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çʅɸʋʂɸ ɺ ʎɽʅʊʈɸʃʔʅʆʁ ʈʆʉʉʀʀè 
 

ɿɸɿʋʃʗ ɸʣʝʢʩʘʥʜʨ ʅʠʢʦʣʘʝʚʠʯ ð ʛʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʜʠʨʝʢʪʦʨ 

ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

ʅɸɻʆʈʅʆɺ ʉʪʘʥʠʩʣʘʚ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ð ʟʘʤ. ʛʣʘʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʟʘʤ. ʜʠʨʝʢʪʦʨʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

ɻʆʃʋɹɽɺ ʀʚʘʥ ɻʨʠʛʦʨʴʝʚʠʯ ð ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ 

ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʟʘʚ. ʦʪʜʝʣʦʤ ʌɻɹʅʋ çʈʦʩʠʥʬʦʨʤʘʛʨʦʪʝʭè 

ɻʆʈɹɸʏɽɺ ʀʚʘʥ ɺʘʩʠʣʴʝʚʠʯ ð ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʈɻɸʋ-

ʄʉʍɸ ʠʤʝʥʠ ʂ.ɸ. ʊʠʤʠʨʷʟʝʚʘ 

ɽʈʆʍʀʅ ʄʠʭʘʠʣ ʅʠʢʠʪʴʝʚʠʯ ð ʘʢʘʜʝʤʠʢ ʈɸʅ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʣʘʫʨʝʘʪ ʧʨʝʤʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ 

ɾɸʃʅʀʅ ʕʜʫʘʨʜ ɺʠʢʪʦʨʦʚʠʯ ð ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʣʘʫʨʝʘʪ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʝʤʠʠ ʈʌ 

ʚ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ 

ɿɸɺʈɸɾʅʆɺ ɸʥʘʪʦʣʠʡ ʀʚʘʥʦʚʠʯ ð ʘʢʘʜʝʤʠʢ ʈɸʅ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʌɻɹʆʋ ɺʆ 

ʄʠʯɻɸʋ 

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

ʟʘʩʣʫʞʝʥʥʳʡ ʨʘʙʦʪʥʠʢ ʥʘʨʦʜʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʠ ʪʝʦʨʠʠ 

ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʊʘʚʨʠʯʝʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʋʢʨʘʠʥʘ 

ʃɸʈʖʐʀʅ ʅʠʢʦʣʘʡ ʇʝʪʨʦʚʠʯ ð ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ, 

ʟʘʩʣʫʞʝʥʥʳʡ ʨʘʙʦʪʥʠʢ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʘʷ ɻʉʍɸè 

ʃʗʃʗʂʀʅ ɺʘʣʝʥʪʠʥ ʇʘʚʣʦʚʠʯ ð ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ, 

ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ 

ʄʀʑɽʅʂʆ ʉʝʨʛʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ð ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʠ 

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

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʚʝʱʝʩʪʚ ʈɸʅ, ʌɻɹʆʋ ɺʆ ʊɻʊʋ 

ʇʆʇʆɺ ɺʣʘʜʠʤʠʨ ɼʤʠʪʨʠʝʚʠʯ ð ʘʢʘʜʝʤʠʢ ʈɸʅ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʝʟʠʜʝʥʪ 

ʈʝʛʠʦʥʘʣʴʥʦʡ ʦʙʣʘʩʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ "ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʠʥʞʝʥʝʨʦʚ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ï 

ʉʇɸ-ʀʉʍ", ʯʣʝʥ ʇʨʘʚʣʝʥʠʷ ɸʩʩʦʮʠʘʮʠʠ ʩʦʜʝʡʩʪʚʠʷ ʧʦʣʝʚʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʜʠʨʝʢʪʦʨ 

ʌɻɹʅʋ çʀɸʕʇè 

ʉʊʈɽɹʂʆɺ ɼʤʠʪʨʠʡ ʉʝʤʝʥʦʚʠʯ ð ʘʢʘʜʝʤʠʢ ʈɸʅ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ 

ʜʝ̫ʪʝʣʴ ʥʘʫʢʠ ʈʌ, ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ ʈʦʩʩʠʡʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

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

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ 

ʌɽɼʆʈɽʅʂʆ ɺʷʯʝʩʣʘʚ ʌʠʣʠʧʧʦʚʠʯ ð ʘʢʘʜʝʤʠʢ ʈɸʅ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ 

ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʈʌ, ʜʠʨʝʢʪʦʨ ʌɻɹʅʋ çʈʦʩʠʥʬʦʨʤʘʛʨʦʪʝʭè 
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ʕʂʉʇɽʈʊʅʓʁ ʉʆɺɽʊ  

ʅɸʋʏʅʆ-ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆɻʆ ʇɽʈʀʆɼʀʏɽʉʂʆɻʆ ɾʋʈʅɸʃɸ 

çʅɸʋʂɸ ɺ ʎɽʅʊʈɸʃʔʅʆʁ ʈʆʉʉʀʀè 
 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ, ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʠ ʟʘʨʫʙʝʞʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ 
 

ʆʉʊʈʀʂʆɺ ɺʘʣʝʨʠʡ ɺʘʩʠʣʴʝʚʠʯ ð ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

ʐʋɺɸʃʆɺ ɸʥʘʪʦʣʠʡ ʄʠʭʘʡʣʦʚʠʯ ð ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚʟʘʤʝʥ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

ʇɽʊʈɸʐɽɺ ɸʣʝʢʩʘʥʜʨ ʀʚʘʥʦʚʠʯ ð ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʭʨʘʥʝʥʠʷ ʠ ʟʘʱʠʪʳ ʪʝʭʥʠʢʠ ʦʪ ʢʦʨʨʦʟʠʠ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

ɽʈʆʍʀʅ ɻʝʥʥʘʜʠʡ ʅʠʢʦʣʘʝʚʠʯ ð ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʝ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 
 

ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 
 

ʊʀʐɸʅʀʅʆɺ ʅʠʢʦʣʘʡ ʇʝʪʨʦʚʠʯ ð ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ 

ʩʦʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, 

ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

ɼʆʈʆɺʉʂʀʍ ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ ð ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʫʧʨʘʚʣʝʥʠʷ 

ʢʘʯʝʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ  ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 
 

ɸʛʨʦʥʦʤʠʷ 
 

ʊʈʋʅʆɺ ʖʨʠʡ ɺʠʢʪʦʨʦʚʠʯ ð ʜʦʢʪʦʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ɺʩʝʨʦʩʩʠʡʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʩʘʜʦʚʦʜʩʪʚʘ ʠʤ. ʀ.ɺ. ʄʠʯʫʨʠʥʘ 
 

ɺʝʪʝʨʠʥʘʨʠʷ ʠ ɿʦʦʪʝʭʥʠʷ 
 

ʕʅɻʆɺɸʊʆɺ ɺʷʯʝʩʣʘʚ ʌʝʜʦʨʦʚʠʯ ð ʜʦʢʪʦʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ 

ʩʦʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʠʥʠʥʳ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

ʐʋʃɸɽɺ ɻʝʥʥʘʜʠʡ ʄʠʭʘʡʣʦʚʠʯ ð ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʠʥʠʥʳ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

ʌʀʃʀʇʇʆɺɸ ʆʣʴʛʘ ɹʦʨʠʩʦʚʥʘ ð ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʦʢʘ ʠ ʛʦʚʷʜʠʥʳ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 
 

ʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘʨʦʜʥʳʤ ʭʦʟʷʡʩʪʚʦʤ (ɸʇʂ ʠ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ) 
 

ʉɸɿʆʅʆɺ ʉʝʨʛʝʡ ʅʠʢʦʣʘʝʚʠʯ ð ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ 

ʠʩʧʦʣʟɹʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

ʉʆʃʆʇʆɺ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʝʝʚʠʯ ð ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦʨʝʢʪʦʨ ʧʦ 

ʥʘʫʯʥʦʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ  ʌɻɹʆʋ ɺʆ ʄʠʯɻɸʋ 
 

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 ʧʫʙʣʠʢʫʶʪʩʷ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ. 

É çʅʘʫʢʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʈʦʩʩʠʠè, 2017 
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ʈʝʬʝʨʘʪ. ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʨʘʟʨʫʰʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʨʝʥʠʷ ʥʘ ʜʝʪʘʣʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʧʫʪʠ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. 

ʆʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʛʨʘʬʠʪʦʚʦʡ ʩʤʘʟʢʠ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʡ ʠ 

ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʛʨʘʬʠʪʦʚʦʡ ʩʤʘʟʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 2,2-2,5 ʨʘʟʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʛʨʘʬʠʪʦʚʦʡ ʩʤʘʟʢʝ ʛʨʘʬʝʥʦʚʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʛʨʘʬʠʪʥʳʭ ʩʤʘʟʦʢ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʣʘʥʝʪʘʨʥʳʭ ʤʝʣʴʥʠʮʘʭ. ɼʘʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʤʝʣʷʱʠʭ ʰʘʨʦʚ ʠ ʤʘʪʝʨʠʘʣʘ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʩʝʯʝʥʠʠ ʧʦʤʦʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ, ʩʦʚʝʨʰʘʶʱʝʛʦ ʧʣʘʥʝʪʘʨʥʦʝ ʜʚʠʞʝʥʠʝ. ʇʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʠ ʦʪʤʝʯʝʥʘ ʘʥʘʣʦʛʠʷ 

ʵʪʠʭ ʨʝʞʠʤʦʚ ʩ ʨʝʞʠʤʘʤʠ ʜʚʠʞʝʥʠʷ ʰʘʨʦʚ ʠ ʤʘʪʝʨʠʘʣʘ ʚ ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮʘʭ. ʆʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʭʘʨʘʢʪʝʨʫ ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʣʷʱʠʭ ʰʘʨʦʚ ʥʘ ʤʘʪʝʨʠʘʣ, ʧʦʜʚʝʨʛʘʶʱʠʡʩʷ 

ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʫʩʣʦʚʠʷ ʩʦʟʜʘʥʠʷ ʙʦʣʴʰʠʭ ʩʜʚʠʛʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʘʭ 

ʢʦʥʪʘʢʪʘ ʤʘʪʝʨʠʘʣʘ ʩ ʤʝʣʷʱʠʤʠ ʰʘʨʘʤʠ. ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ 

ʛʨʘʬʠʪʥʳʭ ʩʤʘʟʦʢ ʧʨʠ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʩʤʘʟʦʢ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʵʪʠʭ ʩʤʘʟʦʢ ʥʘ ʪʨʝʥʠʝ ʧʨʠ ʩʢʦʣʴʞʝʥʠʠ 

ʜʚʫʭ ʧʨʦʩʢʦʩʪʝʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʵʬʬʠʠʝʥʪʳ ʪʨʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʩʤʘʟʦʢ ʥʘ 20-30% ʥʠʞʝ, ʯʝʤ ʫ ʪʨʘʜʠʠʦʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʞʠʤʳ ʜʚʠʞʝʥʠʷ, ʩʜʚʠʛ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ, ʛʨʘʬʝʥʦʚʳʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ. 

THE TECHNOLOGY OF OB TAINING OF LUBRICATI NG GREASES WITH THE 

CONTENT OF GRAPHENE IN A PLANETARY MILL  

1Al-Saadi  D.A.Y.,  

graduate student, FGBOU VO "Tambov State Technical University" Tambov, Russia, E: mail: 
viitinlab8@bk.ru 

 

Abstract. The problem of the devastating effect of friction on the details agricultural 

machinery, as well as ways of solving this problem, consideredThe described method of mechanical 

activation of graphite lubricant in a planetary mill. Experimentally determined coefficients of 

friction of standard and mechanically activated graphite lubricant. It is established that as a result 

of mechanical activation the coefficient of sliding friction is reduced in 2,2-2,5 times. The obtained 

Raman spectra suggest that the decrease of the coefficient of sliding friction occurs due to the 

formation of graphite in the lubricant graphene nanostructures. Analysis of possibilities of 

mechanical activation of graphite lubricant in high-speed planetary mill is carried out. To analyze 

the possibility of mechanical activation of graphite in high-speed planetary mill. The characteristic 

of the main modes of the movement the melyashchikh of spheres and material in the cross section of 

a grinding drum which makes the planetary movement is given. Results of pilot studies of the modes 

of the movement are given and the analogy of these modes to the modes of the movement of spheres 
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and material in spherical mills is noted. The main attention is paid to nature of impact of spheres 

on the material which is exposed to mechanoactivation. Conditions of creation of big shift tension 

in zones of contact of material with spheres are considered. Experiments on mechanoactivation of 

graphitic greasings at the different modes are made. The main characteristics of the 

mechanoactivated greasings, and also influence of these greasings on friction when sliding two 

proskost are defined. It is established that friction koeffiiyenta when using of the mechanoactivated 

greasings are 20-30% lower, than at the traditional. 

Keywords: type of movement, shift, coefficients of friction, graphene nanostructures. 

 

ɺʚʝʜʝʥʠʝ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʫʰʠʪʝʣʴʥʦʝ ʜʣʷ ʥʠʭ ʤʝʭʘʥʠʯʝʩʢʦʝ ʪʨʝʥʠʝ. ʊʨʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʠʣʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʜʚʠʞʝʥʠʶ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʪʝʣ ʧʨʠ ʪʨʦʛʘʥʠʠ ʩ ʤʝʩʪʘ, 

ʩʢʦʣʴʞʝʥʠʠ ʠʣʠ ʢʘʯʝʥʠʠ. ʅʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ - ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʣʫʙʨʠʢʘʥʪʦʚ, ʪʦ ʝʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʤʘʟʦʢ. ʏʘʱʝ ʚʩʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʚʳʭ ʧʨʠʤʝʥʷʶʪʩʷ 

ʛʨʘʬʠʪ ʠ ʜʠʩʫʣʴʬʠʜ ʤʦʣʠʙʜʝʥʘ. ʆʜʥʘʢʦ ʫ ʦʙʦʠʭ ʝʩʪʴ ʥʝʜʦʩʪʘʪʢʠ. ʊʘʢ, ʛʨʘʬʠʪ ʨʘʙʦʪʘʝʪ ʢʘʢ 

ʩʤʘʟʢʘ ʪʦʣʴʢʦ ʚʦ ʚʣʘʞʥʳʭ ʩʨʝʜʘʭ, ʘ ʜʠʩʫʣʴʬʠʜ ʤʦʣʠʙʜʝʥʘ ʪʦʣʴʢʦ ʚ ʩʫʭʠʭ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʜʣʷ 

ʪʦʛʦ ʯʪʦʙʳ ʚʜrʝʨʞʘʪʴ 1000 ʮʠʢʣʦʚ ʪʨʝʥʠʷ, ʪʨʝʙʫʝʪʩʷ ʥʝ ʤʝʥʝʝ 1000 ʦʜʥʦʘʪʦʤʥʳʭ ʩʣʦʝʚ 

ʢʘʞʜʦʛʦ ʠʟ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʨʘʙʦʪʝ [1] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʚʫʤʝʨʥʳʡ ʤʦʥʦʩʣʦʡ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ - 

ʛʨʘʬʝʥ ʩʧʦʩʦʙʝʥ ʚʳʜʝʨʞʘʪʴ ʥʝ ʤʝʥʴʰʝ 6400 ʮʠʢʣʦʚ ʪʨʝʥʠʷ ʤʝʞʜʫ ʩʪʘʣʴʥʳʤ ʰʘʨʦʤ ʠ 

ʧʣʘʩʪʠʥʦʡ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʩʨʝʜʳ. ɸ ʛʨʘʬʝʥ, ʫʣʦʞʝʥʥʳʡ ʚ ʪʨʠ-ʯʝʪʳʨʝ ʩʣʦʷ, 

ʤʦʞʝʪ ʚʳʜʝʨʞʘʪʴ ʫʞʝ 47000 ʮʠʢʣʦʚ ʪʨʝʥʠʷ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʚ ʥʘʜʸʞʥʦʩʪʠ ʧʨʠ 

ʦʙʱʝʤ ʩʦʢʨʘʱʝʥʠʠ ʩʪʦʠʤʦʩʪʠ ʣʫʙʨʠʢʘʥʪʘ. ʉʪʦʣʴ ʚʳʩʦʢʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʛʨʘʬʝʥʫ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʝʛʦ ʦʩʦʙʘʷ ʩʪʨʫʢʪʫʨʘ, ʥʦ ʠ ʩʚʦʙʦʜʥʳʝ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʧʘʩʩʠʚʘʮʠʶ ʨʘʟʨʫʰʘʝʤʳʭ ʚ ʭʦʜʝ ʪʨʝʥʠʷ ʩʣʦʸʚ. ʊʝʤ ʩʘʤʳʤ ʦʥʠ ʩʦʟʜʘʶʪ 

ʩʚʦʝʛʦ ʨʦʜʘ çʟʘʧʣʘʪʢʠè ʚ ʨʘʟʦʨʚʘʥʥʳʭ ʦʙʣʘʩʪʷʭ. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʩʜʝʨʞʠʚʘʶʱʠʤ 

ʧʨʠʤʝʥʝʥʠʝ ʛʨʘʬʝʥʘ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʚʳʩʦʢʘʷ ʝʛʦ ʩʪʦʠʤʦʩʪʴ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʛʨʘʬʠʪʦʚʫʶ ʩʤʘʟʢʫ ʚ ʨʝʩʩʦʨʘʭ, 

ʪʦʨʩʠʦʥʥʳʭ ʧʦʜʚʝʩʢʘʭ ʛʫʩʝʥʠʯʥʳʭ ʤʘʰʠʥ, ʚ ʦʪʢʨʳʪʳʭ ʰʝʩʪʝʨʥʷʭ, ʜʣʷ ʧʫʩʢʘ ʠ ʧʨʠʨʘʙʦʪʢʠ 

ʪʨʫɦ ʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ʧʦʨʰʥʝʡ ʠ ʮʠʣʠʥʜʨʦʚ), ʚ 

ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʫʩʪʘʥʦʚʢʘʭ, ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʥʘʪʦʚ, ʜʣʷ ʩʤʘʟʳʚʘʥʠʷ ʤʫʬʪ ʙʦʣʴʰʠʭ 

ʨʘʟʤʝʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʪʷʞʝʣʳʭ ʨʝʞʠʤʘʭ ʠ ʪ.ʜ.. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʢʦʣʣʦʠʜʘʣʥɹʳʡ ʛʨʘʬʠʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʩʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʜʩʦʨʙʮʠʠ ʦʙʨʘʟʫʝʪ ʥʘ ʪʨʫʱʠʭʩʷ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʣʝʥʢʫ, ʧʨʦʥʠʢʘʝʪ ʠ ʫʜʝʨʞʠʚʘʝʪʩʷ ʜʘʞʝ ʚ ʤʝʣʴʯʘʡʰʠʭ ʥʝʨʦʚʥʦʩʪʷʭ ʠ ʧʦʨʘʭ 

ʤʝʪʘʣʣʘ.  

ʀʟʚʝʩʪʥʦ [2], ʯʪʦ ʚ ʦʪʢʨʳʪʳʭ ʪʨʠʙʦʩʠʩʪʝʤʘʭ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʩʪʘʮʠʦʥʘʨʥʳʝ 

ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʠ. ʋʟʣʳ ʪʨʝʥʠʷ ʧʦʣʥʦʩʪʴʶ 

ʧʦʜʧʘʜʘʶʪ ʧʦʜ ʪʘʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ, ʧʦʵʪʦʤʫ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʙʝʟʳʟʥʦʩʥʦʛʦ ʫʟʣʘ ʪʨʝʥʠʷ. 

ʇʨʠ ʪʨʝʥʠʠ ʧʨʦʠʩʭʦʜʷʪ ʪʨʠ ʚʟʘʠʤʦʚʣʠʷʶʱʠʭ ʧʨʦʮʝʩʩʘ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ; 

ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʚʣʠʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ; ʨʘʟʨʫʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʩʣʝʜʩʪʚʠʝ 2-ʭ ʧʨʝʜʳʜʫʱʠʭ ʧʨʦʮʝʩʩʦʚ.  

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʝʛʦ ʩʪʨʫʢʪʫʨʘ ʠ ʥʘʧʨʷʞʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʚʦʡʩʪʚ ʚʩʝʛʦ ʦʙʲʝʤʘ ʤʘʪʝʨʠʘʣʘ, ʧʦʩʢʦʣʴʢʫ ʫ 

ʘʪʦʤʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʩʪʘʶʪʩʷ ʩʚʦʙʦʜʥʳʝ ʩʚʷʟʠ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʥʝʩʠʤʤʝʪʨʠʯʥʦʝ 

ʩʠʣʦʚʦʝ ʧʦʣʝ. ʆʙʥʘʨʫʞʝʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʜʠʬʬʫʟʠʦʥʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʘʪʦʤʦʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 0,1-0,3 ʤʢʤ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʪʘʢʪʠʨʫʝʤʳʭ 

ʧʨʠ ʚʣʠʷʥʠʠ ʜʘʚʣʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ ʧʘʨ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʧʣʦʪʴ ʜʦ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʨʘʚʥʦʚʝʩʥʳʭ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ [1].  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʛʨʘʬʠʪʦʚʦʡ 

ʩʤʘʟʢʠ ʛʨʘʬʝʥʦʚʳʤʠ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤʠ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʝʡ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʣʘʥʝʪʘʨʥʦʡ 
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ʤʝʣʴʥʠʮʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ 

ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʪʨʝʥʠʷ. 

ʄʝʭʘʥʦʘʢʪʠʚʘʮʠʷ ʛʨʘʬʠʪʦʚʦʡ ʩʤʘʟʢʠ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʝʥʘ ʠʟ ʛʨʘʬʠʪʘ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [3, 4, 5, 6], ʧʦʵʪʦʤʫ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʶ ʛʨʘʬʠʪʦʚʦʡ ʩʤʘʟʢʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ʩ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʨʠʚʦʜʘʤʠ ʚʨʘʱʝʥʠʷ ʚʦʜʠʣʘ 

(ʧʝʨʝʥʦʩʥʦʝ ʜʚʠʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ) ʠ ʧʦʤʦʣʴʥʳʭ ʙʘʨʘʙʘʥʦʡ 

(ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ) [7]. ɼʠʘʤʝʪʨ ʧʦʤʦʣʴʥʳʭ ʙʘʨʘʙʘʥʦʚ 120 ʤʤ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʚʦʜʠʣʘ ʦʪ 100 ʜʦ 1100 ʤʠʥ-1, ʘ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʦʤʦʣʴʥʳʭ ʙʘʨʘʙʘʥʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʦʙʩʪʚʝʥʥʳʭ ʦʩʝʡ ʦʪ 10 ʜʦ 400 ʤʠʥ-1. ʈʘʟʤʝʨʳ ʫʩʪʘʥʦʚʢʠ ʠ ʜʠʘʧʘʟʦʥʳ ʠʟʤʝʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ 

ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʧʦʟʚʦʣʷʣʠ ʦʨʛʘʥʠʟʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʤʝʣʷʱʠʭ ʰʘʨʦʚ ʚ ʨʝʞʠʤʘʭ, ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʜʣʷ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ, ʘ ʠʤʝʥʥʦ: ʨʝʞʠʤ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʦʙʨʫʰʝʥʠʡ; 

ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʨʝʞʠʤ. ʀʤʝʥʥʦ ʧʨʠ ʵʪʠʭ ʨʝʞʠʤʘʭ ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʟʚʠʪʳ ʟʦʥʳ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʩʜʚʠʛ ʤʝʣʷʱʠʭ ʰʘʨʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʘ ʚ ʯʘʩʪʠʮʘʭ, ʢʦʪʦʨʳʝ ʧʦʧʘʣʠ 

ʤʝʞʜʫ ʰʘʨʘʤʠ, ʚʦʟʥʠʢʘʶʪ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠ.̫  

ɺ ʧʦʤʦʣʴʥʳʝ ʙʘʨʘʙʘʥʳ ʟʘʛʨʫʞʘʣʠ ʤʝʣʷʱʠʝ ʰʘʨʳ (50-100 ʛ) ʠ ʛʨʘʬʠʪʦʚʫʶ ʩʤʘʟʢʫ (5-25 

ʛ), ʟʘʢʨʳʚʘʣʠ ʙʘʨʘʙʘʥʳ, ʚʢʣʶʯʘʣʠ ʧʨʠʚʦʜʳ ʚʨʘʱʝʥʠʷ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʚ 

ʪʝʯʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ (10-120 ʤʠʥ.). ʇʦʩʣʝ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʚʳʛʨʫʞʘʣʠ ʰʘʨʳ ʠ 

ʤʘʪʝʨʠʘʣ, ʦʪʜʝʣʷʣʠ ʤʘʪʝʨʠʘʣ ʦʪ ʰʘʨʦʚ ʠ ʦʧʨʝʜʝʣʷʣʠ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʩʥʠʤʢʠ ʩʪʘʥʜʘʨʪʥʦʡ 

ʛʨʘʬʠʪʦʚʦʡ ʩʤʘʟʢʠ (ʨʠʩʫʥʦʢ 1, ʘ) ʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ (ʨʠʩʫʥʦʢ 1, ʙ).  

ɺ ʦʙʨʘʟʮʳ ʩ ʠʩʭʦʜʥʦʡ ʠ ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʩʤʘʟʢʠ ʜʦʙʘʚʣʷʣʠ ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʮʝʥʪʨʠʬʫʛʝ. ʆʩʘʞʜʝʥʠʝ ʯʘʩʪʠʮ ʛʨʘʬʠʪʘ ʚ 

ʦʙʨʘʟʮʘʭ ʩ ʠʩʭʦʜʥʦʡ ʩʤʘʟʢʦʡ ʟʘʢʘʥʯʠʚʘʣʦʩʴ ʤʝʥʝʝ, ʯʝʤ ʟʘ 5 ʤʠʥʫʪ, ʘ ʩ 

ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʩʤʘʟʢʦʡ, ʧʦʣʥʦʝ ʦʩʘʞʜʝʥʠʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʜʘʞʝ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚ 

ʪʝʯʝʥʠʠ 60 ʤʠʥʫʪ. 
 

  
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1 - ʌʦʪʦʩʥʠʤʢʠ ʠʩʭʦʜʥʦʡ ʛʨʘʬʠʪʦʚʦʡ ʩʤʘʟʢʠ (ʘ) ʠ ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʦʡ (ʙ) 
 

ɼʘʥʥʳʡ ʬʘʢʪ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʤʘʟʢʝ ʦʙʨʘʟʫʶʪʩʷ ʦʯʝʥʴ ʤʝʣʢʠʝ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʥʘʥʦʨʘʟʤʝʨʥʳʝ, ʪʦ ʝʩʪʴ ʛʨʘʬʝʥʦʚʳʝ ʯʘʩʪʠʮʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʘʰʠʥʝ ʪʨʝʥʠʷ ʋʄʊ-01 (ʨʠʩʫʥʦʢ 2), ʢʦʪʦʨʘʷ 

ʩʦʟʜʘʥʘ ʥʘ ʙʘʟʝ ʩʚʝʨʣʠʣʴʥʦʛʦ ʩʪʘʥʢʘ 1 ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʪʨʝʥʠʝ 

ʠ ʠʟʥʦʩ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ , ʘ ʪʘʢʞʝ ʙʝʟ ʤʘʩʣʘ. ʄʝʪʦʜ ʠʩʧʳʪʘʥʠʡ ʦʩʥʦʚʘʥ ʥʘ ʚʟʘʠʤʥʦʤ 

ʧʝʨʝʤʝɦ ʝʥʠʠ ʧʨʠʞʘʪʳʭ ʜʨʫʛ ʢ ʜʨʫʛʫ ʩ ʟʘʜʘʥʥʳʤ ʫʩʠʣʠʝʤ ʠʩʧʳʪʳʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ 2 ʠ 3 ʚ 

ʩʨʝʜʝ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ ʙʝʟ ʥʠʭ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʦʙʨʘʟʮʘ ʙʝʟ ʥʘʛʨʫʟʢʠ, ʧʣʘʚʥʦ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʦʪ 0 ʜʦ 2500 ʤʠʥ-1, ʫʩʠʣʠʝ ʧʨʠʞʠʤʘ ʠʩʧʳʪʳʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʦʪ 50 ʜʦ 1000 ʅ. 

ʈʘʟʤʝʨ ʦʙʨʘʟʮʦʚ: ʥʝʧʦʜʚʠʞʥʘʷ ʢʨʫʛʣʘʷ ʧʣʘʩʪʠʥʘ ʜʠʘʤʝʪʨ 50 ʤʤ, ʪʨʠ ʚʨʘʱʘʶʱʠʝʩʷ ʨʦʣʠʢʘ 

ʜʠʘʤʝʪʨʦʤ 10 ʤʤ. ʉʭʝʤʘ ʢʦʥʪʘʢʪʘ: ʪʦʨʝʮ ʚʨʘʱʘʶʱʝʛʦʩʷ ʨʦʣʠʢʘ ʠ ʧʣʦʩʢʦʩʪʠ ʥʝʧʦʜʚʠʞʥʦʛʦ 

ʜʠʩʢʘ. ʄʦʤʝʥʪ ʪʨʝʥʠʷ ʠ ʦʩʝʚʘʷ ʥʘʛʨʫʟʢʘ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ, ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʠʣʘ ʧʨʠʞʘʪʠʷ ʦʙʨʘʟʮʦʚ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦ ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ Ñ15 %, ʘ ʧʦʛʨʝʰʥʦʩʪʴ ʪʝʥʟʦʜʘʪʯʠʢʘ, ʩ ʧʦʤʦʱʴʶ 
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ʢʦʪʦʨʦʛʦ ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʦʢʨʫʞʥʘʷ ʩʠʣʘ ʠ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʤʦʤʝʥʪ ʪʨʝʥʠʷ, ʩʦʩʪʘʚʣʷʣʘ Ñ10 %. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘʙʣʜʁʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʣʥʳ ʧʝʨʝʜ ʥʘʙʝʛʘʶʱʠʤ ʨʦʣʠʢʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ 

ʫʜʘʣʝʥʠʶ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʟʦʥʳ ʢʦʥʪʘʢʪʳ ʦʙʨʘʟʮʦʚ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʣʫʯʝʥʳ ʥʘ ʤʘʰʠʥʘʭ ʪʨʝʥʠʷ ʜʨʫʛʠʭ ʪʠʧʦʚ [8]. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷʷ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ 

ʙʳʣʠ ʚʥʝʩʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʩʪʨʫʢʮʠʶ ʤʘʰʠʥʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʟʘʢʨʝʧʣʝʥʠʷ ʥʝʧʦʜʚʠʞʥʦʡ ʢʨʫʛʣʦʡ ʧʣʘʩʪʠʥʳ 3, ʯʝʨʝʟ ʫʧʦʨʥʳʡ ʧʦʜʰʠʧʥʠʢ 4 ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʚʝʩʳ 5 ʩ ʧʨʝʜʝʣʦʤ ʠʟʤʝʨʝʥʠʷ 15000 ʛ ʠ ʧʦʛʨʝʰʥʦʩʪʴʶ Ñ 0,1 ʛ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʪʦʯʥʦ ʬʠʢʩʠʨʦʚʘʪʴ ʫʩʠʣʠʝ ʧʨʠʞʘʪʠʷ ʵʣʝʤʝʥʪʦʚ ʧʘʨʳ ʪʨʝʥʠʷ.  

ʋʩʠʣʠʝ G, ʩʦʟʜʘʚʘʝʤʦʝ ʢʨʫʪʷʱʠʤ ʤʦʤʝʥʪʦʤ ʪʨʝʥʠʷ ʄ ʥʠʪʴʶ 6 ʯʝʨʝʟ ʙʣʦʢ 7 

ʧʝʨʝʜʘʚʘʣʦʩʴ ʥʘ ʛʠʨʶ 8, ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʥʘ ʚʝʩʳ 9 ʩ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 0,001ʛ. ʏʠʩʣʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʩʠʣʳ G, ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ ʨʘʟʥʦʩʪʴ ʚʝʩʘ ʛʠʨʠ 8 ʠ ʪʝʢʫʱʝʛʦ ʧʦʢʘʟʘʥʠʷ ʚʝʩʦʚ. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʩʢʦʣʴʞʝʥʠʠ ʪʨʝʭ ʩʪʘʥʜʘʨʪʥʳʭ ʨʦʣʠʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ 

ʫʜʘʣʝʥʠʝ ʯʘʩʪʠ ʩʤʘʟʢʠ ʠʟ ʟʦʥʳ ʢʦʥʪʘʢʪʘ ʧʘʨ ʪʨʝʥʠʷ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʘʥʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ 

ʠʩʧʦʣʟɹʦʚʘʣʠ ʚʨʘʱʘʶʱʠʝʩʷ ʩʪʘʣʴʥʳʝ ʢʦʣʴʮʘ ʩ ʥʘʨʫʞʥʠʤ ʜʠʘʤʝʪʨʦʤ 40ʤʤ ʠ ʚʥʫʪʨʝʥʥʠʤʠ 

ʜʠʘʤʝʪʨʘʤʠ: 10, 20 ʠ 30 ʤʤ. 

 
 ʘ)     ʙ) 

ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʤʘʰʠʥʳ ʪʨʝʥʠʷ ʋʄʊ-01 
 

ʄʦʤʝʥʪ ʪʨʝʥʠʷ M ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʬʦʨʤʫʣʝ hGM Ö= , ʛʜʝ h ï ʧʣʝʯʦ ʩʠʣʳ G (ʨʠʩʫʥʦʢ 1, 

ʙ). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʤʦʤʝʥʪ ʪʨʝʥʠʷ ʨʘʚʝʥ: 

ñ=
A

dAM tr        (1) 

ʛʜʝ Ű ï ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʵʣʝʤʝʥʪʦʚ ʧʘʨʳ ʪʨʝʥʠʷ, ɟ ï 

ʪʝʢʫʱʠʡ ʨʘʜʠʫʩ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʜʠʫʩʘ R1 ʢʦʣʴʮʘ, ʜʦ ʥʘʨʫʞʥʦʛʦ 

ï R2, A ï ʦʙʣʘʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (ʧʣʦʱʘʜʴ ʢʦʣʴʮʘ). 

ɽʩʣʠ, ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʣʦʱʘʜʠ dA ʚʟʷʪʴ ʢʦʣʴʮʦ ʨʘʜʠʫʩʦʤ ɟ ʠ ʪʦʣʱʠʥʦʡ dɟ, ʪʦ 

ʧʦʜʩʪʘʚʠʚ ʚ ʬʦʨʤʫʣʫ (1) ʧʦʣʫʯʠʤ: 

3

12
222

332

1

2

1

22 RR
ddM

R

R

R

R

-
===ñ ñ ptrrptrptr .    (2) 

ʇʨʠʨʘʚʥʷʚ (1) ʠ (2) ʧʦʣʫʯʠʤ: 

)12(2

3
33 RR

Gh

-
=
ip

t       (3)  

ʏʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʢʦʣʴʞʝʥʠʷ f ʦʧʨʝʜʝʣʠʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

st/=f ,       (4)  

ʛʜʝ ů=P/A ï ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʵʣʝʤʝʥʪʦʚ ʧʘʨʳ ʪʨʝʥʠʷ, A- ʧʣʦʱʘʜʴ 

ʢʦʥʪʘʢʪʘ. 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʥʦʡ 

ʛʨʘʬʠʪʦʚʦʡ ʩʤʘʟʢʠ ʨʘʚʝʥ 0,158, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ï 0,069. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʫʤʝʥʴʰʠʣʩʷ ʚ 2,3 ʨʘʟʘ. ʇʨʠ 

ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʝʨʭʥʝʛʦ ʟʚʝʥʘ ʧʘʨʳ ʪʨʝʥʠʷ ʦʪ 500 ʜʦ 2500 ʤʠʥ-1 
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ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʫʤʝʥʴʰʘʣʩʷ ʚ 2,2 ï 2,5 ʨʘʟʘ, ʦʜʥʘʢʦ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ.  

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʛʨʘʬʠʪʦʚʳʭ ʩʤʘʟʦʢ ʚ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʤʘʟʢʫ, ʢʦʪʦʨʘʷ ʚ 2,2 ï 

2,5 ʨʘʟʘ ʩʥʠʞʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʛʨʘʬʠʪʦʚʦʡ 

ʩʤʘʟʢʦʡ. ɺʧʦʣʥʝ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʛʨʘʬʠʪʥʦʡ ʩʤʘʟʢʝ ʛʨʘʬʝʥʦʚʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʥʦʩʘ ʧʘʨ ʪʨʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ15-38-50829 ʤʦʣ_ʥʨ. 
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ʈʝʬʝʨʘʪ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ, ʫʛʣʘ ʧʦʜʲʝʤʘ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ ʧʨʠʝʤʥʦʛʦ ʣʦʪʢʘ ʠ 

ʚʝʣʠʯʠʥʳ ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʥʝʡ ʠ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʥʘʤʠʢʠ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʟ 

ʟʝʨʥʦʩʤʝʩʝʡ ʧʦ ʜʣʠʥʝ ʯʘʩʪʠʮ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʢʦʨʦʪʢʠʭ 

ʧʨʠʤʝʩʝʡ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʠ 

ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʧʨʠʝʤʥʦʛʦ ʣʦʪʢʘ. ʇʨʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ 35 ʦʙ/ʤʠʥ 

ʩʪʝʧʝʥʴ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ ʩʦʩʪʘʚʣʷʝʪ 34,4é95,5 % ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʫʩʪʘʥʦʚʢʠ ʚʝʨʭʥʝʡ 

ʢʨʦʤʢʠ ʣʦʪʢʘ 35é450, ʧʨʠʯʝʤ ʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʫʛʣʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʩʪʝʧʝʥʴ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʚʳʜʝʣʝʥʠʷ: ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʘ 40 ʦʙ/ʤʠʥ ʠ ʫʛʣʘʭ 

ʫʩʪʘʥʦʚʢʠ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʣʦʪʢʘ 45é500 ï ʜʦ 66,0é97,1 %; ʧʨʠ 50 ʦʙ/ʤʠʥ ʠ ʫʛʣʘʭ 40é550 ï 

ʜʦ 99,3é100 %. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʢʨʘʱʘʝʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ ʩ 75 ʜʦ 

20 ʩ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʠʝʤʥʳʡ ʣʦʪʦʢ ʚʤʝʩʪʝ ʩ ʧʨʠʤʝʩʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʧʦʧʘʜʘʶʪ 

ʯʘʩʪʠʮʳ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ, ʩʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʧʨʦʜʦʣʴʥʦʡ ʦʩʴʶ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ 

ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ. ʏʠʩʣʦ ʟʘʭʚʘʯʝʥʥʳʭ ʯʘʩʪʠʮ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʘ, ʫʤʝʥʴʰʝʥʠʠ ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʣʦʪʢʘ, 

ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʧʳʪʘ, ʫʚʝʣʠʯʝʥʠʠ ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʚʝʨʭʥʝʡ 

ʢʨʦʤʢʦʡ ʣʦʪʢʘ ʠ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʠ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʯʠʩʣʦ ʚʳʜʝʣʝʥʥʳʭ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʥʝ ʧʨʝʚʳʰʘʝʪ 15 

ʰʪʫʢ ʧʨʠ ʩʪʝʧʝʥʠ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 100 % ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʚʳʜʝʣʝʥʠʷ 20 ʩ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʠʙʦʨ, ʷʯʝʠʩʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʘʨʘʤʝʪʨʳ, ʟʝʨʥʦʩʤʝʩʴ, ʜʠʥʘʤʠʢʘ 

ʚʳʜʝʣʝʥʠʷ, ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʣʦʪʢʘ, ʟʘʟʦʨ, ʢʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʘ. 
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Abstract. The results of the establishment of the optimal values of the speed mode, the angle of 

lifting of the top edge of the front wall of the output tray, and the radial clearance between it and 

the surface of the mesh on the basis of experimental studies of the dynamics of an impurity 

component separation mesh surface of the device for the separation of mixtures of grain particle 

length are presented. It was found that the speed of rotation of the cylinder of cellular and angular 

position of the output tray have a significant impact on the quality of the process of selection of 

short admixtures. The degree of isolation impurity is 34.4 ... 95.5% in the range of the angles of the 

upper edge of the tray 35 ... 450 at a rotational speed of the cylinder 35 of the cellular / min, and 

the smaller angle value corresponds to a high degree of separation of the impurity component.With 

increasing speed of rotation of the cylinder there is a trend of increasing discharge intensity 

impurities, which results in increasing the degree of isolation: in case of the cylinder rotation speed 

of 40 rev/min, and the installation angles of the upper edge of the tray 40...50Á ï to 66.0...97.1 %; 

at 50 rev/min and the corners 45...55Á ï to 99.3...100 %. Furthermore, isolation impurity shortened 

from 75 to 20 seconds. It is found that in a receiving tray with impurity particles fall particles main 

culture directed towards the longitudinal axis of rotation porous cylinder. The number of trapped 

particles main culture increases with the rate of rotation of the cylinder, reducing the installation 

angle of the upper edge of the tray, increasing duration of the experiment, increasing the radial 

clearance between the top surface of the tray and mesh. When you set the optimal parameters and 

modes of the device number allocated to the main crop grains does not exceed 15 units with a 

degree of separation of the impurity component 100 % and the duration of discharge 20. 

Keywords: device, cellular surface, parameters, grain mix, the dynamics of selection, 

installation angle of the tray, gap, process quality. 

 

ɺʚʝʜʝʥʠʝ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʨʠʝʨʥʳʝ ʙʣʦʢʠ, ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʡ 

ʩʭʝʤʝ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʜʠʥʘʢʦʚʦ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ 

ʚʳʜʝʣʝʥʠʠ ʜʣʠʥʥʳʭ ʠ ʢʦʨʦʪʢʠʭ ʧʨʠʤʝʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ [1, 2]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʦʡ 

ʚʝʣʠʯʠʥʦʡ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦʜʘʯʠ ʟʝʨʥʦʩʤʝʩʠ ʚ ʦʚʩʶʞʥʳʡ ʠ ʢʫʢʦʣʴʥʳʡ ʷʯʝʠʩʪʳʝ ʮʠʣʠʥʜʨʳ. 

ɽʩʣʠ ʙʣʦʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʘʩʭʦʜʥʳʭ ʨʝʞʠʤʘʭ, ʙʣʠʟʢʠʭ ʢ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʨʘʙʦʪʳ 

ʦʚʩʶʞʥʳʭ ʮʠʣʠʥʜʨʦʚ, ʩʪʝʧʝʥʴ ʚʳʜʝʣʝʥʠʷ ʢʦʨʦʪʢʠʭ ʧʨʠʤʝʩʝʡ ʙʫʜʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦʡ. ɽʩʣʠ 

ʧʦʜʘʯʘ ʟʝʨʥʦʩʤʝʩʠ ʙʫʜʝʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʢʘʯʝʩʪʚʝʥʥʫʶ ʨʘʙʦʪʫ ʢʫʢʦʣʴʥʳʭ ʮʠʣʠʥʜʨʦʚ, ʪʦ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʚʩʶʞʥʦʛʦ ʮʠʣʠʥʜʨʘ ʜʣʠʥʥʳʝ ʧʨʠʤʝʩʠ ʙʫʜʫʪ ʟʘʙʨʘʩʳʚʘʪʴʩʷ ʚ 

ʧʨʠʝʤʥʳʡ ʣʦʪʦʢ, ʩʥʠʞʘʷ ʢʘʯʝʩʪʚʦ ʪʨʠʝʨʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʦʩʤʝʩʠ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʵʪʦʛʦ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ [3, 4]. 

ɼʘʣʴʥʝʡʰʠʡ ʧʦʠʩʢ ʨʝʟʝʨʚʦʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʨʠʝʨʥʳʭ ʙʣʦʢʦʚ ʩʚʷʟʘʥ ʩ ʠʟʫʯʝʥʠʝʤ 

ʜʠʥʘʤʠʢʠ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʳʭ ʯʘʩʪʠʮ ʠ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ ʟʝʨʥʦʩʤʝʩʝʡ 

ʷʯʝʠʩʪʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘʤʠ ʩʪʝʥʜʳ [5é7] ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠʤʝʶʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ ʨʘʩʭʦʜʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʉ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʩʦʢʨʘʱʝʥʠʷ 

ʟʘʪʨʘʪ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʧʨʠʙʦʨ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʟʝʨʥʦʩʤʝʩʝʡ, ʦʙʦʩʥʦʚʘʥʳ ʝʛʦ 

ʦʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ [8, 9]. ʆʧʪʠʤʠʟʘʮʠʷ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ, ʫʛʣʘ ʧʦʜʲʝʤʘ 

ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ ʣʦʪʢʘ ʠ ʟʘʟʦʨʘ ʤʝʞʜʫ ʥʝʡ ʠ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʥɹʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʇʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʙʦʨʘ 

ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʥʘʤʠʢʠ ʚʳʜʝʣʝʥʠʷ ʢʦʨʦʪʢʦʛʦ 

ʧʨʠʤʝʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʧʰʝʥʠʮʘ-ʧʨʦʩʦ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ 

mailto:eng_haydarjjsh1976@yahoo.com
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ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: ʩʪʝʧʝʥʴ ʚʳʜʝʣʝʥʠʷ; ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ; ʤʘʩʩʘ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʚ ʧʨʠʤʝʩʠ; ʦʩʪʘʪʦʯʥʘʷ ʟʘʩʦʨʝʥʥʦʩʪʴ 

ʟʝʨʥʦʩʤʝʩʠ. 

ʉʪʝʧʝʥʴ ʚʳʜʝʣʝʥʠʷ (ʉ) ʧʨʠʤʝʩʠ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

%,100/
1

³=ä
=

k

i

ʧʠʧʚ mmC
i

     (1) 

ʛʜʝ 
iʧʚ

m - ʤʘʩʩʘ ʚʳʜʝʣʝʥʥʳʭ ʧʨʠʤʝʩʥʳʭ ʯʘʩʪʠʮ ʚ i-ʦʡ ʤʝʨʥʦʡ ʝʤʢʦʩʪʠ, ʛ; 

ʧʠm - ʠʩʭʦʜʥʘʷ ʤʘʩʩʘ ʧʨʠʤʝʩʥʳʭ ʯʘʩʪʠʮ ʚ ʷʯʝʠʩʪʦʤ ʮʠʣʠʥʜʨʝ ʧʨʠʙʦʨʘ, ʛ; 

k ï ʯʠʩʣʦ ʤʝʨʥʳʭ ʝʤʢʦʩʪʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʦʧʳʪʝ, ʰʪ. 

ʏʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ ʟʘʤʝʨʦʚ ʨʘʚʥʷʣʦʩʴ ʯʠʩʣʫ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʝʨʥʳʭ ʝʤʢʦʩʪʝʡ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ (tʧ) ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

,cʧ ktt =        (2) 

ʛʜʝ tc ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʪʘʙʠʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʟʘʤʝʨʦʚ, ʩ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚ ʮʠʢʣʘʭ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ (äN ) ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ 

ʬʦʨʤʫʣʝ: 

,60/)1()1(
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ʧʚ
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ʧʚ

ʧʚ
ʮ
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m
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m

m
kNN +-=+-=ä     (3) 

ʛʜʝ n ï ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ, ʦʙ/ʤʠʥ; 

21, ʧʚʧʚmm ï ʤʘʩʩʳ ʚʳʜʝʣʝʥʥʦʡ ʧʨʠʤʝʩʠ ʚ 1-ʦʤ (ʨʘʟʛʦʥʥʦʤ) ʠ ʚʦ 2-ʦʤ ʠʥʪʝʨʚʘʣʘʭ, ʛ; 

60/ntN cʮ=  ï ʯʠʩʣʦ ʮʠʢʣʦʚ ʚʳʜʝʣʝʥʠʷ ʚ ʩʪʘʙʠʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ, ʰʪ. 

ʆʩʪʘʪʦʯʥʫʶ ʟʘʩʦʨʝʥʥʦʩʪʴ ʟʝʨʥʦʩʤʝʩʠ (ʦɿ) ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ 
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³-= ä
=

ʥ

k

i

ʧʚʧʠʦ mmmɿ
i

     (4) 

ʛʜʝ ʥm  ï ʤʘʩʩʘ (ʠʩʭʦʜʥʘʷ) ʥʘʚʝʩʢʠ ʟʝʨʥʦʩʤʝʩʠ ʚ ʷʯʝʠʩʪʦʤ ʮʠʣʠʥʜʨʝ ʧʨʠʙʦʨʘ, ʛ. 

ʀʩʭʦʜʥʳʝ ʫʩʣʦʚʠʷ ʦʧʳʪʦʚ ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ: ʦʩʥʦʚʥʘʷ ʢʫʣʴʪʫʨʘ - ʧʰʝʥʠʮʘ; ʧʨʠʤʝʩʥʳʡ 

ʢʦʤʧʦʥʝʥʪ ï ʧʨʦʩʦ; ʩʦʜʝʨʞʘʥʠʝ ʟʝʨʥʦʩʤʝʩʠ ʚ ʷʯʝʠʩʪʦʤ ʮʠʣʠʥʜʨʝ ï 0,75 ʢʛ; ʠʩʭʦʜʥʘʷ 

ʟʘʩʦʨʝʥʥʦʩʪʴ ï 1%. ʇʦʠʩʢ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦʩʪʝʧʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ʧʝʨʝʜʥʝʡ 

ʢʨʦʤʢʠ ʣʦʪʢʘ (ɔʧ) ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʷʯʝʠʩʪʦʛʦ ʙʘʨʘʙʘʥʘ (n). ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʚ 

ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ. ɿʝʨʥʦʩʤʝʩʴ ʟʘʛʨʫʞʘʣʠ ʚʥʫʪʨʴ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ, ʨʘʟʨʘʚʥʠʚʘʣʠ 

ʧʣʘʥʯʘʪʳʤ ʩʢʨʝʙʢʦʤ ʚʜʦʣʴ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʢʣʶʯʘʣʠ ʚ ʨʘʙʦʪʫ ʧʨʠʙʦʨ ʥʘ ʤʘʣʳʭ 

ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʷʯʝʠʩʪʦʛʦ ʙʘʨʘʙʘʥʘ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʬʦʨʤʠʨʦʚʘʣʠ ʠʩʭʦʜʥʳʡ ʩʝʛʤʝʥʪ 

ʟʝʨʥʦʩʤʝʩʠ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʟʝʨʥʦʩʤʝʩʠ. ɿʘʪʝʤ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʢʣʶʯʘʣʠ ʚ ʨʘʙʦʪʫ ʧʨʠʙʦʨ ʥʘ ʟʘʜʘʥʥʦʤ ʨʝʞʠʤʝ ʠ ʭʨʦʥʦʤʝʪʨ ʩʦ ʟʚʫʢʦʚʦʡ 

ʠʥʜʠʢʘʮʠʝʡ ʦʪʩʯʝʪʘ ʧʝʨʠʦʜʦʚ ʚʨʝʤʝʥʠ ʚ 5 ʩʝʢʫʥʜ. ʉ ʪʝʤ ʞʝ ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ ʧʦʜ 

ʦʪʚʦʜʥʳʤ ʣʦʪʢʦʤ ʤʝʥʷʣʠ ʤʝʨʥʳʝ ʝʤʢʦʩʪʠ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣʦ 15 ʰʪʫʢ. ɺ 

ʤʝʨʥʳʝ ʝʤʢʦʩʪʠ ʥʘʨʷʜʫ ʩ ʧʨʠʤʝʩʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʧʦʧʘʜʘʶʪ ʯʘʩʪʠʮʳ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ. 

ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʣʠ ʨʘʟʙʦʨ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʤʝʨʥʳʭ ʝʤʢʦʩʪʝʡ ʠ ʠʭ ʚʟʚʝʰʠʚʘʥʠʝ ʥʘ 

ʣɻʝʢʪʨʦʥʥʳʭ ʚʝʩʘʭ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,01 ʛ, ʧʦʩʣʝ ʯʝʛʦ ʦʧʨʝʜʝʣʷʣʠ ʩʪʝʧʝʥʴ ʚʳʜʝʣʝʥʠʷ 

ʧʨʠʤʝʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʤʘʩʩʫ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʚ ʢʘʞʜʦʡ ʠʟ ʤʝʨʥʳʭ 

ʝʤʢʦʩʪʝʡ. ʇʦʩʣʝ ʟʘʤʝʨʦʚ ʤʘʩʩ ʚʳʜʝʣʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʳʪʦʚ 

ʨʘʩʩʯʠʪʚrʘʣʠ ʨʝʟʫʣʴʪʘʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʚʦʟʚʨʘʱʘʣʠ ʚʳʜʝʣʝʥʥʳʝ ʯʘʩʪʠʮʳ ʟʝʨʥʦʩʤʝʩʠ ʚ 

ʷʯʝʠʩʪʳʡ ʮʠʣʠʥʜʨ. ʋʩʪʘʥʘʚʣʠʚʘʣʠ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʧʦʜʲʝʤʘ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ ʦʪʚʦʜʥʦʛʦ 

ʣʦʪʢʘ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʧʦ ʪʘʨʠʨʦʚʦʯʥʦʤʫ ʛʨʘʬʠʢʫ ï ʠ ʦʧʳʪ 

ʧʦʚʪʦʨʷʣʩʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʇʨʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʷʯʝʠʩʪʦʛʦ ʙʘʨʘʙʘʥʘ n = 35 ʦʙ/ʤʠʥ ʠ 

ʫʛʣʝ ɔʧ = 35Á ʥʘʙʣʶʜʘʣʘʩʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ï 

95,5 %, ʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 14 ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʧʦ 5 ʩʝʢʫʥʜ.  
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ʋʚʝʣʠʯʝʥʠʝ ɔʧ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʦ 40 ʠ 45Á ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝʤ ʩʪʝʧʝʥʠ 

ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦ 68,1 ʠ 34,3%. ʇʨʠ ʵʪʦʤ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʥʝ ʟʘʢʘʥʯʠʚʘʣʘʩʴ ʟʘ 15 ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ (ʨʠʩʫʥʢʠ 1 ʠ 2).  

 
ʈʠʩʫʥʦʢ 1 ï ɼʠʥʘʤʠʢʘ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʧʨʦʩʘ) ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʥʘ ʤʘʣʳʭ 

ʩʢʦʨʦʩʪʥʳʭ ʨʝʞʠʤʘʭ ï n=35 ʦʙ/ʤʠʥ: ɿʨ = 23 ʤʤ; mʥ = 0,75 ʢʛ; ɿʠ = 1 % 

 

 
ʈʠʩʫʥʦʢ 2 ï ɼʠʥʘʤʠʢʘ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʧʨʦʩʘ) ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʧʨʠ n = 40 

ʦʙ/ʤʠʥ: ɿʨ = 23 ʤʤ; mʥ = 0,75 ʢʛ; ɿʠ = 1 % 

ʀʟ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʚʳʜʝʣʝʥʥʳʭ ʯʘʩʪʠʮ ʧʨʠʤʝʩʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʯʝʪʳʨʝ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʧʝʨʚʦʛʦ (ʨʘʟʛʦʥʥʦʛʦ). ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʮʝʩʩ 

ʚʳʜʝʣʝʥʠʷ ʧʨʦʪʝʢʘʝʪ ʚʦ ʚʪʦʨʦʤ ʠʥʪʝʨʚʘʣʝ, ʧʦ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ɔʧ ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ɔʧ ʦʪ 35Á ʜʦ 40Á ʚʝʣʠʯʠʥʘ mnʚ2 ʩʥʠʞʘʝʪʩʷ ʚ 2,7 ʨʘʟʘ, ʧʨʠ ɔʧ = 45Á ï ʚ 9,2 

ʨʘʟʘ. ɼʦʩʪʠʛʥʫʪʘʷ ʩʪʝʧʝʥʴ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ ʧʨʠ ɔʧ = 35Á ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ, ʥʦ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʘʷ 75 ʩ, ʥʝʧʨʠʝʤʣʝʤʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʥʦʛʦ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ. 

ʇʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʷʯʝʠʩʪʦʛʦ ʙʘʨʘʙʘʥʘ ʜʦ 40 ʦʙ/ʤʠʥ ʦʙʝʩʧʝʯʠʚʘʣʦ ʩʪʝʧʝʥʴ 

ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʫʨʦʚʥʝ 97,1% ʧʨʠ ɔʧ = 45Á. ʆʜʥʘʢʦ, ʧʦʚʳʰʝʥʠʝ ɔʧ ʜʦ 

50Á ʩʥʠʟʠʣʦ ʩʪʝʧʝʥʴ ʚʳʜʝʣʝʥʠʷ ʜʦ 66%. ɺ ʵʪʦʡ ʯʘʩʪʠ ʦʧʳʪʦʚ ʦʙʥʘʨʫʞʠʣʘʩʴ ʚʟʘʠʤʦʩʚʷʟʴ, 
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ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʯʨʝʟʤʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʫʛʣʘ ɔʧ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʝʞʠʤʘ ʨʘʙʦʪ ʧʨʠʙʦʨʘ (n) ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, 

ʥʦ ʩʦʢʨʘʱʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʝʥʥʳʭ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʚ ʤʝʨʥʳʝ ʝʤʢʦʩʪʠ. 

ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʜʦ n = 40 ʦʙ/ʤʠʥ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʦʩʪ ʩʪʝʧʝʥʠ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ ʩ 34,4 ʜʦ 97,1% (ʚ 2,8 ʨʘʟʘ) ʧʨʠ ɔʧ = 45, ʥʦ ʧʨʠʚʦʜʠʪ ʢ 

ʜʚʦʡʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʚ ʚʳʜʝʣʝʥʥʦʡ ʧʨʠʤʝʩʠ.  

ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤ ʜʣʷ ʧʨʠʙʦʨʘ, ʦʥ ʦʧʨʝʜʝʣʷʝʪ ʦʩʥʦʚʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ï ʪʨʫʜʦʝʤʢʦʩʪʴ ʨʘʩʩʝʚʘ ʧʨʦʙ. 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2 ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ ʯʠʩʣʦ 

ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʚ ʤʝʨʥʳʭ ʝʤʢʦʩʪʷʭ ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ɔʧ, ʥʦ ʧʨʠ ʨʘʚʥʳʭ 

n ʩʥʠʞʘʝʪʩʷ ʠ ʩʪʝʧʝʥʴ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʝʡ, ʠ ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ. 

ʇʦʩʣʝʜʫʶʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʷʯʝʠʩʪʦʛʦ ʙʘʨʘʙʘʥʘ ʜʦ 50é55 ʦʙ/ʤʠʥ 

ʦʙʝʩʧʝʯʠʚʘʣʦ ʧʨʠʝʤʣʝʤʳʡ ʫʨʦʚʝʥʴ ʩʪʝʧʝʥʠ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʳʭ ʯʘʩʪʠʮ ʜʘʞʝ ʩ ʨʦʩʪʦʤ ɔʧ ʚ 

ʜʠʘʧʘʟʦʥʝ 55é65Á. ʇʨʠ ʵʪʦʤ ʤʘʩʩʘ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʚʳʜʝʣʝʥʥʘʷ ʚʤʝʩʪʝ ʩ 

ʧʨʠʤʝʩʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʦʭʨʘʥʷʣʘʩʴ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʤ ʫʨʦʚʥʝ, ʦʪʤʝʯʘʣʘʩʴ ʪʝʥʜʝʥʮʠʷ 

ʩʦʢʨʘʱʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʳʭ ʯʘʩʪʠʮ ʜʦ 5é9 ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ 

ʧʦ 5 ʩʝʢʫʥʜ, ʨʠʩʫʥʦʢ 3. 

 
ʈʠʩʫʥʦʢ 3 ï ɼʠʥʘʤʠʢʘ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʧʨʦʩʘ) ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʧʨʠ n = 

50é55 ʦʙ/ʤʠʥ: ɿʨ = 23 ʤʤ; mʥ = 0,75 ʢʛ; ɿʠ = 1 % 

ʀʟ ʨʠʩʫʥʢʘ 3 ʚʠʜʥʦ, ʯʪʦ ʚʨʝʤʷ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ ʩʦʢʨʘʪʠʣʦʩʴ ʜʦ 25é45 ʩ, ʩʪʝʧʝʥʴ 

ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ ʩʦʩʪʘʚʠʣʘ 97,5é99,1%. 

ʆʜʥʘʢʦ, ʫʚʝʣʠʯʝʥʠʝ ɔʧ ʜʦ 60é65Á ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʦʪʚʦʜʘ ʚʳʜʝʣʝʥʥʳʭ ʯʘʩʪʠʮ 

ʣʦʪʢʦʤ ʠʟ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ. ʋʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ ʜʦ ʉ = 99,1% ʟʘ ʩʯʝʪ 

ʨʦʩʪʘ t ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʚ ʤʝʨʥʳʭ ʝʤʢʦʩʪʷʭ 

ʚ 3,7é4,8 ʨʘʟʘ. 

ɺʝʨʦʷʪʥʦʩʪʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ (ʧʰʝʥʠʮʳ) ʧʨʦʜʦʣʴʥʦʡ ʦʩʴʶ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʟʘʭʚʘʪʫ ʷʯʝʷʤʠ ʠ ʫʜʝʨʞʘʥʠʶ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʠʥʝʨʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (Fʠ), ʨʠʩʫʥʦʢ 4. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʠ ʫʛʣʘ ɔʧ ʥʝ ʜʘʚʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʵʬʬʝʢʪʘ ʧʦ ʩʪʝʧʝʥʠ ʚʳʜʝʣʝʥʠʷ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʤʘʩʩʝ ʚʜrʝʣʝʥʥʳʭ ʚ ʤʝʨʥʳʝ ʝʤʢʦʩʪʠ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ. 
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1 ï ʷʯʝʠʩʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ; 2 ï ʟʝʨʥʦʚʢʘ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ; 

ʘ) ï ʟʘʭʚʘʪ; ʙ) ï ʫʜʝʨʞʘʥʠʝ 

ʈʠʩʫʥʦʢ 4 ï ʋʩʣʦʚʠʷ ʟʘʭʚʘʪʘ ʠ ʫʜʝʨʞʘʥʠʷ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʷʯʝʷʤʠ ʢʫʢʦʣʴʥʦʛʦ 

ʮʠʣʠʥʜʨʘ 

ɺ ʵʪʦʡ ʩʝʨʠʠ ʦʧʳʪʦʚ ʩʨʝʜʥʠʡ ʨʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʦʡ ʣʦʪʢʘ ʠ 

ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʦʩʪʘʚʣʷʣ ɿʨ = 23 ʤʤ. 

ɸʥʘʣʠʟ ʩʝʨʠʠ ʚʳʧʦʣʥʝʥʥʳʭ ʦʧʳʪʦʚ ʧʦʟʚʦʣʠʣ ʧʨʠʡʪʠ ʢ ʨʝʰʝʥʠʶ ʦ ʩʦʢʨʘʱʝʥʠʠ ʟʘʟʦʨʘ 

ʤʝʞʜʫ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʦʡ ʣʦʪʢʘ ʠ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘ 10 ʤʤ ʟʘ ʩʯʝʪ ʥʘʨʘʱʠʚʘʥʠʷ 

ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ.  

ɼʘʣʴʥʝʡʰʘʷ ʩʪʨʘʪʝʛʠʷ ʧʦʠʩʢʘ ʩʦʩʪʦʷʣʘ ʚ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʛʦ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ï ʥʘ 

ʫʨʦʚʥʝ 50é55 ʦʙ/ʤʠʥ ʠ ʧʦʩʪʝʧʝʥʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʫʛʣʘ ɔʧ. ʕʪʘ ʩʪʨʘʪʝʛʠʷ ʧʦʠʩʢʘ ʦʧʨʘʚʜʘʣʘ 

ʩʝʙʷ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦʩʪʝʧʝʥʥʦ ʩʦʢʨʘʪʠʣʘʩʴ ʜʦ 5 

ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʧʦ 5 ʩʝʢʫʥʜ, ʘ ʩʪʝʧʝʥʴ ʚʳʜʝʣʝʥʠʷ ʜʦʩʪʠʛʣʘ 99,3é100%, ʨʠʩʫʥʦʢ 5.  

 
ʈʠʩʫʥʦʢ 5 ï ɼʠʥʘʤʠʢʘ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʧʨʦʩʘ) ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʧʨʠ n = 50 

ʦʙ/ʤʠʥ: ɿʨ = 13 ʤʤ; mʥ = 0,75 ʢʛ; ɿʠ = 1 % 

ʆʜʥʘʢʦ ʤʘʩʩʘ ʟʘʭʚʘʯʝʥʥʳʭ ʷʯʝʷʤʠ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʚ ʣʦʪʦʢ 

ʚʤʝʩʪʝ ʩ ʧʨʠʤʝʩʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʦʭʨʘʥʷʣʘʩʴ ʥʝʩʪʘʙʠʣʴʥʦʡ (16é39 ʟʝʨʥʦʚʦʢ). ɺʨʝʤʷ 

ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ ʧʨʠ ɔʧ = 55Á ʚʝʣʠʢʦ. 

ʘ) ʙ) 
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ɼʘʣʝʝ ʥʘʤʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʜʘʣʴʥʝʡʰʝʤ ʩʥʠʞʝʥʠʠ ʟʘʟʦʨʘ ʤʝʞʜʫ ʧʝʨʝʜʥʝʡ 

ʢʨʦʤʢʦʡ ʣʦʪʢʘ ʠ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʘ ʩʯʝʪ ʨʝʟʠʥʦʚʦʡ ʚʩʪʘʚʢʠ (ʨʠʩʫʥʦʢ 6) ï ʥʘ 5 ʤʤ ʠ ɔʧ 

ī ʜʦ 40Á. 

 
ʈʠʩʫʥʦʢ 6 ī ʅʘʨʘʱʠʚʘʥʠʝ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ ʧʨʠʝʤʥʦʛʦ ʣʦʪʢʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʥʳ ʠ ʨʝʟʠʥʦʚʦʡ ʚʩʪʘʚʢʠ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʨʘʱʠʚʘʥʠʷ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ ʣʦʪʢʘ ʟʘ ʩʯʝʪ ʨʝʟʠʥʦʚʦʡ ʥʘʜʩʪʘʚʢʠ ʙʳʣʘ 

ʧʨʦʜʠʢʪʦʚʘʥʘ ʦʞʠʜʘʝʤʳʤ ʩʦʢʨʘʱʝʥʠʝʤ ʧʦʧʘʜʘʥʠʷ ʚ ʣʦʪʦʢ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠ 

ʩʥʠʞʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ. ʉʦʢʨʘʱʝʥʠʝ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʚ 

ʣʦʪʢʝ ʧʦ ʤʘʩʩʝ ï ʦʯʝʥʴ ʚʘʞʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʧʨʠʙʦʨʘ, ʦʥ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʦʙʱʝʝ ʚʨʝʤʷ 

ʢʦʥʪʨʦʣʷ ʧʨʦʙ ʟʝʨʥʦʩʤʝʩʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ: ɔʧ = 

40Á; n = 50 ʦʙ/ʤʠʥ. ʇʨʠ ʵʪʦʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʩʦʩʪʘʚʣʷʣʦ 4 ʠʥʪʝʨʚʘʣʘ ʧʦ 5 ʩʝʢʫʥʜ, ʩʪʝʧʝʥʴ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʦʩʪʠʛʘʣʘ 

100%, ʘ ʚʳʜʝʣʝʥʥʦʝ ʯʠʩʣʦ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʥʝ ʧʨʝʚʳʰʘʣʦ 15 ʰʪʫʢ, ʨʠʩʫʥʦʢ 7. 

 
ʈʠʩʫʥʦʢ 7 ï ɼʠʥʘʤʠʢʘ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʧʨʦʩʘ) ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʧʨʠ n = 50 

ʦʙ/ʤʠʥ: ɿʨ = 8 ʤʤ (ʨʝʟʠʥʦʚʘ̫ ʚʩʪʘʚʢʘ); mʥ = 0,75 ʢʛ; ɔʧ = 400; ɿʠ = 1% 

ʉʦʢʨʘʱʝʥʠʝ ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ (ɿʨ) ʜʦ 8 ʤʤ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʧʘʜʘʥʠʝ ʚ 

ʣʦʪʦʢ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʩ ʥʝʫʩʪʦʡʯʠʚʳʤ ʠʭ ʨʘʟʤʝʱʝʥʠʝʤ ʚ ʷʯʝʝ, ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʥʠʞʥʶʶ ʯʘʩʪʴ ʬʘʢʝʣʘ ʚʳʙʨʦʩʘ ʚʳʜʝʣʷʝʤʳʭ ʯʘʩʪʠʮ. ɿʥʘʯʠʤʦʩʪʴ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʧʨʝʚʳʰʘʝʪ 

ʟʥʘʯʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ (tʚ) ʧʨʠʤʝʩʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʧʨʠʙʦʨʘ. 
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ɼʣʷ ʦʧʪʠʤʘʣʴʥʳʭ ɿʨ, n, ʠ ɔʧ (ʩʤ. ʨʠʩʫʥʦʢ 7) tʚ ʩʦʩʪʘʚʣʷʝʪ 20 ʩ, ʘ ʦʪʙʦʨ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ 

ʢʫʣɹʪʫʨʳ ʠʟ ʤʝʨʥʦʡ ʝʤʢʦʩʪʠ ï 32é45 ʩ. 

ʕʪʘʧʳ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ɿʨ, ɔʧ ʠ n ʚ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʡ ʤʝʨʝ 

ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʪʝʧʝʥʠ ʚʳʜʝʣʝʥʠʷ (ʉ) ʠ ʦʩʪʘʪʦʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʧʨʠʤʝʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (mʦʩʪ) ʚ ʟʝʨʥʦʩʤʝʩʠ, ʨʠʩʫʥʦʢ 8: 

.100 ʉmʦʩʪ -=  (5) 

 
1 ï ʩʪʝʧʝʥʴ ʚʳʜʝʣʝʥʠʷ (ʉ) ʠ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʠ (mʦʩʪ) ʧʨʠ: n = 35 ʦʙ/ʤʠʥ; ɔʧ = 

350; ɿʨ = 23 ʤʤ; 2 ï ʩʪʝʧʝʥʴ ʚʳʜʝʣʝʥʠʷ (ʉ) ʠ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʠ (mʦʩʪ) ʧʨʠ: n = 

35 ʦʙ/ʤʠʥ; ɔʧ = 400; ɿʨ = 23 ʤʤ; 3 ï ʩʪʝʧʝʥʴ ʚʳʜʝʣʝʥʠʷ (ʉ) ʠ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʠ 

(mʦʩʪ) ʧʨʠ: n = 50 ʦʙ/ʤʠʥ; ɔʧ = 400; ɿʨ = 8 ʤʤ 

ʈʠʩʫʥʦʢ 8 ï ʉʪʝʧʝʥʴ ʚʳʜʝʣʝʥʠʷ ʠ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʠ ʥʘ ʵʪʘʧʘʭ ʧʦʠʩʢʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ɿʨ, n, ʠ ɔʧ 

ʀʟ ʨʠʩʫʥʢʘ 8 ʚʠʜʥʦ, ʯʪʦ ʥʘ ʵʪʘʧʘʭ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ n ʠ ɔʧ ʧʨʦʡʜʝʥ ʧʫʪʴ ʧʦ ʉ ʦʪ 68,1 

ʜʦ 100%, ʘ ʧʦ mʦʩʪ ï ʦʪ 31,9 ʜʦ 0%. ʆʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʨʠʙʦʨʘ, ʢʘʢ 

ʩʨʝʜʩʪʚʘ ʨʘʟʜʝʣʝʥʠʷ ʟʝʨʥʦʩʤʝʩʝʡ, ʷʚʣʷʝʪʩʷ ʠʭ ʦʩʪʘʪʦʯʥʘʷ ʟʘʩʦʨʝʥʥʦʩʪʴ, ʪʘʙʣʠʮʘ 1. 

ʊʘʙʣʠʮʘ 1 ï ɺʟʘʠʤʦʩʚʷʟʴ ʦʩʪʘʪʦʯʥʦʡ ʟʘʩʦʨʝʥʥʦʩʪʠ (ɿʦ) ʦʪ ʠʩʭʦʜʥʦʡ (ɿʠ) ʠ ʩʪʝʧʝʥʠ 

ʚʳʜʝʣʝʥʠʷ (ʉ) ʜʣʷ ʥʘʚʝʩʢʠ 1 ʢʛ 

 ̄

ʧ/ʧ 

ʉʪʝʧʝʥʴ 

 ʚrʜʝʣʝʥʠʷ 

ʧʨʠʤʝʩʠ (ʉ), 

% 

ʆʩʪʘʪʦʯʥʘʷ ʟʘʩʦʨʝʥʥʦʩʪʴ (ɿʦ), % 

ɿʠ = 0,5 ɿʠ = 1,0 ɿʠ = 1,5 ɿʠ = 2,0 ɿʠ = 2,5 ɿʠ = 3,0 

1 90 0,0375 0,075 0,1125 0,15 0,1875 0,225 

2 91 0,0336 0,0672 0,1008 0,1344 0,168 0,2016 

3 92 0,03 0,06 0,09 0,111 0,15 0,18 

4 93 0,0263 0,0526 0,079 0,1052 0,1315 0,1578 

5 94 0,0225 0,045 0,0675 0,09 0,1125 0,135 

6 95 0,0188 0,0376 0,0564 0,0752 0,094 0,1128 

7 96 0,015 0,03 0,045 0,06 0,075 0,09 

8 97 0,0113 0,0226 0,0339 0,0452 0,0565 0,0678 

9 98 0,0075 0,015 0,0225 0,03 0,0375 0,045 

10 99 0,0038 0,0076 0,0114 0,0152 0,019 0,0228 

11 100 0 0 0 0 0 0 
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ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʦʩʪʘʪʦʯʥʦʡ ʟʘʩʦʨʝʥʥʦʩʪʠ (ɿʦ) ʟʝʨʥʦʩʤʝʩʠ, 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʨʠʙʦʨʦʤ, ʜʣʷ ʰʠʨʦʢʠʭ ʜʠʘʧʘʟʦʥʦʚ ʉ ʠ ɿʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʭʘʨʘʢʪʝʨʥʳ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʟʣʠʯʥʳʤ ʧʨʠʤʝʩʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ. ɺʝʣʠʯʠʥʫ ɿʦ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ 

ʬʦʨʤʫʣʝ: 

.10/)1(%100
)1(

ʉm
m

ʉm
ɿ ʧʠ

ʥ

ʧʠ
ʦ -=³

-
=  (6) 

ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʩʪʘʪʦʯʥʘʷ ʟʘʩʦʨʝʥʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʟʝʨʥʦʩʤʝʩʠ ʩʦʩʪʘʚʣʷʝʪ ɿʦ = 0,225% ʧʨʠ ʩʘʤʦʡ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ ʉ = 90% ʠ 

ʥʘʠʚʳʩʰʝʡ ʠʩʭʦʜʥʦʡ ʟʘʩʦʨʝʥʥʦʩʪʠ ɿʠ = 3%. ʕʪʘ ʚʝʣʠʯʠʥʘ (ɿʦ) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʦʯʥʦʩʪʴ 

ʧʨʠʙʦʨʘ ʠ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʦʡ ʜʣʷ (ʥʘʧʨʠʤʝʨ) ʨʘʟʨʝʰʝʥʠʷ ʩʧʦʨʦʚ ʩʪʦʨʦʥ ʧʨʠ 

ʟʘʢʣʶʯʝʥʠʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʜʝʣʦʢ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʧʘʨʪʠʡ ʟʝʨʥʘ. 

ɺʳʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʠʙʦʨʘ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʟʝʨʥʦʩʤʝʩʝʡ ʧʦ ʜʣʠʥʝ: ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʷʯʝʠʩʪʦʛʦ 

ʮʠʣʠʥʜʨʘ ï 50 ʦʙ/ʤʠʥ, ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ ʧʨʠʝʤʥʦʛʦ ʣʦʪʢʘ ï 

40Á, ʨʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʢʨʦʤʢʦʡ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ ʣʦʪʢʘ ʠ ʷʯʝʠʩʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ï 8 ʤʤ. ʇʨʠ ʵʪʦʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ (ʧʨʦʩʦ) ʩʦʩʪʘʚʣʷʝʪ 

20 ʩ, ʩʪʝʧʝʥʴ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ ï 100 %. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʟɹʦʚʘʥʳ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʚʳʜʝʣʝʥʠʷ ʜʨʫʛʠʭ ʧʨʠʤʝʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʷʯʝʠʩʪʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʘ ʪʘʢʞʝ ʚ ʨʝʛʣʘʤʝʥʪʘʭ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʜʣʷ ʨʘʩʩʝʚʘ ʧʨʦʙ 

ʟʝʨʥʦʩʤʝʩʝʡ. 
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ʠ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʠʩʘʜʦʢ ʦʙʢʘʪʦʯʥʦʤʫ ʤʘʩʣʫ ʬʠʨʤʳ çJohn Deere. ʆʧʨʝʜʝʣʝʥʳ 

ʟʥʘʯʝʥʠʷ ʱʝʣʦʯʥʦʛʦ ʯʠʩʣʘ: 2,8 ʤʛ ʂʆʅ/ʛ ʜʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʩʣʘ ʠ 3,0 ʤʛ ʂʆʅ/ʛ ʜʣʷ 

ʠʤʧʦʨʪʥʦʛʦ ʤʘʩʣʘ. ɼʠʘʤʝʪʨʳ ʧʷʪʥʘ ʠʟʥʦʩʘ ʩʦʩʪʘʚʠʣʠ: 0,295 ʤʤ ï ʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʦʙʢʘʪʦʯʥʦʛʦ ʤʘʩʣʘ, 0,320 ʤʤ ï ʫ ʤʘʩʣʘ ʄ-10ɻ2, ʠ 0,362 ʤʤ ï ʫ ʟʘʨʫʙʝʞʥʦʛʦ ʪʦʚʘʨʥʦʛʦ 

ʦʙʨʘʟʮʘ ʦʙʢʘʪʦʯʥʦʛʦ ʤʘʩʣʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʘʩʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʦʧʝʨʘʮʠʠ ʦʙʢʘʪʢʠ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ɼ-240 ʥʘ ʦʙʢʘʪʦʯʥʦ-

ʪʦʨʤʦʟʥʦʤ ʩʪʝʥʜʝ ʂʀ-5541. ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ ʧʦ ʠʪʦʛʘʤ ʩʪʝʥʜʦʚʦʡ ʦʙʢʘʪʢʠ ʩʦʩʪʘʚʠʣ 14,8 

ʢʛ/ʯ, ʚʝʣʠʯʠʥʘ ʩʨʝʜʥʝʡ ʢʦʤʧʨʝʩʩʠʠ ʧʦ ʮʠʣʠʥʜʨʘʤ ï 26,0 ʘʪʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʦʙʢʘʪʦʯʥʦʛʦ ʤʘʩʣʘ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʥʘʜʸʞʥʦʩʪʴ 

ʜʚʠʛʘʪʝʣʷ, ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʨʝʤʦʥʪ ʠ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʘ ʪʨʘʢʪʦʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʢʘʪʦʯʥʦʝ ʤʘʩʣʦ; ʦʙʢʘʪʢʘ; ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡʩʪʚʘ; 

ʦʪʨʘʙʦʪʘʥʥʦʝ ʤʘʩʣʦ; ʧʨʠʨʘʙʦʪʢʘ. 

JUSTIFICATION OF RAT IONAL COMPOSITION AN D PROPERTIES OF OIL FOR 

RUNNING -IN OF ENGINES OF TRACTORSIN UNDER CONDIT IONS OF 

AGRICULTURAL ENTERPR ISES 

Afanasiev Dmitry Igorevich 

Engineer, FGBNU " All-Russian Research Institute for Use of Machinery and Petroleum 

Products in Agriculture, Tambov, E-mail: viitinlab8@bk.ru 

Abstract. As you know, break-in oil consists of base-governmental various supplements and 

additives. It is found that if the mineral oil from used to remove all kinds of impurities, it can be 

used as a basis for break-in oil. The composition of the oil based on mineral waste engine oil with 

the addition of oleic acid, urea crystals, molybdenum-containing additives, and structured 

graphene is proposed. Rational concentration making the running of components, determined by 

anti-wear performance, obtained in tests on four ball friction machine CT-2, is unsubstantiated on 

the basis of experimental studies. A comparative analysis of the basic standardized physical and 

chemical indicators of çJohn Deereè trademark M-10G2 oil, imported oil used in the running-in of 

engines of tractors, as well as the pilot oil sample. Physico-chemical analysis showed that the 

sample of the pilot oil is not inferior in its content a core set of antioxidant, anti-wear and anti-

corrosion additives break-oil company çJohn Deere. The value of alkali neutralization number 

equal to 2.8 mg KOH / g for developed oil and in 3.0 mg KOH / g for imported oil are determined. 

The diameters of the wear scar were: 0,295 mm - at an experimental break-in oil, 0.320 mm - at oil 

M-10G2, and 0,362 mm - at foreign commercial sample break-in oil. The effectiveness of the 

proposed oil was confirmed during the bench tests when performing technological break-in 

operation of the repaired diesel engine D-240 break-brake stand- ʂʀ -5541. Fuel consumption on 

the basis of the running bench was 14.8 kg / h, the average value of compression in the cylinders - 

26.0 atm. Using the experimental sample break-in oil will increase engine reliability, reduce repair 

costs and achieve higher operational performance powertrain tractors. 

Keywords: break-in oil; running; anti-wear properties; waste oil; processing. 

 

ɺʚʝʜʝʥʠʝ. ʈʝʤʦʥʪ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʶʙʦʡ 

ʤʘʰʠʥʳ. ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʝʝ 5,5 

ʤʣʥ ʝʜʠʥʠʮ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʘ, ʠʟ ʢʦʪʦʨʳʭ ʦʢʦʣʦ 70 % ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʥʘʨʘʙʦʪʢʫ ʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʜʚʝʨʛʘʣʠʩʴ ʨʝʤʦʥʪʫ. 

ʂʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʜʚʠʛʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʝʡ, ʚ ʭʦʜʝ 

ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʤʝʥʘ ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʩʠʣʦʚʦʛʦ 

ʘʛʨʝʛʘʪʘ ʤʘʰʠʥʳ. ʆʜʥʘʢʦ, ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʘ ʜʚʠʛʘʪʝʣʷ, ʤʘʰʠʥʫ ʥʝʣʴʟʷ ʩʨʘʟʫ 

ʚʚʦʜʠʪʴ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʙʝʟ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʧʝʨʘʮʠʠ ʦʙʢʘʪʢʠ. ɺʦ ʚʨʝʤʷ 

ʧʨʦʚʝʜʝʥʠʷ ʦʙʢʘʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʩʙʦʨʦʯʥʘʷ ʧʨʠʨʘʙʦʪʢʘ ʥʦʚʳʭ ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ 
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ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ, ʪʦ ʝʩʪʴ ʯʘʩʪʠʯʥʦ ʠʩʧʨʘʚʣʷʶʪʩʷ ʥʝʨʦʚʥʦʩʪʠ ʠ ʧʦʛʨʝʰʥʦʩʪʠ ʬʦʨʤʳ ʜʝʪʘʣʝʡ. 

ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠʦʙʨʝʪʘʝʪ ʟʥʘʯʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʬʘʢʪʠʯʝʩʢʘʷ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʚ ʪʨʠʙʦʩʦʧʨʷʞʝʥʠʷʭ, ʩʦʟʜʘʸʪʩʷ ʫʧʨʫʛʠʡ 

ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʪʨʫʱʠʤʠʩʷ ʜʝʪʘʣʷʤʠ. ʆʙʢʘʪʢʫ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʦʙʳʯʥʦ 

ʧʨʦʚʦʜʷʪ ʚ ʪʝʯʝʥʠʝ 2é3 ʯʘʩʦʚ ʥʘ ʦʙʢʘʪʦʯʥʦ-ʪʦʨʤʦʟʥʦʤ ʩʪʝʥʜʝ, ʩʦʛʣʘʩʥʦ ʨʝʞʠʤʘʤ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʤʘʨʢʠ ʜʚʠʛʘʪʝʣʷ, ʘ ʟʘʪʝʤ ʚ ʪʝʯʝʥʠʝ 40é60 ʯʘʩʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥʳ ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʨʘʙʦʯʝʡ ʥʘʛʨʫʟʢʝ [1,3,5].  

ʆʪ ʢʘʯʝʩʪʚʘ ʦʙʢʘʪʢʠ ʟʘʚʠʩʷʪ ʪʘʢʠʝ ʚʘʞʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʨʝʩʫʨʩ, 

ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʯʘʩʦʚʦʡ ʠ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʢʦʤʧʨʝʩʩʠʷ 

ʧʦ ʮʠʣʠʥʜʨʘʤ [1]. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʧʨʠʨʘʙʦʪʢʠ 

ʜʚʠʛʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʪʝʥʜʦʚʦʡ ʦʙʢʘʪʢʠ ʠʩʧʦʣʴʟʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʧʨʠʸʤʳ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʂ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʘʤ 

ʫʩʢʦʨʝʥʥʦʡ ʦʙʢʘʪʢʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʦʙʢʘʪʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʙʨʘʟʠʚʥʳʭ ʧʨʠʩʘʜʦʢ ʢ 

ʪʦʧʣʠʚʫ; ʦʙʢʘʪʢʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʢ ʚʦʟʜʫʭʫ (ʧʨʠʩʘʜʢʘ ʧʦʜʘʸʪʩʷ 

ʯʝʨʝʟ ʚʧʫʩʢʥʦʡ ʢʦʣʣʝʢʪʦʨ ʚ ʜʚʠʛʘʪʝʣʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʘʩʧʳʣʠʪʝʣʷ); ʦʙʢʘʪʢʘ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʜʚʠʛʘʪʝʣʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ; ʦʙʢʘʪʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ 

ʦʙʢʘʪʦʯʥʳʭ ʤʘʩʝʣ [1,3,4,5].  

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʪʦʚʘʨʥʳʤʠ ʦʙʢʘʪʦʯʥʳʤʠ ʤʘʩʣʘʤʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʷʚʣʷʣʠʩʴ ʆʄ-2 

ʠ ʆʂʄ. ʕʪʠ ʤʘʩʣʘ ʠʟʛʦʪʦʚʣʝʥʳ ʥʘ ʙʘʟʝ ʄ-8 ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʨʠʩʘʜʦʢ ʥʘ ʦʩʥʦʚʝ ʩʝʨʳ. ʇʨʠ 

ʢʦʥʪʘʢʪʝ ʩ ʪʨʫʱʠʤʠʩʷ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʜʚʠʛʘʪʝʣʷ ʧʨʠʩʘʜʢʠ ʦʙʨʘʟʫʶʪ ʩʫʣʴʬʠʜʳ ʤʝʪʘʣʣʦʚ, ʟʘ 

ʩʯʸʪ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʤʷʛʢʦʝ ʩʛʣʘʞʠʚʘʥʠʝ ʤʠʢʨʦʚʳʩʪʫʧʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʢʘʪʢʠ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʪʝʨʠ [3,4,5]. ɿʘʨʫʙʝʞʥʳʝ 

ʬʠʨʤʳ çLubrizolè, çMonsantoè, çEssoè, çShellè ʪʘʢʞʝ ʠʤʝʶʪ ʦʧʳʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʢʘʪʦʯʥʳʭ 

ʤʘʩʝʣ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ 6-10 % ʧʨʦʪʠʚʦʟʘʜʠʨʥʳʭ ʧʨʠʩʘʜʦʢ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʩʤʝʩʴ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠʣʠ ʞʠʚʦʪʥʳʭ ʞʠʨʦʚ ʠ ʩʝʨʳ [4]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʣʠʜʝʨʦʤ ʧʦ ʚʳʧʫʩʢʫ ʦʙʢʘʪʦʯʥʳʭ ʤʘʩʝʣ ʜʣʷ 

ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʬʠʨʤʘ çʃʫʢʦʡʣè. ʀʥʦʩʪʨʘʥʥʳʝ ʬʠʨʤʳ John Deere ʠ Titan 

ʪʘʢʞʝ ʠʤʝʶʪ ʚ ʩʚʦʸʤ ʘʩʩʦʨʪʠʤʝʥʪʝ ʪʦʚʘʨʥʳʝ ʦʙʢʘʪʦʯʥʳʝ ʤʘʩʣʘ. ʆʜʥʘʢʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʦʙʢʘʪʢʫ ʢʘʧʠʪʘʣʴʥʦ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʨʝʤʦʥʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʤʘʩʪʝʨʩʢʠʭ ʢʦʣʭʦʟʦʚ ʧʨʦʚʦʜʷʪ ʯʘʱʝ ʚʩʝʛʦ ʥʘ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʦʤ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʢʪʦʨʦʚ ʤʘʩʣʝ ʄ-10ɻ2. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʠʢʠ ʠ 

ʨʝʤʦʥʪʥʠʢʠ ʠʤʝʶʪ ʥʝʚʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ 

ʤʘʩʝʣ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʮʝʥʳ ʠ ʩʣʦʞʥʦʩʪʠ ʧʦʩʪʘʚʢʠ ʜʘʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [2]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚ ʧʝʨʚʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʩʦʩʪʘʚ ʦʙʢʘʪʦʯʥʦʛʦ ʤʘʩʣʘ ʠ ʩʨʘʚʥʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʩʣʘ ʩ ʪʦʚʘʨʥʳʤʠ ʘʥʘʣʦʛʘʤʠ, ʧʦʜʪʚʝʨʜʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʦʩʪʘʚʘ ʦʙʢʘʪʦʯʥʦʛʦ ʤʘʩʣʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʩʪʝʥʜʦʚʳʭ ʫʩʣʦʚʠʷʭ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʦʙʢʘʪʦʯʥʦʛʦ ʤʘʩʣʘ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʪʨʘʙʦʪʘʥʥʦʝ ʤʠʥʝʨʘʣʴʥʦʝ ʤʦʪʦʨʥʦʝ ʤʘʩʣʦ ʄ-10ɻ2, ʩʣʠʪʦʝ ʠʟ ʢʘʨʪʝʨʘ 

ʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʩʣʝ 250 ʯʘʩʦʚ ʥʘʨʘʙʦʪʢʠ. ʆʪʨʘʙʦʪʘʥʥʦʝ ʤʘʩʣʦ ʧʦʜʚʝʨʛʣʦʩʴ ʦʯʠʩʪʢʝ 

ʧʫʪʸʤ ʚʥʝʩʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. ɼʘʣʝʝ ʚ ʧʦʣʫʯʝʥʥʫʶ ʦʩʥʦʚʫ 

ʜʦʙʘʚʣʷʣʠʩʴ ʧʦɻ ʪʘʧʥʦ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: ʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʤʝʪʘʣʣʦʧʣʘʢʠʨʫʶʱʘʷ 

ʧʨʠʩʘʜʢʘ, ʧʨʦʜʫʢʪʳ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʝʨʝʥʘʩʳʱʝʥʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʘʨʙʘʤʠʜʘ, 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʛʨʘʬʝʥʳ. ʆʧʪʠʤʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʥʝʩʝʥʠʷ ʜʦʙʘʚʦʢ 

ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʥʘ ʤʘʰʠʥʝ ʪʨʝʥʠʷ ʂʊ-2. ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʝ 100 ʅ ʤʝʞʜʫ ʪʝʣʘʤʠ ʪʨʝʥʠʷ. ʆʮʝʥʢʘ 

ʜʠʘʤʝʪʨʘ ʧʷʪʥʘ ʠʟʥʦʩʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ɹʠʦʣʘʤ-70. 

ʇʦ ʬʘʢʪʫ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʙʢʘʪʦʯʥʦʛʦ ʤʘʩʣʘ ʧʨʦʚʦʜʠʣʩʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʩʣʘ, ʪʦʚʘʨʥʦʛʦ ʦʙʢʘʪʦʯʥʦʛʦ ʤʘʩʣʘ John Deere ʠ 

ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʘʩʣʘ ʧʨʠ ʦʙʢʘʪʢʝ ʄ-10ɻ2. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʩʦʛʣʘʩʥʦ 

ʤʝʪʦʜʠʢʘʤ ɻʆʉʊ.  
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ʉʪʝʥʜʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʢʘʪʦʯʥʦʛʦ ʤʘʩʣʘ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʚʠʛʘʪʝʣʝ 

ɼ-240, ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʥʘ ʦʙʢʘʪʦʯʥʦ-ʪʦʨʤʦʟʥʦʤ ʩʪʝʥʜʝ ʂʀ-5541. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʦʙʢʘʪʢʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ: ʢʦʣʝʥʯʘʪʳʡ ʚʘʣ ʙʳʣ 

ʨʘʩʪʦʯʝʥ ʧʦʜ ʩʣʝʜʫʶʱʠʡ ʨʝʤʦʥʪʥʳʡ ʨʘʟʤʝʨ, ʫʩʪʘʥʦʚʣʝʥʳ ʥʦʚʳʝ ʢʦʨʝʥʥʳʝ ʠ ʰʘʪʫʥʥʳʝ 

ʚʢʣʘʜʳʰʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʟʤʝʨʘ, ʥʦʚʳʝ ʧʦʨʰʥʝʚʳʝ ʢʦʣʴʮʘ. ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʷ 

ʩʥʠʤʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʚʝʣʠʯʠʥʘ ʩʨʝʜʥʝʡ ʢʦʤʧʨʝʩʩʠʠ ʧʦ ʮʠʣʠʥʜʨʘʤ, ʯʘʩʦʚʦʡ 

ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʢʨʫʯʠʚʘʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ. ʊʘʢʞʝ ʚʦ ʚʨʝʤʷ 

ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʦʪʙʦʨ ʧʨʦʙ ʤʘʩʣʘ ʦʙʲʸʤʦʤ 0,1 ʣ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʪʨʘʙʦʪʘʥʥʳʝ ʤʘʩʣʘ ʩʠʣʴʥʦ 

ʟʘʛʨʷʟʥʝʥʳ ʩʤʦʣʘʤʠ, ʘʩʬʘʣʴʪʝʥʘʤʠ, ʢʘʨʙʝʥʘʤʠ, ʢʘʨʙʦʠʜʘʤʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ, ʦʥʠ ʥʝ 

ʧʨʠʛʦʜʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʜʚʠʛʘʪʝʣʝ. ʇʫʪʸʤ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʣʘʙʦʨʘʪʦʨʠʝʡ ʌɻɹʅʋ ɺʅʀʀʊʠʅ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʜʘʣʝʥʠʠ ʠʟ ʦʪʨʘʙʦʪʘʥʥʦʛʦ 

ʤʘʩʣʘ ʧʨʦʜʫʢʪʦʚ ʩʪʘʨʝʥʠʷ, ʚ ʥʸʤ ʦʩʪʘʸʪʩʷ 30 %-ʥʳʡ ʟʘʧʘʩ ʨʘʙʦʯʠʭ ʧʨʦʪʠʚʦʦʢʠʩʣʠʪʝʣʴʥʳʭ, 

ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʭ, ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ ʠ ʧʨʦʯʠʭ ʧʨʠʩʘʜʦʢ [6,7,8].  

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʩʧʦʩʦʙ ʦʯʠʩʪʢʠ 

ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʤʦʪʦʨʥʳʭ ʤʘʩʝʣ. ʅʘ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʦʯʠʩʪʢʠ ʚ ʦʪʨʘʙʦʪʘʥʥʦʝ 

ʤʘʩʣʦ ʚʥʦʩʠʪʩʷ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥ ʚ ʩʤʝʩʠ ʩ ʠʟʦʧʨʦʧʘʥʦʣʦʤ. ɼʘʣʝʝ, ʧʦʩʣʝ ʢʦʘʛʫʣʷʮʠʠ 

ʧʨʠʤʝʩʝʡ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʫʜʘʣʝʥʠʝ ʚ ʧʦʣʝ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ. ʅʘ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʚ 

ʦʯʠʱʝʥʥʦʝ ʤʘʩʣʦ ʜʦʙʘʚʣʷʝʪʩʷ ʩʤʝʩʴ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥʘ ʠ ʨʝʘʛʝʥʪʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʤʝʪʠʣʵʪʠʣʢʝʪʦʥʘ, ʦʨʪʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʠʟʦʧʨʦʧʘʥʦʣʘ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʧʝʨʘʮʠʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʧʦʚʪʦʨʥʦʡ ʢʦʘʛʫʣʷʮʠʠ, ʤʘʩʣʦ ʝʱʸ ʨʘʟ ʦʯʠʱʘʶʪ ʚ ʨʝʘʢʪʠʚʥʳʭ ʮʝʥʪʨʠʬʫʛʘʭ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʤʘʩʣʘ ʧʨʝʜʣʦʞʝʥʥʳʤ 

ʩʧʦʩʦʙʦʤ.  

ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʜʦ ʠ ʧʦʩʣʝ ʝʛʦ ʦʯʠʩʪʢʠ  
ʇʦʢʘʟʘʪʝʣʠ ʆʪʨʘʙʦʪʘʥʥʦʝ 

ʤʘʩʣʦ ʄ-10ɻ2 

ʄʘʩʣʦ ʧʦʩʣʝ 
ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ 
ʦʯʠʩʪʢʠ 

ɺʷʟʢʦʩʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ, ʤʤ2/ʩ, ʧʨʠ 100ęʉ 
ʉʦʜʝʨʞʘʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʦʩʘʜʢʦʚ, % 
ʑʝʣʦʯʥʦʝ ʯʠʩʣʦ, ʤʛ ʂʆʅ/ʛ 
ʂʠʩʣʦʪʥʦʝ ʯʠʩʣʦ, ʤʛ ʂʆʅ/ʛ 
ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ, % 
ʉʦʜʝʨʞʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, % 
ʎʚʝʪ, ʙʘʣʣ ʝʜ. ʎʅʊ 

10,8 
0,85 
1,5 
1,67 
0,65 
0,98 

9 

9,7 
0,01 
2,8 
0,69 

ʦʪʩʫʪʩʪʚʫʝʪ  
ʦʪʩʫʪʩʪʚʫʝʪ  

5 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ 

ʦʩʘʜʢʘ ʩ 0,85 % ʜʦ 0,01 % ʠ ʦʩʚʝʪʣʝʥʠʝ ʤʘʩʣʘ ʩ 9 ʜʦ 5 ʙʘʣʣʦʚ ʛʦʚʦʨʠʪ, ʦ ʪʦʤ, ʯʪʦ ʤʘʩʣʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʦʩʴ ʦʯʠʩʪʠʪʴ ʦʪ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʥʸʤ ʩʤʦʣ, ʘʩʬʘʣʴʪʝʥʦʚ ʠ 

ʧʨʦʯʠʭ ʧʨʦʜʫʢʪʦʚ çʩʪʘʨʝʥʠʷè.  

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʩʝʥʠʷ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʙʘʟʦʚʦʝ ʤʘʩʣʦ. ʅʘ ʛʨʘʬʠʢʝ 

ʨʠʩʫʥʢʘ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ ʩʚʦʡʩʪʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʩʣʘ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʜʠʘʤʝʪʨʫ ʧʷʪʥʘ ʠʟʥʦʩʘ Dʠ, ʤʤ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʠʩʣʦʪ ʚ ʤʘʩʣʦ ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʢʠʩʣʦʪʥʦʝ ʯʠʩʣʦ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ, ʫʤʝʥʴʰʘʶʱʠʤ ʩʨʦʢ ʩʣʫʞʙʳ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ, ʘ ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʦʪʣʦʞʝʥʠʡ ʥʘ ʩʪʝʥʢʘʭ ʜʚʠʛʘʪʝʣʷ. ʇʦʵʪʦʤʫ ʥʘ ʩʣʝʜʫʶʱʝʤ 

ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʩʥʠʪʴ, ʢʘʢʦʡ ʭʘʨʘʢʪʝʨ ʠʤʝʝʪ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʥʝʩʝʥʠʷ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʤʘʩʣʦ ʧʦ ʢʠʩʣʦʪʥʦʤʫ ʯʠʩʣʫ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʢʘʟʘʥʳ ʥʘ ʛʨʘʬʠʢʝ ʨʠʩʫʥʢʘ 2. 
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ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʜʠʘʤʝʪʨʘ ʧʷʪʥʘ ʠʟʥʦʩʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʩʝʥʠʷ 

ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʤʘʩʣʦ ʧʨʠ t = 150 ↔C 

 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʩʝʥʠʷ 

ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʤʘʩʣʦ 
 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʛʨʘʬʠʢʘʭ ʨʠʩʫʥʢʦʚ 1 ʠ 2 ʟʘʚʠʩʠʤʦʩʪʠ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʵʬʬʝʢʪ ʈʝʙʠʥʜʝʨʘ ʥʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʚʳʨʘʞʝʥ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʦʪ 0,5 

ʜʦ 1,0 ʤʘʩʩ. %, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʸʤʦʚ ʚʥʝʩʝʥʠʷ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʦʮʝʩʩ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ ʤʘʩʣʘ ʙʦʣʝʝ 3 

ʤʛʂʆʅ/ʛ ʛʦʚʦʨʠʪ ʦ ʩʠʣʴʥʦʡ ʟʘʢʠʩʣʝʥʥʦʩʪʠ ʤʘʩʣʘ, ʢʦʪʦʨʘʷ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʩʪʦʨʦʥʦʡ. ʉʣʝʜʫʷ ʠʟ ʛʨʘʬʠʢʘ ʨʠʩʫʥʢʘ 2, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʠʩʣʦʪʳ ʙʦʣʝʝ 2 ʤʘʩʩ. % ʷʚʣʷʝʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʧʨʦʚʝʜʸʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʥʝʩʝʥʠʷ ʦʣʝʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʷʚʣʝ̫ʪʩʷ 0,5é1,5 ʤʘʩʩ. %. 

ʉʣʝʜʫʶʱʝʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʥʝʩʝʥʠʷ ʤʝʪʘʣʣʦʧʣʘʢʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʚ ʤʘʩʣʦ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʘʣʣʦʧʣʘʢʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ 

ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʘʷ ʧʨʠʩʘʜʢʘ. ɺʥʦʩʠʤʘʷ ʧʨʠʩʘʜʢʘ ʩʦʩʪʦʷʣʘ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʧʦʨʦʰʢʘ ʜʠʩʫʣʴʬʠʜʘ ʤʦʣʠʙʜʝʥʘ ʠ 

ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʧʦʨʦʰʢʘ ʩʧʣʘʚʘ ʣʘʪʫʥʠ ʠ ʬʦʩʬʦʨʘ, ʚʟʷʪʳʭ ʚ ʩʦʦʪʥʦʰʝʥʠʠ %: 55:30:15, % 

0,2-0,25 ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʤʘʩʣʝ [9]. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʧʪʠʤʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʤʘʰʠʥʝ ʪʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

ɸʥʘʣʠʟʠʨʫʷ ʛʨʘʬʠʢ ʨʠʩʫʥʢʘ 3, ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʩʝʥʠʷ 1,5é2 ʤʘʩʩ. % 

ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʝʡ ʧʨʠʩʘʜʢʠ, ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʦʷʚʣʷʁ ʪʩʷ ʚ ʣʫʯʰʝʡ ʩʪʝʧʝʥʠ. 
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ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʜʠʘʤʝʪʨʘ ʧʷʪʥʘ ʠʟʥʦʩʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʩʝʥʠʷ 

ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʝʡ ʧʨʠʩʘʜʢʠ (ʦʯʠʱʝʥʥʦʝ ʆʄʄ + 1 ʤʘʩʩ. % ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ + ʭ ʤʘʩʩ. 

% ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʝʡ ʧʨʠʩʘʜʢʠ) ʧʨʠ t = 150 ↔C 
 
ɺ ʢʘʯʝʩʪʚʝ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʣʢʦʜʠʠʩʧʝʨʩʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʢʘʨʙʘʤʠʜʘ ʨʘʟʤʝʨʦʤ 0,5ʭ1 ʤʢʤ. ʂʨʠʩʪʘʣʣʳ ʢʘʨʙʘʤʠʜʘ ʨʘʙʦʪʘʶʪ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʦʧʝʨʘʮʠʠ ʭʦʣʦʜʥʦʡ ʦʙʢʘʪʢʠ, ʢʦʛʜʘ ʪʝʧʣʦʚʳʝ ʟʘʟʦʨʳ ʚ ʫʟʣʘʭ ʪʨʝʥʠʷ ʥʝ ʫʚʝʣʠʯʝʥʳ, ʠʛʨʘʷ ʨʦʣʴ 

çʤʷʛʢʦʛʦè ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʠʨʫʶʱʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ. ʇʨʠ ʥʘʛʨʝʚʝ ʤʘʩʣʷʥʦʡ 

ʧʣʸʥʢʠ ʙʦʣʝʝ 132 ↔ʉ (ʛʦʨʷʯʘʷ ʦʙʢʘʪʢʘ) ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢʨʠʩʪʘʣʣʦʚ ʚ ʞʠʜʢʦʝ 

ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʝ ʚʳʟʦʚʝʪ ʧʦʚʳʰʝʥʥʦʛʦ ʠʟʥʦʩʘ ʧʨʠ ʫʚʝʣʠʯʝʥʥʳʭ 

ʪʝʧʣʦʚʳʭ ʟʘʟʦʨʘʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 ↔ʉ (ʭʦʣʦʜʥʘʷ ʦʙʢʘʪʢʘ) ʠ 150 ↔ʉ (ʛʦʨʷʯʘʷ 

ʦʙʢʘʪʢʘ). ʈʝʟʫʣʴʪʘʪʳ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ ʩʚʦʡʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʛʨʘʬʠʢʝ ʨʠʩʫʥʢʘ 4. 

 
ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ ʩʚʦʡʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʩʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʢʘʨʙʘʤʠʜʘ (ʦʯʠʱʝʥʥʦʝ ʆʄʄ + 1 ʤʘʩʩ. % ʦʣʝʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ + 2 ʤʘʩʩ. % ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʝʡ ʧʨʠʩʘʜʢʠ + ʭ ʤʘʩʩ. % ʢʘʨʙʘʤʠʜʘ) 1 ï ʠʩʧʳʪʘʥʠʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150 ↔ʉ (ʛʦʨʷʯʘʷ ʦʙʢʘʪʢʘ); 2 ï ʠʩʧʳʪʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 ↔ʉ (ʭʦʣʦʜʥʘʷ 

ʦʙʢʘʪʢʘ) 

 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʨʠʩʪʘʣʣʦʚ ʢʘʨʙʘʤʠʜʘ ʚ ʤʘʩʣʝ ʙʫʜʝʪ 0,5é1,5 ʤʘʩʩ. %. ʇʨʠ ʪʘʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟʥʦʩ ʙʫʜʝʪ ʫʚʝʣʠʯʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʩʣʦʤ ʙʝʟ 

ʜʦʙʘʚʦʢ, ʦʜʥʘʢʦ ʜʘʥʥʳʡ ʬʘʢʪ ʥʝ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʢʨʠʪʠʯʝʩʢʠʤ, ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʪʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ ʨʘʙʦʪʘʶʪ ʢʘʢ çʤʷʛʢʠʡè ʘʙʨʘʟʠʚʥʳʡ ʤʘʪʝʨʠʘʣ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʦʙʢʘʪʢʠ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʧʨʠʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʝʥʠʷ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʜʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥ. ʆʪʚʦʜ 
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ʪʝʧʣʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝ ʩʤʘʟʳʚʘʶʱʠʭ ʩʚʦʡʩʪʚ ʤʘʩʣʘ, ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʦ ʚʚʝʜʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʩʘʜʦʢ [10]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚʚʝʜʝʥʠʝ 0,01é0,03 % 

ʛʨʘʬʝʥʦʚ ʚ ʧʣʘʩʪʠʯʥʳʝ ʩʤʘʟʢʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʝʧʣʦʝʤʢʦʩʪʴ ʩʤʘʟʦʢ ʥʘ 10é20 % ʠ 

ʩʥʠʟʠʪʴ ʥʘʛʨʝʚ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʘʨ ʪʨʝʥʠʷ ʥʘ 10é15 % [11]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʩʪʘʚʠʣʘʩʴ ʟʘʜʘʯʘ 

ʥʘ ʵʪʘʧʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʮʝʥʠʪʴ ʪʝʧʣʦʸʤʢʦʩʪʴ ʠ ʩʤʘʟʳʚʘʶʱʠʝ ʩʚʦʡʩʪʚʘ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʦʩʪʘʚʘ ʦʙʢʘʪʦʯʥʦʛʦ ʤʘʩʣʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʛʨʘʬʝʥʦʚ 

(ʨʠʩʫʥʦʢ 5). 

 

 
ʈʠʩʫʥʦʢ 5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ ʩʚʦʡʩʪʚ ʤʘʩʣʘ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʩʝʥʠʷ ʛʨʘʬʝʥʦʚ 

(ʦʯʠʱʝʥʥʦʝ ʆʄʄ + 1 ʤʘʩʩ. % ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ + 2 ʤʘʩʩ. % ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʝʡ 

ʧʨʠʩʘʜʢʠ + 1 ʤʘʩʩ. % ʢʘʨʙʘʤʠʜʘ + ʭ ʤʘʩʩ. % ʛʨʘʬʝʥʦʚ) 

 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʬʘʢʪ ʪʦʛʦ, ʯʪʦ 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʦʙʢʘʪʦʯʥʦʛʦ ʤʘʩʣʘ ʧʨʠ ʚʥʝʩʝʥʠʠ ʛʨʘʬʝʥʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʚ ʤʘʩʣʦ ʙʦʣʝʝ 0,03 % ʛʨʘʬʝʥʦʚ ʩʢʘʟʳʚʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ 

ʥʘ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ ʬʫʥʢʮʠʷʭ, ʜʠʘʤʝʪʨ ʧʷʪʥʘ ʠʟʥʦʩʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʝʨʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦʧʨʝʜʝʣʸʥ ʨʘʮʠʦʥʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʢʘʪʦʯʥʦʛʦ ʤʘʩʣʘ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 ï ʉʦʩʪʘʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʢʘʪʦʯʥʦʛʦ ʤʘʩʣʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

 ʢʦʤʧʦʥʝʥʪʘ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, ʤʘʩʩ. % 

ʆʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 0,5é1,5 

ʄʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʘʷ  

ʧʨʠʩʘʜʢʘ 

 

1,5é2,5 

ʂʨʠʩʪʘʣʣʳ ʢʘʨʙʘʤʠʜʘ 0,5é1,5 

ɻʨʘʬʝʥʳ 0,03 

ʆʯʠʱʝʥʥʦʝ ʤʠʥʝʨʘʣʴʥʦʝ  

ʤʦʪʦʨʥʦʝ ʤʘʩʣʦ 

 

97,47é94,47 

 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʩʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʢʘʪʦʯʥʦʛʦ 

ʤʘʩʣʘ ʩ ʤʘʩʣʦʤ ʄ-10ɻ2, ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʧʨʠ ʦʙʢʘʪʢʝ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ 

ʪʦʚʘʨʥʳʤ ʦʙʢʘʪʦʯʥʳʤ ʤʘʩʣʦʤ John Deere Break-In Plus, ʩʦʜʝʨʞʘʱʝʤ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ 

ʤʦʶʱʫʶ ʧʨʠʩʘʜʢʫ ʩʫʣʴʬʦʥʘʪ ʢʘʣʴʮʠʷ ʠ ʧʨʠʩʘʜʢʫ-ʩʪʘʙʠʣʠʟʘʪʦʨ ʧʦʣʠʤʝʨ ʧʦʣʠʦʣʝʬʠʥ 

ʧʦʣʠʘʤʠʥ ʩʫʢʮʠʥʠʤʠʜ (ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʚʷʟʢʦʩʪʥʳʝ, ʤʦʶʱʝ-ʜʠʩʧʝʨʛʠʨʫʶʱʠʝ ʠ ʩʤʘʟʳʚʘʶʱʠʝ 
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ʩʚʦʡʩʪʚʘ ʪʦʚʘʨʥʳʭ ʤʘʩʝʣ). ɺ ʪʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʦʙʢʘʪʦʯʥʳʭ ʤʘʩʝʣ ʧʦ ʦʩʥʦʚʥʳʤ ʥʦʨʤʠʨʫʝʤʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ ʩʚʦʡʩʪʚ, ʦʮʝʥʠʚʘʝʤʘʷ ʧʦ ʜʠʘʤʝʪʨʫ ʧʷʪʥʘ 

ʠʟʥʦʩʘ. 

ʊʘʙʣʠʮʘ 3 ï ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʘʩʝʣ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʇʨʝʜʣʘʛʘʝʤʦʝ 

ʦʙʢʘʪʦʯʥʦʝ 

ʤʘʩʣʦ 

ʄ-10ɻ2 John Deere 

Break-In 

Plus 

ɺʷʟʢʦʩʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ, ʤʤ2/ʩ, ʧʨʠ 100ęʉ 

ʉʦʜʝʨʞʘʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʦʩʘʜʢʦʚ, % 

ʑʝʣʦʯʥʦʝ ʯʠʩʣʦ, ʤʛ ʂʆʅ/ʛ 

ʂʠʩʣʦʪʥʦʝ ʯʠʩʣʦ, ʤʛ ʂʆʅ/ʛ 

ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ, % 

ʉʦʜʝʨʞʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, % 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ, ↔ʉ 

ʎʚʝʪ, ʙʘʣʣ ʝʜ. ʎʅʊ 

ʊʆʉ, ʤʠʥ 

ʉʫʣʴʬʘʪʥʘʷ ʟʦʣʴʥʦʩʪʴ, % 

ʇʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡʩʪʚʘ Dʠ ʧʨʠ 80 ↔ʉ, ʤʤ 

10,75 

0,01 

2,8 

2,0 

ʦʪʩ. 

ʦʪʩ. 

165 

5 

25 

1,2 

0,295 

10,5 

ʦʪʩ. 

6,0 

1,5 

ʦʪʩ. 

ʦʪʩ. 

210 

4 

54 

1,12 

0,320 

10,36 

ʦʪʩ. 

3,0 

1,82 

ʦʪʩ. 

ʦʪʩ. 

207 

4,5 

65 

1,37 

0,362 
 
ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʥʘʯʝʥʠʷ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʚʳʩʦʢʠʝ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡʩʪʚʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʦʙʢʘʪʦʯʥʦʛʦ ʤʘʩʣʘ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʚʘʨʥʳʤʠ ʤʘʩʣʘʤʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʱʝʣʦʯʥʦʛʦ ʯʠʩʣʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʩʪʫʧʘʝʪ ʟʥʘʯʝʥʠʶ ʱʝʣʦʯʥʦʛʦ ʯʠʩʣʘ ʠʤʧʦʨʪʥʦʛʦ ʤʘʩʣʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʝ 

ʦ ʥʘʣʠʯʠʝ ʟʘʧʘʩʘ ʚ ʥʘʰʝʤ ʤʘʩʣʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʦʨʘ ʧʨʦʪʠʚʦʦʢʠʩʣʠʪʝʣʴʥʳʭ, 

ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʭ, ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ ʠ ʧʨʦʯʠʭ ʧʨʠʩʘʜʦʢ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʚʠʣʘʩʴ ʟʘʜʘʯʘ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʦʙʢʘʪʦʯʥʦʛʦ ʤʘʩʣʘ. ɼʣʷ ʵʪʦʛʦ ʧʨʦʚʦʜʠʣʠ ʩʪʝʥʜʦʚʫʶ ʦʙʢʘʪʢʫ 

ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ɼ-240, ʩʦʛʣʘʩʥʦ ʨʝʞʠʤʘʤ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʨʝʛʣʘʤʝʥʪʦʤ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʨʝʤʦʥʪʫ ʜʚʠʛʘʪʝʣʷ ɼ-240 ʚ 

ʪʝʯʝʥʠʝ 90 ʤʠʥʫʪ. 

ɺ ʪʘʙʣʠʮʝ 4 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ 

ʦʙʢʘʪʦʯʥʦʛʦ ʤʘʩʣʘ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʨʝʜʝʣʷʣʠ ʠʟʤʝʥʝʥʠʝ ʯʘʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ 

Gʪ, ʚʝʣʠʯʠʥʫ ʩʨʝʜʥʝʡ ʢʦʤʧʨʝʩʩʠʠ ʧʦ ʮʠʣʠʥʜʨʘʤ ʂ, ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʢʨʫʯʠʚʘʥʠʶ 

ʄʧʨʦʢʨ., ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʤʘʩʣʝ Fe ʟʘ ʧʝʨʠʦʜ ʩʪʝʥʜʦʚʦʡ ʦʙʢʘʪʢʠ ɼɺʉ. ɸʥʘʣʠʟʠʨʫʷ 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʜʘʥʥʳʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʳ ʟʥʘʯʝʥʠʡ 

ʯʘʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ ʩʨʝʜʥʝʡ ʢʦʤʧʨʝʩʠʠ ʧʦ ʮʠʣʠʥʜʨʘʤ ʢ ʢʦʥʮʫ ʦʙʢʘʪʢʠ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʚʠʛʘʪʝʣʷ ɼ-240. ʄʦʤʝʥʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʢʨʫʯʠʚʘʥʠʶ ʟʘ ʧʝʨʠʦʜ ʭʦʣʦʜʥʦʡ ʦʙʢʘʪʢʠ ʫʧʘʣ ʥʘ 25 %, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʛʠʧʦʪʝʟʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʘʙʨʘʟʠʚʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʢʘʨʙʘʤʠʜʘ, ʢʘʢ ʧʦʣʠʨʫʁ ʱʝʛʦ ʤʘʪʝʨʠʘʣʘ 

ʚʦ ʚʨʝʤʷ ʭʦʣʦʜʥʦʡ ʦʙʢʘʪʢʠ, ʢʦʛʜʘ ʪʝʧʣʦʚʳʝ ʟʘʟʦʨʳ ʜʚʠʛʘʪʝʣʷ ʥʝ ʫʚʝʣʠʯʝʥʳ. ʊʦ ʝʩʪʴ ʟʘ ʚʨʝʤʷ 

ʭʦʣʦʜʥʦʡ ʧʨʠʨʘʙʦʪʢʠ ʧʨʦʰʣʦ ʩʨʝʟʘʥʠʝ ʥʘʠʙʦʣʴʰʠʭ ʧʠʢʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ ʠ ʥʝʨʦʚʥʦʩʪʝʡ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ʟʘ ʩʯʸʪ ʤʷʛʢʦʛʦ ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʣʠʨʦʚʘʥʠʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʤʘʩʣʝ ʚ ʧʝʨʚʳʝ ʤʠʥʫʪʳ ʦʙʢʘʪʢʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʭʦʣʦʜʥʦʡ ʧʨʠʨʘʙʦʪʢʠ ʜʚʠʛʘʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ ʥʘʠʙʦʣʴʰʠʡ ʩʲʸʤ ʤʝʪʘʣʣʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ. ɼʘʣʝʝ ʚʦ ʚʨʝʤʷ ʛʦʨʷʯʝʡ ʦʙʢʘʪʢʠ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʞʝʣʝʟʘ ʚ ʤʘʩʣʝ 

ʧʦʩʪʝʧʝʥʥʦ ʩʪʨʝʤʠʪʩʷ ʢ ʩʚʦʝʤʫ ʧʦʩʪʦʷʥʥʦʤʫ ʟʥʘʯʝʥʠʶ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʩʪʝʥʜʦʚʘʷ 

ʦʙʢʘʪʢʘ ʜʚʠʛʘʪʝʣʷ ʧʨʦʰʣʘ ʫʩʧʝʰʥʦ, ʦʩʥʦʚʥʳʝ ʤʠʢʨʦʚʳʩʪʫʧʳ ʠ ʥʝʨʦʚʥʦʩʪʠ ʙʳʣʠ ʫʙʨʘʥʳ ʙʝʟ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʘʜʠʨʦʚ ʠ ʟʘʢʣʠʥʠʚʘʥʠʷ ʜʚʠʛʘʪʝʣʷ. 
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ʊʘʙʣʠʮʘ 4 ï ʅʦʨʤʠʨʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʢʘʪʢʠ 

ɺʨʝʤʷ ʩʪʝʥʜʦʚʦʡ ʦʙʢʘʪʢʠ, ʤʠʥ Gʪ, ʢʛ/ʯ ʂ, ʘʪʤ.  ʄʧʨʦʢʨ., ʢʛʩĀʤ FeĀ10-4, % 
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ɺʳʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʨʘʙʦʪʘʥʥʦʝ 

ʤʠʥʝʨʘʣʴʥʦʝ ʤʦʪʦʨʥʦʝ ʤʘʩʣʦ ʧʨʠʛʦʜʥʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʦʩʥʦʚʳ 

ʦʙʢʘʪʦʯʥʦʛʦ ʤʘʩʣʘ, ʝʩʣʠ ʠʟ ʥʝʛʦ ʫʜʘʣʠʪʴ ʚʩʝ ʚʠʜʳ ʟʘʛʨʷʟʥʝʥʠʡ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʸʥ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʡ ʩʦʩʪʘʚ ʦʙʢʘʪʦʯʥʦʛʦ ʤʘʩʣʘ, ʩʦʜʝʨʞʘɦ ʝʛʦ 

ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʦʣʝʠʥʦʚʫʶ ʢʠʩʣʦʪʫ, ʤʦʣʠʙʜʝʥʩʦʜʝʨʞʘʱʫʶ ʧʨʠʩʘʜʢʫ, ʢʨʠʩʪʘʣʣʳ 

ʢʘʨʙʘʤʠʜʘ ʠ ʛʨʘʬʝʥʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʪʚʝʨʞʜʝʥʳ ʚʳʩʦʢʠʝ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʧʳʪʥʦʛʦ ʦʙʢʘʪʦʯʥʦʛʦ ʤʘʩʣʘ, ʢʦʪʦʨʦʝ ʧʦ ʦʩʥʦʚʥʳʤ ʩʚʦʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʝ ʫʩʪʫʧʘʝʪ ʟʥʘʯʝʥʠʷʤ ʪʦʚʘʨʥʳʭ ʤʘʩʝʣ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʠʤʧʦʨʪʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺ ʭʦʜʝ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʢʘʪʦʯʥʦʛʦ ʤʘʩʣʘ ʟʘ 

ʚʨʝʤʷ ʩʪʝʥʜʦʚʦʡ ʦʙʢʘʪʢʠ ʜʚʠʛʘʪʝʣʷ ɼ-240. ʇʦʣʫʯʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʚʦʨʷʪ, ʦ ʚʳʩʦʢʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʆʙʢʘʪʢʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʘʩʣʘ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʧʦʥʠʞʝʥʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ ʚʳʩʦʢʘʷ ʢʦʤʧʨʝʩʩʠʷ ʧʦ ʮʠʣʠʥʜʨʘʤ. 
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ɸʪʢʝʰʦʚ ʆʩʧʘʥ ɸʡʙʦʣʘʪʦʚʠʯ 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ɿʘʧʘʜʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʘʛʨʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 

ɾʘʥʛʠʨ ʭʘʥʘ, ʛ. ʋʨʘʣʴʩʢ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ʈʝʬʝʨʘʪ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʘ 

ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ ʧʨʠ ʜʦʝʥʠʠ ʞʠʚʦʪʥʳʭ. ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʠʩʢʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʳ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺʳʧʦʣʥʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʠʚʰʠʝ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʠ 

ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. ɺ ʢʘʯʝʩʪʚʝ ʦʮʝʥʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʠʥʷʪʳ ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʠʡ ʚʘʢʫʫʤʘ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʜʘʚʣʝʥʠʝ ʩʦʩʢʦʚʦʡ ʨʝʟʠʥʳ ʥʘ 

ʩʦʩʦʢ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʩʦʦʪʥʦʰʝʥʠʝ ʪʘʢʪʦʚ ʜʦʠʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʠ ʥʘʪʷʞʝʥʠʝ ʩʦʩʢʦʚʦʡ ʨʝʟʠʥʳ ʚ ʜʦʠʣʴʥʦʤ ʩʪʘʢʘʥʝ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʩʦʩʢʦʚʦʡ ʨʝʟʠʥʳ ʥʘ ʩʦʩʦʢ, ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʟʘʜʘʯ ʚ 

ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ, ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʪɹʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʘʟʨʘʙʦʪʘʥ ʧʨʠʙʦʨ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʝʨʠʦʜʦʚ ʧʫʣʴʩʘʮʠʡ ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʠʟʤʝʨʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʩʦʩʢʦʚʦʡ ʨʝʟʠʥʳ ʥʘ ʢʦʥʝʮ ʩʦʩʢʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ 

ʩʦʩʢʦʚʦʡ ʨʝʟʠʥʳ ʥʘ ʩʦʩʦʢ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʚʣʝʥʠʝ 

ʩʦʩʢʦʚʦʡ ʨʝʟʠʥʳ ʥʘ ʩʦʩʦʢ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʥʠʞʘʝʪʩʷ, ʥʘʨʘʙʦʪʢʘ ʜʦ ʜʦʩʪʠʞʝʥʠʷ 

ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʩʦʩʢʦʚʳʭ ʨʝʟʠʥ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1200 - 

4600 ʜʦʝʢ. ʂʘʯʝʩʪʚʝʥʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ 

ʥʘʩʪʨʦʡʢʠ ʥʘ ʟʘʜʘʥʥʫʶ ʯʘʩʪʦʪʫ ʧʫʣʴʩʘʮʠʡ, ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʩʦʩʢʦʚʳʭ ʨʝʟʠʥ, 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʚʝʣʠʯʠʥʳ ʝʝ ʜʘʚʣʝʥʠʷ ʥʘ ʩʦʩʦʢ, ʨʝʛʫʣʠʨʦʚʢʠ ʥʘʪʷʞʝʥʠʷ ʠ 

ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʟʘʤʝʥʳ. ʈʝʟʫʣʴʪʘʪʳ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ 

ʥʘʩʪʨʦʡʢʠ ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʝʝ: ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʦʨʦʚ ʧʦʚʳʩʠʣʘʩʴ ʥʘ 

12%, ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʤʘʩʪʠʪʦʤ ʩʥʠʟʠʣʘʩʴ ʥʘ 54%, ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʮʠʡ ʧʦ 

ʥʘʩʪʨʦʡʢʝ ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʧʦʚʳʩʠʣʘʩʴ ʚ 1,8 ʨʘʟ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʠʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʧʘʨʘʤʝʪʨʳ, ʩʦʩʢʦʚʘʷ ʨʝʟʠʥʘ, ʧʝʨʠʦʜʳ ʧʫʣʴʩʘʮʠʡ, 

ʜʘʚʣʝʥʠʝ ʥʘ ʩʦʩʦʢ, ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ, ʨʝʛʫʣʠʨʦʚʢʘ, ʥʘʩʪʨʦʡʢʘ 
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Abstract. Analysis of the problem of maintenance of the quality of milk removal process of 

during milking of animal is made. The main directions of search for optimal technological and 

technical solutions are identified, research needs are determined. Theoretical research which 

allowed to determine the necessary and sufficient conditions for the solution of tasks are performed. 

The frequency of the pulsation of the vacuum of the milking machine and the pressure on the teat 

liners are accepted as estimation parameters. The ratio of the milking machine cycles, and tension 

of teatcup liner in teat cup were controlled while conducting research. The method of direct 

measurement of the pressure of teatcup liner to the liner nipple is designed based on the analysis 
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methods for the determination of this parameter, solutions to similar problems in other sectors, 

theoretical research. The device for control of pulsation periods of milking machines and 

measuring the pressure of teatcup liner to the end of the nipple is based on experimental results. 

The process of changing the pressure of various models of liners on the nipple under real operating 

conditions was investigated using the developed method and the technical device. It is found that 

the pressure of teat liner to teat during use is reduced, until the operating for limit for the various 

models of the teat rubber is in the range 1200 - 4600 milkings. Quality functioning of milking 

machines is achieved by setting a predetermined pulsation frequency, the proper selection of liners, 

periodic monitoring of the value of its pressure on the nipple tension adjustment and timely 

replacement. The results of of implementation of technology and means to adjust the milking 

machines have shown the following: cow productivity increased by 12%, reduced the incidence of 

mastitis by 54%, the efficiency of the milking machines to set up operations increased 1.8 times. 

Keywords: milking machine, parameters, the teatcup liner, pulsation periods, the pressure on 

the nipple, the method of measurement, control, adjustment, quality of the milking process. 

 

ɺʚʝʜʝʥʠʝ. ʇʨʘʢʪʠʢʘ ʤʦʣʦʯʥʦʛʦ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʰʣʘ ʥʘ ʪʝʭʥʦʣʦʛʠʶ ʤʘʰʠʥʥʦʛʦ ʜʦʝʥʠʷ. ʂʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʧʨʠʥʷʪʦ ʦʮʝʥʠʚʘʪʴ ʧʦ ʮʝʣʦʤʫ ʨʷʜʫ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʘʞʥʝʡʰʠʤʠ ʠʟ ʢʦʪʦʨʳʭ, ʧʦ ʤʥʝʥʠʶ ʤʥʦʛʠʭ 

ʫʯʝʥʳʭ, ʷʚʣʷʶʪʩʷ: ʚʝʣʠʯʠʥʘ ʨʘʙʦʯʝʛʦ ʚʘʢʫʫʤʘ, ʩʦʦʪʥʦʰʝʥʠʝ ʪʘʢʪʦʚ, ʚʝʣʠʯʠʥʘ ʜʘʚʣʝʥʠʷ 

ʩʦʩʢʦʚʦʡ ʨʝʟʠʥʳ (ʩʚʝʨʭʜʘʚʣʝʥʠʝ) ʥʘ ʢʦʥʯʠʢ ʩʦʩʢʘ ʚʦ ʚʨʝʤʷ ʪʘʢʪʘ ʩʞʘʪʠʷ [1 - 9].  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʨʘʟʨʘʙʦʪʘʥ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʨʠʙʦʨ ʠʟʤʝʨʝʥʠʷ ʧʝʨʠʦʜʦʚ 

ʧʫʣʴʩʘʮʠʡ ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʩʦʩʢʦʚʦʡ ʨʝʟʠʥʳ ʥʘ ʢʦʥʝʮ ʩʦʩʢʘ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʠʙʦʨʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1, ʧʨʠʥʮʠʧʠʘʣʥɹʘʷ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
1 - ʢʚʘʨʮʝʚʳʡ ʛʝʥʝʨʘʪʦʨ (100ʢɻʮ); 2 ï ʜʝʣʠʪʝʣʴ; 3 ï ʢʣʶʯ ʵʣʝʢʪʨʦʥʥʳʡ; 4 ï ʙʣʦʢ 

ʠʥʜʠʢʘʮʠʠ; 5 ï ʛʝʥʝʨʘʪʦʨ ʚʨʝʤʝʥʠ ʠʥʜʠʢʘʮʠʠ; 6 ï ʛʝʥʝʨʘʪʦʨ ʦʜʠʥʦʯʥʦʛʦ ʠʤʧʫʣʴʩʘ; 7 ï 

ʜʘʪʯʠʢ; 8 ï ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʩʠʛʥʘʣʘ ʜʘʪʯʠʢʘ; 9 ï ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʠʤʧʫʣʴʩʘ ʢʣʘʧʘʥʘ; 10 ï 

ʵʣʝʢʪʨʦʢʣʘʧʘʥ 

ʈʠʩʫʥʦʢ 1 - ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʠʙʦʨʘ 

ʇʨʠʙʦʨ ʩʦʩʪʦʠʪ ʠʟ ʜʘʪʯʠʢʘ, ʥʘ ʢʦʥʮʘʭ ʢʦʪʦʨʦʛʦ ʟʘʢʨʝʧʣʝʥʳ ʠʩʪʦʯʥʠʢ ʠ ʧʨʠʝʤʥʠʢ 

ʠʟʣʫʯʝʥʠʷ, ʬʠʢʩʠʨʫʶʱʠʡ ʧʨʠ ʨʘʙʦʪʘʶʱʝʤ ʜʦʠʣʴʥʦʤ ʘʧʧʘʨʘʪʝ ʤʦʤʝʥʪʳ ʩʤʳʢʘʥʠʷ ʠ 

ʨʘʟʤʳʢʘʥʠʷ ʩʦʩʢʦʚʦʡ ʨʝʟʠʥʳ, ʛʝʥʝʨʘʪʦʨʘ ʦʙʨʘʟʮʦʚʦʡ ʯʘʩʪʦʪʳ, ʫʟʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ, 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʶʯʘ, ʩʯʝʪʯʠʢʘ ʠʤʧʫʣʴʩʦʚ, ʫʟʣʘ ʮʠʬʨʦʚʦʡ 

ʠʥʜʠʢʘʮʠʠ, ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʠʤʧʫʣʴʩʘ ʫʧʨʘʚʣʝʥʠʷ ʢʣʘʧʘʥʦʤ, ʵʣʝʢʪʨʦʢʣʘʧʘʥʘ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʩʦʩʢʘ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʜʘʚʣʝʥʠʷ ʚ ʧʦʣʦʩʪʠ ʩʦʩʢʘ. 

ʇʨʠʙʦʨ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʆʪ ʛʝʥʝʨʘʪʦʨʘ ʦʙʨʘʟʮʦʚʦʡ ʯʘʩʪʦʪʳ ʠʤʧʫʣʴʩʳ 

ʧʦʩʪʫʧʘʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ. ʇʦʩʣʝ ʫʩʠʣʝʥʠʷ ʠʤʧʫʣʴʩʳ 

ʧʝʨʝʜʘʪʯʠʢʘ - ʧʦʩʪʫʧʘʶʪ ʥʘ ʠʟʣʫʯʘʪʝʣʴ. ʇʨʠʝʤ ʠʟʣʫʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʬʦʪʦʜʠʦʜʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ɼʘʣʝʝ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ 

ʜʘʪʯʠʢʘ ʫʩʠʣʠʚʘʝʪʩʷ, ʦʯʠʱʘʝʪʩʷ ʦʪ ʧʦʩʪʦʨʦʥʥʝʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʬʦʥʘ ʠ ʧʦʩʪʫʧʘʝʪ ʥʘ ʫʟʝʣ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʧʨʠʝʤʥʠʢʘ ʠʟʣʫʯʝʥʠʷ. ʅʠʟʢʦʯʘʩʪʦʪʥʳʡ ʩʠʛʥʘʣ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʚ 

ʨʝʞʠʤʝ ʠʟʤʝʨʝʥʠʷ ʧʝʨʠʦʜʘ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʘʢʪʦʚ 
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ʜʦʠʣʥɹʦʛʦ ʘʧʧʘʨʘʪʘ, ʘ ʨʝʟʫʣʴʪʘʪ ʚʳʚʦʜʠʪʩʷ ʥʘ ʮʠʬʨʦʚʦʝ ʪʘʙʣʦ. ɼʘʣʝʝ ʧʨʠʙʦʨ ʧʝʨʝʢʣʶʯʘʝʪʩʷ 

ʥʘ ʠʟʤʝʨʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʩʦʩʦʢ. ʌʦʨʤʠʨʦʚʘʪʝʣʴ ʠʤʧʫʣʴʩʘ ʢʣʘʧʘʥʘ ʚ ʪʦʯʢʝ 1 ʧʦʜʘʝʪ ʩʠʛʥʘʣ 

ʥʘ ʚʢʣʶʯʝʥʠʝ ʢʣʘʧʘʥʘ, ʘ ʚ ʪʦʯʢʝ 2 ʥʘ ʦʪʢʣʶʯʝʥʠʝ (ʨʠʩʫʥʦʢ 3) ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʚʣʝʥʠʝ ʚ 

ʧʦʣʦʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʦʩʢʘ ʦʙʥʫʣʷʝʪʩʷ. ɿʘʪʝʤ ʧʨʠ ʩʞʘʪʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʦʩʢʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʩʢʦʚʦʡ ʨʝʟʠʥʳ ʠʟʤʝʨʷʝʪʩʷ ʜʘʚʣʝʥʠʝ ʚ ʧʦʣʦʩʪʠ ʩʦʩʢʘ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʩʦʩʢʦʚʦʡ ʨʝʟʠʥʳ ʥʘ ʩʦʩʦʢ ʢ ʜʘʚʣʝʥʠʶ ʚ ʧʦʣʦʩʪʠ ʩʦʩʢʘ ʩʫʤʤʠʨʫʝʪʩʷ 

ʜʘʚʣʝʥʠʝ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʜʝʬʦʨʤʘʮʠʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʦʩʢʘ, ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ ʝʛʦ 

ʪʘʨʠʨʦʚʘʥʠʠ (ʨʠʩʫʥʦʢ 4). 
 

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʠʙʦʨʘ 

 
ʈʠʩʫʥʦʢ 3 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʚʢʣʶʯʝʥʠʷ ʢʣʘʧʘʥʘ 

 
ʈʠʩʫʥʦʢ 4 ï ʊʘʨʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʦʩʢʘ 
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ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʱʠʡ ʚʠʜ ʧʨʠʙʦʨʘ. 

   
 ʘ       ʙ     ʚ 

ʈʠʩʫʥʦʢ 5 ï ʆʙʱʠʡ ʚʠʜ ʧʨʠʙʦʨʘ: ʘ - ʚ ʢʦʨʧʫʩʝ ʜʣʷ ʭʨʘʥʝʥʠʷ; ʙ - ʧʨʠ ʨʘʙʦʪʝ ʚ 

ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ; ʚ - ʧʨʠ ʨʘʙʦʪʝ ʦʪ ʩʝʪʠ 220ʚ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʠʪ ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʙʥʫʣʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʦʩʢʘ ʚ ʧʝʨʠʦʜ ʨʘʟʦʤʢʥʫʪʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʩʦʩʢʦʚʦʡ ʨʝʟʠʥʳ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʠʟʤʝʨʝʥʠʝ ʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʩʦʩʢʦʚʦʡ ʨʝʟʠʥʳ ʥʘ ʩʦʩʦʢ ʧʨʠ ʝʝ ʩʤʳʢʘʥʠʠ.  

ʅʘʩʪʨʦʡʢʘ ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

-  ʜʦʠʣʴʥʳʡ ʘʧʧʘʨʘʪ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʠʩʪʦʯʥʠʢʫ ʚʘʢʫʫʤʘ (ʤʦʣʦʯʥʳʡ ʢʨʘʥ); 

-  ʢ ʦʜʥʦʤʫ ʠʟ ʩʪʘʢʘʥʦʚ ʧʦʜʢʣʶʯʘʝʪʩʷ ʜʘʪʯʠʢ ʠʟʤʝʨʝʥʠʷ ʧʝʨʠʦʜʦʚ ʧʫʣʴʩʘʮʠʠ, ʘ ʢ 
ʜʨʫʛʦʤʫ, ʨʘʙʦʪʘʶʱʝʤʫ ʩʠʥʭʨʦʥʥʦ ʩ ʧʝʨʚʳʤ, ʧʦʜʢʣʶʯʘʝʪʩʷ ʜʘʪʯʠʢ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ 

ʩʦʩʦʢ, ʘ ʚ ʦʩʪʘʣʴʥʳʝ ʩʪʘʢʘʥʳ ʚʩʪʘʚʣʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʟʘʛʣʫʰʢʠ; 

-   ʩ ʧʦʤʦʱʴʶ ʪʫʤʙʣʝʨʘ ʚʢʣʶʯʘʝʪʩʷ ʨʝʞʠʤ ʠʟʤʝʨʝʥʠʷ ʧʝʨʠʦʜʘ ʧʫʣʴʩʘʮʠʠ ʠ ʧʫʪʝʤ 

ʨʝʛʫʣʠʨʦʚʢʠ ʧʫʣʴʩʘʪʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʝʨʠʦʜ ʧʫʣʴʩʘʮʠʡ ʨʘʚʥʳʡ 1 ʩ (ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʠʷ 

60 ʩ-1); 

-  ʧʨʠʙʦʨ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʚ ʨʝʞʠʤ ʠʟʤʝʨʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʟʦʤʢʥʫʪʦʛʦ ʩʦʩʪʦʷʥʠʷ 
ʩʦʩʢʦʚʦʡ ʨʝʟʠʥʳ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʟʥʘʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʟʦʤʢʥʫʪʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʪʘʢʪ 

ʩʦʩʘʥʠʷ),  

-  ʧʨʠʙʦʨ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʚ ʨʝʞʠʤ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʩʦʩʢʠ, ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʠʟʤʝʨʝʥʠʝ, ʝʩʣʠ ʵʪʘ ʚʝʣʠʯʠʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 60é90 ʤʤ ʨʪ. ʩʪ. ʜʘʥʥʳʝ ʟʘʥʦʩʷʪʩʷ ʚ 

ʞʫʨʥʘʣ ʠ ʦʧʝʨʘʮʠʠ ʢʦʥʪʨʦʣʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʶʪʩʷ ʜʣʷ 

ʦʩʪʘʣʴʥʳʭ ʩʪʘʢʘʥʦʚ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ; 

-  ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʦʪ ʟʘʜʘʥʥʦʛʦ ʧʨʝʜʝʣʘ ʤʝʥʷʝʪʩʷ ʥʘʪʷʞʝʥʠʝ 

ʩʦʩʢʦʚʦʡ ʨʝʟʠʥʳ, ʠ ʦʧʝʨʘʮʠʷ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʩʦʩʦʢ ʧʦʚʪʦʨʷʝʪʩʷ; 

-  ʧʨʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʩʦʩʦʢ ʧʫʪʝʤ 
ʨʝʛʫʣʠʨʦʚʢʠ ʥʘʪʷʞʝʥʠʷ ʨʝʟʠʥʘ ʚʳʙʨʘʢʦʚʳʚʘʝʪʩʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɿʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʧʦʣʦʩʪʠ ʩʦʩʢʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʥʘ ʦʩʥʦʚʝ 

ʦʙʨʘʙʦʪʢʠ ʦʩʮʠʣʣʦʛʨʘʤʤ (ʨʠʩʫʥʦʢ 6). 

 
ʈʠʩʫʥʦʢ 6 - ʀʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʩʦʩʦʢ (ʥʠʞʥʠʡ ʛʨʘʬʠʢ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʘʢʫʫʤʘ ʚ 

ʧʦʜʩʦʩʢʦʚʦʡ ʢʘʤʝʨʝ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʚʝʨʭʥʠʡ ʛʨʘʬʠʢ). 
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