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ʈɽɼɸʂʎʀʆʅʅɸʗ ʂʆʃʃɽɻʀʗ  

ʅɸʋʏʅʆ-ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆɻʆ ʇɽʈʀʆɼʀʏɽʉʂʆɻʆ ɾʋʈʅɸʃɸ 

çʅɸʋʂɸ ɺ ʎɽʅʊʈɸʃʔʅʆʁ ʈʆʉʉʀʀè 

 
ɿɸɿʋʃʗ ɸʣʝʢʩʘʥʜʨ ʅʠʢʦʣʘʝʚʠʯ ð ʛʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʜʠʨʝʢʪʦʨ ʌɻɹʅʋ 

ɺʅʀʀʊʠʅ 

ʅɸɻʆʈʅʆɺ ʉʪʘʥʠʩʣʘʚ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ð ʟʘʤ. ʛʣʘʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʤ. 

ʜʠʨʝʢʪʦʨʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

ɻʆʃʋɹɽɺ ʀʚʘʥ ɻʨʠʛʦʨʴʝʚʠʯ ð ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʄʦʩʢʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʟʘʚ. ʦʪʜʝʣʦʤ ʌɻɹʅʋ çʈʦʩʠʥʬʦʨʤʘʛʨʦʪʝʭè  

ɻʆʈɹɸʏɽɺ ʀʚʘʥ ɺʘʩʠʣʴʝʚʠʯ ð ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɽʈʆʍʀʅ ʄʠʭʘʠʣ ʅʠʢʠʪʴʝʚʠʯ ð ʘʢʘʜʝʤʠʢ ʈɸʅ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʣʘʫʨʝʘʪ ʧʨʝʤʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ 

ɾɸʃʅʀʅ ʕʜʫʘʨʜ ɺʠʢʪʦʨʦʚʠʯ ð ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʣʘʫʨʝʘʪ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʝʤʠʠ ʈʌ ʚ 

ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʌɻɹʅʋ ɺʀʄ 

ɿɸɺʈɸɾʅʆɺ ɸʥʘʪʦʣʠʡ ʀʚʘʥʦʚʠʯ ð ʘʢʘʜʝʤʠʢ ʈɸʅ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʌɻɹʆʋ ɺʇʆ ʄʠʯɻɸʋ 

ʂʋʐʅɸʈɽɺ ɸʈʊʋʈ ʉɽʈɻɽɽɺʀʏ ð ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʋɸɸʅ, 

ʟʘʩʣʫʞʝʥʥʳʡ ʨʘʙʦʪʥʠʢ ʥʘʨʦʜʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʠ ʪʝʦʨʠʠ ʤʘʰʠʥ 

ʠ ʤʝʭʘʥʠʟʤʦʚ ʊʘʚʨʠʯʝʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʋʢʨʘʠʥʘ 

ʃɸʈʖʐʀʅ ʅʠʢʦʣʘʡ ʇʝʪʨʦʚʠʯ ð ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ, 

ʟʘʩʣʫʞʝʥʥʳʡ ʨʘʙʦʪʥʠʢ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʌɻɹʆʋ ɺʇʆ çʇʝʥʟʝʥʩʢʘʷ ɻʉʍɸè 

ʃʗʃʗʂʀʅ ɺʘʣʝʥʪʠʥ ʇʘʚʣʦʚʠʯ ð ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ, ʌɻɹʅʋ 

ɻʆʉʅʀʊʀ 

ʄʀʑɽʅʂʆ ʉʝʨʛʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ð ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ 

ʈʌ, ʣʘʫʨʝʘʪ ʧʨʝʤʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʯʣʝʥ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʚʝʱʝʩʪʚ ʈɸʅ, ʌɻɹʆʋ ɺʇʆ ʊɻʊʋ 

ʇʆʇʆɺ ɺʣʘʜʠʤʠʨ ɼʤʠʪʨʠʝʚʠʯ ð ʘʢʘʜʝʤʠʢ ʈɸʅ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʝʟʠʜʝʥʪ ʈʝʛʠʦʥʘʣʴʥʦʡ 

ʦʙʣʘʩʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ "ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʠʥʞʝʥʝʨʦʚ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ï ʉʇɸ-ʀʉʍ", ʯʣʝʥ 

ʇʨʘʚʣʝʥʠʷ ɸʩʩʦʮʠʘʮʠʠ ʩʦʜʝʡʩʪʚʠʷ ʧʦʣʝʚʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʜʠʨʝʢʪʦʨ ʌɻɹʅʋ çʀɸʕʇè 

ʉʊʈɽɹʂʆɺ ɼʤʠʪʨʠʡ ʉʝʤʝʥʦʚʠʯ ð ʘʢʘʜʝʤʠʢ ʈɸʅ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ 

ʥʘʫʢʠ ʈʌ, ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ ʈʦʩʩʠʡʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ ɽʚʨʦʧʝʡʩʢʦʛʦ ʙʶʨʦ ʖʅɽʉʂʆ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʦʙʣʘʩʪʠ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ, ʜʠʨʝʢʪʦʨ ʌɻɹʅʋ ɺʀʕʉʍ 

ʌɽɼʆʈɽʅʂʆ ɺʷʯʝʩʣʘʚ ʌʠʣʠʧʧʦʚʠʯ ð ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʈʌ, ʜʠʨʝʢʪʦʨ ʌɻɹʅʋ çʈʦʩʠʥʬʦʨʤʘʛʨʦʪʝʭè 
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(ʈʦʩʢʦʤʥʘʜʟʦʨ) ʇʀ ˉ ʌʉ77-51695 ʦʪ 07.12.2012 ʛ. 
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ʋʯʨʝʜʠʪʝʣʴ ʠ ʠʟʜʘʪʝʣʴ ʞʫʨʥʘʣʘ:  
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ  

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ  

(ɻʅʋ ɺʅʀʀʊʠʅʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ) 

---------------------------------------------------------------------------------------------------------------------------------- 
ʕʂʉʇɽʈʊʅʓʁ ʉʆɺɽʊ  

ʅɸʋʏʅʆ-ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆɻʆ ʇɽʈʀʆɼʀʏɽʉʂʆɻʆ ɾʋʈʅɸʃɸ 

çʅɸʋʂɸ ɺ ʎɽʅʊʈɸʃʔʅʆʁ ʈʆʉʉʀʀè 

 

ʇʨʦʮʝʩʩʳ ʠ ʤʘʰʠʥʳ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ, ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ, ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ 

 

ʆʉʊʈʀʂʆɺ ɺʘʣʝʨʠʡ ɺʘʩʠʣʴʝʚʠʯ ð ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʤʘʟʦʯʥʳʭ 
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ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʛ. ʊʘʤʙʦʚ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ɿʘʟʫʣʷ ɸʣʝʢʩʘʥʜʨ ʅʠʢʦʣʘʝʚʠʯ, 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʜʠʨʝʢʪʦʨ,  

ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ 
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ʈʝʬʝʨʘʪ. ʇʨʦʚʝʜʝʥʘ ʧʝʨʝʦʮʝʥʢʘ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠ ʧʦʥʷʪʠʡ ʥʘʫʢʠ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʝʭʥʠʢʠ ʜʣʷ ʤʥʦʛʦʫʢʣʘʜʥʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʳ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ, 

ʩʜʝʨʞʠʚʘʶʱʠʝ ʧʝʨʝʭʦʜ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʢ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ, ʧʦʢʘʟʘʥʦ 

ʤʝʩʪʦ ʚ ʥʝʡ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʌɻɹʅʋ 

ɺʅʀʀʊʠʅ ʟʘʧʦʣʥʷʝʪ ʥʠʰʫ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʪʝʭʥʠʢʠ ʠ ʪʝʤʠ, ʢʪʦ ʝʝ ʠʩʧʦʣʴʟʫʝʪ. 

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʠʥʩʪʠʪʫʪʝ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʩʠʩʪʝʤʘ 

ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ ʟʝʨʥʦʫʙʦʨʦʯʥʦʛʦ ʢʦʤʙʘʡʥʘ. ɺ ʨʘʙʦʪʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʫʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. 

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʜʦʩʪʫʧʥʦʡ ʚ ʫʩʣʦʚʠʷʭ ʭʦʟʷʡʩʪʚ ʟʘʤʝʥʳ ʩʪʘʨʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ ʥʦʚʳʝ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʠʥʩʪʠʪʫʪʝ, ʫʩʪʘʨʝʚʰʠʝ ʤʘʰʠʥʳ ʧʦʣʫʯʘʶʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʠʤʧʦʨʪʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʥʘʟʚʘʥʘ ʧʨʦʙʣʝʤʘ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʵʢʦʥʦʤʠʠ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ ʠ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʫʯʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʦʭʚʘʯʝʥʘ ʚʩʷ ʮʝʧʦʯʢʘ: ʦʪ ʧʦʣʫʯʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʤʘʩʣʘ ʜʦ ʫʪʠʣʠʟʘʮʠʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʦʜʠʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʪʨʘʙʦʪʘʚʰʠʭ ʤʘʩʝʣ ʩ ʮʝʣʴʶ ʠʭ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʳ 

ʙʠʦʜʦʙʘʚʢʠ, ʫʣʫʯʰʘʶʱʠʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ɼʘʣʴʥʝʡʰʝʝ 
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ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʨʘʙʦʪʘʤʠ ʩʦʪʨʫʜʥʠʢʦʚ ʌɻɹʅʋ 

ɺʅʀʀʊʠʅ. 
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ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. 
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Abstract. The reassessment of the key terms and concepts of science about the use of technology 

for the multi-structural agriculture, scientifically grounded ways of increase of efficiency of use of 

equipment and oil products. The main reasons hindering the transition of agriculture to innovation 

model of development are considered in the work place in the model of the use of technology and oil 

is shown. It is shown that FGBNU VNIITiN fills the gap between equipment manufacturersand those 

who use it. It is noted that the information computer system, developed at the Institute, allows you to 

simulate the work of almost any combine harvester. This paper analyzes the way of modernization of 

domestic agricultural machinery. It is noted that due to the affordable replacement of old for new 

structural elements in farms, developed at the institute, obsolete machinery obtained characteristics 

comparable to imported analogues. Among the main problems of the use of petroleum products in 

agriculture is called the problem of rational use and saving of fuel oil and lubricants. Research, 

develop recommendations, process and technical meanscover the entire chain: from producing 

agricultural producer of motor fuel and oil to the disposal of used oil. Technological process and 

means to allow for recovery of waste oils with a view to re-use are developed. Supplements improving 

consumer properties of diesel fuel are obtained. Further development of system of the use of 

machinery and petroleum products in agriculture is directly linked to the research work of employees 

FGBNU VNIITiN. 

Keywords: rethinking the use of machinery and petroleum products, agriculture, modernization, 

information computer system, rational use, liquid fuels, lubricants, saving, recycling, the alternate 
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ɺʚʝʜʝʥʠʝ. ʋʩʧʝʰʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʳʥʢʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʳʨʴʷ ʠ 

ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ ʥʘ 2013 ï 2020 ʛʦʜʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʥʘʫʯʥʳʤ ʦʙʦʩʥʦʚʘʥʠʝʤ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʘʰʠʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ; ʩʦʟʜʘʥʠʝʤ ʟʦʥʘʣʴʥʦ-ʘʜʘʧʪʠʚʥʦʡ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʡ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ, ʫʙʦʨʢʠ ʠ 

ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʣʴʭʦʟʢʫʣʴʪʫʨ; ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʨʝʘʣʠʟʘʮʠʝʡ ʵʬʬʝʢʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ ʠ ʦʪʭʦʜʦʚ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʚ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʚʠʜʳ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʜʨ.  

ʆʜʥʘ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ï ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʘ ʤʘʰʠʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ ʠ ʧʦʩʪʘʥʦʚʢʘ ʝʛʦ ʥʘ ʩʣʫʞʙʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʨʘʡʥʝʡ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʦʚ ʝʝ ʨʝʰʝʥʠʷ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʥʝʤʳʩʣʠʤʦ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ, ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. ʀʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʩʬʝʨʘ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʩʪʚʘ 

ʬʦʨʤʠʨʫʝʪ 2/3 ʠʟʜʝʨʞʝʢ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʄʘʰʠʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ɸʇʂ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʚʩʝʛʜʘ 

ʵʬʬʝʢʪʠʚʥʦ, ʠ ʧʦʩʪʘʚʠʪʴ ʠʭ ʥʘ ʩʣʫʞʙʫ ʠʥʪʝʥʩʠʚʥʦʤʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ ï 

ʟʘʜʘʯʘ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʚʘʞʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʥʘʟʨʝʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʝʨʝʦʩʤʳʩʣʝʥʠʠ 

ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠ ʧʦʥʷʪʠʡ ʥʘʫʢʠ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʠʢʠ ʜʣʷ ʤʥʦʛʦʫʢʣʘʜʥʦʛʦ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ.  

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʨʷʜʘ ʣʝʪ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʝ ʫʜʝʣʷʣʦʩʴ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ. ɸʢʘʜʝʤʠʢ 

ɺ.ʇ. ɻʦʨʷʯʢʠʥ ʚ ʩʚʦʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʳʜʝʣʠʣ ʧʷʪʴ ʛʨʫʧʧ ʬʘʢʪʦʨʦʚ: ʘʛʨʦʪʝʭʥʠʯʝʩʢʫʶ, 

ʤʝʭʘʥʠʯʝʩʢʫʶ, ʪʝʭʥʠʯʝʩʢʫʶ (ʢʦʥʩʪʨʫʢʪʦʨʩʢʫʶ), ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ. 

ɸʢʘʜʝʤʠʢ ɺɸʉʍʅʀʃ ʄ.ʀ. ʉʠʥʶʢʦʚ, ʩʠʩʪʝʤʘʪʠʟʠʨʫʷ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʫʣʫʯʰʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʚʳʜʝʣʠʣ ʚ ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʦʚ ʵʢʩʪʝʥʩʠʚʥʦʡ 

ʟʘʛʨʫʟʢʠ ʤʘʰʠʥ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʜʥʝʡ ʨʘʙʦʪʳ, ʧʦʚʳʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʤʝʥʥʦʩʪʠ ʠ 

ʩʦʢʨʘʱʝʥʠʝ ʚʥʫʪʨʠʩʤʝʥʥʳʭ ʧʨʦʩʪʦʝʚ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʦʚ ʠʥʪʝʥʩʠʚʥʦʡ ʥʘʛʨʫʟʢʠ ï 

ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʛʨʝʛʘʪʦʚ, ʨʘʮʠʦʥʘʣʴʥʦʝ ʢʦʤʧʣʝʢʪʦʚʘʥʠʝ ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʠ ʦʨʛʘʥʠʟʘʮʠʶ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʦʬʝʩʩʦʨ ʖ.ʂ. ʂʠʨʪʙʘʷ ʨʝʟʝʨʚʳ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣ ʧʦ 4 ʛʨʫʧʧʘʤ: ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʭʦʟʷʡʩʪʚʝʥʥʳʝ, ʪʝʭʥʠʯʝʩʢʠʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʝ. 

ʇʦʩʢʦʣʴʢʫ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʰʠʥ, ʥʘʧʨʘʚʣʝʥʠʷ ʫʣʫʯʰʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ ʨʝʟʝʨʚʳ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ, ʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʩʦʚʦʢʫʧʥʦʝ ʠʭ ʚʣʠʷʥʠʝ ʚ ʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ ʠʣʠ 

ʛʨʫʧʧʝ ʭʦʟʷʡʩʪʚ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʚʳʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟ ʥʠʭ ʧʨʠʤʝʥʠʪʝʣʴʥʦ 

ʢ ʢʦʥʢʨʝʪʥʳʤ ʫʩʣʦʚʠʷʤ ʤʘʰʠʥʦʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʀʟʚʝʩʪʥʦ [1], ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʜʥʘʢʦ ʧʦʥʷʪʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʚʝʩʴʤʘ ʥʝʦʜʥʦʟʥʘʯʥʦ, 

ʧʨʠʤʝʥʷʝʤʳʝ ʤʝʪʦʜʠʢʠ ʝʝ ʦʮʝʥʢʠ ʥʝ ʚʳʜʝʨʞʠʚʘʶʪ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʝ ʦʙʲʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʤʘʰʠʥʦʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ 
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ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ ʧʨʦʙʣʝʤʘ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʰʠʥʦʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʅʘʟʨʝʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʝʨʝʦʩʤʳʩʣʝʥʠʠ ʦʩʥʦʚʥʳʭ 

ʧʦʣʦʞʝʥʠʡ ʠ ʧʦʥʷʪʠʡ ʥʘʫʢʠ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʰʠʥ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʝʝ ʮʝʣʝʡ ʠ ʟʘʜʘʯ 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʰʠʥʦʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʉʝʛʦʜʥʷ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ 

ʥʫʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʝʝ ʚʳʩʦʢʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʙʳʣ ʩʦʟʜʘʥ ʚ 1980 ʛ. ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʉʉʉʈ. ʕʪʦ ʠ ʦʧʨʝʜʝʣʠʣʦ ʩʧʝʮʠʬʠʢʫ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʧʣʦʪʴ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. ʌɻɹʅʋ ɺʅʀʀʊʠʅ ʙʳʣ ʠ ʦʩʪʘʝʪʩʷ ʠʥʩʪʠʪʫʪʦʤ, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʠʥʪʝʨʝʩʘʭ ɸʇʂ ʈʦʩʩʠʠ, ʦʧʠʨʘʷʩʴ ʥʘ ʚʳʩʪʨʦʝʥʥʳʝ ʚ ʪʝʯʝʥʠʝ 

35 ʣʝʪ ʢʨʝʧʢʠʝ ʩʚʷʟʠ ʩ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʚʩʝʭ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʧʨʘʚʦʚʳʭ ʬʦʨʤ, ʩʣʦʞʠʚʰʠʭʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʘʯʠʥʘʷ ʦʪ ʬʝʨʤʝʨʩʢʠʭ 

ʭʦʟʷʡʩʪʚ ʠ ʢʦʥʯʘʷ ʘʛʨʦʭʦʣʜʠʥʛʘʤʠ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʪʫʝʪ ʤʥʝʥʠʝ, ʯʪʦ ʭʦʟʷʡʩʪʚʘ ʜʦʣʞʥʳ ʩʘʤʠ ʦʧʨʝʜʝʣʠʪʴʩʷ, ʯʪʦ ʠ ʢʘʢ 

ʜʝʣʘʪʴ, ʣʠʰʴ ʙʳ ʠʤ ʦʢʘʟʘʣʠ ʧʦʤʦʱʴ ʚ ʧʨʠʦʙʨʝʪʝʥʠʠ ʥʫʞʥʦʡ ʠʤ ʪʝʭʥʠʢʠ ʠ ʞʝʣʘʪʝʣʴʥʦ ʥʦʚʦʡ. 

ʆʩʥʦʚʥʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʤʘʰʠʥ ʷʚʣʷʶʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ 

ʤʦʱʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʛʨʝʛʘʪʦʚ ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʨʘʙʦʯʠʭ ʩʢʦʨʦʩʪʝʡ, ʰʠʨʠʥʳ ʟʘʭʚʘʪʘ, ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ, 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʧʦʛʨʫʟʦʯʥʳʭ ʩʨʝʜʩʪʚ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʝʤʝʡʩʪʚ, ʧʣʫʛʦʚ, ʩʝʷʣʦʢ, ʢʫʣʴʪʠʚʘʪʦʨʦʚ, ʣʫʱʠʣʴʥʠʢʦʚ ʠ ʜʨ. ʈʘʩʰʠʨʷʝʪʩʷ 

ʦʩʥʘʱʝʥʠʝ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʘʤʦʭʦʜʥʳʤʠ ʤʘʰʠʥʘʤʠ, ʘ ʪʘʢʞʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʤʠ ʚʳʧʦʣʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʦʧʝʨʘʮʠʡ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ. ʇʦʚʳʰʘʶʪʩʷ 

ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʤʝʭʘʥʠʟʘʪʦʨʦʚ, ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ 

ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʰʠʥ. ʆʜʥʘʢʦ ʣʶʙʘʷ ʤʦʙʠʣʴʥʘʷ ʠ ʩʪʘʮʠʦʥʘʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʪʨʝʙʫʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʚʦʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ.  

ʈʘʟʚʠʪʠʝ ʠʥʥʦʚʘʮʠʡ ʚ ʈʦʩʩʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʘʟʚʠʪʠʝʤ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʥʘʫʢʠ, ʧʝʨʝʞʠʚʘʶʱʝʡ ʥʝ ʣʫʯʰʠʝ ʚʨʝʤʝʥʘ. ʉʦʟʜʘʥʥʳʡ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʥʘʫʯʥʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʨʧʘʣ ʩʝʙʷ.  

ʇʨʝʦʜʦʣʝʥʠʝ ʚ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʘʢʦʧʠʚʰʠʭʩʷ ʚ ʘʛʨʘʨʥʦʤ ʩʝʢʪʦʨʝ ʧʨʦʙʣʝʤ 

ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ (ʅʊʇ), ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʫʪʝʡ ʨʘʟʚʠʪʠʷ ɸʇʂ,ʧʨʠʥʷʪʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʩʪʨʘʪʝʛʠʠ ʧʨʦʨʳʚʥʦʛʦ ʪʠʧʘ [2].ʕʪʦʪ ʧʨʦʮʝʩʩ ʪʦʨʤʦʟʷʪ: ʩʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʫʭʫʜʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ; ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʥʘʫʢʠ, 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚʫʟʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʥʥʦʚʘʮʠʷʤʠ; ʜʝʬʠʮʠʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ; 

ʦʪʩʫʪʩʪʚʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʦʙ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʘʭ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʧʨʘʚʦʚʦʛʦ ʠ ʬʠʥʘʥʩʦʚʦʛʦ, ʤʝʭʘʥʠʟʤʘ ʧʨʠʤʝʥʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [3,4]. 

ɸʢʘʜʝʤʠʢ ɸʣʪʫʭʦʚ ɸ.ʀ. ʩʨʝʜʠ ʧʨʠʯʠʥ, ʩʜʝʨʞʠʚʘʶʱʠʭ ʧʝʨʝʭʦʜ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʢ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ, ʥʘʟʳʚʘʝʪ [5]: 

- ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʠʤʝʶʱʝʛʦʩʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʥʦʚʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ (ʝʞʝʛʦʜʥʦ 

ʦʩʪʘʶʪʩʷ ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ 40 ï 50 % ʟʘʢʦʥʯʝʥʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ); 

- ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʨʦʩʩʠʡʩʢʠʭ ʩʝʣʴʭʦʟʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʠ ʟʘʨʫʙʝʞʥʳʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʜʦʩʪʠʞʝʥʠʷʤ ʧʨʠ ʫʚʝʣʠʯʠʚʘʶʱʝʤʩʷ 
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ʠʤʧʦʨʪʝ ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ (ɿʘ ʛʦʜʳ ʨʳʥʦʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʩʪʘʣ ʦʪ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ ʥʘ ʮʝʣʫʶ ʩʤʝʥʫ ʙʘʟʦʚʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʘ ʧʦ ʪʝʭʥʠʢʝ ï ʥʘ ʜʚʘ ï ʪʨʠ ʝʝ ʧʦʢʦʣʝʥʠʷ); 

- ʩʦʭʨʘʥʷʶʱʘʷʩʷ ʥʝʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʦʙʤʝʥʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩ ʜʨʫʛʠʤʠ ʦʪʨʘʩʣʷʤʠ 

ʵʢʦʥʦʤʠʢʠ ʧʨʠʚʦʜʠʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʝʛʦ ʤʘʪʝʨʠʘʣʴʥʦ- ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ; 

- ʥʝʙʣʘʛʦʧʨʠʷʪʥʘʷ ʠʥʚʝʩʪʠʮʠʦʥʥʘʷ ʩʠʪʫʘʮʠʷ ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʥʠʟʢʘʷ ʜʦʭʦʜʥʦʩʪʴ 

ʙʦʣʴʰʠʥʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ; ʦʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʜʘʯʠ ʜʦʩʪʠʞʝʥʠʡ ʥʘʫʢʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʦʪʩʪʘʚʘʥʠʝ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʧʦ ʦʩʚʦʝʥʠʶ ʠʥʥʦʚʘʮʠʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʦʪʨʘʩʣʷʤʠ 

ʵʢʦʥʦʤʠʢʠ.  

ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʧʫʪʴ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ, ʦʙʲʝʜʠʥʷʶʱʝʡ ʚʩʝ ʟʚʝʥʴʷ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʩʬʝʨʳ.  

ʄʝʩʪʦ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʠʥʥʦʚʘʮʠʦʥʥʦʤ 

ʨʘʟʚʠʪʠʠ ɸʇʂ ʦʪʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1. ʀʥʥʦʚʘʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ɸʇʂ 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʠʥʩʪʠʪʫʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʦʪʜʝʣʝʥʠʷ ʤʝʭʘʥʠʟʘʮʠʠ ʦʪʜʝʣʝʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ ʈɸʅ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ ʝʜʠʥʩʪʚʝʥʥʳʡ ʟʘʧʦʣʥʷʝʪ ʥʠʰʫ ʤʝʞʜʫ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʪʝʭʥʠʢʠ ʠ ʪʝʤʠ, ʢʪʦ ʝʝ ʠʩʧʦʣʴʟʫʝʪ. ɹʦʣʴʰʠʥʩʪʚʦ, ʥʘʫʯʥʳʭ 

ʠʥʩʪʠʪʫʪʦʚʜʘʥʥʦʛʦ ʧʨʦʬʠʣʷʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʨʦʙʣʝʤʫ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʢʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ, ʟʘʣʦʞʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ. ʇʨʠ ʵʪʦʤ ʠʛʥʦʨʠʨʫʶʪʩʷ ʚʦʦʙʱʝ ʠʣʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ 

ʦʯʝʥʴ ʫʨʝʟʘʥʥʦʤ ʚʠʜʝ ʬʘʢʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʲʝʢʪʠʚʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʠ ʨʝʘʣʴʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

ʚ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʪʘʚʠʪ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʥʝ ʫʩʣʦʚʠʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʝʭʥʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʜʝʣʴʥʦʡ ʤʘʰʠʥʳ, ʘ ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʦʙʨʝʣʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, 

ʢʦʛʜʘ ʨʫʢʦʚʦʜʠʪʝʣʠ ʤʥʦʞʝʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʩʪʘʣʢʠʚʘʷʩʴ ʩ ʧʨʦʙʣʝʤʦʡ 

ʦʙʥʦʚʣʝʥʠʷ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʘ, ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʠʤʧʦʨʪʥʦʡ 

ʪʝʭʥʠʢʝ. ʂ ʩʦʞʘʣʝʥʠʶ, ʯʘʩʪʦ ʵʪʘ ʪʝʭʥʠʢʘ ʧʦʩʪʫʧʘʝʪ ʚ ʭʦʟʷʡʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ 

ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʝʝ ʨʝʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʝ ʩ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʤʘʰʠʥʘʤʠ, ʙʝʟ çʧʨʠʚʷʟʢʠè ʢ ʠʩʧʦʣʴʟʫʝʤʳʤ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʠʤʧʦʨʪʥʳʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʤʘʰʠʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʦ 

ʤʥʦʛʦʤ ʧʨʝʚʦʩʭʦʜʷʪ ʦʪʝʯʝʩʪʚʝʥʥʫʶ ʪʝʭʥʠʢʫ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʠ, 

ʫʜʦʙʩʪʚʫ ʚ ʫʧʨʘʚʣʝʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ.ʆʜʥʘʢʦ, ʪʘʢʠʝ ʤʘʰʠʥʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʩʣʦʞʥʳ 

ʚ ʫʩʪʨʦʡʩʪʚʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʵʣʝʢʪʨʦʥʠʢʠ, ʜʦʨʦʛʠ. ʇʨʘʢʪʠʯʝʩʢʠ 

ʥʠ ʚ ʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ ʥʝʪ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʠʭ ʨʝʤʦʥʪʫ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ 

ʵʢʩʧʣʫʘʪʘʮʠʶ. ʂ ʪʦʤʫ ʞʝ, ʚ ʤʠʨʝ ʦʜʥʦ ʠ ʪʦ ʞʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʷʪ ʩʦʪʥʠ ʬʠʨʤ, ʧʦʵʪʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ, 

ʩʣʦʞʥʦ ʨʘʟʦʙʨʘʪʴʩʷ, ʩ ʢʘʢʦʡ ʬʠʨʤʦʡ ʩʪʦʠʪ ʠʤʝʪʴ ʜʝʣʦ. ɺ ɻʝʨʤʘʥʠʠ, ʥʘʧʨʠʤʝʨ,ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʦʙʱʝʩʪʚʝ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʘ ʢʦʤʠʩʩʠʷ, ʢʦʪʦʨʘʷ ʧʨʦʚʦʜʠʪ ʝʞʝʛʦʜʥʦʝ 

ʨʘʥʞʠʨʦʚʘʥʠʝ ʚʝʜʫʱʠʭ ʬʠʨʤ, ʧʨʦʠʟʚʦʜʷʱʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʫʶ ʪʝʭʥʠʢʫ [6]. ɺ ʈʦʩʩʠʠ 

ʪʘʢʦʡ ʢʦʤʠʩʩʠʠ ʥʝʪ, ʥʦ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʷʶʪ ʵʪʫ ʥʠʰʫ ʜʣʷ ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ, 

ʨʘʟʨʘʙʦʪʢʠ ʌɻɹʅʋ ɺʅʀʀʊʠʅ.  

ɺ ʌɻɹʅʋ ɺʅʀʀʊʠʅ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʝʪ ʣʘʙʦʨʘʪʦʨʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʝ. ʄʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʵʪʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦʟʥʘʯʥʦ ʵʬʬʝʢʪʠʚʥʳʭ ʠʣʠ ʥʝʵʬʬʝʢʪʠʚʥʳʭ ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ 

ʢʦʤʙʘʡʥʦʚ. ɺʩʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʘʛʨʘʨʥʦʛʦ ʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʷ (ʠʤʝʶʱʠʡʩʷ 

ʧʘʨʢ ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ, ʧʣʦʱʘʜʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʪ.ʜ.) ʠ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠʦʙʨʝʪʘʝʤʦʛʦ ʥʦʚʦʛʦ ʢʦʤʙʘʡʥʘ (ʮʝʥʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʥʘʜʝʞʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʚ ʨʝʛʠʦʥʝ ʩʣʫʞʙʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ, ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʪ.ʜ.). ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʠʥʩʪʠʪʫʪʝ çʀʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ 

ʫ ʘʛʨʘʨʥʦʛʦ ʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʷè ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ 

ʟʝʨʥʦʫʙʦʨʦʯʥʦʛʦ ʢʦʤʙʘʡʥʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ [7-11]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʘʛʨʘʨʥʳʡ ʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʴ ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʫʙʦʨʢʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʠ ʚʳʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʢʦʤʙʘʡʥʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʩʚʦʠʭ ʫʩʣʦʚʠʡ. 

ʆʪʝʯʝʩʪʚʝʥʥʦʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ 5 ʨʘʟ ʙʦʣʝʝ ʵʥʝʨʛʦʝʤʢʦ ʠ ʚ 4 ï 

ʤʝʪʘʣʣʦʝʤʢʦ, ʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʥʝʤ ʚ 10 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʚ ʉʐɸ, ʂʘʥʘʜʝ ʠ ʚʝʜʫʱʠʭ 

ʛʦʩʫʜʘʨʩʪʚʘʭ ɽʉ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʦ 

ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʵʪʦʪ ʨʘʟʨʳʚ. ʇʨʠ ʚʳʙʦʨʝ ʧʫʪʠ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʩʨʘʟʫ ʧʦʩʪʘʚʠʪʴ 

ʮʝʣʴ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʪʝʭʥʠʢʫ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʧʦʜʦʙʥʫʶ ʠʣʠ ʣʫʯʰʫʶ, ʯʝʤ ʟʘʧʘʜʥʘʷ. ʕʪʦʪ 

ʧʫʪʴ ʦʯʝʥʴ ʟʘʪʨʘʪʥʳʡ, ʧʦʜ ʪʘʢʫʶ ʥʦʚʫʶ ʪʝʭʥʠʢʫ ʧʨʠʜʝʪʩʷ ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʚʩʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ɹʦʣʝʝ ʜʦʩʪʫʧʝʥ ʜʨʫʛʦʡ ʧʫʪʴ, ʢʦʛʜʘ ʚʳʙʠʨʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʩʣʘʙʦʝ ʟʚʝʥʦ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʘʰʠʥʝ 

ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʥʦʚʳʡ ʫʟʝʣ ʚʤʝʩʪʦ ʥʝʛʦ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ - ʦʜʥʠ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʌɻɹʅʋ ɺʅʀʀʊʠʅ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʩʣʦʞʥʦʡ, ʜʦʩʪʫʧʥʦʡ ʚ ʫʩʣʦʚʠʷʭ ʭʦʟʷʡʩʪʚ, ʟʘʤʝʥʳ ʩʪʘʨʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʥʦʚʳʝ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʠʥʩʪʠʪʫʪʝ [12-32]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʤʘʰʠʥʳ ʠ ʤʝʭʘʥʠʟʤʳ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ 20-30 ʣʝʪ ʥʘʟʘʜ ʠ, ʯʪʦ ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʫʞʝ 

ʠʤʝʶʱʠʝʩʷ ʚ ʭʦʟʷʡʩʪʚʘʭ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʠʤʠ 10-20 ʣʝʪ, ʧʦʣʫʯʘʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʥʦʚʳʤʠ ʠʤʧʦʨʪʥʳʤʠ ʘʥʘʣʦʛʘʤʠ (ʩʝʷʣʢʠ ʟʝʨʥʦʚʳʝ ʠ ʧʨʦʧʘʰʥʳʝ, 

ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʪ.ʜ.) 

ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʧʦʪʨʝʙʣʷʝʪ ʧʦʯʪʠ ʧʦʣʦʚʠʥʫ ʧʨʦʠʟʚʦʜʠʤʳʭ ʚ ʩʪʨʘʥʝ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ 

ʠ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʊʉʄ). ʀʟ-ʟʘ ʥʝʧʦʤʝʨʥʦ ʚʳʩʦʢʠʭ ʮʝʥ ʥʘ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʝ 
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ʤʘʪʝʨʠʘʣʳ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʦʟʨʘʩʪʘʝʪ ʜʠʩʧʨʦʧʦʨʮʠʷ ʤʝʞʜʫ ʧʦʪʨʝʙʥʦʩʪʴʶ ʠ ʧʦʩʪʘʚʢʦʡ ʠʭ ʢʘʢ 

ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ. ʇʝʨʝʚʦʜ ʪʝʭʥʠʢʠ, ʥʘʧʨʠʤʝʨ ʥʘ ʛʘʟ, ʪʘʢʞʝ 

ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʠ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʩʘʤ ʧʘʨʢ ʩʝʣʴʭʦʟʤʘʰʠʥ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʚʳʨʘʙʦʪʘʣ ʩʚʦʡ ʨʝʩʫʨʩ. ʅʝ ʨʝʰʘʶʪʩʷ ʚʦʧʨʦʩʳ ʫʪʠʣʠʟʘʮʠʠ ʦʪʨʘʙʦʪʘʥʥʳʭ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʉʝʛʦʜʥʷ ʧʨʦʙʣʝʤʘ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʵʢʦʥʦʤʠʠ ʊʉʄ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʘ. ʈʝʰʝʥʠʝ ʝʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʨʘʙʦʪʢʫ 

ʠ ʚʥʝʜʨʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʦʚʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ 

ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʝʸ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʊʉʄ, ʥʦ ʠ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʦʧʪʠʤʠʟʘʮʠʶ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʝ "ʪʦʧʣʠʚʦ-ʤʘʰʠʥʘ-ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʧʨʦʜʫʢʮʠʷ" 

[33-52]. 

ʉʝʛʦʜʥʷ ʌɻɹʅʋ ɺʅʀʀʊʠʅ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʯʝʤ 30 ʣʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʥʠʤʘʝʪʩʷ ʧʨʦʙʣʝʤʘʪʠʢʦʡ ʧʦ ʚʦʧʨʦʩʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

(ʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ, ʤʦʪʦʨʥʳʝ, ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʝ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʤʘʩʣʘ ʠ ʧʣʘʩʪʠʯʥʳʝ ʩʤʘʟʢʠ) 

ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʘʫʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʦʭʚʘʯʝʥʘ ʚʩʷ ʮʝʧʦʯʢʘ: ʦʪ ʧʦʣʫʯʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʤʦʪʦʨʥʦʛʦ 

ʪʦʧʣʠʚʘ ʠ ʤʘʩʣʘ ʜʦ ʫʪʠʣʠʟʘʮʠʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ [53-57]. ʇʨʠ ʵʪʦʤ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʤʝʥʥʦ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʦʜʠʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʪʨʘʙʦʪʘʚʰʠʭ ʤʘʩʝʣ ʩ ʮʝʣʴʶ ʝʛʦ ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʘʰʠʥʘʭ ʠ ʤʝʭʘʥʠʟʤʘʭ [58-72]. 

ɺʳʚʦʜʳ. ɺʝʜʫʱʠʝ ʩʪʨʘʥʳ ʚʩʝ ʰʠʨʝ ʠʩʧʦʣʴʟʫʶʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ 

ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʘ ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [73] çʤʳ ʧʦʢʘ ʪʦʣʴʢʦ ʛʦʚʦʨʠʤè, ʯʪʦ ʜʝʡʩʪʚʫʝʤ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʕʪʦ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʌɻɹʅʋ ɺʅʀʀʊʠʅ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʠʦʥʝʨʦʤ ʠ ʦʩʪʘʝʪʩʷ 

ʧʨʠʟʥʘʥʥʳʤ ʣʠʜʝʨʦʤ ʚ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʪʦʧʣʠʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ 

ʬʝʥʦʤʝʥʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʡʪʠ ʥʘ ʫʨʦʚʝʥʴ, ʧʨʝʚʳʰʘʶʱʠʡ ʣʫʯʰʠʝ 

ʟʘʨʫʙʝʞʥʳʝ ʜʦʩʪʠʞʝʥʠʷ, ʧʦ ʚʦʧʨʦʩʘʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʠʦʪʦʧʣʠʚʘ [74-87]. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʳ ʙʠʦʜʦʙʘʚʢʠ, ʫʣʫʯʰʘʶʱʠʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ [81-85]. 

ʌɻɹʅʋ ɺʅʀʀʊʠʅ ʚ ʪʝʯʝʥʠʝ 22 ʣʝʪ ʧʣʦʜʦʪʚʦʨʥʦ ʚʝʜʝʪ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʚ 

ʢʨʝʩʪʴʷʥʩʢʠʭ (ʬʝʨʤʝʨʩʢʠʭ) ʭʦʟʷʡʩʪʚʘʭ. ɿʘ ʵʪʦʪ ʧʝʨʠʦʜ ʫʜʘʣʦʩʴ ʩʦʟʜʘʪʴ ʫʥʠʢʘʣʴʥʫʶ ʙʘʟʫ 

ʜʘʥʥʳʭ, ʦʪʨʘʞʘʶʱʫʶ ʨʝʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ [88-92], ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ɸʂʂʆʈ, ʚ ʨʘʙʦʪʝ ʧʨʦʬʠʣʴʥʳʭ ʢʦʤʠʪʝʪʦʚ ʉʦʚʝʪʘ ʌʝʜʝʨʘʮʠʠ ʠ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ɼʫʤʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʛʦʜʥʷ ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʨʘʙʦʪʘʤʠ ʩʦʪʨʫʜʥʠʢʦʚ ʌɻɹʅʋ ɺʅʀʀʊʠʅ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʘ 
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ʧʝʨ., 28, ʛ. ʊʘʤʙʦʚ 

E-mail: serg666_65@mail.ru 

ɿʘʚʨʘʞʥʦʚ ɸʥʘʪʦʣʠʡ ʀʚʘʥʦʚʠʯ, 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʄʠʯʫʨʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, 393760, ʫʣ. ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷ 101, 

 ʛ. ʄʠʯʫʨʠʥʩʢ, ʊʘʤʙʦʚʩʢʘʷ ʦʙʣʘʩʪʴ 

ʇʨʦʭʦʨʦʚ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çɸʛʨʦʠʥʞʝʥʝʨʠʷè, ʊʘʤʙʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʘʤʙʦʚ 

 

ʈʝʬʝʨʘʪ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʦʨʦʚ ʥʘ 60é65% ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ 

ʢʦʨʤʣʝʥʠʝʤ, ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʜʘʝʪ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʧʦʣʥʦʨʘʮʠʦʥʥʳʭ ʢʦʨʤʦʩʤʝʩʝʡ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʛʦʪʦʚʣʝʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʜʦʙʘʚʢʘʤʠ, ʚʢʣʶʯʘʷ ʠʟʤʝʣʴʯʝʥʥʳʝ 

ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʧʫʩʢʘʝʤʳʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʤʘʰʠʥʳ 

ʤʘʪʝʨʠʘʣʣʦʝʤʢʠ, ʠʤʝʶʪ ʥʠʟʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ, ʚʳʩʦʢʫʶ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʚʳʧʦʣʥʷʝʤʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʝ ʦʪʚʝʯʘʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. ʅʘʤʝʯʝʥʳ ʧʫʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ ʠ ʠʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʢʘʯʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ. ʈʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʠʟʤʝʣʴʯʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ ʩ ʚʘʣʴʮʦʚʳʤ ʧʦʜʧʦʨʦʤ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʘʪʴ ʣʦʤʪʠʢʠ ʟʘʜʘʥʥʦʡ ʪʦʣʱʠʥʳ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. ʆʧʨʝʜʝʣʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ, ʚʳʧʦʣʥʝʥʥʘʷ ʚ ʚʠʜʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʠʟʤʝʣʴʯʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʩ ʧʝʨʚʦʡ ʩʪʫʧʝʥʴʶ ʜʠʩʢʦʚʦʛʦ ʪʠʧʘ ʠ ʚʪʦʨʦʡ 

ʩʪʫʧʝʥʴʶ ʩ ʚʘʣʴʮʦʚʳʤ ʧʦʜʧʦʨʦʤ ʠ ʧʣʦʩʢʠʤʠ ʥʦʞʘʤʠ, ʨʘʜʠʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʧʦ ʢʦʣʴʮʫ. 

ʇʨʦʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʠʚʰʠʝ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ 

ʟʘʪʨʘʪ ʤʦʱʥʦʩʪʠ ʠ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ ʥʘ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʣʴʯʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʥʝʢʦʪʦʨʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʟʤʝʣʴʯʘʝʤʳʭ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʨʘʮʠʦʥʘʣʴʥʘʷ ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1,67é2,10 ʩï1; ʧʨʠ ʨʘʮʠʦʥʘʣʴʥʦʡ ʯʘʩʪʦʪʝ 

ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʥʘ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 774,9é779,0 ɺʪÖʩ/ʢʛ. 
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ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʨʘʟʜʘʯʘ ʢʦʨʤʦʚ.  
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Abstract. It is known that the productivity of cows at 60...65% is determined by their feeding, the 

greatest effect is the preparation of complete feed mixtures with pre-cooked ingredients and additives, 

including the crushed root crops. It is shown that that commercially available machines material 

source, have low performance quality indicators, the high energy consumption of a running process, 

do not meet modern zootechnical requirements. The ways of improvement of shredders of root crops 

and their working bodies, aimed at reducing the specific consumption of energy while maintaining 

the quality of the technological process of chopping root crops are planned. New design crushing 

equipment root crops with a roller support that allows to obtain slices of predetermined thickness 

and meet the zootechnical requirements. Identified promising constructive-technological scheme of 

the device for grinding root crops, is configured as a vertical two-stage grinding apparatus with the 

first stage of the disc type and the second stage with a roller support and a flat knife, mouth radially 

positioned on the ring. There is theoretical research which allowed to obtain analytical expressions 

of the cost of power and specific consumption of energy in the second stage of grinding, depending 

on the design and operating parameters of crushing equipment and some physico-mechanical 

properties of crushed root crops. Experimental researches have allowed to establish that the rational 

rotation frequency of the working body is in the range of 1.67 to 2.10...sï1; the rational speed of the 

working body specific energy consumption for grinding process within 774,9...779,0 WÖs/kg. 

Keywords: analytical expressions, chopper korneklubneplody-Dov, feed, productivity, 

technology of preparation, distribution of feed. 

 

ɺʚʝʜʝʥʠʝ. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʦʨʦʚ ʥʘ 60é65% ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʢʦʨʤʣʝʥʠʝʤ. ʅʘ 

ʪʝʭʥʦʣʦʛʠʶ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʨʘʟʜʘʯʠ ʢʦʨʤʦʚ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 40% ʚʩʝʭ ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ 

ʬʝʨʤʝ, ʘ ʟʘʪʨʘʪʳ ʥʘ ʢʦʨʤʘ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 50é60% ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ. ʅʠʟʢʦʝ 

ʢʘʯʝʩʪʚʦ ʢʦʨʤʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʞʠʚʦʪʥʳʭ [1 - 4]. ʅʘ 

ʧʦʚʳʰʝʥʠʷ ʧʦʝʜʘʝʤʦʩʪʠ ʠ ʫʩʚʦʷʝʤʦʩʪʠ ʢʦʨʤʦʚ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʩʧʦʩʦʙʳ ʠʭ 
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ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ. ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʜʘʝʪ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʧʦʣʥʦʨʘʮʠʦʥʥʳʭ 

ʢʦʨʤʦʩʤʝʩʝʡ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʛʦʪʦʚʣʝʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʜʦʙʘʚʢʘʤʠ, ʚʢʣʶʯʘʷ 

ʠʟʤʝʣʴʯʝʥʥʳʝ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʳ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ 

ʚʚʝʜʝʥʠʝ ʚ ʨʘʮʠʦʥʳ ʞʠʚʦʪʥʳʭ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʘʭʘʨʘ ʠ ʢʨʘʭʤʘʣʘ, ʩʥʠʟʠʪʴ 

ʢʠʩʣʦʪʥʦʩʪʴ ʚ ʨʫʙʮʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʠʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʡ 

ʧʨʦʜʫʢʮʠʠ ʂʈʉ [5]. 

ɸʥʘʣʠʟ ʧʨʦʤʳʰʣʝʥʥʦ ʚʳʧʫʩʢʘʝʤʳʭ ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʦʥʠ ʤʘʪʝʨʠʘʣʣʦʝʤʢʠ, ʠʤʝʶʪ ʥʠʟʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ, ʚʳʩʦʢʫʶ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʚʳʧʦʣʥʷʝʤʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʝ ʦʪʚʝʯʘʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ ʠ ʠʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʢʘʯʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ. ɽʝ ʚʳʧʦʣʥʝʥʠʝ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ [6, 7]. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʦʞʝʥʘ 

ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠʟʤʝʣʴʯʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ ʩ ʚʘʣʴʮʦʚʳʤ ʧʦʜʧʦʨʦʤ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʘʪʴ ʣʦʤʪʠʢʠ ʟʘʜʘʥʥʦʡ ʪʦʣʱʠʥʳ [8] ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ [2, 3]. 

ʆʯʠʱʝʥʥʳʝ ʢʨʫʧʥʳʝ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʳ ʠʟ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʘʤʝʨʳ 6 ʧʦʧʘʜʘʶʪ ʧʦʜ 

ʜʝʡʩʪʚʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʚʘʣʫ 11 (ʨʠʩʫʥʦʢ 1) ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʣʦʩʢʠʭ ʥʦʞʝʡ 7 ʧʝʨʚʦʡ 

ʩʪʫʧʝʥʠ ʨʝʟʘʥʠʷ ʠ ʧʨʦʪʠʚʦʨʝʟʦʚ 5, ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʢʘʤʝʨʳ 6. 

 
 ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʀʟʤʝʣʴʯʘʶʱʠʡ ʘʧʧʘʨʘʪ: ʘ) ʨʘʟʨʝʟ ɹ-ɹ; ʙ) ʨʘʟʨʝʟ ɸ-ɸ 

 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʤʝʣʴʯʝʥʥʳʝ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ 

ʧʦʧʘʜʘʶʪ ʥʘ ʥʘʢʣʦʥʥʳʡ ʢʦʥʫʩ 8 ʠ ʧʨʠʞʠʤʘʶʪʩʷ ʢ ʥʦʞʝʚʦʡ ʨʝʰʝʪʢʝ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ 

ʠʟʤʝʣʴʯʝʥʠʷ, ʛʜʝ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʚʘʣʴʮʘʤʠ 3 ʠ ʧʨʦʜʘʚʣʠʚʘʶʪʩʷ ʤʝʞʜʫ ʥʦʞʝʡ 2, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʟʘʜʘʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ. ɻʦʪʦʚʳʡ ʧʨʦʜʫʢʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʨʳʣʴʯʘʪʢʠ 10 

ʚʳʛʨʫʞʘʝʪʩʷ ʯʝʨʝʟ ʛʦʨʣʦʚʠʥʫ 12. 

ɿʘʪʨʘʪʳ ʤʦʱʥʦʩʪʠ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʚʦ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʚʳʨʘʞʝʥʠʶ (1): 

 
ʭʭ2ʚʳʛ2ʨ2ʧʦʜ22 NNNNN +++= ,     (1) 

ʛʜʝ ʧʦʜ2N  - ʤʦʱʥʦʩʪʴ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʧʦʜʚʦʜ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ ʚ ʟʦʥʫ ʟʘʱʝʤʣʝʥʠʷ, 

ɺʪ; ʨ2N  - ʤʦʱʥʦʩʪʴ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʧʨʦʮʝʩʩ ʨʝʟʘʥʠʷ, ɺʪ; 
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 ʚʳʛ2N  - ʤʦʱʥʦʩʪʴ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʚʳʛʨʫʟʢʫ ʠʟʤʝʣʴʯʝʥʥʳʭ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ, ɺʪ; ʭʭ2N  

- ʤʦʱʥʦʩʪʴ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ɺʪ. 

ʅʘʠʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʤʦʱʥʦʩʪʠ ʚʦ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʘʧʧʘʨʘʪʘ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʨʝʟʘʥʠʝ ʠ 

ʪʨʝʥʠʝ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ ʦ ʚʘʣʝʮ ʠ ʥʦʞʠ (2) [1, 5]: 

 ( ) ʠʨ2ʚʪʚ2ʨʝʟ2ʨ2 NzNNN ++= ,  (2) 

ʛʜʝ ʨʝʟ2N  ï ʤʦʱʥʦʩʪʴ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʨʝʟʘʥʠʝ, ɺʪ; ʪʚ2N  - ʤʦʱʥʦʩʪʴ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ 

ʪʨʝʥʠʝ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ ʦ ʚʘʣʝʮ, ɺʪ; ʠʨ2N  - ʤʦʱʥʦʩʪʴ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʧʦʜʚʦʜ 

ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ ʢ ʥʦʞʝʚʦʡ ʨʝʰʝʪʢʝ, ɺʪ. 

ʄʦʱʥʦʩʪʴ ʨʝʟ2N  ʥʘʭʦʜʠʣʠ ʧʦ ʬʦʨʤʫʣʝ (3): 

ʨ2ʨ2ʨʝʟ2 JʈN = , (3) 

ʛʜʝ ʨ2ʈ  ï ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʩʦ ʩʪʦʨʦʥʳ ʥʦʞʝʚʦʡ ʨʝʰʝʪʢʠ ʥʘ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʳ, ʅ; ʨ2J  

- ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ ʯʝʨʝʟ ʥʦʞʝʚʫʶ ʨʝʰʝʪʢʫ, ʤ/ʩ. ʉʠʣʫ ʨ2ʈ  ʦʧʨʝʜʝʣʷʣʠ 

ʧʦ ʚʳʨʘʞʝʥʠʶ (4): 

 
( )

ʥ2ʪʨ2ʜ2ʨʝʟ2ʨ2 zʈʈʈʈ ++= ,   (4) 

ʛʜʝ ʨʝʟ2ʈ  ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʘʥʠʶ, ʅ; ʜ2ʈ  - ʫʩʠʣʠʝ ʥʘ ʜʝʬʦʨʤʘʮʠʶ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ, 

ʅ; ʪʨ2ʈ  - ʫʩʠʣʠʝ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʪʨʝʥʠʷ, ʅ; ʥ2z  - ʢʦʣʠʯʝʩʪʚʦ ʥʦʞʝʡ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʟʘʥʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʜʥʦʛʦ ʚʘʣʴʮʘ, ʰʪ. 

ʉʠʣʫ ʨʝʟ2ʈ  ʜʣʷ ʦʜʥʦʛʦ ʥʦʞʘ ʥʘʭʦʜʠʣʠ ʧʦ ʬʦʨʤʫʣʝ (5): 

1ʥ2ʤʨʝʟ2 dʩtLkʈ = , (5) 

ʛʜʝ ʤk  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ; ʥt  

ï ʪʦʣʱʠʥʘ ʣʝʟʚʠʷ ʥʦʞʘ, ʤ; c ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ; 1d ï ʦʪʥʦʰʝʥʠʝ ʧʫʪʠ ʩʞʘʪʠʷ ʢ ʜʣʠʥʝ 

ʵʣʝʤʝʥʪʘ ʩʪʨʫʞʢʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʡ ʥʘ ʜʝʬʦʨʤʘʮʠʶ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ ʚ ʦʜʥʦʤ ʤʝʞʥʦʞʝʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʳʨʘʞʝʥʠʝ (6): 

( )( ) --= ʥ2ʥ22

2

ʥ2

2

23
2ʜ cossin2

2
aajt

h

Lɽ
ʈ   

 ( )( ) ʥ22ʥ2ʥʥ2ʥʥ2ʥ2 sinctgsincos2 aaa jtSSt --- , (6) 

ʛʜʝ 3ɽ  ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ, ʇʘ; ʥ2t  ï ʪʦʣʱʠʥʘ 

ʥʦʞʘ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ, ʤ; 2j  ï ʫʛʦʣ ʟʘʪʦʯʢʠ ʣʝʟʚʠʷ ʥʦʞʘ, ʛʨʘʜ; ʥ2a  ï ʫʛʦʣ ʤʝʞʜʫ 

ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʥʦʞʘʤʠ, ʛʨʘʜ; ʥS  ï ʰʠʨʠʥʘ ʥʦʞʘ, ʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʡ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʪʨʝʥʠʷ ʚ ʦʜʥʦʤ ʤʝʞʥʦʞʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʳʨʘʞʝʥʠʝ (7) 

( )
+öö
÷

õ
ææ
ç

å -
=

2

ʥ22ʥ22

ʥ2

2

23
ʪʨ2

sin

coscos

j

j
t

h

fLɽ
ʈ

aa
 

( )( ) ʥ22ʥ2ʥʥ2ʥʥ2ʥ2 cosctgsincos aaa jtSSt --+ ,  (7) 

ʛʜʝ f ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. 
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ʉʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ ʯʝʨʝʟ ʥʦʞʝʚʫʶ ʨʝʰʝʪʢʫ ʩ ʫʯʝʪʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘ jK  ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʚʳʨʘʞʝʥʠʶ 

 
0

22ʨ2
180

a
J j

¯
= KnD , (8) 

ʛʜʝ 0a  ï ʮʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʚʳʨʘʞʝʥʠʶ 
( )

ö
ö

÷

õ

æ
æ

ç

å

-

-+
=

j

j
a

K

K

1

1359,0141,0
arccos

2

0 , 

ʛʨʘʜ. 

ɿʘʪʨʘʪʳ ʤʦʱʥʦʩʪʠ ʠʨ2N  ʥʘ ʧʦʜʚʦʜ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ ʢ ʥʦʞʝʚʦʡ ʨʝʰʝʪʢʝ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʚʳʨʘʞʝʥʠʶ 

 
( )( )

32

21 2
21ʢ2

3
2

ʠʨ2

wr jjj ʂʂKLD
N

--
= ,   (9) 

ʛʜʝ 2w  ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʩï1. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʦʮʝʥʠʚʘʣʠ ʧʦʢʘʟʘʪʝʣʝʤ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 

ʵʥʝʨʛʠʠ: 

 
ʠʟʤ2

2
ʫʜ2

Q

N
N = ,    (10) 

ʛʜʝ ʫʜ2N  ï ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ, ɺʪÖʩ/ʢʛ. 

ɿʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 2n  ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʟʘʪʨʘʪʳ ʤʦʱʥʦʩʪʠ ʥʘ ʧʨʦʮʝʩʩ ʨʝʟʘʥʠʷ ʚʦʟʨʘʩʪʘʶʪ, ʧʨʠʯʝʤ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʤʦʱʥʦʩʪʠ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ ʤʝʥʴʰʠʝ, ʯʝʤ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝ 

ʫʯʠʪʳʚʘʣʠʩʴ ʟʘʪʨʘʪʳ ʤʦʱʥʦʩʪʠ ʥʘ ʠʥʝʨʮʠʦʥʥʳʡ ʧʦʜʧʦʨ Nʠʨ2. ʂʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʠʥʝʨʮʠʦʥʥʳʡ ʧʦʜʧʦʨ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʦʪ 1,33 ʜʦ 2,35 ʩï1, ʩʦʩʪʘʚʣʷʝʪ Kʠ2 = 

1,09é1,13. ɹʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ Kʠ2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʴʰʝʤʫ ʟʥʘʯʝʥʠʶ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ Nʫʜ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ n2 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʘʪʨʘʪ ʤʦʱʥʦʩʪʠ N ʥʘ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ  

ʚʦ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ n2 ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ: 

1 ï ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʣʴʯʝʥʠʷ; 2 ï ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʟʤʝʣʴʯʝʥʠʷ; 3 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʝʨʮʠʦʥʥʦʛʦ ʧʦʜʧʦʨʘ ʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 
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ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ Nʫʜ ʵʥʝʨʛʠʠ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʦʪ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ n2 ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 2n  ʜʦ 1,83 ʩï1 ʚʝʣʠʯʠʥʘ Nʫʜ ʩʥʠʞʘʝʪʩʷ; ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ n2 ʦʪ 

1,83 ʜʦ 2,35 ʩï1 Nʫʜ ʚʦʟʨʘʩʪʘʝʪ. 

ʉʥʠʞʝʥʠʝ Nʫʜ ʩ ʨʦʩʪʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʢʘʤʝʨʳ. ʇʨʠ n2 ʙʦʣʝʝ 1,83 ʩ
ï1 ʢʘʤʝʨʘ ʥʝ ʫʩʧʝʚʘʝʪ ʧʦʣʥʦʩʪʴʶ 

ʟʘʧʦʣʥʠʪʴʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʣʴʯʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʧʦʚʳʰʝʥʠʶ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ. ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ 

ʧʨʠ ʯʘʩʪʦʪʝ n2=1,83é2,0 ʩ
ï1 ʩʦʩʪʘʚʣʷʝʪ Nʫʜ = 774,4é779,0 ɺʪÖʩ/ʢʛ. 

ɿʘʢʣʶʯʝʥʠʝ. ɿʘ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʠʟʤʝʣʴʯʝʥʠʷ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʚʝʨʪʠʢʘʣʴʥʳʡ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ 

ʠʟʤʝʣʴʯʘʶʱʠʡ ʘʧʧʘʨʘʪ ʩ ʧʝʨʚʦʡ ʩʪʫʧʝʥʴʶ ʜʠʩʢʦʚʦʛʦ ʪʠʧʘ ʠ ʚʪʦʨʦʡ ʩʪʫʧʝʥʴʶ ʩ ʚʘʣʴʮʦʚʳʤ 

ʧʦʜʧʦʨʦʤ ʠ ʧʣʦʩʢʠʤʠ ʥʦʞʘʤʠ, ʨʘʜʠʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʧʦ ʢʦʣʴʮʫ.  

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʟʘʪʨʘʪ 

ʤʦʱʥʦʩʪʠ ʠ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ ʥʘ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʣʴʯʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʥʝʢʦʪʦʨʳʭ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʟʤʝʣʴʯʘʝʤʳʭ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʨʘʮʠʦʥʘʣʴʥʘʷ ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1,67é2,10 ʩï1; ʧʨʠ ʨʘʮʠʦʥʘʣʴʥʦʡ ʯʘʩʪʦʪʝ 

ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʥʘ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 774,9é779,0 ɺʪÖʩ/ʢʛ. 
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ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʥʬʦʨʤʘʮʠʠ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ,141261, ʫʣ. ʃʝʩʥʘʷ, ʩʪʨ. 60, ʧʦʩ. ʇʨʘʚʜʠʥʩʢʠʡ, 

ʇʫʰʢʠʥʩʢʠʡ ʨʘʡʦʥ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, 

(495) 993-44-04 

 

ʈʝʬʝʨʘʪ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʠʤʧʦʨʪʥʳʭ ʤʘʰʠʥ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, 

ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʨʘʙʦʯʝʡ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʪʝʭʥʦʣʦʛʠʡ ʨʝʤʦʥʪʘ ʠ ʚʳʩʦʢʠʭ ʟʘʪʨʘʪ ʥʘ ʟʘʧʘʩʥʳʝ ʯʘʩʪʠ. ɼʘʥ ʦʙʟʦʨ ʧʫʪʝʡ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ ʠʤʧʦʨʪʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. ʆʮʝʥʠʚʘʣʠ ʟʘʪʨʘʪʳ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʦʚʳʭ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ. 

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʦʚʳʭ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʚʟʘʤʝʥ ʧʨʝʜʝʣʴʥʦ ʠʟʥʦʰʝʥʥʳʭ 

ʧʨʠʭʦʜʠʪʩʷ ʜʦ 70 % ʟʘʪʨʘʪ ʥʘ ʨʝʤʦʥʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟ-

ʟʘ ʫʜʦʨʦʞʘʥʠʷ ʪʝʭʥʠʢʠ ʠ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ, ʨʝʟʢʦʛʦ ʩʥʠʞʝʥʠʷ ʧʦʢʫʧʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʝʣʴʩʢʠʭ ʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ 

ʜʦʩʪʫʧʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʜʜʝʨʞʘʥʠʷ ʧʘʨʢʘ ʤʘʰʠʥ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʆʧʨʝʜʝʣʝʥʦ, 

ʯʪʦ ʧʨʝʜʝʣʴʥʳʝ ʠʟʥʦʩʳ 85% ʜʝʪʘʣʝʡ ʥʝ ʧʨʝʚʳʰʘʶʪ 0,3 ʤʤ, ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʠʤʝʶʪ 

ʦʩʪʘʪʦʯʥʳʝ ʨʝʩʫʨʩʳ 60 % ʠ ʙʦʣʝʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 20 % ʜʝʪʘʣʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʤʘʰʠʥ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʨʝʤʦʥʪ, ʧʦʜʣʝʞʘʪ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʚʳʙʨʘʢʦʚʢʝ, ʦʩʪʘʣʴʥʳʝ ʤʦʞʥʦ 

ʚʦʩʩʪʘʥʦʚʠʪʴ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʩʪʘʚʠʪ 15...70% 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʦʧʳʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʜʝʪʘʣʝʡ ʜʣʷ ʠʤʧʦʨʪʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 

ʇʦʢʘʟʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʯʪʦ ɻʆʉʅʀʊʀ ʦʩʫʱʝʩʪʚʣʷʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʰʘʪʫʥʦʚ ʜʚʠʛʘ-

ʪʝʣʝʡ ʂʦʤʠʥʩ, ɼʝʡʪʮ, ʄʘʥ, ʄʠʮʫʙʠʩʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʥʘʥʝʩʝʥʠʷ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. ɿʘʪʨʘʪʳ ʥʘ 

ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ɻʆʉʅʀʊʀ ʦʢʫʧʘʶʪʩʷ ʟʘ 3é4 ʤʝʩʷʮʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʪʝʭʥʠʢʘ, ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, 

ʜʝʪʘʣʴ, ʪʝʭʥʠʯʝʩʢʠʡ ʩʝʨʚʠʩ. 
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Abstract. It is known that for the import of machines used in agriculture, is an acute problem of 

technical service due to lack of working design documentation of repair technologies and the high 
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cost of spare parts. The review of ways to improve the technical service of import of agricultural 

machinery technology is given. Costs for the purchase of new spare parts were evaluated. It was 

determined that the purchase of new spare parts instead worn-out limit up to 70% of the costs for the 

repair of agricultural machinery. It is established that due to the increased cost of equipment and 

spare parts, a sharp decline in the purchasing power of rural producers, restoration of worn parts is 

the most affordable way to maintain the of park of machines operational. It was determined that 85% 

of the limiting wear of parts does not exceed 0.3 mm, many of them have residual resources 60 % or 

more. It was found that 20% of agricultural machinery parts, entering the repair shall be final culling, 

the rest can be restored. It was determined that prime cost recovery will be 15 ... 70 % of the prime 

cost of manufacturing. Experience in the restoration and production of parts for imported 

agricultural machinery in domestic enterprises is analyzed. It is shown as an example that exercises 

GOSNITI recovery rods Komins engines, Deutz, Man, Mitsubishi by combined methods using electric 

spark machining and metal-coating compositions. The costs of implementing GOSNITI technologies 

pays off for 3 ... 4 months. 

Key words: farm equipment, import substitution, reduction, detail, technical service. 

 

ɺʚʝʜʝʥʠʝ. ʆʪʩʫʪʩʪʚʠʝ ʮʝʣʦʛʦ ʨʷʜʘ ʧʦʟʠʮʠʡ ʪʝʭʥʠʢʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʛʦ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʥʫʞʜʘʝʪ ʭʦʟʷʡʩʪʚʘ ʧʦʢʫʧʘʪʴ ʟʘʨʫʙʝʞʥʫʶ ʪʝʭʥʠʢʫ. ʉʨʝʜʠ 

ʦʙʨʘʟʮʦʚ ʟʘʨʫʙʝʞʥʦʡ ʪʝʭʥʠʢʠ: ʪʨʘʢʪʦʨʳ, ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʤʘʰʠʥʳ, ʩʝʷʣʢʠ, ʤʘʰʠʥʳ ʜʣʷ 

ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ, ʞʘʪʢʠ, ʟʝʨʥʦʫʙʦʨʦʯʥʳʝ ʢʦʤʙʘʡʥ.r 

ɼʣʷ ʠʤʧʦʨʪʥʳʭ ʤʘʰʠʥ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ [1,2]. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʦʩʩʠʡʩʢʦʡ ʪʝʭʥʠʢʦʡ, ʟʘʨʫʙʝʞʥʳʝ ʤʘʰʠʥʳ ʦʪʣʠʯʘʶʪʩʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʠ ʩʪʨʫʢʪʫʨʦʡ 

ʨʝʤʦʥʪʥʦ-ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʪʨʝʙʫʶʪ ʙʦʣʝʝ ʜʦʨʦʛʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʦʯʝʥʴ ʚʳʩʦʢʠʝ 

ʟʘʪʨʘʪʳ ʥʘ ʟʘʧʘʩʥʳʝ ʯʘʩʪʠ ʠ ʨʘʩʭʦʜʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ). ʉʝʨʴʝʟʥʳʝ ʥʝʛʘʪʠʚʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʘʷ ʨʘʟʥʦʤʘʨʦʯʥʦʩʪʴ ʟʘʢʫʧʘʝʤʦʡ ʪʝʭʥʠʢʠ. ɺʩʝ ʵʪʦ ʩʦʟʜʘʝʪ 

ʪʨʫʜʥʦʩʪʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʟʘʧʯʘʩʪʷʤʠ, ʨʘʙʦʪʝ ʤʘʩʪʝʨʩʢʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʨʝʤʦʥʪʥʦ-

ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ [3]. ɺ ʩʝʛʦʜʥʷʰʥʠʭ ʩʣʦʞʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʫʩʣʦʚʠʷʭ ʥʘʠʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʥʳʡ ʠ ʙʳʩʪʨʳʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʦ ʠʤʧʦʨʪʥʳʤ ʟʘʧʘʩʥʳʤ ʯʘʩʪʷʤ - 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ.  

ʆʙʟʦʨ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ.  

ʋʯʝʥʳʤʠ ʌɻɹʅʋ ɻʆʉʅʀʊʀ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʨʝʤʦʥʪʝ ʢʦʨʤʦʫʙʦʨʦʯʥʦʛʦ ʢʦʤʙʘʡʥʘ 

Claas Jaguar 830 ʥʘ ʩʫʤʤʫ 112,4 ʪʳʩ. ʨʫʙ., ʩʪʦʠʤʦʩʪʴ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʩʦʩʪʘʚʣʷʣʘ 89,7 ʪʳʩ. ʨʫʙ., 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 79 % ʦʪ ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʨʘʙʦʪ [3,4]. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [5,6], ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʩʦʟʜʘʥʠʷ ʚ ʨʝʛʠʦʥʘʭ ʩ ʥʘʠʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʤʧʦʨʪʥʦʡ ʪʝʭʥʠʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʨʝʩʫʨʩʥʳʭ ʮʝʥʪʨʦʚ ʧʦ ʩʙʦʨʫ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠ ʠʟʛʦʪʦʚʣʝʥʠʶ ʜʝʪʘʣʝʡ ʢ ʠʤʧʦʨʪʥʦʡ ʪʝʭʥʠʢʝ 

ʦʯʝʚʠʜʥʘ.  

ɺ ʈʦʩʩʠʠ ʥʘʢʦʧʣʝʥ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʧʳʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʜʣʷ 

ʠʤʧʦʨʪʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. ɺ ʆɸʆ çɿʠʨʛʘʥʩʢʘʷ ʄʊʉè ʈʝʩʧʫʙʣʠʢʠ 

ɹʘʰʢʦʨʪʦʩʪʘʥ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʜʝʪʘʣʠ ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ ʂʝʡʩ-2366, ʄʝʛʘ-208, 

ɼʞʦʥ ɼʠʨ 9560. ɺ ʄʦʨʜʦʚʠʠ ʚ ʀʥʩʪʠʪʫʪʝ ʤʝʭʘʥʠʢʠ ʠ ʵʥʝʨʛʝʪʠʢʠ ʄʦʨʜʦʚʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ ʩʦʚʤʝʩʪʥʦ ʩ ɻʆʉʅʀʊʀ ʩʦʟʜʘʥ ʫʯʝʙʥʦ-

ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʝʥʪʨ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʶ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʳʭ ʵʥʝʨʛʦ- ʠ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʨʝʤʦʥʪʘ ʘʛʨʝʛʘʪʦʚ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʩʦʙʝʥʥʦ 

ʛʠʜʨʦʘʛʨʝʛʘʪʦʚ.  
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ɹʦʣʴʰʠʝ ʨʘʙʦʪʳ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʜʝʪʘʣʝʡ ʠʤʧʦʨʪʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ 

ʧʨʦʚʦʜʷʪʩʷ ʚ ɻʆʉʅʀʊʀ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

(ʵʣʝʢʪʨʦʠʩʢʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ, ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʠ) ʰʘʪʫʥʦʚ ʜʚʠʛʘʪʝʣʝʡ ʂʦʤʠʥʩ, 

ɼʝʡʪʮ, ʄʘʥ, ʄʠʮʫʙʠʩʠ, ʧʨʠʯʝʤ ʟʘʪʨʘʪʳ ʥʘ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʦʢʫʧʘʶʪʩʷ ʟʘ 3é4 ʤʝʩʷʮʘ. ɺ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩʦ 2-ʤ ʘʚʪʦʙʫʩʥʳʤ ʧʘʨʢʦʤ ʄʦʩʛʦʨʪʨʘʥʩʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʢʦʨʧʫʩʦʚ ʤʘʩʣʷʥʳʭ ʥʘʩʦʩʦʚ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʉʘterpillar ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʭʦʣʦʜʥʦʛʦ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɿʘʪʨʘʪʳ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʘʩʦʩʘ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 10 - 15% ʦʪ 

ʩʪʦʠʤʦʩʪʠ ʥʦʚʦʛʦ ʥʘʩʦʩʘ, ʘ ʨʝʩʫʨʩ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘʩʦʩʘ - ʥʝ ʥʠʞʝ ʨʝʩʫʨʩʘ ʥʦʚʦʛʦ [8]. 

ʉʦʚʤʝʩʪʥʦ ʩ ɹʨʷʥʩʢʦʡ ɻʉʍɸ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʫʩʪʨʘʥʝʥʠʷ ʠʟʥʦʩʘ ʦʪʚʘʣʦʚ ʧʣʫʞʥʳʭ 

ʢʦʨʧʫʩʦʚ ʩʦ ʩʢʚʦʟʥʳʤ ʧʨʦʪʠʨʘʥʠʝʤ ʠ ʧʦʚʳʰʝʥʠʷ ʘʙʨʘʟʠʚʦʩʪʦʡʢʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʫʯʘʩʪʢʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʚʘʣʘ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʜʝʪʘʣʠ. ɽʝ ʩʫʪʴ ʩʦʩʪʦʠʪ ʚ 

ʥʘʥʝʩʝʥʠʠ ʘʙʨʘʟʠʚʦʩʪʦʡʢʦʛʦ ʢʣʝʝʧʦʣʠʤʝʨʥʦʛʦ ʜʠʩʧʝʨʩʥʦ-ʫʧʨʦʯʥʝʥʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʧʨʝʜʝʣʴʥʦ ʠʟʥʦʰʝʥʥʫʶ ʦʙʣʘʩʪʴ ʩ ʦʭʚʘʪʦʤ 

ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝʛʦ ʧʝʨʠʤʝʪʨʘ [12]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʘ ʠ ʧʨʠʯʠʥ ʠʟʥʦʩʘ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ (ʜʦʣʦʪ) ʘʥʢʝʨʥʳʭ ʩʦʰʥʠʢʦʚ ʩʝʷʣʢʠ ʈrimera Dʄʉ-9ʆʆʆ ʬʠʨʤʳ Amasone 

(ɻʝʨʤʘʥʠʷ) ʜʦ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʥʘʨʘʙʦʪʢʠ 60-200 ʛʘ ʠ ʧʦʣʝʚʳʤ ʠʩʧʳʪʘʥʠʷʤ 

ʫʧʨʦʯʥʝʥʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʚʳʙʨʘʥʳ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʫʧʨʦʯʥʷʶʱʠʝ ʧʦʢʨʳʪʠʷ ʜʦʣʦʪʘ: 

ʊɺʏ-ʥʘʧʣʘʚʢʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʇʉ-14-60 + ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʝ ʥʘʨʘʱʠʚʘʥʠʝ ʙʦʢʦʚʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʧʣʘʚʦʤ ɺʂ8; ʠ ʊɺʏ-ʥʘʧʣʘʚʢʘ ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʦʤ ʇɻ-ʉ27, 

ʩʦʚʤʝʱʝʥʥʘʷ ʩ ʙʦʨʠʨʦʚʘʥʠʝʤ ʙʦʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʧʣʘʚʦʤ ɺʂ8. ʋʧʨʦʯʥʝʥʥʳʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʧʦʢʨʳʪʠʝʤ ʠ ʊɺʏ-ʟʘʢʘʣʝʥʥʳʝ ʜʦʣʦʪʘ ʧʦʢʘʟʘʣʠ ʚ 1,5-2 ʨʘʟʘ ʙʦʣʴʰʫʶ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ [10].  

ʅʘ ʂʘʟʘʥʩʢʦʤ ʅʇʇ çʄʦʪʦʨè ʩʦʟʜʘʥ ʮʝʥʪʨ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ 

ʤʝʪʘʣʣʠʟʘʮʠʝʡ ʢʦʣʝʥʯʘʪʳʭ ʚʘʣʦʚ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʤʘʰʠʥ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʢʦʤʙʘʡʥʦʚ ʂɽʁʉ, ʅʔʖ ʍʆʃɸʅɼ ʠ ʜʨ. ʉʪʦʠʤʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 25 ï 

40 % ʩʪʦʠʤʦʩʪʠ ʥʦʚʦʛʦ ʚʘʣʘ.  

ʅʘ ʙʘʟʝ ʆɸʆ çʉʝʚʝʨʪʨʘʥʩʵʢʩʢʘʚʘʮʠʷè ʨʝʩʧʫʙʣʠʢʠ ʂʦʤʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʚʝʜʫʱʠʭ ʢʦʣʝʩ ʛʫʩʝʥʠʯʥʳʭ ʪʨʘʢʪʦʨʦʚ ʂʘmatsu ʥʘʧʣʘʚʢʦʡ ʧʦʜ ʩʣʦʝʤ ʬʣʶʩʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʥʝʧʦʜʚʠʞʥʦʛʦ (ʣʝʞʘʯʝʛʦ) ʵʣʝʢʪʨʦʜʘ. ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʜʝʪʘʣʠ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʥʠʞʝ ʮʝʥʳ ʥʦʚʦʡ [4]. 

ɸʥʘʣʠʟ ʟʘʪʨʘʪ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʨʘʢʪʦʨʘ John Deere 7830 ʧʨʠ ʟʘʤʝʥʝ 

ʢʨʳʰʢʠ ʢʦʣʣʝʢʪʦʨʘ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʧʦʢʘʟʳʚʘʝʪ ʜʚʫʢʨʘʪʥʦʝ ʟʘʚʳʰʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʟʘʧʘʩʥʳʭ 

ʯʘʩʪʝʡ ʚ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʩʪʦʠʤʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɺ ɹʝʣʛʦʨʦʜʩʢʦʤ ɻɸʋ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ 

ʟʘʤʝʱʝʥʠʶ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠʤʧʦʨʪʥʦʡ ʪʝʭʥʠʢʠ ʧʫʪʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʭ ʨʝʩʫʨʩʘ. 

ʈʘʟʨʘʙʦʪʘʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʣʦʩʢʦʡ ʧʨʠʚʘʣʦʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʝʧʣʝʥʠʷ ʤʘʩʣʷʥʦʛʦ ʥʘʩʦʩʘ ʢʨʳʰʢʠ ʢʦʣʣʝʢʪʦʨʘ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʪʨʘʢʪʦʨʘ John Deere 7830. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪ ʚʥʝʜʨʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

17236,33 ʨʫʙʣʝʡ ʥʘ ʦʜʥʫ ʚʦʩʩʪʘʥʦʚʣʝʥʥʫʶ ʜʝʪʘʣʴ[7]. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʞʥʝʡ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ ʜʚʠʛʘʪʝʣʝʡ Briggsg Strattoron ʚ ʆʨʣʦʚʩʢʦʤ ɻɸʋ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʫʪʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʘʡʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʧʨʦʯʥʝʥʠʝʤ 

ʤʠʢʨʦʜʫʛʦʚʳʤ ʦʢʩʠʜʠʨʦʚʘʥʠʝʤ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʫʧʨʦʯʥʝʥʠʷ 

ʰʘʪʫʥʦʚ ʜʚʠʛʘʪʝʣʝʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʘʡʢʦʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʧʨʦʯʥʝʥʠʝʤ 

ʤʠʢʨʦʜʫʛʦʚʳʤ ʦʢʩʠʜʠʨʦʚʘʥʠʝʤ ʧʦʟʚʦʣʷʝʪ ʚ 1,5- 2 ʨʘʟʘ ʫʚʝʣʠʯʠʪʴ ʨʝʩʫʨʩ ʜʝʪʘʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʥʦʚʦʡ [9]. 
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ɺ ʆʨʝʥʙʫʨʛʩʢʦʤ ɻɸʋ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʪʝʨʠʘʣʘ ʣʝʤʝʭʘ ʧʣʫʛʘ 

çɺʘʨʠ ʊʠʪʘʥè Lemken ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ - ʧʨʠʚʘʨʠʚʘʥʠʝ ʣʝʟʚʠʷ-ʥʘʢʣʘʜʢʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʥʘʧʣʘʚʢʦʡ 

ʠʟʥʦʩʦʩʪʦʡʢʦʛʦ ʤʘʪʝʨʠʘʣʘ Castolin PE1229. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʥʦ 

ʧʦʚʳʰʘʝʪʩʷ ʨʝʩʫʨʩ ʣʝʤʝʭʘ ʚ 3-4 ʨʘʟʘ. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʣʫʛʘ 

çɺʘʨʠ ʊʠʪʘʥè Lemken ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʦʣʷʭ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ (ʆʆʆ çʄʊʉ-ɸʛʨʦè). 

ʇʦʣʝʚʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʨʝʩʫʨʩ ʣʝʤʝʭʘ ʫʧʨʦʯʥʝʥʥʦʛʦ ʠʟʥʦʩʦ-

ʩʪʦʡʢʠʤ ʤʘʪʝʨʠʘʣʦʤ Castolin PE1229, ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʶʞʥʦ-ʯʝʨʥʦʟʝʤʥʳʭ ʧʦʯʚʘʭ, 4,6-5,0 

ʨʘʟ ʚʳʰʝ, ʯʝʤʫ ʩʝʨʠʡʥʳʭ. ʇʨʠʚʝʜʸʥʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʣʝʤʝʭʘ ʧʣʫʛʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʤʦʥʪʥʦʡ ʤʘʩʪʝʨʩʢʦʡ ʆʆʆ çʄʊʉ-

ɸʛʨʦè ʥʠʞʝ ʩʪʦʠʤʦʩʪʠ ʥʦʚʦʛʦ ʣʝʤʝʭʘ ʧʣʫʛʘ ɺʘʨʠ ʊʠʪʘʥè Lemken ʥʘ 59,5%. ʉʪʦʠʤʦʩʪʴ ʥʦʚʦʡ 

ʜʝʪʘʣʠ ʩʦʩʪʘʚʣʷʝʪ 1850 ʨʫʙ., ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ 750 ʨʫʙ. [11].  

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʟʘʨʫʙʝʞʥʦʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʤʦʥʪʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ɻʆʉʅʀʊʀ [13,14,15,16], ʘ ʪʘʢʞʝ 

ʚr ʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʢʦʤʧʘʥʠʷʭ [17]. ʂ ʪʘʢʠʤ ʦʪʥʦʩʠʪʩʷ ɿɸʆ çʇʣʘʢʘʨʪèï ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʢʦʤʧʘʥʠʷ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʘʷʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʩʬʝʨʝ ʠʥʞʠʥʠʨʠʥʛʘ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʧʦʤʦʱʠ ʥʘʧʳʣʝʥʠʷ ʠ ʥʘʧʣʘʚʢʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʢʝʨʘʤʠʯʝʩʢʠʭ ʠ 

ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ. ɿɸʆ çʇʣʘʢʘʨʪè ʙʳʣʦ ʦʩʥʦʚʘʥʦ ʥʘ ʙʘʟʝ 20-ʣʝʪʥʝʛʦ ʦʧʳʪʘ 

ʛʨʫʧʧʳ ʢʦʤʧʘʥʠʡ çʊʉɿʇè ʠ ʩʦʚʤʝʩʪʥʦ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʨʧʦʨʘʮʠʝʡ ʆɸʆ çʈʆʉʅɸʅʆè ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʩʦʟʜʘʥʠʷ ʩʝʪʠ ʮʝʥʪʨʦʚ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʂʦʤʧʘʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʩʣʫʛʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʥʘʥʝʩʝʥʠʶ ʧʦʢʨʳʪʠʡ ʚ ʩʦʙʩʪʚʝʥʥʳʭ ʮʝʭʘʭ ʠ ʥʘ ʧʣʦʱʘʜʢʘʭ ʟʘʢʘʟʯʠʢʘ, ʧʦʩʪʘʚʢʝ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʢʘʢ: ʛʘʟʦʧʣʘʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʥʘʧʳʣʝʥʠʝ, 

ʩʚʝʨʭʟʚʫʢʦʚʦʝ ʥʘʧʳʣʝʥʠʝ, ʧʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ, ʥʘʧʳʣʝʥʠʝ ʩ ʦʧʣʘʚʣʝʥʠʝʤ, ʜʝʪʦʥʘʮʠʦʥʥʦʝ 

ʥʘʧʳʣʝʥʠʝ, ʧʣʘʟʤʝʥʥʘʷ ʠ ʣʘʟʝʨʥʘʷ ʥʘʧʣʘʚʢʘ. ɿɸʆ çʇʣʘʢʘʨʪè ʦʙʣʘʜʘʝʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤʠ 

ʢʘʜʨʘʤʠ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʢʘʢ ʜʣʷ 

ʥʝʙʦʣʴʰʠʭ ʨʝʤʦʥʪʥʳʭ ʤʘʩʪʝʨʩʢʠʭ, ʪʘʢ ʠ ʜʣʷ ʢʨʫʧʥʳʭ ʨʝʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ [18]. 

ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ 

ʠʤʧʦʨʪʥʳʭ ʤʘʰʠʥ ʠ ʩʥʠʟʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʤʦʞʥʦ ʧʫʪʝʤ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʭ ʜʝʪʘʣʝʡ. 
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179. 
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ʆ ʇɽʈʉʇɽʂʊʀɺɽ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʈɸʉʊʀʊɽʃʔʅʓʍ ʄɸʉɽʃ ɺ ʂɸʏɽʉʊɺɽ 

ʊʆʇʃʀɺɸ ɼʃʗ ɼʀɿɽʃɽʁ 

 

ɺʫ ɼʫʢ ɺʫʦʥʛ,  

ʘʩʧʠʨʘʥʪ, ʋʥʠʚʝʨʩʠʪʝʪ ʊʘʡ ʅʛʫʝʥ, ʈʝʩʧʫʙʣʠʢʘ ɺʴʝʪʥʘʤ 

 

ʈʝʬʝʨʘʪ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ 

ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʝʚʦʜ ʘʚʪʦʪʨʘʢʪʦʨʥʦʡ ʪʝʭʥʠʢʠ ʥʘ 

ʩʤʝʩʝʚʦʝ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʧʦʣʫʯʘʝʤʦʝ ʧʫʪʸʤ ʩʤʝʰʠʚʘʥʠʷ ʥʝʬʪʷʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ, ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʪʴ ʨʝʩʫʨʩʳ ʥʝʬʪʷʥʳʭ ʪʦʧʣʠʚ, ʥʦ ʠ 

ʧʦʚʳʩʠʪ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʨʫʙʝʞʥʳʭ ʬʠʨʤ John Deere, Allis Chalmers, International Harvester Company ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʯʠʩʪʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʠ ʠʭ ʩʤʝʩʝʡ ʩ ʥʝʬʪʷʥʳʤ ʪʦʧʣʠʚʦʤ ʚ ʜʠʟʝʣʴʥʳʭ 

ʜʚʠʛʘʪʝʣʷʭ. ʆʧʨʝʜʝʣʝʥ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʜʣʷ ʜʠʟʝʣʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʯʠʩʪʦʤ 

ʨʘʩʪʠʪʝʣʴʥʦʤ ʤʘʩʣʝ ʦʙʨʘʟʫʶʱʠʝʩʷ ʥʘ ʜʝʪʘʣʷʭ ʜʚʠʛʘʪʝʣʷ ʠ ʨʘʩʧʳʣʠʪʝʣʷʭ ʬʦʨʩʫʥʦʢ 

ʦʪʣʦʞʝʥʠʷ ʫʭʫʜʰʘʶʪ ʧʨʦʮʝʩʩʳ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʛʦʨʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʥʘ ʨʝʞʠʤʘʭ ʩ 

ʯʘʩʪʠʯʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʋʩʪʘʥʦʚʣʝʥʦ ʟʘʛʨʷʟʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʢʘʨʪʝʨʥʦʛʦ ʤʘʩʣʘ 

ʨʘʩʪʠʪʝʣʴʥʳʤ ʤʘʩʣʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʭʫʜʰʘʶʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʘʩʣʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʩʦʢʘʷ ʚʷʟʢʦʩʪʴ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʜʘʚʣʝʥʠʷ ʚ ʧʦʜʢʘʯʠʚʘʶʱʝʡ ʪʦʧʣʠʚʥʦʡ ʤʘʛʠʩʪʨʘʣʠ, ʧʨʠ ʵʪʦʤ ʤʦʱʥʦʩʪʴ ʜʠʟʝʣʷ 

ʧʦʚʳʰʘʣʘʩʴ ʧʨʠʤʝʨʥʦ ʥʘ 6 %, ʫʜʝʣʴʥʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʫʚʝʣʠʯʠʚʘʣʩʷ ʥʘ 20 %, 

ʘ ʪʝʨʤʠʯʝʩʢʠʡ ʂʇɼ ʦʢʘʟʘʣʩʷ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʥʝʬʪʷʥʦʤ ʪʦʧʣʠʚʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʟʥʦʩ ʛʠʣʴʟ ʮʠʣʠʥʜʨʦʚ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʤ ʤʘʩʣʝ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʨʘʙʦʪʝ ʥʘ 

ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ, ʦʪʤʝʯʝʥʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ, ʨʦʩʪ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʉʆ ʠ ʣʝʛʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʉʅʭ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʠʟʤʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʦʢʩʠʜʦʚ ʘʟʦʪʘ NOx. ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʧʦʜʦʙʨʘʪʴ ʧʨʠʩʘʜʢʠ ʢ 

ʤʠʥʝʨʘʣʴʥʳʤ ʤʦʪʦʨʥʳʤ ʤʘʩʣʘʤ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʥʠʭ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʜʚʠʛʘʪʝʣʴ, ʨʘʩʪʠʪʝʣʴʥʦʝ ʤʘʩʣʦ, ʘʚʪʦʪʨʘʢʪʦʨʥʘʷ 

ʪʝʭʥʠʢʘ, ʚʷʟʢʦʩʪʴ, ʠʟʥʦʩ ʛʠʣʴʟ ʮʠʣʠʥʜʨʦʚ. 

 

ON THE PROSPECTS TO THE USE OF VEGETABLE  OILS AS FUEL FOR DIESEL 

ENGINES 

 

Vu Duc Vuong,  

Postgraduate student, Thai Nguyen University, Republic of Vietnam 

 

Abstract. The purpose of this work - the analysis of the problems associated with the use of 

vegetable raw materials as a fuel for engines. It is shown that translation autotractor engineering at 

the blending diesel fuel obtained by blending petroleum diesel fuel and vegetable oil allow not only 

to increase the resources of petroleum fuels, but also to improve the competitiveness of agricultural 

production. Analysis of studies of foreign companies John Deere, Allis Chalmers, International 
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Harvester Company on the use of pure vegetable oils and their blends with petroleum fuel in diesel 

engines, are conducted in the article. A number of significant issues that limit the widespread 

adoption of vegetable oils as fuel for diesel engines is determined. It is shown that formation of 

deposits on engine parts and atomizer nozzles is impair processes of mixture formation and 

combustion improve the injection nozzles and combustion processes of mixing when working on pure 

vegetable oil, particularly at part load conditions. It is found that the mineral crankcase oil is 

contaminated by vegetable oil, thereby whereby the operational properties of mineral oils are 

deteriorate. It is shown that the high viscosity of vegetable oils leads to an increase in pressure in 

booster fuel line, wherein the diesel power was increased by approximately 6%, the specific fuel 

consumption is increased by 20% and the thermal efficiency was lower than when running on fuel 

oil. It is found that wear of the cylinder liners in the vegetable oil was less than when operating on 

diesel fuel, increase in exhaust gas temperature was marked, increase in content of carbon monoxide 

CO and light hydrocarbons CHx practically constant concentration of nitrogen oxides NOx. To 

choose additives to mineral engine oils, to improve their stability when hit by vegetable oils is 

recommended. 

Keywords: diesel fuel, motor oil, automotive vehicles, viscosity, wear of cylinder liners. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʩʚʷʟʠ ʩ ʫʞʝʩʪʦʯʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʵʢʦʣʦʛʦʚ ʢ ʩʥʠʞʝʥʠʶ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʚʩʝʚʦʟʨʘʩʪʘʶʱʝʡ ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʤʦʪʦʨʥʦʤ ʪʦʧʣʠʚʝ ʝʛʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʝ ʚʩʝʛʜʘ ʙʫʜʫʪ ʚ ʩʦʩʪʦʷʥʠʠ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʚʦʟʨʦʩʰʠʝ ʧʦʪʨʝʙʥʦʩʪʠ 

ʯʝʣʦʚʝʯʝʩʪʚʘ ʧʦ ʧʨʠʯʠʥʝ ʫʚʝʣʠʯʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-

ʟʘ ʩʣʦʞʠʚʰʝʛʦʩʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ ʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʮʝʥ ʥʘ ʵʥʝʨʛʦʨʝʩʫʨʩʳ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʠʪʠʢʠ ʩʪʨʘʥ, ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʳ 

ʥʝʬʪʷʥʦʤʫ ʪʦʧʣʠʚʫ. ʇʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʘʤ ï ʪʦʧʣʠʚʘʤ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [1-15], ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʘʣʘʥʩ ʧʦ ʩʦʭʨʘʥʝʥʠʶ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʘ ʪʘʢʞʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʵʢʦʥʦʤʠʯʝʩʢʠʤ, ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʜʠʟʝʣʷʤ. 

ɽʱʝ ʚ 1853 ʛʦʜʫ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʪʠʪʝʣʴʥʦʝ ʤʘʩʣʦ ʚʧʦʣʥʝ ʤʦʞʥʦ ʫʧʦʪʨʝʙʣʷʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʜʣʷ ʪʝʧʣʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. ɺ ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ XIX ʚʝʢʘ ʈʫʜʦʣʴʬ ɼʠʟʝʣʴ 

ʧʦʩʪʨʦʠʣ ʧʝʨʚʳʡ ʜʚʠʛʘʪʝʣʴ ʥʘ ʫʛʦʣʴʥʦʡ ʧʳʣʠ (ʚ ɻʝʨʤʘʥʠʠ ʫʛʦʣʴ ʙʳʣ ʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ, ʯʝʤ ʥʝʬʪʴ). ʇʨʠ ʟʘʧʫʩʢʝ ʤʦʜʝʣʴ ʚʟʦʨʚʘʣʘʩʴ, ʯʫʪʴ ʥʝ ʫʙʠʚ ʩʘʤʦʛʦ 

ʠʟʦʙʨʝʪʘʪʝʣʷ. ʉʣʝʜʫʶʱʠʡ ʩʚʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ ʚ 1894 ʛʦʜʫ ʈ. ɼʠʟʝʣʴ ʟʘʧʨʘʚʠʣ 

ʫʞʝ ʙʦʣʝʝ ʜʝʰʝʚʳʤ ʠ ʤʝʥʝʝ ʦʧʘʩʥʳʤ ʘʨʘʭʠʩʦʚʳʤ ʤʘʩʣʦʤ. ʉ ʪʝʭ ʧʦʨ ʠʜʝʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʜʣʷ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʨʦʜʦʣʞʘʝʪ 

ʧʨʠʚʣʝʢʘʪʴ ʚʥʠʤʘʥʠʝ ʫʯʝʥʳʭ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʇʝʨʝʚʦʜ ʘʚʪʦʪʨʘʢʪʦʨʥʦʡ ʪʝʭʥʠʢʠ ʥʘ ʜʠʟʝʣʴʥʦʝ 

ʩʤʝʩʝʚʦʝ ʪʦʧʣʠʚʦ, ʧʦʣʫʯʘʝʤʦʝ ʧʫʪʸʤ ʩʤʝʰʠʚʘʥʠʷ ʥʝʬʪʷʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ, ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʀʟʚʝʩʪʥʦ [16-18], ʯʪʦ ʢʘʯʝʩʪʚʦ ʥʝʬʪʷʥʳʭ ʪʦʧʣʠʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʝʡ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʭʨʘʥʝʥʠʷ. ʊʨʝʙʫʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʧʦʜʙʦʨʦʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʨʪʦʚ ʨʘʩʪʝʥʠʡ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʜʦʙʨʝʥʠʡ, ʘʛʨʦʥʦʤʠʯʝʩʢʠʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ ʠ ʪ.ʧ., ʥʦ ʠ ʧʫʪʝʤ 

ʩʝʣʝʢʮʠʦʥʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʩʝʣ. ʇʦʵʪʦʤʫ ʚʝʜʫʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʦʠʩʢʫ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʠ ʠʭ ʩʤʝʩʝʡ ʩ 

ʥʝʬʪʷʥʳʤ ʪʦʧʣʠʚʦʤ ʚ ʜʠʟʝʣʷʭ. 
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ɺ ʨʘʙʦʪʝ [19] ʜʣʷ ʫʩʣʦʚʠʡ ʖʞʥʦʡ ɸʬʨʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʜʣʷ ʜʠʟʝʣʝʡ 

ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʠʣʠ ʚ ʩʤʝʩʠ ʩ ʥʝʬʪʷʥʳʤ ʪʦʧʣʠʚʦʤ, ʝʩʣʠ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʩʧʳʣʠʚʘʥʠʷ 

ʪʦʧʣʠʚʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʦʪʫ ʝʛʦ ʩʛʦʨʘʥʠʷ. ʇʨʠ ʨʘʙʦʪʝ ʥʘ ʤʘʩʣʝ ʦʙʨʘʟʫʶʱʠʝʩʷ ʥʘ 

ʨʘʩʧʳʣʠʪʝʣʷʭ ʬʦʨʩʫʥʦʢ ʦʪʣʦʞʝʥʠʷ ʫʭʫʜʰʘʶʪ ʧʨʦʮʝʩʩʳ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʛʦʨʘʥʠʷ, 

ʦʩʦʙʝʥʥʦ ʥʘ ʨʝʞʠʤʘʭ ʩ ʯʘʩʪʠʯʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʤʘʩʣʘ ʫʭʫʜʰʘʶʪʩʷ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʝʛʦ ʨʘʩʪʠʪʝʣʴʥʳʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʤʝʩʠ 20% ʤʘʩʣʘ ʠ 80% ʥʝʬʪʷʥʦʛʦ ʪʦʧʣʠʚʘ ʫʛʣʝʨʦʜʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʥʘ ʜʝʪʘʣʷʭ ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ ʠ ʪʦʧʣʠʚʦʧʦʜʘʶʱʝʡ ʩʠʩʪʝʤʳ ʥʝ ʚʣʠʷʶʪ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʛʘʪʝʣʷ. ɼʣʷ 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʩʧʳʣʠʚʘʥʠʷ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʥʝʦʙʭʦʜʠʤʦ ʣʠʙʦ ʧʨʠʙʣʠʟʠʪʴ ʝʛʦ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢ ʩʚʦʡʩʪʚʘʤ ʥʝʬʪʷʥʦʛʦ ʪʦʧʣʠʚʘ, ʣʠʙʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ 

ʪʦʧʣʠʚʦʧʦʜʘʯʠ, ʣʠʙʦ ʥʘʡʪʠ ʢʦʤʧʨʦʤʠʩʩʥʦʝ ʨʝʰʝʥʠʝ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʠ ʤʦʜʠʬʠʢʘʮʠʝʡ ʩʠʩʪʝʤʳ ʚʧʨʳʩʢʠʚʘʥʠʷ ʪʦʧʣʠʚʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʧʨʠʩʘʜʢʠ ʢ ʤʠʥʝʨʘʣʴʥʳʤ ʤʦʪʦʨʥʳʤ ʤʘʩʣʘʤ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʠʭ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʥʠʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ. 

ʌʠʨʤʘ John Deere (ʉʐɸ) ʧʨʦʚʝʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʨʘʭʠʩʦʚʦʛʦ ʠ 

ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʝʣ ʚ ʢʘʯʝʩʪʚʝ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ [20] ʥʘ ʦʜʥʦʮʠʣʠʥʜʨʦʚʦʤ ʦʪʩʝʢʝ ʜʠʟʝʣʷ 

ʩʦ ʩʪʝʧʝʥʴʶ ʩʞʘʪʠʷ 17,2 ʠ ʥʝʨʘʟʜʝʣʝʥʥʦʡ ʢʘʤʝʨʦʡ ʩʛʦʨʘʥʠʷ. ʉʦ ʩʪʘʥʜʘʨʪʥʳʤ ʜʠʟʝʣʴʥʳʤ 

ʪʦʧʣʠʚʦʤ ʩʨʘʚʥʠʚʘʣʠʩʴ ʢʘʢ ʯʠʩʪʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ, ʪʘʢ ʠ ʠʭ 50%-ʥʳʝ ʩʤʝʩʠ ʩ ʥʝʬʪʷʥʳʤ 

ʪʦʧʣʠʚʦʤ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʧʣʦʪʦʡ ʩʛʦʨʘʥʠʷ ʥʝʬʪʷʥʦʛʦ ʪʦʧʣʠʚʘ (42967 ʢɼʞ/ʢʛ ʧʨʠ 

ʧʣʦʪʥʦʩʪʠ 832,4 ʢʛ/ʤ3) ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ ʠ ʩʤʝʩʝʚʳʝ ʪʦʧʣʠʚʘ ʥʘ ʠʭ ʦʩʥʦʚʝ ʠʤʝʣʠ ʤʝʥʴʰʫʶ 

ʪʝʧʣʦʪʫ ʩʛʦʨʘʥʠʷ. ʎʝʪʘʥʦʚʦʝ ʯʠʩʣʦ ʥʝʬʪʷʥʦʛʦ ʪʦʧʣʠʚʘ 50,8, ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ - 33,4, 

ʘʨʘʭʠʩʦʚʦʛʦ ʤʘʩʣʘ - 36,6, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʵʪʠʭ ʪʦʧʣʠʚ ʧʨʠ 20 ʦʉ ʩʦʩʪʘʚʣʷʣʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 4,1; 65,2 ʠ 81,5 ʤʤ2/ʩ. ɺʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʜʠʟʝʣʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ 25é30 ʦʉ ʥʘ ʯʠʩʪʦʤ ʧʦʜʩʦʣʥʝʯʥʦʤ ʤʘʩʣʝ ʥʘ ʨʝʞʠʤʘʭ ʩ n=1000, 1500 ʠ 

2200 ʤʠʥ-1 ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʙʳʩʪʨʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʪʦʧʣʠʚʥʦʛʦ ʬʠʣʴʪʨʘ ʪʷʞʝʣʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. 

ʇʨʠ ʧʦʜʦʛʨʝʚʝ ʤʘʩʣʘ ʜʦ 70-90 ʦʉ ʚʳʭʦʜʦʚ ʬʠʣʴʪʨʘ ʠʟ ʩʪʨʦʷ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, ʦʜʥʘʢʦ, ʧʦʩʣʝ 

ʦʩʪʳʚʘʥʠʷ ʤʘʩʣʘ ʜʦ 30 ʦʉ ʟʘʧʫʩʢ ʜʚʠʛʘʪʝʣʷ ʩʪʘʥʦʚʠʣʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʯʠʩʪʦʛʦ ʘʨʘʭʠʩʦʚʦʛʦ ʤʘʩʣʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʪʦʧʣʠʚʥʦʛʦ ʬʠʣʴʪʨʘ ʥʝ ʦʪʤʝʯʝʥʦ. 

ʇʨʠʤʝʥʝʥʠʝ ʦʙʦʠʭ ʩʦʨʪʦʚ ʤʘʩʣʘ ʧʨʠʚʦʜʠʣʦ ʢ ʙʳʩʪʨʦʤʫ ʟʘʢʦʢʩʦʚʳʚʘʥʠʶ ʦʪʚʝʨʩʪʠʡ 

ʨʘʩʧʳʣʠʪʝʣʝʡ ʬʦʨʩʫʥʢʠ ʠ ʢ ʦʪʣʦʞʝʥʠʶ ʪʚʝʨʜʦʛʦ ʥʘʛʘʨʘ ʥʘ ʩʪʝʥʢʘʭ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʚʷʟʢʦʩʪʴ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʚ 12-14 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʚʘʪʴ ʜʘʚʣʝʥʠʝ ʚ ʧʦʜʢʘʯʠʚʘʶʱʝʡ ʪʦʧʣʠʚʥʦʡ ʤʘʛʠʩʪʨʘʣʠ. ʇʨʠ ʨʘʙʦʪʝ ʥʘ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʣʘʭ ʤʦʱʥʦʩʪʴ ʜʠʟʝʣʷ ʧʦʚʳʰʘʣʘʩʴ ʧʨʠʤʝʨʥʦ ʥʘ 6 %, ʫʜʝʣʴʥʳʡ ʵʬʬʝʢʪʠʚʥʳʡ 

ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʫʚʝʣʠʯʠʚʘʣʩʷ ʥʘ 20 %, ʘ ʪʝʨʤʠʯʝʩʢʠʡ ʂʇɼ ʦʢʘʟʘʣʩʷ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʨʘʙʦʪʝ ʥʘ 

ʥʝʬʪʷʥʦʤ ʪʦʧʣʠʚʝ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʠ ʠʭ ʩʤʝʩʝʡ ʩ ʜʠʟʝʣʴʥʳʤ 

ʪʦʧʣʠʚʦʤ ʦʪʤʝʯʝʥʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ, ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʚ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʉʆ ʠ ʣʝʛʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʉʅʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʠʟʤʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ ʦʢʩʠʜʦʚ ʘʟʦʪʘ NOx. ʉʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, 

ʯʪʦ ʙʦʣʝʝ ʥʠʟʢʠʡ ʪʝʨʤʠʯʝʩʢʠʡ ʂʇɼ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʧʣʠʚ ʥʘ ʙʘʟʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʚʳʟʚʘʥʳ ʙʦʣʴʰʠʤ ʧʝʨʠʦʜʦʤ ʟʘʜʝʨʞʢʠ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʩʛʦʨʘʥʠʷ.  

ɼʣʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʩʤʝʩʠ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʧʨʦʚʝʜʝʥʳ 

ʬʠʨʤʦʡ Allis Chalmers [21]. ʇʦʩʣʝ 604 ʯ ʥʘ ʚʝʨʭʥʝʡ ʧʝʨʝʤʳʯʢʝ ʚʩʝʭ ʧʦʨʰʥʝʡ ʦʙʨʘʟʦʚʘʣʦʩʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʛʘʨʘ, ʚʪʦʨʳʝ ʧʦʨʰʥʝʚʳʝ ʢʦʣʴʮʘ ʧʨʠʛʦʨʝʣʠ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 
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ʨʘʙʦʪʳ ʨʘʩʧʳʣʠʪʝʣʝʡ ʬʦʨʩʫʥʦʢ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 35 ʜʦ 123 ʯ, ʜʘʚʣʝʥʠʝ ʪʦʧʣʠʚʘ ʚ ʬʦʨʩʫʥʢʝ - ʥʘ 

10-15 %. ʅʘ ʥʦʩʢʝ ʬʦʨʩʫʥʢʠ ʠ ʚʥʫʪʨʠ ʨʘʩʧʳʣʠʚʘʶʱʠʭ ʦʪʚʝʨʩʪʠʡ ʦʙʥʘʨʫʞʝʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʘʛʘʨʘ. ʊʦʧʣʠʚʥʳʝ ʬʠʣʴʪʨʳ ʧʨʠʭʦʜʠʣʦʩʴ ʤʝʥʷʪʴ ʯʝʨʝʟ 20-40 ʯʘʩʦʚ ʨʘʙʦʪʳ 

ʜʚʠʛʘʪʝʣʷ. ʏʨʝʟʤʝʨʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʛʘʨʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚʦ ʚʧʫʩʢʥʳʭ ʦʢʥʘʭ ʧʦʩʣʝ 250 ʯ 

ʠʩʧʳʪʘʥʠʡ. ɸʥʘʣʠʟ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʩʣʝ 100 ʯʘʩʦʚ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʤʘʩʣʦ 

ʩʦʜʝʨʞʘʣʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʝʛʦ ʚʷʟʢʦʩʪʴ ʚʦʟʨʦʩʣʘ ʜʦ 21 ʤʤ2/ʩ 

ʧʨʠ 100 ʦʉ. ɻʠʣʴʟʳ ʮʠʣʠʥʜʨʦʚ ʠ ʧʦʜʰʠʧʥʠʢʠ ʰʘʪʫʥʘ ʙʳʣʠ ʚ ʭʦʨʦʰʝʤ ʩʦʩʪʦʷʥʠʠ. ʀʟʥʦʩ ʛʠʣʴʟ 

ʙʳʣ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚ ʜʣʷ ʜʠʟʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʷʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʤʘʩʣʝ ʧʦ 

ʡʦʜʥʦʤʫ ʯʠʩʣʫ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʢʦʢʩʫʝʤʦʩʪʠ ʨʘʩʧʳʣʠʪʝʣʝʡ ʬʦʨʩʫʥʦʢ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʤʘʩʣʘ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʜʣʷ ʜʠʟʝʣʝʡ ʩ 

ʪʫʨʙʦʥʘʜʜʫʚʦʤ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʚʧʨʳʩʢʠʚʘʥʠʝʤ ʠʟʫʯʘʣʘʩʴ ʬʠʨʤʦʡ International Harvester 

Company [22]. ʀʩʩʣʝʜʦʚʘʥ ʰʝʩʪʠʮʠʣʠʥʜʨʦʚʳʡ ʜʠʟʝʣʴ ʩ ʪʫʨʙʦʥʘʜʜʫʚʦʤ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 

ʚʧʨʳʩʢʠʚʘʥʠʝʤ ʪʦʧʣʠʚʘ ʠ ʨʘʙʦʯʠʤ ʦʙʲʝʤʦʤ 7,6 ʣ. ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʩʦʩʪʘʚʣʷʣʘ 134 ʢɺʪ 

ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 2500 ʤʠʥ-1. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʜʚʠʛʘʪʝʣʷ ʥʘ ʩʤʝʩʷʭ ʧʦʜʩʦʣʥʝʯʥʦʛʦ 

ʤʘʩʣʘ ʠ ʥʝʬʪʷʥʦʛʦ ʪʦʧʣʠʚʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʤʝʩʝʡ, ʠʤʝʶʱʠʭ ʧʦʚʳʰʝʥʥʫʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʟʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ ʚʷʟʢʦʩʪʴ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʜʘʚʣʝʥʠʷ ʚʧʨʳʩʢʠʚʘʥʠʷ, 

ʢ ʙʦʣʝʝ ʨʘʥʥʝʤʫ ʦʪʢʨʳʪʠʶ ʠ ʙʦʣʝʝ ʧʦʟʜʥʝʤʫ ʟʘʢʨʳʪʠʶ ʨʘʩʧʳʣʠʪʝʣʷ ʠʛʣʦʡ ʬʦʨʩʫʥʢʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʛʦʨʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʆʪʣʦʞʝʥʠʷ ʥʘʛʘʨʘ ʥʘ ʬʦʨʩʫʥʢʘʭ, 

ʧʦʨʰʥʷʭ ʠ ʛʠʣʴʟʘʭ ʮʠʣʠʥʜʨʦʚ ʦʪʤʝʯʘʣʠʩʴ ʜʘʞʝ ʥʘ ʨʝʞʠʤʘʭ ʩ ʚʳʩʦʢʠʤʠ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʠ 

ʥʘʛʨʫʟʢʦʡ. ʅʘ ʥʝʬʦʨʩʠʨʦʚʘʥʥʳʭ ʨʝʞʠʤʘʭ ʢʦʣʠʯʝʩʪʚʦ ʦʪʣʦʞʝʥʠʡ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʧʘʜʘʥʠʷ ʥʝʩʛʦʨʝʚʰʝʛʦ ʪʦʧʣʠʚʘ ʥʘ ʛʦʨʷʯʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. ʇʫʩʢʦʚʳʝ 

ʢʘʯʝʩʪʚʘ ʜʠʟʝʣʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʩʤʝʩʝʚʦʤ ʪʦʧʣʠʚʝ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ 1:1, 

ʦʢʘʟʘʣʠʩʴ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʠʩʧʳʪʘʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 200 ʯ ʥʝ 

ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʘʪʝʣʷ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʩʤʝʩʝʚʦʤ ʪʦʧʣʠʚʝ, ʧʦʵʪʦʤʫ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʨʘʧʩʦʚʦʝ ʤʘʩʣʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʇʨʦʚʝʜʝʥʥʳʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ 

ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʝʝ. ʆʩʥʦʚʥʦʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ ʷʚʣʷʶʪʩʷ 

ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʛʣʘʚʥʳʝ (ʦʙʳʯʥʦ ʜʚʝ-ʪʨʠ), ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10 ʜʦ 85% ʦʪ ʦʙʱʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʪ ʚ ʤʘʩʣʝ, ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʤʘʩʣʝ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ ʜʝʩʷʪʳʭ 

ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ ʜʦ 10 %. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʤʘʩʣʘ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʨʘʩʪʝʥʠʷ ʥʝʧʦʩʪʦʷʥʝʥ ʚʩʣʝʜʩʪʚʠʝ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʘʚʘ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʤʝʩʪʘ ʧʨʦʠʟʨʘʩʪʘʥʠʷ. ɺ ʩʦʩʪʘʚʝ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ, ʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʤʘʩʝʣ 

ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʥʘʭʦʜʷʪʩʷ ʦʣʝʠʥʦʚʘʷ, ʣʠʥʦʣʝʚʘʷ ʠʣʠ ʣʠʥʦʣʝʥʦʚʘʷ ʢʠʩʣʦʪʳ (ʚʩʝ ʩʦʜʝʨʞʘʪ ʧʦ 

C18). ɺ ʪʘʢʠʭ ʤʘʩʣʘʭ ʥʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʪʠʧʘ ʵʨʫʢʦʚʦʡ, ʟʘʪʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʦʜʝʨʞʠʪʩʷ ʣʠʥʦʣʝʚʘʷ ʠ/ʠʣʠ ʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʳ. ɺ ʦʯʝʥʴ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ. ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʘ ʨʘʧʩʦʚʦʛʦ 

ʤʘʩʣʘ. ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʧʨʦʙʳ ʨʘʧʩʦʚʦʛʦ 

ʤʘʩʣʘ. 
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ʈʠʩʫʥʦʢ ï ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ 

 

ʊʘʙʣʠʮʘ ï ʈʝʟʫʣʴʪʘʪʳ ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ʧʨʦʙʳ ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ 

ʅʘʟʚʘʥʠʝ ʠ ʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʇʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʤʘʩʣʝ, % 

ʃʘʫʨʠʥʦʚʘʷ (ʜʦʜʝʢʘʥʦʚʘʷ) ʉ12ʅ24ʆ2 0,01 

ʄʠʨʠʩʪʠʥʦʚʘʷ (ʪʝʪʨʘʜʝʢʘʥʦʚʘʷ) ʉ14ʅ28ʆ2 0,05 

ʇʝʥʪʘʜʝʢʘʥʦʚʘʷ (ʧʝʥʪʘʜʝʮʠʣʦʚʘʷ) ʉ15ʅ30ʆ2 0,02 

ʇʘʣʴʤʠʪʠʥʦʚʘʷ (ʛʝʢʩʘʜʝʢʘʥʦʚʘʷ) ʉ16ʅ32ʆ2 4,75 

ʇʘʣʴʤʠʪʦʣʝʠʥʦʚʘʷ (ʛʝʢʩʘʜʝʮʝʥʦʚʘʷ) ʉ16ʅ30ʆ2 0,2 

ʄʘʨʛʘʨʠʥʦʚʘʷ (ʛʝʧʪʘʜʝʢʘʥʦʚʘʷ ) ʉ17ʅ34ʆ2 0,04 

ʄʘʨʛʘʨʠʥʦʣʝʠʥʦʚʘʷ (ʛʝʧʪʘʜʝʮʝʥʦʚʘʷ) ʉ17ʅ32ʆ2 0,06 

ʉʪʝʘʨʠʥʦʚʘʷ (ʦʢʪʘʜʝʢʘʥʦʚʘʷ) ʉ18ʅ36ʆ2 1,9 

ʆʣʝʠʥʦʚʘʷ (ʦʢʪʘʜʝʮʝʥʦʚʘʷ) ʉ18ʅ34ʆ2 59,53 

ʃʠʥʦʣʝʚʘʷ (ʦʢʪʘʜʝʢʘʜʠʝʥʦʚʘʷ) ʉ18ʅ32ʆ2 21,36 

ʃʠʥʦʣʝʥʦʚʘʷ (ʦʢʪʘʜʝʢʘʪʨʠʝʥʦʚʘʷ) ʉ18ʅ30ʆ2 9,27 

ɸʨʘʭʠʥʦʚʘʷ (ʵʡʢʦʟʘʥʦʚʘʷ) ʉ20ʅ40ʆ2 0,67 

ɻʦʥʜʝʣʠʥʦʚʘʷ (ʵʡʢʦʟʝʥʦʚʘʷ) ʉ20ʅ38ʆ2 1,35 

ʕʡʢʦʟʘʜʠʝʥʦʚʘʷ ʉ20ʅ36ʆ2 0,14 

ɹʝʛʝʥʦʚʘʷ (ʜʦʢʦʟʘʥʦʚʘʷ) ʉ22ʅ44ʆ2 0,06 

ʕʨʫʢʦʚʘʷ (ʜʦʢʦʟʝʥʦʚʘʷ) ʉ22ʅ42ʆ2 0,15 

ʃʠʛʥʦʮʝʨʠʥʦʚʘʷ (ʪʝʪʨʘʢʦʟʘʥʦʚʘʷ) ʉ24ʅ48ʆ2 0,13 

ʅʝʨʚʦʥʦʚʘʷ (ʪʝʪʨʘʢʦʟʝʥʦʚʘʷ) ʉ24ʅ46ʆ2 0,12 

 

ɿʘʢʣʶʯʝʥʠʝ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ ʙʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʨʘʧʩʦʚʦʤ 

ʤʘʩʣʝ ʦʣʝʠʥʦʚʦʡ (59,53%), ʣʠʥʦʣʝʚʦʡ (21,36%) ʠ ʣʠʥʦʣʝʥʦʚʦʡ (9,27%) ʢʠʩʣʦʪʳ, ʥʝʩʢʦʣʴʢʦ 

ʤʝʥʴʰʝ - ʧʘʣʴʤʠʪʠʥʦʚʦʡ (4,75%). ʈʘʧʩʦʚʦʝ ʤʘʩʣʦ ʦʪʥʦʩʠʪʩʷ ʢ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʤʘʩʣʘʤ ʠʟ-ʟʘ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʤ ʵʨʫʢʦʚʦʡ ʢʠʩʣʦʪʳ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʩʦʜʝʨʞʘʥʠʝ ʵʨʫʢʦʚʦʡ ʢʠʩʣʦʪʳ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 0,15%, ʯʪʦ ʦʪʥʦʩʠʪ ʠʩʩʣʝʜʫʝʤʳʡ ʩʦʨʪ ʤʘʩʣʘ ʢ ʧʠʱʝʚʦʤʫ ʧʨʦʜʫʢʪʫ. 
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ʆ ʇʈʆʀɿɺʆɼʉʊɺɽ ɹʀʆɼʀɿɽʃʔʅʆɻʆ ʊʆʇʃʀɺɸ 

 

ʍʦʘʥʛ ʅʛʠʘ ɼʘʪ,  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʋʥʠʚʝʨʩʠʪʝʪ ʊʘʡ ʅʛʫʝʥ,  

ʈʝʩʧʫʙʣʠʢʘ ɺʴʝʪʥʘʤ 

 

ʈʝʬʝʨʘʪ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʜʣʷ 

ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʠʤʝʶʱʠʭʩʷ ʤʝʩʪʥʳʭ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʠ ʦʪʭʦʜʦʚ 

ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʘ ʚʦ ɺʴʝʪʥʘʤʝ, ʢʦʪʦʨʳʡ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʥʦ ʠʤʝʝʪ ʧʦʢʘ ʝʱʝ ʥʝʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʪʦʧʣʠʚʘ. 

ʆʩʚʝʱʝʥʳ ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʚʳʨʘʙʦʪʢʠ ʙʠʦʪʦʧʣʠʚʘ ʠʟ ʤʝʩʪʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʡ 

ʢʫʣʴʪʫʨʳ ï ʷʪʨʦʬʳ, ʢʦʪʦʨʘʷ ʫʩʪʦʡʯʠʚʘ ʢ ʟʘʩʫʭʝ ʠ ʚʨʝʜʠʪʝʣʷʤ, ʤʦʞʝʪ ʧʨʦʠʟʨʘʩʪʘʪʴ ʥʘ 

ʦʙʝʜʥʸʥʥʳʭ ʩʫʭʠʭ ʧʦʯʚʘʭ ɺʴʝʪʥʘʤʘ, ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʤʘʩʣʘ ʠʟ ʩʝʤʷʥ ʩʦʠʟʤʝʨʠʤʳʡ ʩ 

ʦʩʥʦʚʥʳʤʠ ʙʠʦʜʠʟʝʣʴʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ - ʩʦʝʡ ʠ ʨʘʧʩʦʤ. ʄʘʩʣʦ ʷʪʨʦʬʳ ʠʤʝʝʪ ʚʳʩʦʢʦʝ 

ʢʠʩʣʦʪʥʦʝ ʯʠʩʣʦ, ʧʦʵʪʦʤʫ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʩʪʘʜʠʷ ʧʨʦʤʳʚʢʠ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ. ʇʨʦʚʝʜʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʤʝʩʠʪʝʣʷ ʜʣʷ ʧʨʦʤʳʚʢʠ 

ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʠʩʭʦʜʷ ʠʟ ʢʨʠʪʝʨʠʝʚ ʧʦʣʫʯʝʥʠʷ ʚ ʥʝʤ ʤʠʥʠʤʘʣʴʥʦ 

ʥʝʦʙʭʦʜʠʤʳʭ ʧʦ ʨʘʟʤʝʨʘʤ ʧʫʟʳʨʴʢʦʚ ʛʘʟʘ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʤʝʩʠʪʝʣʷ ʵʞʝʢʪʦʨʥʦʛʦ ʪʠʧʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ 

ʩʤʝʰʠʚʘʥʠʝ ʧʦʪʦʢʦʚ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠʟ ʷʪʨʦʬʦʚʦʛʦ ʤʘʩʣʘ ʩ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ ʧʨʠ ʝʛʦ 

ʧʨʦʤʳʚʢʝ. ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ ʦʪ ʜʠʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʇʦʣʫʯʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʠ ʥʘ ʛʦʤʦʛʝʥʠʟʘʮʠʶ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ 

ʢʘʤʝʨʳ ʩʤʝʰʠʚʘʥʠʷ, ʦʙʦʩʥʦʚʘʥʘ ʜʣʠʥʘ ʢʘʤʝʨʳ ʩʤʝʰʠʚʘʥʠʷ - ʥʝ ʙʦʣʝʝ 35 ʤʤ. ʇʦʣʫʯʝʥʦ 

ʨʘʮʠʦʥʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʩʭʦʜʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʦʙʦʩʥʦʚʘʥ ʨʝʞʠʤ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʧʨʠʦʙʨʝʪʘʝʪ ʚ ʢʘʤʝʨʝ ʩʤʝʰʠʚʘʥʠʷ ʩʚʦʡʩʪʚʘ ʞʠʜʢʦʩʪʠ, ʨʘʩʪʚʦʨʷʷʩʴ ʚ 

ʙʠʦʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ, ʘ ʩʤʝʩʴ ʩʪʘʥʦʚʠʪʩʷ ʢʚʘʟʠʦʜʥʦʨʦʜʥʦʡ. ʆʙʦʩʥʦʚʘʥʘ ʬʠʟʠʢʘ ʧʨʦʮʝʩʩʘ 

ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʥʘ ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʨʝʟʫʣʴʪʘʪʦʤ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʨʝʜʳ ʟʘ ʩʯʝʪ ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ 

ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʘ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʩʤʝʰʠʚʘʥʠʝ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʤʝʩʠʪʝʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʩʤʝʩʠʪʝʣʴ, ʢʘʚʠʪʘʮʠʷ, 

ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʵʞʝʢʮʠʷ. 

 

ABAUT THE BIODISEL P RODUCTION  

 

Hoang Nghia Dat, 

Candidate of Technical Sciences, Thai Nguyen University, Republic of Vietnam 

 

Abstract. It is known that the problem of obtaining alternative energy sources for agricultural 

production and directly from the available local raw material resources and waste is very topical in 

Vietnam, which is actively developing, but still has a low degree of development of modern 

technologies of production and use of biofuels. The problems and prospects of production of biofuel 
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from local crops ï atrophy that is resistant to drought and pests, can grow on dry soils depleted of 

Vietnam, has a high yield of oil from seeds is commensurate with the major biodiesel crops - soybeans 

and rapeseed. Atrophy oil has high acid number, therefore, of great importance is the stage of 

washing of the final product of the transesterification reaction. The substantiation of the principle of 

constructive-technological scheme of hydrodynamic mixer for flushing carbon dioxide biodiesel 

product based on the criteria of receiving there in the minimum required size of gas bubbles. Process 

functioning hydrodynamic mixer of ejector type exercising blending biodiesel flows out yatrofa oil 

with carbon dioxide by washing is theoretically considered. Dependences of characteristics of the 

process from pipe diameter are installed. The pattern of change in the power homogenization with 

decreasing length of the mixing chamber is obtained, the mixing chamber length - no more than 35 

mm is substantiated. The obtained rational ratio of the costs of carbon dioxide, justified the mode in 

which carbon dioxide gets into the mixing chamber fluid properties, dissolved in biodiesel fuel, and 

the mix becomes quasi-homogeneous. The physics of the process of cavitation effects of carbon 

dioxide on biodiesel, the result of which is to improve the physical and chemical properties of the 

medium due to the structuring of the molecules of the solution, which positively affects the mixing is 

justified. Determination of parameters and operating modes of the hydrodynamic mixer is presented. 

Key words: biodiesel, hydrodynamic mixer, cavitation, carbon dioxide, ejection. 

 

ɺʚʝʜʝʥʠʝ. ʆʜʥʘ ʠʟ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʙʣʝʤ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʯʝʣʦʚʝʯʝʩʪʚʦʤ, ʵʪʦ ʩʥʠʞʝʥʠʝ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ. ʀʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʣʦʩʴ, ʯʪʦ ʵʥʝʨʛʝʪʠʢʘ, 

ʠʩʧʦʣʴʟʫʶʱʘʷ ʠʩʢʦʧʘʝʤʦʝ ʩʳʨʴʝ, ʚʩʝ ʚʨʝʤʷ ʨʘʙʦʪʘʝʪ ʢʘʢ ʥʘʩʦʩ, ʟʘʙʠʨʘʶʱʠʡ ʠʟ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʢʠʩʣʦʨʦʜ ʚʦʟʜʫʭʘ ʠ ʤʠʥʝʨʘʣʴʥʦʝ ʩʳʨʴʝ, ʚʢʣʶʯʘʷ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʠ ʚʳʙʨʘʩʳʚʘʶʱʠʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦ ʤʘʩʩʝ ʛʘʟʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ï ʪʦʢʩʠʯʥʳʝ ʧʨʦʜʫʢʪʳ 

ʩʛʦʨʘʥʠʷ, ʧʘʨʥʠʢʦʚʳʝ ʛʘʟʳ, ʞʠʜʢʠʝ ʠ ʪʚʝʨʜʳʝ ʦʪʭʦʜʳ ʵʥʝʨʛʝʪʠʢʠ, ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʪʝʧʣʦʚʳʝ ʩʪʦʢʠ ʠ ʪ.ʜ. ʆʯʝʚʠʜʥʘ ʜʘʣʴʥʝʡʰʘʷ ʥʝʜʦʧʫʩʪʠʤʦʩʪʴ ʪʘʢʦʛʦ ʢʨʠʟʠʩʥʦʛʦ ʨʘʟʚʠʪʠʷ, 

ʧʦʜʚʦʜʷʱʘʷ ʢ ʦʧʘʩʥʦʡ ʪʦʯʢʝ ʥʝʚʦʟʚʨʘʪʘ, ʟʘ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʛʣʦʙʘʣʴʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʢʘʪʘʩʪʨʦʬʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʵʥʝʨʛʝʪʠʢʠ ʜʦʣʞʥʦ ʧʨʦʭʦʜʠʪʴ ʥʝ ʧʦ 

ʨʝʩʫʨʩʥʦ-ʟʘʪʨʘʪʥʦʤʫ ʩʮʝʥʘʨʠʶ, ʢʘʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʘ ʚ ʨʘʤʢʘʭ ʞʝʩʪʢʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʦʛʨʘʥʠʯʝʥʠʡ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʢʨʘʪʥʦ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʘ 

ʦʩʥʦʚʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʥʝ ʠʟʤʝʥʷʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ 

ʧʣʘʥʝʪʳ, ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʪʨʠ ʛʣʦʙʘʣʴʥʳʝ ʟʘʜʘʯʠ ʯʝʣʦʚʝʯʝʩʪʚʘ: ʵʥʝʨʛʝʪʠʢʘ, ʵʢʦʣʦʛʠʷ, 

ʧʨʦʜʦʚʦʣʴʩʪʚʠʝ. ʕʪʠʤ ʦʙʲʷʩʥʷʝʪʩʷ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚʦ ʚʩʝʤ ʤʠʨʝ 

ʠ ʦʧʪʠʤʠʩʪʠʯʝʩʢʠʝ ʧʨʦʛʥʦʟʳ ʝʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ [1-18]. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʢʠʡ ʨʦʩʪ 

ʧʦʪʨʝʙʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʬʦʥʝ ʚʳʩʦʢʠʭ ʪʝʤʧʦʚ ʩʥʠʞʝʥʠʷ ʝʛʦ ʟʘʧʘʩʦʚ ʪʘʢʞʝ 

ʧʦʙʫʜʠʣ ʫʯʝʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʤʥʦʛʠʭ ʩʪʨʘʥ ʢ ʧʦʠʩʢʫ ʠ ʦʩʚʦʝʥʠʶ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ï ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʙʠʦʪʦʧʣʠʚʘ ʦʪʩʫʪʩʪʚʫʶʪ ʚʳʙʨʦʩʳ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ, ʘ ʙʠʦʨʘʟʣʦʞʝʥʠʝ ʪʦʧʣʠʚʘ ʚ ʧʦʯʚʝ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ ʥʝ ʙʦʣʝʝ 2-ʭ ʤʝʩʷʮʝʚ.  

ɺ ʊʘʠʣʘʥʜʝ ʠ ʄʘʣʘʡʟʠʠ ʧʦʣʫʯʘʶʪ ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʠʟ ʤʘʩʣʘ ʢʦʢʦʩʘ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʤʠʨʝ, ʦʙʲʝʤʳ ʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʪʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤʠ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʜʦʪʘʮʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, 

ʩʦʯʝʪʘʶʪʩʷ ʩ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʠ ʧʦʠʩʢʦʤ ʧʫʪʝʡ ʝʛʦ ʫʜʝʰʝʚʣʝʥʠʷ.  
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ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʣʶʙʦʡ ʨʘʟʚʠʪʦʡ ʩʪʨʘʥʳ ʤʠʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʇʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʜʣʷ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ 

ʠʤʝʶʱʠʭʩʷ ʤʝʩʪʥʳʭ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʠ ʦʪʭʦʜʦʚ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʦ ɺʴʝʪʥʘʤʝ. 

ɺʴʝʪʥʘʤ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʥʦ ʠʤʝʝʪ ʧʦʢʘ ʝʱʝ ʥʝʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʪʦʧʣʠʚʘ. ʊʝʨʨʠʪʦʨʠʷ ɺʴʝʪʥʘʤʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʟʦʥʝ ʪʨʦʧʠʢʦʚ, 60 % ʥʘʩʝʣʝʥʠʷ ʨʘʙʦʪʘʝʪ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʦʵʪʦʤʫ 

ʙʠʦʵʥʝʨʛʝʪʠʢʘ ï ʵʪʦ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʩʝʢʪʦʨʘ 

ʵʢʦʥʦʤʠʢʠ.  

ɺ 2013 ʛʦʜʫ 40000 ʜʠʟʝʣʴʥʳʭ ʤʘʰʠʥ ʧʨʦʜʘʣʠ ʥʘ ʨʳʥʢʝ ɺʴʝʪʥʘʤʘ (21,75%), ʯʪʦ ʚʳʰʝ ʥʘ 2 

% ʦʪ ʢʦʣʠʯʝʩʪʚʘ 2009 ʛ. ɺ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʘʢʪʠʚʥʦ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʜʠʟʝʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ 

ʪʨʘʢʪʦʨʦʚ, ʥʦ ʚʦ ɺʴʝʪʥʘʤʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʙʠʦʙʝʥʟʠʥ ɽ5, ɽ10. ʇʦʧʫʣʷʨʥʳʝ 

ʙʠʦʜʠʟʝʣʴʥʳʝ ʢʫʣʴʪʫʨʳ ʚ ʤʠʨʝ ï ʨʘʧʩ, ʩʦʷ, ʧʘʣʴʤʘ, ʧʦʜʩʦʣʥʝʯʥʠʢ ʥʝ ʨʘʩʪʫʪ ʠʣʠ ʥʝ ʜʘʶʪ 

ʚʳʩʦʢʫʶ ʫʨʦʞʘʡʥʦʩʪʴ ʚ ʩʪʨʘʥʝ. ɽʩʪʴ ʜʨʫʛʘʷ ʧʨʦʠʟʨʘʩʪʘʝʤʘʷ ʚʦ ɺʴʝʪʥʘʤʝ ʙʠʦʜʠʟʝʣʴʥʘʷ 

ʢʫʣʴʪʫʨʘ ï̫ ʪʨʦʬʘ, ʫʩʪʦʡʯʠʚʘʷ ʢ ʟʘʩʫʭʝ ʠ ʚʨʝʜʠʪʝʣʷʤ, ʩʦʜʝʨʞʘʱʘʷ ʜʦ 40% ʤʘʩʣʘ ʚ ʩʝʤʝʥʘʭ. 

ʗʪʨʦʬʘ ʤʦʞʝʪ ʧʨʦʠʟʨʘʩʪʘʪʴ ʥʘ ʦʙʝʜʥʸʥʥʳʭ ʩʫʭʠʭ ʧʦʯʚʘʭ (ɺʴʝʪʥʘʤ ʠʤʝʝʪ 2 ʤʣʥ. ʛʘ ʩʫʭʦʡ ʥʝ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʟʝʤʣʠ) ʠ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʤʘʩʣʘ ʠʟ ʩʝʤʷʥ (1,8-2,4 ʪʦʥʥ ʤʘʩʣʘ /ʛʘ) 

ʩʦʠʟʤʝʨʠʤʳʡ ʩ ʦʩʥʦʚʥʳʤʠ ʙʠʦʜʠʟʝʣʴʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʩʦʝʡ ʠ ʨʘʧʩʦʤ. ɺʦ ɺʴʝʪʥʘʤʝ ʧʣʦʱʘʜʴ 

ʧʦʩʘʜʢʠ ʷʪʨʦʬʳ ʩʦʩʪʘʚʠʪ 300 000 ʛʝʢʪʘʨ ʚ 2015 ʛ. ʍʦʪʷ ʷʪʨʦʬʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʛʦʜʥʳʤ ʠ 

ʧʦʯʚʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʚʦ ɺʴʝʪʥʘʤʝ, ʥʦ ʩʝʡʯʘʩ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʵʢʩʧʦʨʪʘ, ʧʦʪʦʤʫ 

ʯʪʦ ʥʝʪ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʙʦʣʴʰʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʥʦʚʦʤʫ ʟʘʚʦʜʫ ʧʨʠʜʝʪʩʷ 

ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʚʰʝʡʩʷ ʩʪʨʫʢʪʫʨʳ ʨʳʥʢʘ ʙʠʦʪʦʧʣʠʚʘ, ʛʜʝ ʉʐɸ, 

ɹʨʘʟʠʣʠʷ, ʩʪʨʘʥʳ ɽʚʨʦʧʳ ʠ ʂʠʪʘʡ ʟʘʥʠʤʘʶʪ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ. 

ʄʘʩʣʦ ʷʪʨʦʬʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʢʠʩʣʦʪʥʦʝ ʯʠʩʣʦ, ʧʦʵʪʦʤʫ ʥʫʞʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʝ ʚ ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʱʝʣʦʯʴ ʂʆʅ ʠʣʠ NaOH. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ 

ʪʨʝʙʫʝʤʳʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠ ʩ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʟʚʝʩʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠʟ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʤʧʣʝʢʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ 

ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠʟ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʧʦʚʳʰʝʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ 

ʦʢʘʟʳʚʘʝʪ ʝʛʦ ʟʘʚʝʨʰʘʶʱʘʷ ʩʪʘʜʠʷ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʧʨʦʤʳʚʢʝ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ. ʇʨʦʚʝʜʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʤʝʩʠʪʝʣʷ ʜʣʷ ʧʨʦʤʳʚʢʠ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʠʩʭʦʜʷ ʠʟ ʢʨʠʪʝʨʠʝʚ ʧʦʣʫʯʝʥʠʷ ʚ ʥʝʤ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦ 

ʨʘʟʤʝʨʘʤ ʧʫʟʳʨʴʢʦʚ ʛʘʟʘ [19-21]. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʤʝʩʠʪʝʣʷ ʵʞʝʢʪʦʨʥʦʛʦ ʪʠʧʘ (ʨʠʩ. 1 ʠ 2), 

ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʩʤʝʰʠʚʘʥʠʝ ʧʦʪʦʢʦʚ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠʟ ʷʪʨʦʬʦʚʦʛʦ ʤʘʩʣʘ ʩ 

ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ ʧʨʠ ʝʛʦ ʧʨʦʤʳʚʢʝ. 
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ʈʠʩʫʥʦʢ 1 ï ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʩʤʝʩʠʪʝʣʴ ʵʞʝʢʪʦʨʥʦʛʦ ʪʠʧʘ  

 

 
ʈʠʩʫʥʦʢ 2 ï ʀʛʣʘ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʳʭʦʜʘ ʛʘʟʘ 

 

 

ʋʩʪʘʥʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ʠ ʤʦʱʥʦʩʪʠ ʥʘ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʠʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʆʧʨʝʜʝʣʝʥʘ ʥʘʠʤʝʥʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʨʠ 

ʜʠʘʤʝʪʨʝ ʙʦʣʝʝ 30 ʤʤ, ʛʜʝ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʭʘʨʘʢʪʝʨ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ. ʇʦʣʫʯʝʥʘ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʠ ʥʘ ʛʦʤʦʛʝʥʠʟʘʮʠʶ, ʢʦʪʦʨʘʷ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ 

ʚʦʟʨʘʩʪʘʝʪ (ʚ 1,5 ʨʘʟʘ) ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ ʢʘʤʝʨʳ ʩʤʝʰʠʚʘʥʠʷ ʩ 15 ʜʦ 10 ʤʤ, ʘ ʧʨʠ 30é35 

ʤʤ ʧʝʨʝʩʪʘʝʪ ʩʥʠʞʘʪʴʩʷ. ʇʨʝʜʣʦʞʝʥʘ ʜʣʠʥʘ ʢʘʤʝʨʳ ʩʤʝʰʠʚʘʥʠʷ ʥʝ ʙʦʣʝʝ 35 ʤʤ. 

ʇʦʣʫʯʝʥʦ ʨʘʮʠʦʥʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʩʭʦʜʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ Q/Qʢʨ< 1,19, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʩʪʘʪʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʫʟʳʨʴʢʦʚ: ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ (ʨʘʜʠʫʩ ʧʫʟʳʨʴʢʘ R = 0,608 ʤʤ).  

ʆʙʦʩʥʦʚʘʥ ʨʝʞʠʤ (ʜʘʚʣʝʥʠʝ ʥʘ ʩʨʝʟʝ ʩʦʧʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʪʠʯʝʩʢʦʤʫ), ʧʨʠ ʢʦʪʦʨʦʤ 

ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʧʨʠʦʙʨʝʪʘʝʪ ʚ ʢʘʤʝʨʝ ʩʤʝʰʠʚʘʥʠʷ ʩʚʦʡʩʪʚʘ ʞʠʜʢʦʩʪʠ, ʨʘʩʪʚʦʨʷʷʩʴ ʚ 

ʙʠʦʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ, ʘ ʩʤʝʩʴ ʩʪʘʥʦʚʠʪʩʷ ʢʚʘʟʠʦʜʥʦʨʦʜʥʦʡ. 

ɼʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʨʤʠʨʫʝʤʳʡ ʧʨʠ ʵʪʦʤ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʧʦʪʦʢ ʞʠʜʢʦʩʪʴ-ʛʘʟ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʜʦʟʚʫʢʦʚʦʡ, ʩʦʧʨʦʚʦʞʜʘʝʤʳʡ ʧʨʠ ʘʢʫʩʪʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ ʢʘʚʠʪʘʮʠʠ 

ʧʨʳʞʢʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʟʘ ʩʯʝʪ ʠʟʦʵʥʪʨʦʧʥʦʛʦ ʩʢʘʯʢʘ ʜʘʚʣʝʥʠʷ. ʆʙʦʩʥʦʚʘʥʘ ʬʠʟʠʢʘ 

ʧʨʦʮʝʩʩʘ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʥʘ ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʨʝʟʫʣʴʪʘʪʦʤ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʨʝʜʳ ʟʘ ʩʯʝʪ ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ 

ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʘ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʩʤʝʰʠʚʘʥʠʝ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʤʝʩʠʪʝʣʷ. 
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ɿʘʢʣʶʯʝʥʠʝ. ʇʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦ ʠʟʚʝʩʪʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʫʪʝʤ ʧʨʷʤʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʛʣʠʮʝʨʠʜʦʚ ʷʪʨʦʬʦʚʦʛʦ ʤʘʩʣʘ ʩ ʤʝʪʠʣʦʚʳʤ 

ʩʧʠʨʪʦʤ ʠʣʠ ʩ ʠʟʦʧʨʦʧʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʝʜʢʦʛʦ ʢʘʣʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʣʠ 

ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ (ʄʕʈʄ), ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʵʬʠʨ ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ (ʀʕʈʄ) ʠʣʠ 

ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ ʷʪʨʦʬʦʚʦʛʦ ʤʘʩʣʘ (ʄʕʗʄ) ʠ ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʵʬʠʨ ʷʪʨʦʬʦʚʦʛʦ ʤʘʩʣʘ 

(ʀʕʗʄ), ʷʚʣʷʶʱʠʡʩʷ ʙʠʦʜʠʟʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ ʨʘʟʣʠʯʥʦʛʦ ʢʘʯʝʩʪʚʘ. ʂʘʯʝʩʪʚʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʧʫʟʳʨʴʢʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʨʠ 

ʧʨʦʤʳʚʢʠ ʧʨʦʜʫʢʪʘ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ ʄʀʂʈʆʄɽɼ ʈ-1, ʘ ʛʦʪʦʚʦʛʦ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ - ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ. 
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ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 05. 

20. 01- ʊʝʭʥʦʣʦʛʠʠ ʠ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, 05. 20. 03 ïʊʝʭʥʦʣʦʛʠʠ ʠ 

ʩʨʝʜʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ʆʧʠʩʘʥʳ ʨʘʟʥʦʯʪʝʥʠʷ ɻʆʉʊ 7. 

0.11- 2011 ʉʠʩʪʝʤʘ ʩʪʘʥʜʘʨʪʦʚ ʧʦ ʠʥʬʦʨʤʘʮʠʠ, ʙʠʙʣʠʦʪʝʯʥʦʤʫ ʠ ʠʟʜʘʪʝʣʴʩʢʦʤʫ ʜʝʣʫ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʠ ʘʚʪʦʨʝʬʝʨʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ɻʆʉʊ 7.32 -2001 ʉʠʩʪʝʤʘ ʩʪʘʥʜʘʨʪʦʚ ʧʦ 

ʠʥʬʦʨʤʘʮʠʠ, ʙʠʙʣʠʦʪʝʯʥʦʤʫ ʜʝʣʫ. ʆʪʯʸʪ ʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ. ʉʪʨʫʢʪʫʨʘ ʠ 

ʧʨʘʚʠʣʘ ʦʬʦʨʤʣʝʥʠʷ ʧʦ ʚʢʣʶʯʝʥʠʶ ʚ ʪʝʢʩʪ ʜʠʩʩʝʨʪʘʮʠʠ ʦʙʲʝʢʪʘ, ʧʨʝʜʤʝʪʘ ʠ ʥʘʧʨʘʚʣʝʥʠʷ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦ ʤʝʩʪʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʦʤʝʨʘ ʩʪʨʘʥʠʮʳ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʠ ʜʨʫʛʠʝ ʥʝʜʦʩʪʘʪʢʠ ʜʠʩʩʝʨʪʘʮʠʡ 

ʘʚʪʦʨʝʬʝʨʘʪʦʚ ʥʝʩʦʙʣʶʜʝʥʠʷ ɻʆʉʊ 2.105-95 ɽʉʂɼ ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʢʩʪʦʚʳʤ 

ʜʦʢʫʤʝʥʪʘʤ. ʇʨʝʜʣʘʛʘʶʪʩʷ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʜʠʩʩʝʨʪʘʮʠʡ 

ʠ ʘʚʪʦʨʝʬʝʨʘʪʦʚ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʨʝʬʝʨʘʪ, ʜʠʩʩʝʨʪʘʮʠʷ, ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ, ʥʘʫʯʥʘʷ 

ʥʦʚʠʟʥʘ, ʥʝʜʦʩʪʘʪʢʠ, ʪʝʤʘ, ʘʢʪʫʘʣʴʥʦʩʪʴ. 
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Abstract. The purpose of science and research, which are a specific form of human activity, both 

significantly different from the activities in the field of material production and other kinds of 

intellectual activities is defined. The requirements of the thesis for the doctor and candidate degrees 

and evaluation criteria of scientific works are described in accordance with the Regulation on the 
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awarding of academic degrees in the Russian Federation approved by the Government of the Russian 

Federation on September 24, 2013,  ̄842 and entered into force on 1 January 2014 describes 

Requirements for theses, including eleven items are analyzed. The shortcomings in the thesis and 

authorôs abstracts preparation, the correct name of the theme, purpose, object, subject of research, 

the definition of scientific novelty, the practical significance and reliability of the results by specialty 

ï 05.20.01 - Technologies and means of agriculture mechanization, Technology and maintenance 

facilities in agriculture are given in this article. Differences in GOST 7.0.11-2011 the standards 

system on information, librarianship and publishing are described. The thesis and authorôs abstracts, 

GOST system standards on information, librarianship; the report on research work, the structure and 

presentation rules, the object and subject inclusion in the thesis, the location of page numbers, the 

list literature are described.The other shortcomings of theses, authorôs abstracts, GOST default, the 

general requirements to text documents are presented. 

Key words: author s abstract, thesis, qualifying work, scientific novelty, shortcomings, theme, 

thematic justification. 

 

ɺʚʝʜʝʥʠʝ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʮʝʣʴ ʥʘʫʢʠ ï ʦʧʠʩʘʥʠʝ, ʦʙʲʷʩʥʝʥʠʝ ʠ ʧʨʝʜʩʢʘʟʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʝʜʤʝʪ ʝʸ ʠʟʫʯʝʥʠʷ, ʥʘ ʦʩʥʦʚʝ 

ʦʪʢʨʳʚʘʝʤʳʭ ʟʘʢʦʥʦʚ, ʘ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ - ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʪʨʘʞʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, 

ʨʘʟʚʠʪʠʠ ʦʙʱʝʩʪʚʘ ʠ ʩʘʤʦʡ ʥʘʫʢʠ. 

ɹʫʜʫʯʠ ʥʝʦʪʜʝʣʠʤʳʤʠ ʦʪ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʦʩʚʦʝʥʠʷ ʤʠʨʘ, ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʥʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʩʴʤʘ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʬʦʨʤʫ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʥʫʶ, ʢʘʢ ʦʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʩʬʝʨʝ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʪʘʢ ʠ ʦʪ ʜʨʫʛʠʭ ʚʠʜʦʚ ʜʫʭʦʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ɽʩʣʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʮʠʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠ ʧʨʦʤʳʰʣʝʥʦʩʪʠ ʟʥʘʥʠʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠʰʴ ʚ ʢʘʯʝʩʪʚʝ ʠʜʝʘʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʪʦ ʚ ʥʘʫʢʝ ʠʭ ʧʦʣʫʯʝʥʠʝ ʦʙʨʘʟʫʝʪ ʛʣʘʚʥʫʶ 

ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʮʝʣʴ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʤ ʚʠʜʝ ʚʦʧʣʦʱʘʝʪʩʷ ʵʪʘ ʮʝʣʴ: 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ, ʩʭʝʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʬʦʨʤʫʣ ʠ ʪ.ʜ. [1]. 

ʇʨʠʦʨʠʪʝʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʝʡʰʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʥʘʜʣʝʞʠʪ ʚ 

ʦʩʥʦʚʥʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ï ʫʯʝʥʳʤ ʥʘʰʝʡ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥ. ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʩʦʢʦʨʝʥʪʘʙʝʣʴʥʳʭ 

ʤʘʰʠʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ ʫʩʧʝʰʥʦʛʦ ʩʦʟʜʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʩʪʨʘʥʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʩʝʭ 

ʦʪʨʘʩʣʝʡ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʥʘʫʯʥʳʭ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʢʘʜʨʦʚ, ʧʦʜʛʦʪʘʚʣʠʚʘʝʤʳʭ ʚ 

ʤʘʛʠʩʪʨʘʪʫʨʝ, ʘʩʧʠʨʘʥʪʫʨʝ, ʘʜʲʶʥʢʪʫʨʝ, ʜʦʢʪʦʨʘʥʪʫʨʝ ʚʫʟʦʚ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʠʥʩʪʠʪʫʪʦʚ [2]. ʈʝʟʫʣʴʪʘʪʘʤʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʶʪʩʷ ʥʘʧʠʩʘʥʠʝ ʠ 

ʟʘʱʠʪʘ ʢʘʥʜʠʜʘʪʩʢʦʡ ʠʣʠ ʜʦʢʪʦʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʧʦʣʫʯʝʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ï ʢʘʥʜʠʜʘʪ 

ʠʣʠ ʜʦʢʪʦʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʫʢ. 

ʆʙʩʫʞʜʝʥʠʝ. ʄʝʪʦʜʠʢʝ ʧʦʜʛʦʪʦʚʢʠ ʜʠʩʩʝʨʪʘʮʠʡ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʤʥʦʛʠʭ ʫʯʝʥʳʭ: 

ʈʘʡʟʙʝʨʛʘ ɹ.ɸ., ʂʫʟʥʝʮʦʚʘ ʀ.ʄ., ʂʫʟʠʥʘ ʌ.ɸ., ɺʠʥʦʛʨʘʜʦʚʘ ɺ.ʀ., ʃʘʟʦʚʩʢʦʛʦ ɺ.ɺ. ʠ ʜʨ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʧʦʩʚʷʱʝʥʳ ʥʘʧʠʩʘʥʠʶ ʜʠʩʩʝʨʪʘʮʠʡ ʧʦ ʦʙʱʝʩʪʚʝʥʥʳʤ 

ʥʘʫʢʘʤ. ʊʝʭʥʠʯʝʩʢʠʤ ʥʘʫʢʘʤ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ɺʠʥʦʛʨʘʜʦʚʘ ɺ.ʀ., ʃʘʟʦʚʩʢʦʛʦ ɺ.ɺ., ʂʨʫʪʦʚʘ 

ɺ.ʀ., ɻʨʫʰʢʦ ʀ.ʄ., ɿʘʚʨʘʞʥʦʛʦ ɸ.ʀ. ʠ ʜʨ. ɺ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʘʙʦʪʘʭ ʧʨʠʚʦʜʠʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʧʨʠʤʝʨʦʚ ʧʨʘʚʠʣʴʥʦʛʦ ʥʘʧʠʩʘʥʠʷ ʚʚʝʜʝʥʠʷ, ʦʙʦʩʥʦʚʘʥʠʷ ʘʢʪʫʘʣʴʥʦʩʪʠ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ, 
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ʦʙʲʝʢʪʘ ʠ ʧʨʝʜʤʝʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʫʯʥʦʡ ʥʦʚʠʟʥʳ ʠ ʜʨʫʛʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʝ ʧʨʠʟʥʘʢʠ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʫʙʣʠʢʦʚʘʥʦ ʠ ʜʝʡʩʪʚʫʝʪ ʇʦʣʦʞʝʥʠʝ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ 

ʩʪʝʧʝʥʝʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʫʪʚʝʨʞʜʝʥʥʳʤ ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 24 ʩʝʥʪʷʙʨʷ 2013 ʛʦʜʘ, ˉ 842 ʠ ʚʚʝʜʝʥʥʳʤ ʚ ʜʝʡʩʪʚʠʝ ʩ 1 ʷʥʚʘʨʷ 

2014 ʛ. ʚ ʢʦʪʦʨʦʤ ʦʧʨʝʜʝʣʝʥʳ ʢʨʠʪʝʨʠʠ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʢ 

ʟʘʱʠʪʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʫʥʢʪʳ 9, 10, 11, 14, 16, 23, ʠ 24 [3] .  

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʥʘʫʢ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʫʯʥʦ-

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʦʡ, ʚ ʢʦʪʦʨʦʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥʥʳʭ ʘʚʪʦʨʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʢʚʘʣʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ 

ʥʘʫʯʥʦʝ ʜʦʩʪʠʞʝʥʠʝ, ʣʠʙʦ ʨʝʰʝʥʘ ʥʘʫʯʥʘʷ ʧʨʦʙʣʝʤʘ, ʠʤʝʶʱʘʷ ʚʘʞʥʦʝ ʧʦʣʠʪʠʯʝʩʢʦʝ, 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ, ʢʫʣʴʪʫʨʥʦʝ ʠʣʠ ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʣʠʙʦ ʠʟʣʦʞʝʥʳ ʥʦʚʳʝ 

ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʣʠ ʠʥʳʝ ʨʝʰʝʥʠʷ, ʚʥʝʜʨʝʥʠʝ ʢʦʪʦʨʳʭ 

ʚʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʩʪʨʘʥʳ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʫʯʥʦ-

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʦʡ, ʚ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʠʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ, ʠʤʝʶʱʝʡ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʪʨʘʩʣʠ ʟʥʘʥʠʡ, ʣʠʙʦ ʠʟʣʦʞʝʥʳ ʥʦʚʳʝ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʣʠ ʠʥʳʝ ʨʝʰʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ, ʠʤʝʶʱʠʝ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳ, ʧ.9. 

ɼʠʩʩʝʨʪʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʧʠʩʘʥʘ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʦʙʣʘʜʘʪʴ ʚʥʫʪʨʝʥʥʠʤ 

ʝʜʠʥʩʪʚʦʤ, ʩʦʜʝʨʞʘʪʴ ʥʦʚʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʦʣʦʞʝʥʠʷ, ʚʳʜʚʠʛʘʝʤʳʝ ʜʣʷ ʧʫʙʣʠʯʥʦʡ 

ʟʘʱʠʪʳ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʣʠʯʥʦʤ ʚʢʣʘʜʝ ʘʚʪʦʨʘ ʜʠʩʩʝʨʪʘʮʠʠ ʚ ʥʘʫʢʫ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ, ʠʤʝʶʱʝʡ ʧʨʠʢʣʘʜʥʦʡ ʭʘʨʘʢʪʝʨ, ʜʦʣʞʥʳ ʧʨʠʚʦʜʠʪʴʩʷ ʩʚʝʜʝʥʠʷ ʦ 

ʧʨʘʢʪʠʯʝʩʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʘʚʪʦʨʦʤ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʠʤʝʶʱʝʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, - ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʘʫʯʥʳʭ 

ʚʳʚʦʜʦʚ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʘʚʪʦʨʦʤ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʰʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʳ ʠ ʦʮʝʥʝʥʳ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʠʟʚʝʩʪʥʳʤʠ ʨʝʰʝʥʠʷʤʠ. 

ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ. ʂʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʠʟʣʘʛʘʶʪʩʷ ʦʩʥʦʚʥʳʝ 

ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ, ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ ʜʦʣʞʥʦ ʙʳʪʴ: ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʦʚʝʜʝʥʠʷ ʠ ʢʫʣʴʪʫʨʦʣʦʛʠʠ, 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʛʫʤʘʥʠʪʘʨʥʳʭ ʥʘʫʢ - ʥʝ ʤʝʥʝʝ15 ʠ 3, , ʚ ʦʩʪʘʣʴʥʳʭ 

ʦʙʣʘʩʪʷʭ ï ʥʝ ʤʝʥʝʝ 10 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧ.13 [3]. 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʠʩʢʘʪʝʣʴ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʦʙʷʟʘʥ ʩʩʳʣʘʪʴʩʷ ʥʘ ʘʚʪʦʨʘ ʠ (ʠʣʠ) ʠʩʪʦʯʥʠʢ 

ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʊʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʨʦʚʝʨʷʶʪʩʷ ʦʨʛʘʥʠʟʘʮʠʝʡ, ʛʜʝ ʚʳʧʦʣʥʷʣʘʩʴ 

ʨʘʙʦʪʘ, ʦʧʧʦʥʝʥʪʘʤʠ ʠ ʚʝʜʫʱʝʡ ʦʨʛʘʥʠʟʘʮʠʝʡ, ʧ.11, 23 ʠ 24 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʘʙʣʠʮʘ. 

ʊʘʙʣʠʮʘ 1 ï ʊʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʨʦʚʝʨʷʝʤʳʝ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠ 

ʦʧʧʦʥʝʥʪʘʤʠ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʨʝʙʦʚʘʥʠʷ  ʆʨʛʘʥʠʟʘʮʠʷ ʂʦʤʠʩʩʠʷ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʩʦʚʝʪʘ 

ʆʧʧʦʥʝʥʪ 

ʛʜʝ ʚʳʧʦʣʥʷʣʘʩʴ 

ʜʠʩʩʝʨʪʘʮʠʷ 

ʚʝʜʫʱʘʷ 

1. ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ    + 
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2. ʉʦʦʪʚʝʪʩʪʚʠʝ ʪʝʤʳ ʠ 

ʩʦʜʝʨʞʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

 

+ 

  

+ 

 

+ 

3 ʃʠʯʥʦʝ ʫʯʘʩʪʠʝ 

ʩʦʠʩʢʘʪʝʣʷ ʚ ʧʦʣʫʯʝʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ 

 

+ 

   

4 ʉʩʳʣʢʘ ʩʦʠʩʢʘʪʝʣʷ ʥʘ 

ʘʚʪʦʨʘ ʠʣʠ ʠʩʪʦʯʥʠʢ 

ʟʘʠʤʩʪʚʦʚʘʥʠʷ 

 

+ 

  

+ 

 

5 ʇʦʣʥʦʪʘ ʠʟʣʦʞʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ 

 

+ 

  

+ 

 

6 ʂʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, 

ʚ ʢʦʪʦʨʳʭ ʠʟʜʘʶʪʩʷ 

ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ 

 

+ 

  

+ 

 

7 ʎʝʥʥʦʩʪʴ ʥʘʫʯʥʳʭ ʨʘʙʦʪ + +   

8 ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ 

ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

 

+ 

   

+ 

9 ɿʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʘʚʪʦʨʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʪʨʘʩʣʠ 

ʥʘʫʢʠ 

  

+ 

  

10 ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ 

ʥʘʫʯʥʳʭ ʧʦʣʦʞʝʥʠʡ, 

ʚʳʚʦʜʦʚ, ʨʝʢʦʤʝʥʜʘʮʠʡ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ 

  

+ 

  

+ 

11 ɼʦʩʪʦʚʝʨʥʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

+ 

   

+ 

 

ɺ ʪʝʢʩʪʘʭ ʜʠʩʩʝʨʪʘʮʠʡ ʠ ʘʚʪʦʨʝʬʝʨʘʪʦʚ ʚʩʪʨʝʯʘʝʪʩʷ ʤʥʦʛʦ ʥʝʥʘʫʯʥʳʭ ʚʳʨʘʞʝʥʠʡ, 

ʥʝʠʩʧʨʘʚʣʝʥʥʳʭ ʦʰʠʙʦʢ ʠ ʦʧʝʯʘʪʦʢ, ʪʦ ʝʩʪʴ ʨʝʟʢʦ ʩʥʠʟʠʣʘʩʴ ʛʨʘʤʦʪʥʦʩʪʴ ʩʦʠʩʢʘʪʝʣʝʡ ʫʯʝʥʳʭ 

ʩʪʝʧʝʥʝʡ. 

ʅʝʨʝʜʢʦ ʚ ʜʠʩʩʝʨʪʘʮʠʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʥʘʫʢ, ʥʝ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʧʨʦʙʣʝʤʘ, ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ - ʟʘʜʘʯʘ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʫʥʢʪ 9. 

ʀʟ ʪʘʙʣʠʮʳ 1. ʚʠʜʥʦ, ʯʪʦ ʟʘ ʢʘʯʝʩʪʚʦʤ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʜʠʩʩʝʨʪʘʮʠʡ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʭʦʨʦʰʠʡ ʢʦʥʪʨʦʣʴ. ʆʜʥʘʢʦ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ, ʩ ʥʘʯʘʣʘ 90-

ʭ ʛʦʜʦʚ, ʢʘʯʝʩʪʚʦ ʧʦʜʛʦʪʦʚʢʠ ʜʠʩʩʝʨʪʘʮʠʡ ʠ ʘʚʪʦʨʝʬʝʨʘʪʦʚ ʨʝʟʢʦ ʩʥʠʟʠʣʦʩʴ. ɺ ʘʚʪʦʨʝʬʝʨʘʪʘʭ 

ʠ ʜʠʩʩʝʨʪʘʮʠʷʭ ʠʤʝʶʪʩʷ ʥʝʜʦʩʪʘʪʢʠ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ ʮʝʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʢʘʟʘʪʝʣʠ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ ʠʭ ʘʚʪʦʨʦʚ. ʆʩʥʦʚʥʳʝ ʠʟ ʥʠʭ: 

ʥʝʚʝʨʥʦʝ ʥʘʟʚʘʥʠʝ ʪʝʤʳ, ʮʝʣʠ, ʦʙʲʝʢʪʘ, ʧʨʝʜʤʝʪʘ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʥʘʫʯʥʦʡ ʥʦʚʠʟʥʳ, ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʪʩʫʪʩʪʚʫʶʪ ʠʣʠ ʥʝʚʝʨʥʦ ʦʬʦʨʤʣʝʥʳ ʜʦʢʫʤʝʥʪʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʚʥʝʜʨʝʥʠʝ 

ʠ ʜʨ.  

ʅʘʧʨʠʤʝʨ, ʪʝʤʳ çʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʩʝʚʘ ʩʝʤʷʥ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ 

ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʚʘʨʠʘʪʦʨʘ ʧʨʠʚʦʜʘ ʚʳʩʝʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚè ʠ çʇʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʨʘʙʦʪʢʠ ʜʠʟʝʣʝʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʦʙʢʘʪʢʠ ʩ 
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ʜʠʥʘʤʠʯʝʩʢʠʤ ʥʘʛʨʫʞʝʥʠʝʤè ʦʧʨʝʜʝʣʝʥʳ ʥʝʚʝʨʥʦ, ʪʘʢ ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ï ʵʪʦ ʢʘʪʝʛʦʨʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʮʝʣʴ ʚʳʧʦʣʥʷʝʤʦʡ ʨʘʙʦʪʳ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘʟʚʘʥʠʝ ʧʝʨʚʦʡ ʪʝʤʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ: çʈʘʟʨʘʙʦʪʢʘ ʠ ʦʙʦʩʥʦʚʘʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʦʜʘ ʚʳʩʝʚʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʩʝʷʣʢʠ ʜʣʷ ʧʦʩʝʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨè; ʚʪʦʨʦʡ ï çʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʨʝʜʩʪʚ ʦʙʢʘʪʢʠ ʜʠʟʝʣʴʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡè. 

ʅʘʟʚʘʥʠʝ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʣʞʥʦ ʦʪʚʝʯʘʪʴ ʥʘ ʚʦʧʨʦʩ: ʯʪʦ ʩʜʝʣʘʥʦ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, 

ʨʝʰʝʥʠʶ ʢʘʢʦʡ ʟʘʜʘʯʠ ʦʥʘ ʧʦʩʚʷʱʝʥʘ. ɺ ʥʘʟʚʘʥʠʠ ʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʩʣʦʚʘ: ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʠʢʠ, ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʤʘʰʠʥʳ, ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʨʝʜʩʪʚʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ; 

ʦʙʦʩʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʮʝʩʩʘ ʤʘʰʠʥʳ; ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʠʢʠ, 

ʪʝʭʥʦʣʦʛʠʠ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ, ʪʝʭʥʦʣʦʛʠʠ [4]. ʊʝʤʫ ʜʠʩʩʝʨʪʘʮʠʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ 

ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ: 05.20.01 ï ʊʝʭʥʦʣʦʛʠʠ ʠ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ; 

05.20.02 ï ʕʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʠ ʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ; 05.20.03 ï 

ʊʝʭʥʦʣʦʛʠʠ ʠ ʩʨʝʜʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠ ʜʨʫʛʠʭ.  

ʆ ʥʝʜʦʩʪʘʪʢʘʭ ʚ ʮʝʣʦʤ ʧʦ ʜʠʩʩʝʨʪʘʮʠʷʤ ʦʪʤʝʯʝʥʦ ʚ [6, 7] ʠ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʘʭ. 

ʎʝʣʴ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ: ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʫʨʦʞʘʡʥʦʩʪʠ, ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ, ʥʘʜʝʞʥʦʩʪʠ, ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʜʨ., ʥʦ 

ʥʠ ʚ ʢʦʝʤ ʩʣʫʯʘʝ ʥʝ ʨʘʟʨʘʙʦʪʢʘ, ʥʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ, ʥʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʢʘʢ ʯʘʩʪʦ ʧʠʰʫʪ. 

ʏʘʩʪʦ ʮʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʶʪ ï ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʮʝʩʩʘ ʠ ʪ. ʜ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʮʝʣʴ ʦʧʨʝʜʝʣʝʥʘ ʥʝʢʦʨʨʝʢʪʥʦ, ʪʘʢ ʢʘʢ ʮʝʣʴ 

ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʜʦʣʞʥʘ ʙʳʪʴ ʢʦʥʢʨʝʪʥʦʡ. ɸ ʧʦʢʘʟʘʪʝʣʷʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʦʮʝʩʩʘ, ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʤʥʦʞʝʩʪʚʦ ï ʦʪ ʧʷʪʠ ʜʦ ʜʚʝʥʘʜʮʘʪʠ ʠ ʙʦʣʝʝ. ʅʘʧʨʠʤʝʨ, ʧʦ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 05.20.01 ʧʦʢʘʟʘʪʝʣʷʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʶʪʩʷ: ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ, 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʩʥʠʞʝʥʠʝ ʩʨʦʢʦʚ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ, ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʮʠʠ, ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʜʨ.; ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

05.20.02 ï ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʟʘʪʨʘʪ ʪʨʫʜʘ, ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʝʜʠʥʠʮʳ ʧʨʦʜʫʢʮʠʠ, 

ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʠ ʜʨ.; ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

05.20.03 ï ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʩʨʦʢʘ 

ʩʣʫʞʙʳ, ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʪʨʫʜʘ, ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʨʝʤʦʥʪʘ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʜʨ.  

ɿʘ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʥʠʤʘʶʪ ʬʠʟʠʯʝʩʢʠʡ, ʥʘʧʨʠʤʝʨ, ʘʛʨʝʛʘʪ, 

ʫʩʪʨʦʡʩʪʚʦ, ʤʘʰʠʥʘ ʠ ʜʨ. ʅʦ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʙʲʝʢʪ ʜʦʣʞʝʥ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʩ 

ʜʫʛʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʫʙʦʨʢʠ, ʧʦʩʝʚʘ, ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, 

ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ, ʩʚʘʨʢʠ ʧʘʡʢʠ ʠ ʜʨ. ʅʘʧʨʠʤʝʨ, ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʮʝʩʩ ʚʳʩʝʚʘ 

ʩʝʤʷʥ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤ ʚʳʩʝʚʘʶʱʠʤ ʘʧʧʘʨʘʪʦʤ, ʠʣʠ ʧʨʦʮʝʩʩ ʚʳʩʝʚʘ ʩʝʤʷʥ ʟʝʨʥʦʚʳʭ 

ʢʫʣʴʪʫʨ ʠ ʩʨʝʜʩʪʚʘ, ʝʛʦ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ. 

ʇʨʝʜʤʝʪ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʞʝ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʶʪ ʥʝʪʦʯʥʦ. ʇʨʝʜʤʝʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ, 

ʧʘʨʘʤʝʪʨʳ ʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʠ ʪ. ʜ. 

ɹʦʣʴʰʠʝ ʩʣʦʞʥʦʩʪʠ ʠʩʧʳʪʳʚʘʝʪ ʩʦʠʩʢʘʪʝʣʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʫʯʥʦʡ ʥʦʚʠʟʥʳ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ. ʅʦʚʳʤʠ ʤʦʛʫʪ ʙʳʪʴ ʪʦʣʴʢʦ ʪʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʥʘʫʢʠ ʚ ʮʝʣʦʤ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʝʝ 

ʥʘʧʨʘʚʣʝʥʠʡ. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʦʜʝʢʣʘʨʠʨʦʚʘʥʘ, ʥʦ ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʘ [8]. ʇʨʠʟʥʘʢʠ ʥʘʫʯʥʦʡ ʥʦʚʠʟʥʳ [4]: ʘ) ʧʦʩʪʘʥʦʚʢʘ ʥʦʚʦʡ ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʳ; ʙ) 
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ʚʚʝʜʝʥʠʝ ʥʦʚʳʭ ʥʘʫʯʥʳʭ ʢʘʪʝʛʦʨʠʡ ʠ ʧʦʥʷʪʠʡ, ʨʘʟʚʠʚʘʶʱʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ 

ʟʥʘʥʠʡ; ʚ) ʨʘʩʢʨʳʪʠʝ ʥʦʚʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ; ʛ) ʦʙʦʩʥʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʫʟʣʘ, ʤʘʰʠʥʳ, ʧʨʠʙʦʨʘ, ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʧʦʩʦʙʘ ʠ ʩʨʝʜʩʪʚ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʝʭʥʠʢʠ; ʜ) 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʧʦʩʦʙʦʚ, ʩʨʝʜʩʪʚ; ʝ) ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ 

ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʨʘʩʪʝʥʠʡ, ʧʦʯʚʳ, ʢʦʨʤʦʚ, ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ; ʞ) ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʠʭ ʟʥʘʯʝʥʠʡ; ʟ) ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ, ʠʥʩʪʨʫʤʝʥʪʦʚ, ʘʧʧʘʨʘʪʦʚ ʠ 

ʩʪʝʥʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ; ʠ) ʨʘʟʨʘʙʦʪʢʘ ʠ ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʠʡ ʦʙ ʦʙʥʦʚʣʝʥʠʠ 

ʦʙʲʝʢʪʦʚ, ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʵʢʦʥʦʤʠʢʝ ʠ ʫʧʨʘʚʣʝʥʠʠ; ʢ) ʨʘʟʚʠʪʠʝ 

ʥʘʫʯʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʦʢʨʫʞʘʶʱʝʤ ʤʠʨʝ, ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʨʝʜʩʪʚʘ ʩʥʠʞʝʥʠʷ ʚʨʝʜʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʧʨʠʨʦʜʫ ʦʙʱʝʩʪʚʦ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʫʙʣʠʢʘʮʠʠ ʦʩʥʦʚʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʤʦʥʦʛʨʘʬʠʷʭ, ʫʯʝʙʥʠʢʘʭ, ʥʘʫʯʥʳʭ ʩʪʘʪʴʷʭ; ʚ ʥʘʣʠʯʠʠ ʘʚʪʦʨʩʢʠʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚ ʠ ʧʘʪʝʥʪʦʚ, ʘʢʪʦʚ ʦ ʚʥʝʜʨʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʘʢʪʠʢʫ; ʘʧʨʦʙʘʮʠʝʡ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʠʤʧʦʟʠʫʤʘʭ; ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʚ ʚʳʩʰʠʭ ʠ ʩʨʝʜʥʠʭ ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʷʭ; ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ 

ʨʘʟʚʠʪʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʦʪʨʘʩʣʠ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ; ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʥʦʚʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ 

[4]: 

- ʚ ʢʘʢʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ (ʥʘʫʯʥʳʝ, ʧʨʦʝʢʪʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ, ʭʦʟʷʡʩʪʚʝʥʥʳʝ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-

ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʫʯʨʝʞʜʝʥʠʷ); 

- ʚ ʢʘʢʦʡ ʬʦʨʤʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ. 

ɺ ʅʀʀ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ: ʥʦʚʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʣʦʞʝʥʠʷ; ʤʝʪʦʜʠʢʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ; ʥʦʚʳʝ ʧʨʠʙʦʨʳ; ʦʙʦʨʫʜʦʚʘʥʠʝ; ʚʢʣʶʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʳʝ 

ʦʪʯʝʪʳ ʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ. ɺ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʰʠʥ, ʦʪʜʝʣʴʥʳʝ ʝʝ ʵʣʝʤʝʥʪʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ 

ʧʨʠʙʦʨʳ, ʤʝʪʦʜʠʢʘ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʘ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʥʦʚʳʭ ʤʘʰʠʥ ʠ ʫʩʪʘʥʦʚʦʢ. 

ɺ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʚʩʝʭ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ï ʧʨʠ ʯʪʝʥʠʠ ʣʝʢʮʠʡ, ʧʨʦʚʝʜʝʥʠʠ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ, ʚʳʧʦʣʥʝʥʠʠ ʢʫʨʩʦʚʳʭ ʠ ʜʠʧʣʦʤʥʳʭ ʧʨʦʝʢʪʦʚ. ɺ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʯʘʩʪʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ (ʧʨʝʜʧʨʠʷʪʠʷʭ), ʦʪʨʘʩʣʝʚʳʭ ʤʠʥʠʩʪʝʨʩʪʚʘʭ, 

ʦʨʛʘʥʠʟʘʮʠʷʭ ʧʣʘʥʠʨʦʚʘʥʠʷ: ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʮʝʧʮʠʡ; ʧʨʦʛʥʦʟʦʚ; ʧʣʘʥʦʚ; ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʨʝʢʦʤʝʥʜʘʮʠʡ; ʧʨʦʛʨʘʤʤ ʦʙʦʩʥʦʚʘʥʠʷ ʩʪʨʘʪʝʛʠʡ; ʨʘʟʣʠʯʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʦ 

ʩʥʠʞʝʥʠʶ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʢʠ (ʉʅʠʇ, 

ʉʘʥʇʠʅ, ɻʆʉʊ, ʆʉʊ); ʮʠʪʠʨʦʚʘʥʠʝ ʚ ʜʦʢʣʘʜʘʭ ʠ ʜʨʫʛʠʭ ʜʦʢʫʤʝʥʪʘʭ. 

ʂʦʥʝʯʥʘʷ ʮʝʣʴ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʥʝ ʪʦʣʴʢʦ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ 

ʜʣʷ ʨʝʰʝʥʠʷ ʥʘʫʯʥʳʭ ʟʘʜʘʯ, ʥʦ ʠ ʚʦ ʚʚʝʜʝʥʠʠ ʠʭ ʚ ʦʙʱʝʩʪʚʝʥʥʫʶ ʧʨʘʢʪʠʢʫ. ʉʶʜʘ ʤʦʛʫʪ ʙʳʪʴ 

ʦʪʥʝʩʝʥʳ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʦʚ, ʘʣʛʦʨʠʪʤʳ, ʧʨʦʛʨʘʤʤʳ, ʦʙʦʩʥʦʚʘʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʫʩʪʨʦʡʩʪʚʘʤ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʠ ʪ. ʜ. 

ɹʦʣʴʰʫʶ ʩʣʦʞʥʦʩʪʴ ʚʳʟʳʚʘʝʪ ʫ ʩʦʠʩʢʘʪʝʣʝʡ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ, ʯʝʤ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ? 
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ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ [4]: 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʟʥʘʥʥʳʭ ʧʦʣʦʞʝʥʠʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ 

ʥʘʫʢʠ, ʦʙʱʝʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʠʢ, ʧʨʦʛʨʘʤʤ ɻʆʉʊʦʚ ʠ ʆʉʊʦʚ, ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʚʥʦʚʴ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʧʳʪʦʚ (ʠʟʤʝʨʝʥʠʡ), ʩʭʦʞʜʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; 

- ʚʥʝʜʨʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʠ ʪ. ʜ.; 

- ʚʳʩʪʫʧʣʝʥʠʝʤ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʦʜʦʙʨʝʥʠʝʤ ʜʦʢʣʘʜʦʚ, ʧʫʙʣʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʪʢʨʳʪʦʡ ʧʝʯʘʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʠʟʜʘʥʠʷʭ, 

ʨʝʢʦʤʝʥʜʫʝʤʳʭ ɺɸʂ. 

ʊʨʝʙʦʚʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʩʦʚʝʪʦʚ ʢ ʦʬʦʨʤʣʝʥʠʶ ʜʠʩʩʝʨʪʘʮʠʡ ʠ ʠʭ ʩʦʠʩʢʘʪʝʣʷʤ 

ʠʤʝʶʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʥʦ ʦʥʠ ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʪʨʝʙʦʚʘʥʠʡ ɺɸʂ, 

ʇʦʩʪʘʥʦʚʣʝʥʠʡ ʠ ʜʨʫʛʠʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ï ɻʆʉʊʦʚ. 

ʂʘʢʦʡ ʤʦʞʝʪ ʙʳʪʴ ʦʩʦʙʝʥʥʦʩʪʴ? ʆʜʥʠ ʩʦʚʝʪʳ, ʥʘʧʨʠʤʝʨ, ʠʤʝʶʪ ʙʦʣʴʰʝ ʩʠʣʴʥʳʭ 

ʤʘʪʝʤʘʪʠʢʦʚ, ʜʨʫʛʠʝ ï ʤʝʪʦʜʠʩʪʦʚ, ʢʦʪʦʨʳʝ ʙʦʣʴʰʝ ʟʘʜʘʶʪ ʚʦʧʨʦʩʦʚ ʧʦ ʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. 

ʕʪʦ ʝʩʪʝʩʪʚʝʥʥʦ. ʅʦ ʢʦʛʜʘ ʛʦʚʦʨʷʪ, ʘ ʵʪʦ ʟʘʤʝʪʥʦ ʧʦ ʘʚʪʦʨʝʬʝʨʘʪʘʤ, ʯʪʦ ʚ ʩʦʚʝʪʝ ʥʝʢʦʪʦʨʳʝ 

ʨʘʟʜʝʣʳ (ʛʣʘʚʳ) ʦʪʩʫʪʩʪʚʫʶʪ ʠʣʠ ʦʙʲʝʜʠʥʷʶʪʩʷ, ʪʦ ʥʘʧʨʘʰʠʚʘʝʪʩʷ ʚʳʚʦʜ ï ʧʦʯʝʤʫ? 

ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʠ ʚ ʦʜʥʦʤ ɻʆʉʊʝ ʥʝ ʨʘʩʰʠʬʨʦʚʘʥʳ ʨʘʟʜʝʣʳ 

ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʅʘʧʨʠʤʝʨ, ɻʆʉʊ 7.0.11- 2011 ʉʠʩʪʝʤʘ ʩʪʘʥʜʘʨʪʦʚ ʧʦ ʠʥʬʦʨʤʘʮʠʠ, ʙʠʙʣʠʦʪʝʯʥʦʤʫ ʠ 

ʠʟʜʘʪʝʣʴʩʢʦʤʫ ʜʝʣʫ. ɼʠʩʩʝʨʪʘʮʠʷ ʠ ʘʚʪʦʨʝʬʝʨʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ. ɺʚʝʜʝʥ 2012 ï 09.01. ɺ ʜʘʥʥʦʤ 

ɻʆʉʊʝ ʚʦʦʙʱʝ ʦʪʩʫʪʩʪʚʫʶʪ ʧʫʥʢʪʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʥʘʫʯʥʦ-ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʫʶ ʨʘʙʦʪʫ 

ʩʦʠʩʢʘʪʝʣʷ ï ʦʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʩʪʨʘʥʠʮʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʝʯʘʪʘʪʴ ʧʦʩʝʨʝʜʠʥʝ ʚʝʨʭʥʝʛʦ ʧʦʣʷ ʩʪʨʘʥʠʮʳ. ɸ 

ʧʦ ɻʆʉʊ 7.32 ï 2001 ʉʠʩʪʝʤʘ ʩʪʘʥʜʘʨʪʦʚ ʧʦ ʠʥʬʦʨʤʘʮʠʠ, ʙʠʙʣʠʦʪʝʯʥʦʤʫ ʠ ʠʟʜʘʪʝʣʴʩʢʦʤʫ 

ʜʝʣʫ. ʆʪʯʝʪ ʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ. ʉʪʨʫʢʪʫʨʘ ʠ ʧʨʘʚʠʣʘ ʦʬʦʨʤʣʝʥʠʷ, ʥʦʤʝʨ 

ʩʪʨʘʥʠʮʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʩʪʘʚʣʷʪʴ ʚ ʮʝʥʪʨʝ ʥʠʞʥʝʡ ʯʘʩʪʠ ʣʠʩʪʘ ʙʝʟ ʪʦʯʢʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʧʠʰʝʪʩʷ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ, ʘ ʚʦ ʚʪʦʨʦʤ ï ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʧʦ ʢʘʢʦʤʫ ɻʆʉʊʫ ʥʫʤʝʨʦʚʘʪʴ ʪʘʙʣʠʮʳ ʠ ʧʠʩʘʪʴ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ, 

ʠʣʠ ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ? 

ɺ ʦʜʥʠʭ ʜʠʩʩʝʨʪʘʮʠʷʭ ʚʳʚʦʜʳ ʧʦ ʛʣʘʚʘʤ (ʨʘʟʜʝʣʘʤ) ʠʤʝʶʪʩʷ, ʚ ʜʨʫʛʠʭ ʦʪʩʫʪʩʪʚʫʶʪ. ʅʠ ʚ 

ʦʜʥʦʤ ʠʟ ɻʆʉʊʦʚ ʥʠʯʝʛʦ ʦʙ ʵʪʦʤ ʥʝ ʥʘʧʠʩʘʥʦ. 

ɺ ʪʝʢʩʪʝ ʜʠʩʩʝʨʪʘʮʠʡ ʠʤʝʶʪʩʷ ʠ ʜʨʫʛʠʝ ʥʝʜʦʩʪʘʪʢʠ, ʩʥʠʞʘʶʱʠʝ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʠ ʛʨʘʤʦʪʥʦʩʪʴ ʩʦʠʩʢʘʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʯʘʩʪʦ ʚ ʩʧʠʩʢʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʪʝʨʘʪʫʨʘ, ʢʦʪʦʨʘʷ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ, ʜʘʞʝ ʥʘʧʠʩʘʥʥʘʷ ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ 

ʘʚʪʦʨʦʤ. 

ʅʝ ʧʦ ʧʨʘʚʠʣʘʤ ʦʬʦʨʤʣʷʶʪʩʷ ʜʦʢʫʤʝʥʪʳ ʦ ʚʥʝʜʨʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʘʢʪʳ, 

ʩʧʨʘʚʢʠ ʠ ʜʨʫʛʠʝ, ʚ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʪʳ, ʘ ʠʥʦʛʜʘ ʠ ʧʦʜʧʠʩʠ. 

ʇʨʠ ʥʘʧʠʩʘʥʠʠ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʘʚʪʦʨʝʬʝʨʘʪʘ ʜʠʩʩʝʨʪʘʮʠʠ ʥʝ ʩʦʙʣʶʜʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ 

ɻʆʉʊ 2.105 ï 95, ɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʪʝʢʩʪʦʚʳʤ ʜʦʢʫʤʝʥʪʘʤ, ɻʆʉʊ 7.32 ï 2001, ɻʆʉʊ ʈ 7.0.11 ï 2011. ʅʘʧʨʠʤʝʨ, ʦʧʠʩʘʥʠʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʥʘ ʢʦʪʦʨʦʝ ʧʦʣʫʯʝʥ ʧʘʪʝʥʪ, ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʦʚʦʜʠʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʫʢʘʟʘʥʦ ʚ 

ʧʘʪʝʥʪʝ. ʗʟʳʢ ʥʘʫʢʠ ʦʪʣʠʯʥʳʡ ʦʪ ʜʨʫʛʠʭ, ʠ ʪʝʤ ʙʦʣʝʝ, ʦʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʘʪʝʥʪʥʦʛʦ. ʇʦʵʪʦʤʫ 

ʦʧʠʩʳʚʘʪʴ ʫʩʪʨʦʡʩʪʚʦ ʧʘʪʝʥʪʥʳʤ ʷʟʳʢʦʤ ʥʝ ʩʣʝʜʫʝʪ. 
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ʏʘʩʪʦ ʚ ʜʠʩʩʝʨʪʘʮʠʷʭ ʦʜʥʦ ʠ ʪʦ ʞʝ ʷʚʣʝʥʠʝ, ʚʝʱʝʩʪʚʦ, ʫʩʪʨʦʡʩʪʚʦ ʧʠʰʫʪ ʧʦ-ʨʘʟʥʦʤʫ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 2.105 ï 95 ʵʪʦ ʜʝʣʘʪʴ ʟʘʧʨʝʱʝʥʦ. ʅʘʧʨʠʤʝʨ, ʦʪʨʘʙʦʪʘʚʰʠʝ ʛʘʟʳ, 

ʚʳʭʣʦʧʥʳʝ ʛʘʟʳ, ʚʳʭʣʦʧ. ʏʝʨʪʝʞʠ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʦʪʩʪʫʧʣʝʥʠʝʤ ʦʪ ɽʉʂɼ. ʏʘʩʪʦ ʚ ʪʝʢʩʪʝ 

ʜʠʩʩʝʨʪʘʮʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʩʩʳʣʢʠ ʥʘ ʨʠʩʫʥʢʠ, ʪʘʙʣʠʮʳ, ʧʨʠʣʦʞʝʥʠʷ. ʈʠʩʫʥʢʠ, ʪʘʙʣʠʮʳ 

ʧʦʤʝʱʘʶʪʩʷ ʥʝ ʧʦʩʣʝ ʩʩʳʣʢʠ, ʘ ʜʦ ʩʩʳʣʢʠ ʥʘ ʥʠʭ ʠʣʠ ʯʝʨʝʟ 2 ï 3 ʩʪʨʘʥʠʮʳ ʧʦʩʣʝ ʩʩʳʣʢʠ. 

ʏʘʩʪʦ ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʤʤʝʥʪʘʨʠʠ ʢ ʪʘʙʣʠʮʘʤ ʠ ʛʨʘʬʠʢʘʤ. ʅʘ ʛʨʘʬʠʢʘʭ ʦʪʩʫʪʩʪʚʫʶʪ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ. 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪ ʜʨʫʛʠʭ ʚʠʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʣʠʯʘʶʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʧʦʣʫʯʘʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʟʘʚʠʩʠʤʦʩʪʠ, ʛʨʘʬʠʢʠ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʠʩʘʥʳ ʠ ʦʙʲʷʩʥʝʥʳ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʩʪʘʝʪ ʚʦʧʨʦʩ, ʥʘ ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ 

ʧʦʣʫʯʝʥ ʦʪʚʝʪ. ʇʦʯʝʤʫ ʟʘʚʠʩʠʤʦʩʪʴ ʠʤʝʝʪ ʚʠʜ ʧʨʷʤʦʡ, ʧʘʨʘʙʦʣʳ, ʛʠʧʝʨʙʦʣʳ ʠʣʠ ʩʪʝʧʝʥʥʦʡ 

ʬʫʥʢʮʠʠ? 

ʆʙʲʷʩʥʝʥʠʝ ʛʨʘʬʠʢʘ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʪʦʤ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ (ʫʤʝʥʴʰʝʥʠʝʤ) 

ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʟʥʘʯʝʥʠʝ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʣʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʣʫʯʝʥ 

ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ ï ʧʦʯʝʤʫ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʦʪ ʥʝʟʘʚʠʩʠʤʦʡ ʧʦ 

ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʨʠʚʦʡ? ʂ ʩʦʞʘʣʝʥʠʶ, ʚʦ ʤʥʦʛʠʭ ʜʠʩʩʝʨʪʘʮʠʷʭ ʪʘʢʦʝ ʦʙʲʷʩʥʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʂʨʦʤʝ ʪʦʛʦ, ʯʘʩʪʦ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʝʜʝʣʳ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʧʨʠ ʢʦʪʦʨʳʭ ʩʧʨʘʚʝʜʣʠʚʳ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʥʝ ʦʧʠʩʘʥʳ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʝʨʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʪ. ʝ. ʦʧʨʝʜʝʣʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ. 

ʅʝʚʝʨʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʦʚʘ ʧʨʦʚʝʩʪʠ ʠ ʧʨʦʠʟʚʝʩʪʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʩʭʝʤʳ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ. 

ʇʨʠʣʦʞʝʥʠʷ ʦʬʦʨʤʣʷʶʪʩʷ ʥʝ ʧʦ ɻʆʉʊ 2.105 ï 95, ʘ ʠʤʝʥʥʦ: ʥʫʤʝʨʫʶʪʩʷ ʧʨʠʣʦʞʝʥʠʷ 1, 

2, 3 ʠ ʪ. ʜ., ʚʤʝʩʪʦ ɸ, ɹ, ɺé ʠ ʥʝ ʠʤʝʶʪ ʥʘʟʚʘʥʠʷ. 

ʏʘʩʪʦ ʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ ʥʝ ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʞʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. 

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʘʚʠʣʴʥʦʝ ʥʘʟʚʘʥʠʝ ʪʝʤʳ, ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʣʠ ʠ ʟʘʜʘʯ, 

ʦʙʲʝʢʪʘ ʠ ʧʨʝʜʤʝʪʘ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʥʘʫʯʥʦʡ ʥʦʚʠʟʥʳ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʟʘʢʣʶʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʛʨʘʤʦʪʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʝʢʩʪʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ 

ʩʦʠʩʢʘʪʝʣʷ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ. ɿʘʱʠʱʝʥʥʳʝ ʜʠʩʩʝʨʪʘʮʠʠ ʩ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʠ ʯʣʝʥʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ʠ 

ʥʘʫʯʥʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʷ ʢ ʩʦʠʩʢʘʪʝʣʶ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ. ɺʳʟʳʚʘʶʪ ʩʦʤʥʝʥʠʷ ʦʪʟʳʚʳ, 

ʧʨʠʩʣʘʥʥʳʝ ʥʘ ʘʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩʝʨʪʘʮʠʠ ʙʝʟ ʟʘʤʝʯʘʥʠʡ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʘʚʣʠʚʘʝʤʳʭ ʜʠʩʩʝʨʪʘʮʠʡ ʠ ʘʚʪʦʨʝʬʝʨʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʡ ʠ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʠʭ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʤ ʧʨʠʟʥʘʢʘʤ ʥʝʦʙʭʦʜʠʤʦ: 

1. ʇʨʠʚʝʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ɻʆʉʊʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʚʳʧʦʣʥʝʥʠʶ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʜʛʦʪʦʚʢʝ ʜʠʩʩʝʨʪʘʮʠʡ ʩ ʇʦʣʦʞʝʥʠʝʤ çʆ ʧʦʨʷʜʢʝ ʧʨʠʩʫʞʜʝʥʠʷ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡè, 

ʫʪʚʝʨʞʜʝʥʥʳʤ ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 24 ʩʝʥʪʷʙʨʷ 2013ʛ. 

ˉ 842, ʚʚʝʜʝʥʥʳʤ ʚ ʜʝʡʩʪʚʠʝ ʩ 1 ʷʥʚʘʨʷ 2014ʛ. 

2. ɺʚʝʩʪʠ ʢʫʨʩ ʣʝʢʮʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʩ ʘʩʧʠʨʘʥʪʘʤʠ ʧʦ ʧʨʘʚʠʣʘʤ ʦʬʦʨʤʣʝʥʠʷ 

ʜʠʩʩʝʨʪʘʮʠʡ ʠ ʘʚʪʦʨʝʬʝʨʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʡ. 

3. ʇʦʜʛʦʪʦʚʠʪʴ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʠ ʟʘʱʠʪʝ ʜʠʩʩʝʨʪʘʮʠʡ. 
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4. ʇʦʚʳʩʠʪʴ ʩʧʨʦʩ ʩ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʠ ʥʘʫʯʥʳʭ ʢʦʥʩʫʣʴʪʘʥʪʦʚ ʟʘ ʢʘʯʝʩʪʚʦ ʧʦʜʛʦʪʦʚʢʠ 

ʜʠʩʩʝʨʪʘʮʠʡ ʠ ʘʚʪʦʨʝʬʝʨʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʡ ʩʦʠʩʢʘʪʝʣʷʤʠ. 

5. ʇʦʚʳʩʠʪʴ ʩʧʨʦʩ ʩ ʦʧʧʦʥʝʥʪʦʚ ʠ ʚʝʜʫʱʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʟʘ ʢʘʯʝʩʪʚʦ ʧʦʜʛʦʪʦʚʢʠ ʦʪʟʳʚʘ ʠ 

ʟʘʢʣʶʯʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ, ʛʜʝ ʚʳʧʦʣʥʷʣʘʩʴ ʜʠʩʩʝʨʪʘʮʠʷ. 
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ʋɼʂ 631.37:662.767.1 

 

ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʉɾɸʊʆɻʆ ʇʈʀʈʆɼʅʆɻʆ ɻɸɿɸ ʇʈʀ 

ʕʂʉʇʃʋɸʊɸʎʀʀ ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʆʁ ʊɽʍʅʀʂʀ 

 

ʂʦʚʘʣʝʥʢʦ ɺʩʝʚʦʣʦʜ ʇʘʚʣʦʚʠʯ, 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʦʚʩʢʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʠʤ. ʂ.ɸ.ʊʠʤʠʨʷʟʝʚʘ,  

ɽ-mail: elenaulykina@ rambler.ru 

ɼʝʚʷʥʠʥ ʉʝʨʛʝʡ ʅʠʢʦʣʘʝʚʠʯ,  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʦʚʩʢʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʠʤ. ʂ.ɸ.ʊʠʤʠʨʷʟʝʚʘ  

ʋʣʶʢʠʥʘ ɽʣʝʥʘ ɸʥʘʪʦʣʴʝʚʥʘ, 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʄʦʩʢʦʚʩʢʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʠʤ. ʂ.ɸ.ʊʠʤʠʨʷʟʝʚʘ  

ʊʦʜʦʨʠʚ ɸ.ɺ., 

ʘʩʧʠʨʘʥʪ, ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʦʩʢʦʚʩʢʘʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʠʤ. ʂ.ɸ.ʊʠʤʠʨʷʟʝʚʘ  

 

ʈʝʬʝʨʘʪ: ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʘʟʦʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʞʠʜʢʠʤ 

ʥʝʬʪʷʥʳʤ ʪʦʧʣʠʚʘʤ ʟʘʥʠʤʘʝʪ ʣʠʜʠʨʫʶʱʫʶ ʧʦʟʠʮʠʶ ʩʨʝʜʠ ʜʨʫʛʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʦʧʣʠʚ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ, ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʟʘʧʨʘʚʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʢʦʤʧʨʠʤʠʨʦʚʘʥʥʳʤʠ (ʩʞʘʪʳʤʠ) 

ʧʨʠʨʦʜʥʳʤʠ ʛʘʟʘʤʠ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ʉʦʧʦʩʪʘʚʣʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʩʪʦʨʦʥʳ ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʘʮʠʠ. ʟʘʧʨʘʚʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, 

ʧʦʢʘʟʘʥʳ ʝʝ ʵʪʘʧʳ ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʟʦʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʪʝʭʥʠʢʠ ʚʳʙʨʘʥʦ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʙʝʩʧʝʨʝʙʦʡʥʦʩʪʴ ʨʘʙʦʪʳ ʛʘʟʦʧʦʪʨʝʙʣʷʶʱʝʡ ʪʝʭʥʠʢʠ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʚʘʨʠʘʥʪʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʛʘʟʦʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʩʪʘʭ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ 

ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ, ʝʩʣʠ ʦʙʲʝʜʠʥʠʪʴ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ. ʇʨʝʜʣʦʞʝʥ ʤʦʜʫʣʴʥʳʡ 

ʘʚʪʦʛʘʟʦʟʘʧʨʘʚʱʠʢ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʘʚʪʦʤʦʙʠʣʴʥʦʝ ʰʘʩʩʠ ʧʦʚʳʰʝʥʥʦʡ 

ʧʨʦʭʦʜʠʤʦʩʪʠ, ʦʩʥʘʱʝʥʥʦʝ ʥʝʩʢʦʣʴʢʠʤʠ ʟʘʧʨʘʚʦʯʥʳʤʠ ʤʦʜʫʣʷʤʠ, ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʤʠ ʢʘʢ ʢ 

ʨʘʙʦʪʝ ʩ ʘʚʪʦʤʦʙʠʣʷ, ʪʘʢ ʠ ʢ ʘʚʪʦʥʦʤʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʝʟ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ 

ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʥʘ ʛʨʫʥʪʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʱʥʦʩʪʴ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʧʨʠʥʮʠʧʘ ʢʦʤʧʦʥʦʚʢʠ 

ʘʚʪʦʟʘʧʨʘʚʱʠʢʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʟʜʝʣʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʩʚʷʟʘʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʚʳʧʦʣʥʷʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʫʥʢʮʠʠ, ʧʨʠʯʸʤ ʧʦʜ ʤʦʜʫʣʝʤ 

ʧʦʥʠʤʘʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʚʝʨʰʝʥʥʳʡ ʵʣʝʤʝʥʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʩʧʝʢʪʠʚʳ, ʨʝʘʣʠʟʘʮʠʷ, ʟʘʧʨʘʚʢʘ ʪʦʧʣʠʚʦʤ, ʢʦʤʧʨʠʤʠʨʦʚʘʥʥʳʝ 

ʧʨʠʨʦʜʥʳʝ ʛʘʟʳ, ʧʦʣʝʚʳʝ ʫʩʣʦʚʠʷ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʪʝʭʥʠʢʘ. 
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Abstract. It is known that the gas fuel as an alternative to liquid petroleum fuels occupies a 

leading position among the other alternative fuels due to its cost-effectiveness, sustainability and 

accessibility. The prospect of fueling of agricultural equipment by compressed (compressed) natural 

gas field is investigated. Positive and negative aspects of the system implementation for fueling of 

agricultural equipment in the field are compared, its stages and optimal conditions for the effective 

functioning of showing are determined. The main criterion for effectiveness of the system of gas 

supply of agricultural machinery is selected the time taken for the implementation of individual stages 

functioning of the system, which depends on the continuity of the gas consuming appliances. Based 

on the analysis of options for agricultural equipment gas directly in the places of carrying of field 

work it has been shown that a significant effect can be achieved when you combine their strengths. 

The modular automobile gas refueller, which is a car chassis all terrain equipped with several filling 

modules adapted as a to work with the car, and to use autonomous without attendants when placed 

on the ground is offered. It is shown that the essence of block-modular principle of arrangement of 

automobile gas refueller is that the product is formed from separate modules, technologically 

connected with each other and performing certain functions, with a module is understood 

structurally, technologically and functionally complete element. 

Key words: prospects, sales, fueling, compressed natural gas, field conditions agricultural 

machinery 

 

ɺʚʝʜʝʥʠʝ. ɻʘʟʦʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʞʠʜʢʠʤ ʥʝʬʪʷʥʳʤ ʪʦʧʣʠʚʘʤ 

ʟʘʥʠʤʘʝʪ ʣʠʜʠʨʫʶʱʫʶ ʧʦʟʠʮʠʶ ʩʨʝʜʠ ʜʨʫʛʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʦʧʣʠʚ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ, ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʞʠʞʝʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʛʘʟʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʬʪʷʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʉʋɻ, ʠʣʠ ʧʨʦʧʘʥ-ʙʫʪʘʥʦʚʳʝ ʩʤʝʩʠ), 

ʢʦʤʧʨʠʤʠʨʦʚʘʥʥʳʝ (ʩʞʘʪʳʝ) ʧʨʠʨʦʜʥʳʝ ʛʘʟʳ (ʂʇɻ) ʠ ʩʞʠʞʝʥʥʳʝ ʧʨʠʨʦʜʥʳʝ ʛʘʟʳ (ʉʇɻ), 

ʦʩʥʦʚʦʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʤʝʪʘʥ. 

ʀʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʛʘʟʦʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʚʠʛʘʪʝʣʝʡ ʷʚʣʷʶʪʩʷ ʂʇɻ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ ʚ 

ʩʪʨʘʥʝ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʠ ʧʨʦʤʳʰʣʝʥʥʦ-ʙʳʪʦʚʳʭ ʛʘʟʦʚʳʭ ʩʝʪʝʡ, ʧʨʠ ʥʘʣʠʯʠʠ 
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ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʠʝ ʩʞʘʪʦʛʦ ʛʘʟʘ ʷʚʣʷʝʪʩʷ ʥʝʩʣʦʞʥʦʡ ʠ ʤʘʣʦʟʘʪʨʘʪʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, ʘ 

ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʪʦʧʣʠʚʘ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʙʝʟ 

ʠʭ ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ. ʇʦ ʤʥʝʥʠʶ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʤʝʪʘʥ ʷʚʣʷʝʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʥʘʠʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʤ, ʙʝʟʦʧʘʩʥʳʤ ʠ ʚʳʛʦʜʥʳʤ ʪʦʧʣʠʚʦʤ ʠʟ ʯʠʩʣʘ ʧʦʜʦʙʥʳʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʥʘ ʚ ʩʞʠʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʚ ʚʠʜʝ ʉʇɻ), ʭʦʪʷ ʠ ʠʤʝʝʪ ʧʝʨʝʜ ʂʇɻ 

ʥʝʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʥʦ ʩʣʦʞʥʝʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʧʣʘʥʝ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʢʨʠʦʛʝʥʥʦʡ ʪʝʭʥʠʢʠ. 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʠʥʷʪ ɻʆʉʊ 27577 çɻʘʟ ʧʨʠʨʦʜʥʳʡ ʪʦʧʣʠʚʥʳʡ 

ʢʦʤʧʨʠʤʠʨʦʚʘʥʥʳʡ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷè, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʡ ʩʚʦʡʩʪʚʘ 

ʵʪʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʷʚʣʷʶʱʠʡʩʷ ʧʨʘʚʦʚʦʡ ʙʘʟʦʡ ʜʣʷ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʦʪʦʨʥʦʛʦ 

ʪʦʧʣʠʚʘ. ʆʜʥʘʢʦ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʵʪʦʛʦ ʪʦʧʣʠʚʘ ʪʦʨʤʦʟʠʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʧʦʪʨʝʙʣʷʶʱʝʡ ʂʇɻ, ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʨʘʟʚʠʪʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʝʛʦ 

ʨʝʘʣʠʟʘʮʠʠ.  

ʆʙʩʫʞʜʝʥʠʝ ʧʨʦʙʣʝʤʳ. ɺ ʩʬʝʨʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʂʇɻ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʝʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʙʘʟʝ 

ʂɸʄɸɿ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʛʨʫʟʦʚ. ʄʦʜʝʣʴʥʳʡ ʨʷʜ ʘʚʪʦʤʦʙʠʣʝʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʛʘʟʦʤʦʪʦʨʥʦʤ ʪʦʧʣʠʚʝ, ʚʢʣʶʯʘʝʪ 

ʟʝʨʥʦʚʦʟʳ, ʦʚʦʱʝʚʦʟʳ, ʭʣʦʧʢʦʚʦʟʳ, ʩʠʣʦʩʦʚʦʟʳ, ʟʘʛʨʫʟʯʠʢʠ ʩʫʭʠʭ ʢʦʨʤʦʚ, ʩʘʤʦʩʚʘʣʳ ʩ ʜʚʫʭ- 

ʠ ʪʨʸʭʩʪʦʨʦʥʥʝʡ ʨʘʟʛʨʫʟʢʦʡ ʠ ʪ.ʧ. ɿʘʧʨʘʚʢʘ ʵʪʠʭ ʤʘʰʠʥ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʛʘʟʦʥʘʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʩʪʘʥʮʠʷʭ (ɸɻʅʂʉ), ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʙʣʝʛʯʘʝʪ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

ʅʘ ʙʘʟʝ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʭ ʪʨʘʢʪʦʨʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ɺʩʝʨʦʩʩʠʡʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʤʝʭʘʥʠʟʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ (ɻʅʋ ɺʀʄ 

ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ) ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʪʨʘʢʪʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʂʇɻ: ʪʨʘʢʪʦʨʳ ɼʊ-75, ʄʊɿ-

82, ʂ-701, ʊ-150ʂ, ʖʄɿ-6, ʃʊɿ-55. ʉʦʟʜʘʥʳ ʪʘʢʞʝ ʦʨʠʛʠʥʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʪʨʘʢʪʦʨʦʚ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʢʦʥʮʝʨʥʦʤ çʊʨʘʢʪʦʨʥʳʝ ʟʘʚʦʜʳè ʠʟʛʦʪʦʚʣʝʥ ʪʨʘʢʪʦʨ 

ɸʛʨʦʤʘʰ-85ʊʂ222ɼɻ. 

ʆʜʥʘʢʦ ʧʘʨʢ ʤʦʙʠʣʴʥʳʭ ʤʘʰʠʥ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʂʇɻ, 

ʝʱʝ ʢʨʘʡʥʝ ʤʘʣ; ʵʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪʥʦʩʠʪʩʷ ʢ ʪʨʘʢʪʦʨʘʤ ʠ ʜʨʫʛʦʡ ʩʘʤʦʭʦʜʥʦʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʝ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʦ ʩ ʪʨʫʜʥʦʩʪʷʤʠ, 

ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʵʪʦʡ ʪʝʭʥʠʢʠ ʪʦʧʣʠʚʦʤ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʧʨʘʚʢʘ ʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʂʇɻ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʛʘʟʦʥʘʧʦʣʥʠʪʝʣʴʥʳʭ ʩʪʘʥʮʠʷʭ. ʈʘʟʣʠʯʥʳʤʠ ʬʠʨʤʘʤʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʧʨʦʝʢʪʳ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ɸɻʅʂʉ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 150 ʜʦ 900 ʤ3 ʛʘʟʘ ʚ ʯʘʩ. 

ʕʪʠ ʦʙʲʝʢʪʳ ʠʤʝʶʪ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠ ʚʢʣʶʯʘʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʣʝʜʫʶʱʠʝ 

ʙʣʦʢʠ: ʚʭʦʜʥʳʭ ʢʨʘʥʦʚ ï ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʛʘʟʦʧʨʦʚʦʜʫ ʠ ʫʯʸʪʘ ʧʦʩʪʫʧʠʚʰʝʛʦ ʛʘʟʘ; 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʛʘʟʘ ï ʜʣʷ ʜʦʚʝʜʝʥʠʷ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʜʦ ʫʨʦʚʥʷ, ʪʨʝʙʫʝʤʦʛʦ 

ʪʝʭʥʦʣʦʛʠʝʡ ʩʞʘʪʠʷ; ʢʦʤʧʨʠʤʠʨʦʚʘʥʠʷ (ʢʦʤʧʨʝʩʩʦʨʥʳʡ ʙʣʦʢ) ï ʜʣʷ ʧʦʜʥʷʪʠʷ ʜʘʚʣʝʥʠʷ ʛʘʟʘ 

ʜʦ 25 ʄʇʘ; ʧʦʜʛʦʪʦʚʢʠ ʂʇɻ ï ʜʣʷ ʜʦʚʝʜʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʩʞʘʪʦʛʦ ʛʘʟʘ ʜʦ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʥʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 27577; ʘʢʢʫʤʫʣʷʮʠʠ ï ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʟʘʧʘʩʘ ʂʇɻ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʟʘʧʨʘʚʢʫ ʧʨʠ ʥʝʨʘʙʦʪʘʶʱʝʤ ʢʦʤʧʨʝʩʩʦʨʝ; ʨʝʜʫʮʠʨʦʚʘʥʠʷ ï ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʟʘʧʨʘʚʣʷʝʤʦʛʦ ʛʘʟʘ ʜʦ 20 ʄʇʘ; ʛʘʟʦʟʘʧʨʘʚʦʯʥʳʭ ʢʦʣʦʥʦʢ ï ʜʣʷ ʟʘʧʨʘʚʢʠ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʫʯʝʪʘ ʚʳʜʘʥʥʦʛʦ ʛʘʟʘ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʜʨʫʛʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 
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ʈʘʟʥʦʚʠʜʥʦʩʪʴʶ ɸɻʅʂʉ ʷʚʣʷʶʪʩʷ ʙʣʦʯʥʳʝ ʩʪʘʥʮʠʠ, ʢʦʪʦʨʳʝ ʧʦ ʢʦʤʧʣʝʢʪʘʮʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ, ʥʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʝ ʚ ʢʘʧʠʪʘʣʴʥʳʭ ʟʜʘʥʠʷʭ, ʘ 

ʚ ʙʳʩʪʨʦʚʦʟʚʦʜʠʤʳʭ ʩʦʦʨʫʞʝʥʠʷʭ, ʠ ʤʦʥʪʠʨʫʶʪʩʷ ʠʟ ʙʣʦʢʦʚ ʟʘʚʦʜʩʢʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ʇʦ ʜʘʥʥʳʤ ʥʘ 31 ʤʘʷ 2015 ʛ. ʚ ʈʦʩʩʠʠ ʠʤʝʣʦʩʴ 247 ɸɻʅʂʉ, ʯʪʦ ʢʨʘʡʥʝ ʥʝʜʦʩʪʘʪʦʯʥʦ (ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ: ʥʘ ʋʢʨʘʠʥʝ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ 324 ɸɻʅʂʉ).  

ʉ ʮʝʣʴʶ ʧʨʠʙʣʠʞʝʥʠʷ ʩʨʝʜʩʪʚ ʟʘʧʨʘʚʢʠ ʂʇɻ ʢ ʧʦʪʨʝʙʠʪʝʣʶ ʢʦʤʧʘʥʠʠ, ʧʨʦʠʟʚʦʜʷʱʠʝ 

ʛʘʟʦʟʘʧʨʘʚʦʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʝʜʣʘʛʘʶʪ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʠʥʠ ɸɻʅʂʉ ʠ ʤʠʢʨʦ ɸɻʅʂʉ. 

ʄʠʥʠ ɸɻʅʂʉ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 115 ʜʦ 400 ʤ3 ʛʘʟʘ ʚ ʯʘʩ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʚ ʦʩʥʦʚʥʦʤ 

ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʠʤʝʶʱʠʭ 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʘʨʢ ʛʘʟʦʤʦʪʦʨʥʦʡ ʪʝʭʥʠʢʠ. ʇʦ ʩʚʦʝʤʫ ʫʩʪʨʦʡʩʪʚʫ ʦʥʠ ʘʥʘʣʦʛʠʯʥʳ 

ʩʪʘʮʠʦʥʘʨʥʳʤ ɸɻʅʂʉ, ʥʦ ʠʤʝʶʪ ʤʝʥʝʝ ʵʥʝʨʛʦʸʤʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʦʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʦʬʦʨʤʣʝʥʠʝ. 

ʄʠʢʨʦ ɸɻʅʂʉ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 3 ʜʦ 24 ʤ3 ʛʘʟʘ ʚ ʯʘʩ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʣʘʜʝʣʴʮʝʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʠ ʯʘʩʪʥʳʭ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ 

ʦʢʘʟʘʥʠʝʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ. ʕʪʘ ʫʩʪʘʥʦʚʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʨʝʩʩʦʨ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʩʤʦʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʩʠʣʦʚʦʡ ʨʘʤʝ ʠ ʩʥʘʙʞʝʥʥʳʡ ʬʠʣʴʪʨʦʤ ʜʣʷ ʦʯʠʩʪʢʠ ʠ 

ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʛʘʟʘ, ʪʨʫʙʯʘʪʳʤ ʨʘʜʠʘʪʦʨʦʤ ʜʣʷ ʝʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʟʘʧʨʘʚʦʯʥʳʤ ʢʨʘʥʦʤ ʠ 

ʜʘʪʯʠʢʦʤ ʜʘʚʣʝʥʠʷ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʢʣʶʯʘʶʱʠʤ ʢʦʤʧʨʝʩʩʦʨ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʚ 

ʟʘʧʨʘʚʣʷʝʤʦʤ ʙʘʢʝ ʜʘʚʣʝʥʠʷ 20 ʄʇʘ. ʋʩʪʘʥʦʚʢʘ ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʦʪʢʨʳʪʦʡ ʧʣʦʱʘʜʢʝ ʠ ʜʦʣʞʥʘ 

ʙʳʪʴ ʟʘʱʠʱʝʥʘ ʦʪ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

 ʅʝʩʤʦʪʨʷ ʥʘ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʫʢʘʟʘʥʥʳʭ ɸɻʅʂʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʥʦʨʘʟʤʝʨʥʳʤʠ 

ʫʩʪʘʥʦʚʢʘʤʠ, ʦʥʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚ ʈʦʩʩʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝ ʧʦʣʫʯʠʣʠ. 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ɸɻʅʂʉ ʧʨʠʚʷʟʘʥʳ ʢ ʠʩʪʦʯʥʠʢʘʤ ʛʘʟʘ ï ʤʘʛʠʩʪʨʘʣʴʥʳʤ ʛʘʟʦʧʨʦʚʦʜʘʤ 

ʠʣʠ ʛʘʟʦʚʳʤ ʩʝʪʷʤ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʬʝʨʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʣʝʚʳʭ ʨʘʙʦʪ. 

ɺ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʂʇɻ ʠ ʟʘʧʨʘʚʢʠ ʠʤ ʛʘʟʦʧʦʪʨʝʙʣʷʶʱʝʡ ʪʝʭʥʠʢʠ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʝʨʝʜʚʠʞʥʳʝ ʘʚʪʦʛʘʟʦʟʘʧʨʘʚʱʠʢʠ (ʇɸɻɿ). ɿʘʧʨʘʚʢʘ ʪʝʭʥʠʢʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʙʝʩʢʦʤʧʨʝʩʩʦʨʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʥʳʭ 

ʧʣʦʱʘʜʢʘʭ (ʨʠʩ. 1). ɼʣʷ ʛʘʟʠʬʠʢʘʮʠʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʢʪʠʚʥʳʝ ʇɸɻɿ, ʦʩʥʘʱʝʥʥʳʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʜʦʞʠʤʥʳʤʠ 

ʢʦʤʧʨʝʩʩʦʨʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʠ ʧʨʠʙʦʨʘʤʠ ʫʯʝʪʘ ʨʘʩʭʦʜʘ ʛʘʟʘ. ʇʦ ʜʘʥʥʳʤ ʠʟʛʦʪʦʚʠʪʝʣʷ, 

ʇɸɻɿ ʠʤʝʝʪ ʧʨʝʜʝʣʳ ʧʨʠʤʝʥʝʥʠʷ ʚ ʚʠʜʝ ʦʛʨʘʥʠʯʝʥʠʷ ʫʜʘʣʝʥʠʷ ʪʦʯʢʠ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʟʘʧʨʘʚʣʷʝʤʦʡ ʪʝʭʥʠʢʠ ʦʪ ɸɻʅʂʉ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʧʦʣʥʝʥʠʝ ʟʘʧʨʘʚʱʠʢʦʤ ʟʘʧʘʩʦʚ ʛʘʟʘ 

(ʨʘʜʠʫʩ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʝ ʙʦʣʝʝ 50 ʢʤ). 
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ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʟʘʧʨʘʚʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʛʘʟʦʤ ʩ ʧʦʤʦʱʴʶ ʇɸɻɿ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇɸɻɿ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʟʘʧʨʘʚʢʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʠʩʪʝʤʫ ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʟʦʤ ʵʪʦʡ ʪʝʭʥʠʢʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ 

ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ:ʟʘʧʦʣʥʝʥʠʝ ʛʘʟʦʤ ʸʤʢʦʩʪʠ ʇɸɻɿ ʥʘ ɸɻʅʂʉ; ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʛʘʟʘ ʢ 

ʤʝʩʪʫ ʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ;ʟʘʧʨʘʚʢʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. 

ʆʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʟʦʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʪʘʧʦʚ, ʦʪ ʢʦʪʦʨʦʛʦ 

ʟʘʚʠʩʠʪ ʙʝʩʧʝʨʝʙʦʡʥʦʩʪʴ ʨʘʙʦʪʳ ʛʘʟʦʧʦʪʨʝʙʣʷʶʱʝʡ ʪʝʭʥʠʢʠ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʵʪʘʧʦʚ 

ʚʢʣʶʯʘʝʪ ʨʷʜ ʧʦʜʵʪʘʧʦʚ (ʦʧʝʨʘʮʠʡ), ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʚʳʧʦʣʥʝʥʠʝ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʠ ʩʠʩʪʝʤʳ 

ï ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʪʝʭʥʠʢʠ ʪʦʧʣʠʚʦʤ. 

ʇʝʨʚʳʡ ʵʪʘʧ ʚʢʣʶʯʘʝʪ ʚ ʦʙʱʝʤ ʚʠʜʝ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: ʦʞʠʜʘʥʠʝ ʇɸɻɿ ʚ ʦʯʝʨʝʜʠ ʥʘ 

ɸɻʅʂʉ; ʧʦʜʛʦʪʦʚʢʫ ʢ ʟʘʧʦʣʥʝʥʠʶ; ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʝʤʢʦʩʪʠ ʇɸɻɿ; ʧʦʜʛʦʪʦʚʢʫ 

ʇɸɻɿ ʢ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʶ ʛʘʟʘ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ ʵʪʘʧʘ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ ʠ 

ʨʘʟʤʝʨʦʚ ʦʯʝʨʝʜʠ ʥʘ ɸɻʅʂʉ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʝʝ ʟʘʧʨʘʚʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʨʝʤʝʥʠ, 

ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʥʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʠ ʟʘʢʣʶʯʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ; ʵʪʠ ʧʨʦʮʝʩʩʳ ʠʤʝʶʪ 

ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ ʪʝʦʨʠʠ 

ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ [1]. 

ɺʪʦʨʦʡ ʵʪʘʧ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʧʦʣʥʝʥʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʙʦʪʳ ʧʦ ʜʦʩʪʘʚʢʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʘ ʢ ʤʝʩʪʘʤ ʝʛʦ ʧʦʪʨʝʙʣʝʥʠʷ; ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʫʪʝʤ 

ʨʝʰʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ, ʟʘʚʠʩʠʪ ʦʪ ʪʝʭʥʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇɸɻɿ, 

ʚʝʣʠʯʠʥʳ ʧʣʝʯʘ ʧʦʜʚʦʟʘ, ʩʦʩʪʦʷʥʠʷ ʜʦʨʦʛ ʠ ʪ.ʧ. [2]. 

ɺʨʝʤʷ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʪʨʝʪʴʝʛʦ ʵʪʘʧʘ ʚʢʣʶʯʘʝʪ, ʢʨʦʤʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʟʘʧʨʘʚʢʠ ʪʦʧʣʠʚʥʳʭ ʝʤʢʦʩʪʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʤʘʰʠʥʳ, ʟʘʪʨʘʪʳ 

ʚʨʝʤʝʥʠ ʥʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʠ ʟʘʢʣʶʯʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʥʘ ʧʦʜʲʝʟʜ ʠ ʦʪʲʝʟʜ ʇɸɻɿ 

ʠʣʠ ʟʘʧʨʘʚʣʷʝʤʦʛʦ ʩʨʝʜʩʪʚʘ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʭʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʧʨʘʚʢʠ), ʠ ʚʨʝʤʷ ʧʨʦʩʪʦʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʚ ʦʞʠʜʘʥʠʠ ʟʘʧʨʘʚʢʠ ʚʚʠʜʫ ʟʘʥʷʪʦʩʪʠ ʇɸɻɿ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʪʘʢʞʝ ʤʦʞʥʦ ʫʩʧʝʰʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ 

ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ.  

ɿʘʧʨʘʚʢʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʥʘ ɸɻʅʂʉ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʪʘʤ, ʛʜʝ ʵʪʦ 

ʧʦʟʚʦʣʷʶʪ ʤʝʩʪʥʳʝ ʫʩʣʦʚʠʷ, ʦʜʥʘʢʦ ʠʟ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʵʪʫ ʦʧʝʨʘʮʠʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʇɸɻɿ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 
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ʩʪʦʨʦʥʘʤʠ (ʚʳʩʦʢʘʷ ʤʦʙʠʣʴʥʦʩʪʴ ʩʨʝʜʩʪʚʘ ʟʘʧʨʘʚʢʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʥʠʟʠʪʴ ʜʦ ʤʠʥʠʤʫʤʘ 

ʧʨʦʩʪʦʠ ʠ ʭʦʣʦʩʪʳʝ ʧʨʦʙʝʛʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ), ʥʝʜʦʩʪʘʪʢʘʤʠ ʪʘʢʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʚʨʝʤʝʥʠ ʠ ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ 

ʧʝʨʝʤʝʱʝʥʠʝ ʇɸɻɿ ʤʝʞʜʫ ʜʘʣʝʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʟʘʧʨʘʚʣʷʝʤʳʤʠ ʦʙʲʝʢʪʘʤʠ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʩʠʩʪʝʤʘ ʟʘʧʨʘʚʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʛʘʟʦʤ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʧʝʨʝʜʚʠʞʥʳʭ ʛʘʟʦʟʘʧʨʘʚʦʯʥʳʭ ʧʫʥʢʪʦʚ ï ʛʘʟʦʟʘʧʨʘʚʦʯʥʳʭ ʤʦʜʫʣʝʡ (ɻɿʄ), 

ʦʩʥʘʱʝʥʥʳʭ ʝʤʢʦʩʪʷʤʠ ʜʣʷ ʂʇɻ, ʟʘʧʨʘʚʦʯʥʳʤʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʤʠ, ʩʨʝʜʩʪʚʘʤʠ ʟʘʤʝʨʘ 

ʚʳʜʘʥʥʦʛʦ ʛʘʟʘ. ʀʭ ʜʦʩʪʘʚʢʘ ʢ ʤʝʩʪʫ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʘʚʪʦʤʦʙʠʣʷʤʠ, ʘ ʟʘʧʨʘʚʢʘ ʪʝʭʥʠʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʘʤʠʤʠ ʤʝʭʘʥʠʟʘʪʦʨʘʤʠ (ʨʠʩ. 2). 

 
ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʟʘʧʨʘʚʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʛʘʟʦʤ ʩ ʧʦʤʦʱʴʶ ʄɸɻɿ ʠ 

ɻɿʄ. 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʚʫʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʛʘʟʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʩʪʘʭ ʧʨʦʚʝʜʝʥʠʷʧʦʣʝʚʳʭ ʨʘʙʦʪ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ, ʝʩʣʠ ʦʙʲʝʜʠʥʠʪʴ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ, 

ʩʦʟʜʘʚ ʤʦʜʫʣʴʥʳʡ ʘʚʪʦʛʘʟʦʟʘʧʨʘʚʱʠʢ (ʄɸɻɿ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʘʚʪʦʤʦʙʠʣʴʥʦʝ ʰʘʩʩʠ 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʭʦʜʠʤʦʩʪʠ, ʦʩʥʘʱʝʥʥʦʝ ʥʝʩʢʦʣʴʢʠʤʠ ʟʘʧʨʘʚʦʯʥʳʤʠ ʤʦʜʫʣʷʤʠ, 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʤʠ ʢʘʢ ʢ ʨʘʙʦʪʝ ʩ ʘʚʪʦʤʦʙʠʣʷ, ʪʘʢ ʠ ʢ ʘʚʪʦʥʦʤʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʝʟ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʥʘ ʛʨʫʥʪʝ.  

ʉʫʱʥʦʩʪʴ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʧʨʠʥʮʠʧʘ ʢʦʤʧʦʥʦʚʢʠ ʄɸɻɿ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʟʜʝʣʠʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʩʚʷʟʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʚʳʧʦʣʥʷʶʱʠʭ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʫʥʢʮʠʠ, ʧʨʠʯʸʤ ʧʦʜ ʤʦʜʫʣʝʤ ʧʦʥʠʤʘʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʚʝʨʰʝʥʥʳʡ ʵʣʝʤʝʥʪ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʰʘʩʩʠ ʜʣʷ ʄɸɻɿ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʨʝʜʩʪʚʘ ʚʳʩʦʢʦʡ ʧʨʦʭʦʜʠʤʦʩʪʠ [3] ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʥʘʠʙʦʣʝʝ ʧʨʠʛʦʜʥʳ 

ʧʦʣʥʦʧʨʠʚʦʜʥʳʝ ʘʚʪʦʤʦʙʠʣʠ ʩ ʢʦʣʝʩʥʦʡ ʬʦʨʤʫʣʦʡ 8ʭ8, ʦʙʣʘʜʘʶʱʠʝ ʦʧʪʠʤʘʣʴʥʦʡ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʤʘʥʝʚʨʝʥʥʦʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʠ ʧʦʜʭʦʜʝ ʢ ʟʘʧʨʘʚʣʷʝʤʦʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʝ. ʄɸɻɿ ʥʝʦʙʭʦʜʠʤʦ ʦʙʦʨʫʜʦʚʘʪʴ ʧʦʜʲʝʤʥʦ-ʤʘʥʠʧʫʣʠʨʫʶʱʠʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ɻɿʄ ʥʘ ʛʨʫʥʪ ʠʣʠ ʥʘ ʰʘʩʩʠ ʄɸɻɿ ʠ ʟʘʤʝʥʝ ʧʦʨʦʞʥʝʛʦ ʙʣʦʢʘ 

ʛʘʟʦʚʳʭ ʝʤʢʦʩʪʝʡ ʥʘ ʟʘʧʦʣʥʝʥʥʳʡ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ɻɿʄ ʥʘ ʛʨʫʥʪʝ. 

ɺʳʚʦʜʳ. ʇʨʠʤʝʥʝʥʠʝ ʂʇɻ ʜʣʷ ʪʦʧʣʠʚʦʦʙʝʩʧʝʯʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ 

ʩʧʦʩʦʙʥʦ ʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ 

ʟʘʜʘʯʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʧʝʮʠʘʣʴʥʦʝ ʪʨʘʥʩʧʦʨʪʥʦ-ʟʘʧʨʘʚʦʯʥʦʝ ʩʨʝʜʩʪʚʦ ï ʄɸɻɿ, 
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ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʩʰʠʨʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 
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ʈʝʬʝʨʘʪ: ʀʟʚʝʩʪʥʦ, ʯʪʦ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʥʘʥʦʩʠʪ ʙʦʣʴʰʦʡ 

ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʫʱʝʨʙ. ʀʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ, ʦʜʥʘʢʦ 

ʥʠ ʦʜʠʥ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ 

ʦʯʠʩʪʢʠ, ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ. 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʯʠʩʪʢʫ 

ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʪʩʪʦʡʥʠʢʘʭ, ʟʘʪʝʤ ʠʭ ʜʦʦʯʠʩʪʢʫ ʠ 

ʫʪʠʣʠʟʘʮʠʶ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʨʠ ʵʪʦʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʪʚʝʨʜʳʭ ʠ ʧʣʘʩʪʠʯʥʳʭ ʦʪʭʦʜʦʚ. 

ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʥʢʦʩʣʦʡʥʳʡ ʧʣʘʩʪʠʥʯʘʪʳʡ ʙʘʢ-ʦʪʩʪʦʡʥʠʢ ʚ ʢʘʯʝʩʪʚʝ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʦʯʠʩʪʠʪʝʣʷ. ʀʩʩʣʝʜʦʚʘʣʠ ʧʨʦʮʝʩʩ ʨʘʟʜʝʣʝʥʠʷ ʤʥʦʛʦʬʘʟʥʦʡ 

ʚʦʜʦʥʝʬʪʷʥʦʡ ʵʤʫʣʴʩʠʠ, ʩʦʜʝʨʞʘʱʝʡ ʪʚʝʨʜʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ ʠ 

ʦʧʨʝʜʝʣʝʥʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʤʥʦʛʦʬʘʟʥʦʡ ʩʤʝʩʠ ʦʪ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʙʘʢʝ-ʦʪʩʪʦʡʥʠʢʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʫʛʣʝ ʥʘʢʣʦʥʘ ʧʣʘʩʪʠʥ, ʨʘʚʥʦʤ 45 ʛʨʘʜʫʩʦʚ. 

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʜʝʣʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʠʟ ʵʤʫʣʴʩʠʠ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ, ʧʨʠʯʝʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʳʣʦ 

ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʟʘʟʦʨʝ 5 ʤʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʙʘʢʘ-ʦʪʩʪʦʡʥʠʢʘ ʧʦʟʚʦʣʷʝʪ 

ʫʜʘʣʠʪʴ ʪʚʝʨʜʳʝ ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʙʦʣʝʝ 25 ʤʢʤ ʠ ʦʪʜʝʣʠʪʴ ʩʚʳʰʝ ʪʨʝʪʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʚ ʚʦʜʝ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʣʦʪʘʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ. ʇʨʠʤʝʥʝʥʠʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʜʝʣʝʥʠʷ ʚʦʜʦʥʝʬʪʷʥʦʡ ʵʤʫʣʴʩʠʦʥʥʦʡ ʩʤʝʩʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʯʠʩʪʢʫ ʧʨʦʤʳʚʦʯʥʳʭ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ ʜʦ 2,4 ʤʣ/ʣ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʝʝ 

ʧʫʪʝʤ ʩʣʠʚʘ ʚ ʛʦʨʦʜʩʢʫʶ ʢʘʥʘʣʠʟʘʮʠʶ (ʜʦʧʫʩʪʠʤʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʜʦ 4 ʤʛ/ʣ), ʯʪʦ ʩʧʦʩʦʙʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʥʘ ʦʙʲʝʢʪʘʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʦʙʝʩʧʝʯʝʥʠʷ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʛʨʷʟʥʝʥʠʝ, ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʫʪʠʣʠʟʘʮʠʷ, ʵʤʫʣʴʩʠʷ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

 



ISSN 2305-2538 ʅɸʋʂɸ ɺ ʎɽʅʊʈɸʃʔʅʆʁ ʈʆʉʉʀʀ, ˉ5 (17), 2015 
 

 

~70~ 

PERFECTION WATER THE  SYSTEM FOR CLEANING CONTAINING OIL IN 

AGRICULTURAL PRODUCT ION 

 

Kovalenko Vsevolod Pavlovich, 

 Doctor of Technical Sciences, Professor, Russian State Agrarian University, Timiryazev 

Agricultural Academy, Moscow, ɽ-mail: elenaulykina@ rambler.ru 

Zolotov A.V.,  

 Postgraduate student, Federal Autonomous Institution 25 State Research Institute 

Chemmotology Ministry of Defense of the Russian Federation, Moscow 

Uljukina Elena Anatol'evna, 

 Doctor of Technical Sciences, Russian State Agrarian University, Timiryazev Agricultural 

Academy, Moscow 

 

Abstract: It is known that environmental pollution with petroleum products in the operation and 

maintenance of agricultural machinery causes great environmental damage. There are many methods 

of purification of oily waters, however, none of the existing individual methods allows to carry out 

this process with high efficiency, so you should use a combination of cleaning methods, integrated 

use of which will allow to achieve maximum effect. Consistently implement the pre-cleaning of oily 

water in the gravitational dynamic settlers, then their final purification, and recycling formed during 

this concentrated solid and plastic waste is recommended. It is proposed to use a thin layer plate 

tank-settler as a dynamic gravitational cleaner. The process of separating the multi-phase oil-water 

emulsion containing solid organic and mineral pollution is studied and optimal design parameters of 

the device are defined. It is established that the greatest efficiency of cleaning of the multiphase 

mixture of solid particles in a dynamic tank-settler is achieved when the angle of inclination of the 

plates is equal to 45 degrees. It is defined that the efficiency of separation of oil from emulsion 

depends on the distance between the plates, wherein the maximum value of efficiency was reached 

with the gap of 5 mm. It is established that the use of tank-settler removes solid contaminants with 

particles larger than 25 microns and separated over a third of oil. In order to achieve the established 

norms of maximum permissible containing deposits of oil in water it is recommended to use a flotation 

plant. The use of combined technologies of separating water-oil emulsion mixture is used for cleaning 

of washing oily water to 2.4 ml/l, which can be disposed of by draining it into the municipal Sewerage 

system (the allowable oil content in production wastewater to 4 mg/l), which is able to significantly 

improve ecological safety on objects of oil products supply in agricultural production. 

Key words: pollution, environment, petroleum, recycling, emulsion, efficiency. 

 

ɺʚʝʜʝʥʠʝ. ɿʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʤ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʥʘʥʦʩʠʪ ʙʦʣʴʰʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʫʱʝʨʙ [1] ʠ 

ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʧʨʝʜʲʷʚʣʝʥʠʷ ʰʪʨʘʬʥʳʭ ʩʘʥʢʮʠʡ. 

ʂ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʟʘʛʨʷʟʥʝʥʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪʥʦʩʠʪʩʷ ʥʝʬʪʴ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʳ. 

ʀʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ [2, 3], ʦʜʥʘʢʦ ʥʠ ʦʜʠʥ ʠʟ 

ʩʫʝɦʩʪʚʫʶʱʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ ʩ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ, ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ. ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʯʠʩʪʢʫ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 
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ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʪʩʪʦʡʥʠʢʘʭ, ʟʘʪʝʤ ʠʭ ʜʦʦʯʠʩʪʢʫ (ʞʠʜʢʦʩʪʥʫʶ ʬʠʣʴʪʨʘʮʠʶ, ʬʣʦʪʘʮʠʦʥʥʫʶ 

ʦʯʠʩʪʢʫ ʠ ʪ.ʧ.), ʠ, ʥʘʢʦʥʝʮ, ʫʪʠʣʠʟʘʮʠʶ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʨʠ ʵʪʦʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʪʚʝʨʜʳʭ ʠ ʧʣʘʩʪʠʯʥʳʭ ʥʝʬʪʝʦʪʭʦʜʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʦʯʠʩʪʠʪʝʣʷ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʥʢʦʩʣʦʡʥʳʡ ʧʣʘʩʪʠʥʯʘʪʳʡ ʙʘʢ-ʦʪʩʪʦʡʥʠʢ (ʨʠʩ.1), 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʪʦʨʦʛʦ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʝ [4].  

 
ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʙʘʢʘ-ʦʪʩʪʦʡʥʠʢʘ ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʪʠʧʘ: 

1ï ʢʦʨʧʫʩ; 2ï ʚʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ; 3ïʚʭʦʜʥʘʷ ʢʘʤʝʨʘ; 4ïʧʘʢʝʪ ʧʣʘʩʪʠʥ; 

 5ïʨʘʟʜʝʣʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ; 6ï ʧʘʪʨʫʙʦʢ ʜʣʷ ʚʳʭʦʜʘ ʥʝʬʪʝʧʨʦʜʫʢʪʘ;  

7ïʧʘʪʨʫʙʦʢ ʜʣʷ ʚʳʭʦʜʘ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ;  

8ïʦʪʩʪʦʡʥʠʢ ʩʦ ʩʣʠʚʥʳʤ ʚʝʥʪʠʣʝʤ. 

 

ʇʨʦʠʟʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ ʤʥʦʛʦʬʘʟʥʦʡ 

ʚʦʜʦʥʝʬʪʷʥʦʡ ʵʤʫʣʴʩʠʠ, ʩʦʜʝʨʞʘʱʝʡ ʪʚʝʨʜʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ, ʚ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʙʘʢʝ-ʦʪʩʪʦʡʥʠʢʝ. ʆʧʨʝʜʝʣʝʥʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʪʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. ʆʩʥʦʚʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʘʢʝʪʘ ʧʣʘʩʪʠʥ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʙʘʢʘ-

ʦʪʩʪʦʡʥʠʢʘ ʷʚʣʷʶʪʩʷ: ʜʣʠʥʘ ʧʣʘʩʪʠʥ, ʠʭ ʬʦʨʤʘ, ʫʛʦʣ ʠʭ ʥʘʢʣʦʥʘ ʠ ʟʘʟʦʨ (ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʯʠʩʪʢʠ ʤʥʦʛʦʬʘʟʥʦʡ ʩʤʝʩʠ ʦʪ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʙʘʢʝ-ʦʪʩʪʦʡʥʠʢʝ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʠ ʫʛʣʝ ʥʘʢʣʦʥʘ ʧʣʘʩʪʠʥ, ʨʘʚʥʦʤ 45Ü, ʦʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʥʘʢʣʦʥʘ ʚ ʜʠʘʧʘʟʦʥʝ 15Üé45Ü ʨʘʟʣʠʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʪʘʢ ʞʝ 

ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ [5]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʜʝʣʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ 

ʵʤʫʣʴʩʠʠ ʥʘ ʚʭʦʜʝ ʚ ʫʩʪʨʦʡʩʪʚʦ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʥʝʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ [6]. ʇʦʩʢʦʣʴʢʫ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʧʝʨʝʤʝʱʝʥʠʝ ʤʠʢʨʦʢʘʧʝʣʴ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʧʨʠ ʫʛʣʝ ʝʝ ʥʘʢʣʦʥʘ ʥʝ ʤʝʥʝʝ 37Ü, 

ʚʳʙʨʘʥ ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʣʘʩʪʠʥ 45Ü. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʜʝʣʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʠʟ ʵʤʫʣʴʩʠʠ ʧʨʠ ʝʝ ʦʯʠʩʪʢʝ ʚ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʙʘʢʝ-ʦʪʩʪʦʡʥʠʢʝ ʢʦʣʝʙʣʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʦʪ 

37,8 ʜʦ 44,4 %, ʧʨʠʯʝʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʟʘʟʦʨʝ 5 

ʤʤ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ, ʦʯʝʚʠʜʥʦ, ʣʫʯʰʠʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʢʦʘʣʝʩʮʝʥʮʠʠ ʢʘʧʝʣʴ ʥʝʬʪʝʧʨʦʜʫʢʪʘ 

ʧʨʠ ʠʭ ʚʩʧʣʳʪʠʠ. ʆʧʨʝʜʝʣʷʣʦʩʴ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʚ ʙʘʢʝ-

ʦʪʩʪʦʡʥʠʢʝ ʚʦʜʷʥʦʡ ʵʤʫʣʴʩʠʠ, ʩʦʜʝʨʞʘʱʝʡ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʟʘʛʨʷʟʥʝʥʠʡ. ɺʦʜʦʥʝʬʪʷʥʘʷ 
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ʵʤʫʣʴʩʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʛʦʪʘʚʣʠʚʘʣʘʩʴ ʠʩʢʫʩʩʪʚʝʥʥʦ ʠ ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʩʨʝʜʥʝʤʫ ʩʦʩʪʘʚʫ ʨʝʘʣʴʥʦʡ ʥʝʬʪʝʩʦʜʝʨʞʘʱʝʡ ʩʤʝʩʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ 

ʟʘʯʠʩʪʢʝ ʨʝʟʝʨʚʫʘʨʦʚ ʩ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʙʝʥʟʠʥʦʤ ʥʘ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ ʩʠʩʪʝʤʳ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʦʙʝʩʧʝʯʝʥʠʷ. ʇʨʠʥʠʤʘʣʠʩʴ ʦʢʨʫʛʣʝʥʥʳʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʯʠʱʘʝʤʦʡ ʥʝʬʪʝʩʦʜʝʨʞʘʱʝʡ ʚʦʜʝ: ʥʝʬʪʝʧʨʦʜʫʢʪʘ ï 35%, ʪʚʝʨʜʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ ï 3,5%, ʧʣʘʩʪʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ ï 1,6%, 

ʤʠʥʝʨʘʣʴʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ï 10%. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʦʯʠʩʪʢʘ ʥʝʬʪʝʩʦʜʝʨʞʘʱʝʡ ʚʦʜʳ ʦʪ 

ʪʚʝʨʜʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʵʤʫʣʴʛʠʨʦʚʘʥʥʦʛʦ ʚ ʥʝʡ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʩ ʧʦʤʦʱʴʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʙʘʢʘ-ʦʪʩʪʦʡʥʠʢʘ ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʪʚʝʨʜʳʝ ʟʘʛʨʷʟʥʝʥʠʷ ʨʘʟʤʝʨʦʤ 

ʯʘʩʪʠʮ ʙʦʣʝʝ 25 ʤʢʤ ʠ ʦʪʜʝʣʠʪʴ ʩʚʳʰʝ ʪʨʝʪʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘ. ʆʜʥʘʢʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʚʦʜʝ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʪʨʝʙʫʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʣʦʪʘʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ. 

ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠʟ ʚʦʜʦʥʝʬʪʷʥʳʭ ʵʤʫʣʴʩʠʡ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʬʣʦʪʘʮʠʦʥʥʳʤ 

ʤʝʪʦʜʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠʟ ʚʦʜʦʥʝʬʪʷʥʳʭ ʵʤʫʣʴʩʠʡ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

ʬʣʦʪʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ: 1 - ʢʦʨʧʫʩ ʫʩʪʘʥʦʚʢʠ; 2 - ʬʣʦʪʘʮʠʦʥʥʘʷ ʢʘʤʝʨʘ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ɸ; 

3 - ʬʣʦʪʘʮʠʦʥʥʘʷ ʢʘʤʝʨʘ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ɹ; 

4- ʘʵʨʘʪʦʨ; 5- ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʠʟʣʫʯʘʪʝʣʠ; 6 - ʩʝʢʮʠʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʢʘʤʝʨʳ ɸ; 7 - 

ʩʝʢʮʠʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʢʘʤʝʨʳ ɹ; 8 - ʣʦʪʦʢ ʜʣʷ ʬʣʦʪʦʰʣʘʤʘ; 9 - ʧʘʪʨʫʙʦʢ ʜʣʷ ʦʪʚʦʜʘ 

ʬʣʦʪʠʨʫʝʤʦʡ ʚʦʜʳ; 10 - ʨʦʪʘʤʝʪʨ; 11 - ʢʦʤʧʨʝʩʩʦʨ; 12-15 - ʨʝʛʫʣʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ 

(ʰʘʨʦʚʳʝ ʢʨʘʥʳ). I - ʧʦʜʘʯʘ ʚʦʜʳ ʥʘ ʜʦʦʯʠʩʪʢʫ; II  - ʚʳʭʦʜ ʦʯʠʱʝʥʥʦʡ ʚʦʜʳ. 

 

ʂʦʨʧʫʩ ʫʩʪʘʥʦʚʢʠ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʢʘʤʝʨʳ (ɸ ʠ ɹ), ʚ ʢʦʪʦʨʳʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʝʨʝʛʦʨʦʜʢʠ, ʦʙʨʘʟʫʶʱʠʝ ʨʘʜ ʩʝʢʮʠʡ; ʚʦʜʦʥʝʬʪʷʥʘʷ ʵʤʫʣʴʩʠʷ ʧʦʜʘʝʪʩʷ ʚʦ 

ʬʣʦʪʘʮʠʦʥʥʫʶ ʢʘʤʝʨʫ ɸ, ʚ ʢʦʪʦʨʫʶ ʦʪ ʢʦʤʧʨʝʩʩʦʨʘ ʧʦʩʪʫʧʘʝʪ ʩʞʘʪʳʡ ʚʦʟʜʫʭ, ʩ ʨʘʩʭʦʜʦʤ, 

ʟʘʜʘʚʘʝʤʳʤ ʩ ʧʦʤʦʱʴʶ ʨʦʪʘʤʝʪʨʘ. ɺʦʟʜʫʭ, ʧʨʦʡʜʷ ʯʝʨʝʟ ʘʵʨʘʪʦʨ, ʧʦʧʘʜʘʝʪ ʚ ʦʯʠʱʘʝʤʫʶ 

ʞʠʜʢʦʩʪʴ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʧʫʟʳʨʴʢʦʚ, ʟʘʪʝʤ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʝʢʮʠʷʤ, ʟʘʭʚʘʪʳʚʘʷ ʤʠʢʨʦʢʘʧʣʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘ, ʠ ʚ ʚʠʜʝ ʧʝʥʳ ʧʦʩʪʫʧʘʝʪ ʚ ʣʦʪʦʢ, ʦʪʢʫʜʘ ʩʘʤʦʪʝʢʦʤ ʫʜʘʣʷʝʪʩʷ. ɺ ʜʘʥʥʦʡ 
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ʢʘʤʝʨʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʣʠʧʘʥʠʝ ʠ ʫʜʝʨʞʘʥʠʝ ʤʠʢʨʦʢʘʧʝʣʴ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʟʜʫʰʥʳʭ ʧʫʟʳʨʴʢʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʵʤʫʣʴʩʠʷ ʧʦʩʪʫʧʘʝʪ ʚʦ ʚʪʦʨʫʶ ʬʣʦʪʘʮʠʦʥʥʫʶ ʢʘʤʝʨʫ ɹ, ʚ 

ʢʦʪʦʨʦʡ ʠʤʝʶʪʩʷ ʜʚʘ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠʟʣʫʯʘʪʝʣʷ, ʧʝʨʝʜʘʶʱʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʥʘ 

ʘʵʨʘʪʦʨ. ɿʘ ʩʯʝʪ ʠʥʪʝʥʩʠʬʠʮʠʨʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʢʘʤʝʨʝ ʬʣʦʪʘʮʠʠ ʚʦʟʤʦʞʥʦ 

ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ. 

ɺʳʚʦʜʳ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʜʝʣʝʥʠʷ ʚʦʜʦʥʝʬʪʷʥʦʡ 

ʵʤʫʣʴʩʠʦʥʥʦʡ ʩʤʝʩʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʯʠʩʪʢʫ ʧʨʦʤʳʚʦʯʥʳʭ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ ʜʦ 2,4 ʤʣ/ʣ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʝʝ ʧʫʪʝʤ ʩʣʠʚʘ ʚ ʛʦʨʦʜʩʢʫʶ ʢʘʥʘʣʠʟʘʮʠʶ (ʜʦʧʫʩʪʠʤʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ï ʜʦ 4 ʤʛ/ʣ). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʧʦʩʦʙʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʥʘ ʦʙʲʝʢʪʘʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʦʙʝʩʧʝʯʝʥʠʷ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 
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ʈʝʬʝʨʘʪ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʪʦʧʣʠʚʘ ʜʣʷ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʠʪʴ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʨʘʩʰʠʨʠʪʴ ʩʳʨʴʝʚʫʶ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʙʘʟʫ ʠ ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʀʟʫʯʘʣʠ 

ʧʦʣʫʯʝʥʠʝ ʙʠʦʪʦʧʣʠʚʘ ʨʝʘʢʮʠʝʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ 

ʦʜʥʦʘʪʦʤʥʳʤʠ ʩʧʠʨʪʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʆʧʠʩʘʥʳ ʚʦʟʤʦʞʥʳʝ ʧʦʙʦʯʥʳʝ 

ʧʨʦʮʝʩʩʳ ʠ ʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʘʣʠʯʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʤʝʭʘʥʠʟʤ ʢʠʩʣʦʪʥʦʛʦ 

ʠ ʦʩʥʦʚʥʦʛʦ ʢʘʪʘʣʠʟʘ ʘʣʢʦʛʦʣʠʟʘ ʛʣʠʮʝʨʠʜʦʚ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʠ ʘʣʢʦʛʦʣʠʟʘ ʙʳʣ ʧʨʦʚʝʜʸʥ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʤʦʣʝʢʫʣʳ ʪʨʠʛʣʠʮʝʨʠʜʘ, ʚ 

ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʨʘʜʠʢʘʣʳ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʚʳʩʰʠʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʢʠʩʣʦʪ 

ï ʦʣʝʠʥʦʚʦʡ, ʣʠʥʦʣʝʚʦʡ ʠ ʣʠʥʦʣʝʥʦʚʦʡ; ʤʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʤʝʪʠʣʘʪʦʚ ʢʘʣʠʷ ʠ ʥʘʪʨʠʷ ʠ 

ʵʪʠʣʘʪʘ ʢʘʣʠʷ. ʕʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠʩʩʣʝʜʫʝʤʳʭ ʤʦʣʝʢʫʣ ʨʘʩʩʯʠʪʳʚʘʣʠ ʚ ʧʨʦʛʨʘʤʤʝ 

Hyper Chem (ʚʝʨʩʠʷ 7), ʠʩʧʦʣʴʟʫʷ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ɸʄ1. ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʪʦʣʴʢʦ 

ʜʣʷ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʝʥʝʙʨʝʛʘʷ ʠʥʪʝʛʨʘʣʘʤʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ; 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʥʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʦʨʙʠʪʘʣʝʡ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʢʦʪʦʨʳʝ 

ʫʩʪʨʘʥʷʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʯʝʪʦʚ ʨʷʜʘ ʚʝʣʠʯʠʥ ʠ ʢʦʨʨʝʢʪʠʨʫʶʪ ʦʰʠʙʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʠʙʣʠʞʝʥʠʡ. ʇʨʦʚʝʜʸʥʥʳʡ ʨʘʩʯʝʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʤʦʣʝʢʫʣʝ ʤʝʪʠʣʘʪʘ ʢʘʣʠʷ ʥʘ ʘʪʦʤʝ 

ʢʠʩʣʦʨʦʜʘ ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʠʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʯʝʤ ʚ ʤʦʣʝʢʫʣʝ ʤʝʪʠʣʘʪʘ 

ʥʘʪʨʠʷ, ʧʦʵʪʦʤʫ ʤʝʪʠʣʘʪ ʢʘʣʠʷ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʨʝʘʛʝʥʪʦʤ 

ʠ ʚ ʨʝʘʢʮʠʠ ʘʣʢʦʛʦʣʠʟʘ ʘʪʘʢʫʝʪ ʢʘʨʙʦʥʠʣʴʥʳʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʚ ʤʦʣʝʢʫʣʘʭ 

ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʜʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʘʠʙʦʣʴʰʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʢʦʛʦʣʠʟ, ʘʪʦʤ, ʙʠʦʪʦʧʣʠʚʦ, ʜʠʟʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ, ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ, ʨʝʘʛʝʥʪ. 
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Abstract. It is known that the use of biofuels for diesel engines helps reduce harmful effects on 

the environment, expand the raw material base of energy and reduce the cost of agricultural products. 

Obtaining biofuels by transesterification reaction of vegetable oil triglycerides with monohydric 

alcohols using catalysts is studied. Possible side processes and their dependence on the temperature 

and the presence of a catalyst and mechanism of acid base catalysis alcoholysis of glycerides are 
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described. Quantum-chemical calculation of the triglyceride molecule, which consists of the most 

common radicals of higher aliphatic acids - oleic, linoleic and linolenic; methanol, potassium 

methylate and sodium methylate and potassium ethylate is carried out for the explain the features of 

the flow alcoholysis reaction.The electronic structure of the studied molecules were calculated in 

HyperChem (version 7) using semiempirical method AM1. The calculation is conducted only for the 

valence electrons, neglecting the integrals for certain interactions; uses standard non-optimized 

basic functions for the electronic orbitals are used and some parameters obtained experimentally, 

which eliminates the need for calculations of number values and correcting erroneous results of 

approximations. The calculation showed that in the molecule of methylate, potassium on the oxygen 

atom is concentrated slightly more negative charge than the molecule of sodium methylate, potassium 

methylate, therefore, will be more active nucleophilic reagent in the alcoholysis reaction attacking 

the carbonyl carbon atoms in molecules of triacylglycerides on which is concentrated the largest 

positive charge.  

Key words: alcoholysis, atom, biofuels, diesel engine, quantum chemical calculation, 

environment, reagent. 

 

ɺʚʝʜʝʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʪʦʧʣʠʚʘ (ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ) ʚ 

ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʜʣʷ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʨʘʩʰʠʨʠʪʴ ʩʳʨʴʝʚʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʙʘʟʫ ʠ ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ [1 - 20]. ʆʩʥʦʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʪʦʧʣʠʚʘ 

ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ (ʪʦʯʥʝʝ ï ʘʣʢʦʛʦʣʠʟʘ) ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʤʘʩʝʣ ʦʜʥʦʘʪʦʤʥʳʤʠ ʩʧʠʨʪʘʤʠ (ʯʘʱʝ ʤʝʪʘʥʦʣʦʤ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʠʣʠ ʢʠʩʣʦʪʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʥʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʠ ʩʣʦʞʥʦʵʬʠʨʥʳʭ ʛʨʫʧʧ [20 - 37]. ʈʝʘʢʮʠʠ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ (ʚ ʪʦʤ ʯʠʩʣʝ, ʘʣʢʦʛʦʣʠʟʘ) ʦʪʥʦʩʷʪʩʷ ʢ ʨʝʘʢʮʠʷʤ ʩ ʫʯʘʩʪʠʝʤ ʩʣʦʞʥʦʵʬʠʨʥʳʭ 

ʛʨʫʧʧ, ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʣʶʙʳʭ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʘʢʮʠʶ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. ʉʤʝʩʴ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʚʳʩʰʠʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʢʠʩʣʦʪ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʪʦʧʣʠʚʘ.  

ɸʣʢʦʛʦʣʠʟ ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʧʨʦʪʝʢʘʝʪ ʩʣʦʞʥʦ, ʚ ʪʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʘʜʠʠ [36, 37]. 

ʈʝʘʢʮʠʷ ʥʘ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠ- ʠ ʤʦʥʦʛʣʠʮʝʨʠʜʦʚ ʤʦʞʝʪ ʦʩʣʦʞʥʷʪʴʩʷ ʤʠʛʨʘʮʠʝʡ ʘʮʠʣʦʚ 

ʚ ʥʝʧʦʣʥʳʭ ʛʣʠʮʝʨʠʜʘʭ ʠʟ b(2)-ʧʦʣʦʞʝʥʠʷ ʚ a - a'(1 - 3)-ʧʦʣʦʞʝʥʠʷ. ɸʣʢʦʛʦʣʠʟ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʏʘʱʝ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʘʣʢʦʛʦʣʷʪʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʝ ʧʦ ʨʘʚʥʦʚʝʩʥʦʡ 

ʨʝʘʢʮʠʠ: 

ʉʅ3ʆʅ + ʂʆʅ ź ʉʅ3ʆʂ + ʅ2ʆ 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʦ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʘʥʠʦʥ Rʆľ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ 

ʜʠʩʩʦʮʠʘʮʠʠ ʘʣʢʦʛʦʣʷʪʘ [36, 37]. 

ɻʣʫʙʠʥʘ ʘʣʢʦʛʦʣʠʟʘ ʛʣʠʮʝʨʠʜʦʚ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʨʝʘʛʠʨʫʶʱʠʭ ʵʬʠʨʦʚ ʠ ʩʧʠʨʪʘ. ɺ 

ʩʣʫʯʘʝ ʘʣʢʦʛʦʣʠʟʘ ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʝʛʦ ʥʘʠʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ (ʜʦ 95 %) ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʜʝʡʩʪʚʫʶʱʝʛʦ ʩʧʠʨʪʘ 

ʛʣʫʙʠʥʘ ʘʣʢʦʛʦʣʠʟʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʦʧʨʝʜʝʣʷʷʩʴ ʧʦʣʦʞʝʥʠʝʤ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʘʚʥʦʚʝʩʠʷ. 

ɻʣʫʙʠʥʘ ʘʣʢʦʛʦʣʠʟʘ ʛʣʠʮʝʨʠʜʦʚ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʦʢʦʣʦ 35 %, ʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʤʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 10-11 %.  

ʉʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʘʣʢʦʛʦʣʠʟʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʱʝʣʦʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʣʢʦʛʦʣʷʪʘ. ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
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ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʩʧʠʨʪʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʝʜʢʦʡ ʱʝʣʦʯʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʘʣʢʦʛʦʣʠʟʦʤ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠ ʦʤʳʣʝʥʠʝ ʞʠʨʘ (ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʣʝʡ ʚʳʩʰʠʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʢʠʩʣʦʪ). 

ʅʘʨʷʜʫ ʩ ʨʝʘʢʮʠʷʤʠ ʘʣʢʦʛʦʣʠʟʘ, ʚ ʪʝʭ ʞʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʝʭ ʞʝ 

ʦʩʥʦʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʦʪʝʢʘʶʪ ʠ ʧʨʦʮʝʩʩʳ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ - ʤʝʞ- ʠ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ. ʄʝʞʤʦʣʝʢʫʣʷʨʥʘʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʤʝʞʜʫ 

ʤʦʣʝʢʫʣʘʤʠ ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ, ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ 

ʤʥʦʛʦʘʪʦʤʥʦʛʦ ʩʧʠʨʪʘ (ʛʣʠʮʝʨʠʥʘ) ʠ ʦʜʥʦʘʪʦʤʥʦʛʦ (ʤʝʪʘʥʦʣʘ). ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʤʝʱʝʥʠʠ ʘʮʠʣʦʚ ʚ ʤʦʣʝʢʫʣʝ ʩʣʦʞʥʦʛʦ ʵʬʠʨʘ 

ʤʥʦʛʦʘʪʦʤʥʳʭ ʩʧʠʨʪʦʚ, ʥʘʧʨʠʤʝʨ ʚ ʤʦʣʝʢʫʣʝ ʪʨʠʛʣʠʮʝʨʠʜʦʚ. ɹʝʟ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʟʘʤʝʪʥʦʡ ʩʢʦʨʦʩʪʴʶ ʣʠʰʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250Á ʉ ʠ ʚʳʰʝ. ʆʥʘ 

ʦʙʳʯʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʴʰʠʤ ʠʣʠ ʤʝʥʴʰʠʤ ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʩʧʘʜʦʤ ʵʬʠʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠʤʝʥʷʶʪ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ, ʩʫʣʴʬʦʢʠʩʣʦʪʳ, ʱʝʣʦʯʠ, ʘʣʢʦʛʦʣʷʪʳ, ʥʝʢʦʪʦʨʳʝ 

ʤʝʪʘʣʣʳ, ʢʘʢ ʮʠʥʢ, ʦʣʦʚʦ, ʠʭ ʤʳʣʘ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʫʢʘʟʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ 

ʩ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 210-230Á ʉ [36, 37]. ɺ 

ʧʨʠʩʫʪʩʪʚʠʠ ʘʣʢʦʛʦʣʷʪʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʩ ʚʝʜʝʥʠʝʤ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʚ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʥʘ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʢʦʣʦ 0Áʉ. 

ɺ ʨʷʜʝ ʞʠʨʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʛʣʠʮʝʨʠʜʘʭ 100%-ʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʪʘʢʠʭ ʞʠʨʦʚ, 

ʦʩʦʙʝʥʥʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʜʝʡʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʜʦʣʞʥʘ ʧʨʦʠʩʭʦʜʠʪʴ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʠʭ ʛʣʠʮʝʨʠʜʦʚ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʚ 

ʪʨʠʛʣʠʮʝʨʠʜʘʭ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ. ʆʩʦʙʝʥʥʦ ʟʘʤʝʪʥʳ ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ 

ʚ ʩʤʝʩʠ ʤʘʩʝʣ. ʇʝʨʝʵʪʝʨʠʬʠʢʘʮʠʷ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʚ ʩʤʝʩʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʠʩʣʦʪ ʚ ʪʨʠʛʣʠʮʝʨʠʜʘʭ. ʇʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʡ ʘʣʢʦʛʦʣʠʟʘ ʠ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʟʘʪʨʫʜʥʷʝʪ ʧʦʣʫʯʝʥʠʝ ʙʠʦʪʦʧʣʠʚʘ ʠʟ ʩʤʝʩʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʤʝʪʘʥʦʣʠʟʘ ʦʙʨʘʟʫʝʪʩʷ ʩʚʦʙʦʜʥʳʡ ʛʣʠʮʝʨʠʥ. ʆʜʥʘʢʦ ʨʝʘʢʮʠʷ ʛʣʠʮʝʨʦʣʠʟʘ 

ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʪʝʢʘʪʴ ʥʝ ʤʦʞʝʪ, ʪʘʢ ʢʘʢ. ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʞʸʩʪʢʠʭ ʫʩʣʦʚʠʡ (ʚʳʩʦʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ). 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ. 

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʘʣʢʦʛʦʣʠʟʘ ʧʨʦʚʝʜʸʥ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʤʦʣʝʢʫʣʳ ʪʨʠʛʣʠʮʝʨʠʜʘ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʨʘʜʠʢʘʣʳ ʩʘʤʳʭ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʚʳʩʰʠʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ï ʦʣʝʠʥʦʚʦʡ, ʣʠʥʦʣʝʚʦʡ ʠ ʣʠʥʦʣʝʥʦʚʦʡ; 

ʤʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʤʝʪʠʣʘʪʦʚ ʢʘʣʠʷ ʠ ʥʘʪʨʠʷ ʠ ʵʪʠʣʘʪʘ ʢʘʣʠʷ. 

ʕʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠʩʩʣʝʜʫʝʤʳʭ ʤʦʣʝʢʫʣ ʨʘʩʩʯʠʪʳʚʘʣʠ ʚ ʧʨʦʛʨʘʤʤʝ Hyper Chem 

(ʚʝʨʩʠʷ 7), ʠʩʧʦʣʴʟʫʷ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ɸʄ1.  

ʇʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʝʰʘʶʪ ʫʨʘʚʥʝʥʠʝ ʐʨʝʜʠʥʛʝʨʘ ʜʣʷ ʤʦʣʝʢʫʣ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʠ ʫʧʨʦʱʝʥʠʡ. ɺʩʝ ʤʝʪʦʜʳ ʵʪʦʡ ʛʨʫʧʧʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʤ, ʯʪʦ: ʨʘʩʯʝʪ ʚʝʜʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʝʥʝʙʨʝʛʘʷ 

ʠʥʪʝʛʨʘʣʘʤʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ; ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʥʝ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʣʝʡ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʢʦʪʦʨʳʝ 

ʧʘʨʘʤʝʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʩʪʨʘʥʷʶʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʯʝʪʦʚ ʨʷʜʘ ʚʝʣʠʯʠʥ ʠ ʢʦʨʨʝʢʪʠʨʫʶʪ ʦʰʠʙʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʙʣʠʞʝʥʠʡ.  

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʩʚʦʸʤ ʘʣʛʦʨʠʪʤʝ ʦʧʠʨʘʶʪʩʷ ʥʘ ʤʝʪʦʜ 

ʍʘʨʪʨʠ-ʌʦʢʘ, ʠʣʠ ʤʝʪʦʜ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʧʦʣʷ (ʉʉʇ). ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 
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ʢʘʞʜʳʡ ʵʣʝʢʪʨʦʥ ʜʚʠʞʝʪʩʷ ʚ ʧʦʣʝ ʘʪʦʤʥʳʭ ʷʜʝʨ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʬʠʢʩʠʨʦʚʘʥʦ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠ ʚ ʵʬʬʝʢʪʠʚʥʦʤ (ʫʩʨʝʜʥʝʥʥʦʤ) ʧʦʣʝ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʥʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʦʚʝʜʸʥʥʳʡ ʥʘʤʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʚ ʤʦʣʝʢʫʣʝ ʤʝʪʠʣʘʪʘ ʢʘʣʠʷ (ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʵʪʦ ʩʘʤʳʡ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʡ 

ʨʝʘʛʝʥʪ) ʥʘ ʘʪʦʤʝ ʢʠʩʣʦʨʦʜʘ ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʠʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʯʝʤ ʚ 

ʤʦʣʝʢʫʣʝ ʤʝʪʠʣʘʪʘ ʥʘʪʨʠʷ (ï 0,746 ʠ ï 0,716 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʝʡ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴʶ ʘʪʦʤʘ ʢʘʣʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʪʦʤʦʤ ʥʘʪʨʠʷ (ʨʠʩʫʥʦʢ 1). 

 

 

 

 

 

 

 

 

 

 

  

 

  

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʤʦʣʝʢʫʣʘʭ  

ʤʝʪʠʣʘʪʘ ʢʘʣʠʷ (ʘ) ʠ ʤʝʪʠʣʘʪʘ ʥʘʪʨʠʷ (ʙ) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʠʣʘʪ ʢʘʣʠʷ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʨʝʘʛʝʥʪʦʤ. 

ʇʨʦʚʝʜʸʥ ʨʘʩʯʸʪ ʤʦʣʝʢʫʣʳ ʪʨʠʛʣʠʮʝʨʠʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʦʩʪʘʪʢʠ ʦʣʝʠʥʦʚʦʡ, ʣʠʥʦʣʝʚʦʡ ʠ 

ʣʠʥʦʣʝʥʦʚʦʡ ʢʠʩʣʦʪ (ʨʠʩʫʥʦʢ 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʳ ʪʨʠʛʣʠʮʝʨʠʜʘ 

 

ʇʦ ʜʘʥʥʳʤ ʨʘʩʯʸʪʘ ʤʦʣʝʢʫʣʘ ʪʨʠʛʣʠʮʝʨʠʜʘ ʥʝ ʩʠʤʤʝʪʨʠʯʥʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʧʦ 

ʩʪʝʨʠʯʝʩʢʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳ ʜʣʷ ʘʪʘʢʠ ʥʫʢʣʝʦʬʠʣʘ ʘʪʦʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ b-

ʘ ʙ 
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ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʘ ʛʣʠʮʝʨʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ (ʩʣʝʚʘ), ʯʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʢʦʪʦʨʳʤ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤ [1]. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ 

ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʤʦʣʝʢʫʣʝ ʪʨʠʛʣʠʮʝʨʠʜʘ 

 

ɺ ʪʨʠʛʣʠʮʝʨʠʜʥʦʤ ʬʨʘʛʤʝʥʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʟʘʤʝʪʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʩʚʷʟʝʡ ʉïʆ. 

ʊʘʢ, ʟʘʨʷʜ ʥʘ ʢʘʨʙʦʥʠʣʴʥʦʤ ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ + 0,296 ʜʦ + 0,321, ʥʘ ʢʘʨʙʦʥʠʣʴʥʦʤ 

ʘʪʦʤʝ ʢʠʩʣʦʨʦʜʘ ʦʪ -0,285 ʜʦ-0,329; ʟʘʨʷʜ ʥʘ ʵʬʠʨʥʦʤ ʘʪʦʤʝ ʢʠʩʣʦʨʦʜʘ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ: ʦʪ -

0,247 ʜʦ -0,278. ʇʨʠ ʵʪʦʤ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʟʘʨʷʜʳ ʧʨʠʭʦʜʷʪʩʷ ʥʘ b-ʧʦʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣʳ 

ʪʨʠʛʣʠʮʝʨʠʜʘ (ʩʣʝʚʘ). ʉʘʤʦʝ ʟʘʤʝʪʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʛʣʠʮʝʨʠʥʦʚʳʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ. ɽʩʣʠ ʚ ʧʦʣʦʞʝʥʠʷʭ a ʠ aô ʥʘ ʥʠʭ ʩʦʩʨʝʜʦʪʦʯʝʥ 

ʥʝʙʦʣʴʰʦʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ (-0,028), ʪʦ ʚ ʧʦʣʦʞʝʥʠʠ 2 ʥʘ ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ ʥʝʜʦʩʪʘʪʦʢ 

ʣɻʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ (ʟʘʨʷʜ +0,036). 

ɿʘʢʣʶʯʝʥʠʝ. ʅʫʢʣʝʦʬʠʣʴʥʘʷ ʯʘʩʪʠʮʘ ʚ ʨʝʘʢʮʠʠ ʘʣʢʦʛʦʣʠʟʘ ʘʪʘʢʫʝʪ ʢʘʨʙʦʥʠʣʴʥʳʝ ʘʪʦʤʳ 

ʫʛʣʝʨʦʜʘ, ʥʘ ʢʦʪʦʨʳʭ ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʘʠʙʦʣʴʰʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ. ʇʦ ʨʘʩʯʝʪʫ ʵʪʦ b-

ʧʦʣʦʞʝʥʠʝ ʢʘʢ ʧʦ ʚʝʣʠʯʠʥʝ ʟʘʨʷʜʘ, ʪʘʢ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʝʨʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ.  
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ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʥʦʚʦʛʦ ʤʦʥʦʣʠʪʘ ʩ ʙʦʢʦʚʦʡ ʩʪʝʥʢʦʡ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʣʠʪʝʣʴ ʧʦʪʦʢʘ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʘʷ ʝʤʢʦʩʪʴ, 

ʧʘʨʘʤʝʪʨʳ, ʧʦʛʨʝʰʥʦʩʪʴ ʜʝʣʝʥʠʷ.  

 

SUBSTANTIATION OF TH E PARAMETERS OF LOUV ERED DIVIDERS FLOW O F 

GRAIN  

 

Tishaninov Nikolay Petrovich 

Full Doctor of Technical Sciences, professor, head of department, All -Russian Research 

Institute for Use of Machinery and Petroleum Products in Agriculture, Tambov,  

E-mail: av-anashkin@mail.ru 



ISSN 2305-2538 ʅɸʋʂɸ ɺ ʎɽʅʊʈɸʃʔʅʆʁ ʈʆʉʉʀʀ, ˉ5 (17), 2015 
 

 

~86~ 

 

Anashkin Alexander Vitalyevich 

PhD ( Technical), head of the laboratory, All-Russian Research Institute for Use of Machinery 

and Petroleum Products in Agriculture, Tambov, E-mail: av-anashkin@mail.ru 

 

Summary. It is known that the grain-cleaning units, which are a set of technological units with 

different channels, it is impossible to effectively use without Autoregulated grain flow dividers. The 

quality of the grain flow of the fission process, provided the symmetry of the grain monolith in 

stabilizing capacity relative to the vertical partitions, autoregulated dividers of louver-type is studied. 

The relationship quality of the fission process with offset value of feed grain flow based on the design 

parameters of the stabilizing capacitance is analyzed. It is shown that the horizontal cross-sectional 

dimensions in a stabilizing capacitance are limited in real operation. With increasing flow 

characteristics and due to the lower tap separated grain flows, directing them to the technological 

channels, increasing the vertical dimension of the stabilizing capacity that limits the possibility of 

upgrading the existing grain-cleaning technologies. The design circuit with an asymmetrical 

placement of the grain monolith in stabilizing tank when the grain supply is made directly to louvre 

wall, is used to justify the error of work of louver divider. The equations of contour coordinates 

representing a line contact with the surface of the grain monolith with sidewall of stabilizing tank are 

given. It was found that a change in the bias in the range e = 0.05 ... 0.15 m division error is increased 

by 2,7 ... 3,1 times. The main dimensions flow characteristics and louvered dividers with different 

sizes stabilizing capacity, which louver divider can be selected for inclusion it in the composition of 

the grain cleaning technologies are determined. 

Keywords: divider bulk materials, stabilizing capacity, parameters, error division. 

 

ɺʚʝʜʝʥʠʝ.  

ʀʟ ʚʩʝʭ ʧʨʠʛʦʜʥʳʭ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʝʣʠʪʝʣʝʡ ʧʦʪʦʢʘ ʟʝʨʥʘ [1é10] ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʧʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʠʩʧʦʣʥʝʥʠʶ ʷʚʣʷʶʪʩʷ ʞʘʣʶʟʠʡʥʳʝ [1, 2]. ʇʨʠʥʮʠʧ ʠʭ ʨʘʙʦʪʳ ʦʩʥʦʚʘʥ ʥʘ 

ʚʳʧʫʩʢʝ ʟʝʨʥʘ ʠʟ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ ʯʝʨʝʟ ʙʦʢʦʚʫʶ ʩʪʝʥʢʫ ʩ ʦʪʚʦʜʷʱʠʤʠ ʢʘʥʘʣʘʤʠ ʠ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤʠ ʧʣʘʥʢʘʤʠ. ɼʝʣʝʥʠʝ ʧʦʪʦʢʘ ʟʝʨʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʝʨʝʛʦʨʦʜʢʦʡ, ʨʘʟʤʝʱʝʥʥʦʡ ʚ ʮʝʥʪʨʝ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʙʦʢʦʚʦʡ ʩʪʝʥʢʝ. ʂʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʘ 

ʜʝʣʝʥʠʷ ʧʦʪʦʢʘ ʟʝʨʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʠʤʤʝʪʨʠʝʡ ʟʝʨʥʦʚʦʛʦ ʤʦʥʦʣʠʪʘ ʚ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ 

ʝʤʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʝʨʝʛʦʨʦʜʢʠ. ɺ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʙʝʩʧʝʯʠʪʴ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʟʝʨʥʦʚʦʛʦ ʤʦʥʦʣʠʪʘ ʚ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ ʩʣʦʞʥʦ, 

ʧʦʵʪʦʤʫ ʛʘʙʘʨʠʪʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʚ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ 

ʫʩʣʦʚʠʷʭ ʝʝ ʟʘʛʨʫʟʢʠ ʦʛʨʘʥʠʯʝʥʳ. ʇʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʨʘʟʤʝʨʦʚ ʩʝʯʝʥʠʷ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ 

ʝʤʢʦʩʪʠ ʩ ʨʦʩʪʦʤ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʝ ʚʝʨʪʠʢʘʣʴʥʳʡ ʛʘʙʘʨʠʪ, ʯʪʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʛʘʙʘʨʠʪ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʥʠʞʥʝʛʦ ʦʪʚʦʜʘ ʨʘʟʜʝʣʝʥʥʳʭ ʧʦʪʦʢʦʚ ʟʝʨʥʘ, 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʠʭ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʢʘʥʘʣʘʤ. ɺʳʰʝʩʢʘʟʘʥʥʦʝ ʪʨʝʙʫʝʪ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʢʦʤʧʣʝʢʩʘ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʘ ʜʝʣʝʥʠʷ, ʨʘʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʛʘʙʘʨʠʪʳ ʞʘʣʶʟʠʡʥʳʭ ʜʝʣʠʪʝʣʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʙʦʪʳ ʞʘʣʶʟʠʡʥʦʛʦ ʜʝʣʠʪʝʣʷ 

ʨʘʩʩʤʦʪʨʠʤ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ ʩ ʘʩʩʠʤʝʪʨʠʯʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ ʟʝʨʥʦʚʦʛʦ ʤʦʥʦʣʠʪʘ ʚ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ, ʢʦʛʜʘ ʧʦʜʘʯʘ ʟʝʨʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ 

ʞʘʣʶʟʠʡʥʦʡ ʩʪʝʥʢʝ, ʨʠʩʫʥʦʢ 1.  
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ʀʟ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʚʝʨʪʠʢʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʢʦʥʪʫʨʘ EFG, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ 

ʣʠʥʠʠ ʢʦʥʪʘʢʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʥʦʚʦʛʦ ʤʦʥʦʣʠʪʘ ʩ ʙʦʢʦʚʦʡ ʩʪʝʥʢʦʡ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ 

ʝʤʢʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʨʘʚʥʝʥʠʷʤʠ: 

atgeBHhʣ )2/( +-= ; (1) 

atgeBHhʧ )2/( --= ; (2) 

aetgHh -=0 . (3) 

ʇʣʦʱʘʜʠ ʞʠʚʳʭ ʩʝʯʝʥʠʡ ʦʪʚʦʜʦʚ ʟʝʨʥʘ ʠʟ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ ʯʝʨʝʟ ʣʝʚʫʶ (Sʣ) ʠ 

ʧʨʘʚʫʶ (Sʧ) ʯʘʩʪʠ ʙʦʢʦʚʦʡ ʩʪʝʥʢʠ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ: 

40 )/ h ɺɺ( S ʣʣ += ; (4) 

2220 )/he)(H(B/H)/e(hS ʧʧ +-++= . (5) 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚʝʣʠʯʠʥ hʣ, hʧ ʠ h0 ʠʟ ʫʨʘʚʥʝʥʠʡ (1é3) ʚ ʫʨʘʚʥʝʥʠʷ (4, 5) ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ: 

2/8/2/ 2 aa eBtgtgBBHSʣ --= ; (6) 

2/8/2/ 22 aaa eBtgtgBBHtgeSʧ +-+-= . (7) 

ʆʧʨʝʜʝʣʠʤ ʨʘʟʥʠʮʫ ʧʣʦʱʘʜʝʡ: 

++-+-+-=- 8/2/2/8/2/ 222 aaaa tgBBHeBtgtgBBHtgeSS ʣʧ  

.2/ 2 aaa eBtgtgeeBtg +-=+  (8) 

)()( 2 eBetgeeBtgSS ʣʧ -=-+- aa . (9) 

 

 
1 ï ʩʪʘʙʠʣʠʟʠʨʫʶʱʘʷ ʝʤʢʦʩʪʴ; 2 ï ʟʝʨʥʦʚʦʡ ʤʦʥʦʣʠʪ; ʅ, ɺ ï ʚʳʩʦʪʘ ʠ ʰʠʨʠʥʘ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ, ʤ; Ŭ ï ʫʛʦʣ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʢʦʩʘ ʟʝʨʥʘ, ʛʨʘʜ; Sʣ, Sʧ
 ï ʧʣʦʱʘʜʠ 

ʠʩʪʝʯʝʥʠʷ ʟʝʨʥʘ ʯʝʨʝʟ ʣʝʚʫʶ ʠ ʧʨʘʚʫʶ ʯʘʩʪʠ ʜʝʣʠʪʝʣʷ 

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʦʙʦʩʥʦʚʘʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʙʦʪʳ ʞʘʣʶʟʠʡʥʦʛʦ ʜʝʣʠʪʝʣʷ 

ʧʦʪʦʢʘ ʟʝʨʥʘ 

ʀʟ ʫʨʘʚʥʝʥʠʷ (9) ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʟʥʠʮʘ ʧʣʦʱʘʜʝʡ (ʨʘʩʭʦʜʦʚ) ʯʝʨʝʟ ʣʝʚʫʶ ʠ ʧʨʘʚʫʶ ʯʘʩʪʠ 

ʞʘʣʶʟʠʡʥʦʛʦ ʜʝʣʠʪʝʣʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ ʅ. ɽʝ ʚʝʣʠʯʠʥʘ ʟʘʚʠʩʠʪ ʦʪ ʩʤʝʱʝʥʠʷ ʧʦʜʘʚʘʝʤʦʛʦ 

ʧʦʪʦʢʘ ʟʝʨʥʘ (e), ʫʛʣʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʢʦʩʘ (Ŭ) ʠ ʰʠʨʠʥʳ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ (ɺ). 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʧʦʛʨʝʰʥʦʩʪʠ ʜʝʣʝʥʠʷ (ȹ) ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ (H). ɼʣʷ ʝʝ ʦʮʝʥʢʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʶʶ ʧʣʦʱʘʜʴ: 

-++-+-=+= 2/2/8/2/(2/)( 22 BHeBtgtgBBHtgeSSS ʣʧ aaa  

2/)4/(2/)2/8/ 222 aaaa tgBtgeBHeBtgtgB --=-- . (10) 

ʉ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʡ (9) ʠ (10) ʧʦʛʨʝʰʥʦʩʪʴ ʜʝʣʝʥʠʷ ʙʫʜʝʪ: 
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ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʘʨʠʘʪʠʚʥʦʩʪʠ (ʠʟʙʳʪʦʯʥʳʭ) ʦʮʝʥʦʢ (ȹ) ʧʦ ʫʨʘʚʥʝʥʠʶ (11) ʥʝʦʙʭʦʜʠʤʦ 

ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ ʚʝʣʠʯʠʥʫ (Ŭ) ʠ ʚʳʙʨʘʪʴ ʟʥʘʯʝʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ (e) ʧʦʜʘʯʠ ʧʦʪʦʢʘ ʟʝʨʥʘ 

ʚ ʩʪʘʙʠʣʠʟʠʨʫʶʱʫʶ ʝʤʢʦʩʪʴ. ʍʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʫʛʣʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʢʦʩʘ ʟʝʨʥʘ (Ŭ) ʥʘ 

ʚʝʣʠʯʠʥʫ (ȹ) ʷʩʝʥ ï ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. ɺʝʣʠʯʠʥʘ (Ŭ) ʦʩʥʦʚʥʳʭ ʟʝʨʥʦʚʳʭ 

ʢʫʣʴʪʫʨ ʠʟʤʝʥʷʝʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʨʝʜʝʣʘʭ. ʇʦʵʪʦʤʫ ʥʘʤʠ ʚʳʙʨʘʥʘ ʚʝʣʠʯʠʥʘ Ŭ = 31Ü, 

ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʩʨʝʜʳ (ʧʰʝʥʠʮʳ). ɺʝʣʠʯʠʥʘ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʧʦʜʘʯʠ ʧʦʪʦʢʘ ʧʨʠ 

ʦʮʝʥʢʝ (ȹ) ʥʘʤʠ ʧʨʠʥʷʪʘ ʠʟ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʦʦʙʨʘʞʝʥʠʡ: e = 0,05; 0,1; 0,15 ʤ. 

ʉ ʫʯʝʪʦʤ ʧʨʠʥʷʪʳʭ (Ŭ) ʠ (e) ʥʘʤʠ ʧʦʣʫʯʝʥʳ ʨʘʩʯʝʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ (ȹ): 
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  (12) 

ɺʟʘʠʤʦʩʚʷʟʴ (ȹ) ʩ ʚʝʣʠʯʠʥʘʤʠ (B) ʠ (H) ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʘ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʜʝʣʠʪʝʣʝʡ ʧʦʪʦʢʘ ʟʝʨʥʘ ʞʘʣʶʟʠʡʥʦʛʦ ʪʠʧʘ ʩ ʨʝʘʣʴʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠ ʜʦʧʫʩʪʠʤʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʧʦʛʨʝʰʥʦʩʪʠ ʜʝʣʝʥʠʷ (ȹ). ʀʟ ʵʪʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʥʘʤʠ ʚʳʙʨʘʥʳ 

ʜʠʘʧʘʟʦʥʳ ʚʝʣʠʯʠʥ: B = 0,4é0,6 ʤ; H = 0,3é0,6 ʤ. 

ɺʟʘʠʤʦʩʚʷʟʴ (ȹ) ʩ ʚʳʙʨʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ (Ŭ), (e), (B) ʠ (H), ʧʦʣʫʯʝʥʥʘʷ ʨʘʩʯʝʪʥʳʤ 

ʧʫʪʝʤ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (12), ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʜʝʣʝʥʠʷ (ȹ) ʦʪ ʚʝʣʠʯʠʥ (ʝ), (ɺ) ʠ (ʅ) ʧʨʠ Ŭ = 31Ü 

ɺʳʩʦʪʘ  

ʩʪʘʙʠʣʠʟʠʨʫʶ

ʱʝʡ ʝʤʢʦʩʪʠ, 

ʤ 

ʉʤʝʱʝʥʠʝ ʧʦʜʘʚʘʝʤʦʛʦ ʧʦʪʦʢʘ ʠ ʰʠʨʠʥʘ  

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ, ʤ 

ʝ = 0,05 ʝ = 0,1 ʝ = 0,15 

ɺ=0,4 ɺ=0,5 ɺ=0,6 ɺ=0,4 ɺ=0,5 ɺ=0,6 ɺ=0,4 ɺ=0,5 ɺ=0,6 

ʅ=0,3 23,3 24,3 26,5 40,0 45,5 50,0 54,5 63,6 72,0 

ʅ=0,4 16,2 16,8 17,9 27,7 30,9 33,3 36,7 42,3 47,0 

ʅ=0,5 12,4 12,8 13,5 21,2 23,4 25,0 27,7 31,7 34,8 

ʅ=0,6 10,0 10,3 10,8 17,1 18,8 20,0 22,2 25,3 27,7 

 

ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʤʝʱʝʥʠʷ ʧʦʜʘʯʠ ʚ ʜʠʘʧʘʟʦʥʝ ʝ = 0,05...0,15 ʤ 

ʧʦʛʨʝʰʥʦʩʪʴ ʜʝʣʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2,7...3,1 ʨʘʟʘ. ʇʨʠ ʵʪʦʤ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʜʠʘʧʘʟʦʥʘ 

ʢʨʘʪʥʦʩʪʠ ʨʦʩʪʘ ȹ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʤʝʥʴʰʝʛʦ ʟʥʘʯʝʥʠʷ ʚʳʩʦʪʳ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ (ʅ = 

0,3 ʤ). 

ɺ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʛʨʝʰʥʦʩʪʴ ʜʝʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ. 

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʅ ʦʪ 0,6 ʤ ʜʦ 0,3 ʤ ʧʦʛʨʝʰʥʦʩʪʴ ʜʝʣʝʥʠʷ (ȹ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2,3...2,6 ʨʘʟʘ 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʝʣʠʯʠʥʘ hʣ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʷ ɺ ʧʣʦʱʘʜʴ 

ʟʘʧʦʣʥʝʥʥʦʛʦ ʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʦʪʚʦʜʘ ʟʝʨʥʘ ʯʝʨʝʟ ʣʝʚʫʶ ʠ ʧʨʘʚʫʶ ʯʘʩʪʠ ʜʝʣʠʪʝʣʷ, ʩʥʠʞʘʝʪʩʷ. 

ʀʟ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʚʝʨʭʥʠʡ ʢʦʥʪʫʨ EFG ʩʦʧʨʷʞʝʥʠʷ ʟʝʨʥʦʚʦʛʦ ʤʦʥʦʣʠʪʘ ʚ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ ʩ ʞʘʣʶʟʠʡʥʦʡ ʩʪʝʥʢʦʡ, ʢʦʛʜʘ ʫʯʘʩʪʢʠ ʢʦʥʪʫʨʘ EF ʠ FG 

ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʜ ʫʛʣʦʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʢʦʩʘ ʟʝʨʥʘ (Ŭ), ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʦʜʘʯʠ ʟʝʨʥʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʞʘʣʶʟʠʡʥʦʡ ʩʪʝʥʢʝ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʦʜʘʯʠ ʥʝʧʨʠʝʤʣʝʤ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ȹ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1. 
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ʇʨʠ ʩʤʝʱʝʥʠʠ ʧʦʜʘʯʠ ʟʝʨʥʘ ʦʪ ʞʘʣʶʟʠʡʥʦʡ ʩʪʝʥʢʠ ʢ ʮʝʥʪʨʫ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ 

ʧʦ ʝʝ ʛʣʫʙʠʥʝ (C) ʬʦʨʤʘ ʢʦʥʪʫʨʘ ʩʦʧʨʷʞʝʥʠʷ ʟʝʨʥʦʚʦʛʦ ʤʦʥʦʣʠʪʘ ʩ ʞʘʣʶʟʠʡʥʦʡ ʩʪʝʥʢʦʡ ʙʫʜʝʪ 

ʧʘʨʘʙʦʣʦʡ, ʪʘʢ ʢʘʢ ʦʥ (ʢʦʥʪʫʨ) ʷʚʣʷʝʪʩʷ ʣʠʥʠʝʡ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʢʦʥʫʩʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ, ʩʤʝʱʝʥʥʦʡ ʦʪ ʦʩʠ ʢʦʥʫʩʘ ʥʘ ʚʝʣʠʯʠʥʫ C/2. 

ɺʳʩʦʪʘ (hʧ) ʧʘʨʘʙʦʣʳ ï ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ E' ʠ F' (ʩʤ. ʨʠʩʫʥʦʢ 2) 

ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

( ) ( ) aa tgCtgBChʧ ³-³+= 2/2/2/
22

. (13) 

ʀʟ ʫʩʣʦʚʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʝʥʩʪʚʘ ʨʠʩʢʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʦʜʦʚ ʚ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ 

ʝʤʢʦʩʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʘ ʢʚʘʜʨʘʪʥʘʷ ʬʦʨʤʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ 

ʝʤʢʦʩʪʠ ï BC= . ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (13) ʧʨʠʤʝʪ ʚʠʜ: 

( ) BBtghʧ 126,02121 =-= a . (14) 

 

 
1 ï ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʩʳʧʥʦʛʦ ʢʦʥʫʩʘ; 2 ï ʟʘʜʥʷʷ ʩʪʝʥʢʘ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ; 3 ï 

ʞʘʣʶʟʠʡʥʘʷ ʩʪʝʥʢʘ; 4 ï ʦʩʥʦʚʘʥʠʝ ʢʦʥʫʩʘ; 5 ï ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʣʠʥʠʷ 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ Ŭ' 

 

ʃʠʥʠʷ 5 ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʧʘʨʘʙʦʣʳ E'F' ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ 

ʧʣʦʱʘʜʝʡ ʧʦʜ ʥʠʤʠ. ʉ ʫʯʝʪʦʤ (Ŭ') ʥʘʢʣʦʥʘ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʣʠʥʠʠ 5 ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʦʡ ʜʣʷ 

ʚʩʝʡ B, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʥʷʪʫʶ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ (ʨʠʩʫʥʦʢ 1) ʠ ʫʨʘʚʥʝʥʠʝ (11) 

ʜʣʷ ʦʮʝʥʢʠ ȹ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʮʝʥʪʨʘ ʧʦʜʘʚʘʝʤʦʛʦ ʧʦʪʦʢʘ ʟʝʨʥʘ ʚ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʫʶ ʝʤʢʦʩʪʴ. ɺʝʣʠʯʠʥʘ  ( )acos2B  ʨʘʚʥʘ ʜʣʠʥʝ ʦʙʨʘʟʫʶʱʝʡ ʢʦʥʫʩʘ, 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʚ ʫʛʦʣ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ. 

ʀʟ ʫʨʘʚʥʝʥʠʡ (14) ʠ ʨʠʩʫʥʢʘ 2 ʩʣʝʜʫʝʪ, ʯʪʦ Ŭ' = 150. ʇʦʜʩʪʘʚʣʷʷ ʚʝʣʠʯʠʥʫ tgŬ' = 0,27 ʚ 

ʫʨʘʚʥʝʥʠʝ (11), ʧʦʣʫʯʠʤ ʨʘʩʯʝʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ȹ ʧʨʠ ʠʟʤʝʥʝʥʠʠ e, B, H ʜʣʷ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʢʦʥʪʫʨʘ E' F' G': 
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ɺʟʘʠʤʦʩʚʷʟʴ (ȹ') ʩ ʧʘʨʘʤʝʪʨʘʤʠ (Ŭ'), (e), (B) ʠ (H), ʧʦʣʫʯʝʥʥʘʷ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʜʝʣʝʥʠʷ (ȹ') ʦʪ ʚʝʣʠʯʠʥ (e), (B) ʠ (H) ʧʨʠ Ŭ' =150. 

ɺʳʩʦʪʘ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ 

ʝʤʢʦʩʪʠ, ʤ 

ʉʤʝʱʝʥʠʝ ʧʦʜʘʚʘʝʤʦʛʦ ʧʦʪʦʢʘ ʠ ʰʠʨʠʥʘ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ 

ʝʤʢʦʩʪʠ, ʤ 

e = 0,05 e = 0,1 e = 0,15 

B=0,4 B=0,5 B=0,6 B=0,4 B=0,5 B=0,6 B=0,4 B=0,5 B=0,6 

H=0,3 8,6 9,2 9,6 15,3 16,6 17,8 19,7 22,4 24,5 

H=0,4 6,4 6,7 6,9 11,1 12,0 12,7 14,2 16,1 18,1 

H=0,5 5,0 5,2 5,4 8,7 9,4 9,9 11,1 12,5 13,6 

H=0,6 4,1 4,3 4,4 7,2 7,7 8,1 9,1 10,3 11,3 

 

( )

( )

( )
î
î
î

í

î
î
î

ì

ë

³
--

-
=D¡=¯=¡

³
--

-
=D¡=¯=¡

³
--

-
=D¡=¯=¡

%.100
07,0006,0

15,0081,0
15,0;15

%;100
07,00027,0

1,0054,0
1,0;15

%;100
07,0000675,0

05,0027,0
05,0;15

2333

2222

2111

BBH

B
ʤe

BBH

B
ʤe

BBH

B
ʤe

a

a

a

 (15) 

ʀʟ ʪʘʙʣʠʮʳ 2 ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʤʝʱʝʥʠʷ ʧʦʪʦʢʘ (ʝ) ʧʦʚʳʰʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʜʝʣʝʥʠʷ 

(ȹ') ʚ 2,2...4,4 ʨʘʟʘ. ʉʦʢʨʘʱʝʥʠʝ ʚʳʩʦʪʳ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ (ʅ) ʦʪ 0,6 ʤ ʜʦ 0,3 ʤ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ɺ ʠ ʝ ʚ ʫʢʘʟʘʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʧʦʚʳʰʘʝʪ ȹ' ʚ 2,1...2,2 ʨʘʟʘ. 

ʇʨʠ ʢʘʞʜʦʤ ʟʥʘʯʝʥʠʠ ʝ ʧʦʛʨʝʰʥʦʩʪʴ ʜʝʣʝʥʠʷ (ȹ') ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩ ʨʦʩʪʦʤ 

ʰʠʨʠʥʳ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ ɺ ï ʥʘ 0,3...1 % ʧʨʠ ʝ = 0,05 ʤ ʠ 2,2...4,8 % ʧʨʠ ʝ = 0,15 ʤ. 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩ ʨʦʩʪʦʤ ɺ ʨʘʟʥʠʮʘ (hʧ ï hʣ), ʚʦʟʨʘʩʪʘʝʪ, ʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ 

ʧʦʪʦʢʘ ʟʝʨʥʘ (ʝ/ɺ) ʧʘʜʘʝʪ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʪʘʙʣʠʮ 1 ʠ 2 ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʤʝʱʝʥʠʷ 

ʧʦʜʘʚʘʝʤʦʛʦ ʧʦʪʦʢʘ ʦʪ ʞʘʣʶʟʠʡʥʦʡ ʢ ʟʘʜʥʝʡ ʩʪʝʥʢʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ ʩ ʮʝʣʴʶ 

ʩʥʠʞʝʥʠʷ ȹ. 

ʇʨʠʥʷʪʘʷ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʛʨʝʰʥʦʩʪʠ ʜʝʣʝʥʠʷ ʧʦʪʦʢʘ ʟʝʨʥʘ ʘʜʘʧʪʠʨʦʚʘʥʘ 

ʢ ʫʩʣʦʚʠʷʤ ʥʝʨʘʟʨʳʚʥʦʛʦ ʧʦ ʚʳʩʦʪʝ ʦʪʚʦʜʘ ʤʘʪʝʨʠʘʣʘ ʠʟ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ ʧʦ 

ʩʦʦʙʨʘʞʝʥʠʷʤ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʝʪʦʚ. ʇʝʨʝʥʝʩʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʥʘ ʜʝʣʠʪʝʣʠ 

ʞʘʣʶʟʠʡʥʦʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʛʘʙʘʨʠʪʦʚ ʠ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʘʣʶʟʠʡʥʳʭ 

ʜʝʣʠʪʝʣʝʡ ʪʨʝʙʫʝʪ ʨʷʜʘ ʫʪʦʯʥʝʥʠʡ. 

ɾʘʣʶʟʠʡʥʘʷ ʩʪʝʥʢʘ ʵʪʠʭ ʜʝʣʠʪʝʣʝʡ [1, 2] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʨʝʜʦʚʘʥʠʝ ʚʳʚʦʜʥʳʭ 

ʢʘʥʘʣʦʚ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʣʘʥʦʢ ʩ ʨʦʚʥʳʤ ʚʝʨʪʠʢʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ. ʇʦʵʪʦʤʫ 

ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʣʦʱʘʜʠ ʚʳʚʦʜʘ ʟʝʨʥʘ ʯʝʨʝʟ ʣʝʚʫʶ ʠ ʧʨʘʚʫʶ ʯʘʩʪʠ ʜʝʣʠʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʧʨʠ ʫʜʚʦʝʥʠʠ ʚʳʩʦʪʳ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ: ʅɻ  = 2ʅ = 0,6; 0,8; 1,0; 1,2 ʤ. 

ʇʦʣʝʟʥʘʷ ʚʳʩʦʪʘ (ʅʧ) ʞʘʣʶʟʠʡʥʦʡ ʩʪʝʥʢʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʦʪʚʦʜʘ ʟʝʨʥʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ ʠʟ ʫʩʣʦʚʠʷ ʥʝʩʤʝʱʝʥʥʦʡ ʧʦʜʘʯʠ ʚ ʩʪʘʙʠʣʠʟʠʨʫʶʱʫʶ ʝʤʢʦʩʪʴ ï ʝ = 0: 

( )2aBtgHH ʵʧ -= . (16) 

ʇʣʦʱʘʜʴ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ ʚʳʚʦʜʥʳʭ ʢʘʥʘʣʦʚ (Sʞ) ʙʫʜʝʪ:  

( )2aBtgHBBHS ʵʧʞ -== . (17) 

ʉʫʤʤʘʨʥʳʡ ʨʘʩʭʦʜ ʟʝʨʥʘ (Q) ʯʝʨʝʟ ʚʳʚʦʜʥʳʝ ʢʘʥʘʣʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

( ) ,2aBtgHqBqSQ ʵʞ -==  (18) 
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ʛʜʝ q ï ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʟʝʨʥʘ ʯʝʨʝʟ ʙʦʢʦʚʫʶ ʩʪʝʥʢʫ (ʜʣʷ ʧʰʝʥʠʮʳ ʧʦ ʜʘʥʥʳʤ [10] q = 

90 ʢʛ/(ʩĀʤ2), ʢʛ/(ʩĀʤ2). 

ʇʦʣʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʛʘʙʘʨʠʪʳ (Hʛ) ʞʘʣʶʟʠʡʥʳʭ ʜʝʣʠʪʝʣʝʡ ʧʦʪʦʢʘ ʟʝʨʥʘ ʟʘʚʠʩʷʪ ʦʪ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ: ʙʝʟ ʮʝʥʪʨʠʨʫʶʱʝʡ ʧʨʠʝʤʥʦʡ ʛʦʨʣʦʚʠʥʳ [1] - Hʛ1; ʩ 

ʮʝʥʪʨʠʨʫʶʱʝʡ ʧʨʠʝʤʥʦʡ ʛʦʨʣʦʚʠʥʦʡ [2] - Hʛ2. ʀʭ ʚʝʣʠʯʠʥʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 
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ʛʜʝ Hʦ ï ʚʳʩʦʪʘ ʨʘʟʜʝʣʠʪʝʣʴʥʦʛʦ ʥʠʞʥʝʛʦ ʦʪʚʦʜʘ (Hʦ= B/2 ʧʨʠ ʥʘʢʣʦʥʝ ʩʪʝʥʦʢ ʚ 45Á), ʤ;  

Hʮ ï ʚʳʩʦʪʘ ʮʝʥʪʨʠʨʫʶʱʝʡ ʧʨʠʝʤʥʦʡ ʛʦʨʣʦʚʠʥʳ (Hʮ= 0,25 ïʧʨʠʥʷʪʘ ʠʟ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʩʦʦʙʨʘʞʝʥʠʡ), ʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʣʠʪʝʣʝʡ ʞʘʣʶʟʠʡʥʦʛʦ ʪʠʧʘ ʩʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʫ 3. 

ʊʘʙʣʠʮʘ 3 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʘʣʶʟʠʡʥʳʭ ʜʝʣʠʪʝʣʝʡ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠ ʨʘʟʤʝʨʥʦʩʪʴ 

ʐʠʨʠʥʘ ʠ ʚʳʩʦʪʘ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ, ʤ 

B=0,4 B=0,5 B=0,6 

0,3 0,4 0,5 0,6 0,3 0,4 0,5 0,6 0,3 0,4 0,5 0,6 

H ,ɻ ʤ 0,6 0,8 1,0 1,2 0,6 0,8 1,0 1,2 0,6 0,8 1,0 1,2 

Hʧ, ʤ 0,18 0,28 0,38 0,48 0,15 0,25 0,35 0,45 0,12 0,22 0,32 0,42 

Sʞ, ʤ
2 0,072 0,112 0,152 0,192 0,075 0,125 0,175 0,225 0,72 0,132 0,192 0,252 

Q, ʢʛ/(ʩĿʤ2) 6,48 10,08 13,68 17,28 6,75 11,25 15,75 20,25 6,48 11,88 17,28 22,68 

Q, ʪ/ʯ 23,3 36,3 49,2 62,2 24,3 40,5 56,7 72,9 23,3 42,8 62,2 81,6 

Hʛ1, ʤ 0,8 1,0 1,2 1,4 0,85 1,05 1,25 1,45 0,9 1,1 1,3 1,5 

Hʛ2, ʤ 1,05 1,25 1,45 1,65 1,1 1,3 1,5 1,7 1,15 1,35 1,55 1,75 

Q/Hʛ1, ʪ/(ʯĿʤ) 29,1 36,3 41 44,4 28,6 38,6 45,4 50,3 25,9 38,9 47,8 54,4 

Q/Hʛ2, ʪ/(ʯĿʤ) 22,2 29,0 33,9 37,7 22,1 31,2 37,8 42,9 20,3 31,7 40,1 46,6 

 

ɿʘʢʣʶʯʝʥʠʝ. ɼʝʣʠʪʝʣʴ ʩ ʨʘʩʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ Q = 23,3 ʪ/ʯ (ɺ = 0,4 ʤ; ʅ = 0,3 ʤ) 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ 

ɿɸɺ ï 40 ʩ ʫʩʪʘʥʦʚʢʦʡ ʧʝʨʝʜ ʪʨʠʝʨʥʳʤʠ ʙʣʦʢʘʤʠ. ʆʜʥʘʢʦ, ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʵʪʦʛʦ ʜʝʣʠʪʝʣʷ 

(ʩʤ. ʪʘʙʣʠʮʳ 1 ʠ 2) ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ ʘʩʠʤʤʝʪʨʠʠ (ʝ) ʟʝʨʥʦʚʦʛʦ ʤʦʥʦʣʠʪʘ ʚ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʝʤʢʦʩʪʠ. ʇʦʵʪʦʤʫ ʝʛʦ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʩ ʮʝʥʪʨʠʨʫʶʱʝʡ ʧʨʠʝʤʥʦʡ 

ʛʦʨʣʦʚʠʥʦʡ [2]. ʇʨʠ ʵʪʦʤ ʚʝʨʪʠʢʘʣʴʥʳʡ ʛʘʙʘʨʠʪ ʅʛ2 = 1,05 ʤ. ʊʘʢʦʡ ʟʘʧʘʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʚʳʩʦʪʳ ʚ ʪʝʭʥʦʣʦʛʠʠ ɿɸɺ ï 40 ʠʤʝʝʪʩʷ ʠʟ ï ʟʘ ʙʣʠʟʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʥʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʠʝʨʥʳʭ ʙʣʦʢʦʚ. 

ʇʦʜʭʦʜʷʱʠʝ ʧʦ ʨʘʩʭʦʜʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ Q = 36,3 ʪ/ʯ (ɺ = 0,4 ʤ; ʅ = 0,4 ʤ) ʠ Q = 49,2 

ʪ/ʯ (ɺ = 0,4 ʤ; ʅ = 0,5 ʤ) ʜʝʣʠʪʝʣʠ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʧʝʨʝʜ ʨʝʰʝʪʥʳʤʠ ʩʪʘʥʘʤʠ ɿɸɺ ï 40 ʩ 

ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʛʘʙʘʨʠʪʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1,25 ʤ ʠ 1,45 ʤ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʪʦʛʦ ʘʛʨʝʛʘʪʘ ʠʟ ï ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʟʘʧʘʩʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʳʩʦʪʳ. 

ɺ ʪʝʭʥʦʣʦʛʠʷʭ ʬʠʨʤ çPerriè ʠ çFortschritè ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʝʣʠʪʝʣʴ ʩ ʨʘʩʭʦʜʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ Q = 81,6 ʪ/ʯ (ɺ = 0,6 ʤ; ʅ = 0,6 ʤ; ʅʛ2 = 1,75 ʤ), ʦʙʝʩʧʝʯʠʚʘʷ ʠʭ ʟʘʛʨʫʟʢʫ ʥʘ 

70...80%. ʋʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘ ʩʯʝʪ ʅ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʅʛ2, ʘ ʠʭ 

ʫʚʝʣʠʯʝʥʠʝ ʟʘ ʩʯʝʪ ɺ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʘ ʜʝʣʝʥʠʷ ʧʨʠ ʩʤʝʱʝʥʥʦʡ ʧʦʜʘʯʝ 

ʟʝʨʥʘ ʚ ʩʪʘʙʠʣʠʟʠʨʫʶʱʫʶ ʝʤʢʦʩʪʴ. 

ʋʚʝʣʠʯʝʥʠʝ ʫʜʝʣʴʥʳʭ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (Q/ʅʛ1, Q/ʅʛ2) ʜʝʣʠʪʝʣʝʡ ʙʝʟ 

ʛʨʫʟʦʚʦʩʧʨʠʥʠʤʘʶʱʝʡ ʩʠʩʪʝʤʳ (ʫʧʨʦʱʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ) ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʟʜʘʥʥʳʤʠ ʥʘʤʠ 
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ʚʘʨʠʘʥʪʘʤʠ [3, 4] ʩ ʥʠʞʥʠʤ (ʯʝʨʝʟ ʜʥʠʱʝ) ʠ ʢʘʩʢʘʜʥʳʤ ʦʪʚʦʜʘʤʠ ʟʝʨʥʘ ʠʟ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ 

ʝʤʢʦʩʪʠ. 
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ʈʝʬʝʨʘʪ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʩʨʝʜʥʝʡ ʧʦʣʦʩʳ ʈʦʩʩʠʠ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʚʳʨʘʱʠʚʘʪʴ ʤʥʦʛʠʝ ʦʚʦʱʠ ʩ ʜʣʠʪʝʣʴʥʳʤ ʚʝʛʝʪʘʪʠʚʥʳʤ ʧʝʨʠʦʜʦʤ ʩʦ ʩʪʘʜʠʠ ʩʝʤʝʥʠ ʚ 

ʦʪʢʨʳʪʦʤ ʛʨʫʥʪʝ, ʧʦʵʪʦʤʫ ʪʦʤʘʪʳ, ʧʝʨʮʳ, ʙʘʢʣʘʞʘʥʳ ʠ ʧʨʦʯʠʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʢʫʣʴʪʫʨʳ 

ʚʳʨʘʱʠʚʘʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʨʘʩʩʘʜʥʳʤ ʩʧʦʩʦʙʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʝʜʣʘʛʘʝʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʦʨʬʦʩʦʜʝʨʞʘʱʠʭ ʩʤʝʩʝʡ ʠ 

ʠʟʜʝʣʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚ ʚʠʜʝ ʛʦʨʰʦʯʢʦʚ, ʙʨʠʢʝʪʦʚ, ʢʫʙʠʢʦʚ ʦʪʣʠʯʘʶʪʩʷ ʤʘʣʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʨʠʢʝʪʠʨʦʚʘʥʥʦʡ ʤʘʩʩʳ ʪʨʝʙʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʝ 

ʜʘʚʣʝʥʠʝ, ʩʧʝʮʠʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʜʦʙʘʚʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʦʥʦʣʠʪʥʦʩʪʠ ʠʟʜʝʣʠʷ, ʵʪʦ 

ʫʭʫʜʰʘʝʪ ʨʘʟʚʠʪʠʝ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʨʘʩʪʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʝʦʜʦʣʝʚʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʨʦʩʪʝ. ʀʩʩʣʝʜʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʩʪʠʣʦʯʥʦʛʦ ʥʘʚʦʟʘ 

ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʩʘʜʳ ʚʤʝʩʪʦ ʪʦʨʬʦʩʦʜʝʨʞʘʱʠʭ ʠʟʜʝʣʠʡ. ʈʘʟʨʘʙʦʪʘʥ ʧʨʝʩʩ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʨʠʢʝʪʦʚ ʠʟ ʩʫʙʩʪʨʘʪʘ ʥʘ ʦʩʥʦʚʝ ʧʦʜʩʪʠʣʦʯʥʦʛʦ ʥʘʚʦʟʘ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ 

ʰʥʝʢʦʚʦʛʦ ʧʨʝʩʩʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʨʠʢʝʪʦʚ ʥʘ ʦʩʥʦʚʝ ʪʘʢʦʛʦ ʩʫʙʩʪʨʘʪʘ. ʐʥʝʢʦʚʳʡ ʧʨʝʩʩ 

ʩʦʜʝʨʞʠʪ ʙʫʥʢʝʨ, ʜʦʟʘʪʦʨ, ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ ʩʦ ʰʥʝʢʦʤ, ʢʘʤʝʨʫ ʜʣʷ ʧʨʝʩʩʦʚʘʥʠʷ ʤʘʩʩʳ, 

ʥʘʩʘʜʢʫ ʜʣʷ ʬʦʨʤʦʚʢʠ ʙʨʠʢʝʪʦʚ, ʜʨʝʥʘʞʥʳʝ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʣʠʰʥʝʡ ʚʣʘʛʠ, 

ʪʝʨʤʦʤʝʪʨ ʠ ʩʧʠʨʘʣʴ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʬʦʨʤʦʚʢʝ. ɼʣʷ 

ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʩʳʨʴʷ (ʛʠʙʝʣʠ ʙʘʢʪʝʨʠʡ, ʛʝʣʴʤʠʥʪʦʚ ʠ ʩʝʤʷʥ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʝ), ʧʨʝʩʩʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʷʪ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʦʨʷʜʢʘ 65ï75 

ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʧʨʝʩʩʘ ʫʜʘʝʪʩʷ ʧʦʣʫʯʘʪʴ ʙʨʠʢʝʪʳ ʩ ʠʩʪʠʥʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ 135 ʢʛ ʥʘ ʢʫʙʠʯʝʩʢʠʡ ʤʝʪʨ, ʩ ʚʣʘʞʥʦʩʪʴʶ 6ï7 %. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʨʠʢʝʪʳ, ʧʦʜʩʪʠʣʦʯʥʳʡ ʥʘʚʦʟ, ʰʥʝʢʦʚʳʡ ʧʨʝʩʩ, ʪʦʨʬ, ʨʘʩʩʘʜʘ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 
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Abstract. It is well known that the climate of central Russia does not allow to grow many 

vegetables with a long growing season from the stage of seed in open ground, so the tomatoes, 

peppers, eggplant and other crops are grown seedling method only using organic fertilizer. It is 

established that most of the proposed modern peat-containing compounds and products based on 

them in the form of pots, briquette, cubes of characterized by low efficiency. High blood pressure, 

special equipment and additives for certain monolithic products are required for the formation of 

briquette weight, it impairs development of the root system of the plants due to the need to overcome 

the additional resistance at growth.The use of litter manure for the cultivation of seedlings instead of 

peat-containing products is investigated. A press for the production of briquette from the substrate 

on the basis of litter manure is developed. Scheme of screw press for the production of briquettes on 

the basis of such a substrate is presented. Auger press comprises a hopper metering device, the screw 

from the working chamber, a chamber for compressing the mass, molding briquette nozzle drainage 

holes for removal of excess moisture, and thermometer helix to maintain a certain temperature during 

molding. For the disinfection of raw materials (the destruction of bacteria, helminthes and weed seeds 

in the organic mass), extrusion is carried out in a temperature range of about 65-75 degrees Celsius. 

When using this pres is possible to obtain briquettes with a true density of 135 kg per cubic meter, 

with a humidity of 6-7%. 

Keywords: briquettes, litter manure, screw press, peat, sprouts, experimental equipment. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥʘʭ ʦʨʛʘʥʠʯʝʩʢʘʷ ʝʜʘ ʧʝʨʝʩʪʘʣʘ ʙʳʪʴ ʧʦʧʫʣʷʨʥʳʤ ʪʨʝʥʜʦʤ ʠ 

ʩʪʘʣʘ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʥʘʰʝʡ ʞʠʟʥʠ. ʇʦʤʠʤʦ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ organic markets, ʧʦʯʪʠ ʚ ʣʶʙʦʤ ʢʨʫʧʥʦʤ ʘʤʝʨʠʢʘʥʩʢʦʤ ʠʣʠ ʝʚʨʦʧʝʡʩʢʦʤ 

ʩʫʧʝʨʤʘʨʢʝʪʝ ʤʦʞʥʦ ʥʘʡʪʠ ʦʪʜʝʣ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ. ʊʝʨʤʠʥ çʦʨʛʘʥʠʯʝʩʢʠʡè 

ʦʧʠʩʳʚʘʝʪ ʤʝʪʦʜ ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʪʘʢʠʭ ʧʨʦʜʫʢʪʦʚ ʦʩʥʦʚʘʥʦ ʥʘ ʩʠʩʪʝʤʝ, ʛʜʝ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʵʢʦʣʦʛʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚʤʝʩʪʦ ʭʠʤʠʯʝʩʢʠʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʤʝʩʪʦ 

ʭʠʤʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʧʨʠʤʝʥʷʶʪ ʥʘʪʫʨʘʣʴʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ (ʧʪʠʯʠʡ ʧʦʤʝʪ ʠ ʪ.ʧ.), 

ʢʘʢ ʠ "ʟʘʜʫʤʘʥʦ" ʚ ʧʨʠʨʦʜʝ. ɺ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʘʭ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʣʫʯʝʥʠʝ, ʛʝʥʥʘʷ 

ʠʥʞʝʥʝʨʠʷ, ʢʦʥʩʝʨʚʘʥʪʳ ʠ ʧʨʦʯʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʆʥʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ 

ʤʠʥʠʤʘʣʴʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʨʝʜʩʪʚ ʪʦʣʴʢʦ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɼʦʣʛʘʷ ʟʠʤʘ ʠ 

ʢʦʨʦʪʢʦʝ ʣʝʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʱʠʚʘʪʴ ʨʘʩʪʝʥʠʷ ʩ ʜʣʠʪʝʣʴʥʳʤ ʚʝʛʝʪʘʪʠʚʥʳʤ ʧʝʨʠʦʜʦʤ ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʩʘʜʥʦʛʦ ʩʧʦʩʦʙʘ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʩʝ ʩʘʜʦʚʦʜʳ, ʥʘʯʠʥʘʷ ʩ ʷʥʚʘʨʷ, ʟʘʢʫʧʘʶʪ 

ʩʝʤʝʥʘ ʪʦʤʘʪʦʚ, ʦʛʫʨʮʦʚ, ʧʝʨʮʘ, ʘ ʚ ʧʝʨʚʳʭ ʯʠʩʣʘʭ ʤʘʨʪʘ ʥʘʯʠʥʘʶʪ ʠʭ ʚʳʩʘʞʠʚʘʪʴ, ʦʜʥʘʢʦ ʥʝ 

ʚʩʝ ʟʥʘʶʪ, ʢʘʢ ʥʝ ʧʦʚʨʝʜʠʪʴ ʢʦʨʥʝʚʫʶ ʩʠʩʪʝʤʫ ʨʘʩʪʝʥʠʷ ʧʨʠ ʧʝʨʝʩʘʜʢʝ ʚ ʦʪʢʨʳʪʳʡ ʛʨʫʥʪ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪ ʪʦʨʬʦʤʠʥʝʨʘʣʴʥʳʝ, ʪʦʨʬʦʧʝʨʝʛʥʦʡʥʳʝ ʢʫʙʠʢʠ, ʪʦʨʬʷʥʳʝ, 

ʪʦʨʬʦʮʝʣʣʶʣʦʟʥʳʝ ʛʦʨʰʦʯʢʠ ʩ ʧʠʪʘʪʝʣʴʥʦʡ ʩʤʝʩʴʶ, ʧʣʘʩʪʤʘʩʩʦʚʳʝ, ʛʦʥʯʘʨʥʳʝ ʛʦʨʰʢʠ, 

ʪʦʨʬʷʥʳʝ ʪʘʙʣʝʪʢʠ. ʇʨʠʤʝʥʝʥʠʝ ʛʦʨʰʝʯʥʦʡ ʨʘʩʩʘʜʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʚʳʩʦʢʠʭ, 

ʨʘʥʥʠʭ ʫʨʦʞʘʝʚ ʦʚʦʱʝʡ ʠ ʨʘʥʥʝʛʦ ʮʚʝʪʝʥʠʷ ʜʝʢʦʨʘʪʠʚʥʳʭ ʛʘʟʦʥʥʳʭ ʢʫʣʴʪʫʨ ʚ ʦʪʢʨʳʪʦʤ 

ʛʨʫʥʪʝ.  

ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʨʬʷʥʳʭ ʛʦʨʰʦʯʢʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʤʝʩʠ, 

ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʨʘʟʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʪʦʨʬ, ʜʝʨʥʦʚʘʷ ʟʝʤʣʷ, ʧʝʨʝʛʥʦʡ, 

ʪʦʨʬʦʢʦʤʧʦʩʪʳ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ ʩʤʝʩʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʠʪʘʪʝʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʪʦʨʬʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢ ʢʘʢ ʵʪʦ ʫʩʣʦʞʥʷʝʪ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʘʢʠʭ ʛʦʨʰʦʯʢʦʚ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʢʘʟʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʦʪʣʠʯʘʝʪʩʷ ʤʘʣʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʬʦʨʤʦʚʘʥʠʝ ʙʨʠʢʝʪʠʨʫʝʤʦʡ ʤʘʩʩʳ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ, 

ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʜʘʣʝʝ ʧʨʠʤʝʥʝʥʠʝ ʣʠʙʦ ʜʦʙʘʚʦʢ, ʣʠʙʦ 

ʩʧʝʮʠʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʤʦʥʦʣʠʪʥʦʩʪʠ ʙʨʠʢʝʪʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʢʦʨʥʝʚʘʷ 

ʩʠʩʪʝʤʘ ʨʘʩʪʝʥʠʷ ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ ʚʩʣʝʜʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʝʦʜʦʣʝʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʨʦʩʪʝ. 

ʇʨʠʤʝʥʷʶʪ ʙʨʠʢʝʪʳ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʠ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ. ɹʨʠʢʝʪ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ 

ʙʫʜʝʪ ʙʦʣʝʝ ʧʨʦʯʥʳʤ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʨʝʙʝʨ, ʠʤʝʝʪ ʙʦʣʴʰʠʡ ʦʙʲʝʤ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʙʦʣʴʰʠʡ 

ʟʘʧʘʩ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʛʦʨʰʦʯʢʦʤ. ɹʨʠʢʝʪ ʚ ʚʠʜʝ ʢʫʙʘ 

ʧʨʦʱʝ ʠʟʛʦʪʘʚʣʠʚʘʪʴ, ʤʦʞʥʦ ʩʢʣʘʜʠʨʦʚʘʪʴ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʥʘ ʧʦʜʜʦʥʘʭ, ʧʦʵʪʦʤʫ, 

ʫʯʠʪʳʚʘʷ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʩʯʠʪʘʝʤ ʙʨʠʢʝʪ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘʤʠ ʧʨʝʜʣʦʞʝʥʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʙʨʠʢʝʪʳ ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʩʘʜʳ ʠʟ ʧʦʜʩʪʠʣʦʯʥʦʛʦ ʥʘʚʦʟʘ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʨʠʢʝʪʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 

ʧʨʝʩʩ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʛʦʪʦʚʣʝʥʠʝ ʙʨʠʢʝʪʦʚ ʠʟ ʪʘʢʦʛʦ ʩʫʙʩʪʨʘʪʘ. 

ʐʥʝʢʦʚʳʡ ʧʨʝʩʩ-ʛʨʘʥʫʣʷʪʦʨ ʧʦʜʩʪʠʣʦʯʥʦʛʦ ʥʘʚʦʟʘ ʩʦʜʝʨʞʠʪ ʙʫʥʢʝʨ, ʜʦʟʘʪʦʨ, ʨʘʙʦʯʫʶ 

ʢʘʤʝʨʫ ʩʦ ʰʥʝʢʦʤ, ʢʘʤʝʨʫ ʜʣʷ ʧʨʝʩʩʦʚʘʥʠʷ ʤʘʩʩʳ, ʥʘʩʘʜʢʫ ʜʣʷ ʬʦʨʤʦʚʢʠ ʙʨʠʢʝʪʦʚ, 

ʜʨʝʥʘʞʥʳʝ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʣʠʰʥʝʡ ʚʣʘʛʠ, ʪʝʨʤʦʤʝʪʨ ʠ ʩʧʠʨʘʣʴ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʬʦʨʤʦʚʢʝ (65-75Áʉ, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʛʠʙʘʶʪ 

ʚʩʝ ʙʘʢʪʝʨʠʠ ʠ ʩʝʤʝʥʘ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʝ.)  

 
ʈʠʩʫʥʦʢ 1 ï ʐʥʝʢʦʚʳʡ ʧʨʝʩʩ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʙʨʠʢʝʪʦʚ ʠʟ 

ʧʦʜʩʪʠʣʦʯʥʦʛʦ ʥʘʚʦʟʘ: 1 ï ʨʘʤʘ, 2 ï ʵʣʝʢʪʨʦʧʨʠʚʦʜ, 3 ï ʢʦʨʧʫʩ, 4 ï ʙʫʥʢʝʨ,  

5 ï ʨʘʙʦʯʘʷ ʢʘʤʝʨʘ ʩʦ ʰʥʝʢʦʤ, 6 ï ʢʘʤʝʨʘ ʧʨʝʩʩʦʚʘʥʠʷ, 7 ï ʥʘʩʘʜʢʘ ʜʣʷ ʬʦʨʤʦʚʢʠ 

ʙʨʠʢʝʪʦʚ, 8 ï ʜʨʝʥʘʞʥʳʝ ʦʪʚʝʨʩʪʠʷ, 9 ï ʧʨʦʪʠʚʦʨʝʞʫʱʘʷ ʧʣʘʩʪʠʥʘ, 10 ï ʥʦʞ, 11 ï ʪʝʨʤʦʤʝʪʨ, 

12 ï ʩʧʠʨʘʣʴ ʜʣʷ ʥʘʛʨʝʚʘ. 

 

ʇʨʝʩʩ ʜʣʷ ʬʦʨʤʦʚʢʠ ʙʨʠʢʝʪʦʚ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʙʫʥʢʝʨ 4 ʟʘʛʨʫʞʘʝʪʩʷ 

ʧʦʜʩʪʠʣʦʯʥʳʡ ʥʘʚʦʟ, ʢʦʪʦʨʳʡ ʯʝʨʝʟ ʜʦʟʘʪʦʨ 3 ʧʦʩʪʫʧʘʝʪ ʚ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ, ʛʜʝ ʰʥʝʢʦʤ 5 

ʧʦʜʘʝʪʩʷ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʥʦʞʦʤ 10 ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʪʠʚʦʨʝʞʫʱʝʡ ʧʣʘʩʪʠʥʳ 9. ɿʘʪʝʤ ʩ 

ʧʨʝʩʩʦʚʘʣʴʥʦʡ ʢʘʤʝʨʳ 6 ʚ ʥʘʩʘʜʢʫ ʜʣʷ ʬʦʨʤʦʚʢʠ ʙʨʠʢʝʪʦʚ 7. ʋʜʘʣʝʥʠʝ ʚʣʘʛʠ ʧʨʦʠʩʭʦʜʠʪ 

ʯʝʨʝʟ ʜʨʝʥʘʞʥʳʝ ʦʪʚʝʨʩʪʠʷ 8. ʄʘʩʩʘ ʚ ʟʦʥʝ ʧʨʝʩʩʦʚʘʥʠʷ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ 65Ǔʉ, ʧʦʵʪʦʤʫ 

ʧʦʣʫʯʝʥʥʳʝ ʙʨʠʢʝʪʳ ʥʝ ʩʦʜʝʨʞʘʪ ʩʝʤʷʥ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ, ʙʦʣʝʟʥʝʪʚʦʨʥʳʭ ʙʘʢʪʝʨʠʡ ʠ 

ʛʝʣʴʤʠʥʪʦʚ. ɺ ʥʘʩʘʜʢʝ 7 ʫʩʪʘʥʦʚʣʝʥʳ ʪʝʨʤʦʤʝʪʨ 11 ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʦʤʝʥʪ 
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ʬʦʨʤʦʚʢʠ, ʘ ʪʘʢʞʝ ʩʧʠʨʘʣʴ 12 ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʙʨʠʢʝʪʦʚ. 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʙʨʠʢʝʪʦʚ ʠʩʪʠʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʠʣʘ 135 ʢʛ/ʤ3, ʘ 

ʚʣʘʞʥʦʩʪʴ ï 6...7%. 
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ʈʝʬʝʨʘʪ: ʀʟʣʦʞʝʥʳ ʤʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʣʘʩʪʠʯʥʳʭ ʩʤʘʟʦʢ ʥʘ ʦʩʥʦʚʝ ʦʪʨʘʙʦʪʘʥʥʳʭ 

ʤʘʩʝʣ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ʩʤʘʟʦʢ, ʚʟʘʤʝʥ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʪʦʚʘʨʥʳʭ ʤʘʩʝʣ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʨʘʙʦʪʘʥʥʳʝ ʤʦʪʦʨʥʳʝ ʤʘʩʣʘ ʧʨʠ ʫʩʣʦʚʠʠ ʫʜʘʣʝʥʠʷ 

ʠʟ ʥʠʭ ʩʤʦʣ, ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʠ ʪ. ʜ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʢʦʘʛʫʣʷʥʪʦʚ 

ʟʘʛʨʷʟʥʝʥʠʝ ʤʘʩʝʣ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʤʦʯʝʚʠʥʳ ʠ 

ʤʦʥʦʵʪʘʥʦʣʘʤʠʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʢʦʥʜʝʥʩʘʮʠʠ ʤʦʯʝʚʠʥʳ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʚ ʢʠʩʣʦʡ 

ʠ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ, ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʦʪʨʘʙʦʪʘʥʥʦʝ ʤʦʪʦʨʥʦʝ ʤʘʩʣʦ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʜʝʡʩʪʚʠʝ ʤʦʯʝʚʠʥʳ ʥʝ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʘʢʪʠʚʥʦʡ ʢʦʘʛʫʣʷʮʠʝʡ ʧʨʠʤʝʩʝʡ ʟʘʛʨʷʟʥʝʥʠʷ, 

ʥʘʧʨʠʤʝʨ, ʚ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʘʩʣʘʭ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʠʣʠ ʯʘʩʪʠʯʥʦ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʝ. 

ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʧʠʨʪʳ ʠ ʨʘʩʪʚʦʨʠʪʝʣʠ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʪʦʨʦʚ 

ʢʦʘʛʫʣʷʥʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʦʶʱʝïʜʠʩʧʝʨʛʠʨʫʶʱʠʝ ʠ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʝ ʧʨʠʩʘʜʢʠ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʦʪʨʘʙʦʪʘʥʥʦʤ ʤʘʩʣʝ, ʩʧʦʩʦʙʥʳ ʟʘʤʝʜʣʷʪʴ ʠʣʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʫʩʢʦʨʷʪʴ ʧʨʦʮʝʩʩ ʢʦʘʛʫʣʷʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʢʦʘʛʫʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʣʘ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʝʡʩʪʚʠʷ ʨʷʜʘ ʘʤʠʥʦʚ ʚ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʘʩʣʘʭ ʷʚʣʷʣʦʩʴ ʦʩʥʦʚʦʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʘʩʝʣ ʦʪ ʧʨʠʤʝʩʝʡ ʠ ʟʘʛʨʷʟʥʝʥʠʡ ʜʣʷ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ, ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʦʩʪʘʚʦʚ ʧʣʘʩʪʠʯʥʳʭ 

ʩʤʘʟʦʢ. ʆʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʤʘʟʦʢ ʚ ʫʟʣʘʭ ʪʨʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʫʜʠʪʴ ʧʦ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ, ʦʩʥʦʚʘʥʥʦʤʫ ʥʘ ʪʝʦʨʠʠ ʍʘʨʨʠʩʦʥʘ ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ 

ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʤʘʩʣʘ, ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʩʘʜʦʢ ʚ ʥʝʤ ʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ. 
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Abstract. Materials of studies on the development the technological process of preparation of 

greases based on used oils are contained in Article. It is found that as the dispersion medium of 

lubricants instead of expensive commercial oils may use used motor oil on the condition the removal 

of these resins, the oxidation products and so on. It is determined that among the known coagulants 

oil pollution considered the most rational use of urea and monoethanolamine. It is shown that the 

condensation reaction of the urea can flow in acidic and alkaline medium, which is used motor oil. 

It is found that the effect of urea is not always accompanied by active coagulation of impurity of 

pollutants, for example, in used oils on synthetic or partially synthetic base. It proposed to use various 

solvents and alcohols as an activator of coagulants. It is found that the detergent-dispersant and 

antioxidant additives are present in the waste oil can slow or under certain conditions, to accelerate 

coagulation process.It is shown that one of the most important characteristics of the effectiveness of 

the coagulation process is the oil temperature. Physical-chemical representation of the action of a 

number of amines in the used oil is the basis for the development of new methods for purifying of used 

oil from impurities and dirt to be used as a dispersion medium, the development of new formulations 

of greases. To judge the effectiveness of the greases in friction units are invited by integrated 

indicators based on the theory of Harrison, taking into account the properties of the waste oil, the 

residual content of additives in it and the equivalent dynamic load. 

Keywords: way, grease, motor oil, dispersion media, coagulants, the products of oxidation, 

friction, wear, service life. 

 

ɺʚʝʜʝʥʠʝ. ʂʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʧʨʦʮʝʩʩʦʚ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʣʘʩʪʠʯʥʳʭ 

ʩʤʘʟʦʢ ʚ ʢʘʯʝʩʪʚʝ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʤʘʩʣʘ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [1]. ʏʘʱʝ ʚʩʝʛʦ ʚʳʙʦʨ ʤʘʩʣʘ ʠʣʠ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ʧʣʘʩʪʠʯʥʦʡ ʩʤʘʟʢʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʤʠʥʠʤʫʤʝ ʟʘʪʨʘʪ ʥʘ ʧʦʣʫʯʝʥʠʝ ʠʣʠ 

ʧʨʠʦʙʨʝʪʝʥʠʝ ʜʘʥʥʦʡ ʦʩʥʦʚʳ ʠ ʝʛʦ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʷʟʢʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʯʘʩʪʦʪʳ. 

ʇʨʠ ʵʪʦʤ ʤʠʥʝʨʘʣʴʥʳʝ ʤʘʩʣʘ ʧʨʝʚʦʩʭʦʜʷʪ ʚ ʦʙʲʸʤʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʩʤʘʟʦʢ ʤʘʩʝʣ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʝ, ʪʘʢ ʢʘʢ ʧʦʩʣʝʜʥʠʝ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʜʦʨʦʛʠʤ ʧʨʦʜʫʢʪʦʤ [1-4]. 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʤʘʩʣʘ ʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʣʘʩʪʠʯʥʳʤ ʩʤʘʟʢʘʤ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʤ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʪʘʢ ʢʘʢ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʩʤʘʟʦʢ ʧʨʝʚʦʩʭʦʜʷʪ ʠʭ ʠʟʚʝʩʪʥʳʝ 

ʘʥʘʣʦʛʠ ʥʘ ʤʠʥʝʨʘʣʴʥʦʡ ʦʩʥʦʚʝ. 

ɺ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʝ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ ʧʣʘʩʪʠʯʥʳʝ ʩʤʘʟʢʠ 

ʉʦʣʠʜʦʣ-ɾ ʠ ʃʠʪʦʣ-24 ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʢʘʢ ʥʘ ʤʠʥʝʨʘʣʴʥʦʡ, ʪʘʢ ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʝ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʅʘ ʵʪʘʧʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʘʥʘʣʠʟʘ ʠ 

ʦʙʦʩʥʦʚʘʥʠʷ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ʥʘ ʦʩʥʦʚʝ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʘʩʝʣ. 

ʋʯʠʪʳʚʘʷ ʦʧʳʪ ʠʟʚʝʩʪʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʧʦ ʛʣʫʙʦʢʦʡ ʦʯʠʩʪʢʝ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʘʩʝʣ ʦʪ 

ʧʨʦʜʫʢʪʦʚ ʩʪʘʨʝʥʠʷ [5],[6] ʩʜʝʣʘʝʤ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ 

ʩʤʘʟʢʠ ʪʨʝʙʫʝʪʩʷ ʫʜʘʣʠʪʴ ʠʟ ʤʘʩʝʣ ʧʨʠʤʝʩʠ, ʩʤʦʣʳ, ʘʩʬʘʣʴʪʝʥʳ, ʢʘʨʙʝʥʳ, ʢʘʨʙʦʠʜʳ, 

ʧʨʦʜʫʢʪʳ ʨʘʟʣʦʞʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʥʘʭʦʜʷʱʠʝʩʷ ʚ 

ʤʝʣʢʦʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʤ ʠ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʤʘʩʣʝ (ʨʠʩʫʥʦʢ 1). 

ʇʦʜʦʙʥʦʛʦ ʨʦʜʘ ʟʘʜʘʯʠ ʨʝʰʘʶʪʩʷ ʢʦʘʛʫʣʷʮʠʝʡ ʧʨʠʤʝʩʝʡ ʩ ʮʝʣʴʶ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʫʜʘʣʝʥʠʷ ʧʨʦʩʪʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʆʜʥʠʤʠ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʘʛʫʣʷʥʪʦʚ ʜʣʷ ʦʯʠʩʪʢʠ ʤʦʪʦʨʥʳʭ ʤʘʩʝʣ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʷʜ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʘʤʠʥʦʚ [7]. 
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ʈʠʩʫʥʦʢ 1 ï ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʨʦʙ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʦʪʦʨʥʳʭ ʤʘʩʝʣ: 

ʘ) ʤʘʩʣʦ ʄ-10ɻ2 ʧʦʩʣʝ ʥʘʨʘʙʦʪʢʠ 250 ʯʘʩʦʚ; ʙ) ʤʘʩʣʦ ʄ-10ɼʄ ʧʦʩʣʝ ʥʘʨʘʙʦʪʢʠ 250 

ʯʘʩʦʚ; ʚ) ʤʘʩʣʦ ʩʠʥʪʝʪʠʯʝʩʢʦʝ ʧʦʩʣʝ ʥʘʨʘʙʦʪʢʠ 300 ʯʘʩʦʚ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. ʄʦʯʝʚʠʥʘ ʢʘʢ ʘʤʠʜʛʠʜʨʦʣʠʟʫʝʪʩʷ ʚ ʱʝʣʦʯʥʦʡ ʠ ʢʠʩʣʦʡ ʩʨʝʜʝ, 

ʢʦʪʦʨʦʡ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʦʪʨʘʙʦʪʘʥʥʦʝ ʤʦʪʦʨʥʦʝ ʤʘʩʣʦ ʜʦ NH3ʠ CO2 [8]: 
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ʄʦʯʝʚʠʥʘ ʘʣʢʠʣʠʨʫʝʪʩʷ, ʦʙʨʘʟʫʷ ʘʣʢʠʣʤʦʯʝʚʠʥʫ: 
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|| ||
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ʠ ʘʮʝʣʠʨʫʝʪʩʷ, ʦʙʨʘʟʫʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝʫʨʝʠʜʳ: 

2 2 2

|| || || ||
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ʄʦʥʦʤʝʪʠʣʝʥʤʦʯʝʚʠʥʘ (ʢʘʢ ʠ ʜʠʤʝʪʠʣʝʥʤʦʯʝʚʠʥʘ) ʧʦʣʠʤʝʨʠʟʫʝʪʩʷ: 
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| | | |

| | | |

N CH N CH N CH N CH

C O C O C O C O

NH NH NH NH

= = - - - -

+ = + = +  = =

 
ʈʝʘʢʮʠʷ ʢʦʥʜʝʥʩʘʮʠʠ ʤʦʯʝʚʠʥʳ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʜʝʥʩʠʨʫʶʱʠʭ ʩʨʝʜʩʪʚ ʚ ʥʝʡʪʨʘʣʴʥʦʡ, ʢʠʩʣʦʡ ʠ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. ʉʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʟʘʚʠʩʠʪ 

ʦʪ ʫʩʣʦʚʠʡ ʢʦʥʜʝʥʩʘʮʠʠ: ʪʠʧʘ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʨʝʘʢʮʠʠ, ʥʦ ʧʝʨʚʠʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʷʚʣʷʶʪʩʷ ʤʦʥʦ- ʠ 

ʜʠʤʝʪʠʣʦʣʧʨʦʠʟʚʦʜʥʳʝ ʢʘʨʙʘʤʠʜʘ. ʊʘʢ, ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʠ ʢʘʨʙʘʤʠʜʘ 1:1 ʧʦʣʫʯʘʝʪʩʷ ʤʦʥʦʠʝʪʠʣʦʣʢʘʨʙʘʤʠʜ, ʘ ʧʨʠ ʠʟʙʳʪʢʝ 

ʬʦʨʤʘʣʴʜʝʛʠʜʘ ï ʜʠʤʝʪʠʣʦʣʢʘʨʙʘʤʠʜ; ʚ ʩʣʘʙʦʢʠʩʣʦʡ ʩʨʝʜʝ ʧʨʠ ʠʟʙʳʪʢʝ ʬʦʨʤʘʣʴʜʝʛʠʜʘ 

ʧʦʣʫʯʘʝʪʩʷ ʪʦʣʴʢʦ ʜʠʤʝʪʠʣʦʣʢʘʨʙʘʤʠʜ, ʘ ʚ ʩʠʣʴʥʦʢʠʩʣʦʡ ï ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʧʨʦʜʫʢʪʳ 

ʢʦʥʜʝʥʩʘʮʠʠ [8]. 

ɸʜʜʫʢʪʳ ʩ ʢʘʨʙʘʤʠʜʘʤʠ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʥ-ʘʣʢʘʥʳ, ʥʦ ʠ ʫʛʣʝʨʦʜʳ 

ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʳʡ ʘʣʢʠʣʴʥʳʡ ʥʝʨʘʟʚʝʪʚʣʝʥʥʳʡ 

ʟʘʤʝʩʪʠʪʝʣʴ. ʊʘʢ, ʝʩʣʠ ʤʝʪʠʣʴʥʘʷ ʛʨʫʧʧʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ 2, 3, 4 ʠʣʠ 5 ʤʦʣʝʢʫʣʳ 

ʤʦʥʦʤʝʪʠʣʘʣʢʘʥʘ ʧʨʠʤʝʨ: 
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ʪʦ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʘʜʜʫʢʪʘ ʚ ʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ ʮʝʧʠ ʜʦʣʞʥʦ ʩʦʜʝʨʞʘʪʴʩʷ ʥʝ 

ʤʝʥʝʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 11, 14, 15 ʠʣʠ 16 ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ. ʎʠʢʣʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʪʘʢʞʝ 

ʩʧʦʩʦʙʥʳ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ, ʝʩʣʠ ʙʦʢʦʚʘʷ ʮʝʧʴ ʣʠʥʝʡʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩʦʜʝʨʞʠʪ ʥʝ 

ʤʝʥʝʝ 18 ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʠʟʚʝʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʯʠʩʪʢʝ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʦʪʦʨʥʳʭ 

ʤʘʩʝʣ ʦʪ ʨʘʩʪʚʦʨʠʤʳʭ ʧʨʠʤʝʩʝʡ ʧʨʦʮʝʩʩ ʥʝ ʚʩʝʛʜʘ ʧʨʦʪʝʢʘʝʪ ʩ ʦʞʠʜʘʝʤʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ 

ʤʘʩʣʦ ʧʦʩʣʝ ʦʯʠʩʪʢʠ ʜʘʞʝ ʬʠʟʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʦʯʠʩʪʢʠ ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʤʦʣ [9]. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʭʦʜʷ ʠʟ ʪʝʦʨʠʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ ʠ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝʡ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʜʘʥʥʳʝ ʥʝʜʦʨʘʙʦʪʢʠ ʧʨʦʮʝʩʩʘ ʩʚʷʟʘʥʥʳ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʚʝʜʝʥʠʷ ʚ ʩʤʝʩʴ ʢʦʘʛʫʣʷʥʪʘ ï 

ʘʢʪʠʚʘʪʦʨʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʧʠʨʪʳ ʠ ʨʘʩʪʚʦʨʠʪʝʣʠ. 

ɸʢʪʠʚʘʪʦʨʳ ʜʦʣʞʥʳ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʘʜʩʦʨʙʮʠʠ ʧʨʠʩʘʜʦʢ ʤʘʩʣʘ ʠ ʨʘʩʪʚʦʨʷʪʴ ʯʘʩʪʴ 

ʢʦʘʛʫʣʷʥʪʦʚ ʩʧʦʩʦʙʩʪʚʫʷ ʫʩʢʦʨʝʥʠʶ ʧʨʦʮʝʩʩʘ ʢʦʘʛʫʣʷʮʠʠ [7]. 

ɼʦʙʘʚʣʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ʤʘʩʣʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʘʢʪ 

ʘʛʝʥʪʘ (ʢʦʘʛʫʣʷʥʪʘ) ʩ ʥ-ʘʢʪʠʚʥʳʤʠ ʠ ʵʣʝʤʝʥʪʘʤʠ ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʦʘʛʫʣʷʮʠʠ ʧʨʠʤʝʩʝʡ ʠ ʠʭ ʦʩʘʞʜʝʥʠʶ. 

ʉʣʝʜʫʝʪ, ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʦʪʨʘʙʦʪʘʥʥʦʤ ʤʘʩʣʝ ʤʦʶʱʝ-

ʜʠʩʧʝʨʛʠʨʫʶʱʠʝ ʠ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʝ ʧʨʠʩʘʜʢʠ ʤʦʛʫʪ ʟʘʤʝʜʣʷʪʴ ʠʣʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʫʩʢʦʨʷʪʴ ʧʨʦʮʝʩʩ ʢʦʘʛʫʣʷʮʠʠ. ʇʨʠ ʵʪʦʤ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ 

ʢʦʘʛʫʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʨʘʟʣʦʞʝʥʠʝ ʢʦʘʛʫʣʷʥʪʘ. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʮʝʩʩ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʤʦʣ, ʘʩʬʘʣʴʪʝʥʦʚ, ʢʘʨʙʝʥʦʚ, 

ʢʘʨʙʦʠʜʦʚ ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ > ʆ1, ʪʦ ʧʨʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, ʥʘʧʨʠʤʝʨ ʩ 

ʤʦʥʦʵʪʘʥʦʣʘʤʠʥʦʤ ʚʦʟʤʦʞʥʘ ʨʝʘʢʮʠʷ: 
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ɸʤʤʠʘʢ ʢʘʢ ʣʝʪʫʯʝʝ ʚʝʱʝʩʪʚʦ, ʚʦʟʤʦʞʥʦ, ʫʜʘʣʠʪʴ ʚʳʧʘʨʠʚʘʥʠʝʤ, ʘ ʚʦʜʘ ʧʨʠ ʵʪʦʤ ʜʦʣʞʥʘ 

ʚʳʧʘʜʘʪʴ ʚ ʦʩʘʜʦʢ [6]. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʝʡʩʪʚʠʷ ʨʷʜʘ ʘʤʠʥʦʚ ʚ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʦʪʦʨʥʳʭ 

ʤʘʩʣʘʭ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʘʩʝʣ ʦʪ ʧʨʠʤʝʩʝʡ 

ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ʧʣʘʩʪʠʯʥʳʭ ʩʤʘʟʦʢ. 

ʆʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʣʘʩʪʠʯʥʦʡ ʩʤʘʟʢʠ ʚ ʫʟʣʘʭ ʪʨʝʥʠʷ ʩʫʜʷʪ ʧʦ ʮʝʣʦʤʫ ʨʷʜʫ 

ʝʜʠʥʠʯʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [10] ʦʙ ʫʨʦʚʥʝ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ ʩʚʦʡʩʪʚ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʫʜʷʪ 

ʧʦ ʚʝʣʠʯʠʥʝ ʚʝʩʦʚʦʛʦ ʠʟʥʦʩʘ ʧʘʨʳ ʪʨʝʥʠʷ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʝʩʦʚʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

ὐ
ή

ὒϽὛ
 ρ 

ʛʜʝ q ï ʚʝʩʦʚʦʡ ʠʟʥʦʩ ʧʘʨʳ, ʛ; S ï ʧʣʦʱʘʜʴ ʪʨʝʥʠʷ, ʩʤ2; L ï ʧʫʪʴ ʪʨʝʥʠʷ, ʩʤ. 
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ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ, ʦʜʥʘʢʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʠʟʥʦʩ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ, ʪ.ʢ. ʥʘ ʭʘʨʘʢʪʝʨ ʠʟʥʦʩʘ ʠ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʦʛʫʪ ʚʣʠʷʪʴ ʧʦʙʦʯʥʳʝ 

ʬʘʢʪʦʨʳ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʦʧʨʝʜʝʣʝʥʠʝ ʧʣʦʱʘʜʠ ʪʨʝʥʠʷ ʠ ʚʝʩʘ ʚʣʝʯʝʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʦʰʠʙʢʝ ʠʟʤʝʨʝʥʠʡ. 

ʇʨʦʪʠʚʦʟʘʜʠʨʥʳʝ ʩʚʦʡʩʪʚʘ ʩʤʘʟʦʢ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʜʠʘʤʝʪʨʫ ʧʷʪʥʘ ʫʧʨʫʛʦʛʦ 

ʢʦʥʪʘʢʪʘ dɻ ʧʦ ʬʦʨʤʫʣʝ ɻʝʨʮʘ [11]: 

Ὠ̄
σὖ ϽὙ

τὉ
 ς 

ɻʜʝ ʈʦʩï ʩʠʣʘ ʜʝʡʩʪʚʠʷ ʚ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ; Rô ï ʨʘʜʠʫʩ ʰʘʨʘ; Eô ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ. 

ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ ʩʣʦʞʥʘ ʜʣʷ ʨʘʩʯʝʪʦʚ ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ, ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʩʦʩʪʦʷʥʠʷ ʦʩʥʦʚʳ, ʪʘʢ ʠ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʝʡ ʧʨʠʩʘʜʦʢ, ʘ ʩʘʤʦʝ 

ʚʘʞʥʦʝ ʠʟ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʪʨʝʥʠʝ (ʤʘʪʝʨʠʘʣʘ). 

ʇʣʘʩʪʠʯʥʳʝ ʩʤʘʟʢʠ ʨʘʙʦʪʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʩʢʦʣʴʞʝʥʠʷ ʠ ʢʘʯʝʥʠʷ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ʍʘʨʨʠʩʦʥʘ ʨʝʩʫʨʩ ʧʦʜʰʠʧʥʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥ ʠ ʫʚʝʣʠʯʝʥ ʧʫʪʝʤ 

ʩʦʟʜʘʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʩʤʘʟʳʚʘʥʠʷ ʠ ʯʠʩʪʦʪʳ ʩʤʘʟʢʠ: 

ὒ ὥ
ὅ

ὖ
 σ 

ʛʜʝ L ï ʨʝʩʫʨʩ; ʉ ï ʥʦʤʠʥʘʣʴʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ;  

ʈ ï ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʧʦʜʰʠʧʥʠʢ;  

arus ï ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ɹʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʩʤʘʟʳʚʘʥʠʷ ʩʦʟʜʘʶʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʟʘ ʩʯʝʪ ʨʷʜʘ ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʧʦʜʰʠʧʥʠʢʘ ʠ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʩʤʘʟʢʝ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ 

ʧʨʠʩʘʜʦʢ. ɺ ʩʤʘʟʢʘʭ Cʦʣʠʜʦʣ-ɾ ʠ ʃʠʪʦʣ-24 ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʯʘʱʝ 

ʚʩʝʛʦ ʧʨʠʩʫʪʩʪʚʠʝʤ ʧʨʠʩʘʜʢʠ ɼʌ-11 [12]. 

ɼʣʷ ʥʘʰʠʭ ʫʩʣʦʚʠʡ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʤʘʟʦʢ, ʥʘ ʦʩʥʦʚʝ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʦʪʦʨʥʳʭ ʤʘʩʝʣ, 

ʧʨʠʩʘʜʢʘ ɼʌ-11 ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʝ 

(ʦʯʠʱʝʥʥʦʤ ʤʘʩʣʝ). 

ʀʩʭʦʜʷ ʠʟ ʠʟʚʝʩʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʧʷʪʥʘʤ ʠʟʥʦʩʘ ʦʪ ʩʦʜʝʨʞʘʥʠʷ 

ʧʨʠʩʘʜʢʠ ɼʌ-11 [13] ʧʦʣʫʯʠʤ ʟʘʚʠʩʠʤʦʩʪʴ: 

ώ ὧὼ ὦὼὥ τ 

ʛʜʝ ʭ ï ʧʨʦʮʝʥʪ ʧʨʠʩʘʜʢʠ; ʫ ï ʜʠʘʤʝʪʨ ʧʷʪʥʘ ʠʟʥʦʩʘ, ʘ, b, ʩ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʦʚʥʷ 

ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ ʩʚʦʡʩʪʚ (ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʩʘʜʦʢ). 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʤʘʪʨʠʚʘʷ ʨʝʩʫʨʩ ʨʘʙʦʪʳ ʧʦʜʰʠʧʥʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʤʘʩʣʘ ʠ 

ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʩʘʜʦʢ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ: 

ὒ
ρ

ˑ

ὅ

ὖ
 υ 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ɼ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ. ʆʙʣʘʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ ɼ ʷʚʣʷʝʪʩʷ ʜʝʢʘʨʪʦʚʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʤʥʦʞʝʩʪʚʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʜʚʫʭ 

ʪʦʯʝʢ 0,8; 1 ʠ ʤʥʦʞʝʩʪʚʘ 0,1. ɻʨʘʬʠʯʝʩʢʠ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʝʩʫʨʩ ʙʫʜʝʪ ʫ ʩʤʘʟʢʠ 

ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʝ (ʘ = 0,8) ʩ ʥʘʠʙʦʣʴʰʝʡ ʦʩʪʘʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʠʩʘʜʢʠ.  

 


