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 ---------------------------------------------------------------------------------------------------------------------------------- 

ʋʯʨʝʜʠʪʝʣʴ ʠ ʠʟʜʘʪʝʣʴ ʞʫʨʥʘʣʘ:  
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ  

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ  

(ɻʅʋ ɺʅʀʀʊʠʅ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ) 

---------------------------------------------------------------------------------------------------------------------------------- 
ʈɽɼɸʂʎʀʆʅʅɸʗ ʂʆʃʃɽɻʀʗ ɾʋʈʅɸʃɸ 

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

ɻʅʋ ɺʅʀʀʊʠʅ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ 

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

ʟʘʤ. ʜʠʨʝʢʪʦʨʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ɻʅʋ ɺʅʀʀʊʠʅ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ 

ɻʆʃʋɹɽɺ ʀʚʘʥ ɻʨʠʛʦʨʴʝʚʠʯ ð ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ,  

ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʟʘʚ. ʦʪʜʝʣʦʤ ʌɻɹʅʋ çʈʦʩʠʥʬʦʨʤʘʛʨʦʪʝʭè  

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

ʘʢʘʜʝʤʠʢ-ʩʝʢʨʝʪʘʨʴ ʆʪʜʝʣʝʥʠʷ ʤʝʭʘʥʠʟʘʮʠʠ, ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ 

ɼʀɼʄɸʅʀɼɿɽ ʆʪʘʨʠ ʅʘʟʠʨʦʚʠʯ ð ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ, ʘʢʘʜʝʤʠʢ ɻɸʉʍʅ,  

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʨʘʙʦʪʥʠʢ ʚʳʩʰʝʡ ʰʢʦʣʳ ʈʌ, ʧʦʯʝʪʥʳʡ ʨʘʙʦʪʥʠʢ ʚʳʩʰʝʛʦ  

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ, ʟʘʚ. ʢʘʬʝʜʨʦʡ ʌɻɹʆʋ ɺʇʆ çʄɻɸʋ ʠʤ. ɺ.ʇ. ɻʦʨʷʯʢʠʥʘè 

ɽʈʆʍʀʅ ʄʠʭʘʠʣ ʅʠʢʠʪʴʝʚʠʯ ð ʘʢʘʜʝʤʠʢ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ,  

ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʣʘʫʨʝʘʪ ʧʨʝʤʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ,  

ʇʨʝʟʠʜʝʥʪ ʌɻɹʆʋ ɺʇʆ çʄɻɸʋ ʠʤ. ɺ.ʇ. ɻʦʨʷʯʢʠʥʘè  

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

 ʚ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ; ʟʘʚ. ʦʪʜʝʣʦʤ ɻʅʋ ɺʀʄ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ 

ɿɸɺʈɸɾʅʆɺ ɸʥʘʪʦʣʠʡ ʀʚʘʥʦʚʠʯ ð ʘʢʘʜʝʤʠʢ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ,  

ʇʨʝʟʠʜʝʥʪ ʌɻɹʆʋ ɺʇʆ ʄʠʯɻɸʋ 

ʀɺɸʅʆɺ ʖʨʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ð ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ, ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʜʠʨʝʢʪʦʨ ɻʅʋ ɺʅʀʀʄɾ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ 

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, 

 ʟʘʤ. ʜʠʨʝʢʪʦʨʘ ʧʦ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ɻʅʋ ɻʆʉʅʀʊʀ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ 

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 ʪʝʧʣʦʬʠʟʠʯʝ-

ʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʚʝʱʝʩʪʚ ʈɸʅ, ʨʝʢʪʦʨ ʌɻɹʆʋ ɺʇʆ çʊʘʤʙʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʇʆʇʆɺ ɺʣʘʜʠʤʠʨ ɼʤʠʪʨʠʝʚʠʯ ð ʘʢʘʜʝʤʠʢ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ, 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 ɻʅʋ ʉɿʅʀʀʄʕʉʍ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ 

ʉʊʈɽɹʂʆɺ ɼʤʠʪʨʠʡ ʉʝʤʝʥʦʚʠʯ ð ʘʢʘʜʝʤʠʢ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ, ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʯʣʝʥ  

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʢʘʜʝʤʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʈɸɽʅ; ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ, 

ʯʣʝʥ ʅʘʫʯʥʦʛʦ ʉʦʚʝʪʘ ʈɸʅ ʧʦ ʧʨʦʙʣʝʤʝ çʄʝʪʦʜʳ ʧʨʷʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʠʜʦʚ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶè; 

ʧʨʝʜʩʝʜʘʪʝʣʴ ʈʦʩʩʠʡʩʢʦʡ ʩʝʢʮʠʠ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʙʱʝʩʪʚʘ ʉʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ 

ʈʦʩʩʠʡʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ 

ɽʚʨʦʧʝʡʩʢʦʛʦ ʙʶʨʦ ʖʅɽʉʂʆ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʦʙʣʘʩʪʠ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ,  

ʜʠʨʝʢʪʦʨ ɻʅʋ ɺʀʕʉʍ ʈʦʩʩʝʣʭɹʦʟʘʢʘʜʝʤʠʠ 

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

ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʈʌ, ʜʠʨʝʢʪʦʨ ʌɻɹʅʋ çʈʦʩʠʥʬʦʨʤʘʛʨʦʪʝʭè 

ʈʝʜʘʢʮʠʷ 
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ʋʯʨʝʜʠʪʝʣʴ ʠ ʠʟʜʘʪʝʣʴ ʞʫʨʥʘʣʘ:  

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ  

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ  

(ɻʅʋ ɺʅʀʀʊʠʅ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ) 

---------------------------------------------------------------------------------------------------------------------------------- 

ʕʂʉʇɽʈʊʅʓʁ ʉʆɺɽʊ ɾʋʈʅɸʃɸ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ) 

ʂʋʈɻʋɿʂʀʅ ɺʣʘʜʠʤʠʨ ʅʠʢʦʣʘʝʚʠʯ ð ʜ-ʨ ʩ.-ʭ. ʥʘʫʢ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʦʢʘ 

 ʠ ʛʦʚʷʜʠʥʳ ɻʅʋ ɺʅʀʀʊʠʅ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ 

ʐʋʃɸɽɺ ɻʝʥʥʘʜʠʡ ʄʠʭʘʡʣʦʚʠʯ ð ʢʘʥʜ. ʩ.-ʭ. ʥʘʫʢ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʠʥʠʥʳ 

ɻʅʋ ɺʅʀʀʊʠʅ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ɼʆʈʆɺʉʂʀʍ ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ ï ʢ-ʪ ʪʝʭʥ. ʥʘʫʢ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ  

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ɻʅʋ ɺʅʀʀʊʠʅ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ 

ʩʦʚʨʝʤʝʥʥʳʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ 

ʇɽʊʈɸʐɽɺ ɸʣʝʢʩʘʥʜʨ ʀʚʘʥʦʚʠʯ ð ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʭʨʘʥʝʥʠʷ ʠ ʟʘʱʠʪʳ ʪʝʭʥʠʢʠ ʦʪ ʢʦʨʨʦʟʠʠ ɻʅʋ ɺʅʀʀʊʠʅ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ 
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ʊʀʐɸʅʀʅʆɺ ʅʠʢʦʣʘʡ ʇʝʪʨʦʚʠʯ ð ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ 
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ʦʨʛʘʥʠʟʘʮʠʠ ʭʨʘʥʝʥʠʷ ʠ ʟʘʱʠʪʳ ʪʝʭʥʠʢʠ ʦʪ ʢʦʨʨʦʟʠʠ ɻʅʋ ɺʅʀʀʊʠʅ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ 
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ʉɸɿʆʅʆɺ ʉʝʨʛʝʡ ʅʠʢʦʣʘʝʚʠʯ ð ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  
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ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

ʆʉʊʈʀʂʆɺ ɺʘʣʝʨʠʡ ɺʘʩʠʣʴʝʚʠʯ ð ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
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ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ 

ʊʓʈʅʆɺ ʖʨʠʡ ɸʣʝʢʩʝʝʚʠʯ ð ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  

ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ɻʅʋ ɺʅʀʀʊʠʅ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ 

ɽʈʆʍʀʅ ɻʝʥʥʘʜʠʡ ʅʠʢʦʣʘʝʚʠʯ ð ʢ-ʪ ʪʝʭʥ. ʥʘʫʢ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ 

ʢ ʩʝʣʭɹʦʟʪʝʭʥʠʢʝ ɻʅʋ ɺʅʀʀʊʠʅ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ 

 

 
  

ʉʪʘʪʴʠ, ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʨʝʜʘʢʮʠʶ, ʨʝʮʝʥʟʠʨʫʶʪʩʷ. ɿʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʩʚʝʜʝʥʠʡ, ʠʟʣʦʞʝʥʥʳʭ  

ʚ ʩʪʘʪʴʷʭ, ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʥʝʩʫʪ ʘʚʪʦʨʳ. ʄʥʝʥʠʝ ʨʝʜʘʢʮʠʠ ʤʦʞʝʪ ʥʝ ʩʦʚʧʘʜʘʪʴ ʩ ʤʥʝʥʠʝʤ 

ʘʚʪʦʨʦʚ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʧʝʨʝʧʝʯʘʪʢʝ ʩʩʳʣʢʘ ʥʘ ʞʫʨʥʘʣ ʦʙʷʟʘʪʝʣʴʥʘ. ʄʘʪʝʨʠʘʣʳ ʧʫʙʣʠʢʫ-

ʶʪʩʷ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ.  

É çʅʘʫʢʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʈʦʩʩʠʠè, 2013 
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Tyrnov YU.A., Balashov A.V., Belogorsky V.P., Sukhov A.A. 

ʊHEORETICAL JUSTIFICATION OF PRESSURE AND EFFORTS WHEN  

 PRESSING COMPONENTS OF A MIX OF A SEED CAPSULE IN THE CLOSED 

COMPRESSION MOLDS 

Summary. In article theoretical justification of pressure and efforts is given when pressing 

components of a mix of a seed capsule in the closed compression molds  
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ʇʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʝʤʝʥʥʳʭ ʢʘʧ-

ʩʫʣ ʰʘʨʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʩ-

ʩʦʚʘʥʠʠ ʩʤʝʩʠ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʚʩʪʨʝʯʥʦ 

ʧʝʨʝʤʝʱʘʶʱʠʤʠ ʧʫʘʥʩʦʥʘʤʠ ʚʥʫʪʨʠ ʤʘʪ-

ʨʠʮʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʧʦʣʳʡ ʮʠ-

ʣʠʥʜʨ ʩʦ ʩʪʝʥʢʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʪʦʣʱʠʥʳ, 

ʩʧʦʩʦʙʥʳʤ ʚʳʜʝʨʞʠʚʘʪʴ ʜʘʚʣʝʥʠʷ, ʩʦʟʜʘ-

ʚʘʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʦʢ. 

ʈʘʙʦʯʠʝ ʧʨʦʬʠʣʠ ʧʫʘʥʩʦʥʦʚ ʚʳʧʦʣʥʝ-

ʥʳ ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʤʠ ʩ ʨʘʜʠʫʩʦʤ ʨʘʚʥʳʤ 

ʨʘʜʠʫʩʫ ʩʝʤʝʥʥʦʡ ʢʘʧʩʫʣʳ. 

ɺʝʨʭʥʠʡ ʧʫʘʥʩʦʥ ʩʦʜʝʨʞʠʪ ʩʪʝʨʞʝʥʴ 

ʢʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ 

ʢʘʧʩʫʣʝ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʜʣʷ ʚʚʦʜʘ ʩʝ-

ʤʷʥ. 

ʇʨʦʮʝʩʩ ʧʨʝʩʩʦʚʘʥʠʷ ʩʳʧʫʯʠʭ ʪʝʣ ʠ 

ʧʦʨʦʰʢʦʚ ʩʣʦʞʝʥ ʠ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʣʘʙʦ ʠʟʫʯʝʥ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʧʨʝʜʣʘʛʘʝʤʳʝ ʜʣʷ ʨʘʩʯʸʪʦʚ ʧʨʦʮʝʩʩʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʥʦʚʘʥʳ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʟʣʠʯ-

ʥʦʛʦ ʨʦʜʘ ʟʘʚʠʩʠʤʦʩʪʷʤʠ. 

ɼʣʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʤʘʪʝʨʠʘʣʦʚ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝ, ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʦʙʱʝ 

ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʝʩʩʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʨʷʜʦʤ ʘʚʪʦʨʦʚ ʚ 

ʩʤʝʞʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [1], 

ʧʦʟʚʦʣʠʣ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʨʷʜ ʜʦʧʫʱʝʥʠʡ 

ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ: 

ï ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʲʸʤʘ ʚʝʨʭʥʝʡ ʠ 

ʥʠʞʥʝʡ ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ ʯʘʩʪʝʡ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʧʨʫʛʫʶ ʧʦʣʫʧʣʦʩʢʦʩʪʴ; 

ï ʧʝʨʝʧʘʜ ʚʝʣʠʯʠʥʳ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦ-

ʚʘʥʠʷ ʧʦ ʚʳʩʦʪʝ ʢʘʧʩʫʣʳ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʠ 

ʨʘʚʝʥʩʪʚʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʝʨʠʤʝʪʨʦʚ 

ʚʩʪʨʝʯʥʦ ʜʚʠʞʫʱʠʭʩʷ ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ; 

ï ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʩʪʝʥ-

ʥʦʛʦ ʪʨʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʦʵʬʬʠʮʠʝʥ-

ʪʳ ʪʨʝʥʠʷ f1 ʠ f2 ʨʘʚʥʳ, ʘ ʤʦʤʝʥʪʦʤ ʧʘʨʳ 

ʩʠʣ ʪʨʝʥʠʷ ʪʨʈ¡ ʠ ʪʨʈ¡¡ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ; 
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ï ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʤʘʩʩʦʧʝʨʝʥʦʩʦʤ ʧʨʝʩʩʫʝʤʦʡ ʩʤʝʩʠ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʦʩʠ ʧʨʝʩ-

ʩʦʚʘʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ; 

ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʤʝʩʠ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʩʣʦʷʭ ʥʝʠʟʤʝʥʥʘ. 

ɼʣʷ ʪʝʣ ʰʘʨʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʠ ʢʦʥʝʯ-

ʥʳʭ ʨʘʟʤʝʨʦʚ, ʠʩʧʳʪʳʚʘʶʱʠʭ ʥʘʛʨʫʟʢʫ ʚʦ 

ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ 

ʥʘʧʨʷʞʝʥʠʡ, ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʞ̫ʝʥʠʷ 

321 sss ==  [2,3]. 

ʈʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟ-

ʛʦʪʦʚʣʝʥʠʷ ʩʝʤʝʥʥʳʭ ʢʘʧʩʫʣ ʤʝʪʦʜʦʤ 

ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʨʠʩʫʥʦʢ 1.

 

 
1, 3 ï ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʧʫʘʥʩʦʥʳ; 2 ï ʩʪʘʢʘʥ (ʤʘʪʨʠʮʘ); 4 ï ʢʦʥʠʯʝʩʢʠʡ ʩʪʝʨʞʝʥʴ. 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʝʤʝʥʥʳʭ ʢʘʧʩʫʣ ʤʝʪʦʜʦʤ  

ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʚ ʟʘʢʨʳʪʦʡ ʧʨʝʩʩ-ʬʦʨʤʝ 

ʋʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʜʝʡʩʪʚʫʶʱʠʭ 

ʩʠʣ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʴ çZè ʟʘʧʠʰʝʪʩʷ ʚ ʚʠ-

ʜʝ [3]: 

()ä = ;0Zʈ  

,0
2

cos
2

cos 22110 =---+++Ö-Ö+= Gʈʊʈʈʊʈʈʈʈ ʪʨʥʩʬʪʨzʢzʢʩʬɺ

aa
st

 

(1)  

ʛʜʝ ʈʩʬ ɺ ï ʯʘʩʪʴ ʦʙʱʝʛʦ ʫʩʠʣʠʷ ʧʨʝʩʩʦ-

ʚʘʥʠʷ, ʠʜʫʱʝʛʦ ʥʘ ʨʘʟʚʠʪʠʝ ʜʝʬʦʨʤʘʮʠʠ ʩʤʝ-

ʩʠ ʚʝʨʭʥʠʤ ʧʫʘʥʩʦʥʦʤ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ʨʘʜʠʫʩʘ Rʢ, ʅ; ʈʢʩ (ʈŰʢ, ʈůʢ) ï 

ʯʘʩʪʴ ʦʙʱʝʛʦ ʫʩʠʣʠʷ ʧʨʝʩʩʦʚʘʥʠʷ, ʠʜʫʱʝʛʦ 

ʥʘ ʩʦʟʜʘʥʠʝ ʩʝʤʝʥʥʦʛʦ ʢʘʥʘʣʘ ʢʘʧʩʫʣʳ ʠ 

ʜʘʣʴʥʝʡʰʝʝ ʜʝʬʦʨʤʘʮʠʠ ʩʤʝʩʠ ʚ ʟʦʥʝ ʩʝ-

ʤʝʥʥʦʛʦ ʢʘʥʘʣʘ, ʅ; ʈʩʬ ʅ ï ʯʘʩʪʴ ʦʙʱʝʛʦ 

ʫʩʠʣʠʷ ʧʨʝʩʩʦʚʘʥʠʷ, ʠʜʫʱʝʛʦ ʥʘ ʦʩʫʱʝʩʪʚʣʝ-

ʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʩʤʝʩʠ ʥʠʞʥʠʤ ʧʫʘʥʩʦʥʦʤ ʩʦ 

ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ Rʢ, ʅ; ʈʪʨ ʩ (ʈʪʨ 1, 

ʈʪʨ 2) ï ʩʫʤʤʘʨʥʘʷ ʯʘʩʪʴ ʫʩʠʣʠʷ ʧʨʝʩʩʦʚʘ-

ʥʠʷ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʠʣʳ 

ʪʨʝʥʠʷ ʩʤʝʩʠ ʧʦ ʙʦʢʦʚʦʡ ʧʘʩʩʠʚʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʤʘʪʨʠʮʳ, ʅ; ʈʪʨ ʇ (ʊ 1, ʊ 2) ï 

ʩʫʤʤʘʨʥʘʷ ʯʘʩʪʴ ʫʩʠʣʠʷ ʧʨʝʩʩʦʚʘʥʠʷ, ʟʘ-

ʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʠʣʳ ʪʨʝʥʠʷ 

ʧʫʘʥʩʦʥʘ (ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ) ʧʦ ʙʦʢʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʨʠʮʳ, ʅ; 

ʈŰʢ z, ʈůʢ z ï ʧʨʦʝʢʮʠʷ ʩʠʣ ʦʪ ʢʘʩʘʪʝʣʴ-

ʥʳʭ ʠ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʜʝʡʩʪʚʫʶ-

ʱʠʭ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʫʩʘ ʥʘ ʦʩʴ çZè,ʅ; 

Rʇɺ, Rʇʅ ï ʨʘʜʠʫʩ ʩʬʝʨʳ ʧʫʘʥʩʦʥʘ 

ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ,  

Rʇɺ = Rʇʅ = Rʂ, ʤ; 

Rʂ ï ʨʘʜʠʫʩ ʢʘʧʩʫʣʳ, ʤ; Űʦʢ ï ʨʘʜʠʫʩ 

ʦʩʥʦʚʘʥʠʷ ʢʦʥʠʯʝʩʢʦʛʦ ʩʪʝʨʞʥʷ, ʤ; 

Ŭ, ɗ ï ʫʛʣʳ ʢʦʥʫʩʘ, ʛʨʘʜ; lʢʩ, ʅʢ ï ʜʣʠʥʘ 

ʦʙʨʘʟʫʶʱʝʡ ʠ ʚʳʩʦʪʘ ʢʦʥʠʯʝʩʢʦʛʦ ʩʪʝʨʞ-
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ʥʷ, ʤ; h1, h2 ï ʚʝʣʠʯʠʥʘ ʧʝʨʝʤʝʱʝʥʠʡ ʧʫʘʥ-

ʩʦʥʦʚ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʤ; ʅʥ ï ʚʳʩʦʪʘ ʟʘʩʳʧʢʠ ʩʤʝʩʠ, ʤ; G ï ʤʘʩʩʘ 

ʢʘʧʩʫʣʳ, ʅ. 

ɺ ʩʠʣʫ ʩʠʤʤʝʪʨʠʠ ʊ1=ʊ2, ʈʪʨ1=ʈʪʨ2 ʠ 

ʥʝʙʦʣʴʰʦʡ ʤʘʩʩʳ ʢʘʧʩʫʣʳ (G=6,5...7ʛʨ), 

ʫʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠʤʝʪ ʚʠʜ: 

.0
2

cos
2

cos 1 =++Ö-Ö+= ʅʩʬʢʢʩʬɺ Rʊʈʈʈʈ
aa

st

 (2) 

ʋʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʜʝʡʩʪʚʫʶʱʠʭ 

ʩʠʣ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʴ çʭè ʟʘʧʠʰʝʪʩʷ ʚ ʚʠ-

ʜʝ: 

,021 =-+-
ʍʍ ʢʢʩʜʩʜ ʈʈʈʈ st  (3) 

ʛʜʝ 
ʍʍ ʢʢ ʈʈ st ,  ï ʧʨʦʝʢʮʠʷ ʩʠʣ ʥʘ ʦʩʴ 

çʭè ʦʪ ʢʘʩʘʪʝʣʴʥʳʭ ʠ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷ-

ʞʝʥʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʫ-

ʩʘ, ʅ ; 

),( 21 ʩʜʩʜʜʩ ʈʈʈ  ï ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʠ ʩʤʝʩʠ, .31 ʜʩʈ=-ss ,ʅ; 

.0
2

sin
2

sin21 =ÖÖ-ÖÖÖ+-
a

s
a

t ʢʢtʜʩʩʜ SfSGʈʈ  (4) 

ʉʫʤʤʘʨʥʘʷ ʩʠʣʘ ʧʨʝʩʩʦʚʘʥʠʷ ʚʳʨʘʟʠʪ-

ʩʷ ʫʨʘʚʥʝʥʠʝʤ ʚʠʜʘ: 

.
ʇʪʨʩʪʨʥʩʬʢʩɺʩʬ ʈʈʈʈʈʈ ++++=

 (5) 

ʀʩʧʦʣʴʟʫʷ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʪʝʦ-

ʨʠʠ ʥʘʧʨʷʞʝʥʠʡ, ʦʧʨʝʜʝʣʠʤ ʜʝʡʩʪʚʫʶʱʠʝ 

ʩʠʣʳ [2]: 
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ʛʜʝ ůn ï ʧʨʦʜʦʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʜʝʡʩʪʚʫ-

ʶʱʠʝ ʧʦ ʜʫʛʝ ʩʬʝʨʳ, ʅ/ʤ
2
; ůŰ ï ʨʘʜʠʘʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʧʦ ʨʘʜʠʫʩʫ ʩʬʝ-

ʨʳ, ʅ/ʤ
2
; ům ï ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʧʦ ʧʝʨʠʤʝʪʨʫ, ʨʘʚʥʳʝ ʨʘʜʠ-

ʘʣʴʥʳʤ ,msst=  ʅ/ʤ
2
, 

j

t
s

tg

cf

m

-
=  ï ʪʘʥ-

ʛʝʥʮʠʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʅ/ʤ
2
; 

Űf ï ʪʨʝʙʫʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ, ʅ/ʤ
2
; ʩ ï 

ʩʠʣʘ ʩʮʝʧʣʝʥʠʷ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʝʜʠʥʠʮʫ 

ʧʣʦʱʘʜʠ, ʅ/ʤ
2
; ůʇ ï ʥʦʨʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝ-

ʥʠʝ ʥʘ ʧʣʦʩʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ, ʅ/ʤ
2
; ű ï 

ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ. 

ɺʝʣʠʯʠʥʳ Űf, ůʇ, ʩ ʠ ű ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʘ ʂʫʣʦʥʘ [4] ʠ ʩ ʧʦʤʦɦ ʴʶ 

ʠʟʚʝʩʪʥʦʛʦ ʢʨʫʛʘ ʄʦʨʘ [4]. 

ʇʦʣʫʯʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʩʠʣʫ ʧʨʝʩʩʦʚʘ-

ʥʠʷ ʩ ʫʯʸʪʦʤ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʩʝʤʝʥ-

ʥʳʭ ʢʘʧʩʫʣ ʧʨʠ ʩʞʘʪʠʠ, ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ, ʧʘ-

ʨʘʤʝʪʨʦʚ ʢʘʧʩʫʣʳ, ʧʫʘʥʩʦʥʦʚ ʠ ʤʘʪʨʠʮʳ. 
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ʇʈʆʏʅʆʉʊʅʓɽ ʉɺʆʁʉʊɺɸ ʉɽʄɽʅʅʓʍ ʂɸʇʉʋʃ ʀ ʋɼɽʃʔʅɸʗ ʈɸɹʆʊɸ 

ʉɾɸʊʀʗ ʀʉʍʆɼʅʆʁ ʉʄɽʉʀ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʝʤʝʥʥʳʭ ʢʘʧʩʫʣ ʧʨʠ ʩʞʘʪʠʠ ʠ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʨʝʩʩʦʚʘʥʠʷ  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʧʩʫʣʘ, ʧʨʦʯʥʦʩʪʴ, ʢʨʠʪʝʨʠʠ ʦʧʪʠʤʠʟʘʮʠʠ, ʬʘʢʪʦʨʳ,  

ʜʚʫʤʝʨʥʳʝ ʩʝʯʝʥʠʷ. 

Tyrnov Yu.A., Balashov A.V., Belogorsky V.P., Sukhov A.A., Zaynushev Zh.Zh. 

SRENGTH PROPERTIES OF SEED CAPSULES AND SPECIFIC WORK  

COMPRESSION OF AN INITIAL MIX  

Summary. The experimental data obtained with use of methods of planning of multiple-factor 

experiments by definition of the module of elasticity of seed capsules at compression and power 

consumption of process of pressing are given in article  

Keywords: capsule, durability, criteria of optimization, factors, two-dimensional sections. 

ʇʦʩʝʚ ʩʝʤʷʥ ʧʨʦʧʘʰʥʳʭ ʠ ʦʚʦʱʥʳʭ 

ʢʫʣʴʪʫʨ ʚ ʩʝʤʝʥʥʳʭ ʢʘʧʩʫʣʘʭ ʥʘʭʦʜʠʪ ʚʩʝ 

ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʉʝʤʝʥʥʳʝ ʢʘʧʩʫʣʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ 

ʩʤʝʩʠ ʥʘʚʦʟʘ ʂʈʉ ʠ ʧʪʠʯʴʝʛʦ ʧʦʤʸʪʘ ʧʫʪʸʤ 

ʧʨʝʩʩʦʚʘʥʠʷ ʚ ʟʘʢʨʳʪʳʭ ʧʨʝʩʩ-ʬʦʨʤʘʭ. 

ʇʪʠʯʠʡ ʧʦʤʸʪ, ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ NPK, ʚʳʩʪʫʧʘʝʪ 

ʪʘʢʞʝ ʚ ʨʦʣʠ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʠ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʜʘʣʴʥʝʡʰʝʤʫ ʫʧʨʦʯʥʝʥʠʶ ʩʪʨʫʢʪʫ-

ʨʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʦʯ-

ʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʩʝʤʝʥʥʳʭ ʢʘʧʩʫʣ ʠ ʫʜʝʣʴ-

ʥʦʡ ʨʘʙʦʪʳ ʧʨʝʩʩʦʚʘʥʠʷ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʧʨʠ 

ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʠ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʤʝʪʦʜʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ [1, 2, 3].  

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʘʧʩʫʣ, ʧʨʠʥʷʪʳ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ 

ʥʘ ʩʞʘʪʠʝ (ů, ʄʇʘ), ʘ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʨʝʩʩʦʚʘʥʠʷ ï 

ʫʜʝʣʴʥʘʷ ʨʘʙʦʪʘ ʩʞʘʪʠʷ (ɸ, ʢɼʞ/ʢʛ).  

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨ-

ʤʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʤʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʩʝ-

ʤʝʥʥʳʭ ʢʘʧʩʫʣ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʧʨʠʥʷʪʳ: 

ʚʣʘʞʥʦʩʪʴ ʩʤʝʩʠ (X1,%), ʫʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 

ʧʨʝʩʩʦʚʘʥʠʷ (X2,ʅ), ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʧʪʠʯʴʝʛʦ 

ʧʦʤʝʪʘ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ (X3,%), ʪʘʙʣʠʮʘ 1. 

ʊʘʙʣʠʮʘ 1. ʌʘʢʪʦʨʳ, ʫʨʦʚʥʠ ʠ ʠʥʪʝʨʚʘʣʳ ʚʘʨʴʠʨʦʚʘʥʠʷ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʬʘʢʪʦʨʦʚ 

ʋʨʦʚʥʠ ʚʘʨʴʠʨʦʚʘʥʠʷ ʀʥʪʝʨʚʘʣʳ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʅʠʞʥʠʡ 

(-1) 

ʅʫʣʝʚʦʡ 

(0) 

ɺʝʨʭʥʠʡ 

(+1) 

ɺʣʘʞʥʦʩʪʴ ʩʤʝʩʠ, %, X1 15 25 35 10 

ʋʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ   

ʧʨʝʩʩʦʚʘʥʠʷ, ʄʇʘ, X2 
4 6 8 2 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʧʪʠʯʴʝʛʦ ʧʦʤʝʪʘ 

ʚ ʩʤʝʩʠ, % , X3 
30 40 50 10 
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ʇʦʩʪʘʥʦʚʢʘ ʧʦʠʩʢʦʚʳʭ ʦʧʳʪʦʚ ʚʳʷʚʠ-

ʣʘ ʥʝʣʠʥʝʡʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʦʪ ʚʝʣʠʯʠʥʳ ʫʧʨʘʚʣʷʝʤʳʭ ʬʘʢ-

ʪʦʨʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʘʪʨʠ-

ʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʣʘʥʦʚ 

ɹʦʢʩʘ-ɹʝʥʢʠʥʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ [1, 2]. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʘʜʝʢʚʘʪʥʦʡ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʦʧʨʝʜʝ-

ʣʝʥʳ ʢʦʦʨʜʠʥʘʪʳ ʦʧʪʠʤʫʤʘ ʠ ʠʟʫʯʝʥʳ 

ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʚ ʝʛʦ 

ʦʢʨʝʩʪʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʚʳʧʦʣʥʝʥʦ ʢʘʥʦʥʠ-

ʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʩʦ-

ʛʣʘʩʥʦ [1, 2, 3]. 

ʇʦʩʣʝ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʚʳ-

ʧʦʣʥʝʥ ʝʸ ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʜʚʫʤʝʨʥʳʭ 

ʩʝʯʝʥʠʡ. ʅʘ ʨʠʩʫʥʢʘʭ 1, 2, 3 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʜʚʫʤʝʨʥʳʝ ʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯ-

ʥʦʩʪʴ ʩʝʤʝʥʥʳʭ ʢʘʧʩʫʣ ʥʘ ʩʞʘʪʠʝ ʧʨʠ ʨʘʟ-

ʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ X1, X2, X3.  

ʆʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ů=1,6...1,8 ʄʇʘ ʧʨʠ 

ʚʣʘʞʥʦʩʪʠ ʩʤʝʩʠ W=25%, ʤʘʩʩʦʚʦʡ ʜʦʣʝ 

ʧʪʠʯʴʝʛʦ ʧʦʤʸʪʘ ʥʘ ʫʨʦʚʥʝ  X3= 37,5%, 

ʫʜʝʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʝʩʩʦʚʘʥʠʷ X1= 

5,0...5,5 ʄʇʘ. ɼʘʣʴʥʝʡʰʝʝ ʫʧʨʦʯʥʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʩʝʤʝʥʥʦʡ ʢʘʧʩʫʣʳ ʩʚʷʟʘʥʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʠ 

ʫʭʫʜʰʝʥʠʝʤ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʷ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʥʘ ʚʪʦ-

ʨʦʛʦ ʧʦʨʷʜʢʘ, ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʠʤʝʝʪ 

ʚʠʜ: 

Ȓ = ů= 6,0 ï 0,4 X1 + 2,3 X2 + 1,6 X3 ï 

0,27 X1X2 + 0,12 X1X3 ï 0,08 X2X3 + 

+ 3,0X1
2 
+ 6,8X2

2 
+ 3,13X3

2
 (1) 

ʉ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʘʜʝʢʚʘʪʥʦ-

ʩʪʠ ʤʦʜʝʣʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʧʨʦʚʝʜʸʥ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ 

(1). ʈʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ 

Fʨ=1,9. ʊʘʙʣʠʯʥʦʝ ʟʥʘʯʝʥʠʝ F- ʢʨʠʪʝʨʠʷ 

ʧʨʠ 5-% ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ ʨʘʚʥʦ Fʪʘʙʣ.=2,1. 

ʊʘʢ ʢʘʢ Fʨ=1,9< F ʪʘʙʣ.=2,1, ʛʠʧʦʪʝʟʫ ʦʙ 

ʘʜʝʢʚʘʪʥʦʩʪʠ ʦʧʠʩʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝʤ (1) ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʚʝʨʥʦʡ ʩ 95% -ʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ.  

ʋʨʘʚʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʝʡ ʫʜʝʣʴʥʫʶ ʨʘʙʦʪʫ ʩʞʘʪʠʷ, 

ʠʤʝʝʪ ʚʠʜ:  

Ȓ =ɸ= 30,2ï1,88X1+ 11,6X2+ 2,12X3ï 

0,5X1X2+2,5X1X3 ï1,5X2X3+   +5,2 X1
2
++7,2 

X2
2
 +4,8 X3

2
 (2) 

 

ɸʜʝʢʚʘʪʥʦʩʪʴ ʧʨʦʚʝʨʝʥʘ ʧʦ ʢʨʠʪʝʨʠʶ 

ʌʠʰʝʨʘ. ʄʦʜʝʣʴ ʘʜʝʢʚʘʪʥʘ Fʨ < Fʪʘʙʣ.. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ-

ʢʣʠʢʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʚʫʤʝʨʥʳʭ ʩʝʯʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʘʭ 4,5,6. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʛʨʘ-

ʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʫʜʝʣʴʥʫʶ ʨʘʙʦʪʫ ʩʞʘʪʠʷ ʧʨʠ ʨʘʟʣʠʯʥʦʤ 

ʩʦʯʝʪʘʥʠʠ ʬʘʢʪʦʨʦʚ ʠ ʚʳʷʚʠʪʴ ʦʧʪʠʤʘʣʴ-

ʥʫʶ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ. 

 
ʈʠʩʫʥʦʢ 1 ï ɼʚʫʤʝʨʥʳʝ ʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

 
ʈʠʩʫʥʦʢ 2ï ɼʚʫʤʝʨʥʳʝ ʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 
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ʦʪʢʣʠʢʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʍ1ïʍ2 ʧʨʠ ʍ3=0. 

 

ʦʪʢʣʠʢʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʍ1ïʍ3 ʧʨʠ ʍ2=0. 

 

 
ʈʠʩʫʥʦʢ 3 ï ɼʚʫʤʝʨʥʳʝ ʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʢʣʠʢʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʍ2ïʍ3 ʧʨʠ ʍ1=0. 

 

 
ʈʠʩʫʥʦʢ 4 ï ɼʚʫʤʝʨʥʳʝ ʩʝʯʝʥʠʷ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ  ʫʜʝʣʴ-

ʥʫʶ ʨʘʙʦʪʫ ʩʞʘʪʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʍ1ïʍ2 

ʧʨʠ ʍ3=0. 

 

 
ʈʠʩʫʥʦʢ 5 ï ɼʚʫʤʝʨʥʳʝ ʩʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ  ʫʜʝʣʥɹʫʶ 

ʨʘʙʦʪʫ ʩʞʘʪʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʍ1ïʍ3 ʧʨʠ 

ʍ2=0. 

 

 
ʈʠʩʫʥʦʢ 6 ï ɼʚʫʤʝʨʥʳʝ ʩʝʯʝʥʠʷ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʦʪʢʣʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ  ʫʜʝʣʴ-

ʥʫʶ ʨʘʙʦʪʫ ʩʞʘʪʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʍ2ïʍ3 

ʧʨʠ ʍ1=0. 
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ʋɼʂ 62-791.2 

ʂʦʨʥʝʚ ɸ.ʖ., ɺʷʟʠʥʢʠʥ ɺ.ʉ., ʆʩʪʨʠʢʦʚ ɺ.ɺ., ʐʠʭʘʣʝʚ ʀ.ʅ. 

ʀʉʇʓʊɸʅʀʗ ʊʈʀɹʆɼɸʊʏʀʂɸ ɼʃʗ ʂʆʅʊʈʆʃʗ ʋʈʆɺʅʗ ɼɽɻʈɸɼɸʎʀʀ ʄɸʉʃɸ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʜʘʪʯʠʢʘ ʢʦʥʪʨʦʣʷ 

 ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʘʶʱʝʛʦ ʤʘʩʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼʘʪʯʠʢ; ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ; ʤʘʩʣʦ; ʩʪʘʨʝʥʠʝ; ʦʢʠʩʣʝʥʠʝ. 

Kornev A.Y., Vyazinkin  V.S., Ostrikov V.V., Shihalev I .N. 

TEST OF QUALITY CONTROL SENSOR  TO MONITOR THE LEVEL OF OIL 

DEGRADATION  

Summary. The article presents results quality control testing sensor used oil. 

Keywords: Sensor; control quality; oil; aging; oxidation. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟ-

ʥʦʦʙʨʘʟʥʳʝ ʧʝʨʝʜʚʠʞʥʳʝ ʵʢʩʧʨʝʩʩï

ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʵʢʩʧʨʝʩʩ-ʪʝʩʪʝʨʳ ʢʘʯʝʩʪʚʘ 

ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦ-

ʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʷʚʣʷʶʪʩʷ 

ʵʣʝʢʪʨʦʥʥʳʝ ʜʘʪʯʠʢʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘ-

ʙʦʪʘʶʱʝʛʦ ʤʘʩʣʘ. 

ɻʅʋ ɺʅʀʀʊʠʅ ʧʨʦʚʝʜʝʥʳ ʣʘʙʦʨʘ-

ʪʦʨʥʳʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʪʨʠʙʦʜʘʪʯʠʢʘ çANALEXrs Triboè, ʬʠʨʤʳ 

Kittiwake, ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʝ ʜʣʷ ʟʘʤʝʥʳ ʨʘʙʦʪʘʶʱʠʭ 

ʤʘʩʝʣ ʧʦ ʬʘʢʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ. 

ʂʘʢ ʫʢʘʟʘʥʦ ʚ ʦʧʠʩʘʥʠʠ ʠʟʛʦʪʦʚʠʪʝʣʷ, 

ʜʘʪʯʠʢ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ 

ʤʘʩʣʘ ʚ ʨʘʙʦʪʘʶʱʝʤ ʜʚʠʛʘʪʝʣʝ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʆʥ ʦʩʥʘʱʝʥ ʤʠʢʨʦ-

ʧʨʦʮʝʩʩʦʨʦʤ, ʩʧʦʩʦʙʥʳʤ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʫʨʦʚʝʥʴ ʜʝʛʨʘʜʘʮʠʠ ʨʘʙʦʪʘʶʱʝʛʦ ʤʘʩʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʝʞʝʛʦ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʡ 

ʝʛʦ ʟʘʤʝʥʳ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʨʝʟʫʣʴʪʘʪʝ 

ʫʤʝʥʴʰʘʝʪ ʦʙʱʠʝ ʟʘʪʨʘʪʳ ʥʘ ʵʢʩʧʣʫʘʪʘ-

ʮʠʶ ʤʝʭʘʥʠʟʤʦʚ, ʠʩʢʣʶʯʘʝʪ ʧʨʦʮʝʜʫʨʫ 

ʨʝʛʫʣʷʨʥʦʡ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʤʘʩʣʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ. ɼʘʪʯʠʢ (ʨʠʩʫʥʦʢ 1) 

ʨʝʘʛʠʨʫʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʧʦʢʘ-

ʟʘʪʝʣʝʡ: ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʛʣʠʢʦʣʷ, ʥʘʛʘʨʘ, 

ʦʙʱʝʛʦ ʱʝʣʦʯʥʦʛʦ ʯʠʩʣʘ, ʥʘʣʠʯʠʝ ʧʨʦʜʫʢ-

ʪʦʚ ʦʢʠʩʣʝʥʠʷ. 

 
ʈʠʩʫʥʦʢ 1 - ʊʨʠʙʦʜʘʪʯʠʢ ANALEXrs Tribo 

1 ï ʜʘʪʯʠʢ, 2 ï ʢʦʤʤʫʪʠʨʫʶʱʠʡ ʧʨʦʚʦʜ, 3 ï ʦʪʦʙʨʘʞʘʶʱʠʡ ʵʣʝʤʝʥʪ. 
1 

2 

3 
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ɼʘʪʯʠʢ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʮʠʨʢʫʣʷʮʠ-

ʦʥʥʦʤ ʤʘʩʣʷʥʦʤ ʢʦʥʪʫʨʝ, ʢʘʙʝʣʴ ʜʘʪʯʠʢʘ 

ʢʦʤʤʫʪʠʨʫʝʪʩʷ ʩ ʦʪʦʙʨʘʞʘʶʱʠʤ ʵʣʝʤʝʥ-

ʪʦʤ, ʥʘ ʢʦʪʦʨʳʡ ʧʦʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ 15 ï

 30 ɺ. 

ʂʘʣʠʙʨʦʚʢʘ ʜʘʪʯʠʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʧʦ ʩʚʝʞʝʤʫ ʤʘʩʣʫ ʄï10ɻ2 ʢʥʦʧʢʦʡ ʥʘ ʢʦʨ-

ʧʫʩʝ ʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʘ, ʢʦʪʦʨʳʡ 

ʢʦʤʤʫʪʠʨʫʝʪʩʷ ʩ ʜʘʪʯʠʢʦʤ ʯʝʨʝʟ ʧʦʨʪ RS 

232, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʢʦʨʧʫʩʝ ʦʪʦʙʨʘʞʘ-

ʶʱʝʛʦ ʵʣʝʤʝʥʪʘ.  

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʧʦʣʝʚʳʭ ʠʩʧʳʪʘʥʠʡ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʣʘʙʦʨʘʪʦʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝ ʨʘʙʦʪʳ ʤʘʩʣʘ ʚ ʜʚʠʛʘʪʝʣʝ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʚ ʪʦʚʘʨʥʦʝ ʤʘʩʣʦ ʄï10ɻ2 

ʧʦʨʮʠʷʤʠ ʜʦʣʠʚʘʣʦʩʴ ʩʠʣʴʥʦʟʘʛʨʷʟʥʝʥʥʦʝ 

ʨʘʙʦʪʘʚʰʝʝ ʤʦʪʦʨʥʦʝ ʤʘʩʣʦ ʵʪʦʡ ʞʝ ʤʘʨʢʠ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ ʤʘʩʣʘ 75 ï 80 Üʉ. ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨ-

ʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʪʨʠʙʦʜʘʪʯʠʢʘ ANALEXrs 

 

ʇʦʢʘʟʘʪʝʣʠ 

ʉʚʝʞʝʝ 

ʤʘʩʣʦ 

ʄï10ɻ2 

ʆʪʨʘʙʦʪʘʚʰʝʝ 

ʤʘʩʣʦ 

ʄï10ɻ2 

ʂʦʣʠʯʝʩʪʚʦ ʦʪʨʘʙʦʪʘʥʥʦʛʦ 

ʤʘʩʣʘ ʚ ʩʤʝʩʠ, % 

10 30 50 60 

1. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, 

ʤʤ
2
/ʩ ʧʨʠ 100 Üʉ 

2. ʉʦʜʝʨʞʘʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ 

ʦʩʘʜʢʘ, % 

3. ʑʝʣʦʯʥʦʝ ʯʠʩʣʦ, ʤʛ ʂʆʅ/ʛ 

4. ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ, Üʉ 

5. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ, % 

6. ʇʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʘ, ʝʜ. 
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ʂʘʢ ʚʠʜʥʦ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, 

ʜʘʞʝ ʧʨʠ ʩʤʝʰʝʥʠʠ ʪʦʚʘʨʥʦʛʦ ʤʘʩʣʘ ʩ 

ʩʠʣʴʥʦʟʘʛʨʷʟʥʝʥʥʳʤ ʦʪʨʘʙʦʪʘʚʰʠʤ ʚ ʩʦʦʪ-

ʥʦʰʝʥʠʠ 1:1 ʠ ʙʦʣʝʝ, ʧʦʢʘʟʘʥʠʷ ʪʨʠʙʦʜʘʪ-

ʯʠʢʘ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʜʝʢʣʘʨʠʨʫʝʤʳʤ ʚ 

ʦʧʠʩʘʥʠʠ ʧʨʠʙʦʨʘ, ʯʪʦ ʧʨʝʜʦʧʨʝʜʝʣʠʣʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʜʘʪʯʠʢʘ.  

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʦʩʧʦ-

ʩʦʙʥʦʩʪʠ ʜʘʪʯʠʢʘ ʥʘ ʤʘʩʣʝ, ʟʘʛʨʷʟʥʝʥʥʦʤ 

ʚʦʜʦʡ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʫʶʱʘʷ ʚ 

ʤʘʩʣʝ ʚʦʜʘ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷ-

ʥʠʝ ʥʘ ʦʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʝʛʨʘʜʘ-

ʮʠʠ ʤʘʩʣʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 

ʚʦʜʳ ʚ ʤʘʩʣʝ 0,06 % ʜʘʪʯʠʢ ʧʦʢʘʟʳʚʘʣ 

ʟʥʘʯʝʥʠʝ 40 ʝʜ., ʘ ʧʨʠ 0,08 % ï 60 ʝʜ. (ʨʠ-

ʩʫʥʦʢ 2). 
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ʈʠʩʫʥʦʢ 2 - ʀʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʜʝʛʨʘʜʘʮʠʠ ʤʘʩʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʤ 

ʚʦʜʳ 

ɼʘʥʥʳʡ ʬʘʢʪ ʧʦʩʣʫʞʠʣ ʦʩʥʦʚʘʥʠʝʤ 

ʜʣʷ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʧʝʨʝʩʤʦʪʨʫ ʰʢʘʣʳ ʜʝ-

ʛʨʘʜʘʮʠʠ, ʪʘʢ ʢʘʢ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠ ʠʩʧʨʘʚʥʦʛʦ ʜʚʠʛʘʪʝ-

ʣ ̫ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʤʘʩʣʝ ʦʙʳʯʥʦ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 0,03 %, ʘ 0,1 % ʚʦʜʳ ʧʨʠʚʦʜʠʪ ʢ 

ʘʚʘʨʠʡʥʦʤʫ ʠʟʥʦʩʫ. 

ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʜʘʪʯʠʢ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʨʝʘʛʠʨʫʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʫ-

ʶʱʫʶ ʚ ʤʘʩʣʝ ʚʦʜʫ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʥʘ 

ʥʘʢʦʧʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ çʩʪʘʨʝʥʠʷè, ʪʨʝʙʫʝʪ 

ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ. ʈʝʟʫʣʴʪʘ-

ʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʠʣʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʩʤʦʪʨʘ ʧʦʜʭʦʜʘ ʢ ʧʦʣʝ-

ʚʳʤ ʠʩʧʳʪʘʥʠʷʤ, ʨʝʛʫʣʠʨʦʚʢʝ ʠ ʢʘʣʠʙʨʦʚ-

ʢʝ ʜʘʪʯʠʢʘ. 

ʇʦʣʝʚʳʝ ʠʩʧʳʪʘʥʠʷ ʜʘʪʯʠʢʘ ʧʨʦʚʦʜʠ-

ʣʠʩʴ ʚ ʉʍʇ çʇʨʠʛʦʨʦʜʥʦʝè ʊʘʤʙʦʚʩʢʦʡ 

ʦʙʣ. ʥʘ ʪʨʘʢʪʦʨʝ ʄʊɿ-80, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴ-

ʟʦʚʘʣʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʘ-

ʙʦʪʘʭ. 

ʇʝʨʝʜ ʠʩʧʳʪʘʥʠʝʤ ʜʘʪʯʠʢʘ ʙʳʣʘ ʧʨʦ-

ʚʝʜʝʥʘ ʟʘʤʝʥʘ ʨʘʙʦʪʘʚʰʝʛʦ ʚ ʪʨʘʢʪʦʨʝ ʤʘʩ-

ʣʘ ʤʘʨʢʠ ʄï10ɻ2 ʥʘ ʩʚʝʞʝʝ. ɼʘʪʯʠʢ ʫʩʪʘ-

ʥʘʚʣʠʚʘʣʩʷ ʚ ʤʘʩʣʷʥʫʶ ʤʘʛʠʩʪʨʘʣʴ ʪʨʘʢʪʦ-

ʨʘ (ʨʠʩʫʥʦʢ 3). 

 
ʈʠʩʫʥʦʢ 3 ʄʝʩʪʦ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʘ ʚ ʤʘʩʣʷʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʪʨʘʢʪʦʨʘ ʄʊɿï80 

 

ʇʦʩʣʝ ʟʘʤʝʥʳ ʤʘʩʣʘ ʚ ʜʚʠʛʘʪʝʣʝ ʧʨʦ-

ʚʦʜʠʣʘʩʴ ï ʢʘʣʠʙʨʦʚʢʘ ʜʘʪʯʠʢʘ. ʂʘʣʠʙʨʦʚ-

ʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʢʥʦʧʢʦʡ ʥʘ ʢʦʨʧʫʩʝ 

ʦʪʦʙʨʘʞʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʠ ʧʨʠ ʧʦʤʦʱʠ 

ʢʦʤʧʴʶʪʝʨʘ. 

ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʧʦ-

ʢʘʟʘʪʝʣʠ ʩ ʜʠʩʧʣʝʷ ʜʘʪʯʠʢʘ, ʫʩʪʘʥʦʚʣʝʥʥʦ-
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ʛʦ ʚ ʢʘʙʠʥʝ ʪʨʘʢʪʦʨʘ, ʘ ʪʘʢʞʝ ʦʪʙʠʨʘʣʠʩʴ 

ʧʨʦʙʳ ʤʘʩʣʘ ʠʟ ʢʘʨʪʝʨʘ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʘʥʘ-

ʣʠʟʘ ʚ ʭʠʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦ ʩʣʝʜʫ-

ʶʱʠʤ ʧʦʢʘʟʘʪʝʣʷʤ: ʱʝʣʦʯʥʦʝ ʯʠʩʣʦ, ʩʦ-

ʜʝʨʞʘʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʘʜʢʘ, ʩʦʜʝʨʞʘ-

ʥʠʝ ʚʦʜʳ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʚʩʧʳʰʢʠ. 

ʂʦʥʪʨʦʣʴ ʧʨʦʚʦʜʠʣʩʷ ʯʝʨʝʟ ʢʘʞʜʳʝ 50 

ʯʘʩʦʚ ʥʘʨʘʙʦʪʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʪʨʠʙʦʜʘʪʯʠʢʘ çANALEXrsè.  

 

ʇʦʢʘʟʘʪʝʣʠ 

ʉʚʝʞʝʝ 

ʤʘʩʣʦ 

ʄï10ɻ2 

ʅʘʨʘʙʦʪʢʘ, ʯʘʩ 
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1. ɺʷʟʢʦʩʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ, ʤʤ2/ʩ ʧʨʠ 

100 Üʉ 

2. ʉʦʜʝʨʞʘʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ  

ʦʩʘʜʢʘ, % 

3. ʑʝʣʦʯʥʦʝ ʯʠʩʣʦ, ʤʛ ʂʆʅ/ʛ 

4. ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ, Üʉ 

5. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ, % 

6. ʇʦʢʘʟʘʥʠʷ ʧʨʠʙʦʨʘ, ʝʜ 
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ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ ʦʧʠʩʘʥʠʠ ʧʨʠʙʦʨʘ ʩʠʩʪʝʤʘ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʘʶʱʝʛʦ ʤʘʩʣʘ ʦʪ 0 ʜʦ 

100 ʥʝ ʩʦʚʩʝʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʦ ʧʦʣʫ-

ʯʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʀʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʤʘʩʣʘ ʧʨʠ ʧʦʢʘʟʘʥʠʠ ʜʘʪʯʠʢʘ 0 ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʱʝʣʦʯʥʦʤʫ ʯʠʩʣʫ 6,2. ʆʜʥʘʢʦ ʧʨʠ 

ʥʘʨʘʙʦʪʢʝ 250 ʯʘʩʦʚ ʦʥʦ ʩʦʩʪʘʚʣʷʣʦ ʚʩʝʛʦ 

13, ʪʦʛʜʘ ʢʘʢ ʱʝʣʦʯʥʦʝ ʯʠʩʣʦ ʫʞʝ ʜʦʩʪʠʛʣʦ 

ʙʨʘʢʦʚʦʯʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫ-

ʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʘʣʠʙʨʦʚʢʠ ʧʦʢʘʟʘʥʠʡ 

ʜʘʪʯʠʢʘ ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ. 

ɼʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʚ ʧʨʠʥʮʠʧʝ, ʩʦʦʪ-

ʚʝʪʩʪʚʦʚʘʣʠ ʥʦʨʤʘʪʠʚʥʳʤ ʟʥʘʯʝʥʠʷʤ ʠ 

ʪʦʣʴʢʦ ʩʦʜʝʨʞʘʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʘʜʢʘ 

ʧʨʠʙʣʠʟʠʣʦʩʴ ʢ ʙʨʘʢʦʚʦʯʥʦʤʫ ʟʥʘʯʝʥʠʶ 

(0,9 ï 1,0 %). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʚ ʮʝʣʦʤ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʦʩʪʦʷʪʝʣʴ-

ʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʘʶʱʠʭ ʤʘ-

ʩʝʣ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ ʟʘʤʝʥʳ ʤʘʩʝʣ ʧʦ 

ʬʘʢʪʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʇʨʠʙʦʨ çANA-

LEXrs Triboè ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʝ ʧʦʩʣʝ ʢʘʣʠʙʨʦʚ-

ʢʠ, ʦʜʥʘʢʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʩʣʫʞʙʳ ʧʦ ʥʘʩʪʨʦʡʢʝ ʠ 

ʘʜʘʧʪʘʮʠʠ ʝʛʦ ʢ ʫʩʣʦʚʠʷʤ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡ-

ʩʪʚʘ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ. 
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ɺʷʟʠʥʢʠʥ ɺʠʢʪʦʨ ʉʝʨʛʝʝʚʠʯ, ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝ-
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ʊɽʆʈɽʊʀʏɽʉʂʀɽ ɺʆʇʈʆʉʓ ʇʆɺʓʐɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ʂʆʈʇʋʉʅʓʍ ɼɽʊɸʃɽʁ ɸɺʊʆʊʈɸʂʊʆʈʅʆʁ ʊɽʍʅʀʂʀ 

ʂʆʄʇʆɿʀʎʀʗʄʀ ʅɸ ʆʉʅʆɺɽ ʕʃɸʉʊʆʄɽʈʆɺ  

ɸʥʥʦʪʘʮʠʷ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʵʣʘʩʪʦʤʝʨʦʚ ʜʠʩʧʝʨʩʥʳʤʠ ʤʝʪʘʣ-

ʣʠʯʝʩʢʠʤʠ ʧʦʨʦʰʢʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ʵʣʘʩʪʦʤʝʨʦʚ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʧʦ-

ʜʘʪʣʠʚʦʩʪʴ ʦʧʦʨ, ʫʚʝʣʠʯʠʪʴ ʪʝʧʣʦʦʪʚʦʜ ʦʪ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ, ʫʤʝʥʴʰʠʪʴ ʪʝʤʧʝʨʘʪʫ-

ʨʫ ʠ ʚʨʝʤʷ ʦʪʚʝʨʞʜʝʥʠʷ, ʫʚʝʣʠʯʠʪʴ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʢʘʝʤʫʶ ʪʦʣʱʠʥʫ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳ-

ʪʠʷ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʦʩʘʜʦʯʥʳʭ ʤʝʩʪ ʧʦʜʰʠʧʥʠʢʦʚ ʚ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʷʭ. 

ʂʣʁʯʝʚʳʝ ʩʣʦʚʘ: ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʧʦʜʰʠʧʥʠʢ, ʧʦʣʠʤʝʨ, ʢʦʤʧʦʟʠʮʠʷ, ʩʦʦʩʥʦʩʪʴ. 

Li R.I., Butin A.V., Mashin D.V.  

THEORETICAL QUESTION S OF INCREASE EFFICIENCY OF RESTORATION OF 

THE CASE DETAILS OF AUTOTRACTOR TECHNICS  BY COMPOSITIONS ON T HE 

BASIS OF ELASTOMERS 

Summary. Modification of elastomers by disperse metal powders is theoretically proved. It is 

shown that modification of elastomers will allow to reduce a pliability of support, to increase the 

heat sink from bearing knot, to reduce temperature and polymerization time, to increase extremely 

allowed thickness of a polymeric covering at restoration of seats of bearings in case details. 

Keywords: Restoration, bearing, composition, polumer, coaxiality 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʩʘʜʦʯʥʳʭ ʤʝʩʪ 

ʧʦʜʰʠʧʥʠʢʦʚ ʧʦʣʠʤʝʨʥʳʤʠ ʧʦʢʨʪrʠʷʤʠ ʚ 

ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʷʭ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʨʝʩʫʨʩ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ. 

ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʦʩʘʜʦʯʥʳʭ ʤʝʩʪ ʵʣʘ-

ʩʪʦʤʝʨʦʤ-ʛʝʨʤʝʪʠʢʦʤ 6ʌ ʤʥʦʛʦʢʨʘʪʥʦ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʨʝʩʫʨʩ ʧʦʜʰʠʧʥʠʢʦʚ. ʇʨʠ ʪʦʣ-

ʱʠʥʝ ʧʦʢʨʳʪʠʷ ʛʝʨʤʝʪʠʢʘ 6ʌ 0,089 ʤʤ ʨʝ-

ʩʫʨʩ ʫʚʝʣʠʯʠʣʩʷ ʚ 3,6 ʨʘʟʘ, ʘ ʧʨʠ ʪʦʣʱʠʥʝ 

ʧʦʢʨʳʪʠʷ 0,139 ʤʤ ï 5,8 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʨʘʩʯʝʪʥʦʡ [1]. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʩ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʪʦʣʱʠʥʳ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚʦʟ-
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ʨʘʩʪʘʝʪ ʜʝʬʦʨʤʘʮʠʷ ʥʘʨʫʞʥʦʛʦ ʢʦʣʴʮʘ ʧʨʠ 

ʨʘʜʠʘʣʴʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩʤʝʱʝʥʠʝ ʚʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʪʚʝʨʩʪʠʷ 

ʢʦʨʧʫʩʥʦʡ ʜʝʪʘʣʠ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʘʢʪʫ-

ʘʣʴʥʘ ʜʣʷ ʵʣʘʩʪʦʤʝʨʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦ-

ʢʦʡ ʵʣʘʩʪʠʯʥʦʩʪʴʶ (ʧʦʜʘʪʣʠʚʦʩʪʴʶ). ʅʝʦʙ-

ʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʝʣʥɹʘʷ ʪʦʣʱʠʥʘ 

ʧʦʢʨʳʪʠʷ ʠʟ ʵʣʘʩʪʦʤʝʨʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʝʨʝ ʦʛʨʘʥʠʯʝʥʘ ʟʥʘʯʝʥʠʝʤ ʧʦʜʘʪʣʠʚʦʩʪʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʦʧʦʨʳ ʧʨʠ ʨʘʜʠʘʣʴʥʦʤ 

ʥʘʛʨʫʞʝʥʠʠ ʧʦʜʰʠʧʥʠʢʘ. ʅʘʨʫʰʝʥʠʝ ʩʦʦʩ-

ʥʦʩʪʠ ʚʘʣʘ ʠ ʦʪʚʝʨʩʪʠʷ ʢʦʨʧʫʩʥʦʡ ʜʝʪʘʣʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʨʝʩʫʨʩ ʟʫʙʯʘʪʳʭ 

ʢʦʣʝʩ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʚʘʣʘʭ ʪʨʘʥʩʤʠʩ-

ʩʠʠ ʘʚʪʦʪʨʘʢʪʦʨʥʦʡ ʪʝʭʥʠʢʠ. ʇʦʵʪʦʤʫ ʧʨʠ 

ʚʳʙʦʨʝ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ ʨʘʟʨʘ-

ʙʦʪʢʝ ʥʦʚʳʭ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʠʭ ʜʝʬʦʨʤʘ-

ʮʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʚ ʘʩʧʝʢʪʝ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʧʫʩʪʠʤʦʡ ʩʦʦʩʥʦʩʪʠ ʚʘʣʘ ʠ 

ʦʪʚʝʨʩʪʠʷ ʢʦʨʧʫʩʥʦʡ ʜʝʪʘʣʠ, ʧʨʠ ʨʘʜʠʘʣʴ-

ʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʧʦʜh ʠʧʥʠʢʘ. 

ʎʝʣʴ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï 

ʦʙʦʩʥʦʚʘʪʴ ʫʩʣʦʚʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʦʩʥʦʩʪʠ 

ʜʝʪʘʣʝʡ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ 

ʩʚʦʡʩʪʚ ʵʣʘʩʪʦʤʝʨʦʚ ʧʨʠ ʥʘʧʦʣʥʝʥʠʠ ʜʠʩ-

ʧʝʨʩʥʳʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʨʦʰʢʘʤʠ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʘʜʦʯʥʳʭ ʤʝʩʪ ʧʦʜʰʠʧ-

ʥʠʢʦʚ ʚ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʷʭ ʢʦʤʧʦʟʠʮʠʦʥ-

ʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʥʘ ʦʩʥʦʚʝ ʵʣʘʩʪʦʤʝʨʦʚ. 

ʎʝʥʪʨʘʣʴʥʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ ʚ ʧʦʜʰʠʧ-

ʥʠʢʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʤ. ʇʦ-

ʵʪʦʤʫ ʜʝʬʦʨʤʘʮʠʷ ʥʘʨʫʞʥʦʛʦ ʢʦʣʴʮʘ ʧʦʜ-

ʰʠʧʥʠʢʘ ʥʘʧʨʦʪʠʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʢʘʯʝ-

ʥʠʷ ʧʨʠ ʨʘʜʠʘʣʴʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʧʦʜʰʠʧ-

ʥʠʢʘ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ. ʇʨʠʥʷʪʦ ʜʦʧʫ-

ʱʝʥʠʝ, ʯʪʦ ʩʤʝʱʝʥʠʝ ʚʘʣʘ ʩ ʧʦʜʰʠʧʥʠʢʦʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʪʚʝʨʩʪʠʷ ʢʦʨʧʫʩʥʦʡ ʜʝʪʘʣʠ 

ʨʘʚʥʷʝʪʩʷ ʜʝʬʦʨʤʘʮʠʠ ʥʘʨʫʞʥʦʛʦ ʢʦʣʴʮʘ 

ʥʘʧʨʦʪʠʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʢʘʯʝʥʠʷ ʧʨʠ 

ʨʘʜʠʘʣʴʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʧʦʜʰʠʧʥʠʢʘ. 

ɼʝʬʦʨʤʘʮʠʶ ʥʘʨʫʞʥʦʛʦ ʢʦʣʴʮʘ ʧʦʜ-

ʰʠʧʥʠʢʘ ʥʘʧʨʦʪʠʚ ʮʝʥʪʨʘʣʴʥʦʛʦ u0 ʪʝʣʘ 

ʢʘʯʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ  
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, (1)       

ʛʜʝ E ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʧʦʜʰʠʧʥʠʢʘ; J ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʩʝʯʝʥʠʷ ʙʘʣʢʠ (ʥʘʨʫʞʥʦʛʦ ʢʦʣʴʮʘ 

ʧʦʜʰʠʧʥʠʢʘ); 1? ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯ-

ʢʘʤʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʦʢ ʥʘ ʮʝʥʪʨʘʣʴʥʦʝ, 

ʧʝʨʚʳʝ ʠ ʚʪʦʨʳʝ ʙʦʢʦʚʳʝ ʪʝʣʘ ʢʘʯʝʥʠʷ; 

210 ,, PPP  ï ʥʘʛʨʫʟʢʘ ʥʘ ʮʝʥʪʨʘʣʴʥʦʝ, ʧʝʨʚʦʝ 

ʠ ʚʪʦʨʦʝ ʪʝʣʘ ʢʘʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ɓ ï 

ʢʦʵʬʬʠʮʠʝʥʪ, 

 4

4EJ

k
=b , (2)     

ʛʜʝ k ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ 

(ʧʦʛʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʩʪʝʣʠ) ʤʝʞʜʫ 

ʨʝʘʢʮʠʝʡ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʙʘʣʢʠ ʠ ʧʨʦʛʠʙʦʤ. 

 bkk ï= , (3) 

ʛʜʝ ïk  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʘʪʣʠʚʦʩʪʠ ʫʧʨʫ-

ʛʦʛʦ ʦʩʥʦʚʘʥʠʷ (ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʩʪʝʣʠ); b ï 

ʰʠʨʠʥʘ ʙʘʣʢʠ.  

ʆʧʨʝʜʝʣʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʤ ʧʦʩʪʝʣʠ ʠ ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʩʪʝʣʠ ïk  ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ ɺʠʥʢʣʝʨʘ [2] 

 
S

Ð
kï = , (4) 

ʛʜʝ ʈ ï ʜʘʚʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʧʨʫʛʦʛʦ 

ʦʩʥʦʚʘʥʠʷ; S ï ʧʨʦʛʠʙ (ʧʝʨʝʤʝʱʝʥʠʝ) ʩʞʠ-

ʤʘʝʤʦʛʦ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ.  

ʇʨʦʛʠʙ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ  
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= , (5) 

ʛʜʝ ïJ  ʠ ïÅ  ï ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝ-

ʨʠʘʣʘ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚ ʧʨʝʜʝʣʘʭ 

ʩʞʠʤʘʝʤʦʡ ʪʦʣʱʠʥʳ ïh , ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʬʦʨʤʫʣʳ (5), ʯʝʤ ʙʦʣʴ-
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ʰʝ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ïÅ , ʪʝʤ ʤʝʥʴʰʝ ʧʝ-

ʨʝʤʝʱʝʥʠʝ S, ʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ 

4, ʙʦʣʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʩʪʝʣʠ ïk . ʇʦ-

ʵʪʦʤʫ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʜʝʬʦʨʤʘʮʠʶ 

ʥʘʨʫʞʥʦʛʦ ʢʦʣʴʮʘ ʧʦʜʰʠʧʥʠʢʘ ʧʨʠ ʙʦʣʴ-

ʰʦʡ ʪʦʣʱʠʥʝ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠʟ 

ʵʣʘʩʪʦʤʝʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ ʧʦʩʣʝʜʥʝʛʦ. 

ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʵʣʘʩʪʦʤʝʨ ʜʠʩʧʝʨʩʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʫʚʝʣʠʯʠʪʩʷ ʤʦ-

ʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʢʦʤʧʦʟʠʮʠʠ, ʟʥʘʯʝʥʠʝ ʢʦ-

ʪʦʨʦʛʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʦʙʦʙɦ ʝʥʥʦʤʫ 

ʫʨʘʚʥʝʥʠʶ ʅʠʣʴʩʝʥʘ [3] 
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1
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ʛʜʝ ɽʧʢ, ɽʧ, ɽʥʘʧ ï ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ 

ʧʦʣʠʤʝʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʧʦʣʠʤʝʨʘ 

(ʤʘʪʨʠʮʳ) ʠ ʥʘʧʦʣʥʠʪʝʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

ɸ, ɺ ʠ ɣ ï ʢʦʵʬʬʠʮʠʝʥʪʳ; kɽ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʕʡʥʰʪʝʡʥʘ, ʟʘʚʠʩʷʱʠʡ ʦʪ 

ʬʦʨʤʳ ʠ ʦʨʠʝʥʪʘʮʠʠ ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʷ; 

Vf ï ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʥʘʧʦʣʥʠʪʝʣʷ; ʈf ï 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʯʘʩʪʠʮ 

ʥʘʧʦʣʥʠʪʝʣʷ ʧʨʠ ʟʘʜʘʥʥʦʤ ʪʠʧʝ ʫʧʘʢʦʚʢʠ. 

ɺʚʝʜʝʥʠʝ ʥʘʧʦʣʥʠʪʝʣʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʚʷʟʢʦʩʪʴʶ ʨʘʟʨʫʰʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʢʦʤʧʦʟʠʮʠʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʴʶ 

ʨʘʟʨʫʰʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʝʡ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ ʚʷʟʢʦʩʪʴ ʨʘʟ-

ʨʫʰʝʥʠʷ ʠʤʝʶʪ ʤʝʪʘʣʣʳ: ʘʣʤʁʠʥʠʡ, ʝʛʦ 

ʩʧʣʘʚʳ, ʤʝʜʴ ʠ ʩʪʘʣʴ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩ-

ʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʚ ʢʘʯʝ-

ʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʵʣʘʩʪʦʤʝʨʘʭ ʷʚʣʷʝʪʩʷ 

ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚ ʧʣʘʥʝ ʧʦʚʳʰʝʥʠʷ 

ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʨʠ 

ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ. 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʠ ʩ ʜʠʩ-

ʧʝʨʩʥʳʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʧʦʨʦʰʢʦʤ ʤʥʦʛʦ-

ʢʨʘʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳ-

ʩʠʪʴ ʪʝʧʣʦʦʪʚʦʜ ʦʪ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ ʠ 

ʫʤʝʥʴʰʠʪʴ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʴ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʧʦʣ-

ʥʠʪʝʣʝʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʛʝʨʤʝʪʠʢʘ ɸʅ-112 

ʩʦʩʪʘʚʣʷʝʪ ɚʢ = 10,06 ɺʪ/ʤ*ʂ, ʯʪʦ ʚ 23 ʨʘʟʘ 

ʧʨʝʚʳʰʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʥʝ ʥʘʧʦʣʥʝʥʥʦʛʦ ʛʝʨʤʝʪʠʢʘ ɸʅ-112.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʜʠʩʧʝʨʩ-

ʥʦʛʦ ʧʦʨʦʰʢʘ ʤʝʜʠ ʠʣʠ ʝʛʦ ʩʧʣʘʚʦʚ ʚ ʦʯʝʥʴ 

ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʜʦ 1%) ʩʦʢʨʘʱʘʝʪʩʷ 

ʚʨʝʤʷ ʠ ʚʦʟʤʦʞʥʦ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʪʚʝʨʞʜʝʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺʨʝ-

ʤʷ ʦʪʚʝʨʞʜʝʥʠʷ ʘʥʘʵʨʦʙʥʦʛʦ ʛʝʨʤʝʪʠʢʘ 

ɸʅ-112, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʨʘʟʫʝʪʩʷ ʩʰʠʪʳʡ 

ʧʦʣʠʤʝʨ, ʩʦʩʪʘʚʣʷʝʪ 4,0; 3,0 ʠ 2,0 ʯ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 10; 20 ʠ 40 
ʦ 
ʉ, ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʜʠʩʧʝʨʩʥʳʭ ʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʚ ʘʥʘʵʨʦʙʥʳʡ ʛʝʨʤʝʪʠʢ 

ɸʅ-112 ʚʨʝʤʷ ʦʪʚʝʨʞʜʝʥʠʷ ʢʦʤʧʦʟʠʮʠʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʦʩʴ ʠ ʩʦʩʪʘʚʠʣʦ 3,0; 

2,0 ʠ 1,0 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 10; 20 ʠ 40 
ʦ
ʉ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺʳʚʦʜʳ 

1. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʜʦʧʫʩʢʘʝʤʫʶ ʩʦ-

ʦʩʥʦʩʪʴ ʚʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʪʚʝʨʩʪʠʷ ʢʦʨ-

ʧʫʩʥʦʡ ʜʝʪʘʣʠ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʢʦʨʧʫʩ-

ʥʳʭ ʜʝʪʘʣʝʡ ʵʣʘʩʪʦʤʝʨʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʫʤʝʥʴʰʠʪʴ ʧʦʜʘʪʣʠʚʦʩʪʴ ʦʧʦʨ ʟʘ ʩʯʝʪ ʫʚʝ-

ʣʠʯʝʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʦ-

ʢʨʳʪʠʷ.  

2. ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʦʢʨʳ-

ʪʠʷ ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʠʚʘʪʴ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ 

ʵʣʘʩʪʦʤʝʨ ʜʠʩʧʝʨʩʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦ-

ʨʦʰʢʦʚ. 

3. ɺʚʝʜʝʥʠʝ ʜʠʩʧʝʨʩʥʳʭ ʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʧʦʨʦʰʢʦʚ ʚ ʵʣʘʩʪʦʤʝʨ ʪʘʢʞʝ ʧʦʟʚʦ-

ʣʠʪ: 

- ʫʚʝʣʠʯʠʪʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʤʧʦ-

ʟʠʮʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʝʧʣʦʦʪʚʦʜ ʦʪ 
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ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ; 

- ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʦʪ-

ʚʝʨʞʜʝʥʠʷ; 

- ʫʚʝʣʠʯʠʪʴ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʢʘʝʤʫʶ 

ʪʦʣʱʠʥʫ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʠ ʧʦʩʘʜʦʯʥʳʭ ʤʝʩʪ ʧʦʜʰʠʧʥʠ-

ʢʦʚ ʚ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʷʭ. 
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ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʨʝʜʣʦʞʝʥʳ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʥʘʣʦʛʦʦʙʣʦʞʝ-

ʥʠʷ ʂʌʍ. ʋʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʫʧʨʦʱʝʥʠʷ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ ʂʌʍ ʩ ʨʘʟʚʠʪʠʝʤ ʜʘʥʥʦʡ 

ʦʪʨʘʩʣʠ ʵʢʦʥʦʤʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʝʩʪʴʷʥʩʢʦʝ (ʬʝʨʤʝʨʩʢʦʝ) ʭʦʟʷʡʩʪʚʦ, ʝʜʠʥʳʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʡ 

ʥʘʣʦʛ, ʛʣʘʚʘ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʯʣʝʥʳ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʩʦʚʦʢʫʧʥʳʡ ʜʦʭʦʜ ʬʝʨ-

ʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

Vdovina E.S. 

TAXATION OF PEASANT FARMS  

Abstract: This article provides a brief overview of the concept of "peasant (farmer)." The main 

forms of taxation KFH. The basic shortcomings and suggested measures to improve the taxation 

system KFH. The interrelation of simplifying tax KFH with the development of this sector. 

Keywords: peasant (farmer), a single agricultural tax, the head of the farm, the members of the 

farm, the total income private farms. 

ɼʦ ʚʚʝʜʝʥʠʷ ʚ ʜʝʡʩʪʚʠʝ ʩ 1 ʷʥʚʘʨʷ 1995 

ʛ. ʯʘʩʪʠ ʧʝʨʚʦʡ ɻʨʘʞʜʘʥʩʢʦʛʦ ʢʦʜʝʢʩʘ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ɻʂ ʈʌ) ʠ ʚʩʪʫʧʣʝʥʠʷ ʚ 

ʩʠʣʫ 17 ʠʶʥʷ 2003 ʛ. ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ 

ʦʪ 11.06.2003 N 74-ʌɿ "ʆ ʢʨʝʩʪʴʷʥʩʢʦʤ 

(ʬʝʨʤʝʨʩʢʦʤ) ʭʦʟʷʡʩʪʚʝ" (ɿʘʢʦʥ N 74-ʌɿ), 

ʢʨʝʩʪʴʷʥʩʢʦʝ (ʬʝʨʤʝʨʩʢʦʝ) ʭʦʟʷʡʩʪʚʦ 

(ʂʌʍ) ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʚ ʧʦʨʷʜʢʝ, ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʥʦʤ ʩʪ. 9 ɿʘʢʦʥʘ ʈʉʌʉʈ ʦʪ 

22.11.1990 N 348-1 "ʆ ʢʨʝʩʪʴʷʥʩʢʦʤ (ʬʝʨ-

ʤʝʨʩʢʦʤ) ʭʦʟʷʡʩʪʚʝ" (ɿʘʢʦʥ N 348-1).  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪ. 1 ɿʘʢʦʥʘ N 348-1, 

ʂʌʍ ʷʚʣʷʣʦʩʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʭʦʟʷʡ-

ʩʪʚʫʶʱʠʤ ʩʫʙʲʝʢʪʦʤ ʩ ʧʨʘʚʘʤʠ ʶʨʠʜʠʯʝ-

ʩʢʦʛʦ ʣʠʮʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʦʪʜʝʣʴʥʳʤ 

ʛʨʘʞʜʘʥʠʥʦʤ, ʩʝʤʴʝʡ ʠʣʠ ʛʨʫʧʧʦʡ ʣʠʮ, 

ʦʩʫʱʝʩʪʚʣʷʚʰʠʤ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʝʨʝʨʘʙʦʪ-

ʢʫ ʠ ʨʝʘʣʠʟʘʮʠʶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʫ-

ʱʝʩʪʚʘ ʠ ʥʘʭʦʜʠʚʰʠʭʩʷ ʚ ʠʭ ʧʦʣʴʟʦʚʘʥʠʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʚ ʘʨʝʥʜʝ, ʚ ʧʦʞʠʟʥʝʥʥʦʤ ʥʘʩʣʝ-

ʜʫʝʤʦʤ ʚʣʘʜʝʥʠʠ ʠʣʠ ʚ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʟʝ-

ʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ.[1] 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʚʩʪʫʧʠʚʰʠʡ ʚ ʩʠʣʫ 

17 ʠʶʥʷ 2003 ʛ. ɿʘʢʦʥ N 74-ʌɿ ʂʌʍ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʫʶ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʶʨʠʜʠʯʝʩʢʦʛʦ ʣʠʮʘ 

[2]. ʆʜʥʘʢʦ ʧ. 2 ʩʪ. 23 ɻʂ ʈʌ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʛʣʘʚʘ ʂʌʍ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʶʨʠʜʠʯʝʩʢʦʛʦ ʣʠʮʘ, 

ʧʨʠʟʥʘʝʪʩʷ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʤ ʩ ʤʦʤʝʥʪʘ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʵʪʦʛʦ ʭʦʟʷʡ-

ʩʪʚʘ, ʧʨʠ ʵʪʦʤ ʩʦʛʣʘʩʥʦ ʩʪ. 5 ɿʘʢʦʥʘ N 74-

ʌɿ ʂʌʍ ʩʯʠʪʘʝʪʩʷ ʩʦʟʜʘʥʥʳʤ ʩʦ ʜʥʷ ʝʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʧʦʨʷʜʢʝ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʈʌ[2,3]. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʤ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ 

ʜʚʘ ʪʠʧʘ ʢʨʝʩʪʴʷʥʩʢʠʭ (ʬʝʨʤʝʨʩʢʠʭ) ʭʦ-

ʟʷʡʩʪʚ, ʘ ʠʤʝʥʥʦ ʂʌʍ ʦʙʣʘʜʘʶʱʠʝ ʩʪʘʪʫ-

ʩʦʤ ʶʨʠʜʠʯʝʩʢʦʛʦ ʣʠʮʘ ʠ ʥʝ ʦʙʣʘʜʘʶʱʠʝ 

ʩʪʘʪʫʩʦʤ ʶʨʠʜʠʯʝʩʢʦʛʦ ʣʠʮʘ, ʛʣʘʚʘ ʢʦʪʦ-

ʨʳʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʦʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷ. 

ʕʪʘ ʩʧʝʮʠʬʠʢʘ ʠ ʦʧʨʝʜʝʣʷʝʪ ʦʩʦʙʝʥʥʦ-

ʩʪʠ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ ʂʌʍ. 

ʂʨʝʩʪʴʷʥʩʢʠʝ (ʬʝʨʤʝʨʩʢʠʝ) ʭʦʟʷʡʩʪʚʘ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʢʘʢ ʶʨʠʜʠʯʝʩʢʠʝ ʣʠʮʘ, 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʝ ʧʦ ʦʙʱʝʤʫ 

ʨʝʞʠʤʫ, ʷʚʣʷʶʪʩʷ ʧʣʘʪʝʣʴʱʠʢʘʤʠ ʥʘʣʦʛʘ 

ʥʘ ʧʨʠʙʳʣʴ ʦʨʛʘʥʠʟʘʮʠʡ, ʅɼʉ, ʥʘʣʦʛʘ ʥʘ 

ʠʤʫʱʝʩʪʚʦ ʦʨʛʘʥʠʟʘʮʠʡ, ʟʝʤʝʣʴʥʦʛʦ ʥʘʣʦ-

ʛʘ, ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʥʘʣʦʛʘ, ʘ ʪʘʢ ʞʝ ʧʨʦʠʟʚʦ-

ʜʷʪ ʦʪʯʠʩʣʝʥʠʷ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʩʦʮʠ-

ʘʣʴʥʳʝ ʬʦʥʜʳ.  

ʂʌʍ ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʨʝʜʧʨʠʥʠ-

ʤʘʪʝʣʠ ʫʧʣʘʯʠʚʘʶʪ ʅɼʉ, ʅɼʌʃ, ʟʝʤʝʣʴ-

ʥʳʡ ʥʘʣʦʛ, ʥʘʣʦʛ ʥʘ ʠʤʫʱʝʩʪʚʦ ʬʠʟʠʯʝʩʢʠʭ 

ʣʠʮ, ʪʨʘʥʩʧʦʨʪʥʳʡ ʥʘʣʦʛ ʠ ʚʟʥʦʩʳ ʚ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʝ ʩʦʮʠʘʣʴʥʳʝ ʬʦʥʜʳ.  

ʉ 1 ʷʥʚʘʨʷ 2013 ʛ. ʬʝʨʤʝʨʩʢʠʝ ʭʦʟʷʡ-

ʩʪʚʘ ʩʦ ʩʪʘʪʫʩʦʤ ʶʨʠʜʠʯʝʩʢʦʛʦ ʣʠʮʘ ʧʝʨʝ-

ʩʪʘʣʠ ʩʫʱʝʩʪʚʦʚʘʪʴ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʧʝʨʚʳʡ 

ʚʘʨʠʘʥʪ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ ʫʪʨʘʪʠʣ ʩʚʦʶ 
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ʘʢʪʫʘʣʴʥʦʩʪʴ. 

ʇʦʣʫʯʝʥʥʳʝ ʂʌʍ ʣʠʯʥʳʝ ʜʦʭʦʜʳ ʚ 

ʜʝʥʝʞʥʦʡ ʠ (ʠʣʠ) ʥʘʪʫʨʘʣʴʥʦʡ ʬʦʨʤʝ ʷʚ-

ʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ ʦʙʣʦʞʝʥʠʷ ʥʘʣʦʛʦʤ ʥʘ 

ʜʦʭʦʜʳ ʬʠʟʠʯʝʩʢʠʭ ʣʠʮ ʚ ʧʦʨʷʜʢʝ, ʫʩʪʘ-

ʥʦʚʣʝʥʥʦʤ ʛʣ. 23 ʅʂ ʈʌ. 

ʇʦʩʢʦʣʴʢʫ ʂʌʍ ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʝʷ-

ʪʝʣʴʥʦʩʪʴ ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʨʝʜʧʨʠ-

ʥʠʤʘʪʝʣʴ, ʥʘ ʥʝʛʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪ. 227 

ʅʂ ʈʌ, ʚʦʟʣʦʞʝʥʘ ʦʙʷʟʘʥʥʦʩʪʴ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴ ʥʘʣʦʛʦʚʫʶ ʙʘʟʫ ʜʣʷ ʠʩ-

ʯʠʩʣʝʥʠʷ ʠ ʫʧʣʘʪʳ ʥʘʣʦʛʘ ʥʘ ʜʦʭʦʜʳ ʬʠʟʠ-

ʯʝʩʢʠʭ ʣʠʮ ʧʦ ʩʫʤʤʘʤ ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʦʩʫ-

ʱʝʩʪʚʣʷʝʤʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʦʭʦʜʦʚ. ʇʨʠ 

ʵʪʦʤ ʦʥ ʦʙʷʟʘʥ ʚʝʩʪʠ ʫʯʝʪ ʜʦʭʦʜʦʚ ʠ ʨʘʩʭʦ-

ʜʦʚ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʦʩʫʱʝʩʪʚ-

ʣʷʝʤʳʭ ʭʦʟʷʡʩʪʚʦʤ ʚ ʮʝʣʦʤ [4]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤ ʟʘʢʦ-

ʥʦʜʘʪʝʣʴʩʪʚʦʤ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʝ ʯʣʝʥʦʚ 

ʂʌʍ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʜʝʣʴʥʦ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʧʨʠʥʮʠʧ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʙʦʩʥʦʚʘʥʥʦ-

ʩʪʠ ʥʘʣʦʛʘ ʚ ʚʠʜʝ ʫʯʝʪʘ ʠʤʫʱʝʩʪʚʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʘ ʧʨʠʤʝʥʷʝʪ-

ʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʣʘʚʝ ʭʦʟʷʡʩʪʚʘ ʙʦʣʝʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʤ ʢ ʦʩʪʘʣʴʥʳʤ ʝʛʦ ʯʣʝ-

ʥʘʤ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧ. 1 ʩʪ. 221 

ʅʂ ʈʌ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʚʳʯʝʪ ʚ ʩʫʤʤʝ 

ʬʘʢʪʠʯʝʩʢʠ ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʠ ʜʦʢʫʤʝʥʪʘʣɹ-

ʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʨʘʩʭʦʜʦʚ ʧʨʝʜʦʩʪʘʚ-

ʣʷʶʪʩʷ ʪʦʣʴʢʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʧʨʝʜʧʨʠ-

ʥʠʤʘʪʝʣʷʤ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʩʦʩʪʘʚʝ ʨʘʩʭʦʜʦʚ 

ʛʣʘʚʳ ʂʌʍ ʫʯʠʪʳʚʘʶʪʩʷ ʪʘʢ ʞʝ ʩʫʤʤʳ 

ʥʘʣʦʛʘ ʜʦʭʦʜʳ ʬʠʟʠʯʝʩʢʠʭ ʣʠʮ, ʫʧʣʘʯʝʥ-

ʥʳʝ ʟʘ ʦʙʲʝʢʪʳ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʵʢʩʧʣʫʘʪʠ-

ʨʫʝʤʳʝ ʚ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ. ʋ ʦʩʪʘʣʴʥʳʭ ʯʣʝʥʦʚ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦ-

ʟʷʡʩʪʚʘ ʪʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʫʪʩʪʚʫʝʪ. ɺʦ 

ʌʨʘʥʮʠʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʣʘʪʠʪʴ ʥʘʣʦʛ ʩ ʯʠ-

ʩʪʦʛʦ ʜʦʭʦʜʘ, ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʩʝʤ ʨʘʙʦʪ-

ʥʠʢʘʤ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʘ ʥʝ ʪʦʣʴʢʦ ʛʣʘ-

ʚʘʤ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʨʘʩʯʝʪ ʙʝʨʝʪʩʷ ʫʩʨʝʜʥʝʥʥʳʡ ʜʦʭʦʜ, ʧʦʣʫ-

ʯʝʥʥʳʡ ʟʘ ʪʨʠ ʛʦʜʘ, ʘ ʥʝ ʟʘ ʛʦʜ [5]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʦʨʷʜʢʦʤ ʫʯʝʪʘ ʜʦ-

ʭʦʜʦʚ ʠ ʨʘʩʭʦʜʦʚ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʧʝʨʘ-

ʮʠʡ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʝʜʧʨʠʥʠʤʘʪʝ-

ʣʝʡ, ʫʪʚʝʨʞʜʝʥʥʳʤ ʩʦʚʤʝʩʪʥʳʤ ʇʨʠʢʘʟʦʤ 

ʄʠʥʬʠʥʘ ʈʦʩʩʠʠ N 86ʥ, ʄʅʉ ʈʦʩʩʠʠ ʦʪ 

13.08.2002 N ɹɻ-3-04/430 ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʫʯʝʪ ʜʦʭʦʜʦʚ ʠ ʨʘʩʭʦʜʦʚ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʦʧʝʨʘʮʠʡ ʚʝʜʝʪʩʷ ʚ ʂʥʠʛʝ ʫʯʝʪʘ ʜʦʭʦʜʦʚ ʠ 

ʨʘʩʭʦʜʦʚ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʧʝʨʘʮʠʡ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʦʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷ ʢʘʩʩʦʚʳʤ 

ʤʝʪʦʜʦʤ, ʪʦ ʝʩʪʴ ʧʦʩʣʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʦʣʫ-

ʯʝʥʠʷ ʜʦʭʦʜʘ ʠ ʩʦʚʝʨʰʝʥʠʷ ʨʘʩʭʦʜʘ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʣʘ-

ʪʝʞʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʂʌʍ ʦʙʷʟʘʥ ʠʩʯʠʩʣʠʪʴ, 

ʫʜʝʨʞʘʪʴ ʠ ʧʝʨʝʯʠʩʣʠʪʴ ʚ ʙʶʜʞʝʪ ʩʫʤʤʳ 

ʝʜʠʥʦʛʦ ʩʦʮʠʘʣʴʥʦʛʦ ʥʘʣʦʛʘ ʠ ʩʫʤʤʳ ʚʟʥʦ-

ʩʦʚ ʥʘ ʦʙʷʟʘʪʝʣʴʥʦʝ ʧʝʥʩʠʦʥʥʦʝ ʩʪʨʘʭʦʚʘ-

ʥʠʝ ʚ ʚʠʜʝ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʣʘʪʝʞʝʡ ʩʦ 

ʩʚʦʠʭ ʣʠʯʥʳʭ ʜʦʭʦʜʦʚ. 

ʉʦʚʤʝʩʪʥʦʝ ʦʙʣʦʞʝʥʠʝ ʯʣʝʥʦʚ ʬʝʨ-

ʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʈʦʩʩʠʠ ʪʘʢ ʞʝ ʷʚʣʷʝʪ-

ʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠ ʤʦʞʝʪ ʣʦʛʠʯʝʩʢʠ ʩʣʝ-

ʜʦʚʘʪʴ ʟʘ ʚʚʝʜʝʥʠʝʤ ʢʦʥʮʝʧʮʠʠ ʩʝʤʝʡʥʦʛʦ 

ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʦ-

ʤʠʤʦ ʯʣʝʥʦʚ ʩʝʤʴʠ ʚ ʩʦʩʪʘʚ ʂʌʍ ʤʦʛʫʪ 

ʚʭʦʜʠʪʴ ʣʠʮʘ, ʥʝ ʠʤʝʶʱʠʝ ʨʦʜʩʪʚʝʥʥʳʭ 

ʩʚʷʟʝʡ, ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʨʝ-

ʞʠʤ ʦʙʱʝʡ ʜʦʣʝʚʦʡ (ʩʦʚʤʝʩʪʥʦʡ) ʩʦʙ-

ʩʪʚʝʥʥʦʩʪʠ ʥʘ ʠʤʫʱʝʩʪʚʦ ʂʌʍ, ʧʦʟʚʦʣʷʝʪ 

ʛʦʚʦʨʠʪʴ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦʛʦ 

ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪ. 210 ʅʂ ʈʌ ʥʘʣʦ-

ʛʦʚʘʷ ʙʘʟʘ ʧʦ ʜʦʭʦʜʘʤ, ʦʙʣʘʛʘʝʤʳʭ ʧʦ ʩʪʘʚ-

ʢʝ ʚ ʨʘʟʤʝʨʝ 13%, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʜʝʥʝʞ-

ʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʦʭʦʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘʣʦ-

ʛʦʧʣʘʪʝʣʴʱʠʢʦʤ ʦʪ ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʠʤ ʚ 

ʥʘʣʦʛʦʚʦʤ ʧʝʨʠʦʜʝ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʫʤʝʥʴ-

ʰʝʥʥʳʭ ʥʘ ʩʫʤʤʫ ʧʦʣʘʛʘʶʱʠʭʩʷ ʥʘʣʦʛʦ-

ʧʣʘʪʝʣʴʱʠʢʫ ʩʪʘʥʜʘʨʪʥʳʭ, ʩʦʮʠʘʣʴʥʳʭ, 

ʠʤʫʱʝʩʪʚʝʥʥʳʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʣʦ-

ʛʦʚʳʭ ʚʳʯʝʪʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʪ. ʩʪ. 218 - 

221 ʂʦʜʝʢʩʘ [4]. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ 

ʂʌʍ ʬʦʨʤʳ ʚʝʜʝʥʠʷ ʫʯʝʪʘ ʜʦʭʦʜʦʚ ʠ ʨʘʩ-

ʭʦʜʦʚ ʠ ʥʘʣʦʛʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ ʥʝ ʫʯʠʪʳʚʘ-

ʶʪ ʩʝʟʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʩʧʝʮʠʬʠʢʫ ʢʦʣʣʝʢ-
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ʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʭʦʟʷʡʩʪʚ, ʥʝ ʧʦʟʚʦʣʷ-

ʶʪ ʦʪʨʘʞʘʪʴ ʜʚʠʞʝʥʠʝ ʦʙʦʨʦʪʥʳʭ ʩʨʝʜʩʪʚ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʩʨʝʜʩʪʚ, ʚʳʜʝʣʝʥʥʳʭ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʥʘ ʨʘʟʚʠʪʠʝ ʂʌʍ.  

ɺ ʩʣʦʞʠʚʰʝʡʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠ-

ʪʫʘʮʠʠ ʚʳʭʦʜʦʤ ʠʟ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʛʦ ʧʦ-

ʣʦʞʝʥʠʷ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʩʦʩʪʘʚʣʝʥʠʝ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʬʦʨʤ ʦʪʯʝʪʥʦʩʪʠ ʅʘʧʨʠʤʝʨ, 

ʦʪʯʝʪ ʧʦ ʬʦʨʤʝ 5-ʂʍ (ʚʝʜʦʤʦʩʪʴ ʬʠʥʘʥʩʦ-

ʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ), ʚ ʢʦʪʦʨʦʤ ʦʪʨʘʞʘʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʂʌʍ, ʘ ʪʘʢʞʝ ʭʦ-

ʟʷʡʩʪʚʝʥʥʳʝ ʦʧʝʨʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʠ ʦʙʦʨʦʪʥʳʭ 

ʩʨʝʜʩʪʚ ʜʘʥʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ 

ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʛ ʙʳ ʩʪʘʪʴ 

ʝʜʠʥʳʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʥʘʣʦʛ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧ. 24 ʩʪ. 217 ʅʂ 

ʈʌ ʧʨʝʜʫʩʤʦʪʨʝʥʦ: ʜʦʭʦʜʳ, ʧʦʣʫʯʘʝʤʳʝ 

ʂʌʍ ʦʪ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʝʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ, ʧʦ ʢʦʪʦʨʳʤ ʦʥʠ ʷʚʣʷʶʪʩʷ ʧʣʘʪʝʣʴ-

ʱʠʢʘʤʠ ʝʜʠʥʦʛʦ ʥʘʣʦʛʘ ʥʘ ʚʤʝʥʝʥʥʳʡ ʜʦ-

ʭʦʜ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠʣʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʫʧʨʦʱʝʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘʣʦʛʦ-

ʦʙʣʦʞʝʥʠʷ, ʠʣʠ ʝʜʠʥʳʡ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʡ ʥʘʣʦʛ (ɽʉʍʅ), ʥʝ ʧʦʜʣʝʞʘʪ ʦʙ-

ʣʦʞʝʥʠʶ ʥʘʣʦʛʦʤ ʥʘ ʜʦʭʦʜʳ ʬʠʟʠʯʝʩʢʠʭ 

ʣʠʮ [4].  

ʇʨʠ ʫʧʣʘʪʝ ɽʉʍʅ ʢʨʝʩʪʴʷʥʩʢʠʤ ʬʝʨ-

ʤʝʨʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʟʘ-

ʤʝʥʫ ʫʧʣʘʪʳ ʥʘʣʦʛʘ ʥʘ ʜʦʭʦʜʳ ʬʠʟʠʯʝʩʢʠʭ 

ʣʠʮ, ʅɼʉ, ʥʘʣʦʛʘ ʥʘ ʠʤʫʱʝʩʪʚʦ ʬʠʟʠʯʝ-

ʩʢʠʭ ʠ ʝʜʠʥʦʛʦ ʩʦʮʠʘʣʴʥʦʛʦ ʥʘʣʦʛʘ ʫʧʣʘʪʦʡ 

ɽʉʍʅ, ʠʩʯʠʩʣʷʝʤʦʛʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʭʦ-

ʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ ʟʘ ʥʘʣʦʛʦʚʳʡ ʧʝʨʠʦʜ. 

ʉʪʘʪʴʝʡ 346.4 ʅʂ ʈʌ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ 

ʦʙʲʝʢʪʦʤ ʦʙʣʦʞʝʥʠʷ ɽʉʍʅ ʧʨʠʟʥʘʶʪʩʷ 

ʜʦʭʦʜʳ, ʫʤʝʥʴʰʝʥʥʳʝ ʥʘ ʚʝʣʠʯʠʥʫ ʨʘʩʭʦ-

ʜʦʚ. ɻʣʘʚʘ ʢʨʝʩʪʴʷʥʩʢʦʛʦ (ʬʝʨʤʝʨʩʢʦʛʦ) 

ʭʦʟʷʡʩʪʚʘ, ʧʝʨʝʰʝʜʰʠʡ ʥʘ ʫʧʣʘʪʫ ɽʉʍʅ, ʚ 

ʧʨʝʜʩʪʘʚʣʷʝʤʳʭ ʠʤ ʥʘʣʦʛʦʚʳʭ ʜʝʢʣʘʨʘʮʠ-

ʷʭ, ʦʧʨʝʜʝʣʷʝʪ ʥʘʣʦʛʦʚʫʶ ʙʘʟʫ ʧʦ ɽʉʍʅ ʟʘ 

ʦʪʯʝʪʥʳʡ ʠʣʠ ʥʘʣʦʛʦʚʳʡ ʧʝʨʠʦʜ ʧʦ ʨʝʟʫʣʴ-

ʪʘʪʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʨʝʩʪʴʷʥʩʢʦʛʦ (ʬʝʨʤʝʨ-

ʩʢʦʛʦ) ʭʦʟʷʡʩʪʚʘ ʚ ʮʝʣʦʤ [4]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʪʴʝʡ 15 ɿʘʢʦʥʘ  

ˉ 74-ʌɿ ʢʘʞʜʳʡ ʯʣʝʥ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡ-

ʩʪʚʘ ʠʤʝʝʪ ʧʨʘʚʦ ʥʘ ʯʘʩʪʴ ʜʦʭʦʜʦʚ, ʧʦʣʫ-

ʯʝʥʥʳʭ ʦʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦ-

ʟʷʡʩʪʚʘ ʚ ʜʝʥʝʞʥʦʡ ʠ (ʠʣʠ) ʥʘʪʫʨʘʣʴʥʦʡ 

ʬʦʨʤʝ, ʧʣʦʜʦʚ, ʧʨʦʜʫʢʮʠʠ (ʣʠʯʥʳʡ ʜʦʭʦʜ 

ʢʘʞʜʦʛʦ ʯʣʝʥʘ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ). 

ʈʘʟʤʝʨ ʠ ʬʦʨʤʘ ʚʳʧʣʘʪʳ ʣʠʯʥʦʛʦ ʜʦʭʦʜʘ 

ʢʘʞʜʦʤʫ ʯʣʝʥʫ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʩʦʛʣʘʰʝʥʠʶ ʤʝʞʜʫ ʯʣʝ-

ʥʘʤʠ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ [2]. ʇʨʠʥʠʤʘʷ 

ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʅʂ ʈʌ ʥʝ ʥʘʟʳʚʘʝʪ ʯʣʝ-

ʥʦʚ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʨʝʜʠ ʧʣʘʪʝʣʴ-

ʱʠʢʦʚ ʝʜʠʥʦʛʦ ʩʝʣʴʭʦʟʥʘʣʦʛʘ, ʚʦʟʥʠʢʘʝʪ 

ʟʘʢʦʥʦʤʝʨʥʳʡ ʚʦʧʨʦʩ: ʦʙʷʟʘʥʳ ʣʠ ʯʣʝʥʳ 

ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʫʧʣʘʯʠʚʘʪʴ ʅɼʌʃ 

ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʛʣʘʚʦʡ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡ-

ʩʪʚʘ ʙʳʣ ʫʧʣʘʯʝʥ ɽʉʍʅ ʠʩʭʦʜʷ ʠʟ ʩʦʚʦ-

ʢʫʧʥʦʛʦ ʬʠʥʘʥʩʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʇʦ ʤʥʝʥʠʶ 

ʥʘʣʦʛʦʚʦʛʦ ʦʨʛʘʥʘ, ʧʦʩʣʝ ʫʧʣʘʪʳ ʛʣʘʚʦʡ 

ʭʦʟʷʡʩʪʚʘ ɽʉʍʅ ʧʦʣʫʯʝʥʥʳʝ ʯʣʝʥʘʤʠ ʭʦ-

ʟʷʡʩʪʚʘ ʜʦʭʦʜʳ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ ʥʘʣʦʛʦ-

ʦʙʣʦʞʝʥʠʷ ʧʦ ʥʘʣʦʛʫ ʥʘ ʜʦʭʦʜʳ ʬʠʟʠʯʝ-

ʩʢʠʭ ʣʠʮ [6]. ʊʘʢʦʡ ʧʦʜʭʦʜ ʚʝʜʝʪ ʢ ʜʚʦʡʥʦ-

ʤʫ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʶ ʜʦʭʦʜʦʚ ʬʝʨʤʝʨʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʢʘʢ ʝʜʠʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʩʫʙʲʝʢʪʘ. ʊʘʢʘʷ ʪʨʘʢʪʦʚʢʘ ʥʘʣʦʛʦʚʳʤ ʦʨʛʘ-

ʥʦʤ ʟʘʢʦʥʘ ʩʚʦʜʠʪ ʥʘ ʥʝʪ ʚʧʦʣʥʝ ʫʜʘʯʥʫʶ 

ʠʜʝʶ ʟʘʢʦʥʦʜʘʪʝʣʷ ʦ ʝʜʠʥʦʤ ʩʝʣʴʭʦʟʥʘʣʦʛʝ, 

ʢʦʪʦʨʘʷ ʧʨʠ ʛʨʘʤʦʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʦʛʣʘ 

ʙʳ ʩʪʘʪʴ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʜʜʝʨʞ-

ʢʠ ʠ ʨʘʟʚʠʪʠʷ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ ʚ ʈʦʩ-

ʩʠʠ. 

ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʦʙʣʦʞʝʥʠʷ 

ʅɼʉ ʂʌʍ ʩʯʠʪʘʝʪʩʷ ʣʴʛʦʪʥʳʡ ʭʘʨʘʢʪʝʨ ʚ 

ʚʠʜʝ ʧʦʥʠʞʝʥʥʦʡ ʩʪʘʚʢʠ, ʨʘʚʥʦʡ 10 %, 

ʧʨʠʤʝʥʷʝʤʦʡ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʠʭ ʪʦʚʘ-

ʨʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʥʠʞʝʥʥʳʭ ʩʪʘʚʦʢ 

ʥʘʣʦʛʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʩʫʤʤʘ ʅɼʉ, 

ʥʘʯʠʩʣʷʝʤʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʩʝʣʴʭʦʟʧʨʦ-

ʜʫʢʮʠʠ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʝʥʴʰʝ 
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ʩʫʤʤʳ ʅɼʉ, ʫʧʣʘʯʝʥʥʦʛʦ ʧʨʠ ʧʨʠʦʙʨʝʪʝ-

ʥʠʠ ʪʦʚʘʨʦʚ (ʨʘʙʦʪ, ʫʩʣʫʛ). ʇʦʵʪʦʤʫ ʦʩʥʦʚ-

ʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʜʝʡʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ 

ʦʙʣʦʞʝʥʠʷ ʅɼʉ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʢʦʥʮʝʧ-

ʮʠʠ ʩʦʚʤʝʩʪʥʦʛʦ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ ʯʣʝʥʦʚ 

ʂʌʍ. 

ɽʩʣʠ ʥʘ ʛʣʘʚʫ ʂʌʍ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʧʨʠʟʥʘʚʘʝʤʳʝ ʦʙʲ-

ʝʢʪʦʤ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ, ʦʥ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ 

ʧʣʘʪʝʣʴʱʠʢʦʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʥʘʣʦʛʘ. 

ʂʦʥʮʝʧʮʠʶ ʩʦʚʤʝʩʪʥʦʛʦ ʥʘʣʦʛʦʦʙʣʦ-

ʞʝʥʠʷ ʯʣʝʥʦʚ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʤʦʞ-

ʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʢʦʥʩʦ-

ʣʠʜʠʨʦʚʘʥʥʦʛʦ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ, ʧʨʦʠʟʚʦ-

ʜʷ ʨʘʩʯʝʪ ʥʘʣʦʛʘ ʩʦʚʤʝʩʪʥʦ ʥʘ ʚʩʝʭ ʯʣʝʥʦʚ 

ʂʌʍ, ʩ ʚʦʟʣʦʞʝʥʠʝʤ ʥʘʣʦʛʦʚʦʛʦ ʙʨʝʤʝʥʠ 

ʥʘ ʛʣʘʚʫ ʂʌʍ. ʆʜʥʘʢʦ, ʝʩʣʠ ʫ ʯʣʝʥʘ ʬʝʨ-

ʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʝʩʪʴ ʠʥʦʡ ʠʩʪʦʯʥʠʢ ʜʦ-

ʭʦʜʘ, ʪʦ ʪʘʢʦʡ ʜʦʭʦʜ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʯʠʪʳ-

ʚʘʪʴ ʦʪʜʝʣʴʥʦ. 

ɺʚʝʜʝʥʠʝ ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʧʦʟʚʦʣʠʪ 

ʧʦʚʳʩʠʪʴ ʠʥʚʝʩʪʠʮʠʦʥʥʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴ-

ʥʦʩʪʴ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ 

ʦʙʱʝʡ ʥʘʣʦʛʦʚʦʡ ʥʘʛʨʫʟʢʠ ʠ ʫʧʨʦʱʝʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʠʩʯʠʩʣʝʥʠʷ ʠ ʫʧʣʘʪʳ ʥʘʣʦʛʦʚ. 

ɽʱʝ ʦʜʥʠʤ ʚʠʜʦʤ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ 

ʂʌʍ ʷʚʣʷʝʪʩʷ ʫʧʨʦʱʝʥʥʘʷ ʩʠʩʪʝʤʘ ʥʘʣʦʛʦ-

ʦʙʣʦʞʝʥʠʷ (ʋʉʅ). ʇʨʠʤʝʥʝʥʠʝ ʫʧʨʦʱʝʥ-

ʥʦʡ ʩʠʩʪʝʤʳ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘ-

ʝʪ ʟʘʤʝʥʫ ʅɼʉ, ʅɼʌʃ, ɽʉʅ ʠ ʥʘʣʦʛʘ ʥʘ 

ʠʤʫʱʝʩʪʚʦ ʬʠʟʠʯʝʩʢʠʭ ʣʠʮ, ʝʩʣʠ ʪʘʢʦʝ 

ʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʝʜʧʨʠʥʠʤʘ-

ʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʫʧʣʘʪʦʡ ɽʜʠʥʦʛʦ 

ʥʘʣʦʛʘ. 

ʉʪʘʚʢʘ ʝʜʠʥʦʛʦ ʥʘʣʦʛʘ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʦʙʲʝʢʪʦʤ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʜʦʭʦ-

ʜʳ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʨʘʟʤʝʨʝ 6 ʧʨʦʮʝʥʪʦʚ. 

ɽʩʣʠ ʦʙʲʝʢʪʦʤ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʜʦʭʦʜʳ, ʫʤʝʥʴʰʝʥʥʳʝ ʥʘ ʚʝʣʠʯʠʥʫ ʨʘʩʭʦ-

ʜʦʚ, ʥʘʣʦʛʦʚʘʷ ʩʪʘʚʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ 

ʨʘʟʤʝʨʝ 15 ʧʨʦʮʝʥʪʦʚ. 

ɼʦʭʦʜʦʤ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʷʚʣʷʶʪʩʷ 

ʚʩʝ ʧʦʩʪʫʧʣʝʥʠʷ ʥʘ ʩʯʝʪ ʠ ʚ ʢʘʩʩʫ ʂʌʍ, 

ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʫʧʨʦʱʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ ʣʴʛʦʪ ʥʝʪ. 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ 

ʧʨʠʤʝʥʝʥʠʶ ʋʉʅ: 

- ʛʦʜʦʚʦʡ ʜʦʭʦʜ ʥʝ ʙʦʣʝʝ 20 000 000 

ʨʫʙʣʝʡ, ʫʤʥʦʞʝʥʥʳʡ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ-

ʜʝʬʣʷʪʦʨ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ 

ʢʘʞʜʳʡ ʛʦʜ. ʂʦʵʬʬʠʮʠʝʥʪ-ʜʝʬʣʷʪʦʨ ʥʘ 

2007 ʛʦʜ ʨʘʚʝʥ 1,241, ʧʨʝʜʝʣʴʥʳʡ ʜʦʭʦʜ ï 

24 820 000 ʨʫʙʣʝʡ;  

- ʯʠʩʣʦ ʥʘʝʤʥʳʭ ʨʘʙʦʪʥʠʢʦʚ ï ʥʝ ʙʦʣʝʝ 

100 ʯʝʣʦʚʝʢ; 

- ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʠ, ʧʨʠʤʝʥʷʶʱʠʝ 

ʫʧʨʦʱʝʥʥʫʶ ʩʠʩʪʝʤʫ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ, ʥʝ 

ʚʧʨʘʚʝ ʜʦ ʦʢʦʥʯʘʥʠʷ ʥʘʣʦʛʦʚʦʛʦ ʧʝʨʠʦʜʘ 

ʧʝʨʝʡʪʠ ʥʘ ʠʥʦʡ ʨʝʞʠʤ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ. 

ʗʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ 

ʫʧʨʦʱʝʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ ʷʚ-

ʣʷʝʪʩʷ ʟʘʤʝʥʘ 4-ʭ ʥʘʣʦʛʦʚ ʦʜʥʠʤ. 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦ-

ʩʪʘʪʢʠ ʧʨʠʤʝʥʝʥʠʷ ʫʧʨʦʱʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ: 

- ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʦʙʲʝʤʫ ʚʳʨʫʯʢʠ;  

- ʤʦʞʥʦ ʧʦʪʝʨʷʪʴ ʢʣʠʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ 

ʙʫʜʫʪ ʧʨʠʦʙʨʝʪʘʪʴ ʧʨʦʜʫʢʮʠʶ ʫ ʧʣʘʪʝʣʴ-

ʱʠʢʘ ʅɼʉ. 

ɺ ʈʦʩʩʠʠ ʩʫʱʝʩʪʚʫʶʪ ʧʨʝʢʨʘʩʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʝʯʴ ʠʜʝʪ ʦ ʙʦʣʴʰʦʡ 

ʪʝʨʨʠʪʦʨʠʠ, ʘ ʠʤʝʥʥʦ 120 ʤʠʣʣʠʦʥʦʚ ʛʝʢ-

ʪʘʨʦʚ ʩʝʣʴʭʦʟʫʛʦʜʠʡ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʚʦ 

ʌʨʘʥʮʠʠ, ʷʚʣʷʶʱʝʡʩʷ ʛʣʘʚʥʦʡ ʘʛʨʘʨʥʦʡ 

ʜʝʨʞʘʚʦʡ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʦʶʟʘ, ð 18,5 

ʤʠʣʣʠʦʥʘ ʛʝʢʪʘʨʦʚ, ʚ ʗʧʦʥʠʠ, ʢʦʪʦʨʘʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʝʙʷ ʧʨʦʜʦʚʦʣʴʩʪʚʠʝʤ, ð 4,3 

ʤʠʣʣʠʦʥʘ ʛʝʢʪʘʨʦʚ. ɺ ʈʦʩʩʠʠ ʝʩʪʴ ʣʶʜʠ, 

ʢʦʪʦʨʳʝ ʞʝʣʘʶʪ ʪʨʫʜʠʪʴʩʷ ʥʘ ʩʝʣʝ. ʅʝʦʙ-

ʭʦʜʠʤʦ ʪʦʣʴʢʦ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʵʬʬʝʢ-

ʪʠʚʥʦʛʦ ʠ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ 

[7]. 

ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʦʡ 

ʦʪʨʘʩʣʴʶ ʵʢʦʥʦʤʠʢʠ ʣʶʙʦʡ ʩʪʨʘʥʳ, ʢʦʪʦ-

ʨʘʷ ʩʦʟʜʘʝʪ ʩʧʨʦʩ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʦʚʘ-

ʨʳ ʠ ʫʩʣʫʛʠ, ʨʘʟʚʠʪʠʝ ʵʪʦʡ ʦʪʨʘʩʣʠ ʚʳʟʳ-

ʚʘʝʪ ʨʦʩʪ ʚʩʝʡ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ. ʆʜʠʥ 

ʩʝʣʴʩʢʠʡ ʪʨʫʞʝʥʠʢ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦ-

ʪʘʪʴ ʪʨʝʤ ʛʦʨʦʞʘʥʘʤ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 
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ʧʨʦʠʟʚʦʜʠʪʴ ʜʣʷ ʥʝʛʦ ʪʝʭʥʠʢʫ, ʫʜʦʙʨʝʥʠʷ, 

ʟʘʥʠʤʘʪʴʩʷ ʥʘʫʢʦʡ ʠ ʪ. ʜ.[7]. 

ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʝʯʝʩʪʚʝʥʥʦʝ ʩʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦ ʥʘʭʦʜʠʪʩʷ ʚ ʢʨʠʟʠʩʝ. 40 ʤʠʣʣʠʦ-

ʥʦʚ ʛʝʢʪʘʨʦʚ ʟʝʤʣʠ ʠʟ ʪʝʭ, ʯʪʦ ʚʦʟʜʝʣʳʚʘ-

ʣʠʩʴ ʨʘʥʝʝ, ʩʝʡʯʘʩ ʟʘʙʨʦʰʝʥʳ ʠ ʥʝ ʦʙʨʘʙʘ-

ʪʳʚʘʶʪʩʷ, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʧʣʦʱʘʜʴʶ 

ʪʝʨʨʠʪʦʨʠʠ ɻʝʨʤʘʥʠʠ. ʋʨʦʚʝʥʴ ʙʝʟʨʘʙʦʪʠ-

ʮʳ ʥʘ ʩʝʣʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʛʦʨʦʜʝ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ 45 % ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʩʪʨʘʥʦʡ 

ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ ʚʚʦʟʠʪʩʷ ʠʟ-ʟʘ ʨʫʙʝʞʘ, ʭʦʪʷ 

ʤʦʛʣʦ ʙʳ ʧʨʠʦʙʨʝʪʘʪʴʩʷ ʫ ʨʦʩʩʠʡʩʢʠʭ ʬʝʨ-

ʤʝʨʦʚ [7]. 
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ʣʘʙʦʨʘʪʦʨʠʠ ʦʨʛʘʥʠʟʘʮʠʠ ʭʨʘʥʝʥʠʷ ʠ ʟʘʱʠʪʳ ʪʝʭʥʠʢʠ ʦʪ ʢʦʨʨʦʟʠʠ ɻʅʋ ɺʅʀʀʊʠʅ  

ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ. 
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ʂʆʄɹʀʅʀʈʆɺɸʅʅʆɽ ʋʉʊʈʆʁʉʊɺʆ ʉʅʀɾɽʅʀʗ ʊʆʂʉʀʏʅʆʉʊʀ 

ʆʊʈɸɹʆʊɸɺʐʀʍ ɻɸɿʆɺ ɼʀɿɽʃʔʅʓʍ ɼɺʀɻɸʊɽʃɽʁ 

ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʦʧʠʩʘʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘ-

ʥʠʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʥʠʞʝʥʠʷ ʪʦʢʩʠʯʥʦʩʪʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʜʠʟʝʣʴʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʢʩʠʯʥʦʩʪʴ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ, ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ, ʜʚʠʛʘʪʝʣʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʩʨʝʜʩʪʚʘ ʦʯʠʩʪʢʠ. 

Chernetsov D.A., Kapustin V.P. 
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Abstract: This article describes a device, the operating principle and the test results of the 

combined device to reduce emissions of diesel engines. 

Keywords: exhaust emissions, environment, internal combustion engines, cleaning tools. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʠʢʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦ-

ʟʷʡʩʪʚʝ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʦʩʣʝʜʩʪʚʠʷ, ʢʦʪʦ-

ʨʳʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ. ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʠ ʤʠʥʠʤʠʟʘʮʠʷ 

ʜʘʥʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʳʭ ʟʘʜʘʯ çʵʢʦʣʦʛʠʟʘʮʠʠè ʘʛʨʘʨʥʦʛʦ 

ʩʝʢʪʦʨʘ [1]. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʩʫʱʝ-

ʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʠ ʩʨʝʜʩʪʚ ʩʥʠ-

ʞʝʥʠʷ ʪʦʢʩʠʯʥʦʩʪʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ 

(ʆɻ) [2]. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ (ʆɻ) ʜʠ-

ʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ 

(ɼɺʉ) ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʚ ʚʳʧʫʩʢʥʦʡ ʩʠ-

ʩʪʝʤʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʫʶ ʦʯʠʩʪʢʫ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ. ʊʘ-

ʢʦʡ ʩʧʦʩʦʙ ʩʥʠʞʝʥʠʷ ʪʦʢʩʠʯʥʦʩʪʠ ʧʦʟʚʦʣʷ-

ʝʪ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ɼɺʉ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚ-

ʥʫʶ ʦʯʠʩʪʢʫ ʆɻ ʦʪ ʪʦʢʩʠʯʥʳʭ ʢʦʤʧʦʥʝʥ-

ʪʦʚ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘ-

ʩʪʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʚ ʆɻ 

ʜʣʷ ʜʠʟʝʣʴʥʳʭ ɼɺʉ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʠʟ-

ʜʘʥʠʷʭ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʟɹʦʚʘʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʨʝʜʩʪʚʘ 

ʦʯʠʩʪʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʦʯʠʱʘʪʴ ʆɻ ʦʪ ʢʦʤʧʣʝʢʩʘ ʪʦʢʩʠʯʥʳʭ ʚʝ-

ʝɦʩʪʚ [3]. 

ɺ ʊʘʤʙʦʚʩʢʦʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʊʝʭ-

ʥʠʯʝʩʢʦʤ ʋʥʠʚʝʨʩʠʪʝʪʝ (ʊɻʊʋ) ʥʘ ʢʘʬʝʜʨʝ 

çɸʚʪʦʤʦʙʠʣʴʥʘʷ ʠ ʘʛʨʘʨʥʘʷ ʪʝʭʥʠʢʘè ʨʘʟ-

ʨʘʙʦʪʘʥʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʩʥʠʞʝʥʠʷ ʪʦʢʩʠʯʥʦʩʪʠ (ʂʋʉʊ) ʆɻ ʜʠʟʝʣʴ-

ʥʳʭ ɼɺʉ [4].  

ʋʩʪʨʦʡʩʪʚʦ ʩʦʜʝʨʞʠʪ ʢʦʨʧʫʩ (ʨʠʩʫʥʦʢ 

1), ʚ ʢʦʪʦʨʦʤ ʨʘʟʤʝʱʸʥ ʩʣʦʡ ʢʘʪʘʣʠʟʘʪʦʨʘ 

1, ʩʦʩʪʦʷʱʠʡ ʠʟ ʚʝʨʭʥʝʡ 2 ʠ ʥʠʞʥʝʡ 3 ʯʘ-

ʩʪʝʡ. ʅʠʞʥʷʷ ʯʘʩʪʴ ʩʦʝʜʠʥʝʥʘ ʯʝʨʝʟ ʧʘʪʨʫ-

ʙʦʢ 4, ʚ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥ ʵʞʝʢʪʦʨ 5, ʩ 

ʩʠʩʪʝʤʦʡ ʚʳʧʫʩʢʘ ʆɻ ʜʚʠʛʘʪʝʣʷ.  

ʅʘ ʚʭʦʜʝ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʢʦʨʧʫʩʘ 

ʫʩʪʘʥʦʚʣʝʥ ʜʠʬʬʫʟʦʨ 6, ʘ ʩʥʠʟʫ ʥʘʚʠʥʯʠʚʘ-

ʝʪʩʷ ʬʠʣʴʪʨ-ʦʪʩʪʦʡʥʠʢ 7 ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʩʝʪʢʦʡ 8, ʢʦʪʦʨʳʡ ʛʝʨʤʝʪʠʟʠʨʫʝʪʩʷ ʧʨʦ-

ʢʣʘʜʢʦʡ 9. ʅʘ ʜʥʠʱʝ ʬʠʣʴʪʨʘ-ʦʪʩʪʦʡʥʠʢʘ 

ʠʤʝʝʪʩʷ ʛʘʡʢʘ 10 ʧʦʜ ʢʣʶʯ, ʜʣʷ ʫʜʦʙʩʪʚʘ 

ʝʛʦ ʦʪʚʠʥʯʠʚʘʥʠʷ.  

ʄʝʞʜʫ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʯʘʩʪʷʤʠ ʢʦʨ-

ʧʫʩʘ ʫʩʪʘʥʦʚʣʝʥʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʧʠʨʘʣʴ 

11, ʠʤʝʶʱʘʷ ʢʝʨʘʤʠʯʝʩʢʠʡ ʢʦʨʧʫʩ, ʫʩʪʘ-

ʥʦʚʣʝʥʥʳʡ ʯʝʨʝʟ ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʧʨʦʢʣʘʜ-

ʢʠ 12. ʉʧʠʨʘʣʴ ʩʦʝʜʠʥʝʥʘ ʧʨʦʚʦʜʘʤʠ 14 ʩ 

ʙʣʦʢʦʤ ʫʧʨʘʚʣʝʥʠʷ 13.  

ʉʣʦʡ ʢʘʪʘʣʠʟʘʪʦʨʘ 1, ʩʦʩʪʦʷʱʠʡ ʠʟ ʟʘ-

ʩʳʧʘʥʥʳʭ ʛʨʘʥʫʣ (ʘʢʪʠʚʥʘʷ ʤʘʩʩʘ ʩʦʩʪʦʠʪ 

ʠʟ: ʘʣʶʤʠʥʠʡ ï 10%, ʤʝʜʴ ï 1,5%, ʥʠʢʝʣʴ ï 

1,5 %, ʦʩʪʘʣʴʥʦʝ ï ʧʦʨʠʩʪʳʡ ʤʘʪʝʨʠʘʣ 

ʌʅʉ-5 ), ʨʘʩʧʦʣʦʞʝʥ ʤʝʞʜʫ ʚʭʦʜʥʦʡ 15 ʠ 

ʚʳʭʦʜʥʦʡ 16 ʨʝʰʝʪʢʘʤʠ. ʄʝʞʜʫ ʚʭʦʜʥʦʡ 

ʨʝʰʝʪʢʦʡ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʢʦʨʧʫʩʦʤ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ ʫʩʪʘʥʦʚʣʝʥ ʢʦʤʧʝʥʩʠ-

ʨʫʶʱʠʡ ʵʣʝʤʝʥʪ 17 ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʨʫʞʠʥʳ ʠʟ ʙʠʤʝʪʘʣʣʘ. ɺʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ 

ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʩʦʝʜʠʥʝʥʳ ʙʦʣʪʦʚʳʤ ʩʦʝʜʠ-

ʥʝʥʠʝʤ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʫʩʪʘʥʦʚ-

ʣʝʥ ʢʦʥʬʫʟʦʨ 18, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʜʚʘ ʧʘ-

ʪʨʫʙʢʘ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ï ʚʳʭʦʜʥʦʡ 19, 

ʩʚ̫ʟʘʥʥʳʡ ʩ ʘʪʤʦʩʬʝʨʦʡ, ʘ ʜʨʫʛʦʡ ï ɻ-

ʦʙʨʘʟʥʳʡ 20 ʩʚʷʟʘʥ ʩ ʧʦʣʦʩʪʴʶ ʚʭʦʜʥʦʛʦ 

ʧʘʪʨʫʙʢʘ 4. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʂʋʉʊ ʦʩʥʦʚʘʥ ʥʘ 

ʚʪʦʨʠʯʥʦʤ ʜʦʞʠʛʝ ʆɻ. 

ɺʪʦʨʠʯʥʳʡ ʜʦʞʠʛ ï ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʯʘʩʪʠʮ ʧʦʪʦʢʘ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ, ʧʨʦ-

ʰʝʜʰʠʭ ʯʝʨʝʟ ʥʝʡʪʨʘʣʠʟʘʪʦʨ, ʥʘ ʧʦʚʪʦʨ-

ʥʳʡ ʮʠʢʣ ʦʯʠʩʪʢʠ. 

ʇʨʠ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ ʦʪʨʘʙʦʪʘʚʰʠʝ 

ʛʘʟʳ ʧʦ ʚʳʧʫʩʢʥʦʡ ʩʠʩʪʝʤʝ ʧʦʩʪʫʧʘʶʪ ʚʦ 

ʚʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ 4 ʫʩʪʨʦʡʩʪʚʘ ʠ, ʧʨʠ ʧʨʦ-

ʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʵʞʝʢʪʦʨ 5 ʫʩʢʦʨʷʶʪʩʷ, ʪʝʤ 

ʩʘʤʳʤ ʩʦʟʜʘʚʘʷ ʨʘʟʨʝʞʝʥʠʝ ʚ ʧʦʣʦʩʪʠ ʢʦʥ-

ʬʫʟʦʨʘ 18. ɿʘʪʝʤ ʛʘʟʳ ʧʦʩʪʫʧʘʶʪ ʚ ʜʠʬʬʫ-
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ʟʦʨ 6, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʚʩʝʤʫ 

ʧʨʦʩʪʨʘʥʩʪʚʫ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ 3. ʊʷ-

ʞʝʣʳʝ ʬʨʘʢʮʠʠ ʆɻ ʠ ʢʦʥʜʝʥʩʘʪ ʦʩʝʜʘʶʪ ʚ 

ʬʠʣʴʪʨʝ-ʦʪʩʪʦʡʥʠʢʝ 7. ʇʦʪʦʢ ʛʘʟʦʚ ʧʨʦʭʦ-

ʜʠʪ ʩʢʚʦʟʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʧʠʨʘʣʴ 11, ʢʦ-

ʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʆɻ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʪʝʤ ʩʘʤʳʤ ʜʦʞʠʛʘʥʠʶ ʩʘʞʝ-

ʚʳʭ ʯʘʩʪʠʮ. ʆʯʠʱʝʥʥʳʝ ʦʪ ʩʘʞʠ ʆɻ ʧʨʦʥʠ-

ʢʘʶʪ ʩʢʚʦʟʴ ʦʛʨʘʥʠʯʠʪʝʣʴʥʫʶ ʚʭʦʜʥʫʶ 

ʨʝʰʝʪʢʫ 15 ʚ ʩʣʦʡ ʢʘʪʘʣʠʟʘʪʦʨʘ 1, ʚ ʢʦʪʦ-

ʨʦʤ ʚʩʣʝʜʩʪʚʠʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʦʢʠʩ-

ʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʦʜʫʢʪʦʚ 

ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʆɻ, ʘ 

ʠʤʝʥʥʦ ʉʆ, ʉʭʅʫ, NOʭ ʜʦ ʢʦʥʝʯʥʳʭ ʙʝʟ-

ʦʧʘʩʥʳʭ ʧʦ ʪʦʢʩʠʯʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ 

(ʉʆ2, ʅ2ʆ, N2). ʆʯʠʱʝʥʥʳʝ ʆɻ ʥʘʧʨʘʚʣʷ-

ʶʪʩʷ ʩʢʚʦʟʴ ʚʳʭʦʜʥʫʶ ʨʝʰʝʪʢʫ 16 ʚ ʢʦʥʬʫ-

ʟʦʨ 18. ɹʣʘʛʦʜʘʨʷ ʝʛʦ ʢʦʥʫʩʦʦʙʨʘʟʥʦʡ ʬʦʨ-

ʤʝ ʠ ʨʘʟʨʷʞʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚ ʝʛʦ ʧʦʣʦ-

ʩʪʠ, ʯʘʩʪʴ ʆɻ ʧʦʩʪʫʧʘʝʪ ʚ ɻ-ʦʙʨʘʟʥʳʡ ʧʘ-

ʪʨʫʙʦʢ 20 ʠ ʧʦʧʘʜʘʝʪ ʚʦ ʚʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ 

4, ʛʜʝ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʚʥʦʚʴ ʧʦʩʪʫʧʠʚʰʠʤʠ 

ʆɻ ʠ ʧʨʦʭʦʜʠʪ ʚʪʦʨʠʯʥʳʡ ʮʠʢʣ ʦʯʠʩʪʢʠ. 

ʆʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʆɻ ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ ʚʳ-

ʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ 19 ʚ ʘʪʤʦʩʬʝʨʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʆɻ, 

ʚ ʢʦʨʧʫʩʝ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʲʝʤ ʛʨʘʥʫʣ ʢʘʪʘʣʠ-

ʟʘʪʦʨʘ 1 ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʟʘʩʪʘʚʣʷʷ ʚʭʦʜʥʫʶ 

ʨʝʰʝʪʢʫ ʩʤʝʱʘʪʴʩʷ. ʇʨʠ ʵʪʦʤ ʮʠʣʠʥʜʨʠʯʝ-

ʩʢʘʷ ʧʨʫʞʠʥʘ 17, ʚʳʧʦʣʥʝʥʥʘʷ ʠʟ ʙʠʤʝʪʘʣ-

ʣʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʨʝʘʛʠʨʫʷ ʥʘ ʧʦʚʳʰʝ-

ʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠʥʠʤʘʝʪ ʪʘʢʦʝ ʧʦʣʦ-

ʞʝʥʠʝ, ʯʪʦ ʥʝ ʜʦʧʫʩʢʘʝʪ ʧʦʷʚʣʝʥʠʷ ʩʚʦʙʦʜ-

ʥʦʛʦ ʦʙʲʝʤʘ ʚ ʟʦʥʝ ʩʣʦʷ ʢʘʪʘʣʠʟʘʪʦʨʘ 1, ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ, ʥʝ ʧʦʟʚʦʣʷʷ ʚʭʦʜʥʦʡ ʨʝʰʝʪ-

ʢʝ ʯʨʝʟʤʝʨʥʦ ʩʞʘʪʴ ʛʨʘʥʫʣʳ, ʚʦ ʠʟʙʝʞʘʥʠʝ 

ʠʭ ʩʧʝʢʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ. 

ʀʩʧʳʪʘʥʠʷ ʂʋʉʊ ʥʘ ʘʚʪʦʤʦʙʠʣʝ ʂɸ-

ʄɸɿ-53212 ʩ ʜʚʠʛʘʪʝʣʝʤ ʂɸʄɸɿ-740 ʧʦ-

ʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʪʦʢʩʠʯʥʳʭ ʚʳʙʨʦʩʦʚ: 

ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʘ ʥʘ 60%; ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʥʘ 

55%; ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ 45%; ʩʘʞʠ ʥʘ 80%. 

ʇʨʠ ʵʪʦʤ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʚ ʥʝʡʪʨʘʣʠʟʘʪʦ-

ʨʝ ʩʦʩʪʘʚʠʣʠ 1,4 ʢʇʘ.  

 

1 ï ʩʣʦʡ ʢʘʪʘʣʠʟʘʪʦʨʘ; 2 ï ʚʝʨʭʥʷʷ ʯʘʩʪʴ 

ʢʦʨʧʫʩʘ; 3 ï ʥʠʞʥʷʷ ʯʘʩʪʴ ʢʦʨʧʫʩʘ; 4 ï ʧʘʪʨʫʙʦʢ; 

5 ï ʵʞʝʢʪʦʨ; 6 ï ʜʠʬʬʫʟʦʨ; 7 ï ʬʠʣʴʪʨ-

ʦʪʩʪʦʡʥʠʢ; 8 ï ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʩʝʪʢʘ; 9 ï ʧʨʦʢʣʘʜ-

ʢʘ; 10 ï ʛʘʡʢʘ; 11 ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʧʠʨʘʣʴ; 12 ï 

ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʧʨʦʢʣʘʜʢʠ; 13 ï ʙʣʦʢ ʫʧʨʘʚʣʝ-

ʥʠʷ; 14 ï ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʚʦʜʘ; 15 ï ʚʭʦʜʥʘʷ 

ʨʝʰʸʪʢʘ; 16 ï ʚʳʭʦʜʥʘʷ ʨʝʰʸʪʢʘ; 17 ï ʙʠʤʝʪʘʣ-

ʣʠʯʝʩʢʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʨʫʞʠʥʘ; 18 ï ʢʦʥʬʫ-

ʟʦʨ; 19 ï ʚʳʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ; 20 ï ɻ-ʦʙʨʘʟʥʳʡ 

ʧʘʪʨʫʙʦʢ 

ʈʠʩʫʥʦʢ 1 ï ʆʙʱʠʡ ʚʠʜ ʂʋʉʊ ʜʠʟʝʣʷ 
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ʩʨʝʜʩʪʚʘ ʦʯʠʩʪʢʠ. 

Chernetsov D.A., Kapustin V.P. 

PERFORMANCE COMBINED CONVERTER EXHAUST DIESEL  

Abstract: This article describes the theoretical and empirical models of the combined device to 

reduce emissions diesel engine and concluded that the applicability of the theoretical model. 

Keywords: efficiency, waste gases, secondary afterburning, cleaning tools. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʜʦ-

ʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʩʨʝʜʩʪʚ ʦʯʠʩʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ (ʆɻ), 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʚ 

ʊɻʊʋ ʥʘ ʢʘʬʝʜʨʝ çɸʚʪʦʤʦʙʠʣʴʥʘʷ ʠ ʘʛʨʘʨ-

ʥʘʷ ʪʝʭʥʠʢʘè ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʥʠʞʝʥʠʷ 

ʪʦʢʩʠʯʥʦʩʪʠ ʂʋʉʊ ʆɻ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝ-

ʣʝʡ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʚʪʦʨʠʯʥʦʤ ʜʦʞʠʛʝ ʆɻ 

[1]. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʦʯʠʩʪʢʠ ʆɻ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ 

ʙʳʣʠ ʚʚʝʜʝʥʳ ʜʚʘ ʫʜʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʷ: 

ʢʘʯʝʩʪʚʘ ʦʯʠʩʪʢʠ ʆɻ ʠ ʵʥʝʨʛʦʸʤʢʦʩʪʠ 

ʫʩʪʨʦʡʩʪʚʘ. 

ʋʜʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʦʯʠʩʪʢʠ 

ʆɻ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʜʦʣʶ ʥʝʡʪʨʘʣʠʟʦʚʘʥʥʳʭ 

ʪʦʢʩʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʠʭʦʜʷʱʫʶʩʷ ʥʘ 

ʢʠʣʦʛʨʘʤʤ ʪʦʧʣʠʚʘ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʪʝʧʝʥʠ 

mailto:Black777780@mail.ru
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ʦʯʠʩʪʢʠ ʆɻ ʢ ʤʘʩʩʦʚʦʤʫ ʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ: 
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ʛʜʝ 
ʚʭʦʜ
ʆɻG  - ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜʘ ʆɻ ʥʘ 

ʚʭʦʜʝ ʚ ʂʋʉʊ, ʢʛ/ʯ; 

ʚʳʭ
ʆɻG  - ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜʘ ʆɻ ʥʘ ʚʳʭʦ-

ʜʝ ʠʟ ʂʋʉʊ, ʢʛ/ʯ; 

ʊG  - ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʢʛ/ʯ. 

ʋʜʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʵʥʝʨʛʦʸʤʢʦʩʪʠ 

ʫʩʪʨʦʡʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ 

ʥʝʡʪʨʘʣʠʟʘʪʦʨʝ, ʧʨʠʭʦʜʷʱʠʝʩʷ ʥʘ ʢʠʣʦ-

ʛʨʘʤʤ ʪʦʧʣʠʚʘ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʠ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʪʝʧʝʥʠ ʠʟʤʝʥʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʆɻ ʚ ʂʋʉʊ ʢ ʤʘʩʩʦʚʦʤʫ ʨʘʩʭʦʜʫ 

ʪʦʧʣʠʚʘ: 

ʊ

ʚʭʦʜ
ʆɻ

ʚʳʭʦʜ
ʆɻ

ʚʭʦʜ
ʆɻ

p
G

p

pp

q

%100Öö
ö

÷

õ

æ
æ

ç

å -

=D
, %/(ʢʛ/ʯ) (2) 

ʛʜʝ 
ʚʭʦʜ
ʆɻp  - ʜʘʚʣʝʥʠʝ ʆɻ ʥʘ ʚʭʦʜʝ ʚ ʂʋʉʊ, 

ʇʘ; 
ʚʳʭ
ʆɻp  - ʜʘʚʣʝʥʠʝ ʆɻ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʂʋʉʊ, ʇʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʠʝ ʨʘʩʭʦʜʘ ʆɻ ʚ 

ʂʋʉʊ ʙʝʟ ʫʯʸʪʘ ʩʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʛʘʟʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʆɻ, ʥʝʡʪʨʘʣʠʟʦ-

ʚʘʥʥʳʭ ʚ ʢʘʪʘʣʠʟʘʪʦʨʝ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ: 

4
)(

2
ʨʨ HD

t

C
TkG

ÖÖ
ÖÖ

D
Ö=D

p
r , 

ʛʜʝ ()Tk  - ʢʦʥʩʪʘʥʪʘ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ; 

ʉD  - ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʆɻ, ʚ ʜʦ-

ʣʷʭ; t  - ʚʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʯ; r - ʧʣʦʪ-

ʥʦʩʪʴ ʆɻ, ʢʛ/ʤ
3
; ʨD  - ʜʠʘʤʝʪʨ ʨʝʘʢʪʦʨʘ, ʤ; 

ʨH  - ʚʳʩʦʪʘ ʨʝʘʢʪʦʨʘ (ʚʳʩʦʪʘ ʩʣʦʷ ʟʘʩʳʧ-

ʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ). 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʚ 

ʫʩʪʨʦʡʩʪʚʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

2

ur
x

Ö
Ö=D ʆɹʑp , 

ʛʜʝ ʆɹʑx  - ʦʙʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʛʘʟʦʜʠʥʘ-

ʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ; u - 

ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʆɻ ʚ ʂʋʉʊ, ʤ/ʩ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʷ ʧʦʢʘʟʘʪʝʣʠ, 

ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʆɻ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʆɻ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪ ʨʘʙʦʪʫ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʦʢʘʟʳʚʘ-

ʝʪ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʜʝʣʴʥʘʷ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ 

ʆɻ ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʤ ʦʪ ʪʦʢʩʠʯʥʳʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʧʨʝʚʳʰʘʝʪ ʫʜʝʣʴʥʫʶ ʩʪʝʧʝʥʴ ʧʦ-

ʚʳʰʝʥʠʷ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʷ ʚ ʥʸʤ ʠ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ 

ʦʯʠʩʪʢʠ (1) ʢ ʧʦʢʘʟʘʪʝʣʶ ʵʥʝʨʛʦʸʤʢʦʩʪʠ 

(2): 

p

G
ʂʋʉʊ

q

q
ʕ

D

D= , 
)//(%

)//(%

ʯʢʛ

ʯʢʛ
    (3) 

ɺʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʦʢʘʟʘʪʝʣʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʂʋʉʊ ʆɻ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦ-

ʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ: 

1. 1>ʂʋʉʊʕ  - ʟʥʘʯʠʪ, ʩʪʝʧʝʥʴ ʩʥʠʞʝ-

ʥʠʷ ʪʦʢʩʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʝʚʳʰʘʝʪ 

ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʷ ʚ 

ʂʋʉʊ, ʪʦ ʝʩʪʴ ʫʩʪʨʦʡʩʪʚʦ ʵʬʬʝʢʪʠʚʥʦ ʨʘ-

ʙʦʪʘʝʪ. 

2. 1¢ʂʋʉʊʕ  - ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʢʘʟʘ-

ʪʝʣʴ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʨʘʚʝʥ ʠʣʠ ʚʳʰʝ ʧʦʢʘ-

ʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʦʯʠʩʪʢʠ, ʪʦ ʝʩʪʴ ʫʩʪʨʦʡʩʪʚʦ 

ʥʝ ʵʬʬʝʢʪʠʚʥʦ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʢʘʬʝʜʨʝ çɸʚ-

ʪʦʤʦʙʠʣʴʥʘʷ ʠ ʘʛʨʘʨʥʘʷ ʪʝʭʥʠʢʘè ʊɻʊʋ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʛʦ ʂʋʉʊ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʘʚʪʦ-

ʤʦʙʠʣʝ ʂɸʄɸɿ-53212 ʩ ʜʚʠʛʘʪʝʣʝʤ ʂɸ-

ʄɸɿ-740. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʪʘ-

ʮʠʦʥʘʨʥʦʤ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʪʦʨʤʦʟʥʦʤ 

ʩʪʝʥʜʝ ʉʊʉ-13ʋ-ʉʇ-11 ʩʦʛʣʘʩʥʦ [2, 3]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʧʦʣʫ-

ʯʝʥʳ ʘʜʝʢʚʘʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʚʪʦ-

ʨʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʫʜʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘ-

ʯʝʩʪʚʘ ʦʯʠʩʪʢʠ ʆɻ ʠ ʵʥʝʨʛʦʸʤʢʦʩʪʠ 

ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ: 
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2
3

2
2

2
1

323121

3212

00306,000144,000044,0

00025,000025,000025,0

02075,000425,0008,016687,0

xxx

xxxxxx

xxʭy

Ö-Ö++Ö+

+ÖÖ+ÖÖ-ÖÖ-

-Ö-Ö+Ö+=

, (5) 

ʈʘʩʢʦʜʠʨʦʚʘʚ ʚʳʨʘʞʝʥʠʷ (4) ʠ (5) ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʵʤʧʠʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʜʝʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʂʋʉʊ: 

222 67,56204,0025,067,117,4

25,043,20538,013,004311,0

ʛʨʨʛʨʛʨ

ʨʨʛʨʨp

dHDdHdD

HDdHDq

Ö+Ö+Ö+ÖÖ-ÖÖ+

+ÖÖ-Ö-Ö+Ö-=D , (6) 

222 340576,01,167,117,4

25,067,20728,02425,016259,0

ʛʨʨʛʨʛʨ

ʨʨʛʨʨG

dHDdHdD

HDdHDq

Ö-Ö+Ö+ÖÖ+ÖÖ-

-ÖÖ-Ö-Ö-Ö+=D

, (7) 

ʛʜʝ ʛd  - ʜʠʘʤʝʪʨ ʛʨʘʥʫʣʳ ʢʘʪʘʣʠʟʘʪʦ-

ʨʘ, ʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʪʝʦʨʝ-

ʪʠʯʝʩʢʠʝ ʫʜʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʬʦʨʤʫ-

ʣʘʤ (1), (2), ʵʤʧʠʨʠʯʝʩʢʠʝ ʧʦ ʚʳʨʘʞʝʥʠʷʤ 

(6) ʠ (7) ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɸʥʘʣʠʟ ʨʠʩʫʥʢʘ 1 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦ-

ʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʂʋʉʊ ʧʦ 

ʵʤʧʠʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʝʚʳʰʘʶʪ ʟʥʘʯʝʥʠʷ 

ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ: ʫʜʝʣʴʥʳʡ ʧʦʢʘ-

ʟʘʪʝʣʴ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʚʳʰʝ ʥʘ 5%; ʫʜʝʣʴ-

ʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʦʯʠʩʪʢʠ ʆɻ ʥʘ 

9,4%. 

ɺʳʩʦʢʫʶ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʦʰʠʙʢʫ ʧʦʢʘ-

ʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʦʯʠʩʪʢʠ ʆɻ ʤʦʞʥʦ ʦʙʲʷʩ-

ʥʠʪʴ ʪʝʤ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʦʩʪʘʚ-

ʣʝʥʘ ʙʝʟ ʫʯʸʪʘ ʤʘʩʩʳ ʩʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ. 

ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʨʘʙʦʪʳ ʂʋʉʊ, ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʵʤʧʠ-

ʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʝʚʳʰʘʝʪ ʪʝʦʨʝʪʠʯʝ-

ʩʢʫʶ ʥʘ 4,4%. ʊʘʢ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʘʥʠ-

ʞʝʥʘ, ʪʦ ʠʩʪʠʥʥʦʝ ʝʸ ʟʥʘʯʝʥʠʝ ʤʦʞʥʦ ʦʧʨʝ-

ʜʝʣʠʪʴ ʢʘʢ: 

ʪʝʦʨʕkʕ Ö= , 

ʛʜʝ ʪʝʦʨʕ  - ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ 

ʬʦʨʤʫʣʝ (3); 

k  - ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʵʤʧʠʨʠʯʝʩʢʦʡ ʤʦ-

ʜʝʣʠ ʧʨʝʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʪʝʦʨʝ-

ʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ɺ ʥʘh ʝʤ ʩʣʫʯʘʝ 

044,1=k . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʷ ʩʨʘʚʥʠʪʝʣʴ-

ʥʳʡ ʘʥʘʣʠʟ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʵʤʧʠʨʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʥʝʡʪʨʘʣʠʟʘ-

ʪʦʨʘ ʆɻ ʜʠʟʝʣʴʥʳʭ ɼɺʉ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʠʤʝʥʠʤʘ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚ ʦʯʠʩʪʢʠ ʆɻ ʦʪ 

ʪʦʢʩʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

 
ʈʠʩʫʥʦʢ 1 ï ʇʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʂʋʉʊ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʵʤʧʠʨʠʯʝʩʢʦʡ 

ʤʦʜʝʣʷʤ 
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ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʛʨʷʟʥʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʝʪʢʠ ʠ ʦʧʨʝʜʝʣʸʥ ʧʦʧʨʘʚʦʯʥʳʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʩʝʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʪʨʘʙʦʪʘʚʰʠʝ ʛʘʟʳ, ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʩʝʪʢʘ, ʧʣʦʱʘʜʴ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʷʟʥʝʥʠʷ. 

Chernetsov D.A., Kapustin V.P. 

DETERMINATION OF FACTOR OF POLLUTION METAL MESH  

IN THE CO NVERTER EXHAUST ENGINES  

Abstract: In the article the experimental and theoretical formula for determining the rate of 

contamination of the metal mesh and determined the correction coefficient for the specific condi-

tions of the grid. 

Keywords: exhaust, steel mesh, open area, the ratio of pollution. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʥʝʡʪʨʘʣʠʟʘʪʦʨʦʚ ʪʦʢʩʠʯʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ (ʆɻ) ʜʚʠ-

ʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ) ʦʩ-

ʥʦʚʥʘʷ ʟʘʜʘʯʘ ʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ. ʊʘʢ, ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʩʥʠʞʝʥʠʷ ʪʦʢʩʠʯ-

ʥʦʩʪʠ ʆɻ ʩ ʥʘʩʳʧʥʳʤ ʠʣʠ ʛʨʘʥʫʣʠʨʦʚʘʥ-

ʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʝ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʝ ʨʝʰʸʪʢʠ, ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [1]:  

( )( )21221 11 -+-Ö= SSSSkʩʟ
ʩ
ʪʨx , (1) 

ʛʜʝ ʩʟk  - ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʩʝʪʢʠ; 1S  - ʧʣʦʱʘʜʴ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ ʩʝʪʢʠ 

(ʩʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʚʩʝʭ ʦʪʚʝʨʩʪʠʡ), ʤ
2
; 

2S  - ʧʣʦʱʘʜʴ ʢʘʥʘʣʘ ʟʘ ʩʝʪʢʦʡ (ʩʝʯʝʥʠʝ 

ʢʘʤʝʨʳ ʢʘʪʘʣʠʟʘʪʦʨʘ), ʤ
2
. 

ʇʣʦʱʘʜʴ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ ʩʝʪʢʠ ʩ ʢʚʘʜ-

ʨʘʪʥʳʤʠ ʷʯʝʡʢʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫ-

ʣʝ [2]: 

2
1 ʘnSnS ʦʪʚ Ö=Ö= , 

ʛʜʝ n  - ʢʦʣʠʯʝʩʪʚʦ ʦʪʚʝʨʩʪʠʡ ʚ ʩʝʪʢʝ; ʦʪʚS  

- ʧʣʦʱʘʜʴ ʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʤ
2
; ʘ - ʩʪʦʨʦ-

ʥʘ ʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʤ. 

ʇʣʦʱʘʜʴ ʢʘʥʘʣʘ ʟʘ ʩʝʪʢʦʡ ʨʘʚʥʘ ʧʣʦ-

ʱʘʜʠ ʢʘʤʝʨʳ ʢʘʪʘʣʠʟʘʪʦʨʘ: 

4

2

2

ʨ

ʨ

d
SS

Ö
==
p

, 

ʛʜʝ ʨS  - ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʨʝ-

ʘʢʪʦʨʘ, ʤ
2
; ʨd  - ʜʠʘʤʝʪʨ ʨʝʘʢʪʦʨʘ ʢʘʪʘʣʠ-

ʟʘʪʦʨʘ, ʤ. 

ɺ ʬʦʨʤʫʣʝ (1) ʦʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʩʦ-

ʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʛʨʷʟ-

ʥʝʥʠʷ ʩʝʪʢʠ, ʪʘʢ ʢʘʢ ʩʦʛʣʘʩʥʦ [2] ʦʥ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʦʧʳʪʥʳʤ ʧʫʪʸʤ ʧʦ ʠʟʤʝʥʝʥʠʶ ʧʦ-

ʪʝʨʴ ʜʘʚʣʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʦʚʦʡ ʩʝʪʢʦʡ. 

ɸʚʪʦʨʦʤ ʨʘʙʦʪʳ [2] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʟʘʛʨʷʟʥʝʥʠʷ ʩʝʪʢʠ ʜʣʷ ʥʦʚʦʡ 

ʩʝʪʢʠ ʨʘʚʝʥ: 1=ʩʟk , ʜʣʷ ʥʝ ʦʢʠʩʣʝʥʥʳʭ ʠ 

ʥʝ ʟʘʧʳʣʸʥʥʳʭ ʩʝʪʦʢ 3,1=ʩʟk . 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʷʟʥʝ-

ʥʠʷ ʩʝʪʢʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ, 

ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʧʣʦʱʘʜʴ 

ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ ʥʦʚʦʡ ʩʝʪʢʠ ʙʦʣʴʰʝ ʧʣʦ-

ʱʘʜʠ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ ʟʘʛʨʷʟʥʸʥʥʦʡ ʩʝʪʢʠ: 

ʟ

ʥ

ʩʟ
S

S
k

1

1= , 

ʛʜʝ 
ʥS1  - ʧʣʦʱʘʜʴ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ ʥʦʚʦʡ 

ʩʝʪʢʠ, ʤ
2
; 

ʟS1  - ʧʣʦʱʘʜʴ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ 

ʟʘʛʨʷʟʥʸʥʥʦʡ ʩʝʪʢʠ, ʤ
2
. 

ʇʣʦʱʘʜʴ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ ʟʘʛʨʷʟʥʸʥʥʦʡ 

ʩʝʪʢʠ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʠʟʤʝʨʠʪʴ ʙʝʟ ʩʧʝ-

ʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʧʨʦʧʫʩʢʘʥʠʠ ʧʫʯʢʘ ʩʚʝʪʘ ʯʝʨʝʟ ʨʝʰʸʪʢʫ. 

ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʩʪʝʧʝʥʴ 

ʟʘʛʨʷʟʥʝʥʠʷ ʩʝʪʢʠ, ʚʳʧʦʣʥʷʶʱʝʡ ʬʫʥʢʮʠʶ 

ʦʛʨʘʥʠʯʝʥʠʷ ʩʣʦʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʫʩʪʨʦʡ-

ʩʪʚʝ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʆɻ ʠ ʨʘʙʦʪʘʶʱʝʡ ʚ 

ʟʦʥʝ ʜʠʘʧʘʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨ 0-700Áʉ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʤʘʩʩ ʟʘʛʨʷʟʥʸʥʥʦʡ ʠ ʥʦʚʦʡ ʩʝ-
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ʪʦʢ. ʅʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, ʯʪʦ ʧʨʠ ʟʘʛʨʷʟʥʝ-

ʥʠʠ ʩʝʪʢʠ ʝʸ ʤʘʩʩʘ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, 

ʥʦ ʧʣʦʱʘʜʴ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ ʦʩʪʘʪʴʩʷ ʥʝʠʟ-

ʤʝʥʥʦʡ, ʧʦʵʪʦʤʫ ʚ ʬʦʨʤʫʣʫ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʟʘʛʨʷʟʥʝʥʠʷ ʩʝʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʧʦ-

ʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ʟ
ʩ

ʥ
ʩ

ʩʟ
m

m
kk Ö= , (2) 

ʛʜʝ k  - ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳ-

ʚʘʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʧʣʦʱʘʜʠ ʞʠʚʦʛʦ ʩʝʯʝ-

ʥʠʷ ʩʝʪʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ; 
ʥ
ʩm  - ʤʘʩʩʘ ʥʦʚʦʡ ʩʝʪʢʠ, ʢʛ; 

ʥ
ʟm  

- ʤʘʩʩʘ ʟʘʛʨʷʟʥʸʥʥʦʡ ʩʝʪʢʠ, ʢʛ. 

ʂʦʵʬʬʠʮʠʝʥʪ k  ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦ-

ʚʠʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʩʚʝʥʥʳʤʠ 

ʠʟʤʝʨʝʥʠʷʤʠ: 

ʟ
ʩ

ʥ
ʩ

ʥ
ʩ

ʟ
ʩ

pm

pm
k

DÖ

DÖ
= , (3) 

ʛʜʝ 
ʥ
ʩpD  - ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʥʦʚʦʡ ʩʝʪʢʠ, 

ʇʘ; 
ʟ
ʩpD  - ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʟʘʛʨʷʟʥʸʥʥʦʡ 

ʩʝʪʢʠ, ʇʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʧʨʘʚʦʯʥʦʛʦ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ k  ʚ ʊɻʊʋ ʥʘ ʢʘʬʝʜʨʝ çɸʚʪʦʤʦ-

ʙʠʣʴʥʘʷ ʠ ʘʛʨʘʨʥʘʷ ʪʝʭʥʠʢʘè ʙʳʣʠ ʧʨʦʚʝ-

ʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʝʪʦʢ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʩʣʦʷ ʢʘʪʘʣʠ-

ʟʘʪʦʨʘ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ 

ʩʥʠʞʝʥʠʷ ʪʦʢʩʠʯʥʦʩʪʠ (ʂʋʉʊ) ʆɻ ʜʠʟʝʣʴ-

ʥʳʭ ɼɺʉ [3]. 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʮʝʣʴʶ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʚ ʂʋʉʊ ʠ ʠʟʤʝʥʝ-

ʥʠʷ ʤʘʩʩʳ ʦʛʨʘʥʠʯʠʪʝʣʴʥʦʡ ʩʝʪʢʠ ʚ ʨʝʘʣʴ-

ʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ 

ʂɸʄɸɿ-53212 ʩ ʜʚʠʛʘʪʝʣʝʤ ʂɸʄɸɿ-740. 

ʅʘʨʘʙʦʪʢʘ ɼɺʉ ʟʘ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʩʦʩʪʘ-

ʚʠʣʘ 1000 ʤʦʪʦʯʘʩʦʚ. ɿʘʤʝʨʳ ʧʦʪʝʨʴ ʜʘʚʣʝ-

ʥʠʷ ʠ ʤʘʩʩʳ ʟʘʛʨʷʟʥʸʥʥʦʡ ʩʝʪʢʠ ʧʨʦʚʦʜʠ-

ʣʠʩʴ ʯʝʨʝʟ ʢʘʞʜʳʝ 100 ʤʦʪʦʯʘʩʦʚ. ʇʝʨʝʜ 

ʠʟʤʝʨʝʥʠʝʤ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʩʣʦʡ ʢʘʪʘʣʠ-

ʟʘʪʦʨʘ ʠʟʚʣʝʢʘʣʩʷ ʠʟ ʂʋʉʊ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʠʩʢʣʶʯʠʪʴ ʠʟʤʝʥʝʥʠʝ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʚ 

ʢʘʪʘʣʠʟʘʪʦʨʝ. ɿʘʤʝʨʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 25Áʉ ʠ 

ʜʘʚʣʝʥʠʠ 740 ʤʤ.ʨʪ.ʩʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠʚʝʜʸʥ-

ʥʳʝ ʢ ʥʦʨʤʘʣʴʥʳʤ ʘʪʤʦʩʬʝʨʥʳʤ ʫʩʣʦʚʠʷʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1ʠ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 

2.  

ʇʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʆɻ (ʨʠʩʫʥʦʢ 1) ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʛʨʷʟʥʸʥʥʦʡ ʩʝʪʢʠ ʚ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʩʥʠʞʝʥʠʷ 

ʪʦʢʩʠʯʥʦʩʪʠ ʚʦʟʨʘʩʪʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʥʘʨʘʙʦʪʢʠ ɼɺʉ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʩʝʪʢʠ 

ʚʩʣʝʜʩʪʚʠʝ ʦʢʠʩʣʝʥʠʷ ʠ ʥʘʛʘʨʘ ʟʘ ʚʨʝʤʷ 

ʥʘʨʘʙʦʪʢʠ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʦʩʪʫʧʣʝʥʠʶ 

ʆɻ ʚ ʢʘʪʘʣʠʟʘʪʦʨ, ʘ ʪʘʢʞʝ ʫʭʫʜʰʘʝʪʩʷ 

ʧʨʦʮʝʩʩ ʝʛʦ ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʙʦʪʳ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ. 

ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʥʘʨʘʙʦʪʢʝ 

250-400 ʤʦʪʦʯʘʩʦʚ ʤʘʩʩʘ ʩʝʪʢʠ ʨʝʟʢʦ 

ʚʦʟʨʘʩʪʘʝʪ, ʪʘʢ ʢʘʢ ʥʘʛʘʨ ʠʥʪʝʥʩʠʚʥʦ 

ʥʘʨʘʩʪʘʝʪ ʠ ʟʘʢʨʳʚʘʝʪ ʧʨʦʭʦʜʥʦʝ ʩʝʯʝʥʠʝ. 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ 

ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ,ʤʘʩʩ ʩʝʪʢʠ ʠ ʠʭ ʦʰʠʙʦʢ 

ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦ ʬʦʨʤʫʣʝ (3), ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 

0043,0868,0 °=k . 

ʊʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʷʟʥʝʥʠʷ ʩʝʪʢʠ, 

ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (2), ʙʫʜʝʪ ʨʘʚʝʥ: 

ʟ
ʩ

ʥ
ʩ

ʩʟ
m

m
k Ö= 868,0 , 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʟʘʛʨʷʟʥʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʝʪʢʠ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘʭ ʆɻ ɼɺʉ ʚ 

ʢʘʯʝʩʪʚʝ ʦʛʨʘʥʠʯʠʪʝʣʷ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺʩʷ 

ʩʣʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʝʪʢʠ 

ʩʚʦʜʠʪʩʷ ʢ ʚʟʚʝʰʠʚʘʥʠʶ ʟʘʛʨʷʟʥʸʥʥʦʡ 

ʩʝʪʢʠ. 
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ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʝʪʢʠ 

ʅʘʨʘʙʦʪ-

ʢʘ, ʤʦʪʦ-

ʯʘʩʳ 

ʇʨʦʪʠʚʦʜʘʚʣʝ-

ʥʠʝ ʜʣʷ ʥʦʚʦʡ 

ʩʝʪʢʠ, 
ʥ
ʩpD , ʢʇʘ

 

ʇʨʦʪʠʚʦʜʘʚʣʝʥʠʝ 

ʜʣʷ ʟʘʛʨʷʟʥʸʥʥʦʡ 

ʩʝʪʢʠ, 
ʟ
ʩpD , ʢʇʘ 

ʄʘʩʩʘ ʥʦʚʦʡ 

ʩʝʪʢʠ, 
ʥ
ʩm , ʛ 

ʄʘʩʩʘ ʟʘ-

ʛʨʷʟʥʸʥʥʦʡ 

ʩʝʪʢʠ, 
ʟ
ʩm , ʛ 

0 0,98 0,98 15,308 15,310 

50 0,98 0,98 15,308 15,315 

100 0,98 0,99 15,310 15,336 

150 0,99 1,01 15,309 15,352 

200 0,99 1,02 15,310 15,374 

250 1,00 1,04 15,310 15,388 

300 1,00 1,06 15,311 15,432 

350 1,01 1,08 15,312 15,510 

400 1,02 1,11 15,311 15,637 

450 1,02 1,14 15,312 15,685 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʆɻ ʦʪ ʥʘʨʘʙʦʪʢʠ ɼɺʉ 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʩʩʳ ʟʘʛʨʷʟʥʸʥʥʦʡ ʩʝʪʢʠ ʦʪ ʥʘʨʘʙʦʪʢʠ ɼɺʉ 



ISSN 2305-2538   ʅɸʋʂɸ ɺ ʎɽʅʊʈɸʃʔʅʆʁ ʈʆʉʉʀʀ, ˉ2, 2013 
 

 

 

~32~ 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

1. ʋʦʥʛ ʍ. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʠ ʜʘʥʥʳʝ ʧʦ ʪʝʧʣʦʦʙʤʝʥʫ ʜʣʷ ʠʥʞʝʥʝʨʦʚ / ʍ. ʋʦʥʛ // ʇʝ-

ʨʝʚʦʜ ʩ ʘʥʛʣ. ʉʧʨʘʚʦʯʥʠʢ. ï ʄ.: ɸʪʦʤʠʟʜʘʪ. 1979. ï 216 ʩ. 

2. ʀʜʝʣʴʯʠʢ ʀ.ɽ. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠ̫ ʤ / ʀ.ɽ. ʀʜʝʣʴʯʠʢ // ʇʦʜ 

ʨʝʜ. ʄ.ʆ. ʐʪʝʡʥʙʝʨʛʘ. ï 3-ʝ ʠʟʜ. ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ. ï ʄ., 1992. ï 672 ʩ. 

3. ʇʘʪʝʥʪ ʈʌ ˉ 2459091. ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʥʠʞʝʥʠʷ ʪʦʢʩʠʯʥʦʩʪʠ ʦʪʨʘʙʦ-

ʪʘʚʰʠʭ ʛʘʟʦʚ ʜʠʟʝʣʷ / ɼ.ɸ. ʏʝʨʥʝʮʦʚ, ɺ.ʇ. ʂʘʧʫʩʪʠʥ, ɸ.ɺ. ɻʦʥʯʘʨʦʚ. ɿʘʷʚʣ. 25.10.2010. 

ʆʧʫʙʣ. 27.04.2012. 

ɼɸʅʅʓɽ ʆɹ ɸɺʊʆʈɸʍ 

ʏʝʨʥʝʮʦʚ ɼʤʠʪʨʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ɸʚʪʦʤʦʙʠʣʴʥʘʷ ʠ ʘʛʨʘʨʥʘʷ 

ʪʝʭʥʠʢʘ, ʌɻɹʆʋ ɺʇʆ ʊɻʊʋ, ʛ. ʊʘʤʙʦʚ, ʈʦʩʩʠʷ, E-mail: Black777780@mail.ru. ʊʝʣʝʬʦʥ: 8-

910-851-20-89, 77-73-57. 

ʂʘʧʫʩʪʠʥ ɺʘʩʠʣʠʡ ʇʝʪʨʦʚʠʯ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ɸʚʪʦʤʦʙʠʣʴʥʘʷ ʠ ʘʛʨʘʨʥʘʷ 

ʪʝʭʥʠʢʘ, ʌɻɹʆʋ ɺʇʆ ʊɻʊʋ, ʛ. ʊʘʤʙʦʚ, ʈʦʩʩʠʷ. ʊʝʣʝʬʦʥ: 53-52-73. 

 

ʈɽʎɽʅɿɽʅʊ 

ʂʥʷʟʝʚʘ ʃʘʨʠʩʘ ɻʝʥʥʘʜʴʝʚʥʘ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 

ʣʘʙʦʨʘʪʦʨʠʠ ʦʨʛʘʥʠʟʘʮʠʠ ʭʨʘʥʝʥʠʷ ʠ ʟʘʱʠʪʳ ʪʝʭʥʠʢʠ ʦʪ ʢʦʨʨʦʟʠʠ ɻʅʋ ɺʅʀʀʊʠʅ ʈʦʩ-

ʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ. 

 

 

ʋɼʂ 631.348 

ʊʳʨʥʦʚ ʖ.ɸ., ɹʘʣʘʰʦʚ ɸ.ɺ., ɹʝʣʦʛʦʨʩʢʠʡ ɺ.ʇ., ʉʫʭʦʚ ɸ.ɸ. 

ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʆ-ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʇʆʂɸɿɸʊɽʃʀ ʈɸɹʆʊʓ 

ɸɻʈɽɻɸʊʆɺ ʅɸ ʇʆʉɽɺɽ ʂɸʇʉʋʃʀʈʆɺɸʅʅʓʍ ʉɽʄʗʅ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ  

ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʧʦʩʝʚʥʳʭ ʘʛʨʝʛʘʪʦʚ ʥʘ ʙʘʟʝ ʢʘʨʪʦʬʝʣʝʩʘʞʘʣʦʢ ʠ  

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʩʝʷʣʢʠ ʥʘ ʧʦʩʝʚʝ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʩʝʤʷʥ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʧʩʫʣʘ, ʩʝʷʣʢʘ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, 

 ʢʘʯʝʩʪʚʦ.  

Tyrnov Yu.A., Balashov A.V., Belogorsky V.P., Sukhov A.A. 

OPERATIONAL AND TECHNOLOGICAL INDICATORS OF WORK UNITS ON 

CROPS OF THE ENCAPSULATED SEEDS 

Summary. In article comparative operational and technological and quality indicators of op-

eration of sowing units are given in base a kartofelesazhalok and the modernized seeder on crops of 

the encapsulated seeds.  

Keywords: capsule, seeder, operational and technological indicators, quality 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʩʝ-

ʤʷʥ ʦʞʠʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʟʘ ʩʯʝʪ 

ʥʘʣʠʯʠʷ ʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʢʘʧʩʫʣʝ ʩʙʘʣʘʥʩʠ-

ʨʦʚʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʥʝʦʙʭʦʜʠʤʳʭ ʧʠʪʘʪʝʣʴ-

ʥʳʭ ʚʝʱʝʩʪʚ, ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʙʠʦʣʦʛʠ-

ʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʩʪʝʥʠʷʤʠ ʚ ʧʝʨʠʦʜ ʨʦʩʪʘ, ʘ 
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ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚ-

ʢʠ ʚ ʟʦʥʝ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʢʫʣʴʪʫʨ, ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʘ ʦʨ-

ʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʚʥʦ-

ʩʠʤʳʭ ʚ ʧʦʯʚʫ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠ-

ʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʦʣʫʯʘʝ-

ʤʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʩʝʤʷʥ 

ʧʦ ʟʘʢʣʶʯʝʥʠʶ ʘʚʪʦʨʦʚ [1] ʧʦʟʚʦʣʝ̫ʪ ʦʞʠʜʘʪʴ 

ʫʚʝʣʠʯʝʥʠʷ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ ʥʘ 5-7 %, ʫʨʦ-

ʞʘʡʥʦʩʪʠ ï ʥʘ 17-25 %, ʠ ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʘ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ 

15-20 %. 

ɼʣʷ ʧʦʩʝʚʘ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʩʝʤʷʥ ʩ 

ʨʘʟʤʝʨʘʤʠ ʢʘʧʩʫʣ 18-20 ʤʤ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝ-

ʭʘʥʠʯʝʩʢʘʷ ʩʝʷʣʢʘ [2]. ʆʥʘ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʥʘ 

ʙʘʟʝ ʚʦʩʴʤʠʨʷʜʥʦʡ ʩʝʷʣʢʠ ʉʋʇʅ-8 ʩ ʠʟʤʝ-

ʥʝʥʥʦʡ ʢʠʥʝʤʘʪʠʢʦʡ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʜʘʯ ʠ 

ʚʳʩʝʚʘʶʱʠʤ ʘʧʧʘʨʘʪʦʤ, ʥʘ ʢʦʪʦʨʳʡ ʚʳʜʘʥ 

ʧʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ˉ2475012[3]. ʅʘ ʩʝʷʣ-

ʢʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 8 ʩʝʢʮʠʡ ʨʘʙʦʯʠʭ ʦʨʛʘ-

ʥʦʚ. ʂʘʞʜʘʷ ʠʟ ʩʝʢʮʠʡ ʩʦʩʪʦʠʪ ʠʟ ʤʝʭʘʥʠʟʤʘ 

ʧʦʜʚʝʩʢʠ, ʚʳʩʝʚʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʩ ʙʫʥʢʝʨʦʤ 

ʜʣʷ ʢʘʧʩʫʣ, ʩʦʰʥʠʢʘ, ʟʘʛʦʨʪʘʯʝʡ, ʧʨʠʢʘʪʳʚʘ-

ʶʱʝʛʦ ʢʦʣʝʩʘ, ʤʝʭʘʥʠʟʤʘ ʨʝʛʫʣʠʨʦʚʢʠ ʛʣʫʙʠ-

ʥʳ ʭʦʜʘ ʩʦʰʥʠʢʘ, ʨʠʩʫʥʦʢ 1. 

 

 
ʈʠʩʫʥʦʢ 1- ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʩʝʷʣʢʘ ʜʣʷ ʚʳʩʝʚʘ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʩʝʤʷʥ 

ɺʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʧʦʩʝʚʥʳʭ ʤʘʰʠʥ, 

ʢʨʦʤʝ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʩʝʷʣʢʠ, ʨʠʩʫʥʦʢ 

1, ʩʧʦʩʦʙʥʳʭ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʳʩʝʚ ʢʘʧʩʫʣʠ-

ʨʦʚʘʥʥʳʭ ʩʝʤʷʥ ʩ ʜʠʘʤʝʪʨʦʤ 18-20ʤʤ ʧʨʠ 

ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʢʘʨʪʦʬʝʣʝʩʘʞʘʣʢʠ 2-6 ʨʷʜʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ 

ʚ ʘʛʨʝʛʘʪʝ ʩ ʪʨʘʢʪʦʨʦʤ ʄʊɿ- 82. ɺ ʮʝʣʷʭ 

ʦʙʝʩʧʝʯʝʥʠʷ ʝʜʠʥʠʯʥʦʛʦ ʦʪʙʦʨʘ ʣʦʞʝʯʥʳʤ 

ʚʳʩʘʞʠʚʘʶʱʠʤ ʘʧʧʘʨʘʪʦʤ ʩʘʞʘʣʦʢ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʢʨʦʢʘʧʩʫʣʳ ʜʠʘʤʝʪʨʦʤ 40-

60 ʤʤ.  

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦ-

ʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʘʛʨʝʛʘʪʦʚ ʥʘ ʧʦʩʝʚʝ ʢʘʧʩʫ-

ʣʠʨʦʚʘʥʥʳʭ ʩʝʤʷʥ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 

1,2. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚʦʩʤʠʨʷʜʥʦʡ 

ʩʝʷʣʢʠ ʜʣʷ ʚʳʩʝʚʘ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʩʝʤʷʥ 

ʘʛʨʝʛʘʪʠʨʫʝʤʦʡ ʩ ʪʨʘʢʪʦʨʦʤ ʄʊɿ-80/82 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʛʨʝʛʘʪʘ 

ʟʘ 1 ʯʘʩ ʩʤʝʥʥʦʛʦ ʚʨʝʤʝʥʠ W=2,7 ʛʘ/ʯ ʠ 

ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ G=2,3 ʢʛ/ʛʘ, ʘ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʢʘʨʪʦʬʝʣʝʩʘʞʘʣʦʢ ʢʘʢ 2-ʭ, ʪʘʢ ʠ 4-ʭ 

ʨʷʜʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʥʝʵʬʬʝʢʪʠʚʥʦ ʚ ʩʚʷʟʠ 

ʩ ʥʠʟʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 0,38-0,8 ʛʘ/ʯ 

ʠ ʙʦʣʴʰʠʤ ʨʘʩʭʦʜʦʤ ʪʦʧʣʠʚʘ 6,8-7,2 ʢʛ/ʛʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʙʣʠʮʘ 1 ï ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʄʊɸ 

ʥʘ ʧʦʩʝʚʝ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʩʝʤʷʥ (Vʨ=6 ʢʤ/ʯ) 

ˉ 

ʧ/ʧ 
ʉʦʩʪʘʚ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʘ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʘʛʨʝʛʘʪʘ ʟʘ 1ʯʘʩ ʩʤʝʥ-

ʥʦʛʦ ʚʨʝʤʝʥʠ, ʛʘ /ʯ 

ʈʘʩʭʦʜ 

ʪʦʧʣʠʚʘ, 

ʢʛ /ʛʘ 

1 
ʄʊɿ-80/82+4-ʭ ʨʷʜʥʘʷ ʢʘʨʪʦʬʝʣʝʩʘʞʘʣʢʘ  

 (HASSIA SL, ʂʆʃʅɸɻ) 
0,8 7,2 
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2 
ʄʊɿ-80/82+ 2-ʭʨʷʜʥʘʷ ʢʘʨʪʦʬʝʣʝʩʘʞʘʣʢʘ  

 (HASSIA SL, ʂʆʃʅɸɻ) 
0,38 6,8 

3 
ʄʊɿ- 80/82+ 8 ʨʷʜʥʘʷ ʩʝʷʣʢʘ 

(ɻʅʋ ɺʅʀʀʊʠʅ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ) 
2,7 2,3 

4 
John Deer 7830+ʢʦʤʙʠʥʘʮʠʷ Grimme ʬʨʝ-

ʟʘ + ʩʘʞʘʣʢʘ 2
ʭ
 ʨʷʜʥʘʷ 

1,15 32 

 

ʊʘʙʣʠʮʘ 2 ï ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪ ʤʘʰʠʥ ʥʘ ʧʦʩʝʚʝ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ  ʩʝʤʷʥ  

ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ 

 ̄

ʧ/ʧ 

ʉʦʩʪʘʚ ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʘ 

ɼʠʘʤʝʪʨ 

ʢʘʧʩʫʣ, 

ʤʤ 

ʅʦʨʤʘ ʚʳʩʝʚʘ ʩʝʤʷʥ ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘ-

ʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʩʭʦʜʦʚ ʚ ʨʷʜʢʝ, % ʬʘʢʪʠ-

ʯʝʩʢʘʷ, 

ʰʪ/ʤ 

ʦʪʢʣʦʥʝ-

ʥʠʝ ʦʪ ʟʘ-

ʜʘʥʥʦʡ 

ʥʦʨʤʳ, % 

ɜ 

min 
Ɂmaxɜ ɜ max x ɜ ʩʨ 

1 ʄʊɿ-80/82+2-ʭʨʷʜʥʘʷ ʢʘʨ-

ʪʦʬʝʣʝʩʘʞʘʣʢʘ  

 (HASSIA SL, ʂʆʃʅɸɻ) 

40 5 4,0 90 146 120 

60 5 -8,0 79 243 151 

2 ʄʊɿ-80/82+ 4-ʭ ʨʷʜʥʘʷ 

ʢʘʨʪʦʬʝʣʝʩʘʞʘʣʢʘ  

 (HASSIA SL, ʂʆʃʅɸɻ) 

40 5 -5,4 85 138 108 

60 6 7,3 63 320 205 

3 
ʄʊɿ- 80/82+ 8 ʨʷʜʥʘʷ ʩʝ-

ʷʣʢʘ (ɻʅʋ ɺʅʀʀʊʠʅ ʈʦʩ-

ʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ) 

18 6 -1,7 15 40 24 

20 6 -2,4 22 46 35 

ʉʦʟʜʘʥʥʳʡ ʚʳʩʝʚʘʶʱʠʡ ʘʧʧʘʨʘʪ ʜʣʷ 

ʚʳʩʝʚʘ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʩʝʤʷʥ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʘʨʠʘʮʠʠ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʩʝʤʷʥ ʥʘ ʫʨʦʚʥʝ 24-35 % ʧʨʠ ʦʪʢʣʦ-

ʥʝʥʠʷʭ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʥʘ ʫʨʦʚʥʝ 2-2,5 %. 

ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʢʘʨʪʦʬʝʣʝʩʘ-

ʞʘʣʦʢ ʥʘ ʧʦʩʝʚʝ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʩʝʤʷʥ 

ʜʠʘʤʝʪʨʦʤ 40-60 ʤʤ ʦʯʝʥʴ ʥʠʟʢʠ, ʪʘʢ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ (ʩʨʝʜʥʠʡ) ʩʦʩʪʘʚʣʷʝʪ 

120-205 %, ʘ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʳʭ ʥʦʨʤ 

ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 4-8 %. 
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ʕʌʀʈʅɸʗ ʂʆʄʇʆɿʀʎʀʗ ɼʃʗ ʋʃʋʏʐɽʅʀʗ ʉɺʆʁʉʊɺ ɼʀɿɽʃʔʅʆɻʆ 

ʊʆʇʃʀɺɸ 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʦʞʝʥ ʩʦʩʪʘʚ ʵʬʠ ʢʦʤʧʦʟʠʮʠʠ, ʫʣʫʯʰʘʶʱʝʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ, ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ɺ ʩʦʩʪʘʚ ʵʬʠʨʥʦʡ ʢʦʤʧʦʟʠ-

ʮʠʠ ʚʭʦʜʠʪ 50 ʦʙ. % ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ 50 ʦʙ. % ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʝʜʝʣʴʥʳʭ ʵʬʠ-

ʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʩʣʦʞʥʳʝ ʵʬʠʨʳ 

Romantsova S.V., Nagornov S.A. 

ESTER COMPOSITION TO IMPROVE THE PROPERTIES DIESEL FUEL  

Abstract. A composition of the ester compositions which improves physical and chemical per-

formance and environmental properties of diesel fuel. The composition of essential composition is 

50 vol. % biodiesel and 50 vol. % low molecular saturated esters. 

Keywords: diesel, biodiesel, esters 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʪʦʧʣʠʚʘʤ 

ʚʩʸ ʚʨʝʤʷ ʫʞʝʩʪʦʯʘʶʪʩʷ. ɼʣʷ ʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ ʦʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʮʝʪʘ-

ʥʦʚʦʛʦ ʯʠʩʣʘ ʠ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʨʦ-

ʤʘʪʠʯʝʩʢʠʭ ʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʥʠʞʝʥʠʷ 

ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʩ ʦʪʨʘʙʦʪʘʚʰʠʤʠ ʛʘʟʘ-

ʤʠ: ʩʘʞʠ, ʥʝʩʛʦʨʝʚʰʠʭ ʠ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʘ ʠ ʩʝʨʳ. 

ʇʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ ʢ ʩʪʘʥʜʘʨʪʘʤ ɽʚʨʦ-4 

ʠ ɽʚʨʦ-5 ʪʨʝʙʫʝʪ ʥʝ ʧʨʦʩʪʦ ʩʦʙʣʶʜʝʥʠʷ ʥʦ-

ʚʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʧʣʠʚʘ, 

ʥʦ ʠ ʩʦʚʝʨʰʝʥʥʦ ʜʨʫʛʦʛʦ ʧʦʜʭʦʜʘ ʢ ʥʝʬʪʝ-

ʧʝʨʝʨʘʙʦʪʢʝ [1].  

ɺ ʧʨʦʮʝʩʩʝ ʜʝʘʨʦʤʘʪʠʟʘʮʠʠ ʠ ʛʠʜʨʦ-

ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʜʠʟʝʣʴʥʦʡ ʬʨʘʢʮʠʠ ʥʝʬʪʠ 

ʧʨʦʠʩʭʦʜʠʪ ʫʜʘʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-
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ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʟʘɦ ʠʱʘʪʴ 

ʪʨʫʱʠʝʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʠʟʥʦʩʘ, ʯʪʦ 

ʫʭʫʜʰʘʝʪ ʩʤʘʟʳʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʠ-

ʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʋʚʝʣʠʯʠʚʘʶʪ ʜʠʘʤʝʪʨ 

ʧʷʪʥʘ ʠʟʥʦʩʘ ʠ ʮʝʪʘʥʦʧʦʚʳʰʘʶʱʠʝ ʧʨʠ-

ʩʘʜʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʧʦʚʳʰʝʥʥʦʡ ʦʢʠʩʣʠ-

ʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʇʨʦʜʫʢʪʳ ʦʢʠʩʣʝ-

ʥʠʷ, ʧʦʧʘʜʘʷ ʚ ʟʦʥʫ ʪʨʝʥʠʷ, ʚʳʟʳʚʘʶʪ ʧʦ-

ʚʳʰʝʥʥʳʡ ʠʟʥʦʩ[2].  

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʤʘʟʳʚʘʶʱʠʭ ʩʚʦʡʩʪʚ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʣʷʪʴ ʚ ʥʠʭ ʧʨʦʪʠʚʦʠʟ-

ʥʦʩʥʳʝ ʧʨʠʩʘʜʢʠ. ɼʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ 

ʥʘ ʨʳʥʢʝ ʧʨʠʩʘʜʦʢ ʢ ʪʦʧʣʠʚʘʤ ʛʦʩʧʦʜʩʪʚʦ-

ʚʘʣʠ ʟʘʨʫʙʝʞʥʳʝ ʬʠʨʤʳ (Infineum, BASF, 

Clariant, Lubrizol ʠ ʜʨ.). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʜʦʧʫʩʢ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ʈʦʩʩʠʠ ʧʦʣʫʯʠʣʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʧʨʠʩʘʜʢʠ 

çɸʣʴʪʘè, çʂʘʩʢʘʜ-5è, ʄʠʢʩʝʥʪ-2030, çɹʘʡ-

ʢʘʪè [3] 

ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ 

ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʨʠʩʘʜʦʢ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʝʰʘʶʱʠʭ ʧʨʦʙʣʝʤʫ ʫʣʫʯ-

ʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ, ʫʜʦʚʣʝ-

ʪʚʦʨʷʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠ̫ ʤ.  

ʍʦʨʦʰʠʤʠ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ ʦʙʣʘʜʘʝʪ ʩʤʝʩʴ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 

ʠ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ [4]. ʆʜʥʘʢʦ ʚʚʝʜʝʥʠʝ 

ʢʠʩʣʦʪʳ ʚ ʩʦʩʪʘʚ ʪʦʧʣʠʚʘ ʥʝʞʝʣʘʪʝʣʴʥʦ, 

ʪ.ʢ. ʵʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʢʠʩʣʦʪʥʦʩʪʴ. ʂʨʦ-

ʤʝ ʪʦʛʦ, ʢʠʩʣʦʪʥʳʝ ʧʨʠʩʘʜʢʠ ʤʦʛʫʪ ʩʦʟʜʘ-

ʚʘʪʴ ʧʨʦʙʣʝʤʳ ʧʨʠ ʧʝʨʝʢʘʯʢʝ ʪʦʧʣʠʚʘ ʧʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘʤ [2]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʠʟʥʦʩʥʦʡ ʧʨʠʩʘʜʢʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ ʥ- ʙʫʪʠʣʦʚʳʡ ʵʬʠʨ 

ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ [4]. ɹʫʪʠʣʦʚʳʡ ʵʬʠʨ ʨʘʧ-

ʩʦʚʦʛʦ ʤʘʩʣʘ ʘʥʘʣʦʛʠʯʝʥ ʧʦ ʩʪʨʦʝʥʠʶ ʠ 

ʩʚʦʡʩʪʚʘʤ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʙʠʦʜʠʟʝʣʴʥʦʤʫ 

ʪʦʧʣʠʚʫ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ 

ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ 

(ʄʕʈʄ). 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 

ʧʝʨʝʜ ʥʝʬʪʷʥʳʤ ʪʦʧʣʠʚʦʤ ʭʦʨʦʰʦ ʠʟʚʝʩʪ-

ʥʳ [5].  

ɺʦ-ʧʝʨʚʳʭ, ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʦʙ-

ʣʘʜʘʝʪ ʣʫʯʰʠʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘʤʠ: 

 ï ʦʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʠʪ ʩʝʨʳ ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ; ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʯʠʩʪʦʛʦ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 80 % ʤʝʥʴʰʝ 

ʚʳʙʨʦʩʦʚ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ ʚʳʙʨʦʩʳ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʠ ʧʦ-

ʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦ-

ʜʦʚ (ʇɸʋ), ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʥʮʝʨʦʛʝʥʥʦʛʦ 

ʙʝʥʟ-a-ʧʠʨʝʥʘ; 

ï ʟʘ ʩʯʸʪ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʩʦʜʝʨʞʘ-

ʱʠʭʩʷ ʚ ʤʦʣʝʢʫʣʘʭ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, 

ʜʦʩʪʠʛʘʝʪʩʷ ʙʦʣʝʝ ʧʦʣʥʦʝ ʝʛʦ ʩʛʦʨʘʥʠʝ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʥʝ-

ʩʛʦʨʝʚʰʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʩʘʞʠ ʚ ʦʪʨʘʙʦ-

ʪʘʥʥʳʭ ʛʘʟʘʭ.  

ɺʦ-ʚʪʦʨʳʭ, ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʙʦ-

ʣʝʝ ʙʝʟʦʧʘʩʥʦ ʧʨʠ ʭʨʘʥʝʥʠʠ ʠ ʪʨʘʥʩʧʦʨʪʠ-

ʨʦʚʢʝ, ʧʦʩʢʦʣʴʢʫ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʦʡ ʚʩʧʳʰʢʠ ʠ ʣʝʛʢʦ ʨʘʟʣʘʛʘʝʪʩʷ ʤʠʢ-

ʨʦʦʨʛʘʥʠʟʤʘʤʠ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʧʦʯʚʫ.  

ɽʱʸ ʦʜʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʙʠʦʜʠʟʝʣʴʥʦ-

ʛʦ ʪʦʧʣʠʚʘ ï ʚʳʩʦʢʠʝ ʩʤʘʟʳʚʘʶʱʠʝ ʩʚʦʡ-

ʩʪʚʘ [6] ʠ ʮʝʪʘʥʦʚʦʝ ʯʠʩʣʦ (ʥʝ ʤʝʥʝʝ 51) [7]. 

ʎʝʪʘʥʦʚʳʝ ʯʠʩʣʘ ʙʠʦʜʠʟʝʣʥɹʳʭ ʪʦʧʣʠʚ, 

ʧʨʦʠʟʚʦʜʠʤʳʭ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʅʇɿ, ʨʘʚʥʦ 

48é50 ʧʨʠ ʥʦʨʤʝ 51. ʎʝʪʘʥʦʚʦʝ ʯʠʩʣʦ 

ʙʠʦʜʠʟʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠʩʧʦʣʴʟʦ-

ʚʘʥʥʦʛʦ ʩʳʨʴʷ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 54 ʜʦ 58. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʠʩʘʜʦʢ ʵʪʦʛʦ 

ʪʠʧʘ ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʥʝ ʫʭʫʜʰʘʝʪ, ʘ 

ʫʣʫʯʰʘʝʪ ʩʤʘʟʳʚʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʪʦʧʣʠʚʘ. 

ɺ ʈʦʩʩʠʠ ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʥʝ-

ʩʤʦʪʨʷ ʥʘ ʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘ-

ʮʠʦʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʥʝ ʧʦʣʫʯʠʣʦ ʰʠ-

ʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-

ʤʷ ʩʪʦʠʤʦʩʪʴ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚʳʰʝ, 

ʯʝʤ ʥʝʬʪʷʥʦʛʦ, ʘ ʝʛʦ ʩʪʘʙʠʣʴʥʦʩʪʴ (ʠ, ʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʩʨʦʢʠ ʭʨʘʥʝʥʠʷ) ʥʠʞʝ. ʂʨʦʤʝ 

ʪʦʛʦ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʠʦʜʠ-

ʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʥʝ ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶɦ ʠʭ ɻʆʉʊʦʚ 

[8,9], ʪ.ʢ. ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʷʚʣʷʝʪʩʷ ʩʤʝ-
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ʩʴʶ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʰʠʨʦʢʦʛʦ ʬʨʘʢʮʠʦʥʥʦ-

ʛʦ ʩʦʩʪʘʚʘ, ʘ ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ð ʩʤʝ-

ʩʴʶ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʴʢʦ ʚʳʩʦʢʦʢʠʧʷʱʠʝ ʬʨʘʢ-

ʮʠʠ. 

ʈʠʩʢ ʦʪ ʧʨʦʝʢʪʘ ʚʥʝʜʨʝʥʠʷ ʙʠʦʜʠʟʝʣʴ-

ʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʈʌ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʘʚʜʘʥ, 

ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʙʠʦʜʠʟʝʣʴ ʥʝ ʢʘʢ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʠʣʠ ʜʘʞʝ ʝʛʦ ʢʦʤʧʦ-

ʥʝʥʪ, ʘ ʢʘʢ ʵʬʬʝʢʪʠʚʥʫʶ ʜʦʙʘʚʢʫ ʢ ʪʦʧʣʠ-

ʚʘʤ [10]. ɽʛʦ ʜʦʙʘʚʢʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 1é5 % 

ʧʦʚʳʰʘʝʪ ʮʝʪʘʥʦʚʦʝ ʯʠʩʣʦ, ʫʣʫʯʰʘʝʪ ʵʢʦ-

ʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ, ʦʪ-

ʚʝʯʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ɽʚʨʦ-5, ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʩʤʘʟʳʚʘʶʱʠʝ ʩʚʦʡʩʪʚʘ 

ʦʙʝʩʩʝʨʝʥʥʦʛʦ ʪʦʧʣʠʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩʦʯʝʪʘʝʪʩʷ ʩ ʠʥʪʝ-

ʨʝʩʘʤʠ ʛʦʩʫʜʘʨʩʪʚʘ, ʢʘʩʘʶʱʠʤʠʩʷ ʚʩʪʫʧ-

ʣʝʥʠʷ ʚ ɽʉ. ɼʣʷ ʚʥʝʜʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʙʠʦʜʠʟʝʣʷ ʥʝʦʙʭʦʜʠʤʘ ʠʥʪʝʛʨʘ-

ʮʠʷ ʠʥʪʝʨʝʩʦʚ ʥʝʬʪʝʭʠʤʠʠ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦ-

ʟʷʡʩʪʚʘ, ʢʦʪʦʨʘʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʩʫʱʝ-

ʩʪʚʠʤʘ ʜʣʷ ʨʝʛʠʦʥʦʚ, ʠʤʝʶʱʠʭ ʤʦʱʥʫʶ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʫʶ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶ-

ʱʫʶ ʦʪʨʘʩʣʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʪʘʚʠʪ ʙʠʦʜʠ-

ʟʝʣʴ ʚ ʦʜʠʥ ʨʷʜ ʩ ʧʨʦʜʫʢʪʘʤʠ ʥʝʬʪʝʭʠʤʠʠ, 

ʥʦ ʪʨʝʙʫʝʪ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ [10], ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʝʛʦ ʭʨʘʥʝʥʠʠ ʠ ʚʘʨʠʘʥ-

ʪʦʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʝʛʦ ʩʦʩʪʘʚʘ, ʘ ʟʥʘ-

ʯʠʪ, ʠ ʩʚʦʡʩʪʚ. 

ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ ʚ ʢʦʣʠʯʝʩʪʚʘʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ ʠʣʠ ʮʝʪʘʥʦʧʦʚʳʰʘʶʱʠʭ 

ʧʨʠʩʘʜʦʢ ʠʣʠ ʜʦʙʘʚʦʢ (ʜʦ 2 % ʦʙ.), ʥʝ ʦʙʝʩ-

ʧʝʯʠʪ ʪʦʧʣʠʚʫ ʟʘʤʝʪʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʵʢʦʣʦ-

ʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʦʵʪʦʤʫ, ʩ ʥʘʰʝʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ, ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʥʝʦʙ-

ʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʝ ʞʝ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʦʥʝʥʪʘ ʪʦʧʣʠʚʘ (ʜʦ 20 % ʦʙ.). ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʤʳ ʦʙʝʩʧʝʯʠʚʘʝʤ ʧʦʚʳʰʝʥʠʝ ʮʝʪʘ-

ʥʦʚʦʛʦ ʯʠʩʣʘ ʠ ʩʤʘʟʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʜʘʞʝ ʛʣʫʙʦʢʦ ʦʙʝʩʩʝʨʝʥʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʟʘ-

ʤʝʪʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʚʙrʨʦʩʘʭ 

ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. 

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦ-

ʙʘʚʣʝʥʠʝ 20 % (ʦʙ.) ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 

ʩʥʠʞʘʝʪ ʜʳʤʥʦʩʪʴ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʬʪʷʥʳʤ ʪʦʧʣʠʚʦʤ ʩ 15 ʜʦ 8 

%, ʫʤʝʥʴʰʘʝʪ ʠʥʪʝʛʨʘʣʴʥʳʝ ʫʜʝʣʴʥʳʝ ʚʳ-

ʙʨʦʩʳ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʩ 5,948 ʜʦ 5,786 

ʛ/(ʢɺʪÖʯ), ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (II) ʩ 2,782 ʜʦ 

2,007 ʛ/(ʢɺʪÖʯ), ʘ ʥʝʩʛʦʨʝʚʰʠʭ ʫʛʣʝʚʦʜʦʨʦ-

ʜʦʚ ʩ 1,006 ʜʦ 0,792 ʛ/(ʢɺʪÖʯ). 

ʆʩʥʦʚʥʦʡ ʪʨʠʙʦʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʦʡ ʪʦʧʣʠʚ ʷʚʣʷʝʪʩʷ ʜʠʘʤʝʪʨ ʧʷʪʥʘ ʠʟ-

ʥʦʩʘ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʦʧʣʠʚ ʩʪʨʦʛʦ ʥʦʨʤʠʨʫʝʪʩʷ: ʥʝ ʙʦʣʝʝ 460 

ʤʢʤ. ɼʣʷ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʧʨʦʰʝʜʰʝʛʦ 

ʯʝʨʝʟ ʩʪʘʜʠʠ ʦʙʝʩʩʝʨʠʚʘʥʠʷ ʠ ʜʝʘʨʦʤʘʪʠʟʘ-

ʮʠʠ, ʠ ʩʦʜʝʨʞʘʱʝʛʦ 0,035 % ʩʝʨʳ, ʵʪʦʪ ʧʦ-

ʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʠʣ 586 ʤʢʤ. ʇʦʩʣʝ ʜʦʙʘʚʣʝ-

ʥʠʷ 20 % ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʵʪʦʪ ʧʦʢʘ-

ʟʘʪʝʣʴ ʩʥʠʞʘʝʪʩʷ ʜʦ 310 ʤʢʤ, ʘ ʮʝʪʘʥʦʚʦʝ 

ʯʠʩʣʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 48 ʜʦ 52. 

ʆʜʥʘʢʦ ʜʦʙʘʚʣʝʥʠʝ ʙʠʦʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ ʚ ʪʘʢʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʚʝʜʸʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʢ 

ʫʪʷʞʝʣʝʥʠʶ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʫʚʝʣʠ-

ʯʝʥʠʶ ʚʷʟʢʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ 

ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚʘʭ ʪʦʧʣʠʚʘ. ʇʦɻ ʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʠʟʤʝʥʠʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʪʘʢ, ʯʪʦʙʳ 

ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 

[8,9].  

ɹʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ð ʩʤʝʩʴ ʤʝʪʠ-

ʣʦʚʳʭ ʵʬʠʨʦʚ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ, ʚ ʦʩ-

ʥʦʚʥʦʤ, ʥʝʧʨʝʜʝʣʴʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʭʨʘʥʝʥʠʷ ʠ ʠʟʤʝʥʝ-

ʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʠʦʜʠ-

ʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʟʠʪʴ ʩʪʝ-

ʧʝʥʴ ʥʝʧʨʝʜʝʣʴʥʦʩʪʠ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʥʘʧʨʠʤʝʨ, ʧʫʪʸʤ ʜʦʙʘʚʣʝʥʠʷ ʢ ʙʠʦʜʠʟʝʣʴ-

ʥʦʤʫ ʪʦʧʣʠʚʫ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʧʨʝʜʝʣʴʥʳʭ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʩʧʠʨʪʦʚ ʤʝʥʴʰʝʡ ʤʦ-

ʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʳ ʧʦʣʫ-

ʯʘʝʤ ʵʬʠʨʥʫʶ ʢʦʤʧʦʟʠʮʠʶ, ʧʨʝʜʩʪʘʚʣʷʶ-
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ʱʫʶ ʩʦʙʦʡ ʩʤʝʩʴ ʩʦʝʜʠʥʝʥʠʡ ʦʜʥʦʛʦ ʢʣʘʩʩʘ 

(ʩʣʦʞʥʳʝ ʵʬʠʨʳ) ʠ ʰʠʨʦʢʦʛʦ ʬʨʘʢʮʠʦʥʥʦʛʦ 

ʩʦʩʪʘʚʘ (ʨʘʟʣʠʯʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʵʬʠ-

ʨʦʚ), ʥʝ ʩʦʜʝʨʞʘʱʫʶ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʝʬʪʠ. 

ɼʦʙʘʚʣʝʥʠʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʵʬʠ-

ʨʦʚ ʧʨʠʚʝʜʸʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʠʦʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ, ʧʨʠʙʣʠʟʠʚ ʠʭ ʢ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝ-

ʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʢ ʜʠʟʝʣʴʥʦʤʫ ʪʦʧʣʠʚʫ. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʵʬʠʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʩʦʭʨʘʥʷʶʪʩʷ ʚʳʩʦʢʠʝ 

ʩʤʘʟʳʚʘʶʱʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ɼʦʙʘʚʣʝʥʠʝ ʧʨʝʜʝʣʴʥʳʭ ʵʬʠʨʦʚ ʩʥʠʟʠʪ 

ʩʪʝʧʝʥʴ ʥʝʧʨʝʜʝʣʴʥʦʩʪʠ ʩʤʝʩʠ, ʯʪʦ ʧʨʠʚʝ-

ʜʸʪ ʢ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʠ 

ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʳʭ ʨʝʘʢʮʠʡ ʧʨʠ ʭʨʘʥʝʥʠʠ 

ʠ ʫʚʝʣʠʯʝʥʠʶ ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ. 

ʇʦʜʦʙʨʘʥʳ ʠʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʧʘ-

ʨʘʤʝʪʨʳ ʨʝʘʢʮʠʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʜʣʷ ʧʦʣʫ-

ʯʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʵʬʠʨʦʚ. ʀʩʭʦʜʥʳʤʠ ʩʦ-

ʝʜʠʥʝʥʠʷʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ: ʘʤʠʣʦʚʳʡ, ʠʟʦ-

ʘʤʠʣʦʚʳʡ, ʛʝʢʩʠʣʦʚʳʡ, ʛʝʧʪʠʣʦʚʳʡ, ʦʢʪʠ-

ʣʦʚʳʡ ʠ ʥʦʥʠʣʦʚʳʡ ʩʧʠʨʪʳ, ʘ ʪʘʢʞʝ ʤʘʩʣʷ-

ʥʘʷ, ʚʘʣʝʨʠʘʥʦʚʘʷ ʠ ʢʘʧʨʦʥʦʚʘʷ ʢʠʩʣʦʪʳ. 

ʉʧʠʨʪʳ ʠ ʢʠʩʣʦʪʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʧʨʦ-

ʮʝʩʩʝ ʩʠʥʪʝʟʘ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʩʠʥʪʝʪʠʯʝ-

ʩʢʠʤ ʧʫʪʝʤ ʠʟ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʠʭ ʬʫʥʢʮʠ-

ʦʥʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʘ ʤʦʞʥʦ ʠ ʧʫʪʸʤ 

ʧʝʨʝʨʘʙʦʪʢʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦ-

ʛʦ ʩʳʨʴʷ ʠʣʠ ʦʪʭʦʜʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʝ. 

ʄʘʩʣʷʥʫʶ ʢʠʩʣʦʪʫ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ 

ʢʨʘʭʤʘʣʘ, ʩʘʭʘʨʘ, ʛʣʠʮʝʨʠʥʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʙʨʦʞʝʥʠʷ 

(Bacterium butylicus, Granulobacter). ʕʪʠ 

ʧʨʦʮʝʩʩʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʤʘʩʰʪʘʙʘʭ. ɺʘʣʝʨʠʘʥʦʚʘʷ ʢʠʩʣʦʪʘ ʦʙʨʘʟʫ-

ʝʪʩʷ ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ 

ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʢʘ-

ʩʪʦʨʦʚʦʛʦ ʤʘʩʣʘ. ʂʘʧʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʦʙʨʘ-

ʟʫʝʪʩʷ ʧʨʠ ʤʘʩʣʷʥʦʢʠʩʣʦʤ ʙʨʦʞʝʥʠʠ ʩʘʭʘ-

ʨʘ. ʀʟʦʘʤʠʣʦʚʳʡ ʩʧʠʨʪ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ ʩʠʚʫʰʥʳʭ ʤʘʩʝʣ ð ʦʪʭʦ-

ʜʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʪʠ-

ʣʦʚʦʛʦ ʩʧʠʨʪʘ.  

ʀʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʵʬʠʨʦʚ ʠ ʙʠʦʜʠ-

ʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ 5 ʦʙʨʘʟ-

ʮʦʚ ʵʬʠʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 1, ʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʪʘʙʣ. 2.  

ʊʘʙʣʠʮʘ 1. ʉʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ (ʦʙ. %) ʚ ʵʬʠʨʥʳʭ ʢʦʤʧʦʟʠʮʠʷʭ (ʕʂ) 

ʂʦʤʧʦʥʝʥʪ ʕʂ 1 ʕʂ 2 ʕʂ 3 ʕʂ 4 ʕʂ 5 

ɸʤʠʣʦʚʳʡ ʵʬʠʨ ʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ 10 10 ï  6  2 

ʀʟʦʘʤʠʣʦʚʳʡ ʵʬʠʨ ʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ 10 10 10 ï ï 

ʆʢʪʠʣʦʚʳʡ ʵʬʠʨ ʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ 10 10 10 ï ï 

ɻʝʧʪʠʣʦʚʳʡ ʵʬʠʨ ʚʘʣʝʨʠʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 10 10 10  6  2 

ʆʢʪʠʣʦʚʳʡ ʵʬʠʨ ʚʘʣʝʨʠʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 10 ï ï  6  2 

ʅʦʥʠʣʦʚʳʡ ʵʬʠʨ ʚʘʣʝʨʠʘʥʦʚʦʡ ʢʠʩʣʦʪʳ  10 10 10  6  2 

ʅʦʥʠʣʦʚʳʡ ʵʬʠʨ ʢʘʧʨʦʥʦʚʦʡ ʢʠʩʣʦʪ r 10 10 10  6  2 

ɹʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ  30 40 50 70 90 

ʊʘʙʣʠʮʘ 2. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʬʠʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ (ʕʂ), ʙʠʦʜʠʟʝʣʴ-

ʥʦʛʦ (ɹɼ) ʠ ʥʝʬʪʷʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ (ɼʊ) 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ 

ʕʂ 1 ʕʂ 2 ʕʂ 3 ʕʂ 4 ʕʂ 5 ɹɼ ɼʊ 

ʇʣʦʪʥʦʩʪʴ ʧʨʠ 20 ʉ̄, 

ʢʛ/ʤ
3
  

867 868 870 

 

874 877 879 

 

820-

860 

ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟ-

ʢʦʩʪʴ ʧʨʠ 20 ʉ̄, ʤʤ
2
/ʩ 

3,65 4,03 4,42 

 

5,16 5,92 6,30 

 

1,8-6,0 

 

ʊʝʤʧʝʨʘʪʫʨʘ  63 71 80 92 116 140 35-80 
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ʚʩʧʳʰʢʠ, ʉ̄ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʦʤʫʪʥʝʥʠʷ, ʉ̄ 

-12 -11 -9 -7 -5 -3 -1...-10 

 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʟʘʩʪʳʚʘʥʠʷ, ʉ̄ 

ʥʠʞʝ  

-25 

ʥʠʞʝ  

-25 

-21 -16 -13 -9 -10... 

-20 

ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ, 

ʉ̄: 

ʥʘʯʘʣʦ ʢʠʧʝʥʠʷ 

ʧʝʨʝʛʦʥʢʘ 50 % 

ʧʝʨʝʛʦʥʢʘ 96 % 

ʢʦʥʝʮ ʢʠʧʝʥʠʷ 

 

172 

247 

320 

330 

 

176 

258 

320 

330 

 

178 

276 

320 

320 

 

185 

296 

320 

320 

 

240 

322 

326 

326 

 

280 

332 

332 

332 

 

170-

200 

270-

280 

320-

360 

360-

380 

ʂʠʩʣʦʪʥʦʝ ʯʠʩʣʦ,  

ʤʛ ʂʆʅ/ʛ 

0,184 0,30 0,28 0,37 0,47 0,52 ʥʝ ʙʦ-

ʣʝʝ 0,2 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ 

ʧʨʝʜʝʣʴʥʳʭ ʵʬʠʨʦʚ ʚ ʵʬʠʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ 

ʪʘʢʠʝ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʧʣʦʪʥʦʩʪʴ, 

ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʠ ʢʠʩʣʦʪʥʦʩʪʴ 

ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʟʥʘʯʝʥʠʷʤ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 305ï82 [8]. ʏʝʤ 

ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʝʜʝʣʴʥʳʭ ʵʬʠʨʦʚ, ʪʝʤ 

ʣʫʯʰʝ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʪʦʧʣʠʚʘ, 

ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʤʫʪʥʝʥʠʷ ʠ ʟʘʩʪʳʚʘʥʠʷ. 

ʆʜʥʘʢʦ ʚ ʩʦʩʪʘʚʘʭ ʢʦʤʧʦʟʠʪʥʳʭ ʪʦʧʣʠʚ ʕʂ 

1 ʠ ʕʂ 2 ʩʣʠʰʢʦʤ ʚʝʣʠʢʘ ʜʦʣʷ ʥʠʟʢʦʢʠʧʷ-

ʱʠʭ ʵʬʠʨʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʣʝʛʯʝʥʥʦʤʫ 

ʬʨʘʢʮʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ. ɼʣʷ ʩʦʩʪʘʚʦʚ ʕʂ 4 

ʠ ʕʂ 5 ʭʘʨʘʢʪʝʨʥʘ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʘʷ ʧʣʦʪ-

ʥʦʩʪʴ ʠ ʙʦʣʝʝ ʪʷʞʝʣʳʡ ʬʨʘʢʮʠʦʥʥʳʡ ʩʦ-

ʩʪʘʚ, ʯʝʤ ʵʪʦ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧ-

ʣʠʚʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠ-

ʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʣʘʜʘʝʪ ʩʦʩʪʘʚ ʕʂ 3. 

ʀʩʩʣʝʜʦʚʘʥʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡ-

ʩʪʚʘ ʢʦʤʧʦʟʠʮʠʠ ʕʂ 3.  

ʅʘʣʠʯʠʝ ʥʠʟʢʦʢʠʧʷʱʠʭ ʬʨʘʢʮʠʡ ʚ 

ʵʬʠʨʥʳʭ ʢʦʤʧʦʟʠʮʠʷʭ ʧʨʠʙʣʠʞʘʝʪ ʝʛʦ 

ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʢ ʩʦʩʪʘʚʫ ʥʝʬʪʷʥʦʛʦ 

ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʫʣʫʯʰʘʝʪ ʧʫʩʢʦʚʳʝ 

ʩʚʦʡʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʧʦʟʚʦʣʷ-

ʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʬʪʷʥʦʝ ʪʦʧʣʠʚʦ ʩ ʪʘʢʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ 

ʜʚʠʛʘʪʝʣʷ. ʆʜʥʘʢʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘ-

ʥʠʝ ʥʠʟʢʦʢʠʧʷʱʠʭ ʬʨʘʢʮʠʡ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʝʨʴ ʧʨʠ ʭʨʘʥʝʥʠʠ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʧʦʪʝʨʠ ʵʬʠʨ-

ʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʧʨʠ ʭʨʘʥʝʥʠʠ ʤʳ ʠʩʩʣʝʜʦ-

ʚʘʣʠ ʝʸ ʠʩʧʘʨʷʝʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʦʢʠʧʷʱʠʤ ʙʠʦʜʠʟʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ ʠ 

ʠʤʝʶʱʠʤ ʙʣʠʟʢʠʡ ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ 

ʥʝʬʪʷʥʳʤ ʜʠʟʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ. 

ʇʦʪʝʨʠ ʦʪ ʠʩʧʘʨʝʥʠʷ ʵʬʠʨʥʦʡ ʢʦʤʧʦ-

ʟʠʮʠʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʠʦ-

ʜʠʟʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ (ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʪʦ-

ʨʦʛʦ ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ), ʥʦ ʦʥʠ ʚʩʸ ʞʝ ʥʠʞʝ, ʯʝʤ ʧʦʪʝ-

ʨʠ ʦʪ ʠʩʧʘʨʝʥʠʷ ʪʦʚʘʨʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʜʠ-

ʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʉʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ ʟʘ 

ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʠ 0,06 % ʜʣʷ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, 0,56 % ʜʣʷ ʵʬʠʨ-

ʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʠ 1,38 % ʜʣʷ ʥʝʬʪʷʥʦʛʦ 

ʪʦʧʣʠʚʘ. 

ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʵʬʠʨʥʦʡ ʢʦʤʧʦ-

ʟʠʮʠʠ, ʩʦʜʝʨʞʘʱʝʡ 50 % ʥʠʟʢʦʤʦʣʝʢʫʣʷʨ-

ʥʳʭ ʧʨʝʜʝʣʴʥʳʭ ʵʬʠʨʦʚ, ʙʣʠʟʦʢ ʢ ʧʦʢʘʟʘ-

ʪʝʣʷʤ, ʥʦʨʤʠʨʫʝʤʳʤ ʜʣʷ ʥʝʬʪʷʥʦʛʦ ʜʠ-

ʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʇʨʠ ʵʪʦʤ ʧʦʪʝʨʠ ʦʪ ʠʩ-

ʧʘʨʝʥʠʷ ʵʬʠʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʤʝʥʴʰʝ. ʕʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʦʝʥʠʷ 
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ʤʦʣʝʢʫʣ ʥʝʬʪʷʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʩʣʦʞʥʳʭ 

ʵʬʠʨʦʚ. ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʥʝʬʪʷ-

ʥʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʶʪʩʷ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʤʝʞ-

ʜʫ ʤʦʣʝʢʫʣʘʤʠ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ 

ʦʜʠʥ ʚʠʜ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ ð ʩʠʣʳ 

ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ. ʄʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʢʨʦʤʝ ʩʠʣ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʣʝʝ ʧʨʦʯʥʦʝ ʵʣʝʢ-

ʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʪ.ʢ. ʚ ʤʦ-

ʣʝʢʫʣʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʷʨʥʳʝ ʩʚʷʟʠ ʫʛ-

ʣʝʨʦʜ ï ʢʠʩʣʦʨʦʜ, ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʤʦʣʝ-

ʢʫʣʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʘʪʦʤʘʭ ʢʠʩʣʦʨʦʜʘ ʦʙ-

ʨʘʟʫʝʪʩʷ ʯʘʩʪʠʯʥʳʡ ʦʪʨʠʮʘʪʝʣʥɹʳʡ ʟʘʨʷʜ, ʘ 

ʥʘ ʘʪʦʤʘʭ ʫʛʣʝʨʦʜʘ ð ʯʘʩʪʠʯʥʳʡ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʡ ʟʘʨʷʜ. ɽʩʣʠ ʚʟʘʠʤʥʘʷ ʦʨʠʝʥʪʘʮʠʷ 

ʜʚʫʭ ʤʦʣʝʢʫʣ ʪʘʢʦʚʘ, ʯʪʦ ʦʙʣʘʩʪʴ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʜʥʦʡ ʠʟ ʥʠʭ ʧʨʠʙʣʠ-

ʟʠʪʝʣʴʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʦʙʣʘʩʪʴʶ, ʚ ʢʦʪʦʨʦʡ 

ʣʦʢʘʣʠʟʦʚʘʥ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʜʨʫʛʦʡ, 

ʪʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦ-

ʣʝʢʫʣ ʚʝʜʝʪ ʢ ʠʭ ʧʨʠʪʷʞʝʥʠʶ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʦʣʝ-

ʢʫʣʘʤʠ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʙʦʣʴʰʝ, ʯʝʤ ʤʝʞ-

ʜʫ ʤʦʣʝʢʫʣʘʤʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʝʬʪʷʥʦʛʦ 

ʪʦʧʣʠʚʘ. ʇʦʵʪʦʤʫ ʠ ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ 

ʧʦʪʝʨʠ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʠʟ-ʟʘ ʠʩʧʘʨʝʥʠʷ 

ʤʝʥʴʰʝ, ʯʝʤ ʧʦʪʝʨʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʝʬʪʷ-

ʥʳʭ ʪʦʧʣʠʚ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʪʝʣʝʡ ʪʦʧʣʠʚʥʦʡ 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ ʪʦʢʩʠʯʥʦʩʪʠ ʦʪʨʘʙʦʪʘʥ-

ʥʳʭ ʛʘʟʦʚ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʨʘʙʦʪʘʶ-

ʱʝʛʦ ʥʘ ʙʠʦʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚʘʭ ʠ ʥʘ ʵʬʠʨ-

ʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʟʝʣʷ ʪʠʧʘ ɼ-

245.12ʉ (4 ʏʅ 11/12,5) ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ 

ʪʦʧʣʠʚʘ.  

ɼʠʟʝʣʴ ʠʩʧʳʪʳʚʘʣʩʷ ʥʘ ʨʝʞʠʤʘʭ 

ʚʥʝʰʥʝʡ ʩʢʦʨʦʩʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 13-

ʩʪʫʧʝʥʯʘʪʦʛʦ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʮʠʢʣʘ ʇʨʘ-

ʚʠʣ 49 ɽʕʂ ʆʆʅ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʟʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ ʠ ʩʚʦʡ-

ʩʪʚʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʪʦʧʣʠʚ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷ-

ʥʠʝ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʜʠʟʝʣʷ (ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʘ 3. ʇʦʢʘʟʘʪʝʣʠ ʜʠʟʝʣʷ ɼ-245.12ʉ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʦʧʣʠʚʘʭ 

 

ʇʦʢʘʟʘʪʝʣʠ ʜʠʟʝʣʷ 

ʇʨʠʤʝʥʷʝʤʦʝ ʪʦʧʣʠʚʦ 

ɼʊ ʄʕʈʄ ʕʂ 3 

ʏʘʩʦʚʦʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ Gʪ, ʢʛ/ʯ: 

- ʥʘ ʨʝʞʠʤʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʥɦʦʩʪʠ 

- ʥʘ ʨʝʞʠʤʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ 

 

19,23 

12,51 

 

20,07 

13,14 

 

21,12 

13,48 

ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʄʝ, ʅĿʤ: 

- ʥʘ ʨʝʞʠʤʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʥɦʦʩʪʠ 

- ʥʘ ʨʝʞʠʤʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ 

 

310 

359 

 

311 

357 

 

311 

357 

ɼʳʤʥʦʩʪʴ ʆɻ Kx, % ʧʦ ʰʢʘʣʝ ʍʘʨʪʨʠʜʞʘ: 

- ʥʘ ʨʝʞʠʤʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʥɦʦʩʪʠ 

- ʥʘ ʨʝʞʠʤʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ 

 

15,0 

36,0 

 

6,0 

25,0 

 

5,0 

20,0 

ʋʜʝʣʴʥʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ gʝ, ʛ/(ʢɺʪÖʯ): 

- ʥʘ ʨʝʞʠʤʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʥɦʦʩʪʠ 

- ʥʘ ʨʝʞʠʤʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ 

 

246,6 

222,1 

 

257,0 

234,5 

 

258,0 

235,2 

ʕʬʬʝʢʪʠʚʥʳʡ ʂʇɼ ʜʠʟʝʣʷ ɖʝ: 

- ʥʘ ʨʝʞʠʤʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʥɦʦʩʪʠ 

- ʥʘ ʨʝʞʠʤʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ 

 

0,343 

0,381 

 

0,348 

0,382 

 

0,350 

0,384 

ʀʥʪʝʛʨʘʣʴʥʳʝ ʫʜʝʣʴʥʳʝ ʚʳʙʨʦʩʳ ʪʦʢʩʠʯʥʳʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʥʘ ʨʝʞʠʤʘʭ 13-ʩʪʫʧʝʥʯʘʪʦʛʦ ʮʠʢʣʘ, ʛ/(ʢɺʪÖʯ): 

- ʦʢʩʠʜʳ ʘʟʦʪʘ eNOx 

- ʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, eʉʆ 

 

 

5,948 

2,782 

 

 

6,043 

1,949 

 

 

5,173 

1,754 
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- ʥʝʩʛʦʨʝʚʰʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, eʉʅx 1,006 0,784 0,745 

 

ɼʘʥʥʳʝ ʪʘʙʣ. 3 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 

ʠ ʵʬʠʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʪʥʦ 

ʫʣʫʯʰʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʜʚʠʛʘ-

ʪʝʣʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʛʦʨʘʥʠʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʘʷ ʵʬʬʝʢʪʠʚʥʳʤ ʂʇɼ ʜʠʟʝʣʷ 

ɖʝ, ʧʨʠ ʝʛʦ ʧʠʪʘʥʠʠ ʙʠʦʪʦʧʣʠʚʘʤʠ ʜʘʞʝ ʥʝ-

ʩʢʦʣʴʢʦ ʚʦʟʨʦʩʣʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚ ʙʠʦʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ ʠ 

ʵʬʠʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʜʦʣʠ ʢʠʩʣʦʨʦʜʘ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʣʥʦʪʳ ʩʛʦʨʘ-

ʥʠʷ ʪʦʧʣʠʚʘ. ʆʜʥʘʢʦ ʧʦ ʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʠʟ-

ʟʘ ʩʥʠʞʝʥʠʷ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʙʠʦʪʦʧʣʠʚ, 

ʠʭ ʯʘʩʦʚʦʡ ʨʘʩʭʦʜ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦ-

ʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʚʠʛʘʪʝʣʷʭ 

ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʩʦʜʝʨʞʘɦ ʝʛʦ ʜʦ 20 % 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʵʬʠʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ. ʊʘʢʦʝ 

ʪʦʧʣʠʚʦ ʟʘʤʝʪʥʦ ʫʣʫʯʰʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʜʠʟʝʣʷ.  

ɺʦʜʘ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʠ ʦʜʥʠʤ ʠʟ 

ʦʧʘʩʥʝʡʰʠʭ ʩʧʫʪʥʠʢʦʚ ʣʶʙʦʛʦ ʪʦʧʣʠʚʘ. 

ʆʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪ ʝʛʦ ʦʪ ʟʘʚʦʜʘ ʜʦ ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ. ɺʦʜʘ ʤʦʞʝʪ ʧʦʧʘʩʪʴ ʚ ʪʦʧʣʠʚʦ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʝʛʦ ʧʦʣʫʯʝʥʠʷ, 

ʘ ʪʘʢʞʝ ʧʨʠ ʝʛʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʭʨʘʥʝ-

ʥʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʨʘʚʠʣʘ 

ʧʦʩʣʝʜʥʠʭ ʥʘʨʫʰʘʶʪʩʷ. ɺʦʜʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʣʶʙʦʛʦ ʪʦʧʣʠʚʘ. ɺ ʝʸ 

ʧʨʠʩʫʪʩʪʚʠʠ ʫʭʫʜʰʘʶʪʩʷ ʥʠʟʢʦʪʝʤʧʝʨʘ-

ʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ, ʚʷʟʢʦʩʪʴ, ʧʨʦʢʘʯʠʚʘʝ-

ʤʦʩʪʴ, ʬʠʣʴʪʨʫʝʤʦʩʪʴ, ʧʨʦʮʝʩʩʳ ʩʤʝʩʝʦʙ-

ʨʘʟʦʚʘʥʠʷ, ʪ.ʝ. ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʩʥʠʞʘʝʪʩʷ 

ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʠ ʂʇɼ ʜʚʠʛʘʪʝʣʷ. ʇʨʠ-

ʩʫʪʩʪʚʠʝ ʚʦʜʳ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩʳ ʢʦʨʨʦ-

ʟʠʠ, ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʣʦʥʥʦʩʪʴ ʢ ʥʘʢʦʧʣʝʥʠʶ 

ʟʘʛʨʷʟʥʝʥʠʡ, ʫʭʫʜʰʘʝʪ ʩʤʘʟʳʚʘʶʱʫʶ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʪʦʧʣʠʚʘ. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʚʦʜʳ ʚ ʫʛʣʝʚʦʜʦʨʦʜʘʭ 

ʥʝʬʪʷʥʳʭ ʪʦʧʣʠʚ ʥʝʚʝʣʠʢʘ, ʯʪʦ ʩʚʟ̫ʘʥʦ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʪʝʤ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʪʦʧ-

ʣʠʚ ʥʝʧʦʣʷʨʥʳ ʠʣʠ ʤʘʣʦʧʦʣʷʨʥʳ, ʘ ʤʦʣʝ-

ʢʫʣʳ ʚʦʜʳ ʧʦʣʷʨʥʳ ʠ ʩʚʷʟʘʥʳ ʚʦʜʦʨʦʜʥʳ-

ʤʠ ʩʚʷʟʷʤʠ. ɼʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʚʦʜʳ ʚ ʪʦʧʣʠ-

ʚʝ ʪʨʝʙʫʝʪʩʷ ʨʘʟʦʨʚʘʪʴ ʩʠʣʴʥʳʝ ʤʝʞʤʦʣʝ-

ʢʫʣʷʨʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ 

ʩʣʘʙʳʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦ-

ʣʝʢʫʣʘʤʠ ʪʦʧʣʠʚʘ. ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʦʙʨʘ-

ʟʫʶʪʩʷ ʩʪʦʣʴ ʞʝ ʩʣʘʙʳʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ 

ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ ʪʦʧʣʠʚʘ, 

ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʥʝ ʦʙʨʘʟʫʶʪʩʷ. ʇʨʦʮʝʩʩ 

ʧʦʣʫʯʘʝʪʩʷ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʤ ʠ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠ ʥʝʚʳʛʦʜʥʳʤ, ʜʘʞʝ ʵʥʪʨʦʧʠʡʥʳʡ ʬʘʢ-

ʪʦʨ ʟʜʝʩʴ ʧʦʤʦʯʴ ʥʝ ʤʦʞʝʪ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʩ ʚʦʜʦʡ ʷʚʣʷʶʪʩʷ ʛʠʜ-

ʨʦʬʠʣʴʥʦʩʪʴ ʠ ʛʠʜʨʦʬʦʙʥʦʩʪʴ. ɻʠʜʨʦʬʠʣʴ-

ʥʦʩʪʴʶ (ʠʥʪʝʥʩʠʚʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ 

ʚʦʜʦʡ) ʦʙʣʘʜʘʶʪ ʚʝʱʝʩʪʚʘ ʩ ʠʦʥʥʳʤʠ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʤʠ ʨʝʰʝʪʢʘʤʠ (ʦʢʩʠʜʳ, ʛʠʜ-

ʨʦʢʩʠʜʳ, ʩʠʣʠʢʘʪʳ, ʩʫʣʴʬʘʪʳ, ʬʦʩʬʘʪʳ ʠ ʪ. 

ʜ.), ʚʝɦ ʝʩʪʚʘ ʩ ʧʦʣʷʨʥʳʤʠ ʛʨʫʧʧʘʤʠ (ïʆʅ, 

ïʉʆʆʅ, ïʉʆʆR ʠ ʜʨ.). ɻʠʜʨʦʬʦʙʥʦʩʪʴʶ 

ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʥʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝ-

ʱʝʩʪʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʷʨʥʳʭ ʬʫʥʢʮʠʦ-

ʥʘʣɹʥʳʭ ʛʨʫʧʧ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʛʣʝʚʦʜʦʨʦʜʳ 

ʥʝʬʪʷʥʳʭ ʪʦʧʣʠʚ.  

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʚʦʜʳ ʚ ʥʝʬʪʝʧʨʦʜʫʢʪʘʭ 

ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʦʣʝʢʫ-

ʣʷʨʥʦʡ ʤʘʩʩʳ ʠʭ ʤʦʣʝʢʫʣ, ʪʝʤʧʝʨʘʪʫʨʳ, ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʠ ʘʪʤʦ-

ʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʅʘʠʙʦʣʴʰʝʡ ʨʘʩʪʚʦʨʷ-

ʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʥʝʧʨʝʜʝʣʴ-

ʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʚʦʟʤʦʞʥʦ, ʠʟ-ʟʘ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ p-ʩʚʷʟʠ ʩ 

ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʚʦʜʳ), ʥʝʩʢʦʣʴʢʦ ʤʝʥʴ-

ʰʝʡ ð ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠ ʥʘʠʤʝʥʴʰʝʡ ð 

ʧʨʝʜʝʣʴʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʨʘʩʪʚʦ-

ʨʠʤʦʩʪʴ ʚ ʥʠʭ ʚʦʜʳ ʫʤʝʥʴʰʘʝʪʩʷ; ʩ ʧʦʚʳ-

ʰʝʥʠʝʤ ʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚʦ-

ʜʳ ʚ ʫʛʣʝʚʦʜʦʨʦʜʘʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 
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ʉʨʝʜʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚʩʪʨʝʯʘ-

ʶʪʩʷ ʘʤʬʠʧʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʜʥʘ 

ʯʘʩʪʴ ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ ʥʝʧʦʣʷʨʥʘ ʠ ʧʨʦ-

ʷʚʣʷʝʪ ʛʠʜʨʦʬʦʙʥʳʝ ʩʚʦʡʩʪʚʘ, ʘ ʜʨʫʛʘʷ ð 

ʧʦʣʷʨʥʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʠʜʨʦʬʠʣʴʥʘ. ʂ 

ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʠ ʢʦʤʧʦʥʝʥʪʳ ʙʠʦʜʠʟʝʣʴʥʦ-

ʛʦ ʪʦʧʣʠʚʘ ð ʤʝʪʠʣʦʚʳʝ ʵʬʠʨʳ ʚʳʩʰʠʭ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʢʠʩʣʦʪ (Rʉʆʆʉʅ3). ʅʝʧʦ-

ʜʝʣʸʥʥʘʷ ʧʘʨʘ ʵʣʝʢʪʨʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʧʦ-

ʣʷʨʥʦʡ ʛʨʫʧʧʳ ʉ=ʆ ʜʦʧʫʩʢʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʩ ʚʦʜʦʡ [ʦʨʛ ʫʯ], ʘ ʜʣʠʥ-

ʥʳʡ ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ ʨʘʜʠʢʘʣ ʵʬʠʨʘ ʛʠʜ-

ʨʦʬʦʙʝʥ. 

ʈʘʟʣʠʯʠʷ ʚ ʩʪʨʦʝʥʠʠ ʤʦʣʝʢʫʣ ʥʝʬʪʷʥʦ-

ʛʦ ʠ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚ ʜʦʣʞʥʳ ʧʦʚʣʠ-

ʷʪʴ ʥʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʛʣʦʱʘʪʴ ʚʦʜʫ ʚ 

ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ. ʅʘʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʛʠʛ-

ʨʦʩʢʦʧʠʯʥʦʩʪʠ ʥʝʬʪʷʥʦʛʦ ʠ ʙʠʦʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ, ʵʬʠʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʠ ʨʘʩʪʠʪʝʣʴ-

ʥʦʛʦ ʤʘʩʣʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ-

ʢʘʟʘʣʠ, ʯʪʦ ʩʤʝʩʴ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʝʬʪʷʥʦʛʦ 

ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ð ʩʘʤʘʷ ʛʠʜʨʦʬʦʙʥʘʷ 

ʩʠʩʪʝʤʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʛʣʦʱʘʶʱʘʷ ʚʦ-

ʜʫ ʜʘʞʝ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʭʨʘʥʝʥʠʠ ʚ ʪʝʯʝ-

ʥʠʝ 6 ʤʝʩʷʮʝʚ.  

ʈʘʩʪʠʪʝʣʴʥʦʝ ʤʘʩʣʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʩʤʝʩʴ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʪʨʸʭʘʪʦʤʥʦʛʦ 

ʩʧʠʨʪʘ ʛʣʠʮʝʨʠʥʘ ʠ ʚʳʩʰʠʭ ʘʣʠʬʘʪʠʯʝ-

ʩʢʠʭ, ʚ ʦʩʥʦʚʥʦʤ, ʥʝʧʨʝʜʝʣʴʥʳʭ ʢʠʩʣʦʪ 

(ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʥʦʚ). ʄʦʣʝʢʫʣʳ ʪʨʠʘʮʠʣʛ-

ʣʠʮʝʨʠʥʦʚ ð ʘʤʬʠʧʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʪ.ʢ. ʩʦʜʝʨʞʘʪ ʪʨʠ ʩʣʦʞʥʦʵʬʠʨʥʳʭ ʛʨʫʧʧʳ, 

ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʚʷʟʠ ʩ ʚʦʜʦʡ ʠ 

ʪʨʠ ʜʣʠʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʘʜʠʢʘʣʘ. 

ʕʪʦ ʜʝʣʘʝʪ ʤʘʩʣʦ ʙʦʣʝʝ ʛʠʜʨʦʬʠʣʥɹʳʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʬʪʷʥʳʤ ʪʦʧʣʠʚʦʤ: ʚ ʪʝʭ 

ʞʝ ʫʩʣʦʚʠʷʭ ʧʦʛʣʦʱʝʥʠʝ ʚʦʜʳ ʩʦʩʪʘʚʠʣʦ  

0,11 ʦʙ. %. 

ɽʱʝ ʙʦʣʴʰʝʡ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴʶ ʦʙʣʘ-

ʜʘʶʪ ʤʦʣʝʢʫʣʳ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʆʥʠ ʩʦʜʝʨʞʘʪ ʪʝ ʞʝ ʛʨʫʧʧʳ, ʯʪʦ ʠ ʤʦʣʝʢʫ-

ʣʳ ʪʨʠʘʮʠʣʛʣʠʮʝʨʠʥʦʚ, ʥʦ ʠʤʝʶʪ ʤʝʥʴʰʫʶ 

ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʠ ʤʝʥʴʰʝ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ, ʧʦʛʣʦʱʝʥʠʝ ʚʦʜʳ ʧʨʠ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʩ ʥʝʡ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧ-

ʣʠʚʘ ʚ ʪʝʯʝʥʠʝ 6 ʤʝʩʷʮʝʚ ʩʦʩʪʘʚʠʣʦ 0,23 ʦʙ. %. 

ɻʠʜʨʦʬʠʣʴʥʦʩʪʴ ʵʬʠʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ 

ʚʳʰʝ, ʯʝʤ ʫ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ (ʧʦ-

ʛʣʦʱʝʥʠʝ ʚʦʜʳ 0,29 ʦʙ. %). ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ 

ʨʘʜʠʢʘʣʳ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʵʬʠʨʦʚ ʣʝʛ-

ʯʝ ʛʠʜʨʘʪʠʨʫʶʪʩʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʚ ʜʠʟʝʣʴʥʦʝ 

ʪʦʧʣʠʚʦ ʵʬʠʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʩʦʩʪʦʷʱʝʡ 

ʠʟ 50 ʦʙ. % ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ 50 ʦʙ. % 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʝʜʝʣʴʥʳʭ ʵʬʠʨʦʚ 

ʫʣʫʯʰʘʝʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ, ʵʢʩʧʣʫʘʪʘ-

ʮʠʦʥʥʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʠʟʝʣʴ-

ʥʦʛʦ ʪʦʧʣʠʚʘ, ʥʦ ʥʝʤʥʦʛʦ ʫʚʝʣʠʯʠʚʘʶʪ ʝʛʦ 

ʚʦʜʦʧʦʛʣʦʱʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ.  
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Abstract. Changing the parameters of biodiesel fuel in storage was studied. It is proposed 

storage technology of biodiesel fuels on agricultural fuel depots. 
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ɺ ɻʅʋ ɺʅʀʀʊʠʅ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ 

ʧʨʦʚʦʜʠʪʩʷ ʨʘʙʦʪʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʩʦʭʨʘ-

ʥʝʥʠʝ ʠ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʥʝʬʪʷʥʦʛʦ ʜʠ-

ʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʧʨʠ ʝʛʦ ʭʨʘʥʝʥʠʠ; ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ 

ʥʝʬʪʝʩʢʣʘʜʦʚ ʚ ʭʦʟʷʡʩʪʚʘʭ ɸʇʂ. ʇʨʦʚʦʜʠ-

ʤʘʷ ʠʥʩʪʠʪʫʪʦʤ ʨʘʙʦʪʘ ʧʦʟʚʦʣʠʣʘ ʧʨʝʜʣʦ-

ʞʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʭʨʘʥʝʥʠʷ ʩʚʝʪʣʳʭ ʥʝʬʪʝ-

ʧʨʦʜʫʢʪʦʚ ʥʘ ʥʝʬʪʝʩʢʣʘʜʘʭ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʚʢʣʶʯʘ-

ʶʱʫʶ ʚ ʩʝʙʷ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʦʭʨʘʥʝʥʠʶ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʦʧʣʠʚʦ-

ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʩʸ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʝʪ ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ. 

ɻʆʉʊ ʈ 52368-2005 ʫʞʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ, ʙʦʣʝʝ ʵʢʦʣʦʛʠʯ-

ʥʦʛʦ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [2]. ʉʪʨʫʢʪʫʨʘ ʤʦ-

ʣʝʢʫʣ ʠ ʩʚʦʡʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʝʬʪʷʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧ-

ʣʠʚʘ [3-6]. ɺ ʩʦʩʪʘʚ ʜʠʟʪʦʧʣʠʚʘ, ʧʦʣʫʯʘʝ-

ʤʦʛʦ ʧʝʨʝʛʦʥʢʦʡ ʥʝʬʪʠ, ʚʭʦʜʷʪ ʫʛʣʝʚʦʜʦ-

ʨʦʜʳ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ; ʘ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʶʪʩʷ ʤʝʪʠʣʦ-

ʚʳʝ ʵʬʠʨʳ ʚʳʩʰʠʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ, ʚ ʦʩ-

ʥʦʚʥʦʤ, ʥʝʧʨʝʜʝʣʴʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. 

ʇʨʠ ʭʨʘʥʝʥʠʠ ʙʠʦʪʦʧʣʠʚʘ ʤʦʛʫʪ ʧʨʦʠʩʭʦ-

ʜʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʫʭʫʜʰʘʶ-

ʱʠʝ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɹʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥ-

ʥʳʝ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʝʛʦ ʭʨʘʥʝʥʠʷ ʚʝʩʴʤʘ 

ʦʛʨʘʥʠʯʝʥʳ. ʊʝʭʥʦʣʦʛʠʠ ʭʨʘʥʝʥʠʷ ʢʘʢ ʯʠ-

ʩʪʦʛʦ ʙʠʦʪʦʧʣʠʚʘ, ʪʘʢ ʠ ʝʛʦ ʩʤʝʩʝʡ ʩ ʜʠ-

ʟʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʘʢ-

ʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶ-

ʱʠʭ ʧʨʠ ʭʨʘʥʝʥʠʠ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 

ʠ ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʜʣʠʪʝʣʴ-

ʥʦʛʦ ʭʨʘʥʝʥʠʷ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʭʨʘʥʝʥʠʠ ʙʠʦʜʠ-

ʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʨʘʧ-

ʩʦʚʦʛʦ ʠ ʣʴʥʷʥʦʛʦ ʤʘʩʣʘ, ʠʩʩʣʝʜʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦ-

ʛʦ ʤʝʪʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʨʠʥʮʠʧʝ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʭʨʘʥʝʥʠʷ ʞʠʜʢʠʭ ʪʦʧʣʠʚ ʚ ʣʘʙʦ-

ʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

100 ° 2 ʉ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʢʠ 

[7]. ɼʦ ʠ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝ-

ʜʫʝʤʦʛʦ ʪʦʧʣʠʚʘ; ʯʝʤ ʤʝʥʴʰʝ ʠʭ ʠʟʤʝʥʝ-

ʥʠʝ, ʪʝʤ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦʧʣʠ-

ʚʦ. ɺʳʙʦʨ ʪʦʧʣʠʚ ʥʝ ʩʣʫʯʘʝʥ. ɺ ʩʦʩʪʘʚʝ 

ʪʦʧʣʠʚʘ ʠʟ ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ (ʄʕʈʄ) ʧʨʝ-

ʦʙʣʘʜʘʝʪ ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ ʦʣʝʠʥʦʚʦʡ ʢʠʩ-

ʣʦʪʳ ʩ ʦʜʥʦʡ ʢʨʘʪʥʦʡ ʩʚʷʟʴʶ ʚ ʨʘʜʠʢʘʣʝ; ʚ 

ʩʦʩʪʘʚʝ ʪʦʧʣʠʚʘ ʠʟ ʣʴʥʷʥʦʛʦ ʤʘʩʣʘ 

(ʄʕʃʄ) ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʠʣʦ-

ʚʦʛʦ ʵʬʠʨʘ ʣʠʥʦʣʝʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʪʨʝʤʷ 

ʢʨʘʪʥʳʤʠ ʩʚʷʟʷʤʠ ʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʤ ʨʘʜʠ-

ʢʘʣʝ. ʀʟʤʝʥʝʥʠʷ ʧʨʠ ʭʨʘʥʝʥʠʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʙʠʦʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ, ʩʠʥʪʝʟʠʨʦʚʘʥ-

ʥʳʭ ʠʟ ʜʨʫʛʠʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʜʦʣʞʥʳ 

ʫʢʣʘʜʳʚʘʪʴʩʷ ʚ ʠʥʪʝʨʚʘʣ, ʟʘʜʘʥʥʳʡ ʪʦʧʣʠ-

ʚʘʤʠ ʠʟ ʨʘʧʩʦʚʦʛʦ ʠ ʣʴʥʷʥʦʛʦ ʤʘʩʣʘ. ɺ ʪʝʭ 

ʞʝ ʫʩʣʦʚʠʷʭ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʧʳʪʘʥʠʝ 

ʥʝʬʪʷʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʀʟʤʝʨʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʧʣʠʚ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ [8ï12]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʪʦʧʣʠʚʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦʛʦ ʭʨʘʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʙʠʦʜʠʟʝʣʴʥʳʭ 

ʪʦʧʣʠʚ ʟʘʤʝʪʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʜʠʟʪʦʧʣʠʚʘ ʠ 

ʝʸ ʠʟʤʝʥʝʥʠʝ ʚ ʭʦʜʝ ʠʩʧʳʪʘʥʠʷ ʙʦʣʴʰʝ. ʊʘ 

ʞʝ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʢʠʥʝʤʘʪʠ-

ʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʢʦʤʧʦʥʝʥʪʳ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠʤʝʶʪ 

ʙʦʣɹh ʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ, ʯʝʤ ʙʦʣʴ-

ʰʠʥʩʪʚʦ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʝʬʪʷʥʦʛʦ ʪʦʧʣʠ-

ʚʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

ʧʨʦʜʫʢʪʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʙʠʦʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʪʥʦ ʚʳʰʝ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʪʦʧʣʠʚʘ 
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ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ ʫʭʫʜʰʘʝʪ ʝʛʦ ʵʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʊʝʤʧʝʨʘʪʫʨʳ ʚʳʢʠʧʘʥʠʷ ʬʨʘʢʮʠʡ ʙʠʦ-

ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʠʟʤʝ-

ʥʠʣʠʩʴ ʥʝ ʪʘʢ ʩʠʣʴʥʦ, ʦʜʥʘʢʦ ʦʩʫʱʝʩʪʚʠʪʴ 

ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʛʦʥʢʫ ʦʢʠʩʣʝʥʥʦʛʦ ʙʠʦʜʠ-

ʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʥʝ ʫʜʘʣʦʩʴ ï ʧʦʩʣʝ ʧʝʨʝ-

ʛʦʥʢʠ 80 % ʦʙʲʸʤʘ ʥʘʯʘʣʩʷ ʠʥʪʝʥʩʠʚʥʳʡ 

ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʢʨʦ-

ʣʝʠʥʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦ-

ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʨʘʟʣʘʛʘʶʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ.  

 

ʊʘʙʣʠʮʘ ï ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʦʧʣʠʚ 

 ̄  

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ 

ɼʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʄʕʈʄ ʄʕʃʄ 

ɺʝʣʠʯʠʥʘ ʧʦʢʘʟʘʪʝʣʷ 

ʜʦ ʠʩ-

ʧʳʪʘ-

ʥʠʷ 

ʧʦʩʣʝ 

ʠʩʧʳʪʘ-

ʥʠʷ 

ʜʦ ʠʩ-

ʧʳʪʘ-

ʥʠʷ 

ʧʦʩʣʝ 

ʠʩʧʳʪʘ-

ʥʠʷ 

ʜʦ ʠʩ-

ʧʳʪʘ-

ʥʠʷ 

ʧʦʩʣʝ 

ʠʩʧʳʪʘ-

ʥʠʷ 

1. ʇʣʦʪʥʦʩʪʴ 15ÁC, 

ʢʛ/ʤ
3 

842 844 882 890 877 892 

2. ɺʷʟʢʦʩʪʴ ʢʠʥʝʤʘʪʠ-

ʯʝʩʢʘʷ ʧʨʠ 15 ÁC, 

ʤʤ
2
/ʩ 

5,23 5,81 8,91 10,50 6,88 8,45 

3. ʌʨʘʢʮʠʦʥʥʳʡ  

ʩʦʩʪʘʚ, ʉ̄  

 ʥʘʯʘʣʦ ʢʠʧʝʥʠʷ 

 10 % 

 20 % 

 30 % 

 40 % 

 50 % 

 60 % 

 70 % 

 80 % 

 90 % 

 96 % 

 

 

146 

158 

168 

185 

220 

270 

292 

302 

338 

354 

358 

 

 

152 

165 

181 

198 

235 

285 

300 

312 

339 

354 

358 

 

 

320 

332 

340 

338 

342 

348 

342 

339 

340 

342 

342 

 

 

328 

336 

340 

340 

344 

348 

348 

348 

334 

ï 

ï 

 

 

260 

278 

280 

285 

288 

286 

284 

282 

280 

278 

278 

 

 

280 

290 

298 

300 

300 

304 

298 

290 

ï 

ï 

ï 

4. ʂʠʩʣʦʪʥʦʝ ʯʠʩʣʦ, 

ʤʛ ʂʆʅ/100ʩʤ
3
 

ʪʦʧʣʠʚʘ 

0,17 0,22 1,94 0,52 2,05 0,85 

5. ʉʦʜʝʨʞʘʥʠʝ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ,  

ʤʛ/100ʩʤ
3
ʪʦʧʣʠʚʘ 

ʦʪʩʫʪʩʪ-

ʚʫʝʪ 

4,9 ʦʪʩʫʪʩʪ-

ʚʫʝʪ 

1,6 ʦʪʩʫʪʩʪ-

ʚʫʝʪ 

3,2 

 

ʇʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʜʣʷ 

ʙʠʦʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʬʪʷ-

ʥʦʛʦ, ʥʘʙʣʶʜʘʣʦʩʴ ʥʝ ʫʚʝʣʠʯʝʥʠʝ, ʘ 

ʫʤʝʥʴʰʝʥʠʝ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ. ʊʘ ʞʝ ʟʘʢʦ-

ʥʦʤʝʨʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦ-

ʛʜʘ ʪʦʧʣʠʚʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʜʥʦʡ ʧʣʘ-

ʩʪʠʥʢʠ ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 

ʠ 50Áʉ. ʇʨʠ ʭʨʘʥʝʥʠʠ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧ-

ʣʠʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 25Áʉ ʪʘʢʦʝ ʷʚʣʝ-

ʥʠʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ɺʦʟʤʦʞʥʦ, ʧʨʦʠʩʭʦ-

ʜʠʪ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ ʢʠʩʣʦʪ, ʦʙʨʘʟʫ-

ʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 
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ʪʦʧʣʠʚʘ. ʇʦʯʝʤʫ ʞʝ ʨʝʘʢʮʠʷ ʜʝʢʘʨʙʦʢʩʠ-

ʣʠʨʦʚʘʥʠʷ ʥʝ ʧʨʦʪʝʢʘʝʪ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʚ 

ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ? ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥ-

ʪʦʚ ʥʝʬʪʷʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʦʙʨʘʟʫ-

ʶʪʩʷ ʤʦʥʦʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʥʝ ʩʢʣʦʥ-

ʥʳʝ ʢ ʦʪʱʝʧʣʝʥʠʶ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʢʦʤ-

ʧʦʥʝʥʪʦʚ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʦʙʨʘʟʫ-

ʶʪʩʷ ʥʝʧʨʝʜʝʣʴʥʳʝ ʠ ʜʠʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦ-

ʪʳ, ʩʢʦʨʦʩʪʴ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʢʦʪʦʨʳʭ 

ʥʘʤʥʦʛʦ ʚʳʰʝ [13]. ʇʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ 

ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʥʮʠ-

ʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʩʭʝʤʳ ʦʢʠʩʣʝʥʠʷ ʙʠʦʜʠ-

ʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪɦ ʝʧʣʝʥʠʷ 

ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʦʙʨʘʟʫʶʪʩʷ ʥʝʧʨʝ-

ʜʝʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʚʩʪʫʧʘʪʴ ʚ 

ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʠʦʜʠʟʝʣʴʥʦʝ 

ʪʦʧʣʠʚʦ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʝ ʠʟ ʣʴʥʷʥʦʛʦ ʤʘʩ-

ʣʘ, ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʦ, ʯʝʤ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʝ 

ʠʟ ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳ-

ʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʣʠ-

ʥʦʣʝʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʚ ʤʦʣʝʢʫʣʝ ʢʦʪʦʨʦʛʦ 

ʩʦʜʝʨʞʘʪʩʷ ʪʨʠ ʜʚʦʡʥʳʝ ʩʚʷʟʠ, ʯʪʦ ʟʘʤʝʪʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʦʩʦʙʝʥʥʦ ʚ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʆʜʥʘ-

ʢʦ ʩʢʦʨʦʩʪʴ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʜʣʷ ʵʪʦʛʦ 

ʪʦʧʣʠʚʘ ʥʠʞʝ. 

ʇʨʦʚʝʜʸʥʥʘʷ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ-

ʢʘʟʘʣʘ, ʯʪʦ ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʙʦʣʝʝ 

ʛʠʛʨʦʩʢʦʧʠʯʥʦ, ʯʝʤ ʪʦʚʘʨʥʦʝ ʥʝʬʪʷʥʦʝ ʜʠ-

ʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʝ ʤʘʩʣʦ. 

ʉʤʝʩʴ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʝʬʪʷʥʦʛʦ ʪʦʧʣʠʚʘ ï 

ʩʘʤʘʷ ʛʠʜʨʦʬʦʙʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʧʦʛʣʦʱʘʝʪ ʚʦʜʫ ʜʘʞʝ ʧʨʠ ʭʨʘʥʝʥʠʠ ʚ 

ʪʝʯʝʥʠʝ 6 ʤʝʩʷʮʝʚ. ʉʣʦʞʥʳʝ ʵʬʠʨʳ ʙʠʦʜʠ-

ʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʙʦʣʝʝ ʧʦʣʷʨʥʳ, ʧʦʵʪʦʤʫ 

ʧʦʛʣʦʱʝʥʠʝ ʚʦʜʳ ʧʨʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʩ 

ʙʠʦʜʠʟʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ ʚ ʪʝʯʝʥʠʝ 6 ʤʝʩʷ-

ʮʝʚ ʩʦʩʪʘʚʠʣʦ 0,23 ʦʙ. %. ɼʣʷ ʩʤʝʩʝʚʦʛʦ 

ʪʦʧʣʠʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ 50 ʦʙ. % ʙʠʦʜʠʟʝʣʴ-

ʥʦʛʦ ʠ 50 ʦʙ. % ʪʦʚʘʨʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʜʠ-

ʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʧʦʛʣʦʱʝʥʠʝ ʚʦʜʳ ʦʩʪʘʚʠ-

ʣʦ 0,28 ʦʙ. %. ʈʘʩʪʠʪʝʣʴʥʦʝ ʤʘʩʣʦ ʪʘʢʞʝ 

ʩʦʩʪʦʠʪ ʠʟ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ, ʧʨʘʚʜʘ, ʙʦʣʴ-

ʰʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ, ʯʪʦ ʜʝʣʘʝʪ ʩʤʝʩʴ 

ʙʦʣʝʝ ʛʠʜʨʦʬʦʙʥʦʡ, ʯʝʤ ʙʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧ-

ʣʠʚʦ: ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʧʦʛʣʦʱʝʥʠʝ ʚʦʜʳ 

ʩʦʩʪʘʚʠʣʦ 0,11 ʦʙ. %. 

ʇʨʠʩʫʪʩʪʚʠʝ ʚʦʜʳ ʚ ʙʠʦʜʠʟʝʣʴʥʦʤ 

ʪʦʧʣʠʚʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʚʠʪʠʶ ʤʠʢ-

ʨʦʦʨʛʘʥʠʟʤʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʙʠʦʣʦʛʠʯʝ-

ʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʪʦʧʣʠ-

ʚʘ ʥʘ ʤʘʩʣʦ ʠ ʙʝʥʟʦʩʪʦʡʢʫʶ ʨʝʟʠʥʫ ʫʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʜʝʣʠʷ ʠʟ ʵʪʦʡ ʨʝʟʠʥʳ ʨʘʟʙʫ-

ʭʘʶʪ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʙʠʦʜʠʟʝʣʴʥʳʤ ʪʦʧʣʠ-

ʚʦʤ ʠ ʨʘʩʪʠʪʝʣʴʥʳʤ ʤʘʩʣʦʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʨʘʟʤʝʨʘʭ ʧʨʠ ʢʦʥʪʘʢʪʝ 

ʩ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʥʝʬʪʷʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ. ʅʘʠʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʥʘʙʫʭʘʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʝʨʚʳʝ ʜʚʦʝ ʩʫʪʦʢ ʢʦʥʪʘʢʪʘ, 

ʠ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʨʝʟʠʥʦʚʦʡ ʜʝʪʘʣʠ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 38 %. ɼʘʣʝʝ ʧʨʦʮʝʩʩ ʟʘ-

ʤʝʜʣʷʝʪʩʷ ʠ ʚ ʪʝʯʝʥʠʝ 2-ʡ ï 4-ʡ ʥʝʜʝʣʴ ʭʨʘ-

ʥʝʥʠʷ ʨʘʟʤʝʨʳ ʨʝʟʠʥʦʚʳʭ ʜʝʪʘʣʝʡ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʭʨʘʥʝʥʠʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʥʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʪʦʧʣʠʚʥʳʭ 

ʩʠʩʪʝʤʘʭ ʢʘʫʯʫʢʦʚʳʝ ʠ ʥʘʪʫʨʘʣʴʥʳʝ ʨʝʟʠ-

ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ.  

ʊʝʭʥʦʣʦʛʠʷ ʭʨʘʥʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʳʭ 

ʪʦʧʣʠʚ ʥʘ ʥʝʬʪʝʩʢʣʘʜʘʭ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʝ-

ʨʦʧʨʠʷʪʠʷ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʠʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺʦʟʤʦʞʥʳ 2 ʚʘʨʠʘʥʪʘ ʜʦʩʪʘʚʢʠ ʙʠʦʜʠ-

ʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩʝʣʴʩʢʠʤ ʪʦʚʘʨʦʧʨʦʠʟʚʦ-

ʜʠʪʝʣʷʤ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʜʚʫʤʷ ʪʝʭʥʦʣʦʛʠʤ̫ʠ ʝʛʦ ʭʨʘʥʝʥʠʷ. 

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ï ʥʘ ʥʝʬʪʝʩʢʣʘʜ ʧʨʝʜ-

ʧʨʠʷʪʠʷ ɸʇʂ ʜʦʩʪʘʚʣʷʝʪʩʷ ʩʤʝʩʝʚʦʝ ʜʠ-

ʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʩʦʜʝʨʞʘʱʝʝ 20 % ʙʠʦʜʠ-

ʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ (ʪʦʧʣʠʚʘ ʪʠʧʘ ɺ5 ï ɺ20). 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʩʤʝʩʝʚʦʛʦ ʪʦʧʣʠʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ, ʚ ʦʩʥʦʚ-
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ʥʦʤ, ʩʚʦʡʩʪʚʘʤʠ ʥʝʬʪʷʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʩʤʝʩʝʚʦʛʦ ʪʦʧʣʠʚʘ. ʊʦʛʜʘ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʭʨʘʥʝʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʪʝʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ 

ʭʨʘʥʝʥʠʠ ʥʝʬʪʷʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʠ 

ʭʨʘʥʝʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʤʝʥʝ ʫʧʣʦʪʥʝʥʠʡ, ʪʦʧʣʠʚʦʧʨʦʚʦʜʦʚ ʠ ʨʫ-

ʢʘʚʦʚ ʟʘʧʨʘʚʦʯʥʳʭ ʰʣʘʥʛʦʚ ʩ ʨʝʟʠʥʦʚʳʭ ʥʘ 

ʧʦʣʠʤʝʨʥʳʝ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʜʝʡʩʪʚʠʶ ʢʦʤ-

ʧʦʥʝʥʪʦʚ ʙʠʦʪʦʧʣʠʚʘ (ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ). 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ï ʥʘ ʥʝʬʪʝʩʢʣʘʜ ʧʨʝʜ-

ʧʨʠʷʪʠʷ ɸʇʂ ʜʦʩʪʘʚʣʷʝʪʩʷ ʪʦʚʘʨʥʦʝ ʜʠ-

ʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʠ ʯʠʩʪʦʝ ʙʠʦʜʠʟʝʣʴʥʦʝ 

ʪʦʧʣʠʚʦ (ɺ100). ʕʪʦʪ ʞʝ ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʫ-

ʝʪʩʷ ʠ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʙʠʦʪʦʧʣʠʚʦ ʧʨʦ-

ʠʟʚʦʜʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʭʦʟʷʡʩʪʚʝ. 

ʇʦʣʫʯʝʥʠʝ ʩʤʝʩʝʚʳʭ ʪʦʧʣʠʚ ʪʠʧʘ ɺ2 - ɺ20 

ʪʘʢ ʞʝ ʜʦʣʞʥʦ ʧʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ 

ʭʦʟʷʡʩʪʚʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʨʦʤʝ ʨʝʟʝʨʚʫʘʨʘ 

ʭʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ 

ʥʝʬʪʝʩʢʣʘʜʝ ʜʦʣʞʝʥ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʠ ʨʝ-

ʟʝʨʚʫʘʨ ʭʨʘʥʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʬʪʝʩʢʣʘʜ ʧʦʧʦʣʥʠʪʩʷ ʘʧʧʘ-

ʨʘʪʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʝʚʦʛʦ ʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ. 

ʅʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝ-

ʟʝʨʚʫʘʨ ʭʨʘʥʝʥʠʷ ʪʦʧʣʠʚʘ ʜʦʣʞʝʥ ʙʳʪʴ 

ʛʝʨʤʝʪʠʯʝʥ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʧʘʜʘ-

ʥʠʝ ʚ ʪʦʧʣʠʚʦ ʚʦʜʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝ-

ʩʝʡ. ɼʣʷ ʫʧʣʦʪʥʝʥʠʷ ʢʨʳʰʢʠ ʩʤʦʪʨʦʚʦʛʦ 

ʣʶʢʘ, ʤʝʩʪ ʩʦʝʜʠʥʝʥʠʷ ʩʣʠʚʥʳʭ ʠ ʥʘʣʠʚ-

ʥʳʭ ʧʘʪʨʫʙʢʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʦʢʣʘʜʢʠ ʠʟ ʤʘʪʝʨʠʘʣʦʚ, ʩʪʦʡʢʠʭ ʢ ʜʝʡ-

ʩʪʚʠʶ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ï ʪʝʬʣʦʥʘ, 

ʚʠʪʦʥʘ, ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʧʣʘʩʪʠʢʦʚ, ʥʝʡʣʦ-

ʥʘ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʚʣʘʛʠ 

ʧʨʠ ʭʨʘʥʝʥʠʠ ʩʣʝʜʫʝʪ ʜʝʨʞʘʪʴ ʸʤʢʦʩʪʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʧʦʣʥʝʥʥʳʤʠ, ʦʩʫʰʘʪʴ ʠ 

ʤʳʪʴ ʠʭ ʜʦ ʠ ʧʦʩʣʝ ʭʨʘʥʝʥʠʷ ʙʠʦʜʠʟʝʣʴʥʦ-

ʛʦ ʪʦʧʣʠʚʘ. ʉʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʠ-

ʪʝʣʴʥʳʭ ʠ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʦʩʪʠ-

ʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʭ ʧʨʠʩʘʜʦʢ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʸʪ ʩʥʠʞʝ-

ʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ 

ʥʝʧʨʝʜʝʣʴʥʳʭ ʵʬʠʨʦʚ ʵʬʠʨʘʤʠ ʧʨʝʜʝʣʴʥʳʭ 

ʩʧʠʨʪʦʚ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʤʝʥʴʰʝʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ. ɼʣʷ ʭʨʘʥʝʥʠʷ ʙʠʦʜʠ-

ʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʧʨʠʛʦʜʥʳ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʭʨʘʥʠʣʠʱʘ ʠ ʙʘʢʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʥʝ-

ʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʠʣʠ ʦʙʳʯʥʦʡ ʩʪʘʣʠ ʩ 

ʥʠʪʨʠʜʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʘ ʪʘʢʞʝ ʸʤʢʦʩʪʠ ʠʟ 

ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʠ ʧʦʣʠʧʨʦʧʠ-

ʣʝʥʘ, ʪʝʬʣʦʥʘ. ʅʘ ʢʘʞʜʳʡ ʨʝʟʝʨʚʫʘʨ ʜʦʣʞ-

ʥʳ ʠʤʝʪʴʩʷ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʪʘʙʣʠʮʳ ʠ ʧʘʩ-

ʧʦʨʪʘ, ʩ ʫʢʘʟʘʥʠʝʤ ʩʨʦʢʦʚ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʦʚ. 

ʉʣʠʚ ʦʪʩʪʦʷ ʧʨʦʠʟʚʦʜʷʪ ʥʝ ʨʝʞʝ 1 ʨʘʟʘ 

ʚ ʧʦʣʛʦʜʘ, ʦʯʠʩʪʢʘ ʠ ʤʦʡʢʘ ʨʝʟʝʨʚʫʘʨʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝ ʨʝʞʝ 1 ʨʘʟʘ ʚ ʛʦʜ. ʈʝʢʦ-

ʤʝʥʜʫʝʪʩʷ ʨʝʛʫʣʷʨʥʦ ʯʠʩʪʠʪʴ ʩʣʠʚʥʳʝ ʪʨʫ-

ʙʳ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʢʦʨʨʦʟʠʶ ʠ ʨʘʟ-

ʚʠʪʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʪʦʧʣʠʚʝ. ʅʝʦʙʭʦ-

ʜʠʤʦ ʨʝʛʫʣʷʨʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʘʣʠʯʠʝ 

ʚʦʜʳ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʪʦʧʣʠʚʝ. 

ɺʳʜʘʯʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʦʪʨʝʙʠʪʝʣʷʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʪʦʧʣʠʚʦʨʘʟʜʘʪʦʯʥʳʝ 

ʢʦʣʦʥʢʠ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʤʦʙʠʣʴʥʳʭ ʨʝʟʝʨ-

ʚʫʘʨʦʚ ʜʣʷ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ.  

ɺʳʚʦʜʳ 

ʍʨʘʥʝʥʠʝ ʙʠʦʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʚ 

ʩʪʘʣʴʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʨʝʟʝʨʚʫʘʨʘʭ ʙʝʟ 

ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʚʦʟʤʦʞʥʦ ʥʝ ʙʦʣʝʝ 

6 ʤʝʩʷʮʝʚ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʨʝʟʝʨʚʫʘʨʘʭ ʙʝʟ ʚʥʫʪʨʝʥʥʠʭ ʫʩʪʦʡʯʠʚʳʭ ʢ 

ʜʝʡʩʪʚʠʶ ʵʬʠʨʦʚ ʧʦʢʨʳʪʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʭʨʘʥʠʪʴ ʝʛʦ ʧʦʜ ʩʣʦʝʤ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ 

(ʥʘʧʨʠʤʝʨ, ʘʟʦʪʘ). ɹʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ 

ʜʦʣʞʥʦ ʭʨʘʥʠʪʴʩʷ ʚ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʪʳʭ 

ʨʝʟʝʨʚʫʘʨʘʭ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʧʦ-

ʧʘʜʘʥʠʝ ʚ ʨʝʟʝʨʚʫʘʨ ʚʦʜʳ, ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʨʠʤʝʩʝʡ ʠ ʦʛʨʘʥʠʯʠʪʴ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʩ 

ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ. ɼʝʪʘʣʠ ʫʧʣʦʪʥʝʥʠʡ, 

ʰʣʘʥʛʠ ʠ ʨʫʢʘʚʘ ʩʣʝʜʫʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʟ 

ʤʘʪʝʨʠʘʣʦʚ, ʭʦʨʦʰʦ ʩʦʚʤʝʩʪʠʤʳʭ ʩ ʙʠʦʜʠ-

ʟʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ: ʪʝʬʣʦʥ, ʚʠʪʦʥ, ʬʪʦʨʠ-

ʨʦʚʘʥʥʳʝ ʧʣʘʩʪʠʢʠ, ʥʝʡʣʦʥ 
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ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦ-

ʛʦ ʪʦʧʣʠʚʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ 

ʝʛʦ ʭʨʘʥʝʥʠʝ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʩʨʦʢʘ ʚ 

ʧʣʘʩʪʠʢʦʚʳʭ ʨʝʟʝʨʚʫʘʨʘʭ.  
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ʆʨʛʘʥʠʟʘʮʠʷ: ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ - ʠʩʩʣʝʜʦʚʘʪʝʣʴ-

ʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ (ɻʅʋ ɺʅʀʀʊʠʅ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ). ɸʜʨʝʩ ʦʨʛʘʥʠʟʘʮʠʠ:  

ʧʝʨ. ʅʦʚʦ-ʈʫʙʝʞʥʳʡ, 28, ʛ. ʊʘʤʙʦʚ, 392022, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 
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ʇʈɽɼʆʊɺʈɸʑɽʅʀɽ ʂɸʏɽʉʊɺɽʅʅʆ - ʂʆʃʀʏɽʉʊɺɽʅʅʓʍ ʇʆʊɽʈʔ ʊʆʇʃʀɺ 

ʇʈʀ ʍʈɸʅɽʅʀʀ 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʦʢʠʩʣʠʪʝʣʴʥʳʝ, ʢʦʨʨʦʟʠʦʥʥʳʝ ʠ ʧʦʣʠʤʝʨʠ-

ʟʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʪʦʧʣʠʚ ʧʨʠ ʭʨʘʥʝʥʠʠ. ʉʬʦʨʤʫʣʠʨʦ-

ʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʠʩʘʜʦʢ ʢ ʪʦʧʣʠʚʘʤ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʦʪʦʨʳʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʠʟʚʦʜʥʳʝ 2,2ô- ʜʠʛʠʜʨʦʢʩʠʘʟʦʙʝʥʟʦʣʘ. ʇʦ ʤʝʭʘ-

ʥʠʟʤʫ ʜʝʡʩʪʚʠʷ ʠʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʢʣʘʩʩʫ ʧʨʠʩʘʜʦʢ - ʜʝʘʢʪʠʚʘʪʦʨʦʚ ʤʝʪʘʣʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ; ʭʨʘʥʝʥʠʝ; ʧʦʪʝʨʠ; ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʠʩʘʜʢʠ. 

Romantsova S.V., Nagornov S.A. 

PREVENTING QUALITATIVE - QUANTITATIVE LOSS FUEL STORAGE  

Abstract. The processes of oxidation and corrosion polymerization considered. These process-

es lead to the deterioration of the fuel during storage. These processes are interrelated. The re-

quirements for the structure of multifunctional additives for fuels formulated. In accordance with 

the requirements were synthesized and investigated 2,2 '- dihydroxyazobenzene. The mechanism of 

action of these compounds can be classified as metal deactivators. 

Keywords: diesel; storage; fuel loss; multifunctional additives. 

ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʨʘʩʭʦʜʦʚʘʥʠʷ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝ-

ʩʫʨʩʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʠ 

ʩʦʢʨʘʱʝʥʠʠ ʧʦʪʝʨʴ ʪʦʧʣʠʚ ʧʨʠ ʭʨʘʥʝʥʠʠ.  

ʇʦʪʝʨʠ ʪʦʧʣʠʚ ʧʨʠ ʭʨʘʥʝʥʠʠ ʧʦ ʚʠʜʫ 

ʫʱʝʨʙʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʳʝ, ʢʘʯʝʩʪʚʝʥʥʦ ï ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ ʢʘʯʝ-

ʩʪʚʝʥʥʳʝ [1,2]. 

ʅʝʛʝʨʤʝʪʠʯʥʦʩʪʴ ʨʝʟʝʨʚʫʘʨʦʚ, ʥʝʠʩ-

ʧʨʘʚʥʦʩʪʴ ʟʘʧʦʨʥʦʡ ʠ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʡ 

ʘʨʤʘʪʫʨʳ, ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʚʳʧʦʣʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʩʭʝʤ ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʮʠʡ ʧʨʠʚʦʜʷʪ ʢ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʦʪʝʨʷʤ ʪʦʧʣʠʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʰʝʥʠʷ, ʦʙʚʦʜʥʝʥʠʷ ʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʪʦʧʣʠʚ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ 

ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʣʝʢʫʣ ʪʦʧʣʠʚʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʪʝʨʷʤ. 

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʪʦʧʣʠʚʘ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʭʫʜʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʛʦʚʦ-

ʨʷʪ ʦ ʩʤʝʰʘʥʥʳʭ ʧʦʪʝʨʷʭ. ʅʘʧʨʠʤʝʨ, ʧʨʠ 

ʠʩʧʘʨʝʥʠʠ ʪʝʨʷʝʪʩʷ ʯʘʩʪʴ ʥʝʬʪʝʧʨʦʜʫʢʪʘ, ʚ 

ʦʩʥʦʚʥʦʤ, ʣʝʛʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ. ʕʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ, ʘ ʟʥʘʯʠʪ ʠ ʢʘʯʝʩʪʚʘ 

ʪʦʧʣʠʚʘ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʟʘʛʨʷʟʥʝʥʠʝ 

ʪʦʧʣʠʚʘ (ʧʦʧʘʜʘʥʠʝ ʚ ʥʝʛʦ ʚʦʜʳ ʠ ʤʝʭʘʥʠ-

ʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ), ʦʥʦ ʜʦʣʞʥʦ ʭʨʘʥʠʪʴʩʷ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴʩʷ ʚ ʛʝʨʤʝʪʠʯʥʳʭ ʨʝʟʝʨ-

ʚʫʘʨʘʭ, ʥʦ ʜʘʞʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʭʨʘʥʝʥʠʠ 

ʧʨʦʪʝʢʘʶʪ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʦʢʠʩʣʠʪʝʣʴ-

ʥʳʝ, ʢʦʨʨʦʟʠʦʥʥʳʝ ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝ-

ʩʪʚʘ ʪʦʧʣʠʚ.  

ɺ ʧʘʨʦʚʦʟʜʫʰʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʝʟʝʨ-

ʚʫʘʨʘ ʢʨʦʤʝ ʧʘʨʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʧʨʠʩʫʪ-

ʩʪʚʫʶʪ ʢʦʤʧʦʥʝʥʪʳ ʚʦʟʜʫʭʘ (ʚ ʦʩʥʦʚʥʦʤ, 

ʘʟʦʪ ʠ ʢʠʩʣʦʨʦʜ) ʠ ʚʦʜʷʥʳʝ ʧʘʨʳ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ çʜʳʭʘʥʠʡè ʨʝʟʝʨʚʫʘʨʘ ʠ ʩʫʪʦʯʥʳʭ ʧʝ-
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ʨʝʧʘʜʦʚ ʪʝʤʧʝʨʘʪʫʨ, ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ 

ʢʦʥʜʝʥʩʘʮʠʠ ʚʣʘʛʠ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʨʝʟʝʨʚʫʘʨʘ. ʅʘʣʠʯʠʝ ʚʦʜʥʦʡ ʧʣʝʥʢʠ, 

ʥʘʩʳʱʝʥʥʦʡ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ, ʚʳʟʳʚʘʝʪ 

ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ ʚ ʛʘʟʦʚʦʡ ʬʘ-

ʟʝ, ʪʘʢ ʠ ʚ ʦʙʲʸʤʝ ʥʝʬʪʝʧʨʦʜʫʢʪʘ. 

ʅʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʛʘʟʦʦʙʨʘʟʥʦʡ ʠ 

ʞʠʜʢʦʡ ʬʘʟ ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ 

ʪʦʧʣʠʚʘ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ. 

ɾʠʜʢʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʫʶ ʩʤʝʩʴ, ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʤʝʪʘʩʪʘ-

ʙʠʣʴʥʦʤ ʢʦʣʣʦʠʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʵʪʦʡ ʩʠ-

ʩʪʝʤʝ ʧʨʦʪʝʢʘʶʪ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ, ʢʦʥ-

ʜʝʥʩʘʮʠʠ ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʠʥʠʮʠʠʨʫʝʤʳʝ 

ʢʘʢ ʢʠʩʣʦʨʦʜʦʤ ʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʦʧʣʠʚʘ, 

ʪʘʢ ʠ ʠʦʥʘʤʠ ʤʝʪʘʣʣʘ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʢʦʨʨʦʟʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʶʪ-

ʩʷ ʨʘʟʣʠʯʥʳʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠ-

ʥʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʢʦʘʛʫʣʠʨʦʚʘʪʴ ʩ ʦʙʨʘʟʦ-

ʚʘʥʠʝʤ ʦʩʘʜʢʦʚ.  

ɿʦʥʘ ʢʦʥʜʝʥʩʘʪʘ ʥʘ ʜʥʝ ʨʝʟʝʨʚʫʘʨʘ 

(ʧʦʜʪʦʚʘʨʥʘʷ ʚʦʜʘ) ð ʩʘʤʘʷ ʢʦʨʨʦʟʠʦʥʥʦ-

ʘʢʪʠʚʥʘʷ ʦʙʣʘʩʪʴ. ɺʦʜʥʳʡ ʧʨʠʜʦʥʥʳʡ ʩʣʦʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʪʚʦʨ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦ-

ʮʝʩʩ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣ-

ʣʦʚ. ɺ ʵʪʦʡ ʞʝ ʟʦʥʝ ʥʘʭʦʜʷʪʩʷ ʢʦʣʦʥʠʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʨʦʜʫʢʪʳ ʞʠʟʥʝʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʢʦʪʦʨʳʭ, ʩʪʠʤʫʣʠʨʫʶʪ ʢʦʨʨʦʟʠʦʥ-

ʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʦʪʝʨʝ ʪʦʧʣʠ-

ʚʘ ʠ ʟʘʛʨʷʟʥʝʥʠʶ ʧʦʯʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʣʠ-

ʚʘ. 

ʇʨʦʜʫʢʪʳ ʢʦʨʨʦʟʠʠ ʨʝʟʝʨʚʫʘʨʦʚ, 

ʩʤʦʣʦ- ʠ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ, ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʘʪʤʦʩʬʝʨʥʘʷ ʧʳʣʴ ʠ 

ʥʝʨʘʩʪʚʦʨʸʥʥʘʷ ʚʦʜʘ ʦʩʘʞʜʘʶʪʩʷ ʥʘ ʜʥʝ 

ʨʝʟʝʨʚʫʘʨʘ, ʩʦʟʜʘʚʘʷ ʩʣʦʡ ʥʝʬʪʝʰʣʘʤʘ. 

ʐʣʘʤ, ʦʩʪʘʚʰʠʡʩʷ ʚ ʨʝʟʝʨʚʫʘʨʝ, 

ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʠ 

ʥʘʢʦʧʣʝʥʠʷ ʩʤʦʣ ʚ ʢʘʞʜʦʡ ʩʣʝʜʫʶʱʝʡ 

ʧʘʨʪʠʠ ʪʦʧʣʠʚʘ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʨʝʟʝʨʚʫʘʨ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʠʪʝʣʴ-

ʥʳʭ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩʧʦʩʦʙ-

ʩʪʚʫʶʪ ʧʨʦʪʝʢʘʥʠʶ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ, ʠʦʥʳ ʤʝʪʘʣʣʘ ʠ ʧʨʦʜʫʢʪʳ ʢʦʨʨʦʟʠʠ 

ʫʚʝʣʠʯʠʚʘʶʪ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʶʪʩʷ ʢʨʫʧ-

ʥʳʝ ʘʛʨʝʛʘʪʠʨʦʚʘʥʥʳʝ ʯʘʩʪʠʮʳ, ʚʳʧʘʜʘʶ-

ʱʠʝ ʚ ʦʩʘʜʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʥʠʷ 

ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʜʦʣʷ ʚʳ-

ʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʪʦʧʣʠʚʝ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʣʝʪʫʯʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ð ʧʦʚʳʰʘʝʪʩʷ. ʕʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʩʧʘʨʷʝʤʦʩʪʠ. ʇʨʦ-

ʮʝʩʩʳ ʠʩʧʘʨʝʥʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʷʪ 

ʢ ʫʜʘʣʝʥʠʶ ʠʟ ʪʦʧʣʠʚʘ ʥʠʟʢʦʢʠʧʷʱʠʭ ʢʦʤ-

ʧʦʥʝʥʪʦʚ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʢʣʦʥ-

ʥʳʭ ʢ ʨʝʘʢʮʠʷʤ ʦʢʠʩʣʝʥʠʷ ʠ ʧʦʣʠʤʝʨʠʟʘ-

ʮʠʠ. ɺʩʝ ʵʪʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʠ ʚʟʘʠʤʦʟʘʚʠ-

ʩʠʤʳʝ ʧʨʦʮʝʩʩʳ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʢʘʯʝʩʪʚʝʥ-

ʥʦ - ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʪʝʨʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʧʨʠʚʦʜʷʪ ʢ ʫʭʫʜʰʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʨʠ ʠʭ ʭʨʘʥʝʥʠʠ 

ʥʘ ʥʝʬʪʝʩʢʣʘʜʘʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʢʘʯʝ-

ʩʪʚʝʥʥʳʭ ʪʦʧʣʠʚ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʭʣʦʧʥʳʭ 

ʛʘʟʦʚ, ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ ʧʨʝʞ-

ʜʝʚʨʝʤʝʥʥʦʤʫ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. 

ʄʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʝʥ-

ʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʪʝʨʴ ʪʦʧʣʠʚʘ ʚʦ 

ʚʨʝʤʷ ʭʨʘʥʝʥʠʷ, ʚʢʣʶʯʘʶʪ ʯʝʪʳʨʝ ʥʘʧʨʘʚ-

ʣʝʥʠʷ:  

ï ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʪʘʢʪʘ ʥʝʬʪʝʧʨʦʜʫʢʪʘ 

ʩ ʚʦʟʜʫʭʦʤ; 

ï ʫʤʝʥʴʰʝʥʠʝ ʜʚʠʞʫʱʝʡ ʩʠʣʳ ʧʝʨʝ-

ʤʝʱʝʥʠʷ ʧʘʨʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʘ; 

ï ʫʣʘʚʣʠʚʘʥʠʝ ʧʘʨʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ; 

ï ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘ.  

ʋʤʝʥʴʰʝʥʠʝ ʢʦʥʪʘʢʪʘ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʩ 

ʚʦʟʜʫʭʦʤ, ʫʤʝʥʴʰʝʥʠʝ ʜʚʠʞʫʱʝʡ ʩʠʣʳ ʧʝ-

ʨʝʤʝʱʝʥʠʷ ʧʘʨʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʠ ʫʣʘʚʣʠ-

ʚʘʥʠʝ ʝʛʦ ʧʘʨʦʚ ʧʨʠʚʝʜʸʪ ʢ ʩʦʢʨʘʱʝʥʠʶ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʪʝʨʴ ʣʝʛʢʠʭ ʬʨʘʢʮʠʡ ʦʪ 

ʠʩʧʘʨʝʥʠʷ. 

ʋʤʝʥʴʰʝʥʠʝ ʢʦʥʪʘʢʪʘ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʩ 

ʚʦʟʜʫʭʦʤ ʠ ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʧʫʪʸʤ ʚʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 
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ʧʨʠʩʘʜʦʢ ʧʨʠʚʝʜʸʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʘʯʝ-

ʩʪʚʝʥʥʳʭ ʧʦʪʝʨʴ ʪʦʧʣʠʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠ-

ʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ, ʧʦʣʠʤʝʨʠ-

ʟʘʮʠʦʥʥʳʭ, ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʢʦʨ-

ʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʨʠʩʘʜʢʠ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝ-

ʥʠʝ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʝʞʝʣʘʪʝʣʴʥʳʭ 

ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʭʨʘʥʝʥʠʠ ʪʦʧ-

ʣʠʚ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦ-

ʸʤʢʠʤ, ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʢʘʧʠʪʘʣʴʥʳʭ 

ʟʘʪʨʘʪ, ʪʱʘʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʟʘʱʠʱʘʝ-

ʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʦʟʤʦʞʥʦ ʚ ʫʩʣʦʚʠʷʭ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʟʘʤʢʥʫʪʳʭ ʦʙʲʝʤʦʚ.  

ʇʨʦʚʝʜʝʥʥʳʡ ʥʘʤʠ ʘʥʘʣʠʟ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʝʡ ʦʢʠʩʣʝʥʠʷ ʥʝʬʪʷʥʳʭ ʪʦʧʣʠʚ, ʘʥʪʠ-

ʢʦʨʨʦʟʠʦʥʥʳʭ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʦʟʚʦʣʠʣ ʩʬʦʨʤʫʣʠ-

ʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʪʨʝʙʦʚʘʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʠʩʘʜʦʢ ʢ ʪʦʧʣʠ-

ʚʘʤ.  

1. ʈʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʦʪʝʢʘʶʪ ʧʦ ʨʘʜʠʢʘʣʴʥʦ-ʮʝʧʥʦʤʫ ʤʝʭʘ-

ʥʠʟʤʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫ-

ʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʝʨʦʢʩʠʜʥʳʭ ʠ ʛʠʜʨʦʧʝ-

ʨʦʢʩʠʜʥʳʭ ʨʘʜʠʢʘʣʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʥ-

ʪʠʦʢʠʩʣʠʪʝʣʴʥʳʝ ʧʨʠʩʘʜʢʠ ʜʦʣʞʥʳ ʦʙʣʘ-

ʜʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʨʳʚʘʪʴ ʮʝʧʠ ʦʢʠʩʣʝ-

ʥʠʷ, ʦʙʨʘʟʫʷ ʩ ʨʘʜʠʢʘʣʘʤʠ ʠʥʝʨʪʥʳʝ ʩʦʝʜʠ-

ʥʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʚ ʩʦʩʪʘʚ ʤʦʣʝʢʫʣʳ ʧʨʠ-

ʩʘʜʢʠ ʜʦʣʞʥʳ ʚʭʦʜʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ, ʩʧʦʩʦʙʥʳʝ ʦʪʱʝʧʣʷʪʴ ʧʨʦʪʦʥ 

(ʥʘʧʨʠʤʝʨ, ʛʠʜʨʦʢʩʠ- ʠʣʠ ʘʤʠʥʦʛʨʫʧʧʳ). 

ɸʢʪʠʚʥʦʩʪʴ ʧʨʠʩʘʜʢʠ ʫʚʝʣʠʯʠʚʘʶʪ ʵʣʝʢ-

ʪʨʦʥʦʜʦʥʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ (ʘʤʠʥʦ- ʠ ʛʠʜ-

ʨʦʢʩʠʛʨʫʧʧʳ, ʤʝʪʠʣʘʤʠʥʦ ʠ ʤʝʪʦʢʩʠʛʨʫʧ-

ʧʳ, ʤʝʪʠʣʴʥʳʝ ʠ ʜʨʫʛʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ 

ʨʘʜʠʢʘʣʳ). 

ʊʝ ʞʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʫʚʝʣʠʯʠʚʘʶʪ ʵʣʝʢʪʨʦʥʥʫʶ 

ʧʣʦʪʥʦʩʪʴ ʥʘ ʜʦʥʦʨʥʳʭ ʮʝʥʪʨʘʭ ʤʦʣʝʢʫʣʳ, 

ʧʦʚʳʰʘʷ ʘʜʩʦʨʙʠʨʫʝʤʦʩʪʴ ʠ ʘʥʪʠʢʦʨʨʦʟʠ-

ʦʥʥʦʝ ʜʝʡʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʡ. 

2. ɼʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʝʜʦʪʚʨʘ-

ʱʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʠ ʨʘʜʠʢʘʣʴʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʘ ʠʥʛʠʙʠʪʦʨʘ 

ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʨʘʟʚʠʪʫʶ ʩʦʧʨʷʞʝʥʥʫʶ 

ʵʣʝʢʪʨʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʯʪʦʙʳ ʦʙʨʘʟʫʶʱʠʡ-

ʩʷ ʨʘʜʠʢʘʣ ʠʥʛʠʙʠʪʦʨʘ ʙʳʣ ʥʘʩʪʦʣʴʢʦ ʩʪʘ-

ʙʠʣʠʟʠʨʦʚʘʥ ʩʦʧʨʷʞʝʥʠʝʤ, ʯʪʦ ʥʝ ʤʦʛ ʙʳ 

ʧʨʦʤʦʪʠʨʦʚʘʪʴ ʨʘʜʠʢʘʣʴʥʳʝ ʨʝʘʢʮʠʠ. 

ʅʘʠʣʫʯʰʝʝ ʩʦʧʨʷʞʝʥʠʝ ʦʙʨʘʟʫʝʪʩʷ ʚ ʘʨʦ-

ʤʘʪʠʯʝʩʢʠʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʅʘʣʠʯʠʝ ʚ ʤʦʣʝʢʫʣʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛ-

ʤʝʥʪʦʚ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʠʩʪʝʤʫ ʩʦ-

ʧʨʷʞʝʥʠʷ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʥʝʩʧʘʨʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʛʠʜʨʦʧʝ-

ʨʦʢʩʠʜʥʦʛʦ ʨʘʜʠʢʘʣʘ c ʵʣʝʢʪʨʦʥʘʤʠ ʘʨʦʤʘ-

ʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʘʥʪʠʦʢʠʩ-

ʣʠʪʝʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

ɺ ʧʨʦʮʝʩʩʝ ʘʜʩʦʨʙʮʠʠ ʥʘ ʤʝʪʘʣʣʠʯʝ-

ʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥ-

ʪʳ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʟʘʱʠʱʘʝ-

ʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʚʝʣʠʯʠʚʘʷ ʧʣʦʱʘʜʴ 

ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʠ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ ʩʚʦʡ-

ʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ. 

3. ʂʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʢʦʨʨʦʟʠʠ, ʷʚʣʷʶʪʩʷ ʢʘʪʘʣʠʟʘʪʦ-

ʨʘʤʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɼʣʷ ʧʦʜʘʚ-

ʣʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʢʘʪʠʦʥʦʚ 

ʤʝʪʘʣʣʦʚ ʧʨʠʩʘʜʢʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʛʨʫʧ-

ʧʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩ ʤʝʪʘʣ-

ʣʘʤʠ ʢʦʤʧʣʝʢʩʳ, ʥʝʘʢʪʠʚʥʳʝ ʧʦ ʦʪʥʦʰʝ-

ʥʠʶ ʢ ʛʠʜʨʦʧʝʨʦʢʩʠʜʘʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʝ-

ʪʝʨʦʘʪʦʤʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʧʦ-

ʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʚʷ-

ʟʠ ʩ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʘ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʶʪ-

ʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠ-

ʥʝʥʠʷ. ɺʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʘ ʟʥʘʯʠʪ ʠ ʚʳ-

ʩʦʢʦʡ ʜʝʘʢʪʠʚʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙ-

ʣʘʜʘʶʪ ʤʦʣʝʢʫʣʳ, ʦʙʨʘʟʫʶʱʠʝ ʧʪ̫ʠ- ʠʣʠ 

ʰʝʩʪʠʯʣʝʥʥʳʝ ʮʠʢʣʳ. ʅʘʠʙʦʣʴʰʝʡ ʩʪʘ-

ʙʠʣʴʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʨʘʟʫ-

ʶʱʠʝ ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʳʝ ʩʦʣʠ ʭʝʣʘʪʥʦʛʦ 

ʩʪʨʦʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʦʜʠʥ ʛʝʪʝʨʦʘʪʦʤ ʩʚʷ-

ʟʳʚʘʝʪʩʷ ʩ ʤʝʪʘʣʣʦʤ ʠʦʥʥʦʡ ʩʚʷʟʴʶ, ʘ ʚʪʦ-

ʨʦʡ ð ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ. ɸʪʦʤ ʤʝʪʘʣʣʘ 

ʵʢʨʘʥʠʨʦʚʘʥ ʠ ʥʝ ʩʧʦʩʦʙʝʥ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ 

ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ. ʊʘʢʠʝ ʩʦʝʜʠʥʝ-

ʥʠʷ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʜʝʘʢʪʠʚʘʪʦʨʘʤʠ ʤʝʪʘʣ-
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ʣʦʚ. ʆʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ ʦʙʨʘʟʦʚʘʚʰʝʛʦ-

ʩʷ ʭʝʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʧʦʩʦʙʥʳ ʟʘʱʠ-

ʱʘʪʴ ʦʪ ʨʘʩʪʚʦʨʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʘ, 

ʟʘʤʝʜʣʷʷ ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ.  

4. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʩʘʜʢʠ ʜʦʣʞʥʘ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʜʣʠʥʥʳʭ ʛʠʜ-

ʨʦʬʦʙʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʠʟʦʣʷʮʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʦʪ ʘʛʨʝʩ-

ʩʠʚʥʦʡ ʩʨʝʜʳ (ʯʪʦ ʩʥʠʟʠʪ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦ-

ʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ) ʠ ʫʚʝʣʠʯʠʚʘʶʱʠʭ ʨʘʩ-

ʪʚʦʨʠʤʦʩʪʴ ʧʨʠʩʘʜʦʢ ʚ ʪʦʧʣʠʚʝ (ʯʪʦ ʧʦʟʚʦ-

ʣʠʪ ʠʤ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʨʘ-

ʜʠʢʘʣʘʤʠ). 

ʊʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʩʪʨʫʢ-

ʪʫʨʝ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʠʩʘʜʦʢ, ʦʪʚʝ-

ʯʘʶʪ 2,2ô-ʜʠʛʠʜʨʦʢʩʠʘʟʦʩʦʝʜʠʥʝʥʠʷ. ʄʦʣʝ-

ʢʫʣʳ ʩʦʝʜʠʥʝʥʠʡ ʨʘʩʧʦʣʘʛʘʶʪ ʜʚʫʤʷ ʘʨʦ-

ʤʘʪʠʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʨʘʟʚʠʪʦʡ ʩʠ-

ʩʪʝʤʦʡ ʩʦʧʨʷʞʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʦʣʝʢʫ-

ʣʳ, ʩʦʜʝʨʞʘɦ ʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʚ 

ʦ- ʧʦʣʦʞʝʥʠʠ ʢ ʘʟʦʛʨʫʧʧʝ, ʩʧʦʩʦʙʥʳ ʦʙʨʘ-

ʟʦʚʳʚʘʪʴ ʧʨʦʯʥʳʝ ʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ 

ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣɹ-

ʟʫʶʪʩʷ ʥʝʜʦʨʦʛʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʥʝʩʣʦʞ-

ʥʘʷ ʪʝʭʥʦʣʦʛʠʷ.  

ʅʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʧʨʦʠʟʚʦʜʥʳʝ 2,2ô- ʜʠʛʠʜʨʦʢʩʠʘʟʦʙʝʥʟʦʣʘ, 

ʩʦʜʝʨʞʘʱʠʝ ʚ ʦʜʥʦʤ ʠʟ ʙʝʥʟʦʣʴʥʳʭ ʢʦʣʝʮ 

ʘʮʝʪʠʣʘʤʠʥʦ- ʠʣʠ ʛʠʜʨʦʢʩʠʛʨʫʧʧʫ ʠʣʠ 

ʘʪʦʤ ʭʣʦʨʘ [3-5]:  

 
 ʛʜʝ ʍ, Y ð ʟʘʤʝʩʪʠʪʝʣʠ (ʪʘʙʣ.1). 

ʊʘʙʣʠʮʘ 1 ï ʉʪʨʦʝʥʠʝ 2,2'-ʜʠʛʠʜʨʦʢʩʠʘʟʦʩʦʝʜʠʥʝʥʠʡ 

ʀʥʛʠʙʠʪʦʨ ʍ ʋ ʀʥʛʠʙʠʪʦʨ ʍ ʋ 

ɼ1 

ɼ2 

ʅ 

ʅ 

5'-NHCOOH 

4'-OH 

ɼ3 

ɼ4 

Cl 

Cl 

5'-NHCOOH 

4'-OH 

 

ɸʥʪʠʦʢʠʩʣʠʪʝʣʴʥʫʶ ʠ ʘʥʪʠʢʦʨʨʦʟʠʦʥ-

ʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʩʘʜʦʢ ɼ1éɼ4 ʦʮʝ-

ʥʠʚʘʣʠ ʚ ʩʨʝʜʝ ʥʝʬʪʷʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧ-

ʣʠʚʘ (ʪʘʙʣ. 2, 3).  

ʊʘʙʣʠʮʘ 2 ï ɿʘʱʠʪʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (Z, %) ʠʥʛʠʙʠʪʦʨʦʚ ʚ ʧʦʜʪʦʚʘʨʥʦʡ ʚʦʜʝ, ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʩʧʳʪʘʥʠʷ (ʯ) 

ʀʥʛʠʙʠʪʦʨ ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʩʧʳʪʘʥʠʷ, ʯ 

24 120 240 

ɼ1 

ɼ2 

ɼ3 

ɼ4 

36 

48 

33 

61 

36 

47 

33 

60 

36 

47 

33 

61 

 

ʀʟ ʧʨʠʚʝʜʸʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ 

ʥʘʠʣʫʯʰʝʡ ʟʘʱʠʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʙ-

ʣʘʜʘʝʪ ʩʦʝʜʠʥʝʥʠʝ ɼ4. ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʚ 

ʧʦʜʪʦʚʘʨʥʦʡ ʚʦʜʝ, ʥʝ ʩʦʜʝʨʞʘʱʝʡ ʜʦʙʘʚʦʢ, 

ʩʦʩʪʘʚʣʷʝʪ 0,102; 0,0747 ʠ 0,065 ʛ/(ʤ
2 .

 ʯ) 

ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʩʧʳʪʘʥʠʷ 24, 120 

ʠ 240 ʯ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥ-

ʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ-

ʩʪʦ̫ ʥʥʳʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ 

ʚʨʝʤʝʥʠ ʠʥʛʠʙʠʪʦʨ ʥʝ ʨʘʩʭʦʜʫʝʪʩʷ. 
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ʊʘʙʣʠʮʘ 3 ï ʉʦʜʝʨʞʘʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʩʤʦʣ (ʉʩʤʦʣ) ʠ ʦʩʘʜʢʘ (mʦʩ), ʘ ʪʘʢʞʝ ʢʠʩʣʦʪʥʦʩʪʴ 

(ʂ) ʪʦʧʣʠʚʘ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ  

 

ʇʨʠʩʘʜʢʘ 

ʉʩʤʦʣ, ʤʛ/100 ʩʤ
3
 ʪʦʧʣʠʚʘ ʂ, ʤʛ ʂʆʅ /100 ʩʤ

3
 ʪʦʧʣʠʚʘ mʦʩ, ʤʛ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʩʘʜʢʠ, ʤʛ/ʣ  

10 20 10 20 10 20 

ɼ1 18 17 0,91 0,83 4,8 4,5 

ɼ2 18 16 0,83 0,78 3,5 3,2 

ɼ3 18 16 0,91 0,87 4,6 4,3 

ɼ4 12 9 0,74 0,68 0,6 0,5 

ɹʝʟ ʧʨʠʩʘʜʢʠ 34 1,08 4,9 

 

ɺʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʫʶ ʩʪʘʙʠʣʠʟʠʨʫ-

ʶʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ ʚʝʱʝʩʪʚʘ 

ɼ2 ʠ ɼ4. ʀʭ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʫ-

ʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʬʨʘʛʤʝʥʪʦʚ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʦ-

ʜʦʥʦʨʥʦʡ ʛʠʜʨʦʢʩʠʛʨʫʧʧʳ ʚʦ ʚʪʦʨʦʤ ʘʨʦ-

ʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ:  

 
ʋʚʝʣʠʯʝʥʠʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʵʬʬʝʢ-

ʪʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ, ʠʩʭʦʜʷ ʠʟ ʤʝʭʘʥʠʟʤʘ 

ʜʝʡʩʪʚʠʷ ʠʟʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʢ ʜʝʘʢ-

ʪʠʚʘʪʦʨʦʚ ʤʝʪʘʣʣʦʚ. 

ʂʘʪʠʦʥʳ ʞʝʣʝʟʘ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦ-

ʚʘʪʴ ʩ ʛʠʜʨʦʧʝʨʦʢʠʩʠʜʘʤʠ ROOH, ʧʨʠʩʫʪ-

ʩʪʚʫʶʱʠʤʠ ʚ ʪʦʧʣʠʚʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʝ-

ʨʝʢʠʩʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʩʪʠʤʫʣʠʨʫʶʱʠʭ 

ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ: 

ROOH + Fe
2+­ ROÖ

.
 + OH

ï
 + Fe

3
  

ROOH + Fe
3+

 ­ RO2Ö+ H
+
 + Fe 

2+
 
 

2ROOH ­ ROÖ + RO2Ö +H2O  

ʇʝʨʝʭʦʜ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʚ ʩʦʩʪʦʷʥʠʝ ʥʠʟʰʝʡ ʚʘʣʝʥʪʥʦʩʪʠ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʠ ʧʨʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʘʣʴʜʝʛʠʜʘ-

ʤʠ, ʩʧʠʨʪʘʤʠ ʠ ʢʝʪʦʥʘʤʠ. ʕʥʝʨʛʠʷ ʘʢʪʠʚʘ-

ʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʠʜʨʦʧʝʨʝʢʠʩʝʡ ʩ ʤʝ-

ʪʘʣʣʠʯʝʩʢʠʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʤʥʦʛʦʢʨʘʪʥʦ 

ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʩʧʘʜʘ ʛʠʜʨʦʧʝʨʝʢʠʩʝʡ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʤʝʪʘʣʣʦʚ ʧʨʦʪʝʢʘʶʪ ʩ 

ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʤ̫ʠ. 

ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʧʨʠʩʘʜʦʢ-

ʜʝʘʢʪʠʚʘʪʦʨʦʚ ʤʝʪʘʣʣʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙ-

ʨʘʟʦʚʘʥʠʠ ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʘʪʠʦʥʘ-

ʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ:  

 
 

 ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʤʦʣʝʢʫʣʝ ʧʨʠʩʘʜʢʠ 

ʛʠʜʨʦʢʩʠʛʨʫʧʧʳ, ʦʙʣʘʜʘʶʱʝʡ ʧʦʣʦʞʠʪʝʣʴ-

ʥʳʤ ʤʝʟʦʤʝʨʥʳʤ ʵʬʬʝʢʪʦʤ, ʫʚʝʣʠʯʠʚʘʝʪ 

ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʥʘ ʘʪʦʤʘʭ ʘʟʦʪʘ, 

ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʢʦʨʝʥʠʶ ʨʝʘʢʮʠʠ ʢʦʤ-
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ʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʜʝʘʢʪʠ-

ʚʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʧʨʠʩʘʜʦʢ. 

ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʙʦʣʝʝ ʘʢʪʠʚ-

ʥʦ ʨʝʘʛʠʨʫʶʪ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʠ ʧʝʨʦʢ-

ʩʠʜʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ, ʥʦ ʠ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ 

ʩʚʦʡʩʪʚʘ ʘʥʪʠʦʢʠʩʣʠʪʝʣʝʡ ʢʘʢ ʚ ʠʩʭʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʢʦʛʜʘ ʜʚʝ ʠʟ ʪʨʝʭ ʆʅ - ʛʨʫʧʧ 

ʩʚʷʟʘʥʳ ʩ ʠʦʥʦʤ ʤʝʪʘʣʣʘ. ʄʝʥʴʰʘʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʧʨʠʩʘʜʦʢ ɼ1 ʠ ɼ3, ʚʝʨʦʷʪʥʦ, ʩʚʷ-

ʟʘʥʘ ʩ ʥʘʣʠʯʠʝʤ ʚ ʠʭ ʩʦʩʪʘʚʝ ʘʮʝʪʘʤʠʥʦ-

ʛʨʫʧʧʳ, ʦʙʣʘʜʘʶʱʝʡ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʤʝʟʦ-

ʤʝʨʥʳʤ ʵʬʬʝʢʪʦʤ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʣʝʢʪʨʦʥ-

ʥʫʶ ʧʣʦʪʥʦʩʪʴ ʥʘ ʘʪʦʤʘʭ ʘʟʦʪʘ. 

ɹʠʦʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʥʝʬʪʷʥʦʛʦ ʧʦ ʩʪʨʦʝʥʠʶ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ 

ʩʦʩʪʘʚ ʥʝʬʪʷʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚʭʦ-

ʜʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʫʛʣʝ-

ʚʦʜʦʨʦʜʳ; ʘ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʠʦʜʠʟʝʣʥɹʦʛʦ 

ʪʦʧʣʠʚʘ ʷʚʣʷʶʪʩʷ ʤʝʪʠʣʦʚʳʝ ʵʬʠʨʳ ʚʳʩ-

ʰʠʭ ʥʝʧʨʝʜʝʣʴʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʢʠʩʣʦʪ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ 2,2ô- ʪʨʠʛʠʜʨʦʢʩʠʘʟʦʙʝʥʟʦʣʘ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠ ʚ ʙʠʦʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ ʝʛʦ 

ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʭʨʘʥʷʶʪʩʷ 

(ʪʘʙʣ. 4). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʭʨʘʥʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 2,2ô,4ô- 

ʪʨʠʛʠʜʨʦʢʩʠʘʟʦʙʝʥʟʦʣʘ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦ-

ʩʪʠ, ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʠ ʩʦʜʝʨʞʘ-

ʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʙʠʦʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʪʦʧʣʠʚʝ ʙʝʟ ʧʨʠʩʘʜ-

ʢʠ ʠ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ ʪʦʧʣʠʚʘ, ʩʠʥʪʝ-

ʟʠʨʦʚʘʥʥʦʛʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʪʘʙʠʣʠʟʠʨʫ-

ʶʱʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠʩʘʜʢʠ. ʀʩʢʣʶʯʝʥʠʝ ʚ 

ʩʣʫʯʘʝ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩʦʩʪʘʚʣʷʝʪ 

ʪʘʢʦʡ ʧʦʢʘʟʘʪʝʣʴ, ʢʘʢ ʢʠʩʣʦʪʥʦʝ ʯʠʩʣʦ. ʅʝ-

ʢʦʪʦʨʦʝ ʫʛʣʫʙʣʝʥʠʝ ʦʢʨʘʩʢʠ ʪʦʧʣʠʚʘ ʩ ʧʨʠ-

ʩʘʜʢʦʡ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʘʤʘ ʧʨʠʩʘʜʢʘ 

ʦʢʨʘʰʝʥʘ ʚ ʦʨʘʥʞʝʚʦ-ʞʸʣʪʳʡ ʮʚʝʪ. 

ʊʘʙʣʠʮʘ 4 ï ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʙʝʟ ʧʨʠʩʘʜʢʠ ʠ ʚ ʝʸ 

ʧʨʠʩʫʪʩʪʚʠʠ 

  ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣ ̫

ɹʝʟ ʧʨʠʩʘʜʢʠ ʉ ʧʨʠʩʘʜʢʦʡ 

ɺʝʣʠʯʠʥʘ ʧʦʢʘʟʘʪʝʣʷ 

ʜʦ  

ʠʩʧʳʪʘʥʠʷ 

ʧʦʩʣʝ  

ʠʩʧrʪʘʥʠʷ 

ʜʦ  

ʠʩʧʳʪʘʥʠʷ 

ʧʦʩʣʝ  

ʠʩʧrʪʘʥʠʷ 

1. ʇʣʦʪʥʦʩʪʴ 15ÁC, ʢʛ/ʤ
3 

883 889 883 884 

2. ɺʷʟʢʦʩʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ 

15 ÁC, ʤʤ
2
/ʩ 

7,69 9,16 7,9 8,33 

3. ʂʠʩʣʦʪʥʦʝ ʯʠʩʣʦ, ʤʛ 

ʂʆʅ/100ʩʤ
3
 ʪʦʧʣʠʚʘ 

1,86 0,29 1,86 0,11 

4. ʉʦʜʝʨʞʘʥʠʝ ʤʝʭʘʥʠʯʝ-

ʩʢʠʭ ʧʨʠʤʝʩʝʡ,  

ʤʛ/100ʩʤ
3
ʪʦʧʣʠʚʘ 

ʦʪʩʫʪʩʪʚʫʝʪ 0,1 ʦʪʩʫʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʫʝʪ 

5. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦ-

ʨʠʤʳʭ ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʝʡ 

ʦʪʩʫʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʫʝʪ 

6.  ʎʚʝʪ  ʙʣʝʜʥʦ-

ʞʸʣʪʳʡ 

ʦʨʘʥʞʝʚʳʡ ʦʨʘʥʞʝʚʳʡ ʩʚʝʪʣʦ-

ʢʦʨʠʯʥʝʚʳʡ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʚ ʪʦʧʣʠʚʦ 

ʧʨʦʠʟʚʦʜʥʳʭ 2,2ô- ʜʠʛʠʜʨʦʢʩʠʘʟʦʙʝʥʟʦʣʘ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʭʠʤʠʯʝʩʢʦʡ ʠ ʬʠ-

ʟʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʝʬʪʷʥʦʛʦ ʠ ʙʠʦʜʠ-

ʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʧʨʠ ʭʨʘʥʝʥʠʠ.  

ʇʨʠʩʘʜʢʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʨʘʩ-

ʪʚʦʨʠʤʦʩʪʴ ʚ ʪʦʧʣʠʚʝ, ʧʨʦʮʝʩʩ ʨʘʩʪʚʦʨʝʥʠʷ 
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ʧʨʦʪʝʢʘʝʪ ʜʦʚʦʣʴʥʦ ʤʝʜʣʝʥʥʦ, ʧʦʵʪʦʤʫ 

ʤʦʞʥʦ ʚʚʦʜʠʪʴ ʠʭ ʚ ʪʦʧʣʠʚʦ ʚʦ ʚʨʝʤʷ ʝʛʦ 

ʩʣʠʚʘ ʠʟ ʘʚʪʦʮʠʩʪʝʨʥʳ. ɼʣʷ ʚʚʝʜʝʥʠʷ ʧʨʠ-

ʩʘʜʢʠ ʚ ʪʦʧʣʠʚʦ, ʩʣʠʚʘʝʤʦʝ ʠʟ ʮʠʩʪʝʨʥʳ, 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʩʲʸʤʥʳʡ ʩʣʠʚʥʦʡ ʰʣʘʥʛ 

ʠ ʤʝʭʘʥʠʯʝʩʢʠ ʩʦʧʨʷʞʝʥʥʫʶ ʩ ʥʠʤ ʧʝʨʝ-

ʭʦʜʥʫʶ ʤʫʬʪʫ. ʋ ʚʪʦʨʦʛʦ ʢʦʥʮʘ ʩʲʝʤʥʦʛʦ 

ʩʣʠʚʥʦʛʦ ʰʣʘʥʛʘ ʢʨʝʧʠʪʩʷ ʥʘʩʘʜʢʘ, ʧʣʦʪʥʦ 

ʩʦʝʜʠʥʸʥʥʘʷ ʩ ʧʝʨʝʭʦʜʥʦʡ ʤʫʬʪʦʡ. ʅʘʩʘʜʢʘ 

ʩʥʘʙʞʘʝʪʩʷ ʩʤʝʥʥʦʡ ʩʝʪʯʘʪʦʡ ʢʘʩʩʝʪʦʡ, ʚ 

ʢʦʪʦʨʫʶ ʧʦʤʝʱʘʝʪʩʷ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʧʨʠʩʘʜʢʘ. ʊʦʧʣʠʚʦ, ʧʦʩʪʫʧʘʶʱʝʝ ʯʝʨʝʟ 

ʩʣʠʚʥʦʡ ʰʣʘʥʛ, ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʦʩʪʝʧʝʥʥʦ 

ʨʘʩʪʚʦʨʷʝʪ ʧʨʠʩʘʜʢʫ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʘʚʥʦʤʝʨʥʦʝ ʝʸ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʦʙʲʸʤʫ 

ʨʝʟʝʨʚʫʘʨʘ. 

ʅʝ ʪʨʝʙʫʝʪʩʷ ʥʠʢʘʢʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʦʧʝʨʘʮʠʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʝʨʝʚʝʩʪʠ ʧʨʠ-

ʩʘʜʢʫ ʚ ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʭʨʘʥʝʥʠʠ ʩʣʦʡ 

ʧʦʜʪʦʚʘʨʥʦʡ ʚʦʜʳ. ʕʢʩʪʨʘʢʮʠʷ ʩʦʝʜʠʥʝʥʠʷ 

ʠʟ ʦʙʲʝʤʘ ʪʦʧʣʠʚʘ ʧʨʦʪʝʢʘʝʪ ʩʘʤʦʧʨʦʠʟ-

ʚʦʣʴʥʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʜʠʝʥʪʘ ʢʦʥʮʝʥ-

ʪʨʘʮʠʡ. 
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ʄʝʱʝʨʷʢʦʚʘ ʖ.ɺ. 

ʂʋʃʔʊʀɺʀʈʆɺɸʅʀɽ ʄʀʂʈʆɺʆɼʆʈʆʉʃʀ ʍʃʆʈɽʃʃɸ  

ɸʥʥʦʪʘʮʠʷ. ʇʦʜʦʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʭʣʦ-

ʨʝʣʣʘ: ʪʝʤʧʝʨʘʪʫʨʘ, ʦʩʚʝʱʝʥʠʝ, ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ, ʧʦʜʘʯʘ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʉ ʧʦʤʦʱʴʶ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥ ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚ ʣʠʧʠʜʥʦʡ ʬʨʘʢʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʧʠʜʳ, ʦʩʚʝʱʝʥʠʝ, ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʫʩʣʦʚʠʷ ʢʫʣʴ-

ʪʠʚʠʨʦʚʘʥʠʷ, ʬʦʪʦʙʠʦʨʝʘʢʪʦʨ, ʭʨʦʤʘʪʦʛʨʘʤʤʘ. 

Meshcheryakova Yu.V. 

CULTIVATION XLORELLA  

Summary. Optimal cultivation conditions xlorella: temperature, light, nutrient medium, supply 

of carbon dioxide. By chromatographic method defined the main composition of the lipid fraction. 

Keywords: lipids, lighting, nutrient medium, temperature, conditions of cultivation, fotobiore-

actor, chromatogram. 

ʆʙʲʝʢʪʦʤ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷ-

ʝʪʩʷ ʰʪʘʤʤ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʩhlorella 

vulgaris ʀʌʈ ˉ ʉ-111. ʐʪʘʤʤ ʥʝ ʪʨʝʙʦʚʘ-

ʪʝʣʝʥ ʢ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʫʛʣʝʢʠʩʣʦʤʫ 

ʛʘʟʫ, ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʠ ʦʙ-

ʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ. ɼʣʷ ʵʪʦ-

ʛʦ ʰʪʘʤʤʘ ʭʘʨʘʢʪʝʨʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʢ ʫʩʣʦʚʠʷʤ ʘʢʚʘʢʫʣʴʪʫ-

ʨʳ. ɼʣʷ ʝʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʩʦʙʣʶʜʝʥʠʷ ʩʪʝʨʠʣʴʥʦʩʪʠ. ʇʨʠ ʢʫʣʴʪʠʚʠ-

ʨʦʚʘʥʠʠ ʦʥ ʩʦʙʣʶʜʘʝʪ ʤʦʥʦʢʫʣʴʪʫʨʫ 

ʰʪʘʤʤʘ [1]. ʍʣʦʨʝʣʣʘ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ 

ʟʘʧʘʩʦʤ ʭʣʦʨʦʬʠʣʣʘ ʠ ʢʦʤʧʣʝʢʩʦʤ ʨʝʜ-

ʯʘʡʰʠʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʫʯʘʩʪʚʫʝʪ ʚ 

ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ, ʧʦʛʣʦʱʘʷ ʫʛʣʝʢʠʩ-

ʣʳʡ ʛʘʟ, ʥʘʩʳʱʘʷ ʚʦʟʜʫʭ ʢʠʩʣʦʨʦʜʦʤ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʪʦʧʣʠʚʘ ʠʟ ʤʠʢʨʦʚʦ-

ʜʦʨʦʩʣʝʡ ʤʳ ʨʘʟʜʝʣʠʣʠ ʥʘ ʪʨʠ ʵʪʘʧʘ. ʇʝʨ-

ʚʳʡ ï ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʩ 

ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʙʠʦʪʦʧʣʠʚʘ, ʦʧʪʠʤʠʟʘʮʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ɺʪʦʨʦʡ ï 

ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʙʠʦʪʦʧ-

ʣʠʚʘ, ʧʦʜʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʨʝʪʠʡ ï ʪʝʭ-

ʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ. 

ʋʨʦʞʘʡʥʦʩʪʴ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʟʘʚʠ-

ʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: ʪʝʤʧʝ-

ʨʘʪʫʨʳ, ʦʩʚʝʱʝʥʥʦʩʪʠ, ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ, 

ʨʅ, ʧʦʜʘʯʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʢʠʩʣʦʨʦʜʘ. 

ɼʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʰʪʘʤʤʦʚ ʩʢʦʥ-

ʩʪʨʫʠʨʦʚʘʥʘ ʫʩʪʘʥʦʚʢʘ ʦʙʲʝʤʦʤ 20 ʣʠʪʨʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠ ʩʪʘʥʜʘʨʪʥʫʶ ʩʨʝʜʫ ʊʘʤʠʷ. ɺ ʠʩʭʦʜʥʦʤ 

ʰʪʘʤʤʝ ʩʦʜʝʨʞʘʣʦʩʴ ʦʢʦʣʦ 3 ʤʣʥ. ʢʣ./ʤʣ. 

ʐʪʘʤʤ ʩʥʘʙʞʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʧʦʜʘʯʝʡ 

ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ ʫʛʣʝ-

ʢʠʩʣʦʛʦ ʛʘʟʘ, ʢʠʩʣʦʨʦʜʘ ʠ ʩʦʟʜʘʝʪʩʷ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʩʫʩʧʝʥʟʠʠ. 

ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʦʩʚʝʱʝʥʠʝ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʣʘʤʧʘʤʠ ʃʍɹ-20.  

ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʧʦʚʳʰʝʥʠʷ ʫʨʦ-

ʞʘʡʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ. ʉʫʩʧʝʥ-

ʟʠʶ ʭʣʦʨʝʣʣʳ ʧʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪ ʩ ʪʝʤ-

ʧʝʨʘʪʫʨʘʤʠ: 15, 25, 35 Üʉ ʥʘ ʪʨʦʝ ʩʫʪʦʢ. ʅʘ 

ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʝʪʦʢ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʙ-

ʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʩʫʩʧʝʥ-

ʟʠʠ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʨʷʤʦʛʦ 

ʧʦʜʩʯʝʪʘ ʢʣʝʪʦʢ ʚ ʢʘʤʝʨʝ ɻʦʨʷʝʚʘ [2]. ʇʦ-

ʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝ-

ʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʝʪʦʢ. ʇʨʠ ʪʝʤʧʝʨʘʪʫ-

ʨʝ 33-35Áʉ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ. ʉʚʳʰʝ 36 Áʉ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʢʣʝʪʦʢ ʩʥʠʞʘʝʪʩʷ. ʏʠʩʣʝʥʥʦʩʪʴ ʚʦ-

ʜʦʨʦʩʣʝʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʫʣʴʪʠʚʠʨʦʚʘ-

ʥʠʷ 15 Üʉ ʩʦʩʪʘʚʠʣʘ 5 ʤʣʥ. ʢʣ./ʤʣ, ʧʨʠ 25 Üʉ 

25 ʤʣʥ. ʢʣ./ʤʣ, ʘ ʧʨʠ 35 Üʉ 55 ʤʣʥ. ʢʣ./ʤʣ. 
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ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʳʰʝ 

36 Üʉ ʧʣʦʪʥʦʩʪʴ ʩʫʩʧʝʥʟʠʠ ʩʦʩʪʘʚʠʣʘ 51 

ʤʣʥ. ʢʣ./ʤʣ. 

ʂʫʣʴʪʠʚʠʨʦʚʘʪʴ ʭʣʦʨʝʣʣʫ ʤʦʞʥʦ ʢʘʢ 

ʧʨʠ ʩʦʣʥʝʯʥʦʤ, ʪʘʢ ʠ ʧʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ 

ʦʩʚʝʱʝʥʠʠ. ʊʘʢʞʝ ʦʩʚʝʱʝʥʥʦʩʪʴ ʩʫʩʧʝʥʟʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ ʬʦʪʦʙʠʦʨʝʘʢ-

ʪʦʨʘ. ʀʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʭʣʦʨʝʣʣʳ ʧʨʠ ʩʦʣʥʝʯʥʦʤ, 

ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʦʩʚʝʱʝʥʠʠ ʚ ʦʙʳʯʥʦʤ ʠ 

ʪʨʫʙʯʘʪʦʤ ʬʦʪʦʙʠʦʨʝʘʢʪʦʨʝ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʝʪʦʢ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ɿʘʤʝʯʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ 

ʙʠʦʤʘʩʩʳ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʘʚʛʫʩʪʝ ʧʨʠ ʩʦʣ-

ʥʝʯʥʦʤ ʦʩʚʝʱʝʥʠʠ ʚ ʪʨʫʙʯʘʪʦʤ ʬʦʪʦʙʠʦʨʝ-

ʘʢʪʦʨʝ, ʪ.ʝ. ʚ ʩʘʤʳʡ ʞʘʨʢʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝ-

ʥʠ. ʎʚʝʪ ʩʫʩʧʝʥʟʠʠ ʩʪʘʥʦʚʠʣʩʷ ʥʘʩʳʱʝʥʥʦ 

ʟʝʣʝʥʳʤ. ʍʦʪʷ ʠ ʚ ʦʙʳʯʥʦʤ ʬʦʪʦʙʠʦʨʝʘʢ-

ʪʦʨʝ ʠ ʚ ʪʨʫʙʯʘʪʦʤ ʧʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ 

ʦʩʚʝʱʝʥʠʠ ʪʘʢʞʝ ʚʳʩʦʢʠʡ ʧʨʠʨʦʩʪ ʙʠʦʤʘʩ-

ʩʳ. ʅʦ ʚ ʩʝʥʪʷʙʨʝ ʤʝʩʷʮʝ ʢʘʨʪʠʥʘ ʠʟʤʝʥʠ-

ʣʘʩʴ. ʇʨʠ ʩʦʣʥʝʯʥʦʤ ʦʩʚʝʱʝʥʠʠ ʧʨʠʨʦʩʪ 

ʙʠʦʤʘʩʩʳ ʩʦʢʨʘʪʠʣʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʩʚʝʪʦʚʦʛʦ ʜʥʷ. ɸ ʬʦʪʦʙʠʦʨʝ-

ʘʢʪʦʨʘʭ ʧʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʦʩʚʝʱʝʥʠʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ, 

ʦʩʦʙʝʥʥʦ ʚ ʪʨʫʙʯʘʪʦʤ. 

 
ʈʠʩʫʥʦʢ 2. ɼʠʘʛʨʘʤʤʘ ʟʘʚʠʩʠʤʦʩʪʠ ʙʠʦʤʘʩʩʳ ʦʪ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʬʦʪʦʙʠʦʨʝʘʢʪʦʨʘ: 1 ï ʩʦʣʥʝʯʥʦʝ ʦʩʚʝʱʝʥʠʝ; ʪʨʫʙʯʘʪʳʡ ʬʦʪʦʙʠʦʨʝʘʢʪʦʨ; 2 ï ʩʦʣʥʝʯʥʦʝ 

ʦʩʚʝʱʝʥʠʝ, ʬʦʪʦʙʠʦʨʝʘʢʪʦʨ; 3 ï ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʪʨʫʙʯʘʪʳʡ ʬʦʪʦʙʠʦʨʝʘʢʪʦʨ; 4 - 

ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʬʦʪʦʙʠʦʨʝʘʢʪʦʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʫʣʴʪʠʚʠʨʦʚʘʪʴ ʭʣʦ-

ʨʝʣʣʫ ʤʦʞʥʦ ʧʨʠ ʩʦʣʥʝʯʥʦʤ ʦʩʚʝʱʝʥʠʠ, ʚ 

ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʚ ʦʩʪʘʣʴʥʦʝ ʚʨʝʤʷ ʞʝʣʘ-

ʪʝʣʴʥʦ ʢʫʣʴʪʠʚʠʨʦʚʘʪʴ ʚ ʧʦʤʝʱʝʥʠʠ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʣʠʷʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʥʘ ʧʨʠʨʦʩʪ ʙʠʦ-














