯʘ ʪʨʠʚʠʤʽʨʥʦʛʦ ʨʫʭʫ ʨʦʟʧʣʘʚʫ ʽ ʧʦʨʦʰʢʦʚʦʛʦ ʫʩʝʨʝʜʥʝʥʥʷ. ʈʽʟʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ 
ʪʘ ʨʽʟʥʘ ʢʽʣʴʢʽʩʪʴ ʬʫʨʤ ʧʨʦʜʫʚʘʥʥʷ ʟʫʤʦʚʣʶʶʪʴ ʪʨʠʚʠʤʽʨʥʝ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʽʩʥʦʛʦ ʧʦʣʷ 

ʨʦʟʧʣʘʚʫ. 

ʄʦʜʝʣʴ ʧʣʘʚʣʝʥʥʷ ʜʨʦʪʫ. ʗʢʱʦ ʚʟʷʪʠ ʥʝʚʝʣʠʢʠʡ ʚʽʜʨʽʟʦʢ ʜʨʦʪʫ ʽ ʚʚʘʞʘʪʠ ʮʝʡ ʚʽʜʨʟ̔ʦʢ 
ʮʠʣʽʥʜʨʦʤ, ʪʦʜʽ ʡʦʛʦ ʧʣʘʚʣʝʥʥʷ ʫ ʨʦʟʧʣʘʚʽ ʤʦʞʥʘ ʩʧʨʦʛʥʦʟʫʚʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ, ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʽ ʢʽʥʮʝʚʠʭ ʦʙôʻʤʽʚ ʫ ʮʠʣʽʥʜʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ [5]. ʍʘʡ 

ʧʣʘʚʣʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʪʘʢʠʭ ʫʤʦʚ: 
1)  ʅʝʭʪʫʻʪʴʩʷ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʫʟʜʦʚʞ ʜʨʦʪʫ. ɺʨʘʭʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʨʘʜʽʘʣʴʥʠʡ ʧʦʪʽʢ; 

2)  ʅʝʭʪʫʻʪʴʩʷ ʨʫʭ ʨʝʯʦʚʠʥʠ ʚʩʝʨʝʜʠʥʽ ʜʨʦʪʫ; 

3)  ʈʽʜʢʠʡ ʤʘʪʝʨʽʘʣ ʢʦʤʽʨʦʢ ʟʤʽʰʫʻʪʴʩʷ ʟ ʨʦʟʧʣʘʚʦʤ ʩʪʘʣʽ ʤʠʪʪʻʚʦ. 

ʇʽʜ ʯʘʩ ʧʣʘʚʣʝʥʥʷ ʫ ʮʠʣʽʥʜʨʽ ʚʠʥʠʢʘʶʪʴ ʜʽʣʷʥʢʠ ʟ ʦʜʥʦʨʽʜʥʠʤ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʤʘʪʝʨʽʘʣʦʤ. ɺʩʽ ʜʽʣʷʥʢʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʽʥʮʝʚʠʭ ʦʙôʻʤʽʚ (ʢʦʤʽʨʦʢ). ʄʝʞʽ ʜʽʣʷʥʦʢ ʚʠʟʥʘʯʘʁ ʪʴʩʷ ʟʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʫ ʢʦʤʽʨʢʘʭ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʫ ʢʦʤʽʨʮʽ ʧʝʨʝʙʫʚʘʻ ʨʝʯʦʚʠʥʘ ʦʙʦʣʦʥʢʠ ʜʨʦʪʫ ʽ 
ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʤʽʨʢʠ ʙʽʣʴʰʝ ʣʽʢʚʽʜʫʩ, ʪʦʜʽ ʮʷ ʢʦʤʽʨʢʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʜʽʣʷʥʢʠ III (ʨʠʩ. 1).  

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘʪʠʯʥʠʡ ʧʝʨʝʪʠʥ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ ʫ ʨʦʟʧʣʘʚʽ  

 

ʈʦʟʛʣʷʥʝʤʦ ʮʽ ʜʣ̔ʷʥʢʠ: 

I. ɼʽʣʷʥʢʘ ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʾ ʥʘʯʠʥʢʠ ʜʨʦʪʫ, ʱʦ ʤʘʻ ʦʩʦʙʣʠʚʽ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 
(ʥʘʧʨʠʢʣʘʜ, ʤʘʣʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ); 

II.  ɼʣ̔ʷʥʢʘ ʩʪʘʣʝʚʦʾ ʦʙʦʣʦʥʢʘ ʜʨʦʪʫ (ʟʘʟʚʠʯʘʡ ʪʦʥʢʘ); 

III.  ɼʽʣʷʥʢʘ, ʷʢʘ ʚʠʥʠʢʘʻ, ʢʦʣʠ ʤʘʪʝʨʽʘʣ ʦʙʦʣʦʥʢʠ ʩʪʘʻ ʨʽʜʢʠʤ ï ʥʘʛʨʽʚʘʻʪʴʩʷ ʚʠʱʝ TL 

(ʪʝʤʧʝʨʘʪʫʨʘ ʣʽʢʚʽʜʫʩ). 
IV.  ʂʽʨʢʘ ʨʦʟʧʣʘʚʫ, ʷʢʠʡ ʧʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʥʠʞʯʝ TS

ʈ (ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʣʽʜʫʩ ʨʦʟʧʣʘʚʫ) 

ʥʘʤʝʨʟʘʻ ʰʘʨ ʟʘ ʰʘʨʦʤ ʥʘ ʧʦʚʝʨʭʥʶ ʜʨʦʪʫ.  

V.  ɼʽʣʷʥʢʘ-ʰʘʨ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʨʦʟʧʣʘʚʫ, ʷʢʘ ʤʘʻ ʪʦʚʱʠʥʫ ʚ ʦʜʠʥ ʢʽʥʮʝʚʠʡ ʦʙôʻʤ ʽ 

ʟʘʚʞʜʠ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʜʨʦʪʫ ʘʙʦ ʢʽʨʢʠ, ʪʦʙʪʦ ʻ ʨʫʭʦʤʦʶ. ʐʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʘʙʦ 

ʟʤʝʥʰʝʥʥʷ ʢʽʨʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʟʥʠʮʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʥʘ ʜʽʣʷʥʮʽ V. ɺʚʝʜʝʥʦ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ 

ʟʥʘʯʥʦ ʤʘʣʠʡ ʨʫʭ ʨʦʟʧʣʘʚʫ ʥʘ ʜʽʣʷʥʮʽ V, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʪʠ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʥʘ ʦʜʥʽʡ 
ʛʨʘʥʽ ʢʦʤʽʨʢʠ ʷʢ ʜʠʬʫʟʽʡʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʘ ʥʘ ʧʨʦʪʠʣʝʞʥʽʡ ʛʨʘʥʽ, ʩʫʩʽʜʥʽʡ ʜʦ ʨʦʟʧʣʘʚʫ ï 

ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʫʰʝʥʦʾ ʢʦʥʚʝʢʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ.  

VI.  ʆʪʦʯʫʶʯʝ ʜʨʽʪ ʩʝʨʝʜʦʚʠʱʝ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʘʪʤʦʩʬʝʨʘ (ʚʘʢʫʫʤ), ʷʢʱʦ ʜʨʽʪ ʣʝʞʠʪʴ ʥʘ 
ʨʦʟʧʣʘʚʽ ʰʣʘʢʫ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʨʦʟʧʣʘʚ ʰʣʘʢʫ, ʩʪʘʣʽ ʘʙʦ ʾʭ ʛʨʘʥʠʮʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 
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ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʨʦʪʫ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ʊʝʨʤʦ- ʽ ʛʽʜʨʦʜʠʥʘʤʽʢʘ ʥʘ ʜʽʣʷʥʮʽ VI ʧʦʙʣʠʟʫ ʜʨʦʪʫ 

ʚʨʘʭʦʚʘʥʘ ʚ ʝʤʧʽʨʠʯʥʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ ʪʝʧʣʦʚʽʜʜʘʯʽ, ʪʦʤʫ ʥʘ ʮʽʡ ʜʽʣʷʥʮʽ ʨʦʟʨʘʭʫʥʢʠ ʥʝ 

ʧʨʦʚʦʜʷʪʴʩʷ. 

ʅʘ ʛʨʘʥʷʭ ʢʽʥʮʝʚʠʭ ʦʙôʻʤʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦʪʦʢʠ ʪʝʧʣʘ. ʅʘ ʤʝʞʽ ʜʽʣʷʥʦʢ V ʽ VI ʪʝʧʣʦʚʠʡ 
ʧʦʪʽʢ ʟʫʤʦʚʣʝʥʠʡ ʢʦʥʚʝʢʮʽʡʥʠʤ ʪʝʧʣʦʦʙʤʽʥʦʤ ï ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ III ʨʦʜʫ (q = ŬĀSĀ(TïTp), ʜʝ Ŭ ï 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ, S ï ʧʣʦʱʠʥʘ  ʛʨʘʥʽ, Tʨ ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʧʣʘʚʫ, T ï ʪʝʤʧʝʨʘʪʫʨʘ ʫ 

ʧʨʠʧʦʚʝʨʭʥʝʚʽʡ ʢʦʤʽʨʮʽ). 
ʅʘ ʤʝʞʽ ʜʽʣʷʥʦʢ IV ʽ V ʤʘʻ ʤʽʩʮʝ ʜʠʬʫʟʽʡʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʟʘʢʦʥʦʤ ʌʫʨôʻ (qi = ɚĀSĀ(Ti-1 ï Ti)/L, ʜʝ S ï ʧʣʦʱʘ ʛʨʘʥʽ, L ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʮʝʥʪʨʘʤʠ ʦʙôʻʤʽʚ, Ti ʽ Ti-1 

ï ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʦʙôʻʤʽʚ, ɚ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʜ̔ʥʦʩʪʽ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʝʨʝʜʥʽʤ 
ʛʘʨʤʦʥʽʡʥʠʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʫʩʽʜʥʽʭ ʢʦʤʽʨʦʢ). 

ʊʘʢʦʞ ʧʦ ʟʘʢʦʥʫ ʌʫʨôʻ ʚʠʟʥʘʯʘʻʤʦ ʜʠʬʫʟʽʡʥʽ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʚʩʝʨʝʜʠʥʽ ʜʨʦʪʫ. 

ʊʝʧʣʦʪʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʤʘʪʝʨʽʘʣʫ ʢʦʤʽʨʢʠ ʚʨʘʭʦʚʘʥʦ ʚ ʝʬʝʢʪʠʚʥʽʡ ʪʝʧʣʦʻʤʥʦʩʪʽ 

[15](ʩ.174). ɿ ʯʘʩʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʤʽʨʦʢ ʢʽʨʢʠ ʜʦʩʷʛʘʻ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʽ ʨʦʟʧʣʘʚ ʩʪʘʣʽ 

ʟʘʧʦʚʥʶʻ ʮʽ ʢʦʤʽʨʢʠ. ʇʽʩʣʷ ʨʦʟʧʣʘʚʣʝʥʥʷ ʦʙʦʣʦʥʢʠ ʜʨʦʪʫ ʧʦʨʦʰʢʦʧʦʜʽʙʥʘ ʥʘʯʠʥʢʘ ʧʦʪʨʘʧʣʷʻ ʫ 
ʩʪʘʣʴ, ʜʝ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʢʦʤʽʨʮʽ ʢʦʚʰʘ, ʘ ʚʽʜʧʦʚʽʜʥʠʡ ʮʠʣʽʥʜʨ (ʚʽʜʨʽʟʦʢ 

ʜʨʦʪʫ) ʚʠʜʘʣʷʻʪʴʩʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ ʧʦʙʫʜʦʚʘʥʦ ʦʜʥʦʚʠʤʽʨʥʫ ʤʦʜʝʣʴ ʧʣʘʚʣʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʽʨʢʠ ʨʦʟʧʣʘʚʫ. 
ʇʝʨʝʚʘʛʦʶ ʟʘʩʪʦʩʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʢʽʥʮʝʚʠʭ ʦʙôʻʤʽʚ ʻ ʢʦʥʩʝʨʚʘʪʠʚʥʽʩʪʴ ʨʽʟʥʠʮʝʚʦʾ ʩʭʝʤʠ, ʘ 

ʥʝʜʦʣʽʢʦʤ ï ʩʪʫʧʽʥʯʘʩʪʽʩʪʴ ʧʦʣʷ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʷʢʘ ʟʤʝʥʰʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʧʨʦʩʪʦʨʦʚʠʭ 

ʢʨʦʢʽʚ.  

ʄʦʜʝʣʴ ʨʫʭʫ ʜʨʦʪʫ. ʇʦʨʦʰʢʦʚʠʡ ʜʨʽʪ ʫ ʨʦʟʧʣʘʚʽ ʤʦʞʝ ʨʫʭʘʪʠʩʷ ʫ ʙʘʛʘʪʴʦʭ ʥʘʧʨʷʤʢʘʭ ʽ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʨʫʭʫ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʩʠʣʠ ʧʨʫʞʥʦʩʪʽ, ʪʷʞʽʥʥʷ, ʚʠʰʪʦʚʭʫʚʘʥʥʷ, 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʟ ʙʦʢʫ ʨʦʟʧʣʘʚʫ. ʄʦʜʝʣʴ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʝʭʘʥʽʮʽ ʃʘʛʨʘʥʞʘ, ʷʢʘ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʪʠ ʚʠʱʝʥʘʚʝʜʝʥʽ ʩʠʣʠ.  

ɼʨʽʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʝʨʦʟʨʠʚʥʠʤ ʣʘʥʮʶʛʦʤ ʩʪʨʠʞʥʝʡ, ʷʢʠʡ ʩʭʝʤʘʪʠʯʥʦ  ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

2. ʊʦʯʢʘ ʚʽʜʣʽʢʫ ï ʮʝʥʪʨ ʢʦʚʰʦʚʦʛʦ ʜʥʘ. ɿʥʘʯʥʦʛʦ ʢʨʫʯʝʥʥʷ ʜʨʦʪʫ ʥʝ ʤʘʻ, ʪʦʤʫ ʢʨʫʯʝʥʥʷʤ, ʘ 
ʪʘʢʦʞ ʫʩʽʤʘ ʧʦʚôʷʟʘʥʠʤʠ ʟ ʢʨʫʯʝʥʥʷʤ ʷʚʠʱʘʤʠ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ. 

 
ʈʠʩʫʥʦʢ 2 ï ɼʝʢʘʨʪʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʤʘʩ k-ʛʦ ʩʪʨʠʞʥʷ 

 

ʈʘʜʽʫʩ-ʚʝʢʪʦʨʠ ʮʝʥʪʨʽʚ ʤʘʩ ʩʪʨʠʞʥʽʚ ʤʘʶʪʴ ʚʠʛʣʷʜ: 
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ʜʝ 
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C
ï ʥʘʧʨʷʤʦʢ j-ʛʦ ʩʪʨʠʞʥʷ:  
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;cos;sinsin;cossin j

z

jjj

y

jjj

x

j l=ll=ll=l qjqjq
CCC

 (2) 

ɼʝʢʘʨʪʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʽ ʰʚʠʜʢʦʩʪʽ ʤʘʩ ʩʪʨʠʞʥʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢ:  

,cossin
1

0 ä+=
k

=j

jjjkk ɗlxx j   

,sinsin
1

0 ä+=
k

=j

jjjkk ɗlyy j                                   (3) 

,cos
1

0 ä+=
k

=j

jjkk ɗlzz  

ʜʝ 5.0lll jkjk d-= (l ï ʜʦʚʞʠʥʘ ʩʪʨʠʞʥʷ). 

ɼʠʥʘʤʽʢʘ ʩʠʩʪʝʤʠ ʩʪʨʠʞʥʝʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ ʃʘʛʨʘʥʞʘ ʜʨʫʛʦʛʦ ʨʦʜʫ [9] ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʝʥʮʽʡʥʠʭ ʽ ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʠʣ: 

SbF
q

P

q

K

q

K

dt

d
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bbb
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~

=+
µ

µ
-=

µ

µ
-

µ

µ

#
                     (4) 

ʜʝ K ʽ P ï ʚʽʜʧʦʚʽʜʥʦ ʢʽʥʝʪʠʯʥʘ ʽ ʧʦʪʝʥʮʽʡʥʘ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ ʩʪʨʠʞʥʝʡ, bF
~

 ï ʫʟʘʛʘʣʴʥʝʥʽ 

ʜʠʩʠʧʘʪʠʚʥʽ ʩʠʣʠ ʦʧʦʨʫ, qb - ʫʟʘʛʘʣʴʥʝʥʽ ʢʦʦʨʜʠʥʘʪʠ. ʂʽʣʴʢʽʩʪʴ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ S ʜʦʨʽʚʥʶʻ 

ʧʦʜʚʽʡʥʦʤʫ ʯʠʩʣʫ ʩʪʨʠʞʥʝʡ (ʽ ʜʦʜʘʪʢʦʚʽ ʪʨʠ ʩʪʫʧʝʥʷ ʩʚʦʙʦʜʠ ʥʘ ʚʠʧʘʜʦʢ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʫʭʫ). 

ʋʟʘʛʘʣʴʥʝʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʦʙʨʘʥʦ (ʨʠʩ. 2): ʢʫʪʠ ʩʬʝʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ (ʟʝʥʽʪʥʠʡ ï ɗk 
ʪʘ ʘʟʠʤʫʪʘʣʴʥʠʡ ï űk), ʜʝʢʘʨʪʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʧʦʯʘʪʢʫ ʣʘʥʮʶʛʘ (x0, y0, z0) ʥʘ ʚʠʧʘʜʦʢ ʩʘʤʦʩʪʽʡʥʦʛʦ 

ʨʫʭʫ ʜʨʦʪʫ ʚ ʨʦʟʧʣʘʚʽ.  

ʂʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ K ʤʘʻ ʚʠʛʣʷʜ:  
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ʜʝ ɤk ʽ ůk ï ʢʫʪʦʚʽ ʰʚʠʜʢʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʫʪʘʤ ɗk ʽ űk, mk ï ʤʘʩʘ k-ʛʦ ʩʪʨʠʞʥʷ, N ï ʧʦʪʦʯʥʘ 

ʢʽʣʴʢʽʩʪʴ ʩʪʨʠʞʥʽʚ ʫ ʣʘʥʮʶʛʫ, Ik ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ (ʚʽʜʥʦʩʥʦ ʦʩʽ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩ 

ʩʪʨʠʞʥʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʷʤʢʫ ʩʪʨʠʞʥʷ), ʷʢʠʡ ʜʦʨʽʚʥʶʻ l2mk/12.  
ʇʦʪʝʥʮʽʡʥʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ ʩʪʨʠʞʥʝʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 
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ʜʝ g ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ɟ0 ʽ ɟk ï ʛʫʩʪʠʥʘ ʨʦʟʧʣʘʚʫ ʽ ʩʝʨʝʜʥʷ ʛʫʩʪʠʥʘ k-ʛʦ ʩʪʨʠʞʥʷ (ɟ0 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʩʪʨʠʞʥʶ ï ʩʪʘʣʴ, ʰʣʘʢ, ʧʦʚʽʪʨʷ), ək ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʫʞʥʦʩʪʽ ʚ 

ʟôʻʜʥʘʥʥʽ (k-1)-ʛʦ ʪʘ k-ʛʦ ʩʪʨʠʞʥʽʚ, æk ï ʢʫʪʠ ʤʽʞ ʥʠʤʠ, ɣk ï ʢʫʪʠ ʟʘʣʠʰʢʦʚʦʾ ʜʝʬʦʨʤʘʮʽʾ, ɋr
k ʽ ɋ

z
k 

ï ʧʦʪʝʥʮʽʡʥʽ ʝʥʝʨʛʽʾ ʜʣʷ ʫʪʨʠʤʘʥʥʷ k-ʛʦ ʩʪʨʠʞʥʷ ʫ ʤʝʞʘʭ ʢʦʚʰʘ (ʦʧʠʩ ʥʘʚʝʜʝʥʦ ʜʘʣʽ), ũ(Ūk) ʽ 

ũ(zk) ï ʨʦʟʨʠʚʥʽ ʬʫʥʢʮʽʾ. ʇʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʢʫʪʠ æk ʥʝʚʝʣʠʢʽ, ʚʦʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

kkkk ɗȹ+ȹ 2222 sinjq=D ,   (7) 

ʜʝ Rc ï ʨʘʜʽʫʩ ʜʥʘ ʢʦʚʰʘ, ɔ ï ʢʫʪ ʥʘʭʠʣʫ ʩʪʽʥʢʠ ʢʦʚʰʘ (ʢʦʥʫʩʥʽʩʪʴ), æɗk = ɗk ï ɗk-1, æűk = űk ï űk-1. 
ɼʦʜʘʥʢʠ ɋr

k ʽ ɋ
z
k ʫ ʬʦʨʤʫʣʽ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʫʪʨʠʤʘʥʥʷ ʩʪʨʠʞʥʽʚ ʫ 

ʤʝʞʘʭ ʢʦʚʰʘ, ʟʙʽʣʴʰʫʶʯʠʩʴ, ʢʦʣʠ k-ʡ ʩʪʨʠʞʝʥʴ ʚʠʭʦʜʝ ʟʘ ʤʝʞʽ. ɺʚʘʞʘʶʯʠ, ʱʦ ʟʘ ʤʝʞʘʤʠ ʢʦʚʰʘ 

ʫʤʦʚʥʘ ʧʨʫʞʠʥʘ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʫʞʥʦʩʪʽ ɕ ʨʦʟʪʷʛʫʶʯʠʩʴ ʜʽʻ ʥʘ ʮʝʥʪʨ ʤʘʩ k-ʛʦ ʩʪʨʠʞʥʷ ʟʘ 
ʨʘʜʽʘʣʴʥʠʤ ʘʙʦ ʚʝʨʪʠʢʘʣʴʥʠʤ ʥʘʧʨʷʤʢʦʤ, ʜʦʜʘʥʢʠ ɋr

k ʽ ɋ
z
k  ʤʘʶʪʴ ʚʠʛʣʷʜ: 
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W ,         gsinkckkk zRyx --+=Q , (8) 

ʜʝ Rc ï ʨʘʜʽʫʩ ʜʥʘ ʢʦʚʰʘ, ɔ ï ʢʫʪ ʥʘʭʠʣʫ ʩʪʽʥʢʠ ʢʦʚʰʘ (ʢʦʥʫʩʥʽʩʪʴ). 
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ʅʝʭʘʡ 
kw
C

 ï ʰʚʠʜʢʽʩʪʴ ʮʝʥʪʨʫ ʤʘʩ k-ʛʦ ʩʪʨʠʞʥʷ ʚʽʜʥʦʩʥʦ ʨʦʟʧʣʘʚʫ. ʗʢʱʦ ʥʘʧʨʷʤʦʢ 

ʰʚʠʜʢʦʩʪʽ 
kw
C

 ʩʧʽʚʧʘʜʘʻ ʟ ʥʘʧʨʷʤʢʦʤ ʩʪʨʠʞʥʷ 
kl
C
, ʪʦ ʦʧʦʨʦʤ ʨʫʭʦʚʽ k-ʛʦ ʩʪʨʠʞʥʷ ʟ ʙʦʢʫ 

ʨʦʟʧʣʘʚʫ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʩʠʣʘ ʦʧʦʨʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʩʪʨʠʞʥʶ 

ʩʢʣʘʜʦʚʽʡ ʰʚʠʜʢʦʩʪʽ: 
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CCCCC
Ö-=^ ,  (9) 

ʜʝ Cx ï ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ, ɟ ï ʛʫʩʪʠʥʘ ʨʦʟʧʣʘʚʫ, A ï ʧʣʦʱʘ ʧʦʟʜʦʚʞʥʴʦʛʦ ʨʦʟʨʟ̔ʫ 

ʩʪʨʠʞʥʷ (dĀl). 

ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʩʠʩʪʝʤʘ (4) ʤʘʻ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ 

ʧʨʠʩʢʦʨʝʥʴ Ŭk, ɓk, 
xv0
#, 

yv0
#, 

zv0
# (Mx=b, ʜʝ M ï ʤʘʪʨʠʮʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ, x ï ʚʝʢʪʦʨ-

ʩʪʦʚʧʯʠʢ ʥʝʚʽʜʦʤʠʭ ʧʨʠʩʢʦʨʝʥʴ ʽ b ï ʚʝʢʪʦʨ-ʩʪʦʚʧʯʠʢ ʚʽʣʴʥʠʭ ʯʣʝʥʽʚ), ʚ ʷʢʽʡ ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʷʥʴ 
ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʥʝʚʽʜʦʤʠʭ ʧʨʠʩʢʦʨʝʥʴ. ɼʘʥʘ ʩʠʩʪʝʤʘ  ʨʦʟʚôʷʟʫʻʪʴʩʷ ʯʠʩʝʣʴʥʦ. ʇʨʠ ʮʴʦʤʫ 

ʯʘʩʦʚʫ ʚʽʩʴ ʧʦʜʽʣʝʥʦ ʥʘ ʯʘʩʦʚʽ ʢʨʦʢʠ (ʷʢʽ ʥʫʤʝʨʫʶʪʴʩʷ ʽʥʜʝʢʩʦʤ n), ʥʘ ʷʢʠʭ ʚʩʽ ʟʤʽʥʥʽ 

ʚʚʘʞʘʶʪʴʩʷ ʩʪʘʣʠʤʠ. ʅʘ ʢʦʞʥʦʤʫ ʯʘʩʦʚʦʤʫ ʢʨʦʮʽ ʟʥʘʭʦʜʠʪʴʩʷ ʤʘʪʨʠʮʷ M, ʩʪʦʚʧʯʠʢ b ʪʘ 
ʦʪʨʠʤʫʶʪʴʩʷ ʥʝʚʽʜʦʤʽ ʧʨʠʩʢʦʨʝʥʥʷ x ʧʽʩʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʢʣʘʩʠʯʥʠʤ ʽʪʝʨʘʮʽʡʥʠʤ 

ʤʝʪʦʜʦʤ ɻʘʫʩʘ-ɿʝʡʜʝʣʷ. ʇʦʯʘʪʢʦʚʽ ʫʟʘʛʘʣʴʥʝʥʽ ʰʚʠʜʢʦʩʪʽ ʪʘ ʢʦʦʨʜʠʥʘʪʠ ʧʦʪʨʽʙʥʦ ʟʘʜʘʚʘʪʠ, ʘ ʜʣʷ 

ʥʘʩʪʫʧʥʦʛʦ ʯʘʩʦʚʦʛʦ ʢʨʦʢʫ (n+1) ʾʭ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʟʘ ʤʝʪʦʜʦʤ ɽʡʣʝʨʘ-ʂʨʦʤʝʨʘ, 
ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʥʘʡʜʝʥʽ ʧʨʠʩʢʦʨʝʥʥʷ.  

ʄʦʜʝʣʴ ʨʫʭʫ ʨʦʟʧʣʘʚʫ. ʈʦʟʨʘʭʫʥʦʢ ʨʫʭʫ ʨʦʟʧʣʘʚʫ ʩʪʘʣʽ ʪʘ ʫʩʝʨʝʜʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʜʨʦʪʫ ʚʝʜʝʪʴʩʷ ʫ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʽʟ ʪʘʢʠʤʠ ʧʨʠʧʫʱʝʥʥʷʤʠ: 

- ʨʦʟʧʣʘʚ ʩʪʘʣʽ ï ʦʜʥʦʨʽʜʥʘ ʚôʷʟʢʘ ʥʝʩʪʠʩʣʠʚʘ ʅʴʶʪʦʥʽʚʩʴʢʘ ʨʽʜʠʥʘ; 

- ʢʽʚʰ ʤʘʻ ʬʦʨʤʫ ʫʩʽʯʝʥʦʛʦ ʢʦʥʫʩʘ; 

- ʧʦʚʝʨʭʥʷ ʨʦʟʧʣʘʚʫ ʩʪʘʣʽ ʛʣʘʜʢʘ;  

- ʥʝʭʪʫʻʪʴʩʷ ʚʧʣʠʚ ʨʫʭʫ ʜʨʦʪʫ ʥʘ ʛʽʜʨʦʜʠʥʘʤʽʢʫ ʨʦʟʧʣʘʚʫ; 
ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʨʴʦʭʝʪʘʧʥʠʡ ʤʝʪʦʜ ʨʦʟʱʝʧʣʝʥʥʷ ʟʘ 

ʬʽʟʠʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ɹʽʣʦʮʝʨʢʦʚʩʴʢʦʛʦ [16] ʪʘ ʝʪʘʧ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʚʝʢʮʽʡʥʦ-ʜʠʬʫʟʽʡʥʦʛʦ 
ʨʚ̔ʥʷʥʥʷ. 

ɼʣʷ ʧʦʣʽʚ ʰʚʠʜʢʦʩʪʽ, ʪʠʩʢʫ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʤʝʞʽ S ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʦʙʣʘʩʪʽ ʚʩʪʘʥʦʚʣʝʥʦ 

ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ: 

,0,0|| ==ÐÖ ^ SS vvn
CCCC

         ,0=¡ÐÖ Spn
CC

          ,0=ÐÖ Scn
CC

 (10) 

ʐʘʨ ʟʘʛʨʘʥʠʯʥʠʭ ʢʦʤʽʨʦʢ ʦʪʦʯʫʻ ʨʦʟʨʘʭʫʥʢʦʚʫ ʦʙʣʘʩʪʴ, ʯʠʤ ʧʦʣʝʛʰʫʻ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ.  

ʋʤʦʚʦʶ ʟʘʢʽʥʯʝʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʚʘʨʽʘʮʽʾ ʧʦʨʦʰʢʦʚʦʾ 
ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʨʦʟʧʣʘʚʽ ʩʪʘʣʽ ʜʦ 2%. 

ɺʠʩʥʦʚʢʠ ʽ ʧʨʦʧʦʟʠʮʽʾ. ʇʝʨʩʧʝʢʪʠʚʥʫ ʪʨʠʚʠʤʽʨʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʫʭʫ ʜʨʦʪʫ ʟ 

ʽʩʥʫʶʯʦʾ ʨʦʙʦʪʠ [11] ʫʜʦʩʢʦʥʘʣʝʥʦ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʩʪʽʥʦʢ ʢʦʚʰʫ, ʚʨʘʭʫʚʘʥʥʷʤ 
ʧʣʘʚʣʝʥʥʷ ʩʪʨʠʞʥʽʚ ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʢʦʶ ʨʦʟʧʣʘʚʫ ʟ ʫʩʝʨʝʜʥʝʥʥʷʤ ʤʘʪʝʨʽʘʣʫ ʜʨʦʪʫ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʦʪʨʠʤʘʥʦ ʻʜʠʥʫ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʩʪʘʣʽ ʜʨʦʪʦʤ ʥʘ ʘʛʨʝʛʘʪʽ ʢʽʚʰ-ʧʽʯ. ʋ 

ʤʘʡʙʫʪʥʴʦʤʫ ʧʦʪʨʽʙʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʤʦʜʝʣʴ ʫ ʢʦʤʧôʶʪʝʨʥʽʡ ʧʨʦʛʨʘʤʽ ʪʘ ʧʝʨʝʚʽʨʠʪʠ ʥʘ 
ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʽʡʩʥʦʤʫ ʧʨʦʮʝʩʫ.  

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 
1. Sanyal S. An Improved Model of Cored Wire Injection in Steel Melts / S. Sanyal, 

S. Chandra, S. Kumar and G. G. Roy // ISIJ International, Vol. 44 (2004), No. 7, pp. 1157ï1166. 

2. ʇʦʣʦʟʶʢ ʆ. ɽ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʘʮʠʦʥʘʣʴʥʳʝ ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ 
ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʚʦʣʦʢʠ: ʘʚʪʦʨʝʬ. ʜʠʩ. ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥ. ʩʪʝʧʝʥʠ 

ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ : ʩʧʝʮ. 05.16.02 "ʄʝʪʘʣʣʫʨʛʠʷ ʯʝʨʥʳʭ ʤʝʪʘʣʣʦʚ" / ʇʦʣʦʟʶʢ ʆʣʝʛ ɽʚʛʝʥʴʝʚʠʯ ï 

ʄʘʨʠʫʧʦʣʴ, 1997. ï 15 ʩ. 



97 

3. ʂʨʘʩʥʽʢʦʚ ʂ. ʉ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʝʩʠʤʝʪʨʠʯʥʦʛʦ ʧʣʘʚʣʝʥʥʷ ʣʝʛʢʦʧʣʘʚʢʦʾ 

ʜʦʤh̔ʢʠ / ʂ. ʉ. ʂʨʘʩʥʽʢʦʚ, ʉ. ɭ. ʉʘʤʦʭʚʘʣʦʚ, ɺ. ʇ. ʇʽʧʪʶʢ, ɻ. ɸ. ɸʥʜʨʽʻʚʩʴʢʠʡ  // 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ï ˉ2(31), 2014. ï C. 47-50. 

4. ɹʦʣʦʪʦʚ ɺ. ʖ. ʂʦʤʧʣʝʢʩʥʘʷ ʟʘʜʘʯʘ ʜʚʠʞʝʥʠʷ, ʧʣʘʚʣʝʥʠʷ ʠ ʫʩʚʦʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʧʨʠ 
ʧʨʦʜʫʚʢʝ ʤʝʪʘʣʣʘ ʚ ʩʪʘʣʝʨʘʟʣʠʚʦʯʥʦʤ ʢʦʚʰʝ / ɹʦʣʦʪʦʚ ɺ. ʖ., ʉʘʤʦʭʚʘʣʦʚ ʉ. ɽ. // ʉʙ. ʥʘʫʯ. ʪʨʫʜ. 

ɼɻʊʋ. (ʄʝʪʘʣʣʫʨʛʠʷ). ï ɼʥ-ʞʠʥʩʢ, 1998. ï ʉ. 39 ï 44. 

5. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ  ʧʨʦʮʝʩʩʦʚ ʚʥʝʧʝʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʥʝʧʨʝʨʳʚʥʦʡ 
ʨʘʟʣʠʚʢʝ ʩʪʘʣʠ / [ ʀʩʘʝʚ ʆ. ɹ., ʏʠʯʢʘʨʝʚ ɽ. ɸ., ʂʠʩʣʠʮʘ ɺ. ɺ., ʃʠʚʰʠʮ ɼ. ɸ., ʅʦʩʦʯʝʥʢʦ ʆ. ɺ., 

ʄʘʪʨʦʩʦʚ ʖ. ʀ.] ; ʧʦʜ. ʦʙʱ. ʨʝʜ.. ʜ.ʪ.ʥ., ʧʨʦʬ.. ʐʘʭʧʘʟʦʚʘ ɽ. ʍ. ï ʄ.: ʄʝʪʘʣʣʫʨʛʠʟʜʘʪ, 2008. ï ʉ. 

73. ISBN 978-5-902194-32-3. 
6. ʇʽʧʪʶʢ ɺ. ʇ. ɺʠʚʯʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʜʨʦʪʫ ʧʨʠ ʚʚʝʜʝʥʥʽ ʚ ʤʝʪʘʣʝʚʫ ʚʘʥʥʫ ʧʽʜ ʯʘʩ 

ʧʨʦʜʫʚʢʠ ʘʨʛʦʥʦʤ ʥʘ ʫʩʪʘʥʦʚʮʽ ʢʽʚʰ-ʧʽʯ. ʏʘʩʪʠʥʘ 1. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ / ʇʽʧʪʶʢ ɺ. ʇ., 

ʉʘʤʦʭʚʘʣʦʚ ʉ. ɭ., ɻʥʠʧ ʈ. ʈ., ʇʘʚʣʦʚ ʉ. ʄ., ʆʚʯʘʨʝʥʢʦ ʊ. ʄ. // ʅʘʫʢʦʚʠʡ ʞʫʨʥʘʣ çʄʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷè. ï ɼɼʊʋ, ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢ. ï 2010. ï ˉ 1. ï ʉ. 21-24. 

7. ʄʝʪʦʜʳ ʨʘʩʱʝʧʣʝʥʠʷ ʚ ʟʘʜʘʯʘʭ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ / 
ɸ. ʇ. ʆʛʫʨʮʦʚ, ʉ. ɽ. ʉʘʤʦʭʚʘʣʦʚ, ʊ. ɾ. ʅʘʜʨʳʛʘʡʣʦ // ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ: ʉʠʩʪʝʤʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

2003. ï 260 ʩ. 

8. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʢʦʥʚʝʨʪʝʨʽ : ʄʦʥʦʛʨʘʬʽʷ / 
ʉ. ɽ. ʉʘʤʦʭʚʘʣʦʚ, ɸ. ʄ. ʉʦʢʦʣ. ð ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢ: ɼɼʊʋ, 2013.ð 99 ʩ.  

9. ɻʘʥʪʤʘʭʝʨ ʌ. ʈ. ʃʝʢʮʠʠ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ / 

ʇʦʜ. ʨʝʜ. ɽ. ʉ. ʇʷʪʥʠʮʢʦʛʦ. ï 3-ʝ ʠʟʜ. ï ʄ.:ʌʠʟʤʘʪʣʠʪ, 2005. ï C. 37-57. 

 

 

ɼɽʌʆʈʄʋɺɸʅʅʗ ʊʈʀʐɸʈʆɺʀʍ ʎʀʃɯʅɼʈʀʏʅʀʍ ʆɹʆʃʆʅʆʂ ʇɯɼ ɼɯɭʖ 

ɿʆɺʅɯʐʅʔʆɻʆ ʊʀʉʂʋ 

ʆ.ɺ. ʂʫʜʽʥ, ʉ.ɺ. ʏʦʧʦʨʦʚ 

 

ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɿʘʧʦʨʽʞʞʷ 

 

ɺʩʪʫʧ. ʊʨʠʰʘʨʦʚʽ ʦʙʦʣʦʥʢʦʚʽ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʡ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʘʚʽʘ- ʪʘ 
ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ, ʢʦʩʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʮʠʚʽʣʴʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ, ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʮʽ ʪʘ ʽʥʰʠʭ 

ʛʘʣʫʟʷʭ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ.  

ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʩʪʘʪʠʮʽ ʪʘ ʜʠʥʘʤʽʮʽ ʪʨʠʰʘʨʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 
ʚʠʢʦʥʘʥʦ ʚ ʧʨʠʧʫʱʝʥʽ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʥʘʧʨʫʞʝʥʥʷʤʠ ʪʘ ʜʝʬʦʨʤʘʮʽʷʤʠ. ɸʣʝ ʪʘʢʽ 

ʤʘʪʝʨʽʘʣʠ ʷʢ ʤʽʜʴ, ʩʧʣʘʚ ʘʣʶʤʽʥʽʻʚʦʾ ʙʨʦʥʟʠ, ʤʘʨʪʝʥʽʚʩʴʢʘ ʩʪʘʣʴ, ʜʶʨʘʣʶʤʽʥʽʡ, ʧʦʣʽʤʝʨʥʽ 

ʤʘʪʝʨʽʘʣʠ ʪʘ ʢʦʤʧʦʟʠʪʠ ʚʞʝ ʥʘ ʩʪʘʜʽʾ ʤʘʣʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʽʜʭʠʣʷʶʪʴʩʷ ʚʽʜ ʟʘʢʦʥʫ ʧʨʫʞʥʦʩʪʽ 

ɻʫʢʘ. ʊʦʙʪʦ, ʜʣʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʩʥʫʻ ʦʙʣʘʩʪʴ ʜʝʬʦʨʤʘʮʽʡ, ʚ ʷʢʽʡ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ 

ʛʝʦʤʝʪʨʠʯʥʘ ʣʽʥʝʘʨʠʟʘʮʽʷ ʦʩʥʦʚʥʠʭ ʨʽʚʥʷʥʴ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, ʘʣʝ ʟʘʢʦʥ ʧʨʫʞʥʦʩʪʽ ɻʫʢʘ ʚʞʝ ʥʝ 

ʦʧʠʩʫʻ ʧʦʚʝʜʽʥʢʫ ʤʘʪʝʨʽʘʣʫ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ 
ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʨʠʰʘʨʦʚʠʭ ʧʣʘʩʪʠʥ ʪʘ ʦʙʦʣʦʥʦʢ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ 

ʥʝʣʽʥʽʡʥʦʾ ʧʨʫʞʥʦʩʪʽ ʦʢʨʝʤʠʭ ʰʘʨʽʚ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʨʠʰʘʨʦʚʦʾ 
ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʟ ʥʝʣʽʥʽʡʥʦ-ʧʨʫʞʥʠʤ ʟʘʧʦʚʥʶʚʘʯʝʤ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʜʽʻʶ 

ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ɼʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʦʙʦʣʦʥʢʠ. ʈʦʟʛʣʷʥʝʤʦ ʪʨʠʰʘʨʦʚʫ ʮʠʣʽʥʜʨʠʯʥʫ ʦʙʦʣʦʥʢʫ 
ʢʨʫʛʦʚʦʛʦ ʧʝʨʝʪʠʥʫ. ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʰʘʨʠ ʦʙʦʣʦʥʢʠ ʚʠʢʦʥʘʥʦ ʟ ʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ 

ʮʴʦʤʫ, ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʦʙʰʠʚʦʢ ʦʙʦʣʦʥʢʠ ʚʚʘʞʘʻʪʴʩʷ ʩʧʨʘʚʝʜʣʠʚʠʤ ʟʘʢʦʥ ɻʫʢʘ, ʘ ʟʘʧʦʚʥʶʚʘʯ 

ʚʠʨʦʙʣʝʥʦ ʟ ʥʝʣʽʥʽʡʥʦ-ʧʨʫʞʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʟʘʢʦʥʦʤ ʧʨʫʞʥʦʩʪʽ ʚ ʬʦʨʤʽ ɻ. 
ʂʘʫʜʝʨʝʨʘ [1]. 

ʆʩʢʽʣʴʢʠ ʪʦʚʱʠʥʠ ʦʙʰʠʚʦʢ 
)1(h , 

)2(h  ʜʣʷ ʪʨʠʰʘʨʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʥʘʯʥʦ ʤʝʥʰʽ ʥʽʞ 

ʪʦʚʱʠʥʘ ʰʘʨʫ ʟʘʧʦʚʥʶʚʘʯʘ 
)3(h , ʜʣʷ ʦʙʰʠʚʦʢ ʧʨʠʡʤʘʻʪʴʩʷ ʛʽʧʦʪʝʟʘ ʂʽʨʭʛʦʬʘ-ʃʷʚʘ. ɼʣʷ 

ʟʘʧʦʚʥʶʚʘʯʘ ʧʨʠʡʤʘʻʪʴʩʷ ʛʽʧʦʪʝʟʘ ʧʨʦ ʣʽʥʽʡʥʠʡ ʨʦʟʧʦʜʽʣ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʧʦ ʪʦʚʱʠʥʽ 
ʪʘ ʥʝʩʪʠʩʣʠʚʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʟʘʧʦʚʥʶʚʘʯʘ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʽ. ʋ ʧʦʜʘʣʴʰʦʤʫ ʚʝʨʭʥʽʡ ʽʥʜʝʢʩ ʫ 
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ʢʨʫʛʣʠʭ ʜʫʞʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʥʦʤʝʨʫ ʰʘʨʫ ʪʨʠʰʘʨʦʚʦʾ ʦʙʦʣʦʥʢʠ. ʊʘʢʦʞ 

ʚʚʘʞʘʶʪʴʩʷ, ʱʦ ʰʘʨʠ ʦʙʦʣʦʥʢʠ ʽʜʝʘʣʴʥʦ ʟôʻʜʥʘʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ ʪʘ ʤʘʶʪʴ ʧʦʩʪʽʡʥʫ ʪʦʚʱʠʥʫ.  

ʂʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʫ ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʚʠʨʘʟ ʜʣʷ ʧʦʚʥʦʾ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ 

ʦʙʦʣʦʥʢʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʚʽʩʝʩʠʤʝʪʨʠʯʥʦʾ ʟʘʜʘʯʽ ʥʝʚʝʜʝʥʽ ʫ [2]. ʋ ʷʢʦʩʪʽ ʥʝʚʽʜʦʤʠʭ 

ʬʫʥʢʮʽʡ ʧʝʨʝʤʽʱʝʥʴ ʧʨʠʡʤʝʤʦ ),(1 jru , ),(2 jru  ï ʧʝʨʝʤʽʱʝʥʥʷ ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ 

ʟʘʧʦʚʥʶʚʘʯʘ, ),(3 jru  ï ʧʨʦʛʠʥ; ),(1 jy r , ),(2 jy r  ï ʢʫʪʠ ʧʦʚʦʨʦʪʫ ʥʦʨʤʘʣʽ ʜʦ ʩʝʨʝʜʠʥʥʦʾ 

ʧʦʚʝʨʭʥʽ ʟʘʧʦʚʥʶʚʘʯʘ ʫ ʧʣʦʱʠʥʘʭ rz  ʪʘ zj  ʚʽʜʧʦʚʽʜʥʦ.  

ɺʽʩʝʩʠʤʝʪʨʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʪʨʠʰʘʨʦʚʦʾ ʦʙʦʣʦʥʢʠ. ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʮʠʣʽʥʜʨʠʯʥʦʾ ʪʨʠʰʘʨʦʚʦʾ ʦʙʦʣʦʥʢʠ ʧʽʜ ʜʽʻʶ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ. 

ʇʘʨʘʤʝʪʨʠ ʃʘʤʝ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʧʨʠʡʤʫʪʴ ʟʥʘʯʝʥʥʷ 11=A  ʪʘ RA =2
, ʘ 

ʛʦʣʦʚʥʽ ʢʨʠʚʠʟʥʠ ï 01=k , 

R
k

1
2 = . 

ʆʩʢʽʣʴʢʠ ʟʘʜʘʯʘ ʚ ʜʘʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʚʽʩʝʩʠʤʝʪʨʠʯʥʘ, ʧʝʨʝʤʽʱʝʥʥʷ )(1 ru , )(3 ru , ʪʘ ʢʫʪ 

)(1 ry  ʟʘʣʝʞʘʪʴ ʚʽʜ ʦʜʥʽʻʾ ʢʦʦʨʜʠʥʘʪʠ r , ʘ ʢʫʪʦʚʽ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʢʫʪ ʧʦʚʦʨʦʪʫ ʥʦʨʤʘʣʽ ʫ 

ʧʣʦʱʠʥʽ zj  ʪʦʪʦʞʥʦ ʨʽʚʥʽ ʥʫʣʶ ï 022 ==yu .  

ʌʫʥʢʮʽʦʥʘʣ ʧʦʚʥʦʾ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʪʨʠʰʘʨʦʚʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʧʨʠ ʜʽʾ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʪʠʩʢʫ ʤʘʻ ʚʠʛʣʷʜ: 
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(1) 

ʈʦʙʦʪʘ ʟʦʚʥʽʰʥʽʭ ʩʠʣ ʫ (1) ʟʘʧʠʰʝʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

öö
÷

õ
ææ
ç

å
+

+
= 1),(

)3()1(

3
R

hh
rquA j .                                          (2) 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʚʠʧʘʜʢʫ ʟʘʱʝʤʣʝʥʥʷ ʢʨʫʛʦʚʠʭ ʢʦʥʪʫʨʽʚ ʦʙʦʣʦʥʢʠ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ 

ʯʝʨʝʟ ʧʝʨʝʤʽʱʝʥʥʷ )(1 ru , )(3 ru , )(1 ry : 

0)()()( 113 === rruru y , Lr ,0= .                                    (3) 

ʇʩ̔ʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʚʠʨʘʟʽʚ ʢʦʤʧʦʥʝʥʪʽʚ ʜʝʬʦʨʤʘʮʽʾ 
)1(

re , )1(

je , 
)2(

re , )2(

je , 
)3(

re , )3(

je , 

)3(

rze  ʪʘ ʥʘʧʨʫʞʝʥʴ 
)1(

rs , )1(

js , 
)2(

rs , )2(

js , 
)3(

rs , )3(

js , 
)3(

rzt  ʟ ʨʦʙʦʪʠ [2], ʷʢʽ ʥʘʚʝʜʝʥʽ ʚʠʱʝ, ʫ 

ʨʽʚʥʷʥʥʷ (1) ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʧʦʚʥʦʾ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʯʝʨʝʟ ʰʫʢʘʥʽ ʧʝʨʝʤʽʱʝʥʥʷ )(1 ru , 

)(3 ru , )(1 ry .  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʨʘʟ (1) ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ (3) ʟʘʤʠʢʘʶʪʴ ʟʘʜʘʯʫ ʜʝʬʦʨʤʘʮʽʾ ʮʠʣʽʥʜʨʠʯʥʦʾ 
ʦʙʦʣʦʥʢʠ ʧʨʠ ʜʽʾ ʩʪʠʩʢʘʶʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʤʝʪʦʜ ʈʽʪʮʘ. ʂʦʦʨʜʠʥʘʪʥʽ ʬʫʥʢʮʽʾ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʨʘʥʠʯʥʠʤ ʫʤʦʚʘʤ (4), ʤʘʪʠʤʫʪʴ ʚʠʛʣʷʜ: 
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1 sin)(
p

y . 

ʇʽʜʩʪʘʚʣʷʶʯʠ (4) ʚ ʬʫʥʢʮʽʦʥʘʣ ʝʥʝʨʛʽʾ (1) ʪʘ ʦʙʯʠʩʣʶʶʯʠ ʧʦʭʽʜʥʽ 

iAµ

Eµ
, 

iBµ

Eµ
, 

iCµ

Eµ
, ni ..1= , 

 
ʦʪʨʠʤʘʻʤʦ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʙʦ ʥʝʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʣʽʥʽʡʥʦ-

ʧʨʫʞʥʽʡ ʪʘ ʥʝʣʽʥʽʡʥʦ-ʧʨʫʞʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ. 
ʏʠʩʝʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʨʠʰʘʨʦʚʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʦʙʦʣʦʥʢʠ ʟ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʪʦʚʱʠʥʘ ʦʙʰʠʚʦʢ 001,0)2()1( === hhh  ʤ, ʤʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ 203200=E  ʄʇʘ, 27,0=m  ʚʽʜʧʦʚʽʜʥʦ; ʪʦʚʱʠʥʘ 

ʟʘʧʦʚʥʶʚʘʯʘ 0349,0)3( =h  ʤ, ʤʦʜʫʣʴ ʟʩʫʚʫ ʪʘ ʤʦʜʫʣʴ ʦʙôʻʤʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʘʧʦʚʥʶʚʘʯʘ ï 

4)3( 1077,2 Ö=G  ʄʇʘ, 
4)3( 106Ö=K  ʄʇʘ, 

5

2 10878,3 Ö-=g ; ʜʦʚʞʠʥʘ ʪʘ ʨʘʜʽʫʩ 

ʦʙʦʣʦʥʢʠ 014,4=L  ʤ, 99,1=R  ʤ ʚʽʜʧʦʚʽʜʥʦ. ʈʦʟʚôʷʟʦʢ ʦʪʨʠʤʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ (ʨʠʩʫʥʦʢ ʘ) ʪʘ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʤʦʜʝʣʽ (ʨʠʩʫʥʦʢ ʙ) ʥʘ ʙʘʟʽ ʪʝʦʨʽʾ ʟʩʫʚʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʜʣʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʣʘʩʪʠʥ ʽ ʦʙʦʣʦʥʦʢ (ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʝʦʨʽʾ 

ʊʠʤʦʰʝʥʢʦ-ʄʽʥʜʣʽʥʘ).  

ʅʘ ʨʠʩʫʥʢʫ 1 ʟʦʙʨʘʞʝʥʽ ʧʨʦʛʠʥ )(3 ru , ʧʝʨʝʤʽʱʝʥʥʷ )(1 ru  ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ 

)3(t . 

 
                                             ʘ)                                                       ʙ)  

ʈʠʩʫʥʦʢ 1 ï ʇʨʦʛʠʥ ʪʨʠʰʘʨʦʚʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʧʽʜ ʜʽʻʶ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʟʦʚʥʽʰʥʦʛʦ ʪʠʩʢʫ 
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                                           ʘ)                                                             ʙ)  
ʈʠʩʫʥʦʢ 2 ï ʇʝʨʝʤʽʱʝʥʥʷ ʚʟʜʦʚʞ ʪʚʽʨʥʦʾ ʪʨʠʰʘʨʦʚʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʧʽʜ ʜʽʻʶ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ 

 

 
                                             ʘ)                                                         ʙ)  
ʈʠʩʫʥʦʢ 3 ï ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʧʽʜ ʜʽʻʶ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ 

 

ʈʦʟʛʣʷʥʝʤʦ ʚʧʣʠʚ ʥʝʣʽʥʽʡʥʦʾ ʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟʘʧʦʚʥʶʚʘʯʘ ʥʘ ʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ 

ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ. ʅʘ ʨʠʩʫʥʢʘʭ 4 ï 5 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ )(1 ru , )(3 ru  ʪʘ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ 
)3(t  ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʥʝʣʽʥʽʡʥʦʾ ʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟʘʧʦʚʥʶʚʘʯʘ 

ʪʨʠʰʘʨʦʚʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ. 

 



101 

        
                                  ʘ)                                                   ʙ)  

ʈʠʩʫʥʦʢ 4 ï ʇʨʦʛʠʥ ʪʨʠʰʘʨʦʚʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ (ʘ) ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ʚʟʜʦʚʞ 
ʪʚʽʨʥʦʾ (ʙ) ʧʽʜ ʜʽʻʶ ʨʽʚʥʦʤʽʨʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ 

 

 
ʈʠʩʫʥʦʢ 5 ï ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ ʮʠʣʽʥʜʨʠʯʥʦʾ ʦʙʦʣʦʥʢʠ ʧʽʜ ʜʽʻʶ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ 

 

ɺʠʩʥʦʚʦʢ. ɺʠʭʦʜʷʯʠ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩʫʥʢʘʭ 1 ï 3, ʤʦʞʥʘ 
ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʘʜʝʢʚʘʪʥʽʩʪʴ ʧʦʙʫʜʦʚʘʥʠʭ ʚ ʨʦʙʦʪʽ ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʠʭ 

ʤʦʜʝʣʝʡ. ʈʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʘʥʘʣʽʪʠʯʥʦʶ ʪʘ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʶ 

ʤʦʜʝʣʣʶ ʩʪʘʥʦʚʠʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ 1 ï 5%. ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʮʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʰʘʨʫ 
ʚʚʘʞʘʻʪʴʩʷ ʩʧʨʘʚʝʜʣʠʚʠʤ ʟʘʢʦʥ ɻʫʢʘ.  

ɿ ʧʦʨʽʚʥʷʥʥʷ ʨʠʩʫʥʢʽʚ 4 ï 5 ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʝʨʝʤʽʱʝʥʥʷ )(1 ru , )(3 ru  

ʟʙʽʣʴʰʫʶʪʴʩʷ ʥʘ 10% ï 20% ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʥʝʣʽʥʽʡʥʦʾ ʧʨʫʞʥʦʩʪʽ ʟʘʧʦʚʥʶʚʘʯʘ. ʅʘʪʦʤʽʩʪʴ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ 
)3(t  ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 10%.  

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

1. ʂʘʫʜʝʨʝʨ ɻ. ʅʝʣʠʥʝʡʥʘʷ ʤʝʭʘʥʠʢʘ. ʇʝʨ. ʩ ʥʝʤ. / ɻ. ʂʘʫʜʝʨʝʨ ï ʄ. : ʀʟʜïʚʦ ʠʥʦʩʪʨ. 
ʣʠʪ., 1961. ï 777 ʩ. 

2. ʂʫʜʽʥ ʆ.ɺ. ʉʪʽʡʢʽʩʪʴ ʪʨʠʰʘʨʦʚʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʙʦʣʦʥʦʢ ʟ ʥʝʣʽʥʽʡʥʦ-ʧʨʫʞʥʠʤ 

ʟʘʧʦʚʥʶʚʘʯʝʤ ʧʨʠ ʦʩʴʦʚʦʤʫ ʩʪʠʩʢʘʥʥʽ / ʆ.ɺ. ʂʫʜʽʥ // ʇʨʦʙʣʝʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʽ 
ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ. ï ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ: ʃʽʨʘ, 2014. ï ɺʠʧ. 23. ï ʉ. 75-85. 
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ʋɼʂ 514.144 

ɻɽʆʄɽʊʈʀʏʅɯ ɺɯɼʆɹʈɸɾɽʅʅʗ ʊɸ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʉʊʆʈʋ ʅɸ ʇʃʆʑʀʅɯ 

ʃ.ɺ. ʂʫʟʴʤʽʥʦʚʘ, ʄ.ʇ. ʄʘʮʶʢ  

 
ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ ʘʛʨʘʨʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ 

 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʛʘʣʴʥʘ ʟʘʜʘʯʘ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʩʪʦʨʫ ʥʘ 
ʧʣʦʱʠʥʽ, ʷʢʘ ʦʙôʻʜʥʫʻ ʚ ʩʦʙʽ ʪʨʠ ʝʣʝʤʝʥʪʠ: ʛʝʦʤʝʪʨʠʯʥʠʡ ʘʧʘʨʘʪ ʧʨʦʝʢʮʽʶʚʘʥʥʷ, ʧʨʦʩʪʦʨʦʚʠʡ 

ʦʙôʻʢʪ  ʪʘ ʡʦʛʦ ʧʨʦʝʢʮʽʾ. 

ɺʠʢʦʨʠʩʪʘʥʠʡ ʤʝʪʦʜ ʟôʡʦʤʢʠ ʟʽ ʩʧʽʚʧʘʚʰʠʤʠ ʦʩʷʤʠ ʜʣʷ ʨʽʟʥʠʭ ʧʨʦʝʢʮʽʶʶʯʠʭ 
ʢʦʥʛʨʫʝʥʮʽʡ . 

ʆʜʝʨʞʘʥʽ ʨʽʚʥʷʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʪʦʯʢʦʚʠʭ ʨʷʜʽʚ, ʫʪʚʦʨʝʥʠʭ ʧʨʦʝʢʮʽʷʤʠ ʧʘʨ ʪʦʯʦʢ 

ʧʨʦʩʪʦʨʫ ʥʘ ʧʣʦʱʠʥʽ ʧʨʦʝʢʮʽʡ. ʈʽʚʥʷʥʥʷ  ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʝʪʨʠʢʫ ʧʨʦʩʪʦʨʫ, ʚʠʜ 

ʧʨʦʝʮʽʶʶʯʦʛʦ ʘʧʘʨʘʪʫ ʪʘ ʧʨʦʝʢʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

ɿʬʦʨʤʫʣʴʦʚʘʥʠʡ ʧʨʠʥʮʠʧ ʻʜʠʥʥʦʩʪʽ ʜʣʷ ʩʠʩʪʝʤ ʧʨʦʝʢʮʽʡ ʟʽ ʩʧʽʚʧʘʚʰʠʤʠ ʦʩʷʤʠ, ʚ ʷʢʦʤʫ 
ʢʦʞʥʦʤʫ ʚʠʜʫ ʧʨʦʝʢʮʽʶʚʘʥʥʷ ʥʘ ʧʣʦʱʠʥʽ ʧʨʦʝʢʮʽʡ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʟʥʘʢʠ ʧʨʠʪʘʤʘʥʥʽ ʪʽʣʴʢʠ 

ʮʴʦʤʫ ʚʠʜʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʚʠʪʢʫ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ, 
ʬʦʪʦʛʨʘʤʝʪʨʽʾ ʚ ʦʧʪʠʯʥʦ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙʨʘʟʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʄʦʜʝʣʶʚʘʥʥʷ, ʢʦʥʛʨʫʝʥʮʽʷ, ʤʝʪʨʠʢʘ, ʮʝʥʪʨʘʣʴʥʽ ʧʨʦʝʢʮʽʾ, 

ʜʚʦʩʝʨʝʜʦʚʠʱʥʘ ʟʡʦʤʢʘ, ʧʨʠʥʮʠʧ ʻʜʠʥʥʦʩʪʽ. 
 

ɺ ʪʝʦʨʽʾ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʩʪʦʨʫ ʥʘ ʧʣʦʱʠʥʽ ʨʦʟʨʽʟʥʷʶʪʴ ʪʨʠ ʝʣʝʤʝʥʪʠ: 

- ʛʝʦʤʝʪʨʠʯʥʠʡ ʧʨʦʝʮʽʶʶʯʠʡ ʘʧʘʨʘʪ, ʚ ʷʢʠʡ ʚʭʦʜʷʪʴ ʧʣʦʱʠʥʘ ʧʨʦʝʢʮʽʡ ʇ 

ʪʘ  ʧʨʦʝʮʽʶʶʯʘ ʢʦʥʛʨʫʝʥʮʽʷ ʂʛ-ʜʚʦʭʧʘʨʘʤʝʪʨʠʯʥʘ ʤʥʦʞʠʥʘ ʧʨʷʤʠʭ ʘʙʦ 

ʢʨʠʚʠʭ ʣʽʥʽʡ;  

- ʧʨʦʩʪʦʨʦʚʠʡ ʦʙôʻʢʪ; 
- ʧʨʦʝʢʮʽʾ ʦʙôʻʢʪʘ ʥʘ ʧʣʦʱʠʥʽ ʇ, ʚʠʢʦʥʘʥʽ ʜʘʥʠʤ ʘʧʘʨʘʪʦʤ 

ɺ ʪʝʦʨʽʾ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʩʪʦʨʫ ʥʘ ʧʣʦʱʠʥʽ ʨʦʟʚôʷʟʫʶʪʴ ʪʨʠ ʟʘʜʘʯʽ, ʚ 

ʷʢʠʭ ʟʘ ʜʚʦʤʘ ʝʣʝʤʝʥʪʘʤʠ ʚʠʟʥʘʯʘʶʪʴ ʪʨʝʪʽʡ. ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʷʚʥʠʡ ʟʚ'ʷʟʦʢ ʮʠʭ ʟʘʜʘʯ, ʚ 
ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ, ʷʢ ʻʜʠʥʘ ʟʘʜʘʯʘ ʚʦʥʠ ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʴ, ʪʘʢ ʷʢ ʚʠʜ ʧʨʦʝʮʽʶʶʯʦʛʦ ʘʧʘʨʘʪʘ 

ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʧʨʦʝʢʮʽʷʤʠ ʣʽʥʽʡʯʘʪʦʛʦ ʧʨʦʩʪʦʨʫ. 

ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʽʜʦʤʘ ʪʝʦʨʝʤʘ ʻʜʠʥʥʦʩʪʽ ʮʝʥʪʨʘʣʴʥʠʭ ʪʘ 
ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʝʢʮʽʡ ɭʛʝʨʘ [1], ʩʫʪʥʽʩʪʴ ʷʢʦʾ ʚ ʪʽʤ, ʱʦ ʪʽʣʴʢʠ ʧʨʠ ʮʠʭ ʚʠʜʘʭ ʧʨʦʝʮʽʶʚʘʥʥʷ 

ʧʨʷʤʘ ʟʘʛʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ ʧʨʷʤʫ ʥʘ ʧʣʦʱʠʥʽ ʧʨʦʝʢʮʽʡ. ɼʣʷ ʪʘʢʦʛʦ 

ʨʦʟʚôʷʟʘʥʥʷ ʜʦʩʪʘʪʥʴʦ ʦʜʥʽʻʾ ʧʨʦʝʢʮʽʾ. ɸʣʝ ʦʜʥʘ ʧʨʦʝʢʮʽʷ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʫʤʦʚ ʥʝ ʚʽʜʦʙʨʘʞʘʻ ʥʽ 

ʧʦʟʠʮʽʡʥʠʭ, ʥʽ ʤʝʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʩʪʦʨʫ, ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʻ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ. 

ɼʣʷ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʟʘ ʜʝʢʽʣʴʢʦʤʘ ʧʨʦʝʢʮʽʷʤʠ 
ʪʦʯʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ. ɿʚʘʞʘʶʯʠ ʥʘ ʟʘʛʘʣʴʥʽʩʪʴ ʟʘʜʘʯʽ, ʥʘʢʣʘʜʝʥʽ ʟʥʘʯʥʽ  ʦʙʤʝʞʝʥʥʷ ʥʘ ʤʝʪʦʜ ʾʾ 

ʨʦʟʚôʷʟʘʥʥʷ, ʚʠʜʠ ʧʨʦʝʮʽʶʶʯʠʭ ʘʧʘʨʘʪʽʚ ʽ ʾʭ ʢʦʥʛʨʫʝʥʮʽʡ ʪʘ ʾʭ ʚʟʘʻʤʥʝ ʧʦʣʦʞʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ. ɺ 

ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʠʡ ʦʢʨʝʤʠʡ ʤʝʪʦʜ ʧʨʦʝʮʽʶʚʘʥʥʷ, ʚʽʜʦʤʠʡ ʫ ʬʦʪʦʛʨʘʤʝʪʨʽʾ, ʷʢ ʟʡʦʤʢʘ ʟʽ 
ʩʧʽʚʧʘʚʰʠʤʠ ʦʩʷʤʠ [3]. 

ʇʨʦʝʮʽʶʶʯʠʡ ʘʧʘʨʘʪ ʨʫʭʘʻʪʴʩʷ ʧʦ ʧʨʷʤʽʡ s (ʨʠʩ.1), ʟʘʡʤʘʶʯʠ ʥʘ ʥʽʡ ʨʷʜ ʧʦʣʦʞʝʥʴ, ʟ 

ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʦʝʮʽʶʚʘʥʥʷ ʪʦʯʦʢ ʧʨʦʩʪʦʨʫ ʥʘ ʦʜʥʫ ʧʣʦʱʠʥʫ  ʇ, ʘʙʦ ʟʚôʷʟʘʥʫ ʟ 
ʢʦʥʛʨʫʝʥʮʽʻʶ ʧʣʦʱʠʥʫ ʧʨʠ  ʧʦʩʣʽʜʫʶʯʦʤʫ ʧʝʨʝʧʨʦʝʮʽʶʚʘʥʥʽ ʚ  ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʩʧʽʣʴʥʫ 

ʧʣʦʱʠʥʫ. 

ʈʦʟʛʣʷʜʘʣʠʩʷ ʘʧʘʨʘʪʠ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʦʙʝʨʪʘʣʴʥʦʶ ʩʠʤʝʪʨʽʻʶ ʥʘʚʢʦʣʦ ʦʩʽ s ʨʫʭʫ. ʇʨʠ 
ʮʴʦʤʫ ʥʦʩʽʻʤ ʧʨʦʝʢʮʽʡ ʪʦʯʦʢ ʙʫʜʝ ʧʫʯʦʢ ʧʨʷʤʠʭ ʟ ʮʝʥʪʨʦʤ ʚ ʪʦʯʮʽ P ʧʝʨʝʪʠʥʫ ʦʩʽ s ʟ ʧʣʦʱʠʥʦʶ 

ʇ. ʇʨʦʝʢʮʽʾ ʧʘʨ ʪʦʯʦʢ ɸ , B ʧʨʦʩʪʦʨʫ ʫʪʚʦʨʶʶʪʴ ʥʘ ʧʨʷʤʠʭ y , y' ʧʫʯʢʘ ʧʨʦʝʢʪʠʚʥʽ ((1-1)-

ʟʥʘʯʥʽ), ʘʙʦ ʙʘʛʘʪʦʟʥʘʯʥʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ  ʪʦʯʢʦʚʠʭ ʨʷʜʽʚ, ʜʝ ʧʨʦʝʢʮʽʾ ʟ ʦʜʥʘʢʦʚʠʤʠ ʥʠʞʥʽʤʠ 

ʽʥʜʝʢʩʘʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʜʥʦʤʫ ʧʦʣʦʞʝʥʥʶ ʘʧʘʨʘʪʘ [2]. 

ʈʽʚʥʷʥʥʷ ʮʠʭ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʙʫʜʫʪʴ ʤʽʩʪʠʪʠ ʚ ʩʦʙʽ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʝʪʨʠʢʫ ʪʦʯʢʦʚʦʛʦ 
ʧʨʦʩʪʦʨʫ (ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ), ʚʠʜ ʧʨʦʝʮʽʶʶʯʦʛʦ ʘʧʘʨʘʪʘ, ʡʦʛʦ ʢʦʥʛʨʫʝʥʮʽʶ ʪʘ ʧʨʦʝʢʮʽʡʥʫ 
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ʩʠʩʪʝʤʫ. ɺʠʟʥʘʯʘʣʴʥʠʤ ʧʨʠ ʮʴʦʤʫ ʙʫʜʝ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʜʚʽʡʥʠʭ (ʘʙʦ ʢʨʘʪʥʠʭ) ʪʦʯʦʢ ʜʣʷ ʚʩʽʭ 

ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ, ʱʦ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʧʨʠ ʩʧʽʣʴʥʦʤʫ ʥʦʩʽʾ ʪʦʯʢʦʚʠʭ ʨʷʜʽʚ. ɼʣʷ ʮʴʦʛʦ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪ, ʩʫʤʽʱʘʻʤʦ ʦʙʝʨʪʘʥʥʷʤ ʥʘʚʢʦʣʦ ʦʩʽ s ʚʩʽ 

ʧʣʦʱʠʥʠ ʧʫʯʢʘ s ʧʨʦʝʢʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʚ ʦʜʥʫ ʧʣʦʱʠʥʫ. ʊʦʜʽ ʧʨʦʝʢʮʽʾ ʪʦʯʦʢ ʨʦʟʪʘʰʫʶʪʴʩʷ ʥʘ 
ʦʜʥʽʡ ʧʨʷʤʽʡ y (ʨʠʩ. 1). 

 
ʇʽʩʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʨʘʪʥʠʭ ʪʦʯʦʢ ʜʣʷ ʚʩʽʭ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʧʦʚʝʨʪʘʻʤʦ ʩʠʩʪʝʤʫ ʚ 

ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʮʽ ʪʦʯʢʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʦʝʮʽʶʶʯʦʛʦ ʘʧʘʨʘʪʘ, ʤʦʞʫʪʴ 
ʩʧʽʚʧʘʜʘʪʠ ʟ ʪʦʯʢʦʶ ʈ ʩʠʩʪʝʤʠ, ʘʙʦ ʫʪʚʦʨʶʚʘʪʠ ʥʘ ʧʣʦʱʠʥʽ ʇ ʢʦʣʦ ʢʨʘʪʥʠʭ ʪʦʯʦʢ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʨʦʩʪʦʨʦʚʘ ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʣʦʩʢʦʾ ʥʘ ʦʜʥʽʡ ʽʟ ʧʣʦʱʠʥ ʧʫʯʢʘ s. 

ɼʣʷ ʮʝʥʪʨʘʣʴʥʠʭ ʧʨʦʝʢʮʽʡ ʟʬʦʨʤʫʣʴʦʚʘʥʦ ʪʚʝʨʜʞʝʥʥʷ: ʷʢʱʦ ʪʨʠ ʧʨʦʝʢʮʽʾ ʪʦʯʢʦʚʦʛʦ 
ʧʨʦʩʪʦʨʫ ʜʝʷʢʠʤ ʘʧʘʨʘʪʦʤ ʧʨʦʝʮʽʶʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ ʟʽ ʩʧʽʚʧʘʚʰʠʤʠ ʦʩʷʤʠ s (ʨʠʩ.1) ʫʪʚʦʨʶʶʪʴ ʥʘ 

ʧʣʦʱʠʥʽ ʇ ʧʫʯʦʢ ʈ= ʇ1s ʧʨʷʤʠʭ ï ʥʦʩʽʷ ʧʨʦʝʢʮʽʡ ʪʘʢ, ʱʦ ʧʨʦʝʢʮʽʾ ʧʘʨ ʪʦʯʦʢ A, B ʧʨʦʩʪʦʨʫ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʨʦʝʢʪʠʚʥʠʭ ʚʽʜʧʦʚʽʜʥʦʩʪʷʭ ʟ ʧʦʜʚʽʡʥʦʶ ʪʦʯʢʦʶ ʈ ʜʣʷ ʚʩʽʭ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ, ʪʦ 

ʪʘʢʝ ʥʝʧʝʨʝʨʚʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʨʦʩʪʦʨʫ ʥʘ ʧʣʦʱʠʥʫ ʚʠʢʦʥʘʥʦ ʘʧʘʨʘʪʦʤ ʮʝʥʪʨʘʣʴʥʦʛʦ 
ʧʨʦʝʮʽʶʚʘʥʥʷ. 

ʎʝ ʪʚʝʨʜʞʝʥʥʷ ʜʣʷ ʪʦʯʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʜʝʷʢʠʤ ʘʥʘʣʦʛʦʤ ʪʝʦʨʝʤʠ ɭʛʝʨʘ 

ʜʣʷ ʣʽʥʽʡʯʘʪʦʛʦ ʧʨʦʩʪʦʨʫ. ʆʜʝʨʞʘʥʦ ʨʽʚʥʷʥʥʷ (1) ʧʨʦʝʢʪʠʚʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ, ʫʪʚʦʨʝʥʦʛʦ 
ʧʨʦʝʢʮʽʷʤʠ ʧʘʨʠ ʪʦʯʦʢ ɸ(ʘ;ʚ) , ɺ(ʩ;d) (ʨʠʩ.2): 

y ³  ï C y ³  iy¡-D iy¡ =0                                            (1) 

ʜʝ :  y i  ʽ
iy¡ - ʢʦʦʨʜʠʥʘʪʠ ʧʨʦʝʢʮʽʡ  i iA B  ʮʠʭ ʪʦʯʦʢ ʚʽʜ ʧʦʯʘʪʢʫ P,  i =1, 2, 3; 

a c
C

ad

cb
D

ad

- û
= îî

ü
î=
îý

,                                                          (2) 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ C, D ʟʘ ʯʠʩʣʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʟʤʽʥʥʠʭ 

iy ,
iy¡, ʥʝʦʙʭʽʜʥʦ 

ʩʢʣʘʩʪʠ ʩʠʩʪʝʤʫ ʜʚʦʭ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʚʠʜʫ (1), ʜʣʷ ʯʦʛʦ ʥʝʦʙʭʽʜʥʽ ʜʚʽ ʧʘʨʠ ʟʤʽʥʥʠʭ, 

ʚʽʜʧʦʚʽʜʥʠʭ ʜʚʦʤ   ʧʨʦʝʢʮʽʷʤ ʪʦʯʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ. 

ɯʟ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2) ʩʣʽʜʫʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ a, b, c, d ʪʦʯʦʢ A, B 
ʧʨʠ ʚʽʜʦʤʠʭ  ʟʥʘʯʝʥʥʷʭ C, D, ʪʘʢ ʷʢ  ʥʝʚʽʜʦʤʠʭ ʯʦʪʠʨʠ, ʘ ʨʽʚʥʷʥʴ, ʟʚôʷʟʫʶʯʠʭ ʾʭ, ʜʚʘ. ɿ ʮʴʦʛʦ 

ʩʣʽʜʫʻ, ʱʦ ʤʝʪʨʠʢʘ ʧʨʦʩʪʦʨʫ ʜʣʷ ʮʴʦʛʦ ʚʠʜʫ ʧʨʦʝʮʽʶʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 

ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ɼʣʷ ʧʦʚʥʦʾ ʤʝʪʨʠʯʥʦʾ ʚʠʟʥʘʯʝʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʟʘʟʜʘʣʝʛʽʜʴ ʟʥʘʪʠ ʷʢʽ-
ʥʝʙʫʜʴ ʜʚʽ ʟ ʯʦʪʠʨʴʦʭ ʢʦʦʨʜʠʥʘʪ.  

ʋ ʥʘʩʪʫʧʥʦʤʫ ʚʠʧʘʜʢʫ ʧʦʙʘʯʠʤʦ, ʱʦ ʚ ʪʘʢʠʭ ʜʦʧʦʤʽʞʥʠʭ ʫʤʦʚʘʭ ʥʝʤʘʻ ʧʦʪʨʝʙʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʚʦʩʝʨʝʜʦʚʠʱʥʫ ʟʡʦʤʢʫ [3] ʢʦʥʛʨʫʝʥʮʽʻʶ  ʟʘʣʦʤʣʝʥʠʭ ʧʨʦʤʝʥʽʚ ʧʨʠ ʨʫʩʽ ʮʝʥʪʨʘ 

ySi 1  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʱʠʥʽ ʇ ʨʦʟʜʽʣʫ ʩʝʨʝʜʦʚʠʱ, ʧʨʠʡʥʷʪʫ ʟʘ ʧʣʦʱʠʥʫ ʧʨʦʝʢʮʽʡ (ʨʠʩ. 3). 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʯʝʨʝʟ ʜʦʚʽʣʴʥʫ ʪʦʯʢʫ ɸ ʤʦʞʣʠʚʦ ʧʨʦʚʝʩʪʠ ʯʦʪʠʨʠ ʧʨʦʤʝʥʷ, 

ʜʦʪʠʯʥʠʭ ʜʦ ʢʘʫʩʪʠʯʥʦʾ ʢʨʠʚʦʾ 
4q , ʱʦ ʧʨʠ ʮʴʦʤʫ ʤʘʻ ʤʽʩʮʝ, ʘʣʝ ʬʽʟʠʯʥʠʤ ʟʤʽʩʪʦʤ ʚʦʣʦʜʽʻ ʣʠʰʝ 

ʦʜʠʥ ʟ ʥʠʭ. 

ʆʜʝʨʞʘʥʦ ʨʽʚʥʷʥʥʷ (3) (4,4)-ʟʥʘʯʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ, ʱʦ ʟʚôʷʟʫʻ ʢʦʦʨʜʠʥʘʪʠ ʧʘʨʠ ʪʦʯʦʢ ɸ 

(ʘ; ʚ)ʽ ɺ (c; d) ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 
ix  ʽ 

'

ix   ʾ ʭ ʧʨʦʝʢʮʽʡ: 

 ( )( )
2 2

2 221i
i i

i i

dxbx
n x x

x a x c

å õ å õ¡
¡- = - -æ ö æ ö

¡- -ç ÷ ç ÷

,                      (3) 

ʜʝ n  - ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ 
11R , ʱʦ ʧʨʦʝʮʽʶʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʩʝʨʝʜʦʚʠʱʘ 

1R, ʚ 

ʷʢʦʤʫ ʟʥʘʭʦʜʷʪʴʩʷ ʮʝʥʪʨʠ 
iS  ʧʨʦʝʮʽʶʚʘʥʥʷ. 

ʊʘʢ ʷʢ ʮʝ ʨʽʚʥʷʥʥʷ ʤʘʻ ʧôʷʪʴ ʥʝʚʽʜʦʤʠʭ a, b, c, d, n, ʪʦ ʜʣʷ ʡʦʛʦ ʩʢʣʘʜʘʥʥʷ ʟʘ ʚʽʜʦʤʠʤʠ 

ʟʤʽʥʥʠʤʠ 
ix  ʽ 

'

ix , ʥʝʦʙʭʽʜʥʦ ʩʢʣʘʩʪʠ ʽ ʨʦʟʚôʷʟʘʪʠ ʩʠʩʪʝʤʫ ʟ ʧôʷʪʠ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʚʠʜʫ (3) 

(i=1, 2, 3, 4, 5). ɼʣʷ ʚʠʙʦʨʫ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʰʝʥʥʷ ʪʨʝʙʘ ʦʙʤʝʞʠʪʠʩʴ ʧʨʦʩʪʦʨʦʤ 
11R , ʘ ʦʙʝʨʪʘʥʥʷʤ 

ʥʘʚʢʦʣʦ ʦʩʽ y ʩʫʤʽʩʪʠʪʠ ʡʦʛʦ ʚ ʥʠʞʥʶ ʣʽʚʫ ʯʝʪʚʝʨʪʴ ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʝʡ ʭ, ʫ. ʊʦʜʽ ʚ ʜʘʥʽ ʜʣʷ 

ʚʠʙʦʨʫ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʰʝʥʥʷ ʚʭʦʜʷʪʴ ʪʽʣʴʢʠ ʚʽʜôʻʤʥʽ ʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ a, b, c, d, ʧʨʠ ʮʴʦʤʫ 

n >1. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʚ ʮʽʡ ʩʠʩʪʝʤʽ ʧʨʦʝʢʮʽʡ ʪʦʯʢʘ yOP 1=  - ʜʚʦʭʢʨʘʪʥʘ ʜʣʷ ʚʩʽʭ 

ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ, ʫʪʚʦʨʝʥʠʭ ʧʨʦʝʢʮʽʷʤʠ ʧʘʨ ʪʦʯʦʢ ʧʨʦʩʪʦʨʫ ʥʘ ʧʨʷʤʠʭ ʧʫʯʢʘ PÈʇ. 
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ʗʢ ʽ ʪʝʦʨʝʤʘ ɭʛʝʨʘ, ʩʠʩʪʝʤʠ ʧʨʦʝʢʮʽʡ ʟʽ ʩʧʽʚʧʘʚʰʠʤʠ ʦʩʷʤʠ ʚʦʣʦʜʽʶʪʴ ʧʨʠʥʮʠʧʦʤ 

ʻʜʠʥʥʦʩʪʽ, ʪʦʙʪʦ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʧʨʦʝʮʽʶʚʘʥʥʷ ʥʘ ʩʧʽʣʴʥʽʡ ʧʣʦʱʠʥʽ ʧʨʦʝʢʮʽʡ ʫʪʚʦʨʶʶʪʴʩʷ 

ʦʟʥʘʢʠ ʧʨʠʪʘʤʘʥʥʽ ʪʽʣʴʢʠ ʮʴʦʤʫ ʚʠʜʫ. ʅʘʧʨʠʢʣʘʜ, ʜʚʽ ʢʦʥʛʨʫʝʥʮʽʾ, ʱʦ ʟʘʜʘʥʽ ʢʦʣʦʤ ʽ ʬʦʢʘʣʴʥʦʶ 
ʩʬʝʨʦʶ ʧʨʠ ʦʨʪʦʛʦʥʘʣʴʥʦʤʫ ʧʝʨʝʧʨʦʝʢʮʽʶʚʘʥʥʽ ʟʦʙʨʘʞʝʥʴ ʟ ʧʣʦʱʠʥ, ʱʦ ʟ ʥʠʤʠ ʟʚôʷʟʘʥʽ, 

ʫʪʚʦʨʶʶʪʴ ʥʘ ʩʚʦʾʭ ʧʣʦʱʠʥʘʭ ʢʦʣʘ ʧʦʜʚʽʡʥʠʭ ʪʦʯʦʢ ʜʣʷ ʫʩʽʭ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ. ʎʽ ʢʦʣʘ ʷʚʣʷʶʪʴʩʷ 

ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ ʧʨʦʝʢʮʽʷʤʠ ʬʦʢʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʮʠʭ ʢʦʥʛʨʫʝʥʮʽʡ, ʘʣʝ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʪʦʯʢʦʚʠʭ 

ʨʷʜʽʚ ʙʫʜʫʪʴ ʨʽʟʥʽ. ɺ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ï ʧʨʦʝʢʪʠʚʥʘ, ʚ ʜʨʫʛʦʤʫ ï (2, 2)-ʟʥʘʯʥʘ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʛʣʷʥʫʪʘ ʟʘʛʘʣʴʥʘ ʟʘʜʘʯʘ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʩʪʦʨʫ ʥʘ ʧʣʦʱʠʥʽ, ʷʢʘ ʦʙôʻʜʥʫʻ ʚ ʩʦʙʽ ʪʨʠ ʝʣʝʤʝʥʪʠ: ʛʝʦʤʝʪʨʠʯʥʠʡ ʘʧʘʨʘʪ ʧʨʦʝʢʮʽʶʚʘʥʥʷ, 
ʧʨʦʩʪʦʨʦʚʠʡ ʦʙôʻʢʪ  ʪʘ ʡʦʛʦ ʧʨʦʝʢʮʽʾ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʨʦʟʚʠʪʢʫ ʥʘʨʠʩʥʦʾ 

ʛʝʦʤʝʪʨʽʾ, ʬʦʪʦʛʨʘʤʝʪʨʽʾ ʚ ʦʧʪʠʯʥʦ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙʨʘʟʽʚ.  

ʌʦʪʦʛʨʘʤʝʪʨʽʷ ʚʠʢʦʨʠʩʪʦʚʫ ʧʨʠʡʦʤʠ ʨʽʟʥʠʭ ʜʠʩʮʠʧʣʽʥ, ʟʘʧʦʟʠʯʝʥʠʭ ʟ ʦʧʪʠʢʠ ʽ 
ʧʨʦʝʢʪʠʚʥʦʾ ʛʝʦʤʝʪʨʽʾ. ʋ ʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʩʪʦʨʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʦʙôʻʢʪʫ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʰʣʷʭʦʤ ʚʠʤʽʨʽʚ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʜʚʦʤʘ ʽ ʙʽʣʴʰʝ ʬʦʪʦʛʨʘʬʽʷʤʠ, ʟʥʷʪʠʭ ʟ ʨʽʟʥʠʭ 

ʧʦʣʦʞʝʥʴ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʢʦʞʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘʛʘʣʴʥʽ ʪʦʯʢʠ. ɺʽʜʪʘʢ ʧʨʦʤʽʥʴ ʟʦʨʫ 
ʧʨʦʚʦʜʠʪʴʩʷ ʚʽʜ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʬʦʪʦʘʧʘʨʘʪʫ ʜʦ ʪʦʯʢʠ ʥʘ ʦʙôʻʢʪʽ. ʇʝʨʝʪʠʥ ʮʠʭ ʧʨʦʤʝʥʽʚ ʽ 

ʚʠʟʥʘʯʘʻ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʦʯʢʠ ʚ ʧʨʦʩʪʦʨʽ. ɹʽʣʴʰ ʩʢʣʘʜʥʽ ʘʣʛʦʨʠʪʤʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ  

ʜʨʫʛʫ ʨʘʥʽʰʝ ʚʽʜʦʤʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ  ʦʙôʻʢʪ: ʥʘʧʨʠʢʣʘʜ ʩʠʤʝʪʨʽʶ ʩʢʣʘʜʦʚʠʭ ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ, ʘ ʫ 
ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʧʽʜʣʷʛʘʶʪʴ ʨʝʢʦʥʩʪʨʫʶʚʘʥʥʶ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʧʦ ʦʜʥʦʤʫ 

ʬʦʪʦʛʨʘʬʽʯʥʦʤʫ ʟʦʙʨʘʞʝʥʥʶ. 

ɺʠʢʦʨʠʩʪʘʥʠʡ ʤʝʪʦʜ ʟôʡʦʤʢʠ ʟʽ ʩʧʽʚʧʘʚʰʠʤʠ ʦʩʷʤʠ ʜʣʷ ʨʽʟʥʠʭ ʧʨʦʝʢʮʽʶʶʯʠʭ 
ʢʦʥʛʨʫʝʥʮʽʡ . 

ʆʜʝʨʞʘʥʽ ʨʽʚʥʷʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʪʦʯʢʦʚʠʭ ʨʷʜʽʚ, ʫʪʚʦʨʝʥʠʭ ʧʨʦʝʢʮʽʷʤʠ ʧʘʨ ʪʦʯʦʢ 

ʧʨʦʩʪʦʨʫ ʥʘ ʧʣʦʱʠʥʽ ʧʨʦʝʢʮʽʡ, ʷʢʽ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʝʪʨʠʢʫ ʧʨʦʩʪʦʨʫ, ʚʠʜ ʧʨʦʝʮʽʶʶʯʦʛʦ 
ʘʧʘʨʘʪʫ ʪʘ ʧʨʦʝʢʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʻ ʜʦʩʣʽʜʥʠʮʴʢʦʶ ʯʘʩʪʠʥʦʶ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʩʪʫʜʝʥʪʽʚ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼʀʅɸʄʀʏɽʉʂʆɻʆ ʇʆɺɽɼɽʅʀʗ ɻɸɿʆɺʓʍ ʇʋɿʓʈʔʂʆɺ ɺ 

ɾʀɼʂʀʍ ʉʈɽɼɸʍ 

ʀ.ʄ. ʂʫʟʷʝʚ, ɸ.ɽ. ʃʦʙʦʜʝʥʢʦ 

 
ʋʢʨʘʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ ʚʳʟʳʚʘʶʪ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚ ʩ ʞʠʜʢʦʡ ʬʘʟʦʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʅʘʠʙʦʣʝʝ ʷʚʥʦ ʚʳʨʘʞʝʥʥʦʝ ʜʚʦʡʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʠ 
ʨʝʞʠʤʦʚ ʢʘʚʠʪʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʩʚʷʟʘʥ, ʥʘʧʨʠʤʝʨ, ʩ ʜʨʦʙʣʝʥʠʝʤ ʠʣʠ 

ʧʦʤʦʣʦʤ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʟʘ ʩʯʝʪ ʩʭʣʦʧʳʚʘʥʠʷ ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚ. ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʞʝ ʵʬʬʝʢʪ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʨʘʟʨʫʰʝʥʠʠ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʙʦʯʠʭ ʢʘʤʝʨ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʠ 

ʧʝʨʝʨʘʙʦʪʢʝ ʞʠʜʢʠʭ ʩʨʝʜ. ʂʨʦʤʝ ʪʦʛʦ, ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʦʮʝʩʩʳ 

ʧʦʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʦʣʠʤʝʨʥʳʭ ʩʨʝʜʘʭ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʚʩʧʝʥʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 
ʢʘʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 
ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʭ ʨʘʟʤʝʨʦʚ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. ɺ ʦʜʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʠʭ ʜʠʘʤʝʪʨʘ ʚʧʣʦʪʴ ʜʦ ʩʭʣʦʧʳʚʘʥʠʷ 

ʧʫʟʳʨʴʢʦʚ, ʘ ʚ ʜʨʫʛʦʤ ï ʩ ʨʦʩʪʦʤ ʠʭ ʜʠʘʤʝʪʨʘ ʜʦ ʬʠʢʩʘʮʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ ʩ ʮʝʣʴʶ 
ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʆʩʥʦʚʥʘʷ ʧʨʝʜʧʦʩʳʣʢʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝ ʩʬʝʨʠʯʥʦʩʪʠ ʬʦʨʤʳ ʛʘʟʦʚʦʛʦ 

ʧʫʟʳʨʴʢʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʚ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʘ ʨʘʜʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ 

( 0̧rV ), ʘ ʜʚʝ ʜʨʫʛʠʝ ʦʪʩʫʪʩʪʚʫʶʪ (0== qj VV ), ʪʦ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʠʤʝʝʪ ʚʠʜ [1,2] 
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ʋʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʟʘʧʠʰʝʪʩʷ ʪʘʢ 

( ) 02 =Ö
µ

µ
rVr

r
.                                                       (2) 

ɼʣʷ ʨʘʜʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʟʳʨʴʢʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

p
p

Rrr R
dt

dR
V #==

=
,                                                   (3) 

ʛʜʝ pR  ï ʨʘʜʠʫʩ ʧʫʟʳʨʴʢʘ. 

ʉ ʫʯʝʪʦʤ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʚʳʨʘʞʝʥʠʷ ʙʫʜʫʪ ʩʧʨʘʚʝʜʣʠʚʳʤʠ ʩʣʝʜʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

2

2

r

RR
V

pp
r

#Ö
= ;                                                        (4) 

3

2

2
r

RR

dr

dV ppr
#Ö

Ö-= .                                                    (5) 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ (4) ʠ (5) ʚ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ (1), ʧʦʣʫʯʘʝʤ 

( )
rrr

P

r

RR

r

RRRR
rrrrpppppp qqsss

r
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+
µ

µ
+

µ

µ
-=

ö
ö

÷

õ

æ
æ

ç

å ÖÖ
-

Ö+ÖÖ
Ö

222

5

24

2

22 ####
, (6) 
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ʛʜʝ 
22 / dtRdR pp=

## . 

ɺʳʨʘʞʝʥʠʝ (6) ʟʘʧʠʩʘʥʦ ʩ ʫʯʝʪʦʤ ʨʘʚʝʥʩʪʚʘ jjqq ss = . 

ɽʩʣʠ ʚʳʧʦʣʥʠʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚ ʫʨʘʚʥʝʥʠʠ (6) ʧʦ ʢʦʦʨʜʠʥʘʪʝ r  ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

pRr =  ʜʦ Hr = , ʛʜʝ H  ï ʧʦʣʦʚʠʥʘ ʤʠʥʠʤʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ ʨʘʙʦʯʝʡ 

ʷʯʝʡʢʠ, ʥʘʧʨʠʤʝʨ, ʝʝ ʰʠʨʠʥʳ, ʪʦ ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚʳʤ ʪʘʢʦʝ ʚʳʨʘʞʝʥʠʝ 

( ) =
ù
ù

ú

ø

é
é

ê

è

ö
ö

÷

õ

æ
æ

ç

å
+-Ö

ÖÖ
-
ö
ö

÷
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44

24
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4
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2

p

pp

p
pppp

RH

RR

RH
RRRR

#
###r  

( ) () () () dr
r

RHHPRP

H

R

rr
rrrrp

p

ñ
-

Ö+-+-= qqss
ss 2 .                          (7) 

ʀʩʧʦʣʴʟʫʷ ʫʩʣʦʚʠʝ H >> pR  ʠ ʨʘʚʝʥʩʪʚʦ qqss Ö-= 2rr , ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦ 

ʢʦʦʨʜʠʥʘʪʝ r  ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ Rr =  ʜʦ ¤=r . ʊʦʛʜʘ ʩʦʦʪʥʦʰʝʥʠʝ (7) 

ʧʝʨʝʧʠʰʝʪʩʷ ʪʘʢ [3] 

( ) () () ( ) ñ
¤

Ö+-¤+¤-=ö
÷

õ
æ
ç

å
Ö+ÖÖ

pR

rr
prrrrpppp dr

r
RPRPRRR

s
ssr 3

2

3 2 ### .(8) 

ɹʘʣʘʥʩ ʩʠʣ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʴ ï ʧʫʟʳʨʝʢ, ʙʝʟ ʫʯʝʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ʜʘʚʣʝʥʠʷ 

ʩʦ ʩʪʦʨʦʥʳ ʞʠʜʢʦʡ ʩʨʝʜʳ ʥʘ ʛʘʟʦʚʳʡ ʧʫʟʳʨʝʢ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʪʘʢ 

( ) ( )
p

gprrp
R

PRRP
s

s
Ö

+-=+-
2

,                           (9) 

ʛʜʝ gP  ï ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʧʫʟʳʨʴʢʘ; s ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ. 

ʄʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

() () ¤-=¤+¤- PP rrs ,                                  (10) 

ʛʜʝ ¤P  ï ʛʨʘʥʠʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʧʫʟʳʨʴʢʝ, ʢʦʪʦʨʦʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ 

ʘʪʤʦʩʬʝʨʥʦʤʫ (¤P =0,1013 ʄʇʘ) (ʜʘʥʥʫʶ ʚʝʣʠʯʠʥʫ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʩʪʘʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ ʚ 

ʞʠʜʢʦʩʪʠ). 
ʏʪʦʙʳ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ ʫʨʘʚʥʝʥʠʝ (8), ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʨʝʦʣʦʛʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʝ (ʩʚʷʟʳʚʘʶʱʝʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʩ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ), ʢʦʪʦʨʦʝ ʘʜʝʢʚʘʪʥʦ ʤʦʞʝʪ ʦʧʠʩʘʪʴ ʧʦʚʝʜʝʥʠʝ ʪʦʡ 
ʠʣʠ ʠʥʦʡ ʞʠʜʢʦʡ ʩʨʝʜʳ. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʢʨʫʞʘʶʱʘʷ ʛʘʟʦʚʳʡ ʧʫʟʳʨʝʢ ʞʠʜʢʘʷ ʩʨʝʜʘ ʙʫʜʝʪ ʠʤʝʪʴ ʩʚʦʡʩʪʚʘ 

ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ, ʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ijs  ʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ ijd  (ʨʝʦʣʦʛʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ) ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ [4] 

ijij dÖÖ= hs 2 ,                                          (11) 

ʛʜʝ h ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ. 

ʂʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʟʘʚʠʩʠʤʦʩʪʠ 

( )ijjiij xVxVd µµ+µµÖ= 5,0 .                          (12) 
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ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʤʝʝʤ ʪʦʣʴʢʦ ʦʜʥʫ ʩʦʩʪʘʚʣʷʶʱʫʶ ʪʝʥʟʦʨʘ 

ʥʘʧʨʷʞʝʥʠʡ ( rrrr dÖÖ= hs 2 , rVd rrr µµ= ), ʫʨʘʚʥʝʥʠʝ (8), ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ 

ʨʘʚʝʥʩʪʚʘ (9) ʠ (10), ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

¤-
ÖÖ

-
Ö

-=ö
÷

õ
æ
ç

å
Ö+ÖÖ P

R

R

R
PRRR

p

p

p
gppp

#
###

hs
r

42

2

3 2
.              (13) 

ɽʩʣʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʙʘʣʘʥʩʘ ʩʠʣ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʴ ï ʧʫʟʳʨʝʢ ʫʯʝʩʪʴ 

ʚʦʟʜʝʡʩʪʚʠʝ ʜʘʚʣʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʞʠʜʢʦʡ ʩʨʝʜʳ ʥʘ ʛʘʟʦʚʳʡ ʧʫʟʳʨʝʢ, ʪʦ ʫʨʘʚʥʝʥʠʝ (9) ʤʦʞʥʦ 

ʧʝʨʝʧʠʩʘʪʴ ʪʘʢ 

( ) ( ) )(2 tPRPRRP pgprrp +Ö+-=+- ss ,                  (14) 

ʛʜʝ )(tP  ï ʜʘʚʣʝʥʠʝ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ, ʪʦ ʝʩʪʴ ʚʥʝʰʥʝʝ ʜʘʚʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʫʟʳʨʴʢʘ. 

ʉ ʫʯʝʪʦʤ ʧʦʩʣʝʜʥʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʫʨʘʚʥʝʥʠʝ (13) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ [5] 

( ) )(4223
2

tPPRRRPRRR pppgppp --ÖÖ-Ö-=Ö+ÖÖ ¤
#### hsr .         (15) 

ɺʳʨʘʞʝʥʠʝ (15) ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ ʈʵʣʝʷ-ʇʣʝʩʩʝʪʘ. 

ɺ ʫʨʘʚʥʝʥʠʝ (15) ʚʭʦʜʷʪ ʪʨʠ ʠʟʤʝʥʷʶʱʠʝʩʷ ʚʦ ʚʨʝʤʝʥʠ ʧʘʨʘʤʝʪʨʘ. ʇʝʨʚʳʡ ʧʘʨʘʤʝʪʨ ï 

ʜʘʚʣʝʥʠʝ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ )(tP , ʢʦʪʦʨʦʝ ʟʘʜʘʝʪʩʷ ʠʣʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɺʪʦʨʦʡ ʧʘʨʘʤʝʪʨ ï ʨʘʜʠʫʩ ʧʫʟʳʨʴʢʘ pR , 

ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʘ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʫʨʘʚʥʝʥʠʷ (15), ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ 
ʥʘʭʦʜʠʪʩʷ ʠ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʫʩʘ ʧʫʟʳʨʴʢʘ (ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʝ). 

ʊʨʝʪʠʡ ʧʘʨʘʤʝʪʨ ï ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʧʫʟʳʨʴʢʘ gP , ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ. 
ɺ ʨʘʙʦʪʝ [3] ʧʦʣʫʯʝʥʦ ʪʘʢʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʧʫʟʳʨʴʢʘ 

( ) ( )

( )3
00

3
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2
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gpgpp
p

p
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g

RPRP
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RDTR
R

R
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P

Ö-Ö

Ö-Ö
Ö

ÖÖÖÖÖ
+Ö

Ö
-=

r## ,        (16) 

ʛʜʝ D  ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ; pK  ï ʜʠʬʬʫʟʠʦʥʥʘʷ ʢʦʥʩʪʘʥʪʘ ɻʝʥʨʠ; 0gP  ï ʥʘʯʘʣʴʥʦʝ 

ʜʘʚʣʝʥʠʝ ʚ ʧʫʟʳʨʴʢʝ; 0pR  ï ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʜʠʫʩʘ ʧʫʟʳʨʴʢʘ; M  ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

ʛʘʟʘ ʧʫʟʳʨʴʢʘ; R  ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ; T  ï ʪʝʤʧʝʨʘʪʫʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʫʟʳʨʴʢʘ ʚ 
ʞʠʜʢʦʡ ʥʴʶʪʦʥʦʚʩʢʦʡ ʩʨʝʜʝ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʚʫʤʷ ʫʨʘʚʥʝʥʠʷʤʠ (15) ʠ (16). 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʨʝʰʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ MathCAD. ʇʨʠ 

ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʜʘʚʣʝʥʠʷ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ )(tP  ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ 

ù
ú

ø
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ê

è
ö
÷

õ
æ
ç

å
--Ö--= ¤
t

t
PPPtP exp1)()( 11 , (17) 

ʛʜʝ t ï ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʪʝʧʝʥʴ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ. 

ʅʘ ʨʠʩ. 1 ʠʟʦʙʨʘʞʝʥʳ ʛʨʘʬʠʢʠ )(tP , ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʩʯʝʪʘʭ ʜʣʷ ʪʨʝʭ ʟʥʘʯʝʥʠʡ t 

ʧʨʠ =1P 0,3ʄʇʘ. 
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ðʦð  ï =t 10-5 ʩ; ðǏð ï =t 2·10-4 ʩ; ƄƄƄ ï =t 5·10-4 ʩ 

ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ 

 
ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʫʟʳʨʴʢʘ ʧʨʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʘʭ: 

1013,0=¤P ʄʇʘ; ʄ=0,029ʢʛ/ʤʦʣʴ; 1000=r ʢʛ/ʤ3; =T 473ʂ; ʅK p /ʤ1026,4 29-Ö= ; 

ʩʤD /105,5 2-10Ö= ; ʅ/ʤ07,0=s ; ʄʇʘ33,00 =gP ; ʤʤ20=pR  (ʦʙʦʟʥʘʯʝʥʠʝ 

ʢʨʠʚʳʭ ʥʘ ʨʠʩ. 2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʦʟʥʘʯʝʥʠʷʤ ʜʣʷ ʨʠʩ.1). 
ʀʟ ʘʥʘʣʠʟʘ ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 2 ʛʨʘʬʠʢʦʚ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ 

ʩʦʛʣʘʩʥʦ ʩ ʨʠʩ. 1) ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʳʚʦʜʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʥʘʙʣʶʜʘʝʪʩʷ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʡ 

ʚʦʣʥʦʚʦʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ, ʢʘʢ ʨʘʜʠʫʩʘ ʧʫʟʳʨʴʢʘ, ʪʘʢ ʠ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʝʛʦ. ɺʦ-ʚʪʦʨʳʭ, 

ʟʥʘʯʝʥʠʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʜʝʢʨʝʤʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʤʘʣʦ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʟʘʪʫʭʘʥʠʷ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ-ʪʨʝʪʴʠʭ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʜʣʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

ʧʨʦʠʩʭʦʜʷʪ ʪʘʢʞʝ ʠ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʥʦ-ʘʤʧʣʠʪʫʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʠʚʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʥʘ ʨʠʩ. 2. ɺ-ʯʝʪʚʝʨʪʳʭ, ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʧʘʨʘʤʝʪʨʘ t ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʚʝʣʠʯʠʥʘ ʨʘʜʠʫʩʘ ʧʫʟʳʨʴʢʘ ʤʦʞʝʪ ʫʤʝʥʴʰʘʪʴʩʷ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʝʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʘ 

ʚʥʫʪʨʝʥʥʝʝ ʜʘʚʣʝʥʠʝ ʚ ʧʫʟʳʨʴʢʝ, ʥʘʦʙʦʨʦʪ ï ʫʚʝʣʠʯʠʚʘʪʴʩʷ. 

 
ʘ 
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ɺʳʧʦʣʥʷʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʯʝʪʳ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʦʚʦʛʦ ʧʫʟʳʨʴʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʘ ʜʣʷ ʪʦʡ ʞʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʥʦ ʧʨʠ ʜʨʫʛʦʤ ʟʥʘʯʝʥʠʠ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ. 

ɻʨʘʬʠʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3 (ʚʩʝ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʠ ʥʘ ʨʠʩ. 1 ʠ ʨʠʩ. 2). 
ʉʨʘʚʥʠʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʬʠʢʠ ʥʘ ʨʠʩ. 2 ʠ ʨʠʩ. 3, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʚʷʟʢʦʩʪʠ ʧʨʦʮʝʩʩ ʟʘʪʫʭʘʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʝʪʩʷ 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʚʩʧʝʥʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 
ʧʨʠʭʦʜʠʪʩʷ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʨʘʙʦʪʢʠ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʂ ʦʜʥʦʤʫ ʠʟ ʪʘʢʠʭ ʵʬʬʝʢʪʦʚ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʘʥʦʤʘʣʠʶ ʚʷʟʢʦʩʪʠ, ʘ 

ʠʤʝʥʥʦ: ʠʟʤʝʥʝʥʠʝ ʚʷʟʢʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʨʝʦʣʦʛʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ (11) ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ 

ʧʦʛʨʝʰʥʦʩʪʷʤ. ʅʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʘʝʪ ʩʪʝʧʝʥʥʘʷ ʞʠʜʢʦʩʪʴ, ʜʣʷ 

ʢʦʪʦʨʦʡ ʩʧʨʘʚʝʜʣʠʚʦ ʪʘʢʦʝ ʚʳʨʘʞʝʥʠʝ 

( )
ij

n

ij dI ÖÖÖÖ=
- 21

242 ms , (18) 

ʛʜʝ n  ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ; m ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʩʠʩʪʝʥʮʠʠ; 2I  ï ʚʪʦʨʦʡ ʠʥʚʘʨʠʘʥʪ ʪʝʥʟʦʨʘ 

ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʠʤʝʨʥʳʭ ʩʨʝʜ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʷʟʢʦʫʧʨʫʛʠʝ 
ʞʠʜʢʦʩʪʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʦʣʦʛʠʯʝʩʢʠʝ 

ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ. ʆʜʥʦ ʠʟ ʪʘʢʠʭ ʫʨʘʚʥʝʥʠʡ ʦʧʠʩʳʚʘʝʪ ʦʙʦʙʱʝʥʥʫʶ ʤʦʜʝʣʴ ʄʘʢʩʚʝʣʣʘ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʘʢ 

ij
ij

ij d
t

ÖÖ=
µ

µ
Ö+ h
s

ls 2 . (19) 

ʛʜʝ l ï ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ. 

 
ʘ 
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ɺʳʚʦʜʳ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚ ʚ ʞʠʜʢʠʭ ʩʨʝʜʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ʩʦʩʪʦʷʥʠʷ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʳʭ ʧʦʩʪʨʦʝʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʙʣʦʢʠ ʚ ʧʘʢʝʪʝ MathCAD, ʧʦʟʚʦʣʷʶʱʠʝ 
ʦʧʪʠʤʘʣʴʥʦ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʘʤʠ ʧʝʨʝʨʘʙʦʪʢʠ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ʊɽʏɽʅʀʗ ʅɽʅʔʖʊʆʅʆɺʉʂʀʍ ɾʀɼʂʆʉʊɽʁ ɺ 

ʂʆʅʋʉʅʓʍ ʂɸʅɸʃɸʍ ʇʆɼ ɼɽʁʉʊɺʀɽʄ ʎɽʅʊʈʆɹɽɾʅʓʍ ʉʀʃ 

ʀ.ʄ. ʂʫʟʷʝʚ, ɽ.ʀ. ʇʦʧʦʚ 

 

ʋʢʨʘʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʨʘʙʦʯʝʛʦ ʢʘʥʘʣʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʢʦʥʫʩʥʦʶ ʬʦʨʤʫ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʮʝʥʪʨʦʙʝʞʥʳʝ ʵʢʩʪʨʫʜʝʨʳ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1 ï 3], ʚ 
ʢʦʪʦʨʳʭ ʧʝʨʝʤʝʱʝʥʠʝ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʡ ʩʨʝʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ, ʚʳʟʚʘʥʥʳʭ ʩʠʥʭʨʦʥʥʳʤ ʚʨʘʱʝʥʠʝʤ ʜʚʫʭ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ 

ʢʦʥʫʩʥʫʶ ʬʦʨʤʫ. 
ɺʳʧʦʣʥʠʤ ʘʥʘʣʠʟ ʪʝʯʝʥʠʷ ʞʠʜʢʠʭ ʩʨʝʜ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʚ ʢʦʥʫʩʥʳʭ 

ʢʘʥʘʣʘʭ ʩʦʛʣʘʩʥʦ ʩʦ ʩʭʝʤʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʘʙʦʯʝʡ ʩʝʢʮʠʠ ʩ ʢʦʥʫʩʥʳʤ ʢʘʥʘʣʦʤ 

 
ʇʨʦʮʝʩʩʳ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʢʦʥʫʩʥʦʤ ʢʘʥʘʣʝ ʩʣʝʜʫʝʪ ʦʧʠʩʳʚʘʪʴ ʚ ʩʬʝʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʇʨʠ ʵʪʦʤ ʧʨʠʥʠʤʘʝʤ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ 
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0=qV ; 1rV Ö=wj ; 0=
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; ( )rRRr -+= max11 .                    (1) 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʢʦʥʫʩʥʦʤ ʢʘʥʘʣʝ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ (1) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʪʘʢʠʤ 
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ʛʜʝ Fc ï ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʦʪʥʝʩʝʥʥʘʷ ʢ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ 

ʚʳʨʘʞʝʥʠʷ 

1
2 rFc ÖÖ= wr .                                                (4) 

ʊʘʢ ʢʘʢ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʥʝʥʴʶʪʦʥʦʚʩʢʘʷ 

ʞʠʜʢʦʩʪʴ, ʪʦ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʦʜʥʫ ʠʟ ʠʤʝʶʱʠʭʩʷ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʘʷ ʟʘʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 
ʨʝʦʣʦʛʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ. ʂʘʢ ʧʦʢʘʟʘʣ ʦʧʳʪ, ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʧʨʠ 

ʧʝʨʝʨʘʙʦʪʢʝ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʜʣʷ ʩʪʝʧʝʥʥʦʡ ʞʠʜʢʦʩʪʠ [4, 5], 

ʨʝʦʣʦʛʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʝ ʜʣʷ ʢʦʪʦʨʦʡ ʚ ʦʙʱʝʤ ʚʠʜʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ 

() ijʝfij dI ÖÖ= 22 hs ,                                        (5) 

ʛʜʝ ijs  ï ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ; ijd  ï ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ; 

)( 2Iefh  ï ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʡ ʚʷʟʢʦʩʪʠ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʚʪʦʨʦʛʦ ʠʥʚʘʨʠʘʥʪʘ 

ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʠ 2I . 

ʂʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʡ ʚʷʟʢʦʩʪʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʪʘʢ 

() ( )21

22 4
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ÖÖ=
n

ʝʬ II mh ,                                     (6) 

ʛʜʝ n  ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ; m ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʩʠʩʪʝʥʮʠʠ. 

ɼʣʷ ʚʪʦʨʦʛʦ ʠʥʚʘʨʠʘʥʪʘ ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ (1) ʙʫʜʝʪ 
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ʉʦʩʪʘʚʣʷʶʱʠʝ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʩ ʫʯʝʪʦʤ ʧʨʠʥʷʪʳʭ ʫʩʣʦʚʠʡ ʥʘʡʜʫʪʩʷ ʠʟ ʪʘʢʠʭ 
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ʋʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʘʧʠʰʝʪʩʷ ʪʘʢ 

( ) 0
2

1
1
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.                                                    (9) 

ʀʟ ʧʦʩʣʝʜʥʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʪʘʢʦʝ ʨʘʚʝʥʩʪʚʦ 

2
1

)(

r
Vr

qy
= ,                                                     (10) 

ʛʜʝ )(qy  ï ʬʫʥʢʮʠʷ, ʟʘʚʠʩʷʱʘʷ ʪʦʣʴʢʦ ʦʪ ʢʦʦʨʜʠʥʘʪʳ q. 

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʦʨʜʠʥʘʪʳ q, ʘ ʟʥʘʯʠʪ ʠ ʛʨʘʜʠʝʥʪ 

ʜʘʚʣʝʥʠʷ ʧʦ ʦʩʠ 1r  ʪʘʢʞʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʦʨʜʠʥʘʪʳ q, ʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʪʦʣʴʢʦ ʫʨʘʚʥʝʥʠʝ (2). 

ʇʦʜʩʪʘʥʦʚʢʘ ʩʦʦʪʥʦʰʝʥʠʡ (8) ʩ ʫʯʝʪʦʤ ʨʘʚʝʥʩʪʚ (4) ʠ (10) ʠ ʫʩʣʦʚʠʷ (1) ʚ ʫʨʘʚʥʝʥʠʝ (2) 

ʧʨʠʚʦʜʠʪ ʢ ʪʘʢʦʤʫ ʫʨʘʚʥʝʥʠʶ (ʘʨʛʫʤʝʥʪ ʜʣʷ ʬʫʥʢʮʠʠ y ʩ ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʷ ʥʝ ʟʘʧʠʩʳʚʘʝʪʩʷ) 

=Ö+Öö
÷

õ
æ
ç

å
-Ö+Ö )()()()( 43

2

212

2

qyq
q

y
q

q

y
q

q

y
KK

d

d
K

d

d
K

d

d
 

1
1

2

5
1

2

2
2

r

P
r

r µ

µ
-ÖÖÖ-

Ö
Ö- wr
y

r ,                          (11) 

ʛʜʝ 

ù
ù

ú

ø

é
é

ê

è
ö
÷

õ
æ
ç

å
Ö+ÖÖÖ

Ö
=

2
23

1

1

1
4

3)(
4

)(
q

y
yq

m
q

d

dn
A

r
K n

nn

n

; () 1

1

1

2 )(
4

)( n

nn

n

A
r

ctgK q
m

qq Ö
Ö

Ö= ; 

2

1
1

-
=

n
n ;  

( ) yq
m

q ÖÖÖ-Ö
Ö

= 3)(1
4

)( 3

1

1

3
n

nn

n

An
r

K ; ( ) 3

1

2

1

4 )(1
4

3)( n

nn

n

An
r

K q
m

q Ö-Ö
Ö

Ö=

+

; 

2
2

4

1
3)( ö

÷

õ
æ
ç

å
Ö+Ö=
q

y
yq

d

d
A ;  

2

3
3

-
=

n
n ; 13 +Ö= nnn . 

ʋʨʘʚʥʝʥʠʝ (11) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʣʠʥʝʡʥʦʝ ʦʙʳʢʥʦʚʝʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʢʦʤʦʡ ʚʝʣʠʯʠʥʳ )(qy . 

ɼʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ [6] (ʩ ʫʯʝʪʦʤ ʥʫʣʝʚʦʛʦ 
ʥʘʯʘʣʴʥʦʛʦ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ) 
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ʛʜʝ kA  ï ʚʝʣʠʯʠʥʘ ʢʦʥʫʩʥʦʩʪʠ ʢʘʥʘʣʘ, ph  ï ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʚʳʩʦʪʳ ʢʦʥʫʩʥʦʛʦ ʢʘʥʘʣʘ. 
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ʈʝʰʝʥʠʝ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘʡʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ MathCAD. 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. 

 

               
ʘ                                                                          ʙ 

ʘ ï ʛʨʘʬʠʢʠ ʧʨʠ =w 20ʩ-1; ʙ ï ʛʨʘʬʠʢʠ ʧʨʠ =w 30ʩ-1; 

ðʦð ï =r 60ʤʤ; ð×ð ï =r 80ʤʤ; ðǏð ï =r 100ʤʤ 

ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚ ʢʦʥʫʩʥʦʤ ʢʘʥʘʣʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʜʣʷ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʧʨʠ ʪʘʢʠʭ ʦʙʱʠʭ ʧʘʨʘʤʝʪʨʘʭ: 

=maxR 200ʤʤ; =1R 30ʤʤ; =a 15ʛʨʘʜ; =n 0,516; =m 4,5ʢʇʘĿʩn 

ɺʳʚʦʜʳ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʯʝʥʠʷ 

ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʢʦʥʫʩʥʳʭ ʢʘʥʘʣʘʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ, ʥʘ ʙʘʟʝ 

ʢʦʪʦʨʦʡ ʧʦʩʪʨʦʝʥ ʧʨʦʛʨʘʤʤʥʳʡ ʙʣʦʢ ʚ ʧʘʢʝʪʝ MathCAD, ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʝʞʠʤʳ 
ʨʘʙʦʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʡ ʩʨʝʜʳ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʙʦʯʝʡ ʟʦʥʳ. 
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6. ʂʫʟʷʝʚ, ʀ.ʄ. ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʡ ʚ ʧʦʣʠʤʝʨʥʦʤ ʤʘʪʝʨʠʘʣʝ, 

ʥʘʭʦʜʷʱʝʤʩʷ ʚ ʢʦʥʫʩʥʦʤ ʟʘʟʦʨʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ [ʊʝʢʩʪ] / ʀ.ʄ. ʂʫʟʷʝʚ // ɺʦʧʨ. 
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ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉʋ ʊɽʍʅɯʏʅʆɻʆ ʆɹʉʃʋɻʆɺʋɺɸʅʅʗ 

ʇɯɼʐʀʇʅʀʂɯɺ ʉʋɼʅʆɺʆɻʆ ɺɸʃʆʇʈʆɺʆɼʋ 

ɺ.ɺ. ʂʫʨʠʣʷʢ 

 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʽ ʜʠʟʘʡʥʫ, ʂʠʾʚ 

 

ɺʩʪʫʧ. ɼʦʩʣʽʜʞʝʥʥʶ ʧʠʪʘʥʴ ʝʬʝʢʪʠʚʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʫʜʥʦʚʦʾ 

ʩʠʩʪʝʤʠ ʚʘʣʦʧʨʦʚʦʜʫ ʧʨʠʩʚʷʯʝʥʽ ʧʨʘʮʽ ʙʘʛʘʪʴʦʭ ʚʯʝʥʠʭ. ʊʘʢʽ ʘʚʪʦʨʠ ʷʢ ʃ.ʊ. ɹʘʣʠʮʴʢʠʡ, ɺ.ɺ. 

ʂʦʣʠʚʘʥʦʚ, ɸ.ɸ. ʍʣʠʙʦʚʪʘ ʽʥ. ʥʘʛʦʣʦʰʫʶʪʴ ʫ ʩʚʦʾʭ ʧʨʘʮʷʭ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʧʽʜʭʦʜʫ 
ʱʦʜʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʩʫʜʥʦʚʦʛʦ ʚʘʣʦʧʨʦʚʦʜʫ, ʷʢʽ ʤʘʶʪʴ ʨʝʩʫʨʩ ʙʽʣʴʰʝ 50 000 ʭʦʜʦʚʠʭ 

ʛʦʜʠʥ[1-3]. ɹʘʛʘʪʦ ʥʘʫʢʦʚʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʨʠʩʚʷʯʝʥʦ ʧʠʪʘʥʥʷʤ ʷʢʽʩʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘʩʘʤʝ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ ʩʫʜʥʦʚʦʛʦ ʚʘʣʦʨʧʦʚʦʜʫ[1,2,4]. ʈʦʟʨʦʙʮʽ ʽ 

ʩʪʚʦʨʝʥʥʶ ʟʘʩʦʙʽʚ ʜʣʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫʧʦʨʥʦ-ʦʧʦʨʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠʙʘʛʘʪʴʦʭ ʚʯʝʥʠʭ, ʟʦʢʨʝʤʘ ɯ.ɸ. ʂʫʥʽʥʘ, ɺ.ɸ. ʄʘʢʩʽʤʦʚʘ, ɸ.ʂ. 
ʅʽʢʽʪʽʥʘ, ɯ.ɸ. ʉʘʚʽʥʘ, ɸ.ɸ. ʉʨʫʯʢʦʚʪʘ ʽʥ. [1,6,7]  

ɸʥʘʣʽʟ ʚʽʜʦʤʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʻ, ʱʦ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʧʝʚʥʠʭ ʤʝʪʦʜʽʚ, 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʜʘʪʯʠʢʽʚ ʧʦ ʬʽʢʩʫʚʘʥʥʶ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ, ʘ ʪʘʢʦʞ 
ʥʘʷʚʥʽʩʪʴ ʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ, ʬʘʢʪʠʯʥʠʡ ʨʝʩʫʨʩ ʮʠʭ ʜʝʪʘʣʝʡ 

ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʢʣʘʜʝʥʦʤʫ ʚ ʥʠʭ ʚʠʨʦʙʥʠʢʦʤ, ʦʩʢʽʣʴʢʠ ʦʩʥʦʚʥʦʶ ʩʢʣʘʜʦʚʦʶ ʾʭ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʻ ʝʢʩʧʝʨʪʥʠʡ ʪʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʤʝʪʦʜʠ.  
ʇʦʢʨʘʱʘʥʥʷ ʧʨʦʮʝʩʫ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ ʩʫʜʥʦʚʦʛʦ 

ʚʘʣʦʧʨʦʚʦʜʫ  ʻʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ ʢʦʨʘʙʣʝʙʫʜʽʚʥʦʾ ʛʘʣʫʟʽ. ʂʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʢ̫ʦʩʪʽ ʤʝʪʦʜʽʚ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʽʜʰʠʧʥʠʢʽʚ ʧʦʚʠʥʝʥ ʚʢʣʶʯʘʪʠ ʷʢ ʧʦʰʫʢ ʥʦʚʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʨʦʙʦʯʠʭʦʨʛʘʥʽʚ, ʪʘʢ ʽ ʪʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭʧʘʨʘʤʝʪʨʽʚ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʨʦʟʚʠʪʦʢ ʩʫʯʘʩʥʦʾ ʪʝʦʨʽʾ ʧʦ ʟʙʝʨʝʞʝʥʥʶ ʨʝʩʫʨʩʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʜʝʪʘʣʝʡ, ʷʢʽ ʤʘʶʪʴ ʨʝʩʫʨʩ, ʱʦ ʧʝʨʝʚʠʱʫʻ 25 000 ʪʠʩ. ʨʦʙʦʯʠʭ ʛʦʜʠʥ. ʄʝʪʦʶ ʪʘʢʦʛʦ 
ʧʽʜʭʦʜʫ ʻ ʩʠʥʪʝʟ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʫʟʣʽʚ ʪʘ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʥʘ ʚʩʽʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʝʪʘʧʘʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʦʨʝʪʠʯʥʝ 

ʫʟʘʛʘʣʴʥʝʥʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ 
ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʧʦʨʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ʚʘʣʦʧʨʦʚʦʜʫ ʧʦʪʨʝʙʫʻʨʦʟʚʠʪʢʫ ʽʩʥʫʶʯʠʭʤʝʪʦʜʽʚ ʪʘ 

ʧʽʜʭʦʜʽʚ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʚʫʟʣʽʚ, ʪʘʢ ʽ ʨʦʟʨʦʙʢʫ ʥʦʚʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ ʚʨʘʭʦʚʫʚʘʚ ʙʠ ʫʩʽ 

ʧʘʨʘʤʝʪʨʠ ʪʘ ʩʧʨʠʷʚ ʚʠʨʦʙʽʪʢʫ ʚʢʣʘʜʝʥʦʛʦ ʚʠʨʦʙʥʠʢʦʤ ʨʝʩʫʨʩʫ, ʟʘʧʦʙʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ 
ʧʝʨʝʜʯʘʩʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʚʫʟʣʘ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʤʦʜʝʣʶʚʘʥʥʷ 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʽʜʰʠʧʥʠʢʽʚ ʩʫʜʥʦʚʦʛʦ ʚʘʣʦʧʨʦʚʦʜʫ ʰʣʷʭʦʤ 

ʫʥʽʬʽʢʘʮʽʾʧʨʦʮʝʜʫʨ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʪʘ ʨʦʟʨʦʙʢʠ ʙʘʟʦʚʠʭ ʟʘʩʘʜ 

ʱʦʜʦʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ʤʦʜʝʣʶʚʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʟʘʛʘʣʴʥʫ ʩʭʝʤʫʪʝʭʥʦʣʦʛʽʾ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫʧʦʨʥʦ-ʦʧʦʨʥʠʭ 
ʧʽʜʰʠʧʥʠʢʽʚ, ʚʠʚʯʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʚʠʟʥʘʯʠʪʠ ʤʝʪʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʽ ʢʨʠʪʝʨʽʾ,ʫʟʘʛʘʣʴʥʠʪʠ ʪʝʦʨʝʪʠʯʥʫ ʙʘʟʫ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ 

ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʪʘʟʘʧʨʦʧʦʥʫʚʘʪʠ ʧʨʠʥʮʠʧʠ ʤʦʜʝʣʶʚʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʩʫʜʥʦʚʠʭ 
ʧʽʜʰʠʧʥʠʢʽʚ ʩʠʩʪʝʤʠ ʚʘʣʦʧʨʦʚʦʜʫ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʫʜʥʦʚʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ʚʢʣʶʯʘʻ 

ʧʝʨʝʚʽʨʢʫ ʢʦʞʥʽ 12 ʛʦʜʠʥ ʨʽʚʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʦʩʪʽ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʥʘʷʚʥʦʩʪʽ ʚʽʙʨʘʮʽʾ ʪʘ 
ʰʫʤʫ, ʚʽʟʫʘʣʴʥʠʡ ʦʛʣʷʜ, ʧʝʨʝʚʽʨʢʫ ʦʙʪʠʩʥʝʥʥʷ ʛʚʠʥʪʽʚ ï ʨʘʟ ʫ ʪʨʠ ʤʽʩʷʮʽ, ʥʘʷʚʥʽʩʪʴ ʟʘʟʦʨʽʚ ʤʽʞ 

ʢʨʽʧʠʣʴʥʠʤʠ ʜʝʪʘʣʷʤʠ ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʨʘʟ ʚ ʧʽʚʨʦʢʫ, ʘʙʦ ʚ ʨʽʢ [1]. ɺʽʜ 

ʧʨʘʚʠʣʴʥʦʾ ʪʘ ʯʽʪʢʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʨʘʮʽʦʥʘʣʴʥʦʛʦ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʥʘʷʚʥʦʩʪʽ ʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʩʧʝʮʽʘʣʽʩʪʘ ʟʘʣʝʞʠʪʴ ʷʢʽʩʪʴ 

ʨʦʙʦʪʠ ʥʝ ʪʽʣʴʢʠ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ, ʘʣʝ ʚʩʽʻʾ ʚʘʣʦʧʨʦʚʦʜʥʦʾ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ, ʦʩʢʽʣʴʢʠ 

ʥʝʚʯʘʩʥʠʡ ʚʠʭʽʜ ʽʟ ʣʘʜʫ ʧʽʜʰʠʧʥʠʢʦʚʦʛʦ ʚʫʟʣʘ ʧʨʠʟʚʦʜʠʪʴ ʥʝʧʦʚʥʦʮʽʥʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 
ʤʦʨʝʭʽʜʥʦʛʦ ʟʘʩʦʙʫ.ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʘʢʠʭ ʟʘʛʘʣʴʥʠʭ ʧʨʠʥʮʠʧʘʭ, 

ʷʢʽʥʬʦʨʤʘʮʽʡʥʽʩʪʴ, ʟʜʽʡʩʥʝʥʥʽʩʪʴ, ʤʥʦʞʠʥʥʽʩʪʴ, ʘʣʝ ʧʨʠ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʝʡʩʢʣʘʜʥʠʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʽʜʰʠʧʥʠʢʽʚ, ʪʦʤʫ 
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ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʝʷʢʽ ʜʦʜʘʪʢʦʚʽ ʘʩʧʝʢʪʠ. ɸʚʪʦʨʦʤʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʛʣʷʜʘʪʠ ʥʘʩʪʫʧʥʽ 

ʧʨʠʥʮʠʧʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. 

1. ɼʦʮʽʣʴʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ï ʮʝ ʦʩʥʦʚʦʧʦʣʦʞʥʠʡ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠʙʫʜʴ-ʷʢʠʭ ʤʦʜʝʣʝʡ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʷʢ ʧʨʦʮʝʩ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʙôʻʢʪʘ, ʧʨʦʮʝʩʫʘʙʦ ʷʚʠʱʘ ʤʘʻ ʙʫʪʠ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʤ, 
ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʪʘ ʦʪʨʠʤʘʥʠʡʨʝʟʫʣʴʪʘʪ (ʪʦʙʪʦ ʤʦʜʝʣʴ) ʥʝ ʧʦʚʠʥʝʥ ʧʽʜʚʠʱʫʚʘʪʠ 

ʩʢʣʘʜʥʽʩʪʴ. 

2. ʅʘʷʚʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦʾ ʽʥʬʦʨʤʘʮʽʾ ï ʮʝ ʧʨʠʥʮʠʧ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʜʦʩʪʘʪʥʦʩʪʽ, ʪʦʙʪʦ ʜʣʷ 
ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʥʝʦʙʭʽʜʥʘ ʥʘʷʚʥʽʩʪʴ ʘʧʨʽʦʨʥʦʾʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʘʜʝʢʚʘʪʥʫ 

ʤʦʜʝʣʴ. ʇʦʚʥʦʪʘ ʪʘʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʥʘʷʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʦʙʫʤʦʚʣʶʶʪʴ ʜʦʮʽʣʴʥʽʩʪʴ, ʘʜʝʢʚʘʪʥʽʩʪʴ 

ʪʘʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ. 
3. ʄʥʦʞʠʥʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ï ʮʝ ʧʨʠʥʮʠʧ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʘʣʴʥʦʛʦʦʙôʻʢʪʫ ʘʙʦ 

ʧʨʦʮʝʩʫ ʤʥʦʞʠʥʦʶ ʤʦʜʝʣʝʡ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽʘʩʧʝʢʪʠ ʡʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɺʠʙʽʨ 

ʪʠʧʫ ʤʦʜʝʣʶʚʘʥʥʷ, ʜʝʪʘʣʽʟʘʮʽʷ ʦʧʠʩʫʧʨʦʮʝʩʫ, ʩʢʣʘʜʥʽʩʪʴ ʤʦʜʝʣʽ ï ʚʩʝ ʮʝ ʧʦʚʠʥʥʦ ʫʟʛʦʜʞʫʚʘʪʠʩʴ 

ʟ ʮʽʣʷʤʠ ʪʘʟʘʚʜʘʥʥʷʤʠ ʤʦʜʝʣʶʚʘʥʥʷ. 

4. ɸʛʨʝʛʘʪʠʚʥʽʩʪʴ ʤʦʜʝʣʽ ï ʮʝ ʧʨʠʥʮʠʧ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʷʢʩʫʢʫʧʥʦʩʪʽ 
ʙʽʣʴʰ ʧʨʦʩʪʠʭ ʩʢʣʘʜʦʚʠʭ, ʷʢʽ ʦʙôʻʜʥʘʥʽ ʤʦʜʝʣʣʶ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦʨʽʚʥʷ - ʘʛʨʝʛʘʪʦʤ. ɯʻʨʘʨʭʽʯʥʝ 

ʫʷʚʣʝʥʥʷ ʧʨʦʮʝʩʫ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʩʧʨʦʩʪʠʪʠʤʦʜʝʣʴ ʩʢʣʘʜʥʦʛʦ ʦʙôʻʢʪʫ, ʟʦʩʝʨʝʜʠʪʠ ʫʚʘʛʫ ʥʘ 

ʛʦʣʦʚʥʠʭ ʘʩʧʝʢʪʘʭ, ʜʝʪʘʣʽʟʘʮʽʷʷʢʠʭ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʘ ʥʠʞʯʦʤʫ ʨʽʚʥʽ ʘʙʩʪʨʘʢʮʽʾ. 
5. ʂʦʦʨʜʠʥʦʚʘʥʽʩʪʴ ï ʮʝ ʧʨʠʥʮʠʧ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ ʯʝʨʝʟʜʝʢʦʤʧʦʟʠʮʽʶ ʪʘ 

ʚʨʘʭʫʚʘʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʘʚʪʦʥʦʤʥʠʭ ʧʽʜʩʠʩʪʝʤ. ɹʫʜʴ-ʷʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʚʥʦʛʦ ʥʘʙʦʨʫ ʦʧʝʨʘʮʽʡ, ʱʦʦʙʫʤʦʚʣʶʻ ʮʽʣʢʦʤ ʧʨʠʨʦʜʥʫ ʜʝʢʦʤʧʦʟʠʮʽʶ ʪʘ 
ʤʦʜʝʣʶʚʘʥʥʷ ʦʢʨʝʤʠʭ ʩʪʘʜʽʡ ʷʢʘʚʪʦʥʦʤʥʠʭ ʧʽʜʩʠʩʪʝʤ, ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ. ʋʟʛʦʜʞʝʥʽʩʪʴ 

ʧʘʨʘʤʝʪʨʽʚ,ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʤʽʞ ʦʢʨʝʤʠʤʠ ʧʽʜʩʠʩʪʝʤʘʤʠ, ʘ ʪʘʢʦʞʤʽʞ 

ʨʽʚʥʷʤʠ ʘʛʨʝʛʘʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʩʢʣʘʜʥʽʟʘʚʜʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ. 

ʉʫʯʘʩʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʤʘʶʪʴ ʩʢʣʘʜʥʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʦʙʫʤʦʚʣʶʻʜʝʢʦʤʧʦʟʠʮʽʶ 

ʥʘ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʧʽʜʩʠʩʪʝʤʠ, ʢʨʽʟʴ ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʤʘʪʝʨʽʘʣʴʥʽʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʦʪʦʢʠ. 

ʇʦʣʽʧʰʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʽʚ ʤʦʞʣʠʚʦ 
ʟʘ ʫʤʦʚ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴʢʦʦʨʜʠʥʘʮʽʾ ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ ʣʘʥʦʢ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ. 

ɺʠʜʽʣʷʶʪʴ ʪʨʠʦʩʥʦʚʥʽ ʚʘʨʽʘʥʪʠ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʢʦʦʨʜʠʥʘʮʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ [9]: 

- ʫʟʛʦʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʤʽʞ ʧʽʜʩʠʩʪʝʤʘʤʠ ʟʘ ʫʤʦʚ 
ʟʙʝʨʝʞʝʥʥʷʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʽʚ ʩʫʤʽʞʥʠʭ ʧʽʜʩʠʩʪʝʤ; 

- ʫʟʛʦʜʞʝʥʥʷ ʝʢʩʧʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʽʚ ʩʫʤʽʞʥʠʭ ʧʽʜʩʠʩʪʝʤ ʟʘ ʫʤʦʚʧʦʣʽʧʰʝʥʥʷ 

ʟʘʛʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦʧʨʦʮʝʩʫ; 
- ʚʠʟʥʘʯʝʥʥʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭʨʝʞʠʤʽʚ 

ʦʢʨʝʤʠʭ ʧʽʜʩʠʩʪʝʤ, ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ ʥʘʡʣʽʧʰʽ ʟʥʘʯʝʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʤʘʪʝʤʘʪʠʯʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʢʦʦʨʜʠʥʘʮʽʾʩʢʣʘʜʥʦʛʦ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʬʦʨʤʫʣʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɼʣʷʢʦʞʥʦʾ g-ʦʾ ʧʽʜʩʠʩʪʝʤʠ 

ʩʢʣʘʜʥʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʪʨʝʙʘ ʟʥʘʡʪʠ ʪʘʢʽʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʫ ʧʘʨʘʤʝʪʨʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʚʝʢʪʦʨʫ ʫʧʨʘʚʣʷʶʯʠʭ ʚʧʣʠʚʽʚ,, ʷʢʽ 

ʟʘʙʝʟʧʝʯʘʪʴ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ g-ʦʾ ʧʽʜʩʠʩʪʝʤʠ: 

 
ʜʝ ï ʟʘʬʽʢʩʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻʢʦʦʨʜʠʥʘʮʽʶ g-

ʦʾ ʧʽʜʩʠʩʪʝʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ.ɿʘʜʘʯʘ ʢʦʦʨʜʠʥʘʮʽʾ ʬʦʨʤʘʣʽʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ʟʥʘʡʪʠ ʪʘʢʽʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, , ʷʢʽ, ʟʘ ʫʤʦʚʠ ʚʠʟʥʘʯʝʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ 

ʪʘʫʧʨʘʚʣʷʶʯʠʭ ʚʧʣʠʚʽʚ ʜʣʷ ʢʦʞʥʦʾ ʧʽʜʩʠʩʪʝʤʠ, ʟʘʙʝʟʧʝʯʘʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ, ʪʦʙʪʦ 

 
ʜʝ ï ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʥʦʩʥʦʾ ʚʘʞʣʠʚʦʩʪʽ g-ʦʾ ʧʽʜʩʠʩʪʝʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦʧʨʦʮʝʩʫ, ʪʘ ï ʨʽʰʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʣʦʢʘʣʴʥʠʭ ʟʘʜʘʯ ʜʣʷ 

ʢʦʞʥʦʾʧʽʜʩʠʩʪʝʤʠ, N ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʽʜʩʠʩʪʝʤ. 
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ɿ ʤʝʪʦʶ ʬʦʨʤʘʣʴʥʦʛʦ ʫʷʚʣʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫʧʦʨʥʦ-ʦʧʦʨʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ  ʘʚʪʦʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʛʣʷʜʘʪʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʪʝʭʥʽʯʥʦʛʦ ʦʛʣʷʜʫ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʽʜʰʠʧʥʠʢʽʚ ʩʫʜʥʦʚʦʛʦ 

ʚʘʣʦʧʨʦʚʦʜʫ ʟ ʪʦʯʢʠ ʟʦʨʫʪʝʦʨʽʾ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 
ʩʢʣʘʜʥʽʩʠʩʪʝʤʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʦʟʥʘʢʘʤʠ [9]: 

- ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʧʽʜʩʠʩʪʝʤ ʪʘ ʝʣʝʤʝʥʪʽʚ; 

- ʥʘʷʚʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʚôʷʟʢʽʚ ʪʘ ʚʽʜʥʦʰʝʥʴ; 
- ʨʽʟʥʦʤʘʥʽʪʪʷ ʮʽʣʝʡ ʪʘ ʚʠʤʦʛ ʦʢʨʝʤʠʭ ʣʘʥʦʢ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ; 

- ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʽʚ; 

- ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ; 
- ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ, ʛʝʪʝʨʦʛʝʥʥʽʩʪʴ. 

ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʫʧʨʘʚʣʽʥʥʷ ʩʢʣʘʜʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʻʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. ʇʦʥʷʪʪʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʷʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʬʘʢʪʠʯʥʦ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʡ ʨʝʩʫʨʩ ʻ ʜʫʞʝ ʚʫʟʴʢʠʤ ʱʦʜʦ ʨʦʟʛʣʷʜʘʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ.ʊʦʤʫ 

ʙʫʜʝʤʦ ʨʦʟʨʽʟʥʷʪʠ ʥʘʩʪʫʧʥʽ ʚʠʜʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʯʠʭ ʪʘʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ [10]: 
1) ʟʘ ʨʽʚʥʝʤ ʦʨʛʘʥʽʟʘʮʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ: 

ʝʬʝʢʪʠʚʥʽʩʪʴʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʫ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʫʜʥʦʙʫʜʽʚʥʦʾ 

ʛʘʣʫʟʽ; 
2) ʟʘ ʬʦʨʤʦʶ ʝʬʝʢʪʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʟʘʛʘʣʴʥʦʶ ʘʙʦ ʯʘʩʪʢʦʚʦʶ; 

3) ʟʘ ʦʨʛʘʥʽʟʘʮʽʡʥʠʤ ʨʽʚʥʝʤ ʤʦʞʥʘ ʚʽʜʦʢʨʝʤʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ ʨʽʚʥʽʦʢʨʝʤʦʾ ʙʨʠʛʘʜʠ ʯʠ 

ʣʘʥʢʠ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ ʨʽʚʥʽ ʤʦʨʝʧʣʘʚʩʪʚʘ; 
4) ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʚʧʣʠʚʦʤ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʝʢʦʥʦʤʽʯʥʫ,ʪʝʭʥʦʣʦʛʽʯʥʫ, ʩʦʮʽʘʣʴʥʫ, 

ʝʢʦʣʦʛʽʯʥʫ ʪʘ ʪ.ʧ. ʝʬʝʢʪʠʚʥʽʩʪʴ; 

5) ʟʘ ʚʠʜʘʤʠ ʟʘʭʦʜʽʚ ʘʙʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽʚʠʜʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʢʚʘʣʽʬʽʢʘʮʽʷ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ; 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʚʠʜʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʢʘʟʫʻ, ʱʦʥʝʦʙʭʽʜʥʽ ʟʘʛʘʣʴʥʽ 

ʧʨʠʥʮʠʧʠ ʬʦʨʤʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʦʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʾ ʚʠʜʫ. ʅʘʡʙʽʣʴʰ 
ʟʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻʚʠʜʽʣʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʟʤʽʥʥʠʭ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʦʩʪʘʪʦʯʥʝʟʥʘʯʝʥʥʷ ʦʮʽʥʢʠ.ʆʮʽʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʧʽʜʰʠʧʥʠʢʽʚ ʚʘʣʦʧʨʦʚʦʜʫ   ʣʠʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦʢʨʠʪʝʨʽʶ ʥʝʤʦʞʣʠʚʦ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ 
ʩʢʣʘʜʥʽʩʪʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ.ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫʧʦʨʥʦ-ʦʧʦʨʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ʤʦʞʥʘʚʠʜʽʣʠʪʠ ʪʘʢʽ ʢʨʠʪʝʨʽʾ ʷʢ ʟʤʝʥʰʝʥʥʷ 

ʨʝʩʫʨʩʫ ʟʘ ʨʘʭʫʥʦʢ ʧʦʛʽʨʰʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʥʘʷʚʥʽʩʪʴ ʩʪʦʨʦʥʥʽʭ 
ʯʘʩʪʠʥʦʢ ʚ ʧʽʜʰʠʧʥʠʢʦʚʦʤʫ ʚʫʟʣʽ ʪʘ ʽʥ.  

ʅʘ ʟʥʘʯʝʥʥʷ ʮʠʭ ʢʨʠʪʝʨʽʾʚ ʚʧʣʠʚʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽʬʘʢʪʦʨʠ, ʩʝʨʝʜ ʷʢʠʭ, ʥʘʧʨʠʢʣʘʜ, 

ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ, ʥʝʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʥʝ ʤʘʩʪʠʣʦ, ʥʘʷʚʥʽʩʪʴ ʚʦʣʦʛʠ ʚ ʥʘʩʣʽʜʦʢ ʧʦʪʨʘʧʣʷʥʥʷ 

ʢʦʥʜʝʥʩʘʪʫ, ʩʪʦʨʦʥʥʽ ʯʘʩʪʠʥʢʠ, ʥʝʧʨʘʚʠʣʴʥʝ ʦʙʪʠʩʥʝʥʥʷ ʛʚʠʥʪʽʚ, ʧʝʨʝʢʽʩ ʢʽʣʝʮʴ ʧʽʜʰʠʧʥʠʢʘ ʪʘ 

ʽʥ. ʊʦʤʫ ʩʣʽʜʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʠʡ ʧʽʜʭʽʜ. ʈʦʟʨʦʙʢʘ 

ʤʦʜʝʣʝʡʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʻ ʧʨʝʜʤʝʪʦʤ 
ʦʢʨʝʤʦʛʦʜʦʩʣʽʜʞʝʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ ʣʠʰʝ ʙʘʟʦʚʽ ʧʨʠʥʮʠʧʠ ʬʦʨʤʫʚʘʥʥʷ 

ʤʦʜʝʣʝʡʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ. ɸʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫ ʷʢʦʩʪʽ ʙʘʟʦʚʦʾʤʦʜʝʣʽ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ  ʧʨʦʮʝʩʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 
ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ ʩʫʜʥʦʚʦʛʦ ʚʘʣʦʧʨʦʚʦʜʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʨʝʞʝʚʫ ʤʦʜʝʣʴ 

ʢʦʤʧʣʝʢʩʥʦʛʦʦʮʽʥʶʚʘʥʥʷ. ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʨʦʙʦʪʽ [12], ʤʦʜʝʣʴ ʤʝʨʝʞʝʚʦʛʦ 

ʢʦʤʧʣʝʢʩʥʦʛʦʦʮʽʥʶʚʘʥʥʷ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʘʛʨʝʛʦʚʘʥʫ ʦʮʽʥʢʫ; ʚʨʘʭʫʚʘʪʠ ʨʽʟʥʽʛʨʫʧʠ 
ʧʦʢʘʟʥʠʢʽʚ; ʧʦʨʽʚʥʶʚʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʘʨʽʘʥʪʠ ʤʽʞ ʩʦʙʦʶ ʪʘ ʚʠʙʠʨʘʪʠʥʘʡʙʽʣʴʰ ʚʠʛʽʜʥʠʡ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʟʘʛʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʋ ʤʦʜʝʣʽ ʢʦʤʧʣʝʢʩʥʦʛʦʤʝʨʝʞʝʚʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʜʣʷ ʟʛʦʨʪʢʠ 

ʧʦʢʘʟʥʠʢʽʚ ʫ ʛʨʫʧʠ ʤʦʞʥʘʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʚʠʜʠ ʟʛʦʨʪʦʢ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʢʦʝʬʽʮʽʻʥʪʠ [10]. 
ʇʨʠʯʦʤʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽʢʦʝʬʽʮʽʻʥʪʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫ ʤʝʞʘʭ ʢʦʞʥʦʾ ʛʨʫʧʠ ʦʢʨʝʤʦ, ʱʦ ʧʦʣʝʛʰʫʻ 

ʨʦʙʦʪʫʝʢʩʧʝʨʪʽʚ ʽ ʨʦʙʠʪʴ ʤʝʭʘʥʽʟʤ ʦʮʽʥʢʠ ʙʽʣʴʰ ʛʥʫʯʢʠʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʮʽʥʢʘ ʪʝʭʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫʧʦʨʥʦ-ʦʧʦʨʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ 
ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʚʠʜʽʚ ʧʦʢʘʟʥʠʢʽʚ: ʝʢʩʧʝʨʪʥʽ ʪʘ ʽʥʩʪʨʫʤʝʥʪʥʽ. ʇʦʢʘʟʥʠʢʠ çʝʢʩʧʝʨʪʥʽè 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʝʚʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʫʤʦʚʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʨʦʙʣʝʥʠʭ ʚʠʩʥʦʚʢʽʚ. 

ʇʦʢʘʟʥʠʢʠ çʽʥʩʪʨʫʤʝʥʪʠè ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʝʚʥʫ ʛʨʫʧʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦ 
ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʛʨʫʧʠ ʧʦʢʘʟʥʠʢʽʚ ʟʘ ʩʪʘʜʽʷʤʠ 
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ʪʝʭʥʽʯʥʦʦʙʩʣʫʛʦʚʫʚʘʣʴʥʦ ʧʨʦʮʝʩʫ, ʘʙʦ ʟʘ ʚʠʜʘʤʠ ʤʘʰʠʥ ʪʘ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, 

ʷʢʽʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. ʗʢʱʦ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʮʝʩʫʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʧʽʜʰʠʧʥʠʢʽʚ ʚ ʚʝʣʠʢʠʤ ʨʝʩʫʨʩʦʤ ʥʝʦʜʥʦʨʽʜʥʽ ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ (ʥʘʧʨʠʢʣʘʜ, ʪʝʭʥʽʯʥʽʧʘʨʘʤʝʪʨʠ 

ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʫʤʦʚʠ ʨʦʙʦʪʠ) ʽ ʤʘʶʪʴ ʨʽʟʥʽʦʜʠʥʠʮʽ ʚʠʤʽʨʫ, ʪʦ ʥʝʤʦʞʣʠʚʦ 
ʩʢʣʘʩʪʠ ʦʜʠʥ ʘʛʨʝʛʦʚʘʥʠʡ ʧʦʢʘʟʥʠʢ ʰʣʷʭʦʤʟʛʦʨʪʘʥʥʷ ʾʭ ʟʥʘʯʝʥʴ, ʘ ʜʦʮʽʣʴʥʽʰʝ ʩʬʦʨʤʫʚʘʪʠ 

ʜʝʢʽʣʴʢʘ ʨʽʚʥʽʚ ʘʛʨʝʛʦʚʘʥʠʭʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʧʦʩʣʽʜʦʚʥʦ ʙʫʜʫʪʴ ʟʛʦʨʪʘʪʠʩʷ ʚ ʦʜʠʥ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʧʨʦʤʽʞʥʽʘʛʨʝʛʦʚʘʥʽ ʧʦʢʘʟʥʠʢʠ ʜʘʶʪʴ ʦʮʽʥʢʫ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 
ʽʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʧʨʦʮʝʩʽ ʦʮʽʥʶʚʘʥʥʷ ʷʢ ʩʘʤʦʩʪʽʡʥʽ. 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦʛʦʣʦʚʥʦʶ ʤʝʪʦʶ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʽʜʰʠʧʥʠʢʽʚ ʻʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ 
ʨʘʭʫʥʦʢ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʪʝʭʥʽʯʥʽ ʟʤʽʥʥʽ, ʾʭʚʟʘʻʤʦʟʚôʷʟʢʠ ʪʘ ʚʟʘʻʤʦʚʧʣʠʚ, ʚʠʜʽʣʠʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ, ʦʮʽʥʠʪʠʚʧʣʠʚ ʥʘ ʧʨʠʙʫʪʢʦʚʽʩʪʴ, ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ ʪʘ ʰʣʷʭʠ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʙʘʟʠ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ. ɼʦʩʷʛʥʝʥʥʷʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ 
ʪʘ ʚʠʨʽʰʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʜʘʯ ʤʦʞʣʠʚʦ ʟʘ ʫʤʦʚ ʨʦʟʨʦʙʢʠʤʝʪʦʜʠʯʥʠʭ ʟʘʩʘʜ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʝʢʩʧʣʫʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʩʪʦʩʦʚʥʦʨʽʟʥʠʭ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʛʣʷʥʫʚʰʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʘʩʧʝʢʪʠ ʱʦʜʦ ʤʦʜʝʣʶʚʘʥʥʷʪʝʭʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʛʘʣʫʟʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ, ʤʦʞʥʘ ʟʨʦʙʠʪʠʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

- ʪʝʭʥʽʯʥʽ ʧʨʦʮʝʩʠ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, 
ʷʢʽʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʟʤʽʥʥʠʭ,ʜʠʥʘʤʽʢʦʶ, ʥʝʧʦʚʥʦʪʦʶ 

ʽʥʬʦʨʤʘʮʽʾ, ʩʢʣʘʜʥʽʩʪʶ ʩʪʨʫʢʪʫʨʠ, ʛʝʪʝʨʦʛʝʥʥʽʩʪʶʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ, ʚʟʘʻʤʥʠʤ ʚʧʣʠʚʦʤ ʪʘ 

ʥʘʷʚʥʽʩʪʶ ʟʚʦʨʦʪʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞʩʢʣʘʜʦʚʠʤʠ; 

- ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʽʜʰʠʧʥʠʢʽʚ ʧʦʚʠʥʥʦ 

ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʧʝʚʥʦʤʫ ʥʘʙʦʨʽ ʧʨʠʥʮʠʧʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴʤʝʪʦʜʠʯʥʽ ʟʘʩʘʜʠ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ 

ʰʣʷʭʦʤ ʫʥʽʬʽʢʘʮʽʾ ʧʨʦʮʝʜʫʨ ʤʦʜʝʣʶʚʘʥʥʷ,ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ 
ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʤʽʥʥʠʭ; 

- ʦʩʥʦʚʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʧʨʘʚʠʣʴʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʰʠʧʥʠʢʽʚ ʩʫʜʥʦʚʦʛʦ ʚʘʣʦʧʨʦʚʦʜʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʟʥʘʯʠʪʠ: ʘ) 
ʜʦʮʽʣʴʥʽʩʪʴʤʦʜʝʣʶʚʘʥʥʷ; ʙ) ʥʘʷʚʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦʾ ʽʥʬʦʨʤʘʮʽʾ; ʚ) ʤʥʦʞʠʥʥʽʩʪʴ; ʛ)ʘʛʨʝʛʘʪʠʚʥʽʩʪʴ; 

ʜ) ʢʦʦʨʜʠʥʦʚʘʥʽʩʪʴ. 
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ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʅɽʃʀʅɽʁʅʓʍ ʂʆʃɽɹɸʅʀʁ 

ʄʅʆɻʆʉʃʆʁʅʓʍ ʂʆʅʉʊʈʋʂʊʀɺʅʆ-ʅɽʆɼʅʆʈʆɼʅʓʍ ʆɹʆʃʆʏɽʂ ʇʈʀ 

ʀʄʇʋʃʔʉʅʆʄ ʅɸɻʈʋɾɽʅʀʀ 

ʃ.ɸ. ʃʘʪʘʥʩʢʘʷ 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ  ʫʥʠʚʝʨʩʠʪʝʪ  ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʷ, ʅʠʢʦʣʘʝʚ 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʥʦʛʦʩʣʦʡʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʩʨʝʜʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʳʜʝʣʷʶʪʩʷ ʪʨʝʭʩʣʦʡʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʪʨʝʭʩʣʦʡʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʣʠʯʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʩʣʦʝʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʦʪ ʬʘʢʪʦʨ ʚʣʝʯʝʪ ʨʘʟʣʠʯʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ. ʇʨʠ ʨʘʟʥʠʮʝ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʣʦʝʚ ʜʦ ʧʦʨʷʜʢʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʤʝʝʪ ʧʦʜʭʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʛʠʧʦʪʝʟ ʜʣʷ ʚʩʝʛʦ ʧʘʢʝʪʘ ʚ ʮʝʣʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʨʷʜʦʢ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ. ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʝ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʦʝʚ (ʧʨʠ ʨʘʟʥʠʮʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʨʷʜʢʦʚ) ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʪʝʦʨʠʷ ʦʙʦʣʦʯʝʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʠʧʦʪʝʟ ʢ ʢʘʞʜʦʤʫ ʠʟ ʩʣʦʝʚ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪʩʷ 

ʚʠʜ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʠ ʧʦʨʷʜʦʢ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ. 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʨʝʭʩʣʦʡʥʳʭ 
ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ ʚʨʘʱʝʥʠʷ ʩ ʢʫʩʦʯʥʦ-ʦʜʥʦʨʦʜʥʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ ʧʨʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʥʘʛʨʫʞʝʥʠʷʭ (ʨʠʩʫʥʦʢ 1) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʟʘʚʠʩʠʤʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠ ʩʪʘʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ ʢ 

ʢʘʞʜʦʤʫ ʩʣʦʶ ʩ ʫʯʝʪʦʤ ʧʦʧʝʨʝʯʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʠ ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʟʘʧʦʣʥʠʪʝʣʝ [1,2].  

 
ʈʠʩʫʥʦʢ 1 ï ʊʨʝʭʩʣʦʡʥʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʦʙʦʣʦʯʘ ʩ ʢʫʩʦʯʥʦ-ʦʜʥʦʨʦʜʥʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ 

 

ʅʘ ʦʩʥʦʚʝ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʈʝʡʩʩʥʝʨʘ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʳ 
ʫʨʘʚʥʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʝʩʪʝʩʪʚʝʥʥʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʦʙʦʣʦʯʝʢ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʬʦʨʤʘʣʴʥʳʝ 

ʧʨʦʪʠʚʦʨʝʯʠʷ ʚ ʫʨʘʚʥʝʥʠʷʭ ʦʙʦʙʱʝʥʥʦʛʦ ʟʘʢʦʥʘ ɻʫʢʘ ʜʣʷ ʧʦʧʝʨʝʯʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʠ ʩʜʚʠʛʦʚʳʭ 
ʥʘʧʨʷʞʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʣʦʝʚ ʧʨʠ ʧʨʠʥʷʪʠʠ ʥʝʟʘʚʠʩʠʤʳʭ ʛʠʧʦʪʝʟ ʘʧʧʨʦʢʩʠʤʘʮʠʡ 

ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʥʝʟʘʚʠʩʠʤʦʤʫ ʚʘʨʴʠʨʦʚʘʥʠʶ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʘʢ 

ʥʘʧʨʷʞʝʥʠʷ, ʪʘʢ ʠ ʧʝʨʝʤʝʱʝʥʠʷ. 
ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʦʜʥʦʤ 

ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʘʟʥʦʩʪʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ 

ɺ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʣʝʞʠʪ ʷʚʥʘʷ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ ʪʠʧʘ çʢʨʝʩʪè ʧʦ 
ʚʨʝʤʝʥʥʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʘʤ. ʀʩʧʦʣʴʟʫʷ ʵʪʫ ʩʭʝʤʫ, ʢʦʤʧʦʥʝʥʪʳ ʦʙʦʙʱʝʥʥʦʛʦ 

ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʡ ʘʧʧʨʦʢʩʠʤʠʨʫʝʤ ʚ ʮʝʣʳʭ ʪʦʯʢʘʭ ʨʘʟʥʦʩʪʥʦʡ ʩʝʪʢʠ, ʘ ʢʦʤʧʦʥʝʥʪʳ 

ʦʙʦʙʱʝʥʥʦʛʦ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʡ ʠ ʫʩʠʣʠʡ ʚ ʧʦʣʫʮʝʣʳʭ ʪʦʯʢʘʭ ʨʘʟʥʦʩʪʥʦʡ ʩʝʪʢʠ. 
ʅʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʥʝʣʠʥʝʡʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʭʩʣʦʡʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ ʚʨʘʱʝʥʠʷ ʩ ʢʫʩʦʯʥʦ-ʦʜʥʦʨʦʜʥʳʤ 

ʟʘʧʦʣʥʠʪʝʣʝʤ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʥʘʧʨʷʞʝʥʥʦ 
ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʨʝʭʩʣʦʡʥʳʭ ʦʙʦʣʦʯʝʢ ʚʨʘʱʝʥʠʷ ʩ ʢʫʩʦʯʥʦ-ʦʜʥʦʨʦʜʥʳʤ 

ʟʘʧʦʣʥʠʪʝʣʝʤ ʧʨʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʥʘʛʨʫʞʝʥʠʷʭ.  

ɸʥʘʣʠʟ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʯʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʥʝʣʠʥʝʡʥʳʭ 
ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠʚʦʜʠʪ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ  ʨʘʟʥʠʮʝ ʚ ʚʝʣʠʯʠʥʘʭ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʥʝʣʠʥʝʡʥʦʡ ʠ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʷʤ.  
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ʀɼɽʅʊʀʌʀʂɸʎʀʗ ʊɽʄʇɽʈɸʊʋʈʅʓʍ ɼɸʅʅʓʍ ʀ ɼʀʅɸʄʀʂɸ ʉʄɽʅʓ 

ʂʃʀʄɸʊɸ ʇʈʀ ʀʉʇʆʃʔɿʆɺɸʅʀʀ ʈɽʂʋʈʈɽʅʊʅʆɻʆ ɸʅɸʃʀɿɸ 

 ʅ.ɸ. ʃʳʩʝʥʢʦ 

 

ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʆʣʝʩʷ ɻʦʥʯʘʨʘ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʛ. 

ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ ʧʦʩʨʝʜʩʪʚʦʤ ʦʜʥʦʡ ʠʟ ʥʦʚʝʡʰʠʭ ʨʘʟʨʘʙʦʪʦʢ ʥʝʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ ð 

ʨʝʢʫʨʨʝʥʪʥʳʭ ʠ ʢʨʦʩʩ ʨʝʢʫʨʨʝʥʪʥʳʭ ʛʨʘʬʠʢʦʚ. 
ʂʣʠʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ɿʝʤʣʠ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, 

ʧʨʦʮʝʩʩʳ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. 

ʂʣʠʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦ ʧʨʠʨʦʜʝ ʥʝʣʠʥʝʡʥʘʷ: ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʥʝ 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ, ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʨʝʟʢʦ ʠ ʵʧʠʟʦʜʠʯʝʩʢʠ, ʯʝʤ ʧʦʩʪʝʧʝʥʥʦ.  

ɺʘʞʥʦ ʧʦʥʠʤʘʥʠʝ ʙʫʜʫʱʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʪʝʥʜʝʥʮʠʡ, ʥʦ ʥʝʣʠʥʝʡʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʠʪ ʢ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳʤ, ʫʜʠʚʠʪʝʣʴʥʳʤ, ʠ ʜʘʞʝ ʥʝ ʣʦʛʠʯʥʳʤ 

ʥʘʙʣʶʜʝʥʠʷʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʦʞʥʦʩʪʴ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʝʝ ʙʝʩʯʠʩʣʝʥʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʦʙʨʘʪʥʳʝ ʩʚʷʟʠ ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʠʟʫʯʝʥʳ, ʯʪʦʙʳ ʧʨʠʦʙʨʝʩʪʠ ʥʦʚʳʝ ʠ ʫʣʫʯʰʠʪʴ ʥʳʥʝʰʥʠʝ ʟʥʘʥʠʷ.  
ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦ ʚʨʝʤʝʥʥʳʤ ʨʷʜʘʤ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʝʝʩʷ 

ʥʘʧʨʘʚʣʝʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ ʦʮʝʥʢʝ ʥʝʣʠʥʝʡʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʚʦʡʩʪʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ 
ʥʝʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ ʪʨʝʙʫʶʪ ʣʠʙʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʳʭ, ʣʠʙʦ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʷʜʦʚ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ. 

ʃʠʰʝʥʥʳʤ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 
ʷʚʣʷʶʪʩʷ ʨʝʢʫʨʨʝʥʪʥʳʝ ʜʠʘʛʨʘʤʤʳ, ʧʦʣʫʯʠʚʰʠʝ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʰʠʨʦʢʦʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʟʥʘʥʠʝ. ɻʣʘʚʥʝʡʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠʥʩʪʨʫʤʝʥʪʘ 

ʈɼ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʤʥʦʛʦʤʝʨʥʳʝ ʬʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ, ʜʘʞʝ ʚ ʩʣʫʯʘʝ 

ʢʦʨʦʪʢʠʭ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʜʘʥʥʳʭ, ʘ ʧʦ ʚʠʜʫ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ 

ʵʚʦʣʶʮʠʶ ʚʦ ʚʨʝʤʝʥʠ ʚʳʙʨʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʠʤʝʥʠʤ ʢ ʢʦʨʦʪʢʠʤ ʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ ʨʷʜʘʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʩʧʦʨʠʤʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ 
ʥʝʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ. ʈʝʢʫʨʨʝʥʪʥʳʝ ʛʨʘʬʠʢʠ ʥʝ ʥʘʢʣʘʜʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʜʘʥʥʳʝ, ʘ ʧʦʪʦʤʫ ʧʦʟʚʦʣʷʶʪ ʨʘʙʦʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʣʶʙʳʤʠ ʨʷʜʘʤʠ. ʇʨʝʠʤʫʱʝʩʪʚʦ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ m-
ʨʘʟʤʝʨʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʫʤʝʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʝʛʦ 

ʨʝʢʫʨʨʝʥʪʥʦʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʝʪ ʚʠʜʝʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ ʚ ʮʝʣʦʤ. 

ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʦʣʫʯʘʪʴ 
ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʚʝʜʝʥʠʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ 

ʫʨʦʚʥʝ. ɺʳʚʦʜʳ ʠʤʝʶʪ ʚʘʞʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʤʝʨ ʢ ʠʟʤʝʥʝʥʠʷʤ 
ʢʣʠʤʘʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʢ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʦ ʠ ʠʟʤʝʥʝʥʠʝ ʩʣʦʞʥʦʩʪʠ 
ʢʣʠʤʘʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʤʦʪʨʷ ʥʘ ʧʨʦʰʣʳʝ ʠ ʪʝʢʫʱʠʝ ʨʝʟʢʠʝ ʧʝʨʝʤʝʥʳ ʢʣʠʤʘʪʘ ʩʣʝʜʫʝʪ 

ʫʜʝʣʷʪʴ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʙʫʜʫʱʠʤ ʪʝʥʜʝʥʮʠʷʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʂɺɸʅʊʆɺʆ-ʍɯʄɯʏʅʀʍ ʈʆɿʈɸʍʋʅʂɯɺ ɼʃʗ ʄʆɼɽʃʖɺɸʅʅʗ 

ʄɽʍɸʅɯɿʄɯɺ ʍɯʄɯʏʅʀʍ ʈɽɸʂʎɯʁ 

ɺ.ʄ. ʄʽʭʻʻʥʢʦ 

 
ɼʦʥʙʘʩʴʢʘ ʥʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʂʨʘʤʘʪʦʨʩʴʢ 

 

ʉʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʩʫʯʘʩʥʦʾ ʦʙʯʠʩʣʶʚʘʥʦʾ ʪʝʭʥʽʢʠ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʪʘʢʦʾ ʛʘʣʫʟʽ ʥʘʫʢʠ, 
ʷʢ ʢʦʤʧ`ʶʪʝʨʥʘ ʭʽʤʽʷ, ʚ ʦʩʥʦʚʽ ʷʢʦʾ ʣʝʞʠʪʴ ʢʚʘʥʪʦʚʘ ʭʽʤʽʷ.  

ʌʫʥʜʘʤʝʥʪʘʣʴʥʠʤ  ʨʽʚʥʷʥʥʷʤ ʢʚʘʥʪʦʚʦʾ ʭʽʤʽʾ ʻ ʨʽʚʥʷʥʥʷ ʐʨʝʜʠʥʛʝʨʘ: 
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m - ʤʘʩʘ ʯʘʩʪʢʠ; U - ʧʦʪʝʥʮʽʡʥʘ ʝʥʝʨʛʽʷ; E - ʧʦʚʥʘ ʝʥʝʨʛʽʷ; x, y, z ïʢʦʦʨʜʠʥʘʪʠ ʫ 

ʧʨʦʩʪʦʨʽ, ɣ2 - ʛʫʩʪʠʥʘ ʡʤʦʚʽʨʥʦʩʪʽ (ʚʠʟʥʘʯʘʻ ʨʦʟʧʦʜʽʣ ʫ ʧʨʦʩʪʦʨʽ ʝʣʝʢʪʨʦʥʘ ʚ ʘʪʦʤʽ). 
ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʫʧʝʥʶ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ, ʚ ʥʘʙʣʠʞʝʥʦʤʫ ʨʽʰʝʥʥʽ ʨʽʚʥʷʥʥʷ 

ʐʨʝʜʠʥʛʝʨʘ ʜʣʷ ʙʘʛʘʪʦʮʝʥʪʨʦʚʠʭ, ʙʘʛʘʪʦʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʧʦʜʽʣʷʶʪʴ 

ʥʘ ʝʤʧʽʨʠʯʥʽ ï ʚʩʽ ʧʘʨʘʤʝʪʨʠ ʦʪʨʠʤʘʥʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 
ʥʘʧʽʚʝʤʧʽʨʠʯʥʽ ʯʘʩʪʠʥʘ ʧʘʨʘʤʝʪʨʽʚ ʦʙʥʫʣʶʻʪʴʩʷ, ʯʘʩʪʠʥʘ ʧʘʨʘʤʝʪʨʽʚ ʟʘʤʽʥʶʻʪʴʩʷ ʯʠʩʝʣʴʥʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ ʽ ʯʘʩʪʠʥʘ ʽʥʪʝʛʨʘʣʽʚ ʦʙʯʠʩʣʶʻʪʴʩʷ, ʥʝʝʤʧʽʨʠʯʥʽ (ab initio) ï ʚʩʽ 

ʽʥʪʝʛʨʘʣʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʽʰʝʥʥʽ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʈʫʪʘʘʥʘ ʧʽʩʣʷ ʥʫʣʴʦʚʦʛʦ 
ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʦʙʯʠʩʣʶʶʪʴʩʷ. ɺʠʙʽʨ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʦʙ`ʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʪʦʛʦ, ʷʢʫ ʽʥʬʦʨʤʘʮʽʶ ʭʦʯʝ ʦʪʨʠʤʘʪʠ ʜʦʩʣʽʜʥʠʢ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʭʽʤʽʢʠ-ʦʨʛʘʥʽʢʠ ʫ ʩʚʦʾʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ 

ʨʦʟʨʘʭʫʥʢʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʩʪʘʻ ʤʦʞʣʠʚʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʭʽʤʽʯʥʠʭ 

ʨʝʘʢʮʽʡ. 

ʆʙ`ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʨʝʘʢʮʽʶ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʧʨʠʻʜʥʘʥʥʷ ʨʦʜʘʥʽʜʫ 
ʢʘʣʽʶ ʜʦ ʭʽʥʦʥʽʤʽʥʽʚ, ʷʢʘ ʧʝʨʝʙʽʛʘʻ ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʾ N-ʘʨʠʣ(ʙʝʥʟʽʣʽʜʝʥ)ʘʮʝʪʠʣ- (1ʚ, ʛ, ʜ, 2ʚ, ʛ, ʜ) ʪʘ N-ʬʝʥʦʢʩʠʘʮʝʪʠʣ-1,4-

ʙʝʥʟʦʭʽʥʦʥʤʦʥʦʽʤʽʥʽʚ (3ʚ, ʛ, ʜ) ʟ ʨʦʜʘʥʽʜʦʤ ʢʘʣʽʶ ʦʪʨʠʤʘʥʦ ʮʠʢʣʽʯʥʽ ʩʧʦʣʫʢʠ (4ʘīʚ ī 8ʘīʚ) 
(ʩʭʝʤʘ 1). 

1, X = Ph-CH=CH, 2, X = Ph-CH2, 3, R3=H, R1=R2=Me (ʚ); R2=H, R1=R3=Me (ʛ);  

R1=H, R3=R2=Me (ʜ), 4, 7, X = Ph-CH=CH, 5, 8, X = Ph-CH2, R
3=H, 6, ʍ=PhOCH2,  

R1=R2=Me (ʘ); R2=H, R1=R3=Me (ʙ); R1=H, R3=R2=Me (ʚ). 

ʉʭʝʤʘ 1 

 
ʂʚʘʥʪʦʚʦ-ʭ̔ʤ̔ʯʥ ̔ʨʦʟʨʘʭʫʥʢʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ  ʧʨʦʛʨʘʤʠ Gaussian 03W [1].  

ʄʦʣʝʢʫʣʷʨʥʘ ʩʪʨʫʢʪʫʨʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʦʣʫʢ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ  ʬʫʥʢʮʦ̔ʥʘʣʫ 

ʱʽʣʴʥʦʩʪʽ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʫʥʢʮʽʦʥʘʣʫ B3LYP [2-7].  ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 
ʩʪʘʥʜʘʨʪʥʠʡ ʙʘʟʠʩʥʠʡ ʥʘʙʽʨ 6-31+G(d). ɺʠʙʽʨ ʙʘʟʠʩʥʦʛʦ ʥʘʙʦʨʫ ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʫ ʩʢʣʘʜʽ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʦʣʝʢʫʣ ʧʨʠʩʫʪʥʠʡ ʘʪʦʤ ʉʫʣʴʬʫʨʫ ʪʘ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʨʘʭʦʚʫʚʘʪʠ d-ʦʨʙʽʪʘʣʽ. 

ʂʦʥ`ʶʛʘʮʽʡʥʽ ʪʘ ʛʽʧʝʨʢʦʥ`ʶʛʘʮʽʡʥʽ ʚʟʘʻʤʦʜʽʾ ʚ ʤʦʣʝʢʫʣʘʭ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʥʘʪʫʨʘʣʴʥʠʭ 
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ʟʚ`ʷʟʫʶʯʠʭ ʦʨʙʽʪʘʣʝʡ (NBO - natural bond orbitals) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʠ  NBO 5.0 [8].  

ʇʨʦʛʨʘʤʘ Gaussian ʙʫʣʘ ʦʙʨʘʥʘ ʪʦʤʫ, ʱʦ ʻ ʟʨʫʯʥʦʶ ʜʣʷ ʚʠʚʯʝʥʥʷ ʪʠʭ ʩʧʦʣʫʢ, ʷʢʽ ʥʝʤʦʞʣʠʚʦ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʥʘʧʨʠʢʣʘʜ ʪʘʢʽ ʢʦʨʦʪʢʦʽʩʥʫʶʯʽ ʯʘʩʪʢʠ, ʷʢ ʨʘʜʠʢʘʣʠ, ʘʥʽʦʥ-

ʨʘʜʽʢʘʣʠ, ʧʨʦʤʽʞʥʽ ʩʧʦʣʫʢʠ ʪʘ ʧʝʨʝʭʽʜʥʽ ʩʪʨʫʢʪʫʨʠ. 
ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʤʦʣʝʢʫʣ ʚ ʦʩʥʦʚʥʦʤʫ ʪʘ ʧʝʨʝʭʽʜʥʦʤʫ ʩʪʘʥʽ ʚʨʘʭʦʚʫʚʘʚʩʷ ʟʘʨʷʜ ʪʘ 

ʤʫʣʴʪʠʧʣʝʪʥʽʩʪʴ ʤʦʣʝʢʫʣʠ, ʘʥʽʦʥʫ , ʨʘʜʠʢʘʣʫ ʯʠ ʘʥʽʦʥ-ʨʘʜʠʢʘʣʫ. 

ʌʦʨʤʫʣʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʽ: 
ʄ = 2S + 1                                                                 (2) 

ʄ ï ʤʫʣʴʪʠʧʣʝʪʥʽʩʪʴ, S ï ʩʫʤʘʨʥʠʡ ʩʧʽʥ ʤʦʣʝʢʫʣʠ. 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʤʦʣʝʢʫʣʠ (ʘʙʦ ʽʥʰʦʾ ʯʘʩʪʢʠ ) ʟʘʧʠʩʫʶʪʴʩʷ ʫ ʬʘʡʣʽ ʟ ʨʦʟʰʠʨʝʥʥʷʤ ***.gif , 
ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʽʜʧʦʚʽʜʥʦ ʫ ʬʘʡʣʽ  ***.out. 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʝʥʝʨʛʽʡ ʫʩʽʭ ʤʦʞʣʠʚʠʭ ʽʥʪʝʨʤʝʜʽʘʪʽʚ 

ʧʝʨʰʦʛʦ ʘʢʪʫ ʨʝʘʢʮʽʾ ʨʦʜʘʥʫʚʘʥʥʷ N-ʬʝʥʽʣʘʮʝʪʠʣ-1,4-ʙʝʥʟʦʭʽʥʦʥʤʦʥʦʽʤʽʥʫ (2ʘ) ʧʦʢʘʟʘʚ, ʱʦ 

ʥʘʡʙʽʣʴʰ ʚʠʛʽʜʥʠʤʠ ʻ ʥʘʧʨʷʤʢʠ ʚ ʪʘ ʜ, ʧʨʠ ʯʦʤʫ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʽʥʪʝʨʤʝʜʽʘʪʘʤ 

ɺ ʪʘ ɼ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʘʣʦ (ʩʭʝʤʘ 2, ʨʠʩ.1 [2ʘ]). ʊʦʙʪʦ, ʫ ʚʠʧʘʜʢʫ ʭʽʥʦʥʤʦʥʦʽʤʽʥʫ (2ʘ) ʧʦʚʠʥʥʽ 
ʫʪʚʦʨʶʚʘʪʠʩʷ ʧʨʦʜʫʢʪʠ ʧʨʠʻʜʥʘʥʥʷ ʷʢ ʘʪʦʤʦʤ ʉʫʣʴʬʫʨʫ, ʪʘʢ ʽ ʘʪʦʤʦʤ ʅʽʪʨʦʛʝʥʫ, ʱʦ ʮʽʣʢʦʤ 

ʚʽʜʧʦʚʽʜʘʻ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʩʭʝʤʘ 1). 

 

ʉʭʝʤʘ 2 
 

ɸʥʘʣʦʛʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʚʠʢʦʥʘʥʽ ʜʣʷ N-ʬʝʥʦʢʩʠʘʮʝʪʠʣ-1,4-ʙʝʥʟʦʭʽʥʦʥʤʦʥʦʽʤʽʥʫ (3ʘ), 

ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʨʝʘʢʮʽʾ ʥʘʡʙʽʣʴʰ ʚʠʛʽʜʥʠʤ ʻ ʧʨʠʻʜʥʘʥʥʷ ʨʦʜʘʥʽʜ-ʘʥʽʦʥʫ ʘʪʦʤʦʤ 
ʉʫʣʴʬʫʨʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʙʽʣʴʰ ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʦʛʦ ʽʥʪʝʨʤʝʜʽʘʪʫ ɼ ʧʦʨʽʚʥʷʥʦ ʟ ʯʘʩʪʢʘʤʠ ɸ, ɹ, 

ɺ ʪʘ ɻ (ʨʠʩ. 1ʙ), ʱʦ ʧʦʚʥʽʩʪʶ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʥʠʤʠ ï ʜʣʷ N-

ʬʝʥʦʢʩʠʘʮʝʪʠʣʧʦʭʽʜʥʠʭ (3) ʦʪʨʠʤʘʥʽ ʣʠʰʝ ʧʨʦʜʫʢʪʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʯʝʨʝʟ ʧʝʨʚʠʥʥʝ 
ʧʨʠʻʜʥʘʥʥʷ ʨʦʜʘʥʽʜ-ʘʥʽʦʥʫ ʘʪʦʤʦʤ ʉʫʣʴʬʫʨʫ. 

ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʪʦʤ ʅʽʪʨʦʛʝʥʫ ʨʦʜʘʥʽʜ-ʘʥʽʦʥʫ 

ʤʘʻ ʙʽʣʴʰʠʡ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ (ï0,575) ʪʘ ʤʝʥʰʫ ʛʫʩʪʠʥʫ ʣʦʢʘʣʽʟʘʮʽʾ ɺɿʄʆ (ʚʠʱʦʾ ʟʘʡʥʷʪʦʾ 
ʤʦʣʝʢʫʣʷʨʥʦʾ ʦʨʙʽʪʘʣʽ) (0,147), ʪʦʜʽ ʷʢ ʘʪʦʤ ʉʫʣʴʬʫʨʫ ï ʥʘʚʧʘʢʠ, ʙʽʣʴʰʫ ʛʫʩʪʠʥʫ ʣʦʢʘʣʽʟʘʮʽʾ 

ɺɿʄʆ (0,546) ʪʘ ʤʝʥʰʠʡ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ (ï0,461). ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ 

ʫʪʚʦʨʝʥʥʷ ʽʥʪʝʨʤʝʜʽʘʪʫ (ɺ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʟʘʨʷʜʦʚʦʤʫ ʢʦʥʪʨʦʣʽ, ʘ ʽʥʪʝʨʤʝʜʽʘʪʫ (ɼ) ï ʧʨʠ 
ʦʨʙʽʪʘʣʴʥʦʤʫ. ɺʽʜʧʦʚʽʜʥʦ, ʥʠʟʴʢʝ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʅɺʄʆ ʭʽʥʦʥʤʦʥʦʽʤʽʥʽʚ (3) ʩʧʨʠʷʻ 

ʦʨʙʽʪʘʣʴʥʦʤʫ ʢʦʥʪʨʦʣʶ ʨʝʘʢʮʽʾ (ʫʪʚʦʨʶʶʪʴʩʷ ʪʽʣʴʢʠ 1,3-ʙʝʥʟʦʢʩʘʪʽʦʣ-2-ʦʥʠ), ʘ ʟʙʽʣʴʰʝʥʥʷ 
ʧʦʟʠʪʠʚʥʦʛʦ ʟʘʨʷʜʫ ʥʘ ʘʪʦʤʽ ʂʘʨʙʦʥʫ ʉ2 ʭʽʥʦʾʜʥʦʛʦ ʮʠʢʣʫ ʭʽʥʦʥʤʦʥʦʽʤʽʥʽʚ (1) ʚʝʜʝ ʜʦ ʟʨʦʩʪʘʥʥʷ 

ʚʢʣʘʜʫ ʟʘʨʷʜʦʚʦʛʦ ʢʦʥʪʨʦʣʶ ʨʝʘʢʮʽʾ, ʱʦ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʷʢ 1,3-

ʙʝʥʟʦʢʩʘʪʽʦʣ-2-ʦʥʽʚ, ʪʘʢ ʽ 1,3-ʙʝʥʟʦʢʩʘʟʦʣ-2-ʪʽʦʥʽʚ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʮʽʣʢʦʤ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 
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ʚʠʩʫʥʫʪʝ ʨʘʥʽʰʝ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʨʠ ʚʠʩʦʢʦʤʫ ʟʥʘʯʝʥʥʽ ʝʥʝʨʛʽʾ ʅɺʄʆ ʧʨʠʻʜʥʘʥʥʷ ʨʦʜʘʥʽʜ-

ʘʥʽʦʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʘʪʦʤ ʅʽʪʨʦʛʝʥʫ ʚ ʫʤʦʚʘʭ ʟʘʨʷʜʦʚʦʛʦ ʢʦʥʪʨʦʣʶ, ʘ ʧʨʠ ʥʠʟʴʢʦʤʫ ï 

ʘʪʦʤʦʤ ʉʫʣʴʬʫʨʫ ʧʽʜ ʦʨʙʽʪʘʣʴʥʠʤ ʢʦʥʪʨʦʣʝʤ.  

 
 

 

 
 

 

 
 

 

 

 

 
 

 

 
 

ʘ)                                                                                                 ʙ) 

ʈʠʩʫʥʦʢ 1 -  ɺʽʜʥʦʩʥʝ ʟʤʽʥʝʥʥʷ ʝʥʝʨʛʽʾ ʧʝʨʝʭʽʜʥʠʭ ʩʪʘʥʽʚ ʨʝʘʢʮʽʾ N-ʬʝʥʽʣʘʮʝʪʠʣ- (2ʘ) (ʘ) ʪʘ 
N-ʬʝʥʦʢʩʠʘʮʝʪʠʣ- (3ʘ) (ʙ) 1,4-ʙʝʥʟʦʭʽʥʦʥʤʦʥʦʽʤʽʥʽʚ ʟ ʨʦʜʘʥʽʜʦʤ ʢʘʣʽʶ. 

ʅʘʩʪʫʧʥʠʤʠ ʝʪʘʧʘʤʠ ʨʝʘʢʮʽʾ ʨʦʜʘʥʫʚʘʥʥʷ ʻ ʧʨʦʪʦʥʫʚʘʥʥʷ ʘʪʦʤʫ ʅʽʪʨʦʛʝʥʫ, 

ʘʨʦʤʘʪʠʟʘʮʽʷ ʮʠʢʣʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʽʟʦʪʽʦʮʠʘʥʘʪʫ ʘʙʦ ʪʽʦʮʠʘʥʘʪʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʦʜʘʣʴʰʦʾ ʮʠʢʣʽʟʘʮʽʾ ʷʢʠʭ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʦʜʫʢʪʠ ʨʝʘʢʮʽʾ ï ʩʧʦʣʫʢʠ (4ï6) ʪʘ (7ï8) (ʩʭʝʤʘ 1) 

[9,10]. 

ʅʘʷʚʥʽʩʪʴ ʜʦʥʦʨʥʦʛʦ ʟʘʤʽʩʥʠʢʘ Phʉʅ=ʉʅ ʙʽʣʷ ʛʨʫʧʠ ʉ=ʆ N-ʙʝʥʟʠʣʽʜʝʥ-1,4-
ʙʝʥʟʦʭʽʥʦʥʤʦʥʦʽʤʽʥʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʥʝʨʛʽʾ ʅʉʄʆ, ʱʦ ʚʝʜʝ ʜʦ ʟʨʦʩʪʘʥʥʷ ʨʦʣʽ 

ʟʘʨʷʜʦʚʦʛʦ ʢʦʥʪʨʦʣʶ ʚ ʨʝʘʢʮʽʾ ʟ ʨʦʜʘʥʽʜʦʤ ʢʘʣʽʶ. 
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ʆɹ ʆɼʅʆʄ ʇʆɼʍʆɼɽ ʂ ʄʆɼɽʃʀʈʆɺɸʅʀʖ ʅɽʆʇʈɽɼɽʃɽʅʅʆʉʊʀ  

ʊɽʍʅʀʂʆ-ʕʂʆʅʆʄʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʉʀʉʊɽʄ ʀ ʀɿɼɽʃʀʁ  

ʈɸʂɽʊʅʆ-ʂʆʉʄʀʏɽʉʂʆʁ ʊɽʍʅʀʂʀ 

ʄʘʨʯʝʥʢʦ ɺ. ʊ., ʉʘʟʠʥʘ ʅ. ʇ., ʉʶʪʢʠʥʘ-ɼʦʨʦʥʠʥʘ ʉ. ɺ. 

 

ʀʥʩʪʠʪʫʪ ʪʝʭʥʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʋʢʨʘʠʥʳ ʠ  

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ ʋʢʨʘʠʥʳ 

 

ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʨʘʩʯʝʪʘʭ 
ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʦʚʳʭ ʦʙʨʘʟʮʦʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ (ʈʂʊ). 

ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʝʢʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʦʙʨʘʟʮʦʚ ʈʂʊ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʪʝʭʥʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ, ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ (ʆʂʈ). ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʆʂʈ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʧʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʠʟʜʝʣʠʷʤ-ʘʥʘʣʦʛʘʤ 
(ʨʝʪʨʦʩʧʝʢʪʠʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ) ʠ ʧʨʦʛʥʦʟʥʳʝ ʜʘʥʥʳʝ (ʩ ʛʣʫʙʠʥʦʡ ʧʨʦʛʥʦʟʘ ʥʝ ʤʝʥʝʝ 10 ʣʝʪ). 

ʋʥʠʢʘʣʴʥʦʩʪʴ ʠ ʪʝʭʥʠʯʝʩʢʘʷ ʩʣʦʞʥʦʩʪʴ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ ʧʨʦʛʥʦʟʘ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 
ʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʥʘ 

ʦʩʥʦʚʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʫʩʨʝʜʥʝʥʥʳʤ 

ʜʘʥʥʳʤ (ʙʝʟ ʫʯʝʪʘ ʬʘʢʪʦʨʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ), ʤʦʞʝʪ ʙʳʪʴ ʦʰʠʙʦʯʥʳʤ, ʪ. ʢ. ʚ ʠʪʦʛʝ 
ʬʘʢʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʝʢʪʘ ʤʦʛʫʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʦʞʠʜʘʝʤʳʭ 

(ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ), ʘ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʆʂʈ ï ʟʥʘʯʠʪʝʣʴʥʦ 

ʥʠʞʝ ʦʞʠʜʘʝʤʦʛʦ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ ʩ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ ʬʘʢʪʦʨʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɺ ʚʠʜʫ 

ʫʥʠʢʘʣʴʥʦʩʪʠ ʠ ʩʣʦʞʥʦʩʪʠ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 
ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ, ʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʙʲʝʢʪʠʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʥʝʞʝʣʘʪʝʣʴʥʦ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʚʳʧʦʣʥʠʪʴ 
ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʙʫʜʫʱʝʡ ʆʂʈ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ 

ʫʨʦʚʝʥʴ ʨʠʩʢʘ ʧʨʦʝʢʪʘ (ʚʝʣʠʯʠʥʫ ʚʦʟʤʦʞʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʦʞʠʜʘʝʤʳʭ) ʠ ʤʝʨʫ ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (ʚʤʝʩʪʦ ʚʝʨʦʷʪʥʦʩʪʠ). 
ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʙʨʘʥʥʦʡ ʧʦ ʠʟʜʝʣʠʷʤ-ʘʥʘʣʦʛʘʤ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʦʮʝʥʢʘ ʫʨʦʚʥʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʧʨʠʚʝʜʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢ ʫʩʣʦʚʠʷʤ ʋʢʨʘʠʥʳ ʥʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʨʘʩʯʝʪʦʚ) ʛʨʫʧʧʘ ʵʢʩʧʝʨʪʦʚ ʦʧʨʝʜʝʣʷʝʪ 

ʛʨʘʥʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ (ʠʥʪʝʨʚʘʣ [ ]a,b ) ʠ ʛʨʘʥʠʯʥʳʝ ʟʥʘʯʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʚʦʟʤʦʞʥʦʛʦ ʟʥʘʯʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʠʥʪʝʨʚʘʣ [ ]c,d ), ʛʜʝ 

a c d b< < <,  ʪ. ʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʯʝʪʢʦʝ ʯʠʩʣʦʚʦʝ ʤʥʦʞʝʩʪʚʦ. ɼʣʷ ʟʘʜʘʥʥʦʛʦ ʥʝʯʝʪʢʦʛʦ 

ʤʥʦʞʝʩʪʚʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ (ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʦʡ) ʩʪʨʦʠʪʩʷ ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

[ ]a,bf (x), ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʦʪʨʘʞʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʤʝʨʫ ʚʦʟʤʦʞʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ ʧʝʨʝʤʝʥʥʘʷ p  ʩ 

ʫʨʦʚʥʝʤ ʧʨʘʚʜʦʧʦʜʦʙʠʷ (ʚʦʟʤʦʞʥʦʩʪʠ) 
[ ]a,bf (x)  ʙʫʜʝʪ ʠʤʝʪʴ ʟʥʘʯʝʥʠʝ p x= . ɺ ʢʘʯʝʩʪʚʝ 

ʬʫʥʢʮʠʠ  
[ ]a,bf (x)  ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ ʙʝʪʘ-ʬʫʥʢʮʠʠ B( , )ab ʩ 

ʥʝʠʟʚʝʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ aʠ b. 

ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʢʦʤʳʭ ʧʘʨʘʤʝʪʨʦʚ (a,b,c,d)a  ʠ 

(a,b,c,d)b . 
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ʇɽʈʀʆɼʀʏɽʉʂʆɻʆ ʂʋʃʔʊʀɺʀʈʆɺɸʅʀʗ  

ʅ.ɹ. ʄʠʪʠʥʘ1, ʀ.ʄ. ɿʫʙʘʨʝʚʘ 2, ʆ.ʀ. ʊʢʘʣʷ 1 

 

1ʋʢʨʘʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 
2ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 

ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ɓ--ʢʘʨʦʪʠʥ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʫʯʘʶʪ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝʤ (+) ʠ (-) ʬʦʨʤ Blakeslea trispora. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʚʥʝʩʝʥʠʝ ʤʘʣʴʪʦʟʳ ʚ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʛʨʠʙʘ. ʄʘʣʴʪʦʟʘ 
ʩʦʜʝʨʞʘʣʘʩʴ ʢʘʢ ʚ ʤʘʪʦʯʥʳʭ, ʪʘʢ ʠ ʚ ʬʝʨʤʝʥʪʘʮʠʦʥʥʳʭ ʩʨʝʜʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʛʨʠʙʫ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʝʛʦ ʨʘʟʚʠʪʠʷ ʥʝʦʙʭʦʜʠʤʘ ʛʣʶʢʦʟʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʩʦʩʪʘʚʝ ʟʝʣʝʥʦʡ ʧʘʪʦʢʠ ʚ 

ʙʦʣʝʝ ʜʦʩʪʫʧʥʦʤ ʜʣʷ ʫʩʚʦʝʥʠʷ ʩʦʩʪʦʷʥʠʠ, ʯʝʤ ʤʘʣʴʪʦʟʘ. ʀʩʩʣʝʜʫʝʤʳʡ ʜʠʩʘʭʘʨʠʜ, ʚʝʨʦʷʪʥʦ, ʪʨʝʙʫʝʪʩʷ 

ʧʨʦʜʫʮʝʥʪʫ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʤʝʪʘʙʦʣʠʟʤʘ, ʢʦʛʜʘ ʟʘʚʝʨʰʠʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ, 

ʠ ʚ ʤʠʮʝʣʠʠ ʥʘʯʠʥʘʝʪʩʷ ʩʠʥʪʝʟ ʢʘʨʦʪʠʥʘ. ʊʘʢ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʟʘʤʝʥʝ ʟʝʣʝʥʦʡ ʧʘʪʦʢʠ ʥʘ ʤʘʣʴʪʦʟʫ, ʚ 
ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʥʦʛʦ ʧʠʪʘʥʠʷ, ʠʤʝʣ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʦʧʪʠʤʠʟʘʮʠʷ ʧʦ ʦʧʪʠʤʘʣʴʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ (ʢʫʢʫʨʫʟʥʦʛʦ ʵʢʩʪʨʘʢʪʘ 

ʠ ʤʘʣʴʪʦʟʳ). ʀʟʫʯʘʣʠʩʴ ʚʘʨʠʘʥʪʳ ʩʨʝʜ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʫʢʫʨʫʟʥʦʛʦ ʵʢʩʪʨʘʢʪʘ -2,4,6,8 ʤʘʩ.% ʠ 
ʤʘʣʴʪʦʟʳ - 1,3,5,7 ʤʘʩ.%. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʧʦʩʪʨʦʝʥʘ ʩʣʝʜʫʶʱʘʷ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ (ʨʠʩ. 1)   
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ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʦʙʨʘʟʦʚʘʥʠʷ  ɓ-ʢʘʨʦʪʠʥʘ ʫ blakeslea trispora ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

 
ʇʦʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʵʢʩʪʨʘʢʪʘ ʠ ʤʘʣʴʪʦʟʳ (8% ʠ 6% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʜʘʝʪ ʦʞʠʜʘʝʤʦʝ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ .129432=A ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʦʧʪʠʤʫʤ ʤʘʣʴʪʦʟʳ ʠ ʵʢʩʪʨʘʢʪʘ ʧʦ 

ʤʘʢʩʠʤʫʤʫ ʘʢʪʠʚʥʦʩʪʠ ʛʨʠʙʘ ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ ʚ ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʢʩʪʨʘʢʪʘ (9% ʠ 

ʙʦʣʝʝ) ʠ ʩʨʝʜʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʘʣʴʪʦʟʳ (4 ï 5%). 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇɽʈɽʅʆʉɸ ʇʈʀʄɽʉɽʁ ɺ ɿɸʊɺɽʈɼɽɺɸʖʑɽʄ ʉʃʀʊʂɽ 

ʊ.ɾ. ʅʘʜʨʳʛʘʡʣʦ 

 

ɼʥʝʧʨʦʜʟʝʨʞʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʥʝʧʨʦʜʟʝʨʞʠʥʩʢ 

 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʩʪʘʣʠ ʠʟ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʪʚʝʨʜʦʝ ʚʦʟʥʠʢʘʝʪ ʩʥʠʞʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʧʨʠʤʝʩʝʡ ʠ ʦʙʨʘʟʫʝʪʩʷ ʭʠʤʠʯʝʩʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ. ʍʠʤʠʯʝʩʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʘʣʥɹʳʭ 
ʩʣʠʪʢʦʚ ʠ ʦʪʣʠʚʦʢ ʚʳʟʚʘʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ [1]. 

ʂʨʠʩʪʘʣʣʠʟʫʶʱʠʡʩʷ ʨʘʩʧʣʘʚ ï ʧʨʠʤʝʨ ʩʨʝʜʳ ʩ ʬʘʟʦʚʳʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ. ʆʙʣʘʩʪʴ 

ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʷʪʴ ʟʦʥ [2], ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʭʘʨʘʢʪʝʨʫ 
ʧʨʦʪʝʢʘʥʠʷ ʚ ʥʠʭ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: ʞʠʜʢʫʶ ʟʦʥʫ, ʟʦʥʫ ʜʚʠʞʫʱʠʭʩʷ ʢʨʠʩʪʘʣʣʦʚ, ʟʦʥʫ 

ʧʠʪʘʥʠʷ, ʟʦʥʫ ʚʢʨʘʧʣʝʥʥʦʛʦ ʨʘʩʧʣʘʚʘ, ʪʚʝʨʜʫʶ ʟʦʥʫ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʣʠʪʢʘ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʥʸʤ ʧʨʠʤʝʩʝʡ ʦʢʘʟʳʚʘʝʪ ʜʚʠʞʝʥʠʝ 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʧʨʠʤʝʩʥʳʭ ʬʘʟ ʚ ʞʠʜʢʦʡ ʟʦʥʝ ʟʘʪʚʝʨʜʝʚʘʶʱʝʛʦ ʩʣʠʪʢʘ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
ʧʝʨʝʥʦʩʘ ʧʨʠʤʝʩʝʡ ʚ ʜʝʥʜʨʠʪʥʦʤ ʢʘʨʢʘʩʝ ʟʘʪʚʝʨʜʝʚʘʶʱʝʛʦ ʩʪʘʣʴʥʦʛʦ ʩʣʠʪʢʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʦʜʥʦʤʝʨʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ [3]  ʧʨʝʜʣʦʞʝʥʘ ʜʚʫʤʝʨʥʘʷ ʤʦʜʝʣʴ ʠʟʫʯʘʝʤʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ. 
ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʠʪʦʢ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʈʘʩʯʝʪʥʘʷ 

ʦʙʣʘʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʦʚʠʥʫ ʦʩʝʚʦʛʦ ʩʝʯʝʥʠʷ ʩʣʠʪʢʘ. ʉ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʥʘ 

ʩʣʠʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʦʪʜʘʯʘ ʪʝʧʣʘ ʟʘ ʩʯʝʪ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ. ʇʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʣʠʪʢʘ 
ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ ʧʨʠʤʝʩʝʡ. ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʡ ʧʨʠʤʝʩʥʦʡ 

ʬʘʟʳ b. 

ɺ ʦʩʥʦʚʫ ʤʦʜʝʣʠ ʧʦʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʦʪʜʝʣʴʥʳʤ ʟʦʥʘʤ 

ʟʘʪʚʝʨʜʝʚʘʶʱʝʛʦ ʩʣʠʪʢʘ: 
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ɼʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʦʧʦʣʥʷʶʪʩʷ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ: ʥʘ ʪʚʝʨʜʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ ʜʣʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʢʦʨʦʩʪʠ ï ʫʩʣʦʚʠʷ ʥʝʧʨʦʪʝʢʘʥʠʷ; ʥʘ ʩʢʦʨʦʩʪʠ 
ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ï ʫʩʣʦʚʠʝ ʩʚʦʙʦʜʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ; ʜʣʷ ʜʘʚʣʝʥʠʷ ʥʘ ʚʩʝʭ ʛʨʘʥʠʮʘʭ 
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ʟʘʜʘʶʪʩʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚʪʦʨʦʛʦ ʨʦʜʘ; ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʠ ʚʝʨʭʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʳ ï ʫʩʣʦʚʠʝ ʪʝʧʣʦʠʟʦʣʷʮʠʠ; ʥʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʥʝ ʬʦʨʤʳ ï ʫʩʣʦʚʠʝ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ; ʜʣʷ ʧʨʠʤʝʩʝʡ ʠ ʪʚʝʨʜʦʡ ʬʘʟʳ ʥʘ ʚʩʝʭ ʛʨʘʥʠʮʘʭ ï ʫʩʣʦʚʠʝ 

ʥʝʧʨʦʪʝʢʘʥʠʷ. 
ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (1)ï(7) ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʬʠʟʠʯʝʩʢʠʤ 

ʬʘʢʪʦʨʘʤ ʜʣʷ ʥʝʩʦʣʝʥʦʠʜʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ [3]:  
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ɿʜʝʩʴ  n ï ʥʦʤʝʨ ʚʨʝʤʝʥʥʦʛʦ ʩʣʦʷ, k ï ʥʦʤʝʨ ʠʪʝʨʘʮʠʠ. ʉʣʝʚʘ ʚʦʟʣʝ ʢʘʞʜʦʡ ʬʦʨʤʫʣʳ 
ʫʢʘʟʘʥʳ ʥʦʤʝʨʘ ʟʦʥ, ʚ ʢʦʪʦʨʳʭ ʵʪʠ ʬʦʨʤʫʣʳ ʩʧʨʘʚʝʜʣʠʚʳ: 1 ï ʞʠʜʢʘʷ ʟʦʥʘ; 2 ï ʟʦʥʘ ʜʚʠʞʫɦ ʠʭʩʷ 

ʢʨʠʩʪʘʣʣʦʚ; 3 ï ʟʦʥʘ ʧʠʪʘʥʠʷ; 4 ï ʟʦʥʘ ʚʢʨʘʧʣʝʥʥʦʛʦ ʨʘʩʧʣʘʚʘ; 5 ï ʪʚʝʨʜʘʷ ʟʦʥʘ. ʇʨʦʮʝʩʩ ʨʘʩʯʝʪʘ 

ʫʩʣʦʚʥʦ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 4 ʵʪʘʧʘ. ʈʘʟʥʦʩʪʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʫʨʘʚʥʝʥʠʡ ʩʭʝʤʳ (8)ï(24) ʠ 
ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʢ ʥʠʤ ʧʦʣʫʯʝʥʘ ʥʘ ʨʘʚʥʦʤʝʨʥʦʡ ʰʘʭʤʘʪʥʦʡ ʩʝʪʢʝ.  

ʇʦ ʜʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ ʉ# ʚ ʩʨʝʜʝ Microsoft 

Visual Studio 2008. ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ 

ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʩʣʠʪʢʘ ʩ ʫʯʝʪʦʤ ʧʝʨʝʥʦʩʘ ʧʨʠʤʝʩʝʡ. ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʧʨʠʤʝʩʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʬʦʨʤʳ. ʇʨʠ ʟʘʪʚʝʨʜʝʚʘʥʠʠ ʩʣʠʪʢʘ ʧʨʠʤʝʩʠ 

ʚʳʪʝʩʥʷʶʪʩʷ ʚ ʮʝʥʪʨ ʩʣʠʪʢʘ. ʇʨʦʚʝʜʝʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʩʪʦ 
ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʝʡ ʟʘʚʠʩʠʪ ʦʪ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʧʨʠʤʝʨ, 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ a, ʠ ʦʪ ʩʧʦʩʦʙʘ ʟʘʜʘʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘ 

ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 
ʀʟʦʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʝʡ ʥʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʣʠʪʢʘ.  

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʜʥʝ ʩʣʠʪʢʘ ʚ ʥʘʧʨʘʣʝʥʠʠ ʢ ʮʝʥʪʨʫ ʧʦʩʪʝʧʝʥʥʦ ʥʘʢʘʧʣʠʚʘʶʪʩʷ 
ʧʨʠʤʝʩʠ, ʘ ʩ ʙʦʢʦʚ ʩʣʠʪʢʘ ʦʥʠ ʠʩʯʝʟʘʶʪ. ʆʩʪʘʶʪʩʷ ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʠʝ ʯʘʩʪʠ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʣʠʪʢʘ.  

ʇʨʠ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʜʥʘ ʬʦʨʤʳ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʩʝʡ ʠʥʦʡ. ʇʨʠʤʝʩʠ 
ʨʘʚʥʦʤʝʨʥʦ ʚʳʪʝʩʥʷʶʪʩʷ ʢ ʦʩʠ ʩʠʤʤʝʪʨʠ ʩʣʠʪʢʘ.  
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                       ʘ)                                                      ʙ)                                            ʚ)                                

ʈʠʩʫʥʦʢ 1 ð ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʩʝʡ ʧʨʠ ʟʥʘʯʝʥʠʠ  ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ:  

ʘ ï  a = 0,05; ʙ ï a =  0,1; ʚ ï a = 2 

 
ɺʳʚʦʜʳ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʥʝʨʘʚʥʦʚʝʩʥʘʷ ʪʝʦʨʠʷ ʤʥʦʛʦʬʘʟʥʦʡ ʟʦʥʳ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʫʯʠʪʳʚʘʶʱʘʷ ʚʦʟʤʦʞʥʦʝ ʜʚʠʞʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʤʝʩʝʡ. 

ʇʨʠʚʝʜʝʥʘ ʜʚʫʤʝʨʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʣʠʪʢʘ ʩ ʫʯʝʪʦʤ ʧʝʨʝʥʦʩʘ 
ʧʨʠʤʝʩʝʡ ʚ ʜʝʥʜʨʠʪʥʦʤ ʢʘʨʢʘʩʝ. ʇʦ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ ʉ# ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʦʚʳʭ ʨʘʩʯʝʪʦʚ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1. ʃʝʡʙʝʥʟʦʥ ɺ.ɸ. ʠ ʜʨ. ɿʘʪʚʝʨʜʝʚʘʥʠʝ ʤʝʪʘʣʣʦʚ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ. ï ʂʠʝʚ: 

ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 2009, ï 411 ʩ. 
2. ɻʫʣʷʝʚ ɹ.ɹ. ʊʝʦʨʠʷ ʣʠʪʝʡʥʳʭ ʧʨʦʮʝʩʩʦʚ. ï ʃʝʥʠʥʛʨʘʜ: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1976, ï 216 

ʩ. 

3. ʉʘʤʦʭʚʘʣʦʚ ʉ.ɭ. ʊʝʧʣʦʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʚ ʙʘʛʘʪʦʬʘʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ: ʊʝʦʨʝʪʠʯʥʽ 
ʦʩʥʦʚʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ï ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢ: ɼɼʊʋ, 1994, ï 172 ʩ. 

 

 

ʈʆɿʈɸʍʋʅʆʂ ʇʆʂɸɿʅʀʂɯɺ ʅɸɼɯʁʅʆʉʊɯ ʉʊɸʃɽɺʀʍ ʈɽɿɽʈɺʋɸʈɯɺ ɼʃʗ 

ʅɸʌʊʆʇʈʆɼʋʂʊɯɺ 

ʉ. ʉ. ʅʘʩʦʥʦʚʘ 

 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ 

 
ɺʩʪʫʧ. ɹʽʣʴʰʽʩʪʴ ʚʽʜʦʤʠʭ ʤʦʜʝʣʝʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʩʪʘʥʫ ʥʘʬʪʦʚʠʭ ʨʝʟʝʨʚʫʘʨʽʚ, ʚ 

ʮ̔ ʣʦʤʫ ʧʨʘʚʠʣʴʥʦ ʚʽʜʙʠʚʘʯʁʠ ʚʧʣʠʚ ʯʠʥʥʠʢʽʚ ʧʦʯʘʪʢʦʚʦʾ ʜʝʬʝʢʪʥʦʩʪʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ 

ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʥʘ ʤʽʮʥʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ ʽ ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʮʠʭ ʩʧʦʨʫʜ, ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʯʠʥʥʠʢ 
ʚʽʜʥʦʚʣʝʥʥʷ ʽ ʦʨʽ̒ ʥʪʦʚʘʥʽ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʥʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʨʝʟʝʨʚʫʘʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦ ʤʦʤʝʥʪʫ ʧʝʨʰʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ [1].  

ʋ ʩʪʘʪʪʽ ʧʨʦʧʦʥʫʶʪʴʩʷ ʤʦʜʝʣʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʩʪʘʥʫ ʨʝʟʝʨʚʫʘʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ 
ʢʦʤʧʣʝʢʩʥʦ ʚʨʘʭʦʚʫʶʪʴ ʯʠʥʥʠʢʠ ʧʦʯʘʪʢʦʚʦʾ ʜʝʬʝʢʪʥʦʩʪʽ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʽ 

ʚʽʜʥʦʚʣʝʥʥʷ. ʋʩʽ ʤʦʜʝʣʽ ʬʦʨʤʫʣʶʶʪʴʩʷ ʚ ʪʝʨʤʽʥʘʭ ʚʠʧʘʜʢʦʚʠʭ ʬʫʥʢʮʽʡ ʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʠʥʥʠʭ 

ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ [2]. ʇʦʯʘʪʢʦʚʘ ʜʝʬʝʢʪʥʽʩʪʴ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʧʦʰʢʦʜʞʫʚʘʥʽʩʪʴ 
ʨʝʟʝʨʚʫʘʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʦʙ'ʻʢʪʠʚʥʽ ʯʠʥʥʠʢʠ, ʚʣʘʩʪʠʚʽ ʤʦʥʪʘʞʫ ʽ ʧʨʦʮʝʩʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʬʪʦʚʠʭ ʨʝʟʝʨʚʫʘʨʽʚ, ʘ ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʟʫʤʽʻʪʴʩʷ ʷʢ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʯʠʥʥʠʢ 

ʫʧʨʘʚʣʽʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ ʩʪʘʥʦʤ ʮʠʭ ʩʧʦʨʫʜ. 
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ʆʩʥʦʚʥʠʡ ʤʘʪʝʨʽʘʣ. ʇʨʠ  ʧʨʦʝʢʪʫʚʘʥʥʽ ʚ ʧʨʦʦʙʨʘʟ ʨʝʟʝʨʚʫʘʨʫ ʟʘʢʣʘʜʘʶʪʴʩʷ ʧʝʚʥʽ 

ʟʘʧʘʩʠ ʤʽʮʥʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ ʽ ʛʝʨʤʝʪʠʯʥʦʩʪʽ [3].  ʇʽʩʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʤʦʥʪʘʞʫ ʨʝʟʝʨʚʫʘʨ, ʷʢ 

ʧʨʘʚʠʣʦ, ʤʘʻ ʪʽ ʘʙʦ ʽʥʰʽ ʜʝʬʝʢʪʠ, ʦʙʫʤʦʚʣʝʥʽ ʥʝʜʦʩʢʦʥʘʣʽʩʪʶ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɺ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʽʟʠʯʥʠʡ ʟʥʦʩ ʨʝʟʝʨʚʫʘʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʧʝʨʽʦʜʠʯʥʦ ʨʦʙʣʷʪʴʩʷ 
ʨʝʤʦʥʪʥʦ-ʚʽʜʥʦʚʥʽ ʟʘʭʦʜʠ.  ʎʽ ʯʠʥʥʠʢʠ ʧʦʯʘʪʢʦʚʦʾ ʜʝʬʝʢʪʥʦʩʪʽ, ʬʽʟʠʯʥʦʛʦ ʟʥʦʩʫ ʽ ʚʽʜʥʦʚʣʝʥʥʷ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʝʢʪʥʠʭ ʟʘʧʘʩʽʚ ʬʫʥʢʮʽʦʥʘʣʥɹʠʭ ʷʢʦʩʪʝʡ ʨʝʟʝʨʚʫʘʨʫ ʽ ʧʦʚʠʥʥʽ 

ʚʨʘʭʦʚʫʚʘʪʠʩʷ  ʚ ʤʦʜʝʣʷʭ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʩʪʘʥʫ.  
ʇʦʯʘʪʢʦʚʘ ʜʝʬʝʢʪʥʽʩʪʴ ʥʘʬʪʦʚʠʭ ʨʝʟʝʨʚʫʘʨʽʚ ʧʦʚ'ʟ̫ʘʥʘ ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʥʝʜʦʩʢʦʥʘʣʽʩʪʶ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʣʦʢʘʣʴʥʠʤʠ ʜʝʬʝʢʪʘʤʠ ʚ ʟʚʘʨʥʠʭ ʰʚʘʭ, 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ ʩʪʘʣʝʚʠʭ ʣʠʩʪʽʚ ʟ ʚʽʜôʻʤʥʠʤʠ ʜʦʧʫʩʢʘʤʠ ʥʘ ʪʦʚʱʠʥʫ 
ʧʨʦʢʘʪʫ, ʘ ʪʘʢʦʞ ʟ ʤʦʞʣʠʚʠʤʠ ʦʩʽʜʘʥʥʷʤʠ ʦʩʥʦʚʠ. ʋʩʷ ʮʷ ʧʦʯʘʪʢʦʚʘ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʟʘʚʞʜʠ 

ʟʥʠʞʫʻ ʧʨʦʝʢʪʥʫ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʨʝʟʝʨʚʫʘʨʽʚ. ʌʽʟʠʯʥʠʡ ʟʥʦʩ ʧʨʦʷʚʣʷʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚ 

ʨʦʟʚʠʪʢʫ ʽ ʥʘʢʦʧʠʯʝʥʥʽ ʢʦʨʦʟʽʡʥʠʭ ʽ ʚʪʦʤʥʠʭ ʫʰʢʦʜʞʝʥʴ ʽ ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʦʩʽʜʘʥʴ ʦʩʥʦʚʠ, 

ʧʦʩʪʫʧʦʚʦ ʧʦʛʽʨʰʫʶʯʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʨʝʟʝʨʚʫʘʨʫ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʂʦʨʦʟʽʷ ʜʘʣʽ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʯʠʥʥʠʢ, ʱʦ ʟʤʽʥʶʻ ʧʝʨʝʨʽʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʤʽʮʥʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʨʽʟʥʷʻʪʴʩʷ ʙʝʟʧʦʚʦʨʦʪʥʠʡ ʢʦʨʦʟʽʡʥʠʡ ʟʥʦʩ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ 

ʟʘʣʠʰʢʦʚʦʶ ʪʦʚʱʠʥʦʶ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʽ ʣʦʢʘʣʴʥʠʡ ʢʦʨʦʟʽʡʥʠʡ ʟʥʦʩ, ʚʠʟʥʘʯʫʚʘʥʠʡ 

ʛʣʠʙʠʥʦʶ ʤʽʩʮʝʚʠʭ ʢʦʨʦʟʽʡʥʠʭ ʫʰʢʦʜʞʝʥʴ. ɺʪʦʤʥʽ ʫʰʢʦʜʞʝʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʢʦʥʪʝʢʩʪʽ 
ʤʦʞʣʠʚʦʛʦ ʧʽʜʨʦʩʪʘʥʥʷ ʪʨʝʱʠʥʦʚʠʜʥʠʭ ʜʝʬʝʢʪʽʚ, ʛʽʧʦʪʝʪʠʯʥʦ ʥʘʷʚʥʠʭ ʚ ʢʦʨʧʫʩʽ ʨʝʟʝʨʚʫʘʨʫ. 

ʋʩʫʥʝʥʥʷ ʙʝʟʧʦʚʦʨʦʪʥʦʛʦ ʢʦʨʦʟʽʡʥʦʛʦ ʟʥʦʩʫ ʽ ʚʪʦʤʥʠʭ ʫʰʢʦʜʞʝʥʴ ʚʠʤʘʛʘʻ ʢʘʧʽʪʘʣʴʥʠʭ 

ʨʝʤʦʥʪʽʚ, ʘ ʫʩʫʥʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʢʦʨʦʟʽʡʥʠʭ ʫʰʢʦʜʞʝʥʴ ʤʦʞʣʠʚʝ ʥʘ ʦʩʥʦʚʽ ʥʝʩʢʣʘʜʥʠʭ ʧʦʪʦʯʥʠʭ 
ʨʝʤʦʥʪʽʚ. ɺʠʥʠʢʥʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʦʩʜ̔ʘʥʴ ʥʝ ʤʘʻ ʧʨʷʤʦʛʦ ʟʚ'ʷʟʢʫ ʟ ʯʘʩʦʤ, ʘʣʝ ʩʘʤ ʧʦ ʩʦʙʽ ʮʝʡ 

ʯʠʥʥʠʢ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʥʘʩʪʽʣʴʢʠ ʯʘʩʪʦ, ʱʦ ʚ ʧʨʦʛʥʦʟʥʠʭ ʦʮʽʥʢʘʭ ʾʭ ʚʧʣʠʚ ʥʘ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ 

ʨʝʟʝʨʚʫʘʨʫ ʟʘʚʞʜʠ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ.  

ʉʪʘʣʝʚʠʡ ʚʝʨʪʠʢʘʣʴʥʠʡ ʮʠʣʽʥʜʨʠʯʥʠʡ ʨʝʟʝʨʚʫʘʨ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʠʩʪʝʤʫ ʯʦʪʠʨʴʦʭ 

ʦʩʥʦʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ : ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʪʽʥʢʠ, ʚʫʟʣʘ ʩʧʦʣʫʯʝʥʥʷ ʩʪʽʥʢʠ ʟ ʜʥʠʱʝʤ 

(ʫʪʦʨʥʦʛʦ ʚʫʟʣʘ), ʜʥʠʱʘ ʽ ʧʦʢʨʽʚʣʽ. ʄʽʮʥʽʩʪʴ ʨʝʟʝʨʚʫʘʨʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʣʴʥʦʶ ʤʽʮʥʽʩʪʶ ʡʦʛʦ 
ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʪʽʥʢʠ ʽ ʫʪʦʨʥʦʛʦ ʚʫʟʣʘ. ʉʪʽʡʢʽʩʪʴ ʨʝʟʝʨʚʫʘʨʫ ʟʘʟʚʠʯʘʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʢʦʥʪʝʢʩʪʽ 

ʟʘʛʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʪʽʥʢʠ, ʘ ʡʦʛʦ ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʛʝʨʤʝʪʠʯʥʽʩʪʶ 

ʧʝʨʝʣʽʯʝʥʠʭ ʚʠʱʝ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ. 
ʎʠʣʽʥʜʨʠʯʥʘ ʩʪʽʥʢʘ ʨʝʟʝʨʚʫʘʨʫ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ 

ʚʠʤʦʛʘʤ ʤʽʮʥʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ ʽ ʛʝʨʤʝʪʠʯʥʦʩʪʽ. ʄʽʮʥʽʩʪʴ ʩʪʽʥʢʠ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʤʽʮʥʽʩʪʶ ʫʩʽʭ ʾʾ 

ʧʦʷʩʽʚ. ʊʦʤʫ ʫʤʦʚʘ ʤʽʮʥʦʩʪʽ ʮʴʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʝʣʝʤʝʥʪʫ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʥʘ 
ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʥʘʩʪʫʧʥʦʾ ʩʠʩʪʝʤʠ ʥʝʨʽʚʥʦʩʪʝʡ 

() () () nirpRttt iiyiiiii ,1,00321 =²-dxxxh  ,   (1) 

ʜʝ ih - ʧʦʧʨʘʚʢʘ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʤʦʞʣʠʚʝ ʟʥʠʞʝʥʥʷ ʧʨʦʝʢʪʥʦʾ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ i-ʛʦ 

ʧʦʷʩʫ ʚʥʘʩʣʽʜʦʢ ʡʦʛʦ ʧʦʯʘʪʢʦʚʦʾ ʜʝʬʝʢʪʥʦʩʪʽ; 

()ti1x - ʧʦʧʨʘʚʢʘ, ʷʢʘ ʚʨʘʭʦʚʫʻ  ʤʦʞʣʠʚʫ ʟʤʽʥʫ  ʧʨʦʝʢʪʥʦʾ  ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ  i-ʛʦ ʧʦʷʩʫ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʦʨʦʟʽʡʥʦʛʦ ʟʥʦʩʫ;  

()ti2x - ʧʦʧʨʘʚʢʘ, ʱʦ ʚʨʘʭʦʚʫʻ  ʤʦʞʣʠʚʫ ʟʤʽʥʫ ʤʽʮʥʩ̔ʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ i-ʛʦ ʧʦʷʩʫ 

ʚʥʘʩʣʽʜʦʢ ʡʦʛʦ ʫʰʢʦʜʞʝʥʴ ʢʦʨʦʟʽʻʶ;  

()ti3x -ʧʦʧʨʘʚʢʘ, ʱʦ ʚʨʘʭʦʚʫʻ ʤʦʞʣʠʚʫ ʟʤʽʥʫ ʧʨʦʝʢʪʥʦʾ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ  i-ʛʦ ʧʦʷʩʫ 

ʚʥʘʩʣʽʜʦʢ ʚʪʦʤʥʠʭ ʫʰʢʦʜʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʚʧʣʠʚʦʤ ʮʠʢʣʽʯʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʨʝʟʝʨʚʫʘʨʫ 

ʥʘʬʪʦʧʨʦʜʫʢʪʦʤ.  

ɻʝʨʤʝʪʠʯʥʽʩʪʴ ʮʠʣʽʥʜʨʠʯʥʦʾ ʩʪʽʥʢʠ ʨʝʟʝʨʚʫʘʨʫ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʛʝʨʤʝʪʠʯʥʽʩʪʶ ʾʾ ʧʦʷʩʽʚ, ʘ 

ʤʦʞʣʠʚʝ ʧʦʨʫʰʝʥʥʷ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʧʦʚ'ʷʟʘʥʝ, ʷʢ ʧʨʘʚʠʣʦ, ʟ ʢʦʨʦʟʽʡʥʠʤ ʟʥʦʩʦʤ ʫ ʚʠʛʣʷʜʽ ʧʦʷʚʠ 

ʥʘʩʢʨʽʟʥʠʭ ʧʽʨ ʚ ʟʚʘʨʥʠʭ ʰʚʘʭ. ʋʩʫʥʝʥʥʷ ʪʘʢʠʭ ʫʰʢʦʜʞʝʥʴ ʥʝ ʧʦʚ'ʷʟʘʥʝ ʟ ʧʦʚʥʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ ʽ 
ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʦʪʦʯʥʠʭ ʨʝʤʦʥʪʽʚ. ʋʤʦʚʫ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʩʪʽʥʢʠ ʧʨʠʙʣʠʟʥʦ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʥʘʩʪʫʧʥʦʾ ʩʠʩʪʝʤʠ ʥʝʨʽʚʥʦʩʪʝʡ  

 () nit iii ,1,00 =²D-- -nd , (2) 
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ʜʝ()tin  - ʧʦʧʨʘʚʢʘ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʣʠʙʠʥʦʶ  ʣʦʢʘʣʴʥʠʭ ʢʦʨʦʟʽʡʥʠʭ ʫʰʢʦʜʞʝʥʴ i-ʛʦ 

ʧʦʷʩʫ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʟʘ ʯʘʩ t ; 

-Di  - ʚʝʣʠʯʠʥʘ ʚʽʜôʻʤʥʦʛʦ ʜʦʧʫʩʢʫ ʥʘ ʪʦʚʱʠʥʫ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʫ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ i-ʛʦ ʧʦ̫ ʩʫ. 
ʋʧʨʦʜʦʚʞ ʫʩʴʦʛʦ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʥʘʬʪʦʚʠʭ ʨʝʟʝʨʚʫʘʨ̔ ʚ ʫ ʨʘʤʢʘʭ ʜʽʶʯʦʾ ʩʠʩʪʝʤʠ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪʽʚ ʨʦʙʠʪʴʩʷ ʧʝʨʽʦʜʠʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʾʭ 

ʩʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʋ ʤʦʜʝʣʷʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʩʪʘʥʫ ʨʝʟʝʨʚʫʘʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʮʶ 
ʦʙʩʪʘʚʠʥʫ ʤʦʞʥʘ ʚʨʘʭʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʣʝʞʥʦʾ ʢʦʨʝʢʮʽʾ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʧʦʧʨʘʚʦʢ, ʱʦ 

ʚʽʜʙʠʚʘʶʪʴ ʚʧʣʠʚ ʯʠʥʥʠʢʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʥʘ ʾʭ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ [4].  

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʦʜʝʣʽ (1)-(2) ʜʦʟʚʦʣʷʶʪʴ ʜʘʪʠ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʢʦʤʧʣʝʢʩʥʦʛʦ 
ʚʧʣʠʚʫ ʯʠʥʥʠʢʽʚ ʧʦʯʘʪʢʦʚʦʾ ʜʝʬʝʢʪʥʦʩʪʽ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʥʘ 

ʤʽʮʥʽʩʪʴ ʽ ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʥʘʬʪʦʚʠʭ ʨʝʟʝʨʚʫʘʨʽʚ. ʋʩʽ ʤʦʜʝʣʽ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚ ʪʝʨʤʽʥʘʭ ʚʠʧʘʜʢʦʚʠʭ 

ʬʫʥʢʮʽʡ, ʘ ʾʭ ʧʘʨʘʤʝʪʨʠ ʤʦʞʫʪʴ ʢʦʨʠʛʫʚʘʪʠʩʷ ʟʘ ʜʘʥʠʤʠ ʥʘʪʫʨʥʠʭ ʦʙʩʪʝʞʝʥʴ, ʱʦ ʧʽʜʚʠʱʫʻ 
ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫ ʫ ʢʦʞʥʦʤʫ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʛʣʷʥʫʪʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʧʨʦʛʥʦʟʥʽ ʤʦʜʝʣʽ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʝʟʝʨʚʫʘʨʽʚ ʽ ʷʢ ʤʦʜʝʣʽ 

ʫʧʨʘʚʣʽʥʥʷ ʥʘʜʽʡʥʽʩʪʶ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʮʠʭ ʩʧʦʨʫʜ. 
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ʫʧʨʘʚʣʽʥʥʽ. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ï ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, ʇɼɸɹɸ ï 2015. ï ʉ.72-78. 
 

 

ʈʆɿʈʆɹʂɸ ʄɸʊɽʄɸʊʀʏʅʆɰ ʄʆɼɽʃɯ ʊɽʏɯɰ ɻɸɿʋ ʂʈɯɿʔ ʊʆʈʎɽɺɯ ʉʊʀʂʀ 

ʋʑɯʃʔʅʖɺɸʃʔʅʀʍ ɽʃɽʄɽʅʊɯɺ ʇʈʀ ʇʈʋɾʅʆʄʋ ʂʆʅʊɸʂʊɯ 

ʄɯʂʈʆʅɽʈɯɺʅʆʉʊɽʁ 

ɯ.ɯ. ʅʘʯʦʚʥʠʡ1, ɯ.ʄ. ʂʫʟʷʻʚ, ɯʚ.ɯ. ʅʘʯʦʚʥʠʡ2 

 

1 ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ 
2 ʅʘʮʽʦʥʘʣʴʥʠʡ ʛʽʨʥʠʯʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ 

 

ʋ ʧʦʨʰʥʝʚʠʭ ʢʦʤʧʨʝʩʦʨʘʭ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʘʣʴʥʠʢʦʚʽ ʫʱʽʣʴʥʝʥʥʷ ʜʣʷ 

ʛʝʨʤʝʪʠʟʘʮʽʾ ʤʽʩʮʷ ʚʠʭʦʜʫ ʰʪʦʢʘ ʟ ʮʠʣʽʥʜʨʘ. ʉʘʣʴʥʠʢʦʚʽ ʫʱʽʣʴʥʝʥʥʷ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 
ʙʘʛʘʪʦʢʘʤʝʨʥʽ ʢʦʥʩʪʨʫʢʮʽʾ (ʨʠʩʫʥʦʢ 1). ʋ ʢʦʞʥʽʡ ʢʘʤʝʨʽ 4 ʟʥʘʭʦʜʷʪʴʩʷ ʫʱʽʣʴʥʶʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ, 

ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʣʦʩʢʠʭ (ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ) ʟʘʤʠʢʘʶʯʦʛʦ 1, ʫʱʽʣʴʥʶʚʘʣʴʥʦʛʦ 2 ʪʘ 

ʟʘʭʠʩʥʦʛʦ 3 ʢʽʣʝʮʴ. ʇʨʘʮʶʶʪʴ ʪʘʢʽ ʝʣʝʤʝʥʪʠ ʟʘ ʧʨʠʥʮʠʧʦʤ ʩʘʤʦʫʱʽʣʴʥʝʥʥʷ, ʪʦʙʪʦ ʪʠʩʢ 
ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠʪʠʩʢʘʻ ʝʣʝʤʝʥʪʠ ʜʦ ʰʪʦʢʘ. 

ʇʣʦʩʢʽ ʫʱʽʣʴʥʶʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʚ ʩʫʯʘʩʥʠʭ ʢʦʤʧʨʝʩʦʨʘʭ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ ʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʰʦʨʩʪʢʽʩʪʴ ʾʭ ʧʦʚʝʨʭʦʥʴ ʩʪʘʥʦʚʠʪʴ ʥʝ ʥʠʞʯʝ Ra 0,63 ʤʢʤ. ʗʢ ʚʽʜʦʤʦ [1], ʜʣʷ 

ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʝʬʦʨʤʘʮʽʾ ʤʽʢʨʦʚʠʩʪʫʧʽʚ ʜʣʷ ʪʠʧʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʦʩʷʪʴ ʧʨʫʞʥʠʡ 

ʭʘʨʘʢʪʝʨ, ʱʦ ʥʝ ʧʨʠʡʤʘʻʪʴʩʷ ʜʦ ʫʚʘʛʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʩʪʠʢʽʚ, ʯʝʨʝʟ ʷʢʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʠʪʦʢ ʛʘʟʫ. 
ɼʣʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʟʛʽʜʥʦ ʟ ʨʠʩʫʥʢʦʤ 1, ʤʦʞʣʠʚʠʤʠ ʰʣʷʭʘʤʠ ʚʠʪʦʢʫ ʛʘʟʫ ʙʫʜʫʪʴ: ʩʪʠʢ ʤʽʞ 

ʰʪʦʢʦʤ ʪʘ ʫʱʽʣʴʥʶʚʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʄh ʪ, ʩʪʠʢ ʤʽʞ ʪʦʨʮʝʚʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʟʘʤʠʢʘʶʯʦʛʦ ʪʘ 

ʫʱʽʣʴʥʶʚʘʣʴʥʦʛʦ ʢʽʣʝʮʴ ʄʟʫ, ʩʪʠʢ ʤʽʞ ʪʦʨʮʝʚʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʫʱʽʣʴʥʶʚʘʣʴʥʦʛʦ ʡ ʟʘʭʠʩʥʦʛʦ 
ʢʽʣʝʮʴ ʄʫʟ ʪʘ ʩʪʠʢ ʤʽʞ ʪʦʨʮʝʚʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʟʘʭʠʩʥʦʛʦ ʢʽʣʴʮʷ ʽ ʩʫʩʽʜʥʴʦʾ ʢʘʤʝʨʠ ʄʟʢ. ʋʩʽ ʮʽ 
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ʩʪʠʢʠ ʫʪʚʦʨʝʥʦ ʰʦʨʩʪʢʦʩʪʷʤʠ ʢʦʥʪʘʢʪʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʩʫʤʘʨʥʘ ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʛʘʟʫ ʯʝʨʝʟ ʫʱʽʣʴʥʶʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ ʩʢʣʘʜʝ 

ʄ = ʄʰʪ + ʄʟʫ + ʄʫʟ + ʄʟʢ . (1) 

 

 
ʈʠʩʫʥʦʢ 1 ï  ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʩʘʣʴʥʠʢʦʚʦʛʦ ʫʱʽʣʴʥʝʥʥʷ 

 
ɿʘʜʘʯʝʶ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʄʟʫ, ʄʫʟ ʽ ʄʟʢ. 

ʈʦʟʛʣʷʜʘʻʤʦ ʩʪʠʢʠ ʢʦʥʪʘʢʪʫʶʯʠʭ  ʧʦʚʝʨʭʦʥʴ ʷʢ ʧʦʨʠʩʪʝ ʪʽʣʦ, ʫʪʚʦʨʝʥʝ ʰʦʨʩʪʢʦʩʪʷʤʠ, ʘ 

ʧʨʦʮʝʩ ʚʠʪʦʢʫ ʛʘʟʫ ʢʨʽʟʴ ʩʪʠʢ ʷʢ ʧʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ. 
ʇʽʜ ʜʽʻʶ ʪʠʩʢʫ ʛʘʟʫ ʧʘʢʝʪ ʩʪʠʩʢʘʻʪʴʩʷ ʚ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ, ʫʪʚʦʨʶʶʯʠ ʟʦʥʠ ʢʦʥʪʘʢʪʫ. 

ʆʜʥʦʯʘʩʥʦ ʛʘʟ ʧʨʦʥʠʢʘʻ ʯʝʨʝʟ ʤʽʢʨʦʢʘʥʘʣʠ ʫ ʟʦʥʫ ʢʦʥʪʘʢʪʫ ʡ ʨʘʟʦʤ ʟ ʧʨʫʞʥʦʶ ʩʠʣʦʶ 

ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʥʘʤʘʛʘʻʪʴʩʷ ʨʦʟʢʨʠʪʠ ʩʪʠʢ. ʇʨʠ ʮʴʦʤʫ ʧʨʠʡʤʘʻʤʦ, ʱʦ ʚʠʩʦʪʘ ʩʪʠʢʫ ʥʘ ʚʭʦʜʽ 
ʛʘʟʫ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʽ ï ʧʽʜ ʜʽʻʶ ʪʠʩʢʫ ʚ ʩʪʠʢʫ ʚʠʩʦʪʘ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʧʦʚʥʽʩʪʶ ʚʽʜʥʦʚʣʶʻʪʴʩʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʪʠʩʢ ʫʟʜʦʚʞ ʜʦʚʞʠʥʠ ʟʦʥʠ ʢʦʥʪʘʢʪʫ ʟʤʽʥʶʻʪʴʩʷ, ʫʪʚʦʨʶʻʪʴʩʷ 

ʧʦʨʠʩʪʠʡ ʩʪʠʢ ʽʟ ʟʤʽʥʥʠʤʠ ʧʦ ʜʦʚʞʠʥʽ ʚʠʩʦʪʦʶ ʽ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʦʥʠʢʥʦʩʪʽ. ʅʘ ʚʠʭʦʜʽ ʛʘʟʫ 
ʚʠʩʦʪʘ ʩʪʠʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʫʩʠʣʣʷʤ ʩʪʠʩʢʘʥʥʷ ʢʽʣʝʮʴ. 

ʇʨʠʡʤʘʻʤʦ ʥʘʩʪʫʧʥʽ ʧʨʠʧʫʱʝʥʥʷ: ʧʨʦʮʝʩ ʪʝʯʽʾ ʩʪʘʣʠʡ ʦʜʥʦʤʽʨʥʠʡ; ʩʠʣʘʤʠ ʽʥʝʨʮʽʾ 

ʥʝʭʪʫʻʤʦ; ʧʨʦʮʝʩ ʪʝʯʽʾ ʽʟʦʪʝʨʤʽʯʥʠʡ; ʚʠʩʦʪʘ ʩʪʠʢʫ, ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʥʠʢʥʦʩʪʽ ʡ ʚôʷʟʢʽʩʪʴ ʛʘʟʫ 
ʣʽʥʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ ʧʦ ʜʦʚʞʠʥʽ ʢʦʥʪʘʢʪʫ ʚʽʜ ʪʠʩʢʫ; ʨʫʭ ʛʘʟʫ ʚ ʩʪʠʢʫ ʣʘʤʽʥʘʨʥʠʡ. 

ʅʘ ʨʠʩʫʥʢʫ 2 ʧʨʠʚʝʜʝʥʦ ʩʭʝʤʫ ʜʦ ʚʠʚʝʜʝʥʥʷ ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ. 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʜʦ ʚʠʚʝʜʝʥʥʷ ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ 
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ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ, ʷʢʘ ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʪʝʯʽʾ ʛʘʟʫ ʤʽʞ ʫʱʽʣʴʥʶʚʘʣʴʥʠʤʠ ʢʽʣʴʮʷʤʠ, 

ʟʘʧʠʰʝʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

ï ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ 

0
)(1
=

ÖÖÖ
Ö

dr

Vhrd

r

rr
; (2) 

ï ʨʽʚʥʷʥʥʷ ʨʫʭʫ 

()dr

dP

p

pk
Vr Ö=

m

)(
; (3) 

ï ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ 

TR
P

T=
r

; (4) 

ï  ʚʠʩʦʪʘ ʩʪʠʢʫ 

( )[ ]PPahh -Ö-Ö= 10 1 ; (5) 

ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʥʠʢʥʦʩʪʽ 

[ ])(1 10 PPbkk -Ö-Ö= ; (6) 

ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ 

( )[ ]PPc -Ö-Ö= 10 1mm . (7) 

ʋ ʨʽʚʥʷʥʥʷʭ (2) ï (7) ʚʭʦʜʷʪʴ ʪʘʢʽ ʚʝʣʠʯʠʥʠ: r ï ʧʦʪʦʯʥʠʡ ʨʘʜʽʫʩ; r ï ʛʫʩʪʠʥʘ; k ï 

ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʥʠʢʥʦʩʪʽ; ʈ ï ʧʦʪʦʯʥʠʡ ʪʠʩʢ; TR  ï ʛʘʟʦʚʘ ʧʦʩʪʽʡʥʘ;0h , 0k , 0m  ï ʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ 

ʩʪʠʢʫ, ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʦʥʠʢʥʦʩʪʽ ʡ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʥʘ ʚʭʦʜʽ ʚ ʩʪʠʢ ʚʽʜʧʦʚʽʜʥʦ; a, b, c ï 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ; 
1P  ï ʪʠʩʢ ʥʘ ʚʭʦʜʽ ʚ ʩʪʠʢ. 

ʇʨʦʚʽʚʰʠ ʥʝʦʙʭʽʜʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ 
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dr
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rdr

Pd
, (8) 

ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ 

P = P1   ʧʨʠ   r = r 1; 
P = P2   ʧʨʠ   r = r 2. 

ʋ ʨʽʚʥʷʥʥʽ (8) ʢʦʝʬʽʮʽʻʥʪʠ A, B, C ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ 

( )PPa
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=

11
; 

( )PPb

b
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-Ö-
=

11
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( )PPc

c
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-Ö-
=

11
; 

P
D

1
= .                    (9) 

ʈʽʚʥʷʥʥʷ (8) ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʪʝʯʽʾ ʛʘʟʫ ʢʨʽʟʴ ʪʦʨʮʝʚʽ ʟʦʥʠ ʢʦʥʪʘʢʪʫ ʢʽʣʝʮʴ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ 

ʩʪʠʩʢʫʚʘʥʥʷ ʛʘʟʫ, ʟʤʽʥʝʥʥʷ ʚʠʩʦʪʠ ʩʪʠʢʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʦʥʠʢʥʦʩʪʽ ʚʥʘʩʣʽʜʦʢ ʧʨʫʞʥʦʛʦ 
ʭʘʨʘʢʪʝʨʫ ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʚʟʘʻʤʥʦ ʢʦʥʪʘʢʪʫʶʯʠʭ ʜʝʪʘʣʝʡ ʽ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʠʪʠ 

ʚʧʣʠʚ ʦʢʨʝʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʭʘʨʘʢʪʝʨ ʟʤʽʥʝʥʥʷ ʪʠʩʢʫ ʪʘ ʡʦʛʦ ʛʨʘʜʽʻʥʪʘ ʧʦ ʜʦʚʞʠʥʽ ʟʦʥʠ 

ʢʦʥʪʘʢʪʫ ʚ ʥʘʧʨʷʤʢʫ ʪʝʯʽʾ ʛʘʟʫ. 
ʈʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ (8) ʚʽʜʥʦʩʥʦ ʨʦʟʧʦʜʽʣʫ ʽ ʛʨʘʜʽʻʥʪʘ ʪʠʩʢʫ ʧʦ ʜʦʚʞʠʥʽ ʟʦʥʠ ʢʦʥʪʘʢʪʫ 

ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʩʝʨʝʜʦʚʠʱ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʘʢʝʪʫ MathCAD.  

ɿʥʘʥʥʷ ʛʨʘʜʽʻʥʪʘ ʪʠʩʢʫ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʚʝʣʠʯʠʥʫ ʚʠʪʦʢʫ ʛʘʟʫ ʟʘ ʬʦʨʤʫʣʦʶ 

,2 2
dr

dPk
hrQ ÖÖÖÖÖ=
m

p  (10) 

ʜʝ h, k,m, 

dr

dP
, ï ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʚʠʭʦʜʽ. 

ɯʩʥʫʶʪʴ ʜʝʢʽʣʴʢʘ ʨʽʟʥʠʭ ʫʤʦʚ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ (8), ʘ ʩʘʤʝ: 

ï ʨʽʜʠʥʘ ʥʝʩʪʠʩʣʠʚʘ: const=r , consth= , constk= , ( )[ ]PPc -Ö-Ö= 10 1mm  
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0
1

2

2

2

=ö
÷

õ
æ
ç

å
Ö-Ö+

dr

dP
C

dr

dP

rdr

Pd
; (11) 

ï ʨʽʜʠʥʘ ʥʝʩʪʠʩʣʠʚʘ: const=r , const=m , ( )[ ]PPahh -Ö-Ö= 10 1 , 

[ ])(1 10 PPbkk -Ö-Ö=  

( ) 0
1

2

2

2

=ö
÷

õ
æ
ç

å
Ö++Ö+

dr

dP
BA

dr

dP

rdr

Pd
; (12) 

ï ̔ʜʝʘʣʴʥʠʡ  ʛʘʟ  (ʈ ¢ 10 ʄʇʘ): 
TR

P

T Ö
=r  ; const=m , consth= , constk=  

0
1

2

2

2

=ö
÷

õ
æ
ç

å
Ö+Ö+

dr

dP
D

dr

dP

rdr

Pd
; (13) 

ï ʽʜʝʘʣʴʥʠʡ  ʛʘʟ  (ʈ ¢ 10 ʄʇʘ):
TR

P

T Ö
=r ; ( )[ ]PPahh -Ö-Ö= 10 1 ; 

[ ])(1 10 PPbkk -Ö-Ö= ; ( )[ ]PPc -Ö-Ö= 10 1mm  

( ) 0
1

2

2

2

=ö
÷

õ
æ
ç

å
Ö+-++Ö+

dr

dP
DCBA

dr

dP

rdr

Pd
. (14) 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʝʯʽʾ ʛʘʟʫ ʢʨʽʟʴ ʩʪʠʢʠ ʧʨʠ ʧʨʫʞʥʦʤʫ 

ʢʦʥʪʘʢʪʽ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʩʪʦʩʦʚʥʦ ʩʘʣʴʥʠʢʦʚʠʭ ʫʱʽʣʴʥʝʥʴ ʧʦʨʰʥʝʚʠʭ ʢʦʤʧʨʝʩʦʨʽʚ, ʷʢʘ 
ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʡ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʫʱʽʣʴʥʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ.  

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

1. ɼʝʤʢʠʥ, ʅ.ɹ. ʂʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʦʥʪʘʢʪ ʜʝʪʘʣʝʡ ʤʘʰʠʥ [ʊʝʢʩʪ] / ʅ.ɹ. ɼʝʤʢʠʥ, 

ʕ.ɺ. ʈʳʞʦʚ ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1981. ï 244 ʩ. 

 
 

ʆɹʆʑɽʅʅɸʗ ʆʉɽʉʀʄʄɽʊʈʀʏʅɸʗ ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ 

ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʕʅɽʈɻʀʀ ɺ ʆɹʒɽʄɽ ʈɸɹʆʏɽɻʆ ʇʈʆʉʊʈɸʅʉʊɺɸ 

ʌɽʈʈʆʉʇʃɸɺʅʆʁ ʕʃɽʂʊʈʆʇɽʏʀ 

ɺ.ʀ. ʅʝʞʫʨʠʥ, ɺ.ʖ. ʂʫʚʘʝʚ, ʄ.ʖ. ʂʘʨʷʢʘ 

 

ʅʘʮʠʦʥʘʣʴʥʘʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ ʋʢʨʘʠʥʳ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 

ɺʚʝʜʝʥʠʝ. ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʬʝʨʨʦʩʧʣʘʚʥʳʭ ʵʣʝʢʪʨʦʧʝʯʝʡ (ʌʇ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʧʦʜʜʝʨʞʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʰʠʭʪʦʚʦʛʦ, ʵʣʝʢʪʨʦʜʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʝʞʠʤʦʚ ʢʦʥʢʨʝʪʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʧʣʘʚʢʠ ʩʧʣʘʚʘ. 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʘʥʥʳ ʧʝʯʠ,  

ʧʝʯʥʦʛʦ ʢʦʥʪʫʨʘ ʠ ʧʦʜʜʝʨʞʘʥʠʝʤ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʧʣʘʚʢʠ, ʯʪʦ ʩʦʟʜʘʝʪ 
ʪʨʝʙʫʝʤʦʝ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ, ʚʚʦʜʠʤʦʡ ʚ ʨʘʙʦʯʝʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʘʥʥʳ ʧʝʯʠ. 

ɼʘʥʥʳʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʧʦʪʝʥʮʠʘʣʦʚ ʠ 
ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙʲʝʤʝ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʘʥʥʳ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʡʩʪʚʫʶʱʠʭ ʧʝʯʝʡ [1, 2], ʯʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʘʨʪʠʥʫ ʩʪʨʦʝʥʠʷ 

ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʘʥʥʳ ʧʝʯʠ ʧʨʠ ʚʳʧʣʘʚʢʝ ʨʘʟʥʳʭ ʩʧʣʘʚʦʚ ʠ ʨʝʰʠʪʴ ʨʷʜ ʟʘʜʘʯ ʧʦ 
ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʚʳʧʣʘʚʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ ʦʙʦʙʱʝʥʥʫʶ ʩʭʝʤʫ 

ʟʘʤʝʱʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʌʇ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʧʝʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɸʉʋ ʊʇ [2]. 
ʆʜʥʘʢʦ ʛʨʦʤʦʟʜʢʦʩʪʴ ʠ ʪʨʫʜʦʝʤʢʦʩʪʴ ʤʝʪʦʜʦʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʘʥʥʳ 
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ʜʝʡʩʪʚʫʶʱʠʭ ʧʝʯʝʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʦʞʠʜʘʝʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʧʨʦʝʢʪʠʨʫʝʤʳʭ 

ʠʣʠ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʳʭ ʌʇ. 

ʀʟʚʝʩʪʝʥ ʨʷʜ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʦʙʲʝʤʝ ʚʘʥʥʳ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʝʛʦ ʜʣʷ  ʦʩʚʘʠʚʘʝʤʳʭ ʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʧʝʯʝʡ. 
ɸʚʪʦʨʘʤʠ ʙʳʣʘ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʟʨʘʙʦʪʢʠ ʦʙʦʙʱʝʥʥʦʡ  

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʩʝʯʝʥʠʠ 

ʩʘʤʦʦʙʞʠʛʘʶʱʝʛʦʩʷ ʵʣʝʢʪʨʦʜʘ ʠ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʦʙʲʝʤʝ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 
ʚʘʥʥʳ ʌʇ ʧʦ ʤʝʪʦʜʫ ʚʪʦʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʬʦʨʤʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʌʨʝʜʛʦʣʴʤʘ ɯɯ 

ʨʦʜʘ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʝʡʩʪʚʫʶʱʠʭ ʧʝʯʝʡ [3]. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ʚʪʦʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ 
ʧʦʩʪʨʦʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʝʪʘ ʧʦʣʝʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ 

ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜ ʠ 

ʩʣʦʞʥʳʭ ʬʦʨʤ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʩʨʝʜ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʌʇ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʚʘʥʥʝ ʧʝʯʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʝʝ ʨʝʰʘʪʴ ʟʘʜʘʯʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʘʮʠʦʥʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʰʣʘʢʦʚʳʭ ʬʝʨʨʦʩʧʣʘʚʥʳʭ 
ʵʣʝʢʪʨʦʧʝʯʝʡ. 

ʄʘʪʝʨʠʘʣ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʪʨʫʢʪʫʨʘ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʳ ʨʘʙʦʯʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʨʫʛʣʦʡ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʌʇ, ʚʳʧʣʘʚʣʷʶʱʝʡ ʩʠʣʠʢʦʤʘʨʛʘʥʝʮ, ʤʦʜʝʣʴ ʢʦʪʦʨʦʡ 
ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ, ʩʠʤʤʝʪʨʠʯʥʘ ʦʩʠ ʢʘʞʜʦʛʦ ʵʣʝʢʪʨʦʜʘ. ʀʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʦʩʝʚʦʡ ʩʠʤʤʝʪʨʠʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʨʘʜʠʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʩʘʤʦʦʙʞʠʛʘʶʰʝʛʦʩʷ ʵʣʝʢʪʨʦʜʘ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʳ ʩ 

ʧʦʜʚʦʜʦʤ ʪʦʢʘ ʯʝʨʝʟ ʩʚʝʨʭʧʨʦʚʦʜʷɦ ʠʡ ʢʦʥʪʘʢʪ ʵʣʝʢʪʨʦʜʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ, 
ʠ ʦʪʚʦʜʦʤ ʯʝʨʝʟ ʩʚʝʨʭʧʨʦʚʦʜʷʱʫʶ ʚʘʥʥʫ ʩʧʣʘʚʘ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʧʨʠʥʠʤʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: 

1. ɺʘʥʥʘ ʢʨʫʛʣʘʷ ʩ ʪʨʝʤʷ ʢʨʫʛʣʳʤʠ ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. 

2. ʆʙʲʝʤ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʘʥʥʳ ʩʦʩʪʦʠʪ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʳ ʩ ʧʨʦʚʦʜʠʤʦʩʪʷʤʠ 

5g ʠ 6g, ʠ ʦʙʲʝʤʘ ʰʠʭʪʳ ʩ ʧʨʦʚʦʜʠʤʦʩʪʷʤʠ 3g ʠ 4g. 

3. ɾʠʜʢʠʡ ʨʘʩʧʣʘʚ (ʧʦʚʝʨʭʥʦʩʪʴ S5) ʠ ʧʦʚʝʨʭʥʦʩʪʠ S1, S2, S3, S4 ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʝ 

(g=¤). 

4. ʕʣʝʢʪʨʦʜʳ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʟʦʥ ʩ ʧʨʦʚʦʜʠʤʦʩʪʷʤʠ 1g ʠ 2g. 

5. ɼʫʛʦʚʦʡ ʨʘʟʨʷʜ ʥʝ ʫʯʠʪʳʚʘʣʩʷ, ʧʦʩʢʦʣʴʢʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚʳʧʣʘʚʢʠ 

ʩʠʣʠʢʦʤʘʨʛʘʥʮʘ ʷʚʣʷʝʪʩʷ ʰʣʘʢʦʚʳʤ; ʞʠʜʢʠʡ ʪʦʢʦʧʨʦʚʦʜʷʱʠʡ ʰʣʘʢ ʰʫʥʪʠʨʫʝʪ ʜʫʛʦʚʦʡ 

ʧʨʦʤʝʞʫʪʦʢ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʘ ʜʦʣʶ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ ʧʨʠʭʦʜʠʪʩʷ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʥʝ ʙʦʣʝʝ 10 % 
ʵʥʝʨʛʠʠ, ʚʳʜʝʣʷʝʤʦʡ ʚ ʚʘʥʥʝ ʧʝʯʠ. 

6. ʇʨʘʚʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʠʤʝʝʪ ʥʘʯʘʣʦ ʚ ʮʝʥʪʨʝ ʚʘʥʥʳ ʥʘ ʫʨʦʚʥʝ 

ʢʦʣʦʰʥʠʢʘ. 
7. ɺʚʠʜʫ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʵʬʬʝʢʪʘ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʝ 

ʫʯʠʪʳʚʘʣʦʩʴ. 

ʉ ʫʯʝʪʦʤ ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʡ ʠ ʫʩʣʦʚʠʡ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 
1ʘ. 

ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʦʣʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʩʣʝʜʫʶʱʠʡ: 

1. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʪʦʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʩʨʝʜ ʩ 

ʨʘʟʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 1 6g -g. 
2. ʇʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʪʦʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚ 

ʚʳʙʨʘʥʥʳʭ ʪʦʯʢʘʭ ʩʝʯʝʥʠʷ ʵʣʝʢʪʨʦʜʘ ʠ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʘʥʥʳ ʧʝʯʠ. 

3. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ (ij ) ʠ ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʘʷ ʤʦʥɦʦʩʪʴ (ip ) ʚ 

ʚʳʙʨʘʥʥʳʭ ʪʦʯʢʘʭ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʘʥʥʳ ʧʝʯʠ 
i ij E=g  ʠ 

2

i i ip E=g , ʛʜʝ iE  - 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ i-ʪʦʡ ʪʦʯʢʝ ʦʙʲʝʤʘ.  

ʅʘ ʨʠʩʫʥʢʝ 1ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʥʝʨʛʠʠ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʘʥʥʳ ʢʨʫʛʣʦʡ ʩʠʣʠʢʦʤʘʨʛʘʥʮʝʚʦʡ ʧʝʯʠ ʪʠʧʘ ʈʂɻ-75 ʩʦ 
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ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʘʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʦʢʘ ʵʣʝʢʪʨʦʜʘ Iaɻ=100 ʢɸ; ʜʠʘʤʝʪʨ ʚʘʥʥʳ 

ʧʝʯʠ Dʚ=12600 ʤʤ; ʚʳʩʦʪʘ ʰʠʭʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅʚ=3500 ʤʤ; ʜʠʘʤʝʪʨ ʨʘʩʧʘʜʘ ʵʣʝʢʪʨʦʜʦʚ 

Dʨ=5600 ʤʤ; ʜʠʘʤʝʪʨ ʵʣʝʢʪʨʦʜʘ D=ɻ2000 ʤʤ, ʧʦʣʫʩʬʝʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʪʦʨʮʘ ʵʣʝʢʪʨʦʜʘ ʠ ʛʣʫʙʠʥʘ 

ʝʛʦ ʧʦʛʨʫʞʝʥʠʷ ʚ ʚʘʥʥʫ ʧʝʯʠ 1 ʤ, ʘ ʪʘʢʞʝ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʩʝʯʝʥʠʠ 
ʵʣʝʢʪʨʦʜʘ ʠ ʣʠʥʠʠ ʨʘʚʥʦʡ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʮʝʥʪʨʝ ʚʳʙʨʘʥʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʣʦʱʘʜʦʢ 

ʨʘʜʠʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʚʘʥʥʳ ʧʦ ʦʩʠ ʚʘʥʥʳ ʠ ʵʣʝʢʪʨʦʜʘ. 

 
 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʚʝʨʝʥʳ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʥʘ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʚʘʥʥʝ ʧʝʯʠ 
ʈʂɻ-75, ʛʜʝ ʚʳʧʦʣʥʷʣʦʩʴ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʝʡ ʟʦʥ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʛʝʦʤʝʪʨʠʠ ʚʘʥʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʢʨʠʪʝʨʠʷʤʠ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ. ʇʦʪʝʥʮʠʘʣʳ ʪʦʯʝʢ ʦʙʲʝʤʘ ʚʘʥʥʳ ʠʟʤʝʨʷʣʠʩʴ 
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ʤʝʪʦʜʦʤ ʜʚʦʡʥʦʛʦ ʟʦʥʜʘ, ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʚ ʢʘʞʜʦʤ ʵʣʝʤʝʥʪʘʨʥʦʤ 

ʦʙʲʝʤʝ ʚʘʥʥʳ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʳʭ ʘʢʪʠʚʥʳʭ 

ʤʦʱʥʦʩʪʝʡ ʚ ʚʳʜʝʣʝʥʥʳʭ ʪʦʯʢʘʭ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʤ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʠ 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ, ʩʦʚʧʘʜʘʶʪ ʩ ʠʥʞʝʥʝʨʥʦʡ ʪʦʯʥʦʩʪʴʶ. 

ɺʳʚʦʜʳ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʚʦʟʤʦʞʥʦ ʧʨʠ ʨʘʩʯʝʪʝ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʠʣʠ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʦʡ ʬʝʨʨʦʩʧʣʘʚʥʦʡ ʧʝʯʠ ʠ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 
ʦʙʨʘʟʦʤ: 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʝʯʠ ʩ ʧʦʤʦʱʴʶ 

ʠʟʚʝʩʪʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ. 
2. ʈʘʩʯʝʪ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʧʝʯʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʚʘʥʥʳ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʚ ʦʙʲʝʤʝ ʚʘʥʥʳ ʧʝʯʠ ʠ ʥʘʭʦʞʜʝʥʠʝ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʠʘʤʝʪʨʘ ʨʘʩʧʘʜʘ ʠ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ. ʂʨʠʪʝʨʠʝʤ 

ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʩʣʫʞʘʪ ʠʟʚʝʩʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʨʫʜʥʦʡ ʵʣʝʢʪʨʦʪʝʨʤʠʠ [4]. 

3. ʋʪʦʯʥʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʬʝʨʨʦʩʧʣʘʚʥʦʡ 
ʧʝʯʠ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʜʝʡʩʪʚʫʶʱʠʭ ʌʇ ʧʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʚʳʧʣʘʚʢʠ ʬʝʨʨʦʩʧʣʘʚʦʚ ʚ 
ʩʣʫʯʘʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʚʘʥʥʝ ʧʝʯʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʦʩʘʜʢʠ ʵʣʝʢʪʨʦʜʦʚ. 
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ɸɻʈɽʉʉʀɺʅʓʍ ʉʈɽɼɸʍ  

ʃ.ɺ. ʅʦʚʠʢʦʚʘ 

 

ʋʢʨʘʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 

ʐʘʨʥʠʨʥʦ-ʩʪʝʨʞʥʝʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ (ʐʉʂ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʭ ʥʘʜʸʞʥʦʩʪʠ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ. ʏʘʩʪʦ ʪʘʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʪʘʢʪʘ ʩ ʘʛʨʝʩʩʠʚʥʳʤʠ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʨʝʜʘʤʠ (ɸʉ), ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʢʦʨʨʦʟʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʤʝʪʘʣʣʘ, 

ʠʟʤʝʥʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʝ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʩʢʦʨʦʩʪʴ 
ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʟʘʜʘʯʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ɸʉ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʐʉʂ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 

ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʬʠʣʝʡ, ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ ʧʦʚʝʜʝʥʠʷ, 
ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʣʠʯʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʝ ʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʝʸ ʨʝʘʣʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʭ 
ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ.  
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ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʛʨʫʧʧ ʫʨʘʚʥʝʥʠʡ: ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʤʝʭʘʥʠʢʠ ʠ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʚʦ 

ʚʨʝʤʝʥʠ. ʈʘʟʤʝʨʥʦʩʪʴ ʉɼʋ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʩʯʸʪʥʦʡ ʩʭʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ 
ʰʘʨʥʠʨʥʦ-ʩʪʝʨʞʥʝʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʵʣʝʤʝʥʪʦʚ. ʉʢʦʨʦʩʪʴ 

ʢʦʨʨʦʟʠʠ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦʨʘʷ ʥʝ ʠʤʝʝʪ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ 

ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʘʣʛʦʨʠʪʤʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʉɼʋ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʪʦʣʴʢʦ ʯʠʩʣʝʥʥʦ. 
ʇʦʛʨʝʰʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ ʨʝʰʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ï ʧʘʨʘʤʝʪʨʦʚ 

ʚrʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʯʝʥʠʡ. ʇʦʩʣʝʜʥʠʝ ʚʦ ʤʥʦʛʦʤ 

ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʨʠʥʷʪʳʤʠ ʤʦʜʝʣʷʤʠ ʢʦʨʨʦʜʠʨʫʶʱʠʭ ʩʝʯʝʥʠʡ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʥɹʦʩʪʴ 
ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ʤʦʜʝʣʠ. 

ʄʦʜʝʣʴ ʢʦʨʨʦʜʠʨʫʶʱʝʛʦ ʩʝʯʝʥʠʷ ʜʦʣʞʥʘ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʪʴ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ 

ʧʣʦɦ ʘʜʠ, ʧʝʨʠʤʝʪʨʘ ʠ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʩʝʯʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʙʳʪʴ ʫʜʦʙʥʦʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ɺ 

ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʢʦʨʨʦʜʠʨʫʶʱʠʭ ʩʝʯʝʥʠʡ 

ʵʣʝʤʝʥʪʦʚ ʐʉʂ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʢʘʪʥʳʭ ʧʨʦʬʠʣʝʡ (ʜʚʫʪʘʚʨ, ʰʚʝʣʣʝʨ, 
ʫʛʦʣʦʢ).  

ɼʣʷ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ ʪʘʢʠʭ ʐʉʂ ʚ [1] ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʦʜʝʣʠ ʩʝʯʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʤʦʜʝʣʴ (ɸ)). ʂ ʠʭ 
ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ (ʥʝ ʙʦʣʝʝ ʯʝʪʳʨʸʭ) ʠ 

ʫʜʦʙʩʪʚʦ ʚʳʯʠʩʣʝʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ, ʧʨʠ 

ʚʥʝʰʥʝʤ ʧʦʜʦʙʠʠ ʩ ʨʝʘʣʴʥʳʤʠ, ʤʦʜʝʣʴʥʳʝ ʧʨʦʬʠʣʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʨʘʜʠʫʩʳ ʟʘʢʨʫʛʣʝʥʠʷ ʠ ʫʛʣʳ 
ʥʘʢʣʦʥʘ ʧʦʣʦʢ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʧʝʨʝʥʦʩʝ ʨʘʟʤʝʨʦʚ ʨʝʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ 

ʥʘ ʤʦʜʝʣʴʥʳʡ, ʟʥʘʯʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʝʯʝʥʠʡ ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ ʫʞʝ ʚ ʥʘʯʘʣʴʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (ʦʪ 11% ʜʦ 25% ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʨʘʟʤʝʨʦʚ). ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʸʪʦʚ ʟʘʣʦʞʝʥʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʚʳʯʠʩʣʝʥʠʡ.  

ʋʪʦʯʥʸʥʥʘʷ ʤʦʜʝʣʴ ʩʝʯʝʥʠʷ (ʤʦʜʝʣʴ (ɺ)) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʨʝʫʛʦʣʥɹʳʭ 

ʬʨʘʛʤʝʥʪʦʚ [2] ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʝʤʴʶ ʧʘʨʘʤʝʪʨʘʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 
ʪʦʯʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʨʝʘʣʴʥʳʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ 

ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʙʫʝʪ ʨʝʘʣʠʟʘʮʠʠ ʛʨʦʤʦʟʜʢʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ. 

ɸʚʪʦʨʦʤ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ x  ʜʣʷ ʤʦʜʝʣʠ ʩʝʯʝʥʠʷ 

(ɸ) ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʨʦʮʝʩʩ ʢʦʨʨʦʟʠʠ ʚ ʥʸʤ ʧʨʦʪʝʢʘʣ ʪʘʢ ʞʝ, ʢʘʢ ʚ ʩʝʯʝʥʠʠ, ʦʧʠʩʳʚʘʝʤʦʤ 

ʤʦʜʝʣʴʶ (ɺ) ʩ ʟʘʜʘʥʥʳʤ ʚʝʢʪʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ y .  

ʇʘʨʘʤʝʪʨʳ ʩʝʯʝʥʠʷ x  ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʧʝʨʠʤʝʪʨʦʚ, 

ʧʣʦɦ ʘʜʝʡ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ 

ʚʨʝʤʝʥʠ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʪ ʤʝʩʪʦ ʟʘʜʘʯʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʤʦʜʝʣʠ (ɸ) ʧʦ ʧʘʨʘʤʝʪʨʘʤ x. ɿʘʜʘʯʘ ʬʦʨʤʫʣʠʨʦʚʘʣʘʩʴ, ʢʘʢ ʟʘʜʘʯʘ ʙʝʟʫʩʣʦʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠ 

ʨʝʰʘʣʘʩʴ ʤʝʪʦʜʦʤ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ.  

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʙʦʣʝʝ 
ʫʜʦʙʥʫʶ ʤʦʜʝʣʴ (ɸ) ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʪʦʡ ʞʝ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ, ʯʪʦ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʦʜʝʣʠ (ɺ).  

ʇʦʚʝʜʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʩʣʝʜʫʝʪʩʷ ʧʫʪʸʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʩʠʩʪʝʤ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩ ʢʦʨʨʦʟʠʠ ʚ ʝʸ ʵʣʝʤʝʥʪʘʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʥʘʜʸʞʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʸʪʳ ʩ ʟʘʜʘʥʥʦʡ 
ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ, ʧʫʪʸʤ ʩʦʟʜʘʥʠʷ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ ʠ ʧʨʦʮʝʜʫʨ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʣʠ ʙʳ ʜʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ 
ʚʳʯʠʩʣʠʪʝʣʥɹʳʭ ʟʘʪʨʘʪʘʭ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʦʧʠʩʘʥʠʝ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʉɼʋ, ʪʦ ʝʩʪʴ ʪʘʢʠʭ ʟʥʘʯʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʨʝʰʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 
ʧʦʣʫʯʝʥʦ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪʘʭ.  

ʊʦʯʥʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʉɼʋ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʰʘʛʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʘʣʛʦʨʠʪʤʘ ʝʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ 
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ʪʘʢʦʛʦ ʥʘʠʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʨʘʟʙʠʝʥʠʷ ʠʥʪʝʨʚʘʣʘ, ʯʪʦʙʳ ʧʦʛʨʝʰʥʦʩʪʴ ʯʠʩʣʝʥʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʝ ʧʨʝʚʳʰʘʣʘ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʥʠʷ ʉɼʋ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʘʢʪʠʚʘʮʠʠ ʜʣʷ ʚʭrʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ. 
ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʦʪʜʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʦʛʨʘʥʠʯʝʥʠʤ̫ʠ 

ʧʦ ʧʨʦʯʥʦʩʪʠ, ʩʧʣʦʰʥʦʩʪʠ ʩʝʯʝʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ ʧʝʨʚʳʭ ʜʚʫʭ ʩʣʫʯʘʷʭ ʥʘ ʪʦʯʥʦʩʪʴ ʨʝh ʝʥʠʷ 

ʉɼʋ ʙʫʜʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʧʣʦʱʘʜʴ ʠ ʧʝʨʠʤʝʪʨ ʩʝʯʝʥʠʷ, ʚʝʣʠʯʠʥʘ ʥʘʯʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

0s
 ʠ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ 

0v . ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʚʘʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ 

ʤʠʥʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʝʯʝʥʠʷ ʠ ʜʣʠʥʘ ʵʣʝʤʝʥʪʘ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ *0s
. ʉ ʫʯʸʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʜʣʷ ʨʝh ʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʀʅʉ ʩ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʭʦʜʥʳʭ ʠ ʩʢʨʳʪʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʨʠʩ. 1).  
ʊʘʢ ʢʘʢ ʨʘʟʤʝʨʳ ʩʝʯʝʥʠʡ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʩʪʘʥʜʘʨʪʘʤʠ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʀʅʉ ʧʨʠʥʠʤʘʝʪʩʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʠʧʦʨʘʟʤʝʨʘ ʧʨʦʬʠʣʷ, ʘ ʠʭ ʢʦʥʢʨʝʪʥʳʝ 

ʟʥʘʯʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ, ʢʘʢ ʵʣʝʤʝʥʪʳ ʩʪʨʦʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʞʜʦʤʫ ʧʨʦʬʠʣʶ ʤʘʪʨʠʮ. ɼʣʷ 
ʢʘʞʜʦʛʦ ʠʟ ʪʠʧʦʚ ʩʝʯʝʥʠʡ (ʜʚʫʪʘʚʨ, ʰʚʝʣʣʝʨ, ʫʛʦʣʦʢ) ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʫʣ ʠ ʤʦʜʝʣʝʡ ʢʦʨʨʦʜʠʨʫʶʱʠʭ ʩʝʯʝʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ [1]. 

 
ʈʠʩʫʥʦʢ 1 - ɸʨʭʠʪʝʢʪʫʨʘ ʀʅʉ ʜʣʷ ʨʘʩʪʷʥʫʪʳʭ (ʘ) ʠ ʩʞʘʪʳʭ (ʙ) ʵʣʝʤʝʥʪʦʚ 
 

ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ ʩʢʨʳʪʦʛʦ ʩʣʦʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʛʤʦʠʜʘʣʴʥʘʷ ʬʫʥʢʮʠʷ. 

ɼʣʷ ʚʳʭʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠʥʠʤʘʣʘʩʴ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ. ʅʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ 

ʦʙʨʘʟʮʦʚ N  ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʝʪʠ ʦʧʨʝʜʝʣʷʣʦʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ [3, 4].  

ɼʣʷ ʦʙʫʯʝʥʠʷ ʩʝʪʠ ʙʳʣ ʧʨʠʤʝʥʸʥ ʚʝʱʝʩʪʚʝʥʥʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ [5]. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ (ʧʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʤʘʪʨʠʮ ʚʝʩʦʚ) ʬʫʥʢʮʠʠ ʩʨʝʜʥʝʡ ʦʰʠʙʢʠ ʩʝʪʠ. 
ʈʝʟʫʣʴʪʘʪʦʤ ʦʙʫʯʝʥʠʷ ʀʅʉ ʷʚʣʷʝʪʩʷ ʥʘʙʦʨ ʤʘʪʨʠʮ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ 

ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʧʨʦʬʠʣʝʡ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʟʥʫʶ ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʉɼʋ. 

ʉʭʝʤʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ  

 

ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʙʳʣʘ ʨʝʰʝʥʘ ʟʘʜʘʯʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʦʡ ʰʘʨʥʠʨʥʦ-ʩʪʝʨʞʥʝʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ   ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʵʪʘʣʦʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʤ 



140 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʰʘʛʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʦʙʫʯʘʣʘʩʴ ʜʣʷ ʧʨʝʜʝʣʥɹʦ-

ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ 05,0*=e . ʇʦʛʨʝʰʥʦʩʪʴ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʚʦʩʴʤʠ ʠʪʝʨʘʮʠʷʭ, ʩʦʩʪʘʚʠʣʘ e = 0,0449. 

ɺʳʚʦʜʳ. ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʉɼʋ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʢʦʨʨʦʟʠʦʥʥʳʡ ʧʨʦʮʝʩʩ, ʠ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʝʜʣʦʞʝʥʥʳʡ 
ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʨʝʰʝʥʠʷ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʦʮʝʜʫʨʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʨʘʩʯʸʪʦʚ ʢʦʨʨʦʜʠʨʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1. ɿʝʣʝʥʮʦʚ ɼ.ɻ. ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʩʯʸʪʦʚ ʢʦʨʨʦʜʠʨʫʶʱʠʭ ʦʙʲʝʢʪʦʚ. 
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ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼɽʌʆʈʄʀʈʆɺɸʅʀʗ ʆɹʆʃʆʏɽʂ 

ʅʋʃɽɺʆʁ ɻɸʋʉʉʆɺʆʁ ʂʈʀɺʀɿʅʓ 

ɺ.ʀ. ʆʣʝʚʩʢʠʡ1, ʖ.ɹ. ʆʣʝʚʩʢʘʷ2 
 

1ʋʢʨʘʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 
2ʅʘʮʠʦʥʘʣʴʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 
ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʠʤ ʢʣʘʩʩʦʤ ʦʙʦʣʦʯʝʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʷʚʣʷʝʪʩʷ ʢʣʘʩʩ ʦʙʦʣʦʯʝʢ ʥʫʣʝʚʦʡ ʛʘʫʩʩʦʚʦʡ ʢʨʠʚʠʟʥʳ. ʇʦʩʪʦʷʥʥʳʡ ʠʥʪʝʨʝʩ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʟʘʜʘʯʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʦʣʦʯʝʢ ʥʫʣʝʚʦʡ ʛʘʫʩʩʦʚʦʡ ʢʨʠʚʠʟʥʳ ʥʝ ʧʨʠʚʝʣ ʢ 
ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʢ ʝʝ ʢʦʨʨʝʢʪʥʦʤʫ ʨʝʰʝʥʠʶ. ʇʦʵʪʦʤʫ ʩʝʛʦʜʥʷ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʩʭʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʩʩʤʦʪʨʝʪʴ ʟʘʜʘʯʫ ʚ 

ʫʩʣʦʞʥʝʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ, ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦʡ ʨʝʘʣʴʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʡ. 
ʇʨʠ ʨʝʰʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʟʘʜʘʯ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʦʥʢʦʩʪʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʤʘʰʠʥ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ [1-5]. ʆʥ 
ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦʝ ʠ ʧʦʣʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʦʣʦʯʝʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ 

ʩʣʦʞʥʦʤ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʊʦʯʥʦʩʪʴ ʨʘʩʰʠʬʨʦʚʢʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ, 
ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʝʡ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ. ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʪʨʝʙʫʝʪ 

ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʨʫʪʠʥʥʦʡ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʧʦ ʚʚʦʜʫ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʧʦʨʷʜʢʦʚ ʧʦʣʦʩ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʥʘ ʢʦʤʧʴʶʪʝʨʝ, ʯʪʦ ʦʩʦʙʝʥʥʦ 
ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʚʦʜʘ ʠ 

ʦʙʨʘʙʦʪʢʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ [3] ʨʘʩʩʯʠʪʘʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʢʦʥʢʨʝʪʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʠ ʪʠʧʳ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʧʣʦʩʢʦʛʦ, ʦʜʥʦʤʝʨʥʦʛʦ ʠ ʪ.ʜ.), ʯʪʦ 
ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʨʷʜʦʤ ʘʚʪʦʨʦʚ 

ʤʝʪʦʜʠʢʠ ʨʘʩʰʠʬʨʦʚʢʠ [1, 3, 4] ʥʝ ʫʯʠʪʳʚʘʶʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʚʚʦʜʠʤʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʫʩʪʨʘʥʷʝʪ 

ʫʢʘʟʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ [5]. ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ 
ʦʙʦʣʦʯʝʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʫʣʝʚʦʡ ʛʘʫʩʩʦʚʦʡ ʢʨʠʚʠʟʥʳ, ʙʘʟʠʨʫʶʱʝʝʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚʘʭ 

ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 
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ʇʦʚʝʨʭʥʦʩʪʴ ʥʫʣʝʚʦʡ ʛʘʫʩʩʦʚʦʡ ʢʨʠʚʠʟʥʳ ʤʦʞʥʦ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʩʠʩʪʝʤʦʡ ʧʣʦʩʢʠʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʘʥʝʣʝʡ, ʙʦʢʦʚʳʤʠ ʩʪʦʨʦʥʘʤʠ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʦʪʨʝʟʢʠ ʙʣʠʟʢʠʭ ʧʦ ʧʦʣʦʞʝʥʠʶ ʦʙʨʘʟʫʶʱʠʭ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ 

ʧʝʨʝʤʝʱʝʥʠʡ ʪʦʯʝʢ ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʝʭʛʦʣʦʛʨʘʤʤʥʘʷ ʩʭʝʤʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ, 
ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʦʜʥʦʤ ʦʧʦʨʥʦʤ ʧʫʯʢʝ. ʉʭʝʤʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ. 1 - ʣʘʟʝʨʥʳʡ ʛʝʥʝʨʘʪʦʨ, 2 ï ʟʝʨʢʘʣʘ,  

3 ï ʨʘʩʰʠʨʷʶʱʘʷ ʣʠʥʟʘ, 4 ï ʠʟʫʯʘʝʤʳʡ ʦʙʲʝʢʪ, 5 ï ʬʦʪʦʧʣʘʩʪʠʥʢʠ 

 

ʇʦʩʣʝ ʨʝʛʠʩʪʨʘʮʠʠ ʜʚʫʭ ʵʢʩʧʦʟʠʮʠʡ - ʧʨʠ ʥʝʥʘʛʨʫʞʝʥʥʦʤ ʠ ʥʘʛʨʫʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 
ʦʙʲʝʢʪʘ - ʧʦʣʫʯʘʶʪ ʧʣʦʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʥʘʙʣʶʜʝʥʠʶ ʠʟ ʪʦʯʝʢ ( ), ,i ʥi ʥi ʥiM x y z , 1,3i = . ɺʚʦʜ ʣʠʥʠʡ ʧʦʨʷʜʢʘ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʬʦʪʦʛʨʘʬʠʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ ʩʢʘʥʠʨʫʶʪʩʷ ʠ 
ʟʘʥʦʩʷʪʩʷ ʚ ʧʘʤʷʪʴ ʢʦʤʧʴʶʪʝʨʘ ʚ ʚʠʜʝ ʛʨʘʬʠʯʝʩʢʠʭ ʬʘʡʣʦʚ ʩ ʨʘʩʰʠʨʝʥʠʝʤ, ʥʘʧʨʠʤʝʨ, jpg, 

ʷʚʣʷʶʱʠʤʩʷ ʩʘʤʳʤ ʧʦʧʫʣʷʨʥʳʤ ʚʘʨʠʘʥʪʦʤ ʩʞʘʪʠʷ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʚʩʝʭ 

ʧʣʘʪʬʦʨʤʘʭ, ʠʣʠ ʚ ʚʠʜʝ ʬʘʡʣʦʚ ʜʨʫʛʦʛʦ ʬʦʨʤʘʪʘ. ɼʘʣʝʝ ʬʘʡʣ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʵʢʨʘʥʝ ʚ 
ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʦʤ ʦʢʥʝ ʥʘ ʧʘʥʝʣʠ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ. ʉʥʷʪʠʝ ʠʥʬʦʨʤʘʮʠʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʘʞʘʪʠʷ ʢʣʘʚʠʰʠ ʤʳʰʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʢʘʭ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʟʘʧʨʦʩʫ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʦʡ ʉʋɹɼ. ɸʣʛʦʨʠʪʤ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʦʩʥʦʚʥʦʤ ʠʟʣʦʞʝʥ ʚ [5]. ɺ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ X O Y¡ ¡ ¡(ʨʠʩ.2), 

ʩʚʷʟʘʥʥʦʡ ʩ ʧʘʥʝʣʴʶ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʟʘʜʘʝʪʩʷ ʙʘʟʦʚʘʷ ʪʦʯʢʘ ( ),B B BM x y¡ ¡ ʠ ʦʪʨʝʟʦʢ 

ʦʩʠ OY  ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ XOY, ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʧʨʦʝʢʮʠʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. ɼʘʣʴʥʝʡʰʠʝ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʩʠʩʪʝʤʝ XOY, ʜʣʷ ʯʝʛʦ 
ʚʚʝʜʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʣʠʥʠʡ ʨʘʚʥʦʛʦ ʧʦʨʷʜʢʘ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ 

,cos sin , cos sinB Bx x y x y y x yj j j j¡ ¡ ¡ ¡= + - = - - 

ʛʜʝ j - ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʩʠʩʪʝʤʳ XO ʦʪʥʦʩʠʪʝʣʴʥʦ X O Y¡ ¡ ¡, 

cos sin , sin cosB B B B B Bx x y y x yj j j j¡ ¡ ¡ ¡= + =- +  

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʧʦʤʠʥʘʚʰʘʷʩʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʢʠ ʩʠʩʪʝʤʦʡ ʩʢʣʘʜʦʢ (ʨʠʩ.2). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʠʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ 

( , , )M r zq, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ i -ʪʦʡ ʩʢʣʘʜʢʝ ( 1, )i n= , ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ 

( )1
1 1

1

i i
i i

i i

x x
x x

q q
q q-

- -

-

-
= - +
-

, 
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( )( )( )
( )

2, 1 2, 2, 1 2, 1 2, 2, 1

1 2 1

1, 2,

/i i i i i i

i i

y y y y x x x x
z z z z

y y

- - - -
è ø- + - - -ê ú= + -

-
, 

ʛʜʝ , ,r zq  - ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʩʴʶ 

ʦʙʦʣʦʯʢʠ, ʬʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠ ʟʘʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ( , )r r zq= , , ,i j kr zq  - 

ʬʠʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʫʛʣʦʚʳʭ ʪʦʯʝʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʢʣʘʜʢʠ, ( )1, 1,;i ix y , ( )2, 2,;i ix y  - 

ʢʦʦʨʜʠʥʘʪʳ ʫʛʣʦʚʳʭ ʪʦʯʝʢ ʧʨʦʝʢʮʠʠ ʩʢʣʘʜʢʠ ʚ ʩʠʩʪʝʤʝ XOY (ʨʠʩ.2). 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʧʨʠʙʣʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʩʪʝʤʦʡ ʩʢʣʘʜʦʢ 

 
ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʘʩʩʠʚʳ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʣʠʥʠʡ ʨʘʚʥʦʛʦ ʧʦʨʷʜʢʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʝʤ ʥʝʢʦʤʧʣʘʥʘʨʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʥʘʙʣʶʜʝʥʠʷ, ʧʦʟʚʦʣʷʶʪ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʷʜʢʦʚ ʧʦʣʦʩ. ʅʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʜʣʷ ʵʪʦʛʦ 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʥʦ-ʵʢʩʪʨʘʧʦʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʄʉʕɸ) [6] ʩ ʧʦʰʘʛʦʚʳʤ 

ʚʳʙʦʨʦʤ ʥʘʠʣʫʯʰʝʡ ʤʦʜʝʣʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʬʦʨʤʘʣʠʟʘʮʠʷ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʠ 

ʥʝʦʜʥʦʨʦʜʥʦʤ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʪʨʝʙʫʝʪ ʚʚʦʜʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʪʦʯʝʢ.  
ɺʳʰʝʦʧʠʩʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʮʝʥʪʨʦʚ ʧʦʣʦʩ ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ 0,1 ʤʤ [3] ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʚʚʦʜʠʤʳʭ ʪʦʯʝʢ (ʜʦ 200-400 ʥʘ ʢʘʞʜʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʙʣʶʜʝʥʠʷ). 
ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʷʜʢʘ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ 

ʧʦʣʠʥʦʤʘ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʟʥʘʯʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ ʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʝʝ ʠʩʭʦʜʥʳʤ 

ʜʘʥʥʳʤ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʯʠʩʣʦ ʪʦʯʝʢ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʯʠʩʣʘ ʦʧʨʝʜʝʣʷʝʤʳʭ 
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ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʢʨʠʪʝʨʠʝʚ (ʉʪʴʶʜʝʥʪʘ, ʌʠʰʝʨʘ, ɼʫʨʙʠʥʘ-ɺʘʪʩʦʥʘ) ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʳʭ ʛʠʧʦʪʝʟ ʧʨʠ 

ʚʳʙʦʨʝ ʥʘʠʣʫʯʰʝʡ ʤʦʜʝʣʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʪʦʯʝʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʫʣʫʯʰʘʶʪʩʷ; ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʪʝʨʠ ʪʦʯʥʦʩʪʠ ʧʨʠ ʩʫʤʤʠʨʦʚʘʥʠʠ ʤʦʞʝʪ 
ʙʳʪʴ ʫʩʧʝʰʥʦ ʧʨʝʦʜʦʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʜʘʥʥʳʭ ʧʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ [7, 8]. 

ʇʦʩʢʦʣʴʢʫ ʬʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠ ʟʘʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ( , )r r zq= , ʪʦ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʚʫʤʝʨʥʳʝ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʤʦʜʝʣʠ ʧʦʨʷʜʢʦʚ ʧʦʣʦʩ ʜʣʷ i -ʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʥʘʙʣʶʜʝʥʠʷ ʚ ʚʠʜʝ 
( ) ( )

0 0

n i n j
j k

i jki

j k

N b zq
= =

=ää . 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʠʟʚʝʩʪʥʳʤ ʬʦʨʤʫʣʘʤ [4]. 
ɼʘʣʴʥʝʡʰʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʂʦʰʠ ʠ 

ʫʨʘʚʥʝʥʠʷʤʠ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʪʘʢʞʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʪʦʯʢʝ. 

ʇʨʦʠʟʚʦʜʷ ʚʳʯʠʩʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʦʙʨʘʟʫʶʱʠʭ ʠ 
ʥʘʧʨʘʚʣʷʶʱʠʭ ʦʙʦʣʦʯʢʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʰʘʛʦʤ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʛʨʘʬʠʢʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʯʘʥʘ ʜʝʰʣʘʤʘʪʦʨʘ 
ʄɼ-9ɸ. ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʟʛʦʪʦʚʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʣʘ 

ʩʦʙʦʡ ʥʘʛʨʫʞʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʚʠʥʪʦʚʦʛʦ ʪʠʧʘ ʠ ʩʠʣʦʠʟʤʝʨʠʪʝʣʴ (ʨʠʩ. 3ʘ).  

 

  
                          ʘ)                                                         ʙ) 
ʈʠʩʫʥʦʢ 3 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʘ) ʠ ʤʦʜʝʣʴ ʯʘʥʘ (ʙ) 

 

ʆʥʘ ʧʦʟʚʦʣʷʣʘ ʚʦʩʩʦʟʜʘʪʴ ʫʩʠʣʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʝʰʣʘʤʘʪʦʨʘ 
ʚʩʣʝʜʩʪʚʠʝ ʪʷʞʝʩʪʠ ʤʝʭʘʥʠʟʤʘ ʚʨʘʱʝʥʠʷ ʛʨʘʙʝʣʴ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʩʪʘ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʝʡ ʤʦʜʝʣʴ (ʨʠʩ. 3ʙ) ʠʤʠʪʠʨʦʚʘʣʘ ʚ ʚʳʙʨʘʥʥʦʤ ʤʘʩʰʪʘʙʝ 1: 40 ʞʝʩʪʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʥʘ, 

ʜʥʠʱʘ, ʩʠʣʦʚʦʛʦ ʥʘʙʦʨʘ ʠ ʫʩʣʦʚʠʷ ʦʧʠʨʘʥʠʷ ʨʝʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ.  
 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʩʦʦʪʥʦʰʝʥʠʝ ʦʩʝʚʦʡ ʊ ʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʡ q  ʥʘʛʨʫʟʦʢ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ q  ʦʧʨʝʜʝʣʷʣʘʩʴ ʫʨʦʚʥʝʤ ʚʦʜʳ ʚ ʯʘʥʝ H , 

ʠʟʤʝʨʝʥʥʳʤ ʦʪ ʧʣʦʩʢʦʩʪʠ ʩʦʯʣʝʥʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʠ ʢʦʥʠʯʝʩʢʦʡ ʯʘʩʪʝʡ. ɼʣʷ ʬʠʢʩʘʮʠʠ 
ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʦʪʦʧʣʘʩʪʠʥʢʠ ʤʘʨʢʠ ɺʈ-ʃ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʚ 

ʦʪʨʘʞʝʥʥʳʭ ʣʫʯʘʭ. ʇʨʠʤʝʨ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʚʦʜʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ 4.  
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ʘ) 

       

 
ʙ) 

ʈʠʩʫʥʦʢ 4 ï ʈʝʟʫʣʴʪʘʪʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʚʦʜʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ ʩʦ ʩʪʦʨʦʥʳ 

ʧʘʪʨʫʙʢʘ (ʘ) ʠ ʟʦʥʳ ʦʧʦʨʳ ʤʦʩʪʘ (ʙ). 
 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʝʡ ʨʘʜʠʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ (ʨʠʩ. 5-8) ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 
ɺʦ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʣʫʯʘʷʭ ʧʦʣʝ ʧʨʦʛʠʙʦʚ ʦʙʦʣʦʯʢʠ ʯʘʥʘ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʦ ʠ 

ʥʝʦʜʥʦʨʦʜʥʦ ʢʘʢ ʚ ʦʩʝʚʦʤ (L), ʪʘʢ ʠ ʚ ʦʢʨʫʞʥʦʤ (ɸ, ɺ, ʉ) ʥʘʧʨʘʚʣʝʥʠʷʭ. ʍʦʨʦʰʦ ʚʠʜʥʦ ʫʧʨʫʛʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʩ ʨʘʜʠʘʣʴʥʳʤ ʩʠʣʦʚʳʤ ʥʘʙʦʨʦʤ ʥʠʞʥʝʡ ʯʘʩʪʠ ʯʘʥʘ, 
ʩʦ ʩʪʨʠʥʛʝʨʘʤʠ ʚ ʟʦʥʝ ʦʧʠʨʘʥʠʷ ʤʦʩʪʘ, ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʜʣʷ ʩʣʠʚʘ ʠ ʩʦ ʩʣʠʚʥʳʤ ʞʝʣʦʙʦʤ. 
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ɼʣʷ ʩʣʫʯʘʷ ʯʠʩʪʦʛʦ ʦʩʝʚʦʛʦ ʩʞʘʪʠʷ (ʨʠʩ. 5) ʧʦʣʝ ʨʘʜʠʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʯʘʥʘ w  

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʷʪʴ ʧʦʜʦʙʣʘʩʪʝʡ: ʜʚʝ ʦʙʣʘʩʪʠ ʧʨʦʛʠʙʘ ʢ ʮʝʥʪʨʫ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʫ 

ʧʘʪʨʫʙʢʦʚ, ʜʚʝ ʦʙʣʘʩʪʠ ʧʨʦʛʠʙʘ ʦʪ ʮʝʥʪʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʟʦʥʝ ʦʧʦʨʠ ʤʦʩʪʘ ʠ ʟʦʥʘ ʚʣʠʷʥʠʷ 

ʫʧʨʫʛʦʡ ʟʘʜʝʣʢʠ ʫ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʯʘʥʘ.  

  
                            ʘ)                                                                    ʙ)  

ʈʠʩʫʥʦʢ 5 ï ʇʨʦʛʠʙʳ ʧʨʠ ʦʩʝʚʦʤ ʩʞʘʪʠʠ ʚ ʟʦʥʝ ʧʘʪʨʫʙʢʘ (ʘ) ʠ ʦʧʦʨʳ ʤʦʩʪʘ (ʙ). 
 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʷ (ʨʠʩ. 6) ʦʙʦʣʦʯʢʘ ʯʘʥʘ ʚʧʣʦʪʴ 

ʜʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʘʥʩʘʤʙʣʴ ʧʘʥʝʣʝʡ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ 
ʩʠʣʦʚʳʤ ʥʘʙʦʨʦʤ ʥʠʞʥʝʡ ʯʘʩʪʠ. 

 

   
                            ʘ)                                                                    ʙ)  

ʈʠʩʫʥʦʢ 6 ï ʇʨʦʛʠʙʳ ʧʨʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʚʥʫʪʨʝʥʥʝʤ ʜʘʚʣʝʥʠʠ ʚ ʟʦʥʝ ʧʘʪʨʫʙʢʘ (ʘ) ʠ 
ʦʧʦʨʳ ʤʦʩʪʘ (ʙ). 

 

ɸʥʘʣʠʟ ʧʦʣʝʡ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʩʯʝʪ ʧʨʦʯʥʦʩʪʠ ʯʘʥʘ ʜʝʰʣʘʤʘʪʦʨʘ 
ʜʦʣʞʝʥ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʦ ʫʪʦʯʥʝʥʥʳʤ ʤʦʜʝʣʷʤ, ʫʯʠʪʳʚʘʶʱʠʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʣʷ 

ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʣʦʢʘʣʴʥʳʝ ʵʬʬʝʢʪʳ ʧʦʜʢʨʝʧʣʷʶʱʝʛʦ ʥʘʙʦʨʘ. ʊʘʢʦʡ ʨʘʩʯʝʪ ʧʦʟʚʦʣʠʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʠʣʦʚʦʛʦ ʥʘʙʦʨʘ ʠ ʫʪʦʯʥʠʪʴ ʧʦʪʨʝʙʥʫʶ ʪʦʣʱʠʥʫ ʩʪʝʥʢʠ ʯʘʥʘ, ʯʪʦ 
ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʤʝʥʝʝ ʤʘʪʝʨʠʘʣʦʸʤʢʫʶ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʦʣʝʝ ʥʘʜʝʞʥʫʶ ʠ ʜʦʣʛʦʚʝʯʥʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ. 
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ʌɯɿʀʂʆ-ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ʇʈʆʎɽʉʋ ʌʆʈʄʋɺɸʅʅʗ ɿʆɹʈɸɾɽʅʅʗ ɺ 

ʌʆʊʆɸʇɸʈɸʍ ʇʈʀ ɺʀʂʆʈʀʉʊɸʅʅɯ ʂʆʄɹɯʅʆɺɸʅʆɻʆ ʉʇʆʉʆɹʋ 

ɼ.ʆ. ʇʽʚʪʦʨʘʢ 

 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʂʠʾʚ 

 
ɺʩʪʫʧ. ɺ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʬʦʪʦʢʘʤʝʨʘʭ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ 

ʚʠʢʣʠʢʘʥʽ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʶ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ (ʽʥʪʝʨʚʘʣ ʷʩʢʨʘʚʦʩʪʽ ʦʙôʻʢʪʫ 

ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ) ʜʠʥʘʤʽʯʥʦʤʫ ʜʽʘʧʘʟʦʥʫ ʨʝʻʩʪʨʘʪʦʨʘ ʟʦʙʨʘʞʝʥʥʷ, ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 
ʧʦʧʝʨʝʜʥʷ ʬʽʣʴʪʨʘʮʽʷ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ. ʌʫʥʢʮʽʾ ʥʘʡʧʨʦʩʪʽʰʠʭ ʬʽʣʴʪʨʽʚ ʚʠʢʦʥʫʶʪʴ 

ʝʢʩʧʦʥʦʤʝʪʨʠʯʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʜʘʚʣʝʥʥʷ ʥʠʟʴʢʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʯʘʩʪʦʪ 

ʟʦʙʨʘʞʝʥʥʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʷʢʽ ʥʝ ʥʝʩʫʪʴ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʇʨʠ ʟʡʦʤʮʽ ʚ ʫʤʦʚʘʭ ʚʝʣʠʢʦʛʦ 
ʽʥʪʝʨʚʘʣʫ ʷʩʢʨʘʚʦʩʪʝʡ ʚ ʤʝʞʘʭ ʢʘʜʨʫ, ʝʢʩʧʦʥʦʤʝʪʨʠʯʥʽ ʧʨʠʩʪʨʦʾ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ  

ʢʝʨʫʚʘʥʥʷ ʝʢʩʧʦʟʠʮʽʾ ʢʦʞʥʦʾ ʝʣʝʤʝʥʪʘʨʥʦʾ ʜʽʣʷʥʢʠ ʢʘʜʨʫ, ʪʦʙʪʦ, ʟʘʙʝʟʧʝʯʠʪʠ ʣʦʢʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ 

ʝʢʩʧʦʟʠʮʽʻʶ. 
ɺʽʜʦʤʽ ʝʢʩʧʦʥʦʤʝʪʨʠʯʥʽ ʧʨʠʩʪʨʦʾ ʟ ʣʦʢʘʣʴʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʝʢʩʧʦʟʠʮʽʻʶ ʫʤʦʚʥʦ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʽ, ʘʜʠʪʠʚʥʽ ʪʘ ʢʦʤʙʽʥʦʚʘʥʽ [1, 2, 3]. 

ʈʦʟʨʦʙʢʘ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʚ 

ʬʦʪʦʘʧʘʨʘʪʘʭ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ. ʇʽʜ ʮʠʬʨʦʚʦʶ ʬʦʪʦʛʨʘʬʽʯʥʦʶ 

ʩʠʩʪʝʤʦʶ ʨʦʟʫʤʽʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʴ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʤʽʞ ʦʙ'ʻʢʪʦʤ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʽ 

ʡʦʛʦ ʟʦʙʨʘʞʝʥʥʷʤ ʪʘ ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʡʦʛʦ ʧʝʨʝʜʘʯʽ [2].  
ɼʝʥʥʽ ʬʦʪʦʘʧʘʨʘʪʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʘʩʠʚʥʠʭ ʽʢʦʥʽʯʥʠʭ ʩʠʩʪʝʤ ʽ ʤʘʶʪʴ ʩʧʨʘʚʫ ʟ 

ʥʝʢʦʛʝʨʝʥʪʥʠʤ ʚʣʘʩʥʠʤ ʽ ʚʽʜʙʠʪʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʦʙ'ʻʢʪʘ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ. ɺʭʽʜʥʠʤ 

ʩʠʛʥʘʣʦʤ ʜʣʷ ʥʠʭ ʻ ʦʧʪʠʯʥʝ ʧʦʣʝ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʠʤ (ʟʘ ʪʨʴʦʤʘ ʢʦʦʨʜʠʥʘʪʘʤʠ 

zyx ,, ), ʩʧʝʢʪʨʘʣʴʥʠʤ (ʟʘ ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ l) ʽ ʯʘʩʦʚʠʤ )(t  ʨʦʟʧʦʜʽʣʦʤ ʡʦʛʦ ʘʤʧʣʽʪʫʜʠ 

A, ʬʘʟʠ j ʪʘ ʢʫʪʘ f, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʣʦʱʠʥʦʶ ʧʦʣʷʨʠʟʘʮʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ  

),,,(,, tzyxA fj . 

ʋ ʬʦʪʦʛʨʘʬʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʫʩʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʥʝ ʨʝʻʩʪʨʫʶʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ 

ʧʨʠʯʠʥ:  
1. ʏʝʨʝʟ ʥʝʢʦʛʝʨʝʥʪʥʽʩʪʴ ʧʨʠʨʦʜʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʧʨʠ ʜʝʥʥʽʡ ʟʡʦʤʮʽ) ʪʘ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʰʪʫʯʥʠʭ ʜʞʝʨʝʣ (ʥʘʧʨʠʢʣʘʜ, ʽʤʧʫʣʴʩʥʠʭ ʣʘʤʧ), ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʥʽʯʥʦʤʫ ʬʦʪʦʛʨʘʬʫʚʘʥʥʽ, ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʬʘʟʦʚʽ ʟʤʽʥʠ ʦʧʪʠʯʥʦʛʦ ʧʦʣʷ. 
2. ʏʝʨʝʟ ʥʝʩʝʣʝʢʪʠʚʥʫ ʨʝʘʢʮʽʶ ʩʚʽʪʣʦʯʫʪʣʠʚʦʛʦ ʩʝʥʩʦʨʫ ʥʘ ʟʤʽʥʫ ʧʣʦʱʠʥʠ ʧʦʣʷʨʠʟʘʮʽʾ 

ʧʘʜʘʶʯʦʛʦ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ 

ʧʦʣʷʨʠʟʘʮʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 
3. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʪʝʭʥʽʯʥʦʾ ʟʡʦʤʢʠ (ʥʘʧʨʠʢʣʘʜ, ʘʝʨʦʬʦʪʦʟʡʦʤʢʘ), ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʽʜʩʪʘʥʝʡ (ʚʠʩʦʪ), ʷʢʽ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʨʦʟʤʽʨ ʦʙôʻʢʪʽʚ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ 

ʥʘʧʨʷʤʢʫ, ʪʦʤʫ ʥʘʡʯʘʩʪʽʰʝ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʨʦʟʧʦʜʽʣʦʤ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘ 

ʢʦʦʨʜʠʥʘʪʦʶ z . 
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4. ɿʘʣʝʞʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʘʨʘʤʝʪʨʘ )(tL  ʟʚʠʯʘʡʥʦ ʥʝ ʚʩʪʠʛʘʻ ʽʩʪʦʪʥʦ ʧʨʦʷʚʠʪʠʩʷ 

ʟʘ ʤʘʣʠʡ ʯʘʩ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʦʤ ʝʢʩʧʦʥʫʚʘʥʥʷ ʩʚʽʪʣʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ 

ʬʦʪʦʩʝʥʩʦʨʫ), ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʝʭʪʫʚʘʪʠ ʽ ʯʘʩʦʚʠʤ ʨʦʟʧʦʜʣ̔ʦʤ )(tL . 

5. ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʥʦʭʨʦʤʥʠʡ ʩʝʥʩʦʨ (ʯʦʨʥʦ-ʙʽʣʘ ʧʣʽʚʢʘ), ʘʙʦ ʩʝʥʩʦʨ, ʷʢʠʡ 
ʧʨʘʮʶʻ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ (ʥʘʧʨʠʢʣʘʜ, ʚʠʜʠʤʘ ʘʙʦ ʙʣʠʞʥʷ ɯʏ-ʦʙʣʘʩʪʴ). ʋ 

ʟʚôʷʟʢʫ ʟ ʮʠʤ  ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʨʦʟʧʦʜʽʣʦʤ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘ ʚʩ̔ʴʶ l, 

ʨʦʟʛʣʷʜʘʶʯʠ ʪʽʣʴʢʠ ʽʥʪʝʛʨʘʣʴʥʽ ʦʧʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʬʦʪʦʛʨʘʬʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʽʣʴʢʠ ʫ 

ʚʠʛʣʷʜʽ ʜʚʦʤʽʨʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ ʷʩʢʨʘʚʦʩʪʽ ),( yxL .  

ʂʦʤʙʽʥʦʚʘʥʠʡ ʩʧʦʩʽʙ 

ʨʝʻʩʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʟ ʚʝʣʠʢʠʤ 
ʽʥʪʝʨʚʘʣʦʤ ʷʩʢʨʘʚʦʩʪʽ ʤʦʞʝ ʙʫʪʠ 

ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʪʝʭʥʽʯʥʠʭ 
ʨʽʝhʥʴ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʦʪʦʘʧʘʨʘʪʘ, ʱʦ ʤʘʻ ʯʘʩʪʦʪʥʦ-

ʚʠʙʽʨʢʦʚʠʡ ʬʽʣʴʪʨ, ʢʝʨʦʚʘʥʠʡ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʛʦ ʦʧʪʠʢʦ-

ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʘʥʘʣʫ [6], ʘʙʦ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʛʦ 

ʬʦʪʦʘʧʘʨʘʪʘ, ʟ ʚʩʪʘʥʦʚʣʝʥʠʤʠ 

ʧʝʨʝʜ ʩʚʽʪʣʦʯʫʪʣʠʚʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʤʽʢʨʦʣʽʥʟʘʤʠ ʽʟ 

ʟʤʽʥʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʧʨʦʧʫʩʢʘʥʥʷ [7]. 
ʈʦʟʛʣʷʥʫʪʘ ʚ ʨʦʙʦʪʽ 

ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ 
ʫ ʬʦʪʦʘʧʘʨʘʪʘʭ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʙʽʥʦʚʘʥʠʡ 

ʩʧʦʩʽʙ ʨʝʻʩʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ, ʽ ʱʦ 
ʤʘʶʪʴ ʦʧʪʠʯʥʠʡ ʝʣʝʤʝʥʪ ʟ 

ʬʦʪʦʭʨʦʤʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʥʘ 

ʷʢʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʛʦ 

ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʘʥʘʣʫ 

ʙʫʜʫʻʪʴʩʷ ʯʘʩʪʦʪʥʦ-ʚʠʙʦʨʯʘ 

ʬʽʣʴʪʨ-ʤʘʩʢʘ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 
ʉʚʽʪʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʥʝʩʝ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʨʦʩʪʦʨʦʚʠʡ 

ʨʦʟʧʦʜʽʣ ʷʩʢʨʘʚʦʩʪʽ ʦʙôʻʢʪʫ 
ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ, ʩʧʦʪʚʦʨʝʥʠʡ 

ʘʪʤʦʩʬʝʨʦʶ ʽ ʯʘʩʪʦʪʥʦ-

ʦʙʤʝʞʝʥʠʡ ʩʚʽʪʣʦʬʽʣʴʪʨʦʤ, 
ʧʨʦʡʰʦʚʰʠ ʯʝʨʝʟ ʦʙ'ʻʢʪʠʚʠ 

ʬʦʪʦʘʧʘʨʘʪʘ ʽ ʦʧʪʠʢʦ-

ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʘʥʘʣʫ, ʩʪʚʦʨʶʻ 
ʯʘʩʪʢʦʚʦ ʨʦʟʬʦʢʫʩʦʚʘʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʯʫʪʣʠʚʽʡ ʧʣʦʱʘʜʮʽ 

ʩʝʥʩʦʨʘ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʦʛʦ 
ʢʘʥʘʣʫ ʽ, ʫ ʨʘʟʽ ʚʽʜʢʨʠʪʦʛʦ ʟʘʪʚʦʨʘ 

- ʫ ʧʣʦʱʠʥʽ ʩʚʽʪʣʦʯʫʪʣʠʚʦʛʦ 

ʩʝʥʩʦʨʫ ʘʧʘʨʘʪʫ. 

 
ʈʠʩʫʥʦʢ ï ʌ̔ ʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ 

ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ  ʚ ʬʦʪʦʘʧʘʨʘʪʘʭ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʤʙʽʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʨʝʻʩʪʨʘʮʽʾ 
ʟʦʙʨʘʞʝʥʥʷ 
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ʅʘ ʝʢʨʘʥʽ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʘʥʘʣʫ ʟ'ʷʚʣʷʻʪʴʩʷ ʨʦʟʧʦʜʽʣ ʷʩʢʨʘʚʦʩʪʽ, ʘʥʘʣʦʛʽʯʥʝ 

ʨʦʟʧʦʜʽʣʫ ʷʩʢʨʘʚʦʩʪʽ ʦʙôʻʢʪʘ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ, ʘʣʝ ʷʢʝ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʧʝʢʪʨʘʣʴʥʽʡ ʟʦʥʽ 

ʯʫʪʣʠʚʦʩʪʽ ʬʦʪʦʭʨʦʤʥʦʛʦ ʝʣʝʤʝʥʪʫ. ɼʘʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʝʢʮʽʡʥʦʛʦ ʦʙ'ʻʢʪʠʚʘ, 

ʚʽʜʙʠʚʰʠʩʴ ʚʽʜ ʜʽʭʨʦʾʯʥʦʛʦ ʜʟʝʨʢʘʣʘ, ʧʨʦʝʢʪʫʻʪʴʩʷ ʥʘ ʦʧʪʠʯʥʫ ʧʣʘʩʪʠʥʫ, ʱʦ ʤʘʻ ʣʽʥʽʡʥʫ 
ʟʘʣʝʞʥʽʩʪʴ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʚʽʜ ʝʢʩʧʦʟʠʮʽʾ, ʩʪʚʦʨʶʶʯʠ ʥʘ ʥʽʡ ʨʦʟʧʦʜʽʣ ʦʩʚʽʪʣʝʥʦʩʪʽ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʥʘ ʦʧʪʠʯʥʽʡ ʧʣʘʩʪʠʥʽ ʟ'ʷʚʣʷʻʪʴʩʷ ʨʦʟʧʦʜʽʣ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʧʫʩʢʘʥʥʷ, ʘʥʘʣʦʛʽʯʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʦʩʚʽʪʣʝʥʦʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ 
ʩʚʽʪʣʦʯʫʪʣʠʚʦʛʦ ʩʝʥʩʦʨʫ, ʩʪʚʦʨʶʚʘʥʦʛʦ ʦʙ'ʻʢʪʠʚʦʤ ʬʦʪʦʘʧʘʨʘʪʘ. ʇʽʩʣʷ ʯʦʛʦ ʯʝʨʝʟ ʧʦʙʫʜʦʚʘʥʫ 

ʤʘʩʢʫ ʥʘ ʩʚʽʪʣʦʯʫʪʣʠʚʠʡ ʰʘʨ ʩʚʽʪʣʦʯʫʪʣʠʚʦʛʦ ʩʝʥʩʦʨʫ ʚ ʙʫʜʴ-ʷʢʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʝʢʩʧʦʥʫʶʪʴ 

ʟʦʙʨʘʞʝʥʥʷ ʦʙôʻʢʪʘ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʩʬʦʨʤʦʚʘʥʝ ʦʙ'ʻʢʪʠʚʦʤ ʪʘ ʟʦʙʨʘʞʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʾ 
ʷʩʢʨʘʚʦʩʪʽ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʚ ʩʚʽʪʣʦʯʫʪʣʠʚʦʾ ʰʘʨʽ ʩʚʽʪʣʦʯʫʪʣʠʚʦʛʦ ʩʝʥʩʦʨʫ ʟ'ʷʚʣʷʻʪʴʩʷ 

ʨʦʟʧʦʜʽʣ ʜʽʶʯʠʭ ʝʢʩʧʦʟʠʮʽʡ [4, 5]. 

ɺʠʩʥʦʚʦʢ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ 

ʫ ʬʦʪʦʘʧʘʨʘʪʘʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʙʽʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʨʝʻʩʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʟ ʚʝʣʠʢʠʤ 

ʽʥʪʝʨʚʘʣʦʤ ʷʩʢʨʘʚʦʩʪʽ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 
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ɼ.ɸ. ʇʽʚʪʦʨʘʢ 

 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʂʠʾʚ 

 
ʇʦʧʝʨʝʜʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʘ ʦʙʨʦʙʢʘ ʨʝʻʩʪʨʦʚʘʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʢʘʤʝʨʘʭ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʷʩʢʨʘʚʦʩʪʝʡ 
ʦʙôʻʢʪʘ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ. ʌʫʥʢʮʽʾ ʥʘʡʧʨʦʩʪʽʰʠʭ ʬʽʣʴʪʨʽʚ ʧʨʠ ʮʴʦʤʫ ʚʠʢʦʥʫʶʪʴ ʝʢʩʧʦʥʦʤʝʪʨʠʯʥʽ 
ʧʨʠʩʪʨʦʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʜʘʚʣʝʥʥʷ ʥʠʟʴʢʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʯʘʩʪʦʪ ʟʦʙʨʘʞʝʥʥʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʷʢʽ ʥʝ 
ʥʝʩʫʪʴ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʇʨʠ ʟʡʦʤʮʽ ʚ ʫʤʦʚʘʭ ʚʝʣʠʢʦʛʦ ʽʥʪʝʨʚʘʣʫ ʷʩʢʨʘʚʦʩʪʝʡ ʚ ʤʝʞʘʭ ʢʘʜʨʫ, 
ʝʢʩʧʦʥʦʤʝʪʨʠʯʥʽ ʧʨʠʩʪʨʦʾ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʫʧʨʘʚʣʽʥʥʷ ʝʢʩʧʦʟʠʮʽʻʶ ʢʦʞʥʦʾ ʝʣʝʤʝʥʪʘʨʥʦʾ 
ʜʽʣʷʥʢʠ ʢʘʜʨʫ, ʪʦʙʪʦ, ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʣʦʢʘʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʝʢʩʧʦʟʠʮʽʻʶ. 

ɺʽʜʦʤʽ ʝʢʩʧʦʥʦʤʝʪʨʠʯʥʽ ʧʨʠʩʪʨʦʶ ʟ ʣʦʢʘʣʴʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʝʢʩʧʦʟʠʮʽʻʶ ʫʤʦʚʥʦ ʜʽʣʷʪʴʩʷ ʥʘ 
ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʽ, ʘʜʠʪʠʚʥʽ ʽ ʢʦʤʙʽʥʦʚʘʥʽ. ʂʦʞʝʥ ʚʠʜ ʝʢʩʧʦʥʦʤʝʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʣʦʢʘʣʴʥʠʤ 
ʫʧʨʘʚʣʽʥʥʷʤ ʝʢʩʧʦʟʠʮʽʻʶ ʤʘʶʪʴ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 
ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ ʮʠʬʨʦʚʦʾ ʚʽʜʝʦ-, ʬʦʪʦʟʡʦʤʢʠ [1]. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʪʨʘʪ ʚ ʦʧʪʠʯʥʦʤʫ 
ʢʘʥʘʣʽ, ʱʦ ʧʦʪʨʝʙʫʻ ʢʦʨʝʢʮʽʾ ʨʝʛʫʣʶʶʯʠʭ ʝʢʩʧʦʟʠʮʽʶ ʧʘʨʘʤʝʪʨʽʚ. ɿʙʽʣʴʰʝʥʥʷ ʩʚʽʪʣʦʯʫʪʣʠʚʦʩʪʽ ʚʝʜʝ 
ʜʦ ʟʨʦʩʪʘʥʥʷ ʰʫʤʽʚ, ʘ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʠʤʢʠ ʜʦ ʧʦʷʚʠ ʟʩʫʚʫ ʧʨʠ ʟʡʦʤʮʽ ʟ ʨʫʭʣʠʚʠʭ ʥʦʩʽʾʚ. 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʞ ʘʜʠʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ ʝʬʝʢʪʠʚʥʫ ʚʠʪʨʠʤʢʫ ʟʘʪʚʦʨʘ, ʘʣʝ 
ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʢʦʥʪʨʘʩʪʫ ʜʨʽʙʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʊʦʤʫ ʚʠʢʣʠʢʘʻ ʽʥʪʝʨʝʩ ʤʦʞʣʠʚʽʩʪʴ 
ʦʜʥʦʯʘʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʛʦ, ʽ ʘʜʠʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʚ ʦʜʥʦʤʫ ʬʦʪʦʘʧʘʨʘʪʽ 
(ʢʦʤʙʽʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʣʦʢʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʝʢʩʧʦʟʠʮʽʾ) [1]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʣʦʢʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʝʢʩʧʦʟʠʮʽʾ 
ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʨʝʻʩʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ. 

ʇʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʫ ʬʦʪʦʘʧʘʨʘʪʘʭ, ʦʩʥʘʱʝʥʠʭ 
ʝʢʩʧʦʥʦʤʝʪʨʠʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟ ʣʦʢʘʣʴʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʝʢʩʧʦʟʠʮʽʻʶ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 
ʢʦʤʙʽʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʧʨʦʩʪʦʨʦʚʦʾ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ, ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʦʩʥʦʚʽ ʧʨʦʩʪʦʨʦʚʦ-
ʯʘʩʪʦʪʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʚ ʬʦʪʦʛʨʘʬʽʯʥʠʭ ʩʠʩʪʝʤʘʭ, ʨʦʟʛʣʷʥʫʪʠʭ ʚ [2]. 

ʌʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʬʦʪʦʛʨʘʬʽʯʥʽʡ ʩʠʩʪʝʤʽ, ʦʩʥʘʱʝʥʦʾ ʝʢʩʧʦʥʦʤʝʪʨʠʯʥʠʤ ʧʨʠʩʪʨʦʻʤ 
ʣʦʢʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʝʢʩʧʦʟʠʮʽʻʶ, ʧʨʠʧʫʩʢʘʶʪʴ ʧʨʦʮʝʩ ʧʨʦʭʦʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ 
ʝʣʝʤʝʥʪʘ ʨʦʟʜʽʣʝʥʥʷ ʜʦ ʧʣʦʱʠʥʠ ʩʚʽʪʣʦʯʫʪʣʠʚʦʛʦ ʩʝʥʩʦʨʘ. 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʘ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʪʦʪʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʚ 
ʮʠʬʨʦʚʠʭ ʬʦʪʦʢʘʤʝʨʘʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʙʽʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʣʦʢʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʝʢʩʧʦʟʠʮʽʾ. 
ɸʥʘʣʽʟ ʤʦʜʝʣʽ ʧʦʢʘʟʫʻ, ʱʦ ʝʢʩʧʦʥʦʤʝʪʨʠʯʥʘ ʩʠʩʪʝʤʘ ʣʦʢʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʝʢʩʧʦʟʠʮʽʻʶ 
ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ, ʟʤʽʥʶʶʯʠ ʩʚʦʶ ʤʦʜʫʣʷʮʽʡʥʫ ʧʝʨʝʜʘʪʥʫ 
ʬʫʥʢʮʽʶ, ʽ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ, ʟʤʽʥʶʶʯʠ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʚʠʨʘʟʠ ʜʣʷ ʤʦʜʫʣʷʮʽʡʥʠʭ 
ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʙʽʣʴʰʦʩʪʽ ʣʘʥʦʢ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʜʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. 
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ʂʆʄʇʔʖʊɽʈʅɸʗ ʄʆɼɽʃʔ ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ ʕʅʊʈʆʇʀʁʅʓʍ 

ʇʈɽʆɹʈɸɿʆɺɸʅʀʁ ʀɿʄɽʈɽʅʀʁ ɺ ɿɸɼɸʏɸʍ ɼɽʌɽʂʊʆʉʂʆʇʀʀ 

ʄʅʆɻʆʇɸʈɸʄɽʊʈʀʏɽʉʂʀʍ ʆɹʒɽʂʊʆɺ 

ɺ.ɸ. ʇʦʜʦʣʴʩʢʘʷ, ɸ.ʀ. ʌʝʜʦʨʦʚʠʯ 

 

ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʆ. ɻʦʥʯʘʨʘ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 
 

ʊʨʫʜʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʢʦʥʪʨʦʣʝ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦ ʥʝ ʠʟʚʝʩʪʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʥʦʛʦʤʝʨʥʳʭ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʝʡ, ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʪʨʫʜʥʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʙʝʟ ʧʦʪʝʨʠ ʠʥʬʦʨʤʘʮʠʠ ʤʥʦʛʦʤʝʨʥʳʝ ʚʳʙʦʨʢʠ ʠʟʤʝʨʝʥʠʡ ʚ ʦʜʥʦʤʝʨʥʳʝ.  

ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʪʨʦʧʠʡʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʕʥʪʨʦʧʠʷ ï 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʣʦʛʘʨʠʬʤʘ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʠ ʩʣʫʞʠʪ ʜʣʷ ʦʮʝʥʢʠ ʠʭ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ. ɽʝ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʟʣʠʯʠʝ ʚʳʙʦʨʦʢ 

ʠʟʤʝʨʝʥʠʡ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʧʦ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ.  

ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʤʦʜʝʣʠ ʜʚʫʭ ʦʙʲʝʢʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʦʞʠʜʘʥʠʷʤʠ, 

ʜʠʩʧʝʨʩʠʷʤʠ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʩʚʷʟʷʤʠ ʠ ʥʦʨʤʘʣʴʥʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʠʟʤʝʨʝʥʠʡ ʪʨʝʭ 
ʧʘʨʘʤʝʪʨʦʚ. ʕʥʪʨʦʧʠʷ ʠʟʤʝʨʝʥʠʡ ʦʜʥʦʤʝʨʥʦʡ ʚʳʙʦʨʢʠ ʩʣʫʯʘʡʥʳʭ ʥʝʟʘʚʠʩʠʤʳʭ ʥʦʨʤʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

() ( )( )
D

ax
DxLʥ
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2ln
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+= p ,                                                     (1) 

ʛʜʝ a  ʠ D - ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʠ ʜʠʩʧʝʨʩʠʷ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ɼʣʷ ʜʚʫʭ ʠʟʤʝʨʝʥʠʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʘʚʠʩʠʤʳʭ ʥʦʨʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʦʨʤʫʣʘ 
ʵʥʪʨʦʧʠʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ 
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ʛʜʝ r  ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʠʟʤʝʨʝʥʠʡ 21,xx . 

ɼʣʷ ʪʨʝʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʚʳʙʦʨʦʢ ʵʥʪʨʦʧʠʶ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ 

( ) )()( 321321 xxLxLxxxL += ,                                                (3) 

( ) )()( 312321 xxLxLxxxL += ,                                               (4) 

( ) )()( 213321 xxLxLxxxL += .                                                (5) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʚʳʙʦʨʢʠ ʠʟʤʝʨʝʥʠʡ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ 

ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ. 
ʅʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʵʪʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʛʦʪʦʚʠʪʴ ʚʠʟʫʘʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦ 

ʜʝʬʝʢʪʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. 
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ ʧʫʪʸʤ ʧʨʦʚʝʜʝʥʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʤʦʜʝʣʠ ʜʚʫʭ ʦʙʲʝʢʪʦʚ ʢʦʥʪʨʦʣʷ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʦʮʝʥʝʥʳ ʛʠʩʪʦʛʨʘʤʤ 
ʵʥʪʨʦʧʠʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ ʚʣʠʷʥʠʷ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʛʨʘʤʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʙʦʨʦʢ 

ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʜʚʫʤʝʨʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ʇʦ ʚʳʙʦʨʢʘʤ ʪʨʸʭʤʝʨʥʳʭ 
ʥʦʨʤʘʣʴʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ x1(k), x2(k), x3(k) ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ L1(x1,x2,x3), 

L2(x1,x2,x3) ʠ L3(x1,x2,x3) ʦʮʝʥʝʥʳ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ ʠ ʜʠʩʧʝʨʩʠʠ, ʧʦʩʪʨʦʝʥʳ 
ʛʠʩʪʦʛʨʘʤʤʳ.  

ɼʣʷ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʩʦʩʪʦʷʱʘʷ ʠʟ ʙʣʦʢʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʙʦʨʦʢ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ x1(k), x2(k), x3(k); ʙʣʦʢʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʳʙʦʨʢʠ 
L1(x1,x2,x3), L2(x1,x2,x3), L3(x1,x2,x3) ʠ ʙʣʦʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ L1(x1,x2,x3), 

L2(x1,x2,x3) ʠ L3(x1,x2,x3). 

ʅʘ ʨʠʩʫʥʢʘʭ 1-4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʠʩʪʦʛʨʘʤʤʳ ʵʥʪʨʦʧʠʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʩʦʩʪʦʷʥʠʠ 
ʥʦʨʤʳ (ʨʠʩ.1ʘ, ʨʠʩ.2ʘ, ʨʠʩ.3ʘ, ʨʠʩ.4ʘ) ʠ ʙʨʘʢʘ (ʨʠʩ.1ʙ, ʨʠʩ.2ʙ, ʨʠʩ.3ʙ, ʨʠʩ.4ʙ)  ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʢʦʨʨʝʣʷʮʠʠ. 

 
ʈʠʩʫʥʦʢ 1 ï ɻʠʩʪʦʛʨʘʤʤʳ ʵʥʪʨʦʧʠʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʘ) ʚ ʩʦʩʪʦʷʥʠʠ ʥʦʨʤʳ ʠ ʙ) ʚ 

ʩʦʩʪʦʷʥʠʠ ʙʨʘʢʘ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ r12=0.9, r13=0.8, r23=0.7; 
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ʈʠʩʫʥʦʢ 2 ï ɻʠʩʪʦʛʨʘʤʤʳ ʵʥʪʨʦʧʠʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʘ) ʚ ʩʦʩʪʦʷʥʠʠ ʥʦʨʤʳ ʠ ʙ) ʚ 

ʩʦʩʪʦʷʥʠʠ ʙʨʘʢʘ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ r12=0.8, r13=0.7, r23=0.6; 

 
ʈʠʩʫʥʦʢ 3 ï ɻʠʩʪʦʛʨʘʤʤʳ ʵʥʪʨʦʧʠʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʘ) ʚ ʩʦʩʪʦʷʥʠʠ ʥʦʨʤʳ ʠ ʙ) ʚ 

ʩʦʩʪʦʷʥʠʠ ʙʨʘʢʘ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ r12=0.7, r13=0.6, r23=0.5; 

 
ʈʠʩʫʥʦʢ 4 ï ɻʠʩʪʦʛʨʘʤʤʳ ʵʥʪʨʦʧʠʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʘ) ʚ ʩʦʩʪʦʷʥʠʠ ʥʦʨʤʳ ʠ ʙ) ʚ 

ʩʦʩʪʦʷʥʠʠ ʙʨʘʢʘ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ r12=0.6, r13=0.4, r23=0.3; 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʥʘ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʵʥʪʨʦʧʠʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʪʘʙʣʠʮ. 

ʊʘʙʣʠʮʘ 1 ï ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʵʥʪʨʦʧʠʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ 
ʩʦʩʪʦʷʥʠʷ ʥʦʨʤʳ 

r12=0.9, r13=0.8, 

r23=0.7 

r12=0.8, r13=0.7, 

r23=0.6 

r12=0.7, r13=0.6, 

r23=0.5 

r12=0.6, r13=0.4, 

r23=0.3
 

L  *D  L  *D  L  *D  L  *D  
5.426 4.655 4.5 3.12 4,222 2,525 4,033 2,083 
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ʊʘʙʣʠʮʘ 2 ï ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʵʥʪʨʦʧʠʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ 

ʩʦʩʪʦʷʥʠʷ ʙʨʘʢʘ 

r12=0.9, r13=0.8, 
r23=0.7 

r12=0.8, r13=0.7, 
r23=0.3 

r12=0.7, r13=0.6, 
r23=0.5 

r12=0.6, r13=0.4, 
r23=0.3

 
L  *D  L  *D  L  *D  L  *D  
5.623 4.717 4.729 3.131 4,41 2,523 4,203 2,082 

 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮ ʠ ʨʠʩʫʥʢʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ 
ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʵʥʪʨʦʧʠʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʄʦʞʝʤ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʠʥʷʪʠʝ 

ʨʝʰʝʥʠʷ ʦ ʝʛʦ ʩʦʩʪʦʷʥʠʠ. 

 

 

ʈɸɿʈɸɹʆʊʂɸ ʅɽʃʀʅɽʁʅʓʍ ʈɽɻʈɽʉʉʀʆʅʅʓʍ ʄʆɼɽʃɽʁ ɼʀʅɸʄʀʂʀ 

ʀɿʄɽʅɽʅʀʗ ʂɸʏɽʉʊɺ ʅɽɸʊʆʄʅʓʍ ʇʆɼɺʆɼʅʓʍ ʃʆɼʆʂ 

ʉ.ɹ. ʇʨʠʭʦʜʴʢʦ, ɸ.ɸ. ʃʫʮʝʥʢʦ 

 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʷ, ʠʤ.ʘʜʤʠʨʘʣʘ ʄʘʢʘʨʦʚʘ, ʅʠʢʦʣʘʝʚ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʥʝʘʪʦʤʥʳʝ ʧʦʜʚʦʜʥʳʝ ʣʦʜʢʠ (ʅɸʇʃ) ï ʩʣʦʞʥʳʝ ʜʦʨʦʛʦʩʪʦʷʱʠʝ 
ʩʦʦʨʫʞʝʥʠʷ ʩ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʳʤʠ ʩʨʦʢʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʣʫʞʙʳ. 

ɼʣʠʪʝʣʴʥʳʝ ʩʨʦʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʅɸʇʃ (ʦʢʦʣʦ 10 ʣʝʪ ʚ ʩʣʫʯʘʝ ʥʦʚʦʛʦ 

ʧʨʦʝʢʪʘ) ʪʨʝʙʫʶʪ ʢʦʨʨʝʢʪʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ï ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʊʊʍ), ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʭ ʢʘʯʝʩʪʚʘ. ʆʰʠʙʢʘ ʚ ʦʮʝʥʢʝ ʪʨʝʙʫʝʤʳʭ ʧʨʦʝʢʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʱʝʤʠʨʦʚʳʤʠ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʢʘʢ ʩʪʦʠʤʦʩʪʠ, ʪʘʢ ʠ 

ʩʨʦʢʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʊʘʢʞʝ ʧʨʠ ʵʪʦʤ ʚʝʩʴʤʘ ʚʝʨʦʷʪʥʦ ʧʦʣʫʯʝʥʠʝ ʢʦʨʘʙʣʷ ʩ 
ʥʠʟʢʦʡ ʙʦʝʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ [1]. ʉʦʦʪʚʝʪʩʪʚʠʝ ʊʊʍ ʤʠʨʦʚʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʥʘ ʤʦʤʝʥʪ 

ʚʩʪʫʧʣʝʥʠʷ ʚ ʩʪʨʦʡ ï ʚʘʞʥʝʡʰʘʷ ʟʘʜʘʯʘ ʚʩʝʛʦ ʮʠʢʣʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʤʳʭ ʪʘʢʪʠʢʦ-
ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʦʚʝʨʢʘ ʠʭ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʨʝʰʝʥʘ ʧʫʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [2]. ʊʘʢ ʞʝ, ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʊʊʍ, 

ʧʦ ʚʦʰʝʜʰʠʤ ʚ ʩʦʩʪʘʚ ʬʣʦʪʦʚ ʤʠʨʘ ʧʨʦʝʢʪʘʤ ʅɸʇʃ ʠʤʝʶʪ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʚ 
ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʪʝʥʜʝʥʮʠʡ ʠʟʤʝʥʝʥʠʷ ʊʊʍ, ʦʮʝʥʢʝ ʙʦʝʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʠʤʠʪʘʮʠʦʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʬʣʦʪʘ, ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʥʞʝʥʝʨʥʳʭ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʧʨʦʨʘʙʦʪʦʢ. 
ɸʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʚ ʠʭ ʩʦʩʪʘʚʝ ʩʦʤʥʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʚ ʩʠʣʫ ʨʷʜʘ ʧʨʠʯʠʥ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʦʪʢʨʳʪʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʝ [2]. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʛʨʘʬʠʢʠ ʠ ʜʠʘʛʨʘʤʤʳ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʊʊʍ, ʧʨʠʚʦʜʠʤʳʝ ʚ ʦʪʢʨʳʪʦʡ 
ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [1, 3-5] ʠ ʦʪʨʘʞʘʶʱʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʧʨʦʝʢʪʦʚ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ (ʇʃ), ʥʦʩʷʪ ʣʠʰʴ ʠʥʬʦʨʤʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʢʘʢ ʧʨʘʚʠʣʦ ʙʝʟ 

ʨʘʟʨʘʙʦʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ. 
ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʥʝʣʠʥʝʡʥʳʭ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ 

ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚ ʅɸʇʃ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʠʟʚʝʩʪʥʳ ʪʨʠ 
ʤʝʪʦʜʘ: ʤʝʪʦʜ ʧʨʦʩʪʦʛʦ ʧʝʨʝʙʦʨʘ, ʤʝʪʦʜ ʣʠʥʝʘʨʠʟʠʨʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʤʝʪʦʜ 

ʥʦʨʤʘʣʠʟʠʨʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʄʝʪʦʜ ʧʨʦʩʪʦʛʦ ʧʝʨʝʙʦʨʘ ʪʨʝʙʫʝʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʟʘʜʘʥʠʷ 
ʨʘʟʥʳʭ ʚʠʜʦʚ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʠ ʚʳʙʦʨʘ ʥʘʠʣʫʯʰʝʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʠʟ ʥʠʭ ʙʝʟ ʥʘʣʠʯʠʷ 

ʯʝʪʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʪʘʢʦʛʦ ʟʘʜʘʥʠʷ. ʕʪʦ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʯʠʩʣʝʥʠʡ ʠ ʥʝ ʚʩʝʛʜʘ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʥʘʠʣʫʯʰʝʛʦ ʫʨʘʚʥʝʥʠʷ. ʄʝʪʦʜ ʣʠʥʝʘʨʠʟʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʪʘʢʞʝ ʥʝ 
ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʧʦʠʩʢʘ ʥʘʠʣʫʯʰʝʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, ʘ ʣʠʰʴ ʧʦʟʚʦʣʷʝʪ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʧʝʨʝʡʪʠ ʦʪ ʥʝʣʠʥʝʡʥʦʡ ʢ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ. ʀ ʪʦʣʴʢʦ ʤʝʪʦʜ ʥʦʨʤʘʣʠʟʠʨʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʠʤʝʝʪ ʯʝʪʢʠʡ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʩʪʦʛʦ 
ʧʝʨʝʙʦʨʘ. ʉʫʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʉʥʘʯʘʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʦʨʤʘʣʠʟʘʮʠʷ 
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ʜʘʥʥʳʭ: ʜʘʥʥʳʝ ʩ ʥʝʛʘʫʩʩʦʚʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʥʦʨʤʘʣʠʟʠʨʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʧʨʝʚʨʘʱʘʶʪ ʚ ʜʘʥʥʳʝ ʠʤʝʶʱʠʝ ʛʘʫʩʩʦʚʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ɼʘʣʝʝ ʧʦ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʜʘʥʥʳʤ 

ʩʪʨʦʷʪ ʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ. ʀ ʥʘʢʦʥʝʮ, ʧʦʜʩʪʘʚʠʚ ʚ ʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝ 

ʥʦʨʤʘʣʠʟʠʨʫʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ, 
ʧʦʣʫʯʘʶʪ ʥʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ. ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʥʦʨʤʘʣʠʟʠʨʫʶʱʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʜʣʷ ʥʝʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʩʪʨʦʠʪʴ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʠ 

ʠʥʪʝʨʚʘʣʳ ʧʨʝʜʩʢʘʟʘʥʠʷ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʨʷʪʴ ʜʘʥʥʳʝ ʥʘ ʥʘʣʠʯʠʝ ʘʥʦʤʘʣʴʥʳʭ 
ʟʥʘʯʝʥʠʡ [6]. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʣʫʯʰʝ ʧʨʠʤʝʥʷʪʴ 

ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʝ ʥʦʨʤʘʣʠʟʠʨʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ɺʘʞʥʝʡʰʠʤʠ ʊʊʍ ʧʨʦʝʢʪʦʚ ʅɸʇʃ, ʜʣʷ ʢʦʪʦʨʳʭ ʚ ʨʘʙʦʪʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦʩʪʨʦʝʥʠʝ 
ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʷʚʣʷʶʪʩʷ ʚʦʜʦʠʟʤʝʱʝʥʠʝ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ, ʩʢʦʨʦʩʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʭʦʜʘ, ʨʘʙʦʯʘʷ ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ, ʘʚʪʦʥʦʤʥʦʩʪʴ, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʜʘʣʴʥʦʩʪʴ ʭʦʜʘ ʧʦʜ ʚʦʜʦʡ, ʜʘʣʴʥʦʩʪʴ ʭʦʜʘ ʧʦʜ ʈɼʇ (ʨʘʙʦʪʘ ʜʠʟʝʣʷ ʧʦʜ ʚʦʜʦʡ), ʯʠʩʣʦ ʪʦʨʧʝʜʥʳʭ 

ʘʧʧʘʨʘʪʦʚ, ʟʘʧʘʩ ʝʜʠʥʠʮ ʙʦʝʟʘʧʘʩʘ (ʪʦʨʧʝʜ, ʨʘʢʝʪ), ʯʠʩʣʦ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ. ɺ ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʘʥʘʣʠʟʘ ʩʦʙʨʘʥʳ ʜʘʥʥʳʝ ʧʦ 80-ʪʠ ʧʨʦʝʢʪʘʤ ʅɸʇʃ ʚʩʪʫʧʠʚʰʠʝ ʚ ʩʪʨʦʡ 
ʩ 1950 ʛʦʜʘ ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ [3, 7, 8], ʚʢʣʶʯʘʷ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʨʦʝʢʪʳ ʩ ʧʣʘʥʠʨʫʝʤʳʤ 

ʚʚʦʜʦʤ ʚ ʩʪʨʦʡ ʚ 2020 ʛʦʜʫ. ɿʘʤʝʪʠʤ, ʯʪʦ ʜʘʥʥʳʝ ʧʦ ʚʩʝʤ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʊʊʍ ʠʤʝʣʠ 

ʥʝʛʘʫʩʩʦʚʩʢʠʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 
ɺ ʨʘʙʦʪʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʚ ʢʘʯʝʩʪʚʝ 

ʥʦʨʤʘʣʠʟʫʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣʦ ʚʳʙʨʘʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ɼʞʦʥʩʦʥʘ ʩʝʤʝʡʩʪʚʘ SB, 

ʢʦʪʦʨʦʝ ʜʣʷ ʥʝʛʘʫʩʩʦʚʩʢʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʭ ʠʤʝʝʪ ʚʠʜ 
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ʛʜʝ: ( )
yyx bzbc hg-+Ö= 011 ; yg , 

yh , 
yj , 

yl  ï ʧʘʨʘʤʝʪʨʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɼʞʦʥʩʦʥʘ ʩʝʤʴʠ 

SB, ʜʣʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʫ; 
0b  ʠ 

1b  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʜʣʷ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

01 bzbz xy += . (3) 
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ 

[]
1

1

1

)(
k

yyy

k

e

e
y

+

++
=

jjl
, 

(4) 

ʛʜʝ 

öö
ö
ö
ö

÷

õ

ææ
æ
æ
æ

ç

å

-

-
+ÖÖ°-+ÖÖ=

ä
=

- n

i

xxi

xx

znyx

y zz

zz

n
Stbzbk

y

1

2

2

2,2/011

)(

)(1
)(

1
ag

h
; )( 2,2/ -nt a  ï ʢʚʘʥʪʠʣʴ t-

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʪʴʶʜʝʥʪʘ ʩ ʫʨʦʚʥʝʤ ʟʥʘʯʠʤʦʩʪʠ 2/a  ʠ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ 2-n ; 
yzS  ï 

ʚʳʙʦʨʦʯʥʦʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ yz . 

ɻʨʘʥʠʮʳ ʠʥʪʝʨʚʘʣʘ ʧʨʝʜʩʢʘʟʘʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʩʪʨʦʷʪʩʷ ʥʘ ʦʩʥʦʚʝ [6] ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (1) ʠ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ (3) ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ 

[]
2

2

1

)(
k

yyy

k

e

e
y

+

++
=

jjl
, 

(5) 



154 

ʛʜʝ 

öö
ö
ö
ö

÷

õ

ææ
æ
æ
æ

ç

å

-

-
++ÖÖ°-+ÖÖ=

ä
=

- n

i

xxi

xx

znyx

y zz

zz

n
Stbzbk

y

1

2

2

2,2/012

)(

)(1
1)(

1
ag

h
; ä

=

=
n

i

xix z
n

z
1

1C
. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʥʝʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ʥʘʜʚʦʜʥʦʛʦ 

ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʩʨʝʜʥʠʭ ʅɸʇʃ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʦʜʘ ʚʩʪʫʧʣʝʥʠʷ ʚ ʩʪʨʦʡ, ʝʝ ʜʦʚʝʨʠʪʝʣʴʥʳʝ 
ʠʥʪʝʨʚʘʣʳ ʠ ʠʥʪʝʨʚʘʣʳ ʧʨʝʜʩʢʘʟʘʥʠʷ (ʨʠʩ.1). ʅʘ ʨʠʩ.1 ʥʝʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ʧʦʢʘʟʘʥʘ ʩʧʣʦʰʥʦʡ 

ʣʠʥʠʝʡ, ʘ ʛʨʘʥʠʮʳ ʝʝ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʠ ʠʥʪʝʨʚʘʣʦʚ ʧʨʝʜʩʢʘʟʘʥʠʷ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʫʥʢʪʠʨʥʳʤʠ ʠ ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ; ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ ʪʘʢʞʝ ʦʪʤʝʯʝʥʳ ʜʘʥʥʳʝ ʧʦ 36-ʪʠ 
ʧʨʦʝʢʪʘʤ ʩʨʝʜʥʠʭ ʅɸʇʃ. ʋʢʘʟʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ (2)-(5) ʜʣʷ ʟʥʘʯʝʥʠʷ 

ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 0,95. ʇʨʠ ʵʪʦʤ ʚ (2)-(5) y ï ʥʘʜʚʦʜʥʦʝ ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʚ ʪʦʥʥʘʭ, ʘ x ï 

ʛʦʜ ʚʩʪʫʧʣʝʥʠʷ ʚ ʩʪʨʦʡ; 0,135677=yg ; 1,00155=yh ; 982,286=yj ; 1077,93=yl ; 

-0,175003=xg ; 0,917293=xh ; 1946,27=xj ; 78,3560=xl ; 5932,01=b ; 00 =b ; 

n=36. ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʝʡ (2) ʠ (5) ʧʦʟʚʦʣʠʣʦ ʚ ʭʦʜʝ ʧʦʩʪʨʦʝʥʠʷ ʛʨʫʧʧʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʧʦ 
ʢʣʘʩʩʘʤ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ. 

 
ʈʠʩʫʥʦʢ 1 ï ʅʝʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ʥʘʜʚʦʜʥʦʛʦ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʩʨʝʜʥʠʭ ʅɸʇʃ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʦʜʘ ʚʩʪʫʧʣʝʥʠʷ ʚ ʩʪʨʦʡ, ʝʝ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʠ ʠʥʪʝʨʚʘʣʳ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʊʊʍ ʅɸʇʃ ʧʦ 

(2), (4) ʠ (5) ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʨʤʘʣʠʟʠʨʫʶʱʝʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʠʜʝ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ. ʇʦʣʫʯʝʥʦ: ʧʦ ʢʨʠʪʝʨʠʶ 
2R  ʢʘʯʝʩʪʚʦ ʨʝʛʨʝʩʩʠʠ 

(2) ʥʘ 1,5% ʣʫʯʰʝ, ʘ ʰʠʨʠʥʘ ʠʥʪʝʨʚʘʣʘ ʧʨʝʜʩʢʘʟʘʥʠʷ (5) ʙʦʣʝʝ ʯʝʤ ʥʘ 20% ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʥʘʡʜʝʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ.  

ɺʳʚʦʜʳ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ 
ʢʘʯʝʩʪʚ ʅɸʇʃ ʣʫʯʰʝ ʧʨʠʤʝʥʷʪʴ ʥʦʨʤʘʣʠʟʠʨʫʶʱʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ɼʞʦʥʩʦʥʘ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʆʇʈɽɼɽʃɽʅʀʗ ɹɽʉʂʆʅʊɸʂʊʅʆɻʆ ɺʆɿɼɽʁʉʊɺʀʗ ʅɸ 

ʆɹʒɽʂʊ ʂʆʉʄʀʏɽʉʂʆɻʆ ʄʋʉʆʈɸ ʇʆ ʂʆʅʊʋʈʋ ʆɹʒɽʂʊɸ 

ɸ.ʇ. ʉʘʚʯʫʢ, ɸ.ɸ. ʌʦʢʦʚ, ʉ.ɺ. ʍʦʨʦʰʠʣʦʚ 

 
ʀʥʩʪʠʪʫʪ ʪʝʭʥʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʅɸʅʋ ʠ ɻʂɸʋ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 

ɺʚʝʜʝʥʠʝ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʫʜʘʣʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ ʙʦʣʴʰʠʭ 
ʨʘʟʤʝʨʦʚ ʩ ʥʠʟʢʠʭ ʦʢʦʣʦʟʝʤʥʳʭ ʦʨʙʠʪ, ʢʦʪʦʨʘʷ ʠʤʝʥʫʝʪʩʷ "ʇʘʩʪʫʭ ʩ ʠʦʥʥʳʤ ʧʫʯʢʦʤ" [1], [2] 

ʊʝʭʥʦʣʦʛʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʤʝʱʝʥʠʝ ʦʙʲʝʢʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ ʩ ʦʨʙʠʪʳ ʟʘ ʩʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʥʝʛʦ ʠʦʥʥʦʛʦ ʧʦʪʦʢʘ. ʇʦʪʦʢ ʩʦʟʜʘʝʪʩʷ ʵʣʝʢʪʨʦʨʝʘʢʪʠʚʥʳʤ ʜʚʠʛʘʪʝʣʝʤ (ʕʈɼ), ʥʘ ʙʦʨʪʫ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ (ʧʘʩʪʫʭ), ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʦʙʲʝʢʪʘ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ (ʤʠʰʝʥʴ). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠʦʥʥʦʛʦ ʧʫʯʢʘ ʥʘ 

ʜʚʠʞʝʥʠʝ ʤʠʰʝʥʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʘʩʪʫʭʦʤ ʠ 
ʤʠʰʝʥʴʶ. ʇʨʠ ʠʟʚʝʩʪʥʦʤ ʤʝʭʘʥʠʟʤʝ ʚʦʟʜʝʡʩʪʚʠʠ ʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʵʣʝʤʝʥʪʘʨʥʫʶ ʧʣʦʱʘʜʢʫ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ [3] ʠ ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʠh ʝʥʴ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʦʡ 
ʧʦʜʭʦʜ ʦʧʨʘʚʜʘʥ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ, ʥʦ ʥʝ ʦʧʨʘʚʜʘʥ ʚ ʧʨʦʮʝʩʩʝ ʚʳʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚʚʠʜʫ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʠ ʥʝʧʦʣʥʦʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʦʣʦʞʝʥʠʠ ʠ, ʚʦʟʤʦʞʥʦ, ʬʦʨʤʝ ʤʠʰʝʥʠ. ɺ [4] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʫʧʨʦʱʝʥʥʳʡ ʧʦʜʭʦʜ ʢ 
ʦʧʨʝʜʝʣʝʥʠʶ ʚʝʣʠʯʠʥʳ ʚʦʟʜʝʡʩʪʚʠʷ ʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʤʠʰʝʥʴ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʥʪʫʨʝ ʝʝ ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʥʘ ʢʘʨʪʠʥʥʫʶ ʧʣʦʩʢʦʩʪʴ ʬʦʪʦʢʘʤʝʨʳ ʧʘʩʪʫʭʘ. 

ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʧʦʭʦʜʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ 

ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʰʝʥʠ, ʘ ʝʝ ʮʝʥʪʨʘʣʴʥʫʶ ʧʨʦʝʢʮʠʶ ʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʦʩʠ ʣʫʯʘ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ. ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʜʦʧʫʩʪʠʤʦʩʪʴ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʦʛʨʝʰʥʦʩʪʠ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʠ ʬʘʢʝʣʘ ʕʈɼ ʥʘ ʤʠʰʝʥʴ 
ʧʦ ʝʝ ʠʟʚʝʩʪʥʦʤʫ ʢʦʥʪʫʨʫ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʝʣʠʯʠʥʳ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʧʨʘʚʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʩʠʩʪʝʤʳ "ʧʘʩʪʫʭ -

 ʤʠʰʝʥʴ". 
ʈʘʩʯʝʪ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ. ɼʣʷ 

ʨʘʩʯʝʪʘ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʢʘʟʳʚʘʝʤʦʛʦ ʬʘʢʝʣʦʤ ʕʈɼ  ʥʘ ʤʠʰʝʥʴ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʚrʘʪʴ 

ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʥʥʦʛʦ ʣʫʯʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʠʰʝʥʠ, ʘ ʪʘʢʞʝ ï ʤʦʜʝʣʴ ʠʦʥʥʦʛʦ ʣʫʯʘ 
ʕʈɼ. ʇʨʝʥʝʙʨʝʛʘʷ ʵʬʬʝʢʪʘʤʠ ʧʦʢʠʜʘʥʠʷ ʠʦʥʦʚ ʧʣʘʟʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ, ʨʘʩʧʳʣʝʥʠʷ ʝʝ 

ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʜʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʵʣʝʤʝʥʪʘʨʥʘʷ ʩʠʣʘ sdF , ʧʝʨʝʜʘʚʘʝʤʘʷ ʤʠʰʝʥʠ, ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [5]:  

( )dsmnd s uvuF Ö-=
,                                                (1) 

ʛʜʝ m  ï ʤʘʩʩʘ ʯʘʩʪʠʮʳ ʠʦʥʥʦʛʦ ʧʦʪʦʢʘ; u  ï ʚʝʢʪʦʨ ʝʝ ʩʢʦʨʦʩʪʠ; ds ï ʧʣʦʱʘʜʴ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʧʣʦʱʘʜʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ, ʝʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ 
sɟ  

ʥʝʢʦʪʦʨʦʡ ʝʝ ʩʨʝʜʥʝʡ ʪʦʯʢʠ; v  ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʢ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʣʦʱʘʜʢʝ; n  ï 
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ʧʣʦʪʥʦʩʪʴ ʧʣʘʟʤʳ. ʉʠʣʘ ʠ ʤʦʤʝʥʪ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʤʠʰʝʥʠ ʠʦʥʥʳʤ ʣʫʯʦʤ, ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ 

ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʠʣ (1) ʧʦ ʦʙʣʫʯʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ S  

ñ=
S

ssurface dFF ,   ñ³=
S

sssurface dFɟM .                  (2) 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʠʦʥʥʦʛʦ ʣʫʯʘ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʘʚʪʦʧʦʜʦʙʥʫʶ 

ʤʦʜʝʣʴ [6] ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʟʤʳ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʠʦʥʥʳʡ ʧʫʯʦʢ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʜʘʣʴʥʝʡ 
ʦʙʣʘʩʪʠ (ʤʠʰʝʥʴ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ) ʠʤʝʝʪ ʬʦʨʤʫ ʢʦʥʫʩʘ, ʠ ʧʣʦʪʥʦʩʪʴ ʧʣʘʟʤʳ ʚ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

( ))/(3exp)/( 0

222

0

222

00 a-Öa= tgzrtgzRnn
,                   (3) 

ʛʜʝ r , z  - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʜʠʘʣʴʥʘʷ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʨʝʜʥʝʡ ʪʦʯʢʠ ʧʣʦʱʘʜʢʠ ʜʦ ʦʩʠ ʢʦʥʫʩʘ 

ʣʫʯʘ) ʠ ʘʢʩʠʘʣʴʥʘʷ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʝʨʰʠʥʳ ʢʦʥʫʩʘ ʚʜʦʣʴ ʦʩʠ ʢʦʥʫʩʘ ʣʫʯʘ) ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ; 

0R  - ʨʘʜʠʫʩ ʣʫʯʘ ʚ ʥʘʯʘʣʝ ʜʘʣʴʥʝʡ ʦʙʣʘʩʪʠ (ʥʘ ʩʨʝʟʝ ʩʦʧʣʘ ʕʈɼ, 
0

2

0 / a= tgRz ); 
0n  - 

ʧʣʦʪʥʦʩʪʴ ʧʣʘʟʤʳ ʚ ʥʘʯʘʣʝ ʜʘʣʴʥʝʡ ʦʙʣʘʩʪʠ ʣʫʯʘ; 0a  - ʫʛʦʣ ʨʘʩʭʦʞʜʝʥʠʷ ʢʦʥʫʩʘ ʣʫʯʘ. 

ɸʢʩʠʘʣʥɹʘʷ zu  ʠ ʨʘʜʠʘʣʴʥʘʷ ru  ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʦʨʦʩʪʠ ʠʦʥʦʚ ʧʣʘʟʤʳ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

constuu zz == 0 , 
zruu zr /0=

.                                      (4) 

ʛʜʝ 
0zu  - ʘʢʩʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʠʦʥʦʚ ʧʣʘʟʤʳ ʚ ʥʘʯʘʣʝ ʜʘʣʴʥʝʡ ʦʙʣʘʩʪʠ ʣʫʯʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʠʣʳ 
surfaceF  ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʤʠʰʝʥʠ ʠʦʥʥʳʤ ʣʫʯʦʤ, ʝʝ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʝ ʧʣʦʱʘʜʢʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʚ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʉʂ) ʤʠʰʝʥʠ ʟʘʜʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʧʣʦɦ ʘʜʦʢ ʠ ʝʜʠʥʠʯʥʳʝ 

ʥʦʨʤʘʣʠ ʢ ʥʠʤ. ɼʘʣʝʝ ʢʦʦʨʜʠʥʘʪʳ ʧʣʦʱʘʜʦʢ ʠ ʠʭ ʥʦʨʤʘʣʠ ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʚ ʩʚʷʟʘʥʥʫʶ ʉʂ 
ʧʘʩʪʫʭʘ. ʊʦʯʥʝʝ, ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʥʘʯʘʣʦ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʚ ʚʝʨʰʠʥʝ ʢʦʥʫʩʘ ʧʫʯʢʘ ʠʦʥʦʚ 

ʕʈɼ, ʚ ʢʘʯʝʩʪʚʝ ʫʧʨʦʱʝʥʠʷ ʤʦʞʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ ʵʪʘ ʩʠʩʪʝʤʘ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʚʷʟʘʥʥʦʡ ʉʂ ʧʘʩʪʫʭʘ. 

ɼʣʷ ʢʘʞʜʦʡ ʧʣʦʱʘʜʢʠ ʧʦ ʩʦʦʪʥʦh ʝʥʠʶ (1) ʠ ʩ ʫʯʝʪʦʤ ʝʝ "ʚʠʜʠʤʦʩʪʠ" ʩʦ ʩʪʦʨʦʥʳ ʕʈɼ ʠ 
ʧʦʧʘʜʘʥʠʷ ʚ ʢʦʥʫʩ ʣʫʯʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʩʠʣʘ. ʀʥʪʝʛʨʘʣʴʥʘʷ ʩʠʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (2). 

ʈʘʩʯʝʪ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʥʪʫʨʘ ʤʠʰʝʥʠ ʥʘ ʢʘʨʪʠʥʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʬʦʪʦʢʘʤʝʨʳ. ʋʧʨʦʱʝʥʥʳʡ ʧʦʜʭʦʜ [4] ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʚʝʣʠʯʠʥʳ ʚʦʟʜʝʡʩʪʚʠʷ ʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ 

ʤʠʰʝʥʴ ʦʩʥʦʚʘʥ ʥʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʥʪʫʨʝ ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʤʠʰʝʥʠ ʥʘ ʥʝʢʦʪʦʨʫʶ 

ʧʣʦʩʢʦʩʪʴ. ʇʦʩʢʦʣʴʢʫ ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʣʫʯʘ ʢʦʥʫʩʘ ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ 
ʨʘʩʩʪʦʷʥʠʶ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʦʪʦʢʘ, ʘ ʝʛʦ ʧʣʦʪʥʦʩʪʴ ʫʙʳʚʘʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʵʪʦʤʫ ʨʘʩʩʪʦʷʥʠʶ, 

ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʵʣʝʤʝʥʪʘʨʥʫʶ ʧʣʦɦ ʘʜʢʫ ʤʠʰʝʥʠ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʘ ʩʠʣʝ, 

ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʮʝʥʪʨʘʣʴʥʫʶ ʧʨʦʝʢʮʠʶ ʵʪʦʡ ʧʣʦʱʘʜʢʠ ʥʘ ʧʣʦʩʢʦʩʪʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʦʩʠ 
ʢʦʥʫʩʘ ʣʫʯʘ, ʥʘʧʨʠʤʝʨ ʥʘ ʢʘʨʪʠʥʥʫʶ ʧʣʦʩʢʦʩʪʴ ʬʦʪʦʢʘʤʝʨʳ ʧʘʩʪʫʭʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʨʷʜʦʤ ʩ 

ʕʈɼ.  

ɺʚʝʜʝʤ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʬʦʪʦʢʘʤʝʨʳ 
cccc zyxO , ʥʘʯʘʣʦ 

cO  ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʦʩʠ ʬʦʪʦʢʘʤʝʨʳ, ʧʣʦʩʢʦʩʪʴ 
cc yx  ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʢʘʨʪʠʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢʘʤʝʨʳ, ʦʩʴ 

cz  

ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ ʢʦʥʫʩʘ ʧʫʯʢʘ ʠʦʥʦʚ ʕʈɼ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ 
cO , ʩʦʚʧʘʜʘʝʪ ʩ 

ʮʝʥʪʨʦʤ ʤʘʩʩ ʧʘʩʪʫʭʘ, ʪʦʛʜʘ ʢʦʦʨʜʠʥʘʪʳ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʠ ʤʠʰʝʥʠ, ʩʧʨʦʝʮʠʨʦʚʘʥʥʦʡ ʥʘ 
ʢʘʨʪʠʥʥʫʶ ʧʣʦʩʢʦʩʪʴ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʚʝʥʩʪʚʘʤʠ 

zxfxc /Ö=
, 

zyfyc /Ö=
,                                    (5) 

ʛʜʝ cx , cy  ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʚ ʉʂ ʬʦʪʦʢʘʤʝʨʳ;  x , y , z  ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʚ ʉʂ 

ʧʘʩʪʫʭʘ; f  ï ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʢʘʤʝʨʳ. 
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ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʩʦʦʪʥʦʰʝʥʠʝ (1) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣʳ 
sFd , ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʯʝʨʝʟ ʵʣʝʤʝʥʪʘʨʥʫʶ ʧʣʦʱʘʜʢʫ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ, ʤʦʞʝʪ ʙʳʪʴ 

ʧʝʨʝʧʠʩʘʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [5]  

s=s dmnd cc ueuF
2

,   
T

zc fyfxu )1//(0=u
,                 (6) 

( ))/()(3exp)/( 0

2222

0

222

00 a+-Öa= tgfyxtgfRnnc ,               (7) 

ʛʜʝ sd  - ʧʣʦʱʘʜʴ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʯʘʩʪʢʘ ʬʠʛʫʨʳ ʧʨʦʝʢʮʠʠ ʤʠʰʝʥʠ ʥʘ ʢʘʨʪʠʥʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʬʦʪʦʢʘʤʝʨʳ; ue  - ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʥʘʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ u . 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʤʠʰʝʥʠ ʠʦʥʥʳʤ ʣʫʯʦʤ ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʠʣʘ 
contourF    

ñ
S

s= FF dcontour ,                                                     (8) 

ʛʜʝ S ï ʯʘʩʪʴ ʢʘʨʪʠʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʬʦʪʦʢʘʤʝʨʳ, ʦʭʚʘʪʳʚʘʝʤʘʷ ʢʦʥʪʫʨʦʤ. 

ɸʥʘʣʠʟ ʧʦʛʨʝʰʥʦʩʪʠ ʫʧʨʦʱʝʥʥʦʛʦ ʧʦʜʭʦʜʘ. ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʫʪʚʝʨʞʜʝʥʠʝ 
ʦ ʨʘʚʝʥʩʪʚʝ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʥʝʢʦʪʦʨʫʶ ʵʣʝʤʝʥʪʘʨʥʫʶ ʧʣʦʱʘʜʢʫ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʩʠʣʳ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʩʠʣʝ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʮʝʥʪʨʘʣʴʥʫʶ ʧʨʦʝʢʮʠʶ ʵʪʦʡ ʧʣʦʱʘʜʢʠ ʥʘ 

ʧʣʦʩʢʦʩʪʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʦʩʠ ʢʦʥʫʩʘ ʣʫʯʘ. ɺʥʘʯʘʣʝ ʦʛʨʘʥʠʯʠʤʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʩʣʫʯʘʷ, 

ʢʦʛʜʘ ʧʣʦʱʘʜʢʘ ds ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʘʜʘʶʱʝʛʦ ʥʘ 

ʥʝʝ ʣʫʯʘ ʠʦʥʥʦʛʦ ʧʦʪʦʢʘ, ʪʦ ʝʩʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (4), ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ ʠʦʥʦʚ 

ʧʣʘʟʤʳ. ɼʣʷ ʪʘʢʦʡ ʧʣʦʱʘʜʢʠ ʩʦʦʪʥʦʰʝʥʠʷ (1), (3), (4) ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʧʠʩʘʥʳ ʚ ʚʠʜʝ: 

dsmnd us euF
2=

, 
( )q+= 22

0

2 1 tguzu
,                (9) 

( )022
0

222
00 /3exp)/( aqÖ-Öa= tgtgtgzRnn

, 
jqqq= ddtgzds )cos/(2

  (10) 

ʛʜʝ q - ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʫʯʘ ʠ ʦʩʴʶ z  ʢʦʥʫʩʘ ʠʦʥʥʦʛʦ ʧʫʯʢʘ, 

),( jq= uu ee . ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (9), (10) ʩʣʝʜʫʝʪ, ʯʪʦ ʚʝʣʠʯʠʥʘ ),(FF jq= ss dd  ʷʚʣʷʝʪʩʷ 

ʬʫʥʢʮʠʝʡ ʧʝʨʝʤʝʥʥʳʭ q ʠ j, ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʦʨʜʠʥʘʪʳ z  ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʣʦʱʘʜʢʠ. ɺ 

ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʧʣʦʱʘʜʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʝʝ "ʚʠʜʠʤʘʷ" ʧʣʦʱʘʜʴ ʤʝʥʷʝʪʩʷ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʣʦʱʘʜʢʠ ʢ ʧʣʦʩʢʦʩʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʥʘʧʨʘʚʣʝʥʠʶ ʧʘʜʘʶʱʝʛʦ 

ʥʘ ʥʝʝ ʣʫʯʘ ʠʦʥʥʦʛʦ ʧʦʪʦʢʘ. ɺ ʩʦʦʪʥʦʰʝʥʠʠ (1) ʠʟʤʝʥʝʥʠʝ ʧʣʦʱʘʜʠ ʫʯʠʪʳʚʘʝʪʩʷ ʚʚʝʜʝʥʠʝʤ 

ʤʥʦʞʠʪʝʣʷ )( uvÖ- , ʯʪʦ ʨʘʚʥʦʩʠʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʧʣʦʱʘʜʢʠ ʥʘ 

ʦʛʦʚʦʨʝʥʥʫʶ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʧʣʦʩʢʦʩʪʴ. ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ ʢʦʥʪʫʨʫ 

ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʥʝ ʩ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʧʨʦʝʢʮʠʝʡ, ʘ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʦʝʢʮʠʝʡ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʧʨʠ 
ʚʳʯʠʩʣʝʥʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ ʢʦʥʪʫʨʫ ʚʥʦʩʠʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ, ʜʣʷ ʦʮʝʥʢʠ ʢʦʪʦʨʦʡ ʨʘʩʩʤʦʪʨʠʤ 

ʩʣʝʜʫʶʱʠʡ ʧʨʠʤʝʨ, ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʥʳʡ ʨʠʩʫʥʢʦʤ 1. 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʯʘʩʪʴ ʢʦʥʫʩʘ ʧʫʯʢʘ ʠʦʥʦʚ ʚ ʚʠʜʝ ʤʘʣʦʛʦ ʢʦʥʫʩʘ, ʥʘʟʦʚʝʤ ʝʛʦ 

ʵʣʝʤʝʥʪʘʨʥʳʤ, ʩ ʫʛʣʦʤ ʨʘʩʪʚʦʨʘ a. ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʦ ʩʝʯʝʥʠʝ ʢʦʥʫʩʘ ʚʝʨʪʠʢʘʣʴʥʦʡ 
ʧʣʦʩʢʦʩʪʴʶ. ʕʣʝʤʝʥʪʘʨʥʳʡ ʢʦʥʫʩ "ʚʳʨʝʟʘʝʪ" ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʵʣʝʤʝʥʪʘʨʥʫʶ ʧʣʦɦ ʘʜʢʫ ʚ 

ʚʠʜʝ ʢʦʥʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠʷ - ʵʣʣʠʧʩʘ (ʥʘ ʨʠʩʫʥʢʝ ï ʦʪʨʝʟʦʢ AB). ʇʫʩʪʴ ʧʣʦʩʢʦʩʪʴ ʵʣʣʠʧʩʘ 
ʥʘʢʣʦʥʝʥʘ ʢ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ z ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʢʦʥʫʩʘ, ʧʦʜ ʫʛʣʦʤ b. 

ʆʧʨʝʜʝʣʠʤ ʦʪʥʦʰʝʥʠʝ Sk  ʧʣʦʱʘʜʠ coneS  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʩʝʯʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʢʦʥʫʩʘ, 

ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʩʨʝʜʥʶʶ ʪʦʯʢʫ M  ʧʣʦʱʘʜʢʠ, ʢ ʧʣʦʱʘʜʠ bodyS  ʧʣʦʱʘʜʢʠ. ʆʪʣʠʯʠʝ 

ʚʝʣʠʯʠʥʳ ʵʪʦʛʦ ʦʪʥʦʰʝʥʠʷ ʦʪ ʚʝʣʠʯʠʥʳ bcos  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 
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ʩʦʦʪʥʦʰʝʥʠʡ (9), (10). ɺʚʝʜʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʚʧʘʜʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʩʦʦʪʥʦʰʝʥʠʝʤ bb--= cos/)cos(1 Ssovp kk . 

 
ʈʠʩʫʥʦʢ 1 

 
ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʚʧʘʜʝʥʠʷ ʦʪ ʧʝʨʝʤʝʥʥʳʭ: 

ʢʦʦʨʜʠʥʘʪʳ Az  ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʧʣʦʱʘʜʢʠ; ʫʛʣʘ ʨʘʩʪʚʦʨʘ a ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʢʦʥʫʩʘ; ʫʛʣʘ 

ʥʘʢʣʦʥʘ b ʧʣʦʱʘʜʢʠ. ʇʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʦʜʥʦʡ ʠʟ ʧʝʨʝʤʝʥʥʳʭ ʟʥʘʯʝʥʠʷ ʜʚʫʭ ʜʨʫʛʠʭ 

ʬʠʢʩʠʨʦʚʘʥʳ. ɻʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʚʧʘʜʝʥʠʷ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 

ʧʣʦʱʘʜʢʠ ʜʦ ʚʝʨʰʠʥʳ ʢʦʥʫʩʘ; ʠʩʩʣʝʜʫʝʤʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ b, 

ʙʣʠʟʢʠʭ ʢ 90Ü; ʫʤʝʥʴʰʘʷ ʫʛʦʣ ʨʘʩʪʚʦʨʘ a ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʨʠʝʤʣʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʨʠ 

ʟʥʘʯʝʥʠʷʭ b, ʙʣʠʟʢʠʭ ʢ 90Ü. 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʧʨʦʱʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ  ʦʧʨʝʜʝʣʝʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʝʣʘ 

ʕʈɼ ʚ ʟʘʢʦʥʝ ʫʧʨʘʚʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʤʠʰʝʥʠ. ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ, ʢʦʛʜʘ ("ʨʝʘʣʴʥʘʷ") ʚʝʣʠʯʠʥʘ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 
ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ, ʘ ʚʝʣʠʯʠʥʘ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʝʣʘ ʕʈɼ ʜʚʠʛʘʪʝʣʷ ʥʘ 

ʤʠʰʝʥʴ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʟʘʢʦʥʝ ʫʧʨʘʚʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʝʦʤʝʪʨʠʠ ʢʦʥʪʫʨʘ ʤʠʰʝʥʠ, ʦʧʨʝʜʝʣʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʟɹʦʚʘʥʠʷ ʫʧʨʦʱʝʥʥʦʛʦ 
ʧʦʜʭʦʜʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʝʣʘ ʕʈɼ ʥʘ ʤʠʰʝʥʴ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʧʨʘʚʣʝʥʠʶ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʤʠʰʝʥʠ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʤʠʰʝʥʠ ʚ ʚʠʜʫ ʝʝ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʜʚʠʞʝʥʠʷ 
ʚʦ ʠʟʙʝʞʘʥʠʝ ʚʳʨʦʞʜʝʥʥʦʩʪʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʦʧʠʩʳʚʘʣʦʩʴ ʧʘʨʘʤʝʪʨʘʤʠ ʈʦʜʨʠʛʘ-

ɻʘʤʠʣʴʪʦʥʘ. ʇʨʠ ʦʧʠʩʘʥʠʠ ʫʛʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʕʡʣʝʨʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ. ʆʨʙʠʪʘʣʴʥʦʝ 
ʜʚʠʞʝʥʠʝ ʥʝ ʫʯʠʪʳʚʘʣʦʩʴ, ʠ ʜʚʠʞʝʥʠʝ ʩʠʩʪʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚ ʥʝʢʦʪʦʨʦʡ ʠʥʝʨʮʠʘʣʴʥʦʡ ʉʂ, 

ʘ ʦʩʠ ʦʨʙʠʪʘʣʴʥʳʭ ʉʂ ʧʘʩʪʫʭʘ ʠ ʤʠʰʝʥʠ ʩʯʠʪʘʣʠʩʴ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʦʩʷʤ ʠʥʝʨʮʠʘʣʴʥʦʡ ʉʂ. 

ɹʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʧʨʠ ʠʜʝʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʧʘʩʪʫʭʘ ʠ ʤʠʰʝʥʠ ʠʭ ʩʚʷʟʘʥʥʳʝ ʉʂ ʩʦʚʧʘʜʘʶʪ ʩ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʨʙʠʪʘʣʴʥʳʤʠ ʉʂ.  

ɺ ʢʦʥʮʝʧʮʠʠ "ʇʘʩʪʫʭ ʩ ʠʦʥʥʳʤ ʧʫʯʢʦʤ" ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʥʘʣʠʯʠʝ ʜʚʫʭ ʕʈɼ, ʦʩʥʦʚʥʦʛʦ ʠ 

ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʪʷʛʘʤʠ. ʅʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʨʝʟʫʣʪɹʘʪ 
ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʜʚʠʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʧʘʩʪʫʭʘ ʙʳʣ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 
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ʜʚʠʞʝʥʠʝ ʤʠʰʝʥʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʕʈɼ ʩ ʫʧʨʘʚʣʷʝʤʦʡ ʪʷʛʦʡ ʵʪʦ ʫʩʣʦʚʠʝ ʚʦʟʤʦʞʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʪʷʛʠ ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ ʕʈɼ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʩʪʝʡʰʝʛʦ ʘʣʛʦʨʠʪʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʪʷʛʠ 
2EF  ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ ʕʈɼ 

12 )/( EcontourTSE mm FFF -Ö=
,                           (11) 

ʛʜʝ 
1EF   ï ʪʷʛʠ ʦʩʥʦʚʥʦʛʦ ʕʈɼ, TmÖ  ʠ SmÖ  ï ʤʘʩʩʳ ʤʠʰʝʥʠ ʠ ʧʘʩʪʫʭʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʥʘ ʧʘʩʪʫʭ 

ʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʜʚʝ ʩʠʣʳ, ʦʩʠ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʝʛʦ ʮʝʥʪʨ ʤʘʩʩ ï ʩʠʣʳ ʩʦ 

ʩʪʦʨʦʥʳ ʦʩʥʦʚʥʦʛʦ ʠ ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ ʕʈɼ. ɿʘ ʥʦʤʠʥʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʠʰʝʥʠ ʚ ʚʠʜʝ 

ʮʠʣʠʥʜʨʘ ʜʠʘʤʝʪʨʦʤ ʤ2,2  ʠ ʚʳʩʦʪʦʡ ʤ6,2  ʙʳʣʦ ʧʨʠʥʷʪʦ ʪʘʢʦʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 

ʮʝʥʪʨʘ ʤʘʩʩ ʧʘʩʪʫʭʘ ʚʜʦʣʴ ʦʩʠ 
cz  ʉʂ ʢʘʤʝʨʳ ʨʘʚʥʦ ʤ7 . ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʨʠ 

ʥʘʯʘʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʮʝʥʪʨʘ ʤʘʩʩ ʤʠʰʝʥʠ ʥʘ ʦʩʠ ʣʫʯʘ ʜʘʝʪ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ 

ʥʦʤʠʥʘʣʴʥʳʤ ʠ ʨʘʩʯʝʪʥʳʤ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʠʰʝʥʠ ʜʦ ʧʘʩʪʫʭʘ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ ʩʤ1  ʟʘ ʩ800  

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʮʝʥʪʨʘ ʤʘʩʩ ʤʠʰʝʥʠ 

ʚ ʤ1  ʚ ʩʪʦʨʦʥʝ ʦʪ ʦʩʠ ʣʫʯʘ ʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʨʘʟʚʦʨʦʪʝ ʤʠʰʝʥʠ ʥʘ 
A45  ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 

y  ʩʚʷʟʘʥʥʦʡ ʉʂ ʤʠʰʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ ʨʠʩʫʥʢʘʭ. ʅʘ ʨʠʩʫʥʢʘʭ 2, 3 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʧʘʩʪʫʭ ʠ ʥʘ ʤʠʰʝʥʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ 
ʠʜʝʘʣʝ ʵʪʠ ʛʨʘʬʠʢʠ ʜʦʣʞʥʳ ʩʦʚʧʘʜʘʪʴ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʤʘʩʰʪʘʙʘ. ʆʪʢʣʦʥʝʥʠʝ (ʨʠʩʫʥʦʢ 4) 

ʧʦʣʦʞʝʥʠʷ ʤʠʰʝʥʠ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʝ ʧʨʝʚʳʰʘʝʪ ʩʤ5  ʚ ʪʝʯʝʥʠʠ ʩ800 .  

  
ʈʠʩʫʥʦʢ 2. ʉʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʧʘʩʪʫʭ ʈʠʩʫʥʦʢ 3. ʉʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ 

ʤʠʰʝʥʴ 

 

 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ 

ʧʦʣʫʯʝʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʩʪʝʡʰʝʛʦ 
ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ (11), ʢʦʪʦʨʳʡ ʥʝ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʠʩʪʠʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʤʠʰʝʥʴʶ ʠ 
ʧʘʩʪʫʭʦʤ ʠʣʠ ʝʛʦ ʦʮʝʥʢʫ. 

 

ʈʠʩʫʥʦʢ 4. ʆʪʢʣʦʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʠʰʝʥʠ ʦʪ 

ʥʦʤʠʥʘʣʴʥʦʛʦ 
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ɺʳʚʦʜʳ. ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʜʦʢʣʘʜʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʦʩʥʦʚʳʚʘʶʪ ʜʦʧʫʩʪʠʤʦʩʪʴ ʚ ʨʘʤʢʘʭ 

ʘʚʪʦʧʦʜʦʙʥʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʟʤʳ ʬʘʢʝʣʘ ʵʣʝʢʪʨʦʨʘʢʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ [6] 

ʧʨʠʤʝʥʝʥʠʷ ʫʧʨʦʱʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʲʝʢʪ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ 

ʩʦ ʩʪʦʨʦʥʳ ʵʣʝʢʪʨʦʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 
(ʧʘʩʪʫʭʘ) ʧʨʠ ʫʜʘʣʝʥʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ ʧʦ ʪʝʭʥʦʣʦʛʠʠ "ʇʘʩʪʫʭ ʩ ʠʦʥʥʳʤ ʧʫʯʢʦʤ" [1], [2]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʪʘʢʞʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʦʛʦʚʦʨʝʥʥʦʛʦʫʧʨʦʱʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʤ 
ʜʚʠʞʝʥʠʝʤ ʩʠʩʪʝʤʳ "ʧʘʩʪʫʭ-ʦʙʲʝʢʪ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ". ɹʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʪʘʢʦʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʲʝʢʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ 
ʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʨʝʘʣʠʟʘʮʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʧʨʦʱʝʥʥʦʛʦ ʧʦʜʭʦʜʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʦʢʣʘʜʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʦʝʢʪʘ LEOSWEEP, 

ʬʠʥʘʥʩʠʨʫʝʤʦʛʦ ʚ ʨʘʤʢʘʭ 7-ʡ ɽʚʨʦʧʝʡʩʢʦʡ ʨʘʤʦʯʥʦʡ ʧʨʦʛʨʘʤʤʳ (ʛʨʘʥʪ ˉ N.607457). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
1. Claudio Bombardelli and Jesus Pelaez.  "Ion Beam Shepherd for Contactless Space Debris 
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ʈɯɺʅʗʅʅʗ ʄɸʂʈʆʉɽɻʈɽɻɸʎɯɰ ɺ ʅɽʈɯɺʅʆɺɸɾʅɯʁ ʊɽʆʈɯɰ ɹɸɻɸʊʆʌɸɿʅʆɰ ɿʆʅʀ 

ʂʈʀʉʊɸʃɯɿɸʎɯɰ ʉʊɸʃɯ 

ʉ.ɭ. ʉʘʤʦʭʚʘʣʦʚ 

 
ɼʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢ 

 

ʗʢʽʩʪʴ ʩʪʘʣʝʚʦʛʦ ʟʣʠʚʢʘ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʧʦʜʽʣʦʤ ʜʦʤʽʰʦʢ, ʷʢʠʡ 
ʬʦʨʤʫ̒ ʪʴʩʷ ʥʘ ʝʪʘʧʽ ʪʚʝʨʜʥʝʥʥʷ ʟʣʠʚʢʘ ʟʘʚʜʷʢʠ ʤʝʭʘʥʽʟʤʫ ʾʭ ʩʝʛʨʝʛʘʮʽʾ, ʪʦʙʪʦ ʨʦʟʧʦʜʽʣʴʯʦʾ 

ʜʠʬʫʟʽʾ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʪʚʝʨʜʦʾ ʪʘ ʨʽʜʠʥʥʦʾ ʬʘʟ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ 

ʨʚ̔ʥʷʥʥʷ, ʷʢʝ ʦʧʠʩʫʻ ʤʘʢʨʦʩʝʛʨʝʛʘʮʽʶ ʜʦʤʽʰʦʢ ʚ ʥʝʨʽʚʥʦʚʘʞʥʽʡ ʪʝʦʨʽʾ ʙʘʛʘʪʦʬʘʟʥʦʾ ʟʦʥʠ 
ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʪʘʣʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʚ ʨʦʙʦʪʘʭ [1,2]. ʎʝ ʨʽʚʥʷʥʥʷ ʚʨʘʭʦʚʫʻ ʷʢ ʨʫʭ 

ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʢʨʠʩʪʘʣʽʚ ʫ ʧʣʠʥʥʽʡ ʟʦʥʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʪʘʢ ʽ ʩʫʤʽʩʥʠʡ ʬʽʣʴʪʨʘʮʽʡʥʠʡ ʨʫʭ 

ʨʦʟʧʣʘʚʫ ʪʘ ʨʦʟʯʠʥʝʥʠʭ ʫ ʥʴʦʤʫ ʜʦʤʽʰʦʢ ʢʨʽʟʴ ʜʝʥʜʨʠʪʥʠʡ ʢʘʨʢʘʩ. ʂʨʽʤ ʪʦʛʦ, ʥʘʰʝ ʨʽʚʥʷʥʥʷ ʜʘʻ 
ʟʤʦʛʫ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʟʘʣʝʞʥʠʡ ʨʫʭ ʜʦʤʽʰʦʢ ʢʨʽʟʴ ʜʝʥʜʨʠʪʥʠʡ ʢʘʨʢʘʩ, ʷʢʠʡ ʤʘʻ ʤʽʩʮʝ ʚʥʘʩʣʽʜʦʢ 

ʤʝʭʘʥʽʟʤʫ, ʚʠʷʚʣʝʥʦʛʦ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʽ ʦʙʫʤʦʚʣʝʥʦʛʦ ʨʽʟʥʦʶ ʩʪʫʧʽʥʥʶ 

ʟʤʦʯʫʻʤʦʩʪʽ ʣʽʢʚʘʥʪʘʤʠ ʜʝʥʜʨʠʪʥʦʛʦ ʢʘʨʢʘʩʫ [5], ʦʪʞʝ ʫʟʘʛʘʣʴʥʶʻ ʨʽʚʥʷʥʥʷ ʤʘʢʨʦʩʝʛʨʝʛʘʮʽʾ, 
ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚ ʨʦʙʦʪʘʭ [3,4].   

ɹʫʜʝʤʦ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʧʦʟʥʘʯʝʥʥʷʤʠ, ʧʨʠʡʥʷʪʠʤʠ ʚ ʨʦʙʦʪʘʭ [1,2]. ʂʨʽʤ ʦʙôʻʤʥʠʭ ʛʫʩʪʠʥ 

ʜʦʤʽʰʦʢ ʫ ʨʽʜʠʥʥʽʡ ʬʘʟʽ 
L

bb  (ʧʽʜʨʘʭʦʚʘʥʠʭ ʚʽʜʥʦʩʥʦ ʦʙôʻʤʫ ʨʽʜʠʥʥʦʾ ʬʘʟʠ), ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ 



161 

ʦʙôʻʤʥʽ  ʛʫʩʪʠʥʠ ʮʠʭ ʞʝ ʜʦʤʽʰʦʢ ʫ ʪʚʝʨʜʽʡ (ʢʨʠʩʪʘʣʽʯʥʽʡ) ʬʘʟʽ 
S

bb  (ʧʽʜʨʘʭʦʚʘʥʠʭ ʚʽʜʥʦʩʥʦ 

ʦʙôʻʤʫ ʪʚʝʨʜʦʾ ʬʘʟʠ).  

ʍʘʡ z - ʦʙôʻʤʥʘ ʛʫʩʪʠʥʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʬʘʟʠ, zj -=1L , zj =S . ʆʙôʻʤʥʽ ʛʫʩʪʠʥʠ 

ʨ̔ʜʠʥʥʦʾ ʪʘ ʪʚʝʨʜʦʾ ʩʢʣʘʜʦʚʠʭ ʜʦʤʽʰʢʠ b ʚ ʩʝʨʝʜʦʚʠɦ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʬʦʨʤʫʣʘʤʠ: 

L
bLb bjb = ,   

S
bSb bjb =

~
,                                                      (1) 

ʘ ʧʦʚʥʘ ʤʘʩʦʚʘ ʛʫʩʪʠʥʘ ʜʦʤʽʰʢʠ b ʚ ʩʝʨʝʜʦʚʠʱʽ ï ʬʦʨʤʫʣʦʶ: 

bbbb
h
b brbrr

~~oo += ,                                                           (2) 

ʜʝ 
o

br  ʪʘ 
o~
br  ï ʽʩʪʠʥʥʽ ʤʘʩʦʚʽ  ʛʫʩʪʠʥʠ ʜʦʤʽʰʢʠ b ʚ ʨʽʜʠʥʥʽʡ ʪʘ ʪʚʝʨʜʽʡ ʬʘʟʘʭ. 

ʇʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʜʦʤʽʰʢʘ b ʚ ʧʨʦʮʝʩʽ ʪʚʝʨʜʥʝʥʥʷ ʥʝ ʫʪʚʦʨʶ̒ ʪʴʩʷ ʽ ʥʝ ʨʦʟʢʣʘʜʘʻʪʴʩʷ, ʘ 
ʣʠʰʝ ʧʝʨʝʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ  ʨʦʟʧʣʘʚʦʤ  ʪʘ ʢʨʠʩʪʘʣʽʯʥʦʶ ʬʘʟʦʶ (ʱʦ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʩʝʛʨʝʛʘʮʽʻʶ), 

ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ ʜʣʷ ʥʝʾ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

( ) 0
~~oo =+Ð+ Sbbbbb

h
b vv
t

CCC
brbr

µ

µr
.                                                (3) 

ʇʨʠ ʦʪʨʠʤʘʥʥʽ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʟʥʘʯʝʥʥʷ bv
C

 ʜʣʷ ʧʦʚʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʜʠʥʥʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʜʦʤʽʰʢʠ b, ʘ ʪʘʢʦʞ ʧʨʠʡʥʷʪʦ, ʱʦ ʜʠʬʫʟʽʷ ʜʦʤʽʰʢʠ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ ʧʨʘʢʪʠʯʥʦ 

ʚʽʜʩʫʪʥʷ, ʘ ʪʦʤʫ ʾʾ ʰʚʠʜʢʽʩʪʴ ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʦʚʥʦʶ ʰʚʠʜʢʽʩʪʶ ʪʚʝʨʜʦʾ ʬʘʟʠ Sv
C
. ʗʢʱʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʚʠʨʘʟ ʜʣʷ ʽʩʪʠʥʥʦʾ ʛʫʩʪʠʥʠ ʪʚʝʨʜʦʾ ʜʦʤʽʢhʠ ʯʝʨʝʟ  ʢʦʝʬʽʮʽʻʥʪ ʾʾ ʬʘʟʦʚʦʾ ʫʩʘʜʢʠ 

fbd : 

( )oo 1~
bfbb rdr += ,                                                           (4) 

ʨʽʚʥʷʥʥʶ (3) ʤʦʞʥʘ ʥʘʜʘʪʠ ʪʘʢʠʡ ʚʠʛʣʷʜ: 
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1 .                         (6) 

ʆʪʞʝ, ʜʣʷ ʦʙôʻʤʥʦʛʦ ʜʞʝʨʝʣʘ ʨʽʜʠʥʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʜʦʤʽʰʢʠ b ʧʨʠ ʩʝʛʨʝʛʘʮʽʾ ʦʪʨʠʤʫʻʤʦ: 

( ) ( )
ù
ù
ú

ø

é
é
ê

è
Ð++-= Sb

b
fbb v

t
ʌ

CC
b

µ

bµ
d

~
~

1 .                                  (7) 

ʂʦʥʢʨʝʪʠʟʫʻʤʦ ʮʝʡ ʚʠʨʘʟ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ bk , ʚʚʘʞʘʶʯʠ ʡʦʛʦ 

ʩʪʘʣʠʤ. ʇʨʠ ʮʴʦʤʫ ʽʩʥʫʻ ʜʚʽ ʢʨʘʡʥʽ ʤʦʞʣʠʚʦʩʪʽ. ɺ ʧʝʨʰʽʡ, ʟ ʥʘʰʦʾ ʪʦʯʢʠ ʟʦʨʫ ʙʽʣʴʰ ʧʦʩʣʽʜʦʚʥʽʡ, 
ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʜʠʬʫʟʽʾ  ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ (ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʤʽʢʨʦʩʝʛʨʝʛʘʮʽʾ 

[3]) ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ bk  ʚʠʟʥʘʯʘʻ ʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦʤʽʰʢʠ b-ʾ  ʬʘʟʠ ʚ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ʤʝʞʽ ʬʘʟʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʋ ʮʴʦʤʫ ʨʘʟʽ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ (1), 

ʦʪʨʠʤʫʻʤʦ: 
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bSb
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bbj
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µ
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~
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( ) ( ).
~

SS
L
bbSb vkv

CCCC
jbb Ð=Ð                                           (9) 

ʇʨʠ ʧʦʚʥʽʡ ʚʽʜʩʫʪʥʦʩʪʽ ʤʽʢʨʦʩʝʛʨʝʛʘʮʽʾ ʚʽʜʨʘʟʫ ʤʦʞʥʘ ʧʦʢʣʘʩʪʠ 
L
bbb k bb =

~
, ʱʦ ʜʘʻ ʪʘʢʽ 

ʬʦʨʤʫʣʠ: 
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bbb
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 ( ) ( )[ ]L
bSSSS

L
bbSb vvkv bjjbb Ð+Ð=Ð

CCCCCC~
.                     (11) 

 

ʇʨʦʤʽʞʥʠʡ ʚʘʨʽʘʥʪ ʟ ʥʘʚʝʜʝʥʠʭ ʜʚʦʭ ʢʨʘʡʥʽʭ ʤʦʞʣʠʚʦʩʪʝʡ ʤʦʞʥʘ ʫʪʚʦʨʠʪʠ ʟʘ  ʜʦʧʦʤʦʛʦʶ  

ʧʘʨʘʤʝʪʨʽʚ Íhx,  [0,1]: 
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bbb
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bSSSS

L
bbSb vvkv bjhjbb Ð+Ð=Ð
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                            (13) 

ʗʢʱʦ, ʢʨʽʤ ʥʘʚʝʜʝʥʠʭ ʬʦʨʤʫʣ, ʚʨʘʭʫʚʘʪʠ ʱʝ ʨʽʚʥʷʥʥʷ ʧʝʨʝʥʦʩʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ʬʘʟʠ 

( ) SSS
S ʌv
t

=Ð+
CC

j
µ

µj
,                                           (14) 

ʰʫʢʘʥʝ ʜʞʝʨʝʣʦ ʨʽʜʠʥʥʠʭ ʜʦʤʽʰʦʢ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

( )
ö
ö

÷

õ

æ
æ

ç

å
++-=

t
ʌkʌ

L
b

SS
L
bbfbb

d

db
jbd1 ,                          (15) 

ʜʝ ʚʚʝʜʝʥʦ ʧʦʟʥʘʯʝʥʥʷ: 

L
bS

L
b

L
b v

tt
bh

µ

µb
x

d

db
Ð+=
CC

.                                  (16) 

ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʤʽʢʨʦʩʝʛʨʝʛʘʮʽʾ  0==hx , ʘ ʪʦʤʫ 0/ =tL
b ddb . ɺ ʮʴʦʤʫ ʨʘʟʽ ʜʞʝʨʝʣʦ 

ʨ̔ʜʠʥʥʦʾ ʜʦʤʽʰʢʦʚʦʾ ʬʘʟʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʬʘʟʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʦʟʧʣʘʚï

ʢʨʠʩʪʘʣʽʯʥʘ ʬʘʟʘ ʽ ʧʨʠ  ʪʚʝʨʜʥʝʥʥʽ ʤʘʻ ʚʽʜôʻʤʥʠʡ ʟʥʘʢ. ʇʨʠ 0=bk , ʦʯʝʚʠʜʥʦ, 0=bʌ . 

ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʫ (15) ʨʽʚʥʷʥʥʷ ʤʘʢʨʦʩʝʛʨʝʛʘʮʽʾ (6) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 
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CC
.              (17) 

ɺ ʣʽʪʝʨʘʪʫʨʽ ʨʽʚʥʷʥʥʷ ʤʘʢʨʦʩʝʛʨʝʛʘʮʽʾ ʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʥʷ ʚʽʜʥʦʩʥʦ 

L
bb . ɼʣʷ ʡʦʛʦ ʦʪʨʠʤʘʥʥʷ ʧʝʨʝʪʚʦʨʠʤʦ ʣʽʚʫ ʯʘʩʪʠʥʫ ʨʽʚʥʷʥʥʷ (17) 
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CCCC
       (18) 

ʪʘ ʚʨʘʭʫʻʤʦ ʨʽʚʥʷʥʥʷ ʧʝʨʝʥʦʩʫ ʨʦʟʧʣʘʚʫ: 

( ) ( ) .1 SfLL
L ʌv
t

dj
µ

µj
+-=Ð+

CC
                           (19) 

ʊʦʜʽ ʟʘʤʽʩʪʴ (18) ʦʪʨʠʤʫʻʤʦ: 
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( ) ( )[ ] bbLLSf
L
b

L
bb

L ʌwʌ
dt

d
+Ð-+=
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jdb

b
j 1 ,                  (20) 

ʘʙʦ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ bLLb wvv
CCC
+= , ʤʘʻʤʦ: 

( ) ( ) bSf
L
bbLL

L
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L
bL

L ʌʌw
dt

d
+++Ð-= dbjb

b
j 1

CC
.           (21) 

ʗʢʱʦ ʪʝʧʝʨ ʧʽʜʩʪʘʚʠʪʠ ʩʶʜʠ ʚʠʨʘʟ ʜʣʷ ʜʞʝʨʝʣʘ bʌ  (15), ʦʪʨʠʤʘ̒ ʤʦ: 

( ) ( ) ( )[ ] ( )
t

kʌkw
dt
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SbfbSfbbf
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bbLL
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jdddbjb

b
j +-+-++Ð-= 111

CC
.      (22) 

ʅʘʛʘʜʘʻʤʦ, ʱʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʰʚʠʜʢʽʩʪʴ ʬʘʟʠ b ʚʽʜʥʦʩʥʦ ʨʦʟʧʣʘʚʫ bLw
C

 ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʚʦʭ ʢʦʤʧʦʥʝʥʪ: 

d
bL

c
bLbL www
CCC
+= ,                                            (23) 

ʷʢʽ ʜʝʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʬʽʟʠʯʥʠʤ ʟʤʽʩʪʦʤ. ʆʩʪʘʥʥʷ ʟ ʥʠʭ 
d
bLw
C

 ʻ ʜʠʬʫʟʽʡʥʦʶ ʩʢʣʘʜʦʚʦʶ, ʘʙʦ 

ʝʬʝʢʪʠʚʥʦʶ ʜʠʬʫʟʽʡʥʦʶ ʩʢʣʘʜʦʚʦʶ (ʪʦʙʪʦ ʚʦʥʘ ʤʘʻ ʚʠʛʣʷʜ ʜʠʬʫʟʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʘʣʝ ʤʘʻ ʥʝ 
ʤʦʣʝʢʫʣʷʨʥʝ, ʘ ʩʢʘʞʽʤʦ, ʪʫʨʙʫʣʝʥʪʥʝ ʧʦʭʦʜʞʝʥʥʷ): 

L
bbL

b

d
bL Dw b

b
Ð-=
CC 1

.                                    (24) 

ɸʣʝ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʚ ʜʚʦʬʘʟʥʽʡ ʟʦʥʽ ʟʣʠʚʢʘ, ʱʦ ʪʚʝʨʜʥʝ, ʤʘʻ ʧʝʨʰʘ ʩʢʣʘʜʦʚʘ ï 

ʢʦʣʝʢʪʠʚʥʘ 
ʩ
bLw
C
, ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʷʢʦʾ ʻ ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʜʦʤʽʰʦʢ ʟʫʤʦʚʣʝʥʘ ʾʭ 

ʬʽʣʴʪʨʘʮʽ̒ ʶ. ʎʷ ʩʢʣʘʜʦʚʘ, ʥʘ ʞʘʣʴ, ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʷʭ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʩʪʘʣʽ 

(ʥʘʧʨʠʢʣʘʜ, [3, 4] ʪʘ ʽʥ.), ʭʦʯʘ, ʷʢ ʧʦʢʘʟʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [5], ʤʘʻ ʚʘʞʣʠʚʝ 
ʟʥʘʯʝʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʦʤʽʰʦʢ ʟ ʟʣʠʚʢʫ.  

ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʫʣ (23) ʪʘ (24) ʨʽʚʥʷʥʥʷ ʩʝʛʨʝʛʘʮʽʾ (22) ʥʘʙʫʚʘʻ ʩʚʦʛʦ ʢʽʥʮʝʚʦʛʦ ʽ 

ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ: 
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CCCC

                (25) 

ʂʨʽʤ ʟʘʟʥʘʯʝʥʦʾ ʚʠʱʝ ʜʫʞʝ ʚʘʞʣʠʚʦʾ ʤʦʞʣʠʚʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʡʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ 
ʩ
bLw
C
, ʚ ʨʽʚʥʷʥʥʽ (25) ʚʨʘʭʦʚʘʥʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʨʽʟʥʦʾ ʬʘʟʦʚʦʾ ʫʩʘʜʢʠ ʨʦʟʧʣʘʚʫ 

fd  ʪʘ ʜʦʤʽʰʦʢ fbd . ʈʽʚʥʷʥʥʷ ʤʘʢʨʦʩʝʛʨʝʛʘʮʽʾ, ʦʪʨʠʤʘʥʝ ʚ ʨʦʙʦʪʽ [3], ʘ ʦʪʞʝ, ʽ ʨʽʚʥʷʥʥʷ 

ʤʘʢʨʦʩʝʛʨʝʛʘʮʽʾ, ʷʢʽ ʚʦʥʦ ʫʟʘʛʘʣʴʥʶʻ, ʻ ʦʢʨʝʤʠʤʠ ʚʠʧʘʜʢʘʤʠ ʨʚ̔ʥʷʥʥʷ (25). 

ɺʠʩʥʦʚʢʠ. ʈʽʚʥʷʥʥʷ ʤʘʢʨʦʩʝʛʨʝʛʘʮʽʾ ʥʝʨʽʚʥʦʚʘʞʥʦʾ ʪʝʦʨʽʾ ʙʘʛʘʪʦʬʘʟʥʦʾ ʟʦʥʠ 

ʢʨʠʩʪʘʣʟ̔ʘʮʽʾ ʩʪʘʣʽ ʚʨʘʭʦʚʫʻ ʦʩʥʦʚʥʽ ʬʽʟʠʯʥʽ ʬʘʢʪʦʨʠ ʧʝʨʝʥʦʩʫ ʜʦʤʽʰʦʢ ʚ ʟʣʠʚʢʫ ʽ ʤʦʞʝ ʙʫʪʠ 
ʧʦʢʣʘʜʝʥʝ ʚ ʦʩʥʦʚʫ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʭʽʤʽʯʥʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʩʪʘʣʝʚʠʭ ʟʣʠʚʢʽʚ.  

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

1. ʉʘʤʦʭʚʘʣʦʚ ʉ.ɭ. ʊʝʧʣʦʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʚ ʙʘʛʘʪʦʬʘʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ: ʪʝʦʨʝʪʠʯʥʽ 

ʦʩʥʦʚʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ï ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢ: ɼɼʊʋ. ï1994. ï 172 ʩ. 

2. ʆʛʫʨʮʦʚ ɸ.ʇ., ʉʘʤʦʭʚʘʣʦʚ ʉ.ɭ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 
ʙʘʛʘʪʦʬʘʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ï ʂ.: ʅʘʫʢ. ʜʫʤʢʘ. 2001. ï 410 ʩ.  
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3. ʂʠʣʠʤʥʠʢ ʀ.ɸ., ʉʘʤʦʡʣʦʚʠʯ ʖ.ɸ. ʆʙʦʙʱʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʘʢʨʦʩʝʨʝʛʘʮʠʠ ʚ 

ʟʘʪʚʝʨʜʝʚʘʶɦ ʝʤ ʩʣʠʪʢʝ // ʀʟʚ. ʚʫʟʦʚ. ʏʝʨʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ. ï 1987. ï ˉ 6. ï ʉ.107ï109. 

4. Flemings M.S., Nereo G.E. // Trans. Metallurg. Soc. of AIME. ï 1967. ï V. 239. ï P.1449ï

1461. 
5. ɺʠʭʣʷʝʚ ɺ.ɹ., ɽʬʠʤʦʚ ɺ.ɸ., ʀʱʫʢ ʅ.ʗ. ʂ ʚʦʧʨʦʩʫ ʦ ʩʪʨʫʢʪʫʨʝ ʜʚʫʭʬʘʟʥʦʡ ʟʦʥʳ ʠ 

ʤʝʭʘʥʠʟʤ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʥʝʡ // ʇʨʦʙʣʝʤʳ ʩʪʘʣʴʥʦʛʦ ʩʣʠʪʢʘ. - ʄ.: ʄʝʪʘʣʣʫʨʛʠʷ, 1976. - 

ɺʳʧ.VI. ï ʉ.122ï128. 
 

 

ʊʆʇʆʃʆɻɯʏʅʆ ʅɽɽʂɺɯɺɸʃɽʅʊʅɯ ʉʀʉʊɽʄʀ ɿ ʇʈɸɺʆʖ ʈɸʎɯʆʅɸʃʔʅʆʖ 

ʏɸʉʊʀʅʆʖ 

ɼ.ɺ. ʉʝʤʝʥʶʪʘ 

 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ 

 

ʍʦʯʘ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ ʘʣʛʝʙʨʦʾʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʭʘʦʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ, ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʥʽ, ʥʝ ʚʠʩʪʘʯʘʻ ʥʫʤʝʨʘʮʽʾ ʧʨʠʢʣʘʜʽʚ ʨʽʟʥʠʭ 

ʥʘʙʦʨʽʚ ʨʽʚʥʷʥʴ ʪʘ ʾʭ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʽ ʤʘʶʪʴ ʭʘʦʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ. ʗʢ ʚʽʜʦʤʦ ʫ ʪʨʴʦʭʤʽʨʥʦʤʫ 
ʧʨʦʩʪʦʨʽ ʽʩʥʫʻ ʥʝ ʪʘʢ ʙʘʛʘʪʦ ʪʠʧʽʚ ʭʘʦʩʫ. ʅʝ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʪʠʧʽʚ ʭʘʦʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʦʚôʷʟʘʥʘ ʟ ʪʠʤ, ʱʦ ʚ ʪʨʴʦʭʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʽʩʥʫʻ ʙʘʛʘʪʦ ʦʙʤʝʞʝʥʴ. ʊʦʤʫ ʥʝ ʜʠʚʥʦ, ʱʦ 

ʪʦʧʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʚʠʢʦʨʠʩʪʦʚʫʻ ʛʨʘʥʠʯʥ ̔ʪʦʨʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ  ʢʣʘʩʠʬʽʢʘʮʽʾ ʭʘʦʪʠʯʥʠʭ 
ʘʪʨʘʢʪʦʨʽʚ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʪʨʴʦʭʤʽʨʥʦʛʦ ʧʨʦʩʪʦʨʫ. 

ʄʝʪʘ ʜʘʥʥʦʾ ʨʦʙʦʪʠ ï ʜʦʩʣʽʜʠʪʠ ʽʩʥʫʶʯʽ ʜʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ ʚ ʪʨʴʦʭʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, 

ʟʨʦʟʫʤʽʪʠ ʧʨʠʨʦʜʫ ʾʭʥʴʦʾ ʧʦʚʝʜʽʥʢʠ ʪʘ ʪʦʧʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʪʦʧʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʭʘʦʪʠʯʥʽ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʩʧʨʦʙʫʚʘʪʠ ʚʽʜʥʘʡʪʠ 

ʥʦʚʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʧʘʪʦʣʦʛʽʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜʨ ʦʟʛʣʷʥʫʪʠʭ. 

ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʠʩʪʝʤʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʧʨʘʚʫ ʨʘʮʽʦʥʘʣʴʥʫ ʪʘ ʽʨʨʬʮʽʦʥʘʣʴʥʫ 
ʯʘʩʪʠʥʫ. ɿʘ ʽʥʩʪʨʫʤʝʥʪ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʚʟʷʪʽ ʬʘʟʦʚʽ ʪʨʘʝʢʪʦʨʽʽ ʜʣʷ ʢʦʞʥʦʾ ʪʦʧʦʣʦʛʽʯʥʦ 

ʥʝʩʭʦʞʦʾ ʩʠʩʪʝʤʠ. ʌʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʩʪʝʞʠʪʠ ʧʦʩʣʽʜʦʚʥʫ ʟʤʽʥʫ ʩʪʘʥʽʚ 

ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʦʨʽʚ, ʱʦ ʷʚʣʷʻʪʴʩʷ ʢʣʶʯʦʚʦʶ ʦʟʥʘʢʦʶ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 
ʪʦʧʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʪʨʘʢʪʦʨʽʚ. ʅʘʩʪʫʧʥʠʤ ʽʟ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʠʡ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʦʪʠʯʥʠʭ ʩʠʩʪʝʤ ï ʨʝʢʫʨʝʥʪʥʽʡ ʘʥʘʣʽʟ. ʆʩʥʦʚʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʝʢʫʨʝʥʪʥʦʛʦ 

ʘʥʘʣʽʟʫ ʻ ʚʽʟʫʘʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʫ ʬʦʨʤʽ ʨʝʢʫʨʝʥʪʥʦʾ ʜʽʘʛʨʘʤʠ, ʷʢʘ 
ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʝʢʫʨʝʥʪʥʫ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ. ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʚʽʜʨʽʟʥʷʪʠ ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʧʨʦʮʝʩ ʚʽʜ ʚʠʧʘʜʢʦʚʦʛʦ ʻ ʨʝʢʫʨʝʥʪʥʽʩʪʴ ,ʪʦʙʪʦ 

ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʪʨʘʻʢʪʦʨʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʝʢʫʨʝʥʪʥʠʭ ʜʽʘʛʨʘʤ ʚʠʷʚʣʝʥʽ ʙʽʬʫʨʢʘʮʽʡ ʥʽ ʧʝʨʝʭʦʜʠ. ɹʫʣʠ ʚʽʜʥʦʚʣʝʥʽ 

ʬʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ ʩʠʩʪʝʤʠ ʟʘ ʯʘʩʦʚʠʤ ʨʷʜʦʤ ʫ ʨʽʟʥʽ ʤʦʤʝʥʪʫ ʯʘʩʫ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ 

ʧʨʠʨʦʜʫ ʪʘ ʭʘʨʘʢʪʝʨ ʭʘʦʩʫ.  
ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʘʪʨʘʢʪʦʨʠ ʟ ʨʽʟʥʠʤʠ ʪʦʧʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʽ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʨʽʟʥʠʭ ʢʣʘʩʽʚ.ʆʩʥʦʚʥʽ ʘʪʨʘʢʪʦʨʠ, ʚʠʥʘʡʜʝʥʽ ʚ ʮʽʡ ʨʦʙʦʪʽ ʧʨʠʚʝʜʝʥʽ ʥʘ 

ʥʘʩʪʫʧʥʠʭ ʨʠʩʫʥʢʘʭ. 
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ʈʠʩʫʥʦʢ 1 - ʉʠʩʪʝʤʘ, ʷʢʘ ʤʘʻʧʨʘʚʫ 

ʽʨʨʘʮʽʦʥʘʣʴʥʫ ʯʘʩʪʠʥʫ 

ʈʠʩʫʥʦʢ 2 - ʉʠʩʪʝʤʘ, ʷʢʘ ʤʽʩʪʠʪʴ ʢʦʨʽʥʴ 

ʢʚʘʜʨʘʪʥʠʡ ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ 

 

 

ʈʠʩʫʥʦʢ 3 - ʉʠʩʪʝʤʘ, ʷʢʘ ʤʘʻʧʨʘʚʫ 

ʨʘʮʽʦʥʘʣʴʥʫ ʯʘʩʪʠʥʫ 

ʈʠʩʫʥʦʢ 4 - ʉʠʩʪʝʤʘ, ʷʢʘ ʤʘʻ ʧʨʘʚʫ 

ʨʘʮʽʦʥʘʣʴʥʫ ʯʘʩʪʠʥʫ 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1. Arrowsmith D.K., Cplace .M.«Dynamical Systems (differential equations, mas and 
chaotic behaviour)»; 

2. ʂʘʪʦʢ ɸ.ɹ., ʍʘʩʩʝʣʙʣʘʪ ɹ.: çɺʚʝʜʝʥʠʝ ʚ ʪʝʦʨʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʦʙʟʦʨʦʤ 
ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡè. 
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ʄʆɼɽʃʖɺɸʅʅʗ ʈʆɿʇʆɼɯʃʋ ʇʀʊʆʄʆɰ ʇʆʊʋɾʅʆʉʊɯ ʆɹôɭʄʅʀʍ ɼɾɽʈɽʃ ʊɽʇʃɸ 

ɿɸ ɯʅɼʋʂʎɯʁʅʆɻʆ ʅɸɻʈɯɺʋ ʊʈʋɹ 

ɯ.ɺ. ʉʝʨʙʫʣʦʚʘ 

 
ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ 

 

ɺʠʩʦʢʦʯʘʩʪʦʪʥʝ ʟʚʘʨʶʚʘʥʥʷ ʤʝʪʘʣʽʚ ʟʘʩʥʦʚʘʥʝ ʧʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʢʦʥʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 
ʽʥʜʫʢʮʽʾ ʽ ʧʦʚʥʦʛʦ ʩʪʨʫʤʫ, ʘ ʪʘʢʦʞ ʥʘʩʪʫʧʥʠʭ ʷʚʠʱ: ʧʦʚʝʨʭʥʝʚʦʛʦ ʝʬʝʢʪʫ, ʝʬʝʢʪʫ ʙʣʠʟʴʢʦʩʪʽ, 

ʢʽʣʴʮʝʚʦʛʦ ʝʬʝʢʪʫ, ʚʧʣʠʚʫ ʤʽʜʥʠʭ ʝʢʨʘʥʽʚ ʥʘ ʨʦʟʧʦʜʽʣ ʩʪʨʫʤʫ ʚ ʧʨʦʚʽʜʥʠʢʫ,  ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ  

ʩʠʣ [1]. 
ʎʽ ʟʘʢʦʥʠ ʪʘ ʷʚʠʱʘ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʚʠʙʦʨʽ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʽ 

ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʧʨʠʩʪʨʦʾʚ   ʜʣʷ ʧʝʨʝʜʘʯʽ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʜʦ ʚʠʨʦʙʽʚ. 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʽʥʜʫʢʮʽʡʥʦʛʦ ʥʘʛʨʽʚʫ ʧʨʦʚʽʜʥʠʢʦʚʠʭ ʚʠʨʦʙʽʚ ʥʝʦʙʭʽʜʥʦ ʟʥʘʥʥʷ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʦʟʧʦʜʽʣʫ ʧʠʪʦʤʦʾ ʧʦʪʫʞʥʦʩʪʽ ʦʙôʻʤʥʠʭ ʜʞʝʨʝʣ ʪʝʧʣʘ, ʷʢʽ ʟôʷʚʣʷʶʪʴʩʷ ʟʘ 

ʽʥʜʫʢʮʽʡʥʦʛʦ ʥʘʛʨʽʚʫ ʪʨʫʙ ʚʥʘʩʣʽʜʦʢ ʟʙʫʜʞʝʥʥʷ ʚ ʥʠʭ ʚʠʭʨʦʚʠʭ ʩʪʨʫʤʽʚ.  
ʈʦʟʛʣʷʥʝʤʦ ʨʦʟʨʘʭʫʥʦʢ ʨʦʟʧʦʜʽʣʫ ʧʠʪʦʤʦʾ ʧʦʪʫʞʥʦʩʪʽ ʦʙôʻʤʥʠʭ ʜʞʝʨʝʣ ʪʝʧʣʘ ʜʣʷ 

ʩʪʘʣʝʚʦʾ ʪʨʫʙʥʦʾ ʟʘʛʦʪʽʚʢʠ (ʈʠʩ.1) 

 
ʈʠʩʫʥʦʢ 1  ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʧʦʜʽʣʫ ʧʠʪʦʤʦʾ ʧʦʪʫʞʥʦʩʪʽ ʦʙôʻʤʥʠʭ ʜʞʝʨʝʣ ʪʝʧʣʘ ʜʣʷ 

ʩʪʘʣʝʚʦʾ ʪʨʫʙʥʦʾ ʟʘʛʦʪʽʚʢʠ 
 

ɿʛʽʜʥʦ ʟ ʪʝʦʨʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ 

ʚ ʝʣʝʤʝʥʪʘʨʥʽʡ ʢʽʣʴʮʝʚʽʡ ʧʦʚʝʨʭʥʽ ʪʨʫʙʠ ʧʽʜ ʽʥʜʫʢʪʦʨʦʤ  [2]. 
 

=ʧg
ka RI

2

2/
2

2/aJ= lSr ,                            (1) 
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ʜʝ aa JI , - ʢʦʤʧʣʝʢʩʥʽ ʘʤʧʣʽʪʫʜʠ ʩʠʣʠ ʽ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ, ʟʙʫʜʞʝʥʦʛʦ ʚ ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʢʽʣʴʮʽ 

ʽʥʜʫʢʪʦʨʦʤ; ɟ- ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʤʘʪʝʨʽʘʣʫ ʪʨʫʙʠ; l - ʧʝʨʠʤʝʪʨ ʢʽʣʴʮʷ.  

ɸʙʦ  

AJEJa wss == ,                                                       (2) 

ʜʝ rs 1= - ʧʠʪʦʤʘ ʝʣʝʢʪʨʠʯʥʘ ʧʨʦʚʽʜʥʽʩʪʴ; w- ʢʨʫʛʦʚʘ ʯʘʩʪʦʪʘ ʩʪʨʫʤʫ ʞʠʚʣʝʥʥʷ ʽʥʜʫʢʪʦʨʘ; 

A - ʚʝʢʪʦʨʥʠʡ ʧʦʪʝʥʮʽʘʣ; E - ʢʦʤʧʣʝʢʩʥʘ ʘʤʧʣʽʪʫʜʘ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, 

ʩʪʚʦʨʝʥʦʛʦ ʽʥʜʫʢʪʦʨʦʤ ʚ ʨʦʟʛʣʷʥʫʪʽʡ ʪʦʯʮʽ ʟʘʛʦʪʦʚʢʠ; m- ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ 

ʟʘʛʦʪʽʚʢʠ. 

ɿʚʽʜʩʠ ʧʠʪʦʤʫ ʧʦʪʫʞʥʽʩʪʴ ʜʞʝʨʝʣ ʪʝʧʣʘ ʧʨʝʜʩʪʘʚʠʤʦ ʚʠʨʘʟʦʤ 

225,0 Agʧʜ sw= .                                               (3) 

ʈʦʟʨʘʭʫʥʦʢ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ A  ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʟʙʫʜʞʝʥʦʛʦ 

ʽʥʜʫʢʪʦʨʦʤ, ʚʠʢʦʥʘʥʦ ʚ ʮʠʣʽʥʜʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʟʘ ʥʝʦʜʥʦʨʽʜʥʠʤ ʜʠʬʝʨʝʥʮʽʡʥʠʤ 

ʨʽʚʥʷʥʥʷʤ ɻʝʣʴʤʛʦʣʴʮʘ ʚ ʢʦʤʧʣʝʢʩʥʽʡ ʬʦʨʤʽ  

ʉʊʊJAkA m-=+D 2
,                                     (4) 

ʜʝ TTjk mws-=2
; ʊʊʽms  - ʧʠʪʦʤʘ ʝʣʝʢʪʨʠʯʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʽ ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʚ 

ʨʦʟʛʣʷʥʫʪʽʡ ʪʦʯʮʽ; ʉʊJ  - ʢʦʤʧʣʝʢʩʥʘ ʘʤʧʣʽʪʫʜʘ ʛʫʩʪʠʥʠ ʩʪʦʨʦʥʥʽʭ ʩʪʨʫʤʽʚ. 

ʏʝʨʝʟ ʢʨʫʛʦʚʫ ʩʠʤʝʪʨʽʶ ʟʘʜʘʯʽ ʩʪʦʨʦʥʥʽʡ ʩʪʨʫʤ ʤʘʻ ʪʽʣʴʢʠ j-ʪʫ ʩʢʣʘʜʦʚʫ, ʘ ʪʦʤʫ 

ʚʝʢʪʦʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʻ ʬʫʥʢʮʽʻʶ ʪʽʣʴʢʠ zir . ʊʦʤʫ ʨʽʚʥʷʥʥʷ ɻʝʣʴʤʛʦʣʴʮʘ ʻ 
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ʜʝ ʽ=1,2 ʪʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʝʢʪʦʨʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʽ ʤʘʛʥʽʪʥʠʭ ʧʨʦʥʠʢʥʦʩʪʝʡ ʜʚʦʭ ʛʨʘʥʠʯʥʠʭ 

ʰʘʨʽʚ. 
ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ  ʨʽʚʥʷʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʽʥʪʝʛʨʘʣʴʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ [3].          
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ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʤʘʶʪʴ ʚʠʛʣʷʜ  
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ʉ1 ʽ ʉ2 ïʜʦʚʽʣʴʥʽ ʢʦʥʩʪʘʥʪʠ,)(),( 11 xKxI - ʤʦʜʠʬʽʢʦʚʘʥʽ ʮʠʣʽʥʜʨʠʯʥʽ ʬʫʥʢʮʽʾ ʧʝʨʰʦʛʦ ʪʘ 

ʜʨʫʛʦʛʦ ʨʦʜʫ. 

ɺʨʘʭʦʚʫʶʯʠ ʫʤʦʚʫ ʦʙʤʝʞʝʥʥʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ),( rAi l  ʥʘ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ  ʪʘ 

ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ  

=1C ))(cos()()( 0130 zzgrRKRI ɿCT -¡ljlm .                 (10) 

ɼʣʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ),( zrA , ʩʪʚʦʨʝʥʦʛʦ ʦʜʥʦʰʘʨʦʚʠʤ ʽʥʜʫʢʪʦʨʦʤ ʨʘʜʽʫʩʘ ɿR  ʚ 

ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʪʨʫʙʥʦʾ ʧʦʚʝʨʭʥʽ ʦʜʝʨʞʘʥʦ ʚʠʨʘʟ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʙʝʨʥʝʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ  

ʌʫʨôʻ [3].          

lljl
p

m
dzzgrRK

RI
zrA ɿ

ɿm ))(cos()()(),( 0

0

1
0 -= ñ

¤

.               (11) 

ɸʥʘʣʽʟ ʮʴʦʛʦ ʚʠʨʘʟʫ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʧʠʪʦʤʦʾ 
ʧʦʪʫʞʥʦʩʪʽ ʦʙôʻʤʥʠʭ ʜʞʝʨʝʣ ʪʝʧʣʘ ʥʘ ʧʦʚʝʨʭʥʽ ʚʽʜ ʨʦʟʤʽʨʽʚ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʪʨʫʙʥʦʾ 

ʟʘʛʦʪʽʚʢʠ [4]. 

  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ. 

1. ʐʘʤʦʚ ɸ.ʅ.. ɺʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʩʚʘʨʢʘ ʤʝʪʘʣʣʦʚ. ïʃ.:ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ,1991. 

2. ɹʝʩʩʦʥʦʚ ʃ.ɸ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʻʣʝʢʪʨʦʪʝʭʥʠʢʠ. ïʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ,1973. 
3. ʂʦʰʣʷʢʦʚʅ.ʉ., ɻʣʠʥʝʨ ʕ.ɹ., ʉʤʠʨʥʦʚ ʄ.ʄ. ʋʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ,1970. 

4. ʉʝʨʙʫʣʦʚʘ ɯ.ɺ.  Ăʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʤʘʛʥʽʯʫʚʘʣʴʥʠʭ ʽʤʧʫʣʴʩʽʚ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʷʢʦʩʪʽ ʬʝʨʠʪʦʚʠʭ ʢʽʣʝʮʴò. -ʄʘʪʝʨʽʘʣʠ XIV  ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʽʤ. ʘʢʘʜ. 

ʄ.ʂʨʘʚʯʫʢʘ.-ʂʠʾʚ, 2012 

 
 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʏʀʉɽʃʔʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ɼʃʗ ʈʆɿʈɸʍʋʅʂʋ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɸʅʊɽʅ 

ʆ.ʄ. ʉôʷʥʦʚ, ʆ.ʉ. ʂʦʩʫʭʽʥʘ 

 

ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢ 

 

ʇʨʦʙʣʝʤʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʘʥʪʝʥʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʚ ʨʽʟʥʠʭ 

ʧʨʠʨʦʜʥʠʭ ʪʘ ʰʪʫʯʥʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ ʘʜʝʢʚʘʪʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʘʥʪʝʥ, ʷʢ ʽ ʨʘʥʽʰʝ, ʟʘʣʠʰʘʻʪʴʩʷ ʩʴʦʛʦʜʥʽ ʦʜʥʽʻʾ ʟ 

ʘʢʪʫʘʣʴʥʠʭ ʟʘʜʘʯ ʨʘʜʽʦʪʝʭʥʽʢʠ. ʎʽʢʘʚʽʩʪʴ ʜʦ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʚʠʥʠʢʣʘ ʜʘʚʥʦ ʡ ʧʦʩʪʽʡʥʦ 

ʩʪʠʤʫʣʶʚʘʣʘʩʷ ʧʦʪʨʝʙʘʤʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʨʽʟʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʜʦʜʘʪʢʽʚ. 
ɯʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʱʦ ʦʧʠʩʫʻ ʱʽʣʴʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʨʫʤʫ ʥʘ 

ʧʦʚʝʨʭʥʽ S ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

 ä
=

=
M

m

mmk fIJ
1

,                                                          (1) 

ʜʝ kJ ï ʱʽʣʴʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʦʪʦʢʫ ʩʪʨʫʤʫ ʥʘ ʧʦʚʝʨʭʥʽ S, mI  ï ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʰʠʨʝʥʥʷ, 

ʱʦ ʬʦʨʤʫʶʪʴ ʚʝʢʪʦʨ-ʩʪʨʫʤʫ I , mf  ï ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ, ʱʦ  ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʢʨʘʾ m ʝʣʝʤʝʥʪʽʚ.  

ʇʨʠ ʨʦʟʚôʷʟʘʥʽ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ ʤʦʤʝʥʪʽʚ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 
ʚʚʘʞʘʣʦʩʷ, ʱʦ ʧʦʚʝʨʭʥʷ ʤʝʪʘʣʫ ʘʥʪʝʥʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʪʨʠʢʫʪʥʠʢʽʚ. ʂʦʞʥʘ ʧʘʨʘ 

ʪʨʠʢʫʪʥʠʢʽʚ, ʱʦ ʤʘʶʪʴ ʩʧʽʣʴʥʝ ʨʝʙʨʦ, ʧʨʝʜʩʪʘʚʣʷʻ ʚʽʜʧʦʚʽʜʥʽ ʛʨʘʥʠʯʥʽ RWG ʝʣʝʤʝʥʪʠ, ʦʜʠʥ ʽʟ 
ʷʢʠʭ ʤʘʻ ʟʥʘʢ ʧʣʶʩ, ʘ ʜʨʫʛʠʡ ʤʽʥʫʩ. ʇʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʧʽʜʽʥʪʝʛʨʘʣʴʥʘ ʬʫʥʢʮʽʷ ɻʨʽʥʘ ʜʣʷ ʦʙʣʘʩʪʽ 

ʪʨʠʢʫʪʥʠʢʘ g  ʧʦʩʪʽʡʥʘ ʚ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ.  
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ʆʩʢʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʰʠʨʝʥʥʷ mI  ʬʦʨʤʫʶʪʴ ʚʝʢʪʦʨ I , ʪʦ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 
ʟʥʘʡʜʝʥʽ ʟ ʨʽʚʥʷʥʥʷ ʧʦʚʥʦʛʦ ʦʧʦʨʫ ʘʙʦ ʨʽʚʥʷʥʥʷ ʤʦʤʝʥʪʫ: 

VIZ =Ö ,                                                            (2) 

ʜʝ Zï ʢʚʘʜʨʘʪʥʘ ʤʘʪʨʠʮʷ ʦʧʦʨʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʨʽʟʥʠʤʠ 
ʛʨʘʥʠʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʈʦʟʤʽʨ ʤʘʪʨʠʮʽ ʦʧʦʨʫ ʚʚʘʞʘʻʤʦ ʨʽʚʥʠʤ ʯʠʩʣʫ ʛʨʘʥʠʯʥʠʭ  ʝʣʝʤʝʥʪʽʚ. 

ɽʣʝʤʝʥʪ ʤʘʪʨʠʮʽ Z  ʟ ʽʥʜʝʢʩʦʤ mn ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ ʜʦʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʚ m-ʡ ʪʦʯʮʽ ʥʘ ʘʥʪʝʥʽ, ʱʦ ʦʙʫʤʦʚʣʝʥʘ n-ʶ ʙʘʟʠʩʥʦʶ ʬʫʥʢʮʽʻʶ ʩʪʨʫʤʫ, ʷʢʠʡ ʨʦʟʧʦʜʽʣʝʥʠʡ 

ʧʦ ʚʩʽʡ ʦʙʣʘʩʪʽ ʘʥʪʝʥʠ. ʄʘʪʨʠʮʶ ʦʧʦʨʫ Z  ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ:  
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ʜʝ  w ï ʮʝ ʯʘʩʪʦʪʘ ʟʤʽʥʠ ʭʚʠʣʽ, ɸ ï ʤʘʛʥʽʪʥʠʡ ʚʝʢʪʦʨʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʌ ï ʩʢʘʣʷʨʥʠʡ ʧʦʪʝʥʮʽʘʣ. 

ɺʠʨʘʟʠ ʜʣʷ ʤʘʛʥʽʪʥʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ɸ ̔ ʩʢʘʣʷʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʌ ʤʘʶʪʴ ʚʠʛʣʷʜ: 
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ʈʠʩʫʥʦʢ 1 ð ʋʟʘʛʘʣʴʥʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ 
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ʈʠʩʫʥʦʢ 2 ð ʉʭʝʤʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʙʨʘʪʦʨʥʦʾ ʘʥʪʝʥʠ  
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(5)  

ʜʝ mï ʢʦʝʬʽʮʽʻʥʪ ʤʘʛʥʽʪʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ, e ï ʢʦʝʬʽʮʽʻʥʪ ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ.  

ɺʝʢʪʦʨ V ʻ  ʚʝʢʪʦʨʦʤ ʟʙʫʜʞʝʥʥʷ ʥʘʧʨʫʛʠ. ɺʽʥ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 
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ʜʝ EEm=
°

 ï ʩʢʣʘʜʦʚʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ.   

ʅʘʧʨʫʛʘ ʘʥʪʝʥʠ ʚ ʩʚʦʶ ʯʝʨʛʫ, ʩʪʚʦʨʶʻ ʧʦʚʝʨʭʥʝʚʫ ʱʽʣʴʥʽʩʪʴ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʪʽʢʘʻ ʧʦ 
ʧʦʚʝʨʭʥʽ ʘʥʪʝʥʠ. ɺʠʨʘʟʠ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʝʷʢʠʭ ʩʧʨʦʱʝʥʴ 

ʟʘʧʠʰʝʤʦ ʫ ʚʠʛʣʷʜʽ: 
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ʈʠʩʫʥʦʢ 3 ð ʉʭʝʤʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 
ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 15-ʧʦʚʦʨʦʪʥʦʾ ʩʧʽʨʘʣʴʥʦʾ ʘʥʪʝʥʠ ʚ ʦʩʴʦʚʦʤʫ ʨʝʞʠʤʽ ʥʘ 500 ʄɻʮ 

ʊʦʯʥʝ ʟʥʘʯʝʥʥʷ  ʧʦʣʷ ʚ ʜʘʣʴʥʽʡ ʟʦʥʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʩʪʘʥʥʶ ʚ ʜʘʣʴʥʴʦʤʫ ʧʦʣʽ ʫ ʚʠʛʣʷʜʽ: 

l22DRf = ,                                                      (8) 

ʜʝ D ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʘʥʪʝʥʠ, ɚ ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ.  
ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʟʘʛʘʣʴʥʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʠʛʟʘʛʦʧʦʜʽʙʥʦʾ ʘʥʪʝʥʠ ʧʨʦʚʝʜʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʫ Matlab.   

ɺʠʩʥʦʚʢʠ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʦʪʦʯʥʦʛʦ 
ʨʦʟʧʦʜʽʣʫ ʩʪʨʫʤʫ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʠʛʥʘʣʫ ʫ ʚʽʣʴʥʠʡ ʧʨʦʩʪʽʨ. ʇʨʦʚʝʜʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʘʥʪʝʥ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʜ̔ʞʝʥʴ ʜʘʣʠ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʜʽʘʛʨʘʤʫ 

ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʘʥʪʝʥ ʚʽʜ ʯʘʩʪʦʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʘʥʪʝʥ. 

 

 

ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉʋ ʈʆɿɺʀʊʂʋ ʇɯʊʀʅɻɯɺ ʅɸ ʇʆɺɽʈʍʅɯ ʉʊɸʃɯ 08ʍ18ʅ10ʊ 

ɯɿ ɿɸʉʊʆʉʋɺɸʅʅʗʄ ʂʆʄɯʈʂʆɺʀʍ ɸɺʊʆʄɸʊɯɺ 

ʈ.ɺ. ʊʦʨʩʴʢʘ, ɹ.ʇ. ʈʫʩʠʥ, ʊ.ɯ. ʂʝʨʦʜ, ʋ.ʖ. ɸʥʜʨʫʰʢʝʚʠʯ 

 

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɻ.ɺ.ʂʘʨʧʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʃʴʚʽʚ 

 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʢʦʤʽʨʢʦʚʠʭ ʘʚʪʦʤʘʪʽʚ 

ʥʘ ʧʨʠʢʣʘʜʽ ʜʝʬʝʢʪʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʘʫʩʪʝʥʽʪʥʦʾ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʦʾ ʩʪʘʣʽ 08ʍ18ʅ10ʊ. ʇʨʦʚʝʜʝʥʘ 

ʧʦʨʽʚʥʷʣʴʥʘ ʦʮʽʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʽʪʠʥʛʦʚʦʾ ʢʦʨʦʟʽʾ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʠʩʢʦʨʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʪʘ ʤʝʪʦʜʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʤʽʨʢʦʚʠʭ ʘʚʪʦʤʘʪʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʦʜʝʣʶʚʘʥʥʷ 
ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʽʨʢʦʚʠʭ ʘʚʪʦʤʘʪʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʽʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʚʽʜʪʚʦʨʶʚʘʪʠ ʬʽʟʠʢʫ 

ʧʨʦʮʝʩʫ ʢʦʨʦʟʽʾ ʜʣʷ ʩʪʘʣʽ 08ʍ18ʅ10ʊ. ʇʦʢʘʟʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʦʨʦʟʽʡʥʠʭ ʚʪʨʘʪ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʧʨʠʩʢʦʨʝʥʠʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ. 
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ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʧʦʚʝʨʭʥʝʚʦʾ ʢʦʨʦʟʽʾ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʧʦʣʷʛʘʻ ʫ ʚʽʜʪʚʦʨʝʥʥʽ 

ʬʦʨʤʠ ʧʽʪʠʥʛʽʚ ʪʘ ʧʽʪʠʥʛʦʧʦʜʽʙʥʠʭ ʜʝʬʝʢʪʽʚ. ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʩʠʤʫʣʷʮʽʾ 

ʧʨʦʮʝʩʽʚ ʧʽʪʠʥʛʦʚʦʾ ʢʦʨʦʟʽʾ ʻ ʤʝʪʦʜ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʤʽʨʢʦʚʠʭ ʘʚʪʦʤʘʪʽʚ. ɼʘʥʠʡ ʧʽʜʭʽʜ 

ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʻʜʥʘʪʠ ʫ ʦʜʥʽʡ ʤʦʜʝʣʽ ʥʘʡʚʘʞʣʠʚʽʰʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ 
ʢʦʨʦʟʽʾ: ʢʘʪʦʜʥʦ-ʘʥʦʜʥʽ ʨʝʘʢʮʽʾ, ʤʘʩʦ-ʧʝʨʝʥʦʩ ʪʘ ʨʝʧʘʩʠʚʘʮʽʶ. ʊʘʢʦʞ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʦʪʨʠʤʘʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʬʦʨʤʠ ʢʘʚʝʨʥ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʣʴʥʽʡ ʬʽʟʠʮʽ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ 

ʧʽʪʠʥʛʦʧʦʜʽʙʥʠʭ ʜʝʬʝʢʪʽʚ. 
ʇʽʜ ʯʘʩ ʧʽʪʠʥʛʦʚʦʾ ʢʦʨʦʟʽʾ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʜʝʬʝʢʪʠ ʫ ʚʠʛʣʷʜʽ ʚʠʨʘʟʦʢ ʯʠ ʢʘʚʝʨʥ 

ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ ʘʙʦ ʧʨʠʭʦʚʘʥʽ ʧʽʜ ʧʦʚʝʨʭʥʝʶ ʥʘʧʽʚʧʨʦʥʠʢʥʦʾ ʤʝʤʙʨʘʥʠ ʽʟ ʧʨʦʜʫʢʪʽʚ ʢʦʨʦʟʽʾ. 

ʂʘʚʝʨʥʠ, ʱʦ ʥʘʟʠʚʘʶʪʴʩʷ ʧʽʪʠʥʛʘʤʠ ʤʦʞʫʪʴ ʤʘʪʠ ʥʘʧʽʚʩʬʝʨʠʯʥʫ, ʥʘʧʽʚʝʣʽʧʩʦʧʦʜʽʙʥʫ ʯʠ 
ʢʫʧʦʣʦʧʦʜʽʙʥʫ ʬʦʨʤʫ. ɹʘʛʘʪʴʦʤ ʤʘʪʝʨʽʘʣʘʤ ʪʘ ʩʧʣʘʚʘʤ ʧʨʠʪʘʤʘʥʥʝ ʫʪʚʦʨʝʥʥʷ ʛʣʠʙʦʢʠʭ ʯʠ 

ʚʫʟʴʢʠʭ ʜʝʬʝʢʪʽʚ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ ʽʟ ʩʢʣʘʜʥʦʶ ʛʝʦʤʝʪʨʽʻʶ ʜʥʘ. ʐʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʪʘ ʬʦʨʤʘ 

ʧʽʪʠʥʛʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʜʫ ʤʘʪʝʨʽʘʣʫ ʪʘ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʆʜʥʘʢ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʜʝʬʝʢʪʫ, ʱʦ ʮʽʢʘʚʠʪʴ ʥʘʩ ʥʘʡʙʽʣʴʰʝ, ʻ ʩʘʤʝ ʡʦʛʦ ʛʣʠʙʠʥʘ, ʦʩʢʽʣʴʢʠ ʧʝʨʬʦʨʘʮʽʷ ʟʤʝʥʰʫʻ ʪʦʚʱʠʥʫ 

ʤʝʪʘʣʫ, ʘ ʦʪʞʝ ʽ ʡʦʛʦ ʨʝʩʫʨʩ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ [1-4]. 
ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʩʪʫ ʪʘ ʨʦʟʚʠʪʢʫ ʧʦʰʢʦʜʞʝʥʴ ʥʘ 

ʤʝʪʘʣʽʯʥʠʭ ʧʦʚʝʨʭʥʷʭ, ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʽʚʥʦʾ ʜʽʾ ʧʽʪʠʥʛʦʚʦʾ ʢʦʨʦʟʽʾ. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʠʡ 

ʤʝʪʦʜ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽʤʦʚʽʨʥʠʭ ʧʽʪʠʥʛʦʧʦʜʽʙʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʥʘ ʧʦʚʝʨʭʥʷʭ ʤʝʪʘʣʽʚ ʪʘ 
ʩʧʣʘʚʽʚ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʽʜʭʦʜʫ ʚ ʦʩʥʦʚʫ ʷʢʦʛʦ ʧʦʢʣʘʜʝʥʦ ʢʦʤʽʨʢʦʚʽ ʘʚʪʦʤʘʪʠ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʦ ʫʥʽʢʘʣʴʥʽ ʩʪʘʥʠ ʢʦʤʽʨʦʢ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʪʦʯʝʥʥʷ ʬʦʥ ʅʝʡʤʘʥʘ ɯɯ-ʛʦ ʧʦʨʷʜʢʫ. 

ʋ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʤʦʜʝʣʽ ʩʠʤʫʣʷʮʽʾ ʧʽʪʠʥʛʦʚʦʾ ʢʦʨʦʟʽʾ ʟʤʽʥʠ ʩʪʘʥʽʚ ʢʦʤʽʨʦʢ ʫ ʯʘʩʽ 
ʦʧʠʩʫʻʤʦ ʜʝʷʢʦʶ ʬʫʥʢʮʽʻʶ f(s,t), ʱʦ ʚʠʟʥʘʯʝʥʘ ʥʘ ʧʝʚʥʦʤʫ ʽʥʪʝʨʚʘʣʽ. ɰʾ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʝʢʦʨʦʜʦʚʘʥʦʤʫ ʩʪʘʥʫ ʩʠʩʪʝʤʠ, ʘ ʤʽʥʽʤʘʣʴʥʽ ï ʮʽʣʢʦʚʠʪʽʡ ʨʫʡʥʘʮʽʾ. ʇʘʨʘʤʝʪʨʠ 

ʩʪʘʥʫ ʢʦʤʽʨʢʠ ʪʘ ʯʘʩʫ ʫ ʬʫʥʢʮʽʾ ʩʪʘʥʫ ʧʨʠʡʤʘʶʪʴ ʜʠʩʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ. ʆʩʢʽʣʴʢʠ ʫʪʚʦʨʝʥʥʷ 

ʧʽʪʠʥʛʽʚ ʻ ʥʝʟʚʦʨʦʪʥʽʤ, ʬʫʥʢʮʽʷ ʩʪʘʥʫ ʢʦʤʽʨʢʠ ʟʨʦʩʪʘʻ ʽʟ ʯʘʩʦʤ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠʨʽʩʪ ʩʫʤʠ ʚʩʽʭ 

ʚʧʣʠʚʽʚ ʢʦʤʽʨʢʠ ʩʘʤʦʾ ʥʘ ʩʝʙʝ ʪʘ ʾʾ ʩʫʩʽʜʽʚ. 

ɺʧʨʦʜʦʚʞ ʝʚʦʣʶʮʽʾ ʢʦʤʽʨʢʦʚʦʛʦ ʘʚʪʦʤʘʪʘ ʢʦʞʥʘ ʢʦʤʽʨʢʘ ʟʤʽʥʶʻ ʩʚʽʡ ʩʪʘʥ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 
ʟʘʜʘʥʠʭ ʧʨʘʚʠʣ ʧʝʨʝʭʦʜʫ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʾʾ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ ʪʘ ʩʪʘʥʽʚ ʩʫʩʽʜʥʽʭ ʢʦʤʽʨʦʢ. 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʧʽʜ ʯʘʩ ʧʽʜʙʦʨʫ ʧʨʘʚʠʣ ʧʝʨʝʭʦʜʫ ʻ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʦʚʽʨʥʠʡ ʦʧʠʩ 

ʨʝʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʧʽʪʠʥʛʦʧʦʜʽʙʥʦʛʦ ʜʝʬʝʢʪʫ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, 
ʚʠʩʫʚʘʶʪʴ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʨʦʮʝʩʠ ʥʘ ʤʝʞʽ ʤʝʪʘʣ/ʩʝʨʝʜʦʚʠʱʝ ʫ ʧʽʪʠʥʛʫ ʚʽʜʙʫʚʘʶʪʴʩʷ ʽʟ ʩʪʘʣʦʶ 

ʰʚʠʜʢʽʩʪʶ ʜʦ ʤʦʤʝʥʪʫ ʧʝʨʝʭʦʜʫ ʡʦʛʦ ʫ ʩʪʘʥ ʨʝʧʘʩʠʚʘʮʽʾ. 

ɿ ʤʝʪʦʶ ʫʪʦʯʥʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʫ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʤʽʨʢʦʚʠʤʠ ʘʚʪʦʤʘʪʘʤʠ 
ʧʨʦʚʦʜʠʣʠʩʴ ʚʠʧʨʦʙʫʚʘʥʥʷ ʽʟ ʟʤʽʥʦʶ ʫʤʦʚ ʧʝʨʝʙʽʛʫ ʢʦʨʦʟʽʾ. ʅʘ ʟʨʘʟʢʠ ʩʪʘʣʽ 08ʍ18ʅ10ʊ 

ʥʘʥʦʩʠʚʩʷ ʩʦʣʷʥʠʡ ʨʦʟʯʠʥ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʪʘ ʘʥʘʣʽʟʫʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʠ ʢʦʨʝʣʷʮʽʾ ʰʚʠʜʢʦʩʪʽ 

ʢʦʨʦʟʽʾ ʧʨʠ ʩʠʤʫʣʷʮʽʾ ʪʘ ʧʨʠ ʥʘʪʫʨʥʦ-ʧʨʠʩʢʦʨʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ. ʆʮʽʥʢʫ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ 

ʢʦʨʦʟʽʾ ʪʘ ʤʝʪʘʣʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʧʽʩʣʷ 3, 6 ʪʘ 12 ʤʽʩʷʮʽʚ ʜʦʩʣʽʜʞʝʥʴ. ɺʪʨʘʪʠ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʣʘʚʽʚ ʦʮʽʥʶʚʘʣʠ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʧʨʦʪʷʟʽ 1-ʛʦ ʨʦʢʫ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʥʘʥʝʩʝʥʥʷ ʩʦʣʴʦʚʦʚʠʭ ʨʦʟʯʠʥʽʚ ʤʝʪʦʜʦʤ ʨʦʟʧʠʣʶʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ 
ʫʪʚʦʨʶʻʪʴʩʷ ʧʣʽʚʢʘ ʝʣʝʢʪʨʦʣʽʪʫ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʢʪʠʚʘʮʽʷ ʢʦʨʦʟʽʡʥʦʛʦ ʧʨʦʮʝʩʫ. ʏʘʩ ʫʪʚʦʨʝʥʥʷ 

ʧʝʨʰʠʭ ʜʝʬʝʢʪʽʚ ʩʢʣʘʜʘʻ ʧʦʨʷʜʢʫ ʚʽʜ ʜʚʦʭ ʜʦ ʧôʷʪʠ ʜʽʙ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʚʠʧʨʦʙʫʚʘʥʴ. ɺʞʝ ʯʝʨʝʟ 

ʤʽʩʷʮʴ, ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʥʘʪʫʨʥʦ-ʧʨʠʩʢʦʨʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʢʦʨʦʟʽʡʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʟʘʡʤʘʣʠ 
ʙʽʣʴʰʝ 50% ʧʦʚʝʨʭʥʽ, ʘ ʯʝʨʝʟ 3 ʤʽʩʷʮʽ ï ʜʦ 90%. 

ʗʢ ʚʽʜʦʤʦ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʠʜʽʚ ʻ ʦʜʥʠʤ ʽʟ ʬʘʢʪʦʨʽʚ ʘʪʤʦʩʬʝʨʥʦʾ ʜʽʾ, ʷʢʘ ʥʘʡʙʽʣʴʰʝ 

ʚʧʣʠʚʘʻ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʦʨʦʟʽʡʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʤʝʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [5]. ʈʽʟʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 
ʩʦʣʽ ʙʫʣʠ ʦʙʨʘʥʽ ʽʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʚʠʪʢʫ 

ʧʽʪʠʥʛʦʧʦʜʽʙʥʠʭ ʜʝʬʝʢʪʽʚ. 

ɼʘʥʽ ʧʨʦ ʬʦʨʤʫ ʪʘ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʜʝʬʝʢʪʽʚ, ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʨʠ ʩʢʘʥʫʚʘʥʥʽ 
ʧʦʚʝʨʭʦʥʴ ʟʨʘʟʢʽʚ ʦʧʪʠʯʥʠʤ 3Dïʧʨʦʬʽʣʦʛʨʘʬʦʤ Micron-alpha, ʧʦʨʽʚʥʶʚʘʣʠʩʴ ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʦʜʝʣʶʚʘʥʥʷ (ʨʠʩ.1).  
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ʈʠʩʫʥʦʢ 1 ï ɿʦʙʨʘʞʝʥʥʷ ʨʝʘʣʴʥʦʛʦ ʧʽʪʠʥʛʘ (ʘ), ʟʤʦʜʝʣʴʦʚʘʥʦʛʦ (ʙ) ʪʘ 3D-ʧʨʦʬʽʣʶ (ʚ, ʛ) 

ʽʟ ʦʧʪʠʯʥʦʛʦ ʧʨʦʬ̔ʣʦʛʨʘʬʘ Micron-alpha ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʩʪʘʣʽ 08ʍ18ʅ10ʊ 

 

ʍʘʨʘʢʪʝʨ ʨʦʟʚʠʪʢʫ ʜʝʬʝʢʪʫ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʚ ʚʽʜ ʨʽʟʥʠʭ ʧʦʯʘʪʢʦʚʠʭ 
ʫʤʦʚ ï ʚʽʜʤʽʥʥʠʤʠ ʙʫʣʠ ʬʦʨʤʠ ʟʤʦʜʝʣʴʦʚʘʥʦʛʦ ʧʽʪʠʥʛʘ ʪʘ pH ʥʘ ʧʦʚʝʨʭʥʽ ʢʘʚʝʨʥʠ, ʧʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʩʠʤʫʣʷʮʽʾ. 

ʐʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʽʟ ʯʘʩʦʤ ʟʥʠʞʫʻʪʴʩʷ. ɼʘʥʠʡ ʧʨʦʮʝʩ ʦʙʫʤʦʚʣʝʥʠʡ ʫʪʚʦʨʝʥʥʷʤ ʰʘʨʫ 
ʧʨʦʜʫʢʪʽʚ ʢʦʨʦʟʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ, ʷʢʠʡ ʧʝʨʝʰʢʦʜʞʘʻ ʜʦʩʪʫʧʫ ʢʠʩʥʶ. ʇʨʠ ʥʘʪʫʨʥʦ-

ʧʨʠʩʢʦʨʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ, ʧʣʦʱʘ ʢʦʨʦʟʽʡʥʠʭ ʫʨʘʞʝʥʴ ʫʞʝ ʧʽʩʣʷ 3 ʤʽʩʷʮʽʚ, ʩʢʣʘʜʘʻ ʜʦ 95% 

(ʜ̔ʘʤʝʪʨ ʩʢʫʧʯʝʥʴ ʧʦʰʢʦʜʞʝʥʴ ʜʦʭʦʜʠʪʴ ʜʦ 10 ʤʤ) ʽʟ ʫʪʚʦʨʝʥʥʷʤ ʱʽʣʴʥʦʛʦ ʰʘʨʫ ʧʨʦʜʫʢʪʽʚ 

ʢʦʨʦʟʽʾ. ʇʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʥʝʩʝʥʥʷ ʨʦʟʯʠʥʫ ʩʦʣʽ ʥʘ ʧʨʦʪʷʟʽ 1-ʛʦ ʨʦʢʫ ʧʣʦʱʘ 

ʢʦʨʦʟʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 50% ʚʽʜ ʧʦʚʝʨʭʥʽ ʽʟ ʥʘʙʘʛʘʪʦ ʤʝʥʰʠʤ ʜʽʘʤʝʪʨʦʤ 

ʚʦʛʥʠʱ ʢʦʨʦʟʽʾ (Ò1ʤʤ), ʪʦʙʪʦ ʧʦʚʝʨʭʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʙʽʣʴʰ ʜʦʩʪʫʧʥʦʶ ʜʣʷ ʜʽʾ ʢʦʨʦʟʽʡʥʦ-ʘʢʪʠʚʥʠʭ 
ʢʦʤʧʦʥʝʥʪʽʚ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʧʨʦʜʦʚʞʫʻ ʟʙʽʣʴʰʫʚʘʪʠʩʴ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʠ 

ʥʘʪʫʨʥʦ-ʧʨʠʩʢʦʨʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʥʘ ʧʨʦʪʷʟʽ ʨʦʢʫ ʝʢʩʧʦʟʠʮʽʾ ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʩʧʣʘʚʫ 

ʜʦʩʷʛʣʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʟʛʦʜʦʤ ʟʥʠʟʠʣʦʩʴ, ʘ ʫ ʧʦʜʘʣʴʰʦʤʫ ʟʤʽʥʶʚʘʣʦʩʴ ʥʝʟʥʘʯʥʠʤ 
ʯʠʥʦʤ. ɿʘʚʜʷʢʠ ʤʦʜʝʣʶʚʘʥʥʶ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʢʦʤʽʨʢʦʚʠʭ ʘʚʪʦʤʘʪʽʚ ʪʨʠʚʘʣʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʩʢʦʨʦʪʠʪʠ ʫ ʜʝʩʷʪʢʠ ʨʘʟʽʚ ʪʘ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʧʨʦʪʷʟʽ ʦʜʥʽʻʾ ʜʦʙʠ. 

ʅʘ ʨʠʩ. 2. ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤʠ ʧʦʢʘʟʘʥʽ ʟʤʽʥʠ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʽ 
08ʍ18ʅ10ʊ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʨʠʩʢʦʨʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʧʨʦʪʷʟʽ 1-ʛʦ ʨʦʢʫ ʪʘ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʤʝʪʦʜʦʤ ʢʦʤʽʨʢʦʚʠʭ ʘʚʪʦʤʘʪʽʚ. 

 



174 

ɺ
ʪ
ʨ
ʘ
ʪ
ʠ
 
ʤ
ʝ
ʭ
ʘ
ʥ
ʽ
ʯ
ʥ
ʠ
ʭ
 
ʚ
ʣ
ʘ
ʩ
ʪ

ʠ
ʚ
ʦ
ʩ
ʪ
ʝ
ʡ
,
 
%

 

 
ʈʠʩʫʥʦʢ 2 ï ɺʪʨʘʪʠ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʨʘʟʢʽʚ ʩʪʘʣʽ ʟʽ ʩʪʘʣʽ 08ʍ18ʅ10ʊ, 

ʦʪʨʠʤʘʥʠʭ ʰʣʷʭʦʤ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ. 

 

ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩ. 2. ʨʽʟʥʠʮʷ ʤʽʞ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʪʘ ʚ 
ʨʝʟʫʣʴʪʘʪʽ ʩʠʤʫʣʷʮʽʾ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʢʦʨʝʣʷʮʽʾ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʥʘʪʫʨʥʽʡ 

ʝʢʩʧʦʟʠʮʽʾ ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ ʨʽʚʝʥʴ ʧʣʘʩʪʠʯʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ʇʨʠ ʧʝʨʽʦʜʠʯʥʦʤʫ ʥʘʥʝʩʝʥʥʽ ʥʘ 

ʧʦʚʝʨʭʥʶ ʟʨʘʟʢʽʚ ʽʟ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʪʘʣʽ 08ʍ18ʅ10ʊ ʩʦʣʽ ʫ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 5 ʪʘ 10 ʛ/ʣ ʨʽʟʥʠʮʷ ʫ 

ʰʚʠʜʢʦʩʪʽ ʧʽʪʠʥʛʦʚʦʾ ʢʦʨʦʟʽʾ ʻ ʤʽʥʽʤʘʣʴʥʦʶ. 

ɺʠʩʥʦʚʢʠ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʧʽʪʠʥʛʦʚʦʾ ʢʦʨʦʟʽʾ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ 

ʤʝʪʦʜʦʤ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʽʨʢʦʚʠʭ ʘʚʪʦʤʘʪʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʧʨʠʩʢʦʨʝʥʠʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ 
ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʫ ʚʽʜʢʨʠʪʽʡ ʘʪʤʦʩʬʝʨʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʯʥʦ 

ʩʢʦʨʦʪʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʥʝ ʚʧʣʠʚʘʶʯʠ ʥʘ ʤʝʭʘʥʽʟʤ ʢʦʨʦʟʽʡʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. 
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ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ʂʆʈʈʆɿʀʆʅʅʆɻʆ  

ɼɽʌʆʈʄʀʈʆɺɸʅʀʗ ʇʃʆʉʂʆʅɸʇʈʗɾɽʅʅʓʍ ʇʃɸʉʊʀʅ  

ɸ.ɸ. ʏʝʨʢʘʩʦʚ 

 

ʋʢʨʘʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 

ʇʣʦʩʢʦʥʘʧʨʷʞʝʥʥʳʝ ʧʣʘʩʪʠʥʳ (ʇʅʇ) ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ 
ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʵʣʝʤʝʥʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʊʘʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, ʚʳʟʳʚʘʶʱʠʝ ʢʦʨʨʦʟʠʦʥʥʳʝ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʘ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʥʘʯʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʫʚʝʣʠʯʝʥʠʶ ʥʘʧʨʷʞʝʥʠʡ ʚ 
ʵʣʝʤʝʥʪʘʭ, ʩʥʠʞʝʥʠʶ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ, ʥʝʨʝʜʢʦ ʘʚʘʨʠʡʥʦʤʫ, ʚʳʭʦʜʫ 

ʠʟ ʩʪʨʦʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ ʧʨʦʮʝʩʩ ʢʦʨʨʦʟʠʠ, ʯʪʦ 

ʩʝʨʴʸʟʥʦ ʫʩʣʦʞʥʷʝʪ ʟʘʜʘʯʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʉʫʱʝʩʪʚʫʶʪ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (SCAD, 

NASTRAL, ANSYS, FlexPDE, Mathematica) ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʥʝ ʧʦʟʚʦʣʷʶʱʠʝ ʫʯʠʪʳʚʘʪʴ 
ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʥʩʪʨʫʢʮʠʡ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʦʯʥʦʩʪʥʳʝ ʨʘʩʯʝʪʳ ʩ ʫʯʝʪʦʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʘʭ. ʅʝʦʙʭʦʜʠʤʦʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʪʘʢʠʭ 
ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʬʝʡʩ ʚʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ 

ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʠ ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʠʥʪʝʨʬʝʡʩ ʚʳʚʦʜʘ ʜʦʣʞʝʥ ʧʨʝʜʩʪʘʚʣʷʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ, ʚ ʜʘʥʥʦʤ 
ʩʣʫʯʘʝ ï ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʚʨʝʤʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʘʭ. ɺ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʚʳʚʦʜ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʝʜʝʪʩʷ ʚ ʚʠʜʝ 

ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ ʚ ʥʝʢʦʪʦʨʳʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ɺ ʪʘʢʦʤ ʚʠʜʝ ʠʥʬʦʨʤʘʮʠʷ ʩ ʪʨʫʜʦʤ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ ʥʝʚʝʨʥʦ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʠʩʪʦʤ ʚ 

ʜʘʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 
ɸʚʪʦʨʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʥʪʝʨʬʝʡʩ ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʇʅʇ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʚʦʩʧʨʠʷʪʠʝ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ.  
ɼʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ IntelliJ IDEA. ɼʘʥʥʳʡ ʷʟʳʢ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 
ʩʦʟʜʘʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʦʥ 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʧʫʩʢʘʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʨʘʟʥʳʭ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. IntelliJ IDEA ï ʧʝʨʚʘʷ Java IDE ʩ ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʝʬʘʢʪʦʨʠʥʛʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʨʝʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʠʩʭʦʜʥʳʝ ʪʝʢʩʪʳ 

ʧʨʦʛʨʘʤʤ. ɼʠʟʘʡʥ ʩʨʝʜʳ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ʉʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ 
ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʚʦʜʘ ʯʝʨʪʝʞʘ (ʨʠʩʫʥʢʘ) ʵʣʝʤʝʥʪʘ ʩ ʫʢʘʟʘʥʠʝʤ ʨʘʟʤʝʨʦʚ, 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʫʩʣʦʚʠʡ ʥʘʛʨʫʞʝʥʠʷ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 
ʦʢʨʘʰʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʮʚʝʪʦʚʦʤ ʜʠʘʧʘʟʦʥʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʠʟʤʝʥʝʥʠʶ 

ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʙʣʠʟʢʠʭ ʢ ʥʫʣʶ ʜʦ ʢʨʠʪʠʯʝʩʢʠʭ. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʟʤʝʥʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʚʦ 

ʚʨʝʤʝʥʠ ʚ ʦʢʥʝ ʚʳʚʦʜʘ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʦʣʟʫʥʢʘ. 
ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ.  
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉɺɽʈʍʅɸʇʈʗɾɽʅʅʓʍ ʊʈɸʅʉʇʆʈʊʅʓʍ ʉɽʊɽʁ 

ʅ.ɸ. ʏʝʨʥʷʢ, ɺ.ɺ. ʄʘʨʘʩʘʥʦʚ 

 

ʍʝʨʩʦʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʍʝʨʩʦʥ 

 

ɺʚʝʜʝʥʠʝ. ʄʦʜʝʣʴ ʩʚʝʨʭʥʘʧʨʷʞʝʥʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ. ɻʦʨʦʜʩʢʘʷ ʜʦʨʦʞʥʦ-

ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʝʪʴ ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʝʢʨʝʩʪʢʦʚ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʜʦʨʦʛ. ʄʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ 
ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʦʚ ʚ ʩʚʝʨʭʥʘʧʨʷʞʝʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʪʷʭ, ʧʨʠʥʠʤʘʷ ʦʯʝʨʝʜʠ ʧʝʨʝʜ 

ʧʝʨʝʢʨʝʩʪʢʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʠ ʩʠʩʪʝʤʳ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʦʝ ʧʝʨʝʩʝʯʝʥʠʝ 

ʜʦʨʦʛ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʜʚʠʞʝʥʠʝʤ ʧʨʠ ʟʘʧʨʝʱʝʥʠʠ   ʧʦʚʦʨʦʪʦʚ   ʥʘ   ʵʪʦʤ   ʧʝʨʝʢʨʝʩʪʢʝ (ʨʠʩ. 1) 
[1].  

 
ʈʠʩʫʥʦʢ 1 ð ʉʚʝʨʭʥʘʧʨʷʞʝʥʥʳʡ ʧʝʨʝʢʨʝʩʪʦʢ  

 

ʇʫʩʪʴ )(tqi  ʦʟʥʘʯʘʝʪ ʯʠʩʣʦ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʧʨʠʙʣʠʞʘʶʱʠʭʩʷ ʢ ʧʝʨʝʢʨʝʩʪʢʫ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ i. ʇʫʩʪʴ ʥʘ ʨʠʩ. 1 1=i   ʦʙʦʟʥʘʯʘʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ, 2=i  

ð ʚʝʨʪʠʢʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, a is  ð ʥʘʩʳʱʝʥʠʝ ʧʦʪʦʢʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ i, 

ʠʥʘʯʝ ʛʦʚʦʨʷ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʡʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ i 

ʯʝʨʝʟ ʧʝʨʝʢʨʝʩʪʦʢ ʟʘ ʦʜʠʥ ʮʠʢʣ ʨʘʙʦʪʳ ʩʚʝʪʦʬʦʨʘ, ʪ. ʝ. ʧʦʢʘ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʢʣʶʯʝʥ 

ʨʘʟʨʝʰʘʶʱʠʡ ʜʚʠʞʝʥʠʝ ʟʝʣʝʥʳʡ ʩʠʛʥʘʣ. ɺʝʣʠʯʠʥʘ ʉ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʣʥʦʛʦ 

ʧʝʨʠʦʜʘ ʨʘʙʦʪʳ ʩʚʝʪʦʬʦʨʘ ʚʦ ʚʨʝʤʝʥʠ ʠ l  ð ʚʨʝʤʷ ʨʘʙʦʪʳ ʞʝʣʪʦʛʦ ʩʠʛʥʘʣʘ ʩʚʝʪʦʬʦʨʘ. ʊʦʛʜʘ 

lGGC ++= 21 , ʛʜʝ 1G  ʧʨʠ 2,1=i  ð ʚʨʝʤʷ ʚʢʣʶʯʝʥʠʷ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʘ ʚ i -ʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʇʫʩʪʴ )(tg i  ð ʵʪʦ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʯʝʨʝʟ 

ʧʝʨʝʢʨʝʩʪʦʢ (ʯʠʩʣʦ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʜʚʠʞʫʱʠʭʩʷ ʚ i -ʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʦʪʥʝʩʝʥʥʦʝ ʢ 

ʧʝʨʠʦʜʫ ʉ). ʆʧʨʝʜʝʣʠʤ ʢʘʢ ʫʧʨʘʚʣʷʝʤʫʶ ʧʝʨʝʤʝʥʥʫʶ )(tui  ð ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʦʣʶ ʨʘʙʦʪʳ 

ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ i . ʊʦʛʜʘ 

,
)(

)(
)(

C

G

ts

tg
tu i

i

i
i ==     .2,1=i    (1) 

ɺ ʵʪʦʡ ʬʦʨʤʫʣʝ ʚʨʝʤʷ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʨʘʙʦʪʳ ʩʚʝʪʦʬʦʨʘ ʉ ʠʟʚʝʩʪʥʦ ʠ   ʥʝʠʟʤʝʥʥʦ [2]. 
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2 

)(2 tq  

)(
1

),(1 tstg  

)(
2

),(2 tstg  

)(1 tq  



177 

ɽʩʣʠ ʚʨʝʤʷ ʉ ʧʦʩʪʦʷʥʥʦ, ʪʦ ʜʦʩʪʘʪʦʯʥʦ ʠʤʝʪʴ ʪʦʣʴʢʦ ʦʜʥʦ ʫʧʨʘʚʣʝʥʠʝ iuu= . ʊʦʛʜʘ 

ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ ʚ ʜʨʫʛʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʭʦʜʠʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ )1( -- iuC . 

ʋʧʨʘʚʣʝʥʠʷ ʠ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ  ʦʛʨʘʥʠʯʝʥʠʷʤ ʚ ʬʦʨʤʝ  ʥʝʨʘʚʝʥʩʪʚ 

maxmin uuu ¢¢ . 

ʊʝʧʝʨʴ ʦʧʨʝʜʝʣʠʤ ʧʝʨʝʤʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ )(txi  ʢʘʢ ʜʣʠʥʫ ʦʯʝʨʝʜʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʧʝʨʝʜ ʧʝʨʝʢʨʝʩʪʢʦʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ i. ʊʦʛʜʘ ʟʘ ʚʨʝʤʷ ʦʜʥʦʛʦ ʮʠʢʣʘ ʨʘʙʦʪʳ ʩʚʝʪʦʬʦʨʘ 

ʠʟʤʝʥʝʥʠʝ ʦʯʝʨʝʜʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

)()()()()()()1( kuskqkxkgkqkxkx iiiiiiii -+=-+=+ . (2) 

ʊʘʢ ʢʘʢ ʦʯʝʨʝʜʠ ʧʝʨʝʜ ʧʝʨʝʢʨʝʩʪʢʘʤʠ ʩʫʱʝʩʪʚʫʶʪ ʥʘ ʧʨʘʢʪʠʢʝ, ʪʦ ʜʣʷ ʥʠʭ ʜʦʣʞʥʳ ʙʳʪʴ 

ʫʩʪʘʥʦʚʣʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʬʦʨʤʝ ʥʝʨʘʚʝʥʩʪʚ 

max
)(0 ii xkx ¢¢ . 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʮʝʥʢʘ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʯʝʨʝʟ 

ʧʝʨʝʢʨʝʩʪʦʢ ʧʨʦʚʦʜʠʣʘʩʴ ʟʘ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʚ ʦʜʠʥ ʮʠʢʣ ʨʘʙʦʪʳ ʩʚʝʪʦʬʦʨʘ,   ʪʦ   

ʚʥʝ    ʵʪʦʛʦ   ʧʝʨʠʦʜʘ ʵʬʬʝʢʪʦʤ ʨʘʟʙʨʦʩʘ ʩʢʦʨʦʩʪʠ (ʠʟ-ʟʘ ʦʙʛʦʥʘ) ʥʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʜʦʨʦʛʘʭ 
ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʤʦʜʝʣʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʜʦʨʦʛ ʚ ʚʠʜʝ ʩʭʝʤʳ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩ ʯʠʩʪʳʤ ʟʘʧʘʟʜʳʚʘʥʠʝʤ. ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʘ ʤʦʜʝʣʴ ʜʦʨʦʛʠ ʩ ʜʚʫʤʷ 

ʧʝʨʝʢʨʝʩʪʢʘʤʠ. 

 
ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʜʦʨʦʛ 

 

 ɼʣʷ ʵʪʦʡ ʤʦʜʝʣʠ ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ 

)()( 113 mkuskq -= , 

ʛʜʝ 1u - ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʝʨʝʢʨʝʩʪʢʝ 1; 1s  ð ʥʘʩʳʱʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʪʦʢʘ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʯʝʨʝʟ ʧʝʨʝʢʨʝʩʪʦʢ 1 ʠ ʪ ð ʯʠʩʣʦ ʝʜʠʥʠʮ ʚʨʝʤʝʥʠ (ʯʠʩʣʦ ʧʝʨʠʦʜʦʚ ʨʘʙʦʪʳ 

ʞʝʣʪʦʛʦ ʩʚʝʪʦʬʦʨʘ), ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʧʦʪʦʢʦʤ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ 

ʧʝʨʝʢʨʝʩʪʢʘʤʠ [3]. 
ʈʘʩʧʨʦʩʪʨʘʥʷʷ ʵʪʫ ʤʦʜʝʣʴ ʥʘ ʚʩʶ ʜʦʨʦʞʥʫʶ ʩʝʪʴ, ʣʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʜʠʥʘʤʠʢʘ ʧʦʜʦʙʥʦʡ 

ʩʝʪʠ, ʩʦʜʝʨʞʘʱʝʡ ʧ ʧʝʨʝʢʨʝʩʪʢʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʣʠʥʝʡʥʳʤʠ ʚʝʢʪʦʨʥʳʤʠ ʨʘʟʥʦʩʪʥʳʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ ʚ   ʬʦʨʤʝ 

vmkuBkuBkuBkɸxkx m +-++-++=+ )(...)1()()()1( 10 , (3) 

ʛʜʝ ɸ ð ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ n-ʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʩʝʪʠ ʩ ʧ ʦʯʝʨʝʜʷʤʠ; )...,( 21 n
ʊ xxxx =  

ð ʜʣʠʥʳ ʦʯʝʨʝʜʝʡ ʧʝʨʝʜ ʧʝʨʝʢʨʝʩʪʢʘʤʠ; ),...,1,0( mjB j = ð ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʪʨʠʮʳ; u  

ð r-ʤʝʨʥʳʡ ʚʝʢʪʦʨ ʜʣʷ ʫʧʨʘʚʣʝʥʠʠ r ʩʚʝʪʦʬʦʨʦʚ ʠ v ð ʚʝʢʪʦʨ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʚʥʝʰʥʠʝ 
ʚʭʦʜʳ (ʥʘʧʨʠʤʝʨ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʧʨʠʙʳʚʘʶʱʠʝ ʚ ʛʦʨʦʜ).  

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

j 

i 

I 

j+1 

i+1 
II 
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ɼʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʧʦʜʭʦʜʷʱʝʡ ʢʨʠʪʝʨʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʷʚʣʷʝʪʩʷ   ʚʳʨʘʞʝʥʠʝ 
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ê

è
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)1(

1

2
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)(
)(

2

1
)(

2

1
min

K

k
RQku

ukukxJ ,  (4) 

ʛʜʝ Q ʠ Rð ʜʠʘʛʦʥʘʣʴʥʳʝ ʚʝʩʦʚʳʝ ʤʘʪʨʠʮʳ, ʘ 
0u  ð ʥʦʤʠʥʘʣʴʥʳʡ ʚʝʢʪʦʨ ʫʧʨʘʚʣʝʥʠʷ, 

ʚʳʙʨʘʥʥʳʡ ʟʘʨʘʥʝʝ ʩ ʮʝʣʴʶ ʤʘʢʩʠʤʠʟʘʮʠʠ ʵʬʬʝʢʪʘ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ. 

ɺʚʝʜʝʥʠʝ ʚʳʨʘʞʝʥʠʷ 
2

0)(
2

1

R
uku -  ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʧʨʘʚʜʘʥʥʳʤ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ. ʆʥʦ ʙʳʣʦ ʚʚʝʜʝʥʦ ʧʦ ʩʫʱʝʩʪʚʫ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʝʜʩʪʘʚʠʪʴ ʜʘʥʥʫʶ ʟʘʜʘʯʫ ʚ 

ʩʪʘʥʜʘʨʪʥʦʡ ʬʦʨʤʝ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʨʠʮʳ R ʦʙʳʯʥʦ ʚʳʙʠʨʘʶʪ ʪʘʢ, ʯʪʦʙʳ 

ʩʜʝʣʘʪʴ ʚʝʣʠʯʠʥʫ 
2

0)(
2

1

R
uku -  ʦʯʝʥʴ ʤʘʣʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʣʠʯʠʥʦʡ J. ʇʦ ʩʫʱʝʩʪʚʫ ʪʘʢʘʷ 

ʢʨʠʪʝʨʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʜʝʨʞʢʠ ʧʝʨʝʜ ʧʝʨʝʢʨʝʩʪʢʘʤʠ, 

ʰʪʨʘʬʫʷ ʨʦʩʪ ʦʯʝʨʝʜʝʡ. 
ɿʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʢ ʨʘʟ ʪʦʪ ʩʣʫʯʘʡ, ʛʜʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʘʣʛʦʨʠʪʤ ʊʘʤʫʨʳ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʨʝʤʝʥʥʳʝ 

ʟʘʧʘʟʜʳʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʥʝʙʦʣʴʰʦʡ ʫʯʘʩʪʦʢ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ, 
ʧʦʢʘʟʘʥʥʳʡ  ʥʘ  ʨʠʩ. 3. 

 
ʈʠʩʫʥʦʢ 3 ï ʇʝʨʝʢʨʝʩʪʢʠ ʘ, b, c ʜʦʨʦʞʥʦʡ ʩʝʪʠ 

ʋʯʘʩʪʦʢ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʧʝʨʝʢʨʝʩʪʢʦʚ. ʊʨʫʜʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 
ʜʚʠʞʝʥʠʝʤ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʩʚʷʟʘʥʳ ʝʱʝ ʩ ʪʝʤ, ʯʪʦ ʜʘʥʥʳʝ ʧʝʨʝʢʨʝʩʪʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʦʯʝʥʴ 

ʙʣʠʟʢʦ ʦʜʠʥ ʦʪ ʜʨʫʛʦʛʦ ʠ ʦʪ ʩʦʩʝʜʥʠʭ ʧʝʨʝʢʨʝʩʪʢʦʚ, ʪʘʢ ʯʪʦ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʝʟʜʦʚ ʤʝʞʜʫ ʧʝʨʝʢʨʝʩʪʢʘʤʠ. ʇʦʵʪʦʤʫ ʥʝʣʴʟʷ ʦʩʣʘʙʠʪʴ ʞʝʩʪʢʠʝ 
ʪʨʝʙʦʚʘʥʠʷ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʥʝʨʘʚʝʥʩʪʚ. ʇʨʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʪʨʫʢʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʘʷ 

ʩʠʩʪʝʤʘ ʨʘʩʧʦʣʘʛʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʪʨʝʤʷ ʫʧʨʘʚʣʝʥʠʷʤʠ [4]: 

1u  ð ʩʠʛʥʘʣʳ, ʨʘʟʨʝʰʘʶʱʠʝ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʦʚ 1 ʠ 2; 

2u  ð ʩʠʛʥʘʣʳ, ʨʘʟʨʝʰʘʶʱʠʝ ʜʚʠʞʝʥʠʝ ʧʦʪʦʢʦʚ 6 ʠ 7 ʠ ʩ ʜʚʫʭʮʠʢʣʦʚʦʡ ʟʘʜʝʨʞʢʦʡ 

ʧʦʪʦʢʘ, ʥʘʧʨʘʚʣʷʝʤʦʛʦ ʩʠʛʥʘʣʦʤ 1u ; 

3u  ð ʩʠʛʥʘʣʳ, ʨʘʟʨʝʰʘʶʱʠʝ ʜʚʠʞʝʥʠʝ ʧʦʪʦʢʦʚ 10 ʠ 12 ʠ ʩ ʦʜʥʦʮʠʢʣʦʚʦʡ ʟʘʜʝʨʞʢʦʡ 

ʧʦʪʦʢʘ, ʥʘʧʨʘʚʣʷʝʤʦʛʦ ʩʠʛʥʘʣʦʤ 2u ; 

                       2 

  3 

      4 
  5 

  6 

  7 

    8 

  9 

  10 

  12 

  11 

    фр ͣ       мср ͣ  

     b        c         ͊   1 



179 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʨʘʙʦʪʳ ʩʚʝʪʦʬʦʨʘ ʜʣʷ ʚʩʝʭ ʧʝʨʝʢʨʝʩʪʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 1 ʤʠʥ, 

ʘ ʚʨʝʤʷ ʚʢʣʶʯʝʥʠʷ ʞʝʣʪʦʛʦ ʩʠʛʥʘʣʘ 6 ʩ. ɺʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʪʨʘʥʩʧʦʨʪʦʤ ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ 

ʧʫʪʠ ʤʝʞʜʫ ʧʝʨʝʢʨʝʩʪʢʘʤʠ ʩ ʠ b, ʩʦʩʪʘʚʣʷʝʪ 2 ʤʠʥ, ʘ ʤʝʞʜʫ ʧʝʨʝʢʨʝʩʪʢʘʤʠ b ʠ a ð 1 ʤʠʥ. 

ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʤʠ: 
0
1u  = 0,45, 

0
2u  = 0,30, 

0
3u = 0,50. ʅʦʚʳʝ ʧʝʨʝʤʝʥʥʝr ʫʧʨʘʚʣʝʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʵʪʠʭ ʚʝʣʠʯʠʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  45.011 -=D uu ; 3.022 -=D uu ; 5.033 -=D uu . 

ʄʝʞʜʫ 17.00 ʠ 18.00 ʯ. ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʯʠʩʣʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ 

ʜʦʨʦʛʘʭ ʵʪʦʡ ʩʝʪʠ ʠ ʥʘʩʳʱʝʥʥʦʩʪʴ ʧʦʪʦʢʦʚ. ɹʘʟʠʨʫʷʩʴ ʥʘ ʵʪʠʭ ʜʘʥʥʳʭ, ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ 
ʟʘʧʠʩʘʥʳ ʚ ʚʝʢʪʦʨʥʦ-ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ 

vkuBkuBkuBkxIkx +-D+-D+D+=+ )2()1()()()1( 2112 , 

ʛʜʝ 12I  - ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ 12-ʛʦ ʧʦʨʷʜʢʘ; 

[ ]5,10;6,33;4,8;4,16;2,64;62,1;56,2;2,9;7,7;4,8;2,8;6,21 -------=Tv . 

ʂʨʠʪʝʨʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʚʳʙʨʘʥʘ ʚ ʚʠʜʝ 
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ʛʜʝ R = I3; Q ð ʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ 12-ʛʦ ʧʦʨʷʜʢʘ ʩ ʵʣʝʤʝʥʪʘʤʠ  ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ; 

Q d = [1;  1; 1;  1;  1; 5; 1,5;  1; 1; 2;  1;  1]. 
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ɺ ʚʝʩʦʚʦʡ ʤʘʪʨʠʮʝ Q ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʩʦʩʪʦʷʥʠʷʤ 1076 ,, xxx  ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʷ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʨʦʛʠ ʤʝʞʜʫ ʧʝʨʝʢʨʝʩʪʢʘʤʠ b ʠ a. ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʢʨʠʪʝʨʠʘʣʴʥʦʡ 
ʬʫʥʢʮʠʠ ʙʳʣʠ ʫʯʪʝʥʳ ʪʦʣʴʢʦ ʪʨʠ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘ ʧʦ ʧʨʠʯʠʥʝ ʚʳʩʦʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ [5]. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʙʳʣʦ ʙʳ ʥʝʨʝʘʣʠʩʪʠʯʥʳʤ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʟʥʘʯʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʚʦʣʴʶʪʩʷ ʚ ʩʝʪʴ ʯʝʨʝʟ ʚʨʝʤʷ ʙʦʣʝʝ 3ð4 ʠʥʪʝʨʚʘʣʦʚ. 
ʆʛʨʘʥʠʯʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʠ ʫʧʨʘʚʣʝʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʤʠ: 

400 ¢¢ ix ,     i=1,2,3,8,9,11,12; 800 ¢¢ ix  i=4,5; 500 ¢¢ ix , i=6,7; ;250 10¢¢x  

25,025,0 1¢D¢- u ;  4,01,0 2¢D¢- u ;   2,03,0 3¢D¢- u . 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ  ʜʣʷ  ʵʪʦʡ  ʜʦʚʦʣʴʥʦ  ʟʘʛʨʫʞʝʥʥʦʡ ʩʝʪʠ   ʙʳʣʠ ʚʳʙʨʘʥʳ 
ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 
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30)0( =ix , i=1,2,8,9,11,12; 70)0( =ix , i=3,4,5; 40)0( =ix ,  i=6,7; 20)0(10 =x . 

ʉ ʧʦʤʦʱʴʶ ʕɺʄ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʘ ʊʘʤʫʨʳ ʙʳʣʦ ʥʘʡʜʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʦʩʥʦʚʥʦʡ ʠ ʜʚʦʡʩʪʚʝʥʥʦʡ ʢʨʠʪʝʨʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ.  ʂʨʠʪʝʨʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʨʘʚʥʳ 

510284,0 Ö . ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʪʠʤʘʣʴʥʳʭ ʫʧʨʘʚʣʝʥʠʡ, ʘ ʥʘ ʨʠʩ. 4 ï 

ʪʨʘʝʢʪʦʨʠʷ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ [5]. 

 

ʊʘʙʣʠʮʷ 1 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʪʠʤʘʣʴʥʳʭ ʫʧʨʘʚʣʝʥʠʡ 

k 1 2 3 

1u  20% 20% 20% 

2u  70% 68% 61% 

3u  61% 62% 63% 

ɿʘʤʝʪʠʤ, ʯʪʦ ʜʣʠʥʘ ʦʯʝʨʝʜʝʡ 543 ,, ʭʭʭ  ʩʥʠʞʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ 

ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʦʚ 543 ,, qqq  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʫʣʠʮ 543 ,, sss  ʜʣʷ ʵʪʠʭ ʧʦʪʦʢʦʚ. ʀ ʥʝʩʤʦʪʨʷ ʜʘʞʝ ʥʘ ʪʦ, ʯʪʦ ʫʧʨʘʚʣʝʥʠʝ 1u  ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʣʷ 

ʦʯʝʨʝʜʝʡ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʚʢʣʶʯʝʥʠʷ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʫʣʠʮʳ ʧʦ 

ʵʪʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʩʣʠʰʢʦʤ ʤʘʣʘ ʯʪʦʙʳ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʦʯʝʨʝʜʠ. ʕʪʦ ʞʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ, ʧʦʯʝʤʫ ʜʘʥʥʳʡ ʜʦʨʦʞʥʳʡ ʫʯʘʩʪʦʢ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʥʘʧʨʷʞʝʥʥʳʤ 
ʤʝʩʪʦʤ. 

 
ʈʠʩʫʥʦʢ 4 ï ʆʧʪʠʤʘʣʴʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʫʯʘʩʪʢʘ ʜʦʨʦʞʥʦʡ ʩʝʪʠ 

 

ɽʩʣʠ ʥʝ ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ, ʙʣʠʟʢʦʝ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ, ʦʯʝʨʝʜʠ 

543 ,, ʭʭʭ  ʙʫʜʫʪ ʜʦʩʪʠʛʘʪʴ ʩʦʩʝʜʥʠʭ ʧʝʨʝʢʨʝʩʪʢʦʚ. C ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʚʳʯʠʩʣʝʥʥʦʛʦ ʚ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ, ʜʣʠʥʳ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʦʯʝʨʝʜʝʡ 

ʫʤʝʥʴʰʘʶʪʩʷ ʜʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʠ ʜʘʞʝ ʢʨʠʪʠʯʝʩʢʠʝ ʦʯʝʨʝʜʠ  543 ,, ʭʭʭ  ʥʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. 
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ɺʳʚʦʜʳ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʚʝʨʭʥʘʧʨʷʞʝʥʥʦʡ ʜʦʨʦʞʥʦʡ ʩʝʪʴʶ. ɺ 
ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʝʥ ʫʯʘʩʪʦʢ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ 

ʊʘʤʫʨʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʚ ʵʪʦʡ ʩʝʪʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1. ʄ. ʉʠʥʛʣ, ɸ. ʊʠʪʣʠ. çʉʠʩʪʝʤʳ: ʜʝʢʦʤʧʦʟʠʮʠʷ, ʦʧʪʠʤʠʟʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝè ʄ.: 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1986 
2. ʊʘʤʫʨʘ ʅ. «ɼʝʮʝʥʪʨʘʣʠʟʦʚʘʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʜʠʩʢʨʝʪʥʳʭ 

ʩʠʩʪʝʤè. IEEE. ʉʜʝʣʢʘ 1974 ʛʦʜʘ, SMC 4, ʩʪʨ. 424-429. 

3. ʉʠʥʛʣ ʄ. ɻ. «ɼʠʥʘʤʠʢʘ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷè. - ɸʤʩʪʝʨʜʘʤ; ʉʝʚʝʨʥʘʷ ɻʦʣʣʘʥʜʠʷ 
1977. 

4. ʊʘʤʫʨʘ ʅ. çʄʝʪʦʜʳ ʨʘʟʣʦʞʝʥʠʷ ʚ ʢʨʫʧʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʫʧʨʘʚʣʝʥʠʷè. 1973.  

5. ʊʘʤʫʨʘ ʅ. ɼʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ  ʤʦʜʝʣʝʡ ʜʠʩʢʨʝʪʥʳʭ 

ʩʠʩʪʝʤ. - ɸʚʪʦʤʘʪʠʢʘ, 1975. 

 
 

ɺʀʂʆʈʀʉʊɸʅʅʗ  ʇʆʂɸɿʅʀʂɸ  ʍʉʂ ʉʊɯʏʅʀʍ ɺʆɼ ɼʃʗ ʇʈʆɻʅʆɿʋɺɸʅʅʗ 

ɽʌɽʂʊʀɺʅʆʉʊɯ ʈʆɹʆʊʀ ʉʊɸʅʎɯɰ ɹɯʆʃʆɻɯʏʅʆɻʆ ʆʏʀʑɽʅʅʗ 

ʖ.ɺ.ʐʘʪʦʭʽʥʘ, ɯ.ʄ. ɯʚʘʥʦʚʘ, ʃ.ʄ.ʂʣʽʥʮʦʚ 

 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʏʝʨʥʽʛʽʚ. 

 

ɿʘʭʠʩʪ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ  ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʤʘʻ ʜʣʷ ʋʢʨʘʾʥʠ ʜʫʞʝ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ, ʘ 

ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʻ ʩʢʠʜʠ ʥʝʜʦʩʪʘʪʥʴʦ ʦʯʠʱʝʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ . ʇʨʘʢʪʠʯʥʦ 100%  

ʜʽʶʯʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʘʥʘʣʽʟʘʮʽʡʥʦ-ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ (ʂʆʉ) ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ 

ʦʯʠʱʝʥʥʷ  ʟʘ ʦʢʨʝʤʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ [1]. ʗʢʽʩʪʴ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ,  ʫ ʪʦʤʫ ʯʠʩʣʽ, ʚʽʜ ʽʩʥʫʶʯʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ  ʩʢʣʘʜʫ ʚʭʽʜʥʦʛʦ ʧʦʪʦʢʫ [2]. 
ʋʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ   ʧʝʨʝʜʙʘʯʘʻ ʢʦʥʪʨʦʣʴ ʧʦʢʘʟʥʠʢʘ ʙʽʦʭʽʤʽʯʥʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ ʢʠʩʥʶ ʟʘ 5 ʜʽʙ (ɹʉʂ5)  ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ ʟ  ʢʘʥʘʣʽʟʘʮʽʡʥʦ-ʦʯʠʩʥʦʾ ʩʪʘʥʮʽʾ. ʋ ʨʦʙʦʪʽ [3] 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ  ʨʝʘʣʴʥʦʾ ʩʪʘʥʮʽʾ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ 
ʩʪʽʯʥʠʭ ʚʦʜ  ʚ ʨʽʟʥʽ ʧʝʨʽʦʜʠ ʨʦʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʝʪʝʦʫʤʦʚ ʟʘ  ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ( ʂʝ): 

ʚ

ʘ
ʝ
ɹʉʂ

ɹʉʂ
ʂ

5

5=  ,                         (1) 

ʜʝ ɹʉʂ5ʘ ï ʬʘʢʪʠʯʥʽ ʜʘʥʽ ʚʭʽʜʥʦʾ ʩʪʽʯʥʦʾ ʚʦʜʠ, ɹʉʂ5ʚ ï ʬʘʢʪʠʯʥʽ ʜʘʥʽ ʦʯʠʱʝʥʦʾ ʩʪʽʯʥʦʾ 

ʚʦʜʠ ʥʘ ʚʠʭʦʜʽ ʟ ʦʯʠʩʥʦʾ ʩʪʘʥʮʽʾ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʫ ʨʦʟʛʣʷʥʫʪʦʤʫ ʧʝʨʽʦʜʽ (ʧʽʚʪʦʨʘ ʨʦʢʫ), ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 
ʂʆʉ ʚʠʷʚʣʷʚ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʟʤʽʥʶʚʘʚʩʷ ʚʽʜ 10 ʜʦ 60 ʦʜʠʥʠʮʴ.  

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ (ʂʝʨ) ʚʠʟʥʘʯʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʫ 

Microsoft Excel 7.0, ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ʄʘʪʝʤʘʪʠʯʥ ̔ ʤʦʜʝʣ,̔ ʷʢ ̔ ʦʧʠʩʫʶʪʴ 
ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʥʘ ʂʆʉ, ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʨʠ ʨʦʢʫ, ʧʨʠʚʝʜʝʥʽ ʫ 

ʨʽʚʥʷʥʥʷʭ (2-5). ʂʦʝʬʽʮʽʻʥʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʂʝʨ ʦʪʨʠʤʘʥʦ ʜʣʷ ʢʦʞʥʦʾ 

ʧʦʨʠ ʨʦʢʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʧʦʛʦʜʠ. ʂʝʨ ʧʦʜʘʥʦ ʟ ʽʥʜʝʢʩʘʤʠ ʟ-ʟʠʤʘ, ʚ-ʚʝʩʥʘ, ʣ-ʣʽʪʦ, ʦ-ʦʩʽʥʴ.  
 

ʂʝʨ
(ʟ) = -9,26224+0,094833ɹʉʂ5ʘ -0,88698 t +6,148887 Tʜ ï 0,146978ʊʩ        (2) 

ʂʝʨ
(ʚ) = 7,963296+0,067499 ɹʉʂ5ʘ +0,119731t +0,532999 Tʜ                           (3) 

ʂʝʨ(
ʣ) = 37,05196+0,052554 ɹʉʂ5ʘ - 0,85182 t -2,74194 Tʜ                              (4) 

ʂʝʨ
(ʦ) = 16,13232 ï 0,00397 ɹʉʂ5ʘ - 0,01011 t + 2,345029 Tʜ                           (5) 

 
ʜʝ t ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, oC ; Tʜ ī ʢʽʣʴʢʽʩʪʴ ʧʝʨʽʦʜʽʚ ʧʦ ʪʨʠ ʛʦʜʠʥʠ, ʟʘ ʷʢʽ ʟʘʬʽʢʩʦʚʘʥʦ 

ʧʨʦʣʠʚʥʽ ʜʦʱʽ; ʊʩ ï ʢʽʣʴʢʽʩʪʴ ʧʝʨʽʦʜʽʚ ʧʦ ʪʨʠ ʛʦʜʠʥʠ ʧʣʶʩʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʫ 

ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʩʥʽʛʦʚʦʛʦ ʧʦʢʨʦʚʫ. 
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ʗʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʤʦʜʝʣʝʡ ʦʮʽʥʶʚʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʪʝʨʤʽʥʘʮʽʾ R2. 

ʂʦʝʬʽʮʽʻʥʪʠ ʜʝʪʝʨʤʽʥʘʮʽʾ ʩʪʘʥʦʚʠʣʠ ʜʣʷ ʟʠʤʦʚʦʛʦ ʧʝʨʽʦʜʫ R2=0,92, ʜʣʷ ʚʝʩʥʷʥʦʛʦ ʧʝʨʽʦʜʫ 

R2=0,98, ʜʣʷ ʣʽʪʥʴʦʛʦ ʧʝʨʽʦʜʫ R2=0,80, ʘ ʜʣʷ ʦʩʽʥʥʴʦʛʦ ʧʝʨʽʦʜʫ R2=0,82.  

ʗʢ ʚʠʜʥʦ ʟ ʧʨʠʚʝʜʝʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʝʪʝʨʤʽʥʘʮʽʾ ʨʽʚʥʷʥʥʷ ʜʦʙʨʝ ʤʦʜʝʣʶʶʪʴ ʟʤʽʥʫ 
ʢʦʝʬʽʮʽʻʥʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʂʝʨ , ʘʣʝ  ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʨʠʤʫʻ ʪʝ, ʱʦ ʦʪʨʠʤʘʪʠ ʧʦʢʘʟʥʠʢ 

ɹʉʂ5 ʩʪʽʯʥʠʭ ʚʦʜ ʟʘ ʜʽʶʯʠʤʠ ʤʝʪʦʜʘʤʠ  ʤʦʞʣʠʚʦ ʣʠʰʝ ʯʝʨʝʟ 5 ʜʽʙ, ʱʦ ʥʝ ʜʘʻ ʟʤʦʛʠ ʨʝʘʣʽʟʫʚʘʪʠ 

ʩʚʦʻʯʘʩʥʽ ʫʧʨʘʚʣʽʥʩʴʢʽ ʜʽʾ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ. 
ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʟʥʘʭʦʜʞʝʥʥʷ  ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ɹʉʂ5 ʫ ʩʪʽʯʥʠʭ ʚʦʜʘʭ. ɼʣʷ ʮʴʦʛʦ ʥʘʤʠ ʨʦʟʛʣʷʥʫʪʦ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ɹʉʂ5   ʽ ʭʽʤʽʯʥʠʤ 

ʩʧʦʞʠʚʘʥʥʷʤ ʢʠʩʥʶ (ʍʉʂ). 
ɿʘʣʝʞʥʽʩʪʴ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ɹʉʂ5 ʪʘ ʍʉʂ ʚʽʜ ʫʤʦʚʥʦʛʦ ʯʘʩʫ, ʷʢʠʡ ʟʙʝʨʽʛʘʻ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʽʜʙʦʨʫ ʧʨʦʙ ʩʪʽʯʥʦʾ ʚʦʜʠ ,  ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ 1. 

ɿʘʣʝʞʥʽʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ɹʉʂ5 ʪʘ ʍʉʂ ʚʽʜ ʫʤʦʚʥʦʛʦ ʯʘʩʫ.
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ʍʉʂ ʩʪʦʢ

ɹʉʂ5 ʩʪʦʢ

 
ʈʠʩʫʥʦʢ 1 - ɿʘʣʝʞʥʽʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʡ ɹʉʂ5 ʫ ʩʪʽʯʥʠʭ ʚʦʜʘʭ ʪʘ ʍʉʂ ʚʽʜ ʫʤʦʚʥʦʛʦ ʯʘʩʫ. 

 
ʈʠʩ 2 ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ɹʉʂ5 ʚʽʜ ʍʉʂ ʫ ʩʪʽʯʥʠʭ ʚʦʜʘʭ. 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ 1, ʽʩʥʫʻ ʩʠʥʭʨʦʥʥʽʩʪʴ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ɹʉʂ5   ʪʘ ʍʉʂ, ʱʦ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʩʪʽʯʥʠʭ ʚʦʜ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʫ Microsoft 

Excel 7.0 ʦʪʨʠʤʘʥʦ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ɹʉʂ5 ʫ ʩʪʽʯʥʠʭ ʚʦʜʘʭ ʚʽʜ 

ʍʉʂ.  
ʆʪʨʠʤʘʥʝ ʣʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ 

ɹʉʂ5=0,3588*ʍʉʂ+127,55                                                                                   (6) 

 ʜʦʙʨʝ ʦʧʠʩʫʻ ʢʦʨʝʣʷʮʽʶ ɹʉʂ5 ʪʘ ʍʉʂ, ʥʘ ʱʦ ʚʢʘʟʫʻ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ R2=0,8426. 
ɺʠʟʥʘʯʠʤʦ ʟʘʣʝʞʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʚʽʜ ʧʦʢʘʟʥʠʢʘ ʍʉʂ  ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʘ 

ʘʥʘʣʽʟʫ Microsoft Excel, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ  ʬʫʥʢʮ̔ ʁ«ʨʝʛʨʝʩʽ̫»,  ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʽ ʨʽʚʥʷʥʥʷ: 

 
ʂʝʨ

(ʟ) = -17,5357+0,126145ʍʉʂ -0,47191t +3,393515Tʜ + 0,315657ʊʩ           (7) 

ʂʝʨ
(ʚ) = 8,480827+0,054673ʍʉʂ +0,419725t +1,358747Tʜ                              (8) 

ʂʝʨ
(ʣ) = 39,12782+ 0,050626ʍʉʂ - 0,87613t -3,62413Tʜ                                   (9) 

ʂʝʨ
(ʦ) = 18,2703-0,00975ʍʉʂ -0,03249t + 2,258795Tʜ                                     (10) 

 
ɿʨʦʟʫʤʽʣʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʜʝʪʝʨʤʽʥʘʮʽʾ ʜʝʱʦ ʟʤʝʥʰʘʪʴʩʷ, ʪʘʢ ʜʣʷ 

 ʂʝʨ
(ʟ)  R2= 0,818076, ʜʣʷ ʂʝʨ

(ʚ)   R2= 0,726248, ʂʝʨ
(ʣ)  R2= 0,7938,  ʂʝʨ

(ʦ) R2= 0,848142, ʘʣʝ 

ʟʘʣʠʰʘʶʪʴʩʷ ʜʦʩʪʘʪʥʽʤʠ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ.  
ɺʠʢʦʨʠʩʪʘʥʥʷ  ʨʽʚʥʷʥʴ (7-10 ) ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʙʦʪʠ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ, ʘ ʨʽʚʥʷʥʥʷ 6 ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʜʘʥʽ ʧʨʦ ʢʦʥʮʝʥʪʨʘʮʽʶ ɹʉʂ5 ʫ ʩʪʽʯʥʠʭ 

ʚʦʜʘʭ ʥʝ ʯʝʨʝʟ 5 ʜʽʙ, ʘ ʯʝʨʝʟ 8 ʛʦʜʠʥ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʝʪʦʜʫ [4]. ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ 
ʬʘʢʪ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʥʘ ʂʆʉ ʟ ʨʽʟʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 10 

ʛʦʜʠʥ ʜʦ ʜʚʦʭ ʜʽʙ, ʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ  ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʪʘʥʮʽʾ ʽ  ʩʚʦʻʯʘʩʥʦ ʧʨʠʡʥʷʪʠ ʚʽʜʧʦʚʽʜʥʽ ʤʽʨʠ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ 

ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

1.ʑʝʪʠʥʠʥ ɸ.ʀ.ʆʧʳʪ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʯʠʩʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 

ʥʠʪʨʦ-ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ  [ ʊʝʢʩʪ ] / ɸ.ʀ.ʑʝʪʠʥʠʥ, ʖ.ʄ.ʄʝʰʝʥʛʠʩʩʝʨ , ʄ.ɸ.ɽʩʠʥ, ɹ.ʖ.ʄʘʣʙʠʝʚ, 

ɸ.ɸ.ʈʝʛʦʪʫʥ//ɺʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ.-2011.-ˉ3.-ʉ.41-49. 
2. ʐʘʪʦʭʽʥʘ ʖ.ɺ. ʗʢʽʩʪʴ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʷʢ ʬʫʥʢʮʽʷ ʩʢʣʘʜʫ ʚʭʽʜʥʦʛʦ 

ʧʦʪʦʢʫ [ ʊʝʢʩʪ ] /ʖ.ɺ.ʐʘʪʦʭʽʥʘ, ʃ.ʄ.ʂʣʽʥʮʦʚ, ʆ.ʄ.ʐʢʽʥʴ, ʅ.ʉ.ʄʘʟʶʢ   // ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʘʫʜʠʪ ʽ 

ʨʝʟʝʨʚʠ ʚʠʨʦʙʥʠʮʪʚʘ. ï 2013.- ˉ1/1(9), ï ʉ.36-38. 
 3. ʐʝʚʯʝʥʢʦ ʆ.ʆ.  ʄʦʜʝʣʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʩʪʘʥʮʽʾ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ 

ʩʪʽʯʥʠʭ ʚʦʜ [ ʊʝʢʩʪ ]   /ʆ.ʆ.ʐʝʚʯʝʥʢʦ, ɺ.ɸ.ʂʨʫʧʢʦ, ɯ.ʄ.ɯʚʘʥʦʚʘ , ʃ.ʄ.ʂʣʽʥʮʦʚ  

// ʉʭʽʜʥʦ-ʻʚʨʦʧʝʡʩʴʢʠʡ ʞʫʨʥʘʣ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ.  -2014.-ˉ5/10 (71)- ʉ.26-28. 

 4.ʂʅɼ 211.1.4.021-95.ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʍʉʂ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʽ ʩʪʽʯʥʠʭ ʚʦʜʘʭ. 

 

 

ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉʋ ʇʃɸʉʊʀʏʅʆɰ ɼɽʌʆʈʄɸʎɯɰ  

ɿ ʋʈɸʍʋɺɸʅʅʗʄ ʉɸʄʆʆʈɻɸʅɯɿɸʎɯɰ ʊʆʏʂʆɺʀʍ ɼɽʌɽʂʊɯɺ 

ʆ.ɺ. ʖʱʝʥʢʦ, ɼ.ʉ. ʖʨʢʦ 

 

ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʉʫʤʠ 

 
ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʙʽʣʴʰ ʜʦʮʽʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʞʝ ʥʘʷʚʥʠʭ 

ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʠʚʯʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ.  ʗʢ ʚʽʜʦʤʦ, ʚ 

ʢʨʠʩʪʘʣʘʭ ʥʝʟʚʦʨʦʪʥʽ ʨʫʭʠ ʜʠʩʣʦʢʘʮʽʡ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʽ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ 
ʙʘʛʘʪʦ ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ ʩʘʤʝ ʤʦʜʝʣʶʚʘʥʥʶ ʜʠʥʘʤʽʢʠ ʜʠʩʣʦʢʘʮʽʡʥʠʭ ʣʽʥʽʡ. ʆʜʥʘʢ, ʥʘʨʽʚʥʽ ʟ 

ʣʽʥʽʡʥʠʤʠ ʜʝʬʝʢʪʘʤʠ ʚʝʣʠʯʝʟʥʠʡ ʚʧʣʠʚ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʽʚ ʜʘʶʪʴ ʽ ʪʦʯʢʦʚʽ 

ʜʝʬʝʢʪʠ, ʪʘʢʽ ʷʢ ʘʪʦʤʠ ʜʦʤʽʰʦʢ, ʚʘʢʘʥʩʽʾ  ʪʘ ʤʽʞʚʫʟʦʣʴʥʽ ʘʪʦʤʠ. ɯ, ʭʦʯʘ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ 
ʜʠʩʣʦʢʘʮʽʡ ʜʦʧʦʤʽʛ ʦʧʠʩʘʪʠ ʙʝʟʣʽʯ ʥʶʘʥʩʽʚ ʚ ʧʦʚʝʜʽʥʮʽ ʤʝʪʘʣʽʚ ʧʨʠ ʧʣʘʩʪʠʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ, ʪʠʤ 

ʥʝ ʤʝʥʰ, ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ (ʥʘʧʨʠʢʣʘʜ, ʧʦʚʝʨʥʝʥʥʷ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʽ ʩʪʘʥʫ ʥʘʢʣʝʧʫ) 

ʨʫʭʣʠʚʠʤʠ ʙʫʜʫʪʴ ʩʘʤʝ ʤʽʞʚʫʟʦʣʴʥʽ ʘʪʦʤʠ ʽ ʚʘʢʘʥʩʽʾ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʠʩʣʦʢʘʮʽʡ. 
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ʅʘʰ ʧʽʜʭʽʜ ʜʦ ʦʧʠʩʫ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʪʚʝʨʜʠʭ ʪʽʣ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʜʠʥʘʤʽʯʥʠʭ 

ʨʽʚʥʷʥʥʷʭ ʚ ʢʦʥʪʠʥʫʘʣʴʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʜʣʷ ʛʫʩʪʠʥʠ ʤʘʪʝʨʽʘʣʫ, ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ ʪʘ 

ʚʥʫʪʨʽʰʥʴʦʾ ʥʘʧʨʫʛʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʷʚʥʦʩʪʽ ʚʘʢʘʥʩʽʡ.  

ʆʩʥʦʚʥʽ ʨʽʚʥʷʥʥʷ ʥʘʰʦʾ ʤʦʜʝʣʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʶ ʪʝʦʨʽʻʶ, ʜʝ ʚʚʦʜʠʪʴʩʷ 

ʜʦʧʦʤʽʞʥʘ ʟʤʽʥʥʘ (ʧʘʨʘʤʝʪʨ m ). ɼʣʷ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʮʝʡ ʧʘʨʘʤʝʪʨ ʚʽʜʧʦʚʽʜʘʻ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʢʘʥʩʽʡ, ʘ ʫ ʚʠʧʘʜʢʫ ʘʤʦʨʬʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʡʦʛʦ ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʷʢ ʣʦʢʘʣʴʥʫ 
ʜʦʣʶ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ. ʎʝʡ ʧʘʨʘʤʝʪʨ ʟʨʫʯʥʦ ʦʙʨʘʪʠ ʫ ʷʢʦʩʪʽ  ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʫ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻ 

ʪʚʝʨʜʠʡ ʽ ʧʣʘʩʪʠʯʥʠʡ ʩʪʘʥ ʤʘʪʝʨʽʘʣʫ. ʉʧʨʷʞʝʥʝ ʧʦʣʝ ʽ ʢʝʨʫʶʯʠʡ ʧʘʨʘʤʝʪʨ ʫ ʪʘʢʽʡ ʩʠʩʪʝʤʽ 

ʟʚʦʜʷʪʴʩʷ ʜʦ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ v  ʽ ʚʥʫʪʨʽʰʥʴʦʾ ʥʘʧʨʫʛʠ s ʚʽʜʧʦʚʽʜʥʦ.  
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  (1) 

ʊʫʪ t
m

, 
st  ï ʭʘʨʘʢʪʝʨʥʽ ʯʘʩʠ ʨʝʣʘʢʩʘʮʽʾ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ; g

m
, g

v
, 

sg  ï  

ʧʦʟʠʪʠʚʥʽ ʢʦʥʩʪʘʥʪʽ ʟʚôʷʟʢʫ; 
0
l  ï ʢʽʥʝʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, r ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ 

ʩʝʨʝʜʦʚʠʱʘ, A  ï ʧʝʨʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʫ ʨʦʟʢʣʘʜʽ ʃʘʥʜʘʫ, 
0h  ï ʚôʷʟʢʽʩʪʴ, n ï ʢʽʥʝʤʘʪʠʯʥʘ 

ʚôʷʟʢʽʩʪʴ, s
e

 ï ʧʨʫʞʥʽ ʥʘʧʨʫʛʠ, ʱʦ ʟʘʜʘʶʪʴʩʷ ʟʦʚʥʽʰʥʽʤ ʚʧʣʠʚʦʤ. ʇʨʠ ʮʴʦʤʫ ʤʠ ʚʨʘʭʫʚʘʪʠ 

ʚʠʧʘʜʢʦʚʽ ʟʤʽʥʠ ʫ ʯʘʩʽ ʢʝʨʫʶʯʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʧʨʫʞʥʠʭ ʥʘʧʨʫʞʝʥʴ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʦʭʘʩʪʠʯʥʦʛʦ 

ʜʦʜʘʥʢʫ ht( )  ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʬʣʫʢʪʫʘʮʽʡ I . ʇʨʠ ʮʴʦʤʫ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʤʦʜʝʣʴ ʙʽʣʦʛʦ ʰʫʤʫ 

( ) 0, ( ) ( ') ( ').t t t t th h h d= = -  (2) 

ʆʩʢʽʣʴʢʠ ʪʘʢʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ ʚ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ, ʪʦ 

ʙʫʚ ʨʦʟʛʣʷʥʫʪʠʡ ʦʜʥʦʚʠʤʽʨʥʠʡ ʚʠʧʘʜʦʢ. 

ɼʘʣʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʤʘʩʰʪʘʙ ʯʘʩʫ 
0 / Gt h= , ʜʝ G  ï ʤʦʜʫʣʴ ʟʩʫʚʫ, 

ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʘʜʽʘʙʘʪʠʯʥʠʤ ʥʘʙʣʠʞʝʥʥʷʤ  

1, 1st
<< <<

t

t t
m m

.   (3) 

ɿʛʽʜʥʦ ʫʤʦʚʠ (3) ʚʽʜʧʦʚʽʜʥʠʡ ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʢʘʥʩʽʡ ʜʦʩʠʪʴ ʚʝʣʠʢʠʡ ʽ ʥʘʙʘʛʘʪʦ 

ʧʝʨʝʙʽʣʴʰʫʻ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʤʘʩʰʪʘʙ Ű ʽ ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ ʥʘʧʨʫʛ tů.  

ɼʣʷ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʦʛʦ ʚʠʧʘʜʢʫ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʩʠʩʪʝʤʠ (1) ʚ ʨʘʤʢʘʭ ʥʘʙʣʠʞʝʥʥʷ (3) ʤʠ 
ʦʪʨʠʤʘʣʠ ʨʽʚʥʷʥʥʷ ɻʽʥʟʙʫʨʛʘ-ʃʘʥʜʘʫ-ʍʘʣʘʪʥʽʢʦʚʘ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʝʥʝʨʛʽʶ ʫʪʚʦʨʝʥʥʷ 

ʚʘʢʘʥʩʽʡ. ɸʥʘʣʽʟʫʶʯʠ ʝʢʩʪʨʝʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʦʩʪʘʥʥʴʦʾ, ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʜʚʘ ʩʪʘʥʠ ʩʠʩʪʝʤʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʚʝʨʜʦʪʽʣʴʥʦʤʫ ʩʪʘʥʫ ʪʘ ʩʪʘʥʫ ʧʣʘʩʪʠʯʥʦʾ ʪʝʯʽʾ. ɸʣʝ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʨʝʘʣʴʥʠʭ 
ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʫʞʝ ʯʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʷʢʠʡ ʧʨʦʤʽʞʥʠʡ stick-slip ʨʝʞʠʤ, ʢʦʣʠ ʧʝʨʽʦʜʠ 

ʧʣʘʩʪʠʯʥʦʾ ʪʝʯʽʾ ʯʝʨʛʫʶʪʴʩʷ ʟ ʪʚʝʨʜʦʪʽʣʴʥʠʤ ʩʪʘʥʦʤ.  

ɯʩʥʫʚʘʥʥʷ ʮʴʦʛʦ ʨʝʞʠʤʫ ʚ ʨʘʤʢʘʭ ʧʦʜʘʥʦʾ ʤʦʜʝʣʽ ʤʦʞʥʘ ʜʦʚʝʩʪʠ ʣʠʰʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 
ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʜʦʜʘʥʢʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʠʩʪʝʤʘ ʪʨʴʦʭ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʨʽʚʥʷʥʥʷ ʃʘʥʞʝʚʝʥʘ, ʨʦʟʧʦʜʽʣ ʨʽʰʝʥʴ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʌʦʢʢʝʨʘ-ʇʣʘʥʢʘ. 

 ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʠʡ ʨʦʟʧʦʜʽʣ, ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʬʘʟʦʚʘ ʜʽʘʛʨʘʤʠ, ʱʦ ʟʘʜʘʻ ʦʙʣʘʩʪʽ 
ʽʩʥʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ: ʪʚʝʨʜʦʪʽʣʴʥʦʛ ʩʪʘʥʫ (ʜʠʚ. ʦʙʣʘʩʪʴ ʊ ʥʘ ʨʠʩ.1), ʩʪʘʥʫ 

ʧʣʘʩʪʠʯʥʦʾ ʪʝʯʽʾ (ʦʙʣʘʩʪʴ ʈ) ʪʘ ʩʪʘʥʫ ʧʝʨʝʨʠʚʯʘʩʪʦʾ ʪʝʯʽʾ ʩʝʨʝʜʦʚʠʱʘ (ʦʙʣʘʩʪʴ SS). 
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ʈʠʩʫʥʦʢ 1 ï ʌʘʟʦʚʘ ʜʽʘʛʨʘʤʘ ʩʠʩʪʝʤʠ ʧʽʜ ʜʽʻʶ ʧʨʫʞʥʠʭ ʥʘʧʨʫʞʝʥʴ ʟ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ s

e
 ʪʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʬʣʫʢʪʫʘʮʽʡ I  

 

ʇʨʦʚʝʜʝʥʠʡ ʨʦʟʛʣʷʜ ʧʦʢʘʟʫʻ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ (1) ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ 

ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ (ʚʘʢʘʥʩʽʡ ʽ ʤʝʞʚʫʟʝʣʴʥʠʭ ʘʪʦʤʽʚ) ʥʘ ʩʘʤʦʫʟʛʦʜʞʝʥʫ ʢʘʨʪʠʥʫ ʧʝʨʝʭʦʜʫ ʟ 
ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʩʪʘʥʫ ʜʦ ʩʪʘʥʫ ʧʣʘʩʪʠʯʥʦʾ ʪʝʯʽʾ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʇʨʠ ʮʴʦʤʫ ʨʦʣʴ 

ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʘʥ ʤʘʪʝʨʽʘʣʫ, ʚʽʜʽʛʨʘʻ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʘʢʘʥʩʽʡ ʜʣʷ 
ʢʨʠʩʪʘʣʽʯʥʠʭ ʪʽʣ ʘʙʦ ʯʘʩʪʠʥʘ ʚʽʣʴʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʜʣʷ ʘʤʦʨʬʥʠʭ ʪʽʣ. 

ɺ ʨʘʤʢʘʭ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʧʦʢʘʟʘʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʢʘʥʩʽʡ 

ʢʨʠʚʠʟʥʘ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ ʟʨʦʩʪʘʻ, ʘ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟʤʝʥʴʰʫʶʪʴʩʷ ʥʠʞʯʝ ʨʽʚʥʷ, 
ʬʽʢʩʦʚʘʥʦʛʦ ʟʦʚʥʽʰʥʽʤʠ ʫʤʦʚʘʤʠ. ʆʪʨʠʤʘʥʘ ʟ ʨʽʚʥʷʥʥʷ ɻʽʥʟʙʫʨʛʘ-ʃʘʥʜʘʫ-ʍʘʣʘʪʥʠʢʦʚʘ ʝʥʝʨʛʽʷ 

ʫʪʚʦʨʝʥʥʷ ʚʘʢʘʥʩʽʡ ʥʘʙʫʚʘʻ ʥʝʥʫʣʴʦʚʛʦ ʤʽʥʽʤʫʤʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʩʪʘʥʫ ʧʣʘʩʪʠʯʥʦʾ ʪʝʯʽʾ, ʟʘ 

ʫʤʦʚʠ, ʱʦ ʟʦʚʥʽʰʥʽ ʥʘʧʨʫʛʠ ůe ʧʝʨʝʚʠʱʫʶʪʴ ʢʨʠʪʠʯʥʠʡ ʨʽʚʝʥʴ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ 
ʩʝʨʝʜʦʚʠʱʘ.  

ʂʨʽʤ ʪʦʛʦ, ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʚʘʢʘʥʩʽʡ ʤʘʻ ʩʧʘʜʘʶʯʠʡ ʚʠʛʣʷʜ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ ʤʦʥʦʪʦʥʥʦ ʟʨʦʩʪʘʶʪʴ. 
ɺʨʘʭʫʚʘʥʥʷ ʩʪʦʭʘʩʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚ ʨʽʚʥʷʥʥʽ ʜʣʷ ʢʝʨʫʶʯʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ 

ʜʚʦʭʬʘʟʥʦʛʦ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʨʝʞʠʤʫ, ʢʦʣʠ ʩʠʩʪʝʤʘ ʤʦʞʝ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʧʝʨʝʭʦʜʠʪʠ ʚʽʜ 

ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʚ ʪʝʢʫʯʽʡ ʩʪʘʥ (ʪʘʢ ʟʚʘʥʠʡ ʨʝʞʠʤ stick-slip). ʊʘʢʦʞ ʙʫʣʦ ʟôʷʩʦʚʘʥʦ, ʱʦ ʪʘʢʠʡ 
ʨʝʞʠʤ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʠʡ ʥʘʚʽʪʴ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʾ ʥʘʧʨʫʛʠ , ʷʢʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʬʣʫʢʪʫʘʮʽʡ ʧʝʨʝʚʠʱʫʻ ʜʝʷʢʝ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʠ. ʇʨʠ ʮʴʦʤʫ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʦʚʝʜʽʥʢʘ ʭʘʨʘʢʪʝʨʥʘ ʩʘʤʦ ʦʨʛʘʥʽʟʦʚʘʥʽʡ ʢʨʠʪʠʯʥʦʩʪʽ. 
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ʉɽʂʎɯʗ 2 

ʄʆɼɽʃɯ ʊɸ ʄɽʊʆɼʀ ʆʇʊʀʄɯɿɸʎɯɰ 

 

¶ ʦʧʪʠʤʘʣʴʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ; 

¶ ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ; 

¶ ʧʝʨʩʧʝʢʪʠʚʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ. 

 



187 

ʕɺʈʀʉʊʀʏɽʉʂʀʁ ʄɽʊʆɼ ʋʇʈɸɺʃɽʅʀʗ ɺʅʋʊʈʀɿɸɺʆɼʉʂʀʄʀ ʇɽʈɽɺʆɿʂɸʄʀ 

ʈ.ʍ. ɸʭʤʘʜʦʚ, ɹ.ɺ. ʂʘʨʧʝʥʢʦ 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ çʍʘʨʴʢʦʚʩʢʠʡ ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʀʥʩʪʠʪʫʪè, ʍʘʨʴʢʦʚ 
 

ɺʚʝʜʝʥʠʝ. ɿʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʚʥʫʪʨʠʟʘʚʦʜʩʢʠʤʠ ʧʝʨʝʚʦʟʢʘʤʠ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʢʣʘʩʩʫ 

ʟʘʜʘʯ ʪʝʦʨʠʠ ʨʘʩʧʠʩʘʥʠʡ [1-2]. ʉʫʱʝʩʪʚʦ ʪʠʧʦʚʦʡ ʟʘʜʘʯʠ ʠʟ ʵʪʦʛʦ ʢʣʘʩʩʘ ʚ ʦʙʱʝʤ ʩʦʩʪʦʠʪ ʚ 
ʩʣʝʜʫʶʱʝʤ. ʀʤʝʝʪʩʷ ʥʘʙʦʨ ʟʘʷʚʦʢ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ.  ɼʣʷ ʢʘʞʜʦʡ ʟʘʷʚʢʠ ʟʘʜʘʸʪʩʷ ʢʦʨʪʝʞ ʝʸ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʥʘʧʨʠʤʝʨ, ʚʨʝʤʷ ʥʘʯʘʣʘ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʚʨʝʤʷ ʦʢʦʥʯʘʥʠʷ ʚʳʧʦʣʥʝʥʠʷ; 

ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʪʠʧ ʟʘʷʚʢʠ ʠ ʪ.ʧ.). 
ʆʙʩʣʫʞʠʚʘʥʠʝ ʟʘʷʚʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤʠ ʘʛʨʝʛʘʪʘʤʠ 

ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʘʞʜʳʡ ʢʦʥʢʨʝʪʥʳʡ ʘʛʨʝʛʘʪ ʤʦʞʝʪ ʦʙʩʣʫʞʠʚʘʪʴ ʟʘʷʚʢʫ 

ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʫʨʦʚʥʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠʭ ʪʠʧʦʚ. ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʣʘʥʘ ʥʘʟʥʘʯʝʥʠʡ ʘʛʨʝʛʘʪʦʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʷʚʦʢ, ʥʘʠʣʫʯʰʝʛʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʳʙʨʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ (ʥʘʧʨʠʤʝʨ, ʩʫʤʤʘʨʥʘʷ ʩʪʦʠʤʦʩʪʴ ʠʣʠ ʩʫʤʤʘʨʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 
ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʩʝʭ ʟʘʷʚʦʢ). 

ɺʩʝ ʟʘʜʘʯʠ ʪʘʢʦʛʦ ʪʠʧʘ ʦʙʣʘʜʘʶʪ ʥʝʢʦʪʦʨʳʤʠ ʦʙʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ 

ʢʦʤʙʠʥʘʪʦʨʥʳʝ ʟʘʜʘʯʠ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚʩʝ ʦʥʠ, ʚ ʧʨʠʥʮʠʧʝ, ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʧʨʦʩʪʳʤ 
ʧʝʨʝʙʦʨʦʤ. ʉʣʝʜʫʝʪ, ʦʜʥʘʢʦ, ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʚ ʧʨʦʩʪʝʡʰʝʤ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʘʞʜʳʡ 

ʘʛʨʝʛʘʪ ʥʘʟʥʘʯʘʝʪʩʷ ʜʣʷ  ʚʳʧʦʣʥʝʥʠʷ ʪʦʣʴʢʦ ʦʜʥʦʡ ʟʘʷʚʢʠ, ʠʤʝʝʪʩʷ m ʘʛʨʝʛʘʪʦʚ  ʠ  n  

ʟʘʷʚʦʢ)( mn> , ʪʦ ʯʠʩʣʦ ʚʘʨʠʘʥʪʦʚ ʟʥʘʯʝʥʠʷ ʨʘʚʥʦ!C =N m
n mÖ . ɽʩʣʠ 20=m  ʠ 10=n , ʪʦ 

11107Ö@N N. ʇʦʣʥʳʡ ʧʝʨʝʙʦʨ ʚʘʨʠʘʥʪʦʚ ʪʘʢʦʛʦ ʦʙʲʸʤʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʩʫʱʝʩʪʚʠʤ. ɺʦ-

ʚʪʦʨʳʭ, ʵʪʦ ʟʘʜʘʯʠ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ (ʪʦʯʥʝʝ, ʙʫʣʝʚʦʛʦ) ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɽʩʣʠ ʧʨʠ ʵʪʦʤ ʚʚʝʩʪʠ 

ʙʫʣʝʚ ʠʥʜʠʢʘʪʦʨ  
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ʩʣʫʯʘʝʧʨʦʪʠʚʥʦʤʚ

ʘʛʨʝʛʘʪʡi̫ʥʘʟʥʘʯʘʝʪʩʟʘʷʚʢʠʡjʚʳʧʦʣʥʝʥʠʷʜʣʷʝʩʣʠ
xij  

ʪʦ ʟʘʜʘʯʘ ʥʘʟʥʘʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘʡʪʠ ʥʘʙʦʨ),( ijxX=  

ʢʦʪʦʨʳʡ ʜʦʩʪʘʚʣʷʝʪ ʤʠʥʠʤʫʤ ʣʠʥʝʡʥʦʡ ʬʦʨʤʝ 

ijij
n
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m
i xCxL ää === 11)(                                                    (1) 

ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʦʛʨʘʥʠʯʝʥʠʷʤ 

njxij
m
i

,...,2,1,1
1

==ä= ,                                                   (2) 

ʛʜʝijC  - ʩʪʦʠʤʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʡj- ʟʘʷʚʢʠ ʤi- ʘʛʨʝʛʘʪʦʤ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʩʫʱʝʩʪʚʫʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ. ʆʜʠʥ ʠʟ ʧʝʨʚʳʭ 
ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʪʠʧʘ (1)-(2) ʧʨʝʜʣʦʞʝʥ ɻʦʤʦʨʠ ʈ [3]. ʀʜʝʷ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʆʧʨʝʜʝʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʚʳʧʫʢʣʘʷ ʦʙʦʣʦʯʢʘ R ʤʥʦʞʝʩʪʚʘ ʚʩʝʭ ʜʦʧʫʩʪʠʤʳʭ ʮʝʣʦʯʠʩʣʝʥʥʳʭ 

ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ. ʈʝʰʝʥʠʶ ʟʘʜʘʯʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʢʦʪʦʨʘʷ ʮʝʣʦʯʠʩʣʝʥʥʘʷ ʪʦʯʢʘ, ʧʨʠʥʘʜʣʝʞʘʱʘʷ 
R. ʀʩʢʦʤʦʝ ʨʝʰʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʵʪʘʧʥʦ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʝʰʘʝʪʩʷ ʠʩʭʦʜʥʘʷ ʟʘʜʘʯʘ 

ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʦ ʩʥʷʪʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʮʝʣʦʯʠʩʣʝʥʥʦʩʪʠ. ɽʩʣʠ ʧʦʣʫʯʝʥʥʘʷ ʪʦʯʢʘ 

ʦʢʘʟʳʚʘʝʪʩʷ ʮʝʣʦʯʠʩʣʝʥʥʦʡ, ʪʦ ʵʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʢ ʠʩʭʦʜʥʳʤ 
ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʦʙʘʚʣʷʝʪʩʷ ʥʦʚʦʝ, ʦʪʩʝʢʘʶʱʝʝ ʧʦʣʫʯʝʥʥʫʶ ʪʦʯʢʫ. ɼʘʣʝʝ ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʷʝʪʩʷ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʤʝʜʣʝʥʥʘʷ ʩʭʦʜʠʤʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʣʦʞʥʦʩʪʠ 

ʟʘʜʘʯʠ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ. ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 
ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʘʥʘʣʠʟʘ ʠ ʦʪʙʦʨʘ ʚʘʨʠʘʥʪʦʚ [4]. ʉʫʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ, 

ʧʦʰʘʛʦʚʦʤ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʠʩʢʦʤʦʛʦ ʨʝʰʝʥʠʷ ʧʫʪʝʤ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʧʨʦʜʦʣʞʝʥʠʷ, ʠʤʝʶʱʝʛʦʩʷ ʢ ʪʝʢʫʱʝʤʫ ʰʘʛʫ ʯʘʩʪʠʯʥʦʛʦ ʨʝʰʝʥʠʷ ʠ ʦʪʩʝʠʚʘʥʠʷ 
ʙʝʩʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩ ʧʦʤʦʱʴʶ  ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʘʚʠʣ ʜʦʤʠʥʠʨʦʚʘʥʠʷ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ  

ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʥʳʤ ʧʝʨʝʙʦʨʦʤ ʚ n
n

2
)!1( /-

 ʨʘʟ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʜʣʷ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ  ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʚʘʨʠʘʥʪʦʚ, ʦʩʪʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ. 

ɼʨʫʛʦʡ ʚʘʞʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʘʚʠʣ ʩʦʢʨʘʱʝʥʠʷ ʧʝʨʝʙʦʨʘ ʤʥʦʞʝʩʪʚʘ ʮʝʣʦʯʠʩʣʝʥʥʳʭ 
ʧʣʘʥʦʚ ʟʘʜʘʯʠ. ʊʘʢ ʢʘʢ ʪʘʢʠʝ ʟʘʜʘʯʠ ʠʤʝʶʪ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʜʦʧʫʩʪʠʤʳʭ ʧʣʘʥʦʚ, 

ʪʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʚ ʧʨʠʥʮʠʧʝ ʨʝʰʝʥʳ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʝʨʝʙʦʨʦʤ ʠ ʚʳʙʦʨʦʤ ʥʘʠʣʫʯʰʝʛʦ. 

ʆʜʥʘʢʦ ʧʨʦʙʣʝʤʘ ʨʘʟʤʝʨʥʦʩʪʠ ʦʩʪʘʝʪʩʷ ʠ ʟʜʝʩʴ. ʉʦʢʨʘʱʝʥʠʝ ʧʝʨʝʙʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʚʠʣ ʦʪʩʝʠʚʘʥʠʷ ʟʘʚʝʜʦʤʦ ʥʝ ʦʧʪʠʤʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ. ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʤʝʪʦʜʦʚ 

ʦʪʥʦʩʷʪʩʷ: ʘʜʜʠʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ɹʘʣʘʰʘ [5] ʠ ʤʝʪʦʜ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ [6]. ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ 

ʵʪʠʭ ʤʝʪʦʜʦʚ ʩʦʩʪʦʠʪ ʚ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʨʝʤʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ 
ʦʪ ʪʠʧʘ ʠ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ ʦʛʨʘʥʠʯʝʥʠʡ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʦʟʚʨʘʱʘʷʩʴ ʢ ʟʘʜʘʯʝ ʫʧʨʘʚʣʝʥʠʷ ʚʥʫʪʨʠʟʘʚʦʜʩʢʠʤʠ ʧʝʨʝʚʦʟʢʘʤʠ, 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʩʦʢʘʷ ʝʸ ʨʘʟʤʝʨʥʦʩʪʴ )100( ººmn
 
ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʚʝʩʪʥʳʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʮʝʣʦʯʠʩʣʝʥʥʳʭ 

ʢʦʤʙʠʥʘʪʦʨʥʳʭ ʟʘʜʘʯ. ʈʝʘʣʴʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʩʚʷʟʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ [7]. ʕʪʠ ʤʝʪʦʜʳ ʣʫʯʰʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʢ ʫʯʝʪʫ 
ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ, ʦʙʝʩʧʝʯʠʚʘʣ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʫʶ ʠʭ ʧʦʩʪʘʥʦʚʢʫ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ, ʭʦʪʷ ʠ ʧʨʠʙʣʠʞʝʥʥʳʭ ʨʝʰʝʥʠʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʥʫʪʨʠʟʘʚʦʜʩʢʠʤʠ ʧʝʨʝʚʦʟʢʘʤʠ ʩ 
ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʫʯʝʪʦʤ ʠʭ ʩʧʝʮʠʬʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʉʬʦʨʤʠʨʫʝʤ ʟʘʜʘʯʫ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
ʚʥʫʪʨʠʟʘʚʦʜʩʢʠʤʠ ʧʝʨʝʚʦʟʢʘʤʠ, ʨʝʘʣʠʟʫʶʱʝʡ ʵʚʨʠʩʪʠʯʝʩʢʫʶ ʧʨʦʮʝʜʫʨʫ ʫʧʨʘʚʣʝʥʠʷ. ʕʪʘ 

ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʫʩʧʝʰʥʦ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʯʝʣʦʚʝʢʦʤ, ʝʩʣʠ ʚ 

ʧʨʦʮʝʩʩʝ ʝʝ ʩʦʟʜʘʥʠʷ ʟʘʣʦʞʠʪʴ ʚ ʥʝʝ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʘʥʥʳʭ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 
ʩʠʩʪʝʤʳ, ʥʘʙʦʨ ʧʨʘʚʠʣ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʜʠʩʮʠʧʣʠʥʫ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʥʘ ʧʝʨʝʚʦʟʢʠ 

ʛʨʫʟʦʚ, ʧʝʨʝʯʝʥʴ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʠ, ʥʘʢʦʥʝʮ, ʩʦʙʩʪʚʝʥʥʦ ʘʣʛʦʨʠʪʤ 

ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʢʣʘʩʩʫ ʫʧʨʘʚʣʷʶʱʠʭ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ (ʋʕʉ), 
ʪʝʦʨʠʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʪʦʨʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʝʪʩʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʢʦʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʋʕʉ. 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʪʠʧʦʚ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʟʘʷʚʦʢ ʥʘ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ 
ʜʣʷ ʢʨʫʧʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʢʘ ʩʦʙʩʪʚʝʥʥʦ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʝʨʝʚʦʟʢʘʤʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʘʟʣʠʯʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʣʘʥʫ ʧʝʨʝʚʦʟʦʢ 

ʜʝʣʘʶʪ ʟʘʜʘʯʫ ʧʦʩʪʨʦʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʋʕʉ ʥʝʪʨʠʚʠʘʣʴʥʦʡ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʥʮʠʧʳ 
ʧʦʩʪʨʦʝʥʠʷ, ʩʪʨʫʢʪʫʨʫ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʥʫʪʨʠʟʘʚʦʜʩʢʠʤʠ ʧʝʨʝʚʦʟʢʘʤʠ.  

ɿʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʧʝʨʝʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 
ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʦʡ ʟʘʜʘʯʝʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ. ʕʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʪʘʢʠʭ ʟʘʜʘʯ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʢʨʫʧʥʳʭ ʩʙʦʨʦʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʚ ʢʦʪʦʨʳʭ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʠ ʩʢʣʘʜʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʦʪʭʦʜʦʚ). 
ʄʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʥʝʧʨʝʨʳʚʥʦ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦʪʦʢʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʢʦʤʧʣʝʢʪʫʶʱʠʭ, ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ, ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ, ʦʙʲʝʤʳ ʢʦʪʦʨʳʭ ʦʯʝʥʴ ʚʝʣʠʢʠ. 

ʋʧʨʘʚʣʝʥʠʝ ʵʪʠʤʠ ʧʦʪʦʢʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ. ʉʪʨʫʢʪʫʨʘ ʋʕʉ ʩʦʜʝʨʞʠʪ 
ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ. 

ɼʦʣʛʦʚʨʝʤʝʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤʠ ʠʣʠ ʨʝʜʢʦ ʠʟʤʝʥʷʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. ɼʣʷ ʧʘʨʢʘ 
ʘʚʪʦʤʘʰʠʥ ʵʪʦ ï ʬʦʨʤʫʣʷʨʳ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (ʊʉ), ʪʘʙʣʠʮʘ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʪʠʧʦʚ ʛʨʫʟʘ ʩ ʪʠʧʦʤ 

ʘʚʪʦʤʦʙʠʣʷ, ʪʘʙʣʠʮʘ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ ʩ ʧʫʥʢʪʘʤʠ ʧʦʛʨʫʟʢʠ ʠ ʨʘʟʛʨʫʟʢʠ, ʤʘʪʨʠʮʘ 

ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʣʶʙʦʛʦ ʧʫʥʢʪʘ ʧʦʛʨʫʟʢʠ/ʨʘʟʛʨʫʟʢʠ ʢ ʣʶʙʦʤʫ ʧʫʥʢʪʫ ʨʘʟʛʨʫʟʢʠ/ʧʦʛʨʫʟʢʠ. 
ʆʧʝʨʘʪʠʚʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʩʦʜʝʨʞʠʪ ʧʝʨʝʯʝʥʴ ʟʘʷʚʦʢ ʥʘ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʪʝʢʫʱʝʛʦ ʜʥʷ. 

ʉʚʦʜʢʘ ʟʘʷʚʦʢ ʧʦʩʪʫʧʘʝʪ ʢ ʥʘʯʘʣʫ ʨʘʙʦʪʳ ʦʯʝʨʝʜʥʦʡ ʩʤʝʥʳ ʘʚʪʦʧʘʨʢʘ ʩʦ ʚʩʝʭ ʮʝʭʦʚ. ɿʘʷʚʢʠ 

ʩʦʜʝʨʞʘʪ ʩʣʝʜʫʶʱʠʝ ʘʪʨʠʙʫʪʳ: ʚʨʝʤʷ ʥʘʯʘʣʘ ʚʳʧʦʣʥʝʥʠʷ ʟʘʷʚʢʠ, ʪʠʧ ʛʨʫʟʘ, ʧʫʥʢʪ ʧʦʛʨʫʟʢʠ, 
ʧʫʥʢʪ ʨʘʟʛʨʫʟʢʠ, ʚʘʞʥʦʩʪʴ ʟʘʷʚʢʠ, ʚʝʩ ʛʨʫʟʘ, ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʛʨʫʟʢʠ ʠ  

ʨʘʟʛʨʫʟʢʠ. 
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ɹʘʟʘ ʟʥʘʥʠʡ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʘʚʠʣ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʫʧʧʦʚʳʭ ʟʘʷʚʦʢ ʠ ʥʘʟʥʘʯʝʥʠʷ 

ʊʉ ʥʘ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ. 

ʅʘʟʥʘʯʝʥʠʝ ʊʉ ʥʘ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ. 

ʄʘʰʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʥʘʯʝʥʘ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʟʘʷʚʢʠ, ʝʩʣʠ: ʦʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʘ, ʪʠʧ 
ʵʪʦʡ ʤʘʰʠʥʳ ʩʦʚʤʝʩʪʠʤ ʩ ʪʠʧʦʤ ʛʨʫʟʘ (ʪʠʧʦʤ ʟʘʷʚʢʠ), ʦʥʘ ʠʤʝʝʪ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ, 

ʧʦʟʚʦʣʷʶʱʫʶ ʧʝʨʝʚʝʟʪʠ ʛʨʫʟ, ʤʦʞʝʪ ʟʘʛʨʫʟʠʪʴʩʷ ʚ ʟʘʜʘʥʥʦʤ ʧʫʥʢʪʝ ʧʦʛʨʫʟʢʠ ʠ ʚʳʛʨʫʟʠʪʴʩʷ ʚ 

ʧʫʥʢʪʝ ʨʘʟʛʨʫʟʢʠ. 
ʄʝʭʘʥʠʟʤ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ (ʄʃɺ) ï ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʝʨʝʚʦʟʢʘʤʠ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʥʘʟʥʘʯʝʥʠʷ ʊʉ ʚʩʝ ʟʘʷʚʢʠ ʫʧʦʨʷʜʦʯʠʚʘʶʪʩʷ 

ʟʘʷʚʣʝʥʥʦʤʫ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʠʭ ʚʳʧʦʣʥʝʥʠʷ. ʉʨʝʜʠ ʚʩʝʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʊʉ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 
ʚʳʧʦʣʥʠʪʴ ʦʯʝʨʝʜʥʫʶ ʟʘʷʚʢʫ, ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʦʡ ʘʚʪʦʤʦʙʠʣʴ, ʫ ʢʦʪʦʨʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʟʘʷʚʢʠ ʥʘʠʣʫʯʰʝʡ. ʂʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʷʚʢʠ ʫʯʠʪʳʚʘʝʪ: 

ʚʨʝʤʷ, ʢʦʛʜʘ ʘʚʪʦʤʦʙʠʣʴ ʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ ʟʘʷʚʢʫ (ʝʩʣʠ ʵʪʦ ʥʝ ʥʘʯʘʣʦ ʨʘʙʦʯʝʡ ʩʤʝʥʳ), ʢʘʢ ʜʘʣʝʢʦ ʊʉ 

ʥʘʭʦʜʠʪʩʷ ʦʪ ʧʫʥʢʪʘ ʧʦʛʨʫʟʢʠ, ʢʘʢʦʚʘ ʝʛʦ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʛʨʫʟʢʠ/ʨʘʟʛʨʫʟʢʠ, 

ʝʛʦ ʩʢʦʨʦʩʪʴ (ʝʩʣʠ ʛʨʫʟ ʧʝʨʝʚʦʟʠʪʩʷ ʥʘ ʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ - ʧʦʣʠʛʦʥ), ʥʝʦʙʭʦʜʠʤʘ ʣʠ ʝʤʫ ʜʦʟʘʧʨʘʚʢʘ, 
ʜʦʟʘʨʷʜʢʘ (ʜʣʷ ʘʚʪʦʢʘʨʦʚ) ʠ ʩʢʦʣʴʢʦ ʥʘ ʵʪʦ ʫʡʜʝʪ ʚʨʝʤʝʥʠ. ɿʘʷʚʢʠ ʤʦʛʫʪ ʦʩʪʘʪʴʩʷ 

ʥʝʫʜʦʚʣʝʪʚʦʨʝʥʥʳʤʠ ʪʦʣʴʢʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʨʝʙʫʝʤʳʡ ʦʙʲʝʤ ʧʝʨʝʚʦʟʦʢ ʚʳʰʝ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʚʪʦʧʘʨʢʘ. 
ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʫʧʨʘʚʣʷʶʱʝʡ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʥʘʙʦʨ ʤʘʨʰʨʫʪʥʳʭ 

ʣʠʩʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ: ʩʦʜʝʨʞʠʪ ʧʦʩʪʦʷʥʥʳʡ ʥʦʤʝʨ ʤʘʰʠʥʳ, ʚʨʝʤʷ ʥʘʯʘʣʘ ʚʳʧʦʣʥʝʥʠʷ 

ʟʘʷʚʢʠ, ʪʠʧ ʛʨʫʟʘ, ʧʫʥʢʪ ʧʦʛʨʫʟʢʠ/ʨʘʟʛʨʫʟʢʠ, ʚʝʩ ʛʨʫʟʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʛʨʫʟʢʠ/ʨʘʟʛʨʫʟʢʠ, 
ʚʝʨʦʷʪʥʦʝ  ʚʨʝʤʷ ʦʩʚʦʙʦʞʜʝʥʠʷ. 

ɼʘʜʠʤ ʢʨʘʪʢʠʝ ʧʦʷʩʥʝʥʠʷ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. 

ʆʙʱʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʘ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʪʘʢʦʚʘ. ɼʣʷ ʦʯʝʨʝʜʥʦʡ ʟʘʷʚʢʠ ʠʟ 

ʤʘʩʩʠʚʘ ʊʉ ʚʳʙʠʨʘʝʪʩʷ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʩ ʥʘʠʙʦʣʝʝ ʨʘʥʥʠʤ ʤʦʤʝʥʪʦʤ ʦʩʚʦʙʦʞʜʝʥʠʷ ʦʪ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʷʚʦʢ (ʚ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʵʪʠ ʤʦʤʝʥʪʳ ʜʣʷ ʚʩʝʭ ʊʉ ʨʘʚʥʳ ʤʦʤʝʥʪʫ 

ʥʘʯʘʣʘ ʨʘʙʦʯʝʛʦ ʜʥʷ). ʇʨʠ ʨʘʩʯʝʪʝ ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ 
ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ, ʫʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: 

- ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʪʠʧʘ ʛʨʫʟʘ ʟʘʷʚʢʠ ʠ ʧʫʥʢʪʦʚ ʧʦʛʨʫʟʢʠ ʠ ʨʘʟʛʨʫʟʢʠ ʩ ʪʠʧʦʤ ʚʳʙʨʘʥʥʦʛʦ ʊʉ; 

- ʚʝʩ ʛʨʫʟʘ (ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʊʉ); 

- ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʫʥʢʪʦʤ ʨʘʟʛʨʫʟʢʠ ʜʣʷ ʧʨʝʜʳʜʫʱʝʡ ʟʘʷʚʢʠ ʠ ʧʫʥʢʪʦʤ ʧʦʛʨʫʟʢʠ 
ʜʣʷ ʦʯʝʨʝʜʥʦʡ (ʯʝʤ ʤʝʥʴʰʝ, ʪʝʤ ʣʫʯʰʝ); 

- ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʤʦʤʝʥʪʦʤ ʦʩʚʦʙʦʞʜʝʥʠʷ ʦʪ ʦʙʩʣʫʞʠʚʘʥʠʷ 
ʧʨʝʜʳʜʫʱʝʡ ʟʘʷʚʢʠ ʠ ʤʦʤʝʥʪʦʤ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʦʯʝʨʝʜʥʦʡ (ʯʝʤ ʤʝʥʴʰʝ, ʪʝʤ ʣʫʯʰʝ); ʵʪʘ 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʟʘʜʘʚʘʝʤʦʛʦ ʧʨʠ ʥʘʩʪʨʦʡʢʝ; 

- ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ ʚʳʙʨʘʥʥʦʡ ʤʘʰʠʥʳ ʠ ʚʝʩʦʤ ʛʨʫʟʘ ʟʘʷʚʢʠ (ʯʝʤ 
ʤʝʥʴʰʝ, ʪʝʤ ʣʫʯʰʝ); 

- ʚʘʞʥʦʩʪʴ ʟʘʷʚʢʠ (ʢʘʢ ʤʦʞʥʦ ʚʳʰʝ); 

- ʧʨʠʦʨʠʪʝʪ ʧʘʨʳ çʊʉ-ʟʘʷʚʢʘè (ʨʘʩʪʝʪ, ʝʩʣʠ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʨʘʙʦʯʝʛʦ ʜʥʷ ʧʫʥʢʪ 

ʨʘʟʛʨʫʟʢʠ ʨʘʩʧʦʣʦʞʝʥ ʜʘʣʴʰʝ ʦʪ ʛʘʨʘʞʘ, ʯʝʤ ʧʫʥʢʪ ʧʦʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʝʩʣʠ, ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 
ʜʥʷ ʧʫʥʢʪ ʨʘʟʛʨʫʟʢʠ ʙʣʠʞʝ ʢ ʛʘʨʘʞʫ, ʯʝʤ ʧʫʥʢʪ ʧʦʛʨʫʟʢʠ); 

- ʧʨʠʦʨʠʪʝʪ ʊʉ, ʚʳʰʝʜʰʝʛʦ ʠʟ ʛʘʨʘʞʘ, ʚʳʰʝ, ʯʝʤ ʊʉ ʚ ʛʘʨʘʞʝ ʠ ʨʘʩʪʝʪ ʩ ʯʠʩʣʦʤ 

ʚʳʧʦʣʥʝʥʥʳʭ ʟʘʷʚʦʢ; 

- ʟʘʷʚʢʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʳʝʭʘʚʰʠʤ ʠʟ ʛʘʨʘʞʘ ʊʉ ʪʦʣʴʢʦ ʚ ʪʦʤ 
ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʤʦʤʝʥʪʦʤ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʯʝʛʦ ʜʥʷ ʠ 
ʤʦʤʝʥʪʦʤ ʦʩʚʦʙʦʞʜʝʥʠʷ ʦʪ ʦʙʩʣʫʞʠʚʘʥʠʷ ʵʪʦʡ ʟʘʷʚʢʠ ʥʝ ʤʝʥʴʰʝ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, 

ʟʘʜʘʚʘʝʤʦʛʦ ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʘʣʛʦʨʠʪʤʘ. 

ɺʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʚʥʦʩʷʪʩʷ ʚ ʢʘʣʝʥʜʘʨʴ (ʨʠʩ 1). 
ʉʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʢʨʠʪʝʨʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʥʘʟʥʘʯʝʥʠʷ ʤʘʰʠʥʳ ʩ ʥʦʤʝʨʦʤ 

0j  ʜʣʷ ʚʳʧʦʣʥʝʥʠʷʡi-  ʟʘʷʚʢʠ ʠʤʝʝʪ ʚʠʜ 
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ʛʨʫʟʘ,  ʪʠʧʦʤʩ ʩʦʚʤʝʩʪʠʤ ʊʉ  ʪʠʧʝʩʣʠ,  
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2 ʧʦʛʨʫʟʢʠ,

 ʧʫʥʢʪʘ,  ʪʠʧʦʤʩ ʩʦʚʤʝʩʪʠʤ ʊʉ  ʪʠʧʝʩʣʠ,  

qkc ij  
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í

î
ì

ë

=

ʩʣʫʯʘʝ; ʧʨʦʪʠʚʥʦʤ ʚ ,0
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3 ʨʘʟʛʨʫʟʢʠ,

 ʧʫʥʢʪʘ,  ʪʠʧʦʤʩ ʩʦʚʤʝʩʪʠʤ ʊʉ  ʪʠʧʝʩʣʠ,  

lkc ij  

0
jw  - ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʊʉ ʩ ʥʦʤʝʨʦʤ0j , 

iw  - ʚʝʩ ʛʨʫʟʘ ʜʣʷ i -ʡ ʟʘʷʚʢʠ, 

i
qljR ,

0
 - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʫʥʢʪʦʤ ʨʘʟʛʨʫʟʢʠ ʊʉ ʩ ʥʦʤʝʨʦʤ0j  ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ 

ʧʨʝʜʳʜʫʱʝʡ ʟʘʷʚʢʠ ʠ ʧʫʥʢʪʦʤ ʧʦʛʨʫʟʢʠ ʜʣʷ ʦʯʝʨʝʜʥʦʡ i -ʡ ʟʘʷʚʢʠ, 

iT3  - ʚʨʝʤʷ ʥʘʯʘʣʘ ʚʳʧʦʣʥʝʥʠʷ i -ʡ ʟʘʷʚʢʠ, 

jT0  - ʚʨʝʤʷ ʦʩʚʦʙʦʞʜʝʥʠʷ ʊʉ ʩ ʥʦʤʝʨʦʤ0j , 

ic  - ʚʘʞʥʦʩʪʴ ʟʘʷʚʢʠ, 

kT  - ʚʨʝʤʷ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʯʝʛʦ ʜʥʷ,  

î
î
î

í

î
î
î

ì

ë

-

²

=

ʩʣʫʯʘʝ, ʧʨʦʪʠʚʥʦʤ ʚ  ,1

ʧʦʛʨʫʟʢʠ), ʧʫʥʢʪ ʯʝʤ 

 ..(1  ʝʩʣʠ ,1
,0

,0
ʛʘʨʘʞʘʦʪʜʘʣʴʰʝʨʘʟʛʨʫʟʢʠʧʫʥʢʪʝʪ
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ʜʥʷ.ʧʦʣʦʚʠʥʝʚʪʦʨʦʡʚʦʧʨʦʠʩʭʦʜʠʪ ʠʝʦʩʚʦʙʦʞʜʝʥʪ.ʝ.,0,1

ʜʥʷ,ʧʦʣʦʚʠʥʝʧʝʨʚʦʡʚʧʨʦʠʩʭʦʜʠʪ ʠʝʦʩʚʦʙʦʞʜʝʥʪ.ʝ.,0,1
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ʩʣʫʯʘʷʭʦʩʪʘʣʴʥʳʭʚ

ʜʥʷʧʦʣʦʚʠʥʝʚʪʦʨʦʡʚʦʛʘʨʘʞʫʢʝʧʨʠʙʣʠʞʝʥʠʠʣʠʜʥʷʧʦʣʦʚʠʥʝ

ʧʝʨʚʦʡʚʛʘʨʘʞʘʦʪ

ʊʉʛʦjʫʜʘʣʝʥʠʝʧʨʦʠʩʭʦʜʠʪʟʘʷʚʢʠʡiʚʳʧʦʣʥʝʥʠʠʧʨʠʝʩʣʠ

jiba  

ʇʨʠʟʥʘʢ ʚʳʝʟʜʘ ʠʟ ʛʘʨʘʞʘ 

í
ì
ë

-

-
=

.,0

,,1

ʛʘʨʘʞʝʚʥʘʭʦʜʠʪʩʷʊʉʝj

ʛʘʨʘʞʘʠʟʚʳʝʭʘʣʘʠʥʘʟʥʘʯʝʥʠʝʧʦʣʫʯʠʣʦʊʉʝjʝʩʣʠ
Gj  

ʇʨʠʦʨʠʪʝʪ ʊʉ: 

0
jkj TT -=P  (ʧʨʠʦʨʠʪʝʪ ʪʝʤ ʚʳʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʠʥʪʝʨʚʘʣ ʦʪ ʤʦʤʝʥʪʘ ʦʩʚʦʙʦʞʜʝʥʠʷ ʜʦ 

ʤʦʤʝʥʪʘ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʯʝʛʦ ʜʥʷ). 
ʇʨʠʟʥʘʢ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪʳ: 

í
ì
ë -
=

.,0

,,1

ʩʣʫʯʘʝʧʨʦʪʠʚʥʦʤʚ

ʛʘʨʘʞʚʥʘʧʨʘʚʣʝʥʘʠʨʘʙʦʪʫʟʘʢʦʥʯʠʣʦʊʉʝjʝʩʣʠ
N j  

ʅʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʧʦ ʚʳʙʨʘʥʥʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʷʚʢʠ ʚʤʝʩʪʝ ʩ ʜʘʥʥʳʤʠ ʦ ʊʉ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʨʰʨʫʪʥʦʛʦ ʣʠʩʪʘ, ʚ ʢʦʪʦʨʳʡ ʚʥʦʩʷʪʩʷ: ʥʦʤʝʨ ʊʉ, ʚʨʝʤʷ 
ʛʦʪʦʚʥʦʩʪʠ ʊʉ (ʥʘʯʘʣʦ ʨʘʙʦʯʝʛʦ ʜʥʷ ʠ ʚʨʝʤʷ ʦʩʚʦʙʦʞʜʝʥʠʷ ʦʪ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʯʝʨʝʜʥʦʡ ʟʘʷʚʢʠ), 

ʧʫʥʢʪ ʦʩʚʦʙʦʞʜʝʥʠʷ (ʚ ʥʘʯʘʣʝ ʨʘʙʦʯʝʛʦ ʜʥʷ ï ʛʘʨʘʞ), ʧʫʥʢʪ ʧʦʛʨʫʟʢʠ, ʧʫʥʢʪ ʨʘʟʛʨʫʟʢʠ, ʚʝʩ ʛʨʫʟʘ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʛʨʫʟʢʠ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʟʛʨʫʟʢʠ, ʪʠʧ ʛʨʫʟʘ,  ʚʨʝʤʷ ʦʩʚʦʙʦʞʜʝʥʠʷ ʊʉ 
ʧʦʩʣʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʯʝʨʝʜʥʦʡ ʟʘʷʚʢʠ, ʥʘʟʥʘʯʝʥʥʦʝ ʚʨʝʤʷ ʥʘʯʘʣʘ ʚʳʧʦʣʥʝʥʠʷ ʟʘʷʚʢʠ.  

ʇʦʥʷʪʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʢʘʢ ʠ ʣʶʙʦʡ ʝʤʫ ʧʦʜʦʙʥʳʡ, ʥʝ 

ʛʘʨʘʥʪʠʨʫʝʪ ʧʦʣʫʯʝʥʠʷ ʥʘʠʣʫʯʰʝʛʦ ʚʘʨʠʘʥʪʘ ʥʘʟʥʘʯʝʥʠʡ. ɺʦʟʤʦʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʫʩʠʣʝʥʠʷ 
ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʥʦʛʦʰʘʛʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ  ʩ ʥʘʟʥʘʯʝʥʠʝʤ ʊʉ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʝ 

ʦʜʥʦʡ, ʘ ʩʝʨʠʠ ʟʘʷʚʦʢ ʦʜʥʦʛʦ ʪʠʧʘ, ʩʣʝʜʫʶʱʠʭ ʦʜʥʘ ʟʘ ʜʨʫʛʦʡ. 

ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ 
ʚʥʫʪʨʠʟʘʚʦʜʩʢʠʤʠ ʧʝʨʝʚʦʟʢʘʤʠ.  ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ - ʵʚʨʠʩʪʠʯʝʩʢʘʷ ʧʨʦʮʝʜʫʨʘ ʥʘʟʥʘʯʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʷʚʦʢ ʥʘ ʧʝʨʝʚʦʟʢʠ, ʫʯʠʪʳʚʘʶʱʘʷ ʪʨʝʙʦʚʘʥʠʷ ʟʘʷʚʦʢ 
(ʚʝʩ ʠ ʪʠʧ ʛʨʫʟʘ, ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʷʚʢʠ, ʧʫʥʢʪʳ ʧʦʛʨʫʟʢʠ ʠ ʨʘʟʛʨʫʟʢʠ ʠ ʪ.ʜ.) ʠ ʪʝʭʥʠʯʝʩʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʇʨʦʮʝʜʫʨʘ ʨʝʘʣʠʟʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʮʠʦʥʘʣʴʥʳʭ 

ʥʘʟʥʘʯʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʝʤ, ʦʮʝʥʠʚʘʶʱʠʤ ʫʨʦʚʝʥʴ ʩʦʛʣʘʩʦʚʘʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʟʘʷʚʦʢ 
ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ.  
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ɿɸʉʊʆʉʋɺɸʅʅʗ ʇɽʈʂɸʃʗʎɯʁʅʆɻʆ ɸʅɸʃɯɿʋ ɼʃʗ ʆʇʊʀʄɯɿɸʎɯɰ ʇɸʈɸʄɽʊʈɯɺ 

ʄʆʈʌʆʃʆɻɯʏʅʆɰ ɹʋɼʆɺʀ 

ʖ.ɺ. ɻʘʚʨʠʣʶʢ  

 
ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè,ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ 

 

ɸʥʘʣʽʟ ʫ ʟʘʜʘʯʘʭ ʧʝʨʢʘʣʷʮʽʾ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ (ʨʠʩ) ʥʘ 
ʚʣʘʩʪʠʚʦʩʪʽ ʷʢ ʽʤʦʚʽʨʥʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ, ʚʠʭʦʜʷʯʠ ʽʟ ʫʤʦʚ ʟʚôʷʟʘʥʦʩʪʽ 

P = Pc
L 

ʜʝ P ï ʽʤʦʚʽʨʥʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ; 
Pc ï ʦʙôʻʤʥʘ ʯʘʩʪʢʘ ʛʝʪʝʨʦʬʘʟʠ; 

L ï ʨʦʟʤʽʨʥʽʩʪʴ ʧʝʨʢʝʣʷʮʽʡʥʦʾ ʛʨʜʘʪʢʠ (L ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʨʦʟʤʽʨʫ ʯʘʩʪʦʢ a) 

L ʚʠʟʥʘʯʘʻʤ ʟʘ ʨʽʚʥʷʥʥʷʤ ʇ.ʌ. ʌʝʨʭʶʣʴʩʪʘ 

                       
      Pc = 0.2, L=8                                         Pc = 0.4, L=8                                                         

                       
     Pc = 0.6, L=8                                            Pc = 0.8, L=8 

                      
    Pc = 0.2, L=16                                      Pc = 0.2, L=8 

                      
      Pc = 0.2, L=4                                  Pc = 0.2, L=2 

ʈʠʩʫʥʦʢ ï ʇʨʠʢʣʘʜʠ ʧʝʨʢʦʣʷʮʽʡʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ 
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ʈɸʉʏɽʊ ʌʋʅʂʎʀʁ ʇʈʀʅɸɼʃɽɾʅʆʉʊʀ ɹʀʅɽʏɽʊʂʀʍ ʏʀʉɽʃ 

ɺ.ɸ. ɻʦʣʦʚʢʦ, ʅ.ʀ. ʗʱʫʢ, ʗ. ʍʘʟʠʤ 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  
çʍʘʨʴʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʍʘʨʴʢʦʚ 

 

ɺʚʝʜʝʥʠʝ. ʇʨʠ ʨʝʰʝʥʠʠ ʤʥʦʛʠʭ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʚ ʪʝʭʥʠʢʝ, ʵʢʦʥʦʤʠʢʝ, ʵʢʦʣʦʛʠʠ ʠ ʪ.ʜ. 
ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʥʝ ʪʦʯʥʳ ʠ ʜʣʷ ʠʭ ʦʧʠʩʘʥʠʷ ʫʜʦʙʝʥ ʘʧʧʘʨʘʪ ʥʝʯʝʪʢʦʡ ʤʘʪʝʤʘʪʠʢʠ. ʇʨʠ ʵʪʦʤ ʚʦ 

ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʫʨʦʚʝʥʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʥʝʯʝʪʢʠʭ ʯʠʩʝʣ 

ʪʘʢʦʚ, ʯʪʦ ʦʥʠ ʩʘʤʠ ʷʚʣʷʶʪʩʷ ʥʝʯʝʪʢʠʤʠ ʯʠʩʣʘʤʠ.ʊʘʢʠʝ ʥʝʯʝʪʢʠʝ ʯʠʩʣʘ ʥʘʟʳʚʘʶʪʩʷ 
ʙʠʥʝʯʝʪʢʠʤʠ[1-3]. ʇʫʩʪʴ, ʥʘʧʨʠʤʝʨ, ʪʨʦʡʢʘ ʯʠʩʝʣ (a,b,c), ʟʘʜʘʶʱʠʝ ʥʦʩʠʪʝʣʴ ʠ ʤʦʜʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʥʝʯʝʪʢʦʛʦ ʯʠʩʣʘ, ʦʧʨʝʜʝʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʨʝʫʛʦʣʴʥʫʶ ʬʫʥʢʮʠʶ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ɽʩʣʠ ʧʨʠ ʵʪʦʤ ʣʝʚʘʷ ʛʨʘʥʠʮʘ ʥʦʩʠʪʝʣʷ ʵʪʦʛʦ ʯʠʩʣʘ ʟʘʜʘʥʘ ʥʝʯʝʪʢʦ, ʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝʙʠʥʝʯʝʪʢʦʝ ʯʠʩʣʦ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʩʝʤʝʡʩʪʚʦʤ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ɺ 

ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʝʩʪʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʨʝʜʥʝʥʥʫʶ ʬʫʥʢʮʠʶ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ʇʫʩʪʴ ʥʝʯʝʪʢʦʝ ʯʠʩʣʦ z ʠʤʝʝʪ ʪʨʝʫʛʦʣʴʥʫʶ ʬʫʥʢʮʠʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, 

ʟʘʜʘʥʥʫʶ ʥʘ ʥʦʩʠʪʝʣʝ [a, c] ʩ ʤʦʜʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ[ ]:c,abÍ  

()

î
î
î

í

î
î
î

ì

ë

>

¢¢
-

-

<¢
-

-

<

=

.cz ,

c,zb,
bc

zc

b,za,
ab

az

a,z ,

zɛ

0

0

                                           (1) 

ʇʨʠʤʝʤ, ʯʪʦ ʧʘʨʘʤʝʪʨ a  ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ  ɛ(z) ï ʥʝʯʝʪʢʦʝ ʯʠʩʣʦ ʩ ʥʦʩʠʪʝʣʝʤ 

[a1, a3] ʠ ʤʦʜʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ a2: 
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ʂʦʥʢʨʝʪʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚʘ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ()Zm  ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʟʥʘʯʝʥʠʝʤ ʥʝʯʝʪʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʘ. ʌʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ (2) ʟʘʜʘʝʪ ʥʦʨʤʘʣʴʥʦʝ (ʚʳʩʦʪʘ 

ʨʘʚʥʘ ʝʜʠʥʠʮʝ) ʥʝʯʝʪʢʦʝ ʯʠʩʣʦ. ɺʳʯʠʩʣʠʤ ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ ()am : 
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ʅʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ)a(f ʚʤʝʩʪʝ ʩ (3) ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ )a(f  ʢʘʢ ʧʣʦʪʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʘ, ʟʘʜʘʥʥʦʡ ʥʘ [ ].a,a 31
 ʊʦʛʜʘ ʣʝʚʫʶ ʚʝʪʚʴ ʫʩʨʝʜʥʝʥʥʦʡ 

ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʝʯʝʪʢʦʛʦ ʯʠʩʣʘ Z ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʬʦʨʤʫʣʦʡ: 
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ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʥʷʥʦ, ʯʪʦ ʠʩʢʦʤʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 
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ʂʨʦʤʝ ʪʦʛʦ, ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ )a(f ʧʘʨʘʤʝʪʨʘ ʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʛʨʘʥʠʯʥʳʝ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʝʯʝʪʢʦʛʦ ʯʠʩʣʘ z ʫʨʦʚʝʥʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢʦʪʦʨʦʛʦ 

ʚʦʟʤʦʞʥʦʤʫ ʜʠʘʧʘʟʦʥʫ [ ]31 a,a  ʥʝ ʥʠʞʝ ʟʘʜʘʥʥʦʛʦ ʩ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘʡʜʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʛʨʘʥʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ,a ʨʝʰʘʷ ʫʨʘʚʥʝʥʠʷ 
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ʆʪʩʶʜʘ ʠʤʝʝʤ: 
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ʊʦʛʜʘ ʠʩʢʦʤʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʚʝʪʚʝʡ ʛʨʘʥʠʯʥʳʭ ʬʫʥʢʮʠʡ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʤʝʶʪ ʚʠʜ: 
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ɸʥʘʣʦʛʠʯʥʳʝ ʨʘʩʯʝʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʳ ʠ ʚ ʪʝʭ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ 

ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʥʝʯʝʪʥʦʛʦ ʯʠʩʣʘ z ʟʘʜʘʥʳ ʥʝʯʝʪʢʦ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1. Zadeh L. Fuzzy Sets. Information and Control. ï 1965. ï vol 8(3). p. 338-358. 
2. ɼʶʙʫʘ ɼ. ʊʝʦʨʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ: ʇʝʨ. ʩ ʬʨʘʥʮ. ɺ.ɹ. ʊʘʨʘʩʦʚʘ / ɼ. ɼʶʙʫʘ, ɸ. ʇʨʘʜ. ï 

ʄ. ʈʘʜʠʦ ʠ ʩʚʷʟʴ, 1990. ï 286c. 

3. ʈʘʩʢʠʥ ʃ.ɻ. ʅʝʯʝʪʢʘʷ ʤʘʪʝʤʘʪʠʢʘ. ʆʩʥʦʚʳ ʪʝʦʨʠʠ. ʇʨʠʣʦʞʝʥʠʷ / ʃ.ɻ. ʈʘʩʢʠʥ, ʆ.ɺ. 
ʉʝʨʘʷ, - ʍ.: ʇʘʨʫʩ, 2008 ï 352ʩ. 
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ʃʆɻʀʉʊʀʏɽʉʂʆɽ ʋʇʈɸɺʃɽʅʀɽ ɿɸʂʋʇʂɸʄʀ ʈɽʉʋʈʉʆɺ 

ʅɸ ʕʊɸʇɸʍ ɾʀɿʅɽʅʅʆɻʆ ʎʀʂʃɸ ʇʈʆɼʋʂʎʀʀ  

ɸ. ɺ. ɽʣʠʟʝʚʘ  

 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ɽ. ɾʫʢʦʚʩʢʦʛʦ çʍɸʀè, ʍʘʨʴʢʦʚ 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʵʢʦʥʦʤʠʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʢʨʠʟʠʩʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝʤ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʦʚʳʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʪ̫ʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʳʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʪʘʙʠʣʠʟʘʮʠʠ ʮʝʥ. 

ʆʜʥʘʢʦ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʡ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʮʠʠ 

ʥʦʚʳʭ ʚʠʜʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʜʦʩʪʘʪʢʦʤ ʠʣʠ ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʡ ʧʦʩʪʘʚʢʦʡ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ (ʄʊʈ). ʇʦʵʪʦʤʫ ʦʧʝʨʘʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʧʦʩʪʘʚʢʠ ʥʦʚʳʭ ʄʊʈ, ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ ʠ ʥʦʤʝʥʢʣʘʪʫʨʳ ʟʘʢʫʧʘʝʤʳʭ ʄʊʈ, 
ʚʳʙʦʨ ʥʦʚʳʭ ʧʦʩʪʘʚʱʠʢʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʅʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ (ɾʎ) ʧʨʦʜʫʢʮʠʠ (ʨʦʩʪʘ, ʟʨʝʣʦʩʪʠ, ʫʧʘʜʢʘ) 

ʧʨʠʥʠʤʘʶʪʩʷ ʨʝʰʝʥʠʷ ʧʦ ʣʦʛʠʩʪʠʯʝʩʢʦʤʫ ʫʧʨʘʚʣʝʥʠʶ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʥʦʚʳʡ ʵʪʘʧ ɾʎ 
ʚʦʟʥʠʢʘʶʪ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʧʨʝʜʧʨʦʝʢʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʨʦʩʘ ʥʘ ʚʳʧʫʩʢʘʝʤʫʶ ʧʨʦʜʫʢʮʠʶ. ʆʩʦʙʝʥʥʦʩʪʴ ʢʘʞʜʦʛʦ ʵʪʘʧʘ 

ɾʎ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟʤʝʥʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʧʣʘʥʠʨʫʝʤʳʤʠ ʮʝʣʷʤʠ, 
ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʫʧʨʘʚʣʷʶʱʠʤʠ 

ʜʝʡʩʪʚʠʷʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʟʘʢʫʧʢʘʤʠ ʄʊʈ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʵʪʘʧʝ ʨʦʩʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʝ ʦʙʝ̡ʤʘ ʩʧʨʦʩʘ ʥʘ ʚʳʧʫʩʢʘʝʤʫʶ ʧʨʦʜʫʢʮʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʦʙʲʝʤʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʲʝʤʘ ʨʝʩʫʨʩʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʄʊʈ ʪʨʝʙʫʝʪ ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʦʚ ʠ ʦʙʲʝʤʦʚ ʟʘʢʫʧʘʝʤʳʭ 
ʨʝʩʫʨʩʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʚʳʙʦʨʫ 

ʧʦʩʪʘʚʱʠʢʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʠʭ ʢʦʣʠʯʝʩʪʚʘ.  

ʅʘ ʵʪʘʧʝ ʟʨʝʣʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʙʠʣʴʥʦʛʦ ʦʙʲʝʤʘ ʩʙʳʪʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʟʘʢʫʧʢʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʠʣʠ ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʣʠʯʝʩʪʚʘ ʟʘʢʫʧʘʝʤʳʭ ʚʠʜʦʚ ʄʊʈ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ 
ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʘʪ ʧʦʩʪʘʚʢʫ ʨʝʩʫʨʩʦʚ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʠ 

ʦʙʲʝʤʘ. 

ʕʪʘʧ ʫʧʘʜʢʘ ɾʎ ʧʨʦʜʫʢʮʠʠ ʩʚʷʟʘʥ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ (ʠʣʠ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʠʤʦʡ), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝʤ ʦʙʲʝʤʘ ʩʙʳʪʘ. ʇʨʠ 

ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʪʘʢʠʝ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʦʚ ʟʘʢʫʧʢʠ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ (ʄʈ) ʜʣʷ ʥʦʚʳʭ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ; ʦʧʨʝʜʝʣʝʥʠʝ ʥʦʤʝʥʢʣʘʪʫʨʳ 
ʟʘʢʫʧʘʝʤʳʭ ʄʈ; ʦʧʨʝʜʝʣʝʥʠʝ ʚʠʜʦʚ ʠ ʢʦʣʠʯʝʩʪʚʘ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʚʳʙʦʨ ʧʦʩʪʘʚʱʠʢʦʚ 

ʄʊʈ. 

ʋʢʘʟʘʥʥʳʝ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ɾʎ ʨʝʰʝʥʳ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʝʡ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1. ʅʝʨʫʰ, ʖ.ʄ. ʃʦʛʠʩʪʠʢʘ: ʫʯʝʙ [ʊʝʢʩʪ]. ï 4-ʝ ʠʟʜ. / ʖ.ʄ. ʅʝʨʫʰ. ï ʄ.: ʇʨʦʩʧʝʢʪ, 2006. 

ï 520 ʩ. 

2. ɻʘʜʞʠʥʩʢʠʡ, ɸ.ʄ. ʇʨʘʢʪʠʢʫʤ ʧʦ ʣʦʛʠʩʪʠʢʝ [ʊʝʢʩʪ] / ɸ.ʄ. ɻʘʜʞʠʥʩʢʠʡ. ï 8-ʝ ʠʟʜ. ï 
ʄ.: ɼʘʰʢʦʚ ʠ ʂ, 2009 ï 312 ʩ. 

3. ʉʝʤʝʥʝʥʢʦ, ɸ.ʀ. ʃʦʛʠʩʪʠʢʘ. ʆʩʥʦʚʳ ʪʝʦʨʠʠ: ʫʯ. ʜʣʷ ʚʫʟʦʚ [ʊʝʢʩʪ] / ɸ.ʀ. ʉʝʤʝʥʝʥʢʦ, 

ɺ.ʀ. ʉʝʨʛʝʝʚ. ï ʉʇʙ: ʉʦʶʟ, 2003. ï 544 ʩ. 
4. ʉʠʥʠʮʘ, ʃ.ʄ. ʆʨʛʘʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ: ʫʯ. ʧʦʩʦʙʠʝ [ʊʝʢʩʪ] / ʃ.ʄ. ʉʠʥʠʮʘ. ï ʄʥ.: 

ʋʇ çʀɺʎ ʄʠʥʬʠʥʘè, 2003. ï 512 ʩ. 



196 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʎɽʅɸʈʀɽɺ ʈɸɿɺʀʊʀʗ ʇʈɽɼʇʈʀʗʊʀʗ ʂʆʄʌʀ  

ʅɸ ʆʉʅʆɺɽ ʇʈʀʅʗʊʀʗ ʈɽʐɽʅʀʁ ɺ ʈɽɾʀʄɽ 

 ʀʄʇʋʃʔʉʅʓʍ ʇʈʆʎɽʉʉʆɺ ʂʆɻʅʀʊʀɺʅʓʍ ʂɸʈʊ 

ɸ.ɺ. ɻʦʨʷʯʘʷ 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 
ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʘʜʘʧʪʠʚʥʦʛʦ ʠ ʢʦʦʨʜʠʥʠʨʫʶʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʝʞʠʤʘʤʠ ʢʦʛʥʠʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. ɺ ʦʩʥʦʚʝ ʢʦʛʥʠʪʠʚʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʢʦʛʥʠʪʠʚʥʘʷ ʢʘʨʪʘ (ʂʂ), ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʟʚʝh ʝʥʥʳʡ 
ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ, ʚʝʨʰʠʥʳ (ʫʟʣʳ) ʢʦʪʦʨʦʛʦ ʦʪʨʘʞʘʶʪ ʢʦʤʧʦʥʝʥʪʳ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ 

(ʢʦʦʨʜʠʥʘʪʳ, ʬʘʢʪʦʨʳ, ʧʦʜʨʘʟʜʝʣʝʥʠʷ), ʘ ʨʝʙʨʘ ʦʧʠʩʳʚʘʶʪ ʩʚʷʟʠ ʤʝʞʜʫ ʵʪʠʤʠ ʬʘʢʪʦʨʘʤʠ [1].  

ʅʘ ʧʨʝʜʧʨʠʷʪʠʠ ʂʦʤʬʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʛʣʘʚʥʦʡ ʟʘʜʘʯʠ ï ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʬʘʢʪʦʨʳ: ʧʦʪʨʝʙʥʦʩʪʴ ʢʣʠʝʥʪʘ, ʪʝʥʜʝʥʮʠʠ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ, ʬʠʥʘʥʩʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʢʣʠʝʥʪʦʚ, ʬʠʟʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʝʨʰʝʥʠʷ ʧʦʢʫʧʢʠ, ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ 
ʦʙʩʣʫʞʠʚʘʥʠʝʤ, ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʪʦʚʘʨʦʤ. ʕʪʦ ʦʙʝʩʧʝʯʠʪ ʧʦʚʳh ʝʥʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʙʳʣʠ, ʤʠʥʠʤʠʟʘʮʠʶ ʨʘʩʭʦʜʦʚ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʛʥʠʪʠʚʥʘʷ ʢʘʨʪʘ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ 
ʩʣʝʜʫʶʱʠʝ ʚʝʨʰʠʥʳ: 

 ð ʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ; 

ð ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ;  
 ð ʦʪʥʦʰʝʥʠʷ ʩ ʧʦʩʪʘʚʱʠʢʘʤʠ;  

 ð ʠʥʥʦʚʘʮʠʠ (ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʠʜʝʡ, ʪʝʭʥʦʣʦʛʠʡ);  

ð ʢʚʘʣʠʬʠʢʘʮʠʷ ʧʝʨʩʦʥʘʣʘ; 

ð ʤʝʥʝʜʞʤʝʥʪ;  

ðʦʙʩʣʫʞʠʚʘʥʠʝ ʢʣʠʝʥʪʦʚ;  

ð ʟʘʪʨʘʪʳ ʥʘ ʤʘʨʢʝʪʠʥʛ;  
ðʚʳʷʚʣʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʢʣʠʝʥʪʦʚ;  

ð ʦʪʩʣʝʞʠʚʘʥʠʝ ʪʝʥʜʝʥʮʠʡ; 

 ʈʝʙʨʘ ʢʦʛʥʠʪʠʚʥʦʡ ʢʘʨʪʳ ʤʝʞʜʫ ʧʨʠʚʝʜʝʥʥʳʤʠ ʚʝʨʰʠʥʘʤʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ 
ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ, ʘ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʢʘʞʜʦʛʦ ʨʝʙʨʘ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʵʢʩʧʝʨʪʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʣʠʷʥʠʷ ʦʜʥʦʡ ʚʝʨʰʠʥʳ ʥʘ ʜʨʫʛʫʶ.  

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʦʜʥʫ ʠʟ ʚʝʨʰʠʥ ʂʂ ʚʦʟʥʠʢʘʝʪ ʠʤʧʫʣʴʩʥʳʡ ʧʝʨʝʭʦʜʥʦʡ 
ʧʨʦʮʝʩʩ. ʇʨʘʚʠʣʦ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʚʝʨʰʠʥ ʂʂ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʧʨʦʮʝʩʩʝ ʚ 

ʩʚʦʙʦʜʥʦʤ ʜʚʠʞʝʥʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʚ ʚʠʜʝ ʨʘʟʥʦʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʨʘʱʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʚʝʨʰʠʥ ʂʂ [2]:  

    (1) 

ʛʜʝ ,i=1én; ð ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʙʨʘ ʂʂ, ʢʦʪʦʨʦʝ 
ʠʜʝʪ ʦʪ j-ʡ ʚʝʨʰʠʥʳ ʢ i-ʡ, ʘ n ð ʢʦʣʠʯʝʩʪʚʦ ʚʝʨʰʠʥ ʂʂ. ɺ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ ʵʪʦ ʚʳʨʘʞʝʥʠʝ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

,     (2) 

ʛʜʝ  Wð ʚʝʩʦʚʘʷ ʤʘʪʨʠʮʘ ʩʤʝʞʥʦʩʪʠ ʂʂ, ʘ ð ʚʝʢʪʦʨ ʧʨʠʨʘʱʝʥʠʡ ʟʥʘʯʝʥʠʡ 

ʢʦʦʨʜʠʥʘʪ ʚʝʨʰʠʥ ʂʂ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʮʝʥʘʨʠʝʚ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʂʦʤʬʠ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʦʨʜʠʥʘʪ ʚʝʨʰʠʥ ʂʂ ʥʘ ʟʘʜʘʥʥʳʭ ʫʨʦʚʥʷʭ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʧʨʦʮʝʩʩʝ (1)-(2). ɼʣʷ 
ʵʪʦʛʦ ʥʘ ʦʩʥʦʚʝ (2) ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʫʧʨʘʚʣʷʝʤʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʂʂ ʚ ʧʦʣʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʦʨʜʠʥʘʪ ʚʝʨʰʠʥ:  

,  (3) 

 ʛʜʝ ð ʦʧʝʨʘʪʦʨ ʦʙʨʘʪʥʦʛʦ ʩʤʝʱʝʥʠʷ ʥʘ ʦʜʠʥ ʧʝʨʠʦʜ ʜʠʩʢʨʝʪʠʟʘʮʠʠ;  

ð ʚʝʢʪʦʨ ʚʥʝʰʥʠʭ ʫʧʨʘʚʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʚʝʨʰʠʥʳ ʂʂ;  
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ð ʚʝʢʪʦʨ ʚʦʟʤʫʱʝʥʠʡ.  

ʋʧʨʘʚʣʝʥʠʝ ʠʤʧʫʣʴʩʥʳʤ ʧʨʦʮʝʩʩʦʤ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʣʠʮʦʤ, ʧʨʠʥʠʤʘʶʱʠʤ ʨʝʰʝʥʠʝ, 
ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʨʝʩʫʨʩʦʚ, ʠʤʝʶʱʠʭʩʷ ʚ ʥʘʣʠʯʠʠ ʚ ʧʨʝʜʧʨʠʷʪʠʠ ʂʦʤʬʠ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ 

ʬʠʥʘʥʩʦʚʳʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ, 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ, ʩʦʮʠʘʣʴʥʳʝ ʨʝʩʫʨʩʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʥʘ ʢʘʞʜʦʤ 
ʧʝʨʠʦʜʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ.  

ʋʨʘʚʥʝʥʠʝ (3) ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʚʳʥʫʞʜʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʦʮʝʩʩʘ ʂʂ 

ʧʨʝʜʧʨʠʷʪʠʷ ʂʦʤʬʠ. ʇʨʠ ʵʪʦʤ ʚʥʝʰʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 
ʫʧʨʘʚʣʷʶʱʠʝ ʚʝʨʰʠʥʳ ʂʂ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʨʝʙʨʘʤʠ ʩ ʝʜʠʥʠʯʥʳʤʠ ʚʝʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ ʚʝʨʰʠʥʘʤʠ ʂʂ. ʊʦ ʝʩʪʴ ʤʘʪʨʠʮʘ ʫʧʨʘʚʣʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ 

ʩʠʩʪʝʤʳ ʢʦʛʥʠʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʦʩʪʦʠʪ ʠʟ ʝʜʠʥʠʮ ʠ ʥʫʣʝʡ. ɺʥʝʰʥʠʝ ʚʦʟʤʫʱʝʥʠʷʤʦʛʫʪ 

ʙʳʪʴ ʠʟʤʝʨʷʝʤʳ ʠʣʠ ʥʝ ʠʟʤʝʨʷʝʤʳ. ʆʜʥʘʢʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʞʠʜʘʥʠʝ  

ʈʘʟʤʝʨʥʦʩʪʴ ʚʝʢʪʦʨʘ ʫʧʨʘʚʣʝʥʠʷ .  

ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʦʨʜʠʥʘʪ ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʦʮʝʩʩʘ (3) ʥʘ ʟʘʜʘʥʥʳʭ ʫʨʦʚʥʷʭ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʠʥʪʝʟ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʪʘʙʠʣʠʟʘʮʠʶ  ʧʫʪʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʫʧʨʘʚʣʝʥʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʚʝʨʰʠʥʳ ʂʂ ʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ [3]. 
ʉʠʥʪʝʟ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʠʥʠʤʠʟʘʮʠʠ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ  

,   (4) 

ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʦʙʱʝʥʥʫʶ ʜʠʩʧʝʨʩʠʶ ʥʝʚʷʟʢʠ] ʠ ʚʝʢʪʦʨʘ 

.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʠʥʠʤʠʟʘʮʠʠ ʢʨʠʪʝʨʠʷ (4)  

 
ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʨʝʛʫʣʷʪʦʨʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨ ʫʧʨʘʚʣʝʥʠʷ  

.      (5) 

ʇʨʠ ʠʟʤʝʨʷʝʤʳʭ ʚʦʟʤʫʱʝʥʠʷʭ  ʦʥʠ ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʟʘʢʦʥʝ ʫʧʨʘʚʣʝʥʠʷ (5).  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʮʝʥʘʨʠʝʚ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʂʦʤʬʠ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʘ ʟʘʜʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ 

ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʦʨʜʠʥʘʪ ʚʝʨʰʠʥ  ʂʂ ʥʘ ʟʘʜʘʥʥʳʭ ʫʨʦʚʥʷʭ . 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1. ʈʦʤʘʥʝʥʢʦ ɺ.ɼ. ʄʝʪʦʜʳ ʘʜʘʧʪʠʚʥʦʛʦ ʠ ʢʦʦʨʜʠʥʠʨʫʶʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʝʞʠʤʘʤʠ ʢʦʛʥʠʪʠʚʥʳʭ ʤʦʜʝʣʝʡ / ʈʦʤʘʥʝʥʢʦ ɺ.ɼ., ʄʠʣʷʚʩʢʠʡ ʖ.ʃ. // V ʤʝʞʜ. 

ʥʘʫʯ.-ʧʨʘʢʪ. ʢʦʥʬ. çʅʘʫʢʘ ʠ ʙʠʟʥʝʩ (9ð10 ʬʝʚʨʘʣʷ 2015 ʛ., ʛ. ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ). ð 
ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ. ð ʩ. 80ð83. 

2. ʈʦʙʝʨʪʩ ʌ. ɼʠʩʢʨʝʪʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩ ʧʨʠʣʦʞʝʥʠʷʤʠ ʢ ʩʦʮʠʘʣʥɹʳʤ, 

ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʟʘʜʘʯʘʤ / ʈʦʙʝʨʪʩ ʌ. ð ʄ.: ʅʘʫʢʘ, 1986. ð 496 ʩ 
3. ʈʦʤʘʥʝʥʢʦ ɺ.ɼ., ʇʦʣʷʢʦʚ ʄ.ɺ., ʄʠʣʷʚʩʢʠʡ ʖ.ʃ.,ʃʝʮʝʨʖ.ɸ.ʋʯʝʙʥʦ-ʥʘʫʯʥʳʡ 

ʢʦʤʧʣʝʢʩ çʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘè ʅʊʋʋ çʂʇʀè, I ʄʝʞʜʫʥʘʨʦʜʥʳʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʬʦʨʫʤ çʅʘʫʢʘ ʠ ʙʠʟʥʝʩè (29-30 ʠʶʥʷ 2015 ʛʦʜʘ, ʛ. ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ) ð ʩ. 
233-237. 
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ʂʆʄɹɯʅɸʊʆʈʅɸ ʆʇʊʀʄɯɿɸʎɯʗ ʅɸ ʈʆɿʄɯʑɽʅʅʗʍ ɿɯ ʉʊʆʍɸʉʊʀʏʅʆʖ 

ʅɽɺʀɿʅɸʏɽʅɯʉʊʖ: ɺʃɸʉʊʀɺʆʉʊɯ ʃɯʅɯʁʅʀʍ ɿɸɼɸʏ 

ʆ.ʆ. ɭʤʝʮʴ1, ʊ.ʄ.ɹʘʨʙʦʣʽʥʘ2 
 

1ʇʦʣʪʘʚʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʝʢʦʥʦʤʽʢʠ ʽ ʪʦʨʛʽʚʣʽ, ʇʦʣʪʘʚʘ 
2ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ.ɻ.ʂʦʨʦʣʝʥʢʘ, ʇʦʣʪʘʚʘ 

 

ɺʩʪʫʧ. ɸʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʢʦʤ ʩʫʯʘʩʥʦʾ ʪʝʦʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯ 

ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʧʨʠʨʦʜʠ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠʚʝʨʪʘʶʪʴ ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʟʘʜʘʯʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʚʠʜʽʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ʆʙôʻʜʥʘʥʥʷ ʚʢʘʟʘʥʠʭ ʥʘʧʨʷʤʢʽʚ ʜʣʷ ʟʘʜʘʯ ʟ 
ʽʤʦʚʽʨʥʽʩʥʦʶ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʧʨʝʜʩʪʘʚʣʝʥʝ ʚ ʨʦʙʦʪʘʭ [1]-[3] ʪʘ ʽʥʰʠʭ. ʇʦʩʪʘʥʦʚʢʠ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ ʫ ʮʠʭ ʨʦʙʦʪʘʭ ʟʜʽʡʩʥʶʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʚʚʝʜʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʧʦʨʷʜʢʫ ʥʘ 

ʤʥʦʞʠʥʽ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ. ɼʘʥʘ ʜʦʧʦʚʽʜʴ ʧʨʠʩʚʷʯʝʥʘ ʚʠʚʯʝʥʥʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʤʙʽʥʘʪʦʨʥʠʭ 

ʩʪʦʭʘʩʪʠʯʥʠʭ ʟʘʜʘʯ ʟ ʣʽʥʽʡʥʦʶ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ. 

ʇʦʩʪʘʥʦʚʢʠ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʟʘʜʘʯ ʟ ʽʤʦʚʽʨʥʽʩʥʦʶ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ. ɺʠʟʥʘʯʠʤʦ ʜʣʷ 

ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ A  ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʚʝʢʪʦʨ ʷʢ ʚʝʢʪʦʨ() () ()( )AhAhAH s,...,1= , ʜʝ 

()Ahi
, { }sJi s ,...,,21=Í  ð ʜʝʷʢʽ ʯʠʩʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ A  (ʪʫʪ ʽ ʜʘʣʽ 

nJ  ʧʦʟʥʘʯʘʻ ʤʥʦʞʠʥʫ n  ʧʝʨʰʠʭ ʥʘʪʫʨʘʣʴʥʠʭ ʯʠʩʝʣ). ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ 

ʚʝʢʪʦʨ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʫ 

( ) () ()BhbAhabBaAh iii
ii ll

+=+   
sJiÍ" ,   (1) 

ʜʝ BA,  ï ʥʝʟʘʣʝʞʥʽ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ, 1, Rba Í  ï ʜʽʡʩʥʽ ʯʠʩʣʘ, Zi Íl  ï ʮʽʣʽ ʜʦʜʘʪʥʽ 

ʢʦʥʩʪʘʥʪʠ. 

ʅʝʭʘʡ 
l<  ʧʦʟʥʘʯʘʻ ʣʝʢʩʠʢʦʛʨʘʬʽʯʥʝ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʚ s -ʚʠʤʽʨʥʦʤʫ ʝʚʢʣʽʜʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ, ʪʦʙʪʦ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ sRuu Í¡,  ʟʘ ʦʟʥʘʯʝʥʥʷʤ uu l
¡< , ʷʢʱʦ ʧʝʨʰʘ ʥʝʥʫʣʴʦʚʘ 

ʢʦʤʧʦʥʝʥʪʘ ʨʽʟʥʠʮʽ uu ¡-  ʻ ʚʽʜôʻʤʥʦʶ. ɿʘʧʠʩʫʚʘʪʠʤʝʤʦ uu l
¡¢ , ʷʢʱʦ uu l

¡<  ʘʙʦ uu ¡= . 

ɼʚʽ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ BA,  ʥʘʟʠʚʘʪʠʤʝʤʦ ʫʧʦʨʷʜʢʦʚʘʥʠʤʠ ʫ ʥʝʩʧʘʜʥʦʤʫ ʧʦʨʷʜʢʫ B 

(ʽ ʧʦʟʥʘʯʘʪʠ ʮʝʡ ʬʘʢʪ BAB ) ʪʦʜʽ ʽ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ () ()BHAH l¢ .  ɺʚʝʜʝʥʝ ʚʽʜʥʦʰʝʥʥʷ ʻ 

ʚʽʜʥʦʰʝʥʥʷʤ ʧʝʨʝʚʘʛʠ. ʄʽʥʽʤʘʣʴʥʠʡ ʝʣʝʤʝʥʪ ʥʘ ʤʥʦʞʠʥʽ, ʥʘ ʷʢʽʡ ʚʚʝʜʝʥʝ ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʚʘʛʠ, 

ʨʦʟʫʤʽʻʤʦ, ʷʢ ʫ [6]. 

ʅʝʭʘʡ ()GkEh  ï ʟʘʛʘʣʴʥʘ ʤʥʦʞʠʥʘ k -ʨʦʟʤʽʱʝʥʴ ʟ ʝʣʝʤʝʥʪʽʚ ʤʫʣʴʪʠʤʥʦʞʠʥʠ 

{ }hGG ,...,1=G  (ʪʝʨʤʽʥʦʣʦʛʽʶ ʩʪʦʩʦʚʥʦ ʝʚʢʣʽʜʦʚʦʾ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ 

ʧʝʨʝʚʘʞʥʦ ʟ [7]). ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʝʣʝʤʝʥʪʠ { }hGG ,...,1=G  ʻ ʥʝʟʘʣʝʞʥʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ, ʧʨʠʯʦʤʫ ( ) 0²ir Gh  
sJrÍ"  

hJiÍ" . ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ  ʧʦʰʫʢʫ ʧʘʨʠ 

( ) ** , XXL  ʪʘʢʦʾ, ʱʦ  

( )
()
ä
=

GÍ
=

k

j

jj
EX

XcXL
k

1

* min
h

,  
()
ä
=

GÍ
=

k

j

jj
EX

XcX
k

1

* minarg
h

,  (2) 

ʜʝ ()ä
=

=
k

j

jj XcXL
1

, 1Rc j Í  
kJjÍ" . 

ɿʚôʷʟʦʢ ʩʪʦʭʘʩʪʠʯʥʠʭ ʽ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʟʘʜʘʯ. ʈʘʟʦʤ ʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ ʚʝʢʪʦʨʦʤ 

() () ()( )AhAhAH s,...,1=  ʨʦʟʛʣʷʜʘʪʠʤʝʤʦ ʚʝʢʪʦʨʠ () () ()( )AhAhAH rr ,...,1=  ʜʣʷ ʚʩʽʭ 

sJrÍ , ()Å=AH 0
. ʅʝʭʘʡ 

sJrÍ  ð ʪʘʢʝ, ʱʦ ʝʣʝʤʝʥʪʠ ʤʫʣʴʪʠʤʥʦʞʠʥʠ G ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʫʤʦʚʫ 
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( ) ( )jrir GHGH 11 -- =  
hJji Í",  GÍji GG ,    (3) 

(ʫ ʚʠʧʘʜʢʫ 1=r  ʫʤʦʚʘ (3) ʟʘʚʞʜʠ ʚʠʢʦʥʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ( ) Å=iGH 0
 

hJiÍ" ). 

ɼʣʷ ʪʦʯʢʠ ()GÍ kEX h
 ʧʦʟʥʘʯʠʤʦ () ( ) ( )( )krr XhXhX ,...,1=r . ɿ ʫʤʦʚʠ (1) ʚʠʧʣʠʚʘʻ 

()( ) ()( )XLXLh rr r= , ʜʝ ()ä
=

=
k

j

jjr xcxL r

1

l , ( )kxxx ,...,1= . ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʝʨʤʽʥʦʚʘʥʫ 

ʟʘʜʘʯʫ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʾ ()xLr
 ʥʘ ʤʥʦʞʠʥʽ ( )r

k QEh , ʜʝ { }hrrr qqQ ,...,1= , ( )jrrj Ghq =  

hJjÍ" , ʪʦʙʪʦ ʟʘʜʘʯʫ ʧʦʰʫʢʫ ʧʘʨʠ ()xxLr
¡¡,  ʪʘʢʦʾ, ʱʦ  

()
( )
ä
=

Í
=¡

k

j

jj
QEx

r xcxL r

r
k

1

min
l

h

,  
( )
ä
=

Í
=¡

k

j

jj
QEx

xcx r

r
k

1

minarg
l

h

. (4) 

ʄʦʞʥʘ ʜʦʚʝʩʪʠ, ʱʦ ʜʣʷ ʤʽʥʽʤʘʣʽ x¡ ʫ ʟʘʜʘʯʽ (4) ʪʘ ʤʽʥʽʤʘʣʽ *X  ʫ ʟʘʜʘʯʽ (2) ʧʦʚʠʥʥʽ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ () ( )( )*XLhxL rr ¢¡  ʽ ( )( ) ()xLXLh rr
¡¢* , ʟʚʽʜʢʠ 

() ( )( )*XLhxL rr =¡ . ʊʦʜʽ ʥʘ ʦʩʥʦʚʽ ʢʨʠʪʝʨʽʶ ʨʦʟʚôʷʟʢʫ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʣʽʥʽʡʥʦʾ ʙʝʟʫʤʦʚʥʦʾ 

ʟʘʜʘʯʽ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʨʦʟʤʽʱʝʥʥʷʭ [8] ʦʜʝʨʞʫʻʤʦ, ʱʦ ʜʣʷ ʜʝʷʢʦʾ ʪʦʯʢʠ X¡, ʷʢʘ 
ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʠ 

( ) jjr xXh ¡=¡  
kJjÍ" ,     (5) 

ʤʘʶʪʴ ʤʽʩʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ( ) ( )*XLXL =¡ , ʪʦʙʪʦ X¡ ð ʤʽʥʽʤʘʣʴ ʫ ʟʘʜʘʯʽ (2). ʆʪʞʝ, ʤʘʻ 

ʤʽʩʮʝ ʪʘʢʘ ʪʝʦʨʝʤʘ. 

ʊʝʦʨʝʤʘ 1. ʅʝʭʘʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʚʝʢʪʦʨ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʫ (1), 

ʧʨʠʯʦʤʫ ʚʠʢʦʥʫʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3). ʊʦʜʽ ʽʩʥʫʻ ʤʽʥʽʤʘʣʴ ()GÍ¡ kEX h
 ʫ ʟʘʜʘʯʽ (2) ʪʘʢʘ, ʱʦ 

ʤʘʶʪʴ ʤʽʩʮʝ ʫʤʦʚʠ (5), ʜʝ ()xxLr
¡¡,  ð ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ (4). 

ʅʘʩʣʽʜʦʢ 1. ʅʝʭʘʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʚʝʢʪʦʨ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʫ (1), 

ʧʨʠʯʦʤʫ ʚʠʢʦʥʫʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3) ʽ 

( ) ( )hGhGh rr ¢¢...1
.   (6) 

ʗʢʱʦ ʪʘʢʦʞ ʚʩʽ ʢʦʝʬʽʮʽʻʥʪʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ()XL  ʫ ʟʘʜʘʯʽ (2) ʜʦʜʘʪʥʽ, ʪʦ ʽʩʥʫʻ 

()GÍ¡ kEX h
 ʫ ʟʘʜʘʯʽ (2) ʪʘʢʘ, ʱʦ ( ) ( )jrjr GhXh =¡  

kJjÍ" . 

ɼʦʚʝʜʝʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʢʨʠʪʝʨʽʾ ʨʦʟʚôʷʟʢʫ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʣʽʥʽʡʥʦʾ ʙʝʟʫʤʦʚʥʦʾ ʟʘʜʘʯʽ 

ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʨʦʟʤʽʱʝʥʥʷʭ ʪʘ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ 0...21 >²²² rrr

kccc
lll . 

ɺʣʘʩʪʠʚʦʩʪʽ ʟʘʜʘʯ ʟʽ ʩʪʦʭʘʩʪʠʯʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ʈʘʟʦʤ ʽʟ ʟʘʜʘʯʝʶ (2) ʨʦʟʛʣʷʥʝʤʦ 

ʟʘʜʘʯʫ ʧʦʰʫʢʫ ʧʘʨʠ () ** ,xxR  ʪʘʢʦʾ, ʱʦ  

()
()
ä
=

Í
=

k

j

jj
GEX

xCxR
k

1

* min
h

,  
()
ä
=

Í
=

k

j

jj
GEX

xCx
k

1

* minarg
h

, (7) 

ʜʝ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʘʜʘʯʽ (2), ʢʦʝʬʽʮʽʻʥʪʠ 
jC  

kJjÍ"  ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ  ()ä
=

=
k

j

jj xCxR
1

 ʻ 

ʥʝʟʘʣʝʞʥʠʤʠ ʜʠʩʢʨʝʪʥʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ (ʷʢ ʽ ʚʠʱʝ, ( )kxxx ,...,1= ), ʘ ʝʣʝʤʝʥʪʠ 

ʤʫʣʴʪʠʤʥʦʞʠʥʠ { }hggG ,...,1=  ð ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ.  

ʇʦʢʘʞʝʤʦ, ʱʦ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ (7) ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

ʟʘʜʘʯʽ ʚʠʛʣʷʜʫ (2) ʟ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʡ ʝʣʝʤʝʥʪʘʤʠ 
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ʤʫʣʴʪʠʤʥʦʞʠʥʠ, ʱʦ ʻ ʜʠʩʢʨʝʪʥʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. ɺʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʝʣʝʤʝʥʪʠ 

ʤʫʣʴʪʠʤʥʦʞʠʥʠ G  ʜʦʜʘʪʥʽ ʡ ʫʧʦʨʷʜʢʦʚʘʥʽ ʟʘ ʥʝʩʧʘʜʘʥʥʷʤ: 

hggg ¢¢¢< ...0 21
,  (8) 

ʘ ʢʦʝʬʽʮʽʻʥʪʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʫ 

( ) ( ) ( ) ( ) ( ) ( )kqqpp ChChChChChCh 111111111 ......0... ²²>===>²² -+
. (9) 

ʈʘʟʦʤ ʽʟ ʟʘʜʘʯʝʶ (7) ʨʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʧʦʰʫʢʫ ʧʘʨʠ ()**

1 ,xxR  ʪʘʢʦʾ, ʱʦ  

()
()
ä
=

Í
=

p

j

jj
GEx

xCxR
k

1

*

1 min
h

,  
()
ä
=

Í
=

p

j

jj
GEx

xCx
k

1

* minarg
h

, (10) 

ʜʝ ()ä
=

=
p

j

jj xCxR
1

1
 (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚʠ (9) ʤʘʻʤʦ, ʱʦ ʜʣʷ ʚʩʽʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʬʫʥʢʮʽʾ ()xR1

 

ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ ( ) 01 >jCh ). ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʝʨʤʽʥʦʚʘʥʫ ʟʘʜʘʯʫ ʧʦʰʫʢʫ ʧʘʨʠ ()**

1 ,xxR  

ʪʘʢʦʾ, ʱʦ 

()
()
ä
=

Í
=

p

j

jj
GEX

xcxR
p

1

*

1
1min
l

h

,  
()
ä
=

Í
=

p

j

jj
GEX

xcx
p

1

* 1minarg
l

h

, (11) 

ʜʝ ()ä
=

=
k

j

jj xcxR
1

1
1l , ( )jj Chc 1=  

kJjÍ" .  

ɿʘʜʘʯʘ (11) ʝʢʚʽʚʘʣʝʥʪʥʘ ʟʘʜʘʯʽ ʤʽʥʽʤʽʟʘʮʽʾ ʬʫʥʢʮʽʾ ()ä
=

=
p

j

jj xcxR
1

1
~~~  ʥʘ ʤʥʦʞʠʥʽ 

()GEk ~
h

, ʜʝ ʝʣʝʤʝʥʪʠ ʤʫʣʴʪʠʤʥʦʞʠʥʠ { }hggG ~,...,~~
1=  ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʫ 1~ l

jj gg =  

hJjÍ" . ɿ ʢʨʠʪʝʨʽʶ ʨʦʟʚôʷʟʢʫ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʣʽʥʽʡʥʦʾ ʙʝʟʫʤʦʚʥʦʾ ʟʘʜʘʯʽ ʢʦʤʙʽʥʘʪʦʨʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʨʦʟʤʽʱʝʥʥʷʭ [8] ʚʠʧʣʠʚʘʻ, ʱʦ ʙʫʜʴ-ʷʢʘ ʤʽʥʽʤʘʣʴ ( )**

1

* ~,...,~~
kxxx =  ʬʫʥʢʮʽʾ 

()xR ~~
1

 ʥʘ ʤʥʦʞʠʥʽ ()GEk ~
h

 ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʫ ( ) ()GExx pp
¡Í

~~,...,~
1

, ʜʝ { }pggG ~,...,~~
1=¡ . ʆʪʞʝ, 

ʙʫʜʴ-ʷʢʘ ʤʽʥʽʤʘʣʴ x¡ ʫ ʟʘʜʘʯʽ (11) ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʫ 

( ) ( )GExx pp
¡Í,...,1

,   (12)  

ʜʝ { }pggG ,...,1=¡ . 

ʊʦʜʽ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ()GEx k

hÍ , ʷʢʝ ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʫ (12), ʤʘʻʤʦ: 

() ()xRxR 11 <¡ . ɺʨʘʭʦʚʫʶʯʠ, ʱʦ  

() ( ) ()( )xRhxChxChxcxR
p

j

jj

p

j

jj

p

j

jj 11

1

1

1

1

1

1
111 =ö
ö

÷

õ

æ
æ

ç

å
=== äää

===

lll , 

ʦʪʨʠʤʫʻʤʦ () ()xRxR 11 B¡ , ʪʦʙʪʦ x¡ ð ʤʽʥʽʤʘʣʴ ʫ ʟʘʜʘʯʽ (10). ʆʪʞʝ, ʦʧʪʠʤʫʤ  ʮʽʣʴʦʚʦʾ 

ʬʫʥʢʮʽʾ  

ä
=

=
p

j

ij j
gCR

1

*

1
, ʜʝ  

pj Ji Í  
pJjÍ" ,  

tj ii ¸  
pJtj Í", .   (13) 

ɸʥʘʣʦʛʽʯʥʦ ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʤʽʥʽʤʘʣʣʶ ʬʫʥʢʮʽʾ ()ä
=

=
k

qt

tt xCxR2
 ʥʘ ʤʥʦʞʠʥʽ 

()GEk

h
 ʻ ʪʦʯʢʘ ( ) ( )GExx mkq

¡¡Í,..., , ʜʝ 1+-= qkm , { }hh ggG m ,...,1+-=¡¡ . ʊʦʜʽ ʤʽʥʽʤʫʤ 
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ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ: ä
=

=
k

qt

lt t
gCR*

2
, ʜʝ  1+-Í m

t Jl h
h

 q

kJtÍ" , 
jt ll ¸  q

kJtj Í",  (ʪʫʪ ʽ ʜʘʣʽ b

aJ  

ʧʦʟʥʘʯʘʻ ʤʥʦʞʠʥʫ { }ab,..., ). 

ʅʝʭʘʡ ( )kpii xxgg
p

¡¡
+,...,,,..., 11

, ʜʝ Gg
ji
¡Í  

pj Ji Í" , ʻ ʤʽʥʽʤʘʣʣʶ ʚ ʟʘʜʘʯʽ (10), ʘ 

( )
kq llq ggxx ,...,,,..., 11 -

¡¡¡¡ , ʜʝ Gg
tl

¡¡Í  q

kj Ji Í" , ð ʤʽʥʽʤʘʣʣʶ ʬʫʥʢʮʽʾ ()xR2
 ʥʘ ʤʥʦʞʠʥʽ 

()GEk

h
. ʊʦʜʽ ʜʣʷ ʪʦʯʢʠ  ( )

kqp llqpii ggxxggx ,...,,,...,,,..., 11

*

1 -+=  ʽ ʜʦʚʽʣʴʥʦʾ ʪʦʯʢʠ 

( ) ()GExxx k

k hÍ= ,...,1
 ʩʧʨʘʚʝʜʣʠʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

() ()xRxCxCgCgCxR
k

qt

tt

p

j

jj

k

qt

lt

p

j

ij tj
=++= ääää

==== 11

* B . 

ʊʘʢʠʤ ʯʠʥʦʤ, *x  ʻ ʤʽʥʽʤʘʣʣʶ ʚ ʟʘʜʘʯʽ (7). 

ʆʪʞʝ, ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ (7) ʤʦʞʝ ʙʫʪʠ ʦʜʝʨʞʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯ (7) ʽ  

()
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ä
=

Í
=

k

qt

tt
GEx

xCxR
k
h

min*

2
,  

()
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ʆʩʢʽʣʴʢʠ ʤʽʥʽʤʫʤ ʬʫʥʢʮʽʾ ()xR1
 ʥʘ ʤʥʦʞʠʥʽ ()GEk

h
 ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʛʽʜʥʦ ʟ (13), ʪʦ 

ʟʘʜʘʯʫ (7) ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʟʘʜʘʯʫ ʧʦʰʫʢʫ ʧʘʨʠ ( ) **
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ɸʥʘʣʦʛʽʯʥʦ ʟʘʜʘʯʫ (14)  ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʟʘʜʘʯʫ ʧʦʰʫʢʫ ʧʘʨʠ ( ) **
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ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ (7), ʢʦʝʬʽʮʽʻʥʪʠ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʫ ʷʢʽʡ ʻ ʚʠʧʘʜʢʦʚʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ, ʤʦʞʝ ʙʫʪʠ ʦʜʝʨʞʘʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʚôʷʟʢʽʚ ʟʘʜʘʯ (15) ʽ (16) ʟ 
ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʮʽʣʴʦʚʠʭ ʬʫʥʢʮʽʡ. 

ɺʠʩʥʦʚʢʠ. ʋ ʜʦʧʦʚʽʜʽ ʚʠʢʣʘʜʘʶʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʽ ʣʽʥʽʡʥʦʾ ʙʝʟʫʤʦʚʥʦʾ ʟʘʜʘʯʽ 

ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʨʦʟʤʽʱʝʥʥʷʭ ʟʽ ʩʪʦʭʘʩʪʠʯʥʦʶ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ, ʜʝ ʤʽʥʽʤʫʤ 
ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʯʠʩʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ. 
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ɸʅɸʃʀɿ ʇʈʆɻʈɸʄʄʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ɼʃʗ ʆʇʊʀʄɸʃʔʅʆɻʆ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʉʊʈʆʀʊɽʃʔʅʓʍ ʂʆʉʅʊʈʋʂʎʀʁ 

ɸ.ʇ. ʀʚʘʥʦʚʘ, ʆ.ʀ. ʊʨʫʬʘʥʦʚʘ, ʃ.ɺ. ʌʝʩʴʢʦʚʘ, ɸ.ʅ. ʏʫʤʘʢ 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʛʦʨʥʳʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 

ɺʚʝʜʝʥʠʝ.ʆʜʥʠʤ ʠʭ ʙʘʟʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠʣʠ ʠʟʜʝʣʠʷ 

ʷʚʣʷʝʪʩʷ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ. ʄʘʩʩʘ ʠʟʜʝʣʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʩʪʦʠʤʦʩʪʴ, ʠ 

ʩʦʢʨʘʱʝʥʠʝ ʨʘʩʭʦʜʘ ʤʝʪʘʣʣʘ ʥʘ 1 % ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠʟʜʝʣʠʷ ʜʦ 5 %. ɺ 
ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ ʧʦ ʩʥʠʞʝʥʠʶ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ ʠʟʜʝʣʠʷ ʚʭʦʜʠʪ ʚʥʝʜʨʝʥʠʝ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ʝʛʦ ʨʘʩʯʝʪʦʚ, ʚʢʣʶʯʘʷ ʚʘʨʠʘʥʪʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʶ. ʆʜʥʘʢʦ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʧʪʠʤʘʣʴʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʮʝʣʦʤ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ 
ʦʧʪʠʤʘʣʴʥʳʭ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ ʠʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʢʘʢ ʚ ʩʦʩʪʘʚʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʫʪʨʘʯʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʚʦʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʵʪʦʤʫ 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʮʝʣʴʶ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʳʩʦʢʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʠ 

ʥʠʟʢʦʡ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʛʨʘʞʜʘʥʩʢʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 
ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʘʣʴʥʦʡʛʣʘʚʥʦʡ 

ʙʘʣʢʠ ʙʘʣʦʯʥʦʡ ʢʣʝʪʢʠ.  

ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʩʝʭ ʚʠʜʦʚ ʢʦʥʩʪʨʫʢʮʠʡ 
ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʥʦʛʦ ʧʨʦʝʢʪʘ, ʥʦ ʠ ʟʘʪʨʘʯʝʥʥʦʝ ʚʨʝʤʷ ʥʘ 

ʝʛʦ ʨʘʟʨʘʙʦʪʢʫ. ʉʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦʧʨʦʛʨʘʤʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʦ ʛʣʘʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʜʣʷ 

ʚʳʙʦʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʢʘʯʝʩʪʚʘ ʨʘʩʯʝʪʘ ʠ ʵʢʦʥʦʤʠʠ ʚʨʝʤʝʥʠ ʙʝʟ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 
ʀʜʝʷ ʨʘʙʦʪʳ -ʩʥʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʚʘʨʥʦʡ ʜʚʫʪʘʚʨʦʚʦʡ ʙʘʣʢʠ 

ʚʩʣʝʜʩʪʚʠʝ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʟʤʝʨʦʚ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

MicrosoftExcelSolver (çʇʦʠʩʢ ʨʝʰʝʥʠʡè) ʠ ʧʨʦʚʝʨʢʦʡ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʨʦʛʨʘʤʤʥʳʭ 
ʢʦʤʧʣʝʢʩʘʭAPM CivilEngineering ʠ RobotStructureAnalysis. 

ʊʝʦʨʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʨʘʟʜʝʣʦʚ ʚ 

ʤʝʭʘʥʠʢʝ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʥʘ ʢʦʪʦʨʦʡ ʙʘʟʠʨʫʶʪʩʷ ʧʨʦʝʢʪʥʳʝ ʨʘʩʯʝʪʳ 
ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ [2, 5, 6, 7, 9, 10]. ɺ ʦʩʥʦʚʝ ʵʪʦʡ ʪʝʦʨʠʠ ʣʝʞʠʪ ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ 

http://dspace.puet.edu.ua/handle/123456789/487
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ʟʘʜʘʯ - ʩʥʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʫʣʫʯʰʝʥʠʝ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

[5]. 

ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ MicrosoftExcel ʩʫʱʝʩʪʚʫʝʪ ʥʘʜʩʪʨʦʡʢʘ Solver (çʇʦʠʩʢ 

ʨʝʰʝʥʠʡè). ʆʥʘ ʦʯʝʥʴ ʫʜʦʙʥʘ ʧʨʠ ʨʝʰʝʥʠʠ ʤʥʦʛʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʙʣʦʢʘ 
ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪ ñʘʥʘʣʠʟʦʤ çʯʪʦ ʝʩʣʠèò. ʉ ʝʝ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʠ ʢʘʢʠʭ 

ʟʥʘʯʝʥʠʷʭ ʫʢʘʟʘʥʥʳʭ ʚʣʠʷʶʱʠʭ ʷʯʝʝʢ ʬʦʨʤʫʣʘ ʚ ʮʝʣʝʚʦʡ ʷʯʝʡʢʝ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 

(ʤʠʥʠʤʘʣʴʥʦʝ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʣʠ ʨʘʚʥʦʝ ʢʘʢʦʡ-ʣʠʙʦ ʚʝʣʠʯʠʥʝ). ɼʣʷ ʧʨʦʮʝʜʫʨʳ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ 
ʤʦʞʥʦ ʟʘʜʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ, ʧʨʠʯʝʤ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝ ʞʝ 

ʚʣʠʷʶʱʠʝ ʷʯʝʡʢʠ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʦ ʬʦʨʤʫʣʝ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʮʝʣʝʚʦʡ ʷʯʝʡʢʝ, ʟʘʜʘʥʥʳʡ 

ʨʝʟʫʣʴʪʘʪ, ʧʨʦʮʝʜʫʨʘ ʠʟʤʝʥʷʝʪ ʟʥʘʯʝʥʠʷ ʚʦ ʚʣʠʷʶʱʠʭ ʷʯʝʡʢʘʭ. ʇʨʦʛʨʘʤʤʘ çʇʦʠʩʢ ʨʝʰʝʥʠʡè 
ʤʦʞʝʪ ʨʝʰʘʪʴ ʢʘʢ ʣʠʥʝʡʥʳʝ ʟʘʜʘʯʠ, ʪʘʢ ʠ ʥʝ ʣʠʥʝʡʥʳʝ. 

APM CivilEngineering ʠRobotStructureAnalysisʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʛʨʘʞʜʘʥʩʢʦʛʦ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ.ʆʥʠ ʚ 

ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʫʯʠʪʳʚʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʢ ʨʘʩʯʝʪʥʳʤ ʘʣʛʦʨʠʪʤʘʤ. 

ʕʪʠ ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ 
ʢʦʥʩʪʨʫʢʮʠʡ, ʚʳʧʦʣʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʩʯʝʪʦʚ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʥʠʟʠʪʴ 

ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ ʩʪʦʠʤʦʩʪʴ ʧʨʦʝʢʪʥʳʭ ʨʘʙʦʪ ʠ 
ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʮʝʣʦʤ. 

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʚʫʪʘʚʨʦʚʦʡ ʙʘʣʢʠ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷʪʦʣʱʠʥʦʡ ʝʝ ʩʪʝʥʢʠ. ʏʝʤ ʪʦʥʴʰʝ ʩʪʝʥʢʘ, ʪʝʤ ʙʦʣʴʰʝʡ ʵʢʦʥʦʤʠʠ 
ʤʝʪʘʣʣʘʤʦʞʥʦʜʦʙʠʪʴʩʷ,ʩʦʭʨʘʥʷʷʪʨʝʙʫʝʤʳʝʚʝʣʠʯʠʥʳʤʦʤʝʥʪʘʠʥʝʨʮʠʠʠʣʠʤʦʤʝʥʪʘʩʦʧʨʦʪʠʚʣʝʥʠʷ

ʧʦʧʝʨʝʯʥʦʛʦʩʝʯʝʥʠʷʙʘʣʢʠ.ʅʘʠʙʦʣʝʝʚʘʞʥʳʤʧʨʝʧʷʪʩʪʚʠʝʤ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ 

ʷʚʣʷʝʪʩʷ ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʇʦʩʣʝʜʥʷʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʧʫʪʝʤ ʫʢʨʝʧʣʝʥʠʷ ʩʪʝʥʢʠ ʙʘʣʢʠ 

ʩʠʩʪʝʤʦʡʨʝʙʝʨʞʝʩʪʢʦʩʪʠ.ɼʦʩʪʘʪʦʯʥʦʭʦʨʦʰʠʤʦʙʦʙʱʝʥʥʳʤʧʘʨʘʤʝʪʨʦʤ, ʫʯʠʪʳʚʘʶʱʠʤ 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʥʢʠ ʙʘʣʢʠ, ʷʚʣʷʝʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ:  

 
,
d

h
k=

     (1)

 

ʛʜʝ hï ʚʳʩʦʪʘ ʩʪʝʥʢʠ; ŭï ʝʝ ʪʦʣʱʠʥʘ.  

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʟʤʝʨʦʚ ʜʚʫʪʘʚʨʦʚʦʛʦ ʩʝʯʝʥʠʷ ʫʯʪʝʥʳ 
ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʥʦʨʤʘʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ [1].  

ʕʪʘʧʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ: 
1. ɿʘʜʘʶʪʩʷ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʦʡ ʙʘʣʢʠ. 

2. ʆʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʝʯʝʥʠʷ. 

3. ʉʨʘʚʥʝʥʠʝ ʠ ʦʮʝʥʢʘ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʧʪʠʤʠʟʘʮʠʠ. 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʣʠ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʚʳʙʦʨ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. 
ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ 

ʩʪʨʝʤʷʪʩʷ ʧʨʠ ʝʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ʕʪʘ ʬʫʥʢʮʠʷ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʥʦʩʠʪ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ 

ʠ ʜʦʣʞʥʘ ʠʤʝʪʴ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʮʝʣʝʚʳʤʠ ʬʫʥʢʮʠʷʤʠ 
ʷʚʣʷʶʪʩʷ: ʤʠʥʠʤʫʤ ʤʘʩʩʳ; ʤʠʥʠʤʫʤ ʩʪʦʠʤʦʩʪʠ; ʤʠʥʠʤʫʤ ʚʝʩʘ ʧʦʜʢʨʝʧʣʷʶʱʝʛʦ ʠʣʠ 

ʘʨʤʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ; ʤʠʥʠʤʫʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʟʘʪʨʘʪ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ; ʤʠʥʠʤʫʤ 

ʩʫʤʤʳ ʩʪʦʠʤʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʟʘʪʨʘʪ ʥʘ ʤʘʰʠʥʥʦʝ ʚʨʝʤʷ; ʧʨʠʥʮʠʧ ʨʘʚʥʦʧʨʦʯʥʦʩʪʠ 
ʢʦʥʩʪʨʫʢʮʠʠ.  

ɺʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʧʨʠʥʠʤʘʝʤʦʙʲʝʤ ʙʘʣʢʠ: 

( ) (4 )f ef w ef h s efF x V t b t h L n b t h= = ³ ³ + ³ ³ + ³ ³ ³
  (2) 

ʛʜʝ V - ʦʙʲʝʤ ʜʚʫʪʘʚʨʦʚʦʡ ʙʘʣʢʠ, ʤʤ2; ft
 - ʚʳʩʦʪʘ ʧʦʣʢʠ ʩʝʯʝʥʠʷ, ʤʤ; 

efb - ʰʠʨʠʥʘ 

ʬʣʘʥʮʘ (ʧʦʣʦʚʠʥʘ ʰʠʨʠʥʳ ʧʦʣʢʠ), ʤʤ; 
wt - ʪʦʣʱʠʥʘ ʩʪʦʡʢʠ, ʤʤ; 

efh - ʚʳʩʦʪʘ ʩʪʦʡʢʠ, ʤʤ;L - 

ʜʣʠʥʘ ʙʘʣʢʠ, ʤʤ; n  - ʢʦʣʠʯʝʩʪʚʦ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ; 
hb  - ʰʠʨʠʥʘ ʨʝʙʨʘ ʞʝʩʪʢʦʩʪʠ, ʤʤ;

st - 

ʪʦʣʱʠʥʘ ʨʝʙʨʘ ʞʝʩʪʢʦʩʪʠ, ʤʤ; 
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ɿʘʜʘʯʘ ʦ ʨʘʮʠʦʥʘʣʴʥʦʡ ʢʦʤʧʦʥʦʚʢʝ ʩʦʩʪʘʚʥʦʛʦʜʚʫʪʘʚʨʘ ʠʟ ʪʨʝʭ ʣʠʩʪʦʚ ʷʚʣʷʝʪʩʷ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʢʫʨʩʘʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʨʠ 

ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʡ ʚʳʩʦʪʳ ʙʘʣʢʠ ʩ ʟʘʜʘʥʥʳʤ 

ʤʦʤʝʥʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʫʤʘ ʧʣʦʱʘʜʠ ʝʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 
ʇʨʠʙʣʠʞʝʥʥʳʝ ʧʨʠʝʤʳ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʨʠʚʦʜʷʪʩʷ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ[5-8]. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʦʧʪʠʤʘʣʴʥʦʡ ʪʘʤ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʤʠʥʠʤʘʣʴʥʫʶ ʚʳʩʦʪʫ ʙʘʣʢʠ, ʢʦʪʦʨʘʷ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʧʨʦʛʠʙʘ ʙʘʣʢʠ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʮʝʣʝʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʚʳʩʦʪʫ, ʣʝʞʘʱʫʶ ʚ ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ ʤʠʥʠʤʘʣʴʥʦʡ ʠ 

ʦʧʪʠʤʘʣʴʥʦʡ. 
ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʩʪʘʚʥʦʡʜʚʫʪʘʚʨ (ʨʠʩ. 1), ʩʦʩʪʦʷʱʠʡ 

ʠʟ ʩʪʝʥʢʠ ʠ ʜʚʫʭ ʧʦʷʩʦʚ, ʠʟʛʠʙʘʝʤʳʡ ʚ ʧʣʦʩʢʦʩʪʠ ʩʪʝʥʢʠ. ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʜʚʫʪʘʚʨʘ ʠʤʝʝʪ 

ʜʚʝ ʦʩʠ ʩʠʤʤʝʪʨʠʠ: x ï x ʠ y ï y. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʝʛʦ ʧʦʷʩʘ ʠʤʝʶʪ ʤʘʣʫʶ ʪʦʣʱʠʥʫ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʳʩʦʪʦʡ ʙʘʣʢʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʣʠʰʴ ʦʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ 
fA  ï ʧʣʦʱʘʜʴʶ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʷʩʘ. ʉʪʝʥʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ ï ʚʳʩʦʪʦʡ h  ʠ 

ʪʦʣʱʠʥʦʡ d.  

 
ʈʠʩʫʥʦʢ 1- ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʜʚʫʪʘʚʨʦʚʦʡ ʙʘʣʢʠ 

 
ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʜʚʫʪʘʚʨʦʚʦʡ ʙʘʣʢʠ ʩ 

ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʪʘʙʣ.1). ʂʦʣʠʯʝʩʪʚʦ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ ï ʧʦ 7ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ. 

ʊʘʙʣʠʮʘ 1 -ʇʘʨʘʤʝʪʨʳ ʜʚʫʪʘʚʨʦʚʦʡ ʙʘʣʢʠ  
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
ʉʭʝʤʘ ʥʘʩʪʨʦʡʢʠ ʦʧʪʠʤʠʟʘʪʦʨʘ ExcelSolver ʩʦʩʪʦʠʪ ʠʟ ʥʘʩʪʨʦʡʢʠ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʠ 

ʩʘʤʦʛʦ ʦʧʪʠʤʠʟʘʪʦʨʘ (ʨʠʩ.2) 

tf-ʪʦʣʱʠʥʘ ʧʦʣʢʠ, ʤʤ 28 

bef-ʰʠʨʠʥʘ ʧʦʣʢʠ, ʤʤ 360 

hef-ʚʳʩʦʪʘ ʩʪʝʥʢʠ, ʤʤ 1544 

tw- ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ, ʤʤ 11 

bh-ʰʠʨʠʥʘ ʨʝʙʨʘ ʞʝʩʪʢʦʩʪʠ, ʤʤ 180 

ts-ʪʦʣʱʠʥʘ ʨʝʙʨʘ ʞʝʩʪʢʦʩʪʠ, ʤʤ 6 

ʜʣʠʥʘ ʙʘʣʢʠ, ʤʤ 19000,00 

ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ, ʅÖʤʤ 4487880000,0 

ʧʦʧʝʨʝʯʥʘʷ ʩʠʣʘ, ʅ 944780,00 
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ʈʠʩʫʥʦʢ 2 -ʅʘʩʪʨʦʡʢʘ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʦʧʪʠʤʠʟʘʪʦʨʘ çʇʦʠʩʢ ʨʝʰʝʥʠʡè 
 

ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʤʝʨʦʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʜʚʫʪʘʚʨʦʚʦʡ ʙʘʣʢʠ ʙʳʣʠ ʧʨʠʥʷʪʳ 

ʥʦʨʤʘʪʠʚʥʳʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʩʦʛʣʘʩʥʦ [1, 4]: 
ɼʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʨʠʚʝʣʘ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʙʲʝʤʘ ʙʘʣʢʠ ʥʘ 9,74 % ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʨʘʩʭʦʜʘ ʩʪʘʣʠ (ʨʠʩ.3). 

ʇʦʣʫʯʝʥʥʦʝ ʦʧʪʠʤʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʧʨʦʚʝʨʷʝʪʩʷ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʦ ʥʦʨʤʘʣʴʥʳʤ 
ʥʘʧʨʷʞʝʥʠʷʤ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʪʘʧʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʠ ʫʯʪʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʦʙʱʝʡ ʠ ʤʝʩʪʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʘ ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 3 ï ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʤʝʨʦʚ ʜʚʫʪʘʚʨʦʚʦʡ ʙʘʣʢʠ ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ ʚ 

ExcelSolver(çʇʦʠʩʢ ʨʝʰʝʥʠʡè) 

 

ʇʦʜʦʙʥʘʷ ʧʨʦʮʝʜʫʨʘ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʧʦʣʥʷʣʘʩʴ ʚ APMCivilEngineering ʠ 
RobotStructureAnalysis (ʨʠʩ.4). ɺʩʝ ʥʘʛʨʫʟʢʠ ʧʨʠʢʣʘʜʳʚʘʶʪʩʷ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ.  

 

ʘ)  

ʙ) 

ʈʠʩʫʥʦʢ 4 ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ: ʘ) AutoDesk RobotStructure 
Analysis, ʙ) APMCivil Engineering 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʪʨʝʤ ʧʨʦʛʨʘʤʤʥʳʤ ʢʦʤʧʣʝʢʩʘʤ (ʪʘʙʣ.2) 
ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʢʦʥʦʤʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦʣʫʯʝʥʘʚ AutoDesk Robot Structure Analysis (ʨʠʩ. 

5ʘ)ʠ APM Civil Engineering (ʨʠʩ.5ʙ), ʢʦʪʦʨʳʝ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ.  
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ʊʘʙʣʠʮʘ 2 -ʈʝʟʫʣʴʪʘʪʳ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʜʚʫʪʘʚʨʦʚʦʡ ʙʘʣʢʠ 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʂʦʣʠʯʝʩʪʚʦ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ 

ʋʤʝʥʴʰʝʥʠʝ ʨʘʩʭʦʜʘ 

ʤʘʪʝʨʠʘʣʘ 

Excel Solver - 9,74% 

APM Civil Engineering 217160 10,2% 

Robot Structure Analisys 222250 10,31% 

ɺʳʚʦʜʳ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʪʠʤʠʟʘʮʠʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʜʚʫʪʘʚʨʦʚʦʡ ʙʘʣʢʠ ʚ ʪʨʝʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ: MicrosoftExcelSolver 

(çʇʦʠʩʢ ʨʝʰʝʥʠʡè), AutoDeskRobotStructureAnalysis ʠ APM CivilEngineering, ʧʦ ʢʦʪʦʨʦʤʫ 
ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʢʦʥʦʤʠʷ ʤʘʪʝʨʠʘʣʘ ʙʘʣʢʠ ʜʦʩʪʠʛʥʫʪʘ ʚ 

AutoDeskRobotStructureAnalysis ʠ APM CivilEngineering ʠ ʩʦʩʪʘʚʣʷʝʪ å 10%. ʕʪʠ ʜʚʘ ʢʦʤʧʣʝʢʩʘ 

ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʟʙʠʚʘʝʪʩʷ 

ʥʘ ʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ ʜʣʷ ʠʭ 

ʨʘʩʯʝʪʘ. ʊʘʢʞʝ ʩʪʦʠʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʥʘʜʩʪʨʦʡʢʘ ExcelSolver ʚʳʧʦʣʥʷʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʨʘʩʯʝʪ ʠ 

ʧʨʠ ʵʪʦʤ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ. ʅʦ ʵʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʥʝʩʣʦʞʥʳʭ ʠʣʠ 
ʪʠʧʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 
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ʊʘʣʝʙ-ɸʛʘ, ʈ. ʅʝʣʴʩʦʥ // ʈʘʢʝʪ, ʪʝʭʥʠʢʘ ʠ ʢʦʩʤʦʥʘʚʪʠʢʘ. - 1976. - ˉ4. - ʉ. 28 - 38. 

9. ʍʦʛ ʕ. ʇʨʠʢʣʘʜʥʦʝ ʦʧʪʠʤʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ // ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ 
ʢʦʥʩʪʨʫʢʮʠʠ / ʍʦʛ ʕ., ɸʨʦʨʘ ʗ. ï ʄ.: ʄʠʨ, 1983. - 479 ʩ. 

10. ʗʛʦʜʘ, ʇ. ɸ. ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 
ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ / ʇ. ɸ. ʗʛʦʜʘ // ɺʽʩʥʠʢ ɼʅʋɿʊ. - ɼ., 2007. - ɺʠʧ. 17. - ʉ. 191-194. 
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ʂʆʄʇôʖʊɽʈʅɽ ʇʈʆɽʂʊʋɺɸʅʅʗ ʊʋʈɹɯʅʅʀʍ ɺʀʄɯʈʖɺɸʃʔʅʀʍ 

ʇɽʈɽʊɺʆʈʖɺɸʏɯɺ ɺʀʊʈɸʊʀ ʇʈʀʈʆɼʅʆɻʆ ɻɸɿʋ 

ɯ.ɺ.ʂʦʨʦʙʢʦ, ɺ.ɸ. ʂʦʚʘʣʝʥʢʦ 

 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʂʠʾʚ 

 

ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ - ʮʝ ʧʦʪʫʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʽ 
ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠʣʘʜʽʚ ʽ ʩʠʩʪʝʤ ʦʙʣʽʢʫ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, 

ʜʝ ʤʦʞʣʠʚʦ ʟʘʜʘʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʘʤʠʭ ʧʨʠʣʘʜʽʚ, ʘʣʝ ʡ ʫʤʦʚʠ 

ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʂʦʤʧôʶʪʝʨʥʽ ʧʨʦʛʨʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʜʦʩʣʽʜʞʝʥʥʷ 
ʚʟʘʻʤʦʜʽʾ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʣʘʜʽʚ ʻ ʧʨʦʛʨʝʩʠʚʥʦʶ ʪʘ 

ʥʝʦʙʭʽʜʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʩʴʦʛʦʜʝʥʥʷ, ʷʢʽ, ʟʘ ʫʤʦʚʠ ʪʦʯʥʦʛʦ ʦʢʨʝʩʣʝʥʥʷ ʚʭʽʜʥʠʭ ʪʘ ʚʠʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʝʚʥʦʛʦ ʜʦʩʣʽʜʫ, ʤʦʞʫʪʴ ʧʦʚʥʽʩʪʶ ʟʘʤʽʥʠʪʠ ʧʨʦʚʝʜʝʥʥʷ ʥʘʪʫʨʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ ʯʘʩʦʚʠʭ ʟʘʪʨʘʪ ʽ ʥʝ ʟʘʚʞʜʠ ʜʘʶʪʴ 

ʙʘʞʘʥʠʡ ʨʝʟʫʣʴʪʘʪ. 
ʋ ʜʦʧʦʚʽʜʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʫʨʙʽʥʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʚʠʪʨʘʪʠ (ʊɺʇɺ) ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. 

ʇʨʦʮʝʩ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʝʨʝʜʙʘʯʘʻ ʪʘʢʽ ʝʪʘʧʠ: 
I. ʇʦʧʝʨʝʜʥʽʡ ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʊɺʇɺ; 

II.  ʇʨʦʝʢʪʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʊɺʇɺ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ; 

III.  ʇʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʫ ʊɺʇɺ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʩʪʘʚʣʝʥʽʡ ʟʘʜʘʯʽ ʜʣʷ 
ʜʦʩʣʽʜʞʝʥʥʷ. 

IV.  ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʊɺʇɺ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʜʦʟʚʦʣʷʻ ʨʦʟʚôʷʟʘʪʠ 
ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ:ʧʝʨʝʚʽʨʢʘ ʛʽʧʦʪʝʟ ʧʨʦ ʜʽʶ ʪʠʭ ʯʠ ʽʥʰʠʭ ʬʽʟʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪ ʽ ʢʽʣʴʢʦʩʪʽ;ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ;ʚʠʟʥʘʯʝʥʥʷ 

ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊɺʇɺ;ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʜʥʦʛʦ ʊɺʇɺ ʟʜʽʡʩʥʠʪʠ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʣʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ, ʷʢʽ ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʘʙʦ ʧʦʜʽʙʥʽ 
ʤʘʪʝʤʘʪʠʯʥʽ ʦʧʠʩʠ;ʫʪʦʯʥʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ;ʚʠʟʥʘʯʝʥʥʷ 

ʩʧʨʠʷʪʣʠʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊɺʇɺ ʪʘ ʩʪʚʦʨʝʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʤʝʪʦʜʽʚ ʽ 

ʨʦʟʨʘʭʫʥʢʽʚ;ʦʧʪʠʤʽʟʘʮʽʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʊɺʇɺ[1]. 
ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʯʽ ʜʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʚʠʥʥʽ ʚʠʭʦʜʠʪʠ ʩʘʤʝ ʟ 

ʫʟʘʛʘʣʴʥʝʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʊɺʇɺ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. ɼʣʷ ʮʴʦʛʦ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʪʘʢʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ: 
1. ʊɺʇɺ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʢʦʥʢʨʝʪʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʦʪʞʝ 

ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʚʠʥʥʽ ʤʽʩʪʠʪʠ ʚʠʤʦʛʠ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʪʘ 

ʚʨʘʭʦʚʫʚʘʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʫʤʦʚʠ. 

2. ʇʦʯʘʪʢʦʚʠʤʠ ʜʘʥʠʤʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʤʦʛʠ ʧʦ ʦʩʥʦʚʥʽʡ ʧʦʭʠʙʮʽ 
ʧʦʢʘʟʘʥʴ, ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʥʠʭ ʚʠʪʨʘʪ, ʧʘʨʘʤʝʪʨʽʚ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ 

ʥʘ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʚʠʪʨʘʪʠ.  
3. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʚʠʥʥʦ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʊɺʇɺ, ʷʢʝ ʙ ʜʦʟʚʦʣʠʣʦ ʚʨʘʭʫʚʘʪʠ ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ, ʱʦ ʤʘʶʪʴ 

ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʨʦʙʦʪʫ ʧʨʠʣʘʜʫ. 
4. ʆʩʥʦʚʦʶ ʧʨʦʝʢʪʫʚʘʥʥʷ ʊɺʇɺ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʧʪʠʤʽʟʘʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʚ 

ʨʘʤʢʘʭ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ, ʟʘ 

ʚʠʟʥʘʯʝʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ,ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʮʽʾʽ ʚʠʤʽʨʶʚʘʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 
ʚʮʽʣʦʤʫ[2]. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

1. ɻʨʠʰʘʥʦʚʘ, ɯ.ɸ. ʉʠʩʪʝʤʠ CAD/CAE. ANSYS FLUENT [ʊʝʢʩʪ]: ʧʽʜʨʫʯ. ʜʣʷ ʚʫʟʽʚ / ɯ. 

ɸ. ɻʨʠʰʘʥʦʚʘ, ɯ. ɺ. ʂʦʨʦʙʢʦ. ï ʂ.: ɼʽʷ ʃʊɼ, 2012. ï 208 ʩ.2.  

2. ʂʦʨʦʙʢʦ, ɯ. ɺ. ʅʘʫʢʦʚʽ ʧʨʠʥʮʠʧʠ ʪʚʦʨʝʥʥʷ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪʠ ʧʣʠʥʥʠʭ 
ʧʦʪʦʢʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʨʝʞ [ʊʝʢʩʪ]: ʘʚʪʦʨʝʬ. ʜʠʩ. ʥʘ ʟʜʦʙ. ʚʯ. ʩʪʫʧʝʥʷ ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ: 

05.11.01 / ɯ.ɺ.ʂʦʨʦʙʢʦ; ʂ., ʅʊʋʋ ñʂʇɯò. ï ʂ, 2014. ï 41 ʩ. 
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ʕʌʌɽʂʊʀɺʅʓɽ ʄɽʊʆɼʓ ʏʀʉʃɽʅʅʆʁ ʆʇʊʀʄʀɿɸʎʀʀ 

ʉʃʆɾʅʓʍ ʉʀʉʊɽʄ 

ɸ.ʀ. ʂʦʩʦʣʘʧ 

 

ʋʢʨʘʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 

ɺʚʝʜʝʥʠʝ. ɿʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʚ ʯʠʩʣʝʥʥʦʤ ʘʥʘʣʠʟʝ. 
ʈʘʟʨʘʙʦʪʘʥʦ ʤʥʦʛʦ ʤʝʪʦʜʦʚ ʜʣʷ ʠʭ ʨʝʰʝʥʠʷ. ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʟʘʜʘʯ ʵʬʬʝʢʪʠʚʥʳʤʠ ʙʫʜʫʪ 

ʨʘʟʥʳʝ ʤʝʪʦʜʳ. ʇʦʜ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʪʘʢʠʝ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʦʚʘʥʳ ʚ 

ʚʠʜʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʟʘ ʧʨʠʝʤʣʝʤʦʝ ʚʨʝʤʷ ʟ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ 
ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʢʣʘʩʩʳ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ.  

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʤrʠ ̫ʚʣʷʶʪʩʷ 

ʟʘʜʘʯʠ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʤʧʣʝʢʩ-

ʤʝʪʦʜ ʠ ʧʨʷʤʦ-ʜʚʦʡʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ ʚʥʫʪʨʝʥʥʝʡ ʪʦʯʢʠ (PDIPM) [1]. ɼʣʷ ʟʘʜʘʯ ʙʦʣʴʰʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʤʝʪʦʜʳ PDIPM ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ. ʇʨʷʤʦ-ʜʚʦʡʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ ʙʳʣʠ 
ʦʙʦʙʱʝʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʩʝʛʦʜʥʷ ʵʪʠ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ [1].  

ʄʝʪʦʜʳ PDIPM ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʛʣʘʜʢʠʤʠ ʬʫʥʢʮʠʷʤʠ. 
ʉʫʱʝʩʪʚʫʶʪ ʢʣʘʩʩʳ ʟʘʜʘʯ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʛʣʘʜʢʠʝ ʬʫʥʢʮʠʠ. ʕʪʠ ʢʣʘʩʩʳ ʟʘʜʘʯ ʥʘ ʧʦʨʷʜʦʢ 

ʩʣʦʞʥʝʝ ʟʘʜʘʯ ʩ ʛʣʘʜʢʠʤʠ ʬʫʥʢʮʠʷʤʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʨʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ, ʥʦ ʵʪʠ 

ʘʣʛʦʨʠʪʤʳ ʩʭʦʜʷʪʩʷ ʤʝʜʣʝʥʥʦ ʣʠʙʦ ʠʭ ʩʭʦʜʠʤʦʩʪʴ ʥʝ ʜʦʢʘʟʘʥʘ. ʃʫʯʰʠʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʟʘʜʘʯ ʩ 
ʥʝʛʣʘʜʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʷʚʣʷʝʪʩʷ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢ ʛʣʘʜʢʠʤ. ʕʪʦ ʚʦʟʤʦʞʥʦ, ʢʦʛʜʘ ʬʫʥʢʮʠʠ 

ʩʦʜʝʨʞʘʪ ʤʦʜʫʣʠ. ɼʣʷ ʪʘʢʠʭ ʟʘʜʘʯ ʚ ʨʘʙʦʪʝ [2] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʩʢʨʳʪʠʷ 

ʤʦʜʫʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʝ ʥʝʛʣʘʜʢʦʡ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʣʘʜʢʠʭ ʟʘʜʘʯ.  

ʅʦʚʳʤ ʢʣʘʩʩʦʤ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʘʷ ʧʦʣʫʦʧʨʝʜʝʣʝʥʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ, ʚ ʢʦʪʦʨʦʡ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʧʦʣʫʦʧʨʝʜʝʣʝʥʥʫʶ ʤʘʪʨʠʮʫ [3]. ʄʝʪʦʜ PDIPM ʙʳʣ ʦʙʦʙʱʝʥ ʠ ʜʣʷ ʨʝʰʝʥʠʷ 
ʵʪʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ. ʆʜʥʘʢʦ ʜʣʷ ʟʘʜʘʯ ʧʦʣʫʦʧʨʝʜʝʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʦʥ ʦʢʘʟʘʣʩʷ ʥʝ ʪʘʢʠʤ 

ʵʬʬʝʢʪʠʚʥʳʤ, ʢʘʢ ʜʣʷ ʟʘʜʘʯ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ 

ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʧʦʧʳʪʢʠ ʦʙʦʙʱʠʪʴ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦʣʫʦʧʨʝʜʝʣʝʥʥʦʡ 
ʦʧʪʠʤʠʟʘʮʠʠ. ʉʣʦʞʥʦʩʪʴ ʦʙʦʙʱʝʥʠʷ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʜʦʧʫʩʪʠʤʘʷ ʦʙʣʘʩʪʴ ʟʘʜʘʯ 

ʧʦʣʫʦʧʨʝʜʝʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝ ʷʚʣʷʝʪʩʷ ʚʳʧʫʢʣʳʤ ʤʥʦʛʦʛʨʘʥʥʠʢʦʤ. ʊʦʣʴʢʦ ʚ ʨʘʙʦʪʘʭ [4-5] 

ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʣʫʦʧʨʝʜʝʣʝʥʥʳʡ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜ. ɼʣʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʨʘʟʨʘʙʦʪʘʥʦ 
ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ ʯʠʩʣʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʧʦʣʫʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʘ ʥʘʜ ʤʝʪʦʜʦʤ PDIPM. 

ɹʦʣʴʰʦʡ ʢʣʘʩʩ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʜʝʨʞʠʪ ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʠʣʠ ʙʫʣʝʚʳʝ ʧʝʨʝʤʝʥʥʳʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʝʱʝ ʥʝ ʨʘʟʨʘʙʦʪʘʥʦ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ. ɿʘʜʘʯʠ ʩ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ ʦʯʝʥʴ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʦʜʥʘʢʦ ʦʥʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ ʟʘʜʘʯ ʩ ʥʝʧʨʝʨʳʚʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ. ʇʨʦʩʪʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ 
ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʟʘʜʘʯʠ ʩ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʢ ʟʘʜʘʯʘʤ ʩ ʥʝʧʨʝʨʳʚʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʚʦʜʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʣʝʜʫʶʱʝʤʫ ʫʩʣʦʚʠʶ 
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ʇʝʨʚʦʝ ʠ ʚʪʦʨʦʝ ʫʩʣʦʚʠʝ ʦʧʨʝʜʝʣʷʝʪ ʥʝʚʳʧʫʢʣʫʶ ʦʙʣʘʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʳʤ 
ʟʘʜʘʯʘʤ. 

ʄʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥrʤʠ ʚ ʦʧʪʠʤʠʟʘʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʚʝʢʦʚ, ʪʦʣʴʢʦ ʚ ʢʦʥʮʝ 
ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʥʘʯʘʣʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʘʜʘʯ. ɼʣʷ ʵʪʦʛʦ 
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ʢʣʘʩʩʘ ʟʘʜʘʯ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʚʦʜʷʪʩʷ ʢ 

ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʳʤ ʟʘʜʘʯʘʤ. ʇʦʧʳʪʢʠ ʧʦʩʪʨʦʠʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ 

ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ [6]. ʊʦʛʜʘ ʮʝʥʪʨ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʧʝʨʝʤʝʩʪʠʣʩʷ ʥʘ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʇʦʷʚʠʣʦʩʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʪʘʢʠʭ 

ʤʝʪʦʜʦʚ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʛʝʥʝʪʠʯʝʩʢʠʝ ʠʣʠ ʵʚʦʣʶʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠ ʜʨʫʛʠʝ [7]. ʆʜʥʘʢʦ, ʢʘʢ 

ʧʦʢʘʟʘʣʠ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʯʘʭ, ʵʪʠ ʤʝʪʦʜʳ 
ʪʦʣʴʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦʟʚʦʣʷʶʪ ʥʘʭʦʜʠʪʴ ʛʣʦʙʘʣʴʥʝr  ɻʢʩʪʨʝʤʫʤʳ ʚ 

ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʘʜʘʯʘʭ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʨʝʰʝʥʠʷ ʙʳʣʠ ʜʘʣʝʢʠ ʦʪ ʦʧʪʠʤʘʣʴʥʳʭ. ʕʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʠʤʫʣʠʨʦʚʘʣʠʩʴ ʟʘʧʨʦʩʘʤʠ ʧʨʘʢʪʠʢʠ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʣʦʞʥʳʭ 
ʩʠʩʪʝʤ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʘʭ ʧʨʠʚʦʜʠʣʘ ʢ ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʳʤ ʟʘʜʘʯʘʤ, ʧʨʠʯʝʤ ʚʦ 

ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʯʠʩʣʦ ʣʦʢʘʣʴʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʳʤ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʛʣʦʙʘʣʴʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ ʪʨʝʙʫʶʪʩʷ ʥʦʚʳʝ ʠʜʝʠ ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʤʦʱʥʦʩʪʴʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ. ɹʳʣʦ ʧʦʩʯʠʪʘʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʘʜʘʯ 

ʪʨʝʙʫʶʪ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʢʦʤʧʴʶʪʝʨʘ [8]. 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʥʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʛʣʦʙʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʩʪʘʥʦʚʠʪʩʷ ʪʦʯʥʘʷ ʢʚʘʜʨʘʪʠʯʥʘʷ ʨʝʛʫʣʷʨʠʟʘʮʠʷ [9]. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʟʘʜʘʯʫ 

ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 
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},...,1,| || |)(,| || |)1()(|{)( 22
0 midzrxfdzrsxfxdS i =¢+¢-++= , 

),( 1+= nxxz . ʇʘʨʘʤʝʪʨ s ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ 

)(| || | *
0

2* xfxs -² , 

ʛʜʝ x* - ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1), ʘ ʧʘʨʘʤʝʪʨ r > 0 ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʠʤ, ʯʪʦʙʳ ʤʥʦʞʝʩʪʚʦ S(d) ʩʪʘʣʦ 
ʚʳʧʫʢʣʳʤ. ɺʳʙʦʨ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʥʝ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ, ʪʘʢ ʢʘʢ ʧʨʠ 

ʙʦʣʴʰʠʭ ʠʭ ʟʥʘʯʝʥʠʷʭ ʟʘʜʘʥʥʳʝ ʫʩʣʦʚʠʷ ʙʫʜʫʪ ʚʳʧʦʣʥʷʪʴʩʷ. ʇʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʟʘʜʘʯʘ (2) 

ʩʦʜʝʨʞʠʪ ʜʚʝ ʥʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ 1+nx  ʠ d ʠ ʜʚʘ ʧʘʨʘʤʝʪʨʘ. ʏʠʩʣʦ ʦʛʨʘʥʠʯʝʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʥʘ ʝʜʠʥʠʮʫ. ɿʘʜʘʯʘ (2) ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʦʡ. ʆʜʥʘʢʦ ʧʨʠ ʪʘʢʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʯʘʩʪʴ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ ʟʘʜʘʯʠ (1) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʤʠʥʠʤʫʤʳ 
ʟʘʜʘʯʠ (2). ʅʝʢʦʪʦʨʳʝ ʣʦʢʘʣʴʥʳʝ ʤʠʥʠʤʫʤʳ ʤʦʛʫʪ ʠʩʯʝʟʥʫʪʴ, ʥʦ ʪʦʯʢʠ ʛʣʦʙʘʣʴʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ 

ʟʘʜʘʯ (1) ʠ (2) ʙʫʜʫʪ ʩʦʚʧʘʜʘʪʴ [9]. ɼʣʷ ʧʨʦʚʝʨʢʠ ʦʜʥʦʵʢʩʪʨʝʤʘʣʴʥʦʩʪʠ ʟʘʜʘʯʠ (2) ʜʦʩʪʘʪʦʯʥʦ 

ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʚʳʧʫʢʣʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

}.| || |,|min{ 2 dzrSzd ¢Í  

ɽʩʣʠ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ z* ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ dzr =2* | || | , ʪʦ z* - ʪʦʯʢʘ ʛʣʦʙʘʣʴʥʦʛʦ 

ʤʘʢʩʠʤʫʤʘ ʟʘʜʘʯʠ (2) ʢʦʪʦʨʘʷ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪ ʪʦʯʢʫ ʛʣʦʙʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ ʟʘʜʘʯʠ (1). ɺ 
ʦʙʱʝʤ ʩʣʫʯʘʝ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ d, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʝʪʩʷ 

ʫʩʣʦʚʠʝ ddzr =2| |)(| | .  ʕʪʦ ʟʥʘʯʝʥʠʝ d ʣʝʛʢʦ ʥʘʡʪʠ ʤʝʪʦʜʦʤ ʜʠʭʦʪʦʤʠʠ, ʫʯʠʪʳʚʘʷ, ʯʪʦ 

ddzr -2| |)(| | ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ d. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤ 

ʵʬʬʝʢʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (2) ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ d. ʅʠʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʘʢʦʡ 

ʘʣʛʦʨʠʪʤ. 

1. ɺʳʙʠʨʘʝʤ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ d ʠ ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ e.  
2. ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ d ʟʘʜʘʯʫ (2) ʙʫʜʝʤ ʨʝʰʘʪʴ ʤʝʪʦʜʦʤ ʂʝʣʣʠ [10]. ɺ ʵʪʦʤ 

ʤʝʪʦʜʝ ʚʳʧʫʢʣʦʝ ʤʥʦʞʝʩʪʚʦ ʧʦʤʝʱʘʝʪʩʷ ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ P ʠ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ 

}|| |max{|| 2 Pxz Í . 
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ʊʦʯʢʫ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʥʘ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʝ ʥʘʡʪʠ ʣʝʛʢʦ, ʝʝ ʨʝʰʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ 

ʨʝʰʝʥʠʝʤ ʚʳʧʫʢʣʦʡ ʟʘʜʘʯʠ  

}|max{ PxzcT Í , 

ʛʜʝ c ï ʮʝʥʪʨ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ P. ʇʫʩʪʴ z1 ï ʨʝʰʝʥʠʝ ʚʳʧʫʢʣʦʡ ʟʘʜʘʯʠ. 

3. ʇʨʦʚʝʨʷʝʤ ʥʘʡʜʝʥʥʫʶ ʪʦʯʢʫ z1 ʥʘ ʜʦʧʫʩʪʠʤʦʩʪʴ Sz Í1
. ɽʩʣʠ ʵʪʦ ʫʩʣʦʚʠʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ e, ʪʦ ʪʦʯʢʘ z1 ï ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (2) ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 

ʟʥʘʯʝʥʠʠ d, ʧʝʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 5. 

4. ʉʪʨʦʠʤ ʦʪʩʝʯʝʥʠʝ ʂʝʣʣʠ  

,0))(()( 111 ¢-Ð+ zzzfzf T
kk  

ʛʜʝ ʠʥʜʝʢʩ k ʦʧʨʝʜʝʣʷʝʤ ʠʟ ʫʩʣʦʚʠʷ 

)()}(max{ 11 zfzf ki = . 

ʉʪʨʦʠʤ ʫʩʝʯʝʥʥʳʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ 

}.0))(()(,|{ 111
1 ¢-Ð+Í= zzzfzfPzzP T

kk  

ɼʘʣʝʝ, ʨʝʰʘʝʤ ʟʘʜʘʯʫ  

}|| |max{| | 1
2 Pxz Í .    (3) 

ɼʣʷ ʝʝ ʨʝʰʝʥʠʷ ʩʥʦʚʘ ʠʩʧʦʣʴʟʫʝʤ ʪʦʯʥʫʶ ʢʚʘʜʨʘʪʠʯʥʫʶ ʨʝʛʫʣʷʨʠʟʘʮʠʶ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʟʘʜʘʯʫ (3) ʢ ʩʣʝʜʫʶʱʝʡ: 

},,...,1,| || | || |max{| | 222 pirazz i
i =¢-                      (4) 

ʛʜʝ p ʨʘʚʥʦ ʯʠʩʣʫ ʛʨʘʥʝʡ ʫʩʝʯʝʥʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ. ɼʦʧʫʩʪʠʤʳʤ ʤʥʦʞʝʩʪʚʦʤ ʟʘʜʘʯʠ (4) 

ʷʚʣʷʝʪʩʷ ʧʝʨʝʩʝʯʝʥʠʝ ʰʘʨʦʚ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʝʤ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʣʠʥʝʡʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʩʣʘʛʘʝʤʦʛʦ 
2| || |zr . ʕʪʘ ʟʘʜʘʯʘ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʥʦʚʫʶ ʧʝʨʝʤʝʥʥʫʶ d1, ʢʦʪʦʨʫʶ 

ʥʘʭʦʜʠʤ ʤʝʪʦʜʦʤ ʜʠʭʦʪʦʤʠʠ. ɿʘʜʘʯʘ (4) ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʦʡ. ʆʜʥʘʢʦ ʝʝ 

ʛʣʦʙʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ ʥʘʭʦʜʠʤ ʠʟ ʨʝʰʝʥʠʷ ʜʚʦʡʩʪʚʝʥʥʦʡ ʢ (4) ʟʘʜʘʯʝ. ʇʝʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 3. 

5. ʇʨʦʚʝʨʷʝʤ ʫʩʣʦʚʠʝ dzr =21 | || | , ʝʩʣʠ ʦʥʦ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʟʘʜʘʯʘ (2) ʨʝʰʝʥʘ ʠ 

ʨʘʙʦʪʘ ʘʣʛʦʨʠʪʤʘ ʟʘʚʝʨʰʘʝʪʩʷ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʫʤʝʥʴʰʘʝʤ ʟʥʘʯʝʥʠʝ d, ʝʩʣʠ dzr >21 | || | ʠ 

ʫʚʝʣʠʯʠʚʘʝʤ ʝʛʦ, ʝʩʣʠ dzr <21 | || | . ʇʝʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 2. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʩʚʦʜʠʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (2) ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ (4). ɼʣʷ 

ʥʘʭʦʞʜʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ d ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʜʠʭʦʪʦʤʠʠ. ɿʘʜʘʯʫ (4) ʧʨʝʦʙʨʘʟʫʝʤ ʢ 

ʜʚʦʡʩʪʚʝʥʥʦʡ ʚʳʧʫʢʣʦʡ ʟʘʜʘʯʝ [9] 

}0,,...,1,| |)(| |,1|)(min{ 22

1
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ɺʳʧʫʢʣʫʶ ʟʘʜʘʯʫ (5) ʨʝʰʘʝʤ ʤʝʪʦʜʦʤ PDIPM ʠ ʧʦ ʬʦʨʤʫʣʝ (6) ʦʧʨʝʜʝʣʷʝʤ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (4). 
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʪʩʝʯʝʥʠʡ ʚ ʤʝʪʦʜʝ 

ʂʝʣʣʠ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯ ʪʘʢʦʝ ʯʠʩʣʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ. ʊʦʛʜʘ ʧʨʦʱʝ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʚʳʧʫʢʣʦʝ ʤʥʦʞʝʩʪʚʦ S(d) ʧʝʨʝʩʝʯʝʥʠʝʤ ʰʘʨʦʚ. ʊʘʢʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ʚʦʟʤʦʞʥʘ, ʪʘʢ ʢʘʢ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ r ʤʥʦʞʝʩʪʚʦ }| || |)(|{ 2 dxrxfx i ¢+ ʩʪʨʝʤʠʪʩʷ ʢ ʰʘʨʫ. 

ʉ ʧʦʤʦʱʴʶ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʙʳʣʦ ʨʝʰʝʥʦ ʙʦʣʝʝ 200 ʪʝʩʪʦʚʳʭ ʟʘʜʘʯ 

ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʣʦʢʘʣʴʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ. ʕʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʜʣʷ ʜʘʥʥʦʛʦ ʧʨʷʤʦ-ʜʚʦʡʩʪʚʝʥʥʦʛʦ ʤʝʪʦʜʘ ʪʦʯʥʦʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʨʝʛʫʣʷʨʠʟʘʮʠʠ (PDEQR) ʥʝʪ 
ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʥʝʢʦʪʦʨʳʭ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1.  

ʊʘʙʣʠʮʘ 1 - ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 
ˉ 

ʧ/ʧ 

ɿʘʜʘʯʘ n m ʄʝʪʦʜ PDEQR 

ʛʣʦʙ. ʤʠʥʠʤʫʤ 

Risk Solver 

ʛʣʦʙ. ʤʠʥʠʤʫʤ 

ʃʫʯʰʠʡ ʠʟʚʝʩʪʥʳʡ 

ʛʣʦʙ. ʤʠʥʠʤʫʤ 

1 P4 50 0 -49,6238 -42,56144555 -49,5856 

2 P13 10 0 -4189,828873 -4189,82887 -4189,829 

3 P30 20 0 -17313,8055 -13581,2829 -14371,8 

4 ʈ33 20 0 0 0,0143994 1,42553 

5 P34 20 0 -9819,531542 -8468,950482 -9742,310076 

6 P35 49 1 -0,98284629 -0,5322069 - 

7 P36 40 0 -1560 -1550,5 - 

8 P37 30 0 0 0,298427 0,038864 

9 P39 10 0 0,000520166 0,015000848 - 

10 P40 5 0 0,02299238 0,02300068 0,02299238 

11 P41 10 0 0,000149582 0,099873349 0,1(0) 

12 P42 30 0 0,002922475 0,005434292 0 

13 P43 10 0 -1 -0,843339871 -0,84334 

14 P45 10 0 1,4E-06 41,86057 8,2334401 

15 P46 10 0 -87,06859302 -86,82681897 - 

16 P47 20 0 - 0.822366068 -  - 0,65789 

17 P53 18 0 9,17984718 9,21818213 - 

18 P62 10 0 -30491,15791 -11131,04786 - 

19 P68 20 0 -32,346407 -28,2758 - 

20 P74 20 0 -43,53286 -33,91731 - 

21 PC9 9 13 -0,877912564 -0,671391496 -0,866025404 

22 PC17 5 3 -5675,620079 -2642,715188 - 

23 PC21 14 15 0,0311596 0,057406 - 

24 PC29 9 2 -28,78870202 -15,02661779 - 

25 PC39 7 27 -0,74916161 -0,72963788 -0,749137 

26 PC49 6 6 -13,40190356 -12,5079 - 

27 PC50 7 14 -1772,802 -1766,37 (f6>0) - 

28 PC51 6 2 -316,69538 -311,0099891 -316,27 

29 PC55 16 21 156,2196293 - 174,788 

30 PC56 15 2 -25,24210863 -16,6359 - 

31 PC57 4 7 0,341739553 1,911072271 - 

32 PC59 10 6 0,97888325 1,55509795 1,1437 

33 PC72 4 3 23,85531631 29,8943782 29,8943782 

34 PC76 10 8 -8637,427724 -8338,945239 (g>0) - 

35 PC78 8 6 -1,00905 - -0,0202 
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ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʟʚʝʩʪʥʳʤʠ ʪʝʩʪʦʚʳʤʠ ʟʘʜʘʯʘʤʠ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʚʝʨʷʶʪʩʷ 

ʚʩʝ ʥʦʚʳʝ ʤʝʪʦʜʳ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ Risk Solver, ʢʦʪʦʨʳʡ 

ʨʝʘʣʠʟʫʝʪ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʛʣʦʙʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ: ʤʫʣʴʪʠʩʪʘʨʪ, ʠʥʪʝʨʚʘʣʴʥʳʡ ʘʥʘʣʠʟ, 

ʤʝʪʦʜʳ ʨʘʟʚʝʪʚʣʝʥʠʡ ʠ ʛʨʘʥʠʮ, ʛʝʥʝʪʠʯʝʩʢʠʝ ʠ ʵʚʦʣʶʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʪʘʙʫ ʠ ʤʝʪʦʜ ʨʘʩʩʝʷʥʠʷ. 
ʇʦʢʘʟʘʥʳ ʪʘʢʞʝ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʘʡʜʝʥʥʳʝ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. ɼʣʷ ʚʩʝʭ ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʜʘʯ 

ʣʫʯʰʠʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ PDEQR. ʇʦʩʪʘʥʦʚʢʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʯ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 1, ʜʘʥʳ ʚ 

ʨʘʙʦʪʝ [9].  

ɺʳʚʦʜʳ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʢʣʘʩʩʦʚ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʷʤʦ-ʜʚʦʡʩʪʚʝʥʥʳʡ ʤʝʪʦʜ 
ʪʦʯʥʦʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʨʝʛʫʣʷʨʠʟʘʮʠʠ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ 

ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʘʜʘʯʠ ʢ ʦʜʥʦʵʢʩʪʨʝʤʘʣʴʥʳʤ. ɼʣʷ ʨʝʰʝʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʟʘʜʘʯ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ PDIPM ʠ ʤʝʪʦʜ ʜʠʭʦʪʦʤʠʠ. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʯʠʩʣʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʦʚʦʛʦ ʤʝʪʦʜʘ. 
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ʂɺɸɼʈɸʊʀʏʅɸʗ ʄʆɼɽʃʔ ʆʇʊʀʄʀɿɸʎʀʀ  

ʈɸʉʇʆʃʆɾɽʅʀʗ ɼɸʊʏʀʂʆɺ ɺ ʉɽʊʀ 

ɸ.ʀ. ʂʦʩʦʣʘʧ, ɸ.ʉ. ʇʝʨʝʪʷʪʴʢʦ 

 
ʋʢʨʘʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 

 

ɺʩʪʫʧʣʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʦʙʱʝʩʪʚʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ 
ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʙʦʨʘ ʜʘʥʥʳʭ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʙʦʨʘ ʜʘʥʥʳʭ 

ʷʚʣʷʶʪʩʷ ʜʘʪʯʠʢʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʝʪʠ ʜʘʥʥʳʤʠ. ʆʪ ʢʦʣʠʯʝʩʪʚʘ ʠ 

ʩʪʨʫʢʪʫʨʳ ʜʘʪʯʠʢʦʚ ʟʘʚʠʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʢʦʤʧʴʶʪʝʨ. 
ʉʫʱʝʩʪʚʫʶʪ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʫʞʝ ʠʤʝʶʪ ʢʘʢʦʝ-ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʜʘʪʯʠʢʦʚ ʩ ʟʘʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʠ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʴ ʵʪʫ ʩʪʨʫʢʪʫʨʫ ʥʦʚʳʤʠ ʜʘʪʯʠʢʘʤʠ. ɿʘʜʘʯʘ ʣʦʢʘʣʠʟʘʮʠʠ (ʨʘʩʧʦʣʦʞʝʥʠʷ) 

ʜʘʪʯʠʢʦʚ ʚ ʩʝʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʫʶ ʩʪʨʫʢʪʫʨʫ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 
ʧʦʣʥʦʩʪʴʶ ʦʭʚʘʪʳʚʘʪʴ ʟʘʜʘʥʥʳʡ ʦʙʲʝʢʪ [1,2,3]. ʇʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ ʟʘʜʘʯʘ 

ʩʪʘʥʦʚʠʪʩʷ ʩʣʦʞʥʦʡ ʠ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʝʝ ʨʝʰʝʥʠʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʇʫʩʪʴ ʠʤʝʝʤ ʛʨʘʬ G = (V,E) ʠ ʥʘʙʦʨ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʚʝʩʦʚ 
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{ } ),(  : Ejidij Í . ɺ ʟʘʜʘʯʝ ʣʦʢʘʣʠʟʘʮʠʠ ʜʘʪʯʠʢʦʚ ʚ ʩʝʪʠ ʚʝʨʰʠʥʳ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʘ 

ʧʦʜʤʥʦʞʝʩʪʚʘ: ʧʝʨʚʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ï ʤʥʦʞʝʩʪʚʦ ʟʘʢʨʝʧʣʝʥʥʳʭ ʚʝʨʰʠʥ, ʯʴʷ ʪʦʯʥʘʷ ʧʦʟʠʮʠʷ 

ʠʟʚʝʩʪʥʘ, ʚʪʦʨʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ï ʤʥʦʞʝʩʪʚʦ ʜʘʪʯʠʢʦʚ, ʯʴʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʝʠʟʚʝʩʪʥʦ. ʎʝʣʴʶ 
ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʧʦʟʠʮʠʶ ʚʩʝʭ ʥʦʚʳʭ ʜʘʪʯʠʢʦʚ.  

ʈʘʩʩʤʦʪʨʠʤ n-ʤʝʨʥʦʝ ʝʚʢʣʠʜʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ 
nR . ʇʫʩʪʴ ʠʤʝʝʤ m ʟʘʢʨʝʧʣʝʥʥʳʭ 

ʚʝʨʰʠʥ ʛʨʘʬʘ 
nm Raa Í  ..., ,1  ʠ k ʚʝʨʰʠʥ 

nk Rxx Í  ..., ,1 , ʯʴʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ. ʂ ʪʦʤʫ ʞʝ, ʥʘʤ ʠʟʚʝʩʪʥʳ p ʟʥʘʯʝʥʠʡ ʨʘʩʩʪʦʷʥʠʡ  
jid  
 ʤʝʞʜʫ  ia  ʠ 

jx  ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ  ji, , ʠ l ʟʥʘʯʝʥʠʡ  jid   ʤʝʞʜʫ ix  ʠ 
jx  ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʽ < j. ɿʘʜʘʯʘ ʣʦʢʘʣʠʟʘʮʠʠ 

ʜʘʪʯʠʢʦʚ ʚ ʩʝʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʠʩʢʝ ʪʘʢʠʭ 
nk Rxx Í  ..., ,1 , ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ 

2
2

i j

ji dxa =- , 
2

2

 i j

ji dxx =- .                                            (1) 

ʈʝʰʠʪʴ ʵʪʫ ʥʝʣʠʥʝʡʥʫʶ ʢʚʘʜʨʘʪʠʯʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (1) ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ, 

ʧʦʵʪʦʤʫ ʟʘʤʝʥʠʤ ʝʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʝʡ 

}||| || || |)| |(| |)| |(| |max{ 2222
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ji zdxa +- ¢
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ji zdxx +- ¢
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 ,                               (3) 

ʛʜʝ 
i jz  ï ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʜʘʥʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ i -ʪʦʡ ʚʝʨʰʠʥʦʡ ʠ j -ʪʳʤ ʜʘʪʯʠʢʦʤ 

( kjmiji ,..,1,,,1),,( ==" 2 ); 
i jz  ï ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʜʘʥʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ i -ʪʳʤ ʠ j -

ʪʳʤ ʜʘʪʯʠʢʘʤʠ ( kjkiji ,...,2,,,1, ==< 2 ). ɺʩʝ ʟʥʘʯʝʥʠʷ 
i jz , ʛʜʝ kjmi ,..,1,,,1 ==2 , 

ʬʦʨʤʠʨʫʶʪ ʚʝʢʪʦʨ z  ʨʘʟʤʝʨʥʦʩʪʠ p, ʛʜʝ p ï ʢʦʣʠʯʝʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ 
jid  
. ɺʩʝ 

ʟʥʘʯʝʥʠʷ 
i jz , ʛʜʝ kjkiji ,...,2,,,1, ==< 2 , ʬʦʨʤʠʨʫʶʪ ʚʝʢʪʦʨ z  ʨʘʟʤʝʨʥʦʩʪʠ l , ʛʜʝ l  ï 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʩʪʦʷʥʠʡ jid  . 

ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ (2) ï ʢʚʘʜʨʘʪʠʯʥʘʷ, ʘ ʜʦʧʫʩʪʠʤʘʷ ʦʙʣʘʩʪʴ (3) ʷʚʣʷʝʪʩʷ ʚʳʧʫʢʣʦʡ. 
ʆʯʝʚʠʜʥʦ, ʯʪʦ ʟʘʜʘʯʘ (2-3) ʚʩʝʛʜʘ ʠʤʝʝʪ ʨʝʰʝʥʠʝ. 

ʕʪʫ ʢʚʘʜʨʘʪʠʯʥʫʶ ʦʧʪʠʤʠʟʘʮʠʦʥʥʫʶ ʟʘʜʘʯʫ (3) ʧʨʝʦʙʨʘʟʫʝʤ ʢ ʟʘʜʘʯʝ ʧʦʣʫʦʧʨʝʜʝʣʝʥʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʠʩʧʦʣʴʟʫʝʤ ʧʦʣʫʦʧʨʝʜʝʣʝʥʥʫʶ ʨʝʣʘʢʩʘʮʠʶ ʜʣʷ ʝʝ ʨʝʰʝʥʠʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 
ʨʘʥʥʠʭ ʤʝʪʦʜʦʚ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʥʝʣʠʥʝʡʥʦʡ ʛʣʦʙʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦʣʫʦʧʨʝʜʝʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ï ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ [4]. ʇʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʟʘʜʘʯʫ ʧʦʣʫʦʧʨʝʜʝʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 
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 ʨʘʟʤʝʨʥʦʩʪʠ )()( lpklpk ++³++ . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʤʘʪʨʠʮʝ 
2A  ʚ j-ʪʦʤ ʩʪʦʣʙʮʝ ʵʣʝʤʝʥʪʳ ʨʘʚʥʳ ʢʦʤʧʦʥʝʥʪʘʤ ʚʝʢʪʦʨʘ 

ia , 

ʚʟʷʪʳʤ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʟʥʘʢʦʤ, ʠ ʵʣʝʤʝʥʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 
i jz  ʚ ʤʘʪʨʠʮʝ 

2X , ʨʘʚʝʥ 

5.0- . ɺʩʝ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ jA¡ ʨʘʚʥʳ ʥʫʣʶ, ʢʨʦʤʝ 1=j ja . 
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ʊʦʛʜʘ, ʫʯʠʪʳʚʘʷ (5) ʠ (7), ʠʤʝʝʤ 

ö
ö

÷

õ

æ
æ

ç

å

¡
=

i j

ʊij
AA

AA
A

2

21
 ʨʘʟʤʝʨʥʦʩʪʠ )()( lpknlpkn +++³+++ , 

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å-

=

000

000

002

1

2

64

2

2i jd

A  ʨʘʟʤʝʨʥʦʩʪʠ nn³ , 

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

=

000 0   0 

      0       

0  05.00   0 

                           

2

         

    

     -  

A

zi j

22

464464

22
 ʨʘʟʤʝʨʥʦʩʪʠ )( lpkn ++³ , 

öö
ö
ö
ö
ö
ö
ö
ö
ö

÷

õ

ææ
æ
æ
æ
æ
æ
æ
æ
æ

ç

å

=¡

0      0   0    0    0

 

0       1    0    1    0

0       0   0    0    0

0       1   0    1    0

 

0    0    0   0    0

                                

22

3

22

22

22

3

22

-

-

A

ji

i j

 ʨʘʟʤʝʨʥʦʩʪʠ )()( lpklpk ++³++ . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʤʘʪʨʠʮʝ 
2A  ʚʩʝ ʵʣʝʤʝʥʪʳ ʨʘʚʥʳ ʥʫʣʶ, ʢʨʦʤʝ ʵʣʝʤʝʥʪʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 
i jz  ʚ ʤʘʪʨʠʮʝ 

2X , ʢʦʪʦʨʳʡ ʨʘʚʝʥ 5.0- . ɺʩʝ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ jA¡ ʨʘʚʥʳ 

ʥʫʣʶ, ʢʨʦʤʝ 1== jjii aa , 1-== jiij aa . 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʦʛʨʘʥʠʯʝʥʠʡ 
i jA  ʙʫʜʝʪ p, ʘ ʢʦʣʠʯʝʩʪʚʦ ʦʛʨʘʥʠʯʝʥʠʡ i jA  

ʙʫʜʝʪ l. 
ʀʩʧʦʣʴʟʫʷ ʨʘʩʩʫʞʜʝʥʠʷ (6) ʠ (7), ʧʦʣʫʯʠʤ, ʯʪʦ ʤʘʪʨʠʮʘ C ʙʫʜʝʪ ʠʤʝʪʴ ʨʘʟʤʝʨʥʦʩʪʴ 
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 ʨʘʟʤʝʨʥʦʩʪʠ )( lpk +³ , 

ʊCʉ
1331=  ʨʘʟʤʝʨʥʦʩʪʠ nlp ³+)( , 

ʊCʉ
2 332=  ʨʘʟʤʝʨʥʦʩʪʠ klp ³+)( , 

Iʉ =33
, ʛʜʝ ɯ ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʥʦʩʪʠ )()( lplp +³+ . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʫ (4) ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ ʚ ʦʙʱʝʤ ʚʠʜʝ: 

{ } 0  ,0   min =XXAXC i ¢¶¶ .                                                 (8) 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (8) ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʥʘʭʦʞʜʝʥʠʷ ʚʝʨʭʥʠʭ ʠ ʥʠʞʥʠʭ ʦʮʝʥʦʢ 

[5].  
ʇʦʢʘʞʝʤ, ʯʪʦ ʥʘʡʜʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (8) ʙʫʜʝʪ ʜʦʧʫʩʪʠʤʳʤ ʜʣʷ ʟʘʜʘʯʠ (2-3). 

ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ  

0¢++ cxbAxx TT
 

ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʟʘʜʘʯʠ ʢʚʘʜʨʘʪʠʯʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʤʘʪʨʠʮʘ A ï ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʦʧʨʝʜʝʣʝʥʥʘʷ, X ï ʨʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʜʘʯʠ SDP ʠ xï ʧʝʨʚʘʷ ʩʪʨʦʢʘ ʤʘʪʨʠʮʳ X 

( ),1( xx= ), ʪʦʛʜʘ  

XAcxbAxx TT ¶¢++ ,                                                      (9) 
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ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʂʚʘʜʨʘʪʠʯʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ 
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ʊʝʧʝʨʴ ʜʦʩʪʘʪʦʯʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ 

XAxAxAxx TT ¶¢= 00
, 

ʛʜʝ ),1( xx= . 

ʇʨʝʜʩʪʘʚʠʤ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʫʶ ʤʘʪʨʠʮʫ X ʚ ʚʠʜʝ 

YxxX T+= ,                                                              (10) 

ʛʜʝ Y ï ʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʣʫʦʧʨʝʜʝʣʝʥʥʘʷ ʤʘʪʨʠʮʘ. ʊʦʛʜʘ (10) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 
T

ii

T yyxxX ä+= .                                                         (11) 

ʋʤʥʦʞʠʤ ʩʢʘʣʷʨʥʦ ʦʙʝ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (11) ʥʘ ʤʘʪʨʠʮʫ A, ʧʦʣʫʯʠʤ 
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T

ii

T yyAxxAXA ä ¶+¶=¶ 000 . 

ʊʘʢ ʢʘʢ ʤʘʪʨʠʮʘ A0 ï ʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʣʫʦʧʨʝʜʝʣʝʥʥʘʷ, ʪʦ 

ä ä ²=¶ 000 i

T

i

T

ii yAyyyA , 

ʥʦ ʪʦʛʜʘ 

AxxxAxxxAXA TTT ==¶²¶ 000
, 

ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ (9). ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 
ʀʟ ʪʝʦʨʝʤʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʜʘʯʠ SDP ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʜʦʧʫʩʪʠʤʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʥʠʞʥʶʶ ʦʮʝʥʢʫ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (2-3). ɿʥʘʯʝʥʠʝ 

ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʟʘʜʘʯʠ SDP ʜʘʩʪ ʚʝʨʭʥʶʶ ʦʮʝʥʢʫ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʟʘʜʘʯʠ (2-3). 
ɺʳʚʦʜʳ. ɿʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʘʪʯʠʢʦʚ ʚ ʩʝʪʠ ʩʚʝʜʝʥʘ ʢ ʟʘʜʘʯʠ 

ʧʦʣʫʦʧʨʝʜʝʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʣʫʦʧʨʝʜʝʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʣʫʦʧʨʝʜʝʣʝʥʥʳʡ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜ [6]. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ 
ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʣʠ ʥʠʞʥʶʶ ʠ ʚʝʨʭʥʶʶ ʦʮʝʥʢʫ ʟʥʘʯʝʥʠʡ ʮʝʣʝʚʦʡ 

ʬʫʥʢʮʠʠ. ʅʘʡʜʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʪʦʯʥʷʣʦʩʴ ʧʨʷʤʦ-ʜʚʦʡʩʪʚʝʥʥʳʤ ʤʝʪʦʜʦʤ ʚʥʫʪʨʝʥʥʝʡ ʪʦʯʢʠ ʜʣʷ 

ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ ʢʚʘʜʨʘʪʠʯʥʦʡ  ʦʧʪʠʤʠʟʘʮʠʠ. ɺʳʧʦʣʥʝʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʵʪʦʛʦ 
ʢʣʘʩʩʘ ʟʘʜʘʯ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ. 
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ɸ.ʀ. ʂʦʩʦʣʘʧ, ɸ.ʉ. ʈʦʤʘʥʯʫʢ 

 

ʋʢʨʘʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ 
 

ʄʥʦʛʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ 

ʤʥʦʛʦɻ ʢʩʪʨʝʤʘʣʴʥʳʤʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʧʦʢʘ ʥʝ ʨʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ 
ʧʦʠʩʢʘ ʛʣʦʙʘʣʴʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ. ʉʫʱʝʩʪʚʫʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ 2n ʠʣʠ 

n! ʠʣʠ ʙʦʣʴʰʝ ʣʦʢʘʣʴʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ. ʂ ʵʪʦʤʫ ʢʣʘʩʩʫ ʦʪʥʦʩʠʪʩʷ, ʥʘʧʨʠʤʝʨ, ʟʘʜʘʯʘ ʨʘʚʥʦʚʝʩʠʷ 

ʩʠʩʪʝʤʳ ʘʪʦʤʦʚ ʠʣʠ ʟʘʜʘʯʠ ʫʧʘʢʦʚʢʠ ʰʘʨʦʚ. ʃʦʢʘʣʴʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʙʫʜʫʪ 
çʟʘʩʪʨʝʚʘʪʴè ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 

ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʩʣʫʯʘʡʥʳʡ ʧʦʠʩʢ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ 

(ʛʝʥʝʪʠʯʝʩʢʠʝ, ʵʚʦʣʶʮʠʦʥʥʳʝ ʠ ʜʨ. ʘʣʛʦʨʠʪʤʳ) ʠʥʦʛʜʘ ʧʦʟʚʦʣʷʶʪ ʥʘʭʦʜʠʪʴ ʦʧʪʠʤʘʣʥɹʳʝ 
ʨʝʰʝʥʠʷ, ʥʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʘʢʠʝ ʨʝʰʝʥʠʷ ʜʘʣʝʢʠ ʦʪ ʦʧʪʠʤʘʣʴʥʳʭ [1]. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʰʝʥʠʷ ʤʥʦʛʠʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʯ. ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ 

ʪʨʝʙʫʶʪ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʷ ʜʘʞʝ ʧʨʠ 
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ʨʝh ʝʥʠʠ ʟʘʜʘʯ ʤʘʣʦʡ ʨʘʟʤʝʨʥʦʩʪʠ [2]. ɼʨʫʛʠʝ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʶʪ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʜʦʧʫʩʪʠʤʦʡ 

ʦʙʣʘʩʪʠ, ʤʘʣʦʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʟʘʜʘʯ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʅʝʦʙʭʦʜʠʤʳ ʥʦʚʳʝ ʠʜʝʠ ʜʣʷ 

ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʘʜʘʯ. 

ɿʘʜʘʯʘ ʤʘʢʩʠʤʠʟʘʮʠʠ ʝʚʢʣʠʜʦʚʦʡ ʥʦʨʤʳ ʥʘ ʚʳʧʫʢʣʦʤ ʤʥʦʞʝʩʪʚʝ ʚʦʟʥʠʢʘʝʪ ʧʨʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʯʥʦʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʰʠʨʦʢʦʤʫ ʢʣʘʩʩʫ 

ʤʥʦʛʦɻ ʢʩʪʨʝʤʘʣʴʥʳʭ ʟʘʜʘʯ [3]. ʂʘʞʜʦʝ ʚʳʧʫʢʣʦʝ ʤʥʦʞʝʩʪʚʦ ʩ ʣʶʙʦʡ ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʦʡ 

ʪʦʯʥʦʩʪʴʶ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʤʥʦʛʦʛʨʘʥʥʠʢʦʤ. ʇʦʵʪʦʤʫ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ 
ʤʥʦʛʦʛʨʘʥʥʠʢʘ ʙʫʜʫʪ ʩʧʨʘʚʝʜʣʠʚʳ ʠ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʳʧʫʢʣʦʛʦ ʤʥʦʞʝʩʪʚʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ 

},0,|||max{|| 2 nExxbAxx Í²= ,                           (1) 

ʛʜʝ ||.|| - ʝʚʢʣʠʜʦʚʘ ʥʦʨʤʘ ʚʝʢʪʦʨʘ, A ï ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʘ )( nm³ , b ï ʚʝʢʪʦʨ ʨʘʟʤʝʨʥʦʩʪʠ m, x ï 

ʚʝʢʪʦʨ ʨʘʟʤʝʨʥʦʩʪʠ n, 
nE - ʝʚʢʣʠʜʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɽʩʣʠ m = 1, ʪʦ ʤʥʦʛʦʛʨʘʥʥʠʢ ʟʘʜʘʯʠ (1) 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʠʤʧʣʝʢʩ 

},0,|||max{|| 2 nT Exxbxax Í²= ,  (2) 

ʛʜʝ a > 0. ɼʘʞʝ ʚ ʵʪʦʤ ʧʨʦʩʪʦʤ ʩʣʫʯʘʝ, ʟʘʜʘʯʘ (2) ʙʫʜʝʪ ʠʤʝʪʴ n ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʦʚ. ɽʩʣʠ 

ʜʦʧʫʩʪʠʤʳʤ ʤʥʦʞʝʩʪʚʦʤ ʟʘʜʘʯʠ (1) ʙʫʜʝʪ ʛʠʧʝʨʢʫʙ, ʪʦ ʦʥʘ ʤʦʞʝʪ ʠʤʝʪʴ 2n ʣʦʢʘʣʴʥʳʭ 
ʤʘʢʩʠʤʫʤʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʦʯʢʘʤʠ ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʟʘʜʘʯʠ (1) ʷʚʣʷʶʪʩʷ ʚʝʨʰʠʥʳ 

ʤʥʦʛʦʛʨʘʥʥʠʢʘ, ʦʜʥʘʢʦ ʧʝʨʝʙʦʨ ʚʩʝʭ ʚʝʨʰʠʥ ʤʥʦʛʦʛʨʘʥʥʠʢʘ ʥʝʚʦʟʤʦʞʝʥ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1) ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ 
ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʦʚ. ʉʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ (1) ʥʘ ʦʪʨʝʟʢʝ 

},10,)1(|||max{|| 212 nExxxxx Í¢¢+-= aaa ,   (3) 

ʛʜʝ ʪʦʯʢʠ 
21,xx ʦʧʨʝʜʝʣʷʶʪ ʦʪʨʝʟʦʢ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʟʘʜʘʯʘ (3) ʤʦʞʝʪ ʠʤʝʪʴ ʜʚʘ ʣʦʢʘʣʴʥʳʭ 

ʤʘʢʩʠʤʫʤʘ ʥʘ ʢʦʥʮʘʭ ʦʪʨʝʟʢʘ. ʉʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ. 

ʃʝʤʤʘ 1. ɿʘʜʘʯʘ (3) ʦʜʥʦʵʢʩʪʨʝʤʘʣʴʥʘʷ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʨʝʰʝʥʠʝ 

ʦʜʥʦɻ ʢʩʪʨʝʤʘʣʴʥʦʡ ʟʘʜʘʯʠ 

},)1(|||min{|| 212 nExxxxx Í+-= aa    (4) 

ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʠʥʪʝʨʚʘʣʫ )1,0(Îa . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʣʝʤʤʳ 1 ʩʣʝʜʫʝʪ ʠʟ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʬʫʥʢʮʠʷ 
2| || |x ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ 

ʪʦʯʢʠ ʤʠʥʠʤʫʤʘ ʟʘʜʘʯʠ (4) ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʦʪʨʝʟʦʢ [
21,xx ] ʥʝ 

ʩʦʜʝʨʞʠʪ ʪʦʯʢʫ ʤʠʥʠʤʫʤʘ ʟʘʜʘʯʠ (4), ʪʦ ʥʘ ʵʪʦʤ ʦʪʨʝʟʢʝ ʬʫʥʢʮʠʷ  
2|||| x  ʤʦʥʦʪʦʥʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʠ ʝʝ ʤʘʢʩʠʤʫʤ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʦʜʥʦʤ ʢʦʥʮʝ ʦʪʨʝʟʢʘ. ɽʩʣʠ ʞʝ ʠʥʪʝʨʚʘʣ (
21,xx ) 

ʩʦʜʝʨʞʠʪ ʪʦʯʢʫ ʤʠʥʠʤʫʤʘ ʟʘʜʘʯʠ (4), ʪʦ ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ 
2| || |x  ʙʫʜʝʪ ʜʚʘ, ʥʘ 

ʢʘʞʜʦʤ ʢʦʥʮʝ ʦʪʨʝʟʢʘ. 

ʇʫʩʪʴ ʟʘʜʘʯʘ (3) ʠʤʝʝʪ ʜʚʘ ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʘ. ʇʦʢʘʞʝʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʟʘʜʘʯʘ (3) ʙʫʜʝʪ ʠʤʝʪʴ ʪʦʣʴʢʦ ʦʜʠʥ 

ʣʦʢʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ. ʃʝʛʢʦ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (4)  
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ʇʨʝʦʙʨʘʟʫʝʤ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʧʦʩʨʝʜʩʪʚʦʤ ʩʜʚʠʛʘ z = x + h ʠ ʠʩʧʦʣʴʟʫʝʤ ʪʦʯʥʫʶ 
ʢʚʘʜʨʘʪʠʯʥʫʶ ʨʝʛʫʣʷʨʠʟʘʮʠʶ [3]. ʊʦʛʜʘ ʟʘʜʘʯʘ (3) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ 

}10),())(1(,||||2|||||||max{|| 21222 ¢¢-+--=¢+-- aaa hxhxxdxhxx , (5) 

ʛʜʝ d ï ʥʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʘ ʨʘʟʤʝʨʥʦʩʪʴ ʚʝʢʪʦʨʘ x ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʝʜʠʥʠʮʫ. ʃʝʛʢʦ ʧʦʢʘʟʘʪʴ, 

ʯʪʦ ʪʦʯʢʠ ʦʪʨʝʟʢʘ ],[ 21 hxhx --  ʙʫʜʫʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʝʨʚʦʤʫ ʦʛʨʘʥʠʯʝʥʠʶ ʟʘʜʘʯʠ (5). 

ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʝ ʦʜʥʦʵʢʩʪʨʝʤʘʣʴʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ  

)}())(1(|||min{|| 212 hxhxxx -+--= aa , 

ʨʝʰʝʥʠʝʤ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʟʥʘʯʝʥʠʝ 
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ʛʜʝ e = (1,é,1). ɽʩʣʠ 0)( 12 ¸-xxeT
, ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʝ h > 0 ʧʨʠ ʢʦʪʦʨʦʤ )1,0(Îha . ʕʪʦ 

ʟʥʘʯʝʥʠʝ h ʥʘʭʦʜʠʤ ʠʟ ʫʩʣʦʚʠʡ  

,0)(
| || |

)()( 12

212

121
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-
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xx
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xxhex T
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ɼʦʩʪʘʪʦʯʥʦ ʚʳʙʨʘʪʴ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ h ʠʟ ʨʝʰʝʥʠʡ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ. ɼʣʷ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ h 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʟʘʜʘʯʘ (3) ʙʫʜʝʪ ʦʜʥʦʵʢʩʪʨʝʤʘʣʴʥʦʡ. ʋʩʣʦʚʠʝ 0)( 12 =-xxeT
 ʣʝʛʢʦ ʫʩʪʨʘʥʷʝʤ 

ʣʠʥʝʡʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ. ʅʘʧʨʠʤʝʨ, z = cx, ʛʜʝ ʥʝ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ c ʩʦʚʧʘʜʘʶʪ. 

ɺʝʨʥʝʤʩʷ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ (2). ɽʩʣʠ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ a ʨʘʚʥʳ, ʪʦ ʵʪʘ ʟʘʜʘʯʘ 

ʠʤʝʝʪ n ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʦʚ, ʥʦ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ 
2| || |x  ʚ ʥʠʭ ʩʦʚʧʘʜʘʶʪ. ʇʦʵʪʦʤʫ ʙʫʜʝʤ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʝ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ  a ʩʦʚʧʘʜʘʶʪ. ʉʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ 

ʫʪʚʝʨʞʜʝʥʠʝ. 
ʊʝʦʨʝʤʘ 1. ʉʫʰʝʩʪʚʫʝʪ ʪʘʢʦʝ h > 0, ʯʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ z = x + h ʧʨʝʦʙʨʘʟʫʝʪ ʟʘʜʘʯʫ 

(2) ʢ ʦʜʥʦʵʢʩʪʨʝʤʘʣʴʥʦʡ. 

ʆʜʥʦʵʢʩʪʨʝʤʘʣʴʥʦʩʪʴ ʟʘʜʘʯʠ (2) ʟʘʚʠʩʠʪ ʦʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ  

},)(|||min{|| 2 hxbhxax T ²=- .   (6) 

ɽʝ ʨʝʰʝʥʠʝʤ ʥʘʭʦʜʠʤ ʤʝʪʦʜʦʤ ʤʥʦʞʠʪʝʣʝʡ ʃʘʛʨʘʥʞʘ (ʥʝ ʫʯʠʪʳʚʘʷ ʥʝʨʘʚʝʥʩʪʚʦ hx² ). ʀʤʝʝʤ 

2| || |

)(
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aehab
x

T+
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ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 
mina - ʤʠʥʠʤʘʣʴʥʫʶ ʢʦʤʧʦʥʝʥʪʫ ʚʝʢʪʦʨʘ a ʠ ʨʝʰʠʤ ʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ 

h
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aehab T

=
+
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min

| || |

)(
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ʀʤʝʝʤ 

.
| || | min

2

min

eaaa

ba
h

T-
=  

ʈʘʚʝʥʩʪʚʦ ʥʫʣʶ ʟʥʘʤʝʥʘʪʝʣʷ ʠʩʢʣʶʯʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʥʝ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ a ʥʝ ʩʦʚʧʘʜʘʁ ʪ. 

ʇʨʠ ʥʘʡʜʝʥʥʦʤ ʟʥʘʯʝʥʠʠ h, ʪʦʯʢʘ ʤʠʥʠʤʫʤʘ ʟʘʜʘʯʠ (6) ʣʝʞʠʪ ʥʘ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ hx²  ʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʝʤʤʦʡ 1 ʟʘʜʘʯʘ (2) ʙʫʜʝʪ ʦʜʥʦʵʢʩʪʨʝʤʘʣʴʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʪʚʝʨʞʜʝʥʠʝ 

ʪʝʦʨʝʤʳ 1 ʩʧʨʘʚʝʜʣʠʚʦ. 
ʈʘʩʩʤʦʪʨʠʤ ʦʙʱʠʡ ʩʣʫʯʘʡ ʟʘʜʘʯʠ (1). ʈʝʰʝʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʚʳʧʫʢʣʦʡ ʟʘʜʘʯʠ 

},|||min{|| 2 nExbAxx Í=     (7) 

ʥʘʭʦʜʠʤ ʤʝʪʦʜʦʤ ʤʥʦʞʠʪʝʣʝʡ ʃʘʛʨʘʥʞʘ 

AbAAAx TT 1)( -= . 

ʇʨʠ ʩʤʝʱʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ z = x + h ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (7) ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ 

)()( 1 AehbAAAAx TT += -
. 

ʊʝʧʝʨʴ ʜʣʷ ʫʩʣʦʚʠʷ 0²x ʚ ʤʘʪʨʠʮʝ A ʥʝʦʙʭʦʜʠʤʦ ʦʙʥʫʣʠʪʴ n ï 1 ʩʪʨʦʢʫ ʠ n ï 1 ʩʪʦʣʙʝʮ. 

ʆʙʦʟʥʘʯʠʤ ʪʘʢʫʶ ʤʘʪʨʠʮʫ ʯʝʨʝʟ 
0A . ʕʪʘ ʤʘʪʨʠʮʘ ʦʧʨʝʜʝʣʷʝʪ ʨʝʙʨʦ ʤʥʦʛʦʛʨʘʥʥʠʢʘ ʟʘʜʘʯʠ (1). 

ʊʦʛʜʘ ʟʘʜʘʯʘ (1) ʙʫʜʝʪ ʦʜʥʦʵʢʩʪʨʝʤʘʣʴʥʘʷ, ʝʩʣʠ ʫʨʘʚʥʝʥʠʝ  

hehAbAAAA TT =+- )()( 00

1

000
 



221 

ʠʤʝʝʪ ʨʝʰʝʥʠʝ ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʤʘʪʨʠʮ 
0A . ʉʨʝʜʠ ʚʩʝʭ ʨʝʰʝʥʠʡ ʚʳʙʠʨʘʝʤ ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ h. ɽʩʣʠ ¤=h , ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʝʱʝ ʦʜʥʦ ʣʠʥʝʡʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. 
ɺʳʚʦʜʳ. ɿʘʜʘʯʘ ʤʘʢʩʠʤʫʤʘ ʥʦʨʤʳ ʚʝʢʪʦʨʘ ʥʘ ʤʥʦʛʦʛʨʘʥʥʠʢʝ ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʦʡ, ʥʦ ʧʨʦʩʪʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʥʘ ʩʚʦʜʠʪʩʷ ʢ 

ʦʜʥʦʵʢʩʪʨʝʤʘʣʴʥʦʡ. ɼʣʷ ʦʜʥʦʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʘʜʘʯ ʣʫʯʰʠʤ ʷʚʣʷʝʪʩʷ ʧʨʷʤʦ-ʜʚʦʡʩʪʚʝʥʥʳʡ ʤʝʪʦʜ 
ʚʥʫʪʨʝʥʥʝʡ ʪʦʯʢʠ [4]. ʈʘʩʩʤʦʪʨʝʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʠ ʚ 

ʙʦʣʝʝ ʦʙʱʠʭ ʩʣʫʯʘʷʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʳʧʫʢʣʳʭ ʢʚʘʜʨʘʪʠʯʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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2. Horst R. Global Optimization: Deterministic Approaches /R. Horst,  H. Tuy. ï  3rd ed., 

Berlin: SpringerïVerlag, 1996. ï 727 p. 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ɻɽʅɽʊʀʏʅʀʍ ɸʃɻʆʈʀʊʄɯɺ ʑʆɼʆ ʈʆɿɺ'ʗɿɸʅʅʗ ɿɸɼɸʏ 

ɼʀʉʂʈɽʊʅʆɰ ʆʇʊʀʄɯɿɸʎɯɰ  

ʂʆʈʆɼʋʖʏʀʍ ʐɸʈʅɯʈʅʆ-ʉʊɽʈɾʅɽɺʀʍ ʉʀʉʊɽʄ 

ʈ.ɺ. ʂʦʩʪʨʫʙ 

 
ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ 

 

ʈʫʡʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ 
ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʟʦʢʨʝʤʘ ʭʽʤʽʯʥʦʾ ʛʘʣʫʟʽ, ʤʦʞʝ ʧʨʠʟʚʝʩʪʠʜʦ ʟʥʘʯʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʚʪʨʘʪ. ʆʜʥʽʻʶ ʟ 

ʧʨʠʯʠʥ ʨʫʡʥʫʚʘʥʥʷ ʻ ʚʧʣʠʚ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʽ ʷʢ ʨʝʟʫʣʴʪʘʪ, ʢʦʨʦʟʽʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʤʝʪʘʣʫ. ʇʦʧʝʨʝʜʠʪʠ ʮʝ ʤʦʞʣʠʚʦ ʟʙʽʣʴʰʠʚʰʠ ʪʦʚʱʠʥʫ ʤʝʪʘʣʫ ʟ ʷʢʦʛʦ ʩʢʣʘʜʘʻʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʷ. 
ʎʝ ʟʤʝʥʰʠʪʴ ʨʠʟʠʢ ʧʝʨʝʜʯʘʩʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʘʣʝ ʤʦʞʝ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʠ ʾʾ ʚʘʨʪʽʩʪʴ 

ʪʘ ʚʘʛʫ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʩʧʦʩʽʙ ʩʪʚʦʨʠʪʠ ʪʘʢʫ ʢʦʥʩʪʨʫʢʮʽʶ, ʷʢʘ ʙʫʜʝ 

ʟʙʝʨʽʛʘʪʠ ʩʚʦʾ ʥʝʩʫʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʪʷʛʦʤ ʩʪʨʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺ ʮʽʡ ʩʪʘʪʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ 
ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʨʦʜʫʶʯʠʭ ʰʘʨʥʽʨʥʦ-ʩʪʝʨʞʥʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʐʉʂ) 

ʪʘ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʝʪʦʜʠ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ. 

ɯʩʥʫʻ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʽʜʭʦʜʠ. 
ɹʘʛʘʪʦ ʟ ʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʦʛʣʷʜ ʪʘʢʠʭ ʧʨʘʮʴ ʥʘʚʝʜʝʥʦ 

ʚ ʨʦʙʦʪʽ [1]. ɸʣʝ ʚʦʥʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʣʠʰʝ ʟʘ ʜʝʷʢʠʭ ʫʤʦʚ: ʽʩʥʫʚʘʥʥʷ ʬʫʥʢʮʽʾ ʮʽʣʽ ʚ 

ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ, ʥʝʧʝʨʝʨʚʥʘ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽʩʪʴ ʮʽʻʾ ʬʫʥʢʮʽʾ ʪʘ ʛʣʘʜʢʽʩʪʴ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ. 
ʊʘʢ ʷʢ ʮʽ ʫʤʦʚʠ ʚʠʢʦʥʫʶʪʴʩʷ ʥʝ ʟʘʚʞʜʠ ʜʦʮʽʣʴʥʠʤ ʚʚʘʞʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ 

ʧʦʟʙʘʚʣʝʥʽ ʮʠʭ ʥʝʜʦʣʽʢʽʚ, ʘ ʩʘʤʝ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ɯʜʝʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʟʘʜʘʯʘʭ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʝ ʥʦʚʘ, ʦʛʣʷʜ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʟʘʩʪʦʩʫʚʘʥʴ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʨʦʙʦʪʽ 
[2]. ɿ ʥʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʨʦʙʦʪʫ [3],ʚ ʷʢʽʡ ʚʧʝʨʰʝ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʩʘʤʝ 

ʜʣʷ ʜʠʩʢʨʝʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡ. ʊʘʢʦʞ, ʚ ʦʛʣʷʜʽ [2] ʟʛʘʜʘʥʦ ʨʦʙʦʪʠ, ʚ ʷʢʠʭ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ  ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʟʦʢʨʝʤʘ, ʰʣʷʭʦʤ ʚʘʨʽʶʚʘʥʥʷ ʚʽʨʦʛʽʜʥʦʩʪʽ 
ʤʫʪʘʮʽʾ [4] ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʪʦʨʫ ʢʨʦʩʩʦʚʝʨʫ[5]. 

ʆʜʥʠʤ ʟ ʥʝʜʦʣʽʢʽʚ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʨʦʙʽʪ ʻ ʪʝ, ʱʦ ʚ ʥʠʭ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʧʣʠʚ 

ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 
ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ ʪʘʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʝʤʦʞʣʠʚʝ. 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʝʜʦʩʪʘʪʥʴʦ ʧʨʦʩʪʦ ʟʙʽʣʴʰʠʪʠ ʪʦʚʱʠʥʫ 

ʤʝʪʘʣʫ ʥʘ ʚʝʣʠʯʠʥʫ ʨʽʚʥʫ ʜʦʙʫʪʢʫ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʨʦʟʽʾ ʟʘ ʨʽʢ ʪʘ ʟʘʧʣʘʥʦʚʘʥʦʛʦ ʩʪʨʦʢʫ 
ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʘʜʞʝ ʥʝ ʙʫʜʝ ʚʨʘʭʦʚʘʥʠʡ ʚʧʣʠʚ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʥʘ ʰʚʠʜʢʽʩʪʴ 

ʧʨʦʪʽʢʘʥʥʷ ʢʦʨʦʟʽʾ. ɺ ʨʦʙʦʪʽ ɺ.ʄ. ɼʦʣʠʥʩʢʦʛʦ[6] ʦʪʨʠʤʘʥʦ ʤʦʜʝʣʴ ʚ ʷʢʽʡ ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ 

ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʫʞʝʥʥʷ. ɸ ʚ ʨʦʙʦʪʽ ɼ. ɻ. ɿʝʣʝʥʮʦʚʘ [7] ʦʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ 
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ʮʽʻʾ ʤʦʜʝʣʽ ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʝʣʝʤʝʥʪʘ ʜʦʚʽʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʜʣʷ ʚʠʧʘʜʢʫ 

ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʟʘʜʘʯʘ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ [8]: ʜʘʥʦ ʬʫʥʢʮʽʷ ʮʽʣʽ 

),,()( 1 nxxfxf 2= ʪʘ ʬʫʥʢʮʽʾ ʦʙʤʝʞʝʥʴ ;,,1,0)(;,,1,0)( pmjxgmjxg jj 22 +=¢== ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʤʥʦʞʠʥʫ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʚôʷʟʢʽʚ X.ʇʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʤʽʥʽʤʫʤ ʬʫʥʢʮʽʾ ʮʽʣʽ ʥʘ ʤʥʦʞʠʥʽ 

X, ʪʦʙʪʦ ʪʘʢʫ ʪʦʯʢʫ Xx Í* , ʱʦ:  
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ɺ ʷʢʦʩʪʽ ʬʫʥʢʮʽʾ ʮʽʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʙôʻʤ ʦʪʨʠʤʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ (2).  

ä
=

­Ö=
N

i

ii LxAxV
1

min)()(  
(2) 

ʜʝx  ï ʚʝʢʪʦʨ ʚʘʨʽʡʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ,N ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʚ ʐʉʂ, 
ii LA , ï ʧʣʦʱʘ ʪʘ ʜʦʚʞʠʥʘ 

i-ʛʦ ʩʪʝʨʞʥʷ. 

ɺ ʷʢʦʩʪʽ ʦʙʤʝʞʝʥʴ ʚʠʩʪʫʧʘʶʪʴ ʥʘʩʪʫʧʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ:  
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(3) 

ʜʝ Kï ʢʽʣʴʢʽʩʪʴ ʚʘʨʽʡʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, J  ï ʤʥʦʞʠʥʘ ʩʪʝʨʞʥʽʚ ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʩʪʠʩʥʝʥʥʷ, 

[]sss ,, ji
ï ʥʘʧʨʫʞʝʥʥʷ, ʢʨʠʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ, ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʞʝʥʥʷ,
*t  ï ʟʘʜʘʥʠʡ ʩʪʨʦʢ ʩʣʫʞʙʠ.  

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʡ ʦʙʤʝʞʝʥʴ ʚʠʢʦʨʠʩʪʘʻʤʦ ʤʦʜʝʣʴ ʧʦʚʝʜʽʥʢʠ ʢʦʨʦʜʫʶʯʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ: 
1) ʉʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʤʝʪʦʜʘ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ) (4): 
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ʜʝ se,,,uR  ï ʚʝʢʪʦʨʠ ʥʘʚʘʥʪʘʞʝʥʴ, ʧʝʨʝʤʽʱʝʥʴ, ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʥʘʧʨʫʞʝʥʴ. 

2) ʉʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ (ɼʈ), ʱʦ ʦʧʠʩʫʻ ʢʦʨʦʟʽʡʥʠʡ ʧʨʦʮʝʩ:  
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(5) 

 

(6) 

ʜʝ d ï ʛʣʠʙʠʥʘ ʢʦʨʦʟʽʡʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ, t  ïʯʘʩ, 0V  ïh ʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʧʨʫʞʝʥʥʷ, s ï ʘʙʩʦʣʶʪʥʘ ʚʝʣʠʯʠʥʘ ʥʘʧʨʫʛʠ, yï ʜʝʷʢʘ ʚʽʜʦʤʘ ʬʫʥʢʮʽʷ. 

ɺʠʨʘʟ (5) ï ʮʝ ʤʦʜʝʣʴ ʢʦʨʦʟʽʡʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʘ ʦʪʨʠʤʘʥʘ ɺ.ʄ.ɼʦʣʠʥʩʴʢʠʤ ʚ ʨʦʙʦʪʽ [6], ʚ 

ʥʽʡ ʧʘʨʘʤʝʪʨ ʧʦʰʢʦʜʞʝʥʥʷ ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʞʝʥʥʷ. ʈʦʟʚôʷʟʘʪʠ ʩʠʩʪʝʤʫ 

ʨʽʚʥʷʥʴ (5) ʤʦʞʥʘ ʪʽʣʴʢʠ ʯʠʩʝʣʴʥʦ, ʥʘʧʨʠʢʣʘʜ ʤʝʪʦʜʦʤ ɽʡʣʝʨʘ (6). ʆʪʨʠʤʘʥʥʷ ʨʦʟʚôʷʟʢʫ ʪʘʢʦʾ 
ʩʠʩʪʝʤʠ ʟʚôʷʟʘʥʝ ʟʽ ʟʥʘʯʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʟʘʪʨʘʪʘʤʠ, ʪʦʤʫ ʚ ʷʢʦʩʪʽ ʥʘʙʣʠʞʝʥʦʛʦ ʟʥʘʯʝʥʥʷ 
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ʯʘʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʥʘʣʽʪʠʯʥʘ ʬʦʨʤʫʣʘ (7) ʚ ʷʢʽʡ ʥʝ ʧʨʠʡʤʘʻʪʴʩʷ ʜʦ ʫʚʘʛʠ 

ʟʤʽʥʘ ʟʫʩʠʣʴ ʚ ʢʦʥʩʪʨʫʢʮʽʾ:  
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ʜʝ 
0P  ï ʧʝʨʠʤʝʪʨ ʧʝʨʝʨʽʟʫ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, Qï ʚʝʣʠʯʠʥʘ ʦʩʴʦʚʦʛʦ ʟʫʩʠʣʣʷ, 
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t
d
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a ï ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ ʧʝʨʝʨʽʟʫ. 

ʊʘʢ ʷʢ ʬʫʥʢʮʽʷ ʮʽʣʽ ʥʝ ʟʘʜʘʥʘ ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʤʠ ʥʝ ʤʦʞʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʛʨʘʜʽʻʥʪʥʽ ʤʝʪʦʜʠ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʏʝʨʝʟ ʮʝ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʛʝʥʝʪʠʯʥʠʡ 
ʘʣʛʦʨʠʪʤ (ɻɸ)ï ʝʚʦʣʶʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʭʘʥʽʮʽ ʧʨʠʨʦʜʥʦʛʦ ʚʽʜʙʦʨʫ ʷʢʘ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʛʝʥʝʪʠʮʽ. ɺʦʥʠ ʢʦʤʙʽʥʫʶʪʴ ʚ ʩʦʙʽ ʧʨʠʥʮʠʧ ʚʠʞʠʚʘʥʥʷ ʥʘʡʧʨʠʩʪʦʩʦʚʘʥʽʰʦʛʦ ʪʘ 
ʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʘʣʝ ʚ ʪʦʡ ʯʘʩ ʚʠʧʘʜʢʦʚʦʛʦ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ. ʂʦʞʥʘ ʦʩʦʙʠʥʘ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʤʦʞʣʠʚʠʡ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʢʦʜʦʚʘʥʠʡ ʧʝʚʥʠʤ ʯʠʥʦʤ. ɺ ʢʦʞʥʦʤʫ ʧʦʢʦʣʽʥʥʽ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʥʘʙʦʨʫ ʦʩʦʙʠʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʘʩʪʠʥʠ ʥʘʡʢʨʘʱʠʭ ʦʩʦʙʠʥ ʟ ʩʪʘʨʦʛʦ 
ʧʦʢʦʣʽʥʥʷ. ɼʣʷ ʦʮʽʥʢʠ ʦʩʦʙʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢ ʟʚʘʥʘ ʬʽʪʥʝʩ-ʬʫʥʢʮʽʷ ʷʢʘ ʻ ʥʘʰʦʶ 

ʬʫʥʢʮʽʻʶ ʮʽʣʽ. ɻʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʘʥʽ ʧʨʦ ʤʠʥʫʣʽ ʧʦʢʦʣʽʥʥʷ, ʱʦʙ ʦʪʨʠʤʘʪʠ 

ʥʦʚʽ ʪʦʯʢʠ ʜʣʷ ʧʦʰʫʢʫ, ʚ ʷʢʠʭ ʦʯʽʢʫʶʪʴʩʷ ʧʦʢʨʘʱʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ [9]. 
ɻʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʩʪʫʧʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ[9]: 

1) ɻɸ ʧʨʘʮʶʻ ʟ ʟʘʢʦʜʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʥʝ ʟ ʩʘʤʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
2) ɻɸ ʚʝʜʝ ʧʦʰʫʢ ʚ ʧʦʧʫʣʷʮʽʾ ʪʦʯʦʢ, ʘ ʥʝ ʚ ʦʜʥʽʡ ʪʦʯʮʽ. 

3) ɻɸ ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʬʫʥʢʮʽʶ ʮʽʣʽ, ʘ ʥʝ ʧʨʦ ʾʾ ʧʦʭʽʜʥʫ ʘʙʦ ʷʢʫʩʴ 

ʽʥʰʫ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ. 
4) ɻɸ ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʤʦʚʽʨʥʽʩʥʽ ʧʨʘʚʠʣʘ ʧʝʨʝʭʦʜʫ ʚʽʜ ʦʜʥʽʻʾ ʦʩʦʙʠʥʠ ʜʦ ʽʥʰʦʾ, ʘ ʥʝ 

ʜʝʪʝʨʤʽʥʦʚʘʥʽ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʦʩʦʙʠʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʛʝʥʝʪʠʯʥʽ ʦʧʝʨʘʪʦʨʠ ʢʨʦʩʩʦʚʝʨʫ ʪʘ 
ʤʫʪʘʮʽʾ. 

ʂʨʦʩʩʦʚʝʨ ʻ ʘʥʘʣʦʛʦʤ ʙʽʦʣʦʛʽʯʥʦʛʦ ʢʨʦʩʩʦʚʝʨʫ ʟ ʜʚʦʭ ʙʘʪʴʢʽʚʩʴʢʠʭ ʦʩʦʙʠʥ ʩʪʚʦʨʶʶʪʴʩʷ 

ʜʚʽ ʥʦʚʽ ʜʦʯʽʨʥʽ ʦʩʦʙʠʥʠ ʷʢʽ ʚʽʨʦʛʽʜʥʦ ʤʘʪʠʤʫʪʴ ʢʨʘʱʝ ʟʥʘʯʝʥʥʷ ʬʽʪʥʝʩ-ʬʫʥʢʮʽʾ. ɯʩʥʫʻ ʙʘʛʘʪʦ 
ʤʝʪʦʜʽʚ ʚʠʙʦʨʫ ʙʘʪʴʢʽʚʩʴʢʠʭ ʦʩʦʙʠʥ, ʘʣʝ ʤʘʡʞʝ ʟʘʚʞʜʠ ʚ ʷʢʦʤʫʩʴ ʨʦʟʫʤʽʥʥʽ çʥʘʡʢʨʘʱʽè 

ʦʩʦʙʠʥʠ. ɺ ʮʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʪʫʨʥʽʨʥʠʡ ʚʽʜʙʽʨ: ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʙʝʨʝʪʴʩʷ ʛʨʫʧʘ 

ʦʩʦʙʠʥ ʪʘ ʚʠʙʠʨʘʻʪʴʩʷ ʪʘ ʱʦ ʤʘʻ ʥʘʡʢʨʘʱʝ ʟʥʘʯʝʥʥʷ ʬʽʪʥʝʩ-ʬʫʥʢʮʽʾ. ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʨʽʟʥʽ ʪʠʧʠ 
ʢʨʦʩʩʦʚʝʨʫ: ʥʘʡʧʨʦʩʪʽʰʠʡ ʘʙʦ ʦʜʥʦʪʦʯʢʦʚʠʡ, ʜʚʦʪʦʯʢʦʚʠʡ, ʙʘʛʘʪʦ ʪʦʯʢʦʚʠʡ ʢʨʦʩʦʚʝʨʠ. ʇʨʠ 

ʦʜʥʦ ʪʦʯʢʦʚʦʤʫ ʢʨʦʩʩʦʚʝʨʽ ʚ ʙʘʪʴʢʽʚʩʴʢʠʭ ʦʩʦʙʠʥʘʭ ʙʫʜʝ ʦʜʥʘ ʪʦʯʢʘ ʨʦʟʨʠʚʫ ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʚʽ 

ʜʽʣʷʥʢʠ ʚ ʷʢʠʭ ʧʨʦʡʜʝ ʦʙʤʽʥ ʛʝʥʝʪʠʯʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ, ʧʨʠ ʜʚʦʪʦʯʢʦʚʦʤʫ ʙʫʜʝ ʜʚʽ ʪʘʢʽ ʪʦʯʢʠ ʽ 
ʪ.ʜ. ɺ ʮʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʦʜʥʦ ʪʦʯʢʦʚʠʡ ʢʨʦʩʩʦʚʝʨ. 

ʄʫʪʘʮʽʷ ï ʮʝ ʛʝʥʝʪʠʯʥʠʡ ʦʧʝʨʘʪʦʨ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʛʝʥʝʪʠʯʥʦʾ 

ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʚ ʧʦʧʫʣʷʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʪʦʨʫ ʤʫʪʘʮʽʾ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʦʤʠʥʫʪʠ 
ʣʦʢʘʣʴʥʠʡ ʤʽʥʽʤʫʤ. ʁʦʛʦ ʜʽʷ ʧʦʣʷʛʘʻ ʚ ʚʠʧʘʜʢʦʚʽʡ ʟʤʽʥʽ ʛʝʥʫ ʚʠʧʘʜʢʦʚʦʾ ʦʩʦʙʠʥʠ ʟ ʜʝʷʢʦʶ 

ʚʽʨʦʛʽʜʥʽʩʪʶ. 

ɼʣʷ ʟʚʝʜʝʥʥʷ ʟʘʜʘʯʽ ʟ ʦʙʤʝʞʝʥʥʷʤʠ ʜʦ ʙʝʟʫʤʦʚʥʦ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʘʚʪʦʨ 
ʚʠʢʦʨʠʩʪʘʚ ʤʝʪʦʜ ʰʪʨʘʬʥʠʭ ʬʫʥʢʮʽʡ. ʅʘʚʽʪʴ ʧʨʠ ʥʝʚʝʣʠʢʦʤʫ ʧʦʨʫʰʝʥʥʽ ʦʙʤʝʞʝʥʴ ʥʘ ʟʥʘʯʝʥʥʷ 

ʬʽʪʥʝʩ-ʬʫʥʢʮʽʾ ʥʘʢʣʘʜʘʻʪʴʩʷ ʰʪʨʘʬ, ʽ ʦʩʦʙʠʥʘ ʚ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢʝ ʧʦʨʫʰʝʥʥʷ ʥʝ ʧʦʪʨʘʧʠʪʴ 

ʚ ʥʘʩʪʫʧʥʫ ʧʦʧʫʣʷʮʽʶ.  
ɼʣʷ ʢʦʜʫʚʘʥʥʷ ʦʩʦʙʠʥ ʧʦʧʫʣʷʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʪʨʦʭʚʠʤʽʨʥʠʡ ʤʘʩʠʚ ʟʦʙʨʘʞʝʥʠʡ ʥʘ 

ʨʠʩ. 1. 
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ʈʠʩʫʥʦʢ 1ï ʄʘʩʠʚ ʨʦʟʤʽʨʽʚ ʬʘʩʦʥʥʠʭ ʧʨʦʬʽʣʽʚ 

 

 
ʈʠʩʫʥʦʢ 2ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ 

 

ɼʦ ʥʴʦʛʦ ʟʘʥʝʩʝʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʨʦʟʤʽʨʠ ʧʝʨʝʨʽʟʽʚ ʜʝʷʢʠʭ ʬʘʩʦʥʥʠʭ ʧʨʦʬʽʣʽʚ ʪʘ ʾʭ 
ʪʠʧʦʨʦʟʤʽʨʠ. ʆʩʦʙʠʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʝʥʽʚ, ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʫ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʧʦʚʽʜʘʻ ʜʚʘ ʛʝʥʠ, 

ʥʠʤʠ ʢʦʜʫʻʪʴʩʷ ʪʠʧ ʪʘ ʪʠʧʦʨʦʟʤʽʨ ʧʨʦʬʽʣʶ. ʉʣʽʜ ʥʘʛʦʣʦʩʠʪʠ ʱʦ ʚ ʛʝʥʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝ 

ʚʣʘʩʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʽʥʜʝʢʩʠ ʚ ʤʘʩʠʚʽ, ʪʦʙʪʦ ʧʨʦʩʪʽʨ ʨʦʟʚôʷʟʢʽʚ ʥʝʝʚʢʣʽʜʦʚʠʡ. ʊʦʤʫ ʜʣʷ 
ʨʦʟʧʽʟʥʘʥʥʷ ʟʙʽʞʥʦʩʪʽ ʧʦʧʫʣʷʮʽʾ ï ʦʜʥʦʛʦ ʟ ʢʨʠʪʝʨʽʾʚ ʟʫʧʠʥʢʠ ʘʣʛʦʨʠʪʤʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʫʤʦʚʫ 

ʧʦʨʽʚʥʷʥʥʷ ʜʦ ʥʫʣʶ ʚʽʜʩʪʘʥʽ ʍʝʤʤʽʥʛʘ ʤʽʞ çʥʘʡʢʨʘʱʦʶè ʪʘ çʥʘʡʛʽʨʰʦʶè ʦʩʦʙʠʥʘʤʠ ʧʦʧʫʣʷʮʽʾ. 

ɯʥʰʠʤ ʤʦʞʣʠʚʠʤ ʢʨʠʪʝʨʽʻʤ ʟʫʧʠʥʢʠ ʘʣʛʦʨʠʪʤʫ ʻ ʪʘʢʠʡ ʩʪʘʥ ʧʦʧʫʣʷʮʽʾ, ʢʦʣʠ ʥʘ ʧʨʦʪʷʟʽ 
ʜʝʢʽʣʴʢʦʭ ʝʧʦʭ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʠʭ ʟʤʽʥ ʟʥʘʯʝʥʥʷ ʬʽʪʥʝʩ-ʬʫʥʢʮʽʾ çʥʘʡʢʨʘʱʦʾè ʦʩʦʙʠʥʠ ʘʙʦ 

ʙʫʣʘ ʜʦʩʷʛʥʫʪʘ ʛʨʘʥʠʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʧʫʣʷʮʽʡ. 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʤʦʞʣʠʚʦʩʪʝʡ ʘʣʛʦʨʠʪʤʫ ʨʦʟʚôʷʞʝʤʦ ʟʘʜʘʯʫ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧôʷʪʠʝʣʝʤʝʥʪʥʦʾ ʰʘʨʥʽʨʥʦ-ʩʪʝʨʞʥʝʚʦʾ ʩʠʩʪʝʤʠ (ʈʠʩ.2) ʟ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

P= 200 ʢʅ, L= 500 ʩʤ, t  = 1; 1.5; 2; 2.5ʨʦʢʠ, ʄʇʘE 5101.2 Ö= , 1003.0 -= ʄʇʘk , 

[] ʄʇʘ240=s
, ʨʽʢ

ʩʤ
V 1.00 =

. 
ʆʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʥʝʾ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1 (ʜʝ ʢʫʪʥʠʢ-1 ï ʨʽʚʥʦʧʦʣʠʯʥʠʡ ʢʫʪʥʠʢ, 

ʢʫʪʥʠʢ-2 ï ʥʝʨʽʚʥʦʧʦʣʠʯʥʠʡ ʢʫʪʥʠʢ).  ɿ ʜʘʥʠʭ ʧʦʜʘʥʠʭ ʚ ʪʘʙʣʠʮʽ 1 ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʱʦ 

ʘʣʛʦʨʠʪʤ ʦʪʨʠʤʫʻ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʢʦʨʜʦʥʽ ʜʦʧʫʩʪʠʤʦʾ ʦʙʣʘʩʪʽ, ʭʦʯʘ ʜʝʷʢʽ ʝʣʝʤʝʥʪʠ ʤʘʶʪʴ ʙʽʣʴʰʠʡ 
ʟʘʧʘʩ ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʘ ʟʥʘʯʠʪʴ ʽ ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʫ ʮʽ ʚʪʨʘʪʠ ʥʝʤʠʥʫʯʽ ʯʝʨʝʟ ʜʠʩʢʨʝʪʥʫ ʧʨʠʨʦʜʫ 

ʟʘʜʘʯʽ. 

ʊʘʙʣʠʮʷ 1 ï ʆʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʥʩʪʨʫʢʮʽʾ 

V, ʩʤ3 t,ʨʦʢʽʚ 

ɽʣʝʤʝʥʪʠ 

1 2 3 4 5 

ʊʠʧ; ʪʠʧʦʨʦʟʤʽʨ; t ʝʣʝʤʝʥʪʘ, ʨʦʢʽʚ 

51144.4 1.0 
ʰʚʝʣʣʝʨ ˉ7 

1.64 ʨ. 

ʢʫʪʥʠʢ-2ˉ1 

1.37 ʨ. 

ʢʫʪʥʠʢ-2ˉ1 

1.37 ʨ. 

ʢʫʪʥʠʢ-1ˉ6 

1.47 ʨ. 

ʰʚʝʣʣʝʨ ˉ1 

1.39 ʨ. 

53064.3 1.5 
ʢʫʪʥʠʢ-1ˉ5 

2.16 ʨ. 

ʢʫʪʥʠʢ-2 1̄ 

1.58 ʨ. 

ʢʫʪʥʠʢ-2ˉ1 

1.58 ʨ. 

ʢʫʪʥʠʢ-1ˉ6 

2.47 ʨ. 

ʰʚʝʣʣʝʨ ˉ2 

1.77 ʨ. 

57609.1 2.0 
ʢʫʪʥʠʢ-1ˉ5 

3.05 ʨ. 

ʢʫʪʥʠʢ-2ˉ2 

2.14 ʨ. 

ʢʫʪʥʠʢ-2 ˉ2 

2.14 ʨ. 

ʢʫʪʥʠʢ-1ˉ7 

3.41 ʨ. 

ʢʫʪʥʠʢ-1ˉ1 

2.17 ʨ. 

61183.9 2.5 
ʢʫʪʥʠʢ-1ˉ5 

3.06 ʨ. 

ʰʚʝʣʣʝʨ ˉ1 

2.59 

ʰʚʝʣʣʝʨ ˉ1 

2.59 

ʢʫʪʥʠʢ-1ˉ7 

3.4 ʨ. 

ʢʫʪʥʠʢ-2 ˉ4 

2.98 ʨ. 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʥʦʚʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʰʘʨʥʽʨʥʦ-

ʩʪʝʨʞʥʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 
ʤʝʪʦʜ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʦʾ ʟʘʜʘʯʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. ʆʜʝʨʞʘʥʽ ʨʦʟʚôʷʟʢʠ 

ʽʣʶʩʪʨʘʪʠʚʥʦʾ ʟʘʜʘʯʽ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧôʷʪʠʝʣʝʤʝʥʪʥʦʾ ʐʉʂ. ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʨʦʟʚôʷʟʦʢ, ʷʢʠʡ 
ʟʥʘʭʦʜʠʪʴʩʷ ʙʽʣʷ ʤʝʞʽ ʜʦʧʫʩʪʠʤʦʾ ʦʙʣʘʩʪʽ.  
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ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʮʽʡ ʨʦʙʦʪʽ ʬʫʥʢʮʽʾ ʦʙʤʝʞʝʥʴ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʦʙʯʠʩʣʶʶʪʴʩʷ 

ʥʘʙʣʠʞʝʥʦ, ʟ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʦʾ ʬʦʨʤʫʣʠ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʟʤʽʥʫ ʟ ʯʘʩʦʤ ʚʥʘʩʣʽʜʦʢ ʢʦʨʦʟʽʾ 

ʟʫʩʠʣʴ ʚ ʩʪʝʨʞʥʝʚʠʭ ʝʣʝʤʝʥʪʘʭ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʦʤʫ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ 

ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʱʦ ʦʧʠʩʫʻ ʢʦʨʦʟʽʡʥʠʡ ʧʨʦʮʝʩ, ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʟʤʽʥʫ ʟʫʩʠʣʴ, ʷʢʘ 
ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʟʥʘʯʥʦʶ. ʊʘʢʝ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʠʩʝʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʙʫʜʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ. 

ɼʣʷ ʤʦʞʣʠʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʙʘʞʘʥʦ ʩʪʚʦʨʝʥʥʷ 
ʥʘʜʽʡʥʦʛʦ, ʪʦʯʥʦʛʦ ʪʘ ʱʦ ʜʫʞʝ ʚʘʞʣʠʚʦ ʝʬʝʢʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʉɼʋ. 
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ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʄɽʊɸɽɺʈʀʉʊʀʏʅʆɻʆ ɸʃɻʆʈʀʊʄʋ ɻʃʆɹɸʃʔʅʆɰ 

ʄɯʅɯʄɯɿɸʎɯɰ ʌʋʅʂʎɯʁ 

ʅ.ʆ. ʂʨʘʩʥʦʰʣʠʢ 

 

ʏʝʨʢʘʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɹʦʛʜʘʥʘ ʍʤʝʣʴʥʠʮʴʢʦʛʦ, ʏʝʨʢʘʩʠ 

 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʘʝʚʨʠʩʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʢʘʞʘʥʽʚ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʛʣʦʙʘʣʴʥʦʾ 

ʤʽʥʽʤʽʟʘʮʽʾ. ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʘʣʛʦʨʠʪʤʽʚ ʨʦʡʦʚʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʷʢʽ ʽʥʪʝʥʩʠʚʥʦ 
ʨʦʟʚʠʚʘʶʪʴʩʷ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ. ɸʣʛʦʨʠʪʤ ʢʘʞʘʥʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ 2010 ʨ. Xin-She Yang [1], ʽ ʻ 

ʧʦʪʝʥʮʽʡʥʦ ʙʽʣʴʰ ʧʦʪʫʞʥʠʤ, ʥʽʞ ʘʣʛʦʨʠʪʤ ʨʦʶ ʯʘʩʪʦʢ ʘʙʦ ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ. 

ʅʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʛʣʦʙʘʣʴʥʠʡ ʫʤʦʚʥʠʡ ʤʽʥʽʤʫʤ ʬʫʥʢʮʽʾ ( )f x  ʥʘ ʤʥʦʞʠʥʽ X : 

*( ) min ( )
mx X R

f x f x
Í Ì

= , (1) 

ʜʝ 
1 2( , ,..., )Tmx x x x= , 

min max{ | [ , ], 1, }iX x x x x i m= Í Í . 

ʆʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʘʣʛʦʨʠʪʤʫ ʻ: ʦʩʦʙʣʠʚʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʢʘʞʘʥʽʚ ʫ ʧʨʦʩʪʦʨʽ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʚʫʢʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʚʦʥʠ ʛʝʥʝʨʫʶʪʴ. 

ʈʦʙʦʪʘ ʘʣʛʦʨʠʪʤʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʽʡ ʤʦʜʝʣʽ ʧʦʚʝʜʽʥʢʠ ʢʘʞʘʥʽʚ [1]: 

1. ʋʩʽ ʢʘʞʘʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʭʦʣʦʢʘʮʽʶ, ʱʦʙ ʚʠʟʥʘʯʘʪʠ ʚʽʜʩʪʘʥʴ, ʘ ʪʘʢʦʞ ʨʦʟʨʽʟʥʷʪʠ 
ʾʞʫ/ʟʜʦʙʠʯ ʽ ʧʝʨʝʰʢʦʜʠ. 

2. ʇʦʪʦʯʥʝ ʧʦʣʦʞʝʥʥʷ ʢʦʞʥʦʛʦ ʢʘʞʘʥʘ ʧʦʟʥʘʯʠʤʦ 
ix , ʟ ʥʴʦʛʦ ʚʽʥ ʧʝʨʝʤʽʱʫʻʪʴʩʷ 

ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʟʽ ʰʚʠʜʢʽʩʪʶ 
iv . ʋ ʧʨʦʮʝʩʽ ʨʫʭʫ ʢʘʞʘʥʠ ʛʝʥʝʨʫʶʪʴ ʟʚʫʢʦʚʽ ʩʠʛʥʘʣʠ, ʱʦ 



226 

ʤʘʶʪʴ ʯʘʩʪʦʪʫ 
iw  ʽ ʛʫʯʥʽʩʪʴ 

iA. ʇʨʠ ʮʴʦʤʫ ʚʦʥʠ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʷʢ ʯʘʩʪʦʪʫ, ʪʘʢ ʽ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʚʫʢʦʚʠʭ ʽʤʧʫʣʴʩʽʚ [0,1]ir Í , ʟʘʣʝʞʥʦ ʚʽʜ ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʮʽʣʽ. 

3. ɻʫʯʥʽʩʪʴ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʙʽʣʴʰʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ 
0A  ʜʦ 

ʤʝʥʰʦʛʦ ʟʘʜʘʥʦʛʦ 
minA . 

ʇʦʣʦʞʝʥʥʷ ʚʩʽʭ ʢʘʞʘʥʽʚ ʫ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʟʘʜʘʶʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ. ʇʦʜʘʣʴʰʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʟʥʘʯʝʥʦʾ ʤʽʛʨʘʮʽʡʥʦʾ ʧʨʦʮʝʜʫʨʠ. ʋ 
ʢʘʥʦʥʽʯʥʦʤʫ ʚʘʨʽʘʥʪʽ ʘʣʛʦʨʠʪʤʫ ʚ ʧʨʦʮʝʩʽ ʤʽʛʨʘʮʽʾ ʢʘʞʘʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʣʠʰʝ 

ʧʨʦ ʛʣʦʙʘʣʴʥʠʡ ʢʨʘʱʠʡ ʨʦʟʚôʷʟʦʢ, ʦʙʨʘʥʠʡ ʩʝʨʝʜ ʫʩʽʭ. ʑʦʙ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʰʫʢʫ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʦʞ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʪʦʯʥʠʡ ʢʨʘʱʠʡ ʨʦʟʚôʷʟʦʢ, ʟʥʘʡʜʝʥʠʡ ʦʢʨʝʤʦ 
ʢʦʞʥʠʤ ʢʘʞʘʥʦʤ. ɼʣʷ ʮʴʦʛʦ ʤʦʜʠʬʽʢʫʻʤʦ ʩʧʦʩʽʙ ʦʙʯʠʩʣʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʢʘʞʘʥʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʽʜʭʽʜ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʄ. ʂʣʝʨ ʽ ɼ. ʂʝʥʥʝʜʽ ʜʣʷ ʘʣʛʦʨʠʪʤʫ ʨʦʶ ʯʘʩʪʦʢ [2]. 

ʈʝʟʫʣʴʪʫʶʯʠʡ ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʢʘʞʘʥʽʚ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʛʣʦʙʘʣʴʥʦʾ 
ʤʽʥʽʤʽʟʘʮʽʾ (1) ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ ʥʘʩʪʫʧʥʦʛʦ ʧʩʝʚʜʦʢʦʜʫ: 

1: ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʧʦʧʫʣʷʮʽʾ: ʟʘʜʘʪʠ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ 
ix  ʪʘ ʰʚʠʜʢʽʩʪʴ 

iv  ʢʦʞʥʦʛʦ i -ʛʦ ʢʘʞʘʥʘ, 

1,i N= . 

2: ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʚʫʢʦʚʠʭ ʽʤʧʫʣʴʩʽʚ: ʟʘʜʘʪʠ ʯʘʩʪʦʪʫ 
iw, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ir  ʪʘ 

ʛʫʯʥʽʩʪʴ 
iA  ʜʣʷ ʢʦʞʥʦʛʦ  i -ʛʦ ʢʘʞʘʥʘ, 1,i N= . 

3:  while ( t tMax¢ ) 

4:        for 1,i N=  

5:              ʇʝʨʝʤʽʱʝʥʥʷ ʢʦʞʥʦʛʦ i -ʛʦ ʢʘʞʘʥʘ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

min max min( )iw w w w b= + - Ö, 

2

2

2 4
c

j j j
=
- - -

, 
1 2c cj= + , 

( ) () () ()1

1 1 2 2( ( ) ( ))
t t t t

i i i i iv v c x x c x xc x x
+
= + - + -, 

( ) () ()1
( )

t t t

i i i iv v x x w
+
= + - Ö, 

( ) () ( )1 1t t t

i i ix x v
+ +
= + , 

ʜʝ 
min max[ , ]iw w wÍ  ï ʯʘʩʪʦʪʘ; 

1 2 2.05c c= =  ï ʢʦʥʩʪʘʥʪʠ; cï ʢʦʝʬʽʮʽʻʥʪ ʩʪʠʩʥʝʥʥʷ; xï 

ʧʦʣʦʞʝʥʥʷ ʢʘʞʘʥʘ, ʚ ʷʢʦʤʫ ʟʥʘʡʜʝʥʦ ʢʨʘʱʠʡ ʛʣʦʙʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ; 
ix  ï ʧʦʣʦʞʝʥʥʷ ʢʘʞʘʥʘ, ʚ 

ʷʢʦʤʫ ʟʥʘʡʜʝʥʦ ʢʨʘʱʠʡ ʨʦʟʚôʷʟʦʢ ʜʘʥʠʤ ʢʘʞʘʥʦʤ ʦʢʨʝʤʦ; 
1 2,x x ʽ b ï ʚʠʧʘʜʢʦʚʽ ʯʠʩʣʘ ʟ 

ʽʥʪʝʨʚʘʣʫ [0,1] ; 

6:              if  (
irand r> ) 

7:                    ɿʜʽʡʩʥʝʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ ʚ ʦʢʦʣʽ ʧʦʪʦʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʰʣʷʭʦʤ 

                       ʚʠʧʘʜʢʦʚʦʛʦ ʙʣʫʢʘʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
( ) ( )

( )
new old

i ix x A te= + Ö , 

ʜʝ ( )A t  ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʛʫʯʥʦʩʪʽ ʟʚʫʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʚʩʽʭ ʢʘʞʘʥʽʚ; e ï 

ʚʠʧʘʜʢʦʚʝ ʯʠʩʣʦ ʟ ʽʥʪʝʨʚʘʣʫ [ 1,1]- ; 

8:              end if 

9:              if  (
irand A<  and ( )

( ) ( )
new

if x f x< )   

10:                  ʅʦʚʝ ʧʦʣʦʞʝʥʥʷ ʧʨʠʡʥʷʪʦ ( )(t 1) new

i ix x+ «  

11:                  ɿʤʝʥʰʠʪʠ 
iA  ʽ ʟʙʽʣʴʰʠʪʠ 

ir  ͘ ͊ ͺ͙ͦͪͣͯ͊ͣ͡Υ 
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(t 1) (t)

i iA Aa+ = Ö , (t 1) (0) (1 )t

i ir r e g+ -= Ö - , 

ʜʝ a, g ï ʟʘʜʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ; 

12:            end if 

13:            ʆʥʦʚʠʪʠ x  

14:      end for 

15:      ɿʙʽʣʴʰʠʪʠ ʣʽʯʠʣʴʥʠʢ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ 1t t« +  

16:  end while 

 
ʂʘʥʦʥʽʯʥʠʡ ʽ ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʘʣʛʦʨʠʪʤʠ ʢʘʞʘʥʽʚ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʩʝʨʝʜʦʚʠʱʽ MATLAB 

R2012b. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʦʙʨʘʣʠ ʨʷʜ ʪʝʩʪʦʚʠʭ ʫʥʽʤʦʜʘʣʴʥʠʭ ʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʭ ʬʫʥʢʮʽʡ, 

ʟʦʢʨʝʤʘ, ʬʫʥʢʮʽʾ ʜʝ ɼʞʦʥʛʘ, ʈʦʟʝʥʙʨʦʢʘ, ʈʘʩʪʨʠʛʽʥʘ, ɽʢʣʽ ʪʘ ʽʥʰʽ. ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʢʘʞʘʥʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʦʶ 

ʰʚʠʜʢʽʩʪʶ ʟʙʽʞʥʦʩʪʽ ʪʘ ʪʦʯʥʽʩʪʶ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ. 
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ʆʇʊʀʄɯɿɸʎɯʁʅɽ ʇʈʆɽʂʊʋɺɸʅʅʗ ɹɸɻɸʊʆʌʋʅʂʎɯʆʅɸʃʔʅʆɻʆ 

ʉɽʇɸʈɸʎɯʁʅʆɻʆ ʅɸʌʊʆɻɸɿʆɺʆɻʆ ʆɹʃɸɼʅɸʅʅʗ 

ʆ.ʆ.ʃʷʧʦʱʝʥʢʦ1, ɯ.ɺ.ʇʘʚʣʝʥʢʦ1, ʆ.ɺ.ʅʘʩʪʝʥʢʦ2, ʄ.ʄ.ɼʝʤôʷʥʝʥʢʦ1, ʆ.ɭ.ʉʪʘʨʠʥʩʴʢʠʡ1 

 
1ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʉʫʤɼʋ), ʉʫʤʠ 

2ʇʦʟʥʘʥʩʴʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʇʦʟʥʘʥʴ, ʇʦʣʴʱʘ 
 

ʅʘʬʪʘ ʟʽ ʩʚʝʨʜʣʦʚʠʥ ʟʘʚʞʜʠ ʜʦʙʫʚʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ, ʥʝʧʨʠʜʘʪʥʦʤʫ ʜʣʷ ʧʨʷʤʦʾ ʧʝʨʝʨʦʙʢʠ. 

ʉʠʨʘ ʥʘʬʪʘ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʽʩʪʠʪʴ ʧʣʘʩʪʦʚʫ ʚʦʜʫ, ʧʦʧʫʪʥʠʡ ʛʘʟ, ʤʽʥʝʨʘʣʴʥʽ ʩʦʣʽ, ʤʝʭʘʥʽʯʥʽ 
ʜʦʤʽʰʢʠ. ʇʨʠ ʮʴʦʤʫ, ʯʠʩʪʘ ʥʘʬʪʘ ʻ ʦʩʥʦʚʥʦʶ ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʨʽʜʢʠʭ ʝʥʝʨʛʦʥʦʩʽʾʚ, 

ʦʣʠʚ ʪʘ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʙʽʪʫʤʽʚ ʽ ʢʦʢʩʫ. ʅʘʷʚʥʽʩʪʴ ʚʢʣʶʯʝʥʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

ʷʢʦʩʪʽ, ʷʢ ʩʘʤʦʾ ʥʘʬʪʠ, ʪʘʢ ʽ ʧʨʦʜʫʢʪʽʚ ʾʾ ʧʝʨʝʨʦʙʢʠ. ʊʦʤʫ ʟʘʜʘʯʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ 
ʧʽʜʛʦʪʦʚʢʠ ʥʘʬʪʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʡʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʦʛʦ ʥʘʬʪʦʧʨʦʤʠʩʣʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʻ ʩʴʦʛʦʜʥʽ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ. 

ʉʠʩʪʝʤʘ ʥʘʬʪʘ-ʚʦʜʘ ʫʪʚʦʨʶʻ ʩʪʽʡʢʫ ʝʤʫʣʴʩʽʶ, ʦʩʢʽʣʴʢʠ ʚ ʚʠʜʦʙʫʪʽʡ ʥʘʬʪʽ ʻ  
ʥʝʚʫʛʣʝʚʦʜʥʝʚʽ ʢʦʤʧʦʥʝʥʪʠ. ʇʣʘʩʪʦʚʘ ʚʦʜʘ ʪʘ ʨʦʟʯʠʥʝʥʽ ʚ ʥʽʡ ʩʦʣʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʠʨʽʡ ʥʘʬʪʽ ʫ 

ʚʠʛʣʷʜʽ ʜʠʩʧʝʨʩʥʠʭ ʢʨʘʧʣʠʥ, ʷʢʽ ʩʦʨʙʫʶʪʴ ʥʘ ʩʚʦʾʡ ʧʦʚʝʨʭʥʽ ʧʨʠʨʦʜʥʽ ʝʤʫʣʴʛʘʪʦʨʠ (ʥʘʬʪʦʚʽ 

ʢʠʩʣʦʪʠ, ʘʩʬʘʣʴʪʥʽ ʩʤʦʣʠʩʪʽ ʨʝʯʦʚʠʥʠ, ʤʽʢʨʦʢʨʠʩʪʘʣʠ ʧʘʨʘʬʽʥʽʚ, ʤʝʭʘʥʽʯʥʽ ʜʦʤʽʰʢʠ), ʱʦ 
ʫʪʚʦʨʶʶʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʛʣʦʙʫʣ ʚʦʜʠ ʦʙʦʣʦʥʢʫ, ʷʢʘ ʧʝʨʝʰʢʦʜʞʘʻ ʟʣʠʪʪʶ ʢʨʘʧʣʠʥ. ɰʭ ʨʦʟʤʽʨ ʻ 

ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʽʡʢʽʩʪʴ ʚʦʜʦʥʘʬʪʦʚʠʭ ʝʤʫʣʴʩʽʡ. ʃʝʛʢʦ 

ʨʦʟʰʘʨʦʚʫʻʪʴʩʷ ʝʤʫʣʴʩʽʷ, ʚ ʷʢʽʡ ʙʽʣʴʰʽʩʪʴ ʛʣʦʙʫʣ ʢʨʫʧʥʽ, ʨʦʟʤʽʨʦʤ 50-100 ʤʢʤ, ʘ ʚ ʩʪʽʡʢʠʭ 
ʝʤʫʣʴʩʽʷʭ ʨʦʟʤʽʨ ʛʣʦʙʫʣ ʩʪʘʥʦʚʠʪʴ 0,1-20 ʤʢʤ [1]. ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤʠ ʧʘʨʘʤʝʪʨʦʤ ʩʪʽʡʢʦʩʪʽ 

ʚʦʜʦʥʘʬʪʦʚʠʭ ʝʤʫʣʴʩʽʡ ʻ ʚʤʽʩʪ ʧʘʨʘʬʽʥʫ. ʈʫʡʥʫʚʘʥʥʷ ʝʤʫʣʴʩʽʡ ʽ ʟʥʝʚʦʜʥʝʥʥʷ ʪʘʢʦʾ ʥʘʬʪʠ 

ʫʩʢʣʘʜʥʝʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʯʠʭ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʧʘʨʘʬʽʥʽʚ. ʊʦʤʫ ʥʘʛʨʽʚʘʥʥʷ ʩʠʨʦʾ 

ʥʘʬʪʠ ʻ ʦʙʦʚôʷʟʢʦʚʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʜʦʩʷʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʛʫʩʪʠʥʠ ʪʘ 

ʚôʷʟʢʦʩʪʽ ʥʘʬʪʠ, ʱʦ ʧʦʣʝʛʰʫʻ ʜʝʛʘʟʘʮʽʶ ʪʘ ʨʦʟʰʘʨʫʚʘʥʥʷ ʝʤʫʣʴʩʽʾ.  

ʆʪʞʝ ʢʦʤʧʣʝʢʩʥʘ ʧʽʜʛʦʪʦʚʢʘ ʥʘʬʪʠ ʜʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʾ ʧʝʨʝʨʦʙʢʠ, ʱʦ 
ʧʝʨʝʜʙʘʯʘʻ ʾʾ ʜʝʛʘʟʘʮʽʶ, ʟʥʝʚʦʜʥʝʥʥʷ, ʟʥʝʩʦʣʝʥʥʷ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʶ, ʷʢ ʧʨʘʚʠʣʦ ʧʨʦʚʦʜʠʪʴʩʷ ʜʚʦʤʘ 

ʩʧʦʩʦʙʘʤʠ ï ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʩʦʢʦʚʘʨʪʽʩʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʦʙʣʘʜʥʘʥʥʷ (ʪʨʫʙʯʘʩʪʘ ʧʽʯ ʘʙʦ 

ʪʨʫʙʯʘʩʪʠʡ ʧʽʜʽʛʨʽʚʘʯ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ ʥʘʬʪʦʚʦʾ ʝʤʫʣʴʩʽʾ, ʜʝʝʤʫʣʴʩʘʪʦʨ, ʚʽʜʩʪʽʡʥʠʢ, ʥʘʬʪʦʛʘʟʦʚʠʡ 
ʩʝʧʘʨʘʪʦʨ, ʝʣʝʢʪʨʦʜʝʛʽʜʨʘʪʦʨ ʜʣʷ ʟʥʝʩʦʣʝʥʥʷ ʪʘ ʟʥʝʚʦʜʥʝʥʥʷ ʥʘʬʪʠ) ʘʙʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʣʦʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʧʽʜʛʦʪʦʚʢʠ ʥʘʬʪʠ (ʋʇʅ), ʱʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʦʻʜʥʫʶʪʴ ʝʣʝʢʪʨʦʜʝʛʽʜʨʘʪʦʨʠ ʟ 
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ʙʣʦʢʘʤʠ ʧʽʜʽʛʨʽʚʫ ʥʘʬʪʠ ʪʘ ʩʝʧʘʨʘʮʽʾ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʙʫʣʠ ʩʘʤʝ 

ʙʣʦʯʥʽ ʋʇʅ, ʦʩʥʦʚʥʠʤ ʘʧʘʨʘʪʦʤ ʷʢʠʭ ʻ ʪʘʢ ʟʚʘʥʠʡ ʥʘʬʪʦʛʘʟʦʨʦʟʜʽʣʶʚʘʯ ʟ ʧʨʷʤʠʤ ʧʽʜʽʛʨʽʚʦʤ 

(ʅɻɺʈʇ), ʟʘ ʢʦʨʜʦʥʦʤ ʙʽʣʴʰ ʚʽʜʦʤʠʡ, ʷʢ ʘʧʘʨʘʪ ʪʠʧʫ çHeater-Treaterè (ʧʽʜʽʛʨʽʚʘʯ-ʜʝʝʤʫʣʴʩʘʪʦʨ). 

ʂʦʥʩʪʨʫʢʮʽʷ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʣʦʯʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 
ʪʨʴʦʭʬʘʟʥʦʛʦ (ʥʘʬʪʦʛʘʟʦʚʦʜʦʨʦʟʜʽʣʶʚʘʯʘ) ʩʝʧʘʨʘʪʦʨʘ ʪʠʧʫ çHeater-Treaterè (ʨʠʩʫʥʦʢ 1ʘ) 

ʦʙôʻʜʥʫʻ ʚ ʩʦʙʽ ʩʝʢʮʽʶ ʧʨʷʤʦʛʦ ʧʽʜʽʛʨʽʚʫ ʟ ʚʫʟʣʦʤ ʚʭʦʜʫ (ʧʦʣʠʯʢʦʚʠʡ ʜʝʬʣʝʢʪʦʨ), ʷʢʘ ʚʽʜʜʽʣʝʥʘ 

ʧʝʨʝʣʠʚʥʦʶ ʧʝʨʝʛʦʨʦʜʢʦʶ ʚʽʜ ʩʝʢʮʽʾ ʢʦʘʣʝʩʮʝʥʮʽʾ ʪʘ ʚʽʜʩʪʦʶʚʘʥʥʷ ʽ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʧʦʯʘʪʢʦʚʦʛʦ 
ʨʦʟʜʽʣʝʥʥʷ ʩʫʤʽʰʽ. ʆʧʪʠʤʽʟʘʮʽʡʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʩʝʧʘʨʘʮʽʾ 

ʩʪʽʡʢʦʾ ʚʦʜʦʥʘʬʪʦʚʦʾ ʝʤʫʣʴʩʽʾ ʜʦʩʪʘʪʥʽʤ ʻ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧôʷʪʠ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʝʢʮʽʡ ʞʘʣʶʟʽʡʥʠʭ 

ʙʣʦʢʽʚ ʧʦʚʝʨʭʥʝʚʦʾ ʢʦʘʣʝʩʮʝʥʮʽʾ ʪʘ ʚʽʜʩʪʦʶʚʘʥʥʷ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʨʦʟʰʘʨʫʚʘʥʥʷ 
ʥʘʬʪʠ ʪʘ ʚʦʜʠ, ʘ ʽ ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ ʢʨʘʧʣʠʥ ʨʽʜʠʥʠ ʚʽʜ ʛʘʟʫ. ʇʝʨʝʜ ʢʦʞʥʦʶ ʟ ʧôʷʪʠ ʩʝʢʮʽʡ 

ʚʩʪʘʥʦʚʣʝʥʽ ʚʝʨʪʠʢʘʣʴʥʽ ʝʣʝʢʪʨʦʜʥʽ ʨʝʰʽʪʢʠ ʦʙôʻʜʥʘʥʽ ʚ ʢʦʤʧʣʝʢʩ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʾ 

ʢʦʘʣʝʩʮʝʥʮʽʾ. ɺʘʞʣʠʚʦ, ʱʦ ʚ ʷʢʦʩʪʽ ʧʘʣʠʚʥʦʛʦ ʛʘʟʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʧʫʪʥʠʡ ʛʘʟ, ʱʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʘʧʘʨʘʪʽ, ʷʢʠʡ ʟʘʟʚʠʯʘʡ ʩʧʘʣʶʻʪʴʩʷ ʥʘ ʬʘʢʝʣʽ ʪʦʤʫ, ʱʦ ʡʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ 

ʧʝʨʝʨʦʙʢʘ ʷʚʣʷʻʪʴʩʷ ʥʝʜʦʮʽʣʴʥʦʶ ʚ ʟʚôʷʟʢʫ ʟ ʚʠʩʦʢʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ. ɼʣʷ ʩʝʧʘʨʘʮʽʾ ʛʘʟʫ ʥʘ 
ʢʦʨʧʫʩʽ ʥʘʬʪʦʛʘʟʦʨʦʟʜʽʣʶʚʘʯʘ ʤʦʞʝ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʦ ʩʽʪʯʘʩʪʠʡ ʚʽʜʙʽʡʥʠʢ, ʚʠʭʨʦʚʠʡ ʘʙʦ 

ʧʣʘʩʪʠʥʯʘʩʪʠʡ ʛʘʟʦʜʠʥʘʤʽʯʥʠʡ ʙʨʠʟʢʦʚʣʦʚʣʶʚʘʯ [2].  

ʅʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʝʧʘʨʘʮʽʾ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʤʘʶʪʴ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʪʘʢʽ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ 
ʪʘ ʪʠʩʢ ʛʘʟʦʨʽʜʠʥʥʦʾ ʩʫʤʽʰʽ. ɿʫʧʠʥʠʤʦʩʴ ʥʘ ʢʦʞʥʦʤʫ ʟ ʮʠʭ ʬʘʢʪʦʨʽʚ ʦʢʨʝʤʦ. 

 
ʘ) 

 
ʙ) 

ʈʠʩʫʥʦʢ 1 - ɹʣʦʯʥʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʩʝʧʘʨʘʪʦʨ ʥʘʬʪʦʛʘʟʦʨʦʟʜʽʣʶʚʘʯ ʪʠʧʫ çHeater 

Treaterè (ʧʽʜʽʛʨʽʚʘʯ-ʜʝʝʤʫʣʴʩʘʪʦʨ): ʘ - ʢʦʥʩʪʨʫʢʮʽʷ ʘʧʘʨʘʪʫ; ʙ - ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʨʦʙʦʪʠ 
ʘʧʘʨʘʪʫ; 1 ï U-ʧʦʜʽʙʥʽ ʞʘʨʦʚʽ ʪʨʫʙʠ; 2 ï ʧʦʣʠʯʥʠʡ ʜʝʬʣʝʢʪʦʨ; 3 ï ʞʘʣʶʟʽʡʥʘ ʥʘʩʘʜʢʘ; 4 ï 

ʝʣʝʢʪʨʦʜʥʽ ʨʝʰʽʪʢʠ; 5 ï ʛʘʟʦʩʝʧʘʨʘʪʦʨ; 6 ï ʢʦʨʧʫʩ; 7 ï ʧʝʨʝʛʦʨʦʜʢʘ; 8 ï ʽʥʞʝʢʮʽʡʥʽ ʧʘʣʴʥʠʢʠ ʟ 
ʚʙʫʜʦʚʘʥʠʤ ʢʘʣʦʨʠʬʝʨʦʤ; 9 ï ʜʠʤʦʚʽ ʪʨʫʙʠ; 10 - ʦʧʦʨʠ; I ïʚʦʜʦʥʘʬʪʦʚʘ ʝʤʫʣʴʩʽʷ; ɯɯ ï ʟʥʝʚʦʜʥʝʥʘ 

ʥʘʬʪʘ; ɯɯɯ ï ʧʣʘʩʪʦʚʘ ʚʦʜʘ; ɯV - ʥʘʬʪʦʚʠʡ ʛʘʟ; V ï ʧʘʣʠʚʥʠʡ ʛʘʟ; VI ï ʧʦʚʽʪʨʷ; VII - ʜʠʤʦʚʽ ʛʘʟʠ 

 
ʗʢ ʚʢʘʟʫʚʘʣʦʩʴ ʚʠʱʝ, ʪʽʩʥʦ ʧʦʚôʷʟʘʥʠʤʠ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʻ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ ʚôʷʟʢʽʩʪʴ 

ʥʘʬʪʠ ʽ ʨʽʟʥʠʮʷ ʛʫʩʪʠʥʠ ʢʦʤʧʦʥʝʥʪʽʚ ʚʦʜʦʥʘʬʪʦʚʦʾ ʝʤʫʣʴʩʽʾ. ʇʨʠʯʦʤʫ ʟʤʽʥʘ ʛʫʩʪʠʥʠ ʚ ʜʽʘʧʘʟʦʥʽ 

ʚʽʜ 20 ʜʦ 100 ęʉ  ʥʝ ʽʩʪʦʪʥʘ [3], ʪʦʜʽ ʷʢ ʚ'ʷʟʢʽʩʪʴ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʚ ʜʝʩʷʪʢʠ ʨʘʟʽʚ, ʚʽʜ ʷʢʦʾ 
ʟʘʣʝʞʠʪʴ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʨʝʞʠʤ ʧʨʦʮʝʩʫ ʚʽʜʩʪʦʶʚʘʥʥʷ. ʇʨʠ ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚʘʭ ʢʨʘʧʣʠʥʠ, ʷʢʽ 

ʥʘʙʣʠʟʠʣʠʩʴ ʦʜʥʘ ʜʦ ʦʜʥʦʾ, ʚʥʘʩʣʽʜʦʢ ʨʽʟʥʠʮʽ ʰʚʠʜʢʦʩʪʝʡ ʦʩʘʜʞʝʥʥʷ ʘʙʦ ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʫʟʽʡʥʠʭ 
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ʤʝʭʘʥʽʟʤʽʚ ʢʦʘʣʝʩʮʽʶʶʪʴ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʾʭ ʦʩʘʜʞʝʥʥʷ. ʇʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʨʠʷʪʣʠʚʦ ʚʧʣʠʚʘʻ ʥʘ ʦʩʣʘʙʣʝʥʥʷ ʘʙʩʦʨʙʮʽʡʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʝʤʫʣʴʛʘʪʦʨʫ (ʧʘʨʘʬʽʥʫ), ʱʦ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʟʣʠʪʪʷ ʢʨʘʧʣʠʥ. ʆʪʞʝ, ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ 

ʨʦʟʜʽʣʝʥʥʷ ʚʦʜʦʥʘʬʪʦʚʦʾ ʝʤʫʣʴʩʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʩʘʜʞʝʥʥʷʤ ʟʚʘʞʝʥʠʭ ʢʨʘʧʣʠʥ ʪʘ ʾʭ 
ʢʦʘʣʝʩʮʝʥʮʽʻʶ, ʘ ʥʘ ʰʚʠʜʢʽʩʪʴ ʮʠʭ ʧʨʦʮʝʩʽʚ ʚʧʣʠʚʘʻ ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʽʛʨʽʚʫ ʝʤʫʣʴʩʽʾ. 

ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ ʚ ʘʧʘʨʘʪʽ ʜʣʷ ʽʥʪʝʥʩʠʚʥʦʾ ʜʝʛʘʟʘʮʽʾ  ʧʨʦʚʝʜʝʥʦ 

ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʟʘʢʦʥʠ ʈʘʫʣʷ ʪʘ ɼʘʣʴʪʦʥʘ, ʷʢʽ ʨʦʟʢʨʠʚʘʶʪʴ ʬʽʟʠʯʥʫ ʩʫʪʴ ʧʨʦʮʝʩʽʚ, ʱʦ 
ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʩʝʧʘʨʘʮʽʾ ʧʽʜ ʚʧʣʠʚʦʤ ʦʩʥʦʚʥʠʭ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʪʠʩʢʫ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ). ɿ ʥʠʭ ʩʣʽʜʫʻ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʩʪʝʤʠ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʤʦʣʷʨʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʦʤʧʦʥʝʥʪʽʚ ʰʠʨʦʢʦʾ ʬʨʘʢʮʽʾ ʣʝʛʢʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ ʧʨʠ ʦʜʥʦʯʘʩʥʽʡ ʾʾ 
ʟʤʝʥʰʝʥʥʽ ʚ ʨʽʜʢʽʡ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʪʠʩʢ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʆʩʢʽʣʴʢʠ ʚ ʘʧʘʨʘʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʨʦʟʰʘʨʫʚʘʥʥʷ ʝʤʫʣʴʩʽʾ ʥʘ ʟʥʝʚʦʜʥʝʥʫ ʥʘʬʪʫ ʪʘ 

ʧʣʘʩʪʦʚʫ ʚʦʜʫ ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ ʚʧʣʠʚ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʜʨʫʛʦʨʷʜʥʠʡ ʧʨʦʮʝʩ, ʩʝʧʘʨʘʮʽʶ 

ʛʘʟʫ ʚʽʜ ʢʨʘʧʣʠʥʥʦʾ ʨʽʜʠʥʠ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʠʩʢʫ ʛʫʩʪʠʥʘ ʪʘ ʚôʷʟʢʽʩʪʴ ʛʘʟʫ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʚ ʪʦʡ 

ʯʘʩ ʷʢ ʛʫʩʪʠʥʘ ʨʽʜʢʠʭ ʯʘʩʪʠʥʦʢ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 
ʾʭ ʦʩʘʜʞʝʥʥʷ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʪʷʞʽʥʥʷ. ʇʨʦʪʝ ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʥʝʦʜʥʦʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʩʝʧʘʨʘʮʽʶ ʛʘʟʫ ʚʽʜ ʨʽʜʠʥʠ. ʇʨʠ ʡʦʛʦ ʟʙʽʣʴʰʝʥʥʽ ʟʤʝʥʰʫʻʪʴʩʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʽʜʠʥʠ, ʘ 

ʢʦʥʜʝʥʩʘʮʽʷ ʧʘʨʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʜʠʥʽ, ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ 
ʨʽʜʢʠʭ ʯʘʩʪʠʥʦʢ. ʊʘʢʦʞ ʟʨʦʩʪʘʻ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʢʦʘʛʫʣʷʮʽʾ, ʱʦ, ʷʢ ʚʽʜʦʤʦ, ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʝʧʘʨʘʮʽʾ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʠʩʢʫ ʛʫʩʪʠʥʘ ʪʘ ʚôʷʟʢʽʩʪʴ ʛʘʟʫ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʛʫʩʪʠʥʘ ʨʽʜʢʠʭ ʯʘʩʪʠʥʦʢ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 
ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʾʭ ʦʩʘʜʞʝʥʥʷ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʪʷʞʽʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ 

ʚʧʣʠʚʫ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʠʩʢʫ ʛʘʟʫ ʥʘ ʩʝʧʘʨʘʮʽʶ ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʦʩʥʦʚʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʜʝʛʘʟʘʮʽʾ ʪʘ ʨʦʟʜʽʣʝʥʥʷ ʚʦʜʦʥʘʬʪʦʚʦʾ ʝʤʫʣʴʩʽʾ, ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʤʠ ʙʫʜʫʪʴ ʥʠʟʴʢʠʡ 

ʪʠʩʢ ʪʘ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʘ ʚ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʦʝʢʪʦʚʘʥʦʤʫ ʘʧʘʨʘʪʽ ʥʝʦʙʭʽʜʥʦ ʥʘʤʘʛʘʪʠʩʷ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ 0,2 ʄʇʘ ʽ ʟʜʽʡʩʥʶʚʘʪʠ ʧʽʜʽʛʨʽʚ ʧʦʯʘʪʢʦʚʦʾ ʚʦʜʦʥʘʬʪʦʚʦʾ ʝʤʫʣʴʩʽʾ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 60Áʉ. 
ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʘʥʦʛʦ ʪʠʧʫ ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʦʜʠʢ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʽʥʞʝʥʝʨʥʫ ʤʝʪʦʜʠʢʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 
ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʝʧʘʨʘʪʦʨʽʚ ʪʘʢʦʛʦ ʪʠʧʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, 

ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʝʧʘʨʘʮʽʾ. 

ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʮʝʩʫ ʨʦʟʛʘʟʫʚʘʥʥʷ ʥʘʬʪʠ ʧʨʦʚʦʜʠʚʩʷ ʤʝʪʦʜʦʤ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ 
ʤʦʣʴʥʦʾ ʜʦʣʽ ʚʽʜʛʦʥʫ ʟ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʮʽʣʝʡ ʪʦʯʥʽʩʪʶ ʟʘ ʟʘʢʦʥʦʤ ʈʘʫʣʷ-ɼʘʣʴʪʦʥʘ ʪʘ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʫ ʦʜʥʦʢʨʘʪʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ (ʢʦʥʜʝʥʩʘʮʽʾ) [4]. ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʚʩʷ 

ʜʣʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ (ʪʠʩʢʫ 0,2; 0,6 ʄʇʘ, ʪʝʤʧʝʨʘʪʫʨʠ 60Áʉ; 35Áʉ) ʽ 

ʤʦʞʣʠʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʚʽʜ 20% ʜʦ 90% ʤʘʩ. ʦʙʚʦʜʥʝʥʦʩʪʽ ʥʘʬʪʠ ʨʦʜʦʚʠʱʘ ʽʤ. ɺ.ʄ. ɺʠʥʦʛʨʘʜʦʚʘ 

(ʜʦ ʧʝʨʝʡʤʝʥʫʚʘʥʥʷ ʛʨʫʧʦʶ çʃʋʂʆʁʃè ʫ 2013 ʨ. ʙʽʣʴʰ ʚʽʜʦʤʦʛʦ ʷʢ ɺʝʣʠʢʝ ʆʣʴʭʦʚʩʴʢʝ ʥʘʬʪʦʚʝ 

ʨʦʜʦʚʠʱʝ, ʍʘʥʪʠ-ʄʘʥʩʽʡʩʴʢʠʡ ʘʚʪʦʥʦʤʥʠʡ ʦʢʨʫʛ ʊʶʤʝʥʩʴʢʦʾ ʦʙʣʘʩʪʽ ʈʦʩʽʡʩʴʢʦʾ ʌʝʜʝʨʘʮʽʾ), 
ʷʢʠʡ ʧʽʜʪʚʝʨʜʠʚ, ʱʦ ʦʙʨʘʥʽ ʨʦʙʦʯʽ ʧʘʨʘʤʝʪʨʠ (ʪʠʩʢ 0,2 ʄʇʘ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ 60Áʉ) ʻ 

ʦʧʪʠʤʘʣʴʥʠʤʠ, ʧʨʠ ʮʴʦʤʫ ʟ ʩʠʨʦʾ ʥʘʬʪʠ (ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʜʦ 270 ʪ/ʛʦʜ) ʚʠʜʽʣʷʻʪʴʩʷ ʧʦʧʫʪʥʠʡ 

ʥʘʬʪʦʚʠʡ ʛʘʟ ʚ ʤʘʢʩʠʤʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ (ʜʦ 7125 ʥʤ3/ʛʦʜ), ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʚʤʽʩʪʦʤ ʰʢʽʜʣʠʚʠʭ 
ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘʢʠʭ ʷʢ ʘʟʦʪ ʪʘ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʠ ʽʥʰʠʭ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚʘʭ (ʪʠʩʢ 0,6 ʄʇʘ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ 35Áʉ), ʦʪʨʠʤʫʚʘʥʠʡ ʧʦʧʫʪʥʠʡ ʥʘʬʪʦʚʠʡ ʛʘʟ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʤ ʚʤʽʩʪʦʤ ʚʦʜʠ ʝʤʫʣʴʩʽʾ ʪʘ ʚʘʞʢʠʭ ʚʫʛʣʝʚʦʜʥʽʚ, ʘʣʝ ʚ ʥʴʦʤʫ ʙʽʣʴʰʝ 
ʚʤʽʩʪ ʘʟʦʪʫ ʪʘ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʷʢʽ ʟʥʠʞʫʶʪʴ ʪʝʧʣʦʪʫ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ, ʘ ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʣʝʥʦʛʦ 

ʧʨʠ ʮʴʦʤʫ ʧʦʧʫʪʥʦʛʦ ʥʘʬʪʦʚʦʛʦ ʛʘʟʫ ʚ 20 ʨʘʟ ʤʝʥʰʘ ʚʽʜ ʟʘʟʥʘʯʝʥʦʾ ʚʠʱʝ. 

ɺʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʧʽʜʽʛʨʽʚʫ ʜʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ 
ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʫ, ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ ʚʽʜʦʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʠʪʨʘʪʠ ʪʘ ʦʙʚʦʜʥʝʥʦʩʪʽ ʚʠʭʽʜʥʦʾ 

ʩʫʤʽʰʽ, ʘʙʦ ʟʘ ʚʽʜʦʤʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘʬʪʠ ʪʘ ʚʦʜʠ. ʅʝʦʙʭʽʜʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʥʦʛʦ ʛʘʟʫ ʚʠʟʥʘʯʘʣʘʩʴ 

ʟ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʧʘʣʠʚʥʦʛʦ ʛʘʟʫ ʧʦʧʫʪʥʦʛʦ 
ʥʘʬʪʦʚʦʛʦ ʛʘʟʫ, ʷʢʠʡ ʚʠʜʽʣʠʚʩʷ ʧʨʠ ʜʝʛʘʟʘʮʽʾ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʧʦʧʫʪʥʦʛʦ 

ʥʘʬʪʦʚʦʛʦ ʛʘʟʫ ʚʠʟʥʘʯʝʥʦʛʦ ʩʢʣʘʜʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʟʘʣʝʞʥʽʩʪʴ ʄʝʥʜʝʣʻʻʚʘ [5]. ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʧʘʨʘʪʫ (Q) ʽ ʥʝʦʙʭʽʜʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʥʦʛʦ ʛʘʟʫ (Gʊɻ) ʚ 
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ʜʽʘʧʘʟʦʥʽ ʚʠʪʨʘʪ ʚʠʭʽʜʥʦʾ ʛʘʟʦʨʽʜʠʥʥʦʾ ʩʫʤʽʰʽ (Gʉʋʄ) ʧʨʠ ʨʽʟʥʦʤʫ ʩʪʫʧʝʥʽ ʦʙʚʦʜʥʝʥʦʩʪʽ (Xʅ) 

ʧʦʜʘʥʦ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ (ʨʠʩʫʥʦʢ 2, 3).  

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʣʝʞʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʧʽʜʽʛʨʽʚʫ ʩʠʨʦʾ ʥʘʬʪʠ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ 60Áʉ ʧʨʠ ʨʽʟʥʦʤʫ ʩʪʫʧʝʥʽ ʾʾ ʦʙʚʦʜʥʝʥʦʩʪʽ 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʩʧʘʣʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʘʣʠʚʥʦʛʦ ʛʘʟʫ ʚʽʜ 

ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʧʘʨʘʪʫ 

 
ɿ ʨʠʩʫʥʢʫ 2 ʩʣʽʜʫʻ, ʱʦ ʜʣʷ ʧʽʜʽʛʨʽʚʫ ʦʙʚʦʜʥʝʥʦʾ ʩʠʨʦʾ ʥʘʬʪʠ ʜʦ ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʜʝʝʤʫʣʴʩʘʮʽʾ 60Áʉ ʧʨʠ ʾʾ ʦʙʚʦʜʥʝʥʦʩʪʽ ʫ ʚʢʘʟʘʥʦʤʫ ʚʠʱʝ ʜʽʘʧʘʟʦʥʽ ʪʘ ʤʦʞʣʠʚʦʤʫ ʢʦʣʠʚʘʥʥʽ 

ʚʠʪʨʘʪʠ ʚʠʭʽʜʥʦʾ ʩʫʤʽʰʽ ʚ ʤʝʞʘʭ 70-720 ʪ/ʛʦʜ ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʧʘʨʘʪʫ ʩʢʣʘʜʘʪʠʤʝ 1,47ï
5,17 ʄɺʪ. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦ ʚʠʭʽʜʥʽʡ ʛʘʟʦʨʽʜʠʥʥʽʡ ʩʫʤʽʰʽ ʽ ʥʝʟʥʘʯʥʽʡ 

ʦʙʚʦʜʥʝʥʦʩʪʽ ʟʚʦʨʦʪʥʦʾ ʚʦʜʦʥʘʬʪʦʚʦʾ ʝʤʫʣʴʩʽʾ, ʜʣʷ ʾʾ ʧʽʜʽʛʨʽʚʫ ʚʽʜ 35Áʉ ʜʦ 60Áʉ ʜʦʩʪʘʪʥʴʦ 

ʧʽʜʚʦʜʫ ʪʝʧʣʦʪʠ ʥʝ ʙʽʣʴʰʝ ʟʘ 5,63 ʄɺʪ. ɼʣʷ ʤʦʞʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʘʧʘʨʘʪʫ ʚ ʫʤʦʚʘʭ ʢʨʠʪʠʯʥʦʾ 
ʦʙʚʦʜʥʝʥʦʩʪʽ (ʜʦ 90%) ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʙʣʦʢʫ ʧʽʜʽʛʨʽʚʘʯʘ ʜʝʝʤʫʣʴʩʘʪʦʨʫ ʜʦ 7,45 ʄɺʪ. ʇʨʠ ʮʴʦʤʫ ʤʘʩʦʚʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʥʦʛʦ ʛʘʟʫ 

ʩʢʣʘʜʘʪʠʤʝ 135-840 ʥʤ3/ʛʦʜ. ɿʽʩʪʘʚʣʝʥʥʷ ʮʠʭ ʜʘʥʠʭ ʧʽʜʪʚʝʨʜʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 
ʷʢʦʩʪʽ ʧʘʣʠʚʥʦʛʦ ʛʘʟʫ ʦʪʨʠʤʫʚʘʥʦʛʦ ʧʦʧʫʪʥʦʛʦ ʥʘʬʪʦʚʦʛʦ ʛʘʟʫ. 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʩʝʢʮʽʾ ʚʽʜʩʪʦʶʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʾʾ ʧʨʦʧʫʩʢʥʦʾ 

ʩʧʨʦʤʦʞʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʢʽʥʝʪʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʫ ʢʦʘʣʝʩʮʝʥʮʽʾ ʜʠʩʧʝʨʩʥʠʭ ʢʨʘʧʣʠʥ ʽ 
ʽʥʝʨʮʽʡʥʦ-ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʬʘʟ. ʎʝʡ ʨʦʟʨʘʭʫʥʦʢ ʧʨʝʜʩʪʘʚʣʷʻ ʨʷʜ ʪʨʫʜʥʦʱʽʚ, ʦʩʢʽʣʴʢʠ 

ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ ʧʦʪʦʢʫ, ʷʢ ʡʦʛʦ ʰʚʠʜʢʽʩʪʴ ʪʘ ʚôʷʟʢʽʩʪʴ ʟʤʽʥʶʶʪʴʩʷ ʧʦ ʚʠʩʦʪʽ ʪʘ ʜʦʚʞʠʥʽ 

ʥʘʬʪʦʛʘʟʦʚʦʜʦʨʦʟʜʽʣʶʚʘʯʘ. ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʦʥʘʬʪʦʚʦʾ ʝʤʫʣʴʩʽʾ ʚʟʜʦʚʞ ʟʦʥʠ ʚʽʜʩʪʦʶʚʘʥʥʷ 
ʙʝʟʧʝʨʝʨʚʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ ʚʭʦʜʫ ʜʦ ʚʠʭʦʜʫ, ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʤʘʢʩʠʤʘʣʴʥʘ ʚ 

ʚʝʨʭʥʴʦʤʫ ʽ ʤʽʥʽʤʘʣʴʥʘ ʚ ʥʠʞʥʴʦʤʫ ʰʘʨʽ ʝʤʫʣʴʩʽʾ. ɿʤʽʥʘ ʚôʷʟʢʦʩʪʽ ʧʦ ʜʦʚʞʠʥʽ ʚ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ 
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ʘʧʘʨʘʪʫ ʥʦʩʠʪʴ ʘʥʘʣʦʛʽʯʥʠʡ ʜʦ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʭʘʨʘʢʪʝʨ: ʧʦ ʚʝʨʪʠʢʘʣʽ ʚôʷʟʢʽʩʪʴ ʚʦʜʦʥʘʬʪʦʚʦʾ 

ʝʤʫʣʴʩʽʾ ʟʨʦʩʪʘʻ ʚʽʜ ʥʘʡʤʝʥʰʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ ʬʘʟ ʛʘʟ-ʨʽʜʠʥʘ ʜʦ ʥʘʡʙʽʣʴʰʦʛʦ ï 

ʥʘ ʛʨʘʥʠʮʽ ʟ ʚʦʜʥʦʶ ʧʦʜʫʰʢʦʶ. ʆʪʞʝ, ʥʘʡʢʨʘʱʽ ʫʤʦʚʠ ʜʣʷ ʢʦʘʣʝʩʮʝʥʮʽʾ ʢʨʘʧʣʠʥ, ʾʭ ʦʩʘʜʞʝʥʥʷ 

ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʬʘʟ ʙʫʜʫʪʴ ʧʨʠ ʫʤʦʚʽ ʩʪʚʦʨʝʥʥʷ ʚ ʟʦʥʽ ʚʽʜʩʪʦʶʚʘʥʥʷ ʣʘʤʽʥʘʨʥʦʛʦ 
ʩʪʨʫʤʝʥʝʚʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʧʦʪʦʢʫ ʚʦʜʦʥʘʬʪʦʚʦʾ ʝʤʫʣʴʩʽʾ.  

ɺʘʞʣʠʚʠʤ ʜʣʷ ʢʦʘʣʝʩʮʝʥʮʽʾ ʢʨʘʧʣʠʥ ʻ ʧʨʦʭʦʜʞʝʥʥʷ (ʧʨʦʤʠʚʘʥʥʷ) ʯʝʨʝʟ ʧʨʦʤʽʞʥʠʡ 

ʝʤʫʣʴʩʽʡʥʠʡ ʰʘʨ ʚʽʜʩʪʦʷʥʦʾ ʚʦʜʠ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ ʬʘʟ, ʷʢʠʡ ʽʩʥʫʻ ʣʠʰʝ ʧʨʠ 
ʫʤʦʚʽ ʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ. ɺ ʟʚôʷʟʢʫ ʟ ʚʝʣʠʢʦʶ ʩʢʣʘʜʥʽʩʪʶ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ 

ʪʘ ʨʫʡʥʫʚʘʥʥʶ ʧʨʦʤʽʞʥʦʛʦ ʝʤʫʣʴʩʽʡʥʦʛʦ ʰʘʨʫ, ʡʦʛʦ ʧʨʦʩʪʦʨʦʚʦ-ʥʝʦʜʥʦʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʷʢʘ 

ʟʫʤʦʚʣʝʥʘ ʨʽʟʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ, ʚôʷʟʢʽʩʪʶ ʪʘ ʜʠʩʧʝʨʩʥʠʤ ʩʢʣʘʜʦʤ ʫʪʚʦʨʶʶʯʠʭ ʡʦʛʦ ʯʘʩʪʠʥʦʢ, 
ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʝ ʽʩʥʫʻ ʟʘʛʘʣʴʥʦ ʧʨʠʡʥʷʪʠʭ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʧʦʜʽʙʥʠʭ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ, ʭʦʯʘ ʽ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʧʨʠʩʚʷʯʝʥʽ ʨʽʟʥʦʛʦ ʨʦʜʫ 

ʚʠʧʘʜʢʘʤ [3]. ʆʩʥʦʚʥʠʤ ʬʽʟʠʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʥʘʬʪʦʛʘʟʦʨʦʟʜʽʣʶʚʘʯʘ, ʻ ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʢʨʘʧʣʠʥ ʚʦʜʠ. ɼʣʷ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʚʦʜʠ 

ʚ ʥʝʨʫʭʦʤʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʠ ʣʘʤʽʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʨʫʭʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʢʦʥ ʉʪʦʢʩʘ [6]. 
ʆʩʢʽʣʴʢʠ, ʚʽʜʩʫʪʥʽ ʜʘʥʽ ʧʨʦ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ (ʚʦʜʠ) ʚ ʚʦʜʦʥʘʬʪʦʚʽʡ ʝʤʫʣʴʩʽʾ, 

ʟʛʽʜʥʦ ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ [7], ʧʨʠʡʥʷʪʦ, ʱʦ ʦʩʘʜʞʫʶʪʴʩʷ ʢʨʘʧʣʠʥʠ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʨʦʟʤʽʨʦʤ 25 

ʤʢʤ. ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ, ʨʦʟʨʘʭʦʚʘʥʘ ʧʦ ʟʘʢʦʥʫ ʉʪʦʢʩʘ, ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʢʨʘʧʣʠʥ ʚʦʜʠ ʚ ʥʘʬʪʽ 
ʩʢʣʘʜʘʻ 1,73 ʤʤ/ʩ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʜʘʥʝ ʟʥʘʯʝʥʥʷ ʥʝ ʚʨʘʭʦʚʫʻ ʩʪʠʩʥʝʥʝ ʦʩʘʜʞʝʥʥʷ 

ʯʘʩʪʠʥʦʢ. ʆʯʝʚʠʜʥʦ, ʱʦ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʰʚʠʜʢʽʩʪʴ ʙʫʜʝ ʤʝʥʰʦʶ, ʥʽʞ ʰʚʠʜʢʽʩʪʴ ʚʽʣʴʥʦʛʦ 

ʦʩʘʜʞʝʥʥʷ. ʈʦʟʨʘʭʫʥʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʠʩʥʝʥʥʷ ʪʘ ʧʨʦʝʢʪʥʦʾ 
ʦʙʚʦʜʥʝʥʦʩʪʽ ʥʘʬʪʠ (34%) ʜʦʨʽʚʥʶʻ 1,71 ʤʤ/ʩ. ʇʨʠ ʟʨʦʩʪʘʥʥʽ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ ʚ ʚʦʜʦʥʘʬʪʦʚʽʡ 

ʝʤʫʣʴʩʽʾ ʜʦ 90% ʰʚʠʜʢʽʩʪʴ ʩʪʠʩʥʝʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʧʘʜʘʻ ʜʦ 1,49 ʤʤ/ʩ. ʋ ʚʠʧʘʜʢʫ ʧʝʨʝʭʦʜʫ 

ʟʚʦʨʦʪʥʦʾ ʝʤʫʣʴʩʽʾ ʚ ʧʨʷʤʫ (ʥʘʬʪʘ ʚ ʚʦʜʽ, ʦʙʚʦʜʥʝʥʽʩʪʴ 50-90%) ʰʚʠʜʢʽʩʪʴ ʩʧʣʠʚʘʥʥʷ ʢʨʘʧʣʠʥ 

ʥʘʬʪʠ ʚ ʰʘʨʽ ʥʝʨʫʭʦʤʦʾ ʚʽʣʴʥʦʾ ʚʦʜʠ, ʧʨʠ ʣʘʤʽʥʘʨʥʦʤʫ ʭʘʨʘʢʪʝʨʽ ʨʫʭʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ, ʦʪʨʠʤʘʥʦʶ 

ɸʜʤʘʨʦʤ ʪʘ ɹʦʥʜʦʤ, ʟʘʣʝʞʥʽʩʪʶ ʥʘ ʦʩʥʦʚʽ ʟʘʢʦʥʫ ʉʪʦʢʩʘ [7]. ɺ ʪʘʢʠʭ ʫʤʦʚʘʭ ʚʽʜʧʦʚʽʜʥʦ 

ʟʘʣʝʞʥʦʩʪʽ ɸʜʤʘʨʘ ʪʘ ɹʦʥʦʤʘ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʩʧʣʠʚʘʥʥʷ ʢʨʘʧʣʠʥ 
ʥʘʬʪʠ ʚ ʚʦʜʽ ʩʢʣʘʜʘʻ 1,78 ʤʤ/ʩ. ʉʧʽʚʩʪʘʚʣʷʶʯʠ ʦʪʨʠʤʘʥʽ ʰʚʠʜʢʦʩʪʽ ʚʽʜʩʪʦʶʚʘʥʥʷ ʧʨʷʤʦʾ ʪʘ 

ʟʚʦʨʦʪʥʦʾ ʝʤʫʣʴʩʽʾ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝʩʫʪʪʻʚʦ, ʪʦʤʫ 

ʧʽʜʪʨʠʤʫʶʯʠ ʣʘʤʽʥʘʨʥʠʡ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʨʝʞʠʤ ʟ ʧʦʩʪʽʡʥʠʤ ʦʧʪʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʣʽʥʽʡʥʦʾ 
ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ, ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʦʜʥʘʢʦʚʦ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʜʽʣʝʥʥʷ ʚʦʜʠ ʪʘ ʥʘʬʪʠ ʧʨʠ 

ʟʤʽʥʽ ʦʙʚʦʜʥʝʥʦʩʪʽ ʧʦʯʘʪʢʦʚʦʾ ʩʫʤʽʰʽ. ʆʩʢʽʣʴʢʠ ʩʪʠʩʥʝʥʽʩʪʴ ʦʩʘʜʞʝʥʥʷ/ʩʧʣʠʚʘʥʥʷ ʻ ʥʝ ʻʜʠʥʠʤ 

ʬʘʢʪʦʨʦʤ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʝʧʘʨʘʮʽʶ, ʜʣʷ ʾʭ ʫʨʘʭʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʥʠʟʠʪʠ 
ʦʪʨʠʤʘʥʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʰʚʠʜʢʽʩʪʴ ʥʘ 10-15% [7]. ʆʩʪʘʥʥʽʤ ʝʪʘʧʦʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʩʝʢʮʽʾ ʢʦʘʣʝʩʮʝʥʮʽʾ ʪʘ ʚʽʜʩʪʦʶʚʘʥʥʷ ʻ ʨʦʟʨʘʭʫʥʦʢ ʥʘʧʨʫʛʠ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʢʦʘʣʝʩʝʥʮʽʶʶʯʠʭ 

ʩʠʩʪʝʤ. ʂʦʣʠ ʩʫʮʽʣʴʥʦʶ ʬʘʟʦʶ ʻ ʚʫʛʣʝʚʦʜʥʝʚʘ ʨʽʜʠʥʘ (ʥʘʬʪʦʧʨʦʜʫʢʪʠ) ʢʦʘʣʝʩʮʝʥʮʽʷ ʢʨʘʧʣʠʥ 

ʚʦʜʠ ʧʨʦʭʦʜʠʪʴ ʧʨʘʢʪʠʯʥʦ ʤʠʪʪʻʚʦ [8]. ɺʽʜʦʤʦ, ʱʦ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʢʨʘʧʣʠʥʘʤʠ ʚʦʜʠ ʤʦʞʥʘ 

ʧʽʜʚʠʱʠʪʠ, ʷʢʱʦ ʧʽʜʚʠʱʠʪʠ ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ɽ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ ʧʦʣʷʨʠʟʘʮʽʷ 

ʢʨʘʧʝʣʴ ʽ ʩʠʣʠ ʜʠʧʦʣʴʥʦʛʦ ʧʨʠʪʷʛʘʥʥʷ ʟʙʽʣʴʰʫʶʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʢʚʘʜʨʘʪʫ ʥʘʧʨʫʞʝʥʦʩʪʽ 
ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ɸʣʝ ʧʨʠ ʥʘʜʤʽʨʥʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʤʦʞʣʠʚʝ 

ʝʣʝʢʪʨʠʯʥʝ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʢʨʘʧʝʣʴ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʥʘʡʜʨʽʙʥʽʰʠʭ ʢʨʘʧʣʠʥ (ʨʦʟʤʽʨʘʤʠ 0,1-

0,01 ʤʢʤ) [5]. 
ʂʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʘʧʘʨʘʪʫ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʨʦʟʤʽʨʠ ʘʧʘʨʘʪʫ (ʜʽʘʤʝʪʨ, 

ʜʦʚʞʠʥʘ, ʦʙôʻʤ) ʟ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʽʚ ʚ ʟʦʥʽ 

ʚʽʜʩʪʦʶʚʘʥʥʷ. ʇʦʚʽʨʦʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʷʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʘʧʘʨʘʪʫ 
ʧʦ ʥʘʬʪʽ ʪʘ ʚʦʜʽ. ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʩʝʢʮʽʾ ʧʽʜʽʛʨʽʚʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ 

ʚʫʟʣʘ ʚʭʦʜʫ ʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʚʠʭʽʜʥʦʾ ʚʦʜʦʥʘʬʪʦʚʦʾ ʩʫʤʽʰʽ (ʨʦʟʤʽʨʠ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʣʘʤʽʥʘʨʥʠʡ ʨʝʞʠʤ ʚʠʪʽʢʘʥʥʷ ʝʤʫʣʴʩʽʾ ʟ ʣʦʪʢʫ ʜʝʬʣʝʢʪʦʨʫ ʧʽʜ ʰʘʨ ʚʽʣʴʥʦʾ ʚʦʜʠ), ʨʦʟʨʘʭʫʥʢʫ 
ʨʦʟʤʽʨʽʚ ʞʘʨʦʚʠʭ ʪʨʫʙ, ʦʩʥʦʚʥʠʭ ʛʦʨʽʣʦʢ ʪʘ ʜʠʤʦʚʠʭ ʪʨʫʙ ʜʣʷ ʥʠʭ (ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʥʝʦʙʭʽʜʥʦʾ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ). ʅʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʩʝʢʮʽʡ ʝʣʝʢʪʨʦʢʦʘʣʝʩʝʥʮʽʾ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʨʠʡʤʘʪʠ ʨʽʚʥʦʶ ʢʽʣʴʢʦʩʪʽ ʩʝʢʮʽʡ ʧʦʚʝʨʭʥʝʚʦʾ ʢʦʘʣʝʩʮʝʥʮʽʾ, ʷʢʫ ʚʠʟʥʘʯʘʶʪʴ ʚ 
ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʝʧʘʨʘʮʽʾ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʢʨʘʧʣʠʥ, ʷʢʽ ʨʫʭʘʶʪʴʩʷ ʧʦ ʫʩʝʨʝʜʥʝʥʠʤ 

ʣʽʥʽʷʤ ʪʦʢʫ ʢʨʽʟʴ ʥʘʩʘʜʢʠ ʢʦʘʣʝʩʝʥʮʽʾ, ʤʦʞʣʠʚʦʛʦ ʚʪʦʨʠʥʥʦʛʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʽ ʫʥʝʩʝʥʥʷ ʧʨʠ 

ʟʥʘʯʥʦʤʫ ʚʽʜʭʠʣʝʥʥʽ ʨʦʙʦʯʠʭ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ ʘʧʘʨʘʪʫ ʚʽʜ ʾʭ ʧʨʦʝʢʪʥʠʭ ʟʥʘʯʝʥʴ. 
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ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʥʘʫʢʦʚʮʷʤʠ ʢʘʬʝʜʨʠ ʧʨʦʮʝʩʽʚ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ ʭʽʤʽʯʥʠʭ ʽ ʥʘʬʪʦʧʝʨʝʨʦʙʥʠʭ ʚʠʨʦʙʥʠʮʪʚ ʉʫʤɼʋ ʥʘ ʝʪʘʧʽ ʜʦʩʣʽʜʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ 

ʨʦʙʽʪ ʪʘ ʩʪʘʜʽʾ ʝʩʢʽʟʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʨʘʟʢʘ ʅɻɺʈʇ ʪʠʧʫ çHEATER-TREATER» 

ʋʇʅ (ʟʘʤʦʚʥʠʢ - ɻʨʫʧʘ çʃʋʂʆʁʃè, ʛʝʥʧʨʦʝʢʪʫʚʘʣʴʥʠʢ - ʊʶʤʝʥʴʅʀʇʀʥʝʬʪʴ). ɿʘ ʦʩʥʦʚʥʠʤʠ 
ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʘʧʘʨʘʪ ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʚʽʜʦʤʠʤ ʩʚʽʪʦʚʠʤ 

ʘʥʘʣʦʛʘʤ: ʘʧʘʨʘʪʘʤ çHeater-Treaterè ʬʽʨʤ çCameronôs NATCOè (ʉʐɸ), çSivalls, Inc.è (ʉʐɸ), 

«EN-FAB, Inc.è (ʉʐɸ), ʘʧʘʨʘʪʫ çFree Water Knock-Outè (FWKO) ʚʠʨʦʙʥʠʮʪʚʘ çMaloney 
Industries, Inc.è (ʂʘʥʘʜʘ) ʪʘ ʅɻɺʈʇ ʢʦʥʩʪʨʫʢʮʽʾ ʇɸʆ çɺʅʀʀʥʝʬʪʝʤʘʰè, ʱʦ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ 

ʆʆʆ çʂʫʨʛʘʥʭʠʤʤʘʰè (ʈʌ). ɺʠʛʽʜʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʶ, 

ʤʘʻ ʚʠʩʦʢʽ ʧʨʦʛʥʦʟʦʚʘʥʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʜʽʣʝʥʥʷ (ʩʝʧʘʨʘʮʽʾ) ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 
ʟʤʽʥʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʪʠʩʢʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʩʪʫʧʝʥʷ ʟʚʦʜʥʝʥʦʩʪʽ ʚʦʜʦʥʘʬʪʦʚʦʾ ʝʤʫʣʴʩʽʾ. 

ɺʠʩʥʦʚʢʠ. 

ɺ ʦʩʥʦʚʫ ʩʧʨʦʝʢʪʦʚʘʥʦʛʦ ʘʧʘʨʘʪʫ ʧʦʢʣʘʜʝʥʦ ʨʷʜ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʪʘ ʦʨʠʛʽʥʘʣʴʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʠʪʨʘʪ ʚʭʽʜʥʦʾ 

ʩʫʤʽʰʽ, ʨʽʟʥʦʤʫ ʩʪʫʧʝʥʽ ʾʾ ʦʙʚʦʜʥʝʥʦʩʪʽ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʽ ʪʝʭʥʽʢʦ-
ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʘʧʘʨʘʪʫ ʟʥʘʯʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ 

ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʘʧʘʨʘʪʫ: ʚ ʷʢʦʩʪʽ ʧʘʣʠʚʥʦʛʦ ʛʘʟʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʦʧʫʪʥʠʡ ʥʘʬʪʦʚʠʡ ʛʘʟ, ʦʧʪʠʤʽʟʦʚʘʥʦ ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʧʘʨʘʪʫ ʜʣʷ ʧʽʜʽʛʨʽʚʫ ʩʠʨʦʾ ʥʘʬʪʠ ʚ 
ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʚ ʥʽʡ ʚʦʜʠ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʚʝʨʜʣʦʚʠʥʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʘʫʢʦʚʠʡ ʧʽʜʭʽʜ 

ʜʦ ʤʝʪʦʜʠʢʠ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʆʩʦʙʣʠʚʫ ʮʽʢʘʚʽʩʪʴ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʷʻ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, 
ʜʣʷ ʧʽʜʪʨʠʤʢʠ ɺʘʥʜʝʨʚʘʣʴʩʦʚʠʭ ʩʠʣ ʧʨʠʪʷʛʘʥʥʷ ʜʠʧʦʣʽʚ (ʢʨʘʧʣʠʥ). ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʫʜʫʪʴ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʦʮʽʥʠʪʠ ʚʠʟʥʘʯʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʪʘ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʙʨʠʟʢʦʚʣʦʚʣʶʶʯʠʭ ʥʘʩʘʜʦʢ. 
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ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʚ ʧʨʘʢʪʠʢʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʟʘʥʠʤʘʶʪ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ. ʀʟʫʯʝʥʠʝ ʵʪʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ ʠ ʤʝʪʦʜʦʚ ʠʭ 

ʨʝʰʝʥʠʷ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʦʡ ʥʘʫʯʥʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʧʦʣʫʯʠʚʰʝʡ ʧʦʟʜʥʝʝ ʥʘʟʚʘʥʠʝ 

ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʂ ʟʘʜʘʯʘʤ, ʨʝʰʘʝʤʳʭ ʵʪʠʤ ʤʝʪʦʜʦʤ ʚ ʨʘʤʢʘʭ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʪʠʧʠʯʥʳʝ ʟʘʜʘʯʠ ʧʨʠʤʝʥʠʤʳʝ ʢ 

ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʫʛʦʣʴʥʦʡ ʰʘʭʪʳ ʢʘʢ çʆʧʨʝʜʝʣʝʥʠʝ ʥʘʠʣʫʯʰʝʛʦ ʩʦʩʪʘʚʘ ʩʤʝʩʠè, çɿʘʜʘʯʘ ʦʙ 

ʦʧʪʠʤʘʣʴʥʦʤ ʧʣʘʥʝ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠè, çʆʧʪʠʤʠʟʘʮʠʷ ʤʝʞʦʪʨʘʩʣʝʚʳʭ ʧʦʪʦʢʦʚè, çɿʘʜʘʯʘ 
ʦ ʚʳʙʦʨʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳè, çʊʨʘʥʩʧʦʨʪʥʘʷ ʟʘʜʘʯʘè, çɿʘʜʘʯʘ ʨʘʟʤʝʱʝʥʠʷè. 

ʈʝʰʝʥʠʝ ʪʘʢʠʭ ʟʘʜʘʯ ʜʘʝʪ ʙʦʣʴʰʠʝ ʚʳʛʦʜʳ ʢʘʢ ʫʛʦʣʴʥʦʡ ʦʪʨʘʩʣʠ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʦʪʜʝʣʴʥʳʤ 

ʰʘʭʪʘʤ.  
ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʘ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʪʨʝʙʫʝʪ ʟʘʪʨʘʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ. ɺ ʩʚʷʟʠ ʩ ʙʫʨʥʳʤ 

ʨʘʟʚʠʪʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʝʩʪʝʩʪʚʝʥʥʦ ʙʳʣʦ ʦʞʠʜʘʪʴ, ʯʪʦ 

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʕɺʄ ʙʫʜʝʪ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ 

ʢʨʫʛʘ ʟʘʜʘʯ. 
ʉʦʩʪʦʷʥʠʝ ʚʦʧʨʦʩʘ: ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʣʘʥ ʜʦʙʳʯʠ 

ʫʛʣʝʡ ʧʦ ʰʘʭʪʝ ʚ ʮʝʣʦʤ N ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʦʚ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʇ1, ʇ2, é, 

ʇn. ʊʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ m ʚʠʜʦʚ ʩʳʨʴʷ S1,S2,.., Sm. ɿʘʧʘʩʳ ʫʛʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʧʦ 
ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʦʛʨʘʥʠʯʝʥʳ ʠ ʩʦʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ b1, b2, é, bm 

ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮ. ʂʦʣʠʯʝʩʪʚʦ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮ ʫʛʣʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʠ 

(ʰʘʭʪʳ) ʢʘʞʜʦʛʦ ʚʠʜʘ ʟʘʜʘʥʦ ʪʘʙʣʠʮʝʡ. ʇʨʠʙʳʣʴ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʮʠʠ 
ʢʘʞʜʦʛʦ ʚʠʜʘ ʩʦʩʪʘʚʣʷʝʪ ʩ1,ʩ2,é,ʩn. ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʠʙʳʣʴ ʧʨʝʜʧʨʠ̫ ʪʠʷ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ 

ʙʳʣʘ ʙʳ ʤʘʢʩʠʤʘʣʴʥʦʡ. ʇʨʠʤʝʨ ʟʘʧʦʣʥʝʥʠʷ ʪʘʙʣʠʮʳ, ʧʨʝʜʩʪʘʚʣʷʶɦ ʝʡ ʫʩʣʦʚʠʝ ʟʘʜʘʯʠ 

ʨʘʩʯʝʪʘ ʥʘʛʨʫʟʦʢ ʥʘ ʫʛʦʣʴʥʳʝ ʟʘʙʦʠ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ.1. ɼʘʥʥʘʷ ʪʘʙʣʠʮʘ ʩʦʩʪʘʚʣʝʥʘ ʜʣʷ 

ʯʝʪʳʨʝʭ ʝʜʠʥʠʮ ʩʳʨʴʷ ʠ ʜʚʫʭ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ. ɺ ʥʝʡ a i,j i=1..4, j=1..2 ï ʢʦʣʠʯʝʩʪʚʦ ʝʜʠʥʠʮ 

ʩʳʨʴʷ ʚʠʜʘ Si ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʮʠʠ ʚʠʜʘ ʇj, Ci i=1..2  - 
ʧʨʠʙʳʣʴ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʦʜʥʦʡ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʮʠʠ ʚʠʜʘ ʇi, bi i=1..4 ï ʟʘʧʘʩʳ ʩʳʨʴʷ ʚʠʜʘ Si.  

 

ʊʘʙʣʠʮʘ 1 - ʋʩʣʦʚʠʝ ʟʘʜʘʯʠ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʳʨʴʷ 

ɺʠʜʳ ʩʳʨʴʷ ɿʘʧʘʩʳ ʩʳʨʴʷ ɺʠʜʳ ʧʨʦʜʫʢʮʠʠ 

ʇ1 ʇ2 

S1 b1 a11 a12 

S2 b2 a21 a22 

S3 b3 a31 a32 

S4 b4 a41 a42 

ɼʦʭʦʜ ʩ1 ʩ2 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʯʝʪʘ ʥʘʛʨʫʟʦʢ ʥʘ ʣʘʚʳ ʫʛʦʣʴʥʦʡ 

ʰʘʭʪʳ ʧʨʠʤʝʥʷʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʧʨʦʛʨʘʤʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʩʯʝʪ ʫʧʨʘʚʣʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʘ ʢʘʢ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ.2. ʕʪʦ ʧʨʦʛʨʘʤʤʳ Symplex2, SimplexWin 
3.0 ʠ Optimizer 1.0. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʵʪʠʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʥʦʩʪʝʡ 

ʠʩʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ ʠ ʤʘʪʨʠʮ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʨʝʤʷ ʨʘʩʯʸʪʘ ʟʘʜʘʯʠ ʩʦʩʪʘʚʠʣʦ ʜʠʘʧʘʟʦʥ 1 - 23 ʩʝʢ.  ʅʘʠʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʳʤ ʚʘʨʠʘʥʪʦʤ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʘ ʧʨʦʛʨʘʤʤʘ SimplexWin 3.0, 

ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʣʘ ʥʘʠʙʦʣʴʰʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʫʩʪʦʡʯʠʚʦ ʨʘʙʦʪʘʣʘ ʥʘ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ.  
ʊʘʙʣʠʮʘ 2 - ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʝʰʝʥʠʷ ɿʃʇ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʦʤ 

ʇʨʦʛʨʘʤʤʳ ʈʝʟʫʣʴʪʘʪʳ ʟʘʜʘʯʠ 

n=5,m=5 n=10,m=10 n=10,m=30 n=20, m=50 

SYMPLEX2 <1 ʩʝʢ 1,5 ʩʝʢ 4 ʩʝʢ 21 ʩʝʢ 

SimplexWin 3.0 <1 ʩʝʢ 1 ʩʝʢ 3,5 ʩʝʢ 17 ʩʝʢ 

Optimizer 1.0 <1 ʩʝʢ 1,5 ʩʝʢ 5 ʩʝʢ 23 ʩʝʢ 

ɺ ʮʝʣʷʭ ʧʦʜʜʝʨʞʘʥʠʷ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ (1)-(3) ʧʨʠ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʧʧʘʨʘʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ 
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[1], ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʘ ʢʫʤʫʣʪ̫ʠʚʥʳʭ ʩʫʤʤ (ɸʂʉ). ɼʣʷ ɸʂʉ ʭʘʨʘʢʪʝʨʥʘ 

ʙʣʠʟʦʩʪʴ ʢ ʦʧʪʠʤʫʤʫ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʣʠʷʥʠʶ ʤʝʰʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʘʧʨʠʦʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʦʤʝʥʪʘ ʨʘʟʣʘʜʢʠ. ɺʩʝ ʵʪʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʘʚʠʣʴʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʘʣʛʦʨʠʪʤʦʚ ʧʦʟʚʦʣʝ̫ʪ ʜʦʙʠʪʴʩʷ 
ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ (1)-(3) ʧʨʦʮʝʩʩʫ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ. 
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1QÍq , ʛʜʝ 

1Q  - ʦʙʣʘʩʪʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʜʘʣʝʝ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʵʪʦʪ ʬʘʢʪ 

ʛʠʧʦʪʝʟʦʡ 
10 : QÍqH ), ʘ ʥʘʯʠʥʘʷ ʩ ʤʦʤʝʥʪʘ 
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t ZZ  ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʘ 
2QÍq  (

21 : QÍqH ), r=qdim ; 

2)  ʟʥʘʯʝʥʠʝ ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʜʦ ʨʘʟʣʘʜʢʠ ʠʟʚʝʩʪʥʦ: 
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ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʧʦ ʧʘʨʘʤʝʪʨʫ ɗ, 

1

11

1

)/(ln

q

qw

µ

µ
=D

N

Nt Z
, 

)( 1qtnF  - ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʩʠʤʤʝʪʨʠʯʝʩʢʘʷ ʤʘʪʨʠʮʘ ʌʠʰʝʨʘ ʥʘ N 

ʥʘʙʣʶʜʝʥʠʷʭ;  

tN  ʠʛʨʘʝʪ ʨʦʣʴ ʩʯʝʪʯʠʢʘ ʢʦʣʠʯʝʩʪʚʘ ʥʘʙʣʶʜʝʥʠʡ ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʛʦ ʦʙʥʫʣʝʥʠʷ 

ʨʝʰʘʶʱʝʡ ʬʫʥʢʮʠʠ gt, ʪ.ʝ. ʵʪʦ ʜʣʠʥʘ ʦʯʝʨʝʜʥʦʛʦ ʮʠʢʣʘ ɸʂʉ. ɼʦ ʨʘʟʣʘʜʢʠ 
tn  ʙʳʚʘʝʪ ʙʦʣʴʰʝ 

ʝʜʠʥʠʮʳ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʩʣʫʯʘʡʥʳʭ ʬʣʫʢʪʫʘʮʠʡ. ʇʦʩʣʝ ʨʘʟʣʘʜʢʠ )( 0tt²  ʚʝʣʠʯʠʥʘ )(1 tn

t xS  

ʥʘʯʥʝʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʨʘʩʪʠ ʠ ʩʨʘʟʫ ʞʝ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʜʣʠʥʘ ʮʠʢʣʘ ɸʂʉ. ʇʨʘʚʠʣʦ ʧʦʜʘʯʠ 

ʩʠʛʥʘʣʘ ʦ ʨʘʟʣʘʜʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʝʤ  

}:inf{0 hgtt t ²= , 

ʛʜʝ h - ʚʳʙʨʘʥʥʳʡ ʧʦʨʦʛ. 
ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʦʜʭʦʜʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ [3], ʛʜʝ ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʧʦʰʘʛʦʚʳʤ ʧʝʨʝʨʘʩʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ, ʚʝʜʫʱʠʤ ʢ ʥʝʦʧʨʘʚʜʘʥʥʳʤ ʟʘʪʨʘʪʘʤ ʤʘʰʠʥʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɸʂʉ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʥʦʚʫʶ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʪʦʣʴʢʦ ʚ ʤʦʤʝʥʪʳ 

ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʟʣʘʜʢʠ, ʪ.ʝ. ʢʦʛʜʘ ʚ ʵʪʦʤ ʩʘʤʦʤ ʜʝʣʝ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ. ɽʱʝ ʨʘʟ 

ʧʦʜʯʝʨʢʥʸʤ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ɸʂʉ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʡ ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ 

ʠʤʝʥʥʦ ʧʦʨʦʛʘ ʨʝʰʘʶʱʝʡ ʬʫʥʢʮʠʠ (h), ʟʦʥʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 
1l ʦʪʢʣʦʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʪ.ʧ., 

ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʘʣʛʦʨʠʪʤʦʚ, ʚʳʧʦʣʥʷʝʤʦʡ ʥʘ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʢʘʭ. 
ɺʳʚʦʜʳ.ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʘʩʩ ʤʦʜʝʣʝʡ (1)-(3) ʫʥʠʚʝʨʩʘʣʝʥ ʚʦ ʚʨʝʤʝʥʥʦʤ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʦʛʥʦʟʘ ʧʨʠ ʭʦʨʦh ʠʭ ʚʨʝʤʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʠʤʝʝʪ ʨʘʟʚʠʪʳʡ ʘʧʧʘʨʘʪ ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʷʶɦ ʠʤʩʷ ʫʩʣʦʚʠʷʤ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʧʦʣʥʝ ʧʨʠʛʦʜʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ʫʛʣʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1. ʉʝʥʴʦ ʇ.ʉ. ʊʝʦʨʽʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʪʘ ʤʘʪʝʤʘʪʠʯʥʘ ʩʪʘʪʠʩʪʠʢʘ: ʂʠʾʚ, 2004. ï 448 ʩ. 
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ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʧʨʘʚʣʷʝʤʦʡ ʩʠʩʪʝʤʳ // ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʛʽʨʥʠʯʦʛʦ 
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ʄʆɼɽʃʖɺɸʅʅʗ ɸɺʊʆʄɸʊʀʏʅʆɻʆ ʇʃɸʅʋɺɸʅʅʗ ʇʆʊʆʏʅʆɻʆ ʈɽʄʆʅʊʋ 

ʇɸʉɸɾʀʈʉʔʂʀʍ ɺɸɻʆʅɯɺ 

ʊ.ʌ. ʄʠʭʘʡʣʦʚʘ 

 

ɼʥʧ̔ʨʦʧʝʪʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽʤʝʥʽ ʘʢʘʜʝʤʽʢʘ ɺ. 

ʃʘʟʘʨʷʥʘ (ɼʅʋɿʊ ʽʤʝʥʽ ɺ. ʃʘʟʘʨʷʥʘ), ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ 
 

ʄʝʪʦʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʣʘʥʫʚʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʨʝʤʦʥʪʫ ʚʘʛʦʥʽʚ ʻ ʤʽʥʽʤʽʟʘʮʽʷ ʟʘʪʨʘʪ ʥʘ 

ʨʝʤʦʥʪ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʛʦʥʽʚ ʜʦ ʨʝʤʦʥʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ʇʨʠ ʮʴʦʤʫ ʙʘʞʘʥʦ ʟʘʙʝʟʧʝʯʠʪʠ 
ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ ʨʝʤʦʥʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʝʟʦʥʥʠʭ ʚʽʜʧʫʩʪʦʢ, 

ʘ ʪʘʢʦʞ ʟʙʝʨʝʛʪʠ ʜʽʶʯʫ ʩʠʩʪʝʤʫ ʧʣʘʥʦʚʦ-ʟʘʧʦʙʽʞʥʠʭ ʨʝʤʦʥʪʽʚ. ɺ ʧʘʩʘʞʠʨʩʴʢʽʡ ʩʣʫʞʙʽ ʜʦʨʦʛʠ 
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ʧʣʘʥʫʚʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʨʝʤʦʥʪʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʦʩʚʽʜʫ ʪʘ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʣʽʥʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ʊʘʢʘ ʤʝʪʦʜʠʢʘ ʭʘʨʘʢʪʝʨʥʘ ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʛʦʪʦʚʥʦʩʪʽ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ ʚ ʨʝʡʩ, ʟʥʘʯʥʠʤ ʯʘʩʦʤ ʚʽʜʩʫʪʥʦʩʪʽ ʾʭ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʨʝʤʦʥʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟʨʦʩʪʘʥʥʷʤ ʟʘʪʨʘʪ ʪʘ ʧʦʨʫʰʝʥʥʷʤ ʜʽʶʯʦʾ ʩʠʩʪʝʤʠ 
ʨʝʤʦʥʪʽʚ. 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʤʝʪʦʜʠʢʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʣʘʥʫʚʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʨʝʤʦʥʪʫ ʚʘʛʦʥʽʚ, ʷʢʘ 

ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʧʦʜʽʣ ʚʘʛʦʥʽʚ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʨʝʤʦʥʪʫ, ʟʘ ʧʣʘʥʦʚʠʤʠ ʧʝʨʽʦʜʘʤʠ ʧʦ ʨʝʤʦʥʪʥʠʭ 
ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʧʦʪʫʞʥʦʩʪʽ, ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʅʘ 

ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʧʣʘʥʫʚʘʥʥʷ (ʱʦʤʽʩʷʮʷ) ʟʘʜʘʯʘ ʬʦʨʤʫʣʶʻʪʴʩʷ ʷʢ ʟʘʜʘʯʘ ʤʽʥʽʤʽʟʘʮʽʾ ʢʨʠʪʝʨʽʶ [1]  
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ʜʝ ijkx  - ʢʽʣʴʢʽʩʪʴ ʚʘʛʦʥʽʚ ʽ-ʛʦ ʪʠʧʫ, ʧʨʠʧʠʩʘʥʠʭ ʜʦ j-ʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʥʘʧʨʘʚʣʝʥʠʭ ʚ ʨʝʤʦʥʪ ʥʘ 

ʢ-ʝ ʧʽʜʧʨʠʻʤʩʪʚʦ; ijkc  - ʚʘʨʪʽʩʪʴ ʨʝʤʦʥʪʫ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ-ʛʦ ʪʠʧʫ ʚʘʛʦʥʘ, ʥʘʧʨʘʚʣʝʥʦʛʦ ʟ j-

ʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʢ-ʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʨʝʤʦʥʪʫ; R ï ʯʠʩʣʦ ʤʦʜʠʬʽʢʘʮʽʡ ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ; N ï 

ʯʠʩʣʦ ʧʽʜʧʨʠʻʤʩʪʚ ʧʨʠʧʠʩʢʠ; S - ʯʠʩʣʦ ʧʽʜʧʨʠʻʤʩʪʚ ʨʝʤʦʥʪʫ; ijP  - ʢʽʣʴʢʽʩʪʴ ʚʘʛʦʥʽʚ ʽ-ʛʦ ʪʠʧʫ, 

ʢʦʪʨʽ ʧʦʪʨʝʙʫʶʪʴ ʨʝʤʦʥʪʫ ʥʘ j-ʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʧʨʠʧʠʩʢʠ; 
¡

ijP  - ʧʦʪʨʝʙʘ ʚ ʨʝʤʦʥʪʽ ʧʨʦʩʪʨʦʯʝʥʠʭ 

ʚʘʛʦʥʽʚ ʽ-ʛʦ ʪʠʧʫ ʥʘ j-ʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʧʨʠʧʠʩʢʠ; ikW  - ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʦʙôʻʤ ʨʦʙʽʪ ʢ-ʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦ ʽ-ʡ ʤʦʜʠʬʽʢʘʮʽʾ ʚʘʛʦʥʽʚ. ɼʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʧʣʘʥʫʚʘʥʥʷ ʤʝʪʦʜʠ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ [2], ʨʝʘʣʽʟʘʮʽʷ ʷʢʠʭ 
ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʘ Maple. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 
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ʆʇʊʀʄʀɿɸʎʀʗ ʂʆʅʉʊʈʋʂʎʀʀ ʂʈʆʅʐʊɽʁʅɸ  

ɺ CAD-ʉʀʉʊɽʄɽ SOLID WORKS 

ɼ.ʖ. ʄʠʭʝʝʥʢʦ 

 

ɼʦʥʙʘʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ, ʂʨʘʤʘʪʦʨʩʴʢ 
 

ʄʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʘ ʠʤʝʥʥʦ ʪʘʤ, ʛʜʝ ʚʦʟʥʠʢʘʶʪ ʟʘʜʘʯʠ ʧʨʠʥʷʪʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 
ʨʝʰʝʥʠʡ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʡ. ʀʜʝʷ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʩʪʨʝʤʣʝʥʠʝ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ, ʘ ʥʝ ʢ ʣʶʙʦʤʫ ʜʦʧʫʩʪʠʤʦʤʫ ʚʘʨʠʘʥʪʫ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ, 

ʛʣʫʙʦʢʦ ʧʨʦʥʠʟʳʚʘʝʪ ʛʣʫʙʦʢʦ ʧʨʦʥʠʟʳʚʘʝʪ ʩʦʚʨʝʤʝʥʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ [1]. 
ʉʤʳʩʣ ʠʥʞʝʥʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ 

ʥʝʢʦʪʦʨʦʡ ʥʘʠʣʫʯʰʝʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʫʘʣʴʥʳʤʠ. 
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ʆʧʪʠʤʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʥʝ ʪʦʣʴʢʦ 

ʚʧrʦʣʥʷʶʱʝʛʦ ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ, ʥʦ ʠ ʦʪʚʝʯʘʶʱʠʝ ʥʝʢʦʪʦʨʳʤ ʟʘʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ. 

ʉʘʤʳʡ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʭʦʞʜʝʥʠʝ 
ʣʫʯʰʝʛʦ ʚʘʨʠʘʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʧʦʜʙʦʨʝ ʥʝʩʢʦʣʴʢʠʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ 

ʦʧʪʠʤʠʟʘʮʠʠ ʚʘʨʠʘʥʪʦʚ. 
ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʚ 

ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʨʝʰʘʶʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʥʘ ʙʘʟʝ ʕɺʄ. ʂ ʚʳʩʰʝʤʫ ʫʨʦʚʥʶ ʦʪʥʦʩʷʪʩʷ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʨʝʰʘʝʤʳʝ ʚ ʨʘʤʢʘʭ ʉɸʇʈ. 

ʆʜʥʠʤ ʠʟ ʧʨʠʙʣʠʞʝʥʠʡ ʢ ʨʝʰʝʥʠʶ ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʘʧʧʘʨʘʪ ʥʝʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʤʳʩʣ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʪʘʢʠʭ ʚʝʣʠʯʠʥ 

ʧʘʨʘʤʝʪʨʦʚ (ʧʝʨʝʤʝʥʥʳʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ), ʧʨʠ ʢʦʪʦʨʳʭ ʥʝʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʥʩʪʨʫʢʮʠʠ 

(ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ) ʧʨʠʥʠʤʘʝʪ ʵʢʩʪʨʝʤʘʣʴʥʦʝ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʣʠ ʤʠʥʠʤʘʣʴʥʦʝ) ʟʥʘʯʝʥʠʝ. ʇʨʠ 
ʵʪʦʤ ʨʷʜ ʧʘʨʘʤʝʪʨʦʚ ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʦʛʨʘʥʠʯʝʥʠʷʤ, 

ʟʘʜʘʥʥʳʤ ʚ ʚʠʜʝ ʥʝʨʘʚʝʥʩʪʚ ʠʣʠ ʜʠʘʧʘʟʦʥʦʚ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
ʢʦʥʩʪʨʫʢʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʦʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʘʣʛʦʨʠʪʤ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʭʨʘʥʷʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʵʪʦʛʦ ʫʩʣʦʚʠʷ, ʩʭʦʜʠʤʦʩʪʴ ʢ 

ʦʧʪʠʤʫʤʫ ʧʨʠ ʵʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʚʝʩʴʤʘ ʧʨʦʙʣʝʤʘʪʠʯʥʦʡ. 
ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʦʨʨʝʢʪʥʦʩʪʴ ʥʘʣʦʞʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʠʟ-ʟʘ 

ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʦʧʪʠʤʫʤʘ ʥʘ ʛʨʘʥʠʮʝ ʜʦʧʫʩʪʠʤʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʚʳʪʝʢʘʝʪ ʠʟ 

ʧʦʩʪʫʣʘʪʦʚ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʮ ʠʥʪʝʨʚʘʣʦʚ ʠʟʤʝʥʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʥʘʟʥʘʯʘʪʴ ʨʘʟʫʤʥʳʝ ʩ ʠʥʞʝʥʝʨʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʝʣʠʯʠʥʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ ʢʨʦʥʰʪʝʡʥʘ (ʨʠʩʫʥʦʢ 1) ʚ CAD-
ʩʠʩʪʝʤʝ Solid Works [2]. 

ʎʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʤʘʩʩʳ ʢʨʦʥʰʪʝʡʥʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ ʝʛʦ ʧʨʦʯʥʦʩʪʠ ʧʦʜ ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʋʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʙʫʜʝʪ ʜʦʩʪʠʛʘʪʴʩʷ 
ʧʫʪʝʤ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʳʨʝʟʘ ʚ ʢʨʦʥʰʪʝʡʥʝ (ʩʤ. ʨʠʩʫʥʦʢ 1). 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʧʨʦʯʥʦʩʪʥʦʡ ʨʘʩʯʝʪ ʢʨʦʥʰʪʝʡʥʘ ʚ 

CAE-ʤʦʜʫʣʝ Solid Simulation [3]. ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ CAD-ʩʠʩʪʝʤʳ Solid Works ʠ 
ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʨʘʩʯʝʪʳ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) 

[4]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʯʥʦʩʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʤʘʪʝʨʠʘʣ ʢʨʦʥʰʪʝʡʥʘ 

(ʩʪʘʣʴ 3), ʝʛʦ ʟʘʢʨʝʧʣʝʥʠʝ ʠ ʜʝʡʩʪʚʫʶʱʠʝ ʥʘʛʨʫʟʢʠ (ʨʠʩʫʥʦʢ 2). 

 
ʈʠʩʫʥʦʢ 1 ï ʂʨʦʥʰʪʝʡʥ 
 



238 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʜʘʯʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʯʥʦʩʪʠ ʢʨʦʥʰʪʝʡʥʘ 
 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ 

ʢʨʦʥʰʪʝʡʥʝ 139 ʄʇʘ (ʨʠʩʫʥʦʢ 3). ɼʣʷ ʩʪʘʣʠ 3 ʜʦʧʫʩʪʠʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʶʪ 160 
ʄʇʘ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʜʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠʤʝʝʪ ʨʝʟʝʨʚʳ ʧʦ ʩʥʠʞʝʥʠʶ ʤʘʩʩʳ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ ʧʨʦʯʥʦʩʪʠ. 

 
ʈʠʩʫʥʦʢ 3 ï ʕʧʶʨʘ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʨʦʥʰʪʝʡʥʝ 

 
ɺ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚʝʩ, ʦʙʲʝʤ, ʦʜʥʘ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ 

ʦʜʥʘ ʠʟ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʚʳʟʳʚʘʶʱʠʭ ʧʦʪʝʨʶ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʤʦʞʝʪ 

ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴʩʷ ʠʣʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴʩʷ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʢʦʤʙʠʥʠʨʦʚʘʪʴ 

ʨʘʟʥʦʨʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ (ʥʘʧʨʠʤʝʨ, ʧʨʦʯʥʦʩʪʴ ʠ ʯʘʩʪʦʪʳ) ʥʝʜʦʧʫʩʪʠʤʦ. 

ʇʝʨʝʤʝʥʥʳʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʪʦʣʴʢʦ ʨʘʟʤʝʨʳ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʤʦʜʝʣʠ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʦ ʩʪʨʦʛʦ ʩʦʙʣʶʜʘʪʴʩʷ ʪʨʝʙʦʚʘʥʠʝ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʝʤʝʥʥʳʭ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʝʨʝʤʝʥʥʳʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʚ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʝ, ʨʘʚʥʦ 25. 

ɺ ʢʘʯʝʩʪʚʝ ʦʛʨʘʥʠʯʝʥʠʡ ʜʣʷ ʟʘʜʘʯʠ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 
ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʚʝʣʠʯʠʥʳ ʨʘʟʤʝʨʦʚ,  ʥʘʧʨʷʞʝʥʠʷ, ʩʠʣʳ ʨʝʘʢʮʠʠ, ʧʝʨʝʤʝʱʝʥʠʷ, 


