
ISSN 2305-2538 ʅɸʋʂɸ ɺ ʎɽʅʊʈɸʃʔʅʆʁ ʈʆʉʉʀʀ, ˉ 5 (35), 2018 

 

~1~ 

çʅɸʋʂɸ ɺ ʎɽʅʊʈɸʃʔʅʆʁ ʈʆʉʉʀʀè           çSCIENCE IN THE CENTR AL RUSSIAè 
  
ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʞʫʨʥʘʣ      The research-production periodic magazine 

ɺʢʣʶʯʝʥ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ Agris 

ˉ 5 (35), 2018 ʛ. 
ʆʩʥʦʚʘʥʚ 2012 ʛ.         It is based in 2012.  

ɺʳʭʦʜʠʪ 6 ʨʘʟ ʚ ʛʦʜ                 There are 6 times a year 
------------------------------------------------------------------------------------------------------------------------ 

 

ʈɽɼɸʂʎʀʆʅʅɸʗ ʂʆʃʃɽɻʀʗ  

ʅɸʋʏʅʆ-ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆɻʆ ʇɽʈʀʆɼʀʏɽʉʂʆɻʆ ɾʋʈʅɸʃɸ 

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 

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 ʈɸɽʅ, 

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, 

ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 
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ʋʯʨʝʜʠʪʝʣʴ ʠ ʠʟʜʘʪʝʣʴ ʞʫʨʥʘʣʘ:  
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ  

ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ  

(ʌɻɹʅʋ ɺʅʀʀʊʀʅ) 

 
ʕʂʉʇɽʈʊʅʓʁ ʉʆɺɽʊ  

ʅɸʋʏʅʆ-ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆɻʆ ʇɽʈʀʆɼʀʏɽʉʂʆɻʆ ɾʋʈʅɸʃɸ 

çʅɸʋʂɸ ɺ ʎɽʅʊʈɸʃʔʅʆʁ ʈʆʉʉʀʀè 

 

 

ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

 

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

ʣʘʙʦʨʘʪʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

ʂɸʇʋʉʊʀʅ ɺʘʩʠʣʠʡ ʇʝʪʨʦʚʠʯ ð ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʌɻɹʆʋ ɺʇʆ çʊʘʤʙʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ɸʛʨʦʠʥʞʝʥʝʨʠʷ. 

ɹɸʃɸʐʆɺ ɸʣʝʢʩʘʥʜʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ð ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

ɽʈʆʍʀʅ ɻʝʥʥʘʜʠʡ ʅʠʢʦʣʘʝʚʠʯ ð ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʝ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ  

 

 

ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ 

 

ʎʆʁ ʖʨʠʡ ɸʣʝʢʩʝʝʚʠʯ ð ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ 

ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ çʌʝʤʘʢʩè (ʄʦʩʢʚʘ). 

ʕʅɻʆɺɸʊʆɺ ɺʷʯʝʩʣʘʚ ʌʝʜʦʨʦʚʠʯ ð ʜʦʢʪʦʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʣʘʙʦʨʘʪʦʨʠʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʠʥʠʥʳ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

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

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

ʐʋʃɸɽɺ ɻʝʥʥʘʜʠʡ ʄʠʭʘʡʣʦʚʠʯ ð ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʠʥʠʥʳ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

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

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʦʢʘ ʠ ʛʦʚʷʜʠʥʳ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

 

 

ʕʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ 

 

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

ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

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

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚʟʘʤʝʥ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

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

ʟʘʱʠʪʳ ʪʝʭʥʠʢʠ ʦʪ ʢʦʨʨʦʟʠʠ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

ʉɸɿʆʅʆɺ ʉʝʨʛʝʡ ʅʠʢʦʣʘʝʚʠʯ ð ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʣʘʙʦʨʘʪʦʨʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʝ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ   

 

 

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. 
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ʇʆɿɼʈɸɺʃʗɽʄ ʉ ʖɹʀʃɽɽʄ! 
 

                                                                                   
ɺʩʷ ʞʠʟʥʴ ɻ.ɸ. ʍʘʡʣʠʩʘ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʘʛʨʦʠʥʞʝʥʝʨʥʦʡ ʥʘʫʢʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. ʆʥ 

ʧʨʦʰʝʣ ʙʦʣʴʰʦʡ ʠ ʩʣʘʚʥʳʡ ʧʫʪʴ ʦʪ ʠʥʞʝʥʝʨʘ-ʤʝʭʘʥʠʢʘ, ʚʳʧʫʩʢʥʠʢʘ ʄʦʩʢʦʚʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʘʟʷʡʩʪʚʘ ʜʦ ʧʨʦʨʝʢʪʦʨʘ ʃʫʮʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʘ, ʘʢʘʜʝʤʠʢʘ 

ʀʥʞʝʥʝʨʥʦʡ ʘʢʘʜʝʤʠʠ ʋʢʨʘʠʥʳ, ɿʘʩʣʫʞʝʥʥʦʛʦ ʜʝʷʪʝʣʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʋʢʨʘʠʥʳ. 

ɸ ʧʝʨʝʜ ʵʪʠʤ ï ʨʘʙʦʪʘ ʠʥʞʝʥʝʨʦʤ, ʩʪʘʨʰʠʤ ʠʥʞʝʥʝʨʦʤ ʧʫʥʢʪʘ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʡ ʄʀʉ, 

ʩʪʘʨʰʠʤ ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ ɺʩʝʩʦʶʟʥʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʣʴʥʘ, 

ʟʘʚʝʜʫʶʱʠʤ ʢʘʬʝʜʨʦʡ ʚ ɺʝʣʠʢʦʣʫʢʩʢʦʤ ʉʍʀ. 

ɻ.ɸ. ʍʘʡʣʠʩ ʫʯʝʥʠʢ ʠ ʜʦʩʪʦʡʥʳʡ ʧʨʦʜʦʣʞʘʪʝʣʴ ʚʳʜʘʶʱʠʭʩʷ ʫʯʝʥʳʭ ï ɺ.ʇ. ɻʦʨʷʯʢʠʥʘ ʠ 

ɺ.ʆ. ɾʝʣʠʛʦʚʩʢʦʛʦ, ʚʝʩʴ ʩʚʦʡ ʪʘʣʘʥʪ ʠ ʪʨʫʜ ʦʪʜʘʝʪ ʩʣʫʞʝʥʠʶ ʚʳʩʦʢʠʤ ʠʜʝʘʣʘʤ ʥʘʫʢʠ. ʀʤ 

ʚʥʝʩʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʢʠ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʤʝʭʘʥʠʟʘʮʠʠ ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʫʙʦʨʢʠ ʣʫʙʷʥʳʭ ʢʫʣʴʪʫʨ, ʩʫʰʢʠ ʤʘʪʝʨʠʘʣʦʚ.  

ʆʥ ʦʩʥʦʚʘʣ ʥʦʚʫʶ ʥʘʫʯʥʫʶ ʜʠʩʮʠʧʣʠʥʫ ñʄʝʭʘʥʠʢʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚò. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʤ ʦʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʝʝ 500 ʨʘʙʦʪ. ɺ ʪʦʤ ʯʠʩʣʝ 18 ʢʥʠʛ ʠ 140 

ʘʚʪʦʨʩʢʠʭ ʩʚʠʜʝʪʝʣʴʩʪʚ ʠ ʧʘʪʝʥʪʦʚ ʥʘ ʠʟʦʙʨʝʪʝʥʠʷ. ʇʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʠ ʧʨʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʩʦʟʜʘʥʳ ʣʴʥʦʢʦʤʙʘʡʥʳ ʃʂ-4ʄ, ʃʂɺ-4ʊ, ʃʂ-4ʊ, ʃʂ-4ʋ ʠ ʨʷʜ 

ʜʨʫʛʦʡ ʪʝʭʥʠʢʠ. ʉʨʝʜʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʠʤ ʢʥʠʛ ʤʦʥʦʛʨʘʬʠʠ çʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʠ ʨʘʩʯʝʪʘ 

ʣʴʥʦʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥè, çʊʝʦʨʠʷ ʠ ʨʘʩʯʝʪ ʣʴʥʦʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥè, çʃʴʥʦʫʙʦʨʦʯʥʳʝ 

ʤʘʰʠʥʳè, çʄʝʭʘʥʠʢʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, çʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠʛʦʣʴʯʘʪʦʡ ʙʦʨʦʥʳè, çʈʘʩʩʪʠʣʦʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʣʴʥʦʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥè, çʈʫʣʦʥʥʳʝ ʧʨʝʩʩ-

ʧʦʜʙʦʨʱʠʢʠè; ʫʯʝʙʥʳʝ ʧʦʩʦʙʠʷ çʆʩʥʦʚʳ ʪʝʦʨʠʠ ʠ ʨʘʩʯʝʪʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥè, 

çʆʩʥʦʚʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥè, 

çʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʚʠʜʳ, ʩʦʩʪʘʚ, ʩʚʦʡʩʪʚʘ)è. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʟʥʘʯʠʤʦʩʪʴ 

ʵʪʠʭ ʪʨʫʜʦʚ ʥʝʦʩʧʦʨʠʤʘ. 

ɻ.ɸ. ʍʘʡʣʠʩ ï ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʤʥʦʛʠʭ ʘʩʧʠʨʘʥʪʦʚ ʠ ʜʦʢʪʦʨʘʥʪʦʚ. ʀʤ ʩʦʟʜʘʥʘ 

ʥʘʫʯʥʘʷ ʰʢʦʣʘ, ʧʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʦʜʛʦʪʦʚʣʝʥʦ ʠ ʟʘʱʠʱʝʥʦ 38 ʢʘʥʜʠʜʘʪʩʢʠʭ ʠ 7 

ʜʦʢʪʦʨʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʡ. 

ʈʘʙʦʪʘʣ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʩʝʜʘʪʝʣʷ ʜʠʩʩʝʨʪʘʮʠʥʦʛʦ ʩʦʚʝʪʘ ʚ ʃʫʮʢʦʤ ɻʊʋ, ʘ ʪʘʢʞʝ ʷʚʣʷʣʩʷ 

ʯʣʝʥʦʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʩʦʚʝʪʦʚ ʚʦ ɺʉʊʀʉʇ, ʊʝʨʥʦʧʦʣʴʩʢʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʠ ʃʴʚʦʚʩʢʦʤ 

ʘʛʨʘʨʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʘʭ. ʊʘʢʘʷ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʝʛʦ ʘʚʪʦʨʠʪʝʪʘ ʠ 

ʧʨʠʟʥʘʥʠʷ ʚ ʥʘʫʢʝ. 

ʀʟ ʚʩʝʭ ʧʨʝʢʨʘʩʥʳʭ ʢʘʯʝʩʪʚ, ʩʚʦʡʩʪʚʝʥʥʳʭ ɻʝʜʘʣʶ ɸʙʨʘʤʦʚʠʯʫ, ʵʪʦ ʝʛʦ ʥʝʦʙʳʯʘʡʥʘʷ 

ʩʢʨʦʤʥʦʩʪʴ, ʪʘʢʪʠʯʥʦʩʪʴ ʠ ʩʪʨʝʤʣʝʥʠʝ ʙʝʩʢʦʨʳʩʪʥʦ ʧʦʤʦʛʘʪʴ ʚʩʝʤ, ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ï 

ʚʩʝʩʪʦʨʦʥʥʝ ʧʦʜʜʝʨʞʠʚʘʪʴ ʤʦʣʦʜʝʞʴ, ʧʨʠʚʣʝʢʘʪʴ ʝʝ ʢ ʥʘʫʯʥʳʤ ʧʦʠʩʢʘʤ, ʧʦʦʱʨʷʪʴ 

ʜʦʩʪʠʞʝʥʠʷ ʠ ʧʨʦʢʣʘʜʳʚʘʪʴ ʧʫʪʴ ʚ ʙʦʣʴʰʫʶ ʥʘʫʢʫ. 

ʄʳ ʘʜʨʝʩʫʝʤ ɺʘʤ ʩʣʦʚʘ ʙʣʘʛʦʜʘʨʥʦʩʪʠ ʟʘ ɺʘʰ ʤʥʦʛʦʣʝʪʥʠʡ ʪʨʫʜ. 

ɾʝʣʘʝʤ ɺʘʤ, ɻʝʜʘʣʴ ɸʙʨʘʤʦʚʠʯ, ʢʨʝʧʢʦʛʦ ʟʜʦʨʦʚʴʷ, ʩʯʘʩʪʴʷ ʠ ʜʦʣʛʠʭ ʣʝʪ ʞʠʟʥʠ! 

ʇʫʩʪʴ ʪʝʧʣʦ ʩʝʤʝʡʥʦʛʦ ʦʯʘʛʘ ʚʩʝʛʜʘ ʟʘʱʠʱʘʝʪ ɺʘʩ ʦʪ ʞʠʟʥʝʥʥʳʭ ʥʝʚʟʛʦʜ, ʘ ʙʫʜʫʱʝʝ 

ʛʦʪʦʚʠʪ ʤʥʦʛʦ ʣʝʪ, ʥʘʧʦʣʥʝʥʥʳʭ ʜʦʙʨʳʤʠ ʩʦʙʳʪʠʷʤʠ, ʟʜʦʨʦʚʴʝʤ, ʨʘʜʦʩʪʴʶ ʠ ʩʯʘʩʪʴʝʤ! 

ʈʝʜʘʢʮʠʷ ʞʫʨʥʘʣʘ çʅʘʫʢʘ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʈʦʩʩʠʠè

15 ʦʢʪʷʙʨʷ 2018 ʛʦʜʘ 

ɻɽɼɸʃʖ ɸɹʈɸʄʆɺʀʏʋ 
ʍɸʁʃʀʉʋ, 

ʜʦʢʪʦʨʫ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨʫ, 

ɿʘʩʣʫʞʝʥʥʦʤʫ ʜʝʷʪʝʣʶ ʥʘʫʢʠ 

ʠ ʪʝʭʥʠʢʠ ʋʢʨʘʠʥʳ, ʘʢʘʜʝʤʠʢʫ  

ʀʥʞʝʥʝʨʥʦʡ ʘʢʘʜʝʤʠʠ ʋʢʨʘʠʥʳ 

ʠʩʧʦʣʥʠʣʦʩʴ 90 ʣʝʪ. 
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ʈʝʬʝʨʘʪ. ʆʙʦʩʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʙʠʣʴʥʦʡ ʟʝʨʥʦʩʫʰʠʣʢʠ ʩʦ ʩʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʳʤʠ 

ʨʘʙʦʯʠʤ ʦʨʛʘʥʘʤʠ. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʟʤʝʨʷʣʠ ʚʣʘʞʥʦʩʪʴ ʩʝʤʷʥ 

ʛʨʝʯʠʭʠ ʜʦ ʠ ʧʦʩʣʝ ʩʫʰʢʠ, ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʛʨʝʚʘ ʩʝʤʷʥ, ʪʝʤʧʝʨʘʪʫʨʫ 

ʛʨʝʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʛʨʝʯʠʭʠ ʧʦʩʣʝ ʩʫʰʢʠ. ʉʦʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ 

ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʩʣʫʯʘʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʧʣʘʩʪʠʥʝ (ʩʣʦʷ 

ʟʝʨʥʘ), ʦʙʤʝʥʠʚʘʶʱʝʛʦʩʷ ʪʝʧʣʦʪʦʡ ʧʦ ʟʘʢʦʥʫ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʞʫʭʘ ʠ 

ʩʪʘʢʘʥʘ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ 

ʚ ʫʩʪʨʦʡʩʪʚʝ ʚ ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ ʟʝʨʥʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʛʨʝʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʚʦʜʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʘ ʦʪ ʚʨʝʤʝʥʠ ʩʫʰʢʠ  ʠ ʩʚʦʜʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʢʦʨʦʩʪʠ ʩʫʰʢʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʰʢʠ, ʠ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʩʫʰʢʫ ʟʝʨʥʘ ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʫʩʪʨʦʡʩʪʚʝ ʚʦʟʤʦʞʥʦ ʧʨʠ ʚʨʝʤʝʥʠ 

ʩʫʰʢʠ ʥʝ ʧʨʝʚʳʰʘʶʱʝʤ 20 ʤʠʥʫʪ. ʈʝʢʦʤʝʥʜʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʩʫʰʢʠ 

ʟʝʨʥʘ ʚ ʤʦʙʠʣʴʥʦʡ ʟʝʨʥʦʩʫʰʠʣʢʝ ʩʦ ʩʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʳʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ: ʧʨʠ ʥʘʯʘʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʘ ʜʦ 19% - ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʝʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʚʳʰʝ 90Áʉ 

ʠ ʚʨʝʤʷ ʩʫʰʢʠ ʥʝ ʙʦʣʝʝ 17 ʤʠʥʫʪ; ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʳʰʝ 19% ʪʝʤʧʝʨʘʪʫʨʘ 

ʛʨʝʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʚʳʰʝ 80Áʉ ʠ ʚʨʝʤʷ ʩʫʰʢʠ ʥʝ ʙʦʣʝʝ 8 ʤʠʥʫʪ; ʧʨʠ 

ʥʘʯʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʳʰʝ 24% ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʝʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʚʳʰʝ 

60Áʉ ʠ ʚʨʝʤʷ ʩʫʰʢʠ ʥʝ ʙʦʣʝʝ 8 ʤʠʥʫʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʰʢʘ ʟʝʨʥʘ, ʤʦʙʠʣʴʥʘʷ ʟʝʨʥʦʩʫʰʠʣʢʘ, ʩʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʦʡ ʨʘʙʦʯʠʡ 

ʦʨʛʘʥ, ʩʢʦʨʦʩʪʴ ʩʫʰʢʠ. 
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Abstract. The design of a mobile grain dryer with spiral-screw working bodies is justified. The 

moisture content of buckwheat seeds before and after drying was measured, the temperature of 

heating the seeds, the temperature of the heating surface and the germination of the seeds of 

buckwheat after drying were monitored during production studies. The system of equations for the 

case of unsteady heat conduction in an unbounded plate (grain layer) exchanging heat according to 

the law of heat conduction with the surface of the casing and glass is composed. The distribution of 

temperature fields and air velocity in the device in the process of drying the grain at different 

temperatures of the heating surface were obtained. Summary graphic dependences of grain 

moisture on drying time and summary graphic dependences of drying rate on drying time were built 

on the basis of the conducted experiments and it was determined that to achieve optimal values of 

energy consumption for grain drying in the proposed device it is possible with a drying time not 

exceeding 20 minutes. The following optimal modes of grain drying in a mobile grain dryer with a 

spiral-screw working body are recommended: with an initial grain moisture content of up to 19%, 

the temperature of the heating surface should be no higher than 90 Á C and the drying time should 

not exceed 17 minutes; when the initial humidity is above 19%, the temperature of the heating 

surface should be no higher than 80 Á C and the drying time should not exceed 8 minutes; when the 

initial humidity is above 24%, the temperature of the heating surface should be no higher than 60 Á 

ʉ and the drying time should not exceed 8 minutes. 

Keywords: grain drying, mobile grain dryer, spiral-screw working body, drying speed. 

 

ɺʚʝʜʝʥʠʝ. ʉʦʭʨʘʥʝʥʠʝ ʚʳʨʘʱʝʥʥʦʛʦ ʫʨʦʞʘʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʧʨʦʙʣʝʤʦʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʣʘʞʥʦʝ ʟʝʨʥʦ ʤʦʞʝʪ ʠʩʧʦʨʪʠʪʴʩʷ ʟʘ 1é2 ʩʫʪʦʢ.  

ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚʳʧʫʩʢʘʝʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʟʝʨʥʦʩʫʰʠʣʢʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʩʧʦʩʦʙʦʤ 

ʩʫʰʢʠ, ʨʝʞʠʤʘʤ ʩʫʰʢʠ, ʢʦʥʩʪʨʫʢʮʠʝʡ ʩʫʰʠʣʴʥʦʡ ʢʘʤʝʨʳ, ʩʦʩʪʦʷʥʠʶ ʟʝʨʥʦʚʦʛʦ ʩʣʦʷ ʠ 

ʜʨʫʛʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ [1, 2]. ʆʜʥʘʢʦ ʵʪʠ ʟʝʨʥʦʩʫʰʠʣʢʠ 

ʦʙʣʘʜʘʶʪ ʮʝʣʳʤ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ: ʙʦʣʴʰʘʷ ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʠ ʤʝʪʘʣʣʦʸʤʢʦʩʪʴ, 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʩʫʰʢʠ ʟʝʨʥʘ  ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. ɹʦʣʴʰʠʥʩʪʚʦ ʪʘʢʠʭ ʥʝʜʦʩʪʘʪʢʦʚ 

ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʤʦʙʠʣʴʥʳʭ ʟʝʨʥʦʩʫʰʠʣʢʘʭ ʩʦ ʩʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʳʤʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʤʠ 

ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʩʫʰʢʫ ʟʝʨʥʘ. ʆʜʥʘʢʦ ʠʭ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʜʝʨʞʠʚʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʦʙʦʩʥʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʥʘʤʠ ʤʦʙʠʣʴʥʘʷ ʟʝʨʥʦʩʫʰʠʣʢʘ ʩʦ 

ʩʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ (ʨʠʩʫʥʦʢ 1) ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʩʳʧʫʯʠʡ ʤʘʪʝʨʠʘʣ ʠʟ ʟʘʛʨʫʟʦʯʥʦʛʦ ʙʫʥʢʝʨʘ ʧʦʧʘʜʘʝʪ ʚ ʟʘʟʦʨ ʤʝʞʜʫ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʤ 
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ʢʦʞʫʭʦʤ ʠ ʩʪʘʢʘʥʦʤ, ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ ʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʢ ʚʳʛʨʫʟʥʦʤʫ ʦʢʥʫ. 

ʇʨʠ ʢʦʥʪʘʢʪʝ ʩ  ʥʘʛʨʝʪʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ  ʢʦʞʫʭʘ ʠ ʩʪʘʢʘʥʘ ʟʝʨʥʦ ʥʘʛʨʝʚʘʝʪʩʷ ʠ ʪʝʨʷʝʪ 

ʚʣʘʛʫ, ʢʦʪʦʨʘʷ ʦʪʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʝʥʪʠʣʷʪʦʨʘ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʧʝʨʬʦʨʘʮʠʶ 

ʩʪʘʢʘʥʘ, ʚʦʟʜʫʭʦʚʦʜ ʠ ʬʠʣʴʪʨ.  

ʇʨʠ ʜʚʠʞʝʥʠʠ ʚʦʟʜʫʭʘ ʚ ʟʝʨʥʦʩʫʰʠʣʢʝ ʧʨʦʠʩʭʦʜʠʪ ʦʭʣʘʞʜʝʥʠʝ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʞʫʭʘ, ʧʨʠ ʵʪʦʤ ʚʦʟʜʫʭ ʥʘʛʨʝʚʘʝʪʩʷ ʠ ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ ʧʝʨʬʦʨʘʮʠʶ ʢʦʞʫʭʘ ʚ ʟʦʥʫ ʩʫʰʢʠ, 

ʧʦʜʦʛʨʝʚʘʷ ʟʝʨʥʦ.  

ɺ ʢʦʥʝʯʥʦʡ ʩʪʘʜʠʠ ʩʫʰʢʠ ʟʝʨʥʦ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʦʭʣʘʞʜʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʞʫʭʘ ʠ 

ʭʦʣʦʜʥʳʤ ʚʦʟʜʫʭʦʤ ʠ ʦʭʣʘʞʜʘʝʪʩʷ. ʇʳʣʴ ʠ ʧʘʨʳ ʚʣʘʛʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʩʫʰʢʠ,  ʦʪʚʦʜʷʪʩʷ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ ʚ ʬʠʣʴʪʨ, ʠ ʪʘʤ ʫʣʘʚʣʠʚʘʶʪʩʷ.  

 
1 - ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʢʦʨʧʫʩ; 2 ï ʢʦʞʫʭ; 3 ï ʩʪʘʢʘʥ; 4 - ʟʘʛʨʫʟʦʯʥʳʡ ʙʫʥʢʝʨ; 5 - 

ʚʳʛʨʫʟʥʦʝ ʦʢʥʦ; 6 ï ʩʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʦʡ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ; 7 ï ʚʝʥʪʠʣʷʪʦʨ;  

8 ï ʚʦʟʜʫʭʦʚʦʜ; 9 ï ʬʠʣʴʪʨ; 10 ï ʧʨʠʚʦʜ; 11 ï ʧʨʦʨʝʟ; 12 - ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 

ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʟʝʨʥʦʩʫʰʠʣʢʠ ʩʦ ʩʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʳʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ 

 

ʇʝʨʝʥʦʩ ʪʝʧʣʦʪʳ ʚ ʪʘʢʦʡ ʟʝʨʥʦʩʫʰʠʣʢʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ, 

ʧʦʵʪʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʦʨʜʠʥʘʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʠ ʠ 

ʚʨʝʤʝʥʠ: ( , , , )t f x y zt= . ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʧʦʣʥʦʡ ʢʘʨʪʠʥʳ ʩʫʰʢʠ ʟʝʨʥʘ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ [3]. ɼʣʷ ʩʣʫʯʘʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʧʣʘʩʪʠʥʝ (ʩʣʦʷ ʟʝʨʥʘ), ʦʙʤʝʥʠʚʘʶʱʝʛʦʩʷ ʪʝʧʣʦʪʦʡ ʧʦ ʟʘʢʦʥʫ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʞʫʭʘ ʠ ʩʪʘʢʘʥʘ, ʧʨʠʤʝʤ, ʯʪʦ ʧʣʘʩʪʠʥʘ ʠʤʝʝʪ ʪʦʣʱʠʥʫ 

2R, ʘ ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ï ʨʘʚʥʦʤʝʨʥʦʝ, ʠ ʪʦʛʜʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, 

ʦʧʠʩʳʚʘʶʱʝʝ ʜʘʥʥʫʶ ʟʘʜʘʯʫ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʛʜʝ Ht - ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʝʨʥʘ;  a - ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ ʟʝʨʥʘ; 2R - ʪʦʣʱʠʥʘ 

ʟʝʨʥʦʚʦʛʦ ʩʣʦʷ. 

ʇʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ - ʵʪʦ ʣʠʥʝʡʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʧʦʜʣʝʞʘʱʝʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʶ ʚʜʦʣʴ ʦʩʠ x. ɺʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʦʧʠʩʳʚʘʝʪ 

ʧʦʩʪʦʷʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʚʜʦʣʴ ʦʩʠ x. ʊʨʝʪʴʝ 

ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ - ʵʪʦ ʣʠʥʝʡʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 
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ʧʦʜʣʝʞʘʱʝʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʶ ʚʜʦʣʴ ʦʩʠ z. ʏʝʪʚʸʨʪʦʝ ʫʨʘʚʥʝʥʠʝ ʦʧʠʩʳʚʘʝʪ ʧʦʩʪʦʷʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʚʜʦʣʴ ʦʩʠ z [4]. 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠ ʛʨʦʤʦʟʜʢʦ, ʧʦʵʪʦʤʫ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʘʤ ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʫʩʪʨʦʡʩʪʚʝ ʚ ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ ʟʝʨʥʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʛʨʝʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʛʨʝʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 50Áʉ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʥʪʘʢʪʠʨʫʷ ʩ 

ʥʘʛʨʝʪʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʛʦ ʢʦʞʫʭʘ ʠ ʩʪʘʢʘʥʘ, ʟʝʨʥʦ ʥʘʛʨʝʚʘʝʪʩʷ ʚ 1ʦʡ ʟʦʥʝ 

ʩʫʰʢʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʟʘʪʝʤ ʤʝʞʜʫ 1-ʦʡ ʠ 2-ʦʡ ʟʦʥʘʤʠ ʩʫʰʢʠ ʧʨʦʠʩʭʦʜʠʪ ʦʭʣʘʞʜʝʥʠʝ ʟʝʨʥʘ 

ʟʘ ʩʯʸʪ ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ ʧʝʨʬʦʨʘʮʠʶ ʢʦʞʫʭʘ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʛʨʝʚ ʟʝʨʥʘ ʚʦ 2-ʦʡ ʟʦʥʝ ʩʫʰʢʠ [5]. ʇʨʠ ʜʚʠʞʝʥʠʠ ʚʦʟʜʫʭʘ ʦʪ ʚʳʛʨʫʟʥʦʛʦ ʦʢʥʘ ʢ 

ʟʘʛʨʫʟʦʯʥʦʤʫ ʙʫʥʢʝʨʫ ʦʥ  ʥʘʛʨʝʚʘʝʪʩʷ, ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ ʧʝʨʬʦʨʘʮʠʶ ʢʦʞʫʭʘ ʚ ʟʦʥʫ ʩʫʰʢʠ, 

ʛʜʝ ʧʦʜʦʛʨʝʚʘʝʪ ʟʝʨʥʦ. ɺ ʢʦʥʝʯʥʦʡ ʩʪʘʜʠʠ ʩʫʰʢʠ ʟʝʨʥʦ ʦʭʣʘʞʜʘʝʪʩʷ ʟʘ ʩʯʸʪ ʢʦʥʪʘʢʪʘ ʩ 

ʦʭʣʘʞʜʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʞʫʭʘ ʠ ʭʦʣʦʜʥʳʤ ʚʦʟʜʫʭʦʤ, ʧʦʩʪʫʧʘʶʱʠʤ ʯʝʨʝʟ ʧʝʨʬʦʨʘʮʠʶ 

ʢʦʞʫʭʘ. 

 

 
ʈʠʩʫʥʦʢ 2 -  ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʟʝʨʥʦʩʫʰʠʣʢʝ (ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʝʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ 50Áʉ) 

 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʠʟʤʝʨʷʣʘʩʴ 

ʚʣʘʞʥʦʩʪʴ ʩʝʤʷʥ ʛʨʝʯʠʭʠ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ, ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ ʩʝʤʷʥ 

ʧʦʩʣʝ ʩʫʰʢʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʝʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʛʨʝʯʠʭʠ ʧʦʩʣʝ ʩʫʰʢʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʚʦʜʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʘ ʦʪ ʚʨʝʤʝʥʠ ʩʫʰʢʠ (ʨʠʩʫʥʦʢ 4) ʠ ʩʚʦʜʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʫʰʢʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʰʢʠ (ʨʠʩʫʥʦʢ 3) ʠʟ ʢʦʪʦʨʳʭ ʚʠʜʥʦ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʫʰʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʣʘʛʦʩʲʸʤ, ʩʢʦʨʦʩʪʴ ʩʫʰʢʠ, ʠ ʜʦʩʪʠʛʘʶʪ ʩʚʦʝʛʦ 

ʤʘʢʩʠʤʫʤʘ ʧʨʠ ʚʨʝʤʝʥʠ ʩʫʰʢʠ 15é20 ʤʠʥʫʪ. ʆʜʥʘʢʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ 

ʩʫʰʢʠ ʚʣʘʛʦʩʲʸʤ ʠ ʩʢʦʨʦʩʪʴ ʩʫʰʢʠ ʫʤʝʥʴʰʘʶʪʩʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʢ ʵʪʦʤʫ ʚʨʝʤʝʥʠ 

ʚʩʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʚʣʘʛʘ ʠʩʧʘʨʠʣʘʩʴ, ʘ ʧʦʩʪʫʧʘʶʱʘʷ ʠʟ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʸʚ ʟʝʨʥʘ ʚʣʘʛʘ ʥʝ 

ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʝʞʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʫʰʢʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʩʪʠʞʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʩʫʰʢʫ ʟʝʨʥʘ ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʫʩʪʨʦʡʩʪʚʝ ʚʦʟʤʦʞʥʦ 

ʧʨʠ ʚʨʝʤʝʥʠ ʩʫʰʢʠ ʥʝ ʧʨʝʚʳʰʘʶʱʝʤ 20 ʤʠʥʫʪ. 
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ʈʠʩʫʥʦʢ 3 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʩʫʰʢʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʰʢʠ 

 

       
ʈʠʩʫʥʦʢ 4 - ɿʘʚʠʩʠʤʦʩʪʴ ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʘ ʦʪ ʚʨʝʤʝʥʠ ʩʫʰʢʠ 

 

ɿʘʢʣʶʯʝʥʠʝ. ʄʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʩʫʰʢʠ ʟʝʨʥʘ ʚ 

ʤʦʙʠʣʴʥʦʡ ʟʝʨʥʦʩʫʰʠʣʢʝ ʩʦ ʩʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʳʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ: ʧʨʠ ʥʘʯʘʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʘ ʜʦ 19% - ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʝʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʚʳʰʝ 90Áʉ ʠ 

ʚʨʝʤʷ ʩʫʰʢʠ ʥʝ ʙʦʣʝʝ 17 ʤʠʥʫʪ; ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʳʰʝ 19% ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʝʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʚʳʰʝ 80Áʉ ʠ ʚʨʝʤʷ ʩʫʰʢʠ ʥʝ ʙʦʣʝʝ 8 ʤʠʥʫʪ; ʧʨʠ ʥʘʯʘʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʚʳʰʝ 24% ʪʝʤʧʝʨʘʪʫʨʘ ʛʨʝʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʚʳʰʝ 60Áʉ ʠ ʚʨʝʤʷ 

ʩʫʰʢʠ ʥʝ ʙʦʣʝʝ 8 ʤʠʥʫʪ. 
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ʈʝʬʝʨʘʪ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʷʚʣʷʶʪʩʷ ʪʦʢʘʨʥʳʝ 

ʨʘʙʦʪʳ. ʀʟʫʯʘʣʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʢʘʨʥʳʭ ʩʪʘʥʢʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʣʫʞʠʜʢʦʩʪʥʦʛʦ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Mathcad. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʫʟʣʘ ʪʨʝʥʠʷ ʚ ʚʠʜʝ 

ʪʦʥʢʦʛʦ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ ʩʦʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʜʚʠʞʥʦʛʦ ʩʪʳʢʘ çʥʘʧʨʘʚʣʷʶʱʠʝ - ʩʫʧʧʦʨʪè. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨʠ ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʩʦ ʩʤʘʟʢʦʡ, ʜʣʷ ʢʦʪʦʨʦʡ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʫʜʝʨʞʠʚʘʶʱʠʝ 

ʩʤʘʟʢʫ ʢʘʨʤʘʥʳ ʥʘ ʥʘʧʨʘʚʣʷʶʱʠʭ, ʚ ʚʠʜʝ ʨʘʩʯʝʪʥʳʭ ʘʤʧʣʠʪʫʜʥʦ - ʬʘʟʦʯʘʩʪʦʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɸʌʏʍ) ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʩʪʘʥʦʢ, ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ, ʠʥʩʪʨʫʤʝʥʪ, 

ʜʝʪʘʣʴè (ʉʇʀɼ) ʪʦʢʘʨʥʦʛʦ ʩʪʘʥʢʘ. ʋʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʘʨʝʪʢʠ ʪʦʢʘʨʥʦʛʦ 

ʩʪʘʥʢʘ ʩ ʬʪʦʨʦʧʣʘʩʪʦʚʳʤʠ ʥʘʢʣʘʜʢʘʤʠ, ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʪʢʣʦʥʝʥʠʡ ɸʌʏʍ, ʥʘ 

26% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʥʘʧʨʘʚʣʷʶʱʠʤʠ. ʅʘʣʠʯʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʩ ʢʘʨʤʘʥʘʤʠ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʩʤʘʟʢʠ ʧʦʚʳʰʘʝʪ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ 

ʉʇʀɼ ʥʘ 39% ʧʨʠ ʘʙʨʘʟʠʚʥʦʡ ʩʨʝʜʝ. ʇʨʠ ʯʠʩʪʦʡ ʩʤʘʟʢʝ ʫʤʝʥʴʰʝʥʠʝ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ ʜʣʷ 

ʩʪʳʢʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʬʪʦʨʦʧʣʘʩʪʘ ʌ4ʂ15ʄ5 ʜʦʩʪʠʛʘʝʪ 21% ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʥʘʧʨʘʚʣʷʶʱʠʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʫʜʝʨʞʠʚʘʶʱʠʭ ʢʘʨʤʘʥʦʚ ʥʘ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʥʠʞʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ɸʌʏʍ ʥʘ 31%. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ, ʠʭ ʨʝʤʦʥʪʝ ʠ 

ʩʦʟʜʘʥʠʠ ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʯʥʳʭ ʜʝʪʘʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʤʝʪʘʣʣʦʨʝʞʫʱʠʝ ʩʪʘʥʢʠ, ʧʦʜʚʠʞʥʳʡ ʩʪʳʢ çʥʘʧʨʘʚʣʷʶʱʠʝ - ʢʘʨʝʪʢʘè 
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Abstract. Turning work is one of the most common in the maintenance and repair of 

agricultural equipment. The dynamic characteristics of lathes under semi-fluid sliding friction were 

studied. Software modeling using the Mathsad program was used. The computational model of the 

friction unit in the form of a thin layer of the material of the honeycomb structure for determining 

the dynamic characteristics of the movable joint ñguides-caliperò was proposed in the work. New 

integral dependences were obtained under conditions of sliding friction with lubricant, for which 

lubricant retention pockets on guides are provided, in the form of design amplitude-phase-

frequency characteristics (AFCh) of the dynamic system ñmachine tool, tool, partò (AIDS) of a 

lathe. It was established that the manufacture of a carriage of a lathe with fluoroplastic overlays 
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leads to a decrease in the AFCH deviations, by 26% compared with traditional guides. The 

presence of guides on the surface with pockets to hold the lubricant increases the vibration 

resistance of the AIDS system by 39% under abrasive conditions. Reducing the level of vibration for 

the joint consisting of fluoroplastic F4K15M5 reaches 21%, in comparison with traditional guides, 

with a clean lubricant. It has been established that the presence of retaining pockets on the guides 

reduces the negative values of AFCh by 31%. The results of the work are recommended to take into 

account when designing machine tools, their repair and the creation of technologies for the 

manufacture of precision parts. 

Key words: electromechanical processing, dynamic characteristics, metal-cutting machines, 

movable joint " guides - carriageè. 

 

ɺʚʝʜʝʥʠʝ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʷʚʣʷʶʪʩʷ ʪʦʢʘʨʥʳʝ 

ʨʘʙʦʪʳ.  

ɺ ʘʣʛʦʨʠʪʤʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥ 

ʪʨʝʙʫʝʪʩʷ ʙʝʩʢʦʤʧʨʦʤʠʩʩʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚʦʧʨʦʩʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ ʷʚʣʝʥʠʷʤ, 

ʧʨʠ ʠʭ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʪʘʥʢʦʩʪʨʦʝʥʠʶ - ʵʪʦ ʩʦʟʜʘʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ 

ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʩʠʩʪʝʤʝ çʩʪʘʥʦʢ, ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ, ʠʥʩʪʨʫʤʝʥʪ, ʜʝʪʘʣʴè 

(ʉʇʀɼ), ʪʦ ʝʩʪʴ ʥʝʜʦʧʫʱʝʥʠʝ ʧʨʦʜʦʣʴʥʳʭ ʤʠʢʨʦʧʝʨʝʤʝʱʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʠ ʚʠʙʨʘʮʠʡ ʚ ʧʦʜʚʠʞʥʳʭ ʩʪʳʢʘʭ 

ʤʝʪʘʣʣʦʨʝʞʫʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʫʩʣʦʚʠʡ, ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ ʩ ʥʘʠʤʝʥʴʰʠʤʠ 

ʦʪʢʣʦʥʝʥʠʷʤʠ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʬʦʨʤʳ, ʪ. ʝ. ʥʝʜʦʩʪʫʧʥʦʩʪʠ 

ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʪʘʙʠʣʴʥʳʭ ʧʦʣʦʞʝʥʠʡ ʨʝʟʮʘ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʫʚʝʣʠʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʉʇʀɼ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʩʫʧʧʦʨʪʘ ʤʝʪʘʣʣʦʨʝʞʫʱʝʛʦ ʩʪʘʥʢʘ, ʧʦʚʳʩʠʪ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʪʦʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ 

ʧʦʣʫʯʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʉʇʀɼ ʧʨʠ ʧʝʨʝʜʚʠʞʝʥʠʠ 

ʩʪʳʢʦʚ ʜʝʪʘʣʝʡ ʪʨʝʥʠʷ ʪʦʢʘʨʥʳʭ ʩʪʘʥʢʦʚ, ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʩʯʠʪʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 

çʘʚʪʦʢʦʣʝʙʘʥʠʡè, ʦʙʨʘʟʫʝʤʳʭ ʩʠʣʘʤʠ çʧʦʣʫʞʠʜʢʦʩʪʥʦʛʦè ʪʨʝʥʠʷ (ʬʨʠʢʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ), 

ʚ ʠʭ ʧʦʜʚʠʞʥʳʭ ʩʪʳʢʘʭ. ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʡ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʩʯʠʪʘʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʤʝʪʦʜʦʚ ʥʘʥʝʩʝʥʠʷ ʫʧʨʦʯʥʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʜʝʪʘʣʷʭ ʩ ʥʘʧʨʘʚʣʝʥʥʳʤ ʨʝʛʫʣʷʨʥʳʤ 

ʤʠʢʨʦʨʝʣʴʝʬʦʤ (ʈʄʈ), ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʪʨʝʥʠʷ, ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʪʦʯʥʦʩʪʠ ʠ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʧʨʷʛʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʤʘʢʩʠʤʘʣʴʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʙʦʯʠʤ ʨʝʞʠʤʘʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥ ʠ ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʪʦʯʥʦʩʪʴ ʠ 

ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʜʝʪʘʣʝʡ. 

ɿʥʘʯʠʪʝʣʴʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʜʣʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ 

ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤ ʧʨʦʜʫʢʮʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʚʣʘʜʝʝʪ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ (ʕʄʆ), ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʣʦʢʘʣʴʥʦʤ ʢʦʥʪʘʢʪʥʦʤ ʚʣʠʷʥʠʠ 

ʠʥʩʪʨʫʤʝʥʪʘ (ʨʦʣʠʢʘ) ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʜʝʪʘʣʴ, ʠ ʪʦʯʝʯʥʳʤ ʥʘʛʨʝʚʦʤ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʘʛʦʪʦʚʢʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ. ɺʩʣʝʜʩʪʚʠʝ ʚʦʟʥʠʢʘʶʱʠʭ 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʫʧʨʦʯʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ. 

ʇʨʠ ʵʪʦʤ ʚʦʧʨʦʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʕʄʆ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʈʄʈ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʝʪʘʣʝʡ, ʚʭʦʜʷʱʠʭ ʚ ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʉʇʀɼ ʩ ʠʟʛʦʪʦʚʣʝʥʠʝʤ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʘʨʤʘʥʦʚ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʩʤʘʟʢʠ ʥʝ ʠʟʫʯʘʣʦʩʴ [1]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʦʪʨʫʜʥʠʢʘʤʠ ʌɻɹʆʋ ɺʆ ʋʣʴʷʥʦʚʩʢʠʡ ɻɸʋ 

ʧʦʣʫʯʝʥ ʧʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ çʉʧʦʩʦʙ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡè [2]. ʂʣʶʯʝʚʳʤ 
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ʤʦʤʝʥʪʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʢʘʟʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʥʘʥʝʩʝʥʠʝ, ʩ ʧʦʤʦʱʴʶ 

ʪʝʭʥʦʣʦʛʠʠ ʕʄʆ ʠʥʩʪʨʫʤʝʥʪʦʤ ï ʚʨʘʱʘʶʱʠʤʩʷ ʨʦʣʠʢʦʤ [3] ʠʣʠ ʧʫʯʢʦʤ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ, ʧʨʦʛʨʘʤʤʥʦ ʟʘʜʘʥʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʥʘ ʜʝʪʘʣʠ. ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʵʬʬʝʢʪʘ, 

ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʪʴ ʥʘʧʨʘʚʣʝʥʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʜʝʪʘʣʠ ʠ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʨʦʣʠʢʘ (ʧʦ ʪʨʝʢʫ ʟʦʥʳ ʢʦʥʪʘʢʪʘ), ʦʪʣʠʯʥʫʶ ʦʪ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ, ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʘʰʠʥ, ʥʘ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʨʦʢʦʚ ʚʥʝʜʨʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʩʪʘʥʢʦʚ, 

ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʫʛʘʜʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʝʛʦ ʚʥʝʜʨʝʥʠʷ 

ʧʫʪʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʉʇʀɼ [9]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʥʠʷ ʩʪʳʢʘ ʪʦʢʘʨʥʦʛʦ ʩʪʘʥʢʘ 

(ʥʘʧʨʘʚʣʷʶʱʠʝ ï ʢʘʨʝʪʢʘ), ʧʨʠʤʝʥʝʥʘ ʤʦʜʝʣʴ ʪʨʝʥʠʷ ʩ ʜʚʫʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ [4], ʩ 

ʫʪʦʯʥʝʥʠʷʤʠ ʚ ʨʘʟʜʝʣʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʘʩʣʷʥʦʛʦ ʢʣʠʥʘ [5]. ʅʘ 

ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʜʚʠʞʝʥʠʷ ʢʘʨʝʪʢʠ ʧʦ ʥʘʧʨʘʚʣʷʶʱʠʤ ʩʢʦʣʴʞʝʥʠʷ ʪʦʢʘʨʥʦʛʦ 

ʩʪʘʥʢʘ, ʩ ʟʘʜʘʶʱʠʤ ʟʚʝʥʦʤ, ʜʚʠʞʫʱʠʤʩʷ ʨʘʚʥʦʫʩʢʦʨʝʥʥʦ ʩʦ ʩʪʘʙʠʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ (Vs), ʩ 

ʪʝʣʦʤ (ʢʘʨʝʪʢʦʡ) ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʦʡ (m), ʜʚʠʛʘʶʱʠʤʠʩʷ ʧʦ ʥʘʧʨʘʚʣʷʶʱʠʤ ʧʨʠ ʞʠʜʢʦʩʪʥʦʡ 

ʩʤʘʟʢʝ. ʇʝʨʝʜʘʪʦʯʥʦʝ ʟʚʝʥʦ ʧʨʠʚʷʟʘʥʦ ʢ ʤʘʩʩʝ ʧʝʨʝʤʝʱʘʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʯʝʨʝʟ ʧʨʫʞʠʥʫ 

ʞʝʩʪʢʦʩʪʴʶ (Cy). 

 

 
m ï ʤʘʩʩʘ ʢʘʨʝʪʢʠ; Cʫ ï ʢʦʥʪʘʢʪʥʘʷ ʞʝʩʪʢʦʩʪʴ ʩʪʳʢʘ çʥʘʧʨʘʚʣʷʶʱʠʝ ï ʢʘʨʝʪʢʘè;  

Vc ï ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʢʘʨʝʪʢʠ 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʜʚʠʞʝʥʠʷ ʢʘʨʝʪʢʠ ʧʦ ʥʘʧʨʘʚʣʷʶʱʠʤ ʩʪʘʥʢʘ  

 

ʇʦ ʠʪʦʛʘʤ ʥʘʭʦʞʜʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʣʝʜʫʝʪ ʚʳʨʘʟʠʪʴ ʧʝʨʝʜʘʪʦʯʥʫʶ 

ʬʫʥʢʮʠʶ ʧʘʨʳ ʪʨʝʥʠʷ çʥʘʧʨʘʚʣʷʶʱʠʝ ï ʢʘʨʝʪʢʘè, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ɸʌʏʍ ʩʠʩʪʝʤʳ ʉʇʀɼ 

ʪʦʢʘʨʥʦʛʦ ʩʪʘʥʢʘ, ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʝʝ ʩʪʘʙʠʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʨʠʥʮʠʧ ʥʘʭʦʞʜʝʥʠʷ 

ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦʜʚʠʞʥʦʛʦ ʩʪʳʢʘ ʫʢʘʟʘʥ ʚ ʨʘʙʦʪʘʭ [5, 6, 7]. 

ɺ ʦʙʱʝʤ ʚʠʜʝ, ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʩ ʫʯʝʪʦʤ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʚʩʝʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʠ ʟʘʤʝʥʳ ʧʝʨʝʤʝʥʥʦʡ ʚʳʛʣʷʜʠʪ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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ʛʜʝ k  - ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ; 2T 1T  - ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ 

ʩʪʳʢʘ çʥʘʧʨʘʚʣʷʶʱʠʝ ï ʢʘʨʝʪʢʘè 
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 - ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ; b  - ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʥʘʢʣʦʥʘ ʩʪʘʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʝʥʠʷ; 
0yh

S
bg

+

Ö
=
m

 - ʢʦʵʬʬʠʮʠʝʥʪ ʞʠʜʢʦʩʪʥʦʛʦ ʪʨʝʥʠʷ 

(ʚʷʟʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ); 
yc

h
b =1  - ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʚʩʧʣʳʪʠʷ; rb  - ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʘʩʩʝʷʥʠʷ ʵʥʝʨʛʠʠ ʚ ʮʝʧʠ ʧʨʠʚʦʜʘ; 
1w - ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ, ɻʮ. 

ʉ ʮʝʣʴʶ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʫʪʦʯʥʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʨ ʪʨʝʥʠʷ ʪʦʢʘʨʥʦʛʦ ʩʪʘʥʢʘ ʘʚʪʦʨʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ [8, 9], ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠʥʪʝʛʨʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʢʘʨʥʳʭ ʩʪʘʥʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʫʞʠʜʢʦʩʪʥʦʛʦ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʠ 

ʧʦʩʪʨʦʝʥʠʷ ɸʌʏʍ ʘʚʪʦʨʳ ʧʨʠʤʝʥʠʣʠ ʧʨʦʛʨʘʤʤʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʩʪʳʢʘ 

çʥʘʧʨʘʚʣʷʶʱʠʝ ï ʢʘʨʝʪʢʘè, ʚ ʚʠʜʝ ʪʦʥʢʦʛʦ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ ʩʦʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʨʠʤʝʥʷʷ 

ʧʨʦʛʨʘʤʤʫ Mathcad. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʢʦʤʙʠʥʘʮʠʷʭ 

ʫʩʣʦʚʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʪʳʢʘ çʥʘʧʨʘʚʣʷʶʱʠʝ ï ʢʘʨʝʪʢʘè: 1. ʉʝʨʳʡ ʯʫʛʫʥ (ʉʏ), ʫʧʨʦʯʥʝʥʥʳʡ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ï ʉʏ, ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ; 2. ʉʏ, ʫʧʨʦʯʥʝʥʥʳʡ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩ ʥʘʧʨʘʚʣʝʥʥʳʤ ʨʝʛʫʣʷʨʥʳʤ ʤʠʢʨʦʨʝʣʴʝʬʦʤ ï ʉʏ, ʚ 

ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ; 3. ʉʏ, ʫʧʨʦʯʥʝʥʥʳʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ï ʬʪʦʨʦʧʣʘʩʪ 

ʌ4ʂ15ʄ5; 4. ʉʏ, ʫʧʨʦʯʥʝʥʥʳʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩ ʥʘʧʨʘʚʣʝʥʥʳʤ 

ʨʝʛʫʣʷʨʥʳʤ ʤʠʢʨʦʨʝʣʴʝʬʦʤ ï ʬʪʦʨʦʧʣʘʩʪ ʌ4ʂ15ʄ5 ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʤʘʟʢʠ 

ʙʝʟ ʘʙʨʘʟʠʚʘ ʠ ʟʘʛʨʷʟʥʝʥʥʦʡ ʩʤʘʟʢʝ ʩ ʘʙʨʘʟʠʚʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ʇʦʩʪʨʦʝʥʥʳʝ ʚʘʨʠʘʥʪʳ 

ɸʌʏʍ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ ʉʇʀɼ ʤʝʪʘʣʣʦʨʝʞʫʱʝʛʦ ʩʪʘʥʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 2. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ɸʌʏʍ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ 

ʉʇʀɼ ʜʣʷ ʫʩʣʦʚʥʦʡ ʟʘʛʦʪʦʚʢʠ ʪʠʧʘ ʚʘʣ ʜʠʘʤʝʪʨʦʤ 80 ʤʤ, ʥʘʣʠʯʠʝ ʚ ʧʦʜʚʠʞʥʦʤ ʩʪʳʢʝ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʢʦʣʴʞʝʥʠʷ ʠʟ ʬʪʦʨʦʧʣʘʩʪʘ ʌ4ʂ15ʄ5, ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ɸʌʏʍ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʯʫʛʫʥʥʳʤʠ 

ʥʘʧʨʘʚʣʷʶʱʠʤʠ, ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 26%. ʅʘʥʝʩʝʥʠʝ ʈʄʈ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʘʨʤʘʥʦʚ ʥʘ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʩʤʘʟʢʠ, ʜʘʝʪ ʩʥʠʞʝʥʠʝ ʚʠʙʨʘʮʠʠ ʥʘ 39% ʧʨʠ ʘʙʨʘʟʠʚʥʦʡ 

ʩʨʝʜʝ. ɺ ʩʤʘʟʢʝ ʙʝʟ ʘʙʨʘʟʠʚʘ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ɸʌʏʍ ʜʣʷ ʩʪʳʢʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʬʪʦʨʦʧʣʘʩʪʘ ʌ4ʂ15ʄ5 ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 21% ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʢʘʨʝʪʢʠ. ʇʨʠʩʫʪʩʪʚʠʝ ʈʄʈ ʩ ʫʜʝʨʞʠʚʘʶʱʠʤʠ ʢʘʨʤʘʥʘʤʠ ʥʘ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʩʥʠʞʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ɸʌʏʍ ʥʘ 31%. 

ɿʘʢʣʶʯʝʥʠʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ 

ʩʪʳʢʘ ʤʝʪʘʣʣʦʨʝʞʫʱʝʛʦ ʩʪʘʥʢʘ, ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ çʩʫʧʧʦʨʪ ï 

ʥʘʧʨʘʚʣʷʶʱʠʝè ʚ ʚʠʜʝ ʪʦʥʢʦʛʦ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʥʠʤʘʪʴ ʚʦ 

ʚʥʠʤʘʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʩʣʦʚʠʡ ʪʨʝʥʠʷ ʩʦ ʩʤʘʟʢʦʡ. 

ʋʢʘʟʘʥʥʳʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʦʙʦʣʦʯʢʝ Mathcad. ʇʨʠ 

ʨʘʩʯʝʪʝ ʧʨʠʤʝʥʷʣʠʩʴ ʫʪʦʯʥʝʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʠʦʙʨʝʪʝʥʥʳʝ ʧʨʠ 
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ʧʨʦʚʝʜʝʥʠʠ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʮʦʚ. ʈʘʩʯʝʪ ʩʪʳʢʘ ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʣʘʛʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʝʛʦ ʠʩʧʦʣʥʝʥʠʷ ʧʨʠ ʚʘʨʠʘʪʠʚʥʳʭ ʨʝʞʠʤʘʭ ʪʨʝʥʠʷ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʧʦʩʪʨʦʝʥʳ ɸʌʏʍ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʪʦʢʘʨʥʦʛʦ 

ʩʪʘʥʢʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʰʝʥʠʡ ʠ ʫʯʠʪʳʚʘʪʴ ʠʭ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʦʩʦʙʦ ʪʦʯʥʳʭ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ. 

 
    ʘ)      ʙ) 

 
    ʚ)      ʛ) 

ʩʤʘʟʢʘ ʩ ʘʙʨʘʟʠʚʦʤ: ʘ - ʉʏ, ʫʧʨʦʯʥʝʥʥʳʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ï ʉʏ, ʚ 

ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ; ʙ - ʉʏ, ʫʧʨʦʯʥʝʥʥʳʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩ ʥʘʧʨʘʚʣʝʥʥʳʤ 

ʨʝʛʫʣʷʨʥʳʤ ʤʠʢʨʦʨʝʣʴʝʬʦʤ ï ʉʏ, ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ; ʯʠʩʪʘʷ ʩʤʘʟʢʘ: ʚ - ʉʏ, ʫʧʨʦʯʥʝʥʥʳʡ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ï ʬʪʦʨʦʧʣʘʩʪ ʌ4ʂ15ʄ5; ʛ - ʉʏ, ʫʧʨʦʯʥʝʥʥʳʡ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩ ʥʘʧʨʘʚʣʝʥʥʳʤ ʨʝʛʫʣʷʨʥʳʤ ʤʠʢʨʦʨʝʣʴʝʬʦʤ ï ʬʪʦʨʦʧʣʘʩʪ 

ʌ4ʂ15ʄ5 

ʈʠʩʫʥʦʢ 2 ï ɸʌʏʍ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʘʪʣʠʚʦʩʪʠ ʤʝʪʘʣʣʦʨʝʞʫʱʝʛʦ ʩʪʘʥʢʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʠʩʧʦʣʥʝʥʠʷ ʩʪʳʢʘ çʥʘʧʨʘʚʣʷʶʱʠʝ ï ʢʘʨʝʪʢʘè 
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ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʤʝʰʘʣʢʠ, ʦʙʲʝʤʘ ʠ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʝʤʢʦʩʪʠ 

ʩʤʝʩʠʪʝʣʷ, ʜʦʣʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʤʝʩʠ. ʇʨʦʚʝʜʝʥʥʳʡ ʯʠʩʣʝʥʥʳʡ 

ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ 

ʧʦʪʨʝʙʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. ʆʧʨʝʜʝʣʷʶʱʠʤ ʜʣʷ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʩʤʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʦʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʧʦʪʨʝʙʥʘʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʤʝʩʠ, 

ʪʦʛʜʘ, ʢʘʢ ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫʚʝʣʠʯʠʚʘʶʪ ʣʠʙʦ ʫʤʝʥʴʰʘʶʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʘʢʪʘ 

ʩʤʝʰʝʥʠʷ ʚʩʝʛʦ ʣʠʰʴ ʥʘ ʜʦʣʠ ʦʪ ʦʩʥʦʚʥʦʛʦ ʬʘʢʪʦʨʘ. ʋʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʤʝʩʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʩʥʠʞʝʥʠʠ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʝʤʢʦʩʪʠ ʠ ʝʝ ʦʙʲʝʤʘ ʩ ʨʦʩʪʦʤ ʜʦʣʠ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʤʝʰʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ 

ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʩʪʫʧʝʥʯʘʪʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʠ ʚ ʦʜʥʦʡ ʝʤʢʦʩʪʠ, ʢʦʛʜʘ 

ʚʥʘʯʘʣʝ ʥʘ ʦʩʥʦʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʧʨʝʤʠʢʩʘ) ʠ ʯʘʩʪʠ ʥʘʧʦʣʥʠʪʝʣʷ 

ʧʨʠʛʦʪʘʚʣʠʚʘʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʩʤʝʩʴ ʩ ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ 80% ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʝʤʢʦʩʪʠ 

ʥʘ 20%, ʧʦʩʣʝ ʯʝʛʦ ʜʦʙʘʚʣʷʝʪʩʷ ʦʩʪʘʚʰʠʡʩʷ ʥʘʧʦʣʥʠʪʝʣʴ ʜʦ ʟʘʧʦʣʥʝʥʠʷ ʝʤʢʦʩʪʠ ʥʘ 70% ʠ 

ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ ʜʦ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʤʝʩʠ 90%. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʝʰʘʣʢʘ, ʣʦʧʘʩʪʴ, ʩʤʝʩʠʪʝʣʴ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʤʝʰʝʥʠʷ. 
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Abstract. The results of numerical mathematical modeling of the effect of structural and 

technological parameters of a vertical blade mixer on the required mixing time of the components 

of a mixture are presented. The uniformity of the mixture is described by the exponential function of 

the mixing time and the mixing intensity factor. The function of the mixing intensity factor and the 

required mixing time from the blade length and angle, the number and rotational speed of the 

mixer, the volume and degree of filling of the mixer tank, the proportion of the control component 

and the uniformity of the mixture are determined. The numerical analysis of the obtained 

expressions made it possible to reveal the existing trends in the change in the required mixing time 

of the components. The determining factor for the duration of mixing is the proportion of the 

control component and the required uniformity of the mixture, while other indicators increase or 

decrease the duration of the mixing cycle by only a fraction of the main factor. Improving the 

quality of the mixture is observed with a decrease in the degree of filling of the container and its 

volume with an increase in the proportion of the control component and the duration of mixing. The 

obtained dependences make it possible to develop a technology for stepwise preparation of a 

mixture in one container, when a preliminary mixture with a uniformity of 80% is first prepared on 

the basis of the control component (premix) and the filler part, when the capacity is filled by 20%, 

after which the remaining filler is added to fill the container by 70% and The components are mixed 

until the mixture is evenly 90%. 

Key words: Stirrer, blade, mixer, mixing time. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʨʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ ʈʦʩʩʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ ʧʨʠʤʝʥʷʶʪʩʷ ʩʘʤʳʝ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʤʝʩʠ ʠ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ [1-3]. ʅʘ ʠʭ ʦʩʥʦʚʝ ʠʟʛʦʪʘʚʣʠʚʘʶʪ 

ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʧʨʦʜʫʢʮʠʶ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟʜʝʣʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʧʠʱʝʚʳʝ ʠ ʢʦʨʤʦʚʳʝ ʧʨʦʜʫʢʪʳ. [1-5]. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʜʦʙʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʤʝʩʠʪʝʣʠ[4-9]. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʤʝʩʝʡ ʪʨʝʙʫʶʪ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʚʨʝʤʝʥʠ. [5,8,9] 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʳʷʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʣʠʷʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʣʦʧʘʩʪʥʦʛʦ ʩʤʝʩʠʪʝʣʷ ʥʘ ʧʦʪʨʝʙʥʫʶ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʥʝʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʢʘʯʝʩʪʚʘ ʩʤʝʰʝʥʠʷ ʣʦʧʘʩʪʥʳʤ ʩʤʝʩʠʪʝʣʝʤ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʧʦʣʫʯʝʥʠʝ ʚʳʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʢʘʯʝʩʪʚʘ ʩʤʝʩʠ, ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʩʷ 

ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʠʩʧʦʣʴʟʫʷ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ MathCAD. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʫʭʠʭ ʩʤʝʩʝʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʤʝʩʠʪʝʣʴ [10], ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ.1. ʉʤʝʩʠʪʝʣʴ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʨʘʤʝ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʝʤʢʦʩʪʠ2 ʩ ʚʘʣʦʤ 1, ʥʘ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʰʘʣʢʘ. ʄʝʰʘʣʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʚʪʫʣʢʫ5 ʩ ʨʘʜʠʘʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ 4, ʨʘʟʤʝʱʝʥʥʳʤʠʢ ʜʥʠʱʫ ʧʦʜ ʫʛʣʦʤ a. ʅʘ ʢʦʥʮʘʭ 

ʣʦʧʘʩʪʝʡ 4 ʢʨʝʧʷʪʩʷ ʥʘʢʣʘʜʢʠ ʚ ʚʠʜʝ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʣʦʧʘʪʦʢ 3. ʇʦʛʨʫʟʢʘ ʠʥʛʨʝʜʠʝʥʪʦʚ 

ʩʤʝʩʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʚʝʨʭʫ ʧʨʠ ʜʚʠʞʫʱʝʡʩʷ ʤʝʰʘʣʢʝ. ɺ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʩʤʝʰʝʥʠʷ 

ʠʥʛʨʝʜʠʝʥʪʳ ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʜʦ ʥʘʜʣʝʞʘʱʝʛʦ ʢʘʯʝʩʪʚʘ. ʇʦ ʟʘʚʝʨʰʝʥʠʶ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʩʤʝʩʴ ʚʳʛʨʫʞʘʝʪʩʷ ʠʟ ʩʤʝʩʠʪʝʣʴʥʦʡ ʝʤʢʦʩʪʠ ʯʝʨʝʟ ʙʦʢʦʚʦʝ ʦʪʚʝʨʩʪʠʝ. 
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ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʘʤ ʨʷʜʘ ʘʚʪʦʨʦʚ [11, 12], ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʘʚʥʦʤʝʨʥʦʩʪʠ (0,01%) 

ʧʨʠʛʦʪʘʚʣʠʚʘʝʤʦʡ ʩʤʝʩʠ ʩʧʨʘʚʝʜʣʠʚʦ ʫʨʘʚʥʝʥʠʝ: 

Q ρ Ὡ ǬÖǬȟ       (1) 

ʛʜʝ k` ï ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ; ʊ ̀ï ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʩʤʝʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʩ. 

ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʩʤʝʩʠʪʝʣʝʡ (ʚʢʣʶʯʘʷ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʩʤʝʩʠʪʝʣʷ) ʟʥʘʯʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ k` ʙʫʜʝʪ ʨʘʟʣʠʯʥʳʤ [13].  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʘ ʢʘʯʝʩʪʚʦ ʩʤʝʩʠ ʧʨʠʛʦʪʘʚʣʠʚʘʝʤʦʡ ʚ 

ʫʩʣʦʚʠʷʭ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚ, ʩʣʝʜʫʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʨʦʙʘʭ: Qzoo=90%. [14] 

 
1 ï ʚʘʣ ʧʨʠʚʦʜʥʦʡ; 2 ï ʝʤʢʦʩʪʴ ʩʤʝʩʠʪʝʣʴʥʘʷ; 3 ï ʣʦʧʘʪʢʘ ʩʠʥʫʩʦʠʜʘʣʴʥʘʷ; 4 ï ʣʦʧʘʩʪʴ 

ʨʘʜʠʘʣʴʥʘʷ ʤʝʰʘʣʢʠ; 5 ï ʚʪʫʣʢʘ ʢʨʝʧʝʞʥʘʷ ʤʝʰʘʣʢʠ; 6 ï ʧʦʜʰʠʧʥʠʢʦʚʘʷ ʦʧʦʨʘ ʩʤʝʩʠʪʝʣʷ ʥʠʞʥʷʷ 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʩʤʝʩʠʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ(ʧʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ˉ165692) 

 

ʈʘʚʥʦʤʝʨʥʦʩʪʴ ʩʤʝʩʠ (ʢʘʢ çʦʪʥʦʩʠʪʝʣʴʥʘʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴè [15], %) ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ 

ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ n (%) ʩʦʜʝʨʞʘʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʨʦʙʘʭ [16]: 

Q ρππn.  ʊʦʛʜʘ: Qzoo=90%@nzoo=10%. 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʨʝʤʷ ʩʤʝʰʝʥʠʷ ʦʧʨʝʜʝʣʠʪʩʷ, ʩ: 

Ὕ²
 n

Ǭ
.  ʀʣʠ ʜʣʷ Qzoo=90% Ὕ²

В
.     (2) 

ʛʜʝ Ski ï ʩʫʤʤʘʨʥʳʡ ʩʦʤʥʦʞʠʪʝʣʴ ʵʤʧʠʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʩʤʝʰʝʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʨʷʜʘ ʩʝʨʠʡ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʠ [13], ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʤʝʰʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʤʝʩʠʪʝʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʫʥʢʮʠʶ: 

ËǬ ρχȟυςωϽ
ρȟωψςςφȟςφχφρϽρπ Ͻ4

ρȟωψςς4Ͻπȟτφςωτυ
πȟτφσσψ
%ȟ

Ͻ
6 ȟ

6
4

ȟ Ͻ

ρ
4Ͻ$

ȟ

ρ
$

ȟ Ͻ 

Ͻ

ȟ

ȟ
Ͻȟ

ȟ
Ͻ ȟ Ͻ ȟ Ͻ ȟ Ͻ ȟ

Ȣ  (3) 

 

ʋʢʘʟʘʥʥʳʡ ʩʫʤʤʘʨʥʳʡ ʩʦʤʥʦʞʠʪʝʣʴ ʵʤʧʠʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʤʝʰʝʥʠʷ 

ʜʣʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʤʝʩʠʪʝʣʷʧʨʠ Qzoo=90% ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʨʘʞʝʥʠʝ: 
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SὯ ςȟτσρτχςϽ

6
4

ȟ

ρ
Ὕ

ȟ Ͻ
ρȟωψςς4Ͻπȟτφςωτυ

πȟτφσσψ
Ὁȟ

ρȟωψςςφȟςφχφϽρπϽ4
Ͻ
πȟψρυωχψȟ

ὠ ȟ Ͻ 

ϽὈ ȟ Ͻὲȟ Ͻὤȟ ϽÓÉÎ‌ ȟ Ͻ
ȟ

Ȣ(4) 

ʊʝʤ ʩʘʤʳʤ, ʧʦʣʫʯʝʥʘ ʨʘʩʯʝʪʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʢʘʯʝʩʪʚʘ ʩʤʝʩʠ, ʫʯʠʪʳʚʘʶʱʘʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʤʝʩʠʪʝʣʷ. 

ʅʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʫʢʘʟʘʥʥʦʡ ʤʦʜʝʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ (ʨʠʩ. 2, 

3) ʧʘʨʘʤʝʪʨʦʚ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʨʘʟʥʦʤ ʫʨʦʚʥʝ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʬʘʢʪʦʨʦʚ (ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʦʩʪʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ: n=340 ʤʠʥ
-1

; a=52̄ ; L=0,06 ʤ; 

Z=6 ʰʪ.; Vo=0,03 ʤ
3
; E=0,7; Dk=10%) ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʤʝʩʠ 90%.  

ʉʨʘʚʥʠʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʨʝʙʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʤʝʰʝʥʠʷ (ʊʩ) ʧʨʠ 

ʫʛʣʘʭa=52̄  ʠ a=60̄ , ʚʠʜʥʦ, ʯʪʦ ʦʥʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʨʘʟʣʠʯʘʶʪʩʷ. ɺʣʠʷʥʠʝ ʜʣʠʥʳ ʣʦʧʘʪʦʢ 

ʙʣʠʟʢʦ ʢ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʩʦʢʨʘʱʘʷ ʚʨʝʤʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʣʦʧʘʪʦʢ. ʋʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʣʦʧʘʩʪʝʡ ʩʦʢʨʘʱʘʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʤʝʰʝʥʠʷ ʥʘ 3...4 ʩʝʢʫʥʜʳ ʥʘ ʢʘʞʜʫʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʣʦʧʘʩʪʴ, ʪ.ʝ. ʚʣʠʷʥʠʝ ʥʝʩʫʱʝʩʪʚʝʥʥʦ.  

ʘ 

ʙ 

ʚ 

ʛ 

ʜ 

ʈʠʩʫʥʦʢ 2 ï ɺʣʠʷʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʥʝʦʙʭʦʜʠʤʫʶ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʤʝʰʝʥʠʷ ʊʩ (ʩ): ʘ ï ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʩʪʝʡ a, ʛʨʘʜ.; ʙ ï ʜʣʠʥʳ ʣʦʧʘʪʦʢ L, ʤ; 

ʚ ï ʯʠʩʣʘ ʣʦʧʘʩʪʝʡ Z, ʰʪ.; ʛ ï ʦʙʲʝʤʘ ʩʤʝʩʠʪʝʣʴʥʦʡ ʝʤʢʦʩʪʠ Vo, ʤ
3
; ʜ ï ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʤʝʰʘʣʢʠn`, ʤʠʥ
-1
 



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

 

~22~ 

ʘ 

ʙ 

ʈʠʩʫʥʦʢ 3 ï ɺʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʩʤʝʰʝʥʠʷ ʊʩ (ʩ): ʘ ï ʜʦʣʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, %; ʙ ï ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ 

ʩʤʝʩʠʪʝʣʴʥʦʡ ʝʤʢʦʩʪʠ, 0,01% 

 

ʈʦʩʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʤʝʰʘʣʢʠ ʦʪ 340 ʤʠʥ
-1
 ʜʦ 1000 ʤʠʥ

-1
ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʩʤʝʰʝʥʠʷʩ 

163ʩ ʜʦ 140ʩ, ʦʜʥʘʢʦ, ʵʪʦ ʥʝ ʩʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʤʝʩʠʪʝʣʷ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʚ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ. ʇʨʠ ʦʙʲʝʤʝ ʩʤʝʩʠʪʝʣʷ ʙʦʣʝʝ 0,025 ʤ
3
ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʤʝʰʝʥʠʷ ʧʦʯʪʠ ʧʦ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ʉʥʠʞʝʥʠʝ ʜʦʣʠ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʩʤʝʰʝʥʠʷ ʧʦ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

ʋʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʝʤʢʦʩʪʠ ʩʤʝʩʠʪʝʣʷ ʚ ʧʨʝʜʝʣʘʭ 0,2é0,8 ʧʦʚʳʰʘʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʩʤʝʰʝʥʠʷ ʩ ʫʯʝʪʦʤ ʦʙʲʝʤʘ ʝʤʢʦʩʪʠ ʦʪ 125ʩ (160ʩ) ʜʦ 163ʩ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ (ʨʠʩ.4) ʜʚʫʤʝʨʥʳʝ ʩʝʯʝʥʠʷ 

ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʤʝʩʠ ï ʨʘʚʥʦʤʝʨʥʦʩʪʠ Q=Vp ʧʨʠ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʝʤʢʦʩʪʠ ʩʤʝʩʠʪʝʣʷ 

ɽ=0,7 ʠ ɽ=0,2 ʜʣʷ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʩʪʠ Q=Vp=0,80 ʠ 

Q=Vp=0,90 ʧʦʣʫʯʝʥʳ ʫʧʨʦʱʝʥʥʳʝ ʤʦʜʝʣʠ ʧʦʪʨʝʙʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

(ʨʠʩ.5): 

Tc(Vp80 E0,7)=1/(0,00238087345350315ÖDk);     R=0,99853; F-ʪeʩʪ=0,905087; 

Tc(Vp80 E0,2)=1/(0,00342982278766489ÖDk);     R=0,98839; F-ʪeʩʪ=0,907458; (5) 

Tc(Vp90 E0,7)=1/(0,000491812254307771ÖDk);     R=0,99866; F-ʪeʩʪ=0,91276. 

 
ʈʠʩʫʥʦʢ 4 ï ɺʣʠʷʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʤʝʰʝʥʠʷ ʊʩ (ʩ) ʠ ʜʦʣʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ Dk 

(%) ʥʘ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʤʝʩʠ Q=Vp (0,01%) ʧʨʠ ɽ=0,7 ʠ ɽ=0,2 

ʘ  ʙ  
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ʚ  

ʈʠʩʫʥʦʢ 5 ï ɺʣʠʷʥʠʝ ʜʦʣʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ Dk (%) ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʤʝʰʝʥʠʷ 

ʊʩ (ʩ): ʘ ï ʧʨʠ Vp=80% ʠ E=0,7; ʙ ï ʧʨʠ Vp=80% ʠ E=0,2; ʚ ï ʧʨʠ Vp=90% ʠ E=0,7 

 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʪʫʧʝʥʯʘʪʦʛʦ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʜʥʦʡ ʩʤʝʩʠʪʝʣʴʥʦʡ 

ʝʤʢʦʩʪʠʫʢʘʟʘʥʥʦʛʦ ʩʤʝʩʠʪʝʣʷ ʦʙʲʝʤʦʤ 0,03 ʤ
3
ʤʘʩʩʘ ʧʨʠʛʦʪʘʚʣʠʚʘʝʤʦʡ ʩʤʝʩʠ ʩʦʩʪʘʚʠʪ 

ʄ=14,1 ʢʛ. ʈʘʙʦʪʘ ʩʤʝʩʠʪʝʣʷ ʧʨʠ ʜʦʣʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʧʨʝʤʠʢʩʘ) 1%, ʝʛʦ ʤʘʩʩʘ 

ʩʦʩʪʘʚʣʷʝʪ ʄʢʢ=0,14 ʢʛ ʧʨʠ ʤʘʩʩʝ ʥʘʧʦʣʥʠʪʝʣʷ ʄʥ=13,96 ʢʛ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʘʣʠʟʘʮʠʠ ʨʷʜʘ ʪʘʢʪʦʚ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ:  

1. ʇʝʨʚʠʯʥʦʝ ʩʤʝʰʠʚʘʥʠʝ. ʄʘʩʩʘ ʧʝʨʚʠʯʥʦʡ ʩʤʝʩʠ: ʄ1=ʄÖE0,2/E0,7=14,1Ö0,2/0,7=4 ʢʛ. 

ʇʨʠ ʵʪʦʤ ʜʦʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʝʨʚʠʯʥʦʡ ʩʤʝʩʠ ʩʦʩʪʘʚʠʪ 

Dk1=ʄʢʢ/ʄ1=0,14/4=3,5%. ʊʦʛʜʘ ʚʨʝʤʷ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ (ʨʠʩ.4) ʜʦ ʨʘʚʥʦʤʝʨʥʦʩʪʠ 80% 

[17] ʩʦʩʪʘʚʠʪ 115ʩ.  

2. ɺʪʦʨʠʯʥʦʝ ʩʤʝʰʠʚʘʥʠʝ. ɼʦʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʤʝʩʠ ʚ ʩʦʩʪʘʚʝ ʢʦʥʝʯʥʦʡ ʩʤʝʩʠ 

ʩʦʩʪʘʚʠʪ Dk2=ʄ1/ʄ=4/14,1=28,4%. ɺʨʝʤʷ ʩʤʝʰʝʥʠʷ ʩʤʝʩʠ (ʨʠʩ.4) ʜʦ ʧʦʪʨʝʙʥʦʡ 

ʨʘʚʥʦʤʝʨʥʦʩʪʠ 90% [14] ʩʦʩʪʘʚʠʪ 60ʩ. ʉʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ 

ʦʧʨʝʜʝʣʠʪʩʷ: ʊʩ=115+9+60=184ʩ, ʛʜʝ 9ʩ ï ʚʨʝʤʷ ʚʪʦʨʦʡ ʟʘʛʨʫʟʢʠ ʥʘʧʦʣʥʠʪʝʣʷ. 

ɿʘʪʨʘʯʠʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ ʧʨʠ ʨʘʙʦʪʝ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʩʤʝʰʝʥʠʷ ï 1,05 ʢɺʪ, ʧʨʠ 

ʨʘʙʦʪʝ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ï 2 ʢɺʪ. 

ɿʘʢʣʶʯʝʥʠʝ.  

ʇʨʦʚʝʜʝʥʥʳʡ ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʧʦʪʨʝʙʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʆʧʨʝʜʝʣʷʶʱʠʤ ʜʣʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʤʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʦʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʪʦʛʜʘ, 

ʢʘʢ ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫʚʝʣʠʯʠʚʘʶʪ ʣʠʙʦ ʫʤʝʥʴʰʘʶʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʘʢʪʘ ʩʤʝʰʝʥʠʷ ʚʩʝʛʦ 

ʣʠʰʴ ʥʘ ʜʦʣʠ ʦʪ ʦʩʥʦʚʥʦʛʦ ʬʘʢʪʦʨʘ. ʋʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʤʝʩʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʩʥʠʞʝʥʠʠ 

ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʝʤʢʦʩʪʠ ʠ ʝʝ ʦʙʲʝʤʘ ʩ ʨʦʩʪʦʤ ʜʦʣʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʤʝʰʝʥʠʷ.  

ʆʪʩʫʪʩʪʚʠʝ ʵʢʩʪʨʝʤʫʤʦʚ ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʫʤ ʧʦ 

ʢʘʯʝʩʪʚʫ ʩʤʝʩʠ, ʘ ʦʙʦʩʥʦʚʘʥʠʶ ʧʦʜʣʝʞʘʪ ʣʠʰʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʜʣʝʞʘʱʝʝ ʢʘʯʝʩʪʚʦ ʩʤʝʩʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʩʪʫʧʝʥʯʘʪʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʠ ʚ ʦʜʥʦʡ ʝʤʢʦʩʪʠ, ʢʦʛʜʘ ʚʥʘʯʘʣʝ ʥʘ ʦʩʥʦʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

(ʧʨʝʤʠʢʩʘ) ʠ ʯʘʩʪʠ ʥʘʧʦʣʥʠʪʝʣʷ ʧʨʠʛʦʪʘʚʣʠʚʘʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʩʤʝʩʴ ʩ ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ 

80% ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʝʤʢʦʩʪʠ ʥʘ 20%, ʧʦʩʣʝ ʯʝʛʦ ʜʦʙʘʚʣʷʝʪʩʷ ʦʩʪʘʚʰʠʡʩʷ ʥʘʧʦʣʥʠʪʝʣʴ ʜʦ 

ʟʘʧʦʣʥʝʥʠʷ ʝʤʢʦʩʪʠ ʥʘ 70% ʠ ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ ʜʦ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʤʝʩʠ 90%. 
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ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʩʭʦʜʷʱʝʛʦ ʩ ʣʦʧʘʪʦʢ, 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʘʢʪʦʚ ʧʦʣʝʪʘ, ʚʳʩʦʪʳ ʧʦʜʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʣʦʧʘʩʪʝʡ ʩ ʣʦʧʘʪʢʘʤʠ. ʇʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʤʝʰʘʣʢʠ 340 ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ 

ʩ ʨʘʩʯʝʪʥʦʡ ʜʣʠʥʦʡ ʣʦʧʘʪʦʢ 0,076 ʤ ʧʨʠ ʫʛʣʝ ʫʩʪʘʥʦʚʢʠ ʠʭ ʟʘʜʥʝʡ ʢʨʦʤʢʠ 52 ʛʨʘʜʫʩʘ ʚ 

ʝʤʢʦʩʪʠ ʜʠʘʤʝʪʨʦʤ 0,3 ʤ, ʢʦʣʠʯʝʩʪʚʦ ʣʦʧʘʩʪʝʡ ʜʣʷ ʧʩʝʚʜʦʢʠʧʷʱʝʛʦ ʨʝʞʠʤʘ ʩʤʝʰʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 10 ʰʪʫʢ, ʘ ʜʣʷ ʪʠʭʦʭʦʜʥʦʛʦ ï ʜʚʫʭ ʣʦʧʘʩʪʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʝʰʘʣʢʘ, ʣʦʧʘʩʪʴ, ʣʦʧʘʪʢʘ, ʩʤʝʩʠʪʝʣʴ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʤʝʰʝʥʠʷ. 

 

NUMERICAL STUDIES OF  MATERIAL MOVEMENT IN  A VERTICAL DUST 

MIXTURE  

Konovalov Vladimir Viktorovich 

Doctor of Technical Sciences, Professor of the Chair "Technology of Mechanical Engineering" 

FGBOU VO "Penza State Technological University" 

E-mail: konovalov-penza@rambler.ru 

Fomina Maria Vladimirovna 

Post-graduate student of the department "Technical service of machines" 

FGBOU VO "Penza State Agrarian University" 

E-mail: sha_penza@mail.ru 

Chupshev Alexey Vladimirovich 

Candidate of technical sciences, associate professor of the department  

"Technical service of machines" 

mailto:konovalov-penza@rambler.ru
mailto:sha_penza@mail.ru
mailto:sha_penza@mail.ru
mailto:sha_penza@mail.ru


ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

 

~27~ 

Teryushkov Vyacheslav Petrovich 

Candidate of technical sciences, associate professor of the department  

"Technical service of machines" 

FGBOU VO "Penza State Agrarian University" 

E-mail: sha_penza@mail.ru 

 

Abstract. The results of numerical mathematical modeling of material motion in a vertical 

blade mixer are presented. The purpose of the study is to check the results of analytical studies by 

numerical methods and to identify existing trends. The scheme of the mixing apparatus and the 

principle of its operation are given. A description is given of the function of the surface of 

sinusoidal blades, velocity and acceleration when the material moves along their surface. The 

numerical values of the indices for the speed of the mixer are 340 rpm. The theoretical functions of 

the flight altitude of the material and the flight time of the material in the tank are given. Graphs of 

changes in their values for different sections along the length of the blades and blades are 

presented. The function of the critical value of the number of blades with mixer blades is given. The 

critical values of the agitator blades for blade sections are established. The numerical analysis of 

the obtained expressions made it possible to reveal the existing trends in the vertical velocity of the 

material coming off the blades, the duration of the flight steps, the material lifting height and the 

critical value of the number of blades with blades. With a mixer speed of 340 rpm with an estimated 

blade length of 0.076 m at an angle of installation of their trailing edge of 52 degrees in a container 

with a diameter of 0.3 m, the number of blades for a puff-mixing mode of mixing components should 

not exceed 10 pieces, and for a slow-moving blades - two blades. 

Key words: Agitator, blade, blade, mixer, mixing modeling. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʨʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ ʈʦʩʩʠʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʤʝʩʠ ʠ 

ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ [1-3]. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʟʛʦʪʦʚʣʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʚʢʣʶʯʘʷ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʝ ʠʟʜʝʣʠʷ, ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ ʠ 

ʢʦʨʤʘ ʜʣʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. [1-5] ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʩʠʪʝʣʷ ʪʨʝʙʫʝʪʩʷ ʦʧʠʩʘʪʴ 

ʝʛʦ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ. ʉʜʝʣʘʪʴ ʵʪʦ ʚʦʟʤʦʞʥʦ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʪʘʢ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ. 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʚʝʨʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʯʠʩʣʝʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʠ ʚʳʷʚʣʝʥʠʝ ʠʤʝʶʱʠʭʩʷ ʪʝʥʜʝʥʮʠʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʥʝʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʥʘ ʦʩʥʦʚʝ ʩʠʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʠʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ, ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʩʷ ʯʠʩʣʝʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʠʩʧʦʣʴʟʫʷ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ MathCAD. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʫʭʠʭ ʩʤʝʩʝʡ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʩʤʝʩʠʪʝʣʠ [4-9]. ɺ ʯʘʩʪʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪ ʩʤʝʩʠʪʝʣʴ [10], ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩ.1 (ʧʘʪʝʥʪ ʥʘ 

ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ˉ165692). ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʤʢʦʩʪʴ 2 ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʚʘʣʦʤ 1, ʥʘ 

ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʘ ʤʝʰʘʣʢʘ. ʄʝʰʘʣʢʘ ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʚʪʫʣʢʠ 5 ʩ ʨʘʜʠʘʣʴʥʳʤʠ 

ʧʣʦʩʢʠʤʠ ʣʦʧʘʩʪʷʤʠ 4, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʧʦʜ ʫʛʣʦʤ a ʢ ʜʥʠʱʫ. ʅʘ ʢʦʥʮʘʭ ʣʦʧʘʩʪʝʡ 4 

ʢʨʝʧʷʪʩʷ ʥʘʢʣʘʜʢʠ ʚ ʚʠʜʝ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʣʦʧʘʪʦʢ 3. ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ 

ʧʦʜʦʙʥʳʭ ʩʤʝʩʠʪʝʣʴʥʳʭ ʝʤʢʦʩʪʝʡ ʦʜʥʘ ʚ ʜʨʫʛʦʡ ʧʦ ʪʠʧʫ çʤʘʪʨʝʰʢʘè. ɿʘʛʨʫʟʢʘ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʚʝʨʭʫ. ʇʦʩʣʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʴ ʚʳʛʨʫʞʘʝʪʩʷ ʯʝʨʝʟ ʙʦʢʦʚʦʝ 

ʦʪʚʝʨʩʪʠʝ, ʥʝ ʧʦʢʘʟʘʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ. 

ʂʦʦʨʜʠʥʘʪʘ ʚʳʩʦʪʳ ʚʝʨʭʥʝʡ ʪʝʢʫʱʝʡ ʪʦʯʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʚʳʨʘʞʝʥʠʶ, ʤ:    



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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ᾀὸ ὃϽÓÉÎὯÖ‫ϽὙϽὸ
“

ς
ρȢ 

ʛʜʝ w ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʦʚʦʨʦʪʘ ʤʝʰʘʣʢʠ, ʨʘʜ/ʩ; Ri ï ʪʝʢʫʱʠʡ ʨʘʜʠʫʩ ʣʦʧʘʪʢʠ ʥʘ i-ʤ 

ʫʯʘʩʪʢʝ ʝʝ ʜʣʠʥʳ, ʤ; t ï ʚʨʝʤʷ ʧʦʚʦʨʦʪʘ ʤʝʰʘʣʢʠ ʦʪ ʢʦʥʮʘ ʧʝʨʝʜʥʝʛʦ ʢʨʘʷ ʣʦʧʘʪʢʠ ʜʦ 

ʪʝʢʫʱʝʡ i-ʦʡ ʝʝ ʪʦʯʢʠ, ʩ; k ï ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʠʥʫʩʦʠʜʳ; ɸ ï ʧʦʣʦʚʠʥʘ ʘʤʧʣʠʪʫʜʳ 

ʩʠʥʫʩʦʠʜʳ ʣʦʧʘʪʢʠ. 

ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʪʝʣʠ k ʠ A ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʚʳʨʘʞʝʥʠʷʤʠ: 

Ὧ
Ͻ

ϽЍςὃϽὬ Ὤ;   ὃ
Ͻ
Ȣ 

ʛʜʝ h ï ʚʝʨʪʠʢʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ ʣʦʧʘʪʢʠ, ʤ; ao ï ʚʝʣʠʯʠʥʘ ʪʝʢʫʱʝʛʦ ʫʛʣʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʦʧʘʪʢʠ ʥʘ ʝʝ ʢʦʥʮʝ, ʛʨʘʜ.; L ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ ʣʦʧʘʪʢʠ, ʤ; 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʩʤʝʩʠʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ: 1 ï ʚʘʣ ʧʨʠʚʦʜʥʦʡ; 2 ï ʝʤʢʦʩʪʴ 

ʩʤʝʩʠʪʝʣʴʥʘʷ; 3 ï ʣʦʧʘʪʢʘ ʩʠʥʫʩʦʠʜʘʣʴʥʘʷ; 4 ï ʣʦʧʘʩʪʴ ʨʘʜʠʘʣʴʥʘʷ ʤʝʰʘʣʢʠ; 5 ï ʚʪʫʣʢʘ 

ʢʨʝʧʝʞʥʘʷ ʤʝʰʘʣʢʠ; 6 ï ʧʦʜʰʠʧʥʠʢʦʚʘʷ ʦʧʦʨʘ ʩʤʝʩʠʪʝʣʷ ʥʠʞʥʷʷ 

 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʣʦʧʘʪʢʠ h=0,047 ʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ 

L=0,06 ʤ ʯʠʩʣʝʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʣʝʥʦ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʢʘʟʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

ʟʥʘʯʝʥʠʝ ʫʛʣʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʠʥʫʩʦʠʜʳ k=24,15 ʠ ʧʦʣʦʚʠʥʳ ʘʤʧʣʠʪʫʜʳ ʩʠʥʫʩʦʠʜʳ 

ɸ=0,053 ʧʨʠ aʦ=52̄  ʧʨʠ ʨʘʩʯʝʪʥʦʡ ʜʣʠʥʝ ʣʦʧʘʪʦʢ (ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʧʝʨʝʜʥʠʤʠ ʠ ʟʘʜʥʠʤʠ ʢʨʦʤʢʘʤʠ ʣʦʧʘʪʦʢ) 0,076 ʤ. 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ ʘʙʩʦʣʶʪʥʦʡ ʩʢʦʨʦʩʪʠ ʦʧʨʝʜʝʣʠʪʩʷ, ʤ/ʩ: 

ᾀὸ ὃϽὯϽ‫ϽὙϽὧέÓὯÖ‫ϽὙϽὸ
“

ς
Ȣ 

ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʣʦʧʘʪʦʢ, ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʫʩʢʦʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʥʘʪʫʨʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʨʠ ʯʘʩʪʦʪʝ 

ʚʨʘʱʝʥʠʷ ʤʝʰʘʣʢʠ n=340 ʤʠʥ
-1

 ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ 2. 

ʋʩʢʦʨʝʥʠʝ, ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʡ ʩʝʢʪʦʨ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʚʚʝʨʭ 

ʧʦʩʣʝ ʩʭʦʜʘ ʩ ʣʦʧʘʩʪʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʠʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʠʪʩʷ, ʤ/ʩ
2
: 

ὥǬ ὫϽρ ”ϽὌǬ ϽὌ ϽЎὙ ЎὨ ϽὸὫj . 

ʛʜʝ Ὣ ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʤ/ʩ
2
; r ï ʧʣʦʪʥʦʩʪʴ ʚʦʨʦʭʘ ʤʘʪʝʨʠʘʣʘ, ʢʛ/ʤ3

; ЎὙ ï 

ʜʣʠʥʘ ʩʪʦʨʦʥʳ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʚʜʦʣʴ ʨʘʜʠʫʩʘ Ὑ ʜʣʷ i-ʛʦ ʫʯʘʩʪʢʘ, ʤ; Dd ï ʜʣʠʥʘ 

ʩʪʦʨʦʥʳ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʚʜʦʣʴ ʦʢʨʫʞʥʦʩʪʠ ʜʣʷ i-ʛʦ ʫʯʘʩʪʢʘ, ʤ; j ï ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ 

ʪʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ; Hi, ʅri ï ʨʘʩʯʝʪʥʘʷ ʚʳʩʦʪʘ ʧʦʜʥʠʤʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʵʣʝʤʝʥʪʘʨʥʳʤ 

ʩʝʢʪʦʨʘʤ ʜʣʷ i-ʛʦ ʫʯʘʩʪʢʘ (ʚ ʝʛʦ ʮʝʥʪʨʝ ʠ ʧʦ ʥʘʨʫʞʥʦʤʫ ʢʨʘʶ), ʤ: 

Ὄ Ὤ
Ͻ Ͻ

DὬ;          Ὄ Ὤ
Ͻ Ͻ ЎȾ

DὬ. 
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ʘ       ʙ  

ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢʠ ʥʘʪʫʨʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦ ʣʦʧʘʪʢʘʤ (y=Y ï 

ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʦʪ ʧʝʨʝʜʥʝʛʦ ʢʨʘʷ ʣʦʧʘʪʢʠ ʧʦ ʭʦʜʫ ʧʝʨʝʤʝʱʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʧʦ j-ʤ ʫʯʘʩʪʢʘʤ ʣʦʧʘʪʢʠ, ʤ) ʧʨʠ n=340 ʤʠʥ
-1

: ʘ ï ʢʦʦʨʜʠʥʘʪʳ ʚʳʩʦʪʳ ʪʦʯʝʢ 

ʧʦʣʦʞʝʥʠʷ ʣʦʧʘʪʢʠ Z1 ʧʦ j-ʤ ʫʯʘʩʪʢʘʤ ʣʦʧʘʪʢʠ, ʤ; ʙ ï ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʝʢʮʠʡ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ Z1  ̀ʧʦ j-ʤ ʫʯʘʩʪʢʘʤ ʣʦʧʘʪʢʠ, ʤ/ʩ 

 

ʇʨʠ ʵʪʦʤ hv ï ʚʝʣʠʯʠʥʘ ʚʳʩʦʪʳ ʦʪ ʜʥʠʱʘ ʝʤʢʦʩʪʠ ʜʦ ʜʥʘ ʚʦʨʦʥʢʠ, ʤ; kv ï ʧʦʧʨʘʚʦʯʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʥʠʞʝʥʠʷ ʪʝʢʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʨʦʥʢʠ; Ὑï ʨʘʜʠʫʩ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ iïʦʛʦ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʣʦʧʘʪʢʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʣʦʧʘʩʪʠ, ʤ; zci ï ʢʦʦʨʜʠʥʘʪʘ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʛʦ 

ʩʝʢʪʦʨʘ ʤʘʪʝʨʠʘʣʘ ʦʪ ʜʥʠʱʘ, ʤ; Dh ï ʟʘʟʦʨ ʤʝʞʜʫ ʜʥʠʱʝʤ ʠ ʤʝʰʘʣʢʦʡ (ʧʦʜ ʣʦʧʘʩʪʷʤʠ ʠ 

ʣʦʧʘʪʢʘʤʠ), ʤ; 

ὌǬ ςὬ ᾀ DὬ
Ͻ

. 

ɺʳʩʦʪʘ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʚʨʘʱʘʶʱʝʡʩʷ ʤʝʰʘʣʢʝ ʧʦ ʜʣʠʥʝ ʣʦʧʘʪʦʢ, ʤ: 

ὌǬ DὬ Ὤ Ὄ Ὤ Ὄ . 

ɺʳʩʦʪʘ ʧʦʣʝʪʘ ʩʝʢʪʦʨʘ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʠʪʩʷ, ʤ 

Ὤ
w Ͻ

ϽǬ

w Ͻ

ϽϽ ϽǬ Ͻ  ϽЎ Ў Ͻ jǬ
. 

ɺʳʩʦʪʘ ʧʦʣʝʪʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʝʢʪʦʨʦʚ ʜʦ ʢʨʳʰʢʠ ʝʤʢʦʩʪʠ ʧʦ ʜʣʠʥʝ ʣʦʧʘʪʦʢ, ʤ: 

ὬǬ Ὄ DὬ Ὤ Ὄ Ὤ , 

ʛʜʝ ʅʝ i ï ʚʳʩʦʪʘ ʝʤʢʦʩʪʠ ʩʤʝʩʠʪʝʣʷ ʥʘʜ i-ʤ ʨʘʜʠʫʩʦʤ ʫʯʘʩʪʢʘ ʣʦʧʘʪʢʠ, ʤ.  

ɺʳʩʦʪʘ ʧʦʣʝʪʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʝʢʪʦʨʦʚ ʩʦʩʪʘʚʠʪ ʤʠʥʠʤʫʤ ʠʟ Ὤ  ʠ ὬǬ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ʢʘʢ ὬǬǬ. 

ɺʨʝʤʷ ʧʦʜʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʚ ʩʚʦʙʦʜʥʦʤ ʧʦʣʝʪʝ ʩʦʩʪʘʚʠʪ, ʩ: 

†
w Ͻ

Ͻ ϽǬ Ͻ  ϽЎ Ў Ͻ jǬ
. 

ɺʨʝʤʷ ʧʦʜʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʚ ʧʦʣʝʪʝ ʜʦ ʢʨʳʰʢʠ ʝʤʢʦʩʪʠ ʩʦʩʪʘʚʠʪ, ʩ: 

†
w Ͻ w Ͻ ϽϽǬǬ

Ͻ ϽǬ Ͻ  ϽЎ Ў Ͻ jǬ
. 

ɺʨʝʤʷ ʧʘʜʝʥʠʷ ʩʝʢʪʦʨʘ ʤʘʪʝʨʠʘʣʘ ʜʦ ʜʥʠʱʘ ʩʦʩʪʘʚʠʪ, ʩ: 

†
Ͻ ǬǬ

Ͻ ϽǬ Ͻ  ϽЎ Ў Ͻ jǬ
. 

ɺʨʝʤʷ ʧʘʜʝʥʠʷ ʩʝʢʪʦʨʘ ʤʘʪʝʨʠʘʣʘ ʚ ʙʳʩʪʨʦʭʦʜʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʩʤʝʩʠʪʝʣʷ ʜʦ ʚʝʨʭʥʠʭ 

ʢʨʘʝʚ ʣʦʧʘʪʦʢ ʩʦʩʪʘʚʠʪ, ʩ: 

†
ϽǬǬ

Ͻ ϽǬ Ͻ  ϽЎ Ў Ͻ jǬ
. 

ɺʨʝʤʷ ʧʦʣʝʪʘ ʩʝʢʪʦʨʦʚ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʠʪʩʷ, ʩ: 
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† † † ; 

†
w Ͻ

Ͻ ϽǬ Ͻ  ϽЎ Ў Ͻ jǬ

Ͻ ǬǬ

Ͻ ϽǬ Ͻ  ϽЎ Ў Ͻ jǬ
. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʠʪʠʯʝʩʢʦʝ ʚʨʝʤʷ ʧʦʣʝʪʘ ʯʘʩʪʠʮ ʧʦ ʚʥʫʪʨʝʥʥʝʤʫ ʢʨʘʶ ʣʦʧʘʪʦʢ 

ʪʠʭʦʭʦʜʥʦʛʦ ʩʤʝʩʠʪʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʝʤ: 

† † Ўὸ, ʠʣʠ   †
ϽǬ Ͻ

, 

ʛʜʝ zʤ ï ʢʦʣʠʯʝʩʪʚʦ ʣʦʧʘʩʪʝʡ ʤʝʰʘʣʢʠ, ʰʪ.; d`n ï ʜʠʘʤʝʪʨ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ 

ʢʨʦʤʦʢ ʣʦʧʘʪʦʢ ʤʝʰʘʣʢʠ, ʤ.  

ʀʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ æt ʤʝʞʜʫ ʧʨʦʭʦʞʜʝʥʠʝʤ ʩʦʩʝʜʥʠʭ ʣʦʧʘʪʦʢ ʥʘʜ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʦʯʢʦʡ 

ʜʥʠʱʘ ʝʤʢʦʩʪʠ (ʩ) ʩʦʩʪʘʚʠʪ [11, 12]: 

Ўὸ
Ͻ

. 

ʂʨʠʪʠʯʝʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʦʧʘʪʦʢ ʤʝʰʘʣʢʠ, ʰʪ.: 

ᾀ¢
Ͻ

ϽǬ

. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʢʘʟʘʥʥʦʛʦ ʫʩʣʦʚʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʠʭʦʭʦʜʥʳʡ ʨʝʞʠʤ ʩʤʝʰʝʥʠʷ, ʢʦʛʜʘ 

ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʜʥʠʱʘ ʝʤʢʦʩʪʠ. ʇʨʠ ʙʳʩʪʨʦʭʦʜʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ 

ʢʦʣʠʯʝʩʪʚʦ ʣʦʧʘʪʦʢ ʧʨʝʚʳʰʘʝʪ ʫʢʘʟʘʥʥʳʝ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʧʩʝʚʜʦʢʠʧʷʱʠʡ ʭʘʨʘʢʪʝʨ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ. ɺ ʵʪʦ ʚʨʝʤʷ ʢʘʯʝʩʪʚʦ ʩʤʝʩʠ ʟʘʚʠʩʠʪ 

ʦʪ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʩʤʝʩʠʪʝʣʴʥʦʡ ʝʤʢʦʩʪʠ. 

ʘ ʙ  ʚ  

ʈʠʩʫʥʦʢ 3 ï ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʢʨʳʰʢʠ ʝʤʢʦʩʪʠ ʜʦ ʤʘʪʝʨʠʘʣʘ ʚ ʚʝʨʭʥʝʡ ʪʦʯʢʝ ʧʦʣʝʪʘ ʩʝʢʪʦʨʘ 

ʧʦ i-ʤ ʫʯʘʩʪʢʘʤ ʠʭ ʜʣʠʥʳ: ʘ ï ʧʨʠ ʥʘʣʠʯʠʠ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ; ʙ ï ʧʨʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ 

"ʥʦʣʴ"; ʚ ï ʚr ʩʦʪʘ ʧʦʣʝʪʘ ʤʘʪʝʨʠʘʣʘ ʚʚʝʨʭ ʧʦ i-ʤ ʫʯʘʩʪʢʘʤ 1-ʣʦʧʘʪʦʢ ʠ 2-ʣʦʧʘʩʪʝʡ, ʤ 

 

ʇʨʦʠʟʚʝʜʝʥʥʳʡ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʝʪʘ ʧʦ ʜʣʠʥʝ ʣʦʧʘʪʦʢ ʠ ʣʦʧʘʩʪʝʡ ʤʝʰʘʣʢʠ 

ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ, ʯʪʦ ʦʞʠʜʘʝʤʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʤʝʰʘʣʢʠ ʠ ʧʘʨʘʤʝʪʨʳ 

ʣʦʧʘʩʪʝʡ ʠ ʣʦʧʘʪʦʢ ʧʨʠʚʝʜʝʪ ʢ ʧʦʜʙʨʘʩʳʚʘʥʠʶ ʤʘʪʝʨʠʘʣʘ ʥʘ ʩʫʱʝʩʪʚʝʥʥʫʶ ʚʳʩʦʪʫ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʤʘʪʝʨʠʘʣ ʩ ʣʦʧʘʪʦʢ ʤʦʞʝʪ ʧʦʜʥʷʪʴʩʷ ʚʳʰʝ ʢʨʳʰʢʠ ʝʤʢʦʩʪʠ, ʯʪʦ ʥʝ ʚʦʟʤʦʞʥʦ ʚ 

ʧʨʠʥʮʠʧʝ. ʇʦʵʪʦʤʫ ʨʘʟʥʠʮʘ (ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ /ʨʠʩ.3,ʘ/ ʧʨʠʨʘʚʥʠʚʘʶʪʩʷ ʢ çʥʫʣʶè 

/ʨʠʩ.3,ʙ/). ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʳʩʦʪʘ ʧʦʣʝʪʘ ʚʚʝʨʭ (ʨʠʩ.3,ʚ) ʙʫʜʝʪ ʦʛʨʘʥʠʯʝʥʘ ʚʳʩʦʪʦʡ ʝʤʢʦʩʪʠ 

ʩʤʝʩʠʪʝʣʷ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʚʳʩʦʪʦʡ ʤʘʪʝʨʠʘʣʘ ʥʘʜ ʣʦʧʘʩʪʷʤʠ ʠ ʣʦʧʘʪʢʘʤʠ ʤʝʰʘʣʢʠ ʚ 

ʩʠʣʫ ʥʘʣʠʯʠʷ ʚʦʨʦʥʢʠ ʧʨʠ ʚʨʘʱʝʥʠʠ ʤʘʪʝʨʠʘʣʘ. 
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ʘ ʙ  

ʈʠʩʫʥʦʢ 4 ï ɺʣʠʷʥʠʝ ʨʘʜʠʫʩʘ ʣʦʧʘʪʦʢ-1 ʠ ʣʦʧʘʩʪʝʡ-2 ʧʦ i-ʤ ʫʯʘʩʪʢʘʤ ʠʭ ʜʣʠʥʳ ʥʘ 

ʜʣʠʪʝʣʴʥʦʩʪʴ: ʘ ï ʧʦʣʝʪʘ ʤʘʪʝʨʠʘʣʘ: tpo ï ʜʦ ʜʥʠʱʘ, ʩ; t'po ï ʥʘʜ ʣʦʧʘʩʪʷʤʠ ʠ ʣʦʧʘʪʢʘʤʠ, ʩ; ʙ 

ï ʪʘʢʪʘ: tp ï ʧʦʜʲʝʤʘ ʧʨʠ ʧʦʣʝʪʝ ʯʘʩʪʠʮ ʤʘʪʝʨʠʘʣʘ, ʩ; to ï ʧʘʜʝʥʠʷ ʜʦ ʜʥʠʱʘ ʯʘʩʪʠʮ 

ʤʘʪʝʨʠʘʣʘ, ʩ; t'o ï ʧʘʜʝʥʠʷ ʯʘʩʪʠʮ ʜʦ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʤʝʰʘʣʢʠ ʜʣʷ 1 ï ʣʦʧʘʪʦʢ, 2 ï ʣʦʧʘʩʪʝʡ 

 

ʕʪʦ ʧʦʚʣʠʷʝʪ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʘʢʪʦʚ ʧʦʣʝʪʘ ʤʘʪʝʨʠʘʣʘ (ʨʠʩ.4,ʙ). ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʝʢʫʱʝʛʦ ʨʘʜʠʫʩʘ ʤʝʰʘʣʢʠ (ʥʦʤʝʨʘ i ʜʣʷ ʣʦʧʘʪʦʢ-1 ʠ ʣʦʧʘʩʪʝʡ-2) ʚʦʟʨʘʩʪʘʝʪ ʦʢʨʫʞʥʘʷ 

ʩʢʦʨʦʩʪʴ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʤʘʪʝʨʠʘʣ c ʣʦʧʘʪʦʢ ʧʦʜʥʠʤʘʝʪʩʷ ʥʘ ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ, ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʧʦʣʝʪʘ /tp2/. ʂʘʢ ʪʦʣʴʢʦ ʚʳʩʦʪʘ ʙʫʜʝʪ ʦʛʨʘʥʠʯʝʥʘ ʢʨʳʰʢʦʡ, ʚʨʝʤʷ ʝʝ ʜʦʩʪʠʞʝʥʠʷ 

ʙʫʜʝʪ ʩʦʢʨʘʱʘʪʴʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʥʳ ʣʦʧʘʩʪʠ ʤʝʰʘʣʢʠ (ʧʨʘʚʳʡ ʫʯʘʩʪʦʢ 

ʟʥʘʯʝʥʠʡ /tp2/, ʘ ʪʘʢʞʝ ʚʝʩʴ ʠʥʪʝʨʚʘʣ /tp1/ ʜʣʷ ʣʦʧʘʪʦʢ). ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʩʠʣʫ ʥʘʣʠʯʠʷ 

ʚʦʨʦʥʢʠ ʤʘʪʝʨʠʘʣʘ ʚʳʩʦʪʘ ʚʦʟʤʦʞʥʦʛʦ ʧʦʣʝʪʘ ʥʝ ʧʦʩʪʦʷʥʥʘ (ʦʥʘ ʫʤʝʥʴʰʘʝʪʩʷ ʢ ʩʪʝʥʢʘʤ 

ʝʤʢʦʩʪʠ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʚʦʨʦʥʢʠ), ʪʦ ʠ ʚʨʝʤʷ ʦʧʫʩʢʘʥʠʷ /ʧʘʜʝʥʠʷ/ ʙʫʜʝʪ ʩʥʠʞʘʪʴʩʷ ʥʘ ʫʯʘʩʪʢʝ 

ʜʦʩʪʠʞʝʥʠʷ ʢʨʳʰʢʠ ʝʤʢʦʩʪʠ /to1,to2/, ʘ ʪʘʤ, ʛʜʝ ʤʘʪʝʨʠʘʣ ʥʝ ʜʦʩʪʠʛʘʝʪ ʢʨʳʰʢʠ ï 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚʚʠʜʫ ʨʦʩʪʘ ʚʳʩʦʪʳ ʧʦʣʝʪʘ. ʕʪʦ ʩʢʘʞʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦʤ ʦʙʨʘʟʦʤ ʠ ʥʘ 

ʩʫʤʤʘʨʥʦʤ ʚʨʝʤʝʥʠ ʧʦʣʝʪʘ (ʨʠʩ.4,ʘ). 

ʆʪʩʫʪʩʪʚʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʦʪʩʫʪʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʤʝʰʘʣʢʠ 

ʥʘʜ ʪʦʯʢʦʡ ʜʥʠʱʘ (ʨʠʩ.5) ʩ ʫʯʝʪʦʤ ʯʠʩʣʘ ʣʦʧʘʩʪʝʡ Z ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʧʝʨʝʢʨʳʪʠʡ ʵʣʝʤʝʥʪʘʤʠ ʤʝʰʘʣʢʠ ʜʨʫʛ ʜʨʫʛʘ ʧʨʠ ʯʠʩʣʝ ʣʦʧʘʪʦʢ ʤʝʥʝʝ 12 ʰʪ.. ʃʠʰʴ ʫ 

ʚʥʫʪʨʝʥʥʝʛʦ ʢʨʘʷ ʣʦʧʘʪʦʢ ʧʨʠ Z²12 ʠʤʝʝʪʩʷ ʫʯʘʩʪʦʢ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ /to1`/ ʤʝʥʝʝ çʥʫʣʷè, 

ʪ.ʝ. ʠʤʝʝʪʩʷ ʧʝʨʝʢʨʳʪʠʝ ʣʦʧʘʪʢʘʤʠ ʜʨʫʛ ʜʨʫʛʘ. ʇʨʠ ʢʦʣʠʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʤʝʰʘʣʢʠ ʙʦʣʝʝ 8 

ʰʪ. ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʦʪʩʫʪʩʪʚʠʷ ʣʦʧʘʪʦʢ ʤʝʥʝʝ 0,005ʩ ʠ ʣʦʧʘʩʪʝʡ ʤʝʥʝʝ 0,01ʩ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʤ ʨʘʟʤʝʱʝʥʠʠ ʣʦʧʘʪʦʢ ʠ ʣʦʧʘʩʪʝʡ ʥʘʜ ʜʥʠʱʝʤ, ʥʝ ʧʦʟʚʦʣʷʶʱʝʤ 

ʤʘʪʝʨʠʘʣʫ ʦʧʫʩʢʘʪʴʩʷ ʥʘ ʜʥʦ, ʯʪʦ ʫʭʫʜʰʠʪ ʮʠʨʢʫʣʷʮʠʶ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʜʠʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠ ʪʠʭʦʭʦʜʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʤʝʰʘʣʢʠ ʠ ʩʥʠʟʠʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʣʫʯʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʩʤʝʩʠ ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ ʚʦʟʜʝʡʩʪʚʠʡ ʤʝʰʘʣʢʠ ʥʘ ʤʘʪʝʨʠʘʣ ʧʨʠ ʧʩʝʚʜʦʢʠʧʷʱʝʤ ʩʣʦʝ. 

ʋʚʝʣʠʯʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʜʣʠʥʳ ʣʦʧʘʪʦʢ (ʙʦʣʝʝ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ 0,076 ʤ) ʨʘʩʰʠʨʠʪ ʟʦʥʫ 

ʧʝʨʝʢʨʳʪʠʷ ʵʣʝʤʝʥʪʦʚ ʤʝʰʘʣʢʠ ʜʨʫʛ ʜʨʫʛʘ ʠ ʫʤʝʥʴʰʠʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʦʧʫʩʪʠʤʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʣʦʧʘʩʪʝʡ. 
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ʘ ʙ  

ʈʠʩʫʥʦʢ 5 ï ʀʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ to (ʩʝʢ.) ʦʪʩʫʪʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʤʝʰʘʣʢʠ ʥʘʜ ʪʦʯʢʦʡ 

ʜʥʠʱʘ ʩ ʫʯʝʪʦʤ ʯʠʩʣʘ ʣʦʧʘʪʦʢ Z (ʰʪ.) ʧʦ i-ʤ ʫʯʘʩʪʢʘʤ ʠʭ ʜʣʠʥʳ, ʜʣʷ: ʘ ï ʣʦʧʘʪʦʢ-1; ʙ ï 

ʣʦʧʘʩʪʝʡ-2 

 
ʈʠʩʫʥʦʢ 6 ï ɺʣʠʷʥʠʝ ʨʘʜʠʫʩʘ ʣʦʧʘʩʪʝʡ ʠ ʣʦʧʘʪʦʢ ʧʦ ʠʭ i-ʤ ʫʯʘʩʪʢʘʤ ʥʘ ʢʨʠʪʠʯʝʩʢʦʝ 

ʢʦʣʠʯʝʩʪʚʦ: Zm1 ï ʣʦʧʘʪʦʢ; Zm2 ï ʣʦʧʘʩʪʝʡ 

 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʨʠʪʠʯʝʩʢʦʝ ʧʦʪʨʝʙʥʦʝ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʦʧʘʩʪʝʡ ʩ ʣʦʧʘʪʢʘʤʠ 

ʤʝʰʘʣʢʠ (ʨʠʩ.6) ʜʣʷ ʫʩʣʦʚʠʷ çʢʠʧʷʱʝʛʦ ʩʣʦʷè /ʪ.ʝ. ʦʪʩʫʪʩʪʚʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʚʦʙʦʜʥʦʛʦ 

ʧʨʠʟʝʤʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʥʘ ʜʥʠʱʝ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʪʠʭʦʭʦʜʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ/ ʩʦʩʪʘʚʣʷʝʪ 

1,8 ʰʪ. (ʪ.ʝ. ʦʢʦʣʦ 2 ʰʪ.).  

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʩʝʚʜʦʢʠʧʷʱʝʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ 

ʤʝʰʘʣʢʠ ʩʤʝʩʠʪʝʣʷ (ʣʦʧʘʩʪʝʡ ʩ ʣʦʧʘʪʢʘʤʠ) ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 2 ʜʦ 12 ʰʪʫʢ. 

ʋʢʘʟʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʤʦʞʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ɿʘʢʣʶʯʝʥʠʝ.  

ʇʨʦʚʝʜʝʥʥʳʡ ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʩʭʦʜʷʱʝʛʦ ʩ 

ʣʦʧʘʪʦʢ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʘʢʪʦʚ ʧʦʣʝʪʘ, ʚʳʩʦʪʳ ʧʦʜʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʠ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ 

ʢʦʣʠʯʝʩʪʚʘ ʣʦʧʘʩʪʝʡ ʩ ʣʦʧʘʪʢʘʤʠ.  

ʇʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʤʝʰʘʣʢʠ 340 ʤʠʥ
-1
 ʩ ʨʘʩʯʝʪʥʦʡ ʜʣʠʥʦʡ ʣʦʧʘʪʦʢ 0,076 ʤ ʧʨʠ ʫʛʣʝ 

ʫʩʪʘʥʦʚʢʠ ʠʭ ʟʘʜʥʝʡ ʢʨʦʤʢʠ 52 ̄ ʚ ʝʤʢʦʩʪʠ ʜʠʘʤʝʪʨʦʤ 0,3ʤ, ʢʦʣʠʯʝʩʪʚʦ ʣʦʧʘʩʪʝʡ ʜʣʷ 

ʧʩʝʚʜʦʢʠʧʷʱʝʛʦ ʨʝʞʠʤʘ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 10 ʰʪ., ʘ ʜʣʷ 

ʪʠʭʦʭʦʜʥʦʛʦ ʨʝʞʠʤʘ ï 2 ʰʪ. 
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ʈʝʬʝʨʘʪ. ʀʟʚʝʩʪʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʯʝʪʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ 

ʤʝʞʜʫʨʷʜʥʦʛʦ ʨʳʭʣʝʥʠʷ ʠ ʣʦʢʘʣʴʥʦʛʦ ʚʥʝʩʝʥʠʷ ʞʠʜʢʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʫʜʦʙʨʝʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʦʤ ʩʪʝʥʜʝ ʩ ʨʘʩʧʳʣʠʪʝʣʷʤʠ, ʥʘ ʢʦʪʦʨʦʤ 

ʨʘʩʪʚʦʨʳ ʤʦʞʥʦ ʧʦʜʘʚʘʪʴ ʩʚʝʨʭʫ ʠ ʩ ʙʦʢʦʚ ʢʘʢ ʦʪʜʝʣʴʥʦ ʯʝʨʝʟ ʢʘʞʜʳʡ ʨʘʩʧʳʣʠʪʝʣʴ, ʪʘʢ ʠ 

ʩʦʚʤʝʩʪʥʦ. ʂʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ, 

ʠʤʠʪʠʨʫʶʱʝʡ ʣʝʥʪʦʯʥʳʡ ʨʘʩʧʳʣ ʞʠʜʢʦʩʪʠ. ɺʳʙʨʘʥʳ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʨʘʩʧʳʣʠʪʝʣʝʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʣʦʱʘʜʴ ʨʘʩʧʳʣʠʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ ʫʩʪʘʥʦʚʢʠ ʨʘʩʧʳʣʠʪʝʣʷ, ʫʛʣʘ 

ʢʦʥʫʩʘ ʨʘʩʧʳʣʘ ʠ ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ʨʘʩʧʳʣʠʪʝʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʠ. ʆʧʨʝʜʝʣʠʣʠ , ʯʪʦ 

ʤʠʥʠʤʘʣʴʥʫʶ ʰʠʨʠʥʫ ʧʦʣʦʩʳ ʚ 60 ʤʤ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʚʠʥʝ ʟʘʱʠʪʥʦʡ ʟʦʥʳ 

ʨʷʜʢʘ ʧʨʠ ʚʪʦʨʦʡ ʛʝʨʙʠʮʠʜʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʩʧʳʣʠʪʝʣʴ ʩ ʬʘʢʝʣʦʤ ʨʘʩʧʳʣʘ 

60Ü, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʚʳʩʦʪʝ 50 ʤʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ. ɼʣʷ ʚʥʝʢʦʨʥʝʚʦʡ ʧʦʜʢʦʨʤʢʠ ʚ 



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 
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ʬʘʟʝ ʩʤʳʢʘʥʠʷ ʣʠʩʪʴʝʚ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ 450-500 ʤʤ 

ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʧʳʣʠʪʝʣʝʡ ʩ ʫʛʣʦʤ ʬʘʢʝʣʘ ʨʘʩʧʳʣʘ ʦʪ 60 ʜʦ 120Ü, 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘ ʚʳʩʦʪʝ ʦʪ 400 ʜʦ 175 ʤʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʳʧʦʣʥʝʥʠʠ ʜʚʫʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʣʦʱʘʜʴ ʨʘʩʧʳʣʘ ʩʦʩʪʘʚʣʷʝʪ 

30-35% ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ ʤʝʞʜʫʨʷʜʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʣʠʯʝʩʪʚʦ ʚʥʝʩʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ 

ʨʘʩʪʚʦʨʘ ʙʫʜʝʪ ʚ 2-2,5 ʨʘʟʘ ʤʝʥʴʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʣʦʰʥʳʤ ʚʥʝʩʝʥʠʝʤ. Cʨʝʜʩʪʚʘ ʥʘ 

ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʧʨʝʧʘʨʘʪʘ, ʘ ʪʘʢʞʝ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʚʦʜʳ, ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʙʦʯʝʛʦ 

ʨʘʩʪʚʦʨʘ ʵʢʦʥʦʤʷʪʩʷ, ʤʝʥʴʰʠʝ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʪʨʝʙʫʶʪʩʷ ʥʘ ʟʘʧʨʘʚʢʫ ʘʛʨʝʛʘʪʦʚ 

ʨʘʙʦʯʠʤ ʨʘʩʪʚʦʨʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʳʣʠʪʝʣʠ, ʫʛʦʣ ʬʘʢʝʣʘ ʨʘʩʧʳʣʘ, ʣʦʢʘʣʴʥʦʝ ʚʥʝʩʝʥʠʝ ʞʠʜʢʠʭ 

ʫʜʦʙʨʝʥʠʡ, ʤʝʞʜʫʨʷʜʥʦʝ ʨʳʭʣʝʥʠʝ. 
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Abstract. The efficiency of combining technological operations of inter-row loosening and 

local application of liquid complex fertilizers is known. The studies were carried out on a specially 

constructed booth with sprayers, where the solutions can be supplied from above and from the 

sides, either separately through each sprayer or together. The quality of the treatment of the object 

was determined on a laboratory unit simulating the belt spray of the liquid. Spray modes are 

selected. It is established that the spray area depends on the height of the sprayer installation, the 

angle of the spray cone and the angle of installation of the spray gun with respect to the horizontal. 

ctIt was determined that a minimum strip width of 60 mm, which corresponds to half the protective 

zone of the row in the second herbicidal treatment, provides a sprayer with a 60 Á spray pattern 

installed at a height of 50 mm from the soil surface. It is shown that with simultaneous execution of 

two technological operations, the spray area makes up 30-35% of the total area of the rows, 

accordingly, the amount of the working solution introduced will be 2-2.5 times less than in the case 

of continuous application. Means for reducing the consumption of the drug, as well as for 

transporting water, preparing the working solution are saved, less time is required for filling the 

units with working solution. 

Key words: sprayers, spray angle, local application of liquid fertilizers, inter-row loosening 

 

ɺʚʝʜʝʥʠʝ. ʊʝʭʥʦʣʦʛʠʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʝⱪ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ. ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʧʨʦʮʝʩʩ 

ʟʘʱʠʪʳ ʧʦʩʝʚʦʚ ʦʪ ʩʦʨʥʷʢʦʚ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʠʝ ʫʨʦʞʘʠ ʢʦʨʥʝʧʣʦʜʦʚ, ʥʫʞʥʦ 

ʚʥʝʜʨʷʪʴ ʧʨʦʛʨʝʩʩʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʘʛʨʝʛʘʪʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ 

ʩʦʨʥʷʢʘʤʠ ʠ ʙʦʣʝʟʥʷʤʠ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ.  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʠ ʦʪʝʯʝʩʪʚʝʥʥʘʷ, ʥʠ ʟʘʨʫʙʝʞʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʥʝ ʚʳʧʫʩʢʘʶʪ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʰʠʥʳ ʜʣʷ ʫʭʦʜʘ ʟʘ ʩʚʝʢʣʦʚʠʯʥʳʤʠ ʧʦʩʝʚʘʤʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʤʘʩʰʪʘʙʘʭ. ʉʦʟʜʘʥʠʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʦʚʤʝʱʝʥʠʝ ʣʝʥʪʦʯʥʦʛʦ ʚʥʝʩʝʥʠʷ ʛʝʨʙʠʮʠʜʦʚ, ʚʥʝʢʦʨʥʝʚʫʶ ʧʦʜʢʦʨʤʢʫ 

ʨʘʩʪʝʥʠʡ ʠ ʤʝʭʘʥʠʯʝʩʢʫʶ ʤʝʞʜʫʨʷʜʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʩʝʚʦʚ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʥʝʩʦʤʥʝʥʥʦ 

ʘʢʪʫʘʣʴʥʦ. ɺʦʧʨʦʩʳ ʦʙʦʩʥʦʚʘʥʠʷ ʧʣʦʱʘʜʠ ʦʙʨʘʙʦʪʢʠ ʠ ʰʠʨʠʥʳ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʣʦʩʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʘʥʦʚʢʠ ʨʘʩʧʳʣʠʪʝʣʝʡ ʥʘ ʪʝʭʥʠʯʝʩʢʦʤ ʩʨʝʜʩʪʚʝ ʩ ʫʯʝʪʦʤ 

ʬʝʥʦʬʘʟʳ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʩʰʠʨʠʣʩʷ ʘʩʩʦʨʪʠʤʝʥʪ ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʙʦʨʴʙʳ ʩ ʩʦʨʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʧʦʚʳʩʠʣʘʩʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ, ʚʤʝʩʪʝ ʩ ʵʪʠʤ, ʨʝʟʢʦ ʚʦʟʨʦʩʣʠ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʭʘʥʠʟʘʮʠʠ ʦʙʨʘʙʦʪʦʢ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 10%, ʘ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʦʪʣʦʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʦ ʰʠʨʠʥʝ ʟʘʭʚʘʪʘ, ʚʳʨʘʞʝʥʥʘʷ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʚʘʨʠʘʮʠʠ, ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 25% ʜʣʷ ʧʦʣʝʚʳʭ ʦʧʨʳʩʢʠʚʘʪʝʣʝʡ[1]. 

ɸʚʪʦʨʘʤʠ, ʩʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʧʨʝʜʣʦʞʝʥ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʘʛʨʝʛʘʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ ʣʦʢʘʣʴʥʦʝ ʚʥʝʩʝʥʠʝ ʛʝʨʙʠʮʠʜʦʚ, 

ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ ʠ ʨʦʩʪʦʨʝʛʫʣʠʨʫʶʱʠʭ ʧʨʝʧʘʨʘʪʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʦʚʝʜʝʥʠʝʤ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʝʞʜʫʨʷʜʥʳʭ ʦʙʨʘʙʦʪʦʢ [3]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʙʦʨʴʙʳ ʩ ʩʦʨʥʷʢʘʤʠ (ʛʝʨʙʠʮʠʜʦʚ), ʙʦʣʝʟʥʷʤʠ ʨʘʩʪʝʥʠʡ (ʬʫʥʛʠʮʠʜʦʚ) ʠ 

ʞʠʜʢʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʜʢʦʨʤʦʢ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʘ ʟʘ ʩʯʝʪ ʛʨʘʤʦʪʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ  ʧʨʝʧʘʨʘʪʦʚ. 

ʕʪʦʪ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʧʦʩʝʚʦʚ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʝʠʤʫʱʝʩʪʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʧʣʦʰʥʳʤ ʦʧʨʳʩʢʠʚʘʥʠʝʤ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʩʭʦʜ ʩʨʝʜʩʪʚ ʥʘ ʧʨʦʚʝʜʝʥʠʝ 

ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʪʘʢ ʢʘʢ ʧʨʝʧʘʨʘʪ ʚʥʦʩʠʪʩʷ ʥʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʘ ʚʤʝʩʪʝ ʩ 

ʤʝʞʜʫʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʦʡ, ʪʦ ʝʩʪʴ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʘʛʨʝʛʘʪʘ ʚʳʧʦʣʥʷʶʪʩʷ ʜʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʦʧʝʨʘʮʠʠ. ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʫʭʦʜʘ ʟʘ ʧʦʩʝʚʘʤʠ ʦʯʝʥʴ ʚʘʞʥʦ ʤʝʞʜʫʨʷʜʥʦʝ 

ʨʳʭʣʝʥʠʝ ʩ ʣʦʢʘʣʴʥʳʤ ʚʥʝʩʝʥʠʝʤ ʞʠʜʢʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʫʜʦʙʨʝʥʠʡ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʦʛʦ ʩʦʯʝʪʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʥʘʫʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ [5]. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣ̫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʤʝʱʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʩʝʚʦʚ ʩʚʝʢʣʳ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ 

ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʩʪʝʥʜ ʩ ʨʘʩʧʳʣʠʪʝʣʷʤʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʤʦʞʥʦ ʨʘʩʪʚʦʨʳ ʧʦʜʘʚʘʪʴ ʩʚʝʨʭʫ 

ʠ ʩ ʙʦʢʦʚ ʢʘʢ ʦʪʜʝʣʴʥʦ ʯʝʨʝʟ ʢʘʞʜʳʡ ʨʘʩʧʳʣʠʪʝʣʴ, ʪʘʢ ʠ ʩʦʚʤʝʩʪʥʦ. ʂʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ 

ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ (ʨʠʩʫʥʦʢ 1), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʠʤʠʪʠʨʦʚʘʪʴ 

ʣʝʥʪʦʯʥʳʡ ʨʘʩʧʳʣ ʞʠʜʢʦʩʪʠ. ɼʚʝ ʩʝʢʮʠʠ ʢʫʣʴʪʠʚʘʪʦʨʘ, ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ ʩʚʘʨʥʦʡ ʨʘʤʝ, 

ʧʨʠʚʦʜʷʪʩʷ ʚ ʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʯʝʨʝʟ ʨʝʜʫʢʪʦʨ. ʈʘʤʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʯʝʪʳʨʝʭ 

ʢʦʣʝʩʘʭ ʠ ʥʘ ʥʝʡ ʟʘʢʨʝʧʣʝʥʳ ʜʚʝ ʩʝʢʮʠʠ ʢʫʣʴʪʠʚʘʪʦʨʘ ʜʣʷ ʤʝʞʜʫʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʘʭʘʨʥʦʡ 

ʩʚʝʢʣʳ. ʅʘ ʥʠʭ ʫʩʪʘʥʦʚʣʝʥ ʢʨʦʥʰʪʝʡʥ ʩ ʨʘʩʧʳʣʠʪʝʣʷʤʠ ʞʠʜʢʠʭ ʫʜʦʙʨʝʥʠʠ ʠ ʛʝʨʙʠʮʠʜʦʚ. ʅʘ 

ʩʝʢʮʠʠ ʢʫʣʴʪʠʚʘʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʢʨʦʥʰʪʝʡʥʘ ʥʘ ʚʠʥʪʘʭ ʟʘʢʨʝʧʣʝʥ ʨʘʩʧʳʣʠʪʝʣʴ, ʬʘʢʝʣ 

ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʥʘʧʨʘʚʣʷʪʴ ʢʘʢ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʜʚʠʞʝʥʠʷ, ʪʘʢ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ. 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʫʩʪʘʥʦʚʢʠ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 
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ʘ)   ʙ)  

1 ï ʥʘʧʨʘʚʣʷʶʱʠʝ; 2 ï ʩʝʢʮʠʷ ʢʫʣʴʪʠʚʘʪʦʨʘ; 3 ï ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʚʥʝʩʝʥʠʷ ʛʝʨʙʠʮʠʜʦʚ ʩ 

ʨʘʩʧʳʣʠʪʝʣʷʤʠ; 4 ï ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʚʥʝʩʝʥʠʷ ʛʝʨʙʠʮʠʜʳ ʩ ʨʘʩʧʳʣʠʪʝʣʷʤʠ; 5, 6 ï 

ʧʣʦʩʢʦʨʝʞʫʱʠʝ ʣʘʧʳ; 7 ï ʨʘʤʘ ʩ ʦʧʦʨʥʳʤʠ ʢʦʣʝʩʘʤʠ; 8 ï ʝʤʢʦʩʪʴ ʩ ʤʝʰʘʣʢʦʡ, ʤʘʥʦʤʝʪʨʦʤ ʠ 

ʨʝʛʫʣʷʪʦʨʦʤ ʜʘʚʣʝʥʠʷ ʜʣʷ ʛʝʨʙʠʮʠʜʦʚ; 9 ï ʝʤʢʦʩʪʴ ʩ ʤʝʰʘʣʢʦʡ, ʤʘʥʦʤʝʪʨʦʤ ʠ ʨʝʛʫʣʷʪʦʨʦʤ 

ʜʘʚʣʝʥʠʷ ʜʣʷ ʞʠʜʢʠʭ ʫʜʦʙʨʝʥʠʡ; 10 ï ʰʣʘʥʛʠ ʜʣʷ ʧʦʜʘʯʠ ʛʝʨʙʠʮʠʜʦʚ; 11 ï ʰʣʘʥʛʠ ʜʣʷ 

ʧʦʜʘʯʠ ʫʜʦʙʨʝʥʠʡ; 12 ï ʪʨʫʙʦʧʨʦʚʦʜ ʜʣʷ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ; 13 ï ʢʦʤʧʨʝʩʩʦʨ; 14 ï ʧʨʠʚʦʜʥʘʷ 

ʩʪʘʥʮʠʷ; 15 ï ʪʨʦʩ; 16 ï ʪʨʘʬʘʨʝʪ ʜʣʷ ʨʘʩʩʪʘʥʦʚʢʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ; 17 ï ʨʝʜʫʢʪʦʨ ʜʘʚʣʝʥʠʷ; 

18 ï ʟʘʧʦʨʥʳʝ ʢʨʘʥʳ 

ʈʠʩʫʥʦʢ  1 ï ʆʙʱʠʡ ʚʠʜ ʩʪʝʥʜʘ (ʘ) ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʭʝʤʘ (ʙ) ʜʣʷ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ 

 

ʉʪʝʥʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʬʦʨʩʫʥʢʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʟʘʱʠʪʥʳʭ 

ʟʦʥ ʛʝʨʙʠʮʠʜʘʤʠ ʠ ʚʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʈʘʙʦʯʝʝ 

ʜʘʚʣʝʥʠʝ ʧʦʜʘʝʪʩʷ ʢʦʤʧʨʝʩʩʦʨʦʤ ʚ ʥʘʛʥʝʪʘʪʝʣʴʥʳʝ ʤʘʛʠʩʪʨʘʣʠ ʯʝʨʝʟ ʨʝʛʫʣʷʪʦʨʳ ʜʘʚʣʝʥʠʷ. 

ʂʘʞʜʘʷ ʝʤʢʦʩʪʴ ʨʘʙʦʪʘʝʪ ʦʪʜʝʣʴʥʦ, ʠ ʠʤʝʝʪ ʥʝʟʘʚʠʩʠʤʳʝ ʥʘʩʦʩʳ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ 

ʧʦʜʘʯʠ ʨʘʩʪʚʦʨʦʚ ʞʠʜʢʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʛʝʨʙʠʮʠʜʦʚ. ʈʘʙʦʯʠʝ ʞʠʜʢʦʩʪʴ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ ʢʨʘʥ ʠ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʰʣʘʥʛʘʤ ʢ ʨʘʩʧʳʣʠʪʝʣʷʤ ʜʣʷ 

ʛʝʨʙʠʮʠʜʦʚ ʠ ʞʠʜʢʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. ʈʘʩʧʳʣʠʪʝʣʠ ʨʝʛʫʣʠʨʫʶʪʩʷ ʚ ʣʶʙʦʤ 

ʧʦʣʦʞʝʥʠʠ ʧʦʚʦʨʦʪʦʤ ʚʦʢʨʫʛ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʝʡ ʠ ʬʠʢʩʠʨʫʶʪʩʷ ʚʠʥʪʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉ ʮʝʣʴʶ ʚʳʙʦʨʘ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʨʘʩʧʳʣʠʪʝʣʝʡ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ, 

ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ. ʅʘʩʘʜʢʠ ʢ ʨʘʩʧʳʣʠʪʝʣʷʤ ʚʳʧʫʩʢʘʶʪʩʷ ʩ ʚʳʭʦʜʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ, 

ʦʙʨʘʟʫʶʱʠʤʠ ʨʘʟʣʠʯʥʳʝ ʫʛʣʳ ʬʘʢʝʣʘ ʨʘʩʧʳʣʘ.  

ʅʘ ʨʠʩʫʥʢʝ 2 ʛʨʘʬʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʜʠʘʤʝʪʨʘ ʧʷʪʥʘ ʨʘʩʧʳʣʠʚʘʥʠʷ.  



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

 

~38~ 

 
ʈʠʩʫʥʦʢ 2 ï ɼʠʘʤʝʪʨ ʧʷʪʥʘ ʨʘʩʧʳʣʠʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʦʚ ʫʩʪʘʥʦʚʢʠ 

ʨʘʩʧʳʣʠʪʝʣʝʡ ʩ ʢʨʫʛʣʳʤ ʬʘʢʝʣʦʤ 

 

ʇʣʦʱʘʜʴ ʨʘʩʧʳʣʠʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʨʘʩʧʳʣʠʪʝʣʝʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʜ 

ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʘ ʨʘʩʧʳʣʘ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʫʩʪʘʥʦʚʢʠ. ʆʥʘ ʟʘʚʠʩʠʪ ʦʪ 

ʚʳʩʦʪʳ ʫʩʪʘʥʦʚʢʠ ʨʘʩʧʳʣʠʪʝʣʷ, ʫʛʣʘ Ŭ ʢʦʥʫʩʘ ʨʘʩʧʳʣʘ ʠ ʫʛʣʘ ɓ ʫʩʪʘʥʦʚʢʠ ʨʘʩʧʳʣʠʪʝʣʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʠ. ʇʨʠ ʵʪʦʤ ʧʣʦʱʘʜʴ ʨʘʩʧʳʣʠʚʘʥʠʷ ʨʘʩʧʳʣʠʪʝʣʷʤʠ, ʥʘʢʣʦʥʝʥʥʳʤʠ 

ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʫʛʣʘ ʨʘʩʧʳʣʘ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʚʳʩʦʪʝ ʫʩʪʘʥʦʚʢʠ. ʇʨʠ 

ʫʩʪʘʥʦʚʢʝ ʨʘʩʧʳʣʠʪʝʣʷ  ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʧʷʪʥʦ ʨʘʩʧʳʣʠʚʘʥʠʷ ʠʤʝʝʪ ʬʦʨʤʫ ʢʨʫʛʘ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʪʝʦʨʠʷ, ʧʦ ʰʠʨʠʥʝ ʨʘʩʧʳʣʘ ʨʘʩʪʚʦʨ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ. ɼʣʷ 

ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [5]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʱʝʣʝʚʳʭ ʨʘʩʧʳʣʠʪʝʣʝʡ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʩʝʚʦʚ ʩʚʝʢʣʳ 

ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʞʠʜʢʦʩʪʠ ʧʦ ʰʠʨʠʥʝ ʬʘʢʝʣʘ ʨʘʩʧʳʣʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʚʥʝʢʦʨʥʝʚʦʡ ʧʦʜʢʦʨʤʢʠ ʨʘʩʪʝʥʠʡ ʠ ʣʝʥʪʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʩʝʚʦʚ 

ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʛʝʨʙʠʮʠʜʘʤʠ. 

ʐʠʨʠʥʘ ʧʦʣʦʩʳ, ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʨʘʩʧʳʣʠʪʝʣʷʤʠ ʩ ʱʝʣʝʚʦʡ ʥʘʩʘʜʢʦʡ ʠ ʨʘʟʣʠʯʥʳʤʠ 

ʫʛʣʘʤʠ ʨʘʩʧʳʣʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʝʥʠʶ ʚʳʩʦʪʳ ʫʩʪʘʥʦʚʢʠ. ʊʘʢ, 

ʤʠʥʠʤʘʣʴʥʫʶ ʰʠʨʠʥʫ ʧʦʣʦʩʳ ʚ 60 ʤʤ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʚʠʥʝ ʟʘʱʠʪʥʦʡ ʟʦʥʳ 

ʨʷʜʢʘ ʧʨʠ ʚʪʦʨʦʡ ʛʝʨʙʠʮʠʜʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʩʧʳʣʠʪʝʣʴ ʩ ʬʘʢʝʣʦʤ ʨʘʩʧʳʣʘ 60Ü, 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʚʳʩʦʪʝ 50 ʤʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ. ɼʣʷ ʚʥʝʢʦʨʥʝʚʦʡ ʧʦʜʢʦʨʤʢʠ ʚ ʬʘʟʝ 

ʩʤʳʢʘʥʠʷ ʣʠʩʪʴʝʚ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ 450-500 ʤʤ ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʧʳʣʠʪʝʣʝʡ ʩ ʫʛʣʦʤ ʬʘʢʝʣʘ ʨʘʩʧʳʣʘ ʦʪ 60 ʜʦ 120Ü, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ  ʥʘ 

ʚʳʩʦʪʝ ʦʪ 400 ʜʦ 175 ʤʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 3). 

 



ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

 

~39~ 

 
ʈʠʩʫʥʦʢ 3 ï ʐʠʨʠʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʣʦʩʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʫʩʪʘʥʦʚʢʠ 

ʨʘʩʧʳʣʠʪʝʣʷ 

 

ʇʨʠʤʝʥʝʥʠʝ ʩʧʦʩʦʙʘ ʩʦʚʤʝʩʪʥʦʛʦ ʚʥʝʩʝʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʠ ʛʝʨʙʠʮʠʜʦʚ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʚʦʨʘʤʠ 

ʨʦʩʪʦʨʝʛʫʣʠʨʫʶʱʠʭ ʧʨʝʧʘʨʘʪʦʚ ʩ ʣʝʥʪʦʯʥʳʤ ʚʥʝʩʝʥʠʝʤ ʛʝʨʙʠʮʠʜʦʚ ʚ ʟʘʱʠʪʥʫʶ ʟʦʥʫ ʙʝʟ 

ʦʪʣʦʞʝʥʠʷ ʠʭ ʥʘ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ, ʧʦʟʚʦʣʠʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʧʘʜʘʥʠʝ 

ʛʝʨʙʠʮʠʜʘ (ʩʥʠʞʝʥʠʝ ʧʦʧʘʜʘʥʠʝ ʛʝʨʙʠʮʠʜʦʚ ʥʘ ʣʠʩʪʴʷ ʜʦʩʪʠʛʘʝʪ 93,6%), ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʧʦʩʝʚʦʚ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ 

ʚʣʠʷʥʠʝ ʛʝʨʙʠʮʠʜʦʚ ʥʘ ʢʫʣʴʪʫʨʥʳʝ ʨʘʩʪʝʥʠʷ [6].
 

ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʚʝʢʣʳ ʭʠʤʠʯʝʩʢʠʤʠ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʧʦʩʦʙʘʤʠ ʧʨʦʚʝʜʝʥʥʳʤʠ ʧʦ ʫʢʘʟʘʥʥʳʤ ʛʨʘʬʠʢʘʤ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ 

ʨʷʜ ʤʝʪʦʜʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʳʣʠʚʘʥʠʷ. ɼʣʷ  

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧ ʨʘʩʧʳʣʠʪʝʣʷ, ʧʦʢʘʟʘʪʝʣʠ ʝʛʦ 

ʫʩʪʘʥʦʚʢʠ ʠ ʨʝʞʠʤʳ ʨʘʙʦʪʳ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʢʘʟʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʣʦʱʘʜʴ ʚʥʝʩʝʥʠʷ 

ʧʨʝʧʘʨʘʪʘ ʩʦʩʪʘʚʣʷʝʪ 30-35% ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ ʤʝʞʜʫʨʷʜʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʣʠʯʝʩʪʚʦ 

ʚʥʝʩʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ ʙʫʜʝʪ ʚ 2-2,5 ʨʘʟʘ ʤʝʥʴʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʣʦʰʥʳʤ 

ʚʥʝʩʝʥʠʝʤ. ʕʢʦʥʦʤʷʪʩʷ ʩʨʝʜʩʪʚʘ ʥʘ ʩʥʠʞʝʥʠʠ ʨʘʩʭʦʜʘ ʧʨʝʧʘʨʘʪʘ, ʘ ʪʘʢʞʝ ʥʘ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʚʦʜʳ, ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ ʙʫʜʝʪ ʤʝʥʴʰʠʝ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ 

ʟʘʧʨʘʚʢʫ ʘʛʨʝʛʘʪʦʚ ʨʘʙʦʯʠʤ ʨʘʩʪʚʦʨʦʤ. 
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ʈʝʬʝʨʘʪ. ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʙʦʪʳ 

ʠʛʦʣʴʯʘʪʦʡ ʙʦʨʦʥʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ.ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʛʣ ʧʨʠ 

ʚʥʝʜʨʝʥʠʠ ʚ ʧʦʯʚʫ. ʀʛʣʳ ʙʦʨʦʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʧʦʯʚʦʡ ʪʦʣʴʢʦ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʫʯʘʩʪʢʝ, ʧʨʠʯʝʤ ʥʘ ʦʜʥʦʡ ʯʘʩʪʠ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʠʛʣʳ ʟʘʛʣʫʙʣʷʶʪʩʷ ʚ ʧʦʯʚʫ, ʘ ʥʘ ʜʨʫʛʦʡ ʝʛʦ 

ʯʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚʳʛʣʫʙʣʝʥʠʝ ʠʛʣʳ ʠʟ ʧʦʯʚʳ. ʆʙʦʩʥʦʚʘʥʘ ʠ ʦʧʨʝʜʝʣʝʥʘ ʪʦʯʢʘ, ʚ ʢʦʪʦʨʦʡ 

ʥʘʭʦʜʠʪʩʷ ʤʛʥʦʚʝʥʥʳʡ ʮʝʥʪʨ ʚʨʘʱʝʥʠʷ ʠʛʣʳ. ʇʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ Ŭ 

ʦʪʢʣʦʥʝʥʠʷ ʚʝʢʪʦʨʘ VB ʩʢʦʨʦʩʪʠ ʦʪ ʚʝʨʪʠʢʘʣʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʘ 

ʧʨʦʢʦʣʘ ʧʦʯʚʳ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʩʢʦʨʦʩʪʴ VB ʥʝ ʙʳʣʘ ʦʪʢʣʦʥʝʥʘ ʦʪ ʚʝʨʪʠʢʘʣʠ, ʠʣʠ 

ʦʪʢʣʦʥʝʥʘ ʦʪ ʥʝʸ ʥʘ ʚʝʩʴʤʘ ʥʝʙʦʣʴʰʦʡ ʫʛʦʣ Ŭ; ʵʪʦ ʦʙʝʩʧʝʯʠʪ ʤʝʥʴʰʠʝ ʩʠʣʳ ʪʨʝʥʠʷ ʠʛʣʳ ʦ 

ʧʦʯʚʫ, ʩʥʠʟʠʪ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʫʣʫʯʰʠʪ ʢʘʯʝʩʪʚʦ 

ʨʳʭʣʝʥʠʷ ʧʦʯʚʳ. ɹʦʣʝʝ ʧʦʣʥʦ ʫʯʪʝʥʳ ʩʠʣʦʚʳʝ ʬʘʢʪʦʨʳ ʧʨʠ ʨʘʩʯʝʪʝ ʜʚʠʞʫʱʝʡ ʩʠʣʳ 

ʠʛʦʣʴʯʘʪʦʡ ʙʦʨʦʥʳ, ʚʢʣʶʯʘʶʱʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʯʚʳ ʥʘ ʚʳʭʦʜʝ ʠʛʣʳ ʠʟ ʥʝʸ. ʇʦʣʫʯʝʥʳ ʫʪʦʯʥʝʥʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʜʚʠʞʫʱʝʡ ʩʠʣʳ 

ʠʛʦʣʴʯʘʪʦʡ ʙʦʨʦʥʳ ʩ ʫʯʝʪʦʤ ʵʪʦʛʦ ʬʘʢʪʦʨʘ, ʘ ʪʘʢʞʝ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʟʘʛʣʫʙʣʝʥʠʷ ʚ ʧʦʯʚʫ 

ʥʝʩʢʦʣʴʢʠʭ ʠʛʣ. 
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Abstract. The article presents the results of theoretical studies of the needle harrow in soil 

treatment. The features of needle movement during the introduction into the soil are considered. 

Harrow needles interact with the soil only in a certain area, and on one part of this area the 

needles are buried in the soil, and on the other part of it the needle is dug out of the soil. The point 

at which the instantaneous center of rotation of the needle is located is substantiated and 

determined. The formula for determining the angle Ŭ of deviation of the velocity vector VB from the 

vertical is obtained. It was found that at the beginning of the soil puncture it is necessary to take 

into account the velocity VB was not deviated from the vertical, or deviated from it by a very small 

angle Ŭ; this will provide less friction force of the needle on the soil, reduce energy costs for the 

technological process, improve the quality of soil loosening. More fully taken into account the 

power factors in the calculation of the driving force of the needle harrow, including the horizontal 

component of the soil resistance force at the exit of the needle from it. The refined formulas for the 

calculation of the driving force of the needle harrow taking into account this factor, as well as the 

simultaneous penetration of several needles into the soil, are obtained. 

Key words: Soil, needle harrow, needle, introduction, movement, center, speed, driving force. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʧʨʦʛʨʘʤʤʘʭ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʤʝʣʢʦʩʝʤʝʥʥʳʝ ʢʫʣʴʪʫʨʳ, ʪʘʢʠʝ 

ʢʘʢ ʣʝʥ-ʜʦʣʛʫʥʝʮ ʠ ʨʘʧʩ ʚʳʜʝʣʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ, ʠʤʝʶʱʠʭ ʚʘʞʥʦʝ ʥʘʨʦʜʥʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ [1]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʟʜʝʣʳʚʘʥʠʷ ʵʪʠʭ ʢʫʣʴʪʫʨ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ 

ʦʪ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. ʇʨʠʤʝʥʷʝʤʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʦʧʝʨʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʩʢʦʨʝʥʥʦʝ ʧʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ [2-5]. ʆʜʥʘʢʦ, 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢʦ ʣʴʥʫ-ʜʦʣʛʫʥʮʫ ʤʥʦʛʠʝ ʧʨʦʮʝʩʩʳ ʦʩʪʘʶʪʩʷ ʥʝʠʟʫʯʝʥʥʳʤʠ, ʯʪʦ ʚʦ ʤʥʦʛʦʤ 

ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʚʳʧʦʣʥʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʛʦʣʴʯʘʪʳʤʠ ʙʦʨʦʥʘʤʠ [6-12]. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʣʫʯʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ 

ʠʛʦʣʴʯʘʪʳʭ ʙʦʨʦʥ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʥʘʣʠʟ ʜʚʠʞʝʥʠʷ ʧʨʷʤʦʣʠʥʝʡʥʳʭ, ʨʘʜʠʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ 

ʜʠʩʢʘʭ ʠʛʣ ʙʦʨʦʥʳ ʧʨʠ ʧʨʦʢʦʣʝ ʠʤʠ ʧʦʯʚʳ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʜʚʠʞʝʥʠʷ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʤʝʭʘʥʠʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʀʛʦʣʴʯʘʪʘʷ ʙʦʨʦʥʘ  ʦʪʥʦʩʠʪʩʷ ʢ ʫʩʪʨʦʡʩʪʚʘʤ, ʠʤʝʶʱʠʤ 

ʚʝʜʦʤʳʝ ʟʚʝʥʴʷ, ʩʦʚʝʨʰʘʶʱʠʝ ʢʘʯʝʥʠʝ ʧʦ ʧʦʯʚʝ ʚ  ʧʨʦʜʦʣʴʥʦ ï ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

(ʨʠʩ.1). 
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~43~ 

 
ʈʠʩʫʥʦʢ 1 -  ʉʭʝʤʘ ʜʚʠʞʝʥʠʷ ʠʛʦʣʴʯʘʪʦʛʦ ʜʠʩʢʘ ʙʦʨʦʥʳ. 

 

ɼʚʠʞʫʱʠʝʩʷ ʚ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ ʠʛʦʣʴʯʘʪʳʝ ʜʠʩʢʠ 1 ʫʛʣʫʙʣʷʶʪʩʷ  ʠʛʣʘʤʠ 2 ʚ ʧʦʯʚʫ, 

ʧʨʦʢʘʣʳʚʘʶʪ ʠ ʨʳʭʣʷʪ ʝʸ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʙʦʨʦʥʳ ʢʘʞʜʳʡ ʜʠʩʢ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ, 

ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʦʡ ʩ ʦʙʱʝʡ ʦʩʴʶ ʚʩʝʭ ʜʠʩʢʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʙʘʪʘʨʝʶ ʙʦʨʦʥʳ, ʠ ʜʚʠʞʝʪʩʷ 

ʚʤʝʩʪʝ ʩ ʜʨʫʛʠʤʠ ʜʠʩʢʘʤʠ ʥʘ ʦʜʠʥʘʢʦʚʦʡ ʚʳʩʦʪʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ. ɺʨʘʱʘʶʪʩʷ ʜʠʩʢʠ 1 

ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ɤ ʚʦʢʨʫʛ ʦʩʠ ʉ, ʜʚʠʞʫʱʝʡʩʷ ʚʣʝʚʦ ʩʦ 

ʩʢʦʨʦʩʪʴʶ Vʉ. ɼʚʠʞʝʥʠʝ ʙʦʨʦʥʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦ 

ʧʨʠʣʦʞʝʥʥʳʭ ʚ ʮʝʥʪʨʘʭ ʜʠʩʢʦʚ ʩʠʣ ʈɼ. ɿʘʛʣʫʙʣʝʥʠʝ ʠʛʣ ʚ ʧʦʯʚʫ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʠʣ ʪʷʞʝʩʪʠ G ʙʦʨʦʥʳ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʩʢʘ ʠʛʦʣʴʯʘʪʦʡ ʙʦʨʦʥʳ, ʦʩʴ ʢʦʪʦʨʦʛʦ ʩʚʷʟʘʥʘ ʩ ʦʩʷʤʠ ʜʨʫʛʠʭ ʜʠʩʢʦʚ, 

ʘ ʟʘʛʣʫʙʣʝʥʠʝ hʀ ʠʛʣ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2, ʥʘ ʢʦʪʦʨʦʤ Ɋ - ʫʛʦʣ ʤʝʞʜʫ ʦʩʷʤʠ 

ʠʛʣ ʉɺ ʠ ʉʉV. 

 
ʈʠʩʫʥʦʢ 2.- ʉʭʝʤʘ ʢ ʘʥʘʣʠʟʫ ʜʚʠʞʝʥʠʷ ʠʛʦʣʴʯʘʪʦʛʦ ʜʠʩʢʘ ʙʦʨʦʥʳ ʧʦ ʧʦʯʚʝ. 

 

ʅʘ ʫʯʘʩʪʢʝ ɺd ʠʛʣʘ ʟʘʛʣʫʙʣʷʝʪʩʷ ʚ ʧʦʯʚʫ, ʘ ʥʘ ʫʯʘʩʪʢʝ dɺ1 ʦʥʘ ʚʳʛʣʫʙʣʷʝʪʩʷ ʠʟ ʥʝʸ. ʅʘ 

ʫʯʘʩʪʢʝ ɺɺ1 ʠʛʣʘ ʧʨʦʠʟʚʦʜʠʪ ʧʦʣʝʟʥʫʶ ʨʘʙʦʪʫ. 
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ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʮʝʥʪʨʘ ʉ ʙʦʨʦʥʳ ʚʣʝʚʦ ʩ ʩʢʦʨʦʩʪʴʶ Vʉ  

ʤʛʥʦʚʝʥʥʳʡ ʮʝʥʪʨ ʚʨʘʱʝʥʠʷ ʠʛʣʳ ʙʫʜʝʪ ʚ ʪʦʯʢʝ ʉV , ʪʘʢ ʢʘʢ ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʛʣʫʙʦʢʦ ʚ ʧʦʯʚʝ, ʠ ʦʥʘ ʥʝ ʤʦʞʝʪ ʙʳʩʪʨʦ ʤʝʥʷʪʴ ʩʚʦʸ ʧʦʣʦʞʝʥʠʝ. 

ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʮʝʥʪʨʘ ʉ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ Vʉ ʪʦʯʢʘ ʉ ʦʩʪʘʥʝʪʩʷ ʥʘ 

ʣʠʥʠʠ ʉʉ
/
ʉ1ʉ

/
1ʉ2, ʘ ʥʠʞʥʠʡ ʢʦʥʝʮ ʠʛʣʳ ʉɸ1  ʧʝʨʝʤʝʩʪʠʪʩʷ ʚʚʝʨʭ ʥʘ ʚʳʩʦʪʫ ʉV A1(CʉV = 

ʉ
/
A1) . ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʝʨʥʝʪʩʷ ʠ ʠʛʣʘ ɸ1ʉ ʠ ʟʘʡʤʝʪ ʧʦʣʦʞʝʥʠʝ  ɸ1 ʉ

/
. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʛʣʘ 

ʉɺ ʧʦʚʝʨʥʝʪʩʷ ʚʥʠʟ, ʠ ʪʦʯʢʘ ɺ ʵʪʦʡ ʠʛʣʳ ʪʘʢ ʞʝ ʧʝʨʝʤʝʩʪʠʪʩʷ ʚʥʠʟ. ɼʘʣʴʥʝʡʰʝʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʚʣʝʚʦ ʮʝʥʪʨʘ ʉ ʪʦʯʢʘ ɺ ʠʛʣʳ ʟʘʡʤʝʪ ʧʦʣʦʞʝʥʠʝ ɸ2 , ʘ ʠʛʣʘ ʉɺ ʟʘʡʤʝʪ 

ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʉ1ʉV1(ʉ1ʉV1=ʉ
/
A2). ɿʜʝʩʴ ʉV1 ʤʛʥʦʚʝʥʥʳʡ ʮʝʥʪʨ ʚʨʘʱʝʥʠʷ ʠʛʣʳ ʉɺ  

ʧʨʠ ʝʸ ʧʦʚʦʨʦʪʝ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʮʝʥʪʨ ʉ ʧʝʨʝʤʝʩʪʠʪʩʷ ʚ ʧʦʣʦʞʝʥʠʝ ʉ
/
1, ʘ ʥʠʞʥʠʡ ʢʦʥʝʮ ɺ 

ʠʛʣʳ ʉɺ ʚʳʡʜʝʪ ʠʟ ʧʦʣʦʞʝʥʠʷ ʉV ʚ ʧʦʯʚʝ. ʂ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʠʛʣʘ ʉʂ ʧʦʚʝʨʥʝʪʩʷ ʚʥʠʟ ʠ ʪʦʯʢʘ 

ʂ ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ ʪʦʯʢʝ ɸ3 , ʘ ʟʘʪʝʤ ʠ ʢ ʪʦʯʢʝ ʉV2, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʤʛʥʦʚʝʥʥʳʤ ʮʝʥʪʨʦʤ ʚʨʘʱʝʥʠʷ ʠʛʣʳ ʉʂ. 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʮʝʥʪʨʘ ʉ ʢ ʧʦʣʦʞʝʥʠʶ ʉ2 ʢʦʥʝʮ ʂ ʠʛʣʳ ʫʛʣʫʙʣʷʝʪʩʷ ʚ ʧʦʯʚʫ, ʛʜʝ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʪʦʯʢʠ ɸ3 ʠ ʉV2, ʠ ʢʦʛʜʘ ʮʝʥʪʨ ʉ ʟʘʡʤʝʪ ʧʦʣʦʞʝʥʠʝ ʉ2  ʠʛʣʘ ʉʂ ʙʫʜʝʪ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʉ2ʉV2.. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʉ ʧʨʦʭʦʜʠʪ ʧʦ ʧʨʷʤʦʡ ʉʉ
/
ʉ1ʉ

/
1ʉ2, ʘ ʪʦʯʢʠ ɸ1ɸ2ɸ3 

ʠʛʣ ʉʉV , ʉɺ ʠ ʉʂ  ʚʥʝʜʨʷʶʪʩʷ ʚ ʧʦʯʚʫ ʥʘ ʧʦʣʥʫʶ ʛʣʫʙʠʥʫ hʀ ʣʠʰʴ ʪʦʛʜʘ, ʢʦʛʜʘ ʠʛʣʳ 

ʟʘʥʠʤʘʶʪ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ ʪʘʢʠʝ, ʢʘʢ  ʉʉV , ʉ1ʉV1 ʠ ʉ2ʉV2.. ʂʨʦʤʝ ʪʦʛʦ ʚʠʜʥʦ, ʯʪʦ 

ʠʛʣʳ ʚʥʝʜʨʷʶʪʩʷ ʚ ʧʦʯʚʫ ʚ ʧʦʣʦʞʝʥʠʠ, ʙʣʠʟʢʦʤ ʢ ʚʝʨʪʠʢʘʣʴʥʦʤʫ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ VB , ʦʪʢʣʦʥʝʥʥʦʛʦ ʥʘ ʫʛʦʣ Ŭ, ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ ʥʘ ʫʩʣʦʚʠʷ 

ʚʭʦʞʜʝʥʠʷ ʠʛʣʳ ʚ ʧʦʯʚʫ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ Ŭ ʨʘʩʩʤʦʪʨʠʤ ʪʨʝʫʛʦʣʴʥʠʢ  ʉVɺʉV1 ʠ ʉVɺɸ
/
2, ʢʦʪʦʨʳʝ ʧʦʜʦʙʥʳ, ʘ 

ʫʛʦʣ ɺʉVʉV1 ʨʘʚʝʥ ʫʛʣʫ ɺʉV1ɸ
/
2. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ 

ÔὫ‌
ˏ˞

˞ ˞
   ʠʣʠ 

 

‌ ὥὶὧ ÔὫ
ˏ˞

˞ ˞
 ,      (1) 

 

ʛʜʝ ɺʉV1ï ʚʳʩʦʪʘ ʢʦʥʮʘ ɺ ʠʛʣʳ ɺʉ ʥʘʜ ʣʠʥʠʝʡ ʉV2 ʉV1ʉV, ʘ  ʉV1ʉV - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ 

ʉV1 ʜʦ ʪʦʯʢʠ  ʉV. 

ʇʨʠ ʨʘʙʦʪʝ ʙʦʨʦʥʳ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚʝʢʪʦʨ VB ʩʢʦʨʦʩʪʠ ʚʥʘʯʘʣʝ ʚʥʝʜʨʝʥʠʷ ʚ ʧʦʯʚʫ 

ʠʛʣʳ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠʣʠ ʦʪʢʣʦʥʝʥ ʦʪ ʥʝʸ ʥʘ ʚʝʩʴʤʘ ʥʝʙʦʣʴʰʦʡ ʫʛʦʣ Ŭ. 

ʊʘʢ ʢʘʢ ʉʉV = rɼ , ʛʜʝ rɼ ï ʨʘʜʠʫʩ ʜʠʩʢʘ ʙʦʨʦʥʳ ʩ ʠʛʣʘʤʠ, ʘ ʫʛʦʣ ɺʉʉV ʨʘʚʝʥ Ɋ (ʨʠʩ.2), ʪʦ 

ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʘ ɺʉʉV ʠʤʝʝʤ: 

ˏ˞ ςὶ̅ίὭὲ.      (2) 

ʈʘʩʩʪʦʷʥʠʝ ɺʉV1= hɺ, ʛʜʝ hɺï ʚʳʩʦʪʘ ʪʦʯʢʠ ɺ ʥʘʜ ʣʠʥʠʝʡ ʉV2 ʉV1ʉV. 

ʆʪʩʶʜʘ  

Ὤ̃ ˏ˞ ˞ ˞ .     (3) 

ʊʘʢ ʢʘʢ Ὤ̃ ˏ˞ ίὭὲ , ʘ ˞ ˞  ˏ ˞ ὧέί , ʪʦ ʧʦʜʩʪʘʚʣʷʷ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ (3) ʩ 

ʫʯʸʪʦʤ (2), ʧʨʦʠʟʚʝʜʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʣʫʯʠʤ: 

ὧέί  ρ ̃

̅

ʠʣʠ     (4) 
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  ὥὶὧ ὧέίρ ̃

̅

.      (5) 

 

ʀʟ (4) ʠ (5) ʩʣʝʜʫʝʪ, ʯʪʦ ʯʝʤ ʤʝʥʴʰʝ Ὤ̃ , ʪʝʤ ʤʝʥʴʰʝ ʫʛʦʣ Ŭ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ Ὤ̃  ʜʦ 

ʥʫʣʷ, ʫʛʦʣ Ŭ ʪʘʢʞʝ ʙʫʜʝʪ ʨʘʚʝʥ ʥʫʣʶ, ʘ ʚʝʢʪʦʨ VB ʩʢʦʨʦʩʪʠ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥ ʧʦ ʚʝʨʪʠʢʘʣʠ 

ʚʥʠʟ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʢʦʣ ʧʦʯʚʳ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʧʨʠ ʤʝʥʴʰʝʡ ʩʠʣʝ ʪʨʝʥʠʷ ʠʛʣʳ ʦ ʧʦʯʚʫ, 

ʯʝʤ ʢʦʛʜʘ ʫʛʦʣ Ŭ ʙʦʣʴʰʝ ʥʫʣʷ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ 

ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [7,10] ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʠʞʫʱʝʡ ʩʠʣʳ ʩʧʨʘʚʝʜʣʠʚʳ 

ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʫʛʦʣ   ʤʝʞʜʫ ʦʩʷʤʠ ʠʛʣ ʙʦʣʴʰʝ 45
0
, ʪ.ʝ. ʢʦʛʜʘ ʠʛʣʘ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʚ ʧʦʯʚʝ 

ʥʘ ʫʛʦʣ ʦʪ   τυ ʜʦ ʫʛʣʘ    , ʨʘʚʥʦʛʦ 90
0
, ʧʨʠ ʢʦʪʦʨʦʤ ʠʛʣʘ ʟʘʡʤʝʪ ʚʝʨʪʠʢʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ. 

ɽʩʣʠ ʞʝ ʫʛʦʣ ʤʝʞʜʫ ʦʩʷʤʠ ʠʛʣ ʥʘ ʜʠʩʢʝ ʤʝʥʴʰʝ 45
0
, ʪʦ  ʩʣʝʜʫʶʱʘʷ ʟʘ ʧʝʨʚʦʡ ʠʛʣʦʡ 

ʚʪʦʨʘʷ ʠʛʣʘ ʚʭʦʜʠʪ ʚ ʧʦʯʚʫ, ʢʦʛʜʘ ʧʝʨʚʘʷ ʠʛʣʘ ʝʱʝ ʥʝ ʚʳʰʣʘ ʠʟ ʧʦʯʚʳ, ʪ.ʝ. ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʨʘʙʦʪʘʶʪ ʜʚʝ ʠʛʣʳ ʠ ʪ.ʜ. ʇʦʵʪʦʤʫ ʵʪʠ ʬʦʨʤʫʣʳ ʪʨʝʙʫʶʪ ʢʦʨʨʝʢʪʠʨʦʚʢʠ. 

ɺ ʨʘʙʦʪʝ [1]  ʨʘʩʩʤʦʪʨʝʥʘ ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʨʘʙʦʪʘ ʜʚʫʭ ʠʛʣ. ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʝ ʬʦʨʤʫʣʳ 

ʥʦʩʷʪ ʧʨʠʙʣʠʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʫʯʝʪ ʩʠʣʳ Q1 ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʨʝʦʜʦʣʝʚʘʝʤʦʛʦ ʠʛʣʦʡ ʧʨʠ 

ʚʳʭʦʜʝ ʠʟ ʧʦʯʚʳ, ʪʨʝʙʫʝʪ ʫʪʦʯʥʝʥʠʷ. 

ʇʝʨʝʜ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʠʞʫʱʝʡ ʩʠʣʳ ʠʛʦʣʴʯʘʪʦʡ ʙʦʨʦʥʳ 

ʩʦʩʪʘʚʠʤ ʪʘʙʣʠʮʫ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʣʠʯʝʩʪʚʘ ʠʛʣ ʠ ʫʛʣʘ ʤʝʞʜʫ ʥʠʤʠ ʥʘ ʜʠʩʢʝ. 

ʊʘʙʣʠʮʘ ï ɺʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʢʦʣʠʯʝʩʪʚʘ ʠʛʣ ʠ ʫʛʣʦʚ ʤʝʞʜʫ ʥʠʤʠ ʥʘ ʜʠʩʢʝ 

ˉ  

ʧ/ʧ 

ɺʘʨʠʘʥʪʳ ʢʦʣʠʯʝʩʪʚʘ ʠʛʣ 

ʚ ʦʜʥʦʤ ʜʠʩʢʝ 

ʋʛʦʣ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʠʛʣʘʤʠ, ʛʨʘʜʫʩʦʚ 

ɺʦʟʤʦʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʨʘʙʦʪʘʶʱʠʭ ʠʛʣ 

1 9 40 2 

2 12 30 2 

3 18 20 3 

4 24 15 3 

5 30 10 4 

 

ʀʟ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʦ ʠʛʣ ʥʘ ʜʠʩʢʝ, ʪʝʤ ʤʝʥʴʰʝ ʫʛʦʣ ʤʝʞʜʫ 

ʥʠʤʠ ʠ ʪʝʤ ʩʣʦʞʥʝʝ ʢʦʥʩʪʨʫʢʮʠʷ. ʆʜʥʘʢʦ, ʧʨʠ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʧʨʦʢʦʣʘʤʠ ʧʦʯʚʳ 

ʚʦʟʤʦʞʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʘʯʝʩʪʚʦ ʝʸ ʨʳʭʣʝʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ 

ʢʦʣʠʯʝʩʪʚʘʤʠ ʠʛʣ ʥʘ ʢʘʞʜʦʤ ʜʠʩʢʝ ʙʫʜʫʪ ʮʠʬʨʳ 12 ʠ 18 , ʭʦʪʷ ʚʦʟʤʦʞʥʦ ʠ ʧʨʠʤʝʥʝʥʠʝ 24 

ʠʛʣ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʯʝʪʳʨʝʭ ʠʛʣ ʙʦʨʦʥʳ, ʧʨʠʯʝʤ ʪʨʠ ʠʛʣʳ 

ʟʘʛʣʫʙʣʷʶʪʩʷ ʠ ʦʜʥʘ ʠʛʣʘ ʚʳʛʣʫʙʣʷʝʪʩʷ ʠʟ ʧʦʯʚʳ. ʉʭʝʤʘ ʪʘʢʦʡ ʨʘʙʦʪʳ ʠʛʣ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 3. 
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ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʯʝʪʳʨʝʭ ʠʛʣ ʠʛʦʣʴʯʘʪʦʡ ʙʦʨʦʥʳ 

 

ɺʥʘʯʘʣʝ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʩʠʣʳ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 3, ʥʘ ʢʦʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʦʩʴ ʉ ʙʦʨʦʥʳ. ʕʪʦ ʜʚʠʞʫʱʘʷ ʩʠʣʘ ʈɼ, ʩʠʣʘ ʪʷʞʝʩʪʠ G ʠ ʩʠʣʳ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ Q ʠ Q1. ʃʠʥʠʷ ʜʝʡʩʪʚʠʷ ʩʠʣʳ Q ʧʨʦʭʦʜʠʪ ʧʦ ʣʠʥʠʠ ʠʛʣʳ ʧʦʜ ʫʛʣʦʤ  

  ʢ ʚʝʨʪʠʢʘʣʠ (ʟʜʝʩʴ    ï ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʛʦʨʠʟʦʥʪʘʣʠ ʣʠʥʠʠ ʠʛʣʳ ʚ ʤʦʤʝʥʪ ʢʘʩʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʢʦʥʯʠʢʦʤ ʠʛʣʳ,   ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʠʛʣʳ ʚʦ ʚʨʝʤʷ ʝʸ ʫʛʣʫʙʣʝʥʠʷ ʚ 

ʧʦʯʚʫ), ʘ ʣʠʥʠʷ ʜʝʡʩʪʚʠʷ ʩʠʣʳ Q1 ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʨʝʦʜʦʣʝʚʘʝʤʘʷ ʠʛʣʦʡ ʧʨʠ ʚʳʭʦʜʝ ʠʟ 

ʧʦʯʚʳ, ʧʨʦʭʦʜʠʪ ʧʦʜ ʫʛʣʦʤ     ʢ ʚʝʨʪʠʢʘʣʠ. 

ʅʘ ʩʭʝʤʝ ʧʦʢʘʟʘʥʳ ʠʛʣʳ ʉɸ, ʉɺ, ʉD ʠ CL, ʨʘʙʦʪʘʶʱʠʝ ʩʦʚʤʝʩʪʥʦ, ʧʨʠ ʵʪʦʤ ʤʝʞʜʫ 

ʠʛʣʘʤʠ ʉɸ ʠ ʉɺ ʫʛʦʣ ʨʘʚʝʥ  ̱  ˏ, ʘ ʤʝʞʜʫ ʠʛʣʘʤʠ ʉɺ ʠ ʉD ʫʛʦʣ ʙʫʜʝʪ ʨʘʚʝʥ  ˏ   , 

ʧʨʠʯʝʤ  ̱  ˏ  ˏ  . ɽʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʘʞʜʘʷ ʠʛʣʘ ʧʨʦʠʟʚʦʜʠʪ ʧʨʦʢʦʣ ʧʦʯʚʳ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʙʣʠʟʢʦʤ ʢ ʚʝʨʪʠʢʘʣʠ, ʪʦ ʠʛʣʘ ʉɸ ʥʘʯʘʣʘ ʧʨʦʢʦʣ ʧʦʯʚʳ ʚ ʪʦʯʢʝ ɸ
/
0 (ʮʝʥʪʨ ʉ ʙʳʣ 

ʪʦʛʜʘ ʚ ʪʦʯʢʝ ʉ
/
), ʠʛʣʘ ʉɺ ʥʘʯʘʣʘ ʧʨʦʢʦʣ ʧʦʯʚʳ ʚ ʧʦʣʦʞʝʥʠʠ ʦʢʦʣʦ ʪʦʯʢʠ ɺ

/
0 (ʮʝʥʪʨ ʉ ʙʳʣ 

ʪʦʛʜʘ ʚ ʪʦʯʢʝ ʉ
//
), ʘ ʠʛʣʘ ʉD ʥʘʯʘʣʘ ʧʨʦʢʦʣ ʧʦʯʚʳ ʚ ʪʦʯʢʝ D

/
0, ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʮʝʥʪʨʘ ʉ ʚ 

ʧʦʣʦʞʝʥʠʠ ʉ
///
. ʋʛʦʣ  ʜʣʷ ʢʘʞʜʦʡ ʠʛʣʳ ʨʘʚʝʥ ʫʛʣʫ ɽʉɸ0, ʫʛʦʣ   ʜʣʷ ʢʘʞʜʦʡ ʠʛʣʳ ʉɸ, 

ʨʘʚʥʳʡ ʫʛʣʫ  ̱, ʫʛʦʣ   ʜʣʷ ʢʘʞʜʦʡ ʠʛʣʳ ʉɺ, ʨʘʚʥʳʡ ʫʛʣʫ  ˏ, ʠ ʫʛʦʣ   ʜʣʷ ʢʘʞʜʦʡ ʠʛʣʳ ʉD, 

ʨʘʚʥʳʡ ʫʛʣʫ  , ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʦʪ ʫʛʣʘ    ʜʦ ʫʛʣʘ ɽʉʅ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ 

ʧʨʦʢʦʣʘ ʧʦʯʚʳ ʠʛʣʦʡ ʙʫʜʝʪ hʀ, ʘ ʫʛʦʣ    ʨʘʚʝʥ ωπ   . 

ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʠʛʣʦʡ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʉʅ ʦʥʘ ʥʘʯʠʥʘʝʪ ʚʳʛʣʫʙʣʷʪʴʩʷ ʠʟ 

ʧʦʯʚʳ. ʇʨʠ ʚʳʛʣʫʙʣʝʥʠʠ ʠʛʣʳ CL ʚ ʪʦʯʢʝ L
/
0 ʮʝʥʪʨ ʉ ʟʘʥʠʤʘʣ ʧʦʣʦʞʝʥʠʝ ʉ0. 

ɼʚʠʞʫʱʘʷ ʩʠʣʘ ʈɼ ʙʦʨʦʥʳ ʜʣʷ ʫʛʣʫʙʣʝʥʠʷ ʠʛʣ ʉɸ, ʉɺ, ʉD ʚ ʧʦʯʚʫ, ʠ ʚʳʛʣʫʙʣʝʥʠʷ ʠʛʣʳ 

CL ʠʟ ʧʦʯʚʳ ʙʫʜʝʪ ʨʘʚʥʘ ʩʫʤʤʝ ʜʚʠʞʫʱʠʭ ʩʠʣ ˝̅ ˝̅ ˝̅ ˝̅ . 

ʉ ʫʯʝʪʦʤ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [1,7,10] ʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʧʦʣʫʯʠʤ 

ʫʪʦʯʥʝʥʥʫʶ ʬʦʨʤʫʣʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʜʚʠʞʫʱʝʡ ʩʠʣʳ ʈɼ ʠʛʦʣʴʯʘʪʦʡ ʙʦʨʦʥʳ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʝ ʯʝʪʳʨʝʭ ʠʛʣ: 

- ʧʨʠ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʧʦʯʚʳ ʧʨʦʢʦʣʫ ʠʛʣʦʡ ʧʦ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ: 
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˝̅ ̌ ˝̅ ̌ ˝̅ ̌ ˝̅ ̌ ˝ˑ ˘ Ͻ̋ʇϽὧέίὥὶὧ ίὭὲρ ȟ̉

̉ ̉
ʇ Ͻ̋ʇϽ

ὧέίὥὶὧ ίὭὲρ ̉

̉ ̉
ʇ Ͻ̋ʇϽὧέίὥὶὧ ίὭὲρ ̉

̉ ̉
ʇ σὗίὭὲ Ƞ      (6)  

- ʧʨʠ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʧʦʯʚʳ ʧʨʦʢʦʣʫ ʠʛʣʦʡ ʧʦ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ: 

˝̅ ̐ ˝̅ ̐ ˝̅ ̐ ˝̅ ̐ ˝ˑ ˜ ÃϽʇϽὧέίὥὶὧ ίὭὲρ
Ὤ̉

ὶ̉

 

Ὤ̉
ʇ  

ÃϽʇϽὧέίὥὶὧ ίὭὲρ
Ὤ̉

ὶ̉

 

Ὤ̉
ʇ ÃϽʇϽὧέίὥὶὧ ίὭὲρ

Ὤ̉

ὶ̉

 

Ὤ̉
ʇ  

 σὗίὭὲ ȟ                                                                                                                     (7) 

ʛʜʝ ʢ - ʦʧʳʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʣʠʥʝʡʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʯʚʳ 

ʫʛʣʫʙʣʝʥʠʶ ʚ ʥʝʸ ʠʛʣʳ, ʅ/ʤ; ʩ ï ʦʧʳʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʧʘʨʘʙʦʣʠʯʝʩʢʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚʳ ʚʥʝʜʨʝʥʠʶ ʚ ʥʝʸ ʠʛʣʳ, ʅ/ʤ; ʇ, ʇ ȟʇ - ʛʣʫʙʠʥʳ 

ʚʥʝʜʨʝʥʠʷ ʥʘʨʫʞʥʳʭ ʢʦʥʮʦʚ ʠʛʣ ʚ ʧʦʯʚʫ, ʤ;    - ʫʛʦʣ, ʥʘ ʢʦʪʦʨʳʡ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʠʛʣʘ ʚ 

ʧʦʯʚʝ ʦʪ ʥʘʯʘʣʘ ʝʸ ʧʨʦʢʦʣʘ ʜʦ ʝʛʦ ʦʢʦʥʯʘʥʠʷ;    - ʫʛʦʣ ʢ ʚʝʨʪʠʢʘʣʠ, ʧʦ ʢʦʪʦʨʦʡ ʧʨʦʭʦʜʠʪ 

ʣʠʥʠʷ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ὗ; ὶ̉ - ʨʘʜʠʫʩ ʠʛʣʳ, ʤ; 

ɺ ʬʦʨʤʫʣʘʭ (6) ʠ (7) ʚʝʣʠʯʠʥʳ   ʠ Ὤ̉ȟ ʧʦʩʪʦʷʥʥʳʝ, ʘ ʚʝʣʠʯʠʥʳ ʇ, ʇ ̉ ʇ ʧʝʨʝʤʝʥʥʳʝ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʢ ʠ ʩ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʜʠʘʛʨʘʤʤ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʪʚʝʨʜʦʩʪʠ ʧʦʯʚʳ ʩ ʧʦʤʦʱʴʶ ʪʚʝʨʜʦʤʝʨʦʚ. 

 

 

ɺʳʚʦʜʳ: 

1. ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʠʛʣ ʠʛʦʣʴʯʘʪʦʡ ʙʦʨʦʥʳ ʚ ʧʦʯʚʫ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʧʦʣʦʞʝʥʠʝ 

ʚʥʝʜʨʷʶʱʝʡʩʷ ʠʛʣʳ ʙʳʣʦ ʙʣʠʟʢʦ ʢ ʚʝʨʪʠʢʘʣʠ ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦʝ, ʯʪʦ ʫʯʠʪʳʚʘʝʪʩʷ ʬʦʨʤʫʣʘʤʠ 

(6) ʠ (7). 

2. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʜʚʠʞʫʱʝʡ ʩʠʣʳ ʠʛʦʣʴʯʘʪʦʡ ʙʦʨʦʥʳ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʥʝʡʥʦʡ ʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚʳ ʚʥʝʜʨʝʥʠʶ ʠʛʣ ʠʛʦʣʴʯʘʪʦʡ ʙʦʨʦʥʳ. 

3. ʇʦʣʫʯʝʥʳ ʫʪʦʯʥʸʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ (6) ʠ (7) ʜʣʷ ʨʘʩʯʝʪʘ ʜʚʠʞʫʱʝʡ ʩʠʣʳ ʠʛʦʣʴʯʘʪʦʡ 

ʙʦʨʦʥʳ ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʝ ʥʝʩʢʦʣʴʢʠʭ ʠʛʣ, ʩ ʫʯʸʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʨʝʦʜʦʣʝʚʘʝʤʦʡ ʢʘʞʜʦʡ ʠʛʣʦʡ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʧʦʯʚʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʣʠʥʝʡʥʦʡ ʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚʳ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʚ ʥʝʸ ʠʛʣ 

ʙʦʨʦʥʳ. 
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ʪʝʭʥʠʢʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ 

 

ʈʝʬʝʨʘʪ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʫʯʝʪʘ ʤʦʣʦʢʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʥʘʠʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʧʝʨʚʠʯʥʦʤʫ ʤʦʣʦʢʦʧʨʠʝʤʥʠʢʫ ʦʪʚʝʯʘʶʪ ʫʩʪʨʦʡʩʪʚʘ, ʚʢʣʶʯʘʶʱʠʝ 

ʧʨʠʝʤʥʫʶ, ʤʝʨʥʫʶ ʢʘʤʝʨʳ ʠ ʧʦʧʣʘʚʢʦʚʦ-ʢʣʘʧʘʥʥʳʡ ʤʝʭʘʥʠʟʤ. ʀʟʫʯʘʣʠ ʚʦʧʨʦʩʳ 

ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʩʯʝʪʯʠʢʘ 

ʤʦʣʦʢʘ, ʨʘʙʦʪʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʮʠʢʣʦʚ: ʥʘʧʦʣʥʝʥʠʝ, ʦʧʦʨʦʞʥʝʥʠʝ ʠ ʧʨʦʜʫʚʢʘ 

ʤʝʨʥʦʡ ʢʘʤʝʨʳ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʯʝʪʯʠʢʘ ʤʦʣʦʢʘ ʜʦ ʟʥʘʯʝʥʠʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʣʦʢʦʧʨʦʚʦʜʘ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ 

ʠʥʞʝʥʝʨʥʦʛʦ ʨʘʩʯʝʪʘ. ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʯʝʪʯʠʢʘ-ʵʚʘʢʫʘʪʦʨʘ ʤʦʣʦʢʘ ʧʨʠʥʠʤʘʝʪʩʷ 

ʨʘʚʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʣʦʢʦʧʨʦʚʦʜʘ. ʈʘʩʭʦʜ ʤʦʣʦʢʘ ʠʟ ʤʝʨʥʦʡ ʢʘʤʝʨʳ ʟʘʚʠʩʠʪ 

ʦʪ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʰʣʘʥʛʘ ʠ ʚʳʩʦʪʳ ʧʦʜʲʝʤʘ ʞʠʜʢʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʤʦʣʦʢʦʧʨʦʚʦʜʦʚ ʜʠʘʤʝʪʨʦʤ 38; 48,5 ʠ 60 ʤʤ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʚʘʢʫʫʤʝ 48 

ʢʇʘ ʠ ʧʦʜʲʝʤʝ ʤʦʣʦʢʘ ʥʘ ʚʳʩʦʪʫ 2 ʤʝʪʨʘ ʧʘʨʘʤʝʪʨʳ ʩʯʝʪʯʠʢʘ-ʵʚʘʢʫʘʪʦʨʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ: ʦʙʲʝʤ ʤʝʨʥʦʡ ʢʘʤʝʨʳ 1,0; 1,5; ʠ 2,0 ʣʠʪʨʘ; ʩʝʯʝʥʠʝ ʤʝʞʢʘʤʝʨʥʦʛʦ 

ʦʪʚʝʨʩʪʠʷ ʥʝ ʤʝʥʝʝ 1140; 1920 ʠ 2820 ʤʤ
2
; ʩʝʯʝʥʠʝ ʦʪʚʦʜʷʱʝʛʦ ʰʣʘʥʛʘ 112; 248 ʠ 376 ʤʤ

2
; 

ʩʝʯʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʢʘʥʘʣʘ 3,7; 8,6 ʠ 17,2 ʤʤ
2
.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʯʝʪʯʠʢ ʤʦʣʦʢʘ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ, ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ, ʧʘʨʘʤʝʪʨ, 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. 
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Abstract. The analysis of devices for recording milk showed that the requirements to the 

primary milk receiver are met by devices including a receiving chamber, a measuring chamber and 

a float-valve mechanism. The issues of optimizing the design-mode parameters of such devices in 

order to increase throughput were studied. A milk meter scheme, the work of which consists of three 

cycles: filling, emptying and purging the metering chamber, was proposed on the basis of the 

studies performed. The engineering calculation algorithm is designed to increase the throughput of 

the milk counter to values corresponding to the throughput of the milk pipeline. The capacity of the 

milk tow truck is assumed to be equal to the capacity of the milk pipeline. The consumption of milk 

from the measuring chamber depends on the flow area of the hose and the height of the lifting fluid. 

The calculation results showed that for milk pipelines with a diameter of 38; 48.5 and 60 mm, 

operating at a vacuum of 48 kPa and raising milk to a height of 2 meters, the parameters of the 

evacuator counter are respectively equal: the volume of the measuring chamber is 1.0; 1.5; and 2.0 

liters; cross-section of the chamber hole of at least 1140; 1920 and 2820 mm
2
; the cross section of 

the discharge hose 112; 248 and 376 mm
2
; air channel section 3.7; 8.6 and 17.2 mm

2
. 
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ɺʚʝʜʝʥʠʝ. ʇʨʠʤʝʥʷʝʤʳʝ ʥʘ ʤʦʣʦʯʥʳʭ ʬʝʨʤʘʭ ʜʦʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʢʦʤʧʣʝʢʪʫʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʠ ʛʨʫʧʧʦʚʦʛʦ ʫʯʝʪʘ ʤʦʣʦʢʘ.  

ɼʣʷ ʢʦʤʧʦʥʦʚʢʠ ʣʠʥʝʡʥʳʭ ʜʦʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʛʨʫʧʧʦʚʳʝ ʧʦʨʮʠʦʥʥʳʝ ʩʯʝʪʯʠʢʠ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʧʦʧʣʘʚʢʦʚʦ-ʢʣʘʧʘʥʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʠʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʢʣʘʧʘʥʦʤ. ʆʜʥʘʢʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʪʨʫʜʥʝʥʦ ʚ ʩʚʷʟʠ 

ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ [1]. 

ɸʥʘʣʠʟ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʩʝʨʠʡʥʦʛʦ ʩʯʝʪʯʠʢʘ-ʜʦʟʘʪʦʨʘ ɸɼʄ-52.000 ʧʦʢʘʟʘʣ, ʯʪʦ ʝʛʦ 

ʥʠʟʢʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʯʠʥʘʤʠ. ʇʦʩʣʝ ʦʧʦʨʦʞʥʝʥʠʷ 

ʤʝʨʥʦʡ ʢʘʤʝʨʳ 1 ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪʩʦʩ ʚʦʟʜʫʭʘ ʠʟ ʥʝʝ ʧʦ ʰʣʘʥʛʫ 14 ʚ 

ʤʦʣʦʢʦʧʨʠʝʤʥʠʢ 13 ʠ ʧʨʠʪʦʢ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʙʦʢʦʚʦʝ ʦʪʚʝʨʩʪʠʝ 16 ʪʨʫʙʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ 

ʚ ʤʝʨʥʦʡ ʢʘʤʝʨʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʚʘʢʫʫʤʘ ʥʠʞʝ, ʯʝʤ ʚ ʧʨʠʝʤʥʦʡ ʢʘʤʝʨʝ 1 ʠ ʥʘ 

ʢʣʘʧʘʥ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʩʦ ʩʪʦʨʦʥʳ ʤʝʨʥʦʡ ʢʘʤʝʨʳ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʨʘʟʥʠʮʝʡ ʜʘʚʣʝʥʠʡ ʚ 

ʧʨʠʝʤʥʦʡ ʠ ʤʝʨʥʦʡ ʢʘʤʝʨʘʭ. ʆʪʢʨʳʪʠʝ ʢʣʘʧʘʥʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʥʝʢʦʪʦʨʦʡ ʟʘʜʝʨʞʢʦʡ ʧʦ 

ʚʨʝʤʝʥʠ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʢʣʘʧʘʥ ʩʦ ʩʪʦʨʦʥʳ ʧʨʠʝʤʥʦʡ ʢʘʤʝʨʳ ʨʘʚʥʘʷ 

ʩʫʤʤʝ ʚʝʩʘ ʢʣʘʧʘʥʥʦ-ʧʦʧʣʘʚʢʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʠʣʳ, ʧʨʦʠʟʚʦʜʠʤʦʡ ʩʪʦʣʙʦʤ ʞʠʜʢʦʩʪʠ 

(ʤʦʣʦʢʘ), ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʨʠʝʤʥʦʡ ʢʘʤʝʨʝ, ʧʨʝʚʳʩʠʪ ʩʠʣʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʢʣʘʧʘʥ ʩʦ 

ʩʪʦʨʦʥʳ ʤʝʨʥʦʡ ʢʘʤʝʨʳ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʧʝʨʝʧʘʜʦʤ ʜʘʚʣʝʥʠʡ.  

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʝʨʠʦʜʘ ʧʨʦʜʫʚʢʠ ʤʝʨʥʦʡ ʢʘʤʝʨʳ, ʟʘʜʝʨʞʢʝ ʥʘʯʘʣʘ ʝʝ 

ʥʘʧʦʣʥʝʥʠʷ ʤʦʣʦʢʦʤ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ (ʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʥʘʧʦʣʥʝʥʠʷ 

ʤʝʨʥʦʡ ʢʘʤʝʨʳ, ʝʝ ʦʧʦʨʦʞʥʝʥʠʷ ʠ ʧʨʦʜʫʚʢʠ) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʩʝʯʝʥʠʝ ʙʦʢʦʚʦʛʦ ʦʪʚʝʨʩʪʠʷ ʚ ʪʨʫʙʢʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʦ ʧʦ 

ʚʝʣʠʯʠʥʝ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʜʘʞʝ ʧʨʠ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ 

(ʤʦʣʦʢʦʤ) ʧʨʠʝʤʥʦʡ ʢʘʤʝʨʝ ʚʝʣʠʯʠʥʘ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʢʣʘʧʘʥ ʩʦ ʩʪʦʨʦʥʳ ʧʨʠʝʤʥʦʡ 

ʢʘʤʝʨʳ, ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʝʛʦ ʦʪʢʨʳʪʠʷ ʠ ʫʩʪʨʦʡʩʪʚʦ ʩʪʘʥʦʚʠʪʩʷ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ. ʕʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʤʝʨʥʦʡ ʢʘʤʝʨʝ ʚ ʧʝʨʠʦʜ ʵʚʘʢʫʘʮʠʠ ʤʦʣʦʢʘ ʜʘʚʣʝʥʠʝ ʥʝ 

ʨʘʚʥʦ ʘʪʤʦʩʬʝʨʥʦʤʫ, ʘ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʢʦʪʦʨʳʡ ʚʘʢʫʫʤ (15é20 ʢʇʘ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʝʨʝʧʘʜ 

ʜʘʚʣʝʥʠʡ ʚ ʤʝʨʥʦʡ ʢʘʤʝʨʝ ʠ ʤʦʣʦʢʦʧʨʠʝʤʥʠʢʝ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʚʘʢʫʘʮʠʠ 

ʤʦʣʦʢʘ, ʩʥʠʞʘʝʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʘ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʵʚʘʢʫʘʮʠʠ ʤʦʣʦʢʘ ʠʟ ʤʝʨʥʦʡ ʢʘʤʝʨʳ, ʫʚʝʣʠʯʝʥʠʶ ʨʘʙʦʯʝʛʦ 

ʮʠʢʣʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ ʩʝʯʝʥʠʝ ʦʪʚʝʨʩʪʠʷ 

ʤʝʞʜʫ ʤʝʨʥʦʡ ʠ ʧʨʠʝʤʥʦʡ ʢʘʤʝʨʘʤʠ ʜʦʣʞʥʦ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʦ, ʪʘʢ ʢʘʢ ʝʛʦ ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʩʠʣʳ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʢʣʘʧʘʥ ʩʦ ʩʪʦʨʦʥʳ ʤʝʨʥʦʡ ʢʘʤʝʨʳ  ʧʨʠ 

ʧʨʦʜʫʚʢʝ ʠ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʠ ʩʯʝʪʯʠʢ ʩʪʘʥʦʚʠʪʩʷ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ ʠʟ-ʟʘ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʝʥʩʘʮʠʠ ʵʪʦʡ ʩʠʣʳ ʩʪʦʣʙʦʤ ʞʠʜʢʦʩʪʠ ʥʘʜ ʢʣʘʧʘʥʦʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʫʯʝʪʘ ʤʦʣʦʢʘ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʧʝʨʚʠʯʥʦʤʫ ʤʦʣʦʢʦʧʨʠʝʤʥʠʢʫ ʦʪʚʝʯʘʶʪ 

ʫʩʪʨʦʡʩʪʚʘ ʚʢʣʶʯʘʶʱʠʝ ʧʨʠʝʤʥʫʶ ʠ ʤʝʨʥʫʶ ʢʘʤʝʨʳ ʠ ʧʦʧʣʘʚʢʦʚʦ-ʢʣʘʧʘʥʥʳʡ ʤʝʭʘʥʠʟʤ, 

ʦʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʝʛʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʟʘʚʠʩʘʥʠʷ ʢʣʘʧʘʥʥʦ-

ʧʦʧʣʘʚʢʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʧʨʦʜʫʚʢʝ ʤʝʨʥʦʡ ʢʘʤʝʨʳ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [2 - 5] ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʩʯʝʪʯʠʢʘ ʤʦʣʦʢʘ 

(ʨʠʩʫʥʦʢ 1). ʈʘʙʦʪʘ ʩʯʝʪʯʠʢʘ-ʵʚʘʢʫʘʪʦʨʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʮʠʢʣʦʚ: ʥʘʧʦʣʥʝʥʠʝ, ʦʧʦʨʦʞʥʝʥʠʝ ʠ 

ʧʨʦʜʫʚʢʘ ʤʝʨʥʦʡ ʢʘʤʝʨʳ 2. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ ʚʘʢʫʫʤ ʠʟ ʤʦʣʦʢʦʧʨʠʝʤʥʠʢʘ 

13 ʯʝʨʝʟ ʢʦʣʣʝʢʪʦʨ 12, ʰʣʘʥʛ 14 ʠ ʧʘʪʨʫʙʦʢ 11 ʧʦʩʪʫʧʘʝʪ ʚ ʤʝʨʥʫʶ ʠ ʧʨʠʝʤʥʫʶ ʢʘʤʝʨʳ 2, 1 
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ʠ ʜʘʣʝʝ ʧʦ ʧʘʪʨʫʙʢʫ 10 ʚ ʤʦʣʦʢʦʧʨʦʚʦʜ. ʂʣʘʧʘʥʥʦ-ʧʦʧʣʘʚʢʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʥʘʭʦʜʠʪʩʷ ʚ 

ʢʨʘʡʥʝʤ ʥʠʞʥʝʤ ʧʦʣʦʞʝʥʠʠ, ʢʣʘʧʘʥ 19 ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʥʠʞʥʝʤ ʧʦʣʦʞʝʥʠʠ. ʇʨʠ ʵʪʦʤ 

ʢʣʘʧʘʥ 5 ʦʪʢʨʳʪ, ʢʣʘʧʘʥ 19 ʦʪʢʨʳʪ, ʙʦʢʦʚʦʝ ʦʪʚʝʨʩʪʠʝ 16 ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʠʝʤʥʦʡ ʢʘʤʝʨʝ 1. ɺ 

ʵʪʦ ʚʨʝʤʷ ʚ ʢʘʤʝʨʝ 7 ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʩʠʣʴʬʦʥ ʩʫʤʤʘʪʦʨʘ 9 ï ʨʘʟʞʘʪ. 

ɺ ʧʨʦʮʝʩʩʝ ʜʦʡʢʠ ʤʦʣʦʢʦ ʠʟ ʤʦʣʦʢʦʧʨʦʚʦʜʘ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 10 ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʠʸʤʥʫʶ ʢʘʤʝʨʫ 

1, ʦʪʢʫʜʘ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ 15 ʩʣʠʚʘʝʪʩʷ ʚ ʤʝʨʥʫʶ ʢʘʤʝʨʫ 2. ʇʦʩʣʝ ʝʸ ʟʘʧʦʣʥʝʥʠʷ ʤʦʣʦʢʦ 

ʥʘʯʠʥʘʝʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʧʨʠʸʤʥʦʡ ʢʘʤʝʨʝ 1 ʠ ʧʦʜʥʠʤʘʪʴ ʢʣʘʧʘʥʥʦ-ʧʦʧʣʘʚʢʦʚʦʝ 

ʫʩʪʨʦʡʩʪʚʦ. 

 
ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʩʯʝʪʯʠʢʘ ʤʦʣʦʢʘ 

ʇʦʩʣʝ ʝʸ ʟʘʧʦʣʥʝʥʠʷ ʤʦʣʦʢʦ ʥʘʯʠʥʘʝʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʧʨʠʸʤʥʦʡ ʢʘʤʝʨʝ 1 ʠ ʧʦʜʥʠʤʘʪʴ 

ʢʣʘʧʘʥʥʦ-ʧʦʧʣʘʚʢʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ. ʇʦʜʥʠʤʘʷʩʴ, ʪʨʫʙʢʘ 3 ʚʳʚʦʜʠʪ ʙʦʢʦʚʦʝ ʦʪʚʝʨʩʪʠʝ 16 ʠʟ 

ʤʝʨʥʦʡ ʢʘʤʝʨʳ 1 ʚ ʢʘʤʝʨʫ 7. ɺ ʵʪʦ ʚʨʝʤʷ ʢʣʘʧʘʥ 5 ʧʝʨʝʢʨʳʚʘʝʪ ʦʪʚʝʨʩʪʠʝ 15, ʪʨʫʙʢʘ 3 

ʚʭʦʜʠʪ ʚ ʦʪʚʝʨʩʪʠʝ 17 ʠ ʧʝʨʝʢʨʳʚʘʝʪ ʝʛʦ. ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ 18 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʪʨʫʙʢʝ 3 ʚ ʤʝʨʥʫʶ ʢʘʤʝʨʫ 2, ʧʣʦʪʥʦ ʧʨʠʞʠʤʘʷ ʢʣʘʧʘʥ 5 ʢ ʧʝʨʝʛʦʨʦʜʢʝ 

ʤʝʞʜʫ ʢʘʤʝʨʘʤʠ. ʄʦʣʦʢʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʦʟʜʘʚʰʝʛʦʩʷ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʡ ʚ ʤʝʨʥʦʡ 

ʢʘʤʝʨʝ 2 ʠ ʤʦʣʦʢʦʧʨʠʝʤʥʠʢʝ 13 ʦʪʩʘʩʳʚʘʝʪʩʷ ʠʟ ʤʝʨʥʦʡ ʢʘʤʝʨʳ 2 ʧʦ ʰʣʘʥʛʫ 14 ʠ 

ʢʦʣʣʝʢʪʦʨʫ 12 ʚ ʤʦʣʦʢʦʧʨʠʝʤʥʠʢ13 ʠ ʜʘʣʝʝ ʧʝʨʝʢʘʯʠʚʘʝʪʩʷ ʥʘʩʦʩʦʤ ʚ ʤʦʣʦʯʥʳʡ ʪʘʥʢ. ʇʦʩʣʝ 

ʧʦʣʥʦʛʦ ʦʪʩʦʩʘ ʧʦʨʮʠʠ ʤʦʣʦʢʘ ʠʟ ʤʝʨʥʦʡ ʢʘʤʝʨʳ 2 ʚʘʢʫʫʤ ʚ ʥʝʡ ʚʦʟʨʘʩʪʘʝʪ, ʠ ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʚʝʣʠʯʠʥʳ ʚʘʢʫʫʤʘ ʚ 1,2é1,3 ʨʘʟʘ ʧʨʝʚʳʰʘʶʱʝʤ ʝʛʦ ʟʥʘʯʝʥʠʝ ʚ ʧʝʨʠʦʜ 

ʵʚʘʢʫʘʮʠʠ ʤʦʣʦʢʘ ʢʣʘʧʘʥ 19 ʟʘʢʨʳʚʘʝʪʩʷ, ʧʝʨʝʢʨʳʚʘʷ ʜʦʩʪʫʧ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʫ 7 ʠ ʚ ʤʝʨʥʫʶ 

ʢʘʤʝʨʫ 2. ɺ ʵʪʦ ʚʨʝʤʷ ʚ ʢʘʤʝʨʝ 7 ʩʦʟʜʘʸʪʩʷ ʚʘʢʫʫʤ, ʢʦʪʦʨʳʡ ʯʝʨʝʟ ʰʣʘʥʛ 8 ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʚ ʩʠʣʴʬʦʥ ʩʫʤʤʘʪʦʨʘ 9, ʩʞʠʤʘʷ ʝʛʦ. ɺʘʢʫʫʤ ʚ ʤʝʨʥʦʡ ʠ ʧʨʠʝʤʥʦʡ ʢʘʤʝʨʘʭ 2, 1 

ʚʳʨʘʚʥʠʚʘʝʪʩʷ ʠ ʢʣʘʧʘʥʥʦ-ʧʦʧʣʘʚʢʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʠ ʚʝʩʘ 

ʤʦʣʦʢʘ, ʥʘʢʦʧʠʚʰʝʛʦʩʷ ʢ ʵʪʦʤʫ ʤʦʤʝʥʪʫ ʚ ʧʨʠʸʤʥʦʡ ʢʘʤʝʨʝ 1, ʦʧʫʩʢʘʝʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʤʝʨʥʘʷ ʢʘʤʝʨʘ 2 ʚʥʦʚʴ ʥʘʧʦʣʥʷʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʚʝʨʭʥʠʡ ʢʦʥʝʮ ʪʨʫʙʢʠ 3 ʦʧʫʩʢʘʝʪʩʷ, ʦʪʢʨʳʚʘʷ 

ʦʪʚʝʨʩʪʠʝ 17, ʚ ʢʘʤʝʨʝ ʧʝʨʝʤʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ 7 ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, 
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ʩʠʣʴʬʦʥ 9 ʨʘʟʞʠʤʘʝʪʩʷ, ʧʨʠʥʠʤʘʷ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʪʩʯʝʪʘ, ʢʣʘʧʘʥ 

19 ʦʧʫʩʢʘʝʪʩʷ. ɿʘʪʝʤ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ. 

ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʯʝʪʯʠʢʘ ʤʦʣʦʢʘ ʜʦ ʟʥʘʯʝʥʠʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʣʦʢʦʧʨʦʚʦʜʘ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ 

ʠʥʞʝʥʝʨʥʦʛʦ ʨʘʩʯʝʪʘ. 

ʇʦʨʷʜʦʢ ʨʘʩʯʝʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʯʝʪʯʠʢʘ-ʵʚʘʢʫʘʪʦʨʘ ʤʦʣʦʢʘ 

ʩʣʝʜʫʶʱʠʡ. 

1. ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʯʝʪʯʠʢʘ-ʵʚʘʢʫʘʪʦʨʘ ʤʦʣʦʢʘ (Q) ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʣʦʢʦʧʨʦʚʦʜʘ:  
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ʛʜʝ qʤ ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʣʦʢʦʧʨʦʚʦʜʘ, ʣ/ʤʠʥ; d ï ʜʠʘʤʝʪʨ ʤʦʣʦʢʦʧʨʦʚʦʜʘ, ʤʤ; 

s ï ʫʢʣʦʥ, % ; qat ï ʦʙʱʠʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʩ ʫʢʣʦʥʦʤ, ʚʢʣʶʯʘʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʩʣʫʯʘʡʥʳʡ 

ʚʧʫʩʢ ʚʦʟʜʫʭʘ, ʣ/ʤʠʥ. 

2. ɿʘʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʦʙʲʸʤʘ ʤʝʨʥʦʡ ʢʘʤʝʨʳ Vʤ =Vi. 

3. ʆʧʨʝʜʝʣʷʝʪʩʷ ʜʠʘʤʝʪʨ (dm) ʠ ʚʳʩʦʪʘ (h) ʤʝʨʥʦʡ ʢʘʤʝʨʳ: 
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=                 ,1 ʤʤ dʂh =                      ( ).2,1...0,11=K  

4. ʆʧʨʝʜʝʣʷʝʪʩʷ ʜʠʘʤʝʪʨ (dn) ʠ ʩʝʯʝʥʠʝ (S1) ʧʨʠʝʤʥʦʡ ʢʘʤʝʨʳ  

dn = ʂ2dm (ʂ2 = 1,0é1,5), S1=ˊ dm/4. 

5. ʆʧʨʝʜʝʣʷʝʪʩʷ ʜʠʘʤʝʪʨ (dʦ) ʠ ʩʝʯʝʥʠʝ (S) ʦʪʚʝʨʩʪʠʷ ʤʝʞʜʫ ʧʨʠʝʤʥʦʡ ʠ ʤʝʨʥʦʡ ʢʘʤʝʨʦʡ 

dʦ = ʂ3dʤ (ʂ3=0,5é0,7), S=ˊ dʦ/4. 

6. ʆʧʨʝʜʝʣʷʝʪʩʷ ʜʠʘʤʝʪʨ (dʢ), ʚʳʩʦʪʘ (hʢ), ʦʙʲʝʤ (Vʢ) ʠ ʤʘʩʩʘ (mʢ) ʢʣʘʧʘʥʘ:  

dʢ = ʂ4 dʦ ( ʂ4 = 1,1 é 1,3); 

hʢ = ʂ5 dʢ (ʂ5 = 0,2 é 0,3); 

                       

7. ɿʘʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʪʨʫʙʢʠ dʪ = dʪi. 

8. ɼʣʠʥʘ ʪʨʫʙʢʠ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ:  

ǎʪ = ʂ6  H1   (ʂ6= 2,0é2,5). 

9. ʆʧʨʝʜʝʣʷʝʪʩʷ ʤʘʩʩʘ ʪʨʫʙʢʠ: 

 

10. ɿʘʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʧʦʧʣʘʚʢʘ: 

      (ʂ7 = 1,1 é1,3). 

11. ʇʨʠʥʠʤʘʷ ʜʠʘʤʝʪʨ ʧʦʩʘʜʦʯʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʨʘʚʥʳʤ ʥʘʨʫʞʥʦʤʫ ʜʠʘʤʝʪʨʫ ʪʨʫʙʢʠ (d = 

dʪ), ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʘʧʘʟʦʥ ʚʳʩʦʪ ʧʦʧʣʘʚʢʘ: 

 

 

 




























































