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ʇʀʑɽɺʓɽ ʊɽʍʅʆʃʆɻʀʀ  
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ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɸ.ɸ. ʂʫʨʦʯʢʠʥ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɼ.ɸ. ʄʘʨʪʷʰʠʥʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɻ.ɼ. ʃʫʟʛʠʥ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ  (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ʇɽʈʉʇɽʂʊʀɺʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʇɽʈɽʈɸɹʆʊʂʀ 

ʈʓɹʅʓʍ ʆʊʍʆɼʆɺ éééééééééééééééééééé 

É ɸ.ʉ. ɻʨʝʮʦʚ, ʉʘʤʘʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʘʢʘʜʝʤʠʷ (ʛ. ʉʘʤʘʨʘ, ʈʦʩʩʠʷ) 

 

ʇʆɺʓʐɽʅʀɽ ʇʀʊɸʊɽʃʔʅʆʉʊʀ ʕʂʉʊʈʋɿʀʆʅʅʆʁ  

ʇɽʈɽʈɸɹʆʊʂʀ ʆʊʈʋɹɽʁ ééééééééééééééééé 

É ʀ.ʃ. ʆʨʩʠʢ, ʉʘʤʘʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʘʢʘʜʝʤʠʷ (ʛ. ʉʘʤʘʨʘ, ʈʦʩʩʠʷ) 

 

ʇʈɸʂʊʀʏɽʉʂʀɽ ʇɽʈʉʇɽʂʊʀɺʓ ʊɽʈʄʆʇʃɸʉʊʀʏɽʉʂʆʁ 

ʕʂʉʊʈʋɿʀʀ ɺ ʊɽʍʅʆʃʆɻʀʀ ʅɸʇʀʊʂʆɺ ééééééééé 

É ʇ.ʂ. ɺʦʨʦʥʠʥʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʋʐʂʀ ʇʃʆɼʆɺ ʏɽʈʅʆʁ ʉʄʆʈʆɼʀʅʓ  

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʉɺʏ-ʀɿʃʋʏɽʅʀʗ ééééééééé 

É ʆ.ʅ. ʇʯʝʣʠʥʮʝʚʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɽ.ɸ. ʉʘʨʘʬʘʥʢʠʥʘ ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ʆ ʉʆɿɼɸʅʀʀ ʀ ʆʉɺʆɽʅʀʀ ʅʆɺʓʍ ɺʀɼʆɺ ʌʆʈʄʆɺʆɻʆ 

ʍʃɽɹɸ ʉ ʅɸʊʋʈɸʃʔʅʓʄʀ ʆɹʆɻɸʊʀʊɽʃʗʄʀ éééééé 

É ɻ.ɺ. ɸʚʨʦʨʦʚ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ʅ.ʉ. ɽʣʠʩʝʝʚʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɽ.ɺ. ʊʘʨʘʥʮʦʚʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɺ.ɺ. ʃʦʚʮʝʚʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 
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ʇʈʀʄɽʅɽʅʀɽ ʕʂʉʊʈʋɼɸʊɸ ʊʓʂɺɽʅʅʓʍ ʉɽʄʗʅ ɺ 

ʇʈʆʀɿɺʆɼʉʊɺɽ ʇʈʆɼʋʂʊʆɺ ʌʋʅʂʎʀʆʅɸʃʔʅʆɻʆ 

ʅɸɿʅɸʏɽʅʀʗ éééééééééééééééééééééé 

É ʀ.ʅ. ʐʝʰʥʠʮʘʥ, ʇʝʥʟʝʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʚʳʩʰʝʡ ʰʢʦʣʳ 

(ʬʠʣʠʘʣ) ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘè 

(ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɻ.ɺ. ʐʘʙʫʨʦʚʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ʄʀʂʈʆʉʊʈʋʂʊʋʈʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʕʂʉʊʈʋɼɸʊɸ 

ʗʏʄɽʅʗ ééééééééééééééééééééééé 
É ʇ.ʂ. ɺʦʨʦʥʠʥʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 
ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 
 

ʆʇʊʀʄʀɿɸʎʀʗ ʉʆʉʊɸɺɸ ɿɽʈʅʆʇʈʆɼʋʂʊʆɺ ʇʈʀ 

ʇʆʃʋʏɽʅʀʀ ʇʀɺʅʆɻʆ ʉʋʉʃɸ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʕʂʉʊʈʋɼʀʈʆɺɸʅʅʆɻʆ ʗʏʄɽʅʗ éééééééééééé 

É ɻ.ɺ. ʐʘʙʫʨʦʚʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɸ.ɸ. ʂʫʨʦʯʢʠʥ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ʇ.ʂ. ɺʦʨʦʥʠʥʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɼ.ʀ. ʌʨʦʣʦʚ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ʇʆʃʋʏɽʅʀɽ ʕʂʉʊʈʋɼɸʊʆɺ ʂʈɸʍʄɸʃʉʆɼɽʈɾɸʑɽɻʆ 

ɿɽʈʅʆɺʆɻʆ ʉʓʈʔʗ ʉ ɿɸɼɸʅʅʆʁ ʇʆʈʀʉʊʆʉʊʔʖ éééé 

É ɸ.ɸ. ʂʫʨʦʯʢʠʥ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʋʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɻ.ɺ. ʐʘʙʫʨʦʚʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʋʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɼ.ʀ. ʌʨʦʣʦʚ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʋʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ʍʀʄʀʏɽʉʂʀʁ ʉʆʉʊɸɺ ʕʂʉʊʈʋɼʀʈʆɺɸʅʅʆɻʆ ʆɺʉɸ éé 

É ɽ.ʉ. ʂʘʟʘʢʦʚʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɻ.ɺ. ʐʘʙʫʨʦʚʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ɺʃʀʗʅʀɽ ʇʈɽɹʀʆʊʀʂʆɺ ʅɸ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ 

ʉɺʆʁʉʊɺɸ ʄʆʃʆʏʅʓʍ ʀ ʄʗʉʅʓʍ ʇʈʆɼʋʂʊʆɺ éééé 

É ɺ.ʄ. ɿʠʤʥʷʢʦʚ, ʇʝʥʟʝʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʘʢʘʜʝʤʠʷ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ʀ.ɺ. ɻʘʚʨʶʰʠʥʘ, ʇʝʥʟʝʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 
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ʆʇʊʀʄʀɿɸʎʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ 

ʉʄɽʉʀʊɽʃʗ-ʂʆʅɺɽʁɽʈɸ ééééééééééééééé 

É ɸ.ʉ. ʌʦʤʠʥ, ʇʝʥʟʝʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʘʢʘʜʝʤʠʷ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɺ.ʇ. ʊʝʨʶʰʢʦʚ, ʇʝʥʟʝʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʘʢʘʜʝʤʠʷ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɺ.ɺ. ʂʦʥʦʚʘʣʦʚ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɸ.ɸ. ɺʣʘʩʦʚ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ʆʇʊʀʄʀɿɸʎʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ 

ʉʄɽʉʀʊɽʃʗ ʉ ʃʆʇɸʉʊʅʆ-ʃɽʅʊʆʏʅʓʄ ʈɸɹʆʏʀʄ 

ʆʈɻɸʅʆʄ éééééééééééééééééééééééé... 

É ɺ.ʇ. ʊʝʨʶʰʢʦʚ, ʇʝʥʟʝʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʘʢʘʜʝʤʠʷ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɺ.ɺ. ʂʦʥʦʚʘʣʦʚ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɸ.ɸ. ɺʣʘʩʦʚ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ʇʆɺʓʐɽʅʀɽ ʇʀʑɽɺʆʁ ʎɽʅʅʆʉʊʀ ʄɽʃʂʆʐʊʋʏʅʓʍ 

ʍʃɽɹʆɹʋʃʆʏʅʓʍ ʀɿɼɽʃʀʁ ɼʃʗ ʇʀʊɸʅʀʗ ʋʏɸʑɽʁʉʗ 

ʄʆʃʆɼɽɾʀ ééééééééééééééééééééééé 

É ɿ.ɸ. ɹʦʯʢʘʨʝʚʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ)  
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134 

 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɽ ʆɹʆʈʋɼʆɺɸʅʀɽ  
 

ɺʓɹʆʈ ʈɸʎʀʆʅɸʃʔʅʓʍ ʀʉʊʆʏʅʀʂʆɺ ʀʂ ʀɿʃʋʏɽʅʀʗ  

ʀ ʂʆʅʉʊʈʋʂʎʀʆʅʅʆɻʆ ʄɸʊɽʈʀɸʃɸ ɼʃʗ 

ʉʋʐʀʃʔʅʆ -ʇɽʂɸʈʅʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ ééééééé... 

É ɻ.ɼ. ʃʫʟʛʠʥ ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ 

 (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ)  

É ɻ.ɺ. ɸʚʨʦʨʦʚ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɼ.ɸ. ʄʘʨʪʷʰʠʥʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ʆɹ ʀʉʇʆʃʔɿʆɺɸʅʀʀ ʅɸʇʈɸɺʃɽʅʅʆ-

ʌʆʂʋʉʀʈʆɺɸʅʅʆɻʆ ʀɿʃʋʏɽʅʀʗ ɼʃʗ ɺʓʇɽʏʂʀ 

ʍʃɽɹʆɹʋʃʆʏʅʓʍ ʀɿɼɽʃʀʁ ééééééééééééééé. 

É ɻ.ɺ. ɸʚʨʦʨʦʚ, ʇʝʥʟʝʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʘʢʘʜʝʤʠʷ  

(ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɻ.ɼ. ʃʫʟʛʠʥ, ʇʝʥʟʝʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʘʢʘʜʝʤʠʷ 
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(ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɺ.ɸ. ɸʚʨʦʨʦʚ, ʇʝʥʟʝʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʘʢʘʜʝʤʠʷ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ʉʆɿɼɸʅʀɽ ʀ ʊɽʉʊʀʈʆɺɸʅʀɽ ʋʅʀɺɽʈʉɸʃʔʅʆʁ 

ʊʋʅʅɽʃʔʅʆʁ ʉʋʐʀʃʂʀ-ʇɽʏʀ ʉ ʅɸʇʈɸɺʃɽʅʅʓʄ 

ʀʂ ʀɿʃʋʏɽʅʀɽʄ ééééééééééééééééééééé 

É ɻ.ɺ. ɸʚʨʦʨʦʚ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɻ.ɼ. ʃʫʟʛʠʥ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɸ.ɸ. ʂʫʨʦʯʢʠʥ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ʇʈʀʄɽʅɽʅʀɽ ʉʆɺʈɽʄɽʅʅʓʍ ɼʓʄʆɻɽʅɽʈɸʊʆʈʆɺ ʇʈʀ 

ʇʈʆʀɿɺʆɼʉʊɺɽ ʂʆʇʏɽʅʓʍ ʇʈʆɼʋʂʊʆɺ éééééééé 

É ʂ.ʇ. ʌʫʜʠʥ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɸ.ɸ. ɺʣʘʩʦʚ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ʆɹʆʉʅʆɺɸʅʀɽ ʈɸʎʀʆʅɸʃʔʅʓʍ ʇɸʈɸʄɽʊʈʆɺ 

ɹʆʊɺʆʋɼɸʃʗʖʑɽʁ ʄɸʐʀʅʓ ʅɸ ʇʆʉɽɺɸʍ ʃʋʂɸ ééé 

É ɼ.ʀ. ʌʨʦʣʦʚ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ  

 ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ʉ.ɺ. ʏʝʢʘʡʢʠʥ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ʇʈʀʄɽʅɽʅʀɽ ɺɸʂʋʋʄʅʆʁ ʕʃɽʂʊʈʆʅʅʆ-ʃʋʏɽɺʆʁ 

ʊɽʍʅʆʃʆɻʀʀ ɼʃʗ ʇʆʃʋʏɽʅʀʗ ʇʃɽʅʆʏʅʓʍ 

ʇʆʊɽʅʎʀʆʄɽʊʈʆɺ ééééééééééééééééééé 

É ʅ.ɼ. ʊʫʪʦʚ, ʖʛʦ-ɿʘʧʘʜʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʛ. ʂʫʨʩʢ, ʈʦʩʩʠʷ) 

É ɼ.ʅ. ʊʫʪʦʚ, ʖʛʦ-ɿʘʧʘʜʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʛ. ʂʫʨʩʢ, ʈʦʩʩʠʷ) 

É ɺ.ɸ. ɸʚʨʦʨʦʚ, .ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ʋʉʊʈʆʁʉʊɺʆ ɼʃʗ ʇʈʆʀɿɺʆɼʉʊɺɸ ʉʃʀɺʆʏʅʆɻʆ ʄɸʉʃɸ  

É ɺ.ʉ. ʇʘʨʬʝʥʦʚ, ʇʝʥʟʝʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʘʢʘʜʝʤʠʷ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɸ.ɺ. ʗʰʠʥ, ʇʝʥʟʝʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʘʢʘʜʝʤʠʷ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ʖ.ɺ. ʇʦʣʳʚʷʥʳʡ, ʇʝʥʟʝʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ɺʃʀʗʅʀɽ ʊɽʍʅʆʃʆɻʀʀ ʀɿɻʆʊʆɺʃɽʅʀʗ ʇʃɸʉʊʀʅ ʅɸ 

ʋʉʊɸʃʆʉʊʅʋʖ ʇʈʆʏʅʆʉʊʔ ʇʈʀɺʆɼʅʓʍ ʎɽʇɽʁ 

ʄɸʃʓʍ ʐɸɻʆɺ ʂʆʅɺɽʁɽʈʆɺ  éééééééééééééé 
É ɻ.ɺ. ɸʚʨʦʨʦʚ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 
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ʫʥʠʚʝʨʩʠʪʝʪ  (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 
É ɸ.ʉ. ɺʠʢʫʣʦʚ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 
ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 
É ɸ.ʅ. ʇʦʪʝʤʢʠʥ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 
ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 
É ʅ.ɺ. ʈʦʤʘʥʦʚʩʢʘʷ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 
ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 
 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ ʈɸɹʆʊʓ  

ʉʋʐʀʃʂʀ ʂʀʇʗʑɽɻʆ ʉʃʆʗ éééééééééééééé 

É ɸ.ɹ. ʊʝʨʝʥʪʴʝʚ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ʂ.ʖ. ʄʦʢʨʦʫʩʦʚʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ʉ.ɺ. ʏʝʢʘʡʢʠʥ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ʄɽʊʆɼʆʃʆɻʀʗ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ 

ʉʄɽʉʀʊɽʃɽʁ-ʋɺʃɸɾʅʀʊɽʃɽʁ ʉʓʇʋʏʀʍ ʇʀʑɽɺʓʍ 

ʇʈʆɼʋʂʊʆɺ ééééééééééééééééééééé 

É ɺ.ɺ. ʂʦʥʦʚʘʣʦʚ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɸ.ɸ. ʂʫʨʦʯʢʠʥ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɼ.ʀ. ʌʨʦʣʦʚ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ʕʅɽʈɻʆʉɹɽʈɽɻɸʖʑɸʗ ɿɽʈʅʆʉʋʐʀʃʂɸ 

ʂʆʅʊɸʂʊʅʆɻʆ ʊʀʇɸ éééééééééééééééééé 
É ɸ.ɸ. ʂʫʨʦʯʢʠʥ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 
ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɸ.ɹ. ʊʝʨʝʥʪʴʝʚ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 
ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ʉ.ɺ. ʏʝʢʘʡʢʠʥ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 
ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ʄʆɼɽʈʅʀɿɸʎʀʗ ʄɽʐɸʃʂʀ ɺɸʈʆʏʅʆɻʆ ʂʆʊʃɸ 

ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʅʆʈʄɸʃʀɿʆɺɸʅʅʆɻʆ ʂʆʅʎɽɺʆɻʆ 

ʇʆɼʐʀʇʅʀʂɸ éééééééééééééééééééééé 
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ʕʂʆʅʆʄʀʂɸ ʀ ʋʇʈɸɺʃɽʅʀɽ, 
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ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ʗ.ʊ. ʄʘʪʚʝʝʚʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ʇʈɽʀʄʋʑɽʉʊɺɸ ʀ ʅɽɼʆʉʊɸʊʂʀ ɺɿɸʀʄʆɼɽʁʉʊʀʗ 

ʂʈʋʇʅʓʍ ʀ ʄɸʃʓʍ ʌʀʈʄ ʇʆ ɺʅɽɼʈɽʅʀʖ 

ʅʆɺʆɺɺɽɼɽʅʀʁ ééééééééééééééééééééé. 

É ʅ.ɺ. ʄʦʨʷʭʠʥʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 
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ʕʂʆʅʆʄʀʏɽʉʂʆʁ ʉʀʊʋɸʎʀʀ ɺ ʈʆʉʉʀʀ ʀ ʈɸɿɺʀʊʀʗ 

ʄɸʃʆɻʆ ʀ ʉʈɽɼʅɽɻʆ ɹʀɿʅɽʉɸ ééééééééééééé 

É ʅ.ɺ. ʄʦʨʷʭʠʥʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 
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ʇɽʅɿɽʅʉʂʆʁ ʆɹʃɸʉʊʀ) ééééééééééééééééé 

É ʅ.ɺ. ʄʦʨʷʭʠʥʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɼ.ɸ. ɸʩʘʥʠʥʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 É ɸ.ʖ. ʂʠʥʜʘʝʚ ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 
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ʋʉʊʆʁʏʀɺʆɽ ʈɸɿɺʀʊʀɽ ʄʆʃʆʏʅʆɻʆ ʇʆɼʂʆʄʇʃɽʂʉɸ 

ɸʇʂ ʂɸʂ ʌɸʂʊʆʈ ʋʃʋʏʐɽʅʀʗ ɿɼʆʈʆɺʆɻʆ ʇʀʊɸʅʀʗ 

ʅɸʉɽʃɽʅʀʗ ééééééééééééééééééééééé.. 
É ʃ.ʀ. ʂʨʫʪʦʚʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɸ.ɺ. ʅʦʚʠʢʦʚʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ʅ.ɺ. ʉʯʘʩʪʣʠʚʘʷ, ʂʫʟʥʝʮʢʠʡ ʠʥʩʪʠʪʫʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ (ʬʠʣʠʘʣ) ʇʝʥʟʝʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʂʫʟʥʝʮʢ, ʇʝʥʟʝʥʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ) 

 

ʉʆʉʊʆʗʅʀɽ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʇʈʆʀɿɺʆɼʉʊɺɸ ʄʆʃʆʂɸ  

ɺ ʇɽʅɿɽʅʉʂʆʁ ʆɹʃɸʉʊʀ éééééééééééééééé.. 

É ɺ.ʄ. ɿʠʤʥʷʢʦʚ, ʇʝʥʟʝʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʘʢʘʜʝʤʠʷ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ʀ.ɺ. ɻʘʚʨʶʰʠʥʘ, ʇʝʥʟʝʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ʀʅɼʋʉʊʈʀɸʃʀɿɸʎʀʗ ʇʀʑɽɺʓʍ ʇʈʆʀɿɺʆɼʉʊɺ  

ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʇʆʉʊʀʅɼʋʉʊʈʀɸʃʔʅʆɻʆ ʈɸɿɺʀʊʀʗ é. 

É ʃ.ʄ. ʈʫʩʩʢʠʥʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɸ.ɺ. ʅʦʚʠʢʦʚʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ʆʇʓʊ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ 

ʀʅʊɽʈɸʂʊʀɺʅʓʍ ʆɹʈɸɿʆɺɸʊɽʃʔʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ɺ 

ʊɽʍʅʀʏɽʉʂʆʄ ɺʋɿɽ ééééééééééééééééé 

É ɸ.ɺ.ʅʦʚʠʢʦʚʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

 

ʆɹʈɸɿʆɺɸʊɽʃʔʅʓɽ ʀ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʓɽ 

ʉʊɸʅɼɸʈʊʓ ɼʃʗ ʆɹʑɽʉʊɺɽʅʅʆɻʆ ʇʀʊɸʅʀʗ ééééé 

É ɸ.ɺ. ʅʦʚʠʢʦʚʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀ ɸʅɸʃʀɿ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ 

ʇʈʆʎɽʉʉʆɺ ʀ ʊɽʍʅʀʏɽʉʂʀʍ ʉʀʉʊɽʄ 
 

 

ʋɼʂ 517.958, 519.711.3 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀʅʊɽɻʈʀʈʆɺɸʅʅʆʁ ʊɽʍʅʀʏɽʉʂʆʁ 

ʉʀʉʊɽʄʓ ɺ ʇʀʑɽɺʓʍ ʇʈʆʀɿɺʆɼʉʊɺɸʍ 
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(ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 
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MODELING OF THE INTEGRATED TECHNIKAL SYSTEM  

IN FOODSTUFF 

É V.A. Avrorov, Penza State Technological University (Penza, Russia) 

É V.S. Nikolaev, Penza State Technological University (Penza, Russia) 

É V.V. Volkov, Penza State Technological University (Penza, Russia) 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʩʪʨʫʢʪʫʨʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʦʧʨʝʜʝʣʝʥʳ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ, ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʠʝʨʘʨʭʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ, ʧʠʱʝʚʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

 

The article is of a question structure to functional model of the integrated technical 

system and elaborated problems of modeling of the system. 

Key words: functional model, integrated technical system, parameters of the 

technological process, hierarchy automated production system, food production. 
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ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʠʭ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʝʣʝʡ. ʄʦʜʝʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʳ, 

ʠʩʢʣʶʯʘʪʴ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʠʭ ʧʦʥʠʤʘʥʠʷ, ʠ ʦʧʠʩʳʚʘʪʴʩʷ ʚʥʫʪʨʠʩʠʩʪʝʤʥʳʤʠ 

ʠʥʪʝʨʬʝʡʩʘʤʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʝʝ ʧʦʜʩʠʩʪʝʤ. ʋʪʦʯʥʝʥʠʝ ʬʫʥʢʮʠʠ 

ʧʦʜʩʠʩʪʝʤʳ ʜʦʣʞʥʦ ʦʧʨʝʜʝʣʷʪʴʩʷ ʦʧʠʩʘʥʠʝʤ ʝʝ ʠʥʪʝʨʬʝʡʩʘ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ 

ʥʘʙʦʨ ʩʚʷʟʝʡ (ʥʘʧʨʠʤʝʨ, ʤʘʪʝʨʠʘʣʴʥʳʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ), 

ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʝʝ ʧʦʚʝʜʝʥʠʝ ʩ ʜʨʫʛʠʤʠ ʚʥʝʰʥʠʤʠ ʩʠʩʪʝʤʘʤʠ.  

Cʪʨʫʢʪʫʨʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʝʪ: ʩʦʩʪʘʚ ʠ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ (ʝʝ ʫʨʦʚʥʠ, ʢʦʤʧʦʥʝʥʪʳ); 

ʬʫʥʢʮʠʠ ʵʣʝʤʝʥʪʦʚ; ʩʚʷʟʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (ʠʥʪʝʨʬʝʡʩʳ) ʵʣʝʤʝʥʪʦʚ; ʧʨʘʚʠʣʘ 

ʢʦʤʧʦʟʠʮʠʠ ʵʣʝʤʝʥʪʦʚ. ʄʦʜʝʣʴ ʤʥʦʞʝʩʪʚʘ ʨʝʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

{ }1 2, , ..., nE e e e=  ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʦ ʤʥʦʞʝʩʪʚʝ 

ʦʪʥʦʰʝʥʠʡ { }1 2, , ..., nR r r r= , ʠʤʝʝʪ ʨʘʟʣʠʯʥʫʶ ʨʝʘʣʠʟʘʮʠʶ [1], ʢʦʪʦʨʘʷ 

ʩʪʨʦʠʪʩʷ ʠʟ ʥʘʙʦʨʘ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʧʨʘʚʠʣʘʤ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʥʘʙʦʨʦʤ ʦʧʠʩʘʥʠʡ 
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ʠʥʪʝʨʬʝʡʩʦʚ ʢʦʤʧʦʥʝʥʪ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʪʨʫʢʪʫʨʫ S ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʠʪʴ 

ʤʥʦʞʝʩʪʚʘʤʠ E  ʠ R, ʢʦʪʦʨʳʝ ʜʦʧʫʩʢʘʶʪ ʤʥʦʞʝʩʪʚʦ ʝʝ ʨʝʘʣʠʟʘʮʠʡ ʧʨʠ 
ʫʩʣʦʚʠʠ ʥʝ ʥʘʨʫʰʝʥʠʷ ʧʨʘʚʠʣ ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪ ʚ 

ʨʝʘʣʠʟʘʮʠʠ ʩ ʦʙʲʝʤʣʶʱʝʡ ʩʠʩʪʝʤʦʡ, ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ { },S E R= . 

ʇʦʜʭʦʜ ʢ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʘʥ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ [2, 3] , ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ: 

- ʦʧʠʩʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʠʤʝʶʱʝʡ ʩʣʦʞʥʦʝ ʧʦʚʝʜʝʥʠʝ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʡ ʩʠʩʪʝʤʳ ʯʝʨʝʟ ʦʧʠʩʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʝʝ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʜʘʥʥʫʶ ʬʫʥʢʮʠʶ;  

- ʧʦʚʳʰʝʥʠʝ çʧʦʥʷʪʠʡʥʦʩʪʠè ʩʠʩʪʝʤʳ, ʟʘ ʩʯʝʪ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʚ ʛʨʘʥʠʮʘʭ çʨʝʘʣʴʥʳʭè ʧʦʜʩʠʩʪʝʤ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʯʝʪʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʧʦʜʩʠʩʪʝʤ ʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʩʪʳʢʦʚʢʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʪʣʘʜʢʝ ʩʠʩʪʝʤʳ; 

- ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ ʫʜʘʣʝʥʠʷ ʠ ʜʦʙʘʚʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 
ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʠʭ ʚʥʝʰʥʝʛʦ ʧʦʚʝʜʝʥʠʷ, ʥʝ ʥʘʨʫʰʘʶʱʝʛʦ ʮʝʣʦʩʪʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

ʊʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʪʠʧʘ çʧʨʦʮʝʩʩè 
ip  ʚ ʫʩʣʦʚʠʷʭ ʧʠʱʝʚʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚ, ʷʚʣʷʝʪʩʷ ʥʝʨʘʟʨʳʚʥʦʡ ʯʘʩʪʴʶ ʢʦʤʧʣʝʢʩʘ ʧʨʦʮʝʩʩʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʛʦ ʧʠʱʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʪʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʨʦʮʝʩʩʦʚ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʠʪ 

ʩʦʯʝʪʘʥʠʝ ʤʥʦʞʝʩʪʚʘ ʧʨʦʮʝʩʩʦʚ p PÍ . ʄʦʜʝʣʴ ʪʘʢʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

TS ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. ɺʳʧʦʣʥʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʠʩʭʦʜʥʳʡ 

ʧʨʦʜʫʢʪ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʝʛʦ ʩʚʦʡʩʪʚ. 

ʇʨʠʤʝʨʦʤ ʪʘʢʦʡ ʤʦʜʝʣʠ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʣʠʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʢʘʦ ʧʦʨʦʰʢʘ ʠ ʢʘʢʘʦ ʤʘʩʣʘ, ʢʦʪʦʨʘʷ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʨʘʟʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɺ 

ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʦʡ ʬʨʘʢʮʠʠ ʰʦʢʦʣʘʜʥʦʡ ʩʫʩʧʝʥʟʠʠ, ʠʩʭʦʜʥʳʡ ʧʨʦʜʫʢʪ 

ʢʘʢʘʦ ʙʦʙʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʨʦʮʝʩʩʘʤ ʧʦʜʛʦʪʦʚʢʠ, ʦʯʠʩʪʢʠ, ʜʨʦʙʣʝʥʠʷ, 

ʠʟʤʝʣʴʯʝʥʠʷ, ʧʨʦʩʝʠʚʘʥʠʷ, ʪʝʤʧʝʨʠʨʦʚʘʥʠʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ, ʦʪʞʠʤʘ, 

ʜʨʦʙʣʝʥʠʷ ʠ ʜʨʫʛʠʤ ʚʠʜʘʤ çʧʨʦʮʝʩʩʦʚè. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ ʚ ʚʠʜʳ 

ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠ ʚ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ï çʧʠʱʝʚʦʡ ʧʨʦʜʫʢʪè 

 

ʄʦʜʝʣʴ ʩʣʦʞʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʦʮʝʩʩʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʪ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ ʜʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʠʱʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ ʠ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʡ ʩʫʤʤʦʡ ʩʚʦʡʩʪʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʵʣʝʤʝʥʪʦʚ. 
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ɺʦʟʥʠʢʘʶʱʠʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ, 

ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʠʤʝʨ, ʧʦ ʢʘʯʝʩʪʚʫ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʠʥʷʪʠʶ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦ ï ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʨʘʟʫʶʪ ʩʣʦʞʥʫʶ ʪʝʭʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʜʝʢʦʤʧʦʟʠʮʠʠ [4], 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʝʨʘʨʭʠʯʝʩʢʦʤ ʧʨʠʥʮʠʧʝ ʝʝ ʧʦʩʪʨʦʝʥʠʷ ʠ ʦʧʠʩʘʥʠʷ. 

ʇʦʩʪʨʦʝʥʠʝ ʠʝʨʘʨʭʠʯʝʩʢʠ-ʤʦʜʫʣʴʥʳʭ ʩʝʪʝʡ ʩʣʦʞʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ ʩʦʝʜʠʥʝʥʠʷ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʝʫʩʪʨʘʥʠʤʳʤʠ ʩʚʷʟʷʤʠ (ʤʘʪʝʨʠʘʣʴʥʳʤʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ). ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʦʥʠʤʘʥʠʠ ï ʩʚʷʟʷʤʠ, ʢʦʪʦʨʳʤʠ ʥʝʣʴʟʷ 

ʧʨʝʥʝʙʨʝʯʴ. ʆʪʢʨʳʪʦʩʪʴ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʫʩʣʦʚʠʷʤʠ [3]: 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʥʘʟʥʘʯʝʥʠʷ (ʬʫʥʢʮʠʠ) ʩʠʩʪʝʤʳ; ʢʦʥʝʯʥʳʤ ʥʘʙʦʨʦʤ ʩʚʷʟʝʡ ʠ 

ʧʨʘʚʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ; ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ 

ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʝʝ ʚʥʝʰʥʠʤʠ ʩʚʷʟʷʤʠ; ʢʦʥʝʯʥʳʤ ʥʘʙʦʨʦʤ ʪʦʯʝʢ 

ʜʦʩʪʫʧʘ, ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ (ʦʙʤʝʥʘ) ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ. 

ʇʦ ʩʫʱʝʩʪʚʫ, ʦʪʢʨʳʪʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʙʣʦʢʦʤ, 

ʦʧʨʝʜʝʣʷʝʤʳʤ ʝʛʦ ʚʥʝʰʥʠʤ ʠʥʪʝʨʬʝʡʩʦʤ ʠ ʩʦʧʨʷʛʘʝʤʳʤ ʩ ʜʨʫʛʠʤʠ ʙʣʦʢʘʤʠ, 

ʚʩʪʨʘʠʚʘʝʤʳʤʠ ʚ ʩʠʩʪʝʤʳ. ɺʥʝʰʥʠʡ ʠʥʪʝʨʬʝʡʩ ʚʳʩʪʫʧʘʝʪ ʘʥʘʣʦʛʦʤ ʢʘʥʘʣʦʚ ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʦʙʤʝʥʘ ʦʙʲʝʢʪʘʤʠ 

(ʥʘʧʨʠʤʝʨ, ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʧʨʝʜʤʝʪʘʤʠ, ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʠʛʥʘʣʘʤʠ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ). ʆʪʢʨʳʪʘʷ ʩʠʩʪʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʠ ʢʨʠʪʝʨʠʷʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ (ʚʥʝʰʥʝʛʦ ʧʦʚʝʜʝʥʠʷ). 

ʀʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʨʝʘʣʠʟʘʮʠʷ), ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʝʝ 

ʧʦʢʘʟʘʪʝʣʝʡ (ʫʭʫʜʰʘʝʪ ʠʣʠ ʫʣʫʯʰʘʝʪ), ʩʦʭʨʘʥʷʷ ʚʳʧʦʣʥʝʥʠʝ ʬʫʥʢʮʠʡ. 

ɺ ʠʝʨʘʨʭʠʠ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʷ ʨʘʩʩʤʦʪʨʝʥʥʳʡ 

ʢʦʥʮʝʧʪʫʘʣʴʥʳʡ ʧʦʜʭʦʜ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʝʝ ʦʩʥʦʚʥʳʭ ʫʨʦʚʥʷ: 

- ʫʨʦʚʝʥʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʠʣʠ ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʷ,  

- ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, 

 - ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ.  

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʟʘʜʘʥʥʳʡ ʘʛʨʝʛʘʪʥʳʡ ʧʨʠʥʮʠʧ ʦʨʛʘʥʠʟʘʮʠʠ 

ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʚʳʜʝʣʷʶʪ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʧʦʜʫʨʦʚʥʠ (ʧʦʜʩʠʩʪʝʤʳ) 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʧʦʨʷʜʢʝ ʠʭ ʧʦʜʯʠʥʝʥʥʦʩʪʠ, ʘ ʠʤʝʥʥʦ: 

ʧʦʜʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ; 

ʧʦʜʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʪʜʝʣʴʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʤʘʰʠʥʘʤʠ ʠ ʤʘʰʠʥʥʳʤʠ 

ʘʛʨʝʛʘʪʘʤʠ; ʧʦʜʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʤ ʤʘʰʠʥ; ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʝʡ; ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ; ʩʠʩʪʝʤʳ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ. 

ʉʪʨʫʢʪʫʨʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ ʚ ʠʝʨʘʨʭʠʠ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʠʱʝʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʨʠʩ.2.) ʧʨʝʜʩʪʘʚʣʷʝʪ, ʚ ʧʝʨʚʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ, ʨʷʜ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ( )1,...,8TSi i= , ʚ 

ʚʠʜʝ ʦʙʦʙʱʸʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ. ɺ ʥʝʡ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʦʩʥʦʚʥʳʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʬʦʨʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ:  

- ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʤ, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʢʦʥʪʨʦʣʴ 

ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʝʛʦ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʠ 
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ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʩʪʝʤ ʜʘʪʯʠʢʦʚ ʠ 

ʫʧʨʘʚʣʷʝʤʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʮʠʬʨʦʚʳʤʠ ʢʦʥʪʨʦʣʣʝʨʘʤʠ; 

- ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ, ʚʢʣʶʯʘʶʱʫʶ ʧʦʜʩʠʩʪʝʤʳ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ; ʨʝʰʝʥʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ; 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʤʘʨʢʝʪʠʥʛʘ, ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʩʙʦʨʘ ʜʘʥʥʳʭ; ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʙʘʟʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʥʪʨʦʣʝʨʦʚ ʠ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʝʜʠʥʫʶ ʩʝʪʴ.  

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ ʚ ʠʝʨʘʨʭʠʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ 

 

ʇʦʜ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʧʦʥʠʤʘʝʤ ʤʥʦʞʝʩʪʚʦ X  ʮʝʣʦʩʪʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ x, ʛʜʝ 
ix XÍ , ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʳʧʫʩʢʘ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʊʘʢʘʷ ʤʦʜʝʣʴ, ʦʪʢʨʳʪʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʩʦʜʝʨʞʘʱʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʜʦʣʞʥʘ ʦʧʠʩʳʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ (ʬʫʥʢʮʠʷʤʠ); ʦʙʲʝʢʪʘʤʠ 

ʦʙʤʝʥʘ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ; ʧʨʘʚʠʣʘʤʠ ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʤʠ ʦʙʤʝʥʳ; ʪʦʯʢʘʤʠ 

(ʤʝʩʪʘʤʠ) ʜʦʩʪʫʧʘ ʢ ʧʦʪʦʢʘʤ ʦʙʲʝʢʪʦʚ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʘʢʦʡ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʝ ʥʘʟʥʘʯʘʝʪʩʷ ʢʦʥʢʨʝʪʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʣʠ Z  ï ʟʘʜʘʯʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪʩʷ ʵʢʩʪʨʝʤʫʤʦʤ 

ʬʫʥʢʮʠʠ 

1

max(min) :
n

i i

i

Z x p
=

=ä . ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʩ 

ʨʝʛʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʦʧʨʝʜʝʣʷʝʪ ʩʚʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠʩʭʦʜʷ ʠʟ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʠ ʫʩʣʦʚʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ 

{ }1 2, , ..., mA b b b= , ʥʘʟʥʘʯʘʶʪʩʷ ʫʩʣʦʚʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

¿ãâçåãàÝåèÚáðÚ
äÕåÕáÚçåð
ßÕìÚæç×Õ
äåãÙèßçÕ

TS1 äàÕâÝåã×ÕâÝÚåÚæèåæã×äåÚÙäåÝôçÝô

ÒâÚåØÝô,
æðåñÚ

ã̧çã×ðÞ
äÝîÚ×ãÞ
äåÙèßç

ÅÚØèàÝåèÚáðÚ
äÕåÕáÚçåð

TS2äàÕâÝåã×ÕâÝÚåÚæèåæã×äåäåãÝÜ×ãÙæçÕ

TS3 èäåÕ×àÚâÝÚäåãÝÜ×ãÙæç×ãáÝßÕìÚæç×ãá

TS5 æÖãåÝãÖåÕÖãçßÕÙÕââðê

TS4 ×ðåÕÖãçßÕãäçÝáÕàñâðêåÚíÚâÝÞ

TS7¹ÕçìÝßÝ

TS8ÝæäãàâÝçÚàñâðÚáÚêÕâÝÜáðÜÕÙÕââãØã
çÚêâãàãØÝìÚæßãØãäåãëÚææÕ

TS6ÈäåÕ×àôÚáðÚáÚêÕâÝÜáð
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( )
1

1,
n

ij i i

i

a x b i k
=

¢ =ä  ʠʣʠ ( )
1

1,
n

ij i i

i

a x b i k m
=

² = +ä  ʧʨʠ 

( )0 1, ;ix j l l n² = ¢, ʛʜʝ 
iiij ba ,  ï ʟʘʜʘʥʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʚʝʣʠʯʠʥʳ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʘʜʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʣʠʟʘʮʠʠ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦʢʘʟʘʪʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚʨʝʤʷ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʠ ʜʨ.  

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʚʷʟʷʭ, ʜʦʣʞʝʥ ʙʳʪʴ 

ʩʬʦʨʤʠʨʦʚʘʥ ʚʥʝʰʥʠʡ ʠʥʪʝʨʬʝʡʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʠʥʪʝʨʬʝʡʩʦʚ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʦʧʠʩʘʥʠʝ ʩʣʝʜʫʶʱʠʭ ʬʫʥʢʮʠʡ: 

ïʦʙʨʘʙʦʪʢʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʳʨʴʷ ʠ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʚʩʝʭ ʨʝʩʫʨʩʦʚ, ʠʭ 

ʩʚʦʡʩʪʚʘ ʠ ʧʘʨʘʤʝʪʨʳ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ); 

ïʩʧʦʩʦʙʦʚ ʧʦʜʘʯʠ ʠ ʚʳʜʘʯʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʚʥʫʪʨʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ (ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ); 

ïʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʨʝʜʳ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʬʫʥʢʮʠʦʥʠʨʫʝʪ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ (ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʠʥʪʝʨʬʝʡʩ); 

ïʬʦʨʤʳ ʧʦʩʪʨʦʝʥʠʷ ʠ ʧʨʦʮʝʜʫʨʳ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʚʥʝʰʥʝʡ 

ʩʨʝʜʦʡ (ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʠʥʪʝʨʬʝʡʩ); 

ïʩʨʝʜʩʪʚ, ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ (ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ 

ʠʥʪʝʨʬʝʡʩ); 

ïʩʨʝʜʩʪʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʝʨʩʦʥʘʣʘ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʩʠʩʪʝʤʦʡ (ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ); 

ïʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʩʠʩʪʝʤʝ ʨʝʩʫʨʩʦ- ʠ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ 

(ʠʥʪʝʨʬʝʡʩ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ). 

ʈʘʩʰʠʨʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʪʨʫʢʪʫʨʠʟʘʮʠʷ ʫʢʘʟʘʥʥʳʭ 

ʠʥʪʝʨʬʝʡʩʦʚ ʚʦʟʤʦʞʥʦ ʧʨʠ ʠʭ ʜʝʪʘʣʴʥʦʤ ʘʥʘʣʠʟʝ. ʊʘʢʞʝ ʜʣʷ ʢʘʞʜʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʠ ʩʚʦʡʩʪʚʝʥʥʳʝ ʝʤʫ ʚʠʜʳ ʪʦʯʝʢ ʜʦʩʪʫʧʘ. 

ʆʪʢʨʳʪʘʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʦʧʨʷʞʝʥʠʷ ʩ ʜʨʫʛʠʤʠ 

ʦʪʢʨʳʪʳʤʠ ʩʠʩʪʝʤʘʤʠ. ɿʜʝʩʴ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʤʦʜʝʣʠ 

ʚʳʩʪʫʧʘʶʪ ʫʧʨʘʚʣʷʶʱʠʝ, ʪʨʘʥʩʧʦʨʪʥʳʝ, ʩʢʣʘʜʩʢʠʝ, ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʠ 

ʧʨʦʯʠʝ ʩʠʩʪʝʤʳ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʩʠʩʪʝʤʳ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʨʘʥʛʘ ʠ ʪʨʘʢʪʫʝʪʩʷ ʩʦʩʪʘʚʦʤ ʨʷʜʘ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ 

(ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ - ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ, ʪʨʘʥʩʧʦʨʪʥʦʡ, ʩʢʣʘʜʩʢʦʡ, ʢʦʥʪʨʦʣʴʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠ ʫʧʨʘʚʣʷʶʱʝʡ). ʉʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʠʥʪʝʨʬʝʡʩʦʚ ʜʦʣʞʥʘ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʣʶʙʳʤ ʢʦʤʙʠʥʘʮʠʷʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ 

ʟʘʤʳʢʘʥʠʷ ʯʝʨʝʟ ʫʧʨʘʚʣʝʥʠʝ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʧʨʝʜʝʣʷʝʪ ʦʨʛʘʥʠʟʘʮʠʶ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʯʠʩʣʘ ʫʨʦʚʥʝʡ ʠʝʨʘʨʭʠʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʨʘʚʠʣʘ 

ʢʦʤʧʦʟʠʮʠʠ ʙʫʜʫʪ ʦʧʨʝʜʝʣʝʥʳ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʥʘʟʥʘʯʝʥʠʝʤ ʠ ʚʥʝʰʥʠʤ ʠʥʪʝʨʬʝʡʩʦʤ. 

ʀʝʨʘʨʭʠʷ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ ʫʨʦʚʥʝʤ ʠ ʫʨʦʚʥʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ.  

ʀʝʨʘʨʭʠʷ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ ʫʨʦʚʥʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚ 

ʧʦʨʷʜʢʝ ʫʧʨʘʚʣʝʥʠʝ ʦʪʜʝʣʴʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ, ʧʦʜʧʨʦʮʝʩʩʘʤʠ ʠ ʧʨʦʮʝʩʩʦʤ ʚ 

ʮʝʣʦʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʝʥ ʧʦʜʨʘʟʜʝʣʷʪʴʩʷ ʥʘ 

ʩʣʝʜʫʶʱʠʝ ʧʦʜʫʨʦʚʥʠ ʠʣʠ ʩʣʦʠ: 

- ʟʘʱʠʪʥʳʡ ʧʦʜʫʨʦʚʝʥʴ - ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʱʠʪʫ ʘʛʨʝʛʘʪʦʚ ʠ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʧʨʠ ʘʚʘʨʠʡʥʳʭ ʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʠʪʫʘʮʠʷʭ; 
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- ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʧʦʜʫʨʦʚʝʥʴ - ʫʧʨʘʚʣʷʝʪ ʦʪʨʘʙʦʪʢʦʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʤʝʭʘʥʠʟʤʘʤʠ ʟʘʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʜʚʠʞʝʥʠʡ; 

- ʪʘʢʪʠʯʝʩʢʠʡ ʧʦʜʫʨʦʚʝʥʴ - ʦʩʫʱʝʩʪʚʣʷʝʪ ʢʦʦʨʜʠʥʘʮʠʶ ʧʨʦʛʨʘʤʤʥʳʭ 

ʜʚʠʞʝʥʠʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʜʫʨʦʚʥʝʡ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʭʦʜʝ 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʨʦʮʝʩʩʘ; 

- ʪʝʨʤʠʥʘʣʴʥʳʡ ʧʦʜʫʨʦʚʝʥʴ - ʦʨʛʘʥʠʟʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʠʘʣʦʛ ʩ ʦʧʝʨʘʪʦʨʦʤ ʠ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ. 

ʀʝʨʘʨʭʠʷ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʚʢʣʶʯʘʝʪ:  

- ʧʨʦʛʨʘʤʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʯʝʪʢʦ ʟʘʜʘʥʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʨʦʮʝʩʩʘ; 

- ʘʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʣʫʯʘʝ, ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʣʠ ʩʘʤʘ ʤʦʜʝʣʴ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ;  

- ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʣʫʯʘʝ ʥʝ ʯʝʪʢʦʡ 

ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʫʶ ʬʦʨʤʘʣʠʟʘʮʠʶ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʠʩʭʦʜʷ ʠʟ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʪʝʨʤʠʥʘʭ 

ʘʙʩʪʨʘʢʪʥʦʡ ʘʣʛʝʙʨʳ ʠ ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʦʜʫʨʦʚʥʠ ʠʣʠ ʤʦʜʝʣʠ: 

- ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ 

ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ - ʦʧʠʩʳʚʘʶʪ ʥʝʧʨʝʨʳʚʥʳʝ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ; 

- ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ - ʦʧʠʩʳʚʘʶʪ ʨʘʙʦʪʫ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥʥʳʭ 

ʘʛʨʝʛʘʪʦʚ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʫ ʧʦʜʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʦʤ ʠ 

ʪʘʢʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ; 

- ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ - ʦʧʠʩʳʚʘʶʪ 

ʨʘʙʦʪʫ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ; 

- ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʦʚ - ʦʧʠʩʳʚʘʶʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʟʘʱʠʪʥʦʛʦ ʠ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ; 

- ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚ - ʦʧʠʩʳʚʘʶʪ 

ʨʘʙʦʪʫ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 

ʄʦʜʝʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʧʝʨʝʨʘʙʦʪʢʠ 

ʧʠʱʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʫʥʢʮʠʷʤʠ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʋʧʨʘʚʣʝʥʠʝ ʤʦʜʝʣʷʤʠ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʫʪʝʤ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʚʥʝʰʥʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ: ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ ʠ ʜʨ. ʆʧʪʠʤʠʟʘʮʠʶ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʘʰʠʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʚʦʜʷʪ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʦʙʲʝʢʪʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʜʘʥʳ ʬʫʥʢʮʠʠ, 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʤʳʝ ʢʦʥʝʯʥʳʤʠ ʜʠʩʢʨʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʣʠ ʠʤʝʶʱʠʤʠ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʧʝʢʪʨ ʟʥʘʯʝʥʠʡ. ʋʧʨʘʚʣʝʥʠʝ ʤʦʜʝʣʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʫʧʨʘʚʣʷʝʤʳʝ ʤʝʭʘʥʠʟʤʳ ʤʘʰʠʥʳ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʝʥʳ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ ʩ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʤʝʭʘʥʠʟʤʘʤʠ ʝʜʠʥʠʮʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʦʙʱʝʤ ʚʠʜʝ, ʫʨʘʚʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʣʦʞʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ 

( )t,,xFYY= , ʛʜʝ: ( )nyyyY ,,, 21 2=  - ʚʝʢʪʦʨ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʲʝʢʪʘ; ( )kxxxx ,,, 21 2=  - ʚʝʢʪʦʨ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 
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ʧʘʨʘʤʝʪʨʦʚ; ( )mfffF ,,, 21 2=  - ʚʝʢʪʦʨ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ; t ð ʘʨʛʫʤʝʥʪ ʚʨʝʤʝʥʠ. ʆʛʨʘʥʠʯʝʥʠʷ, ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʥʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʤʦʛʫʪ ʙʳʪʴ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʡ ʠʣʠ ʥʝʨʘʚʝʥʩʪʚ ʪʠʧʘ 

( ), , , 0g x F Yt= < ʠʣʠ ( ), , , 0g x F Yt= >. ɿʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ 

ʧʨʠʥʠʤʘʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʧʠʱʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʝʜʠʥʠʮʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ï ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ. ʌʘʢʪʦʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ 

ʤʘʰʠʥʳ ʩ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʤ ʧʨʦʜʫʢʪʦʤ ʥʘ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʵʪʘʧʘʭ 

ʨʘʟʥʦʦʙʨʘʟʥʳ, ʦʪʢʫʜʘ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʢʦʪʦʨʘʷ ʨʝʰʘʶʪʩʷ ʤʝʪʦʜʘʤʠ ʚʳʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʥʘ ʦʪʜʝʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ʊʘʢʞʝ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʤʘʰʠʥʳ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʥʪʨʦʣʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʧʘʨʘʤʝʪʨʘ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʪʦʷʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ ʩ ʟʘʜʘʥʠʝʤ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ. ʌʘʢʪʦʨʦʤ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ʤʦʜʝʣʠ 

ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʠʷ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʨʘʞʝʥʥʳʭ ʚ ʚʠʜʝ 

ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ. 
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MODELING OF THETRANSFER CHARACTERISTIC OF THE 

COMPRESSOR FIBROUS RIBBON BY NDINAMIC INFLUENCE  

É V.S. Nikolaev, Penza State Technological University (Penza, Russia) 

 
ʈʘʩʩʤʦʪʨʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʝʨʝʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʧʣʦʪʥʠʪʝʣʷ ʧʨʠ 

ʩʠʣʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚʦʣʦʢʥʠʩʪʦʡ ʣʝʥʪʳ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣʦʚʳʭ 

ʬʘʢʪʦʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʘʰʠʥʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʣʦʢʥʠʩʪʘʷ ʣʝʥʪʘ, ʫʧʣʦʪʥʠʪʝʣʴ ʚʦʣʦʢʥʠʩʪʦʡ ʣʝʥʪʳ, ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. 

 

The functional model of the connecting feature of the sealant is ʩonsidered at ʩʠʣʦʚʦʤ 

influence uneven stringy tape from vegetable cheese, appearing under her(its) motion, and dynamic 

power factor of the technological machine. Certain value oscillatory influence in system machine - a 

sealing element processed ʧʨʦʜʫʪʘ. 

Key words: the connecting feature of the system, characteristic of the technical system, 

dynamic influences, oscillatory process. 

E-mail: mycolo @ rambler.ru 

 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʝʧʝʥʠ ʫʧʣʦʪʥʝʥʠʷ ʚʦʣʦʢʥʠʩʪʦʡ ʣʝʥʪʳ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʫʨʦʚʥʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʝʪ ʫʩʣʦʚʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʣʝʥʪʳ 

ʚ ʫʧʣʦʪʥʠʪʝʣʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʚʠʜʝ ʵʣʝʤʝʥʪʘ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʠʣʠ ʜʘʪʯʠʢʘ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʚʦʣʦʢʥʠʩʪʦʡ ʣʝʥʪʳ. 

ʉʭʝʤʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʜʚʠʞʝʥʠʷ ʣʝʥʪʳ ʚ ʟʦʥʝ 

ʧʣʶʱʝʥʠʷ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.ʘ. ʊʘʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʘʰʠʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʛʦʪʦʚʢʫ ʚʦʣʦʢʥʠʩʪʦʡ ʣʝʥʪʳ ʜʣʷ 

ʧʨʘʚʠʣʴʥʦʡ ʫʢʣʘʜʢʠ ʚ ʪʘʟ.  

ɿʘʜʘʯʝʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ. ʈʝʰʝʥʠʝ ʤʦʜʝʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ, 

ʧʝʨʚʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʝʢʪʠʨʫʝʤʦʡ 

ʩʠʩʪʝʤʳ, ʚʪʦʨʦʡ, ʚ ʚʳʯʠʩʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʠ ʥʘʟʥʘʯʝʥʥʳʭ ʚʳʭʦʜʥʳʭ.  

ʄʦʜʝʣʴ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ:  

- ʚʪʷʛʠʚʘʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʩʣʦʷ ʚʦʣʦʢʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʘʨʦʡ ʚʘʣʢʦʚ 

ʧʨʠ ʠʭ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʜʚʠʞʝʥʠʠ; 

- ʧʝʨʝʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʦʪ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʫʧʣʦʪʥʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʚʩʣʝʜʩʪʚʠʝ ʜʚʠʞʝʥʠʷ ʚʦʣʦʢʥʠʩʪʦʡ ʣʝʥʪʳ; 

- ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʠ 

ʚʥʝʰʥʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʫʩʣʦʚʠʷ ʚʪʷʛʠʚʘʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʩʣʦʷ ʚʦʣʦʢʥʠʩʪʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ɿʘ ʚʭʦʜʥʫʶ ʚʝʣʠʯʠʥʫ ʧʨʠʤʝʤ ʩʠʣʫ ʧʨʦʪʘʩʢʠʚʘʥʠʷ F  ʚʦʣʦʢʥʠʩʪʦʡ 
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ʣʝʥʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʯʠʩʣʫ ʚʦʣʦʢʦʥ ʚ ʝʝ ʩʝʯʝʥʠʠ. ɽʜʠʥʠʮʘ ʧʣʦʱʘʜʠ 

ʩʝʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʣʝʥʪʳ 
20,25LT dm dy xg p= = Ö , ʛʜʝ g ʝʝ ʦʙʲʝʤʥʘʷ ʤʘʩʩʘ. ʀʟʤʝʥʝʥʠʝ 

ʪʦʣʱʠʥʳ ʚʦʣʦʢʥʠʩʪʦʡ ʣʝʥʪʳ ʦʧʠʩʳʚʘʝʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤ 

kyaxx sin0+= . ʉʨʝʜʥʷʷ ʤʘʩʩʘ ʝʜʠʥʠʮʳ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

00 xm g= . ʊʦʛʜʘ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʚʦʣʦʢʦʥ ʚ ʩʝʯʝʥʠʠ ʧʦ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ 

ʟʘʢʦʥʫ ʙʫʜʝʪ 
0 sinʣm m a kyg= + . ʀʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʣʝʥʪʳ [1] 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʣʠʥʦʡ ʚʦʣʥʳ 
i iʫ L= , ʛʜʝ 1,i n=  ʥʦʤʝʨ ʛʘʨʤʦʥʠʢʠ ʚʦʣʥʳ ʩ 

ʘʨʛʫʤʝʥʪʦʤ ʨʘʚʥʳʤ p2 . ʊʦʛʜʘ 2i ikʫ kLp= =  ʠʣʠ 2 ik Lp= . ʆʢʦʥʯʘʪʝʣʴʥʦ 

ʢʦʣʝʙʘʥʠʝ ʤʘʩʩʳ ʣʝʥʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ 

ʟʘʢʦʥʫ ʙʫʜʝʪ 0 sin2ʣ im m a y Lg p= + . 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʠ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʫʧʣʦʪʥʝʥʠʷ ï ʧʨʦʪʘʩʢʠʚʘʥʠʷ 

ʚʦʣʦʢʥʠʩʪʦʡ ʣʝʥʪʳ 

ʘ) ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʟʦʥʝ 

ʧʣʶʱʠʣʴʥʳʭ ʚʘʣʦʚ; 

ʚ) ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʘʰʠʥʳ 

 

ɺʦʣʦʢʥʠʩʪʳʡ ʩʣʦʡ ʦʪ ʚʳʭʦʜʘ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʦ ʧʘʨʳ ʚʘʣʢʦʚ 

ʦʜʠʥʘʢʦʚʦʛʦ ʜʠʘʤʝʪʨʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʢʣʠʥʘ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʘʣʢʘ ʩ ʢʣʠʥʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʦʨʤʘʣʴʥʳʭ ʩʠʣ 

N, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʛʣʦʤ j ʧʨʠ ʚʝʨʰʠʥʝ ʢʣʠʥʘ, ʯʠʩʣʝʥʥʦ ʨʘʚʥʳʤ ʫʛʣʫ 

ʟʘʭʚʘʪʘ ʠ ʩʠʣ ʪʨʝʥʠʷ F. ʋʩʣʦʚʠʷ ʚʪʷʛʠʚʘʥʠʷ ʚʦʣʦʢʥʠʩʪʦʡ ʣʝʥʪʳ ʧʨʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʚʘʣʢʘʭ ʚʳʨʘʟʷʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦʤ 

2 cos 2 sinF Nj j² ,  

ɽʩʣʠ F f N=  ʠʣʠ cos sinf j j² , ʪʦ ʫʩʣʦʚʠʝ ʝʝ ʚʪʷʛʠʚʘʥʠʷ ʚ ʚʘʣʢʠ 

jtgf ²  ʧʨʠ ʫʩʪʦʡʯʠʚʦʤ ʜʚʠʞʝʥʠʠ ʣʝʥʪʳ. ɻʝʦʤʝʪʨʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʫʛʣʘ 

ʢʣʠʥʘ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ 2tg dx dy a lj p= =  ʧʨʠ cos2 1y lp = . 

ɻʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ max 2tg a lj p=  ʠʣʠ 
maxf tgj² . ʀʟ ʫʩʣʦʚʠʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʣʦʢʥʠʩʪʦʡ ʣʝʥʪʳ ʯʝʨʝʟ ʫʧʣʦʪʥʠʪʝʣʴ ʚʳʨʘʟʠʤ ʠʟʤʝʥʝʥʠʝ ʝʝ 
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ʩʝʯʝʥʠʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨ ʤʘʩʩʳ, ʪʦʛʜʘ max 2 ltg m mj p= D . ʆʢʦʥʯʘʪʝʣʴʥʦ 

ʫʩʣʦʚʠʝ ʚʪʷʛʠʚʘʥʠʷ ʣʝʥʪʳ ʚ ʚʘʣʢʠ ʙʫʜʝʪ 
max2 lf m m tgp j= D ² . 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʥʘʨʫʰʝʥʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʣʝʥʪʳ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʛʨʫʞʠʚʘʥʠʶ ʤʘʪʝʨʠʘʣʘ ʥʘ ʚʭʦʜʝ ʚ ʧʘʨʫ ʚʘʣʢʦʚ, ʯʪʦ ʥʘʨʫʰʠʪ 

ʥʦʨʤʘʣʴʥʫʶ ʨʘʙʦʪʫ ʵʪʦʛʦ ʫʟʣʘ.  

ʆʪʩʶʜʘ ʩʣʝʜʫʶʪ ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ:  

 - ʫʧʣʦʪʥʷʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʳʡ ʜʠʘʧʘʟʦʥ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʝʯʝʥʠʷ ʣʝʥʪʳ. ɿʘʧʦʣʥʝʥʠʝ ʦʪʚʝʨʩʪʠʷ ʜʠʘʤʝʪʨʦʤ d  ʣʝʥʪʦʡ 

ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ LT  ʜʦʣʞʥʦ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ ʜʦ 70%;  

 - ʨʘʩʧʦʣʦʞʝʥʠʝ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪ ʪʦʯʢʠ ʢʦʥʪʘʢʪʘ 

ʧʣʶʱʠʣʴʥʳʭ ʚʘʣʢʦʚ ʜʠʘʤʝʪʨʦʤ Dʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʩʩʪʦʷʥʠʶ 

( )0,5 2 ʰʪl d D d l= - ¢, ʛʜʝ 
ʰʪl  ʰʪʘʧʝʣʴʥʘʷ ʜʣʠʥʘ ʚʦʣʦʢʥʘ. 

ʆʧʨʝʜʝʣʠʤ ʧʝʨʝʭʦʜʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʠʩʪʝʤʳ ʦʪ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ 

ʥʘ ʫʧʣʦʪʥʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʦʣʦʢʥʠʩʪʦʡ ʣʝʥʪʳ. 

ɺʳʭʦʜʥʦʡ ʚʝʣʠʯʠʥʦʡ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝ yD  

ʚʜʦʣʴ ʦʩʠ ʜʚʠʞʝʥʠʷ ʚʦʣʦʢʥʠʩʪʦʡ ʣʝʥʪʳ. ʉʯʠʪʘʝʤ, ʯʪʦ ʤʘʩʩʘ ʫʧʣʦʪʥʠʪʝʣʷ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʮʝʥʪʨʝ. ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʣʝʥʪʳ ʙʫʜʝʪ: 

                      

()
2

3 3 32

d y dy
m b c y F t

dt dt
+ + D = ,    

                                             (1) 

ʛʜʝ m  - ʤʘʩʩʘ ʚʦʨʦʥʢʠ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʡ ʜʝʪʘʣʝʡ; 3c - ʞʝʩʪʢʦʩʪʴ 

ʦʧʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʧʣʦʪʥʠʪʝʣʴʥʦʡ ʚʦʨʦʥʢʠ; b - ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ. 

ʈʘʟʜʝʣʠʚ ʯʣʝʥʳ ʫʨʘʚʥʝʥʠʷ (1) ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ, ʧʦʣʫʯʠʤ 

ʚʳʨʘʞʝʥʠʝ ()
2

3 3

2

3 3 3

1m bd y dy
y F t

c dt c dt c
Ö + Ö +D =. ʇʨʠ ʧʨʦʠʟʚʦʜʥʳʭ, ʩ ʫʯʝʪʦʤ 

ʨʘʟʤʝʨʥʦʩʪʝʡ ʚʝʣʠʯʠʥ ʚʭʦʜʷʱʠʭ ʚ ʥʠʭ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʩʪʦʷʥʥʳʭ ʚʨʝʤʝʥʠ 

ʙʫʜʫʪ 
2 2

2 3 3 ( )T m c ʩʝʢ=  ʠ 
1 3 3 ( )T b c ʩʝʢ= , ʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʜʘʪʣʠʚʦʩʪʠ ʩʠʩʪʝʤʳ 3
1 ,k ʩ ʤ ʢʛ= . ʊʦʛʜʘ ʠʥʝʨʮʠʦʥʥʦʝ ʟʚʝʥʦ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ (ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ, ʩʤʦʪʨʠ ʨʠʩ. 1.ʙ, ʚʳʨʘʟʠʪʩʷ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ:  

                 
()

2
2

2 12

d y dy
T T y k F t

dt dt
Ö + Ö +D =,   (2) 

ɺ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʧʨʦʠʟʚʦʜʥʳʝ ʫʨʘʚʥʝʥʠʷ (2) ʨʘʚʥʳ ʥʫʣʶ. 

ɿʥʘʯʝʥʠʝ ʚʳʭʦʜʥʦʡ ʚʝʣʠʯʠʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʞʝʩʪʢʦʩʪʴʶ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ 

ʫʧʣʦʪʥʠʪʝʣʷ ʠ ʩʦʩʪʘʚʠʪ ()
3

y F t cD = . ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ 

ʞʝʩʪʢʦʩʪʠ ʦʧʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʧʣʦʪʥʠʪʝʣʷ ʚʳʟʦʚʝʪ ʫʚʝʣʠʯʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ 

yD  ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʝʛʦ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ 2T . 

ɺʚʝʜʝʤ ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ Y dy dt= , ʪʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (2), ʧʨʠ ʥʫʣʝʚʳʭ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ  
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( )() ()2 2

2 1 1T Y TY ʌ Y kF Y+ + = .                           (3) 

ʀʟʦʙʨʘʞʝʥʠʝ ʚʳʭʦʜʥʦʡ ʚʝʣʠʯʠʥʳ ()ʌ Y ʠ ʠʟʦʙʨʘʞʝʥʠʝ ʚʭʦʜʥʦʡ 

ʚʝʣʠʯʠʥʳ ()F Y  ʚ ʫʨʘʚʥʝʥʠʠ (3) ʷʚʣʷʶʪʩʷ ʦʪʢʣʦʥʝʥʠʷʤʠ yD  ʠ ()F t . ʊʦʛʜʘ 
ʤʦʜʝʣʴ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʚʳʨʘʟʠʪʩʷ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ:  

()
()

() 2 2

2 1 1

ʌ Y k
W Y

F Y T Y TY
= =

+ +
, ʠʣʠ ()

( )( )3 3 4

1

1 1
W Y

c T Y T Y
=
Ö + Ö +

,     (4) 

ʛʜʝ ( ) ( )2 2

3,4 1 1 22 4T T T T= ° - - ʚʝʱʝʩʪʚʝʥʥʳʝ ʢʦʨʥʠ [2]. 

ʇʝʨʝʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʠʪʩʷ ʫʨʘʚʥʝʥʠʝʤ  

          

() ()3 4

3 4 3 3 4 4

1 exp exp
T t T t

y t k F t
T T T T T T

è øå õ å õ
D = - - + -é ùæ ö æ ö

- - ç ÷ç ÷ê ú

.    (5) 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪ 

ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 

ʦʙʲʝʢʪʘ ʧʨʠʤʝʤ ʥʝʩʫʱʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʤʥʦʛʦʨʦʪʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʤʘʰʠʥʳ ʩ ʫʧʣʦʪʥʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʧʦʜʘʪʣʠʚʳʤʠ ʩʚʷʟʷʤʠ. ʉʭʝʤʘ ʫʧʨʦʱʝʥʥʦʡ ʤʥʦʛʦʤʘʩʩʦʚʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ. 2, ʛʜʝ 
1 1im m=ä  ʤʘʩʩʘ ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʰʠʥʳ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʝʝ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʦʡ 
1im ; 

2im  - ʤʘʩʩʳ ʨʦʪʦʨʦʚ ʤʘʰʠʥʳ, 
3m - ʤʘʩʩʘ 

ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʇʨʠ ʵʪʦʤ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʨʦʪʦʨʘ i  ʩʯʠʪʘʝʤ 

ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʤʝʞʜʫ ʜʚʫʤʷ ʦʧʦʨʘʤʠ ʩʫʤʤʘʨʥʦʡ ʞʝʩʪʢʦʩʪʠ 
2ic . 

ɾʝʩʪʢʦʩʪʴ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʝʣʠʯʠʥʦʡ 
3c . ɾʝʩʪʢʦʩʪʴ 

ʵʣʝʤʝʥʪʦʚ ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ - 
1ic . ʇʦʛʨʝʰʥʦʩʪʴ 

2ie  ʣʶʙʦʛʦ ʨʦʪʦʨʘ ʤʘʩʩʦʡ 

2im  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʝʣʠʯʠʥʫ ʝʛʦ ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ 

ʚʥʫʪʨʝʥʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʤʘʰʠʥʝ. ʋʧʨʦʱʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, 

ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʵʣʝʤʝʥʪ ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 

i
if , ʩʦʩʪʘʚʠʪ: 

2 2

2 2 2 4i i i iF m ʝ fp=  (ʛÖʤʤ/ʩ
2
). ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʝʣʠʯʠʥʦʡ 
jib , ʛʜʝ 1,2,3j=  ʪʠʧ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, 

1,2,...,i n=  ʨʦʪʦʨʳ ʤʘʰʠʥʳ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʫʧʨʦʱʘʝʪʩʷ ʧʨʠʥʷʪʠʝʤ 

ʜʦʧʫʱʝʥʠʷ ʦ ʤʘʣʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ. 

ʉʠʣʦʚʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ ʧʝʨʝʤʝʱʝʥʠʡ 
1iy°  ʵʣʝʤʝʥʪʦʚ ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, 

2iy°  

ʨʦʪʦʨʦʚ ʤʘʰʠʥʳ, 
3y°  ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʆʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʤʘʩʩ ʦʪʩʯʠʪʳʚʘʶʪ jiy . 

ɺ ʤʦʜʝʣʴ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʤʘʩʩ - 

ʠʥʝʨʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ.2), ʚʭʦʜʷʪ ʩʦʝʜʠʥʝʥʠʷ ʩ ʫʧʨʫʛʠʤʠ, 

ʜʠʩʩʠʧʘʪʠʚʥʳʤʠ ʟʚʝʥʴʷʤʠ ʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʇʨʠʤʝʤ ʩʠʤʤʝʪʨʠʯʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʤʘʰʠʥʳ ʩ ʩʫʤʤʘʨʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʩ1 ʠ ʧʨʠʚʝʜʝʤ 

ʢ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʫ ʜʝʡʩʪʚʠʝ ʚʦʟʤʫʱʘʶʱʠʭ ʩʠʣ ʚ ʦʧʦʨʥʳʭ ʵʣʝʤʝʥʪʘʭ 

ʨʦʪʦʨʦʚ, ʠʤʝʶʱʠʭ ʞʝʩʪʢʦʩʪʠ ʩ2i. ʀʩʧʦʣʴʟʫʷ ʧʨʠʥʮʠʧ ɼʘʣʘʤʙʝʨʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ, ʦʧʠʰʝʤ ʢʦʣʝʙʘʪʝʣʴʥʳʝ 
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ʧʨʦʮʝʩʩʳ ʚ ʩʚʷʟʷʭ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʩʪʝʤʳ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ [3]:  

                        

( )
2

1
1 1 1 2 2 1 12

i
i i i i i i

d y
m c y c y y F

dt
+ - - =                   (6) 

                             

( )
2

2
2 2 2 1 22

i
i i i i

d y
m c y y F

dt
+ - =                  (7) 

                                       

( ) ( )
2

3
3 3 3 12 i

d y
m c y y F F t

dt
+ - = +                   (8) 

ʆʯʝʚʠʜʥʦ, ʨʝʰʘʷ ʩʠʩʪʝʤʫ ʜʚʫʭ ʧʝʨʚʳʭ ʫʨʘʚʥʝʥʠʡ (6) ʠ (7), ʧʨʠ 1 0iF = , 

ʧʨʠʜʝʤ ʢ ʬʦʨʤʝ: 

                       

2 2

1 1
1 2 1 1 22 2

i i
i i i

d y d y
m m y c F

dt dt
+ + =      (9) 

ʆʪʢʫʜʘ ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʯʢʠ i  ʤʘʩʩʳ 1m  ʩʦʩʪʘʚʠʪ 

                    

2 2

1 1
2 1 22 2

1

1

i i
i

i

i

d y d y
F m m

dt dty
c

- -
=     (10) 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʫʧʣʦʪʥʠʪʝʣʷ ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʩʚʷʟʷʤʠ ʩ 

ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʤʥʦʛʦʨʦʪʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʘʰʠʥʳ 

 

ʀʟ ʫʨʘʚʥʝʥʠʷ (10) ʚʠʜʥʦ, ʯʪʦ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯʝʢ i  ʤʘʩʩʳ 1m  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʘʢʮʠʷʤʠ ʩʚʷʟʝʡ, ʢʦʪʦʨʳʝ ʚʳʪʝʢʘʶʪ ʠʟ ʧʨʠʥʮʠʧʘ ɼʘʣʘʤʙʝʨʘ. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʟʘʜʘʯʘ ʙʫʜʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʤʝʪʦʜʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ [4] ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ (ʨʠʩ.2).  

ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʚʦʟʥʠʢʘʝʪ ʦʪ ʜʝʡʩʪʚʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʠʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʞʝʥʠʷ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʊʦʛʜʘ, ʩʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (8) ʠ (9), ʚ 

ʢʦʪʦʨʳʭ ʷʚʥʦ ʚʳʨʘʞʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ ʥʝ ʚʧʦʣʥʝ 
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ʫʨʘʚʥʦʚʝʰʝʥʥʳʭ ʨʦʪʦʨʦʚ ʠ ʩʠʣʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚʦʣʦʢʥʠʩʪʦʡ ʣʝʥʪʳ ʠʟ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. 

( )

2 2

1 1
2 2 1 22 2

3
3 3 3 32

1

i i
i

i

d y d y
F m m

d y dt dtm c y c F F t
dt c

- -
+ - = +   (11) 

ʀʟ ʬʦʨʤʫʣʳ (11) ʧʦʣʫʯʠʤ ʧʝʨʝʤʝʱʝʥʠʝ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪ 

ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʩʠʣʳ 2iF  ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʬʘʢʪʦʨʘ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

( )F F t+  ʚʦʣʦʢʥʠʩʪʦʡ ʣʝʥʪʳ ʥʘ ʫʧʣʦʪʥʠʪʝʣʴ, ʛʜʝ F  ʩʪʘʪʠʯʝʩʢʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʩʠʣʠʷ ʧʨʦʪʘʩʢʠʚʘʥʠʷ ʟʘʚʠʩʷʱʘʷ ʦʪ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ 

ʚʦʣʦʢʥʠʩʪʦʡ ʣʝʥʪʳ LT , ʘ ( )F t  ʬʘʢʪʦʨ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ 

ʠʟʤʝʥʝʥʠʷʭ ʧʣʦʪʥʦʩʪʠ ʣʝʥʪʳ: 

( )

2 2

1 1
2 2 1 22 2

3
3 3 2

3 3 3 1

1 1 1
i i

i

i

d y d y
F m m

d y dt dty F F t m
c c c dt c

- -
= + - + . (12) 

ʇʦʩʣʝʜʥʝʝ ʫʨʘʚʥʝʥʠʝ (12) ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʣʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʚʠʜʝ ʩʫʤʤʳ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʇʦʣʫʯʝʥʥʘʷ ʥʘʤʠ ʫʧʨʦʱʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʦʪʨʝʪʴ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ ʫʧʣʦʪʥʠʪʝʣʷ ʚ ʮʝʣʷʭ ʫʤʝʥʴʰʝʥʠʷ ʝʛʦ ʢʦʣʝʙʘʥʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʶʱʠʣʴʥʳʭ ʚʘʣʦʚ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʚ 

ʥʘʙʣʶʜʘʝʤʳʭ ʪʦʯʢʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʵʣʝʤʝʥʪ 

ʫʧʣʦʪʥʝʥʠʷ ʚʦʣʦʢʥʠʩʪʦʡ ʣʝʥʪʳ. ʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʙʫʜʫʪ ʨʘʟʣʠʯʥʳʤʠ.  

Å) ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ.ʪ.ʥ. ɸʚʨʦʨʦʚʘ ɺ.ɸ. 
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MODELING OF FORMULATION FILLING FOR MEALY 

CONFECTIONARY MAKE LINEA R-PROGRAMMING TECHNIQUE  

É V.V. Lovzeva, Penza State Technological University (Penza, Russia) 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʩʦʩʪʘʚʣʝʥʠʷ ʨʝʮʝʧʪʫʨʳ ʥʘʯʠʥʢʠ ʤʝʪʦʜʦʤ ʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʨʝʮʝʧʪʫʨʘ ʥʘʯʠʥʢʠ, ʤʫʯʥʳʝ 

ʢʦʥʜʠʪʝʨʩʢʠʝ ʠʟʜʝʣʠʷ. 

 

ʊhe article is of a question problem composition filling linear-programming technique. 

 Key words: linear-programming technique, formulation jf filling, mealy confectionary make 

 

ʇʦʜ ʫʧʨʘʚʣʝʥʠʝʤ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʃ.ʅ.ʈʘʩʪʨʠʛʠʥʘ, ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʮʝʩʩ 

ʪʘʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʲʝʢʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʦʥ ʧʝʨʝʭʦʜʠʪ ʚ ʪʨʝʙʫʝʤʦʝ 

ʩʦʩʪʦʷʥʠʝ [1]. ʆʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʣʶʙʦʡ ʵʣʝʤʝʥʪ - 

ʧʨʦʜʫʢʪ, ʤʝʭʘʥʠʟʤ, ʘʧʧʘʨʘʪ, ʧʦʪʦʯʥʫʶ ʣʠʥʠʶ, ʫʯʘʩʪʦʢ, ʮʝʭ, ʧʨʦʤʳʰʣʝʥʥʦʝ 

ʧʨʝʜʧʨʠʷʪʠʝ, ʩʠʩʪʝʤʫ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʪ. ʧ., ʠʟʫʯʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ, ʠ ʥʘ ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ.  

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʦʙʲʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʢʘʢʘʷ-ʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ, 

ʪʦ ʬʘʢʪʦʨʳ ʍ ʦʧʨʝʜʝʣʷʶʪ ʩʦʩʪʦʷʥʠʝ ʝʝ ʩʨʝʜʳ, ʘ Y ï ʩʦʩʪʦʷʥʠʝ ʵʪʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʆʯʝʚʠʜʥʦ, ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ Y ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʝʛʦ ʩʨʝʜʳ ()XFY A= , ʛʜʝ 

AF  - ʦʧʝʨʘʪʦʨ, ʩʚʷʟʳʚʘʶʱʠʡ ʚʭʦʜ ʍ ʠ ʚʳʭʦʜ Y ʦʙʲʝʢʪʘ. 

ʋʧʨʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʨʝʘʣʠʟʫʶʱʠʤ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʮʝʣʠ. ʀʩʪʦʯʥʠʢʦʤ ʮʝʣʝʡ ʩʣʫʞʠʪ ʩʫʙʲʝʢʪ. ʕʪʠ ʮʝʣʠ ʚʦʟʥʠʢʘʶʪ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʧʦʪʨʝʙʥʦʩʪʝʡ. ʎʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʪʨʝʙʦʚʘʥʠʡ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʩʫʙʲʝʢʪʦʤ ʢ ʩʦʩʪʦʷʥʠʶ ʦʙʲʝʢʪʘ, ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ 
*Z  (* - 

ʞʝʣʘʝʤʘʷ ʮʝʣʴ).()YZ y= . ʅʘʧʨʠʤʝʨ, ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ YZ= , ʪ.ʝ. ʮʝʣʴ Z 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ i - ʦʡ ʫʩʪʘʥʦʚʢʠ ʨʘʚʥʘ Q ʢʛ/ ʯ. 

ʈʘʚʝʥʩʪʚʦ 
*=ZZ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʮʝʣʷʤ 

ʩʫʙʲʝʢʪʘ, ʪ.ʝ. ʚʩʝ ʮʝʣʠ ʩʫʙʲʝʢʪʘ ʚʳʧʦʣʥʠʤʳ, ʘ 
*Z̧Z  - ʮʝʣʠ ʩʫʙʲʝʢʪʘ ʥʝ 

ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʜʘʥʥʦʤ ʦʙʲʝʢʪʝ, ʪ.ʝ. ʧʦʪʨʝʙʥʦʩʪʠ ʫʜʦʚʣʝʪʚʦʨʝʥʳ ʥʝ ʧʦʣʥʦʩʪʴʶ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʘʥʘʣʦʚ 

ʫʧʨʘʚʣʝʥʠʷ U. ʊʦʛʜʘ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʜʚʫʭ 

ʬʘʢʪʦʨʦʚ ï ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ ʍ ʠ ʩʦʩʪʦʷʥʠʷ ʫʧʨʘʚʣʝʥʠʷ U.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʤʦʞʥʦ ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʮʝʩʩ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ, ʘ ʚ ʙʦʣʝʝ ʫʟʢʦʤ ʩʤʳʩʣʝ - ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʦʙʲʝʢʪ ( )UXFY ,*= . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʝʪ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʥʝʦʙʭʦʜʠʤʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʨʝʜʩʪʚʘ ʠʭ 

ʨʝʘʣʠʟʘʮʠʠ.  

ʕʪʘʧʳ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʤ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1 
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ʈʠʩʫʥʦʢ 1 ï ʕʪʘʧʳ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʤ 

 

ʅʘ ʵʪʘʧʝ ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʮʝʣʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ 

ʮʝʣʝʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʤ. ʇʦʜ 

ʮʝʣʴʶ ʧʦʥʠʤʘʝʪʩʷ ʞʝʣʘʝʤʦʝ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʷ ʩʦʩʪʦʷʥʠʝ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʲʝʢʪʘ, ʢʦʪʦʨʦʝ ʥʝ ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʙʝʟ ʫʧʨʘʚʣʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʮʝʣʴ ï 

ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʫʨʦʚʥʷ ʚ ʪʫʥʥʝʣʴʥʦʡ ʩʫʰʠʣʢʝ ʠ ʚʣʘʞʥʦʩʪʠ 

ʠʟʜʝʣʠʡ ʥʘ ʚʳʭʦʜʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʣʝʙʘʥʠʡ ʚʣʘʞʥʦʩʪʠ ʚʭʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʫʧʨʘʚʣʝʥʠʷ [2]. 

ɿʘʜʘʥʠʝ ʤʥʦʞʝʩʪʚʘ ʮʝʣʝʡ {}*Z  ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 

ʜʠʘʧʘʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 
*t . ɿʜʝʩʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ 
ʘʣʛʦʨʠʪʤʘ, ʪ.ʝ. ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʚʢʣʶʯʝʥʠʝʤ ʠ ʚʳʢʣʶʯʝʥʠʝʤ ʠʩʪʦʯʥʠʢʦʚ 

ʥʘʛʨʝʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʢʘʟʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʘʪʯʠʢʘ ʠ ʫʩʪʘʥʦʚʢʠ 

ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʚʳʜʝʣʝʥʠʝʤ ʪʦʡ ʯʘʩʪʠ 

ʩʨʝʜʳ, ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʦʡ ʠʥʪʝʨʝʩʫʝʪ ʧʦʪʨʝʙʠʪʝʣʷ ʩ ʧʦʟʠʮʠʡ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʠʤ ʮʝʣʝʡ. ʕʪʘ ʯʘʩʪʴ ʠ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ. 

ʅʘ ʧʨʠʤʝʨʝ ʩʫʰʠʣʢʠ ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʚʳʙʨʘʥʥʳʡ 

ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ, ʪ. ʝ. ʯʘʩʪʴ ʪʘ ʯʘʩʪʴ ʦʙʲʝʢʪʘ, ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʦʡ 

ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʥʘ ʢʦʪʦʨʫʶ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ.  

ʇʦʜ ʤʦʜʝʣʴʶ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʥʠʤʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ, 

ʩʚʷʟʳʚʘʶʱʘʷ ʚʳʭʦʜ ʦʙʲʝʢʪʘ ʩ ʝʛʦ ʚʭʦʜʘʤʠ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʠʜ 

ʟʘʚʠʩʠʤʦʩʪʠ F ʙʝʟ ʫʯʝʪʘ ʟʥʘʯʝʥʠʡ ʝʝ ʧʘʨʘʤʝʪʨʦʚ ( )cStF ,= , ʛʜʝ St ï ʩʪʨʫʢʪʫʨʘ 

ʤʦʜʝʣʠ, ( )nccc ,...1=  - ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʜ ʩʪʨʫʢʪʫʨʦʡ ʤʦʜʝʣʠ ʧʦʥʠʤʘʝʪʩʷ 

ʚʠʜ ʵʣʝʤʝʥʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʦʙʲʝʢʪ, ʠ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ. 

ʅʘʧʨʠʤʝʨ, ʣʠʥʝʡʥʘʷ ʥʝʧʨʝʨʳʚʥʘʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ i-ʛʦ ʦʙʲʝʢʪʘ 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ( ) ucxccUXFY o 21, ++== . 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʤʦʜʝʣʠ ʩʚʷʟʘʥʘ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ( )nccc ,...,1=  ʚ ʨʝʞʠʤʝ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʙʝʟ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʙʲʝʢʪ. ʀʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ 
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ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʦʙʲʝʢʪʘ ʠ ʥʘʙʣʶʜʝʥʠʷ (ʙʝʟ ʚʤʝʰʘʪʝʣʴʩʪʚʘ) 

ʟʘ ʧʦʚʝʜʝʥʠʝʤ ʚʭʦʜʘ ʍ(t) ʠ ʚʳʭʦʜʘ Y(t) ʦʙʲʝʢʪʘ. 

ʅʘ ʵʪʘʧʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʧʣʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 

ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʵʪʘʧʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʦʙʲʝʢʪʘ. 

ʉʠʥʪʝʟ ʫʧʨʘʚʣʝʥʠʷ ʩʚʷʟʘʥ ʩ ʧʨʠʥʷʪʠʝʤ ʨʝʰʝʥʠʷ ʦ ʪʘʢʦʤ ʫʧʨʘʚʣʝʥʠʠ U, 

ʯʪʦʙʳ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʟʘʜʘʥʥʘʷ ʮʝʣʴ 
*Z , ʘ ʵʪʘʧ ʨʝʘʣʠʟʘʮʠʠ - ʩ ʨʝʘʣʠʟʘʮʠʝʡ 

ʧʨʦʛʨʘʤʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ. 

ʕʪʘʧ ʢʦʨʨʝʢʮʠʠ ʦʙʫʩʣʦʚʣʝʥ ʥʝʧʦʣʥʳʤ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʦʙʲʝʢʪʘ, 

ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤ ʚʦʟʚʨʘʪ ʢ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʳʤ ʵʪʘʧʘʤ: ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʜʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ (ʝʝ ʘʜʘʧʪʘʮʠʷ), ʫʪʦʯʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ, ʠʟʤʝʥʝʥʠʝ 

ʮʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʨ. 

ʈʘʩʩʤʦʪʨʠʤ ʵʪʘʧʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʤ ʠʟ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ ʜʣʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʩʦʩʪʘʚʣʝʥʠʷ ʨʝʮʝʧʪʫʨʳ 

ʪʚʦʨʦʞʥʦʡ ʤʘʩʩʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʥʘʯʠʥʢʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʫʯʥʳʭ 

ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ. ʇʫʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʪʘʢʫʶ ʨʝʮʝʧʪʫʨʫ, ʢʦʪʦʨʘʷ, 

ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʦʣʞʥʘ ʙʳʪʴ ʚʢʫʩʥʦʡ, ʘ ʩ ʜʨʫʛʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʦʡ. 

ʊʨʝʙʫʝʪʩʷ ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ, ʢʘʢʠʝ ʠʥʛʨʝʜʠʝʥʪʳ, ʠ ʚ ʢʘʢʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʤʝʰʘʪʴ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɿʘ ʮʝʣʝʚʳʝ ʢʨʠʪʝʨʠʠ ʧʨʠʤʝʤ: z1 ï ʚʢʫʩʦʚʳʝ ʢʘʯʝʩʪʚʘ ʪʚʦʨʦʞʥʦʡ ʤʘʩʩʳ, 

z2 ï ʞʠʨʥʦʩʪʴ ʪʚʦʨʦʞʥʦʡ ʤʘʩʩʳ, z3 ï ʩʪʦʠʤʦʩʪʴ 1 ʢʛ ʤʘʩʩʳ. ʇʨʠ ʵʪʦʤ Ui ï 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ, (i = 1,é,n), ʧʨʠʯʝʤ 

ä
=

²=
n

i

ii UU
1

0,1 . 

ɺʝʢʪʦʨ ( )nUUU ,...,1=  ʦʧʨʝʜʝʣʷʝʪ ʩʦʩʪʘʚ, ʠ ʦʪ ʥʝʛʦ ʚ ʢʘʢʦʡ-ʪʦ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʭʦʜʷʪʩʷ ʚʩʝ ʪʨʠ ʢʨʠʪʝʨʠʷ: () () (),,, 321 UfzUfzUfz ===  

ʛʜʝ fi - ʥʝʠʟʚʝʩʪʥʳʝ ʮʝʣʝʚʳʝ ʬʫʥʢʮʠʠ. 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ.  

ɿʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ: ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ - ʪʚʦʨʦʞʥʘʷ ʤʘʩʩʘ ʠ i-ʡ 

ʧʦʪʨʝʙʠʪʝʣʴ, ʢʦʪʦʨʳʡ ʝʛʦ ʦʮʝʥʠʚʘʝʪ; ʍ ï ʚʭʦʜ: ʢʦʤʧʦʥʝʥʪʳ ʪʚʦʨʦʞʥʦʡ 

ʤʘʩʩʳ; U ï ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ: ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ; Y ï ʚʳʭʦʜ ʦʙʲʝʢʪʘ: ʩʚʦʡʩʪʚʘ ʤʘʩʩʳ, ʦʮʝʥʠʚʘʝʤʳʝ 

ʧʦʪʨʝʙʠʪʝʣʝʤ, Y = (z1, z2, z3); ʋʋ ï ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ï ʬʠʨʤʘ 

(ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴ), ʩʦʟʜʘʶʱʘʷ ʠ ʨʝʘʣʠʟʫʶʱʘʷ ʜʘʥʥʫʶ ʪʚʦʨʦʞʥʫʶ ʤʘʩʩʫ. 

ʎʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʩʫʙʲʝʢʪʘ, ʪ.ʝ. ʟʘʚʠʩʷʪ ʦʪ 

ʧʦʪʨʝʙʠʪʝʣʷ: 

1. { }332211 ,max,: azazzz ¢²­*  - ʮʝʣʴ ʤʘʢʩʠʤʠʟʘʮʠʠ ʚʢʫʩʦʚʳʭ 

ʢʘʯʝʩʪʚ. 

ʇʨʠ ʵʪʦʤ ʢʨʠʪʝʨʠʡ z2 ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʥʠʟʫ, )( 22 az ² , ʛʜʝ ʘ2 ï 

ʤʠʥʠʤʘʣʴʥʘʷ ʞʠʨʥʦʩʪʴ, ʫʩʪʨʘʠʚʘʶʱʘʷ ʧʦʪʨʝʙʠʪʝʣʷ, ʘ ʢʨʠʪʝʨʠʡ z3 ï ʩʚʝʨʭʫ, 

( )33 az ¢ , ʛʜʝ ʘ3 ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ 1 ʢʛ ʤʘʩʩʳ.  

2. { }332112 max,,: azzazz ¢­²*  - ʮʝʣʴ ʤʘʢʩʠʤʠʟʘʮʠʠ ʞʠʨʥʦʩʪʠ 

ʤʘʩʩʳ. 

ʇʨʠ ʵʪʦʡ ʮʝʣʠ ʢʨʠʪʝʨʠʡ z1 ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʥʠʟʫ, ( )11 az ² , ʛʜʝ ʘ1 ï 

ʚʢʫʩʦʚʳʝ ʢʘʯʝʩʪʚʘ ʤʘʩʩʳ, ʘ z3 ï ʩʚʝʨʭʫ. 
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3. { }min,,: 322113 ­²²* zazazz - ʮʝʣʴ ʤʠʥʠʤʠʟʘʮʠʠ ʩʪʦʠʤʦʩʪʠ 

ʤʘʩʩʳ. 

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʜʣʷ ʟʘʜʘʥʠʷ ʣʶʙʦʡ ʠʟ ʮʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʜʚʘ 

ʯʠʩʣʘ ʠʟ ʪʨʝʭ: ʘ1, ʘ2 ,ʘ3, ʪ.ʝ. ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ 
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U
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U
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²
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 ɼʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʤʝʩʴ ʠʥʛʨʝʜʠʝʥʪʦʚ 

ʪʚʦʨʦʞʥʦʡ ʤʘʩʩʳ. ʇʦʪʨʝʙʠʪʝʣʴ ʵʪʦʡ ʤʘʩʩʳ ʙʫʜʝʪ ʠʛʨʘʪʴ ʨʦʣʴ ʜʘʪʯʠʢʘ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʠʤ ʚʠʜ ʬʫʥʢʮʠʠ 

() 3,2,1, =jUf j
 ʠ ʩʪʨʫʢʪʫʨʫ ʫʧʨʘʚʣʝʥʠʷ ï ʚʠʜ ʚʝʢʪʦʨʘ ( )nUUU ,...,1= . 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʞʠʨʥʦʩʪʴ ʠ ʩʪʦʠʤʦʩʪʴ ʩʦʟʜʘʚʘʝʤʦʡ ʨʝʮʝʧʪʫʨʳ 

ʪʚʦʨʦʞʥʦʡ ʤʘʩʩʳ ʙʫʜʫʪ ʣʠʥʝʡʥʦ ʟʘʚʠʩʝʪʴ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʪ.ʝ. () ()ää
==

==
n

i

ii

n

i

ii UcUfUcUf
1

33

1

22 , , ʛʜʝ ʩi2 ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʞʠʨʥʦʩʪʴ i-ʛʦ 

ʢʦʤʧʦʥʝʥʪʘ, ci3 ï ʩʪʦʠʤʦʩʪʴ 1 ʢʛ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʇʨʝʜʧʦʣʦʞʠʤ ʪʘʢʞʝ, ʯʪʦ 

ʬʫʥʢʮʠʷ ()Uf1 , ʦʪʨʘʞʘʶʱʘʷ ʚʢʫʩʦʚʳʝ ʢʘʯʝʩʪʚʘ ʢʦʤʧʦʥʝʥʪʘ, ʪʦʞʝ ʷʚʣʷʝʪʩʷ 

ʣʠʥʝʡʥʦʡ ()ä
=

=
n

i

ii UcUf
1̀

11
, ʛʜʝ ʩi1 ï çʚʢʫʩʦʚʳʝè ʢʘʯʝʩʪʚʘ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʵʢʩʧʝʨʪʥʳʤ ʧʫʪʝʤ. 

ʅʘ ʵʪʘʧʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʠʤ ʯʠʩʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩij ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʠʤʝʶʱʠʭʩʷ 

ʠʩʪʦʯʥʠʢʦʚ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ.  

ʆʩʫʱʝʩʪʚʠʤ ʩʠʥʪʝʟ ʫʧʨʘʚʣʝʥʠʷ, ʪ.ʝ. ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 
*U . 

ʀʤʝʝʤ: 

i = 1 ï ʪʚʦʨʦʛ, i = 2 ï cʣʠʚʢʠ, i = 3 ï ʩʣʠʚʦʯʥʦʝ ʤʘʩʣʦ. 

ʊʘʙʣʠʮʘ 1 

J Cij  i=1 i=2 i=3 ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ 

1 Ci1 1,0 0,4 0,2 ɺʢʫʩ (ʙʘʣʣʳ) 

2 Ci2 0,6 1,0 7,2 ɾʠʨʥʦʩʪʴ (%Ā10-1) 

3 Ci3 1,8 3,0 4,6 
ʉʪʦʠʤʦʩʪʴ 

(ʫʩʣ. ʝʜ.. ʟʘ 1 ʢʛ/10) 

 

ɺʚʝʜʝʤ ʧʨʝʜʝʣʴʥʳʝ ʢʦʥʩʪʘʥʪʳ. ʇʫʩʪʴ ʘ2 = 3%Ā10
-1 
ï ʤʠʥʠʤʘʣʴʥʘʷ 

ʜʦʧʫʩʪʠʤʘʷ ʞʠʨʥʦʩʪʴ ʪʚʦʨʦʞʥʦʡ ʤʘʩʩʳ, ʘ3 = 3 ʫʩʣ. ʝʜ.. ʟʘ 1 ʢʛ/10 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʧʫʩʪʠʤʘʷ ʩʪʦʠʤʦʩʪʴ 1 ʢʛ. ʊʦʛʜʘ ʟʘʜʘʯʘ ʩʠʥʪʝʟʘ 

ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʩʪʨʦʠʤ ʧʣʦʩʢʦʩʪʴ 

ʧʘʨʘʤʝʪʨʦʚ (ʨʠʩ.2.), ʠʟ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʧʨʠʥʠʤʘʝʪ ʥʘ ʛʨʘʥʠʮʝ ʟʦʥʳ 1
*q  ʚ ʦʜʥʦʡ ʠʟ ʚʝʨʰʠʥ æɸɺʉ. 

ɿʥʘʯʝʥʠʷ z1 ʚ ʵʪʠʭ ʚʝʨʰʠʥʘʭ: 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʦʯʢʘ ʉ ʝʩʪʴ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʮʝʣʝʚʦʡ 

ʬʫʥʢʮʠʠ ()Uf1  .35,0;15,0;5,0 321 === *** UUU  

ɺʢʫʩʦʚʳʝ ʢʘʯʝʩʪʚʘ ʪʘʢʦʡ ʪʚʦʨʦʞʥʦʡ ʤʘʩʩʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʝʤ 

.63,01 =
*

z  

 
ʈʠʩʫʥʦʢ 2 ï ʇʣʦʩʢʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ 

 

ʉʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ 63% ʧʦʪʨʝʙʠʪʝʣʝʡ (ʠʣʠ ʵʢʩʧʝʨʪʦʚ ʠʟ 

ʯʠʩʣʘ ʵʢʩʧʝʨʪʥʦʡ ʛʨʫʧʧʳ, ʦʮʝʥʠʚʘʶʱʝʡ ʜʘʥʥʫʶ ʪʚʦʨʦʞʥʫʶ ʤʘʩʩʫ) ʜʦʣʞʥʳ 

ʜʘʪʴ ʪʘʢʫʶ ʦʮʝʥʢʫ. ɽʩʣʠ ʩʨʝʜʥʷʷ ʵʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ 

63,01 =
*

z , ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʢʦʨʨʝʢʮʠʶ ʤʦʜʝʣʠ. ʅʘʧʨʠʤʝʨ, ʧʫʩʪʴ 
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ʦʮʝʥʢʘ ʪʚʦʨʦʞʥʦʡ ʤʘʩʩʳ ʩʦʩʪʘʚʠʣʘ 0,5, ʪʦʛʜʘ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʩʣʝʜʫʝʪ 

ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: niccc iii ,...,1,79,0
63,0

5,0
111 ==ö

÷

õ
æ
ç

å
=
¡

, 

ʛʜʝ 
¡

1ic - ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʣʫʯʠʤ 5,01 =
*

z . ɽʩʣʠ 

ʪʘʢʘʷ ʢʦʨʨʝʢʮʠʷ ʥʝ ʩʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʫʧʨʘʚʣʝʥʠʷ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣʠ, ʪ.ʝ. ʚʳʙʨʘʪʴ ʜʨʫʛʠʝ ʢʦʤʧʦʥʝʥʪʳ ʠʣʠ 

ʧʨʠʥʷʪʴ ʬʫʥʢʮʠʶ ʚʢʫʩʦʚʳʭ ʢʘʯʝʩʪʚ ʢʘʢ ʥʝʣʠʥʝʡʥʫʶ, ʠʟʤʝʥʠʪʴ ʧʘʨʘʤʝʪʨʳ ʘ1, 

ʘ2, ʘ3. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ ʠ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʮʝʣʝʡ ʧʦ 

ʞʠʨʥʦʩʪʠ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʩʪʦʠʤʦʩʪʠ ʪʚʦʨʦʞʥʦʡ ʤʘʩʩʳ. 
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FORECAST METHOD DEVELOPMENT SYSTEM FOOD PRODUCTION  

É V.A. Avrorov, Penza State Technological University (Penza, Russia) 

É V.V. Lovzeva, Penza State Technological University (Penza, Russia) 

 
ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʟʘʜʘʯʠ ʠ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʧʠʱʝʚʳʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʝʪʦʜ ʵʢʩʪʨʘʧʦʣʷʮʠʠ, ʤʝʪʦʜ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʬʫʥʢʮʠʡ ʩ ʛʠʙʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

 

ʊhe article is considered problem and elaborated forecast method system food production. 

Key words: forecast method, technical method, food production, extrapolation, regression 

model, flexible function 
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- ʧʦʩʪʘʥʦʚʢʫ ʮʝʣʠ, ʦʧʨʝʜʝʣʷʶʱʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʠʭ 

ʜʝʡʩʪʚʠʡ, 

- ʧʦʣʫʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʝʝ ʘʥʘʣʠʟ ʠ ʦʮʝʥʢʫ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʥʦʟʘ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʙʣʘʜʘʪʴ 

ʜʦʩʪʘʪʦʯʥʦʡ ʧʦʣʥʦʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʦʙʲʝʤʫ ʠ ʩʪʨʫʢʪʫʨʝ ʠ ʥʘʣʠʯʠʝʤ 

ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ. 

ʀʟʚʝʩʪʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ [1,2], ʢʘʢ ʩʠʥʛʫʣʷʨʥʳʝ, 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʦʜʠʥ ʧʨʠʥʮʠʧ, ʪʘʢ ʠ ʢʦʤʧʣʝʢʩʥʳʝ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʨʘʟʣʠʯʥʳʝ 

ʩʦʯʝʪʘʥʠʷ ʤʝʪʦʜʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ 

ʩʠʥʛʫʣʷʨʥʳʝ ʤʝʪʦʜʳ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʢʣʘʩʩʘ: ʵʚʨʠʩʪʠʯʝʩʢʠʝ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʤʝʪʦʜʦʣʦʛʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʝ, ʦʧʠʨʘʶʱʠʝʩʷ 

ʥʘ ʬʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ. 

ʂʣʘʩʩ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʥʪʫʠʪʠʚʥʳʝ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʂ ʠʥʪʫʠʪʠʚʥʳʤ ʦʪʥʦʩʷʪʩʷ ʤʝʪʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʢʩʧʝʨʪʦʚ (çʤʦʟʛʦʚʘʷ ʘʪʘʢʘè, ʩʠʥʝʢʪʠʢʘ ʠ ʜʨ.), ʢ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ï ʤʝʪʦʜʳ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʧʨʦʮʝʩʩʘ ʨʘʟʚʠʪʠʷ ʦʙʲʝʢʪʘ (ʩʝʪʝʚʳʝ ʤʝʪʦʜʳ, 

ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʠʛʨ, ʤʘʪʨʠʯʥʳʝ ʤʝʪʦʜʳ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʜʨ.). 

ʌʦʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʠ ʘʥʘʣʠʟʝ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ (ʤʝʪʦʜʳ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʠ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʤʝʪʦʜ 

ʬʫʥʢʮʠʡ ʩ ʛʠʙʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ, ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʠ ʜʨ.), ʠ 

ʦʧʝʨʝʞʘʶʱʠʝ (ʤʝʪʦʜ ʧʘʪʝʥʪʥʦʡ ʵʢʩʧʝʨʪʠʟʳ ʠ ʧʨ.). 

ɺʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʘʤʠ: 

- ʮʝʣʴʶ ʧʨʦʛʥʦʟʘ, ʪ.ʝ. ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝʡ, 

- ʚʨʝʤʝʥʝʤ ʧʨʦʛʥʦʟʘ, 

- ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʙʲʝʢʪʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʧʦʣʥʦʪʦʡ 
ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

- ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʦʛʥʦʟʘ. 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʣʶʙʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʦʙʲʝʢʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ ʨʷʜʘ ʩʣʫʯʘʡʥʳʭ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʬʘʢʪʦʨʦʚ, ʧʦʵʪʦʤʫ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʠʤʝʝʪ ʪʦʣʴʢʦ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʩʤʳʩʣ. 

ʆʜʥʘʢʦ ʚ ʩʠʣʫ ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʢʪʘ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ, ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʦʮʝʥʢʠ ʧʨʠ ʠʥʞʝʥʝʨʥʦʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ 

ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʚʧʦʣʥʝ ʢʦʨʨʝʢʪʥʳʤʠ. 

ʄʝʪʦʜ ʵʢʩʪʨʘʧʦʣʷʮʠʠ. ʗʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʦʙʲʝʢʪʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʧʝʨʠʦʜ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʜʘʥʥʳʭ, ʧʦʩʣʝ ʯʝʛʦ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʚʝʣʠʯʠʥ ʟʘ ʧʨʝʜʝʣʘʤʠ ʠʤʝʶʱʝʛʦʩʷ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ. 

ʊʘʢ ʢʘʢ ʣʶʙʦʡ ʠʩʩʣʝʜʫʝʤʳʡ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʷʜ ʷʚʣʷʝʪʩʷ 

ʚʳʙʦʨʦʯʥʳʤ, ʪʦ ʦʮʝʥʠʚʘʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʘʥʘʣʠʟʝ ʚʳʙʦʨʢʠ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʧʦʣʫʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʚʳʙʦʨʦʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʩʨʝʜʥʝʛʦ, ʜʠʩʧʝʨʩʠʠ, 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʠ ʜʨ.) ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʜʣʷ 

ʦʞʠʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʮʝʣʝʩʦʦʙʨʘʟʝʥ, ʝʩʣʠ ʦʧʨʝʜʝʣʝʥʘ ʬʦʨʤʘ ʢʨʠʚʦʡ, ʢʦʪʦʨʘʷ 

ʦʪʨʘʞʘʝʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ. 
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ʇʝʨʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʦʞʠʜʘʝʤʦʡ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʚʝʣʠʯʠʥʝ ʜʘʝʪ 

ʦʮʝʥʢʫ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʝʥʠʷ ʪʨʝʥʜʘ, ʧʦʢʘʟʳʚʘʶʱʝʛʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʠʟʫʯʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. ʊʨʝʥʜ ï ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʧʦ ʩʚʦʝʡ 

ʩʫʪʠ ʷʚʣʷʝʪʩʷ ʣʠʥʠʝʡ ʨʝʛʨʝʩʩʠʠ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʷʜʫ. ɽʩʣʠ ()ty  - ʩʣʫʯʘʡʥʳʝ 

ʚʝʣʠʯʠʥʳ, ʪʦ ʪʨʝʥʜʦʤ ʷʚʣʷʝʪʩʷ ʪʘʢʘʷ ʬʫʥʢʮʠʷ ()xy~ , ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʜʣʷ 

ʢʘʞʜʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t ʨʘʚʥʳ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʧʦ ʚʩʝʤʫ ʠʥʪʝʨʚʘʣʫ 

ʥʘʙʣʶʜʝʥʠʡ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʷʜʦʚ, ʦʪʨʘʞʘʶʱʠʭ ʧʨʦʮʝʩʩ 

ʨʘʟʚʠʪʠʷ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʚʝʣʠʯʠʥʳ ʚ ʧʨʦʰʣʦʤ: 

- ʨʷʜʳ ʩ ʫʩʪʦʡʯʠʚʦʡ ʪʝʥʜʝʥʮʠʝʡ (ʪʨʝʥʜʦʤ), 

- ʨʷʜʳ ʩ ʥʝʫʩʪʦʡʯʠʚʦʡ ʪʝʥʜʝʥʮʠʝʡ, 

- ʨʷʜʳ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʪʝʥʜʝʥʮʠʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ ʚʳʯʠʩʣʷʝʪʩʷ ʚʳʙʦʨʦʯʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 
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ʇʨʠ 7,0²yxr  ʪʨʝʥʜ ʩʯʠʪʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ. ʇʨʠ ʟʥʘʯʝʥʠʠ 
yxr  ʙʣʠʟʢʦʤ 

ʢ ʥʫʣʶ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ y ʠ ʭ ʦʪʩʫʪʩʪʚʫʝʪ. 

ɽʩʣʠ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʪʨʝʥʜʘ, ʪʦ ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʷʜ 

ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ( ),,...,1, ntyy tt =+= e  ʛʜʝ yt ï ʪʨʝʥʜ 

ʠʟʤʝʥʝʥʠʷ, Ůt ï ʩʦʩʪʘʚʣʷʶʱʠʝ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʜʝʡʩʪʚʠʝʤ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʩʣʫʯʘʡʥʦʡ ʣʠʥʝʡʥʦʡ 

ʤʦʜʝʣʠ btayt +=  ʝʝ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ ʩ ʩʠʩʪʝʤʦʡ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 
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ʛʜʝ n ï ʯʠʩʣʦ ʥʘʙʣʶʜʝʥʠʡ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ. 

ʈʝʘhʷ ʵʪʫ ʩʠʩʪʝʤʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘ ʠ b, ʧʦʣʫʯʠʤ  
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ʇʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʤʝʪʦʜʦʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʦʡ 

ʯʘʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʥʘʜʣʝʞʘʱʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

ʄʝʪʦʜ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ 

ʨʝʛʨʝʩʩʠʦʥʥʦʤ ʘʥʘʣʠʟʝ ʚʳʩʪʫʧʘʶʪ ʩʣʫʯʘʡʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʥʝʟʘʚʠʩʠʤʦʡ ï ʥʝʩʣʫʯʘʡʥʳʝ ʧʝʨʝʤʝʥʥʳʝ. ʇʦʢʘʟʘʪʝʣʝʤ ʚʘʨʠʘʮʠʠ ʧʝʨʝʤʝʥʥʦʡ 
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ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʦʪ 

ʵʤʧʠʨʠʯʝʩʢʦʛʦ 
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ʛʜʝ yj ï ʬʘʢʪʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ, jy~ -ʨʘʩʯʝʪʥʳʝ ʚʝʣʠʯʠʥʳ, n ï ʯʠʩʣʦ 

ʥʘʙʣʶʜʝʥʠʡ, k ï ʯʠʩʣʦ ʟʥʘʯʘʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ. 

ʉʨʝʜʥʝʝ ʣʠʥʝʡʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 
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ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ, ʝʩʣʠ 

.9,0
253,1
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s
. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ y ʦʪ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʘʨʠʘʮʠʠ 
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.ʏʝʤ ʤʝʥʴʰʝ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ, 

ʪʝʤ ʙʣʠʞʝ ʧʦʜʭʦʜʠʪ ʨʘʩʯʝʪʥʘʷ ʣʠʥʠʷ ʨʝʛʨʝʩʩʠʠ ʢ ʵʤʧʠʨʠʯʝʩʢʦʡ ʣʠʥʠʠ. 

ʄʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʩ ʛʠʙʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʫʩʧʝʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʬʫʥʢʮʠʷ ʘʜʝʢʚʘʪʥʘ ʠʟʫʯʘʝʤʦʤʫ ʧʨʦʮʝʩʩʫ. ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʫʣʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʥʘʧʨʠʤʝʨ, 

ʬʦʨʤʫʣʘ ʊʝʡʣʦʨʘ, ʨʷʜʳ ʌʫʨʴʝ, ʬʦʨʤʫʣʘ ʕʡʣʝʨʘ ʠ ʜʨ. ʆʜʥʘʢʦ, ʜʣʷ ʚʩʝʭ ʵʪʠʭ 

ʬʦʨʤʫʣ ʩʪʨʫʢʪʫʨʘ ʠʩʩʣʝʜʫʝʤʦʡ ʬʫʥʢʮʠʠ ʩʯʠʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. ʊʘʢ, ʚ ʬʦʨʤʫʣʝ 

ʊʝʡʣʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʝʧʝʥʥʦʡ ʤʥʦʛʦʯʣʝʥ, ʨʷʜʳ ʌʫʨʴʝ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʬʫʥʢʮʠʠ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʥʦʛʦʯʣʝʥʘ. 

ɺ ʧʨʦʮʝʩʩʘʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʝʥ ʭʘʨʘʢʪʝʨ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʯʘʩʪʦ ʦʥ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ, ʯʝʤ 

ʦʧʠʩʘʥʠʝ ʝʛʦ ʩʪʝʧʝʥʥʦʡ, ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʡ ʠʣʠ ʜʨʫʛʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʬʫʥʢʮʠʡ ʩ ʛʠʙʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʪ.ʝ. ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ, 

ʧʨʠʩʧʦʩʘʙʣʠʚʘʷʩʴ ʢ ʠʟʫʯʘʝʤʦʤʫ ʧʨʦʮʝʩʩʫ, ʠ ʪʝʤ ʩʘʤʳʤ ʙʦʣʝʝ ʪʦʯʥʦ ʦʪʨʘʞʘʪʴ 

ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʢʘʢ ʚ ʧʨʦʰʣʦʤ, ʪʘʢ ʠ ʚ ʙʫʜʫʱʝʤ. 

ʌʦʨʤʫʣʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʠ ʩ ʛʠʙʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦ ʂʫʣʠʢʦʚʫ ʅ.ʂ. 

ʠʤʝʝʪ ʚʠʜ 
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ʛʜʝ ʭʦ ï ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʘʨʛʫʤʝʥʪʘ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʠʥʪʝʨʚʘʣʝ; 

ɸʦ, Aj ï ʧʦʩʪʦʷʥʥʳʝ ʧʘʨʘʤʝʪʨʳ; n ï ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʯʠʩʣʦ; D ï ʦʧʨʝʜʝʣʠʪʝʣʴ, 
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ʌʫʥʢʮʠʷ F(x) ʟʘʚʠʩʠʪ ʦʪ ʘʨʛʫʤʝʥʪʘ ʭ, ʟʥʘʯʝʥʠʷ n ʠ ʟʥʘʯʝʥʠʡ (2n+1), 

ʩʚʦʙʦʜʥʳʭ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʭ0, ɸ0, ɸ1,é,ɸn, r1,é.,rn, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʟʥʘʯʝʥʠʡ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʤʝʥʷʪʴ ʢʘʢ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ, ʪʘʢ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʚʣʷʷʩʴ ʠʣʠ ʩʪʝʧʝʥʥʳʤ, ʠʣʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʤ 

ʤʥʦʛʦʯʣʝʥʦʤ, ʠʣʠ ʬʫʥʢʮʠʝʡ ʚʦʟʨʘʩʪʘʶʱʝʛʦ, ʫʙʳʚʘʶʱʝʛʦ ʠʣʠ ʩʤʝʰʘʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ. 

ʄʦʜʠʬʠʢʘʮʠʝʡ ʬʫʥʢʮʠʠ ʩ ʛʠʙʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʣʷ ʦʜʥʦʛʦ ʘʨʛʫʤʝʥʪʘ 

ʷʚʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 
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ʛʜʝ ʭ, ʭ0, D, A1,é,An ʠʤʝʶʪ ʪʦʪ ʞʝ ʩʤʳʩʣ, ʯʪʦ ʠ ʚ ʬʦʨʤʫʣʝ (1) 
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ʛʜʝ ɸ1, ɸ2 ï ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ; r1, r2 ï ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʠʣʠ 

ʢʦʤʧʣʝʢʩʥʦ ʩʦʧʨʷʞʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ. 

ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʥʳʭ ʢʦʨʥʝʡ irir baba -=+= 21 ,  
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ʛʜʝ .0,4/,2/ 01

22

101 =++-=-= araraaa ba  

ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʚʟʷʪʴ ʬʫʥʢʮʠʶ ʩ ʛʠʙʢʦʡ ʩʪʨʫʢʪʫʨʦʡ F(x), ʪʦ 

ʟʘʜʘʯʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦʙʳ ʥʘʡʪʠ ʧʘʨʘʤʝʪʨʳ ʙʘʟʠʩʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ. 

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʬʫʥʢʮʠʷ z(x) ʦʜʥʦʛʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʘʨʛʫʤʝʥʪʘ ʭ. ɽʩʣʠ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʵʪʘ ʬʫʥʢʮʠʷ ʩʣʦʞʥʘʷ ʠ ʥʝʫʜʦʙʥʘʷ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, 

ʪʦ ʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʟʘʤʝʥʠʪʴ ʤʦʜʝʣʴʶ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ F(x) ʩ ʛʠʙʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ: 

- ʝʩʣʠ z(x) ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ n+1 ʨʘʟ ʥʘ ʦʪʨʝʟʢʝ, ʩʦʜʝʨʞʘʱʝʤ 

ʪʦʯʢʫ ʭ = ʭ0, ʪʦ () () (),xRxFxz +=  

ʛʜʝ () () ()()
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0 ,...,, xzxzxz n  - ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ z(x) ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ 

ʭ ʚ ʪʦʯʢʝ ʭ = ʭ0 
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ʈʘʩʩʤʦʪʨʠʤ ʫʩʣʦʚʥʳʡ ʧʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʬʫʥʢʮʠʠ ʩ ʛʠʙʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. 

 ʇʫʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʧʠʩʳʚʘʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩʚʷʟʴʶ ʤʝʞʜʫ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ ʭ ʠ y (ʪʘʙʣ.1)  

ʊʘʙʣʠʮʘ 1 
ʌʘʢʪʦʨ 

ʭ 
1,04 0,95 0,82 0,80 0,75 0,71 0,67 0,60 0,54 0,51 0,46 

ʌʘʢʪʦʨ 

ʫ 
0,03 0,05 0,07 0,09 0,11 0,13 0,15 0,17 0,19 0,21 0,23 

ʌʘʢʪʦʨ 

ʭ 
0,44 0,40 0,37 0,35 0,33 0,31 0,29 0,28 0,26 0,25 0,24 

ʌʘʢʪʦʨ 

ʫ 
0,25 0,27 0,29 0,31 0,33 0,35 0,37 0,39 0,41 0,43 0,45 

 

ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʚʳʨʘʞʝʥʠʝ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

 ʇʫʩʪʴ n = 1 

1.ɺʳʙʝʨʝʤ ʪʨʠ ʦʧʦʨʥʳʝ ʪʦʯʢʠ (ʞʠʨʥʳʡ ʰʨʠʬʪ) 

y0 = 0,25 y1 = 0,03 y2 = 0,45 

x0 = 0,44 x1 = 1,04 x2 = 0,24.  

2.ɹʘʟʠʩʥʘʷ ʬʫʥʢʮʠʷ ʜʣʷ n = 1 

() () ()yxayxy ¡+¡¡= 0h . 

3.ɼʦʧʫʩʪʠʤ () () 00 =¡+¡¡ yxayx , ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʚ ʵʪʦ ʚʳʨʘʞʝʥʠʝ, 

ʧʦʣʫʯʠʤ () 10 )( cyxayx =+¡ . 

4.ʇʦʜʩʪʘʚʠʤ ʚ ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʟʥʘʯʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ 

() 1000 )( cyxayx =+¡ , ʦʪʢʫʜʘ () ().0010 yxacyx -=¡  
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5.ʇʨʦʠʥʪʝʛʨʠʨʫʝʤ () 10 )( cyxayx =+¡  ʝʱʝ ʨʘʟ 

() () ( ) ,001

0

cyycdyyxyx

y

y

+-=+ñ  ʛʜʝ ʩ0 ï ʧʦʩʪʦʷʥʥʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

6.ʇʦʣʘʛʘʷ y = y0, ʧʦʣʫʯʠʤ ().0 yxc = .ʌʫʥʢʮʠʷ x(y) ʟʘʜʘʥʘ ʠʩʭʦʜʥʦʡ 

ʪʘʙʣʠʮʝʡ. 

ʊʦʛʜʘ ( ) () () ()0001

0

yxyxdyyxayyc

y

y

-==- ñ . 

ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʩʦʜʝʨʞʠʪ ʜʚʝ ʥʝʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ ʘ0 ʠ ʩ1;  

7.ʇʦʜʩʪʘʚʠʤ ʚ ʧʦʩʣʝʜʥʝʝ ʫʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʪʨʝʭ ʦʧʦʨʥʳʭ ʪʦʯʝʢ 

( ) () () ( )

( ) () ( ) ( )
î
î

ý

î
î

ü

û

-=--

-=--

ñ

ñ

020021

010011

2

0

1

0

yxyxdyyxayyc

yxyxdyyxayyc

y

y

y

y
. 

ʏʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ 

y1 ïy0 = 0,22 x1 ï x0 = 0,608 

y2 ï y0 = 0,2 x2 ï x0 = -0,188. 

8.ɺʳʯʠʩʣʠʤ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʥʪʝʛʨʘʣʳ ʤʝʪʦʜʦʤ ʪʨʘʧʝʮʠʡ ʧʨʠ ʰʘʛʝ h = 

0,02, ʪʦʛʜʘ 

() ;1522,0
1

0

1 -==ñ
y

y

dyyxy  

() .0636,0
2

0

2 ==ñ
y

y

dyyxy  

9.ʇʦʜʩʪʘʚʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 

.188,00636,02,0

608,01522,022,0

01

01

-=-

=+-

ac

ac
 

ʆʪʢʫʜʘ ʩ1 = 0,611, ʘ0 = 4,877. 

10.ɿʥʘʯʝʥʠʝ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʚ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʝ. ɼʣʷ ʵʪʦʛʦ 

ʧʦʜʩʪʘʚʠʤ ʚ ʬʦʨʤʫʣʫ () 1000 )( cyxayx =+¡  ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩ1 = 0,611, 

ʘ0 = 4,877. ʇʦʣʫʯʠʤ () () .515,10010 -=-=¡ yxacyx  

ɼʣʷ n = 1 ʙʘʟʠʩʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ 10 =+ar  ʠʣʠ 0ar -= . 

11.ʇʦʜʩʪʘʚʠʚ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʠ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʚ ʥʘʯʘʣʴʥʦʡ 

ʪʦʯʢʝ ʚ ʬʦʨʤʫʣʫ () () ()ttth xax ¡+¡¡= 0 , ʧʦʣʫʯʠʤ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ 

ʠʩʢʦʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

( )( ).25,0877,4exp312,0126,0 --+= yx  

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠ n = 1 ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʫʞʥʦ ʥʘʡʪʠ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʘ0 ʠʩʧʦʣʴʟʫʷ ʜʨʫʛʠʝ 

ʦʧʦʨʥʳʝ ʪʦʯʢʠ. ɽʩʣʠ ʘ0 ʦʢʘʞʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʤ, ʪʦ ʵʪʦ ʙʫʜʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʭʦʨʦʰʦ ʦʪʨʘʞʘʝʪ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. 
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ANALYSIS JF THE CONDITIONS OF NHE HYPERFINE DISPERSION 

CONTINUOUS MEDIUM WITH VAYING DEGREES OF VISCOSITY 

USING ROTARY HIGH -SPEED DISPENSER 

É S.A. Harlashkin, Penza State Technology University (Penza, Russia) 

 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤʳ ʫʣʴʪʨʘʪʦʥʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʩʨʝʜ ʚ 

ʘʢʫʩʪʠʯʝʩʢʦʤ ʧʫʣʴʩʠʨʫʶʱʝʤ ʧʦʣʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʧʣʦʰʥʳʝ ʩʨʝʜʳ, ʩʚʝʨʭʪʦʥʢʦʝ ʠʟʤʝʣʴʯʝʥʠʝ, ʨʦʪʦʨ, ʩʪʘʪʦʨ, 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʚʠʭʨʝʚʦʝ ʧʫʣʴʩʠʨʫʶʱʝʝ ʧʦʣʝ, ʢʘʚʠʪʘʮʠʷ. 

 

The analysis of the problem of dispersed superfine grinding medium in a pulsed acoustic field.  

Key words: continuous medium, hyperfine dispersion, rotor, stator, high-speed equipment , 

pulsating vortex field, cavitation.  

E-mail: harlsergey@yandex.ru 

 

ɸʥʘʣʠʟ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟ-ʟʘ 

ʚʳʩʦʢʦ ʵʥʝʨʛʦʥʘʧʨʷʞʝʥʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ, ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ, 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʝʧʣʦʦʪʚʦʜʘ, ʘʛʨʝʛʘʮʠʠ ʯʘʩʪʠʮ ʠ ʪ.ʜ.  

ɺ ʇʝʥʟɻʊʋ ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ 

ʩʚʝʨʭʪʦʥʢʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʚʷʟʢʦʩʪʠ. 

ʅʘ ʨʠʩ.1 ʧʨʠʚʝʜʝʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʩʦʟʜʘʚʘʝʤʦʛʦ ʜʠʩʧʝʨʛʘʪʦʨʘ 

[3]. ʋʩʪʨʦʡʩʪʚʦ ʩʦʜʝʨʞʠʪ ʢʦʨʧʫʩ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʥʘ ʚʘʣʫ ʫʩʪʘʥʦʚʣʝʥ ʨʦʪʦʨ, 

ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʚʠʜʝ ʯʘʰʝʦʙʨʘʟʥʦʛʦ ʜʠʩʢʘ. ʇʦ ʧʝʨʠʤʝʪʨʫ ʩʪʝʥʢʠ ʨʦʪʦʨʘ 

ʚʳʧʦʣʥʝʥʳ ʨʘʜʠʘʣʴʥʳʝ ʦʪʚʝʨʩʪʠʷ, ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʢʦʪʦʨʳʤʠ ʚ ʢʦʨʧʫʩʝ 

ʚʳʧʦʣʥʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʦʪʚʝʨʩʪʠʡ ʧʨʠ ʚʨʘʱʝʥʠʠ ʨʦʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʧʫʣʴʩʠʨʫʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʪʦʢʝ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʩʨʝʜ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʘʚʠʪʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 1 ï ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʫʟʣʘ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʦʪʦʨʘ ʠ ʩʪʘʪʦʨʘ 

 

ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʩʨʝʜʫ ʦʙʲʷʩʥʷʝʪʩʷ 

ʨʘʟʚʠʪʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ, ʠʥʪʝʥʩʠʚʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʠʤʧʫʣʴʩʥʦʡ ʢʘʚʠʪʘʮʠʝʡ, 

ʙʦʣʴʰʠʤʠ ʩʜʚʠʛʦʚʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʫʜʘʨʘʤʠ ʠ ʜʨʫʛʠʤʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʚʨʘʱʝʥʠʠ 

ʨʦʪʦʨʘ ʠ ʟʘʢʨʫʯʠʚʘʥʠʠ ʧʦʪʦʢʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʩʨʝʜʳ. 

ʋʨʘʚʥʝʥʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʝʩʞʠʤʘʝʤʦʡ ʩʨʝʜʳ ʚ ʢʘʥʘʣʝ 

ʨʦʪʦʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʠ 

ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʇʨʠ ʜʦʧʫʱʝʥʠʠ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʪʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʦʣʴʢʦ ʦʪ ʨʘʜʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʠ ʚʨʝʤʝʥʠ, 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [1] ʠʤʝʝʪ ʚʠʜ: 
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ʛʜʝ: rEurKb +c= 22

ʢ , 1

2

1

2

ʢ1 rEurKb +c=  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʪʝʦʨʠʶ 

ʧʦʜʦʙʠʷ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ ʠ ʩʠʤʧʣʝʢʩʳ ʧʦʜʦʙʠʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʨʦʮʝʩʩ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʚʷʟʢʦʡ ʩʨʝʜʳ ʚ ʢʘʥʘʣʝ 

ʨʦʪʦʨʘ: ʢK , Eu, ʨ/ al , c. 

ʂ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʥʪʝʥʩʠʬʠʮʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ 

ʦʪʥʦʩʠʪʩʷ ʠʤʧʫʣʴʩʥʘʷ ʘʢʫʩʪʠʯʝʩʢʘʷ ʢʘʚʠʪʘʮʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ 

ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʥʝʨʛʠʠ, ʢʦʛʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ 

ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʚʳʩʦʢʫʶ 

ʧʣʦʪʥʦʩʪʴ, ʚʳʜʝʣʷʶʱʫʶʩʷ ʧʨʠ ʩʞʘʪʠʠ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʫʟʳʨʴʢʘ.  

ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʴʰʠʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ 
max

tµuµ , ʩʚʷʟʘʥʥʦʝ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʜʘʚʣʝʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʴʶ: 

                                     
() ( )

maxʩmax  2 tStP µuµpr=
.                                     (2) 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʘʙʦʪʘʭ [1,2] ʟʘʚʠʩʠʤʦʩʪʝʡ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʨʠʪʝʨʠʷ ʢK ʜʦ 

ʟʥʘʯʝʥʠʷ 2...9,0ʢºK , ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʜʨʫʛʠʭ ʢʨʠʪʝʨʠʝʚ, ʚʝʣʠʯʠʥʘ 

max
tµuµ  ʩʥʘʯʘʣʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʚʦʟʨʘʩʪʘʝʪ. ʄʠʥʠʤʫʤ ʬʫʥʢʮʠʠ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʷ ʢʦʨʠʦʣʠʩʦʚʦʡ ʠ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ 

ʙʣʠʟʢʠ. ɺʣʠʷʥʠʝ ʥʘ ʩʦʦʪʥʦʰʝʥʠʷ ʤʘʩʩʦʚʳʭ ʩʠʣ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʨʘʟʣʠʯʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʘʜʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦ ʰʠʨʠʥʝ ʢʘʥʘʣʘ ʨʦʪʦʨʘ. 



42 

 

 
 ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʤʦʜʫʣʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ: 

ʘ) ʦʪ ʢʨʠʪʝʨʠʷ Kʢ, ɢ=0,1; ʙ) ʦʪ ʩʠʤʧʣʝʢʩʘ ɢ , Kʢ =6,7 

 

ɺ ʩʣʫʯʘʝ ʧʨʝʦʙʣʘʜʘʥʠʷ ʢʦʨʠʦʣʠʩʦʚʦʡ ʩʠʣʳ ʥʘʜ ʮʝʥʪʨʦʙʝʞʥʦʡ ʤʘʢʩʠʤʫʤ 

ʵʧʶʨʳ ʨʘʜʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʜʝʡʩʪʚʠʷ ʢʦʨʠʦʣʠʩʦʚʦʡ ʩʠʣʳ 

(ʧʨʦʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ), ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʩʣʫʯʘʝ ʵʧʶʨʘ 

ʠʤʝʝʪ ʚʠʜ, ʘʥʘʣʦʛʠʯʥʳʡ ʵʧʶʨʝ ʩʢʦʨʦʩʪʝʡ ʥʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʢʘʥʘʣʘ, ʪ.ʝ. 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʘʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʤʘʢʩʠʤʫʤ ʫʩʢʦʨʝʥʠʷ 

ʠʤʝʝʪ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʨʦʪʦʨʥʦʛʦ 

ʜʠʩʧʝʨʛʘʪʦʨʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʝʛʦ ʚʨʘʱʝʥʠʷ. 

ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʫʩʠʣʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ 

ʨʝʟʦʥʘʥʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʩʧʝʨʛʘʪʦʨʘ. 

ʇʨʠ ʩʦʚʧʘʜʝʥʠʠ ʢʘʥʘʣʦʚ ʨʦʪʦʨʘ ʠ ʩʪʘʪʦʨʘ ʧʦ ʢʘʥʘʣʫ ʩʪʘʪʦʨʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʠʤʧʫʣʴʩ ʩʞʘʪʠʷ, ʪ.ʝ. ʧʦ ʢʘʥʘʣʫ ʩʦ ʩʢʦʨʦʩʪʴʶ ʟʚʫʢʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʝʨʝʜʥʠʡ 

ʬʨʦʥʪ ʠʤʧʫʣʴʩʘ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʨʠ ʦʪʨʘʞʝʥʠʠ ʦʪ ʦʪʢʨʳʪʦʛʦ ʢʦʥʮʘ 

ʟʘʜʥʠʡ ʬʨʦʥʪ ʠʤʧʫʣʴʩʘ ʩʞʘʪʠʷ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʥʘʯʘʣʫ ʢʘʥʘʣʘ. ʇʨʠ ʵʪʦʤ 

ʚʦʟʤʦʞʥʳ ʜʚʘ ʩʣʫʯʘʷ. ʇʝʨʚʳʡ ï ʢ ʤʦʤʝʥʪʫ ʚʦʟʚʨʘʱʝʥʠʷ ʢʘʥʘʣʳ ʩʦʚʧʘʣʠ, ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ʨʦʪʦʨʦʤ ʠ ʩʪʘʪʦʨʦʤ ʚʦʟʨʘʩʪʘʝʪ. ɺʪʦʨʦʡ ï ʢ 

ʤʦʤʝʥʪʫ ʚʦʟʚʨʘʱʝʥʠʷ ʠʤʧʫʣʴʩʘ ʨʘʟʨʷʞʝʥʠʷ ʢʘʥʘʣ ʟʘʢʨʳʪ ʠ ʵʪʦʪ ʠʤʧʫʣʴʩ, 

ʧʦʤʝʥʷʚ ʟʥʘʢ, ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʦʪʢʨʳʪʦʤʫ ʢʦʥʮʫ ʢʘʥʘʣʘ, ʦʪʨʘʞʘʝʪʩʷ ʙʝʟ ʧʦʪʝʨʠ 

ʟʥʘʢʘ ʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʥʘʯʘʣʫ ʢʘʥʘʣʘ. ɽʩʣʠ ʢʘʥʘʣʳ ʩʦʚʧʘʜʘʶʪ, ʪʦ ʧʝʨʝʧʘʜ 

ʜʘʚʣʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. ʋʚʝʣʠʯʝʥʠʝ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 

ʨʘʟʚʠʪʠʝ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʝʧʝʥʴ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʦʢʘʟʳʚʘʝʪ ʚʦʟʥʠʢʘʶʱʘʷ 

ʧʨʠ ʚʨʘʱʝʥʠʠ ʨʦʪʦʨʘ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʧʦʪʦʢʘ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʜʚʠʛʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʚʦʟʤʫʱʘʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʞʠʜʢʠʭ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤʘʭ ʬʦʨʤʠʨʫʝʪʩʷ ʨʘʟʥʦʩʢʦʨʦʩʪʥʦʝ 

ʜʚʠʞʝʥʠʝ ʩʨʝʜʳ ʠ ʯʘʩʪʠʮʳ. ʉʨʝʜʘ, ʜʚʠʞʫʱʘʷʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʘʩʪʠʮʳ, ʦʢʘʟʳʚʘʝʪ ʥʘ ʥʝʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ʈʘʟʨʫʰʝʥʠʶ ʯʘʩʪʠʮʳ ʧʨʝʧʷʪʩʪʚʫʝʪ ʝʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ. ʉʦʦʪʥʦʰʝʥʠʝ ʨʘʟʨʫʰʘʶʱʝʡ ʩʠʣʳ ʠ ʩʠʣʳ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʨʠʪʝʨʠʝʤ ɺʝʙʝʨʘ (We), ʧʨʠ 

ʧʨʝʚʳʰʝʥʠʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʯʘʩʪʠʮʘ ʨʘʟʨʫʰʘʝʪʩʷ [2].  

ɺʝʣʠʯʠʥʘ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʯʘʩʪʠʮʳ, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʜʨʦʙʣʝʥʠʝ: 
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ɽʩʣʠ ʬʘʢʪʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ r(t) ʙʫʜʝʪ ʙʦʣʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ, ʪʦ 

ʝʩʪʴ r(t)>rʢʨ(t), ʪʦ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩʨʳʚ ʤʠʢʨʦʯʘʩʪʠʮ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʧʝʣʴ, 

ʧʨʦʜʦʣʞʘʶʱʠʡʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʵʪʦ ʥʝʨʘʚʝʥʩʪʚʦ ʥʝ ʧʝʨʝʩʪʘʥʝʪ ʚʳʧʦʣʥʷʪʴʩʷ.  

ʇʨʠʚʝʜʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʜʠʩʧʝʨʛʠʨʫʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. 

ʉʦʟʜʘʚʘʝʤʳʡ ʜʠʩʧʝʨʛʘʪʦʨ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʤʘʩʣʦʞʠʨʦʚʦʡ ʠ 

ʤʦʣʦʯʥʦʡ ʦʪʨʘʩʣʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʘʨʬʶʤʝʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʞʠʜʢʠʭ ʠ ʢʦʥʩʠʩʪʝʥʪʥʳʭ ʩʤʘʟʦʢ ʠ ʪ.ʜ. 

Å) ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ.ʪ.ʥ. ɸʚʨʦʨʦʚʘ ɺ.ɸ. 
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MODELING OF THE YIGY DISPERSION OF THE MOVING CONTINUOUS 

MEDIUM  

É S.A. Harlashkin, Penza State Technology University (Penza, Russia) 

É V.A. Avrorov, Penza State Technology University (Penza, Russia) 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʦʜʝʣʠ ʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʥʝʨʛʠʠ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʨʦʪʦʨʥʦʛʦ ʜʠʩʧʝʨʛʘʪʦʨʘ, ʚʠʜʦʚ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʩʨʝʜʫ, 

ʨʘʩʩʤʦʪʨʝʥʘ ʜʠʥʘʤʠʢʘ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʫʟʳʨʴʢʘ ʠ ʫʩʣʦʚʠʷ ʜʚʠʞʝʥʠʷ ʩʨʝʜʳ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʢʘʚʠʪʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʧʣʦʰʥʳʝ ʩʨʝʜʳ, ʩʚʝʨʭʪʦʥʢʦʝ ʠʟʤʝʣʴʯʝʥʠʝ, ʨʦʪʦʨ, ʩʪʘʪʦʨ, ʢʘʚʠʪʘʮʠʷ, 

ʛʠʜʨʦʜʠʥʘʤʠʢʘ, ʘʢʫʩʪʠʯʝʩʢʘʷ ʚʦʣʥʘ, ʠʤʧʫʣʴʩʥʦʝ ʜʘʚʣʝʥʠʝ. 

 

The article overview of major dependencies of the energy distribution in the working area of 

rotary dispersant, type of impacts on processing medium, cavitationsô bubble dynamics, analysis of the 

medium movement and the conditions of cavitations. 

Key words: continuous medium, hyperfine dispersion, rotor, stator, cavitation, dispersion, 

hydrodynamics, acoustic wave, pulse pressure. 

 

ɺ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʨʦʪʦʨʥʦʤ ʜʠʩʧʝʨʛʘʪʦʨʝ [1,2] ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʷʪʴ 

ʦʩʥʦʚʥʳʭ ʫʯʘʩʪʢʦʚ ʩ ʘʢʪʠʚʥʳʤʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʝʞʠʤʘʤʠ: ʧʦʣʦʩʪʴ 
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ʨʦʪʦʨʘ, ʢʘʥʘʣ ʨʦʪʦʨʘ, ʟʘʟʦʨ ʤʝʞʜʫ ʨʦʪʦʨʦʤ ʠ ʩʪʘʪʦʨʦʤ, ʢʘʥʘʣ ʩʪʘʪʦʨʘ, ʨʘʙʦʯʘʷ 

ʢʘʤʝʨʘ. 

 

 
 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪʚʝʨʩʪʠʡ ʨʦʪʦʨʘ ʠ ʩʪʘʪʦʨʘ 

 

ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʝʣʠʯʠʥʘ ʟʘʟʦʨʘ ʤʝʞʜʫ ʨʦʪʦʨʦʤ ʠ 

ʩʪʘʪʦʨʦʤ ʠ ʢʘʥʘʣ ʩʪʘʪʦʨʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʜʘʥʥʳʭ ʟʦʥʘʭ ʧʨʦʠʩʭʦʜʠʪ ʦʩʥʦʚʥʘʷ 

ʜʠʩʩʠʧʘʮʠʷ ʵʥʝʨʛʠʠ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʚ ʜʠʩʧʝʨʛʘʪʦʨʝ ʦʙʫʩʣʦʚʣʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʤʠ, 

ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʠ ʪʝʧʣʦʚʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ. ʄʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʫʜʘʨʥʦʡ ʠ ʩʜʚʠʛʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʯʘʩʪʠʮʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ 

ʞʠʜʢʦʩʪʠ; ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʫʣʴʩʘʮʠʡ ʜʘʚʣʝʥʠʷ, ʚʳʟʚʘʥʥʳʭ ʠʥʝʨʮʠʦʥʥʳʤʠ 

ʩʠʣʘʤʠ ʧʨʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʜʘʨʥʳʭ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʯʘʩʪʠʮʳ ʦʪ ʢʫʤʫʣʷʪʠʚʥʳʭ ʩʪʨʫʡ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʩʭʣʦʧʳʚʘʥʠʠ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʫʟʳʨʴʢʦʚ [3]. 
ɸʢʫʩʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʚ 

ʢʘʥʘʣʝ ʩʪʘʪʦʨʘ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʚʩʣʝʜʩʪʚʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʫʣʴʩʘʮʠʡ ʜʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʬʝʨʠʯʝʩʢʠʭ 

ʚʦʣʥʳ ʧʨʠ ʧʫʣʴʩʘʮʠʷʭ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʫʟʳʨʴʢʦʚ.  

ɼʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʦʩʪʠ ʨʦʪʦʨʘ, ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʠ ʚ ʟʘʟʦʨʝ ʤʝʞʜʫ 

ʨʦʪʦʨʦʤ ʠ ʩʪʘʪʦʨʦʤ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ [5,6].  

ʋʨʘʚʥʝʥʠʝ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʢʘʥʘʣʝ ʩʪʘʪʦʨʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʦʜʥʦʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ: 

                                                                                                 (1) 
xV

x

P

dt

dV 2Ð+
µ

µ
= mr
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ʏʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʦ-

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ, ʢʦʪʦʨʦʝ ʜʣʷ ʢʘʥʘʣʘ ʩʪʘʪʦʨʘ 

ʜʠʩʧʝʨʛʘʪʦʨʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 

 
ɸʢʫʩʪʠʯʝʩʢʦʝ ʧʦʣʝ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ 

ʚʦʣʥʦʚʳʤ ʫʨʘʚʥʝʥʠʝʤ ɻʝʣʴʤʛʦʣʴʮʘ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʩʢʦʨʦʩʪʠ [2] 

                                           (2) 

ʇʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʢʘʧʝʣʴ ʠ ʧʫʟʳʨʴʢʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʠʣ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʚʷʟʢʦʩʪʠ ʠ ʩʠʣ ʠʥʝʨʮʠʠ. 

ʋʩʣʦʚʠʝ ʜʣʷ ʥʘʯʘʣʘ ʜʨʦʙʣʝʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʘʥʘʣʠʟʠʨʫʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʞʠʜʢʦʡ ʩʨʝʜʳ ʚ ʧʦʪʦʢʝ ʜʨʫʛʦʡ ʞʠʜʢʦʩʪʠ. ɽʩʣʠ ʧʦʚʝʨʭʥʦʩʪʴ ʩʬʝʨʳ ʠʩʧʳʪʳʚʘʝʪ 

ʣʦʙʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʩʧʣʦʰʥʦʡ ʬʘʟʳ (ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʈʝʣʝʷ-ʊʝʡʣʦʨʘ), 

ʪʦ ʜʣʷ ʝʝ ʨʘʟʨʫʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʫʩʣʦʚʠʝ: 

                                  .                                        (3) 

ɿʜʝʩʴ  ʠ  - ʧʣʦʪʥʦʩʪʠ ʩʧʣʦʰʥʦʡ ʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟ, ʢʛ/ʤ; d ï 

ʜʠʘʤʝʪʨ ʩʬʝʨʳ, ʤ; ů ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʥ/ʤ. 

ʊʝʯʝʥʠʝ ʨʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʢʘʥʘʣʳ ʨʦʪʦʨʘ ʠ ʩʪʘʪʦʨʘ ʨʦʪʦʨʥʦʛʦ 

ʜʠʩʧʝʨʛʘʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʫʨʘʚʥʝʥʠʝʤ [4]: 
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ɻʨʘʬʠʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 2, ʧʦʢʘʟʳʚʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʢʘʥʘʣʝ ʩʪʘʪʦʨʘ ʦʪ ʚʨʝʤʝʥʠ ʟʘ ʚʝʩʴ ʮʠʢʣ ʩʦʚʤʝʱʝʥʠʷ ʠ 

ʧʝʨʝʢʨʳʪʠʷ ʢʘʥʘʣʘ ʨʦʪʦʨʘ ʢʘʥʘʣʦʤ ʩʪʘʪʦʨʘ. 
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ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʴ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʢʘʥʘʣʝ 

ʩʪʘʪʦʨʘ ʦʪ ʚʨʝʤʝʥʠ 

 

ʀʤʧʫʣʴʩʥʘʷ ʘʢʫʩʪʠʯʝʩʢʘʷ ʢʘʚʠʪʘʮʠʷ ʚʳʟʳʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʥʝʨʮʠʠ ʦʙʲʝʤʘ 

ʞʠʜʢʦʩʪʠ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʠʟ ʢʘʥʘʣʘ ʨʦʪʦʨʘ ʚ ʢʘʥʘʣ ʩʪʘʪʦʨʘ ʚ 

ʤʦʤʝʥʪ ʩʦʚʤʝʱʝʥʠʷ ʢʘʥʘʣʘ ʨʦʪʦʨʘ ʩ ʢʘʥʘʣʦʤ ʩʪʘʪʦʨʘ. ʇʨʠ ʟʘʢʨʳʪʦʤ ʢʘʥʘʣʝ 

ʩʪʘʪʦʨʘ ʞʠʜʢʦʩʪʴ, ʧʨʦʜʚʠʛʘʶʱʘʷʩʷ ʚʧʝʨʝʜ ʚʜʦʣʴ ʢʘʥʘʣʘ ʩʪʘʪʦʨʘ ʟʘ ʩʯʝʪ 

ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ, ʩʦʟʜʘʝʪ ʣʦʢʘʣʴʥʦʝ ʨʘʟʨʝʞʝʥʠʝ ʥʘ ʚʭʦʜʥʦʤ ʫʯʘʩʪʢʝ ʢʘʥʘʣʘ 

ʩʪʘʪʦʨʘ. ʂʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʠʤʧʫʣʴʩ ʨʘʩʪʷʛʠʚʘʶʱʝʛʦ (çʦʪʨʠʮʘʪʝʣʴʥʦʛʦè 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʚʝʩʥʦʛʦ) ʜʘʚʣʝʥʠʷ ʚʳʟʳʚʘʝʪ ʨʦʩʪ ʧʘʨʦʛʘʟʦʚʳʭ ʟʘʨʦʜʳʰʝʡ ʠ 

ʠʥʠʮʠʠʨʫʝʪ ʢʘʚʠʪʘʮʠʶ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ, ʢʘʚʠʪʘʮʠʦʥʥʳʝ 

ʧʫʟʳʨʴʢʠ ʜʦʩʪʠʛʘʶʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʇʨʠ ʨʦʩʪʝ ʢʘʚʠʪʘʮʠʦʥʥʳʡ ʧʫʟʳʨʝʢ ʟʘʧʦʣʥʷʝʪʩʷ ʥʘʩʳʱʝʥʥʳʤ ʧʘʨʦʤ ʜʘʥʥʦʡ 

ʞʠʜʢʦʩʪʠ ʠ ʨʘʩʪʚʦʨʝʥʥʳʤ ʚ ʞʠʜʢʦʩʪʠ ʛʘʟʦʤ. ʂʘʢ ʪʦʣʴʢʦ ʜʘʚʣʝʥʠʝ ʚ ʞʠʜʢʦʩʪʠ 

ʥʘʯʠʥʘʝʪ ʚʦʟʨʘʩʪʘʪʴ, ʢʘʚʠʪʘʮʠʦʥʥʳʡ ʧʫʟʳʨʝʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʚʳʰʝʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʠ ʩʠʣ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʟʘʭʣʦʧʳʚʘʝʪʩʷ, ʧʘʨ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ 

ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ, ʘ ʛʘʟ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʠʣʴʥʦʤʫ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤʫ ʩʞʘʪʠʶ. 

ʇʦʩʣʝ ʩʭʣʦʧʳʚʘʥʠʷ ʧʫʟʳʨʴʢʘ ʚ ʦʢʨʫʞʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʩʬʝʨʠʯʝʩʢʘʷ ʫʜʘʨʥʘʷ ʚʦʣʥʘ, ʙʳʩʪʨʦ ʟʘʪʫʭʘʶʱʘʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ [7 -9]. 

ɼʠʥʘʤʠʢʘ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʫʟʳʨʴʢʘ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʅʦʣʪʠʥʛʘ-

ʅʝʧʧʘʡʨʘʩʘ: 

 (6) 

ʛʜʝ PK - ʜʘʚʣʝʥʠʝ ʚ ʢʘʥʘʣʝ ʩʪʘʪʦʨʘ, ʇʘ. 

ɺ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ ʫʯʪʝʥʦ ʚʪʦʨʠʯʥʦʝ ʢʘʚʠʪʘʮʠʦʥʥʦʝ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʜʝʡʩʪʚʫʝʪ ʥʘ ʧʫʟʳʨʝʢ ʩʦ ʩʪʦʨʦʥʳ ʜʨʫʛʠʭ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʫʟʳʨʴʢʦʚ, ʠ 

ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʢʘʥʘʣʝ ʩʪʘʪʦʨʘ. 

()
322

0

2

0

2 1 2 4 2
0

3
K n K

Rd R dR dR
R P P P t P

dt dt R R dt R R

g
s h s

r

Öå õå õÖ Ö Öå õå õ
Ö + Ö + Ö - - + + Ö - + Ö =æ öæ öæ ö æ öæ öç ÷ ç ÷ç ÷ç ÷



47 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʝʪ 

ʥʝ ʪʦʣʴʢʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʚ ʨʘʙʦʯʠʭ ʟʦʥʘʭ 

ʜʠʩʧʝʨʛʘʪʦʨʘ, ʥʦ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʦʩʥʦʚʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʙʨʘʟʮʘ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʘ ʩʫʧʝʨʪʦʥʢʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʩʧʣʦʰʥʳʭ ʩʨʝʜ.  

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʍʘʨʣʘʰʢʠʥ ʉ.ɸ. ɸʥʘʣʠʟ ʫʩʣʦʚʠʡ ʩʚʝʨʭʪʦʥʢʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʩʧʣʜʦʰʥʳʭ 

ʩʨʝʜ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʚʷʟʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ 

ʨʦʪʦʨʥʦʛʦ ʜʠʩʧʝʨʛʘʪʦʨʘ // ʀʟʚʝʩʪʠʷ ʇɻʇʋ ʠʤ. ɺ.ɻ. ɹʝʣʠʥʩʢʦʛʦ. ï ʇʝʥʟʘ. 

2012. 

2.  ɸʚʨʦʨʦʚ ɺ.ɸ. ʎʝʥʪʨʠʬʫʛʘ. ʇʘʪʝʥʪ ʈʌ ˉ 2422213, 27.06.11 

3 ʇʨʦʤʪʦʚ ʄ.ɸ. ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʠʤʧʫʣʴʩʥʳʭ ʧʦʪʦʢʘʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʞʠʜʢʦʩʪʝʡ. ɸʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩ. ʜ.ʪ.ʥ. ï

ʊʘʤʙʦʚ: ʊɻʋ, 2001. ï C. 32. 

4 ɿʠʤʠʥ ɸ.ʀ. ʇʨʠʢʣʘʜʥʘʷ ʤʝʭʘʥʠʢʘ ʧʨʝʨʳʚʠʩʪʳʭ ʪʝʯʝʥʠʡ. ï ʄ.: ʌʦʣʠʘʥʪ, 

1997. ï 308 ʩ. 

5. ɿʠʤʠʥ ɸ.ʀ. ʆ ʙʠʬʫʨʢʘʮʠʦʥʥʳʭ ʷʚʣʝʥʠʷʭ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʛʠʜʨʦʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ // ʊʝʦʨʝʪ. ʦʩʥʦʚʳ ʭʠʤ. ʪʝʭʥʦʣ. ï 1997, ʊ. 31, ˉ3. ï 

ʉ. 238-242. 

6. ɿʠʤʠʥ ɸ.ʀ. ɹʠʬʫʨʢʘʮʠʠ ʠ ʘʥʦʤʘʣʠʠ ʚ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʝ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʜʠʩʧʝʨʛʘʪʦʨʘ // ʋʛʦʣʴ. ï 1997, ˉ2. ï ʉ. 29 ï 30. 

7. Young F.R. Cavitation. ï London: McGraw-Hill, 1989 

8. Leighton T.G. The Acoustic bubble. ï London: Academic, 1994. 

9. Apfel R.E. Sonic effervescence: A tutorial on acoustic cavitation // J. Acoust. 

Soc.Am., 1997, V.1G1,N3. ï P. 1227-1237. 

 

 

 

ʋɼʂ 519.62 (07) 

 

ʆ ʈɸʉʏɽʊɽ ʀɿɻʀɹʅʆʁ ɾɽʉʊʂʆʉʊʀ ɺɽɼʋʑɽɻʆ ɺɸʃɸ 

ʋʅʀɺɽʈʉɸʃʔʅʆʁ ʊʋʅʅɽʃʔʅʆʁ ʉʋʐʀʃʂʀ-ʇɽʏʀ ʄɽʊʆɼʆʄ 

ʂʆʅɽʏʅʓʍ ʕʃɽʄɽʅʊʆɺ ʀ ɹɸɿʀʉʅʓʍ ɺɸʈʀɸʎʀʁ 

É ɻ.ɺ. ɸʚʨʦʨʦʚ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

(ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ) 

É ɺ.ɺ. ʃʦʚʮʝʚʘ, ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

(ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ)  

 

ON CALCULATING BENDING STIFFNESS OF DRIVE SHAFT OF 

UNIVERSAL TUNNEL DRYING INSTALLATION USING  THE METHOD 

OF FINITE ELEMENTS AND BASIC FLUCTUATIONS  

É G.V. Avrorov, Penza State Technological University (Penza, Russia) 

É V.V. Lovzeva, Penza State Technological University (Penza, Russia) 

 
ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠʟʛʠʙʥʦʡ ʞʝʩʪʢʦʩʪʠ ʚʝʜʫʱʝʛʦ ʚʘʣʘ ʢʦʥʚʝʡʝʨʘ 

ʪʫʥʥʝʣʴʥʦʡ ʩʫʰʠʣʢʠ-ʧʝʯʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʙʘʟʠʩʥʳʭ ʚʘʨʠʘʮʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʫʥʥʝʣʴʥʘʷ ʩʫʰʠʣʢʘ-ʧʝʯʴ, ʚʘʣ ʢʦʥʚʝʡʝʨʘ, ʠʟʛʠʙʥʘʷ ʞʝʩʪʢʦʩʪʴ, 

ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ 
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The article cites the calculating results of bending stiffness of conveyer drive shaft of tunnel 

drying installation which were obtained with the help of the method of finite elements and basic 

fluctuations. 

Key words: tunnel drying installation, conveyer drive shaft, bending stiffness, calculus 

 

ʇʫʩʪʴ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ ʟʘʥʠʤʘʝʪ ʦʙʣʘʩʪʴ w, ʠ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʘ 
ʠʟʤʝʥʷʶʪʩʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʦʪ ʪʦʯʢʠ ʢ ʪʦʯʢʝ ʥʝʧʨʝʨʳʚʥʦ. ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ 

ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ ʧʨʠʙʣʠʞʝʥʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʝʝ ʟʥʘʯʝʥʠʡ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʚʳʙʨʘʥʥʳʭ ʪʦʯʢʘʭ (ʫʟʣʘʭ) ʦʙʣʘʩʪʠ w ʠ ʝʝ ʟʥʘʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʚ 

ʫʟʣʘʭ, ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ ʜʣʷ ʩʦʩʝʜʥʠʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ [1].  

ɿʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʠʩʢʦʤʦʡ ʚʝʣʠʯʠʥʳ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 

()xu  ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʦʩʧʦʣʥʝʥʠʷ () ()ufu xx= , ʛʜʝ u - ʚʝʢʪʦʨ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʫʟʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʠʩʢʦʤʦʡ ʬʫʥʢʮʠʠ iu ,x- ʣʦʢʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʚ 

ʧʨʝʜʝʣʘʭ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ, ()xf  - ʬʫʥʢʮʠʷ ʬʦʨʤʳ. 

ʌʫʥʢʮʠʷ ʚʦʩʧʦʣʥʝʥʠʷ ʩʪʨʦʠʪʩʷ ʚ ʢʘʞʜʦʤ ʢʦʥʝʯʥʦʤ ʵʣʝʤʝʥʪʝ ʚ 

ʜʝʡʩʪʚʫʶʱʝʡ ʪʦʣʴʢʦ ʜʣʷ ʥʝʛʦ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ 

ʫʟʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʠʩʢʦʤʦʡ ʬʫʥʢʮʠʠ iu  ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʡ ʬʦʨʤʳ. 

ɿʘʜʘʯʘ, ʨʝʰʘʝʤʘʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʬʦʨʤʫʣʠʨʫʝʪʩʷ 

ʬʫʥʢʮʠʦʥʘʣʦʤ ʦʙʱʝʛʦ ʚʠʜʘ () ( )( )uFuLuuʌ ,,
2

1
-= , ʛʜʝ u - ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ,L

- ʩʘʤʦʩʦʧʨʷʞʝʥʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ, ʪ.ʝ. ʪʘʢʦʡ, ʯʪʦ ( ) ( )LuuuLu ,, = , 

F - ʟʘʜʘʥʥʘʷ ʚ ʟʘʜʘʯʝ ʬʫʥʢʮʠʷ. ɺʳʨʘʟʠʚ ʬʫʥʢʮʠʶ u  ʯʝʨʝʟ ʝʝ ʫʟʣʦʚʳʝ ʟʥʘʯʝʥʠʷ 

iu ʚ ʢʘʞʜʦʤ ʢʦʥʝʯʥʦʤ ʵʣʝʤʝʥʪʝ, ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʜʠʩʢʨʝʪʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ 

() ( )( )uFuuAuʌ ,,
2

1
-= , ʛʜʝ u - ʠʩʢʦʤʳʡ ʚʝʢʪʦʨ, ɸ ï ʩʠʤʤʝʪʨʠʯʥʘʷ ʢʚʘʜʨʘʪʥʘʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʤʘʪʨʠʮʘ, ( ) 0, >uuA , F - ʠʟʚʝʩʪʥʳʡ ʚʝʢʪʦʨ. 

ʇʨʠ ʵʪʦʤ ʦʙʱʘʷ (ʛʣʦʙʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʜʣʷ ʚʩʝʭ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʦʙʣʘʩʪʠ w), 

ʩʦʩʪʘʚʣʷʝʪʩʷ ʠʟ ʤʘʪʨʠʮ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ɸʥʘʣʦʛʠʯʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʠ ʛʣʦʙʘʣʴʥʳʡ ʚʝʢʪʦʨ F . 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʠʱʝʪʩʷ ʪʘʢʦʡ ʚʝʢʪʦʨ u , 

ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʛʦ ʧʨʠʥʝʩʫʪ ʬʫʥʢʮʠʦʥʘʣʫ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

ɺʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʤʘʪʨʠʯʥʦʡ ʦʧʝʨʘʮʠʠ 

() ää ä
= = =
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iijiij uFuuauʌ
1 1 12

1
, ʛʜʝ ija - ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ {}ijaA= , iF - 

ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʘ F . ʇʨʠʨʘʚʥʠʚʘʥʠʝ ʢ ʥʫʣʶ ʯʘʩʪʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ()uʌ  ʧʦ 

ʢʘʞʜʦʤʫ ʠʟ N ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʘ u  ʧʨʠʚʦʜʠʪ ʢ ʟʘʧʠʩʠ N ʣʠʥʝʡʥʳʭ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ 
()

),...,1(,0
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 ʠʣʠ ʚ 

ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ FuA = , ʠʟ ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʘ 

u . 

ʀʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʛʠʙʦʚ ʚʘʣʘ 

ʧʨʠʚʦʜʘ ʢʦʥʚʝʡʝʨʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʪʫʥʥʝʣʴʥʦʡ ʩʫʰʠʣʢʠ-ʧʝʯʠ [2]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʚʘʨʠʘʮʠʦʥʥʳʤ ʧʨʠʥʮʠʧʦʤ, ʣʝʞʘʱʠʤ ʚ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, 
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ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ ʧʨʦʛʠʙʦʚ ʙʘʣʢʠ v ï ʵʪʦ ʬʫʥʢʮʠʷ ()zv , ʢʦʪʦʨʘʷ ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʚ 

ʬʦʨʤʫʣʫ ʬʫʥʢʮʠʦʥʘʣʘ ʠʟʤʝʥʝʥʠʷ ʧʦʣʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʙʘʣʢʠ ʩʦʦʙʱʠʪ 

ʝʤʫ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʌʫʥʢʮʠʦʥʘʣ ʠʟʤʝʥʝʥʠʷ ʧʦʣʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʠʟʦʛʥʫʪʦʡ ʙʘʣʢʠ ʠ 

ʠʟʛʠʙʘʶʱʝʡ ʝʝ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ [3,4] 

() ()ñ
îý

î
ü

û

îí

î
ì

ë
-
ù
ù

ú

ø

é
é

ê

è
ÖÖ-öö

÷

õ
ææ
ç

å
Ö=

l

dzPv
dz

vd
vQ

dz

vd
zEIvʕ

0

2

2
2

2

2

2

1

, 

ɿʘʤʝʥʠʚ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʨʘʚʥʝʥʠʶ ʦʩʠ ʠʟʦʛʥʫʪʦʡ 

ʙʘʣʢʠ, ʢʦʪʦʨʳʡ ʙʦʣʝʝ ʫʜʦʙʝʥ ʜʣʷ ʨʘʩʯʝʪʦʚ, ʪʘʢ ʢʘʢ ʚ ʝʛʦ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʤ 

ʚʳʨʘʞʝʥʠʠ ʥʠʞʝ ʧʦʨʷʜʦʢ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʬʫʥʢʮʠʠ ʧʨʦʛʠʙʦʚ, ʧʦʣʫʯʠʤ 
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ʇʫʩʪʴ ʚʘʣ ʢʦʥʚʝʡʝʨʘ ʪʫʥʥʝʣʴʥʦʡ ʩʫʰʠʣʢʠ-ʧʝʯʠ, ʨʘʙʦʪʘʶʱʝʡ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝ, çʩʦʙʨʘʥè ʠʟ ʪʨʝʭ ʨʘʚʥʳʭ ʧʦ ʜʣʠʥʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʨʠʩ.1). 

 
 ʈʠʩʫʥʦʢ 1 - ʈʘʟʙʠʝʥʠʝ ʚʘʣʘ ʥʘ ʪʨʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘ 

 

ʆʙʦʟʥʘʯʠʤ iz - ʦʨʜʠʥʘʪʫ ʢʨʘʡʥʝʡ ʣʝʚʦʡ ʪʦʯʢʠ i-ʛʦ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʊʦʛʜʘ ʜʣʠʥʫ i-ʛʦ ʵʣʝʤʝʥʪʘ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʨʘʟʥʦʩʪʴʶ iii zzh -= +1 . ʂʘʞʜʦʝ ʠʟ 

ʯʝʪʳʨʝʭ ʟʥʘʯʝʥʠʡ ʧʨʦʛʠʙʦʚ ʫʟʣʦʚ ()izv  ʦʙʦʟʥʘʯʠʤ ʢʘʢ ).4,3,2,1(, =ivi  

ʀʩʢʦʤʫʶ ʬʫʥʢʮʠʶ ʧʨʦʛʠʙʦʚ ʚʘʣʘ ()zv  ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʢʫʩʦʯʥʦ-

ʣʠʥʝʡʥʦʡ ʣʠʥʠʠ, ʠʤʝʶʱʝʡ ʧʝʨʝʣʦʤʳ ʚ ʪʦʯʢʘʭ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ( )ii vz ,   

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʠʟʚʦʣʴʥʳʡ ʢʦʥʝʯʥʳʡ ʵʣʝʤʝʥʪ (i) ʚ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ (ʨʠʩ.2). 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚʘʣʘ ʢʦʥʚʝʡʝʨʘ 



50 

 

ɺʥʫʪʨʠ ʢʘʞʜʦʛʦ i-ʛʦ ʵʣʝʤʝʥʪʘ ʘʨʛʫʤʝʥʪ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1+¢¢ ii zzz . 

ʇʫʩʪʴ ʥʦʚʳʡ, ʚʚʝʜʝʥʥʳʡ ʚʤʝʩʪʦ z, ʘʨʛʫʤʝʥʪ x ʠʟʤʝʥʷʝʪ ʩʚʦʝ ʟʥʘʯʝʥʠʝ ʧʦ ʜʣʠʥʝ 

ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪ 0 ʜʦ 1. ʊʦʛʜʘ ʥʦʚʘʷ ʦʨʜʠʥʘʪʘ x ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ ʣʶʙʦʛʦ 

ʠʟ ʵʣʝʤʝʥʪʦʚ ʙʫʜʝʪ ʩʚʷʟʘʥʘ ʩ ʛʣʦʙʘʣʴʥʦʡ ʦʨʜʠʥʘʪʦʡ z ʟʘʚʠʩʠʤʦʩʪʴʶ 

i

i

h

zz-
=x  

ʠʣʠ ii hzz x+= . 

ɿʥʘʯʝʥʠʷ ʠʩʢʦʤʦʡ ʬʫʥʢʮʠʠ ʧʨʦʛʠʙʦʚ ʥʘ ʣʝʚʦʤ ʢʦʥʮʝ i-ʛʦ ʵʣʝʤʝʥʪʘ 
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ɺʳʙʨʘʥʥʘʷ ʬʫʥʢʮʠʷ ʚʦʩʧʦʣʥʝʥʠʷ ()izv , ʠʟʤʝʥʷʶʱʘʷʩʷ ʣʠʥʝʡʥʦ ʦʪ ʢʨʘʷ ʜʦ 

ʢʨʘʷ ʵʣʝʤʝʥʪʘ, ʙʫʜʝʪ ʩʚʷʟʘʥʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ i
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 ʛʜʝ F - ʛʣʦʙʘʣʴʥʳʡ ʚʝʢʪʦʨ 

ʥʘʛʨʫʟʢʠ, ɸ ï ʛʣʦʙʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ ʚʘʣʘ. 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʫ ʵʥʝʨʛʠʠ ʙʘʣʢʠ ʧʨʠʥʝʩʝʪ ʚʝʢʪʦʨ 

ʧʨʦʛʠʙʦʚ, ʷʚʣʷʶʱʠʡʩʷ ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. 

ɻʣʦʙʘʣʴʥʳʡ ʚʝʢʪʦʨ ʥʘʛʨʫʟʢʠ F  çʩʦʙʠʨʘʝʪʩʷè ʠʟ ʣʦʢʘʣʴʥʳʭ ʚʝʢʪʦʨʦʚ iF  
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 ʇʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ( ) ( ) 0;00 ==== lzvzv , ʪ.ʝ. 0,0 51 == vv  

ʠʩʢʦʤʳʝ ʚʝʣʠʯʠʥʳ ʧʨʦʛʠʙʦʚ ʚʘʣʘ ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ ʙʫʜʫʪ ʨʘʚʥʳ 2v = 0,0001ʤ, 

Ö  0,00065ʤ. 

 ʄʝʪʦʜ ʙʘʟʠʩʥʳʭ ʚʘʨʠʘʮʠʡ, ʢʘʢ ʠ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʝʪ 

ʟʘʤʝʥʠʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʢʘʢʦʝ-ʣʠʙʦ ʷʚʣʝʥʠʝ ʠʣʠ 

ʧʨʦʮʝʩʩ, ʧʨʠʙʣʠʞʝʥʥʳʤ ʚʳʨʘʞʝʥʠʝʤ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ [5,6].  

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʣʠʥʝʡʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 
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. ɺ ʦʧʝʨʘʪʦʨʥʦʤ ʚʠʜʝ ʵʪʦ ʫʨʘʚʥʝʥʠʝ FLv= , ʛʜʝ 
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dx
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dx

d
L ++=

2

2

- ʣʠʥʝʡʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ʫʨʘʚʥʝʥʠʷ, v ï 

ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ, b,c,F ï ʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ ʦʪ ʘʨʛʫʤʝʥʪʘ ʭ.  

ʇʨʠʙʣʠʞʝʥʥʳʡ ʜʠʩʢʨʝʪʥʳʡ ʘʥʘʣʦʛ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʦʧʝʨʘʪʦʨʥʦʤ ʚʠʜʝ, 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘ ʢʦʥʝʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʪʦʯʝʢ N, ʟʘʧʠʰʝʪʩʷ ʢʘʢĞ Fv = , ʪ.ʝ. ʚ 

ʚʠʜʝ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʫʨʘʚʥʝʥʠʷ  
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, ʛʜʝ iv - ʵʣʝʤʝʥʪʳ ʠʩʢʦʤʦʛʦ 

ʚʝʢʪʦʨʘ v ; iii Fcb ,,  - ʜʠʩʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʠ, F - ʚʝʢʪʦʨ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ iF , .,...,1 Ni =  
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ʇʦʣʴʟʫʷʩʴ ʩʚʦʡʩʪʚʦʤ ʣʠʥʝʡʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ä
=

N

j 1

(Ğ

Fve j

j =))(
. ɼʝʡʩʪʚʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʦʧʝʨʘʪʦʨʘ Ğ ʥʘ ʚʝʢʪʦʨ v  ʨʘʚʥʦʩʠʣʴʥʦ 

ʫʤʥʦʞʝʥʠʶ ʥʘ ʵʪʦʪ ʞʝ ʚʝʢʪʦʨ ʤʘʪʨʠʮʳ {}ijaA= , ʪ.ʝ. {} Fvaij =³ , ʛʜʝ ʵʣʝʤʝʥʪʳ 

ija ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (=ija Ğ i

je ))(
. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʩʠʣʴʥʦ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ʤʘʪʨʠʯʥʦʛʦ ʚʠʜʘ FvA = . 

ʀʩʧʦʣʴʟʫʝʤ ʜʘʥʥʳʡ ʤʝʪʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʨʦʛʠʙʦʚ ʚʘʣʘ 

ʢʦʥʚʝʡʝʨʘ ʪʫʥʥʝʣʴʥʦʡ ʩʫʰʠʣʢʠ ʩ ʨʘʙʦʯʝʡ ʰʠʨʠʥʦʡ ʢʦʥʚʝʡʝʨʘ 1200 ʤʤ ʠ ʩʨʘʚʥʠʤ 

ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʛʠʙʦʚ ʩ ʧʨʦʛʠʙʘʤʠ ʪʦʛʦ ʞʝ ʚʘʣʘ, ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʚʳʰʝ 

ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
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ʈʘʟʦʙʴʝʤ ʚʘʣ ʧʦ ʜʣʠʥʝ ʥʘ ʪʨʠ ʨʘʚʥʳʭ ʧʦ ʚʝʣʠʯʠʥʝ ʫʯʘʩʪʢʘ ʩ ʧʦʩʪʦʷʥʥʳʤ 

ʰʘʛʦʤ h = 0,4 ʤ.. ʂʘʞʜʳʡ ʠʟ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ija  ʧʨʠ ʥʝʠʟʚʝʩʪʥʦʤ jv  ʚ i-ʦʤ 

ʫʨʘʚʥʝʥʠʠ ʩʠʩʪʝʤʳ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ =ija (Ğ
)( je )i, ʛʜʝ Ğ ïʜʠʩʢʨʝʪʥʳʡ 

ʘʥʘʣʦʛ ʦʧʝʨʘʪʦʨʘ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ L. 
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ʏʪʦʙʳ ʚ ʬʦʨʤʫʣʝ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ija  ʫʯʠʪʳʚʘʣʠʩʴ ʢʨʘʝʚʳʝ 

ʫʩʣʦʚʠʷ, ʚʚʝʜʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʦʧʝʨʘʪʦʨʘ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 
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 ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʚʝʣʠʯʠʥʳ ʧʨʦʛʠʙʦʚ, ʚʳʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʝʪʦʜʦʤ ʙʘʟʠʩʥʳʭ ʚʘʨʠʘʮʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ.  
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SIMULATION OF THE DRYING PROCESSS OF CARROT WITH 

INFRARED ENERGY SUPPLY 

É D.A. Martyashina, Penza State Technology University (Penza, Russia) 

É A.A. Akishin, Penza State Technology University (Penza, Russia) 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʂ ʵʥʝʨʛʦʧʦʜʚʦʜʘ ʥʘ 

ʧʨʠʤʝʨʝ ʤʦʨʢʦʚʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʂ ʩʫʰʢʘ ʢʘʧʠʣʣʷʨʥʦ-ʧʦʨʠʩʪʳʭ ʧʨʦʜʫʢʪʦʚ, ʢʠʥʝʪʠʢʘ ʩʫʰʢʠ, 

ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

The article is devoted to simulation and experimental study of the drying process using infrared 

energy supply for example carrots. 

Key words: IR drying of capillary-porous products, drying kinetics, simulation 

 

ɺʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʌ 

ʧʨʠʭʦʜʠʪʩʷ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʥʠʞʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʚʦʜʷʱʝʡ ʚʩʣʝʜʩʪʚʠʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ, 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢ ʠʭ ʧʦʨʯʝ. ʋʤʝʥʴʰʝʥʠʝ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʨʦʩʪʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ 

ʧʨʦʜʫʢʪʘ ʜʦʩʪʠʛʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʩʫʰʢʠ. ʇʦʵʪʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʩʧʦʩʦʙʦʚ ʩʫʰʢʠ, ʠʭ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʠ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʩʦʭʨʘʥʝʥʠʝ ʚʩʝʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, 

ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ ʦʪʨʘʩʣʝʡ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ ʩʫʰʢʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠ ʚ ʥʘʠʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʧʦʟʚʦʣʷʶʱʝʡ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʠ ʤʝʥʴʰʠʭ ʟʘʪʨʘʪʘʭ 

ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʩʫʰʢʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʬʨʘʢʨʘʩʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ [2,5]. ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʫʰʢʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

http://yandex.ru/clck/jsredir?from=yandex.ru%3Byandsearch%3Bweb%3B%3B&text=%D0%A7%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5%20%D0%BC%D0%B5%D1%82%D0%BE%D0%B4%D1%8B.%20%D0%9C%D0%B5%D1%82%D0%BE%D0%B4%20%D0%B1%D0%B0%D0%B7%D0%B8%D1%81%D0%BD%D1%8B%D1%85%20%D0%B2%D0%B0%D1%80%D0%B8%D0%B0%D1%86%D0%B8%D0%B9&uuid=&state=AiuY0DBWFJ4ePaEse6rgeAjgs2pI3DW99KUdgowt9Xs7e_DEZHQ5W95_yvpQttK3by9Q9KB_eaZEO_lb6UrTOBs0eqkNpZcXZ9hnc4kRTv3dLnMt-oYFpRgAYTCIN5TOB0-0qja1Le_pr8-9EyfGmtFE1SBgPsM_0jmxxBigP3BFFKH14tTyeq6RbgRlkFDRD51dZCi9AeVgFxdw9FNKxUPLLS1zfVWW&data=UlNrNmk5WktYejR0eWJFYk1LdmtxbENFZFpheVZmMVJIVW9hNDI5SjYycGhEOWEyS3UxS1U2VHFqQjktN0hWeDRkUkxxMXMza214dlZ6REZjbTd6a0dCRGtsVXk1NTh1NzJ4bEdlTTdmOHYtWWo2RndzWmJDNEhBMXZONzhEbFNVUTZUQ09SSHJkelZCd05XZjdmLWY3b25sR0FVN0l4bQ&b64e=2&sign=2e97711eb5239dbda8693bf72ba7234c&keyno=0&l10n=ru&mc=0
http://yandex.ru/clck/jsredir?from=yandex.ru%3Byandsearch%3Bweb%3B%3B&text=%D0%A7%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5%20%D0%BC%D0%B5%D1%82%D0%BE%D0%B4%D1%8B.%20%D0%9C%D0%B5%D1%82%D0%BE%D0%B4%20%D0%B1%D0%B0%D0%B7%D0%B8%D1%81%D0%BD%D1%8B%D1%85%20%D0%B2%D0%B0%D1%80%D0%B8%D0%B0%D1%86%D0%B8%D0%B9&uuid=&state=AiuY0DBWFJ4ePaEse6rgeKdnI0e4oXuRYo0IEhrXr7xvsdyOxc0wFG76QRAU16jx5FFCoBVstcNrlAYDnHQrM8mV0b--NgDSZ3pyUnGjjBOs8SRi971XlMwysSkp0xtAX_CRjPXd0O9D1mceRLiaUdyCwaP5J0Zn5J7cSa8-am6s8JW4fZMvWcl2x2MEretDmUE-0gB3uj_s73dMGCRA9AELajCXAwJdm-SfQPXMWBk&data=UlNrNmk5WktYejR0eWJFYk1LdmtxbENFZFpheVZmMVJIVW9hNDI5SjYycXl1eXV2Z3RvSnVYaE5EQTNKa0ZiVzI0SjR1NGhSclpsdWhxTzdFV2ZWRkpURThNQ0p5Zm04b1lQTEZfTVJmODg&b64e=2&sign=fde66a022e8e82950d3ac5ddd78cc86b&keyno=0&l10n=ru&mc=0
http://www.exponenta.ru/educat/systemat/iglin/2/13/13_1.asp
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ʧʨʦʮʝʩʩ, ʦʩʥʦʚʘʥʘ ʥʘ ʪʦʤ, ʯʪʦ ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʥʳ 

ʚʦʣʥʳ ʘʢʪʠʚʥʦ ʧʦʛʣʦʱʘʝʪʩʷ ʚʦʜʦʡ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʧʨʦʜʫʢʪʝ, ʥʦ ʥʝ 

ʧʦʛʣʦʱʘʝʪʩʷ ʪʢʘʥʴʶ ʚʳʩʫʰʠʚʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʦʵʪʦʤʫ ʫʜʘʣʝʥʠʝ ʚʣʘʛʠ 

ʚʦʟʤʦʞʥʦ ʧʨʠ ʥʝʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʫʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʠʪʴ ʚʠʪʘʤʠʥʳ, ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʩʫʰʢʝ ʧʨʦʜʫʢʪʦʚ.  

ʆʜʥʘʢʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʥʝ ʪʦʣʴʢʦ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ 

ʩʫʭʦʧʨʦʜʫʢʪʦʚ, ʥʦ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʩʫʰʢʠ ʧʨʦʜʫʢʪʦʚ ʩ 

ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʵʪʦʤ ʧʨʠʥʮʠʧʝ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʩ ʀʂ ʧʦʜʚʦʜʦʤ ʫʯʠʪʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ 

ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʧʠʱʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʪʘʢʠʭ ʢʘʢ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʫʰʢʠ, ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʚʳʭʦʜʘ ʥʘ ʟʘʜʘʥʥʫʶ ʚʣʘʞʥʦʩʪʴ ʠ 

ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ. 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʚʣʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʢʠʥʝʪʠʢʦʡ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ [3]. ʋʨʘʚʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʫʰʢʠ ʷʚʣʷʝʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʙʘʣʘʥʩʦʚ ʤʘʩʩʳ ʠ ʵʥʝʨʛʠʠ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ 

ʠʤʠʪʘʮʠʦʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʫʰʠʣʦʢ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʵʪʦʤ ʘʩʧʝʢʪʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʥʝʜʦʩʪʘʪʦʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [3].  

ʇʨʠ ʩʫʰʢʝ ʥʘʛʨʝʪʳʤ ʚʦʟʜʫʭʦʤ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʥʝʣʴʟʷ 

ʫʜʘʣʠʪʴ ʚʩʶ ʚʣʘʛʫ. ʇʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥ ʪʦʣʴʢʦ ʜʦ ʨʘʚʥʦʚʝʩʥʦʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʘʥʥʳʤ ʧʘʨʘʤʝʪʨaʤ ʚʦʟʜʫʭʘ ʚʣʘʞʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʇʦʵʪʦʤʫ ʚ 

ʩʫʰʠʣʴʥʦʡ ʪʝʭʥʠʢʝ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʫʜʘʣʷʝʤʦʛʦ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ Uʫ. ʕʪʦ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʤʘʪʝʨʠʘʣʘ U ʟʘ ʚʳʯʝʪʦʤ ʨʘʚʥʦʚʝʩʥʦʛʦ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ Uʨ [4]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ʣʘʤʧʳ ʪʠʧʘ ʀʂɿ, ʤʦʱʥʦʩʪʴʶ 

250ɺʪ. ʋʩʪʘʥʦʚʢʘ ʩ ʀʂ ʧʦʜʚʦʜʦʤ ʵʥʝʨʛʠʠ ʩʦʩʪʦʠʪ ʠʟ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʫʰʠʣʴʥʦʡ 

ʢʘʤʝʨʳ; ʦʙʦʨʫʜʦʚʘʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʦʪʳ ī ʥʘʛʨʝʚʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ; 

ʘʣʶʤʠʥʠʝʚʦʡ ʩʝʪʢʠ, ʜʣʷ ʚʳʩʫʰʠʚʘʝʤʳʭ ʦʙʨʘʟʦʚ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʫʰʢʝ ʤʦʨʢʦʚʠ ʧʨʠ 50, 60, 70 Áʉ 

ʧʨʠʚʝʜʝʥʳ ʚʠʜʝ ʢʨʠʚʳʭ ʩʫʰʢʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ Uʫ ī Ű, ʛʜʝ Uʫ ī ʫʜʘʣʷʝʤʦʝ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ, ʛ/ʛ ʉɺ; Ű ī ʪʝʢʫʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʫʰʢʠ, ʤʠʥ.  

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʨʠʚʳʝ ʩʫʰʢʠ ʤʦʨʢʦʚʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʟʜʫʭʘ 

ɸʥʘʣʠʟ ʢʨʠʚʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʫʰʢʘ ʤʦʨʢʦʚʠ ʧʨʦʪʝʢʘʝʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʢʘʧʠʣʣʷʨʥʦ-ʧʦʨʠʩʪʳʭ ʪʝʣ. 

ʉʫʰʢʘ, ʢʘʢ ʦʙʳʯʥʦ, ʧʨʦʪʝʢʘʝʪ ʚ ʜʚʘ ʧʝʨʠʦʜʘ. ɺ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ ʠʟʤʝʥʝʥʠʝ 
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ʚʣʘʞʥʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ ʠʤʝʝʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʪ. ʝ. ʧʨʦʪʝʢʘʝʪ ʧʝʨʚʳʡ ʧʝʨʠʦʜ 

ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʩʫʰʢʠ; ʧʦʩʣʝ ʧʝʨʚʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʜʦʩʪʠʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʦʡ ʚʣʘʞʥʦʩʪʠ, 

ʩʢʦʨʦʩʪʴ ʩʫʰʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ð ʥʘʩʪʫʧʘʝʪ ʧʝʨʠʦʜ ʧʘʜʘʶʱʝʡ ʩʢʦʨʦʩʪʠ. 

ʇʦʷʚʣʝʥʠʝ ʚʪʦʨʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʛʣʫʙʣʝʥʠʠ ʟʦʥʳ 

ʠʩʧʘʨʝʥʠʷ ʚʥʫʪʨʴ ʤʘʪʝʨʠʘʣʘ; ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʦʯʝʚʠʜʥʦ, ʧʨʠ ʫʜʘʣʝʥʠʠ ʚʣʘʛʠ 

ʤʠʢʨʦʢʘʧʠʣʣʷʨʦʚ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʩʚʷʟʘʥʥʦʡ ʚʣʘʛʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʤʝʞʜʫ ʫʜʘʣʷʝʤʦʡ ʚʣʘʛʦʡ ʚʳʩʫʰʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʚʨʝʤʝʥʝʤ ʩʫʰʢʠ, ʩ 

ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʦʰʠʙʦʢ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ 

ʦʩʥʦʚʳʚʘʶʱʠʝʩʷ ʥʘ ʤʝʪʦʜʝ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩi, ʧʨʠ ʢʦʪʦʨʳʭ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ 

ʦʪʢʣʦʥʝʥʠʡ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ Uʫm ʦʪ ʬʘʢʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ Uʫ ɻʜʣʷ ʚʩʝʭ m 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʦʡ. 

ä
=

­-Ö++Ö+=
m

i

n

n twcwccS
1

2

010 min)...(  

ʇʦʩʣʝ ʚʚʦʜʘ m ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ t, Uʫ ʠ ʩʪʝʧʝʥʠ ʧʦʣʠʥʦʤʘ n = 3, 

ʚʳʯʠʩʣʷʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʨʝʞʠʤʦʚ: 

ɼʣʷ 50 ÁC:  
3825-2 10066773.41044246.7104.327826-8.075613ʫ tttU ÖÖ-ÖÖ+ÖÖ= --
 

ɼʣʷ 60 ÁC: 
3724-2 1094589.110111211.2107.479152-8.703495ʫ tttU ÖÖ-ÖÖ+ÖÖ= --
 

ɼʣʷ 70 ÁC: 
3724-2 10582097.210517368.2108.00931-8.337173ʫ tttU ÖÖ-ÖÖ+ÖÖ= --
 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʷʤ, ʜʣʷ ʢʘʞʜʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʩʫʰʢʠ (ʨʠʩ. 

2ī4), ʧʦʢʘʟʳʚʘʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʫʜʘʣʷʝʤʦʡ ʚʣʘʛʦʡ ʚ ʚʳʩʫʰʠʚʘʝʤʦʤ 

ʤʘʪʝʨʠʘʣʝ ʠ ʚʨʝʤʝʥʝʤ ʩʫʰʢʠ, ʢʦʪʦʨʳʝ ʩʨʘʚʥʠʚʘʣʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ. 

 
ʈʠʩʫʥʦʢ 2 ï ʂʨʠʚʳʝ ʩʢʦʨʦʩʪʠ ʩʫʰʢʠ ʧʨʠ 50 Áʉ 
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ʈʠʩʫʥʦʢ 3 ï ʂʨʠʚʳʝ ʩʢʦʨʦʩʪʠ ʩʫʰʢʠ ʧʨʠ 60 Áʉ 

 

 
ʈʠʩʫʥʦʢ 4 ï ʂʨʠʚʳʝ ʩʢʦʨʦʩʪʠ ʩʫʰʢʠ ʧʨʠ 70 Áʉ 

 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʦʧʨʝʜʝʣʷʝʤ ʩʫʤʤʫ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ: 

0,021ʩʨ,Uʵ)-(Um 2 ==ä SS  

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʫʰʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ 

ʚʳʨʘʞʝʥʠʝ: 

1

21 2
d

ʫ -++= n

ntnctcc
dU

t
 

ʇʦʩʣʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʚʳʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ, ʠʤʝʝʤ:  

ɼʣʷ 50 ÁC: 

04327826.072200319.10001488492.0
d

ʫ 2-Ö--+Ö= tet
dU

t
 

ɼʣʷ 60 ÁC: 

07479152.0783767.50004222422.0
d

ʫ 2-Ö--+Ö= tet
dU

t
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ɼʣʷ 70 ÁC: 

0800931.07746291.70005034736.0
d

ʫ 2-Ö--+Ö= tet
dU

t
 

ʇʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠ ʛʨʘʬʠʢʠ ʩʢʦʨʦʩʪʠ ʚʣʘʛʦʫʜʘʣʝʥʠʷ ʧʨʠ 

ʟʘʜʘʥʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʨʝʞʠʤʘʭ ʩʫʰʢʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʩʫʰʢʠ. 
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The article is dedicated to modeling movement conditions of free-flowing small part to indicate 
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ʠʣʠ ʧʫʪʝʤ ʤʝʜʣʝʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʙʦʣʴʰʠʭ ʤʘʩʩ ʚ ʥʘʢʦʧʠʪʝʣʷʭ, ʙʫʥʢʝʨʘʭ, 

ʩʠʣʦʩʘʭ ʠ ʪ.ʧ.. 

ɿʥʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʯʘʩʪʠʮ 

ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʦʜʝʣʝʡ ʠʭ ʧʦʚʝʜʝʥʠʷ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʠ ʜʠʥʘʤʠʯʝʩʢʦʤ 

ʩʦʩʪʦʷʥʠʷʭ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʟʦʥ ʦʙʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [1] 

ʀʟʚʝʩʪʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ 

ʩʚʦʙʦʜʥʦʡ ʯʘʩʪʠʮʳ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚ 

ʩʣʫʯʘʝ ʥʝʧʦʜʚʠʞʥʦʡ ʩʨʝʜʳ ʠʤʝʶʪ ʚʠʜ [2] 

                                    

GSinR
dt

yd
m

CosR
dt

xd
m

--=

-=

a

a

2

2

2

2

,                                           (1) 

ʛʜʝ yx, - ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ, m - ʤʘʩʩʘ 

ʜʚʠʞʫʱʝʡʩʷ ʯʘʩʪʠʮʳ, R- ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ, mgG=  - ʩʠʣʘ ʪʷʞʝʩʪʠ, 

a- ʫʛʦʣ ʥʘʢʣʦʥʘ ʢ ʛʦʨʠʟʦʥʪʫ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ. ʋʯʠʪʳʚʘʷ, 

ʯʪʦ aa Sinvv
dt

dy
Cosvv

dt

dx
yx ==== , , 

dx

dy
tg

Cos

Sin
== a

a

a
, ʠ, ʠʩʢʣʶʯʠʚ 

ʚʝʣʠʯʠʥʫ R ʠʟ ʫʨʘʚʥʝʥʠʡ (1), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ 

( )
aa

a
a

Cosv

g

dtCos

d
tg

dt

d

dx

dy

dt

d
===ö

÷

õ
æ
ç

å
2

,  

ʦʪʢʫʜʘ 
a

a

a

a
2Cosg

dv

Cosg

vd
dt x-=-=  .                                                        (2) 

 ʀʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ (1) ʩʣʝʜʫʝʪ 

R

mdv

CosR

mdv

CosR

dt

dx
md

dt x -=-=

ö
÷

õ
æ
ç

å

-=
aa

. (3) ʊʦʛʜʘ ʠʟ (2) ʠ (3) dt  ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ 

ʢʘʢ 
aa Cosmg

vR

d

dv xx =   

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ: 

.,

,,,

2

2

2

2

2

2

a

a

aaa

a
aaaaa

Cosg

tgv

d

dy

Cosg

v

d

dx

tgvv
Cos

v
v

gCos

v

d

dS

Cosmg

Rv

d

dv

xx

xy
xxxx

-=-=

==-==

 

.,,

,,,,

2

a
aa

a
aa

a

tgv
dt

dy
v

dt

dx

v

Cosg

dt

d

tgvv
Cos

v
v

Cos

v

dt

dS

m

CosR

dt

dv

xx

x

xy
xxx

==-=

===-=

 (4)  

ʀʟ ʜʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʳʪʝʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ: 
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- ʝʩʣʠ ʫʛʦʣ 2/pa¸ , ʪʦ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʥʠ ʚ ʦʜʥʦʡ ʪʦʯʢʝ 

ʪʨʘʝʢʪʦʨʠʠ ʥʝ ʨʘʚʥʘ ʥʫʣʶ; 

- ʫʛʦʣ ʥʘʢʣʦʥʘ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʪʨʘʝʢʪʦʨʠʠ a ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʠ; 

- ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʫʙʳʚʘʝʪ ʧʦ ʤʝʨʝ 

ʧʨʦʜʚʠʞʝʥʠʷ ʝʝ ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʠ; 

- ʢʨʠʚʠʟʥʘ ʪʨʘʝʢʪʦʨʠʠ (ʨʠʩ.1.) ʨʘʚʥʘ 
2

1

v

Cosg a

r
= ;  

 
ʈʠʩʫʥʦʢ 1 ï ʉʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʯʘʩʪʠʮʫ ʤʘʩʩʦʡ m ʥʘ ʫʯʘʩʪʢʝ ʪʨʘʝʢʪʦʨʠʠ ʩ 

ʢʨʠʚʠʟʥʦʡ r 

 

- ʜʣʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʦʨʜʠʥʘʪʳ ʥʘ ʚʦʩʭʦʜʷʱʝʤ ʠ ʥʠʩʭʦʜʷʱʝʤ 

ʫʯʘʩʪʢʘʭ ʪʨʘʝʢʪʦʨʠʠ ʝʝ ʵʣʝʤʝʥʪʳ ʩʚʷʟʘʥʳ ʩʣʝʜʫʶʱʠʤʠ ʥʝʨʘʚʝʥʩʪʚʘʤʠ 

ʅʀʉɺʆʉ vv > , 
dt

dv

dt

dv
vv ʅʀʉɺʆʉ

ʅʀʉɺʆʉxʅʅʀɺʆʉx ><> ,, aa .  

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʩʨʝʜʳ ʜʚʠʞʝʥʠʶ ʯʘʩʪʠʮʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʬʫʥʢʮʠʶ ʦʪ ʩʢʦʨʦʩʪʠ ʝʝ ʜʚʠʞʝʥʠʷ ()vRR= . ɽʩʣʠ ʢʨʠʚʘʷ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ ʥʝ ʠʤʝʝʪ ʵʢʩʪʨʝʤʫʤʦʚ, ʪ.ʝ., ʝʩʣʠ 

()
0

2

2

¸
dv

vRd
 ʥʠ ʥʘ ʦʜʥʦʤ ʠʟ ʫʯʘʩʪʢʦʚ, ʪʦ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ 

ʦʪ ʩʢʦʨʦʩʪʠ ʙʫʜʝʪ ʤʦʥʦʪʦʥʥʳʤ. 

ʇʦ ʅʴʶʪʦʥʫ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʨʝʜʳ ʜʚʠʞʝʥʠʶ ʪʝʣʘ ʧʦʜʯʠʥʷʝʪʩʷ 

ʢʚʘʜʨʘʪʠʯʥʦʤʫ ʟʘʢʦʥʫ 
2bvR= , ʛʜʝ b - ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ ʠ ʪʝʣʘ. ʃʶʙʦʡ ʟʘʢʦʥ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ, ʢʘʢ ʫʢʘʟʳʚʘʝʪʩʷ ʚ 

[2], ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʣʠʥʝʡʥʳʤ 

ʟʘʢʦʥʦʤ, ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʢʦʪʦʨʦʛʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʣʝʤʝʥʪʦʚ 

ʪʨʘʝʢʪʦʨʠʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ []p
L

LL

R

R ¢Ö
-

%1001 , ʛʜʝ 1,LLR - ʯʠʩʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ (ʩʢʦʨʦʩʪʠ, ʚʨʝʤʝʥʠ, ʜʣʠʥʳ ʜʫʛʠ 

ʪʨʘʝʢʪʦʨʠʠ ʠ ʧʨ.) ʧʨʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʤ ʠ ʣʠʥʝʡʥʦʤ ʟʘʢʦʥʘʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʩʨʝʜʳ, []p - ʜʦʧʫʩʢʘʝʤʳʡ ʧʨʦʮʝʥʪ ʦʰʠʙʢʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʫʩʣʦʚʠʷ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʧʨʠ ʣʠʥʝʡʥʦʤ ʟʘʢʦʥʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ. ʀʟ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 
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m

CosR

dt

dvx a
-=  ʧʨʠ avR=  ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 00,,0 aa=== xx vvt  

ʩʣʝʜʫʝʪ 

                                         
( )tavv xx 10 exp-= ,                                             (5)  

 ʛʜʝ maa =1   

ʀʟ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 
xv

Cosg

dt

d aa 2

-=  ʩ ʫʯʝʪʦʤ ʥʘʡʜʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

xv  ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 0,0 aa==t  ʩʣʝʜʫʝʪ ( )Qta
va

g
tg

x

+-= 1

01

expa , 

ʛʜʝ 

01 xva

g
tgQ += a . 

ɸʙʩʮʠʩʩʘ ʪʨʘʝʢʪʦʨʠʠ ( )[ ]ta
a

v
x x

1

1

0 exp1 --= .                                          (6) 

ʆʨʜʠʥʘʪʘ ʪʨʘʝʢʪʦʨʠʠ ( )[ ]
1

1

1

0 exp1
a

gt
ta

a

Qv
y x ---

Ö
= . (7) 

ʇʦʣʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 
( )

( )ù
ú

ø
é
ê

è
-

-
=

ta
va

g
QarctgCos

tav
V

x

x

1

01

10

exp

exp
.            (8) 

ʈʘʩʩʤʦʪʨʠʤ ʫʩʣʦʚʠʷ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʧʨʠ ʢʚʘʜʨʘʪʠʯʥʦʤ ʟʘʢʦʥʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ 

ʇʨʠ 
2bVR=  ʠʟ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

aCos

vb

dt

dv xx

2

1-= , ʛʜʝ mbb /1 = , ʧʨʠ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 0,0 xx vvt == , ʩʣʝʜʫʝʪ, ʯʪʦ 

tb
v

v

x

x

x

+

=

0

1

1
, ʛʜʝ 

( )aCosbbx /11= . 

ù
ù
ú

ø

é
é
ê

è

ö
ö
÷

õ
æ
æ
ç

å
+-ö

ö
÷

õ
æ
æ
ç

å
+=

2

11

0

0

0

tb

v
gttgtb

v
v x

x

x

x

y a .  

ʇʦʣʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʠʪʩʷ ʢʘʢ 

                  
ù
ù
ú

ø

é
é
ê

è

ö
ö
÷

õ
æ
æ
ç

å
+-ö

ö
÷

õ
æ
æ
ç

å
+

=

2

11

1

0

0

0

tb

v
gttgarctgCostb

v

V

x

x

x

x

a

.                              (9) 

ʈʘʩʩʤʦʪʨʠʤ ʫʩʣʦʚʠʷ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʯʘʩʪʠʮ ʧʨʠ ʠʭ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦ 

ʪʨʫʙʦʧʨʦʚʦʜʫ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ, ʥʠʞʥʷʷ ʧʣʦʩʢʦʩʪʴ ʢʦʪʦʨʦʛʦ 

ʫʩʪʘʥʦʚʣʝʥʘ ʧʦʜ ʥʘʢʣʦʥʦʤ ʢ ʣʠʥʠʠ ʛʦʨʠʟʦʥʪʘ (ʨʠʩ.2)[3] 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ 

 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʤʘʩʩʘ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʭ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʯʘʩʪʠʮ, 

ʧʨʦʭʦʜʷʱʠʭ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʯʝʨʝʟ ʣʶʙʦʝ ʩʝʯʝʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʨʘʚʥʘ 

() ()() constxvxSxmi =ÖÖ=ä r , ʛʜʝ ()xv  - ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʝ, )(xr - ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʯʘʩʪʠʮ. 

ʅʘ ʦʪʜʝʣʴʥʫʶ ʯʘʩʪʠʮʫ ʤʘʩʩʦʡ im  ʜʝʡʩʪʚʫʶʪ ʩʠʣʘ ʪʷʞʝʩʪʠ G, ʩʠʣʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ R, ʥʘʧʨʘʚʣʝʥʥʘʷ ʧʦʜ ʫʛʣʦʤ b ʢ ʦʩʠ OY, ʩʠʣʘ ʪʨʝʥʠʷ 

TF  ʠ ʩʠʣʘ ʨʝʘʢʮʠʠ N .  

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʠ OX  ʠ OY: 

( )
( ) ,/

,sin/

ab

ba

GCosNRCosdtdVM

FRGSindtdVM

y

Tx

-+=-

-+=-
 

ʛʜʝ 

( )( ) ( ) ( )( )xʇTTTyyyxʇxxi vvSCFvSCRvvsCRMgGmM -==-===ä 2/;2/;2/;; 1

2

1

2

1 rrr  

yx CC , - ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, 1r- ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ 

ʧʦʪʦʢʘ, xʇ vv - - ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʠ ʯʘʩʪʠʮʳ, TSS, - 

ʧʣʦʱʘʜʴ ʤʠʜʝʣʝʚʦʛʦ ʩʝʯʝʥʠʷ ʯʘʩʪʠʮʳ ʠ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʘʟʜʝʣʠʚ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘ M  ʠ ʧʦʜʩʪʘʚʠʚ ʟʥʘʯʝʥʠʷ 

ʧʝʨʝʤʝʥʥʳʭ, ʧʦʣʫʯʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

( )
( ) [ ]

M

SinSCSCvv
gSindtdv xTTxʇ

x
2

/ 1

2
br

a
--

-=- , ʨʝʰʝʥʠʝʤ ʢʦʪʦʨʦʛʦ 

ʙʫʜʝʪ ʚʳʨʘʞʝʥʠʝ 
[ ( )]

( )][ xʇ

xʇ

vvQgSin

vvQgSin
SingQct

--

-+
=+

a

a
aln2/1 , 

ʛʜʝ [ ]))(2/( 1

2 br SinSCSCMQ xTT -= . 
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ʇʨʠ ʇx vvt == ,0  ʧʦʩʪʦʷʥʥʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 0=c . ʊʦʛʜʘ 

( )[ ]
( )[ ]xʇ

xʇ

vvQgSin

vvQgSin
gSinQt

--

-+
=

a

a
a ln2/1  ʠ 

( )
( )12exp

1sin2exp

+

-
=-

tSingQ

tgQ

Q

gSin
vv xʇ

a

aa
.  

ʀʟ ʚʪʦʨʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ ʧʦʣʫʯʠʤ ( )( )BDtthBDvy += , ʛʜʝ 

MNgCosDMCosSCB y /;2/ 2

1

2 -== abr . 

ʊʦʛʜʘ, ʧʨʝʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʙʫʜʝʪ ʨʘʚʥʘ 

( ) ( )[ ]gMNCosQSinB
QB

g
Vvvv yxʇ /2222

-+=+-= aa .                     (10) 

ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʝʤʢʦʩʪʠ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʜʘʶʪʩʷ ʚ ʥʝʝ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʩ ʧʦʤʦʱʴʶ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ (ʨʠʩ.3)[3]. 

ʉʳʧʫʯʘʷ ʤʘʩʩʘ, ʧʦʜʘʚʘʝʤʘʷ ʚ ʝʤʢʦʩʪʴ, ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʦʩʝʚʳʝ ʠ 

ʙʦʢʦʚʳʝ ʫʩʠʣʠʷ ʥʘ ʩʪʝʥʢʠ. ɺʝʣʠʯʠʥʫ ʙʦʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʩʪʝʥʢʠ ʤʦʞʥʦ 

ʧʨʠʥʷʪʴ ʢʘʢ ʯʘʩʪʴ ʦʩʝʚʦʛʦ ʜʘʚʣʝʥʠʷ ʩʪʦʣʙʘ ʤʘʪʝʨʠʘʣʘ ʚ ʙʫʥʢʝʨʝ kpq= , ʛʜʝ q - 

ʙʦʢʦʚʦʝ ʜʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ, p - ʦʩʝʚʦʝ ʜʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ, k  - ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ. 

 
ʈʠʩʫʥʦʢ 3 ï ʉʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʵʣʝʤʝʥʪ ʤʘʪʝʨʠʘʣʘ ʚ ʝʤʢʦʩʪʠ 

 

ʆʧʨʝʜʝʣʠʤ ʟʘʚʠʩʠʤʦʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʠʟʤʝʥʝʥʠʝ ʦʩʝʚʦʛʦ ʜʘʚʣʝʥʠʷ 

ʧʦ ʚʳʩʦʪʝ ʙʫʥʢʝʨʘ, ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʣʶʙʦʡ 

ʪʦʯʢʝ ʩʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʦʩʠ x  ʦʜʠʥʘʢʦʚʳ ʠ ʜʘʚʣʝʥʠʝ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʩʝʡ ʧʣʦʩʢʦʩʪʠ ʩʝʯʝʥʠʷ 

ʙʫʥʢʝʨʘ. ɼʣʷ ʯʝʛʦ ʚʳʜʝʣʠʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ix  ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ 

ʵʣʝʤʝʥʪʘʨʥʳʡ ʩʣʦʡ ʤʘʪʝʨʠʘʣʘ ʪʦʣʱʠʥʦʡ dx. ɺʳʜʝʣʝʥʥʳʡ ʵʣʝʤʝʥʪ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʨʘʚʥʳʤʠ abss == 21  ʠ 

ʙʦʢʦʚʳʤʠ ʛʨʘʥʷʤʠ 43 dsds =  ʠ 65 dsds = . 

ʇʣʦʱʘʜʠ ʦʩʥʦʚʘʥʠʷ ʵʣʝʤʝʥʪʘ dx  
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( )( )
( )[ ] ( )[ ]dxxbdxxabas

xbxabas

+-+-==

--==
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111 ,
. 

ʇʣʦʱʘʜʠ ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ 
( )

( ) .

,
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43

dxxadsds

dxxbdsds

-==

-==
 

ʅʘ ʚʳʜʝʣʝʥʥʳʡ ʵʣʝʤʝʥʪ ʦʢʘʟʳʚʘʶʪ ʜʝʡʩʪʚʠʝ ʩʣʝʜʫʶʱʠʝ ʩʠʣʳ: 

- ʩʠʣʘ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ 1

2

1
2

svCpsP B
x

r
== , ʛʜʝ Br - 

ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, xC - ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, v - 

ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, 

- ʩʠʣʘ ʨʝʘʢʮʠʠ ( ) ,)( 221 sdppsdPPP +=+=  

- ʩʠʣʳ ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ( ),6,5,4,3, == ikpdsdN ii  

- ʩʠʣʳ ʪʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʦ ʩʪʝʥʢʠ ( ),6,5,4,3, == ifkpdsdT ii  

- ʩʠʣʘ ʪʷʞʝʩʪʠ VgmgG Mr== , ʛʜʝ V - ʦʙʲʝʤ ʵʣʝʤʝʥʪʘ, dxsV 2= . 

ʋʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ x   

.0
6

3

1 =-- ä idTPP   

ɺ ʚʠʜʫ ʤʘʣʦʩʪʠ ʚʳʜʝʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙʲʝʤʘ ʝʛʦ ʤʘʩʩʦʡ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ 

( )( ) ( ) ( )( )[ ]{ } ( ) ( ){ } 02)( 22 =-+--++++-+-++- dxxbdxxafkpdxxbadxxabdppxbaxabp

 

ʈʘʟʜʝʣʠʚ ʧʝʨʝʤʝʥʥʳʝ ʠ ʨʝʰʠʚ ʫʨʘʚʥʝʥʠʝ, ʧʦʣʫʯʠʤ 

( )
ö
÷

õ
æ
ç

å +
-=

ab

bakfx
ppx

2
exp0

. ʇʨʠ hx=  ʚʝʣʠʯʠʥʘ ʦʩʝʚʦʛʦ ʜʘʚʣʝʥʠʷ 

ʩʦʩʪʘʚʠʪ 

( )MQhp +-=exp , (11) 

ʛʜʝ h - ʚʳʩʦʪʘ ʙʫʥʢʝʨʘ ʥʘʢʦʧʠʪʝʣʷ, 
( )
ab

bafk
Q

+
=

2
, M - ʦʙʲʝʤʥʘʷ 

ʤʘʩʩʘ ʤʘʪʝʨʠʘʣʘ ʚ ʙʫʥʢʝʨʝ. 
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ʤʝʪʨʠʢʠ ɽʚʢʣʠʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʤʝʪʨʠʢʘ, ʥʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ. 

 

This article analyzes the quality of catering products using Euclidean metric. 

Key words: evaluation of the quality of products, the metric, regulatory framework. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʳʥʦʢ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʦ. ʇʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʨʦʩʪʘ ʩʪʘʣʘ ʚʦʟʨʦʩʰʘʷ ʧʦʢʫʧʘʪʝʣʴʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʣʶʜʝʡ. ɺ ʦʩʥʦʚʥʦʤ ʞʠʪʝʣʠ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ, ʚ ʩʠʣʫ ʩʚʦʝʡ 

ʟʘʥʷʪʦʩʪʠ, ʧʨʝʜʧʦʯʠʪʘʶʪ ʧʠʪʘʪʴʩʷ ʥʝ ʜʦʤʘ, ʘ ʧʦʩʝʱʘʪʴ ʢʘʬʝ, ʟʘʢʫʩʦʯʥʳʝ, 

ʨʝʩʪʦʨʘʥʳ. ɹʣʘʛʦʜʘʨʷ ʩʨʝʜʩʪʚʘʤ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʣʶʜʠ ʦʪʣʠʯʥʦ ʟʥʘʶʪ, 

ʯʪʦ ʫʧʦʪʨʝʙʣʷʪʴ ʚ ʧʠʱʫ ʬʘʩʪ ʬʫʜ ʚʨʝʜʥʦ ʠ ʜʘʞʝ ʦʧʘʩʥʦ, ʧʦʵʪʦʤʫ ʚʩʝ ʯʘʱʝ 

ʩʪʘʣʠ ʧʨʝʜʧʦʯʠʪʘʪʴ ʧʦʣʥʦʮʝʥʥʦʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʧʠʪʘʥʠʝ. 

ʈʘʟʚʠʪʠʝ ʨʳʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʦʩʪʫ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʝʜʧʨʠʷʪʠʡ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʠ ʪʦʨʛʦʚʣʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʚʣʝʢʣʦ 

ʟʘʪʨʫʜʥʝʥʠʝ ʚ ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʠʪʴ ʥʘʨʫʰʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʙʳʣʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ. 

ʀʟʤʝʥʝʥʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ 

ʚ ʛʦʪʦʚʦʡ ʢʫʣʠʥʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʜʨʫʛʦʡ ʜʝʣʘʝʪ ʧʨʦʙʣʝʤʫ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʘʢʪʫʘʣʴʥʦʡ. ʇʦʜ ʢʘʯʝʩʪʚʦʤ ʤʦʞʥʦ ʧʦʥʠʤʘʪʴ ʩʦʭʨʘʥʝʥʠʝ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʝ, ʫʚʝʣʠʯʝʥʠʝ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. ʇʦʩʢʦʣʴʢʫ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʜʦʣʞʥʳ ʤʘʢʩʠʤʘʣʴʥʦ 

ʫʯʠʪʳʚʘʪʴ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ, ʪʦ ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʩʚʦʜʠʪʩʷ ʢ 

ʩʪʝʧʝʥʠ ʧʨʠʙʣʠʞʝʥʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʜʫʢʮʠʠ ʢ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʝ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʦʜʫʢʮʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʝʢʪʦʨʘ ʢʦʤʧʦʥʝʥʪ 

V = {v1, v2, é, vk}, ʛʜʝ k ï ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʠ ʦʪ ʤʥʦʞʝʩʪʚʘ ʦʪʥʦʰʝʥʠʡ 

ʤʝʞʜʫ ʥʠʤʠ R={R
1
, R

2
, é, R

n
}, ʛʜʝ n ï ʩʪʝʧʝʥʴ ʦʪʥʦʰʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʥʦʞʝʩʪʚʦ R
1
 ʚʢʣʶʯʘʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʤʥʦʞʝʩʪʚʦ 

R
2
 ʦʧʠʩʳʚʘʝʪ ʧʘʨʥʳʝ ʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ʦʪʥʦʰʝʥʠʝ ʩʣʝʜʦʚʘʥʠʷ, 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʪ.ʜ.), R
3
 ï ʦʪʥʦʰʝʥʠʷ 3-ʛʦ ʧʦʨʷʜʢʘ ʠ ʪ.ʜ. ɺ ʠʪʦʛʝ ʩʪʝʧʝʥʴ 

ʦʪʥʦʰʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʥʘ ʢʦʣʠʯʝʩʪʚʫ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʧʠʩʳʚʘʪʴ ʦʪʥʦʰʝʥʠʝ, 

ʩʦʩʪʦʷʱʝʝ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʦʪʥʦʰʝʥʠʡ ʢʘʢʦʡ-

ʣʠʙʦ ʩʪʝʧʝʥʠ ʪʦʞʝ ʤʦʞʝʪ ʙʳʪʴ ʤʥʦʞʝʩʪʚʦ. ʅʘʧʨʠʤʝʨ, ʦʜʥʦ ʦʪʥʦʰʝʥʠʝ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ ʤʦʞʝʪ ʦʧʠʩʳʚʘʪʴ ʚʝʩ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʜʨʫʛʦʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 
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ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ. ʆʙʦʟʥʘʯʠʤ ʤʥʦʞʝʩʪʚʘ Vô ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ ʠ Rô 

ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ, V* ʠ R* - 

ʤʥʦʞʝʩʪʚʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʜʘʥʥʳʤ (ʨʠʩʫʥʦʢ 1).  

 
ʈʠʩʫʥʦʢ 1 ï ɹʣʦʢ ï ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʮʝʥʪʨʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʙʣʦʢ ʩʨʘʚʥʝʥʠʷ, 

ʦʙʦʟʥʘʯʝʥʥʳʡ ɹʉ ʠ ʙʣʦʢ ʘʥʘʣʠʟʘ (ɹɸ), ʨʝʘʣʠʟʫʶʱʠʝ ʘʣʛʦʨʠʪʤ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʷ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ʨʝʘʣʴʥʳʭ ʤʥʦʞʝʩʪʚ ʥʦʨʤʘʪʠʚʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ 

ʤʥʦʞʝʩʪʚʘ ʯʠʩʣʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ D={d1, d2, é, dl}, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ 

ʦʧʪʠʤʘʣʴʥʫʶ ʩʪʝʧʝʥʴ ʫʜʘʣʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʥʦʞʝʩʪʚ ʢʦʤʧʦʥʝʥʪʦʚ ʠ 

ʤʥʦʞʝʩʪʚ ʦʪʥʦʰʝʥʠʡ ʦʪ ʥʦʨʤʘʪʠʚʥʳʭ. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʪʝʧʝʥʠ ʧʨʠʙʣʠʞʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʦʪʥʦʰʝʥʠʡ 1-ʛʦ ʧʦʨʷʜʢʘ R
1
 ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʨʠʢʠ ʩʭʦʜʩʪʚʘ ʠ ʨʘʟʣʠʯʠʷ. 

ɼʦʧʫʩʪʠʤ ʠʤʝʝʪʩʷ ʜʚʘ ʦʪʥʦʰʝʥʠʷ Rô
1
={ r1ô, r2ô, é, rmô} ʠ R

*1
={ r1*, r2*, é, rm*}. 

ɼʣʷ ʦʮʝʥʢʠ ʩʭʦʜʩʪʚʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʨʠʢʫ ʩʭʦʜʩʪʚʘ ʠ ʨʘʟʣʠʯʠʷ: 

                                                    

n

m

i

n

ii rrd ä
=

-=
1

*' )(                                               (1) 

ɼʣʷ ʘʥʘʣʠʟʘ ʚ ʢʘʯʝʩʪʚʝ n ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʯʠʩʣʦ 2. ʊʦʛʜʘ ʬʦʨʤʫʣʘ (1) 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ɽʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ (2) 

                                       

ä
=

-=
m

i

ii rrd
1

2*' )(                                                (2) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʤʝʪʨʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ 

ʦʪʢʣʦʥʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʚʝʢʪʦʨʘ ʦʪ ʥʦʨʤʘʪʠʚʥʦʛʦ. ʆʜʥʘʢʦ, ʪʘʢʦʡ ʩʧʦʩʦʙ 

ʥʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʤʥʦʛʦʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ 

ʦʪʥʦʰʝʥʠʷʤʠ R
i
, ʛʜʝ i > 2. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʤʝʪʦʜʳ ʠʟ ʦʙʣʘʩʪʠ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ, ʪʘʢʠʝ ʢʘʢ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ 

[1], ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʤʝʪʦʜʳ [2] ʠ ʜʨ. 
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ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʞʠʚʦʪʥʳʭ ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ 

ʢʦʤʧʦʥʝʥʪʳ ʢʦʨʤʦʩʤʝʩʝʡ ʧʦʜʣʝʞʘʪ ʜʦʟʠʨʦʚʘʥʠʶ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʩʤʝʰʠʚʘʥʠʝʤ. ʇʦʜ ʩʤʝʰʠʚʘʥʠʝʤ ʧʦʥʠʤʘʶʪ ʧʨʦʮʝʩʩ ʨʘʚʥʦʤʝʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʨʤʘ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʶʪ ʦʜʥʦʨʦʜʥʫʶ ʢʦʨʤʦʚʫʶ ʩʤʝʩʴ [1].  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʩʤʝʰʠʚʘʝʤʳʭ ʢʦʨʤʦʚ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ 

ʚʠʜʳ ʩʤʝʩʠʪʝʣʝʡ. ʀʭ ʨʘʟʣʠʯʘʶʪ: ʧʦ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ ʥʘ ʥʝʧʨʝʨʳʚʥʳʝ ʠ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ. ɺ ʩʣʫʯʘʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʦʟʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪ 

ʩʤʝʩʠʪʝʣʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʆʥʠ ʤʝʥʝʝ ʵʥʝʨʛʦʝʤʢʠ, ʦʜʥʘʢʦ ʧʦ 

ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʩʤʝʩʠ ʟʘʯʘʩʪʫʶ ʥʝʩʢʦʣʴʢʦ ʭʫʞʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ [1].  

ɼʣʷ ʩʤʝʰʠʚʘʥʠʷ ʩʫʭʠʭ ʢʦʨʤʦʚ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʩʤʝʩʠʪʝʣʠ ʩ 

ʣʦʧʘʩʪʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ [1é4]. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʩʤʝʩʠʪʝʣʷ ʩʫʭʠʭ ʢʦʨʤʦʚ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ [5, 6]. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʤʝʩʠʪʝʣʴ (ʨʠʩʫʥʦʢ 1) ʩʦʩʪʦʠʪ ʠʟ ʩʤʝʩʠʪʝʣʴʥʦʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʘʤʝʨʳ 5, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʧʨʦʭʦʜʠʪ ʚʝʨʪʠʢʘʣʴʥʳʡ ʮʝʥʪʨʘʣʴʥʳʡ 

ʚʘʣ 9. ʅʘ ʚʘʣʫ ʟʘʢʨʝʧʣʝʥʳ ʤʝʰʘʣʢʠ 10 ʩ ʰʝʩʪʴʶ ʨʘʜʠʘʣʴʥʳʤʠ ʧʨʫʪʢʦʚʳʤʠ 

ʣʦʧʘʩʪʷʤʠ 11 ʢʨʫʛʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ɼʠʘʤʝʪʨ ʧʨʫʪʢʘ 6,5 ʤʤ. ʄʝʰʘʣʢʠ 

ʟʘʢʨʝʧʣʝʥʳ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʚʘʣʘ ʯʝʨʝʟ ʦʜʠʥʘʢʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚ 

ʥʝʩʢʦʣʴʢʦ ʷʨʫʩʦʚ. ʅʘʜ ʚʘʣʦʤ 9 ʨʘʩʧʦʣʦʞʝʥʳ ʥʝʧʦʜʚʠʞʥʦ ʥʘ ʫʧʦʨʘʭ 8 ʦʧʦʨʘ 7 ʠ 

ʥʘʧʨʘʚʣʷʶʱʠʡ ʢʦʥʫʩ 6, ʧʦʜʘʶʱʠʡ ʥʝʧʨʝʨʳʚʥʦ ʧʦʩʪʫʧʘʶʱʠʝ ʧʦʪʦʢʠ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢ ʢʦʥʮʘʤ ʣʦʧʘʩʪʝʡ ʤʝʰʘʣʦʢ 10. ʅʘʜ ʩʤʝʩʠʪʝʣʴʥʦʡ ʢʘʤʝʨʦʡ 5 

mailto:konovalov-penza@rambler.ru
http://vk.com/write?email=fomina_mv@bk.ru
mailto:chupschevav@mail.ru
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ʥʘʭʦʜʠʪʩʷ ʥʘʧʨʘʚʣʷʶʱʘʷ ʚʦʨʦʥʢʘ 4 ʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʜʦʟʘʪʦʨ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ɿʘʛʨʫʟʢʘ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʤʝʩʠʪʝʣʴʥʫʶ ʢʘʤʝʨʫ 5 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʜʦʟʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ 2 ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʜʦʟʘʪʦʨʘ ʩʦ ʩʚʦʠʤ ʧʨʠʚʦʜʦʤ. ʉʦʩʪʘʚ ʩʤʝʩʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʟʘʩʣʦʥʦʢ 

3 ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʜʦʟʘʪʦʨʘ. ʆʪʚʦʜ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʥʝʧʨʝʨʳʚʥʦ ʯʝʨʝʟ ʦʢʥʦ ʧʦ ʚʳʛʨʫʟʥʦʤʫ ʣʦʪʢʫ 16. ʂʘʯʝʩʪʚʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʤʦʞʝʪ ʯʘʩʪʠʯʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʧʣʦʱʘʜʴʶ ʚʳʛʨʫʟʥʦʛʦ ʦʢʥʘ ʟʘ ʩʯʝʪ 

ʧʝʨʝʤʝʱʝʥʠʷ ʰʠʙʝʨʘ 12.  

ʈʘʙʦʪʘ ʩʤʝʩʠʪʝʣʷ ʧʨʦʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʂʦʤʧʦʥʝʥʪʳ ʩʤʝʩʠ 

ʥʝʧʨʝʨʳʚʥʦ ʧʦʩʪʫʧʘʶʪ ʠʟ ʙʫʥʢʝʨʦʚ 3 ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʜʦʟʘʪʦʨʘ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ 4 ʚ ʧʨʠʝʤʥʫʶ ʚʦʨʦʥʢʫ 6 ʠ ʜʘʣʝʝ ʚ ʩʤʝʩʠʪʝʣʴʥʫʶ ʢʘʤʝʨʫ 

7. ɺʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 9 ʧʦʩʨʝʜʩʪʚʦʤ 

ʤʫʬʪʳ ʢ ʚʘʣʫ 2 (ʨʠʩ. 2) ʠ ʤʝʰʘʣʢʘʤ, ʣʦʧʘʩʪʠ 4 ʢʦʪʦʨʳʭ ʧʝʨʝʤʝʰʠʚʘʶʪ 

ʟʘʛʨʫʞʘʝʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʤʝʩʠ. ʇʦ ʤʝʨʝ ʚʳʛʨʫʟʢʠ ʥʠʞʥʠʭ ʩʣʦʝʚ ʯʝʨʝʟ 

ʚʳʛʨʫʟʥʦʝ ʦʪʚʝʨʩʪʠʝ 3, ʚʝʨʭʥʠʝ ʧʝʨʝʤʝʰʠʚʘʝʤʳʝ ʩʣʦʠ ʦʧʫʩʢʘʶʪʩʷ ʚʥʠʟ ʠ ʪʘʢʞʝ 

ʚʳʛʨʫʞʘʶʪʩʷ ʧʦ ʣʦʪʢʫ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʤʝʩʠʪʝʣʷ 

1ï ʙʫʥʢʝʨʘ ʩ ʠʩʭʦʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ; 2ï ʜʦʟʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʜʦʟʘʪʦʨʘ; 3ï ʨʝʛʫʣʠʨʦʚʦʯʥʳʝ ʟʘʩʣʦʥʢʠ ʜʦʟʘʪʦʨʘ;  

4ï ʧʘʜʘʶʱʠʝ ʧʦʪʦʢʠ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ; 5ï ʩʤʝʩʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ;  

6ï ʥʘʧʨʘʚʣʷʶʱʠʡ ʢʦʥʫʩ; 7ï ʚʝʨʭʥʷʷ ʧʦʜʰʠʧʥʠʢʦʚʘʷ ʦʧʦʨʘ; 8ï ʫʧʦʨʳ; 9ï ʚʘʣ; 

10ï ʣʦʧʘʩʪʥʘʷ ʤʝʰʘʣʢʘ; 11ï ʢʦʤʧʦʥʝʥʪʳ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ; 12ï 

ʰʠʙʝʨ; 13ï ʥʠʞʥʷʷ ʧʦʜʰʠʧʥʠʢʦʚʘʷ ʦʧʦʨʘ; 14ï ʤʫʬʪʘ; 15ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 

16ï ʚʳʛʨʫʟʥʦʡ ʣʦʪʦʢ ʩ ʛʦʪʦʚʦʡ ʩʤʝʩʴʶ 

 

ɸʥʘʣʠʟ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩʤʝʩʠʪʝʣʷ (ʨʠʩʫʥʦʢ 2, 3) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʭ 

ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʨʘʜʠʘʣʴʥʳʝ ʣʦʧʘʩʪʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʨʘʟʛʦʥ 

ʤʘʪʝʨʠʘʣʘ ʚʥʫʪʨʠ ʝʤʢʦʩʪʠ ʩʤʝʩʠʪʝʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ 
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ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʠ ʣʦʧʘʩʪʝʡ, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʯʘʩʪʠʮ ʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʤʝʩʠ. ʇʨʠʛʦʪʦʚʣʝʥʥʘʷ ʩʤʝʩʴ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʤʝʩʠʪʝʣʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʚʳʣʝʪʘʝʪ ʯʝʨʝʟ ʚʳʛʨʫʟʥʦʝ ʦʢʥʦ ʠʟ ʝʤʢʦʩʪʠ ʩʤʝʩʠʪʝʣʷ.  
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ʈʠʩʫʥʦʢ 2 ï ɺʥʫʪʨʝʥʥʝʝ ʫʩʪʨʦʡʩʪʚʦ ʩʤʝʩʠʪʝʣʷ 

1 ï ʩʤʝʩʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ; 2 ï ʚʘʣ, 3 ï ʚʳʛʨʫʟʥʦʝ ʦʪʚʝʨʩʪʠʝ; 4 ï ʣʦʧʘʩʪʠ 
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ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʩʠʣ ʠ ʫʩʢʦʨʝʥʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʡ ʩʝʢʪʦʨ ʧʨʠ 

ʨʘʟʛʨʫʟʢʝ ʷʯʝʡʢʠ ʚʥʫʪʨʠ ʩʤʝʩʠʪʝʣʷ: 1 ï ʣʦʧʘʩʪʠ ʤʝʰʘʣʢʠ ʩʤʝʩʠʪʝʣʷ; 2 ï ʚʘʣ 

ʩʤʝʩʠʪʝʣʷ; 3 ï ʝʤʢʦʩʪʴ ʩʤʝʩʠʪʝʣʷ; 4 ï ʰʠʙʝʨ; 5 ï ʚʳʛʨʫʟʥʦʡ ʣʦʪʦʢ 
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ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʤʝʩʠʪʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ, ʢʛ/ʩ: 

21 ɼɼɼɼɼʅCM QQQQ ++= .      (1) 

ʛʜʝ Qɼʅ, Qɼɼ1, Qɼɼ2 ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (ʧʦʜʘʯʘ) ʧʠʪʘʪʝʣʝʡ-ʜʦʟʘʪʦʨʦʚ 

ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʚʩʝʭ ʜʦʙʘʚʦʢ, ʢʛ/ʩ; 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ ʨʝʮʝʧʪʫʨʳ ʩʤʝʩʠ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ 

ʫʩʣʦʚʠʝ: 

1;;; 212211 =++Ö=Ö=Ö= ʜʜʅʜCMɼɼʜCMɼɼʅCMɼʅ QQQQQQ hhhhhh , (2) 

ʛʜʝ hʅ, hʜ1, hʜ2 ï ʜʦʣʷ ʢʦʤʧʦʥʝʥʪʦʚ (ʥʘʧʦʣʥʠʪʝʣʷ, ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ 

ʜʦʙʘʚʢʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ ʩʤʝʩʠ ʩʦʛʣʘʩʥʦ ʨʝʮʝʧʪʫʨʝ, 0,01%. 

ɼʣʷ ʦʪʩʫʪʩʪʚʠʷ ʟʘʙʠʚʘʥʠʷ ʩʤʝʩʠʪʝʣʷ ʩʦʙʣʶʜʘʪʴʩʷ ʫʩʣʦʚʠʝ: 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʤʝʩʠʪʝʣʷ ʧʦ ʟʘʛʨʫʟʢʝ Qʉʄʟʘʛʨ ʠ ʚʳʛʨʫʟʢʝ ʤʘʪʝʨʠʘʣʘ Qʉʄʚʳʛʨ 

ʠʟ ʥʝʛʦ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ:  

SQʧʠʪ = Qʉʄʟʘʛʨ= Qʉʄʚʳʛʨ .     (3) 

ʎʝʣʴʶ ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʝʪʥʳʤ 

ʧʫʪʝʤ ʧʘʨʘʤʝʪʨʦʚ ʚʳʛʨʫʟʥʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʪʨʝʙʥʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʤʝʩʠʪʝʣʷ ʧʦ ʚʳʛʨʫʟʢʝ ʤʘʪʝʨʠʘʣʘ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʧʦʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ: 

1. ɸʥʘʣʠʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ (ʧʦʜʘʯʠ) 

ʩʤʝʩʠʪʝʣʷ ʧʦ ʚʳʛʨʫʟʢʝ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʚʳʛʨʫʟʥʦʛʦ ʦʪʚʝʨʩʪʠʷ; 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʢʦʤʧʴʶʪʝʨʥʫʶ ʧʨʦʛʨʘʤʤʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʚʳʛʨʫʟʢʠ ʤʘʪʝʨʠʘʣʘ ʩʤʝʩʠ ʠ ʛʨʘʬʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʪʴ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʤʝʩʠʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʦ 

ʚʳʛʨʫʟʢʝ ʛʦʪʦʚʦʡ ʩʤʝʩʠ ʠʟ ʩʤʝʩʠʪʝʣʷ (ʩ ʚʳʛʨʫʟʥʳʤ ʦʪʚʝʨʩʪʠʝʤ ʚ ʚʠʜʝ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʱʝʣʠ) [7,8] ʚʳʜʝʣʠʤ ʵʣʝʤʝʥʪʘʨʥʳʡ ʦʙʲʝʤ 

ʤʘʪʝʨʠʘʣʘ ʚ ʚʠʜʝ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʝʢʪʦʨʘ, ʚʨʘʱʘʶʱʝʛʦʩʷ ʚʤʝʩʪʝ ʩ ʤʝʰʘʣʢʦʡ 

ʩʤʝʩʠʪʝʣʷ ʠ ʨʘʩʩʤʦʪʨʠʤ ʝʛʦ ʜʚʠʞʝʥʠʝ. 

ʇʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: ʤʘʩʩʘ ʤʘʪʝʨʠʘʣʘ, ʟʘʧʦʣʥʷʶʱʝʛʦ 

ʩʝʢʪʦʨ, ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʦʜʥʦʡ ʪʦʯʢʝ (ʚ ʮʝʥʪʨʝ ʪʷʞʝʩʪʠ ʩʝʢʪʦʨʘ ʄ), 

ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʧʝʨʝʤʝʱʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʢʘʢ ʜʚʠʞʝʥʠʝ ʥʝʢʦʪʦʨʦʡ 

ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʄ; ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʨʘʜʠʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. 

ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʝʨʝʥʦʩʥʦʛʦ ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ 

ʩʧʨʘʚʝʜʣʠʚʦ ʚʳʨʘʞʝʥʠʝ: 

eScSNFxm ii

CCGCC
## +++= ää ;     (4) 

ʛʜʝ m ï ʤʘʩʩʘ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʚʳʩʦʪʦʡ ʚʳʛʨʫʟʥʦʛʦ ʦʪʚʝʨʩʪʠʷ Sl, 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʢ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʝ ʢʛ; ##
C
x ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ 

ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ, ʤ/ʩ
2
; 

C
Fiä ï ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʫʤʤʘ ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʪʦʯʢʝ 

ʟʘʜʘʚʘʝʤʳʭ ʚʥʝʰʥʠʭ ʩʠʣ, ʅ; ä iN
C
ï ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ ʨʝʘʢʮʠʡ ʩʚʷʟʠ, ʅ; 

C
Sc  ï 

ʢʦʨʠʦʣʠʩʦʚʘ ʩʠʣʘ ʠʥʝʨʮʠʠ, ʅ; 
C
Se ï ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʠʥʝʨʮʠʠ, ʅ; ʅ ï ʚʳʩʦʪʘ 

ʤʘʪʝʨʠʘʣʘ ʚ ʩʤʝʩʠʪʝʣʝ, ʤ. 

ʋʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʬ. 2.20) ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 

                                         
eScSFFxm

ʪʪ

CCCCC
## +++=Ö

ʨ1ʨ .                                    (5) 
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ʇʨʦʝʢʮʠʷ ʥʘ ʦʩʴ ʍ: lS
Hfgxɸxx ÖÖ-=Ö-ÖÖÖ+ 1

22 ww ###
            

(6) 

ʛʜʝ ɸ = f. 

ɺʳʨʘʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʦʜʥʦʨʦʜʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚʠʜʘ )t(Rxqxpx =Ö+Ö+ ### . 

ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ  

                                   
x x x= +1 2,      (7) 

ʛʜʝ x1 - ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʣʠʥʝʡʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ;  

x2 - ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʣʠʥʝʡʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ. 

ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʙʝʟ ʧʨʘʚʦʡ ʯʘʩʪʠ ʠʤʝʝʪ ʚʠʜ 

                
BeCeCxxx tt +Ö+Ö=+= ÖÖ 21

2121

ll
,    (8) 

ʛʜʝ  ( ) ( )11 22

1 ++Ö-=++Ö-= ffAA wwl ;  

)1()1( 22

2 +-Ö-=+-Ö-= ffAA wwl . 

ʂʦʦʨʜʠʥʘʪʘ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t, ʤ, ʦʧʨʝʜʝʣʠʪʩʷ: 

                           l

toto

ʉ
S

Hfg
eCeCX
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1
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w
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,              ʠʣʠ (9) 
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ʉʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ, ʤ/ʩ 

                                            

tt

C eCeCX ÖÖ ÖÖ+ÖÖ= 21

2211

ll ll#
.    (10) 

ʛʜʝ  
12

2
1

)(

ll

l

-

Ö-
=

BX
C C ;   B

X
XC C

C -
-

Ö
-=

12

2
2
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l
   

ʇʦʜʘʯʘ ʤʘʪʝʨʠʘʣʘ ʯʝʨʝʟ ʚʳʛʨʫʟʥʦʝ ʦʪʚʝʨʩʪʠʝ ʚ ʚʠʜʝ ʱʝʣʠ ʦʧʨʝʜʝʣʠʪʩʷ, 

ʢʛ/ʩ 

rJr ÖÖÖ=Ö= )( cpOlV SSQQ  ʠʣʠ 
i

i

i

Ol
N

SSQ
ä
ÖÖÖ=

J

r ,  (11) 

ʛʜʝ So , Sl ï ʰʠʨʠʥʘ ʠ ʚʳʩʦʪʘ ʚʳʛʨʫʟʥʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʤ; cʩʨ ï ʩʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ ʚʳʭʦʜʘ ʤʘʪʝʨʠʘʣʘ ʠʟ ʩʤʝʩʠʪʝʣʷ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʤ/ʩ; ci ï 

ʩʢʦʨʦʩʪʴ ʚʳʭʦʜʘ ʤʘʪʝʨʠʘʣʘ ʠʟ ʩʤʝʩʠʪʝʣʷ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ i-ʤ 

ʫʯʘʩʪʢʝ, ʤ/ʩ; Ni ï ʢʦʣʠʯʝʩʪʚʦ i-ʭ ʫʯʘʩʪʢʦʚ ʚʳʛʨʫʟʥʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʰʪ.; r ï 

ʧʣʦʪʥʦʩʪʴ ʚʦʨʦʭʘ ʤʘʪʝʨʠʘʣʘ ʚ ʩʤʝʩʠʪʝʣʴʥʦʡ ʝʤʢʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʤʝʰʘʣʢʠ, 

ʢʛ/ʤ
3
. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʤʝʰʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ 
Q

M
T= ,                                      (12) 

ʛʜʝ ʄ ï ʤʘʩʩʘ ʤʘʪʝʨʠʘʣʘ ʩʤʝʩʠ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʷʱʘʷʩʷ ʚʥʫʪʨʠ 

ʩʤʝʩʠʪʝʣʷ ʚ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʣʦʧʘʩʪʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʢʛ. 
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ʇʨʦʮʝʩʩ ʩʤʝʰʠʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʧʨʦʮʝʩʩʦʤ 

ʜʠʬʬʫʟʠʠ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʘʥʘʣʦʛʠʠ, ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʤʝʩʠ ʦʧʠʩʳʚʘʝʪʩʷ 

ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʝʡ [9]: 

                                                          Q = 1 ï ʝ
-kÖT

.                                                   (13) 

ʛʜʝ k ï ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, 

ʭʘʨʘʢʪʝʨʥʳʡ ʢʦʥʢʨʝʪʥʦʤʫ ʨʘʙʦʯʝʤʫ ʦʨʛʘʥʫ. 

ɺ ʩʣʫʯʘʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʟʦʥʝ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠʪʝʣʷ, ʚʨʝʤʷ 

ʩʤʝʰʠʚʘʥʠʷ ʦʧʨʝʜʝʣʠʪʩʷ ʊ=ZRĀT`, 

ʛʜʝ ZR ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ (ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ï ʷʨʫʩʦʚ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʩʪʝʡ); T` ï ʚʨʝʤʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʤʝʩʠ 

ʦʜʥʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ, ʩ. 

ʊʦʛʜʘ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʤʝʩʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʤʝʩʠʪʝʣʷ [10,11]:  

                                             Q = 1 ï ʝ
-kĿZRÖT`

.                                               (14) 

ɿʥʘʷ ʧʦʪʨʝʙʥʫʶ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʤʝʩʠ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʨʝʙʥʫʶ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʤʝʩʠʪʝʣʷ (ʨʠʩʫʥʦʢ 4) ʧʦ ʚʳʛʨʫʞʘʝʤʦʤʫ ʠʟ ʝʛʦ ʝʤʢʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʚʳʩʦʪʳ ʚʳʛʨʫʟʥʦʛʦ 

ʦʪʚʝʨʩʪʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʤʝʩʠʪʝʣʷ ʧʦʚʳʰʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚʥʫʪʨʠ ʝʤʢʦʩʪʠ ʩʤʝʩʠʪʝʣʷ ʩʦʢʨʘʱʘʝʪʩʷ. ʊʝʤ 

ʩʘʤʳʤ, ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʩʤʝʰʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ 

ʩʤʝʩʠ (ʝʝ ʨʘʚʥʦʤʝʨʥʦʩʪʴ). ʉʦʦʪʥʦʰʝʥʠʝ ʧʦʪʨʝʙʥʦʛʦ ʚʨʝʤʝʥʠ ʩʤʝʰʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢ ʨʘʩʯʝʪʥʦʤʫ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʟʦʥʝ ʩʤʝʰʝʥʠʷ 

ʞʝʣʘʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʢʦʣʦ 1 ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʤʝʩʠ ʠ ʩʥʠʞʝʥʠʷ 

ʥʝʨʘʮʠʦʥʘʣʴʥʳʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ, ʛʜʝ  

t = (ʊʧʦʪʨ./ʊʨʘʩʯ)­1.     (15) 

ʛʜʝ ʊʧʦʪʨ. ï ʧʦʪʨʝʙʥʦʝ ʚʨʝʤʷ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʚʥʫʪʨʠ 

ʩʤʝʩʠʪʝʣʴʥʦʡ ʝʤʢʦʩʪʠ, ʩ; ʊʨʘʩʯ. ï ʨʘʩʯʝʪʥʦʝ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʩʤʝʩʠ ʚʥʫʪʨʠ 

ʩʤʝʩʠʪʝʣʴʥʦʡ ʝʤʢʦʩʪʠ, ʩ.  

ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʚʳʰʝ tÓ1 ʚʨʝʤʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʨʝʚʳʩʠʪ ʥʝʦʙʭʦʜʠʤʦʝ 

ʟʥʘʯʝʥʠʝ, ʯʪʦ ʥʝʦʙʦʩʥʦʚʘʥʥʦ ʫʚʝʣʠʯʠʪ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʠ 

ʟʥʘʯʝʥʠʷʭ ʚʳʰʝ tÒ1 ʚʨʝʤʷ ʩʤʝʰʠʚʘʥʠʷ ʥʝ ʜʦʩʪʠʛʘʝʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʟʥʘʯʝʥʠʷ, 

ʯʪʦ ʥʝ ʦʙʝʩʧʝʯʠʪ ʜʦʣʞʥʦʛʦ ʢʘʯʝʩʪʚʘ ʩʤʝʩʠ (ʨʠʩʫʥʦʢ 2.14).  

 

ʘ ʙ 
ʈʠʩʫʥʦʢ 4 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʩʤʝʩʠʪʝʣʷ ʧʦ ʚʣʠʷʥʠʶ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʤʝʰʘʣʢʠ n (ʤʠʥ
-1
) ʠ ʚʳʩʦʪʳ ʚʳʛʨʫʟʥʦʛʦ ʦʢʥʘ ʩʤʝʩʠʪʝʣʷ Sl (ʤʤ): ʘ ï ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʤʝʩʠʪʝʣʷ Q (ʢʛ/ʩ); ʙ ï ʥʘ ʚʨʝʤʷ ʊ (ʩ) ʩʤʝʰʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʚʥʫʪʨʠ ʩʤʝʩʠʪʝʣʴʥʦʡ ʝʤʢʦʩʪʠ 
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                                ʘ)                                            ʙ)  

ʈʠʩʫʥʦʢ 5 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʩʤʝʩʠʪʝʣʷ ʧʦ ʚʣʠʷʥʠʶ: 

ʘ ï ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʤʝʰʘʣʢʠ n (ʤʠʥ
-1
) ʠ ʚʳʩʦʪʳ ʚʳʛʨʫʟʥʦʛʦ ʦʢʥʘ 

ʩʤʝʩʠʪʝʣʷ Sl (ʤʤ) ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ t=ʊʧʦʪʨ./ʊʨʘʩʯ.; ʙ ï ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʤʝʰʘʣʢʠ 

n (ʤʠʥ
-1
) ʥʘ ʧʦʪʨʝʙʥʫʶ ʚʳʩʦʪʫ ʚʳʛʨʫʟʥʦʛʦ ʦʪʚʝʨʩʪʠʷ Sl, ʤʤ 

 

ʀʟ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʤʝʩʠʪʝʣʷ ʧʦ ʚʳʛʨʫʟʢʝ 

ʩʫʤʤʘʨʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʦʟʘʪʦʨʦʚ ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5.ʙ ʧʦʪʨʝʙʥʘʷ 

ʚʳʩʦʪʘ ʫʩʪʘʥʦʚʢʠ ʰʠʙʝʨʘ (ʚʳʩʦʪʘ ʚʳʛʨʫʟʥʦʛʦ ʦʪʚʝʨʩʪʠʷ). 

ʊʝʤ ʩʘʤʳʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʠʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʝʥʘ ʧʦʜʘʯʘ 

ʤʘʪʝʨʠʘʣʘ ʯʝʨʝʟ ʚʳʛʨʫʟʥʦʝ ʦʪʚʝʨʩʪʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʤʝʩʠʪʝʣʷ, ʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʧʘʢʝʪʝ MathCAD ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʟʛʨʫʟʢʠ ʩʤʝʩʠʪʝʣʷ Q, ʚʨʝʤʷ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʊ, 

ʩʦʙʣʶʜʝʥʠʝ ʧʦʪʨʝʙʥʦʛʦ ʚʨʝʤʝʥʠ ʩʤʝʰʝʥʠʷ t, ʘ ʪʘʢʞʝ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʚʳʩʦʪʫ 

ʚʳʛʨʫʟʥʦʛʦ ʦʪʚʝʨʩʪʠʷ Sl. 
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ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʩʫʰʢʠ ʧʠʱʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʂ ʵʥʝʨʛʦʧʦʜʚʦʜʘ ʥʘ ʧʨʠʤʝʨʝ ʤʦʨʢʦʚʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʧʦʩʦʙʳ ʩʫʰʢʠ, ʀʂ ʩʫʰʢʘ, ʢʘʧʠʣʣʷʨʥʦī ʧʦʨʠʩʪʳʝ ʧʨʦʜʫʢʪʳ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ. 

 

The article is devoted to the analysis of modern methods of drying food materials and research 

of process of drying with the use of IR energy by the example of the carrot. 

Key words: Methods of drying, IR drying, of capillary - porous products, research of process 

of drying. 

 

ʉʫʰʢʘ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʧʦʩʦʙʘʤ ʪʝʧʣʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʧʠʱʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʧʦʩʦʙ, 

ʧʨʠʤʝʥʷʝʤʳʤ ʚ ɸʇʂ. ɹʣʘʛʦʜʘʨʷ ʫʜʘʣʝʥʠʶ ʠʟʙʳʪʢʘ ʚʣʘʛʠ ʧʨʝʜʦʪʚʨʘʱʘʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ, ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠ ʬʝʨʤʝʥʪʘʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʧʦʨʯʝ ʧʨʦʜʫʢʪʘ ʧʨʠ ʭʨʘʥʝʥʠʠ. ʀʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 

ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ, ʘ ʪʘʢʞʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ 

ʨʝʘʢʮʠʠ, ʫʭʫʜʰʘʶʱʠʝ ʢʘʯʝʩʪʚʦ ʩʫʭʠʭ ʧʨʦʜʫʢʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ [1].  

ʇʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ɸʇʂ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ, 

ʧʦʚʳʰʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʧʣʦ- ʤʘʩʩʦʦʙʤʝʥʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʩʫʰʢʠ ʧʠʱʝʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ: ʢʦʥʚʝʢʪʠʚʥʳʝ, ʚ ʢʦʪʦʨʳʭ ʚʳʩʫʰʠʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʦʤʳʚʘʝʪʩʷ 

ʧʦʪʦʢʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʛʦ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ; ʢʦʥʜʫʢʪʠʚʥʳʝ, 

ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʢʦʥʪʘʢʪ ʚʳʩʫʰʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 
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ʥʘʛʨʝʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ; ʩʫʙʣʠʤʘʮʠʦʥʥʳʝ, ʚ ʢʦʪʦʨʳʭ ʩʫʰʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚ ʟʘʤʦʨʦʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʛʣʫʙʦʢʦʤ ʚʘʢʫʫʤʝ; ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʥʘʛʨʝʚʘʥʠʝ ʧʨʦʜʫʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʦʣʝ ʪʦʢʦʚ ʚʳʩʦʢʦʡ ʠʣʠ 

ʩʚʝʨʭʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ; ʨʘʜʠʘʮʠʦʥʥʳʝ, ʚ ʢʦʪʦʨʳʭ ʧʝʨʝʜʘʯʘ ʪʝʧʣʦʪʳ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʥʬʨʘʢʨʘʩʥʳʤʠ ʣʫʯʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʫʰʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʨʝʘʣʠʟʦʚʳʚʘʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʵʪʠʭ ʩʧʦʩʦʙʦʚ [2]. 

ɺʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʦʡ ʤʘʪʝʨʠʘʣʘ ʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʢʘʯʝʩʪʚʫ ʢʦʥʝʯʥʦʛʦ ʩʫʭʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʦʩʣʝʜʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʮʠʦʥʘʣʴʥʦ ʨʝʘʣʠʟʦʚʘʥʦ ʣʠʰʴ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʠ 

ʨʝʞʠʤʦʚ ʦʙʝʟʚʦʞʠʚʘʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩ 

ʥʠʟʢʠʤ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝʤ, ʩʦʭʨʘʥʝʥʠʝʤ ʥʘʪʫʨʘʣʴʥʦʡ ʦʢʨʘʩʢʠ, ʧʦʨʠʩʪʦʩʪʠ, 

ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʪʝʨʝʡ ʚʝʱʝʩʪʚ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ ʦʙʝʟʚʦʞʠʚʘʥʠʷ 

ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʦʣʫʯʠʣʠ ʩʫʰʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʠʧʘ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʨʦʩʪʦʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʙʦʪʳ ʦʪ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʥʠ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʧʦʪʝʨʠ ʪʝʧʣʘ ʩ ʦʪʭʦʜʷʱʠʤ ʦʪʨʘʙʦʪʘʥʥʳʤ ʚʦʟʜʫʭʦʤ, ʟʘʚʠʩʠʤʦʩʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʫʰʠʣʢʠ ʦʪ ʚʣʘʞʥʦʩʪʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, 

ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ ʥʘ ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ[2].  

ɹʣʠʟʢʠʝ ʧʦ ʩʫʱʥʦʩʪʠ ʧʨʦʙʣʝʤʳ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʥʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ, ʥʦ ʠʤʝʶʱʠʭ ʧʦʜʦʙʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʪʝʭʥʦʣʦʛʠʡ 

ʩʫʰʢʠ ʚ ʧʩʝʚʜʦʢʠʧʷʱʝʤ ʩʣʦʝ [3] ʠ ʜʨʫʛʠʭ, ʦʩʥʦʚʘʥʥʳʭ, ʢʘʢ ʠ ʢʦʥʚʝʢʮʠʦʥʥʘʷ 

ʩʫʰʢʘ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʦʙʦʛʨʝʚʝ ʚʳʩʫʰʠʚʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʇʨʠ ʩʫʙʣʠʤʘʮʠʦʥʥʦʡ ʩʫʰʢʝ ʦʪʩʫʪʩʪʚʫʝʪ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ 

ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʫʢʪʳ ʩʫʰʢʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤ 

ʢʘʯʝʩʪʚʦʤ, ʩʦʭʨʘʥʷʶʪ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʡʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʠʤʝʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʫʩʘʜʢʫ, 

ʩʦʭʨʘʥʷʶʪ ʮʚʝʪ, ʠʤʝʶʪ ʧʦʨʠʩʪʦʝ ʩʪʨʦʝʥʠʝ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʩʫʰʠʣʢʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ ʚʩʣʝʜʩʪʚʠʝ ʯʨʝʟʤʝʨʥʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʤʦʡ ʩ ʠʭ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʜʫʢʮʠʠ, ʚʩʣʝʜʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʵʥʝʨʛʦʟʘʪʨʘʪ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ ʧʨʠ ʩʫʙʣʠʤʘʮʠʦʥʥʦʡ 

ʩʫʰʢʝ ʷʚʣʷʝʪʩʷ ʚʘʢʫʫʤʥʦʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ [5], ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʚʘʢʫʫʤ-ʩʫʙʣʠʤʘʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʩʫʰʢʠ. 

ʂ ʜʨʫʛʠʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʧʠʱʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʷʚʣʷʝʪʩʷ 

ʩʦʯʝʪʘʥʠʝ ʢʦʥʚʝʢʪʠʚʥʦʡ ʩʫʰʢʠ ʩ ʄʠʢʨʦʚʦʣʥʦʚʳʤ-ʠʟʣʫʯʝʥʠʝʤ. ʈʝʘʣʠʟʘʮʠʷ 

ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʟʘʪʨʫʜʥʝʥʘ ʠʟ-ʟʘ ʧʨʦʙʣʝʤʳ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʄɺ-ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʦʜʫʢʪ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʢʦʥʝʯʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʪʥʦʩʷʪ ʪʦ, ʯʪʦ ʦʥ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʤʝʝʪ ʥʠʟʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʈʘʜʠʘʮʠʦʥʥʳʡ ʩʧʦʩʦʙ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʦʪʨʘʩʣʷʭ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠʤʝʝʪ ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ ʦʪ 0,75 ʜʦ 1000 ʤʢʤ. 

ʈʘʜʠʘʮʠʦʥʥʳʡ ʩʧʦʩʦʙ, ʧʦʣʫʯʘʝʤʳʡ ʦʪ ʀʂ ʠʟʣʫʯʝʥʠʷ (ʊʕʅʦʚ), ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʷʭ ʠʤʝʝʪ ʜʠʬʬʫʟʠʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪ.ʝ. ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʠʟʣʫʯʝʥʠʷ ʨʘʩʩʝʠʚʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʨʘʩʭʦʜʫ ʵʥʝʨʛʠʠ. 

ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʀʂ ʧʦʜʚʦʜʘ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ ʩʬʦʢʫʩʠʨʦʚʘʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʜʚʦʜʘ ʵʥʝʨʛʠʠ. ʊʝʧʣʦʚʳʝ 

ʫʩʪʘʥʦʚʢʠ ʩ ʬʦʢʫʩʠʨʦʚʘʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʤ ʀʂ ʠʟʣʫʯʝʥʠʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 
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ʠʟʚʝʩʪʥʳ ʚ ɸʇʂ. ʈʘʙʦʪʳ [6,7,8,10], ʧʨʦʚʦʜʠʤʳʝ ʚ ʇʝʥʟɻʊʋ ʧʦʢʘʟʳʚʘʶʪ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʬʦʢʫʩʠʨʦʚʘʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʀʂ 

ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʳʨʴʷ ʠ ʧ/ʬ. ɺʦ ʚʣʘʞʥʦʤ ʧʠʱʝʚʦʤ 

ʤʘʪʝʨʠʘʣʝ ʠʟʣʫʯʝʥʠʝ ʧʨʦʥʠʢʘʝʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʛʣʫʙʠʥʫ, ʘ ʠʭ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʟʘʚʠʩʠʪ ʦʪ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ, ʪ.ʝ. ʧʦʛʣʦʱʘʝʪʩʷ ʚʣʘʛʦʡ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ 

ʧʨʦʜʫʢʪʝ, ʘ ʥʝ ʪʢʘʥʴʶ ʚʳʩʫʰʠʚʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʫʜʘʣʝʥʠʝ ʚʣʘʛʠ 

ʚʦʟʤʦʞʥʦ ʧʨʠ ʥʝʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʛʣʦʱʝʥʠʝ ʠʥʬʨʘʢʨʘʩʥʦʡ ʵʥʝʨʛʠʠ 

ʚʣʘʛʦʡ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʩʝʭ ʜʣʠʥ ʚʦʣʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʩʴ ʩʧʝʢʪʨ 

ʀʂ-ʠʟʣʫʯʘʪʝʣʝʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʠʪʴ ʚʠʪʘʤʠʥʳ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ [9].  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʤʘʪʝʨʠʘʣʦʚ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʀʂ 

ʵʥʝʨʛʦʧʦʜʚʦʜʘ, ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ ʦʩʥʘʱʝʥʥʦʡ ʣʘʤʧʘʤʠ ʀʂɿ-250, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʬʦʢʫʩʠʨʦʚʘʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʚʟʷʪʘ ʤʦʨʢʦʚʴ, ʪʦʣʱʠʥʦʡ 8 ʤʤ.  

ɺʳʩʫʰʠʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦ ʟʘʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

50ʉÁ, 60ʉÁ, 70ʉÁ, ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʠʟ-ʟʘ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1 ʚʠʜʝ ʢʨʠʚʳʭ ʩʫʰʢʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ Uʫ ī Ű, ʛʜʝ 

Uʫ ī ʫʜʘʣʷʝʤʦʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ, ʛ/ʛ ʉɺ; Ű ī ʪʝʢʫʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʩʫʰʢʠ, ʤʠʥ.  

 
ʈʠʩʫʥʦʢ 1 ï ʂʨʠʚʳʝ ʩʫʰʢʠ ʤʦʨʢʦʚʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʟʜʫʭʘ 

 

ɸʥʘʣʠʟ ʢʨʠʚʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʫʰʢʘ ʤʦʨʢʦʚʠ ʧʨʦʪʝʢʘʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʢʘʧʠʣʣʷʨʥʦ-ʧʦʨʠʩʪʳʭ ʪʝʣ. ɺ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʥʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ ʠʤʝʝʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʦʩʣʝ ʧʝʨʚʦʡ 

ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʩʢʦʨʦʩʪʴ ʩʫʰʢʠ ʩʥʠʞʘʝʪʩʷ ʠ ʥʘʩʪʫʧʘʝʪ ʧʝʨʠʦʜ ʧʘʜʘʶʱʝʡ 

ʩʢʦʨʦʩʪʠ. ʇʦʷʚʣʝʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʚʪʦʨʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʫʛʣʫʙʣʝʥʠʠ ʟʦʥʳ ʠʩʧʘʨʝʥʠʷ ʚʥʫʪʨʴ ʤʘʪʝʨʠʘʣʘ, ʧʨʦʠʩʭʦʜʠʪ ʫʜʘʣʝʥʠʠ ʚʣʘʛʠ ʠʟ 

ʤʠʢʨʦʢʘʧʠʣʣʷʨʦʚ, ʦʩʤʦʪʠʯʝʩʢʦʡ ʠ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʩʚʷʟʘʥʥʦʡ ʚʣʘʛʠ.  

ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʩʬʦʢʫʩʠʨʦʚʘʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʀʂ ʠʟʣʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʫʛʠʭ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ. 
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ʇɽʈʉʇɽʂʊʀɺʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʇɽʈɽʈɸɹʆʊʂʀ 

ʈʓɹʅʓʍ ʆʊʍʆɼʆɺ 

É ɸ.ʉ. ɻʨʝʮʦʚ, ʉʘʤʘʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ  

(ʛ. ʉʘʤʘʨʘ, ʈʦʩʩʠʷ) 

 

PERSPECTIVE TECHNOLOGIES OF PROCESSING FISH WASTE 

É A.S. Gretsov, Samara state agricultural Academy (Samara, Russia) 

 
ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʝ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʈʦʩʩʠʠ. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʳʙʥʳʭ ʦʪʭʦʜʦʚ ʚ ʢʦʨʤʘʭ ʜʣʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ 

ʨʳʙʥʳʭ ʦʪʭʦʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʳʙʥʳʝ ʦʪʭʦʜʳ, ʧʝʨʝʨʘʙʦʪʢʘ, ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʝ. 

 

The article is devoted to a problem of processing of waste of a fishery complex of Russia. 

Need of use of fish waste for sterns for agricultural animals locates. Technologies and the equipment for 

processing of fish waste are considered. 

Key words: fish waste, processing, extruding. 
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ʈʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʦʩʩʠʠ, ʩʦʭʨʘʥʝʥʠʠ ʚʦʜʥʳʭ ʙʠʦʨʝʩʫʨʩʦʚ ʠ 

ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ [5]. 

ʈʳʙʥʦʝ ʭʦʟʷʡʩʪʚʦ ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʢʪʦʨʘʤ ʵʢʦʥʦʤʠʢʠ, ʠʤʝʶʱʠʤ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʥʘ ʨʘʟʚʠʪʠʝ ʩʤʝʞʥʳʭ ʦʪʨʘʩʣʝʡ 

(ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʩʪʨʦʝʥʠʝ, ʵʣʝʢʪʨʦʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʠ ʧʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ), ʪʘʢ ʢʘʢ 

ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʳʤ ʧʦʪʨʝʙʠʪʝʣʝʤ ʠ ʧʦʩʪʘʚʱʠʢʦʤ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ ʚ ʫʢʘʟʘʥʥʳʭ ʦʪʨʘʩʣʷʭ [5]. 

ɿʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʣʘʩʴ ʨʦʣʴ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʪʨʘʥʳ. ʄʝʨʳ ʧʦ ʨʘʟʚʠʪʠʶ ʦʪʨʘʩʣʠ, 

ʦʩʦʙʝʥʥʦʩʪʠ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʬʘʢʪʦʨʳ ʚʣʠʷʥʠʷ ʥʘ ʦʙʱʝʝ ʵʢʦʥʦʤʠʯʝʩʢʦʝ 

ʨʘʟʚʠʪʠʝ ʩʪʨʘʥʳ ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʝ ʚʦ ʚʩʝʭ ʧʨʦʛʨʘʤʤʥʳʭ ʜʦʢʫʤʝʥʪʘʭ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʯʪʦ ʨʘʥʝʝ ʥʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ [5]. 

ɹʣʘʛʦʜʘʨʷ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʜʦʣʷ ʨʳʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʚʥʫʪʨʝʥʥʝʤ 

ʨʳʥʢʝ ʟʘ 2012é2013 ʛʛ., ʧʦ ʵʢʩʧʝʨʪʥʳʤ ʦʮʝʥʢʘʤ, ʩʦʩʪʘʚʠʣʘ ʧʦʨʷʜʢʘ 78é79 % 

ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠʙʣʠʟʠʣʘʩʴ ʢ ʟʥʘʯʝʥʠʶ, ʦʧʨʝʜʝʣʸʥʥʦʤʫ ɼʦʢʪʨʠʥʦʡ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (80%) [5, 2]. ʇʨʠ ʵʪʦʤ, 

ʧʦ ʫʪʦʯʥʸʥʥʳʤ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʨʦʩʪ ʜʦʣʠ ʧʨʦʜʫʢʪʦʚ ʩ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʝʨʝʨʘʙʦʪʢʠ [5]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʪʨʘʥʳ ʦʩʪʘʸʪʩʷ ʧʝʨʝʨʘʙʦʪʢʘ ʨʳʙʥʦʛʦ ʩʳʨʴʷ, ʠ ʚ ʯʘʩʪʥʦʩʪʠ, ï ʫʪʠʣʠʟʘʮʠʷ 

ʦʪʭʦʜʦʚ. ʇʦ ʤʥʝʥʠʶ ʵʢʩʧʝʨʪʦʚ [1] ʦʪʭʦʜʳ ʩʦʩʪʘʚʣʷʶʪ 20é30 % ʦʪ 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʩʳʨʴʷ, ʧʨʠ ʵʪʦʤ ʝʩʣʠ ʟʘ 2013 ʛ. ʦʙʱʠʡ ʚʳʣʦʚ ʚʩʝʤʠ ʨʦʩʩʠʡʩʢʠʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʩʦʩʪʘʚʠʣ 4 ʤʣʥ. 82,1 ʪʳʩ. ʪʦʥʥ, ʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʙʨʘʟʦʚʘʣʦʩʴ 816,4é1224,6 ʪʳʩ. ʪʦʥʥ ʦʪʭʦʜʦʚ. 

ɺ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʠʟ ʦʙʱʝʡ ʤʘʩʩʳ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʨʳʙʥʳʭ ʦʪʭʦʜʦʚ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ 20 %, ʭʦʪʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʪʠʭ ʦʪʭʦʜʦʚ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ 

ʟʘʧʨʝʱʝʥʘ ʢ ʟʘʭʦʨʦʥʝʥʠʶ [6, 7]. 
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ʋʞʝʩʪʦʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ 

ʟʘʩʪʘʚʣʷʝʪ ʭʦʟʷʡʩʪʚʫʶʱʠʝ ʩʫʙʲʝʢʪʳ ʠʩʢʘʪʴ ʧʫʪʠ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʫʪʠʣʠʟʘʮʠʠ ʨʳʙʥʳʭ 

ʦʪʭʦʜʦʚ, ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 1. 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʩʧʦʩʦʙ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʟʘʭʦʨʦʥʝʥʠʝ ʠʣʠ 

ʩʙʨʦʩ ʦʪʭʦʜʦʚ ʞʸʩʪʢʦ ʨʝʛʫʣʠʨʫʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʣʝʯʸʪ ʩʘʥʢʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʥʘʜʟʦʨʥʳʭ ʦʨʛʘʥʦʚ. ʇʦʵʪʦʤʫ 

ʜʘʥʥʳʡ ʚʘʨʠʘʥʪ ʫʪʠʣʠʟʘʮʠʠ ʨʳʙʥʳʭ ʦʪʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʟʘʚʝʜʦʤʦ 

ʥʝʧʝʨʩʧʝʢʪʠʚʥʳʤ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʧʦʩʦʙʳ ʫʪʠʣʠʟʘʮʠʠ ʨʳʙʥʳʭ ʦʪʭʦʜʦʚ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ 

ʨʳʙʥʳʭ ʦʪʭʦʜʦʚ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʝ ʠ ʜʘʞʝ ʧʦʣʝʟʥʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʜʫʢʪʳ.  

ʉʞʠʛʘʥʠʝ ʠʣʠ ʢʨʝʤʘʮʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʢʨʝʤʘʪʦʨʘʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʧʝʯʴ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʠʟ 

ʚʳʩʦʢʦʧʨʦʯʥʦʡ ʩʪʘʣʠ ʠ ʦʩʥʘʱʸʥʥʫʶ ʢʘʯʝʩʪʚʝʥʥʦʡ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ 

ʛʦʨʝʣʢʦʡ, ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪʩʷ ʜʠʟʪʦʧʣʠʚʦ, ʧʨʠʨʦʜʥʳʡ 

ʠʣʠ ʩʞʠʞʝʥʥʳʡ ʛʘʟ. ɸʧʧʘʨʘʪ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝʭ ʚʠʜʦʚ ʦʨʛʘʥʠʢʠ. ɿʘ ʩʯʸʪ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ (ʙʦʣʝʝ 700Áʉ) 

ʧʦʣʥʦʩʪʴʶ ʫʥʠʯʪʦʞʘʶʪʩʷ ʣʶʙʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʪʭʦʜʳ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ 

ʩʘʥʠʪʘʨʥʫʶ ʯʠʩʪʦʪʫ ʠ ʙʠʦʙʝʟʦʧʘʩʥʦʩʪʴ [8]. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʥʦʩʪʴʶ ʦʙʝʟʚʨʝʜʠʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʪʭʦʜʳ, ʥʦ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʟʘʪʨʘʪʥʳʤ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪʩʷ ʤʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʘʧʧʘʨʘʪʘʭ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʚʘʢʫʫʤʥʳʭ ʢʦʪʣʘʭ (ʢʦʪʣʘʭ-

ʫʪʠʣʠʟʘʪʦʨʘʭ ʃʘʧʩʘ) ʩʫʭʠʤ (ʙʝʟ ʢʦʥʪʘʢʪʘ ʩ ʦʩʪʨʳʤ ʧʘʨʦʤ ʠʣʠ ʚʦʜʦʡ) ʠʣʠ 

ʤʦʢʨʳʤ ʩʧʦʩʦʙʦʤ. ɺ ʪʘʢʠʭ ʢʦʪʣʘʭ ʩʳʨʴʸ ʤʝʜʣʝʥʥʦ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

118é130 Áʉ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʦʛʠʙʘʝʪ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʙʘʢʪʝʨʠʡ, ʠ ʩʪʝʨʠʣʠʟʫʝʪʩʷ ʚ 

ʪʝʯʝʥʠʝ 30é60 ʤʠʥʫʪ ʧʨʠ ʜʘʚʣʝʥʠʠ 0,3é0,4 ʄʇʘ. ɿʘʪʝʤ ʨʘʟʚʘʨʝʥʥʘʷ ʤʘʩʩʘ 

˿ͨͦͫͦ͋· ͙͙ͯͭ͊͘͡ͼ͙͙ ͪ·͋ͤ·ͻ ͦͭͻ͍ͦ͒ͦ 

 

˭͊ͻ͔͙͔ͦͪͦͤͤΣ ͫ͋ͪͦͫ ͍ 

͍͖ͦ͒ͦͣ 

˽͔͔ͪͪ͊͋ͦͭ͊͟ ͤ͊ 

͔ͫͨͼ͙͊͡Έͤͦͣ ͍͙͙ͦ͋ͦͪͯ͒ͦ͊ͤ 

ˣ͊ͪͦ-͔͙ͭͪͣ;͔͙͔ͫ͟ ͙͙̆ͣ;͔͙͔ͫ͟ 

˥͙͙͒ͪͦ͘͡ ˿͙͎͙͔͗͊ͤ ͔́ͪͣͦͦ͋ͪ͊͋ͦͭ͊͟ ͙ͨͪ 
͍ͨͦ·΄͔ͤͤͦͣ 
͍͔͙͙͒͊ͤ͡ 

͙̏ͫͭͪͯ͘͟Ύ 
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ʩʫʰʠʪʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 0,05é0,06 ʄʇʘ ʧʨʠ 70é80 

Áʉ. ʀʟ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʦʪʭʦʜʦʚ ʧʦʣʫʯʘʶʪ ʤʷʩʦʢʦʩʪʥʫʶ, ʤʷʩʥʫʶ, ʢʨʦʚʷʥʫʶ, 

ʢʦʩʪʥʫʶ, ʧʝʨʴʝʚʫʶ ʤʫʢʫ [7]. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ: 

- ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ (ʜʦ 10é12 

ʯʘʩʦʚ); 

- ʤʥʦʛʦʯʘʩʦʚʘʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʧʨʠʚʦʜʠʪ ʢ ʜʝʥʘʪʫʨʘʮʠʠ 70é75 % 

ʧʨʦʪʝʠʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʘʝʪʩʷ ʢʦʨʤʦʚʘʷ ʮʝʥʥʦʩʪʴ ʧʨʦʜʫʢʪʘ (ʦʥ ʧʣʦʭʦ 

ʫʩʚʘʠʚʘʝʪʩʷ ʧʪʠʮʝʡ); 

- ʚʳʩʦʢʘʷ ʵʥʝʨʛʦʸʤʢʦʩʪʴ: ʜʣʷ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʦʢ ʧʦʤʠʤʦ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʝʦʙʭʦʜʠʤʳ ʛʘʟ, ʧʘʨ ʠ ʛʦʨʷʯʘʷ ʚʦʜʘ; 

- ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʝʧʨʠʷʪʥʦ ʧʘʭʥʫʱʠʤʠ ʠ 

ʪʦʢʩʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ (ʩʝʨʦʚʦʜʦʨʦʜʦʤ, ʩʝʨʥʠʩʪʳʤ ʛʘʟʦʤ, ʤʝʨʢʘʧʪʘʥʘʤʠ ʠ ʜʨ.); 

- ʦʙʨʘʟʦʚʘʥʠʝ ʞʠʨʦʩʦʜʝʨʞʘʱʠʭ ʩʪʦʯʥʳʭ ʚʦʜ, ʫʚʝʣʠʯʠʚʘʶʱʠʭ 

ʥʘʛʨʫʟʢʫ ʥʘ ʣʦʢʘʣʴʥʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ [7]. 

ʈʘʟʚʠʪʠʝ ʵʢʩʪʨʫʟʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʣʦʞʠʪʴ ʙʦʣʝʝ 

ʩʦʚʝʨʰʝʥʥʳʡ ʩʧʦʩʦʙ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʨʳʙʥʦʡ 

ʦʪʨʘʩʣʠ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ɺ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʣʝʞʠʪ ʩʧʦʩʦʙ ʩʫʭʦʡ 

ʵʢʩʪʨʫʟʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʛʨʝʚ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʪʨʝʥʠʷ ʢʘʢ ʚʥʫʪʨʠ 

ʝʛʦ, ʪʘʢ ʠ ʦ ʰʥʝʢ ʠ ʢʦʨʧʫʩ ʵʢʩʪʨʫʜʝʨʘ. ʅʦ ʦʩʥʦʚʥʫʶ ʧʨʦʙʣʝʤʫ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʨʳʙʥʳʭ ʦʪʭʦʜʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʭ 

ʚʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ (ʜʦ 85%), ʪʘʢ ʢʘʢ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʨʝʢʦʤʝʥʜʫʝʪ ʚʣʘʞʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʥʝ ʙʦʣʝʝ 28 % [7, 3]. ɺ ʩʚʷʟʠ ʩ ʯʝʤ 

ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʚʣʘʞʥʦʩʪʠ ʨʳʙʥʦʛʦ ʩʳʨʴʷ ʜʦ ʪʨʝʙʫʝʤʦʡ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʶʪʩʷ ʝʛʦ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʠ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʨʤʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʚʳʭʦʜʝ. 

ɻʠʜʨʦʣʠʟ ʚ ʦʪʣʠʯʠʝ ʦʪ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʢʦʣʣʦʠʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʚʳʪʷʞʢʫ ʥʝʦʙʭʦʜʠʤʳʭ ʙʝʣʢʦʚ, ʞʠʨʦʚ, ʬʝʨʤʝʥʪʦʚ ʠʟ ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʨʘʩʪʚʦʨʝ ʦʪʭʦʜʦʚ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚʝʩʴʤʘ 

ʮʝʥʥʳʤʠ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ, ʚ ʢʦʩʤʝʪʦʣʦʛʠʠ ʠ ʧʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʧʝʨʝʨʘʙʦʪʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʸʤʳ ʨʳʙʥʳʭ ʦʪʭʦʜʦʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʝ. ɺ ʧʦʣʴʟʫ ʚʳʙʦʨʘ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʨʳʙʥʳʭ ʦʪʭʦʜʦʚ ʛʦʚʦʨʠʪ ʤʥʦʛʦʦʙʨʘʟʠʝ ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʚʳʭʦʜʝ ʧʨʦʜʫʢʪʦʚ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʨʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʞʠʚʦʪʥʳʤ, 

ʨʳʙʘʤ, ʚʦʩʧʦʣʥʠʪʴ ʥʝʭʚʘʪʢʫ ʙʝʣʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʤʘʢʩʠʤʫʤ ʥʘ 30 % ʦʪ ʧʦʪʨʝʙʥʦʩʪʠ. ʆʜʥʘʢʦ ʚʳʩʦʢʘʷ 

ʠʩʭʦʜʥʘʷ ʚʣʘʞʥʦʩʪʴ ʨʳʙʥʳʭ ʦʪʭʦʜʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʭ ʩʨʘʟʫ ʵʢʩʪʨʫʜʠʨʦʚʘʪʴ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʵʬʬʝʢʪʠʚʥʳʭ, ʥʝʧʨʝʨʳʚʥʳʭ ʩʧʦʩʦʙʘʭ ʠ 

ʫʩʪʨʦʡʩʪʚʘʭ ʦʙʝʟʚʦʞʠʚʘʥʠʷ, ʥʘʫʯʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʮʝʣʴʶ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ. 
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THE FORTIFICATION OF THE EXTRUSION PROCESSING BRAN  
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦʙʦʛʘʱʝʥʠʷ ʦʪʨʫʙʝʡ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ ʩʤʝʩʴ ʨʳʙʥʳʭ 

ʦʪʭʦʜʦʚ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʪʨʫʟʠʦʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʩʪʨʫʟʠʷ, ʦʪʨʫʙʠ, ʨʳʙʥʳʝ ʦʪʭʦʜʳ, ʧʠʪʘʪʝʣʴʥʦʩʪʴ ʢʦʨʤʘ, 

ʢʦʬɻʬʠʮʠʝʥʪ ʢʘʯʝʩʪʚʘ. 

In the article the question of enrichment bran due to the introduction of a mixture of fish waste 

for subsequent extrusion processing. 

Key words: extrusion, bran, fish waste, provision of feed, the quality factor. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʨʤʦʚ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ 

ʵʢʩʪʨʫʟʠʦʥʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʤʷʩʦʨʳʙʥʳʭ ʦʪʭʦʜʦʚ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʨʝʰʘʝʪ ʢʘʢ ʚʦʧʨʦʩʳ ʫʪʠʣʠʟʘʮʠʠ ʤʷʩʦʨʳʙʥʳʭ ʦʪʭʦʜʦʚ, ʪʘʢ 

ʠ ʧʦʣʫʯʝʥʠʝ ʢʦʨʤʦʚʦʡ ʜʦʙʘʚʢʠ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʫʩʚʦʷʝʤʦʩʪʠ ʠ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʯʠʩʪʦʪʳ. ɺʚʝʜʝʥʠʝ ʚ ʟʝʨʥʦʚʫʶ ʩʤʝʩʴ ʤʷʩʦʨʳʙʥʳʭ ʦʪʭʦʜʦʚ 

ʧʦʟʚʦʣʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʨʤʦʚ [1, 2]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʚʳʰʝʥʠʷ ʧʠʪʘʪʝʣʴʥʦʩʪʠ ʩʤʝʩʠ 

ʦʪʨʫʙʝʡ ʩ ʨʳʙʥʳʤʠ ʦʪʭʦʜʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʝʸ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ 

ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʡ ʩʤʝʩʠ ʦʪʨʫʙʝʡ ʩ ʨʳʙʥʳʤʠ ʦʪʭʦʜʘʤʠ ʠ 

ʧʦʚʳʰʝʥʠʝ ʝʝ ʧʠʪʘʪʝʣʴʥʦʩʪʠ. 
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ʇʨʠʥʠʤʘʝʤ ʤʘʩʩʫ ʦʪʨʫʙʝʡ ʄʦ (ʢʛ) ʩ ʧʠʪʘʪʝʣʴʥʦʩʪʴʶ ʇʦ ʠ ʤʘʩʩʫ ʨʳʙʳ 

ʄʨ (ʢʛ) ʩ ʧʠʪʘʪʝʣʴʥʦʩʪʴʶ ʇʨ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʨʳʙʳ ʩ ʦʪʨʫʙʷʤʠ ʧʦʣʫʯʠʤ 

ʤʘʩʩʫ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʨʘʚʥʫʶ:  

                                                ʄʩʤ=ʄʦ+ʄʨ.          (1) 

ʇʠʪʘʪʝʣʴʥʦʩʪʴ ʩʤʝʩʠ ʧʨʠ ʜʘʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʩʦʩʪʘʚʠʪ 

                                  

.
ʩʤ

ʨʨʦʦ

ʩʤ
ʄ

ʄʇʄʇ
ʇ

Ö+Ö
=

           (2) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʘʨʦʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʤʝʩʠ (ʵʢʩʪʨʫʟʠʠ) 

ʧʠʪʘʪʝʣʴʥʦʩʪʴ ʧʦʚʳʩʠʪʩʷ ʠ ʙʫʜʝʪ ʨʘʚʥʘ 

                                        
,1. )k(ʇʇ ʵʩʤʩʤʵ +Ö=                  (3) 

ʛʜʝ k  ɻï ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʧʠʪʘʪʝʣʴʥʦʩʪʠ ʢʦʨʤʘ ʧʨʠ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ k  ɻ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ ʥʫʣʷ ʜʦ ʝʜʠʥʠʮʳ. ʅʫʣʶ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʠʪʘʪʝʣʴʥʦʩʪʴ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ, ʘ ʝʜʠʥʠʮʝ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʠʜʝʘʣ ï ʧʠʪʘʪʝʣʴʥʦʩʪʴ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʡ ʩʤʝʩʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʚʳʰʝʥʠʷ ʧʠʪʘʪʝʣʴʥʦʩʪʠ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʡ ʩʤʝʩʠ ʩʦʩʪʘʚʠʪ 

                                         

,.

ʩʤ

ʩʤʩʤʵ
ʵ

ʇ

ʇʇ
k

-
=        (4) 

ʛʜʝ ʇʩʤ, ʇɻ .ʩʤ ï ʩʦʜʝʨʞʘʥʠʝ ʧʠʪʘʪʝʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʧʨʦʪʝʠʥʦʚ, ʩʘʭʘʨʦʚ, 

ʢʣʝʪʯʘʪʢʠ ʠ ʜʨ. ʧʨʠ ʜʦʧʫʩʪʠʤʦʡ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʯʠʩʪʦʪʝ) ʚ ʠʩʭʦʜʥʦʤ ʧʨʦʜʫʢʪʝ ʠ 

ʧʦʩʣʝ ʝʛʦ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ, %. 

ʉʦʛʣʘʩʥʦ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʥʘ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʡ ʢʦʨʤ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ, ʚʟʷʪʳʡ ʢʘʞʜʳʡ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʧʨʠ 

ʦʙʳʯʥʦʤ ʟʦʦʪʝʭʥʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʚʳʛʣʷʜʷʪ ʤʘʣʦʩʫʱʝʩʪʚʝʥʥʦ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʜʘʪʴ ʧʦʣʥʫʶ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʵʢʩʪʨʫʜʠʨʫʝʤʦʛʦ ʢʦʨʤʘ [3].  

ʂʘʞʜʳʡ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʴ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʦʜʥʦʩʪʦʨʦʥʥʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʘʯʝʩʪʚʦ ʵʢʩʪʨʫʜʠʨʫʝʤʦʛʦ ʢʦʨʤʘ. ʇʦʪʦʤʫ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʘʜʘʯʘ 

ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʢʘʟʘʪʝʣʷ, ʢʦʪʦʨʳʡ ʙʳ ʧʦʟʚʦʣʠʣ ʦʮʝʥʠʚʘʪʴ ʦʩʥʦʚʥʳʝ 

ʩʚʦʡʩʪʚʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʢʦʤʧʣʝʢʩʝ. 

ɺ ʨ̫ʜʝ ʨʘʙʦʪ ʩʚʦʡʩʪʚʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʢʘʯʝʩʪʚʝʥʥʫʶ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʩʪʦʨʦʥʳ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʨʤʘ, ʩʚʦʜʷʪʩʷ ʚʦʝʜʠʥʦ ʚ ʚʠʜʝ ʯʘʩʪʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʚʳʨʘʞʘʶʪʩʷ ʚ ʮʠʬʨʦʚʦʤ ʠʩʯʠʩʣʝʥʠʠ ʦʙʦʙʱʝʥʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʘʯʝʩʪʚʘ [4, 5]. 

ɿʘ ʵʪʘʣʦʥ ʧʨʠʥʠʤʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʢʘʯʝʩʪʚʘ ʨʘʚʥʳʡ ʧʨʦʠʟʚʝʜʝʥʠʶ 

ʚʝʣʠʯʠʥ ʯʘʩʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʇʨʠ ʫʤʥʦʞʝʥʠʠ ʯʘʩʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʚʝʣʠʯʠʥʘ ʦʙʦʙʱʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʘʯʝʩʪʚʘ ʟʘʚʠʩʠʪ ʦʪ ʢʘʞʜʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ. ʊʘʢ ʝʩʣʠ ʧʦ ʦʜʥʦʤʫ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʦ ʵʢʩʪʨʫʜʠʨʫʝʤʦʛʦ 

ʢʦʨʤʘ ʧʦʣʫʯʝʥʦ ʥʠʟʢʠʤ, ʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʦʙʦʙʱʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʘʯʝʩʪʚʘ ʙʫʜʝʪ ʠʤʝʪʴ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ. 

ʉʫʤʤʠʨʦʚʘʥʠʝ ʯʘʩʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʧʨʠʝʤʣʝʤʦ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʜʘʥʥʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʠʤʝʨ, ʢʦʛʜʘ ʢʘʯʝʩʪʚʦ 

ʵʢʩʪʨʫʜʠʨʫʝʤʦʛʦ ʢʦʨʤʘ ʧʦ ʦʜʥʦʤʫ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝ ʦʪʚʝʯʘʝʪ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʯʘʩʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʚʝʥ ʥʫʣʶ, ʘ ʦʙʦʙʱʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʣʫʯʘʝʪʩʷ ʨʘʚʥʳʤ ʚʝʣʠʯʠʥʝ ʜʨʫʛʦʛʦ ʯʘʩʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʦʙʱʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʘʯʝʩʪʚʘ ʧʨʠʥʠʤʘʝʤ ʟʘ 

ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʢʦʨʤʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʨʘʚʝʥ: 

                                        
,4321 ʂʂʂʂʂɻ ÖÖÖ=     (5) 
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ʛʜʝ 1ʂï ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʯʠʩʪʦʪʘ ʢʦʨʤʘ, ʝʜ.; 2ʂ ï ʢʦʵʬʬʠʮʠʝʥʪ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʢʦʣʠʯʝʩʪʚʦ ʢʨʘʭʤʘʣʘ ʚ ʢʦʨʤʝ. 

ʂʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʢʦʣʠʯʝʩʪʚʦ ʢʨʘʭʤʘʣʘ ʚ ʢʦʨʤʝ 2ʂ

ʦʧʨʝʜʝʣʠʪʩʷ: 

                                               
,102 ʭʭʂ -=
                     (6) 

ʛʜʝ 0ʭ ï ʧʦʢʘʟʘʪʝʣʴ ʩʦʜʝʨʞʘʥʠʷ ʢʨʘʭʤʘʣʘ ʚ ʢʦʨʤʝ ʜʦ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ, 

%; 1ʭ ï ʧʦʢʘʟʘʪʝʣʴ ʩʦʜʝʨʞʘʥʠʷ ʢʨʘʭʤʘʣʘ ʚ ʢʦʨʤʝ ʠʟ ʦʧʳʪʘ, %; 3ʂ  ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʯʠʪʳʚʘʶʱʠʡ ʢʦʣʠʯʝʩʪʚʦ ʜʝʢʩʪʨʠʥʦʚ ʚ ʢʦʨʤʝ. 

ʇʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʜʝʢʩʪʨʠʥʠʟʘʮʠʠ ʟʝʨʥʘ 2ʂ ʦʧʨʝʜʝʣʠʪʩʷ: 

                                          
,013 ddʂ -=
 
     (7) 

ʛʜʝ 1d ï ʧʦʢʘʟʘʪʝʣʴ ʩʦʜʝʨʞʘʥʠʷ ʜʝʢʩʪʨʠʥʦʚ ʚ ʢʦʨʤʝ ʠʟ ʦʧʳʪʘ, %; 0d ï 

ʧʦʢʘʟʘʪʝʣʴ ʩʦʜʝʨʞʘʥʠʷ ʜʝʢʩʪʨʠʥʦʚ ʚ ʢʦʨʤʝ ʜʦ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ, %; 4K  ï 

ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʢʦʣʠʯʝʩʪʚʦ ʣʝʛʢʦʧʝʨʝʚʘʨʠʤʳʭ ʫʛʣʝʚʦʜʦʚ (ʩʘʭʘʨʦʚ) 

ʚ ʢʦʨʤʝ. 

                                          
,014 SSʂ -=
     (8) 

ʛʜʝ 1S ï ʢʦʣʠʯʝʩʪʚʦ ʣʝʛʢʦʧʝʨʝʚʘʨʠʤʳʭ ʫʛʣʝʚʦʜʦʚ ʚ ʢʦʨʤʝ ʠʟ ʦʧʳʪʘ, %; 

0S ï ʢʦʣʠʯʝʩʪʚʦ ʣʝʛʢʦʧʝʨʝʚʘʨʠʤʳʭ ʫʛʣʝʚʦʜʦʚ ʚ ʢʦʨʤʝ ʜʦ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ, %. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʮʝʥʢʝ 

ʢʘʯʝʩʪʚʘ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʢʦʨʤʘ ʥʦʚʳʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, 

ʜʘʶʱʠʤʠ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʚʠʜʝ ʯʘʩʪʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʨʝʜʝʣʘʤʠ ʚʚʦʜʷʪʩʷ ʚ ʦʙʦʙʱʝʥʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ. 

ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʵʢʩʪʨʫʜʘʪʘ ʠʟ ʩʤʝʩʠ ʦʪʨʫʙʝʡ ʠ ʨʳʙʳ 

ʦʧʨʝʜʝʣʠʪʩʷ, ɼʞ/ʢʛ: 

                                     
,. ʵʩʤʨʠʟʤ YYYY ++=
     (9) 

ʛʜʝ 
ʵʩʤʨʠʟʤ YYY ,,.
ï ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʤʝʣʴʯʝʥʠʷ ʨʳʙʳ, 

ʩʤʝʰʠʚʘʥʠʷ ʦʪʨʫʙʝʡ ʩ ʨʳʙʦʡ, ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ ʩʤʝʩʠ, ɼʞ/ʢʛ. 

ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʠʟʤʝʣʴʯʝʥʠʷ ʨʳʙʳ ʩʦʩʪʘʚʠʪ 
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ʛʜʝ 
ʠʟʤiP  ï ʤʦʱʥʦʩʪʴ i-ʛʦ ʧʨʠʚʦʜʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʰʠʥ, ɺʪ; 

ʠʟʤiʊ  ï 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ i-ʡ ʤʘʰʠʥʳ ʥʘ ʠʟʤʝʣʴʯʝʥʠʠ ʨʳʙʳ, ʩ. 

ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʩʤʝʰʠʚʘʥʠʷ ʦʪʨʫʙʝʡ ʩ ʨʳʙʦʡ ʟʘʧʠʰʝʪʩʷ 
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ʛʜʝ 
ʩʤiP  ï ʤʦʱʥʦʩʪʴ i-ʛʦ ʧʨʠʚʦʜʘ ʩʤʝʩʠʪʝʣʷ, ɺʪ; 

ʩʤiʊ  ï ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʩʤʝʰʠʚʘʥʠʷ, ʩ. 

ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ ʩʤʝʩʠ 
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ʛʜʝ 
ʵiP  ï ʤʦʱʥʦʩʪʴ i-ʛʦ ʧʨʠʚʦʜʘ ʵʢʩʪʨʫʜʝʨʘ, ɺʪ; 

ʵiʊ  ï ʚʨʝʤʷ 

ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ ʩʤʝʩʠ, ʩ. 

ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʵʢʩʪʨʫʜʠʨʫʝʤʦʛʦ 

ʢʦʨʤʘ ʩʦʩʪʘʚʠʪ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʧʠʪʘʪʝʣʴʥʦʩʪʠ ʵʢʩʪʨʫʜʘʪʘ 

ʨʘʚʥʘ ʦʪʥʦʰʝʥʠʶ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʵʢʩʪʨʫʟʠʦʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʨʤʘ ʢ 

ʧʠʪʘʪʝʣʴʥʦʩʪʠ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʠ ʢ ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʦʚʳʰʝʥʠʷ ʝʝ ʧʠʪʘʪʝʣʴʥʦʩʪʠ 

ʧʨʠ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʠ. 
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We give an analysis of published data on the possible use of thermoplastic extrusion 

technology beverages. 
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ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʩ ʧʦʤʦʱʴʶ ʬʠʟʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʥʝʩʦʣʦʞʝʥʦʛʦ ʩʳʨʴʷ ʢ 

ʧʝʨʝʨʘʙʦʪʢʝ ʠ ʠʟʤʝʥʝʥʠʶ ʫʛʣʝʚʦʜʥʦʛʦ ʠ ʙʝʣʢʦʚʦʛʦ ʧʨʦʬʠʣʷ ʟʝʨʥʘ ʷʯʤʝʥʷ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʚ ʵʢʩʪʨʫʜʝʨʝ [1, 2, 3]. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʵʢʩʪʨʫʟʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʦʧʠʩʘʥʳ. ʊʘʢ, ʂʨʘʫʩʦʤ ʉ.ɺ. 

ʠʩʩʣʝʜʦʚʘʥʳ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʟʝʨʥʦʚʦʛʦ 

ʩʳʨʴʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʵʢʩʪʨʫʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ [4].  

ɺ ʦʩʥʦʚʝ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʫʟʠʠ ʢʨʘʭʤʘʣʩʦʜʝʨʞʘʱʝʛʦ ʟʝʨʥʦʚʦʛʦ ʩʳʨʴʷ 

ʣʝʞʠʪ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʙʠʦʧʦʣʠʤʝʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʨʘʭʤʘʣʘ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ ʫʯʝʥʳʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʛʣʫʙʠʥʘ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ 

ʦʙʫʩʣʦʚʣʝʥʘ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʠ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ . 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʮʝʩʩ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʮʝʥʥʳʭ ʧʠʱʝʚʳʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, 

ʬʦʨʤʠʨʦʚʘʪʴ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ, ʨʝʛʫʣʠʨʦʚʘʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ, 

ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʘʭʤʘʣʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ, ʠʭ ʧʠʱʝʚʫʶ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [5].  

ʀʩʩʣʝʜʦʚʘʥʠʷ Mercier C. ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʚ ʵʢʩʪʨʫʜʘʪʝ ʢʨʘʭʤʘʣʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ. 

ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʘʤʠʣʦʧʝʢʪʠʥʘ ʚ ʢʨʘʭʤʘʣʝ 

ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʧʦʚʳʰʘʝʪʩʷ ʜʦʣʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʚ ʵʢʩʪʨʫʜʘʪʝ. 

ɻʠʜʨʦʪʝʨʤʠʯʝʩʢʘʷ ʠ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʢʨʘʭʤʘʣʘ, ʧʦ ʤʥʝʥʠʶ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʥʝ ʪʦʣʴʢʦ ʨʘʟʨʫʰʘʝʪ ʩʪʨʫʢʪʫʨʫ ʝʛʦ ʟʝʨʥʘ, ʥʦ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʜʝʩʪʨʫʢʮʠʠ ʤʦʣʝʢʫʣ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʫʷ ʠʟʤʝʥʝʥʠʶ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʘʭʤʘʣʘ. ʂ ʘʥʘʣʦʛʠʯʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʥʦ ʩ ʤʝʥʴʰʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʠʚʦʜʠʪ ʙʘʨʦʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʟʝʨʥʘ.  

ɺ ʨʘʙʦʪʝ [6] ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥʳ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʧʠʚʥʦʛʦ ʩʫʩʣʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʭ 

ʛʨʝʯʠʰʥʳʭ ʭʣʦʧʴʝʚ ʚ ʧʠʚʦʚʘʨʝʥʠʠ ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ 

ʵʢʩʪʨʫʟʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʪʝʢʘʥʠʶ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʜʝʩʪʨʫʢʮʠʠ ʟʝʨʝʥ ʢʨʘʭʤʘʣʘ ʧʦ ʧʫʪʠ ʨʘʟʨʳʚʘ ʢʘʢ ʚʘʣʝʥʪʥʳʭ, ʪʘʢ ʠ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʶʪʩʷ ʧʦʣʠʤʝʨʳ ʩ ʤʝʥʴʰʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ [7].  

ɻʣʫʙʦʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʢʨʘʭʤʘʣʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʧʨʠ 

ʵʢʩʪʨʫʟʠʠ ʦʙʲʷʩʥʷʶʪʩʷ ʪʝʤ, ʯʪʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʘʷ ʧʨʦʜʫʢʪʦʤ ʵʥʝʨʛʠʷ 

ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ, ʠ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʳʚʫ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ, ʜʝʩʪʨʫʢʮʠʠ 

ʙʠʦʧʦʣʠʤʝʨʦʚ, ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ .  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʤ 

ʢʨʘʭʤʘʣʩʦʜʝʨʞʘʱʝʤ ʩʳʨʴʝ, ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ, ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʟʥʘʯʠʪʝʣʴʥʦ 

ʯʘʱʝ ʚ ʜʨʫʛʠʭ ʧʠʱʝʚʳʭ ʦʪʨʘʩʣʷʭ, ʯʝʤ ʚ ʧʠʚʦʚʘʨʝʥʠʠ.  

ʅʘʧʨʠʤʝʨ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʷʚʠʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʨʘʙʦʪ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʪʨʫʜʘʪʦʚ ʚ ʭʣʝʙʦʧʝʯʝʥʠʠ. ʊʘʢ, ʜʦʙʘʚʣʝʥʠʝ ʢ 

ʧʰʝʥʠʯʥʦʡ ʤʫʢʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʭʣʝʙʘ ʠʟʤʝʣʴʯʝʥʥʳʭ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʭ 

ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʘʚʪʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʛʘʟʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʫʯʥʦʡ ʩʤʝʩʠ. 

mailto:worolina89@mail.ru


87 

 

ʆ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʝʤ ʠʥʪʝʨʝʩʝ ʢ ʵʢʩʪʨʫʟʠʦʥʥʦʤʫ ʩʧʦʩʦʙʫ ʧʝʨʝʨʘʙʦʪʢʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʠ ʧʨʠʤʝʥʝʥʠʠ ʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʫʙʣʠʢʘʮʠʠ. ʀʤʝʶʪʩʷ 

ʩʚʝʜʝʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʵʢʩʪʨʫʟʠʦʥʥʦ-ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʵʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʛʨʘʮʠʝʡ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʟʝʨʥʦʚʦʛʦ ʩʳʨʴʷ ʥʘ ʩʧʠʨʪ ʚ ʝʜʠʥʦʡ ʨʝʘʢʪʦʨʥʦʡ ʩʠʩʪʝʤʝ 

ï ʵʢʩʪʨʫʜʝʨʝ-ʛʠʜʨʦʣʠʟʘʪʦʨʝ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ ʵʢʩʪʨʫʟʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʟʝʨʥʦʚʦʛʦ ʩʳʨʴʷ ʧʨʠʚʦʜʠʪ ʢ 

ʜʝʩʪʨʫʢʮʠʠ ʙʦʣʴʰʠʭ ʤʦʣʝʢʫʣ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʢʨʘʭʤʘʣʘ, ʢ ʧʦʚʳʰʝʥʠʶ ʧʠʱʝʚʦʡ 

ʮʝʥʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʟʝʨʥʘ ʚ ʩʚʷʟʠ ʩ ʠʥʘʢʪʠʚʘʮʠʝʡ ʘʥʪʠʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʠ ʫʥʠʯʪʦʞʝʥʠʝʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʀʟʤʝʥʝʥʠʷ ʢʨʘʭʤʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʪʨʫʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʧʨʝʜʧʦʩʳʣʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʨʥʦʚʳʭ ʵʢʩʪʨʫʜʘʪʦʚ ʚ 

ʧʠʚʦʚʘʨʝʥʠʠ ʩ ʮʝʣʴʶ ʧʦʜʛʦʪʦʚʢʠ ʟʝʨʥʘ ʧʝʨʝʜ ʟʘʪʠʨʘʥʠʝʤ ʠ ʧʨʠʛʦʪʦʚʣʝʥʠʝʤ 

ʧʠʚʥʦʛʦ ʩʫʩʣʘ. ʉʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʧʠʚʦʚʘʨʝʥʠʷ 

ʢʣʝʡʩʪʝʨʠʟʦʚʘʥʥʳʡ ʢʨʘʭʤʘʣ ʙʫʜʝʪ ʙʦʣʝʝ ʜʦʩʪʫʧʝʥ ʬʝʨʤʝʥʪʘʪʠʚʥʳʤ ʩʠʩʪʝʤʘʤ 

ʩʦʣʦʜʘ. 

ɺʪʦʨʳʤ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʥʝʩʦʣʦʞʝʥʦʛʦ ʟʝʨʥʦʚʦʛʦ ʩʳʨʴʷ, 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʧʠʚʦʚʘʨʝʥʠʠ, ʷʚʣʷʝʪʩʷ ʙʝʣʦʢ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʪʨʫʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʛʣʦʙʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʝʣʢʦʚʦʡ 

ʤʦʣʝʢʫʣʳ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʬʠʙʨʠʣʣʷʨʥʫʶ ʩ ʨʘʟʚʦʨʘʯʠʚʘʥʠʝʤ ʧʝʧʪʠʜʥʳʭ ʮʝʧʝʡ 

ʠ ʦʩʚʦʙʦʞʜʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʜʦʩʪʫʧʥʳʭ ʬʝʨʤʝʥʪʘʤ.  

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʵʢʩʪʨʫʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ 

ʩʦʩʪʘʚ ʷʯʤʝʥʷ. ɺ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʤ ʠ ʠʩʭʦʜʥʦʤ ʷʯʤʝʥʝ ʩʫʱʝʩʪʚʝʥʥʳʤʠ 

ʦʢʘʟʘʣʠʩʴ ʨʘʟʣʠʯʠʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʛʠʜʨʦʣʠʟʦʤ ʙʝʣʢʦʚ [8] . 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, 

ʵʢʩʪʨʫʟʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʟʝʨʥʦʧʨʦʜʫʢʪʦʚ ʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ 

ʧʦʜʛʦʪʦʚʢʠ ʙʠʦʧʦʣʠʤʝʨʦʚ ʟʝʨʥʘ ʢ ʜʘʣʴʥʝʡʰʠʤ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʧʨʝʚʨʘʱʝʥʠʷʤ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʭ 

ʟʝʨʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʧʠʚʦʚʘʨʝʥʠʠ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʥʘʧʠʪʢʦʚ ʩ 

ʦʨʠʛʠʥʘʣʴʥʳʤʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʩʫʰʢʠ ʧʣʦʜʦʚ ʯʝʨʥʦʡ ʩʤʦʨʦʜʠʥʳ. ʇʦʢʘʟʘʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʫʰʢʠ ʧʣʦʜʦʚ ʯʝʨʥʦʡ ʩʤʦʨʦʜʠʥʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʉɺʏ - ʠʟʣʫʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʦʜʳ ʯʝʨʥʦʡ ʩʤʦʨʦʜʠʥʳ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʩʫʰʢʠ, ʉɺʏ - 

ʠʟʣʫʯʝʥʠʝ. 

 

The article considers the methods of black currant fruit drying. We show the advantages of 

black currant fruit drying by means of the combined method with the use of SHF radiation. 

Key words: black currant fruit, combined method of drying, SHF radiation. 

 

ʏʝʨʥʘʷ ʩʤʦʨʦʜʠʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʮʝʥʥʝʡʰʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʠʨʘ. ɺ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʣʦʜʳ ʯʝʨʥʦʡ ʩʤʦʨʦʜʠʥʳ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʠʜʝ ʧʠʱʝʚʦʡ ʜʦʙʘʚʢʠ, ʧʦʚʳʰʘʶʱʝʡ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ 

ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʥʘʧʨʠʤʝʨ, ʚʠʪʘʤʠʥʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʩʪʘ, ʘʣʢʦʛʦʣʴʥʳʭ ʠ 

ʙʝʟʘʣʢʦʛʦʣʴʥʳʭ ʥʘʩʪʦʝʢ ʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʳʨʴʷ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ 

ʬʠʪʦʯʘʝʚ, ʧʦʚʠʜʣʘ ʠ ʪ. ʜ. 

ɺ ʷʛʦʜʘʭ ʩʤʦʨʦʜʠʥʳ ʦʪ 0,38 ʜʦ 0,58% ʜʫʙʠʣʴʥʳʭ ʠ ʢʨʘʩʷʱʠʭ 

ʚʝʱʝʩʪʚ. ɹʦʣʴʰʝ, ʯʝʤ ʚʦ ʚʩʝʭ ʧʣʦʜʦʷʛʦʜʥʳʭ ʚʠʜʘʭ, ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʤʦʨʦʜʠʥʝ 

ʚʠʪʘʤʠʥʘ C ï ʦʪ 132 ʜʦ 297 ʤʛ %. ʉʤʦʨʦʜʠʥʘ ʙʦʛʘʪʘ ʠ ʚʠʪʘʤʠʥʦʤ PP, 

ʢʘʨʦʪʠʥʦʤ. ɽʩʪʴ ʠ ʚʠʪʘʤʠʥʳ B1, B2 ʠ ʥʠʢʦʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ. ɹʦʛʘʪʘ ʤʘʢʨʦ ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘʰʝʛʦ ʦʨʛʘʥʠʟʤʘ, ʚ ʪʦʤ ʯʠʩʣʝ: ʢʘʣʴʮʠʡ - 36 ʤʛ, ʤʘʛʥʠʡ - 

31 ʤʛ, ʥʘʪʨʠʡ - 32 ʤʛ, ʢʘʣʠʡ - 350 ʤʛ, ʬʦʩʬʦʨ - 33 ʤʛ, ʭʣʦʨ - 14 ʤʛ, ʩʝʨʘ - 2 

ʤʛ. ʉʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʦʚ ʚ ʩʤʦʨʦʜʠʥʝ ʧʦʯʪʠ ʚ 3ï4 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ 
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ʣʠʤʦʥʘʭ ʠ ʢʣʫʙʥʠʢʝ, ʠ ʚ 10ï15 ʨʘʟ ʚʳʰʝ, ʥʝʞʝʣʠ ʚ ʷʙʣʦʢʘʭ. ʆʢʦʣʦ 50ï60 

ʩʤʦʨʦʜʠʥʦʚʳʭ ʷʛʦʜ ʚ ʩʦʩʪʦʷʥʠʠ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʩʫʪʦʯʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ ʚ ʚʠʪʘʤʠʥʝ C. ɺʠʪʘʤʠʥ ʉ ʚ ʯʝʨʥʦʡ ʩʤʦʨʦʜʠʥʝ 

ʥʘʭʦʜʠʪʩʷ ʚ ʫʩʪʦʡʯʠʚʦʡ ʬʦʨʤʝ, ʤʥʦʛʠʝ ʠʟ ʧʨʦʜʫʢʪʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 

ʩʤʦʨʦʜʠʥʳ, ʩʦʭʨʘʥʷʶʪ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʘ C ʠ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʭʨʘʥʝʥʠʷ [1]. 

ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʫʞʝ ʯʝʨʝʟ ʥʝʜʝʣʶ ʧʦʩʣʝ ʩʙʦʨʘ ʫʨʦʞʘʷ ʧʣʦʜʳ 

ʯʝʨʥʦʡ ʩʤʦʨʦʜʠʥʳ ʥʘʯʠʥʘʶʪ ʟʘʛʥʠʚʘʪʴ. ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʩʪʦʣʴ ʮʝʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʩʝʨʚʠʨʦʚʘʪʴ. 

ʆʜʥʠʤ ʠʟ ʫʜʦʙʥʳʭ ʩʧʦʩʦʙʦʚ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʩʫʰʢʠ. 

ɺʳʩʫʰʝʥʥʳʡ ʧʨʦʜʫʢʪ ʫʜʦʙʥʦ ʭʨʘʥʠʪʴ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ 

ʧʠʱʝʚʫʶ ʜʦʙʘʚʢʫ ʠʣʠ ʦʩʥʦʚʥʦʝ ʩʳʨʴʝ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ. ʇʣʦʜʳ ʯʝʨʥʦʡ ʩʤʦʨʦʜʠʥʳ ʧʨʠ ʩʫʰʢʝ ʩʦʭʨʘʥʷʶʪ ʚʠʪʘʤʠʥʳ ʣʫʯʰʝ 

ʧʣʦʜʦʚ ʜʨʫʛʠʭ ʨʘʩʪʝʥʠʡ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʫʰʢʠ ʧʣʦʜʦʚ ʚʣʠʷʝʪ ʥʘ 

ʩʦʭʨʘʥʥʦʩʪʴ ʚʠʪʘʤʠʥʘ ʉ. ʏʝʤ ʙʳʩʪʨʝʝ ʦʥʠ ʩʫʰʘʪʩʷ, ʪʝʤ ʙʦʣʴʰʝ ʩʦʭʨʘʥʷʝʪʩʷ 

ʚʠʪʘʤʠʥ ʉ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʧʣʦʜʦʚ ʯʝʨʥʦʡ ʩʤʦʨʦʜʠʥʳ ʚ 

ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 45-50 Áʉ ʩʦʩʪʘʚʣʷʝʪ 4ï6 ʯʘʩʦʚ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʜʦʩʪʘʪʦʯʥʦ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʡ, ʧʦʵʪʦʤʫ ʧʦʠʩʢ 

ʥʦʚʳʭ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʩʫʰʢʠ ʧʣʦʜʦʚ ʯʝʨʥʦʡ ʩʤʦʨʦʜʠʥʳ ʷʚʣʷʝʪʩʷ 

ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʤʘʪʝʨʠʘʣʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʟʛʦʪʦʚʣʝʥʘ ʣʘʙʦʨʘʪʦʨʥʘʷ ʩʫʰʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

(ʨʠʩ. 1), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʩʳʨʴʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ [2].  

 
 

1 ï ʚʝʥʪʠʣʷʪʦʨ ʮʝʥʪʨʦʙʝʞʥʳʡ; 2 ï ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʩʧʠʨʘʣʴʥʳʡ; 

3 ï ʵʣʝʢʪʨʦʢʘʣʦʨʠʬʝʨ; 4 ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʉɺʏ-ʩʫʰʠʣʢʘ; 

5 ï ʚʦʟʜʫʭʦʚʦʜʳ; 6 ï ʩʯʝʪʯʠʢ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ; 

7 ï ʨʝʛʫʣʷʪʦʨ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ;8 ï ʠʟʤʝʨʠʪʝʣʴ ʨʝʛʫʣʷʪʦʨ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʫʰʠʣʴʥʦʛʦ ʚʦʟʜʫʭʘ 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʉɺʏ-ʩʫʰʢʠ ʧʠʱʝʚʦʛʦ 

ʩʳʨʴʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 
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ʋʩʪʘʥʦʚʢʘ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʠʩʭʦʜʥʳʡ ʚʦʟʜʫʭ ʧʦʜʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʧʦʟ.1 ʚ ʩʧʠʨʘʣʴʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʧʦʟ.2, 

ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʥʘʛʨʝʚ ʠʩʭʦʜʥʦʛʦ ʚʦʟʜʫʭʘ ʟʘ ʩʯʝʪ 

ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʦʪʨʘʙʦʪʘʥʥʳʤ ʩʫʰʠʣʴʥʳʤ ʘʛʝʥʪʦʤ. ɿʘʪʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʛʨʝʪʳʡ ʚʦʟʜʫʭ ʧʦʧʘʜʘʝʪ ʚ ʵʣʝʢʪʨʦʢʘʣʦʨʠʬʝʨ ʧʦʟ. 3 ʠ ʜʘʣʝʝ ʚ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʉɺʏ-ʩʫʰʠʣʢʠ ʧʦʟ. 4. 

ʇʨʦʜʫʢʪ, ʧʦʜʘʚʘʝʤʳʡ ʚ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʉɺʏ- 

ʩʫʰʠʣʢʠ, ʧʦʧʘʜʘʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝ ʚʦʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ, ʉɺʏ- 

ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʝʨʝʤʝʰʠʚʘʶʱʝʛʦ ʦʨʛʘʥʘ ï 

ʚʦʨʦʰʠʪʝʣʷ. ɺʣʘʛʘ, ʠʩʧʘʨʠʚʰʘʷʩʷ ʠʟ ʧʨʦʜʫʢʪʘ, ʫʥʦʩʠʪʩʷ ʠʟ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ 

ʩʫʰʠʣʢʠ ʩ ʦʪʨʘʙʦʪʘʥʥʳʤ ʩʫʰʠʣʴʥʳʤ ʘʛʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ 

ʩʧʠʨʘʣʴʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʧʦʟ.2 ʜʣʷ ʥʘʛʨʝʚʘ ʠʩʭʦʜʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʜʘʣʝʝ ʚ 

ʘʪʤʦʩʬʝʨʫ. ɺʦʟʜʫʭ ʧʝʨʝʤʝʱʘʝʪʩʷ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʫʟʣʘʤʠ ʫʩʪʘʥʦʚʢʠ ʧʦ 

ʩʠʩʪʝʤʝ ʚʦʟʜʫʭʦʚʦʜʦʚ ʧʦʟ.6. ɺʩʝ ʫʟʣʳ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʚʦʟʜʫʭʦʚʦʜʳ ʧʦʢʨʳʪʳ 

ʩʣʦʝʤ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʇʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʢʘʣʦʨʠʬʝʨʦʤ, ʉɺʏ- ʠʟʣʫʯʘʪʝʣʝʤ, 

ʮʝʥʪʨʦʙʝʞʥʳʤ ʚʝʥʪʠʣʷʪʦʨʦʤ ʠ ʧʨʠʚʦʜʦʤ ʚʦʨʦʰʠʪʝʣʷ ʠʟʤʝʨʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʯʝʪʯʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦʟ. 6. ʈʘʩʭʦʜ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʩʫʰʠʣʢʫ 

ʠʟʤʝʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʛʫʣʷʪʦʨʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʦʟ. 7 ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʚ 

ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʫʰʠʣʢʠ, ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʠʟʤʝʨʠʪʝʣʝʤ ʨʝʛʫʣʷʪʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʟ.8. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʭʝʤʝ ʩʫʰʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩʧʠʨʘʣʴʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʥʘʛʨʝʚ 

ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʩ 4,8 ʢɺʪĿʯ ʜʦ 1,5 ʢɺʪĿʯ, ʘ ʪʱʘʪʝʣʴʥʘʷ ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʚʩʝʭ 

ʵʣʝʤʝʥʪʦʚ ʫʩʪʘʥʦʚʢʠ ʩʦʢʨʘʪʠʣʘ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʦ 0,8ï0,85 ʢɺʪĿʯ [3].  

ʅʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʧʦ ʩʫʰʢʝ ʧʣʦʜʦʚ ʯʝʨʥʦʡ 

ʩʤʦʨʦʜʠʥʳ ʢʦʥʚʝʢʪʠʚʥʳʤ ʠ ʢʦʥʚʝʢʪʠʚʥʦ - ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʩʧʦʩʦʙʘʤʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʢʦʥʚʝʢʪʠʚʥʦʤ ʩʧʦʩʦʙʝ ʩʫʰʢʠ (ʨʠʩ. 2) ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʧʨʦʜʫʢʪʘ ʜʦ ʢʦʥʜʠʮʠʦʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ ʩʝʤʠ ʯʘʩʦʚ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʂʨʠʚʘʷ ʢʦʥʚʝʢʪʠʚʥʦʡ ʩʫʰʢʠ ʧʣʦʜʦʚ ʯʝʨʥʦʡ ʩʤʦʨʦʜʠʥʳ 

 

 ʆʙʱʝʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦ ʚʩʝʤ ʧʝʨʠʦʜʘʤ ʩʫʰʢʠ ʜʦʩʪʠʛʘʝʪ 

6 ʢɺʪĿʯ ʥʘ 1 ʢʛ ʠʩʧʘʨʝʥʥʦʡ ʚʣʘʛʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʫʩʘʜʢʘ ʠ 

ʧʦʪʝʨʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʜʫʢʪʘ.  

ʇʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʩʧʦʩʦʙʝ ʩʫʰʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉɺʏ- 

ʠʟʣʫʯʝʥʠʷ (ʨʠʩ. 3) ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʩʦʢʨʘʱʘʝʪʩʷ ʚ 7 
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ʨʘʟ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʜʠʥ ʯʘʩ. ʆʙʱʝʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦ ʚʩʝʤ 

ʧʝʨʠʦʜʘʤ ʩʫʰʢʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 2 ʢɺʪĿʯ ʥʘ 1 ʢʛ ʠʩʧʘʨʝʥʥʦʡ ʚʣʘʛʠ. ʎʚʝʪ 

ʚʳʩʫʰʝʥʥʳʭ ʧʣʦʜʦʚ ʙʦʣʝʝ ʷʨʢʠʡ ʠ ʥʘʩʳʱʝʥʥʳʡ, ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝ 

ʩʦʭʨʘʥʷʝʪʩʷ ʘʨʦʤʘʪ ʠ ʚʠʪʘʤʠʥʥʳʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

 
ʈʠʩʫʥʦʢ 3 ï ʂʨʠʚʘʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʉɺʏ-ʩʫʰʢʠ ʧʣʦʜʦʚ ʯʝʨʥʦʡ 

ʩʤʦʨʦʜʠʥʳ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʦʧʪʠʤʘʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʉɺʏ - ʩʫʰʢʠ ʧʣʦʜʦʚ 

ʯʝʨʥʦʡ ʩʤʦʨʦʜʠʥʳ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʩʫʰʢʠ ʧʣʦʜʦʚ ʯʝʨʥʦʡ 

ʩʤʦʨʦʜʠʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ 

ʧʝʨʝʜ ʢʣʘʩʩʠʯʝʩʢʠʤ ʢʦʥʚʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ, ʧʦʟʚʦʣʷʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ 

ʫʜʝʣʴʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʊʘʢ ʦʙʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʫʰʢʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʦʥʚʝʢʪʠʚʥʦʡ ʩʫʰʢʦʡ 

ʩʦʢʨʘʱʘʝʪʩʷ ʚ 7 ʨʘʟ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʯʘʩʘ, ʘ ʫʜʝʣʴʥʦʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʩʦʢʨʘʱʘʝʪʩʷ ʩ 6 ʢɺʪĿʯ / ʢʛ ʜʦ 2 ʢɺʪĿʯ / ʢʛ ʠʩʧʘʨʝʥʥʦʡ ʚʣʘʛʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʚʥʝʜʨʝʥʳ ʥʘ ʧʠʱʝʚʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ ʩʫʰʠʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʩʫʰʢʠ ʧʣʦʜʦʚ ʯʝʨʥʦʡ ʩʤʦʨʦʜʠʥʳ. ʇʦʢʘʟʘʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʫʰʢʠ ʧʣʦʜʦʚ ʯʝʨʥʦʡ ʩʤʦʨʦʜʠʥʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʉɺʏ - ʠʟʣʫʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʦʜʳ ʯʝʨʥʦʡ ʩʤʦʨʦʜʠʥʳ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʩʫʰʢʠ, ʉɺʏ - 

ʠʟʣʫʯʝʥʠʝ. 

 

The article describes introduction and production of bread and baked confectionery products 

with natural vegetable enrichers at a small business enterprise. 

Key words: black currant fruit, combined method of drying, SHF radiation. 

 

ʍʣʝʙ ʚ ʈʦʩʩʠʠ ʦʪʥʦʩʠʪʩʷ ʢ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʘʤ ʧʠʪʘʥʠʷ, ʧʦʵʪʦʤʫ ʠʟ 

ʛʦʜʘ ʚ ʛʦʜ ʫʞʝʩʪʦʯʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʝʛʦ ʢʘʯʝʩʪʚʫ ʠ ʨʘʩʰʠʨʝʥʠʶ 

ʘʩʩʦʨʪʠʤʝʥʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʭʣʝʙʦʧʝʢʘʨʥʦʡ ʦʪʨʘʩʣʠ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 

ʧʨʠʤʝʨʥʦ 1500 ʭʣʝʙʦʟʘʚʦʜʦʚ ʩʨʝʜʥʝʡ ʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʠ ʙʦʣʝʝ 10 ʪʳʩ. 

ʤʘʣʳʭ ʧʝʢʘʨʝʥ. ʆʜʥʘʢʦ ʙʝʟ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʝʚʦʦʨʫʞʝʥʠʷ ʦʪʨʘʩʣʴ ʥʝ ʤʦʞʝʪ ʚ 

ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʦʙʝʩʧʝʯʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʚ ʭʣʝʙʦʙʫʣʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʰʠʨʦʢʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʘʩʩʦʨʪʠʤʝʥʪ ʭʣʝʙʦʙʫʣʦʯʥʳʭ 

ʠʟʜʝʣʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ [1]. ɸʥʘʣʠʟ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʙʫʜʫʪ ʠʤʝʪʴ ʪʝʭʥʦʣʦʛʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʝ ʪʦʣʴʢʦ ʚʢʫʩ ʠ ʘʨʦʤʘʪ ʠʟʜʝʣʠʡ, ʥʦ ʧʦʚʳʰʝʥʥʫʶ ʧʠʱʝʚʫʶ 

ʮʝʥʥʦʩʪʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʙʝʟ ʯʝʨʩʪʚʣʝʥʠʷ. 

ʂ ʧʨʠʦʨʠʪʝʪʥʳʤ ʟʘʜʘʯʘʤ ʚ ʦʙʣʘʩʪʠ ʭʣʝʙʦʧʝʯʝʥʠʷ ʦʪʥʦʩʷʪʩʷ: 

- ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʯʝʩʪʚʘ ʚʳʧʝʢʘʝʤʦʛʦ ʭʣʝʙʘ ʠ 

ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʫʢʠ ʩ ʧʦʥʠʞʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ; 

- ʫʚʝʣʠʯʝʥʠʝ ʩʚʝʞʝʩʪʠ ʚʳʧʝʢʘʝʤʳʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ; 

- ʫʚʝʣʠʯʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ ʠ ʦʙʲʝʤʦʚ ʤʝʣʢʦʰʪʫʯʥʳʭ ʠʟʜʝʣʠʡ 

ʫʣʫʯʰʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ; 

- ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʟʘʤʦʨʦʞʝʥʥʳʭ ʪʝʩʪʦʚʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ; 
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- ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʚʠʜʦʚ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʩ ʥʘʪʫʨʘʣʴʥʳʤʠ ʦʙʦʛʘʪʠʪʝʣʷʤʠ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʚ ʦʙʣʘʩʪʠ ʧʠʪʘʥʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʦʣʦʞʝʥʠʠ, 

ʯʪʦ ʥʦʚʳʝ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʨʘʟʥʳʭ ʛʨʫʧʧ 

ʥʘʩʝʣʝʥʠʷ ʚ ʨʘʮʠʦʥʘʣʴʥʦʤ ʧʠʪʘʥʠʠ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʦʟʜʘʥʠʝ ʪʘʢʠʭ 

ʧʨʦʜʫʢʪʦʚ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʠʥʛʨʝʜʠʝʥʪʦʚ ʠ ʥʘʪʫʨʘʣʴʥʳʭ ʦʙʦʛʘʪʠʪʝʣʝʡ, ʚʥʦʩʠʤʳʭ ʚ ʨʝʮʝʧʪʫʨʥʳʝ ʩʤʝʩʠ ʠ ʚ 

ʪʝʩʪʦ. ʕʪʠ ʠʥʛʨʝʜʠʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʧʨʦʜʫʢʪʳ ʩ ʟʘʜʘʥʥʳʤ ʩʦʩʪʘʚʦʤ, 

ʚʢʫʩʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘʨʦʤʘʪʦʤ, ʮʚʝʪʦʤ ʠ ʪʝʢʩʪʫʨʦʡ. 

ʄʠʢʨʦʠʥʛʨʝʜʠʝʥʪʳ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ, ʦʥʠ ʧʦʤʦʛʘʶʪ; 

- ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ ʩʳʨʴʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ; 

- ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʤʫʢʠ; 

- ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʫʣʫʯʰʘʶʱʝʝ 

ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ. 

ʎʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ (ʦʙʦʛʘʪʠʪʝʣʝʡ ʠ 

ʫʣʫʯʰʠʪʝʣʝʡ ʠ ʜʨ.) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʨʝʜʩʪʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ [1]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʦ 

ʜʘʥʥʳʤ ʄɻʋʇʇ ʠ ʅʇʆ çɹʠʦʩʦʣʷʨ ʄɻʋè ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʢʣʝʪʦʯʥʦʡ ʩʠʥʝ-ʟʝʣʝʥʦʡ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʟʘʱʠʪʥʳʝ ʩʠʣʳ ʦʨʛʘʥʠʟʤʘ ʠ ʩʥʠʟʠʪʴ ʩʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. 

ʆʜʥʠʤ ʠʟ ʫʣʫʯʰʠʪʝʣʝʡ ʭʣʝʙʘ ʷʚʣʷʶʪʩʷ ʨʘʩʪʠʪʝʣʴʥʳʝ ʬʦʩʬʦʣʠʧʠʜʳ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʦʨʤʘʣʠʟʘʮʠʠ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʢʘʟʳʚʘʶʪ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʝ ʜʝʡʩʪʚʠʝ. ʍʣʝʙ, ʦʙʦʛʘʱʝʥʥʳʡ ʬʦʩʬʦʣʠʧʠʜʘʤʠ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʨʝʜʩʪʚʘ ʚ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʮʝʣʷʭ. ɼʣʷ 

ʦʙʦʛʘʱʝʥʠʷ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʞʝ ʚʳʩʦʢʦʙʝʣʢʦʚʳʝ 

ʨʘʩʪʠʪʝʣʴʥʳʝ ʧʨʦʜʫʢʪʳ, ʚʠʪʘʤʠʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ ‍ ï ʢʘʨʦʪʠʥ, ʧʨʷʥʦ-

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ (ʰʨʦʪʳ ʠʟ ʩʝʤʷʥ ʧʨʷʥʦʡ ʟʝʣʝʥʠ) ʠ ʜʨ. 

ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʠ ʤʠʥʠʧʝʢʘʨʥʷʭ ʧʨʦʙʣʝʤʘ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʩʪʦʠʪ ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ ʠʟ-ʟʘ ʥʝʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ 

ʚʳʧʫʩʢʘ ʠ ʫʩʢʦʨʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʭʣʝʙʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʪʘʢʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʦʙʦʛʘʪʠʪʝʣʝʡ ʠ ʭʣʝʙʦʧʝʢʘʨʥʳʭ ʫʣʫʯʰʠʪʝʣʝʡ ʠʤʝʝʪ 

ʘʢʪʫʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʉʦʟʜʘʥʠʶ ʥʦʚʳʭ ʚʠʜʦʚ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʦʙʦʛʘʱʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ 

ʥʘʪʫʨʘʣʴʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʦʢʘʟʳʚʘʶʱʠʤʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʦʣʦʛʠʶ ʧʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ, ʚ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ [1-5].  

ʆʜʥʦʡ ʠʟ ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʟʜʘʥʥʦʛʦ ʧʨʠ ʇʝʥʟʝʥʩʢʦʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʘʢʘʜʝʤʠʠ ʤʘʣʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ çʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʮʝʥʪʨ ʆʆʆ ʀʅʊɸɻʈʆè ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ, ʦʩʚʦʝʥʠʝ ʠ ʚʳʧʫʩʢ ʥʦʚʳʭ ʚʠʜʦʚ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠ ʤʫʯʥʳʭ 

ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ, ʘ ʪʘʢʞʝ ʦʚʦʱʥʳʭ ʩʦʢʦʚ, ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʥʘʪʫʨʘʣʴʥʳʭ ʦʙʦʛʘʪʠʪʝʣʝʡ. 

ɺʥʝʩʝʥʠʝ ʦʙʦʛʘʪʠʪʝʣʝʡ ʚ ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʠ ʤʫʯʥʳʝ ʢʦʥʜʠʪʝʨʩʢʠʝ 

ʠʟʜʝʣʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʨʞʘʥʦ-ʧʰʝʥʠʯʥʳʡ ʠ ʧʰʝʥʠʯʥʳʡ ʭʣʝʙ ʠ ʚ ʤʝʣʢʦʰʪʫʯʥʳʝ 

ʤʫʯʥʳʝ ʠʟʜʝʣʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ, 

ʧʦʣʫʯʘʝʤʳʭ ʧʦ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʊʘʢʦʝ ʚʥʝʩʝʥʠʝ ʚ 

ʨʝʮʝʧʪʫʨʥʫʶ ʩʤʝʩʴ ʪʝʩʪʘ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʦʙʦʛʘʪʠʪʝʣʝʡ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʜʝʡʩʪʚʠʝ, ʘ ʪʘʢʞʝ ʥʝ ʦʢʘʟʳʚʘʝʪ 
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ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʪʫʨʘʣʴʥʳʭ ʦʙʦʛʘʪʠʪʝʣʝʡ, ʜʦʙʘʚʣʷʝʤʳʭ ʚ ʪʝʩʪʦʚʫʶ ʤʘʩʩʫ, 

ʦʪʦʙʨʘʥʳ ʧʦʨʦʰʢʠ ʠʟ ʪʳʢʚʳ, ʩʝʤʷʥ ʪʳʢʚʳ, ʙʝʨʝʟʦʚʦʛʦ ʛʨʠʙʘ ʯʘʛʠ, ʢʫʨʘʛʠ ʠ 

ʯʝʨʥʦʩʣʠʚʘ [1].  

 ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʚʠʪʘʤʠʥʦʚ ʚ ʧʨʠʤʝʥʷʝʤʳʭ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʦʙʦʛʘʪʠʪʝʣʷʭ. 

ʊʘʙʣʠʮʘ 1 ï ʉʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʚʠʪʘʤʠʥʦʚ ʚ ʜʦʙʘʚʢʘʭ 
ʅʘʠʤʝ

-ʥʦ-

ʚʘʥʠʝ 

ʦʙʦʛʘ

ʪʠʪʝʣ

 ̫

ʉʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʤʛ/ʢʛ ʉʦʜʝʨʞʘʥʠʝ 

ʚʠʪʘʤʠʥʦʚ 

C

a,
% 

Mg,

% 

Cd, Pb As, Hg Fe Cu Zn Se A E C 

ʄʫʢʘ 

ʠʟ 

ʪʳʢʚʳ 

3,

1 

0,3 0,006 1,4

2 

0,000024 0,000024 12,

8 

1,1 0,6 0,5 0,

2 

6,9 7,7 

ʄʫʢʘ 

ʠʟ 

ʩʝʤʷʥ 

ʪʳʢʚʳ 

2,
0 

0,2
6 

0,000
2 

1,6
6 

0,000024 0,000024 15,
8 

0,5 1,7
4 

0,3
6 

0,
2 

92,9 1,5 

ʇʦʨʦ

ʰʦʢ 

ʠʟ 

ʙʝʨʝʟ

ʦʚʦʛʦ 

ʛʨʠʙʘ 

ʯʘʛʠ 

2,

1 

0,1

4 

0,052 1,6 0,000065 0,00013 2,2 3,0

6 

1,7

2 

0,6

8 

0,

2 

4,3 23,5 

 

ʅʘ ʨʠʩ. 1-2 ʧʨʠʚʝʜʝʥʳ ʩʪʘʜʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʬʦʨʤʦʚʦʛʦ ʧʰʝʥʠʯʥʦʛʦ 

ʭʣʝʙʘ ʠ ʛʦʪʦʚʳʝ ʠʟʜʝʣʠʷ 
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ʈʠʩʫʥʦʢ 1 ï ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʬʦʨʤʦʚʦʛʦ ʧʰʝʥʠʯʥʦʛʦ ʭʣʝʙʘ ʩ ʥʘʪʫʨʘʣʴʥʳʤʠ 

ʦʙʦʛʘʪʠʪʝʣʷʤʠ 

 

ɼʘʥʥʳʝ ʜʦʙʘʚʢʠ ʚʥʦʩʠʣʠʩʴ ʪʘʢʞʝ ʚ ʤʫʯʥʳʝ ʢʦʥʜʠʪʝʨʩʢʠʝ ʠʟʜʝʣʠʷ, 

ʪʝʩʪʦʚʘʷ ʤʘʩʩʘ ʜʣʷ ʢʦʪʦʨʳʭ ʠʟ ʧʝʩʦʯʥʦʛʦ ʪʝʩʪʘ ʨʘʩʢʘʪʳʚʘʣʘʩʴ ʚ ʪʦʥʢʠʡ ʧʣʘʩʪ ʥʘ 

ʯʝʪʳʨʝʭʚʘʣʢʦʚʦʡ ʪʝʩʪʦʨʘʩʢʘʪʳʚʘʶʱʝʡ ʤʘʰʠʥʝ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʬʦʨʤʦʚʘʥʠʝʤ 

ʪʝʩʪʦʚʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʜʣʷ ʧʝʯʝʥʴʷ (ʨʠʩ.2) [2-3]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʮʘ 

ʪʝʩʪʦʨʘʩʢʘʪʳʚʘʶʱʝʡ ʤʘʰʠʥʳ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʝʝ 

ʤʦʜʝʨʥʠʟʘʮʠʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʦʚʦʨʦʪʥʘʷ ʨʘʩʢʘʪʳʚʘʶʱʘʷ 

ʢʘʨʝʪʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʨʘʩʢʘʪʢʫ ʧʣʘʩʪʘ ʪʝʩʪʘ ʥʝ ʪʦʣʴʢʦ ʧʦ ʦʩʠ ʪʨʘʥʩʧʦʨʪʝʨʘ, ʥʦ 

ʠ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʡ ʦʩʠ, ʠʤʠʪʠʨʫʶʱʘʷ ʜʚʠʞʝʥʠʷ ʧʨʠ ʨʫʯʥʦʡ 

ʨʘʩʢʘʪʢʝ ʧʣʘʩʪʘ ʩʢʘʣʢʦʡ. ʅʘ ʜʘʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦʬʦʨʤʣʝʥʘ ʟʘʷʚʢʘ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʝ. 
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ʉʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʨʳʥʢʘ ʧʨʦʜʫʢʪʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʠ 

ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʤʠ ʥʫʪʨʠʝʥʪʘʤʠ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ʚ ʦʩʥʦʚʥʦʤ ï ʤʠʥʝʨʘʣʴʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʘʤʠʥʦʢʠʩʣʦʪʳ ʠ ʧʠʱʝʚʳʝ ʚʦʣʦʢʥʘ. ɼʣʠʪʝʣʴʥʳʡ ʜʝʬʠʮʠʪ ʠʭ ʚ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʘʭ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʦʨʛʘʥʠʟʤʘ, ʢ ʧʘʛʫʙʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʥʝʛʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʯʪʦ, ʚ 

ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʘʨʫʰʝʥʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ 
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ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ ʯʝʣʦʚʝʢʘ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʦʙʲʝʢʪʦʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʠʱʠ, ʤʦʛʫʪ ʙʳʪʴ ʤʫʯʥʳʝ ʢʦʥʜʠʪʝʨʩʢʠʝ ʠ 

ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ, ʜʘʚʥʦ ʚʭʦʜʷʱʠʝ ʚ ʨʘʮʠʦʥ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʥʘʩʝʣʝʥʠʷ ʢʘʢ 

ʦʩʥʦʚʥʦʡ ʩʝʛʤʝʥʪ ʧʨʦʜʫʢʪʦʚ ʨʝʛʫʣʷʨʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʟʜʘʥʠʶ 

ʘʩʩʦʨʪʠʤʝʥʪʘ ʪʘʢʠʭ ʠʟʜʝʣʠʡ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ 

ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʚʳʛʦʜʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. 

ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʟʘʩʣʫʞʠʚʘʝʪ ʚʥʠʤʘʥʠʷ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʦʙʘʚʢʠ ʢ ʢʦʥʜʠʪʝʨʩʢʠʤ ʠ ʭʣʝʙʦʙʫʣʦʯʥʳʤ ʠʟʜʝʣʠʷʤ 

ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʪʳʢʚʳ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʝʝ ʩʝʤʷʥ [1]. 

ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʝʤ, ʯʪʦ ʚ ʪʳʢʚʝʥʥʳʭ ʩʝʤʝʥʘʭ 

ʭʦʨʦʰʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʳ ʙʝʣʦʢ ʠ ʥʝʟʘʤʝʥʠʤʳʝ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ 

ʢʠʩʣʦʪʳ. 

ɺ ʩʦʩʪʘʚ ʤʘʩʣʘ ʩʝʤʷʥ ʪʳʢʚʳ ʚʭʦʜʠʪ ʪʦʢʦʬʝʨʦʣ (ʚʠʪʘʤʠʥ ɽ), 

ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʧʨʦʮʝʩʩʘʭ ʪʢʘʥʝʚʦʛʦ ʜʳʭʘʥʠʷ ʢʣʝʪʦʢ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ 

ʫʥʠʢʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢ ʦʢʠʩʣʝʥʠʶ [2, 3].  

ʂʨʦʤʝ ʵʪʦʛʦ, ʧʦʨʦʰʦʢ ʠʟʤʝʣʴʯʝʥʥʳʭ ʦʙʦʣʦʯʝʢ ʩʝʤʷʥ ʪʳʢʚʳ ʷʚʣʷʝʪʩʷ 

ʭʦʨʦʰʠʤ ʵʥʪʝʨʦʩʦʨʙʝʥʪʦʤ ʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ 

ʠʥʛʨʝʜʠʝʥʪʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʜʦʙʘʚʢʠ ʥʘʨʷʜʫ ʩ ʝʝ ʚʳʩʦʢʦʡ 

ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʟʚʦʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʝʩʪʠ ʟʥʘʯʠʤʦʝ ʜʣʷ 

ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʢʦʣʠʯʝʩʪʚʦ ʞʝʣʝʟʘ, ʢʘʣʠʷ, ʤʘʛʥʠʷ, ʤʝʜʠ [4]. 

ʇʨʦʚʝʜʝʥʥʳʝ ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ, ʯʪʦ 

ʵʢʩʪʨʫʜʠʨʫʷ ʩʝʤʝʥʘ ʪʳʢʚʳ ʚʤʝʩʪʝ ʩ ʦʙʦʣʦʯʢʦʡ, ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ 

ʠʭ ʧʦʣʝʟʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ [5].  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʵʢʩʪʨʫʜʝʨʘ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ ʞʠʨʦʚʳʭ ʢʣʝʪʦʢ ʧʦʣʫʯʘʝʤʦʛʦ ʵʢʩʪʨʫʜʘʪʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʧʦʚʳʰʘʶʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʧʨʦʜʫʢʪʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʞʠʨʦʚ ʧʨʠ ʝʛʦ 

ʭʨʘʥʝʥʠʠ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʪʝʤ, ʯʪʦ ʣʠʧʘʟʘ, ʚʳʟʳʚʘʶʱʘʷ ʧʨʦʛʦʨʢʘʥʠʝ ʤʘʩʝʣ, ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʪʨʫʟʠʠ ʯʘʩʪʠʯʥʦ ʨʘʟʨʫʰʘʝʪʩʷ, ʘ ʣʝʮʠʪʠʥ ʠ ʪʦʢʦʬʝʨʦʣʳ, ʷʚʣʷʶʱʠʝʩʷ 

ʧʨʠʨʦʜʥʳʤʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘʤʠ, ʩʦʭʨʘʥʷʶʪ ʥʝʦʙʭʦʜʠʤʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʪʘʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʳʨʴʷ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʧʠʪʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʙʝʣʢʦʚ ʩʝʤʷʥ ʪʳʢʚʳ 

ʠ ʨʘʩʰʠʨʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʛʦ ʵʢʩʪʨʫʜʘʪʘ ʧʦʩʢʦʣʴʢʫ ʚ 

ʥʝʤ ʩʦʜʝʨʞʠʪʩʷ ʦʢʦʣʦ 20 % ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ ʢʣʝʪʯʘʪʢʠ [6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʬʘʢʪʦʚ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʢʩʪʨʫʜʘʪʘ ʩʝʤʷʥ ʪʳʢʚʳ ʩ ʦʙʦʣʦʯʢʦʡ ʚ 

ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳ. 

ʎʝʣʴ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʦʙʦʩʥʦʚʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʵʢʩʪʨʫʜʘʪʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʫʪʝʤ ʧʝʨʝʨʘʙʦʪʢʠ ʩʝʤʷʥ ʪʳʢʚʳ ʩ ʦʙʦʣʦʯʢʦʡ, ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʦʜʫʢʪʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ɿʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʥʝʩʝʥʥʦʛʦ 

ʵʢʩʪʨʫʜʘʪʘ ʩʝʤʷʥ ʪʳʢʚʳ ʚʟʘʤʝʥ ʯʘʩʪʠ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʥʘ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟʜʝʣʠʡ ʠʟ ʜʨʦʞʞʝʚʦʛʦ ʪʝʩʪʘ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʣʝʧʝʰʢʘ çʄʘʡʩʢʘʷè, ʧʨʠʛʦʪʦʚʣʝʥʥʘʷ ʧʦ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʨʝʮʝʧʪʫʨʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʙʦʨʥʠʢʦʤ ʨʝʮʝʧʪʫʨ ʥʘ ʭʣʝʙ ʠ 

ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ [7]. 
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ʆʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʛʦʪʦʚʠʣʠ ʩ ʟʘʤʝʥʦʡ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʥʘ ʵʢʩʪʨʫʜʘʪ 

ʩʝʤʷʥ ʪʳʢʚʳ ʚ ʢʦʣʠʯʝʩʪʚʝ 5 % (ʦʙʨʘʟʝʮ 1), 10 % (ʦʙʨʘʟʝʮ 2) ʠ 15 % (ʦʙʨʘʟʝʮ 3) ʢ 

ʦʙʱʝʡ ʤʘʩʩʝ ʤʫʢʠ. 

ʂʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʟʜʝʣʠʡ, ʦʮʝʥʠʚʘʣʠ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ (ʪʘʙʣ. 1): ʚʢʫʩ ʠ ʟʘʧʘʭ ʣʝʧʝʰʝʢ 

ʦʧʨʝʜʝʣʷʣʠ ʜʝʛʫʩʪʘʮʠʝʡ; ʮʚʝʪ, ʩʦʩʪʦʷʥʠʝ ʤʷʢʠʰʘ, ʧʦʨʠʩʪʦʩʪʴ, ʧʨʦʤʝʩʩ ï ʧʫʪʸʤ 

ʦʩʤʦʪʨʘ ʩʨʝʟʘ ʠʟʜʝʣʠʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʤʷʢʠʰʘ ʣʝʧʝʰʝʢ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 

5669 çʍʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠè. 

ɺʣʘʞʥʦʩʪʴ ʤʷʢʠʰʘ ʣʝʧʝʰʝʢ ʦʧʨʝʜʝʣʷʣʠ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 21094 çʍʣʝʙ ʠ 

ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʠè. 

ʊʘʙʣʠʮʘ 1 ï ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʣʝʧʝʰʝʢ çʄʘʡʩʢʘʷè ʧʨʠ 

ʟʘʤʝʥʝ ʯʘʩʪʠ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʥʘ ʵʢʩʪʨʫʜʘʪ ʩʝʤʷʥ ʪʳʢʚʳ 

ʇʦʢʘʟʘʪʝʣʴ 

 

ʂʦʥʪʨʦʣʴ  ʆʙʨʘʟʝʮ 1 ʆʙʨʘʟʝʮ 2 ʆʙʨʘʟʝʮ 3 

100 % ʧʰʝʥʠʯʥʦʡ 

ʤʫʢʠ 
95:5 90:10 85:15 

ɺʥʝʰʥʠʡ 

ʚʠʜ: 
ʌʦʨʤʘ 

ʅʝʨʘʩʧʣʳʚʯʘʪʘʷ, 
ʙʝʟ ʧʨʠʪʠʩʢʦʚ, ʚ 

ʚʠʜʝ ʦʢʨʫʛʣʦʡ 

ʣʝʧʝʰʢʠ 

ʅʝʨʘʩʧʣʳʚʯʘʪʘʷ, 
ʙʝʟ ʧʨʠʪʠʩʢʦʚ, ʚ 

ʚʠʜʝ ʦʢʨʫʛʣʦʡ 

ʣʝʧʝʰʢʠ 

ʅʝʨʘʩʧʣʳʚʯʘʪʘʷ, 
ʙʝʟ ʧʨʠʪʠʩʢʦʚ, ʚ 

ʚʠʜʝ ʦʢʨʫʛʣʦʡ 

ʣʝʧʝʰʢʠ 

ʅʝʨʘʩʧʣʳʚʯʘʪʘʷ, ʙʝʟ 

ʧʨʠʪʠʩʢʦʚ, ʚ ʚʠʜʝ 
ʦʢʨʫʛʣʦʡ ʣʝʧʝʰʢʠ 

ʇʦʚʝʨʭʥʦʩʪʴ 
ɻʣʷʥʮʝʚʠʪʘʷ ʩ 

ʥʘʜʨʝʟʘʤʠ 

ɻʣʷʥʮʝʚʠʪʘʷ ʩ 

ʥʘʜʨʝʟʘʤʠ 

ɻʣʷʥʮʝʚʠʪʘʷ ʩ 

ʥʘʜʨʝʟʘʤʠ  
ɻʣʷʥʮʝʚʠʪʘʷ ʩ ʥʘʜʨʝʟʘʤʠ  

ʎʚʝʪ ʉʚʝʪʣʦ-ʞʝʣʪʳʡ ʉʚʝʪʣʦ-ʞʝʣʪʳʡ 
ɿʦʣʦʪʠʩʪʦ-

ʞʝʣʪʳʡ 
ɿʦʣʦʪʠʩʪʦ-ʞʝʣʪʳʡ 

ʉʦʩʪʦʷʥʠʝ  

ʤʷʢʠʰʘ: 
 

ʇʨʦʧʝʯʝʥʥʳʡ, ʥʝ 
ʚʣʘʞʥʳʡ ʥʘ ʦʱʫʧʴ  

ʇʨʦʧʝʯʝʥʥʳʡ, ʥʝ 
ʚʣʘʞʥʳʡ ʥʘ ʦʱʫʧʴ  

ʇʨʦʧʝʯʝʥʥʳʡ, ʥʝ 

ʚʣʘʞʥʳʡ ʥʘ 

ʦʱʫʧʴ  

ʇʨʦʧʝʯʝʥʥʳʡ, ʥʝ 
ʚʣʘʞʥʳʡ ʥʘ ʦʱʫʧʴ  

ʇʦʨʠʩʪʦʩʪʴ 
ʉʣʘʙʦ ʨʘʟʚʠʪʘʷ, 
ʙʝʟ ʧʫʩʪʦʪ ʠ 

ʫʧʣʦʪʥʝʥʠʡ 

ʈʘʟʚʠʪʘʷ, ʙʝʟ 
ʧʫʩʪʦʪ ʠ 

ʫʧʣʦʪʥʝʥʠʡ 

ʈʘʟʚʠʪʘʷ, ʙʝʟ 
ʧʫʩʪʦʪ ʠ 

ʫʧʣʦʪʥʝʥʠʡ 

ʈʘʟʚʠʪʘʷ, ʙʝʟ ʧʫʩʪʦʪ ʠ 

ʫʧʣʦʪʥʝʥʠʡ 

ʇʨʦʤʝʩ 
ɹʝʟ ʢʦʤʦʯʢʦʚ ʠ 

ʩʣʝʜʦʚ ʥʝʧʨʦʤʝʩʘ  

ʙʝʟ ʢʦʤʦʯʢʦʚ ʠ 

ʩʣʝʜʦʚ ʥʝʧʨʦʤʝʩʘ  

ʙʝʟ ʢʦʤʦʯʢʦʚ ʠ 

ʩʣʝʜʦʚ 
ʥʝʧʨʦʤʝʩʘ  

ʙʝʟ ʢʦʤʦʯʢʦʚ ʠ ʩʣʝʜʦʚ 

ʥʝʧʨʦʤʝʩʘ  

ɺʢʫʩ 

ʉʜʦʙʥʳʡ, 
ʩʚʦʡʩʪʚʝʥʥʳʡ 

ʜʘʥʥʦʤʫ ʚʠʜʫ 

ʠʟʜʝʣʠʡ, ʙʝʟ 
ʧʦʩʪʦʨʦʥʥʝʛʦ 

ʧʨʠʚʢʫʩʘ, ʩʣʝʛʢʘ 

ʩʦʣʦʥʦʚʘʪʳʡ  

ʉʜʦʙʥʳʡ, 
ʩʚʦʡʩʪʚʝʥʥʳʡ 

ʜʘʥʥʦʤʫ ʚʠʜʫ 

ʠʟʜʝʣʠʡ, ʙʝʟ 
ʧʦʩʪʦʨʦʥʥʝʛʦ 

ʧʨʠʚʢʫʩʘ, ʩʣʝʛʢʘ 

ʩʦʣʦʥʦʚʘʪʳʡ  

ʉʜʦʙʥʳʡ, 

ʩʚʦʡʩʪʚʝʥʥʳʡ 
ʜʘʥʥʦʤʫ ʚʠʜʫ 

ʠʟʜʝʣʠʡ, ʣʝʛʢʠʡ 

ʧʨʠʚʢʫʩ 
ʞʘʨʝʥʳʭ ʦʨʝʭʦʚ  

ʉʜʦʙʥʳʡ, ʩʚʦʡʩʪʚʝʥʥʳʡ 

ʜʘʥʥʦʤʫ ʚʠʜʫ ʠʟʜʝʣʠʡ, 
ʧʨʠʚʢʫʩ ʞʘʨʝʥʳʭ ʦʨʝʭʦʚ  

ɿʘʧʘʭ 

ʉʚʦʡʩʪʚʝʥʥʳʡ 
ʜʘʥʥʦʤʫ ʚʠʜʫ, ʙʝʟ 

ʧʦʩʪʦʨʦʥʥʠʭ 

ʟʘʧʘʭʦʚ  

ʉʚʦʡʩʪʚʝʥʥʳʡ 
ʜʘʥʥʦʤʫ ʚʠʜʫ, ʙʝʟ 

ʧʦʩʪʦʨʦʥʥʠʭ 

ʟʘʧʘʭʦʚ  

ʉʚʦʡʩʪʚʝʥʥʳʡ 
ʜʘʥʥʦʤʫ ʚʠʜʫ, 

ʙʝʟ ʧʦʩʪʦʨʦʥʥʠʭ 

ʟʘʧʘʭʦʚ  

ʉʚʦʡʩʪʚʝʥʥʳʡ ʜʘʥʥʦʤʫ 

ʚʠʜʫ, ʙʝʟ ʧʦʩʪʦʨʦʥʥʠʭ 
ʟʘʧʘʭʦʚ  

 

ɸʥʘʣʠʟ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʠʟʜʝʣʠʡ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʵʢʩʪʨʫʜʘʪʘ ʩʝʤʷʥ ʪʳʢʚʳ ʧʨʠ ʟʘʤʝʩʝ ʪʝʩʪʘ ʥʝ ʦʢʘʟʘʣʦ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʣʝʧʝʰʢʠ 

çʄʘʡʩʢʘʷè. ɺʥʝʰʥʠʡ ʚʠʜ ʠʟʜʝʣʠʷ (ʮʚʝʪ) ʥʝʩʢʦʣʴʢʦ ʫʣʫʯʰʠʣʩʷ. 

ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʮʳ ʩ ʵʢʩʪʨʫʜʘʪʦʤ ʩʝʤʷʥ ʪʳʢʚʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ 

ʣʝʛʢʠʤ ʧʨʠʚʢʫʩʦʤ ʞʘʨʝʥʳʭ ʦʨʝʭʦʚ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʭ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ. 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʪʘʥʜʘʨʪʦʚ, ʢ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʦʪʥʦʩʷʪ ʚʣʘʞʥʦʩʪʴ, 

ʢʠʩʣʦʪʥʦʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ ʞʠʨʘ.  

ʄʳ ʠʩʩʣʝʜʦʚʘʣʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʠ 

ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʩʜʦʙʥʳʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2.  

ʊʘʙʣʠʮʘ 2 ï ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʣʝʧʝʰʝʢ çʄʘʡʩʢʘʷè 

ʇʦʢʘʟʘʪʝʣʴ 

 

ʂʦʥʪʨʦʣʴ ʆʙʨʘʟʝʮ 1 ʆʙʨʘʟʝʮ 2 ʆʙʨʘʟʝʮ 3 

100 % ʧʰʝʥʠʯʥʦʡ 

ʤʫʢʠ 
95:5 90:10 85:15 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ 

ʚʣʘʛʠ ʤʷʢʠʰʘ, %, 

ʥʝ ʙʦʣʝʝ 

26,7 26,5 26,4 25,9 

ʂʠʩʣʦʪʥʦʩʪʴ 

ʤʷʢʠʰʘ, ʛʨʘʜ, ʥʝ 

ʙʦʣʝʝ 

2,2 2,3 2,4 2,5 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ 

ʞʠʨʘ, % ʉɺ 
14,4 15,0 15,5 15,9 

 

ɸʥʘʣʠʟ ʫʢʘʟʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʤʘʩʩʦʚʘʷ ʜʦʣʷ 

ʚʣʘʛʠ ʤʷʢʠʰʘ ʚ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʘʭ ʠʟʜʝʣʠʡ ʧʦʥʠʞʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʦʟʠʨʦʚʢʠ ʵʢʩʪʨʫʜʘʪʘ ʩʝʤʷʥ ʪʳʢʚʳ ʥʘ 0,7-3,0 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ 

ʦʙʨʘʟʮʦʤ ʚʳʧʝʯʝʥʥʳʭ ʠʟʜʝʣʠʡ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʡ 

ʚʣʘʛʦʫʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʭ ʩʝʤʷʥ ʪʳʢʚʳ ʟʘ ʩʯʝʪ 

ʥʘʣʠʯʠʷ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ. 

ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʠʱʝʚʳʭ 

ʚʦʣʦʢʦʥ ʚ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʘʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʘʜʩʦʨʙʮʠʦʥʥʦ ʩʚʷʟʘʥʥʦʡ ʚʣʘʛʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ 

ʟʘʤʝʜʣʝʥʠʶ ʧʨʦʮʝʩʩʘ ʯʝʨʩʪʚʝʥʠʷ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ ʧʨʠ ʭʨʘʥʝʥʠʠ. 

ɺ ʦʙʨʘʟʮʘʭ ʩ ʵʢʩʪʨʫʜʘʪʦʤ ʩʝʤʷʥ ʪʳʢʚʳ ʢʠʩʣʦʪʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʦʤ, ʯʪʦ, ʦʙʫʩʣʦʚʣʝʥʦ, ʚʝʨʦʷʪʥʦ, ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʭ ʩʝʤʷʥ ʪʳʢʚʳ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʝ ʞʠʨʘ ʚ ʛʦʪʦʚʳʭ 

ʠʟʜʝʣʠʷʭ ʩ ʵʢʩʪʨʫʜʘʪʦʤ ʩʝʤʷʥ ʪʳʢʚʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʦʙʨʘʟʮʘʤʠ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʤʠ ʧʦ ʠʜʝʥʪʠʯʥʦʡ ʨʝʮʝʧʪʫʨʝ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʞʠʨʘ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʦʛʘʱʝʥʠʶ ʠʟʜʝʣʠʡ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʤʠ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ, 

ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʠʥʛʨʝʜʠʝʥʪʘʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʧʨʠʤʝʨʝ ʣʝʧʝʰʢʠ 

çʄʘʡʩʢʦʡè ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʩʪʨʫʜʘʪʘ ʩʝʤʷʥ 

ʪʳʢʚʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʦʛʘʱʝʥʠʝ ʠʟʜʝʣʠʡ ʧʠʱʝʚʳʤʠ ʚʦʣʦʢʥʘʤʠ, ʙʝʣʢʦʚʳʤʠ ʚʝʱʝʩʪʚʘʤʠ 

ʠ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʤʠ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʥʝʩʝʥʠʷ ʢʦʨʨʝʢʪʠʚ ʚ ʨʝʮʝʧʪʫʨʫ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʣʝʧʝʰʢʠ ʪʠʧʘ çʄʘʡʩʢʦʡè, 

ʩʚʷʟʘʥʥʳʭ ʩ ʟʘʤʝʥʦʡ ʯʘʩʪʠ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ʥʘ ʵʢʩʪʨʫʜʘʪ ʩʝʤʷʥ 

ʪʳʢʚʳ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʣʠʚʦʯʥʦʛʦ ʤʘʩʣʘ. 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʵʢʩʪʨʫʟʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʳʨʴʷ ʠ 
ʚʦʟʜʝʡʩʪʚʠʝ ʚʘʢʫʫʤʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʬʠʣʴʝʨʳ ʚʳʟʳʚʘʝʪ ʝʱʝ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ 
ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʥʘʪʠʚʥʦʛʦ 
ʢʨʘʭʤʘʣʘ ʚ ʟʝʨʥʝ ʠ ʧʦʚʳʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʫʛʣʝʚʦʜʦʚ [3, 4]. 

ʇʦ ʤʥʝʥʠʶ ʫʯʝʥʳʭ, ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʝ ʟʝʨʥʦ, ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 
ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʢʨʘʭʤʘʣ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʨʠʩʪʦʡ ʤʘʢʨʦʩʪʨʫʢʪʫʨʦʡ ʠ 
ʠʟʦʪʨʦʧʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ, ʚ ʢʦʪʦʨʦʡ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ 
ʦʨʠʝʥʪʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʩʪʝʥʦʢ ʧʦʨ ʠ ʤʠʢʨʦʚʦʣʦʢʦʥ [5]. ɽʩʣʠ ʤʘʢʨʦʩʪʨʫʢʪʫʨʫ 
ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʟʝʨʥʘ ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʚʠʟʫʘʣʴʥʦ, ʪʦ 
ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʵʢʩʪʨʫʜʘʪʘ ʤʦʞʝʪ ʙʳʪʴ ʠʟʫʯʝʥʘ ʣʠʰʴ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʡ 
ʠʣʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ 
ʟʝʨʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʢʩʪʨʫʜʘʪ ʷʯʤʝʥʷ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʝʨʥʦʚʦʛʦ ʩʳʨʴʷ ʧʨʦʚʦʜʠʣʠ ʩ 
ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʩʢʦʧʘ 
ʄʠʢʨʦʤʝʜ 3 ʃʖʄ, ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 
ʇʝʥʟʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ ʉʦʛʣʘʰʝʥʠʶ ˉ 82 ʦʪ 30.07.2013 ʛ. ʠ ʌʦʥʜʘ ʩʦʜʝʡʩʪʚʠʷ 
ʨʘʟʚʠʪʠʶ ʤʘʣʳʭ ʬʦʨʤ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʬʝʨʝ ʧʦ ʧʨʦʛʨʘʤʤʝ 
çʋʯʘʩʪʥʠʢ ʤʦʣʦʜʸʞʥʦʛʦ ʥʘʫʯʥʦ-ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʢʦʥʢʫʨʩʘ (ʋʄʅʀʂ)è 
(ʋʄʅʀʂ-2012 ʛ., ʛ. ʇʝʥʟʘ). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʥʘʪʠʚʥʦʛʦ ʷʯʤʝʥʷ ʧʨʠʚʝʜʝʥʳ 
ʥʘ ʨʠʩ. 1. 

 
ʈʠʩʫʥʦʢ 1 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʫʢʠ ʥʘʪʠʚʥʦʛʦ ʷʯʤʝʥʷ 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ 

ʤʫʢʝ ʠʟ ʥʘʪʠʚʥʦʛʦ ʷʯʤʝʥʷ ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʥʝʨʘʟʨʫʰʝʥʥʳʝ 

ʟʝʨʥʘ ʢʨʘʭʤʘʣʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠ ʨʘʟʨʫʰʝʥʥʳʝ ʢʣʝʪʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ 

ʷʯʤʝʥʷ.  

ʃʶʤʠʥʝʩʮʝʥʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʧʦʜʪʚʝʨʜʠʣʘ ʥʘʣʠʯʠʝ ʜʝʩʪʨʫʢʪʠʚʥʳʭ 

ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʟʝʨʥʝ ʷʯʤʝʥʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʢʩʪʨʫʟʠʦʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ.  

 
ʈʠʩʫʥʦʢ 2 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʤʫʢʠ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʷʯʤʝʥʷ 
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ɺ ʤʫʢʝ ʠʟ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʷʯʤʝʥʷ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʢʨʫʧʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ï ʙʝʣʢʦʚʦ-ʫʛʣʝʚʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝ ʨʘʟʨʫʰʝʥʥʳʭ ʠ ʯʘʩʪʠʯʥʦ ʨʘʟʨʫʰʝʥʥʳʭ ʟʝʨʝʥ 

ʢʨʘʭʤʘʣʘ.  

ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʟʥʘʝʪ, ʯʪʦ ʢʨʘʭʤʘʣ, ʷʚʣʷʶʱʠʡʩʷ 

ʜʦʤʠʥʠʨʫʶʱʠʤ ʧʦʣʠʤʝʨʦʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʟʝʨʥʦʚʳʭ ʩʠʩʪʝʤ, ʠʛʨʘʝʪ ʛʣʘʚʥʫʶ 

ʨʦʣʴ ʚ ʨʘʩʰʠʨʝʥʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʠʥʛʨʝʜʠʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʙʝʣʢʠ, ʩʘʭʘʨʘ, 

ʞʠʨʳ, ʢʣʝʪʯʘʪʢʠ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʨʘʩʰʠʨʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫ 100 %-ʛʦ ʢʨʘʭʤʘʣʘ (500 %). ʉʪʝʧʝʥʴ ʨʘʩʰʠʨʝʥʠʷ 

ʮʝʣʴʥʦʛʦ ʟʝʨʥʘ ʩʦʩʪʘʚʣʷʝʪ 400 %. ʉʪʝʧʝʥʴ ʨʘʩʰʠʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʤʝʩʝʡ ʩ 

ʜʦʙʘʚʢʘʤʠ ʢʨʘʭʤʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 200-300% [2, 6].  

ʄʘʩʣʠʯʥʳʝ ʢʫʣʴʪʫʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʥʜʝʢʩʦʤ ʨʘʩʰʠʨʝʥʠʷ, ʨʘʚʥʳʤ 

150-200 % [7]. 

ʈʝʟʫʣʴʪʘʪʳ Conway ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʘʷ ʩʪʝʧʝʥʴ 

ʨʘʩʰʠʨʝʥʠʷ ʟʝʨʥʦʚʦʛʦ ʢʨʘʭʤʘʣʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʪʨʫʟʠʦʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʢʨʘʭʤʘʣʘ ʚ ʟʝʨʥʝ ʥʝ ʤʝʥʝʝ 

60-70% [8]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ 

ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʵʢʩʪʨʫʟʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʟʝʨʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʝʩʪʨʫʢʮʠʠ ʢʨʘʭʤʘʣʘ, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʟʝʨʥʘ 

ʤʝʪʦʜʘʤʠ ʩʦʚʨʝʤʝʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ.  
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ɺ ʧʠʚʦʚʘʨʝʥʥʦʡ ʠʥʜʫʩʪʨʠʠ ʈʦʩʩʠʠ, ʢʨʦʤʝ ʷʯʤʝʥʥʦʛʦ ʩʦʣʦʜʘ, ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪ ʥʝʩʦʣʦʞʝʥʳʝ ʟʝʨʥʦʧʨʦʜʫʢʪʳ. ʇʨʠ ʵʪʦʤ, ʦʩʥʦʚʥʳʤ 

ʢʨʘʭʤʘʣʩʦʜʝʨʞʘʱʠʤ ʩʳʨʴʝʤ ʷʚʣʷʝʪʩʷ ʷʯʤʝʥʴ, ʢʘʢ ʥʝʩʦʣʦʞʝʥʦʝ ʟʝʨʥʦ, ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʦʝ ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʢ ʷʯʤʝʥʥʦʤʫ ʩʚʝʪʣʦʤʫ ʩʦʣʦʜʫ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩ 

ʮʝʣʴʶ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʷʯʤʝʥʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʚʥʦʛʦ ʩʫʩʣʘ, 

ʥʝʦʙʭʦʜʠʤʘ ʝʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ. ʈʘʥʝʝ ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʷʯʤʝʥʷ ʠ ʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʦʡ ʵʢʩʪʨʫʟʠʠ [1, 2, 3].  

ʅʘʫʯʥʦʡ ʦʩʥʦʚʦʡ ʧʨʠʤʝʥʝʥʠʷ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʷʯʤʝʥʷ ʚ ʪʝʭʥʦʣʦʛʠʠ 

ʧʠʚʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʵʢʩʪʨʫʜʘʪʘ ʷʯʤʝʥʷ ʠ ʷʯʤʝʥʥʦʛʦ 

ʩʦʣʦʜʘ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʧʠʚʥʦʛʦ ʩʫʩʣʘ ʷʚʣʷʶʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʨʦʩʩʠʡʩʢʠʤʠ 

ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʜʦʩʪʦʚʝʨʥʳʝ ʬʘʢʪʳ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ 

ʨʘʟʨʫʰʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʟʝʨʥʘ ʢʨʘʭʤʘʣʘ, ʜʝʩʪʨʫʢʮʠʠ ʤʦʣʝʢʫʣ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʵʢʩʪʨʫʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʫʣʫʯʰʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʟʝʨʥʘ [4, 5, 6].  

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʧʠʚʥʦʛʦ ʩʫʩʣʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʩ 

ʟʘʤʝʥʦʡ ʯʘʩʪʠ ʩʦʣʦʜʘ ʥʘ ʵʢʩʪʨʫʜʘʪ ʷʯʤʝʥʷ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʫʩʣʦ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʩʫʭʠʭ ʚʝʱʝʩʪʚ 11 %, ʧʨʠʛʦʪʦʚʣʝʥʥʦʝ ʠʟ 85 % ʷʯʤʝʥʥʦʛʦ 

http://teacode.com/online/udc/66/663.443.4.html
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ʩʚʝʪʣʦʛʦ ʧʠʚʦʚʘʨʝʥʥʦʛʦ ʩʦʣʦʜʘ ʠ 15 % ʥʘʪʠʚʥʦʛʦ ʷʯʤʝʥʷ ʢ ʤʘʩʩʝ 

ʟʝʨʥʦʧʨʦʜʫʢʪʦʚ ï ʦʙʨʘʟʝʮ 1. ʆʧʳʪʥʦʝ ʧʠʚʥʦʝ ʩʫʩʣʦ ʛʦʪʦʚʠʣʠ ʠʟ ʩʦʣʦʜʘ ʠ 

ʟʘʤʝʥʳ ʯʘʩʪʠ ʩʦʣʦʜʘ ʥʘ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʡ ʷʯʤʝʥʴ ʚ ʢʦʣʠʯʝʩʪʚʝ 15 % (ʦʧʳʪ 2), 

20 % (ʦʧʳʪ 3), 25 % (ʦʧʳʪ 4) ʠ 30 % (ʦʧʳʪ 5).  

ɿʘʪʠʨʘʥʠʝ ʠʟʤʝʣʴʯʝʥʥʳʭ ʟʝʨʥʦʧʨʦʜʫʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘʩʪʦʡʥʳʤ 

ʩʧʦʩʦʙʦʤ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʥʘʛʨʝʚʦʤ ʟʘʪʦʨʘ ʜʦ 80 
ʦ
ʉ ʠ ʝʛʦ ʚʳʜʝʨʞʢʦʡ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʫʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʈʝʞʠʤ ʟʘʪʠʨʘʥʠʷ ʟʝʨʥʦʧʨʦʜʫʢʪʦʚ 

 

ʋʢʘʟʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʘʫʟʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʷʚʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ ʩʦʣʦʜʘ ï ʵʥʜʦʧʝʧʪʠʜʘʟʳ, ɓ-ʘʤʠʣʘʟʳ ʠ Ŭ-ʘʤʠʣʘʟʳ. 

ʈʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʥʷʝʤʦʛʦ ʥʘʪʠʚʥʦʛʦ ʷʯʤʝʥʷ ʠ ʵʢʩʪʨʫʜʘʪʘ ʷʯʤʝʥʷ 

ʚʟʘʤʝʥ ʯʘʩʪʠ ʩʦʣʦʜʘ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʠʡ ʚʦ ʚʣʘʞʥʦʩʪʠ ʠ 

ʵʢʩʪʨʘʢʪʠʚʥʦʩʪʠ ʥʘʪʠʚʥʦʛʦ ʷʯʤʝʥʷ ʠ ʩʦʣʦʜʘ (ʢʦʥʪʨʦʣʴ), ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ 

ʷʯʤʝʥʷ ʠ ʩʦʣʦʜʘ (ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ), ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʦʣʦʜʘ ʠ ʧʠʚʘ.  

ʇʦʩʣʝ ʟʘʪʠʨʘʥʠʷ ʟʘʪʦʨ ʬʠʣʴʪʨʦʚʘʣʠ, ʧʦʣʫʯʝʥʥʦʝ ʧʠʚʥʦʝ ʩʫʩʣʦ ʦʭʤʝʣʷʣʠ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤ ʭʤʝʣʝʤ ʠʟ ʨʘʩʯʝʪʘ ʧʦʣʫʯʝʥʠʷ ʧʠʚʘ ʩ ʛʦʨʝʯʴʶ 19-23 ʝʜ. EBC.  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʦʭʤʝʣʝʥʥʦʛʦ ʧʠʚʥʦʛʦ ʩʫʩʣʘ.  

ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʭʤʝʣʝʥʥʦʛʦ 

ʧʠʚʥʦʛʦ ʩʫʩʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʢʩʪʨʫʜʘʪʘ 

ʷʯʤʝʥʷ 

ʇʦʢʘʟʘʪʝʣ ɹ
ʆʙʨʘʟʮʳ 

1 2 3 4 5 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʨʝʜʫʮʠʨʫʶʱʠʭ 

ʚʝʱʝʩʪʚ, ʛ/100 ʩʤ3 

8,70 8,80 8,80 8,60 8,60 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʩʘʭʘʨʠʚʘʥʠʷ, ʤʠʥ 20 18 18 22 25 

ʎʚʝʪ, ʮ. ʝʜ.  0,48 0,52 0,53 0,55 0,58 

ɸʢʪʠʚʥʘʷ ʢʠʩʣʦʪʥʦʩʪʴ, ʝʜ. ʨʅ  5,65 5,60 5,55 5,53 5,50 

ʊʠʪʨʫʝʤʘʷ ʢʠʩʣʦʪʥʦʩʪʴ, ʢ.ʝʜ. 1,58 1,65 1,71 1,78 1,80 

ɺʷʟʢʦʩʪʴ, ʄʇʘĿʩ 1,90 2,00  2,00 2,10 2,20 

ɸʤʠʥʥʳʡ ʘʟʦʪ, ʤʛ/100 ʩʤ3 41,8 52,7 54,4 46,8 42,0 

ɺʳʭʦʜ ʵʢʩʪʨʘʢʪʘ, % 78,4 80,1 81,8 77,2 75,5 
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ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʠʚʥʦʛʦ 

ʩʫʩʣʘ ʷʚʣʷʝʪʩʷ ʟʘʤʝʥʘ ʷʯʤʝʥʥʦʛʦ ʧʠʚʦʚʘʨʝʥʥʦʛʦ ʩʦʣʦʜʘ ʥʘ 15-20 % 

ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʷʯʤʝʥʷ ʢ ʤʘʩʩʝ ʟʝʨʥʦʧʨʦʜʫʢʪʦʚ. ʋʢʘʟʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʷʯʤʝʥʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʨʝʜʫʮʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʩʘʭʘʨʠʚʘʥʠʷ, ʚʝʨʦʷʪʥʦ, ʟʘ 

ʩʯʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʢʨʘʭʤʘʣʘ ʚ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʤ ʷʯʤʝʥʝ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʟʘʤʝʪʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʘʤʠʥʥʦʛʦ ʘʟʦʪʘ ʚ ʩʫʩʣʝ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʝʤ: ʧʨʠ 

ʚʥʝʩʝʥʠʠ 15 % ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʷʯʤʝʥʷ ï ʥʘ 26 %; ʧʨʠ ʚʥʝʩʝʥʠʠ 20 % 

ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʷʯʤʝʥʷ ï ʥʘ 30 %.  

ɿʘʤʝʥʘ ʩʦʣʦʜʘ ʥʘ 25 % ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʷʯʤʝʥʷ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʘʤʠʥʥʦʛʦ ʘʟʦʪʘ ʚ ʧʠʚʥʦʤ ʩʫʩʣʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʝʤ ʥʘ 12 %.  

ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʘʤʠʥʥʦʛʦ ʘʟʦʪʘ ʚ ʧʠʚʥʦʤ ʩʫʩʣʝ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʩ 

ʟʘʤʝʥʦʡ ʩʦʣʦʜʘ ʥʘ 30 % ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʷʯʤʝʥʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚ ʩ 

ʢʦʥʪʨʦʣʝʤ ï 41,8 ʠ 42,0 ʤʛ/100 ʩʤ
3
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ 

ʦʩʘʭʘʨʠʚʘʥʠʷ ʚ ʵʪʦʤ ʦʙʨʘʟʮʝ ʧʨʦʭʦʜʠʣ ʟʘʤʝʪʥʦ ʤʝʜʣʝʥʥʝʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʦʤ. 

ɿʘʤʝʥʘ ʩʦʣʦʜʘ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʷʯʤʝʥʷ 

ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʠʚʥʦʛʦ ʩʫʩʣʘ ïʫʚʝʣʠʯʝʥʠʶ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʩʘʭʘʨʠʚʘʥʠʷ ʟʘʪʦʨʘ, ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ 

ʨʝʜʫʮʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʢʦʥʝʯʥʦʡ ʩʪʝʧʝʥʠ 

ʩʙʨʘʞʠʚʘʥʠʷ ʧʠʚʥʦʛʦ ʩʫʩʣʘ.  

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩ ʮʝʣʴʶ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʧʠʚʥʦʛʦ ʩʫʩʣʘ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʥʘʠʤʝʥʴʰʝʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʩʘʭʘʨʠʚʘʥʠʷ.  

ʂʨʠʪʝʨʠʷʤʠ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʣʠʷʥʠʷ ʵʢʩʪʨʫʜʘʪʘ ʷʯʤʝʥʷ 

ʷʚʣʷʣʠʩʴ ʚʳʭʦʜ ʵʢʩʪʨʘʢʪʘ (ɺʕ) ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʩʘʭʘʨʠʚʘʥʠʷ ʢʨʘʭʤʘʣʘ 

ʧʠʚʥʦʛʦ ʩʫʩʣʘ (ʇʆ). ɺ ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʚʳʭʦʜ ʵʢʩʪʨʘʢʪʘ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʩʘʭʘʨʠʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʜʦʟʠʨʦʚʢʘ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ 

ʷʯʤʝʥʷ (ʘ) ʠ ʜʦʟʠʨʦʚʢʘ ʷʯʤʝʥʥʦʛʦ ʩʦʣʦʜʘ (b) ʚ ʧʨʦʮʝʥʪʘʭ ʢ ʦʙʱʝʡ ʤʘʩʩʝ 

ʟʝʨʥʦʧʨʦʜʫʢʪʦʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʣʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʚʫʭʬʘʢʪʦʨʥʳʡ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʧʣʘʥ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʧʨʝʜʣʦʞʝʥ 

ʨʦʪʘʪʘʙʝʣʴʥʳʡ ʧʣʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʇʣʘʥ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

ʦʙʱʝʤʫ ʫʨʘʚʥʝʥʠʶ ʚʠʜʘ: 

k

2

0 1 1 k k 12 1 2 13 1 3 k 1,k k 1 k 11 12 kky  b b x ... b x  b x x b x x ... b x x  b x ... b x- -= + + + + + + + + + +

 

ʀʥʪʝʨʚʘʣ ʚʘʨʴʠʨʦʚʘʥʠʷ ʜʦʟʠʨʦʚʢʠ ʵʢʩʪʨʫʜʘʪʘ ʷʯʤʝʥʷ ʠ ʩʦʣʦʜʘ 

ʚʳʙʠʨʘʣʠ ʩ ʫʯʝʪʦʤ ʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʦʧʪʠʤʘʣʴʥʳʭ ʜʦʟʠʨʦʚʦʢ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ çMathcadè ʠ 

çStatictica 10è ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ (1) ʠ (2), ʜʦʩʪʦʚʝʨʥʦ ʠ 

ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʵʢʩʪʨʘʢʪʘ ʧʠʚʥʦʛʦ ʩʫʩʣʘ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʩʘʭʘʨʠʚʘʥʠʷ ʢʨʘʭʤʘʣʘ ʟʝʨʥʦʧʨʦʜʫʢʪʦʚ ʦʪ ʠʩʩʣʝʜʫʝʤʳʭ 

ʬʘʢʪʦʨʦʚ ʠ ʧʦʩʪʨʦʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ.  
2 2106,767 2,089a 4,216 0,055 0,001 0,027ɺʕ b a ab b=- + + - + -  (1) 
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2 2173,721 0,374 3,805 0,017 0,004 0,024bʇʆ a b a ab= - - + - +  (2) 

ʄʥʦʞʝʩʪʚʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʚ ʫʨʘʚʥʝʥʠʠ ʚʳʭʦʜʘ 

ʵʢʩʪʨʘʢʪʘ, ʘ ʪʘʢʞʝ ʚ ʫʨʘʚʥʝʥʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʩʘʭʘʨʠʚʘʥʠʷ ʦʪ 

ʠʩʩʣʝʜʫʝʤʳʭ ʬʘʢʪʦʨʦʚ ʩʦʩʪʘʚʣʷʝʪ R=0,94, ʯʪʦ, ʩʦʛʣʘʩʥʦ ʰʢʘʣʳ ʏʝʜʜʦʢʘ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʩʠʣʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʜʝʪʝʨʤʠʥʘʮʠʠ (R
2
) ʚ ʫʨʘʚʥʝʥʠʷʭ ʨʘʚʝʥ 0,88, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ 

ʜʦʩʪʘʪʦʯʥʦ ʪʝʩʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʠʟʫʯʘʝʤʳʤʠ 

ʬʘʢʪʦʨʘʤʠ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 0,05, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʜʦʚʝʨʠʷ ʢ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʧʦʟʚʦʣʠʣʠ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʵʢʩʪʨʫʜʘʪʘ ʷʯʤʝʥʷ ʚ ʩʦʩʪʘʚʝ 

ʟʝʨʥʦʧʨʦʜʫʢʪʦʚ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʠʚʥʦʛʦ ʩʫʩʣʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 19-21 %, ʷʯʤʝʥʥʦʛʦ 

ʩʦʣʦʜʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 79-81 %. ɺʳʭʦʜ ʵʢʩʪʨʘʢʪʘ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 80-82 %, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʩʘʭʘʨʠʚʘʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 17,5-18 ʤʠʥ. 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʵʢʩʪʨʘʢʪʘ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʵʢʩʪʨʫʜʘʪʘ ʷʯʤʝʥʷ ʠ 

ʷʯʤʝʥʥʦʛʦ ʩʦʣʦʜʘ ʚ ʩʦʩʪʘʚʝ ʟʝʨʥʦʧʨʦʜʫʢʪʦʚ 
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ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʩʘʭʘʨʠʚʘʥʠʷ ʦʪ ʩʦʜʝʨʞʘʥʠʷ 

ʵʢʩʪʨʫʜʘʪʘ ʷʯʤʝʥʷ ʠ ʷʯʤʝʥʥʦʛʦ ʩʦʣʦʜʘ ʚ ʩʦʩʪʘʚʝ ʟʝʨʥʦʧʨʦʜʫʢʪʦʚ 

 

 
ʈʠʩʫʥʦʢ 4 ï ɼʚʫʤʝʨʥʦʝ ʩʝʯʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ 

ʵʢʩʪʨʘʢʪʘ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʵʢʩʪʨʫʜʘʪʘ ʷʯʤʝʥʷ ʠ ʷʯʤʝʥʥʦʛʦ ʩʦʣʦʜʘ ʚ ʩʦʩʪʘʚʝ 

ʟʝʨʥʦʧʨʦʜʫʢʪʦʚ 
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ʈʠʩʫʥʦʢ 5 ï ɼʚʫʤʝʨʥʦʝ ʩʝʯʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʩʘʭʘʨʠʚʘʥʠʷ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʵʢʩʪʨʫʜʘʪʘ ʷʯʤʝʥʷ ʠ 

ʷʯʤʝʥʥʦʛʦ ʩʦʣʦʜʘ ʚ ʩʦʩʪʘʚʝ ʟʝʨʥʦʧʨʦʜʫʢʪʦʚ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʤʝʩʠ ʟʝʨʥʦʧʨʦʜʫʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ 

ʷʯʤʝʥʷ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʳ ʯʘʩʪʠ ʷʯʤʝʥʥʦʛʦ ʩʦʣʦʜʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʫʩʣʘ ʠʟ 

ʷʯʤʝʥʥʦʛʦ ʩʦʣʦʜʘ ʠ ʥʝʩʦʣʦʞʝʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʩʦʩʪʘʚʘ ʟʝʨʥʦʧʨʦʜʫʢʪʦʚ 

ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ 

ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʜʦʩʪʦʚʝʨʥʦ ʠ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʩʘʭʘʨʠʚʘʥʠʷ ʠ ʚʳʭʦʜʘ ʵʢʩʪʨʘʢʪʘ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʷʯʤʝʥʷ ʠ ʷʯʤʝʥʥʦʛʦ ʩʦʣʦʜʘ ʚ ʩʦʩʪʘʚʝ ʟʝʨʥʦʧʨʦʜʫʢʪʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʢʣʠʢʘ 

ʦʙʦʩʥʦʚʘʥʦ ʨʘʮʠʦʥʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʟʝʨʥʦʧʨʦʜʫʢʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 

ʧʦʣʫʯʝʥʠʝ ʧʠʚʥʦʛʦ ʩʫʩʣʘ ʩ ʚʳʭʦʜʦʤ ʵʢʩʪʨʘʢʪʘ 80-82 % ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 

ʦʩʘʭʘʨʠʚʘʥʠʷ 17,5-18 ʤʠʥʫʪ.  
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʫʟʠʠ ʢʨʘʭʤʘʣʩʦʜʝʨʞʘʱʝʛʦ ʟʝʨʥʦʚʦʛʦ ʩʳʨʴʷ ʥʘ 

ʧʦʨʠʩʪʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʩʪʨʫʜʘʪ, ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʝ, ʚʣʘʞʥʦʩʪʴ ʩʳʨʴʷ, ʬʠʣʴʝʨʘ, ʚʘʢʫʫʤ, 

ʧʦʨʠʩʪʦʩʪʴ. 

 

The paper presents the results of experimental studies evaluating the effect of process 

parameters extrusion starch grain material on the porosity of the resulting product. 

Key words: extrudate, vegetable raw materials, moisture content of raw material, die, vacuum 

porosity. 

E-mail:  anatolii_kuro@mail.ru 

 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʮʝʣʠ ʧʦʣʫʯʝʥʠʷ ʵʢʩʪʨʫʜʘʪʦʚ ʤʝʭʘʥʠʟʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʝʨʥʦʚʦʝ 

ʢʨʘʭʤʘʣʩʦʜʝʨʞʘʱʝʝ ʩʳʨʴʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤ. 

ɽʩʣʠ ʧʦʣʫʯʘʝʤʳʝ ʵʢʩʪʨʫʜʘʪʳ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʛʦʪʦʚʳʡ 

ʧʨʦʜʫʢʪ ʩ ʧʣʘʥʠʨʫʝʤʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ, ʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʵʢʩʪʨʫʟʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʩʪʨʫʜʝʨʘ 

ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʦʭʨʘʥʥʦʩʪʴ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ ʩʳʨʴʷ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʬʘʢʪʦʨʳ, ʬʦʨʤʠʨʫʶʱʠʝ 

ʢʘʯʝʩʪʚʦ ʜʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ.  

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʠʟ ʢʨʘʭʤʘʣʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʵʢʩʪʨʫʜʘʪʦʚ-

ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʭ ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʢʘʢ ʠ ʚ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ, ʩʦʭʨʘʥʷʝʪʩʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʥʝʢʦʪʦʨʳʝ ʧʦʣʫʬʘʙʨʠʢʘʪʳ ʪʨʝʙʫʶʪ 

ʪʘʢʠʭ ʨʝʞʠʤʦʚ ʵʢʩʪʨʫʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʵʬʬʝʢʪʠʚʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʳʨʴʷ, ʥʘʧʨʠʤʝʨ, 

ʧʦʣʠʩʘʭʘʨʠʜʳ ʠʣʠ ʧʠʱʝʚʳʝ ʚʦʣʦʢʥʘ. 
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ʀʟʚʝʩʪʝʥ ʮʝʣʳʡ ʨʷʜ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ 

ʵʢʩʪʨʫʟʠʠ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʢʩʪʨʫʜʝʨʦʚ ʩ ʮʝʣʴʶ ʫʩʠʣʝʥʠʷ ʠʣʠ ʩʥʠʞʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʳʨʴʝ. [1, 2]. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʪʘʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʘʢʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʢʩʪʨʫʜʘʪʦʚ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʷʚʣʷʝʪʩʷ 

ʟʘʤʝʥʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʵʢʩʪʨʫʜʘʪ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʝʛʦ 

ʬʠʣʴʝʨʳ, ʥʘ ʧʦʥʠʞʝʥʥʦʝ ʜʘʚʣʝʥʠʝ (ʚʘʢʫʫʤ) [3-5]. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʚʳʷʚʠʪʴ ʠ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʵʢʩʪʨʫʟʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʵʢʩʪʨʫʜʝʨʘ ʥʘ ʧʦʨʠʩʪʦʩʪʴ ʵʢʩʪʨʫʜʘʪʘ ʢʨʘʭʤʘʣʩʦʜʝʨʞʘʱʝʛʦ ʟʝʨʥʦʚʦʛʦ ʩʳʨʴʷ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʦʧʨʝʜʝʣʠʪʴ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʥʘʠʙʦʣʴʰʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʦʨʠʩʪʦʩʪʴ ʵʢʩʪʨʫʜʘʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʚ 

ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʠʪ ʦʜʥʦʰʥʝʢʦʚʳʡ ʧʨʝʩʩ-ʵʢʩʪʨʫʜʝʨ, ʫʢʦʤʧʣʝʢʪʦʚʘʥʥʳʡ 

ʨʝʞʫʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ 8 (ʨʠʩ. 1), ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʦʡ 9 ʠ ʚʳʛʨʫʟʥʦʡ ʢʘʤʝʨʦʡ 12. 

ʇʦʥʠʞʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ ʩʦʟʜʘʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ 10, ʚʘʢʫʫʤ-ʨʝʛʫʣʷʪʦʨʘ ʠ ʚʘʢʫʫʤ-ʙʘʣʣʦʥʘ (ʥʘ ʨʠʩ. ʥʝ 

ʧʦʢʘʟʘʥʳ). ɺʘʢʫʫʤ-ʨʝʛʫʣʷʪʦʨ ʧʦʟʚʦʣʷʣ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʜʘʚʣʝʥʠʝ ʚ 

ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ, ʘ ʚʘʢʫʫʤ-ʙʘʣʣʦʥ ʩʣʫʞʠʣ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʠ ʩʙʦʨʘ ʢʦʥʜʝʥʩʘʪʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ, ʦʪʢʘʯʠʚʘʝʤʦʡ ʠʟ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ. 

ɺʳʛʨʫʟʢʘ ʛʦʪʦʚʦʛʦ ʵʢʩʪʨʫʜʘʪʘ ʙʝʟ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ 

ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʰʣʶʟʦʚʦʛʦ ʟʘʪʚʦʨʘ 11. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ: 

1 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 2 ï ʢʣʠʥʦʨʝʤʝʥʥʘʷ ʧʝʨʝʜʘʯʘ; 3 ï ʚʘʣ; 4 ï 

ʟʘʛʨʫʟʦʯʥʘʷ ʢʘʤʝʨʘ; 5 ï ʢʦʨʧʫʩ; 6 ï ʰʥʝʢ; 7 ï ʬʠʣʴʝʨʘ; 8 ï ʨʝʞʫʱʝʝ ʫʩʪʨʦʡʩʪʚʦ;  

9 ï ʚʘʢʫʫʤʥʘʷ ʢʘʤʝʨʘ; 10 ï ʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ; 11 ï ʰʣʶʟʦʚʦʡ ʟʘʪʚʦʨ;  

12 ï ʚʳʛʨʫʟʥʘʷ ʢʘʤʝʨʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʷʯʤʝʥʴ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ 

ʚʣʘʛʠ 10é18 % ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʰʝʣʫʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʎʝʣʳʝ ʟʝʨʥʘ ʵʢʩʪʨʫʜʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 15é20 ʩ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

100é110 
ʦ
ʉ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʚʳʭʦʜʷʱʝʝ ʠʟ ʬʠʣʴʝʨʳ ʤʘʪʨʠʮʳ 

ʵʢʩʪʨʫʜʝʨʘ ʩʳʨʴʝ ʧʦʥʠʞʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʨʘʚʥʳʤ 0,01...0,07 ʄʇʘ. ʕʢʩʪʨʫʜʘʪ 

ʷʯʤʝʥʷ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʬʠʣʴʝʨʳ ʤʘʪʨʠʮʳ ʨʘʟʨʝʟʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʞʫʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ 1,0é2,0 ʤʤ. ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʰʥʝʢʘ ʧʨʝʩʩʘ-

ʵʢʩʪʨʫʜʝʨʘ ʩʦʩʪʘʚʣʷʣʘ 7,5 ʩ
-1
, ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʚ ʪʨʝʭʢʨʘʪʥʦʡ 

ʧʦʚʪʦʨʥʦʩʪʠ. 
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ɺ ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ: ʚʣʘʞʥʦʩʪʴ ʷʯʤʝʥʷ, ʜʠʘʤʝʪʨ 

ʦʪʚʝʨʩʪʠʷ ʬʠʣʴʝʨʳ ʠ ʚʝʣʠʯʠʥʘ ʜʘʚʣʝʥʠʷ (ʚʘʢʫʫʤʘ) ʚ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ. ɿʘ 

ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ ʙʳʣʘ ʧʨʠʥʷʪʘ ʧʦʨʠʩʪʦʩʪʴ (%) ʧʦʣʫʯʘʝʤʦʛʦ ʵʢʩʪʨʫʜʘʪʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʫʜʘʪʘ ʚ ʚʠʜʝ 

ʧʦʣʠʥʦʤʘ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʨʝʘʣʠʟʦʚʘʣʠ 3-ʭ ʬʘʢʪʦʨʥʳʡ ʮʝʥʪʨʘʣʴʥʳʡ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʧʣʘʥ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 ï ʄʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʨʘʩʢʦʜʠʨʦʚʘʥʥʦʤ 

ʚʠʜʝ 
 W, % d, ʤʤ P, ʄʇʘ ʇ, % 

1 10,00 4,00 0,02 52,80 

2 10,00 4,00 0,06 65,20 

3 10,00 8,00 0,02 45,90 

4 10,00 8,00 0,06 55,10 

5 18,00 4,00 0,02 69,80 

6 18,00 4,00 0,06 90,20 

7 18,00 8,00 0,02 66,20 

8 18,00 8,00 0,06 77,50 

9 7,27 6,00 0,04 46,70 

10 20,73 6,00 0,04 81,20 

11 14,00 2,64 0,04 65,00 

12 14,00 9,36 0,04 56,10 

13 14,00 6,00 0,01 60,90 

14 14,00 6,00 0,07 78,60 

15 (ʅ) 14,00 6,00 0,04 69,80 

16 (ʅ) 14,00 6,00 0,04 69,80 

 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ 

ʩ ʧʦʤʦʱʴʶ ʢʦʨʨʝʣʷʮʠʦʥʥʦ-ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʩʨʝʜʝ Microsoft Excel 2010 

ʠ Statistica 10, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʘʜʝʢʚʘʪʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (1), ʦʧʠʩʳʚʘʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʨʠʩʪʦʩʪʠ 

ʧʦʣʫʯʘʝʤʦʛʦ ʵʢʩʪʨʫʜʘʪʘ (ʇ) ʦʪ ʚʣʘʞʥʦʩʪʠ ʵʢʩʪʨʫʜʠʨʫʝʤʦʛʦ ʩʳʨʴʷ (W), 

ʚʝʣʠʯʠʥʳ ʜʘʚʣʝʥʠʷ ʚ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ ʵʢʩʪʨʫʜʝʨʘ (P) ʠ ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʷ 

ʬʠʣʴʝʨʳ ʵʢʩʪʨʫʜʝʨʘ (d). 

   

2 2

2

17,404 5,140 0,115 8,774 0,763 267,081

775,078 0,011 15,781 38,438

W W d d P

P Wd WP dP

ʇ=- + - + - + +

+ + + -               

(1) 

ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʢʘʯʝʩʪʚʘ: 

ï ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ R=0,99, ʯʪʦ ʧʦ ʰʢʘʣʝ 

ʏʝʜʜʦʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʩʠʣʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ; 

ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ R
2
=0,98, ʯʪʦ ʦʟʥʘʯʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ (ʧʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʦʙʲʷʩʥʷʝʪ 98% 

ʠʟʤʝʥʯʠʚʦʩʪʠ); 

ï ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ p<0,00001, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʜʦʚʝʨʠʷ ʢ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʦʧʪʠʤʫʤʘ 

ʚʳʧʦʣʥʝʥʦ ʢʘʥʦʥʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʜʚʫʤʝʨʥʳʭ ʩʝʯʝʥʠʡ. 

ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʤʦʞʥʦ 

ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʬʦʨʤʫ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʋʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʨʠʩʪʦʩʪʠ ʵʢʩʪʨʫʜʘʪʘ (ʇ) ʦʪ ʚʣʘʞʥʦʩʪʠ (W) ʠ ʚʘʢʫʫʤʘ (P), ʠʤʝʝʪ ʚʠʜ 
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2 223,126 3,116 0,041 234,174 4157,962 15,781Pʇ W W P WP= + - - + + .    

 (2) 

ɻʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2 (ʮʠʬʨʳ ʧʦʢʘʟʳʚʘʶʪ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʵʢʩʪʨʫʜʘʪʘ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʣʘʩʪʷʭ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ) 

 
ʈʠʩʫʥʦʢ 2 ï ɼʚʫʤʝʨʥʦʝ ʩʝʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʨʠʩʪʦʩʪʠ ʵʢʩʪʨʫʜʘʪʘ (ʇ) ʦʪ ʚʣʘʞʥʦʩʪʠ (W) ʠ ʚʘʢʫʫʤʘ (P) 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠ ʚʣʘʞʥʦʩʪʴ ʩʳʨʴʷ (W) 

ʠ ʚʘʢʫʫʤ (P) ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʧʦʨʠʩʪʦʩʪʴ ʵʢʩʪʨʫʜʘʪʘ (ʇ), 

ʧʨʠʯʝʤ ʚʘʢʫʫʤ (P) ï ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʧʨʠ P
2
.  

ʋʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʨʠʩʪʦʩʪʠ ʵʢʩʪʨʫʜʘʪʘ (ʇ) ʦʪ ʜʠʘʤʝʪʨʘ (d) ʠ ʚʘʢʫʫʤʘ (P) 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ 

 
2 238,953 6,753 0,582 324,051 2824,679 38,438Pʇ d d P dP= + - + + -

.
 3) 

ɻʨʘʬʠʯʝʩʢʠʡ ʚʠʜ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 3. 

 
ʈʠʩʫʥʦʢ 3 ï ɼʚʫʤʝʨʥʦʝ ʩʝʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʨʠʩʪʦʩʪʠ ʵʢʩʪʨʫʜʘʪʘ (ʇ) ʦʪ ʜʠʘʤʝʪʨʘ (d) ʠ ʚʘʢʫʫʤʘ (P) 



113 

 

ɸʥʘʣʠʟ ʫʨʘʚʥʝʥʠʷ (3) ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʧʦʨʠʩʪʦʩʪʴ ʵʢʩʪʨʫʜʘʪʘ (ʇ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʚʘʢʫʫʤʘ (P) ʧʨʠ 

ʦʧʪʠʤʘʣʴʥʦʤ ʜʠʘʤʝʪʨʝ ʬʠʣʴʝʨʳ ʤʘʪʨʠʮʳ ʵʢʩʪʨʫʜʝʨʘ 2é6 ʤʤ. 

ʋʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʨʠʩʪʦʩʪʠ ʵʢʩʪʨʫʜʘʪʘ (ʇ) ʦʪ ʚʣʘʞʥʦʩʪʠ (W) ʠ ʜʠʘʤʝʪʨʘ (d) ʠʤʝʝʪ 

ʚʠʜ 

 
2 27,100 5,938 0,121 7,522 0,7867 0,011ʇ W W d d Wd=- + - + - +  (4) 

ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʫʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4. 

 
ʈʠʩʫʥʦʢ 4 ï ɼʚʫʤʝʨʥʦʝ ʩʝʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʨʠʩʪʦʩʪʠ ʵʢʩʪʨʫʜʘʪʘ (ʇ) ʦʪ ʚʣʘʞʥʦʩʪʠ (W) ʠ ʜʠʘʤʝʪʨʘ (d) 

 

ɸʥʘʣʠʟ ʫʨʘʚʥʝʥʠʷ (4) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʨʠʩʪʦʩʪʴ ʵʢʩʪʨʫʜʘʪʘ (ʇ) 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʳʨʴʷ 

ʠ ʦʧʪʠʤʘʣʴʥʦʤ ʜʠʘʤʝʪʨʝ ʬʠʣʴʝʨʳ ʤʘʪʨʠʮʳ ʵʢʩʪʨʫʜʝʨʘ 3é6 ʤʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʨʷʜʫ ʩ ʚʣʘʞʥʦʩʪʴʶ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʳʨʴʷ ʠ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʵʢʩʪʨʫʜʝʨʘ ʥʘ ʧʦʨʠʩʪʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ ʵʢʩʪʨʫʜʘʪʘ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ 

ʵʢʩʪʨʫʜʝʨʘ. ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʵʢʩʪʨʫʜʘʪʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʝ 

ʩʳʨʴʝ ʠʟ ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʪʨʘʢʪʝ ʤʘʰʠʥʳ (2,0-2,7 ʄʇʘ) ʧʦʩʪʫʧʘʝʪ 

ʚ ʚʘʢʫʫʤʥʫʶ ʢʘʤʝʨʫ ʵʢʩʪʨʫʜʝʨʘ ʩ ʜʘʚʣʝʥʠʝʤ 0,02...0,09 ʄʇʘ [6], ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʛʦʪʦʚʦʤ ʧʨʦʜʫʢʪʝ 

ʙʝʟ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʵʢʩʪʨʫʟʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 
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ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʩʪʨʫʜʘʪʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʝʨʥʦʚʳʝ ʵʢʩʪʨʫʜʘʪʳ, ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ. 

 

The paper reports the results of applying extrudates in baked goods production. 

Key words: grain extrudates, baked goods. 

 

ʈʘʟʨʘʙʦʪʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʳʨʴʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʢʘʢ ʤʘʩʩʦʚʦʛʦ, ʪʘʢ ʠ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ [1,2]. 

ʇʨʠ ʵʪʦʤ, ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʦʙʦʛʘʱʝʥʠʷ ʙʫʣʦʯʥʳʭ ʠ 

ʤʫʯʥʳʭ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ ʢʦʤʧʣʝʢʩʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʠʱʝʚʳʭ 

ʠʥʛʨʝʜʠʝʥʪʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʝ ʟʝʨʥʦʚʳʝ ʧʨʦʜʫʢʪʳ.  

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ [3], ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʤʫʯʥʳʭ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʴʶ.  

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠ ʤʫʯʥʳʭ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ 

ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʣʠʷʥʠʷ ʜʦʙʘʚʦʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʞʝʣʘʝʤʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʷʚʣʷʶʪʩʷ ʞʠʨʦʵʤʫʣʴʛʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ (ɾʕʉ), ʞʠʨʦʩʚʷʟʳʚʘʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ (ɾʉʉ) ʠ ʚʦʜʦʩʚʷʟʳʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ (ɺʉʉ) [4]. 

ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʦʜʦʩʚʷʟʳʚʘʶʱʝʡ- ʠ ʞʠʨʦʫʜʝʨʞʠʚʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, ʘ ʪʘʢʞʝ 
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ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʞʥʫʶ, ʦʜʥʦʨʦʜʥʫʶ ʢʦʥʩʠʩʪʝʥʮʠʶ ʠʟʜʝʣʠʡ. ʈʝʟʫʣʴʪʘʪʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ɾʕʉ, ɾʉʉ ʠ ɺʉʉ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɾʠʨʦʵʤʫʣʴʛʠʨʫʶʱʘʷ, ʞʠʨʦʩʚʷʟʳʚʘʶʱʘʷ ʠ ʚʦʜʦʩʚʷʟʳʚʘʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ 

 

 ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʢʩʪʨʫʜʘʪ ʦʚʩʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʚʳʩʦʢʦʨʝʮʝʧʪʫʨʥʳʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠ ʤʫʯʥʳʭ 

ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʷʭ. 

ɺ ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʟʫʯʝʥʘ ʚʦʜʦʧʦʛʣʦʪʠʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʤʝʩʠ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ʠ ʤʫʢʠ ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ. 

ɺʦʜʦʧʦʛʣʦʪʠʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʩʥʦʚʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʩʚʦʡʩʪʚʘʤ ʤʫʢʠ, ʦʢʘʟʳʚʘʶʱʠʤ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠ ʛʦʪʦʚʳʭ 

ʠʟʜʝʣʠʡ. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʙʝʣʢʘ, ʢʨʘʭʤʘʣʘ, 

ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ ʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʤʫʢʠ.  

ʕʢʩʪʨʫʜʘʪ ʦʚʩʘ ʚʥʦʩʠʣʠ ʚ ʤʦʜʝʣʴʥʳʝ ʩʤʝʩʠ ʚʟʘʤʝʥ ʯʘʩʪʠ ʤʫʢʠ ʚʳʩʰʝʛʦ 

ʩʦʨʪʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 5, 10, 15 ʠ 20 % ʢ ʤʘʩʩʝ ʤʫʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʦʙʨʘʟʮʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʰʝʥʠʯʥʫʶ ʤʫʢʫ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʣʝʡʢʦʚʠʥʳ 28,0 % ʠ ʅʠʜʢ =70 ʀɼʂ.  

ʅʘ ʨʠʩ.2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʦʟʠʨʦʚʦʢ 

ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ ʥʘ ʚʦʜʦʧʦʛʣʦʪʠʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʤʝʩʠ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʠ 

ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ.  

ˬ̏˿Τ Τ рм 

ˬ˿˿Τ Τ нфл ˤ˿˿Τ Τ нсл ˬ̏ ˿
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ʈʠʩʫʥʦʢ 2 ï ɺʦʜʦʧʦʛʣʦʪʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʤʝʩʠ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ 

ʠ ʤʫʢʠ ʩ ʵʢʩʪʨʫʜʘʪʦʤ ʦʚʩʘ 

 

ʆʙʨʘʟʝʮ 1 (ʢʦʥʪʨʦʣʴʥʳʡ): ʤʫʢʘ ʧʰʝʥʠʯʥʘʷ ʭʣʝʙʦʧʝʢʘʨʥʘʷ ʚʳʩʰʝʛʦ 

ʩʦʨʪʘ; 

ʆʙʨʘʟʝʮ 2: ʤʫʢʘ ʧʰʝʥʠʯʥʘʷ ʭʣʝʙʦʧʝʢʘʨʥʘʷ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ï 95 %, ʤʫʢʘ 

ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ ï 5 %; 

ʆʙʨʘʟʝʮ 3: ʤʫʢʘ ʧʰʝʥʠʯʥʘʷ ʭʣʝʙʦʧʝʢʘʨʥʘʷ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ï 90 %, ʤʫʢʘ 

ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ ï 10 %; 

ʆʙʨʘʟʝʮ 4: ʤʫʢʘ ʧʰʝʥʠʯʥʘʷ ʭʣʝʙʦʧʝʢʘʨʥʘʷ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ï 85 %, ʤʫʢʘ 

ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ ï 15 %; 

ʆʙʨʘʟʝʮ 5: ʤʫʢʘ ʧʰʝʥʠʯʥʘʷ ʭʣʝʙʦʧʝʢʘʨʥʘʷ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ï 80%, ʤʫʢʘ 

ʵʢʩʪʨʫʜʘʪʘ ʟʝʨʥʘ ï 20 %;  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʟʘʤʝʥʘ ʯʘʩʪʠ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʥʘ ʵʢʩʪʨʫʜʘʪ ʦʚʩʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʚʦʜʦʧʦʛʣʦʪʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʤʝʩʠ. ɺʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʧʨʠ 

ʚʥʝʩʝʥʠʠ ʤʫʢʠ ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ ʚʦʜʦʧʦʛʣʦʪʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ. 

ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʚʳʰʝʥʥʦʛʦ ʚʳʭʦʜʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʤʫʢʠ ʵʢʩʪʨʫʜʘʪʘ 

ʦʚʩʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʫʯʥʳʭ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ. 

ʅʘ ʨʠʩ.3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʚʥʝʩʝʥʠʷ 

ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ ʥʘ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʠ ʢʘʯʝʩʪʚʘ ʩʳʨʦʡ ʢʣʝʡʢʦʚʠʥʳ ʩʤʝʩʠ 

ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʠ ʨʘʟʣʠʯʥʳʭ ʜʦʟʠʨʦʚʦʢ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʡ ʤʫʢʠ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʉʦʜʝʨʞʘʥʠʝ ʩʳʨʦʡ ʢʣʝʡʢʦʚʠʥʳ ʚ ʩʤʝʩʠ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʠ ʤʫʢʠ 

ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ 

 

ʆʙʨʘʟʝʮ 1 (ʢʦʥʪʨʦʣʴʥʳʡ): ʤʫʢʘ ʧʰʝʥʠʯʥʘʷ ʭʣʝʙʦʧʝʢʘʨʥʘʷ ʚʳʩʰʝʛʦ 

ʩʦʨʪʘ; 

ʆʙʨʘʟʝʮ 2: ʤʫʢʘ ʧʰʝʥʠʯʥʘʷ ʭʣʝʙʦʧʝʢʘʨʥʘʷ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ï 95 %, ʤʫʢʘ 

ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ ï 5 %; 



117 

 

ʆʙʨʘʟʝʮ 3: ʤʫʢʘ ʧʰʝʥʠʯʥʘʷ ʭʣʝʙʦʧʝʢʘʨʥʘʷ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ï 90 %, ʤʫʢʘ 

ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ ï 10 %; 

ʆʙʨʘʟʝʮ 4: ʤʫʢʘ ʧʰʝʥʠʯʥʘʷ ʭʣʝʙʦʧʝʢʘʨʥʘʷ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ï 85 %, ʤʫʢʘ 

ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ ï 15 %; 

ʆʙʨʘʟʝʮ 5: ʤʫʢʘ ʧʰʝʥʠʯʥʘʷ ʭʣʝʙʦʧʝʢʘʨʥʘʷ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ï 80%, ʤʫʢʘ 

ʵʢʩʪʨʫʜʘʪʘ ʟʝʨʥʘ ï 20 %;  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʩʳʨʦʡ ʢʣʝʡʢʦʚʠʥʳ ʩʥʠʞʘʝʪʩʷ ʩ 28,0% ʚ 

ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʨʘʟʮʝ ʜʦ 27,5-24,0% ʚ ʦʧʳʪʥʳʭ ʚʘʨʠʘʥʪʘʭ. 

ʇʨʠ ʵʪʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʜʦʟʠʨʦʚʢʠ ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ ʚ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ 

ʙʦʣʝʝ ʯʝʤ ʥʘ 15% ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʭʣʝʙʦʧʝʢʘʨʥʳʭ ʩʚʦʡʩʪʚ ʤʫʢʠ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʭʫʜʰʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʩʪʘ ʠ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʅʘ ʨʠʩ.4 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ 

ʢʣʝʡʢʦʚʠʥʳ ʩʤʝʩʠ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʠ ʤʫʢʠ ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ. 

 
ʈʠʩʫʥʦʢ 4 ï ʂʘʯʝʩʪʚʦ ʢʣʝʡʢʦʚʠʥʳ ʩʤʝʩʠ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʠ ʤʫʢʠ 

ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ 

 

ʆʙʨʘʟʝʮ 1 (ʢʦʥʪʨʦʣʴʥʳʡ): ʤʫʢʘ ʧʰʝʥʠʯʥʘʷ ʭʣʝʙʦʧʝʢʘʨʥʘʷ ʚʳʩʰʝʛʦ 

ʩʦʨʪʘ; 

ʆʙʨʘʟʝʮ 2: ʤʫʢʘ ʧʰʝʥʠʯʥʘʷ ʭʣʝʙʦʧʝʢʘʨʥʘʷ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ï 95 %, ʤʫʢʘ 

ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ ï 5 %; 

ʆʙʨʘʟʝʮ 3: ʤʫʢʘ ʧʰʝʥʠʯʥʘʷ ʭʣʝʙʦʧʝʢʘʨʥʘʷ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ï 90 %, ʤʫʢʘ 

ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ ï 10 %; 

ʆʙʨʘʟʝʮ 4: ʤʫʢʘ ʧʰʝʥʠʯʥʘʷ ʭʣʝʙʦʧʝʢʘʨʥʘʷ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ï 85 %, ʤʫʢʘ 

ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ ï 15 %; 

ʆʙʨʘʟʝʮ 5: ʤʫʢʘ ʧʰʝʥʠʯʥʘʷ ʭʣʝʙʦʧʝʢʘʨʥʘʷ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ï 80%, ʤʫʢʘ 

ʵʢʩʪʨʫʜʘʪʘ ʟʝʨʥʘ ï 20 %;  

ʂʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʢʘʯʝʩʪʚʦ ʩʳʨʦʡ ʢʣʝʡʢʦʚʠʥʳ ʚ 

ʦʧʳʪʥʳʭ ʚʘʨʠʘʥʪʘʭ ʫʢʨʝʧʣʷʝʪʩʷ. ɺʦʟʤʦʞʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʚʳʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ ʣʠʧʦʢʩʠʛʝʥʘʟʳ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʥʘ ʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʝʨʦʢʩʠʜʦʚ ʠ ʛʠʜʨʦʧʝʨʦʢʩʠʜʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʵʢʩʪʨʫʜʘʪ ʦʚʩʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʞʠʨʦʵʤʫʣʴʛʠʨʫʶʱʫʶ, 

ʞʠʨʦʩʚʷʟʳʚʘʶʱʫʶ ʠ ʚʦʜʦʩʚʷʟʳʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʫʯʥʦʡ ʩʤʝʩʠ. ɿʘʤʝʥʘ 

ʯʘʩʪʠ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ʥʘ ʤʫʢʫ ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ ʚ ʜʦʟʠʨʦʚʢʝ ʦʪ 5 

ʜʦ 15% ʢ ʤʘʩʩʝ ʩʤʝʩʠ ʤʫʢʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʚʦʜʦʧʦʛʣʦʪʠʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʤʝʩʠ, ʥʝʢʦʪʦʨʦʤʫ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʢʣʝʡʢʦʚʠʥʳ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʧʦʚʳʰʘʝʪ ʝʝ ʢʘʯʝʩʪʚʦ.  
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ʇʨʠʤʝʥʝʥʠʝ ʵʢʩʪʨʫʜʘʪʘ ʦʚʩʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʫʯʥʳʭ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ 

ʩʣʦʞʥʦʡ ʨʝʮʝʧʪʫʨʳ. 
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IMPACT ON TECHNOLOGICAL PROPERTIES OF PREBIOTICS  

DAIRY AND MEAT PRODUCTS  
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ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʠʱʝʚʳʤ ʧʨʦʜʫʢʪʘʤ, ʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʚʣʠʷʥʠʶ ʧʨʝʙʠʦʪʠʢʦʚ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʣʦʯʥʳʭ ʠ ʤʷʩʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ, ʧʨʝʙʠʦʪʠʢʠ, ʤʦʣʦʯʥʳʝ ʠ ʤʷʩʥʳʝ 

ʧʨʦʜʫʢʪʳ. 

 

The article lists requirements for food products, are given results of studies on the influence of 

prebiotics on technological property of meat and dairy products. 

Key words: functional foods, prebiotics, dairy and meat products. 

 

ʉʦʭʨʘʥʝʥʠʝ ʠ ʫʢʨʝʧʣʝʥʠʝ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ 

ʣʶʙʦʛʦ ʮʠʚʠʣʠʟʦʚʘʥʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ. ɽʱʝ ʟʘʜʦʣʛʦ ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʘʫʢʠ ʦ 

ʧʠʪʘʥʠʠ ʬʠʣʦʩʦʬʳ, ʘ ʧʦʟʜʥʝʝ ʠ ʚʨʘʯʠ, ʥʘʧʨʷʤʫʶ ʩʚʷʟʳʚʘʣʠ ʨʘʮʠʦʥ ʧʠʪʘʥʠʷ ʩʦ 

ʟʜʦʨʦʚʴʝʤ ʯʝʣʦʚʝʢʘ. ʂ ʦʜʥʦʤʫ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʢʦʥʮʝʧʮʠʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʈʦʩʩʠʠ ʚ ʦʙʣʘʩʪʠ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷ ʦʪʥʦʩʠʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʜʫʢʪʦʚ ʤʘʩʩʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ, ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʜʫʢʪʦʚ 
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ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ 

ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʫʢʨʝʧʣʝʥʠʷ ʟʘʱʠʪʥʳʭ ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʘ, ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. 

ʊʨʝʙʦʚʘʥʠʷʤʠ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ, 

ʷʚʣʷʶʪʩʷ ʠʭ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʩʦʩʪʘʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ. ʆʜʥʠʤ ʠʟ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʧʨʦʜʫʢʪʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʤ ʠʭ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʷʚʣʷʝʪʩʷ ʥʘʮʠʦʥʘʣʴʥʳʡ ʩʪʘʥʜʘʨʪ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ɻʆʉʊ ʈ 52349-2005 çʇʨʦʜʫʢʪʳ ʧʠʱʝʚʳʝ. ʇʨʦʜʫʢʪʳ 

ʧʠʱʝʚʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ. ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷè, ʢʦʪʦʨʳʡ ʬʦʨʤʫʣʠʨʫʝʪ 

ʧʦʥʷʪʠʝ ʧʠʱʝʚʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʨʦʜʫʢʪ ʪʘʢ: ʩʧʝʮʠʘʣʴʥʳʡ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʪ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʫʧʦʪʨʝʙʣʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʧʠʱʝʚʳʭ 

ʨʘʮʠʦʥʦʚ ʚʩʝʤʠ ʚʦʟʨʘʩʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʟʜʦʨʦʚʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʡ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʤʠ ʠ ʧʦʜʪʚʝʨʞʜʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʥʠʞʘʶʱʠʡ ʨʠʩʢ ʨʘʟʚʠʪʠʷ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʠʪʘʥʠʝʤ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʡ ʜʝʬʠʮʠʪ ʠʣʠ 

ʚʦʩʧʦʣʥʷʶʱʠʡ ʠʤʝʶʱʠʡʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʜʝʬʠʮʠʪ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, 

ʩʦʭʨʘʥʷʶʱʠʡ ʠ ʫʣʫʯʰʘʶʱʠʡ ʟʜʦʨʦʚʴʝ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʚ ʝʛʦ ʩʦʩʪʘʚʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʠʱʝʚʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ.  

ʄʝʩʪʦ ʧʦʟʠʪʠʚʥʦʛʦ ʧʠʪʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʩʨʝʜʥʝʝ ʤʝʞʜʫ 

ʦʙʳʯʥʳʤ ʨʘʮʠʦʥʦʤ ʠ ʧʠʪʘʥʠʝʤ ʜʠʝʪʠʯʝʩʢʠʤ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ 

ʷʚʣʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ ʠ ʣʝʯʝʙʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʆʥʠ 

ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʢʫʣʴʪʫʨ, ʪʘʢ ʥʝʦʙʭʦʜʠʤʳʭ ʢʘʞʜʦʤʫ ʠʟ ʥʘʩ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʢʨʝʧʢʦʛʦ ʟʜʦʨʦʚʴʷ. 

ʇʨʠ ʨʝʛʫʣʷʨʥʦʤ ʫʧʦʪʨʝʙʣʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʥʦʨʤʘʣʠʟʫʶʪ ʩʦʩʪʦʷʥʠʝ 

ʤʠʢʨʦʬʣʦʨʳ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ, ʧʦʚʳʰʘʶʪ ʠʤʤʫʥʠʪʝʪ ʦʨʛʘʥʠʟʤʘ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʶʪ ʦʙʱʝʝ ʩʦʩʪʦʷʥʠʝ ʠ ʩʘʤʦʯʫʚʩʪʚʠʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠʣʠʚ 

ʞʠʟʥʝʥʥʳʭ ʩʠʣ. 

ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʷʚʣʷʶʪʩʷ ʪʨʠ 

ʛʨʫʧʧʳ ʙʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ: ʧʨʝʙʠʦʪʠʢʠ, ʧʨʦʙʠʦʪʠʢʠ ʠ ʩʠʥʙʠʦʪʠʢʠ.  

ʎʝʣʴʶ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʨʝʙʠʦʪʠʢʦʚ ʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʣʦʯʥʳʭ ʠ ʤʷʩʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʋʧʦʤʷʥʫʪʳʡ ɻʆʉʊ 

52349-2005 ʪʘʢ ʬʦʨʤʫʣʠʨʫʝʪ ʩʫʪʴ ʵʪʦʛʦ ʧʦʥʷʪʠʷ: çʧʨʝʙʠʦʪʠʢ - ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʠʱʝʚʦʡ ʠʥʛʨʝʜʠʝʥʪ ʚ ʚʠʜʝ ʚʝʱʝʩʪʚʘ ʠʣʠ ʢʦʤʧʣʝʢʩʘ ʚʝʱʝʩʪʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʨʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʫʧʦʪʨʝʙʣʝʥʠʠ ʚ ʧʠʱʫ ʯʝʣʦʚʝʢʦʤ ʚ ʩʦʩʪʘʚʝ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʨʦʩʪʘ ʠ/ʠʣʠ ʧʦʚʳʰʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʥʦʨʤʘʣʴʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ʢʠʰʝʯʥʠʢʘ. ʆʩʥʦʚʥʳʤʠ ʚʠʜʘʤʠ ʧʨʝʙʠʦʪʠʢʦʚ ʷʚʣʷʶʪʩʷ: 

ʜʠ- ʠ ʪʨʠʩʘʭʘʨʠʜʳ; ʦʣʠʛʦ- ʠ ʧʦʣʠʩʘʭʘʨʠʜʳ; ʤʥʦʛʦʘʪʦʤʥʳʝ ʩʧʠʨʪʳ; ʘʤʠʥʦʢʠʩʣʦʪʳ 

ʠ ʧʝʧʪʠʜʳ; ʬʝʨʤʝʥʪʳ; ʦʨʛʘʥʠʯʝʩʢʠʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʥʝʥʘʩʳʱʝʥʥʳʝ ʚʳʩʰʠʝ 

ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ; ʘʥʪʠʦʢʩʠʜʘʥʪʳ; ʧʦʣʝʟʥʳʝ ʜʣʷ ʯʝʣʦʚʝʢʘ ʨʘʩʪʠʪʝʣʴʥʳʝ ʠ 

ʤʠʢʨʦʙʥʳʝ ʵʢʩʪʨʘʢʪʳ ʠ ʜʨʫʛʠʝ. 

ʄʦʣʦʢʦ ʠ ʤʷʩʦ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ 

ʠʤʝʥʥʦ ʜʘʥʥʳʭ ʛʨʫʧʧ ʧʨʦʜʫʢʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʥʝ ʪʦʣʴʢʦ 

ʧʦʣʥʦʮʝʥʥʳʤ ʙʝʣʢʦʤ, ʥʦ ʠ ʠʟʥʘʯʘʣʴʥʦ ʩʦʜʝʨʞʘʱʠʭ ʪʘʢʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʢʘʢ ʚʠʪʘʤʠʥʳ, ʘʤʠʥʦʢʠʩʣʦʪʳ, ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ. 

ɺ ʮʝʣʦʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʯʝʪʳʨʝ 

ʛʨʫʧʧʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ - ʙʝʟʘʣʢʦʛʦʣʴʥʳʝ ʥʘʧʠʪʢʠ, ʧʨʦʜʫʢʪʳ ʥʘ 

ʟʝʨʥʦʚʦʡ, ʤʦʣʦʯʥʦʡ ʠ ʞʠʨʦʚʦʡ ʦʩʥʦʚʝ. ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ 65 % ʦʙʱʝʛʦ ʦʙʲʝʤʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʦʣʦʯʥʫʶ ʧʨʦʜʫʢʮʠʶ. 
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ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʧʨʠʥʮʠʧʦʚ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ 

ʦʙʦʛʘʱʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʠʤʝʥʥʦ ʪʝʭ ʠʥʛʨʝʜʠʝʥʪʦʚ, ʜʝʬʠʮʠʪ ʢʦʪʦʨʳʭ ʠʤʝʝʪ 

ʤʝʩʪʦ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʠ ʦʧʘʩʝʥ ʜʣʷ ʟʜʦʨʦʚʴʷ. ɼʣʷ ʈʦʩʩʠʠ ʵʪʦ ʚʠʪʘʤʠʥʳ 

ʛʨʫʧʧʳ ɺ, ʉ, ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʪʘʢʠʝ ʢʘʢ ʡʦʜ, ʩʝʣʝʥ, ʞʝʣʝʟʦ, ʢʘʣʴʮʠʡ.  

ɼʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʦʩʪʘʚʝ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ï 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʦʙʘʚʦʢ ʩ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɺʝʱʝʩʪʚʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ ʠ 

ʘʜʘʧʪʦʛʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʩʝʣʝʥʘ.  

 ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʝʣʝʥ ʦʪʥʦʩʠʪʩʷ ʢ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʤ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤ 

ʜʝʬʠʮʠʪ ʢʦʪʦʨʦʛʦ ʚ ʧʠʱʝ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ 

ʨʘʟʚʠʪʠʷ ʨʷʜʘ ʪʷʞʝʣʦ ʧʨʦʪʝʢʘʶʱʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʦʣʠ 

ʧʨʝʧʘʨʘʪʦʚ ʩʝʣʝʥʘ ʢʘʢ ʘʥʪʠʦʢʠʩʣʠʪʝʣʝʡ ʠ ʢʘʢ ʠʩʪʦʯʥʠʢʦʚ ʩʝʣʝʥʘ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ. 

 ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʣʷ ʚʦʩʧʦʣʥʝʥʠʷ ʜʝʬʠʮʠʪʘ ʩʝʣʝʥʘ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ 

ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʦʩʥʦʚʥʦʤ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ. ʀʭ ʦʙʱʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ, 

ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʚʠʪʘʤʠʥʘʤʠ ʠ ʣʝʛʢʦʦʢʠʩʣʷʝʤʳʤʠ ʠʥʛʨʝʜʠʝʥʪʘʤʠ. ɼʣʷ 

ʦʙʦʛʘʱʝʥʠʷ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʘ ʩʝʣʝʥʦʤ ʠ ʧʦʚʳʰʝʥʠʷ ʠʭ ʩʪʦʡʢʦʩʪʠ ʧʨʠ ʭʨʘʥʝʥʠʠ 

ʠʟ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʣʝʥʩʦʜʝʨʞʘʱʠʭ ʧʨʝʧʘʨʘʪʦʚ ʤʳ ʚʳʙʨʘʣʠ ʠ ʧʨʝʜʣʘʛʘʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʣʝʥʦʧʠʨʘʥ. 

ʉʝʣʝʥʩʦʜʝʨʞʘʱʫʶ ʜʦʙʘʚʢʫ ʩʝʣʝʥʦʧʠʨʘʥ ʧʨʦʠʟʚʦʜʠʪ ʆʆʆ ɸʛʨʦʬʠʨʤʘ 

çɹʠʦʢʦʨ ʉè, ʛ. ʇʝʥʟʘ. ʉʝʣʝʥʦʧʠʨʘʥ - ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʝ, ʥʠʟʢʦʪʦʢʩʠʯʥʦʝ 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʝʣʝʥʘ, ʨʘʩʪʚʦʨʠʤʦʝ ʚ ʞʠʨʘʭ. ʉʦʝʜʠʥʝʥʠʝ ʧʨʦʷʚʣʷʝʪ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʥʝ ʫʩʪʫʧʘʶʱʠʝ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʤʝʜʠʮʠʥʝ 

ʘʥʪʠʦʢʩʠʜʘʥʪʘʤ, ʪʘʢʠʤ ʢʘʢ ʚʠʪʘʤʠʥ ɽ, ʢʚʝʨʮʝʪʠʥ, ʬʣʫʮʝʨʦʣ ʠ ʠʦʥʦʣ 

(ʙʫʪʠʣʦʢʩʠʪʦʣʫʦʣ, ʘʛʠʜʦʣ). ʇʦʩʪʫʧʘʷ ʚ ʦʨʛʘʥʠʟʤ ʩ ʧʠʱʝʡ ʠʣʠ ʚ ʚʠʜʝ ʠʥʲʝʢʮʠʡ, 

ʩʝʣʝʥʦʧʠʨʘʥ ʩʧʦʩʦʙʝʥ ʚʳʧʦʣʥʷʪʴ ʨʦʣʴ ʤʦʱʥʦʛʦ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ʆʥ 

ʘʢʪʠʚʠʨʫʝʪ ʬʝʨʤʝʥʪʳ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ ʦʨʛʘʥʠʟʤʘ. ʉʥʠʞʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʦʚʳʭ ʠ ʥʝʡʪʨʘʣʠʟʫʝʪ ʨʘʥʝʝ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʘʢʪʠʚʥʳʝ ʧʨʦʜʫʢʪʳ ʧʝʨʝʢʠʩʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ, ʫʣʫʯʰʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ, 

ʥʦʨʤʘʣʠʟʫʝʪ ʦʙʤʝʥ ʚʝʱʝʩʪʚ, ʘʢʪʠʚʠʟʠʨʫʝʪ ʟʚʝʥʴʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʉʝʣʝʥʦʧʠʨʘʥ ʩʧʦʩʦʙʝʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʧʦʣʥʷʪʴ ʚ ʦʨʛʘʥʠʟʤʝ ʨʦʣʴ 

ʛʣʫʪʘʪʠʦʥʧʝʨʦʢʩʠʜʘʟʳ ï ʛʣʘʚʥʦʛʦ ʬʝʨʤʝʥʪʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦ-ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʦʨʛʘʥʠʟʤʘ [1].  

ʇʦ ʨʘʟʨʳʚʫ ʤʝʞʜʫ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʪʨʝʙʫʝʤʦʡ ʜʦʟʦʡ ʠ ʪʦʢʩʠʯʝʩʢʦʡ ʜʦʟʦʡ, 

ʩʝʣʝʥʦʧʠʨʘʥ ʚ ʤʠʨʝ ʩʝʣʝʥʩʦʜʝʨʞʘʱʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʧʦʢʘ ʥʝ ʠʤʝʝʪ ʩʝʙʝ ʨʘʚʥʳʭ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʛʨʦʤʘʜʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʪʦʷʥʥʦ ʧʦʷʚʣʷʶʱʠʭʩʷ ʥʦʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʝʣʝʥʘ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʄʠʥʠʩʪʝʨʩʪʚʦ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʈʌ ʨʘʟʨʝʰʠʣʦ ʧʨʠʤʝʥʝʥʠʝ 

ʩʝʣʝʥʩʦʜʝʨʞʘʱʝʡ ʜʦʙʘʚʢʠ ʩʝʣʝʥʦʧʠʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʦʢʠʩʣʠʪʝʣʷ ʚ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ˉ 

77.99.03.241.ɹ.000329.10.03 ʦʪ 31.10.2005 ʛ.). 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʥʝʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʦʪʤʝʪʠʪʴ ʧʦʣʥʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʬʠʟʠʦʣʦʛʠʯʥʦʩʪʴ ʜʘʥʥʦʡ ʙʠʦʜʦʙʘʚʢʠ. ʉʪʘʙʠʣʴʥʳʡ ʧʨʦʮʝʥʪ 

ʩʚʷʟʘʥʥʦʛʦ ʩʝʣʝʥʘ ʚ ʧʨʝʧʘʨʘʪʝ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʜʦʟʠʨʦʚʘʪʴ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʚʢʫʩʘ ʠ 

ʟʘʧʘʭʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʚʩʝ ʵʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʰʠʨʦʢʦʝ ʠ ʙʝʟʦʧʘʩʥʦʝ 
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ʧʨʠʤʝʥʝʥʠʝ ʩʝʣʝʥʦʧʠʨʘʥʘ ʜʣʷ ʚʩʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ ʚ ʩʦʩʪʘʚʝ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɺ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʝʣʝʥʦʧʠʨʘʥ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʢʠʩʣʝʥʠʶ ʞʠʨʘ ʚ ʧʦʜʩʦʣʥʝʯʥʦʤ ʤʘʩʣʝ ʠ ʤʘʡʦʥʝʟʝ ʠ ʪʝʤ ʩʘʤʳʤ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʨʦʢʘ ʠʭ ʭʨʘʥʝʥʠʷ.  

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ 

ʩʚʦʡʩʪʚ ʩʝʣʝʥʦʧʠʨʘʥʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʚʦʨʦʛʘ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʩ ʤʘʩʩʦʚʦʡ 

ʜʦʣʝʡ ʞʠʨʘ ʚ ʧʨʦʜʫʢʪʝ 18 %.  

ʄʥʦʛʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʚ ʮʝʣʷʭ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʛʦʜʥʦʩʪʠ ʪʚʦʨʦʛʘ 

ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʠ ʢʦʥʩʝʨʚʘʥʪʳ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʷʪ ʧʦʚʪʦʨʥʫʶ 

ʧʘʩʪʝʨʠʟʘʮʠʶ ʧʨʦʜʫʢʪʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʯʠʩʣʝʥʥʦʩʪʴ 

ʤʦʣʦʯʥʦʢʠʩʣʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠʣʠ ʦʥʠ ʚʦʚʩʝ ʦʪʩʫʪʩʪʚʫʶʪ ʢ ʢʦʥʮʫ ʩʨʦʢʘ 

ʛʦʜʥʦʩʪʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʮʝʥʥʦʩʪʴ ʪʚʦʨʦʛʘ ʢʘʢ ʧʦʣʝʟʥʦʛʦ ʤʦʣʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʨʝʛʣʘʤʝʥʪʘ ʥʘ ʤʦʣʦʢʦ ʠ ʤʦʣʦʯʥʫʶ ʧʨʦʜʫʢʮʠʶ ʚ ʧʣʘʥʝ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʪʚʦʨʦʛʘ, ʧʦʠʩʢ ʧʫʪʝʡ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʦʚ ʛʦʜʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. 

ʂʦʣʠʯʝʩʪʚʦ ʚʥʦʩʠʤʦʛʦ ʩʝʣʝʥʦʧʠʨʘʥʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʠʩʭʦʜʷ ʠʟ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʢʨʦʵʣʝʤʝʥʪʘ ʩʝʣʝʥʘ ʚ ʪʚʦʨʦʛʝ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ɺ.ɸ ʊʫʪʝʣʴʷʥʘ, ʉ.ɸ ʍʦʪʠʤʯʝʥʢʦ, 

ʅ.ɸ. ɻʦʣʫʙʢʠʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʣʫʦʨʠʤʝʪʨʘ çʌʣʫʦʨʘʪ-02-2ʄè [2], 

ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʥʦʨʤʳ ʜʣʷ ʚʩʝʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ (70 ʤʢʛ/ʜʝʥʴ) ʠ ʩʫʪʦʯʥʦʡ ʥʦʨʤʦʡ 

ʧʦʪʨʝʙʣʝʥʠʷ ʪʚʦʨʦʛʘ (100 ʛ) [2].  

ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʝʣʝʥʦʧʠʨʘʥʘ ʥʘ ʢʘʯʝʩʪʚʦ ʪʚʦʨʦʛʘ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 1, 3, 5, ʠ 7 ʩʫʪʢʠ, ʥʘʯʠʥʘʷ ʩ ʜʘʪʳ ʚʳʨʘʙʦʪʢʠ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ: ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ (ʚʢʫʩ, ʢʦʥʩʠʩʪʝʥʮʠʷ, ʮʚʝʪ ʠ ʟʘʧʘʭ), ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ (ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʞʠʨʘ, ʢʠʩʣʦʪʥʦʩʪʴ, ʚʣʘʞʥʦʩʪʴ) ʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ (ʥʘʣʠʯʠʝ ʛʨʫʧʧ ʤʦʣʦʯʥʦʢʠʩʣʳʭ ʙʘʢʪʝʨʠʡ). ʆʙʨʘʟʮʳ 

ʪʚʦʨʦʛʘ ʭʨʘʥʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4Ñ2 Áʉ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʠ ʦʧʳʪʥʳʭ 

ʦʙʨʘʟʮʘʭ ʪʚʦʨʦʛʘ ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ. 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʞʠʨʘ ʠ ʚʣʘʛʠ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʠ ʦʧʳʪʥʦʤ ʦʙʨʘʟʮʘʭ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʦʜʠʥʘʢʦʚʦʤ 

ʫʨʦʚʥʝ.  

ʂʠʩʣʦʪʥʦʩʪʴ ʪʚʦʨʦʛʘ ʩ 1 ʧʦ 7 ʩʫʪʢʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʪʘʥʜʘʨʪʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʦʧʳʪʥʦʤ ʦʙʨʘʟʮʝ ʝʝ ʥʘʨʘʩʪʘʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ 

ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʤ (ʪʘʙʣʠʮʘ).  

ʊʘʙʣʠʮʘ ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʯʝʩʪʚʘ ʪʚʦʨʦʛʘ 
ʉʫʪ

ʢʠ 

ʊʠʪʨʫʝʤʘʷ ʢʠʩʣʦʪʥʦʩʪʴ, Áʊ ʂʦʣʠʯʝʩʪʚʦ ʤʦʣʦʯʥʦʢʠʩʣʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʂʆɽ/ʛ 

ʢʦʥʪʨʦʣʴʥʳʡ 

ʦʙʨʘʟʝʮ 

ʦʧʳʪʥʳʡ 

ʦʙʨʘʟʝʮ 

ʢʦʥʪʨʦʣʴʥʳʡ 

ʦʙʨʘʟʝʮ 

ʦʧʳʪʥʳʡ 

ʦʙʨʘʟʝʮ 

1 180 180 107 107 

3 188 188 107 107 

5 196 188 106 107 

7 201 190 105 106 

ʊʘʢ, ʥʘ ʧʷʪʳʝ ʩʫʪʢʠ, ʢʠʩʣʦʪʥʦʩʪʴ ʪʚʦʨʦʛʘ ʩʦʩʪʘʚʠʣʘ 196 ʠ 188 Áʊ, ʘ ʥʘ 

ʩʝʜʴʤʳʝ - 201 ʠ 190 Áʊ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʠ ʦʧʳʪʥʦʤ ʦʙʨʘʟʮʘʭ. ʏʪʦ ʞʝ 

ʢʘʩʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʘ ʤʦʣʦʯʥʦʢʠʩʣʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʪʦ ʠʭ ʥʦʨʤʘʪʠʚʥʦʝ 
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ʩʦʜʝʨʞʘʥʠʝ (10
6
 ʂʆɽ ʚ 1 ʛ) ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʨʘʟʮʝ ʩʦʭʨʘʥʷʣʦʩʴ ʜʦ 5 ʩʫʪʦʢ, ʘ ʚ 

ʦʧʳʪʥʦʤ ʜʦ 7 ʩʫʪʦʢ (ʪʘʙʣʠʮʘ).  

ɺʝʨʦʷʪʥʦ, ʤʦʣʝʢʫʣʳ ʩʝʣʝʥʦʧʠʨʘʥʘ ʧʝʨʝʭʚʘʪʳʚʘʶʪ ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ ʠ 

ʩʦʟʜʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʦʣʦʯʥʦʢʠʩʣʳʭ ʩʪʨʝʧʪʦʢʦʢʢʦʚ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʬʘʢʫʣʴʪʘʪʠʚʥʦ ʘʥʘʵʨʦʙʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʝʣʝʥʦʧʠʨʘʥʘ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʚʦʨʦʛʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʪ ʠ 

ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʝʛʦ ʭʨʘʥʝʥʠʷ[3]. 

ɼʣʷ ʤʷʩʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʠʥʛʨʝʜʠʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʧʠʱʝʚʳʝ ʚʦʣʦʢʥʘ, ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ 

ʩʚʦʡʩʪʚ ʙʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʦʡ ʜʦʙʘʚʢʠ ʤʦʜʠʬʠʣʘʥ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʣʙʘʩʳ 

çɼʦʢʪʦʨʩʢʘʷè ʚʳʩʰʝʛʦ ʩʦʨʪʘ ʩʦ ʩʨʦʢʦʤ ʭʨʘʥʝʥʠʷ 10 ʩʫʪʦʢ. 

ʄʦʜʠʬʠʣʘʥ ï ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʡ ʧʨʝʧʘʨʘʪ, ʩʳʨʴʝʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʦʪʦʨʦʛʦ ʩʣʫʞʘʪ ʙʫʨʳʝ ʤʦʨʩʢʠʝ ʚʦʜʦʨʦʩʣʠ (ʤʦʨʩʢʘʷ ʢʘʧʫʩʪʘ). ɽʛʦ ʧʦʣʫʯʘʶʪ ʧʦ 

ʦʨʠʛʠʥʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʟʘʧʘʪʝʥʪʦʚʘʥʥʦʡ ʚ ʈʦʩʩʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʠʪʴ ʢʦʤʧʣʝʢʩ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ 

ʚ ʚʦʜʦʨʦʩʣʷʭ ʠ ʫʚʝʣʠʯʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ. 

ɺʘʞʥʝʡʰʠʡ ʢʦʤʧʦʥʝʥʪ ʤʦʜʠʬʠʣʘʥʘ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʣʠʩʘʭʘʨʠʜ 

ʘʣʴʛʠʥʘʪ. ɸʣʴʛʠʥʘʪʳ ʦʙʣʘʜʘʶʪ ʤʥʦʞʝʩʪʚʦʤ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ ï ʥʠ ʦʜʥʦ ʥʘʟʝʤʥʦʝ 

ʨʘʩʪʝʥʠʝ ʥʝ ʩʧʦʩʦʙʥʦ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʥʠʤʠ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ 

ʠʭ ʩʦʨʙʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ɸʣʴʛʠʥʘʪʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʳʚʝʜʝʥʠʶ ʪʦʢʩʠʥʦʚ, 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʩʦʣʝʡ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ʆʢʘʟʳʚʘʶʪ 

ʨʝʛʝʥʝʨʠʨʫʶʱʝʝ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ. ʊʦʥʠʟʠʨʫʶʪ ʠ 

ʚʠʪʘʤʠʥʠʟʠʨʫʶʪ (ʚ ʥʠʭ ʩʦʜʝʨʞʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʷ ʪʘʙʣʠʮʘ ʄʝʥʜʝʣʝʝʚʘ). ɼʦʢʘʟʘʥ 

ʠʭ ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ. 

ɼʨʫʛʦʡ ʮʝʥʥʝʡʰʠʡ ʧʦʣʠʩʘʭʘʨʠʜ, ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʤʦʜʠʬʠʣʘʥʘ ï 

ʬʫʢʦʠʜʘʥ. ʕʪʦ ʚʝʱʝʩʪʚʦ ʦʙʣʘʜʘʝʪ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤ, ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʠʤ, 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ, ʘʥʪʠʚʠʨʫʩʥʳʤ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʬʫʢʦʠʜʘʥ ʤʦʞʥʦ ʩʯʠʪʘʪʴ çʧʦʣʠʚʘʣʝʥʪʥʳʤ ʙʠʦʤʦʜʫʣʷʪʦʨʦʤè. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʜʠʬʠʣʘʥ ʩʦʜʝʨʞʠʪ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʦʨʤʫ ʡʦʜʘ, ʢʦʪʦʨʘʷ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ.  

ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʠ ʦʧʳʪʥʦʛʦ (ʚ ʨʝʮʝʧʪʫʨʫ 

ʚʚʦʜʠʣʠ 1,5 % ʜʦʙʘʚʢʠ ʢ ʤʘʩʩʝ ʤʷʩʥʦʛʦ ʩʳʨʴʷ) ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 1, 6 ʠ 10 

ʩʫʪʢʠ ʭʨʘʥʝʥʠʷ ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ.  

ʂʘʯʝʩʪʚʦ ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʧʦ ʚʣʘʛʦʩʚʷʟʳʚʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʣʙʘʩʥʦʛʦ ʬʘʨʰʘ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʧʦ ʦʢʦʥʯʘʥʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʬʘʨʰʘ ʚ ʢʫʪʪʝʨʝ, ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢʦʣʙʘʩ, ʚʝʣʠʯʠʥʝ ʨʅ ʠ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʩʝʤʝʥʝʥʥʦʩʪʠ (ʂʄɸʌɸʥʄ, ʂʆɽ/ʛ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʧʳʪʥʦʤ 

ʦʙʨʘʟʮʝ ʚʣʘʛʦʩʚʷʟʳʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʬʘʨʰʘ ʙʳʣʘ ʚʳʰʝ ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʥʘ 

3,85 %. ʕʪʦʪ ʬʘʢʪ, ʚʦʟʤʦʞʥʦ, ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʩʦʩʪʘʚʝ ʄʦʜʠʬʠʣʘʥʘ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʣʴʛʠʥʘʪʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʚʣʘʛʦʫʜʝʨʞʠʚʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ. 

ʉʨʝʜʠ ʬʘʢʪʦʨʦʚ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʷʩʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʚʝʣʠʯʠʥʘ ʨʅ. ɼʠʥʘʤʠʢʘ ʘʢʪʠʚʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ ʚʘʨʝʥʳʭ ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʭʨʘʥʝʥʠʷ 6 
ʦ
ʉ ʧʦʢʘʟʘʣʘ, ʯʪʦ 

ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʨʘʟʮʝ ʩʜʚʠʛ ʨʅ ʧʨʦʠʩʭʦʜʠʣ ʚ ʱʝʣʦʯʥʫʶ ʩʪʦʨʦʥʫ. ʊʘʢ, ʥʘ 6 ʩʫʪʢʠ 

ʫʨʦʚʝʥʴ ʨʅ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 0,3 ʝʜ., ʯʪʦ ʩʚʷʟʘʥʦ, ʚʝʨʦʷʪʥʦ, ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ 
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ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʨʘʩʧʘʜ ʙʝʣʢʦʚ (ʘʤʠʥʦʚ, 

ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ, ʘʤʤʠʘʢʘ). ɺ ʦʧʳʪʥʦʤ ʦʙʨʘʟʮʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ 

ʟʥʘʯʝʥʠʡ ʨʅ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʧʦʨʯʠ ʤʷʩʦʧʨʦʜʫʢʪʦʚ ʷʚʣʷʝʪʩʷ 

ʨʘʟʚʠʪʠʝ ʚ ʥʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʥʝ ʪʦʣʴʢʦ ʢ ʧʦʨʯʝ, ʥʦ ʠ ʢ 

ʧʠʱʝʚʳʤ ʦʪʨʘʚʣʝʥʠʷʤ ʧʨʠ ʧʦʪʨʝʙʣʝʥʠʠ. ɹʘʢʪʝʨʠʘʣʴʥʘʷ ʦʙʩʝʤʝʥʝʥʥʦʩʪʴ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʠ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʧʨʝʚʳʰʘʣʦ 

ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ (1ʭ10
3
 ʂʆɽ/ʛ) (ʨʠʩʫʥʦʢ).  

 
ʈʠʩʫʥʦʢ ï ɼʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ ʦʩʪʘʪʦʯʥʦʡ ʤʠʢʨʦʬʣʦʨʳ  

ʚ ʚʘʨʝʥʳʭ ʢʦʣʙʘʩʘʭ, ʂʆɽ/ʛ 

 

ɼʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ ʦʩʪʘʪʦʯʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ʚ ʚʘʨʝʥʳʭ ʢʦʣʙʘʩʥʳʭ 

ʠʟʜʝʣʠʷʭ ʧʨʠ ʠʭ ʭʨʘʥʝʥʠʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʨʘʟʮʝ ʂʄɸʌɸʥʄ ʢ 

10 ʩʫʪʢʘʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4 
ʦ
ʉ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 20,3 %, ʪʦʛʜʘ ʢʘʢ ʚ ʦʧʳʪʥʦʤ 

ʦʙʨʘʟʮʝ ʢ ʢʦʥʮʫ ʩʨʦʢʘ ʭʨʘʥʝʥʠʷ ʧʨʦʠʟʦʰʣʦ ʩʥʠʞʝʥʠʝ ʂʆɽ ʥʘ 7,2 %. ɺʝʨʦʷʪʥʦ 

ʪʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʚʳʟʚʘʥʦ ʧʦʣʠʩʘʭʘʨʠʜʦʤ ʬʫʢʦʠʜʘʥ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʝʙʠʦʪʠʢʠ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʧʠʱʝʚʳʤʠ ʠʥʛʨʝʜʠʝʥʪʘʤʠ, ʵʪʦ ʝʱʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʠʥʩʪʨʫʤʝʥʪ ʠ ʩʨʝʜʩʪʚʦ ʤʦʜʠʬʠʢʘʮʠʠ ʩʚʦʡʩʪʚ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʦʣʦʯʥʳʭ ʠ ʤʷʩʥʳʭ ʩʠʩʪʝʤ, 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʦʪʜʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʦʚ 

ʭʨʘʥʝʥʠʷ. 
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ʋʚʝʣʠʯʝʥʠʝ ʩʬʝʨʳ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʢ 

ʧʦʣʥʦʮʝʥʥʦʤʫ, ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤʫ ʢʦʨʤʣʝʥʠʶ ʞʠʚʦʪʥʳʭ. ʂʦʨʤ ʜʦʣʞʝʥ 

ʛʦʪʦʚʠʪʴʩʷ ʩʪʨʦʛʦ ʧʦ ʨʝʮʝʧʪʫ ʠ ʙʳʪʴ ʧʠʪʘʪʝʣʴʥʳʤ, ʧʦʣʝʟʥʳʤ, ʚʢʫʩʥʳʤ, ʭʦʨʦʰʦ 

ʫʩʚʘʠʚʘʪʴʩʷ ʠ ʥʝ ʩʦʜʝʨʞʘʪʴ ʧʨʠʤʝʩʝʡ ʠ ʚʝʱʝʩʪʚ, ʚʨʝʜʥʳʭ ʜʣʷ ʟʜʦʨʦʚʴʷ 

ʞʠʚʦʪʥʳʭ [2]. ʇʦʣʫʯʝʥʠʝ ʦʜʥʦʨʦʜʥʦʡ ʩʤʝʩʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʳʧʫʯʠʭ ʢʦʨʤʦʚ [3é9]. ʇʨʠʤʝʥʷʝʤʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʤʝʩʠʪʝʣʝʡ 

ʩʳʧʫʯʠʭ ʢʦʨʤʦʚ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ 

ʢ ʢʘʯʝʩʪʚʫ ʧʨʠʛʦʪʘʚʣʠʚʘʝʤʳʭ ʩʤʝʩʝʡ, ʚ ʩʚʷʟʠ ʩ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʩʤʝʰʠʚʘʥʠʝ ʩʳʧʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɺ ʌɻɹʆʋ ɺʇʆ çʇʝʥʟʝʥʩʢʘʷ ɻʉʍɸè ʨʘʟʨʘʙʦʪʘʥ ʩʤʝʩʠʪʝʣʴ-ʢʦʥʚʝʡʝʨ 

ʩʫʭʠʭ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʨʠʩʫʥʦʢ 1) [9]. 

ʉʤʝʩʠʪʝʣʴ-ʢʦʥʚʝʡʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʦʡ ʰʥʝʢ 

(ʢʦʥʚʝʡʝʨ), ʩʦʩʪʦʷʱʠʡ ʠʟ ʢʦʞʫʭʘ 2, ʟʘʛʨʫʟʦʯʥʦʡ ʚʦʨʦʥʢʠ 3, ʚʳʛʨʫʟʥʦʛʦ ʣʦʪʢʘ 1, 

ʧʨʠʚʦʜʘ 4, ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 5. ɺʥʫʪʨʠ ʢʦʞʫʭʘ ʥʘ ʧʦʜʰʠʧʥʠʢʘʭ ʫʩʪʘʥʦʚʣʝʥ 

ʨʘʙʦʯʠʡ ʦʨʛʘʥ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʚʘʣ 4 ʩ ʢʨʝʧʷʱʝʡʩʷ ʢ ʥʝʤʫ ʥʘ 

ʨʘʜʠʘʣʴʥʳʭ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʣʦʧʘʩʪʷʭ ʚʠʥʪʦʚʦʡ ʩʧʠʨʘʣʴʶ 5 ʠʟ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʫʪʢʘ. ɼʠʘʤʝʪʨ ʢʦʞʫʭʘ D=100 ʤʤ. ɼʠʘʤʝʪʨ ʧʨʫʪʢʘ ʩʧʠʨʘʣʠ 

ʩʦʩʪʘʚʣʷʣ ʚ ʦʧʳʪʘʭ 5,0; 6,5; 8,0 ʤʤ. ʉʧʠʨʘʣʴ ʚʠʥʪʘ ʠʟʛʦʪʘʚʣʠʚʘʣʘʩʴ ʩ ʰʘʛʦʤ 50; 

120; 175 ʤʤ. ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ï ʚʠʥʪʘ ʰʥʝʢʘ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 

175 ʜʦ 400 ʤʠʥ
-1
. 
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ʘ)                                                          ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʉʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʦʡ ʩʤʝʩʠʪʝʣʴ-ʢʦʥʚʝʡʝʨ ʩʫʭʠʭ ʢʦʨʤʦʚ 

ʘ) ʦʙʱʠʡ ʚʠʜ; ʙ) ʩʭʝʤʘ; 1 ï ʚʳʛʨʫʟʥʦʡ ʣʦʪʦʢ; 2 ï ʢʦʞʫʭ; 3 ï ʟʘʛʨʫʟʦʯʥʘʷ 

ʚʦʨʦʥʢʘ; 4 ï ʧʨʠʚʦʜ; 5 ï ʨʘʙʦʯʠʡ ʦʨʛʘʥ ï ʩʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʦʡ ʰʥʝʢ, 6 ï 

ʨʘʜʠʘʣʴʥʘʷ ʣʦʧʘʩʪʴ ʦʪʙʦʡʥʦʛʦ ʜʠʩʢʘ, 7 ï ʣʦʧʘʩʪʴ 

 

ʉʤʝʩʠʪʝʣʴ ʨʘʙʦʪʘʝʪ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʩʤʝʰʠʚʘʥʠʷ. ʂʦʤʧʦʥʝʥʪʳ 

ʩʤʝʩʠ ʥʝʧʨʝʨʳʚʥʦ ʜʦʟʠʨʫʶʪʩʷ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʩʪʫʧʘʶʪ ʚ ʟʘʛʨʫʟʦʯʥʫʶ ʚʦʨʦʥʢʫ 3 

ʩʤʝʩʠʪʝʣʷ-ʢʦʥʚʝʡʝʨʘ. ʇʦʩʪʫʧʘʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʩʤʝʩʠ ʟʘʭʚʘʪʳʚʘʶʪʩʷ 

ʩʧʠʨʘʣʴʶ 5 ʦʜʥʦʟʘʭʦʜʥʦʛʦ ʰʥʝʢʘ ʠ ʨʘʟʛʦʥʷʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʟʦʥʳ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʛʜʝ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪʩʷ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ 

ʟʘ ʩʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʝ ʧʨʫʪʢʦʚʦʡ ʩʧʠʨʘʣʠ 5 ʠ ʣʦʧʘʩʪʝʡ 7 ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ. 

ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʩʤʝʩʠ ʟʦʥʳ ʚʳʛʨʫʟʥʦʛʦ ʣʦʪʢʘ 1 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʢ ʝʝ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʘʷ ʚʳʛʨʫʟʢʘ, ʪʘʢ ʠ ʧʨʠʥʫʜʠʪʝʣʴʥʘʷ ʚʳʛʨʫʟʢʘ ʟʘ ʩʯʝʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʜʠʘʣʴʥʳʭ ʣʦʧʘʩʪʝʡ ʦʪʙʦʡʥʦʛʦ ʜʠʩʢʘ 6. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʩʤʝʩʴ ʥʝʧʨʝʨʳʚʥʦ ʧʦʩʪʫʧʘʝʪ ʠʟ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʜʦʟʘʪʦʨʘ ʚ ʟʘʛʨʫʟʦʯʥʫʶ ʚʦʨʦʥʢʫ 3 ʩʤʝʰʠʚʘʶʱʝʛʦ ʰʥʝʢʘ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʜʝʡʩʪʚʠʷ (ʚ ʩʤʝʩʠʪʝʣʴ-ʢʦʥʚʝʡʝʨ). ʇʦʩʪʫʧʘʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʩʤʝʩʠ 

ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʩʧʠʨʘʣʴʶ 5 ʦʜʥʦʟʘʭʦʜʥʦʛʦ ʰʥʝʢʘ ʠ ʜʚʠʛʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʟʦʥʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ 

ʟʘ ʩʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʝ ʧʨʫʪʢʦʚʦʡ ʩʧʠʨʘʣʠ 5 ʠ ʨʘʜʠʘʣʴʥʳʭ ʣʦʧʘʩʪʝʡ 7. ʇʨʠ 

ʧʦʜʘʯʝ ʩʤʝʩʠ ʚ ʟʦʥʫ ʚʳʛʨʫʟʥʦʛʦ ʣʦʪʢʘ 1 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʢ ʝʝ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʘʷ ʚʳʛʨʫʟʢʘ, ʪʘʢ ʠ ʧʨʠʥʫʜʠʪʝʣʴʥʘʷ ʚʳʛʨʫʟʢʘ ʟʘ ʩʯʝʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʜʠʘʣʴʥʳʭ ʣʦʧʘʩʪʝʡ ʦʪʙʦʡʥʦʛʦ ʜʠʩʢʘ 6. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʦʚʝʜʝʥʠʷ ʟʘʤʝʨʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʉʊʆ 

ɸʀʉʊ 19.2-2008. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʝʘʯʝʩʪʚʘ ʩʤʝʩʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʤʝʩʠ ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʨʦʙʘʭ. ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʙ ï 20 ʰʪʫʢ. ʄʘʩʩʘ ʧʨʦʙʳ 100 ʛʨʘʤʤ. 

ʅʘʧʦʣʥʠʪʝʣʴ ʩʤʝʩʠ ï ʜʝʨʪʴ ʧʰʝʥʠʯʥʦ-ʷʯʤʝʥʥʘʷ (1:1) ʧʣʦʪʥʦʩʪʴʶ ʚʦʨʦʭʘ 710 

ʢʛ/ʤ
3
. ʂʦʥʪʨʦʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ï ʟʝʨʥʘ ʷʯʤʝʥʷ. ɼʦʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ï 1%. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʷʣʘʩʴ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʩʤʝʩʠʪʝʣʷ-ʢʦʥʚʝʡʝʨʘ (0,41 ʢʛ/ʩ), ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ (ɺʪ), ʨʘʩʯʠʪʳʚʘʣʘʩʴ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʩʤʝʰʝʥʠʷ (ɼʞ/ʢʛ). ʇʦʚʪʦʨʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʟʘʤʝʨʦʚ ï 

ʪʨʝʭʢʨʘʪʥʘʷ. ʄʦʱʥʦʩʪʴ ʟʘʤʝʨʷʣʘʩʴ ʧʨʠʙʦʨʦʤ ʂʀ-505. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʩʠʪʝʣʷ-ʢʦʥʚʝʡʝʨʘ ʫʩʪʘʥʦʚʣʝʥʳ ʠʭ ʟʥʘʯʝʥʠʷ: ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ï 340 ʤʠʥ
-1
, ʰʘʛ ʧʨʫʪʢʘ ʩʧʠʨʘʣʠ 120 ʤʤ, ʜʠʘʤʝʪʨ ʧʨʫʪʢʘ ʩʧʠʨʘʣʠ 

ʦʢʦʣʦ 6,5 ʤʤ [9, 10]. ʀʩʧʦʣʴʟʫʷ ʫʢʘʟʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʦʚʝʜʝʥʘ 

ʩʝʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʳʷʚʣʝʥʠʶ ʟʦʥʳ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʤʝʩʠʪʝʣʷ-

ʢʦʥʚʝʡʝʨʘ (ʪʘʙʣ. 1). 
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ʊʘʙʣʠʮʘ 1 ï ʇʣʘʥ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʤʝʩʠʪʝʣʷ-ʢʦʥʚʝʡʝʨʘ ʧʦ ʦʙʦʩʥʦʚʘʥʠʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 
ʆʙʦʟʥʘʯʝʥʠʝ ʠ 

ʥʘʠʤʝʥʦʚʘʥʠʝ ʬʘʢʪʦʨʦʚ 

ʋʨʦʚʥʠ ʬʘʢʪʦʨʦʚ ʀʥʪʝʨʚʘʣʳ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʆʩʥʦʚʥʦʡ ɺʝʨʭʥʠʡ ʅʠʞʥʠʡ 

Q - ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʫʩʪʨʦʡʩʪʚʘ, ʢʛ/ʩ;  
0,75 1,07 0,43 0,32 

dk - ʜʦʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ, % 
11 17 5 6 

Lk - ʜʣʠʥʘ ʟʦʥʳ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ 

ʩʤʝʰʝʥʠʷ, ʤ 

1,1 1,7 0,5 0,6 

 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʕɺʄ ʧʨʦʛʨʘʤʤʦʡ Statistica ʧʦʣʫʯʝʥʳ 

ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʩʤʝʰʝʥʠʷ - 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʤʝʩʠ, ʤʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ, ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʦʣʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ dk, %, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʤʝʩʠʪʝʣʷ Q, ʢʛ/ʩ, ʠ 

ʜʣʠʥʳ ʩʤʝʩʠʪʝʣʷ-ʢʦʥʚʝʡʝʨʘ Lk, ʤ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʢʘʯʝʩʪʚʘ ʩʤʝʩʠ ï 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʤʝʰʠʚʘʥʠʷ. 

v=63,2567-89,9991Q+45,6026*Q
2
-0,7119*dk+2,539/dk+0,7262/Lk

3
. (1) 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ R=0,96896; ʜʘʥʥʳʝ F-ʪʝʩʪ=0,9565.  

 
ʈʠʩʫʥʦʢ 2 ï ɺʣʠʷʥʠʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ dk (%) 

ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ Q (ʪ/ʯ) ʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʤʝʩʠ ɜ (%) 

 
ʈʠʩʫʥʦʢ 3 ï ɼʚʫʤʝʨʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʤʝʩʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʟʦʥʳ ʩʤʝʰʝʥʠʷ Lk (ʤ) ʠ ʜʦʣʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

dk (%) 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʠʣʠ (ʨʠʩʫʥʢʠ 2, 3): 

- ʟʦʦʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ʩʤʝʩʠ (ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʤʝʩʠ 

Q=100-n Ó 90%) ʩʦʙʣʶʜʘʶʪʩʷ ʧʨʠ ʜʦʣʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʝ ʤʝʥʝʝ 

14%;  

- ʦʧʪʠʤʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʤʝʩʠʪʝʣʷ-ʢʦʥʚʝʡʝʨʘ 3,5 ʪ/ʯ;  

- ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʢʦʥʚʝʡʝʨʘ ʫʣʫʯʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʩʤʝʩʠ. ʆʜʥʘʢʦ, 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʤʝʩʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʝʨʚʳʝ 0,5é0,75 ʤ 

ʜʣʠʥʳ ʢʦʥʚʝʡʝʨʘ. 

ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʩʤʝʰʠʚʘʥʠʷ (ɼʞ/ʢʛ): 

Y=236,5577+166,444Ö1/Lk+177,6712ÖLk-558,636ÖQ+3,740061Ödk-45,8538Ö1/Lk
2
- 

-40,6377ÖLk
2
+277,2512ÖQ

2
+0,126055Ödk

2
-7,41507ÖdkÖQ. (2) 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ R=0,98993; ʜʘʥʥʳʝ F-ʪʝʩʪ=0,973831. 

ɼʦʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ. ʉ ʨʦʩʪʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʩʥʠʞʘʝʪʩʷ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʟʦʥʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩ 1 ʜʦ 2 ʤ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʚʳʨʦʩʣʘ ʩ 

190 ʜʦ 220 ɼʞ/ʢʛ (ʥʘ 13,6%). ʊʦ ʝʩʪʴ, ʙʦʣʴʰʘʷ ʜʦʣʷ ʵʥʝʨʛʠʠ ʪʨʘʪʠʪʩʷ ʥʘ ʨʘʟʛʦʥ 

ʤʘʪʝʨʠʘʣʘ ʩʤʝʩʠ ʚ ʟʦʥʝ ʟʘʛʨʫʟʢʠ. 

 
                                 ʘ)                                           ʙ) 

ʈʠʩʫʥʦʢ 4 ï ɺʣʠʷʥʠʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ dk (%) 

ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ Q (ʪ/ʯ) ʥʘ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ Y (ɼʞ/ʢʛ) 

ʧʨʠ ʜʣʠʥʝ ʫʯʘʩʪʢʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 1 ʤ (ʘ) ʠ 2 ʤ (ʙ) 

 

ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʩʤʝʰʠʚʘʥʠʷ ʩ ʫʯʝʪʦʤ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʤʝʩʠ (ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ Yk=YÖ100/(100-n)): 

Yk=348,1739+253,0372/Lk+263,287ÖLk-893,059ÖQ-0,80497Ödk-39,0627Ö1/Lk
2
- 

- 45,3764ÖLk
2
+340,2805ÖQ

2
+0,032935Ödk

2
-4,90645ÖdkÖQ. (3) 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ R=0,98150; ʜʘʥʥʳʝ F-ʪʝʩʪ=0,951731.  

ʈʝʟʫʣʴʪʠʨʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʜʣʠʥʝ ʫʯʘʩʪʢʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 1 ʠ 2 ʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʨʘʟʣʠʯʘʶʪʩʷ. ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʤʝʥʴʰʘʝʪ ʵʥʝʨʛʦʝʤʢʦʩʪʴ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʦʧʳʪʦʚ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ ʧʦ 

ʩʤʝʩʠʪʝʣʶ-ʢʦʥʚʝʡʝʨʫ (ʰʘʛ ʧʨʫʪʢʘ ʩʧʠʨʘʣʠ 120 ʤʤ, ʜʠʘʤʝʪʨ ʧʨʫʪʢʘ ʩʧʠʨʘʣʠ 6,5 

ʤʤ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 340 ʤʠʥ
-1
): 
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ʈʠʩʫʥʦʢ 5 ï ɺʣʠʷʥʠʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ dk (%) 

ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ Q (ʪ/ʯ) ʥʘ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʫʶ ʵʥʝʨʛʦʝʤʢʦʩʪʴ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ Yk (ɼʞ/ʢʛ) ʧʨʠ ʜʣʠʥʝ ʫʯʘʩʪʢʘ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 1 ʤ (ʘ) ʠ 2 ʤ (ʙ) 

 

¶ ʆʧʪʠʤʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʤʝʩʠʪʝʣʷ-ʢʦʥʚʝʡʝʨʘ 3,5 ʪ/ʯ; 

¶ ʈʘʮʠʦʥʘʣʴʥʘ ʜʣʠʥʘ ʩʤʝʩʠʪʝʣʷ-ʢʦʥʚʝʡʝʨʘ ʥʝ ʤʝʥʝʝ 1 ʤʝʪʨʘ; 

¶ ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 220 ɼʞ/ʢʛ; 

¶ ʉʤʝʩʠʪʝʣʴ ʨʘʙʦʪʦʩʧʦʩʦʙʝʥ ʚ ʩʣʫʯʘʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʤʙʠʢʦʨʤʦʚ ʥʘ 

ʦʩʥʦʚʝ ʜʝʨʪʠ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ ʠ ɹɺɼ, ʧʨʠ ʜʦʣʝ ʜʦʙʘʚʦʢ ʥʝ ʤʝʥʝʝ 14%. 
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ʋɼʂ 631.363.7 

 

ʆʇʊʀʄʀɿɸʎʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ 
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ɺ ʩʪʘʪʴʝ ʜʘʝʪʩʷ ʦʧʠʩʘʥʠʝ ʩʤʝʩʠʪʝʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ 

ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʤʝʩʠʪʝʣʷ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʤʝʩʠ ʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʆʙʦʩʥʦʚʘʥʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʤʝʩʠʪʝʣʷ ʝʛʦ ʟʦʥʳ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ: ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï 8 ʪ/ʯ 

ʧʨʠ ʜʦʣʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝ ʤʝʥʝʝ 9,5%. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʤʝʰʠʚʘʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʤʝʩʠ, 

ʩʤʝʩʠʪʝʣʴ, ʤʝʰʘʣʢʘ, ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʤʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ ʩʤʝʩʠʪʝʣʷ. 

 

Describes the continuous mixer with combined ethyl working body. The results of 

experimental studies to determine the mixer uneven mixture and energy mixing. Justified its 

technological options mixer zone efficiency: efficiency - 8 t / h with a share of control components not 

less than 9.5%. 
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energy consumption, drive power mixer. 
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ʆʜʥʠʤ ʠʟ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʚʠʜʦʚ ʢʦʨʤʦʚʳʭ ʩʤʝʩʝʡ ʷʚʣʷʶʪʩʷ 

ʢʦʤʙʠʢʦʨʤʘ. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʙʠʢʦʨʤʦʚ ʠ ʩʥʠʞʝʥʠʷ ʠʭ ʩʪʦʠʤʦʩʪʠ, ʭʦʟʷʡʩʪʚʘ ʩʪʨʝʤʷʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʬʫʨʘʞ ʠ ʧʦʢʫʧʥʳʝ ɹɺɼ, ʦʙʣʘʜʘʶʱʠʝ ʚ ʩʦʩʪʘʚʝ 

ʢʦʤʙʠʢʦʨʤʘ 10-20% ʤʘʩʩʳ [1,7]. ʂ ʩʦʞʘʣʝʥʠʶ, ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʩʤʝʩʠʪʝʣʠ 

ʩʧʦʩʦʙʥʳ ʧʨʠʛʦʪʘʚʣʠʚʘʪʴ ʩʤʝʩʠ ʥʘʜʣʝʞʘʱʝʛʦ ʢʘʯʝʩʪʚʘ. ɺʪʦʨʳʤ ʥʝʜʦʩʪʘʪʢʦʤ 
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ʩʤʝʩʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ. ʉʫʱʝʩʪʚʫʝʪ 

ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʫʢʘʟʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʥʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʠʟ ʥʠʭ ʩʧʦʩʦʙʥʳ 

ʧʨʠʛʦʪʘʚʣʠʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʩʤʝʩʴ ʚ ʢʦʥʢʨʝʪʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʨʝʮʝʧʪʫʨʳ [1-5]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʩʤʝʩʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ (ʢʦʤʙʠʢʦʨʤʦʚ-ʢʦʥʮʝʥʪʨʘʪʦʚ) ʧʨʠ 

ʩʦʙʣʶʜʝʥʠʠ ʟʦʦʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʥʘ ʢʘʯʝʩʪʚʦ ʩʤʝʩʠ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

1. ʋʩʪʘʥʦʚʣʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʤʝʩʠʪʝʣʷ. 

2. ɺʳʷʚʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʣʠʙʦ ʨʘʮʠʦʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʩʠʪʝʣʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʦʙʣʶʜʝʥʠʝ 

ʟʦʦʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʥʘ ʢʘʯʝʩʪʚʦ ʩʤʝʩʠ ʠ ʤʠʥʠʤʘʣʴʥʫʶ ʵʥʝʨʛʦʝʤʢʦʩʪʴ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʮʝʧʪʫʨʳ ʢʦʤʙʠʢʦʨʤʦʚ ʢʦʤʧʦʥʝʥʪʳ ʜʘʥʥʳʭ ʩʤʝʩʝʡ 

ʧʦʜʣʝʞʘʪ ʜʦʟʠʨʦʚʘʥʠʶ ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʩʤʝʰʠʚʘʥʠʶ. ʇʦʜ ʩʤʝʰʠʚʘʥʠʝʤ 

ʧʦʥʠʤʘʶʪ ʧʨʦʮʝʩʩ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʢʦʤʧʦʥʝʥʪʦʚ 

ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʨʤʘ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʶʪ ʦʜʥʦʨʦʜʥʫʶ 

ʢʦʨʤʦʚʫʶ ʩʤʝʩʴ [1].  

ʈʘʚʥʦʤʝʨʥʦʩʪʴ ʩʤʝʩʠ ʦʧʨʝʜʝʣʷʶʪ:  

Vp=(100-n).     (1) 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʤʝʰʠʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ n, %, ʬʘʢʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʨʦʙʘʭ [1] 

n= 100ÖS /ʍ, %,     (2) 

ʛʜʝ S ï ʵʤʧʠʨʠʯʝʩʢʦʝ (ʦʧʳʪʥʦʝ) ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ: 
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;      (3) 

ʍ ï ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʦ ʚʩʝʭ 

ʚʟʷʪʳʭ ʧʨʦʙʘʭ, ʛ; N ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙ, 15é20 ʰʪ. 

ʏʝʤ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ n, ʪʝʤ ʢʘʯʝʩʪʚʝʥʥʝʝ 
ʨʘʩʧʨʝʜʝʣʝʥʳ ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʤʝʩʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʧʨʝʨʳʚʥʦʡ ʩʭʝʤʳ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʝʡ 

(ʥʝʧʨʝʨʳʚʥʦʝ ʜʦʟʠʨʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʥʝʧʨʝʨʳʚʥʦʝ ʠʭ 

ʩʤʝʰʝʥʠʝ) ʧʦʟʚʦʣʷʝʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʨʮʠʦʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʩʥʠʟʠʪʴ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʩʤʝʰʝʥʠʷ, ʦʜʥʘʢʦ ʩʦʙʣʶʜʝʥʠʝ ʨʝʮʝʧʪʫʨʳ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʩʣʦʞʥʝʝ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʡ ʥʘʩʪʨʦʡʢʠ ʜʦʟʘʪʦʨʦʚ [1é6].  

ɼʣʷ ʩʤʝʰʠʚʘʥʠʷ ʩʫʭʠʭ ʢʦʨʤʦʚ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʩʤʝʩʠʪʝʣʠ ʩ 

ʣʦʧʘʩʪʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ [2, 5, 6]. ɺ ʇʝʥʟʝʥʩʢʦʡ ɻʉʍɸ ʨʘʟʨʘʙʦʪʘʥ 

ʩʤʝʩʠʪʝʣʴ ʩʫʭʠʭ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʨʠʩʫʥʦʢ 

1). ʀʟ ʠʩʩʣʝʜʦʚʘʥʠʡ [8, 9] ʠʟʚʝʩʪʝʥ ʨʷʜ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʘʥʥʦʛʦ 

ʩʤʝʩʠʪʝʣʷ.  
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ʈʠʩʫʥʦʢ 1 ï ʉʤʝʩʠʪʝʣʴ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ: 

1 ï ʚʳʛʨʫʟʥʦʡ ʣʦʪʦʢ; 2- ʢʦʞʫʭ; 3 ï ʟʘʛʨʫʟʥʘʷ ʚʦʨʦʥʢʘ; 4 ï ʨʘʙʦʯʠʡ ʦʨʛʘʥ;  

5 ï ʧʨʠʚʦʜ 

 

ʉʤʝʩʠʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʢʦʞʫʭ 2 ʩ ʟʘʛʨʫʟʥʦʡ 

ʚʦʨʦʥʢʦʡ 3 ʠ ʚʳʛʨʫʟʥʳʤ ʣʦʪʢʦʤ 1. ɺʥʫʪʨʠ ʢʦʞʫʭʘ ʫʩʪʘʥʦʚʣʝʥ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ 

ʚʘʣ ʩ ʧʨʠʚʦʜʦʤ 5 ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʯʝʨʝʟ ʢʣʠʥʦʨʝʤʝʥʥʫʶ ʧʝʨʝʜʘʯʫ. ʅʘ ʚʘʣʫ 

ʫʩʪʘʥʦʚʣʝʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ 4, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʧʨʫʪʢʦʚʦʡ 

ʇ-ʦʙʨʘʟʥʦʡ ʣʦʧʘʩʪʥʦʡ ʤʝʰʘʣʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʨʘʡʦʥʝ ʟʘʛʨʫʟʥʦʡ ʚʦʨʦʥʢʠ 3, 

ʠ ʜʚʫʭʟʘʭʦʜʥʦʛʦ ʩʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʦʛʦ ʧʨʫʪʢʦʚʦʛʦ ʢʦʥʚʝʡʝʨʘ, ʨʘʟʤʝʱʝʥʥʦʛʦ ʚ 

ʨʘʡʦʥʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʢʦʞʫʭʘ 2. ʂʦʤʧʦʥʝʥʪʳ ʩʤʝʩʠ, ʟʘʛʨʫʞʘʝʤʳʝ 

ʥʝʧʨʝʨʳʚʥʳʤ ʧʦʪʦʢʦʤ ʚ ʩʤʝʩʠʪʝʣʴ ʯʝʨʝʟ ʟʘʛʨʫʟʥʫʶ ʚʦʨʦʥʢʫ 3, ʘʢʪʠʚʥʦ 

ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ ʚʥʫʪʨʠ ʢʦʞʫʭʘ 2 ʧʨʫʪʢʦʚʳʤʠ ʣʦʧʘʩʪʷʤʠ ʇ-ʦʙʨʘʟʥʦʡ ʤʝʰʘʣʢʠ 

ʚ ʟʦʥʝ ʟʘʛʨʫʟʥʦʛʦ ʦʪʚʝʨʩʪʠʷ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʚʳʩʦʪʳ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ ʚ 

ʩʤʝʩʠʪʝʣʝ ʚ ʨʘʡʦʥʝ ʟʘʛʨʫʟʥʦʡ ʚʦʨʦʥʢʠ 3, ʯʘʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʩʳʧʘʝʪʩʷ ʧʦʜ 

ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ ʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʣʦʧʘʩʪʥʦʡ ʤʝʰʘʣʢʠ ʥʘ ʩʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʦʡ 

ʧʨʫʪʢʦʚʳʡ ʢʦʥʚʝʡʝʨ. ʂʦʥʚʝʡʝʨ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪ ʤʘʪʝʨʠʘʣ ʚʜʦʣʴ ʢʦʞʫʭʘ ʢ 

ʚʳʛʨʫʟʥʦʤʫ ʣʦʪʢʫ 1 ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʝʪ ʝʛʦ. 

ʀʥʪʝʨʚʘʣʳ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ: ʜʦʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʦʪ 1,5% ʜʦ 12%, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï ʦʪ 1,5 ʜʦ 23,5 ʢʛ/ʩ. ʇʨʠ ʵʪʦʤ, 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʥʝʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʩʤʝʩʠʪʝʣʷ: ʢʦʣʠʯʝʩʪʚʦ ʣʦʧʘʩʪʝʡ ʤʝʰʘʣʢʠ ï 6 ʰʪ.; ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ï320 

ʤʠʥ
-1
. ʄʝʪʦʜʠʢʘ ʦʧʳʪʦʚ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʟʝʨʥʘ ʷʯʤʝʥʷ. ʅʘʧʦʣʥʠʪʝʣʴ: ʜʝʨʪʠ ʷʯʤʝʥʥʘʷ ʠ ʧʰʝʥʠʯʥʘʷ ʚ ʧʨʦʧʦʨʮʠʠ (1:1), 

ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 710 ʢʛ/ʤ
3
. ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʙ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʩʤʝʩʠ ï 20 ʰʪ. ʄʘʩʩʘ ʧʨʦʙʳ ï 100 ʛ.  

 

 
ʈʠʩʫʥʦʢ 2 ï ɺʣʠʷʥʠʝ ʜʦʣʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ dk (%) ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʤʝʩʠʪʝʣʷ Q (ʢʛ/ʩ) ʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʤʝʩʠ n, % 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʣʫʯʝʥʦ 

ʚʳʨʘʞʝʥʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʤʝʩʠ (ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʨʦʙʘʭ, ʨʠʩ.2), %: 

n=63,28335-33,7012Ŀdk-20,70799ĿQ -2,617092ĿQĿdk+ 

+8,903025ĿQ
2
/dk+ 1,009618ĿQ

2
Ŀdk,     (4) 

ʛʜʝ dk ï ʜʦʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, %; Q ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʩʤʝʩʠʪʝʣʷ, ʢʛ/ʩ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ R=0,93621. ɼʘʥʥʳʝ F-ʪʝʩʪ = 0,91789. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʤʝʩʠ 

ʧʦʥʠʞʘʝʪʩʷ, ʪ.ʝ. ʢʘʯʝʩʪʚʦ ʩʤʝʩʠ ʫʣʫʯʰʘʝʪʩʷ. ʇʨʠ ʜʦʣʝ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʦʩʪʘʚʝ ʩʤʝʩʠ ʙʦʣʝʝ 9,5% ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʤʝʥʝʝ 10%, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʥʘ ʢʘʯʝʩʪʚʦ ʩʤʝʩʠ. ʃʫʯʰʠʝ 

ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 2,2 ʢʛ/ʩ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʠ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʦ 

ʚʳʨʘʞʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ (ʨʠʩ.3), ɼʞ/ʢʛ: 

Y=674,5031-0,982715ĿQĿdk -287,966ĿQ +49,57906ĿQ
2
. (6) 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ R=0,99243. ɼʘʥʥʳʝ F-ʪʝʩʪ = 0,982308. 

ʉ ʨʦʩʪʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʩʤʝʰʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʧʦ 

ʟʘʚʠʩʠʤʦʩʪʠ ʙʣʠʟʢʦʡ ʢ ʣʠʥʝʡʥʦʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʦʩʪʦʤ ʤʦʱʥʦʩʪʠ ʥʘ ʧʨʠʚʦʜ 

ʩʤʝʩʠʪʝʣʷ. ʉʘʤʘʷ ʚʳʩʦʢʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʤʘʣʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʤʝʩʠʪʝʣʷ ï 1,5 ʢʛ/ʩ. ɼʦʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ 

ʩʦʩʪʘʚʝ ʩʤʝʩʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʥʝ ʦʢʘʟʳʚʘʝʪ. ɺʠʜʠʤʦ 

ʚʣʠʷʝʪ ʣʠʰʴ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʩʤʝʩʠ ʧʨʠ ʩʤʝʥʝ ʜʦʣʠ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. ʇʘʨʘʤʝʪʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʟʦʦʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ (2,2 ʢʛ/ʩ) 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʩʤʝʰʝʥʠʷ ʦʢʦʣʦ 300 ɼʞ/ʢʛ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʤʝʩʠʪʝʣʷ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʇ-

ʦʙʨʘʟʥʳʭ ʣʦʧʘʩʪʝʡ ʤʝʰʘʣʢʠ ʨʘʚʥʦʛʦ ʰʝʩʪʠ ʠ ʧʨʠ ʯʘʩʪʦʪʝ ʝʝ ʚʨʘʱʝʥʠʷ 320 ʤʠʥ
-

1
 ʦʧʪʠʤʘʣʴʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʤʝʩʠʪʝʣʷ ʦʢʦʣʦ 8 ʪ/ʯ. ʉʤʝʩʠʪʝʣʴ 

ʨʘʙʦʪʦʩʧʦʩʦʙʝʥ ʧʨʠ ʜʦʣʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʝ ʤʝʥʝʝ 9,5 %.  

 

 
ʈʠʩʫʥʦʢ 3 ï ɺʣʠʷʥʠʝ ʜʦʣʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ dk (%) ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʤʝʩʠʪʝʣʷ Q (ʢʛ/ʩ) ʥʘ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʩʤʝʰʠʚʘʥʠʷ Y, ɼʞ/ʢʛ 
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ʣʫʯʰʝʛʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʫʯʘʱʝʡʩʷ ʤʦʣʦʜʝʞʠ ʚ ʜʝʬʠʮʠʪʥʳʭ 

ʧʠʱʝʚʳʭ ʚʝʱʝʩʪʚʘʭ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʞʘʥʦ-ʧʰʝʥʠʯʥʳʭ ʠʟʜʝʣʠʡ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʣʴʥʷʥʦʡ ʤʫʢʠ 

ʠ ʵʢʩʪʨʫʜʘʪʘ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ. ɺʥʝʩʝʥʠʝ ʚ ʭʣʝʙʦʙʫʣʦʯʥʦʝ ʠʟʜʝʣʠʝ ʠʟ ʨʞʘʥʦ-ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʥʝ ʫʭʫʜʰʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʛʦʪʦʚʦʛʦ 

ʠʟʜʝʣʠʷ, ʧʦʚʳʰʘʝʪ ʠʭ ʧʠʱʝʚʫʶ ʮʝʥʥʦʩʪʴ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ, ʣʴʥʷʥʘʷ ʤʫʢʘ, ɻ ʢʩʪʨʫʜʘʪ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ 

 
The possibility of using flax meal and extruded wheat bran in bakery products from a mixture 

of rye and wheat flour to better meet the physiological needs of students deficient in nutrients is studied. 

Studies were carried out of functional and technological, physical and chemical indicators developed 

rye-wheat products with content flax meal and extruded wheat bran. Adding to the bakery product of 

rye-wheat flour functional additives does not impair the functional and technological performance of the 

finished product, increases their nutritional value. 

Key words: bakery products, flax meal, extruded wheat bran 

 

ɺ ʩʚʷʟʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʦʚʨʝʤʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ - ʥʘʨʫʰʝʥʠʷʤʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʩʥʠʞʝʥʠʝʤ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʥʘʣʠʯʠʝʤ 

ʚʨʝʜʥʳʭ ʧʨʠʚʳʯʝʢ, ʥʝʨʘʮʠʦʥʘʣʴʥʳʤ ʧʠʪʘʥʠʝʤ, ʩʥʠʞʘʝʪʩʷ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ 

ʦʨʛʘʥʠʟʤʘ ʚʨʝʜʥʳʤ ʬʘʢʪʦʨʘʤ ʥʝ ʪʦʣʴʢʦ ʫ ʣʶʜʝʡ ʩʨʝʜʥʝʛʦ ʠ ʧʦʞʠʣʦʛʦ ʚʦʟʨʘʩʪʘ, 

ʥʦ ʠ ʫ ʤʦʣʦʜʝʞʠ, ʦʩʦʙʝʥʥʦ ʫ ʩʪʫʜʝʥʪʦʚ. 

ʆʙʩʣʝʜʦʚʘʥʠʝ ʨʘʮʠʦʥʘ ʧʠʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʫʯʘʱʝʡʩʷ ʤʦʣʦʜʝʞʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʜʝʬʠʮʠʪʦʚ 

ʚʘʞʥʝʡʰʠʭ ʧʠʱʝʚʳʭ ʚʝʱʝʩʪʚ (ʙʝʣʢʦʚ, ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ, ʤʘʢʨʦ- ʠ 

ʤʠʢʨʦʥʫʪʨʠʝʥʪʦʚ), ʧʨʠʚʦʜʷʱʠʭ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʧʘʪʦʣʦʛʠʡ. ɼʣʷ 

ʫʣʫʯʰʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʫʜʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ 

ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʦʚʣʝʪʚʦʨʝʥʠʶ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʨʛʘʥʠʟʤʘ 

ʫʯʘʱʝʡʩʷ ʤʦʣʦʜʝʞʠ ʚ ʧʠʱʝʚʳʭ ʚʝʱʝʩʪʚʘʭ, ʷʚʣʷʶʱʠʭʩʷ ʜʝʬʠʮʠʪʥʳʤʠ. ɼʣʷ 

ʢʦʨʨʝʢʮʠʠ ʧʠʪʘʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ, 

ʠʤʝʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ [1]. 

ʈʘʟʨʘʙʦʪʢʘ ʠʟʜʝʣʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʦʨʠʪʝʪʥʳʤ ʮʝʣʷʤ ʠ ʟʘʜʘʯʘʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʦʙʣʘʩʪʠ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʠ. 

ɿʝʨʥʦʚʦʝ ʩʳʨʴʝ ʷʚʣʷʝʪʩʷ ʮʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, 

ʧʦʵʪʦʤʫ ʝʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ.  

ʍʣʝʙʥʳʝ ʠʟʜʝʣʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ 

ʯʝʣʦʚʝʢʘ. ɺ ʈʦʩʩʠʠ ʭʣʝʙ ʧʦʪʨʝʙʣʷʶʪ ʪʨʘʜʠʮʠʦʥʥʦ ʤʥʦʛʦ - ʚ ʩʨʝʜʥʝʤ ʜʦ 330 ʛ ʚ 

ʩʫʪʢʠ. ɺ ʭʣʝʙʝ ʩʦʜʝʨʞʘʪʩʷ ʤʥʦʛʠʝ ʚʘʞʥʝʡʰʠʝ ʧʠʱʝʚʳʝ ʚʝʱʝʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʳʝ 

ʯʝʣʦʚʝʢʫ: ʩʨʝʜʠ ʥʠʭ ʙʝʣʢʠ, ʫʛʣʝʚʦʜʳ, ʚʠʪʘʤʠʥʳ, ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʧʠʱʝʚʳʝ ʚʦʣʦʢʥʘ. 

ɿʘ ʩʯʝʪ ʧʦʪʨʝʙʣʝʥʠʷ ʭʣʝʙʘ ʯʝʣʦʚʝʢ ʧʦʯʪʠ ʥʘʧʦʣʦʚʠʥʫ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʩʚʦʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʫʛʣʝʚʦʜʘʭ, ʥʘ ʪʨʝʪʴ - ʚ ʙʝʣʢʘʭ, ʙʦʣʝʝ ʯʝʤ ʥʘʧʦʣʦʚʠʥʫ - ʚ 

ʚʠʪʘʤʠʥʘʭ ʛʨʫʧʧʳ ɺ, ʩʦʣʷʭ ʬʦʩʬʦʨʘ ʠ ʞʝʣʝʟʘ.  

ʀʟ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʝʨʥʦʚʦʛʦ ʩʳʨʴʷ, ʚʳʨʘʱʠʚʘʝʤʦʛʦ ʚ ʈʦʩʩʠʠ, 

ʧʰʝʥʠʯʥʳʝ ʦʪʨʫʙʠ ʠ ʩʝʤʷ ʣʴʥʘ ʷʚʣʷʶʪʩʷ ʜʦʩʪʫʧʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʙʝʣʢʘ, ʫʛʣʝʚʦʜʦʚ, ʚʠʪʘʤʠʥʦʚ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ.  

ʋʥʠʢʘʣʴʥʳʡ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʴʥʷʥʦʛʦ ʩʝʤʝʥʠ ʜʝʣʘʝʪ ʝʛʦ ʮʝʥʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ. ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ 

ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʩʝʤʝʥʘʤ ʣʴʥʘ ʠ ʣʴʥʷʥʦʡ ʤʫʢʝ. 

ʃʴʥʷʥʘʷ ʤʫʢʘ ʙʦʛʘʪʘ ʜʠʝʪʠʯʝʩʢʦʡ ʢʣʝʪʯʘʪʢʦʡ (ʜʦ 30%), 

ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʤʠ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ (ʆʤʝʛʘ-3 ʠ ʆʤʝʛʘ-6), ʨʘʩʪʠʪʝʣʴʥʳʤ 
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ʙʝʣʢʦʤ (ʜʦ 50%), ʚʠʪʘʤʠʥʘʤʠ B1, B2, B6, ʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʦʡ, ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ 

(ʣʠʛʥʘʥʳ), ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ 

(ʢʘʣʠʝʤ, ʢʘʣʴʮʠʝʤ, ʤʘʛʥʠʝʤ, ʮʠʥʢʦʤ ʠ ʜʨ.). ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ ʚʳʩʦʢʫʶ ʧʠʱʝʚʫʶ 

ʠ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʣʴʥʷʥʦʛʦ ʙʝʣʢʘ, ʢʦʪʦʨʳʡ, ʧʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ 

ʘʤʠʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʝʚʦʩʭʦʜʠʪ ʙʝʣʦʢ ʤʥʦʛʠʭ ʟʝʨʥʦʚʳʭ ʠ ʙʦʙʦʚʳʭ 

ʢʫʣʴʪʫʨ. ʋʥʠʢʘʣʴʥʳʡ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʴʥʷʥʦʛʦ ʩʝʤʝʥʠ ʜʝʣʘʝʪ ʝʛʦ 

ʮʝʥʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ [2,3].  

ʃʴʥʷʥʫʶ ʤʫʢʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʚʳʧʝʯʢʝ ʠʟʜʝʣʠʡ ʠʟ 

ʜʨʦʞʞʝʚʦʛʦ ʠ ʧʨʝʩʥʦʛʦ ʪʝʩʪʘ, ʟʘʤʝʥʷʷ ʧʰʝʥʠʯʥʫʶ ʤʫʢʫ ʣʴʥʷʥʦʡ ʥʘ 10-20 % 

(ʦʣʘʜʴʠ, ʙʣʠʥʳ, ʙʫʣʦʯʢʠ, ʢʦʥʜʠʪʝʨʩʢʠʝ ʠʟʜʝʣʠʷ ʠ ʪ.ʜ.). ɺʳʧʝʯʢʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʣʴʥʷʥʦʡ ʤʫʢʠ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʠʷʪʥʳʡ ʢʦʨʠʯʥʝʚʘʪʳʡ ʦʪʪʝʥʦʢ, ʠʤʝʝʪ 

ʥʝʧʦʚʪʦʨʠʤʳʡ ʚʢʫʩ ʠ ʘʨʦʤʘʪ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʘʥʘʣʠʟʘ ʥʘʫʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʩʦʜʝʨʞʘʥʠʝ ʣʴʥʷʥʦʡ ʤʫʢʠ 5-15 % ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʣʝʙʦʧʝʢʘʨʥʦʡ ʥʝ ʧʦʨʪʠʪ 

ʩʪʨʫʢʪʫʨʫ ʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟʜʝʣʠʡ. ʊʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʳ 

ʨʝʮʝʧʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʜʦ 60 % ʣʴʥʷʥʦʡ ʤʫʢʠ [2,3].  

ʃʴʥʷʥʘʷ ʤʫʢʘ ʦʙʣʘʜʘʝʪ ʚʣʘʛʦʧʦʛʣʦʱʘʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ 

ʝʝ ʩʧʦʩʦʙʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʪʴ ʩʨʦʢ ʩʚʝʞʝʩʪʠ ʧʨʦʜʫʢʪʦʚ [3]. 

ʇʰʝʥʠʯʥʳʝ ʦʪʨʫʙʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ ʠ ʧʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤ ʧʨʠʜʘʝʪʩʷ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʧʨʦʜʫʢʪʫ ʧʠʪʘʥʠʷ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʜʦʙʘʚʦʢ 

ʚ ʨʘʟʣʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ. ʕʢʩʪʨʫʟʠʦʥʥʳʝ ʦʪʨʫʙʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʦʨʦʰʦʢ ʢʦʨʠʯʥʝʚʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʩʚʦʡʩʪʚʝʥʥʳʡ ʦʪʨʫʙʷʤ ʧʰʝʥʠʯʥʳʤ, ʩ 

ʛʨʘʥʫʣʘʤʠ 2-5ʤʤ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʭ ʦʪʨʫʙʝʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 9%, ʙʝʣʢʘ ï 15%, ʢʣʝʪʯʘʪʢʠ ï 30%, ʟʦʣʳ ï 6% [4]. 

 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʢʩʪʨʫʜʘʪ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ ʷʚʣʷʝʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʧʨʠʨʦʜʥʳʭ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʙʝʣʢʦʚ, ʦʪʨʫʙʠ 

ʦʪʣʠʯʘʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ: ʚʳʩʦʢʠʤʠ ʤʘʩʩʦʚʳʤʠ 

ʜʦʣʷʤʠ ʪʘʢʠʭ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʢʘʣʠʡ, ʢʘʣʴʮʠʡ, 

ʬʦʩʬʦʨ, ʞʝʣʝʟʦ, ʮʠʥʢ. ʂʨʦʤʝ ʪʦʛʦ, ʵʢʩʪʨʫʟʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʰʝʥʠʯʥʳʭ 

ʦʪʨʫʙʝʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʵʢʩʪʨʫʜʘʪʘ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ [5]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʜʝʣʠʡ ʥʘ 

ʟʝʨʥʦʚʦʡ ʦʩʥʦʚʝ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʫʯʘʱʝʡʩʷ ʤʦʣʦʜʝʞʠ. 

ɺ ʩʦʩʪʘʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʠʟʜʝʣʠʡ ʚʭʦʜʷʪ ʦʙʦʡʥʘʷ ʨʞʘʥʘʷ ʠ ʧʰʝʥʠʯʥʘʷ 

ʤʫʢʘ 1 ʩʦʨʪʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʜʦʙʘʚʢʠ: ʵʢʩʪʨʫʜʘʪ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ ʠ 

ʣʴʥʷʥʘʷ ʤʫʢʘ.  

ʆʙʦʡʥʘʷ ʤʫʢʘ ʩʦʩʪʦʠʪ ʠʟ ʪʝʭ ʞʝ ʪʢʘʥʝʡ, ʯʪʦ ʠ ʟʝʨʥʦ ʨʞʠ (ʩ ʥʝʩʢʦʣʴʢʦ 

ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʣʦʜʦʚʳʭ ʦʙʦʣʦʯʝʢ ʠ ʟʘʨʦʜʳʰʘ) ʠ ʩʦʜʝʨʞʠʪ ʥʘʨʷʜʫ ʩ 

ʠʟʤʝʣʴʯʝʥʥʳʤ ʵʥʜʦʩʧʝʨʤʦʤ 20-25% ʠʟʤʝʣʴʯʝʥʥʳʭ ʦʙʦʣʦʯʝʢ ʠ ʘʣʝʡʨʦʥʦʚʦʛʦ 

ʩʣʦʷ. ʄʫʢʘ ʙʦʛʘʪʘ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʩʘʭʘʨʦʤ, ʩʦʜʝʨʞʠʪ 12-14% 

ʙʝʣʢʘ, 60-64% ʢʨʘʭʤʘʣʘ, ʢʣʝʪʯʘʪʢʠ - 2-2,5%, ʟʦʣʴʥʦʩʪʴ - 1,8-1,9%.  

ɺ ʭʣʝʙʝ ʠʟ ʤʫʢʠ ʦʙʦʡʥʦʡ ʨʞʘʥʦʡ ʠ ʧʰʝʥʠʯʥʦʡ ʠ ʧʰʝʥʠʯʥʦʡ 1-ʛʦ ʩʦʨʪʘ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ 

ʚʝʱʝʩʪʚ, ʙʝʣʢʦʚ ʠ ʫʛʣʝʚʦʜʦʚ ʙʣʠʟʢʦ ʢ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʥʦʨʤʝ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʦʪʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ 

ʨʝʮʝʧʪʫʨ ʥʘ ʨʞʘʥʦ-ʧʰʝʥʠʯʥʳʝ ʤʝʣʢʦʰʪʫʯʥʳʝ ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʙʝʟʦʧʘʨʥʳʤ ʩʧʦʩʦʙʦʤ. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʮʝʧʪʫʨʳ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʜʦʙʘʚʦʢ:  
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3% ʣʴʥʷʥʦʡ ʤʫʢʠ ʠ 3% ʵʢʩʪʨʫʜʘʪʘ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ; 

3% ʣʴʥʷʥʦʡ ʤʫʢʠ ʠ 5% ʵʢʩʪʨʫʜʘʪʘ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ;  

5% ʣʴʥʷʥʦʡ ʤʫʢʠ ʠ 10% ʵʢʩʪʨʫʜʘʪʘ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ; 

10% ʣʴʥʷʥʦʡ ʤʫʢʠ ʠ 10% ʵʢʩʪʨʫʜʘʪʘ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ; 

10% ʣʴʥʷʥʦʡ ʤʫʢʠ ʠ 15% ʵʢʩʪʨʫʜʘʪʘ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ. 

ɺ ʠʪʦʛʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʟʜʝʣʠʡ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 

ʦʙʨʘʟʮʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 5 % ʣʴʥʷʥʦʡ ʤʫʢʠ ʠ 10% ʵʢʩʪʨʫʜʘʪʘ ʦʪʨʫʙʝʡ ʠ 10% 

ʣʴʥʷʥʦʡ ʤʫʢʠ ʠ 10% ʵʢʩʪʨʫʜʘʪʘ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʘ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʱʝʧʨʠʥʷʪʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, 

ʦʪʨʘʞʝʥʥʳʝ ʚ ʧʨʦʪʦʢʦʣʘʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʜʘʥʥʳʭ ʌɹʋɿ 

çʎʝʥʪʨ ʛʠʛʠʝʥʳ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʚ ʇʝʥʟʝʥʩʢʦʡ ʦʙʣʘʩʪʠè. 

ʈʝʮʝʧʪʫʨʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʠ ʨʝʮʝʧʪʫʨʳ ʩ ʚʥʝʩʝʥʠʝʤ ʚ ʥʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 5/10 ʠ 10/10 ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ʈʝʮʝʧʪʫʨʳ ʨʞʘʥʦ-ʧʰʝʥʠʯʥʳʭ ʠʟʜʝʣʠʡ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʳʨʴʷ 

ʈʘʩʭʦʜ ʩʳʨʴʷ ʥʘ 1 ʢʛ ʤʫʢʠ, ʛ 

ʢʦʥʪʨʦʣʴʥʳʡ 5/10 10/10 

ɺ ʥʘʪʫʨʝ ɺ ʥʘʪʫʨʝ ɺ ʥʘʪʫʨʝ 

ʄʫʢʘ ʧʰʝʥʠʯʥʘʷ 

ʚʳʩʰʝʛʦ ʩʦʨʪʘ 

228 265 286 

ʄʫʢʘ ʨʞʘʥʘʷ ʦʙʦʡʥʘʷ 342 235 171 

ʄʫʢʘ ʣʴʥʷʥʘʷ - 29 57 

ʕʢʩʪʨʫʜʘʪ ʧʰʝʥʠʯʥʳʭ 

ʦʪʨʫʙʝʡ 

- 59 57 

ɼʨʦʞʞʠ 14 15 9 

ʉʦʣʴ 9 12 11 

ʉʘʭʘʨ-ʧʝʩʦʢ 7 9 9 

ɺʦʜʘ 400 376 400 

ɿʘʢʚʘʩʢʘ çʌʠʛʘʨʦè 7 7 7 

ɺʳʭʦʜ 1000 1000 1000 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʢʘʟʘʥʳ ʚ 

ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 ï ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʞʘʥʦ-ʧʰʝʥʠʯʥʳʭ 

ʤʝʣʢʦʰʪʫʯʥʳʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʜʦʙʘʚʢʘʤʠ 

ʇʦʢʘʟʘʪʝʣʠ 

ʍʣʝʙʦʙʫʣʦʯʥʦʝ ʠʟʜʝʣʠʝ 

ɹʝʟ ʵʢʩʪʨʫʜʘʪʘ ʦʪʨʫʙʝʡ ʠ 

ʣʴʥʷʥʦʡ ʤʫʢʠ 

(ʢʦʥʪʨʦʣʴʥʳʡ) 

ʩ ʣʴʥʷʥʦʡ ʤʫʢʦʡ ʠ ʵʢʩʪʨʫʜʘʪʦʤ ʧʰʝʥʠʯʥʳʭ 

ʦʪʨʫʙʝʡ  

5/10% 10/10% 

ʌʦʨʤʘ ʆʚʘʣʴʥʘʷ ʙʝʟ ʙʦʢʦʚʳʭ 

ʚʳʧʣʳʚʦʚ, ʥʝ ʤʷʪʘʷ, ʙʝʟ 

ʧʨʠʪʠʩʢʦʚ 

ʇʨʦʜʦʣʛʦʚʘʪʦ-ʦʚʘʣʴʥʘʷ, 

ʙʝʟ ʙʦʢʦʚʳʭ ʚʳʧʣʳʚʦʚ, 

ʥʝ ʤʷʪʘʷ, ʙʝʟ ʧʨʠʪʠʩʢʦʚ  

ʉʣʝʛʢʘ 

ʨʘʩʧʣʳʚʯʘʪʘʷ, 

ʙʝʟ ʧʦʜʲʝʤʘ 

ʇʦʚʝʨʭʥʦʩʪʴ ʇʦʚʝʨʭʥʦʩʪʴ ʨʦʚʥʘʷ, ʦʩʥʦʚʘ 

ʥʝ ʧʦʜʛʦʨʝʣʘʷ 

ʇʦʚʝʨʭʥʦʩʪʴ ʨʦʚʥʘʷ, ʙʝʟ ʪʨʝʱʠʥ ʠ 

ʧʦʜʨʳʚʦʚ, ʦʩʥʦʚʘ ʥʝ ʧʦʜʛʦʨʝʣʘʷ 

ʎʚʝʪ ʂʦʨʠʯʥʝʚʳʡ, ʨʘʚʥʦʤʝʨʥʳʡ ʂʦʨʠʯʥʝʚʳʡ, ʨʘʚʥʦʤʝʨʥʳʡ 
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ɿʘʧʘʭ ʉʚʦʡʩʪʚʝʥʥʳʝ ʜʘʥʥʦʤʫ 

ʠʟʜʝʣʠʶ, ʙʝʟ ʧʦʩʪʦʨʦʥʥʝʛʦ 

ʟʘʧʘʭʘ 

ʉʚʦʡʩʪʚʝʥʥʳʡ ʠʟʜʝʣʠʶ ʢʦʥʢʨʝʪʥʦʛʦ 

ʥʘʠʤʝʥʦʚʘʥʠʷ, ʙʝʟ ʧʦʩʪʦʨʦʥʥʠʭ ʟʘʧʘʭʦʚ 

ɺʢʫʩ ʉʚʦʡʩʪʚʝʥʥʳʝ ʜʘʥʥʦʤʫ 

ʠʟʜʝʣʠʶ, ʙʝʟ ʧʦʩʪʦʨʦʥʥʝʛʦ 

ʧʨʠʚʢʫʩʘ, ʩʣʝʛʢʘ 

ʢʠʩʣʦʚʘʪʳʡ 

ʇʨʠʷʪʥʳʡ, ʩ ʣʝʛʢʦ 

ʚʳʨʘʞʝʥʥʳʤ ʘʨʦʤʘʪʦʤ 

ʜʦʙʘʚʦʢ, ʙʝʟ 

ʧʦʩʪʦʨʦʥʥʝʛʦ ʧʨʠʚʢʫʩʘ 

ɹʦʣʝʝ ʧʨʝʩʥʳʡ, 

ʚʳʨʘʞʝʥ ʚʢʫʩ 

ʣʴʥʷʥʦʡ ʤʫʢʠ  

ɺʠʜ ʚ ʠʟʣʦʤʝ ʄʷʢʠʰ ʧʨʦʧʝʯʝʥʥʳʡ, 

ʵʣʘʩʪʠʯʥʳʡ, ʧʦʨʠʩʪʦʩʪʴ 

ʨʘʚʥʦʤʝʨʥʘʷ 

ʄʷʢʠʰ ʧʨʦʧʝʯʝʥʥʳʡ, 

ʵʣʘʩʪʠʯʥʳʡ, ʙʝʟ ʩʣʝʜʦʚ 

ʥʝʧʨʦʤʝʩʘ, ʧʦʨʠʩʪʦʩʪʴ 

ʨʘʚʥʦʤʝʨʥʘʷ 

ʄʷʢʠʰ 

ʚʣʘʞʥʳʡ, ʩʣʝʛʢʘ 

ʫʧʣʦʪʥʝʥʥʳʡ, 

ʧʦʨʠʩʪʦʩʪʴ 

ʥʝʨʘʚʥʦʤʝʨʥʘʷ 

 

ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 2 ʚʠʜʥʦ, ʯʪʦ ʩ ʚʥʝʩʝʥʠʝʤ ʚ ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ 

ʣʴʥʷʥʦʡ ʤʫʢʠ ʠ ʵʢʩʪʨʫʜʘʪʘ ʦʪʨʫʙʝʡ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 5/10 ʷʚʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʫʭʫʜʰʘʶʱʠʭ ʚʥʝʰʥʠʝ ʢʘʯʝʩʪʚʘ: ʬʦʨʤʫ, ʧʦʚʝʨʭʥʦʩʪʴ, ʮʚʝʪ, ʚʠʜ ʚ 

ʠʟʣʦʤʝ ʥʝ ʚʳʷʚʣʝʥʦ. ʀʟʜʝʣʠʝ ʠʤʝʝʪ ʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ, ʙʝʟ ʪʨʝʱʠʥ, ʧʨʠʪʠʩʢʦʚ 

ʠ ʠʥʳʭ ʜʝʬʝʢʪʦʚ. ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʚʥʝʩʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʚ 

ʚʘʨʠʘʥʪʝ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 10/10, ʪʦ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʜʝʣʠʝ ʠʤʝʝʪ ʬʦʨʤʫ 

ʙʦʣʝʝ ʨʘʩʧʣʳʚʯʘʪʫʶ, ʤʷʢʠʰ ʚʣʘʞʥʦʚʘʪʳʡ, ʧʦʨʠʩʪʦʩʪʴ ʥʝʨʘʚʥʦʤʝʨʥʘʷ. 

ʉʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʠ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ, ʦʪʤʝʯʘʶʱʝʝʩʷ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʜʦʟʠʨʦʚʢʠ ʣʴʥʷʥʦʡ ʤʫʢʠ ʠ ʵʢʩʪʨʫʜʘʪʘ, ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʯʘʩʪʠʮ ʦʙʦʣʦʯʝʢ ʩʝʤʷʥ ʣʴʥʘ ʠ ʦʪʨʫʙʝʡ, ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʢʣʝʡʢʦʚʠʥʳ.  

ɺʣʠʷʥʠʝ ʣʴʥʷʥʦʡ ʤʫʢʠ ʠ ʵʢʩʪʨʫʜʘʪʘ ʥʘ ʚʢʫʩ ʩʣʝʜʫʶʱʝʝ: ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʦʤ, ʚʥʝʩʝʥʠʝ ʜʦʙʘʚʦʢ ʚ ʢʦʣʠʯʝʩʪʚʝ 5/10% ʧʨʠʜʘʣʦ 

ʩʚʦʝʦʙʨʘʟʥʳʡ ʧʨʠʷʪʥʳʡ ʧʨʠʚʢʫʩ ʠ ʘʨʦʤʘʪ ʣʴʥʷʥʦʡ ʤʫʢʠ ʠ ʵʢʩʪʨʫʜʘʪʘ, ʚ 

ʢʦʥʪʨʦʣʴʥʦʤ ʞʝ ʚʘʨʠʘʥʪʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʠʩʣʦʚʘʪʳʡ ʧʨʠʚʢʫʩ, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʦʣʴʰʠʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʨʞʘʥʦʡ ʤʫʢʠ. ɼʦʙʘʚʣʝʥʠʝ ʞʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ 10/10 %, ʧʨʠʜʘʣʦ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ ʘʨʦʤʘʪ 

ʜʦʙʘʚʦʢ ʠ ʧʨʝʩʥʳʡ ʧʨʠʚʢʫʩ ʠʟʜʝʣʠʷʤ.  

ʇʦʢʘʟʘʪʝʣʠ ʨʞʘʥʦ-ʧʰʝʥʠʯʥʦʛʦ ʭʣʝʙʦʙʫʣʦʯʥʦʛʦ ʠʟʜʝʣʠʷ ʩ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3 ï ʌʫʥʢʮʠʦʥʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʤʝʣʢʦʰʪʫʯʥʳʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʜʦʙʘʚʢʘʤʠ 

ʇʦʢʘʟʘʪʝʣʠ 

ʍʣʝʙʦʙʫʣʦʯʥʳʝ ʠʟʜʝʣʠʷ 

ɹʝʟ ʵʢʩʪʨʫʜʘʪʘ ʦʪʨʫʙʝʡ ʠ 

ʣʴʥʷʥʦʡ ʤʫʢʠ (ʢʦʥʪʨʦʣʴ) 

ʩ ʵʢʩʪʨʫʜʘʪʦʤ ʦʪʨʫʙʝʡ ʠ ʣʴʥʷʥʦʡ ʤʫʢʦʡ 

5 /10% 10/10% 

ɺʣʘʞʥʦʩʪʴ, % 42,5 42,0 41,6 

ʇʦʨʠʩʪʦʩʪʴ, % 62,0 58,8 54,1 

ʂʠʩʣʦʪʥʦʩʪʴ, ʛʨʘʜ 6,0 3,0 4,0 

ʋʜʝʣʴʥʳʡ ʦʙʲʝʤ, 

ʩʤ3/ʛ 
2,4 2,4 2,2 

 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 3 ʩʣʝʜʫʝʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʫʤʝʥʴʰʘʝʪʩʷ ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʚʣʘʛʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʥʘ 1,2% ʠ 2,1% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʘʢ ʞʝ ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʠʟʜʝʣʠʷ ʥʘ 5% ʠ 12,7%. ʋʤʝʥʴʰʠʣʩʷ ʠ ʪʘʢʦʡ 
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ʧʦʢʘʟʘʪʝʣʴ ʢʘʢ ʢʠʩʣʦʪʥʦʩʪʴ ʥʘ 50% ʠ 33,3% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʜʘʝʪ ʙʦʣʝʝ 

ʧʨʠʷʪʥʳʡ ʚʢʫʩ ʛʦʪʦʚʦʤʫ ʠʟʜʝʣʠʶ. ʀʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʚʥʝʩʝʥʠʝ ʚ ʭʣʝʙʦʙʫʣʦʯʥʦʝ ʠʟʜʝʣʠʝ ʠʟ ʨʞʘʥʦ-ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʥʝ ʫʭʫʜʰʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ.  

ʇʠʱʝʚʘʷ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʞʘʥʦ-ʧʰʝʥʠʯʥʳʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ 

ʠʟʜʝʣʠʡ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 4.  

ʊʘʙʣʠʮʘ 4 ï ʇʠʱʝʚʘʷ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʙʫʣʦʯʝʢ ʨʞʘʥʦ-

ʧʰʝʥʠʯʥʳʭ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʜʦʙʘʚʢʘʤʠ  

ʆʙʨʘʟʮʳ ʭʣʝʙʦʙʫʣʦʯʥʦʛʦ ʠʟʜʝʣʠʷ 

ʉʦʜʝʨʞʘʥʠʝ ʚ 100ʛ ʧʨʦʜʫʢʪʘ, ʛ 

ɹʝʣʢʠ ɾʠʨʳ ʋʛʣʝʚʦʜʳ 
ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʮʝʥʥʦʩʪʴ, ʢʢʘʣ 

ʢʦʥʪʨʦʣʴʥʳʡ 4,9 0,7 14,4 127,5 

5/10% 5,9 1,0 24,4 130,2 

10/10% 6,2 1,1 23,0 130,3 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ 

ʙʝʣʢʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 20% ʠ 26%, 

ʞʠʨʦʚ ʥʘ 43% ʠ 57%, ʫʛʣʝʚʦʜʦʚ ʥʘ 69 ʠ 60% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʮʝʥʥʦʩʪʴ ʠʟʜʝʣʠʡ ʚʦʟʨʦʩʣʘ ʥʘ 2,1 ʠ 2,2 %. 

ʈʘʩʯʝʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʨʞʘʥʦ-ʧʰʝʥʠʯʥʳʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ 

ʠʟʜʝʣʠʡ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ 5. 

ʊʘʙʣʠʮʘ 5 ï ʉʦʜʝʨʞʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʨʞʘʥʦ-ʧʰʝʥʠʯʥʳʭ 

ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʜʦʙʘʚʢʘʤʠ 

ʆʙʨʘʟʮʳ 

ʭʣʝʙʦʙʫ-

ʣʦʯʥʦʛʦ 

ʠʟʜʝʣʠʷ 

ʉʦʜʝʨʞʘʥʠʝ ʚ 100ʛ ʧʨʦʜʫʢʪʘ, ʛ 

ɺʘʣʠʥ 
ʀʟʦʣʝʡ

ʮʠʥ 

ʃʝʡ-

ʮʠʥ 
ʃʠʟʠʥ 

ʄʝʪʠʦ

ʥʠʥ 

ʊʨʝʦ 

ʥʠʥ 

ʊʨʠʧ-

ʪʦʬʘʥ 

ʌʝʥʠʣʘ

ʣʘʥʠʥ 

ʢʦʥʪʨʦʣʴ-

ʥʳʡ 
0,5 0,4 0,73 0,31 0,15 0,31 0,12 0,56 

5/10% 0,95 0,81 1,18 0,74 0,33 0,71 0,29 1,14 

10/10% 1,04 0,8 1,3 0,87 0,33 0,78 0,33 1,33 

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʦʜʝʨʞʘʥʠʝ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʦʤ. 

ʉʦʜʝʨʞʘʥʠʝ ʚʘʣʠʥʘ ʚʦʟʨʦʩʣʦ ʥʘ 90% ʠ 108%, ʠʟʦʣʝʡʮʠʥʘ ʥʘ 102% ʠ 100%, 

ʩʦʜʝʨʞʘʥʠʝ ʣʝʡʮʠʥʘ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 61% ʠ 78% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʣʠʟʠʥʘ ʥʘ 

138% ʠ 180%, ʤʝʪʠʦʥʠʥʘ ʥʘ 120% , ʪʨʝʦʥʠʥʘ ʥʘ 129% ʠ 151%, ʪʨʠʧʪʦʬʘʥʘ ʥʘ 

141% ʠ 175 %, ʬʝʥʠʣʘʣʘʥʠʥʘ ʥʘ 103% ʠ 137 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʨʞʘʥʦ-ʧʰʝʥʠʯʥʳʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ 

ʠʟʜʝʣʠʡ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʫʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ 6. 

ʊʘʙʣʠʮʘ 6 ï ʉʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʨʞʘʥʦ-ʧʰʝʥʠʯʥʳʭ 

ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʜʦʙʘʚʢʘʤʠ 
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ʆʙʨʘʟʮʳ 

ʭʣʝʙʦʙʫʣʦʯʥʦʛʦ 

ʠʟʜʝʣʠʷ 

ʉʦʜʝʨʞʘʥʠʝ ʚ 100ʛ ʧʨʦʜʫʢʪʘ, ʤʛ 

ʥʘʪʨʠʡ ʢʘʣʠʡ ʢʘʣʴʮʠʡ ʤʘʛʥʠʡ ʬʦʩʬʦʨ ʞʝʣʝʟʦ 

ʢʦʥʪʨʦʣʴʥʳʡ 4,26 133,8 19,2 26,6 88,5 1,4 

5/10% 6,01 180,2 27,5 64,9 127,8 1,9 

10/10% 6,2 187,4 49,7 73,6 126,6 1,8 

 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 6 ʚʠʜʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʦʙʨʘʟʮʘʭ 1ʠ 2 ʫʚʝʣʠʯʠʚʘʝʪʩʷ: ʩʦʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ ʫʚʝʣʠʯʠʣʦʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʦʤ ʥʘ 41% ʠ 45,5% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʘʣʠʷ ʥʘ 34,67% ʠ 

40,05%, ʢʘʣʴʮʠʷ ʥʘ 43 % ʠ 55%, ʤʘʛʥʠʷ ʥʘ 143% ʠ 175%, ʬʦʩʬʦʨʘ ʥʘ 44% ʠ 

43,05%, ʞʝʣʝʟʘ ʥʘ 35% ʠ 28,5%. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʪʘʙʣʠʯʥʳʝ ʜʘʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʚ ʨʘʟʳ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ 

ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʚ ʮʝʣʦʤ.  

ʉʦʜʝʨʞʘʥʠʝ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʞʘʥʦ-ʧʰʝʥʠʯʥʳʭ ʤʝʣʢʦʰʪʫʯʥʳʭ 

ʠʟʜʝʣʠʷʭ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʉʘʥʇʠʥ 

2.3.2.1078-01 çɻʠʛʠʝʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚè.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʴʥʷʥʦʡ ʤʫʢʠ ʠʟ ʩʝʤʷʥ ʣʴʥʘ ʠ ʵʢʩʪʨʫʜʘʪʘ 

ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ ʨʞʘʥʦ-ʧʰʝʥʠʯʥʳʭ 

ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ, ʧʦʚʳʰʝʥʠʷ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʜʣʷ 

ʫʯʘʱʝʡʩʷ ʤʦʣʦʜʝʞʠ.  
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ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʳʙʦʨʫ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʠ ʤʘʨʦʢ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʫʰʠʣʴʥʦ-ʧʝʢʘʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʠʩʪʦʯʥʠʢʠ ʠʟʣʫʯʝʥʠʷ. ʂʦʥʩʪʨʫʢʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ  

 

The article analyses the research results of choosing radiation sources and engineering 

materials grades for drying-baking equipment for food production. 

Key words: infrared radiation, radiation sources, engineering materials 

 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʳʭ ʚʠʜʦʚ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʩ ʟʘʜʘʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʠʣʠ 

ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʉʨʝʜʠ ʚʩʝʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʨʦʜʫʢʪʦʚ 

ʧʠʪʘʥʠʷ ʦʩʦʙʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʠ ʤʫʯʥʳʝ ʢʦʥʜʠʪʝʨʩʢʠʝ ʠʟʜʝʣʠʷ [1]. 

ɺʳʨʘʙʦʪʢʘ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ ʦʪʥʦʩʠʪʩʷ ʢ ʵʥʝʨʛʦʝʤʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʧʨʠʯʝʤ ʵʪʦ 

ʢʘʩʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʢʦʥʝʯʥʦʡ ʩʪʘʜʠʠ ï ʨʘʩʩʪʦʡʢʠ ʪʝʩʪʘ ʠ 

ʚʳʧʝʯʢʠ, ʥʦ ʪʘʢʞʝ ʠ ʧʨʦʮʝʩʩʦʚ ʩʫʰʢʠ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ.  

ʉʫʰʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʠ ʦʜʥʦʡ ʠʟ 

ʦʩʥʦʚʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦʜʛʦʪʦʚʢʠ ʟʝʨʥʦʚʦʛʦ ʩʳʨʴʷ ʢ ʧʦʤʦʣʫ, ʘ ʧʨʦʮʝʩʩ ʚʳʧʝʯʢʠ ï 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʦʧʝʨʘʮʠʝʡ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʳʭ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠ ʤʫʯʥʳʭ 

ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ. ʕʪʠ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʦʧʨʝʜʝʣʷʶʪ ʥʝ 

ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ, ʥʦ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʚʳʭ ʵʢʦʥʦʤʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʵʥʝʨʛʦʧʦʜʚʦʜʘ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʩʧʦʩʦʙʦʚ ʵʥʝʨʛʦʧʦʜʚʦʜʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ (ʀʂ) ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ 

ʩʧʦʩʦʙʦʚ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʦʙʝʩʧʝʯʠʪʴ ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ [2]. 

ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʝʧʣʦʚʦʝ ʩʫʰʠʣʴʥʦʝ ʠ ʧʝʢʘʨʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʬʦʢʫʩʠʨʦʚʘʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʤ ʀʂ-ʠʟʣʫʯʝʥʠʝʤ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʝʪ.  
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ʉʦʟʜʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʛʦ ʪʝʧʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʪʝʧʣʦʚʳʭ ʠ ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʚ ʨʘʙʦʯʠʭ ʟʦʥʘʭ ʫʩʪʘʥʦʚʦʢ 

ʧʨʠ ʥʘʧʨʘʚʣʝʥʥʦʤ ʀʂ ʠʟʣʫʯʝʥʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ 

ʠ ʚʳʷʚʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʩʦʟʜʘʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʢʦʤʧʦʥʦʚʦʢ ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʤʦʜʫʣʴʥʦʤ ʠʩʧʦʣʥʝʥʠʠ. ʇʦʵʪʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʫʰʢʠ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʩ ʧʦʤʦʱʴʶ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʀʂ ʵʥʝʨʛʦʧʦʜʚʦʜʘ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʦʚʦʢ ʀʂ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʤʦʜʫʣʴʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʷʚʣʷʝʪʩʷ 

ʩʝʛʦʜʥʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʳʙʦʨʫ ʀʂ-ʥʘʛʨʝʚʘʪʝʣʝʡ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩ ʧʦʟʠʮʠʡ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ, ʦʪʨʘʞʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 

ʎʝʣʴ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ 

ʩʦʟʜʘʥʥʦʡ ʤʘʢʝʪʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʩʦʜʝʨʞʘʱʝʡ ʀʂ ʠʟʣʫʯʘʪʝʣʴ ( ʟʝʨʢʘʣʴʥʫʶ ʣʘʤʧʫ 

ʥʘʢʘʣʠʚʘʥʠʷ ʀʂɿ) ʠ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʘʧʧʘʨʘʪʫʨʫ, ʦʧʨʝʜʝʣʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʳʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʦʪ ʚʨʝʤʝʥʠ ʵʢʩʧʦʟʠʮʠʠ, 

ʧʨʦʚʝʩʪʠ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʝʛʦ ʧʦʛʣʦʱʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, 

ʫʩʪʘʥʦʚʠʪʴ ʚʦʣʴʪʘʤʧʝʨʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʦʪ ʚʝʣʠʯʠʥʳ ʧʦʜʘʚʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ 

ʣʠʩʪʦʚʳʝ ʤʘʪʝʨʠʘʣʳ: 

- ʩʪʘʣʴ 10ʢʧ ɻʆʉʊ 1050-88, ʪʦʣʱʠʥʦʡ 1, 2 ʠ 3 ʤʤ; 

- ʩʪʘʣʴ 12ʍ18ʅ10ʊ ɻʆʉʊ 5632-72, ʪʦʣʱʠʥʦʡ 1, 2 ʠ 3 ʤʤ; 

- ʤʝʜʴ ʄ4 ɻʆʉʊ 859-2001, ʪʦʣʱʠʥʦʡ 1, 2 ʠ 3 ʤʤ;  

- ʣʘʪʫʥʴ ʃ59 ɻʆʉʊ 15527-70, ʪʦʣʱʠʥʦʡ 1, 2 ʠ 3 ʤʤ; 

- ʯʫʛʫʥ ʉʏ15 ɻʆʉT 1412-85, ʪʦʣʱʠʥʦʡ 5, 10 ʠ 15 ʤʤ;.  

- ʜʶʨʘʣʶʤʠʥʠʡ ɼ16 ɻʆʉʊ 4784-97, ʪʦʣʱʠʥʦʡ 2, 4 ʠ 6 ʤʤ;  

- ʩʧʣʘʚ ɸʄʛ3 ɻʆʉʊ4784-97, ʪʦʣʱʠʥʦʡ 3, 6 ʠ 9 ʤʤ. 

ʗʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʧʝʨʝʥʦʩ ʠʤ ʵʥʝʨʛʠʠ ʚ 

ʢʦʥʢʨʝʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʃʘʤʙʝʨʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. ɺ ʩʣʫʯʘʝ ʦʪʨʘʞʘʪʝʣʷ, 

ʦʢʨʫʞʘʶʱʝʛʦ ʪʦʯʝʯʥʳʡ ʠʩʪʦʯʥʠʢ (ʨʘʩʢʘʣʝʥʥʘʷ ʩʧʠʨʘʣʴ ʵʣʝʢʪʨʦʣʘʤʧʳ), ʢʦʛʜʘ 

ʧʦʩʣʝʜʥʠʡ ʨʘʩʧʦʣʦʞʝʥ ʚ ʬʦʢʫʩʝ ʦʪʨʘʞʘʪʝʣʷ, ʜʦ 90% ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʜʦʣʴ ʦʩʠ ʦʪʨʘʞʘʪʝʣʷ. ʆʜʥʘʢʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ 

ʢʦʥʫʩʘ ʠʟʣʫʯʝʥʠʷ ʠʩʧʳʪʫʝʤʳʭ ʀʂ ʠʟʣʫʯʘʪʝʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 100
0
. ɼʠʘʤʝʪʨ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʷʪʥʘ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʝʪ ʀʂ ʠʟʣʫʯʘʪʝʣʴ ʥʘ 

ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʈʀD  ʦʪ 5 ʜʦ 15 ʤʤ, ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 200 ʤʤ. 

ʕʪʦʪ ʜʠʘʤʝʪʨ ʧʨʠʥʷʪ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʨʘʟʤʝʨʘ ʠʩʧʳʪʫʝʤʳʭ ʤʦʜʝʣʝʡ 

(ʝʜʠʥʠʯʥʳʭ ʧʣʘʩʪʠʥ ɽʇ), ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʤʘʪʝʨʠʘʣʦʚ. 

 ʇʨʠ ʩʦʟʜʘʥʠʠ ʤʘʢʝʪʥʦʡ ʫʩʪʘʥʦʚʢʠ ʫʯʠʪʳʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

- ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʳ ʀʂ ʠʟʣʫʯʘʪʝʣʝʡ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʠ ʩʤʝʥʳ ʜʠʩʢʦʚ ʜʠʘʤʝʪʨʦʤ 200 ʤʤ (ɽʇ); 

- ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʩʪʘʚʢʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʩʴ ʠʟʣʫʯʘʪʝʣʷ (ʵʣʝʢʪʨʦʣʘʤʧʳ) 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ɽʇ; 
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- ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ɽʇ ʫʩʪʘʥʦʚʢʠ 

ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʠʟʣʫʯʘʪʝʣʝʤ ʠ ɽʇ 5; 10 ʠ 15 ʤʤ.  

ʅʘʛʨʝʚ ʦʙʨʘʟʮʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʧʣʘʩʪʠʥʳ, ʘ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ï ʩ ʥʘʨʫʞʥʦʡ. 

 ʉʦʟʜʘʥʥʘʷ ʩ ʫʯʝʪʦʤ ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʡ ʤʘʢʝʪʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʦʣʫʯʠʪʴ ʪʝʧʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʤʘʪʝʨʠʘʣʘ, 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1- 6. 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʦʜʜʝʨʞʠʚʘʣʠʩʴ ʢʦʥʜʠʮʠʦʥʝʨʘʤʠ ʚ ʨʝʞʠʤʘʭ 

ñʪʝʤʧʝʨʘʪʫʨʘ-ʚʣʘʞʥʦʩʪʴò ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 10681-95: ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ: 65°2%; ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ: 20°2 
0
ʉ. 

ʋʩʣʦʚʠʷ ʵʥʝʨʛʦʧʠʪʘʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ: ʦʪ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʝʪʠ 220 ɺ, 

50 ɻʮ ʢ ʮʝʧʠ ʧʠʪʘʥʠʷ ʀʂ ʠʟʣʫʯʘʪʝʣʷ ʯʝʨʝʟ ʃɸʊʈ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʠʟʤʝʨʝʥʠʝʤ 

ʧʠʪʘʶʱʝʛʦ ʣʘʤʧʫ ʥʘʧʨʷʞʝʥʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʋʩʪʘʥʦʚʢʘ ʩ ʚʳʢʣʶʯʝʥʥʳʤ ʵʣʝʢʪʨʦʧʠʪʘʥʠʝʤ 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʋʩʪʘʥʦʚʢʘ ʩ ʚʢʣʶʯʝʥʥʳʤ ʀʂ ʠʟʣʫʯʘʪʝʣʝʤ 
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ʈʠʩʫʥʦʢ 3 ï ʆʙʱʠʡ ʚʠʜ ʠʟʣʫʯʘʪʝʣʝʡ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʀʂ ʠʟʣʫʯʝʥʠʷ - 

ʵʣʝʢʪʨʦʣʘʤʧʳ: 250 / IR/ R / E27; ʀʂɿʂ-250; ʀʂɿ-250ʄ; ʀʂɿ-250 

(ʩʣʝʚʘ ʥʘʧʨʘʚʦ) 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ɺʘʨʠʘʥʪʳ ʠʩʧʳʪʳʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʠʟ ʨʘʟʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ  
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ʈʠʩʫʥʦʢ 5 ï ʂʘʣʠʙʨʦʚʘʥʥʳʝ ʧʦ ʜʣʠʥʝ ʫʩʪʘʥʦʚʦʯʥʳʝ ʪʨʫʙʢʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʟʘʟʦʨʦʚ ʈʀD  ʜʣʠʥʦʡ: 25; 20; 15; 10; 5 ʤʤ 

 

  
 

ʈʠʩʫʥʦʢ 6 ï ʃʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʚ ʩʙʦʨʝ 

 

ʇʨʠʤʝʥʷʝʤʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ:  

- ʃɸʊʈ ʤʦʜʝʣʠ ɸʆʉʅ 8-220-82-ʋʍʃ ï ʫʩʪʘʥʦʚʢʘ ʧʠʪʘʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʀʂ ʠʟʣʫʯʘʪʝʣʷ 220 ɺ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʣʴʪʘʤʧʝʨʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʣʫʯʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ ʨʘʩʭʦʜʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʥʘʛʨʝʚ ɽʇ. 

- ʎʠʬʨʦʚʳʝ ʤʫʣʴʪʠʤʝʪʨ M890G ʩʣʫʞʠʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ɽʇ 

(ʧʣʦʩʢʦʩʪʠ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʦʙʣʫʯʘʝʤʦʡ);  

- ʎʠʬʨʦʚʦʡ ʤʫʣʴʪʠʤʝʪʨ M838 ʩʣʫʞʠʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ (U, ɺ) ʚ ʮʝʧʠ ʧʠʪʘʥʠʷ ʀʂ ʥʘʛʨʝʚʘʪʝʣʷ (ʥʘ ʚʳʭʦʜʝ ʃɸʊʈʘ);  
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- ʎʠʬʨʦʚʦʡ ʤʫʣʴʪʠʤʝʪʨ TR-1699/HM ʩʣʫʞʠʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʬʘʟʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʮʝʧʠ ʧʠʪʘʥʠʷ ʀʂ ʠʟʣʫʯʘʪʝʣʷ ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ ʧʠʪʘʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ.  

- ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʬʠʨʤʳ çStaer-Masterè (ʜʦʧʫʩʪʠʤʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

0,057
0
 ʠʣʠ 1 ʤʤ/ʤ) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʪʦʯʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ɽʇ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʀʂ ʠʟʣʫʯʘʪʝʣʷ.  

ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʩʣʝʜʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ:  

- ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʚʳʙʦʨ ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʛʨʝʚʘ 

ʵʣʝʢʪʨʦʣʘʤʧ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʠʟʤʝʨʝʥʠʷʤʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʘ 

ʢʦʣʙʳ ʣʘʤʧ, ʧʦ ʮʝʥʪʨʫ ʢʦʣʙʳ, ʥʘʧʨʦʪʠʚ ʩʧʠʨʘʣʠ. ʇʨʠ ʦʜʠʥʘʢʦʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʦʱʥʦʩʪʠ ʀʂ ʠʟʣʫʯʘʪʝʣʝʡ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʭ ʠʩʧʦʣʥʝʥʠʷ ʤʠʥʠʤʘʣʴʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʛʨʝʚʘ ʩʪʝʢʣʘ ʜʦʣʞʥʳ ʠʤʝʪʴ ʣʘʤʧʳ ʩ ʙʦʣʝʝ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʤ 

ʩʪʝʢʣʦʤ ʜʣʷ ʀʂ ʩʧʝʢʪʨʘ.  

- ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʠ ʥʘʛʨʝʚʝ ɽʇ ʠʟ ʩʪʘʣʠ 

10ʢʧ ʚʩʝʤʠ ʧʦʦʯʝʨʝʜʥʦ ʠʟʣʫʯʘʪʝʣʷʤʠ ʧʨʠ ʈʀD =15 ʤʤ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. 

- ɺʳʙʦʨ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʆʄ) ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʠ ʥʘʛʨʝʚʝ 

ʦʧʪʠʤʘʣʴʥʳʤ ʀʂ ʠʟʣʫʯʘʪʝʣʝʤ ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʧʦ ʚʝʣʠʯʠʥʝ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ. 

- ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʥʘʛʨʝʚ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʝʛʦ ʦʙʨʘʟʮʘ ʚʳʙʨʘʥʥʳʤ ʠʟʣʫʯʘʪʝʣʝʤ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘʛʨʝʚʦʤ ʦʙʨʘʟʮʘ ʠʟ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʪʦʣʱʠʥʦʡ 3 ʤʤ ʧʨʠ ʈʀD

=15; 10 ʠ 5 ʤʤ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. 

- ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ (U, ɺ) ʠʟʤʝʥʷʣʦʩʴ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 20 ɺ, ʧʨʠ 

ʵʪʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʨʷʣʩʷ ʬʘʟʥʳʡ ʪʦʢ (I, ɸ) ʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʤʦʱʥʦʩʪʴ (W, ɺʪ).  

- ʀʟʤʝʨʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ., ʪ. ʝ. ʜʦ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

- ɺʳʙʨʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʦʚʝʨʷʣʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘ ʦʙʨʘʟʮʘʭ ʩ ʨʘʟʥʦʡ 

ʪʦʣʱʠʥʦʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʧʨʠ ʟʘʟʦʨʝ ʈʀD =15 ʤʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʘ ʢʦʣʙʳ ʵʣʝʢʪʨʦʣʘʤʧ ʥʘʧʨʦʪʠʚ 

ʩʧʠʨʘʣʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.1. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʧʨʠ 

ʥʘʧʨʷʞʝʥʠʠ ʧʠʪʘʥʠʡ 220ɺ. 

ʊʘʙʣʠʮʘ 1 ï ʊʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʷʥʥʦʡ ʢʦʣʙʳ ʧʦ ʝʝ ʮʝʥʪʨʫ ʥʘʧʨʦʪʠʚ 

ʩʧʠʨʘʣʠ  
ɺʨʝʤʷ ʥʘʛʨʝʚʘ,

t,ʤʠʥ 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʘ ʢʦʣʙʳ ʣʘʤʧʳ ʥʘʧʨʦʪʠʚ ʩʧʠʨʘʣʠ, t 0C 

 tGE,
0C tʢʧ,

0C tʣʧ,
0C tʢʢ,

0C tʣʢ,
0C tʢʤ,

0C 

0 20 20 20 20 20 20 

2,0 178 174 143 201 144 214 

4,0 233 212 197 251 188 246 

6,0 248 227 215 265 204 250 

8,0 251 230 225 7,5 249 229 

10,0 256 230 228 267 219 250 

12,0 253 233 230 270 220 251 

14,0 256 231 230 270 219 250 

15,0 255 232 230 270 220 250 

ɿʜʝʩʴ: 

tGE - ʵʣʝʢʪʨʦʣʘʤʧʘ 250R/IR/R/E27 (ʢʨʘʩʥʦʝ ʩʪʝʢʣʦ) ñGeneral Electricò; 

tʢʧ - ʵʣʝʢʪʨʦʣʘʤʧʘ ʀʂɿ-250 (ʧʨʦʟʨʘʯʥʦʝ ʩʪʝʢʣʦ) ʛ. ʂʘʣʘʰʥʠʢʦʚ; 
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tʣʧ - ʵʣʝʢʪʨʦʣʘʤʧʘ ʀʂɿ-250 (ʧʨʦʟʨʘʯʥʦʝ ʩʪʝʢʣʦ) ñʃʀʉʄɸò;  

tʢʢ - ʵʣʝʢʪʨʦʣʘʤʧʘ ʀʂɿʂ-250 (ʢʨʘʩʥʦʝ ʩʪʝʢʣʦ) ʛ. ʂʘʣʘʰʥʠʢʦʚ; 

tʣʢ - ʵʣʝʢʪʨʦʣʘʤʧʘ ʀʂɿʂ-250 (ʢʨʘʩʥʦʝ ʩʪʝʢʣʦ) ñʃʀʉʄɸò; 

tʢʤ - ʵʣʝʢʪʨʦʣʘʤʧʘ ʀʂɿ-250 ʤʘʪʦʚʘʷ (ʤʘʪʠʨʦʚʘʥʥʦʝ ʩʪʝʢʣʦ) ʛ. 

ʂʘʣʘʰʥʠʢʦʚ. 

ʀʟ ʪʘʙʣ.1 ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʀʂ ʠʟʣʫʯʘʪʝʣʷʤʠ 

ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʣʘʤʧʳ: ʀʂɿ-250 (ʧʨʦʟʨʘʯʥʦʝ ʩʪʝʢʣʦ çʃʀʉʄɸè); ʀʂɿ-250 

(ʤʘʪʠʨʦʚʘʥʥʦʝ ʩʪʝʢʣʦ, ʛ. ʂʘʣʘʰʥʠʢʦʚ) ʠ ʀʂɿʂ-250 (ʢʨʘʩʥʦʝ ʩʪʝʢʣʦ, çʃʀʉʄɸè). 

ʊʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʘ ʢʦʣʙ ʵʪʠʭ ʣʘʤʧ, ʥʘʧʨʦʪʠʚ ʩʧʠʨʘʣʠ, ʩʥʘʨʫʞʠ ï ʤʠʥʠʤʘʣʴʥʳ ʠ 

ʚʳʜʝʣʝʥʳ ʚ ʪʘʙʣʠʮʝ ʚ ʩʪʨʦʢʝ ʪʝʤʧʝʨʘʪʫʨ ʧʦʩʣʝ 15 ʤʠʥʫʪʥʦʛʦ ʥʘʛʨʝʚʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʝʜʠʥʠʯʥʦʡ ʧʣʘʩʪʠʥʢʠ ʠʟ ʩʪʘʣʠ 

10 ʢʧ ʧʨʠ ʥʘʛʨʝʚʝ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʣʘʤʧ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.7 

 

 
ʈʠʩʫʥʦʢ 7 ï ɿʘʚʠʩʠʤʦʩʪʠ ʥʘʛʨʝʚʘ ʝʜʠʥʠʯʥʦʡ ʧʣʘʩʪʠʥʢʠ ʨʘʟʥʳʤʠ ʠʟʣʫʯʘʪʝʣʷʤʠ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʀʂ ʠʟʣʫʯʝʥʠʷ 

 

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʥʘʛʨʝʚʘʶʱʠʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ 

ʦʙʣʘʜʘʝʪ ʵʣʝʢʪʨʦʣʘʤʧʘ ʀʂɿ-250 ʩ ʧʨʦʟʨʘʯʥʳʤ ʩʪʝʢʣʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ 

ñʂʘʣʘʰʥʠʢʦʚʩʢʠʡ ʵʣʝʢʪʨʦʣʘʤʧʦʚʳʡ ʟʘʚʦʜò, ʛ.ʂʘʣʘʰʥʠʢʦʚ, ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʉʣʝʜʫʶʱʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʧʦ ʚʳʙʦʨʫ ʚʠʜʘ ʤʘʪʝʨʠʘʣʘ, ʥʘʠʙʦʣʝʝ 

ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʪʝʧʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʀʂ 

ʧʦʜʚʦʜʦʤ ʪʝʧʣʘ. ʅʘ ʨʠʩ. 8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 

 

ʅʘʛʨʝʚ ɽʇ ʠʟ ʩʪʘʣʠ 10ʢʧ, ʪʦʣʱʠʥʦʡ 1 ʤʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ 

ʀʂ ʠʟʣʫʯʝʥʠʝʤ ʵʣʝʢʪʨʦʣʘʤʧʘʤʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʩ ʟʘʟʦʨʦʤ 15 ʤʤ
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ʈʠʩʫʥʦʢ 8 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʥʘʛʨʝʚʘ ɽʇ ʠʟ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʦʧʪʠʤʘʣʴʥʳʤ ʠʟʣʫʯʘʪʝʣʝʤ ï ʆʀ 

tc - ʠʟ ʩʪʘʣʠ 10 ʢʧ, ʪʦʣʱʠʥʦʡ 3ʤʤ; tʜ - ʠʟ ʜʶʨʘʣʶʤʠʥʠʷ ɼ16, ʪʦʣʱʠʥʦʡ 3 ʤʤ; tʯ - 

ʠʟ ʯʫʛʫʥʘ ʉʏ-15, ʪʦʣʱʠʥʦʡ 5 ʤʤ; tʥ - ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ, 

ʪʦʣʱʠʥʦʡ 3 ʤʤ;tʤ - ʠʟ ʤʝʜʠ ʄ4, ʪʦʣʱʠʥʦʡ 3ʤʤ; tɸ - ʠʟ ɸʄʛ3, ʪʦʣʱʠʥʦʡ 4 ʤʤ; tʣ 
- ʠʟ ʣʘʪʫʥʠ ʃʉ59, ʪʦʣʱʠʥʦʡ 3 ʤʤ 

 

 ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʩʪʘʣʴ 12ʍ18ʅ10ʊ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʠʤʝʝʪ ʙʦʣʝʝ ʢʨʫʪʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘʛʨʝʚʘ. ʇʦʵʪʦʤʫ ʵʪʫ ʩʪʘʣʴ 

(ʣʠʩʪʦʚʦʡ ʧʨʦʢʘʪ) ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʥʷʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʫʰʠʣʢʠ -ʧʝʯʠ ʠʣʠ 

ʮʠʣʠʥʜʨʘ ʩʫʰʠʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʦʩʧʨʠʥʠʤʘʶʱʠʭ ʀʂ ʠʟʣʫʯʝʥʠʝ. ɼʘʥʥʘʷ ʩʪʘʣʴ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʝʜʠʥʠʯʥʦʛʦ 

ʦʙʨʘʟʮʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʚʳʙʨʘʥʥʦʡ (ʥʘʠʣʫʯʰʝʡ) 

ʣʘʤʧʝ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.9 

 

 

ʅʘʛʨʝʚ ʧʣʘʩʪʠʥ ʠʟ ʨʘʟʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʟʘʟʦʨʦʤ 15 ʤʤ
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ʈʠʩʫʥʦʢ 9 ï ɿʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ɽʇ ʠʟ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʦʪ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʣʘʤʧʳ ʀʂɿ ï 250 ʩ ʧʨʦʟʨʘʯʥʳ ʩʪʝʢʣʦʤ ʧʨʠ ʟʘʟʦʨʝ 

ʈʀD =15; 10 ʠ 5 ʤʤ 

 

 ʀʟ ʨʠʩʫʥʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ, 

ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʰʠʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ 140 
0
ʉ ʧʨʠ ʟʘʟʦʨʝ ʚ 15 ʤʤ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʯʠʚʘʪʴ ʧʨʠʤʝʨʥʦ 130 ɺʪ; ʧʨʠ ʈʀD  = 10 ʤʤ ï ʧʨʠʤʝʨʥʦ 119 

ɺʪ, ʘ ʧʨʠ ʈʀD  = 5 ʤʤ ï ʧʨʠʤʝʨʥʦ 100 ɺʪ. ʕʪʦ ʚ 2é2,5 ʨʘʟʘ ʤʝʥʴʰʝ 

ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʣʘʤʧʳ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʤʦʱʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʤʠ. 

ɺʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (U - I) ʣʘʤʧʳ, ʩʥʷʪʘʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 10ɺ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ.2. ʅʘ ʨʠʩ. 36 

ʧʦʢʘʟʘʥ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʱʥʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ. ɿʥʘʯʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʣʫʯʝʥʳ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ. ʀʟʤʝʨʝʥʠʷ ʩʠʣʳ 

ʪʦʢʘ ʚ ʮʝʧʠ ʧʠʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʝʜʠʥʠʯʥʦʡ ʧʣʘʩʪʠʥʢʝ, ʩʥʷʪʦʡ ʩ ʦʧʦʨʥʳʭ 

ʩʪʝʨʞʥʝʡ ʫʩʪʘʥʦʚʢʠ. 

ʊʘʙʣʠʮʘ 2- ɺʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʘʤʧʳ. 
ʅʘʧʨʷʞʝʥʠʝ U, ɺ ʉʠʣʘ ʪʦʢʘ I, ɸ ʉʦʧʨʦʪʠʚʣʝʥʠʝ R, ʆʤ ʄʦʱʥʦʩʪʴ,  

W, ɺʪ 

0 0,00 17,0 0 

20 0,32 62,5 6,4 

40 0,47 85,1 18,8 

60 0,59 101,7 35,4 

80 0,67 119,4 53,6 

100 0,72 138,9 72,0 

120 0,80 150,0 96,0 

 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ɽʇ ʠʟ ʆʄ, 

ʜʦʩʪʠʛʘʝʤʳʝ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʤʦʱʥʦʩʪʷʭ ʆʀ.
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140 0,85 164,7 119,0 

160 0,91 175,8 145,6 

180 0,93 193,5 167,4 

200 1,01 198,0 202,0 

220 1,05 209,5 231,0 

240 1,10 218,2 264,0 

250 1,12 223,2 280,0 

 

ʀʟ ʪʘʙʣʠʮʳ 2 ʚʠʜʥʦ, ʯʪʦ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʣʘʤʧʘ ʜʦʩʪʠʛʘʝʪ ʧʨʠ U 

= 230 ɺ, ʘ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 220ɺ ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ W = 231ɺʪ, ʯʪʦ ʥʠʞʝ 

ʥʦʤʠʥʘʣʘ. ʕʪʦʪ ʬʘʢʪ ʜʦʣʞʝʥ ʙʳʪʴ ʫʯʪʝʥ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʚʪʦʨʝʛʫʣʷʪʦʨʘ 

ñʥʘʧʨʷʞʝʥʠʝ - ʪʝʤʧʝʨʘʪʫʨʘò. ɿʟʘʚʠʩʠʤʦʩʪʠ I(U) ʠ W(U) ʧʦʯʪʠ ʣʠʥʝʡʥʳ ʧʨʠ 

ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʠʡ ʙʦʣʴʰʝ 80 ɺ. 

 

 
ʈʠʩʫʥʦʢ 10 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʆʀ ʦʪ ʚʝʣʠʯʠʥʳ 

ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ 

 

ɺʳʚʦʜʳ: 

1. ʇʦ ʥʘʛʨʝʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʟ ʰʝʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʣʘʤʧʘ ʀʂɿï250 ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ 

ñʂʘʣʘʰʥʠʢʦʚʩʢʠʡ ʵʣʝʢʪʨʦʣʘʤʧʦʚʳʡ ʟʘʚʦʜò ʩ ʧʨʦʟʨʘʯʥʳʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʠʟʣʫʯʝʥʠʷ ʩʪʝʢʣʦʤ ʢʦʣʙʳ. 

2. ʀʟ ʩʝʤʠ ʠʩʧʳʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʩʧʨʠʠʤʯʠʚʳʤ ʢ ʠʥʬʨʘʢʨʘʩʥʦʤʫ ʥʘʛʨʝʚʫ ʷʚʣʷʝʪʩʷ ʣʝʛʠʨʦʚʘʥʥʘʷ 

ʩʪʘʣʴ ʤʘʨʢʠ 12ʍ18ʅ10ʊ.  

3. ʀʩʩʣʝʜʦʚʘʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚʳʙʨʘʥʥʦʡ ʣʘʤʧʳ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʝʜʠʥʠʯʥʦʡ ʧʣʘʩʪʠʥʳ ʠʟ ʩʪʘʣʠ 12ʍ18ʅ10ʊ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 100é140 
0
ʉ ʪʨʝʙʫʝʪʩʷ ʚ 2é2,5 

ʨʘʟʘ ʤʝʥʴʰʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʦʱʥʦʩʪʴʶ ʠʟʣʫʯʘʪʝʣʷ. 

4. ʇʦʣʫʯʝʥʥʘʷ ʚʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʘʪʝʣʷ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʧʦʯʪʠ ʣʠʥʝʡʥʦ ʠ ʧʨʠ 

ʥʦʤʠʥʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʩʝʪʠ 220ɺ ʥʝ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʥʦʤʠʥʘʣʘ ʚ 250 ɺʪ. 
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ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɸʚʨʦʨʦʚ ɻ.ɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʦʧʝʨʘʮʠʡ ʦʙʨʘʙʦʪʢʠ ʩʳʨʴʷ ʠ 

ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʜʣʷ ʤʫʯʥʳʭ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ / ɸʚʨʦʨʦʚ ɻ.ɺ., ʃʦʚʮʝʚʘ 

ɺ.ɺ., ɸʚʨʦʨʦʚ ɺ.ɸ., ʊʫʪʦʚ ʅ.ɼ. ï ʉ. ʆʩʢʦʣ: ʊʅʊ. ï 2013. ï 222ʩ. 

2. ɸʚʨʦʨʦʚ ɺ.ɸ. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 
ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ [ʊʝʢʩʪ] / ɸʚʨʦʨʦʚ ɺ.ɸ.. ʃʫʟʛʠʥ ɻ.ɼ., ɸʚʨʦʨʦʚ 

ɻ.ɺ.. ɿʘʡʮʝʚ ɸ.ɺ. // ʉʙ. ʩʪʘʪʝʡ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʇʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ: 

ʜʦʩʪʠʞʝʥʠʷ, ʧʨʦʙʣʝʤʳ, ʧʝʨʩʧʝʢʪʠʚʳè. ï ʇʝʥʟʘ: ʇɼɿ, 2013. ï ʉ.9ï12. 
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ʆɹ ʀʉʇʆʃʔɿʆɺɸʅʀʀ ʅɸʇʈɸɺʃɽʅʅʆ-ʌʆʂʋʉʀʈʆɺɸʅʅʆɻʆ 

ʀɿʃʋʏɽʅʀʗ ɼʃʗ ɺʓʇɽʏʂʀ ʍʃɽɹʆɹʋʃʆʏʅʓʍ ʀɿɼɽʃʀʁ 

É ɻ.ɺ. ɸʚʨʦʨʦʚ, ʇʝʥʟʝʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ  
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʨʘʢʨʘʩʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʜʣʷ 

ʥʘʛʨʝʚʘ ʤʘʪʝʨʠʘʣʘ ʭʣʝʙʦʧʝʢʘʨʥʳʭ ʬʦʨʤ, ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʚʳʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʥʘʠʙʦʣʝʝ ʚʦʩʧʨʠʠʤʯʠʚ ʢ ʥʘʛʨʝʚʫ ʠʥʬʨʘʢʨʘʩʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʘʤʧʘ ʀʂɿ, ʝʜʠʥʠʯʥʘʷ ʧʣʘʩʪʠʥʘ, ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʙʣʠʞʥʝʡ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ, ʥʘʧʨʘʚʣʝʥʥʦ-ʬʦʢʫʩʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ. 

 

The paper discusses using infrared radiating elements for baking-tin heating, cites the results of 

experiments aimed at choosing a material, that is the most sensitive to infrared heating. 

Key words: lamp IKZ, single plate, infrared radiation in the near infrared region, directed-

focused radiation. 
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ʊʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ [1,2] ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʨʝʘʣʴʥʫʶ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʯʠʩʪʦʪʫ ʥʘʛʨʝʚʘ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʝʯʢʠ ʭʣʝʙʘ ʠ ʭʣʝʙʦʙʫʣʦʯʥʳʭ 

ʠʟʜʝʣʠʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʪʝʧʣʦʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʠʱʝʚʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚ ʪʝʨʤʦʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʝʡ (ʪʵʥʦʚ) ʩ ʜʠʬʬʫʟʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ ʩʬʦʢʫʩʠʨʦʚʘʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʝ ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ ʟʝʨʢʘʣʴʥʳʭ ʣʘʤʧ ʪʠʧʘ ʀʂɿ (ʨʠʩ.1). ʉʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʵʪʠʭ 

ʣʘʤʧ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 0,6-1,8 ʤʢʤ ʩ ʤʘʢʩʠʤʫʤʦʤ ʵʥʝʨʛʠʠ ʥʘ 

ʜʣʠʥʝ 0,9-1,1 ʤʢʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʠʨʘʣʠ 2350Ñ100 Áʂ.  
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ʈʠʩʫʥʦʢ 1 ï ʃʘʤʧʘ ʀʂɿ-500 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʝʧʣʦʦʙʤʝʥʘ ʢʦʥʚʝʢʮʠʝʡ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʧʝʨʝʥʦʩ 

ʵʥʝʨʛʠʠ ʚ ʧʨʦʮʝʩʩʝ ʠʟʣʫʯʝʥʠʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʨʘʟʥʦʩʪʠ 

ʘʙʩʦʣʶʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ, ʚʦʟʚʦʜʠʪʩʷ ʚ 4-ʫʶ ʠʣʠ 5-ʫʶ ʩʪʝʧʝʥʴ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʛʨʝʚʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʣʘʤʧ ʀʂɿ 

ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʤʦʱʥʦʩʪʝʡ ʧʦʟʚʦʣʠʣʠ ʦʪʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 

ʠʟʣʫʯʘʪʝʣʠ ʜʣʷ ʩʫʰʢʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʀʂɿ-175 ʠ 250 ʤʦʱʥʦʩʪʴʶ 

175 ʠ 250 ɺʪ) ʠ ʜʣʷ ʚʳʧʝʯʢʠ ʤʫʯʥʳʭ ʠʟʜʝʣʠʡ (ʀʂɿ-500 (500 ɺʪ) , ʘ ʪʘʢʞʝ 

ʚʳʙʨʘʪʴ ʤʘʪʝʨʠʘʣ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʙʦʯʠʭ ʟʦʥ ʪʝʧʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʩ ʧʦʟʠʮʠʡ 

ʧʨʦʥʠʢʘʶʱʝʡ, ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʠ ʧʦʛʣʦʪʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʀʂ 

ʠʟʣʫʯʝʥʠʠ. ʉʨʝʜʠ ʠʩʧʳʪʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʠʣʫʯʰʠʤ 

ʦʢʘʟʘʣʘʩʴ ʣʝʛʠʨʦʚʘʥʥʘʷ ʩʪʘʣʴ ʤʘʨʢʠ 12ʍ18ʅ10ʊ ʠ ʜʶʨʘʣʶʤʠʥʠʡ ɼ16. ɼʣʷ 

ʫʩʠʣʝʥʠʷ ʪʝʧʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʠ 

ʠʩʧʳʪʘʥʦ ʧʦʢʨʳʪʠʝ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ ʯʸʨʥʦʛʦ ʮʚʝʪʘ ʩ 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ 600 Áʉ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʚʘ 

ʦʙʨʘʟʮʦʚ ʬʦʨʤ ʠʟ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩ.2. ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʦʡ 

ʫʩʪʘʥʦʚʢʝ ʥʘ ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʜʠʘʤʝʪʨʦʤ 200 ʤʤ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʦʪ ʣʘʤʧʳ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ 450 Áʉ ʟʘ 6 

ʤʠʥ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʘ, ʨʘʚʥʘʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʧʝʯʢʠ 250 Áʉ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 2,5 ʤʠʥ. ʥʘʛʨʝʚʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʧʦʛʣʦʱʘʝʪʩʷ ʦʙʨʘʟʮʦʤ ʩʨʝʜʥʝʤ ʠ ʦʢʦʣʦ 10% 

ʧʨʦʥʠʢʘʝʪ ʩʢʚʦʟʴ ʦʙʨʘʟʝʮ.  

 

 
tʜ- ʠʟ ʜʶʨʘʣʶʤʠʥʠʷ ɼ16, ʪʦʣʱʠʥʦʡ 3 ʤʤ; tʃ7 ï ʬʦʨʤʘ ʭʣʝʙʦʧʝʢʘʨʥʘʷ ʃ7 

(ʤʘʪʝʨʠʘʣ ɸʃ4 ʠʣʠ ɸʃ9); tʃ11 ï ʬʦʨʤʘ ʭʣʝʙʦʧʝʢʘʨʥʘʷ ʃ11 (ʤʘʪʝʨʠʘʣ ɸʃ4 ʠʣʠ 

ɸʃ9); tɸ- ʠʟ ɸʄʛ3, ʪʦʣʱʠʥʦʡ 3 ʤʤ; 

ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʭʣʝʙʦʧʝʢʘʨʥʳʭ 

ʬʦʨʤ ʠ ʦʙʨʘʟʮʦʚ ʠʟ ʮʚʝʪʥʳʭ ʩʧʣʘʚʦʚ 

ʅʘʛʨʝʚ ʧʣʘʩʪʠʥ ʠʟ ʨʘʟʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʟʦʨʦʤ 

15 ʤʤ (ʣʝʛʢʠʝ ʤʝʪʘʣʣʳ ʠ ʩʧʣʘʚʳ)
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʪʫʥʥʝʣʴʥʦʡ 

ʢʦʥʚʝʡʝʨʥʦʡ ʧʝʯʠ-ʩʫʰʠʣʢʠ [3] ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʥʘʛʨʝʚʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʝʨʢʘʣʴʥʳʝ ʣʘʤʧʳ ʪʠʧʘ ʀʂɿ-500, ʩʝʪʯʘʪʳʡ ʢʦʥʚʝʡʝʨ ʠʟ ʩʪʘʣʠ 

12ʍ18ʅ10ʊ ʠ ʬʦʨʤʳ ʜʣʷ ʚʳʧʝʯʢʠ ʭʣʝʙʘ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤ ʧʦʛʣʦʱʘʶʱʠʤ ʠʟʣʫʯʝʥʠʝ 

ʧʦʢʨʳʪʠʝʤ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʪʫʥʥʝʣʴ 

ʧʝʯʠ ʜʦʣʞʝʥ ʦʪʨʘʞʘʪʴ ʠʟʣʫʯʝʥʠʝ ʥʘ ʬʦʨʤʳ ʩ ʪʝʩʪʦʚʳʤʠ ʟʘʛʦʪʦʚʢʘʤʠ ʩʚʝʨʭʫ, ʘ 

ʠʟʣʫʯʘʪʝʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʜ ʪʨʘʥʩʧʦʨʪʸʨʥʦʡ ʩʝʪʢʦʡ ʪʘʢ, ʯʪʦʙʳ 

ʯʘʩʪʴ ʠʟʣʫʯʝʥʠʷ ʪʘʢʞʝ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʚʥʫʪʨʴ ʪʫʥʥʝʣʷ ʦʪʨʘʞʘʪʝʣʷ, ʯʪʦ ʜʦʣʞʥʦ 

ʦʙʝʩʧʝʯʠʪʴ ʥʝʧʨʝʨʳʚʥʫʶ ʚʳʧʝʯʢʫ ʥʝ ʤʝʥʝʝ 75 ʝʜʠʥʠʮ ʪʝʩʪʦʚʳʭ ʟʘʛʦʪʦʚʦʢ ʚ ʯʘʩ ʩ 

ʨʘʩʭʦʜʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʝ ʙʦʣʝʝ 8 ʢɺʪʯ. 
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ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʚʳʧʝʯʢʝ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʥʘ 

ʩʦʟʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʙʨʘʟʮʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʪʫʥʥʝʣʴʥʦʡ ʩʫʰʠʣʢʝ-

ʧʝʯʠ ʩ ʥʘʧʨʘʚʣʝʥʥʳʤ ʠʥʬʨʘʢʨʘʩʥʳʤ ʧʦʜʚʦʜʦʤ ʵʥʝʨʛʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʘʤʧʘ ʀʂɿ, ʥʘʧʨʘʚʣʝʥʥʦ-ʬʦʢʫʩʠʨʦʚʘʥʥʦʝ ʀʂ ʠʟʣʫʯʝʥʠʝ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʪʫʥʥʝʣʴʥʘʷ ʧʝʯʴ. 

 

The article is devoted to the results of experimental baking of baked goods using newly-

constructed model of automated tunnel drying installation working on forward infrared power supply.  
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ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ. ʅʘʧʨʘʚʣʝʥʥʦ-ʬʦʢʫʩʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩʦʟʜʘʶʪ 

ʠʥʬʨʘʢʨʘʩʥʳʝ ʟʝʨʢʘʣʴʥʳʝ ʣʘʤʧʳ ʀʂɿ, ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʢʦʪʦʨʳʭ ʟʘʥʠʤʘʝʪ 

ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ ʦʪ 0,6 ʜʦ1,8 ʤʢʤ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ {1], ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʛʨʝʚʘʶʱʠʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʦʙʣʘʜʘʶʪ ʣʘʤʧʳ ʀʂɿ-500, 

ʧʣʦʪʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 4,2 ɺʪ/ʩʤ
2
. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʠʩʢʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʪʠʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʥʘʛʨʝʚʘ, ʤʘʨʦʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʳʧʦʣʥʝʥʥʳʭ ʢʦʤʧʦʥʦʚʦʢ 

ʪʫʥʥʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ [2], ʠʟʛʦʪʦʚʣʝʥ ʠ ʠʩʧʳʪʘʥ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʫʥʥʝʣʴʥʦʡ ʧʝʯʠ ʚ ʤʦʜʫʣʴʥʦʤ 

ʠʩʧʦʣʥʝʥʠʠ. ʈʘʟʤʝʨʳ ʦʜʥʦʛʦ ʤʦʜʫʣʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʫʰʠʣʢʠ-ʧʝʯʠ 2,25 

ʤ
2
.(ʨʠʩ.1). ʄʦʜʫʣʴ ʩʦʜʝʨʞʠʪ ʩʝʪʦʯʥʳʡ ʪʨʘʥʩʧʦʨʪʸʨ ʩ ʫʧʨʘʚʣʷʝʤʳʤ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ʦʪʢʨʳʪʳʡ ʩʥʠʟʫ ʪʫʥʥʝʣʴ-ʦʪʨʘʞʘʪʝʣʴ, ʙʣʦʢʠ ʠʥʬʨʘʢʨʘʩʥʳʭ 

ʣʘʤʧʦʚʳʭ ʥʘʛʨʝʚʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ. ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʘʚʪʦʨʝʛʫʣʷʪʦʨ çʥʘʧʨʷʞʝʥʠʝ-ʪʝʤʧʝʨʘʪʫʨʘè ʪʠʧʘ ʊʈʄ1 ʩ ʪʝʨʤʦʧʘʨʦʡ ʚ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ ʟʘʜʘʪʯʠʢ ʩʢʦʨʦʩʪʠ ʪʨʘʥʩʧʦʨʪʸʨʘ. ʊʫʥʥʝʣʴ-ʦʪʨʘʞʘʪʝʣʴ ʜʣʠʥʦʡ 

2 ʤ ʚʳʧʦʣʥʝʥ ʚ ʬʦʨʤʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʪʦʥʢʦʩʪʝʥʥʦʡ ʦʙʦʣʦʯʢʠ, ʠ ʫʩʪʘʥʦʚʣʝʥ 

ʚʳʧʫʢʣʦʩʪʴʶ ʚʚʝʨʭ ʥʘʜ ʢʦʥʚʝʡʝʨʦʤ. ʀʥʬʨʘʢʨʘʩʥʳʝ ʥʘʛʨʝʚʘʪʝʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʥʝʧʦʜʚʠʞʥʦ ʧʦʜ ʩʝʪʯʘʪʳʤ ʢʦʥʚʝʡʝʨʦʤ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ ʨʘʙʦʯʠʤ ʟʘʟʦʨʦʤ ʦʪ 5 ʜʦ 

15 ʤʤ ʚ ʚʠʜʝ ʯʝʪʳʨʸʭ ʨʷʜʦʚ ʣʘʤʧ ʀʂɿ-500. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʠʝ ʜʚʘ ʨʷʜʘ ʣʘʤʧ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʢʦʥʚʝʡʝʨ, ʘ ʢʨʘʡʥʠʝ - ʚ ʟʘʟʦʨ ʤʝʞʜʫ ʢʦʥʚʝʡʝʨʦʤ ʠ ʦʪʙʦʨʪʦʚʢʦʡ 

ʪʫʥʥʝʣʷ-ʦʪʨʘʞʘʪʝʣʷ. ʅʘʧʨʘʚʣʝʥʥʦ-ʬʦʢʫʩʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʦʪ ʢʨʘʡʥʠʭ 

ʨʷʜʦʚ, ʧʦʧʘʜʘʷ ʚʥʫʪʨʴ ʪʫʥʥʝʣʷ, ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʢʦʥʚʝʡʝʨ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤ 

ʤʘʪʝʨʠʘʣʦʤ. ʅʦʤʠʥʘʣʴʥʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʠʥʬʨʘʢʨʘʩʥʳʭ 

ʥʘʛʨʝʚʘʪʝʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 24 ʢɺʪ. ɺʨʝʤʷ ʧʨʦʛʨʝʚʘ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʪʫʥʥʝʣʷ ʜʦ 250 

Áʉ ʩʦʩʪʘʚʣʷʝʪ 6 ʤʠʥ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʚʳʰʝ 400 Áʉ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 

15ʤʠʥ.  

 
ʈʠʩʫʥʦʢ 1 ï ʆʙʱʠʡ ʚʠʜ ʦʙʨʘʟʮʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʪʫʥʥʝʣʴʥʦʡ ʩʫʰʠʣʢʠ-ʧʝʯʠ 

(ʦʛʨʘʞʜʝʥʠʷ ʥʝ ʧʦʢʘʟʘʥʳ) 

 

ɺ ʧʨʦʮʝʩʩʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʪʫʥʥʝʣʴʥʦʡ ʩʫʰʠʣʢʠ-ʧʝʯʠ ʚʳʧʝʢʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʠʟʜʝʣʠʡ: ʧʰʝʥʠʯʥʳʡ ʭʣʝʙ 

ʚ ʬʦʨʤʘʭ ʃ7 (700 ʛ) , ʧʰʝʥʠʯʥʳʡ ʭʣʝʙ ʚ ʬʦʨʤʘʭ ʃ11 (300 ʛ) (ʈʠʩ. 2), ʧʰʝʥʠʯʥʳʡ 

ʙʘʪʦʥ ʥʘʨʝʟʥʦʡ (500 ʛ) ʠ ʙʫʣʦʯʢʘ ʩʜʦʙʥʘʷ ʜʦʤʘʰʥʷʷ (100 ʛ).  
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2 ï ʌʦʨʤʳ ʃ7 (ʘ) ʠ ʃ11 (ʙ) 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʳʧʝʯʢʠ ʪʝʩʪʦʚʳʭ 

ʟʘʛʦʪʦʚʦʢ ʤʘʩʩʘʤʠ 700 ʠ 300 ʛ ʪʨʝʙʫʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ 250 Áʉ ʩ ʨʘʩʭʦʜʦʤ 

ʵʥʝʨʛʠʠ 8 ʢɺʪʯ, ʘ ʜʣʷ ʚʳʧʝʯʢʠ ʙʘʪʦʥʦʚ ʠ ʙʫʣʦʯʝʢ 180 Áʉ ʠ 5,5 ʢɺʪʯ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʥʝʧʨʝʨʳʚʥʦʡ ʚʳʧʝʯʢʝ ʚʳʧʝʢʘʝʪʩʷ ʟʘ ʯʘʩ 85 ʝʜʠʥʠʮ. 

ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ ʠʟ ʬʦʨʤ ʃ7 ʠʣʠ 130 ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ ʠʟ ʬʦʨʤ ʃ11, ʠʣʠ 70 

ʙʘʪʦʥʦʚ ʠ 280 ʙʫʣʦʯʝʢ. 

ʈʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʫʰʠʣʢʠ-ʧʝʯʠ [1] ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʟʜʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʙʦʣʝʝ 

ʯʝʤ ʚ 4 ʨʘʟʘ ʵʢʦʥʦʤʠʯʥʝʡ ʧʦ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʘʥʘʣʦʛʘʤʠ ʧʨʠʤʝʥʷʝʤʳʤʠ ʚ ʭʣʝʙʦʧʝʢʘʨʥʦʡ ʦʪʨʘʩʣʠ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ..  

ɺʥʝʰʥʠʡ ʚʠʜ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.3. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ɺʥʝʰʥʠʡ ʚʠʜ ʚʳʧʝʯʝʥʥʦʛʦ ʬʦʨʤʦʚʦʛʦ ʧʰʝʥʠʯʥʦʛʦ ʭʣʝʙʘ 
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ʇʨʠ ʢʦʧʯʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʧʨʦʜʫʢʪʳ ʥʝʢʦʪʦʨʳʭ 

ʬʨʘʢʮʠʡ ʜʳʤʘ (ʬʝʥʦʣʦʚ, ʢʠʩʣʦʪ, ʘʣʴʜʝʛʠʜʦʚ ʠ ʜʨ.), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʦʜʘʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʛʥʠʣʦʩʪʥʦʡ ʤʠʢʨʦʬʣʦʨʳ, ʤʷʩʦʧʨʦʜʫʢʪʳ ʧʨʠʦʙʨʝʪʘʶʪ 

ʦʩʪʨʳʡ ʧʨʠʷʪʥʳʡ ʚʢʫʩ, ʩʚʦʝʦʙʨʘʟʥʳʡ ʟʘʧʘʭ ʢʦʧʯʝʥʠʷ, ʪʝʤʥʦ-ʢʨʘʩʥʳʡ ʮʚʝʪ ʠ 

ʙʣʝʩʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʢʠ.  

ʇʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʢʦʧʯʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʣʫʯʰʠʤ ʩʧʦʩʦʙʦʤ 

ʢʦʧʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʧʪʠʣʴʥʦʛʦ ʜʳʤʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 

ʜʨʝʚʝʩʠʥʳ ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ (ʚʠʰʥʠ, ʷʙʣʦʥʠ, ʙʫʢʘ, ʦʣʴʭʠ, ʣʠʧʳ, ʙʝʨʝʟʳ ʠ 

ʜʨ.). ɼʳʤ ʜʦʣʞʝʥ ʙʳʪʴ ʛʫʩʪʳʤ, ʩʠʣʴʥʳʤ, ʠ ʩʦʜʝʨʞʘʪʴ ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʝ 

ʩʤʦʣʠʩʪʳʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʥʝ ʩʦʜʝʨʞʘʪʴ ʚʨʝʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʉ ʮʝʣʴʶ 

ʦʯʠʩʪʢʠ ʢʦʧʪʠʣʴʥʦʛʦ ʜʳʤʘ ʜʳʤʦʛʝʥʝʨʘʪʦʨʳ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʨʤʦʢʘʤʝʨ 

ʦʩʥʘʱʘʶʪʩʷ ʩʠʩʪʝʤʦʡ ʪʝʨʤʠʯʝʩʢʠ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʙʣʶʜʝʥʠʶ ʪʨʝʙʦʚʘʥʠʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʚʦʜʘ ʵʥʝʨʛʠʠ ʠʣʠ ʪʝʧʣʘ, ʝʝ ʧʦʛʣʦʱʝʥʠʷ ʠʣʠ 

ʚʳʜʝʣʝʥʠʷ ʨʘʟʣʠʯʘʶʪ ʜʚʘ ʪʠʧʘ ʜʳʤʦʛʝʥʝʨʘʮʠʠ: ʩ ʧʦʜʚʦʜʦʤ ʪʝʧʣʘ (ʵʥʝʨʛʠʠ) 

ʣʠʰʴ ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ (ʛʝʥʝʨʠʨʫʝʪʩʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʜʳʤ) ʠ ʩ ʧʦʩʪʦʷʥʥʳʤ 

ʧʦʜʚʦʜʦʤ ʪʝʧʣʘ ʠʣʠ ʵʥʝʨʛʠʠ (ʛʝʥʝʨʠʨʫʝʪʩʷ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʜʳʤ) [1]. 
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ɻʝʥʝʨʘʮʠʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʜʳʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʦʤ 

ʛʦʨʝʥʠʠ ʦʯʘʛʘ ʠʣʠ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʜʳʤʦʛʝʥʝʨʘʪʦʨʘʭ ʪʣʝʥʠʷ. ʇʨʠ ʛʝʥʝʨʘʮʠʠ 

ʜʳʤʘ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ ʧʦʜʘʯʘ ʦʧʠʣʦʢ ʥʘ ʚʨʘʱʘʶʱʫʶʩʷ ʨʝʰʝʪʢʫ ʩ 

ʵʣʝʢʪʨʦʧʦʜʦʛʨʝʚʦʤ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʠʨʦʣʠʟ ʜʨʝʚʝʩʠʥʳ, ʧʨʠ ʵʪʦʤ 

ʧʦʜʚʦʜ ʪʝʧʣʘ ʧʨʦʚʦʜʠʪʩʷ ʣʠʰʴ ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ, ʘ ʜʘʣʝʝ ʪʝʧʣʦ ʧʦʜʘʝʪʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠ, ʧʦ ʤʝʨʝ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʥʝʝ 300 Áʉ. ʇʝʨʚʠʯʥʳʝ ʠ 

ʚʪʦʨʠʯʥʳʝ ʨʝʘʢʮʠʠ ʧʠʨʦʣʠʟʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʪʝʢʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ, ʥʝʢʦʪʦʨʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʙʳʩʪʨʦʛʦ ʦʪʚʦʜʘ ʜʳʤʘ. ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʦʮʝʩʩʘ 

ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʫʨʦʚʥʝ 350-450Áʉ. 

ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʜʘʥʥʦʡ ʩʭʝʤʳ ʜʳʤʦʛʝʥʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʜʳʤʘ 

ʧʦ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʭʝʤʝ ʪʣʝʥʠʷ ʜʨʝʚʝʩʠʥʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʥʘʪʫʨʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʠ ʚʳʩʦʢʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠ ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʜʳʤʘ, ʪʨʫʜʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ. 

ɻʝʥʝʨʘʮʠʷ ʵʥʜʦʪʝʨʤʠʯʝʩʢʦʛʦ ʜʳʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʜʳʤʦʛʝʥʝʨʘʪʦʨʘʭ: ʬʨʠʢʮʠʦʥʥʦʤ, ʧʘʨʦʚʦʤ, 

ʬʣʶʠʜʠʟʘʮʠʦʥʥʦʤ, ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʤ ʠ ʜʨ. [1]. 

ɻʝʥʝʨʘʮʠʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʜʳʤʘ ʧʨʦʚʦʜʷʪ ʧʨʠ ʚʥʝʰʥʝʤ ʧʦʜʚʦʜʝ ʪʝʧʣʘ, 

ʧʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʧʠʨʦʣʠʟʘ ʣʫʯʰʝ ʧʦʜʜʘʝʪʩʷ ʨʝʛʫʣʠʨʦʚʘʥʠʶ, ʘ 

ʦʙʨʘʟʫʶʱʠʡʩʷ ʜʳʤ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʤ ʧʦ ʢʘʯʝʩʪʚʫ ʠ ʢʦʣʠʯʝʩʪʚʫ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʢʘʟʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʚʦʟʤʦʞʥʦ ʧʦʜʜʝʨʞʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʧʠʨʦʣʠʟʘ ï 300-400Áʉ, ʧʦʵʪʦʤʫ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʜʳʤ ʠʥʘʯʝ 

ʥʘʟʳʚʘʶʪ ʧʠʨʦʣʠʪʠʯʝʩʢʠʤ. ʇʨʠ ʝʛʦ ʛʝʥʝʨʘʮʠʠ ʚʪʦʨʠʯʥʳʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ 

ʧʨʠ ʪʘʢʠʭ ʞʝ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʠ ʧʝʨʚʠʯʥʳʝ, ʠʣʠ ʜʘʞʝ ʙʦʣʝʝ ʥʠʟʢʠʭ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʞʝʣʘʝʤʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ʇʨʠ ʛʝʥʝʨʘʮʠʠ ʜʳʤʘ, ʜʨʝʚʝʩʥʦʝ ʧʦʣʝʥʦ 

ʟʘʧʨʝʩʩʦʚʳʚʘʶʪ ʥʘ ʙʳʩʪʨʦ ʚʨʘʱʘʶʱʠʡʩʷ ʮʠʣʠʥʜʨ ʩ ʨʝʙʨʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʶʱʝʛʦ ʪʨʝʥʠʷ ʚʳʜʝʣʷʝʪʩʷ ʪʝʧʣʦ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʧʠʨʦʣʠʟ, ʘ ʪʘʢʞʝ ʧʝʨʝʛʨʝʚ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʫʩʪʨʦʡʩʪʚʘ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʚʦʩʧʣʘʤʝʥʝʥʠʶ ʜʨʝʚʝʩʠʥʳ [1]. ʇʦʵʪʦʤʫ ʜʳʤʦʛʝʥʝʨʘʪʦʨ ʨʘʙʦʪʘʝʪ 

ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ, ʢʦʛʜʘ ʧʨʦʮʝʩʩ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʧʘʜʘ ʜʨʝʚʝʩʠʥʳ 

ʯʝʨʝʜʫʝʪʩʷ ʩ ʧʘʫʟʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʨʘʟʫʶʱʝʛʦʩʷ 

ʜʳʤʘ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʢʦʧʯʝʥʠʷ. ʇʨʝʞʜʝ ʯʝʤ ʥʘʩʪʫʧʘʝʪ 

ʚʦʩʧʣʘʤʝʥʝʥʠʝ, ʚʨʘʱʘʶʱʠʡʩʷ ʮʠʣʠʥʜʨ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 400Áʉ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʦʡ 

ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʜʳʤ ʠʟ ʛʦʨʷʯʝʡ ʟʦʥʳ ʪʨʝʥʠʷ ʩʨʘʟʫ ʧʦʧʘʜʘʝʪ ʚ ʟʦʥʳ ʙʦʣʝʝ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʠ ʚʪʦʨʠʯʥʳʝ ʨʝʘʢʮʠʠ ʧʠʨʦʣʠʟʘ ʧʨʦʪʝʢʘʶʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʝʥʝʝ 400Áʉ. 

ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʬʨʠʢʮʠʦʥʥʦ ʧʦʣʫʯʘʝʤʦʛʦ ʜʳʤʘ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ 

ʨʝʛʫʣʠʨʫʝʤʦʩʪʴ ʧʠʨʦʣʠʟʘ, ʧʦʣʫʯʝʥʠʝ ʢʦʧʪʠʣʴʥʦʛʦ ʜʳʤʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʛʦʪʦʚʦʛʦ ʢ ʧʨʠʤʝʥʝʥʠʶ (ʥʝ ʪʨʝʙʫʝʪʩʷ ʝʛʦ ʦʭʣʘʞʜʝʥʠʝ ʠ ʨʘʟʙʘʚʣʝʥʠʝ), 

ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʜʳʤʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʝʪʨʘʜʠʮʠʦʥʥʦʩʪʴʶ ʫʩʣʦʚʠʡ ʧʠʨʦʣʠʟʘ, 

ʧʦʚʳʰʝʥʥʳʝ ʰʫʤ ʠ ʚʠʙʨʘʮʠʷ.  

ʇʦ ʬʠʟʠʯʝʩʢʠʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʜʳʤ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʘʟʥʳʭ 

ʜʳʤʦʛʝʥʝʨʘʪʦʨʘʭ, ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ (ʪʘʙʣ. 1) [1]. 
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ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʳʤʘ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ 

ʛʝʥʝʨʘʮʠʠ 

ʂʦʥʜʝʥʩʘʪʳ ʜʳʤʘ 
ʂʦʥʮʝʥʪ-

ʨʘʮʠʷ, ʛ/ʤ3 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, % (ʩʨ. 

ʟʥʘʯʝʥʠʷ) 

ʢʠʩʣʦʪʳ ʢʘʨʙʦʥ. ʚ-

ʚʘ 

ʬʝʥʦʣʳ ʚʣʘʛʘ 

ʕʢʟʦʪʝʨʤʠʯʝʩʢʠʡ (ʪʣʝʥʠʝ 

ʦʧʠʣʦʢ): 
1,5-3,7     

- ʣʝʪʫʯʠʝ ʩ ʧʘʨʦʤ ʚʝʱʝʩʪʚʘ 
 1,28 0,63 0,07 86,7 

- ʥʝʣʝʪʫʯʠʝ ʩ ʧʘʨʦʤ ʚʝʱʝʩʪʚʘ 
 0,18 0,16 0,01  

ʕʥʜʦʪʝʨʤʠʯʝʩʢʠʡ 

(ʬʨʠʢʮʠʦʥʥʳʡ 

ʜʳʤʦʛʝʥʝʨʘʪʦʨ): 

2,9-6,1     

- ʣʝʪʫʯʠʝ ʩ ʧʘʨʦʤ ʚʝʱʝʩʪʚʘ 
 4,98 4,78 0,22 70,6 

- ʥʝʣʝʪʫʯʠʝ ʩ ʧʘʨʦʤ ʚʝʱʝʩʪʚʘ 
 0,21 2,79 0,07  

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣ. 1, ʬʨʠʢʮʠʦʥʥʳʡ ʜʳʤ ʷʚʣʷʝʪʩʷ ʚ 3-4 ʨʘʟʘ ʙʦʣʝʝ 

ʥʘʩʳʱʝʥʥʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʝʛʦ ʛʝʥʝʨʘʮʠʠ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʣʝʥʠʝʤ ʦʧʠʣʦʢ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʥʘ ʧʨʦʜʫʢʪ (ʦʙʨʘʟʦʚʘʥʠʝ ʮʚʝʪʘ, ʘʨʦʤʘʪʘ, ʚʢʫʩʘ, 

ʢʦʥʩʝʨʚʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ). 

ʅʘ ʢʘʬʝʜʨʝ çʇʠʱʝʚʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘè ʇʝʥʟʝʥʩʢʦʛʦ ɻʊʋ ʨʘʟʨʘʙʦʪʘʥ 

ʬʨʠʢʮʠʦʥʥʳʡ ʜʳʤʦʛʝʥʝʨʘʪʦʨ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʜʳʤʘ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʭʦʣʦʜʥʦʛʦ ʠ ʛʦʨʷʯʝʛʦ ʢʦʧʯʝʥʠʷ ʠʟ ʨʳʙʳ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ, ʘ ʪʘʢʞʝ ʤʷʩʘ, ʢʦʣʙʘʩ, ʩʳʨʘ, ʧʪʠʮʳ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ. ɼʳʤʦʛʝʥʝʨʘʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ, ʚ ʢʦʪʦʨʦʤ ʨʘʟʤʝʱʝʥ 

ʚʘʣ ʩ ʬʨʠʢʮʠʦʥʥʳʤ ʜʠʩʢʦʤ. ɺʘʣ ʫʩʪʘʥʦʚʣʝʥ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʢʘʯʝʥʠʷ ʨʘʟʤʝʱʝʥʥʳʭ 

ʥʘ ʦʧʦʨʘʭ. ʇʝʨʝʜʘʯʘ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʯʝʨʝʟ ʤʫʬʪʫ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʥʘʭʦʜʠʪʩʷ ʥʘʧʨʘʚʣʷʶʱʠʡ ʧʘʪʨʫʙʦʢ, 

ʩʣʫʞʘʱʠʡ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʙʨʫʩʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʜʳʤʦʛʝʥʝʨʘʪʦʨʘ ʦʩʥʦʚʘʥ ʥʘ ʬʨʠʢʮʠʦʥʥʦʤ ʤʝʪʦʜʝ 

ʧʦʣʫʯʝʥʠʷ ʜʳʤʘ. ʆʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ 

ʘʥʘʣʦʛʘʤʠ: ʜʳʤʦʛʝʥʝʨʘʪʦʨ ʧʨʦʩʪ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʠʤʝʝʪ ʤʘʣʳʝ 

ʛʘʙʘʨʠʪʳ ʠ ʚʝʩ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʳʤ ʥʘʠʣʫʯʰʝʛʦ ʢʘʯʝʩʪʚʘ (ʟʘ ʩʯʝʪ 

ʬʨʠʢʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʜʳʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʦʧʪʠʤʘʣʴʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʜʳʤʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪ 270ʉ̄ ʜʦ 300ʉ̄ ʩ ʥʘʠʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʘʥʮʝʨʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ) ʠ ʪʨʝʙʫʝʤʳʝ ʚʢʫʩʦʚʳʝ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ (ʟʘ 

ʩʯʝʪ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʜʨʝʚʝʩʠʥʳ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʧʪʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʢʦʧʯʝʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʠʩʧʦʣʴʟʫʷ ʬʨʠʢʮʠʦʥʥʳʡ ʜʳʤʦʛʝʥʝʨʘʪʦʨ, ʧʦʟʚʦʣʷʝʪ ʚ 

ʫʩʣʦʚʠʷʭ ʤʝʣʢʦʪʦʚʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠʛʦʪʘʚʣʠʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʢʦʧʯʝʥʫʶ 

ʧʨʦʜʫʢʮʠʶ. 
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ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʦʙʦʩʥʦʚʘʥʠʶ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʦʪʚʦʫʜʘʣʷʶʱʝʡ ʤʘʰʠʥʳ ʥʘ 

ʧʦʩʝʚʘʭ ʣʫʢʘ. ʇʨʦʚʝʜʝʥʳ ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʦʪʚʦʫʜʘʣʷʶʱʝʡ ʤʘʰʠʥʳ ʠ ʦʙʦʩʥʦʚʘʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʝʝ ʨʘʙʦʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʦʪʚʦʫʜʘʣʷʶʱʘʷ ʤʘʰʠʥʘ, ʣʠʩʪʦʩʪʝʙʝʣʴʥʘʷ ʤʘʩʩʘ, ʙʦʪʚʘ, ʣʫʢ. 

 

The article considers reasoning effective parameters of the haulm removing machine on 

sowings of the onion. Conducted field research of the haulm removing machine and reasoning optimal 

parameters of its work.  
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ɼʣʷ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʫʙʦʨʢʠ ʣʫʢʘ ʧʨʠʤʝʥʷʶʪʩʷ ʤʘʰʠʥʳ ʪʝʨʝʙʠʣʴʥʦʛʦ 

ʪʠʧʘ, ʢʘʯʝʩʪʚʝʥʥʘʷ ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʣʠʰʴ ʧʨʠ ʥʘʜʣʝʞʘʱʝʡ 

ʧʦʜʛʦʪʦʚʢʝ ʧʦʣʷ ʧʝʨʝʜ ʫʙʦʨʢʦʡ. ʇʨʠ ʵʪʦʤ ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʘʢʠʭ ʤʘʰʠʥ, ʚ ʧʝʨʠʦʜ ʫʙʦʨʢʠ ʟʘʩʦʨʝʥʥʦʩʪʴ ʧʦʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 60é70 %, ʘ 

ʚʳʩʦʪʘ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʧʨʠ ʵʪʦʤ ʜʦʩʪʠʛʘʝʪ 50 ʩʤ. ʆʙʳʯʥʦ ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʦʩʣʝʜʥʝʡ ʦʙʨʘʙʦʪʢʦʡ ʧʦʩʝʚʦʚ 

ʛʝʨʙʠʮʠʜʘʤʠ ʠ ʫʙʦʨʢʦʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʚʝ-ʪʨʠ ʥʝʜʝʣʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʦʩʪʫ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ [1]. 

ʇʦʵʪʦʤʫ ʵʬʬʝʢʪʠʚʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ ʪʝʨʝʙʠʣʴʥʦʛʦ 

ʪʠʧʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʧʦʣʷ ʩ ʪʝʤ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ 

ʟʘʙʠʚʘʥʠʝ ʚʨʘʱʘʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ ʠʭ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. ʆʜʥʠʤ ʠʟ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʪʘʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʙʦʪʚʦʫʙʦʨʦʯʥʦʡ ʤʘʰʠʥʳ [2, 3]. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʦʪʚʦʫʜʘʣʷʶʱʝʡ ʤʘʰʠʥʳ 

ʧʝʨʝʜ ʫʙʦʨʢʦʡ ʣʫʢʘ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʝʸ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦʣʝʚʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʦʣʷʭ ʆʆʆ çɸʛʨʦʢʦʤʧʣʝʢʪè ɹʝʩʩʦʥʦʚʩʢʦʛʦ ʨʘʡʦʥʘ 

ʇʝʥʟʝʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʦʪʚʦʫʜʘʣʷʶʱʝʡ ʤʘʰʠʥʳ (ʨʠʩ. 1). 
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ʈʠʩʫʥʦʢ 1 ï ʆʙʱʠʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʘʰʠʥʳ 

 

ʄʘʰʠʥʘ ʩʦʩʪʦʠʪ ʠʟ ʨʘʤʳ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʪʨʘʢʪʦʨʫ, 

ʘ ʪʘʢʞʝ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ, ʟʘʢʨʳʪʳʭ ʩʚʝʨʭʫ 

ʢʦʞʫʭʦʤ ʠ ʠʤʝʶʱʠʤ ʙʦʪʚʦʦʪʚʦʜʷʱʝʝ ʦʢʥʦ. 

ʈʘʤʘ ʠʤʝʝʪ ʯʝʪʳʨʝ ʩʪʦʡʢʠ ʩ ʤʝʭʘʥʠʟʤʦʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʚʳʩʦʪʳ ʩʢʘʰʠʚʘʥʠʷ, ʦʧʠʨʘʶʱʠʝʩʷ ʥʘ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʢʦʣʝʩʘ.  

ɼʣʷ ʧʝʨʝʜʘʯʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʩ ʧʦʤʦʱʴʶ ʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯ ʥʘ ʪʨʠ 

ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʘʣʘ, ʥʘ ʨʘʤʝ ʫʩʪʘʥʦʚʣʝʥ ʢʦʥʠʯʝʩʢʠʡ ʨʝʜʫʢʪʦʨ.  

ʈʘʙʦʯʠʝ ʦʨʛʘʥʳ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʢʨʦʥʰʪʝʡʥʦʚ ʢʨʝʧʣʝʥʠʷ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʧʘʨʥʦ ʥʘʧʨʦʪʠʚ ʜʨʫʛ ʜʨʫʛʘ ʥʘ ʦʜʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ 

ʬʣʘʥʮʘ, ʥʘ ʢʦʪʦʨʳʭ ʟʘʢʨʝʧʣʝʥʳ ʥʦʞʠ ʧʦʜ ʫʛʣʦʤ 55Á ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʧʦ ʭʦʜʫ ʠʭ ʚʨʘʱʝʥʠʷ.  

ʇʨʠʚʦʜ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ɺʆʄ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʩʨʝʜʩʪʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʭʘʥʠʟʤʘ ʧʨʠʚʦʜʘ, ʨʝʜʫʢʪʦʨʘ ʠ ʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯ. 

ɸʛʨʝʛʘʪʠʨʫʝʪʩʷ ʤʘʰʠʥʘ ʩ ʪʨʘʢʪʦʨʘʤʠ ʄʊɿ-80/82. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʙʦʪʚʦʫʜʘʣʷʶʱʘʷ ʤʘʰʠʥʘ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʤʘʰʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʢʦʧʠʨʦʚʘʥʠʝ ʨʝʣʴʝʬʘ ʧʦʣʷ ʧʨʠ 

ʧʦʤʦʱʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʩ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʩʪʦʡʢʘʭ. 

ɺ ʧʨʦʮʝʩʩʝ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʤʘʰʠʥʳ, ʚʥʫʪʨʠ ʢʦʞʫʭʘ 

ʩʦʟʜʘʝʪʩʷ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ, ʢʦʪʦʨʳʡ ʧʦʜʥʠʤʘʝʪ ʧʦʣʝʛʰʫʶ ʙʦʪʚʫ ʣʫʢʘ ʠ 

ʣʠʩʪʦʩʪʝʙʝʣʴʥʫʶ ʤʘʩʩʫ ʩʦʨʥʷʢʦʚ ʠ ʧʦʜʚʦʜʠʪ ʠʭ ʚ ʟʦʥʫ ʨʝʟʘʥʠʷ. ɿʜʝʩʴ ʙʦʪʚʘ ʠ 

ʩʦʨʥʷʢʠ ʩʨʝʟʘʶʪʩʷ, ʠʟʤʝʣʴʯʘʶʪʩʷ ʠ ʦʪʚʦʜʷʪʩʷ ʯʝʨʝʟ ʙʦʪʚʦʦʪʚʦʜʷʱʝʝ ʦʢʥʦ ʥʘ 

ʤʝʞʜʫʨʷʜʴʝ. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʦʧʳʪʘ ʚʩʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʙʦʪʚʦʫʜʘʣʷʶʱʝʡ ʤʘʰʠʥʳ ʦʩʪʘʚʘʣʠʩʴ ʥʝʠʟʤʝʥʥʳʤʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʠʩʩʣʝʜʫʝʤʦʛʦ. ʈʝʞʠʤ ʠ ʥʘʩʪʨʦʡʢʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘʚʝʜʦʤʦ ʟʘʜʘʚʘʣʠʩʴ 

ʪʘʢʠʤʠ, ʯʪʦʙʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʙʳʣʦ 

ʫʩʪʘʥʦʚʠʪʴ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʝʛʦ ʥʘ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʥʘ ʦʩʥʦʚʝ 

ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʟʫʯʝʥʠʷ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʇʦʩʣʝ ʠʟʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʥʦʪʳ ʫʜʘʣʝʥʠʷ ʣʠʩʪʦʩʪʝʙʝʣʴʥʦʡ ʤʘʩʩʳ 

ʦʪ ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ʥʦʞʝʡ (ʨʠʩ. 2), ʚʳʩʦʪʳ ʫʩʪʘʥʦʚʢʠ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ (ʨʠʩ. 3) ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʤʘʰʠʥʳ (ʨʠʩ. 4) [4], ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʦʪʚʦʫʜʘʣʷʶʱʝʡ ʤʘʰʠʥʳ [5], ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʦʣʥʦʪʫ ʫʜʘʣʝʥʠʷ ʣʠʩʪʦʩʪʝʙʝʣʴʥʦʡ ʤʘʩʩʳ ʧʝʨʝʜ ʫʙʦʨʢʦʡ ʣʫʢʘ. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʣʥʦʪʳ ʫʜʘʣʝʥʠʷ ʣʠʩʪʦʩʪʝʙʝʣʴʥʦʡ ʤʘʩʩʳ n ʦʪ ʫʛʣʘ 

ʫʩʪʘʥʦʚʢʠ ʥʦʞʝʡ b 

 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʣʥʦʪʳ ʫʜʘʣʝʥʠʷ ʣʠʩʪʦʩʪʝʙʝʣʴʥʦʡ ʤʘʩʩʳ n ʦʪ 

ʚʳʩʦʪʳ ʫʩʪʘʥʦʚʢʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ h  
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ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʣʥʦʪʳ ʫʜʘʣʝʥʠʷ ʣʠʩʪʦʩʪʝʙʝʣʴʥʦʡ ʤʘʩʩʳ n ʦʪ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ n  

 

ʇʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʦʪʚʦʫʜʘʣʷʶʱʝʡ ʤʘʰʠʥʳ ʧʦʜʪʚʝʨʜʠʣʠ ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [6]. ʇʦʢʘʟʘʪʝʣʴ ʧʦʣʥʦʪʳ ʫʜʘʣʝʥʠʷ 

ʣʠʩʪʦʩʪʝʙʝʣʴʥʦʡ ʤʘʩʩʳ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʭʦʜʝ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʫʙʦʨʦʯʥʳʤ ʤʘʰʠʥʘʤ [7]. 

ʆʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʣʥʦʪʝ ʫʜʘʣʝʥʠʷ ʣʠʩʪʦʩʪʝʙʝʣʴʥʦʡ ʤʘʩʩʳ n=95...98,2%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ: b=52é56 ʛʨʘʜ,h=7é9 ʩʤ ʠ n=1500é2200 ʤʠʥ-1
 . 
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ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ 

ʧʨʝʜʲʷʚʣʷʝʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʠʤʝʥʷʝʤʳʤ ʠʟʜʝʣʠʷʤ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ. 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʚ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʧʣʝʥʦʯʥʳʭ 

ʨʝʟʠʩʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʪʦʡʢʦʩʪʴʶ 

ʚ ʫʩʣʦʚʠʷʭ ʩʢʦʣʴʟʷʱʝʛʦ ʢʦʥʪʘʢʪʘ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʠʡ ʚʳʙʦʨ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ 

ʚʳʩʦʢʦʥʘʜʝʞʥʳʭ ʧʣʝʥʦʯʥʳʭ ʧʦʪʝʥʮʠʦʤʝʪʨʦʚ ʪʘʢ ʜʦ ʢʦʥʮʘ ʠ ʥʝ ʨʝʰʝʥʘ. 

ʇʣʝʥʦʯʥʳʝ ʨʝʟʠʩʪʠʚʥʳʝ ʩʣʦʠ ʜʦʣʞʥʳ ʠʤʝʪʴ: 

- ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ; 

- ʤʘʣʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ; 

- ʥʠʟʢʫʶ ʪʝʨʤʦʵʣʝʢʪʨʦʜʚʠʞʫʱʫʶ ʩʠʣʫ ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʝʜʴʶ; 

- ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʩʦʙʩʪʚʝʥʥʳʭ ʰʫʤʦʚ; 

- ʩʪʦʡʢʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʷʤ ʚʣʘʛʠ; 

- ʩʪʦʡʢʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʪʝʢʘʥʠʷ ʩʠʣʴʥʳʭ ʪʦʢʦʚ; 

- ʩʪʦʡʢʦʩʪʴ ʢ ʥʘʛʨʝʚʫ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 573...973 ʂ;  

- ʭʦʨʦʰʠʝ ʢʦʥʪʘʢʪʥʳʝ ʩʚʦʡʩʪʚʘ;  

- ʩʪʘʙʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ;  

ʅʠ ʦʜʠʥ ʨʝʟʠʩʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ [1].  

ʅʘʠʙʦʣʴʰʝʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠʟ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʟʠʩʪʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʙʣʘʜʘʶʪ ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ ʠ ʠʭ ʩʧʣʘʚʳ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʧʣʘʪʠʥʳ, ʧʘʣʣʘʜʠʷ, ʟʦʣʦʪʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʧʣʝʥʦʯʥʳʭ ʧʦʪʝʥʮʠʦʤʝʪʨʘʭ. ʅʦ ʵʪʠ ʩʧʣʘʚʳ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ: 

ʥʠʟʢʫʶ ʘʜʛʝʟʠʶ ʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʜʣʦʞʢʘʤ; ʧʨʠ ʥʘʛʨʝʚʝ ʩʚʳʰʝ 573 ʂ ʚ 
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ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ ʩ ʧʦʚʳʰʝʥʥʦʡ (ʜʦ 93%) ʚʣʘʞʥʦʩʪʴʶ ʦʢʠʩʣʷʶʪʩʷ; ʠʤʝʶʪ 

ʥʠʟʢʫʶ ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ. 

ɺ ʧʝʨʚʳʭ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʧʨʝʮʠʟʠʦʥʥʳʭ ʧʣʝʥʦʯʥʳʭ ʧʦʪʝʥʮʠʦʤʝʪʨʘʭ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʦʜʠʡ, ʠʤʝʶʱʠʡ ʠʟ ʤʝʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ ʥʘʠʙʦʣʴʰʫʶ 

ʪʚʝʨʜʦʩʪʴ, ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴ [2]. ʇʦʟʞʝ 

ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʭʨʦʤ-ʨʦʜʠʝʚʳʝ ʧʣʝʥʢʠ ʠ 

ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʟʘʤʝʥʳ ʨʦʜʠʷ ʨʝʥʠʝʤ. ʆʜʥʘʢʦ ʨʦʜʠʡ ʠ ʝʛʦ ʩʧʣʘʚʳ ʜʦʨʦʛʠ 

ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʠʤʝʶʪ ʥʠʟʢʫʶ ʘʜʛʝʟʠʶ ʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʜʣʦʞʢʘʤ. ɼʣʷ 

ʫʣʫʯʰʝʥʠʷ ʘʜʛʝʟʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʩʣʦʠ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ 

ʪʝʭʥʦʣʦʛʠʶ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ. 

ɹʦʣʴʰʦʝ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʤʘʣʳʡ ʊʂʉ, ʪʝʧʣʦ- ʠ 

ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʩʪʦʡʢʦʩʪʴ ʧʨʦʪʠʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʨʦʟʠʠ, ʚʳʩʦʢʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʢʘʨʙʠʜʦʚ ʪʠʪʘʥʘ, ʮʠʨʢʦʥʠʷ, 

ʥʠʦʙʠʷ, ʜʠʙʦʨʠʜʦʚ ʪʠʪʘʥʘ ʠ ʮʠʨʢʦʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʪʫʛʦʧʣʘʚʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʧʣʝʥʦʯʥʳʭ 

ʨʝʟʠʩʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [3,4]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʨʝʟʠʩʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʝʙʫʶʪʩʷ 

ʩʚʝʜʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ, ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʬʘʟʦʚʦʤ ʩʦʩʪʘʚʝ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʢʦʥʜʝʥʩʘʪʦʚ. ɼʠʩʢʫʩʩʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʩʚʝʜʝʥʠʡ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʦ ʚʘʢʫʫʤʥʳʭ ʢʦʥʜʝʥʩʘʪʘʭ ʪʦʣʱʠʥʦʡ 1...5 ʤʢʤ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ 

ʢʘʨʙʠʜʦʚ ʠ ʙʦʨʠʜʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʦʣʥʦʪʫ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʯʥʳʭ ʨʝʟʠʩʪʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ʇʨʦʮʝʩʩʳ ʠʩʧʘʨʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ 

ʤʘʪʝʨʠʘʣ ʥʘ ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ [5,6]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʝʥʦʢ 

ʪʫʛʦʧʣʘʚʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʳʤ ʠʩʧʘʨʝʥʠʝʤ ʠ 

ʢʦʥʜʝʥʩʘʮʠʝʡ ʚ ʚʘʢʫʫʤʝ ʠ ʦʮʝʥʢʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ 

ʧʨʝʮʠʟʠʦʥʥʳʭ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʧʦʪʝʥʮʠʦʤʝʪʨʘʭ ʠ ʧʝʨʝʤʝʥʥʳʭ ʨʝʟʠʩʪʦʨʘʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʩʧʘʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʧʦʨʦʰʢʠ ʢʘʨʙʠʜʦʚ ʪʠʪʘʥʘ, ʥʠʦʙʠʷ, ʮʠʨʢʦʥʠʷ, ʜʠʙʦʨʠʜʦʚ ʪʠʪʘʥʘ ʠ ʮʠʨʢʦʥʠʷ ʩ 

ʩʦʩʪʘʚʦʤ, ʙʣʠʟʢʠʤ ʢ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ, ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʫʛʣʝʨʦʜʘ 

ʥʝ ʙʦʣʝʝ 0,48% [7]. ʀʟ ʧʦʨʦʰʢʦʚ ʧʨʝʩʩʦʚʘʣʠ ʪʘʙʣʝʪʢʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʩʧʝʢʘʣʠ ʚ 

ʚʘʢʫʫʤʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʧʨʠʤʝʥʷʣʠ ʩʪʝʢʣʦ ʠ ʤʝʜʴ. 

ʇʦʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʝʜ ʢʦʥʜʝʥʩʘʮʠʝʡ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ ʪʫʛʦʧʣʘʚʢʠʭ ʠ ʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ [8,9]. ʇʦʚʝʨʭʥʦʩʪʴ ʩʪʝʢʣʷʥʥʦʡ ʧʦʜʣʦʞʢʠ ʦʙʝʟʞʠʨʠʚʘʣʘʩʴ ʝʜʢʠʤ 

ʥʘʪʨʦʤ, ʧʨʦʤʳʚʘʣʘʩʴ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʦʙʨʘʙʘʪʳʚʘʣʘʩʴ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʭʨʦʤʦʚʦʡ ʩʤʝʩʴʶ, ʧʨʦʤʳʚʘʣʘʩʴ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ 

(ʜʚʘʞʜʳ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʥʝʩʝʥʠʝʤ ʧʦʜʩʣʦʷ ʤʦʥʦʦʢʠʩʠ ʢʨʝʤʥʠʷ ʚ ʚʘʢʫʫʤʥʦʡ 

ʢʘʤʝʨʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʦʩʘʞʜʝʥʠʝʤ ʧʣʝʥʢʠ (ʨʠʩ.1). ʋʢʘʟʘʥʥʘʷ 

ʧʦʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʜʝʥʩʘʪʦʚ 

ʥʘ ʧʦʜʣʦʞʢʝ.  



164 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʦʚʝʨʭʥʦʩʪʴ ʩʪʝʢʣʷʥʥʦʡ ʧʦʜʣʦʞʢʠ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʤʦʥʦʦʢʠʩʠ 

ʢʨʝʤʥʠʷ (ʭ20000) 

 

 
ʘ) 

 
ʙ) 

 
ʚ) 

ʈʠʩʫʥʦʢ 2 ï ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʚ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ 

(ʭ10000): 

ʘ) ŭ - 0,1 ʤʢʤ, ʊʧ -323 ʂ; ʙ) ŭ - 0,7 ʤʢʤ, ʊʧ -323 ʂ; ʚ) ŭ - 0,7 ʤʢʤ, ʊʧ - 773 

ʂ 
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ʂʦʥʜʝʥʩʘʪʳ ʦʪʣʠʯʘʶʪʩʷ ʪʦʥʢʦʡ ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʘ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʨʘʟʨʝʰʘʝʤʦʡ ʧʦʜ ʦʧʪʠʯʝʩʢʠʤ ʤʠʢʨʦʩʢʦʧʦʤ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ 

ʧʨʦʠʩʭʦʜʠʪ ʦʛʨʫʙʝʥʠʝ ʝʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ (ʨʠʩ.2). ʉʪʨʫʢʪʫʨʘ 

ʢʦʥʜʝʥʩʘʪʦʚ ʪʦʣʱʠʥʦʡ 0,1 ʤʢʤ, ʧʨʠ. ʫʚʝʣʠʯʝʥʠʠ ʚ 10000 ʨʘʟ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʨʘʟʨʝʰʘʝʪʩʷ (ʨʠʩ. 2ʘ). 

ʈʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ (ʊʧ) ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʘ 

ʢʨʠʩʪʘʣʣʠʪʦʚ. ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʥʜʝʥʩʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʩʘʞʜʝʥʠʷ < 673 ʂ, ʦʪʣʠʯʘʶʪʩʷ ʨʳʭʣʳʤ ʩʪʨʦʝʥʠʝʤ ʩ ʥʠʟʢʦʡ ʩʚʷʟʴʶ ʦʪʜʝʣʴʥʳʭ 

ʯʘʩʪʠʮ ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ. ɻʨʘʥʠʮʳ ʟʝʨʝʥ ʧʨʠ ʵʪʦʤ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟʤʳʪʳʝ ʠ ʥʝʯʝʪʢʠʝ. ʂʦʥʜʝʥʩʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜʣʦʞʢʠ 773 

ʂ, ʠʤʝʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʟʘʤʝʪʥʦʡ ʘʢʩʠʘʣʴʥʦʡ 

ʦʨʠʝʥʪʘʮʠʝʡ (ʨʠʩ. 2ʚ). 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʚ ʢʘʨʙʠʜʦʚ ʠ ʙʦʨʠʜʦʚ ʪʦʣʱʠʥʦʡ 5...10 ʤʢʤ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʩʘʞʜʝʥʠʷ 623...723 ʂ, ʦʙʥʘʨʫʞʝʥʳ ʪʨʝʱʠʥʳ, 

ʠʤʝʶʱʠʝ ʠʥʦʛʜʘ ʟʘʤʢʥʫʪʳʝ ʛʨʘʥʠʮʳ (ʨʠʩ. 3). 

 ʆʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʪʝʨʤʠʯʝʩʢʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʦʥʜʝʥʩʘʪʦʚ ʩ ʧʦʜʣʦʞʢʦʡ ʠ ʥʝʢʦʪʦʨʦʡ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. ʇʨʦʛʨʝʚ ʧʦʜʣʦʞʢʠ ʜʦ 773ʂ ʠ ʚʳʰʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʚ ʙʝʟ ʪʨʝʱʠʥ. ʉʪʨʦʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʚ 

ʢʘʨʙʠʜʦʚ ʪʠʪʘʥʘ, ʥʠʦʙʠʷ ʠ ʮʠʨʢʦʥʠʷ ʠ ʜʠʙʦʨʠʜʦʚ ʪʠʪʘʥʘ ʠ ʮʠʨʢʦʥʠʷ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʤʘʩʩʠʚʥʦʤʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜʣʦʞʢʠ 773...973 ʂ (ʨʠʩ. 4-5). 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ī ʵʪʦ ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʚʝʨʜʦʛʦ 

ʧʦʢʨʳʪʠʷ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʚ ʢʘʨʙʠʜʦʚ ʠ ʙʦʨʠʜʦʚ ʠʟʤʝʨʷʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʘ ʇʄʊ-ɿ ʧʨʠ ʥʘʛʨʫʟʢʝ 20...30 ʛ. ʀʩʢʣʶʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʧʦʜʣʦʞʢʠ ʜʦʩʪʠʛʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʝʥʦʢ ʪʦʣʱʠʥʦʡ ʥʝ ʤʝʥʝʝ 10...15 ʤʢʤ, 

ʪ.ʝ. ʚ 10...15 ʨʘʟ ʧʨʝʚʦʩʭʦʜʷʱʫʶ ʛʣʫʙʠʥʫ ʦʪʧʝʯʘʪʢʘ. 

 ʅʘ ʨʠʩ. 6 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʜʝʥʩʘʮʠʠ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʣʝʥʦʢ ʢʘʨʙʠʜʦʚ ʠ ʙʦʨʠʜʦʚ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʜʣʦʞʢʠ ʩ 323 ʜʦ 873 ʂ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 3,5...4 ʨʘʟʘ, ʜʦʩʪʠʛʘʷ 

ʟʥʘʯʝʥʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʤʘʩʩʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚʳʟʚʘʥʦ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ 

ʢʦʥʜʝʥʩʘʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʢʘʨʙʠʜʦʚ ʪʠʪʘʥʘ, ʮʠʨʢʦʥʠʷ ʠ ʥʠʦʙʠʷ ʠ ʜʠʙʦʨʠʜʦʚ ʪʠʪʘʥʘ ʠʤʝʶʪ 

ʨʝʟʢʫʶ ʘʥʠʟʦʪʨʦʧʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʥʝʢʦʪʦʨʳʡ ʚʢʣʘʜ ʚ ʫʚʝʣʠʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʩʘʞʜʝʥʠʷ ʚʥʦʩʠʪ ʠ ʨʘʟʚʠʪʠʝ ʪʝʢʩʪʫʨ, ʦʪʤʝʯʝʥʥʦʝ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʤ 

ʘʥʘʣʠʟʦʤ ʠ ʵʣʝʢʪʨʦʥʥʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ. 
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ʘ) 

 
ʙ) 

 
ʚ) 

ʈʠʩʫʥʦʢ 3 ï ʊʨʝʱʠʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ (ŭ ~ 10 ʤʢʤ), ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʧʨʠ ʊʧ = 623...673 ʂ (ʭ340): ʘ) TiC; ʙ) TiB2; ʚ) ZrB2 
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ʘ) 

 
ʙ) 

 
ʚ) 

ʈʠʩʫʥʦʢ 4 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʠʩʭʦʜʥʳʭ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʢʘʨʙʠʜʦʚ ʪʠʪʘʥʘ, 

ʮʠʨʢʦʥʠʷ ʠ ʥʠʦʙʠʷ: ʘ) TiC; ʙ) ZrC; ʚ) NbC 

 

ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʦʥʜʝʥʩʘʮʠʠ (V) ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʟʥʘʯʝ-

ʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ, ʚʠʜʠʤʦ, ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʜʠʩʧʝʨʩʥʦʩʪʠ ʩʪʨʦʝʥʠʷ, 

ʩʥʠʞʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʠ ʫʩʠʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʧʝʢʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʚʦʟ-

ʨʘʩʪʘʥʠʠ ʩʢʦʨʦʩʪʠ ʢʦʥʜʝʥʩʘʮʠʠ ʜʠʙʦʨʠʜʘ ʪʠʪʘʥʘ ʩ 0,1 ʤʢʤ/ʤʠʥ ʜʦ 0,5 ʤʢʤ/ʤʠʥ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʚ 1,2 ʨʘʟʘ. 
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ʘ) 

 
ʙ) 

ʈʠʩʫʥʦʢ 5 ï ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʤʘʩʩʠʚʥʳʭ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ  

ʜʠʙʦʨʠʜʦʚ ʪʠʪʘʥʘ ʠ ʮʠʨʢʦʥʠʷ: ʘ) TiB2; ʙ) ZrB2 

 

ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʢʦʥʜʝʥʩʘʪʘ ʩ ʠʟʦʣʷ-

ʮʠʦʥʥʳʤʠ ʧʦʜʣʦʞʢʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʦʪʜʝʣʝʥʠʷ ʧʦʢʨʳʪʠʷ ʦʩʪʨʳʤ 

ʣʘʥʮʝʪʦʤ. ɸʜʛʝʟʠʷ ʩʯʠʪʘʣʘʩʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʣʝʥʢʫ 

ʥʝʚʦʟʤʦʞʥʦ ʦʪʜʝʣʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʦʩʢʘʙʣʠʚʘʥʠʝʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʜʛʝʟʠʷ 

ʠʟʫʯʘʝʤʳʭ ʧʣʝʥʦʢ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʜʣʦʞʢʠ. ʂʦʥʜʝʥʩʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 373...623 ʂ, ʦʙʣʘʜʘʶʪ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʳʤ ʩʮʝʧʣʝʥʠʝʤ ʩʦ ʩʪʝʢʣʷʥʥʦʡ ʧʦʜʣʦʞʢʦʡ ʧʨʠ ʪʦʣʱʠʥʘʭ ʜʦ 

0,2...0,3 ʤʢʤ. ɹʦʣʝʝ ʪʦʣʩʪʳʝ ʧʣʝʥʢʠ ʧʨʠ ʭʨʘʥʝʥʠʠ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʨʘʟʨʫʰʘʶʪʩʷ, ʦʩʳʧʘʷʩʴ ʚ ʚʠʜʝ ʧʦʨʦʰʢʦʚ. 

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʜʝʥʩʘʮʠʠ ʜʦ 673 ʂ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʫʩʠʣʝʥʠʶ ʩʚʷʟʠ ʧʣʝʥʦʢ ʩ ʠʟʦʣʷʮʠʦʥʥʳʤ ʦʩʥʦʚʘʥʠʝʤ, ʯʪʦ 

ʫʣʫʯʰʘʝʪ ʘʜʛʝʟʠʶ. ʊʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ ʫ ʢʦʥʜʝʥʩʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʪʦʣʱʠʥʝ, ʚʳʰʝ I ʤʢʤ (ʨʠʩ.3). 

ʊʦʣʩʪʳʝ ʩʧʣʦʰʥʳʝ ʧʣʝʥʢʠ ʪʦʣʱʠʥʦʡ ʚʳʰʝ 5 ʤʢʤ, ʦʙʣʘʜʘʶʱʠʝ ʭʦʨʦʰʝʡ 

ʘʜʛʝʟʠʝʡ, ʢʦʥʜʝʥʩʠʨʫʶʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜʣʦʞʢʠ 773...973 ʂ. 
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ʈʠʩʫʥʦʢ 6 ï ɿʘʚʠʩʠʤʦʩʪʴ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʜʣʦʞʢʠ: 

1. NbC - V= 1 ʤʢʤ/ʤʠʥ; 2.TiC - V= 0,05 ʤʢʤ/ʤʠʥ; 3. ZrC - V= 1 ʤʢʤ/ʤʠʥ; 

4. TiC - V= 1 ʤʢʤ/ʤʠʥ; 5. TiB2 - V= 0,1 ʤʢʤ/ʤʠʥ; 6. ZrB2 - V= 0,1 ʤʢʤ/ʤʠʥ; 

7. TiB2 - V= 0,5 ʤʢʤ/ʤʠʥ; 8. ZrB2 - V= 0,5 ʤʢʤ/ʤʠʥ 

 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ ʦʩʘʞʜʘʝʤʳʭ ʧʣʝʥʦʢ ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʕʣʝʢʪʨʦʥʳ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʨʘʩʩʝʠʚʘʶʪʩʷ ʚ ʧʣʝʥʢʘʭ ʥʝ ʪʦʣʴʢʦ ʠʭ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠ ʨʝʰʝʪʢʦʡ, 

ʥʦ ʠ ʧʨʠʤʝʩʷʤʠ ʠ ʤʥʦʛʠʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʜʝʬʝʢʪʘʤʠ. ʂʦʣʠʯʝʩʪʚʦ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʠ "ʟʘʤʦʨʦʞʝʥʥʳʭ" ʚ ʧʣʝʥʢʝ ʘʪʦʤʦʚ ʦʩʪʘʪʦʯʥʳʭ ʛʘʟʦʚ ʘʪʦʤʘʤʠ 

ʦʩʘʞʜʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʩʪʘʜʠʷʭ ʨʦʩʪʘ 

ʧʣʝʥʢʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʝʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ 

ʢʦʥʜʝʥʩʘʪʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ 

ʫʩʠʣʠʚʘʝʪʩʷ, ʝʩʣʠ ʧʣʝʥʢʘ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʦʢʠʩʣʝʥʠʶ ʠ ʟʘʛʨʷʟʥʝʥʠʷʤ, ʯʪʦ 

ʫʩʣʦʞʥʷʝʪ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʪʦʣʱʠʥʳ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʳ ʫʜʝʣʴʥʳʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʢʦʥʜʝʥʩʘʪʦʚ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʢʘʨʙʠʜʦʚ ʠ ʙʦʨʠʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ.  

ʕʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʝʥʦʢ (R), ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʝʚʳʰʘʣʘ 10 ʦʤ, ʠʟʤʝʨʷʣʦʩʴ ʤʦʩʪʦʤ ʈɿɿɿ ʢʣʘʩʩʘ 0,05. ʊʦʣʱʠʥʘ ʢʦʥʜʝʥʩʘʪʘ (ŭ) 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʘ ʤʠʢʨʦʠʥʪʝʨʬʝʨʦʤʝʪʨʘʭ ʄʀʀ-4 ʠ MʀC-11 ʠ ʤʠʢʨʦʬʦʪʦʤʝʪʨʝ 

ʄʌ-5, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʦʙʨʘʟʮʦʚ ʚ ʧʣʘʥʝ (ʘ,l) ī ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ 

ʤʠʢʨʦʩʢʦʧʦʤ ʄɹʀ-1. ʅʘʠʙʦʣʴʰʘʷ ʚʦʟʤʦʞʥʘʷ ʦʰʠʙʢʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʚʳʟʚʘʥʥʘʷ, ʚ ʦʩʥʦʚʥʦʤ, ʪʨʫʜʥʦʩʪʷʤʠ ʪʦʯʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʦʩʘʞʜʝʥʥʦʛʦ ʩʣʦʷ, ʩʦʩʪʘʚʣʷʣʘ 11...31%. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʚ ʢʘʨʙʠʜʦʚ ʪʠʪʘʥʘ, ʮʠʨʢʦʥʠʷ, ʥʠʦʙʠʷ, 

ʜʠʙʦʨʠʜʦʚ ʪʠʪʘʥʘ ʠ ʮʠʨʢʦʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʘʩʩʠʚʥʳʤʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ, ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ, ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʠ 

ʪʦʣʱʠʥʳ ʩʣʦʷ.  

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʥʜʝʥʩʘ-

ʪʦʚ ʢʘʨʙʠʜʦʚ ʪʠʪʘʥʘ, ʮʠʨʢʦʥʠʷ ʠ ʥʠʦʙʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 
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ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 7. ʋʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʦʥʦʪʦʥʥʦ 

ʫʙʳʚʘʝʪ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ ʦʪ 473 ʜʦ 873 ʂ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʥʘ 1...2 ʧʦʨʷʜʢʘ ʟʥʘʯʝʥʠʝʤ ʫʜʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝ ʤʘʩʩʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

 

 
ʈʠʩʫʥʦʢ 7 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʢʦʥʜʝʥʩʘʪʦʚ TiC, ZrC 

ʠ NbC ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ (ʘ), ʪʦʣʱʠʥʳ ʩʣʦʷ (ʙ) 

ʠ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ (ʚ): 

1 - ʢʘʨʙʠʜ ʪʠʪʘʥʘ; 2 - ʢʘʨʙʠʜ ʥʠʦʙʠʷ; 3 - ʢʘʨʙʠʜ ʮʠʨʢʦʥʠʷ 

 

ʉʪʦʣʴ ʥʠʟʢʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʯʨʝʟʚʳʯʘʡʥʦ 

ʚʳʩʦʢʦʡ ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʩʪʨʦʝʥʠʷ ʠʟʫʯʘʝʤʳʭ ʢʦʥʜʝʥʩʘʪʦʚ, ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ, ʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʝʬʝʢʪʦʚ ʠ ʤʠʢʨʦʧʦʨʠʩʪʦʩʪʴʶ. 

ʋʙʳʚʘʥʠʝ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʦʥʜʝʥʩʘʮʠʠ, ʚʠʜʠʤʦ, ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʝʬʝʢʪʥʦʩʪʠ ʩʪʨʦʝʥʠʷ, ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʨʘʟʤʝʨʘ ʙʣʦʢʦʚ, ʫʩʠʣʝʥʠʝʤ ʩʚʷʟʠ ʩʫʙʟʝʨʝʥ, ʩʥʠʞʝʥʠʝʤ ʧʦʨʠʩʪʦʩʪʠ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʣʝʥʦʢ ʚ 

10...100 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʩʩʠʚʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʩʧʣʘʚʘʤʠ ʦʙʲʷʩʥʷʝʪʩʷ 

ʘʤʦʨʬʥʳʤ ʩʪʨʦʝʥʠʝʤ ʧʝʨʚʳʭ. ʆʜʥʘʢʦ ʜʣʷ ʢʦʥʜʝʥʩʘʪʦʚ ʢʘʨʙʠʜʦʚ ʪʠʪʘʥʘ, ʮʠʨʢʦʥʠʷ 

ʠ ʥʠʦʙʠʷ ʨʘʩʩʝʷʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ, ʙʣʠʟʢʦʝ ʢ ʜʠʬʬʫʟʥʦʤʫ, ʥʘʙʣʶʜʘʣʦʩʴ 

ʣʠʰʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʜʝʥʩʘʮʠʠ ʥʠʞʝ 473 ʂ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʝʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʥʜʝʥʩʘʪʳ ʜʘʚʘʣʠ ʚʧʦʣʥʝ ʨʘʟʣʠʯʠʤʳʝ ʤʘʢʩʠʤʫʤʳ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʦʚʳʰʝʥʠʶ ʫʜʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʜʝʬʠʮʠʪʘ ʧʦ ʫʛʣʝʨʦʜʫ ʚ ʧʨʝʜʝʣʘʭ ʦʙʣʘʩʪʝʡ 

ʛʦʤʦʛʝʥʥʦʩʪʠ ʢʘʨʙʠʜʦʚ ʪʠʪʘʥʘ, ʮʠʨʢʦʥʠʷ ʠ ʥʠʦʙʠʷ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʫʜʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ 2...3 ʨʘʟʘ ʟʘ ʩʯʝʪ ʨʘʩʩʝʷʥʠʷ ʥʦʩʠʪʝʣʝʡ ʪʦʢʘ ʥʘ ʚʘʢʘʥʩʠʷʭ ʚ 

ʧʦʜʨʝʰʝʪʢʝ ʫʛʣʝʨʦʜʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʝʯʝʥʠʷ ʩʠʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚʩʣʝʜʩʪʚʠʝ 

ʫʤʝʥʴʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ. ɽʱʝ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʢʘʨʙʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʦʢʘʟʳʚʘʶʪ ʛʘʟʦʚʳʝ ʧʨʠʤʝʩʠ ʠ 

ʧʦʨʠʩʪʦʩʪʴ, ʧʨʠ ʵʪʦʤ ʩʧʨʝʩʩʦʚʘʥʥʳʝ ʠ ʩʧʝʯʝʥʥʳʝ ʚ ʚʘʢʫʫʤʝ ʤʘʪʝʨʠʘʣʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ 4...9 ʨʘʟ ʤʝʥʴʰʝʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʯʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠ ʚʳʩʦʢʦʯʠʩʪʳʝ ʢʘʨʙʠʜʳ. ʋ ʚʩʝʭ ʢʘʨʙʠʜʦʚ 

ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʘʞʝ ʢ ʤʘʣʳʤ ʧʨʠʤʝʩʷʤ 

ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʠʩʧʘʨʝʥʠʷ ʢʘʨʙʠʜʦʚ 

ʪʠʪʘʥʘ, ʮʠʨʢʦʥʠʷ ʠ ʥʠʦʙʠʷ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠʭ ʯʘʩʪʠʯʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʜʠʩʩʦʮʠʘʮʠʝʡ ʥʘ ʘʪʦʤʳ ʤʝʪʘʣʣʦʚ ʠ ʘʪʦʤʳ ʠ ʤʦʣʝʢʫʣʳ ʫʛʣʝʨʦʜʘ. 
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ʀʩʢʣʶʯʠʪʝʣʴʥʦ ʘʢʪʠʚʥʳʝ ʛʝʪʪʝʨʳ: ʪʠʪʘʥ, ʮʠʨʢʦʥʠʡ ʠ ʥʠʦʙʠʡ ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʚ 

ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʪʦʤʘʤʠ ʛʘʟʦʚ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʧʦʜʣʦʞʢʦʡ, ʠ 

ʦʩʪʘʪʦʯʥʳʤʠ ʛʘʟʘʤʠ. ʇʦʩʢʦʣʴʢʫ ʥʘ ʜʝʬʝʢʪʘʭ ʚʥʝʜʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʩʝʷʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʯʝʤ ʥʘ ʩʪʨʫʢʪʫʨʥʳʭ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʘʭ ʪʠʧʘ ʜʠʩʣʦʢʘʮʠʡ, ʜʚʦʡʥʠʢʦʚ, ʙʦʣʴʰʝʫʛʣʦʚʳʭ ʛʨʘʥʠʮ ʟʝʨʝʥ ʠ 

ʪ.ʧ., ʘ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʧʦʷʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ ʩʦʨʙʮʠʠ ʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʜʝʥʩʘʪʘ, ʪʦ ʢʨʫʪʠʟʥʘ ʩʧʘʜʘ 

ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʜʝʥʩʘʮʠʠ ʙʫʜʝʪ 

ʥʘʠʙʦʣʴʰʝʡ ʫ ʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʚ ʭʠʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ ʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʢʦʥʜʝʥʩʘʪʦʚ ʢʘʨʙʠʜʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʢʘʢ ʚʝʣʠʯʠʥʘ ʫʜʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪʘʢ ʠ ʢʨʫʪʠʟʥʘ ʩʧʘʜʘ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʦʥʜʝʥʩʘʮʠʠ, ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʥʠʞʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʤʝʪʘʣʣʦʚ ʪʠʪʘʥʘŸʮʠʨʢʦʥʠʷŸʥʠʦʙʠʷ. 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ 

ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʟʥʘʯʝʥʠʡ, ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʧʨʝʚʳʰʘʶʱʠʭ ʫʜʝʣʴʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʩʩʠʚʥʳʭ ʦʙʨʘʟʮʦʚ, ʧʨʠ ʥʝʢʦʪʦʨʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʝ. 

ɸʥʘʣʦʛʠʯʥʦʝ, ʠʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʤʝʯʘʝʪʩʷ ʫ ʧʣʝʥʦʢ 

ʢʘʨʙʠʜʦʚ ʪʠʪʘʥʘ, ʮʠʨʢʦʥʠʷ ʠ ʥʠʦʙʠʷ (ʨʠʩ.7ʙ). ʆʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʣʱʠʥ (0,2...0,6 ʤʢʤ), ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʢʘʨʙʠʜʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ "ʟʘʤʦʨʦʞʝʥʥʳʭ" ʜʝʬʝʢʪʦʚ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʧʣʝʥʦʢ ʢ ʟʘʛʨʷʟʥʝʥʠʷʤ. ʅʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʫ 

ʩʦʝʜʠʥʝʥʠʡ ʪʠʪʘʥʘ ʩʚʷʟʘʥʦ, ʚʠʜʠʤʦ, ʩ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʪʠʪʘʥʘ. 

ʅʘ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʝʥʦʢ ʢʘʨʙʠʜʦʚ ʪʠʪʘʥʘ, ʮʠʨʢʦʥʠʷ ʠ 

ʥʠʦʙʠʷ ʪʘʢʞʝ ʚʣʠʷʝʪ ʩʢʦʨʦʩʪʴ ʢʦʥʜʝʥʩʘʮʠʠ (ʨʠʩ.7ʚ). ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ ʨʝʟʢʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʥʘʯʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʢʨʠʚʳʭ, 

ʜʦʩʪʠʞʝʥʠʝ ʤʠʥʠʤʫʤʦʚ ʠ ʜʘʣʴʥʝʡʰʝʝ ʙʦʣʝʝ ʧʣʘʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ 

ʚʦʟʨʘʩʪʘʥʠʝʤ ʩʢʦʨʦʩʪʠ ʢʦʥʜʝʥʩʘʮʠʠ. ʈʝʟʢʠʡ ʩʧʘʜ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʢʦʥʜʝʥʩʘʮʠʠ ʥʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʫʤʝʥʴʰʝʥʠʝʤ ʚʣʠʷʥʠʷ ʛʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʢʦʥʜʝʥʩʘʮʠʠ, ʧʨʠʚʦʜʠʪ ʢ ʤʦʥʦʪʦʥʥʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʫʜʝʣʴʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʜʝʬʝʢʪʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʠ, ʚʦʟʤʦʞʥʦ, ʥʝʢʦʪʦʨʳʤ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ 

ʢʦʥʜʝʥʩʘʪʦʚ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʘʨʠʪʝʣʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʦʞʝʥʠʷ ʤʠʥʠʤʫʤʦʚ (ʨʠʩ.7) ʥʝʩʢʦʣʴʢʦ 

ʨʘʟʣʠʯʥʦ ʜʣʷ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ (0,4 ʤʢʤ/ʤʠʥ), ʢʘʨʙʠʜʘ ʮʠʨʢʦʥʠʷ ʠ ʢʘʨʙʠʜʘ 

ʥʠʦʙʠʷ (0,2...0,3 ʤʢʤ/ʤʠʥ), ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʪʠʪʘʥʘ ʠ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʫʜʝʣʴʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʝʛʦ ʢʘʨʙʠʜʘ ʦʪ ʛʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ. 

ʋʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʝʥʦʢ ʜʠʙʦʨʠʜʦʚ ʪʠʪʘʥʘ ʠ 

ʮʠʨʢʦʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʩʘʞʜʝʥʠʷ 323...873 ʂ, ʧʨʝʚʳʰʘʝʪ 

ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʩʩʠʚʥʳʭ ʙʝʩʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ ʚ 150...200 ʨʘʟ. ʅʝʩʢʦʣʴʢʦ ʭʫʜʰʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ʜʠʙʦʨʠʜʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʘʨʙʠʜʘʤʠ ʩʚʷʟʘʥʘ, ʚʦʟʤʦʞʥʦ, ʩ ʚʣʠʷʥʠʝʤ 

ʧʨʠʤʝʩʝʡ ʫʛʣʝʨʦʜʘ ʚ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʩʢʣʦʥʥʦʩʪʴʶ ʧʝʨʚʳʭ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʦʢ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ 

ʢʦʥʜʝʥʩʘʪʦʚ ʜʠʙʦʨʠʜʘ ʪʠʪʘʥʘ ʠ ʜʠʙʦʨʠʜʘ ʮʠʨʢʦʥʠʷ, ʦʩʘʞʜʘʚʰʠʭʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ (ʊʧ -400, 473, 623, 873 ʂ; V - 0,1 ʠ 0,5 ʤʢʤ/ʤʠʥ) ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ.8. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʚ 
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ʜʠʙʦʨʠʜʦʚ ʦʢʘʟʳʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʣʦʞʢʠ, ʩ ʨʦʩʪʦʤ ʢʦʪʦʨʦʡ ʟʥʘʯʝʥʠʝ 

ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ.  

ʆʮʝʥʢʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʥʝʦʙʨʘ-

ʪʠʤʦʤʫ ʝʛʦ ʠʟʤʝʥʝʥʠʶ ʧʨʠ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʝʚʘʭ ʠ ʦʭʣʘʞʜʝʥʠʷʭ ʚ ʚʘʢʫʫʤʝ, 

ʩʣʝʜʫʶʱʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ ʦʩʘʞʜʝʥʠʝʤ ʧʣʝʥʢʠ. 

 
ʈʠʩʫʥʦʢ 8 ï ʀʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʳʭ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʦʣʱʠʥʳ ʢʦʥʜʝʥʩʘʪʦʚ ʜʠʙʦʨʠʜʦʚ ʪʠʪʘʥʘ ʠ ʮʠʨʢʦʥʠʷ 

 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʥʜʝʥʩʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʦʜʣʦʞʢʠ 573 ʂ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʰʫʤʦʚ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʪʦʢʘ. 

ɺʦʟʤʦʞʥʦ, ʵʪʦ ʚʳʟʚʘʥʦ ʚʳʩʦʢʦʡ ʤʠʢʨʦʧʦʨʠʩʪʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʩʚʷʟʴʶ ʩʫʙʟʝʨʝʥ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʝ ʫʜʘʣʦʩʴ ʚʳʷʩʥʠʪʴ ʚʣʠʷʥʠʝ ʦʪʞʠʛʘ ʥʘ ʵʣʝʢʪʨʦʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʜʝʥʩʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʫʨʦʚʥʷ ʰʫʤʦʚ. ɼʣʷ ʢʦʥʜʝʥʩʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 623 ʂ, ʠʟʤʝʥʝʥʠʝ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʩʣʝ 20 ʪʝʨʤʦʮʠʢʣʦʚ ʩʦʩʪʘʚʣʷʝʪ 10...20% (ʢʘʨʙʠʜʳ 

ʪʠʪʘʥʘ, ʮʠʨʢʦʥʠʷ ʠ ʥʠʦʙʠʷ) ʠ 20...30% (ʜʠʙʦʨʠʜʳ ʪʠʪʘʥʘ ʠ ʮʠʨʢʦʥʠʷ). ʇʨʦʛʨʝʚ 

ʧʦʜʣʦʞʢʠ ʜʦ 800...873 ʂ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʧʣʝʥʦʢ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʢʦʪʦʨʳʭ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʥʘ 0,1...0,5% ʟʘ 20 ʪʝʨʤʦʮʠʢʣʦʚ). 

ʅʘʙʣʶʜʘʝʤʦʝ ʠʟʤʝʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʥʝʢʦʪʦʨʦʡ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʦʜʣʦʞʢʠ ʠ ʢʦʥʜʝʥʩʘʪʘ ʠʣʠ 

ʚʣʠʷʥʠʝʤ ʦʩʪʘʪʦʯʥʳʭ ʛʘʟʦʚ, ʘʜʩʦʨʙʠʨʫʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʩʘʞʜʘʝʤʦʛʦ ʩʣʦʷ. 

ɽʱʝ ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʠʟʥʘʢʦʤ ʤʝʭʘʥʠʟʤʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʣʝʥʦʢ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʦʙʳʯʥʦ ʤʘʣʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʊʂʉ), ʘ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʟʥʘʯʝʥʠʝ ʝʛʦ ʩʪʘʥʦʚʠʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ. ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʊʂʉ ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʧʣʝʥʢʘʭ 

ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʩʨʦʜʩʪʚʦ ʢ ʢʠʩʣʦʨʦʜʫ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʚ ʧʣʝʥʢʘʭ ʤʦʞʝʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʪʦʥʢʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʣʦʡ 

ʦʢʠʩʣʘ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʢʦʥʜʝʥʩʘʪʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʵʪʠ ʟʝʨʥʘ ʦʢʘʟʳʚʘʶʪʩʷ 



173 

 

ʵʣʝʢʪʨʠʯʝʩʢʠ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʧʝʨʝʥʦʩʘ 

ʟʘʨʷʜʘ ʪʨʝʙʫʝʪʩʷ ʘʢʪʠʚʘʮʠʷ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʊʂʉ. 

ɼʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʣʝʥʦʢ ʪʝʨʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʦʧʨʝʜʝʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʘʢʪʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʩ ʧʨʫʞʠʥʥʳʤ ʧʨʠʞʠʤʦʤ 

ʠ ʩʝʨʝʙʨʷʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʠ 

ʥʘʛʨʝʚʝ ʦʪ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 373...423 ʂ. ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʫ-

ʱʝʩʪʚʣʷʣʩʷ ʍʂ - ʪʝʨʤʦʧʘʨʦʡ ʠ ʨʪʫʪʥʳʤ ʪʝʨʤʦʤʝʪʨʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʢʦʥʜʝʥʩʘʪʦʚ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ, ʮʠʨʢʦʥʠʷ, ʥʠʦʙʠʷ ʠ ʜʠʙʦʨʠʜʘ ʪʠʪʘʥʘ ʠ ʮʠʨʢʦʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʊʂʉ, 

ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝʡ ʚ ʩʨʝʜʥʝʤ ʥʘ 2 ʧʦʨʷʜʢʘ, ʯʝʤ ʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʩʩʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ ʭʦʨʦʰʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʥʝʝ 

ʚʳʷʚʣʝʥʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ī ʚʳʩʦʢʦʡ ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʩʪʨʦʝʥʠʷ, ʙʦʣʴʰʠʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ, ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʝʬʝʢʪʦʚ ʩʪʨʫʢʪʫʨʳ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ (ʨʠʩ.9), ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʘʞʜʝʥʠʷ 

ʢʘʨʙʠʜʦʚ ʪʠʪʘʥʘ, ʮʠʨʢʦʥʠʷ, ʥʠʦʙʠʷ ʠ ʜʠʙʦʨʠʜʦʚ ʪʠʪʘʥʘ ʠ ʮʠʨʢʦʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʪʨʫʢʪʫʨʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ 

ʫʢʨʫʧʥʷʶʪʩʷ ʙʣʦʢʠ, ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʛʨʘʥʠʮ ʠ ʢʦʣʠʯʝʩʪʚʦ ʜʝʬʝʢʪʦʚ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʊʂʉ ʧʣʝʥʦʢ ʪʫʛʦʧʣʘʚʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ 

ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʘʞʜʝʥʠʷ ʦʙʣʘʩʪʴ ʚʦʟʤʦʞʥʳʭ 

ʟʥʘʯʝʥʠʡ ʨʘʩʰʠʨʷʝʪʩʷ. ɼʣʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʥʜʝʥʩʘʪʦʚ ʊʂʉ ʥʝ ʩʤʦʛʣʠ 

ʦʧʨʝʜʝʣʠʪʴ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʰʫʤʦʚ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʪʦʢʘ. 

ʊʝʨʤʦʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʫʩʣʦʚʠʷʤ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ, ʚʣʠʷʥʠʶ ʧʨʠʤʝʩʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʨʤʦ-ʵ.ʜ.ʩ. 

ʧʣʝʥʦʢ. ʀʟʤʝʨʝʥʠʝ ʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ ʩʠʣʳ ʠʟʫʯʘʝʤʳʭ ʢʦʥʜʝʥʩʘʪʦʚ ʧʨʦʚʦ-

ʜʠʣʦʩʴ ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʝʜʴʶ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ.  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 9 ï ɿʘʚʠʩʠʤʦʩʪʠ ʊʂʉ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʢʘʨʙʠʜʦʚ ʪʠʪʘʥʘ, ʮʠʨʢʦʥʠʷ, 

ʥʠʦʙʠʷ ʠ ʜʠʙʦʨʠʜʦʚ ʪʠʪʘʥʘ ʠ ʮʠʨʢʦʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ 

 

ʅʘ ʨʠʩ.10 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʨʤʦ-ʵ.ʜ.ʩ. ʧʣʝʥʦʢ 

ʢʘʨʙʠʜʦʚ ʪʠʪʘʥʘ, ʮʠʨʢʦʥʠʷ ʠ ʥʠʦʙʠʷ, ʜʠʙʦʨʠʜʦʚ ʪʠʪʘʥʘ ʠ ʮʠʨʢʦʥʠʷ 

ʪʦʣʱʠʥʦʡ 0,5...0,8 ʤʢʤ, ʦʩʘʞʜʘʚʰʠʭʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʜʣʦʞʢʠ ʦʪ 473 ʜʦ 

873 ʂ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣ 

ʦʧʨʝʜʝʣʠʪʴ ʣʠʰʴ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʨʤʦʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ 

ʩʠʣʳ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ I ʤʢʚ/ ʂ ʜʣʷ ʜʠʙʦʨʠʜʘ ʪʠʪʘʥʘ ʠ ʜʠʙʦʨʠʜʘ 

ʮʠʨʢʦʥʠʷ, 2 ʤʢʚ/ ʂ ʜʣʷ ʜʠʙʦʨʠʜʘ ʮʠʨʢʦʥʠʷ ʠ ʥʠʦʙʠʷ ʠ 4 ʤʢʚ/ ʂ ʜʣʷ ʢʘʨʙʠʜʘ 
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ʪʠʪʘʥʘ. ʋʢʘʟʘʥʥʳʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʨʤʦʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ 

ʩʠʣʳ ʥʝ ʩʚʷʟʘʥ ʩ ʦʰʠʙʢʘʤʠ ʧʨʠ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʠ, ʪʘʢ ʢʘʢ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʪʝʥʮʠʦʤʝʪʨ ʈ348 ʢʣʘʩʩʘ 0,002. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ 

ʥʘʙʣʶʜʘʝʤʳʡ ʨʘʟʙʨʦʩ ʦʙʫʩʣʦʚʣʝʥ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʪʝʨʤʦ-ʵ.ʜ.ʩ. ʢ 

ʫʩʣʦʚʠʷʤ ʢʦʥʜʝʥʩʘʮʠʠ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʟ ʘʥʘʣʠʟʘ ʢʨʠʚʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʦʥʜʝʥʩʘʪʳ ʢʘʨʙʠʜʦʚ 

ʪʠʪʘʥʘ, ʮʠʨʢʦʥʠʷ, ʥʠʦʙʠʷ ʠ ʜʠʙʦʨʠʜʦʚ ʪʠʪʘʥʘ, ʥʠʦʙʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʜʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʨʤʦʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ ʩʠʣʦʡ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʪʦʨʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʨʤʦʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ ʩʠʣʳ ʧʣʝʥʦʢ ʦʪ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʧʦʜʣʦʞʠ ʦʙʲʷʩʥʷʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʨʠ ʥʘʛʨʝʚʝ, ʠ, 

ʚʦʟʤʦʞʥʦ, ʥʝʢʦʪʦʨʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ 

ʠʩʧʘʨʝʥʠʠ ʠ ʥʘʣʠʯʠʝʤ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʛʘʟʦʚ. ʂʦʥʜʝʥʩʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 800...873 ʂ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʙʣʠʟʢʠʤʠ ʢ ʩʚʦʡʩʪʚʘʤ ʤʘʩʩʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 

 
ʘ) 

 
ʙ) 

 
ʚ) 

ʈʠʩʫʥʦʢ 10 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʨʤʦ-ʵ.ʜ.ʩ. ʪʫʛʦʧʣʘʚʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʣʦʞʢʠ 

 


