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

ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ,ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

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

ʥʳʡ ʩʦʪʨʫʜʥʠʢ ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

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

ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ,ʟʘʚʝʜʫʶʱʠʡ ʦʪʜʝʣʦʤ ʥʘʫʯʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ɸʇʂ ʌɻɹʅʋ 

çʈʦʩʠʥʬʦʨʤʘʛʨʦʪʝʭè 

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

ʢʘʬʝʜʨʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʈɻɸʋ-ʄʉʍɸ ʠʤʝʥʠ ʂ.ɸ. ʊʠʤʠʨʷʟʝʚʘ 

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

ʣʘʫʨʝʘʪ ʧʨʝʤʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʝʪʘʣʠ ʤʘʰʠʥ ʈɻɸʋ-ʄʉʍɸ ʠʤʝʥʠ 

ʂ.ɸ. ʊʠʤʠʨʷʟʝʚʘ 

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

ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʟʘʚʝʜʫʶʱʠʡ ʦʪʜʝʣʦʤ ʤʝʭʘʥʠʟʘʮʠʠ ʫʙʦʨʢʠ ʟʝʨʥʦʚʳʭ ʠ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ ʠ ʩʝʤʷʥ ʌɻɹʅʋ 

ʌʅɸʎ ɺʀʄ 

ɿɸɺʈɸɾʅʆɺ ɸʥʘʪʦʣʠʡ ʀʚʘʥʦʚʠʯ ð ʘʢʘʜʝʤʠʢ ʈɸʅ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʢʦʥʩʫʣʴ-

ʪʘʥʪ ʌɻɹʆʋ ɺʆ ʄʠʯɻɸʋ 

ʂʅʗɿɽɺɸ ʃʘʨʠʩʘ ɻʝʥʥʘʜʴʝʚʥʘð ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʩ ʚʦʟʣʦʞʝʥʠʝʤ ʦʙʷʟʘʥ-

ʥʦʩʪʝʡ ʋʯʝʥʦʛʦ ʩʝʢʨʝʪʘʨʷ ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

ʂʆɺɸʃɽɺ ʄʠʭʘʠʣ ʄʠʭʘʡʣʦʚʠʯ ð ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʌɻɹ-

ʅʋ ɺʅʀʀʄʃ 

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

ʨʘʙʦʪʥʠʢ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʄʝʭʘʥʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ɸʇʂè ʌɻɹʆʋ ɺʇʆ çʇʝʥ-

ʟʝʥʩʢʠʡ ɻɸʋè 

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

ʥʳʡ ʩʦʪʨʫʜʥʠʢ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ 

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

ʣʘʫʨʝʘʪ ʧʨʝʤʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ, ʯʣʝʥ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʚʝʱʝʩʪʚ ʈɸʅ, ʯʣʝʥ ʄʝʞ-

ʜʫʥʘʨʦʜʥʦʡ ʘʢʘʜʝʤʠʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʘʢʘʜʝʤʠʠ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ "ʋʧʨʘʚʣʝʥʠʝ ʢʘʯʝ-

ʩʪʚʦʤ ʠ ʩʝʨʪʠʬʠʢʘʮʠʷ" ʌɻɹʆʋ ɺʆ ʊɻʊʋ 

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

ʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʠʥʞʝʥʝʨʦʚ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ï ʉʇɸ-ʀʉʍè,ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠ-

ʪʝʣʴʌɻɹʅʋ çʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè 

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

ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ ʈʦʩʩʠʡʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʧʨʝʜʩʝʜʘʪʝʣʴ 

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

ʂɸɿɸʂɽɺʀʏ ʇʝʪʨ ʇʝʪʨʦʚʠʯ ðʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ɹʝʣʘʨʫʩʠ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʠʥʦʩʪʨʘʥʥʳʡ ʯʣʝʥ ʈɸʅ, ʟʘʤʝʩʪʠʪʝʣʴ ʇʨʝʜʩʝʜʘʪʝʣʷ ʇʨʝʟʠʜʠʫʤʘ, ʅʘʮʠʦʥʘʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ʥʘʫʢ ɹʝʣʘʨʫʩʠ, ʈʝʩ-
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ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ. 

É çʅʘʫʢʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʈʦʩʩʠʠè, 2018 
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ʆɹʆʉʅʆɺɸʅʀɽ ʂʆʅʉʊʈʋʂʊʀɺʅʆ-ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ ʉʍɽʄʓ 

ʌʈɸʂʎʀʆʅʅʆʁ ɺʆɿɼʋʐʅʆ-ʈɽʐɽʊʅʆʁ ʄɸʐʀʅʓ 

ʊʠʰʘʥʠʥʦʚ ʂʦʥʩʪʘʥʪʠʥ ʅʠʢʦʣʘʝʚʠʯ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, E-mail: TishaninovKN@rambler.ru 

ʌɻɹʅʋ çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝè, ʊʘʤʙʦʚ 

ɸʥʥʦʪʘʮʠʷ. ʀʟʫʯʘʣʠ ʚʦʧʨʦʩʳ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ ʩʦʩʪʘʚʝ ʧʦʪʦʯʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ, ʩʧʦʩʦʙʥʳʭ ʟʘ ʦʜʠʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ ʜʦʚʝ-

ʩʪʠ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʦ ʪʨʝʙʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʯʠʩʪʦʪʝ, ʘ ʪʘʢʞʝ ʩʦʨʪʠ-

ʨʦʚʘʪʴ ʟʝʨʥʦʚʦʡ ʚʦʨʦʭ ʥʘ ʬʨʘʢʮʠʠ ʩʝʤʷʥ, ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʛʦ ʟʝʨʥʘ ʠ ʬʫʨʘ-

ʞʘ.ʀʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʨʝʰʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ (ʊʈʀɿ), ʟʘʢʦʥʳ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʝʜʣʦʞʝʥʥʳʝ ɸʣʴʪʰʫʣʣʝʨʦʤ ɻ.ʉ., ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʦʮʝʥʢʠ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʨʝʰʝʪʥʦʡ ʠ ʚʦʟʜʫʰʥʦʡ ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʝʰʝʪʥʦʡ ʦʯʠʩʪʢʠ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʰʝʪʥʦʛʦ ʩʪʘʥʘ, ʜʣʠʥʳ ʩʝʧʘʨʠʨʫʶʱʠʭ ʨʝʰʝʪ ʠ 

ʫʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ. ɺʳʷʚʣʝʥʳ ʨʝʟʝʨʚʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʝʰʝʪʥʦʡ ʦʯʠʩʪʢʠ. ʆʙʦʩʥʦ-

ʚʘʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʰʝʪʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʚʦʟʤʦʞʝʥ ʧʨʠ ʧʝʨʝ-

ʣʦʞʝʥʠʠ ʬʫʥʢʮʠʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʟʝʨʥʦʚʦʛʦ ʚʦʨʦʭʘ ʩ ʨʝʰʝʪʥʦʛʦ ʩʪʘʥʘ ʥʘ ʘʩʧʠʨʘʮʠʦʥ-

ʥʫʶ ʩʠʩʪʝʤʫ. ʇʨʝʜʣʦʞʝʥʦ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʣʝʛʢʦʡ ʧʨʠʤʝʩʠ ʘʩʧʠʨʘ-

ʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ ʢʘʥʘʣʝ, ʫʚʝʣʠʯʝʥʠʷ 

ʰʠʨʠʥʳ ʢʘʥʘʣʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʝʨʥʦʚʦʛʦ ʧʦʪʦʢʘ ʚʠʙʨʦʣʦʪʢʦʤ ʪʘʢ, ʯʪʦ-

ʙʳ ʣʝʛʢʠʝ ʧʨʠʤʝʩʠ ʧʦʩʪʫʧʠʣʠ ʚ ʘʢʪʠʚʥʦʡ ʩʣʦʡ ʜʦ ʧʦʩʪʫʧʣʝʥʠʷ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʧʥʝʤʦʢʘʥʘʣ. ɺʳʜʝʣʠʪʴ ʪʨʫʜʥʦʦʪʜʝʣʠʤʳʝ ʢʨʫʧʥʳʝ ʧʨʠʤʝʩʠ ʠʟ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʦʯʠʱʝʥʥʦʛʦ 

ʟʝʨʥʘ ʧʨʝʜʣʦʞʝʥʦ ʩ ʧʦʤʦʱʴʶ ʩʦʨʪʠʨʦʚʘʣʴʥʳʭ ʨʝʰʝʪ ʩ ʢʨʫʛʣʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʫʚʝʣʠʯʝʥʥʦ-

ʛʦ ʜʠʘʤʝʪʨʘ.ʋʩʪʘʥʦʚʣʝʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʷʨʫʩʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦ-

ʣʦʩʦʚʳʭ ʠ ʩʦʨʪʠʨʦʚʘʣʴʥʳʭ ʨʝʰʝʪ.ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʨʝʰʝʪʥʦʛʦ ʩʪʘʥʘ ʜʦ ʪʨʝʭ ʨʝ-

ʰʝʪ ʚ ʦʜʥʦʤ ʤʦʜʫʣʝ ʚʤʝʩʪʦ ʜʚʫʭ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʜʣʠʥʫ ʩʦʨʪʠʨʦʚʘʣʴʥʳʭ ʨʝʰʝʪ ʚ 2 ʨʘʟʘ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʬʨʘʢʮʠʦʥʥʦʡ ʚʦʟʜʫʰʥʦ-ʨʝʰʝʪʥʦʡ ʤʘ-

ʰʠʥʳ, ʢʦʪʦʨʘʷ ʫʣʫʯʰʘʝʪ ʧʨʦʮʝʩʩ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʘ ʠ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʠʟ 

ʠʩʭʦʜʥʦʛʦ ʚʦʨʦʭʘ ʬʫʨʘʞʥʫʶ, ʩʝʤʝʥʥʫʶ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʫʶ ʬʨʘʢʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʟʜʫʰʥʦ-ʨʝʰʝʪʥʘʷ ʤʘʰʠʥʘ, ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ 

ʧʨʦʮʝʩʩʘ ʩʝʧʘʨʘʮʠʷ ʟʝʨʥʘ, ʨʝʞʠʤʳ ʨʘʙʦʪʳ, ʢʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʘ. 
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Annotation. Issues of the development of technical means as part of the post-harvest grain 

cleaning technology capable of bringing the quality of the final product to the required purity indi-

cators in a single technological cycle, as well as sorting the grain heap into seed, grain and fodder 

fractions, were studied. The methods of the theory of solving engineering problems (TRIZ), the laws 

of the development of technical systems proposed by Altshuller GS, the theoretical basis for as-
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sessing the effectiveness of grating and air separation of grains were used. It is established that the 

effectiveness of screen cleaning depends on the speed of the grate mill, the length of the separating 

gratings and the specific load. Reserves for improving the quality of lattice cleaning are revealed. It 

is substantiated that the intensive growth of the efficiency of the screen separator is possible when 

the function of fractionating the grain heap from the sieve mill is transferred to the aspiration sys-

tem. It is proposed to intensify the process of isolation of a light impurity by an aspiration system by 

increasing the velocity of the airflow in the channel, increasing the width of the channel, prelimi-

nary formation of the grain flux by the vibrating channel, so that light impurities enter the active 

layer before the grain material enters the channel.Separate difficult-to-separate large impurities 

from the bulk of the cleaned grain is suggested using sorting grids with round holes of increased 

diameter.The expediency of using the single-tier arrangement of the stripping and sorting sieves is 

established. It is shown that an increase in the lattice mill to three sieves in one module instead of 

two will increase the length of sorting sieves in 2 times.The structural-technological scheme of the 

fractional air-screening machine, which improves the process of post-harvest grain separation and 

allows to isolate forage, seed and food fractions from the initial heap, was developed 

Keywords: air-sieve machine, fractionation, intensification of the process of separation of the 

grain, modes of operation, the quality of the process. 

 

ɺʚʝʜʝʥʠʝ. ʇʦʩʣʝʫʙʦʨʦʯʥʘʷ ʦʯʠʩʪʢʘ ʟʝʨʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ ʝʛʦ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ. ɺʳʩʦʢʘʷ ʠʩʭʦʜʥʘʷ ʟʘʩʦʨʝʥʥʦʩʪʴ ʚʦʨʦʭʘ, ʤʦʨʘʣʴʥʦ ʠ ʪʝʭʥʠʯʝʩʢʠ ʫʩʪʘʨʝʚʰʝʝ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ ʧʨʠʚʦʜʷʪ ʢ ʥʠʟʢʦʤʫ ʢʘʯʝʩʪʚʫ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʩʥʠʞʘʷ ʨʝʥ-

ʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʦʜʨʘʙʦʪʢʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʛʦ ʮʠʢʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʝʨʥʘ. ʇʦ ʵʪʠʤ 

ʧʨʠʯʠʥʘʤ ʩʦʚʨʝʤʝʥʥʳʝ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʝ ʘʛʨʝʛʘʪʳ ʚʩʝ ʯʘʱʝ ʜʦʫʢʦʤʧʣʝʢʪʦʚʳʚʘʶʪ ʤʘʰʠ-

ʥʘʤʠ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʠ ʧʥʝʚʤʦʩʦʨʪʠʨʦʚʘʣʴʥʳʤʠ ʩʪʦʣʘʤʠ, ʯʪʦ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʦʯʠʩʪʢʠ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʷʤ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʪʨʘʚ-

ʤʠʨʦʚʘʥʠʶ ʟʝʨʥʘ. ʇʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ ʩʦʩʪʘʚʝ ʧʦʪʦʯʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ, ʩʧʦʩʦʙʥʳʭ ʟʘ ʦʜʠʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ ʜʦʚʝʩʪʠ ʢʘʯʝʩʪʚʦ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʦ ʪʨʝʙʫʝʤʳʭ ʢʦʥʜʠʮʠʡ ʧʦ ʯʠʩʪʦʪʝ, ʘ ʪʘʢʞʝ ʩʦʨʪʠʨʦʚʘʪʴ ʟʝʨʥʦʚʦʡ ʚʦʨʦʭ 

ʥʘ ʬʨʘʢʮʠʠ ʩʝʤʷʥ, ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʛʦ ʟʝʨʥʘ ʠ ʬʫʨʘʞʘ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʰʥʦ-ʨʝʰʝʪʥʦʡ 

ʦʯʠʩʪʢʠ ʟʝʨʥʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʄʝʪʦʜʳ ʪʝʦʨʠʠ ʨʝʰʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ (ʊʈʀɿ), ʟʘʢʦʥʳ ʨʘʟ-

ʚʠʪʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʝʜʣʦʞʝʥʥʳʝ ɸʣʴʪʰʫʣʣʝʨʦʤ ɻ.ʉ., ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʰʝʪʥʦʡ ʠ ʚʦʟʜʫʰʥʦʡ ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʟʝʨʥʦʚʦʛʦ ʚʦʨʦʭʘ ʨʝʰʝʪʥʦʡ ʤʘʰʠ-

ʥʦʡ (ɽ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ [1]: 
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ʛʜʝ V ï ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʰʝʪʥʦʛʦ ʩʪʘʥʘ, ʤ/ʩ; L ï ʜʣʠʥʘ ʩʝʧʘʨʠʨʫʶʱʠʭ 

ʨʝʰʝʪ, ʤ/ʩ; q - ʫʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʨʝʰʝʪʦ, ʢʛ/ʤ2Ŀʩ; K11, K12, K13, K14, K15 - ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʩʦʦʪʚʝʪʩʪʚʠʷ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʨʝʰʝʪʥʳʤ ʩʪʘʥʦʤ ʩʢʦʨʦʩʪʴ ʨʝʰʝʪʘ ʜʦʣʞ-

ʥʘ ʙʳʪʴ ʙʣʠʟʢʘ ʢ ʝʝ ʦʧʪʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ (VŸVʧʨ, ʛʜʝ Vʧʨ - ʧʨʝʜʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʛʨʦʭʦʪʘ). 

ʕʪʫ ʚʟʘʠʤʦʩʚʷʟʴ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʣ ɹʳʢʦʚ ɺ.ʉ. [2]. ʂʘʢ ʦʥ ʫʪʚʝʨʞʜʘʝʪ, ʨʝʰʘʶʱʠʤ ʢʠʥʝ-

ʤʘʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʟʝʨʥʘ (E) ʛʨʦʭʦʪʦʤ, ʷʚʣʷʝʪʩʷ 

ʩʢʦʨʦʩʪʴ ʛʨʦʭʦʪʘ (V). ʇʨʠʯʝʤ ʥʝʚʘʞʥʦ ʢʘʢ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʵʪʘ ʩʢʦʨʦʩʪʴ ï ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦ-

ʪʳ ʢʦʣʝʙʘʥʠʡ ʠʣʠ ʫʚʝʣʠʯʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʟʝʨʥʘ (E) ʣʠ-

ʥʝʡʥʦ ʨʘʩʪʝʪ ʚʤʝʩʪʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʛʨʦʭʦʪʘ (V) ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝ-
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ʥʠʷ (Vʧʨ), ʟʘʪʝʤ ʨʝʟʢʦ ʧʘʜʘʝʪ. ʇʦʵʪʦʤʫ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʨʝʰʝʪʥʦʡ ʤʘʰʠʥʳ ʥʝʦʙʭʦ-

ʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ. 

ɼʨʫʛʠʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʰʝʪʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ, ʷʚʣʷʝʪʩʷ 

ʫʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʫʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʚʘʪʴ ʩʢʦʨʦʩʪʴ ʨʝ-

ʰʝʪʥʦʛʦ ʩʪʘʥʘ, ʫʤʝʥʴʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʧʨʠ ʵʪʦʤ ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʧʫʩʪʠʤʳʤ ʩʦ-

ʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʧʝʨʚʠʯʥʦʡ ʦʯʠʩʪʢʝ ʟʝʨʥʘ.  

ʇʨʠ ʦʜʠʥʘʢʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʨʝʰʝʪʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʫʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʟʘʩʦ-

ʨʠʪʝʣʷ (qĿCʟ) ʦʧʨʝʜʝʣʷʝʪ ʢʦʥʝʯʥʫʶ ʟʘʩʦʨʝʥʥʦʩʪʴ, ʪ.ʝ. ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʉʥʠʟʠʪʴ 

ʫʜʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʟʘʩʦʨʠʪʝʣʷ, ʥʝ ʠʟʤʝʥʷʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʝʰʝʪʥʦʡ ʤʘʰʠʥʳ, ʤʦʞʥʦ 

ʧʝʨʝʣʦʞʠʚ ʬʫʥʢʮʠʶ ʚʳʜʝʣʝʥʠʷ ʣʝʛʢʦʡ ʧʨʠʤʝʩʠ ʥʘ ʘʩʧʠʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʨʘʙʦʪʘ-

ʝʪ ʥʝʵʬʬʝʢʪʠʚʥʦ (ʥʘʧʨʠʤʝʨ, ʘʩʧʠʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ɿɺʉ-20ɸ), ʚʳʧʦʣʥʷʷ ʬʫʥʢʮʠʶ ʚʳʜʝʣʝ-

ʥʠʷ ʧʳʣʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1 [3] ï ʬʫʨʘʞʥʫʶ ʬʨʘʢʮʠʶ (ʟʝʨʥʦʚʘʷ ʧʨʠʤʝʩʴ) ʠ ʦʪʭʦʜʦʚʫʶ 

ʬʨʘʢʮʠʶ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚʦʩʭʦʜʷʱʠʤ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ ʚʥʘʢʣʦʥʥʳʤ ʢʘʥʘʣʝ ʘʩʧʠʨʘʮʠ-

ʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʨʘʟʜʝʣʝʥʠʝʤ ʚ ʦʩʘʜʦʯʥʦʡ ʢʘʤʝʨʝ ʥʘ ʬʫʨʘʞ ʠ ʦʪʭʦʜʳ (ʈʠ-

ʩʫʥʦʢ 3). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʬʨʘʢʮʠʡ ʧʦ ʩʢʦʨʦʩʪʠ ʚʠʪʘʥʠʷ 

ʆʯʠʩʪʢʘ ʟʝʨʥʘ ʦʪ ʢʨʫʧʥʦʡ ʠ ʤʝʣʢʦʡ ʧʨʠʤʝʩʠ ʥʘ ʨʝʰʝʪʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʣʦʩʦʚʳʤ (ɹ2) 

ʠ ʩʦʨʪʠʨʦʚʘʣʴʥʳʤ (ɻ) ʨʝʰʝʪʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 2): 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʝʰʝʪ ʚ ɿɺʉ-20ɸ 

ʈʝʰʝʪʦ ɹ1 ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʬʨʘʢʮʠʦʥʝʨʘ, ʨʘʟʜʝʣʷʷ ʧʦʪʦʢ ʟʝʨʥʘ ʥʘ ʢʨʫʧʥʫʶ ʠ ʤʝʣʢʫʶ 

ʬʨʘʢʮʠʠ. ʋʚʝʣʠʯʠʪʴ ʜʣʠʥʫ ʩʝʧʘʨʠʨʫʶʱʠʭ (ʢʦʣʦʩʦʚʳʭ (ɹ2) ʠ ʩʦʨʪʠʨʦʚʘʣʴʥʳʭ (ɻ)) ʨʝʰʝʪ ʚ 

ʜʚʘ ʨʘʟʘ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʰʝʪʥʦʡ ʦʯʠʩʪʢʠ, ʥʝ ʠʟʤʝʥʷʷ ʛʘʙʘʨʠʪʳ 

ʤʘʰʠʥʳ, ʤʦʞʥʦ ʧʝʨʝʣʦʞʠʚ ʬʫʥʢʮʠʶ ʬʨʘʢʮʠʦʥʝʨʘ ʥʘ ʘʩʧʠʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ. ʇʨʝʜʣʘʛʘʝ-

ʤʘʷ ʩʭʝʤʘ ʚʦʟʜʫʰʥʦ-ʨʝʰʝʪʥʦʡ ʤʘʰʠʥʳ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʄʘʰʠʥʘ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʟʝʨʥʦ ʠʟ ʙʫʥʢʝʨʘ 1 ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʠʙʨʦʣʦʪʦʢ 2, 

ʢʦʪʦʨʳʡ ʧʦʜʘʝʪ ʤʘʪʝʨʠʘʣ ʚ ʧʥʝʚʤʦʢʘʥʘʣ 4. ɺ ʧʥʝʚʤʦʢʘʥʘʣʝ 4 ʟʝʨʥʦ ʧʝʨʝʤʝʰʘʝʪʩʷ ʧʦ ʦʧʦʨ-

ʥʦʡ ʩʝʪʢʝ 3 ʠ ʧʨʠ ʵʪʦʤ ʧʨʦʜʫʚʘʝʪʩʷ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʨʝʚʳʰʘʶʱʝʡ ʢʨʠʪʠ-

ʯʝʩʢʫʶ ʪʘʢ, ʯʪʦ ʣʝʛʢʘʷ ʬʨʘʢʮʠʷ ʟʝʨʥʘ ʚʤʝʩʪʝ ʩ ʣʝʛʢʦʡ ʧʨʠʤʝʩʴʶ ʫʥʦʩʷʪʩʷ ʧʥʝʚʤʦʢʘʥʘʣʦʤ ʚ 

ʟʦʥʫ ʨʘʩʰʠʨʝʥʠʷ 5, ʛʜʝ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʧʘʜʘʝʪ ʜʦ ʢʨʠʪʠʯʝʩʢʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝ-
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ʛʦ ʣʝʛʢʘʷ ʬʨʘʢʮʠʷ ʟʝʨʥʘ ʦʩʝʜʘʝʪ ʥʘ ʥʠʞʥʝʡ ʩʪʝʥʢʝ ʠ ʚʳʚʦʜʠʪʩʷ ʠʟ ʧʥʝʚʤʦʩʝʧʘʨʘʪʦʨʘ ʯʝʨʝʟ 

ʢʘʥʘʣ 12.  

ʊʷʞʝʣʘʷ ʬʨʘʢʮʠʷ ʚʳʚʦʜʠʪʩʷ ʠʟ ʧʥʝʚʤʦʢʘʥʘʣʘ 4 ʯʝʨʝʟ ʢʘʥʘʣ 13. ʃʝʛʢʘʷ ʧʨʠʤʝʩʴ ʦʩʝʜʘʝʪ ʚ 

ʢʘʤʝʨʝ 6 ʪʘʢ, ʯʪʦ ʝʝ ʙʦʣʝʝ ʪʷʞʝʣʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ (ʙʠʪʦʝ, ʜʨʦʙʣʝʥʥʦʝ ʟʝʨʥʦ ʠ ʜʨ.) ʦʩʝʜʘʝʪ ʚ 

ʧʝʨʚʦʤ ʦʪʩʝʢʝ 7 ʦʩʘʜʦʯʥʦʡ ʢʘʤʝʨʳ 6 ʠ ʚʳʚʦʜʠʪʩʷ ʰʥʝʢʦʤ 9 ʚ ʙʫʥʢʝʨ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ, 

ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʧʦʧʘʜʘʝʪ ʚʦ ʚʪʦʨʦʡ ʦʪʩʝʢ 8 ʦʩʘʜʦʯʥʦʡ ʢʘʤʝʨʳ 6 ʠ ʚʳʚʦʜʠʪʩʷ ʰʥʝʢʦʤ 10 ʚ 

ʙʫʥʢʝʨ ʦʪʭʦʜʦʚ, ʧʳʣʴ ʦʩʝʜʘʝʪ ʚ ʤʝʰʢʝ 11. ɺ ʜʘʣʴʥʝʡʰʝʤ ʣʝʛʢʘʷ ʬʨʘʢʮʠʷ ʧʦʧʘʜʘʝʪ ʥʘ ʨʝʰʝʪ-

ʥʳʡ ʩʪʘʥ 14, ʩʦʩʪʦʷʱʠʡ ʪʦʣʴʢʦ ʠʟ ʩʦʨʪʠʨʦʚʘʣʴʥʳʭ ʨʝʰʝʪ (ɻ), ʘ ʪʷʞʝʣʘʷ ʬʨʘʢʮʠʷ ʧʦʧʘʜʘʝʪ ʥʘ 

ʨʝʰʝʪʥʳʡ ʩʪʘʥ 15, ʩʦʩʪʦʷʱʠʡ ʪʦʣʴʢʦ ʠʟ ʢʦʣʦʩʦʚʳʭ ʨʝʰʝʪ (ɹ2). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ ʟʝʨʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʠʟ ʟʝʨʥʦʚʦʡ ʤʘʩʩʳ ʚʳʜʝʣʷʝʪʩʷ ʦʩ-

ʥʦʚʥʘʷ ʯʘʩʪʴ ʟʘʩʦʨʠʪʝʣʷ. 

 
ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʬʨʘʢʮʠʦʥʥʦʡ ʚʦʟʜʫʰʥʦ-ʨʝʰʝʪʥʦʡ ʤʘʰʠʥʳ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʦʪ ʣʝʛʢʦʡ ʧʨʠʤʝʩʠ ʧʥʝʚʤʦʩʝʧʘʨʘʪʦʨʦʤ ʟʘʚʠʩʠʪ ʦʪ ʰʠʨʠ-

ʥʳ ʧʥʝʚʤʦʢʘʥʘʣʘ (B), ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ (vʚ) ʠ ʫʜʝʣʴʥʦʡ ʟʝʨʥʦʚʦʡ ʥʘʛʨʫʟʢʠ (q) ʚ ʦʩ-

ʥʦʚʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ: 
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                             (2) 

ʛʜʝ K21, K22, K23, K24  ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʦʪʚʝʪʩʪʚʠʷ. 

ʇʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ ʧʥʝʚʤʦʢʘʥʘʣʝ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʣʝʛʢʫʶ ʬʨʘʢʮʠʶ ʟʝʨʥʘ ʠ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʣʝʛʢʦʡ 

ʧʨʠʤʝʩʠ (ʩʤ. ʬʦʨʤʫʣʫ 2). ɼʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ ʟʝʨʥʦ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦ ʚʩʪʨʷʭʠʚʘʝʪʩʷ ʚʠʙʨʦʣʦʪʢʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ ʧʦʧʘʩʪʴ ʚ ʘʢʪʠʚʥʦʡ 

ʩʣʦʡ ʝʱʝ ʜʦ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʧʥʝʚʤʦʢʘʥʘʣ.  



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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ʏʪʦʙʳ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʨʝʰʝʪʥʦʡ ʦʯʠʩʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʪʨʫʜʥʦʦʪʜʝʣʠʤʳʝ 

ʢʨʫʧʥʳʝ ʧʨʠʤʝʩʠ, ʢʦʪʦʨʳʝ ʠʜʫʪ ʧʨʦʭʦʜʦʤ ʯʝʨʝʟ ʢʦʣʦʩʦʚʦʝ ʨʝʰʝʪʦ (3,4Ĭ20 ʤʤ) ʠ ʩʭʦʜʦʤ ʩ 

ʩʦʨʪʠʨʦʚʘʣʴʥʦʛʦ ʨʝʰʝʪʘ (2,0Ĭ20 ʤʤ) [4]. 

ʈʘʩʩʤʦʪʨʠʤ ʵʪʫ ʟʘʜʘʯʫ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1 ʚ ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ ʟʝʨʥʘ 

ʩʦʜʝʨʞʠʪʩʷ ʯʘʩʪʴ ʪʨʫʜʥʦʦʪʜʝʣʠʤʦʡ ʢʨʫʧʥʦʡ ʧʨʠʤʝʩʠ. ʊʝʭʥʠʯʝʩʢʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ: ʘ) ʥʫʞʥʦ ʫʚʝʣʠʯʠʪʴ ʨʘʟʤʝʨ ʩʦʨʪʠʨʦʚʘʣʴʥʦʛʦ ʨʝʰʝʪʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʪʨʫʜʥʦʦʪʜʝʣʠ-

ʤʦʡ ʢʨʫʧʥʦʡ ʧʨʠʤʝʩʠ; ʙ) ʥʝʣʴʟʷ ʫʚʝʣʠʯʠʚʘʪʴ ʨʘʟʤʝʨ ʩʦʨʪʠʨʦʚʘʣʴʥʦʛʦ ʨʝʰʝʪʘ, ʪʘʢ ʢʘʢ ʵʪʦ 

ʧʨʠʚʝʜʝʪ ʢ ʧʦʪʝʨʷʤ ʯʠʩʪʦʛʦ ʟʝʨʥʘ ʚ ʬʫʨʘʞ. 

ʊʘʙʣʠʮʘ 1 ï ʉʦʩʪʘʚ ʩʭʦʜʘ ʟʝʨʥʘ ʩ ʩʦʨʪʠʨʦʚʘʣʴʥʦʛʦ ʨʝʰʝʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʝʛʦ 

ʦʪʚʝʨʩʪʠʡ 

ɺʠʜʳ 

ʬʨʘʢʮʠʡ 

ʈʘʟʤʝʨ ʦʪʚʝʨʩʪʠʡ 

ʩʦʨʪʠʨʦʚʘʣʴʥʦʛʦ 

ʨʝʰʝʪʘ, ʤʤ 

ɺʳʜʝ-

ʣʝʥʦ 

ʟʝʨʥʘ, % 

ʄʘʩʩʘ 

1000 

ʩʝʤʷʥ, ʛ 

ʉʦʩʪʘʚ ʢʦʤʧʦʥʝʥʪʦʚ, % 

ʮʝʣʦʝ 

ʟʝʨʥʦ 

ʜʨʦʙʣʝʥʦʝ 

ʟʝʨʥʦ 

ʢʨʫʧʥʳʝ 

ʧʨʠʤʝʩʠ 

ʤʝʣʢʠʝ 

ʧʨʠʤʝʩʠ 

ʊ
ʷ
ʞ
ʝ
ʣ
ʘ
ʷ
 

ʬ
ʨ
ʘ
ʢ
ʮ
ʠ
ʷ

 

3,2 19,4 52,5 86,6 0,9 12,5 0 

3,0 36,2 44,8 95,8 0,9 3,3 0 

2,8 19,2 41,0 97,0 1,6 1,4 0 

ʃ
ʝ
ʛ
ʢ
ʘ
ʷ
 
ʬ
ʨ
ʘ
ʢ
ʮ
ʠ
ʷ

 

2,6 9,2 35,0 97,2 1,3 1,5 0 

2,4 6,7 26,5 97,7 1,4 0,9 0 

2,2 3,7 22,1 97,6 1,6 0,8 0 

2,0 4,5 19,9 91,6 6,46 - 1,94 

1,8 1,0 11,5 2,1 11,8 - 86,1 

1,6 0,1 9,7 1,0 9,3 - 89,7 

 

ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʪʠʚʦʨʝʯʠʷ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʨ-

ʪʠʨʦʚʘʣʴʥʦʛʦ ʨʝʰʝʪʘ ʩ ʢʨʫʛʣʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʧʨʠ ʪʦʡ ʞʝ ʧʣʦʱʘʜʠ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ. ʋʚʝʣʠ-

ʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʢʨʫʛʣʦʛʦ ʦʪʚʝʨʩʪʠʷ ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʪʨʫʜʥʦʦʪʜʝʣʠʤʳʝ ʢʨʫʧʥʳʝ ʧʨʠʤʝʩʠ 

ʙʫʜʫʪ ʚʳʜʝʣʷʪʴʩʷ ʩʦʨʪʠʨʦʚʘʣʴʥʳʤ ʨʝʰʝʪʦʤ ʧʦ ʰʠʨʠʥʝ. ɺʳʜʝʣʝʥʠʝ ʟʝʨʝʥ ʧʰʝʥʠʮʳ ʧʨʠ ʵʪʦʤ 

ʩʦʨʪʠʨʦʚʘʣʴʥʳʤ ʨʝʰʝʪʦʤ ʩ ʢʨʫʛʣʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʧʦ ʰʠʨʠʥʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠʟ-ʟʘ ʤʘʣʦʡ 

ʚʝʨʦʷʪʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʝʨʝʥ ʥʘʜ ʮʝʥʪʨʦʤ ʦʪʚʝʨʩʪʠʷ.  

ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʥʝʙʦʣʴʰʦʡ ʧʨʦʮʝʥʪ ʯʠʩʪʦʛʦ ʟʝʨʥʘ ʚʳʜʝʣʷʝʪʩʷ ʩʦʨʪʠʨʦʚʘʣʴʥʳʤ 

ʨʝʰʝʪʦʤ ʩ ʨʘʟʤʝʨʘʤʠ 2,0Ĭ20 ʤʤ ʚ ʬʫʨʘʞ, ʯʪʦ ʜʦʧʫʩʪʠʤʦ ʧʦ ʫʩʣʦʚʠʷʤ ʟʘʜʘʯʠ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ ʟʝʨʥʘ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʧʨʠʤʝʩʴ ʩ ʢʨʫʧ-

ʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʢʦʪʦʨʘʷ ʥʝ ʤʦʞʝʪ ʚʳʜʝʣʠʪʴʩʷ ʧʦ ʰʠʨʠʥʝ ʩʦʨʪʠʨʦʚʘʣʴʥʳʤ ʨʝʰʝʪʦʤ. ʊʘʢʫʶ 

ʧʨʠʤʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʣʦʩʦʚʳʤ ʨʝʰʝʪʦʤ.  

ʊʷʞʝʣʫʶ ʬʨʘʢʮʠʶ ʟʝʨʥʘ ʥʝʦʙʭʦʜʠʤʦ ʦʯʠʱʘʪʴ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʚʳʜʝʣʷʷ ʪʨʫʜʥʦ-

ʦʪʜʝʣʠʤʳʝ ʢʨʫʧʥʳʝ ʧʨʠʤʝʩʠ ʩʦʨʪʠʨʦʚʘʣʴʥʳʤ ʨʝʰʝʪʦʤ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʜʠʘʤʝʪʨʦʤ ʢʨʫʛʣʳʭ 

ʦʪʚʝʨʩʪʠʡ. 

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʝʰʝʪʥʦʡ ʦʯʠʩʪʢʠ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʦʜʥʦʷʨʫʩ-

ʥʦʡ ʩʭʝʤʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʦʨʪʠʨʦʚʘʣʴʥʳʭ ʠ ʢʦʣʦʩʦʚʳʭ ʨʝʰʝʪ.  

ʇʨʠ ʜʚʫʭʲʷʨʫʩʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʦʣʦʩʦʚʳʭ ʠ ʩʦʨʪʠʨʦʚʘʣʴʥʳʭ ʨʝʰʝʪ, ʢʦʛʜʘ ʦʩʥʦʚʥʘʷ 

ʤʘʩʩʘ ʟʝʨʥʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʢʦʣʦʩʦʚʦʝ ʨʝʰʝʪʦ, ʘʢʪʠʚʥʳʡ ʩʣʦʡ ʢʦʣʦʩʦʚʦʛʦ ʨʝʰʝʪʘ ʫʤʝʥʴʰʘ-

ʝʪʩʷ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʭʦʜʘ ʟʝʨʥʘ ʯʝʨʝʟ ʥʝʛʦ. ʉʣʦʡ ʟʝʨʥʘ ʩʦʨ-

ʪʠʨʦʚʘʣʴʥʦʛʦ ʨʝʰʝʪʘ ʨʘʩʪʝʪ, ʪʘʢ ʢʘʢ ʠʟ ʥʝʛʦ ʚʳʜʝʣʷʝʪʩʷ ʤʝʥʴʰʝ ʧʨʠʤʝʩʠ, ʯʝʤ ʥʘ ʥʝʛʦ ʧʦʩʪʫ-

ʧʘʝʪ ʟʝʨʥʘ ʩ ʢʦʣʦʩʦʚʦʛʦ ʨʝʰʝʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʨʦʭʦʜ ʩ ʢʦʣʦʩʦʚʦʛʦ ʨʝʰʝʪʘ ʥʝ ʧʦʧʘʜʘʝʪ ʚ ʘʢ-

ʪʠʚʥʦʡ ʩʣʦʡ ʩʦʨʪʠʨʦʚʘʣʴʥʦʛʦ ʨʝʰʝʪʘ ʠ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʦʯʠʩʪʢʝ.  



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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ɽʩʣʠ ʟʘʩʦʨʝʥʥʦʩʪʴ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʜʣʠʥʦʡ ʩʦʨ-

ʪʠʨʦʚʘʣʴʥʦʛʦ ʨʝʰʝʪʘ, ʪʦ ʫʤʝʥʴʰʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʟʘʩʦʨʝʥʥʦʩʪʠ ʦʛʨʘʥʠʯʝʥʦ ʥʘʣʠʯʠʝʤ ʧʨʠʤʝ-

ʩʠ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ (ɿʚ) ʵʪʦʛʦ ʨʝʰʝʪʘ (ʈʠʩʫʥʦʢ 4).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʨʝʰʝʪʥʦʡ ʦʯʠʩʪʢʠ ʤʦʞʥʦ ʟʘʤʝʥʠʚ ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʘ-

ʙʦʪʫ ʢʦʣʦʩʦʚʦʛʦ ʠ ʩʦʨʪʠʨʦʚʘʣʴʥʦʛʦ ʨʝʰʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ (ʩʭʝʤʘ ʪʨʝʭʨʝʰʝʪʥʦʛʦ ʦʜʥʦ-

ʷʨʫʩʥʦʛʦ ʤʦʜʫʣʷ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʘʭ [6, 7]).  ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʰʝʪ-

ʥʳʡ ʩʪʘʥ ʠʟ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʩʦʨʪʠʨʦʚʘʣʴʥʳʝ ʠ ʢʦʣʦʩʦʚʳʝ ʨʝʰʝʪʘ ʚ ʦʜʥʦʤ ʷʨʫʩʝ. 

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʘʢʪʠʚʥʳʡ ʩʣʦʡ ʢʦʣʦʩʦʚʦʛʦ ʨʝʰʝʪʘ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʝʛʦ ʜʣʠʥʝ, 

ʚʦʟʨʘʩʪʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʭʦʜʘ ʟʝʨʥʘ ʯʝʨʝʟ ʥʝʛʦ, ʧʦʵʪʦʤʫ ʜʣʠʥʘ ʩʦʨʪʠʨʦʚʘʣʴʥʦʛʦ ʨʝʰʝʪʘ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʜʦʣʞʥʘ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʢʦʣʦʩʦʚʦʛʦ ʧʨʠ ʦʜʠ-

ʥʘʢʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʨʘʙʦʪʳ. 

 
ʈʠʩʫʥʦʢ 4 ï ʀʟʤʝʥʝʥʠʝ ʟʘʩʦʨʝʥʥʦʩʪʠ ʧʦ ʜʣʠʥʝ ʩʦʨʪʠʨʦʚʘʣʴʥʦʛʦ ʨʝʰʝʪʘ 

 

ʋʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʩʦʨʪʠʨʦʚʘʣʴʥʳʭ ʨʝʰʝʪ ʚ ʤʦʜʫʣʝ ʨʝʰʝʪʥʦʛʦ ʩʪʘʥʘ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠ-

ʯʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʚʦʟʜʫʰʥʦ-ʨʝʰʝʪʥʦʡ ʤʘʰʠʥʳ (ʊʘʙʣʠʮʘ 2).ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2 ʫʚʝʣʠʯʝ-

ʥʠʝ ʩʪʦʠʤʦʩʪʠ ʤʘʰʠʥʳ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʥʘ 33% ʥʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʨʘʟʠʪʴʩʷ ʥʘ 

ʩʪʦʠʤʦʩʪʠ ʢʦʤʧʣʝʢʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ. ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 3-

ʭ ʨʝʰʝʪ ʚ ʦʜʥʦʤ ʤʦʜʫʣʝ ʨʝʰʝʪʥʦʛʦ ʩʪʘʥʘ ʚʤʝʩʪʦ 2-ʭ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʜʣʠʥʫ ʩʦʨʪʠʨʦʚʘʣʴ-

ʥʳʭ ʨʝʰʝʪ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʪʨʫʜʥʦʦʪʜʝʣʠʤʳʭ ʧʨʠʤʝʩʝʡ ʚ 2 ʨʘʟʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʢʘʯʝʩʪʚʦ ʧʝʨʚʠʯʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ.  

ʊʘʙʣʠʮʘ 2 ï ɸʥʘʣʠʟ ʩʪʦʠʤʦʩʪʠ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ɿɸɺ-20 (2016 ʛ.) 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʉʪʦʠʤʦʩʪʴ, ʨʫʙ 

ʂʘʨʢʘʩ ɿɸɺ-20 ʩ ʙʫʥʢʝʨʘʤʠ 900.000 

ɿʘʚʘʣʴʥʘʷ ʷʤʘ (40 ʪʦʥʥ) 600.000 

ʄʘʰʠʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʄʇʆ-50 276.000 

ʅʦʨʠʷ ʅʇʂ-50 210.000 

ʅʦʨʠʷ ʅʇʂ-20 393.000 

ʄʘʰʠʥʘ ʧʝʨʚʠʯʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ɿɺʉ-20ɸ 500.000 

ʊʨʠʝʨʥʳʡ ʙʣʦʢ ɹʊʄ-800-8 660.000 

ʇʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ɿɸɺ 60.000 

ʂʦʤʧʣʝʢʪ ʟʝʨʥʦʧʨʦʚʦʜʦʚ 168.000 

ʂʦʤʧʣʝʢʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʠ 50.000 

ʆʩʚʝʱʝʥʠʝ 30.000 
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ʏʪʦʙʳ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʟʝʨʥʦʚʫʶ ʥʘʛʨʫʟʢʫ ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ ʨʝʰʝʪʥʦʛʦ ʩʪʘʥʘ, 

ʧʦʪʦʢ ʟʝʨʥʘ ʧʦʜʘʝʪʩʷ ʚ ʥʫʣʝʚʫʶ ʪʦʯʢʫ. ʇʨʠ ʦʪʢʣʦʥʝʥʠʠ ʨʝʰʝʪʥʦʛʦ ʩʪʘʥʘ (ʩʦʚʝʨʰʘʶʱʝʛʦ 

ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ) ʚʧʨʘʚʦ, ʧʦʪʦʢ ʧʦ ʥʘʧʨʘʚʣʷʶʱʝʡ ʧʦʧʘʜʘʝʪ ʥʘ ʥʠʞʥʠʡ ʤʦʜʫʣʴ; ʧʨʠ 

ʦʪʢʣʦʥʝʥʠʠ ʨʝʰʝʪʥʦʛʦ ʩʪʘʥʘ ʚʣʝʚʦ ï ʥʘ ʚʝʨʭʥʠʡ. ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʧʦʪʦʢʘ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʬʦʨʤʫʣʦʡ (3): 

%,100Ö
D

=
A

d                                          (3) 

ʛʜʝ ȹ - ʦʪʢʣʦʥʝʥʠʝ ʧʦʪʦʢʘ ʟʝʨʥʘ ʦʪ ʥʫʣʝʚʦʡ ʪʦʯʢʠ, ʤʤ; A - ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʨʝʰʝʪ-

ʥʦʛʦ ʩʪʘʥʘ, ʤʤ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ȹ - ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ, ʢʘʯʝʩʪʚʦ ʨʘʟʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʛʦ ʧʦʪʦʢʘ ʤʝʞʜʫ 

ʷʨʫʩʘʤʠ ʨʝʰʝʪʥʦʛʦ ʩʪʘʥʘ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ. 

ʌʨʘʢʮʠʦʥʥʘʷ ʚʦʟʜʫʰʥʦ-ʨʝʰʝʪʥʘʷ ʤʘʰʠʥʘ ʜʣʷ ʧʝʨʚʠʯʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʨʘʙʦʪʘʝʪ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʈʠʩʫʥʦʢ 5). 

 
ʈʠʩʫʥʦʢ 5 ïï ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʬʨʘʢʮʠʦʥʥʦʡ ʚʦʟʜʫʰʥʦ-ʨʝʰʝʪʥʦʡ ʤʘʰʠʥʳ 

 

ɸʩʧʠʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʚʳʜʝʣʷʝʪ ʣʝʛʢʫʶ ʧʨʠʤʝʩʴ (ʯʘʩʪʴ ʢʦʪʦʨʦʡ ʧʦʧʘʜʘʝʪ ʚ ʙʫʥʢʝʨ ʬʫ-

ʨʘʞʘ) ʠ ʨʘʟʜʝʣʷʝʪ ʦʩʪʘʚʰʫʶʩʷ ʩʤʝʩʴ ʥʘ ʣʝʛʢʫʶ ʠ ʪʷʞʝʣʫʶ ʬʨʘʢʮʠʠ. ʃʝʛʢʘʷ ʬʨʘʢʮʠʷ ʧʦʧʘʜʘ-

ʝʪ ʥʘ ʨʝʰʝʪʥʳʡ ʩʪʘʥ 14, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʝ ʩʦʨʪʠʨʦʚʘʣʴʥʳʝ ʨʝʰʝʪʘ ʩ ʢʨʫʛʣʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ (ɻÏ) ʠ ʢʦʣʦʩʦʚʳʝ 

ʨʝʰʝʪʘ ʩ ʧʨʦʜʦʣʴʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ (ɹ1). ʕʪʘ ʬʨʘʢʮʠʷ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʬʨʘʢʮʠʶ ʪʨʫʜʥʦʦʪʜʝ-
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ʣʠʤʳʭ ʢʨʫʧʥʳʭ ʧʨʠʤʝʩʝʡ, ʬʨʘʢʮʠʶ ʤʝʣʢʦʛʦ ʟʝʨʥʘ, ʬʨʘʢʮʠʶ ʤʝʣʢʦʡ ʠ ʪʨʫʜʥʦʦʪʜʝʣʠʤʦʡ 

ʤʝʣʢʦʡ ʧʨʠʤʝʩʝʡ.  

ʊʷʞʝʣʘʷ ʬʨʘʢʮʠʷ ʧʦʧʘʜʘʝʪ ʥʘ ʨʝʰʝʪʥʳʡ ʩʪʘʥ 15, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʤʦʜʫ-

ʣʝʡ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʝ ʩʦʨʪʠʨʦʚʘʣʴʥʳʝ ʨʝʰʝʪʘ ʩ ʢʨʫʛʣʳʤʠ 

ʦʪʚʝʨʩʪʠʷʤʠ (ɹ1Ï) ʠ ʢʦʣʦʩʦʚʳʝ ʨʝʰʝʪʘ ʩ ʧʨʦʜʦʣʴʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ (ɹ2Σ). ʕʪʘ ʬʨʘʢʮʠʷ ʨʘʟ-

ʙʠʚʘʝʪʩʷ ʥʘ ʬʨʘʢʮʠʶ ʢʨʫʧʥʦʡ ʧʨʠʤʝʩʠ, ʬʨʘʢʮʠʶ ʢʨʫʧʥʦʛʦ ʟʝʨʥʘ ʠ ʬʨʘʢʮʠʶ ʪʨʫʜʥʦʦʪʜʝʣʠ-

ʤʦʡ ʢʨʫʧʥʦʡ ʧʨʠʤʝʩʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʬʨʘʢʮʠʠ ʩ ʧʨʠʤʝʩʴʶ ʧʦʧʘʜʘʶʪ ʚ ʬʫʨʘʞ, ʬʨʘʢʮʠʷ 

ʢʨʫʧʥʦʛʦ ʟʝʨʥʘ ʜʦʯʠʱʘʝʪʩʷ ʜʦ ʩʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʬʨʘʢʮʠʷ ʤʝʣʢʦʛʦ ʟʝʨʥʘ ʜʦʯʠʱʘʝʪʩʷ ʜʦ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʛʦ ʟʝʨʥʘ. 

ɺʳʚʦʜʳ. 

1) ʇʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʨʝʰʝʪʥʦʡ ʤʘʰʠʥʦʡ ʤʦʞʥʦ ʧʦʚʳʩʠʚ ʩʢʦʨʦʩʪʴ 

ʛʨʦʭʦʪʘ ʜʦ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʫʚʝʣʠʯʠʚ ʜʣʠʥʫ ʩʝʧʘʨʠʨʫʶʱʠʭ ʨʝʰʝʪ ʠ ʩʥʠʟʠʚ ʫʜʝʣʴʥʫʶ 

ʥʘʛʨʫʟʢʫ ʥʘ ʨʝʰʝʪʥʫʶ ʤʘʰʠʥʫ;  

2) ʉʢʦʨʦʩʪʴ ʛʨʦʭʦʪʘ ʦʧʨʝʜʝʣʷʝʪ ʜʣʠʥʫ ʧʫʪʠ ʟʝʨʥʘ, ʩʦʚʝʨʰʘʶʱʝʛʦ ʚʦʟʚʨʘʪʥʦ-

ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʝ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʰʝʪʘ. ʋʚʝʣʠʯʠʪʴ ʜʣʠʥʫ ʧʫʪʠ ʟʝʨʥʘ ʤʦʞʥʦ ʠ 

ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ ï ʫʤʝʥʴʰʠʚ ʪʨʝʥʠʝ ʤʝʞʜʫ ʟʝʨʥʦʤ ʠ ʨʝʰʝʪʦʤ, ʚʳʧʦʣʥʠʚ ʨʝʰʝʪʥʳʡ ʩʪʘʥ 

ʢʘʯʘʶʱʠʤʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʢʦʪʦʨʦʡ ʦʩʠ ʠ ʜʨ. ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʩʧʦ-

ʩʦʙʦʚ ʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ; 

3) ʋʚʝʣʠʯʠʪʴ ʜʣʠʥʫ ʩʝʧʘʨʠʨʫʶʱʠʭ ʨʝʰʝʪ, ʥʝ ʠʟʤʝʥʷʷ ʧʨʠ ʵʪʦʤ ʛʘʙʘʨʠʪʳ ʨʝʰʝʪʥʦʡ ʤʘ-

ʰʠʥʳ ʤʦʞʥʦ, ʧʝʨʝʣʦʞʠʚ ʬʫʥʢʮʠʶ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʘʩʧʠʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ; 

4) ʋʤʝʥʴʰʠʪʴ ʫʜʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʟʘʩʦʨʠʪʝʣʷ ʥʘ ʨʝʰʝʪʥʫʶ ʤʘʰʠʥʫ, ʥʝ ʠʟʤʝʥʷʷ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʘʰʠʥʳ ʤʦʞʥʦ, ʧʝʨʝʣʦʞʠʚ ʬʫʥʢʮʠʶ ʚʳʜʝʣʝʥʠʷ ʣʝʛʢʦʡ ʧʨʠʤʝʩʠ ʥʘ ʘʩʧʠʨʘ-

ʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʨʘʙʦʪʘʝʪ ʥʝʵʬʬʝʢʪʠʚʥʦ (ɿɺʉ-20ɸ), ʚʳʧʦʣʥʷʷ ʬʫʥʢʮʠʶ ʚʳʜʝʣʝ-

ʥʠʷ ʧʳʣʠ.  

5) ʀʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʣʝʛʢʦʡ ʧʨʠʤʝʩʠ ʧʥʝʚʤʦʩʝʧʘʨʘʪʦʨʦʤ ʤʦʞʥʦ, 

ʧʦʚʳʩʠʚ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚ ʢʘʥʘʣʝ, ʫʚʝʣʠʯʠʚ ʰʠʨʠʥʫ ʢʘʥʘʣʘ ʜʦ ʨʝʢʦʤʝʥʜʫʝʤʳʭ 

ʟʥʘʯʝʥʠʡ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʚ ʟʝʨʥʦʚʦʡ ʧʦʪʦʢ ʚʠʙʨʦʣʦʪʢʦʤ ʪʘʢ, ʯʪʦʙʳ ʣʝʛʢʠʝ 

ʧʨʠʤʝʩʠ ʧʦʩʪʫʧʠʣʠ ʚ ʘʢʪʠʚʥʦʡ ʩʣʦʡ ʜʦ ʧʦʩʪʫʧʣʝʥʠʷ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʥʝʤʦʢʘʥʘʣ; 

6) ʇʨʠʤʝʥʝʥʠʝ ʚʠʙʨʦʣʦʪʢʘ ʧʦʟʚʦʣʷʝʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʟʝʨʥʦʚʦʡ ʤʘʪʝʨʠʘʣ ʧʦ 

ʛʣʫʙʠʥʝ ʧʥʝʚʤʦʢʘʥʘʣʘ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʙʝʩʧʝʯʠʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʧʦ ʰʠʨʠʥʝ ʩʝʧʘʨʠʨʫʶʱʠʭ ʨʝʰʝʪ; 

7) ɺʳʜʝʣʠʪʴ ʪʨʫʜʥʦʦʪʜʝʣʠʤʳʝ ʢʨʫʧʥʳʝ ʧʨʠʤʝʩʠ ʠʟ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʦʯʠʱʝʥʥʦʛʦ ʟʝʨʥʘ 

ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʩʦʨʪʠʨʦʚʘʣʴʥʳʭ ʨʝʰʝʪ ʩ ʢʨʫʛʣʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʫʚʝʣʠʯʝʥʥʦʛʦ ʜʠʘʤʝʪʨʘ; 

8) ɼʚʫʭʲʷʨʫʩʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʣʦʩʦʚʳʭ ʠ ʩʦʨʪʠʨʦʚʘʣʴʥʳʭ ʨʝʰʝʪ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʧʨʦʭʦʜ ʢʦʣʦʩʦʚʦʛʦ ʨʝʰʝʪʘ ʥʝ ʧʦʧʘʜʘʝʪ ʚ ʘʢʪʠʚʥʳʡ ʩʣʦʡ ʩʦʨʪʠʨʦʚʘʣʴʥʦʛʦ ʨʝʰʝʪʘ, ʫʭʫʜ-

ʰʘʷ ʢʘʯʝʩʪʚʦ ʨʝʰʝʪʥʦʡ ʦʯʠʩʪʢʠ. ʇʦʵʪʦʤʫ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦʷʨʫʩʥʦʝ ʨʘʩʧʦ-

ʣʦʞʝʥʠʝ ʢʦʣʦʩʦʚʳʭ ʠ ʩʦʨʪʠʨʦʚʘʣʴʥʳʭ ʨʝʰʝʪ; 

9) ʋʚʝʣʠʯʝʥʠʝ ʨʝʰʝʪʥʦʛʦ ʩʪʘʥʘ ʜʦ 3-ʭ ʨʝʰʝʪ ʚ ʦʜʥʦʤ ʤʦʜʫʣʝ ʚʤʝʩʪʦ 2-ʭ ʧʦʟʚʦʣʠʪ ʫʚʝ-

ʣʠʯʠʪʴ ʜʣʠʥʫ ʩʦʨʪʠʨʦʚʘʣʴʥʳʭ ʨʝʰʝʪ ʚ 2 ʨʘʟʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯ-

ʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ; 

10) ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʝʨʥʦʚʦʛʦ ʧʦʪʦʢʘ ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ ʨʝʰʝʪʥʦʛʦ ʩʪʘʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʜʘʯʝʡ ʟʝʨʥʘ ʚ ʥʫʣʝʚʫʶ ʪʦʯʢʫ ʪʘʢ, ʯʪʦ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʩʪʘʥʘ ʚʧʨʘʚʦ ʟʝʨʥʦ ʧʦʧʘʜʘʝʪ ʥʘ 

ʥʠʞʥʠʡ ʤʦʜʫʣʴ, ʘ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʚʣʝʚʦ ï ʥʘ ʚʝʨʭʥʠʡ. ʂʘʯʝʩʪʚʦ ʨʘʟʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʛʦ ʧʦʪʦ-

ʢʘ ʨʘʩʪʝʪ ʚʤʝʩʪʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʛʨʦʭʦʪʘ. 
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ʌɻɹʅʋ çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ- ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝè, ʊʘʤʙʦʚ 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ ʩʦʚʤʝʱʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʝʤʳʭ ʦʧʝʨʘʮʠʡ. ʈʘʟʨʘʙʦʪʘʥ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʘʛʨʝʛʘʪ ɸʂʐ-6ɻ ʥʘ ʧʨʠʥʮʠʧʘʭ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʠʡ: ʨʳʭʣʝʥʠʝ ʩʣʝʜʦʚ ʪʨʘʢʪʦʨʘ; ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ; 

ʨʘʟʨʫʰʝʥʠʝ ʢʦʤʢʦʚ ʠ ʛʣʳʙ, ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʨʳʭʣʝʥʠʝ ʧʦʯʚʳ ʥʘ ʛʣʫʙʠʥʝ ʟʘʜʝʣʢʠ ʩʝʤʷʥ ʠ ʫʥʠ-

ʯʪʦʞʝʥʠʝ ʩʦʨʥʷʢʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʨʘʚʥʠʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ; ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʫʧʣʦʪʥʝʥʠʝ 

ʧʦʯʚʳ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʘʛʨʝʛʘʪʘ 

ɸʂʐ-6ɻ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʢʨʦʰʝʥʠʝ ʧʦʯʚʳ ʥʘ ʛʣʫʙʠʥʝ ʟʘʜʝʣʢʠ ʩʝʤʷʥ ʜʦ 97-98 %, ʯʪʦ ʥʘ 

11 % ʙʦʣʴʰʝ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʨʘʙʦʪʢʦʡ ʢʫʣʴʪʠʚʘʪʦʨʦʤ ʂʈʐ-8,1ɻ, ʘ ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ʧʨʠ 

ʵʪʦʤ ʜʦʚʝʜʝʥʘ ʜʦ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʚ 1,28-1,3 ʛ/ʩʤ3. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʛʨʝʙʥʠʩʪʦʩʪʴ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʘʛʨʝʛʘʪʦʤ ɸʂʐ-6ɻ ʩʦʩʪʘʚʣʷʝʪ 9-12 ʤʤ, ʘ ʧʦʩʣʝ ʦʙʨʘ-

ʙʦʪʢʠ ʢʫʣʴʪʠʚʘʪʦʨʦʤ ʂʈʐ-8,1ɻ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2,3-2,58 ʨʘʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʧʦʩʝʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 95-98% ʩʝʤʷʥ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʛʣʫʙʠʥʝ ʟʘʜʝʣʢʠ. ʇʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴ ʧʦʩʝʚʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʦʡ ʢʦʤʙʠʥʠ-

ʨʦʚʘʥʥʳʤ ʘʛʨʝʛʘʪʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ, ʟʘ ʯʘʩ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʠʣʘ 4,33 

ʛʘ, ʯʪʦ ʥʘ 17,5 % ʚʳʰʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʩʝʚʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ʢʫʣʴʪʠʚʘʪʦʨʦʤ ʂʈʐ-8,1ɻ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʩʪʠʛʥʫʪʦ ʩʥʠʞʝʥʠʝ ʧʦʛʝʢʪʘʨʥʦ-

ʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ 11,6 %, ʘ ʥʘ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʩʦ-

ʩʪʘʚʠʣʦ 5,7 %. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʥʘ 20-30% ʠ ʩʥʠʞʝʥʠʶ ʧʦʪʨʝʙʥʦʩʪʠ 

ʩʨʝʜʩʪʚ ʭʠʤʠʟʘʮʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʜʧʦʩʝʚʥʘʷʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ, ʘʛʨʝʛʘʪ, ʢʘʯʝʩʪʚʦ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ. 
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Annotation. The technological scheme of pre-sowing tillage, providing for the combination of 

successive operations is proposed. The combined unit ACSH-6G is developed on the principles of 

block-modular construction, providing: loosening traces of the tractor; preliminary leveling of the 

soil surface; destruction of lumps and lumps, crushing and loosening of the soil at the depth of 

seeding and the destruction of weeds with subsequent leveling of the surface; grinding and compac-

tion of soil. The conducted studies showed that the use of the combined AKSH-6G aggregate allows 

to increase soil crumbling at the depth of the seeding to 97-98%, which is 11% more compared to 

the treatment with the KRSH-8,1G cultivator, and the soil density is thus brought to the required 
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level in the 1.28-1.3 g / cm3. It is determined that the combing of the soil surface after treatment 

with the CASH-6G aggregate is 9-12 mm, and after treatment with the cultivator KRSH-8,1G in-

creases by 2.3-2.58 times. As a result of presowing soil cultivation, 95-98% of the seeds were locat-

ed at the set depth of embedding. The productivity of the seeding unit operating on a pre-treated 

combination soil surface aggregate for one hour of operational time was 4.33 hectares, which is 

17.5% higher than the productivity of the seeding machine after cultivating the soil with the KRSH-

8,1G cultivator. Studies have shown that a decrease in the per-hectare fuel consumption by 11.6% 

is achieved, and in the pre-sowing treatment the decrease in fuel consumption was 5.7%. It has 

been established that the high quality of pre-sowing soil cultivation contributes to the increase in 

the yield of sugar beet by 20-30% and the reduction of the need for chemicals. 

Keywords: pre-sowing tillage, aggregate, quality, productivity. 

 

ɺʚʝʜʝʥʠʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʙʦʙʱʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʧʨʦʧʘʰʥʳʭ 

ʢʫʣʴʪʫʨ ʠ ʪʝʥʜʝʥʮʠʡ ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʙʳʣʘ ʦʙʦʩʥʦʚʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʘʷ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʦʜ ʩʘʭʘʨʥʫʶ ʩʚʝʢʣʫ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘ-

ʥʠʝ ʤʝʣʢʦʢʦʤʢʦʚʘʪʦʛʦ ʚʣʘʞʥʦʛʦ ʩʣʦʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʚʳʩʝʚʘʪʴ ʩʝʤʝʥʘ ʥʘ ʥʝʙʦʣʴʰʫʶ (3-4 

ʩʤ) ʛʣʫʙʠʥʫ ʚʦ ʚʣʘʞʥʫʶ ʧʦʯʚʫ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʭʦʨʦʰʠʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʨʫʞʥʳʭ 

ʚʩʭʦʜʦʚ.ʇʨʠ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ ʜʦʣʞʥʳ ʩʦʙʣʶʜʘʪʴʩʷ ʚʘʞʥʝʡʰʠʝ ʘʛʨʦʪʝʭʥʠʯʝ-

ʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ: ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʫʥʠʯʪʦʞʝʥʠʝ ʩʦʨʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʟʦʥʝ ʚʳʩʝʚʘ, ʨʳʭ-

ʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʥʘ ʛʣʫʙʠʥʫ ʟʘʜʝʣʢʠ ʩʝʤʷʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʸ ʦʧʪʠʤʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʝʥʠʷ ʚ ʥʝʡ ʚʣʘʛʠ; ʚʳʨʘʚʥʝʥʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ 

ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʝʸ ʧʣʦʪʥʦʩʪʠ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʧʨʝʜʝʣʘʭ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʝʨʝʜʦʚʦʡ ʦʧʳʪ ʚʦʟ-

ʜʝʣʳʚʘʥʠʷ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʫʣʴʪʠʚʘʪʦʨʘ ʋʉʄʂ-5,4ɹ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʠʢʘʪʳʚʘʥʠʝʤ ʧʦʯʚʳ ʧʦʣʝʚʘʷ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʥʝ ʧʨʝʚʳʰʘʝʪ 60-65%, ʯʪʦ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʜʝʨʞʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʢʫʣʴ-

ʪʫʨʳ [1, 2, 3].  

ʇʦʦʯʝʨʝʜʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʳʝ ʫʩʣʦʚʠʷ ʧʦ ʦʜʥʦʤʫ ʠʣʠ ʛʨʫʧʧʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʢʦʤʢʦʚʘ-

ʪʦʩʪʴ, ʚʳʨʘʚʥʝʥʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ ʠ ʪ.ʜ.) ʠ ʧʨʠʚʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʩʠʣʫ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʫ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʭʦʜʦʚʳʭ ʩʠʩʪʝʤ ʤʘʰʠʥ, ʢ ʫʭʫʜʰʝ-

ʥʠʶ ʫʩʣʦʚʠʡ ʧʦ ʜʨʫʛʠʤ ʧʦʢʘʟʘʪʝʣʷʤ (ʚʣʘʞʥʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ʠ ʜʨ.). 

ɺʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʧʦʯʚʳ ʧʦʜ ʧʦʩʝʚ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʚ ʢʦʨʦʪʢʠʡ ʩʨʦʢ 

ʪʨʝʙʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʭʥʠʢʠ ʚ ʥʘʧʨʷʞʝʥʥʳʡ ʧʝʨʠʦʜ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʨʘʙʦʪ. ʉʦʚʤʝʱʝʥʠʝ ʵʪʠʭ ʦʧʝʨʘʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʦʜʥʠʤ ʘʛʨʝʛʘʪʦʤ ʚʳʛʦʜʥʦ ʩ ʘʛʨʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ [4]. 

ɺ ʩʚʝʢʣʦʩʝʶʱʠʭ ʭʦʟʷʡʩʪʚʘʭ ʈʦʩʩʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʘʛʨʝʛʘʪʳ ʟʘʨʫʙʝʞ-

ʥʳʭ ʬʠʨʤ BBG, ʃʝʤʢʝʥ, Atlas XXL, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʚʳʨʘʚʥʠʚʘʥʠʝ, 

ʨʳʭʣʝʥʠʝ ʠ ʧʨʠʢʘʪʳʚʘʥʠʝ, ʩʦʟʜʘʚʘʷ ʦʧʪʠʤʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʠ ʩʝʤʝʥʥʦʛʦ 

ʣʦʞʘ, ʥʦʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʵʥʝʨʛʦʸʤʢʦʩʪʴʶ, ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ 

ʠʟʣʠʰʥʠʤ ʝʸ ʫʧʣʦʪʥʝʥʠʝʤ [5].  

ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʘʛʨʝʛʘʪʦʚ ʠʣʠ ʤʘʰʠʥ, ʨʝ-

ʘʣʠʟʫʶʱʠʭ ʥʝʧʨʝʨʳʚʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʝʜʧʦʩʝʚʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʦʯʚʳ ʟʘ ʦʜʠʥ 

ʧʨʦʭʦʜ. 
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ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʦ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ ʧʦʜ ʧʦʩʝʚ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʚ ʉʇʂ çɻʦʣʠʮʠʥʩʢʠʡè ʅʠʢʠʬʦʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʱʝʧʨʠʥʷʪʳʭ ʤʝʪʦʜʠʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ɻʆʉʊʘʤʠ. ɺ ʵʪʦʤ ʞʝ 

ʭʦʟʷʡʩʪʚʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʘʛʨʝʛʘʪʘ ɸʂʐ-6ɻ 

ʠ ʰʠʨʦʢʦʟʘʭʚʘʪʥʦʡ ʩʝʷʣʢʠ ʪʦʯʥʦʛʦ ʚʳʩʝʚʘ ʉʊɺʉ-18 ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʦʡ ʄʀʉ ʩʦʚ-

ʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʆʙʦʙʱʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʧʨʦ-

ʧʘʰʥʳʭ ʢʫʣʴʪʫʨ ʠ ʪʝʥʜʝʥʮʠʡ ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʦ ʦʙʦʩʥʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʧʦʯʚʳ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʂʘʯʝʩʪʚʝʥʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʦʯʚʳ ʧʦʜ ʧʦʩʝʚ ʧʨʦʧʘʰʥʳʭ ʢʫʣʴʪʫʨ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ 3-4 ʠ 

ʙʦʣʝʝ ʧʨʦʭʦʜʦʚ ʨʘʟʣʠʯʥʳʭ ʦʜʥʦʦʧʝʨʘʮʠʦʥʥʳʭ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʚʢʣʶʯʘʶʱʠʭ 

ʢʫʣʴʪʠʚʘʪʦʨʳ ʋʉʄʂ-5,4ɺ, ʂʈʐ-8,1ɻ ʠ ʪʨʘʢʪʦʨʳ ʄʊɿ- 80(82), ʄʊɿ-1221, ʊ-70ʉ ʠ ʈʊ-160-ʄ 

(ʃʊɿ-155). ʂʫʣʴʪʠʚʘʪʦʨʳ ʢʦʤʧʣʝʢʪʫʶʪ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ (ʤʦʜʫʣʷʤʠ): ʩʧʘʨʝʥʥʳʤʠ ʩʪʨʝʣʴ-

ʯʘʪʳʤʠ ʣʘʧʘʤʠ, ʜʚʫʭʙʘʨʘʙʘʥʥʳʤʠ ʩʧʠʨʘʣʴʥʳʤʠ ʨʦʪʦʨʘʤʠ, ʫʛʦʣʢʘʤʠ-ʚʳʨʘʚʥʠʚʘʪʝʣʷʤʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʦʧʝʨʘʮʠʦʥʥʳʭ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʪʨʫʜʘ ʠ ʩʨʝʜʩʪʚ ʧʦ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ. ɼʣʷ ʠʭ ʠʩʢʣʶʯʝʥʠʷ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʘ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʘʛʨʝʛʘʪʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ.  

 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ  

ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ (ʨʠʩʫʥʦʢ 1), ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʧʨʦʚʝʜʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʝʡ çʀʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚè ʌɻɹʅʋ 

ɺʅʀʀʊʠʅʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʘʛʨʝʛʘʪʘ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʆɸʆ 

çɻʨʷʟʠʥʩʢʠʡ ʢʫʣʴʪʠʚʘʪʦʨʥʳʡ ʟʘʚʦʜè (ʛ. ɻʨʷʟʠ ʃʠʧʝʮʢʦʡ ʦʙʣʘʩʪʠ) ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʰʠʨʦʢʦʟʘʭʚʘʪʥʦʛʦ ʘʛʨʝʛʘʪʘ ɸʂʐ-6ɻ. 

ʉʫʱʥʦʩʪʴ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʘʛʨʝʛʘʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʘ ʮʝʥʪʨʘʣʴʥʘʷ ʥʝʩʫʱʘʷ ʨʘʤʘ ʩ ʧʨʠʩʪʘʚʢʘʤʠ, ʘ ʥʘ ʥʝʝ 

ʥʘʚʝʰʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʘʩʩʠʚʥʳʝ ʠ ʧʘʩʩʠʚʥʦ-ʘʢʪʠʚʥʳʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝ-

ʙʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʠʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʳʭʣʝʥʠʷ, ʚʳʨʘʚʥʠʚʘʥʠʷ ʠ ʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ.  

ʅʘ ʩʦʟʜʘʥʥʦʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʘʛʨʝʛʘʪʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʫʣʠ, ʦʙʝʩʧʝʯʠʚʘʶʪ: ʨʳʭ-
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ʣʝʥʠʝ ʩʣʝʜʦʚ ʪʨʘʢʪʦʨʘ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʩʪʨʝʣʴʯʘʪʳʤʠ ʣʘʧʘʤʠ; ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʳʨʘʚʥʠʚʘ-

ʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʚʳʨʘʚʥʠʚʘʪʝʣʷʤʠ; ʨʘʟʨʫʰʝʥʠʝ ʢʦʤʢʦʚ ʠ ʛʣʳʙ, ʠʟʤʝʣʴʯʝʥʠʝ ʧʦʯʚʳ 

ʦʜʠʥʘʨʥʳʤʠ ʧʨʠʢʘʪʳʚʘʶʱʠʤʠ ʢʘʪʢʘʤʠ; ʨʳʭʣʝʥʠʝ ʧʦʯʚʳ ʥʘ ʛʣʫʙʠʥʝ ʟʘʜʝʣʢʠ ʩʝʤʷʥ ʠ ʫʥʠ-

ʯʪʦʞʝʥʠʝ ʩʦʨʥʷʢʦʚ ʩʪʨʝʣʴʯʘʪʳʤʠ ʣʘʧʘʤʠ ʥʘ S-ʦʙʨʘʟʥʦʡ ʧʨʫʞʠʥʥʦʡ ʩʪʦʡʢʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʳʨʘʚʥʠʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʚʳʨʘʚʥʠʚʘʪʝʣʷʤʠ; ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʫʧʣʦʪʥʝʥʠʝ ʧʦʯʚʳ ʩʧʘ-

ʨʝʥʥʳʤʠ ʧʨʠʢʘʪʳʚʘʶʱʠʤʠ ʢʘʪʢʘʤʠ (ʨʠʩʫʥʦʢ 2).  

 

 
ʈʠʩʫʥʦʢ 2 ïɹʣʦʯʥʦ-ʤʦʜʫʣʴʥʳʡ ʘʛʨʝʛʘʪ ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ ʃʊɿ-155+ɸʂʐ-6ɻ  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʘ ʛʨʝʙʥʠʩʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʘʛʨʝʛʘʪʦʤ ɸʂʐ-6ɻ ʚ ʧʨʝʜʝʣʘʭ 9-12 ʤʤ, ʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʫʣʴʪʠʚʘʪʦʨʦʤ ʂʈʐ-8,1ɻ ʦʥʘ 

ʩʦʩʪʘʚʠʣʘ 21-31 ʤʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʘʛʨʝʛʘʪʘ ɸʂʐ-6ɻ ʧʦʟʚʦʣʠʣʦ ʜʦʙʠʪʴʩʷ 

ʢʨʦʰʝʥʠʷ ʧʦʯʚʳ ʜʦ 97-98 %, ʚʤʝʩʪʦ 86-.87 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʙʦʪʦʡ ʢʫʣʴʪʠʚʘʪʦʨʘ ʂʈʐ-8,1ɻ,  ʘ 

ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ʜʦʚʝʜʝʥʘ ʜʦ ʫʨʦʚʥʷ 1,28-1,3 ʛ/ʩʤ3, ʚʤʝʩʪʦ 1,03-1,06 ʛ/ʩʤ3 (ʨʠʩʫʥʦʢ 3)[6].  

 
ʈʠʩʫʥʦʢ 3 ï ʀʟʤʝʥʝʥʠʝ ʛʨʝʙʥʠʩʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʨʦʰʝʥʠʷ ʧʦʯʚʳ ʧʦʩʣʝ  

ʧʨʦʭʦʜʘ ʘʛʨʝʛʘʪʦʚ ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʛʨʝʛʘʪʘ ɸʂʐ-6ɻ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʜʧʦʩʝʚʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʦʯʚʳ (ʢʨʦʰʝʥʠʝ ʠ ʛʨʝʙʥʠʩʪʦʩʪʴ) ʠʟʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ.  

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ɸʂʐ-6ɻ ʘʛʨʝʛʘʪʠʨʫʝʤʦʛʦ ʩ ʪʨʘʢʪʦʨʦʤ ʃʊɿ-155 

ʧʨʦʚʝʜʝʥʘ ʚ ʭʦʜʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʛʨʝʛʘʪʘ ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʩʢʦ-
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ʨʦʩʪʷʭ 9,8-10,4 ʢʤ/ʯ. ʟʘ ʯʘʩ ʦʩʥʦʚʥʦʛʦ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʠʣʘ ʥʝ ʙʦʣʝʝ 5,7 ʛʘ, ʘ ʟʘ ʯʘʩ ʵʢʩʧʣʫʘʪʘʮʠʦʥ-

ʥʦʛʦ ʚʨʝʤʝʥʠ ï 4,33 ʛʘ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʤʝʥʥʦʛʦ ʚʨʝʤʝʥʠ 0,76.[7].  

ɺʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʩʦʩʪʘʚʣʷʣʘ 9,54-16,7 %, ʘ ʪʚʝʨʜʦʩʪʴ 0,68-1,18 

ʄʇʘ. ʊʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʛʨʝʛʘʪʘ ɸʂʐ-6ɻ ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʘ ʫʢʘʟʘʥʥʳʭ ʩʢʦʨʦʩʪʷʭ ʩʦ-

ʩʪʘʚʠʣʦ ʦʪ 18,70 ʜʦ 19,77 ʢʅ. ɿʘʛʨʫʟʢʘ ʜʚʠʛʘʪʝʣʷ ʧʦ ʤʦʱʥʦʩʪʠ ʜʦʩʪʠʛʘʣʘ 0,64-0,89, ʯʪʦ ʪʘʢʞʝ 

ʥʝ ʧʨʝʚʳʰʘʣʘ ʝʝ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ (0,90-0,95) ʜʣʷ ʜʘʥʥʦʛʦ ʪʷʛʦʚʦʛʦ ʢʣʘʩʩʘ ʪʨʘʢʪʦʨʘ.  

ʇʦʩʝʚ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʳʤ ʘʛʨʝʛʘʪʦʤ ʰʠʨʦʢʦʟʘʭʚʘʪ-

ʥʦʡ ʩʝʷʣʢʦʡ ʪʦʯʥʦʛʦ ʚʳʩʝʚʘ ʉʊɺʉ-18 ʩ ʪʨʘʢʪʦʨʦʤ ʃʊɿ-155 (ʨʠʩʫʥʦʢ 4) [8] 

 

 
ʈʠʩʫʥʦʢ 4 ï ɹʣʦʯʥʦ-ʤʦʜʫʣʴʥʳʡ ʘʛʨʝʛʘʪ ʜʣʷ ʧʦʩʝʚʘ ʃʊɿ-155+ʉʊɺʉ-18 

ʉʨʘʚʥʠʪʝʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʜʦʣʷ ʩʝʤʷʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʟʘ-

ʜʘʥʥʦʡ ʛʣʫʙʠʥʝ ʟʘʜʝʣʢʠ ʧʦʩʣʝ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ ʘʛʨʝʛʘʪʦʤ ɸʂʐ-6ɻ, ʢʦʪʦʨʘʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʙʦʯʝʡ ʩʢʦʨʦʩʪʠ ʩʦʩʪʘʚʠʣʘ 90-99%, ʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʫʣʴʪʠʚʘʪʦʨʦʤ ʂʈʐ-8,1ɻ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 87-98% (ʨʠʩʫʥʦʢ 5). 

 
ʈʠʩʫʥʦʢ 5 ï ʈʘʟʤʝʱʝʥʠʝ ʩʝʤʷʥ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʧʦ ʛʣʫʙʠʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦ  

ʟʘʜʘʥʥʦʡ ʚʳʩʝʷʥʥʳʭ ʧʦʩʝʚʥʳʤ ʘʛʨʝʛʘʪʦʤ ʃʊɿ-155+ʉʊɺʉ-18 ʧʦʩʣʝ ʧʨʦʭʦʜʘ ʘʛʨʝʛʘʪʦʚ  

ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʩʝʚʥʦʛʦ ʘʛʨʝʛʘʪʘ ʛʣʫʙʠʥʘ ʟʘʜʝʣʢʠ ʩʝʤʷʥ ʚʘʨʴʠʨʫʝʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʩʭʦʜʦʚ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʩʝʚʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʨʘʙʦʪʘʶ-

ʱʝʛʦ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʘʛʨʝʛʘʪʘʤʠ, 
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ʩʦʩʪʘʚʠʣʦ 17,5 %. ʉʥʠʞʝʥʠʝ ʧʦʛʝʢʪʘʨʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ ʦʧʝʨʘʮʠʷʭ ʧʦ ʦʙʨʘʙʦʪʢʝ ʧʦʯ-

ʚʳ ʩʦʩʪʘʚʠʣʦ 18,6 %, ʘ ʥʘ ʧʦʩʝʚʝ - 11,6 % (ʪʘʙʣʠʮʘ 1).  

ʊʘʙʣʠʮʘ 1 ï ʇʦʢʘʟʘʪʝʣʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʧʨʠʤʝʥʝʥʠʷ ʘʛʨʝʛʘ-

ʪʦʚ ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʧʦʩʝʚʘ  

ɺʳʧʦʣʥʷʝʤʳʝ ʦʧʝʨʘʮʠʠ ʠ 

ʩʦʩʪʘʚ ʘʛʨʝʛʘʪʘ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʟʘ ʯʘʩ 

ʩʤʝʥʥʦʛʦ  

ʚʨʝʤʝʥʠ, ʛʘ/ʯ 

ʈʘʩʭʦʜ ʪʦʧ-

ʣʠʚʘ, ʢʛ/ʛʘ 

ʋʨʦʞʘʡ-

ʥʦʩʪʴ ʩʘ-

ʭʘʨʥʦʡ 

ʩʚʝʢʣʳ,ʪ/ʛʘ 

ʇʨʝʜʧʦʩʝʚʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʦʯʚʳ: 

ʂʈʐ-8,1ɻ+ʅʇ-5,4ɸ+ ʃʊɿ-155 + ʂʈʐ-8,1ɻ 

ʃʊɿ-155+ɸʂʐ-6ɻ 

 

4,5 

4,37 

 

4,6 

3,74 

 

ʇʦʩʝʚ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ: 

ʃʊɿ-155+ʉʊɺʉ-18 (ʧʦʩʣʝ ʂʈʐ-8,1ɻ) 

ʃʊɿ-155+ʉʊɺʉ-18 (ʧʦʩʣʝ ɸʂʐ-6ɻ) 

 

3,3 

4,0 

 

2,79 

2,5 

 

32,9 

41,2 

 

ɿʘʢʣʶʯʝʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʘʛʨʝʛʘʪʘ ɸʂʐ-6ɻ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ 

ʪʨʝʙʫʝʤʦʛʦ ʢʨʦʰʝʥʠʷ ʧʦʯʚʳ ʥʘ ʛʣʫʙʠʥʝ ʟʘʜʝʣʢʠ ʩʝʤʷʥ, ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʚʟʨʳʭʣʝʥʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ, ʚʳʨʘʚʥʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʛʣʫʙʠʥʳ ʦʙʨʘ-

ʙʦʪʢʠ ʧʦʯʚʳ. ɺʳʨʘʚʥʝʥʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ, ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʧʦʜ ʧʦʩʝʚ ʠ ʨʘʚʥʦʤʝʨʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʛʣʫʙʠʥʳ ʟʘʜʝʣʢʠ ʩʝʤʷʥ. ʂʘʯʝ-

ʩʪʚʝʥʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʧʦʟʚʦʣʷʝʪ ʙʦʣʴʰʠʥʩʪʚʦ ʩʝʤʷʥ ʨʘʩʧʨʝʜʝʣʠʪʴ ʨʘʚʥʦ-

ʤʝʨʥʦ ʥʘ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʛʣʫʙʠʥʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʩʭʦʜʦʚ 

ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ. ɺʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝ-

ʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʢʫʣʴʪʫʨ ʥʘ 20-30% ʠ ʩʥʠʞʝʥʠʶ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʩʨʝʜʩʪʚʘʭ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ. 
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ɸʥʥʦʪʘʮʠʷ. ʆʙʦʩʥʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʝʥʜʦʚ ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ 

ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʜʠʥʘʤʠʢʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ 

ʟʝʨʥʦʩʤʝʩʠ, ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʢ ʧʨʦʠʟʚʦʣʴʥʦʡ ʜʣʠʥʝ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʧʨʝʜʝʣʝʥʳ 

ʧʨʝʜʧʦʩʳʣʢʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʜʪʚʝʨʞʜʘ-

ʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʝʥʜʘ ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. ʆʙʦʩʥʦʚʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨ-

ʚʘʣʴʥʳʭ ʦʮʝʥʦʢ ʚʳʜʝʣʝʥʥʳʭ ʤʘʩʩ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ ʟʝʨʥʦʩʤʝʩʠ. ʇʦʣʫʯʝʥʳ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʠʟ ʟʝʨ-

ʥʦʩʤʝʩʠ ʩʪʘʥʜʘʨʪʥʳʤ ʠʣʠ ʧʨʦʝʢʪʠʨʫʝʤʳʤ ʷʯʝʠʩʪʳʤ ʮʠʣʠʥʜʨʦʤ ʧʨʦʠʟʚʦʣʴʥʦʡ ʜʣʠʥʳ. ʈʘʩ-

ʯʝʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩʢʦʨʦʩʪʠ ʦʩʝʚʦʛʦ ʩʤʝʱʝʥʠʷ ʩʝʛʤʝʥʪʘ, ʚʨʝʤʝʥʠ ʧʝʨʝʤʝ-

ʱʝʥʠʷ ʩʝʛʤʝʥʪʘ ʟʝʨʥʦʩʤʝʩʠ ʥʘ ʜʣʠʥʫ ʩʪʝʥʜʦʚʦʛʦ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʩ ʚʝʣʠʯʠʥʦʡ ʟʘʛʨʫʟʢʠ 

ʩʪʝʥʜʘ ʠ ʩʢʦʨʦʩʪʥʳʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʘ ʥʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦ-

ʬʝʩʩʦʨʘ ʃʝʪʦʰʥʝʚʘ ʄ.ʅ. ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʢʦ-

ʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʪʝʥʜʘ. ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʷʯʝʠʩʪʦʛʦ 

ʮʠʣʠʥʜʨʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʥʪʝʨʚʘʣʴʥʳʭ ʦʮʝʥʦʢ ʚʳʜʝʣʝʥʥʳʭ ʤʘʩʩ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫ-

ʨʳ ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʥʜʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʦʚʝʨʥʦ ʦʧʨʝʜʝʣʷʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʷʯʝʠʩʪʳʭ ʮʠʣʠʥʜʨʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʜʣʠʥʳ. ɺʳ-

ʙʨʘʥʥʳʡ ʜʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ (30é45 ʦʙ/ʤʠʥ) ʨʘʙʦʪʳ ʩʪʝʥʜʘ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩ-

ʩʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʧʨʝʜʝʣʘʭ 1,17é4,98 ʪ/ʯ, ʯʪʦ ʜʦ-

ʩʪʘʪʦʯʥʦ ʜʣʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʨʠʝʨʥʳʭ ʙʣʦʢʦʚ ʧʦ ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ ʨʘ-

ʙʦʪʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʩʭʦʜʥʳʭ ʩʚʦʡʩʪʚ ʟʝʨʥʦʩʤʝʩʠ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ: ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʠʥʳ ʠ ʜʣʠ-

ʥʳ ʩʚʦʙʦʜʥʦʡ ʯʘʩʪʠ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ ʟʝʨʥʘ ʩʭʦʜʦʤ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦ 

ʚʳʙʨʘʥʥʦʡ ʜʣʠʥʳ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ; ʜʠʥʘʤʠʢʠ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʧʦ ʜʣʠʥʝ ʨʘʙʦʯʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʉʪʝʥʜ, ʷʯʝʠʩʪʳʡ ʮʠʣʠʥʜʨ,ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʨʝʞʠʤ ʨʘʙʦʪʳ, ʠʥ-

ʪʝʨʚʘʣʴʥʳʝ ʦʮʝʥʢʠ ʚʳʜʝʣʝʥʥʳʭ ʤʘʩʩ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ, ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦ-

ʩʪʠ. 
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Annotation. The possibility of using cyclic action stands to reveal the dynamics of the continu-

ous process of isolating the grain of the main crop from a grain mix adapted to an arbitrary length 

of the cellular surface is justified. The prerequisites for the development of a method for identifying 

consumption characteristics, which confirm the possibility of reproducing a real technological pro-

cess using a cyclic action stand, are defined.The sequence of actions based on interval estimates of 

the allocated masses of the main crop grains from the grain mix is justified.Mathematical depend-

encies for calculating the productivity of grain separation from a grain mix using a standard or 

projected by a cylindrical barrel of arbitrary length are obtained. Calculated information on the 
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relationship between the speed of the axial displacement of the segment, the time of movement of 

the grain-mix segment to the length of the bench mesh cylinder with the load of the stand and the 

speed regime of operation was obtained on the basis of the generalization of the researches of Pro-

fessor M. Letoshnev. taking into account the properties of the working environment and the investi-

gated range of the high-speed mode of the stand. Calculation of the productivity of a standard mesh 

cylinder according to the results of interval estimates of the isolated masses of the main crop grains 

from a grain mix using a stand showed that the proposed method allows to reliably determine the 

productivity of mesh cylinders of arbitrary length. The selected speed range (30 ... 45 rpm) of the 

stand for process analysis provides a change in the flow characteristics within the limits of 1.17 ... 

4.98 t / h, which is sufficient for the controllability of existing trier units according to the perfor-

mance criteria in a wide range of initial properties grain mixture.Advantages of the proposed 

method are the ability to determine: the effective length and length of the free part of the cellular 

surface; the values of the grain loss for the randomly chosen length of the mesh cylinder; dynamics 

of grain separation along the length of the working surface. 

Keywords.Stand, cellular cylinder, performance, mode of operation, interval estimates of allo-

cated masses, sequence of actions, calculated dependencies. 

ɺʚʝʜʝʥʠʝ.ɼʣʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʳʜʝʣʝʥʠʷ ʜʣʠʥʥʳʭ ʠ ʢʦ-

ʨʦʪʢʠʭ ʧʨʠʤʝʩʝʡ ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʥʠʝ ʚʝʣʠʯʠʥʳ ʟʦʥʳ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʳʜʝʣʝʥʠʷ 

ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʦʚʩʶʞʥʳʤ ʮʠʣʠʥʜʨʦʤ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʥʘʩʪʨʦʝʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʠ ʩʢʦʨʦʩʪʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʩ ʪʝʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʫʧʨʘʚʣʷʝ-

ʤʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ ʩʭʦʜʦʤ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ. ʇʨʠ ʵʪʦʤ ʚʝ-

ʣʠʯʠʥʘ ʧʦʜʘʯʠ ʟʝʨʥʦʩʤʝʩʠ ʚ ʦʚʩʶʞʥʳʡ ʮʠʣʠʥʜʨ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʳʙʨʘʥʥʳʤ 

ʥʘʩʪʨʦʝʯʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʠ ʩʢʦʨʦʩʪʥʦʤʫ ʨʝʞʠʤʫ ʨʘʙʦʪʳ ʠ ʥʝ ʧʨʝʚʳʰʘʣʘ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʜʝ-

ʣʝʥʠʷ ʢʦʨʦʪʢʠʭ ʧʨʠʤʝʩʝʡ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʪʨʠʝʨʥʦʡ ʦʯʠʩʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʫʢʦʣʴʥʦʛʦ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ. ʕʪʠ ʟʥʘʥʠʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ, ʯʪʦ ʩʜʝʨʞʠʚʘʝʪ ʤʦ-

ʜʝʨʥʠʟʘʮʠʶ ʪʨʠʝʨʥʳʭ ʙʣʦʢʦʚ ʧʦ ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɺʦʟʤʦʞ-

ʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʧʦʷʚʠʣʘʩʴ ʩ ʩʦʟʜʘʥʠʝʤ ʚ ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʪʝʥʜʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʚʩʶʞʥʦʛʦ ʮʠʣʠʥʜʨʘ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʩʪʝʥʜʦʚ ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ.  

ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʘʟʦʚʳʝ ʧʦʣʦʞʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʪʨʠʝʨʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʯʘʩʪʥʳʝ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʯʝʠʩʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʩʦʟʜʘʥʥʦʝ 

ʩʪʝʥʜʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʧʝʮʠʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʪʝʥʜʦʚ ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ (ʧʘʪʝʥʪ ʈʌ 

ˉ 2616201) ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʷʯʝʠʩʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʢʦʤʧʘʢʪ-

ʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ; ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʨʘʙʦʪ; ʧʦʚʳʰʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʚʦʩ-

ʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʫʩʣʦʚʠʡ ʦʧʳʪʦʚ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʦʤ; ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʚʘʨʠʘʥʪ-

ʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʥʳ ʠʩʩʣʝʜʫʝʤʦʡ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; ʥʝ ʠʤʝʶʪ ʦʛʨʘ-

ʥʠʯʝʥʠʡ ʧʦ ʠʩʩʣʝʜʫʝʤʳʤ ʜʠʘʧʘʟʦʥʘʤ ʠʩʭʦʜʥʦʡ ʠ ʦʩʪʘʪʦʯʥʦʡ ʟʘʩʦʨʝʥʥʦʩʪʠ ʟʝʨʥʦʩʤʝʩʠ, ʫʛ-

ʣʘʤ ʚʳʙʨʦʩʘ ʯʘʩʪʠʮ ʠʟ ʷʯʝʡ, ʫʛʣʘʤ ʦʭʚʘʪʘ ʬʘʢʝʣʘ ʚʳʙʨʦʩʘ ʯʘʩʪʠʮ ʢʨʦʤʢʘʤʠ ʧʨʠʝʤʥʳʭ ʝʤʢʦ-

ʩʪʝʡ, ʟʘʟʦʨʘʤ ʤʝʞʜʫ ʢʨʦʤʢʘʤʠ ʧʨʠʝʤʥʳʭ ʝʤʢʦʩʪʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʷʯʝʠʩʪʦʛʦ 

ʮʠʣʠʥʜʨʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʥʘʤʠ ʩʪʝʥʜʘʤʠ (ʧʘʪʝʥʪʳ ʈʌ ˉˉ 2492940, 

2492941). 
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ʇʨʠ ʚʳʜʝʣʝʥʠʠ ʢʦʨʦʪʢʠʭ ʧʨʠʤʝʩʝʡ ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʩʪʝʥʜʘ ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʧʨʷʤʦʝ ʠʟʤʝʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (ʦʩʪʘʪʦʯʥʫʶ ʟʘʩʦʨʝʥʥʦʩʪʴ) ʚ ʧʨʦʠʟ-

ʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠ ʣʶʙʫʶ, ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʫʶ ʩʪʝʧʝʥʴ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʦʛʦ ʢʦʤ-

ʧʦʥʝʥʪʘ, ʪʘʢ ʢʘʢ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʧʳʪʘ ʥʝ ʦʛʨʘʥʠʯʝʥʘ, ʘ ʫʩʣʦʚʠʷ ʦʧʳʪʘ ʩʦʭʨʘʥʷʶʪʩʷ ï 

ʤʘʩʩʘ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʥʝ ʫʙʳʚʘʝʪ. 

ɺʳʜʝʣʝʥʠʝ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʩʪʝʥʜʦʤ ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ 

ʩ ʫʢʦʨʦʯʝʥʥʦʡ ʜʣʠʥʦʡ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʨʝʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʦ ʚʨʝʤʝʥʠ 

(t), ʪʘʢ ʢʘʢ ʚʝʩʴ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʫʤʝʥʴʰʝʥʠʝʤ ʪʦʣʱʝʥʳ (ʚʳʩʦʪʳ) ʩʝʛʤʝʥʪʘ ʟʝʨ-

ʥʦʩʤʝʩʠ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (h) ʜʦ ʥʫʣʝʚʦʛʦ. ʊʦ ʝʩʪʴ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦ-

ʩʪʠ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʥʳ 

ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʠ ʥʘʩʪʨʦʝʯʥʳʭ ʧʘʨʘ-

ʤʝʪʨʘʭ ï ʯʝʤ ʚʳʰʝ ʧʦʜʘʯʘ (
n

W ) ʟʝʨʥʦʩʤʝʩʠ ʚ ʷʯʝʠʩʪʳʡ ʮʠʣʠʥʜʨ, ʪʝʤ ʚʳʰʝ ʚʳʩʦʪʘ (h) ʩʝʛ-

ʤʝʥʪʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ʆʜʥʘʢʦ ʨʘʩʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ) ʥʝ ʠʥʚʘʨʠʘʥʪʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʥʳ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʝʣʠʥʝʡʥʦ ʩʚʷʟʘʥʘ ʩ 

ʥʝʡ, ʪʘʢ ʢʘʢ ʧʨʠ h Ÿ 0 ʢʦʥʪʘʢʪʠʨʫʶʱʘʷ ʩ ʷʯʝʷʤʠ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʨʥʦʚʦʛʦ ʩʣʦʷ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ 

ʫʩʣʦʚʠʷ ʟʘʭʚʘʪʘ ʟʝʨʥʦʚʦʢ ʷʯʝʷʤʠ ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʝʝ ʚʝʨʦʷʪʥʳʤʠ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ ʪʨʠʝʨʥʳʭ ʙʣʦʢʦʚ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʟʝʨ-

ʥʦʦʯʠʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤ ʤʝʪʦʜ ʠʜʝʥʪʠʬʠ-

ʢʘʮʠʠ ʝʝ ʚʝʣʠʯʠʥʳ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʝʥʜʦʚʳʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ. 

ʇʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʠʤʝʶʪʩʷ, ʠ ʦʥʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʪʝʥʜʦʤ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ; ʜʠʥʘʤʠʢʘ ʫʤʝʥʴʰʝʥʠʷ h 

ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʦ 0 ʧʨʠ ʟʘʜʘʥʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʠ ʥʘʩʪʨʦʝʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʠʜʝʥ-

ʪʠʯʥʘ ʚ ʨʝʘʣʴʥʳʭ ʠ ʩʪʝʥʜʦʚʳʭ ʫʩʣʦʚʠʷʭ; ʚʟʘʠʤʦʩʚʷʟʴ ʩʢʦʨʦʩʪʠ ʦʩʝʚʦʛʦ ʩʤʝʱʝʥʠʷ ʟʝʨʥʦʚʦʛʦ 

ʩʝʛʤʝʥʪʘ ʩ ʚʝʣʠʯʠʥʦʡ ʧʦʜʘʯʠ ʟʝʨʥʦʩʤʝʩʠ ʚ ʷʯʝʠʩʪʳʡ ʮʠʣʠʥʜʨ ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʦʬʝʩʩʦʨʦʤ ʃʝ-

ʪʦʰʥʝʚʳʤ ʄ.ʅ. ʠ ʜʨʫʛʠʤʠ ʫʯʝʥʳʤʠ [1-9]. 

ʉ ʫʯʝʪʦʤ ʠʟʣʦʞʝʥʥʳʭ ʧʨʝʜʧʦʩʳʣʦʢ ʜʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʝʪʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʣʦ-

ʛʠʯʥʦʡ ʠ ʦʙʦʩʥʦʚʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ: ʧʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʦʩʝ-

ʚʦʛʦ ʩʤʝʱʝʥʠʷ (ɡ) ʟʝʨʥʦʚʦʛʦ ʩʝʛʤʝʥʪʘ ʚ ʷʯʝʠʩʪʦʤ ʮʠʣʠʥʜʨʝ ʩ ʚʝʣʠʯʠʥʦʡ ʧʦʜʘʯʠ (
n

W ) ʟʝʨ-

ʥʦʩʤʝʩʠ ʚ ʥʝʛʦ ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʷ (tʠ), ʟʘ ʢʦʪʦʨʦʝ ʩʝʛʤʝʥʪ ʩʤʝʱʘʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ (lp), ʨʘʚʥʫʶ 

ʨʘʙʦʯʝʡ ʜʣʠʥʝ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʚ ʩʪʝʥʜʝ; ʧʦ ʰʢʘʣʝ ʚʨʝʤʝʥʠ ʜʣʷ ʢʘʞʜʦʡ ʚʳʷʚʣʝʥʥʦʡ 

ʬʫʥʢʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ qi = fi(t) ʧʨʠ ʟʘʜʘʥʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʠ ʥʘʩʪʨʦʝʯʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʩʪʝʥʜʘ ʦʧʨʝʜʝʣʠʪʴ ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ (tʠ) ʦʪ ʥʘʯʘʣʘ ʜʦ ʦʢʦʥʯʘʥʠʷ ʧʨʦ-

ʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ ʟʝʨʥʦʩʤʝʩʠ; ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ ʬʫʥʢʮʠʶ qi 

= fi(t) ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʝʝ ʠʥʪʝʨʚʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ( i
q ); ʩʣʦʞʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. 

ʉ ʫʯʝʪʦʤ ʠʟʣʦʞʝʥʥʦʛʦ ʚʳʰʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʠʣʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

() ( ),/

1

1

1ä ñ

=

= ù

ù

ú

ø

é

é

ê

è
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ê
ni

i
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ttdttqW                                                      (1) 

Wʚï ʠʥʪʝʥʩʠʚʥʦʩʪʴ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ) ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʨʝʘʣʴʥʳʤ 

(ʩʫʱʝʩʪʚʫʶʱʠʤ) ʠʣʠ ʧʨʦʝʢʪʠʨʫʝʤʳʤ ʷʯʝʠʩʪʳʤ ʮʠʣʠʥʜʨʦʤ ʜʣʠʥʦʡ Lʎ, ʪ/ʯ; 

i = 1, 2, 3énʢ, ʰʪ; 
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ên  ï ʢʨʘʪʥʦʩʪʴ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʠʥʳ ʨʝʘʣʴʥʦʛʦ ʠʣʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ 

ʠ ʨʘʙʦʯʝʡ ʜʣʠʥʳ (lp) ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʩʪʝʥʜʘ;  

qi(t) ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʧʦ ʚʨʝʤʝʥʠ 

tʚ i-ʦʤ ʠʥʪʝʨʚʘʣʝ, ʪ/ʯ; 

(
1+i

t ï
i

t ) ï ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʦʩʝʚʦʛʦ ʩʤʝʱʝʥʠʷ ʩʝʛʤʝʥʪʘ ʟʝʨʥʦʩʤʝʩʠ ʚ ʷʯʝʠʩʪʦʤ ʮʠʣʠʥ-

ʜʨʝ ʧʨʠ ʧʦʜʘʯʝ Wn, ʩ. 

ɺʝʣʠʯʠʥʘ Wʚʩʚʷʟʘʥʘ ʩ ʚʝʣʠʯʠʥʦʡ ʧʦʜʘʯʠ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

Wʚ = Wn ï Wʩʭ,                                                                           (2) 

ʛʜʝ Wʩʭ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʭʦʜʘ ʟʝʨʥʦʩʤʝʩʠ ʩ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪ/ʯ. 

ɺʝʣʠʯʠʥʘ lp ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

lp = lʮʩ ï bʦʙ ï 3ʊ = 0,5 ï 0,02 ï 0,01 = 0,47ʤ,                                       (3) 

ʛʜʝ lʮʩ ï ʜʣʠʥʘ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʩʪʝʥʜʘ, ʤ; bʦʙ ï ʰʠʨʠʥʘ ʦʙʝʯʘʡʢʠ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʝʡ 

ʧʨʠʩʪʝʥʥʳʡ ʵʬʬʝʢʪ, ʤ; 3ʊ ï ʪʦʨʮʝʚʦʡ ʟʘʟʦʨ ʤʝʞʜʫ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʝʥʢʦʡ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʠ 

ʛʣʫʭʦʡ ʩʪʝʥʢʦʡ ʩʪʝʥʜʘ, ʤ. 

ɼʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ Lʮ = 2,2 ʤ, ʪʦʛʜʘ ʚʝʣʠʯʠʥʘ nʢ ʙʫʜʝʪ 

nʢ = Lʮ / lp= 2,2/0,47 å 4,7.                                                   (4) 

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʨʦʬʝʩʩʦʨʘ ʃʝʪʦʰʥʝʚʘ ʄ.ʅ. ʩʢʦʨʦʩʪʴ ʦʩʝʚʦʛʦ ʩʤʝʱʝʥʠʷ ʩʝʛ-

ʤʝʥʪʘ (ɡ) ʟʝʨʥʦʩʤʝʩʠ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʜʘʯ 
n

W = 1,2é5 ʪ/ʯ ʧʨʠ ʚʝʣʠʯʠʥʝ ʫʛʣʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʦʪʢʦʩʘ ʟʝʨʥʘ ɓ = 38é400 ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,0406é0,0821 ʤ/ʩ. ɼʠʘʧʘʟʦʥ ʫʛʣʦʚ ʚʥʫʪʨʝʥ-

ʥʝʛʦ ʪʨʝʥʠʷ ɓ = 38é400 ʠ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʜʠʘʧʘʟʦʥʘ ʩʢʦʨʦʩʪʝʡ ʦʩʝʚʦʛʦ ʩʤʝʱʝʥʠʷ ʟʝʨʥʦʚʦʛʦ 

ʩʝʛʤʝʥʪʘ ʚ ʷʯʝʠʩʪʦʤ ʮʠʣʠʥʜʨʝ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʝʪ ʚ ʘʥʘʣʠʟʝ ʨʘʙʦʪʳ ʪʨʠʝʨʦʚ ʧʨʦʬʝʩʩʦʨ ʃʝ-

ʪʦʰʥʝʚ ʄ.ʅ., ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʘ ï ʥʘ ʫʨʦʚʥʝ 40%. ʋʯʠʪʳʚʘʷ 

ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʥʘʤʠ ʟʝʨʥʘ (ɓ = 24,80; W =13%) ʜʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ ʫʛʣʦʚʦʛʦ ʩʤʝʱʝ-

ʥʠʷ ʩʝʛʤʝʥʪʘ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ (ɡ = 0,0325é0,050 ʤ/ʩ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ 

ʧʦʜʘʯʠ (
n

W ) ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʘ w  = 3,13é4,7 ʨʘʜ/ʩ (30é45 ʦʙ/ʤʠʥ). 

ʉʢʦʨʦʩʪʴ ʦʩʝʚʦʛʦ ʩʝʛʤʝʥʪʘ ʟʝʨʥʘ ʚ ʷʯʝʠʩʪʦʤ ʮʠʣʠʥʜʨʝ ʩ ʧʦʜʘʯʝʡ ʚ ʥʝʛʦ ʩʚʷʟʘʥʘ ʣʠʥʝʡʥʦ, 

ʘ ʧʦʜʘʯʘ(
n

W )ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʝʣʠʯʠʥʝ ʟʘʛʨʫʟʢʠ ʩʪʝʥʜʘ. ɺʟʘʠʤʦʩʚʷʟʴ ʚʝʣʠʯʠʥ ʟʘ-

ʛʨʫʟʢʠ ʩʪʝʥʜʘ (mʥ) ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʘ (n) ʩʦ ʩʢʦʨʦʩʪʴʶ (ɡ) ʠ ʚʨʝʤʝʥʝʤ ʧʝʨʝʤʝ-

ʱʝʥʠʷ ʩʝʛʤʝʥʪʘ (æt) ʥʘ ʜʣʠʥʝ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ lʨ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1 

æt =ti+1 - ti. 

ʊʘʙʣʠʮʘ 1 - ɺʟʘʠʤʦʩʚʷʟʴ ɡ ʠ æt  ʩ mʥ ʠn 

ʉʢʦʨʦʩʪʴ ʚʨʘʱʝ-

ʥʠʷ ʮʠʣʠʥʜʨʘ (n), 

ʦʙ/ʤʠʥ 

ʉʢʦʨʦʩʪʴ (ɡ, ʤ/ʩ) 

ʠ ʚʨʝʤʷ (æt, ʩ) ʧʝʨʝʤʝ-

ʱʝʥʠʷ ʩʝʛʤʝʥʪʘ  

ɺʝʣʠʯʠʥʘ ʟʘʛʨʫʟʢʠ ʩʪʝʥʜʘ (mʥ), ʢʛ 

7 9 11 13 

1 2 3 4 5 6 

30 ɡ 0,0218 0,0257 0,0295 0,0335 

æt 21,6 18,3 15,9 14,0 

35 ɡ 0,0254 0,0299 0,0344 0,039 

æt 18,5 15,7 13,7 12,1 

40 ɡ 0,0289 0,0341 0,0392 0,0445 

æt 16,3 13,8 12,0 10,6 

45 ɡ 0,0325 0,0383 0,0441 0,050 

æt 14,5 12,3 10,66 9,4 
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ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1, ʧʨʦʚʝʨʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʙʦʨʦʯ-

ʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʩʪʝʥʜʦʚʦʛʦ ʚʦʩʧʨʦʠʟʚʝ-

ʜʝʥʠʷ ʜʠʥʘʤʠʢʠ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʘʜʝʢʚʘʪʥʘ ʨʝʘʣʴʥʦʤʫ 

ʧʨʦʮʝʩʩʫ. ɺ ʩʪʝʥʜʝ ʨʝʘʣʠʟʫʝʪʩʷ ʠʜʝʥʪʠʯʥʳʡ ʨʝʘʣʴʥʦʤʫ ʧʨʦʮʝʩʩ ʚʳʥʦʩʘ ʟʝʨʥʦʚʦʢ ʠʟ ʩʝʛʤʝʥʪʘ 

ʠʩʭʦʜʥʳʭ ʨʘʟʤʝʨʦʚ ʜʦ ʥʫʣʝʚʳʭ. ʈʘʟʤʝʨʳ ʩʝʛʤʝʥʪʘ ʧʦ ʰʠʨʠʥʝ ʥʝ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ, ʠʤ ʚʩʝʛʜʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʪʘʢʪʠʨʫʶʱʘʷ ʜʣʠʥʘ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʧʣʦʪʥʦʩʪʴʶ ʨʘʟ-

ʤʝʱʝʥʠʷ ʷʯʝʡ. ʆʜʥʘʢʦ, ʧʨʦʚʝʨʦʯʥʳʤʠ ʤʦʛʫʪ ʙʳʪʴ ʪʦʣʴʢʦ ʪʝ ʨʝʘʣʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʛʜʝ 

ʚʳʜʝʣʝʥʥʳʝ ʟʝʨʥʦʚʢʠ ʧʦʣʥʦʩʪʴʶ ʧʦʧʘʜʘʶʪ ʚ ʦʪʚʦʜʥʦʡ ʣʦʪʦʢ, ʘ ʩʭʦʜ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʨʠ ʥʘʣʠ-

ʯʠʠ ʩʭʦʜʘ ʠʩʧʦʣʴʟʫʶʪ ʫʨʘʚʥʝʥʠʝ 2. 

ʕʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʠʟʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ: mʥ = 13 ʢʛ; n = 45 

ʦʙ/ʤʠʥ; ɔʧ* = 300. ɺʳʜʝʣʝʥʥʳʝ ʤʘʩʩʳ ʟʝʨʥʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ 3 ʩ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʀʩʧʦʣʴʟʫʷ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1), ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʩʦʦʪʥʦʰʝ-

ʥʠʝ (4) ʠ ʜʦʧʫʩʢʘʷ æt = 9 ʩ, ʚʳʜʝʣʷʝʤ 5 ʠʥʪʝʨʚʘʣʦʚ ʦʮʝʥʢʠ ʩʣʘʛʘʝʤʳʭ Wʚ: ʚ ʧʝʨʚʳʭ 4
ʭ ʧʦ ʪʨʠ 

ʟʘʤʝʨʘ; ʚ ʧʦʩʣʝʜʥʝʤ - 2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʷ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʦʮʝ-

ʥʦʯʥʳʤ ʠʥʪʝʨʚʘʣʘʤ: 0,76; 0,40; 0,18; 0,03; 0,008 ʢʛ/ʩ. ʇʨʦʠʟʚʦʜʷ ʩʣʦʞʝʥʠʝ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝ-

ʥʠʶ (1), ʧʦʣʫʯʠʤ Wʚ = 1,378 ʢʛ/ʩ = 4,96 ʪ/ʯ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʩʝʡ ʜʣʠʥʳ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ, ʧʦʣʥʦʤ ʦʪʚʦʜʝ ʚʳʜʝʣʝʥʥʳʭ ʤʘʩʩ ʚ ʣʦʪʦʢ ʠ ʚʳʩʦʢʦʤ ʩʢʦ-

ʨʦʩʪʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ (n = 45 ʦʙ/ʤʠʥ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʤʠʥʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-

ʩʪʠ. 

ʊʘʙʣʠʮʘ 2 - ɼʠʥʘʤʠʢʘ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ ʟʝʨʥʦʩʤʝʩʠ  

ʧʨʠ mʥ = 13 ʢʛ; n = 45 ʦʙ/ʤʠʥ; ɔʧ =300 

ˉ ʟʘʤʝ-

ʨʦʚ ʩ ʠʥ-

ʪʝʨʚʘ- 

ʣʦʤ 3 ʩ 

1 

 

2 3 4 5 6 7 8 9 10 11 12 13 14 

ɺʳʜʝ-

ʣʝʥʥʘʷ 

ʤʘʩʩʘ ʧʦ 

ʠʥʪʝʨʚʘ-

ʣʘʤ, ʢʛ 

3,01 2,23 1,45 1,36 1,18 1,08 0,8 0,56 0,28 0,14 0,09 0,05 0,04 0,03 

*ɔʧ ï ʫʛʦʣ ʧʦʜʲʝʤʘ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʦʚʝʨʥʦ ʦʧʨʝʜʝʣʷʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʷʯʝʠʩʪʳʭ ʮʠʣʠʥʜʨʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʜʣʠʥʳ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ 

ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʥʜʘ ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ ʟʘ-

ʢʣʶʯʘʶʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ: ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʠʥʳ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ; ʜʣʠʥʳ ʩʚʦʙʦʜʥʦʡ ʯʘʩʪʠ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ ʟʝʨʥʘ ʩʭʦʜʦʤ ʜʣʷ 

ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʦʡ ʜʣʠʥʳ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ; ʜʠʥʘʤʠʢʠ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʧʦ ʜʣʠʥʝ 

ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʠ ʟʘʜʘʯʠ ʨʝʰʝʥʳ ʚʧʝʨʚʳʝ ʚ ʤʠʨʦʚʦʤ ʦʧʳʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʯʝʠʩʪʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. 
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ʌɻɹʅʋ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ,ʛ.ʊʘʤʙʦʚ 

 

ɸʥʥʦʪʘʮʠʷ. ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʜʣʷ ʚʘʨʠʘʪʠʚʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ 

ʦʚʩʶʞʥʦʛʦ ʮʠʣʠʥʜʨʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʨʠʝʨʥʦʛʦ ʙʣʦʢʘ ʥʘ ʦʩʥʦʚʝ ʙʘʣʘʥʩʘ ʧʦʜʘʯʠ ʟʝʨʥʦʩʤʝʩʠ ʚ 

ʷʯʝʠʩʪʳʡ ʮʠʣʠʥʜʨ (ʗʎ) ʠ ʦʪʚʦʜʠʤʳʭ ʠʟ ʥʝʛʦ ʧʦʪʦʢʦʚ ʟʝʨʥʘ ʠ ʧʨʠʤʝʩʝʡ. ʀʩʩʣʝʜʦʚʘʣʠ ʚ ʜʠ-

ʥʘʤʠʢʝ ʧʘʨʘʤʝʪʨʳ ʗʎ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʌɻɹʅʋ ɺʅʀʀʊʠʅ ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʴʩʢʠʭ ʩʪʝʥʜʦʚ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʠʩʧʦʣʴʟʫʷ ʙʘʟʦʚʳʝ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʪʨʠʝʨʦʚ. 

ʆʧʨʝʜʝʣʝʥʘ ʜʦʧʫʩʪʠʤʘʷ ʚʝʣʠʯʠʥʘ ʧʦʜʘʯʠ ʟʝʨʥʦʩʤʝʩʠ ʚ ʩʪʘʥʜʘʨʪʥʳʡ ʗʎ ʧʦ ʚʝʣʠʯʠʥʝ ʟʘʛʨʫʟ-

ʢʠ ʩʪʝʥʜʘ, ʩʢʦʨʦʩʪʠ ʦʩʝʚʦʛʦ ʩʤʝʱʝʥʠʷ ʩʝʛʤʝʥʪʘ ʟʝʨʥʦʩʤʝʩʠ ʠ ʜʣʠʥʝ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʝʥʜʘ. ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʪʘʥʜʘʨʪʥʦʛʦ ʗʎ ʩʦʩʪʘʚʣʷʝʪ 1,17-4,98 

ʪ/ʯ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʗʎ ʩʪʝʥʜʘ ʚ ʜʠʘʧʘʟʦʥʝ 30-45 ʦʙ/ʤʠʥ ʠ ʚʝʣʠʯʠʥʳ ʟʘ-

ʛʨʫʟʢʠ 7-13 ʢʛ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʘʛʨʫʟʢʠ ʩʪʝʥʜʘ ʚ ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2,85 ʨʘʟʘ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʦʩʪʘʣʴʥʳʭ ʬʘʢʪʦʨʘʭ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦ-

ʩʪʠ ʚʨʘʱʝʥʠʷ ï ʚ 1,49 ʨʘʟʘ. ʇʦʣʫʯʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥʳ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʗʎ ʠ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ ʩʭʦʜʦʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥ-

ʢʠ ʨʘʩʭʦʜʥʳʭ ʩʪʝʥʜʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. ʇʦʣʫʯʝʥʳ ʫʨʘʚʥʝ-

ʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʩʝʯʝʥʠʠ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʗʎ ʧʦ ʚʝʣʠʯʠʥʝ ʦʩʪʘʪʦʯʥʦʡ ʤʘʩʩʳ ʟʝʨʥʦʩʤʝʩʠ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʩʨʝʜʠʥʫ i-ʪʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʡ ʩ ʫʯʝʪʦʤ ʩʢʦʨʦʩʪʠ ʦʩʝʚʦʛʦ ʩʤʝʱʝʥʠʷ ʩʝʛʤʝʥʪʘ, ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʟʝʨʥʦʩʤʝʩʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʝʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʟʫʧʣʦʪʥʝʥʠʷ. ɺʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʠ ʟʝʨʥʦʩʤʝʩʠ ʨʘʟʤʝʱʝʥʥʦʡ ʚ 

ʦʙʲʝʤʝ ʠ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʠ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʦʜʠʥ ʩʣʦʡ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʦʤʫ ʧʨʦʮʝʩʩʫ ʧʦʩʣʦʡʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʟʝʨʥʦʚʦʢ ʚ ʩʝʛʤʝʥʪʝ ʧʨʠ ʚʨʘʱʝ-

ʥʠʠ ʗʎ. ɺʳʷʚʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʠ ʧʦʣʫʯʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʪʨʠʝʨʘ ʩ ʮʝʣʴʶ ʫʧʨʘʚʣʝ-

ʥʠʷ ʧʨʦʮʝʩʩʦʤ ʦʯʠʩʪʢʠ ʟʝʨʥʦʩʤʝʩʝʡ ʧʦ ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʧʦʜʲʝʤʘ 

ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʠ ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʧʦʩʣʝʜʥʝʡ ʠ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʗʯʝʠʩʪʳʡ ʮʠʣʠʥʜʨ,ʜʠʥʘʤʠʢʘ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ, ʨʘʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ, ʨʝʞʠʤʳ ʨʘʙʦʪʳ, ʩʚʦʙʦʜʥʘʷ ʨʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʦʪʝʨʠ ʩʭʦʜʦʤ, ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʘʷ ʥʘʜʝʞʥʦʩʪʴ. 
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Annotation. The conditions for the variational comparison of the parameters of the oviposition 

cylinder of a standard trier block on the basis of the balance of feeding the grain mixture in a cellu-

lar cylinder (JC) and the grain and impurity fluxes removed from it are determined.The parameters 

of the JC using the research stands and measuring instruments developed in the FGBNU of 

VNIITiN, using the basic provisions of the theory of trier, were investigated in dynamics.The per-

missible value of the grain mix to the standard fuel cell as to the size of the loading of the stand, the 

speed of the axial displacement of the grain-mix segment and the length of the mesh surface of the 

stand is determined.The identified performance of the standard JC is 1.17-4.98 t / h with a change 

in the speed of rotation of the JT stand in the range of 30-45 rpm and the load in the range of 7-13 

kg. The productivity increases by 2.85 times with the increase of the load of the stand in the speci-

fied range with fixed other factors, with an increase in the rotation speed - by 1.49 

times.Mathematical dependencies for determining the length of the free surface of the standard JC 

and the magnitude of the losses by withdrawal caused by the results of the evaluation of the ex-

penditure bench characteristics under various operating conditions have been obtained. Equations 

for estimating the equivalent productivity in an arbitrary cross-section of the standard fuel cell in 

terms of the residual mass of the grain mixture attributable to the middle of the i-th time interval of 

measurements taking into account the speed of the axial displacement of the segment, the bulk den-

sity of the grain mixture and the coefficient of its dynamic decompression are obtained.The value of 

the decompaction factor is determined from the ratio of the bulk density of the grain mix placed in 

the volume, and the bulk density of the main crop grains placed in one layer, which corresponds to 

the real process of layer-by-layer circulation of grain in the segment under rotation of the JC.The 

sequence of experiments was determined and functional dependencies were obtained to determine 

the technological reliability of the triere operation in order to control the process of cleaning the 

grain mixes according to the quality criteria by changing the elevation angle of the upper edge of 

the front wall of the output chute and the radial clearance between the last and inner surface of the 

mesh cylinder. 

Keywords.Cellular cylinder, the dynamics of grain separation, consumption characteristics, 

operating modes, free working surface, loss by withdrawal, technological reliability. 

 

ɺʚʝʜʝʥʠʝ.ɹʘʣʘʥʩ ʧʦʜʘʯʠ ʟʝʨʥʦʩʤʝʩʠ ʚ ʷʯʝʠʩʪʳʡ ʮʠʣʠʥʜʨ ʪʨʠʝʨʘ ʠ ʦʪʚʦʜʠʤʳʭ ʠʟ ʥʝʛʦ 

ʧʦʪʦʢʦʚ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠ ʧʨʠʤʝʩʝʡ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘ ʧʨʝʜʧʨʦʝʢʪʥʦʤ 

ʵʪʘʧʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʘʷ ʙʘʟʘ ʟʥʘʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠ-

ʥʳ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʠ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ ʩʭʦʜʦʤ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʝ-

ʞʠʤʘʭ ʨʘʙʦʪʳ ʠ ʥʘʩʪʨʦʝʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʪʨʠʝʨʘ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ 

ʢʘʯʝʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ.  ɹʝʟ ʩʧʝʮʠʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʣʴʟʷ ʦʧʨʝʜʝʣʠʪʴ 
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ʫʙʳʚʘʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʩʝʛʤʝʥʪʘ ʟʝʨʥʦʩʤʝʩʠ ʧʦ ʜʣʠʥʝ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʘ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ 

ʪʨʠʝʨʘ ʚ ʜʠʥʘʤʠʢʝ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. 

ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʷʯʝʠʩʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʌɻɹʅʋ ɺʅʀʀʊʠʅ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʩʪʝʥʜʦʚ [1, 2] ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠ-

ʙʦʨʦʚ, ʠʩʧʦʣʴʟʫʷ ʙʘʟʦʚʳʝ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʪʨʠʝʨʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʀʩʩʣʝʜʫʷ ʧʨʦʮʝʩʩ ʩʪʝʥʜʦʚʦʛʦ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ 

ʢʫʣʴʪʫʨʳ ʠʟ ʟʝʨʥʦʩʤʝʩʠ, ʚ ʰʠʨʦʢʠʭ ʜʠʘʧʘʟʦʥʘʭ ʠʟʤʝʥʷʣʠ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ: ʩʢʦʨʦʩʪʥʦʡ 

ʨʝʞʠʤ ʨʘʙʦʪʳ (n); ʤʘʩʩʫ ʥʘʚʝʩʢʠ (mʥ); ʫʛʦʣ ʧʦʜʲʝʤʘ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ (ɔn). 

ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʮʝʥʢʠ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝ-

ʘʣʴʥʦʛʦ (ʩʪʘʥʜʘʨʪʥʦʛʦ) ʮʠʣʠʥʜʨʘ ʨʝʘʣʠʟʫʝʪʩʷ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦ: ʠʥʪʝʛʨʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ (Wɺ) ʠʟ ʩʝʛʤʝʥʪʘ ʟʝʨʥʦʩʤʝʩʠ ʨʘʚʥʘ ʚʝʣʠʯʠʥʝ ʧʦʜʘʯʠ (Wʧ) ʠ 

ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʚʩʝʡ ʜʣʠʥʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʠ ʧʦʣʥʦʤ ʦʭʚʘʪʝ ʬʘʢʝʣʘ ʟʝʨʥʦ-

ʚʦʢ ʢʨʦʤʢʘʤʠ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ; ʠʥʪʝʛʨʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʳʚʝʜʝʥʠʷ ʟʝʨʥʦʚʦʢ ʚʳ-

ʨʘʚʥʠʚʘʝʪʩʷ ʩ Wʧ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ < 4,7æt; ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʚ 

ʦʧʳʪʝ ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ 4,7ætʠʟ-ʟʘ ʥʠʟʢʦʛʦ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʠ (ʠʣʠ) ʟʘʚʳʰʝʥʥʦʛʦ ɔn. 

ɺʝʣʠʯʠʥʘ (4,7æt) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʤʝʱʝʥʠʷ ʩʝʛʤʝʥʪʘ ʟʝʨʥʦʩʤʝʩʠ ʥʘ 

ʚʝʣʠʯʠʥʫ ʜʣʠʥʳ (L) ʩʪʘʥʜʘʨʪʥʦʛʦ ʮʠʣʠʥʜʨʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥʘʭ mʥʠ n. ɺʨʝʤʷ 

ætʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʤʝʱʝʥʠʷ ʩʝʛʤʝʥʪʘ ʥʘ ʜʣʠʥʫ ʩʪʝʥʜʦʚʦʛʦ ʷʯʝʠʩʪʦʛʦ ʮʠ-

ʣʠʥʜʨʘ (lʮʩ), ʘ (4,7) ʷʚʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤL/ lʮʩ. 

ʕʪʠʤ ʚʘʨʠʘʥʪʘʤ ʩʪʝʥʜʦʚʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʘʨʠʘʥ-

ʪʳ ʧʦʣʥʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʠʥʳ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʣʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ 

ʪʨʠʝʨʘ: ʜʣʠʥʘ ʜʦʩʪʘʪʦʯʥʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʠ ʩʭʦʜʘ ʥʝʪ; ʜʣʠʥʘ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʘʩʪʠʯʥʦ; ʜʣʠʥʘ ʥʝʜʦʩʪʘʪʦʯʥʘ, ʩʭʦʜ ʟʝʨʥʘ ʠʤʝʝʪʩʷ [3 - 5]. 

ɸʥʘʣʠʟ ʫʢʘʟʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʦ ʩʪʝʥʜʦʚʳʤ ʨʝʘʣʠʟʘʮʠʷʤ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʠ ʥʘʩʪʨʦʝʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʢʘʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ (ʧʦʪʝʨʠ, ʦʩʪʘʪʦʯʥʘʷ ʟʘʩʦʨʝʥʥʦʩʪʴ) ʠ ʝʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʨʠ ʫʩʣʦʚʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʪʘʥʜʘʨʪʥʦʤʫ 

ʪʨʠʝʨʫ: 
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                             (1) 

ʛʜʝ tʦ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʪʝʥʜʦʚʦʛʦ ʦʧʳʪʘ, ʩ; lʩʚ ï ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʡ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ, ʤ. 

ɺʝʣʠʯʠʥʘ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʦʜʘʯʠ (Wʧ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

Wʧ = Sɡɟ,                                                            (2) 

ʛʜʝ S ï ʧʣʦʱʘʜʴ ʠʩʭʦʜʥʦʛʦ ʩʝʛʤʝʥʪʘ ʧʨʠ ʟʘʛʨʫʟʢʝ ʩʪʝʥʜʘ ʥʘ ʚʝʣʠʯʠʥʫ mʥ, ʤ
2; ɡ ï ʩʢʦ-

ʨʦʩʪʴ ʦʩʝʚʦʛʦ ʩʤʝʱʝʥʠʷ ʩʝʛʤʝʥʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ mʥʠ n, ʤ/ʩ;ɟ ï ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʝʨʥʦʩ-

ʤʝʩʠ, ʢʛ/ʤ3. 

S = mʥ / lʮʩ ɟ.                                                        (3) 

ʊʦʛʜʘ ʬʦʨʤʫʣʘ (2) ʧʨʠʤʝʪ ʚʠʜ:  

Wʧ = mʥɡ / lʮʩ,                                                   (4) 

ʛʜʝ lʮʩ ï ʨʘʙʦʯʘʷ ʜʣʠʥʘ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʩʪʝʥʜʘ, ʤ. 



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

 

~30~ 

ʉʢʦʨʦʩʪʴ ʦʩʝʚʦʛʦ ʩʤʝʱʝʥʠʷ (ɡ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ n ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʜʘʥʥʳʤ ʧʨʦʬʝʩʩʦʨʘ 

ʃʝʪʦʰʥʝʚʘ ʄ.ʅ. [6, 7]. ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ Wʧ ʜʣʷ ʨʘʟʣʠʯʥʳʭ mʥ ʠ n ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ɺʟʘʠʤʦʩʚʷʟʴ Wʧ ʩ mʥ ʠ nʧʨʠ lʮʩ = 0,47 ʤ. 

ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʘ 

ʩʪʝʥʜʘ (n), ʦʙ/ʤʠʥ 

ɺʝʣʠʯʠʥʘ ʟʘʛʨʫʟʢʠ ʩʪʝʥʜʘ (mʥ), ʢʛ 

7 9 11 13 

30 0,325/1,17 0,492/1,77 0,69/2,49 0,926/3,34 

35 0,378/1,36 0,572/2,06 0,805/2,9 1,08/3,88 

40 0,43/1,55 0,653/2,35 0,917/3,3 1,23/4,43 

45 0,484/1,74 0,733/2,64 1,03/3,72 1,38/4,98 

 

ɺ ʪʘʙʣʠʮʝ 1 ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʧʦʜʘʯʘ ʟʝʨʥʦʩʤʝʩʠ ʚ ʷʯʝʠʩʪʳʡ ʮʠʣʠʥʜʨ ʩʪʝʥʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚ ʨʘʟʥʳʭ ʨʘʟʤʝʨʥʦʩʪʷʭ: ʚ ʯʠʩʣʠʪʝʣʝ ï ʢʛ/ʩ; ʚ ʟʥʘʤʝʥʘʪʝʣʝ ï ʪ/ʯ. 

ʇʝʨʚʦʝ ʫʩʣʦʚʠʝ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ (1) ʜʣʷ ʘʥʘʣʠʟʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩʘ ï ʧʦʪʝʨʠ ʟʝʨ-

ʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʩʭʦʜʦʤ ʦʪʩʫʪʩʪʚʫʶʪ, ʩʚʦʙʦʜʥʦʡ ʜʣʠʥʳ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (lʩʚ) 

ʥʝʪ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʨʠʩʢʠ ʟʘʭʚʘʪʘ ʷʯʝʷʤʠ ʜʣʠʥʥʳʭ ʯʘʩʪʠʮ ʠ ʠʭ ʧʦʜʘʯʠ ʚ ʣʦʪʦʢ ʩ ʯʠʩʪʳʤ ʟʝʨ-

ʥʦʤ. 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʦ 2-ʤʫ ʫʩʣʦʚʠʶ ʚʳʜʝʣʝʥʠʝ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʟʘ-

ʚʝʨʰʘʝʪʩʷ ʨʘʥʴʰʝ ʥʘ ʚʝʣʠʯʠʥʫ ʚʨʝʤʝʥʠ (4,7æt ï tʦ), ʘ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʡ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

lʩʚ = ɡ(4,7æt ï tʦ).                                                      (5) 

ɺʝʣʠʯʠʥʳ ɡ ʠ æt ʚʳʙʠʨʘʶʪʩʷ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʪʝʥʜʘ, ʘ ʟʥʘʯʝʥʠʷ 

tʦï ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘʣʠʯʠʝ ʩʚʦʙʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʷʯʝʠʩʪʦʛʦ 

ʮʠʣʠʥʜʨʘ ʜʣʠʥʦʡ lʩʚ ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʣʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʪʨʠʝʨʥʦʛʦ ʙʣʦʢʘ ʩʦʟʜʘʝʪ ʨʠʩʢʠ ʫʚʝ-

ʣʠʯʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʟʘʩʦʨʝʥʥʦʩʪʠ ʟʝʨʥʦʩʤʝʩʠ. ʅʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʜʣʠʥʥʳʝ ʧʨʠʤʝʩʥʳʝ ʯʘʩʪʠʮʳ, 

ʦʙʣʘʜʘʷ ʩʚʷʟʥʦʩʪʴʶ, ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʷʯʝʷʤʠ ʠ ʧʦʜʘʶʪʩʷ ʚ ʚʳʚʦʜʥʦʡ ʣʦʪʦʢ ʩ ʯʠʩʪʳʤ ʟʝʨʥʦʤ. 

ʇʦʵʪʦʤʫ ʦʮʝʥʢʘ ʧʨʦʮʝʩʩʘ ʧʦ 2-ʤʫ ʫʩʣʦʚʠʶ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʚʝʩʴʤʘ ʟʥʘʯʠʤʘ. 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʧʦ 3-ʤʫ 

ʫʩʣʦʚʠʶ ʩʦʦʪʥʦʰʝʥʠʡ (1) ʥʝʠʟʙʝʞʥʳ ʧʦʪʝʨʠ (ʇ) ʧʦʣʥʦʮʝʥʥʦʛʦ ʟʝʨʥʘ ʩʭʦʜʦʤ. ʀʭ ʚʝʣʠʯʠʥʫ 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝʤ: 
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ʇʨʠ ʟʘʚʝʨʰʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ, ʢʦʛʜʘ ʩʫʤʤʘʨʥʘʷ ʚʳʜʝʣʝʥʥʘʷ ʤʘʩʩʘ ʟʝʨʥʘ             

mʚ× å mʥ ï mʧʨ(ʯʘʩʪʴ ʧʨʠʤʝʩʝʡ ʧʦʧʘʜʘʝʪ ʚ ʟʝʨʥʦ), ʧʦʢʘʟʘʪʝʣʴ ʧʦʪʝʨʴ ʟʝʨʥʘ ʩʭʦʜʦʤ ʤʦʞʥʦ ʨʘʩ-

ʩʯʠʪʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ: 
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ʛʜʝ ʢ1 ï ʯʠʩʣʦ ʚʳʜʝʣʝʥʥʳʭ ʥʘʚʝʩʦʢ ʟʘ ʚʨʝʤʷ 4,7æt, ʰʪ; t3 ï ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʟʘʤʝʨʦʚ 

ʚʳʜʝʣʝʥʥʳʭ ʥʘʚʝʩʦʢ, ʩ; ʢ×ï ʯʠʩʣʦ ʚʳʜʝʣʝʥʥʳʭ ʥʘʚʝʩʦʢ ʟʘ ʚʨʝʤʷ tʦ, h ʪ; mʧʨï ʤʘʩʩʘ ʧʨʠʤʝʩʠ ʚ 

mʥ, ʢʛ. 

ʇʦʢʘʟʘʪʝʣʴ ʧʦʪʝʨʴ ʧʦʣʥʦʮʝʥʥʦʛʦ ʟʝʨʥʘ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʩʪʠʛʘʝʪ 20 

-25%. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʩʦʢʨʘʱʝʥʳ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ, ʧʦʜʘʯʠ 



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

 

~31~ 

ʟʝʨʥʦʩʤʝʩʠ ʚ ʷʯʝʠʩʪʳʡ ʮʠʣʠʥʜʨ ʠ ʫʛʣʘ ʧʦʜʲʝʤʘ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ. ɺ ʵʪʦʤ 

ʥʘʙʦʨʝ ʨʝʰʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚʘʞʥʝʡʰʠʡ ʨʝʟʝʨʚ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ. 

ʉʪʝʥʜʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʦʙʲʝʢʪʠʚʥʫʶ ʨʘʩʭʦʜʥʫʶ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʫ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʧʦ ʚʨʝʤʝʥʠ. ɺʟʘʠʤʦʩʚʷʟʴ ʨʘʩʭʦʜʥʦʡ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʚʨʝʤʝʥʠ (Wʚ) ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʩʝʚʦʛʦ ʩʤʝʱʝʥʠʷ ʟʝʨʥʦʚʦʛʦ ʩʝʛʤʝʥʪʘ ʚ ʷʯʝʠ-

ʩʪʦʤ ʮʠʣʠʥʜʨʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʝ ʧʨʠʚʷʟʢʫ ʢ ʜʣʠʥʝ ʮʠʣʠʥʜʨʘ. ʕʪʠ ʚʟʘʠʤʦʩʚʷʟʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʧʦʟʚʦʣʷʶʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʣʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʪʨʠʝʨʘ. 

ʆʜʥʘʢʦ, ʧʦʣʥʦʪʘ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ, ʥʘʧʨʠʤʝʨ, ʧʦ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʪʨʝʙʫʝʪ ʟʥʘ-

ʥʠʡ ʦʙ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʨʘʩʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʝʛʤʝʥʪʘ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ 

ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʝʛʦ ʩʝʯʝʥʠʠ. ʕʪʠ ʟʥʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ: ʚʦʟʨʘʩʪʘʶʱʝʝ ʫʛʣʦʚʦʝ ʨʘʩ-

ʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝʡ ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʩʣʦʷ ʠ ʚʝʨʭʥʝʡ ʢʨʦʤʢʦʡ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ 

ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ; ʫʙʳʚʘʶʱʝʝ ʯʠʩʣʦ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʩʣʦʝʚ ʚ ʟʝʨʥʦʚʦʤ ʩʝʛʤʝʥʪʝ. ʋʢʘʟʘʥʥʳʝ 

ʬʘʢʪʦʨʳ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʩʣʦʚʠʷ ʟʘʭʚʘʪʘ ʯʘʩʪʠʮ ʷʯʝʷʤʠ ʠ ʧʘʨʘʤʝʪʨʳ 

ʬʘʢʝʣʘ ʠʭ ʚʳʙʨʦʩʘ ʠʟ ʷʯʝʡ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʨʘʩʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ i-ʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʦʩʪʘʪʦʯʥʦʡ ʤʘʩʩʳ ʧʦ ʬʦʨʤʫʣʝ: 

,)2/

1

1

)1(

ö

÷

õ
æ

ç

å
+-= ä

-

-

i

iʥʥʥ
mmmm

iio

                           (8) 

ʛʜʝ 
io
ʥ

m - ʦʩʪʘʪʦʯʥʘʷ ʤʘʩʩʘ ʟʝʨʥʦʩʤʝʩʠ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʩʨʝʜʠʥʫ i-ʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝ-

ʥʠ ʠʟʤʝʨʝʥʠʡ, ʢʛ;
)1( -i

ʥ
m - ʠʥʪʝʨʚʘʣʴʥʳʝ ʤʘʩʩʳ ʚʳʜʝʣʝʥʥʳʭ ʯʘʩʪʠʮ ʜʦ ʥʘʯʘʣʘ i-ʛʦ ʠʥʪʝʨʚʘʣʘ,  

ʢʛ;
i

m - ʤʘʩʩʘ ʚʳʜʝʣʝʥʥʳʭ ʯʘʩʪʠʮ ʚ i-ʦʤ ʠʥʪʝʨʚʘʣʝ, ʢʛ; 

ʇʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʟʝʨʥʦʚʦʛʦ ʩʝʛʤʝʥʪʘ ʚ ʩʝʨʝʜʠʥʝ i-ʛʦ ʠʥʪʝʨʚʘʣʘ ( )
i

S  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ, ʘʥʘʣʦʛʠʯʥʦʡ ʬʦʨʤʫʣʝ (3): 

r
ʮʩʥi

lmS
io

/= .                                                  (9) 

ʈʘʩʯʝʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ (
i

S ) ʟʝʨʥʦʚʦʛʦ ʩʝʛʤʝʥʪʘ ʚ i-ʦʤ    ʠʥʪʝʨʚʘʣʝ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʨʘʩʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʘʣʴʥʦʛʦ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʦʩʝʚʦʝ ʩʤʝʱʝʥʠʝ ʟʝʨʥʦʚʦʛʦ ʩʝʛʤʝʥʪʘ. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ, ʘʥʘʣʦʛʠʯ-

ʥʦʡ ʬʦʨʤʫʣʝ (2): 

ʮʩiʥiiʵ
lmSW

ioi

/uru == ,                                   (10) 

ʛʜʝ ɡi ï ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʢʦʨʦʩʪʴ ʦʩʝʚʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʟʝʨʥʦʚʦʛʦ ʩʝʛʤʝʥʪʘ ʚ  i-ʦʤ ʠʥʪʝʨ-

ʚʘʣʝ, ʤ/ʩ. 

ɼʘʣʝʝ ʧʦ ʨʘʩʯʝʪʥʦʡ ʚʝʣʠʯʠʥʝ 
i
uʩ ʫʯʝʪʦʤ 

io
ʥ

m ʠ ʟʘʜʘʥʥʦʛʦ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʨʘʩʩʯʠ-

ʪʳʚʘʶʪ ʚʝʣʠʯʠʥʫ 
iɻ

W . 

ʇʘʨʘʤʝʪʨʳ ʩʝʛʤʝʥʪʘ (ʫʛʦʣ ʦʭʚʘʪʘ a  ʠ ʯʠʩʣʦ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʩʣʦʝʚ) ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʚʟʘ-

ʠʤʦʩʚʷʟʠ ),( nmf
io

í
=a  ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʟʝʨʥʦʚʦʛʦ 

ʩʝʛʤʝʥʪʘ (ʂʨ=1,22). ʇʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ 
iɻ

W ʠ ʧʘʨʘʤʝʪʨʘʤ ʟʝʨʥʦʚʦʛʦ ʩʝʛʤʝʥʪʘ ʘʥʘ-

ʣʠʟʠʨʫʶʪ ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʩʝʯʝʥʠʠ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ. 

ɺ ʢʦʥʩʪʨʫʢʮʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʨʠʝʨʥʳʭ ʙʣʦʢʦʚ ʟʘʣʦʞʝʥ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʭʦʜʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʦʪʩʝʯʝʥʠʷ ʯʘʩʪʠ ʬʘ-



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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ʢʝʣʘ ʚʳʜʝʣʝʥʥʳʭ ʯʘʩʪʠʮ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʫʛʣʘ (ɔʧ) ʧʦʜʲʝʤʘ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʧʝʨʝʜʥʝʡ 

ʩʪʝʥʢʠ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʚ ʦʚʩʶʞʥʦʤ ʮʠʣʠʥʜʨʝ ʠʣʠ ʫʤʝʥʴʰʝʥʠʷ ʟʘʟʦʨʘ ʤʝʞʜʫ ʥʝʡ (ʢʨʦʤʢʦʡ) 

ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʮʠʣʠʥʜʨʘ. ʆʜʥʘʢʦ ʚ ʟʘʚʦʜʩʢʦʡ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝ 

ʜʘʶʪʩʷ ʢʦʥʢʨʝʪʥʳʝ ʫʢʘʟʘʥʠʷ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʚʦʟʤʦʞʥʦʩʪʠ. 

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʜʠʥʘʤʠʢʝ 

ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ. ʇʨʦʬʝʩʩʦʨ ʃʫʨʴʝ ɸ.ɹ. ʧʨʠʚʦʜʠʪ ʚ ʨʘʙʦʪʝ [8] ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʪʨʠʝʨʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ, ʪʘʙʣʠʮʘ 2.ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2 ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʪʨʠʝʨʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʥʝ ʫʚʷʟʘʥʳ ʩ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ 

(n) ʠ ʫʛʣʦʤ ʧʦʜʲʝʤʘ (ɔʧ) ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ. 

ʊʘʙʣʠʮʘ 2. ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʦʚ ʚ ʪʨʠʝʨʘʭ 

ʇʨʦʮʝʩʩ ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʞʠʜʘʥʠʝ (m), 

ʢʛ/ʯ 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ 

ʦʪʢʣʦʥʝʥʠʝ (s), ʢʛ/ʯ 

ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ(

n ), % 

ʇʦʜʘʯʘ ï Q(t) 853 70 6,6 (8,2)*  

ɺʳʭʦʜ ʯʠʩʪʦʛʦ ʟʝʨʥʘ ï 

P(t) 

609 36 5,8 (5,9)*  

ʆʪʭʦʜʳ ʇ(t) 39 11  28 

* ɺ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʳ ʫʪʦʯʥʝʥʥʳʝ ʥʘʤʠ ʨʘʩʯʝʪʳ 

 

ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʣʥʦʪʘ ʦʪʚʦʜʘ ʬʘʢʝʣʘ ʚʳʙʨʦʰʝʥʥʳʭ ʷʯʝʷʤʠ ʯʘʩʪʠʮ ʠʣʠ 

ʩʪʝʧʝʥʴ ʝʛʦ ʦʪʩʝʯʝʥʠʷ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʦʡ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʘʚʪʦʨʦʤ ʥʝ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ. ʊʦ 

ʝʩʪʴ ï ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʭʦʜʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʨʠʝʨʘ ʧʫʪʝʤ ʝʛʦ ʥʘʩʪʨʦʡʢʠ ʥʝ ʩʪʘ-

ʚʠʣʘʩʴ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʧʦʜʘʯʠ Q(t) ʩʦʩʪʘʚʣʷʝʪ 17% ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ, ʯʪʦ ʤʝʥʴʰʝ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʨʝʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʫʧʨʘʚ-

ʣʝʥʠʷ ʨʘʩʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 
ʀ

s  ʠ n  ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʠ ʜʣʷ 

ʫʢʘʟʘʥʥʦʡ ʧʦʜʘʯʠ. ʅʝ ʷʩʥʘ ʜʣʠʥʘ ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʡ ʚ ʧʨʦʮʝʩʩʝ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʣʷ ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʫʨʦʚʥʷ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠʩʩʣʝʜʫʝʤʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, ʨʘʚʥʦʛʦ Ñ 2ů, ʧʦʪʝʨʠ ʟʝʨʥʦʩʤʝʩʠ ʚ 

ʦʧʳʪʘʭ ʧʨʦʬʝʩʩʦʨʘ ʃʫʨʴʝ ɸ.ɹ. ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 140 ʢʛ/ʯ (16,4%). ʕʪʦ ʥʝʧʨʠʝʤʣʝʤʳʡ ʫʨʦʚʝʥʴ 

ʧʦʪʝʨʴ, ʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʫʯʠʪʳʚʘʷ ʚʳʩʢʘʟʘʥʥʳʝ ʚʳʰʝ ʥʝʜʦʩʪʘʪ-

ʢʠ, ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ ʥʝʢʦʨʨʝʢʪʥʳʤ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʪʨʠʝʨʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʦʩʤʝ-

ʩʝʡ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʥʘʩʪʨʦʝʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʠʪʴ ʨʝʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʩʪʘ-

ʙʠʣʴʥʦʩʪʠ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ: 

1

2

( , , ) ;

( , , 3 ) .

ʚ ʧ n

ʚ n ʦ

W f W n

W f W n

g=ë

ì
=í
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ʛʜʝ 3
ʦ
- ʟʘʟʦʨ ʤʝʞʜʫ ʢʨʦʤʢʦʡ ʩʪʝʥʢʠ ʣʦʪʢʘ ʠ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʤ. 

ʋʯʠʪʳʚʘʷ ʠʜʝʥʪʠʯʥʦʩʪʴ ʫʩʣʦʚʠʡ ʧʦʚʪʦʨʥʳʭ ʦʧʳʪʦʚ, ʨʘʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʥʦ 

ʟʘʤʝʥʠʪʴ ʚʳʜʝʣʝʥʥʳʤʠ ʤʘʩʩʘʤʠ ʯʘʩʪʠʮ ʧʨʠ ʨʘʚʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ ʟʘʤʝʨʦʚ (tʠ)ʟʘ ʨʘʚ-

ʥʦʝ ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ (nʠ). ʊʦʛʜʘ ʩʫʤʤʘʨʥʘʷ ʤʘʩʩʘ ʚʳʜʝʣʝʥʥʳʭ ʯʘʩʪʠʮ ʚ j-ʦʡ ʧʦʚʪʦʨʥʦʩʪʠ 

ʙʫʜʝʪ:  

ä==S

ʠ
n

ijj
mm

2

)(
,                                                (12) 
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ʛʜʝ j
m

)(=S - ʩʫʤʤʘʨʥʘʷ ʤʘʩʩʘ ʚʳʜʝʣʝʥʥʳʭ ʯʘʩʪʠʮ ʟʘ ʨʘʚʥʦʝ ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ (nʠ), ʥʘʯʠ-

ʥʘʷ ʩʦ ʚʪʦʨʦʛʦ (ʙʝʟ 1-ʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ) ʚ j-ʦʤ ʦʧʳʪʝ, ʢʛ; ij
m - 

ʤʘʩʩʘ ʚʳʜʝʣʝʥʥʳʭ ʯʘʩʪʠʮ ʚ i-ʦʤ ʠʥʪʝʨʚʘʣʝ j-ʛʦ ʦʧʳʪʘ, ʢʛ. 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʳʜʝʣʝʥʥʳʭ ʩʫʤʤʘʨʥʳʭ ʤʘʩʩ ʯʘʩʪʠʮ ʟʘ nʧʧʦʚʪʦʨʥʦʩʪʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ: 

ʧ

nj

j
nmm

ʧ

/

1

)()( ä

=

=S=S
= .                                              (13) 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʪʨʠʝʨʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʦʩʤʝʩʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʦ ʬʦʨʤʫʣʘʤ: 

îí

î
ì

ë

Ö=

-=

=S

=S=S

%.100)/(

/)(

)(

2

)()(

m

nmm
ïj

sn

s                                        (14) 

ɺ ʬʦʨʤʫʣʝ (14) ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʯʠʩʣʝ ʧʦʚʪʦʨʥʦʩʪʝʡ 0
)(
¸D

=S j
m  ʥʘʜʦ ʠʤʝʪʴ ʚ ʚʠʜʫ 

ʩʤʝʱʝʥʥʳʡ ʯʠʩʣʦʚʦʡ ʨʷʜ. ʈʝʰʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʩ ʮʝʣʴʶ ʩʙʘʣʘʥʩʠ-

ʨʦʚʘʥʠʷ ʝʛʦ ʢʘʯʝʩʪʚʘ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʟʚʝʥʴʷʤ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʥʘʩʪʨʦʝʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ɔʧ,3ʦ) ʧʨʠʥʠʤʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʡ: ].[],[ nnss <<  

ɺʳʚʦʜʳ. ʗʯʝʠʩʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʥʜʘʨʪʥʦʛʦ ʮʠʣʠʥʜʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʘʩʪʠʯʥʦ, ʝʩʣʠ 

ʚʨʝʤʷ ʩʪʝʥʜʦʚʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʤʝʥʴʰʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʢʨʘʪʥʦʩʪʠ ʩʣʦʞʝʥʠʷ 

ʫʩʨʝʜʥʝʥʥʳʭ ʦʮʝʥʦʢ ʨʘʩʭʦʜʘ ʥʘ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ï .7,4 tD< ʇʨʠ 

ʤʠʥʦʙn /45...30= ʠ ʢʛm
ʥ

13...7=  ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʪʘʥʜʘʨʪʥʦʛʦ ʷʯʝʠ-

ʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʩʦʩʪʘʚʣʷʝʪ./98,4...17,1 ʯʪ  ʉ ʠʟʤʝʥʝʥʠʝʤ 
ʥ

m  ʜʦ ʢʛ13 ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ ʚ 2,85 ʨʘʟʘ, ʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ n ʜʦ ʤʠʥʦʙ/45 - ʪʦʣʴʢʦ ʚ 1,49 ʨʘʟʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʩʥʠʞʝʥʠʝʤ ʚʳʩʦʪʳ ʩʝʛʤʝʥʪʘ ʠ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ .
ʥ

m  ɺʦʟʤʦʞʥʦʩʪʴ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʪʨʠʝʨʥʦʡ ʦʯʠʩʪʢʠ ʧʦ ʨʘʩʭʦʜʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʫʛʣʘ ʧʦʜʲʝʤʘ(
n
g ) ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʪʨʝʙʫʝʪ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ. 
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ʥʠʩʪʳʡ. ʇʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʩʦʨʪʘ çʉʪʘʥè ʙʳʣ ʧʦʜʩʦʣʥʝʯʥʠʢ. ʆʧʨʝʜʝʣʷʣʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʨʘʙʦʯʠʭ ʝʤʢʦʩʪʝʡ ʠ ʧʨʠ ʨʘʩʢʣʘʜʢʝ ɿʇ, ʨʘʩʭʦʜ ʧʨʠʤʘʥʦʢ 

ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʠ ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʜʥʫ ʥʦʨʫ, ʘ ʪʘʢʞʝ ʚʳʞʠʚʘʝʤʦʩʪʴ ʛʨʳʟʫʥʦʚ ʧʦʩʣʝ ʨʘʩ-

ʢʣʘʜʢʠ ʧʨʠʤʘʥʦʢ ʩʨʘʚʥʠʚʘʝʤʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʈʇɼʋ: ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʨʘʩʢʣʘʜʢʝ ɿʇ ʚ ʥʦʨʳ ʥʘ ʫʯʝʪ-

ʥʦʡ ʜʝʣʷʥʢʝ ʧʣʦʱʘʜʴʶ 0,3 ʛʘ ʩʦʩʪʘʚʠʣʘ 3,41 ʤʠʥ ʠʣʠ 23,4 %, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʦʟʷʡʩʪʚʝʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʩ ʧʦʤʦʱʴʶ ʚʝʜʨʘ ʠ ʣʦʞʢʠ ʩ ʫʜʣʠʥʝʥʥʦʡ ʨʫʯʢʦʡ ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʭʨʦʥʦ-

ʤʝʪʨʘʞʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʧʦʣʝʚʳʭ ʦʧʳʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʈʇɼʋ ʚʦʟ-

ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʟʘʱʠʪʳ ʧʦʩʝʚʦʚ ʦʪ ʛʨʳʟʫʥʦʚ. 

ʈɼʇʋ ʦʙʝʩʧʝʯʠʚʘʝʪ: ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʧʦʣʥʠʪʝʣʝʡ ʟʘ ʩʯʝʪ ʚʳʭʦʜʘ ɿʇ ʠʟ ʟʘʢʨʳ-

ʪʦʡ ʝʤʢʦʩʪʠ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ, ʠʩʢʣʶʯʝʥʠʝ ʧʦʪʝʨʴ ɿʇ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʷ, ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʠʩʧʦʣʥʠʪʝʣʝʡ ʩ 0,79 ʜʦ 1,41 ʛʘ/ʯ ʠʣʠ ʚ 1,78 ʨʘʟʘ ʠ ʧʦʚʳʰʝʥʠʝ 

ʪʦʯʥʦʩʪʠ ʜʦʟʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʳʰʝʚʠʜʥʳʝ ʛʨʳʟʫʥʳ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʝʨʥʦʚʳʭ ʧʨʠʤʘʥʦʢ, ʨʫʯʥʦʝ ʧʝʨʝ-

ʥʦʩʥʦʝ ʜʦʟʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʵʢʦʥʦʤʠʷ ʟʘʪʨʘʪ. 
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Annotation. According to the All-Russia Institute of Plant Protection, the preservation of 50 

colonies of rodents on the field by the spring results in a loss of up to 3.5% of the yield, and 100 

colonies - to a loss of up to 7%. The agro-technological and economic efficiency of the application 

of hand-held portable metering devices (RPDU) for supplying cereal baits (PP) to rodent burrows 

was investigated.The studies were carried out on the fields of the validation site of the KubNITIM in 

the first ten days of March for soil-climatic conditions typical for the central zone of the eastern 

subzone of Krasnodar region.Black soil typical, medium humus, heavy loam were studied. The pre-

decessor of the winter wheat variety "Stan" was sunflower. The capacity for filling the working ca-

pacities and for the layout of the ZP, the consumption of baits per unit area and per one burrow, 

and also the survival of the rodents after the bait layout by comparable methods were determined. 

Comparative indicators of the working process with the use of the RPDU: saving time directly on 

the layout of the ZP in the holes in the logging area of 0.3 hectares was 3.41 minutes or 23.4%, 

compared with the economic method using a bucket and a spoon with an elongated handle defined 

with using timing observations and field experiments. It is established that it is possible to signifi-

cantly increase the effectiveness of the process of protecting crops from rodents, possibly using 

RPMU. RDPU provides: increasing the safety of performers due to the release of the ZP from the 

closed vessel at the field surface, excluding the losses of the ZP on the field surface, increasing the 
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labor productivity of the performers from 0.79 to 1.41 ha / h or 1.78 times and increasing the accu-

racy of dosing. 

Key words: mouse-shaped rodents, distribution of grain prima-noks, manual portable dosing 

device, labor productivity, cost saving. 

ɺʚʝʜʝʥʠʝ. ʀʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʦ ʟʘʱʠʪʝ ʧʦʩʝʚʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ ʥʘʠʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʪʨʫʜʘ ʪʨʝʙʫʶʪʩʷ ʜʣʷ ʙʦʨʴʙʳ ʩ ʤʳʰʝʚʠʜʥʳʤʠ ʛʨʳʟʫʥʘʤʠ. ʉʦ-

ʛʣʘʩʥʦ ʜʝʡʩʪʚʫʶʱʠʤ ʨʝʛʣʘʤʝʥʪʘʤ, ʧʨʝʧʘʨʘʪʳ ï ʨʦʜʝʥʪʠʮʠʜʳ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʟʝʨʥʦʚʳʝ ʧʨʠ-

ʤʘʥʢʠ (ɿʇ) ʜʦʣʞʥʳ ʚʥʦʩʠʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʥʦʨʳ. ʉ ʫʯʝʪʦʤ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʩʝʣʝ-

ʥʠʷ ʛʨʳʟʫʥʦʚ ʧʦ ʧʣʦʱʘʜʠ ʧʦʣʷ ʵʪʦ ʪʨʝʙʫʝʪ ʨʫʯʥʦʡ ʨʘʩʢʣʘʜʢʠ ɿʇ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʠʩʧʦʣʥʠʪʝʣʝʡ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʅʝʩʚʦʝʚʨʝʤʝʥʥʳʝ ʦʙʨʘʙʦʪʢʠ ʧʨʠʚʦʜʷʪ ʢ 

ʙʳʩʪʨʦʤʫ ʨʘʟʤʥʦʞʝʥʠʶ ʛʨʳʟʫʥʦʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʦʩʪʦʤ ʧʦʪʝʨʴ ʫʨʦʞʘʷ. ʊʘʢ, ʧʦ ʜʘʥ-

ʥʳʤ ɺʅʀʀ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ, ʩʦʭʨʘʥʝʥʠʝ ʥʘ ʧʦʣʝ ʢ ʚʝʩʥʝ 50 ʢʦʣʦʥʠʡ ʛʨʳʟʫʥʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʪʝʨʝ ʜʦ 3,5 % ʫʨʦʞʘʷ, ʘ 100 ʢʦʣʦʥʠʡ ï ʢ ʧʦʪʝʨʝ ʜʦ 7 %. 

ʅʘʨʷʜʫ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʧʨʝʧʘʨʘʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʪʨʘʚʣʝʥ-

ʥʳʭ ʧʨʠʤʘʥʦʢ, ʩʧʦʩʦʙ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʦʩʥʦʚʥʦʤ ʦʩʪʘʝʪʩʷ ʥʝʠʟ-

ʤʝʥʥʳʤʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʪʦ ʠʭ ʨʫʯʥʘʷ ʨʘʩʢʣʘʜʢʘ ʚ ʥʦʨʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʣʦʞʢʠ ʥʘ 

ʜʣʠʥʥʦʡ ʨʫʯʢʝ ʠ ʚʝʜʨʘ ʩ ɿʇ. ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʨʘʙʦʪ ʧʦ 

ʨʘʩʢʣʘʜʢʝ ʧʨʠʤʘʥʢʠ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʧʦʩʝʚʘʭ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʠ ʨʘʥʥʝʚʝ-

ʩʝʥʥʠʡ ʧʝʨʠʦʜʳ ʩ ʥʝʢʦʤʬʦʨʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʨʘʙʦʪʳ (ʧʦʥʠʞʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʝʪʝʨ ʠ 

ʜʨ.). ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʦʟʨʘʩʪʘʝʪ ʨʠʩʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʠʩʧʦʣʥʠʪʝʣʝʡ ʩ ʨʦʜʝʥʪʠ-

ʮʠʜʘʤʠ ʧʨʠ ʪʨʝʙʫʝʤʳʭ ʤʥʦʛʦʢʨʘʪʥʳʭ ʧʨʦʭʦʜʘʭ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʦ ʧʦʣʶ. ɺ ʮʝʣʦʤ ʧʨʠʤʝʥʷʝ-

ʤʳʡ ʧʨʦʮʝʩʩ ʨʫʯʥʳʭ ʨʘʩʢʣʘʜʦʢ ɿʇ ʩ ʧʝʨʝʥʦʩʦʤ ʚʝʜʨʘ ʩ ʧʨʠʤʘʥʢʦʡ, ʟʘʯʝʨʧʳʚʘʥʠʝʤ ʠʟ ʚʝʜʨʘ 

ʠ ʧʝʨʝʥʦʩʦʤ ʚ ʥʦʨʫ ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʩʪʠ ʜʦ-

ʟʠʨʦʚʘʥʠʷ ɿʇ ʠʟ-ʟʘ ʥʘʣʠʧʘʥʠʷ ʯʘʩʪʠ ʧʨʠʤʘʥʦʢ ʥʘ ʣʦʞʢʝ ʠ ʠʟ-ʟʘ ʧʦʪʝʨʠ ʯʘʩʪʠ ʟʝʨʝʥ ʧʨʠʤʘʥʢʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʷ.  

ɺ ʅʦʚʦʢʫʙʘʥʩʢʦʤ ʬʠʣʠʘʣʝ ʌɻɹʅʋ çʈʦʩʠʥʬʦʨʤʘʛʨʦʪʝʭè (ʂʫʙʅʀʀʊʠʄ) ʧʨʦʚʝʣʠ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʩʢʣʘʜʢʠ ɿʇ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʫʯʥʦʛʦ ʧʝʨʝʥʦʩʥʦʛʦ ʜʦ-

ʟʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʈʇɼʋ), ʚʳʧʦʣʥʝʥʥʦʛʦ ʧʦ ʧʘʪʝʥʪʫ ʈʌ 2573333 [1]. ʆʩʦʙʝʥʥʦʩʪʷʤʠ 

ʈʇɼʋ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʜʦʟʠʨʦʚʘʥʠʷ ɿʇ, ʚʥʦʩʠʤʳʭ ʚ ʥʦʨʳ ʛʨʳʟʫʥʦʚ, ʫʚʝʣʠʯʝ-

ʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʠ ʧʦʚʳʰʝʥʠʝ ʩʘʥʠʪʘʨʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʘʢ 

ʜʣʷ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʪʘʢ ʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʆʙʱʠʡ ʚʠʜ ʨʫʯʥʦʛʦ ʧʝʨʝʥʦʩʥʦʛʦ ʜʦʟʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

 

ʈʇɼʋ ʩʦʩʪʦʠʪ ʠʟ ʧʣʘʩʪʠʢʦʚʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʪʨʫʙʯʘʪʦʡ ʬʦʨʤʳ (ʨʠʩʫʥʦʢ 1), ʷʚʣʷʶʱʝʛʦʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦʨʧʫʩʦʤ ʘʧʧʘʨʘʪʘ ʜʠʘʤʝʪʨʦʤ 75 ʤʤ ʠ ʜʣʠʥʦʡ 1000 ʤʤ. ɺ ʪʦʨʮʝ ʪʨʫʙʯʘʪʦʛʦ 

ʧʣʘʩʪʠʢʦʚʦʛʦ ʢʦʨʧʫʩʘ ʩʤʦʥʪʠʨʦʚʘʥ ʜʦʟʘʪʦʨ ʩ ʩʠʥʭʨʦʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʟʘʩʣʦʥʢʘʤʠ, 

ʥʠʞʥʷʷ ʠʟ ʢʦʪʦʨʳʭ ʜʝʨʞʠʪ ʚʳʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ ʟʘʢʨʳʪʳʤ, ʘ ʚʝʨʭʥʷʷ ʚ ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʦʪʢʨʳʪʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʛʨʫʟʢʫ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʜʦʟʘʪʦʨʘ. ʇʨʠ ʦʪʢʨʳʪʠʠ ʥʠʞʥʝʡ ʟʘʩʣʦʥʢʠ 

ʩʠʥʭʨʦʥʥʦ ʟʘʢʨʳʚʘʝʪʩʷ ʚʝʨʭʥʷʷ ʟʘʩʣʦʥʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʜʦʟʘ ɿʇ, ʥʘʭʦʜʠʚʰʘʷʩʷ ʤʝʞʜʫ 
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ʟʘʩʣʦʥʢʘʤʠ, ʚʳʩʳʧʘʝʪʩʷ ʥʘʨʫʞʫ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ ʚʳʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ ʟʘ-

ʢʨʳʚʘʝʪʩʷ ʥʠʞʥʝʡ ʟʘʩʣʦʥʢʦʡ, ʚʝʨʭʥʷʷ ʟʘʩʣʦʥʢʘ ʩʠʥʭʨʦʥʥʦ ʦʪʢʨʳʚʘʝʪʩʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʟʘʧʦʣ-

ʥʝʥʠʝ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʜʦʟʘʪʦʨʘ ʨʘʙʦʯʝʡ ʩʤʝʩʴʶ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʟʘʪʦʨ ʛʦʪʦʚ ʢ ʩʣʝʜʫʶʱʝʤʫ ʨʘ-

ʙʦʯʝʤʫ ʮʠʢʣʫ. 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚʦ ʦʩʥʘʱʝʥʦ ʫʧʦʨʦʤ ʚ ʚʠʜʝ ʨʘʤʢʠ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʠʩʢʣʶʯʝ-

ʥʠʷ ʢʦʥʪʘʢʪʘ ʚʳʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʩ ʧʦʯʚʦʡ ʠ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʧʦʯʚʦʡ ʚ ʩʣʫʯʘʝ 

ʟʘʚʠʩʘʥʠʷ ʧʨʠʤʘʥʢʠ ʚ ʪʨʫʙʯʘʪʦʤ ʢʦʨʧʫʩʝ (ʨʠʩʫʥʦʢ 2). 

 

 
ʘ) ʚʠʜ ʩʚʝʨʭʫ 

 
ʙ) ʚʠʜ ʩʙʦʢʫ 

ʈʠʩʫʥʦʢ 2 ï ɺʠʜ ʨʘʙʦʯʝʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʧʝʨʝʥʦʩʥʦʛʦ ʜʦʟʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ  

ʩ ʫʧʦʨʦʤ ʚ ʚʠʜʝ ʨʘʤʢʠ 

 

ʄʝʪʦʜʠʢʘ ʠ ʫʩʣʦʚʠʷ ʧʦʣʝʚʳʭ ʦʮʝʥʦʢ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʦʣʷʭ ʚʘʣʠʜʘʮʠ-

ʦʥʥʦʛʦ ʧʦʣʠʛʦʥʘ ʂʫʙʅʀʀʊʠʄ ʚ ʧʝʨʚʦʡ ʜʝʢʘʜʝ ʤʘʨʪʘ. ʇʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʠ ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ ʚʦʩʪʦʯʥʦʡ ʧʦʜʟʦʥʳ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ 

ʢʨʘʷ (ʪʘʙʣʠʮʘ 1). ʊʠʧ ʧʦʯʚʳ ʯʝʨʥʦʟʝʤ ʪʠʧʠʯʥʳʡ, ʩʨʝʜʥʝʛʫʤʫʩʥʳʡ, ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ. 

ʇʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʩʦʨʪʘ çʉʪʘʥè ʙʳʣ ʧʦʜʩʦʣʥʝʯʥʠʢ. 

ʆʧʨʝʜʝʣʷʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʨʘʙʦʯʠʭ ʝʤʢʦʩʪʝʡ ʠ ʧʨʠ ʨʘʩʢʣʘʜʢʝ ɿʇ, 

ʨʘʩʭʦʜ ʧʨʠʤʘʥʦʢ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʠ ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʜʥʫ ʥʦʨʫ, ʘ ʪʘʢʞʝ ʚʳʞʠʚʘʝʤʦʩʪʴ ʛʨʳ-

ʟʫʥʦʚ ʧʦʩʣʝ ʨʘʩʢʣʘʜʢʠ ʧʨʠʤʘʥʦʢ ʩʨʘʚʥʠʚʘʝʤʳʤʠ ʩʧʦʩʦʙʘʤʠ. 

ɼʣʷ ʯʠʩʪʦʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʘʩʢʣʘʜʢʫ ɿʇ ʢʘʞʜʳʤ ʠʟ ʩʧʦʩʦʙʦʚ ʚʳʧʦʣʥʷʣ ʦʜʠʥ ʠ ʪʦʪ ʞʝ 

ʠʩʧʦʣʥʠʪʝʣʴ ʥʘ ʪʦʡ ʞʝ ʫʯʝʪʥʦʡ ʧʣʦʱʘʜʢʝ ʧʦʣʷ ʜʣʠʥʦʡ 600 ʠ ʰʠʨʠʥʦʡ 5 ʤʝʪʨʦʚ (ʨʠʩʫʥʦʢ 3). 

ɺʨʝʤʷ ʧʨʦʭʦʜʘ ʫʯʝʪʥʦʡ ʧʣʦʱʘʜʢʠ ʠ ʢʦʣʠʯʝʩʪʚʦ ʥʦʨ ʬʠʢʩʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʭʨʦʥʦʤʝʪʨʘʞʘ. 

 

  
ʘ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʈʇɼʋ ʙ) ʦʙʱʝʧʨʠʥʷʪʳʤ ʚ ʭʦʟʷʡʩʪʚʝ ʩʧʦʩʦʙʦʤ 

ʈʠʩʫʥʦʢ 3 ï ʈʘʩʢʣʘʜʢʘ ɿʇ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʈʇɼʋ ʠ ʦʙʱʝʧʨʠʥʷʪʳʤ ʩʧʦʩʦʙʦʤ (ʩ ʧʦʤʦʱʴʶ 

ʚʝʜʨʘ ʠ ʣʦʞʢʠ ʩ ʫʜʣʠʥʝʥʥʦʡ ʨʫʯʢʦʡ) 
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ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʡ ʠ ʟʝʨʥʦʚʦʡ ʧʨʠʤʘʥʢʠ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʫʩʣʦʚʠʡ ʠʩʧʳʪʘʥʠʡ 

ʉʨʝʜʥʷʷ ʜʥʝʚʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ÜC +12,2 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʚʝʪʨʘ, ʤ/ʩ: 3 (ʖʛʦ-ʚʦʩʪʦʯʥʳʡ) 

ʊʠʧ ʧʦʯʚʳ ʠ ʥʘʟʚʘʥʠʝ ʧʦ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 
ʏʝʨʥʦʟʝʤ ʪʠʧʠʯʥʳʡ, 

ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ 

ʈʝʣʴʝʬ ʈʦʚʥʳʡ 

ʄʠʢʨʦʨʝʣʴʝʬ ɺʳʨʦʚʥʝʥʥʳʡ 

ɺʣʘʞʥʦʩʪʴ ʧʦʯʚʳ, %, ʧʦ ʩʣʦʷʤ, ʩʤ: ʦʪ 0 ʜʦ 10 27,6 

                                                              ʩʚ. 10 ʜʦ 20 31,1 

                                                              ʩʚ. 20 ʜʦ 30 30,3 

ʊʚʝʨʜʦʩʪʴ ʧʦʯʚʳ, ʄʧʘ, ʧʦ ʩʣʦʷʤ, ʩʤ: ʦʪ 0 ʜʦ 10 1,1 

                                                                  ʩʚ. 10 ʜʦ 20 2,0 

                                                                  ʩʚ. 20 ʜʦ 30 3,1 

ɿʘʩʦʨʝʥʥʦʩʪʴ ʧʦʯʚʳ ʧʦʞʥʠʚʥʳʤʠ ʦʩʪʘʪʢʘʤʠ, ʛ/ʤ2 199 

ʌʘʟʘ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ɺʝʩʝʥʥʝʝ ʦʪʨʘʩʪʘʥʠʝ 

ɺʳʩʦʪʘ ʨʘʩʪʝʥʠʡ, ʩʤ 9,4 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʨʘʚʣʝʥʥʦʡ ʧʨʠʤʘʥʢʠ 

ʉʦʩʪʘʚ ʦʪʨʘʚʣʝʥʥʦʡ ʧʨʠʤʘʥʢʠ: 

- ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʦʩʪʘʚ ʧʠʱʝʚʦʡ ʦʩʥʦʚʳ (ʟʝʨʥʘ) 

ɿʝʨʥʦʚʳʝ ʦʪʭʦʜʳ ʢʫʢʫʨʫʟʳ, 

ʧʰʝʥʠʮʳ, ʧʦʜʩʦʣʥʝʯʥʠʢʘ 

- ʢʦʣʠʯʝʩʪʚʦ ʨʦʜʝʥʪʠʮʠʜʘ 2 ʣ/100 ʢʛ (0,02 ʣ/ʢʛ) 

- ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʣʠʧʘʪʝʣʷ (ʧʨʠʚʣʝʢʘʪʝʣʷ) 10 ʤʣ/ʢʛ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. ɼʦ ʠ ʧʦʩʣʝ ʨʘʩʢʣʘʜʢʠ ɿʇ ʢʘʞʜʳʤ ʩʧʦʩʦʙʦʤ ʧʨʦʚʝʣʠ ʚʟʚʝ-

ʰʠʚʘʥʠʝ ʟʘʧʦʣʥʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʈʇɼʋ ʠ ʚʝʜʨʦ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʢʦʣʠʯʝ-

ʩʪʚʘ ɿʇ ʚ ʢʘʞʜʦʤ ʠʟ ʚʘʨʠʘʥʪʦʚ (ʩʧʦʩʦʙʦʚ ʨʘʩʢʣʘʜʢʠ). ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʚʟʚʝʰʠʚʘʥʠʡ, ʘ ʥʘ ʨʠʩʫʥʢʝ 4 - ʚʠʜ ʜʦʟʳ ɿʇ ʧʨʠ ʜʦʟʠʨʦʚʘʥʠʠ ʢʘʞʜʳʤ ʩʧʦʩʦʙʦʤ. 

ʊʘʙʣʠʮʘ 2 -  ʈʝʟʫʣʴʪʘʪʳ ʚʟʚʝʰʠʚʘʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ɿʇ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʈʇɼʋ ʂʦʥʪʨʦʣʴʥʳʡ ʚʘʨʠ-

ʘʥʪ (ʚʝʜʨʦ) 

ɺʝʩ ʧʫʩʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʚʝʜʨʘ), ʢʛ 1,3 0,35 

ɺʝʩ ʟʘʧʨʘʚʣʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʚʝʜʨʘ), ʢʛ 4,35 4,65 

ɺʝʩ ʟʘʧʨʘʚʣʝʥʥʦʡ ɿʇ, ʢʛ 3,05 4,3 

ɺʝʩ ʫʩʪʨʦʡʩʪʚʘ (ʚʝʜʨʘ) ʩ ɿʇ ʦʩʪʘʚʰʝʡʩʷ 

ʧʦʩʣʝ ʨʘʩʢʣʘʜʢʠ ʥʘ ʜʝʣʷʥʢʝ, ʢʛ 
4,15 1,0 

ɺʝʩ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʥʘ ʜʝʣʷʥʢʝ ɿʇ, ʢʛ 0,2 3,65 

ʈʘʩʭʦʜ ɿʇ ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʛʘ, ʢʛ 0,67 12,17 

ʅʘʨʘʙʦʪʢʘ ʩ ʦʜʥʦʡ ʟʘʧʨʘʚʢʠ, ʛʘ 4,57(ʯʝʨʝʟ 9,14 ʢʤ) 0,35 (ʯʝʨʝʟ 607 ʤ) 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚʘ ʈʇɼʋ ʠʟʨʘʩʭʦʜʦʚʘʥʦ 200 ʛ ʧʨʠʤʘʥʦʢ ʥʘ 162 ʥʦʨʳ, ʪʦ 

ʝʩʪʴ ʨʘʟʦʚʘʷ ʜʦʟʘ ʩʦʜʝʨʞʘʣʘ 1,23 ʛ. ʧʨʠʤʘʥʢʠ. ɺ ʧʝʨʝʩʯʝʪʝ ʥʘ ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʟʝʨʥʘ ʦʟʠ-

ʤʦʡ ʧʰʝʥʠʮʳ ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʤʝʨʥʦ 30 ʟʝʨʝʥ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʝʥ 

ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʪʨʘʚʣʝʥʠʷ ʦʙʠʪʘʪʝʣʝʡ ʦʜʥʦʡ ʥʦʨʳ. ɺ ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ ʨʘʟʦʚʘʷ ʜʦʟʘ 

ʩʦʜʝʨʞʘʣʘ 22,5 ʛ. ʧʨʠʤʘʥʢʠ ʠʣʠ 560 ʟʝʨʝʥ, ʯʪʦ ʷʚʥʦ ʠʟʙʳʪʦʯʥʦ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʝʝʩʪʨʝ ʩʘʥʠʪʘʨʥʦ ï ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ ʟʘʢʣʶʯʝʥʠʡ ʥʘ 

ʧʝʩʪʠʮʠʜʳ ʠ ʘʛʨʦʭʠʤʠʢʘʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʜʝʥʪʠʮʠʜʦʚ ʧʨʠʚʦʜʷʪʩʷ ʚʝʩʴʤʘ ʧʨʠʙʣʠʞʝʥʥʳʝ 
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ʥʦʨʤʳ ʨʘʩʭʦʜʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʦʧʳ-

ʪʘʭ ʨʦʜʝʥʪʠʮʠʜʘ çʀʟʦʮʠʥ, ʧʨʠʤʘʥʢʘè ʚ ʦʪʢʨʳʪʦʤ ʛʨʫʥʪʝ ʥʘ ʧʦʩʝʚʘʭ ʟʝʨʥʦʚʳʭ ʠ ʜʨʫʛʠʭ ʢʫʣʴ-

ʪʫʨ (ʧʨʠ ʟʘʩʝʣʝʥʥʦʩʪʠ ʦʪ 10 ʜʦ 600 ʥʦʨ/ʛʘ) - ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1 ʜʦ 6 ʢʛ/ʛʘ. ʆʜʥʘʢʦ ʚ ʢʘʞʜʫʶ ʥʦ-

ʨʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʟʘʢʣʘʜʳʚʘʪʴ ʧʦ 10 ʛ ʧʨʠʤʘʥʢʠ. 

ʀʟ ʨʠʩʫʥʢʘ 4 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʜʦʟʠʨʦʚʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ʣʦʞʢʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʤ-

ʧʘʢʪʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ɿʇ ʠ ʝʝ ʧʦʣʥʦʝ ʧʦʧʘʜʘʥʠʝ ʚʥʫʪʨʴ ʥʦʨʳ.ʇʦʩʣʝʜʥʝʝ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝ-

ʥʠʝ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʦʢʩʠʯʥʦʛʦ ʜʣʷ ʧʪʠʮ ʠ ʜʠʢʠʭ ʞʠʚʦʪʥʳʭ ʧʨʝʧʘʨʘʪʘ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʨʘʟʤʝʱʝʥʠʝ ɿʇ ʫʩʪʨʦʡʩʪʚʦʤ ʈʇɼʋ ʙʣʘʛʦʜʘʨʷ ʧʦʜʘʯʝ ʚʩʝʡ ʜʦʟʳ ɿʇ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʚ ʥʦʨʫ, ʯʪʦ ʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʨʝʛʣʘʤʝʥʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʨʦʜʝʥʪʠʮʠʜʘ çʀʟʦʮʠʥ, 

ʧʨʠʤʘʥʢʘè. 

  

ʘ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʈʇɼʋ ʘ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʈʇɼʋ 

ʈʠʩʫʥʦʢ 4 - ɺʠʜ ʦʜʥʦʨʘʟʦʚʦʡ ʜʦʟʳ ʟʝʨʥʦʚʦʡ ʧʨʠʤʘʥʢʠ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʭʨʦʥʦʤʝʪʨʘʞʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʩ-

ʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ (ʪʘʙʣʠʮʘ 3). ʕʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʨʘʩʢʣʘʜʢʝ ɿʇ ʚ ʥʦʨʳ ʥʘ ʫʯʝʪʥʦʡ ʜʝʣʷʥʢʝ ʧʣʦʱʘʜʴʶ 0,3 ʛʘ ʩʦʩʪʘʚʠʣʘ 3,41 ʤʠʥ ʠʣʠ 23,4 %. 

ʊʘʙʣʠʮʘ 3 ï ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ 

 ̄

ʧ/

ʧ 

ʇʦʢʘʟʘʪʝʣʠ 

ʉʧʦʩʦʙ ʨʘʩʢʣʘʜʢʠ ʧʨʠʤʘʥʢʠ 

ʩ ʧʨʠʤʝʥʝʥʠ-

ʝʤ ʫʩʪʨʦʡʩʪʚʘ 

ʈʇɼʋ 

ʭʦʟʷʡʩʪʚʝʥʥʳʡ ʤʝʪʦʜ (ʩ 

ʧʦʤʦʱʴʶ ʚʝʜʨʘ ʠ ʣʦʞʢʠ 

ʩ ʫʜʣʠʥʝʥʥʦʡ ʨʫʯʢʦʡ) 

1 
ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ ʝʤʢʦʩʪʝʡ, 

ʤʠʥ 6 5 

2 
ɿʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʨʘʩʢʣʘʜʢʫ ɿʇ ʥʘ ʟʘ-

ʜʘʥʥʦʡ ʜʣʠʥʝ (600 ʤ), ʤʠʥ 
11,17 14,58 

ɺ ʩʚʷʟʠ ʩ ʪʠʧʠʯʥʳʤ ʜʣʷ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʟʘʚʳʰʝʥʠʶ ʚʥʦʩʠʤʳʭ ʚ 

ʥʦʨʳ ʧʨʠʤʘʥʦʢ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʧʳʪ ʧʦ ʚʳʞʠʚʘʝʤʦʩʪʠ ʛʨʳʟʫʥʦʚ ʧʨʠ ʫʤʝʥʴʰʝʥʥʳʭ ʜʦʟʘʭ ɿʇ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʥʘ ʜʚʫʭ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʧʦʣʷ ʧʨʦʚʝʣʠ ʨʘʩʢʣʘʜʢʫ ɿʇ ʜʚʫʤʷ ʩʨʘʚʥʠʚʘʝʤʳʤʠ 

ʩʧʦʩʦʙʘʤʠ: ʥʘ ʦʜʥʦʤ - ʭʦʟʷʡʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʘ ʥʘ ʜʨʫʛʦʤ - ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʈʇɼʋ. ʇʦʩʣʝ 

ʚʥʝʩʝʥʠʷ ɿʇ ʚʭʦʜʳ ʚ ʥʦʨʳ ʧʨʠʩʳʧʘʣʠ ʟʝʤʣʝʡ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʩʨʦʢʘ ʜʝʡʩʪʚʠʷ ʨʦʜʝʥʪʠʮʠʜʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʦʪʨʘʚʣʝʥʥʦʡ ɿʇ (ʯʝʨʝʟ ʥʝʜʝʣʶ) ʧʦʚʪʦʨʠʣʠ ʧʦʜʩʯʝʪ ʞʠʣʳʭ 

ʥʦʨ (ʩ ʚʥʦʚʴ ʦʪʢʨʳʪʳʤʠ ʚʭʦʜʘʤʠ) ʠ ʧʦʜʩʯʠʪʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ɿʇ ʚ ʤʘʣʳʭ ʜʦ-

ʟʘʭ (ʪʦ ʝʩʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʈʇɼʋ). ɺ ʪʘʙʣʠʮʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʩʨʝʜʥʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ 

ʰʝʩʪʠ ʛʦʨʦʜʢʘʤ ʚ ʢʘʞʜʦʤ ʚʘʨʠʘʥʪʝ ʦʧʳʪʘ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʥʦʨ ʚ ʛʦʨʦʜʢʝ ʦʪ 1 ʜʦ 6. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʳʪʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʞʠʚʘʝʤʦʩʪʴ ʤʳʰʝʡ ʚ ʥʦʨʘʭ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʨʘʟʦʚʳʭ ʜʦʟ ʧʨʠʤʘʥʦʢ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1,23 ʠ 22,5 ʛ.), ʥʘʭʦʜʠʪʩʷ ʧʨʠʤʝʨʥʦ 



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ (14,16 ʠ 13,2 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʦʵʪʦʤʫ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʚʝʣʠʯʠʚʘʪʴ 

ʜʦʟʫ ʙʦʣʝʝ 1,23 ʛ ʚ ʦʜʥʫ ʥʦʨʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʫʤʝʥʴʰʝʥʥʳʭ ʜʦʟ ʠ ʙʦʣʝʝ ʧʦʣʥʦʝ ʠʭ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʥʦʨʳ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʵʢʦʥʦʤʠʶ ɿʇ ʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʧʨʝʧʘʨʘʪʘ. ʇʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʠʩʧʦʣʥʠ-

ʪʝʣʝʡ ʠ ʩʨʝʜʩʪʚʘ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ. 

ʊʘʙʣʠʮʘ 4  -  ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʞʠʚʘʝʤʦʩʪʠ ʛʨʳʟʫʥʦʚ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʋʩʪʨʦʡʩʪʚʦ ʈʇɼʋ 

ʍʦʟʷʡʩʪʚʝʥʥʳʡ ʤʝʪʦʜ (ʩ 

ʧʦʤʦʱʴʶ ʚʝʜʨʘ ʠ ʣʦʞʢʠ 

ʩ ʫʜʣʠʥʝʥʥʦʡ ʨʫʯʢʦʡ) 

ʉʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʣʳʭ ʥʦʨ ʚ 6-ʪʠ 

ʛʦʨʦʜʢʘʭ ʜʦ ʨʘʩʢʣʘʜʢʠ ɿʇ 
2,33 2,5 

ʉʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʣʳʭ ʥʦʨ ʧʦ 

ʦʢʦʥʯʘʥʠʠ ʜʝʡʩʪʚʠʷ ʨʦʜʝʥʪʠʮʠʜʘ: 
0,33 0,33 

ʂʦʣʠʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨ, % 14,16 13,20 

 

ɼʣʷ ʦʮʝʥʢʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʦʚʦʛʦ ʩʧʦʩʦʙʘ ʨʘʩʢʣʘʜʳʚʘʥʠʷ ɿʇ ʩ ʧʨʠʤʝ-

ʥʝʥʠʝʤ ʈʇɼʋ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʨʷʜʘ ʠʩʭʦʜʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʧʦʜʛʦʪʦʚʣʝʥʘ ʜʨʫʛʘʷ 

ʠʩʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ (ʪʘʙʣʠʮʘ 5). 

ɿʘʪʨʘʪʳ ʥʘ 1 ʪ ʧʨʠʤʘʥʢʠ: 5000 ʨʫʙ. ï ʟʝʨʥʦʚʘʷ ʦʩʥʦʚʘ, 22620 ʨʫʙ. ï ʨʦʜʝʥʪʠʮʠʜ; 600 ʨʫʙ. 

ï ʧʨʠʚʣʝʢʘʪʝʣʴ (ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ). ɺʩʝʛʦ ʟʘʪʨʘʪ 28220 ʨʫʙ. ʠʣʠ 28,2 ʨʫʙ/ʢʛ. 

ɺ ʩʨʝʜʥʝʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʩʝʣʝʥʥʦʩʪʠ ʛʨʳʟʫʥʘʤʠ, ʠʥʩʪʨʫʢʮʠʝʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʠʟʦ-

ʮʠʥʘ ʨʝʢʦʤʝʥʜʦʚʘʥ ʨʘʩʭʦʜ ɿʇ ʚ ʧʨʝʜʝʣʘʭ 1-6 ʢʛ/ʛʘ.  

ɺ ʜʘʥʥʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʩʧʦʩʦʙʘ ʨʘʩʢʣʘʜʢʠ ɿʇ ʠʭ ʨʘʩ-

ʭʦʜ ʩʦʩʪʘʚʠʣ 12,2 ʢʛ/ʛʘ. ʇʦʚʳʰʝʥʥʳʡ ʨʘʩʭʦʜ (ʠʟ-ʟʘ ʙʳʪʫʶʱʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʚʝ-

ʨʦʷʪʥʦʩʪʠ ʫʥʠʯʪʦʞʝʥʠʷ ʛʨʳʟʫʥʦʚ) ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʜʣʷ ʧʨʘʢʪʠʢʠ ʙʦʨʴʙʳ ʩ ʤʳʰʝʚʠʜʥʳʤʠ 

ʛʨʳʟʫʥʘʤʠ ʚ ʭʦʟʷʡʩʪʚʘʭ.  

ɺ ʚʳʧʦʣʥʝʥʥʦʤ ʧʦʣʝʚʦʤ ʦʧʳʪʝ ʟʘʩʝʣʝʥʥʦʩʪʴ ʛʨʳʟʫʥʘʤʠ ʥʘ ʛʝʢʪʘʨʝ ʩʦʩʪʘʚʠʣʘ 540 ʥʦʨ. ɺ 

ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʩʝʣʝʥʥʦʩʪʠ ʛʨʳʟʫʥʘʤʠ ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʜʦʩʪʘʪʦʯʥʦʩʪʴ 

ɿʇ ʩ ʜʦʟʦʡ 0,67 ʢʛ/ʛʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1,23 ʛ ʥʘ ʦʜʥʫ ʥʦʨʫ, ʯʪʦ, ʢʘʢ ʤʠʥʠʤʫʤ, ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʚʳʭʦʜʠʪʴ ʟʘ ʧʨʝʜʝʣʳ ʨʘʩʭʦʜʘ ʧʨʠʤʘʥʢʠ 1-3 ʢʛ/ʛʘ. (ʊʝʤ ʥʝ ʤʝ-

ʥʝʝ, ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʥʦʨʤʝ ʨʘʩʭʦʜʘ ʧʨʠʤʘʥʢʠ ʩ ʧʨʝʧʘʨʘʪʦʤ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ). 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʈʇɼʋ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʩʧʦʣʥʠʪʝʣʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 0,79 ʜʦ 1,41 

ʛʘ/ʯ ʠʣʠ ʚ 1,78 ʨʘʟʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʧʦʪʨʝʙʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʥʠʪʝʣʝʡ ʥʘ ʧʣʦ-

ʱʘʜʴ 1000 ʛʘ  ʩ 21 ʜʦ 12 ʯʝʣʦʚʝʢ. 

ʕʢʦʥʦʤʠʷ ʦʧʣʘʪʳ ʪʨʫʜʘ ʧʨʠ ʧʣʦʱʘʜʠ ʦʙʨʘʙʦʪʦʢ 1000 ʛʘ ʟʘ 10-ʜʥʝʚʥʳʡ ʘʛʨʦʩʨʦʢ ʩʦʩʪʘʚ-

ʣʷʝʪ: (21-12)Ĭ500Ĭ10 = 45000 ʨʫʙ. ʠʣʠ 45 ʨʫʙ/ʛʘ. 

ʀʩʭʦʜʷ ʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʧʨʠʥʷʪʦʛʦ ʚ ʭʦʟʷʡʩʪʚʝ ʨʘʩʭʦʜʘ ʧʨʠʤʘʥʢʠ 12,2 ʢʛ/ʛʘ ʜʦ 

1 ʢʛ/ʛʘ ʵʢʦʥʦʤʠʷ ʟʘʪʨʘʪ ʩʦʩʪʘʚʠʪ 310,2 ʨʫʙ/ʛʘ, ʯʪʦ ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʪʳʩ. ʛʘ ʩʦʩʪʘʚʠʪ 310,2 ʪʳʩ. 

ʨʫʙ.  ʇʨʠ ʵʪʦʤ ʩʫʤʤʘʨʥʘʷ ʵʢʦʥʦʤʠʷ ʩʨʝʜʩʪʚ ʩ ʫʯʝʪʦʤ ʵʢʦʥʦʤʠ ʩʨʝʜʩʪʚ ʥʘ ʦʧʣʘʪʫ ʪʨʫʜʘ ʠ 

ʩʫʤʤʘʨʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʈʇɼʋ ʚ ʨʘʟʤʝʨʝ 13800 ʨʫʙ ʩʦʩʪʘʚʠʪ 341,4 ʪʳʩ. ʨʫʙ. ʚ 

ʛʦʜ. 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʦʚʦʛʦ ʩʧʦʩʦʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ  ʈʇɼʋ ʧʦʟʚʦʣʷʝʪ 

ʠʩʢʣʶʯʠʪʴ ʨʠʩʢ ʢʦʥʪʘʢʪʘ ʦʧʝʨʘʪʦʨʘ ʩ ʷʜʘʤʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʩʘʥʠʪʘʨʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʫʶ 
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ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʘʥʠʪʘʨʥʳʭ ʦʙʨʘʙʦʪʦʢ ʙʣʘʛʦʜʘʨʷ ʥʘʭʦʞʜʝʥʠʶ ɿʇ  ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʚ ʟʘʢʨʳ-

ʪʦʡ ʝʤʢʦʩʪʠ ʟʘ ʩʧʠʥʦʡ ʫ ʠʩʧʦʣʥʠʪʝʣʷ (ʘ ʥʝ ʧʝʨʝʜ ʠʩʧʦʣʥʠʪʝʣʝʤ ʚ ʦʪʢʨʳʪʦʡ ʝʤʢʦʩʪʠ). ʇʨʠ  

ʵʪʦʤ, ʦʯʝʨʝʜʥʳʝ ʜʦʟʳ ɿʇ ʚʳʭʦʜʷʪ ʠʟ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʦʜʥʦʡ ʨʫʢʠ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ ʧʝʨʝʜ ʫʛʣʫʙʣʝʥʠʝʤ ʥʦʨʳ. ɺʪʦʨʘʷ ʨʫʢʘ ʠʩʧʦʣʥʠʪʝʣʷ ʩʚʦʙʦʜʥʘ ʜʣʷ 

ʙʝʟʦʧʘʩʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʧʨʝʜʤʝʪʘʤʠ ʣʠʯʥʦʡ ʛʠʛʠʝʥʳ ʠ ʩ ʦʪʢʨʳʪʳʤʠ ʫʯʘʩʪʢʘʤʠ ʢʦʞʠ ʣʠʮʘ. 

ʈʇɼʋ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʜʘʯʠ ʚʩʝʡ ʜʦʟʳ ɿʇ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʥʦʨʫ ʙʝʟ 

ʧʨʦʩʳʧʘʥʠʷ ʟʝʨʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʷ. 

ʊʘʙʣʠʮʘ 5 ï ʀʩʪʦʯʥʠʢʠ ʠ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʈʇɼʋ  

 ̄

ʧ/ʧ 
ʇʦʢʘʟʘʪʝʣʠ 

ʉʧʦʩʦʙ ʨʘʩʢʣʘʜʢʠ ʧʨʠʤʘʥʢʠ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʈʇɼʋ 

ʭʦʟʷʡʩʪʚʝʥʥʳʡ 

ʤʝʪʦʜ 

1 ʈʘʩʭʦʜ ʧʨʠʤʘʥʢʠ, ʢʛ/ʛʘ 0,67 12,17 

2 ɼʣʠʥʘ ʧʨʦʭʦʜʘ ʠʩʧʦʣʥʠʪʝʣʷ ʧʦ ʧʦʣʶ ʩ ʦʜʥʦʡ ʟʘ-

ʧʨʘʚʢʦʡ, ʤ (ʛʘ) 
9140 (4,57) 706 (0,35) 

3 ʇʦʪʨʝʙʥʦʩʪʴ ɿʇ ʥʘ 1000 ʛʘ, ʢʛ 670 12170 

4 ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ ʝʤʢʦʩʪʝʡ, ʤʠʥ. 6 5 

5 ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʷ ʩ ʫʯʝʪʦʤ 

ʧʝʨʝʨʳʚʦʚ ʥʘ ʦʪʜʳʭ (10 % ʚʨʝʤʝʥʠ ʩʤʝʥʳ) ʠ ʧʦʪʝʨʴ 

ʚʨʝʤʝʥʠ ʜʣʷ ʟʘʧʨʘʚʦʢ ʝʤʢʦʩʪʠ, ʛʘ/ʯ 

1,41 0,79 

6 ʈʘʩʯʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʨʘʚʦʢ ʝʤʢʦʩʪʝʡ ʚ ʪʝʯʝʥʠʝ 

6-ʯʘʩʦʚʦʡ ʩʤʝʥʳ 
1,8 19,0 

7 ɺʳʨʘʙʦʪʢʘ ʦʜʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʷ ʟʘ 6-ʯʘʩʦʚʫʶ ʩʤʝʥʫ, 

ʛʘ/ʩʤ 
8,46 4,74 

8 ʇʦʪʝʨʠ ʚʨʝʤʝʥʠ ʥʘ ʟʘʧʨʘʚʢʠ ʚ ʪʝʯʝʥʠʝ ʩʤʝʥʳ, ʤʠʥ 12 95 

9 ɺʳʨʘʙʦʪʢʘ ʦʜʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʷ ʟʘ 10-ʜʥʝʚʥʳʡ ʘʛʨʦ 

ʩʨʦʢ, ʛʘ 
84,6 47,4 

10 ʇʦʪʨʝʙʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʥʠʪʝʣʝʡ ʥʘ ʧʣʦʱʘʜʴ 

1000 ʛʘ, ʯʝʣ. 
12 21 

11 

ʆʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ɿʇ, ʨʫʙ./ʢʛ, ʚ ʪʦʤ ʯʠʩʣʝ: 28,22 

- ʩʪʦʠʤʦʩʪʴ ʟʝʨʥʦʚʦʡ ʦʩʥʦʚʳ, ʨʫʙ./ʢʛ 5 

- ʩʪʦʠʤʦʩʪʴ ʧʨʠʚʣʝʢʘʪʝʣʷ, ʨʫʙ.ʣ 60 

- ʩʪʦʠʤʦʩʪʴ ʨʦʜʝʥʪʠʮʠʜʘ, ʨʫʙ./ʣ 1131 

12 ʈʘʩʭʦʜ ʨʦʜʝʥʪʠʮʠʜʘ, ʤʣ/ʢʛ 20 

13 ʈʘʩʭʦʜ ʧʨʠʚʣʝʢʘʪʝʣʷ, ʤʣ/ʢʛ 10 

14 ʉʪʦʠʤʦʩʪʴ ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʫʙ. 1500 200 

15 ʉʨʦʢ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʣʝʪ 5 1 

16 ɻʦʜʦʚʘʷ ʟʘʛʨʫʟʢʘ ʥʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʯ 120 600 

17 ɸʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʩʨʦʢ ʙʦʨʴʙʳ ʩ ʛʨʳʟʫʥʘʤʠ, ʜʥʝʡ 20 (10 ʠ 10) 20 (10 ʠ 10) 

18 ʈʘʟʤʝʨ ʦʧʣʘʪʳ ʪʨʫʜʘ, ʨʫʙ./ʩʤʝʥʘ 500 500 

19 ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʤʝʥʳ, ʯ 6 6 

 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʈʇɼʋ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʦʟʘʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʭʦʜ ʠʟ ʫʩʪʨʦʡʩʪʚʘ ʦʜʠʥʘ-

ʢʦʚʦʡ ʧʦʨʮʠʠ ʧʨʠʤʘʥʢʠ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʫʙʲʝʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʧʦʣʥʠʪʝʣʝʡ. ɼʦ-

ʩʪʠʞʝʥʠʝ ʵʪʦʛʦ ʙʘʟʦʚʳʤ ʩʧʦʩʦʙʦʤ ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʟʘʧʦʣʥʝʥʠʷ ʧʨʠʤʝʥʷʝʤʳʭ 

ʣʦʞʝʢ ʚ ʫʩʣʦʚʠʷʭ ʫʯʘʩʪʠʷ ʨʘʟʥʳʭ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʨʠ ʥʝʩʪʘʙʠʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʝʤʢʦʩʪʠ ʩ 

ʧʨʠʤʘʥʢʦʡ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʠʩʧʦʣʥʠʪʝʣʷ ʧʦ ʧʦʣʶ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʨʘʚʥʝʥʥʳʤʠ 

ʤʠʢʨʦʨʝʣʴʝʬʦʤ ʠ ʧʣʦʪʥʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ. 
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ɹʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʫʤʝʥʴʰʝʥʥʳʭ ʨʘʟʦʚʳʭ ʜʦʟ ɿʇ ʚʦʟʤʦʞʥʘ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʟʘʧʨʘ-

ʚʦʢ ʫʩʪʨʦʡʩʪʚʘ ʈʇɼʋ ï ʯʝʨʝʟ 4,57 ʛʘ ʠʣʠ ʧʦʩʣʝ ʧʨʦʭʦʜʘ 9,1 ʢʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʛʨʫʞʘʪʴ 

ʫʩʪʨʦʡʩʪʚʦ ʜʚʘ ʨʘʟʘ ʚ ʪʝʯʝʥʠʝ ʩʤʝʥʳ. 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ: 

1 ʇʨʠʤʝʥʝʥʠʝ ʜʣʷ ʙʦʨʴʙʳ ʩ ʤʳʰʝʚʠʜʥʳʤʠ ʛʨʳʟʫʥʘʤʠ ʧʝʨʝʥʦʩʥʳʭ ʜʦʟʠʨʫʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʦʪʨʘʚʣʝʥʥʳʭ ʧʨʠʤʘʥʦʢ ʧʦ ʥʦʨʘʤ ʤʳʰʝʚʠʜʥʳʭ ʛʨʳʟʫʥʦʚ. 

2 ʉʦʭʨʘʥʝʥʠʝ ʦʙʠʪʘʝʤʳʭ ʥʦʨ ʧʦʩʣʝ ʨʘʩʢʣʘʜʢʠ ʧʨʠʤʘʥʦʢ ʚ ʧʦʣʝʚʳʭ ʦʧʳʪʘʭ ʩ ʧʨʠʤʝʥʝʥʠ-

ʝʤ ʈʇɼʋ ʩ ʨʘʟʦʚʳʤʠ ʜʦʟʘʤʠ 1,23 ʛ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʩ ʜʦʟʘʤʠ 22,5 ʛ ʩʫʱʝʩʪʚʝʥʥʦ 

ʥʝ ʨʘʟʣʠʯʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 14,16 ʠ 13,20 %.  

3 ɺ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʚʣʠʷʥʠʷ ʟʥʘʯʝʥʠʡ ʨʘʟʦʚʳʭ ʜʦʟ ɿʇ (ʙʦʣʝʝ 1,23 ʛ.) ʥʘ ʚʳʞʠʚʘʝ-

ʤʦʩʪʴ ʤʳʰʝʡ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʩʦʭʨʘʥʝʥʠʝ ʦʙʠʪʘʝʤʳʭ ʥʦʨ ʛʨʳʟʫʥʦʚ, ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʞʠʣʳʭ ʥʦʨ ʙʦʣʝʝ ʧʨʠʦʨʠʪʝʪʥʳʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʯʠʩʣʘ ʦʙʨʘ-

ʙʦʪʦʢ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʦʚʳʭ ʜʦʟ ʦʙʨʘʙʦʪʘʥʥʳʭ ʟʝʨʥʦʚʳʭ ʧʨʠʤʘʥʦʢ (ʩʚʳʰʝ 

1,23-1,5 ʛ). 

4 ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʈʇɼʋ ʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʟʘʱʠʪʳ ʧʦʩʝʚʦʚ ʦʪ ʛʨʳʟʫʥʦʚ. ʈɼʇʋ ʦʙʝʩʧʝʯʠʚʘʝʪ: ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʠʩʧʦʣʥʠʪʝʣʝʡ ʟʘ ʩʯʝʪ ʚʳʭʦʜʘ ʧʨʠʤʘʥʦʢ ʠʟ ʟʘʢʨʳʪʦʡ ʝʤʢʦʩʪʠ ʫ ʦʪʚʝʨʩʪʠʡ ʥʦʨ, ʠʩʢʣʶʯʝ-

ʥʠʝ ʧʦʪʝʨʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʷ, ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʠʩʧʦʣʥʠʪʝʣʝʡ ʩ 0,79 

ʜʦ 1,41 ʛʘ/ʯ ʠʣʠ ʚ 1,78 ʨʘʟʘ ʠ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʜʦʟʠʨʦʚʘʥʠʷ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 ʇʘʪʝʥʪ ʈʌ̄  2573333ʈʦʜʝʥʪʝʮʠʜʥʳʡ ʧʝʨʝʥʦʩʥʦʡ ʘʧʧʘʨʘʪ/ ɸ.ʌ. ʄʝʯʢʘʣʦ. - ˉ 

2014132040/13, ʟʘʷʚʣ. 01.08.2014, ʦʧʫʙʣ.  20.01.2016, ɹʶʣ. ˉ 2. 
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ɸʥʥʦʪʘʮʠʷ. ʀʟʫʯʘʣʠ ʧʨʦʮʝʩʩʳ ʥʘʛʨʝʚʘ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʌɻɹʅʋ ɺʅʀʀʊʠʅ ʤʥʦ-

ʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ (ɹʄʋ) ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙ-

ʨʘʙʦʪʢʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ, ʚʘʨʢʠ ʢʦʨʥʝʢʣʫʙʥʝʡ, ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʧʠʱʠ, ʧʘʩʪʝʨʠʟʘ-

ʮʠʠ ʤʦʣʦʢʘ, ʩʣʠʚʦʢ, ʬʨʫʢʪʦʚʳʭ ʩʦʢʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʦʨʷʯʝʡ ʚʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʨʘ. 

ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ ʩʘʤʦʨʝʛʫʣʠʨʫʝʪʩʷ ʚ ʢʘʞʜʦʤ ʘʧʧʘʨʘʪʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʥʘʧʦʨʘ, ʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨ ʩʘʤʦʨʝʛʫʣʠʨʫʝʪ ʩʫʤʤʘʨʥʫʶ ʪʝʧʣʦʚʫʶ ʥʘʛʨʫʟʢʫ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦ-

ʪʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ. ʆʪʤʝʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʯʝʩʪʚʘ ʢʦʨʤʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʘʧʧʘʨʘʪʘʭ 

ɹʄʋ ʦʪ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʨʦʛʨʝʚʘ. ʇʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʢʦʨʤʘ ʠʟ 25 ʢʛ ʚʦʜʳ ʠ 20 ʢʛ 

ʜʨʦʙʣʝʥʢʠ ʷʯʤʝʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʩʪʝʥʦʢ ʚʘʨʦʯʥʦʡ ʝʤʢʦʩʪʠ ʯʝʨʝʟ 55 ʤʠʥ ʜʦʩʪʠʛʣʘ 96 - 97 

Áʉ, ʘ ʚ ʮʝʥʪʨʝ 76 -77 Áʉ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʨʦʛʨʝʚʘ ʩʦʩʪʘʚʣʷʝʪ 20,8 %. ʇʦʢʘʟʘʥʦ ʧʦʚʳʰʝ-

ʥʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʨʦʛʨʝʚʘ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʨʤʘ ʚ ʚʦʜʝ. ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʤʝʞʜʫ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʧʨʦʛʨʝʚʘ. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʨʦʛʨʝʚʘ ʢʦʨʤʘ ʧʦʣʫʯʝʥʳ ʧʨʠ ʙʘʨʙʘʪʠʨʦʚʘʥʠʠ ʧʘʨʦʤ, ʚʨʝʤʷ ʟʘʧʘʨʠʚʘʥʠʷ 45 

- 55 ʤʠʥʫʪ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʨʦʛʨʝʚʘ ʢʦʨʤʘ ʠʟ 25 ʢʛ ʜʨʦʙʣʝʥʦʛʦ ʷʯʤʝʥʷ ʚ 30 ʣʠʪʨʘʭ ʚʦ-

ʜʳ ʜʦ 96-98 Áʉ ʪʨʝʙʫʝʪʩʷ ʥʘʛʨʝʚ ʚʦʜʳ ʜʦ ʢʠʧʝʥʠʷ ï 40 - 45 ʤʠʥʫʪ, ʟʘʧʘʨʠʚʘʥʠʝ ï 45 -55 ʤʠ-

ʥʫʪ. ɺʨʝʤʷ ʧʨʦʩʪʦʷ ʚ ʦʞʠʜʘʥʠʠ ʨʘʟʦʛʨʝʚʘ ʢʦʨʤʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 100  ʩʦʩʪʘʚʣʷʝʪ ~ 50 ʤʠʥ ʠ 

ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ (ʝʩʪʝʩʪʚʝʥʥʦʝ ʠ ʦʭʣʘʞʜʝʥʠʝ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ, ʟʘʣʠʚʘʝʤʦʡ ʚ ʧʘʨʦʚʫʶ ʨʫ-

ʙʘʰʢʫ) 30 ʤʠʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʩʘʤʦʨʝʛʫʣʠʨʦ-

ʚʘʥʠʝ, ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʨʦʛʨʝʚʘ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ. 
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Annotation. Heating processes on the multifunctional block-modular unit (BMU) developed by 

the Federal State Biological Research Institute of VNIITiN for simultaneous thermal processing of 

concentrated feeds, cooking corn-kilns, cooking, pasteurization of milk, cream, fruit juices, cooking 

hot water and process steam were studied. The heat flow is self-regulating in each unit, depending 

on the temperature head, and the steam generator self-regulates the total heat load of the parallel 

units. Dependence of feed quality, obtained in BMU apparatuses, on the uniformity of heating is 

marked.The temperature at the walls of the cooking pot during the heat treatment of the feed from 
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25 kg of water and 20 kg of crushed barley was increased to 96-97 Á C, while in the center to 76-77 

Á C after 55 minutes, the warming unevenness was 20.8%.An increase in the non-uniformity of 

warming up with an increase in the concentration of food in water is shown. The relationship be-

tween mixing and uneven heating is established.The best results on the uniformity of the warming 

up of the feed were obtained by fermenting with steam, the steaming time is 45 - 55 minutes.It is es-

tablished that for heating the food from 25 kg of crushed barley in 30 liters of water to 96-98 Á C, it 

is required to heat the water to a boil - 40 - 45minutes, steaming ï 45-55 minutes.The idle time in 

anticipation of heating up the feed to 100 is 50 minutes and the cooling time (natural and cooling 

with cold water poured into the steam jacket) is 30 minutes. 

Keywords: block and modular installation, heat treatment, self-regulation, uniformity of warm-

ing up, electric power. 

 

ɺʚʝʜʝʥʠʝ. ɼʣʷ ʢʨʝʩʪʴʷʥʩʢʠʭ ʭʦʟʷʡʩʪʚ ʚ ʌɻɹʅʋ ɺʅʀʀʊʠʅ ʨʘʟʨʘʙʦʪʘʥʘ ʙʣʦʯʥʦ-

ʤʦʜʫʣʴʥʘʷ, ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ (ɹʄʋ) ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ, ʚʘʨʢʠ ʢʦʨʥʝʢʣʫʙʥʝʡ, ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʧʠʱʠ, ʧʘʩʪʝʨʠʟʘʮʠʠ 

ʤʦʣʦʢʘ, ʩʣʠʚʦʢ, ʬʨʫʢʪʦʚʳʭ ʩʦʢʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʦʨʷʯʝʡ ʚʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʨʘ, ʩʦ-

ʩʪʦʷʱʘʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʦʯʥʳʭ ʘʧʧʘʨʘʪʦʚ [1-3]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʵʪʦʡ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʨʠʤʝʥʝʥ ʧʨʠʥʮʠʧʠʘʣʴ-

ʥʦ ʥʦʚʳʡ ʩʧʦʩʦʙ ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʩʠʩʪʝʤʳ ʵʥʝʨʛʦʧʦʜʚʦʜʘ ʚʩʝʭ ʘʧʧʘʨʘ-

ʪʦʚ ʫʩʪʘʥʦʚʢʠ ʟʘ ʩʯʝʪ ʩʧʝʮʠʘʣʴʥʦ ʧʨʦʪʝʢʘʶʱʠʭ ʪʝʧʣʦʤʘʩʩʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʚʘʨʦʯʥʳʭ 

ʘʧʧʘʨʘʪʘʭ ʠ ʚ ʵʣʝʢʪʨʦʧʘʨʦʛʝʥʝʨʘʪʦʨʝ [4, 5]: ʚ ʢʘʞʜʦʤ ʘʧʧʘʨʘʪʝ ʩʘʤʦʨʝʛʫʣʠʨʫʝʪʩʷ ʪʝʧʣʦʚʦʡ 

ʧʦʪʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʘ, ʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨ ʩʘʤʦʨʝʛʫʣʠʨʫʝʪ ʩʫʤʤʘʨʥʫʶ 

ʪʝʧʣʦʚʫʶ ʥʘʛʨʫʟʢʫ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʩʣʦʞ-

ʥʳʭ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʰʢʘʬʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩ ʪʝʨʤʦʨʝʛʫʣʠʨʫʶʱʝʡ ʠ ʧʫʩʢʦʚʦʡ ʘʧʧʘʨʘʪʫʨʦʡ. 

ʂʘʯʝʩʪʚʦ ʧʨʠʛʦʪʦʚʣʷʝʤʳʭ ʢʦʨʤʦʚ ʚ ʘʧʧʘʨʘʪʘʭ ɹʄʋ ʟʘʚʠʩʠʪ ʦʪ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʠʭ ʧʨʦ-

ʛʨʝʚʘ, ʘ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʨʦʛʨʝʚʘ ʩʚʷʟʘʥʘ ʩ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʢʦʨʤʘ. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ ʥʠʟʢʘʷ, ʧʦʵʪʦʤʫ ʚʜʦʣʴ ʩʪʝʥʦʢ ʧʘʨʦʚʦʡ ʨʫʙʘʰʢʠ ʚʘʨʦʯʥʦʛʦ ʘʧʧʘ-

ʨʘʪʘ ʢʦʨʤ ʧʨʦʛʨʝʝʪʩʷ ʙʳʩʪʨʝʝ ʠ ʜʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʚ ʩʝʨʝʜʠʥʝ ʚʘʨʦʯʥʦʡ ʝʤʢʦ-

ʩʪʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʢʦʨʤ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʦʛʨʝʪʳʤ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʠ ʧʨʦʚʝʩʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʟʘʧʘʨʠʚʘʝʤʦʤ ʢʦʨʤʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʝʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʫʜ ʚ ʢʨʝʩʪʴʷʥʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝ-

ʜʝʣʠʪʴ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʚ ʦʞʠʜʘʥʠʠ ʨʘʟʦʛʨʝʚʘ ʢʦʨʤʘ ʜʦ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʷ ʦʭʣʘ-

ʞʜʝʥʠʷ (ʝʩʪʝʩʪʚʝʥʥʦʝ ʠ ʦʭʣʘʞʜʝʥʠʝ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ, ʟʘʣʠʚʘʝʤʦʡ ʚ ʧʘʨʦʚʫʶ ʨʫʙʘʰʢʫ).  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ ʢʦʨʤʘ ʚ ʚʘʨʦʯʥʦʤ ʘʧʧʘʨʘʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘʤʝʨʘʤʠ ʝʝ ʚ 

ʧʷʪʠ ʪʦʯʢʘʭ: t0, t4 ï ʚʙʣʠʟʠ ʩʪʝʥʦʢ ʧʘʨʦʚʳʭ ʨʫʙʘʰʝʢ, Áʉ; t2 ï ʚ ʮʝʥʪʨʝ ʚʘʨʦʯʥʦʡ ʝʤʢʦʩʪʠ, Áʉ; 

t1, t3 ï ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ t0, t4, Áʉ  (ʨʠʩʫʥʦʢ 1). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʨʤʘ, ʩʦ-

ʩʪʦʷʱʝʛʦ ʠʟ 25 ʢʛ ʚʦʜʳ ʠ 20 ʢʛ ʜʨʦʙʣʝʥʢʠ ʷʯʤʝʥʷ ʚ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʡ, ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʡ ʫʩʪʘʥʦʚʢʝ (ɹʄʋ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʨʤʘ ʫ ʩʪʝʥʦʢ ʚʘʨʦʯʥʦʡ ʝʤʢʦʩʪʠ ʯʝʨʝʟ 55 

ʤʠʥ ʜʦʩʪʠʛʣʘ 96é97 Áʉ, ʘ ʚ ʮʝʥʪʨʝ ʝʤʢʦʩʪʠ ʚʩʝʛʦ ʣʠʰʴ 76é77 Áʉ, ʪʦ ʝʩʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʧʨʦʛʨʝʚʘ ʩʦʩʪʘʚʣʷʝʪ 20,8 %. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʨʦʛʨʝʚʘ ʢʦʨʤʘ ʦʧʳʪʳ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʢʦʨʤʘ (ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʚʦʜʳ ʠ ʤʘʩʩʳ ʢʦʨʤʘ), ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʨʠ ʟʘʧʘʨʠʚʘʥʠʠ ʢʦʨʤʦʩʤʝʩʠ (25 ʣ ʚʦʜʳ, 

20 ʢʛ ʷʯʤʝʥʷ) ʚ ʘʧʧʘʨʘʪʘʭ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ʊʘʙʣʠʮʘ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʨʦʛʨʝʚʘ ʢʦʨʤʘ ʦʪ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʚʦʜʝ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʢʦʨʤʘ ʚ ʚʦʜʝ, % 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʨʤʦʩʤʝʩʠ, Üʉ ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʧʨʦʛʨʝʚʘ, % ʧʦʩʣʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩ 

ʢʠʧʷʱʝʡ ʚʦʜʦʡ 

ʯʝʨʝʟ 20 ʤʠʥ 

ʥʘʛʨʝʚʘ 

ʯʝʨʝʟ 30 ʤʠʥ 

ʥʘʛʨʝʚʘ 

30 71-82 75-85 77-98 21 

25 57-70 71-81 72-83 14,2 

20 78-88 86-92 86,5-92,5 6,7 

15 78-89 99-100 - 2 

 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1 ʩʣʝʜʫʝʪ, ʯʪʦ ʯʝʤ ʤʝʥʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʨʤʘ (15 %), ʪʝʤ ʤʝʥʴʰʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʨʦʛʨʝʚʘ (2 %), ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʙʳʣʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 30 

%. ɼʣʷ ʩʥʠʞʝʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʨʦʛʨʝʚʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʝ: 

ʚʨʫʯʥʫʶ, ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʝʰʘʣʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʦʜʥʠʤ ʧʝ-

ʨʝʤʝʰʠʚʘʥʠʝʤ ʢʦʨʤʘ ʚʨʫʯʥʫʶ ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʨʦʛʨʝʚʘ ʥʘ 2 %, ʘ ʯʪʦʙʳ 

ʩʥʠʟʠʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʥʘ 15 % ʩʣʝʜʫʝʪ 8 ʨʘʟ ʧʝʨʝʤʝʰʘʪʴ ʢʦʨʤ. 

ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʨʦʛʨʝʚʘ ʢʦʨʤʘ ʧʦʣʫʯʝʥʳ ʧʨʠ ʙʘʨʙʘʪʠʨʦʚʘ-

ʥʠʠ ʧʘʨʦʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʝʨʝʟ 40 ʤʠʥʫʪ ʧʨʦʛʨʝʚʘ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʥʝ ʧʨʝʚʳʰʘʣʘ 5 - 

6 Áʉ. ɼʣʷ ʙʘʨʙʘʪʠʨʦʚʘʥʠʷ ʢʦʨʤʘ ʥʘ ʜʥʦ ʚʘʨʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ ʦʧʫʩʢʘʣʠ ʪʨʫʙʢʫ ʚ ʚʠʜʝ ʢʦʣʴʮʘ ʩ 

ʦʪʚʝʨʩʪʠʷʤʠ ʜʣʷ ʚʳʭʦʜʘ ʧʘʨʘ. ʕʪʦ ʦʢʘʟʘʣʩʷ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʰʘʣʢʘʤʠ 

ʩʧʦʩʦʙ ʚʳʨʘʚʥʠʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚ ʣʠʯʥʳʭ ʧʦʜʩʦʙʥʳʭ ʭʦʟʷʡʩʪʚʘʭ ʩ ʥʝʙʦʣʴʰʠʤ ʧʦʛʦʣʦʚʴ-

ʝʤ ʩʚʠʥʝʡ (2-3 ʩʚʠʥʴʠ) ʢʦʨʤʘ ʪʨʝʙʫʝʪʩʷ ʥʝ ʙʦʣʝʝ 30 ʢʛ ʚ ʜʝʥʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʩʘ-

ʤʳʡ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʚʳʨʘʚʥʠʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ï ʨʫʯʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʟʘʧʘʨʢʠ ʢʦʨʤʘ ʚ ʘʧʧʘʨʘʪ ʟʘʣʠʚʘʣʠ 30 ʣʠʪʨʦʚ ʚʦʜʳ ʠ ʜʦʚʦʜʠʣʠ 

ʜʦ ʢʠʧʝʥʠʷ ʠ ʟʘʪʝʤ ʟʘʩʳʧʘʣʠ 25 ʢʛ ʜʨʦʙʣʝʥʥʦʛʦ ʷʯʤʝʥʷ.ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʨʦʛʨʝʚʘ ʢʦʨʤʘ 

ʜʦ 96-98 Áʉ ʪʨʝʙʫʝʪʩʷ ʥʘʛʨʝʚ ʚʦʜʳ ʜʦ ʢʠʧʝʥʠʷ ï 40 - 45 ʤʠʥʫʪ, ʟʘʧʘʨʠʚʘʥʠʝ ï 45 - 55 ʤʠʥʫʪ 
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(ʦʪ 50 ʜʦ 100 ʤʠʥʫʪ). ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʨʠʩʫʥʦʢ 2) ʚʠʜʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʫ ʩʪʝʥ ʧʘʨʦ-

ʚʦʡ ʨʫʙʘʰʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʥʷʣʘʩʴ ʜʦ 95-96 Áʉ ʯʝʨʝʟ 55 ʤʠʥ. 

 
ʈʠʩʫʥʦʢ 2 ï ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ (P- ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʧʘʨʦʛʝʥʝʨʘʪʦʨʘ, Q ï ʨʘʩʭʦʜ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, t0, t4 ï ʚʙʣʠʟʠ ʩʪʝʥʦʢ ʧʘʨʦʚʳʭ ʨʫʙʘʰʝʢ, Áʉ; t2 ï ʚ ʮʝʥʪʨʝ ʚʘʨʦʯʥʦʡ ʝʤʢʦʩʪʠ, 

Áʉ; t1, t3 ï ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ t0, t4, Áʉ) ʚ ʘʧʧʘʨʘʪʘʭ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʧʨʠ ʟʘʧʘʨʠʚʘʥʠʠ ʢʦʨʤʦʩʤʝʩʠ (30 ʣ ʚʦʜʳ, 20 ʢʛ ʷʯʤʝʥʷ). 

 

ʇʨʠ ʥʘʛʨʝʚʝ ʚʦʜʳ ʜʦ 90 ï 95 ̄ ʉ ʫʤʝʥʴʰʠʣʩʷ ʩʫʤʤʘʨʥʳʡ ʧʦʪʨʝʙʣʷʝʤʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ 

ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʜʦ ʤʠʥʠʤʫʤʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʘ (ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʪʝʤʧʝʨʘ-

ʪʫʨʦʡ ʧʘʨʘ ʠ ʩʪʝʥʢʘʤʠ ʨʘʙʦʯʠʭ ʝʤʢʦʩʪʝʡ), ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʥʠʟʠʣʘʩʴ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʧʘ-

ʨʦʛʝʥʝʨʘʪʦʨʘ (ʢʨʠʚʘʷ P, ʨʠʩʫʥʦʢ 2), ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʷʯʤʝʥʷ ʚ ʘʧʧʘʨʘʪ, ʫʩʠʣʠʣʩʷ ʧʨʦʮʝʩʩ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʢʦʥʜʝʥʩʘʪʘ ʥʘ ʩʪʝʥʢʘʭ ʧʘʨʦʚʦʡ ʨʫʙʘʰʢʠ, ʫʚʝʣʠʯʠʣʩʷ ʧʦʪʨʝʙʣʷʝʤʳʡ ʪʝʧʣʦʚʦʡ ʧʦ-

ʪʦʢ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʠʣʘʩʴ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʧʘʨʦʛʝʥʝʨʘʪʦʨʘ. 

ɺʨʝʤʷ ʧʨʦʩʪʦʷ ʚ ʦʞʠʜʘʥʠʠ ʨʘʟʦʛʨʝʚʘ ʢʦʨʤʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 100  ʩʦʩʪʘʚʣʷʝʪ 50 ʤʠʥ ʠ 

ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ (ʝʩʪʝʩʪʚʝʥʥʦʝ ʠ ʦʭʣʘʞʜʝʥʠʝ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ, ʟʘʣʠʚʘʝʤʦʡ ʚ ʧʘʨʦʚʫʶ ʨʫ-

ʙʘʰʢʫ) 30 ʤʠʥ 

ɿʘʢʣʶʯʝʥʠʝ. ɼʣʷ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʡ, ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ (ɹʄʋ) ʫʩʪʘʥʦʚ-

ʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʨʦʛʨʝʚʘ ʢʦʨʤʘ ʜʦ 96-98 Áʉ ʪʨʝʙʫʝʪʩʷ ʥʘʛʨʝʚ ʚʦʜʳ ʜʦ ʢʠʧʝʥʠʷ ï 40-45 ʤʠʥʫʪ, 

ʟʘʧʘʨʠʚʘʥʠʝ ï 45 -55 ʤʠʥʫʪ (ʦʪ 40 ʜʦ 100 ʤʠʥʫʪ). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʨʘʚ-

ʥʦʤʝʨʥʦʩʪʠ ʧʨʦʛʨʝʚʘʥʠʷ ʢʦʨʤʘ (ȹtÒ 5 Áʉ) ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʙʘʨʙʘʪʠʨʦʚʘʥʠʝ ʧʘʨʦʤ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʐʫʚʘʣʦʚ, ɸ.ʄ. ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʵʥʝʨʛʦʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ / ʐʫʚʘʣʦʚ 

ɸ.ʄ., ʄʘʰʢʦʚ ɸ.ʅ. // ʉʝʣʴʩʢʠʡ ʤʝʭʘʥʠʟʘʪʦʨ. ï 2010. ï ˉ 12. ï ʉ. 23. 

2. ʐʫʚʘʣʦʚ, ɸ.ʄ. ʄʥʦʛʦʮʝʣʝʚʘʷ ʵʥʝʨʛʦʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʢʨʝʩʪʴʷʥʩʢʠʭ ʭʦ-

ʟʷʡʩʪʚ / ʐʫʚʘʣʦʚ ɸ.ʄ., ʄʘʰʢʦʚ ɸ.ʅ., ʂʘʣʠʥʠʥ ɺ.ʌ., ʅʘʙʘʪʦʚ ʂ.ɸ. // ʄʝʭʘʥʠʟʘʮʠʷ ʠ ʵʣʝʢ-

ʪʨʠʬʠʢʘʮʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ï 2010. ï ˉ5. ï ʉ. 20- 22. 

3. ʇʘʪʝʥʪ ˉ2454911 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ. ʄʇʂ A47J27/17. ʇʠʱʝʚʘʨʦʯʥʘʷ ʣʠʥʠʷ. / 

ʐʫʚʘʣʦʚ ɸ.ʄ., ɿʘʟʫʣʷ ɸ.ʅ., ʅʘʙʘʪʦʚ ʂ.ɸ., ʄʘʰʢʦʚ ɸ.ʅ.; ʟʘʷʚʠʪʝʣʴ ʠ ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ 



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ 

 

~47~ 

ɻʅʋ ɺʅʀʀʊʠʅ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ. ï ˉ2011107747/12, ʟʘʷʚ. 28.02.2011; ʦʧʫʙʣ. 10.07.2012. 

ɹʶʣ. ˉ19. ï 5 ʉ.: ʠʣ. 

4. ɿʘʟʫʣʷ, ɸ.ʅ. ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʵʥʝʨʛʦʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʢʨʝʩʪʴʷʥ-

ʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ / ɸ.ʅ. ɿʘʟʫʣʷ, ɸ.ʄ. ʐʫʚʘʣʦʚ, ɸ.ʅ. ʄʘʰʢʦʚ, ʂ.ɸ. ʅʘʙʘʪʦʚ // ʊʨʘʢʪʦʨʳ ʠ 

ʩʝʣʴʭʦʟʤʘʰʠʥʳ. ï 2014. ï ˉ 4. ï ʉ. 10-11. 

5. ʐʫʚʘʣʦʚ ɸ.ʄ. ʄʥʦʛʦʮʝʣʝʚʦʡ ʪʝʨʤʦʘʛʨʝʛʘʪ. / ɸ.ʄ. ʐʫʚʘʣʦʚ, ɸ.ʅ. ʄʘʰʢʦʚ, ʂ.ɸ. 

ʅʘʙʘʪʦʚ, ɼ.ʉ. ʏʝʨʥʦʚ. // ʉʝʣʴʩʢʠʡ ʤʝʭʘʥʠʟʘʪʦʨ. ï 2014. ï ˉ3(16). ï ʉ. 10ï11. 

References 

1. Shuvalov, A.M. Mnogofunkcional'naja jenergotehnologicheskaja ustanovka / Shuvalov 

A.M., Mashkov A.N. // Sel'skij mehanizator. ï 2010. ï ˉ 12. ï S. 23. 

2. Shuvalov, A.M. Mnogocelevaja jenergotehnologicheskaja ustanovka dlja krest'janskih ho-

zjajstv / Shuvalov A.M., Mashkov A.N., Kalinin V.F., Nabatov K.A. // Mehanizacija i jelek-

trifikacija sel'skogo hozjajstva. ï 2010. ï ˉ5. ï S. 20- 22. 

3. Patent ˉ2454911 Rossijskaja Federacija. MPK A47J27/17. Pishhevarochnaja linija. / Shu-

valov A.M., Zazulja A.N., Nabatov K.A., Mashkov A.N.; zajavitel' i patentoobladatel' GNU 

VNIITiN Rossel'hozakademii. ï ˉ2011107747/12, zajav. 28.02.2011; opubl. 10.07.2012. Bjul. 

ˉ19. ï 5 S.: il. 

4. Zazulja, A.N. Mnogofunkcional'naja jenergotehnologicheskaja ustanovka dlja krest'jan-

skogo hozjajstva / A.N. Zazulja, A.M. Shuvalov, A.N. Mashkov, K.A. Nabatov // Traktory i 

sel'hozmashiny. ï 2014. ï ˉ 4. ï S. 10-11. 

5. Shuvalov A.M. Mnogocelevoj termoagregat. / A.M. Shuvalov, A.N. Mashkov, K.A. Naba-

tov, D.S. Chernov. // Sel'skij mehanizator. ï 2014. ï ˉ3(16). ï S. 10ï11. 

 

 

ʋɼʂ 637.116  

ɸʅɸʃʀɿ ʌʀɿʀʏɽʉʂʆʁ ʄʆɼɽʃʀ ɺʓʄɽʅʀ ʂɸʂ ʆɹʒɽʂʊɸ 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ 

ɼʦʨʦʚʩʢʠʭ ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʌɻɹʅʋ çɺʩʝʨʦʩʩʠʡ-

ʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʩʝʣʴ-

ʩʢʦʤ ʭʦʟʷʡʩʪʚʝè, E-mail: dorovskih50@mail.ru 

ɼʦʨʦʚʩʢʠʭ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʌɻɹʆʋ ɺʆ çʊʘʤʙʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠ-

ʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, E-mail: dima.dorovskikh@yandex. 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʘ ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʳʤʝʥʠ ʢʘʢ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ 

ʧʨʦʮʝʩʩʘ ʜʦʝʥʠʷ. ɸʣʴʚʝʦʣʳ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʚ ʩʚʦʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʧʝʨʚʘʷ 

ʝʤʢʦʩʪʴ ʩʦʝʜʠʥʝʥʥʘʷ ʤʦʣʦʯʥʳʤʠ ʧʨʦʪʦʢʘʤʠ ʩ ʮʠʩʪʝʨʥʦʡ - ʚʪʦʨʦʡ ʝʤʢʦʩʪʴʶ. ʎʠʩʪʝʨʥʘ ʜʦ-

ʣʠ ʚʳʤʝʥʠ ʨʘʩʩʤʦʪʨʝʥʘ ʢʘʢ ʦʙʦʣʦʯʢʘ, ʢʦʪʦʨʘʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ, ʤʦ-

ʞʝʪ ʠʟʤʝʥʷʪʴ ʩʚʦʡ ʦʙʲʝʤ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʜʝʣʘʭ. ʌʦʨʤʘʣʠʟʦʚʘʥ ʧʨʦʮʝʩʩ ʠʩʪʝʯʝʥʠʷ ʤʦ-

ʣʦʢʘ ʠʟ ʘʣʴʚʝʦʣʷʨʥʦʛʦ ʦʪʜʝʣʘ ʚʳʤʝʥʠ ʚ ʮʠʩʪʝʨʥʫ ʠ ʠʟ ʮʠʩʪʝʨʥʳ ʚ ʧʦʜʩʦʩʢʦʚʫʶ ʢʘʤʝʨʫ ʜʦ-
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ʨʘʤʝʪʨʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʟʚʝʥʴʝʚ ʙʠʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ: ʦʪʩʘʩʳʚʘʶʱʫʶ ʩʧʦʩʦʙ-
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ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʘʢʫʫʤʘ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʤʦʣʦʢʘ, ʪʦ ʝʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʚʝʥ-

ʩʪʚʦ ʨʘʩʭʦʜʦʚ ʤʦʣʦʢʘ ʠʟ ʘʣʴʚʝʦʣʷʨʥʦʛʦ ʦʪʜʝʣʘ ʚʳʤʝʥʠ ʚ ʮʠʩʪʝʨʥʫ ʠ ʠʟ ʮʠʩʪʝʨʥʳ ʚ ʧʦʜʩʦʩ-

ʢʦʚʫʶ ʢʘʤʝʨʫ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʌʦʨʤʘʣʠʟʦʚʘʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʚʥʫʪʨʠʚʳ-

ʤʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ. ʇʦʣʫʯʝʥʳ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʤʦ-

ʣʦʢʦʚʳʚʝʜʝʥʠʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʚʘʢʫʫʤʘ ʚ ʧʦʜʩʦʩʢʦʚʦʡ ʢʘʤʝʨʝ ʠʣʠ ʩʦʦʪʥʦʰʝʥʠʝʤ ʪʘʢʪʦʚ 

ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʆʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʦʚʳʤ ʫʜʦʝʤ, ʧʝʨʠʦʜʦʤ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ, ʪʫʛʦ-

ʜʦʡʥʦʩʪʴʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʪʘʢʪʘ ʩʦʩʘʥʠʷ. 
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ʜʘʚʣʝʥʠʝ, ʧʘʨʘʤʝʪʨʳ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 
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Annotation.The physical model of the udder as an object of controlling the quality of the milk-

ing process is considered. The alveoli of the breast are collectively represented as the first contain-

er connected by the milk ducts to the tank - the second reservoir. The udder fraction cistern is con-

sidered as a shell, which, depending on specific conditions, can vary its volume in significant lim-

its.The process of the expiration of milk from the alveolar section of the udder to the cistern and 

from the cistern into the sucker chamber of the milking machine is formalized. Analysis of the phys-

ical model of the animal's udder allowed to substantiate the parameters of the quantitative evalua-

tion of the links in the biotechnical system: the sucking capacity of the milking machine, the crawi-

ness of the cows, the milk yield parameter. The optimal mode of milk elimination, in which all the 

energy of the vacuum supplied to the subsurface space is expended on the extraction of milk, that is, 

the equality of milk costs from the alveolar section of the udder to the cistern and from the cistern 

into the sucker chamber of the milking machine is considered. The pattern of changes in intramus-

cular pressure during the lactation process is formalized.The functions of controlling the process of 

lactation by changing the vacuum in the suction chamber or the ratio of the clock cycles of the milk-

ing machine are obtained. They are determined by one-time milking, the period of lactation, the 

dysfunction and the relative duration of the sucking cycle. 

Key words: model, udder, lactation, expiration process, intra-venous pressure, parameters of 

the milking machine. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʠʭ ʬʠʟʠʦʣʦʛʠʯʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʦʝʥʠʷ [1 - 5], ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʠʷ ʬʠʟʠ-

ʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʳʤʝʥʠ ʢʘʢ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʨʦʮʝʩʩʘ ʜʦʝʥʠʷ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʚʳʚʝʜʝʥʠʷ ʤʦʣʦʢʘ. 
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ʈʠʩʫʥʦʢ 1 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʚʳʚʝʜʝʥʠʷ ʤʦʣʦʢʘ 

ɸʣʴʚʝʦʣʳ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʚ ʩʚʦʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʝʨʚʫʶ ʝʤʢʦʩʪʴ ʩʦʝʜʠ-

ʥʝʥʥʫʶ ʤʦʣʦʯʥʳʤʠ ʧʨʦʪʦʢʘʤʠ ʩ ʮʠʩʪʝʨʥʦʡ - ʚʪʦʨʦʡ ʝʤʢʦʩʪʴʶ. ʉʠʩʪʝʤʘ ʤʦʣʦʯʥʳʭ ʧʨʦʪʦʢʦʚ 

ʦʙʣʘʜʘʝʪ ʥʝʢʦʪʦʨʳʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ʎʠʩʪʝʨʥʘ ʜʦʣʠ ʚʳʤʝʥʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʙʦʣʦʯʢʫ, ʢʦʪʦʨʘʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ ʩʚʦʡ ʦʙʲʝʤ ʚ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʜʝʣʘʭ. 

ʉʬʠʥʢʪʝʨ ʩʦʩʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʪʦʨʦʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

ʈʘʩʭʦʜ ʤʦʣʦʢʘ ʠʟ ʘʣʴʚʝʦʣʷʨʥʦʛʦ ʦʪʜʝʣʘ ʚʳʤʝʥʠ (G1)  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʝʤ: 

()[ ]

r

-
=

cʘ

1

2 PtP
SG                                                      (1) 

ʛʜʝ Pa(t) - ʜʘʚʣʝʥʠʝ ʚ ʘʣʴʚʝʦʣʘʭ ʚ ʧʨʦʮʝʩʩʝ ʚʳʚʝʜʝʥʠʷ ʤʦʣʦʢʘ, ʢʇʘ; Pc - ʜʘʚʣʝʥʠʝ ʚ ʮʠ-

ʩʪʝʨʥʝ, ʢʇʘ; S ï ʩʝʯʝʥʠʝ ʩʠʩʪʝʤʳ ʤʦʣʦʯʥʳʭ ʧʨʦʪʦʢʦʚ, ʤ2; ɟ - ʧʣʦʪʥʦʩʪʴ ʤʦʣʦʢʘ, ʢʛ/ʤ3. 

ʈʘʩʭʦʜ ʤʦʣʦʢʘ ʯʝʨʝʟ ʚʳʚʦʜʥʦʡ ʢʘʥʘʣ ʩʦʩʢʘ (G2) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʫʨʘʚʥʝʥʠʷ: 

,                                                 (2) 

ʛʜʝ Ű - ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʘʢʪʘ ʩʦʩʘʥʠʷ; F - ʧʣʦʱʘʜʴ ʚʳʚʦʜʥʦʛʦ ʢʘʥʘʣʘ ʩʦʩʢʘ ʚ 

ʧʨʦʮʝʩʩʝ ʚʳʚʝʜʝʥʠʷ ʤʦʣʦʢʘ, ʤ2; Õ - ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ; Pʧ - ʜʘʚʣʝʥʠʝ ʚ ʧʦʜʩʦʩʢʦʚʦʡ ʢʘʤʝ-

ʨʝ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʢʇʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʜʦʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʦʝ (ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ) ʚʳʚʝʜʝʥʠʝ 

ʤʦʣʦʢʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʘʣʴʚʝʦʣʘʭ (Q) ʟʘ ʧʝʨʠʦʜ ʤʦʣʦʢʦʦʪʜʘʯʠ (ʊ), ʦʧʨʝʜʝʣʷʝʤʳʡ ʚʨʝʤʝʥʝʤ 

ʜʝʡʩʪʚʠʷ ʦʢʩʠʪʦʮʠʥʘ. ʕʪʦʤʫ ʫʩʣʦʚʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʘʚʥʝʥʠʝ: 
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ʀʟ ʫʨʘʚʥʝʥʠʷ (3) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʚʝʥʴ ʮʠʩʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 

                                                         (4) 

ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʤʦʣʦʢʦʦʪʜʘʯʠ ʟʥʘʯʝʥʠʠ ʘʣʴʚʝʦʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʫʨʘʚʥʝʥʠʝ (4) ʧʨʠʤʝʪ ʚʠʜ: 
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ʇʨʝʜʩʪʘʚʠʤ ʮʠʩʪʝʨʥʫ ʜʦʣʠ ʚʳʤʝʥʠ ʢʘʢ ʪʦʥʢʦʩʪʝʥʥʫʶ, ʩʬʝʨʠʯʝʩʢʫʶ ʦʙʦʣʦʯʢʫ, ʨʘʙʦʪʘ-

ʶɦ ʫʶ ʚ ʧʨʝʜʝʣʘʭ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ. 

ʊʦʛʜʘ ʚʝʣʠʯʠʥʫ ʮʠʩʪʝʨʥʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ 

ʥʝʤ ʤʦʣʦʢʘ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʫʨʘʚʥʝʥʠʝʤ: 

,                                                 (6) 

ʛʜʝ    V  - ʦʙʲʝʤ ʤʦʣʦʢʘ ʚ ʮʠʩʪʝʨʥʝ, ʤ3; Vʅ - ʦʙʲʝʤ ʮʠʩʪʝʨʥʳ ʚ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ, ʤ3; h - ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʮʠʩʪʝʨʥʳ, ʤ; ɽ - ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʥ/ʤ2. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʞʠʤʦʤ ʚʳʚʝʜʝʥʠʷ ʤʦʣʦʢʘ ʷʚʣʷʝʪʩʷ ʪʘʢʦʡ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʚʩʷ ʵʥʝʨʛʠʷ ʧʦʜʚʦʟʠʤʦʛʦ ʚ ʧʦʜʩʦʩʢʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʘʢʫʫʤʘ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʠʟʚʣʝʯʝʥʠʝ 

ʤʦʣʦʢʘ, ʪʦ ʝʩʪʴ  ʠʣʠ ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʡ (1) ʠ (2): 
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ʀʟ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʷ 7 ʚʠʜʥʦ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʧʨʘʚʘʷ ʯʘʩʪʴ, ʢʘʢ ʠ ʣʝʚʘʷ ʜʦʣʞʥʘ ʙʳʪʴ 

ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ, ʪʦ ʝʩʪʴ  ʠ (ʠʣʠ) Pʧ = Pʧ(t), ʚʦ-ʚʪʦʨʳʭ, ʟʥʘʯʝʥʠʷ  ʠ  

ʜʦʣʞʥʳ ʙʳʪʴ ʪʘʢʠʤʠ, ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʦʩʴ ʫʩʣʦʚʠʝ ʫʨʘʚʥʝʥʠʷ (4). 

ʇʨʠ ʧʦʩʪʦʷʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʘʢʪʘ ʩʦʩʘʥʠʷ () ʬʫʥʢʮʠʷ Pʧ = Pʧ(t) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ: 
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ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ ʚʘʢʫʫʤʝ ʚ ʧʦʜʩʦʩʢʦʚʦʡ ʢʘʤʝʨʝ (Pʧ) ʬʫʥʢʮʠʷ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 

ʫʨʘʚʥʝʥʠʷ: 
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ɿʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʚʥʫʪʨʠʚʳʤʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʨʠʩʫʥʦʢ 2) ʚ ʧʨʦʮʝʩʩʝ ʜʦʝʥʠʷ ʧʦ 

ʜʘʥʥʳʤ ɻʨʘʯʝʚʘ ʀ.ʀ. [6] ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ: 

ʈʘ = ʘt
2 + ʚt + ʩ                                                              (10) 

 

 
ʈʠʩʫʥʦʢ 2 ï ʌʫʥʢʮʠʷ ʠʟʤʝʥʝʥʠʷ ʚʥʫʪʨʠʚʳʤʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ 

 

ʇʨʠ t = 0,  ʈʘ = ʈʥ, ʪʦʛʜʘ ʩ = ʈʥ. ʇʨʦʠʟʚʦʜʥʘʷ  ʚ ʪʦʯʢʝ tm ʨʘʚʥʘ 0, ʪʦʛʜʘ ʚ = -

2 ʘt. ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ ʩ ʠ b ʚ ʫʨʘʚʥʝʥʠʝ (10) ʜʣʷ t = tm ʧʦʣʫʯʠʤ: 
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ʋʨʘʚʥʝʥʠʝ (10) ʧʨʠʤʝʪ ʚʠʜ: 
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ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ , ʩʝʯʝʥʠʷ ʤʦʣʦʯ-

ʥʳʭ ʧʨʦʪʦʢʦʚ S, ʩʝʯʝʥʠʷ ʚʳʚʦʜʥʦʛʦ ʢʘʥʘʣʘ ʩʦʩʢʘ F ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ, ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ ʦʩʥʦʚʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʞʠʚʦʪʥʳʭ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ, ʟʘʜʘʥʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʊʘʢ ʧʝʨʠʦʜ ʤʦʣʦʢʦʦʪʜʘʯʠ ʠ ʩʝʯʝʥʠʝ ʚʳʚʦʜʥʦʛʦ ʢʘʥʘʣʘ ʩʦʩʢʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠ ʜʦʝʥʠʠ 

ʞʠʚʦʪʥʦʛʦ ʚ ʨʝʞʠʤʝ ʧʦʥʠʞʝʥʥʦʡ ʦʪʩʘʩʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʢʦʛʜʘ 

. ʇʨʠ ʵʪʦʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʜʦʝʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩ ʧʝʨʠʦʜʦʤ ʤʦʣʦʢʦʦʪʜʘʯʠ, ʘ ʧʘ-

ʨʘʤʝʪʨ F ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ , ʛʜʝ  - ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʩʘʩʳ-

ʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʠ 

ʚʝʣʠʯʠʥʝ ʚʘʢʫʫʤʘ ʚ ʧʦʜʩʦʩʢʦʚʦʡ ʢʘʤʝʨʝ, ʨʘʚʥʦʡ ʈʧ. 

ʈʘʟʦʚʳʡ ʫʜʦʡ (Q) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʜʦʝʥʠʠ ʚ ʨʝʞʠʤʝ ʧʦʚʳʰʝʥʥʦʡ ʦʪʩʘʩʳʚʘʶʱʝʡ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʢʦʛʜʘ. 

ʊʦʛʜʘ ʬʫʥʢʮʠʶ  (ʫʨʘʚʥʝʥʠʝ 1) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

                                                         (12) 

ʋʨʘʚʥʝʥʠʷ (8) ʠ (9) ʧʨʠʤʫʪ ʚʠʜ: 

                                                    (13) 

.                                                        (14) 

ɿʘʢʣʶʯʝʥʠʝ. ɸʥʘʣʠʟ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʳʤʝʥʠ ʞʠʚʦʪʥʦʛʦ ʧʦʟʚʦʣʠʣ ʦʙʦʩʥʦʚʘʪʴ ʧʘʨʘ-

ʤʝʪʨʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʟʚʝʥʴʝʚ ʙʠʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ: ʦʪʩʘʩʳʚʘʶʱʫʶ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʪʫʛʦʜʦʡʥʦʩʪʴ ʢʦʨʦʚ, ʧʘʨʘʤʝʪʨ ʤʦʣʦʢʦʦʪʜʘʯʠ. 

ʌʫʥʢʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʦʪʩʘʩʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʚʘʢʫʫʤʘ ʚ ʧʦʜʩʦʩʢʦʚʦʡ ʢʘʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʦʚʳʤ ʫʜʦʝʤ, ʧʝʨʠʦʜʦʤ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ, 

ʪʫʛʦʜʦʡʥʦʩʪʴʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʪʘʢʪʘ ʩʦʩʘʥʠʷ. 

ʌʫʥʢʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʦʪʩʘʩʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʘʢʪʘ ʩʦʩʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʦʚʳʤ ʫʜʦʝʤ, ʧʝʨʠʦʜʦʤ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ, ʪʫʛʦ-

ʜʦʡʥʦʩʪʴʶ ʠ ʚʘʢʫʫʤʦʤ ʚ ʧʦʜʩʦʩʢʦʚʦʡ ʢʘʤʝʨʝ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ  

1. ʇʘʪʝʥʪ ʈʌ ˉ 2136145 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ6 A01J5/00, G09B9/00.ʉʧʦʩʦʙ 

ʦʮʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʣʦʢʦʦʪʜʘʯʠ ʞʠʚʦʪʥʦʛʦ ʠ ʧʘʨʘʤʝʪʨʦʚ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ 

/ ɼʦʨʦʚʩʢʠʭ ɺ.ʀ.; ʟʘʷʚʠʪʝʣʴ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠ ʧʨʦʝʢʪʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʝʭʥʠʢʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡ-

ʩʪʚʝ, ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ ɼʦʨʦʚʩʢʠʭ ɺ. ʀ. - 97111258/13, ʟʘʷʚ. 02.07.1997. ï ʆʧʫʙ.: 10.09.1999 

2. ɼʦʨʦʚʩʢʠʭ, ɺ.ʀ. ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ ʧʨʠ ʜʦʝʥʠʠ ʢʦʨʦʚ ʚ ʩʪʦʡʣʘʭ 

[ʊʝʢʩʪ] / ɺ.ʀ. ɼʦʨʦʚʩʢʠʭ, ɸ.ʇ. ɼʝʡʥʝʛʘ // ɺʝʩʪʥʠʢ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦ-

)(tfP
a
=

ʦʧʪ22
GG <

E

G
F

max
=

r
mt

ʧ
2ʈ

E Ö=

ʦʧʪ22
GG <

)(
1

tG

)(
6

)(
2

31
tʊt

T

Q
tG -=

( )
2

3

2

18)( ù
ú

ø

é
ê

è -
=

tm
r

FT

tTtQ
tʈ

r

t
ʈ

FT

tTtQ
t

2

)(6
)(

3

2
-

=



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ 

 

~52~ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʤʝʭʘʥʠʟʘʮʠʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ï 2008. ï ʊ. 18. - ˉ2. ï ʉ. 123 ï 

128. 

3. ʌʠʣʠʧʧʦʚʘ, ʆ.ɹ. ʂ ʤʝʪʦʜʠʢʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʜʦʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

[ʊʝʢʩʪ] / ʆ.ɹ. ʌʠʣʠʧʧʦʚʘ, ɽ.ʀ. ʂʠʡʢʦ, ɼʦʨʦʚʩʢʠʭ ɺ.ʀ.// ʅʘʫʢʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʈʦʩʩʠʠ. ï 2014. 

- ˉ6 (12). ï ʉ. 53 ï 60. 

4. ɼʦʨʦʚʩʢʠʭ, ɺ.ʀ. ʇʫʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠ-

ʟʘʮʠʠ ʥʘ ʩʝʤʝʡʥʳʭ ʤʦʣʦʯʥʳʭ ʬʝʨʤʘʭ[ʊʝʢʩʪ]  / ɼʦʨʦʚʩʢʠʭ ɺ.ʀ., ɼʦʨʦʚʩʢʠʭ ɼ.ɺ., ʆ.ɸ. ɸʪʢʝ-

ʰʦʚ // ɺʝʩʪʥʠʢ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʤʝʭʘʥʠʟʘʮʠʠ ʞʠʚʦʪ-

ʥʦʚʦʜʩʪʚʘ. ï 2012. - ˉ2 (6). ïʉ. 47 ï 51. 

5. ɼʦʨʦʚʩʢʠʭ, ɺ.ʀ. ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ ʧʨʠ ʜʦʝʥʠʠ ʢʦʨʦʚ ʚ ʩʪʦʡ-

ʣʘʭ[ʊʝʢʩʪ] / ɺ.ʀ. ɼʦʨʦʚʩʢʠʭ, ɸ.ʇ. ɼʝʡʥʝʛʘ // ɺʝʩʪʥʠʢ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʤʝʭʘʥʠʟʘʮʠʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ï 2008. ï ʊ. 18. - ˉ2. ï ʉ. 123 ï 

128. 

6. ɻʨʘʯʝʚ, ʀ. ʀ. ʌʠʟʠʦʣʦʛʠʷ ʣʘʢʪʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ [ʊʝʢʩʪ] / ʀ.ʀ. 

ɻʨʘʯʝʚ, ɺ.ʇ. ɻʘʣʘʥʮʝʚ. ï ʄ.: - ʂʦʣʦʩ. - 1974. 

References 

1. Patent RF ˉ 2136145 Rossiyjskaya Federaciya, MPK6 A01J5/00, G09B9/00. Sposob ocen-

ki sootvetstviya pokazateleyj molokootdachi zhivotnogo i pa-rametrov doiljnogo apparata / Do-

rovskikh V.I.; zayavitelj Vserossiyjskiyj nauchno-issledovateljskiyj i proektno-tekhnologicheskiyj 

institut po ispoljzovaniyu tekhniki i nefteproduktov v seljskom khozyayjstve, patentoobladatelj Do-

rovskikh V. I. - 97111258/13, zayav. 02.07.1997. ï Opub.: 10.09.1999 

2. Dorovskikh, V.I. Optimizaciya processa molokovihvedeniya pri doenii korov v stoyjlakh 

[Tekst] / V.I. Dorovskikh, A.P. Deyjnega // Vestnik Vserossiyjskogo nauchno-issledovateljskogo 

instituta mekhanizacii zhivotnovodstva. ï 2008. ï T. 18. - ˉ2. ï S. 123 ï 128. 

3. Filippova, O.B. K metodike fiziologicheskoyj ocenki doiljnogo oborudovaniya [Tekst] / 

O.B. Filippova, E.I. Kiyjko, Dorovskikh V.I.// Nauka v centraljnoyj Rossii. ï 2014. - ˉ6 (12). ï S. 

53 ï 60. 

4. Dorovskikh, V.I. Puti povihsheniya ehffektivnosti funkcionirovaniya sredstv mekhanizacii 

na semeyjnihkh molochnihkh fermakh[Tekst]  / Dorovskikh V.I., Dorovskikh D.V., O.A. Atkeshov 

// Vestnik Vserossiyjskogo nauchno-issledovateljskogo instituta mekhanizacii zhivotnovodstva. ï 

2012. - ˉ2 (6). ïS. 47 ï 51. 

5. Dorovskikh, V.I. Optimizaciya processa molokovihvedeniya pri doenii korov v 

stoyjlakh[Tekst]  / V.I. Dorovskikh, A.P. Deyjnega // Vestnik Vserossiyjskogo nauchno-

issledovateljskogo instituta mekhanizacii zhivotnovodstva. ï 2008. ï T. 18. - ˉ2. ï S. 123 ï 128. 

6. Grachev, I. I. Fiziologiya laktacii seljskokhozyayjstvennihkh zhivot-nihkh [Tekst] / I.I. 

Grachev, V.P. Galancev. ï M.: - Kolos. - 1974. 

 

 

ʋɼʂ 637.116  

ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʉɺʆʁʉʊɺ ɺʓʄɽʅʀ 

ɾʀɺʆʊʅʓʍ ɺ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʍ ʋʉʃʆɺʀʗʍ 

ɼʦʨʦʚʩʢʠʭ ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ, 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʌɻɹʅʋ çɺʩʝʨʦʩʩʠʡ-

ʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʩʝʣʴ-

ʩʢʦʤ ʭʦʟʷʡʩʪʚʝè, E-mail: dorovskih50@mail.ru 

mailto:dorovskih50@mail.ru


ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ 

 

~53~ 

ɼʦʨʦʚʩʢʠʭ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʌɻɹʆʋ ɺʆ çʊʘʤʙʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, E-mail: dima.dorovskikh@yandex 

 

ɸʥʥʦʪʘʮʠʷ. ʀʟʫʯʘʣʠ ʧʦʢʘʟʘʪʝʣʠ ʤʦʣʦʢʦʦʪʜʘʯʠ ʢʦʨʦʚ: ʨʘʟʦʚʳʡ ʫʜʦʡ, ʤʘʢʩʠʤʘʣʴʥʫʶ ʠ 
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ʛʨʝʰʥʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʚ ʦʩʥʦʚʥʦʤ ʢʘʯʝʩʪʚʦʤ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ. 
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ʩʠʚʥʦʩʪʴ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 5 - 8% ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʘʣʛʦ-
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Annotation.Indicators of milk yield of cows: one-time milk, the maximum and average 

intensity of lactation, the dormancy studied in JSC "Golitsyno" Nikiforovsky district of the Tambov 

region. The values of the milk yield parameters were determined from the results of two check 

milking with the help of the CM-16I milk counter and a stopwatch with a divisive price of 0.1 s. The 

parameter of impairment was determined by milking the animal in the low vacuum mode (42 kPa), 

when the intensity of lactation on the rectilinear portion of the curve corresponds to the sucking 
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power of the milking machine. Single milk yield, the maximum and average intensity of lactation 

was determined by milking the animal in the nominal vacuum regime (48 kPa). The calculation of 

the regime parameters is based on the obtained data. Ranking of cows by the value of the required 

suction capacity of the milking machine is carried out first, then the cows are grouped according to 

this parameter and the working vacuum is determined for these groups, and for the subgroups the 

ratio of measures is determined. Studies of the reproducibility of the lactation function of cows were 

carried out using the ALPRO system. It is determined that the general nature of the lactation curves 

is reproduced in subsequent milking with a certain error, mainly due to the quality of the 

preparatory operations. It is established that in healthy cows during 260-270 days of lactation the 

maximum intensity of lactation varies between 5 and 8% and can be used in algorithms for 

controlling the aspiration capacity of the milking machine. The results of the research show that 

selection work should be aimed at breeding light-bodied cows, milking regimens should be aimed at 

reducing the traumatism of the mammary gland of cows. 

Keywords: functional properties, intensity, fastness, suction ability, completeness of 

vydayvaniya, mastitis. 

 

ɺʚʝʜʝʥʠʝ.ʇʨʠʛʦʜʥʦʩʪʴ ʢ ʤʘʰʠʥʥʦʤʫ ʜʦʝʥʠʶ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʢʦʨʦʚʘʤ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʦʢʘ, ʧʦʵʪʦʤʫʠʩʩʣʝʜʦʚʘʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʚʳʤʝʥʠ ʞʠʚʦʪʥʳʭ ʠʤʝʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦ-

ʣʦʢʦʦʪʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʉʄ-16ʀ ʠ ʩʝʢʫʥʜʦʤʝʨ ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ 0,1 ʩ. 

ɺʭʦʜʥʦʡ ʰʪʫʮʝʨ ʩʯʝʪʯʠʢʘ ʤʦʣʦʢʘ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʤʦʣʦʯʥʦʤʫ ʰʣʘʥʛʫ, ʠʜʫʱʝʤʫ ʦʪ 

ʢʦʣʣʝʢʪʦʨʘ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʘ ʚʳʭʦʜʥʦʡ ʰʪʫʮʝʨ ʩ ʧʦʤʦʱʴʶ ʢʦʨʦʪʢʦʛʦ ʰʣʘʥʛʘ ʧʦʜʢʣʶ-

ʯʘʝʪʩʷ ʢ ʨʫʯʢʝ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʇʨʠ ʵʪʦʤ ʩʯʝʪʯʠʢ ʤʦʣʦʢʘ ʚʠʩʠʪ ʥʘ ʰʣʘʥʛʝ ʪʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʯʪʦʙʳ ʙʳʣ ʚʠʜʝʥ ʠʥʜʠʢʘʪʦʨ. 

ʇʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʜʦʝʢ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʠʧʦʚʳʤ ʧʨʘʚʠʣʘʤ ʤʘ-

ʰʠʥʥʦʛʦ ʜʦʝʥʠʷ ʠ ʤʝʪʦʜʠʯʝʩʢʠʤ ʨʝʢʦʤʝʥʜʘʮʠʷʤ, ʠʟʣʦʞʝʥʥʳʤ ʚ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘ-

ʙʦʪʘʭ [1 - 6].  ʇʘʨʘʤʝʪʨ ʪʫʛʦʜʦʡʥʦʩʪʠ F ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʜʦʝʥʠʠ ʞʠʚʦʪʥʦʛʦ ʚ ʨʝʞʠʤʝ ʧʦʥʠ-

ʞʝʥʥʦʛʦ ʚʘʢʫʫʤʘ (42 ʢʇʘ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ ʥʘ ʧʨʷʤʦʣʠʥʝʡ-

ʥʦʤ ʫʯʘʩʪʢʝ ʢʨʠʚʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʩʘʩʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ.  

ʈʘʟʦʚʳʡ ʫʜʦʡ Q, ʤʘʢʩʠʤʘʣʴʥʘʷ ʠ ʩʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ Gmaxʠ Gʩʨ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠ ʜʦʝʥʠʠ ʞʠʚʦʪʥʦʛʦ ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʚʘʢʫʫʤʥʦʤ ʨʝʞʠʤʝ (48 ʢʇʘ).  

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺʥʘʯʘʣʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʥʞʠʨʦʚʘʥʠʝ ʢʦʨʦʚ ʧʦ ʟʥʘʯʝʥʠʶ ʪʨʝʙʫʝʤʦʡ ʦʪʩʘʩʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʟʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʛʨʫʧʧʠʨʦʚʢʘ ʢʦʨʦʚ ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ ʠ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʜʣʷ ʵʪʠʭ ʛʨʫʧʧ ʨʘʙʦʯʠʡ ʚʘʢʫʫʤ, ʘ ʜʣʷ ʧʦʜʛʨʫʧʧ ʩʦʦʪʥʦʰʝʥʠʝ ʪʘʢʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ɸʆ çɻʦʣʠ-

ʮʳʥʦè ʅʠʢʠʬʦʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠ-

ʩʪʝʤʳ ALPRO ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʬʫʥʢʮʠʠ ʤʦʣʦʢʦʚʳʚʝʜʝ-

ʥʠʷ ʢʦʨʦʚ. ɼʘʥʥʳʝ ʜʣʷ ʯʝʪʳʨʝʭ ʢʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ ʢʨʠʚʳʭ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ ʚʦʩʧʨʦ-

ʠʟʚʦʜʠʪʩʷ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʜʦʡʢʘʭ ʩ ʥʝʢʦʪʦʨʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʚ ʦʩʥʦʚʥʦʤ 

ʢʘʯʝʩʪʚʦʤ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ. ɼʘʣʝʝ ʥʘ ʨʠʩʫʥʢʘʭ 2 - 6 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʠʤʝʨʳ ʪʠʧʠʯʥʳʭ ʣʘʢʪʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʢʦʨʦʚ ʠʟ ʨʘʟʥʳʭ ʛʨʫʧʧ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʦʣʦʢʦ-

ʚʳʚʝʜʝʥʠʷ. ʃʘʢʪʘʮʠʦʥʥʘʷ ʢʨʠʚʘʷ ʟʜʦʨʦʚʦʡ ʢʦʨʦʚʳ ʠʟ ʛʨʫʧʧʳ ʞʠʚʦʪʥʳʭ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʧʘ-
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ʨʘʤʝʪʨʘʤʠ ʜʦʝʥʠʷ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ ʜʦ 270 ʜʥʝʡ ʣʘʢʪʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʪʘʙʠʣʴʥʘ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1,3 - 1,8 ʣ/ʤʠʥ. 

 

  

ʂʦʨʦʚʘ ˉ1 

 

ʂʦʨʦʚʘ ˉ 2 

  
ʂʦʨʦʚʘ ˉ3 ʂʦʨʦʚʘ ˉ4 

ʈʠʩʫʥʦʢ 1 ï ʂʨʠʚʳʝ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ ʢʦʨʦʚ 

 

 
ʈʠʩʫʥʦʢ 2 - ʃʘʢʪʘʮʠʦʥʥʘʷ ʢʨʠʚʘʷ ʢʦʨʦʚʳ ˉ 5 



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ 
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ʃʘʢʪʘʮʠʦʥʥʘʷ ʢʨʠʚʘʷ ʢʦʨʦʚʳ ʠʟ ʛʨʫʧʧʳ ʞʠʚʦʪʥʳʭ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʦʝʥʠʷ. 

ɿʘʙʦʣʝʚʘʥʠʝ ʩʢʨʳʪʳʤ ʤʘʩʪʠʪʦʤ, ʧʝʨʝʭʦʜʷʱʠʤ ʚ ʢʣʠʥʠʯʝʩʢʠ ʚʳʨʘʞʝʥʥʳʡ ʤʘʩʪʠʪ. ʀʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ ʩʥʠʞʘʝʪʩʷ.  

 
ʈʠʩʫʥʦʢ 3 - ʃʘʢʪʘʮʠʦʥʥʘʷ ʢʨʠʚʘʷ ʢʦʨʦʚʳ ˉ 6 

ʃʘʢʪʘʮʠʦʥʥʘʷ ʢʨʠʚʘʷ ʢʦʨʦʚʳ ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʠ ʢʣʠʥʠʯʝʩʢʠʤ ʤʘʩʪʠʪʦʤ ʩ ʜʘʣʴʥʝʡʰʠʤ ʚʳ-

ʟʜʦʨʦʚʣʝʥʠʝʤ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ ʧʨʠ ʟʘ-

ʙʦʣʝʚʘʥʠʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 

 

 
ʈʠʩʫʥʦʢ 4 - ʃʘʢʪʘʮʠʦʥʥʘʷ ʢʨʠʚʘʷ ʢʦʨʦʚʳ ˉ7 

ʃʘʢʪʘʮʠʦʥʥʘʷ ʢʨʠʚʘʷ ʟʜʦʨʦʚʦʡ ʢʦʨʦʚʳ ʠʟ ʛʨʫʧʧʳ ʪʫʛʦʜʦʡʥʳʭ ʞʠʚʦʪʥʳʭ. ʇʨʠʤʝʨ ʧʦʟʜ-

ʥʝʛʦ ʨʘʟʜʦʷ. ʉʪʘʙʠʣʴʥʳʡ ʩʨʝʜʥʠʡ ʧʦʪʦʢ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʜʦʝʥʠʷ 7 - 10 

ʤʠʥʫʪ. 

 
ʈʠʩʫʥʦʢ 5 - ʃʘʢʪʘʮʠʦʥʥʘʷ ʢʨʠʚʘʷ ʢʦʨʦʚʳ ˉ 8 



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ 
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ʃʘʢʪʘʮʠʦʥʥʘʷ ʜʚʫʭʧʠʢʦʚʘʷ ʢʨʠʚʘʷ ʟʜʦʨʦʚʦʡ ʢʦʨʦʚʳ  ʠʟ ʛʨʫʧʧʳ ʣʝʛʢʦʜʦʡʥʳʭ ʞʠʚʦʪʥʳʭ. 

ʇʦʪʦʢ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ ʩʥʠʞʘʝʪʩʷ ʧʦʩʣʝ 260 ʜʥʝʡ ʣʘʢʪʘʮʠʠ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʜʦʝʥʠʷ 2 - 

3,5 ʤʠʥʫʪʳ. 

 
ʈʠʩʫʥʦʢ 6 - ʃʘʢʪʘʮʠʦʥʥʘʷ ʢʨʠʚʘʷ ʢʦʨʦʚʳ ˉ 9 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʟʜʦʨʦʚʳʭ ʢʦʨʦʚ ʚ ʪʝʯʝʥʠʝ 260 - 270 ʜʥʝʡ ʣʘʢʪʘʮʠʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ ʢʦʣʝʙʣʝʪʩʷ ʚ ʥʝʙʦʣʴʰʠʭ ʧʨʝʜʝʣʘʭ (5 - 8%) ʠ  ʤʦʞʝʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ  ʚ ʘʣʛʦʨʠʪʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʦʪʩʘʩʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ɼʣʷ ʢʦ-

ʨʦʚ, ʧʝʨʝʙʦʣʝʚʰʠʭ ʤʘʩʪʠʪʦʤ ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʣʘʢʪʘʮʠʠ, ʘʣʛʦʨʠʪʤ 

ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʝʥ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʧʦʥʠʞʝʥʥʳʡ ʫʨʦʚʝʥʴ ʦʪʩʘʩʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦ-

ʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʪʝʢʫʱʝʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʦʨʦʚ ʚ ɸʆ çɻʦʣʠʮʳʥʦè ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʯʝʪʳʨʝʭ ʛʨʫʧʧ ʚ 

ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʧʘʨʘʤʝʪʨʘ ʪʫʛʦʜʦʡʥʦʩʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʨʦʚ ʚ ʩʪʘʜʝ (N) ʧʦ ʧʘʨʘʤʝʪʨʫ ʪʫʛʦʜʦʡʥʦʩʪʠ 

(F) ʠ ʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ (ʇ). 

 

 
 

ʈʠʩʫʥʦʢ 7 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʨʦʚ ʚ ʩʪʘʜʝ ʧʦ ʧʘʨʘʤʝʪʨʫ ʪʫʛʦʜʦʡʥʦʩʪʠ 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʩʪʘʜʝ ʧʨʝʦʙʣʘʜʘʶʪ ʪʫʛʦʜʦʡʥʳʝ ʢʦʨʦ-

ʚʳ. ʈʘʟʦʚʳʡ ʫʜʦʡ (ʫʪʨʦ) ʫ ʢʦʨʦʚ ʩ ʧʘʨʘʤʝʪʨʦʤ ʪʫʛʦʜʦʡʥʦʩʪʠ ʜʦ 12 ʤʤ2 ʥʝ ʧʨʝʚʳʰʘʝʪ 10 ʣʠʪ-
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ʨʦʚ. ʋ ʢʦʨʦʚ  ʩ ʧʘʨʘʤʝʪʨʦʤ ʪʫʛʦʜʦʡʥʦʩʪʠ ʙʦʣʝʝ 12 ʤʤ2 ʩʨʝʜʥʠʡ ʨʘʟʦʚʳʡ ʫʜʦʡ ʧʨʝʚʳʰʘʝʪ 14 

ʣʠʪʨʦʚ. ʏʘʩʪʦʪʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʤʘʩʪʠʪʦʤ ʫ ʢʦʨʦʚ ʩ ʧʘʨʘʤʝʪʨʦʤ ʪʫʛʦʜʦʡʥʦʩʪʠ ʜʦ 8 ʤʤ2 ʥʝ 

ʥʘʙʣʶʜʘʣʘʩʴ, ʚ ʛʨʫʧʧʝ 8 - 10 ʤʤ2 ʩʦʩʪʘʚʠʣʘ 7,4%, ʚ ʛʨʫʧʧʝ 10 - 12 ʤʤ2 ï 11,1%, ʚ ʛʨʫʧʧʝ 12 - 

14 ʤʤ2 ï 12,5% ʠ ʚ ʛʨʫʧʧʝ 14 - 16 ʤʤ2 ï 14,3%.  

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʝʣʝʢʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʳʚʝʜʝʥʠʝ 

ʣʝʛʢʦʜʦʡʥʳʭ ʢʦʨʦʚ, ʚ ʪʦʞʝ ʚʨʝʤʷ ʨʝʞʠʤʳ ʜʦʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʥʠʞʝʥʠʝ 

ʪʨʘʚʤʠʨʫʝʤʦʩʪʠ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʤʦʣʦʢʦʦʪʜʘʯʠ ʚ ʧʝʨʠʦʜ ʣʘʢʪʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʟʜʦʨʦʚʳʭ ʢʦʨʦʚ ʚ ʪʝʯʝʥʠʝ 260 - 270 ʜʥʝʡ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ ʢʦʣʝʙʣʝʪʩʷ ʚ ʥʝʙʦʣʴʰʠʭ ʧʨʝʜʝʣʘʭ (5 - 8%) ʠ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ  ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ  ʚ ʘʣʛʦʨʠʪʤʘʭ ʫʧʨʘʚʣʝʥʠʷ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʦʨʦʚ ʠ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʠʭ ʤʘʩʪʠʪʦʤ ʠʤʝʝʪ ʪʝʩʥʫʶ 

ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʩʚʷʟʴ ʩ ʪʫʛʦʜʦʡʥʦʩʪʴʶ ʢʦʨʦʚ. ʈʘʟʦʚʳʡ ʫʜʦʡ (ʫʪʨʦ) ʫ ʢʦʨʦʚ ʩ ʧʘʨʘʤʝʪʨʦʤ 

ʪʫʛʦʜʦʡʥʦʩʪʠ ʜʦ 12 ʤʤ2 ʥʝ ʧʨʝʚʳʰʘʝʪ 10 ʣʠʪʨʦʚ. ʋ ʢʦʨʦʚ ʩ ʧʘʨʘʤʝʪʨʦʤ ʪʫʛʦʜʦʡʥʦʩʪʠ ʙʦʣʝʝ 

12 ʤʤ2 ʩʨʝʜʥʠʡ ʨʘʟʦʚʳʡ ʫʜʦʡ ʧʨʝʚʳʰʘʝʪ 14 ʣʠʪʨʦʚ. ʏʘʩʪʦʪʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʤʘʩʪʠʪʦʤ ʫ ʢʦ-

ʨʦʚ ʩ ʧʘʨʘʤʝʪʨʦʤ ʪʫʛʦʜʦʡʥʦʩʪʠ ʜʦ 8 ʤʤ2 ʥʝ ʥʘʙʣʶʜʘʣʘʩʴ, ʚ ʛʨʫʧʧʝ 8 - 10 ʤʤ2 ʩʦʩʪʘʚʠʣʘ 7,4%, 

ʚ ʛʨʫʧʧʝ 10 - 12 ʤʤ2 ï 11,1%, ʚ ʛʨʫʧʧʝ 12 - 14 ʤʤ2 ï 12,5% ʠ ʚ ʛʨʫʧʧʝ 14 - 16 ʤʤ2 ï 14,3%.  
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ʜʨ.) ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʢʘʟʘʣ ʥʝ ʧʦʣʥʫʶ ʘʜʘʧʪʘʮʠʶ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʢ ʦʩʦʙʝʥʥʦʩʪʷʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʚʳʤʝʥʠ ʞʠʚʦʪʥʳʭ. ʉʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ ʧʦ ʩʪʘʜʫʩʦʩʪʘʚʣʷʝʪ ʦʪ1 ʜʦ 5 ʣ/ʤʠʥ, ʚʨʝʤʷ ʜʦʝʥʠʷ ʦʪ 2 ʜʦ 15 ʤʠʥʫʪ, ʞʠ-

ʚʦʪʥʳʝ ʥʝ ʨʘʟʜʘʠʚʘʶʪʩʷ, ʫʨʦʚʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʝ ʧʨʝʚʳʰʘ-

ʝʪ 70é75%. ʋʩʪʘʥʦʚʣʝʥ ʧʦʨʷʜʦʢ ʜʝʡʩʪʚʠʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʝʞʠʤʦʚ ʜʦʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥ 

ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʨʦʮʝʩʩʘ ʜʦʝʥʠʷ ʢʦʨʦʚ ʧʦ ʪʝʢʫʱʝʤʫ ʟʥʘʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ ʠ ʧʦ ʚʝʣʠʯʠʥʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʩʘʩʳʚʘʥʠʷ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʪʘʢʪʘ ʩʦ-

ʩʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪ ʥʘ ʦʩʥʦʚʝ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʞʠ-

ʚʦʪʥʳʭ ʠ ʭʨʘʥʷʱʝʡʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. ʅʘ ʜʦʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʢʦʤʧʴʶʪʝʨ-

ʥʦʡ ʩʠʩʪʝʤʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʞʠʚʦʪʥʳʭ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʩʦʦʪʥʦʰʝ-

ʥʠʝʤ ʪʘʢʪʦʚ, ʚʦʟʤʦʞʥʦ ʟʘʜʘʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʪʘʢʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʞʠʚʦʪʥʦʛʦ ʧʦ ʟʘʜʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʝ. ʋʧʨʘʚʣʝʥʠʝ ʚ ʛʨʫʧʧʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʪʘʢʪʦʚ. 

ʇʨʠ ʜʦʝʥʠʠ ʢʦʨʦʚ ʥʘ ʣʠʥʝʡʥʳʭ ʜʦʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʥʞʠʨʦʚʘʥʠʝ ʢʦʨʦʚ ʚ 

ʛʨʫʧʧʘʭ, ʜʝʣʝʥʠʝ ʥʘ ʧʦʜʛʨʫʧʧʳ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʣʠʥʠʡ ʠ ʥʘ ʢʘʞʜʦʡ ʠʟ ʣʠʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʧ-

ʧʘʨʘʪʳ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʪʘʢʪʦʚ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʠʨʫʝ-

ʤʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ, ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʩʝʤʠ ʜʦʠʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ, 

ʧʨʝʜʣʦʞʝʥʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʜʦʝʥʠʷ ʢʦʨʦʚ ʚ ʟʘʣʘʭ.ɽʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

mailto:dorovskih50@mail.ru
mailto:dima.dorovskikh@yandex


ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ 

 

~60~ 

ʧʦʚʳʩʠʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʞʠʚʦʪʥʳʭ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʦʣʥʦʪʳ ʚʳʜʘʠʚʘʥʠʷ ʠ ʩʥʠʟʠʪʴ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʢʦʨʦʚ ʤʘʩʪʠʪʦʤ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʪʨʘʚʤʠʨʦʚʘʥʠʷ ʤʦʣʦʯ-

ʥʦʡ ʞʝʣʝʟʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʮʝʩʩ ʜʦʝʥʠʷ,ʩʠʩʪʝʤʘ, ʘʣʛʦʨʠʪʤ, ʫʧʨʘʚʣʝʥʠʝʢʘʯʝʩʪʚʦʤ, ʧʘʨʘʤʝʪʨʳ 

ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ.  

 

THE SUBSTANTIATION O F THE MANAGEMENT ALG ORITHMTHE PROCESS 

OF DROPING COWS 

Dorovsky Vladimir, 

ʉandidate of ʊechnical Sciences, Associate Professor,Leading Researcher,FGBNU VNIITiN 

çAll -Russian ResearchInstitute for the Use of Machinery and Petroleum Productsin agricultureè, E-

mail: dorovskih50@mail.ru 

Dorovsky Dmitriy, 

ʉandidate of ʊechnical Sciences, Associate Professor,FGBOU VO "The Tambov stateTech-

nical University",E-mail: dima.dorovskikh@yandex. 

Annotation. Analysis of existing modern automated control systems for milking domestic (ACS 

TP Stimul) and foreign (Metatron, DELPRO, etc.) production showed not a complete adaptation of 

the regime parameters of the milking equipment to the features of the functional properties of the 

udders of animals. The average intensity of lactation in the herd ranges from 1 to 5 liters per mi-

nute, milking time from 2 to 15 minutes, animals are not distributed, the level of utilization of their 

genetic potential does not exceed 70 ... 75%.The procedure for determining the milking modes is 

set. The algorithm for controlling the quality of the process of milking cows at the current value of 

lactation intensity and the magnitude of the intensity of suction is developed. The duration of the 

sucking cycle is calculated on the basis of a priori information obtained from animal testing and 

stored in the database. The setting of the ratio of measures for each animal according to a given 

program is possible on milking installations equipped with a computer identification system for an-

imals and a computer system for controlling the ratio of measures. Management in groups is car-

ried out by changing the ratio of measures. The ranking of cows in groups is made by milking cows 

in linear milking plants, dividing by subgroups by the number of lines and on each of the lines ap-

paratuses with different ratios of cycles are used. The control system based on a programmable 

logic controller that controls all milking machines at the same time is proposed for automation of 

the process of milking cows in halls.Its use allows increasing the productivity of animals by in-

creasing the completeness of shedding and reducing the incidence of cows with mastitis by reducing 

the probability of trauma to the breast. 

Key words: milking process, system, algorithm, quality management, parameters of the milking 

machine. 

 

ɺʚʝʜʝʥʠʝ. ʂʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʘ ʜʦʝʥʠʷ ʞʠʚʦʪʥʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʝʤ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʠ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʚʳʤʝʥʠ ʞʠʚʦʪʥʳʭ.  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʦʝʥʠʝʤ, ʢʘʢ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ (ɸʉʋ ʊʇ çʉʪʠʤʫʣè) ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʦʛʦ (Metatron,  DELPRO ʠ ʜʨ.) ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʩʧʦʩʦʙʥʳ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʜʦʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʪʠʤʫ-

ʣʷʮʠʶ ʨʝʬʣʝʢʩʘ ʤʦʣʦʢʦʦʪʜʘʯʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʩʥʷʪʠʝ ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʜʦʠʣʴʥʳʝ ʨʦʙʦ-

ʪʳ (LebyNV, Bou-Matic, AMCLiberty, DeLaval ʠ ʜʨ.) ʚʳʧʦʣʥʷʶʪ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʧʦʜʛʦʪʦʚʠ-
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ʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ, ʥʘʜʝʚʘʥʠʝ, ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʘ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ, ʦʪʢʣʶʯʝʥʠʝ ʠ ʩʥʷʪʠʝ 

ʜʦʠʣʴʥʳʭ ʩʪʘʢʘʥʦʚ, ʦʜʥʘʢʦ ʵʪʠ ʩʠʩʪʝʤʳ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʙʝʩʧʝʯʠʚʘʶʪ  ʘʜʘʧʪʘʮʠʶ ʨʝʞʠʤ-

ʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ  ʢ ʦʩʦʙʝʥʥʦʩʪʷʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʚʳʤʝʥʠ 

ʞʠʚʦʪʥʳʭ. ɺʝʜʫʱʠʝ ʟʘʨʫʙʝʞʥʳʝ ʬʠʨʤʳ ʚʳʧʫʩʢʘʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʜʦʠʣʴʥʳʝ ʫʩʪʘʥʦʚ-

ʢʠ ʩ ʤʦʣʦʢʦʧʨʦʚʦʜʦʤ ʜʣʷ ʜʦʝʥʠʷ ʢʦʨʦʚ ʚ ʩʪʦʡʣʘʭ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʝ ʵʣʝʢʪʨʦʥʥʳʡ ʫʯʝʪ 

ʥʘʜʦʝʚ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʥʷʪʠʝ ʜʦʠʣʴʥʳʭ ʩʪʘʢʘʥʦʚ, ʩʙʦʨ ʠ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʚ ʮʝʥʪʨʘʣʠ-

ʟʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ (ʢʦʤʧʴʶʪʝʨ). ɼʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʚʝʩ 

ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 8-9 ʢʛ ʚ ʵʪʠʭ ʫʩʪʘʥʦʚʢʘʭ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʨʦʢʣʘʜʢʘ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʚʝʩ-

ʥʦʡ ʜʦʨʦʛʠ, ʤʘʩʩʘ ʢʦʪʦʨʦʡ ʩʦʠʟʤʝʨʠʤʘ ʩ ʤʘʩʩʦʡ ʚʩʝʛʦ ʤʦʣʦʢʦʧʨʦʚʦʜʘ ʠ ʫʩʪʘʥʦʚʢʫ ʥʘ ʤʦʣʦ-

ʢʦʧʨʦʚʦʜʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʵʣʝʢʪʨʦʩʝʪʠ.  

ʆʜʥʘʢʦ ʩ ʧʦʟʠʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʜʦʝʥʠʷ ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʵʪʠʭ ʩʠʩʪʝʤ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʦʙʨʘʥʥʘʷ ʠ ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʷ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʘʣʛʦʨʠʪʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ. ʉʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʦʣʦʢʦʚʳʚʝ-

ʜʝʥʠʷ ʧʦ ʩʪʘʜʫ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 1 é 5 ʣ/ʤʠʥ, ʚʨʝʤʷ ʜʦʝ-

ʥʠʷ ʦʪ 2 ʜʦ 15 ʤʠʥʫʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʞʠʚʦʪʥʳʝ ʥʝ ʨʘʟʜʘʠʚʘʶʪʩʷ ʠ ʫʨʦʚʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 70é75%. ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʦʟʚʦʣʠʪ ʫʚʝ-

ʣʠʯʠʪʴ ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʦʢʘ ʚ ʩʪʨʘʥʝ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʧʦʛʦʣʦʚʴʷ ʥʘ 3-3,5 ʤʣʥ. ʪʦʥʥ 

ʤʦʣʦʢʘ ʚ ʛʦʜ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝ-

ʩʪʚʦʤ ʧʨʦʮʝʩʩʘ ʜʦʝʥʠʷ ʢʦʨʦʚ ʠ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ [1 - 11] ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ 

ʫʧʨʘʚʣʝʥʠʷ (ʨʠʩʫʥʦʢ 1). ʆʩʦʙʝʥʥʦʩʪʴʶ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ 

ʜʦʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦ ʪʝʢʫʱʝʤʫ ʟʥʘʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ, 

ʥʦ ʠ ʧʦ ʚʝʣʠʯʠʥʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʩʘʩʳʚʘʥʠʷ (ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʘʢʪʘ ʩʦʩʘʥʠʷ), ʨʘʩʩʯʠʪʘʥʥʦʡ ʥʘ 

ʦʩʥʦʚʝ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʞʠʚʦʪʥʳʭ ʠ ʭʨʘʥʷʱʝʡʩʷ ʚ ʙʘ-

ʟʝ ʜʘʥʥʳʭ. 

ʇʦʨʷʜʦʢ ʜʝʡʩʪʚʠʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʝʞʠʤʦʚ ʜʦʝʥʠʷ ʩʣʝʜʫʶʱʠʡ: 

1. ʅʘ ʦʩʥʦʚʝ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʦʧʨʝʜʝʣʠʪʴ ʦʪʩʘʩʳʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʦʠʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ (ɽ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ: ʨʘʙʦʯʝʛʦ ʚʘʢʫʫʤʘ (ʈ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʘʢʪʘ ʩʦʩʘʥʠʷ (Ű). 

2. ʅʘ ʦʩʥʦʚʝ ʢʦʥʪʨʦʣʴʥʳʭ ʜʦʝʢ, ʧʨʦʚʦʜʠʤʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʠʟ-

ʚʝʩʪʥʦʡ ʦʪʩʘʩʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ (ɽ) ʦʧʨʝʜʝʣʠʪʴ ʜʣʷ ʚʩʝʭ ʢʦʨʦʚ: ʨʘʟʦʚʳʡ ʫʜʦʡ (Qi); ʤʘʢ-

ʩʠʤʘʣʴʥʫʶ ʠ ʩʨʝʜʥʶʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ (, ), ʢʦʵʬʬʠʮʠʝʥʪ K: 

. 

3. ɺʳʯʠʩʣʠʪʴ ʜʣʷ ʚʩʝʭ ʢʦʨʦʚ ʧʘʨʘʤʝʪʨ ʪʫʛʦʜʦʡʥʦʩʪʠ (F): . 

4. ɿʘʜʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʘ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ (ʊi) ʚ ʩʝʢʫʥʜʘʭ ʜʣʷ ʢʘʞʜʦʡ 

ʢʦʨʦʚʳ, ʥʘʧʨʠʤʝʨ ʠʟ ʫʩʣʦʚʠʷ . 

5. ɺʳʯʠʩʣʠʪʴ ʩʨʝʜʥʶʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʢʦʨʦʚʳ ʥʝʦʙʭʦʜʠ-

ʤʫʶ ʜʣʷ ʚʳʚʝʜʝʥʠʷ ʤʦʣʦʢʘ ʟʘ ʟʘʜʘʥʥʳʡ ʧʝʨʠʦʜ ʊi: . 

6. ɺʳʯʠʩʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʢʦʨʦʚʳ:

. 
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ʈʠʩʫʥʦʢ 1 ï ɸʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʜʦʝʥʠʷ ʢʦʨʦʚ 

 

7. ɺʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʝ ʦʪʩʘʩʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʢʘʞʜʦʡ ʢʦ-

ʨʦʚʳ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʚʳʚʝʜʝʥʠʷ ʤʦʣʦʢʘ ʟʘ ʦʧʪʠʤʘʣʴʥʳʡ ʧʝʨʠʦʜ (ʊi): . 

8. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʫʥʢʪʘ 1 ʚʳʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʥʘʯʠʥʘʷ ʩ ʤʠʥʠ-

ʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʘʢʫʫʤʘ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʯʠʩʣʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʦʪʩʘʩʳʚʘʶʱʝʡ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʢʘʞʜʦʡ ʢʦʨʦʚʳ. 

9. ʆʩʫʱʝʩʪʚʠʪʴ ʜʦʝʥʠʝ ʢʦʨʦʚ ʩ ʚʳʙʨʘʥʥʳʤʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʧʘʨʘʤʝʪʨʘʤʠ ʜʦʠʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ. 

ʇʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʜʦʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺʩʝ ʢʦʨʦʚʳ 

ʩʪʘʜʘ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ (ʧʫʥʢʪ 7) ʨʘʥʞʠʨʫʶʪʩʷ ʧʦ ʟʥʘʯʝʥʠʶ ʦʪʩʘʩʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦ-

ʩʪʠ. ɿʘʪʝʤ ʚʩʝ ʩʪʘʜʦ ʜʝʣʠʪʩʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʧʧ ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʫ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʦʠʣʴ-

ʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʥʦ ʥʝ ʙʦʣʝʝ 4. ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʛʨʫʧʧ ʥʘʟʥʘʯʘʝʪʩʷ ʚʘʢʫʫʤʥʳʡ ʨʝʞʠʤ ʠʟ 

ʫʩʣʦʚʠʷ: 

. 

ʋʧʨʘʚʣʝʥʠʝ ʚ ʛʨʫʧʧʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʪʘʢʪʦʚ. ʅʘ ʜʦʠʣʴ-

ʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʞʠʚʦʪʥʳʭ ʠ ʢʦʤ-

ʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʪʘʢʪʦʚ ʚʦʟʤʦʞʥʦ ʟʘʜʘʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʪʘʢ-
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ʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʞʠʚʦʪʥʦʛʦ ʧʦ ʟʘʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ. ʇʨʠ ʜʦʝʥʠʠ ʢʦʨʦʚ ʥʘ ʣʠʥʝʡʥʳʭ ʜʦʠʣʴ-

ʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʥʞʠʨʦʚʘʥʠʝ ʢʦʨʦʚ ʚ ʛʨʫʧʧʘʭ, ʜʝʣʝʥʠʝ ʥʘ ʧʦʜʛʨʫʧʧʳ ʧʦ ʢʦ-

ʣʠʯʝʩʪʚʫ ʣʠʥʠʡ ʠ ʥʘ ʢʘʞʜʦʡ ʠʟ ʣʠʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʧʧʘʨʘʪʳ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʪʘʢʪʦʚ, ʥʘʧʨʠʤʝʨ, 50:50; 60:40; 65:35; 70:30. ɼʣʷ ʥʠʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʦʪʩʘʩʳʚʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ: ɽ1; ɽ2; ɽ3; ɽ4 ʠʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʧʫʥʢʪʘ 1 ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 

ʪʘʢʪʦʚ ʧʨʠ ʟʘʜʘʥʥʦʤ ʚʘʢʫʫʤʥʦʤ ʨʝʞʠʤʝ. 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʜʦʝʥʠʷ ʢʦʨʦʚ ʚ ʟʘʣʘʭ ʧʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ʧʨʦ-

ʛʨʘʤʤʠʨʫʝʤʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ (PLC). ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʨʘʙʦ-

ʪʘʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʠ ʜʘʥʦ ʦʧʠʩʘʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ (ʉʋ). ʇʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʫʢʪʫʨʥʳʭ ʩʭʝʤ ʉʋ ʠ ʚʳʙʦʨʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʯʠʪʳʚʘʣʠʩʴ ʩʦʚʨʝ-

ʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʥʦʚʝʡʰʠʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ.  

ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʦʞʝʥʥʦʡ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʉʋ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʫʧʨʘʚʣʝ-

ʥʠʝ ʧʨʦʮʝʩʩʦʤ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝ ʙʣʦʢʘʤʠ ʫʧʨʘʚʣʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ 

ʥʘ ʢʘʞʜʦʤ ʩʪʘʥʢʝ (ʨʠʩʫʥʦʢ 2), ʘ ʮʝʥʪʨʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ (ʨʠʩʫʥʦʢ 3), ʫʧʨʘʚʣʷʶʱʠʤ ʚʩʝʤʠ 

ʜʦʠʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ ʧʫʪʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʤʥʦʛʦʟʘʜʘʯʥʦʩʪʠ (ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʳ ʥʝ-

ʩʢʦʣʴʢʠʭ ʧʨʦʛʨʘʤʤ ʫʧʨʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʣʠʯʝʩʪʚʫ ʩʢʦʪʦʤʝʩʪ). 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʉʋ ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʠ ʧʘʤʷʪʴ ʜʣʷ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ, ʠʥʪʝʨʬʝʡʩ ʦʧʝʨʘʪʦʨʘ ʜʣʷ ʚʳʚʦʜʘ ʩʦʦʙʱʝʥʠʡ ʠ ʢʣʘʚʠʘʪʫʨʫ ʜʣʷ ʚʚʦʜʘ 

ʜʘʥʥʳʭ. ʏʪʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩ ʙʠʥʘʨʥʳʭ ʜʘʪʯʠʢʦʚ ʨʘʩ-

ʭʦʜʘ, ʧʦ ʜʚʘ ʜʘʪʯʠʢʘ ʥʘ ʦʜʠʥ ʦʙʲʝʢʪ. ʋʧʨʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʧʫʣʴʩʘʪʦʨʘʤʠ ʜʠʩʢʨʝʪʥʦʝ ʚ ʬʦʨʤʘ-

ʪʝ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ 0,01ʩ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʙʠʥʘʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʝʢʣʶʯʘʪʝʣʷʤʠ ʚʘʢʫʫʤʦʧʨʦʚʦʜʘ ʠ ʧʥʝʚʤʦʮʠʣʠʥʜʨʘʤʠ, ʩ ʜʠʩʢʨʝʪʥʦ-

ʩʪʴʶ ʙʦʣʝʝ 60 ʩ.  

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ  

ʧʨʦʮʝʩʩʦʤ ʜʦʝʥʠʷ 

 



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ 

 

~64~ 

 
ʋ ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ (ʫʩʠʣʠʪʝʣʠ) ʩʠʛʥʘʣʦʚ; 4 ï ʜʘʪʯʠʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʦʣʦʢʦʚʳʚʝʜʝ-

ʥʠʷ; 3 ï ʵʣʝʢʪʨʦʧʫʣʴʩʘʪʦʨʳ ʩ ʫʧʨʘʚʣʷʝʤʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʪʘʢʪʦʚ; 5 - ʧʝʨʝʢʣʶʯʘʪʝʣʠ ʚʘʢʫ-

ʫʤʥʦʛʦ ʨʝʞʠʤʘ; 14 ï ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʩʥʷʪʠʝʤ ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ 

ʈʠʩʫʥʦʢ 3 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦ-

ʮʝʩʩʦʤ ʜʦʝʥʠʷ 

 

ɸʣʛʦʨʠʪʤ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʟʘʜʘʯʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.  

 

 
ʈʠʩʫʥʦʢ 4 ï ɸʣʛʦʨʠʪʤ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʟʘʜʘʯʥʦʩʪʠ 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. 

 



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ 

 

~65~ 

 
ʈʠʩʫʥʦʢ 5 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

 

ɸʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʩʣʝʜʫʶʱʠʡ. ʇʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʩʪʘʨʪʫʝʪ 

ʤʦʥʠʪʦʨ-ʧʨʦʛʨʘʤʤʘ ʠ ʧʨʦʚʝʨʷʝʪ ʠʩʧʨʘʚʥʦʩʪʴ ʚʩʝʭ ʩʠʩʪʝʤ ʠ ʠʭ ʥʘʩʪʨʦʡʢʫ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ 

ʟʘʜʘʝʪʩʷ ʨʝʞʠʤ ʨʘʙʦʪʳ ʢʘʢ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʮʝʩʩʘ ʜʦʝʥʠʷ. ʂʘʢ ʪʦʣʴʢʦ ʩ ʧʫʣʴʪʘ ʦʧʝʨʘʪʦʨʘ ʧʦ-






































