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çʅɸʋʂɸ ɺ ʎɽʅʊʈɸʃʔʅʆʁ ʈʆʉʉʀʀè 
 

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 ʥʘʫʯʥʳʡ 

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 ʢʦʥʩʫʣʴʪʘʥʪ 

ʌɻɹʆʋ ɺʆ ʄʠʯɻɸʋ 

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

ʦʙʷʟʘʥʥʦʩʪʝʡ ʋʯʝʥʦʛʦ ʩʝʢʨʝʪʘʨʷ ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

ʂʆɺɸʃɽɺ ʄʠʭʘʠʣ ʄʠʭʘʡʣʦʚʠʯ ð ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʩʣʫʞʝʥʥʳʡ ʠʟʦʙʨʝʪʘʪʝʣʴ ʈʉʌʉʈ, ʘʢʘʜʝʤʠʢ ʈɸʅ, ʣʘʫʨʝʘʪ 

ʧʨʝʤʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʌɻɹʅʋ 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 

çʇʝʥʟʝʥʩʢʠʡ ɻɸʋè 

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

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 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʢʘʜʝʤʠʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʘʢʘʜʝʤʠʠ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ "ʋʧʨʘʚʣʝʥʠʝ 

ʢʘʯʝʩʪʚʦʤ ʠ ʩʝʨʪʠʬʠʢʘʮʠʷ" ʌɻɹʆʋ ɺʆ ʊɻʊʋ 

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

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

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, 
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ʉʪʘʪʴʠ, ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʨʝʜʘʢʮʠʶ, ʨʝʮʝʥʟʠʨʫʶʪʩʷ. ɿʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʩʚʝʜʝʥʠʡ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʩʪʘʪʴʷʭ, ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʥʝʩʫʪ ʘʚʪʦʨʳ. 

ʄʥʝʥʠʝ ʨʝʜʘʢʮʠʠ ʤʦʞʝʪ ʥʝ ʩʦʚʧʘʜʘʪʴ ʩ ʤʥʝʥʠʝʤ ʘʚʪʦʨʦʚ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʧʝʨʝʧʝʯʘʪʢʝ ʩʩʳʣʢʘ ʥʘ ʞʫʨʥʘʣ ʦʙʷʟʘʪʝʣʴʥʘ. ʄʘʪʝʨʠʘʣʳ 

ʧʫʙʣʠʢʫʶʪʩʷ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ. 

É çʅʘʫʢʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʈʦʩʩʠʠè, 2018 
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ʜʠʩʢʘ ʜʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʠʩʘʩʳʚʘʥʠʷ ʩʝʤʷʥ ʢ ʦʪʚʝʨʩʪʠʷʤ ʜʠʩʢʘ. ʇʦʣʫʯʝʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʜʠʘʤʝʪʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ ʟʘʜʘʥʥʦʛʦ ʨʘʜʠʫʩʘ. ʇʨʠ 

ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʛʣʘ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) ʚ ʛʨʫʧʧʝ ʚ 50 

ʮʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) ʠ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʟʘʜʘʥʥʦʛʦ ʜʠʘʤʝʪʨʘ (0,168 ʤ), ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʠʭ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 7,41 ʜʦ 190 ʧʨʠ ʜʚʫʭ ʦʪʚʝʨʩʪʠʷʭ (ʷʯʝʝʢ) ʚ ʛʨʫʧʧʝ; ʦʪ 7,14 ʜʦ 41,430 

- ʧʨʠ ʪʨʝʭ; ʦʪ 3,95 ʜʦ 570 ï ʧʨʠ ʯʝʪʳʨʝʭ ʦʪʚʝʨʩʪʠʷʭ (ʷʯʝʝʢ) ʚ ʛʨʫʧʧʝ. ʇʦʣʫʯʝʥʘ 

ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʝʤʝʥʘʤʠ ʚ ʛʥʝʟʜʝ ʠ ʤʝʞʜʫ 

ʛʥʝʟʜʘʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ ʮʝʥʪʨʘʣʴʥʳʭ ʫʛʣʦʚ ʤʝʞʜʫ ʦʪʚʝʨʩʪʠʷʤʠ ʚ ʛʨʫʧʧʝ ʠ 

ʛʨʫʧʧʘʤʠ ʦʪʚʝʨʩʪʠʡ ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʟʘʜʘʥʥʦʛʦ ʜʠʘʤʝʪʨʘ, ʜʠʘʤʝʪʨʘ ʦʧʦʨʥʦ-ʧʨʠʚʦʜʥʦʛʦ 

ʢʦʣʝʩʘ ʩʝʷʣʢʠ ʠ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʦʪ ʧʨʠʚʦʜʥʦʛʦ ʢʦʣʝʩʘ ʢ ʚʳʩʝʚʘʶʱʝʤʫ ʜʠʩʢʫ. 

ʏʠʩʣʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʝʤʝʥʘʤʠ ʚ ʛʥʝʟʜʝ ʧʨʠ 

ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʷʭ 0,357 - 0,577 ʩʦʩʪʘʚʣʷʝʪ 0,062 - 0,038 ʤ, ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʛʥʝʟʜʘʤʠ ʧʨʠ ʵʪʠʭ ʞʝ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʷʭ, ʚʘʨʴʠʨʫʝʪ ʚ ʥʝʙʦʣʴʰʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 0,1 ʤ. 

ʉʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʚʳʩʝʚʘʶʱʠʡ ʜʠʩʢ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʥʝʟʜʦʚʦʛʦ 

ʩʧʦʩʦʙʘ ʧʦʩʝʚʘ ʩʝʤʷʥ ʩʦʠ. 
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Abstract. The method of calculating the diameter of the holes (cells) and the distance between 

them, taking into account the seed sizes for the sowing disk, was proposed to ensure preset rate of 

seed sowing by nesting method. The need to comply with the conditions under which the central angle 

between the axes of the holes (cells) in the group should be greater than the ratio of the diameter of 

the hole to the radius of the circle of the location of the holes (cells) on the sowing disk is detected. 

The limiting gear ratio of the maximum possible speed of the seeding machine and the critical speed 

of the sowing disk for a guaranteed suction of seeds to the disk holes is justified. The analytical 

dependence for determining the number of holes (cells) of a certain diameter located on the 

circumference of the sowing disk of a given radius was obtained. At a given value of the central angle 

between the centers of the holes (cells) in the group of 50, the central angle between the groups with 

a certain number of holes (cells) and located on a circle of a given diameter (0.168 m), depending on 

their number is from 7.41 to 190 for two holes (cells) in the group; from 7.14 to 41.430 - at three; 

from 3.95 to 570 - with four holes (cells) in the group. An analytical relationship is obtained to 

determine the distance between seeds in the nest and between the nests, depending on the values of 

the central angles between the holes in the group and the groups of holes on the circumference of the 

specified diameter, the diameter of the seed drill wheel and the ratio of the drive wheel to the sowing 

disk. It was determined by numerical experiment that the distance between the seeds in the nest at the 

ratios of 0.357-0.577 is 0.062-0.038 m, and the distance between the nests with the same gear ratios 

varies within a small range from 0.1 m. The sowing disc for laboratory studies of the nesting method 

of soybean seed sowing is designed and manufactured. 

Keywords: soybean seeds, nesting, seeder, sowing disk, characteristics. 

 

ɺʚʝʜʝʥʠʝ. ʆʜʥʦʡ ʠʟ ʚʘʞʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʝʡ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʩʦʠ ʷʚʣʷʝʪʩʷ 

ʧʦʩʝʚ. ʉʧʦʩʦʙ ʧʦʩʝʚʘ ʩʦʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʨʪʘ, ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ, ʟʘʩʦʨʝʥʥʦʩʪʠ ʧʦʣʷ, 

ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʘʱʝʥʥʦʩʪʠ ʭʦʟʷʡʩʪʚʘ, ʥʘʣʠʯʠʷ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ. ɺʳʩʝʚʘʶʪ ʩʦʶ ʥʝʩʢʦʣʴʢʠʤʠ 

ʩʧʦʩʦʙʘʤʠ: ʰʠʨʦʢʦʨʷʜʥʳʤ, ʣʝʥʪʦʯʥʳʤ, ʧʫʥʢʪʠʨʥʳʤ, ʫʟʢʦʨʷʜʥʳʤ (ʩʧʣʦʰʥʦʡ ʧʦʩʝʚ) [1]. 

ʈʘʟʥʦʚʠʜʥʦʩʪʴʶ ʰʠʨʦʢʦʨʷʜʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʩʝʚʘ ʷʚʣʷʝʪʩʷ ʛʥʝʟʜʦʚʦʡ ʧʦʩʝʚ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʩʝʤʝʥʘ ʚʳʩʝʚʘʶʪʩʷ ʥʝ ʩʧʣʦʰʥʦʡ ʩʪʨʦʯʢʦʡ, ʘ ʛʥʝʟʜʘʤʠ ʥʘ ʨʘʚʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, 

ʧʦ ʥʝʩʢʦʣʴʢʦ ʩʝʤʷʥ ʚ ʢʘʞʜʦʤ [2]. ʇʨʠ ʵʪʦʤ ʩʧʦʩʦʙʝ ʵʢʦʥʦʤʥʝʝ ʨʘʩʭʦʜʫʶʪʩʷ ʩʝʤʝʥʘ, ʙʳʩʪʨʝʝ 

ʧʦʷʚʣʷʶʪʩʷ ʚʩʭʦʜʳ, ʦʙʣʝʛʯʘʝʪʩʷ ʫʭʦʜ ʟʘ ʨʘʩʪʝʥʠʷʤʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʩʦʷ ʣʫʯʰʝ 

mailto:sew1982@gmail.com
mailto:hsg1988@mail.ru


ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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ʚʝʪʚʠʪʩʷ, ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʙʦʙʦʚ, ʩʝʤʷʥ ʚ ʙʦʙʝ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʳʰʘʝʪʩʷ 

ʫʨʦʞʘʡʥʦʩʪʴ ʨʘʩʪʝʥʠʷ. [3] 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɼʣʷ ʧʦʩʝʚʘ ʩʝʤʷʥ ʛʥʝʟʜʦʚʳʤ ʩʧʦʩʦʙʦʤ ʩ ʟʘʜʘʥʥʦʡ ʥʦʨʤʦʡ ʚʳʩʝʚʘ 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʩʝʷʣʢʫ ʩ ʚʳʩʝʚʘʶʱʠʤʠ ʘʧʧʘʨʘʪʘʤʠ, ʦʩʥʘʱʝʥʥʳʤʠ ʜʠʩʢʘʤʠ ʩ ʦʪʚʝʨʩʪʠʷʤʠ 

(ʷʯʝʡʢʘʤʠ) ʜʠʘʤʝʪʨʦʤ, ʩʦʛʣʘʩʦʚʘʥʥʳʤ ʩ ʨʘʟʤʝʨʘʤʠ ʩʝʤʷʥ, ʠ ʨʘʟʤʝʱʝʥʥʳʤʠ ʛʨʫʧʧʘʤʠ ʩ 

ʟʘʜʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʦʙʦʩʥʦʚʘʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʠʘʤʝʪʨʘ 

ʠ ʦʙʦʩʥʦʚʘʥʥʦʡ ʜʣʠʥʦʡ ʜʫʛʠ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʦʪʚʝʨʩʪʠʡ. 

ʉʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) N  ̫ ʥʘ ʚʳʩʝʚʘʶʱʝʤ ʜʠʩʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ  ʠʭ 

ʢʦʣʠʯʝʩʪʚʦʤ ʚ ʛʨʫʧʧʝ k ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʛʨʫʧʧ n. ʎʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʦʪʚʝʨʩʪʠʡ 

(ʷʯʝʝʢ) ʚ ʛʨʫʧʧʝ ʦʙʦʟʥʘʯʠʤ Ŭ, ʘ ʮʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʢʨʘʡʥʠʭ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) 

ʩʦʩʝʜʥʠʭ ʛʨʫʧʧ - ɓ, ʘ ʩʫʤʤʘʨʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʠʭ ʫʛʣʦʚ ʯʝʨʝʟ g, ʨʠʩʫʥʦʢ 1ʘ, ʪ.ʝ.  

bag += ,                                                                  (1) 

 

 
ʘ)                                                                             ʙ) 

1 ï ʚʳʩʝʚʘʶʱʠʡ ʜʠʩʢ, 2 ï ʦʪʚʝʨʩʪʠʝ (ʷʯʝʡʢʘ) 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ ʩ ʦʪʚʝʨʩʪʠʷʤʠ (ʷʯʝʡʢʘʤʠ) 

 

ʋʛʦʣ ʛʨʫʧʧʳ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) Ŭ ʟʘʜʘʝʪʩʷ ʠʭ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

)1( -= kda ,                                                                (2) 
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ʛʜʝ ŭ ï ʮʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) ʚ ʛʨʫʧʧʝ; k ï ʢʦʣʠʯʝʩʪʚʦ 

ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) ʚ ʛʨʫʧʧʝ. 

ʂʦʣʠʯʝʩʪʚʦ ʛʨʫʧʧ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) n ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) ʥʘ ʜʠʩʢʝ N  ̫ʢ ʠʭ ʢʦʣʠʯʝʩʪʚʫ ʚ ʛʨʫʧʧʝ k: 

k

N
n

ʷ
= .                                                                     (3) 

ɼʣʠʥʫ ʦʢʨʫʞʥʦʩʪʠ ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʳ ʛʨʫʧʧʳ ʦʪʚʝʨʩʪʠʡ 

(ʷʯʝʝʢ) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

pg 2=Ön .                                                                    (4) 

ʊʦʛʜʘ ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚʳʨʘʞʝʥʠʡ (1), (2), (3) ʚ ʬʦʨʤʫʣʫ (4) ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥʳ ʦʢʨʫʞʥʦʩʪʠ ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ: 

[ ] pbd 2)1( =+-k
k

N
ʷ .                                                       (5) 

ɼʣʠʥʫ ʦʢʨʫʞʥʦʩʪʠ ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʳ ʦʪʚʝʨʩʪʠʷ (ʷʯʝʡʢʠ) 

ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʩʫʤʤʘʨʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʣʠʥ ʜʫʛ ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʮʝʥʪʨʳ ʚʩʝʭ ʦʪʚʝʨʩʪʠʡ 

(ʷʯʝʝʢ) ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʠʘʤʝʪʨʘ ʠ ʩʫʤʤʘʨʥʦʡ ʜʣʠʥʦʡ ʜʫʛ ʧʝʨʝʤʳʯʝʢ ʤʝʞʜʫ ʦʪʚʝʨʩʪʠʷʤʠ 

(ʷʯʝʡʢʘʤʠ) ʚ ʛʨʫʧʧʝ ʠ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ, ʨʠʩʫʥʦʢ 1ʙ: 

ä+Ö=Ö= PLNDL
ʷʷʜʜ

p ,                                                  (6) 

ʛʜʝ Lʜ ï ʜʣʠʥʘ ʦʢʨʫʞʥʦʩʪʠ ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ, ʤ; Dʜ =2 Rʜ ï ʜʠʘʤʝʪʨ ʚʳʩʝʚʘʶʱʝʛʦ 

ʜʠʩʢʘ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʳ ʦʪʚʝʨʩʪʠʷ (ʷʯʝʡʢʠ), ʤ; L  ̫ï ʜʣʠʥʘ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ 

ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ ʦʪʚʝʨʩʪʠʷ (ʷʯʝʡʢʠ) D ,̫ ʤ; P ï ʜʣʠʥʘ ʜʫʛʠ 

ʧʝʨʝʤʳʯʢʠ ʤʝʞʜʫ ʦʪʚʝʨʩʪʠʷʤʠ (ʷʯʝʡʢʘʤʠ). 

ʎʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ ʜʫʛʠ ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʚʥʝʰʥʠʤʠ ʢʦʥʪʫʨʘʤʠ 

ʦʪʚʝʨʩʪʠʷ (ʷʯʝʡʢʠ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʘʤʝʪʨʘʤʠ ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ ʠ ʦʪʚʝʨʩʪʠʷ (ʷʯʝʡʢʠ) ʧʦ 

ʬʦʨʤʫʣʝ: 

)
4

arcsin(4

ʜ

ʷ

ʷ

R

D

Ö
Ö=a ,                                                   (7) 

ʛʜʝ Ŭ ̫ï ʮʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ ʜʫʛʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʥʝʰʥʠʤ ʢʦʥʪʫʨʦʤ ʦʪʚʝʨʩʪʠʷ (ʷʯʝʡʢʠ) 

ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ, ʨʘʜ, D  ̫ï ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ (ʷʯʝʡʢʠ), ʤ. 

ɼʣʠʥʘ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʚʥʝʰʥʠʤ ʢʦʥʪʫʨʦʤ ʦʪʚʝʨʩʪʠʷ (ʷʯʝʡʢʠ) ʩ ʫʯʝʪʦʤ 

ʬʦʨʤʫʣʳ (7) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

)
4

arcsin(4

ʜ

ʷ

ʜʜʷʷ

R

D
RRL

Ö
ÖÖ=Ö=a .                                        (8) 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚʳʨʘʞʝʥʠʷ (8) ʚ ʬʦʨʤʫʣʫ (6) ʧʦʣʫʯʠʤ ʜʣʠʥʫ ʦʢʨʫʞʥʦʩʪʠ 

ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ ʚʳʨʘʞʝʥʥʫʶ ʯʝʨʝʟ ʝʛʦ ʨʘʜʠʫʩ ʠ ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ): 

ä+
Ö

ÖÖÖ= P
R

D
RNL

ʜ

ʷ

ʜʷʜ
)

4
arcsin(4 .                                      (9) 

ʉʫʤʤʘʨʥʘʷ ʜʣʠʥʘ ʜʫʛ ʚʩʝʭ ʧʝʨʝʤʳʯʝʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) ʚ 

ʛʨʫʧʧʝ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʛʨʫʧʧ: 

ä -Ö+--Ö= )())(1(
ʷʷ

LLnLLknP
bd ,                                    (10) 

ʛʜʝ Lŭ ï ʜʣʠʥʘ ʜʫʛʠ ʧʝʨʝʤʳʯʢʠ ʤʝʞʜʫ ʦʪʚʝʨʩʪʠʷʤʠ (ʷʯʝʡʢʘʤʠ) ʚ ʛʨʫʧʧʝ, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʮʝʥʪʨ ʦʪʚʝʨʩʪʠʷ (ʷʯʝʡʢʠ), ʤ; Lɓ ï ʜʣʠʥʘ ʜʫʛʠ ʧʝʨʝʤʳʯʢʠ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʦʪʚʝʨʩʪʠʡ 

(ʷʯʝʝʢ), ʤ. 
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ɼʣʠʥʘ ʜʫʛ ʧʝʨʝʤʳʯʝʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ: 

                                                     ʜ
RL Ö=d

d ,   (11); ʜ
RL Ö=b

b ,   (12) 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚ ʬʦʨʤʫʣʫ (10) ʚʳʨʘʞʝʥʠʡ (8), (11), (12) ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʠʤ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʜʣʠʥʳ ʜʫʛ ʚʩʝʭ ʧʝʨʝʤʳʯʝʢ ʥʘ ʦʢʨʫʞʥʦʩʪʠ 

ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ: 

ä +-
Ö

Ö-ÖÖ= ]))
4

arcsin(4([ bdd

ʜ

ʷ

ʜ

R

D
kRnP .                                  (13) 

ʂʦʣʠʯʝʩʪʚʦ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) ʠ ʠʭ ʛʨʫʧʧ ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʦʨʤʦʡ ʚʳʩʝʚʘ ʩʝʤʷʥ ʧʨʠ ʛʥʝʟʜʦʚʦʤ ʩʧʦʩʦʙʝ ʠ ʧʝʨʝʜʘʪʦʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʦʪ ʦʧʦʨʥʦ-

ʧʨʠʚʦʜʥʦʛʦ ʢʦʣʝʩʘ ʩʝʷʣʢʠ ʢ ʚʳʩʝʚʘʶʱʝʤʫ ʜʠʩʢʫ. ʕʪʠ ʞʝ ʧʦʢʘʟʘʪʝʣʠ ʫʯʠʪʳʚʘʶʪʩʷ ʥʘʤʠ ʧʨʠ 

ʦʙʦʩʥʦʚʘʥʠʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʧʦʩʝʚʥʦʛʦ ʘʛʨʝʛʘʪʘ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʫʩʣʦʚʠʷ 

ʧʦ ʚʳʩʝʚʫ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʘʜʝʞʥʦʝ ʧʨʠʩʘʩʳʚʘʥʠʝ ʩʝʤʷʥ ʢʦ ʚʩʝʤ ʦʪʚʝʨʩʪʠʷʤ (ʟʘʧʘʜʘʥʠʷ ʩʝʤʷʥ ʚ 

ʷʯʝʡʢʠ) ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʅʦʨʤʘ ʚʳʩʝʚʘ ʩʝʤʷʥ ʩʦʠ ʥʘ ʦʜʥʦʤ ʛʝʢʪʘʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʨʪʘ ʠ 

ʟʦʥʳ ʝʝ ʚʦʟʜʝʣʳʚʘʥʠʷ ʧʦ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʝ[1]: 
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,                                                                   (14) 

ʛʜʝ q ï ʥʦʨʤʘ ʚʳʩʝʚʘ ʩʝʤʷʥ, ʰʪ./ʤ; i ï ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʦʪ ʦʧʦʨʥʦ-ʧʨʠʚʦʜʥʦʛʦ 

ʢʦʣʝʩʘ ʢ ʚʳʩʝʚʘʶʱʝʤʫ ʜʠʩʢʫ; Dʢ ï ʜʠʘʤʝʪʨ ʦʧʦʨʥʦ-ʧʨʠʚʦʜʥʦʛʦ ʢʦʣʝʩʘ ʩʝʷʣʢʠ, ʤ. 

ʇʨʠ ʵʪʦʤ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʦʪʥʦʰʝʥʠʝ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ 

ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ ʠ ʦʧʦʨʥʦ-ʧʨʠʚʦʜʥʦʛʦ ʢʦʣʝʩʘ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʦ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʝ, ʧʦʩʣʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʦʡ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 
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ʛʜʝ Vʜ ï ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ, ʤ/ʩ; Vʩ ï ʩʢʦʨʦʩʪʴ ʧʦʩʝʚʥʦʛʦ ʘʛʨʝʛʘʪʘ; 

Dʜ ï ʜʠʘʤʝʪʨ ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ, ʤ; wʜ ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ, ʩ-1; 

wʢ ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʥʦʛʦ ʢʦʣʝʩʘ ʩʝʷʣʢʠ, ʩ-1. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɼʣʷ ʩʦʙʣʶʜʝʥʠʷ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ 

ʢʘʯʝʩʪʚʘ ʧʦʩʝʚʘ ʩʝʷʣʢʘʤʠ ʪʦʯʥʦʛʦ ʚʳʩʝʚʘ ʠ ʩ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʜʠʩʢʘ ʚʳʩʝʚʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʥʝ 

ʙʦʣʝʝ 0,5 ʤ/ʩ, ʩʢʦʨʦʩʪʴ ʧʦʩʝʚʥʦʛʦ ʘʛʨʝʛʘʪʘ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 2,5 ʤ/ʩ [4, 5, 6]. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʚʳʩʝʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʩ ʜʠʘʤʝʪʨʦʤ ʚʳʩʝʚʘʶʱʝʛʦ 

ʜʠʩʢʘ Dʜ=0,168 ʤ, ʥʘ ʩʝʷʣʢʘʭ ʩ ʦʧʦʨʥʦ-ʧʨʠʚʦʜʥʳʤ ʢʦʣʝʩʦʤ ʜʠʘʤʝʪʨʦʤ Dʢ=0,5ʤ, ʩ ʥʘʟʚʘʥʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʢʦʨʦʩʪʝʡ ʦʧʨʝʜʝʣʠʣʠ ʧʦ ʬʦʨʤʫʣʝ (15), ʧʨʝʜʝʣʴʥʦʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ ʟʥʘʯʝʥʠʷ i=0,59. 

ʉ ʫʯʝʪʦʤ ʥʦʨʤʳ ʚʳʩʝʚʘ ʩʝʤʷʥ ʠ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʦʪ ʧʨʠʚʦʜʥʦʛʦ ʢʦʣʝʩʘ ʢ 

ʚʳʩʝʚʘʶʱʝʤʫ ʜʠʩʢʫ ʨʘʚʥʦʝ i=0,59 ʦʧʨʝʜʝʣʠʣʠ ʥʝʦʙʭʦʜʠʤʦʝ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʚʝʨʩʪʠʡ 

(ʷʯʝʝʢ) ʥʘ ʚʳʩʝʚʘʶʱʝʤ ʜʠʩʢʝ, ʢʦʪʦʨʦʝ ʚʘʨʴʠʨʫʝʪ ʦʪ 20 ʜʦ 80 ʰʪ. 

ʎʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) ʚ ʛʨʫʧʧʝ ʩ ʫʯʝʪʦʤ ʠʭ ʜʠʘʤʝʪʨʘ ʠ 

ʜʠʘʤʝʪʨʘ ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ, ʨʘʟʤʝʨʥʳʭ ʠ ʬʨʠʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʝʤʷʥ ʩʦʠ [7] ʧʨʠʥʷʪ ʥʘʤʠ 

D =̫4,2 ʤʤ, ŭ=5Á (0,0873 ʨʘʜ). 



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʛʣʘ ʤʝʞʜʫ 

ʮʝʥʪʨʘʤʠ ʢʨʘʡʥʠʭ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) ʩʦʩʝʜʥʠʭ ʛʨʫʧʧ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʦʚ ʚʳʩʝʚʘʶʱʝʛʦ 

ʜʠʩʢʘ ʠ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ), ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʮʝʥʪʨʘʣʴʥʳʭ ʫʛʣʦʚ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʢʨʘʡʥʠʭ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) 

ʩʦʩʝʜʥʠʭ ʛʨʫʧʧ  

k=2 k=3 k=4 

ʂʦʣʠʯʝʩ

ʪʚʦ 

ʷʯʝʝʢ 

ʚʳʩʝʚʘʶ

ʱʝʛʦ 

ʜʠʩʢʘ 

ʂʦʣʠʯʝ

ʩʪʚʦ 

ʛʨʫʧʧ  

ʷʯʝʝʢ 

ʋʛʦʣ  

ʤʝʞʜʫ 

ʛʨʫʧʧʘʤ

ʠ ɓÁ 

ʂʦʣʠʯʝʩʪ

ʚʦ ʷʯʝʝʢ 

ʚʳʩʝʚʘʶ

ʱʝʛʦ 

ʜʠʩʢʘ 

ʂʦʣʠʯʝ

ʩʪʚʦ 

ʛʨʫʧʧ  

ʷʯʝʝʢ 

ʋʛʦʣ  

ʤʝʞʜʫ 

ʛʨʫʧʧ

ʘʤʠ ɓÁ 

ʂʦʣʠʯʝʩʪ

ʚʦ ʷʯʝʝʢ 

ʚʳʩʝʚʘʶ

ʱʝʛʦ 

ʜʠʩʢʘ 

ʂʦʣʠʯ

ʝʩʪʚʦ 

ʛʨʫʧʧ  

ʷʯʝʝʢ 

ʋʛʦʣ  

ʤʝʞʜʫ 

ʛʨʫʧʧʘʤ

ʠ ɓÁ 

30 15 19 21 7 41,43 20 5 57 

32 16 17,5 24 8 35 24 6 45 

34 17 16,18 27 9 30 28 7 36,43 

36 18 15 30 10 26 32 8 30 

38 19 13,95 33 11 22,73 36 9 25 

40 20 13 36 12 20 40 10 21 

42 21 12,14 39 13 17,69 44 11 17,73 

44 22 11,36 42 14 15,71 48 12 15 

46 23 10,65 45 15 14 52 13 12,7 

48 24 10 48 16 12,5 56 14 10,7 

50 25 9,4 51 17 11,18 60 15 9 

52 26 8,85 54 18 10 64 16 7,5 

54 27 8,33 57 19 8,95 68 17 6,18 

56 28 7,86 60 20 8 72 18 5 

58 29 7,41 63 21 7,14 76 19 3,95 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʛʣʘ ʤʝʞʜʫ 

ʮʝʥʪʨʘʤʠ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) ʚ ʛʨʫʧʧʝ ʚ ŭ=5Ü, ʫʛʦʣ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʢʨʘʡʥʠʭ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) 

ʩʦʩʝʜʥʠʭ ʛʨʫʧʧ ʚʘʨʴʠʨʫʝʪ ʦʪ 7,41Ü ʜʦ 19Ü ʧʨʠ ʜʚʫʭ ʦʪʚʝʨʩʪʠʷʭ (ʷʯʝʡʢʘʭ) ʚ ʛʨʫʧʧʝ, ʦʪ 7,14Ü ʜʦ 

41,43Ü- ʧʨʠ ʪʨʝʭ ʠ ʦʪ 3,95Ü ʜʦ 57Ü ï ʧʨʠ ʯʝʪʳʨʝʭ. 

ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʝʤʝʥʘʤʠ ʚ ʛʥʝʟʜʝ ʠ ʛʥʝʟʜʘʤʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʚʳʨʘʞʝʥʠʷʤ: 
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ʛʜʝ lŭ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʝʤʝʥʘʤʠ ʚ ʛʥʝʟʜʝ, ʤ ;lɓ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʥʝʟʜʘʤʠ, ʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʨʘʞʝʥʠʡ (16,17) ʦʧʨʝʜʝʣʠʣʠ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʝʤʝʥʘʤʠ ʚ ʛʥʝʟʜʝ ʠ ʤʝʞʜʫ ʛʥʝʟʜʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3. 

ʀʟ ʛʨʘʬʠʢʘ ʨʠʩʫʥʢʘ 2 ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʝʤʝʥʘʤʠ ʚ ʛʥʝʟʜʝ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 

38 ʜʦ 62 ʤʤ ʧʨʠ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʷʭ 0,357 ʠ 0,577. 

ʈʘʩʩʪʦʷʥʠʷ ʚ ʨʷʜʢʝ ʤʝʞʜʫ ʛʥʝʟʜʘʤʠ ʩ ʪʨʝʤʷ ʩʝʤʝʥʘʤʠ ʩ ʮʝʥʪʨʘʣʴʥʳʤʠ ʫʛʣʘʤʠ ʤʝʞʜʫ 

ʮʝʥʪʨʘʤʠ ʦʪʚʝʨʩʪʠʡ ʠ ʮʝʥʪʨʘʤʠ ʢʨʘʡʥʠʭ ʦʪʚʝʨʩʪʠʡ ʩʦʩʝʜʥʠʭ ʛʨʫʧʧ ʥʘ ʚʳʩʝʚʘʶʱʝʤ ʜʠʩʢʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 7,1Ü-30Ü ʚʘʨʴʠʨʫʶʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʅʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤʠ ʩ 



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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ʘʛʨʦʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʥʝʟʜʘʤʠ ʥʝ ʧʨʝʚʳʰʘʶʱʝʝ 100 ʤʤ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 0,395-0,5 ʠ ɓ=10Á. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʝʤʝʥʘʤʠ ʚ ʛʥʝʟʜʝ 

 

 
ʈʠʩʫʥʦʢ 3 ï ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʥʝʟʜʘʤʠ ʩʝʤʷʥ ʚ ʨʷʜʢʝ  

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʩʯʝʪʥʘʷ ʥʦʨʤʘ ʚʳʩʝʚʘ ʩʝʤʷʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʝʷʣʢʠ. 

 



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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ʈʠʩʫʥʦʢ 4 ï ʅʦʨʤʘ ʚʳʩʝʚʘ ʩʝʤʷʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʝʷʣʢʠ 

ʀʟ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʦʚ ʨʠʩʫʥʢʘ 4 ʚʠʜʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʘʷ ʥʦʨʤʘ ʚʳʩʝʚʘ ʩʝʤʷʥ ʚʘʨʴʠʨʫʝʪʩʷ 

ʚ ʧʨʝʜʝʣʘʭ ʦʪ 12,5 ʜʦ 19,5 ʰʪ. ʥʘ ʧʦʛʦʥʥʦʤ ʤʝʪʨʝ ʨʷʜʢʘ, ʧʨʠ ʢʦʣʠʯʝʩʪʚʝ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) 

ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ N =̫54, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʦʪ 0,357ʜʦ 0,577. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʠʟʛʦʪʦʚʣʝʥ ʚʳʩʝʚʘʶʱʠʡ 

ʜʠʩʢ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: N =̫54, k=3, ŭ=5Á, ɓ=10Á, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 5. 

 
ʈʠʩʫʥʦʢ 5 ï ɺʳʩʝʚʘʶʱʠʡ ʜʠʩʢ ʜʣʷ ʛʥʝʟʜʦʚʦʛʦ ʧʦʩʝʚʘ ʩʝʤʷʥ ʩʦʠ 

 

ɿʘʢʣʶʯʝʥʠʝ. ʇʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) 

ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʨʘʜʠʫʩʘ, ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) ʠ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʫʛʣʘ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) ʚ ʛʨʫʧʧʝ ʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʛʣʘ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ 

ʢʨʘʡʥʠʭ ʦʪʚʝʨʩʪʠʡ (ʷʯʝʝʢ) ʩʦʩʝʜʥʠʭ ʛʨʫʧʧ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ 

ʩʝʤʷʥ ʩʦʠ ʩ ʟʘʜʘʥʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʩʝʤʝʥʘʤʠ ʚ ʛʥʝʟʜʝ ʠ ʤʝʞʜʫ ʛʥʝʟʜʘʤʠ, ʦʧʨʝʜʝʣʝʥʳ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʨʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʳʩʝʚʘʶʱʝʛʦ ʜʠʩʢʘ ʠ ʩʝʷʣʢʠ ʜʣʷ ʛʥʝʟʜʦʚʦʛʦ ʧʦʩʝʚʘ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʥʘʩʪʨʦʡʢʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʩʝʷʣʢʠ. 
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1. ʇʝʨʩʧʝʢʪʠʚʥʘʷ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʠ: ʄʝʪʦʜ. 

ʨʝʢʦʤʝʥʜʘʮʠʠ. ï ʄ.: ʌɻʅʋ çʈʦʩʠʥʬʦʨʤʘʛʨʦʪʝʭè, 2008. ï 56 ʩ. 

2. ʈʳʙʘʣʢʠʥʘ, ʅ.ʅ. ɺʣʠʷʥʠʝ ʥʦʨʤ ʚʳʩʝʚʘ ʠ ʩʧʦʩʦʙʦʚ ʧʦʩʝʚʘ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʩʦʠ / 

ʅ.ʅ. ʈʳʙʘʣʢʠʥʘ // ɿʝʤʣʝʜʝʣʠʝ. ï 2000. ï ˉ 1. ï ʉ. 23. 

3. ʇʘʪ. 2127032 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ ɸ01ʉ7/04. ʉʧʦʩʦʙ ʚʳʩʝʚʘ ʩʝʤʷʥ ʠ 

ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ / ɺ.ɼ. ʃʠʧʠʥ, ʉ.ɸ. ʐʠʰʣʦʚ; ʟʘʷʚʠʪʝʣʴ ʠ 

ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ ʇʨʠʤʦʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ. ï ˉ 

97100615/13; ʟʘʷʚʣ. 16.01.1997, ʦʧʫʙʣ. 10.03.1999, ɹʶʣ. ˉ5. ï 7 ʩ. : ʠʣ. 
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ï 459 ʩ. 
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ʌɻɹʅʋ çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝè, ʛ. ʊʘʤʙʦʚ 

  

ʈʝʬʝʨʘʪ. ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʥʠʞʝʥʠʷ ʜʣʠʥʳ ʩʪʝʥʜʦʚʦʡ ʷʯʝʠʩʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʫʛʣʘ ʥʘʢʣʦʥʘ ʜʥʠʱʘ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʢ ʛʦʨʠʟʦʥʪʫ ʧʨʠ 

ʚʳʜʝʣʝʥʠʠ ʜʣʠʥʥʳʭ ʧʨʠʤʝʩʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʚʳʰʝʥʥʦʡ ʘʩʠʤʤʝʪʨʠʝʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʠʥʘʤʠʢʦʡ ʜʚʠʞʝʥʠʷ ʧʦ ʥʘʢʣʦʥʥʳʤ ʧʣʦʩʢʦʩʪʷʤ ʧʨʠ ʠʭ ʚʳʙʨʦʩʝ 

ʷʯʝʷʤʠ ʚ ʚʳʚʦʜʥʦʡ ʣʦʪʦʢ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʩ 

ʫʛʣʦʤ ʧʦʜʲʝʤʘ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ ʚ 300 ʥʘʢʣʦʥ ʢ ʛʦʨʠʟʦʥʪʫ ʦʩʝʚʦʡ ʣʠʥʠʠ ʜʥʠʱʘ 

ʩʦʩʪʘʚʣʷʝʪ 43,50, ʘ ʚ ʥʠʞʥʝʤ ʧʦʣʦʞʝʥʠʠ ʢʨʦʤʢʠ ʩ ʫʛʣʦʤ ʧʦʜʲʝʤʘ ʚ 150 ʥʘʢʣʦʥ ʢʨʠʪʠʯʝʩʢʠʭ 

ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʚʳʜʝʣʝʥʥʳʭ ʜʣʠʥʥʳʭ ʯʘʩʪʠʮ ʟʝʨʥʦʩʤʝʩʠ ʢ ʛʦʨʠʟʦʥʪʫ ʩʦʩʪʘʚʣʷʝʪ 310. 

ʉʥʠʞʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʥʘ 50 ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʛʦʣ ʥʘʢʣʦʥʘ ʦʩʝʚʦʡ 

ʣʠʥʠʠ ʝʛʦ ʜʥʠʱʘ ʥʘ ʫʨʦʚʥʝ 41,90, ʥʦ ʫʛʦʣ ʥʘʢʣʦʥʘ ʢʨʠʪʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ 

ʢ ʛʦʨʠʟʦʥʪʫ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 32,340. ɼʘʥʦ ʦʙʦʩʥʦʚʘʥʠʝ, ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ ʩʥʠʞʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʥʘʨʫʰʘʝʪ ʦʙʲʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ 

ʜʠʥʘʤʠʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʢʘʢ ʚʝʨʭʥʷʷ ʢʨʦʤʢʘ ʧʦʧʘʜʘʝʪ ʚ ʟʦʥʫ ʮʠʨʢʫʣʷʮʠʠ 

ʩʣʦʝʚ ʟʝʨʥʦʚʦʛʦ ʩʝʛʤʝʥʪʘ. ʈʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥ ʜʠʘʧʘʟʦʥ ʟʘʛʨʫʟʢʠ ʷʯʝʠʩʪʦʛʦ 

ʮʠʣʠʥʜʨʘ ʩʪʝʥʜʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʮʠʣʠʥʜʨʘ ʚ ʜʠʘʧʘʟʦʥʝ 23é100% ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘʤʠ ʤʝʪʦʜʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʠʝʨʥʦʛʦ ʙʣʦʢʘ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʝʥʜʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʢʨʘʪʥʦʩʪʴ ʩʫʤʤʠʨʦʚʘʥʠʷ ʯʘʩʪʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʪʝʥʜʦʚʳʭ ʨʝʘʣʠʟʘʮʠʡ ʜʠʥʘʤʠʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʦʜʪʚʝʨʞʜʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʰʝʥʠʡ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʚʣʠʷʥʠʷ ʧʨʠʩʪʝʥʥʳʭ ʵʬʬʝʢʪʦʚ ʥʘ 

ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʘ ʚ ʩʪʝʥʜʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʟʘ ʩʯʝʪ ʪʦʨʮʝʚʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʟʘʜʥʝʡ 

ʩʪʝʥʢʦʡ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʠ ʧʨʠʚʦʜʥʳʤ ʜʠʩʢʦʤ, ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʝʯʘʡʢʠ ʥʘ 

ʙʣʦʢʠʨʫʶʱʝʤ ʢʦʣʴʮʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʝʥʜ, ʷʯʝʠʩʪʳʡ ʮʠʣʠʥʜʨ, ʟʝʨʥʦʩʤʝʩʴ, ʜʣʠʥʥʳʝ ʧʨʠʤʝʩʠ, ʫʛʣʳ ʥʘʢʣʦʥʘ, 

ʢʨʠʪʠʯʝʩʢʠʝ ʪʨʘʝʢʪʦʨʠʠ, ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʟʘʛʨʫʟʢʘ, ʩʢʦʨʦʩʪʥʳʝ ʨʝʞʠʤʳ, ʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʘ. 
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Abstract. The need to reduce the length of the bench cellular surface in order to increase the 

angle of inclination of the bottom of the output tray to the horizon with the allocation of long 

impurities that have an increased asymmetry of geometric dimensions and limited dynamics of the 

motion along inclined planes when they are ejected into the output tray is justified. It has been 

established that for the initial position of the output tray with the angle of rise of the upper edge of 

the front wall of 300, the slope to the horizon of the axial line of the bottom is 43,50, and in the lower 

position of the edge with an angle of 150 degrees, the slope of the critical trajectories of the separated 

long grain grain particles to the horizon is 310 . Reducing the initial position of the output tray by 50 

provides an angle of inclination of the axial line of its bottom at 41,90, but the angle of inclination of 

the critical trajectory of particles to the horizon increases to 32,340. It is justified that further 

lowering of the initial position of the upper edge of the front wall of the output tray disrupts the 

objective assessment of the dynamics of the technological process, since the upper edge falls into the 

zone of circulation of the layers of the grain segment. The range of loading of the mesh cylinder of 

the stand, which is necessary for reproducing the consumption characteristics of a standard cylinder 

within the range of 23 ... 100% of the rated value, is determined by calculation. With the use of the 

method developed by us to identify the consumption characteristics of the trihedral unit, the 

multiplicity of the summation of the individual regularities of bench implementations of the dynamics 

of the technological process is established by the results of bench studies. The effectiveness of 

solutions to eliminate the effect of wall effects on the dynamics of the process in bench research due 

to the end clearance between the back wall of the output tray and the drive disk and the use of a 

cylindrical shell on the locking ring was confirmed. 

 Keywords: stand, mesh cylinder, grain mixture, long impurities, tilt angles, critical trajectories, 

equivalent loading, speed regimes, process dynamics.  

 

ɺʚʝʜʝʥʠʝ. ɼʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʳʭ ʯʘʩʪʠʮ ʠʟ ʟʝʨʥʦʩʤʝʩʝʡ ʧʦ ʚʩʝʡ 

ʜʣʠʥʝ ʷʯʝʠʩʪʳʭ ʮʠʣʠʥʜʨʦʚ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʪʝʥʜʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘʤʠ ʩʪʝʥʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 

ʫʢʘʟʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʩʚʦʡʩʪʚ ʟʝʨʥʦʩʤʝʩʝʡ. ʇʨʠ ʫʛʣʘʭ ʥʘʢʣʦʥʘ ʜʥʠʱʘ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʚ 310 ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ 

ʜʦʩʪʘʪʦʯʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ (ʧʰʝʥʠʮʳ) ʠ 

ʢʦʨʦʪʢʠʭ ʧʨʠʤʝʩʝʡ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʜʠʥʘʤʠʢʦʡ ʜʚʠʞʝʥʠʷ ʧʦ ʥʘʢʣʦʥʥʳʤ 

ʧʦʚʝʨʭʥʦʩʪʷʤ ʧʦʩʣʝ ʚʳʙʨʦʩʘ ʵʪʠʭ ʯʘʩʪʠʮ ʷʯʝʷʤʠ ʚ ʚʳʚʦʜʥʦʡ ʣʦʪʦʢ. ʆʜʥʘʢʦ, ʜʣʠʥʥʳʝ ʧʨʠʤʝʩʠ 

ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʘʩʠʤʤʝʪʨʠʝʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ ʙʦʣʴʰʠʤ ʫʛʣʦʤ ʪʨʝʥʠʷ ʧʦ 

ʩʪʘʣʴʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ, ʯʪʦ ʩʦʟʜʘʝʪ ʨʠʩʢʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʚʳʚʦʜʘ ʜʣʠʥʥʳʭ ʯʘʩʪʠʮ ʧʦ 

ʢʨʠʪʠʯʝʩʢʠʤ ʪʨʘʝʢʪʦʨʠʷʤ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʠʥʠʠ ʧʝʨʝʩʝʯʝʥʠʷ ʜʥʠʱʘ 

ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʠ ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ. ʇʦʵʪʦʤʫ ʦʙʦʩʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʪʝʥʜʘ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʢ ʙʦʣʝʝ ʰʠʨʦʢʦʤʫ ʜʠʘʧʘʟʦʥʫ ʩʚʦʡʩʪʚ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʠ ʢʨʠʪʠʯʝʩʢʠʤ 

ʪʨʘʝʢʪʦʨʠʷʤ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ.  

ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʪʨʠʝʨʦʚ, ʤʝʪʦʜ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʯʝʠʩʪʳʭ ʮʠʣʠʥʜʨʦʚ ʪʨʠʝʨʥʳʭ 

ʙʣʦʢʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʝʥʜʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʩʯʝʪʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʪʦʜʳ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɺ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʢʘʭ ʜʚʝ ʬʠʟʠʯʝʩʢʠʝ ʢʘʪʝʛʦʨʠʠ 

(ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ) ʯʘʱʝ ʚʩʝʛʦ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʜʥʫ, ʪʘʢ ʢʘʢ ʧʨʠ ʪʦʣʢʦʚʘʥʠʠ ʩʫʱʥʦʩʪʠ 

ʨʷʜʘ ʷʚʣʝʥʠʡ ʦʥʠ ʷʚʣʷʶʪʩʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ. ʅʘʧʨʠʤʝʨ, ʦʜʠʥ ʯʝʣʦʚʝʢ, ʦʮʝʥʠʚʘʷ ʧʨʝʜʩʪʦʷʱʠʡ 



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

 

~15~ 

ʧʫʪʴ ʛʦʚʦʨʠʪ ï çʜʘʣʝʢʦè, ʘ ʚʪʦʨʦʡ, ʩʦʛʣʘʰʘʷʩʴ, ʛʦʚʦʨʠʪ ï çʜʦʣʛʦè. ʕʪʦ ʩʚʦʡʩʪʚʦ ʜʚʫʭ 

ʟʘʤʝʯʘʪʝʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʢʘʪʝʛʦʨʠʡ, ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʷʝʤʳʭ ʚ ʧʦʥʷʪʠʡʥʦʤ ʩʤʳʩʣʝ, ʚʦʟʤʦʞʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʝʰʝʥʠʠ ʨʷʜʘ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʳʭ ʯʘʩʪʠʮ ʠʟ ʟʝʨʥʦʩʤʝʩʝʡ ʚʦʟʥʠʢʘʶʪ 

ʥʝʧʨʝʦʜʦʣʠʤʳʝ ʪʨʫʜʥʦʩʪʠ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʅʘʧʨʠʤʝʨ, ʦʯʠʩʪʢʘ ʟʝʨʥʦʩʤʝʩʝʡ ʦʪ 

ʣʝʛʢʠʭ ʧʨʠʤʝʩʝʡ, ʢʦʪʦʨʳʝ çʚʩʧʣʳʚʘʶʪè ʚ ʮʠʨʢʫʣʠʨʫʶʱʝʤ ʩʝʛʤʝʥʪʝ ʚ ʚʝʨʭʥʠʝ ʩʣʦʠ ʠ ʥʝ 

ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦ ʚʨʝʤʝʥʠ ʚʝʩʴʤʘ ʜʦʣʛʦ. ɽʩʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ ʟʝʨʥʦʩʤʝʩʝʡ ʷʯʝʠʩʪʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʥʦʡ ʜʣʠʥʳ, ʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʦʩʪʘʪʦʯʥʦʡ ʟʘʩʦʨʝʥʥʦʩʪʠ 

ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʠʥʘ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ. ʈʝʘʣʠʟʘʮʠʷ ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʦʪʨʝʙʫʝʪ ʦʛʨʦʤʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ, ʥʦ ʩʘʤʦʝ ʛʣʘʚʥʦʝ ʧʨʝʧʷʪʩʪʚʠʝ ʩ ʤʝʪʦʜʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʠʥʪʝʨʚʘʣʴʥʳʭ ʦʮʝʥʦʢ ʨʘʩʭʦʜʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʥʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʘ ʧʨʠ ʙʦʣʴʰʦʡ ʜʣʠʥʝ ʷʯʝʠʩʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʢʣʶʯʘʝʪʩʷ.  

ɹʝʟ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʧʦ ʜʣʠʥʝ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʣʴʟʷ ʧʦʣʫʯʠʪʴ ʦʙʲʝʢʪʠʚʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠ ʝʝ ʫʧʨʘʚʣʝʥʠʷ, 

ʪʘʢ ʢʘʢ ʫʩʣʦʚʠʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʥʝʧʨʝʨʳʚʥʦ ʤʝʥʷʶʪʩʷ: ʚ ʦʚʩʶʞʥʦʤ ʮʠʣʠʥʜʨʝ ʫʙʳʚʘʶʪ 

ʨʘʟʤʝʨʳ ʟʝʨʥʦʚʦʛʦ ʩʝʛʤʝʥʪʘ, ʩʦʢʨʘʱʘʝʪʩʷ ʯʠʩʣʦ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʩʣʦʝʚ, ʚʘʨʠʘʪʠʚʥʦ 

ʠʟʤʝʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʟʘʭʚʘʪʘ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʷʯʝʷʤʠ; ʚ ʢʫʢʦʣʴʥʦʤ ï ʫʙʳʚʘʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʨʦʪʢʠʭ ʧʨʠʤʝʩʥʳʭ ʯʘʩʪʠʮ.  

ɺ ʩʦʟʜʘʥʥʳʭ ʥʘʤʠ ʩʪʝʥʜʘʭ ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ [1-4] ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʯʝʠʩʪʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘʤʝʥʝʥʦ ʥʘ ʚʨʝʤʷ. ɺʦʟʤʦʞʥʦʩʪʴ ʪʘʢʦʡ ʟʘʤʝʥʳ ʚʳʪʝʢʘʝʪ ʠʟ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʪʨʠʝʨʦʚ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝ ʟʝʨʥʦʚʦʛʦ ʩʝʛʤʝʥʪʘ 

ʝʜʠʥʠʯʥʦʡ ʜʣʠʥʳ ʚʜʦʣʴ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ. ʇʨʠ ʵʪʦʤ ʚ ʦʚʩʶʞʥʦʤ ʮʠʣʠʥʜʨʝ ʚʳʩʦʪʘ ʧʝʨʝʤʝʱʘʝʤʦʛʦ 

ʩʝʛʤʝʥʪʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʥʘʯʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦʜʘʯʝʡ, ʘ ʚ ʢʫʢʦʣʴʥʦʤ ï ʦʥʘ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʠʟ-ʟʘ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ.  

ʀ ʚ ʪʦʤ ʠ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʚʳʜʝʣʷʝʤʳʝ ʟʝʨʥʦʚʢʠ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠʣʠ ʧʨʠʤʝʩʥʳʝ 

ʯʘʩʪʠʮʳ ʥʝʧʨʝʨʳʚʥʦ ʦʪʚʦʜʷʪʩʷ ʠʟ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʣʠʥʳ ʯʝʨʝʟ ʥʘʢʣʦʥʥʳʡ 

ʦʪʚʦʜʥʦʡ ʣʦʪʦʢ. ʕʢʩʧʝʨʠʤʝʥʪʘʪʦʨ ʯʝʨʝʟ ʨʘʚʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʠʪ ʦʪʙʦʨ 

ʚʳʜʝʣʝʥʥʳʭ ʯʘʩʪʠʮ. ʇʨʦʮʝʩʩ ʤʦʞʥʦ ʧʨʦʜʦʣʞʘʪʴ ʩʢʦʣʴ ʫʛʦʜʥʦ ʜʦʣʛʦ, ʘ ʟʘʪʝʤ ʧʦ ʚʝʣʠʯʠʥʝ 

ʩʢʦʨʦʩʪʠ ʦʩʝʚʦʛʦ ʩʤʝʱʝʥʠʷ ʩʝʛʤʝʥʪʘ ʟʝʨʥʦʩʤʝʩʠ ʜʣʷ ʟʘʜʘʥʥʳʭ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʝʘʣʴʥʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʨʘʩʩʯʠʪʳʚʘʪʴ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʜʣʠʥʫ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʣʶʙʦʤʫ ʟʥʘʯʝʥʠʶ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (ʦʩʪʘʪʦʯʥʦʡ ʟʘʩʦʨʝʥʥʦʩʪʠ) 

[5-6].  

ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʩʪʝʥʜʝ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʜʣʠʥʦʡ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʤʝʶʱʝʝʩʷ ʧʨʦʪʠʚʦʨʝʯʠʝ. ʆʥʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ: ʜʣʠʥʘ ʩʪʝʥʜʦʚʦʡ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʚʦʟʤʦʞʥʳʤʠ ʧʨʠʩʪʝʥʥʳʤʠ 

ʵʬʬʝʢʪʘʤʠ ʠ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ.  

ʆʜʥʘʢʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʜʘ ʧʦ ʦʙʲʝʢʪʠʚʥʳʤ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʧʨʠʯʠʥʘʤ ʩʥʠʞʘʝʪʩʷ ʫʛʦʣ ʥʘʢʣʦʥʘ ʜʥʠʱʘ ʦʪʚʦʜʥʦʛʦ ʣʦʪʢʘ, ʯʪʦ ʩʦʟʜʘʝʪ ʨʠʩʢʠ 

ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʪʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ ʠʟ-ʟʘ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʦʪʚʦʜʘ 



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

 

~16~ 

ʧʨʠʤʝʩʥʳʭ ʯʘʩʪʠʮ ʩ ʢʨʠʪʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʛʣʦʚ ʪʨʝʥʠʷ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʜʣʠʥʥʳʭ ʧʨʠʤʝʩʥʳʭ ʯʘʩʪʠʮ.  

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʟʜʝʣʝʥʠʷ ʟʝʨʥʦʩʤʝʩʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʥʜʦʚ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʚ ʥʝʢʦʪʦʨʦʤ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʧʦʜʲʝʤʘ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʧʝʨʝʜʥʝʡ 

ʩʪʝʥʢʠ ʣʦʪʢʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʥʠʞʝʥʠʝʤ ʬʘʢʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʪʨʘʝʢʪʦʨʠʡ 

ʜʚʠʞʝʥʠʷ ʚʳʜʝʣʝʥʥʳʭ ʯʘʩʪʠʮ ʢ ʛʦʨʠʟʦʥʪʫ. ʂ ʵʪʠʤ ʟʦʥʘʤ ʦʪʥʦʩʷʪʩʷ ʣʠʥʠʠ ʩʦʧʨʷʞʝʥʠʷ 

ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ ʠ ʜʥʠʱʘ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ.  

ʀʟ ʠʟʣʦʞʝʥʥʦʛʦ ʚʳʰʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʝʨʥʦʩʤʝʩʝʡ ʩ ʚʢʣʶʯʝʥʠʝʤ ʚ ʥʝʝ 

ʧʨʠʤʝʩʥʳʭ ʯʘʩʪʠʮ ʩ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʝ, 

ʩʦʢʨʘʱʘʷ ʜʣʠʥʫ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʠʨʫʷ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʢʨʠʪʠʯʝʩʢʠʝ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʚʳʜʝʣʝʥʥʳʭ ʯʘʩʪʠʮ ʧʦ ʚʳʚʦʜʥʦʤʫ ʣʦʪʢʫ. ʅʘ ʨʝʰʝʥʠʝ ʵʪʦʡ 

ʢʦʤʧʨʦʤʠʩʩʥʦʡ ʟʘʜʘʯʠ ʥʘʧʨʘʚʣʝʥ ʥʠʞʝ ʩʣʝʜʫʶʱʠʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʥʘʤʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʪʝʥʜ ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʜʣʠʥʦʡ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ Lʮ = 0,5 ʤ ʠ ʝʛʦ 

ʜʠʘʤʝʪʨʦʤ Dʮ = 0,6 ʤ. ʇʨʠ ʵʪʦʤ ʜʠʘʧʘʟʦʥ ʫʛʣʦʚ ʧʦʜʲʝʤʘ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ 

ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʩʦʩʪʘʚʣʷʣ 0
2 0 ...4 0 ,

n
g =   ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ī 3 0 ...4 5 /n ʦʙ ʤʠʥ= , ʘ ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʦʩʝʚʦʡ ʣʠʥʠʠ ʜʥʠʱʘ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ī
0

0
31=a .  

ɺʝʣʠʯʠʥʘ 
0

0
31=a ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʩʪʘʙʠʣʴʥʦʛʦ ʦʪʚʦʜʘ ʠʟ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ 

ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ, ʥʦ ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʚʝʣʠʯʠʥʘʭ 
n
g ʠʟ ʫʢʘʟʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʘʨʫʰʘʝʪʩʷ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʨʝʘʣʴʥʳʭ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʢʨʠʪʠʯʝʩʢʠʭ 

ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʟʝʨʥʦʚʦʢ.  

ʂʨʦʤʝ ʪʦʛʦ, ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʵʬʬʝʢʪʘ ʠʥʝʨʮʠʦʥʥʦʛʦ ʫʜʝʨʞʘʥʠʷ 

ʯʘʩʪʠʮ ʩ ʨʦʩʪʦʤ n, ʯʪʦ ʪʨʝʙʫʝʪ ʩʤʝʱʝʥʠʷ ʦʙʣʘʩʪʠ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ n  ʠ  
n
g ʚ 

ʩʪʦʨʦʥʫ ʧʦʥʠʞʝʥʠʷ, ʢʦʛʜʘ ʨʠʩʢʠ ʚʳʥʦʩʘ ʚ ʣʦʪʦʢ ʜʣʠʥʥʳʭ ʧʨʠʤʝʩʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʙʦʣʴʰʝʡ 

ʩʚʷʟʥʦʩʪʴʶ ʙʫʜʫʪ ʩʥʠʞʘʪʴʩʷ. ʇʦʵʪʦʤʫ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʜʣʠʥʥʳʭ ʧʨʠʤʝʩʝʡ ʩ ʫʛʣʦʤ ʪʨʝʥʠʷ 

ʧʦʢʦʷ ʧʦ ʩʪʘʣʠ ʜʦ 350 ʠ 0

m in
1 5

n
g =  ʥʝʦʙʭʦʜʠʤʳ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʜʥʠʱʘ 

ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʢ ʛʦʨʠʟʦʥʪʫ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʧʨʦʚʝʨʢʘ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʢʨʠʪʠʯʝʩʢʠʭ ʪʨʘʝʢʪʦʨʠʡ 

ʜʚʠʞʝʥʠʷ ʚʳʜʝʣʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʣʦʪʢʝ.  

ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2. ɺʝʣʠʯʠʥʘ ʜʠʘʤʝʪʨʘ ʷʯʝʠʩʪʦʛʦ                  

ʮʠʣʠʥʜʨʘ 1 ʚʳʙʨʘʥʘ ʩʪʘʥʜʘʨʪʥʦʡ 6 0 0
ʮ

D ʤʤ= , ʘ ʝʛʦ ʜʣʠʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʝʥʘ 3 5 0
ʮ

L ʤʤ=

. ʊʦʨʮʝʚʦʡ ʟʘʟʦʨ (ʊ
ɿ ) ʤʝʞʜʫ ʟʘʜʥʝʡ ʩʪʝʥʢʦʡ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʠ ʧʨʠʚʦʜʥʳʤ ʜʠʩʢʦʤ 2, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʧʨʠʩʪʝʥʥʦʛʦ ʵʬʬʝʢʪʘ, ʩʦʩʪʘʚʣʷʝʪ 1 0ʤʤ. ɺ ʧʝʨʝʜʥʝʡ 

ʯʘʩʪʠ ʩʪʝʥʜʘ ʧʨʠʩʪʝʥʥʳʡ ʵʬʬʝʢʪ ʦʪ ʙʣʦʢʠʨʫʶʱʝʛʦ ʢʦʣʴʮʘ 7 ʧʨʝʜʦʪʚʨʘʱʘʝʪʩʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʝʯʘʡʢʦʡ ʜʣʠʥʦʡ 20 ʤʤ (ʥʘ ʨʠʩʫʥʢʘʭ ʫʩʣʦʚʥʦ ʥʝ ʧʦʢʘʟʘʥʘ). ʈʘʜʠʘʣʴʥʳʡ 

ʟʘʟʦʨ ʤʝʞʜʫ ʚʝʨʭʥʠʤʠ ʢʨʦʤʢʘʤʠ ʩʪʝʥʦʢ, ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ 3 ʠ ʷʯʝʠʩʪʳʤ ʮʠʣʠʥʜʨʦʤ 1 ʚʳʙʨʘʥ 

ʧʦ ʘʥʘʣʦʛʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʪʨʠʝʨʥʳʤ ʙʣʦʢʦʤ - 20
ʊ
ɿ ʤʤ=  ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ʈʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʢʨʘʡʥʠʤʠ ʪʦʯʢʘʤʠ (ɽ ʠ ɻ) ʩʣʝʜʘ ʦʪ ʪʦʨʮʝʚʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘ ʜʥʠʱʝ 

ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʠ ʢʦʣʴʮʦʤ ʩʦʩʪʘʚʣʷʝʪ 1 0ʤʤ.  

ɼʣʷ ʧʨʠʥʷʪʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʝʥʜʘ ʚʝʣʠʯʠʥʘ ʥʘʢʣʦʥʘ ʦʩʝʚʦʡ ʣʠʥʠʠ ʜʥʠʱʘ 6 ʚʳʚʦʜʥʦʛʦ 

ʣʦʪʢʘ 3 ʢ ʛʦʨʠʟʦʥʪʫ ʧʨʠ 
0

30=
n
g ʩʦʩʪʘʚʣʷʝʪ .

0

5,43  ʂʨʠʪʠʯʝʩʢʠʝ (ʤʠʥʠʤʘʣʴʥʳʝ) ʫʛʣʳ ʥʘʢʣʦʥʘ 
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ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʧʨʠʤʝʩʥʳʭ ʯʘʩʪʠʮ ʧʦ ʣʠʥʠʠ ɻɺ ʙʫʜʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 
n
g

. ʀʩʩʣʝʜʫʝʤ ʜʠʘʧʘʟʦʥ 00

15...30=
n
g ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 

0

5 .  

ɼʣʠʥʘ ʦʪʨʝʟʢʘ ʧʨʷʤʦʡ ʚ 3-ʭ ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʘ (ʠ ʦʧʨʝʜʝʣʝʥʘ) 

ʜʠʘʛʦʥʘʣʴʶ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ ʨʘʟʤʝʨʫ ʝʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʚ 

ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʬʨʦʥʪʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ ʩʦʚʧʘʜʘʝʪ ʩ ʜʠʘʛʦʥʘʣʴʶ ʪʦʨʮʝʚʦʡ ʧʣʦʩʢʦʩʪʠ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʨʠʩ. 3. 

ʀʟ ʨʠʩʫʥʢʘ 3 ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʠʥʘ ʣʠʥʠʠ ʩʦʧʨʷʞʝʥʠʷ (ɻɺ) ʜʥʠʱʘ ʠ ʧʝʨʝʜʥʝʡ ʙʦʢʦʚʦʡ 

ʩʪʝʥʢʠ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ, ʥʝ ʚʳʭʦʜʷʱʝʡ ʟʘ ʪʦʨʮʝʚʫʶ ʧʣʦʩʢʦʩʪʴ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

                   
2 2 2 2

( ) ( ) (3 8 3) (3 4 0 ) 5 1 2 .ɻɺ ɻɺ ɺɺ ʤʤ¡ ¡= + = + =                         (1) 

ɺʝʣʠʯʠʥʘ ʫʛʣʘ ʥʘʢʣʦʥʘ ɻɺ ʢ ʛʦʨʠʟʦʥʪʫ ʧʨʠ 
0

30=
n
g ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʝʝ ʥʘʯʘʣʴʥʳʤ 

ʨʘʟʤʝʨʦʤ ʧʦ ʚʳʩʦʪʝ (
0

h ): 

                   0

0( )0

arcs in ( / ) a rcs in (3 2 7 / 5 1 2 ) 3 9 , 7 1
ɻɺ

h ɻɺa = = = .                             (2) 

ʇʨʠ ʧʦʚʦʨʦʪʝ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʜʦ 
0

15=
n
g ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 50 ʪʦʯʢʠ ɻ ʠ ɺ ʙʫʜʫʪ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʥʘ ʨʘʚʥʳʝ ʜʫʛʦʚʳʝ ʫʯʘʩʪʢʠ ʧʦ ʦʢʨʫʞʥʦʩʪʷʤ ʨʘʜʠʫʩʦʤ ʢ
R ʠ 

1
r : 

                  

1 1 2 2 3

1

2 5 / 3 6 0 2 4 , 4 ;

2 5 / 3 6 0 1 6 , 6 .

ʢ
ɺ ɺ ɺ ɺ ɺ ɺ R ʤʤ

ɻɻ ɻ ɻ ɻ ɻ r ʤʤ

p

p

¡ë = = = ³ =î
ì

¡ ¡ ¡¡ ¡¡ ¡¡¡= = = ³ =îí

                               (3) 
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~18~ 

 

 

  
1 ï ʷʯʝʠʩʪʳʡ ʮʠʣʠʥʜʨ; 2 ï ʧʨʠʚʦʜʥʦʡ ʜʠʩʢ; 3 ï ʚʳʚʦʜʥʦʡ ʣʦʪʦʢ; 4 ï ʬʣʘʥʝʮ 

 

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ ī ʚʠʜ ʩʙʦʢʫ 
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5 ï ʧʝʨʝʜʥʷʷ ʩʪʝʥʢʘ; 6 ï ʜʥʠʱʝ; 7 ï ʙʣʦʢʠʨʫʶʱʝʝ ʢʦʣʴʮʦ; 8 ï ʚʝʨʭʥʷʷ ʢʨʦʤʢʘ ʧʝʨʝʜʥʝʡ 

ʩʪʝʥʢʠ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ; 9 ï ʩʣʝʜ ʪʦʨʮʝʚʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘ ʜʥʠʱʝ; 10 ï ʚʥʫʪʨʝʥʥʠʡ ʢʦʥʪʫʨ 

ʙʣʦʢʠʨʫʶʱʝʛʦ ʢʦʣʴʮʘ 

ʈʠʩʫʥʦʢ 2 ï ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ ï ʚʠʜ ʩ ʪʦʨʮʘ 

 

ɻɺ ī ʜʠʘʛʦʥʘʣʴ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ; ɻɺ¡ ī ʜʠʘʛʦʥʘʣʴ ʝʛʦ ʪʦʨʮʝʚʦʡ ʧʣʦʩʢʦʩʪʠ; 

0
h  ī ʨʘʟʥʠʮʘ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ɻʠ ɺʧʦ ʚʳʩʦʪʝ. 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ 
( )0ɻɺ
a  (ʠʟʦʤʝʪʨʠʷ) 
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ʆʜʥʘʢʦ, ʨʘʚʥʳʝ ʜʫʛʦʚʳʝ ʩʤʝʱʝʥʠʷ ʪʦʯʝʢ ɻʠ ɺ ʙʫʜʫʪ ʫʤʝʥʴʰʘʪʴ ʨʘʟʤʝʨ ʣʠʥʠʠ ɻɺ ʧʦ 

ʚʝʨʪʠʢʘʣʠ ʥʘ ʨʘʟʥʳʝ ʚʝʣʠʯʠʥʳ: 

1

2

3

2 1, 6 ; 3 ;

2 2 , 7 ; 2 ;

2 3, 9 ; 1 ;

h ʤʤ ɻɻ ʤʤ

h ʤʤ ɻ ɻ ʤʤ

h ʤʤ ɻ ɻ ʤʤ

¡ëD = D =

î
¡ ¡¡D = D =ì

î
¡¡ ¡¡¡D = D =

í

                                                        (4) 

ʊʦʛʜʘ ʫʛʣʳ ʥʘʢʣʦʥʘ ʣʠʥʠʠ ɻɺ ʧʦ ʛʦʨʠʟʦʥʪʫ ʙʫʜʫʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

0

0

3

0

1

0 0

1( )1

0 0

1 2( ) 2

0 0

( )3

2 5 a rcs in [( ) / ] 3 7 , 3 ;

2 0 a rcs in [( ) / ] 3 4 , 4 7 ;

1 5 a rcs in [( ) / ] 3 1, 0 6 .

n

n

n i

ɻɺ

ɻɺ

ɻɺ

h h ɻɻ ɻɺ

h h h ɻɻ ɻ ɻ ɻɺ

h h ɻɻ ɻ ɻ ɻ ɻ ɻɺ

g a

g a

g a

ë

î ¡= ­ = - D + =
î
î

¡ ¡ ¡¡= ­ = - D - D + + =ì

î

î
¡ ¡ ¡¡ ¡¡ ¡¡¡= ­ = - D + + - =

î
í

ä

         (5) 

ʀʟ ʫʨʘʚʥʝʥʠʷ (2) ʚʠʜʥʦ, ʯʪʦ ʧʨʠ 0
30=

n
g ʠ 

0

0
5,43=a ʫʛʦʣ ʥʘʢʣʦʥʘ ʢʨʠʪʠʯʝʩʢʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʜʥʠʱʫ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʥʠʞʝ ʚʝʣʠʯʠʥʳ 0
a  ʥʘ 3,80. ʇʨʠ 

ʜʦʩʪʠʞʝʥʠʠ 
0

15=
n
g  ɻ ʪʦʪ ʫʛʦʣ ʩʥʠʞʘʝʪʩʷ ʥʘ 12,50. ʊʦ ʝʩʪʴ ʩʦʢʨʘʱʝʥʠʝʤ 

ʮ
L  ʥʘ 0 ,1 5ʤ ʫʜʘʣʦʩʴ 

ʫʚʝʣʠʯʠʪʴ 0
a  ʥʘ 12,50, ʥʦ ʨʘʩʰʠʨʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʬʘʢʪʦʨʫ n

g  ʥʠʚʝʣʠʨʫʝʪ 

ʜʦʩʪʠʛʥʫʪʳʡ ʵʬʬʝʢʪ.  

ʆʜʥʘʢʦ, ʚʝʣʠʯʠʥʘ 
3

0

( )
3 1

ɻɺ
a º ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʩʪʘʙʠʣʴʥʦʛʦ ʦʪʚʦʜʘ ʧʨʠʤʝʩʝʡ, ʝʩʣʠ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠʤʝʩʥʳʝ ʯʘʩʪʠʮʳ ʧʦʩʪʫʧʘʶʪ ʚ ʚʳʚʦʜʥʦʡ ʣʦʪʦʢ ʚʤʝʩʪʝ ʩ ʟʝʨʥʦʚʢʘʤʠ 

ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠ ʩ ʭʦʨʦʰʝʡ ʜʠʥʘʤʠʢʦʡ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʘʢʪʠʚʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩ.  

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 0
30>

n
g ʢʨʠʪʠʯʝʩʢʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʧʨʠʤʝʩʥʳʭ 

ʯʘʩʪʠʮ ʧʦ ʜʥʠʱʫ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʙʫʜʝʪ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʣʠʥʠʶ ɽɾ  (ʩʤ. ʨʠʩʫʥʦʢ 2), ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʧʝʨʝʩʝʯʝʥʠʝʤ ʧʣʦʩʢʦʩʪʝʡ ʟʘʜʥʝʡ ʩʪʝʥʢʠ ʠ ʜʥʠʱʘ. ʆʜʥʘʢʦ, ʨʠʩʢʠ ʩʨʳʚʘ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʙʫʜʫʪ ʥʠʞʝ, ʪʘʢ ʢʘʢ  ,ɽɾ ɻɺ<  ʘ ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʤʝʨ ʝʝ ʧʨʦʝʢʮʠʠ ʪʦʪ ʞʝ (0
h ). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʫʛʦʣ ʝʝ ʥʘʢʣʦʥʘ ʢ ʛʦʨʠʟʦʥʪʫ ʙʫʜʝʪ ʙʦʣʴʰʝ: 
0

( )0

arcs in 0 , 6 8 7 4 3, 3 9 ;
ɽɾ

a = =                                                            (6)                                                

                      
( ) ( )0 0

.
ɽɾ ɻɺ

a a>  

ɺʦʟʤʦʞʥʦ ʣʠ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʜʣʠʥʥʳʭ ʧʨʠʤʝʩʥʳʭ ʯʘʩʪʠʮ ʧʦ 

ʣʠʥʠʠ ɻɺ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ n
g  ʜʦ 0

25  ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʦʢʨʘʱʝʥʠʷ 

ʧʦʚʦʨʦʪʘ ʣʦʪʢʘ ʩ ʮʝʣʴʶ ʦʭʚʘʪʘ ʥʘʤʝʯʝʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ï ʜʦ 
0

15=
n
g ?  ɼʣʷ 

ʦʮʝʥʢʠ ʵʪʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʠʤ ʫʛʣʳ 
1 2

0 ( ) ( )
, ,

ɻɺ ɻɺ
a a a¡ ¡ ¡ ʠ 

3
( )ɻɺ
a¡ : 

0

0
arcs in 0 , 6 6 8 4 1, 9 1 .a¡= =                                                        (7) 
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1

2

3

0 0

( )

0 0

( )

0 0

( )

2 5 a rcs in 0 , 6 1 3 6 , 8 6 ;

2 0 a rcs in 0 , 5 7 6 3 5,1 6 ;

1 5 a rcs in 0 , 5 3 5 3 2 , 3 4 .

n ɻɺ

n ɻɺ

n ɻɺ

g a

g a

g a

ë ¡= ­ = =
î
î

¡= ­ = =ì

î
¡= ­ = =î

í

                                       (8) 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (7) ʠ (8) ʚʠʜʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ n
g  ʜʦ 0

25  ʧʨʠʚʦʜʠʪ 

ʢ ʧʨʦʠʛʨʳʰʫ ʧʦ ʫʛʣʫ ʥʘʢʣʦʥʘ ʦʩʝʚʦʡ ʣʠʥʠʠ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ( )ɸɹʠ ʫʛʣʫ ʥʘʢʣʦʥʘ ɻɺ ʧʨʠ 

.25
0

=
n
g  ʈʝʛʫʣʠʨʦʚʘʥʠʝ n

g  ʜʦ 0
15 ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʢʦʪʦʨʳʡ ʚʳʠʛʨʳʰ, ʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢʠ 

ʩʪʘʙʠʣʴʥʦʛʦ ʦʪʚʦʜʘ ʜʣʠʥʥʳʭ ʧʨʠʤʝʩʥʳʭ ʯʘʩʪʠʮ ʧʦ ʣʠʥʠʠ ɽɾ  ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʜʠʘʧʘʟʦʥʘ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ.  

ʆʜʥʘʢʦ, ʨʠʩʢʠ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʦʪʚʦʜʘ ʜʣʠʥʥʳʭ ʧʨʠʤʝʩʥʳʭ ʯʘʩʪʠʮ ʧʦ ʣʠʥʠʠ ɽɾ

ʥʝʩʦʠʟʤʝʨʠʤʦ ʥʠʞʝ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʥʘʯʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʫʛʣʘ .25
0

=
n
g   

ɼʘʣʴʥʝʡʰʝʝ ʝʛʦ ʩʥʠʞʝʥʠʝ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʪʘʢ ʢʘʢ ʚʝʨʭʥʷʷ ʢʨʦʤʢʘ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ ʣʦʪʢʘ 

ʧʦʧʘʜʘʝʪ ʚ ʟʦʥʫ ʮʠʨʢʫʣʷʮʠʠ ʩʝʛʤʝʥʪʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʠ ʟʘʛʨʫʟʢʠ ʩʪʝʥʜʘ 

ʟʝʨʥʦʩʤʝʩʴʶ.  

ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ )(
B

W  ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʣʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ 

ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʝʥʜʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʫʜʝʪ 

ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʥʘʤʠ ʤʝʪʦʜʫ [7], ʥʦ ʩ ʜʨʫʛʠʤʠ ʧʨʝʜʝʣʘʤʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʯʘʩʪʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʜʨʫʛʦʡ ʢʨʘʪʥʦʩʪʴʶ ʠʭ ʩʫʤʤʠʨʦʚʘʥʠʷ: 

/

1 0

( ) / ,

iʮ p
tL l

B i i
W q t d t t

D
è ø

= Dé ù
é ùê ú

ä ñ                                                     (9) 

ʛʜʝ ʮL ī ʜʣʠʥʘ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʣʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ 

ʮʠʣʠʥʜʨʘ, ʤ; 

p
l  ī ʨʘʙʦʯʘʷ ʜʣʠʥʘ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʜʘ, ʤ; 

i
tD ī ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʩʝʚʦʛʦ ʩʤʝʱʝʥʠʷ ʩʝʛʤʝʥʪʘ ʟʝʨʥʦʩʤʝʩʠ  

ʚ ʷʯʝʠʩʪʦʤ ʮʠʣʠʥʜʨʝ ʩʪʝʥʜʘ ʧʨʠ ʧʦʜʘʯʝ ,
n

W ʩ; 

)( tq
i ī ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ  

ʠʟ ʟʝʨʥʦʩʤʝʩʠ ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠi
tD , ʪ/ʯ. 

ɺʝʣʠʯʠʥʘ i
tD  ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʩʚʷʟʝʡ i

tD  ʩʦ ʩʢʦʨʦʩʪʴ (v ) ʦʩʝʚʦʛʦ 

ʩʤʝʱʝʥʠʷ ʩʝʛʤʝʥʪʘ, ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʟʘʛʨʫʟʢʦʡ ʩʪʝʥʜʘ (ʥʵ
m ) ʠ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʘ (n

) [7]. ʇʨʠ (ʥʵ
m ) ʚʝʣʠʯʠʥʘ v  ʙʫʜʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 45...30=n ʦʙ/ʤʠʥ, ʪʘʢ ʢʘʢ 

2 1

/
ʥʵ ʮʩ ʥ ʮʩ

m l m l= ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʠʜʝʥʪʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʝʯʝʥʠʷ ʩʝʛʤʝʥʪʘ.  

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʜʣʠʥʘ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʩʪʝʥʜʘ 
2

0 , 3 5
ʮʩ

l = ʤ, ʘ ʚ ʙʘʟʦʚʦʤ 

ʚʘʨʠʘʥʪʝ [7] 
1

0 , 5
ʮʩ

l = ʤ. ʇʦʵʪʦʤʫ ʚʝʣʠʯʠʥʳ ʟʘʛʨʫʟʢʠ ʩʪʝʥʜʘ ʙʫʜʫʪ ʥʵ
m =4,9; 6,3; 7,7 9,1 ʢʛ.  

ɺʝʣʠʯʠʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ p
l  ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʩʪʝʥʜʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʜʣʠʥʥʳʭ 

ʧʨʠʤʝʩʝʡ ʠʟ ʟʝʨʥʦʩʤʝʩʝʡ ʙʫʜʝʪ:  
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2

3 0 , 3 5 0 , 0 2 0 , 0 1 0 , 3 2 ,
p ʮʩ ʦʙ ʊ

l l b ʤ= - - = - - =                                (10) 

ʛʜʝ ʦʙ
b ī ʰʠʨʠʥʘ  ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʝʯʘʡʢʠ ʙʣʦʢʠʨʫʶʱʝʛʦ ʢʦʣʴʮʘ, ʤ; 

3
ʊī ʪʦʨʮʝʚʦʡ ʟʘʟʦʨ ʤʝʞʜʫ ʚʳʚʦʜʥʳʤ ʣʦʪʢʦʤ ʠ ʧʨʠʚʦʜʥʳʤ ʜʠʩʢʦʤ, ʤ.   

ʂʨʘʪʥʦʩʪʴ (ʢ
n ) ʩʣʦʞʝʥʠʷ ʯʘʩʪʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʣʠʥʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʙʫʜʝʪ: 

/ 2 , 2 / 0 , 3 2 6 , 9 .
ʢ ʮ p

n L l= = º                                                        (11) 

ɺʳʰʝʫʧʦʤʷʥʫʪʳʝ ʚʟʘʠʤʦʩʚʷʟʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʮʝʥʢʠ ʠʥʪʝʨʚʘʣʴʥʳʭ ʨʘʩʭʦʜʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʝʥʜʦʚʳʭ ʨʝʘʣʠʟʘʮʠʡ ʧʨʦʮʝʩʩʘ ʧʨʠ 
2 1

0 , 7
ʮʩ ʮʩ

l l= ʠ ,
0 , 7

ʥʵ ʥ
m m=

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʉʪʝʥʜʦʚʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʜʣʠʥʥʳʭ ʧʨʠʤʝʩʝʡ ʠʟ ʟʝʨʥʦʩʤʝʩʝʡ ʚ ʨʝʞʠʤʘʭ 

( ʥʵ
m ; n) ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʫʛʣʘʭ ʥʘʢʣʦʥʘ ʢ ʛʦʨʠʟʦʥʪʫ ʢʨʠʪʠʯʝʩʢʠʭ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ 

ʯʘʩʪʠʮ, ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ (ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ) ʠʥʪʝʨʚʘʣʴʥʳʭ ʦʮʝʥʦʢ ʜʠʥʘʤʠʢʠ 

ʧʨʦʮʝʩʩʘ, ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʷʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ n
g  ʠʟ ʫʩʣʦʚʠʡ ʤʠʥʠʤʫʤʘ ʩʭʦʜʘ ʠ 

ʦʩʪʘʪʦʯʥʦʡ ʟʘʩʦʨʝʥʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ 1 ï ɺʟʘʠʤʦʩʚʷʟʴ v  ʠ tD  ʩ ʥʵm  ʠ n  

ʉʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ 

ʮʠʣʠʥʜʨʘ (n ), 

ʦʙ/ʤʠʥ  

ʉʢʦʨʦʩʪʴ (v ) 

ʠ ʚʨʝʤʷ (tD ) 

ʧʝʨʝʤʝʱʝʥʠʷ 

ʩʝʛʤʝʥʪʘ, 

 ʤ/ʩ ʠ ʩ 

 

ɺʝʣʠʯʠʥʘ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʟʘʛʨʫʟʢʠ ʩʪʝʥʜʘ (ʥʵ
m ), ʢʛ 

 

4,9 

 

6,3 

 

7,7 

 

9,1 

 

30 

v  0,0218 0,0257 0,0295 0,0335 

tD  14,7 12,45 10,8 9,55 

 

35 

v  0,0254 0,0299 0,0344 0,039 

tD  12,6 10,7 9,3 8,21 

 

40 

v  0,0289 0,0341 0,0392 0,0445 

tD  11,1 9,4 8,16 7,2 

 

45 

v  0,0325 0,0383 0,0441 0,050 

tD  9,85 8,36 7,26 6,4 

 

ɺʳʚʦʜʳ.  

1. ɺ ʦʚʩʶʞʥʦʤ ʮʠʣʠʥʜʨʝ ʪʨʠʝʨʥʦʛʦ ʙʣʦʢʘ ʦʯʠʩʪʢʘ ʟʝʨʥʦʩʤʝʩʝʡ ʦʪ ʜʣʠʥʥʳʭ ʧʨʠʤʝʩʝʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʷʯʝʷʤʠ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠ ʠʭ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ 

ʦʪʚʦʜʥʦʡ ʣʦʪʦʢ, ʘ ʜʣʠʥʥʳʝ ʧʨʠʤʝʩʠ ʩʭʦʜʦʤ ʚʳʥʦʩʷʪʩʷ ʚ ʬʫʨʘʞ.  

2. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʷʯʝʠʩʪʦʛʦ 

ʮʠʣʠʥʜʨʘ ʠ (ʠʣʠ) ʟʘʥʠʞʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʫʛʣʘ ʧʦʜʲʝʤʘ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ 

ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʜʣʠʥʥʳʝ ʯʘʩʪʠʮʳ, ʦʙʣʘʜʘʶʱʠʝ ʧʦʚʳʰʝʥʥʦʡ ʩʚʷʟʥʦʩʪʴʶ, ʤʦʛʫʪ 

ʟʘʭʚʘʪʳʚʘʪʴʩʷ ʢʦʥʪʘʢʪʠʨʫʶʱʠʤ ʩ ʷʯʝʷʤʠ ʩʣʦʝʤ ʠ ʥʘʧʨʘʚʣʷʪʴʩʷ ʚ ʚʳʚʦʜʥʦʡ ʣʦʪʦʢ, ʩʥʠʞʘʷ 

ʢʘʯʝʩʪʚʦ ʩʝʤʷʥ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʦʩʪʘʪʦʯʥʦʡ ʟʘʩʦʨʝʥʥʦʩʪʠ.  
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3. ʇʦʥʠʞʝʥʠʝ ʧʦʜʘʯʠ ʟʝʨʥʦʩʤʝʩʠ ʚ ʦʚʩʶʞʥʳʡ ʮʠʣʠʥʜʨ ʫʢʦʨʘʯʠʚʘʝʪ ʟʦʥʫ ʘʢʪʠʚʥʦʛʦ 

ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʩʚʦʙʦʜʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʡ 

ʟʘʭʚʘʪʳʚʘʝʪ ʧʨʠʤʝʩʥʳʝ ʯʘʩʪʠʮʳ ʠ ʥʘʧʨʘʚʣʷʝʪ ʚ ʚʳʚʦʜʥʦʡ ʣʦʪʦʢ ʩ ʯʠʩʪʳʤ ʟʝʨʥʦʤ.  

4. ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʘ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʥʘ ʦʩʥʦʚʝ 

ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʜʠʥʘʤʠʢʠ ʚʳʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʟʝʨʥʦʩʤʝʩʝʡ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʷʯʝʠʩʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʥʜʦʚ ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ 

ʩʦ ʩʪʘʙʠʣʴʥʳʤ ʦʪʚʦʜʦʤ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʫʛʣʦʤ ʪʨʝʥʠʷ ʧʦʢʦʷ ʧʦ ʩʪʘʣʠ ʜʦ 350.  

5. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʜʣʠʥʥʳʭ ʧʨʠʤʝʩʝʡ ʩ ʙʦʣʴʰʝʡ ʘʩʠʤʤʝʪʨʠʝʡ ʠ ʤʝʥʴʰʝʡ ʜʠʥʘʤʠʢʦʡ 

ʜʚʠʞʝʥʠʷ ʧʦ ʥʘʢʣʦʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʧʨʠ ʠʭ ʚʳʙʨʦʩʝ ʷʯʝʷʤʠ ʚ ʚʳʚʦʜʥʦʡ ʣʦʪʦʢ ʜʣʠʥʘ 

ʩʪʝʥʜʦʚʦʛʦ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʩʦʢʨʘʱʝʥʘ ʜʦ 0,35 ʤ, ʘ ʫʛʦʣ ʥʘʢʣʦʥʘ ʢ ʛʦʨʠʟʦʥʪʫ ʦʩʝʚʦʡ ʣʠʥʠʠ 

ʜʥʠʱʘ ʫʚʝʣʠʯʝʥ ʜʦ 43,50 ʧʨʠ ʠʩʭʦʜʥʦʤ 
0

3 0 .
n
g =  ʇʨʠ ʵʪʦʤ ʦʭʚʘʪ ʜʠʘʧʘʟʦʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

0
45...15=

n
g  ʩʥʠʞʘʝʪ ʫʛʦʣ ʥʘʢʣʦʥʘ ʢ ʛʦʨʠʟʦʥʪʫ ʢʨʠʪʠʯʝʩʢʠʭ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʜʣʠʥʥʳʭ 

ʧʨʠʤʝʩʝʡ ʜʦ 310 ʧʨʠ .15
0

=
n
g  

6. ʉʥʠʞʝʥʠʝ 
n
g  ʜʦ 250 ʧʨʠ ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʩʥʠʞʘʝʪ ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʦʩʝʚʦʡ ʣʠʥʠʠ ʜʦ 41,90, ʥʦ ʧʦʚʳʰʘʝʪ ʫʛʦʣ ʥʘʢʣʦʥʘ ʢ ʛʦʨʠʟʦʥʪʫ ʢʨʠʪʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʦ 

32,340 ʧʨʠ .15
0

=
n
g  ɼʘʣʴʥʝʡʰʝʝ ʩʥʠʞʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʫʛʣʘ  

n
g  ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʪʘʢ ʢʘʢ 

ʚʝʨʭʥʷʷ ʢʨʦʤʢʘ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʧʦʧʘʜʘʝʪ ʚ ʟʦʥʫ ʮʠʨʢʫʣʷʮʠʠ ʩʣʦʝʚ ʩʝʛʤʝʥʪʘ 

ʟʝʨʥʦʩʤʝʩʠ.  

7. ʇʨʠ ʜʣʠʥʝ ʩʪʝʥʜʦʚʦʛʦ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ 0,35 ʤ ʝʛʦ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʟʘʛʨʫʟʢʘ ʜʣʷ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʥʜʘʨʪʥʦʛʦ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʚ ʜʠʘʧʘʟʦʥʝ 

23é100% ʥʘ ʩʢʦʨʦʩʪʥʳʭ ʨʝʞʠʤʘʭ 45...30=n ʦʙ/ʤʠʥ ʩʦʩʪʘʚʣʷʝʪ ʥʵ
m =4,9; 6,3; 7,7 9,1 ʢʛ. 

ʂʨʘʪʥʦʩʪʴ ʩʫʤʤʠʨʦʚʘʥʠʷ ʩʪʝʥʜʦʚʳʭ ʨʝʘʣʠʟʘʮʠʡ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 6, 9 .
ʢ

n =  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʌɻɹʅʋ çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝè, ʛ. ʊʘʤʙʦʚ 
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ʟʥʘʯʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʠ ʩʦʩʪʦʷʥʠʝ ʠʟʫʯʝʥʥʦʩʪʠ ʵʪʦʛʦ ʚʦʧʨʦʩʘ.  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʷ ʠ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʝʨʝʚʦʜʘ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʠ ʠʥʪʝʨʚʘʣʘʤʠ ʚʨʝʤʝʥʠ ʟʘʤʝʨʦʚ ʚʳʜʝʣʷʝʤʳʭ 
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ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʟʝʨʥʦʚʢʘʤʠ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ. ʋʩʪʘʥʦʚʣʝʥ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʟʝʨʥʦʚʦʛʦ ʩʝʛʤʝʥʪʘ ʨʘʙʦʯʝʡ 

ʜʣʠʥʳ ʮʠʣʠʥʜʨʘ ʥʘ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ï 30-35 ʦʙ/ʤʠʥ. ʆʧʪʠʤʘʣʴʥʳʤ 

ʫʩʣʦʚʠʝʤ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʥʘ ʵʪʠʭ ʨʝʞʠʤʘʭ ʷʚʣʷʝʪʩʷ ʮʠʨʢʫʣʷʮʠʷ ʚ ʩʝʛʤʝʥʪʝ 5-6 ʩʣʦʝʚ 

ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʵʬʬʝʢʪʘ çʚʳʝʜʘʥʠʷè ʟʝʨʥʦʚʦʢ 

ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ ʷʯʝʡ ʢʦʥʪʘʢʪʠʨʫʶʱʠʤ ʩʣʦʝʤ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦʡ ʜʠʥʘʤʠʢʠ 

ʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʜʦ 45 

ʦʙ/ʤʠʥ ʵʬʬʝʢʪ çʚʳʝʜʘʥʠʷè ʧʦʜʘʚʣʷʝʪʩʷ ʚʦʟʨʘʩʪʘʶʱʠʤ ʵʬʬʝʢʪʦʤ ʠʥʝʨʮʠʦʥʥʦʛʦ ʫʜʝʨʞʘʥʠʷ 

ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʚ ʷʯʝʷʭ. ʇʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʦ ʜʣʠʥʝ 

ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʨʝʨʳʚʥʦ ʫʙʳʚʘʶʱʠʤ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʧʦʜʘʯʠ 

ʟʝʨʥʦʩʤʝʩʠ ʚ ʷʯʝʠʩʪʳʡ ʮʠʣʠʥʜʨ ʜʦ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ 

ʷʯʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1,5-2 ʨʘʟʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʮʠʣʠʥʜʨʘ. ʅʘ ʚʩʝʡ ʜʣʠʥʝ ʷʯʝʠʩʪʦʛʦ 

ʮʠʣʠʥʜʨʘ ʧʦʢʘʟʘʪʝʣʴ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 5,7 - 38 ʨʘʟ ʚ  ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʘʯʠ, 

ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʠ ʥʘʩʪʨʦʝʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʧʦʢʘʟʘʪʝʣʴ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ, ʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʘ, ʧʘʨʘʤʝʪʨʳ ʩʝʛʤʝʥʪʘ, 

ʵʬʬʝʢʪ çʚʳʝʜʘʥʠʷè, ʵʬʬʝʢʪ ʠʥʝʨʮʠʦʥʥʦʛʦ ʫʜʝʨʞʘʥʠʷ, ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ, ʨʘʙʦʯʘʷ ʜʣʠʥʘ 

ʮʠʣʠʥʜʨʘ. 
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Abstract. Objective and subjective factors affecting the degree of filling of the cell of the cylinder 

with the grains of the main crop are presented. The substantiation of the significance of the exponents 

of the degree of filling the cell and the state of the study of this question are given. Equations for the 

estimation of the indicator and the calculated values of the conversion factor in relation to the 

operating modes and time intervals of the measured samples are presented. The results of 

experimental studies of the indices of the degree of filling of the cell with the grains of the main 

culture are set forth. The nature of the changes in the degree of filling the cell with respect to the time 

of passage of the grain segment of the working length of the cylinder at low speed operation modes 

is set to 30-35 rpm. The optimal condition for filling the cell in these modes is the circulation in the 

segment of 5-6 layers of the main crop. This is due to a decrease in the effect of "eating out" the 

grains of the main crop from the cell with the contact layer while maintaining sufficient dynamics of 

their gravitational filling. It was found that with the increase in the speed regime up to 45 rpm, the 

effect of "eating out" is suppressed by the growing effect of inertial retention of the main crop grains 

in the cells. In this case, the character of the change in the index along the length of the mesh cylinder 
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becomes continuously decreasing. It was found that with the increase in the feed of the grain mixture 

into the mesh cylinder to the nominal value, the index of the degree of filling of the cell increases by 

a factor of 1.5-2 in the initial section of the cylinder. Over the entire length of the mesh cylinder, the 

filling factor of the cell decreases by 5.7 - 38 times, depending on the feed rate, the speed mode of 

operation, and the tuning parameters. 

Keywords: the indicator of filling the cell, the dynamics of the process, the parameters of the 

segment, the effect of "eating out", the effect of inertial confinement, the change in the indicator, the 

working length of the cylinder. 

 

ɺʚʝʜʝʥʠʝ. ʉʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʪʨʠʝʨʥʦʛʦ ʮʠʣʠʥʜʨʘ ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʝʨʥʦʩʤʝʩʠ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʠ ʨʘʩʯʝʪʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʝʢʪʠʨʫʝʤʳʭ 

ʠ ʤʦʜʝʨʥʠʟʠʨʫʝʤʳʭ ʪʨʠʝʨʥʳʭ ʙʣʦʢʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʪʝʣʷ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ 

ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ. ʄʥʦʛʠʝ ʘʚʪʦʨʳ ʜʣʷ ʨʘʩʯʝʪʘ 

ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʠʝʨʥʳʭ ʙʣʦʢʦʚ ʠʩʧʦʣʴʟʫʶʪ ʧʦʢʘʟʘʪʝʣʠ ʫʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʪʨʘʪʝ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦ 

ʩʢʦʨʦʩʪʥʳʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʪʨʠʝʨʘ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʢ ʜʚʫʭ-ʪʨʝʭ ʢʨʘʪʥʦʡ ʦʰʠʙʢʝ ʚ 

ʦʮʝʥʢʝ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʚʦ 

ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʠ ʥʘʩʪʨʦʝʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʠʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ. 

ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʪʝʥʜ ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʥʘʤʠʢʠ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠʟ ʟʝʨʥʦʩʤʝʩʠ, ʯʘʩʪʥʳʝ 

ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʯʝʠʩʪʳʭ ʮʠʣʠʥʜʨʦʚ, ʠʟʤʝʨʠʪʝʣʴʥʳʝ 

ʧʨʠʙʦʨʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʉʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʯʘʩʪʠʮʘʤʠ ʨʘʟʜʝʣʷʝʤʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʟʝʨʥʦʩʤʝʩʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʠ ʧʨʦʜʫʢʪʠʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʦʮʝʥʢʠ ʜʠʥʘʤʠʢʠ 

ʧʨʦʮʝʩʩʘ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʨʝʞʠʤʘʤʠ 

ʨʘʙʦʪʳ ʠ ʥʘʩʪʨʦʝʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʠʝʨʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʥʷʶʪʩʷ ʧʦ 

ʜʣʠʥʝ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ï ʫʤʝʥʴʰʘʶʪʩʷ ʚʳʩʦʪʘ (h) ʟʝʨʥʦʚʦʛʦ ʩʝʛʤʝʥʪʘ ʠ ʫʛʦʣ ʝʛʦ ʦʭʚʘʪʘ 

(a ), ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʫʛʣʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝʡ ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʩʣʦʷ ʠ 

ʚʝʨʭʥʝʡ ʢʨʦʤʢʦʡ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ, ʠʟʤʝʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʚʳʙʨʦʩʘ ʷʯʝʷʤʠ 

ʟʘʭʚʘʯʝʥʥʳʭ ʯʘʩʪʠʮ (ʧʘʨʘʤʝʪʨʳ ʬʘʢʝʣʘ ʚʳʙʨʦʩʘ) ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʧʦʧʘʜʘʥʠʷ ʚ ʣʦʪʦʢ.  

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʘ ʠʥʪʝʨʚʘʣʴʥʘʷ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʧʦ ʚʩʝʡ ʜʣʠʥʝ 

ʮʠʣʠʥʜʨʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʜʝʪʘʣʴʥʦʩʪʴ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʚʳʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʠʟ 

ʟʝʨʥʦʩʤʝʩʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʝʰʝʥʠʡ, ʚʳʨʘʙʘʪʳʚʘʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʟʘʭʚʘʪʘ ʯʘʩʪʠʮ ʠʟ ʢʦʥʪʘʢʪʠʨʫʶʱʝʛʦ ʩʣʦʷ ʠ ʠʭ 

ʠʥʝʨʮʠʦʥʥʦʛʦ ʚʳʙʨʦʩʘ ʚ ʚʳʚʦʜʥʦʡ ʣʦʪʦʢ ʥʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ, ʢʦʛʜʘ 

ʫʛʣʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝʡ ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʩʣʦʷ ʠ ʚʝʨʭʥʝʡ ʢʨʦʤʢʦʡ 

ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ ʚʳʚʦʜʥʦʛʦ ʣʦʪʢʘ ʤʠʥʠʤʘʣʴʥʦ. ʆʜʥʘʢʦ, ʙʝʟ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʝʰʘʪʴ ʵʪʠ ʟʘʜʘʯʠ ʚ ʧʨʝʞʥʠʝ ʛʦʜʳ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ. 

ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʚʝʣʠʯʠʥʳ ʧʦʜʘʯʠ ʟʝʨʥʦʩʤʝʩʠ ʚ ʷʯʝʠʩʪʳʡ ʮʠʣʠʥʜʨ ʩ 

ʯʠʩʣʦʤ ʷʯʝʡ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʜʣʷ ʦʪʚʦʜʘ ʟʝʨʥʦʚʦʢ, ʨʝʰʘʣʘʩʴ ʧʨʦʬʝʩʩʦʨʦʤ 

ʃʝʪʦʰʥʝʚʳʤ ʄ.ʅ. [1] ʚ ʦʙʱʝʤ ʚʠʜʝ ï ʙʝʟ ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʙʲʝʤʘ ʦʙʲʝʢʪʠʚʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ ʘʚʪʦʨ ʧʨʝʜʧʦʣʘʛʘʣ, ʯʪʦ ʯʘʩʪʴ ʷʯʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʢʦʥʪʘʢʪʝ ʩ ʟʝʨʥʦʚʳʤ ʩʝʛʤʝʥʪʦʤ, ʥʝ ʟʘʧʦʣʥʷʝʪʩʷ ï çʯʘʩʪʴ ʠʭ ʦʩʪʘʝʪʩʷ ʧʫʩʪʳʤʠ, 

ʥʝʟʘʧʦʣʥʝʥʥʳʤʠè. 
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ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨ ʩʧʨʘʚʝʜʣʠʚʦ ʧʨʝʜʣʘʛʘʣ ʫʯʠʪʳʚʘʪʴ ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʢʘʞʜʦʡ ʷʯʝʠ, 

ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ ʠ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʪʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʧʫʪʝʤ. ʇʨʠʥʠʤʘʷ ʚ ʨʘʩʯʝʪʘʭ ʫʪʦʯʥʝʥʥʫʶ ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʢʘʞʜʦʡ ʷʯʝʠ, ʃʝʪʦʰʥʝʚ ʄ.ʅ. 

ʩʩʳʣʘʝʪʩʷ ʥʘ çʧʦʧʳʪʢʠ ʥʘʡʪʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʷʯʝʡè, ʧʨʝʜʧʨʠʥʷʪʳʝ ʇʘʚʣʦʚʩʢʠʤ ɻ.ʊ. ʆʜʥʘʢʦ ʇʘʚʣʦʚʩʢʠʡ ɻ.ʊ., ʠʩʩʣʝʜʫʷ ʪʨʠʝʨʳ, ʥʝ ʤʦʛ 

ʧʦʣʫʯʠʪʴ ʦʙʲʝʢʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʧʨʘʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ ʧʦ 

ʢʘʞʜʦʤʫ ʫʯʘʩʪʢʫ ʜʣʠʥʳ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʠ ʫʩʨʝʜʥʝʥʥʳʭ ï ʧʦ ʚʩʝʡ ʜʣʠʥʝ. 

ɺ ʨʝʘʣʴʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʮʠʨʢʫʣʠʨʫʶʱʘʷ ʟʝʨʥʦʚʘʷ ʤʘʩʩʘ ʧʦ ʜʣʠʥʝ 

ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʇʨʠ ʵʪʦʤ ʤʝʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ 

ʟʝʨʥʦʚʢʘʤʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʦʮʝʩʩʦʤ çʚʳʝʜʘʥʠʷè ʟʝʨʥʦʚʦʢ ʠʟ ʷʯʝʡ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʤ ʩʣʦʝʤ ʟʝʨʥʦʚʦʛʦ ʩʝʛʤʝʥʪʘ, ʘ ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʚʳʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʠʟ 

ʩʝʛʤʝʥʪʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʝ ʩʦʚʧʘʜʘʝʪ (ʩʫʱʝʩʪʚʝʥʥʦ) ʩ ʤʦʤʝʥʪʦʤ ʦʢʦʥʯʘʥʠʷ ʨʘʟʛʨʫʟʢʠ 

ʦʪʚʦʜʥʦʛʦ ʣʦʪʢʘ (ʦʥʠ ʩʜʚʠʥʫʪʳ ʧʦ ʚʨʝʤʝʥʠ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʬʝʩʩʦʨʦʤ ʃʝʪʦʰʥʝʚʳʤ ʄ.ʅ. ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʘʯʠ ʟʝʨʥʦʩʤʝʩʠ ʚ 

ʷʯʝʠʩʪʳʡ ʮʠʣʠʥʜʨ  Wʧ = 1000 ʢʛ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʷʯʝʡ ʥʘ ʥʝʤ 11430 ʰʪ/ʤ2 ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 435,0=ê (ʩʦʦʪʚʝʪʩʪʚʫʝʪ =n 36 ʦʙ/ʤʠʥ ʧʨʠ R = 0,3 

ʤ) ʦʧʨʝʜʝʣʝʥʘ ʨʘʙʦʯʘʷ ʜʣʠʥʘ ʦʚʩʶʞʥʦʛʦ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 1,77 ʤ. ɽʩʣʠ 

ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʷʯʝʡ ß 8,5 ʤʤ  ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʷʯʝʠʩʪʦʤ 

ʮʠʣʠʥʜʨʝ ʩʦʩʪʘʚʣʷʝʪ 6864 ʰʪ/ʤ2 ʠ ʝʛʦ ʨʘʩʭʦʜʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʠ =n 36 ʦʙ/ʤʠʥ, ʪʦ ʜʣʷ 

ʩʦʧʦʩʪʘʚʠʤʳʭ ʫʩʣʦʚʠʡ ʨʘʙʦʯʘʷ ʜʣʠʥʘ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʙʫʜʝʪ ʚ 3 ʨʘʟʘ ʤʝʥʴʰʝ, ʘ 

ʫʩʨʝʜʥʝʥʥʘʷ ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʚ 3 ʨʘʟʘ ʙʦʣʴʰʝ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʦʙʲʝʢʪʠʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʦʮʝʩʩʫ ʪʨʠʝʨʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʟʥʘʥʠʡ ʦ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʮʠʣʠʥʜʨʘ ʘʢʘʜʝʤʠʢ ʃʠʩʪʦʧʘʜ ɻ.ɽ. [2], 

ʧʨʦʬʝʩʩʦʨ ʃʫʨʴʝ ɸ.ɹ. [3], ʧʨʦʬʝʩʩʦʨ ʉʦʢʦʣʦʚ ɸ.ʗ. [4] ʠ ʜʨʫʛʠʝ ʧʨʝʜʣʘʛʘʶʪ ʦʮʝʥʠʚʘʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʚʩʶʞʥʦʛʦ ʮʠʣʠʥʜʨʘ ʧʦ ʫʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ 

ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʬʦʨʤʫʣʝ: 

,2
0
rlqW pe=                                                    (1) 

ʛʜʝ  Ů ï ʦʧʳʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʠʜ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʢʫʣʴʪʫʨʳ (ʜʣʷ 

ʧʰʝʥʠʮʳ Ů = 1); 

q0 ï ʫʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʝʜʠʥʠʮʫ (ʜʣʷ ʧʰʝʥʠʮʳ 
2

0
/18,0...16,0 ʤʩʢʛq Ö= ); 

r, l ï ʨʘʜʠʫʩ ʠ ʜʣʠʥʘ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ, ʤ. 

ʀʟ ʫʨʘʚʥʝʥʠʷ (1) ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʩ r = 0,3 ʤ ʠ l = 2,2 ʤ  

ʚʝʣʠʯʠʥʘ W ʩʦʩʪʘʚʣʷʝʪ 2,7 ʪ/ʯ ʕʪʦ ʚ 1,85 ʨʘʟʘ ʥʠʞʝ ʝʛʦ ʧʘʩʧʦʨʪʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʬʦʨʤʫʣʳ (1) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (W) ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʪʨʠʝʨʘ, ʘ  ʬʘʢʪʠʯʝʩʢʠ W ʚ ʜʠʘʧʘʟʦʥʝ 

ʤʠʥʦʙn /45...30=  ʠʟʤʝʥʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ.  

ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʧʨʝʜʣʘʛʘʝʪ 

ʧʨʦʬʝʩʩʦʨ ʋʨʭʘʥʦʚ ʅ.ɸ. ï ʧʦ ʚʝʣʠʯʠʥʝ ʫʜʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ (

2
/650...550 ʤʯʢʛW

ʫʜ
Ö= ). ʆʜʥʘʢʦ, ʝʩʣʠ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʣʦʱʘʜʴ ʷʯʝʠʩʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (S̫) ʩʪʘʥʜʘʨʪʥʦʛʦ ʮʠʣʠʥʜʨʘ ʨʘʚʥʘ 4 ʤ2, ʪʦ: 

ʯʢʛSWW
ʷʫʜ

/2600...22004)650...550( =Ö=Ö=                   (2) 

ʕʪʘ ʚʝʣʠʯʠʥʘ ʝʱʝ ʙʦʣʴʰʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʘʩʧʦʨʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ï ʚ 1,92é2,27 ʨʘʟʘ. 



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

 

~28~ 

ɺʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʦʚʝʨʥʦ ʦʮʝʥʠʚʘʪʴ ʜʠʥʘʤʠʢʫ ʚʳʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʟʝʨʥʦʩʤʝʩʠ ʧʦ 

ʜʣʠʥʝ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʠ ʦʧʨʝʜʝʣʷʪʴ ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʧʦʷʚʠʣʠʩʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʚ 

ʌɻɹʅʋ ɺʅʀʀʊʠʅ ʩʧʝʮʠʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʩʪʝʥʜʦʚ [5-7]. ʆʥʠ ʩʦʟʜʘʥʳ ʚʧʝʨʚʳʝ ʠ ʥʝ 

ʠʤʝʶʪ ʘʥʘʣʦʛʦʚ ʟʘ ʨʫʙʝʞʦʤ. 

ʉʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʟʝʨʥʦʚʢʘʤʠ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

)/(1000
10003

mnmn
jijij
ʷʥ
ÖÖ= ,                                (3) 

ʛʜʝ - 
ij

n
3

- ʯʠʩʣʦ ʟʝʨʥʦʚʦʢ, ʟʘʭʚʘʯʝʥʥʳʭ ʷʯʝʝʡ ʚ i-ʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʟʘʤʝʨʦʚ j-ʛʦ 

ʦʧʳʪʘ, ʰʪ; 
ij
ʥ

m - ʤʘʩʩʘ ʚʳʜʝʣʝʥʥʳʭ ʟʝʨʥʦʚʦʢ ʚ i-ʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʟʘʤʝʨʦʚ j-ʛʦ ʦʧʳʪʘ, ʛ; 

j̫

n - ʯʠʩʣʦ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʷʯʝʡ ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʟʘʤʝʨʦʚ )(
i
ʠ

t  ʚ i-ʦʤ ʦʧʳʪʝ, ʰʪ; 1000
m

- ʤʘʩʩʘ 1000 ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ, ʛ. 

ɺʝʣʠʯʠʥʘ 
ij
ʥ

m ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʝʥʜʦʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʄʘʩʩʘ 1000 

ʟʝʨʥʦʚʦʢ (1000
m ) ʠʩʩʣʝʜʫʝʤʦʡ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ (ʧʰʝʥʠʮʳ) ʩʦʩʪʘʚʣʷʝʪ 52,6 ʛ. ʏʠʩʣʦ 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʷʯʝʡ ʚ j-ʦʤ ʦʧʳʪʝ ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʟʘʤʝʨʦʚ )(
i
ʠ

t  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

28,6/
S

= nn
ji
ʧʷ
a ,                                                  (4) 

ʛʜʝ  
j
ʧ
a - ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʷʯʝʠʩʪʦʛʦ ʙʘʨʘʙʘʥʘ ʩʪʝʥʜʘ ʟʘ ʚʨʝʤʷ )(

i
ʠ

t  ʚ j-ʦʤ ʦʧʳʪʝ, ʨʘʜ; 

S
n  - ʯʠʩʣʦ ʷʯʝʡ ʥʘ ʷʯʝʠʩʪʦʤ ʙʘʨʘʙʘʥʝ ʩʪʝʥʜʘ, ʰʪ,  

6,28 ï ʨʘʩʯʝʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

jji
ujujn

tntn 1047,060/2 == pa                                  (5) 

ʛʜʝ j
n - ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʷʯʝʠʩʪʦʛʦ ʙʘʨʘʙʘʥʘ ʩʪʝʥʜʘ ʚ j-ʦʤ ʦʧʳʪʝ, ʦʙ/ʤʠʥ. 

607545135 =³=Ö=
S ʨʷʨ

nnn ʰʪ                                  (6) 

ʛʜʝ ʷʨn - ʯʠʩʣʦ ʷʯʝʡ ʚ ʢʨʫʛʦʚʦʤ ʨʷʜʫ ʷʯʝʠʩʪʦʛʦ ʙʘʨʘʙʘʥʘ ʩʪʝʥʜʘ, ʰʪ; 

ʨ
n  - ʯʠʩʣʦ ʢʨʫʛʦʚʳʭ ʨʷʜʦʚ ʷʯʝʡ ʥʘ ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʡ ʜʣʠʥʝ ʷʯʝʠʩʪʦʛʦ                                                  

ʙʘʨʘʙʘʥʘ ʩʪʝʥʜʘ, ʰʪ. 

ʉ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʡ (5) ʠ (6) ʚʝʣʠʯʠʥʘ 
j̫

n  ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ujjujjʷ
tntnn

j

3,10128,6/60751047,0 =³= .                         (7) 

ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʝ 
j̫

n ʠʟ ʫʨʘʚʥʝʥʠʷ (7) ʚ ʫʨʘʚʥʝʥʠʝ (3) ʧʦʣʫʯʠʤ: 

ujjʥujjʥ
tnmtnmn

ijijij

/1877,0)6,523,101/(1000
3

³=³³= .         (8) 

ɺʝʣʠʯʠʥʫ (ʠij
tn/1877,0 ) ʥʘʟʦʚʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʝʨʝʚʦʜʘ (ʂʧʝʨ) ʠ ʧʨʦʠʟʚʝʜʝʤ ʝʛʦ 

ʨʘʩʯʝʪ ʜʣʷ ʧʨʠʥʷʪʦʡ ʚʘʨʠʘʥʪʥʦʩʪʠ ʚʝʣʠʯʠʥ nj ʠ tʠj ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʚʦʜʘ (ʂʧʝʨ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ɺʟʘʠʤʦʩʚʷʟʴ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʚʦʜʘ (ʂʧʝʨ) ʩʦ ʩʢʦʨʦʩʪʥʳʤ  

ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʩʪʝʥʜʘ (nj) ʠ ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ ʟʘʤʝʨʦʚ (tʠj). 
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ʉʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ 

ʙʘʨʘʙʘʥʘ ʩʪʝʥʜʘ 

(ni) ʚ i-ʦʤ 

ʦʧʳʪʝ, ʦʙ/ʤʠʥ   

ɺʨʝʤʷ ʠʥʪʝʨʚʘʣʦʚ ʟʘʤʝʨʦʚ ʚ  j-ʦʤ ʦʧʳʪʝ, c 

 

3 

 

4 

 

5 

 

6 

 

7 

 

10 

 

15 

30 2,085 1,564 1,251 1,043 0,894 0,6257 0,4171 

35 1,788 1,341 1,073 0,8938 0,7661 0,5363 0,3575 

40 1,564 1,173 0,9385 0,7821 0,6704 0,4693 0,3128 

45 1,390 1,043 0,8342 0,6952 0,5959 0,4171 0,2781 

ɺ ʪʘʙʣʠʮʝ 1 ʠʟ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʚʝʣʠʯʠʥʘ (ʂʧʝʨ) ʫʚʝʣʠʯʝʥʘ ʚ 1000 ʨʘʟ, ʘ ʚ 

ʬʦʨʤʫʣʝ (8) ʚʝʣʠʯʠʥʘ 
ij
ʥ

m ʧʨʠʥʷʪʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 
ij

n
3
ʚ ʛʨʘʤʤʘʭ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʘʩʯʝʪʘ 

ij

n
3

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 
ij
ʥ

m ʥʫʞʥʦ ʧʝʨʝʚʦʜʠʪʴ ʚ ʢʠʣʦʛʨʘʤʤʳ ʠ ʫʤʥʦʞʘʪʴ ʥʘ ʪʘʙʣʠʯʥʳʝ 

ʟʥʘʯʝʥʠʷ ʂʧʝʨ: 

ʪʘʙʣʧʝʨʥ
ʂmn

ijij
.3

Ö= .                                        (9) 

 

ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʪʨʠʝʨʘ (,n ʥ
m , ʩ

h ) ʧʨʷʤʦ ʠʣʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦ, ʥʦ 

ʦʙʲʝʢʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʟʝʨʥʦʚʢʘʤʠ. ʅʘʩʪʨʦʝʯʥʳʝ ʧʘʨʘʤʝʪʨʳ 

),(
ʨn
ɿg ʷʚʣʷʶʪʩʷ ʩʫʙʲʝʢʪʠʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʘʥʘʣʠʟʝ 

ʚʟʘʠʤʦʩʚʷʟʠ ʦʙʲʝʢʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʟʝʨʥʦʚʢʘʤʠ. 

ʀʤʝʥʥʦ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʪʨʠʝʨʘ (ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ) ʦʧʨʝʜʝʣʷʶʪ ʫʩʣʦʚʠʷ ʟʘʧʦʣʥʝʥʠʷ 

ʷʯʝʡ ʟʝʨʥʦʚʢʘʤʠ, ʠʟʤʝʥʷʷ ʩʦʦʪʥʦʰʝʥʠʝ ʘʢʪʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʥʠʭ: ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʧʦʨʘ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʤʘʩʩ, ʠʥʝʨʮʠʦʥʥʦʛʦ ʫʜʝʨʞʘʥʠʷ ʟʝʨʥʦʚʦʢ ʚ ʷʯʝʷʭ ï ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ; ʵʬʬʝʢʪʘ çʚʳʝʜʘʥʠʷè ʟʝʨʥʦʚʦʢ ʠʟ ʷʯʝʡ ʢʦʥʪʘʢʪʠʨʫʶʱʠʤ ʩʣʦʝʤ ï ʩ ʜʨʫʛʦʡ. 

ʇʨʠʯʝʤ ʵʬʬʝʢʪ çʚʳʝʜʘʥʠʷè ʢʦʤʧʨʦʤʠʩʩʥʦ (ʥʝʦʜʥʦʟʥʘʯʥʦ) ʩʚʷʟʘʥ ʩ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ. 

ʋʚʝʣʠʯʝʥʠʝ ,n ʥ
m ʠ 

c
h ʫʩʠʣʠʚʘʶʪ ʬʨʠʢʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʢʦʥʪʘʢʪʠʨʫʶʱʝʛʦ ʩʣʦʷ ʥʘ 

ʟʝʨʥʦʚʢʠ ʚ ʷʯʝʷʭ ï ʧʦʪʝʥʮʠʘʣ ʵʬʬʝʢʪʘ ʠʭ çʚʳʝʜʘʥʠʷè, ʥʦ ʪʝ ʞʝ ʬʘʢʪʦʨʳ ʫʚʝʣʠʯʠʚʘʶʪ 

ʩʪʘʪʠʯʝʩʢʦʝ (ʧʦʜʧʦʨʥʦʝ) ʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʫʜʝʨʞʘʥʠʝ ʟʝʨʥʦʚʦʢ ʚ ʷʯʝʷʭ. 

ʉʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʟʝʨʥʦʚʢʘʤʠ (
ijʟ

n ) ʚʦʟʤʦʞʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʪʴ ʪʦʣʴʢʦ 

ʧʦ ʚʝʣʠʯʠʥʝ ʚʳʜʝʣʝʥʥʦʡ ʥʘʚʝʩʢʠ ʟʝʨʥʘ (
ijʥ

m ) ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 

ʟʘʤʝʨʦʚ, ʦʜʥʘʢʦ ʵʪʘ ʚʝʣʠʯʠʥʘ ʦʙʲʝʢʪʠʚʥʦ ʩʚʷʟʘʥʘ ʩ ʥʘʩʪʨʦʝʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ),(
ʨn
ɿg , 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦʣʥʦʪʫ ʦʪʚʦʜʘ ʬʘʢʝʣʘ ʟʘʭʚʘʯʝʥʥʳʭ ʠ ʚʳʙʨʦʰʝʥʥʳʭ ʷʯʝʷʤʠ ʟʝʨʥʦʚʦʢ. 

ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʢʘʟʘʪʝʣʶ 
ijʟ

n ʵʪʠ ʬʘʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʩʫʙʲʝʢʪʠʚʥʳʤʠ.  ʇʦʵʪʦʤʫ ʧʨʠ ʘʥʘʣʠʟʝ 

ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʧʦ ʧʦʢʘʟʘʪʝʣʶ 
ijʟ

n ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʫʩʣʦʚʠʷ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʦʮʝʥʦʢ ʧʦ ʩʫʙʲʝʢʪʠʚʥʳʤ ʬʘʢʪʦʨʘʤ. 

ʕʪʠʤ ʫʩʣʦʚʠʷʤ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʘʣʠʟʘʮʠʠ ʩʪʝʥʜʦʚʳʭ ʨʘʩʭʦʜʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ n
g = 200 ʠ ʨɿ = 28 ʤʤ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʪʚʦʜ 

ʚʳʜʝʣʝʥʥʳʭ ʬʘʢʝʣʦʚ ʟʝʨʥʦʚʦʢ. ɼʣʷ  ʥ
m = 7 ʢʛ,  n

g = 200, ʠ ʨɿ = 28 ʤʤ ʧʦ ʬʦʨʤʫʣʝ (9) ʩ  
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʚʦʜʘ (ʪʘʙʣʠʮʘ 2) ʧʦʣʫʯʝʥʳ 

ʚʝʣʠʯʠʥʳ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ  (
ijʟ

n ), ʪʘʙʣʠʮʘ 2. 

ʊʘʙʣʠʮʘ 2 ï ɺʟʘʠʤʦʩʚʷʟʴ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʟʝʨʥʦʚʢʘʤʠ (,
ijʟ

n ʰʪ) ʦʪ ʩʢʦʨʦʩʪʥʦʛʦ  

ʨʝʞʠʤʘ ʨʘʙʦʪʳ (n ) ʧʨʠ ʥ
m = 7 ʢʛ,  n

g = 200, ʨ
ɿ = 28 ʤʤ 

n , 

ʦʙ/ʤʠʥ 

ʅʦʤʝʨʘ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʟʘʤʝʨʦʚ 

 

1 2 3 4 5 6 7 8 9 

30 0,76 0,94 1,03 1,08 0,99 0,86 0,61 0,36 0,19 

35 1,08 1,16 1,19 1,19 1,08 0,71 0,36 0,16 0,07 

40 1,9 1,88 1,38 1,10 0,80 0,38 0,19 0,09 0,05 

45 2,34 1,93 1,61 1,18 0,67 0,35 0,19 0,14 0,08 

 

ʂ ʘʥʘʣʠʟʫ ʧʨʠʥʷʪʦ 9 ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʟʘʤʝʨʦʚ, ʪʘʢ ʢʘʢ ʚ ʧʦʩʣʝʜʫʶʱʠʡ ʧʝʨʠʦʜ 

ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ ʧʨʦʮʝʩʩ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʩʪʘʥʦʚʠʪʩʷ ʩʣʫʯʘʡʥʳʤ ʠ ʤʘʣʦʚʝʨʦʷʪʥʳʤ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʪʝʥʜʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʟʝʨʥʦʚʢʘʤʠ 

ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʨʠ ʧʝʨʝʥʦʩʝ ʥʘ ʩʪʘʥʜʘʨʪʥʳʡ ʠʣʠ ʧʨʦʝʢʪʠʨʫʝʤʳʡ ʷʯʝʠʩʪʳʡ 

ʮʠʣʠʥʜʨ ï ʫʩʣʦʚʠʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦ ʚʨʝʤʝʥʠ ʩʦʚʧʘʜʘʶʪ. 

ʆʜʥʘʢʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʦʮʝʥʦʢ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʨʘʟʥʠʮʳ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ (n ) ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤ ʩʢʦʨʦʩʪʠ ʦʩʝʚʦʛʦ ʩʤʝʱʝʥʠʷ ʩʝʛʤʝʥʪʘ. 

ʅʘʧʨʠʤʝʨ, ʷʯʝʠʩʪʳʡ ʮʠʣʠʥʜʨ ʨʘʟʛʨʫʞʘʝʪʩʷ ʥʘ 70%: ʧʨʠ n  = 30 ʦʙ/ʤʠʥ ʟʘ 35 ʩ; ʧʨʠ n  = 35 

ʦʙ/ʤʠʥ å ʟʘ 25 ʩ; ʧʨʠ n  = 40é45 ʦʙ/ʤʠʥ å ʟʘ 18 ʩ. ʇʨʠ ʵʪʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ 35é24% ʜʣʠʥʳ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʩ 

ʟʘʛʨʫʟʢʦʡ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 23,4é35% ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʄʝʥʴʰʠʡ ʫʨʦʚʝʥʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʥʴʰʝʤʫ ʩʢʦʨʦʩʪʥʦʤʫ ʨʝʞʠʤʫ (n  = 30 ʦʙ/ʤʠʥ). 

ʀʟ ʪʘʙʣʠʮʳ 2 ʚʠʜʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʟʝʨʥʦʚʢʘʤʠ ʧʦ ʤʝʨʝ ʨʘʟʛʨʫʟʢʠ ʷʯʝʠʩʪʦʛʦ 

ʮʠʣʠʥʜʨʘ ʚ ʧʨʝʜʝʣʘʭ 9-ʪʠ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʟʘʤʝʨʦʚ ʠʟʤʝʥʷʝʪʩʷ ʚ 5,7é38 ʨʘʟ! ʕʪʦʪ ʬʘʢʪ 

ʫʩʪʘʥʦʚʣʝʥ ʚʧʝʨʚʳʝ. ʆʮʝʥʠʚʘʷ ʝʛʦ, ʤʦʞʥʦ ʧʦʥʷʪʴ ʪʨʫʜʥʦʩʪʠ ʠ ʧʨʠʯʠʥʳ ʦʰʠʙʦʯʥʦʡ ʦʮʝʥʢʠ 

ʨʘʙʦʯʝʡ ʜʣʠʥʳ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʃʝʪʦʰʥʝʚʳʤ ʄ.ʅ., ʢʦʪʦʨʳʡ ʩʩʳʣʘʣʩʷ ʥʘ çʧʦʧʳʪʢʠè 

ʇʘʚʣʦʚʩʢʦʛʦ ɻ.ʊ. ʚ ʦʧʨʝʜʝʣʝʥʠʠ 
ijʟ

n . 

ʉʥʠʞʝʥʠʝ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʟʝʨʥʦʚʢʘʤʠ ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ ʯʠʩʣʘ ʮʠʨʢʫʣʠʨʫʶʱʠʭ 

ʩʣʦʝʚ (ʩʣ
n ) ʚ ʩʝʛʤʝʥʪʝ ʟʝʨʥʦʩʤʝʩʠ ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʨʦʩʪʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʨʘʟʫʧʣʦʪʥʝʥʠʶ ʩʝʛʤʝʥʪʘ ʠ 

ʥʘʨʘʩʪʘʶʱʝʤʫ ʚʳʙʨʦʩʫ ʠʟ ʥʝʛʦ ʟʝʨʥʦʚʦʢ. ʇʨʠ ʵʪʦʤ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʭʚʘʪʘ ʟʝʨʥʦʚʦʢ ʨʝʟʢʦ 

ʩʥʠʞʘʝʪʩʷ. 

ɽʩʣʠ ʥʝ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ 1-ʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʟʘʤʝʨʦʚ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʢʦʪʦʨʦʛʦ 

ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʪʦʣʴʢʦ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ, ʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:                   ʚʦ 

2-ʦʤ ʠʥʪʝʨʚʘʣʝ 
ijʟ

n ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2,05 ʨʘʟʘ ʟʘ ʩʯʝʪ ʧʦʜʘʚʣʝʥʠʷ ʵʬʬʝʢʪʘ çʚʳʝʜʘʥʠʷè 

ʟʝʨʥʦʚʦʢ ʠʟ ʷʯʝʡ ʩ ʨʦʩʪʦʤ n ; ʢ 4-ʤʫ ʠʥʪʝʨʚʘʣʫ 
ijʟ

n  ʚʳʨʘʚʥʠʚʘʝʪʩʷ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʩʢʦʨʦʩʪʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ; ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ 

ʩʦʦʪʥʦʰʝʥʠʝ 
ijʟ

n ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ. 



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

 

~31~ 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʠʥʪʝʨʝʩ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 
ijʟ

n  

ʩ ʨʦʩʪʦʤ ʥ
m . ɺ ʪʘʙʣʠʮʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ 

ʟʝʨʥʦʚʢʘʤʠ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ (ʧʰʝʥʠʮʳ) ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʟʘʛʨʫʟʢʦʡ ʩʪʝʥʜʦʚʦʛʦ ʷʯʝʠʩʪʦʛʦ 

ʮʠʣʠʥʜʨʘ (ʥ
m  = 9é13 ʢʛ) ʧʨʠ n

g = 300 ʠ n  = 45 ʦʙ/ʤʠʥ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʦʪʚʦʜ ʚʳʙʨʦʰʝʥʥʦʛʦ ʷʯʝʷʤʠ ʬʘʢʝʣʘ ʟʝʨʥʦʚʦʢ. 

 

 

 

 

 

 

ʊʘʙʣʠʮʘ 3 ï ɺʟʘʠʤʦʩʚʷʟʴ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʟʝʨʥʦʚʢʘʤʠ (,
ijʟ

n ʰʪ) ʦʪ ʥ
m  ʧʨʠ n

g = 

300, ʠ n  = 45 ʦʙ/ʤʠʥ 

ʥ
m , 

ʢʛ 

ʅʦʤʝʨʘ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʟʘʤʝʨʦʚ 

 

1 2 3 4 5 6 7 8 9 10 

9 3,0 1,90 1,74 1,61 1,53 1,04 0,67 0,36 0,18 0,10 

11 3,53 2,28 1,88 1,72 1,61 1,53 1,07 0,65 0,33 0,17 

13 4,18 3,10 2,02 1,89 1,64 1,50 1,11 0,78 0,39 0,19 

 

ʀʟ ʪʘʙʣʠʮʳ 3 ʚʠʜʥʦ, ʯʪʦ ʚ 1-ʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʟʘʤʝʨʦʚ (ʨʘʟʛʦʥʥʦʤ) ʧʦʢʘʟʘʪʝʣʴ 
ijʟ

n  

ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 3,0é4,18 ʟʝʨʥʦʚʦʢ ʥʘ ʷʯʝʶ. ʕʪʦʪ ʫʨʦʚʝʥʴ ʧʦʢʘʟʘʪʝʣʷ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ 

ʥʝ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ, ʘ 
ijʟ

n  = 4,18 ʰʪ/ʷʯʝʶ ï ʥʝʨʝʘʣʠʩʪʠʯʥʳʤ. 

ɺ ʨʘʟʛʦʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʦʜʲʝʤ ʟʝʨʥʦʚʦʛʦ ʩʝʛʤʝʥʪʘ ʜʦ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʫʛʣʘ ʦʭʚʘʪʘ ( )
ʦʭ
g  

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ ʧʦʢʦʷ, ʢʦʪʦʨʳʡ ʚʳʰʝ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʠ ʧʨʠ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʩʢʦʣʴʞʝʥʠʷ 

ʩʝʛʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʠʟ ʢʦʥʪʘʢʪʠʨʫʶʱʝʛʦ ʩʣʦʷ ʫʚʣʝʢʘʶʪʩʷ 

ʠ ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʚ ʬʘʢʝʣ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʨʮʠʠ ʟʝʨʥʦʚʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʚʳʰʝʥʠʶ 

ʧʦʢʘʟʘʪʝʣʝʡ 
ijʟ

n  - ʚ ʷʯʝʝ ʬʠʟʠʯʝʩʢʠ ʥʝ ʤʦʛʫʪ ʨʘʟʤʝʩʪʠʪʴʩʷ 4,18 ʟʝʨʥʦʚʢʠ. 

ɺʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʥ
m  ʠ ʧʦʣʥʦʤ ʚʨʝʤʝʥʠʤ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʟʝʨʥʦʚʦʢ 

ʵʬʬʝʢʪ ʚʦʟʨʦʩʰʝʛʦ ʫʜʝʨʞʘʥʠʷ ʟʝʨʥʦʚʦʢ ʚ ʷʯʝʷʭ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʵʬʬʝʢʪʦʤ ʠʭ çʚʳʝʜʘʥʠʷè ʠʟ 

ʷʯʝʡ. ʈʦʩʪ n  ʚ 1,5 ʨʘʟʘ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʝʨʮʠʠ ʢ ʛʨʘʚʠʪʘʮʠʠ ʚ 2,25 ʨʘʟʘ. ʕʪʘ 

ʘʨʛʫʤʝʥʪʘʮʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʜʚʫʭ ʵʬʬʝʢʪʦʚ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʣʫʯʝʥʥʳʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʪʝʣʷ 
ijʟ

n . ʈʘʟʥʠʮʘ ʥ
m  ʚ ʩʪʨʦʢʘʭ ʪʘʙʣʠʮʳ 3, ʩʦʩʪʘʚʣʷʶʱʝʡ 

2 ʢʛ, ʧʨʝʜʦʧʨʝʜʝʣʠʣʘ çʩʜʚʠʛè ʠʜʝʥʪʠʯʥʳʭ ʝʛʦ ʟʥʘʯʝʥʠʡ ʥʘ 1 ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʟʘʤʝʨʦʚ ʚ 

ʩʪʦʨʦʥʫ ʥʘʨʘʩʪʘʶʱʝʡ ʩʪʝʧʝʥʠ ʨʘʟʛʨʫʟʢʠ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ï ʚ ʧʝʨʚʳʭ ʜʚʫʭ ʩʪʨʦʢʘʭ 

ʩʤʝʱʝʥʥʳʝ ʥʘ 1 ʠʥʪʝʨʚʘʣ ʦʮʝʥʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ. 



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

 

~32~ 

ɺ ʪʘʙʣʠʮʝ 3 ʧʦʢʘʟʘʪʝʣʴ 
ijʟ

n  ʧʨʝʜʩʪʘʚʣʝʥ ʧʦ 10-ʪʠ ʠʥʪʝʨʚʘʣʘʤ ʚʨʝʤʝʥʠ ʟʘʤʝʨʦʚ, ʢʘʞʜʳʡ 

ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 3 ʩ. ʇʨʠ ʥ
m  = 9é13 ʢʛ ʟʘ 10 ʠʥʪʝʨʚʘʣʦʚ (30 ʩ) ʚʳʜʝʣʷʝʪʩʷ 97% 

ʟʝʨʥʦʚʦʢ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʦʪ ʥʘʯʘʣʴʥʦʡ ʤʘʩʩʳ. ɺʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʭʦʪʷ ʙʳ 1-ʦʡ 

ʟʝʨʥʦʚʢʠ ʚ ʷʯʝʶ ʚ ʦʪʙʨʦʰʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,7%. 

ɿʘ 10 ʠʥʪʝʨʚʘʣʦʚ ʟʘʜʝʡʩʪʚʦʚʘʥʥʘʷ ʜʣʠʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʜʦʣʠ ʦʪ ʜʣʠʥʳ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: ʥ
m  = 9 ʢʛ Ÿ 52,2%; ʥ

m  = 11 ʢʛ Ÿ 60%; 

ʥ
m  = 13 ʢʛ Ÿ 68,2%. ʇʨʠʨʘʱʝʥʠʝ ʜʣʠʥʳ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 30% ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ 

ʠʟʤʝʨʝʥʠʠ ʦʙʫʩʣʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʦʩʝʚʦʛʦ ʩʤʝʱʝʥʠʷ ʩʝʛʤʝʥʪʘ ʟʝʨʥʦʩʤʝʩʠ ʩ 

ʨʦʩʪʦʤ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʤʘʩʩʳ ï ʥʘ (13/9 ï 1)Ŀ100% = 44%. ʅʝʨʘʚʥʦʟʥʘʯʥʦʩʪʴ ʧʨʠʨʘʱʝʥʠʡ 

ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʥ
m  ʚʦʟʨʘʩʪʘʝʪ ʠ ʧʦʢʘʟʘʪʝʣʴ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʟʝʨʥʦʚʢʘʤʠ. 

ʂʨʘʪʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ  
ijʟ

n  ʧʦ ʤʝʨʝ ʨʘʟʛʨʫʟʢʠ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ ʚ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʝʘʣʠʟʘʮʠʷʭ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʷʝʪ 19é13 ʨʘʟ ʙʝʟ ʫʯʝʪʘ 1-ʛʦ ʠʥʪʝʨʚʘʣʘ. ʇʨʠ 

ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʨʘʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: ʥ
m  = 9 ʢʛ Ÿ 2,64 ʪ/ʯ; ʥ

m  

= 11 ʢʛ Ÿ 3,72 ʪ/ʯ; ʥ
m  = 13 ʢʛ Ÿ 4,98 ʪ/ʯ. ʕʪʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʨʘʩʭʦʜʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʨʘʩʯʝʪʝ ʥʘ ʜʣʠʥʫ ʩʪʘʥʜʘʨʪʥʦʛʦ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ. 

ʇʨʠ ʥm  = 13 ʢʛ, n  = 45 ʦʙ/ʤʠʥ ʥʘ ʚʳʜʝʣʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 3% ʤʘʩʩʳ ʟʝʨʥʦʩʤʝʩʠ ʦʪ 

ʥʘʯʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʨʘʩʭʦʜʫʝʪʩʷ 0,7 ʤ ʜʣʠʥʳ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʷʯʝʠʩʪʦʛʦ ʮʠʣʠʥʜʨʘ.  ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʢʨʘʡʥʝ ʤʘʣʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʦʧʘʜʘʥʠʷ ʟʝʨʥʦʚʦʢ ʚ ʷʯʝʠ (< 0,7%) ʥʘ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʮʝʩʩʘ. ɺ ʜʨʫʛʠʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʷʭ (ʥ
m  = 9; 11 ʢʛ) ʦʩʪʘʝʪʩʷ 

ʩʚʦʙʦʜʥʘʷ ʷʯʝʠʩʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. 

ɺʳʚʦʜʳ. ʆʮʝʥʢʘ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʠʝʨʥʳʭ ʙʣʦʢʦʚ ʙʝʟ ʟʥʘʥʠʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʝʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ. ɺʝʣʠʯʠʥʘ ʧʦʢʘʟʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʦʡ ʜʚʫʭ ʵʬʬʝʢʪʦʚ ï çʚʳʝʜʘʥʠʷè ʟʝʨʥʦʚʦʢ ʠʟ ʷʯʝʡ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩʣʦʝʤ ʠʭ ʠʥʝʨʮʠʦʥʥʦʛʦ ʫʜʝʨʞʘʥʠʷ. ʅʘ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʥʳʭ ʨʝʞʠʤʘʭ 

ʧʨʝʦʙʣʘʜʘʝʪ ʧʝʨʚʳʡ ʵʬʬʝʢʪ, ʘ ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʡ ʟʝʨʥʦʚʢʘʤʠ ʦʩʥʦʚʥʦʡ 

ʢʫʣʴʪʫʨʳ ʠʟʤʝʥʷʝʪʩʷ ʚ 5,7 ï 38 ʨʘʟ. ʉ ʨʦʩʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ ʠʥʝʨʮʠʠ ʢ ʛʨʘʚʠʪʘʮʠʠ ʵʬʬʝʢʪ 

çʚʳʝʜʘʥʠʷè ʧʦʜʘʚʣʷʝʪʩʷ, ʘ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʨʝʨʳʚʥʦ 

ʫʙʳʚʘʶʱʠʤ.   
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦ-ʧʦʣʝʚʦʡ ʫʩʪʘʥʦʚʢʝ, 

ʩʥʘʙʞʝʥʥʦʡ ʯʝʪʳʨʴʤʷ ʙʘʪʘʨʝʷʤʠ, ʩ ʰʘʛʦʤ ʤʝʞʜʫ ʨʷʜʘʤʠ ʠʛʣ 25; 35; 45 ʠ 55 ʤʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʩʪʘʥʦʚʢʘ ʥʘʚʝʰʠʚʘʣʘʩʴ ʥʘ ʪʨʘʢʪʦʨ ʊ25ɸ1. ʈʘʙʦʯʠʝ ʩʢʦʨʦʩʪʠ ʘʛʨʝʛʘʪʘ 

ʙʳʣʠ 3.2; 4.0; 5.5ʤ/ʩ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʣʦʚʠʡ ʩʘʤʦʦʯʠʩʪʢʠ 

ʤʝʞʠʛʦʣʴʯʘʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪ ʥʘʣʠʧʘʥʠʷ ʧʦʯʚʳ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʷʤʠ ʠʛʣ ʩʦʩʝʜʥʠʭ 

ʨʷʜʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 35 ʤʤ, ʧʨʠ ʜʠʘʤʝʪʨʝ ʠʛʣ 14 ʤʤ ʠ ʫʛʣʝ ʠʭ ʟʘʦʩʪʨʝʥʠʷ 140, ʪʘʢ 

ʢʘʢ ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ 25 ʤʤ ʙʘʪʘʨʝʷ ʟʘʙʠʚʘʝʪʩʷ ʧʦʯʚʦʡ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚ ʦʜʥʦʤ ʜʠʩʢʝ ʩ ʠʛʣʘʤʠ, ʫʛʦʣ ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʨʘʚʝʥ Ŭ, ʠ ʚ ʜʨʫʛʦʤ ʜʠʩʢʝ (ʠʣʠ ʚ ʜʨʫʛʦʤ ʨʷʜʫ ʠʛʣ ʥʘ ʜʠʩʢʝ), ʠʛʣʳ ʪʘʢʞʝ 

ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʜ ʫʛʣʦʤ Ŭ, ʥʦ ʙʳʣʠ ʚ ʤʝʩʪʝ ʩ ʵʪʠʤ ʜʠʩʢʦʤ (ʠʣʠ ʠʛʣʘʤʠ) 

ʧʦʚʝʨʥʫʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʛʣ ʧʝʨʚʦʛʦ ʜʠʩʢʘ ʥʘ ʫʛʦʣ Ŭ/2. ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʘʛʨʝʛʘʪʘ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ʫʣʫʯʰʘʶʪʩʷ. ʇʦʣʫʯʝʥʳ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʩʪʝʧʝʥʥʳʭ ʬʫʥʢʮʠʡ, ʘʜʝʢʚʘʪʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. ʇʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ ʛʫʩʪʦʪʳ ʩʪʝʙʣʝʩʪʦʷ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ʦʧʳʪʥʳʭ ʫʯʘʩʪʢʘʭ ʧʦʩʣʝ ʧʦʩʝʚʘ ʣʴʥʘ-ʜʦʣʛʫʥʮʘ ʩʝʷʣʢʦʡ ʉʃʉ-16, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠʛʦʣʴʯʘʪʦʡ ʙʦʨʦʥʦʡ ʧʝʨʝʜ ʢʦʥʪʨʦʣʝʤ, ʦʩʦʙʝʥʥʦ ʥʘ ʙʦʣʴʰʠʭ 

ʩʢʦʨʦʩʪʷʭ. ʇʨʠ ʩʢʦʨʦʩʪʠ ʘʛʨʝʛʘʪʘ 5,5 ʤ/ʩ ʛʫʩʪʦʪʘ ʩʪʝʙʣʝʩʪʦʷ ʩʦʩʪʘʚʠʣʘ 1256 ʩʪ/ʤ2, ʘ ʚ 

ʢʦʥʪʨʦʣʝ 980 ʩʪ/ʤ2. 
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ʫʩʪʘʥʦʚʢʘ, ʧʦʯʚʘ, ʛʫʩʪʦʪʘ ʩʪʝʙʣʝʩʪʦʷ, ʩʢʦʨʦʩʪʴ ʘʛʨʝʛʘʪʘ. 
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Abstract. The problems of rational arrangement of disks on axes in a needle harrow for surface 

treatment of soil during cultivation of flax-fiber were studied. Experimental studies were carried out 

on a laboratory-field installation equipped with four batteries, with a pitch between the rows of 

needles 25; 35; 45 and 55 mm, respectively. The installation was mounted on a T25A1 tractor. The 

working speeds of the unit were 3.2; 4.0; 5.5 m / s. It was found that to ensure conditions for self-

cleaning of the intergalactic space from soil adherence, the distance between the axes of needles of 

adjacent rows was not less than 35 mm, with a needle diameter of 14 mm and the angle of their 

sharpening of 140, since at a distance of 25 mm, the battery is clogged with soil. It is determined that 

to ensure high-quality soil cultivation it is necessary that in a single disk with needles having an angle 

between Ŭ and in another disk (or in another row of needles on the disk), the needles also lie at an 

angle Ŭ, but they are in place with this disk (or needles) rotated relative to the needles of the first disk 
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by an angle Ŭ / 2. Analysis of the experimental data showed that the increase in the speed of the 

aggregate improves the quality of soil treatment. Regression models are obtained in the form of power 

functions, which are adequate to experimental data. The density diagrams of the stem part of the field 

crops were obtained, which were obtained in the experimental plots after sowing of flax fiber by the 

SLS-16 seeder, confirm the advantages of soil treatment with a needle harrow before the control, 

especially at high speeds. At a unit speed of 5.5 m / s, the density of the stalk was 1256st / m2, and in 

control 980 st / m2. 

Key words: Needle harrow, batteries, discs, harrow axis, laboratory field installation, soil, 

stalk density, aggregate speed. 

 

ɺʚʝʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʢʫʣʴʪʫʨʳ ʟʝʤʣʝʜʝʣʠʷ ʪʨʝʙʫʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ 

ʠʟʳʩʢʘʥʠʷ ʥʦʚʳʭ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʰʠʥ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʤʝʨʝ ʦʪʚʝʯʘʶʱʠʭ 

ʘʛʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢʫʣʴʪʫʨʥʳʭ ʨʘʩʪʝʥʠʡ [1-4]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʟʜʝʣʳʚʘʥʠʷ ʣʴʥʘ-ʜʦʣʛʫʥʮʘ ʠ ʜʨʫʛʠʭ ʤʝʣʢʦʩʝʤʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʚʝʩʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. ʆʪ ʝʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʘʚʠʩʠʪ ʧʠʱʝʚʦʡ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʧʦʯʚʳ, ʘ ʪʘʢʞʝ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ 

ʨʘʩʪʝʥʠʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʝʙʣʝʩʪʦʷ ʚ ʧʦʩʝʚʘʭ ʣʴʥʘ-ʜʦʣʛʫʥʮʘ 

ʦʙʨʘʙʦʪʘʥʥʳʡ ʩʣʦʡ ʧʦʯʚʳ ʜʦʣʞʝʥ ʙʳʪʴ ʭʦʨʦʰʦ ʨʘʟʨʳʭʣʝʥʥʳʤ, ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʣʦʷ ʠ ʤʝʣʢʦʢʦʤʢʦʚʘʪʳʤ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ [5]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢʦ ʣʴʥʫ-ʜʦʣʛʫʥʮʫ, ʤʥʦʛʠʝ ʧʨʦʮʝʩʩʳ ʦʩʪʘʶʪʩʷ ʥʝʠʟʫʯʝʥʥʳʤʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʚʳʧʦʣʥʷʝʤʳʝ ʠʛʦʣʴʯʘʪʳʤʠ ʙʦʨʦʥʘʤʠ [6, 7]. 

ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʨʦʪʘʮʠʦʥʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʠʛʦʣʴʯʘʪʳʝ ʙʦʨʦʥʳ ʤʝʥʴʰʝ 

ʨʘʩʧʳʣʷʶʪ ʧʦʯʚʫ, ʭʦʨʦʰʦ ʝʝ ʩʝʧʘʨʠʨʫʶʪ, ʤʝʥʝʝ ʵʥʝʨʛʦʝʤʢʠʝ ʠ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʥʘ 

ʧʦʚʳʰʝʥʥʳʭ ʩʢʦʨʦʩʪʷʭ. ʇʦʵʪʦʤʫ ʠʭ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʣʴʥʘ-ʜʦʣʛʫʥʮʘ ʠ ʜʨʫʛʠʭ 

ʤʝʣʢʦʩʝʤʝʥʥʳʭ ʢʫʣʴʪʫʨ [1-3]. 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠʛʦʣʴʯʘʪʳʤʠ ʙʦʨʦʥʘʤʠ ʚʦʟʤʦʞʥʦ, ʙʣʘʛʦʜʘʨʷ ʧʦʩʪʦʷʥʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʩ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʣʫʯʰʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʠʛʦʣʴʯʘʪʳʭ ʙʦʨʦʥ ʥʘ ʧʦʜʛʦʪʦʚʢʝ ʧʦʯʚʳ ʧʦʜ ʣʝʥ-ʜʦʣʛʫʥʝʮ ʠ 

ʜʨʫʛʠʝ ʤʝʣʢʦʩʝʤʝʥʥʳʝ ʢʫʣʴʪʫʨʳ, ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʨʝʜʧʦʩʝʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʫʪʝʤ ʨʘʮʠʦʥʘʣʴʥʦʡ ʨʘʩʩʪʘʥʦʚʢʠ ʜʠʩʢʦʚ ʥʘ ʦʩʷʭ ʚ ʠʛʦʣʴʯʘʪʦʡ ʙʦʨʦʥʝ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʤʝʭʘʥʠʢʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ 2016-

2017 ʛʛ. ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʝ ʌɻɹʅʋ ɺʅʀʀʃ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʟʛʦʪʦʚʣʝʥʘ 

ʣʘʙʦʨʘʪʦʨʥʦ-ʧʦʣʝʚʘʷ ʫʩʪʘʥʦʚʢʘ ʠʛʦʣʴʯʘʪʦʡ ʙʦʨʦʥʳ, ʥʘʚʝʰʠʚʘʝʤʘʷ ʥʘ ʪʨʘʢʪʦʨ ʊ-25ɸ1 

(ʨʠʩʫʥʦʢ 1) [8-10]. 
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ʈʠʩʫʥʦʢ 1 ï ʆʙʱʠʡ ʚʠʜ ʣʘʙʦʨʘʪʦʨʥʦ-ʧʦʣʝʚʦʡ ʫʩʪʘʥʦʚʢʠ ʠʛʦʣʴʯʘʪʦʡ ʙʦʨʦʥʳ ʚ ʘʛʨʝʛʘʪʝ ʩ 

ʪʨʘʢʪʦʨʦʤ ʊ-25ɸ1 

 

ʆʩʴ, ʥʘ ʢʦʪʦʨʦʡ ʩʤʦʥʪʠʨʦʚʘʥʳ ʜʠʩʢʠ ʩ ʠʛʣʘʤʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʨʘʤʝ ʙʦʨʦʥʳ, 

ʦʧʠʨʘʶʱʝʡʩʷ ʥʘ ʦʧʦʨʥʳʝ ʢʦʣʝʩʘ. ʋʩʪʘʥʦʚʢʘ ʩʥʘʙʞʝʥʘ ʚʳʨʘʚʥʠʚʘʶʱʠʤ ʙʨʫʩʦʤ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʟʘ ʠʛʦʣʴʯʘʪʦʡ ʙʦʨʦʥʦʡ. ɸʛʨʝʛʘʪ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʝ 

ʦʧʝʨʘʮʠʠ ï ʙʦʨʦʥʦʚʘʥʠʝ ʠ ʚʳʨʘʚʥʠʚʘʥʠʝ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʘʛʨʝʛʘʪ ʚʳʧʦʣʥʷʝʪ ʜʚʝ ʦʧʝʨʘʮʠʠ ʝʛʦ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʱʠʤ ʘʛʨʝʛʘʪʦʤ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʙʘʪʘʨʝʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʯʝʪʳʨʝ ʜʠʩʢʘ 1 ʩ ʜʚʫʤʷ 

ʨʷʜʘʤʠ ʠʛʣ 2 ʥʘ ʢʘʞʜʦʤ ʠʟ ʥʠʭ.  

 
ʘ ï ʚʠʜ ʩʙʦʢʫ; ʙ ï ʚʠʜ ʩʣʝʚʘ 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʙʘʪʘʨʝʠ ʜʠʩʢʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʦ-ʧʦʣʝʚʦʡ 

ʫʩʪʘʥʦʚʢʝ ʠʛʦʣʴʯʘʪʦʡ ʙʦʨʦʥʳ 

ɺʩʝʛʦ ʣʘʙʦʨʘʪʦʨʥʦ-ʧʦʣʝʚʘʷ ʫʩʪʘʥʦʚʢʘ ʩʥʘʙʞʝʥʘ ʯʝʪʳʨʴʤʷ ʪʘʢʠʤʠ ʙʘʪʘʨʝʷʤʠ, 














































































