
ISSN 2305-2538 ʅɸʋʂɸ ɺ ʎɽʅʊʈɸʃʔʅʆʁ ʈʆʉʉʀʀ, ˉ6 (24), 2016 
 

 

~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 

ˉ6 (24), 2016 ʛ. 
ʆʩʥʦʚʘʥ ʚ 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, ʜʠʨʝʢʪʦʨ ʌɻɹ-

ʅʋ ɺʅʀʀʊʠʅ 

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

ʟʘʤ. ʜʠʨʝʢʪʦʨʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

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

ʩʢʦʡ ʦʙʣʘʩʪʠ, ʟʘʚ. ʦʪʜʝʣʦʤ ʌɻɹʅʋ çʈʦʩʠʥʬʦʨʤʘʛʨʦʪʝʭè 

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

ʄʉʍɸ ʠʤʝʥʠ ʂ.ɸ. ʊʠʤʠʨʷʟʝʚʘ 

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

ʧʨʦʬʝʩʩʦʨ, ʣʘʫʨʝʘʪ ʧʨʝʤʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ 

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

ʚ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ 

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

ʄʠʯɻɸʋ 

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

ʩʣʫʞʝʥʥʳʡ ʨʘʙʦʪʥʠʢ ʥʘʨʦʜʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʠ ʪʝʦʨʠʠ ʤʘʰʠʥ 

ʠ ʤʝʭʘʥʠʟʤʦʚ ʊʘʚʨʠʯʝʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʋʢʨʘʠʥʘ 

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

ʟʘʩʣʫʞʝʥʥʳʡ ʨʘʙʦʪʥʠʢ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʘʷ ɻʉʍɸè 

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

ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ 

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

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

ʣʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʚʝʱʝʩʪʚ ʈɸʅ, ʌɻɹʆʋ ɺʆ ʊɻʊʋ 

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

ʥʘʣʴʥʦʡ ʦʙʣʘʩʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ "ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʠʥʞʝʥʝʨʦʚ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ï ʉʇɸ-

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

çʀɸʕʇè 

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

ʪʝʣʴ ʥʘʫʢʠ ʈʌ, ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ ʈʦʩʩʠʡʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠ-

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

ʵʥʝʨʛʠʠ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ 

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

ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʈʌ, ʜʠʨʝʢʪʦʨ ʌɻɹʅʋ çʈʦʩʠʥʬʦʨʤʘʛʨʦʪʝʭè 
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ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʩʝʣʴ-

ʩʢʦʤ ʭʦʟʷʡʩʪʚʝ  

(ʌɻɹʅʋ ɺʅʀʀʊʀʅ) 

---------------------------------------------------------------------------------------------------------------------------------- 
ʕʂʉʇɽʈʊʅʓʁ ʉʆɺɽʊ  

ʅɸʋʏʅʆ-ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆɻʆ ʇɽʈʀʆɼʀʏɽʉʂʆɻʆ ɾʋʈʅɸʃɸ 

çʅɸʋʂɸ ɺ ʎɽʅʊʈɸʃʔʅʆʁ ʈʆʉʉʀʀè 
 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ, ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʠ ʟʘʨʫʙʝʞʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ 
 

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

ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

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

ʧʦʣʴʟʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚʟʘʤʝʥ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

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

ʭʨʘʥʝʥʠʷ ʠ ʟʘʱʠʪʳ ʪʝʭʥʠʢʠ ʦʪ ʢʦʨʨʦʟʠʠ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

ɽʈʆʍʀʅ ɻʝʥʥʘʜʠʡ ʅʠʢʦʣʘʝʚʠʯ ð ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥ-

ʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʝ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 
 

ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 
 

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

ʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʌɻɹ-

ʅʋ ɺʅʀʀʊʠʅ 

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

ʢʘʯʝʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ  ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 
 

ɸʛʨʦʥʦʤʠʷ 
 

ʊʈʋʅʆɺ ʖʨʠʡ ɺʠʢʪʦʨʦʚʠʯ ð ʜʦʢʪʦʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʠʥ-

ʩʪʠʪʫʪ ʩʘʜʦʚʦʜʩʪʚʘ ʠʤ. ʀ.ɺ. ʄʠʯʫʨʠʥʘ 
 

ɺʝʪʝʨʠʥʘʨʠʷ ʠ ɿʦʦʪʝʭʥʠʷ 
 

ʕʅɻʆɺɸʊʆɺ ɺʷʯʝʩʣʘʚ ʌʝʜʦʨʦʚʠʯ ð ʜʦʢʪʦʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦ-

ʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʠʥʠʥʳ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

ʐʋʃɸɽɺ ɻʝʥʥʘʜʠʡ ʄʠʭʘʡʣʦʚʠʯ ð ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ʪʝʭ-

ʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʠʥʠʥʳ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

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

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʦʢʘ ʠ ʛʦʚʷʜʠʥʳ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 
 

ʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘʨʦʜʥʳʤ ʭʦʟʷʡʩʪʚʦʤ (ɸʇʂ ʠ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ) 
 

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

ʟʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ, ʌɻɹʅʋ ɺʅʀʀʊʠʅ 

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

ʥʦʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ  ʌɻɹʆʋ ɺʆ ʄʠʯɻɸʋ 
 

ʉʪʘʪʴʠ, ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʨʝʜʘʢʮʠʶ, ʨʝʮʝʥʟʠʨʫʶʪʩʷ. ɿʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʩʚʝʜʝʥʠʡ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʩʪʘʪʴʷʭ, ʦʪʚʝʪ-

ʩʪʚʝʥʥʦʩʪʴ ʥʝʩʫʪ ʘʚʪʦʨʳ. ʄʥʝʥʠʝ ʨʝʜʘʢʮʠʠ ʤʦʞʝʪ ʥʝ ʩʦʚʧʘʜʘʪʴ ʩ ʤʥʝʥʠʝʤ ʘʚʪʦʨʦʚ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʧʝʨʝʧʝʯʘʪ-

ʢʝ ʩʩʳʣʢʘ ʥʘ ʞʫʨʥʘʣ ʦʙʷʟʘʪʝʣʴʥʘ. ʄʘʪʝʨʠʘʣʳ ʧʫʙʣʠʢʫʶʪʩʷ ʚ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ. 

É çʅʘʫʢʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʈʦʩʩʠʠè, 2016 
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ʷʣʢʠ ʩ ʨʳʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʳʤ ʚʘʨʠʘʪʦʨʦʤ ʧʨʠʚʦʜʘ ʚʳʩʝʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ. ʇʦʣʫʯʝʥʳ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʧʦʢʘʟʘʪʝʣʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ ʠ 

ʦʪ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʨʳʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʨʠʘʪʦʨʘ, ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʧʦ-

ʢʘʟʘʪʝʣʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ ʠ ʭʦʜʘ ʢʫʣʘʯʢʘ, ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʚʝʣʠ-

ʯʠʥʦʡ ʧʦʢʘʟʘʪʝʣʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ ʠ ʦʪ ʨʘʜʠʫʩʘ ʢʫʣʠʩʳ. ʇʦʣʝʚʳʝ ʠʩ-

ʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʨʘʚʥʝʥʠʠ ʙʘʟʦʚʦʡ ʩʝʷʣʢʠ ʉɿ-5,4 ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʝʷʣʢʦʡ, 

ʦʩʥʘʱʝʥʥʦʡ ʥʦʚʳʤ ʨʳʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʳʤ ʚʘʨʠʘʪʦʨʦʤ ʧʨʠʚʦʜʘ ʚʳʩʝʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʝʷʣʢʘ ʩ ʨʳʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʳʤ ʚʘʨʠʘʪʦʨʦʤ ʧʨʠʚʦʜʘ 

ʚʳʩʝʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʫʩʪʦʡʯʠʚʦ ʚʳʧʦʣʥʷʝʪ ʧʨʦʮʝʩʩ ʧʦʩʝʚʘ ʩʝʤʷʥ ʣʴʥʘ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. ʇʨʠʚʝʜʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ ʧʦʢʘ-

ʟʘʪʝʣʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ ʠ ʦʪ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʨʳʯʘʞʥʦ-

ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʨʠʘʪʦʨʘ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʳʙʨʘʥʥʦʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ ʧʦʢʘʟʘʪʝʣʷ ʦʪʢʣʦ-

ʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ ʠ ʭʦʜʘ ʢʫʣʘʯʢʘ, ʧʦ ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʡ 

ʭʦʜ ʢʫʣʘʯʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʦʡ ʥʦʨʤʦʡ ʚʳʩʝʚʘ. ʇʦ ʛʨʘʬʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʚʝʣʠʯʠʥʦʡ ʧʦʢʘʟʘʪʝʣʷ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ ʠ ʦʪ ʨʘʜʠʫʩʘ ʢʫʣʠʩʳ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʨʘʜʠʫʩ ʢʫʣʠʩʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʘʷ ʩʝʷʣʢʘ ʫʩʪʦʡʯʠʚʦ ʚʳʧʦʣʥʷʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʦʩʝʚʘ ʩʝʤʷʥ ʣʴʥʘ ʚ ʜʠʘ-

ʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʜʦ 9 ʢʤ/ʯ. ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʬʘʢʪʠʯʝʩʢʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ ʫ ʩʝʷʣʢʠ ʉɿ-5,4 ʩʦ-

ʩʪʘʚʠʣʦ 3%, ʘ ʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ï ʥʝ ʙʦʣʝʝ 1%, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʧʦʩʝʚʥʳʤ ʤʘʰʠʥʘʤ.  
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Abstract. Studies of structurally-regime parameters of work of cam-and-lever variator are car-

ried out in the field terms. Experimental seeder is designed with cam-and-lever variator of drive of 

seedmeters, methodology of realization of researches. The results of the field researches of experi-

mental seeder are analyzed with cam-and-lever variator of drive of seedmeters. Experimental de-

pendences of size of index of rejection are got on the set norm of sowing and from the transmission 

relation of cam-and-lever variator, dependence of size of index of deviation from the set norm of 

sowing and motion of fist, dependences between by the size of index of deviation from the set norm 

of sowing and from the radius of side scene. The field tests were conducted in comparing of base 

seeder of ʉɿ-5,4 to experimental seeder, equipped by new cam-and-lever variator of drive of seed-

meters. It is set that experimental seeder with cam-and-lever variator of drive of seedmeters steadi-

ly executes the process of sowing of seed of flax at the observance of agrotechnical requirements. 

Graphic dependences over are brought between by the size of index of deviation from the set norm 

of sowing and from the transmission relation of cam-and-lever variator, that show accordance of 

the chosen transmission relation. Graphic dependences are presented between by the size of index 

of deviation from the set norm of sowing and motion of fist, on that optimal motion of fist is deter-

mined in accordance with the set norm of sowing. On graphic dependence between by the size of 

index by deviation from the set norm of sowing and from the radius of side scene the radius of side 

scene is determined depending on the set norm of sowing. It is shown that experimental seeder 

steadily executes the technological process of sowing of seed of flax in the range of speeds to 9 

km/h. Deviation from the actual norm of sowing at seeder of ʉɿ- 5,4 was 3%%, and at experimental 

- no more than 1%%, that conforms to the agrotechnical requirements to the sowing machines. 

 Keywords: lever and cam variator, seeder, flax seeds. 

 

 ɺʚʝʜʝʥʠʝ. ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʠʭ 

ʫʨʦʞʘʝʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʜʫʢʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʘ 

ʵʬʬʝʢʪʠʚʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʪʝʭʥʠʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʚʳʩʝʚʘ ʩʝʤʷʥ [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 
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ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʚʦʜʘ 

ʚʳʩʝʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʩʝʷʣʦʢ ʩ ʧʦʤʦʱʴʶ ʨʳʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʨʠʘʪʦʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʦʚʳʩʠʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʤʷʥ ʚ ʨʷʜʢʝ, ʦʙʝʩʧʝʯʠʪʴ ʫʤʝʥʴʰʝʥʠʝ ʦʪʢʣʦʥʝʥʠʷ 

ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ ʠ ʧʦʚʳʩʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʚʦʟʜʝʣʳʚʘʝʤʦʡ ʢʫʣʴʪʫʨʳ [2-5]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʚʝʨʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʨʝʞʠʤʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʨʳʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʨʠʘʪʦʨʘ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʚʠ-

ʩʠʤʦʩʪʝʡ ʜʣʷ ʦʮʝʥʢʠ ʨʘʙʦʪʳ ʨʳʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʨʠʘʪʦʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʚ ʇʝʥʟʝʥʩʢʦʡ ɻʉʍɸ ʙʳʣʘ 

ʠʟʛʦʪʦʚʣʝʥʘ  ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʝʷʣʢʘ ʥʘ ʙʘʟʝ ʉɿ-5,4 ʩ ʧʨʠʚʦʜʦʤ ʚʳʩʝʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʦʪ 

ʨʳʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʨʠʘʪʦʨʘ (ʨʠʩʫʥʦʢ 1). ʉʝʷʣʢʘ ʠʤʝʝʪ ʩʚʘʨʥʫʶ ʨʘʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʧʝ-

ʨʝʜʥʝʛʦ ʠ ʟʘʜʥʝʛʦ ʙʨʫʩʴʝʚ. ʇʝʨʝʜʘʯʘ ʚʨʘʱʝʥʠʷ ʥʘ ʚʳʩʝʚʘʶʱʠʝ ʘʧʧʘʨʘʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ 

ʦʧʦʨʥʦ-ʧʨʠʚʦʜʥʳʭ ʢʦʣʝʩ. ɺʳʩʝʚʘʶʱʠʝ ʘʧʧʘʨʘʪʳ ʧʨʠʚʦʜʷʪʩʷ ʚʦ ʚʨʘʱʝʥʠʝ ʮʝʧʥʦʡ ʧʝʨʝʜʘʯʝʡ 

ʦʪ ʨʳʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʨʠʘʪʦʨʘ. ʅʦʨʤʘ ʚʳʩʝʚʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʧʝʨʝʜʘʪʦʯʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʨʳʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʨʠʘʪʦʨʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʷʤʦʣʠʥʝʡʥʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʧʦʩʝʚʥʦʛʦ ʘʛʨʝʛʘʪʘ ʠ ʚʳʜʝʨʞʠʚʘʥʠʷ ʦʜʠʥʘʢʦʚʳʭ ʨʘʟʤʝʨʦʚ ʩʪʳʢʦʚʳʭ ʤʝʞʜʫʨʷʜʠʡ ʩʝʷʣʢʘ 

ʦʩʥʘʱʝʥʘ ʜʚʫʤʷ ʤʘʨʢʝʨʘʤʠ. 

 
1 ï ʜʠʩʢʠ; 2 ï ʙʫʥʢʝʨ; 3 ï ʨʳʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʳʡ ʚʘʨʠʘʪʦʨ; 4 ï ʢʦʣʝʩʦ ʦʧʦʨʥʦ-ʧʨʠʚʦʜʥʦʝ; 

5 ï ʚʘʣ ʧʨʠʚʦʜʘ ʚʳʩʝʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ; 6 ï ʩʝʤʷʧʨʦʚʦʜʳ;  

7 -ʧʨʫʞʠʥʘ; 8 ï ʟʘʛʦʨʪʘʯʠ; 9 ï ʢʨʳʰʢʘ ʙʫʥʢʝʨʘ; 10 ï ʧʨʠʮʝʧʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʝʷʣʢʠ ʉɿ-5,4ʄ ʩ ʧʨʠʚʦʜʦʤ                ʚʳʩʝʚʘʶ-

ʱʠʭ ʘʧʧʘʨʘʪʦʚ ʦʪ ʨʳʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʨʠʘʪʦʨʘ 
 
ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʨʳʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʳʡ ʚʘʨʠʘʪʦʨ (ʟʘʷʚʢʘ ʥʘ ʧʘʪʝʥʪ ˉ 

2015111593/11018053)) ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʜʚʫʭʟʚʝʥʥʳʭ ʢʫʣʘʯʢʦʚ (ʨʠʩʫʥʦʢ 2), ʚʦʟʚʨʘʪʥʳʭ ʧʨʫ-

ʞʠʥ, ʨʦʣʠʢʦʚ, ʨʳʯʘʛʦʚ, ʧʦʣʟʫʥʦʚ, ʪʷʛʠ, ʦʙʦʡʤ, ʤʫʬʪ, ʚʘʣʘ 11, ʪʷʛ, ʨʝʛʫʣʷʪʦʨʘ, ʩʪʨʝʣʢʠ-

ʫʢʘʟʘʪʝʣʷ, ʰʢʘʣʳ. 

ʈʳʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʳʡ ʚʘʨʠʘʪʦʨ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚʨʘʱʝʥʠʝ ʜʚʫʭʟʚʝʥʥʳʭ 

ʢʫʣʘʯʢʦʚ 1 ʯʝʨʝʟ ʨʦʣʠʢʠ 3 ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʢʘʯʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʨʳʯʘʛʦʚ 4, ʢʦʪʦʨʦʝ ʧʝʨʝʜʘ-

ʝʪʩʷ ʪʷʛʘʤʠ 6 ʥʘ ʦʙʦʡʤʳ 7 ʠ 8, ʩʦʦʙʱʘʷ ʠʤ ʪʘʢ ʞʝ ʢʘʯʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ, ʠ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙ-

ʛʦʥʥʳʭ ʤʫʬʪ 9 ʠ 10, ʢʘʯʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʦʙʦʡʤ 7 ʠ 8, ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʝ ʚʨʘ-

ʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ 11, ʧʨʠ ʵʪʦʤ ʩʠʣʦʚʦʝ ʟʘʤʳʢʘʥʠʝ ʜʚʫʭʟʚʝʥʥʳʭ ʢʫʣʘʯʢʦʚ 

1 ʠ ʨʦʣʠʢʦʚ 3 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʫʞʠʥʘʤʠ 2. ɹʝʩʩʪʫʧʝʥʯʘʪʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʝʨʝʜʘʪʦʯʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʚʘʨʠʘʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟ-

ʤʘ, ʠʟʤʝʥʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʧʣʝʯʘ 02ɺ ʢʦʣʝʙʘʥʠʷ ʨʳʯʘʛʦʚ 4 ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ 02, 

ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦʣʟʫʥʘ 5 ʚ ʢʨʫʛʦʚʦʡ ʧʨʦʨʝʟʠ ɸ ʨʳʯʘʛʘ 4 ʟʘ ʩʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʨʝʛʫʣʷʪʦʨʘ 

13 ʥʘ ʪʷʛʫ 12. ʇʨʠ ʩʦʚʤʝʱʝʥʠʠ ʮʝʥʪʨʘ ɺ ʧʦʣʟʫʥʘ 5 ʠ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ 02 ʧʣʝʯʦ 02ɺ ʨʘʚʥʦ 

ʥʫʣʶ, ʧʨʠ ʵʪʦʤ ʪʷʛʠ 6 ʥʝ ʧʦʣʫʯʘʶʪ ʢʦʣʝʙʘʥʠʡ ʦʪ ʨʳʯʘʛʘ 4, ʘ ʦʙʦʡʤʳ 7 ʠ 8 ʦʩʪʘʶʪʩʷ ʥʝʧʦ-

ʜʚʠʞʥʳʤʠ, ʚʳʭʦʜʥʦʡ ʚʘʣ 11 ʪʘʢʞʝ ʦʩʪʘʝʪʩʷ ʥʝʧʦʜʚʠʞʝʥ, ʧʨʠ ʵʪʦʤ ʚʘʨʠʘʪʦʨ ʚʳʢʣʶʯʝʥ. ɺʳ-
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ʭʦʜʥʦʡ ʚʘʣ 11 ʙʣʦʢʠʨʫʝʪʩʷ ʦʪ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʨʝʞʠʤʝ ʦʙʦʡʤʳ 7 ʠ 8 ʟʘʧʝʨʪʳ 

ʤʫʬʪʘʤʠ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ. ɹʝʩʩʪʫʧʝʥʯʘʪʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʚʘʨʠʘʪʦ-

ʨʘ ʠ ʚʳʢʣʶʯʝʥʠʝ ʚʘʨʠʘʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʢ ʧʨʠ ʚʢʣʶʯʝʥʥʦʤ, ʪʘʢ ʠ ʧʨʠ ʚʳʢʣʶʯʝʥʥʦʤ 

ʧʦʣʦʞʝʥʠʠ ʚʝʜʫʱʝʛʦ ʟʚʝʥʘ. ʇʦʣʦʞʝʥʠʝ ʦʩʠ 04 ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʩʦʦʙʨʘʞʝʥʠʷ-

ʤʠ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʘʥʥʦʡ ʩʭʝʤʳ. 

 
1 ï ʜʚʫʭʟʚʝʥʥʳʡ ʢʫʣʘʯʦʢ; 2 ï ʧʨʫʞʠʥʘ; 3 ïʨʦʣʠʢ; 4 ïʨʳʯʘʛ; 5 ïʧʦʣʟʫʥ;            6 ïʪʷʛʘ; 7, 8 

ï ʦʙʦʡʤʳ; 9,10 ï ʦʙʛʦʥʥʳʝ ʤʫʬʪʳ; 11 ïʚʳʭʦʜʥʦʡ ʚʘʣ;  

12 ï ʪʷʛʘ; 13 ïʨʝʛʫʣʷʪʦʨ; 14 ï ʩʪʨʝʣʢʘ-ʫʢʘʟʘʪʝʣʴ; 15 ï ʰʢʘʣʘ 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʨʳʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʨʠʘʪʦʨʘ 
 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʣʝʚʳʝ ʠʩʧʳʪʘʥʠʷ ʩʝʷʣʢʠ ʥʘ ʧʦʩʝʚʝ ʣʴʥʘ, ʩ ʧʨʠʚʦʜʦʤ ʚʳʩʝ-

ʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʦʪ ʨʳʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʨʠʘʪʦʨʘ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʦʣʷʭ ʆʆʆ ɸʛʨʦ-

ʬʠʨʤʘ ɹʠʦʢʦʨ-ʉ ʚ 2015-16 ʛʦʜʘʭ, ʩʦʛʣʘʩʥʦ ʦʪʨʘʩʣʝʚʦʤʫ ʩʪʘʥʜʘʨʪʫ ʆʉʊ 10.5.1-2000 çʀʩʧʳ-

ʪʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. ʄʘʰʠʥʳ ʧʦʩʝʚʥʳʝ. ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡè [6-9], ʩ ʮʝʣʴʶ ʦʙʦʩʥʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʳʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʦʛʦ 

ʚʘʨʠʘʪʦʨʘ ʧʨʠʚʦʜʘ ʚʳʩʝʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ, ʘ ʪʘʢ ʞʝ ʫʪʦʯʥʝʥʠʷ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʨʝ-

ʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʢʘʯʝʩʪʚʝ ʩʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʝʤʝʥʘ ʣʴʥʘ ʩʦʨʪʘ çʉʝʚʝʨʥʳʡè ʩ ʥʦʨʤʦʡ ʚʳʩʝʚʘ 56 ʢʛ/ʛʘ. 

ɼʣʷ ʧʦʩʝʚʘ ʙʳʣ ʚʳʙʨʘʥ ʨʦʚʥʳʡ ʦʜʥʦʨʦʜʥʳʡ ʫʯʘʩʪʦʢ, ʥʘ ʢʦʪʦʨʦʤ ʚ 3-ʭ ʤʝʩʪʘʭ ʚ ʜʥʠ ʧʨʦ-

ʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʥʘ ʛʣʫʙʠʥʝ 0-5, 5-10 ʠ 10-15 ʩʤ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʠ ʝʝ ʪʚʝʨ-

ʜʦʩʪʴ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʷʷ ʚʣʘʞʥʦʩʪʴ ʚ ʩʣʦʝ 0...5 ʩʤ ʩʦ-

ʩʪʘʚʣʷʣʘ 14,1 %, ʚ ʩʣʦʝ 5...10 ʩʤ ï 22,9 %, ʘ ʚ ʩʣʦʝ 10...15 ʩʤ ï 24,3 %. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʷʷ 

ʪʚʸʨʜʦʩʪʴ ʧʦʯʚʳ ʚ ʪʝʭ ʞʝ ʩʣʦʷʭ ʩʦʩʪʘʚʣʷʣʘ 0,19, 0,48 ʠ 0,94 ʄʇʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʯʚʘ ʙʳʣʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʦʜ ʧʦʩʝʚ ʧʦ ʩʣʦʞʠʚʰʝʡʩʷ ʚ ʭʦʟʷʡʩʪʚʝ ʪʝʭʥʦʣʦʛʠʠ: ʧʦʩʣʝ ʙʦ-

ʨʦʥʦʚʘʥʠʷ ʠ ʰʣʝʡʬʦʚʘʥʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʧʦ ʚʥʝʩʝʥʠʶ ʧʦʯʚʝʥ-

ʥʳʭ ʛʝʨʙʠʮʠʜʦʚ ʠ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʢʫʣʴʪʠʚʘʪʦʨʦʤ ʩ ʧʨʫʪʢʦʚʳʤʠ ʢʘʪʦʯʢʘʤʠ. ɻʣʫʙʠʥʘ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʙʳʣʘ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ ʛʣʫʙʠʥʝ ʟʘʜʝʣʢʠ ʩʝʤʷʥ. ʇʦʯʚʘ ʥʘ ʫʯʘʩʪʢʝ - ʩʨʝʜʥʝʩʫ-

ʛʣʠʥʠʩʪʳʡ ʯʝʨʥʦʟʝʤ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʝʷʣʢʠ ʉɿ ï 5,4ʄ ʥʘ ʦʧʳʪʥʦʤ ʫʯʘʩʪʢʝ ʧʨʦʚʦʜʠʣʠ ʧʦ-

ʩʝʚ ʩʝʷʣʢʦʡ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʉɿ ï 5,4, ʪʝʤ ʞʝ ʩʝʤʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʨʳʯʘʞʥʦ-

ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʨʠʘʪʦʨʘ, ʭʦʜ ʢʫʣʘʯʢʘ, ʨʘʜʠʫʩ ʢʫʣʠʩʳ ʦʩʪʘʚʘʣʠʩʴ ʧʦʩʪʦʷʥʥʳʤʠ, ʨʘʚʥʳʤʠ ʦʧ-

ʪʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ.  
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʩʪʨʦʠʣʠ 

ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ ʦʪ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 

ʨʳʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʨʠʘʪʦʨʘ, ʭʦʜʘ ʢʫʣʘʯʢʘ, ʨʘʜʠʫʩʘ ʢʫʣʠʩʳ [8]. ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ 

ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ ʠ ʦʪ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʨʳ-

ʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʨʠʘʪʦʨʘ ʚʳʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ: 

y = 0,6886x2 - 3,3414x + 4,861                                              (1) 

ʇʨʠ ʵʪʦʤ ʠʥʜʝʢʩ ʢʦʨʨʝʣʷʮʠʠ RĮ = 0,9693. 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʠ ʫʨʘʚʥʝʥʠʶ (1) ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʚʝʣʠʯʠ-

ʥʦʡ ʧʦʢʘʟʘʪʝʣʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ ʠ ʦʪ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʨʳ-

ʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʨʠʘʪʦʨʘ (ʨʠʩʫʥʦʢ 3). ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ, ʧʨʠ ʧʝʨʝ-

ʜʘʪʦʯʥʦʤ ʦʪʥʦʰʝʥʠʠ  1,8é2,8 ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ ʩʦʩʪʘʚʠʪ ʤʝʥʝʝ 1 %. 

ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ ʠ ʭʦʜʘ ʢʫʣʘʯʢʘ ʚʳʨʘ-

ʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ: 

y = 0,0158x2 - 1,4185x + 32,603                              (2) 

ʧʨʠ ʵʪʦʤ ʠʥʜʝʢʩ ʢʦʨʨʝʣʷʮʠʠ RĮ = 0,96. 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ ʧʦʢʘʟʘʪʝʣʷ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ 

ʚʳʩʝʚʘ ʠ ʦʪ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʨʳʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʦʛʦ ʚʘʨʠʘʪʦʨʘ 

 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʠ ʫʨʘʚʥʝʥʠʶ (2) ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʚʝʣʠʯʠ-

ʥʦʡ ʧʦʢʘʟʘʪʝʣʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ ʠ ʭʦʜʘ ʢʫʣʘʯʢʘ (ʨʠʩʫʥʦʢ 4). ʂʘʢ ʧʦʢʘ-

ʟʳʚʘʶʪ ʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ, ʧʨʠ ʭʦʜʝ ʢʫʣʘʯʢʘ 45 ʤʤ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ 

ʤʝʥʴʰʝ 1 %. 

 
ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ ʧʦʢʘʟʘʪʝʣʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ 

ʚʳʩʝʚʘ ʠ ʭʦʜʘ ʢʫʣʘʯʢʘ 
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ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ ʠ ʦʪ ʨʘʜʠʫʩʘ ʢʫ-

ʣʠʩʳ ʚʳʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ: 

y = 0,0038x2 - 1,1469x + 86,816                             (3) 

ʧʨʠ ʵʪʦʤ ʠʥʜʝʢʩ ʢʦʨʨʝʣʷʮʠʠ RĮ = 0,98. 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʠ ʫʨʘʚʥʝʥʠʶ (4) ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʚʝʣʠʯʠ-

ʥʦʡ ʧʦʢʘʟʘʪʝʣʷ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ ʠ ʦʪ ʨʘʜʠʫʩʘ ʢʫʣʠʩʳ (ʨʠʩʫʥʦʢ 5). 

 
ʈʠʩʫʥʦʢ 5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ ʧʦʢʘʟʘʪʝʣʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ 

ʚʳʩʝʚʘ ʠ ʦʪ ʨʘʜʠʫʩʘ ʢʫʣʠʩʳ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʛʨʘʬʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (ʈʠʩ. 5) ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ ʧʦʢʘʟʘʪʝʣʷ ʦʪʢʣʦʥʝ-

ʥʠʝʤ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ ʠ ʦʪ ʨʘʜʠʫʩʘ ʢʫʣʠʩʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʨʘʜʠʫʩʝ 

ʢʫʣʠʩʳ  150 ʤʤ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʜʘʥʥʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ 0,8 %. 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʜʚʝʨʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʩʝʷʣ-

ʢʠ ʩ ʨʳʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʳʤ ʚʘʨʠʘʪʦʨʦʤ ʧʨʠʚʦʜʘ ʚʳʩʝʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝ-

ʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʝʷʣʢʘ, ʫʩʪʦʡʯʠʚʦ ʚʳʧʦʣʥʷʝʪ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʦʩʝʚʘ ʩʝʤʷʥ ʣʴʥʘ ʚ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʜʦ 9 ʢʤ/ʯ. ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʬʘʢ-

ʪʠʯʝʩʢʦʡ ʥʦʨʤʳ ʚʳʩʝʚʘ ʫ ʙʘʟʦʚʦʡ ʩʝʷʣʢʠ ʉɿ-5,4 ʩʦʩʪʘʚʠʣʦ 3%, ʘ ʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʥʝ ʙʦ-

ʣʝʝ 1%, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʧʦʩʝʚʥʳʤ ʤʘʰʠʥʘʤ. ʇʨʠʤʝʥʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʝʷʣʢʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʨʳʯʘʞʥʦ-ʢʫʣʘʯʢʦʚʳʤ ʚʘʨʠʘʪʦʨʦʤ ʧʨʠʚʦʜʘ ʚʳ-

ʩʝʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʧʦʩʝʚʘ ʩʝʤʷʥ ʣʴʥʘ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʧʨʠʙʘʚʢʫ ʫʨʦʞʘʷ ʥʘ 21%.  
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ʈʝʬʝʨʘʪ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʫʙʠʨʘʝʤʦʡ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ 

ʫʙʦʨʢʠ ʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʚʳʢʘʧʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. ʀʟʫʯʘʣʠ ʚʠʙʨʘʮʠʦʥʥʳʝ ʣʝʤʝʰ-

ʥʳʝ ʢʦʧʘʯʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʠ ʥʘʨʫʰʘʶʪ ʩʚʷʟʴ ʢʦʨʥʝʧʣʦʜʦʚ ʩ ʧʦʯʚʦʡ ʝʱʸ ʜʦ ʠʭ ʚʳʢʘʧʳʚʘ-

ʥʠʷ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʦʜ ʫʛʣʦʤ ʢ ʦʩʠ ʨʷʜʢʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʚʠʙʨʦʢʦʧʘʯʘ, ʝʛʦ ʜʚʠʞʝʥʠʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʢ ʨʝʟʦʥʘʥʩʥʦʤʫ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʠ-

ʩʪʝʤʝ çʢʦʨʥʝʧʣʦʜ ï ʧʦʯʚʘè. ʇʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʢʦʧʘʪʝʣʷ ʢʦʨʥʝʧʣʦʜʦʚ 

ʩ ʫʟʣʦʤ ʚʠʙʨʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʤ ʚ ʚʠʜʝ çʢʘʯʘʶʱʝʡʩʷ ʰʘʡʙʳè. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʦʡ ʫʟʝʣ ʚʠʙ-

ʨʘʮʠʠ ʩʦʦʙʱʘʝʪ ʨʘʙʦʯʝʤʫ ʦʨʛʘʥʫ ʢʦʣʝʙʘʥʠʷ ʚʦ ʚʩʝʭ ʪʨʝʭ ʧʣʦʩʢʦʩʪʷʭ, ʧʨʠʜʘʚʘʷ ʝʤʫ ʚʳʩʦʢʫʶ 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʙʳʩʪʨʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʩʚʷʟʠ ʢʦʨʥʝʧʣʦʜʘ ʩ ʧʦʯ-

ʚʦʡ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʪʦʯʢʠ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʢʦʧʘʯʘ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʘʤʧʣʠʪʫʜʫ, ʢʦʪʦʨʘʷ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʨʥʝʧʣʦʜʘ ʯʝʨʝʟ ʝʛʦ ʨʫʩʣʦ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʙʣʘʛʦʜʘʨʷ 

ʪʦʤʫ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʚ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʢʦʧʘʯʘ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ, ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʨʘʩ-

ʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʳʭʣʠʪʝʣʴʥʳʤʠ ʣʘʧʘʤʠ ʠ ʢʦʨʥʝʧʣʦʜʦʤ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴ-

ʰʠʪʴ ʦʙʲʝʤ ʩʝʧʘʨʠʨʫʶʱʝʡʩʷ ʧʦʯʚʳ ʠ ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʛʨʝʛʘʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʘ-

ʯʝʩʪʚʦ ʚʳʢʦʧʢʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʢʦʨʥʝʧʣʦʜʦʚ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʢʘʧʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʢʦʧʘʪʝʣʷ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʢʦʨʥʝʧʣʦʜʦʚ ʩʘʭʘʨ-

ʥʦʡ ʩʚʝʢʣʳ, ʚʳʩʝʷʥʥʦʡ ʣʝʥʪʦʯʥʳʤ ʩʧʦʩʦʙʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʘʭʘʨʥʘʷ ʩʚʝʢʣʘ, ʢʦʧʘʪʝʣʴ ʢʦʨʥʝʧʣʦʜʦʚ, ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ, ʫʙʦʨʢʘ. 
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Abstract. It is known that the quality of the harvested sugar beets depends from cleaning 

process and  construction of excavating working body. Vibrating plowshare diggers are studied. It 
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is shown that they are violating the connection of root crops with the soil before digging out them. 

It was revealed that the horizontal vibrations at an angle to the row axis are most effective. It was 

found that for improving the efficiency of vibration diggers its movement should be in all directions 

as close as possible to the resonance with respect to the system of "root - soil". Construction for 

digger of root crops vibration with vibration unit, designed as a "swash plate" is offered. It is 

shown that a vibration node reports to working body vibrations in all three planes, giving it a high-

ly dynamic activity, necessary for the rapid destruction of the root connection with the soil. It was 

revealed that points of    working part of diggers have different amplitude, which increases as it 

passes through its root channel. It is established that, thanks to the fact that the amplitude at the 

front of diggers tends to zero, it is possible to reduce the distance between the rippers paws and  

root crops. These options allow you to reduce the amount of separation of soil and traction re-

sistance of the unit. It is shown that the digging quality and reducing damage of root crops mainly 

depends on the geometrical parameters of working body of digging out. Application of the proposed 

vibration digger will reduce mechanical damage of sugar beet, sown by a strip process. 

Key words: sugar beet, root crops digger, working bodies, cleaning. 

 

ɺʚʝʜʝʥʠʝ. ʂʘʯʝʩʪʚʦ ʫʙʠʨʘʝʤʦʡ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʫʙʦʨʢʠ ʠ ʦʪ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʚʳʢʘʧʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘ-

ʟʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʧʘʯʝʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʥʘʨʫʰʝʥʠʷ ʩʚʷʟʠ ʢʦʨʥʝʧʣʦʜʦʚ ʩ ʧʦʯʚʦʡ ʠ ʠʭ 

ʠʟʚʣʝʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʪʨʸʤ ʦʩʥʦʚʥʳʤ ʪʠʧʘʤ: ʣʝʤʝʰʢʦʚʳʝ, ʚʠʣʴʯʘʪʳʝ, ʨʦʪʘ-

ʮʠʦʥʥʳʝ (ʜʠʩʢʦʚʳʝ).  

ɼʣʷ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʩʚʝʢʣʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ ʨʘʩʩʤʦʪʨʠʤ ʚʳʢʘʧʳʚʘʶʱʠʝ ʨʘʙʦʯʠʝ 

ʦʨʛʘʥʳ ʩʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʨʠʩʫʥʦʢ 1) ʠ ʦʩʥʦʚʥʳʤ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʠ ʫʙʦʨʢʝ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ. 
ɺrʢʘʧrʚʘʁ ʠɦʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥr

ʇʦ ʧʨʠʥʮʝʧʫ ʜʝʡʩʪʚʠ̫

ʧʘʩʩʠʚʥrʝ ʘʢʪʠʚʥrʝ

ʇʦ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʚʦʜʘ

ʚʠʙʨʘʮʠʦʥʥrʝ ʨʘʪʘʮʠʦʥʥrʝ

ʇʦ ʚʠʜʫ ʢʦʥʩʪʨʫʢʮʠʠ

ʢʦʤʙʠʥʠʨʦʚʘʥʥrʝ ʚʠʣɹʯʘʪrʝ ʣʝʤʝhʢʦʚrʝ

ʜʠʩʢʦʚrʝ ʜʦʣʦʪʦʦʙʨʘʟʥrʝ

ʇʦ ʥʘʧʨʦʚʣʝʥʠʁ ʢʦʣʝʙʘʥʠʡ

ʧʨʦʜʦʣɹʥrʝ ʧʦʧʝʨʝʯʥrʝ

ʧʨʦʜʦʣɹʥʦ-ʚʝʨʪʠʢʘʣɹʥrʝ ʧʨʦʜʦʣɹʥʦ-ʧʦʧʝʨʝʯʥʦ-ʚʝʨʪʠʢʘʣɹʥrʝ

ʇʦ ʘʤʧʣʠʪʫʜʝ

ʠʟʤʝʥ̫ʝʤʘ̫ ʥʝ ʠʟʤʝʥʥʘ̫  
ʈʠʩʫʥʦʢ 1 - ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʚʝʢʣʦʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʧʘʯʘʤ: ʨʘʟʨʫʰʘʪʴ ʩʚʷʟʴ ʢʦʨʥʝʧʣʦʜʦʚ ʩ ʧʦʯʚʦʡ, ʧʦʣʥʦʩʪʴʶ ʠʟ-

ʚʣʝʢʘʪʴ ʚʩʝ ʢʦʨʥʝʧʣʦʜʳ ʙʝʟ ʠʭ ʧʦʚʨʝʞʜʝʥʠʷ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʜʠʩʢʦʚʳʭ ʠ ʚʠʣʴʯʘʪʳʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʚʳʰʝ, ʯʝʤ ʫ ʧʘʩʩʠʚʥʳʭ. ʅʝʜʦʩʪʘʪʢʘʤ ʵʪʠʭ ʢʦʧʘʯʝʡ ʷʚʣʷʝʪʩʷ ʫʭʫʜʰʝʥʠʝ ʨʘ-
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ʙʦʪʳ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʚʝʨʜʦʩʪʠ (3-4,5 ʄʇʘ ʠ ʚʳʰʝ) ʠ ʚʣʘʞʥʦʩʪʠ (25-28 %) ʧʦʯʚʳ. ɺ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʧʦʚʨʝʞʜʝʥʠʝ ʢʦʨʥʝʧʣʦʜʦʚ ʜʦʭʦʜʠʪ ʜʦ 75-90 %, ʧʦʪʝʨʠ ʧʨʝʚʳʰʘʶʪ 15-20 %, ʟʘ-

ʛʨʷʟʥʸʥʥʦʩʪʴ ʚʦʨʦʭʘ ʜʦʩʪʠʛʘʝʪ 25-40 % [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʚʠʙʨʘʮʠʦʥʥʳʝ ʣʝʤʝʰʥʳʝ ʢʦʧʘ-

ʯʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʠ ʥʘʨʫʰʘʶʪ ʩʚʷʟʴ ʢʦʨʥʝʧʣʦʜʦʚ ʩ ʧʦʯʚʦʡ ʝʱʸ ʜʦ ʠʭ ʚʳʢʘʧʳʚʘʥʠʷ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʦʜ ʫʛʣʦʤ ʢ ʦʩʠ ʨʷʜʢʘ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʘʤʠ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʡ ʤʝʭʘʥʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʦʙʱʠʝ ʠ ʯʘʩʪʥʳʝ ʤʝʪʦʜʠʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʢʦʧʘʪʝʣʷ ʩ ʫʟʣʦʤ ʚʠʙʨʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʤ ʚ ʚʠʜʝ 

çʢʘʯʘʶʱʝʡʩʷ ʰʘʡʙʳè.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ 

ʚʠʙʨʘʮʠʦʥʥʳʝ ʣʝʤʝʰʥʳʝ ʢʦʧʘʯʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʠ ʥʘʨʫʰʘʶʪ ʩʚʷʟʴ ʢʦʨʥʝʧʣʦʜʦʚ ʩ ʧʦʯ-

ʚʦʡ ʝʱʸ ʜʦ ʠʭ ʚʳʢʘʧʳʚʘʥʠʷ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʧʦʜ ʫʛʣʦʤ ʢ ʦʩʠ ʨʷʜʢʘ.  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʚʠʙʨʦʢʦʧʘʪʝʣʠ ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʳʡ ʠʣʠ ʜʠʩʢʨʝʪʥʦ ʨʝʛʫʣʠʨʫʝʤʳʡ ʯʘʩʪʦʪ-

ʥʦ-ʘʤʧʣʠʪʫʜʥʳʡ ʨʝʞʠʤ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʚʠʙʨʦʢʦʧʘʯʘ ʝʛʦ ʜʚʠʞʝʥʠʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʢ ʨʝʟʦʥʘʥʩʥʦʤʫ ʧʦ ʦʪ-

ʥʦʰʝʥʠʶ ʢ ʩʠʩʪʝʤʝ çʢʦʨʥʝʧʣʦʜ ï ʧʦʯʚʘè, ʯʪʦ ʠ ʧʦʩʣʫʞʠʣʦ ʧʦʚʦʜʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʠʙʨʘʮʠ-

ʦʥʥʦʛʦ ʢʦʧʘʪʝʣʷ ʩ ʫʧʨʘʚʣʷʝʤʳʤ ʧʝʨʝʤʝʥʥʳʤ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ. ʃʠ-

ʜʝʨʦʤ ʥʘ ʨʳʥʢʝ ʩʚʝʢʣʦʫʙʦʨʦʯʥʦʡ ʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʌʠʨʤʘ ROPA ʢʦʪʦʨʘʷ ʚʳʧʫʩʢʘʝʪ ʩʚʝʢʣʦ-

ʫʙʦʨʦʯʥʳʝ ʢʦʤʙʘʡʥʳ, ʦʩʥʘʱʸʥʥʳʝ ʚʠʙʨʘʮʠʦʥʥʳʤʠ, ʣʝʤʝʰʢʦʚʳʤʠ ʢʦʧʘʪʝʣʷʤʠ. ɼʘʥʥʳʝ ʢʦ-

ʧʘʪʝʣʠ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʩʤʝʱʝʥʠʶ ʨʘʩʪʝʥʠʡ ʚ ʨʷʜʢʝ, ʤʝʥʝʝ ʤʝʪʘʣʣʦʝʤʢʠ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʜʠʩʢʦʚʳʤʠ ʠ ʚʠʣʴʯʘʪʳʤʠ ʢʦʧʘʪʝʣʷʤʠ. ʆʜʥʘʢʦ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʨʥʝʧʣʦʜ ʧʦʣʫ-

ʯʘʝʪ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʫʩʠʣʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʜʝʡʩʪʚʠʷ ʭʚʦʩʪʦʚʘʷ ʯʘʩʪʴ 

ʢʦʨʥʝʧʣʦʜʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʠʟʛʠʙʫ ʠ ʠʟʣʦʤʫ. 

ʆʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʠʟʚʣʝʯʝʥʠʷ ʢʦʨʥʝʧʣʦʜʦʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʧʨʠ 

ʨʘʙʦʪʝ ʚʠʙʨʘʮʠʦʥʥʳʭ ʢʦʧʘʯʝʡ ʷʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʢʦʨʥʝ-

ʧʣʦʜʘ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʫʟʣʘ ʚʠʙʨʘʮʠʠ (ʨʠʩʫʥʦʢ 2). 

ʕʢʩʮʝʥʪʨʠʢʦʚrʡ ɺʚʠʜʝ"ʢʘʯʘʁ ʘɦ̫ʩ̫ ʘhʡʙr"ʕʢʩʮʝʥʪʨʠʢʦʚrʡʩʤʝʭʘʥʠʟʤʦʤ
ʩʦʦʙɦʘʁ ʠɦʤʜʦʧʦʣʥʠʪʝʣɹʥrʝʜʚʠʞʝʥʠ̫

ʚʛʦʨʠʟʦʥʪʘʣɹʥʦʡʧʣʦʩʢʦʩʪʠ

ʄʘ̫ʪʥʠʢʦʚrʡ

ʋʟʣr ʚʠʙʨʘʮʠʠʜʣ̫ ʣʝʤʝhʢʦʚrʭ
ʨʘʙʦʯʠʭʦʨʛʘʥʦʚ

ʕʢʩʮʝʥʪʨʠʢʦʚrʡ ɺʚʠʜʝ"ʢʘʯʘʁ ʘɦ̫ʩ̫ ʘhʡʙr"ʕʢʩʮʝʥʪʨʠʢʦʚrʡʩʤʝʭʘʥʠʟʤʦʤ
ʩʦʦʙɦʘʁ ʠɦʤʜʦʧʦʣʥʠʪʝʣɹʥrʝʜʚʠʞʝʥʠ̫

ʚʛʦʨʠʟʦʥʪʘʣɹʥʦʡʧʣʦʩʢʦʩʪʠ

ʄʘ̫ʪʥʠʢʦʚrʡ

ʋʟʣr ʚʠʙʨʘʮʠʠʜʣ̫ ʣʝʤʝhʢʦʚrʭ
ʨʘʙʦʯʠʭʦʨʛʘʥʦʚ

 
ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʫʟʣʦʚ ʚʠʙʨʘʮʠʠ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʣʝʤʝʰʥʳʭ ʢʦʧʘʯʝʡ 

ʧʨʠ ʫʙʦʨʢʝ ʢʦʨʥʝʧʣʦʜʦʚ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʣʝʙʣʶʱʠʝʩʷ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʠʤʝʶʪ ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʥʠʞʝ, ʯʝʤ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʳʝ.  

ʅʘʣʠʯʠʝ ʢʦʣʝʙʘʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʜʚʠ-

ʞʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʩʢʘʣʳʚʘʥʠʝʤ ʯʘʩʪʠʮ 

ʧʦʯʚʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʪʨʝʱʠʥ. ʆʙʨʘʟʦʚʘʥʠʝ ʩʢʘʣʳʚʘʝʤʳʭ ʯʘʩʪʠʮ 

ʧʦʯʚʳ ʠ ʠʭ ʨʘʟʤʝʨʳ ʫʚʝʣʠʯʠʚʘʶʪ ʜʣʠʥʫ ʩʢʘʣʳʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʛʨʝʛʘ-
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ʪʘ, ʘ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʷ ʫʤʝʥʴʰʘʝʪ ʝʝ. ɸ.ɸ. ɼʫʙʨʦʚʩʢʠʡ ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ, ʯʪʦ 

ʵʬʬʝʢʪ ʢʦʣʝʙʘʥʠʡ ʙʫʜʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʨʠ: 

                                          ́ ὅϽὅϽ
Ͻ

̐
,                                      (1) 

ʛʜʝ ɡʘ - ʧʦʩʪʫʧʘʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʘʛʨʝʛʘʪʘ, ʤ/ʩ; a, b ï ʛʣʫʙʠʥʘ ʠ ʰʠʨʠʥʘ ʟʘʭʚʘʪʘ ʨʘʙʦʯʝʛʦ ʦʨ-

ʛʘʥʘ, ʤ; C1, C2 ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʚʠʩʷʱʠʡ ʦʪ ʬʦʨʤʳ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʠ ʘʤ-

ʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ; vʧ ï ʦʙʲʝʤʥʘʷ ʤʘʩʩʘ ʧʦʯʚʳ, ʢʛ/ʤ
3;ɜ ï ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ, ʨʘʜ/ʩ. 

ɻ.ʕ. ʉʚʘʨʩʢʠʡ ʧʨʝʜʣʦʞʠʣ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʥʠʞʝʥʠʷ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʢ ʧʨʠ ʧʨʦʜʦʣʴʥʳʭ ʪʘʢ ʠ ʧʨʠ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. 

‏                                                ˡ
Ͻ

́
 ,                                              (2) 

ʛʜʝ ŭ ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʢʦʣʝʙʘʥʠʠ; ʌ ï ʙʝʟʨʘʟʤʝʨ-

ʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ; A ï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ. 

ʈ.ʄ. ɿʦʥʝʥʙʝʨʛ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʠʟ-

ʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʩʦʙʣʶʜʘʷ ʫʩʣʦʚʠʝ: 

                                           ́
Ͻ
ὧέὲίὸȢ                                              (3) 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʨʘʙʦʪʳ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩ ʚʠʙʨʘʮʠʝʡ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʦʧʠʩʘʥʳ ʚ ʪʨʫʜʘʭ ɹʨʝʷ ɺ.ɺ. ʆʥ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʪʝʢʘ-

ʥʠʷ ʧʨʦʮʝʩʩʘ ʚʳʢʘʧʳʚʘʥʠʷ ʢʘʞʜʦʤʫ ʢʦʨʥʶ ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʙʱʘʪʴ ʢʦʣʝʙʘʥʠʷ ʩ ʦʧʨʝʜʝʣʝʥ-

ʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʯʘʩʪʦʪʳ ʠ ʘʤʧʣʠʪʫʜʳ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʘʨʘʤʝʪʨʳ 

ʢʦʨʥʝʧʣʦʜʘ ʥʝ ʧʦʩʪʦʷʥʥʳʝ ʚʝʣʠʯʠʥʳ. ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠʟʚʣʝʯʝʥʠʷ 

ʢʦʨʥʝʧʣʦʜʦʚ ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ, ʝʩʣʠ ʩʦʦʙʱʠʪʴ ʠʤ ʢʦʣʝʙʘʥʠʷ ʩ ʚʦʟʨʘʩʪʘʶʱʝʡ ʘʤʧʣʠʪʫʜʦʡ ʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʜʣʷ ʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʯʘʩʪʦʪʦʡ [1].  

ɼʨʦʙʳʰʝʚ ʀ.ɸ. ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʧʘʯʝʡ, ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʝ 

ʢʨʦʰʝʥʠʝ ʧʣʘʩʪʘ ʠ ʦʯʠʩʪʢʘ ʢʦʨʥʝʧʣʦʜʦʚ ʦʪ ʧʦʯʚʳ, ʧʦʵʪʦʤʫ ʠʤ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ 

ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʢʦʧʘʯʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʪʨʝʭ ʧʣʦʩʢʦʩʪʷʭ, ʘʤʧʣʠʪʫʜʘ ʠ ʯʘʩʪʦʪʘ ʧʨʠ ʵʪʦʤ ʦʩʪʘ-

ʚʘʣʠʩʴ ʧʦʩʪʦʷʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ [2]. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʚʝʢʣʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ ʠ ʩʥʠʞʝʥʠʷ ʧʦʚʨʝ-

ʞʜʝʥʠʷ ʢʦʨʥʝʧʣʦʜʦʚ, ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʥʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶ-

ʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʢʦʧʘʪʝʣʷ ʢʦʨʥʝʧʣʦʜʦʚ (ʨʠʩʫʥʦʢ 3). 

ʋʟʝʣ ʚʠʙʨʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʚʠʜʝ çʢʘʯʘʶʱʝʡʩʷ ʰʘʡʙʳè, ʩʦʦʙʱʘʝʪ ʨʘʙʦʯʝʤʫ ʦʨʛʘʥʫ 

ʢʦʣʝʙʘʥʠʷ ʚʦ ʚʩʝʭ ʪʨʝʭ ʧʣʦʩʢʦʩʪʷʭ, ʯʪʦ ʧʨʠʜʘʝʪ ʝʤʫ ʚʳʩʦʢʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʥʝ-

ʦʙʭʦʜʠʤʫʶ ʜʣʷ ʙʳʩʪʨʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʩʚʷʟʠ ʢʦʨʥʝʧʣʦʜʘ ʩ ʧʦʯʚʦʡ. ʊʦʯʢʠ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʢʦʧʘ-

ʯʘ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʘʤʧʣʠʪʫʜʫ, ʢʦʪʦʨʘʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʨʥʝʧʣʦʜʘ 

ʯʝʨʝʟ ʝʛʦ ʨʫʩʣʦ. ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʚ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʢʦʧʘʯʘ ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ, 

ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʳʭʣʠʪʝʣʴʥʳʤʠ ʣʘʧʘʤʠ ʠ ʢʦʨʥʝʧʣʦʜʦʤ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ 

ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʦʙʲʝʤ ʩʝʧʘʨʠʨʫʶʱʝʡʩʷ ʧʦʯʚʳ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʘʛʨʝʛʘʪʘ. 

ʂʘʯʝʩʪʚʦ ʚʳʢʦʧʢʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʢʦʨʥʝʧʣʦʜʦʚ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʢʘʧʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. 

ʈʘʙʦʯʠʡ ʦʨʛʘʥ ʩʦʩʪʦʠʪ ʠʟ ʨʳʭʣʠʪʝʣʴʥʦʡ ʣʘʧʳ ʩ ʞʝʩʪʢʦ ʧʨʠʢʨʝʧʣʝʥʥʳʤʠ ʢ ʥʝʤʫ ʧʨʫʪʢʘ-

ʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ. ʈʘʙʦʯʘʷ ʯʘʩʪʴ ʢʦʧʘʯʘ ʚ ʧʣʦʩʢʦʩʪʠ ʧʝʨ-

ʧʝʥʜʠʢʫʣʷʨʥʦʡ ʜʚʠʞʝʥʠʶ ʘʛʨʝʛʘʪʘ, ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʢʦʥʫʩʥʦʡ ʯʘʩʪʠ ʢʦʨʥʝʧʣʦʜʘ. 

ʈʳʭʣʠʪʝʣʴʥʳʝ ʣʘʧʳ ʩ ʧʨʫʪʢʘʤʠ ʦʙʨʘʟʫʶʪ ʨʫʩʣʦ ʢʦʧʘʯʘ, ʩʫʞʘʶʱʝʝʩʷ ʧʦ ʭʦʜʫ ʧʨʦʭʦʞʜʝʥʠʷ 

ʯʝʨʝʟ ʥʝʛʦ ʢʦʨʥʝʧʣʦʜʘ. 
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1 ï ʫʟʝʣ ʚʠʙʨʘʮʠʠ; 2 ï ʟʚʝʟʜʦʯʢʘ; 3 ï ʰʘʪʫʥ; 4 ï ʩʪʦʡʢʘ; 5 ïʧʨʫʪʦʢ . 

ʈʠʩʫʥʦʢ 3 - ɺʠʙʨʘʮʠʦʥʥʳʡ ʢʦʧʘʪʝʣʴ ʢʦʨʥʝʧʣʦʜʦʚ 

ʋ ʩʚʝʢʣʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ ʛʣʫʙʠʥʘ ʭʦʜʘ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʦʩʪʘʚʣʷʝʪ 110é140 ʤʤ. 

ɺʳʩʦʪʘ ʧʦʩʪʘʥʦʚʢʠ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʩʦʪʦʡ ʚʳʩʪʫʧʘʥʠʷ ʢʦʨʥʝʧʣʦʜʘ ʥʘʜ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ʧʦʯʚʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʟʘʟʦʨʦʤ [3] ʠ ʩʦʩʪʘʚʣʷʝʪ (ʨʠʩʫʥʦʢ 4): 

                                                 ὦ ὅ ὅ ЎὬ,                                                       (4) 

ʛʜʝ: ʉ3 ï ʚʳʩʦʪʘ ʚʳʩʪʫʧʘʥʠʷ ʢʦʨʥʝʧʣʦʜʘ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʯʚʳ, ʤ; ʉ4 ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʟʘʟʦʨ ʧʦ ʚʳʩʦʪʝ ʧʦʩʪʘʥʦʚʢʠ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʤ; ȹh ï ʛʣʫʙʠʥʘ ʭʦʜʘ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʤ.  
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C 4
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C1

a1

D
h

 
1 ï ʢʦʨʥʝʧʣʦʜ; 2 ï ʨʘʙʦʯʠʡ ʦʨʛʘʥ 

ʈʠʩʫʥʦʢ 4 - ʉʭʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʳ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ ʰʠʨʠʥʳ ʧʦʩʪʘʥʦʚʢʠ ʨʘʙʦ-

ʯʠʭ ʦʨʛʘʥʦʚ 

ʐʠʨʠʥʘ ʧʦʩʪʘʥʦʚʢʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ ʫʙʠʨʘʝʤʦ-

ʛʦ ʢʦʨʥʝʧʣʦʜʘ: 

                                                ὥ Ὠ ὅ ςὅ,                                                       (5) 

ʛʜʝ: d ï ʜʠʘʤʝʪʨ ʢʦʨʥʝʧʣʦʜʦʚ, ʤ; ʉ1 ï ʰʠʨʠʥʘ ʣʝʥʪʳ, ʉ1=0,15 ʤ; ʉ2 ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʟʘʟʦʨ 

ʧʦ ʰʠʨʠʥʝ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʤ.  
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ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʢʦʧʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ 

ʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʘʛʨʝʛʘʪʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʢʘʯʝʩʪʚʘ ʫʙʠʨʘ-

ʝʤʦʡ ʧʨʦʜʫʢʮʠʠ [4].  

ʅʘ ʢʦʨʥʝʧʣʦʜ ʜʝʡʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʩʠʣʳ. ʉʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ Fʩʦʧʨ. ʩʨ., ʩʠʣʘ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʧʨʫʪʢʘ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʥʘ ʢʦʨʥʝʧʣʦʜ F, ʩʠʣʘ ʠʥʝʨʮʠʠ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ Ji, ʥʘʭʦʜʷ-

ʱʘʷʩʷ ʚʥʫʪʨʠ ʢʦʧʘʯʘ mʧg, ʩʠʣʘ ʩʮʝʧʣʝʥʠʷ ʢʦʨʥʝʧʣʦʜʘ ʩ ʧʦʯʚʦʡ Fʩʮ  (ʨʠʩʫʥʦʢ 5). 

ʆ

Z

X Y

F

Fx

Fy

Fz

G J
i

Fʩʦʧʨ.ʩʨ.

Fʩʮ

ɸ

ɺ

ʉ

 
ʈʠʩʫʥʦʢ 5 - ʉʭʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʨʥʝʧʣʦʜ ʧʨʠ ʜʚʠʞʝʥʠʠ ʢʦʧʘʯʘ 

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʢʦʨʥʝʧʣʦʜʘ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

                             ά̋ ὥ Ὂ Ὂ̒̏̐̑Ȣ̒̑ ὋӶὐ Ὂ̒  ̗                               (6) 

ʛʜʝ m ï ʤʘʩʩʘ ʢʦʨʥʝʧʣʦʜʦʚ, ʢʛ; a ï ʫʩʢʦʨʝʥʠʝ ʢʦʨʥʝʧʣʦʜʘ, ʤ/ʩ2; F  - ʩʠʣʘ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʫʪʢʘ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʥʘ ʢʦʨʥʝʧʣʦʜ, ʅ; Fʩʦʧʨ.ʩʨ - ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ, ʅ; &ʩʦʧʨȢʩʨȢ πȟυʉʍ3ʑ ; 

C ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ; ɟ ï ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ, ʢʛ/ʤ3; S ï ʧʣʦʱʘʜʴ ʜʝʡʩʪʚʠʷ 

ʢʦʨʥʝʧʣʦʜʘ, ʤ3; ɡ ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʤ/ʩ2; G ï ʩʠʣʘ ʪʷʞʝʩʪʠ, ʅ; ' ÍϽÇ; Ji ï ʩʠʣʘ ʠʥʝʨ-

ʮʠʠ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʅ; * ÍϽÁ; Fʩʮ - ʩʠʣʘ ʩʮʝʧʣʝʥʠʷ ʢʦʨʥʝʧʣʦʜʘ ʩ ʧʦʯʚʦʡ, ʅ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʧʣʘʩʪʘ ʧʦʯʚʳ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʴʩʷ 

ʢʦʨʥʝʧʣʦʜ. ɺʩʝ ʵʪʦ ʦʛʨʘʥʠʯʝʥʦ ʢʦʧʘʯʦʤ, ʩʦʚʝʨʰʘʶʱʠʤ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʘʤʧʣʠʪʫʜʳ ʧʨʫʪʢʦʚ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʨʘʩ-

ʩʤʦʪʨʠʤ ʩʭʝʤʫ, ʠʟʦʙʨʘʞʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 6. 
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ʈʠʩʫʥʦʢ 6 - ʉʭʝʤʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʦʪʢʣʦʥʝʥʠʷ ʢʦʨʥʝʧʣʦʜʘ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ 
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ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ, ʠʟʛʠʙ ʢʦʨʥʝʧʣʦʜʘ ʠʜʝʪ ʧʦʜ ʫʛʣʦʤ Ű. ɸʤʧʣʠʪʫʜʘ ʢʦʨʥʝʧʣʦʜʘ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ lS ʪʦʯʢʠ ʢʦʥʪʘʢʪʘ ʧʨʫʪʢʦʚ B ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩ ʢʦʨʥʝʧʣʦʜʦʤ ʜʦ ʪʦʯʢʠ O, ʥʠʞʝ ʢʦ-

ʪʦʨʦʡ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʱʝʤʣʝʥʠʝ ʢʦʨʥʝʚʦʡ ʯʘʩʪʠ ʢʦʨʥʝʧʣʦʜʘ  ʧʨʠ ʜʦʧʫʩʪʠʤʦʤ ʫʛʣʝ  Űʜʦʧ.  

ʅʘʠʙʦʣʴʰʝʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʢʦʨʥʷ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ ʜʦʧʫʩʪʠʤʦʛʦ [5]. 

                             ! ÌϽÓÉÎʐ̅̏ ̐                                                 (7) 

ʛʜʝ ɸmax -  ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ, ʤʤ; Űʜʦʧ - ʜʦʧʫʩʪʠʤʳʡ ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʢʦʨʥʝʧʣʦʜʘ, ʛʨʘʜ: Űʜʦʧ=8-11ʛʨʘʜ. [1]; lS - ʨʘʩʩʪʦʷʥʠʷ ʪʦʯʢʠ ʢʦʥʪʘʢʪʘ ʧʨʫʪʢʦʚ B ʨʘʙʦ-

ʯʝʛʦ ʦʨʛʘʥʘ ʩ ʢʦʨʥʝʧʣʦʜʦʤ ʜʦ ʪʦʯʢʠ O, ʥʠʞʝ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʟʘʱʝʤʣʝʥʠʝ ʢʦʨʥʝʚʦʡ ʯʘ-

ʩʪʠ ʢʦʨʥʝʧʣʦʜʘ, ʤʤ. 

ʇʨʠ ʥʝʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷʭ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ (W>Wʢʨ), ʢʦʧʘʪʝʣʴ ʜʘʞʝ ʩ ʠʜʝʘʣʴʥʦ ʧʦʜʦ-

ʙʨʘʥʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʨʷʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ [2].  

ɺʳʚʦʜʳ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʢʦʧʘʪʝʣʷ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʤʝʭʘ-

ʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʢʦʨʥʝʧʣʦʜʦʚ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ, ʚʳʩʝʷʥʥʦʡ ʣʝʥʪʦʯʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦ 

ʩʭʝʤʝ 45+15 ʩʤ. 
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ʆʊɺʆɼʂʆɺ ʂʃʆʅʆɺʓʍ ʇʆɼɺʆɽɺ 

ɼʨʦʙʳʰʝʚ ʀʛʦʨʴ ɸʥʘʪʦʣʴʝʚʠʯ, 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ  

çʊʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʘʰʠʥʳ ʠ ʦʩʥʦʚʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷè, ʄʠʯʫʨʠʥʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʠʯʫʨʠʥʩʢ 

ɸʣʝʭʠʥ ɸʣʝʢʩʝʡ ɺʠʢʪʦʨʦʚʠʯ, 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ  

çʊʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʘʰʠʥʳ ʠ ʦʩʥʦʚʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷè, ʄʠʯʫʨʠʥʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʠʯʫʨʠʥʩʢ  
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ɼʨʦʙʳʰʝʚ ʉʪʝʧʘʥ ʀʛʦʨʝʚʠʯ 

ʤʘʛʠʩʪʨʘʥʪ, ʄʠʯʫʨʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʠʯʫʨʠʥʩʢ 

 

ʈʝʬʝʨʘʪ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʦʡ ʩʘʜʦʚʦʜʩʪʚʘ ʚ ʏʝʨʥʦʟʝʤʴʝ ʷʚʣʷʝʪʩʷ 

ʷʙʣʦʥʷ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʳʝ ʩʘʜʳ ʥʘ ʩʣʘʙʦʨʦʩʣʳʭ ʢʣʦʥʦʚʳʭ ʧʦʜʚʦʷʭ ʥʘʠʙʦʣʝʝ ʵʬ-

ʬʝʢʪʠʚʥʳ. ʆʥʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʥʴʰʝ ʚʩʪʫʧʘʶʪ ʚ ʪʦʚʘʨʥʦʝ ʧʣʦʜʦʥʦʰʝʥʠʝ, ʙʳʩʪʨʝʝ ʥʘʨʘʱʠ-

ʚʘʶʪ ʫʨʦʞʘʡ. ɺ ʪʘʢʠʭ ʩʘʜʘʭ ʥʠʞʝ ʟʘʪʨʘʪʳ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʠ ʚʳʰʝ ʪʦʚʘʨʥʦʝ ʢʘʯʝʩʪʚʦ ʧʣʦ-

ʜʦʚ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʟʘʨʫʙʝʞʥʦʡ ʧʨʘʢʪʠʢʝ ʷʙʣʦʥʝʚʳʝ ʩʘʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʚʝ-

ʜʝʥʳ ʥʘ ʩʣʘʙʦʨʦʩʣʳʝ ʢʣʦʥʦʚʳʝ ʧʦʜʚʦʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʣʦʱʘʜʠ ʧʦʜ ʥʠʤʠ ʩʦʢʨʘʪʠʣʠʩʴ ʧʦʯʪʠ 

ʚ 2 ʨʘʟʘ, ʘ ʚʘʣʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʣʦʜʦʚ ʫʚʝʣʠʯʠʣʦʩʴ, ʧʨʠʤʝʨʥʦ, ʚ 2 ʨʘʟʘ. ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ 

ʪʘʢʞʝ ʥʘʤʝʯʝʥʳ ʪʝʥʜʝʥʮʠʠ ʧʝʨʝʭʦʜʘ ʥʘ ʥʘʩʘʞʜʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʣʘʙʦʨʦʩʣʳʤʠ 

ʥʘʩʘʞʜʝʥʠʷʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʝʰʸʚʦʛʦ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʢʦʣʠʯʝ-

ʩʪʚʘʭ ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʦʪʨʘʩʣʠ, ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ 

ʤʝʭʘʥʠʟʘʮʠʠ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʭʦʟʷʡʩʪʚʘʭ ʤʘʰʠʥʳ, ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʘʛʨʦ-

ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʢʘʯʝʩʪʚʫ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʜʦʨʘʙʦʪʦʢ. ʆʩʥʦʚʥʳʤ ʥʝʜʦ-

ʩʪʘʪʢʦʤ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʨʝʞʫʱʠʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʨʘʩʧʦʣʦʞʝʥ ʩʟʘʜʠ ʪʨʘʢʪʦʨʘ ʠ 

ʨʷʜ ʨʘʩʪʝʥʠʡ ʧʨʦʭʦʜʠʪ ʧʦʜ ʪʨʘʢʪʦʨʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʧʦʚʨʝʞʜʝʥʠʶ ʜʚʠʞʫʱʠʤʠʩʷ ʯʘ-

ʩʪʷʤʠ ʪʨʘʢʪʦʨʘ ʠ ʤʘʰʠʥʳ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʦʪʚʦʜʢʦʚ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʠ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʰʠʥʘ ʩ ʙʦʢʦʚʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʘʥʥʦʡ ʤʘʰʠʥʳ ʨʘʟʨʘʙʦʪʘʥ ʧʨʠʙʦʨ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʷʜʢʘ ʨʘʩʪʝʥʠʡ ʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʋʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ ʤʘʪʦʯʥʠʢʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʳʩʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 

80 ʩʤ ʥʘ ʯʝʪʚʸʨʪʳʡ ʛʦʜ ʧʦʩʣʝ ʧʦʩʘʜʢʠ ʠ 60 ʩʤ ʥʘ ʚʪʦʨʦʡ ʛʦʜ ʧʦʩʣʝ ʧʦʩʘʜʢʠ. ʇʨʠ ʵʪʦʤ ʤʘʢ-

ʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʩʦʩʪʘʚʠʣʘ 160 ʩʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʛʝʪʘʪʠʚʥʦ ʨʘʟʤʥʦʞʘʝʤʳʝ ʧʦʜʚʦʠ, ʤʘʰʠʥʘ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʦʪʚʦʜʢʦʚ 

ʢʣʦʥʦʚʳʭ ʧʦʜʚʦʝʚ. 
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Abstract. It was established that the main crop gardening in the Black Earth is an apple tree. It 

is proved that intensive gardens slightly growing clonal rootstocks are most effective. They come 

much earlier in the commodity fruition faster increasing yield. In such gardens below the cost of 

manual labor and higher commodity fruit quality. It was revealed that in foreign practice orchards 

almost completely transferred to slightly growing clonal rootstocks. As a result, the area under 

them dropped by almost 2 times, and the total production of fruits increased by approximately 2-

fold. In our country, as outlined tendency of transition to plantation presented slightly growing 

plantations. It is shown that the production of cheap planting material in quantities capable of en-

suring the needs of the industry, it is impossible without modern mechanization. Used on farms ma-

chines do not fully meet the agronomic requirements for quality performance of the process, as well 

as involve the use of manual labor to correct defects. The main drawback of machines is that the 

cutting actuator is located behind a tractor and a number of plants held under the tractor, resulting 

in damage to moving parts of the machine and tractor. To eliminate damage layering scheme is 

proposed and designed the machine with the side of the working body of the arrangement. To de-

termine the design parameters of the machine is designed to determine the unit of geometric char-

acteristics of a row of plants and experimental studies. It is found that depending on age liquor av-

erage value of the height is 80 cm at the fourth year after planting and 60 cm in the second year 

after planting. The maximum height was 160 cm. 

Key words: vegetative propagated rootstocks, a machine for separating the cuttings of clonal 

rootstocks. 

 

ɺʚʝʜʝʥʠʝ. ʉʘʜʦʚʦʜʩʪʚʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʦʪʨʘʩʣʴʶ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʆʥʦ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʯʝʣʦʚʝʢʘ ʥʝʟʘʤʝʥʠʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʠʪʘʥʠʷ. ʇʣʦʜʳ ʠ ʷʛʦʜʳ ʩ ʜʘʚʥʠʭ ʚʨʝʤʝʥ ʠ ʧʦ-

ʩʝʡ ʜʝʥʴ, ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʠʪʘʤʠʥʦʚ, ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʜʨʫ-

ʛʠʭ ʧʦʣʝʟʥʳʭ ʚʝʱʝʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʯʝʣʦ-

ʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ. 

ʆʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʦʡ ʩʘʜʦʚʦʜʩʪʚʘ ʚ ʏʝʨʥʦʟʝʤʴʝ ʷʚʣʷʝʪʩʷ ʷʙʣʦʥʷ. He ʚr ʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ, 

ʯʪʦ ʠʥʪʝʥʩʠʚʥʳʝ ʩʘʜʳ ʥʘ ʩʣʘʙʦʨʦʩʣʳʭ ʢʣʦʥʦʚʳʭ ʧʦʜʚʦʷʭ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ. ʆʥʠ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʨʘʥʴʰʝ ʚʩʪʫʧʘʶʪ ʚ ʪʦʚʘʨʥʦʝ ʧʣʦʜʦʥʦʰʝʥʠʝ, ʙʳʩʪʨʝʝ ʥʘʨʘʱʠʚʘʶʪ ʫʨʦʞʘʡ. ɺ ʪʘʢʠʭ 

ʩʘʜʘʭ ʥʠʞʝ ʟʘʪʨʘʪʳ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʠ ʚʳʰʝ ʪʦʚʘʨʥʦʝ ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ [4]. 

ɺ ʟʘʨʫʙʝʞʥʦʡ ʧʨʘʢʪʠʢʝ ʷʙʣʦʥʝʚʳʝ ʩʘʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʚʝʜʝʥʳ ʥʘ ʩʣʘʙʦ-

ʨʦʩʣʳʝ ʢʣʦʥʦʚʳʝ ʧʦʜʚʦʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʣʦʱʘʜʠ ʧʦʜ ʥʠʤʠ ʩʦʢʨʘʪʠʣʠʩʴ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ, ʘ ʚʘ-

ʣʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʣʦʜʦʚ ʫʚʝʣʠʯʠʣʦʩʴ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ [3]. ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʪʘʢʞʝ ʥʘʤʝ-

ʯʝʥʳ ʪʝʥʜʝʥʮʠʠ ʧʝʨʝʭʦʜʘ ʥʘ ʥʘʩʘʞʜʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʣʘʙʦʨʦʩʣʳʤʠ ʥʘʩʘʞʜʝʥʠʷʤʠ. 

ʇʠʪʦʤʥʠʢʦʚʦʜʩʪʚʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦʡ ʦʪʨʘʩʣʴʶ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʜʝʰʸʚʦʛʦ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʪʨʝʙʥʦʩʪʠ ʦʪʨʘʩʣʠ, ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ 
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ʭʦʟʷʡʩʪʚʘʭ ʤʘʰʠʥʳ, ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʢʘ-

ʯʝʩʪʚʫ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʫʯʥʦ-

ʛʦ ʪʨʫʜʘ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʜʦʨʘʙʦʪʦʢ. 

ʆʪʜʝʣʝʥʠʝ ʚʝʛʝʪʘʪʠʚʥʦ ʨʘʟʤʥʦʞʘʝʤʳʭ ʧʦʜʚʦʝʚ ʷʙʣʦʥʠ ʦʪ ʤʘʪʦʯʥʳʭ ʨʘʩʪʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʵʪʘʧʦʤ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦʵʪʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ 

ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʦʪʚʦʜʢʦʚ ï ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ. 

ʀʟʚʝʩʪʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʦʪʚʦʜʢʦʚ ʦʪ ʨʘʩʪʝʥʠʡ ʚ ʩʣʦʝ ʧʦʯʚʳ [3]. ʆʥʦ ʩʦʜʝʨ-

ʞʠʪ ʨʘʤʫ ʩ ʨʝʞʫʱʠʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʚʘʣʫ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ 

ʚʨʘʱʝʥʠʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ. ʈʝʞʫʱʠʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʜʫʛʦʦʙʨʘʟʥʳʭ ʥʦ-

ʞʝʡ ʠ ʩʬʝʨʠʯʝʩʢʦʛʦ ʜʠʩʢʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʥʘʜ ʥʠʤʠ ʦʪ ʨʝʘʢʮʠʠ ʧʦʯʚʳ. ɺʦ ɺʅʀʀ 

ʩʘʜʦʚʦʜʩʪʚʘ ʠʤ. ʀ.ɺ. ʄʠʯʫʨʠʥʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʰʠʥʘ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʦʪʚʦʜʢʦʚ [1]. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʳʭ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʪʦ ʯʪʦ, ʨʝʞʫʱʠʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʨʘʩʧʦ-

ʣʦʞʝʥ ʩʟʘʜʠ ʪʨʘʢʪʦʨʘ ʠ ʨʷʜ ʨʘʩʪʝʥʠʡ, ʧʨʦʭʦʜʠʪ ʧʦʜ ʪʨʘʢʪʦʨʦʤ, ʫ ʢʦʪʦʨʦʛʦ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ 

ʧʨʦʩʚʝʪ ʩʦʩʪʘʚʣʷʝʪ  0,4-0,6ʤ. ʇʦʵʪʦʤʫ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʨʘʩʪʝʥʠʷ ʤʦʛʫʪ ʥʘʜʣʘʤʳʚʘʪʴʩʷ ʠʣʠ ʧʦ-

ʚʨʝʞʜʘʪʴʩʷ ʜʚʠʞʫʱʠʤʠʩʷ ʯʘʩʪʷʤʠ ʪʨʘʢʪʦʨʘ ʠ ʤʘʰʠʥʳ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʩʦʩʪʘʚ-

ʣʝʥʳ ʦʙʱʠʝ ʠ ʯʘʩʪʥʳʝ ʤʝʪʦʜʠʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟ-

ʮʘʭ ʤʘʰʠʥʳ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʦʪʚʦʜʢʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʦʪʚʦʜʢʦʚ ʥʘ ʢʘʬʝʜʨʝ ʪʨʘʥʩ-

ʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʦʩʥʦʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʰʠʥʘ ʩ ʙʦʢʦʚʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʩʥʘʙʞʝʥʥʦʛʦ ʦʪʚʘʣʦʤ ʠ ʢʦʧʠʨʫʶʱʠʤ ʙʘʰʤʘʢʦʤ (ʨʠʩʫʥʦʢ 

1).  

 
ʈʠʩʫʥʦʢ 1 -ʉʭʝʤʘ ʤʘʰʠʥʳ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʦʪʚʦʜʢʦʚ ʚʝʛʝʪʘʪʠʚʥʦ ʨʘʟʤʥʦʞʘʝʤʳʭ ʧʦʜʚʦʝʚ 

ʷʙʣʦʥʠ ʩ ʙʦʢʦʚʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ: 1 ï ʨʘʤʘ; 2 ï ʨʝʜʫʢʪʦʨʳ; 3 ï ʜʠʩʢʦʚʳʡ 

ʥʦʞ; 4 ï ʦʧʦʨʥʦ-ʨʝʛʫʣʠʨʦʚʦʯʥʳʡ ʙʘʰʤʘʢ; 5 ïʦʪʚʘʣ; 6 ï ʢʘʨʜʘʥʥʳʡ ʚʘʣ 
 
ʄʘʰʠʥʘ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʚʜʦʣʴ ʨʷʜʢʘ, ʜʠʩʢʦʚʳʡ ʥʦʞ  3, 

ʧʨʠʚʦʜʠʤʳʡ ʚ ʜʚʠʞʝʥʠʝ ʦʪ ʚʘʣʘ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ ʪʨʘʢʪʦʨʘ ʯʝʨʝʟ ʨʝʜʫʢʪʦʨʳ 2 ʠ ʢʘʨʜʘʥʥʫʶ 

ʧʝʨʝʜʘʯʫ 6, ʦʪʜʝʣʷʝʪ ʦʪʚʦʜʢʠ ʦʪ ʤʘʪʦʯʥʦʡ ʢʦʩʠʯʢʠ, ʘ ʦʪʚʘʣ 5 ʫʢʣʘʜʳʚʘʝʪ ʩʨʝʟʘʥʥʳʝ ʨʘʩʪʝʥʠʷ 

ʩʙʦʢʫ ʨʷʜʢʘ. ɺʳʩʦʪʘ ʩʨʝʟʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʦʧʦʨʥʦʛʦ ʙʘʰʤʘʢʘ 4.  

ʇʦʣʝʚʳʝ ʠʩʧʳʪʘʥʠʷ (ʨʠʩʫʥʦʢ 2) ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 2 ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʤʘʰʠʥʳ 

ʇʨʠ ʦʪʜʝʣʝʥʠʠ ʦʪʚʦʜʢʦʚ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʠʭ ʪʨʘʚʤʠʨʦʚʘʥʠʷ ʠ ʧʦʪʝʨʠ ʪʦʚʘʨʥʦʛʦ ʚʠʜʘ. 

ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʣ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʟʦʢʫʯʠʚʘʥʠʷ ʚʘʣʢʘ. ʆʜʥʘʢʦ ʚ ʭʦʜʝ ʧʦ-

ʣʝʚʳʭ ʠʩʧʳʪʘʥʠʡ ʚʳʷʚʣʝʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʳʩʦʪʳ ʩʨʝʟʘ ʦʪʚʦʜʢʦʚ ʠʟ-ʟʘ ʥʝʨʦʚʥʦʩʪʠ ʨʝʣʴ-

ʝʬʘ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʘʥʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʥʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʥʘʙʜʠʪʴ ʨʘʙʦʯʠʡ ʦʨʛʘʥ  ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʤ ʙʘʰʤʘʢʦʤ, ʟʘʢʨʝʧʣʸʥʥʳʤ ʥʘ ʜʫʛʝ 7 (ʨʠʩʫʥʦʢ 3). 

 
ʈʠʩʫʥʦʢ 3 - ʉʭʝʤʘ ʤʘʰʠʥʳ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʦʪʚʦʜʢʦʚ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʙʘʰʤʘʢʦʤ 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʫʛʠ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦʝ ʧʨʦʭʦʞʜʝʥʠʝ 

ʦʪʚʦʜʢʦʚ ʢ ʜʠʩʢʦʚʦʤʫ ʥʦʞʫ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 4.ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʩʪʦʡʢʠ 1 ʩʦ ʰʢʘʣʦʡ ʠ ʦʧʦʨʥʦʡ ʧʣʦʱʘʜʢʦʡ 6. ɼʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʚʳʩʦʪʳ ʦʪʚʦʜʢʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʚʠʞʥʘʷ ʰʪʘʥʛʘ 3. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʰʠʨʠʥʳ ʨʘʩʧʦ-

ʣʦʞʝʥʠʷ ʨʘʩʪʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʰʢʘʣʘ ʥʘ ʰʪʘʥʛʝ 3 ʠ ʧʦʜʚʠʞʥʘʷ ʰʪʘʥʛʘ 4. ɺʳʩʦʪʘ ʚʘʣʢʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʦʜʚʠʞʥʦʡ ʰʪʘʥʛʠ 2. 
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ʈʠʩʫʥʦʢ 4 - ʇʨʠʙʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʷʜʢʘ ʦʪʚʦʜʢʦʚ ʚʝʛʝʪʘ-

ʪʠʚʥʦ ʨʘʟʤʥʦʞʘʝʤʳʭ ʢʣʦʥʦʚʳʭ ʧʦʜʚʦʝʚ 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʇʝʨʝʤʝʱʘʷʩʴ ʧʦ ʤʝʞʜʫʨʷʜʴʶ, ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠ-

ʙʦʨ, ʧʦʛʨʫʞʘʷ ʚ ʧʦʯʚʫ ʜʦ ʦʧʦʨʥʦʡ ʧʣʦʱʘʜʢʠ 6,ʧʨʠ ʵʪʦʤ ʚʝʨʪʠʢʘʣʴʥʦʩʪʴ ʩʪʦʡʢʠ ʢʦʥʪʨʦʣʠʨʦ-

ʚʘʣʠ ʧʦ ʫʨʦʚʥʶ 5. ɺ ʵʪʦʤ ʤʝʩʪʝ ʟʘʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʷ ʚʳʩʦʪʫ ʦʪʚʦʜʢʦʚ ʅ ʧʦ ʰʢʘ-

ʣʝ ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ 10 ʤʤ ʥʘ ʩʪʦʡʢʝ 1, ʰʠʨʠʥʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʘʩʪʝʥʠʡ bʧʦ ʰʢʘʣʝ ʥʘ ʰʪʘʥʛʝ 

3 ʠ ʚʳʩʦʪʫ ʚʘʣʢʘ h.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʚʦʜʦʚ ʧʦ ʚʳʩʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. 

 
ʈʠʩʫʥʦʢ 5 - ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʦʙʝʛʦʚ ʧʦ ʚʳʩʦʪʝ ʚ ʤʘʪʦʯʥʠʢʘʭ 

ʨʘʟʣʠʯʥʦʛʦ ʛʦʜʘ ʧʦʩʘʜʢʠ 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʳʩʦʪʘ ʧʦʙʝʛʦʚ ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝ-

ʜʝʣʘʭ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ ʤʘʪʦʯʥʠʢʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʳʩʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 80ʩʤ ʥʘ 

ʯʝʪʚʸʨʪʳʡ ʛʦʜ ʧʦʩʣʝ ʧʦʩʘʜʢʠ ʠ 60ʩʤ ʥʘ ʚʪʦʨʦʡ ʛʦʜ ʧʦʩʣʝ ʧʦʩʘʜʢʠ. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʚʳʩʦʪʘ ʩʦʩʪʘʚʠʣʘ 160 ʩʤ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʠʨʠʥʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʚʦʜʢʦʚ ʚ ʨʷʜʫ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʝ 6. 

 
ʈʠʩʫʥʦʢ 6 ï ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʙʝʛʦʚ ʧʦ ʰʠʨʠʥʝ ʚ ʤʘʪʦʯʥʠʢʘʭ ʨʘʟʣʠʯʥʦʛʦ 

ʛʦʜʘ ʧʦʩʘʜʢʠ 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ ʤʘʪʦʯʥʠʢʘ ʩʨʝʜ-

ʥʝʝ ʟʥʘʯʝʥʠʝ ʰʠʨʠʥʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 50 ʩʤ ʚ ʤʘʪʦʯʥʠʢʘʭ2012  ʛʦʜʘ ʧʦʩʘʜʢʠ ʠ 

55ʩʤ ʚ ʤʘʪʦʯʥʠʢʘʭ2014ʛʦʜʘ ʧʦʩʘʜʢʠ. 

ɺʳʚʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʳʩʦʪʘ ʜʫʛʠ ʜʦʣʞʥʘ ʩʦʩʪʘʚ-

ʣʷʪʴ140 - 160 ʩʤ, ʘ ʰʠʨʠʥʘ 90 - 110 ʩʤ. 
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ʈʝʬʝʨʘʪ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʝʨʠʡʥʳʝ ʦʧʨʳʩʢʠʚʘʪʝʣʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʦʨʫʜʦʚʘʥʳ ʱʝʣʝʚʠʜʥʳʤʠ ʨʘʩʧʳʣʠʪʝʣʷʤʠ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʜʦʣʞʥʦʛʦ 

ʢʘʯʝʩʪʚʘ ʨʘʩʧʨʝʜʝʣʷʝʤʦʡ ʥʘ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. ʇʦʪʝʨʠ 

ʧʨʝʧʘʨʘʪʦʚ ʧʨʠ ʵʪʦʤ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 30%. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʨʳʩ-

ʢʠʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʟʜʫʭʘ ʚ ʩʦʩʪʘʚʝ ʨʘʙʦʯʝʡ ʩʤʝʩʠ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʘʩʧʳʣʠʪʝʣʷ ʩʦʟʜʘʪʴ ʜʠʘʤʝʪʨ ʢʘʧʝʣʴ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʫʜʝʨʞʠʚʘ-

ʶʪʩʷ ʥʘ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʨʘʩʧʳʣʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʩʝʨʠʡʥʳʤʠ ʦʧʨʳʩʢʠʚʘʪʝ-

ʣʷʤʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʝ ʌɻɹʅʋ 

ʉʂʅʀʀʄʕʉʍ ʚ ʶʞʥʦʡ ʟʦʥʝ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʨʠ ʩʨʝʜʥʝʛʦʜʦʚʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʩʘʜʢʦʚ 

560-600 ʤʤ, ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ 9,6ʉ̄ ʠ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 

56%. ʆʧʨʝʜʝʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʨʳʩʢʠʚʘʥʠʷ ʟʘ ʩʯʝʪ ʫʩʪʘʥʦʚ-

ʢʠ ʥʘ ʩʝʨʠʡʥʳʡ ʦʧʨʳʩʢʠʚʘʪʝʣʴ ʆʇ-2000/18 ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʥʘʩʳʱʝʥʠʷ 

ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚʦʟʜʫʭʦʤ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʩʧʳʣʠʪʝʣʠ 04F110 

(ʩʚʝʪʣʦ-ʩʠʥʝʡ ʦʢʨʘʩʢʠ), ʨʘʙʦʪʘʶʱʠʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʞʠʜʢʦʩʪʠ 2,2 ʘʪʤ ʠ ʜʘʚʣʝʥʠʝʤ ʨʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʠ ʩ ʚʦʟʜʫʭʦʤ 2,6 ʘʪʤ. ʋʩʪʘʥʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʚ 1,9 ʨʘʟʘ ʜʦʣʠ ʢʘʧʝʣʴ ʨʘʟʤʝʨʦʤ ʜʦ 

200 ʤʢʤ ʧʨʠ ʣʠʩʪʦʚʦʡ ʧʦʜʢʦʨʤʢʝ ʧʦʣʝʚʳʭ ʢʫʣʴʪʫʨ ʨʘʩʪʚʦʨʦʤ ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ çɸʢʚʘʜʦʥ-

ʄʠʢʨʦè ʩ ʜʦʟʦʡ ʚʥʝʩʝʥʠʷ 2 ʣ/ʛʘ. ʆʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʚ 1,5-2,0 ʨʘʟʘ ʨʘʙʦʯʝʛʦ ʜʘʚʣʝʥʠʷ, ʩʦʟʜʘ-

ʚʘʝʤʦʛʦ ʰʪʘʪʥʳʤ ʥʘʩʦʩʦʤ ʦʧʨʳʩʢʠʚʘʪʝʣʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʞʝʢʪʦʨʘ. ʋʚʝʣʠʯʝʥʘ ʚ 

2,7 ʨʘʟʘ ʧʣʦʪʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʨʘʩʪʝʥʠʡ. ʉʥʠʞʝʥ 
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ʥʘ 16-22% ʨʘʩʭʦʜ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚ 1,7 ʨʘʟʘ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ ʨʘʩʧʳʣʷʝ-

ʤʳʭ ʢʘʧʝʣʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʷ, ʦʧʨʳʩʢʠʚʘʥʠʝ, ʞʠʜʢʦʩʪʥʦ-ʚʦʟʜʫʰʥʘʷ ʩʤʝʩʴ, ʵʞʝʢʪʦʨ, 

ʨʘʟʤʝʨ ʢʘʧʝʣʴ, ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʴ. 
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Abstract. Existing serial domestic production sprayers equipped with slotted nozzles are not 

providing proper quality distributed to the plant leaf surface of the working fluid. Loss drugs may 

thus be up to 30%. It was found that effectiveness of spraying is substantially increased when using 

the air in the working mixture. This will allow the outlet to create a spray droplet diameter, which 

are well retained on the sheet surface. In this regard, we consider the possibilities and the results of 

research to improve the quality of the working fluid spray sprinklers serial domestic production. 

The studies were conducted on the experimental field FGBNU SKNIIMESKH in the southern zone 

of the Rostov region, with an average annual rainfall 560-600 mm, the average annual temperature 

and mean annual 9,6̄S air humidity of 56%. The possibility of increasing the effectiveness of the 

spray through the installation of the serial sprayer OP-2000/18 of additional equipment to saturate 

the air of the working fluid. During the study used sprayers 04F110 (light blue color) working fluid 

under pressure and 2,2 atm pressure of the working fluid with the air of 2,6 atm. The increase in the 

proportion of 1,9 times the droplet size of 200 microns with foliar solution microfertilizers Field 

Crops çAquadon-microè  introducing a dose of 2 l / ha. There was a reduction in the 1,5-2,0 times 

the working pressure generated by a pump sprayer staff through the use of an ejector. Increased 2,7 

times the density of the surface-coated sheet steel plant to be treated. Reduced by 16-22% the work-

ing solution flow at a magnification of 1,7 times polydispersity sprayed droplets. 



ISSN 2305-2538 ʅɸʋʂɸ ɺ ʎɽʅʊʈɸʃʔʅʆʁ ʈʆʉʉʀʀ, ˉ6 (24), 2016 
 

 

~27~ 

Keywords: technology, spraying, liquid-air mixture, the ejector, the droplet size, polydispersi-

ty. 

 

ɺʚʝʜʝʥʠʝ. ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʞʠʜʢʠʭ ʤʠ-

ʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʠʭ ʨʘʩʭʦʜʘ ʧʫʪʝʤ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʰʪʘʥʛʦʚʳʭ ʦʧʨʳʩʢʠʚʘʪʝʣʝʡ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʪʝʨʠ ʧʨʝʧʘʨʘʪʦʚ ʟʘ ʧʨʝʜʝʣʳ ʦʙ-

ʨʘʙʘʪʳʚʘʝʤʳʭ ʫʯʘʩʪʢʦʚ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 30% [1, 2]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʨʳʩʢʠʚʘʥʠʷ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʞʝʢʪʦʨʥʳʭ ʨʘʩʧʳʣʠʪʝʣʝʡ, ʥʝʜʦʩʪʘʪʢʦʤ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʤʘʣʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ ʩ ʚʦʟʜʫʭʦʤ ʠ ʚʳʩʦʢʘʷ ʩʪʦʠ-

ʤʦʩʪʴ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʧʨʳʩʢʠʚʘʥʠʷ ʧʦʣʝʚʳʭ ʢʫʣʴʪʫʨ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʧʦʩʝʚʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʠʜʢʦʩʪʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 2012-2015 ʛʛ. ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʝ 

ʌɻɹʅʋ ʉʂʅʀʀʄʕʉʍ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʨʳʩʢʠʚʘʪʝʣʷ ʆʇ-2000/18, ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ ʚʦʟ-

ʜʫʰʥʳʤ ʵʞʝʢʪʦʨʦʤ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʚʥʝʢʦʨʥʝʚʦʡ ʧʦʜʢʦʨʤʢʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ 

ʩ ʜʦʟʦʡ ʚʥʝʩʝʥʠʷ ʤʠʢʨʦʫʜʦʙʨʝʥʠʷ çɸʢʚʘʜʦʥ-ʄʠʢʨʦè 2 ʣ/ʛʘ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʨʘʩʧʳʣʠʪʝʣʠ 04F110 (ʩʚʝʪʣʦ-ʩʠʥʝʡ ʦʢʨʘʩʢʠ), ʨʘʙʦʪʘʶʱʠʝ ʧʨʠ ʜʘʚʣʝʥʠʠ ʞʠʜʢʦʩʪʠ 2,2 

ʘʪʤ. ʠ ʜʘʚʣʝʥʠʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʩ ʚʦʟʜʫʭʦʤ 2,6 ʘʪʤ. ʂʘʧʣʠ ʫʣʘʚʣʠʚʘʣʠʩʴ ʥʘ ʢʘʨʪʦʯʢʠ ʠʟ 

ʬʦʪʦʧʣʝʥʢʠ ʧʦʢʨʳʪʦʡ ʢʨʘʩʢʦʡ, ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʤʘʯʠʚʘʥʠʷ ʧʣʝʥʢʠ ʚʦʜʦʡ. ʂʘʨʪʦʯʢʠ ʢʨʝʧʠʣʠʩʴ 

ʥʘ ʜʝʨʝʚʷʥʥʳʭ ʨʝʡʢʘʭ ʠ ʫʢʣʘʜʳʚʘʣʠʩʴ ʚ ʨʷʜʫ ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʧʦ ʜʚʝ ʥʘ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʩʪʦ-

ʨʦʥʝ ʰʪʘʥʛʠ ʦʧʨʳʩʢʠʚʘʪʝʣʷ. ʇʦʢʨʳʪʠʝ ʫʯʝʪʥʳʭ ʢʘʨʪʦʯʝʢ ʩ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʢʘʣʦʡ ʢʘʧʣʷʤʠ 

ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʮʠʬʨʦʚʳʤ ʬʦʪʦʘʧʧʘʨʘʪʦʤ. ʋʚʝʣʠʯʝʥʠʝ ʦʪʧʝʯʘʪʢʦʚ ʧʦʢʨʳ-

ʪʠʷ ʢʘʨʪʦʯʝʢ ʢʘʧʣʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦʩʣʝ ʨʘʩʧʳʣʠʪʝʣʝʡ, ʨʘʙʦʪʘʚʰʠʭ ʙʝʟ ʚʦʟʜʫʭʘ, ʠ ʩ 

ʥʘʩʳʱʝʥʠʝʤ ʨʘʩʪʚʦʨʘ ʚʦʟʜʫʭʦʤ ʩʦʩʪʘʚʠʣʦ 3,0 ʠ 2,5 ʨʘʟʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʜʠʘ-

ʤʝʪʨʘ ʢʘʧʝʣʴʥʦʛʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʨʘʩʧʳʣʷʝʤʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʛʦʪʦʚʠʪʴ ʞʠʜ-

ʢʦʩʪʥʦ-ʚʦʟʜʫʰʥʫʶ ʩʤʝʩʴ ʩ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʚ ʨʘʩʪʚʦʨʝ 

ʞʠʜʢʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʧʝʩʪʠʮʠʜʦʚ ʧʫʪʝʤ ʧʦʜʘʯʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʯʝʨʝʟ ʵʞʝʢʪʠ-

ʨʫʶʱʝʝ ʦʪʚʝʨʩʪʠʝ ʨʘʩʧʳʣʠʪʝʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʨʝʛʫʣʠʨʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ [3]. ʏʪʦ-

ʙʳ ʨʘʩʰʠʨʠʪʴ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʞʠʜʢʦʩʪʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ, ʫʩʪʘʥʘʚʣʠ-

ʚʘʶʪ ʥʘ ʚʝʩʴ ʦʧʨʳʩʢʠʚʘʪʝʣʴ ʦʙʱʠʡ ʩʤʝʩʠʪʝʣʴ (ʨʠʩʫʥʦʢ 1) [4, 5].  

 
ʈʠʩʫʥʦʢ 1  ï ʋʟʝʣ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʞʠʜʢʦʩʪʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ  

ʥʘ ʦʧʨʳʩʢʠʚʘʪʝʣʝ ʆʇ-2000/18: 1- ʧʣʦʱʘʜʢʘ ʦʧʨʳʩʢʠʚʘʪʝʣʷ; 2 ïʩʤʝʩʠʪʝʣʴ; 3 - ʚʦʟʜʫʭʦʚʦʜ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʠʢʨʦʢʦʧʠʨʦʚʘʥʠʷ ʢʘ-

ʧʝʣʴ ʥʘ ʫʯʝʪʥʳʭ ʢʘʨʪʦʯʢʘʭ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʦ ʢʣʘʩʩʘʤ (ʨʠʩʫʥʦʢ 2) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʨʘʩʧʳʣʝʥʠʠ ʞʠʜʢʦʩʪʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʢʘʯʝʩʪʚʦ ʢʘʧʝʣʴ ʩʨʝʜʥʝʛʦ ʠ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʨʘʩʧʳʣʝʥʠʠ ʦʜʥʦʡ ʪʦʣʴʢʦ ʞʠʜʢʦʩʪʠ ʙʝʟ ʚʦʟʜʫʭʘ. ʊʘʢ ʢʦʣʠʯʝʩʪʚʦ ʢʘ-

ʧʝʣʴ ʜʦ 200 ʤʢʤ ʨʘʩʧʳʣʷʝʤʦʡ ʞʠʜʢʦʩʪʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʠ ʞʠʜʢʦʩʪʠ ʙʝʟ ʚʦʟʜʫʭʘ ʨʘʚʥʦ 82 

ʠ 43% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʅʘʩʳʱʝʥʠʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʧʝʨʝʢʘʯʠʚʘʝʤʦʡ ʥʘʩʦʩʦʤ ʦʪ ʸʤʢʦʩʪʠ ʦʧʨʳʩʢʠʚʘʪʝʣʷ ʢ 

ʨʘʩʧʳʣʠʪʝʣʷʤ ʜʦʩʪʠʛʘʣʘʩʴ ʧʦʜʘʯʝʡ ʚ ʦʜʠʥ ʠʟ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʰʣʘʥʛʦʚ ʚʦʟʜʫʭʘ ʧʦʜ ʜʘʚʣʝʥʠ-

ʝʤ 0,4-0,5ʄʇʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʠ ʥʘ ʨʠʩʫʥʢʝ 3, ʘʥʘʣʠʟ ʢʦʪʦ-

ʨʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʛʥʝʪʘʥʠʝʤ ʚʦʟʜʫʭʘ ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʞʠʜʢʦʩʪʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʧʦ-

ʚʳʰʘʣʦʩʴ ʥʘ 14-30%, ʘ ʝʸ ʨʘʩʭʦʜ ʩʥʠʞʘʣʩʷ ʥʘ 16,6-21,5% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 
                                       ʘ)          ʙ) 

ʘ) ï ʞʠʜʢʦʩʪʥʦ-ʚʦʟʜʫʰʥʘʷ ʩʤʝʩʴ; ʙ) ï ʨʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʙʝʟ ʥʘʩʳʱʝʥʠʷ ʚʦʟʜʫʭʦʤ 

ʈʠʩʫʥʦʢ 2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʧʝʣʴ (ʤʢʤ) ʧʦ ʨʘʟʤʝʨʥʳʤ ʛʨʫʧʧʘʤ 
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ʈʠʩʫʥʦʢ 3 ï ʈʘʩʭʦʜ ʞʠʜʢʦʩʪʠ ʠ ʞʠʜʢʦʩʪʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ: 1- ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ; 2,3 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ 

ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ ʠ ʞʠʜʢʦʩʪʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ 

ɺʳʚʦʜʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʦʧʨʳʩʢʠʚʘʥʠʷ ʧʦʣʝʚʳʭ ʢʫʣʴʪʫʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʞʝʢʪʦʨʘ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʥʘ 

ʦʧʨʳʩʢʠʚʘʪʝʣʴ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʩʨʝʜʥʝ- ʠ ʤʝʣʢʦʢʘʧʝʣʴʥʦʝ ʨʘʩʧʳʣʝʥʠʝ ʧʨʠ ʨʘʙʦʯʠʭ 

ʜʘʚʣʝʥʠʷʭ ʚ 1,5-2,0 ʨʘʟʘ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʚʣʝʥʠʝʤ ʦʜʥʦʡ ʪʦʣʴʢʦ ʞʠʜʢʦʩʪʠ. ɼʦʣʷ ʢʘʧʝʣʴ 

ʜʦ 200 ʤʢʤ ʞʠʜʢʦʩʪʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʠ ʞʠʜʢʦʩʪʠ ʙʝʟ ʚʦʟʜʫʭʘ ʧʨʠ ʣʠʩʪʦʚʦʡ ʧʦʜʢʦʨʤʢʝ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ ʙʳʣʘ ʨʘʚʥʘ 82% ʠ 43% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʚʳʭʦʜʝ ʠʟ ʨʘʩʧʳʣʠʪʝʣʷ ʞʠʜʢʦʩʪ-

ʥʦ-ʚʦʟʜʫʰʥʦʡ  ʩʤʝʩʠ ʚʦʟʜʫʭ ʠʥʪʝʥʩʠʚʥʦ ʜʨʦʙʠʪ ʩʪʨʫʶ ʞʠʜʢʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʩʘʞʜʝʥʠʶ 

ʢʘʧʝʣʴ, ʫʣʫʯʰʘʷ ʪʝʤ ʩʘʤʳʤ ʧʣʦʪʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʨʘʩʪʝʥʠʡ ʚ 2,7 ʨʘʟʘ, ʩʥʠ-

ʞʘʷ ʧʨʠ ʵʪʦʤ ʚ 1,7 ʨʘʟʘ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʴ ʨʘʩʧʳʣʷʝʤʳʭ ʢʘʧʝʣʴ. ʅʘʩʳʱʝʥʠʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦ-

ʩʪʠ ʚʦʟʜʫʭʦʤ ʧʨʠʚʦʜʠ ʢ ʩʥʠʞʝʥʠʶ ʝʸ ʨʘʩʭʦʜʘ ʥʘ 16,6-21,5%.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʈʝʬʝʨʘʪ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʦʧʦʨ ʚʘʣʦʚ ʚ ʤʝʭʘʥʠʟʤʘʭ ʰʠʨʦʢʦ ʠʩʧʦʣʴ-

ʟʫʶʪ ʧʦʜʰʠʧʥʠʢʠ ʢʘʯʝʥʠʷ, ʨʝʩʫʨʩ ʢʦʪʦʨʳʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʪʘʢʪ-

ʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʤʝʞʜʫ ʪʝʣʘʤʠ ʠ ʜʦʨʦʞʢʘʤʠ ʢʘʯʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʜʦʣ-

ʛʦʚʝʯʥʦʩʪʠ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʟʘ ʩʯʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʥʘʛʨʫʟʢʘ ʥʘ ʮʝʥʪʨʘʣʴʥʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ ʧʦʜʰʠʧʥʠʢʘ ʩʥʠʞʘʝʪʩʷ ʠ ʧʝʨʝʨʘʩ-

ʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʙʦʢʦʚʳʝ ʪʝʣʘ ʢʘʯʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʝʩʫʨʩʘ ʧʦʜʰʠʧʥʠʢʘ. 

ʇʨʠʚʝʜʝʥʳ ʤʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ ʚ ʨʦʣʠʢʦʧʦʜʰʠʧʥʠʢʝ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦ-

ʣʠʤʝʨʥʳʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʥʘ ʦʩʥʦʚʝ ʘʢʨʠʣʦʚʦʛʦ ʘʜʛʝʟʠʚʘ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣ-

ʥʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨ ʵʣʘʩʪʦʤʝʨʘ. ʇʦʩʪʨʦʝʥ ʪʘʨʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʧʦ ʰʠʨʠʥʝ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʪʝʣʘ ʢʘʯʝʥʠʷ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚ-

ʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʧʷʪʝʥ ʢʦʥʪʘʢʪʘ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʜʰʠʧʥʠʢʦʚ. ɺʳ-

ʯʠʩʣʝʥʳ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʦʥʪʘʢʪʝ ʮʝʥʪʨʘʣʴʥʳʭ ʪʝʣ ʢʘʯʝʥʠʷ ʠ ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ 

ʥʘʨʫʞʥʦʛʦ ʢʦʣʴʮʘ. ɺʳʯʠʩʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʪʝʣʘʤʠ ʢʘʯʝ-

ʥʠʷ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʜʰʠʧʥʠʢʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʛʨʫʟʢʘ ʚ 

ʨʦʣʠʢʦʧʦʜʰʠʧʥʠʢʝ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʣʠʤʝʨ-ʧʦʣʠʤʝʨʥʦʡ ʢʦʤʧʦʟʠʮʠʝʡ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ 

mailto:romanlee@list.ru


ISSN 2305-2538 ʅɸʋʂɸ ɺ ʎɽʅʊʈɸʃʔʅʆʁ ʈʆʉʉʀʀ, ˉ6 (24), 2016 
 

 

~31~ 

ʤʝʞʜʫ ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ, ʥʘ ʮʝʥʪʨʘʣʴʥʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ ʦʥʘ ʟʘʤʝʪʥʦ ʥʠʞʝ. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʩʥʠʞʝʥʠʶ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ 

ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʧʦʜʰʠʧʥʠʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʰʠʧʥʠʢ, ʧʦʣʠʤʝʨ, ʢʦʥʪʘʢʪ, ʥʘʛʨʫʟʢʘ, ʥʘʧʨʷʞʝʥʠʝ. 
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Abstract. It is known that in the construction of shaft supports for bearings are widely used in 

machinery, in which resource largely depends on the contact stresses between the bodies and the 

raceways. A method for increasing the durability of the bearing assemblies due to restoration using 

polymer materials is used. Load of the central rolling body of the bearing decreases and redistrib-

uted on side rolling bodies that lead to increase resource of bearing. The technique and results of 

experimental studies of load dispatch between rolling bodies in roller bearing recovered by per-

spective polymeric composition material based on acrylic adhesive are given. As a filler used elas-

tomer. Calibration graph, allowing to determine load on the rolling bodies by width of contact 

piece, is constructed. Comparison sizes of contact piece to standard bearing is carried out. Contact 

tension in contact of central rolling body and rolling paths of outer ring is calculated. Coefficients 

of loading distribution between roller bodies for the studied bearings are calculated. As a result of 

researches it is established that load in roller bearing recovered by polymer-polymer composition 

is distributed between rolling bodies more evenly, on central rolling body it is much lower. It leads 

to corresponding decrease of contact tensions and creates conditions for increase life cycle of bear-

ing. 

Keywords: bearing, polymer, contact, load, tension 

 

ɺʚʝʜʝʥʠʝ. ʋʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʪʝʭʥʠ-

ʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʢʦʥʪʘʢʪʝ ʪʝʣ ʠ ʜʦʨʦʞʢʠ ʢʘʯʝʥʠʷ. ʅʘʧʨʷ-

ʞʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʥʘʛʨʫʟʢʠ ʥʘ ʪʝʣʘ ʢʘʯʝʥʠʷ. ʇʦʣʠʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ, ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʥʘʨʫʞʥʦʝ 

ʢʦʣʴʮʦ ʧʦʜʰʠʧʥʠʢʘ, ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʫʧʨʫʛʦʡ ʧʦʜʢʣʘʜʢʠ, ʠ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʨʘʜʠʘʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʧʦʜʰʠʧʥʠʢ, ʥʘʨʫʞʥʦʝ ʢʦʣʴʮʦ ʧʦʩʣʝʜʥʝʛʦ ʜʝʬʦʨʤʠʨʫʝʪʩʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʰʘʨʠ-

ʢʦʧʦʜʰʠʧʥʠʢʦʚ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʛʨʫʟʢʘ ʥʘ 

ʮʝʥʪʨʘʣʴʥʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ ʩʥʠʞʘʝʪʩʷ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʙʦʢʦʚʳʝ ʪʝʣʘ ʢʘʯʝʥʠʷ, ʯʪʦ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʳʰʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʧʦʜʰʠʧ-

ʥʠʢʦʚʳʭ ʫʟʣʦʚ [1é3]. ʇʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʤʠ ʤʘʪʝʨʠʘ-

ʣʘʤʠ ʨʦʣʠʢʦʧʦʜʰʠʧʥʠʢʦʚ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʨʦʚʦʜʠʣʠʩʴ ʦʛʨʘʥʠʯʝʥʥʦ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ [4]. 
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ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʨʝʩʫʨʩʦʤ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʪʝʣʘʤʠ ʢʘʯʝ-

ʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ. ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʠʤ ʫʚʝʣʠʯʝʥʠʝ ʨʝʩʫʨʩʘ ʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʠ-

ʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʵʣʘʩʪʠʬʠʢʘʮʠʷ ʘʢʨʠʣʦʚʳʭ ʘʜʛʝʟʠʚʦʚ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝ-

ʛʦʨʠʠ "ʞʝʩʪʢʠʭ" ʧʦʣʠʤʝʨʦʚ [5]. ʇʨʝʜʩʪʘʚʣʷʝʪ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ ʚ ʧʦʜʰʠʧʥʠʢʘʭ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʚʳ-

ʤʠ ʧʦʣʠʤʝʨʥʳʤʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʟʫʯʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ ʨʦʣʠʢʦʧʦʜʰʠʧʥʠʢʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʦʚʦʡ ʧʦʣʠʤʝʨ-

ʧʦʣʠʤʝʨʥʦʡ ʢʦʤʧʦʟʠʮʠʝʡ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʩʷ ʧʦʜʰʠʧʥʠʢ 42209 ʩ 

ʦʜʥʦʙʦʨʪʦʚʳʤ ʚʥʫʪʨʝʥʥʠʤ ʢʦʣʴʮʦʤ, ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʙʝʟ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʦ ʚʪʦʨʦʤ 

ʩʣʫʯʘʝ ʩʦ ʩʣʦʝʤ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʥʘʨʫʞʥʦʤ ʢʦʣʴʮʝ.  

ʇʦʣʠʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ ï ʢʦʤʧʦʟʠʮʠʶ ʥʘ ʦʩʥʦʚʝ ʘʢʨʠʣʦʚʦʛʦ ʘʜʛʝʟʠʚʘ ɸ (100 ʤʘʩʩ. ʯ.) ʩ 

ʥʘʧʦʣʥʠʪʝʣʝʤ ʠʟ ʵʣʘʩʪʦʤʝʨʘ ɺ (12 ʤʘʩʩ. ʯ.) ʥʘʥʦʩʠʣʠ ʥʘ ʥʘʨʫʞʥʦʝ ʢʦʣʴʮʦ ʧʦʜʰʠʧʥʠʢʘ ʢʠ-

ʩʪʴʶ. ʆʪʚʝʨʞʜʝʥʠʝ ʧʦʣʠʤʝʨʘ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯ. ʊʦʣʱʠʥʘ ʩʣʦʷ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠ-

ʘʣʘ ʩʦʩʪʘʚʣʷʣʘ 0,2 ʤʤ. 

ʇʷʪʥʦ ʢʦʥʪʘʢʪʘ ʚ ʨʦʣʠʢʦʧʦʜʰʠʧʥʠʢʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʩ ʜʣʠʥʦʡ ʨʘʚ-

ʥʦʡ ʜʣʠʥʝ ʨʦʣʠʢʘ lʨ ʠ ʰʠʨʠʥʦʡ b, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʥʘʛʨʫʟʢʠ ʥʘ ʧʦʜʰʠʧʥʠʢ [6]. ʅʘ ʥʘʯʘʣʴ-

ʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʦʠʣʠ ʪʘʨʠʨʦʚʦʯʥʳʡ ʛʨʘʬʠʢ, ʧʦ ʢʦʪʦʨʦʤʫ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ 

ʟʥʘʯʝʥʠʷ ʥʘʛʨʫʟʢʠ Q ʥʘ ʪʝʣʦ ʢʘʯʝʥʠʷ ʧʦ ʨʘʟʤʝʨʫ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ. ɿʘʪʝʤ ʧʦ ʪʘʨʠʨʦʚʦʯʥʦʤʫ 

ʛʨʘʬʠʢʫ ʦʧʨʝʜʝʣʷʣʠ ʥʘʛʨʫʟʢʠ ʥʘ ʪʝʣʘ ʢʘʯʝʥʠʷ. 

ʅʘʛʨʫʟʢʫ ʥʘ ʧʦʜʰʠʧʥʠʢ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʩʪʝʥʜʝ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʘʨʠʨʦ-

ʚʦʯʥʦʛʦ ʛʨʘʬʠʢʘ ʥʘʛʨʫʞʘʣʠ ʦʜʠʥ ʨʦʣʠʢ (ʨʠʩ. 1ʘ), ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ 

ʤʝʞʜʫ ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ ï 7 ʨʦʣʠʢʦʚ (ʨʠʩ. 1ʙ). ʎʝʥʪʨʘʣʴʥʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ 

ʚʜʦʣʴ ʦʩʠ ʜʝʡʩʪʚʠʷ ʥʘʛʨʫʟʢʠ. 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʘʛʨʫʟʢʘʭ ʈ = 4940; 6980; 9010 ʅ. ʏʝʨʝʟ 0,25 ʯ ʥʘʛʨʫʟʢʫ ʩʥʠ-

ʤʘʣʠ ʠ ʨʘʟʙʠʨʘʣʠ ʧʦʜʰʠʧʥʠʢ. ʇʷʪʥʘ ʢʦʥʪʘʢʪʘ (ʦʪʧʝʯʘʪʢʠ) ʥʘ ʙʝʣʦʡ ʛʣʷʥʮʝʚʦʡ ʙʫʤʘʛʝ ʠʩʩʣʝ-

ʜʦʚʘʣʠ ʤʠʢʨʦʩʢʦʧʦʤ ʄʇɹ-2, ʦʧʨʝʜʝʣʷʷ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ b ʧʷʪʝʥ ʢʦʥʪʘʢʪʘ ʩ ʜʦʨʦʞʢʦʡ ʢʘ-

ʯʝʥʠʷ ʥʘʨʫʞʥʦʛʦ ʢʦʣʴʮʘ ʧʦʜʰʠʧʥʠʢʘ. ʇʣʦʱʘʜʴ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ  

. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʝʣ ʢʘʯʝʥʠʷ ʚ ʧʦʜʰʠʧʥʠʢʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʪʘʨʠʨʦʚʦʯʥʦʛʦ ʛʨʘʬʠʢʘ (ʘ), ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ (ʙ) 
 
ʂʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦʜ ʮʝʥʪʨʘʣʴʥʳʤ ʪʝʣʦʤ ʢʘʯʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ 
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ʛʜʝ b0 ï ʰʠʨʠʥʘ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʧʦʜ ʮʝʥʪʨʘʣʴʥʳʤ ʪʝʣʦʤ ʢʘʯʝʥʠʷ, Q0 ï ʥʘʛʨʫʟʢʘ ʥʘ ʮʝʥʪʨʘʣʴ-

ʥʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʳʤ ʠ ʧʝʨʚʳʤʠ ʙʦʢʦʚʳʤʠ ʪʝʣʘ-

ʤʠ ʢʘʯʝʥʠʷ ʠ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʳʤ ʠ ʚʪʦʨʳʤʠ ʙʦʢʦʚʳʤʠ ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨ-

ʤʫʣʘʤ 

, 

ʛʜʝ Q0, Q1, Q2 ï ʥʘʛʨʫʟʢʠ ʥʘ ʮʝʥʪʨʘʣʴʥʦʝ, ʧʝʨʚʦʝ ʠ ʚʪʦʨʦʝ ʙʦʢʦʚʦʝ ʪʝʣʘ ʢʘʯʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʣʫʯʝʥʥʳʡ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʨʠʨʦʚʦʯʥʳʡ 

ʛʨʘʬʠʢ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 2. ʅʘʛʨʫʟʢʠ ʥʘ ʪʝʣʘ ʢʘʯʝʥʠʷ ʠ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʦʥʪʘʢʪʝ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʢʘʯʝʥʠʷ ʠ ʥʘʨʫʞʥʦʛʦ ʢʦʣʴʮʘ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʣʠʤʝʨ-

ʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʨʦʣʠʢʦʧʦʜʰʠʧʥʠʢʘʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 2. 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ b ʤʝʞʜʫ ʪʝʣʦʤ ʠ ʜʦʨʦʞʢʦʡ ʢʘʯʝʥʠʷ 

ʥʘʨʫʞʥʦʛʦ ʢʦʣʴʮʘ ʧʦʜʰʠʧʥʠʢʘ 42209 ʦʪ ʥʘʛʨʫʟʢʠ Q ʥʘ ʪʝʣʦ ʢʘʯʝʥʠʷ 
 
ʊʘʙʣʠʮʘ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ ʧʦʜʰʠʧʥʠʢʘ 42209 ʙʝʟ ʧʦ-

ʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʆʙʦʟʥʘʯʝʥʠʷ 
ʅʘʛʨʫʟʢʘ ʥʘ ʧʦʜʰʠʧʥʠʢ P, ʅ 

4940 6980 9010 

ʎʝʥʪʨʘʣʴʥʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ 

b0, ʤʤ (ʰʠʨʠʥʘ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ) 0,57 0,70 0,82 

S0, ʤʤĮ (ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ) 5,7 7,0 8,2 

Q0, ʅ (ʥʘʛʨʫʟʢʘ ʥʘ ʮʝʥʪʨʘʣʴʥʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ) 1450 2050 2650 

ů0, ʄʇʘ (ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ) 168 187 206 

ʇʝʨʚʦʝ ʙʦʢʦʚʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ 

b1, ʤʤ (ʰʠʨʠʥʘ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ) 0,52 0,64 0,75 

S1, ʤʤĮ (ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ) 5,2 6,4 7,5 

Q1, ʅ (ʥʘʛʨʫʟʢʘ ʥʘ ʧʝʨʚʦʝ ʙʦʢʦʚʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ) 1250 1750 2250 

ɺʪʦʨʦʝ ʙʦʢʦʚʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ 

b2, ʤʤ (ʰʠʨʠʥʘ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ) 0,40 0,48 0,57 

S2, ʤʤĮ (ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ) 4,0 4,8 5,7 

Q2, ʅ (ʥʘʛʨʫʟʢʘ ʥʘ ʚʪʦʨʦʝ ʙʦʢʦʚʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ) 800 1100 1450 

ʊʨʝʪʴʝ ʙʦʢʦʚʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ 

b2, ʤʤ (ʰʠʨʠʥʘ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ) 0,20 0,25 0,27 

S2, ʤʤĮ (ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ) 2,0 2,5 2,7 

Q2, ʅ (ʥʘʛʨʫʟʢʘ ʥʘ ʪʨʝʪʴʝ ʙʦʢʦʚʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ) 250 350 450 
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ʊʘʙʣʠʮʘ 2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ ʧʦʜʰʠʧʥʠʢʘ 42209 ʩ ʧʦʣʠ-

ʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

ʆʙʦʟʥʘʯʝʥʠʷ 
ʅʘʛʨʫʟʢʘ ʥʘ ʧʦʜʰʠʧʥʠʢ P, ʅ 

4940 6980 9010 

ʎʝʥʪʨʘʣʴʥʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ 

b0, ʤʤ (ʰʠʨʠʥʘ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ) 0,55 0,68 0,78 

S0, ʤʤĮ (ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ) 5,5 6,8 7,8 

Q0, ʅ (ʥʘʛʨʫʟʢʘ ʥʘ ʮʝʥʪʨʘʣʴʥʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ) 1350 1900 2400 

ů0, ʄʇʘ (ʢʦʥʪʘʢʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ) 156 177 195 

ʇʝʨʚʦʝ ʙʦʢʦʚʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ 

b1, ʤʤ (ʰʠʨʠʥʘ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ) 0,53 0,65 0,75 

S1, ʤʤĮ (ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ) 5,3 6,5 7,5 

Q1, ʅ (ʥʘʛʨʫʟʢʘ ʥʘ ʧʝʨʚʦʝ ʙʦʢʦʚʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ) 1300 1850 2350 

ɺʪʦʨʦʝ ʙʦʢʦʚʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ 

b2, ʤʤ (ʰʠʨʠʥʘ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ) 0,42 0,57 0,62 

S2, ʤʤĮ (ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ) 4,2 5,7 6,2 

Q2, ʅ (ʥʘʛʨʫʟʢʘ ʥʘ ʚʪʦʨʦʝ ʙʦʢʦʚʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ) 900 1300 1700 

ʊʨʝʪʴʝ ʙʦʢʦʚʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ 

b2, ʤʤ (ʰʠʨʠʥʘ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ) 0,20 0,28 0,30 

S2, ʤʤĮ (ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ) 2,0 2,8 3,0 

Q2, ʅ (ʥʘʛʨʫʟʢʘ ʥʘ ʪʨʝʪʴʝ ʙʦʢʦʚʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ) 250 400 500 
 
ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮ 1 ʠ 2 ʧʦʩʪʨʦʠʣʠ ʛʨʘʬʠʢʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ 

ʤʝʞʜʫ ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʧʦʜʰʠʧʥʠʢʝ ʠ ʚ ʧʦʜʰʠʧʥʠʢʝ ʩ ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘ-

ʣʦʤ (ʨʠʩ. 3).  

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʥʘʛʨʫʟʢʘ ʥʘ ʮʝʥʪʨʘʣʴʥʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ ʚ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʥʦʤ ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʧʦʜʰʠʧʥʠʢʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʘʜʠʘʣʴʥʳʭ ʥʘʛʨʫʟʢʘʭ 

ʥʠʞʝ ʚ ʩʨʝʜʥʝʤ ʥʘ 10%, ʘ ʥʘ ʧʝʨʚʳʝ ʠ ʚʪʦʨʳʝ ʙʦʢʦʚʳʝ ʪʝʣʘ ʢʘʯʝʥʠʷ ʚʳʰʝ ʥʘ 5% ʠ 17% ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʧʦʜʰʠʧʥʠʢʦʤ. ʊʘʢ ʞʝ ʢʘʢ ʠ ʚ ʰʘʨʠʢʦʧʦʜʰʠʧʥʠʢʘʭ ʩ 

ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʥʘʛʨʫʟʢʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʩ ʮʝʥʪʨʘʣʴʥʦʛʦ ʥʘ ʙʦʢʦʚʳʝ ʪʝʣʘ ʢʘʯʝ-

ʥʠʷ. 

 
ʈʠʩʫʥʦʢ 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʧʦʜʰʠʧʥʠʢʝ 

(ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) ʠ ʧʦʜʰʠʧʥʠʢʝ ʩ ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʧʨʠ 

ʨʘʜʠʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ 4940ʅ (1), 6980ʅ (2) ʠ 9010ʅ (3): 

1 

2 

3 



ISSN 2305-2538 ʅɸʋʂɸ ɺ ʎɽʅʊʈɸʃʔʅʆʁ ʈʆʉʉʀʀ, ˉ6 (24), 2016 
 

 

~35~ 

0; Ñ1; Ñ2; Ñ3 ï ʮʝʥʪʨʘʣʴʥʦʝ, ʧʝʨʚʳʝ, ʚʪʦʨʳʝ ʠ ʪʨʝʪʴʠ ʪʝʣʘ ʢʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
 
ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʜʣʷ ʨʦʣʠʢʦʧʦʜʰʠʧʥʠʢʘ 42209 (ʩʪʘʥʜʘʨʪʥʦʛʦ ʠ ʩ 

ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ ʚ ʩʪʘʥʜʘʨʪ-

ʥʦʤ ʨʦʣʠʢʦʧʦʜʰʠʧʥʠʢʝ 42209 ʠ ʚ ʧʦʜʰʠʧʥʠʢʝ ʩ ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ 
ʅʘʛʨʫʟʢʘ ʥʘ ʧʦʜʰʠʧʥʠʢ P, ʅ 

4940 6980 9010 

ʉʪʘʥʜʘʨʪʥʳʡ ʧʦʜʰʠʧʥʠʢ 

kʨ1 0,83 0,85 0,86 

kʨ2 0,53 0,54 0,54 

ʇʦʜʰʠʧʥʠʢ ʩ ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

kʨ1 0,962 0,974 0,980 

kʨ2 0,667 0,684 0,694 
 
ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʜʣʷ ʧʦʜʰʠʧʥʠʢʘ ʩ ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʤʝʞ-

ʜʫ ʮʝʥʪʨʘʣʴʥʳʤ ʠ ʧʝʨʚʳʤʠ ʙʦʢʦʚʳʤʠ ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ ʥʘ 15% ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥ-

ʜʘʨʪʥʳʤ ʧʦʜʰʠʧʥʠʢʦʤ ʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʝʜʠʥʠʮʝ. ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ 

ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʳʤ ʪʝʣʦʤ ʢʘʯʝʥʠʷ ʠ ʚʪʦʨʳʤʠ ʙʦʢʦʚʳʤʠ ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ ʚ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨ-

ʥʦʤ ʧʦʜʰʠʧʥʠʢʝ ʪʘʢ ʞʝ ʚʳʰʝ ʥʘ 26% ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʦʜʰʠʧʥʠ-

ʢʘ.  

ʂʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʩ ʜʦʨʦʞʢʦʡ ʢʘʯʝʥʠʷ 

ʥʘʨʫʞʥʦʛʦ ʢʦʣʴʮʘ ʙʫʜʫʪ ʩʘʤʳʤʠ ʚʳʩʦʢʠʤʠ ʚ ʧʦʜʰʠʧʥʠʢʝ, ʪʘʢ ʢʘʢ ʩʠʣʘ, ʧʝʨʝʜʘʶʱʘʷʩʷ ʯʝʨʝʟ 

ʮʝʥʪʨʘʣʴʥʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ ʥʘ ʜʦʨʦʞʢʫ ʢʘʯʝʥʠʷ ʥʘʨʫʞʥʦʛʦ ʢʦʣʴʮʘ ʙʦʣʴʰʝ ʩʠʣ, ʧʝʨʝʜʘʶʱʠʭʩʷ 

ʦʪ ʙʦʢʦʚʳʭ ʪʝʣ ʢʘʯʝʥʠʷ (Q0>Q1>Q2). ʇʦʵʪʦʤʫ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʦʥʪʘʢʪʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʩ 

ʜʦʨʦʞʢʦʡ ʢʘʯʝʥʠʷ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʚʩʝʛʦ ʧʦʜʰʠʧʥʠʢʘ. ʈʘʩʩʯʠʪʘʚ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʠ ʜʦʨʦʞʢʠ ʢʘʯʝʥʠʷ ʥʘʨʫʞʥʦʛʦ ʢʦʣʴʮʘ ʧʦʣʫʯʠʣʠ, ʯʪʦ ʚ ʧʦʜ-

ʰʠʧʥʠʢʝ ʩ ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠʝʤ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 7,6% ʤʝʥʴʰʝ ʯʝʤ ʚ ʩʪʘʥʜʘʨʪ-

ʥʦʤ ʧʦʜʰʠʧʥʠʢʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʦʜʰʠʧʥʠʢʘ [2, 6]. 

ɺʳʚʦʜʳ: 

1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʨʘʜʠʘʣʴʥʦʤ 

ʥʘʛʨʫʞʝʥʠʠ ʨʦʣʠʢʦʧʦʜʰʠʧʥʠʢʘ ʩ ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʘʛʨʫʟʢʠ ʩ ʮʝʥʪʨʘʣʴʥʦʛʦ ʥʘ ʙʦʢʦʚʳʝ ʪʝʣʘ ʢʘʯʝʥʠʷ. ʅʘʛʨʫʟʢʘ ʥʘ ʮʝʥʪʨʘʣʴʥʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʥʘ ʙʦʢʦʚʳʝ ʪʝʣʘ ʢʘʯʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

2. ʇʨʠʤʝʥʝʥʠʝ ʧʦʣʠʤʝʨ-ʧʦʣʠʤʝʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʩ ʠʩʩʣʝʜʫʝʤʳʤ ʩʦʩʪʘʚʦʤ ʜʣʷ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ. ʇʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʦʣʝʝ 

ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ ʚ ʧʦʜʰʠʧʥʠʢʝ.  

3. ʉʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʮʝʥʪʨʘʣʴʥʦʝ ʪʝʣʦ ʢʘʯʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ 

ʩʥʠʞʝʥʠʶ ʢʦʥʪʘʢʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ 

ʨʦʣʠʢʦʧʦʜʰʠʧʥʠʢʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʂʫʨʯʘʪʢʠʥ ɺ.ɺ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʩʘʜʦʢ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 
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ʪʝʭʥʦʣʦʛʠʡ ʥʝ ʫʭʫʜʰʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʫʯʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʷ, ʦʟʠʤʘʷ ʧʰʝʥʠʮʘ, ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ, ʧʦʢʘʟʘʪʝʣʠ ʪʦʢʩʠʯ-

ʥʦʩʪʠ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʘʛʨʝʛʘʪ. 
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Abstract. It is known that one of the promising areas of resource conservation in the cultiva-

tion of winter wheat is the application of the minimum, and in some cases zero technology. It was 

found that there is currently no scientific justification for the use of technology, eliminating tillage, 

with energy, agronomic, economic and environmental points of view. It is shown that especially rel-

evant is the environmental component of this technology, as it affects the quality of the products. 

The possibility is considered and the results of the winter wheat growing research on different tech-

nologies in low and unreliable moistening the south of Russia are presented. Experimental studies 

were carried out in a stationary experiment with different variants of soil cultivation, including the 

option of no tillage. Toxicity index of winter wheat depending on soil cultivation technologies and 

precursors are determined. In all these cases (cultivation technology, a precursor) obtained indica-

tors of toxicity is much lower permissible values. It is shown that the presence of toxic elements, 

pesticides, radionuclides are the same for all variants of the experiment and are not a limitation on 

the use of zero technology. To determine the influence of soil and predecessors processing technol-

ogies on the dynamics of accumulation of mycotoxins held ROC-analysis of experimental data. It 

was established that the presence of mycotoxins affect technology (S = 0,765), while the precursors 

significantly affect the dynamics of the grain toxicity (S = 0,556). Thus, the use of direct seeding 

does not impair the environmental performance of the products. 

Keywords: technology, winter wheat, tillage, toxicity index, combined aggregate. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʝʤʣʝʜʝʣʴʮʳ ʧʨʦʷʚʣʷʶʪ ʚʩʝ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʢ ʤʠʥʠʤʘʣʴ-

ʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʘ ʠʤʝʥʥʦ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʚʦʟʜʝʣʳʚʘʥʠʷ ʠʩʢʣʶʯʘʶʱʠʤ ʦʙʨʘʙʦʪʢʫ ʧʦʯʚʳ 

[1]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʭʠʤʠʯʝʩʢʠʝ ʤʝʨʳ ʙʦʨʴʙʳ ʩ ʩʦʨʥʷʢʘʤʠ, 

ʙʦʣʝʟʥʷʤʠ ʠ ʚʨʝʜʠʪʝʣʷʤʠ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʡ ʧʨʦʜʫʢ-

ʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠ-

ʩʪʦʪʳ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʫʣʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴ-

ʥʦʡ ʟʘʜʘʯʝʡ. 



ISSN 2305-2538 ʅɸʋʂɸ ɺ ʎɽʅʊʈɸʃʔʅʆʁ ʈʆʉʉʀʀ, ˉ6 (24), 2016 
 

 

~39~ 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʦʟʠʤʦʡ 

ʧʰʝʥʠʮʳ ʥʘ ʪʦʢʩʠʯʥʦʩʪʴ ʟʝʨʥʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 2013-2015 ʛʛ. ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʮʠʦ-

ʥʘʨʥʦʛʦ ʦʧʳʪʘ ʌɻɹʅʋ ʉʂʅʀʀʄʕʉʍ. ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʯʝʨʥʦʟʝʤʦʤ ʦʙʳʢʥʦ-

ʚʝʥʥʳʤ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ 3,2%. ʉʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʠʣʦ 560-600 

ʤʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 9,6ʉ̄, ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ï 56% [2]. 

ʇʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʝʪʳʨʝ ʚʠʜʘ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ: ʧʦʚʝʨʭʥʦʩʪʥʘʷ, ʤʝʣʢʘʷ, ʦʪʚʘʣʴʥʘʷ, ʥʫʣʝʚʘʷ. ʆʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʢʦʤʙʠ-

ʥʠʨʦʚʘʥʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʚ ʌɻɹʅʋ ʉʂʅʀʀʄʕʉʍ [3, 4]. ʇʦʩʝʚ ʦʩʫʱʝʩʪʚ-

ʣʷʣʩʷ ʩʝʷʣʢʦʡ ʟʝʨʥʦʚʦʡ ʩʪʝʨʥʝʚʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʉɿʉ-4ʋ [5]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʦʧʨʝʜʝʣʷʣʠʩʴ: ʪʦʢʩʠʯʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʤʠʢʦʪʦʢʩʠʥʳ, ʧʝʩʪʠʮʠʜʳ, ʨʘʜʠʦʥʫʢʣʠʜʳ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʦʧʳʪʦʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʘʤʠ ʜʠʩʧʝʨʩʥʦʛʦ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦ-

ʛʦ ʘʥʘʣʠʟʘ [6] ʠ ROC-ʘʥʘʣʠʟʘ [7]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. 

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʪʦʢʩʠʯʥʦʩʪʠ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʝʸ ʧʨʦʠʟʚʦʜʩʪʚʘ.  
 
ʊʘʙʣʠʮʘ ï ʇʦʢʘʟʘʪʝʣʠ ʪʦʢʩʠʯʥʦʩʪʠ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʅʫʣʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʧʦʚʪʦʨʥʦʩʪʷʤ 

1 2 3 1 2 3 

1 2 3 4 5 6 7 

 

ʇʨʝʜʰʝʩʪʚʝʥʥʠʢ ï ʩʦʷ 

ʊʦʢʩʠʯʥʳʝ ʵʣʝʤʝʥʪʳ, (ʤʛ/ʢʛ) 

ʉʚʠʥʝʮ 0,0001 0,0001 0,0001 0,0001 0,0001 0,0001 

ʂʘʜʤʠʡ 0,0001 0,0001 0,0001 0,0001 0,0001 0,0001 

ʈʪʫʪʴ <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 

 

ʄʠʢʦʪʦʢʩʠʥʳ, (ʤʛ/ʢʛ) 

ɸʬʣʘʪʦʢʠʥɺ1 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 

ʊ-2 ʪʦʢʩʠʥ <0,002 <0,001 <0,002 <0,001 <0,003 <0,003 

ʆʭʨʘʪʦʢʩʠʥ ɸ <0,001 <0,001 <0,001 <0,001 <0,003 <0,001 

 

ʇʝʩʪʠʮʠʜʳ, (ʤʛ/ʢʛ) 

ɻʍʎɻ <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 

ɼɼʊ ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ 

2,4ɼ ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ 

ʈʪʫʪʴ ʦʨʛʘʥʠʯ. ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ 

ʈʘʜʠʦʥʢʫʣʠʜʳ, (ɹʢ/ʢʛ) 

ʎʝʟʠʡ-137 0 0 0 0 0 0 

ʉʪʨʦʥʮʠʡ-90 0 0 0 0 0 0 

ʇʨʝʜʰʝʩʪʚʝʥʥʠʢ ï ʛʦʨʦʭ 

ʊʦʢʩʠʯʥʳʝ ʵʣʝʤʝʥʪʳ, (ʤʛ/ʢʛ) 

ʉʚʠʥʝʮ 0,0001 0,0001 0,0001 0,0001 0,0001 0,0001 

ʂʘʜʤʠʡ 0,0001 0,0001 0,0001 0,0001 0,0001 0,0001 

ʈʪʫʪʴ <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 

1 2 3 4 5 6 7 

ʄʠʢʦʪʦʢʩʠʥʳ, (ʤʛ/ʢʛ) 

ɸʬʣʘʪʦʢʠʥɺ1 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 

ʊ-2 ʪʦʢʩʠʥ <0,001 <0,001 <0,001 <0,002 <0,003 <0,001 

ʆʭʨʘʪʦʢʩʠʥ ɸ <0,001 <0,001 <0,001 <0,002 <0,002 <0,001 

ʇʝʩʪʠʮʠʜʳ, (ʤʛ/ʢʛ) 

ɻʍʎɻ <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 

ɼɼʊ ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ 

2,4ɼ ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ 

ʈʪʫʪʴ ʦʨʛʘʥʠʯ. ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ ʅʝʪ 

ʈʘʜʠʦʥʢʫʣʠʜʳ, (ɹʢ/ʢʛ) 

ʎʝʟʠʡ-137 0 0 0 0 0 0 

ʉʪʨʦʥʮʠʡ-90 0 0 0 0 0 0 
 
ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ, ʢʦʪʦʨʳʝ ʥʝ ʪʨʝ-

ʙʫʶʪ ʧʨʦʚʝʨʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʢʨʠʪʝʨʠʷʤʠ, ʪʘʢ ʢʘʢ ʥʝʩʦʤʥʝʥʥʳ ʧʦ ʩʚʦʝʡ ʩʫʪʠ: ʚʦ ʚʩʝʭ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʳʭ ʩʣʫʯʘʷʭ, ʪʦ ʝʩʪʴ ʠ ʧʦ ʪʝʭʥʦʣʦʛʠʷʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ, ʠ ʧʦ ʧʨʝʜ-

ʰʝʩʪʚʝʥʥʠʢʘʤ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʦʢʩʠʯʥʦʩʪʠ ʟʝʨʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʜʦʧʫʩʢʘʝʤʳʭ 

ʟʥʘʯʝʥʠʡ; ʘ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʥʘʣʠʯʠʝ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʝʩʪʠʮʠʜʦʚ ʠ ʨʘʜʠʦʥʫʢʣʠ-

ʜʦʚ ʦʜʠʥʘʢʦʚʳ ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʦʧʳʪʦʚ, ʪʦ ʝʩʪʴ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʝʭʥʦʣʦʛʠʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʷʚʣʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʥʫʣʝ-

ʚʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. ʅʝʢʦʪʦʨʘʷ ʚʘʨʠʘʮʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʤʠʢʦʪʦʢʩʠ-

ʥʘʤ ʠ ʪʦʣʴʢʦ ʜʣʷ ʊ-2 ʪʦʢʩʠʥʘ ʠ ʦʭʨʘʪʦʢʩʠʥʘ ɸ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʦʟʠʤʦʡ 

ʧʰʝʥʠʮʳ ʥʘ ʜʠʥʘʤʠʢʫ ʤʠʢʦʪʦʢʩʠʥʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ROC-ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʦʡ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʣʠʷʥʠʷ ʧʨʠ ROC ï ʘʥʘʣʠʟʝ ʷʚʣʷʝʪʩʷ ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ. 

 
ʈʠʩʫʥʦʢ ï ʈʝʟʫʣʴʪʘʪʳ ROC-ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʧʨʝʜʰʝ-

ʩʪʚʝʥʥʠʢʦʚ ʥʘ ʪʦʢʩʠʯʥʦʩʪʴ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ 

 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʪʦʢʩʠʯʥʦʩʪʴ ʟʝʨʥʘ ʦʟʠʤʦʡ 

ʧʰʝʥʠʮʳ ʦʢʘʟʳʚʘʶʪ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʪʘʢ ʢʘʢ ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ  ʩʦʩʪʘʚʣʷʝʪ 

S=0,765, ʯʪʦ ʧʦ ʩʫʱʝʩʪʚʫʶʱʝʡ ʰʢʘʣʝ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠ [8] ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ï 
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ʭʦʨʦʰʘʷ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʚʣʠʷʥʠʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʥʘ ʜʠʥʘʤʠʢʫ ʪʦʢʩʠʯʥʦ-

ʩʪʠ ʟʝʨʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ (S = 0,556). 

ɺʳʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʪʦʢʩʠʯʥʦʩʪʠ ʟʝʨʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʜʦʧʫʩʢʘʝʤʳʭ ʟʥʘʯʝʥʠʡ. ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʤʠʢʦʪʦʢʩʠ-

ʥʦʚ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʦʢʘʟʳʚʘʶʪ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʪʘʢ ʢʘʢ ʧʣʦʱʘʜʴ ʧʦʜ 

ʢʨʠʚʦʡ ROC-ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʣʷʝʪ S=0,765, ʚ ʪʦʞʝ ʚʨʝʤʷ ʚʣʠʷʥʠʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʦʟʠʤʦʡ 

ʧʰʝʥʠʮʳ ʥʘ ʜʠʥʘʤʠʢʫ ʪʦʢʩʠʯʥʦʩʪʠ ʟʝʨʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ (S = 0,556). ɺ ʫʩʣʦʚʠʷʭ 2013-2015 

ʛʛ. ʧʦʢʘʟʘʪʝʣʠ ʥʘʣʠʯʠʷ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʝʩʪʠʮʠʜʦʚ ʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʯʪʦ ʧʦ ʪʨʘʜʠʮʠ-

ʦʥʥʦʡ, ʯʪʦ ʧʦ ʥʫʣʝʚʦʡ ʪʝʭʥʦʣʦʛʠʷʤ ʚʦʟʜʝʣʳʚʘʥʠʷ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʦʜʠʥʘʢʦʚʳʝ ʠ ʚ ʨʘʟʳ 

ʥʠʞʝ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʫʣʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝ ʫʭʫʜ-

ʰʘʝʪ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. 
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ʈʝʬʝʨʘʪ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʫʩʣʦʚʠʡ ʫʩʧʝʰʥʦʛʦ ʨʘʟʚʠʪʠʷ ʞʠʚʦʪʥʦ-

ʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʨʦʯʥʦʡ ʢʦʨʤʦʚʦʡ ʙʘʟʳ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜ-

ʩʪʚʘʤʠ ʜʣʷ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʈʘʟʣʠʯʥʳʝ ʢʦʨʤʦʧʨʠʛʦʪʦʚʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ 

ʥʝ ʚʩʝʛʜʘ ʦʪʚʝʯʘʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʢʘʯʝʩʪʚʫ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʢʦʨʤʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʘʯʝ-

ʩʪʚʝʥʥʳʭ ʢʦʨʤʦʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ. ʀʟʫʯʝʥʦ ʠʟʤʝʣʴʯʝʥʠʝ ʢʦʨʥʝʢʣʫʙʥʝ-

ʧʣʦʜʦʚ. ɺʳʷʩʥʝʥʦ, ʯʪʦ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦ-

ʜʦʚ ʩʚʷʟʘʥʦ ʩ ʟʦʥʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʨʤʦʚ, ʫʩʣʦʚʠʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʧʦʠʩʢʘʤʠ ʥʘʠʙʦ-

ʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʨʘʮʠʦʥʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʘʰʠʥ. ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʜʣʷ 

ʠʟʤʝʣʴʯʝʥʠʷ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʢʘʯʝʩʪʚʘ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʆʧʠʩʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʠ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʠʟ-

ʤʝʣʴʯʠʪʝʣʷ, ʠʤʝʶʱʝʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʦʨʧʫʩ ʠ ʩʤʝʥʥʳʡ ʙʣʦʢ ʥʦʞʝʡ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ 

ʝʛʦ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʭʝʤʘ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʦʩʥʦʚʘʥʘ ʥʘ ʚʜʘʚʣʠ-

ʚʘʥʠʠ ʧʨʦʜʫʢʪʘ ʚ ʦʪʚʝʨʩʪʠʷ ʥʦʞʝʚʦʡ ʨʝʰʸʪʢʠ ʢʦʥʮʦʤ ʚʠʪʢʘ ʰʥʝʢʘ. ʉʢʦʨʦʩʪʴ ʚʳʭʦʜʘ ʧʨʦ-

ʜʫʢʪʘ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʫʙʠʥʦʡ ʚʜʘʚʣʠʚʘʥʠʷ ʤʘʩʩʳ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʩʞʘʪʠʷ ʤʘʪʝʨʠʘʣʘ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʰʥʝʢʦʚʦʛʦ ʧʠʪʘʪʝʣʷ ʩ ʥʝʧʦʜʚʠʞʥʦʡ ʥʦʞʝʚʦʡ ʢʦʣʴʮʝʚʦʡ ʨʝʰʸʪʢʦʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʠ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʨʝʞʠʤʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʦʞʝʚʦʡ ʨʝʰʝʪʢʠ ʠ ʰʥʝʢʦʚʦʛʦ ʧʠ-

ʪʘʪʝʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʤʝʣʴʯʝʥʠʝ, ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʳ, ʥʦʞʝʚʘʷ ʨʝʰʸʪʢʘ, ʰʥʝʢʦʚʳʡ ʧʠʪʘ-

ʪʝʣʴ. 
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Abstract. It is known that one of the most important conditions for the successful development 

of animal husbandry is the creation of a strong food base with the necessary technical equipment 

for its production and use. Various machines for forage preparation do not always meet modern 

zootechnical requirements for the preparation of quality feed. It was established that the main ob-

jective of forage production is to obtain a high-quality of fodder with minimum energy consump-

tion. Shredding of root crops is studied. It was found that a wide variety of shredders designs for 

root crops is due to zonal features of the feed, the use of terms, the search for the most effective and 

efficient machine designs. The new design for the grinding of root crops, which reduces specific en-

ergy consumption while maintaining the quality the crushed product, is offered. The apparatus and 

operation principle of the chopper having a cylindrical body and a removable knife block is de-

scribed. Its advantages and disadvantages are shown. It is shown that the workflow scheme is based 

on indentation of product to hole of blade grille by coil end of auger. The rate of product output 

through holes is defined by the depth of pressing mass, which in turn depends from the compression 

stress of the material. The results of theoretical studies of the screw feeder with a stationary blade 

ring bars are shown. Analytical formulas and expressions to determine the design and operational 

parameters, including the definition of performance blade grille and screw feeder are presented. 

Key words: grinding, root crops, grill knife, a screw feeder. 

 

ɺʚʝʜʝʥʠʝ. ʂʦʨʥʝʢʣʫʙʥʝʧʣʦʜʳ ʚ ʢʦʨʤʦʚʦʤ ʙʘʣʘʥʩʝ ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʠ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʞʠʚʦʪʥʳʤʠ ʚʩʝʭ ʚʠʜʦʚ. ʂʫʣʴʪʫʨʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʵʪʦʤʫ ʚʠʜʫ, 

ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʘʛʨʦʪʝʭʥʠʢʠ, ʤʦʛʫʪ ʜʘʚʘʪʴ ʩ ʝʜʠʥʠʮʳ ʧʣʦʱʘʜʠ ʙʦʣʴʰʝ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʯʝʤ ʪʨʘʚʳ ʠ ʟʝʨʥʦʚʳʝ (ʢʨʦʤʝ ʢʫʢʫʨʫʟʳ). ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʭʦʨʦʰʠʤʠ 

ʚʢʫʩʦʚʳʤʠ ʢʘʯʝʩʪʚʘʤʠ, ʦʭʦʪʥʦ ʧʦʝʜʘʶʪʩʷ ʞʠʚʦʪʥʳʤʠ, ʦʙʣʘʜʘʶʪ ʧʨʝʢʨʘʩʥʳʤʠ ʜʠʝʪʠʯʝʩʢʠ-

ʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʠ ʩʚʠʥʝʡ. ɺ ʩʚʷ-

ʟʠ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ (70é92%) ʵʪʠ ʢʫʣʴʪʫʨʳ ʧʣʦʭʦ ʭʨʘʥʷʪʩʷ, ʘ ʠʟ-ʟʘ ʥʠʟʢʦʛʦ ʩʦ-

ʜʝʨʞʘʥʠʷ ʧʨʦʪʝʠʥʘ, ʢʣʝʪʯʘʪʢʠ, ʢʘʣʴʮʠʷ ʠ ʬʦʩʬʦʨʘ ʜʦʣʞʥʳ ʩʢʘʨʤʣʠʚʘʪʴʩʷ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʡ ʢʦʨʤ ʢ ʦʩʥʦʚʥʦʤʫ ʨʘʮʠʦʥʫ. ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʩʢʘʨʤʣʠʚʘʥʠʠ ʢʦʨʤʦʚ ʚ ʚʠʜʝ ʩʤʝʩʝʡ, ʘ ʧʦʣʫʯʠʪʴ ʠʭ ʤʦʞʥʦ ʪʦʣʴʢʦ ʧʫʪʸʤ ʩʤʝʰʠʚʘʥʠʷ ʠʟ-

ʤʝʣʴʯʝʥʥʳʭ ʢʦʨʤʦʚ. ɿʦʦʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʠʛʦʪʦʚʣʝʥʠʶ ʢʦʨʤʦʚ ʚ ʦʩʥʦʚʥʦʤ ʢʘʩʘ-

ʶʪʩʷ ʩʪʝʧʝʥʠ ʠʭ ʟʘʛʨʷʟʥʸʥʥʦʩʪʠ, ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʥʘʣʠʯʠʷ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ [1,2]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢʦʨʤʦʚ ʢ ʩʢʘʨʤʣʠʚʘʥʠʶ ʞʠʚʦʪʥʳʤ ʪʘʢʠʝ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʝ ʦʧʝʨʘʮʠʠ, ʢʘʢ ʦʯʠʩʪʢʘ, ʠʟʤʝʣʴʯʝʥʠʝ, ʟʘʧʘʨʠʚʘʥʠʝ ʠ ʠʭ ʩʤʝʰʠʚʘʥʠʝ, ʧʦ-

ʚʳʰʘʶʪ ʫʩʚʦʷʝʤʦʩʪʴ ʧʠʱʠ ʦʨʛʘʥʠʟʤʦʤ ʞʠʚʦʪʥʦʛʦ, ʫʚʝʣʠʯʠʚʘʶʪ ʝʸ ʧʠʪʘʪʝʣʴʥʦʩʪʴ ʠ ʚʢʫʩʦ-

ʚʳʝ ʢʘʯʝʩʪʚʘ, ʩʦʢʨʘʱʘʶʪ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʞʠʚʦʪʥʳʭ ʥʘ ʞʝʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʧʦʣʥʦ-
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ʨʘʮʠʦʥʥʳʝ ʢʦʨʤʦʚʳʝ ʩʤʝʩʠ ʠ ʪ. ʜ. ʀʟʤʝʣʴʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʳʭ ʪʨʫʜʦʸʤʢʠʭ ʠ ʵʥʝʨʛʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʩʪʨʝʤʠʪʴʩʷ ʢ ʧʦ-

ʚʳʰʝʥʠʶ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʫʪʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʢʠ ʠʟʤʝʣʴʯʝʥʠʷ 

[1, 2]. 

ʕʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʪʚʝʯʘʝʪ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʚ ʌɻɹʆʋ ɺʆ çʊʘʤʙʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ (ʨʠʩʫʥʦʢ), ʢʦʪʦ-

ʨʦʝ ʩʦʜʝʨʞʠʪ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʦʨʧʫʩ 1 ʩʦ ʩʤʝʥʥʳʤ ʙʣʦʢʦʤ 2 ʥʦʞʝʡ 3 [3,4]. ɺʥʫʪʨʠ ʢʦʨʧʫʩʘ 

1 ʚʝʨʪʠʢʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥ ʰʥʝʢ 4 ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ, ʫʤʝʥʴʰʘʶʱʠʤʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʜʚʠʞʝʥʠʷ ʢʦʨʤʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʉʚʦʠʤ ʥʠʞʥʠʤ ʢʦʥʮʦʤ ʰʥʝʢ 4 ʦʧʠʨʘʝʪʩʷ ʥʘ ʫʧʦʨʥʳʡ ʧʦʜ-

ʰʠʧʥʠʢ 5, ʢʦʪʦʨʳʡ ʩʤʘʟʳʚʘʝʪʩʷ ʯʝʨʝʟ ʧʨʝʩʩ-ʤʘʩʣʸʥʢʫ 6 ʠ ʨʘʩʧʦʣʦʞʝʥ ʚ ʥʠʞʥʝʡ ʦʧʦʨʝ 7 ʙʣʦ-

ʢʘ 2 ʥʦʞʝʡ 3. ɺʝʨʭʥʠʡ ʢʦʥʝʮ ʰʥʝʢʘ ʪʘʢʞʝ ʦʧʠʨʘʝʪʩʷ ʥʘ ʫʧʦʨʥʳʡ ʧʦʜʰʠʧʥʠʢ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʡ ʚ ʚʝʨʭʥʝʡ ʦʧʦʨʝ (ʥʘ ʨʠʩʫʥʢʝ ʥʝ ʧʦʢʘʟʘʥ) ʠ ʩʤʘʟʳʚʘʝʪʩʷ ʯʝʨʝʟ ʧʨʝʩʩ-ʤʘʩʣʸʥʢʫ. ʐʥʝʢ 

ʧʨʠʚʦʜʠʪʩʷ ʚʦ ʚʨʘʱʝʥʠʝ ʦʪ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʘ 8. ʉʤʝʥʥʳʡ ʙʣʦʢ 2 ʢʨʝʧʠʪʩʷ ʢ ʢʦʨʧʫʩʫ 1 ʧʨʠ 

ʧʦʤʦʱʠ ʯʝʪʳʨʝʭ ʰʘʨʥʠʨʥʳʭ ʚʠʥʪʦʚʳʭ ʟʘʞʠʤʦʚ 9, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʝʛʦ ʙʳʩʪʨʦ ʩʥʠʤʘʪʴ ʠ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ. ʅʦʞʠ ʚʳʧʦʣʥʝʥʳ ʠʟ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʣʘʩʪʠʥ, ʚʩʝ ʦʩʪʨʳʝ ʢʨʦʤʢʠ ʢʦʪʦʨʳʭ 

ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʫʛʣʳ ʟʘʪʦʯʢʠ ʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʨʦʪʦʯʢʘʭ ʩʤʝʥʥʦʛʦ ʙʣʦʢʘ ʥʘ ʦʧʨʝʜʝʣʸʥ-

ʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (ʩ ʮʝʣʴʶ ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʝ-

ʙʦʚʘʥʠʷʤʠ) ʧʦʜ ʫʛʣʦʤ 90Á ʠ ʬʠʢʩʠʨʫʶʪʩʷ ʦʪ ʚʳʧʘʜʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʢʦʣʴʮʝʚʦʡ ʧʦʜʩʪʘʚʢʠ 11. 

ʋʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʝʥʥʳʝ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ 

ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʳ ʟʘʛʨʫʞʘʶʪʩʷ ʩʚʝʨʭʫ ʚ ʧʨʠʸʤʥʳʡ ʙʫʥʢʝʨ 10 ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ. 

ɼʘʣʝʝ ʧʦʜ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ ʦʥʠ ʩʢʘʪʳʚʘʶʪʩʷ ʧʦ ʥʘʢʣʦʥʥʦʡ ʩʪʝʥʢʝ ʢʦʨʧʫʩʘ ʠ ʟʘʭʚʘʯʝʥʥʳʝ 

ʥʘʚʠʚʢʦʡ ʚʨʘʱʘʶʱʝʛʦʩʷ ʰʥʝʢʘ 4, ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʚʝʨʭʫ ʚʥʠʟ ʢ ʙʣʦʢʫ 

2 ʥʦʞʝʡ 3. ʅʘʣʠʯʠʝ ʫ ʰʥʝʢʘ 4 ʧʝʨʝʤʝʥʥʦʛʦ ʰʘʛʘ, ʫʤʝʥʴʰʘʶʱʝʛʦʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝ-

ʥʠʷ ʢʦʨʤʦʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʤʫ ʫʧʣʦʪʥʝʥʠʝ ʧʨʠ ʧʦʜʭʦʜʝ ʢ ʙʣʦʢʫ ʥʦʞʝʡ. ʇʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʩʞʘʪʠʷ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʜʧʦʨʘ ʩʦ ʩʪʦʨʦʥʳ ʰʥʝʢʘ, ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʳ, ʧʨʝʜʚʘʨʠʪʝʣʴ-

ʥʦ ʚʜʘʚʣʠʚʘʶʪʩʷ ʚ ʥʦʞʝʚʫʶ ʨʝʰʸʪʢʫ, ʘ ʟʘʪʝʤ ʧʨʦʜʘʚʣʠʚʘʶʪʩʷ ʯʝʨʝʟ ʥʝʸ ʠ ʚʳʚʦʜʷʪʩʷ ʠʟ ʠʟ-

ʤʝʣʴʯʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

 
ʈʠʩʫʥʦʢ ï ʂʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʢʦʨʥʝ-

ʢʣʫʙʥʝʧʣʦʜʦʚ. 
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ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠʟʤʝʣʴʯʠʪʝʣʷ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ ʠʩʢʣʶʯʘʝʪ ʩʢʦʧʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ 

ʤʝʞʜʫ ʥʦʞʘʤʠ ʩʤʝʥʥʦʛʦ ʙʣʦʢʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʦʝ ʩʥʷʪʠʝ ʠ ʫʩʪʘʥʦʚʢʫ ʩʘʤʦʛʦ ʙʣʦʢʘ ʜʣʷ 

ʝʛʦ ʟʘʤʝʥʳ ʠʣʠ ʦʯʠʩʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʡ ʰʠʨʠʥʳ ʩʪʨʫʞʢʠ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʧʦʚʳʰʘʝʪ ʥʘʜʸʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʚʩʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʸ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠʟʤʝʣʴʯʝʥʠʷ, ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ. 

ɺʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʣʴʯʠʪʝʣʷ ʩ ʰʥʝʢʦʚʳʤ ʧʠʪʘʪʝʣʝʤ, ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ 

ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʥʝʙʦʣʴʰʦʡ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʳ ʧʨʠ ʫʩʣʦʚʠʠ ʧʦ-

ʜʘʯʠ ʧʨʦʜʫʢʪʘ ʢ ʠʟʤʝʣʴʯʘʶʱʝʤʫ ʘʧʧʘʨʘʪʫ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʝʛʦ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʝʞʫʱʝʛʦ ʘʧʧʘʨʘʪʘ ʩʢʣʘ-

ʜʚrʘʝʪʩʷ ʠʟ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʙʣʦʢʘ ʥʦʞʝʡ (ʠʣʠ ʥʦʞʝʚʦʡ ʨʝʰʸʪʢʠ), ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʠ ʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʰʥʝʢʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ. 

ʅʘʠʙʦʣʝʝ ʫʟʢʠʤ ʤʝʩʪʦʤ ʚ ʠʟʤʝʣʴʯʠʪʝʣʝ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʦʞʝʚʘʷ ʨʝ-

ʰʸʪʢʘ. ʇʨʠ ʚʳʙʦʨʝ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʣʴʯʠʪʝʣʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʫʯʠʪʳʚʘʶʪ ʟʦʦʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝ-

ʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʧʨʦʜʫʢʪʘ ʠʟʤʝʣʴʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨ ʦʪʚʝʨʩʪʠʡ (ʚʳʭʦʜʥʳʭ 

ʦʢʦʥ) ʚ ʥʦʞʝʚʦʡ ʨʝʰʸʪʢʝ. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʷʚʣʷʝʪʩʷ ʦʙʱʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʘʰʠʥʳ ʨQ , ʨʘʩ-

ʯʝʪʥʘʷ ʜʣʠʥʘ ʨʝʟʢʠ ʨʘʩʯl  ʠ ʜʦʧʫʩʪʠʤʦʝ ʩʞʘʪʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʧʨʦʭʦʜʝ ʯʝʨʝʟ ʥʦʞʝʚʫʶ ʨʝʰʸʪ-

ʢʫ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʙʲʝʤʥʦʡ ʤʘʩʩʦʡ ʧʨʦʜʫʢʪʘ ʨl. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʦʞʝʚʦʡ ʨʝʰʝʪʢʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʬʦʨʤʫʣʘ [4]: 

,ʨʨʚʳʭʨʨʨ yluk ÖÖÖÖ=FQ  (1) 

ʛʜʝ -ʨQ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʢʛ/ʩʝʢ; -ʨF ʧʣʦʱʘʜʴ ʥʦʞʝʚʦʡ ʨʝʰʸʪʢʠ, ʤ2; -
ð
k ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ ʥʦʞʝʚʦʡ ʨʝʰʸʪʢʠ; -ʚʳʭu ʩʢʦʨʦʩʪʴ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʯʝʨʝʟ ʤʝʞʥʦʞʝʚʳʝ 

ʦʪʚʝʨʩʪʠʷ, ʤ/ʩʝʢ; -ʨl ʦʙʲʸʤʥʘʷ ʤʘʩʩʘ ʧʨʦʜʫʢʪʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʤʝʞʥʦʞʝʚʳʝ ʦʪʚʝʨʩʪʠʷ 

ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʝʛʦ ʩʞʘʪʠʠ, ʢʛ/ʤ3; -
ð
y ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʦʪʚʝʨʩʪʠʡ ʨʝʰʸʪʢʠ. 

ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʥʦʞʝʚʦʡ ʨʝʰʸʪʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

( )22

ʨ rRF -Ö=p  

ʉʢʦʨʦʩʪʴ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʥʦʞʝʚʦʡ ʨʝʰʸʪʢʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠ-

ʙʣʠʞʝʥʥʦ ʧʘ ʬʦʨʤʫʣʝ: 

,ʰʨʘʩʯʚʳʭ nzl ÖÖ=u  

ʛʜʝ -
ðàñ÷

l ʨʘʩʯʝʪʥʘʷ ʜʣʠʥʘ ʨʝʟʢʠ, ʤ; -z ʯʠʩʣʦ ʥʦʞʝʡ, ʰʪ.; -
ø

n ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʰʥʝ-

ʢʘ, ʩϖĭ. ʇʦʩʣʝ ʟʘʤʝʥʳ ʚ ʬʦʨʤʫʣʝ (1) 
âûõ
u ʝʛʦ ʟʥʘʯʝʥʠʝʤ ʧʦʣʫʯʠʤ: 

ʨʨʰʨʘʩʯʨʨʨ ylk ÖÖÖÖÖÖ= nzlFQ     (2) 

ʉʢʦʨʦʩʪʴ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ 
âûõ
u  ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ 

ʩʠʣ, ʩʞʠʤʘʶʱʠʭ ʠ ʧʝʨʝʤʝʱʘʶʱʠʭ ʵʣʝʤʝʥʪʘʨʥʳʡ ʦʙʲʸʤ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʚʠʪʢʦʤ 

ʰʥʝʢʘ, ʘ ʪʘʢʞʝ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʥʦʞʝʚʦʡ ʨʝʰʸʪʢʠ. ɿʥʘ-

ʯʝʥʠʝ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʵʪʠʭ ʩʠʣ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʧʨʠʦʙʨʝʪʘʝʪ ʵʣʝʤʝʥʪʘʨʥʳʡ ʦʙʲʸʤ 

ʤʘʪʝʨʠʘʣʘ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩʭʝʤʦʡ ʨʘʙʦʪʳ ʠʟʤʝʣʴʯʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ. ʊʘʢ ʢʘʢ ʩʭʝʤʘ 

ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʦʩʥʦʚʘʥʘ ʥʘ ʚʜʘʚʣʠʚʘʥʠʠ ʧʨʦʜʫʢʪʘ ʚ ʦʪʚʝʨʩʪʠʷ ʥʦʞʝʚʦʡ ʨʝʰʸʪʢʠ ʢʦʥʮʦʤ 
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ʚʠʪʢʘ ʰʥʝʢʘ, ʪʦ ʩʢʦʨʦʩʪʴ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʯʝʨʝʟ ʵʪʠ ʦʪʚʝʨʩʪʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʫʙʠʥʦʡ ʚʜʘʚ-

ʣʠʚʘʥʠʷ ʤʘʩʩʳ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʩʞʘʪʠʷ ʤʘʪʝʨʠʘʣʘ. 

ʇʨʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʠʟʤʝʣʴʯʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ, 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʢʘʤʝʨʫ ʠʟʤʝʣʴʯʝʥʠʷ, ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ ʢʦʣʠʯʝʩʪʚʫ ʧʨʦʜʫʢʪʘ, ʚʳʭʦʜʷʱʝʛʦ 

ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʥʦʞʝʚʦʡ ʨʝʰʸʪʢʠ. ʅʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʘʪʝʨʠʘʣ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ ʰʥʝʢʘ 

ʥʝ ʠʟʤʝʣʴʯʘʝʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʜʣʷ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʨʝʰʸʪʢʠ. ʅʝʦʙ-

ʭʦʜʠʤʦ ʥʝʦʜʥʦʢʨʘʪʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚ ʟʦʥʝ ʥʦʞʝʚʦʡ ʨʝʰʸʪʢʠ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʞʝʣʘʝʤʫʶ ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʚʳʭʦʜ ʝʛʦ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʧʦʜʘʶʱʘʷ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʰʥʝʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʝ ʨʘʩʯʝʪʥʦʡ: ʨ.ʩ.ʰ.ʜ.ʧ.ʰ.QQ = , ʛʜʝ -ʜ.ʧ.ʰ.Q  ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ 

ʧʦʜʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʰʥʝʢʘ, ʢʛ/ʩʝʢ; -ʨ.ʧ.ʰ.Q ʨʘʩʯʸʪʥʘʷ ʧʦʜʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʰʥʝʢ, ʢʛ/ʩʝʢ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʘʶʱʝʡ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʰʥʝʢʘ - 
ï
k, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʨʘʟʤʝʨʥʦʛʦ ʩʦʩʪʘ-

ʚʘ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʘʨʘʤʝʪʨʦʚ ʤʝʞʥʦʞʝʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʞʠʚʦ-

ʛʦ ʩʝʯʝʥʠʷ ʥʦʞʝʚʦʡ ʨʝʰʸʪʢʠ, ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʨʝʰʸʪʢʠ, ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʠʟʤʝʣʴʯʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ɺ ʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʨʘ-

ʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ, ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ï
k  ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ ʦʧʳʪʥʳʤ 

ʧʫʪʝʤ. 

ʇʠʪʘʪʝʣʝʤ ʨʝʞʫʱʝʛʦ ʘʧʧʘʨʘʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʰʥʝʢ. ʆʩʥʦʚ-

ʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʝʛʦ ï ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʫʶ ʧʦʜʘʯʫ ʧʨʦʜʫʢʪʘ ʢ ʠʟʤʝʣʴʯʘʶʱʝʤʫ ʘʧʧʘʨʘʪʫ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʥʦʞʝʚʦʡ ʨʝʰʸʪʢʠ. ʂʨʦʤʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʰʥʝʢ ʚ 

ʥʝʦʙʭʦʜʠʤʦʡ ʤʝʨʝ ʫʧʣʦʪʥʷʝʪ ʤʘʩʩʫ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʦʣʥʝʥʠʷ ʧʨʝʜʢʘ-

ʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʡ ʟʘʛʨʫʟʢʠ ʢʘʤʝʨʳ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʤʘʩʩʳ ʚ ʦʪʚʝʨʩʪʠʷ ʨʝʰʸʪʢʠ. ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʦʣʥʝʥʠʷ ʧʨʝʜ-

ʢʘʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 1
êì
=y , ʪʦ çʧʦʨʮʠʠè ʧʨʦʜʫʢʪʘ ʚʩʪʨʝʯʘʶʪ ʧʦ ʚʩʝʡ ʧʣʦʩʢʦʩʪʠ ʚʨʘ-

ʱʝʥʠʷ ʦʜʠʥʘʢʦʚʳʡ ʧʦʜʧʦʨ ʩʦ ʩʪʦʨʦʥʳ ʰʥʝʢʘ ʠ ʨʘʚʥʦʤʝʨʥʦ ʟʘʧʦʣʥʷʶʪ ʦʪʚʝʨʩʪʠʷ ʧʦ ʚʩʝʡ ʨʘ-

ʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʰʸʪʢʠ, ʧʦʚʳʰʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʦʪʚʝʨʩʪʠʡ ʨʝʰʝʪʢʠ. ʉʣʝʜʦ-

ʚʘʪʝʣʴʥʦ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʰʥʝʢʘ ʠ ʨʝʞʠʤ ʝʛʦ ʨʘʙʦʪʳ ʜʦʣʞʥʳ ʩʪʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʨʝʞʠʤʫ ʨʘʙʦʪʳ ʨʝʞʫʱʝʛʦ ʘʧʧʘʨʘʪʘ. 

ʅʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʰʥʝʢʘ 
ø

D  ʚʳʙʠʨʘʝʤ ʧʦ ʥʘʨʫʞʥʦʤʫ ʨʘʙʦʯʝʤʫ ʜʠʘʤʝʪʨʫ ʨʝʰʸʪʢʠ ʩ 

ʫʯʸʪʦʤ ʟʘʟʦʨʘ ʤʝʞʜʫ ʚʠʪʢʘʤʠ ʠ ʢʦʨʧʫʩʦʤ ʰʥʝʢʘ d. ʋʯʠʪʳʚʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʯʘʩʪʠʯʥʦʛʦ 
ʫʧʣʦʪʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʰʘʛ ʚʠʥʪʘ ʜʣʷ ʰʥʝʢʦʚ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʳ, ʨʝʢʦ-

ʤʝʥʜʫʝʪʩʷ ʚʳʙʠʨʘʪʴ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ [5]: 

( ) ʰ,5...0,60 Ds Ö=  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʰʥʝʢʘ 
ø

d  

ʚʳʙʠʨʘʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ. 

ʋʛʦʣ ʧʦʜʲʸʤʘ ʚʠʪʢʘ ʰʥʝʢʘ [6]: 

ʰ

ʤʠʥ
D

s
arctg=a ; 

ʰ

ʤʘʢʩ
d

s
arctg=a  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʩʝʚʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʤʘʢʩja -90ʤʘʢʩB , 

ʛʜʝ -
ìàêñ
j ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ ʪʨʝʥʠʷ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʚʠʪʢʘ ʧʨʠ 

ʨʝʞʠʤʝ ʝʛʦ ʨʘʙʦʪʳ. 
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ʇʨʦʮʝʩʩ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʧʠʪʘʶʱʠʤ ʰʥʝʢʦʤ ʠʟʤʝʣʴʯʠʪʝʣʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʨʝʤʷ ʧʘ-

ʨʘʤʝʪʨʘʤʠ: ʦʙʲʸʤʥʦʡ ʤʘʩʩʦʡ ʤʘʪʝʨʠʘʣʘ, ʩʪʝʧʝʥʴʶ ʟʘʧʦʣʥʝʥʠʷ ʢʘʥʘʣʘ ʰʥʝʢʘ ʠ ʩʢʦʨʦʩʪʴʶ ʧʝ-

ʨʝʤʝʱʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʦ ʜʣʠʥʝ ʰʥʝʢʘ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʥʝʧʦʩʪʦʷʥʥʳ. 

ʇʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʢʘʤʝʨʝ ʠʟʤʝʣʴʯʝʥʠʷ ʦʙʲʸʤʥʘʷ ʤʘʩʩʘ ʤʘʪʝʨʠʘʣʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʥʘʧʦʣʥʝʥʠʷ ʢʘʥʘʣʘ ʰʥʝʢʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʘ ʩʢʦʨʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʥʠʞʘʝʪʩʷ. 

ɼʣʷ ʨʘʩʯʸʪʘ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʣʶʙʦʡ ʯʘʩʪʠ ʰʥʝʢʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʨʘʚ-

ʥʝʥʠʝ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ: 

( ) ʰʰʰ

22

ʰ ygup ÖÖÖ-= rRQ , 

ʧʦʩʣʝ ʟʘʤʝʥʳ ( )22 rR -p  ʥʘ 
ø

F  ʧʦʣʫʯʠʤ: 

ʰʰʰʰʰ ygu ÖÖÖ=FQ , 

ʛʜʝ -ʰQ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʰʥʝʢʘ, ʢʛ/ʩʝʢ; -R ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ ʢʦʞʫʭʘ ʰʥʝʢʘ, ʤ; 

d+=RhR ; -Rh ʥʘʨʫʞʥʳʡ ʨʘʜʠʫʩ ʰʥʝʢʘ; -d ʨʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʥʘʨʫʞʥʦʡ ʢʨʦʤʢʦʡ 

ʚʠʥʪʘ ʰʥʝʢʘ ʠ ʢʦʞʫʭʦʤ, ʤ; -r ʨʘʜʠʫʩ ʚʘʣʘ ʰʥʝʢʘ, ʤ; -uh ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʧʝʨʝ-

ʤʝʱʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʥʘʣʝ ʰʥʝʢʘ, ʤ/ʩʝʢ; -gh ʦʙʲʸʤʥʘʷ ʤʘʩʩʘ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʢʘʥʘʣʝ ʰʥʝʢʘ, ʢʛ/ʤ3; -yh ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʦʣʥʝʥʠʷ ʨʘʙʦʯʝʛʦ ʢʘʥʘʣʘ ʰʥʝʢʘ; -ʰF ʧʣʦʱʘʜʴ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʣʦʷ ʧʨʦʜʫʢʪʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʰʥʝʢʦʤ, ʤ2. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʰʥʝʢʦʚʦʛʦ ʧʠʪʘʪʝʣʷ ʚʳʙʠʨʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴʶ ʨʝʞʫʱʝʛʦ ʘʧʧʘʨʘʪʘ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʨʝʞʠʤ ʨʘʙʦʪʳ ʨʝʞʫʱʝʛʦ ʘʧʧʘʨʘʪʘ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʠ ʦʪ ʪʦʛʦ, ʩ ʢʘʢʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʚ ʢʘʢʦʤ ʩʦʩʪʦʷʥʠʠ ʫʧʣʦʪʥʸʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʧʦʜʘʸʪʩʷ ʚ ʢʘʤʝʨʫ ʠʟʤʝʣʴʯʝʥʠʷ. ɺ ʮʝʣʷʭ ʨʘʚʥʦʤʝʨʥʦʡ ʟʘʛʨʫʟʢʠ ʥʦʞʝʚʦʡ ʨʝʰʸʪʢʠ ʠʟʤʝʣʴʯʠ-

ʪʝʣʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʠʟ ʢʘʤʝʨʳ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦ-

ʙʳ ʤʘʪʝʨʠʘʣ ʧʦʜʘʚʘʣʩʷ ʚ ʧʨʝʜʢʘʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦ ʚʩʝʡ ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ ʰʥʝʢʘ, ʪʦ 

ʝʩʪʴ, ʯʪʦʙʳ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʢʘʥʘʣʘ ʧʨʠʙʣʠʞʘʣʩʷ ʢ ʝʜʠʥʠʮʝ, ʩ ʯʝʤ ʩʚʷʟʘʥʘ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴ ʥʝʢʦʪʦʨʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʝʞʫʱʝʛʦ ʘʧʧʘʨʘʪʘ ʠ ʫʩʣʦʚʠʡ ʧʦʜʘʯʠ ʤʘ-

ʪʝʨʠʘʣʘ ʚ ʢʘʤʝʨʫ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʚ ʢʦʥʮʝ ʰʥʝʢʘ: 

 

ʊʘʢ ʢʘʢ ʧʨʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʰʥʝʢʦʚʦʛʦ ʧʠʪʘʪʝʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʝʛʦ ʥʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ ʜʣʠʥʳ ʦʜʠʥʘʢʦʚʘ, ʪʦ ʫʨʘʚʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 

ʛʜʝ ʩʢʦʨʦʩʪʴ ʧʨʦʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʰʥʝʢʘ (ʧʝʨʝʜ ʢʘʤʝʨʦʡ 

ʠʟʤʝʣʴʯʝʥʠʷ), ʩϖ1; ʦʙʲʸʤʥʘʷ ʤʘʩʩʘ ʤʘʪʝʨʠʘʣʘ ʚ ʥʘʯʘʣʘ ʠ ʢʦʥʮʝ ʰʥʝʢʘ, ʢʛ/ʤ3; 

ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʦʣʥʝʥʠʷ ʢʘʥʘʣʘ ʰʥʝʢʘ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ. 

ɿʘʜʘʚʰʠʩʴ ʟʥʘʯʝʥʠʷʤʠ , ʟʥʘʷ ʦʙʲʸʤʥʫʶ ʤʘʩʩʫ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʢʦʨʤʘ ʠ ʚʳ-

ʙʨʘʚ ʦʧʪʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʰʥʝʢʘ ʧʨʠ ʟʘʛʨʫʟʢʝ , ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʰʥʝʢʦʤ: 

 








































