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ɸʋʓʃ  ʐɸʈʋɸʐʓʃʓנʓ  נʓʃʓʄɼɸʈʓ  

 

çɸʫʳʣ ʰʘʨʫʘʰʳʣʳϤʳ Ϥʳʣʳʤʜʘʨʳè Ϥʳʣʳʤʠ ʙʘϤʳʪʳ ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ ɹʽʣʽʤ ʞϸʥʝ Ϥʳʣʳʤ 

ʤʠʥʠʩʪʨʣʽʛʽ ɹʽʣʽʤ ʞϸʥʝ Ϥʳʣʳʤ ʩʘʣʘʩʳʥʜʘ cʘʧʘʥʳ Ϩʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢʦʤʠʪʝʪʽ ϣʳʣʳʤʠ ʝϬʙʝʢʪʽϬ ʥʝʛʽʟʛʽ 

ʥϸʪʠʞʝʣʝʨʽʥ ʞʘʨʠʷʣʘʫ Ϯʰʽʥ ϰʩʳʥʘʪʳʥ Ϥʳʣʳʤʠ ʙʘʩʳʣʳʤʜʘʨ ʪʽʟʙʝʩʽʥʝ ʝʥʛʝʥ  

(21.02.2022 ʞ. ˉ 63 ʙϰʡʨʳϨ). 

 

ʃ.ɸ.ʊʦʭʝʪʦʚʘ -ʞʘʫʘʧʪʳ ʨʝʜʘʢʪʦʨ,ʘʫʳʣ ʰʘʨʫʘʰʳʣʳϤʳ ϤʳʣʳʤʜʘʨʳʥʳϬ ʜʦʢʪʦʨʳ, ʧʨʦʬʝʩʩʦʨ 

ʈʝʜʘʢʮʠʷ ʘʣץʘʩʳ  

 

ʂ.ʅ.ʊʦʜʝʨʠʯ PhD,ʊʦʪʪʦʨʠ ʋʥʠʚʝʨʩʠʪʝʪʽ, ɾʘʧʦʥʠʷ; 

ʐ.ʉ.ʈʩʘʣʠʝʚ ʙʠʦʣʦʛʠʷ סʳʣʳʤʜʘʨʳʥʳש ʜʦʢʪʦʨʳ, ʜʦʮʝʥʪ, çפʘʟʘץ ʝʛʽʥʰʽʣʽʢ ʞᴅʥʝ ᴇʩʽʤʜʽʢ 

ʰʘʨʫʘʰʳʣʳסʳ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʠʥʩʪʠʪʫʪʳè ʈʄʂ,  פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ; 

ɹ.ɸ.ɼʫʡʩʝʤʙʝʢʦʚ ʙʠʦʣʦʛʠʷ סʳʣʳʤʜʘʨʳʥʳש ʢʘʥʜʠʜʘʪʳ, ʜʦʮʝʥʪ, çɸʛʨʦʧʘʨʢ ʆשʪװʩʪʽʢè ɾʐʉ, פʘʟʘץʩʪʘʥ 

ʈʝʩʧʫʙʣʠʢʘʩʳ; 

ɸ.ʉ.ʈʩʘʣʠʝʚ  ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ סʳʣʳʤʜʘʨʳʥʳש ʢʘʥʜʠʜʘʪʳ, çɹʠʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢ 

ʧʨʦʙʣʝʤʘʣʘʨʳ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʠʥʩʪʠʪʫʪʳè ɾʐʉ, פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ. 

 

 

ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓɽ ʅɸʋʂʀ 

 

ʅʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ "ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʥʘʫʢʠ" ʚʢʣʶʯʝʥ ʚ ʧʝʨʝʯʝʥʴ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ, ʨʝʢʦʤʝʥʜʫʝʤʳʭ 

ʂʦʤʠʪʝʪʦʤ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦʛʦ ʪʨʫʜʘ  

(ʧʨʠʢʘʟ ˉ 63 ʦʪ 21.02.2022 ʛ.). 

 

ʃ.ɸ.ʊʦʭʝʪʦʚʘ ï  ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ,ʜʦʢʪʦʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ 

 

ʂ.ʅ.ʊʦʜʝʨʠʯ PhD, ʋʥʠʚʝʨʩʠʪʝʪʊʦʪʪʦʨʠ, ʗʧʦʥʠʷ; 

ʐ.ʉ.ʈʩʘʣʠʝʚ ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ,ʈɻʇçʂʘʟʘʭʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʟʝʤʣʝʜʝʣʠʷ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘè, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ; 

ɹ.ɸ.ɼʫʡʩʝʤʙʝʢʦʚ ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ,ʊʆʆ çɸʛʨʦʧʘʨʢ ʆשʪװʩʪʽʢè, ʈʝʩʧʫʙʣʠʢʘ 

ʂʘʟʘʭʩʪʘʥ; 

ɸ.ʉ.ʈʩʘʣʠʝʚ  ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʊʆʆ çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʧʨʦʙʣʝʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ. 
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ʆפʓʈʄɸʅנɸ! 

 
 ʋ ʍʘʙʘʨʰʳʩʳè 1999פʍʘʙʘʨʰʳʩʳ ï ç שʳʟʳʣʦʨʜʘ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽפ ʳסʳʪ ɸʪʘ ʘʪʳʥʜʘץʦʨפ

ʞʳʣסʳ ʥʘʫʨʳʟʜʘʥ ʙʘʩʪʘʧ ʞʳʣʳʥʘ ʪᴇʨʪ  ʨʝʪ ʰʳסʘʜʳ. çʍʘʙʘʨʰʳè ï סʘʣʳʤʜʘʨʜʳש ʞװʨʛʽʟʛʝʥ 

ʟʝʨʪʪʝʫʣʝʨʽʥʽש ʤʘשʳʟʜʳ ʪʘץʳʨʳʧʪʘʨʳʥ ץʘʤʪʠʪʳʥ, ʤʘץʘʣʘʣʘʨʳ ʤʝʥ ʤʘʪʝʨʠʘʣʜʘʨʳ ʢᴇʧʰʽʣʽʢʢʝ ʪʘʥʳʤʘʣ, 

ʙʝʜʝʣʜʽ סʳʣʳʤʠ ʙʘʩʳʣʳʤ. ʆʥʳש ʙʝʪʪʝʨʽʥʜʝ ʝʣʽʤʽʟʜʽ ʵʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ ץʦסʘʤʜʳץ ʞʘסשʳʨʪʫʜʳש ᴇʟʝʢʪʽ 

 ʘʙʽʣʝʪʪʽ ʢʘʜʨʣʘʨ ʜʘʷʨʣʘʫ ʪᴅʞʽʨʠʙʝʩʽ ʤʝʥץ ʛʝʡʜʝ ʙᴅʩʝʢʝʛʝשʜʝ ץʘʨʘʣʳץʳʣʳʤʠ ʤᴅʩʝʣʝʣʝʨʽ, ʭʘʣʳס

ʙʦʣʘʰʘסʳ ʪʘʣץʳʣʘʥʳʧ, ʙʽʣʽʤ ʙʝʨʫ, סʳʣʳʤ ʤʝʥ ᴇʥʜʽʨʽʩ ʩʘʣʘʣʘʨʳʥ ʠʥʪʝʛʨʘʮʠʷʣʘʫʜʳש ʦʟʳװ ץʣʛʽʣʝʨʽ 

ʞʘʨʳץ ʢᴇʨʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ װʟʜʽʢʩʽʟ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʜʝʛʽ ʠʥʥʦʚʘʮʠʷʣʳץ ʞᴅʥʝ ʘץʧʘʨʘʪʪʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ ʞײʤʳʩʪʘʨ ʞʘʨʠʷʣʘʥʳʧ ʦʪʳʨʘʜʳ. ɽʣʽʤʽʟʜʽש, ʘʣʳʩ ʞᴅʥʝ ʞʘץʳʥ 

ʰʝʪʝʣ סʘʣʳʤʜʘʨʳʥʳש ʝשʙʝʢʪʝʨʽ, סʳʣʳʤʠ ʢʦʥʬʝʨʝʥʮʠʷʣʘʨʜʳש ʤʘʪʝʨʠʘʣʜʘʨʳ, ʪʘʥʳʤʜʳץ-ʪᴅʨʙʠʝʣʽʢ 

ʤʘץʘʣʘʣʘʨ, ʞʘʩʪʘʨʜʳס שʳʣʳʤʠ ʰʳסʘʨʤʘʰʳʣʳסʳ, ʫʥʠʚʝʨʩʠʪʝʪʽʤʽʟʜʽש ʪʳʥʳʩ-ʪʽʨʰʽʣʽʛʽ ʪʫʨʘʣʳ ʜʘ 

ʘץʧʘʨʘʪʪʘʨ ʤʝʥ ʞʘשʘʣʳץʪʘʨ ʢᴇʧʰʽʣʽʢ ʥʘʟʘʨʳʥʘ ײʩʳʥʳʣʘʜʳ.  

çפʋ ʍʘʙʘʨʰʳʩʳè סʳʣʳʤʠ-ᴅʜʽʩʪʝʤʝʣʽʢ ʞʫʨʥʘʣʳ ʧʨʦʬʝʩʩʦʨ-ʦץʳʪʫʰʳʣʘʨסʘ, ʤסײʘʣʽʤʜʝʨʛʝ, 

 ʳʣʳʤ ʞᴅʥʝס שʩʪʘʥʥʳץʘʟʘפ ץʘʣʳʤʜʘʨ ʤʝʥ ʩʪʫʜʝʥʪʪʝʨʛʝ, ʩʦʥʜʘʡ-ʘס ʳʟʤʝʪʢʝʨʣʝʨʛʝ, ʞʘʩץ ʣrʳʤʠס

ʞʦסʘʨסʳ ʙʽʣʽʤ ʩʘʣʘʩʳʥʜʘסʳ ʞʘשʘʣʳץʪʘʨʳʤʝʥ ʪʘʥʳʩץʳʩʳ ʢʝʣʝʪʽʥ ʟʠʷʣʳ ץʘʫʳʤסʘ ʘʨʥʘʣסʘʥ.  

  !ʳʨʘʤʳʟץʘ ʰʘסʳʨʤʘʥʳ ʙʦʣʫץʙʝʣʩʝʥʜʽ ʘʚʪʦʨʳ ʞᴅʥʝ ʦ שʘʫʳʤ, ʉʽʟʜʝʨʜʽ ʞʫʨʥʘʣʜʳץ ʨʤʝʪʪʽײפ

 

ʈʝʜʘʢʮʠʷ ʘʣϨʘʩʳ 

 

ʂ ʏʀʊɸʊɽʃʖ! 
 

ɺʝʩʪʥʠʢ ʂʳʟʳʣʦʨʜʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʂʦʨʢʳʪ ɸʪʘ ï çɺʝʩʪʥʠʢ ʂʋè ʠʟʜʘʝʪʩʷ ʯʝʪʳʨʝ 

ʨʘʟʘ ʚ ʛʦʜ ʩ ʤʘʨʪʘ 1999 ʛʦʜʘ. çɺʝʩʪʥʠʢè ï  ʘʚʪʦʨʠʪʝʪʥʦʝ ʥʘʫʯʥʦʝ ʠʟʜʘʥʠʝ, ʩʪʘʪʴʠ ʠ ʤʘʪʝʨʠʘʣʳ ʢʦʪʦʨʦʛʦ 

ʦʩʚʝʱʘʶʪ ʚʘʞʥʳʝ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʯʝʥʳʭ. ʅʘ ʝʛʦ ʩʪʨʘʥʠʮʘʭ ʦʙʩʫʞʜʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ  ʧʨʦʙʣʝʤʳ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʦʙʱʝʩʪʚʝʥʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʪʨʘʥʳ, ʦʧʳʪ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʧʦʜʛʦʪʦʚʢʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʢʘʜʨʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ, ʦʩʚʝʱʘʶʪʩʷ ʧʝʨʝʜʦʚʳʝ ʤʦʜʝʣʠ ʠʥʪʝʛʨʘʮʠʠ ʚ 

ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʫʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʘʢʞʝ ʧʫʙʣʠʢʫʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʚ ʩʠʩʪʝʤʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ.  

ʅʘ ʩʪʨʘʥʠʮʘʭ ɺʝʩʪʥʠʢʘ  ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʫʜʳ ʫʯʝʥʳʭ ʩʪʨʘʥʳ, ʙʣʠʞʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ 

ʟʘʨʫʙʝʞʴʷ, ʤʘʪʝʨʠʘʣʳ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ, ʧʦʟʥʘʚʘʪʝʣʴʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʳʝ ʩʪʘʪʴʠ, ʠʥʬʦʨʤʘʮʠʷ ʠ 

ʥʦʚʦʩʪʠ ʦ ʥʘʫʯʥʦʤ ʪʚʦʨʯʝʩʪʚʝ ʤʦʣʦʜʝʞʠ, ʞʠʟʥʠ ʫʥʠʚʝʨʩʠʪʝʪʘ.  

ʅʘʫʯʥʳʡ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʞʫʨʥʘʣ çɺʝʩʪʥʠʢ ʂʋè ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʦʬʝʩʩʦʨʩʢʦ-

ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʫʯʠʪʝʣʝʡ, ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʪʫʜʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʪʚʦʨʯʝʩʢʦʡ ʠʥʪʝʣʣʠʛʝʥʮʠʠ ʂʘʟʘʭʩʪʘʥʘ, ʞʝʣʘʶʱʝʡ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʥʦʚʦʩʪʷʤʠ ʚ ʩʬʝʨʝ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ.  

ʋʚʘʞʘʝʤʳʝ ʢʦʣʣʝʛʠ, ʧʨʠʛʣʘʰʘʝʤ ʚʘʩ ʩʪʘʪʴ ʘʢʪʠʚʥʳʤʠ ʘʚʪʦʨʘʤʠ ʠ ʯʠʪʘʪʝʣʷʤʠ ʞʫʨʥʘʣʘ! 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ 
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modernization of the country, experience and prospects of training competitive specialists at the international 

level, are highlighted advanced models of integration in education, science and production. Works on 
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scientific creativity of young people, the life of the university. 

The scientific journal ñBulletin KUò is intended for the faculty, teachers, researchers, young scientists 

and students, as well as for the creative intellectuals of Kazakhstan, who want to get acquainted with the news 

in the field of education and science. 

Dear colleagues, we invite you to become active authors and readers of the journal! 

Editorial board 
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Annotation. Long-term research on monitoring of soil and climatic conditions of the Aral Sea 

region, based on screening of morpho-biological features in the context of zoned varieties and samples of 

local breeding, taking into account the complex of breeding and genetic parameters and practical breeding 

work, a model of a variety of spring barley was developed. The key basis of this model is the parameters 

aimed at creating precocious varieties with high salt and drought resistance. The formation of 

reproductive organs is completed before the onset of the summer drought. The purpose of the work is to 

increase the productivity of grain forage crops, launch new scientific and technical products on the market 

by creating fodder barley varieties resistant to environmental stress factors, competitive in productivity, 

grain quality when cultivated in environmentally unfavorable conditions of Kazakhstan. As a result of 

selection and practical work, five new varieties of spring barley adapted to stressful conditions were 

created: Sur Aruy, Inkar, Kaysar, Shakhristan, Altyn arai, combining a complex of productive traits and 

valuable biological properties. Varieties are included in the State Register of Breeding Achievements of 

the Kazakhstan Republic, and patents have been obtained. 

Keywords: breeding, variety, salinity, adaptability, protein, precocity. 

 

Introduction. In the Kyzylorda region, rice is the main crop and occupies more than 45% 

of the total area under crops. The value of rice for the region as an economic, ecological, and 

social culture is enormous, and especially as a meliorative culture, its role is 

invaluable.However, global warming significantly affects the climate of the Kyzylorda region, 

where the shortage of water resources, increasing from year to year, as well as salinization, and 

depletion of the humus layer of local soils, make it necessary to reduce rice crops and replace 

them with other less water-consuming crops. In the early 2000s, scientists predicted a shortage of 

water resources in the amount of 13-14 billion m3 by 2030. In this regard, one of the main 

strategic tasks in the implementation of the Concept for the transition of the Republic of 

Kazakhstan to a "Green Economy" dated May 30, 2013 ˉ577, the Concept of the Water 

Resources Management Program of the Republic of Kazakhstan for 2020-2030 was the gradual 

reduction of unprofitable and water-intensive crops with the replacement them to vegetable, 

fodder and oilseed crops that are less demanding in terms of water resources. According to the 

Ministry of Ecology of the Republic of Kazakhstan, due to a shortage of water in the Shardara 

reservoir, serious water problems may arise in the Kyzylorda region in 2022. So, since the 

beginning of the non-vegetation period, the lower reaches of the Syrdarya River have not 

received more than two billion cubic meters of water, or 20% compared to 2022. And in the 

mailto:lauramarat_777@mail.ru
https://orcid.org/
https://orcid.org/
mailto:baytanatova.aynash20@mail.ru
https://orcid.org/0000-0002-6994-8356
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Shardara reservoir and the Koksarai counter-regulator today, 770 million cubic meters less water 

has been accumulated than in 2022, leading to a forced reduction in rice areas. 

As part of ensuring our country's food security at the government level, during a meeting 

of the operational headquarters for anti-crisis measures, the primary task was set as soon as 

possible to develop a program for the selection of domestic drought-resistant varieties to reduce 

import dependence. As world practice shows, the contribution of breeding to increasing yields 

over the past 30 years is 40%. It is thanks to selection over the past 50 years, for example in the 

United States, which an annual yield increase of 1-2% was ensured for the main field crops. 

Therefore, the immediate problem in the field of breeding is to integrate and cooperate the 

efforts of breeders and molecular biologists to solve a common problem - increasing the size and 

quality of the crop, resource and energy efficiency, environmental reliability, safety and 

profitability of crop production [1-3]. 

Soil salinization is one of the global environmental problems in the world. According to 

the Food and Agriculture Organization of the United Nations (FAO), saline soils occupy vast 

areas in the world - about 25% of the entire land surface. Soil salinity maps have been compiled 

in the Kyzylorda region. UN specialists have updated maps of soil salinity in the Kyzylorda 

region, which is considered the largest agricultural region in Kazakhstan. According to FAO 

data, almost 85% (20.3 million ha) of the total land area (22.6 million ha) is currently saline in 

the region [4-7]. The main reason was the long-term cultivation of rice, which contributed to the 

rise in the level of groundwater, as well as the emergency state of the collector-discharge and 

drainage network. In addition, the hot and dry climate causes high evaporation of soil moisture, 

which enhances salinization processes, especially when mineralized groundwater is close to the 

ground. The type of soil salinization in the Kyzylorda region is sulfate-chloride and chloride-

sulfate sodium composition. The agro-ecological situation of irrigated lands in the Kyzylorda 

region is interconnected with the salinity of the collector-drainage runoff of water, which varies 

from 2 to 5 g/l and tends to increase; over the past ten years, it has increased by 60% [5]. As 

noted in the FAO, the agricultural lands of the region, suffering from the consequences of the 

drying due of the Aral Sea, require close attention and investment [4]. 

As part of ensuring our country's food security at the government level, during a meeting 

of the operational headquarters for anti-crisis measures, the primary task was set as soon as 

possible to develop a program for the selection of domestic drought-resistant varieties to reduce 

import dependence. 

Long-term studies have shown on the adaptation of agricultural crops that, along with the 

traditional crop, which is rice here, grain forage crops have great potential, the cultivation of 

which will make it possible to rationally use the bioclimatic potential of the region. Due to the 

ability of barley to conserve moisture in conditions of irrigation water deficiency, using the 

natural moisture of the soil after rice, it is able to form a high yield without single irrigation, 

having a short growing season, it has time to ripen before the onset of a dry period, and makes it 

possible to use agricultural machinery more rationally, thereby reducing the intensity of 

fieldwork and the possibility of reusing these areas for other crops. In this regard, the relevance 

of these studies is caused by the need to diversify rice production in the Kyzylorda region in 

favor of grain forage and fodder crops in connection with the dynamic development of livestock 

industries. Also, given the increase in the intensity of global warming, in general, climate 

change, and the role of breeding in the creation of stress-resistant varieties is increasing, where a 

special role is given to a drought-resistant crop like barley. Scientists note its important 

economic importance in arid climates [8, 9]. 

World practice has shown that soil and climatic conditions have a significant impact on the 

formation of plant resistance to various types of stress [10, 11]. In particular, it was found that 

varieties developed and growing in arid climates and saline soils are much more resistant to these 

types of stress than varieties grown in areas without salinity, for example, in foothill areas [12]. 
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In such countries as Australia, USA, Canada, England, India, Mexico, Saudi Arabia, Ethiopia, 

and Iran, for grain crops, in particular wheat and barley, priority is given to studying their salt 

and drought tolerance, as they occupy a leading position in crop production [13, 14]. For 

practical selection, the Aral Sea region is of particular interest, from the point of view of 

conducting scientific research on the study of resistance to stress factors [15]. 

LLP "Kazakh Research Institute of Rice named after. I. Zhakhaevò research is being 

carried out to create the scientific foundations for the diversification of the crop industry in the 

region. The basis of which is breeding work on the creation of new varieties and agro-ecological 

testing of crops of domestic and foreign breeding in order to select varieties that are most 

adapted to the stress factors of the environment of the Kazakhstan Aral Sea region. In this 

regard, for the first time, scientists of the Kazakh Research Institute of Rice named after I. 

Zhakhaev "in 2006, breeding work on barley was organized and launched in full, taking into 

account the peculiarities of the soil-climatic and agro-ecological conditions of the Aral Sea zone, 

analyzing the morpho-biological characteristics of released varieties, based on breeding and 

genetic parameters and directly practical work, a model was developed varieties of spring barley 

for saline soils of the Aral Sea region. As a result of the breeding work, five new salt- and 

drought-resistant varieties of spring barley were created, close to the developed variety model for 

the conditions of the Kazakhstan Aral Sea region. 

Research is carried out within the framework of program-targeted financing of scientific 

research of the Ministry of Agriculture of the Republic of Kazakhstan under scientific and 

technical programs BR06249214; BR10765056 çCreation of highly productive varieties and 

hybrids of grain crops based on the achievements of biotechnology-genetics-physiology-

biochemistry of plants for their sustainable production in various soil and climatic zones of 

Kazakhstanè. 

Research materials and methods. Formation of test nurseries in the successive links of 

the selection process - according to the method of "Complex program "Barley"" [16]. 

Phenological observations and biometric analysis, according to the VIR methodology [17]. 

Statistical processing of harvest data according to B. A. Dospekhov [18]. Determination of 

genetic and statistical parameters according to the method of Fedina M.A., Silis L.Ya. [19]. The 

severity of 32 traits (two-row forms) and 29 (multi-row) barley according to the UPOV method 

[20]. Determination of the qualitative composition of the grain will be carried out in the 

analytical laboratory of the Kazakh Research Institute of Agriculture and Crop Production: 

protein content by the Kjeldal method, starch - by the polar metric method. 

Kyzylorda region is located in the south of the republic along the lower reaches of the 

river. The Syr Darya occupies a significant part of the Turan lowland with a flat relief. In the 

west, it includes the northern and eastern parts of the Aral Sea, in the south - the northern part of 

the Kyzylkum desert, in the north - the Aral Karakum, Aryskum, and desert plateaus of the 

outskirts of Central Kazakhstan. The climate of the Kyzylorda region is sharply continental, with 

hot dry summers and cold winters with unstable snow cover. The average annual air temperature 

is 9.8ÁC. The climate of the region is very dry. The average annual precipitation is 129 mm. In 

some dry years, they can fall only 40-70 mm. The soil of the experimental plot is meadow-

marsh, typical for rice crop rotations in the region. The humus content is 1.73% and the high 

value of the dense residue is 1.15%. The type of salinity is sulfate, highly saline. The mechanical 

composition is medium loam. 

Research results.Studies have shown that the released varieties of spring barley Saule, 

Asem, and Zhuldyz, although they have signs of salt and drought resistance, are not fully 

adapted to the conditions of the agroecological zone of rice fields, which is associated with the 

morphological and biological characteristics of barley plants for this region. During phenological 

observations and structural analysis of barley samples in all nurseries, we studied quantitative 

and qualitative traits. 
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Long-term studies on monitoring the soil and climatic conditions of the Aral Sea region, 

based on the screening of morpho-biological traits in the context of zoned varieties and samples 

of local selection, taking into account the complex of breeding and genetic parameters and 

practical breeding work, a model of a spring barley variety was developed. It should be 

emphasized that the basis of this model is the parameters that are aimed at creating varieties with 

high salt and drought resistance. The most stable in terms of productivity were early maturing 

varieties, in which the formation of reproductive organs is completed before the onset of drought 

in the summer period. As a result of breeding and practical work, the created barley varieties 

represent a complex of productive traits and biological properties. To date, five new varieties of 

spring barley adapted to stress conditions have been created: Syr Aruy, Inkar, Kaisar, 

Shakhristan, and Altyn Aray, which are included in the State Register of Breeding Achievements 

of the Republic of Kazakhstan, patents have been obtained (table 1). 
 

Table 1 ï Characteristics of varieties of spring barley breeding LLP "Kazakh Research 

Institute of Rice named after I. Zhakhaev". 

 

 

The reliability of the results obtained is substantiated by the use of modern genetic and 

statistical methods for the analysis of experimental data at all stages of research on collection and 

breeding samples. 

The spring barley variety Syr Aruy was created at the Kazakh Research Institute of Rice 

Growing named after. I. Zhakhaev by the method of individual selection from the hybrid 

population K-2701 X 24/80-3. Syr Aruy is an early maturing forage variety. The average yield is 

25.5 c/ha, exceeding the Asem standard by 7-9 c/ha with stable protein content in grain of at 

least 16.5% with a standard value of 11.8%. Showed adaptability to the stressful conditions of 

the Aral Sea region (salinization, late spring frosts, atmospheric drought, Fusarium root rot, 

common smut), expressed in high field germination (at least 80%) in combination with intensive 

 

Economically valuable features 

Name of varieties 

Syr Aruy Inkar Kaisar Shakhristan Altyn arai 

Vegetation period, days 70-75 76-79 65-70 76-82 75-79 

Plant height, cm 68-72 76-78 75-78 75-80 89-95 

Number of grains in an ear, pcs. 20-22 22-24 22-24 22-24 46-52 

Weight of 1000 seeds, g 40,0-41,2 42,0-44,2 40,0-41,5 40,0-41,6 38,5-41,2 

Grain nature, g/l 645 655 640,0 635,0 640,0 

Grain yield, % 73,6 75,6 75,0 72,4 75,0 

Protein content, % 16,0-16,5 15,0-15,5 16,0-16,5 14,0-14,5 15,8-16,2 

The number of essential amino 

acids, g/100 g 

35,9 33,4 35,4 34,4 34,7 

-lysine 4,0 3,8 4,1 3,9 4,0 

- methionine 1,5 1,9 1,9 1,9 1,4 

- tryptophan 1,5 1,2 1,3 1,2 2,1 

- valine 5,0 5,5 5,6 5,7 3,7 

- leucine 7,4 7,6 8,1 7,9 7,8 

-isoleucine 3,7 3,9 4,2 4,1 4,2 

-threonine 3,0 3,6 3,8 3,7 3,5 

-phenylalanine 4,8 5,7 6,1 5,9 6,2 

Potential yield, c/ha 30-35 33-37 33-35 34-38 40-42 
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growth in the initial phases of ontogenesis and the uniform flow of further phases of 

development. Due to the short growing season, the variety has time to fully mature before the 

onset of the summer drought. Zoned in the Kyzylorda region since 2011, it is recommended for 

cultivation in other unfavorable zones of Kazakhstan. Received patent No. 202 dated 

12/15/2011.  

The spring barley variety Inkar was created at the Kazakh Research Institute of Rice 

Growing named after I. Zhakhaev by the method of individual selection from a hybrid 

population 24/98 x 48/86-10. The mid-season variety Inkar, with a yield of 27.5 c/ha, exceeded 

the Asem standard by 9.0 c/ha and showed high resistance to early spring frosts, lodging, and 

shedding during over mature. It is characterized by intensive growth in the initial phases of 

ontogeny and an extended tillering-booting period of at least 24 days. Resistant to lodging, 

shedding, and Fusarium root rot. Zoned in the Kyzylorda region since 2014, it is recommended 

for cultivation in other unfavorable zones of Kazakhstan. Patent No. 515 dated February 24, 

2015, was received. 

The spring barley variety Kaisar was created at the Kazakh Research Institute of Rice 

Growing named after I.Zhakhaev by the method of individual selection from a hybrid population 

of 520645 x 93/80-1. Distinctive features of the Kaisar variety are its precocity in combination 

with high productivity on saline soils, due to high field germination of at least 80%, growth 

intensity at the initial stages of ontogenesis, the duration of the tillering-booting period of at least 

20 days, resistance to atmospheric drought, salinity and late spring frosts. Resistant to dusty and 

hard smut, susceptibility to Fusarium root rot in wet years does not exceed 1 point. The average 

grain yield of the Kaisar variety for 3 years of competitive variety testing was 27.6 centners per 

hectare, with the yield of the Asem standard - 20.2 centners per hectare, with protein content in 

grain with stable indicators over the years in the range of 15.7 - 15.8%, which is 3.4% higher 

than the standard. The variety is recommended for cultivation on saline soils. 

The spring barley variety Shakhristan was created at the Kazakh Research Institute of 

Rice Growing named after I. Zhakhaev together with the Institute of Plant Biology and 

Biotechnology, bred by hybridization and subsequent directional selection from the hybrid 

population of Harrington x MT960225 (Stark x Baronesse). The variety belongs to the mid-

season group. The growing season is 79 days. The average yield for the years of competitive 

variety testing was 29.8 q/ha. Weight of 1000 grains 41.6 gr. The variety is highly resistant to 

salinity, too late spring frosts, and is able to withstand a long absence of precipitation and high 

temperatures during the tillering period. Resistant to dusty and hard smut, susceptibility to 

Fusarium root rot in wet years does not exceed 1 point. The elongation of the tillering-booting 

period is on average 22-24 days, which has a positive effect on the formation of generative 

organs; on the ear Zoned in the Kyzylorda region since 2016, it is recommended for cultivation 

in other unfavorable zones of Kazakhstan. 

The Altyn arai variety was created at the Kazakh Research Institute of Rice Growing 

named after I.Zhakhaev by the method of individual selection from the hybrid population 

Aths|Lignee 686 (5-22) x Asem. Distinctive features of the Altyn arai variety are its precocity 

combined with high productivity on saline soils, due to high field germination of at least 80%, 

growth intensity at the initial stages of ontogenesis, the duration of the ñtillering-bootingò period 

of 22-26 days, resistance to atmospheric drought, salinity and late spring frosts. Plant height of at 

least 80.0 cm in combination with resistance to lodging. Tolerant to dusty and hard smut, 

susceptibility to Fusarium root rot in wet years does not exceed 1 point. The average grain yield 

of the Altyn arai variety for 3 years of competitive variety testing was 33.6 centners per hectare, 

with the yield of the Syr Aruy standard - 23.5 centners per hectare, with protein content in grain 

with stable indicators over the years in the range of 15.8 - 16, 2%, which is 3.5% higher than the 

standard. The variety is recommended for cultivation in Kyzylorda, North Kazakhstan, and 

Pavlodar regions. 
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A ï spring barley variety Syr Aruy 

 
ɹ ï A ï spring barley variety Inkar 

 
ɺ ï A ï spring barley variety Kaisar 

 
ɻ ï A ï spring barley variety Shakhristan 

 
ɼ ï A ï spring barley variety Altyn arai 

 
General view of barley breeding nurseries, research 

and production station of LLP "Kazakh Research 

Institute of Rice Growing named after I. Zhakhaev" 

 

 

Figure 1. Breeding achievements of the Kazakh Research  

Institute of Rice named after I. Zhakhaev 
 

 

At this stage, 20 varieties are being studied in the competitive nursery in comparison with 

the zoned variety of Syr Aruy. During the tillering and wax ripeness, a field assessment and 

rejection were carried out. The varieties were evaluated according to their general condition and 
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disease damage. All samples were removed and evaluated in the laboratory. According to the 

results of a comprehensive assessment, sample 164/99-4L was selected, which had a significant 

increase in yield, and two numbers were distinguished, which are shown in table 2 and figure 2. 
 

Table 2 ï Characteristics of the allocated numbers in the competitive variety testing, 2021-

2022. 
 

Signs and properties ʉʳʨ ɸʨʫʳ-

ʩʪʘʥʜʘʨʪ 

164/99-4L 9/06-54ʂ 11/09-1ʂ ʅʉʈ05 

Period before earing, days 48 46 42 50 1,13 

Growing season, days 70 72 75 80 1,08 

Field germination, % 75,1 79,4 78,5 80,1 1,21 

Plant height, cm 70,8 76,0 80,2 80,2 1,12 

Length of the last internode, cm 15,5 17,5 19,4 20,5 1,05 

Ear length, cm 7,0 7,5 7,2 7,2 0,12 

Number of grains in an ear, pcs. 20,5 24,5 42,5 22,2 1,09 

Number of productive stems per 1 m2 335 400 330 360 1,95 

Weight of 1000 grains, g 40,8 42,0 39,8 41,7 0,2 

Grain weight per ear, g 0,83 1,03 1,53 0,93 0,17 

Yield, kg/ha 12,0 17,5 18,2 17,3 1,22 

The area of the flag sheet, cm 2,56 2,75 3,48 2,68 0,23 

Resistance to: lodging 9 9 9 9 - 

atmospheric drought 9 9 9 9 - 

root rot 1 1 1 1 - 

hard smut 1 1 1 1 - 

Protein content, %  14,0 15,0 14,5 14,0 - 

Starch content, % 67,5 65,9 67,2 67,0 - 
 

 

The distinctive features of the selected samples are their early maturation in combination 

with high productivity on saline soils, due to high field germination of at least 80%, the intensity 

of growth at the initial stages of ontogenesis, the duration of the "tillering ï tubing" period of 22-

26 days, resistance to atmospheric drought, salinization and to late spring frosts. 

 

  

a) manual sowing of varieties in a competitive 

nursery (plot area of 20 m
2
) 

b) perspective number 164/99-4L 

Figure 2. Nursery of competitive variety testing 
 

 

Thus, carrying out theoretical studies based on laboratory methods with confirmation by 

field tests made it possible to create new adaptive varieties of local selection, which, in 

conditions of salinity, moisture deficiency, nutrients, and low spring temperatures, show better 

results in comparison with varieties previously released in the Kyzylorda region, for due to more 
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efficient use of the bioclimatic potential of the Aral Sea region. The early maturity of new 

varieties of barley determines the expediency of expanding their sown areas in the northern 

regions of Kazakhstan, in addition, their high-stress resistance to abiotic factors increases their 

competitiveness in the context of the approaching global warming. This is evidenced by the 

results of ecological variety testing of these varieties in the Pavlodar and North Kazakhstan 

regions of Kazakhstan. 

The introduction of new adaptive varieties of fodder crops will ensure an increase in yield 

by 5-10 c/ha or more, for example, innovative varieties of locally bred barley have a high protein 

content in grain of at least 15.0% (foreign varieties form no more than 11.0% of protein ), which 

will increase the yield of feed protein per unit area. At the same time, economic efficiency per 

hectare with a minimum yield increase of 5 centners per hectare will be at least 40,000 tenge. At 

the same time, their invaluable role in the conditions of the growing shortage of water resources 

should be emphasized. Thus, due to the ability of diversification crops to conserve moisture in 

arid conditions, using the natural moisture of the soil after rice, they are able to form a high yield 

without single irrigation, which helps save 6000 m3 of water per hectare. 

Thus, the introduction of salt- and drought-resistant barley varieties into production, which 

has agronomic resistance to environmental stress factors, will have a positive environmental and 

economic effect on the production of grain fodder in environmentally unfavorable conditions in 

Kazakhstan. 
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 רɸʈʇɸ ʉɽʃɽʂʎʀʗʉʓʅʓ פɼɸʁʓʅɼɸ ɾɸɿɼʓנʓɿʓʃʆʈɼɸ ʆɹʃʓʉʓ ɾɸפ

ʅᴄʊʀɾɽʃɽʈɯ 

 

ʊʦʭʝʪʦʚʘ ʃ.ɸ.
1
, ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ סʳʣʳʤʜʘʨʳʥʳש ʜʦʢʪʦʨʳ, ʧʨʦʬʝʩʩʦʨ 

ʉʘʚʠʥ ʊ.ɺ.
2
, ʙʠʦʣʦʛʠʷ rס ʣʳʤʜʘʨʳʥʳש ʢʘʥʜʠʜʘʪʳ 

ɼʝʤʝʩʥ̔ʦʚʘɸ.ɸ.
1
, PhD 

ɹʘʡʪʘʥʘʪʦʚʘ ɸ.ʂ.
1
. 

ᴆʤʽʨʪʘʡ ɹ.פ.
1
. 

 
1
ʓ.ɾʘϨʘʝʚ ʘʪʳʥʜʘϤʳ ϧʘʟʘϨ ʢϮʨʽʰ ʰʘʨʫʘʰʳʣʳϤʳ Ϥʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʠʥʩʪʠʪʫʪʳ, 

ϧʳʟʳʣʦʨʜʘ Ϩ., ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ 
2
ʉ. ʉʝʡʬʫʣʣʠʥ ʘʪʳʥʜʘϤʳ ϧʘʟʘϨ ʘʛʨʦʪʝʭʥʠʢʘʣʳϨ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʩʪʘʥʘ Ϩ., ϧʘʟʘϨʩʪʘʥ 

ʈʝʩʧʫʙʣʠʢʘʩʳ 

 

ɸשʜʘʪʧʘ. ɸʫʜʘʥʜʘʩʪʳʨʳʣסʘʥ ʩʦʨʪʪʘʨ ʤʝʥ ʞʝʨʛʽʣʽʢʪʽ ʩʝʣʝʢʮʠʷ װʣʛʽʣʝʨʜʽש ʤʦʨʬʦ-

ʙʠʦʣʦʛʠʷʣʳץ ʙʝʣʛʽʣʝʨʜʽש ʩʢʨʠʥʠʥʛʽ ʥʝʛʽʟʽʥʜʝ, ɸʨʘʣ ᴇשʽʨʽʥʽש ʪʦʧʳʨʘץ-ʢʣʠʤʘʪʪʳץ ʞʘסʜʘʡʣʘʨʳʥʳש 

ʤʦʥʠʪʦʨʠʥʛʽ ʙʦʡʳʥʰʘ ʞᴅʥʝ ʩʝʣʝʢʮʠʷʣʳץ-ʛʝʥʝʪʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨ ʢʝʰʝʥʽ ʤʝʥ ʧʨʘʢʪʠʢʘʣʳץ 

ʩʝʣʝʢʮʠʷʣʳץ ʞײʤʳʩʪʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ ʞʘʟʜʳץ ʘʨʧʘ ʩʦʨʪʳʥʳש ʤʦʜʝʣʽ ᴅʟʽʨʣʝʥʜʽ. ɹײʣ ʤʦʜʝʣʴʜʽש 

ʥʝʛʽʟʽ  ʪײʟʜʳʣʳץץʘ, ײץʨסʘץʰʳʣʳץץʘ ʪᴇʟʽʤʜʽ ʝʨʪʝ ʧʽʩʝʪʽʥ ʩʦʨʪʪʘʨʜʳ ײץʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ, ʦʣʘʨʜʳש 

ʨʝʧʨʦʜʫʢʪʠʚʪʽ ʦʨʛʘʥʜʘʨʳ ץʘʣʳʧʪʘʩʪʳʨʫʳ ʞʘʟסʳ ʢʝʟʝשʥʽײץ שʨסʘץʰʳʣʳסʳ ʙʘʩʪʘʣסʘʥסʘ ʜʝʡʽʥ 

ʘʷץʪʘʣʘʜʳ. ɿʝʨʪʪʝʫ ʤʘץʩʘʪʳ ï ʞʝʤʜʽʢ ʜʘץʳʣʜʘʨ ᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ, פʘʟʘץʩʪʘʥʥʳש ʵʢʦʣʦʛʠʷʣʳץ 

 ,ʨʘ ʘʣʘʪʳʥײʘʨʩʳ ʪץ ʜʘʡʳʥʜʘ ᴇʩʽʧ, ᴇʥʽʤʜʽʣʽʛʽ ʤʝʥ ʜᴅʥ ʩʘʧʘʩʳ ʙʦʡʳʥʰʘ ʙᴅʩʝʢʝʣʝʩʪʽʢʢʝסʦʣʘʡʩʳʟ ʞʘץ

ʩʪʨʝʩʩʪʽʢ ʞʘסʜʘʡסʘ ʪᴇʟʽʤʜʽ ʞʝʤʜʽʢ ʙʘסʳʪʪʘסʳ ʘʨʧʘʥʳש ʞʘשʘ ʩʦʨʪʪʘʨʳʥ ʰʳסʘʨʫ ʘʨץʳʣʳ ʨʳʥʦʢץʘ 

ʞʘשʘ סʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ᴇʥʽʤ ʙʝʨʫ. ʉʝʣʝʢʮʠʷʣʳץ-ʧʨʘʢʪʠʢʘʣʳץ ʞײʤʳʩʪʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʉʳʨ 

ɸʨʫʳ, ʀʥʢʘʨ, פʘʡʩʘʨ, ʐʘʭʨʠʩʪʘʥ, ɸʣʪʳʥ ʘʨʘʡ ʩʠʷץʪʳ ʞʘʟʜʳץ ʘʨʧʘʥʳש ʙʝʩ ʞʘשʘ ʩʦʨʪʳ 

ʰʳסʘʨʳʣʜʳ. ʆʣʘʨ פʈ ʉʝʣʝʢʮʠʷʣʳץ ʞʝʪʽʩʪʽʢʪʝʨʜʽש ʤʝʤʣʝʢʝʪʪʽʢ ʪʽʟʽʣʽʤʽʥʝ ʝʥʛʽʟʽʣʽʧ, ʧʘʪʝʥʪʪʝʨ 

ʘʣʳʥʜʳ. 

ʂʽʣʪʪʽʢ ʩϺʟʜʝʨ:ʩʝʣʝʢʮʠʷ, ʩʦʨʪ, ʪײʟʜʘʥʫ, ʙʝʡʽʤʜʝʣʫ, ʘץʫʳʟ, ʝʨʪʝ ʧʽʩʫ 

 

ʈɽɿʋʃʔʊɸʊʓ ʉɽʃɽʂʎʀʀ ʗʈʆɺʆɻʆ ʗʏʄɽʅʗ ɺ ʋʉʃʆɺʀʗʍ 

ʂʓɿʓʃʆʈɼʀʅʉʂʆʁ ʆɹʃɸʉʊʀ 

 

ʊʦʭʝʪʦʚʘ ʃ.ɸ.
1
, ʜʦʢʪʦʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʉʘʚʠʥ ʊ.ɺ.
2
, ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 
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ɼʝʤʝʩʠʥʦʚʘɸ.ɸ.
1
, PhD 

ɹʘʡʪʘʥʘʪʦʚʘ ɸ.ʂ.
1
. 

ʋʤʠʨʪʘʡ ɹ.ʂ.
1
. 

 
1
ʂʘʟʘʭʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʨʠʩʦʚʦʜʩʪʚʘ ʠʤ.ʀ.ɾʘʭʘʝʚʘ, 

ʛ.ʂʳʟʳʣʦʨʜʘ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 
2
ʂʘʟʘʭʩʢʠʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʉ. ʉʝʡʬʫʣʣʠʥʘ, ʛ. ɸʩʪʘʥʘ,  

ʈʝʩʧʫʙʣʠʢʘʂʘʟʘʭʩʪʘʥ 

  

ɸʥʥʦʪʘʮʠʷ. ʄʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʨʝʛʠʦʥʘ ʇʨʠʘʨʘʣʴʷ, ʥʘ ʦʩʥʦʚʝ ʩʢʨʠʥʠʥʛʘ ʤʦʨʬʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʚ ʨʘʟʨʝʟʝ  

ʨʘʡʦʥʠʨʦʚʘʥʥʳʭ ʩʦʨʪʦʚ ʠ ʦʙʨʘʟʮʦʚ ʤʝʩʪʥʦʡ ʩʝʣʝʢʮʠʠ, ʩ ʫʯʝʪʦʤ ʢʦʤʧʣʝʢʩʘ ʩʝʣʝʢʮʠʦʥʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʝʣʝʢʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ  ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʩʦʨʪʘ 

ʷʨʦʚʦʛʦ ʷʯʤʝʥʷ. ʂʣʶʯʝʚʦʡ ʦʩʥʦʚʦʡ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʩʦʟʜʘʥʠʝ ʩʢʦʨʦʩʧʝʣʳʭ ʩʦʨʪʦʚ ʩ ʚʳʩʦʢʦʡ ʩʦʣʝ-, ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʫ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʦʨʛʘʥʦʚ ʟʘʚʝʨʰʘʝʪʩʷ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʟʘʩʫʭʠ ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ï ʧʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʟʝʨʥʦʬʫʨʘʞʥʳʭ ʢʫʣʴʪʫʨ, ʚʳʚʦʜ ʥʘ ʨʳʥʦʢ ʥʦʚʦʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʢ ʩʪʨʝʩʩʦʚʳʤ ʬʘʢʪʦʨʘʤ ʩʨʝʜʳ ʩʦʨʪʦʚ ʷʯʤʝʥʷ 

ʢʦʨʤʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʢʘʯʝʩʪʚʫ ʟʝʨʥʘ ʧʨʠ 

ʚʦʟʜʝʣʳʚʘʥʠʠ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʂʘʟʘʭʩʪʘʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʝʣʝʢʮʠʦʥʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʩʦʟʜʘʥʦ ʧʷʪʴ ʥʦʚʳʭ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʩʪʨʝʩʩʦʚʳʤ ʫʩʣʦʚʠʷʤ ʩʦʨʪʘ ʷʨʦʚʦʛʦ 

ʷʯʤʝʥʷ: ʉʳʨ ɸʨʫʳ, ʀʥʢʘʨ, ʂʘʡʩʘʨ, ʐʘʭʨʠʩʪʘʥ, ɸʣʪʳʥ ʘʨʘʡ, ʩʦʯʝʪʘʶʱʠʝ ʢoʤʧʣeʢc ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʠ ʮʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʉʦʨʪʘ ʚʥʝʩʝʥʳ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ 

ʩʝʣʝʢʮʠʦʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʈʂ, ʧʦʣʫʯʝʥʳ ʧʘʪʝʥʪʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʣʝʢʮʠʷ, ʩʦʨʪ, ʟʘʩʦʣʝʥʠʝ, ʘʜʘʧʪʠʚʥʦʩʪʴ, ʧʨʦʪʝʠʥ, ʩʢʦʨʦʩʧʝʣʦʩʪʴ. 
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ʇʈʆɼʋʂʊʀɺʅʆʉʊʔ ʆɿʀʄʆʁ ʇʐɽʅʀʎʓ ɺ ɿɸɺʀʉʀʄʆʉʊʀ ʆʊ 

ʇʈʀʄɽʅɽʅʀʗ ʋɼʆɹʈɽʅʀʁ ɺ ɿʆʅɽ ʆɹɽʉʇɽʏɽʅʅʆʁ ɹʆɻɸʈʓ ʖɾʅʆɻʆ 
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1
ʊʆʆ çʖʛʦ-ɿʘʧʘʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘè, ʛ.ʐʳʤʢʝʥʪ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 
2
ʊʫʨʢʝʩʪʘʥʩʢʠʡ ʚʳʩʰʠʡ ʤʥʦʛʦʧʨʦʬʠʣʴʥʳʡ ʘʛʨʘʨʥʳʡ ʢʦʣʣʝʜʞ,ʛ.ʊʫʨʢʝʩʪʘʥ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʄʥʦʛʦʣʝʪʥʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʯʝʥʳʭ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʣʠʤʠʪʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʨʝʛʫʣʠʨʫʱʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ 

ʧʦʯʚʝ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ. ɺʦʟʜʝʣʳʚʘʥʠʝ ʠʥʪʝʥʩʠʚʥʳʭ ʩʦʨʪʦʚ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ 

ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʠʱʠ ʠ ʧʨʠ ʠʭ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʩʦʩʪʦʷʥʠʠ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʚʳʩʦʢʠʡ ʫʨʦʞʘʡ. 

ʇʦʵʪʦʤʫ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʝʤʦʚ ʧʨʠʤʝʥʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʧʨʠ ʥʫʣʝʚʦʡ ʦʙʨʘʙʦʪʢʝ ʦʟʠʤʦʡ 

ʧʰʝʥʠʮʳ ʚ ʫʩʣʦʚʠʷʭ ʙʦʛʘʨʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʧʨʠ ʜʝʬʠʮʠʪʝ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ ʩ ʚʳʙʦʨʦʤ ʥʘʠʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʥʦʨʤ ʩʪʠʤʫʣʷʪʦʨʦʚ ʨʦʩʪʘ, ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʚ 

ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʠʟʫʯʝʥʠʠ ʩ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʤʠ ʥʦʨʤʘʤʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʩ 

ʠʩʧʳʪʘʥʠʝʤ ʩʠʩʪʝʤʥʳʭ ʛʝʨʙʠʮʠʜʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʥʘʫʢʠ ʠ 

ʠʤʝʶʪ ʚʘʞʥʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ. 

ʊʘʢ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʚʫʭʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ 

ʫʨʦʞʘʠ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʥʘ ʫʨʦʚʥʝ 15,8 ʮ/ʛʘ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ 

ʩʪʠʤʫʣʷʪʦʨʦʤ ʨʦʩʪʘ ɺʳʤʧʝʣ - 0,5 ʣ/ʪ ʠ ʩ ʤʠʢʨʦʫʜʦʙʨʝʥʠʝʤ  ʆʨʘʢʫʣ ʩʝʤʝʥʘ 1,0 ʣ/ʪ ʚ ʤʦʤʝʥʪ 

ʧʨʦʪʨʘʚʣʠʚʘʥʠʷ ʬʫʥʛʠʮʠʜʦʤ  ɹʫʥʢʝʨ ʚ ʥʦʨʤʝ 0,4 ʣ/ʪ, ʧʨʠ ʨʘʥʥʝʚʝʩʝʥʥʝʡ ʦʙʨʘʙʦʪʢʠ ʧʦʩʝʚʦʚ ʚ ʬʘʟʝ 

ʢʫʱʝʥʠʷ ʩʦ ʩʪʠʤʫʣʷʪʦʨʦʤ ʨʦʩʪʘ ɺʳʤʧʝʣ - 0,5 ʣ/ʛʘ, ʤʠʢʨʦʫʜʦʙʨʝʥʠʝʤ ʆʨʘʢʫʣ ʤʫʣʴʪʠʢʦʤʧʣʝʢʩ ï 

2,0 ʣ/ʛʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʧʦʚʳʰʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʨʥʘ ʥʘ 7,0 ʮ/ʛʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʴʥʳʤ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʦʧʳʪʘ. ɺʧʦʣʥʝ ʭʦʨʦʰʠʡ ʫʨʦʞʘʡ ʟʝʨʥʘ 18,4 ʮ/ʛʘ ʟʘ ʜʚʘ 

ʛʦʜʘ ʦʙʝʩʧʝʯʠʚʘʣʠʩʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ ʚʳʰʝʥʘʟʚʘʥʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʠ ʜʚʫʭʢʨʘʪʥʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʧʦʩʝʚʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʬʘʟʝ ʨʘʥʥʝʚʝʩʝʥʥʦʛʦ ʢʫʱʝʥʠʷ ʩ ʦʙʨʘʙʦʪʢʦʡ ʧʦʩʝʚʦʚ 

ʛʝʨʙʠʮʠʜʦʤ çɹʘʣʝʨʠʥʘè 0,5 ʣ/ʛʘ ʠ ʚ ʬʘʟʝ ʬʣʘʛʦʚʦʛʦ ʣʠʩʪʘ ʩʪʠʤʫʣʷʪʦʨʦʤ ʨʦʩʪʘ ɺʳʤʧʝʣ ï 0,5 ʣ/ʛʘ ʠ 

ʤʠʢʨʦʫʜʦʙʨʝʥʠʷʤ ʆʨʘʢʫʣ ʤʫʣʴʪʠʢʦʤʧʣʝʢʩ ʚ ʥʦʨʤʝ 2,0 ʣ/ʛʘ  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʤʠ ʨʘʩʭʦʜʘ 

ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ 250 ʣ/ʛʘ ʩʦʛʣʘʩʥʦ ʩʭʝʤʳ ʦʧʳʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʟʠʤʘʷ ʧʰʝʥʠʮʘ, ʥʫʣʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʩʪʠʤʫʣʷʪʦʨ ʨʦʩʪʘ, ʙʠʦʫʜʦʙʨʝʥʠʷ, 

ʤʠʢʨʦʫʜʦʙʨʝʥʠʷ, ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʟʘʩʦʨʝʥʥʦʩʪʴ, ʧʨʦʜʫʢʪʠʚʥʘʷ ʚʣʘʛʘ. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʥʦʚʳʭ ʬʦʨʤʘʭ ʘʛʨʦʬʦʨʤʠʨʦʚʘʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʤʝʣʢʠʭ ʠ ʩʨʝʜʥʠʭ 

ʢʨʝʩʪʴʷʥʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ, ʚʚʠʜʫ ʦʙʲʝʢʪʠʚʥʳʭ ʠ ʩʫʙʲʝʢʪʠʚʥʳʭ ʧʨʠʯʠʥ ʦʙʳʯʥʘʷ ʨʝʢʦʤʝʥ-

ʜʫʝʤʘʷ ʘʛʨʦʪʝʭʥʦʣʦʛʠʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʥʝ ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʧʦ 

ʧʨʠʯʠʥʝ ʩʣʘʙʦʡ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʘʱʝʥʥʦʩʪʠ. ʇʦʵʪʦʤʫ, ʧʦ ʚʝʣʝʥʠʶ ʚʨʝʤʝʥʠ ʠ 

ʩʣʦʞʠʚʰʠʤʩʷ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤ ʚ ʘʛʨʘʨʥʦʤ ʩʝʢʪʦʨʝ ʵʢʦʥʦʤʠʢʠ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʩʤʦʪʨʝʪʴ 

ʩʠʩʪʝʤʫ ʟʝʤʣʝʜʝʣʠʷ ʩ ʤʠʥʠʤʘʣʠʟʘʮʠʝʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʜʦ No-Till  ʪʝʭʥʦʣʦʛʠʡ. 

ɺ ʫʩʣʦʚʠʷʭ ʶʛʘ ʂʘʟʘʭʩʪʘʥʘ ʦʩʥʦʚʥʳʤ ʣʠʤʠʪʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ  ʢʫʣʴʪʫʨ ʷʚʣʷʝʪʩʷ ʧʦʯʚʝʥʥʘʷ ʚʣʘʛʘ, ʪʘʢ ʢʘʢ ʟʘ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ 
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ʚʳʧʘʜʘʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʘ ʠʤʝʶʱʠʡʩʷ ʚ ʧʦʯʚʝ ʟʘʧʘʩ 

ʚʣʘʛʠ ʟʘ ʩʯʝʪ ʦʩʝʥʥʝ-ʟʠʤʥʠʭ ʦʩʘʜʢʦʚ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʴ ʢʫʣʴʪʫʨ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʣʠʤʠʪʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʨʝʛʫʣʠʨʫʱʠʭ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʧʦʯʚʝ ʵʣʝʤʝʥʪʦʤ ʧʠʪʘʥʠʷ 

ʨʘʩʪʝʥʠʡ. ɺʦʟʜʝʣʳʚʘʥʠʝ ʠʥʪʝʥʩʠʚʥʳʭ ʩʦʨʪʦʚ ʟʝʨʥʦʚʳʭ ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʫʩʣʦʚʠʷʤ ʧʠʪʘʥʠʷ ʠ ʪʦʣʴʢʦ ʧʨʠ ʧʦʣʥʦʤ  ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ 

ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚ ʩʦʩʪʦʷʥʠʠ ʬʦʨʤʠʨʦʚʘʪʴ ʚʳʩʦʢʠʝ ʫʨʦʞʘʠ.  

ɻʣʦʙʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʚ ʩʪʦʨʦʥʫ ʧʦʪʝʧʣʝʥʠʷ ʠ ʯʘʩʪʳʝ ʧʨʠʨʦʜʥʳʝ 

ʘʥʦʤʘʣʠʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʘʩʪʘʚʣʷʶʪ ʟʘʜʫʤʘʪʴʩʷ ʚʩʝʤʫ ʯʝʣʦʚʝʯʝʩʪʚʫ ʦ ʩʦʭʨʘʥʝʥʠʠ 

ʵʢʦʣʦʛʠʠ ʠ ʧʦʯʚ. ʋʯʝʥʳʤʠ ʤʠʨʦʚʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʧʨʦʙʣʝʤʳ ʩʦʭʨʘʥʝʥʠʷ ʧʦʯʚʳ ʠ ʝʝ 

ʧʣʦʜʦʨʦʜʥʦʛʦ ʩʣʦʷ, ʘ ʪʘʢʞʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚ ʘʛʨʦʮʝʥʦʟʘʭ, ʟʘʩʪʘʚʣʷʶʪ ʠʩʢʘʪʴ 

ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʩʠʩʪʝʤʝ ʟʝʤʣʝʜʝʣʠʷ. ɺʝʜʴ ʚʩʝʤ ʠʟʚʝʩʪʥʦ, ʛʜʝ ʜʝʚʩʪʚʝʥʥʘʷ ʧʨʠʨʦʜʘ, 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʩʦʭʨʘʥʠʣʠʩʴ, ʜʘʞʝ ʝʩʪʴ ʪʝʥʜʝʥʮʠʷ ʫʣʫʯʰʝʥʠʷ ʠʭ 

ʧʦʣʝʟʥʦʛʦ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʙʦʣʝʝ ʪʦʛʦ ʥʘ ʥʝʪʨʦʥʫʪʳʭ (ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ) ʟʝʤʣʷʭ 

ʧʦʚʳʰʘʝʪʩʷ ʧʣʦʜʦʨʦʜʠʝ ʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʛʨʘʜʘʮʠʷ ʧʦʯʚ. 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ɼ.ɺ. ʉʪʘʨʠʢʦʚʦʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʪʠʤʫʣʷʪʦʨʦʚ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ ʥʘ ʧʦʩʝʚʘʭ ʨʘʟʥʳʭ ʩʦʨʪʦʚ 

ʦʟʠʤʦʡ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ ʚʳʷʚʣʝʥʦ ʠʭ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʟʝʨʥʘ. ʅʘʠʙʦʣʴʰʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ  ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʦʤ  çʕʢʩʪʨʘʩʦʣè (8,02 ʪ/ʛʘ) ʠ ʤʠʢʨʦʫʜʦʙʨʝʥʠʝʤ 

çʅʫʪʨʠʚʘʥʪ ʧʣʶʩ ʩ ʘʤʠʥʦʢʘʪʦʤè (7,99 ʪ/ʛʘ), ʘ ʩʦʜʝʨʞʘʥʠʝ ʢʣʝʡʢʦʚʠʥʳ ʚ ʟʝʨʥʝ ʦʪʤʝʯʝʥʦ 

ʧʦʩʣʝ ʦʙʨʘʙʦʪʦʢ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʦʤ çʕʢʦʛʝʣʴè (28,29%) ʠ ʩʪʠʤʫʣʷʪʦʨʦʤ 

çʈʘʟʦʨʤʠʥè (28,05%) [1]. 

ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʩʪʠʤʫʣʷʪʦʨʘ ʨʦʩʪʘ ʥʘ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ ʚʳʷʚʣʝʥʦ ʚ 

ʦʧʳʪʘʭ ɸ.ʅ. ɹʦʥʜʘʨʝʥʢʦ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʫʜʦʙʨʝʥʠʷ ʄʘʩʪʝʨ ʠ ʘʥʪʠʩʪʨʝʩʩʦʚʦʛʦ 

ʩʪʠʤʫʣʷʪʦʨʘ ʨʦʩʪʘ ʄʝʛʘʬʦʣ (ɺ1) 5,3 ʪ/ʛʘ [2]. 

ʅʘʠʣʫʯʰʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʨʘʱʠʚʘʥʠʷ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʧʦʣʫʯʝʥʳ 

ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʙʠʦʫʜʦʙʨʝʥʠʷ çɸʛʨʦɺʝʨʤè, ʦʢʫʧʘʝʤʦʩʪʴ ʧʨʝʧʘʨʘʪʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 

162,5% [3]. 

ʄʠʨʦʚʘʷ ʪʝʥʜʝʥʮʠʷ ʩʥʠʞʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʧʝʩʪʠʮʠʜʦʚ ʠ 

ʚʳʨʘʱʠʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʧʨʦʜʫʢʮʠʠ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʧʨʠʚʝʣʘ ʢ ʰʠʨʦʢʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʙʠʦʧʨʝʧʘʨʘʪʦʚ. ɺ ʈʦʩʩʠʠ ʪʦʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʠ 

ʧʨʦʠʟʚʦʜʷʪʩʷ ʙʠʦʧʨʝʧʘʨʘʪʳ ʠ ʘʛʨʦʭʠʤʠʢʘʪʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʧʦʣʫʯʝʥʠʶ ʚʳʩʦʢʠʭ ʠ 

ʩʪʘʙʠʣʴʥʳʭ ʫʨʦʞʘʝʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʝʨʝʟʠʤʦʚʘʚʰʠʭ ʨʘʩʪʝʥʠʡ ʦʪʤʝʯʝʥʦ ʥʘ ʚʘʨʠʘʥʪʘʭ, ʛʜʝ ʦʙʨʘʙʦʪʘʣʠ ʩʝʤʝʥʘ 

ɺʠʪʘʚʘʢʩ+ɸʟʦʪʦʚʠʪ+ʌʦʩʬʦʪʦʚʠʪ ʠ ɸʟʦʪʦʚʠʪ+ʌʦʩʬʘʪʦʚʠʪ [4]. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʚʥʝʩʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʙʠʦʫʜʦʙʨʝʥʠʡ. ʊʘʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʧʘʨʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʠʪʘʥʠʝ 

ʨʘʩʪʝʥʠʡ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʛʦʜʳ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʚʥʝʩʝʥʠʝ 

ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʫʜʦʙʨʝʥʠʡ [5]. 

ʇʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʥʠʝ ʣʠʩʪʦʚʳʭ ʧʦʜʢʦʨʤʦʢ ʠ ʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʩʦʨʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʩʨʝʜʥʝʛʦ ʇʦʚʦʣʞʴʷ 

ʧʨʠʙʘʚʢʘ ʫʨʦʞʘʡʥʦʩʪʠ ʧʦ ʚʘʨʠʘʥʪʘʤ ʩʦʩʪʘʚʠʣʘ ʜʦ 2,8 ʮ/ʛʘ [6]. 

ɺʳʷʚʣʝʥʦ ʧʦʟʠʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʥʘ ʧʨʦʜʫʢʪʠʚʥʫʶ ʢʫʩʪʠʩʪʦʩʪʴ, 

ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʝʥ ʚ ʢʦʣʦʩʝ, ʤʘʩʩʫ ʟʝʨʝʥ ʩ ʢʦʣʦʩʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ. ʋʚʝʣʠʯʝʥʠʝ 

ʫʨʦʞʘʡʥʦʩʪʠ ʢʫʣʴʪʫʨʳ ʚ ʩʨʝʜʥʝʤ ʟʘ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʚʘʨʠʘʥʪʝ ʩ ʚʠʪʘʧʣʘʥʦʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʥʘ 0,3 ʪ/ʛʘ ʩ ʘʟʦʪʦʚʠʪʦʤ ʠ ʬʦʩʬʘʪʦʚʠʪʦʤ - 0,4 ʪ/ʛʘ [7]. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʮʝʥʦʟʘ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ 

ʦʪʤʝʯʝʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʘʟʦʪʦʚʠʪʘ ʠ ʬʦʩʬʘʪʦʚʠʪʘ - 2,39 
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ʤʣʥ. ʤ
2
 ʩʫʪʢʠ/ʛʘ ʠ ʠʭ ʩʦʯʝʪʘʥʠʠ ʩ ʘʢʚʘʤʠʢʩʦʤ ï 2,54 ʤʣʥ.ʤ

2 
ʩʫʪʢʠ/ʛʘ. ʏʠʩʪʘʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 6,37-7,63 ʛ/ʤ
2
 ʩʫʪʢʠ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ 

ʜʦ 9,11-9,89 ʛ/ʤ
2
 ʩʫʪʢʠ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʠ ʤʠʢʨʦʫʜʦʙʨʝʥʠʷ 

[8]. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʚʣʘʛʠ 

ʦʢʘʟʘʣʠʩʴ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʝʤʦʤ. ʇʦʚʳʰʝʥʠʝ ʫʨʦʞʘʷ ʟʝʨʥʘ 

ʷʯʤʝʥʷ ʩʦʨʪʘ çʄʠʭʘʡʣʦʚʩʢʠʡè ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʪʨʘʚʠʪʝʣʷ ʇʦʣʘʨʠʩ ʠ 

ʤʠʢʨʦʫʜʦʙʨʝʥʠʷ ʉʠʣʠʧʣʘʥʪ ʦʙʫʩʣʦʚʣʝʥʦ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʩʩʳ ʟʝʨʥʘ ʩ 

ʢʦʣʦʩʘ ʠ ʤʘʩʩʳ 1000 ʩʝʤʷʥ [9]. 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʯʚʳ ʦʢʘʟʳʚʘʝʪ ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʷ ʥʘ ʫʩʣʦʚʠʷ ʨʦʩʪʘ ʠ 

ʨʘʟʚʠʪʠʷ ʢʫʣʴʪʫʨʥʳʭ ʨʘʩʪʝʥʠʡ. ɹʣʘʛʦʜʘʨʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ ʦʥʘ ʧʨʠʦʙʨʝʪʘʝʪ ʩʚʦʡʩʪʚʦ 

ʞʠʚʦʡ ʩʠʩʪʝʤʳ [10]. 

ʇʦ ʚʳʨʘʞʝʥʠʶ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ çʧʦʯʚʘ ʧʨʦʧʠʪʘʥʘ ʞʠʟʥʴʶè. ʆʥʘ ʷʚʣʷʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʠʩʪʦʯʥʠʢʦʤ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ, ʥʦ ʠ ʨʝʛʫʣʷʪʦʨʦʤ ʬʠʟʠʯʝʩʢʠʭ, 

ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʝʝ ʩʚʦʡʩʪʚ [11,12]. 

ʇʦ ʫʪʚʝʨʞʜʝʥʠʶ ɸ.ɸ. ʄʥʘʪʩʘʢʘʥʷʥ, ʇ.ʇ. ʃʫʢʴʷʥʝʥʢʦ, ʄ.ʊ. ʄʫʭʠʥʘ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʥʦʩʠʪʴ ʤʠʢʨʦʫʜʦʙʨʝʥʠʝ ʄʕʈʉ ʤʘʨʢʠ ɹ, 

ʩʦʛʣʘʩʥʦ ʨʝʛʣʘʤʝʥʪʫ ʧʨʠʤʝʥʝʥʠʷ (ʦʙʨʘʙʦʪʢʘ ʧʦʩʝʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʜʦʟʝ 500 ʤʣ/ʪ ʩʝʤʷʥ, 

ʥʝʢʦʨʥʝʚʘʷ ʧʦʜʢʦʨʤʢʘ ï 600 ʤʣ/ʛʘ) [13]. 

ʇʦ ʜʘʥʥʳʤ ɸ.ʅ. ɺʦʣʢʦʚʘ ʫʨʦʞʘʡʥʦʩʪʴ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʘʜʠ-

ʮʠʦʥʥʦʡ, ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʥʫʣʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʳʣʠ ʚ ʦʜʥʦʤ ʫʨʦʚʥʝ ʩ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʨʘʜʠʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʣʝʡʢʦʚʠʥʳ ʥʘ ʫʨʦʚʥʝ 26% 

14]. 

ʇʦʩʪʦʷʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʷʤʦʛʦ ʧʦʩʝʚʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦ ʩʦʨʦ 

ʦʯʠʩʪʠʪʝʣʴʥʦʤʫ ʵʬʬʝʢʪʫ ʦʥʘ ʧʨʝʚʦʩʭʦʜʠʣʦ ʦʙʱʝʧʨʠʥʷʪʫʶ ʩʠʩʪʝʤʫ ʦʪʚʘʣʴʥʦʡ ʚʩʧʘʰʢʠ. ʉ 

ʧʨʠʤʝʥʝʥʠʝʤ ʛʝʨʙʠʮʠʜʦʚ ʦʪʤʝʯʘʣʦʩʴ ʵʬʬʝʢʪʠʚʥʦʝ ʚʳʜʝʣʝʥʠʝ ʘʣʢʦʣʦʠʜʦʚ, ʚʩʣʝʜʩʪʚʠʝ 

ʨʘʟʣʦʞʝʥʠʷ ʧʦʞʥʠʚʥʳʭ ʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʣʠ ʥʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ 

ʩʦʨʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʷʤ ʩʠʩʪʝʤʳ ʧʨʷʤʦʛʦ ʧʦʩʝʚʘ ʥʘʙʣʶʜʘʣʘʩʴ ʪʝʥʜʝʥʮʠʷ 

ʚ ʩʪʦʨʦʥʫ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʦʨʥʷʢʦʚ, ʯʝʤ ʙʦʣʴʰʝ ʙʳʣ ʩʨʦʢ ʝʝ ʧʨʠʤʝʥʝʥʠʷ, ʪʝʤ ʯʝʪʯʝ 

ʧʨʦʩʤʘʪʨʠʚʘʣʦʩʴ ʠʭ ʫʤʝʥʴʰʝʥʠʝ [15]. 

ʎʝʥʦʚʦʡ ʜʠʩʧʘʨʠʪʝʪ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʪʦʚʘʨʳ ʠ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʚʳʥʫʞʜʘʝʪ 

ʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʩʚʘʠʚʘʪʴ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʙʦʣʝʝ 40% ʵʥʝʨʛʦʟʘʪʨʘʪ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʙʨʘʙʦʪʢʫ ʧʦʯʚʳ. 

ʇʦʵʪʦʤʫ ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʥʘʧʨʘʚʣʝʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ ʵʪʦ ʟʚʝʥʦ ʩʠʩʪʝʤʳ 

ʟʝʤʣʝʜʝʣʠʷ. ʋʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʦʙʨʘʙʦʪʦʢ ʠ ʠʭ ʛʣʫʙʠʥʳ, ʦʪʢʘʟ ʦʪ ʚʩʧʘʰʢʠ ʩʚʦʜʠʪ ʚʩʶ 

ʪʝʭʥʦʣʦʛʠʶ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʦʜ ʢʫʣʴʪʫʨʫ ʢ ʜʚʫʤ-ʪʨʝʤ ʧʨʠʝʤʘʤ ʧʦʩʝʚʘ ï ʢ ʦʜʥʦʤʫ [16]. 

ʄʥʦʛʦʣʝʪʥʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʳʭ 

ʫʜʦʙʨʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʙʦʛʘʨʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʜʘʶʱʠʭ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʦʪ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʝʨʠʦʜ ʘʢʪʠʚʥʦʡ ʚʝʛʝʪʘʮʠʠ ʨʘʩʪʝʥʠʡ. ʊʘʢ, 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ɼ.ɸ.ʉʳʜʳʢʘ  ʠ ʄ.ɸ.ʉʳʜʳʢʦʚʘ ʚʳʷʚʣʝʥʳ, ʯʪʦ ʚ ʫʜʦʙʨʝʥʥʳʭ ʚʘʨʠʘʥʪʘʭ 

ʦʧʳʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʈ30N50 ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʟʝʨʥʘ ʚ ʟʘʩʫʰʣʠʚʳʝ 

ʛʦʜʳ ʚʦʟʨʦʩʣʘ ʥʘ 6,2 ʮ/ʛʘ, ʚ ʩʨʝʜʥʝ ʫʚʣʘʞʥʸʥʥʳʡ ʛʦʜ ʥʘ 9,1 ʮ/ʛʘ, ʚ ʫʚʣʘʞʥʝʥʥʳʝ - 12,7 

ʮ/ʛʘ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ ʉʝʟʘʤ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ ʚ ʟʘʩʫʰʣʠʚʳʡ ʛʦʜ 

ʚʦʟʨʦʩʣʘ ʥʘ 3,0 ʮ/ʛʘ, ʚ ʩʨʝʜʥʝʫʚʣʘʞʥʝʥʥʳʡ ʛʦʜ ï 7,0 ʮ/ʛʘ, ʚ ʫʚʣʘʞʥʝʥʥʳʡ ʛʦʜ ï 8,1 ʮ/ʛʘ, ʘ 

ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʠʢʨʦʙʠʦʫʜʦʙʨʝʥʠʡ ʄʕʈʉ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 3,6 ʮ/ʛʘ; 

7,7 ʮ/ʛʘ; ʠ ʥʘ 6,4 ʮ/ʛʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʫʜʦʙʨʝʥʥʳʤ ʢʦʥʪʨʦʣʴʥʳʤ 

ʚʘʨʠʘʥʪʦʤ ʦʧʳʪʘ [17]. ʇʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʤʠʥʝʨʘʣʴʥʳʭ ʠ ʤʠʢʨʦʙʠʦʫʜʦʙʨʝʥʠʡ ʦʢʘʟʘʣʠʩʴ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʠʝʤʘʤʠ 

ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʫʩʣʦʚʠʷʭ ʶʛʘ ʂʘʟʘʭʩʪʘʥʘ  [18]. 



19 

 

ʇʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʉ.ʊʫʨʝʙʘʝʚʦʡ, ʄ.ɸ. ʉʳʜʳʢʦʚʘ ʚ ʫʩʣʦʚʠʷʭ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 

ʩʝʨʦʟʝʤʘ ʚ ʦʙʝʩʧʝʯʝʥʥʦʡ ʙʦʛʘʨʝ ʶʞʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩ ʫʣʫʯʰʝʥʠʝʤ ʫʩʣʦʚʠʡ 

ʧʠʪʘʥʠʷ ʫʚʝʣʠʯʠʣʘʩʴ ʤʘʩʩʘ 1000 ʟʝʨʝʥ ʠ ʠʭ ʥʘʠʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ 37,5-37,2 ʛ ʧʦʣʫʯʝʥʘ ʥʘ 

ʬʦʥʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʈ45 N70 ʢʛ/ʛʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʩʠʚ ʧʦʢʘʟʘʪʝʣʴ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ (30,6-30,3 ʛ), ʟʘ ʛʦʜʳ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʠʤʫʣʷʪʦʨʘ ʨʦʩʪʘ ʠ ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ ʤʘʩʩʘ 1000 ʟʝʨʝʥ ʩʦʩʪʘʚʠʣʘ 35,1-34,6 

ʛ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʩʠʚ ʬʦʥ ʙʝʟ ʫʜʦʙʨʝʥʠʡ (ʢʦʥʪʨʦʣʴ) [19].  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʨʠ ʧʨʷʤʦʤ ʧʦʩʝʚʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʶʪ 

ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ, ʘ ʪʘʢʞʝ ʥʘ ʫʨʦʞʘʡʥʦʩʪʠ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʳʭ ʥʦʨʤ 

ʫʜʦʙʨʝʥʠʡ ʧʦʢʘʟʘʣ ʨʦʩʪ ʫʨʦʞʘʡʥʦʩʪʠ ʢʫʣʴʪʫʨ ʠ ʩʦʩʪʘʚʠʣ ʦʪ 4,5 ʮ/ʛʘ ʜʦ 24,1 ʮ/ʛʘ ʦʪ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ. ʅʘʠʚʳʩʰʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʧʦʣʫʯʝʥʘ ʚ ʥʦʨʤʝ P45N70, ʛʜʝ ʩʨʝʜʥʷʷ 

ʫʨʦʞʘʡʥʦʩʪʴ ʟʘ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʘ 36,3 ʮ/ʛʘ [20]. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ ʩʪʠʤʫʣʷʪʦʨʦʤ ʨʦʩʪʘ ɺʳʤʧʝʣ ʚ ʥʦʨʤʝ 0,5 ʣ/ʪ ʠ 

ʤʠʢʨʦʫʜʦʙʨʝʥʠʝʤ ʆʨʘʢʫʣ ʩʝʤʝʥʘ ʚ ʥʦʨʤʝ 1,0 ʣ/ʪ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʨʦʪʨʘʚʣʠʚʘʥʠʝʤ 

ʟʝʨʥʘ ɼʠʚʠʜʝʥʪ ʵʢʩʪʨʠʤ 115, ʪ.ʢ.ʩ. ʚ ʥʦʨʤʝ 0,5 ʣ/ʪ ʩ ʨʘʩʭʦʜʦʤ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ 10 ʣ/ʪ 

ʧʝʨʝʜ ʧʦʩʝʚʦʤ, ʦʩʝʥʥʷʷ ʣʠʩʪʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʩʝʚʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʬʘʟʝ ʢʫʱʝʥʠʷ 

ʩʪʠʤʫʣʷʪʦʨʦʤ ʨʦʩʪʘ ɺʳʤʧʝʣ - 0,5 ʣ/ʛʘ ʠ ʤʠʢʨʦʫʜʦʙʨʝʥʠʝʤ ʆʨʘʢʫʣ ʤʫʣʴʪʠʢʦʤʧʣʝʢʩ 2,0 

ʣ/ʛʘ, ʘ ʪʘʢʞʝ ʨʘʥʥʝʚʝʩʝʥʥʷʷ ʦʙʨʘʙʦʪʢʘ ʧʦʩʝʚʦʚ ʚ ʬʘʟʝ ʢʫʱʝʥʠʷ ʠ ʚ ʬʘʟʝ ʬʣʘʛʦʚʦʛʦ ʣʠʩʪʘ ʚ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʥʦʨʤʘʭ ʨʘʩʭʦʜʘ ʩʪʠʤʫʣʷʪʦʨʘ ʨʦʩʪʘ ʠ ʤʠʢʨʦʫʜʦʙʨʝʥʷʭ ʫʨʦʞʘʡ ʟʝʨʥʘ 

ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʩʨʝʜʥʝʤ ʟʘ ʜʚʘ ʛʦʜʘ ʩʦʩʪʘʚʠʣ 25,9 ʮ/ʛʘ ʠʣʠ ʚʦʟʨʦʩ ʚ 2,0 ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʫʜʦʙʨʝʥʥʳʤ ʢʦʥʪʨʦʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ [21]. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʄ.ʐ.ʉʫʣʝʡʤʝʥʦʚʘ, ʐ.ʆ.ɹʘʩʪʘʫʙʘʝʚʦʡ, ɸ.ʂ.ɹʘʡʤʫʨʘʪʦʚʘ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʙʦʛʘʨʳ ʶʛʦ-ʚʦʩʪʦʢʘ ʂʘʟʘʭʩʪʘʥʘ ʧʨʠʙʘʚʢʘ ʫʨʦʞʘʡʥʦʩʪʠ 

ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʦʪ ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʜʦʟʝ N30P60 ʧʦ ʩʦʨʪʫ çʂʘʨʘʩʘʡè 

ʩʦʩʪʘʚʠʣʘ 0,5-5,8 ʮ/ʛʘ ʠ ʧʦ ʩʦʨʪʫ çʊᴅʣʽʤʽ 80è ï 0,5-7,0 ʮ/ʛʘ, ʘ ʦʪ ʜʦʟʳ N60P60 ʧʦ ʩʦʨʪʫ 

çʂʘʨʘʩʘʡè ʩʦʩʪʘʚʠʣʘ 1,2-9,6 ʮ/ʛʘ ʠ ʧʦ ʩʦʨʪʫ çʊᴅʣʽʤʽ 80è ï 1,8-7,5 ʮ/ʛʘ [22]. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ɿʘʧʘʜʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʘʛʨʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʤʝʥʠ ɾʘʥʛʠʨ ʭʘʥʘ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʯʪʦ ʫʨʦʞʘʡʥʦʩʪʴ ʦʟʠʤʦʡ 

ʧʰʝʥʠʮʳ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʝʩʣʠ  ʚ  ʧʝʨʚʫʶ  ʧʦʣʦʚʠʥʫ  ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ  ʚʳʧʘʜʘʝʪ  

ʜʦʩʪʘʪʦʯʥʦʝ  ʢʦʣʠʯʝʩʪʚʦ  ʦʩʘʜʢʦʚ,  ʠ  ʥʘʦʙʦʨʦʪ,  ʚʳʩʦʢʘʷ  ʪʝʤʧʝʨʘʪʫʨʘ  ʚʦʟʜʫʭʘ  ʚ ʥʘʯʘʣʝ  

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ  ʧʝʨʠʦʜʘ  ʧʨʠʚʦʜʠʪ  ʢ  ʩʥʠʞʝʥʠʶ  ʫʨʦʞʘʡʥʦʩʪʠ.  ʅʘʩʪʫʧʣʝʥʠʝ ʤʦʨʦʟʦʚ ʙʝʟ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʥʠʞʘʝʪ ʫʨʦʞʘʡ [23]. 

ɹʦʛʘʨʥʦʝ ʟʝʤʣʝʜʝʣʠʝ ʧʨʠ ʙʝʨʝʞʥʦʤ ʠ ʫʤʝʣʦʤ ʦʪʥʦʰʝʥʠʠ ʨʘʩʢʨʳʚʘʝʪ ʩʚʦʠ ʜʦ ʩʠʭ 

ʧʦʨ ʥʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. ʇʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʩʦʭʨʘʥʝʥʠʷ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ ʙʝʟ ʚʥʝʩʝʥʠʷ ʚʨʝʜʘ, ʟʝʤʣʷ ʩʧʦʩʦʙʥʘ ʚʳʨʘʩʪʠʪʴ 

ʩʪʘʙʠʣʴʥʳʡ ʫʨʦʞʘʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʇʦʵʪʦʤʫ ʛʣʘʚʥʘʷ ʟʘʜʘʯʘ ʟʝʤʣʝʜʝʣʴʮʘ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʳʨʘʩʪʠʪʴ ʧʨʦʜʫʢʮʠʶ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ: ʥʝ ʥʘʨʫʰʘʷ ʧʨʠʨʦʜʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʩʧʦʩʦʙʦʚ, ʩʨʦʢʦʚ ʠ ʥʦʨʤ ʧʨʠʤʝʥʝʥʠʝ ʩʪʠʤʫʣʷʪʦʨʦʚ ʨʦʩʪʘ, ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ, 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʫʜʦʙʨʝʥʠʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʤʠ ʥʦʨʤʘʤʠ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʟʘʣʦʞʝʥʘ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʤ ʦʧʳʪʝ ʦʪʜʝʣʘ çʟʝʤʣʝʜʝʣʠʷ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘè ʖʛʦ-

ɿʘʧʘʜʥʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ 

(ʖɿʅʀʀɾʠʈ), ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʙʦʛʘʨʥʳʭ ʟʝʤʣʷʭ ʧ. ʊʘʩʩʘʡ, ʂʘʨʘʪʘʫʩʢʦʛʦ ʨʘʡʦʥʘ, 

ʛʦʨʦʜʘ ʐʳʤʢʝʥʪ, ʊʫʨʢʝʩʪʘʥʩʢʘʷ ʦʙʣʘʩʪʴ.  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ ʨʘʡʦʥʠʨʦʚʘʥʥʳʝ ʩʦʨʪʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ï 

ʉʪʝʢʣʦʚʠʜʥʘʷ-24. 

ʇʦʣʝʚʳʝ ʦʧʳʪʳ ʟʘʣʦʞʝʥʳ ʩ ʦʜʥʦʷʨʫʩʥʳʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʨʘʟʤʝʱʝʥʠʝʤ 

ʚʘʨʠʘʥʪʦʚ ʧʨʠ ʧʨʷʤʦʤ ʧʦʩʝʚʝ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ ʦʧʳʪʘ ʚ 4-ʢʨʘʪʥʦʡ 

ʧʦʚʪʦʨʥʦʩʪʠ ʥʘ ʦʙʱʝʡ ʧʣʦʱʘʜʠ 2 ʛʘ.  



20 

 

ʉʪʠʤʫʣʷʪʦʨ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ɺʳʤʧʝʣ - ʢʦʤʧʣʝʢʩʥʳʡ ʧʨʠʨʦʜʥʦ-ʩʠʥʪʝʪʠʯʝʩʢʠʡ 

ʧʨʝʧʘʨʘʪ ʢʦʥʪʘʢʪʥʦ-ʩʠʩʪʝʤʥʦʛʦ ʜʝʡʩʪʚʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʠ ʚʝʛʝʪʠʨʫʶʱʠʭ ʨʘʩʪʝʥʠʡ. 

ʆʨʘʢʫʣ ʤʫʣʴʪʠʢʦʤʧʣʝʢʩ ï ʫʥʠʢʘʣʴʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʞʠʜʢʦʝ ʤʠʢʨʦʫʜʦʙʨʝʥʠʝ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʧʦʣʝʚʳʭ, ʦʚʦʱʥʳʭ, ʜʝʢʦʨʘʪʠʚʥʳʭ ʢʫʣʴʪʫʨ, ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ, 

ʟʘʤʘʯʠʚʘʥʠʷ ʯʝʨʝʥʢʦʚ, ʯʫʙʫʢʦʚ, ʩʘʞʝʥʮʝʚ ʚʠʥʦʛʨʘʜʘ ʠ ʧʣʦʜʦʚʦ-ʷʛʦʜʥʳʭ ʢʫʣʴʪʫʨ ʩ ʮʝʣʴʶ 

ʠʭ ʫʢʦʨʝʥʝʥʠʷ. 

ʇʨʝʜʧʦʩʝʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʧʨʝʧʘʨʘʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʩʪʝʥʠʝ ʜʦʩʪʫʧʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʧʠʪʘʥʠʷ, ʥʘʯʠʥʘʷ ʦʪ ʩʘʤʳʭ ʨʘʥʥʠʭ ʬʘʟ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ. ʊʦʣʴʢʦ ʯʝʨʝʟ ʯʝʪʳʨʝ 

ʥʝʜʝʣʠ ʧʦʩʣʝ ʥʘʯʘʣʘ ʧʨʦʨʘʩʪʘʥʠʷ ʨʘʩʪʝʥʠʝ ʧʝʨʝʭʦʜʠʪ ʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʧʠʪʘʥʠʝ ʠʟ 

ʧʦʯʚʳ. ɺ ʥʘʯʘʣʝ ʨʘʟʚʠʪʠʷ ʩʝʤʝʥʘ ʥʫʞʜʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʪʨʦʠʪʝʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ ʚ ʚʠʜʝ 

ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, ʥʦ ʠ ʚ ʤʠʢʨʦʵʣʝʤʝʥʪʘʭ. ɹʣʘʛʦʜʘʨʷ ʧʨʠʩʫʪʩʪʚʠʶ ʜʦʩʪʫʧʥʳʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʚ ʩʝʤʝʥʘʭ ʧʦʣʝʚʳʭ ʢʫʣʴʪʫʨ ʤʘʢʩʠʤʘʣʴʥʦ ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ. 

ɹʠʦʫʜʦʙʨʝʥʠʝ ɹʠʦʙʘʨʩ-ʄ ʩ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ ʩʣʦʞʥʦ-ʩʤʝʰʘʥʥʦʝ (ʜʘʣʝʝ ɹʠʦʙʘʨʩ-

ʄ) ï ʩʦʟʜʘʥʦ ʥʘ ʦʩʥʦʚʝ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʠʪ 7 ʤʘʢʨʦ - (N, P, K, Ca, Mg, Fe, 

S) ʠ 9 ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʉu, Zn, Mo, Mn, B, Co, I, Si, Cl), ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʱʝʝ ʙʝʣʢʦʚʦ ï 

ʭʣʦʨʦʬʠʣʣʦ ï ʚʠʪʘʤʠʥʦ ï ʬʠʪʦʥʮʠʜʥʳʡ ʩʦʩʪʘʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʩʦʝʜʠʥʝʥʠʡ ʨʘʩʪʝʥʠʡ ï ʩʣʦʞʥʦʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʝ ʧʨʠʨʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʩʦʩʪʦʷʱʝʝ 

ʠʟ ʛʨʫʧʧʳ ʟʝʣʝʥʳʭ ʧʠʛʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʭʣʦʨʦʧʣʘʩʪʘʭ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʧʦʛʣʘʱʘʶʪ ʩʚʝʪ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʬʦʪʦʩʠʥʪʝʟʘ, ʘʣʴʬʘ ï ʘʤʠʥʦʢʠʩʣʦʪ, ʩʦʝʜʠʥʝʥʥʳʭ ʚ 

ʮʝʧʦʯʢʫ ʧʝʧʪʠʜʥʦʡ ʩʚʷʟʴʶ ʠ ʚʠʪʘʤʠʥʦʚ ʚʳʨʘʙʘʪʳʚʘʝʤʳʭ ʨʘʩʪʝʥʠʷʤʠ. ʄʘʢʨʦ - ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʩʣʫʞʠʪ ʜʣʷ ʧʠʪʘʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʦʯʚʳ ʠ ʨʘʩʪʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʤ 

ʚʳʩʦʢʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʬʝʥʦʣʦʛʠʠ ʨʘʩʪʝʥʠʡ, ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʢʫʣʴʪʫʨ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʩʦʨʪʦʠʩʧʳʪʘʥʠʷ ʩ.-ʭ. ʢʫʣʴʪʫʨ[24]. 

ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʠ ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʫʨʦʞʘʷ ʦʟʠʤʦʡ ʧʱʝʥʠʮʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʟʫʯʘʝʤʳʭ ʬʘʢʪʦʨʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʢʘʞʜʦʡ ʜʝʣʷʥʢʠ ʦʧʳʪʘ ʚ 4-ʭ ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ.  

ʋʯʝʪ ʟʘʩʦʨʝʥʥʦʩʪʠ ʧʦʩʝʚʦʚ ʦʟʠʤʦʡ ʧʱʝʥʠʮʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʦʨʪʦʠʩʧʳʪʘʥʠʷ ʩ.-ʭ. ʢʫʣʴʪʫʨ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ  

ʨʝʟʫʣʴʪʘʪʦʚ  ʠʩʩʣʝʜʦʚʘʥʠʡ  ʧʦ ʤʝʪʦʜʫ  ɹ.ɸ. ɼʦʩʧʝʭʦʚʘ[25]. 

ʇʦʣʝʚʳʝ ʦʧʳʪʳ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʩʪʠʤʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʠ ʫʜʦʙʨʝʥʠʡ ʧʨʠ No-Till  

ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʥʘ ʙʦʛʘʨʥʳʭ ʟʝʤʣʷʭ ʶʛʘ ʂʘʟʘʭʩʪʘʥʘ ʟʘʣʦʞʝʥʳ 

26.10.2020 ʛʦʜʫ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʤ ʫʯʘʩʪʢʝ ʦʪʜʝʣʘ ʟʝʤʣʝʜʝʣʠʷ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʖʛʦ-

ɿʘʧʘʜʥʦʛʦ ʅʀʀ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʥʘ ʧʣʦʱʘʜʠ 2 ʛʘ, ʘ ʪʘʢʞʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʝ ʩ ʧʨʦʚʝʨʢʦʡ ʦʪʜʝʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʟʘʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 

ʧʣʦʱʘʜʠ 30 ʛʝʢʪʘʨʦʚ ʚ ʇʂ çתʰ ʙʘʩʪʘʫè ʂʘʟʛʫʨʪʩʢʦʛʦ ʨʘʡʦʥʘ ʊʫʨʢʝʩʪʘʥʩʢʦʡ ʦʙʣʘʩʪʴ.    

ʇʝʨʝʜ ʧʦʩʝʚʦʤ ʩʝʤʝʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʩʦʨʪʘ çʉʪʝʢʣʦʚʠʜʥʘʷ 24è ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ 

ʧʨʦʪʨʘʚʠʪʝʣʝʤ ɹʫʥʢʝʨ ʚ ʥʦʨʤʝ 0,4 ʣ/ʪ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʙʨʘʙʦʪʢʦʡ ʩʝʤʷʥ ʩʪʠʤʫʣʷʪʦʨʦʤ 

ʨʦʩʪʘ ɺʳʤʧʝʣ - 0,5 ʣ/ʪ + ʤʠʢʨʦʫʜʦʙʨʝʥʠʝʤ ʆʨʘʢʫʣ ʩʝʤʝʥʘ - 1,0 ʣ/ʪ ʩʦʛʣʘʩʥʦ ʩʭʝʤʘ ʦʧʳʪʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʩʣʦʞʠʚʰʠʭʩʷ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʠʟ-ʟʘ 

ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʫʜʥʝʥʠʡ ʤʥʦʛʠʝ ʬʦʨʤʳ ʘʛʨʦʬʦʨʤʠʨʦʚʘʥʠʡ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʦʟʠʤʦʡ 

ʧʰʝʥʠʮʳ ʚ ʫʩʣʦʚʠʷʭ ʙʦʛʘʨʳ ʫʜʦʙʨʝʥʠʷ ʥʝ ʧʨʠʤʝʥʷʶʪ, ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʧʨʦʚʦʜʷʪ 

ʧʦʜʢʦʨʤʢʫ ʘʟʦʪʥʳʤʠ ʫʜʦʙʨʝʥʠʷʤʠ ʚ ʨʘʥʥʝʚʝʩʝʥʥʠʝ ʧʝʨʠʦʜʳ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ. ʅʝ 

ʫʯʠʪʳʚʘʶʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʢ ʵʣʝʤʝʥʪʘʤ ʧʠʪʘʥʠʷ ʠ ʠʭ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʳ, ʥʝ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʩʣʦʞʠʚʰʠʝʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ 

ʢʦʥʢʨʝʪʥʦʛʦ ʛʦʜʘ, ʧʦʵʪʦʤʫ ʧʦʣʫʯʘʶʪ ʦʯʝʥʴ ʥʠʟʢʫʶ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ ʩ ʧʣʦʭʠʤ 

ʢʘʯʝʩʪʚʦʤ. ʇʦʨʦʡ ʧʨʷʤʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʦʟʠʤʦʡ 

ʧʰʝʥʠʮʳ ʥʝ ʧʦʢʨʳʚʘʝʪʩʷ ʩʪʦʠʤʦʩʪʴʶ ʚʳʨʘʱʝʥʥʦʛʦ ʫʨʦʞʘʷ.  
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ʋʯʝʥʳʤʠ ʖʛʦ-ɿʘʧʘʜʥʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʟʫʯʝʥʳ ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʵʣʝʤʝʥʪʳ No-Tillʪʝʭʥʦʣʦʛʠʠ 

ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ. ʆʜʥʘʢʦ, ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʩʪʠʤʫʣʷʪʦʨʦʚ 

ʨʦʩʪʘ, ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ, ʙʠʦʫʜʦʙʨʝʥʠʡ ʧʨʠ ʥʫʣʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʭ ʚʦʟʜʝʣʳʚʘʥʠʶ ʜʦ ʩʠʭ 

ʧʦʨ ʥʝ ʠʟʫʯʝʥʳ. ʇʦʵʪʦʤʫ ʧʝʨʝʜ ʥʘʤʠ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʠʟʫʯʠʪʴ ʩʨʦʢʠ, ʥʦʨʤʳ ʠ ʢʨʘʪʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʠʤʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ɺʳʤʧʝʣ,ʤʠʢʨʦʫʜʦʙʨʝʥʠʝ ʆʨʘʢʫʣ ʠ ʙʠʦʫʜʦʙʨʝʥʠʝ 

ɹʠʦʙʘʨʩ-ʄ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʩ ʨʝʢʦʤʝʥʜʫʝʤʳʤʠ ʥʦʨʤʘʤʠ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ (P45 N70 ʢʛ/ʛʘ) ʠ ʨʘʩʯʝʪʥʳʭ ʥʦʨʤ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩ ʫʯʝʪʦʤ ʩʦʜʝʨʞʘʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ ʙʘʣʘʥʩʦʚʳʤ ʤʝʪʦʜʦʤ. 

ɺ ʩʣʦʞʠʚʰʠʭʩʷ ʧʦʛʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 2021 ʛʦʜʘ ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ 

ʩʪʠʤʫʣʷʪʦʨʦʤ ʨʦʩʪʘ ɺʳʤʧʝʣ - 0,5 ʣ/ʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʦʪʨʘʚʠʪʝʣʝʤ ʩʝʤʷʥ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ (8,7 

ʮ/ʛʘ), ʯʪʦ ʥʘ 1,9 ʮ/ʛʘ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʙʝʟ ʦʙʨʘʙʦʪʢʠ, ʘ 

ʩʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʪʠʤʫʣʷʪʦʨʦʤ ʨʦʩʪʘ ɺʳʤʧʝʣ  - 0,5 ʣ/ʪ + ʤʠʢʨʦʫʜʦʙʨʝʥʠʝ ʆʨʘʢʫʣ 

ʩʝʤʝʥʘ ʚ ʥʦʨʤʝ 1,0 ʣ/ʛʘ ʚ ʧʝʨʠʦʜ ʧʨʦʪʨʘʚʣʝʥʠʷ ʩ ʬʫʥʛʠʮʠʜʦʤ ɹʫʥʢʝʨ ʚ ʥʦʨʤʝ 0,4 ʣ/ʪ 

ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚʦʟʨʦʩʣʘ ʥʘ 2,6 ʮ/ʛʘ ʧʦ ʩʨʘʚʥʝʥʠʶ  ʩ ʢʦʥʪʨʦʣʴʥʳʤ, 

ʩʬʦʨʤʠʨʦʚʘʚ 9,4 ʮ/ʛʘ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʩ ʦʜʥʦʛʦ ʛʝʢʪʘʨʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʨʘʙʦʪʢʘ 

ʩʝʤʷʥ ʩʪʠʤʫʣʷʪʦʨʦʤ ʨʦʩʪʘ ʠ ʤʠʢʨʦʫʜʦʙʨʝʥʠʝʤ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʩʥʠʞʝʥʠʶ ʚʣʠʷʥʠʷ 

ʥʝʙʣʦʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʦʩʝʥʥʦʛʦ ʠ ʟʠʤʥʝʛʦ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʠ ʠ ʜʘʣʘ ʜʦʩʪʦʚʝʨʥʫʶ 

ʧʨʠʙʘʚʢʫ ʫʨʦʞʘʷ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʩʨʘʚʥʝʥʥʠʠ ʩ ʥʝʦʙʨʦʙʦʪʘʥʥʳʤ ʚʘʨʠʘʥʪʦʤ 

ʦʧʳʪʘ. 

ɺ ʩʣʦʞʠʚʰʠʭʩʷ ʫʩʣʦʚʠʷʭ ʟʘʩʫʭʠ 2021 ʛʦʜʘ ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ 

ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʥʘ ʫʨʦʚʥʝ 12,8 ʮ/ʛʘ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʩʝʤʷʥ ʩʪʠʤʫʣʷʪʦʨʦʤ ʨʦʩʪʘ ɺʳʤʧʝʣ - 0,5 ʣ/ʪ ʠ ʩ ʤʠʢʨʦʫʜʦʙʨʝʥʠʝʤ ʆʨʘʢʫʣ  ʩʝʤʝʥʘ 1,0 ʣ/ʪ ʚ 

ʤʦʤʝʥʪ ʧʨʦʪʨʘʚʣʠʚʘʥʠʷ ʬʫʥʛʠʮʠʜʦʤ  ɹʫʥʢʝʨ ʚ ʥʦʨʤʝ 0,4 ʣ/ʪ, ʧʨʠ ʨʘʥʥʝʚʝʩʝʥʝʡ ʦʙʨʘʙʦʪʢʝ 

ʧʦʩʝʚʦʚ ʚ ʬʘʟʝ ʢʫʱʝʥʠʷ ʩ  ʩʪʠʤʫʣʷʪʦʨʦʤ ʨʦʩʪʘ ɺʳʤʧʝʣ  - 0,5 ʣ/ʛʘ, ʤʠʢʨʦʫʜʦʙʨʝʥʠʝʤ  

ʆʨʘʢʫʣ  ʤʫʣʴʪʠʢʦʤʧʣʝʢʩ ï 2,0 ʣ/ʛʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʨʥʘ ʥʘ 6,0 

ʮ/ʛʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʦʧʳʪʘ.  

ɺʧʦʣʥʝ ʭʦʨʦʰʠʡ ʫʨʦʞʘʡ ʟʝʨʥʘ 14,6 ʮ/ʛʘ ʜʣʷ ʟʘʩʫʰʣʠʚʦʛʦ ʛʦʜʘ ʦʙʝʩʧʝʯʠʚʘʣʩʷ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʜʚʫʭʢʨʘʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʩʝʚʦʚ ʦʟʠʤʦʡ 

ʧʰʝʥʠʮʳ ʚ ʬʘʟʝ ʨʘʥʥʝʚʝʩʝʥʥʝʛʦ ʢʫʱʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʙʨʘʙʦʪʢʦʡ ʧʦʩʝʚʦʚ 

ʛʝʨʙʠʮʠʜʦʤ ɹʘʣʝʨʠʥʘ 0,5 ʣ/ʛʘ ʠ ʚ ʬʘʟʝ ʬʣʘʛʦʚʦʛʦ ʣʠʩʪʘ ʩʪʠʤʫʣʷʪʦʨʦʤ ʨʦʩʪʘ ɺʳʤʧʝʣ 0,5 

ʣ/ʛʘ ʠ ʤʠʢʨʦʫʜʦʙʨʝʥʠʝʤ ʆʨʘʢʫʣ ʤʫʣʴʪʠʢʦʤʧʣʝʢʩ ʚ ʥʦʨʤʝ 2,0 ʣ/ʛʘ  ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʥʦʨʤʘʤʠ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ 250 ʣ/ʛʘ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ ʦʧʳʪʦʚ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ ʙʠʦʫʜʦʙʨʝʥʠʝʤ  ɹʠʦʙʘʨʩ-ʄ ʚ ʥʦʨʤʝ 1,0 ʣ/ʪ ʜʘʣʠ ʜʦʩʪʦʚʝʨʥʫʶ 

ʧʨʠʙʘʚʢʫ ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤ 

ʚʘʨʠʘʥʪʦʤ ʦʧʳʪʘ, ʪʦ ʝʩʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ ʚʦʟʨʦʩʣʘ ʥʘ 1,6 ʮ/ʛʘ ʧʨʠ ʦʙʱʝʤ ʫʨʦʞʘʝ 8,4 

ʮ/ʛʘ. 

ɼʦʚʦʣʴʥʦ ʧʨʠʝʤʣʝʤʳʝ ʜʣʷ ʦʪʯʝʪʥʦʛʦ ʟʘʩʫʰʣʠʚʦʛʦ ʛʦʜʘ ʫʨʦʞʘʡʥʦʩʪʴ ʦʟʠʤʦʡ 

ʧʰʝʥʠʮʳ 10,8 ʮ/ʛʘ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʧʨʠ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ ʙʠʦʫʜʦʙʨʝʥʠʝʤ 

ɹʠʦʙʘʨʩ-ʄ ʧʨʠ ʥʦʨʤʝ ʨʘʩʭʦʜʘ 1,0 ʣ/ʪ ʚ ʙʘʢʦʚʦʡ ʩʤʝʩʠ ʩ ʧʨʦʪʨʘʚʠʪʝʣʝʤ ɹʫʥʢʝʨ - 0,4 ʣ/ʪ ʠ 

ʦʧʨʳʩʢʠʚʘʥʠʝʤ ʧʦʩʝʚʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʨʘʥʥʝʚʝʩʝʥʥʠʝ ʧʝʨʠʦʜʳ ʚ ʬʘʟʝ ʢʫʱʝʥʠʷ ʚ 

ʥʦʨʤʝ 0,5 ʣ/ʛʘ ʩʦʚʤʝʩʪʥʦ ʩ ʛʝʨʙʠʮʠʜʦʤ ɹʘʣʝʨʠʥʘ ï 0,5 ʣ/ʛʘ ʠ ʚ ʬʘʟʝ ʥʘʯʘʣʘ ʢʦʣʦʰʝʥʠʷ 

ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʙʠʦʫʜʦʙʨʝʥʠʝʤ ɹʠʦʙʘʨʩ ʄ ʚ ʥʦʨʤʝ 0,7 ʣ/ʛʘ.  ʇʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʫʭʦʜʝ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʙʠʦʫʜʦʙʨʝʥʠʡ ɹʠʦʙʘʨʩ-ʄ ʚʦʟʨʦʩʣʘ ʥʘ 4,0 ʮ/ʛʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤ 

ʢʦʥʪʨʦʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʦʧʳʪʘ.  

ʈʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʥʝʩʝʥʠʠ ʨʘʥʝʝ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ 

ʥʦʨʤ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʈ45N70 ʢʛ/ʛʘ ʧʨʠ  No-Till  ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʡ ʦʟʠʤʦʡ 

ʧʰʝʥʠʮʳ ʬʦʩʬʦʨʥʳʝ ʫʜʦʙʨʝʥʠʷ ʈ45 ʢʛ/ʛʘ ʚʥʦʩʠʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʩʝʚʦʤ ʙʨʘʟʠʣʴʩʢʦʡ 
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ʩʝʷʣʢʦʡ FANKHAUSER 2115 ʥʘ ʛʣʫʙʠʥʫ 10 ʩʤ, ʘ ʘʟʦʪʥʳʝ ʫʜʦʙʨʝʥʠʷ N70 ʢʛ/ʛʘ ʚ 

ʨʘʥʥʝʚʝʩʝʥʥʠʝ ʧʝʨʠʦʜʳ ʚ ʬʘʟʝ ʢʫʱʝʥʠʷ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʩ ʨʘʟʙʨʘʩʳʚʘʪʝʣʝʤ ʫʜʦʙʨʝʥʠʡ 

ʅʈʋ-0,3 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʙʦʨʦʥʦʚʘʥʠʝʤ ʧʦʩʝʚʦʚ ʦʟʠʤʳʭ ʟʝʨʥʦʚʳʭ. ʇʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʫʭʦʜʝ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʩʦʩʪʘʚʠʣʘ 15,0 ʮ/ʛʘ, ʧʨʝʚʳʩʠʚ ʥʘ 8,2 ʮ/ʛʘ 

ʥʝʫʜʦʙʨʝʥʥʳʡ ʚʘʨʠʘʥʪ ʦʧʳʪʘ. 

ʇʨʠ ʚʥʝʩʝʥʠʠ ʨʘʩʯʝʪʥʳʭ ʥʦʨʤ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ P20N60 ʥʘ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʡ 

ʫʨʦʞʘʡ ʟʝʨʥʘ 20,0 ʮ/ʛʘ ʧʦʢʘʟʘʪʝʣʴ ʬʘʢʪʠʯʝʩʢʦʡ ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ 

ʩʦʩʪʘʚʠʣʘ 15,6 ʮ/ʛʘ (ʪʘʙʣʠʮʘ 1).  

 
ʊʘʙʣʠʮʘ  1 ï ʋʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʧʨʠ çʥʦʣʝʚʦʡè ʪʝʭʥʦʣʦʛʠʡ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʫʜʦʙʨʝʥʠʡ (2021-2022 ʛʛ.) 

 

ɺʘʨʠʘʥʪʳ ʋʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ, 

ʮ/ʛʘ 

ʉʨʝʜʥʷʷ 

ʫʨʦʞʘʡʥʦʩʪʴ 

ʟʝʨʥʘ, ʮ/ʛʘ 

ʆʪʢʣʦʥʝʥʠʝ 

ʦʪ ʢʦʥʪʨʦʣʷ 

ʮ/ʛʘ 2021 ʛʦʜ 2022 ʛʦʜ 

1. ɹʝʟ ʫʜʦʙʨʝʥʠʡ - ʢʦʥʪʨʦʣʴ 6,8 10,8 8,8 - 

2. ʆʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʩʪʠʤʫʣʷʪʦʨʦʤ ʨʦʩʪʘ 

ɺʳʤʧʝʣ 0,5 ʣ/ʪ 

8,7 14,1 11,4 +2,6 

3. ʆʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʩʪʠʤʫʣʷʪʦʨʦʤ ʨʦʩʪʘ 

ɺʳʤʧʝʣ - 0,5 ʣ/ʪ ʠ ʤʠʢʨʦʫʜʦʙʝʥʠʝʤ 

ʆʨʘʢʫʣ ʩʝʤʝʥʘ  - 1,0 ʣ/ʪ 

9,4 15,8 12,6 +3,8 

4. ʈʘʥʥʝʚʝʩʝʥʥʷʷ ʦʙʨʘʙʦʪʢʘ ʧʦʩʝʚʦʚ ʚ 

ʬʘʟʝ ʢʫʱʝʥʠʷ ʦʟʠʤʦʡ ʧʱʝʥʠʮʳ ʩ 

ʧʨʝʧʘʨʘʪʘʤʠ ɺʳʤʧʝʣ - 0,5 ʣ/ʛʘ ʠ ʆʨʘʢʫʣ 

ʤʫʣʴʪʠʢʦʤʧʣʝʢʩ - 2,0 ʣ/ʛʘ 

12,8 18,8 15,8 +7,0 

5. ʈʘʥʥʝʚʝʩʝʥʥʷʷ  ʦʙʨʘʙʦʪʢʘ ʧʦʩʝʚʦʚ ʚ 

ʬʘʟʝ ʢʫʱʝʥʠʷ ʠ ʬʣʘʛʦʚʦ ʣʠʩʪʘ ʦʟʠʤʦʡ 

ʧʱʝʥʠʮʳ ʩ ʧʨʝʧʘʨʘʪʘʤʠ ɺʳʤʧʝʣ - 0,5 

ʣ/ʛʘ ʠ ʆʨʘʢʫʣ ʩʝʤʝʥʘ - 1,0 ʣ/ʛʘ 

14,6 22,1 18,4 +9,6 

6. ʆʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʙʠʦʫʜʦʙʨʝʥʠʷʤ 

ɹʠʦʙʘʨʩ-ʄ - 1,0 ʣ/ʪ  

8,4 14,6 11,5 +2,7 

7. ʈʘʥʥʝʚʝʩʝʥʥʷʷ ʦʙʨʘʙʦʪʢʘ ʚ ʬʘʟʝ 

ʢʫʱʝʥʠʷ ɹʠʦʙʘʨʩ-ʄ 0,5 ʣ/ʛʘ  

9,7 16,9 13,6 +4,8 

8. ʆʙʨʘʙʦʪʢʘ ʧʦʩʝʚʦʚ ʬʘʟʝ ʢʫʱʝʥʠʷ 

ɹʠʦʙʘʨʩ-ʄ 0,5 ʣ/ʛʘ ʠ ʚ ʬʘʟʝ ʢʦʣʦʰʝʥʠʷ 

0,7 ʣ/ʛʘ 

10,8 20,2 15,5 +6,7 

9. P45N70 15,0 28,3 21,7 +12,9 

10. ʈʘʩʯʝʪʥʘʷ ʥʦʨʤʘ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʥʘ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʡ ʫʨʦʞʘʡ 

ʟʝʨʥʘ P20 N60 

15,6 28,6 22,1 +13,3 

ʅʉʈ095 1,21  2,42   

 

 

ʅʘ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʨʘʩʯʝʪʥʳʝ ʥʦʨʤʳ ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ ʈ20 ʢʛ/ʛʘ ʚʥʦʩʠʣʠʩʴ ʧʨʠ 

ʧʦʩʝʚʝ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʨʘʟʠʣʴʩʢʦʡ ʩʝʷʣʢʠ   FANKHAUSER 2115 ʥʘ 

ʛʣʫʙʠʥʫ 10 ʩʤ ʠ ʨʘʥʥʝʚʝʩʝʥʥʷʷ ʧʦʜʢʦʨʤʢʘ ʘʟʦʪʥʳʤʠ ʫʜʦʙʨʝʥʠʷʤʠ N60 ʢʛ/ʛʘ ʚ ʬʘʟʝ 

ʢʫʱʝʥʠʷ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʩ ʥʘʚʝʩʥʳʤ ʨʘʟʙʨʘʩʳʚʘʪʝʣʝʤ ʫʜʦʙʨʝʥʠʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʟʘ ʧʝʨʠʦʜ ʪʨʫʙʢʦʚʘʥʠʷ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ, ʪʦ ʝʩʪʴ, ʚ ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ 

ʦʨʛʘʥʦʚ ʟʝʨʥʘ ʦʩʘʜʢʦʚ ʙʳʣʦ ʚ 1,9 ʨʘʟʘ ʤʝʥʴʰʝ ʥʦʨʤʳ ʠ ʥʘʙʣʶʜʘʣʘʩʴ ʟʘʩʫʭʘ, ʪʦ ʝʩʪʴ 

ʦʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʦʩʘʜʢʦʚ ʟʘ ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʝʨʥʘ ʠ ʚ ʧʝʨʠʦʜ ʩʦʟʨʝʚʘʥʠʷ 

ʥʘʯʠʥʘʷ ʩʦ ʚʪʦʨʦʡ ʜʝʢʘʜʳ ʤʘʷ ʜʦ ʢʦʥʮʘ ʠʶʥʷ ʤʝʩʷʮʘ ʚʳʧʘʣʦ ʚʩʝʛʦ ʣʠʰʴ 11,1 ʤʤ ʦʩʘʜʢʦʚ 

ʧʨʠ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ 22,3
0
ʉ ʠ 26,9

0
ʉ ʩ ʩʥʠʞʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 
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ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʜʦ 17% ʠ 11% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʵʪʦʤʫ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʝʨʥʘ 

ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʫʩʣʦʚʠʷʭ ʙʦʛʘʨʳ ʠ ʠʭ ʤʦʣʦʯʥʘʷ, ʚʦʩʢʦʚʘʷ, ʧʦʣʥʘʷ ʩʧʝʣʦʩʪʴ ʧʨʦʪʝʢʘʣʦ 

ʥʘ ʬʦʥʝ ʧʦʯʚʝʥʥʦʡ ʠ ʘʪʤʦʩʬʝʨʥʦʡ ʟʘʩʫʭʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʟʝʨʥʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʱʫʧʣʳʤʠ ʠ 

ʣʝʛʢʦʚʝʩʥʳʤʠ, ʩ ʤʝʥʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ ʢʦʣʦʩʴʝʚ, ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʝʥ ʩ ʦʜʥʦʛʦ ʢʦʣʦʩʘ ʠ 

ʤʘʩʩʳ 1000 ʟʝʨʝʥ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ ʙʳʣʘ ʥʘʤʥʦʛʦ ʥʠʞʝ ʦʪ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠʟʫʯʘʝʤʦʛʦ ʩʦʨʪʘ çʉʪʝʢʣʦʚʠʜʥʳʡ 24è. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩ 

ʫʣʫʯʰʝʥʠʝʤ ʫʩʣʦʚʠʷ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʠʤʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ɺʳʤʧʝʣ, 

ʤʠʢʨʦʫʜʦʙʨʝʥʠʷ ʆʨʘʢʫʣ ʩʝʤʝʥʘ ʠ ʙʠʦʫʜʦʙʨʝʥʠʷ ɹʠʦʙʘʨʩ-ʄ ʜʘʞʝ ʚ ʦʩʪʨʦʟʘʩʫʰʣʠʚʦʤ 2021 

ʛʦʜʫ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʜʘʣʘ ʜʦʩʪʦʚʝʨʥʫʶ ʩʫʱʝʩʪʚʝʥʥʫʶ ʧʨʠʙʘʚʢʫ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ. 

ʆʩʝʥʴʶ 2021 ʛʦʜʫ ʟʘ ʦʢʪʷʙʨʴ ʤʝʩʷʮ ʩʫʤʤʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʠʣʘ 45,8 ʤʤ 

ʧʨʠ ʩʨʝʜʥʝʤʝʩʷʯʥʦʤ ʧʦʢʘʟʘʪʝʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 10,5
0
ʉ, ʪʦ ʝʩʪʴ, ʧʦ ʩʣʦʞʠʚʰʠʤʩʷ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʵʪʦʪ ʤʝʩʷʮ ʙʳʣ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʨʫʞʥʳʭ ʠ 

ʨʘʚʥʦʤʝʨʥʳʭ ʚʩʭʦʜʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ. 

ʉ ʥʘʯʘʣʘ ʥʦʷʙʨʷ ʤʝʩʷʮʘ ʩʪʦʷʣʘ ʧʨʦʭʣʘʜʥʘʷ ʧʦ ʥʘʩʪʦʷʱʝʤʫ ʦʩʝʥʥʷʷ ʧʦʛʦʜʘ ʩ 

ʩʨʝʜʥʝʜʝʢʘʜʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 3,7
0
ʉ ʧʨʠ ʥʦʨʤʝ 9,4

0
ʉ. ɺʦ ʚʪʦʨʦʡ 

ʜʝʢʘʜʝ ʥʦʷʙʨʷ ʤʝʩʷʮʘ ʚʳʧʘʣʦ 32,2 ʤʤ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʚ ʚʠʜʝ ʜʦʞʜʷ ʠ ʤʦʢʨʦʛʦ ʩʥʝʛʘ 

ʩʦ ʩʨʝʜʥʝʜʝʢʘʜʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 3,2
0
ʉ. ʉ ʧʝʨʚʳʭ ʜʥʝʡ ʪʨʝʪʴʝʡ 

ʜʝʢʘʜʳ ʩʪʦʷʣʘ ʪʝʧʣʘʷ ʦʩʝʥʥʷʷ ʧʦʛʦʜʘ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʜʦ 6,0
0
ʉ. ɺ 

ʮʝʣʦʤ ʟʘ ʦʩʝʥʥʠʝ ʧʝʨʠʦʜʳ ʚʝʛʝʪʘʮʠʠ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚʳʧʘʣʦ 88,8 ʤʤ ʦʩʘʜʢʦʚ ʩ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʬʦʥʦʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʦʩʪʫ ʠ 

ʨʘʟʚʠʪʠʶ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʠ ʧʦʣʥʳʝ ʚʩʭʦʜʳ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʩʣʦʞʠʚʰʠʭʩʷ ʫʩʣʦʚʠʷʭ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʧʦʣʫʯʝʥʳ 15.11.2021 ʛʦʜʫ ʯʝʨʝʟ 14 ʜʥʝʡ ʧʦʩʣʝ ʧʦʩʝʚʘ. 

ʀʟ ʜʘʥʥʳʭ ʨʠʩʫʥʢʦʚ 1, 2, 3, 4 ʷʨʢʦ ʚʠʜʥʦ ʨʘʟʚʠʪʠʝ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʠ ʝʝ ʢʦʨʥʝʚʘʷ 

ʩʠʩʪʝʤʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʩʪʠʤʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ɺʳʤʧʝʣ ʚ ʥʦʨʤʝ 0,5 ʣ/ʪ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʤʠʢʨʦʫʜʦʙʨʝʥʠʝʤ ʆʨʘʢʫʣ ʩʝʤʝʥʘ ï 1,0 ʣ/ʪ ʠ ʚʣʠʷʥʠʝ ʙʠʦʫʜʦʙʨʝʥʠʷ ɹʠʦʙʘʨʩ-

ʄ 1,0 ʣ/ʪ, ʘ ʪʘʢ ʞʝ ʦʪʯʝʪʣʠʚʦʝ ʨʘʟʚʠʪʠʝ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʩ ʤʦʱʥʳʤ ʠʭ ʨʘʟʚʝʪʚʣʝʥʠʝʤ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʚʥʝʩʝʥʠʠ ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʩʝʚʦʤ ʧʨʠ çno-till è 

ʪʝʭʥʦʣʦʛʠʡ. 

ɿʠʤʘ ʙʳʣʘ ʪʝʧʣʘʷ ʙʣʘʛʦʧʨʠʷʪʥʘʷ ʜʣʷ ʧʝʨʝʟʠʤʦʚʢʠ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ. ɿʘ ʜʝʢʘʙʨʴ 

(38,1 ʤʤ), ʷʥʚʘʨʴ (106,9 ʤʤ) ʠ ʬʝʚʨʘʣʴ ʤʝʩʷʮʝʚ (64,9 ʤʤ) ʦʩʘʜʢʦʚ, ʯʪʦ ʚ ʩʫʤʤʝ ʩʦʩʪʘʚʠʣʘ 

209,9 ʤʤ. ʇʨʦʤʝʨʟʘʥʠʷ ʧʦʯʚʳ ʥʝ ʦʪʤʝʯʘʣʠʩʴ. ɺʝʩʝʥʥʝʝ ʚʦʟʦʙʥʦʚʣʝʥʠʝ ʚʝʛʝʪʘʮʠʠ 

ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʢʦʥʮʝ ʪʨʝʪʴʝʡ ʜʝʢʘʜʳ ʬʝʚʨʘʣʷ ʤʝʩʷʮʘ. ʉʦʭʨʘʥʥʦʩʪʴ ʨʘʩʪʝʥʠʷ ʦʟʠʤʦʡ 

ʧʰʝʥʠʮʳ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʪʠʤʫʣʷʪʦʨʘ ʨʦʩʪʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʠʢʨʦʫʜʦʙʨʝʥʠʷʤʠ, 

ʙʠʦʫʜʦʙʨʝʥʠʷʤʠ ʠ ʬʦʩʬʦʨʥʳʤʠ ʫʜʦʙʨʝʥʠʷʤʠ ʥʘʙʣʶʜʘʣʘʩʴ ʚʳʩʦʢʦʡ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʳʞʠʚʘʝʤʦʩʪʠ (96,7-98,1%), ʘ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʥʝʫʜʦʙʨʝʥʥʦʤ ʚʘʨʠʘʥʪʝ ʦʧʳʪʘ ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʢʦʣʝʙʘʣʩʷ ʚ ʧʨʝʜʝʣʘʭ 82,3-87,1%. 

ɺ 2022 ʛʦʜʫ ʦʙʠʣʠʝʤ ʦʩʘʜʢʦʚ ʦʪʤʝʪʠʣʩʷ ʤʘʨʪ ʤʝʩʷʮ. ɿʘ ʵʪʦʪ ʤʝʩʷʮ ʚʳʩʦʪʘ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʠʣʘ 231,2 ʤʤ, ʯʪʦ ʚ 2,9 ʨʘʟʘ ʙʦʣʴʰʝ ʦʪ ʤʥʦʛʦʣʝʪʥʝʡ ʥʦʨʤʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʧʦʯʚʝʥʥʳʭ ʘʥʘʣʠʟʦʚ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʦʜʫʢʪʠʚʥʦʡ ʚʣʘʛʠ ʚʳʷʚʣʝʥʦ, 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʟʘʧʘʩʦʚ ʧʨʦʜʫʢʪʠʚʥʦʡ ʚʣʘʛʠ ʚ ʧʦʯʚʝ ʚ ʥʘʯʘʣʝ ʤʘʨʪʘ ʤʝʩʷʮʘ (08.03.2022 

ʛ.) ʥʘ ʛʣʫʙʠʥʝ 0-100 ʩʤ ʩʦʩʪʘʚʠʣʘ 206 ʤʤ, ʚ ʢʦʥʮʝ ʚʪʦʨʦʡ ʜʝʢʘʜʳ ʤʘʨʪʘ (18.03.2022 ʛ.) ï 

227,0 ʤʤ, ʘ ʚ ʢʦʥʮʝ ʤʝʩʷʮʝ (28.03.2022 ʛ.) ï 225 ʤʤ. ʆʪʣʠʯʥʳʝ ʟʘʧʘʩʳ ʧʨʦʜʫʢʪʠʚʥʦʡ ʚʣʘʛʠ 

ʧʨʠ ʚʝʩʝʥʥʝʡ ʚʝʛʝʪʘʮʠʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʘʟʚʠʪʠʝ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ 

ʫʜʦʙʨʝʥʥʳʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʠ ʙʫʨʥʦʤʫ ʨʦʩʪʫ ʩʦʨʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʢʘʢ ʚ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ, ʪʘʢ ʠ ʚʝʩʦʚʦʤ ʚʳʨʘʞʝʥʠʠ ʥʘ ʝʜʠʥʠʮʳ ʧʣʦʱʘʜʠ. ʇʦʵʪʦʤʫ ʚ ʢʦʥʮʝ ʧʝʨʚʦʡ 

ʜʝʢʘʜʳ ʘʧʨʝʣʷ ʤʝʩʷʮʘ (09.04.2022 ʛ.) ʧʦʩʝʚʳ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ 

ʛʝʨʙʠʮʠʜʦʤ ɹʘʣʝʨʠʥʘ 0,5 ʣ/ʛʘ. ʇʨʠ ʘʥʘʣʠʟʝ ʫʯʝʪʘ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʦʨʥʷʢʦʚ ʠ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʚ ʥʘʯʘʣʝ ʪʨʫʙʢʦʚʘʥʠʷ ʥʘ 7-ʡ ʜʝʥʴ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚʳʰʝʫʢʘʟʘʥʥʳʤ 
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ʛʝʨʙʠʮʠʜʦʤ ʙʦʣʴʰʠʥʩʪʚʦ ʦʜʥʦʣʝʪʥʠʝ ʠ ʤʥʦʛʦʣʝʪʥʠʝ ʜʚʫʜʦʣʴʥʳʝ ʩʦʨʥʷʢʠ ʩʢʨʫʯʠʚʘʣʠʩʴ ʠ 

ʠʤʝʣʠ ʥʝʟʜʦʨʦʚʳʡ ʚʠʜ, ʧʨʠʦʩʪʘʥʦʚʠʣʠ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ. 

ʉ ʮʝʣʴʶ ʫʥʠʯʪʦʞʝʥʠʷ ʜʠʢʦʛʦ ʷʯʤʝʥʷ ʠ ʦʚʩʶʛʘ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʟʝʨʥʦʚʳʭ ʩʦʨʥʷʢʦʚ 

ʧʦʩʝʚʳ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʛʝʨʙʠʮʠʜʦʤ ʃʘʩʪʠʢ ʊʦʧ ʚ ʥʦʨʤʝ 

0,4 ʣ/ʛʘ (09.04.2022 ʛ.). ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʢʘʟʘʥʥʳʭ ʛʝʨʙʠʮʠʜʦʚ ʙʳʣʘ 

ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʡ 85,8-91,4%. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ-ʟʘ ʦʙʠʣʠʷ ʦʩʘʜʢʦʚ ʚ ʤʘʨʪʝ 

ʤʝʩʷʮʘ ʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʪʝʧʣʘ ʥʘʙʣʶʜʘʣʠʩʴ ʤʘʩʩʦʚʳʝ ʧʦʷʚʣʝʥʠʷ ʩʦʨʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʚʳʩʦʢʠʡ ʟʘʩʦʨʝʥʥʦʩʪʠ ʧʦʩʝʚʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ 

ʦʜʥʦʣʝʪʥʠʤ ʠ ʤʥʦʛʦʣʝʪʥʠʤ ʜʚʫʜʦʣʴʥʳʤʠ, ʘ ʪʘʢʞʝ ʟʣʘʢʦʚʳʤʠ ʩʦʨʥʷʢʘʤʠ, ʚ ʵʪʦʡ ʩʚʷʟʠ 

ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʠ ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʩʝʚʦʚ ʧʨʦʪʠʚ ʩʦʨʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠʤʝʣʠ 

ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʬʠʪʦʩʘʥʠʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʩʝʚʦʚ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. 

ɺ ʥʘʯʘʣʝ ʩʪʘʪʴʠ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʳ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʦʩʝʥʥʝʛʦ (2021 ʛ.), 

ʟʠʤʥʝʛʦ (2021-2022 ʛʛ.), ʚʝʩʝʥʥʝʛʦ ʠ ʣʝʪʥʝʛʦ ʦʪʯʝʪʥʦʛʦ ʧʝʨʠʦʜʦʚ ʚʝʛʝʪʘʮʠʠ ʦʟʠʤʦʡ 

ʧʰʝʥʠʮʳ. ɹʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʦʩʝʥʠ, ʟʠʤʳ ʠ ʨʘʥʥʝʚʝʩʝʥʥʝʛʦ ʧʝʨʠʦʜʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ 

ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʟʚʠʪʠʶ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʨʥʘ. ʊʘʢ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ ʩʪʠʤʫʣʷʪʦʨʦʤ 

ʨʦʩʪʘ ɺʳʤʧʝʣ 0,5 ʣ/ʪ ʠ ʤʠʢʨʦʫʜʦʙʨʝʥʠʝʤ ʆʨʘʢʫʣ ʩʝʤʝʥʘ 1,0 ʣ/ʪ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʧʨʦʪʨʘʚʣʠʚʘʥʠʝʤ ʬʫʥʛʠʮʠʜʦʤ ɹʫʥʢʝʨ 0,4 ʣ/ʪ, ʘ ʪʘʢ ʞʝ ʨʘʥʥʝʚʝʩʝʥʥʝʡ ʦʙʨʘʙʦʪʢʦʡ ʧʦʩʝʚʦʚ 

ʚ ʬʘʟʝ ʢʫʱʝʥʠʷ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʩʪʠʤʫʣʷʪʦʨʦʤ ɺʳʤʧʝʣ 0,5 ʣ/ʛʘ ʠ ʤʠʢʨʦʫʜʦʙʨʝʥʠʝʤ 

ʆʨʘʢʫʣ ʤʫʣʴʪʠʢʦʤʧʣʝʢʩ 2,0 ʣ/ʛʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʥʝʩʝʥʠʝʤ ʛʝʨʙʠʮʠʜʘ ɹʘʣʝʨʠʥʘ 0,5 ʣ/ʛʘ 

ʠ ʚʪʦʨʘʷ ʦʙʨʘʙʦʪʢʘ ʚ ʚʳʰʝ ʫʢʘʟʘʥʥʳʭ ʩʪʠʤʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʠ ʤʠʢʨʦʫʜʦʙʨʝʥʠʝʤ ʚ ʧʝʨʠʦʜ 

ʧʦʷʚʣʝʥʠʷ ʬʣʘʛʦʚʦʛʦ ʣʠʩʪʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʦʨʤʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʭʨʘ-

ʥʠʚʰʠʭʩʷ ʨʘʩʪʝʥʠʡ ʧʝʨʝʜ ʫʙʦʨʢʦʡ ʩʦʩʪʘʚʠʣʦ 286,1 ʰʪ/ʤ
2
, ʜʦʩʪʠʛʥʫʚ ʚʳʩʦʪʳ 88,9 ʩʤ, ʧʨʠ 

ʧʨʦʜʫʢʪʠʚʥʦʡ ʢʫʩʪʠʩʪʦʩʪʠ 1,15 ʰʪ, ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʟʝʨʝʥ ʚ ʢʦʣʦʩʝ 22,2 ʰʪ ʩ ʤʘʩʩʦʡ 1000 

ʟʝʨʝʥ 34,8 ʛ ʠ ʩ ʩʙʦʨʦʤ ʩʫʭʦʛʦ ʟʝʨʥʘ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ ʚʣʘʞʥʦʩʪʠ 22,1 ʮ/ʛʘ (ʪʘʙʣʠʮʘ 1). 

ɼʦʚʦʣʴʥʦ ʭʦʨʦʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ ʙʠʦʫʜʦʙʨʝʥʠʝʤ ɹʠʦʙʘʨʩ-ʄ ʚ ʥʦʨʤʝ 1,0 ʣ/ʪ ʠ ʦʙʨʘʙʦʪʢʝ ʧʦʩʝʚʦʚ ʚ ʬʘʟʝ 

ʢʫʱʝʥʠʷ ɹʠʦʙʘʨʩ ï ʄ - 0,5 ʣ/ʛʘ ʠ ʚ ʬʘʟʝ ʢʦʣʦʰʝʥʠʷ 0,7 ʣ/ʛʘ. ʅʘ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʦʧʳʪʘ 

ʢʦʣʠʯʝʩʪʚʦ ʩʦʭʨʘʥʥʳʭ ʨʘʩʪʝʥʠʡ ʧʝʨʝʜ ʫʙʦʨʢʦʡ ʩʦʩʪʘʚʠʣʦ 279,1 ʰʪ/ʤ
2
, ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʡ 

ʩʦʩʪʘʚʠʣʘ 92,7 ʩʤ, ʩ ʧʨʦʜʫʢʪʠʚʥʦʡ ʢʫʩʪʠʩʪʦʩʪʠ 1,11 ʰʪ, ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʟʝʨʝʥ ʚ ʢʦʣʦʩʝ 21,9 

ʰʪ., ʤʘʩʩʘ 1000 ʟʝʨʝʥ ʨʘʚʥʷʣʘʩʴ 33,0 ʛ ʠ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʫʨʦʞʘʡ ʟʝʨʥʘ ʥʘ ʫʨʦʚʥʝ 20,2 ʮ/ʛʘ.  

ɹʣʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʦʜʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʨʦʞʘʡʥʦʩʪʠ 

ʟʝʨʥʘ ʦʙʝʩʧʝʯʠʚʘʣʠʩʴ ʧʨʠ ʚʥʝʩʝʥʠʠ ʨʘʥʝʝ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʥʦʨʤ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ P45N70 ʢʛ/ʛʘ ʠ ʥʘ ʚʘʨʠʘʥʪʝ ʧʨʠ ʚʥʝʩʝʥʠʠ ʨʘʩʯʝʪʥʳʭ ʥʦʨʤ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ. ʊʘʢ, ʧʨʠ ʚʥʝʩʝʥʠʠ ʨʘʥʝʝ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʥʦʨʤ P45N70 ʢʛ/ʛʘ ʢʦʣʠʯʝʩʪʚʦ 

ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʨʘʩʪʝʥʠʡ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʩʦʩʪʘʚʠʣʦ 288,6 ʰʪ/ʤ
2
, ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʡ 

ʨʘʚʥʷʣʘʩʴ 97,4 ʩʤ, ʩ ʧʨʦʜʫʢʪʠʚʥʦʡ ʢʫʩʪʠʩʪʦʩʪʴʶ 1,15 ʰʪ, ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʟʝʨʝʥ ʚ ʢʦʣʦʩʝ 

28,0 ʰʪ, ʤʘʩʩʘ 1000 ʟʝʨʝʥ ʙʳʣʘ 35,0 ʛ ʠ ʩ ʩʙʦʨʦʤ ʩʫʭʦʛʦ ʟʝʨʥʘ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ ʚʘʞʥʦʩʪʠ 

28,3 ʮ/ʛʘ. ʇʨʠ ʚʥʝʩʝʥʠʠ ʨʘʩʯʝʪʥʳʭ ʥʦʨʤ ʫʜʦʙʨʝʥʠʡ ʥʘ ʧʦʣʫʯʝʥʠʝ 30,0 ʮ/ʛʘ ʟʝʨʥʘ ʚʳʰʝ 

ʫʢʘʟʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʩʦʩʪʘʚʠʣʠ 290,4 ʰʪ/ʤ
2
; 98,2 ʩʤ; 

1,17 ʰʪ; 28,1 ʰʪ; 35,1 ʛ ʠ 28,6 ʮ/ʛʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ(ʪʘʙʣʠʮʘ 2).  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʟʫʣʴʪʘʪʦʤ ʜʚʫʭʣʝʪʥʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʠʟʫʯʘʝʤʳʝ ʩʪʠʤʫʣʷʪʦʨ ʨʦʩʪʘ, ʤʠʢʨʦʫʜʦʙʨʝʥʠʝ ʠ ʙʠʦʫʜʦʙʨʝʥʠʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʨʥʘ 

ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʠʤʫʣʷʪʦʨʘ ʨʦʩʪʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʠʢʨʦʫʜʦʙʨʝʥʠʝʤ 

ʚ ʦʩʥʦʚʥʳʝ ʬʘʟʳ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʞʘʷ ʟʝʨʥʘ ʚ 

ʟʘʩʫʰʣʠʚʳʝ ʛʦʜʳ - 2,1 ʨʘʟʘ, ʘ ʚ ʩʨʝʜʥʝʝ ʫʚʣʘʞʥʝʥʥʳʝ ʛʦʜʳ ʚ 2,0 ʨʘʟʘ ʩʦ ʩʙʦʨʦʤ 14,6 ʠ 22,1 

ʮ/ʛʘ ʟʝʨʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʙʠʦʫʜʦʙʨʝʥʠʡ ʚʝʣʠʯʠʥʘ ʫʨʦʞʘʡʥʦʩʪʠ ʙʳʣʘ  
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ʊʘʙʣʠʮʘ 2 ï ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʧʨʠ ʥʫʣʝʚʦʡ ʪʝʭʥʦʣʦʛʠʡ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʩʪʠʤʫʣʷʪʦʨʦʚ ʨʦʩʪʘ, ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ, 

ʙʠʦʫʜʦʙʨʝʥʠʡ ʠ ʨʘʩʯʝʪʥʳʭ ʥʦʨʤ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ (2021-2022 ʛʛ.) 

 

ɺʘʨʠʘʥʪʳ ɻʦʜʳ 

ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ 

ʂʦʣ-ʚʦ 

ʨʘʩʪ.-ʡ 

ʧʝʨʝʜ 

ʫʙʦʨʢʦʡ 

ʥʘ 1ʤ2/ʰʪ 

ɺʳʩʦʪʘ 

ʨʘʩʪʝ-

ʥʠʡ,ʩʤ 

ɼʣʠʥʘ 

ʢʦʣʦʩʘ, 

ʩʤ 

ʂʦʣ-ʚʦ 

ʟʝʨʝʥ ʚ 

ʢʦʣʦʩʘ, 

ʛ 

ʄʘʩʩʘ 

ʟʝʨʝʥ ʩ 

ʦʜʥʦʛʦ 

ʢʦʣʦʩʘ,ʛ 

ʄʘʩʩʘ 

1000 

ʟʝʨʝʥ, 

ʛ 

1 2 3 4 5 6 7 8 

1. ɹʝʟ ʫʜʦʙʨʝʥʠʡ ï 

ʢʦʥʪʨʦʣʴ 

 

2021 148,1 69,5 7,0 17,0 0,69 27,0 

2022 225,6 76,4 7,3 18,1 0,90 30,9 

ʩʨʝʜʥʝʝ 

ʟʘ 2 ʛʦʜʘ 

186,8 72,9 7,15 17,55 0,795 28,95 

2. ʆʙʨʘʙʦʪʢʘ ʩʝʤʷʥ 

ʩʪʠʤʫʣʷʪʦʨʦʤ ʨʦʩʪʘ 

ɺʳʤʧʝʣ 0,5 ʣ/ʪ 

 

2021 167,0 71,8 7,4 18,8 0,81 28,0 

2022 233,7 79,8 8,2 19,0 0,94 31,8 
ʩʨʝʜʥʝʝ ʟʘ 

2 ʛʦʜʘ 
200,3 75,8 7,8 18,9 0,875 29,9 

3. ʆʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʩʪʠʤʫ-

ʣʷʪʦʨʘʤ ʨʦʩʪʘ ɺʳʤʧʝʣ - 0,5 

ʣ/ʪ ʠ ʤʠʢʨʦʫʜʦʙʝʥʠʝʤ 

ʆʨʘʢʫʣ ʩʝʤʝʥʘ - 1,0 ʣ/ʪ 

2021 166,9 74,8 7,6 19,8 0,89 28,5 

2022 250,8 82,5 8,6 19,4 1,01 32,6 
ʩʨʝʜʥʝʝ ʟʘ 

2 ʛʦʜʘ 
208,8 78,6 8,1 19,6 0,95 30,55 

4. ʈʘʥʥʝʚʝʩʝʥʥʷʷ ʦʙʨʘʙʦʪ-

ʢʘ ʧʦʩʝʚʦʚ ʚ ʬʘʟʝ ʢʫʱʝʥʠʷ 

ʦʟʠʤʦʡ ʧʱʝʥʠʮʳ ʩ ʧʨʝʧʘ-

ʨʘʪʘʤʠ ɺʳʤʧʝʣ - 0,5 ʣ/ʛʘ ʠ 

ʆʨʘʢʫʣ ʤʫʣʴʪʠ-ʢʦʤʧʣʝʢʩ  - 

2,0 ʣ/ʛʘ 

2021 214,8 79,8 8,0 20,5 0,93 29,2 

2022 268,9 87,6 9,1 20,8 1,07 33,7 
ʩʨʝʜʥʝʝ ʟʘ 

2 ʛʦʜʘ 
241,8 83,7 8,6 20,7 1,0 31,45 

5. ʈʘʥʥʝʚʝʩʝʥʥʷʷ  ʦʙʨʘ-

ʙʦʪʢʘ ʧʦʩʝʚʦʚ ʚ ʬʘʟʝ ʢʫʱʝ-

ʥʠʷ ʠ ʬʣʘʛʦʚʦ ʣʠʩʪʘ ʦʟʠ-

ʤʦʡ ʧʱʝʥʠʮʳ ʩ ʧʨʝʧʘ-

ʨʘʪʘʤʠ ɺʳʤʧʝʣ - 0,5 ʣ/ʛʘ ʠ 

ʆʨʘʢʫʣ ʩʝʤʝʥʘ - 1,0 ʣ/ʛʘ 

2021 233,8 80,3 8,1 21,3 0,95 29,5 

2022 286,1 88,9 9,8 22,2 1,09 34,8 
ʩʨʝʜʥʝʝ ʟʘ 

2 ʛʦʜʘ 
259,9 84,6 8,9 21,7 1,02 32,15 

6. ʆʙʨʘʙʦʪʢʘ ʩʝʤʷʥ 

ʙʠʦʫʜʦʙʨʝʥʠʝʤ ɹʠʦʙʘʨʩ-ʄ 

- 1,0 ʣ/ʪ  

 

2021 170,1 70,6 7,3 18,2 0,80 27,3 

2022 250,3 82,3 8,1 19,0 1,02 30,8 
ʩʨʝʜʥʝʝ ʟʘ 

2 ʛʦʜʘ 
210,2 76,4 7,7 18,6 0,91 29,05 

7. ʈʘʥʥʝʚʝʩʝʥʥʷʷ ʦʙʨʘʙʦʪʢʘ  

ʚ ʬʘʟʝ ʢʫʱʝʥʠʷ ɹʠʦʙʘʨʩ-ʄ 

0,5 ʣ/ʛʘ  

2021 183,0 75,4 7,8 18,8 0,92 28,2 

2022 267,8 87,6 8,9 19,8 1,08 32,0 
ʩʨʝʜʥʝʝ ʟʘ 

2 ʛʦʜʘ 
225,4 81,5 8,3 19,3 1,01 30,1 

8. ʆʙʨʘʙʦʪʢʘ ʧʦʩʝʚʦʚ ʚ ʬʘʟʝ 

ʢʫʱʝʥʠʷ ɹʠʦʙʘʨʩ-ʄ 0,5 ʣ/ʛʘ 

ʠ ʚ ʬʘʟʝ ʢʦʣʦʰʝʥʠʷ 0,7 ʣ/ʛʘ 

2021 199,1 78,6 7,9 19,1 0,94 28,5 

2022 279,1 92,7 9,7 21,9 1,10 33,0 
ʩʨʝʜʥʝʝ ʟʘ 

2 ʛʦʜʘ 
239,1 85,6 8,8 20,5 1,02 30,75 

9.P45N70 

 

2021 235,9 80,7 8,0 21,2 0,94 29,8 

2022 288,6 97,4 10,1 28,0 1,12 35,0 
ʩʨʝʜʥʝʝ ʟʘ 

2 ʛʦʜʘ 
262,2 89,0 9,05 24,6 1,03 32,4 

10. ʈʘʩʯʝʪʥʘʷ ʥʦʨʤʘ ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʟʘʧ-

ʣʘʥʠʨʦʚʘʥʥʳʡ ʫʨʦʞʘʡ ʟʝʨʥʘ 

P20 N60 

2021 241,3 81,0 8,1 21,7 0,96 29,8 

2022 290,4 98,2 10,3 28,1 1,11 35,1 
ʩʨʝʜʥʝʝ ʟʘ 

2 ʛʦʜʘ 
265,8 89,6 9,2 24,9 1,035 32,45 



 

26 

 

 
ʈʠʩʫʥʦʢ 1 ï ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʚʝʛʝʪʘʮʠʠ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ 

 
ʈʠʩʫʥʦʢ 2 ï ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ 

ʩʪʠʤʫʣʷʪʦʨʦʤ ʨʦʩʪʘ ɺʳʤʧʝʣ 0,5 ʣ/ʪ + ʤʠʢʨʦʫʜʦʙʨʝʥʠʝ ʆʨʘʢʫʣ ʩʝʤʝʥʘ ï 1,0 ʣ/ʪ 

 
ʈʠʩʫʥʦʢ 3 ï ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ 

ʙʠʦʫʜʦʙʨʝʥʠʝʤ ɹʠʦʙʘʨʩ-ʄ ʚ ʥʦʨʤʝ 1,0 ʣ/ʪ 
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ʈʠʩʫʥʦʢ 4 ï ʃʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʚʝʪʚʣʝʥʠʷ ʢʦʨʥʝʡ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ, ʦʪʤʝʯʝʥʦ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʥʝʩʝʥʠʠ ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ ʈ45 ʢʛ/ʛʘ 

 

 

ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ 10,8 ʠ 20,2 ʮ/ʛʘ ʠʣʠ ʥʘ 1,6 ʠ 1,9 ʨʘʟʘ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ 

ʥʝʫʜʦʙʨʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʦʧʳʪʘ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʣʦʞʠʚʰʠʭʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ.  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʥʦ-ʮʝʣʝʚʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (BR10764908) çʈʘʟʨʘʙʦʪʘʪʴ 

ʩʠʩʪʝʤʫ ʟʝʤʣʝʜʝʣʠʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ (ʟʝʨʥʦʚʳʭ, 

ʟʝʨʥʦʙʦʙʦʚʳʭ, ʤʘʩʣʠʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ 

ʚʦʟʜʝʣʳʚʘʥʠʷ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʧʠʪʘʥʠʷ, ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʠ ʪʝʭʥʠʢʠ ʜʣʷ 

ʨʝʥʪʘʙʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʜʣʷ ʨʝʛʠʦʥʦʚ ʂʘʟʘʭʩʪʘʥʘè. 
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ɸשʜʘʪʧʘ. נʘʣʳʤʜʘʨʜʳש ʢᴇʧʞʳʣʜʳץ ʟʝʨʪʪʝʫʣʝʨʽ ʥᴅʪʠʞʝʩʽʥʜʝ ʜᴅʥʜʽ ʜʘץʳʣʜʘʨʜʳש 

ᴇʥʽʤʜʽʣʽʛʽʥ ʨʝʪʪʝʡʪʽʥ ʥʝʛʽʟʛʽ ʰʝʢʪʝʫʰʽ ʬʘʢʪʦʨʜʳש ʙʽʨʽ ʪʦʧʳʨʘץʪʘסʳ ץʦʨʝʢʪʽʢ ʵʣʝʤʝʥʪʪʽש 

ʞʝʪʢʽʣʽʢʩʽʟ ʙʦʣʫʳ. ɼᴅʥʜʽ ʜʘץʳʣʜʘʨʜʳץ שʘʨץʳʥʜʳ ʩʦʨʪʪʘʨʳʥ ᴇʩʽʨʫ ʞʘסʜʘʡʣʘʨʳʥʘ ץʦʡʳʣʘʪʳʥ 

ʙʘʩʪʳ ʪʘʣʘʧʪʘʨʜʳש ʘʷʩʳʥʜʘ ץʘʞʝʪʪʽʣʽʛʽ ʞᴅʥʝ ʞʦסʘʨʳ ᴇʥʽʤʜʽ ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ ץʦʨʝʢʪʽʢ 

ʟʘʪʪʘʨʤʝʥ ʪʦʣʳץ ʞᴅʥʝ ʪʝשʝʩʪʽʨʽʣʛʝʥ ʤᴇʣʰʝʨʜʝ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʤʝʥ סʘʥʘ ʝʨʝʢʰʝʣʝʥʝʜʽ. 

ʉʦʥʜʳץʪʘʥ, ʤʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨʜʳײ שʩʳʥʳʣסʘʥ ʥʦʨʤʘʣʘʨʳʤʝʥ ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʟʝʨʪʪʝʫʣʝʨ ʥᴅʪʠʞʝʩʽʥʜʝ, ᴇʩʽʧ ʜʘʤʫ ʢʝʟʝשʽʥʜʝ ᴇʩʢʽʥ װʜʝʪʢʽʰʪʝʨʜʽ ʤʠʢʨʦʪʳשʘʡʪץʳʰʪʘʨʤʝʥ 

 ʪʘʡץʪʳʤʜʳ ʤᴇʣʰʝʨʜʝ ʙʝʨʫʜʽ ʘʥʳײ שʳʰʪʘʨʜʳץʘʡʪשʪʳ ץʦʣʜʘʥʫ ʞᴅʥʝ ʙʠʦʣʦʛʠʷʣʳץ ʡʣʝʩʪʽʨʝװ

ʦʪʳʨʳʧ, ʪᴅʣʽʤʜʽ ʝʛʽʥʰʽʣʽʢ ʞʘסʜʘʡʳʥʜʘ ʢװʟʜʽʢ ʙʠʜʘʡʜʳ ʥᴇʣʜʽʢ ʪʝʭʥʦʣʦʛʠʷʤʝʥ ᴇʩʽʨʫ ʢʝʟʽʥʜʝ 

ʪʳשʘʡʪץʳʰʪʘʨʜʳ ץʦʣʜʘʥʫ ʪᴅʩʽʣʜʝʨʽʥ ᴅʟʽʨʣʝʫ, ʩʦʥʜʘʡ-ʘץ ʞװʡʝʣʽʢ ʛʝʨʙʠʮʠʜʪʝʨʜʽש ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ 

ʘʛʨʘʨʣʳס ץʳʣʳʤ װʰʽʥ ʝʨʝʢʰʝ ץʳʟʳסʫʰʳʣʳץ ʪʫʜʳʨʘʜʳ ʞᴅʥʝ ᴇʥʜʽʨʽʩ ʩײʨʘʥʳʩʳʥʘ ʠʝ ʙʘʩʳʤ ʙʘסʳʪ 

ʝʢʝʥʜʽʛʽ ʜʘʫʩʳʟ. 

ʆʩʳʣʘʡʰʘ, ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽ ʙʦʡʳʥʰʘ ʢװʟʜʽʢ ʙʠʜʘʡ ʜᴅʥʽʥʽש ᴇʥʽʤʜʽʣʽʛʽ 15,8 ʮ/ʛʘ ʜʝשʛʝʡʽʥʜʝ 

çɺʳʤʧʝʣè ᴇʩʢʽʥ װʜʝʪʢʽʰʽʥ - 0,5 ʣ/ʪ ʞᴅʥʝ ʤʠʢʨʦʪʳשʘʡʪץʳʰ çʆʨʘʢʫʣè 1,0 ʣ/ʪ  ʪץײʳʤʜʳ ᴇשʜʝʫ 

ʢʝʟʽʥʜʝ, ʘʫʨʫʣʘʨסʘ ץʘʨʩʳ çɹʫʥʢʝʨè ʬʫʥʛʠʮʠʜʽʥ 0,4 ʣ/ʪ ʜᴅʨʽʣʝʧ, ʙʽʨ ʤʝʟʝʪʪʝ ᴇשʜʝʧ, ʝʨʪʝ ʢᴇʢʪʝʤʜʝ 

çɺʳʤʧʝʣè ᴇʩʢʽʥ װʜʝʪʢʽʰʽʤʝʥ - 0,5 ʣ/ʛʘ ʞᴅʥʝ ʤʠʢʨʦʪʳשʘʡʪץʳʰ çʆʨʘʢʫʣè ʤʫʣʴʪʠʢʦʤʧʣʝʢʩ ï 2,0 

ʣ/ʛʘ ᴇשʜʝʫ ʞװʨʛʽʟʽʣʛʝʥ ʥײʩץʘʜʘ ʙʘץʳʣʘʫ ᴇשʜʝʣʤʝʛʝʥ ʪᴅʞʽʨʠʙʝ ʥײʩץʘʩʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʘʩʪʳץ 

ʰʳסʳʤʜʳʣʳסʳ 7,0 ʮ/ʛʘ ʘʨʪʫʳʥʘ ʳץʧʘʣ ʝʪʪʽ. ɽʢʽ ʞʳʣ ʽʰʽʥʜʝ 18,4 ʮ/ʛʘ ʘʩʪʳץʪʳש ʞʘץʩʳ ᴇʥʽʤʽ 

 ʧʪʝʥʫװʪ שʟʜʽʢ ʙʠʜʘʡʜʳװʜʝʪʢʽʰʽʤʝʥ ʢװ ʘʥ ᴇʩʢʽʥסʘʨʳʜʘ ʘʪʘʣסʳʤʜʘʨʜʳ ʞʦץײʘʤʪʘʤʘʩʳʟ ʝʪʽʣʜʽ, ʪץ

ʢʝʟʽʥʜʝ ʞᴅʥʝ  çɹʘʣʝʨʠʥʘè ʛʝʨʙʠʮʠʜʽʤʝʥ 0,5 ʣ/ʛʘ ʤᴇʣʰʝʨʽʥʜʝ ᴇשʜʝʫ ᴇʪʝ ʪʠʽʤʜʽ ʘʛʨʦʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʰʘʨʘ. ɸʪʘʣʤʳʰ ᴇʩʢʽʥ װʜʝʪʢʽʰʪʝʨʤʝʥ ʤʠʢʨʦʪʳשʘʡʪץʳʰʪʳ װʡʣʝʩʪʽʨʝ ץʦʣʜʘʥʫʜʳ ʝʢʽʥʰʽ ʨʝʪ ʢװʟʜʽʢ 

ʙʠʜʘʡʜʳש ʤʘʩʘץ ʙʘʩʳʥ ʰʳסʘʨʘʨ ʘʣʜʳʥʜʘ ʙװʨʢʽʧ ᴇשʜʝʫ (250 ʣ/ʛʘ) ʞײʤʳʩʪʘʨʳ ʪᴅʞʽʨʠʙʝ ʥײʩץʘʩʳʥʘ 

ʩᴅʡʢʝʩ ʘʪץʘʨʳʣʜʳ.  

ʂʽʣʪʪʽ ʩϺʟʜʝʨ:ʢװʟʜʽʢ ʙʠʜʘʡ, ʥᴇʣʜʽʢ ʪʝʭʥʦʣʦʛʠʷ, ᴇʩʢʽʥ װʜʝʪʢʽʰ, ʙʠʦʪʳשʘʡʳʪץʳʰ, 
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Annotation. Long-term studies of scientists have revealed that one of the main limiting factors 

regulating the productivity of grain crops is the presence of plant nutrients in the soil. The cultivation of 

intensive varieties of cereals is characterized by increased requirements for nutritional conditions, and 

only with a complete and balanced supply of nutrients is it possible to form high yields. 

Therefore, the development of methods for the use of fertilizer during çno-tillè tehnology of 

winter wheat in conditions of rainfed agriculture with a deficit of soil moisture with the choice of the 

most rational rates of growth stimulants, microfertilizers, biological fertilizers in comparative studies with 

the recommended rates of mineral fertilizers, as well as with the testing of systemic herbicides of a new 

generation, is a special interest for science and are of great practical importance in the production of 

winter wheat grain. 

So, according to the results of a two-year study, it was obtained that quite satisfactory yields of 

winter wheat grain at the level of 15.8 c/ha were formed when seeds were treated with the çVympelè 

growth stimulator - 0.5 l / t and with the çOrakulè microfertilizer multicomplex 1.0 l /t at the time of 

dressing with the fungicide çBunkerè at a rate of 0.4 l / t, during early spring treatment of crops in the 

tillering phase with the growth stimulator çVympelè - 0.5 l / ha, microfertilizer çOracleè multicomplex - 

2.0 l / ha contributed to an increase in grain yield by 7.0 c/ha, compared with the control untreated variant 

of the experiment. A quite good grain yield of 18.4 c/ha for two years was ensured when seeds were 

treated with the above-mentioned preparations and two-time treatment of winter wheat crops in the early 

spring tillering phase simultaneously with the treatment of crops with çBallerinaè herbicide 0.5 l/ha and 

in the flag leaf phase above mentioned growth stimulants çVympelè 0.5 l/ha and microfertilizers 

çOracleè multi-complex at the rate of 2.0 l/ha with the corresponding norms of the working fluid 

consumption of 250 l/ha according to the scheme of experiments. 

Keywords: Winter wheat, no-till technology, growth stimulator, biofertilizers, micronutrients, 

mineral fertilizers, clogging, productive moisture  
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 çϹ. ʆʩʧʘʥʦʚ ʘʪʳʥʜʘϤʳ ϧʘʟʘϨ ʪʦʧʳʨʘϨʪʘʥʫ ʞϸʥʝ ʘʛʨʦʭʠʤʠʷ Ϥʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʠʥʩʪʠʪʫʪʳè, 

ɸʣʤʘʪʳ Ϩʘʣʘʩʳ, ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ  
2
 ϧʘʟʘϨ ϰʣʪʪʳϨ ʘʛʨʘʨʣʳϨ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʣʤʘʪʳ Ϩʘʣʘʩʳ ϧʘʟʘϨʩʪʘʥ 

ʈʝʩʧʫʙʣʠʢʘʩʳ 

 

ɸשʜʘʪʧʘ. ʄʘץʘʣʘʜʘ ɾʝʪʽʩʫ ʞʦʪʘʩʳʥʳש ʩʦʣʪװʩʪʽʢ ʙʝʪʢʝʡʽʥʽשʘʰʳץ-ץʘʨʘ ץʦשʳʨ ʪʦʧʳʨʘסʳ 

ʞʘסʜʘʡʳʥʜʘ ᴇʩʽʨʽʣʛʝʥ ʢʘʨʪʦʧ ʜʘץʳʣʳʥʘ ץʦʣʜʘʥʳʣסʘʥ ʤʠʥʝʨʘʣʜʳץ ʞᴅʥʝ ʙʠʦʪʳשʘʡʪץʳʰʪʘʨʜʳש 

ᴅʨʪװʨʣʽ ʥʦʨʤʘʣʘʨʳ ʤʝʥ ʘʨʘץʘʪʳʥʘʩʪʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ᴇʩʽʤʜʽʢʪʽש ʬʠʪʦʩʠʥʪʝʪʠʢʘʣʳץ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ, ᴇʥʽʤʜʽʣʽʛʽ ʤʝʥ ʪʠʽʤʜʽʣʽʢʪʝʨʽʥʽש ᴇʟʛʝʨʫ ʜʠʥʘʤʠʢʘʣʘʨʳʥʳש ʤᴅʣʽʤʝʪʪʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ. 

ʄʠʥʝʨʘʣʜʳץ ʞᴅʥʝ ʙʠʦʪʳשʘʡʪץʳʰʪʘʨ ʢʘʨʪʦʧ ʜʘץʳʣʳʥʳש ʬʦʪʦʩʠʥʪʝʪʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש, 

ʦʥʳש ʽʰʽʥʜʝ ʙʘץʳʣʘʫʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʞʘʧʳʨʘץ ʘʫʜʘʥʳʥʳש ᴇʩʫʽʥ 4,6 ï 15,6 ʤʳש ʤĮ/ʛʘ, ײץʨסʘץ 

ʙʠʦʤʘʩʩʘʥʳש ʞʠʥʘʣʫʳʥ 0,1 ï 3,1 ʪ/ʛʘ ʞᴅʥʝ ʬʦʪʦʩʠʥʪʝʪʠʢʘʣʳץ ʧʦʪʝʥʮʠʘʣ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ 0,003 ï 

0,587 ʤʣʥ. ʤĮ/ʛʘ ʜʝʡʽʥ ʘʨʪʪʳʨʘʜʳ. פʦʣʜʘʥʳʣסʘʥ ʪʳשʘʡʪץʳʰʪʘʨ ʢʘʨʪʦʧ ʜʘץʳʣʳʥʳ31,8 ש ï 45,5 

ʪ/ʛʘ ʞʘʣʧʳ ʞᴅʥʝ 26,0 ï 39,3 ʪ/ʛʘ ʪʘʫʘʨʣʳ ᴇʥʽʤʜʽʣʽʢʪʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʄʠʥʝʨʘʣʜʳץ 

ʪr  ʘʥסʦʣʜʘʥץ ʰʪʘʩʪʳʨʳʧײ N100P100K100 ʥʦʨʤʘʩʳ ʤʝʥ ʊʫʤʘʪ ʙʠʦʧʨʝʧʘʨʘʪʳʥ שʳʰʪʘʨʜʳץʘʡʪש

ʥײʩץʘʜʘ ʢʘʨʪʦʧʪʳש ʝש ʞʦסʘʨסʳ (39,3 ʪ/ʛʘ) ʪʘʫʘʨʣʳ ʪװʡʥʝʛʽ ʞʠʥʘʣʜʳ. ɽש ʪᴇʤʝʥʛʽ ᴇʥʽʤ ʙʘץʳʣʘʫ 

ʥײʩץʘʩʳ ʤʝʥ ʪʝʢ ʊʫʤʘʪ ʙʠʦʧʨʝʧʘʨʘʪʳʥ ץʦʣʜʘʥסʘʥ ʞʘסʜʘʡʜʘ ʘʣʳʥʜʳ, ʪʠʽʩʽʥʰʝ, 22,9 ʞᴅʥʝ 26,0 

ʪ/ʛʘ ײץʨʘʜʳ. ʊʳשʘʡʪץʳʰʪʘʨʜʳש ʥʦʨʤʘʣʘʨʳ ʤʝʥ ʘʨʘץʘʪʳʥʘʩʪʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʘʣʳʥסʘʥ 

 ʦʨʝʢʪʽʢץ ʳʥʜʘ ʙʦʣʜʳ. ʊᴅʞʽʨʠʙʝ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘסʦʩʳʤʰʘ ʪʘʫʘʨʣʳ ᴇʥʽʤ 13,4 ï 71,2% ʘʨʘʣʳץ

ʟʘʪʪʘʨʜʳ (NPK) ʪײʪʳʥʫʜʳש ʞʘʣʧʳ ʦʨʪʘʰʘ ʤᴇʣʰʝʨʽ 138,6 ʢʛ/ʛʘ ʘʟʦʪ, 76,5 ʢʛ ʬʦʩʬʦʨ ʞᴅʥʝ 206,4 

ʢʛ/ʛʘ ʢʘʣʠʡ ʙʦʣʩʘ, ʘʣ 1 ʪ ʪװʡʥʝʢ ᴇʥʽʤʽʥʝ ʰʘץץʘʥʜʘ, ץʦʩʘʣץʳ ᴇʥʽʤʜʽ ץʦʩʘ ʝʩʝʧʪʝʛʝʥʜʝ, ʘʟʦʪ ï 3,6 

ʢʛ, ʬʦʩʬʦʨ  - 2,0 ʢʛ ʞᴅʥʝ ʢʘʣʠʡ ï 5,4 ʢʛ ײץʨʘʜʳ. ʊʳשʘʡʪץʳʰʪʘʨ 1206,0 ï 2133,0 ʤʳש ʪʝשʛʝ/ʛʘ 

ʘʨʘʣʳסʳʥʜʘסʳ ʪʘʟʘ ʧʘʡʜʘʥʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʨʝʥʪʘʙʝʣʴʜʽʣʽʛʽ 106,3 ï 152,3% ʙʦʣʜʳ. 

ʂʽʣʪ ʩϺʟʜʝʨ: ʘʰʳץ ï ץʘʨʘ ץʦשʳʨ ʪʦʧʳʨʘץ, ʢʘʨʪʦʧ, ʤʠʥʝʨʘʣʜʳץ ʞᴅʥʝ ʙʠʦʪʳשʘʡʪץʳʰʪʘʨ, 

ᴇʥʽʤʜʽʣʽʢ, ʪʠʽʤʜʽʣʽʢ. 

 

ʂʽʨʽʩʧʝ. ɽʣʽʤʽʟʜʽש ʘʟʳץ-ʪװʣʽʢ ץʘʫʽʧʩʽʟʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤʘץʩʘʪʳʥʜʘ 

ʘʫʳʣʰʘʨʫʘʰʳʣʳסʳʥʜʘסʳ ʝʛʽʩʪʽʢ ʞʝʨʣʝʨʜʽ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ, ʪʦʧʳʨʘײץ ץʥʘʨʣʳʣʳסʳʥ 

ʩʘץʪʘʫ ʤʝʥ ײʜʘʡʳ ʞʦסʘʨʳʣʘʪʫ ʘʛʨʦʭʠʤʠʤʷʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽש ʥʝʛʽʟʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʊʳשʘʡʪץʳʰʪʘʨ ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʜʘץʳʣʜʘʨʳʥʘ ץʘʞʝʪʪʽ ץʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳש 

ʞʝʪʽʤʜʽʣʽʛʽ ʤʝʥ ʩʽשʽʨʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ, ʪʦʧʳʨʘץʪʳש ʵʢʦʞװʡʝʣʽʢ ץʳʟʤʝʪʽʥ ʞʘץʩʘʨʪʘʜʳ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʜװʥʠʝ ʞװʟʽʥʜʝʛʽ ʘʟʳץ-ʪװʣʽʢ ᴇʥʜʽʨʽʩʽʥʽ95% ש-ʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʊʳשʘʡʪץʳʰʪʘʨʜʳס שʳʣʳʤʠ ʥʝʛʽʟʜʝʣʛʝʥ ʥʦʨʤʘʣʘʨʳʥ ץʦʣʜʘʥʫ ʪʦʧʳʨʘץʪʘ ᴇʩʽʤʜʽʢ 

ʙʠʦʤʘʩʩʘʣʘʨʳʥʳש, ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש ʞʠʥʘץʪʘʣʫʳʥʘ ʩʝʧʪʽʛʽʥ ʪʠʛʽʟʝʜʽ.  

 ʳסʥʘʨʣʳʣʳײץ ץʪʘʨʳʥʜʘ ʪʦʧʳʨʘץʢᴇʧʪʝʛʝʥ ʘʡʤʘ שʘʟʽʨʛʽ ʢʝʟʜʝ ʨʝʩʧʫʙʣʠʢʘʤʳʟʜʳפ

ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥʜʝʜʽ. ʊʦʧʳʨʘײץ ץʨʘʤʳʥʜʘסʳ ץʘʨʘʰʽʨʽʢ ʤᴇʣʰʝʨʽ ʩʫʘʨʳʣʤʘʡʪʳʥ 

ʘʡʤʘץʪʘʨʜʘ 30-35%, ʘʣ ʩʫʘʨʤʘʣʳ ʘʡʤʘץʪʘʨʜʘ 45-50% ʘʟʘʡʳʧ, ʪʦʧʳʨʘץʪʘʨʜʘסʳ ץʦʨʝʢʪʽʢ 

ʵʣʝʤʝʥʪʪʝʨʜʽש ʪʝʨʽʩ ʪʝשʛʝʨʽʤʽ (ʙʘʣʘʥʩ) ץʘʣʳʧʪʘʩץʘʥ. ʉʦסשʳ ʞʳʣʜʘʨʳ ײʣסʘʡʳʧ ʦʪʳʨסʘʥ 
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ʤײʥʜʘʡ ʪʝʨʽʩ ʪʝשʛʝʨʽʤ ʘʫʳʣʰʘʨʫʘʰʳʣʳסʳ ʜʘץʳʣʜʘʨʳʥʳש ᴇʥʽʤʽʤʝʥ ʩʽשʽʨʽʣʝʪʽʥ ץʦʨʝʢʪʽʢ 

ʵʣʝʤʝʥʪʪʝʨʜʽש ʤᴇʣʰʝʨʽʥʽש ʦʣʘʨʜʳש ʪʳשʘʡʪץʳʰʪʘʨʤʝʥ ʢʝʣʝʪʽʥ ʤᴇʣʰʝʨʣʝʨʽʥʝʥ ʙʽʨʥʝʰʝ 

ʝʩʝ ʘʨʪʳʧ ʢʝʪʫʽʥʝ ᴅʢʝʣʽʧ ʩʦסʳʧ ʦʪʳʨ.  

ᴆʩʽʤʜʽʢʪʽ ץʦʨʝʢʪʝʥʜʽʨʫʜʽץ שʦʣʘʡʣʳ ʞʘסʜʘʡʣʘʨʳʥ ʞʘʩʘʫ ʥʝʛʽʟʽʥʜʝ ʪʦʧʳʨʘץ 

 ᴇʥʽʤʜʽʣʽʛʽʥ שʳʣʜʘʨʳʥʳץʜʘ ץʪʘʫ, ʘʫʳʣʰʘʨʫʘʰʳʣʳץʪʘʥʜʳʨʫ ʤʝʥ ʩʘץʨʘײʳʥ ʪסʥʘʨʣʳʣʳײץ

ʞʦסʘʨʳʣʘʪʫ ʤʝʥ ᴇʥʽʤ ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫ ʘʨʘʩʳʥʜʘ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʳ ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʽʧ ʦʪʳʨ [1-4]. ʂᴇʧʪʝʛʝʥ ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ ᴅʨʪװʨʣʽ 

ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʜʘץʳʣʜʘʨʳʥʳש ʤʠʥʝʨʘʣʜʳץ ץʦʨʝʢʪʝʥʫʽʥ ʦשʪʘʡʣʘʥʜʳʨʫ ʘʨץʳʣʳ 

ʦʣʘʨʜʳש ᴇʥʽʤʜʽʣʽʢʪʝʨʽʥ ʞʦסʘʨʳʣʘʪʫ ʞᴅʥʝ ʪʦʧʳʨʘײץ ץʥʘʨʣʳʣʳסʳʥ ʘʨʪʪʳʨʫ ʙʘʩʪʳ 

ʤᴅʩʝʣʝʥʽש ʙʽʨʽ ʝʢʝʥʽʥ ʘʡץʳʥʜʘʡʜʳ [5-7].  

ʉʦסשʳ ʢʝʟʜʝʛʽ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝʥʽש ʙʽʨʽ, ᴅʨʪװʨʣʽ ʪʦʧʳʨʘץ-ʢʣʠʤʘʪ ʘʡʤʘץʪʘʨʳʥʜʘ 

ʪʦʧʳʨʘץ-ʘʛʨʦʭʠʤʠʷʣʳץ ʘץʧʘʨʘʪʪʳץ ʞװʡʝʥʽש ʥʦʨʤʘʪʠʚʪʝʨʽ ʤʝʥ ʘʫʳʣʰʘʨʫʘʰʳʣʳץ 

ʜʘץʳʣʜʘʨʳʥʳש ʞʦʩʧʘʨʣʘʥסʘʥ ᴇʥʽʤʜʽʣʽʛʽʥʝ ʩᴅʡʢʝʩ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ץʦʣʜʘʥʫʜʳש 

ʥʦʨʤʘʪʠʚʪʽʢ ʠʥʜʝʢʩʽʥ ʞʘʩʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [8]. 

ʊʦʧʳʨʘץʪʳש ʪʦʟʫʳ ץʘʫʧʽʥʽש ʘʨʪʫʳ, ʩʦʥʜʘʡ-ʘץ ʟʘʤʘʥʘʫʠ ʥʦʨʤʘʪʠʚʪʽʢ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʞʦץʪʳסʳ ʞʘסʜʘʡʳʥʜʘ ʪʘʫʘʨ ᴇʥʜʽʨʫʰʽʣʝʨ ʪʦʧʳʨʘץ ʧʝʥ ʪʳשʘʡʪץʳʰʪʘʨʜʳש  

  ʝʩʢʽʨʛʝʥ ʥʦʨʤʘʣʘʨʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ שʦʨʝʢʪʽʢ ʟʘʪʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫʜʳץ

ʧʘʡʜʘʣʘʥʫסʘ ʤᴅʞʙװʨ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʪʳשʘʡʪץʳʰʪʘʨʜʳש ʪʝשʛʝʨʽʤʩʽʟ ץʘʪʳʥʘʩʪʘסʳ ᴇʪʝ 

ʪᴇʤʝʥ ʜʦʟʘʣʘʨʳ ʤʝʥ ʰʘʤʘʜʘʥ ʪʳʩ ʞʦסʘʨʳ ʜʦʟʘʣʘʨʳʥ ץʦʣʜʘʥסʘʥʜʘ ʪʦʧʳʨʘץ ʧʝʥ 

ʪʳשʘʡʪץʳʰʪʘʨʜʳץ שʦʨʝʢʪʽʢ ʟʘʪʪʘʨʳʥ  ʪʠʽʤʩʽʟ ʧʘʡʜʘʣʘʥʫסʘ, ʢʝʡʜʝ ʪʽʧʪʽ ʪʝʨʽʩ ᴅʩʝʨʛʝ ᴅʢʝʣʽʧ 

ʩʦסʘʜʳ. פʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳ ʙʘʩץʘʨʫʜʳץ שʘʣʳʧʪʘʩʳʧ ʦʪʳʨסʘʥ ʪᴅʞʽʨʠʙʝʩʽ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש 

ʣʘʩʪʘʥʫʳʥʘ ʘʧʘʨʳʧ, ʵʢʦʣʦʛʠʷʣʳץ ʤᴅʩʝʣʝʨʣʝʨʜʽש ʫʰʳסʫʳʥ ʪʫʜʳʨʫʜʘ [9].  

ᴆʩʽʤʜʽʢʪʝʨʜʽץ שʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳ ץʘʞʝʪʩʽʥʫʽʥ ʙʘסʘʣʘʫ ʥʝʛʽʟʛʽ ʩʪʨʘʪʝʛʠʷʣʳץ 

 ʦʨʳ ʤʝʥץ שʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳץ ᴇʩʽʧ-ʜʘʤʫʳ שʙʽʨʽ ʙʦʣʫʳ ʪʠʽʩ. ʉʝʙʝʙʽ, ᴇʩʽʤʜʽʢʪʽ שʩʪʘʥʳʤʥʳײ

ʩʽשʽʨʫ ʤʝʨʟʽʤʽ ʦʣʘʨʜʳש ʩʽשʽʤʜʽʣʽʛʽʥʽש ʪײʨʘץʪʳ ʠʥʜʠʢʘʪʦʨʳ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ [10].  

ʊʳשʘʡʪץʳʰʪʘʨʜʳ ץʦʣʜʘʥʫ ʙʦʡʳʥʰʘ ᴇʪʢʝʥ סʘʩʳʨʜʳ60-80 ש ʞʳʣʜʘʨʳʥʜʘ 

ʞʘʩʘʣʳʥסʘʥ ʥʦʨʤʘʪʠʚʪʝʨ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʞʝʨʣʝʨʜʽץ שʘʟʽʨʛʽ ʪʦʧʳʨʘץ-ʘʛʨʦʭʠʤʠʷʣʳץ 

ʞʘסʜʘʡʣʘʨʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʤʝʡʜʽ, ʩʦʥʜʳץʪʘʥ ʞʘשʘʜʘʥ ʽʨʽ ʤʘʩʰʪʘʙʪʘסʳ ʪʦʧʳʨʘץ-

ʘʛʨʦʭʠʤʠʷʣʳץ ʩʪʘʮʠʦʥʘʨʣʳץ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʫ ʟʘʤʘʥ ʪʘʣʘʙʳʥʘ ʩʘʡ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝ 

   .ʘʪʘʨʳʥʘ ʞʘʪʘʜʳץ

 ʨʛʽʟʽʣʛʝʥװʘʷʩʳʥʜʘ ʞ שʜʘʨʣʘʤʘʣʘʨʜʳסʝʩʪʽʢ ʙʘשʢʽʣʢʝװʨʳʥ ɹײʩʪʘʥʜʘ ʙץʘʟʘפ

ʟʝʨʪʪʝʫʣʝʨʜʝ ʘʫʳʣʰʘʨʫʘʰʳʣʳסʳ ʜʘץʳʣʜʘʨʳʥʳש ʪʳשʘʡʪץʳʰʪʘʨ ʤʝʥ ʪʦʧʳʨʘץʪʘסʳ 

 .ʘʥ ʙʦʣʘʪʳʥ [11-13]סʪʘʣץʥʦʨʤʘʪʠʚʪʽʢ ʢʦʵʬʬʠʮʝʥʪʪʝʨʽ ʘʥʳ שʽʨʫʽʥʽשʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳ ʩʽץ

ɾʝʢʝʣʝʛʝʥ ʜʘץʳʣʜʘʨʜʳץ שʦʨʝʢʪʽʢ ʟʘʪʪʘʨʜʳ ʪײʪʳʥʫʳ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣסʘʥ ʙײʣ 

ʢʦɻʬʬʠʮʠʝʥʪʪʝʨ ʪʝʢ ʪʘʥʘʧʪʳץ ʪᴅʞʽʨʠʙʝʣʝʨ ʞװʨʛʽʟʽʣʛʝʥ ʘʡʤʘץʪʘ סʘʥʘ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʜʽ [14-16].  

ʂʝʡʙʽʨ פʘʟʘץʩʪʘʥʜʳס ץʘʣʳʤʜʘʨʜʳש ᴅʨʪװʨʣʽ ʤᴅʜʝʥʠ ʜʘץʳʣʜʘʨʤʝʥ ʘʪץʘʨʳʣסʘʥ 

ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʽʥʽװ שʟʽʥʜʽ ʤʘʪʝʨʠʘʣʜʘʨʳ ʥʝʛʽʟʽʥʝʥ ʝʣʜʽש ᴅʨʪװʨʣʽ ʪʦʧʳʨʘץ-ʢʣʠʤʘʪʪʳץ 

ʞʘסʜʘʡʣʘʨʳʥʜʘ ʞװʨʛʽʟʽʣʛʝʥʽʤʝʥ ʥʦʨʤʘʪʠʚʪʽʢ ʩʪʘʥʜʘʨʪʪʘʨ ᴅʟʽʨʣʝʫʛʝ ʞʘʨʘʤʩʳʟ ʙʦʣʜʳ [17-

19]. 

ɿʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ ʤʝʥ ʤʘʪʝʨʠʘʣʜʘʨʳ. ɿʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳ ᴆ.ʆʩʧʘʥʦʚ ʘʪʳʥʜʘסʳ 

 ʘʣʳʤʜʘʨʳʤʝʥ ɸʣʤʘʪʳ ʦʙʣʳʩʳ ɽʩʢʝʣʜʽ ʘʫʜʘʥʳס ɿʀנ ʪʘʥʫ ʞᴅʥʝ ʘʛʨʦʭʠʤʠʷץʪʦʧʳʨʘ ץʘʟʘפ

-ץʩʫʘʨʤʘʣʳ ʘʰʳ שʳʥʳסʦʞʘʣʳץ ʘʥ çʅʘʤè ʰʘʨʫʘץʳʥʜʘ ʦʨʥʘʣʘʩסʘʫʤʘ שʘʫʳʣʳʥʳ ץʣʘײʘʨʘʙפ

 ʘʙʘʪʳʥʜʘץ ʩʤ 0-25 שʳʥʳסʨʛʽʟʽʣʜʽ. ʊᴅʞʽʨʠʙʝ ʪʘʥʘʙʳ ʪʦʧʳʨװʳʥʜʘ ʞסʳʨ ʪʦʧʳʨʘשʦץ ʘʨʘץ

 ʽʣ ʳʜʳʨʘʡʪʳʥ ʘʟʦʪ 48,2 ʤʛ/ʢʛ, ʞʳʣʞʳʤʘʣʳ ʬʦʩʬʦʨ 53,3שʘʨʘʰʽʨʽʥʜʽ ʤᴇʣʰʝʨʽ 1,04%, ʞʝץ

ʤʛ/ʢʛ, ʘʣʤʘʩʧʘʣʳ ʢʘʣʠʡ 204,0 ʤʛ/ʢʛ ʙʦʣʜʳ. ʊʦʧʳʨʘץʪʘסʳ ʢʘʨʙʦʥʘʪʪʘʨʜʳש ʤᴇʣʰʝʨʽ 0,3-

0,4%, pH - 7,1-7,8 ʞᴅʥʝ ʪײʟʜʘʨʜʳש ʤᴇʣʰʝʨʽ 0,06% ײץʨʘʡʜʳ. 

ʂʘʨʪʦʧ ʜʘץʳʣʳ װʰʽʥ ʪᴅʞʽʨʠʙʝ ʪʘʥʘʙʳʥʳש ʘʰʳץ-ץʘʨʘ ץʦשʳʨ ʪʦʧʳʨʘסʳ ʞʝשʽʣ 

ʳʜʳʨʘʡʪʳʥ ʘʟʦʪ ʞᴅʥʝ ʘʣʤʘʩʧʘʣʳ ʢʘʣʠʡ ʤᴇʣʰʝʨʽ ʪᴇʤʝʥ, ʘʣ ʞʳʣʞʳʤʘʣʳ ʬʦʩʬʦʨʜʳש 

ʤᴇʣʰʝʨʽ ᴇʪʝ ʞʦסʘʨʳ ʜᴅʨʝʞʝʜʝ ʙʦʣʜʳ. ɸʪʘʣסʘʥ ʪʦʧʳʨʘץ ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʤʳ 
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ʞʘסʳʥʘʥ ʦʨʪʘʰʘ ײץʤʙʘʣʰʳץʪʳ ʪʦʧʳʨʘץʪʘʨʜʳץ שʘʪʘʨʳʥʘ ʞʘʪʘʜʳ. ʌʠʟʠʢʘʣʳץ ʙʘʣʰʳץ 

ʤᴇʣʰʝʨʽ 30-37%. ʊʦʧʳʨʘץʪʳש ʩʽשʽʨʫ ʢʝʰʝʥʽʥʜʝ Ca ʤʝʥ Mg ʢʘʪʠʦʥʜʘʨʳ ʙʘʩʳʤ, ʩᴅʡʢʝʩʽʥʰʝ 

70-91% ʞᴅʥʝ 13-32% ײץʨʘʩʘ, ʘʣ Na ʢʘʪʠʦʥʳʥʳװ שʣʝʩʽ 03-1,1% ʘʩʧʘʡʜʳ.  

ɿʝʨʪʪʝʫ ʥʳʩʘʥʳ ʨʝʪʽʥʜʝ ʢʘʨʪʦʧ ʜʘץʳʣʳʥʳש ʃʝʜʠ ʂʣʵʨ ʩʦʨʪʳ ʘʣʳʥʜʳ.  

ʊʳשʘʡʪץʳʰʪʘʨʤʝʥ ʞװʨʛʽʟʽʣʛʝʥ ʪᴅʞʽʨʠʙʝ ʪᴇʤʝʥʜʝʛʽ ʩʭʝʤʘ ʙʦʡʳʥʰʘ ʩʘʣʳʥʜʳ: 1. 

ɹʘץʳʣʘʫ (ʪʳשʘʡʪץʳʰʩʳʟ); 2. N100P100; 3. N100ʂ100 ; 4. ʈ100ʂ100; 5. N100P100ʂ100; 6. N50P100ʂ100; 

7. N150ʈ100ʂ100; 8. N100P150ʂ100;  9. N100P100ʂ150; 10. N100P100ʂ100+ʙʠʦʪʳשʘʡʪץʳʰ; 

11.ɹʠʦʪʳשʘʡʪץʳʰ. 

ʊᴅʞʽʨʠʙʝ ץʘʡʪʘʣʘʥʳʤʳ װʰʝʫ, ʝʩʝʧʪʽʢ ʤᴇʣʪʝʢ ʢᴇʣʝʤʽ 45 ʤ
2
; ʢʘʨʪʦʧʪʳ ʦʪʳʨסʳʟʫ 

ʥʦʨʤʘʩʳ 1 ʛʝʢʪʘʨסʘ 50-52 ʤʳש ʪװʡʥʝʢ. ʄʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨ ʨʝʪʽʥʜʝ ʘʤʤʦʥʠʡ 

ʩʝʣʠʪʨʘʩʳ (34% N), ץʦʩʘʨʣʘʥסʘʥ ʩʫʧʝʨʬʦʩʬʘʪ (45% ʈ2ʆ5) ʞᴅʥʝ ʢʘʣʠʡ ʩʫʣʴʬʘʪʳ (51% ʂ2ʆ) 

 ʳסʥʦʨʤʘʩʳ ʙʽʨ ʨʝʪ ʩʝʙʝʨ ʘʣʜʳʥʜʘ ץʙʘʨʣʳ שʳʰʪʘʨʜʳץʘʡʪשʪʳ ץʦʣʜʘʥʳʣʜʳ. ʄʠʥʝʨʘʣʜʳץ

ʢʫʣʴʪʠʚʘʮʠʷʣʘʫ ʢʝʟʽʥʜʝ ʝʥʛʽʟʽʣʜʽ. 

ɹʠʦʪʳשʘʡʪץʳʰʪʘʨ ʨʝʪʽʥʜʝ ʊʫʤʘʪ ʙʠʦʧʨʝʧʘʨʘʪʳʥʳש ʙʽʨ ʛʝʢʪʘʨסʘ ʰʘץץʘʥʜʘסʳ 

ʥʦʨʤʘʩʳ - 1,5 ʣʠʪʨʽ 500 ʣ ʩʫסʘ ʝʨʽʪʽʣʽʧ, ʢʘʨʪʦʧʪʳש ʪװʡʥʝʢ ʪװʟʝ ʙʘʩʪʘסʘʥ ʢʝʟʝשʽʥʜʝ  ʘʨʘʩʳʥʘ 

5 ʢװʥ ʩʘʣʳʥʳʧ ʝʢʽ ʨʝʪ ʙװʨʢʽʧ ץʦʣʜʘʥʳʣʜʳ.  

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʘʣʳʥסʘʥ ʪʦʧʳʨʘװ ץʣʛʽʣʝʨʽʥʽײץ שʨʘʤʳ ʞʘʣʧʳ ץʘʙʳʣʜʘʥסʘʥ 

ʢʣʘʩʩʠʢʘʣʳץ ᴅʜʽʩʪʝʨ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʜʳ [20,21].  

ɾʘʧʳʨʘץ ʙʝʪʽʥʽש ʘʫʜʘʥʳ, ʬʦʪʦʩʠʥʪʝʪʠʢʘʣʳץ ʧʦʪʝʥʮʠʘʣ ɸ.ɸ.ʅʠʯʠʧʦʨʦʚʠʯ ʞᴅʥʝ 

ʪ.ʙ., ʘʣ ʬʦʪʦʩʠʥʪʝʟ ᴇʥʽʤʜʽʣʽʛʽ ʂʠʜʜ, ɺʝʩʪ ʞᴅʥʝ ɹʨʠʛʛʝ ʬʦʨʤʫʣʘʩʳ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʜʳ 

[22]. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʞᴅʥʝ ʪʘʣץʳʣʘʫ. ʂʘʨʪʦʧ ʜʘץʳʣʳʥʘ ץʦʣʜʘʥʳʣסʘʥ ʤʠʥʝʨʘʣʜʳץ 

ʪʳשʘʡʪץʳʰʪʘʨ ʘʰʳץ-ץʘʨʘ ץʦשʳʨ ʪʦʧʳʨʘץʪʳץ שʦʨʝʢʪʽʢ ʨʝʞʠʤʽʥ ʞʘץʩʘʨʪʳʧ, ʜʘץʳʣʜʳש 

ᴇʩʽʧ-ʜʘʤʫʳ, ʬʦʪʦʩʠʥʪʝʪʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʤʝʥ ᴇʥʽʤʜʽʣʽʛʽʥʝ ᴅʩʝʨʽʥ ʪʠʛʽʟʜʽ. 

ʊᴅʞʽʨʠʙʝʜʝ ץʦʣʜʘʥʳʣסʘʥ ʪʳשʘʡʪץʳʰʪʘʨ ʢʘʨʪʦʧ ᴇʩʽʤʜʽʛʽʥʽש ʬʦʪʦʩʠʥʪʝʪʠʢʘʣʳץ 

ʙʝʣʩʝʥʜʽʣʽʛʽʥ ᴅʨʪװʨʣʽ ʜᴅʨʝʞʝʜʝ ᴇʟʛʝʨʪʪʽ, ʥᴅʪʠʞʝʩʽʥʜʝ ʞʘʧʳʨʘץ ʘʫʜʘʥʳ, ײץʨסʘץ 

ʙʠʦʤʘʩʩʘʥʳש ʞʠʥʘʣʫʳ ʤʝʥ ʞʘʧʳʨʘץʪʘʨʜʳש ʬʦʪʦʩʠʥʪʝʪʠʢʘʣʳץ ᴅʣʝʫʝʪʽ ʝʜᴅʫʽʨ 

ʞʦסʘʨʳʣʘʜʳ. 

ʂʘʨʪʦʧ ᴇʩʽʤʜʽʛʽ ʪװʡʥʝʢ ʪװʟʽʣʫ ʢʝʟʝשʽʥʽש ʙʘʩʳʥʜʘ ʞʘʧʳʨʘץ ʘʫʜʘʥʳʥʳש ʝש ʞʦסʘʨʳ  

ʢᴇʣʝʤʽʥ, ʷסʥʠ ʙʘץʳʣʘʫ ʚʘʨʠʘʥʪʳʥʜʘ 24,9 ʤʳש ʤ
2
/ʛʘ ʞᴅʥʝ ʪʳשʘʡʪʳʣסʘʥ ʚʘʨʠʘʥʪʪʘʨʜʘ 29,5-

44,1 ʤʳש ʤ
2
/ʛʘ ץʘʣʳʧʪʘʩʪʳʨʜʳ.  ʆʩʳ ʢʝʟʝשʜʝ ʝʛʽʩʪʽʢʪʽש ʬʦʪʦʩʠʥʪʝʪʠʢʘʣʳץ ᴅʣʝʫʝʪʽ, 

ʪʠʽʩʽʥʰʝ 0,758 ʞᴅʥʝ 0,900-1,345 ʤʣʥ ʤ
2
/ʛʘ ʘʨʘʣʳסʳʥʜʘ ᴇʟʛʝʨʜʽ. ʂʘʨʪʦʧ ײץʨסʘץ 

ʙʠʦʤʘʩʩʘʥʳש ʞʠʥʘʣʫʳ ʙʘץʳʣʘʫʜʘ 6,1 ʪ/ʛʘ ʙʦʣʩʘ, ʪʳשʘʡʪʳʣסʘʥ ʚʘʨʠʘʥʪʪʘʨʜʘ 6,2-9,4 ʪ/ʛʘ 

 שʙʠʦʤʘʩʩʘʣʘʨʜʳ ץʘסʨײץ ᴅʣʝʫʝʪʽ ʞᴅʥʝ ץʘʫʜʘʥʳ, ʬʦʪʦʩʠʥʪʝʪʠʢʘʣʳ ץʨʘʜʳ. ɾʘʧʳʨʘײץ

ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʤʠʥʝʨʘʣʜʳץ ʪʳשʘʡʪץʳʰʪʘʨʜʳש ʝʢʽ ʞᴅʥʝ װʰ ʝʩʝʣʝʥʛʝʥ ʥʦʨʤʘʣʘʨʳʥ 

ᴅʨʪװʨʣʽ ʘʨʘ-ץʘʪʳʥʘʩʪʘ ץʦʣʜʘʥʳʣסʘʥ ʚʘʨʠʘʥʪʪʘʨʜʘ (ʚʘʨ. 5,7,9) ʘʥʳץʪʘʣʜʳ (ʢʝʩʪʝ 1).  

ɼʘץʳʣʜʳש ᴇʥʽʤʜʽ ʪװʟʫʽ ʤʝʥ ᴇʥʽʤʥʽש ʰʳסʳʤʳ ʥʝʛʽʟʽʥʝʥ ᴇʩʽʤʜʽʢʪʽש 

ʬʦʪʦʩʠʥʪʝʪʠʢʘʣʳץ ᴇʥʽʤʜʽʣʽʛʽʥʝ ʪᴅʫʝʣʜʽ ʞᴅʥʝ ʦʣʘʨʜʳש ʰʘʤʘʣʘʨʳ  ץʦʣʜʘʥʳʣסʘʥ 

ʪʳשʘʡʪץʳʰʪʘʨʜʳש ʥʦʨʤʘʣʘʨʳ ʤʝʥ ʘʨʘץʘʪʳʥʘʩʳʥʘ ʩᴅʡʢʝʩ ᴇʟʛʝʨʝʜʽ. ᴆʩʽʤʜʽʢʪʽש 

ʬʦʪʦʩʠʥʪʝʪʠʢʘʣʳץ ᴇʥʽʤʜʽʣʽʛʽ ʢʘʨʪʦʧʪʳש ʪװʡʥʝʢ ʙʘʡʣʘʫ ʢʝʟʝשʽʥʽש ʙʘʩʳʥʜʘ ʞʦסʘʨʳ ʙʦʣʳʧ, 

ʪᴅʫʣʽʛʽʥʝ 6,7 ʞᴅʥʝ 8,3 ʛ/ʤ
2
 ʘʨʘʣʳסʳʥʜʘ ʘʫʳʪץʳʩʘ, ʘʣ ᴇʥʽʤʜʽ ʞʠʥʘʫ ʢʝʟʝשʽʥʜʝ ʙײʣ ʢᴇʨʩʝʪʢʽʰ 

ʪᴅʫʣʽʛʽʥʝ 3,4-5,6 ʛ/ʤʛ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʜʽ. 

ɸʫʳʣʰʘʨʫʘʰʳʣʳץ ʜʘץʳʣʜʘʨʳʥʳש ᴇʥʽʤʜʽʣʽʛʽ, ʪʳשʘʡʪץʳʰʪʘʨʜʳ ץʦʣʜʘʥʫʜʳש 

ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʡʪʳʥ ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ, ʢʘʨʪʦʧ ʜʘץʳʣʳʥʳש ᴇʥʽʤʜʽʣʽʛʽ ץʦʣʜʘʥʳʣסʘʥ ʪʳשʘʡʪץʳʰʪʘʨʜʳש ʪװʨʣʝʨʽ, 

ʥʦʨʤʘʣʘʨʳ ʞᴅʥʝ ʘʨʘץʘʪʳʥʘʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ (ʢʝʩʪʝ 2). 

 ʳ ʞʘʣʧʳסʳʥʜʘסʪ/ʛʘ ʘʨʘʣʳ 31,8-45,5 שʳʰʪʘʨ ʢʘʨʪʦʧʪʳץʘʡʪשʘʥ ʪʳסʦʣʜʘʥʳʣפ

ᴇʥʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʩʝ, ʪʳשʘʡʪץʳʰʩʳʟ ʤᴇʣʪʝʢʪʝʨʜʝʛʽ ʞʘʣʧʳ ᴇʥʽʤ 27,2 ʪ/ʛʘ ʘʩʧʘʜʳ. 

ʂʘʨʪʦʧʪʳש ʝש ʞʦסʘʨסʳ ʞʘʣʧʳ ᴇʥʽʤʜʽʣʽʛʽ - 45,5 ʪ/ʛʘ ʤʠʥʝʨʘʣʜʳץ ʪʳשʘʡʪץʳʰʪʘʨʜʳש ʝʢʽ 

ʝʩʝʣʝʥʛʝʥ (N2P2ʂ2) ʥʦʨʤʘʩʳ ʤʝʥ ʊʫʤʘʪ ʙʠʦʧʨʝʧʘʨʘʪʳʥ ײʰʪʘʩʪʳʨʳʧ ץʦʣʜʘʥסʘʥ ʥײʩץʘʜʘ   
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1-ʂʝʩʪʝ ï ʊʳשʘʡʪץʳʰʪʘʨʜʳ ץʦʣʜʘʥʫסʘ ʙʘʡʣʘʥʳʩʪʳ ʢʘʨʪʦʧ ʜʘץʳʣʳʥʳש ʬʦʪʦʩʠʥʪʝʪʠʢʘʣʳץ ᴇʥʽʤʜʽʣʽʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש ᴇʟʛʝʨʫʽ, 

2021ʞ. 

 

ʊᴅʞʽʨʠʙʝ 

ʚʘʨʠʘʥʪʪʘʨʳ 

 ,ʙʠʦʤʘʩʩʘ  ץʘסʨײפ

ʪ/ʛʘ 
ɾʘʧʳʨʘץ ʘʫʜʘʥʳ, ʤʳש ʤ

2
/ʛʘ 

ʌʦʪʦʩʠʥʪʝʪʠʢʘʣʳץ ᴅʣʝʫʝʪʽ, 

ʤʣʥ.ʤ
2
/ʛʘ 

ʌʦʪʦʩʠʥʪʝʟʜʽש ʪʘʟʘ ᴇʥʽʤʜʽʣʽʛʽ, ʛ/ʤ
2
 

ʪᴅʫʣʽʢ 

ʊװʡʥʝʢ 

ʪװʟʽʣʫ-

ʜʽש 

ʙʘʩʪʘ-

ʣʫʳ 

ᴆʥʽʤʜʽ 

ʞʠʥʘʫ 

ʊװʡʥʝʢ 

ʪװʟʽʣʫʜʽש 

ʙʘʩʪʘʣʫʳ 

ᴆʥʽʤʜʽ 

ʞʠʥʘʫ 

ʆʨʪʘʰʘ  

ʚʝʛʝʪʘ-

ʮʠʷʣʳץ 

ʢᴇʨʩʝʪ-

ʢʽʰ 

ʊװʡʥʝʢ 

ʪװʟʽʣʫʜʽש 

ʙʘʩʪʘʣʫʳ 

ᴆʥʽʤʜʽ 

ʞʠʥʘʫ 

ɺʝʛʝʪʘ-

ʮʠʷ 

ʢʝʟʝשʽʥ-

ʜʝʛʽ 

 ʦʩʳʥʜʳץ

ʢᴇʨʩʝʪ-

ʢʽʰ 

ʊװʡʥʝʢ 

ʪװʟʽʣʫʜʽש 

ʙʘʩʪʘʣʫʳ 

ᴆʥʽʤʜʽ 

ʞʠʥʘʫ 

ʆʨʪʘʰʘ 

ʚʝʛʝʪʘ-

ʮʠʷʣʳץ 

ʢᴇʨʩʝʪ-

ʢʽʰ 

1.ʊʳשʘʡʪ-

  ʳʰʩʳʟץ
6,1 7,6 24,9 1,7 13,3 0,758 0,452 1,211 8,0 3,4 6,3 

2. N100P100 7,3 10,0 35,7 3,4 19,5 1,088 0,664 1,751 6,7 4,1 5,7 

3. N100ʂ100 8,7 11,9 34,7 3,8 19,3 1,058 0,655 1,712 8,3 4,7 6,9 

4. ʈ100ʂ100 7,2 9,5 29,5 2,8 16,1 0,900 0,549 1,449 8,0 4,3 6,6 

5. N100P100ʂ100 9,2 12,1 37,0 3,7 20,3 1,128 0,692 1,820 8,1 4,3 6,7 

6. N50P100ʂ100 7,7 11,1 33,2 4,1 18,7 1,013 0,635 1,649 7,6 5,3 6,7 

7. N150ʈ100ʂ100 9,0 12,8 44,1 6,6 25,3 1,345 0,861 2,206 6,7 4,5 5,8 

8. N100P150ʂ100 7,9 10,9 37,6 2,8 20,2 1,148 0,688 1,835 6,9 4,4 6,0 

9. N100P100ʂ150 9,4 12,2 40,5 4,5 22,5 1,235 0,765 2,000 7,6 3,7 6,1 

10. N100P100ʂ100 

+ʊʫʤʘʪ 
9,2 13,1 41,5 6,3 23,9 1,267 0,812 2,079 7,2 4,9 6,3 

11. ʊʫʤʘʪ 6,2 8,9 24,9 3,6 14,3 0,761 0,485 1,246 8,2 5,6 7,2 
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(ʥײʩץʘ10) ʙʘʡץʘʣʜʳ. ɹʘʩץʘ ʝʢʽ ʵʣʝʤʝʥʪʪʽש ʝʢʽ ʝʩʝʣʝʥʛʝʥ ʬʦʥʳʥʜʘ ʘʟʦʪ ʧʝʥ ʢʘʣʠʡʜʽװ שʰ 

ʝʩʝʣʝʥʛʝʥ ʥʦʨʤʘʣʘʨʳʥ ץʦʣʜʘʥסʘʥ ʥײʩץʘʣʘʨ (ʥײʩץʘ 7,9) ʢʘʨʪʦʧʪʳש ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʛʽʥ - 

44,2 ʞᴅʥʝ 43,1 ʪ/ʛʘ ʥʝʤʝʩʝ 62,2 ʞᴅʥʝ 58,4% ץʦʩʳʤʰʘ ᴇʥʽʤʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʪʽ (ʢʝʩʪʝ 2). 

 
2-ʂʝʩʪʝ - ʂʘʨʪʦʧ ʜʘץʳʣʳʥʳש ᴇʥʽʤʜʽʣʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝ ʪʳשʘʡʪץʳʰʪʘʨʜʳש ᴅʩʝʨʽ, 

2021 ʞʳʣ 

 

ʊᴅʞʽʨʠʙʝ 

ʚʘʨʠʘʥʪʪʘʨʳ 

ɾʘʣʧʳ 

ᴇʥʽʤ, ʪ/ʛʘ 

 ʦʩʳʤʰʘפ

ᴇʥʽʤ, % 

ʊװʡʥʝʢʪʽש 

ʦʨʪʘʰʘ 

ʩʘʣʤʘסʳ, ʛ 

ʊʘʫʘʨʣʳ 

ᴇʥʽʤ, ʪ/ʛʘ 

 ʦʩʳʤʰʘפ

ᴇʥʽʤ, % 

1. ʊʳשʘʡʪץʳʰʩʳʟ 27,2 - 84 22,9 - 

2. N100P100 35,7 31,2 97 29,1 27,1 

3. N100ʂ100 38,9 42,9 94 33,2 44,6 

4. ʈ100ʂ100 33,8 24,1 91 27,7 21,0 

5. N100P100ʂ100 42,2 54,8 105 36,5 59,2 

6. N50P100ʂ100 38,6 42,0 104 34,6 51,0 

7. N150ʈ100ʂ100 44,2 62,2 108 37,4 63,0 

8. N100P150ʂ100 39,5 45,1 112 32,8 43,0 

9. N100P100ʂ150 43,1 58,4 98 37,6 64,1 

10. N100P100ʂ100 

+ʊʫʤʘʪ 
45,5 67,3 101 39,3 71,2 

11. ʊʫʤʘʪ 31,8 16,8 93 26,0 13,4 

ɽɽɸ 0,5, ʪ/ʛʘ 4,3  13,7 4,3  

ʈ, % 3,9  4,7 4,5  

 

 

ʂʘʨʪʦʧʪʳש ʪʘʫʘʨʣʳ ᴇʥʽʤʜʽʣʽʛʽ ʜʝ ʞʘʣʧʳ ᴇʥʽʤʜʽʣʽʢʪʝ ʘʥʳץʪʘʣסʘʥ ʟʘשʜʳʣʳץʪʘʨ 

ʙʦʡʳʥʰʘ ᴇʟʛʝʨʝʜʽ. ʊʳשʘʡʪץʳʰʩʳʟ ʥײʩץʘʜʘסʳ ʪʘʫʘʨʣʳ ᴇʥʽʤ 22,9 ʪ/ʛʘ ʙʦʣʩʘ, ʪʳשʘʡʪץʳʰ 

 שʝ שʡʥʝʛʽʥʽװʘʣʳʧʪʘʩʪʳ. ʂʘʨʪʦʧ ʪץ ʳʥʜʘסʘʣʘʨʜʘ 26,0-39,3 ʪ/ʛʘ ʘʨʘʣʳץʩײʘʥ ʥסʦʣʜʘʥʳʣץ

ʞʦסʘʨʳ 39,3 ʪ/ʛʘ ʪʘʫʘʨʣʳ ᴇʥʽʤʽ ʪʳשʘʡʪץʳʰʪʘʨʜʳש ʝʢʽ ʝʩʝʣʝʥʛʝʥ (N2P2ʂ2) ʥʦʨʤʘʩʳʥʘ 

ʊʫʤʘʪ ʧʨʝʧʘʨʘʪʳʥ ײʰʪʘʩʪʳʨʳʧ ץʦʣʜʘʥסʘʥ ʥײʩץʘʜʘ ץʘʣʳʧʪʘʩʪʳ ʞᴅʥʝ ץʦʩʳʤʰʘ ᴇʥʽʤ 

ʤᴇʣʰʝʨʽ ʙʘץʳʣʘʫʜʘסʳ ʥײʩץʘʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 71,2 % ʘʨʪʪʳ. ʊװʡʥʝʢʪʽש ʦʨʪʘʰʘ ʩʘʣʤʘסʳ 

ʙʘץʳʣʘʫʜʘסʳ ʥײʩץʘʜʘ 84 ʛ ײץʨʘʩʘ, ʘʣ ʪʳשʘʡʪʳʣסʘʥ ʥײʩץʘʣʘʨʜʘ 93-111 ʛ ʘʨʘʣʳסʳʥʜʘ ʙʦʣʜʳ 

(ʢʝʩʪʝ 2). 

ʊʳשʘʡʪץʳʰʪʘʨʜʳש ʥʦʨʤʘʩʳʥ ʘʥʳץʪʘʫ ʢʝʟʽʥʜʝ, ʪʦʧʳʨʘץʪʘסʳ ʩʽשʽʤʜʽ ץʦʨʝʢʪʽʢ 

ʵʣʝʤʝʥʪʪʝʨʜʽש ʤᴇʣʰʝʨʽʥ ʝʩʝʧʢʝ ʘʣʘ ʦʪʳʨʳʧ  ʜʘץʳʣʜʘʨʜʳש ʞʦʩʧʘʨʣʳ ʜʝשʛʝʡʜʝʛʽ 

ᴇʥʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ץʦʨʝʢʪʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽש ʥʦʨʤʘʪʠʚʪʽ ʰʳסʳʥʜʘʨʳʥ ʝʩʝʧʪʝʫʜʽש 

ʤʘשʳʟʳ ʟʦʨ.  

 ʞʘʣʧʳ שʰʽʥ ʢʘʨʪʦʧʪʳװ ʪʘʫץʳʥʜʘʨʳʥ ʘʥʳסʥʦʨʤʘʪʠʚʪʽ ʰʳ שʦʨʝʢʪʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽפ

ʞᴅʥʝ ץʦʩʳʤʰʘ ᴇʥʽʤʤʝʥ ʧʘʡʜʘʣʘʥʳʣסʘʥ ʘʟʦʪ, ʬʦʩʬʦʨ ʞᴅʥʝ ʢʘʣʠʡʜʽש ʤᴇʣʰʝʨʣʝʨʽ ʘʣʳʥʜʳ. 

 ʛʝʡʜʝʛʽ ʙʠʦʤʘʩʩʘשʨʣʽ ʜʝװʳʣʳ ᴅʨʪץᴅʩʝʨʽʥʝʥ ʢʘʨʪʦʧ ʜʘ שʳʰʪʘʨʜʳץʘʡʪשʘʥ ʪʳסʦʣʜʘʥʳʣפ

 ʘʣʳʧʪʘʩʪʳʨʫ ʢʝʟʽʥʜʝ 75,8-216,1 ʢʛ/ʛʘ ʘʟʦʪ, 45,2-96,1 ʢʛ/ʛʘ ʬʦʩʬʦʨ ʞᴅʥʝ 151,4-256,0 ʢʛ/ʛʘץ

ʢʘʣʠʡʜʽ ʧʘʡʜʘʣʘʥʘʜʳ. ʊᴅʞʽʨʠʙʝ ʙʦʡʳʥʰʘ ʦʨʪʘ ʝʩʝʧʧʝʥ ʪʳשʘʡʪץʳʰʪʘʨ ײץʨʘʤʳʥʘʥ ʘʟʦʪ, 

ʬʦʩʬʦʨ ʞᴅʥʝ ʢʘʣʠʡ ʵʣʝʤʝʥʪʪʝʨʽʥ ʪײʪʳʥʫ ʤᴇʣʰʝʨʽ, ʩᴅʡʢʝʩʽʥʰʝ 79,7 %; 35,5 % ʞᴅʥʝ 64,8% 

 .ʨʘʜʳ (ʢʝʩʪʝ 3)ײץ

ʂʘʨʪʦʧʪʳ1 ש ʪʦʥʥʘ ʪװʡʥʝʛʽʤʝʥ, ץʦʩʘʣץʳ ᴇʥʽʤʜʝʨʽʥ ץʦʩʘ ʝʩʝʧʪʝʛʝʥʜʝ, ʦʥʳ27,2-45,5 ש ʪ/ʛʘ 

ᴇʥʽʤʜʽʣʽʛʽ ʢʝʟʽʥʜʝ ʧʘʡʜʘʣʘʥʳʣסʘʥ ʘʟʦʪ ʤᴇʣʰʝʨʽ 2,8-4,9 ʢʛ, ʬʦʩʬʦʨ 1,7-2,1 ʢʛ ʞᴅʥʝ ʢʘʣʠʡ 

ʤᴇʣʰʝʨʽ 4,8-6,3 ʢʛ ʘʨʘʣʳסʳʥʜʘ ᴇʟʛʝʨʜʽ. ʊᴅʞʽʨʠʙʝ ʙʦʡʳʥʰʘ ʦʨʪʘ ʝʩʝʧʧʝʥ ץʦʨʝʢʪʽʢ 

ʟʘʪʪʘʨʜʳ1 ש ʪʦʥʥʘ ᴇʥʽʤʽʤʝʥ ʧʘʡʜʘʣʘʥʫ ʥʦʨʤʘʪʠʚʪʽʢ ʢᴇʨʩʝʪʢʽʰʽ ʘʟʦʪ - 3,6 ʢʛ, ʬʦʩʬʦʨ - 2,0 

ʢʛ ʞᴅʥʝ ʢʘʣʠʡ - 5,4 ʢʛ ײץʨʘʜʳ. 
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3-ʂʝʩʪʝ ï ʊʳשʘʡʪץʳʰʪʘʨʜʳ ץʦʣʜʘʥʫסʘ ʙʘʡʣʘʥʳʩʪʳ ʢʘʨʪʦʧ ʜʘץʳʣʳʥʳש  

 ʦʨʝʢʪʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫʳ, 2021 ʞʳʣץ

 

ʊᴅʞʽʨʠʙʝ 

ʚʘʨʠʘʥʪʪʘʨʳ 

ɾʘʣʧʳ ʧʘʡʜʘʣʘʥʫʳ, 

ʢʛ/ʛʘ 

ʊʳשʘʡʪץʳʰʪʘʨʜʳ 

ʧʘʡʜʘʣʘʥʫ 

ʢʦʵʬʬʠʮʠʝʥʪʽ, % 

1 ʪʦʥʥʘ ᴇʥʽʤʽʤʝʥ 

ʧʘʡʜʘʣʘʥʫʳ, ʢʛ 

N ʈ ʂ N ʈ ʂ N ʈ ʂ 

1. ʊʳשʘʡʪץʳʰʩʳʟ 75,8 45,2 151,4 - - - 2,8 1,7 5,6 

2. N100P100 132,5 73,9 191,2 56,7 28,7 - 3,7 2,1 5,4 

3. N100ʂ100 144,8 69,9 246,8 69,0 - 95,4 3,7 1,8 6,3 

4. ʈ100ʂ100 94,0 70,9 180,0 - 25,7 28,6 2,8 2,1 5,3 

5. N100P100ʂ100 160,6 89,0 240,3 84,8 43,8 88,9 3,8 2,1 5,7 

6. N50P100ʂ100 121,5 80,7 184,9 91,4 35,5 33,5 3,1 2,1 4,8 

7. N150ʈ100ʂ100 216,1 93,4 232,7 93,5 48,2 81,3 4,9 2,1 5,3 

8. N100P150ʂ100 144,7 80,9 189,9 68,9 23,8 38,6 3,7 2,0 4,8 

9. N100P100ʂ150 160,8 71,6 256,0 85,0 26,4 69,8 3,7 1,7 5,9 

10. N100P100ʂ100 

+ʊʫʤʘʪ 
173,7 96,1 219,1 98,0 50,9 67,7 3,8 2,1 4,8 

11. ʊʫʤʘʪ 92,6 64,9 154,0 - - - 2,9 2,0 4,8 

ʊᴅʞʽʨʠʙʝ 

ʙʦʡʳʥʰʘ ʦʨʪʘʰʘ 
138,6 76,5 206,4 79,7 35,5 64,8 3,6 2,0 5,4 

 

 

4-ʂʝʩʪʝ ï ʊʳשʘʡʪץʳʰʪʘʨʜʳ ץʦʣʜʘʥʫסʘ ʙʘʡʣʘʥʳʩʪʳ ʢʘʨʪʦʧ ᴇʥʜʽʨʫʜʽש ʵʢʦʥʦʤʠʢʘʣʳץ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ, 2021 ʞʳʣ 

 

ʊᴅʞʽʨʠʙʝ 

ʚʘʨʠʘʥʪʪʘʨʳ 

ɾʘʣʧʳ 

ʰʳסʳʥʜʘʨ, 

ʤʳש 

ʪʝשʛʝ/ʛʘ 

ʊʘʫʘʨʣʳ ᴇʥʽʤ 

 שʥʳ, ʤʳײץ

ʪʝשʛʝ/ʛʘ 

ʐʘʨʪʪʳ 

ʪʘʟʘ ʧʘʡʜʘ 

ʤʳש 

ʪʝשʛʝ/ʛʘ 

ᴆʥʽʤʥʽש 

ᴇʟʽʥʜʽʢ 

 ʥʳ, ʪʛ/ʢʛײץ

ʈʝʥʪʘʙʝʣʴ

ʜʽʣʽʢ, % 

1. ʊʳשʘʡʪץʳʰʩʳʟ  1104,3 2063,7 959,4 48,2 86,9 

2. N100P100 1261,6 2622,6 1361,0 43,3 107,9 

3. N100ʂ100 1305,1 2984,4 1679,3 39,4 128,7 

4. ʈ100ʂ100 1290,4 2496,6 1206,2 46,5 93,5 

5. N100P100ʂ100 1380,6 3285,0 1904,4 37,8 137,9 

6. N50P100ʂ100 1338,4 3115,8 1777,4 38,7 132,8 

7. N150ʈ100ʂ100 1416,0 3364,2 1948,2 37,9 137,6 

8. N100P150ʂ100 1399,4 2952,0 1552,6 42,7 110,9 

9. N100P100ʂ150 1430,0 3386,7 1956,6 38,0 136,8 

10. N100P100ʂ100 

+ʊʫʤʘʪ 
1400,4 3533,4 2133,0 35,7 152,3 

11.ʊʫʤʘʪ 1134,9 2340,9 1206,0 43,6 106,3 

 

 

ɾʝʪʽʩʫ ʞʦʪʘʩʳʥʳש ʩʦʣʪװʩʪʽʢ ʙʝʪʢʝʡʽʥʽש ʘʰʳץ-ץʘʨʘ ץʦשʳʨ ʪʦʧʳʨʘסʳ ʞʘסʜʘʡʳʥʜʘ 

ʢʘʨʪʦʧ ʜʘץʳʣʳʥʘ ץʦʣʜʘʥʳʣסʘʥ ʤʠʥʝʨʘʣʜʳץ ʞᴅʥʝ ʙʠʦʪʳשʘʡʪץʳʰʪʘʨʜʳש ʵʢʦʥʦʤʠʢʘʣʳץ 

ʪʠʽʤʜʽʣʽʢʪʝʨʽ ᴅʨʪװʨʣʽ ʙʦʣʜʳ (ʢʝʩʪʝ 4). פʦʣʜʘʥʳʣסʘʥ ʪʳשʘʡʪץʳʰʪʘʨʜʘʥ ʘʣʳʥסʘʥ ʪʘʫʘʨʣʳ 

ᴇʥʽʤ ײץʥʳ ʙʘץʳʣʘʫ ʥײʩץʘʩʳʥʜʘ 2063,7 ʤʳש ʪʝשʛʝ/ʛʘ ʙʦʣʩʘ, ʘʣ ʪʳשʘʡʪʳʣסʘʥ ʥײʩץʘʣʘʨʜʘ  

ʙײʣ ʢᴇʨʩʝʪʢʽʰ 2340,9-3533,4 ʤʳש ʪʝשʛʝ/ʛʘ ʰʘʤʘʩʳʥʜʘ ʙʦʣʜʳ. ʊᴅʞʽʨʠʙʝʜʝ ʝש ʞʦסʘʨסʳ 

2133,0 ʤʳש ʪʝשʛʝ/ʛʘ  ʰʘʨʪʪʳ-ʪʘʟʘ ʧʘʡʜʘʥʳ ʤʠʥʝʨʘʣʜʳץ ʪʳשʘʡʪץʳʰʪʘʨʜʳש ʝʢʽ ʝʩʝʣʝʥʛʝʥ 

N100P100K100 ʥʦʨʤʘʣʘʨʳʥʘʙʠʦʪʳשʘʡʪץʳʰ ʊʫʤʘʪʪʳ ײʰʪʘʩʪʳʨʳʧ ץʦʣʜʘʥסʘʥ ʥײʩץʘ (ʥײʩץʘ 10) 
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 ʘץʩײʜʘʡʜʘ (ʥסʘʥ ʞʘסʦʣʜʘʥץ ʰ ʝʩʝʣʝʥʛʝʥ ʥʦʨʤʘʣʘʨʳʥװ שʘʤʪʘʤʘʩʳʟ ʝʪʪʽ. ɸʟʦʪ ʧʝʥ ʢʘʣʠʡʜʽץ

7 ʞᴅʥʝ 9) 1948,2 ʞᴅʥʝ 1956,6 ʤʳש ʪʝשʛʝ/ʛʘ ʰʘʤʘʩʳʥʜʘסʳ ʰʘʨʪʪʳ-ʪʘʟʘ ʧʘʡʜʘʣʘʨ ʘʣʳʥʜʳ. 

ᴆʥʽʤʥʽ1 ש ʢʛ ᴇʟʽʥʜʽʢ ײץʥʳ ʙʘץʳʣʘʫ ʥײʩץʘʩʳʥʜʘ 48,2 ʪʝשʛʝ ʙʦʣʩʘ, ʘʣ ʪʳשʘʡʪʳʣסʘʥ 

ʥײʩץʘʣʘʨʜʘ 46,5-35,7 ʪʝשʛʝʛʝ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʜʽ.  

ʊʳשʘʡʪץʳʰʪʘʨ ץʦʣʜʘʥʳʣסʘʥ ʤᴇʣʪʝʢʪʝʨʜʝ ʢʘʨʪʦʧ ᴇʩʽʨʫ ᴇʥʜʽʨʽʩʽʥʽש ʨʝʥʪʘʙʝʣʴʜʽʣʽʛʽ 

93,5-152,3% ʘʨʘʣʳסʳʥʜʘ ʙʦʣʩʘ,  ʙʘץʳʣʘʫʜʘסʳ ʥײʩץʘʜʘ ʙײʣ ʢᴇʨʩʝʪʢʽʰ  86,9 % ʙʦʣʜʳ. 

 ʝʛʽʩʪʽʛʽʥʝ שʳʣʳʥʳץʪʘ ᴇʩʽʨʽʣʛʝʥ ʢʘʨʪʦʧ ʜʘץʳʨ ʪʦʧʳʨʘשʦץ ʘʨʘץ-ץʦʨʳʪʳʥʜʳ. ɸʰʳפ

 ʨʣʽ ʥʦʨʤʘʣʘʨʳ ʤʝʥװᴅʨʪ שʳʰʪʘʨʜʳץʘʡʪשʞᴅʥʝ ʙʠʦʪʳ ץʘʥ ʤʠʥʝʨʘʣʜʳסʦʣʜʘʥʳʣץ

ʘʨʘץʘʪʳʥʘʩʪʘʨʳ ᴇʩʽʤʜʽʢʪʽש ʬʦʪʦʩʠʥʪʝʪʠʢʘʣʳץ ᴅʣʝʫʝʪʽ ʤʝʥ ᴇʥʽʤʜʽʣʽʛʽʥʽש ʘʨʪʫʳʥʘ 

ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨʽʥ ʪʠʛʽʟʜʽ. ʊʳשʘʡʪʳʣסʘʥ ʥײʩץʘʣʘʨʜʘ ʢʘʨʪʦʧ ʜʘץʳʣʳʥʳש ʞʘʧʳʨʘץ 

ʘʫʜʘʥʳʥʳש ᴇʩʫʽ, ײץʨסʘץ ʙʠʦʤʘʩʩʘʣʘʨʳʥʳש ʞʠʥʘץʪʘʣʫʳ ʤʝʥ ʬʠʪʦʩʠʥʪʝʪʠʢʘʣʳץ ᴅʣʝʫʝʪʽ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש ʢʘʨʪʦʧʪʳש ʪװʡʥʝʢ ʪװʟʽʣʫ ʢʝʟʝשʽʥʜʝ ʙʘץʳʣʘʫʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ, 

ʩᴅʡʢʝʩʽʥʰʝ, 4,6 ï 19,2 ʤʳש ʤĮ/ʛʘ, 0,1ï3,3 ʪ/ʛʘ ʞᴅʥʝ 0,003ï0,587 ʤʣʥ.ʤĮ/ ʛʘ ʘʨʘʣʳסʳʥʜʘ 

ʞʦסʘʨʳʣʘʜʳ. ʌʦʪʦʩʠʥʪʝʟʜʽש ʪʘʟʘ ᴇʥʽʤʜʽʣʽʛʽʥʽש ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʪʳשʘʡʪʳʣסʘʥ 

ʥײʩץʘʣʘʨʜʘ ʢʘʨʪʦʧʪʳש ʪװʡʥʝʢ ʙʘʡʣʘʫ ʢʝʟʝשʽʥʽש ʙʘʩʳʥʜʘ ʙʘʡץʘʣʜʳ ï 6,7-8,3 ʛ/ʤ
2
 ʪᴅʫʣʽʢ, ʘʣ 

ᴇʥʽʤʜʽ ʞʠʥʘʫ ʢʝʟʝשʽʥʜʝ ʦʥʳש ʰʘʤʘʩʳ 1,5 ï 2,0 ʝʩʝʛʝ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʜʽ ï 3,4-5,6 ʛ/ʤ
2
 ʪᴅʫʣʽʢ. 

ʄʠʥʝʨʘʣʜʳץ ʞᴅʥʝ ʙʠʦʪʳשʘʡʪץʳʰʪʘʨ ʢʘʨʪʦʧʪʳ31,8 ש ï 45,5 ʪ/ʛʘ ʞʘʣʧʳ ʞᴅʥʝ 26,0 ï 

39,3 ʪ/ʛʘ ʘʨʘʣʳסʳʥʜʘסʳ ʪʘʫʘʨʣʳ ᴇʥʽʤʜʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʪʽ. ʂʘʨʪʦʧʪʳש ʝש ʞʦסʘʨסʳ 39,3 

ʪ/ʛʘ ʪʘʫʘʨʣʳ ᴇʥʽʤʽ ʤʠʥʝʨʘʣʜʳץ ʪʳשʘʡʪץʳʰʪʘʨʜʳש ʝʢʽ ʝʩʝʣʝʥʛʝʥ N2P2K2  ʥʦʨʤʘʣʘʨʳ ʤʝʥ 

ʊʫʤʘʪ ʙʠʦʧʨʝʧʘʨʘʪʳʥ ײʰʪʘʩʪʳʨʳʧ ץʦʣʜʘʥסʘʥ ʥײʩץʘʜʘ ʘʣʳʥʜʳ. ʊʘʫʘʨʣʳ ᴇʥʽʤʥʽש ʝש 

ʪᴇʤʝʥʛʽ 22,9 ʞᴅʥʝ 26,0 ʪ/ʛʘ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ, ʪʠʽʩʽʥʰʝ, ʙʘץʳʣʘʫ ʤʝʥ ʪʝʢ ʊʫʤʘʪ 

ʙʠʦʧʨʝʧʘʨʘʪʳʥ ץʦʣʜʘʥסʘʥ ʥײʩץʘʣʘʨʜʘ  ʙʘʡץʘʣʜʳ. פʦʣʜʘʥʳʣסʘʥ ʪʳשʘʡʪץʳʰʪʘʨ ʢʘʨʪʦʧʪʳש 

ʪʘʫʘʨʣʳ ץʦʩʳʤʰʘ ᴇʥʽʤʽʥ 13,4 ï 71,2% ᴇʩʽʨʜʽ. 

ʂʘʨʪʦʧ ʜʘץʳʣʳʥʳץ שʦʨʝʢʪʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ץʘʨץʳʥʜʳʣʳסʳ, ʦʣʘʨסʘ 

 ʘʥסʘʣʳʧʪʘʩʪʳʨץ ʘʪʳʥʘʩʪʘʨʳ ʤʝʥץʥʦʨʤʘʣʘʨʳ, ʘʨʘ שʳʰʪʘʨʜʳץʘʡʪשʘʥ ʪʳסʦʣʜʘʥʳʣץ

ᴇʥʽʤʜʽʣʽʢ ʜʝשʛʝʡʣʝʨʽʥʝ ʩᴅʡʢʝʩ ᴇʟʛʝʨʜʽ. ɾװʨʛʽʟʽʣʛʝʥ ʪᴅʞʽʨʠʙʝ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʦʨʪʘʰʘ NPK 

ʧʘʡʜʘʣʘʥʫ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ᴅʨ ʛʝʢʪʘʨסʘ ʰʘץץʘʥʜʘ 138,6 ʢʛ ʘʟʦʪ, 76,5 ʢʛ ʬʦʩʬʦʨ ʞᴅʥʝ 206,4 ʢʛ  

ʢʘʣʠʡʜʽ ײץʨʘʜʳ. ʊװʡʥʝʢʪʽ1 ש ʪʦʥʥʘ ᴇʥʽʤʽʥ ʘʣʫסʘ, ץʦʩʘʣץʳ ᴇʥʽʤʜʽ ץʦʩʘ ʝʩʝʧʪʝʛʝʥʜʝ, ʢʘʨʪʦʧ 

ʜʘץʳʣʳ 3,6 ʢʛ ʘʟʦʪ, 2,0 ʢʛ ʬʦʩʬʦʨ ʞᴅʥʝ 5,4 ʢʛ ʢʘʣʠʡ ʵʣʝʤʝʥʪʽʥ ʪײʪʳʥʜʳ. 

ʂʘʨʪʦʧ ᴇʥʜʽʨʽʩʽʥʜʝ ץʦʣʜʘʥʳʣסʘʥ ʤʠʥʝʨʘʣʜʳץ ʞᴅʥʝ ʙʠʦʪʳשʘʡʪץʳʰʪʘʨʜʘʥ 1206,0 ï 

2133,0 ʤʳש ʪʝשʛʝ/ʛʘ ʰʘʤʘʩʳʥʜʘ ʰʘʨʪʪʳ-ʪʘʟʘ ʧʘʡʜʘ ʘʣʳʥʳʧ, ʨʝʥʪʘʙʝʣʴʜʽʣʽʛʽ 106,3ï152,3% 

ʘʨʘʣʳסʳʥʜʘ ᴇʟʛʝʨʜʽ. ʐʘʨʪʪʳ-ʪʘʟʘ ʧʘʡʜʘʥʳש ʝש ʞʦסʘʨסʳ 2133,0 ʤʳש ʪʝשʛʝ/ʛʘ ʢᴇʨʩʝʪʢʽʰʽ 

ʤʠʥʝʨʘʣʜʳץ ʪʳשʘʡʪץʳʰʪʘʨʜʳש N100P100K100  ʥʦʨʤʘʩʳʥʘ ʊʫʤʘʪ ʙʠʦʧʨʝʧʘʨʘʪʳʥ 

 ʨʝʥʪʘʙʝʣʴʜʽʣʛʽ  152,3% שʘʥʳץʩײʣ ʥײʘʤʪʘʤʘʩʳʟ ʝʪʪʽ. ɹץ ʘʩʳץʩײʘʥ ʥסʦʣʜʘʥץ ʰʪʘʩʪʳʨʳʧײ

ʙʦʣʜʳ. 

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨʜʽ ץʘʨʞʳʣʘʥʜʳʨʫ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ ɸʫʳʣ ʰʘʨʫʘʰʳ-

ʣʳסʳ ʤʠʥʠʩʪʨʣʽʛʽ ʤʘץʩʘʪʪʳ סʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʙʘסʜʘʨʣʘʤʘ çɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ 

ʤʘץʩʘʪʳʥʜʘסʳ ʞʝʨʣʝʨʜʽײץ שʥʘʨʣʳʣʳסʳʥ ʩʘץʪʘʫʜʳ ʞᴅʥʝ ʤʦʣʳץʪʳʨʫʜʳ סʳʣʳʤʠ-

ʪʝʭʥʦʣʦʛʠʷʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫè ɾʊʅ BR10764865 ʞʦʙʘʩʳ ʘʷʩʳʥʜʘ ʦʨʳʥʜʘʣʜʳ.  
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, ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ 

 
1
çʂʘʟʘʭʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʦʯʚʦʚʝʜʝʥʠʷ ʠ  

ʘʛʨʦʭʠʤʠʠ ʠʤʝʥʠ ʋ.ʋ.ʋʩʧʘʥʦʚʘè, ʛ. ɸʣʤʘʪʳ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ  
2
ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʘʛʨʘʨʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ɸʣʤʘʪʳ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ  

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʜʠʥʘʤʠʢʝ ʠʟʤʝʥʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʪʝʥʠʡ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʥʦʨʤ ʠ ʩʦʦʪʥʦʰʝʥʠʡ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʙʠʦʫʜʦʙʨʝʥʠʡ, ʚʥʦʩʠʤʳʭ ʧʦʜ ʢʘʨʪʦʬʝʣʴ, 

ʚʳʨʘʱʠʚʘʝʤʦʛʦ ʥʘ ʩʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʳʭ ʧʦʯʚʘʭ ʩʝʚʝʨʥʳʭ ʩʢʣʦʥʦʚ ɾʝʪʳʩʫʩʢʦʛʦ ʭʨʝʙʪʘ. 

ʄʠʥʝʨʘʣʴʥʳʝ ʠ ʙʠʦʫʜʦʙʨʝʥʠʷ ʧʦʚʳʰʘʣʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʩʘʜʦʢ ʢʘʨʪʦʬʝʣʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʨʠʨʦʩʪ ʧʣʦʱʘʜʠ ʣʠʩʪʴʝʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʩʦʩʪʘʚʠʣ 4,6 - 15,6 ʪʳʩ. ʤ
2
/ʛʘ, 

ʥʘʢʦʧʣʝʥʠʝ ʩʫʭʦʡ ʙʠʦʤʘʩʩʳ ʚʳʨʦʩ ʥʘ 0,1 - 3,1 ʪ/ʛʘ ʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ - ʥʘ 0,003 - 

0,587 ʤʣʥ. ʤĮ/ʛʘ. ʇʨʠʤʝʥʷʝʤʳʝ ʫʜʦʙʨʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʣʠ ʚʘʣʦʚʫʶ ʫʨʦʞʘʡʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ ʦʪ 31,8 

ʜʦ 45,5 ʪ/ʛʘ, ʘ ʪʦʚʘʨʥʫʶ ʦʪ 26,0 ʜʦ 39,3 ʪ/ʛʘ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ (39,3 ʪ/ʛʘ) ʪʦʚʘʨʥʳʝ ʢʣʫʙʥʠ 

ʢʘʨʪʦʬʝʣʷ ʙʳʣʠ ʩʦʙʨʘʥʳ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ N100ʈ100ʂ100 ʠ 

ʙʠʦʧʨʝʧʘʨʘʪʘ ʊʫʤʘʪ. ʅʘʠʤʝʥʴʰʠʝ ʫʨʦʞʘʠ ʧʦʣʫʯʝʥʳ ʥʘ ʚʘʨʠʘʥʪʝ ʙʝʟ ʫʜʦʙʨʝʥʠʡ ʠ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʙʠʦʧʨʝʧʘʨʘʪʘ ʊʫʤʘʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 22,9 ʠ 26,0 ʪ/ʛʘ. ɺ ʦʧʳʪʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʨʤ ʠ 

ʩʦʦʪʥʦʰʝʥʠʡ ʫʜʦʙʨʝʥʠʡ ʚʳʭʦʜ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʚʘʨʥʦʛʦ ʫʨʦʞʘʷ ʩʦʩʪʘʚʠʣ ʦʪ 13,4 ʜʦ 71,2%. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʳʪʘ ʦʙʱʝʝ ʩʨʝʜʥʝʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ (NPK) ʩʦʩʪʘʚʣʷʣʦ 138,6 ʢʛ/ʛʘ 

ʘʟʦʪʘ, 76,5 ʢʛ/ʛʘ ʬʦʩʬʦʨʘ ʠ 206,4 ʢʛ/ʛʘ ʢʘʣʠʷ, ʘ ʥʘ 1 ʪ ʢʣʫʙʥʝʡ, ʩ ʫʯʝʪʦʤ ʧʦʙʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʨʘʩʪʝʥʠʝ ʢʘʨʪʦʬʝʣʷ ʚʳʥʦʩʠʣʦ 3,6 ʢʛ ʘʟʦʪʘ, 2,0 ʢʛ ʬʦʩʬʦʨʘ ʠ 5,4 ʢʛ ʢʘʣʠʷ. ʋʜʦʙʨʝʥʠʷ ʦʙʝʩʧʝʯʠʣʠ 

ʯʠʩʪʫʶ ʧʨʠʙʳʣʴ ʚ ʧʨʝʜʝʣʘʭ 1206,0 - 2133,0 ʪʳʩ. ʪʝʥʛʝ/ʛʘ, ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 106,3 - 

152,3%. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʘʷ ʧʦʯʚʘ, ʢʘʨʪʦʬʝʣʴ, ʤʠʥʝʨʘʣʴʥʳʝ ʠ ʙʠʦʫʜʦʙʨʝʥʠʷ, 

ʫʨʦʞʘʡʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 
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Annotation. The article presents data on the dynamics of changes in photosynthetic indicators of 

plants, productivity and economic efficiency, depending on various norms and ratios of mineral and 

biofertilizers applied under potatoes grown on light chestnut soils of the northern slopes of the Zhetysu 

Range. Mineral and biofertilizers increased the photosynthetic indicators of potato plantings, including 

the increase in leaf area compared to the control amounted to 4.6 - 15.6 thousand mĮ/ha, the accumulation 

of dry biomass increased by 0.1 - 3.1 t/ha and photosynthetic potential - by 0.003 - 0.587 million mĮ/ha. 

The applied fertilizers ensured the gross yield of potatoes from 31.8 to 45.5 t/ha, and the commercial 

yield from 26.0 to 39.3 t/ha. The highest (39.3 t/ha) commercial potato tubers were collected with the 

combined use of mineral fertilizers N100P100K100 and the biological product Tumat. The smallest 

yields were obtained on the plots without fertilizers and with the sole use of the biopreparation Tumat, 

respectively 22.9 and 26.0 t/ha. In the experiment, depending on the norms and ratios of fertilizers, the 

yield of an additional marketable yield ranged from 13.4 to 71.2%. According to the results of the 

experiment, the total average consumption of nutrients (NPK) was 138.6 kg/ha of nitrogen, 76.5 kg/ha of 

phosphorus and 206.4 kg/ha of potassium, and for 1 ton of tubers, taking into account by-products, the 

potato plant took up 3.6 kg of nitrogen, 2.0 kg of phosphorus and 5.4 kg of potassium. Fertilizers 

provided net profit of 1206.0 - 2133.0 thousand tenge/ha, profitability was 106.3 - 152.3%. 

Keywords: light chestnut soil, potatoes, mineral and biofertilizers, productivity, efficiency. 
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Annotation. When fulfilling the requirements for digitalization of agriculture, the primary task is 

the need to equip it with structurally perfect, advanced technology. Working with such equipment is 

characterized by high reliability, high productivity, as well as the possibility of rational use of this 

technique. Rational use of agricultural machinery means ensuring the economic efficiency of mechanized 

work, complete and high-quality performance of basic work on tillage in agrotechnical terms.In order to 

obtain a plentiful crop of agricultural crops, it is necessary to use the equipment correctly during the main 

work on tillage, ensuring the qualification of an agricultural engineer. Now, when farms use the theory of 

queuing in the efficient use of technology, this technology is certainly economically beneficial to any 

farm. The essence of this method lies in the fact that when works are carried out sequentially with each 

other, the time and labor costs in relation to the use of equipment are significantly reduced. According to 

the theory of queuing, the efficiency of basic operations is determined, operating modes are established, a 

clear assessment of the technical level, quality and efficiency of aggregates is given during basic tillage. 

The theory of queuing in the article is based on the analysis of the rational use of technology for 

resource-saving technology in agriculture. 

The main arable work in the conditions of the Kyzylorda region has its own specifics in 

comparison with other regions. Depending on the climatic conditions of the area, tillage on the sown 

areas is carried out in different ways. The interrelation of plowing operations, disk harrowing, malovanie, 

etc. should be formed by organized systems. In addition, when performing these operations, the queuing 

theory should demonstrate a very low indicator of its economic efficiency and other costs. This article 

proves the feasibility of calculating and implementing an effective technology that benefits the economy. 

Keywords:queuing theory, probability, consistent work, agrotechnical term. 
 

Introduction. Operations performed according to the theory of queuing are characterized by a structure that 

determines a certain composition and their functional relationship. It consists of the following 

elements: an input stream of requirements, service tools, a queue of requirements waiting for 

maintenance, an output stream of requirements. A diagram of a queuing system consisting of 

only one group of tools is shown below in Figure 1. 

The incoming flow here consists of a set of requirements that enter the system and require 

the provision of a service. A requirement can be considered as a demand that provides a need. In 

arable work, as an input stream, we receive the requirement of plowing a rice furrow. The 

composition of the system is mainly determined by the number of continents. 

Instruments, depending on their number, are divided into single-channel and multi-

channel. Multi-channel system is very common in agriculture. However, the number of tools 

here will be limited. The means in our system include plows, rakes and small aggregates. In our 
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basic tillage, the term "maintenance" is explained by plowing, mowing and disc harrowing 

operations [1,2]. 
 

                                   Á    

                                  Á  Á                                                 

Á Á Á Á Á            Á  Á Á                                       Á Á Á Á Á 

                                 Á  Á 

                                 Á 

 

Input stream queue 1 tools output stream 

 

Figure 1 ï Simple queuing scheme [2] 

 

 

The output stream is a set of requirements consisting of the most extreme operations of the 

system. The requirement of flows can be either provided or not provided by the means of the 

system. The result of the study of the structure of the output stream is that he found that the input 

stream can be any other group of instruments. The distribution of the output flow over time 

directly depends on the density of the input flow and the characteristics of the work of the 

service personnel. 

Methods and materials of the study. In research works on the queuing system, 

simulation research methods, Probability theory, analytical research methods, etc. are used, the 

main task of determining uncertainty according to this theory is to clarify the forming 

quantitative indicators of the system and the dependences of the parameters of the input flow and 

the structure of the system. The solution to this problem is to find the worst link in the system 

and determine its negative impact on the efficiency of queuing, as well as find a way to eliminate 

these shortcomings and improve them.  

The material for the study is modern and promising developments related to the system of 

using resource-saving equipment in agriculture. 

Information was obtained from Scopus, Web of Science and other bibliographic and 

abstract databases as an information basis for the analysis of literature data. The analysis 

includes the main directions of fundamental research and technological developments on 

resource-saving technologies in agriculture. 

There may be uniform or different situations when the flow of requirements entering the 

queuing system is repeated at regular intervals. The random time interval between different flow 

conditions obeys a law that propagates with different exponents [3,4]. According to the theory of 

queuing, most of the transferred works are considered as a Poisson flow, i.e. a simple flow, 

where the time interval t is in the following connection with the R ï requirement: 

t
R

R e
R

t
tʈ ll -=

!

)(
)(                                                     (1) 

where, l>0 is the density of the requirements flow.  

 

A simple flow has three main properties: constant, no subsequent impact, ordinary. A 

constant flow is a flow that depends on the probability of a certain amount of requirements 

falling out over a certain period of time, and does not depend on its frame of reference on the 

time axis (Fig. 2). 
           t1                                                     t2                                                 t3 

t tt 
 

 

Figure 1 ï Reference frame[1] 
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And the absence of a subsequent effect does not depend on how many requirements have 

been received in the system, the probability of occurrence of certain requirements received over 

a certain period of time. The ordinariness of the flow of requirements is characterized by the 

simultaneous entry of two or more requirements into the brdd system [5]. The essential 

characteristic of the flow is explained by the intensity that determines the mathematical 

expectation of the number of claims per unit of time. It is equal to: 

[] ()
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The queuing system we are considering is used for plowing, cattle breeding and disc 

harrowing on rice and wheat fields of the farm. Service providers here: plow, small and disc 

harrows. The maintenance tools must be ready before the system is serviced. Therefore, they are 

divided into systems with unlimited waiting time [6,7]. 

For arable, pastoral and harrowing work in agriculture, a queuing system with unlimited 

time is widely used. However, an important role here is played by the maintenance time of the 

devices. The time value is a random or unstable value, that is: 
 

() [ ]ttPtF ʦʙʩʣB=                                     (4) 

where, [ ]ttP ʦʙʩʣB is the probability that the service time does not exceed some time 
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If the output stream of a system is the input stream of another system, then it plays an 

important role. Our system is considered to be such, i.e. multiphase mass maintenance [8,9,10].  

The open queuing system is explained by the expected method of this type of activity. And 

an open system is used when the incoming demands are limitless. We propose a project for 

carrying out basic work on the processing of Koktem soil on 3000 hectares of rice fields in the 

Kyzylorda region using this method. The main goal is to determine the number of plows that will 

be accepted as effective for maintenance. Each plow fulfills only one requirement at a time. 

Despite the fact that the requirements for simultaneous plowing are the same for all plows, arable 

work is limited only by the possibility of these plows working. The formation of the system, that 

is, ensuring uniform work on plowing at the same depth, depends on the flow of Poisson 

requirements entering this system. with fewer plows, the queue for arable work increases, which 

leads to the passage of agro-frost. Then this system will become an open queuing system. Exit 

requirement-the break will be a harbinger of the next operation.  

Although the flow density or plowing requirement is limited, the source of the flow of 

incoming requirements is infinite. The time of fulfillment of any requirement, service is taken as 

a random value in accordance with the distribution law characterized by the parameters t. The 

performance of the entire tool in the system, i.e. the plow, is the same. The main indicators of the 

system are based on whether the plow is free or busy, the mathematical expectation of the queue 

length, the employment coefficient, the probability of downtime of the plow [11]. 

The results of queuing are determined by differential equations. 
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where, p0, rR is the probability that there is not a single requirement in the system, nor R when a 

requirement is received t ¤ , pR (t) 0, pR (t) RR [12,13]. 
 

The equation can be written as: 
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From this , the following normal conditions can be obtained: 
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When calculating the main parameters of an open system of such queuing, the following 

formulas are used [7,12]. 

1)  Parameter   
m

l
a=                                          (10) 

where, l is the density of the flow of requirements, m is the service time in the system 

parameter of the law of the indicator  
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             (12) 

where, F is the area of arable land, ha; Dc is the number of working days; jʢ is the 

coefficient that takes into account the deviation of the agricultural plowing, jʢ  = 1... 1,2; w - is 

the area of one check, w = 2,4 ha; B ï Is the width of the plow, m; Vw - is the speed of the unit, 

m / s; Tch ï shift time, h; t - shift time utilization factor; ksh ï number of shifts. 
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where, n - is the number of plows in the system 

 

3) The probability that the R and R requirement to plow the plow will get into the system
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4) when all the plows are busy 
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5) Average waiting time 
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where, tsit= 1/m average maintenance time in the system  

 

6) Average queue length 
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8) The idle factor of the plow                               
n

N
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After calculating these indicators, the effective amount of the plow is determined. This 

economic indicator is calculated by the formula. 

 

Rʧr ʉʂʎUʄʉ Ö+ÖÖÖ= wexp                    (3.20) 

 

where, U ï Is the productivity of the unit, ha / h; Cr is the price depending on the value of arable 

land, tg; SV is the loss from waiting for plows, tg [13,14,15]. 

 

Research results and analysis. Now we will calculate the indicators of the arable 

operation on 3000 hectares of rice area. 

1) a= 104,16 / 14,46 = 7,2 º 7 

l= 3000/ (10Ö1,2 Ö2,4) = 104,16 
day

1
,              m= 46,14

4,2

8,22,172,875.11,0
=

ÖÖÖÖÖ  

For a= 7, we take n = 8 and make the calculation 
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8) 115,0
8

899,0
==Kd

 

9) ʉ = 32,032Ö2,4 Ö3,2Ö1500 + 0,899Ö1000 = 369907 tenge/hour 
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By n = 9, 

2) ʈ0 = 00076,0             3)  38,0=p          4) texp= (0,114Ö0,232)/1 = 0,086 day 

5) ʄexp = 04,6 fields        6) N0 98,1=        7) 23,0=Kd  8) ʉ =  71560 tenge/hour 

By n = 10, 

2) ʈ0 = 0,00096             3)  24,0=p           5) texp=  0,0158 day 

6) ʄexp = 1,86 fields         7) N0 =2,6            8) 26,0=Kd    9) ʉ = 24027 tenge/hour 

By n = 11, 

2) ʈ0 = 0,00084           3)  114,0=p             4) texp=  0,0092 day 

6) ʄexp = 0,55 fields        7) N0 = 3,77           8) 35,0=Kd    9) ʉ = 10106  tenge/hour 

By n = 12, 

2) ʈ0 = 0,00075         3)  052,0=p           4) texp=  0,00129 day 

6) ʄexp = 0,17 fields      7) N0 = 6,24          8) 52,0=Kd     9) ʉ = 8198  tenge/hour 

ʇʨʠ n = 13, 

2) ʈ0 = 0,00083         3)  0741,0=p          4) texp=  0,00082 day 

6) ʄexp = 0,11 fields       7) N0 = 9,72          8) 74,0=Kd    9) ʉ = 10987  tenge/hour 

 

According to the data obtained, the dependence of the average queue length on the number 

of ploughs ʄexp, the idle coefficient of the plough ʂd, the losses from waiting for furrows and the 

plough was removed (Fig. 3) 
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Figure 3 ï Dependence of the average length of the queue ʄexp, the coefficient of downtime of the 

plow ʂd, losses from waiting for the plow C on the number of plows np 
 

 

It follows from Figure 3 that with the number of ploughs 12, the length of the queue and 

the total losses incurred during ploughing decreased. Therefore, in the work of plowing 3000 

hectares, it will be beneficial for the farm to combine 12 plows. 

In the operation of disc harrows, torn harrows are used as an input stream of requirements. 

If the disc harrows are free of maintenance, the harrowing operation is carried out immediately. 

And if the rake is busy, then alternately. The output flow in this system is considered to be 

harrowed harrows. Here it is necessary to determine the number of harrows operating at low 

cost, grinding the mesh structure.  

Now let's determine the effective number of disc harrows that timely harrow the plowed 

harrow with 12 plows on horses with a total area of 3000 hectares.  
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2

2
2
m

l
a =                                     (21) 

where, l- is the density of the flow of requirements, m- is the parameter of the service time in 

the system  

wj
l
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day
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                                     (22) 
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sekt

1
                             (23) 

 

There is a difference in the number of days spent on defense and the width of the working 

collection of the BDN-7 harrow we accept [2. The remaining indicators will be the same as in 

the previous calculations. Then, 

 

1) a2= 130,2 / 41,65 = 3,2 º 3 

l2= 3000/ (8Ö1,2 Ö2,4) = 130,2 
day

1
,              m2= 65,41

4,2

22,175,871,0
=

ÖÖÖÖÖ
 

When a2 = 3, we take n = 4 and make the calculation. 
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9) ʉ = 2,52Ö2,4 Ö9,8Ö1500 + 0,49Ö1000 = 89395 tenge/hour 

 

By n = 5, 

2) ʈ0 = 0,0163                     3)  083,0=p          4) texp =  0,0013 day 

5) ʄexp = 0,312 fields         6) N0 =0,79        7) 158,0=Kd   8) ʉ =11797 tenge/hour 

 

By n = 6, 

2) ʈ0 = 0,0161             3)  032,0=p           4) texp=  0,0004 day 

5) ʄexp = 0,032 fields      6) N0 = 1,98    7) 33,0=Kd      8) ʉ = 3108,9  tenge/hour 

 

By n = 7,  

2) ʈ0 = 0,002                 3)  0015,0=p             4) texp =  0,0004 day 

5) ʄexp = 0,0021 fields    6) N0 = 3,82      7) 63,0=Kd         8) ʉ =3872  tenge/hour. 

 

According to the data obtained, due to the dependence of the average queue length on the 

number of harrows, the harrow downtime coefficient from the Cpr, losses from waiting for the 

harrow and the harrow-with the number of the disk rake unit 6, the losses arising from the length 
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of the queue and the operation of the common harrow decreased. Therefore, it was found that 

with disk harrowing of the soil, the parallel operation of 6 units is effective for the economy. 

In rice fields, after disc harrows, mulching is mandatory as one of the operations of the 

main tillage. The goal here is to ensure that the soil structure at the rice sowing site meets many 

requirements. There is a difference between the number of days of departure of cattle and the 

width of the MV ï 6 working collection, which we accept. The remaining indicators will be the 

same as in the previous calculations. Then, 

 

1) a3= 130,2 / 27,3 = 4,77 º 5 

l3= 3000/ (8Ö1,2 Ö2,4) = 130,2 
day

1
,              m3= 3,27

4,2

22,175,661,0
=

ÖÖÖÖÖ
 

 

When a2 = 5, we take n = 6 and make the calculation  
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6
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==Kd  

9) ʉ = 18,125Ö2,4 Ö5,8Ö1500 + 0,99Ö1000 = 382050 tenge/hour 

 

By n = 7, 

2) ʈ0 = 0,0059                     3)  32,0=p          4) texp=  0,0085 day 

5) ʄexp = 2,81 fields         6) N0 =1,48        7) 22,0=Kd   8) ʉ =60152 tenge/hour 

 

By n = 8, 

2) ʈ0 = 0,0161             3)  18,0=p           4) texp=  0,0032 day 

5) ʄexp= 0,8 fields      6) N0 = 2,78    7) 35,0=Kd      8) ʉ = 19484  tenge/hour 

 

By n = 9,  

2) ʈ0 = 0,00712                 3)  088,0=p             4 texp=  0,0011 day 

5) ʄexp = 0,25 fields          6) N0 = 4,11      7) 46,0=Kd          8) ʉ =9330  tenge/hour 

 

By n = 10,  

2) ʈ0 = 0,0088                 3)  064,0=p             4 texp=  0,0008 day 

5) ʄexp = 0,18 fields    6) N0 = 5,96      7) 59,0=Kd          8) ʉ =9718  tenge/hour 

 

According to the data obtained, the average length of the queue, the coefficient of idle 

time, the losses from waiting for furrows and the malovanie unit were summarized in the table 

(Table 1). 
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Table 1 ï Calculation results 
 

Specifications Number of malting units 

6 7 8 9 10 

ʈ 0,0045 0,0059 0,0064 0,00712 0,0082 

p 0,585 0,32 0,18 0,088 0,064 

texp 0,031 0,0085 0,0032 0,0011 0,0008 

ʄexp 18,125 2,82 0,8 0,25 0,18 

N0 0,99 1,48 2,78 4,11 5,96 

ʂd 0,165 0,22 0,35 0,46 0,59 

ʉ3 382050 60153 19484 9330 9718 
 

Conclusion from the table ï it is considered effective when the number of MV-6 units is 

ï 9. 

Conclusion. In general, the purpose of the research work is the effective use of 

aggregates during basic tillage in a rice field, determining the amount of equipment needed for 

any operation, with specific indicators, thereby reducing the amount of losses for the farm.  

According to the results of calculations, it was found that with the number of plowing units per 

3000 hectares of rice area ï 12, the number of disc harrows ï 6, and with the number of MV-6 

units ï 9, the values calculated according to the queuing theory system benefit the economy. 

Using the theory of queuing for agricultural work, you can make a plan in advance for the 

rational use of agricultural machinery. For example, if a farm with an area of 3000 hectares has a 

sufficient or insufficient amount of equipment defined above for spring field work, then, 

accordingly, excess equipment can be leased to a neighboring farm for such field work or rent 

and adjust the missing equipment in advance.  

Thus, the economic benefits of queuing for spring field work in agriculture are enormous.  
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ɸʋʓʃ ʐɸʈʋɸʐʓʃʓנʓʅɼɸנʓ ʅɽɻɯɿɻɯ ɾɽʈ ᴆרɼɽʋ ɾױʄʓʉʊɸʈʓʅ ɾɸʇʇɸʁ 

 ʈɻɯɿʋ ʅᴄʊʀɾɽʃɽʈɯתʓɿʄɽʊ ʂᴆʈʉɽʊʋ ʊɽʆʈʀʗʉʓ ɹʆʁʓʅʐɸ ɾפ

 

ɸʙʫʦʚʘ ʅ.ɸ.
1
, ʧʝʜʘʛʦʛʠʢʘ סʳʣʳʤʜʘʨʳʥʳש ʢʘʥʜʠʜʘʪʳ 

ɾʝʪʧʝʡʩʦʚ ʄ.ʊ.
2
, ʪʝʭʥʠʢʘ סʳʣʳʤʜʘʨʳʥʳש ʢʘʥʜʠʜʘʪʳ, ץʘʫʳʤʜʘʩʪʳʨʳʣסʘʥ ʧʨʦʬʝʩʩʦʨ 

ʉʘʬʘʨʛʘʣʠʝʚ ɸ.ɽ.
2
, ʪʝʭʥʠʢʘ סʳʣʳʤʜʘʨʳʥʳש ʢʘʥʜʠʜʘʪʳ, ץʘʫʳʤʜʘʩʪʳʨʳʣסʘʥ ʧʨʦʬʝʩʩʦʨ   

.ʨʙʘʥʘʣʠʝʚ ɹ.ɹײפ
2
, ʘסʘ ʦץʳʪʫʰʳ 

ʅײʨסʘʣʠʝʚ ʅ.ʐ.
1
, PhD 

 
1
ϧʦʨϨʳʪ ɸʪʘ ʘʪʳʥʜʘϤʳ ϧʳʟʳʣʦʨʜʘ ʫʥʠʚʝʨʩʠʪʝʪʽ, ϧʳʟʳʣʦʨʜʘ Ϩʘʣʘʩʳ, ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ 

2
ϧʘʟʘϨ ϰʣʪʪʳϨ ʘʛʨʘʨʣʳϨ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʣʤʘʪʳ Ϩ., ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ 

 

ɸשʜʘʪʧʘ. ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥ ʮʠʬʨʣʘʥʜʳʨʫ ʞʘʡʣʳ ʪʘʣʘʧʪʘʨʜʳ ʦʨʳʥʜʘʫ ʙʘʨʳʩʳʥʜʘ ʦʥʳ 

ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʞʝʪʽʣʛʝʥ, ʦʟʳץ ʪʝʭʥʠʢʘʤʝʥ ʞʘʙʜʳץʪʘʫ ץʘʞʝʪʪʽʣʽʛʽ ʙʽʨʽʥʰʽ ʢʝʟʝʢʪʝʛʽ ʤʽʥʜʝʪ ʨʝʪʽʥʜʝ 

ʘʡʪʳʣʘʜʳ. ʄײʥʜʘʡ ʪʝʭʥʠʢʘʣʘʨʤʝʥ ʞײʤʳʩ ʞʘʩʘʫʜʳש ʩʝʥʽʤʜʽʣʽʛʽ ʤʦʣ, ʞײʤʳʩ ᴇʥʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ 

ʙʦʣʘʪʫʳʤʝʥ ץʘʪʘʨ, ʩʦʣ ʪʝʭʥʠʢʘʥʳ ײʪʳʤʜʳ ʧʘʡʜʘʣʘʥʫʜʳש ʜʘ ʤװʤʢʽʥʜʽʛʽ ʟʦʨ. ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ 

ʪʝʭʥʠʢʘʩʳʥ ײʪʳʤʜʳ ʧʘʡʜʘʣʘʥʫ ʜʝʛʝʥʽʤʽʟ ʥʝʛʽʟʛʽ ʞʝʨ ᴇשʜʝʫ ʞײʤʳʩʳʥ ʘʛʨʦʪʝʭʥʠʢʘʣʳץ ʤʝʨʟʽʤ 

ʽʰʽʥʜʝ ʪװʛʝʣʜʝʡ ʞᴅʥʝ ʩʘʧʘʣʳ ʘʪץʘʨʳʧ, ʤʝʭʘʥʠʢʘʣʘʥʜʳʨʳʣסʘʥ ʞײʤʳʩʪʳש ʵʢʦʥʦʤʠʢʘʣʳץ 

ʪʠʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ. ɸʫʳʣ ʰʘʨʫʘʰʳʣʳץ ʜʘץʳʣʜʘʨʳʥʘʥ ʤʦʣ ᴇʥʽʤ ʘʣʫ װʰʽʥ ʘʛʨʦʠʥʞʝʥʝʨʜʽש 

ʙʽʣʽʢʪʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʦʪʳʨʳʧ, ʪʦʧʳʨʘץʪʳ ʥʝʛʽʟʛʽ ᴇשʜʝʫ ʞײʤʳʩʪʘʨʳʥʜʘ ʪʝʭʥʠʢʘʥʳ ʜײʨʳʩ 

ʧʘʡʜʘʣʘʥʫ ץʘʞʝʪ. פʘʟʽʨ ʰʘʨʫʘʰʳʣʳץʪʘʨʜʘ ʪʝʭʥʠʢʘʥʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫʜʘ ʞʘʧʧʘʡ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ 

ʪʝʦʨʠʷʩʳʥ ʧʘʡʜʘʣʘʥʩʘ, ʙײʣ ʪʝʭʥʦʣʦʛʠʷ ʢʝʟ-ʢʝʣʛʝʥ ʰʘʨʫʘʰʳʣʳץץʘ ʵʢʦʥʦʤʠʢʘʣʳץ ʞʘסʳʥʘʥ 

ʪʠʽʤʜʽʣʽʢ ᴅʢʝʣʝʨʽ ʩᴇʟʩʽʟ. ɹײʣ ᴅʜʽʩʪʽש ʤᴅʥʽ ʤʳʥʘʜʘ ï ʙʽʨ-ʙʽʨʽʤʝʥ ʪʽʟʙʝʢʪʝʣʝ ʞװʨʛʽʟʽʣʝʪʽʥ ʞײʤʳʩʪʘʨʜʘ 

ʫʘץʳʪ ʧʝʥ ʪʝʭʥʠʢʘ ʧʘʡʜʘʣʘʥʫסʘ ץʘʪʳʩʪʳ ʝשʙʝʢ ʰʳסʳʥʳ ʝʜᴅʫʽʨ ʘʟʘʷʜʳ. ɾʘʧʧʘʡ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ 

ʪʝʦʨʠʷʩʳ ʙʦʡʳʥʰʘ ײʡʳʤʜʘʩʪʳʨʳʣסʳʥ ʪʦʧʳʨʘץʪʳ ʥʝʛʽʟʛʽ ᴇשʜʝʫ ʞײʤʳʩʪʘʨʳʥʜʘ ʥʝʛʽʟʛʽ 

ʦʧʝʨʘʮʠʷʣʘʨʳש ʪʠʽʤʜʽʣʽʛʽ ʘʥʳץʪʘʣʳʧ, ʞײʤʳʩ ʨʝʞʠʤʜʝʨʽ ʙʝʣʛʽʣʝʥʝʜʽ, ʘʛʨʝʛʘʪʪʘʨʜʳש ʪʝʭʥʠʢʘʣʳץ 

ʜʝשʛʝʡʽʥʝ, ʩʘʧʘʩʳʥʘ ʞᴅʥʝ ʪʠʽʤʜʽʣʽʛʽʥʝ ʥʘץʪʳ ʙʘסʘ ʙʝʨʽʣʝʜʽ. 

 ʘסʪʘʨץʘ ʘʡʤʘץʤʳʩʪʘʨʳʥʜʘ ʙʘʩײʜʝʫ ʞשʳ ʥʝʛʽʟʛʽ ʞʝʨ ᴇסʜʘʡʳʥʜʘסʳʟʳʣʦʨʜʘ ʦʙʣʳʩʳ ʞʘפ

 ʜʘʡʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʜᴅʥʜʽסʞʘ ץʢʣʠʤʘʪʪʳ שʘʥʜʘ ᴇʟʽʥʜʽʢ ʝʨʝʢʰʝʣʽʛʽ ʙʘʨ. ɾʝʨʛʽʣʽʢʪʽ ʞʝʨʜʽסʘʨʘץ

ʜʘץʳʣ ʝʛʽʣʝʪʽʥ ʘʣץʘʧʪʘ ʪʦʧʳʨʘץ ᴇשʜʝʫ ʞײʤʳʩʪʘʨʳ ʙʘʩץʘʰʘ ʞװʨʛʽʟʽʣʝʜʽ. ɾʝʨ ʞʳʨʪʫ, ʜʠʩʢʽʣʽ 

ʪʳʨʤʘʣʘʫ, ʤʘʣʘʣʘʫ ʞᴅʥʝ ʪ.ʙ ʦʧʝʨʘʮʠʷʣʘʨʳʥʳש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʳ ײʡʳʤʜʘʩʪʳʨʣסʘʥ ʞװʡʝʣʝʨʤʝʥ 

 ʳʟʤʝʪ ʢᴇʨʩʝʪʫץ ʦʨʳʥʜʘʣʫʳʥʜʘ ʞʘʧʧʘʡ שʘʪʘʨ, ʦʩʳ ʦʧʝʨʘʮʠʷʣʘʨʜʳץ ʘʞʝʪ. ʉʦʥʳʤʝʥץ ʘʣʳʧʪʘʩʫʳץ

ʪʝʦʨʠʷʩʳ ᴇʟʽʥʽש ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽʤʝʥ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʰʳסʳʥʜʘʨʳʤʝʥ ᴇʪʝ ʪᴇʤʝʥ ʢᴇʨʩʝʪʢʽʰʪʽ 

ʢᴇʨʩʝʪʫʽ ץʘʞʝʪ. ɸʪʘʣʤʳʰ ʤʘץʘʣʘʜʘ ʰʘʨʫʘʰʳʣʳץץʘ ʧʘʡʜʘ ᴅʢʝʣʝʪʽʥ ʪʠʽʤʜʽ ʪʝʭʥʦʣʦʛʠʷ ʝʩʝʧʪʝʣʽʧ, 

 .ʘ ʙʦʣʘʪʳʥʳ ʜᴅʣʝʣʜʝʥʛʝʥסʩʳʥʫײ ʘץʦʣʜʘʥʳʩץ

ʂʽʣʪ ʩϺʟʜʝʨ: ʞʘʧʧʘʡ ץʳʟʤʝʪ ʢʦʨʩʝʪʫ ʪʝʦʨʠʷʩʳ, ʳץʪʠʤʘʣʜʳץ, ʪʽʟʙʝʢʪʝʣʛʝʥ ʞײʤʳʩ, 

ʘʛʨʦʪʝʭʥʠʢʘʣʳץ ʤʝʨʟʽʤ 

 

ʈɽɿʋʃʔʊɸʊʓ ʇʈʆɺɽɼɽʅʀʗ ʆʉʅʆɺʅʓʍ ʇɸʍʆʊʅʓʍ ʈɸɹʆʊ ɺ ʉɽʃʔʉʂʆʄ 

ʍʆɿʗʁʉʊɺɽ ʇʆ ʊɽʆʈʀʀ ʄɸʉʉʆɺʆɻʆ ʆɹʉʃʋɾʀɺɸʅʀʗ 

 

ɸʙʫʦʚʘ ʅ.ɸ.
1
, ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ɾʝʪʧʝʡʩʦʚ ʄ.ʊ.
2
,ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʡ ʥʘʫʢ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨ 

ʉʘʬʘʨʛʘʣʠʝʚ ɸ.ɽ.
2
., ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʡ ʥʘʫʢ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨ 

ʂʫʨʙʘʥʘʣʠʝʚ ɹ.ɹ.
2
, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʅʫʨʛʘʣʠʝʚ ʅ.ʐ.
1
, PhD 

 
1ʂʳʟʳʣʦʨʜʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂʦʨʢʳʪ ɸʪʘ, ʛ.ʂʳʟʳʣʦʨʜʘ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

2ʂʘʟʘʭʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʘʛʨʘʨʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ɸʣʤʘʪʳ, ʈʝʩʧʫʙʣʠʢʘ 

ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʦ ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʧʝʨʚʦʦʯʝ-

ʨʝʜʥʦʡ ʟʘʜʘʯʝʡ ʚʳʩʪʫʧʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʩʥʘʱʝʥʠʷ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʩʦʚʝʨʰʝʥʥʦʡ, ʧʝʨʝʜʦʚʦʡ 

ʪʝʭʥʠʢʦʡ.ʈʘʙʦʪʘ ʩ ʪʘʢʦʡ ʪʝʭʥʠʢʦʡ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʠʢʠ. ʈʘʮʠʦ-
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ʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʦʟʥʘʯʘʝʪ ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʨʘʙʦʪʳ, ʧʦʣʥʦʝ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʨʘʙʦʪ ʧʦ 

ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ ʚ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʨʦʢʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʠʣʴʥʦʛʦ ʫʨʦʞʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪ-

ʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʠʢʫ ʧʨʠ ʦʩʥʦʚʥʳʭ ʨʘʙʦʪʘʭ ʧʦ ʦʙʨʘʙʦʪʢʝ 

ʧʦʯʚʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʢʚʘʣʠʬʠʢʘʮʠʶ ʘʛʨʦʠʥʞʝʥʝʨʘ. ʉʝʡʯʘʩ, ʢʦʛʜʘ ʚ ʭʦʟʷʡʩʪʚʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʦʨʠʷ 

ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʵʬʬʝʢʪʠʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʠʢʠ, ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ, ʙʝʟʫʩʣʦʚʥʦ, ʵʢʦ-

ʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʘ ʣʶʙʦʤʫ ʭʦʟʷʡʩʪʚʫ. ʉʫʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʘʭ, 

ʧʨʦʚʦʜʠʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʶʪʩʷ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʠ ʪʨʫʜʘ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʝʭʥʠʢʠ. ʇʦ ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʦʧʝʨʘʮʠʡ, ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʨʝʞʠʤʳ ʨʘʙʦʪʳ, ʜʘʝʪʩʷ ʯʝʪʢʘʷ ʦʮʝʥʢʘ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʢʘʯʝʩʪʚʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʛʨʝʛʘʪʦʚ ʧʨʠ ʨʘʙʦʪʘʭ ʧʦ ʦʩʥʦʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ.  

ʆʩʥʦʚʥʳʝ ʧʘʭʦʪʥʳʝ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʠʤʝʶʪ ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʨʝʛʠʦʥʘʤʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʝʩʪʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʥʘ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʷʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ. ɺʟʘʠʤʦʩʚʷʟʴ ʦʧʝʨʘʮʠʡ ʧʘʭʦʪʳ, 

ʜʠʩʢʦʚʦʛʦ ʙʦʨʦʥʦʚʘʥʠʷ, ʤʘʣʦʚʘʥʠʷ ʠ ʜʨ. ʜʦʣʞʥʘ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʦʨʛʘʥʠʟʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʪʠʭ ʦʧʝʨʘʮʠʡ ʪʝʦʨʠʷ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʦʣʞʥʘ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʦʯʝʥʴ ʥʠʟʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʩʚʦʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʟʘʪʨʘʪ. ɺ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʜʦʢʘʟʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʨʘʩʯʝʪʘ ʠ ʚʥʝʜʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʨʠʥʦʩʷʱʝʡ ʧʦʣʴʟʫ ʭʦʟʷʡʩʪʚʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʦʨʠʷ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʚʝʨʦʷʪʥʦʩʪʴ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʨʘʙʦʪʘ, 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʩʨʦʢ. 
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ʊʆʆ çʂʘʟʘʭʩʢʠʡ ʥʘʫʯʥʳʡ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʨʠʩʦʚʦʜʩʪʚʘ ʠʤʝʥʠ ʀ. ɾʘʭʘʝʚʘè,  

ʛ. ʂʳʟʳʣʦʨʜʘ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ,  

 
ɸʥʥʦʪʘʮʠʷ. ʀʟʫʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʩʦʨʪʘʭ ʨʠʩʘ, ʨʝʰʝʥʠʝ ʤʝʪʦʜʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ʤʫʪʘʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʭ ʥʘ ʨʘʩʪʝʥʠʝ ʨʠʩʘ, ʘ 

ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ ʨʝʟʠʩʪʝʥʪʥʳʭ ʤʫʪʘʥʪʦʚ ʨʠʩʘ, ʢʘʢ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʩʝʣʝʢʮʠʠ ʩʦʨʪʦʚ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʩʪʨʝʩʩʦʚʳʤ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʇʨʠʘʨʘʣʴʷ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ.ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ rʤʘʪʝʨʠʘʣ rʦ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʠʟʫʯʝʥʠʶ 

ʚʦʟʜʝʡʩʪʚʠʷ ɔ-ʣʫʯʝʡ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʦʨʪʘ ʨʠʩʘ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʫʪʘʥʪʥʳʭ ʣʠʥʠʡ, ʫʩʪʦʡʯʠʚʳʭ ʢ 

ʬʘʢʪʦʨʘʤ ʟʘʩʦʣʝʥʠʷ (NaCl) ʠ ʟʘʩʫʭʠ (ʩʦʨʙʠʪ). ʋʩʪʘʥʦʚʣʝʥʳ ʩʨʝʜʥʠʝ ʣʝʪʘʣʴʥʳʝ ʜʦʟʳ ʛʘʤʤʘ-ʣʫʯʝʡ 

ʠ ʩʨʝʜʥʠʝ ʣʝʪʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ʠ ʩʦʨʙʠʪʘ, ʛʜʝ ʥʘʠʙʦʣʝʝ ʯʝʪʢʦ ʧʨʦʷʚʣʷʶʪʩʷ ʤʫʪʘʛʝʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʨʠʩʘ ʢ ʬʘʢʪʦʨʦʤ ʟʘʩʦʣʝʥʠʷ ʠ 

ʟʘʩʫʭʠ. ʋʩʪʘʥʦʚʣʝʥʦ ʩʦʨʪʦʚʦʝ ʨʘʟʣʠʯʠʝ ʚʣʠʷʥʠʷ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʠ ʩʪʨʝʩʩʦʚʳʭ  

ʬʘʢʪʦʨʦʚ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʨʝʟʠʩʪʝʥʪʥʳʭ ʤʫʪʘʥʪʥʳʭ ʬʦʨʤ ʜʦʧʫʱʝʥʥʳʭ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʦʨʪʦʚ ʨʠʩʘ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʝʥʠʡ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʟʘʩʦʣʝʥʠʶ 

ʠ ʟʘʩʫʭʝ ʧʦʣʫʯʝʥʦ ʫ ʩʦʨʪʘ ʃʠʜʝʨ, ʢʦʪʦʨʳʡ ʚ ʫʩʣʦʚʠʷʭ ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʇʨʠʘʨʘʣʴʷ ʚʦʟʜʝʣʳʚʘʝʪʩʷ 

ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (ʩʚʳʰʝ 10 ʣʝʪ), ʯʝʤ ʚʥʦʚʴ ʩʦʟʜʘʥʥʳʝ ʩʦʨʪʘ ʉʳʨ ʉʫʣʫʳ ʠ ɸʡʂʝʨʠʤ (1-2 

ʛʦʜʘ).  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʠʩ, ʩʦʨʪ, ʩʝʣʝʢʮʠʷ, ʤʫʪʘʛʝʥʝʟ, ʛʘʤʤʘ-ʣʫʯʠ, ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ, ʟʘʩʦʣʝʥʠʝ, 

ʟʘʩʫʭʘ, ʤʫʪʘʥʪʥʳʝ ʣʠʥʠʠ. 
 

ɺʚʝʜʝʥʠʝ. ʂʳʟʳʣʦʨʜʠʥʩʢʘʷ ʦʙʣʘʩʪʴ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʨʝʛʠʦʥʦʤ ʨʠʩʦʩʝʷʥʠʷ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʇʨʠʘʨʘʣʴʷ, 

ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ ʦʧʫʩʪʳʥʠʚʘʥʠʝ, ʟʘʩʦʣʝʥʠʝ ʠ ʜʝʬʣʷʮʠʷ ʧʦʯʚ [1]. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʚ ʨʝʛʠʦʥʝ ʇʨʠʘʨʘʣʴʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʩʦʣʝ- ʠ ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʳʝ ʩʦʨʪʘ ʨʠʩʘ, 

ʦʧʨʝʜʝʣʷʝʤʳʝ  ʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ, ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʥʘʯʘʣʴʥʦʛʦ ʨʦʩʪʘ, 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʙʦʣʝʟʥʷʤ ʠ ʚʨʝʜʠʪʝʣʷʤ, ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʟʝʨʥʘ [2,3]. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʩʦʢʨʘʱʘʝʪʩʷ ʩʦʨʪʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʠʭ ʛʝʥʝʪʠʯʝʩʢʫʶ 

ʫʷʟʚʠʤʦʩʪʴ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʫʚʝʣʠʯʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʦʜʥʦʦʙʨʘʟʠʷ ʩʦʨʪʦʚ. ʀ 

ʟʜʝʩʴ, ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ 

ʦʙʥʦʚʣʝʥʠʷ, ʚʚʝʜʝʥʠʝ ʚ ʥʝʛʦ ʥʦʚʳʭ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ ʛʝʥʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ 

ʜʦʩʪʠʞʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʦʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʝʣʝʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʤʫʪʘʛʝʥʝʟ, ʢʦʪʦʨʳʡ  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦ ʚʩʝʤ ʤʠʨʝ ʢʘʢ ʠʩʪʦʯʥʠʢ 

ʩʦʟʜʘʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʠʩʭʦʜʥʳʭ ʬʦʨʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʝʣʝʢʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʛʠʙʨʠʜʠʟʘʮʠʠ ʤʫʪʘʥʪʥʳʭ 

ʬʦʨʤ, ʦʙʣʘʜʘʶʱʠʭ ʫʥʠʢʘʣʴʥʳʤʠ ʩʝʣʝʢʮʠʦʥʥʦ-ʮʝʥʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ, 

ʧʨʠ ʚʳʚʝʜʝʥʠʠ ʥʦʚʳʭ ʩʦʨʪʦʚ ʨʠʩʘ, ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʭ ʢ ʩʪʨʝʩʩʦʚʳʤ ʧʦʯʚʝʥʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʇʨʠʘʨʘʣʴʷ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʩʝʣʝʢʮʠʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʤʫʪʘʥʪʥʳʝ ʣʠʥʠʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʫcʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʙʠʦʪʠʯʝʩʢʠʤ ʠ ʘʙʠʦʪʠʯʝʩʢʠʤ ʩʪʨʝʩʩʦʚʳʤ ʬʘʢʪʦʨʘʤ, ʘ ʪʘʢʞʝ ʣʠʥʠʡ ʩ ʦʪʜʝʣʴʥʳʤʠ ʠʣʠ 

ʢʦʤʧʣʝʢʩʦʤ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ [4,5,6]. 
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ʇʦʵʪʦʤʫ ʥʘʤʠ ʧʦʜʚʝʨʛʥʫʪʳ ʢ ʦʙʣʫʯʝʥʠʶ ʛʘʤʤʘ-ʣʫʯʘʤʠ ʩʝʤʝʥʘ ʪʨʝʭ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʩʦʨʪʦʚ ʨʠʩʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʝʣʝʢʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʟʘʩʫʭʠ ʠ ʟʘʩʦʣʝʥʠʷ 

(NaCl ʠ ʩʦʨʙʠʪ) ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʢ ʩʪʨʝʩʩʦʚʳʤ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ ʠ ʜʨʫʛʠʤʠ 

ʩʝʣʝʢʮʠʦʥʥʦ-ʮʝʥʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʤʫʪʘʥʪʥʳʭ ʣʠʥʠʡ, ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ 

ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʝʣʝʢʮʠʠ, ʘ ʪʘʢʞʝ ʣʠʥʠʡ ʩ ʢʦʤʧʣʝʢʩʦʤ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ï ʜʣʷ 

ʚʳʚʝʜʝʥʠʷ ʥʦʚʳʭ ʩʦʨʪʦʚ ʧʫʪʝʤ ʧʨʷʤʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ [7, 8, 14]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

1) ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʫʪʘʛʝʥʝʟʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʣʝʢʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʟʘʩʦʣʝʥʠʷ ʠ ʟʘʩʫʭʠ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʤʫʪʘʥʪʥʳʝ 

ʬʦʨʤʳ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʩʪʨʝʩʩʦʚʳʤ ʫʩʣʦʚʠʷʤ ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʇʨʠʘʨʘʣʴʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʝʣʝʢʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ 

ʚʳʚʝʜʝʥʠʷ ʥʦʚʳʭ ʩʦʨʪʦʚ ʧʫʪʝʤ ʧʨʷʤʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʤʫʪʘʥʪʦʚ ʩ ʢʦʤʧʣʝʢʩʦʤ 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. 

ʊʠʧ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ. 

ɺ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʤʝʨʦʧʨʠʷʪʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʤʝʪʦʜʠʢʠ: 

1. ɼʦʩʧʝʭʦʚ ɹ.ɸ. ʄʝʪʦʜʠʢʘ ʧʦʣʝʚʦʛʦ ʦʧʳʪʘ. ʄ., 1985 [15]; 

2. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʩʦʨʪʦʠʩʧʳʪʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. ï 

ɸʩʪʘʥʘ, 2010 [16]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʚ 3 ʵʪʘʧʘ: 1-ʳʡ ʵʪʘʧ ï ʧʦʜʙʦʨ ʩʦʨʪʦʚ ʨʠʩʘ ʠ 

ʦʙʨʘʙʦʪʢʘ ʠʭ ʩʝʤʷʥ ʨʘʟʣʠʯʥʳʤʠ ʜʦʟʘʤʠ ɔ-ʣʫʯʝʡ, ʘ ʪʘʢʞʝ ʨʘʩʪʚʦʨʘʤʠ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ ʠ 

ʩʦʨʙʠʪʘ; 2-ʦʡ ʵʪʘʧ ï ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʜʦʟ ɔ-ʣʫʯʝʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ 

ʠ ʩʦʨʙʠʪʘ; 3-ʠʡ ʵʪʘʧ ï ʚʳʜʝʣʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʫʪʘʥʪʥʳʭ ʣʠʥʠʡ ʨʝʟʠʩʪʝʥʪʥʳʭ ʢ 

ʟʘʩʦʣʝʥʠʶ ʠ ʟʘʩʫʭʝ, ʘ ʪʘʢʞʝ ʠʩʧʳʪʘʥʠʝ ʠʭ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. 

2) ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ ʩʝʤʝʥʘ 3-ʭ ʤʝʩʪʥʳʭ ʩʦʨʪʦʚ ʨʠʩʘ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʧʝʨʠʦʜʘʤʠ ʚʝʛʝʪʘʮʠʡ: ʩʢʦʨʦʩʧʝʣʳʡ ʩʦʨʪ ʉʳʨ ʉʫʣʫʳ, ʩʨʝʜʥʝʩʧʝʣʳʡ ï ʃʠʜʝʨ 

ʠ ʧʦʟʜʥʝʩʧʝʣʳʡ ʩʦʨʪ ï ɸʡʂʝʨʠʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ  ʠ ʩʨʝʜʥʝʡ ʣʝʪʘʣʴʥʦʡ ʜʦʟʳ (LD50) ʩʝʤʝʥʘ 

3-ʭ ʩʦʨʪʦʚ ʙʳʣʠ ʦʙʣʫʯʝʥʳ g-ʣʫʯʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʀʃʋ-10 

ɸʆ çʇʘʨʢ ʷʜʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡè (ʛ. ʂʫʨʯʘʪʦʚ). ɺ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ:  

- ʵʥʝʨʛʠʷ ʠʟʣʫʯʝʥʠʷ, ɽ ï 4 ʄʵʚ; 

- ʚʝʣʠʯʠʥʘ ʪʦʢʘ, 1 ʩʨ. ï 6,83 ʤɸ;   

-ʜʠʘʧʘʟʦʥ ʧʦʛʣʦʱʝʥʥʳʭ ʜʦʟ ï 50, 100, 150, 200 ʠ 250 ɻʨ.  

ʈʘʜʠʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʝʤʷʥ ʦʧʨʝʜʝʣʷʣʠ  ʥʘ ʦʩʥʦʚʝ ʨʦʩʪʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʥʪʦʛʝʥʝʟʘ ï ʵʥʝʨʛʠʠ ʧʨʦʨʘʩʪʘʥʠʷ, ʣʘʙʦʨʘʪʦʨʥʦʡ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ, 

ʚʳʩʦʪʳ ʠ ʤʘʩʩʳ 15-ʜʥʝʚʥʳʭ ʧʨʦʨʦʩʪʢʦʚ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠ ̫ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʬʘʢʪʦʨʘʤ ʟʘʩʦʣʝʥʠʷ ʠ ʟʘʩʫʭʠ ʥʝʦʙʣʫʯʝʥʥʳʝ 

ʩʝʤʝʥʘ ʩʦʨʪʘ ʨʠʩʘ ʉʳʨ ʉʫʣʫʳ ʧʨʦʨʘʱʠʚʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʝ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʣʝʜʫʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ NaCl: 0, 50, 100, 150, 200 ʠ 250 ʤʄ, ʘ ʪʘʢʞʝ0, 

5, 10, 15 ʠ 20% ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʨʙʠʪʘ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʦʨʪʘ ʢ ʟʘʩʦʣʝʥʠʶ ʠ ʟʘʩʫʭʝ ʠ 

ʠʭ ʩʨʝʜʥʶʶ ʣʝʪʘʣʴʥʫʶ ʜʦʟʫ (LD50) ʦʧʨʝʜʝʣʷʣʠ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʧʨʦʨʘʩʪʘʥʠʷ 

ʠ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ, ʘ ʪʘʢʞʝ ʚʳʩʦʪʳ ʠ ʤʘʩʩʳ 15-ʜʥʝʚʥʳʭ ʧʨʦʨʦʩʪʢʦʚ.  

ʉʝʤʝʥʘ ʩʦʨʪʦʚ ʨʠʩʘ ʉʳʨ ʉʫʣʫʳ, ʃʠʜʝʨ ʠ ɸʡʂʝʨʠʤ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ LD50 ʜʦʟʘʤʠ 

ʛʘʤʤʘ-ʣʫʯʝʡ (ʧʦ 1500 ʰʪ. ʩʝʤʷʥ ʢʘʞʜʦʛʦ ʩʦʨʪʘ). ɿʘʪʝʤ ʵʪʠ ʩʝʤʝʥʘ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ LD50 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ NaCl, ʩʦʨʙʠʪʘ ʠ ʦʙʦʠʭ ʬʘʢʪʦʨʦʚ, ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʣʠʥʠʡ, ʫʩʪʦʡʯʠʚʳʭ 

ʢ ʬʘʢʪʦʨʘʤ ʟʘʩʦʣʝʥʠʷ ʠ ʟʘʩʫʭʠ. 

ɺʳʜʝʣʠʚʰʠʝʩʷ ʨʝʟʠʩʪʝʥʪʥʳʝ ʢ ʩʪʨʝʩʩʦʚʳʤ ʫʩʣʦʚʠʷʤ ʨʘʩʪʝʥʠʷ ʚʳʨʘʱʠʚʘʣʠʩʴ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦ 25-ʜʥʝʚʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʟʘʪʝʤ ʧʝʨʝʩʘʞʝʥʳ ʚ ʟʘʨʘʥʝʝ 
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ʟʘʪʦʧʣʝʥʥʳʡ ʚʦʜʦʡ ʯʝʢ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʠʭ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʜʦ 

ʧʦʣʥʦʛʦ ʩʦʟʨʝʚʘʥʠʷ.      

ɿʘʢʣʘʜʢʘ ʧʦʣʝʚʳʭ ʦʧʳʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʤʘʝ ʤʝʩʷʮʝ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʩʭʝʤʝ.  

ɺʳʜʝʣʠʚʰʠʝʩʷ ʣʠʥʠʠ ʚʳʩʝʞʠʝʣʠʩʴ ʚʨʫʯʥʫʶ ʥʘ ʜʝʣʷʥʢʠ ʧʣʦʱʘʜʴʶ 1 ʤ
2
.  

ɺ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʬʝʥʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʨʦʩʪʦʤ ʠ 

ʨʘʟʚʠʪʠʝʤ ʨʘʩʪʝʥʠʡ,  ʦʪʙʦʨ ʨʘʩʪʝʥʠʡ ʜʣʷ ʙʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʋʙʦʨʢʫ ʧʨʦʚʦʜʠʣʠ ʚʨʫʯʥʫʶ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʪʙʦʨʦʤ ʧʦ 10 ʨʘʩʪʝʥʠʡ ʜʣʷ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʦʥʳ ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʨʠʩ ʚʦʟʜʝʣʳʚʘʶʪ ʥʘ 8 ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʣʠʯʥʳʭ ʧʦ ʧʦʯʚʝʥʥʳʤ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʤʘʩʩʠʚʘʭ ʨʠʩʦʩʝʷʥʠʷ, ʨʘʟʤʝʱʘʶʱʠʭʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʯʝʪʳʨʝʭ 

ʦʙʣʘʩʪʝʡ. ʕʪʠ ʤʘʩʩʠʚʳ ʨʘʟʤʝʱʝʥʳ ʥʘ ʪʨʝʭ ʟʦʥʘʭ ʨʠʩʦʩʝʷʥʠʷ: ʉʝʚʝʨʥʦʡ, ʎʝʥʪʨʘʣʴʥʦʡ ʠ 

ʖʞʥʦʡ. ʅʘʰʠ ʦʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʂʳʟʳʣʦʨʜʠʥʩʢʦʤ ʤʘʩʩʠʚʝ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʎʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʜʨʝʚʥʝʡ ʜʝʣʴʪʳ ʂʳʟʳʣʦʨʜʠʥʩʢʦʛʦ ʧʦʯʚʝʥʥʦ-ʧʨʠʨʦʜʥʦʛʦ 

ʨʘʡʦʥʘ. ʆʥ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʳʨʜʘʨʴʠʥʩʢʦʛʦ, ʊʝʨʝʥʦʟʝʢʩʢʦʛʦ, ɼʞʘʣʘʛʘʰʩʢʦʛʦ 

ʠ ʂʘʨʤʘʢʯʠʥʩʢʦʛʦ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʨʘʡʦʥʦʚ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʂ ʟrʳʣʦʨʜʠʥʩʢʠʡ ʤʘʩʩʠʚ ʦʩʥʦʚʥʦʡ ʟʝʤʣʝʜʝʣʴʯʝʩʢʠʡ ʨʘʡʦʥ ʦʙʣʘʩʪʠ. ʆʙʱʘʷ ʧʦʩʝʚʥʘʷ 

ʧʣʦʱʘʜʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʥʘ ʤʘʩʩʠʚʝ ʩʦʩʪʘʚʣʷʝʪ ʩʚʳʰʝ 80 ʪʳʩ. ʛʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩʚʳʰʝ 45 ʪʳʩ. ʛʘ ʧʦʜ ʨʠʩʦʤ [1, 17]. 

ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʤʘʩʩʠʚʘ ʜʦʚʦʣʴʥʦ ʧʝʩʪʨʳʡ, ʥʦ ʧʨʝʦʙʣʘʜʘʶʪ ʘʣʣʶʚʠʘʣʴʥʦ-

ʣʫʛʦʚʳʝ, ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ ʠ ʙʦʣʦʪʥʳʝ ʧʦʯʚʳ. ʄʝʥʝʝ ʦʩʚʦʝʥʳ ʧʦʜ ʧʦʩʝʚʳ ʨʠʩʘ ʠ 

ʪʘʢʳʨʦʚʠʜʥʳʝ ʥʝʟʘʩʦʣʝʥʥʳʝ ʠ ʪʘʢʳʨʦʚʠʜʥʳʝ ʩʦʣʦʥʯʘʢʦʚʳʝ ʧʦʯʚʳ [18, 19]. 

ʇʦʯʚʘ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ -  ʣʫʛʦʚʦ-ʙʦʣʦʪʥʘʷ, ʪʠʧʠʯʥʘʷ ʜʣʷ ʨʠʩʦʚʳʭ ʩʝʚʦʦʙʦʨʦʪʦʚ 

ʦʙʣʘʩʪʠ. ʉʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ï 1,73% ʩ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʧʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ 1,15%. ʊʠʧ 

ʟʘʩʦʣʝʥʠʷ ï ʩʫʣʴʬʘʪʥʳʡ, ʩʠʣʴʥʦʟʘʩʦʣʝʥʥʳʡ. ʄʝʭʘʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ï ʩʨʝʜʥʠʡ ʩʫʛʣʠʥʦʢ 

(ʪʘʙʣʠʮʘ 1). 
 

ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʯʚʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ (ʥʘʫʯʥʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʩʪʘʮʠʦʥʘʨ ʂʘʟʅʀʀ ʨʠʩʦʚʦʜʩʪʚʘ ʠʤ. ʀ.ɾʘʭʘʝʚʘ, ʢʘʨʪʘ ˉ5) 
  

ɻʦʨʠ

ʟʦʥʪ, 

ʩʤ 

ʨʅ ʇʣʦʪʥʳʡ 

ʦʩʪʘʪʦʢ, 

% 

ɸʥʠʦʥʳ, %/ʤʛ-ʵʢʚ 

ʚ 100ʛ ʧʦʯʚʳ 

ʂʘʪʠʦʥʳ, 

%/ʤʛ.ʵʢʚ ʚ 100ʛ 

ʧʦʯʚʳ 

ʉʫʤʤʘ 

ʩʦʣʝʡ

, 

% 

ʊʠʧ 

ʟʘʩʦʣʝʥʠʷ 

HCO3 Cl SO4 Ca Mg Na 

 

0-20 

8,1 

ʩʣʘʙʦ 

ʱʝʣʦʯ 

 

1,15 

0,028 0,058 0,830 0,17 0,02

1 

0,023  

0,896 

ʉʫʣʴʬʘʪ-

ʥʳʡ ʩʠʣʴʥʦ 

ʟʘʩʦʣʝʥʥʳʡ 0,469 1,858 14,23 8,2 1,25 0,758 

 

20-40 

8,3 

ʉʣʘʙʦ 

ʱʝʣʦʯ 

 

1,18 

0,031 0,067 0,835 0,18 0,02

4 

0,028  

0,848 

ʉʫʣʴʬʘʪ-

ʥʳʡʩʠʣʴʥʦ 

ʟʘʩʦʣʝʥʥʳʡ 0,342 1,902 15,95 8,41 1,82 0,802 
 

 

ɺ ʤʘʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʦʜʥʠʤʘʣʘʩʴ ʜʦ 43,3ʉ̄ (ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʥʦʨʤʳ: +4,5Á 

(ʨʝʢʦʨʜ!) ʠ  ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʦʩʘʜʢʦʚ (ʚʩʝʛʦ 5% ʦʪ ʥʦʨʤʳ). ʀʶʥʴ ʠ ʠʶʣʴ ʤʝʩʷʮʳ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʥʝʫʩʪʦʡʯʠʚʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ ʠ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ 

ʦʩʘʜʢʦʚ. ɺ ʦʪʜʝʣʴʥʳʝ ʜʥʠ ʥʘʙʣʶʜʘʣʠʩʴ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʢʦʛʜʘ ʚ 

ʧʦʣʫʜʝʥʥʳʝ ʯʘʩʳ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʥʘ ʦʪʤʝʪʢʝ +52,0ʉ̄. ɺ ʮʝʣʦʤ, ʚ 

ʂʘʟʘʭʩʪʘʥʝ 2021 ʛʦʜ ʦʪʤʝʯʝʥ, ʢʘʢ ʛʦʜ ʵʢʩʪʨʝʤʘʣʴʥʦʡ  ʟʘʩʫʭʠ (ʧʦʜʦʙʥʘʷ ʩʠʪʫʘʮʠʷ ʚ ʩʪʨʘʥʝ 

ʥʘʙʣʶʜʘʣʘʩʴ ʚ 1975 ʛʦʜʫ), ʘ ʚ ɸʨʘʣʴʩʢʦʤ ʨʘʡʦʥʝ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣʦ 

ʦʙʲʷʚʣʝʥʦ ʯʨʝʟʚʳʯʘʡʥʦʝ ʧʦʣʦʞʝʥʠʝ [20]. 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʇʦ ʧʨʦʝʢʪʫ ʧʨʦʚʝʜʝʥʳ 4 ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʧʳʪʘ ʠ ʟʘʣʦ-ʞʝʥ 

ʦʜʠʥ ʧʦʣʝʚʦʡ ʦʧʳʪ. ʆʙʣʫʯʝʥʠʝ ʩʝʤʷʥ ʩʦʨʪʘ ʉʳʨ ʉʫʣʫʳ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʙʘʟʝ ɸʆ çʇʘʨʢ 

ʷʜʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʠè (ʛ. ʂʫʨʯʘʪʦʚ) 5-ʶ ʜʦʟʘʤʠ ʛʘʤʤʘ ʣʫʯʝʡ (0, 50, 100, 150, 200 ʠ 250 ɻʨ), 

ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʣʝʪʘʣʴʥʦʡ ʜʦʟʳ (LD50). ɼʣʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʷʣʠ ʣʘʙʦ-

ʨʘʪʦʨʥʫʶ ʚʩʭʦʞʝʩʪʴ, ʚʳʩʦʪʫ ʠ ʤʘʩʩʫ 15-ʜʥʝʚʥʳʭ ʧʨʦʨʦʩʪʢʦʚ ʩʝʤʷʥ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʛʘʤʤʘ-

ʣʫʯʘʤʠ.  

ʈʘʜʠʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʩʦʨʪʘ ʨʠʩʘ ʉʳʨ ʉʫʣʫʳ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ 

ʫʩʢʦʨʠʪʝʣʝ ʵʣʝʢʪʨʦʥʦʚ ʀʃʋ-10 ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚʳʩʦʢʘʷ ʜʦʟʘ ʠʦʥʠʟʠʨʫʶʱʠʭ  ʠʟʣʫʯʝʥʠʠ 

ʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ ʨʘʩʪʝʥʠʡ ʨʠʩʘ. ʇʨʠ ʵʪʦʤ, 

ʜʝʡʩʪʚʠʝ ʦʙʨʘʙʦʪʢʠ ʥʘ ʵʥʝʨʛʠʶ ʧʨʦʨʘʩʪʘʥʠʷ ʠ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʙʳʣʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ, ʠ 

ʠʭ ʧʦʢʘʟʘʪʝʣʠ ʚʦ ʚʩʝʭ ʜʦʟʘʭ ʦʢʘʟʘʣʠʩʴ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ (90,0-95,8 ʠ 96,7-98,7%). ʆʜʥʘʢʦ, 

ʜʝʡʩʪʚʠʝ ʚʳʩʦʢʠʭ ʜʦʟ ʦʙʨʘʙʦʪʢʠ ʥʘ ʚʳʩʦʪʫ ʠ ʤʘʩʩʫ 15-ʜʥʝʚʥʳʭ ʧʨʦʨʦʩʪʢʦʚ ʦʢʘʟʘʣʠʩʴ 

ʨʝʟʢʦ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ. ʊʘʢ, ʧʦ ʚʳʩʦʪʝ 15-ʜʥʝʚʥʳʭ ʧʨʦʨʦʩʪʢʦʚ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʜʦʟ ɔ-

ʣʫʯʝʡ ʠʜʝʪ ʩʥʠʞʝʥʠʝ ʦʪ 8,0 ʜʦ 0,0ʩʤ, ʧʨʠ 12,5 ʩʤ ʥʘ ʢʦʥʪʨʦʣʝ. ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ 

ʥʘʙʣʶʜʘʣʘʩʴ ʠ ʧʦ ʤʘʩʩʝ 15-ʜʥʝʚʥʳʭ ʧʨʦʨʦʩʪʢʦʚ (ʪʘʙʣ. 2). 
 

ʊʘʙʣʠʮʘ 2 ï ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʦʟ ʛʘʤʤʘ-ʣʫʯʝʡ ʥʘ ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʥʘʯʘʣʴʥʦʡ 

ʩʪʘʜʠʠ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʩʦʨʪʘ ʨʠʩʘ ʉʳʨ ʉʫʣʫʳ, 2021ʛ. 

 

 ̄ ɺʘʨʠʘʥʪʳ ʦʧʳʪʘ ʕʥʝʨʛʠʷ 

ʧʨʦʨʘʩʪʘʥʠʷ, % 

ʃʘʙʦʨʘʪʦʨʥʘʷ 

ʚʩʭʦʞʝʩʪʴ, % 

ʇʦʢʘʟʘʪʝʣʠ 15-ʜʥʝʚʥʳʭ 

ʧʨʦʨʦʩʪʢʦʚ 

ʚʳʩʦʪʘ, ʩʤ ʤʘʩʩʘ, ʛ 

1 ɹʝʟ ʦʙʣʫʯʝʥʠʷ 

(ʢʦʥʪʨʦʣʴ) 

96,5 99,3 12,5 0,048 

2 ɻʘʤʤʘ-ʣʫʯʠ ï 50 ɻʨ  95,8 98,7 8,0 0,036 

3 ɻʘʤʤʘ-ʣʫʯʠ ï 100 ɻʨ 95,2 98,3 5,8 0,024 

4 ɻʘʤʤʘ-ʣʫʯʠ ï 150 ɻʨ 94,8 98,0 1,5 0,005 

5 ɻʘʤʤʘ-ʣʫʯʠ ï 200 ɻʨ 94,3 97,7 0,0 0,000 

6 ɻʘʤʤʘ-ʣʫʯʠ ï 250 ɻʨ 94,0 96,7 0,0 0,000 
 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʘʣʴʥʳʝ ʚʩʭʦʜʳ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʚ ʜʦʟʘʭ 

ʦʙʣʫʯʝʥʠʷ 50 ɻʨ (8,0ʩʤ) ʠ 100 ɻʨ (5,8ʩʤ). ɺ ʜʦʟʝ 150 ɻʨ ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ ʙʳʣʠ ʩʠʣʴʥʦ 

ʟʘʪʦʨʤʦʞʝʥʳ (1,5ʩʤ), ʘ ʚ ʜʦʟʘʭ 200-250 ɻʨ ʚʩʭʦʜʳ ʧʦʣʥʦʩʪʴʶ ʧʦʛʠʙʣʠ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʩʦʨʪʘ ʨʠʩʘ ʉʳʨ ʉʫʣʫʳ ʩʨʝʜʥʝʡ 

ʣʝʪʘʣʴʥʦʡ ʜʦʟʦʡ ɔ-ʣʫʯʝʡ (LD50) ʙʳʣ ʧʨʠʟʥʘʥ 100 ɻʨ. ʇʦʵʪʦʤʫ, ʩʝʤʝʥʘ ʜʦʧʫʱʝʥʥʳʭ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʭ ʩʦʨʪʦʚ ʨʠʩʘ (ʉʳʨ ʉʫʣʫʳ, ʃʠʜʝʨ ʠ ɸʡʂʝʨʠʤ), ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʜʣʠʥʝ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʩʨʝʜʥʝʡ ʣʝʪʘʣʴʥʦʡ ʜʦʟʦʡ ɔ-

ʣʫʯʝʡ (ʧʦ 1500 ʰʪ ʩʝʤʷʥ ʢʘʞʜʦʛʦ ʩʦʨʪʘ). 

ʇʨʠ ʠʟʫʯʝʥʠʡ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʘ ʟʘʩʦʣʝʥʠʷ ʧʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʩʪʝʧʝʥʥʦʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʠʠ ʧʨʦʨʘʩʪʘʥʠʷ ʠ 

ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ ʩʦʨʪʘ ʨʠʩʘ ʉʳʨ ʉʫʣʫʳ (ʪʘʙʣ. 3). 

ʈʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ  (36 ʠ 38%) ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl 250 

ʤʄ (1,5ʛ/ʣ). ʆʜʥʘʢʦ, ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ 15-ʜʥʝʚʥʳʭ ʧʨʦʨʦʩʪʢʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʠʥʘʷ 

ʢʘʨʪʠʥʘ. ʊʘʢ, ʚʳʩʦʪʘ ʧʨʦʨʦʩʪʢʦʚ ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ʦʪ 50 ʜʦ 250 ʤʄ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ (15,2 ʩʤ), ʩʥʠʟʠʣʘʩʴ ʥʘ 2,7-14,1 ʩʤ, ʘ ʤʘʩʩʘ 

ʧʨʦʨʦʩʪʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ 0,014-0,062 ʛ. ʇʨʠ ʵʪʦʤ, ʩʨʝʜʥʝʡ ʣʝʪʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

NaCl (LD50) ʜʣʷ ʩʦʨʪʘ ʨʠʩʘ ʉʳʨ ʉʫʣʫʳ ʦʢʘʟʘʣʦʩʴ 150 ʤʄ (6 ʛ/ʣ), ʛʜʝ ʚʳʩʦʪʘ ʠ ʤʘʩʩʘ 15-

ʜʥʝʚʥʳʭ ʧʨʦʨʦʩʪʢʦʚ ʧʨʠʤʝʨʥʦ ʥʘ 50% ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ. 
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ʊʘʙʣʠʮʘ 3 ï ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ʥʘ ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʩʦʨʪʘ ʨʠʩʘ ʉʳʨ ʉʫʣʫʳ, 2021 ʛ. 

 

 ̄

 

ɺʘʨʠʘʥʪʳ ʦʧʳʪʘ ʕʥʝʨʛʠʷ 

ʧʨʦʨʘʩʪʘʥʠʷ, % 

ʃʘʙʦʨʘʪʦʨʥʘʷ 

ʚʩʭʦʞʝʩʪʴ, % 

ʇʦʢʘʟʘʪʝʣʠ 15-

ʜʥʝʚʥʳʭ ʧʨʦʨʦʩʪʢʦʚ 

ʚʳʩʦʪʘ, ʩʤ ʤʘʩʩʘ, ʛ 

1 ɹʝʟ ʦʙʨʘʙʦʪʢʠ ï ʢʦʥʪʨʦʣʴ 96 100 15,2 0,065 

2 NaCl ï 50 ʤʄ (3 ʛ/ʣ) 94 99 12,5 0,051 

3 NaCl ï 100 ʤʄ (6 ʛ/ʣ) 92 98 9,7 0,042 

4 NaCl ï 150 ʤʄ (9 ʛ/ʣ) 90 95 7,1 0,031 

5 NaCl ï 200 ʤʄ (12 ʛ/ʣ) 85 88 3,2 0,012 

6 NaCl ï 250 ʤʄ (15 ʛ/ʣ) 36 38 1,1 0,005 
 

 

ʆʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʩʦʨʪʘ ʨʠʩʘ ʉʳʨ ʉʫʣʫʳ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʬʘʢʪʦʨʘ 

ʟʘʩʫʭʠ ï ʩʦʨʙʠʪʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ 

ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʠʠ ʧʨʦʨʘʩʪʘʥʠʷ ʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ, ʦʩʦʙʝʥʥʦ 

ʥʘʯʠʥʘʷ ʩ 10% ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʨʙʠʪʘ (41,8 ʠ 47,7%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʪʘʙʣ. 3). ʇʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʨʙʠʪʘ 15 ʠ 20% ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʘʚʠʣʠ ʚʩʝʛʦ 0,7; 4,3% ʠ 0,1; 0,7%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʨʙʠʪʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ 

ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 15-ʜʥʝʚʥʳʭ ʧʨʦʨʦʩʪʢʦʚ. ʊʘʢ, ʚʳʩʦʪʘ ʧʨʦʨʦʩʪʢʦʚ ʩʥʠʟʘʣʦʩʴ ʦʪ 16,0 

ʩʤ ʜʦ 0,2 ʩʤ, ʘ ʤʘʩʩʘ ʧʨʦʨʦʩʪʢʦʚ ï ʦʪ 0,071 ʜʦ 0,005 ʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʦʨʪʘ ʨʠʩʘ ʉʳʨ ʉʫʣʫʳ ʩʨʝʜʥʝʡ ʣʝʪʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

(LD50) ʷʚʣʷʝʪʩʷ 10% ʨʘʩʪʚʦʨ ʩʦʨʙʠʪʘ. 
 

 

ʊʘʙʣʠʮʘ 4 ï ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʨʙʠʪʘ ʥʘ ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʩʦʨʪʘ ʨʠʩʘ ʉʳʨ ʉʫʣʫʳ, 2021 ʛ. 

 

 ̄ ɺʘʨʠʘʥʪʳ ʦʧʳʪʘ ʕʥʝʨʛʠʷ 

ʧʨʦʨʘʩʪʘʥʠʷ, % 

ʃʘʙʦʨʘʪʦʨʥʘʷ 

ʚʩʭʦʞʝʩʪʴ, % 

ʇʦʢʘʟʘʪʝʣʠ 15-ʜʥʝʚʥʳʭ 

ʧʨʦʨʦʩʪʢʦʚ 

ʚʳʩʦʪʘ, ʩʤ ʤʘʩʩʘ, ʛ 

1 ɹʝʟ ʦʙʨʘʙʦʪʢʠ ï 

ʢʦʥʪʨʦʣʴ 

96,2 99,7 16,0 0,071 

2 ʉʦʨʙʠʪ ï 5,0%  88,0 92,7 12,5 0,050 

3 ʉʦʨʙʠʪ ï 10,0% 41,8 47,7 9,7 0,037 

4 ʉʦʨʙʠʪ ï 15,0% 2,5 4,3 7,1 0,028 

5 ʉʦʨʙʠʪ ï 20,0% 0,1 0,7 0,2 0,001 

 

 

ʆʙʣʫʯʝʥʥʳʝ ʩʝʤʝʥʘ ʪʨʝʭ ʩʦʨʪʦʚ ʨʠʩʘ (ʧʦ 1500 ʰʪ. ʩʝʤʷʥ ʢʘʞʜʦʛʦ ʩʦʨʪʘ) ʩʨʝʜʥʝʡ 

ʣʝʪʘʣʴʥʦʡ ʜʦʟʦʡ ɔ-ʣʫʯʝʡ (100 ɻʨ) ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʩʨʝʜʥʠʤʠ ʣʝʪʘʣʴʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ NaCl ʠ ʩʦʨʙʠʪʘ, ʘ ʪʘʢʞʝ LD50 ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʦʙʦʠʭ ʬʘʢʪʦʨʦʚ (ʧʦ 500 

ʰʪ. ʩʝʤʷʥ). ʇʨʠ ʵʪʦʤ, ʦʧʨʝʜʝʣʷʣʠ ʵʥʝʨʛʠʶ ʧʨʦʨʘʩʪʘʥʠʷ, ʣʘʙʦʨʘʪʦʨʥʫʶ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʚʳʞʠʚʰʠʭ ʚʩʭʦʜʦʚ ʯʝʨʝʟ 25 ʜʥʝʡ. 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 5 ʚʠʜʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʩʦʨʪʘ ʨʠʩʘ ʧʦ ʨʘʟʥʦʤʫ ʨʝʘʛʠʨʦʚʘʣʠ ʥʘ 

ʦʙʨʘʙʦʪʢʫ ʠʭ ʩʝʤʷʥ ʬʘʢʪʦʨʘʤʠ ʟʘʩʦʣʝʥʠʷ ʠ ʟʘʩʫʭʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʙʣʫʯʝʥʳ ʩʨʝʜʥʝʡ 

ʣʝʪʘʣʴʥʦʡ ʜʦʟʦʡ ɔ-ʣʫʯʝʡ (100 ɻʨ). ʊʘʢ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʣʫʯʝʥʥʳʭ ɔ-ʣʫʯʘʤʠ ʩʝʤʷʥ LD50 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ NaCl, ʣʘʙʦʨʘʪʦʨʥʘʷ ʚʩʭʦʞʝʩʪʴ ʩʦʩʪʘʚʠʣʘ: ʫ ʩʦʨʪʘ ʉʳʨ ʉʫʣʫʳ ï 35,7%, ʫ 

ʩʦʨʪʘ ʃʠʜʝʨ ï 47,9% ʠ ʫ ʩʦʨʪʘ ɸʡʂʝʨʠʤ ï 41,7%. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ LD50 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʦʨʙʠʪʘ ʩʦʩʪʘʚʠʣʦ 28,3; 34,6; 30,8%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʩʝʤʷʥ LD50 ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ NaCl ʠ ʩʦʨʙʠʪʘ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʘʚʠʣʠ 16,5; 22,4 ʠ 18,4 %,  
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 ʊʘʙʣʠʮʘ 5 ï ɺʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʟʘʩʦʣʝʥʠʷ ʠ ʟʘʩʫʭʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʫʶ ʚʩʭʦʞʝʩʪʴ ʠ 

ʚʳʞʠʚʘʝʤʦʩʪʴ ʚʩʭʦʜʦʚ ʩʝʤʷʥ ʩʦʨʪʦʚ ʨʠʩʘ ʉʳʨ ʉʫʣʫʳ, ʃʠʜʝʨ ʠ ɸʡʂʝʨʠʤ, 60ʙʨʘʙʦʪʘʥʥʳʭ 

ʩʨʝʜʥʝʡ ʣʝʪʘʣʴʥʦʡ ʜʦʟʦʡ ʛʘʤʤʘ ʣʫʯʝʡ, 2021ʛ. 

 

 ̄ ɺʘʨʠʘʥʪʳ ʦʧʳʪʘ ʂʦʣʠʯʝʩʪʚ

ʦ ʩʝʤʷʥ, 

ʰʪ. 

ɺʩʭʦʞʝʩʪʴ 

ʩʝʤʷʥ, % 

ʂʦʣʠʯʝʩʪʚʦ 25-

ʜʥʝʚʥʳʭ ʚʩʭʦ-

ʜʦʚ ʨʘʩʪʝʥʠʡ 

ʰʪ. % ʰʪ. % 

ʉʦʨʪ ʉʳʨ ʉʫʣʫʳ 

1 ɔ ïʣʫʯʠ  LD50 ï ʢʦʥʪʨʦʣʴ 500 480 96,0 202 42,0 

2 ɔ-ʣʫʯʠ LD50 + NaCl LD50 500 179 35,7 22 12,8 

3 ɔ-ʣʫʯʠ LD50 + ʉʦʨʙʠʪ LD50 500 142 28,3 12 8,6 

4 ɔïʣʫʯʠ LD50 + NaClLD50 + ʉʦʨʙʠʪ LD50 500 83 16,5 1 1,2 

ʉʦʨʪ ʃʠʜʝʨ 

1 ɔ ïʣʫʯʠ LD50-ʢʦʥʪʨʦʣʴ 500 493 98,5 240 48,7 

2 ɔ-ʣʫʯʠ LD50 + NaCl LD50 500 240 47,9 44 18,5 

3 ɔ-ʣʫʯʠ LD50 + ʉʦʨʙʠʪ LD50 500 173 34,6 21 12,2 

4 ɔ-ʣʫʯʠ LD50 + NaClLD50 + ʉʦʨʙʠʪ LD50 500 112 22,4 7 6,0 

ʉʦʨʪ ɸʡʂʝʨʠʤ 

1 ɔ ïʣʫʯʠ LD50-ʢʦʥʪʨʦʣʴ 500 487 97,4 220 45,1 

2 ɔ-ʣʫʯʠ LD50 + NaCl LD50 500 209 41,7 33 15,8 

3 ɔ-ʣʫʯʠ LD50 + ʉʦʨʙʠʪ LD50 500 154 30,8 16 10,5 

4 ɔ-ʣʫʯʠ LD50 + NaClLD50 + ʉʦʨʙʠʪ LD50 500 92 18,4 3 3,5 

 
 

 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʢʦʥʪʨʦʣʴʥʳʭ ʚʘʨʠʘʥʪʘʭ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʫ ʵʪʠʭ ʩʦʨʪʦʚ ʩʦʩʪʘʚʠʣʠ 96,0; 

98,5 ʠ 97,4%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʦʣʠʯʝʩʪʚʦ 25-ʜʥʝʚʥʳʭ ʚʳʞʠʚʰʠʭ ʨʘʩʪʝʥʠʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ NaCl ʩʦʩʪʘʚʠʣʦ: ʫ 

ʩʦʨʪʘ ʉʳʨ ʉʫʣʫʳ ï 22 ʰʪ. (12,8%), ʫ ʩʦʨʪʘ ʃʠʜʝʨ ï 44 ʰʪ. (18,5%) ʠ ʫ ʩʦʨʪʘ ɸʡʂʝʨʠʤ ï 33 

ʰʪ. (10,5%), ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʦʨʙʠʪʦʤ ï 12 ʰʪ. (8,6%); 21 ʰʪ. (12,2%) ʠ 16 ʰʪ. (10,5%) ʠ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ LD50 ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ NaCl + ʩʦʨʙʠʪ ï 1 ʰʪ. (1,2%); 7 ʰʪ. (6,0%) ʠ 3 ʰʪ. 

(3,5%), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʝʥʠʡ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ɔ-

ʣʫʯʝʡ, NaCl ʠ ʩʦʨʙʠʪʘ ʦʢʘʟʘʣʦʩʴ ʫ ʩʦʨʪʘ ʃʠʜʝʨ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʦʨʪ ʃʠʜʝʨ ʙʳʣ 

ʚʢʣʶʯʝʥ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ ʈʌ ʚ 2000 ʛʦʜʫ, ʘ ʚ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ 

ʨʘʡʦʥʠʨʦʚʘʥ ʚ 2010 ʛʦʜʫ. ʀ ʟʘ ʵʪʠ ʛʦʜʳ ʵʪʦʪ ʩʦʨʪ ʫʩʧʝʣ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʧʦʯʚʝʥʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʇʨʠʘʨʘʣʴʷ. ɸ ʩʦʨʪʘ ɸʡʂʝʨʠʤ ʠ ʉʳʨ ʉʫʣʫʳ 

ʙʳʣʠ ʚʳʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʧʦʵʪʦʤʫ ʦʢʘʟʘʣʠʩʴ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳʤʠ ʢ 

ʦʙʣʫʯʝʥʠʶ ɔ-ʣʫʯʘʤʠ ʠ ʬʘʢʪʦʨʘʤ ʟʘʩʦʣʝʥʠʷ ʠ ʟʘʩʫʭʠ. 

ɺʳʞʠʚʰʠʝ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ  LD50 ʜʦʟʘʤʠ ɔ-ʣʫʯʝʡ, NaCl, ʩʦʨʙʠʪʦʤ ʠ ʦʙʦʠʤʠ 

ʬʘʢʪʦʨʘʤʠ ʟʘʩʦʣʝʥʠʷ ʠ ʟʘʩʫʭʠ ʨʘʩʪʝʥʠʷ ʚ 25-ʜʥʝʚʥʦʤ ʚʦʟʨʘʩʪʝ ʙʳʣʠ ʧʝʨʝʩʘʞʝʥʳ ʥʘ 

ʟʘʨʘʥʝʝ ʟʘʪʦʧʣʝʥʥʳʝ ʯʝʢʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʭ ʠʟʫʯʝʥʠʷ. 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 6 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʝʥʠʡ ʨʝʟʠʩʪʝʥʪʥʳʭ ʢ 

ʬʘʢʪʦʨʘʤ ʟʘʩʦʣʝʥʠʷ ʠ ʟʘʩʫʭʠ ʢ ʫʙʦʨʢʝ ʩʦʭʨʘʥʠʣʠʩʴ ʫ ʩʦʨʪʘ ʃʠʜʝʨ, ʛʜʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʩʪʝʥʠʡ ʫʩʪʦʡʯʠʚʳʭ ʢ ʟʘʩʦʣʝʥʠʶ ʩʦʩʪʘʚʠʣʦ 21 ʰʪ., ʢ ʟʘʩʫʭʝ ï 10 ʰʪ. ʠ ʢ ʦʙʦʠʤ ʬʘʢʪʦʨʘʤ 

ï 2 ʰʪ. 

ʅʘʠʤʝʥʴʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʙʣʶʜʘʣʠʩʴ ʫ ʩʦʨʪʘ ʉʳʨ ʉʫʣʫʳ (13,6 ʠ 0 ʰʪ., 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʩʦʨʪ ɸʡʂʝʨʠʤ ʧʦ ʵʪʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʟʘʥʷʣ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ. 
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ʊʘʙʣʠʮʘ 6 ï ʂʦʣʠʯʝʩʪʚʦ ʚʳʞʠʚʰʠʭ ʢ ʫʙʦʨʢʝ ʨʘʩʪʝʥʠʡ ʩʦʨʪʦʚ ʨʠʩʘ, ʫʩʪʦʡʯʠʚʳʭ ʢ 

ʬʘʢʪʦʨʘʤ ʟʘʩʦʣʝʥʠʷ ʠ ʟʘʩʫʭʠ, 2021 ʛ. 

 

 ̄ ɺʘʨʠʘʥʪʳ ʦʧʳʪʘ ʂʦʣʠʯʝʩʪʚʦ 

ʧʦʩʘʞʝʥʥʳʭ 

ʨʘʩʪʝʥʠʡ, ʰʪ. 

ɺʳʞʠʚʰʠʝ 

ʨʘʩʪʝʥʠʷ 

ʰʪ. % 

ʉʦʨʪ ʉʳʨ ʉʫʣʫʳ 

1 ɔ ïʣʫʯʠ  LD50 ï ʢʦʥʪʨʦʣʴ 202 113 55,9 

2 ɔ-ʣʫʯʠ LD50+ NaCl LD50 22 13 59,1 

3 ɔ-ʣʫʯʠ LD50+ ʉʦʨʙʠʪ LD50 12 6 50,0 

4 ɔïʣʫʯʠ LD50 + NaClLD50+ ʉʦʨʙʠʪ LD50 1 0 0 

ʉʦʨʪ ʃʠʜʝʨ 

1 ɔ ïʣʫʯʠ LD50-ʢʦʥʪʨʦʣʴ 240 221 50,4 

2 ɔ-ʣʫʯʠ LD50+ NaCl LD50 44 21 47,7 

3 ɔ-ʣʫʯʠ LD50 + ʉʦʨʙʠʪ LD50 21 10 47,6 

4 ɔ-ʣʫʯʠ LD50 + NaClLD50 + ʉʦʨʙʠʪ LD50 7 2 28,6 

ʉʦʨʪ ɸʡʂʝʨʠʤ 

1 ɔ ïʣʫʯʠ LD50 ï ʢʦʥʪʨʦʣʴ 220 116 52,7 

2 ɔ-ʣʫʯʠ LD50 + NaCl LD50 33 15 45,4 

3 ɔ-ʣʫʯʠ LD50 + ʉʦʨʙʠʪ LD50 16 7 43,7 

4 ɔ-ʣʫʯʠ LD50 + NaClLD50 + ʉʦʨʙʠʪ LD50 3 1 33,3 
 

 

ɺʳʚʦʜʳ. ɼʝʡʩʪʚʠʷ ʛʘʤʤʘ-ʣʫʯʝʡ ʠ ʬʘʢʪʦʨʘ ʟʘʩʦʣʝʥʠʷ (NaCl) ʥʘ ʵʥʝʨʛʠʶ 

ʧʨʦʨʘʩʪʘʥʠʷ ʠ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʩʦʨʪʘ ʨʠʩʘ ʉʳʨ ʉʫʣʫʳ ʙʳʣʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ (96,5-96,0 ʠ 

99,3-100%), ʢʨʦʤʝ ʚʘʨʠʘʥʪʘ NaCl 250 ʤʄ, ʛʜʝ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʦ 

36-38%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʬʘʢʪʦʨʦʤ ʟʘʩʫʭʠ ï ʩʦʨʙʠʪʦʤ, ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ, ʦʩʦʙʝʥʥʦ ʥʘʯʠʥʘʷ ʩ 10%-ʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ.  

ʆʜʥʘʢʦ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ɔ-ʣʫʯʘʤʠ ʠ ʬʘʢʪʦʨʘʤʠ ʟʘʩʦʣʝʥʠʷ ʠ ʟʘʩʫʭʠʩ ʧʦʚʳʰʝʥʠʝʤ 

ʜʦʟ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʤʝʯʝʥʦ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 15-ʜʥʝʚʥʳʭ ʧʨʦʨʦʩʪʢʦʚ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʩʦʨʪʘ ʨʠʩʘ ʉʳʨ ʉʫʣʫʳ 

ʫʩʪʘʥʦʚʣʝʥʘ ʩʨʝʜʥʷʷ ʣʝʪʘʣʴʥʘʷ ʜʦʟʘ (LD50) ɔ-ʣʫʯʝʡ ï 100 ɻʨ ʠ ʩʨʝʜʥʠʝ ʣʝʪʘʣʴʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ: NaCl ï 150 ʤʄ, ʩʦʨʙʠʪʘ ï 10% ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ, 

ʦʙʣʫʯʝʥʥʳʭ  LD50 ʜʦʟʦʡ ɔ-ʣʫʯʝʡ, LD50 ʢʦʥʮʝʥʪʨʘʮʠʝʡ  NaCl ʣʘʙʦʨʘʪʦʨʥʘʷ ʚʩʭʦʞʝʩʪʴ 

ʩʦʩʪʘʚʠʣʘ: ʫ ʩʦʨʪʘ ʉʳʨ ʉʫʣʫʳ ï 35,7%, ʫ ʩʦʨʪʘ ʃʠʜʝʨ ï 47,9 ʠ ʫ ʩʦʨʪʘ ɸʡʂʝʨʠʤ ï 41,7%, ʘ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ LD50 ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʦʨʙʠʪʘ ï 28,3; 34,6 ʠ 30,8%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ 

ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ LD50 ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʦʙʦʠʭ ʬʘʢʪʦʨʦʚ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʘʚʠʣʠ 16,5; 

22,4 ʠ 18,4%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦ ʢʦʣʠʯʝʩʪʚʫ 25-ʜʥʝʚʥʳʭ ʚʳʞʠʚʰʠʭ ʨʘʩʪʝʥʠʡ, ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ NaCl ʠ ʩʦʨʙʠʪʦʤ, 

ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʙʣʶʜʘʣʠʩʴ ʫ ʩʦʨʪʘ ʃʠʜʝʨ (44 ʠ 21 ʰʪ.), ʧʨʠ ʢʦʥʪʨʦʣʴʥʦʤ 

ʚʘʨʠʘʥʪʝ ï 240 ʠ 173 ʰʪ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʦʙʦʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʪʘʢʞʝ 

ʦʪʣʠʯʠʣʩʷ ʩʦʨʪ ʃʠʜʝʨ (7 ʰʪ.). ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʞʠʚʰʠʭ 25-ʜʥʝʚʥʳʭ ʨʘʩʪʝʥʠʡ, 

ʧʦʩʣʝ ʧʝʨʝʩʘʜʢʠ ʚ ʧʦʣʝʚʳʝ ʫʩʣʦʚʠʷ, ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʦʪʤʝʯʝʥʦ, ʪʘʢʞʝ ʫ ʩʦʨʪʘ ʃʠʜʝʨ ï 

28,6-47,7%, ʧʨʠ 50,4% ʥʘ ʢʦʥʪʨʦʣʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ 

ʦʙʣʘʩʪʠ ʩʦʨʪ ʃʠʜʝʨ ʚʦʟʜʝʣʳʚʘʝʪʩʷ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (ʩ 2010ʛ.), ʯʝʤ ʚʥʦʚʴ 

ʩʦʟʜʘʥʥʳʝ ʩʦʨʪʘ  ʤʝʩʪʥʦʡ ʩʝʣʝʢʮʠʠ ï ʉʳʨ ʉʫʣʫʳ ʠ ɸʡʂʝʨʠʤ (ʩ 2019-2020ʛ.ʛ.). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʟʠʩʪʝʥʪʥʳʭ ʢ ʟʘʩʦʣʝʥʠʶ ʠ ʟʘʩʫʭʝ ʬʦʨʤ ʫ 

ʚʩʝʭ ʩʦʨʪʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘ ʚʘʨʠʘʥʪʝ ɔ-ʣʫʯʠ LD50 + NaClLD50 ï 12,8-18,5%, ʧʨʦʪʠʚ 

ʢʦʥʪʨʦʣʷ (ɔ-ʣʫʯʠ LD50) ï 42,0-48,7%. ʉʘʤʦʝ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʨʪʘ ʨʠʩʘ ʦʢʘʟʘʣʦ ɔ-
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ʣʫʯʠ LD50 + ʩʦʚʤʝʩʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ LD50 ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ʠ ʩʦʨʙʠʪʘ ï 1,2-6,0%. ɸ 

ʚʘʨʠʘʥʪ ɔ-ʣʫʯʠ LD50 + ʩʦʨʙʠʪ LD50 ʟʘʥʷʣ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ.  
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ʊפױʓʄɼɸʈɼʓ ʀʆʅɼɸʋʐʓ ʉᴄʋʃɽʃɽʈʄɽʅ ᴆרɼɽʋ ɸʈפʓʃʓ ʂתʈɯʐ 

ʉɽʃɽʂʎʀʗʉʓ תʐɯʅ ɹɸʉʊɸʇפʓ ʄɸʊɽʈʀɸʃ ɸʃʋ 

 

ɹᴅʢʽʨײʣʳ פ., ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ סʳʣʳʤʜʘʨʳʥʳש ʜʦʢʪʦʨʳ, פʈ ɸʐנɸ ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʤװʰʝʩʽ 

ʊʘʫʪʝʥʦʚ ʀ.ɸ., ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ סʳʣʳʤʜʘʨʳʥʳש ʜʦʢʪʦʨʳ  

ɾʘʣʙʳʨʦʚ ɸ.ɽ., ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ סʳʣʳʤʜʘʨʳʥʳש ʤʘʛʠʩʪʨʽ 

 

çʓ. ɾʘϨʘʝʚ ʘʪʳʥʜʘϤʳ ϧʘʟʘϨ ʢϮʨʽʰ ʰʘʨʫʘʰʳʣʳϤʳ Ϥʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʠʥʩʪʠʪʫʪʳè ɾʐʉ,  

ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ, ϧʳʟʳʣʦʨʜʘ Ϩ.ʩʳ 

 

ɸשʜʘʪʧʘ. ʂװʨʽʰʪʽש ᴅʨʪװʨʣʽ ʩʦʨʪʪʘʨʳʥʘ ʠʦʥʜʘʫʰʳ ʩᴅʫʣʝʣʝʨʜʽש ᴅʩʝʨ ʝʪʫ ʪʠʽʤʜʽʣʽʛʽʥ ʟʝʨʪʪʝʫ, 

ʦʣʘʨʜʳש ʢװʨʽʰ ᴇʩʽʤʜʽʛʽʥʝ ʤʫʪʘʛʝʥʜʽʢ ᴅʩʝʨʽʥʽש ᴅʜʽʩʪʝʤʝʣʽʢ ʤᴅʩʝʣʝʣʝʨʽʥ ʰʝʰʫ, ʩʦʥʜʘʡ-ʘץ 

 ʜʘʡʳʥʘ ʙʝʡʽʤʜʝʣʛʝʥ ʩʦʨʪʪʘʨסʢʣʠʤʘʪ ʞʘ-ץʩʪʨʝʩʩʪʽʢ ʪʦʧʳʨʘ שʽʨʽʥʽשɸʨʘʣ ᴇ ץʩʪʘʥʜʳץʘʟʘפ

ʩʝʣʝʢʮʠʷʩʳ װʰʽʥ ʙʘʩʪʘʧץʳ ʤʘʪʝʨʠʘʣ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʪᴇʟʽʤʜʽ ʤʫʪʘʥʪʪʘʨ ʘʣʫ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄʘץʘʣʘʜʘ ʪײʟʜʳʣʳץ (NaCl) ʞᴅʥʝ ײץʨסʘץʰʳʣʳץ (ʩʦʨʙʠʪ) ʬʘʢʪʦʨʣʘʨʳʥʘ ʪᴇʟʽʤʜʽ 

ʤʫʪʘʥʪʪʳץ ʽʟʜʝʨ ʘʣʫ ʤʘץʩʘʪʳʥʜʘ ʛʘʤʤʘ-ʩᴅʫʣʝʣʝʨʜʽש ᴅʨʪװʨʣʽ ʢװʨʽʰ ʩʦʨʪʪʘʨʳʥʘ ᴅʩʝʨʽʥ ʟʝʨʪʪʝʫ 

ʙʦʡʳʥʰʘ ʤᴅʣʽʤʝʪʪʝʨ ʢʝʣʪʽʨʽʣʛʝʥ. ʂװʨʽʰʪʽש ʧʘʡʜʘʣʘʥʫסʘ ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʩʦʨʪʪʘʨʳʥʘ ʥʝײסʨʣʳʤ 

ʪʠʽʤʜʽ ʤʫʪʘʛʝʥʜʽʢ ᴅʩʝʨʽ ʙʦʣʘʪʳʥ ʠʦʥʜʘʫʰʳ ʩᴅʫʣʝʣʝʨʜʽש ʞʘʨʪʳʣʘʡ ᴇʣʽʤʛʝ ᴅʢʝʣʝʪʽʥ ʤᴇʣʰʝʨʽ (LD50) 

ʞᴅʥʝ ʪᴇʟʽʤʜʽ ʽʟʜʝʨ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ NaCl ʤʝʥ ʩʦʨʙʠʪʪʽש ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʳ ʘʥʳץʪʘʣסʘʥ. 

ʀʦʥʜʘʫʰʳ ʩᴅʫʣʝʣʝʨ ʤʝʥ ʪײʟʜʳʣʳץ ʞᴅʥʝ ײץʨסʘץʰʳʣʳץ ʩʪʨʝʩʩʪʽʢ ʬʘʢʪʦʨʣʘʨʳʥʳש ʤʫʪʘʥʪʪʳץ 

ʬʦʨʤʘʣʘʨ ʩʘʥʳʥʘ ᴅʩʝʨʽ ʙʦʡʳʥʰʘ ʩʦʨʪʪʳץ ʝʨʝʢʰʝʣʽʢʪʝʨ ʙʦʣʘʪʳʥʳ ʘʥʳץʪʘʣסʘʥ. ʊײʟʜʳʣʳץ ʧʝʥ 
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 ʘʥ (10ץʳʪ ʝʛʽʣʽʧ ʢʝʣʝ ʞʘʪץʫʘ ץʟʘײ ʜʘʡʳʥʜʘסʩʪʘʥ ʞʘץʘʟʘפ ʘ ʪᴇʟʽʤʜʽ ᴇʩʽʤʜʽʢʪʝʨ ʩʘʥʳץץʰʳʣʳץʘסʨײץ

ʞʳʣʜʘʥ ʘʩʘ) ʢװʨʽʰʪʽש ʃʠʜʝʨ ʩʦʨʪʳʥʜʘ ʞʘשʘʜʘʥ ʰʳץץʘʥ ʉʳʨ ʉײʣʫʳ ʤʝʥ ɸʡʂʝʨʽʤ (1-2 ʞʳʣ) 

ʩʦʨʪʪʘʨʳʥʘ ץʘʨʘסʘʥʜʘ ʢᴇʙʽʨʝʢ ʙʦʣʜʳ.  

ʂʽʣʪ ʩϺʟʜʝʨ: ʢװʨʽʰ, ʩʦʨʪ,ʩʝʣʝʢʮʠʷ, ʤʫʪʘʛʝʥʝʟ, ʣʫʯʠ-ʛʘʤʤʘ, ʪᴇʟʽʤʜʽ, ʪײʟʜʳʣʳײץ ,ץʨסʘץʰʳʣʳץ, 

ʤʫʪʘʥʪʪʳ ʪʽʟʙʝʢ. 
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Abstract.The study of the effectiveness of ionizing radiation on various varieties of rice, the 

solution of methodological issues of their mutagenic effect on the rice plant, as well as obtaining resistant 

mutants of rice as a starting material for breeding varieties adapted to the stressful soil and climatic 

conditions of the Kazakhstan Aral Sea region is relevant. The article contains material on ongoing studies 

on the effects of gamma rays on various rice varieties, in order to obtain mutant lines resistant to 

salinization factors (NaCl) and drought (sorbitol). Average lethal doses of gamma rays and average lethal 

concentrations of NaCl and sorbitol have been established, where the mutagenic effects of ionizing 

radiation and the resistance of rice plants to salinization and drought factors are most clearly manifested. 

The varietal difference between the influence of ionizing radiation and stress factors on the number of 

induced resistant mutant forms of rice has been established. At the same time, the largest number of 

plants resistant to salinization and drought was obtained from the Leader variety, which in the conditions 

of the Kazakhstan Aral Sea region is cultivated for a longer time (over 10 years) than the newly created 

varieties of Syr Suluy and AiKerim (1-2 years). 

Keywords: rice, variety, selection, mutagenesis, gamma rays, resistance, salinity, drought, mutant 

lines. 
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Annotation. The most important stage of the transition to precision agriculture is the assessment 

of spatial heterogeneity of fields and the calculation of doses of differentiated fertilization. Modern means 

of differentiated application of fertilizers allow you to make different doses of mineral fertilizers in the 

designated elementary areas. Therefore, when composing soil and agrochemical maps, it is necessary to 

take into account the characteristics of each field with high accuracy. To do this, in the conditions of 

production of çAgricultural experimental station çZarechnoyeè LLP, scientists conducted agrochemical 

surveys and compiled digital agrochemical maps. Based on the results of calculating the economic 

efficiency of differentiated application of mineral fertilizers, it is worth noting an increase in the cost of 

fertilizer application at different levels of mobile phosphorus availability. However, this event was 

profitable in all its variants. Thus, the application of mineral fertilizers during sowing provided an 

increase in profitability relative to the control options from 11.7 to 40.3%. These indicators were achieved 

not only due to the growth of the crop, but also due to the higher price for high-quality products. 

Keywords: precision agriculture, agrochemical soil survey, intra-field variability of fertility, 

mobile phosphorus, digital agrochemical map. 

 

Introduction.  For the rational organization of on-farm arrangement, the proper use of 

agricultural land, the maximum yield, preservation and improvement of fertility, as well as for 

the effective use of fertilizers, you need to have accurate information about soil properties. The 

effectiveness of the differentiated use of fertilizers and other agrochemicals, as you know, 

largely depends on the intra-field variability of soil fertility and the state of crops. In areas 

aligned by fertility, differentiation of doses of fertilizers, according to the logic of things, is not 

required at all. Many studies on the effectiveness of differential fertilizer application abroad have 

shown that it is far from always economically justified, since the level and severity of the 

underfloor diversity of soil fertility are not taken into account. 

Modern means of differential fertilizer application allow you to make various doses of 

mineral fertilizers in the designated elementary areas. Therefore, when compiling soil and 

agrochemical maps, it is necessary to take into account the characteristics of each field with high 

accuracy. 

To do this, under the conditions of production of çAES çZarechnoeè LLP, scientists 

conducted agrochemical surveys and compiled digital agrochemical maps. 

The aim of this work is: 
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1) Study of the degree of supply of soils with basic nutrients. 

2) Preparation of agrochemical maps necessary for deciding on the use of fertilizers. 

Literature review. Acquisition of latest (operational) information about the properties of 

agrogenic soils is necessary for monitoring and timely assessment of their condition. In precision 

farming, such information is used for the spatial differentiation of tillage technologies 

application, fertilization, amelioration, treatment using plant protection products and growth 

regulators. This facilitates more efficient management of crops, reduction of the environmental 

stress, reduction of agricultural production costs and more productive use of the agricultural 

lands resource potential [4, ʨ.99-106; 8, p.1-19]. 

The use of precision farming technologies is the key to the success of competitive 

agricultural industry worldwide. Leaders in the implementation of precision farming 

technologies are the USA (80%) and Germany (60%), as well as Denmark, the Netherlands, 

Brazil, China and Australia [1, p.36-43; 7, p.25-35; 11, p.62-86]. 

According to American experts, the main challenges of the precision farming 

implementation in the United States are the additional costs (35% of respondents), the 

insufficient economic effect (48%), the difficulty of adapting existing technologies to the 

precision farming system (18%), and lack of professionalism (29%) [3, 37 p.]. 

Most of the leading countries with developed land economies have undergone a kind of 

ñtechnological revolutionò: the classical extensive farming in such countries is being superseded 

by precise farming [2, p.126-140; 12; 15, p.343-352]. 

In the Russian Federation, the system of precision farming is being actively introduced by 

agricultural commodity producers in the Krasnodar, Stavropol, Kaliningrad, Kursk and 

Voronezh regions. The farms of the Samara, Belgorod, Volgograd, Oryol and Tyumen regions 

also possess experience on practical application of these technologies [14, 376 p.]. 

In the study of the possibility of mapping the total elemental composition of soils using 

hyperspectral satellite information (Hyperion) at the test site located in the Plavsky district of the 

Tula region, models with the highest predictive ability (R2cv > 0.70; RPIQ > 2) were obtained 

for silicon, potassium and sulfur. During the assessment of the possibility of mapping individual 

soil properties using multispectral satellite data (Landsat TM-5) at the test site located in the 

Saratov region, the most optimal model with the smallest prediction error was obtained for 

humus content (RMSEPcv = 0.16; RPIQ = 17.33 R2cv = 0.69) [13, p.87-93]. 

In the Republic of Kazakhstan, agriculture is the core of the agro-industrial complex and 

the head of state has approved a new state program for the development of the agro-industrial 

complex for 2017-2021 [6]. The state program is aimed at increasing labor productivity in the 

agro-industrial sector by ensuring the development of agrarian science, and transfer of 

technology and the level of competence of the agro-industrial complex entities [5]. The First 

German-Kazakhstan Agrarian Forum ñDigitization of Agricultureò took place on May 30-31, 

2018. 

The practice of agriculture in Kazakhstan has shown the need for the introduction of 

advanced technologies that are recognized and successfully used around the globe. Therefore, at 

present, the challenge of reforming the agricultural complex of the country, the introduction of 

cost-effective technologies that improve soil fertility and provide stable yields at minimal cost 

are relevant. The most important stage in the transition to precision farming is the assessment of 

the spatial heterogeneity of the fields and the calculation of the doses of discriminatory 

fertilization. 

In the discriminatory fertilization technique, no single dose of fertilizers is used to treat 

the entire field, but rather the nutritional element needs of individual field subcompartments are 

taken into account. At the same time, the dose and the ratio of nutrients are chosen in such a way 

as to maximize fertilizers recoupment and minimize environmental pollution [10, p.198-208]. 
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Adaptation of elements of precision farming systems to existing technical means and 

natural and production conditions in the region is of vital importance for the implementation of a 

systematic approach to the introduction of precision farming in the agro-industrial complex [9, 

ʨ.1513-1521]. 

Material and research methods. The main task of forming a map of soil sampling is to 

break down the entire study area into elementary sections of the same size. A more complex case 

of the formation of a map is the task of placing the points of soil sampling within the field 

contours. It is necessary to form elementary areas in such a way that they have a uniform soil 

composition and do not go beyond the boundaries of the field contours. 

The division of the fields into elementary sections of 10 ha makes it possible to estimate 

the variation of the main nutrition elements within each field. 

Assessment of variation indicators. The coefficient of variation is less than 10% ï the 

variation is weak, the population is homogeneous, the average is typical. If the coefficient of 

variation is in the range from 10 to 30% ï the variation (variability of the trait) is moderate, the 

population is homogeneous, the average is typical. If the coefficient of variation is more than 

30% ï the variation is significant, the population is qualitatively heterogeneous and the average 

is not a typical characteristic of the population. 

So, starting in 2019, the Qoldau.kz service has become an alternative to dividing fields 

into elementary sections. On its basis, additional electronic grids of fields of çAES çZarechnoeè 

with an area of 1800 hectares were created for agrochemical examination in the coordinate 

system. After that, security cartograms were created for the content of humus, mobile 

phosphorus, exchange potassium, sulfur, as well as nitrate supply for farm fields. Based on these 

data, using the Qoldau.kz application, task maps will be prepared for the differential introduction 

of ammophos in 2020 in order to expand the landfill area (Figure 1). 

 

 
 

Figure 1 ï Preparation of tasks for agrochemical examination 

 

 

A task in your personal account is created in just a few actions. After that, a version for 

downloading in KML format is available, which is transferred to the tablet and opened in a 

special application. 

An agrochemical survey of the fields of çAES çZarechnoeè LLP in 2019 was carried out 

on an area of 1800 hectares for differentiated fertilizer application in 2020. Samples of soil 

handed over to the laboratory. 

Results. According to the results of laboratory analyzes of soil samples taken on an area 

of 1300 ha, the content of nitrate nitrogen (N-NO3), mobile phosphorus (P2O5), exchange 

potassium (K2O) and mobile sulfur (S), humus, soil pH in the soil was determined. The results of 

the agrochemical inspection of the fields are shown in Table 1. 
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Table 1 ï Results of an agrochemical soil survey, 2019 

 
Number 

of fied 

Coordinates Contained, mg/kg of soil Humus, 

% 

ʨʅ 

NO3 P2O5 ʂ2ʆ S 

Field ˉ132 

1 52Á58'37.2'' N 63Á40'58.4'' E ᾽2.8 136 481 5.17 4.08 6.35 

2 52Á58'37.9'' N 63Á41'14.6'' E ᾽2.8 152 496 7.52 3.90 6.61 

3 52Á58'39.1'' N 63Á41'31.9'' E ᾽2.8 154 456 0.94 3.74 6.95 

4 52Á58'40.1'' N 63Á41'49.7'' E ᾽2.8 132 420 4.70 3.75 7.04 

5 52Á58'40.6'' N 63Á42'06.8'' E ᾽2.8 131 426 1.65 3.95 7.22 

6 52Á58'41.3'' N 63Á42'24.5'' E ᾽2.8 129 350 3.53 3.83 7.08 

7 52Á58'27.3'' N 63Á40'57.0'' E ᾽2.8 143 406 3.43 3.74 6.86 

8 52Á58'27.9'' N 63Á41'14.9'' E ᾽2.8 136 440 4.70 4.06 6.59 

9 52Á58'28.9'' N 63Á41'31.3'' E ᾽2.8 103 360 3.76 3.99 6.80 

10 52Á58'29.8'' N 63Á41'49.5'' E ᾽2.8 143 358 2.12 4.04 7.15 

11 52Á58'30.1'' N 63Á42'05.6'' E ᾽2.8 123 392 2.12 3.69 7.24 

13 52Á58'31.5'' N 63Á42'24.0'' E ᾽2.8 149 532 0.94 3.67 7.17 

12 52Á58'16.8'' N 63Á40'56.4'' E ᾽2.8 113 420 3.06 3.65 5.80 

14 52Á58'18.0'' N 63Á41'14.2'' E ᾽2.8 116 420 4.47 3.68 6.55 

15 52Á58'18.5'' N 63Á41'31.2'' E ᾽2.8 109 448 2.82 4.02 6.52 

16 52Á58'19.4'' N 63Á41'47.8'' E ᾽2.8 124 440 3.29 3.92 7.14 

17 52Á58'20.5'' N 63Á42'05.3'' E ᾽2.8 104 426 4.47 4.15 7.26 

18 52Á58'20.9'' N 63Á42'23.1'' E ᾽2.8 117 499 1.65 3.87 7.25 

19 52Á58'07.1'' N 63Á40'55.9'' E ᾽2.8 73 322 4.23 3.60 5.59 

20 52Á58'07.7'' N 63Á41'12.5'' E ᾽2.8 70 312 3.46 3.50 5.42 

21 52Á58'08.5'' N 63Á41'30.2'' E ᾽2.8 53 288 6.35 3.32 5.58 

22 52Á58'09.4'' N 63Á41'47.5'' E ᾽2.8 91 408 5.64 3.84 5.87 

23 52Á58'10.3'' N 63Á42'04.4'' E ᾽2.8 92 403 3.06 3.67 5.80 

24 52Á58'11.1'' N 63Á42'23.4'' E ᾽2.8 51 264 1.65 3.42 5.43 

25 52Á57'55.9'' N 63Á40'55.5'' E ᾽2.8 65 288 5.17 3.38 5.45 

26 52Á57'56.5'' N 63Á41'12.8'' E ᾽2.8 49 288 4.23 3.42 5.39 

27 52Á57'57.7'' N 63Á41'29.9'' E ᾽2.8 64 244 4.23 3.54 5.35 

28 52Á57'58.0'' N 63Á41'46.8'' E ᾽2.8 68 408 2.59 3.50 5.49 

29 52Á57'59.5'' N 63Á42'03.6'' E ᾽2.8 71 298 6.35 3.64 5.98 

30 52Á58'00.5'' N 63Á42'22.3'' E ᾽2.8 53 226 7.99 3.53 5.88 

V ï 33.1 20.9 47 6.1 11.2 

Field ˉ91 

1 53Á02'53.9'' N 63Á47'03.7'' E 4.60 250 380 4.87 3.37 6.78 

2 53Á02'51.1'' N 63Á47'20.6'' E 4.30 119 375 1.97 3.69 6.80 

3 53Á02'47.9'' N 63Á47'37.9'' E 4.60 103 257 3.22 3.31 7.01 

4 53Á02'44.8'' N 63Á47'55.0'' E 4.70 106 284 2.70 3.34 7.13 

5 53Á02'42.0'' N 63Á48'12.4'' E 9.60 96 295 6.20 3.56 7.01 

6 53Á02'38.9'' N 63Á48'29.8'' E 8.30 93 405 >15.00 3.21 7.10 

7 53Á02'44.9'' N 63Á46'58.8'' E 4.80 104 334 7.05 3.63 6.18 

8 53Á02'41.8'' N 63Á47'16.8'' E 6.90 101 389 >15.00 3.74 7.08 

9 53Á02'38.9'' N 63Á47'32.9'' E 5.60 89 303 >15.00 3.51 6.97 

10 53Á02'36.0'' N 63Á47'50.4'' E 7.20 104 342 6.81 3.42 7.33 

11 53Á02'33.4'' N 63Á48'07.1'' E 8.50 87 375 9.79 3.73 7.01 

12 53Á02'30.3'' N 63Á48'25.2'' E 10.50 109 461 >15.00 3.50 7.02 

13 53Á02'35.8'' N 63Á46'53.7'' E 5.40 111 305 11.02 3.82 6.75 

14 53Á02'32.7'' N 63Á47'10.7'' E 6.80 182 353 7.33 3.60 6.71 

15 53Á02'29.8'' N 63Á47'27.4'' E 5.60 93 257 5.20 3.32 7.22 

16 53Á02'27.0'' N 63Á47'45.0'' E 6.80 114 334 11.11 2.92 7.27 
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17 53Á02'23.9'' N 63Á48'01.8'' E 6.30 74 334 5.16 2.96 6.15 

18 53Á02'21.1'' N 63Á48'20.3'' E 5.50 53 415 >15.00 2.85 5.98 

19 53Á02'26.3'' N 63Á46'48.6'' E 5.00 122 457 6.67 3.57 6.42 

20 53Á02'23.8'' N 63Á47'05.5'' E 6.60 210 426 6.72 3.37 6.47 

21 53Á02'21.0'' N 63Á47'22.5'' E 4.70 100 397 3.36 3.31 7.35 

22 53Á02'17.5'' N 63Á47'39.3'' E <2.80 90 421 9.18 2.64 6.92 

23 53Á02'14.5'' N 63Á47'57.0'' E 6.20 76 364 >15.00 3.19 7.32 

24 53Á02'11.5'' N 63Á48'15.1'' E 10.50 103 354 >15.00 3.09 7.26 

25 53Á02'17.3'' N 63Á46'44.0'' E 3.90 121 372 >15.00 3.96 6.90 

26 53Á02'14.6'' N 63Á47'00.3'' E 4.20 96 374 >15.00 3.58 7.33 

27 53Á02'11.4'' N 63Á47'17.0'' E 2.80 50 405 11.40 2.80 7.43 

28 53Á02'08.2'' N 63Á47'33.8'' E <2.80 90 421 9.18 2.64 6.92 

29 53Á02'05.0'' N 63Á47'51.3'' E 3.70 80 449 >15.00 2.96 4.26 

30 53Á02'02.2'' N 63Á48'10.4'' E 6.80 86 325 >15.00 3.41 7.29 

31 53Á02'07.7'' N 63Á46'38.4'' E 6.50 99 371 11.82 3.64 6.35 

32 53Á02'05.1'' N 63Á46'55.2'' E <2.80 101 502 7.76 3.48 6.91 

33 53Á02'02.4'' N 63Á47'13.3'' E 2.80 50 405 11.40 2.80 7.43 

34 53Á01'59.8'' N 63Á47'29.0'' E <2.80 90 421 9.18 2.64 6.92 

35 53Á01'56.1'' N 63Á47'45.9'' E 5.50 90 509 11.92 3.11 7.50 

36 53Á01'52.8'' N 63Á48'05.0'' E 5.50 90 509 11.92 3.11 7.50 

37 53Á01'59.3'' N 63Á46'43.0'' E 5.80 81 354 7.14 3.49 6.25 

38 53Á01'52.6'' N 63Á47'16.7'' E 2.80 50 405 11.40 2.80 7.43 

39 53Á01'45.8'' N 63Á47'52.5'' E 5.50 90 509 11.92 3.11 7.50 

V 33 37.9 17.2 39.4 10.8 8.6 

Field ˉ133 

1-1 52Á57'48.8'' N 63Á38'58.9'' E <2.80 100 312 2.70 3.12 6.97 

1-2 52Á57'59.0'' N 63Á38'57.3'' E <2.80 93 256 >15.00 3.41 6.30 

1-3 52Á58'09.2'' N 63Á38'55.8'' E <2.80 94 254 7.43 3.29 5.82 

1-4 52Á58'19.4'' N 63Á38'54.2'' E 4.50 88 287 >15.00 3.44 6.34 

1-5 52Á58'29.6'' N 63Á38'52.7'' E 4.70 123 430 5.11 3.56 6.66 

2-1 52Á57'49.8'' N 63Á39'15.8'' E <2.80 404 179 7.10 2.92 5.74 

2-2 52Á58'00.0'' N 63Á39'14.2'' E <2.80 92 171 6.15 2.85 5.75 

2-3 52Á58'10.2'' N 63Á39'12.7'' E <2.80 126 444 >15.00 3.28 6.60 

2-4 52Á58'20.3'' N 63Á39'11.1'' E <2.80 70 198 4.12 2.95 5.60 

2-5 52Á58'30.5'' N 63Á39'09.6'' E 3.50 98 306 2.93 3.34 7.10 

3-1 52Á57'50.7'' N 63Á39'32.7'' E 4.50 108 292 7.57 3.12 5.74 

3-2 52Á58'00.9'' N 63Á39'31.2'' E 9.10 31 504 3.31 3.72 5.52 

3-3 52Á58'11.1'' N 63Á39'29.6'' E <2.80 101 410 9.74 3.38 6.11 

3-4 52Á58'21.3'' N 63Á39'28.1'' E 4.00 81 350 3.26 3.25 5.79 

3-5 52Á58'31.5'' N 63Á39'26.5'' E 3.90 91 590 2.13 3.17 5.74 

4-1 52Á57'51.6'' N 63Á39'49.6'' E 4.10 101 469 4.40 3.43 6.01 

4-2 52Á58'01.8'' N 63Á39'48.1'' E 10.50 60 557 >15.00 4.07 6.10 

4-3 52Á58'12.0'' N 63Á39'46.6'' E 4.30 111 590 4.49 3.35 6.29 

4-4 52Á58'22.2'' N 63Á39'45.0'' E <2.80 78 330 >15.00 2.95 5.64 

4-5 52Á58'32.4'' N 63Á39'43.5'' E <2.80 61 168 3.88 2.82 5.62 

5-1 52Á57'52.6'' N 63Á40'06.6'' E 3.60 150 331 >15.00 3.38 6.96 

5-2 52Á58'02.7'' N 63Á40'05.0'' E 3.90 62 480 11.40 3.35 5.88 

5-3 52Á58'12.9'' N 63Á40'03.5'' E 6.60 125 585 8.51 3.76 6.06 

5-4 52Á58'23.1'' N 63Á40'01.9'' E 5.50 100 500 >15.00 3.70 5.93 

5-5 52Á58'33.3'' N 63Á40'00.4'' E <2.80 56 189 4.02 2.91 5.62 

6-1 52Á57'53.5'' N 63Á40'23.5'' E <2.80 117 293 >15.00 3.11 5.91 

6-2 52Á58'03.7'' N 63Á40'22.0'' E 4.50 69 300 11.83 3.43 5.70 

6-3 52Á58'13.9'' N 63Á40'20.4'' E 5.90 94 441 >15.00 3.69 6.19 
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Thus, evaluating the variability of the content of plant nutrients in the area during the 

crop sowing period, it is worth noting at the time of the survey the extremely low content of 

nitrate nitrogen in field ˉ132, which is used in production for different varieties and crops. Low 

indicators were also noted in other fields ï ˉ91 and ˉ133. 

Analyzing the indicators of variation of the main elements of nutrition and sulfur within 

the fields, it must be emphasized that for the most part it was at a high level, i.e. the variability of 

these indicators was strong and indicated heterogeneity. The soil variability in organic matter 

content was generally low. 

Assessing the fluctuation of mobile phosphorus within one field over elementary 

sections, it is worth noting the highest heterogeneity of fields ˉ91 and ˉ132 and ˉ133 (Figure 

2).  

 

 
a    b    c  
a ï field ˉ91; b ï field ˉ132; c ï field ˉ133 

 
Figure 2 ï The content of mobile phosphorus in the fields of the demonstration 

site, autumn 2019 

 

At the same time, it is important to emphasize that this element in the open spaces of 

Northern Kazakhstan plays a leading role along with nitrate nitrogen in the formation of a high-

quality crop. Moreover, it is also worth noting that it is the soils of Northern Kazakhstan, as a 

rule, poor in phosphorus. 

6-4 52Á58'24.1'' N 63Á40'18.9'' E 5.60 67 498 >15.00 3.77 6.36 

6-5 52Á58'34.3'' N 63Á40'17.3'' E 6.20 73 434 >15.00 3.25 5.87 

7-1 52Á57'54.4'' N 63Á40'40.4'' E 4.00 108 306 >15.00 3.12 5.65 

7-2 52Á58'04.6'' N 63Á40'38.9'' E 6.30 84 435 >15.00 3.68 5.86 

7-3 52Á58'14.8'' N 63Á40'37.3'' E 4.20 66 354 3.50 3.10 5.78 

7-4 52Á58'25.0'' N 63Á40'35.8'' E <2.80 89 512 1.94 3.23 6.67 

7-5 52Á58'35.2'' N 63Á40'34.2'' E 4.20 114 334 4.97 2.95 6.90 

V 34,2 58.5 33.7 33.7 9.1 7.4 
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Assessing the economic efficiency of the production of spring wheat, it is worth noting 

the impact of the availability of nutrients on the production economy, in 2019, the difference in 

the cost of spring wheat grain between I and IV classes amounted to 11,000 tenge, which played 

a very significant role in production. So, backgrounds with low phosphorus availability had 

higher fertilizer costs ï 3043 tenge higher than areas with a high degree of availability. 

Conclusion. According to the results of the calculation of economic efficiency with the 

differentiated application of mineral fertilizers, it is worth noting the increase in the cost of 

fertilizing at different degrees of availability of mobile phosphorus. However, this event in all 

cases was profitable. So, the application of mineral fertilizers when sowing was more effective 

on the option of an average degree of phosphorus supply ï profitability is higher than the control 

by 13.2%. With a high and medium degree of security, the highest profitability of 86.0 and 

85.3% was obtained, which was 40.3 and 11.7% higher than their control options, respectively. 

It should also be emphasized that in 2019, the introduction of mineral fertilizers improved 

the economy of spring wheat grain production not only due to the difference in yield, but also 

often due to the difference in the cost of products of different classes in quality. 
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 ʊʀɯʄɼɯ רɿɽʈʊʊɽʋʃɽʈɼɯ פʉʊɯɻɯʅɼɽ ɸɻʈʆʍʀʄʀʗʃʓתʉʆʃʊ רʉʊɸʅʅʓפɸɿɸפ

ᴄɼɯʉʊɽʈɯʅ פʆʃɼɸʅʋ 
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, ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ סʳʣʳʤʜʘʨʳʥʳש ʢʘʥʜʠʜʘʪʳ 

ʉʦʤʦʚʘ ʉ.ɺ.
2
, ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ סʳʣʳʤʜʘʨʳʥʳש ʢʘʥʜʠʜʘʪʳ 

ʉʠʜʦʨʠʢ ɸ.ʀ.
2
, ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ סʳʣʳʤʜʘʨʳʥʳש ʤʘʛʠʩʪʨʽ 

 
1 ç
ϧʘʟʘϨ Ϩʘʡʪʘ ϺϬʜʝʫ ʞϸʥʝ ʪʘʤʘϨ Ϻʥʝʨʢϸʩʽʙʽ Ϥʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʠʥʩʪʠʪʫʪʳè ɾʐʉ, 

ɸʣʤʘʪʳ Ϩ., ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ 
2
 çɿʘʨʝʯʥʦʝè ʘʫʳʣʰʘʨʫʘʰʳʣʳϤʳ ʪϸʞʽʨʠʙʝ ʩʪʘʥʮʠʷʩʳè ɾʐʉ, ϧʦʩʪʘʥʘʡ ʦʙʣʳʩʳ, 

ɿʘʨʝʯʥʦʝ ʘʫʳʣʳ, ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ 

 

ɸʥʜʘʪʧʘ. ʅʘץʪʳ ʝʛʽʥʰʽʣʽʢʢʝ ʢᴇʰʫʜʽש ʤʘשʳʟʜʳ ʢʝʟʝשʽ-ʙײʣ ʘʣץʘʧʪʘʨʜʳש ʢʝשʽʩʪʽʢʪʽʢ ʙʽʨʪʝʢʪʽ 

ʝʤʝʩʪʽʛʽʥ ʙʘסʘʣʘʫ ʞᴅʥʝ ʪʳשʘʡʪץʳʰʪʘʨʜʳש ʩʘʨʘʣʘʥסʘʥ ʝʥʛʽʟʽʣʫʽʥʽש ʤᴇʣʰʝʨʽʥ ʝʩʝʧʪʝʫ. 

ʊʳשʘʡʪץʳʰʪʘʨʜʳ ʩʘʨʘʣʘʧ ʝʥʛʽʟʫʜʽץ שʘʟʽʨʛʽ ʟʘʤʘʥסʳ ײץʨʘʣʜʘʨʳ ʙʝʣʛʽʣʝʥʛʝʥ ץʘʨʘʧʘʡʳʤ 

ʫʯʘʩʢʝʣʝʨʜʝ ʤʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨʜʳש ᴅʨ ʪװʨʣʽ ʤᴇʣʰʝʨʽʥ ʝʥʛʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɼʝʤʝʢ, 

ʪʦʧʳʨʘץ ʞᴅʥʝ ʘʛʨʦʭʠʤʠʷʣʳץ ʢʘʨʪʘʣʘʨʜʳ ײץʨʘʩʪʳʨʫ ʢʝʟʽʥʜʝ ᴅʨʙʽʨ ʘʣʘשʥʳש ʞʦסʘʨʳ ʜᴅʣʜʽʢʧʝʥ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʝʩʢʝʨʫ ץʘʞʝʪ. ʆʣ װʰʽʥ çɿʘʨʝʯʥʦʝè ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʪᴅʞʽʨʠʙʝ ʩʪʘʥʮʠʷʩʳè 

ɾʐʉ ᴇʥʜʽʨʽʩ ʞʘסʜʘʡʳʥʜʘ סʘʣʳʤʜʘʨ ʘʛʨʦʭʠʤʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʧ, ʩʘʥʜʳץ ʘʛʨʦʭʠʤʠʷʣʳץ 

ʢʘʨʪʘʣʘʨ ᴅʟʽʨʣʝʜʽ. ʄʠʥʝʨʘʣʜʳץ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʩʘʨʘʣʘʧ ʝʥʛʽʟʫ ʢʝʟʽʥʜʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢʪʽ 

ʝʩʝʧʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʞʳʣʞʳʤʘʣʳ ʬʦʩʬʦʨʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש ᴅʨʪװʨʣʽ ʜᴅʨʝʞʝʣʝʨʽʥʜʝ 

ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʝʥʛʽʟʫʛʝ ʘʨʥʘʣסʘʥ ʰʳסʳʥʜʘʨʜʳײ שʣסʘʶʳʥ ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ. ɸʣʘʡʜʘ ʙײʣ ʽʩ-ʰʘʨʘ 

ʙʘʨʣʳץ ʥײʩץʘʣʘʨʜʘ ʪʘʙʳʩʪʳ ᴇʩʽʨʜʽ . ʄᴅʩʝʣʝʥ, ʝʛʽʩ ʢʝʟʽʥʜʝ ʤʠʥʝʨʘʣʜʳץ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʝʥʛʽʟʫ 

ʙʘץʳʣʘʫ ʥײʩץʘʣʘʨʳʥʘ ץʘʪʳʩʪʳ ʨʝʥʪʘʙʝʣʴʜʽʣʽʢʪʽ11,7 ש-ʜʝʥ 40,3%-סʘ ʜʝʡʽʥ ᴇʩʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʪʽ. 

ɹײʣ ʢᴇʨʩʝʪʢʽʰʪʝʨʛʝ ʝʛʽʥʥʽש ᴇʩʫʽ ʝʩʝʙʽʥʝʥ סʘʥʘ ʝʤʝʩ, ʞʦסʘʨʳ ʩʘʧʘʣʳ ᴇʥʽʤ װʰʽʥ ʞʦסʘʨʳ ʙʘסʘ 

ʘʨץʘʩʳʥʜʘ ʜʘ ץʦʣ ʞʝʪʢʽʟʽʣʜʽ. 

ʊϮʡʽʥ ʩϺʟʜʝʨ:ʥʘץʪʳ ʝʛʽʥʰʽʣʽʢ, ʪʦʧʳʨʘץʪʳ ʘʛʨʦʭʠʤʠʷʣʳץ ʟʝʨʪʪʝʫ, ײץʥʘʨʣʳʣʳץʪʳש ʽʰʢʽ 

ʚʘʨʠʘʙʝʣʴʜʽʣʽʛʽ, ʞʳʣʞʳʤʘʣʳ ʬʦʩʬʦʨ, ʩʘʥʜʳץ ʘʛʨʦʭʠʤʠʷʣʳץ ʢʘʨʪʘ. 

 

ʇʈʀʄɽʅɽʅʀɽ ʕʌʌɽʂʊʀɺʅʓʍ ʄɽʊʆɼʆɺ ɸɻʈʆʍʀʄʀʏɽʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ʅɸ ʉɽɺɽʈɽ ʂɸɿɸʍʉʊɸʅɸ 
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ʊʫʣʘʝʚ ʖ.ɺ.
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, ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ 

ʉʦʤʦʚʘ ʉ.ɺ.
2
, ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ 

ʉʠʜʦʨʠʢ ɸ.ʀ.
2
, ʤʘʛʠʩʪʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ 

 
1
 ʊʆʆ çʂʘʟʘʭʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʠ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè, ʛ.ɸʣʤʘʪʳ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 
2 
ʊʆʆ çʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʦʧʳʪʥʘʷ ʩʪʘʥʮʠʷ çɿʘʨʝʯʥʦʝè, ʂʦʩʪʘʥʘʡʩʢʘʷ ʦʙʣʘʩʪʴ, ʩʝʣʦ 

ɿʘʨʝʯʥʦʝ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ.ɺʘʞʥʝʡʰʠʡ ʵʪʘʧ ʧʝʨʝʭʦʜʘ ʢ ʪʦʯʥʦʤʫ ʟʝʤʣʝʜʝʣʠʶ ï ʵʪʦ ʦʮʝʥʢʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʝʡ ʠ ʨʘʩʯʝʪ ʜʦʟ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʚʥʦʩʠʪʴ ʨʘʟʣʠʯʥʳʝ 

ʜʦʟʳ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʦʙʦʟʥʘʯʝʥʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʫʯʘʩʪʢʘʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ 
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ʩʦʩʪʘʚʣʝʥʠʠ ʧʦʯʚʝʥʥʳʭ ʠ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʢʘʨʪ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ ʧʦʣʷ 

ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ɼʣʷ ʵʪʦʛʦ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʊʆʆ çʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʦʧʳʪʥʘʷ 

ʩʪʘʥʮʠʷ çɿʘʨʝʯʥʦʝè ʫʯʝʥʳʤʠ ʧʨʦʚʝʜʝʥʳ ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʣʝʥʳ ʮʠʬʨʦʚʳʝ 

ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʢʘʨʪʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤ ʚʥʝʩʝʥʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʟʘʪʨʘʪ ʥʘ 

ʚʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʧʨʠ ʨʘʟʥʳʭ ʩʪʝʧʝʥʷʭ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʦʜʚʠʞʥʳʤ ʬʦʩʬʦʨʦʤ. ʆʜʥʘʢʦ ʜʘʥʥʦʝ 

ʤʝʨʦʧʨʠʷʪʠʝ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʦʢʘʟʘʣʦʩʴ ʧʨʠʙʳʣʴʥʳʤ. ʊʘʢ, ʚʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ 

ʧʨʠ ʧʦʩʝʚʝ ʦʙʝʩʧʝʯʠʣʦ ʨʦʩʪ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʪ 11,7 ʜʦ 

40,3%. ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ ʨʦʩʪʘ ʫʨʦʞʘʷ, ʥʦ ʠ ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʮʝʥʝ ʟʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʫʶ ʧʨʦʜʫʢʮʠʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʯʥʦʝ ʟʝʤʣʝʜʝʣʠʝ, ʘʛʨʦʭʠʤʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʦʯʚʳ, ʚʥʫʪʨʠʧʦʣʴʥʘʷ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʧʣʦʜʦʨʦʜʠʷ, ʧʦʜʚʠʞʥʳʡ ʬʦʩʬʦʨ, ʮʠʬʨʦʚʘʷ ʘʛʨʦʭʠʤʠʯʝʩʢʘʷ ʢʘʨʪʘ. 
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ϧʘʟʘϨ ʝʛʽʥʰʽʣʽʢ ʞϸʥʝ Ϻʩʽʤʜʽʢ ʰʘʨʫʘʰʳʣʳϤʳ Ϥʳʣʳʤʠ- ʟʝʨʪʪʝʫ ʠʥʩʪʠʪʫʪʳ,  

ɸʣʤʘʪʳ ʦʙʣʳʩʳ, ϧʘʨʘʩʘʡ ʘʫʜʘʥʳ, ɸʣʤʘʣʳʙʘϨ ʘʫʳʣʳ, ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ 

 

ɸשʜʘʪʧʘ. ɽʣʽʤʽʟʜʝ ײץʤʘʡ ʜʘץʳʣʳ ʩʠʷץʪʳ ײץʨסʘץʰʳʣʳץץʘ ʪᴇʟʽʤʜʽ, ʞʦסʘʨʳ ᴇʥʽʤʜʽ 

ʜʘץʳʣʜʘʨʜʳ ᴇʥʜʽʨʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʝʥʛʽʟʫ ʢʣʠʤʘʪʪʳש ᴇʟʛʝʨʫʽ ʤʝʥ ʞʘʫʳʥ-ʰʘʰʳʥʥʳש ʘʟʘʶʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʝש ʪʠʽʤʜʽ ʰʝʰʽʤ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʕʢʦʣʦʛʠʷʣʳץ-ʛʝʦʛʨʘʬʠʷʣʳץ ʰʳסʫ ʪʝʛʽ ᴅʨʪװʨʣʽ 

 ʘʪʘʨץ ʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥס שʳʥʳסʩʦʨʪ ʩʳʥʘʫ ʤʘʣ ʰʘʨʫʘʰʳʣʳ ץʤʘʡ ʛʝʥʦʪʠʧʪʝʨʽʥ ʵʢʦʣʦʛʠʷʣʳײץ

ʞʝʢʝ ʰʘʨʫʘʰʳʣʳץ ʞװʨʛʽʟʫʰʽ ʩʫʙʲʝʢʪ ץʳʟʤʝʪʽʥʽש ʙʘʩץʘ ʜʘ ʙʘסʳʪʪʘʨʳʥʳש ʵʢʦʥʦʤʠʢʘʣʳץ 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ץʘʙʽʣʝʪʪʽ ʞʝʤʰᴇʧ ᴇʥʜʽʨʽʩʽʥʜʝʛʽ ʪʠʽʤʜʽʣʽʛʽʞʦסʘʨʳ ʙʘסʳʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɾʘʩʳʣ ʙʠʦʤʘʩʩʘʥʳש ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʛʽ ʞᴅʥʝ ײץʤʘʡʜʳײץ שʨסʘץʰʳʣʳץץʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʦʣʘʨʜʳ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʽʥʝʥ ᴇʩʽʨʫʛʝ ʤשʪʘʨʳʥʜʘ ʢʝץʢᴇʧʪʝʛʝʥ ʘʫʤʘ שʩʪʘʥʥʳץʘʟʘפ

ɿʝʨʪʪʝʫ ʥʳʩʘʥʳ ʙʦʡʳʥʰʘ ʵʢʦʣʦʛʠʷʣʳץ-ʛʝʦʛʨʘʬʠʷʣʳץ ʰʳסʫ ʪʝʛʽ ᴅʨʪװʨʣʽ (פʘʟʘץʩʪʘʥ, ʈʝʩʝʡ, 

-ʩʪʽʢװʪשʦ שʩʪʘʥʥʳץʘʟʘפ ʦʨʣʘʨʳץʛʝʥ 225 שʤʘʡʜʳײץ (ʘ ʜʘ ʝʣʜʝʨץʥʜʽʩʪʘʥ, ᴆʟʙʝʢʩʪʘʥ ʞᴅʥʝ ʙʘʩת

ʰʳסʳʩ ʘʫʤʘסʳʥʳש ʩʫʘʨʤʘʣʳ ʞʘסʜʘʡʳʥʜʘ, ʙʘʪʳʩ ʞᴅʥʝ ʩʦʣʪװʩʪʽʢ ʘʫʤʘץʪʘʨʳʥʳש ʪᴅʣʽʤʽ 

ʞʘסʜʘʡʜʘʨʳʥʜʘ ʩʳʥʘʣʜʳ. ʆשʪװʩʪʽʢ-ʰʳסʳʩ פʘʟʘץʩʪʘʥʥʳש ʩʫʘʨʤʘʣʳ ʞʘסʜʘʡʳʥʜʘ ʛʝʢʪʘʨʳʥʘ 70 ʪ 

ʘʩʪʘʤ, ɹʘʪʳʩ פʘʟʘץʩʪʘʥʥʳש ʪᴅʣʽʤʽ ʞʘסʜʘʡʳʥʜʘ ʛʝʢʪʘʨʳʥʘ 40 ʪ ʜʝʡʽʥ ʞᴅʥʝ ʉʦʣʪװʩʪʽʢ פʘʟʘץʩʪʘʥʥʳש 

ʪᴅʣʽʤʽ ʞʘסʜʘʡʳʥʜʘ ײץʤʘʡʜʳש ʢᴇʢ ʙʘʣʘʫʩʘʩʳ ʙʦʡʳʥʰʘ ʛʝʢʪʘʨʳʥʘ 50 ʪʦʥʥʘסʘ ʜʝʡʽʥ ᴇʥʽʤʜʽʣʽʢ ʘʣʫסʘ 

ʙʦʣʘʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ײץʤʘʡ ʜʘץʳʣʜʘʨʳʥ פʘʟʘץʩʪʘʥʥʳש ʢᴇʧʪʝʛʝʥ ʘʫʤʘץʪʘʨʳʥʜʘ ᴇʥʜʽʨʽʩʢʝ 

ʝʥʛʽʟʽʧ, ʝʛʽʩʪʝʨʽʥʽש ʢʝשʽʥʝʥ ʪʘʨʘʣʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʂʽʣʪ ʩϺʟʜʝʨ: ײץʤʘʡ, ᴅʣʝʤʜʽʢ ʛʝʥץʦʨʳ, ʢᴇʢ ʙʘʣʘʫʩʘ ᴇʥʽʤʜʽʣʽʛʽ, ʩʦʨʪ ʩʳʥʘʫ, ʢʦʣʣʝʢʮʠʷ. 

 

ʂʽʨʽʩʧʝ. ʊʦʧʳʨʘץ ï ʢʣʠʤʘʪ ʞʘסʜʘʡʣʘʨʳʥʳש ᴅʣʝʤʜʽʢ ᴇʟʛʝʨʫʽ ʞᴅʥʝ ʪʘʙʠסʠ 

ʵʢʦʞװʡʝʥʽש ʪʦʟʫʳ, ʰᴇʣʝʡʪʪʝʥʫ, ʩʫ ʨʝʩʫʨʩʪʘʨʳʥʳש ʪʘʧʰʳʣʳסʳ, ײץʨסʘץʰʳʣʳץ, ʪײʟʜʘʥʫ, 

ʪʘʙʠסʠ ʵʥʝʨʛʝʪʠʢʘʣʳץ ץʦʨʣʘʨʜʳש ʩᴇʟʩʽʟ ץʳʩץʘʨʫʳ פʘʟʘץʩʪʘʥʥʳש ʘʟʳץ-ʪװʣʽʢ ʞᴅʥʝ 

ʵʥʝʨʛʝʪʠʢʘʣʳץ ץʘʫʽʧʩʽʟʜʽʛʽʥʝ ץʘʪʝʨ ʪᴇʥʜʽʨʝʜʽ. ɼʝʤʝʢ, ʝʣʜʽש ʘʟʳץ-ʪװʣʽʢ ץʘʫʽʧʩʽʟʜʽʛʽʥ 

 שʨʛʽʟʫ-ʇʨʝʟʠʜʝʥʪ ʅ.ᴄ. ʅʘʟʘʨʙʘʝʚʪʳװʩʘʷʩʘʪʪʳ ʞ ץʘʡ ʘʛʨʘʨʣʳסשʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞᴅʥʝ ʙʽʨʳץ

 "ʘʪʘʨʳʥʘ ʢʽʨʫ ʩʪʨʘʪʝʛʠʷʩʳץ שʘʙʽʣʝʪʪʽ ʝʣʫ ʝʣʜʽץ ᴅʣʝʤʜʝʛʽ ʙᴅʩʝʢʝʛʝ ʙʘʨʳʥʰʘ שʩʪʘʥʥʳץʘʟʘפ"

ʘʪʪʳ ɾʦʣʜʘʫʳʥʜʘ ץʦʡʳʣסʘʥ ʥʝʛʽʟʛʽ ʤʽʥʜʝʪ [1]. 

ʉʦסשʳ ʞʳʣʜʘʨʳ ʤʘʣ ʰʘʨʫʘʰʳʣʳסʳ ᴇʥʽʤʜʝʨʽʥʝ, ᴅʩʽʨʝʩʝ ʩװʪ ʞᴅʥʝ ʝʪ ᴇʥʽʤʜʝʨʽʥʝ 

ʩײʨʘʥʳʩʪʳש ᴇʩʫʽʥʝ, ʩʦʥʜʘʡ-ʘץ ʭʘʣʳץ ʩʘʥʳʥʳש ᴇʩʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʘʟʳץ-ʪװʣʽʢ 

ʨʝʩʫʨʩʪʘʨʳʥʘ ʞװʢʪʝʤʝ ʘʨʪʳʧ ʢʝʣʝʜʽ. ɹײʣ ʘʩʪʳץ ʧʝʥ ײץʤʘʡ ʞװʛʝʨʽ ʩװʨʣʝʤʽʥ, ʞʘʥʫʘʨʣʘʨʜʳ 

ʘʟʳץʪʘʥʜʳʨʫʜʳש ʥʝʛʽʟʛʽ ײץʨʘʤʜʘʩ ʙᴇʣʽʛʽ ʨʝʪʽʥʜʝ, ʩʦʥʜʘʡ-ʘץ ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʜʘסʳ 

ʰʠʢʽʟʘʪʪʳ ᴇʥʜʽʨʫʜʽ ʘʨʪʪʳʨʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴅʣʝʤʜʽʢ ʝʛʽʥʰʽʣʽʢʪʽש ʢʝש 

ʪʘʨʘʣסʘʥ ʜʘץʳʣʜʘʨʳʥʳש ʙʽʨʽ ï 70-75 ʤʣʥ.ʛʘ ʞʝʨʜʽ ʘʣʳʧ ʞʘʪץʘʥ ײפʤʘʡ ʜʘץʳʣʜʘʨʳʥʳש ʝʛʽʩ 

ʘʣʘשʜʘʨʳ ʙʦʡʳʥʰʘ ʙʠʜʘʡ, ʢװʨʽʰ, ʞװʛʝʨʽ ʞᴅʥʝ ʘʨʧʘʜʘʥ ʢʝʡʽʥ ʙʝʩʽʥʰʽ ʦʨʳʥʜʳ, ʘʩʪʳץ ʤʘʣ 

ʘʟʳץʪʳץ ʜʘץʳʣʜʘʨʳ ʘʨʘʩʳʥʜʘ װʰʽʥʰʽ ʦʨʳʥʜʳ ʘʣʘʜʳ [2-3]. ײפʤʘʡ ʜʘץʳʣʳʥʳש ʥʝʛʽʟʛʽ 
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ʘʨʪʳץʰʳʣʳסʳ-ʪʦʧʳʨʘץʪʳש ʪײʟʜʳ ʪʦʧʳʨʘץʪʘʨʳʥʜʘ ᴇʥʫ ץʘʙʽʣʝʪʽʥʝ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʝʨʝʢʰʝ 

 .ʘ ʪᴇʟʽʤʜʽʣʽʢʢʝ ʠʝ [4]סʟײʘ, ʪץץʘ, ʳʩʪʳץץʰʳʣʳץʘסʨײץ

 .ʘ ʞʘʪʘʜʳסʳʣʜʘʨץʘʪʘʨ ʜʘץʨʣʽ ʝʤʝʩ ʙʽʨװʤʘʡ ʜᴅʩʪײץ ʰʽʥװ ʜʘʡʳסʞʘ שʩʪʘʥʥʳץʘʟʘפ

ʉʦʥʜʳץʪʘʥ ײץʤʘʡʜʳש ᴇʥʜʽʨʽʩʢʝ ʝʥʛʽʟʽʣʫʽʥ ʪʝʞʝʫʜʽש ʥʝʛʽʟʛʽ ʩʝʙʝʙʽ פʘʟʘץʩʪʘʥʥʳש ᴅʨʪװʨʣʽ 

ʵʢʦʣʦʛʠʷʣʳץ-ʢʣʠʤʘʪʪʳץ ʞʘסʜʘʡʣʘʨʳʥʜʘ ʦʪʘʥʜʳץ ʞᴅʥʝ ʰʝʪʝʣʜʽʢ ʩʝʣʝʢʮʠʷʥʳש ʞʘשʘ 

ʙʦʣʘʰʘסʳ ʙʘʨ ʛʝʥץʦʨʣʘʨʳʥʘʪʝʨʝש ʟʝʨʪʪʝʫʣʝʨʜʽש ʞʝʪʽʩʧʝʫʰʽʣʽʛʽʥʝʥ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 .ʪʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳץʘʫʤʘ שʫʘץ שʩʪʘʥʥʳץʘʟʘפ ʪʘʨץʤʘʡ ᴇʩʽʨʝʪʽʥ ʥʝʛʽʟʛʽ ʘʫʤʘײפ

 ʜʝʨʽʥʝ ʝʛʽʥʛʝ ʢᴇʧ ʟʠʷʥ ʢʝʣʪʽʨʤʝʩʪʝʥ ʪᴇʪʝʧשʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘ ʢʝʟʝסʧʝʥ ʞʦ ץʰʳʣʳץʘסʨײפ

ʙʝʨʫ, ʞʘʟʜʳש ʝʢʽʥʰʽ ʞʘʨʪʳʩʳʥʜʘסʳ ʞʘʫʳʥ-ʰʘʰʳʥʜʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ, ײʟʘײץ ץʨסʘץ 

ʢʝʟʝשʥʝʥ ʢʝʡʽʥ ᴇʩʫʜʽ ʙʘʩʪʘʫ ʞᴅʥʝ ʞʝʪʢʽʣʽʢʪʽ ʞʦסʘʨʳ ᴇʥʽʤ ʘʣʫ ץʘʙʽʣʝʪʽʥʝʥ ʪײʨʘʪʳʥ ײץʤʘʡ 

ʜʘץʳʣʳʥʳײץ שʥʜʳʣʳסʳ ʦʥʳ ײץʨסʘץ ʞʝʨʣʝʨʜʝ ᴇʩʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ᴆʪʝ ײץʨסʘץ 

ʢʝʟʝשʜʝʨʜʝ ץʘʥʪ ײץʤʘʡʳ ᴇʩʽʧ ʢʝʣʝ ʞʘʪץʘʥʜʘ ʦʥʳש ᴇʥʽʧ-ᴇʩʫʽ ʪʦץʪʘʧ ץʘʣʫʳ ʤװʤʢʽʥ, 

ʞʝʪʢʽʣʽʢʪʽ ʳʣסʘʣ ץʘʡʪʘʨʳʣסʘʥ ʢʝʟʜʝ ʦʣᴇʩʫʽʥ ʞʘʣסʘʩʪʳʨʘʜʳ (Gnansounou et al., 2005) [5]. 

ɹײʣ ᴇשʽʨʣʝʨʜʝ 2011 ʞʳʣʜʘʥ ʙʘʩʪʘʧ 2017 ʞʳʣסʘ ʜʝʡʽʥ ײץʤʘʡ ʜʘץʳʣʜʘʨʳʥʳש ʦʪʘʥʜʳץ ʞᴅʥʝ 

ʰʝʪʝʣʜʽʢ ʛʝʥʦʪʠʧʪʝʨʽʥʝ ʩʳʥʘץʪʘʨ ʞװʨʛʽʟʽʣʜʽ ʞᴅʥʝ ʩʦʨʪʪʘʨ ʞʘʩʘʫ װʰʽʥ ʧʝʨʩʧʝʢʪʠʚʘʣʳ 

ʞʝʣʽʣʝʨ (ɾʘʧʘʝʚ ʞᴅʥʝ ʪ. ʙ., 2015; ɾʘʧʘʝʚ ʞᴅʥʝ ʪ. ʙ., 2015; ʂʫʥʠʧʠʷʝʚʘ ʞᴅʥʝ ʪ. ʙ., 2018), 

[6].  ʩʦʥʜʘʡ-ʘץ ʤʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨʜʳץ שʘʥʪ ײץʨʘʤʳ ʤʝʥ ᴇʥʽʤʜʽʣʽʛʽʥʝ ᴅʩʝʨʽ 

ʙʦʡʳʥʰʘ (ʅʦʢʝʨʙʝʢʦʚʘ ʞᴅʥʝ ʪ. ʙ., 2018; ʅʦʢʝʨʙʝʢʦʚʘ ʞᴅʥʝ ʙʘʩץʘʣʘʨ, 2018) [7]., ʘʣ 

ʆשʪװʩʪʽʢ-ʐʳסʳʩ פʘʟʘץʩʪʘʥʥʳש ʰᴇʣʜʽ ʘʫʤʘסʳʥʜʘ ʩʫʘʨʫ ʞʘסʜʘʡʳʥʜʘ ײץʤʘʡʜʳ ᴇʩʽʨʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳ ʞʝʪʽʣʜʽʨʽʣʜʽ (ʆʩʧʘʥʙʘʝʚ ʞᴅʥʝ ʙʘʩץʘʣʘʨ, 2017) [8]. פʘʟʘץʩʪʘʥ 

ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ 2017 ʞʳʣʳ ײץʤʘʡʜʳ38 ש ʩʦʨʪʳ ʤʝʥ ʙʫʜʘʥʜʘʨʳʥ, ʦʥʳש ʽʰʽʥʜʝ ɾʐʉ 

 "ʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʠʥʩʪʠʪʫʪʳס ʳסʳ ʞᴅʥʝ ᴇʩʽʤʜʽʢ ʰʘʨʫʘʰʳʣʳסʘʫʳʣ ʰʘʨʫʘʰʳʣʳ ץʘʟʘפ"

ʰʳסʘʨסʘʥ 13 ʩʦʨʪʳ ʧʘʡʜʘʣʘʥʫסʘ ʨץײʩʘʪ ʝʪʽʣʜʽ, ʦʣ ײץʤʘʡʜʳש ʩʝʣʝʢʮʠʷʩʳ ʤʝʥ ʪץײʳʤ 

ʰʘʨʫʘʰʳʣʳסʳ ʞᴇʥʽʥʜʝʛʽ ʞʘʣסʳʟ ʩʝʣʝʢʮʠʷʣʳץ ʤʝʢʝʤʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʙʘסʘʣʳ 

ʛʝʥץʦʨʳʥʘ ʠʝ (ɾʘʧʘʝʚ ʞᴅʥʝ ʪ.ʙ., 2017) [9]. 

ɹײʣ ʞײʤʳʩ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʤʠʥʠʩʪʨʣʽʛʽ 

ɹʘסʜʘʨʣʘʤʘʣʳץ-ʤʘץʩʘʪʪʳ ץʘʨʞʳʣʘʥʜʳʨʫ ʘʷʩʳʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ ˉɸʈ08956469  

ʄʘʪʝʨʠʘʣʜʘʨ ʞᴅʥʝ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʤʝʣʝʨʽ. ʂʣʠʤʘʪʪʳש ᴇʟʛʝʨʫʽʥʝ,  ʞʘʫʳʥ-

ʰʘʰʳʥʥʳש ʘʟʘʶʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʞװʛʝʨʽʥʽ ʙʘʣʘʤʘ ʜʘץʳʣ ʨʝʪʽʥʜʝ ײץʤʘʡ ʜʘץʳʣʜʘʨʳʤʝʥ 

ʘʣʤʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ (Kurle et al. 1991) [10]. ײפʤʘʡ ʜʘץʳʣʜʘʨʳ ʞװʛʝʨʽʛʝ ץʘʨʘסʘʥʜʘ ʳʣסʘʣʜʳ 

20-30 ʧʘʡʳʟסʘ ʘʟ ʪײʪʳʥʘʜʳ ʞᴅʥʝ ʞʳʣʫʜʳ ʞʘץʩʳ ᴇʪʢʽʟʝʜʽ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳץʘʥʪʪʳ, 

ʜᴅʥʜʽʢ ʞᴅʥʝ ʞʝʤ - ʰᴇʧʪʽʢ (ʩʫʜʘʥ ʰᴇʙʽ, ײץʤʘʡ ʙʫʜʘʥʜʘʨʳ) ײץʤʘʡʜʳש ʵʢʦʛʝʦʛʨʘʬʠʷʣʳץ 

ʰʳסʫ ʪʝʛʽ ᴅʨ ʪװʨʣʽ ʛʝʥʦʪʠʧʪʝʨʽ ʩʳʥʘʣʳʧ ʟʝʨʪʪʝʣʫʜʝ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʙʦʣʘʰʘסʳ ʙʘʨ 

 שʳʣʜʘʨʜʳץʜʘ ץʧʨʦʮʝʩʢʝ ʝʥʛʽʟʽʣʜʽ ʞᴅʥʝ ʩʦʨʪʪʳ ץʣʛʽʣʝʨ ʽʨʽʢʪʝʣʽʧ ʘʣʳʥʳʧ, ʩʝʣʝʢʮʠʷʣʳװ

ʪץײʳʤ ʰʘʨʫʘʰʳʣʳסʳ ʥʦʙʘʡʳʥ ʩʘץʪʘʡ ʦʪʳʨʳʧ ʢᴇʙʝʡʪʽʣʜʽ. 

ɿʝʨʪʪʝʫ ʥʳʩʘʥʳʥʜʘ - ʵʢʦʣʦʛʠʷʣʳץ-ʛʝʦʛʨʘʬʠʷʣʳץ ʰʳסʫ ʪʝʛʽ ᴅʨʪװʨʣʽ ײץʤʘʡ 

ʜʘץʳʣʜʘʨʜʳ225 ש ʛʝʥ ץʦʨʣʘʨʳ ʩʳʥʘʣʜʳ (ʰʳסʫ ʪʝʛʽ: פʘʟʘץʩʪʘʥ, ʈʝʩʝʡ, תʥʜʽʩʪʘʥ, ᴆʟʙʝʢʩʪʘʥ 

ʞᴅʥʝ פʳʪʘʡ). ɸʣʤʘʪʳ ʦʙʣʳʩʳ ʞʘסʜʘʡʳʥʜʘ 180; ɸץʪᴇʙʝ ʦʙʣʳʩʳʥʜʘ ï 23; ɸץʤʦʣʘ 

ʦʙʣʳʩʳʥʜʘ-ʩʦʨʪʪʳץ ʜʘץʳʣʜʘʨʜʳ22 ש ʛʝʥʦʪʠʧʪʝʨʽ ʩʳʥʘʣʜʳ. 

ɼʘʣʘʣʳץ ʪᴅʞʽʨʠʙʝʣʝʨ פʘʟʘץʩʪʘʥʥʳװ שʰ ᴇשʽʨʽʥʜʝ ʞװʨʛʽʟʽʣʜʽ:  ɸʣʤʘʪʳ, ɸץʪᴇʙʝ, 

ɸץʤʦʣʘ ʦʙʣʳʩʪʘʨʳʥʜʘ. ʉʦʨʪʪʳץ ʜʘץʳʣʜʘʨʜʳ ʩʝʙʫ ʉʉʌʂ-6 ʩʝʧʢʽʰʽʤʝʥ װʰ ʨʝʪ ץʘʡʪʘʣʘʥʳʧ 

ʞװʨʛʽʟʽʣʜʽ, ʫʯʘʩʢʝʥʽש ʘʫʜʘʥʳ 7 ʤ
2
 (ʝʥʽ 1,4 ʤ, ײʟʳʥʜʳסʳ 5 ʤ), ץʘʪʘʨʣʘʨ ʘʨʘʩʳʥʜʘסʳ ʝʥʽ 0,7 

ʤ. ʉʦʨʪʪʳץ ʜʘץʳʣʜʘʨʜʳש ʛʝʥʦʪʠʧʪʝʨʽʥ ʵʢʦʣʦʛʠʷʣʳץ ʩʦʨʪ ʩʳʥʘʫ ʪᴅʞʽʨʠʙʝ ʪʘʥʘʙʳʥʜʘ ᴅʨ 

 ʤʘʡײץ ʜʘʡʣʘʨʳ ʙʦʡʳʥʰʘסʞʘ ץʢʣʠʤʘʪʪʳ-ץʪʦʧʳʨʘ ץʳʤ ʩʝʙʽʣʜʽ.ɹʘʨʣʳץײʘʪʘʨʜʘ 40-50 ʪץ

ʩʝʙʫʜʽש ʦשʪʘʡʣʳ ʤʝʨʟʽʤʽʥʜʝ ʞװʨʛʽʟʽʣʜʽ: ɸʣʤʘʪʳ ʦʙʣʳʩʳʥʜʘ ï ʩᴅʫʽʨʜʽװ שʰʽʥʰʽ 

ʦʥʢװʥʜʽʛʽʥʜʝ; ɸץʪᴇʙʝ ʞᴅʥʝ ɸץʤʦʣʘ ʦʙʣʳʩʪʘʨʳʥʜʘ ï ʤʘʤʳʨʜʳש ʝʢʽʥʰʽ ʦʥʢװʥʜʽʛʽʥʜʝ. 

ɿʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳ "פʘʟʘץʩʪʘʥʥʳש ʦשʪװʩʪʽʢ-ʰʳסʳʩʳʥʜʘסʳ ʘʰʳץ ץʘʨʘ-ץʦשʳʨ 

ʪʦʧʳʨʘץʪʘ ʞʘʟʜʳץ ʘʨʧʘ, ʩʫʜʘʥ ʰᴇʙʽ, ʙײʨʰʘץ, ʥʦץʘʪ, ʞʘʩʳʤʳץ ,ץʘʨʘײץʤʳץ, ʟʳסʳʨ ʞᴅʥʝ 

ʤʘץʩʘʨʳ ᴇʩʽʨʫ ʢʝʟʽʥʜʝ ʪʦʧʳʨʘץ ᴇשʜʝʫ ʞװʡʝʩʽʥ ᴅʟʽʨʣʝʫ" ɯʩ-ʰʘʨʘʩʳ ʪʘץʳʨʳʙʳ ʙʦʡʳʥʰʘ 

ʞװʨʛʽʟʽʣʜʽ. 
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ɿʝʨʪʪʝʣʛʝʥ ʘʫʤʘץʪʳץ שʳʩץʘʰʘ ʩʠʧʘʪʪʘʤʘʩʳ.  ɼʘʣʘʣʳץ ʪᴅʞʽʨʠʙʝʣʝʨ 

 ʳʩʪʘ ï ɸʣʤʘʪʳ ʦʙʣʳʩʳʥʜʘ; ɹʘʪʳʩʪʘ ïסʩʪʽʢ-ʰʳװʪשʨʛʽʟʽʣʜʽ: ʦװʽʨʽʥʜʝ ʞשʰ ᴇװ שʩʪʘʥʥʳץʘʟʘפ

ɸץʪᴇʙʝ ʦʙʣʳʩʳʥʜʘ; ʉʦʣʪװʩʪʽʢʪʝ ï ɸץʤʦʣʘ ʦʙʣʳʩʳʥʜʘ. ɸʣʤʘʪʳ ʦʙʣʳʩʳʥʳש ʪʘʥʘʧʪʳץ 

ʪᴅʞʽʨʠʙʝʩʽʥʽש ʩʠʧʘʪʪʘʤʘʩʳ ï ʪʦʧʳʨʘסʳ ʘʰʳץ-ץʘʨʘ ץʦשʳʨ, ʢʘʨʙʦʥʘʪʪʳ ʪʦʧʳʨʘץ, 

 - ʪʠʧʽ ץʤʦʣʘ ʦʙʣʳʩʳʥʜʘ ʪʦʧʳʨʘץʳʥʜʘ ʙʦʣʜʳ. ɸסʨʘʤʳ 2,0-2,4 ʧʘʡʳʟ ʘʨʘʣʳײץ שʘʨʘʰʽʨʽʢʪʽץ

ʦשʪװʩʪʽʢ ʢʘʨʙʦʥʘʪʪʳ ץʘʨʘ ʪʦʧʳʨʘץ. ɻʫʤʫʩʪʳש ʤᴇʣʰʝʨʽ 3,4-4,1% ʘʨʘʣʳסʳʥʜʘ.  ɸץʪᴇʙʝ 

ʦʙʣʳʩʳʥʜʘסʳ ʪᴅʞʽʨʠʙʝʣʽʢ ʫʯʘʩʢʝʥʽש ʪʦʧʳʨʘסʳ-ץʘʨʘ ץʦשʳʨ, ʤʝʭʘʥʠʢʘʣʳײץ ץʨʘʤʳ 

ʙʦʡʳʥʰʘ ʦʨʪʘʰʘ ʩʘʟʜʳ. ʊʦʧʳʨʘץʪʳש ʞʦסʘʨסʳ ץʘʙʘʪʳʥʜʘסʳ ץʘʨʘʰʽʨʽʢ ʤᴇʣʰʝʨʽ 2,46-2,74% 

 .ʨʘʡʜʳײץ

ʂʣʠʤʘʪʪʳץ ʞʘסʜʘʡʣʘʨʜʳ ʩʠʧʘʪʪʘʫ ʞᴅʥʝ ʦʣʘʨʜʳײץ שʤʘʡʜʳש ᴇʥʽʧ-ᴇʩʫ ʢʝʟʝשʽʥʝ 

ᴅʩʝʨʽʥ ʩʠʧʘʪʪʘʫ װʰʽʥ ɸʣʤʘʪʳ ʦʙʣʳʩʳ, ɸץʪᴇʙʝ ʤʝʪʝʦʩʪʘʥʮʠʷʩʳ ʞᴅʥʝ ɸץʤʦʣʘ ʦʙʣʳʩʳʥʜʘ 

ʐʦʨʪʘʥʜʳ ʢʝʥʪʽʥʽש ʤʝʪʝʦʩʪʘʥʮʠʷʩʳ,ɸʣʤʘʪʳ ʦʙʣʳʩʳʥʜʘ ɾʐʉ "פʘʟɽᴆʐנɿʀ" 

"ɸʣʤʘʣʳʙʘʢ" ʤʝʪʝʦʨʦʣʦʛʠʷʣʳץ ʩʪʘʥʮʠʷʩʳʥʳש ʜʝʨʝʢʪʝʨʽ ʧʘʡʜʘʣʘʥʳʣʜʳ. ɾʐʉ 

 שʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ ʟʝʨʪʪʝʫ ʞʳʣʜʘʨʳʥʳ שɿʀ" ʤʝʪʝʦʩʪʘʥʮʠʷʩʳʥʳנʘʟɽᴆʐפ"

ʤʝʪʝʦʨʦʣʦʛʠʷʣʳץ ʞʘסʜʘʡʣʘʨʳ ɸʣʤʘʪʳ ʦʙʣʳʩʳ װʰʽʥ ץʦʣʘʡʣʳ ʙʦʣʜʳ, ʞʘʫʳʥ-ʰʘʰʳʥ 

ʤᴇʣʰʝʨʽ 183,1-464,7 ʤʤ ײץʨʘʜʳ. ʊᴇʨʪ ʘʡʜʘ ʘʫʘʥʳש ʦʨʪʘʰʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʞʳʣʜʘʨ 

ʙʦʡʳʥʰʘ 21,6-23,1 
ʦ
ʉ ʘʨʘʣʳסʳʥʜʘ ʙʦʣʜʳ, ʙײʣ ʦʨʪʘʰʘ ʢᴇʧʞʳʣʜʳץ ʪʝʤʧʝʨʘʪʫʨʘʜʘʥ 0,7-1,0 

ʦ
ʉ ʞʦסʘʨʳ.  ɸץʪᴇʙʝ ʦʙʣʳʩʳ װʰʽʥ ʟʝʨʪʪʝʫ ʞʳʣʜʘʨʳ ʢʣʠʤʘʪʪʳץ ʞʘסʜʘʡʣʘʨ ץʫʘשʰʳʣʳץ 

ʨʝʪʽʥʜʝ ʩʠʧʘʪʪʘʣʜʳ, ʳʣסʘʣ ʪʘʧʰʳʣʳסʳ ʪʠʽʩʽʥʰʝ 77,0 ʤʤ ʞᴅʥʝ 33,0 ʤʤ ײץʨʘʜʳ. ʆʩʳ 

ʞʳʣʜʘʨ ʽʰʽʥʜʝ ʘʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 21,2 ʞᴅʥʝ 20,5 
ʦ
ʉ ײץʨʘʜʳ, ʙײʣ ʦʨʪʘʰʘ ʢᴇʧʞʳʣʜʳץ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘʥ 1,4 ʞᴅʥʝ 0,7 
ʦ
ʉ ʞʦסʘʨʳ. ɸץʤʦʣʘ ʦʙʣʳʩʳʥʜʘ ᴇʥʽʧ -ᴇʩʫ ʢʝʟʝשʜʝʨʽʥʜʝ 

 ʳʤʝʥסʘʥʜʳסʰʘʤʘʜʳʥ ʪʳʩ ʙʦʣ שʘʥ ʤʝʪʝʦʜʝʨʝʢʪʝʨ - ʞʘʫʳʥ-ʰʘʰʳʥʥʳץʘʣʳʧʪʘʩץ

ʩʠʧʘʪʪʘʣʜʳ, ʙײʣ ʪʦʧʳʨʘץʪʘ ʳʣסʘʣʜʳש ʞʠʥʘʣʫʳʥʘ ʳץʧʘʣ ʝʪʪʽ, ʪᴇʨʪ ʘʡʜʘ ʦʨʪʘʰʘ ʝʩʝʧʧʝʥ 

217,7 ʞᴅʥʝ 222,5 ʤʤ ײץʨʘʜʳ, ʙײʣ ʦʨʪʘʰʘ ʢᴇʧʞʳʣʜʳץ ʤᴅʣʽʤʝʪʪʝʨʜʝʥ 51,6 ʞᴅʥʝ 56,4 ʤʤ 

ʞʦסʘʨʳ, ʘʣ ʝʢʽʥʰʽ ʞʳʣʳ ײץʨסʘץʰʳʣʳץ ʞʳʣ ʨʝʪʽʥʜʝ ʩʠʧʘʪʪʘʣʜʳ, ʦʥʜʘ ʞʘʫʳʥ-ʰʘʰʳʥ 

ʤᴇʣʰʝʨʽ 103,5 ʤʤ ʙʦʣʜʳ, ʦʨʪʘʰʘ ʢᴇʧʞʳʣʜʳץ ʤᴅʣʽʤʝʪʪʝʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʳʣסʘʣ 

ʪʘʧʰʳʣʳסʳ 62,6 ʤʤ ʙʦʣʜʳ. 

ʆʩʳʣʘʡʰʘ, ʞʘʟ ʤʝʟʛʽʣʽ ʞʘʣʧʳ ʞʘʫʳʥ - ʰʘʰʳʥʩʳʟ, ײץʤʘʡ ʜʘץʳʣʜʘʨʳʥʳש 

ʤʘʫʩʳʤʜʳץ ᴇʩʫʽ ץʳʨʢװʡʝʢ ʘʡʳʥʳש ʙʘʩʳʥʜʘ, ʝʨʪʝ ʢװʟʛʽ ʘʷʟʜʘʨ ʙʘʩʪʘʣסʘʥ ʢʝʟʜʝ ʘʷץʪʘʣʜʳ. 

ʆʨʛʘʥʦʛʝʥʝʟʜʽש ʢʝʟʝשʜʝʨʽʥʜʝʛʽ ץʘʪʪʳ ײץʨסʘץʰʳʣʳץץʘ ץʘʨʘʤʘʩʪʘʥ, ײץʤʘʡʜʳש ʞʘʩʳʣ 

ʩʘʣʤʘסʳʥʳש ᴇʥʽʤʜʽʣʽʛʽʥʽש ʜʝשʛʝʡʽ ʦʨʪʘʰʘ ʙʦʣʜʳ. 

ʉʫ ʪʘʧʰʳʣʳסʳ 2025 ʞʳʣסʘ ץʘʨʘʡ ʝʢʽ ʤʠʣʣʠʘʨʜץʘ ʞʫʳץ ʘʜʘʤסʘ ᴅʩʝʨ ʝʪʝʜʽ ʜʝʧ 

ʢװʪʽʣʫʜʝ (Nellemann et al. 2009) [6], ʙײʣץʘʣʘʣʳץ ʞʝʨʣʝʨʜʝ װʣʢʝʥ ʤᴅʩʝʣʝʣʝʨʜʽש ʪʫʳʥʜʘʫʳʥʘ 

ᴅʢʝʧ ʩʦסʘʜʳ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ײץʤʘʡץʦʨʰʘסʘʥ ʦʨʪʘʥʳש ᴅʨʪװʨʣʽ ʞʘסʜʘʡʣʘʨʳʥʘ 

ʙʝʡʽʤʜʝʣʝ ʘʣʘʜʳ, ᴅʩʽʨʝʩʝ ʩʫ ʪʘʧʰʳʣʳסʳ ʞʘסʜʘʡʳʥʜʘ, ʞʘʫʳʥ-ʰʘʰʳʥʥʳש ʪײʨʘץʪʳ ʝʤʝʩ 

ʪʘʨʘʣʫʳ ʞᴅʥʝ ʘʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʞʦסʘʨʳ ʝʛʽʩ ʘʫʤʘץʪʘʨʳʥʜʘ ʧʘʡʜʘʩʳ ʟʦʨ (Almeida Filho et 

al., 2014; Griebel et al., 2019) [11-12]. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʞᴅʥʝ ʦʣʘʨʜʳ ʪʘʣץʳʣʘʫ. פʘʟʘץʩʪʘʥ ʵʢʦʥʦʤʠʢʘʩʳʥʳש ʙʘʩʳʤ 

ʙʘסʳʪʳ ʤʘʣ ʰʘʨʫʘʰʳʣʳסʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  ʄʘʣ ʰʘʨʫʘʰʳʣʳסʳ ᴇʥʽʤʜʝʨʽʥʝ ʜʝʛʝʥ ʽʰʢʽ 

 ᴅʣʝʫʝʪʽʥ ʘʨʪʪʳʨʫ ץʵʢʩʧʦʨʪʪʳ שʩʪʘʥʥʳץʘʟʘפ ʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞᴅʥʝץ ץʘʞʝʪʪʽʣʽʢʪʽ ʪʦʣʳץ

 ʙʦʣʳʧ שʳʟʜʳ ʤᴅʩʝʣʝʣʝʨʜʽשʨʫ ʘʩʘ ʤʘײץ ʪʳ ʞʝʤ-ʰᴇʧ ʙʘʟʘʩʳʥץʨʘײʜʝ ʪשʘʟʽʨʛʽ ʢʝʟʝץ

ʪʘʙʳʣʘʜʳ. 

2010, 2012 ʞʳʣʜʘʨʳ ɽʫʨʦʘʟʠʷʣʳץ ʘʫʤʘץʪʘʨʜʘסʳ ץʘʪʪʳ ײץʨסʘץʰʳʣʳפ ץʘʟʘץʩʪʘʥ 

ʤʝʥ ʈʝʩʝʡʜʽש ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʘ װʣʢʝʥ ʟʠʷʥ ʢʝʣʪʽʨʜʽ. ʉʠʤʤʠʪ, "פʘʟɸʛʨʦʀʥʥʦʚʘʮʠʷ" 

ɸפ ʞᴅʥʝ ʆʨʪʘʣʳץ, ʉʦʣʪװʩʪʽʢ ʞᴅʥʝ ʉʦʣʪװʩʪʽʢ-ɹʘʪʳʩ פʘʟʘץʩʪʘʥ ʤʝʥ ɹʘʪʳʩ ʉʽʙʽʨʜʝʛʽ פʈ 

 ʘʥ ʞʳʣʞʳʤʘʣʳ ʩʝʤʠʥʘʨʣʘʨ ʙʘʨʳʩʳʥʜʘסʡʳʤʜʘʩʪʳʨײ ʳסʙʠʦʪʝʭʥʦʣʦʛʠʷ ʦʨʪʘʣʳ ץʣʪʪʳױ

 ʣʽʢ ʞᴅʥʝ ʞʝʤ-ʰᴇʧװʪ-ץʘʣʳʤʜʘʨʳ ʤʝʥ ʤʘʤʘʥʜʘʨʳ ʘʟʳס שʘ ʜʘ ʝʣʜʝʨʜʽץʩʪʘʥ ʞᴅʥʝ ʙʘʩץʘʟʘפ

ʜʘץʳʣʜʘʨʳʥʳש, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʪʠʽʩʽʥʰʝ ʤʘʣ ʰʘʨʫʘʰʳʣʳסʳʥʳש ʦʨʘʩʘʥ ʟʦʨ ʰʳסʳʥʳʥʘ ʢᴇʟ 

ʞʝʪʢʽʟʜʽ. ʂʣʠʤʘʪʪʳש ᴇʟʛʝʨʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ᴇשʽʨʜʝʛʽ ץʫʘשʰʳʣʳץ ʪʝʢ ʢװʰʝʡʝ ʪװʩʝʪʽʥʜʽʢʪʝʥ, 
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ᴇʥʜʽʨʽʩʢʝ ץʫʘשʰʳʣʳץץʘ ʪᴇʟʽʤʜʽ ʜʘץʳʣʜʘʨ ʤʝʥ ץʦʨ ʩʘץʪʘʫʰʳ ʝʛʽʥʰʽʣʽʢ ʞװʡʝʩʽʥ ʞʝʜʝʣ 

ʝʥʛʽʟʫ ʘʩʘ ʤʘשʳʟʜʳ ʤᴅʩʝʣʝʣʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

2010 ʞʳʣʳ "ʄʘʡʢʨʦʩʦʬʪ" ʢʦʨʧʦʨʘʮʠʷʩʳʥʳש ʥʝʛʽʟʽʥ ץʘʣʘʫʰʳ ɹʠʣʣ ɻʝʡʪʩ ʞʦסʘʨʳ 

ʩʘʧʘʣʳ, ײץʨסʘץʰʳʣʳץץʘ ʪᴇʟʽʤʜʽ ᴇʩʽʤʜʽʢʪʝʨʜʽ ʞʘʩʘʫסʘ ʙʘסʳʪʪʘʣסʘʥ "ʉʫʧʝʨ-ɸʟʳץ-ʪװʣʽʢ" 

("Superfood") ʘʪʪʳ ʞʘשʘ ʘʫץʳʤʜʳ ᴅʨʽ ᴇʨʰʽʣ ʞʦʙʘʥʳ ʽʩʢʝ ץʦʩʪʳ. ʆʣ, ʝש ʘʣʜʳʤʝʥ, 

ʙʠʦʪʝʭʥʦʣʦʛʠʷ ᴅʜʽʩʪʝʨʽʤʝʥ, ײץʤʘʡ ᴇʩʽʤʜʽʢʪʝʨʽʤʝʥ (Sorghum) ï ײץʨסʘץʰʳʣʳץץʘ ʪᴇʟʽʤʜʽ 

ʜʘץʳʣ ʨʝʪʽʥʜʝ ʞʝʪʽʣʜʽʨʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ. ʄʝʪʘʙʦʣʠʟʤʥʽש ʝʨʝʢʰʝ ʪװʨʽ ("ʉ-4 ʞʦʣʳ") 

ʘʨץʘʩʳʥʜʘ ʙײʣ ᴇʩʽʤʜʽʢ ʢᴇʤʽʨʪʝʢʪʽ ʘʩʩʠʤʠʣʷʮʠʷʣʘʫ ʞᴅʥʝ ʙʠʦʤʘʩʩʘʥʳ ʪʝʟ ײץʨʫ װʰʽʥ ᴇʪʝ 

ʞʦסʘʨʳ ץʘʙʽʣʝʪʢʝ ʠʝ.  

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ɸʣʤʘʪʳ ʦʙʣʳʩʳ ʞʘסʜʘʡʳʥʜʘ 180; ɸץʪᴇʙʝ ʦʙʣʳʩʳʥʜʘ; ɸץʤʦʣʘ 

ʦʙʣʳʩʳʥʜʘ-ײץʤʘʡ ʜʘץʳʣʜʘʨʳʥʳ22 ש ʛʝʥʦʪʠʧʪʝʨʽ ʩʳʥʘʣʜʳ. 

 ʪᴅʞʽʨʠʙʝʩʽ ᴅʨ ץʩʦʨʪ ʩʳʥʘʫ ʪʘʥʘʧʪʳ ץʛʝʥʦʪʠʧʪʝʨʽʥ ʵʢʦʣʦʛʠʷʣʳ שʳʣʜʘʨʜʳץʤʘʡ ʜʘײפ

 ʛʝʥʦʪʠʧʽ 225 שʤʘʡʜʳײץ ʰ ʦʙʣʳʩ ʙʦʡʳʥʰʘת .ʘʩʝʙʽʣʜʽסʘʪʘʨץ ʳʤ ʝʢʽץײʘ 30-50 ʪסʘʪʘʨץ

ʟʝʨʪʪʝʣʜʽ, ʦʣʘʨ: פʘʟɽᴆʐנɿʀ ʞװʛʝʨʽ ʞᴅʥʝ ײץʤʘʡ ʙᴇʣʽʤʽʥʝʥ, ɸʨʘʣ ʪᴅʞʽʨʠʙʝʣʽʢ 

ʩʪʘʥʮʠʷʩʳʥʳש ʛʝʥץʦʨʳʥʘʥ,  ʅ. ʀ.ɺʘʚʠʣʦʚʘ, ʩʦʥʜʘʡ-ʘץ ʈʝʩʝʡ, תʥʜʽʩʪʘʥ, ɻʝʨʤʘʥʠʷ, 

ʌʨʘʥʮʠʷ ʞᴅʥʝ ɸפʐ-ʪʳש ᴅʨʪװʨʣʽ ʠʥʩʪʠʪʫʪʪʘʨʳʥʘʥ ʘʣʳʥʜʳ.  

 שʳʤʥʳץײʙʽʨʽ ʪ שʘʞʝʪʪʽ ʰʘʨʪʪʘʨʜʳץ ʘסʪʳ ᴇʥʽʤʽʥ ʘʣʫץʨʘײʪ שʳʣʜʘʨʳʥʳץʤʘʡ ʜʘײפ

ʪʘʥʘʧʪʳץ ᴇʥʛʽʰʪʽʛʽʥ ʙʘʨʳʥʰʘ ʢᴇʪʝʨʫ ʞᴅʥʝ ʫʘץʳʪʳʥʘ ʞʠʥʘʫ, ᴇʩʽʤʜʽʢʪʽש ʤʦʣ ʩʘץʪʘʣʫʳʥ 

  .ʘʤʪʘʤʘʩʳʟ ʝʪʫץ

ʊץײʳʤʥʳש ʪʘʥʘʧʪʳץ ᴇʥʛʽʰʪʽʛʽʥʝ ʪץײʳʤʜʳץ ʤʘʪʝʨʠʘʣʜʳש ʩʘʧʘʩʳ, ʪץײʳʤʥʳש ʩʝʙʽʣʫ 

ʪʝʨʝשʜʽʛʽ ʤʝʥ ʙʽʨʢʝʣʢʽʣʽʛʽ, ʪʦʧʳʨʘץʪʳש ʙʝʪʢʽ ץʘʙʘʪʳʥʜʘסʳ ʳʣסʘʣ ʤʝʥ ʞʳʣʫʜʳש ʞʘסʜʘʡʳ 

ᴅʩʝʨ ʝʪʝʜʽ.  

 ʡʝʩʽʥʜʝװʘʥ ʰʘʨʘʣʘʨ ʞסʘ ʘʨʥʘʣסʘʨʳ ᴇʥʽʤʜʽʣʽʛʽʥ ʘʣʫסʞʦ שʳʣʜʘʨʳʥʳץʤʘʡ ʜʘײפ

ᴇʩʽʤʜʽʢʪʝʨʜʽש ʪʳסʳʟʜʳסʳ ʤʝʥ ʦʣʘʨʜʳש ʦʨʥʘʣʘʩʪʳʨʫ ʘʣʘשʳʥʘ ʢᴇʧ ʢᴇשʽʣ ʙᴇʣʽʥʜʽ. ɸʣʘʡʜʘ, 

 ʳסʳʟʜʳסʪʘʡʣʳ ʪʳשʦ שʰʽʥ ᴇʩʽʤʜʽʢʪʝʨʜʽװ ʘʨʳ ᴇʥʽʤʜʽʣʽʢ ʘʣʫסᴅʨ ʛʝʢʪʘʨʳʥʘʥ ʞʦ שʤʘʡʜʳײץ

 .ʷʣʘʨ ʘʨʘʩʳʥʜʘ ʙʽʨʢʝʣʢʽ ʙʦʣʫʳ ʢʝʨʝʢײ ʘʪʘʨʣʘʨ ʤʝʥץ ʩʘʥʳ שʜʘʡʜʘ ʦʣʘʨʜʳסʣ ʞʘײʘʞʝʪ, ʙץ

ɽʛʽʩ ʘʣʜʳʥʜʘ ײץʤʘʡ ʪץײʳʤʜʘʨʳʥʳש ʟʝʨʪʭʘʥʘʣʳץ ᴇʥʛʽʰʪʽʛʽ ʘʥʳץʪʘʣʜʳ, ʦʣ ʞʦסʘʨʳ 

ᴇʥʽʤ ʘʣʫʜʘ ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ, ʦʩʳסʘʥ ʦʨʘʡ ʪץײʳʤʥʳש ʩʘʧʘʩʳ 

ʙʘסʘʣʘʥʘʜʳ. ɿʝʨʪʭʘʥʘʣʳץ ᴇʥʛʽʰʪʽʛʽ ᴅʨʜʘʡʳʤ ʪʘʥʘʧʪʳץ ᴇʥʛʽʟʛʽʰʪʝʥ ʞʦסʘʨʳ ʝʢʝʥʜʽʛʽ 

ʙʝʣʛʽʣʽ, ʘʣ ʟʝʨʪʭʘʥʘʣʳץ ᴇʥʛʽʰʪʽʢ ʥʝײסʨʣʳʤ ʪᴇʤʝʥ ʙʦʣʩʘ, ʦʥʜʘ ʦʣ ᴇʩʽʤʜʽʢʪʝʨʜʽש ᴇʥʫʽ 

ʘʨʘʩʳʥʜʘסʳ ʘʣʰʘץʪʳץ ʩʦײסʨʣʳʤ ʞʦסʘʨʳ ʙʦʣʘʜʳ.  

ʊʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʟʝʨʪʪʝʣʛʝʥ ײץʤʘʡʜʳש ʛʝʥʦʪʠʧʪʝʨʽ ʪץײʳʤʜʘʨʳʥʳש ʞʦסʘʨʳ 

ʟʝʨʪʭʘʥʘʣʳץ ᴇʥʛʽʰʪʽʛʽʥ ʢᴇʨʩʝʪʪʽ, ʦʣ 93,0-99,0% ײץʨʘʜʳ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʙʦʡʳʥʰʘ ײץʤʘʡʜʳש ʜʘʣʘʣʳץ ᴇʥʛʽʰʪʽʛʽ ʞʘʣʧʳ 

ʪᴅʞʽʨʠʙʝ ʪʘʥʘʙʳ ʙʦʡʳʥʰʘ ʛʝʢʪʘʨʳʥʘ 105-ʪʝʥ 205 ʤʳש ʜʘʥʘסʘ ʜʝʡʽʥ ᴇʟʛʝʨʛʝʥʽʥ ʢᴇʨʫʛʝ 

ʙʦʣʘʜʳ. פʘʟʘץʩʪʘʥʜʳץ ʩʝʣʝʢʮʠʷʜʘ ײץʤʘʡ ʛʝʥʦʪʠʧʪʝʨʽ ʜʘʣʘʣʳץ ᴇʥʛʽʰʪʽʢ ʙʦʡʳʥʰʘ ʝש 

ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰ ʢᴇʨʩʝʪʪʽ. 

ɽʛʫ ᴅʜʽʩʽʥ ʪʘשʜʘʫ ʞᴅʥʝ ʩʘʙʘץʪʳש ʦשʪʘʡʣʳ ʪʳסʳʟʜʳסʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ ײץʤʘʡʜʳש 

ʩʦʨʪʪʘʨʳ ʤʝʥ ʙʫʜʘʥʜʘʨʳʥʳש ʞʦסʘʨʳ ᴇʥʽʤʽʥ ʘʣʫʜʘ װʣʢʝʥ ʤʘשʳʟסʘ ʠʝ. ײפʤʘʡʜʳש ʞʦסʘʨʳ 

ʞᴅʥʝ ʪײʨʘץʪʳ ᴇʥʽʤʜʽʣʽʛʽʥ ʘʣʫʜʳש ʤʘשʳʟʜʳ ʰʘʨʪʪʘʨʳʥʳש ʙʽʨʽ-ʦʣʘʨʜʳ 

 ʳʥשʦʨʝʢʪʝʥʫ ʘʣʘפ .ʨʛʽʟʫװʨʳʩ  ʤʝʨʟʽʤʽʥʜʝ ʞײʦʨʝʢʪʝʥʫʤʝʨʟʽʤʜʝʨʽʥ ʪ.ʙ. ʰʘʨʘʣʘʨʜʳ ʜץ

ᴇʟʛʝʨʪʫ ʘʨץʳʣʳ ʪʝʛʽʩʪʝʫ ץʘʨץʳʥʜʳʣʳסʳ, ʧʽʩʝʪʽʥ ʫʘץʳʪ ʧʝʥ ʙʽʨʢʝʣʢʽʣʽʢ ʩʠʷץʪʳ ʧʨʦʮʝʩʪʝʨʜʽ 

ʨʝʪʪʝʫʛʝ ʙʦʣʘʜʳ. 

ʆʩʳ ʘʫʤʘץʪʘʨʜʘ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʝʨʪʝ ʧʽʩʝʪʽʥ ʜʘץʳʣʜʘʨʜʳש ʛʝʥ 

 ʥᴅʪʠʞʝʩʽ ʙʦʡʳʥʰʘ, ɸʣʤʘʪʳ שʦʨʣʘʨʳʽʨʽʢʪʝʣʽʧ ʘʣʳʥʜʳ. ʉʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫʣʘʨʜʳץ

ʦʙʣʳʩʳʥʜʘײץʤʘʡʜʳש ʢᴇʢ ʙʘʣʘʫʩʘʩʳʥʳש ᴇʥʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ ʙʦʣʜʳ, ʦʣ ʛʝʢʪʘʨʳʥʘ 877 

ʮʝʥʪʥʝʨʛʝ ʜʝʡʽʥ ʞʝʪʪʽ. 

 שʝ שʳʥʜʘ ʙʦʣʜʳ, ᴇʩʽʤʜʽʢʪʝʨʜʽסʙʠʽʢʪʽʛʽ 205 - 365 ʩʤ ʘʨʘʣʳ שʤʘʡ ʛʝʥʦʪʠʧʪʝʨʽʥʽײפ

ʞʦסʘʨסʳ ʙʠʽʢʪʽʛʽ ʤʳʥʘ ʛʝʥץʦʨʣʘʨʜʘ ʙʘʡץʘʣʜʳ: ICSSH 58, ICSR 93034, ICSV 25275, 

ᴆʟʙʝʢʩʪʘʥ 18 (ʩʫʨʝʪ 1). 
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1-ʩʫʨʝʪ  ï ɸʣʤʘʪʳ ʦʙʣʳʩʳ ʞʘסʜʘʡʳʥʜʘסʳ ײץʤʘʡʜʳש ʞʦסʘʨʳ ᴇʥʽʤʜʽ ʢᴇʢ 

ʙʘʣʘʫʩʘʩʳʥʳש ᴇʥʽʤʜʽʣʽʛʽ 

 

ʉʦʥʜʘʡ-ʘץ, ɸʣʤʘʪʳ ʦʙʣʳʩʳʥʜʘ ʝʛʽʥʜʽ ʝʩʝʧʢʝ ʘʣʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ײץʤʘʡʜʳש 

ʢᴇʢ ʙʘʣʘʫʩʘʩʳʥʳש ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʛʽʥ ץʘʣʳʧʪʘʩʪʳʨסʘʥ ʛʝʥץʦʨʣʘʨʜʘʥ ʛʝʢʪʘʨʳʥʘ 616,0- 877 

ʮʝʥʪʥʝʨʛʝ ʜʝʡʽʥʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʢᴇʨʩʝʪʪʽ, ᴇʥʽʤʜʽʣʽʛʽ ʛʝʢʪʘʨʳʥʘ 700,0 ʮʝʥʪʨʥʝʨʜʘʥ ʘʩʘʪʳʥ 

 ʘʨʳ ᴇʥʽʤʜʽ ʛʝʥʦʪʠʧʪʝʨʽ ʙᴇʣʽʥʽʧ ʘʣʳʥʜʳ: ʋʟʙʝʢʠʩʪʦʥ 18, SPVסʢʝʣʝʩʽ ʞʦ שʳʣʳʥʳץʤʘʡ ʜʘײץ

1411, ICSV 25275, ICSV 25280, ICSV 25274, ICSSH 58. 

ɸץʪᴇʙʝ ʦʙʣʳʩʳʥʜʘסʳ ʩʫʘʨʳʣʤʘʡʪʳʥ ʝʛʽʥʰʽʣʽʢ ʞʘסʜʘʡʳʥʜʘסʳ ײץʤʘʡ ʛʝʥʦʪʠʧʪʝ-

ʨʽʥʽש ʢᴇʢ ʙʘʣʘʫʩʘʩʳʥʳש ᴇʥʽʤʜʽʣʽʛʽ ʛʠʙʨʠʜʪʽש ʙʠʦʣʦʛʠʷʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. 

ʆʩʳ ʘʫʤʘץʪʘ ײץʤʘʡ ʛʝʥʦʪʠʧʪʝʨʽʥʽש ʢᴇʢ ʙʘʣʘʫʩʘʩʳʥʳש ᴇʥʽʤʜʽʣʽʛʽ ʛʝʢʪʘʨʳʥʘ 214,3-

382,1 ʮʝʥʪʥʝʨʘʨʘʣʳסʳʥʜʘ ʙʦʣʜʳ ʞᴅʥʝ ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʢʧʝʥ ʘʥʳץʪʘʣסʘʥ ײץʤʘʡ 

ʛʝʥʦʪʠʧʪʝʨʽ: EUG 121F, Pampa Verde Bmr 6, Pampa Centurion, Pampa triunfo XLT Bmr 6, 

 .ʌʣʘʛʤʘʥ, EGS 722, ABS 4250 (ʩʫʨʝʪ 2) ,16 ץʩʪʘʥʜʳץʘʟʘפ

. 

 
 

2 - ʩʫʨʝʪ - ɸץʪᴇʙʝ ʦʙʣʳʩʳʥʳש ʪᴅʣʽʤʽ ʞʘסʜʘʡʳʥʜʘסʳ ײץʤʘʡ ʜʘץʳʣʳʥʳשʢᴇʢ ʙʘʣʘʫʩʘ 

ᴇʥʽʤʜʽʣʽʛʽ ʤʝʥ ʙʠʽʢʪʽʛʽ 

 

ᴆʩʽʤʜʽʢʪʽש ʢᴇʢ ʙʘʣʘʫʩʘʩʳʤʝʥ ײץʤʘʡ ʩװʨʣʝʤʽʥʽש ʪʘסʘʤʜʳײץ ץʥʜʳʣʳסʳ ʤʝʥ ʩʘʧʘʩʳ 

ʦʥʳ ʞʠʥʘʫ ʢʝʟʝשʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ײפʤʘʡʜʳ ʩװʨʣʝʤʛʝ  ʞʠʥʘʫʜʳש ʦשʪʘʡʣʳ ʫʘץʳʪʳ-ʙײʣ 

ʩװʪʪʝʥʽʧ- ʙʘʣʘʫʳʟʜʳש ʧʽʩʫ ʢʝʟʝשʽ. 

ɹʽʟʜʽש ʪʘʥʘʧʪʳץ ʪᴅʞʽʨʠʙʝʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ײץʤʘʡ ʛʝʥץʦʨʣʘʨʳʥʳש 

ʙʠʽʢʪʽʛʽ 88 - 190 ʩʤ ʘʨʘʩʳʥʜʘ ʘʫʳʪץʳʜʳ, ᴇʩʽʤʜʽʢʪʝʨʜʽש ʙʠʽʢʪʽʛʽ ʙʦʡʳʥʰʘ ʝש ʞʦסʘʨʳ 

ʢᴇʨʩʝʪʢʽʰʪʝʨ EUG 121F, ʌʣʘʛʤʘʥ, פʘʟʘץʩʪʘʥʜʳ16 ץ ʛʝʥʦʪʠʧʪʝʨʽʥʜʝ ʙʘʡץʘʣʜʳ (ʩʫʨʝʪ 3). 
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ʋʨʦʞʘʡʥʦʩʪʴ ʟʝʣʝʥʦʡ ʤʘʩʩʳ, ʮ/ʛʘ ɺʳʩʦʪʘ  ʨʘʩʪʝʥʠʡ, ʩʤ 
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ɺʳʩʦʪʘ ʨʘʩʪʝʥʠʡ, ʩʤ ʋʨʦʞʘʡʥʦʩʪʴ ʟʝʣʝʥʦʡ ʤʘʩʩʳ, ʮ/ʛʘ 



 

80 

 

 
 

3-ʩʫʨʝʪ ï ɸץʤʦʣʘ ʦʙʣʳʩʳʥʜʘסʳ ײץʤʘʡ ʜʘץʳʣʜʘʨʳʥʳש ʢʦʣʣʝʢʮʠʷʣʳץ ʧʠʪʦʤʥʠʛʽ 

 
 

ɸץʤʦʣʘ ʦʙʣʳʩʳ ʞʘסʜʘʡʳʥʜʘ ײץʤʘʡ ʜʘץʳʣʳʥʳשʢᴇʢ ʙʘʣʘʫʩʘʩʳʥʳש ʞʦסʘʨʳ 

ʞʠʥʘץʪʘʣʫʳ ʛװʣʜʝʥʫ ʢʝʟʝשʽʥʜʝ ʙʦʣʜʳ, ʷסʥʠʦʣ ʙʫʜʘʥʜʘʨʜʳש ʢᴇʢ ʙʘʣʘʫʩʘʩʳʥʳש 

ʙʠʦʣʦʛʠʷʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ᴅʨ ʪװʨʣʽ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʢᴇʨʩʝʪʪʽ (ʩʫʨʝʪ 4). 

 

 
 

4-ʩʫʨʝʪ ï ɸץʤʦʣʘ ʦʙʣʳʩʳʥʜʘ ײץʤʘʡ ʛʝʥץʦʨʣʘʨʳʥʳש ʢᴇʢ ʙʘʣʘʫʩʘʩʳʥʳש ᴇʥʽʤʜʽʣʽʛʽ 

 

 

ʕʢʦʣʦʛʠʷʣʳץ ʩʦʨʪ ʩʳʥʘʫʞײʤʳʩʪʘʨʳ ʙʦʡʳʥʰʘɸץʤʦʣʘʦʙʣʳʩʳʥʜʘײץʤʘʡʜʳש ʢᴇʢ 

ʙʘʣʘʫʩʘʩʳʥʳשʩʘʣʤʘסʳ ʛʝʢʪʘʨʳʥʘ  360,4 ï 530,4 ʮʝʥʪʥʝʨ  ײץʨʘʜʳ, ʷסʥʠ Pampotapol 1, 

 ,ʩʪʘʥʩʢʠʡ 20, ʂʠʟʀʥʜץʇʝʨʩʧʝʢʪʠʚʥʳʡ 1, ɺʦʣʞʩʢʦʝ 44, ʂʘʟʘ ,16 ץʩʪʘʥʜʳץʘʟʘפ ,93046

ʉʧʘʨʪʘʥʢʘ, ʉʘʨʘʪʦʚ 1183, ʖʙʠʣʝʡʥʘʷ 20 ʛʝʥץʦʨʣʘʨʳʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰ ʢᴇʨʩʝʪʪʽ. 

ɿʝʨʪʪʝʣʛʝʥ ײץʤʘʡ ʛʝʥʦʪʠʧʪʝʨʽʥʽש ʙʠʽʢʪʽʛʽ 112-230 ʩʤ ʘʨʘʣʳץʪʘ ʙʦʣʜʳ, ʘʣ ʝש ʞʦסʘʨʳ 

ʙʠʽʢʪʽʢ ʢᴇʨʩʝʪʢʝʥ ײץʤʘʡʜʳש ɺʦʣʞʩʢʦʝ 44, ʉʧʘʨʪʘʥʢʘ, ʖʙʠʣʝʡʥʘʷ 20 ʛʝʥ ץʦʨʣʘʨʳ ʙʦʣʜʳ. 

 ʜʘʡʳʥʜʘ ʛʝʢʪʘʨʳʥʘסʩʪʘʥʜʳ ʩʫʘʨʫ ʞʘץʘʟʘפ ʳʩסʩʪʽʢ ʞᴅʥʝ ʐʳװʪשʦʨʳʪʳʥʜʳ. ʆפ

700,0 ʮʝʥʪʥʝʨʜʝʥ ʘʩʪʘʤ, ɹʘʪʳʩ פʘʟʘץʩʪʘʥʥʳש ʩʫʘʨʳʣʤʘʡʪʳʥ ʪᴅʣʽʤʽ ʞʘסʜʘʡʳʥʜʘ 400 

ʮʝʥʪʥʝʨʛʝ ʜʝʡʽʥ, ʘʣ ʉʦʣʪװʩʪʽʢ פʘʟʘץʩʪʘʥ ʞʘסʜʘʡʳʥʜʘ 500 ʮʝʥʪʥʝʨʛʝ ʜʝʡʽʥ ײץʤʘʡʜʳש 

ʞʘʩʳʣ ʩʘʣʤʘסʳʥʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʘʣʫסʘ ʙʦʣʘʜʳ. 

 ʨʣʝʨʽ ʢᴇʤʽʨʪʝʢʪʽװʣ ʪײʙ שʩʘʩ ("ʉ-4 ʞʦʣʳ"), ᴇʩʽʤʜʽʢʪʝʨʜʽץײ ʨʽʥʝװʤʘʡ ʤʝʪʘʙʦʣʠʟʤ ʪײפ

ʘʩʩʠʤʠʣʷʮʠʷʣʘʫ ʞᴅʥʝ ʙʠʦʤʘʩʩʘʥʳ ʪʝʟ ײץʨʫ װʰʽʥ ᴇʪʝ ʞʦסʘʨʳ ץʘʙʽʣʝʪʽʥʝ ʠʝ. ɹײʣ ʜʘץʳʣʜʳש 

ᴇʥʜʽʨʽʩʽ- ײץʨסʘץʰʳʣʳץץʘ ʪᴇʟʽʤʜʽʣʽʛʽ (ײץʤʘʡ), ʙײʣ ʞʦʙʘʥʳש ʪײʨʘץʪʳ ʤʘʣ ʘʟʳסʳ ʙʘʟʘʩʳʥ 

 ʦʩʫʳץ ʣʝʩװ ʪʘʡץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʘʡʪʘʨʣʳץ ʘʫʽʧʩʽʟʜʽʛʽʥץ ʣʽʢװʪ-ץʘʟʳ שʘ ʜʝʤʝʢ, ʝʣʜʽסʨʫײץ

ʤװʤʢʽʥ. ɾײʤʳʩ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ ɹʽʣʽʤ ʞᴅʥʝ סʳʣʳʤ ʤʠʥʠʩʪʨʣʽʛʽʥʽס שʳʣʳʤʠ 

ʢʦʤʠʪʝʪʽʥʽ2020 ש ʞʳʣסʳ 2022 ʞʳʣסʳ ˉ217 ʙʶʜʞʝʪʪʽʢ ʙʘסʜʘʨʣʘʤʘʩʳ ʙʦʡʳʥʰʘ 

AP08855366 çɾʘʤʳʣסʳ ʜʘץʳʣʜʘʨ ʤʝʥ ʪʘʤʰʳʣʘʪʳʧ ʩʫʘʨʫ ʥʝʛʽʟʽʥʜʝ ʩʫʘʨʤʘʣʳ ʝʛʽʥʰʽʣʽʢʪʽש 
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ᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫè ʙʘסʜʘʨʣʘʤʘʣʳץ-ʥʳʩʘʥʘʣʳ ץʘʨʞʳʣʘʥʜʳʨʫ ʰʝשʙʝʨʽʥʜʝ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʜʳ. 
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ʄʀʈʆɺʓɽ ɻɽʅʆʌʆʅɼʓ ʉʆʈɻʆ, ɺʓʈɸʑɽʅʅʆɻʆ ɺ ʈɸɿʃʀʏʅʓʍ 

ɸɻʈʆʕʂʆʃʆɻʀʏɽʉʂʀʍ ʋʉʃʆɺʀʗʍ ʂɸɿɸʍʉʊɸʅɸ, ɽɻʆ ʉʆʉʊʆʗʅʀɽ ʀ 

ʇɽʈʉʇɽʂʊʀɺʓ 

 

ʂʫʥʳʧʠʷʝʚʘ ɻ.ʊ., ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ 

ɾʘʧʘʝʚ ʈ.ʂ., ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ 

ʆʩʧʘʥʙʘʝʚ ɾ.ʆ., ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ 

ɾʫʩʫʧʙʝʢʦʚ ɽ.ʂ., ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ 

ɸʤʘʥʛʘʣʠʝʚ ɹ.ʄ., ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ 

 

ʂʘʟʘʭʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʟʝʤʣʝʜʝʣʠʷ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ, 

 ɸʣʤʘʪʠʥʩʢʘʷʦʙʣ, ʂʘʨʘʩʘʡʩʢʠʡ ʨʘʡʦʥ, ʧ. ɸʣʤʘʣʳʙʘʢ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ. 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʪʘʢʠʭ ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʳʭ, 

ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʭ ʢʫʣʴʪʫʨ, ʢʘʢ ʩʦʨʛʦ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʚ ʩʚʷʟʠ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ ʠ ʩʦʢʨʘʱʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ. ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʨʪʦʠʩʧʳʪʘʥʠʝ 
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ʛʝʥʦʪʠʧʦʚ ʩʦʨʛʦ ʨʘʟʣʠʯʥʦʛʦ ʵʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʝʩʩʠʚʥʳʤ, 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʝ, ʩʧʦʩʦʙʥʳʤ ʧʦʚʳʩʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, ʥʦ ʠ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʪʜʝʣʴʥʦʛʦ 

ʭʦʟʷʡʩʪʚʫʶʱʝʛʦ ʩʫʙʲʝʢʪʘ. ɺʳʩʦʢʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʣʝʥʦʡ ʙʠʦʤʘʩʩʳ ʠ ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʨʛʦ 

ʧʦʟʚʦʣʷʶʪ ʰʠʨʦʢʦ ʚʳʨʘʱʠʚʘʪʴ ʠʭ ʚʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ ʂʘʟʘʭʩʪʘʥʘ. 

ʇʦ ʦʙʲʝʢʪʫ ʠʩʩʣʝʜʦʚʘʥʠʷ 225 ʛʝʥʦʬʦʥʜʦʚ ʩʦʨʛʦ ʨʘʟʣʠʯʥʦʛʦ ʵʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʂʘʟʘʭʩʪʘʥ, ʈʦʩʩʠʷ, ʀʥʜʠʷ, ʋʟʙʝʢʠʩʪʘʥ ʠ ʜʨʫʛʠʝ ʩʪʨʘʥʳ) ʠʩʧʳʪʘʥʳ ʚ ʫʩʣʦʚʠʷʭ 

ʦʨʦʰʝʥʠʷ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ, ʚ ʫʩʣʦʚʠʷʭ ʥʘʩʪʘʚʥʠʯʝʩʪʚʘ ʟʘʧʘʜʥʳʭ ʠ ʩʝʚʝʨʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ. ɺ ʫʩʣʦʚʠʷʭ ʦʨʦʰʝʥʠʷ ʖʛʦ-ɺʦʩʪʦʯʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ 

ʙʦʣʝʝ 70 ʪ ʩ ʛʝʢʪʘʨʘ, ʚ ʫʩʣʦʚʠʷʭ ʙʦʛʘʨʥʦʛʦ ɿʘʧʘʜʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ-ʜʦ 40 ʪ ʩ ʛʝʢʪʘʨʘ ʠ ʚ ʫʩʣʦʚʠʷʭ 

ʙʦʛʘʨʥʦʛʦ ʉʝʚʝʨʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ-ʜʦ 50 ʪ ʩ ʛʝʢʪʘʨʘ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ ʩʦʨʛʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʩʝʚʦʚ ʥʘ ʤʥʦʛʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʂʘʟʘʭʩʪʘʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʨʛʦ, ʤʠʨʦʚʦʡ ʩʦʨʪ, ʫʨʦʞʘʡʥʦʩʪʴ ʛʦʣʫʙʠʢʠ, ʩʦʨʪʦʠʩʧʳʪʘʥʠʝ, ʚʳʩʦʪʘ 

ʨʘʩʪʝʥʠʷ, ʢʦʣʣʝʢʮʠʷ. 

 

GLOBAL GENE POOLS OF SORGHUM GROWN IN VARIOUS AGROECOLOGICAL 

CONDITIONS OF KAZAKHSTAN, ITS CONDITION AND PROSPECTS  
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Annotation.The production and introduction in our country of such drought-resistant, high-

yielding crops as sorghum is the most effective solution in connection with climate change and a 

reduction in precipitation. Ecological variety testing of sorghum genotypes of various ecological and 

geographical origin is a progressive, highly effective direction in feed production, capable of increasing 

the economic efficiency not only of animal husbandry, but also of other areas of activity of a separate 

economic entity. The high yield of green biomass and drought resistance of sorghum allow them to be 

widely grown in many regions of Kazakhstan. 

According to the object of the study, 225 sorghum gene pools of various ecological and 

geographical origin (Kazakhstan, Russia, India, Uzbekistan and other countries) were tested under 

irrigation conditions of the south-eastern territory of Kazakhstan, under mentoring conditions of the 

western and northern territories. In the conditions of irrigation of South-Eastern Kazakhstan, it is possible 

to obtain yields of more than 70 tons per hectare, in the conditions of rain-fed Western Kazakhstan-up to 

40 tons per hectare and in the conditions of rain-fed Northern Kazakhstan-up to 50 tons per hectare, as 

well as the introduction of sorghum into production and widespread sowing in many territories of 

Kazakhstan. 

Keywords: sorghum, world variety, blueberry yield, variety testing, plant height, collection.32. 
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1
ʊOO çʉʝʣʴʩʢoʭoʟʷʡʩʪʚʝʥʥaʷ oʧʳʪʥaʷ ʩʪaʥʮʠʷ ʭʣoʧʢoʚoʜʩʪʚa ʠ ʙaʭʯʝʚoʜʩʪʚaè, Aʪaʢʝʥʪ, 

Pʝʩʧʫʙʣʠʢa ʂaʟaʭʩʪaʥ 
2
ʊOO çʂaʟaʭʩʢʠʡ ʥaʫʯʥo-ʠʩʩʣʝʜoʚaʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ pʠʩoʚoʜʩʪʚa ʠʤ.ʀ.ɾaʭaʝʚaè, 

ʛ.ʂʳʟʳʣopʜa, Pʝʩʧʫʙʣʠʢa ʂaʟaʭʩʪaʥ 

 

Aʥʥoʪaʮʠʷ. ʕʢʩʧopʪ ʭʣoʧʢoʚoʛo ʚoʣoʢʥa ʚ ʊʫpʢʝʩʪaʥʩʢoʡ oʙʣaʩʪʠ ʠʤʝʝʪ ʚaʞʥoʝ 

ʩʪpaʪʝʛʠʯʝʩʢoʝ ʟʥaʯʝʥʠʝ ʜʣʷ pʝʩʧʫʙʣʠʢʠ ʂaʟaʭʩʪaʥ. ʍʣoʧʢoʚoʜʩʪʚo ʷʚʣʷʝʪʩʷ ʚaʞʥoʡ oʪpaʩʣʴʶ 

ʩʝʣʴʩʢoʛo ʧpoʠʟʚoʜʩʪʚa ʜʣʷ ʪʝʢʩʪʠʣʴʥoʡ ʠ ʧʠʱʝʚoʡ ʧpoʤʳʰʣʝʥʥoʩʪʠ. 

ɺ 2020 ʛoʜʫ ʧoʜ ʭʣoʧʯaʪʥʠʢoʤ ʙʳʣa ʟaʩʝʷʥo 131,2 ʪʳʩʷʯ ʛʝʢʪapoʚ. ʉpʝʜʥʷʷ ʫpoʞaʡʥoʩʪʴ 

ʩoʩʪaʚʠʣa 26,2 ʮ/ʛa, ʧpʠ ʚaʣoʚoʤ ʩʙopʝ ʭʣoʧʢa-ʩʳpʮa 344,3 ʪʳʩʷʯ ʪoʥʥ. ʍʣoʧʢoʩʝʶʱʝʡ ʟoʥʝ 

ʊʫpʢʝʩʪaʥʩʢoʡ oʙʣaʩʪʠ oʜʥa ʠʟ ʧpoʙʣʝʤ ʥa ʩʝʛoʜʥʷ ʵʪo ʧoʣʠʚʥaʷ ʚoʜa, ʢoʪopaʷ ʪʝʯʝʪ ʧo pʝʢʝ 

ʉʳpʜapʴʝ. ɺ ʚʝʛʝʪaʮʠoʥʥʳʡ ʧʝpʠoʜ ʤaʩʩoʚoʛo ʮʚʝʪʝʥʠʷ ʧpoʠʩʭoʜʠʪ oʜʥoʚpʝʤʝʥʥoʝ ʧoʪpʝʙʣʝʥʠʝ 

ʚoʜʳ, ʯʪo ʟaʪpʫʜʥʷʝʪ ʩʠʪʫaʮʠʶ. Oʩʥoʚʥʳʤʠ ʧoʪpʝʙʠʪʝʣʷʤʠ ʚ ʵʪoʪ ʧʝpʠoʜ ʚoʜʳ ʷʚʣʷʶʪʩʷ 

ʄaʢʪaapaʣʴʩʢʠʡ, ɾʝʪʳʩaʡʩʢʠʡ, ʐapʜapʠʥʩʢʠʡ paʡoʥʳ oʙʱaʷ ʧʣoʱaʜʴ ʵʪʠʭ ʪʝppʠʪopʠʡ ʟaʥʠʤaʝʪ 

oʢoʣo 90 ʪʳʩʷʯ ʛʝʢʪapoʚ. ɺ ʩʚʷʟʠ ʩ ʵʪoʡ ʩʠʪʫaʮʠʝʡ ʜʝʬʠʮʠʪ ʧoʣʠʚʥoʡ ʚoʜʳ ʚ ʣʝʪʥʠʡ 

ʚʝʛʝʪaʮʠoʥʥʳʡ ʧʝpʠoʜ ʩoʩʪaʚʣʷʝʪ ʜo 40-45% oʪ ʪpʝʙʫʝʤoʛo oʙʲʝʤa ʧoʣʠʚʥoʡ ʚoʜʳ. ɺo ʚpʝʤʷ 

ʮʚʝʪʝʥʠʷ ʧpʠ ʬopʤʠpoʚaʥʠʠ ʧʣoʜoʚ ʭʣoʧʯaʪʥʠʢ ʧoʪpʝʙʣʷʝʪ oʯʝʥʴ ʙoʣʴʰoʝ ʢoʣʠʯʝʩʪʚo ʚoʜʳ, 

ʩʫʪoʯʥʳʡ paʩʭoʜ ʜoʩʪʠʛaʝʪ 95-105 ʤ
3
/ʛa.,  a ʢ ʢoʥʮʫ ʚʝʛʝʪaʮʠʠ ʩʫʪoʯʥaʷ ʧoʪpʝʙʥoʩʪʴ ʩoʩʪaʚʣʷʝʪ 

45-55 ʤ
3
/ʛa. 

ɺ ʊOO çʉʍOʉ ʭʣoʧʢoʚoʜʩʪʚa ʠ ʙaʭʯʝʚoʜʩʪʚaè, ʚ ʩʝʣʝʢʮʠoʥʥoʤ ʥaʧpaʚʣʝʥʠʠ ʩʪoʷʪ oʯʝʥʴ 

ʚaʞʥʳʝ ʟaʜaʯa ʧo ʧoʚʳʰʝʥʠʶ ʭoʟʷʡʩʪʚʝʥʥo-ʮʝʥʥʳʭ ʧoʢaʟaʪʝʣʝʡ ʭʣoʧʢoʚoʛo ʚoʣoʢʥa. 

ʊʫpʢʝʩʪaʥʩʢaʷ oʙʣaʩʪʴ ʷʚʣʷʝʪʩʷ ʩaʤoʡ ʩʝʚʝpʥoʡ ʟoʥoʡ ʭʣoʧʢoʩʝʷʥʠʷ, ʧʝpʚoʩʪʝʧʝʥʥaʷ ʟaʜaʯa 

ʩʝʣʝʢʮʠoʥʝpoʚ ʚʳʚʝʜʝʥʠʝ ʩʢopoʩʧʝʣʳʭ ʩopʪoʚ ʩ ʤaʩʩoʚʳʤ paʩʢpʳʪʠʝʤ ʢopoʙoʯʝʢ ʠ ʚʳʩoʢoʡ 

ʫpoʞaʡʥoʩʪʴʶ. ʂaʯʝʩʪʚo ʚoʣoʢʥa ʵʪo oʯʝʥʴ ʚaʞʥʳʡ ʧoʢaʟaʪʝʣʴ ʜʣʷ ʪʝʢʩʪʠʣʴʥoʡ ʧpoʤʳʰʣʝʥʥoʩʪʠ 

ʠʤʝʥʥo ʵʪoʪ ʧoʢaʟaʪʝʣʴ ʠʛpaʝʪ ʚaʞʥʫʶ poʣʴ ʧpʠ ʧpoʜaʞʝ ʚoʣoʢʥa ʥa ʵʢʩʧopʪ. ʉʝʣʝʢʮʠʷ ʪaʢʞʝ 

ʥaʧpaʚʣʝʥʠʝ ʥa ʪaʢʠʝ ʥaʧpaʚʣʝʥʠʷ ʢaʢ ʚʳʚʝʜʝʥʠʝ ʫʩʪoʡʯʠʚʳʭ ʩopʪoʚ ʢ ʟaʙoʣʝʚaʥʠʷʤ ʚʠʣʪ, 

ʛoʤʤoʟ, ʚpʝʜʠʪʝʣʷʤ ʭʣoʧʢoʚoʡ ʩoʚʢʠ ʠ ʢapaʜpʠʥa. ʉopʪa ʭʣoʧʯaʪʥʠʢa, ʚʳʚʝʜʝʥʥʳʝ 

ʩʝʣʝʢʮʠoʥʝpaʤʠ ʊOO çʉʍOʉ ʭʣoʧʢoʚoʜʩʪʚa ʠ ʙaʭʯʝʚoʜʩʪʚaè ʧpaʢʪʠʯʝʩʢʠʡ ʚʩʝ ʧpʠʩʧoʩoʙʣʝʥʳ ʢ 

ʤʝʭaʥʠʟʠpoʚaʥʥoʡ paʙoʪʝ, a ʪaʢaʞʝ ʫʩʪoʡʯʠʚʳ ʩpʝʜʥʝʤʫ ʟaʩoʣʝʥʠʶ.  

ʂʣʶʯʝʚʳʝ ʩʣoʚa: ʫʩʪoʡʯʠʚoʩʪʴ, ʚʠʣʪ, ʠʩʧʳʪaʥʠʝ ʩopʪoʚ, ʟapʫʙʝʞʥaʷ ʩʝʣʝʢʮʠʷ, oʮʝʥʢa 

ʩopʪoʚ.  

 

ɺʚʝʜʝʥʠʝ. ʇpoʙʣʝʤʥʳʤʠ ʧpoʙʣʝʤaʤʠ ʚoʟʜʝʣʳʚaʥʠʷ ʭʣoʧʯaʪʥʠʢa ʚ ʊʫpʢʝʩʪaʥʩʢoʡ 

oʙʣaʩʪʠ ʷʚʣʷʶʪʩʷ, ʩpʝʜʥʝʝ ʟaʩoʣʝʥʠʝ, ʙʣʠʟʢoʝ paʩʧoʣoʞʝʥʠʝ ʛpʫʥʪoʚʳʭ ʚoʜ, ʩaʤʳʡ 

ʩʝʚʝpʥʳʡ pʝʛʠoʥ ʚʳpaʱʠʚaʥʠʷ ʭʣoʧʯaʪʥʠʢa. Oʯʝʥʴ aʢʪʫaʣʴʥoʡ ʧpoʙʣʝʤoʡ ʤoʞʥo oʪʥʝʩʪʠ 

ʙoʣʴʰoʝ paʟʥooʙpaʟʠʝ ʚpʝʜʠʪʝʣʝʡ ʠ ʙoʣʝʟʥʝʡ. ʇʝpʝʜ ʩʝʣʝʢʮʠoʥʝpaʤʠ ʩʪoʠʪ ʮʝʣʴ ʩoʟʜaʥʠʝ 

ʠ ʚʥʝʜpʝʥʠʝ ʚ ʧpoʠʟʚoʜʩʪʚo ʟaʩʫʭoʫʩʪoʡʯʠʚʳʭ ʩopʪoʚ ʩ ʢopoʪʢʠʤ ʚʝʛʝʪaʮʠoʥʥʳʤ 

ʧʝpʠoʜoʤ -105-110 ʜʥʝʡ, oʙʣaʜaʶʱʠʝ ʫʩʪoʡʯʠʚoʩʪʴʶ ʢ ʙoʣʝʟʥʷʤ ʠ ʚpʝʜʠʪʝʣʷʤ.  

,%20%20https:/orcid.org/0000-0001-5623-0591
https://orcid.org/0000-0002-5590-1776
https://orcid.org/0000-0003-1242-521Х


 

85 

 

ʉoʟʜaʥo 13 ʩopʪoʚ ʭʣoʧʯaʪʥʠʢa ʩʝʣʝʢʮʠoʥʝpaʤʠ ʊOO çʉʍOʉ ʭʣoʧʢoʚoʜʩʪʚa ʠ 

ʙaʭʯʝʚoʜʩʪʚaè ʚoʩʝʤʴ ʩopʪoʚ paʡoʥʠpoʚaʥʳ ʠ ʢ ʥaʩʪoʷʱʝʤʫ ʚpʝʤʝʥʠ ʚʥʝʜpʝʥʳ ʥa ʙoʣʝʝ 

87%  ʧoʩʝʚʥʳʭ ʧʣoʱaʜʝʡ ʚ ʶʞʥʳʭ  ʭʣoʧʢoʩʝʶʱʠʭ ʭoʟʷʡʩʪʚaʭ  ʊʫpʢʝʩʪaʥʩʢoʡ oʙʣaʩʪʠ, ʥa 

13 ʩopʪoʚ ʭʣoʧʯaʪʥʠʢa ʧoʣʫʯʝʥʳ ʧaʪʝʥʪʳ ʥa ʩʝʣʝʢʮʠoʥʥoʝ ʜoʩʪʠʞʝʥʠʝ, 8 ʩopʪoʚ 

pʝʢoʤʝʥʜoʚaʥʳ ʠʩʧoʣʴʟoʚaʥʠʶ ʚ Pʝʩʧʫʙʣʠʢʝ ʂaʟaʭʩʪaʥ. ʇoʣʫʯʝʥ ʧaʪʝʥʪ ʥa ʥoʚʳʡ 

ʧʝpʩʧʝʢʪʠʚʥʳʡ ʩopʪ ʭʣoʧʯaʪʥʠʢa ʄ-4017 ʚ 2018 ʛoʜʫ, ʚ2021 ʛoʜʫ ʙʳʣ ʧoʣʫʯʝʥ ʥoʚʳʡ 

ʧʝpʩʧʝʢʪʠʚʥʳʡ ʩopʪ  ʭʣoʧʯaʪʥʠʢa ʄaʢʪapaʣ-5027, ʢoʪopʳʡ oʙʣaʜaʝʪ ʫʩʪoʡʯʠʚoʩʪʴʶ ʢ 

ʙoʣʝʟʥʷʤ ʠ ʚpʝʜʠʪʝʣʷʤ. 

ɺʥʝʜpʝʥʠʝ ʚ ʧpoʠʟʚoʜʩʪʚo ʥoʚʳʭ ʚʳʩoʢoʧpoʜʫʢʪʠʚʥʳʭ ʩopʪoʚ ʜaʩʪ ʚoʟʤoʞʥoʩʪʴ 

ʧoʜʥʷʪʴ ʩpʝʜʥʶʶ ʫpoʞaʡʥoʩʪʴ ʚ ʊʫpʢʝʩʪaʥʩʢoʡ oʙʣaʩʪʠ ʩ 25,0 ʮ/ʛa ʜo 30,0 ʮ/ʛa.  ɼʣʷ 

ʧoʚʳʰʝʥʠʷ ʫpoʞaʡʥoʩʪʠ ʚ pʝʛʠoʥʝ ʚ ʊOO çʉʍOʉ ʭʣoʧʢoʚoʜʩʪʚa ʠ ʙaʭʯʝʚoʜʩʪʚaè 

ʠʩʧʳʪʳʚaʝʪʩʷ ʩ 2018 ʛoʜa 10 ʩopʪoʚ ʟapʫʙʝʞʥoʡ ʩʝʣʝʢʮʠʠ. ʇpoʚoʜʠʪʩʷ ʵʢoʣoʛʠʯʝʩʢoʝ 

ʩopʪoʠʩʧʳʪaʥʠʝ ʥa ʥʝʠʥʬʝʢʮʠoʥʥoʤ ʠ ʠʥʬʝʢʮʠoʥʥoʤ ʬoʥʝ. ʇapaʣʣʝʣʴʥo ʩopʪaʤʠ 

ʟapʫʙʝʞʥoʡ ʩʝʣʝʢʮʠʠ ʧpoʚoʜʠʪʩʷ ʩʝʣʝʢʮʠoʥʥaʷ paʙoʪa, ʠʩʧoʣʴʟʫʷ ʚʳʩoʢʠʝ ʢaʯʝʩʪʚa 

oʙpaʟʮoʚ ʜʣʷ ʧoʣʫʯʝʥʠʷ ʚʳʩoʢoʧpoʜʫʢʪʠʚʥʳʭ oʪʝʯʝʩʪʚʝʥʥʳʭ ʩopʪoʚ. 

ʇpoʝʢʪ paʩʩʯʠʪaʥ ʥa ʪpʠ ʛoʜa (2018-2020ʛ.ʛ.) ʙʫʜʫʪ ʧpoʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ  

ʤʝpoʧpʠʷʪʠʷ: 

ɺo ʚpʝʤʷ ʠʩʧʳʪaʥʠʷ ʙʳʣʠ ʠʟʫʯʝʥʳ ʧoʣʝʚaʷ ʚʩʭoʞʝʩʪʴ, poʩʪ ʠ paʟʚʠʪʠʝ, ʬʝʥoʬaʟʳ:  

ʚʩʭoʜʳ - ʮʚʝʪʝʥʠʝ - ʩoʟpʝʚaʥʠʝ, ʚʳʩoʪa paʩʪʝʥʠʡ, ʢoʣʠʯʝʩʪʚo ʧʣoʜoʚʳʭ ʵʣʝʤʝʥʪoʚ ʥa 

ʢʫʩʪʝ, ʧpoʜʫʢʪʠʚʥoʩʪʴ. ʇoʩʣʝ ʫʙopʢʠ ʫpoʞaʷ ʚ ʣaʙopaʪopʥʳʭ ʫʩʣoʚʠʷʭ ʧpoʚʝʜʝʥʳ 

ʪʝʭʥoʣoʛʠʯʝʩʢʠʝ ʢaʯʝʩʪʚa ʚoʣoʢʥa; ʚʳʭoʜ, ʜʣʠʥa, ʤʠʢpoʥʝʡp, paʟpʳʚʥaʷ ʥaʛpʫʟʢa, 

ʤʝʪpʠʯʝʩʢʠʡ ʥoʤʝp, paʟpʳʚʥaʷ ʜʣʠʥa ʚoʣoʢʥa, a ʪaʢʞʝ oʧpʝʜʝʣʝʥʳ ʩopʪʥoʩʪʴ ʚoʣoʢʥa. ɺo 

ʚpʝʤʷ ʠʩʧʳʪaʥʠʷ ʠʟʫʯʝʥʳ ʧoʣʝʚaʷ ʚʩʭoʞʝʩʪʴ, poʩʪ ʠ paʟʚʠʪʠʝ, ʬʝʥoʬaʟʳ:  ʚʩʭoʜʳ - 

ʮʚʝʪʝʥʠʝ - ʩoʟpʝʚaʥʠʝ, ʚʳʩoʪa paʩʪʝʥʠʡ, ʢoʣʠʯʝʩʪʚo ʧʣoʜoʚʳʭ ʵʣʝʤʝʥʪoʚ ʥa ʢʫʩʪʝ, 

ʧpoʜʫʢʪʠʚʥoʩʪʴ. ʇoʩʣʝ ʫʙopʢʠ ʫpoʞaʷ ʚ ʣaʙopaʪopʥʳʭ ʫʩʣoʚʠʷʭ ʧpoʚʝʜʝʥʳ 

ʪʝʭʥoʣoʛʠʯʝʩʢʠʝ ʢaʯʝʩʪʚa ʚoʣoʢʥa; ʚʳʭoʜ, ʜʣʠʥa, ʤʠʢpoʥʝʡp, paʟpʳʚʥaʷ ʥaʛpʫʟʢa, 

ʤʝʪpʠʯʝʩʢʠʡ ʥoʤʝp, paʟpʳʚʥaʷ ʜʣʠʥa ʚoʣoʢʥa, a ʪaʢʞʝ oʧpʝʜʝʣʝʥʳ ʩopʪʥoʩʪʴ ʚoʣoʢʥa. 

ʐʠpoʢo ʧpʠʤʝʥʷʝʤaʷ ʪpaʥʩʬʝpʪ ʪʝʭʥoʣoʛʠʷ ʧpoʠʟʚoʜʩʪʚa ʭʣoʧʯaʪʥʠʢa ʧoʟʚoʣʠʪ 

ʫʚʝʣʠʯʠʪʴ ʧpoʜʫʢʪʠʚʥoʩʪʴ, ʪʝʭʥoʣoʛʠʯʝʩʢʠʝ ʢaʯʝʩʪʚa ʠ ʢaʯʝʩʪʚo ʩʝʤʝʥʥoʛo ʤaʪʝpʠaʣa 

ʚʥʝʜpʷʝʤʳʭ ʟapʫʙʝʞʥʳʭ ʩopʪoʚ ʭʣoʧʯaʪʥʠʢa, ʯʪo ʧpʝʚpaʪʠʪ ʥaʰʫ oʪpaʩʣʴ ʭʣoʧʢoʚoʜʩʪʚo 

ʚ oʜʥʫ ʠʟ ʩaʤʳʭ ʧpoʜʫʢʪʠʚʥʳʭ oʪpaʩʣʝʡ ʩʝʣʴʩʢoʛo ʭoʟʷʡʩʪʚa.  

ʊʫpʢʝʩʪaʥʩʢaʷ oʙʣaʩʪʴ ʧʝpʝʞʠʚaʝʪ ʵʢoʣoʛʠʯʝʩʢʠʡ ʢpʠʟʠʩ, ʟaʩoʣʝʥʠʝ ʧoʯʚ ʩpʝʜʥʝʡ 

ʟaʩoʣʝʥʥoʩʪʠ, ʩʥʠʞʝʥʠʝ ʚʥʝʩʝʥʠʷ ʤʠʥʝpaʣʴʥʳʭ ʫʜoʙpʝʥʠʡ, opʛaʥʠʯʝʩʢʠʭ ʫʜoʙpʝʥʠʡ, 

ʥʝʭʚaʪʢa ʧoʣʠʚʥoʡ ʚoʜʳ, oʛpoʤʥoʝ ʠʩʧoʣʴʟoʚaʥʠʝ ʠʥʩʝʢʪʠʮʠʜoʚ, ʬʫʥʛʠʮʠʜoʚ, ʯʪo 

ʟaʛpʷʟʥʷʝʪ oʢpʫʞaʶʱʫʶ ʩpʝʜʫ, ʠ pʝʰʝʥʠʝ ʵʪʠʭ ʧpoʙʣʝʤ ʷʚʣʷʝʪʩʷ oʯʝʥʴ aʢʪʫaʣʴʥoʡ. ʇʫʪʠ 

pʝʰʝʥʠʷ ʵʪʠʭ ʧpoʙʣʝʤ ʠʩʧoʣʴʟoʚaʥʠʝ ʥoʚʳʭ ʩoʟʜaʥʥʳʭ ʩopʪoʚ ʫʩʪoʡʯʠʚʳʭ ʢ ʩʪpʝʩʩoʚʳʤ 

ʬaʢʪopaʤ, ʟaʩoʣʝʥʠʶ, ʜʝʬʠʮʠʪʫ ʚoʜʳ, ʫʩʪoʡʯʠʚʳʭ ʢ ʙoʣʝʟʥʷʤ ʠ ʚpʝʜʠʪʝʣʷʤ. 

ʀʩʧʳʪaʥʠʝ oʙpaʟʮoʚ ʭʣoʧʯaʪʥʠʢa ʟapʫʙʝʞʥoʡ ʩʝʣʝʢʮʠʠ ʠ pʝʢoʤʝʥʜaʮʠʠ ʜʣʷ 

ʚʥʝʜpʝʥʠʷ ʚʳʩoʢoʧpoʜʫʢʪʠʚʥʳʭ oʙpaʟʮoʚ ʚ oʪʝʯʝʩʪʚʝʥʥʳʝ ʧpoʠʟʚoʜʩʪʚa ʠ ʠʟʫʯʝʥʠʝ ʠʭ 

aʜaʧʪaʮʠʠ ʚ ʫʩʣoʚʠʷʭ ʭʣoʧʢoʩʝʷʥʠʷ ʶʛa ʂaʟaʭʩʪaʥa ʷʚʣʷʝʪʩʷ oʜʥʠʤ ʠʟ ʠʥʪʝʥʩʠʚʥʳʭ 

ʧpoʮʝʩʩoʚ ʚ oʪpaʩʣʠ ʭʣoʧʢoʚoʜʩʪʚa. ɺ ʵʪoʤ ʠ ʟaʢʣʶʯaʝʪʩʷ ʩoʮʠaʣʴʥʳʡ ʩʧpoʩ, 

ʵʢoʥoʤʠʯʝʩʢaʷ ʠ ʠʥʜʫʩʪpʠaʣʴʥaʷ ʟaʠʥʪʝpʝʩoʚaʥʥoʩʪʴ ʠ ʧoʣʫʯʝʥʠʝ ʝʛo pʝʟʫʣʴʪaʪoʚ.ɺ 

paʟʜʝʣʝ 4.2.3 çPaʟʚʠʪʠʝ paʩʪʝʥʠʝʚoʜʩʪʚaèɻoʩʫʜapʩʪʚʝʥʥoʡ ʧpoʛpaʤʤʳ paʟʚʠʪʠʷ Aʇʂ ʥa 

2017-2021 ʛʛ. oʪʤʝʯʝʥo, ʯʪo paʟʚʠʪʠʝ paʩʪʝʥʠʝʚoʜʩʪʚa ʙʫʜʝʪ ʩoʩpʝʜoʪoʯʝʥo ʥa 

ʧpoʠʟʚoʜʩʪʚo ʧpoʜʫʢʮʠʠ ʜʣʷ ʚʥʫʪpʝʥʥʝʛo pʳʥʢa, pʝaʣʠʟaʮʠʠ ʵʢʩʧopʪʥoʛo ʧoʪʝʥʮʠaʣa. [1]. 

ɼʣʷ ʚʳʞʠʚaʥʠʷ ʠ ʫʩʪoʡʯʠʚoʛo ʧpoʠʟʚoʜʩʪʚa ʩʝʣʴʩʢoʭoʟʷʡʩʪʚʝʥʥʳʝ paʩʪʝʥʠʷ ʜoʣʞʥʳ 

ʩʧpaʚʣʷʪʴʩʷ ʩo ʚʩʝʤʠ ʧpoʙʣʝʤaʤʠ, ʩʚʷʟaʥʥʳʤʠ ʩ ʢaʪaʩʪpoʬaʤʠ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤaʪa, 

ʚʢʣʶʯaʷ ʩʪpʝʩʩoʚʳʝ ʚoʜʥʳʝ pʝʞʠʤʳ, ʵʢʩʪpʝ-ʤaʣʴʥʳʝ ʪʝʤʧʝpaʪʫpʳ, ʧoʚʳʰʝʥʥʳʡ ʫpoʚʝʥʴ 

ʉO 2 ʠ ʩoʣʝʥoʩʪʴ, ʢoʪopʳʝ ʚʣʠʷʶʪ ʥa ʚʩʝ aʩʧʝʢʪʳ apʭʠʪʝʢʪʫpʳ paʩʪʝʥʠʡ ʧo oʪʜʝʣʴʥoʩʪʠ 

ʠʣʠ ʚ ʩoʯʝʪaʥʠʠ [2].  
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ɼʣʷ ʩʪaʙʠʣʠʟaʮʠʠ paʩʪʝʥʠʝʚoʜʩʪʚa ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʙoʣʴʰʝ ʚʥʠʤaʥʠʷ ʩʪpʝʩʩaʤ, 

ʚʳʟʳʚaʝʤʳʤ ʧaʪoʛʝʥʥʳʤʠ ʤʠʢpoopʛaʥʠʟʤaʤʠ, ʚpʝʜʠʪʝʣʷʤʠ ʠ ʜpʫʛʠʤʠ ʩoʧʫʪʩʪʚʫʶʱʠʤʠ 

ʠʣʠ ʩʠʤʙʠoʥʪʥʳʤʠ opʛaʥʠʟʤaʤʠ, ʧoʩʢoʣʴʢʫ oʥʠ ʤʝʥʝʝ ʧpʝʜʩʢaʟʫʝʤʳ, ʯʝʤ ʩʪpʝʩʩʳ ʧoʯʚʳ 

ʠʣʠ ʢʣʠʤaʪa. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʩpʝʜ, ʥaʠʙoʣʝʝ ʧoʜʭoʜʷʱʠʭ ʜʣʷ ʢoʤʤʝpʮʠaʣʠʟaʮʠʠ ʧpoʙʥʳʭ 

ʩopʪoʚ (ʛʝʥoʪʠʧoʚ), ʩʠʩʪʝʤaʪʠʯʝʩʢʠ ʩoʙʠpaʣʠʩʴ ʜaʥʥʳʝ o ʧoʛoʜʝ, ʢʣʠʤaʪʝ ʠ ʧoʯʚʝ, a ʪaʢʞʝ 

ʟaʧʠʩʠ oʙ ʫʧpaʚʣʝʥʠʠ ʢʫʣʴʪʫpaʤʠ, ʚʢʣʶʯaʷ ʫʜoʙpʝʥʠʷ ʠ ʙopʴʙʫ ʩ ʙoʣʝʟʥʷʤʠ, ʚpʝʜʠʪʝʣʷʤʠ 

ʠ ʩopʥʷʢaʤʠ. ɺ paʟʚʠʪʳʭ ʩʪpaʥaʭ ʪaʢaʷ ʧpaʢʪʠʢa ʙʳʣa ʥa ʧpoʪʷʞʝʥʠʠ ʜʝʩʷʪʠʣʝʪʠʡ [3]. 

ʕʢoʣoʛʠʯʝʩʢoʝ ʩopʪoʠʩʧʳʪaʥʠʝ ʟapʫʙʝʞʥʳʭ ʠ oʪʝʯʝʩʪʚʝʥʥʳʭ ʩopʪoʚ ʠ ʛʠʙpʠʜoʚ 

ʩʝʣʴʩʢoʭoʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫp ʙʫʜʝʪ ʩʧoʩoʙʩʪʚoʚaʪʴ ʵʬʬʝʢʪʠʚʥoʡ paʙoʪʝ ʩʝʣʝʢʮʠoʥʝpoʚ. 

ʀʩʧʳʪaʥʠʷ ʥʝoʙʭoʜʠʤo ʧpoʚoʜʠʪʴ ʥa paʟʥʳʭ ʢʣʠʤaʪʠʯʝʩʢʠʭ ʫʩʣoʚʠʷʭ [4]. 

ɺ 2021 ʛoʜʫ ʤʠpoʚoʝ ʭʣoʧʢoʧpoʠʟʚoʜʩʪʚo ʤoʞʝʪ ʩoʩʪaʚʠʪʴ 22,9 ʤʣʥ. ʪoʥʥ, a 

ʤʠpoʚoʝ ʧpoʤʳʰʣʝʥʥoʝ ʠʩʧoʣʴʟoʚaʥʠʝ ï 24,3 ʤʣʥ. ʪoʥʥ, ʯʪo ʧpʝʜʩʪaʚʣʷʝʪ ʩoʙoʡ ʚʪopoʡ  

ʩʝʟoʥ ʧoʜpʷʜ, ʢoʛʜa ʧpoʤʳʰʣʝʥʥoʝ ʠʩʧoʣʴʟoʚaʥʠʝ ʧpʝʚʳʰaʣo ʧpoʠʟʚoʜʩʪʚo, ʚ pʝʟʫʣʴʪaʪʝ 

ʵʪoʛo ʧpoʛʥoʟʠpʫʶʪ, ʯʪo ʤʠpoʚʳʝ ʢoʥʝʯʥʳʝ ʟaʧaʩʳ ʩoʢpaʪʷʪʩʷ ʥa 7% ʜo 17,3 ʤʣʥ. ʪoʥʥ. ɺ 

2021 ʛoʜ ʚ ʉʐA ʧʣoʱaʜʴ ʧoʜ ʭʣoʧʯaʪʥʠʢoʤ paʩʰʠpʠʣoʩʴ ʜo 4,6 ʤʣʥ. ʛa ʩ ʩʚʷʟʠ ʚʳʩoʢʠʤʠ 

ʮʝʥaʤʠ, ʚ ʀʥʜʠʠ ʜo 11,3 ʤʣʥ.ʛa, ʪaʢʞʝ ʧpoʛʥoʟʠpʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʣoʱaʜʝʡ ʚ ʇaʢʠʩʪaʥʝ, 

ɹaʥʛʣaʜʝʰʝ [5].    

ʉʠʤoʥʛʫʣʷʥ ʅ.ɻ [6] oʪʤʝʯaʝʪ, ʯʪo ʚʥʝʜpʝʥʠʝ ʚ ʧpoʠʟʚoʜʩʪʚo ʥoʚʳʭ ʩopʪoʚ 

ʧoʟʚoʣʠʪ ʧoʚʳʩʠʪʴ ʧpoʠʟʚoʜʩʪʚo ʠ ʫʣʫʯʰʠʪʴ ʢaʯʝʩʪʚo ʭʣoʧʢoʚoʛo ʚoʣoʢʥa. Aʢʢʫʞʠʥ 

ɼ.A.[7] oʪʤʝʯaʝʪ, ʯʪo ʚʥʝʜpʝʥʠʝ ʚ ʧpoʠʟʚoʜʩʪʚo ʥoʚʳʭ ʩopʪoʚ, ʜaʩʪ ʚoʟʤoʞʥoʩʪʴ 

ʧoʣʫʯʝʥʠʝ ʚʳʩoʢʠʭ ʩʪaʙʠʣʴʥʳʭ ʫpoʞaʝʚ ʠ ʧoʚʳʩʠʪ ʢaʯʝʩʪʚo ʭʣoʧʢoʚoʛo ʚoʣoʢʥa.  

ʉʣʝʜʫʝʪ ʧoʜʯʝpʢʥʫʪʴ, ʯʪo oʩʥoʚʥʳʤ ʫʩʣoʚʠʝʤ ʧoʣʫʯʝʥʠʷ ʢaʯʝʩʪʚʝʥʥoʛo ʩʝʤʝʥʥoʛo  

ʤaʪʝpʠaʣa ʥʝoʙʭoʜʠʤʳ ʚʳʩoʢoʧʣoʜopoʜʥʳʝ, ʚʳʩoʢoʫpoʞaʡʥʳʝ ʟʝʤʣʠ, ʥʝ ʟapaʞʝʥʥʳʝ 

ʚoʟʙʫʜʠʪʝʣʷʤʠ ʚʝpʪʠʮʠʣʣʝʟʥoʛo ʚʠʣʪa ʠ ʥaʭoʜʷʱʠʝʩʷ ʚ ʭʣoʧʢoʚo-ʣʶʮʝpʥoʚoʤ 

ʩʝʚooʙopoʪʝ [8,9].  

ʇo ʤʥʝʥʠʶ ʅ.ʀ. ɺaʚʠʣoʚa [10,11], paʟʥooʙpaʟʠʝ ʛʝʥoʚ ʩ ʚʥʝʰʥʝʡ oʜʥopoʜʥoʩʪʴʶ 

ʤoʞʝʪ ʩʢpʳʚaʪʴʩʷ paʟʥooʙpaʟʠʝ ʛʝʥoʚ, ʠ ʧpʠʟʥaʢ ʧpoʩʪoʪʳ ʤoʞʝʪ ʙʳʪʴ pʝʟʫʣʴʪaʪoʤ 

ʚʟaʠʤoʜʝʡʩʪʚʠʷ ʤʥoʛʠʭ ʛʝʥoʚ. Aʭʤʝʜoʚ ɼ.ɼ. [12] ʫʩʪaʥoʚʠʣ, ʯʪo ʧʫʪʝʤ ʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜoʚaʥʠʡ ʥa ʬoʥaʭ ï ʢoʥʪpoʣʴ ʠ ʠʩʢʫʩʩʪʚʝʥʥo ʠʥʬʠʮʠpoʚaʥʥoʤ ʧaʪoʛʝʥaʤ Th. 

bazicola, ʤoʞʥo ʚʳʜʝʣʷʪʴ oʪʜʝʣʴʥʳʝ ʩopʪa ʠ ʤʝʞʚʠʜoʚʳʝ ʛʠʙpʠʜʳ F1-F3, ʩoʯʝʪaʶʱʠʝ 

ʚʳʩoʢʫʶ ʫʩʪoʡʯʠʚoʩʪʴ ʢ ʟaʙoʣʝʚaʥʠʶ ʩ ʥʝoʙʭoʜʠʤʳʤ ʩʝʣʝʢʮʠoʥʝpʫ ʥaʙopoʤ ʧpʠʟʥaʢoʚ. 

ɺ pʝʟʫʣʴʪaʪʝ ʵʪoʛo ʠʩʩʣʝʜoʚaʥʠʡ ɼ.ɼ. Aʭʤʝʜoʚʳʤ  ʩoʟʜaʥʳ ʜʚʫʭ ʣʠʥʠʡ ʃ-3442 ʠ ʃ-6071, 

ʢoʪopʳʝ ʠʤʝʣʠ ʧpʝʠʤʫʱʝʩʪʚa ʥaʜ ʩopʪoʤ-ʩʪaʥʜapʪoʤ ʅaʤaʥʛaʥ-77 [13]. Pʝʟʢʠʝ paʟʣʠʯʠʷ 

ʛʠʙpʠʜʥʳʭ paʩʪʝʥʠʡ ʚ ʩoʩʪaʚʝ ʧoʧʫʣʷʮʠʠ ʧo ʟʠʤoʩʪoʡʢoʩʪʠ, oʙʣʠʩʪʚʝʥʥoʩʪʠ, 

ʢʫʩʪʠʩʪoʩʪʠ, ʚʝʪʚʠʩʪoʩʪʠ, ʫʩʪoʡʯʠʚoʩʪʠ ʢ ʙoʣʝʟʥʷʤ, ʩoʜʝpʞaʥʠʶ ʧʠʪaʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, 

ʪʝʤʧaʤ oʪpaʩʪaʥʠʷ, ʜoʣʛoʣʝʪʠʶ ʠ ʚ ʢoʥʝʯʥoʤ ʩʯʝʪʝ, ʧpoʜʫʢʪʠʚʥoʩʪʠ ʷʚʣʷʶʪʩʷ oʙʳʯʥo 

oʪpaʞʝʥʠʝʤ ʛʝʥoʪʠʧʠʯʝʩʢʠʭ paʟʣʠʯʠʡ, ʫʥaʩʣʝʜoʚaʥʥʳʭ oʪ ʠʩʭoʜʥʳʭ poʜʠʪʝʣʴʩʢʠʭ 

ʬopʤ.ʂaʢ ʧoʜʯʝpʢʠʚaʝʪ ɺ. ɻpaʥʪ [14], ʧpʠ ʥaʣʠʯʠʠ ʫʤʝpʝʥʥoʛo ʧoʣʠʤopʬʠʟʤa ʚʩʝʛo ʣʠʰʴ 

ʧo ʥʝʩʢoʣʴʢʠʤ ʥʝ ʩʮʝʧʣʝʥʥʳʤ ʛʝʥaʤ ʠʟ ʵʪoʡ ʛʝʥʥoʡ ʠʟʤʝʥʯʠʚoʩʪʠ ʤoʞʝʪ ʚoʟʥʠʢʥʫʪʴ 

ʧʫʪʝʤ ʢoʤʙʠʥaʮʠʠ aʩʪpoʥoʤʠʯʝʩʢoʝ ʯʠʩʣo ʛʝʥoʪʠʧoʚ. ɼpʫʛʠʤ ʬaʢʪopoʤ, ʚʩʢpʳʚaʶʱʠʤ 

ʛʝʥoʬoʥʜ ʚʥʫʪpʠʚʠʜoʚoʛo ʛʝʥʝʪʠʯʝʩʢoʛo ʧoʣʠʤopʬʠʟʤa ʵʢoʪʠʧʠʯʝʩʢʠʭ ʧoʧʫʣʷʮʠʡ, 

ʷʚʣʷʝʪʩʷ ʛʠʙpʠʜʠʟaʮʠʷ ʚ ʩoʯʝʪaʥʠʠ ʩo ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʥaʧʚpaʚʣʝʥʥʳʤ oʪʙopoʤ ʤʝʪoʜaʤʠ 

ʩʠʥʪʝʪʠʯʝʩʢoʡ ʩʝʣʝʢʮʠʠ, ʚʝʜʫʱʝʡ ʢ ʚʳʷʚʣʝʥʠʶ ʥoʚʳʭ ʧʝpʝʢoʤʙʠʥaʮʠʡ ʛʝʥoʚ ʠ ʩoʟʜaʥʠʶ 

ʥʫʞʥʳʭ ʛʝʥoʪʠʧoʚ, ʥapʫʰʝʥʠʶ ʠ ʥoʚoʡ ʩʪaʙʠʣʠʟaʮʠʠ ʢoppʝʣʷʮʠoʥʥʳʭ oʪʥoʰʝʥʠʡ, 

ʧpʠʚoʜʷʱʠʭ ʢ ʥoʚoʤʫ ʥʫʞʥoʤʫ ʯʝʣoʚʝʢʫ paʚʥoʚʝʩʠʶ ï ʚ paʤʢaʭ ʭapaʢʪʝpʥoʛo ʜʣʷ ʧʣaʥa 

ʩʪpoʝʥʠʷ ʚʠʜa ʠ ʭapaʢʪʝpʥʳʭ ʧpʠʟʥaʢoʚ paʟʥoʚʠʜʥoʩʪʠ  [15]. 

Pʝʟʫʣʴʪaʪʳ ʤʥoʛoʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜoʚaʥʠʡ [16, 17] ʧoʢaʟʳʚaʶʪ, ʯʪo ʠʩʧoʣʴʟoʚaʥʠʝ 

ʢaʢ ʝʩʪʝʩʪʚʝʥʥoʛo, ʪaʢ ʠ ʠʩʢʫʩʩʪʚʝʥʥoʛo oʪʙopoʚ oʩoʙʝʥʥo ʵʬʬʝʢʪʠʚʥo ʧpʠʤʝʥʠʪʝʣʴʥo ʢ 

ʛʠʙpʠʜʥʳʤ ʧoʧʫʣʷʮʠʷʤ, ʪaʢ ʢaʢ oʥʠ ʠʤʝʶʪ ʚ ʩʠʣʫ ʛʝʪʝpoʟʠʛoʪʥoʛo ʧpoʠʩʭoʞʜʝʥʠʷ 

ʙoʣʴʰoʝ ʤʥoʛooʙpaʟʠʝ ʬopʤ paʩʪʝʥʠʡ. ɼʣʷ pʝaʣʠʟaʮʠʠ ʛʝʥʝʪʠʢo-ʩʝʣʝʢʮʠoʥʥoʛo 
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ʤaʪʝpʠaʣa, ʠʟʫʯʝʥʥoʛo ʚ paʟʣʠʯʥʳʭ pʝʛʠoʥaʭ Poʩʩʠʠ ʫʯʝʥʳʤʠ paʟpaʙoʪaʥa ʠ 

oʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʝʣʝʢʮʠoʥʥaʷ ʧpoʛpaʤʤa, ʮʝʣʴʶ ʢoʪopoʡ ʷʚʣʷʝʪʩʷ ʩoʟʜaʥʠʝ ʥoʚʳʭ 

poʩʩʠʡʩʢʠʭ ʩopʪoʚ, aʜaʧʪʠpoʚaʥʥʳʭ ʢ ʞʝʩʪʢʠʤ ʫʩʣoʚʠʷʤ ʖʛa Poʩʩʠʠ ʠ ʫʜoʚʣʝʪʚopʷʶʱʠʭ 

ʩʣʝʜʫʶʱʠʤ ʪpʝʙoʚaʥʠʷʤ: 

- ʫʩʪoʡʯʠʚoʩʪʴ ʢ ʧoʥʠʞʝʥʥʳʤ ʪʝʤʧʝpaʪʫpaʤ; 

- ʫʩʪoʡʯʠʚoʩʪʴ ʢ ʟaʩʫʭaʤ, ʩʠʣʴʥʳʤ ʚʝʪpaʤ; - ʫʩʪoʡʯʠʚoʩʪʴ ʢ ʙoʣʝʟʥʷʤ (ʢopʥʝʚʳʝ 

ʛʥʠʣʠ, ʚʠʣʪ, ʛoʤʤoʟ, ʚʠpʫʩʳ); 

- ʚʳʩoʢaʷ ʧoʪʝʥʮʠaʣʴʥaʷ ʧpoʜʫʢʪʠʚʥoʩʪʴ; 

-ʩʢopoʩʧʝʣoʩʪʴ, paʥʥʷʷ ʟaʢʣaʜʢa ʧʣoʜoʚʳʭ ʵʣʝʤʝʥʪoʚ, ʜpʫʞʥoʝ ʩoʟpʝʚaʥʠʝ 

ʢopoʙoʯʝʢ; 

- ʚʳʩoʢoʝ ʢaʯʝʩʪʚo ʚoʣoʢʥa (ʜʣʠʥa ʠ ʚʳʭoʜ ʚoʣoʢʥa, ʧpoʯʥoʩʪʴ, ʤʠʢpoʥʝʡp); 

- ʪoʣʝpaʥʪʥoʩʪʴ ʢ ʚpʝʜʠʪʝʣʷʤ (ʪpʠʧʩaʤ, ʪʣʷʤ, ʢʣʝʱaʤ); 

- aʜaʧʪʠʚʥoʩʪʴ ʢ paʟʣʠʯʥʳʤ ʪʠʧaʤ ʧoʯʚ ʚʣaʛooʙʝʩʧʝʯʝʥʥoʩʪʠ, oʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪa 

çʞʠpoʚaʥʠʷè; 

ʉʝʣʝʢʮʠoʥʥoʝ ʥaʯaʣo ʩoʟʜaʥʠʷ ʩopʪa ʩʣʫʞʠʪ ʧoʜʙop poʜʠʪʝʣʴʩʢʠʭ ʧap ʠʟ 

ʢoʣʣʝʢʮʠoʥʥoʛo ʤaʪʝpʠaʣa, a  ʜʣʷ oʧʪʠʤʠʟaʮʠʠ ʧoʜʙopa ʠʩʧoʣʴʟʫʝʪʩʷ ʟaʜaʯa 

ʧpʝʜʩʢaʟaʥʠʷ pʝʟʫʣʴʪaʪoʚ ʩʢpʝʱʠʚaʥʠʷ, aʥaʣʠʟʠpʫʶʪʩʷ ʥa ʵʪaʧʝ ʠʜʝʥʪʠʬʠʢaʮʠʠ 

ʛʝʥoʪʠʧoʚ ʧo ʬʝʥoʪʠʧaʤ. ʉoʚpʝʤʝʥʥaʷ ʛʝʥʝʪʠʢa ʠ ʩʝʣʝʢʮʠʷ ʩʝʣʴʩʢoʭoʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫp, ʚ ʪoʤ ʯʠʩʣʝ ʠ ʭʣoʧʯaʪʥʠʢa, ʠʤʝʝʪ pʷʜ ʪʝopʝʪʠʯʝʩʢʠ ʠ ʧpaʢʪʠʯʝʩʢʠ oʯʝʥʴ 

aʢʪʫaʣʴʥʳʭ ʬʫʥʜaʤʝʥʪaʣʴʥʳʭ ʠ ʧpʠʢʣaʜʥʳʭ paʟpaʙoʪoʢ, ʤʝʪoʜʠʯʝʩʢʠʭ ʧoʜʭoʜoʚ, ʤʝʪoʜoʚ 

ʠ ʤʝʪoʜʠʢ, ʢoʪopʳʝ ʫʩʧʝʰʥo ʧpʠʤʝʥʷʶʪʩʷ ʢʚaʣʠʬʠʮʠpoʚaʥʥʳʤʠ ʩʝʣʝʢʮʠoʥʝpaʤʠ ʠ 

ʩʝʤʝʥoʚoʜaʤʠ [18].   

ʋpaʟaʣʠʝʚ ʂ.P.[19] ʧʠʰʝʪ, ʯʪo ʚ ʩʝʣʝʢʮʠʠ ʧpʠ ʩoʟʜaʥʠʠ ʥoʚʳʭ ʩopʪoʚ ʥʝʪ ʧpʝʜʝʣa 

ʚoʟʤoʞʥoʩʪʷʤ, ʪaʢ ʢaʢ ʛʝʥʝʪʠʯʝʩʢʠʡ ʧpʝʜʝʣ ʥʠ ʫ oʜʥoʡ ʠʟ ʢʫʣʴʪʫp ʝʱʝ ʥʝ ʜoʩʪʠʛʥʫʪ. 

ʃʶʙaʷ ʢʫʣʴʪʫpʳ ʜʣʷ ʢoʥʢpʝʪʥʳʭ aʛpoʵʢoʣoʛʠʯʝʩʢʠʭ ʫʩʣoʚʠʡ ʚ ʟʥaʯʠʪʝʣʴʥoʡ ʩʪʝʧʝʥʠ 

ʟaʚʠʩʠʪ oʪ paʟpaʙoʪʢʠ ʧapaʤʝʪpoʚ ʤoʜʝʣʠ ʩopʪa, ʯʪo ʧoʟʚoʣʷʝʪ ʵʬʬʝʢʪʠʚʥo ʠ ʵʢoʥoʤʠʯʥo 

ʩoʟʜaʚaʪʴ ʩopʪa, ʧpʠʙʣʠʞaʶʱʠʝʩʷ ʢ ʠʜʝaʣʴʥʳʤ.  

ʅaʰa ʮʝʣʴ ʙʳʣa oʪoʙpaʪʴ ʩopʪooʙpaʟʮʳ ʢoʪopʳʝ  ʦʙʣʘʜʘʣʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʙʦʣʝʟʥʷʤ ʠ oʪʚʝʯaʣʠ ʧo ʭoʟʷʡʩʪʚʝʥʥo-ʮʝʥʥʳʤ ʧoʢaʟaʪʝʣʷʤ, ʪʝʭʥoʣoʛʠʯʝʩʢʠʤ ʢaʯʝʩʪʚaʤ 

ʚoʣoʢʥa ʤʠpoʚʳʤ ʩʪaʥʜapʪaʤ, ʚʳʩoʢoʡ ʩoʣʝʫʩʪoʡʯʠʚoʩʪʴʶ, ʟaʩʫʭoʫʩʪoʡʯʠʚoʩʪʴʶ, 

ʩʢopoʩʧʝʣoʩʪʴʶ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.Oʧʳʪʳ ʧpoʚoʜʠʣʠʩʴ ʥa ʵʢʩʧʝpʠʤʝʥʪaʴʥoʤ 

ʫʯaʩʪʢʝ ʊOO çʉʍOʉʍʠɹè ʥa 37,44 oʪʚoʜaʭ, ʙʳʣʠ ʟaʣoʞʝʥʳ ʠ ʠʟʫʯʝʥʳ ʠʥʬʝʢʮʤpʥʥʳʡ ʠ 

ʥʝʠʥʬʝʢʮʠoʥʥʳʡ ʬoʥ ʧo 10 ʩopʪaʤ ʟapʫʙʝʞʥoʡ ʩʝʣʝʢʮʠʠ. 

ʇo ʩopʪaʤ ʥaʙʣʶʜʝʥʠʷ ʧpoʚoʜʠʣʠʩʴ ʧo oʙʱʝʧpʠʥʷʪoʡ ʚ ʩʝʣʝʢʮʠoʥʥo-

ʩʝʤʝʥoʚoʜʯʝʩʢoʡ paʙoʪʝ ʧo ʤʝʪoʜʠʢʝ ʅ.ɻ.ʉʠʤoʥʛʫʣʷʥ, [20]. 

ʄʝʪoʜʠʢa ʧoʣʝʚʳʭ ʠ ʚʝʛʝʪaʮʠoʥʥʳʭ oʧʳʪoʚ ʩ ʭʣoʧʯaʪʥʠʢoʤ ʇʝpʝʛʫʜoʚ ɺ.ʅ. [21]. 

ɼʣʷ pʝʰʝʥʠʷ ʟaʜaʯ ʠ ʜoʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʵʪaʧa ʠʩʩʣʝʜoʚaʥʠʡ ʚ 2018-2020 ʛoʜʫ 

ʧpoʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ paʙoʪʳ ʧo ʧʠʪoʤʥʠʢaʤ: 

ʉʧoʩoʙʳ ʜoʩʪʠʞʝʥʠʷ: ɿaʢʣaʜʢa ʠʥʬʝʢʮʠoʥʥoʛo ʠ ʥʝʠʥʬʝʢʮʠoʥʥoʛo ʬoʥa, ʧoʩʝʚ 

ʩʝʣʝʢʮʠoʥʥoʡ ʩʝʷʣʢoʡ, oʪʤʝʪʢa paʩʪʝʥʠʡ ʥa ʫʯʝʪʥoʡ ʧʣoʱaʜʢʝ, ʧpoʚʝʜʝʥʠʝ ʧpopʝʞʠʚaʥʠʷ 

ʩ oʩʪaʚʣʝʥʠʝʤ ʟaʜaʥʥoʡ ʛʫʩʪoʪʳ. 

ʇpoʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʬʝʥoʣoʛʠʯʝʩʢʠʝ ʥaʙʣʶʜʝʥʠʷ:ʬʝʥoʣoʛʠʯʝʩʢʠʝ ʥaʙʣʶʜʝʥʠʷ, 

ʫʯʝʪ ʚʩʭoʜoʚ, ʚʳʩoʪa paʩʪʝʥʠʡ, ʮʚʝʪʝʥʠʝ, ʩoʟpʝʚaʥʠʝ, ʢoʣʠʯʝʩʪʚo ʧʣoʜoʚ, ʩpʝʜʥʷʷ 

ʧpoʜʫʢʪʠʚʥoʩʪʴ, ʫʯʝʪʳ ʟaʙoʣʝʚaʝʤoʩʪʠ ʚʠʣʪoʤ ʠ ʫpoʞaʷ, ʩoʟpʝʚaʥʠʝ ʫʯʠʪʳʚaʣʠʩʴ ʜo 

ʥaʩʪʫʧʣʝʥʠʷ 50 % paʩʪʝʥʠʡ ʩ paʩʢpʳʪʳʤʠ ʢopoʙoʯʢaʤʠ. 

Oʪoʙpaʥʳ ʠ ʚʳʩʝʷʥʳ ʩpʝʜʥʝʚoʣoʢʥʠʩʪʳʝ ʩopʪa ʟapʫʙʝʞʥoʡ ʩʝʣʝʢʮʠʠ ʠʟ ʂʅP, ʀʟpaʠʣʷ, 

pʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪaʥ ʚ ʢaʯʝʩʪʚʝ ʩʪaʥʜapʪʥoʛo ʩoʪa ʙʳʣ ʚʟʷʪ paʡoʥʠpoʚaʥʥʳʡ ʩopʪ 

ʄaʢʪaapaʣ-4011 ʠ ʩopʪ ʠʥʜʠʢaʪop/ʪʝʩʪʝp ʉ-4727 ʧo ʙoʣʝʟʥʠ ʚʠʣʪ. 
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Paʙoʪa ʚʳʧoʣʥʝʥa ʚ paʤʢaʭ ʧpoʛpaʤʤʥo-ʮʝʣʝʚoʛo ʬʠʥaʥʩʠpoʚaʥʠʷ ʄʉʍ Pʂ 

(BR107650017, BR10764907). 

 Pʝʟʫʣʴʪaʪʳ ʠʩʩʣʝʜoʚaʥʠʡ. ɺʩʝ ʧʣaʥʠpʫʝʤʳʝ paʙoʪʳ ʥa ʵʢʩʧʝpʠʤʝʥʪaʣʴʥoʤ ʧoʣʝ 

ʊOO çʉʍOʉ ʭʣoʧʢoʚoʜʩʪʚa ʠ ʙaʭʯʝʚoʜʩʪʚaè ʚ ʜʚʫʭ ʧʠʪoʤʥʠʢaʭ ʥa ʥʝʠʥʬʝʢʮʠoʥʥoʤ ʠ 

ʠʥʬʝʢʮʠoʥʥoʤ ʬoʥʝ ʧo 10 ʩopʪaʤ ʟapʫʙʝʞʥoʡ ʩʝʣʝʢʮʠʠ ʧpoʚʝʜʝʥʳ ʚ 2018-2020 ʛoʜʫ.  

ʅa ʠʥʬʝʢʮʠoʥʥoʤ ʬoʥʝ ʙʳʣʠ oʪoʙpaʥʳ ʩopʪooʙpaʟʮʳ 16-08, ɹʫʭapa-6, ɻʝʜʝpa, Aʥ-

ɹaʷʚʫʪ ʩ ʚʳʩoʢʠʤʠ ʪʝʭʥoʣoʛʠʯʝʩʢʠʤʠ ʢaʯʝʩʪʚaʤʠ ʚoʣoʢʥa. ɺʳʭoʜ ʚoʣoʢʥa ʩoʪaʚʠʣ ʫ 

oʪoʙpaʥʥʳʭ oʙpaʟʮoʚ 36,9-38,1%, ʧo ʜʣʠʥʝ ʚoʣoʢʥa oʪoʙpaʥʳ ʩopʪooʙpaʟʮʳ 16-02, ɻʝʜʝpa, 

Aʥ-ɹaʷʚʫʪ ʧoʢaʟaʥʠʷʤʠ 32,8-33,2 ʤʤ. ʅaʰa ʮʝʣʴ ʙʳʣa oʪoʙpaʪʴ ʩopʪooʙpaʟʮʳ ʢoʪopʳʝ 

oʪʚʝʯaʣʠ ʧo ʭoʟʷʡʩʪʚʝʥʥo-ʮʝʥʥʳʤ ʧoʢaʟaʪʝʣʷʤ ʠ ʪʝʭʥoʣoʛʠʯʝʩʢʠʤ ʢ4aʯʝʩʪʚaʤ ʚoʣoʢʥa 

ʤʠpoʚʳʤ ʩʪaʥʜapʪaʤ. ʚʳʷʚʠʪʴ oʙpaʟʮʳ ʩ ʚʳʩoʢoʡ ʩoʣʝʫʩʪoʡʯʠʚoʩʪʴʶ, 

ʟaʩʫʭoʫʩʪoʡʯʠʚoʩʪʴʶ, ʩʢopoʩʧʝʣoʩʪʴʶ, ʫʩʪoʡʯʠʚoʩʪʴʶ ʢ ʙoʣʝʟʥʷʤ ʠ ʚpʝʜʠʪʝʣʷʤ. 

- Oʮʝʥʢa ʥa ʫʩʪoʡʯʠʚoʩʪʴ ʢ ʟaʙoʣʝʚaʥʠʶ ʚʝpʪʠʮʠʣʣʝʟʥʳʤ ʚʠʣʪoʤ (ʠʥʬʝʢʮʠoʥʥʳʡ 

ʬoʥ). ɺoʟʙʫʜʠʪʝʣʝʤ ʙoʣʝʟʥʠ ʷʚʣʷʝʪʩʷ ʛpʠʙ V. dahliae, ʩʪpʫʢʪʫpʥo ʧpʝʜʩʪaʚʣʝʥ 

ʤʠʢpoʩʢʣʝpoʮʠʷʤʠ, paʟʤʝpoʤ ʜo 0,1 ʤʤ ʠ ʩʝʧʪʠpoʚaʥʥʳʤ ʙʝʩʮʚʝʪʥʳʤ ʤʠʮʝʣʠʝʤ ʩ 

ʤʫʪoʚʯaʪʳʤʠ ʢoʥʠʜʠʝʥoʩʮaʤʠ, ʥa ʩʪʝpʠʛʤaʭ ʢoʪopʳʭ ʚ ʛoʣoʚʢaʭ ʬopʤʠpʫʶʪʩʷ 

oʜʥoʢʣʝʪoʯʥʳʝ, ʙʝʩʮʚʝʪʥʳʝ ʢoʥʠʜʠʠ. ɻpʠʙ ʩʧoʩoʙʝʥ ʤʥoʛo ʣʝʪ ʩoʭpaʥʷʪʴ ʩʚoʶ 

ʞʠʟʥʝʩʧoʩoʙʥoʩʪʴ ʚ ʧoʯʚʝ ʥa ʧpoʪʷʞʝʥʠʠ ʤʥoʛʠʭ ʣʝʪ. ʅaʯaʣʴʥʳʝ ʧpʠʟʥaʢʠ ʚʠʣʪa 

ʧoʷʚʣʷʶʪʩʷ ʚ ʬaʟʫ 3-4 ʥaʩʪoʷʱʠʭ ʣʠʩʪʴʝʚ ʚ ʚʠʜʝ ʤoʟaʠʯʥʳʭ ʥʝʢpoʟoʚ. ʇpoʛpʝʩʩʠʚʥoʝ 

ʧpoʷʚʣʝʥʠʝ ʙoʣʝʟʥʠ ʥaʙʣʶʜaʝʪʩʷ ʚ ʥaʯaʣa ʮʚʝʪʝʥʠʷ, ʧopaʞʝʥʥaʷ ʪʢaʥʴ ʣʠʩʪʴʝʚ ʚ ʥaʯaʣʝ 

ʪʝpʷʝʪ ʪʫpʛop, ʟaʪʝʤ ʩʪaʥoʚʠʪʩʷ ʙʣʝʜʥo-ʟʝʣʝʥoʡ ʠʣʠ ʞʝʣʪoʡ, a ʧoʩʣʝ ʵʪoʛo ʫʩʳʭaʝʪ. 

ɼoʩʪʠʛaʷ ʢopoʙoʯʝʢ ʙoʣʝʟʥʴ, ʧpoʥʠʢaʝʪ ʚ ʩʝʤʝʥa. ɺʠʣʪ paʟʚʠʚaʝʪʩʷ ʧpʠ ʪʝʤʧʝpaʪʫpʝ oʪ 12 

ʜo 30ÁC., ʥo oʧʪʠʤaʣʴʥoʡ ʜʣʷ poʩʪa paʟʚʠʪʠʷ ʛpʠʙa ʷʚʣʷʝʪʩʷ ʪʝʤʧʝpaʪʫpa 15-25ÁC  a 

ʚʣaʞʥoʩʪʴ ʧoʯʚʳ 35-65%. ʇpʠ ʧoʩʝʚʝ ʥʝ ʫʩʪoʡʯʠʚʳʭ ʩopʪoʚ ʭʣoʧʯaʪʥʠʢa ʚpʝʜʥoʩʪʴ 

ʙoʣʝʟʥʠ oʯʝʥʴ ʙoʣʴʰaʷ ʠ ʤoʞʝʪ ʧpʠʚʝʩʪʠ ʢ ʛʠʙʝʣʠ ʧoʩʝʚoʚ. ʇpʠ ʩʣaʙoʤ ʧopaʞʝʥʠʝ 

ʛpʠʧʧa ʚʳʟʳʚaʝʪ ʧoʪʝpʠ ʚ ʚʝʩʝ ʢopoʙoʯʝʢ  ʥa 15-45%.  

ɺ ʧpoʮʝʩʩʝ ʩoʟʜaʥʠʷ ʥoʚʳʭ ʩopʪoʚ ʭʣoʧʯaʪʥʠʢa, ʛpʠʧʧ ʚʠʣʪa ʚ ʩoʧpoʚoʞʜʝʥʠʠ 

ʵʚoʣʶʮʠʠ oʙpaʟʫʷ ʥoʚʳʝ paʩʳ. ɺ ʥaʩʪoʷʱʝʝ ʚpʝʤʷ ʫʯʝʥʳʝ paʙoʪaʶʪ ʚ ʧoʠʩʢaʭ ʜoʥopoʚ 

ʫʩʪoʡʯʠʚoʩʪʠ ʢ paʩʝ 2. ʉoʟʜaʥʠʝ ʜoʥopoʚ ʢoʤʧʣʝʢʩʥoʡ ʫʩʪoʡʯʠʚoʩʪʠ ʢ paʟʥʳʤ paʩaʤ 

ʛpʠʙa ʧʫʪʝʤ oʪʜaʣʝʥʥoʡ ʛʠʙpʠʜʠʟaʮʠʠ. ʉoʭpaʥʝʥʠʝ ʛʝʥʙaʥʢʝ ʩopʪoʚ oʪʚʝʯaʶʱʠʭ ʟa 

ʫʩʪoʡʯʠʚoʩʪʴ ʧʝpʝʜ ʙoʣʝʟʥʴʶ ʢ paʟʥʳʤ paʩaʤ ʵʪo ʜaʣʴʥʝʡʰʠʡ ʫʩʧʝʭ ʧpʠ ʩoʟʜaʥʠʠ ʥoʚʳʭ 

ʫʩʪoʡʯʠʚʳʭ ʩopʪoʚ.  

ʂoppʝʣʷʮʠʷ ʚʠʣʪoʫʩʪoʡʯʠʚoʩʪʠ ʩ ʤopʬoʣoʛʠʯʝʩʢʠʤʠ ʠ ʭoʟʷʡʩʪʚʝʥʥo-ʮʝʥʥʳʤʠ 

ʧpʠʟʥaʢaʤʠ ʥʝ ʫʩʪaʥoʚʣʝʥa. 

ɻʝʥʝʪʠʯʝʩʢʠʡ aʥaʣʠʟa ʧpoʚʝʜʝʥʥʳʡ ʧo ʧoʧʫʣʷʮʠʷʤ, ʧo ʫʩʪoʡʯʠʚoʩʪʠ ʢ ʫʚʷʜaʥʠʶ 

ʚʳʷʚʣʷʝʪʩʷ, ʯʪo ʩʢopoʩʧʝʣoʩʪʴ ʩoʧpʷʞʝʥ ʩ ʙoʣʝʟʥʴʶ. ʉʢopoʩʧʝʣʳʝ oʙpaʟʮʳ ʥa ʤʥoʛo 

ʧoʜʚʝpʞʝʥʳ ʢ ʚʠʣʪʫ ʠ ʥaoʙopoʪ. ʉʢopʝʝ ʵʪo ʬʠʟʠoʣoʛʠʯʝʩʢaʷ ʟaʢoʥoʤʝpʥoʩʪʴʶ, a ʥʝ 

ʛʝʥʝʪʠʯʝʩʢoʡ. ʇoʟʜʥʠʡ ʧʝpʝʭoʜ ʭʣoʧʯaʪʥʠʢa ʚ pʝʧpoʜʫʢʪʠʚʥʫʶ ʬaʟʫ, ʚʣʝʯʝʪ ʟa ʩoʙoʡ 

ʧoʟʜʥʝʝ ʧpoʷʚʣʝʥʠʝ ʙoʣʝʟʥʠ. ɺ ʧʝpʠoʜ ʧʣoʜooʙpaʟoʚaʥʠʷ aʢʪʠʚʥoʝ ʧpoʷʚʣʝʥʠʝ ʙoʣʝʟʥʠ 

ʭʣoʧʯaʪʥʠʢa oʙʲʷʩʥʷʝʪʩʷ aʢʪʠʚʠʟaʮʠʝʡ ʚ ʵʪoʪ ʧʝpʠoʜ ʛʠʜpoʣʠʪʠʯʝʩʢʠʭ ʧpoʮʝʩʩoʚ ʠ 

ʧpʝʚpaʱʝʥʠʝʤ ʧoʣʠʬʝʥoʣoʚ, paʩʪʝʥʠʷ ʚ ʵʪo ʚpʝʤʷ ʚoʩʧpʠʠʤʯʠʚʳ ʢ ʟaʙoʣʝʚaʥʠʶ. ɽʩʪʴ 

ʟaʢoʥoʤʝpʥoʩʪʴ, ʯʪo ʧoʟʜʥʝʩʧʝʣʳʝ paʩʪʝʥʠʷ, ʧpʠ ʟaʜʝpʞʠʚaʥʠʠ ʮʚʝʪʝʥʠʷ, ʙoʣʝʝ 

ʫʩʪoʡʯʠʚʳʝ.  

ɺ paʟʥʳʭ paʡoʥaʭ ʚoʟʜʝʣʳʚaʥʠʷ ʙʫʜʴ ʵʪo ʚ ʄaʢʪapaʣʴʩʢoʤ, ɾʝʪʳʩaʡʩʢoʤ, 

ʐapʜapʠʥʩʢoʤ paʡoʥʝ, ʊʫpʢʝʩʪaʥʝ oʜʠʥ ʚoʟʜʝʣʳʚaʝʤʳʡ ʩopʪ ʙʫʜʝʪ ʧoʢaʟʳʚaʪʴ ʥʝ 

oʜʠʥaʢoʚʫʶ ʫʩʪoʡʯʠʚoʩʪʴ ʢ ʙoʣʝʟʥʠ ʚʠʣʪ. ʇpʠ ʧoʩʝʚʝ ʠʩʧoʣʴʟoʚaʣʩʷ ʤʝʪoʜoʤ ʧoʣoʚʠʥoʢ, 

ʪ. ʝ. ʧoʣoʚʠʥa ʩʝʤʷʥ oʪʙopa ʚʳʩʝʚaʝʪʩʷ ʥa ʚʠʣʪoʚoʤ ʬoʥʝ, a ʚʪopaʷ ʧoʣoʚʠʥa ʥa ʟʜopoʚoʤ 

ʬoʥʝ. ʏʠʩʣo ʜʥʝʡ ʥa ʠʥʬʝʢʮʠoʥʥoʤ ʬoʥʝ oʪ ʧoʩʝʚa ʜo 50% ʩoʟpʝʚaʥʠʷ ʩoʩʪaʚʠʣ 134-145 

ʜʥʝʡ, ʧoʢaʟaʥʠʷ ʩʪaʥʜapʪʥoʛo ʩopʪa ʄ-4011 ʩoʩʪaʚʠʣ - 134 ʜʥʷ.  ʉʢopoʩʧʝʣʳʤʠ 

ʩopʪooʙpaʟʮaʤʠ ʧpʠ ʠʟʫʯʝʥʠʠ ʚʳʷʚʠʣʠʩʴ ɹʫʭapa-6, Aʥ-ɹaʷʚʫʪ, 16-04 ʩ ʧoʢaʟaʪʝʣʷʤʠ 133-
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138 ʜʥʝʡ. ɺʩʝ oʩʪaʣʴʥʳʝ ʠʩʧʳʪʳʚaʝʤʳʝ ʩopʪooʙpaʟʮʳ oʪʩʪaʚaʣʠ ʥa 5-11 ʜʥʝʡ oʪ 

ʩʪaʥʜapʪʥoʛo ʩopʪa ʄ-4011 (ʪaʙʣʠʮa).  
 

ʊaʙʣʠʮa ï ʍoʟʷʡʩʪʚʝʥʥo-ʮʝʥʥʳʝ ʧpʠʟʥaʢʠ ʭʣoʧʯaʪʥʠʢa ʥa ʠʥʬʝʢʮʠoʥʥoʤ ʬoʥʝ, 

2018-2020 ʛoʜʳ  

ʉopʪa 

50% 

ʩoʟpʝʚa-

ʥʠʷ, ʜʥ. 

ʋpoʞaʡ, 

ʮ/ʛa 

ʤaʩʩa 

oʜʥoʡ 

ʢopoʙoʯ-

ʢʠ, ʛ 

ɺʳʭoʜ 

ʚoʣoʢʥa, 

% 

ɼʣʠʥa 

ʚoʣoʢʥa, 

ʤʤ 

ɿaʙoʣʝʚaʝʤoʩʪʴ 

ʚʠʣʪoʤ, % 

oʙʱaʷ 

ʩʪʝʧʝʥʴ 

ʚ ʩʠʣʴʥoʡ 

ʩʪʝʧʝʥʠ 

ʄ-4011St. 134 34,1 5,2 34,6 32,2 1,1 0,0 

ʉ-4727 ʪʝʩʪʝp 143 31,0 5,2 30,3 31,9 37,8 
 

17,5 

16-01 145 34,0 5,4 34,9 31,3 1,1 0,0 

16-02 144 35,2 5,3 34,4 31,2 1,3 0,0 

16-03 142 31,0 5,4 35,5 30,6 0,4 0,0 

16-04 138 35,9 5,2 34,6 30,2 1,1 0,0 

16-07 139 36,3 5,5 35,2 30,1 0,4 0,0 

16-08 144 34,1 5,2 34,4 32,3 1,2 0,0 

16-09 141 31,9 5,6 35,1 32 0,4 0,0 

ɹʫʭapa-6 133 36,2 5,5 35,3 32,3 0,4 0,0 

Aʥ-ɹaʷʚʫʪ 134 37,3 5,3 34,7 32,5 1,1 0,0 

ɻʝʜʝpa 144 33,4 5,5 34,6 32,2 0,4 0,0 

ʅʉP 0,5   =2,2 
 

 

ʋpoʞaʡʥoʩʪʴ ʥa ʠʥʬʝʢʮʠoʥʥoʤ  ʬoʥʝ ʧpʠ oʧpʝʜʝʣʝʥʠʠ ʧpʠ ʧoʟʜʥʝʤ ʧoʩʝʚʝ 

ʩoʩʪaʚʠʣ ʚ ʧpʝʜʝʣaʭ 31,0-37,3 ʮ/ʛa. Oʪoʙpaʥʳ ʚʳʩoʢoʫpoʞaʡʥʳʝ ʩopʪooʙpaʟʮʳ ɹʫʭapa-6, 

16-07, Aʥ-ɹaʷʚʫʪ  ʩ ʧoʢaʟaʪʝʣʷʤʠ ʫpoʞaʷ 36,2-37,3ʮ/ʛa, oʧʝpʝʞʝʥʠʝ ʩʪaʥʜapʪʥoʛo ʩopʪa ʤ-

4011 ʩoʩʪaʚʠʣ 2,1-3,2 ʮ/ʛa. 

ʇpʠ ʠʟʫʯʝʥʠʠ ʩpʝʜʥʝʡ ʤaʩʩʳ 1 ʢopoʙoʯʢʠ  ʚʳʜʝʣʝʥʳ ʯʝʪʳpʝ ʩopʪooʙpaʟʮa 16-07, 

ɹʫʭapa-6, ɻʝʜʝpa, 16-09  ʩ ʧoʢaʟaʥʠʷʤʠ 5,5-5,6 ʛpaʤʤa, ʧpʝʚʳʰʝʥʠʝ ʩʪaʥʜapʪa oʢaʟaʣoʩʴ 

ʥa 0,3-0,4 ʛpaʤʤa  ʩʪaʥʜapʪʥoʛo ʩopʪa ʄ-4011.  

ʅa ʠʥʬʝʢʮʠoʥʥoʤ ʬoʥʝ ʧo ʚʳʭoʜʫ ʚoʣoʢʥa, ʧoʢaʟaʪʝʣʠ ʩopʪoʚ ʭʣoʧʯaʪʥʠʢa 

ʟapʫʙʝʞʥoʡ ʩʝʣʝʢʮʠʠ, oʪʤʝʯʝʥʳ 4 ʩopʪa 16-09, 16-07, ɹʫʭapa-6, 16-03 ʩ ʧoʢaʟaʪʝʣʷʤʠ 35,1-

35,5%, ʧpʝʚʳʰʝʥʠʝ ʩʪaʥʜapʪʥoʛo ʩopʪa ʄ-4011 ʩoʩʪaʚʠʣo 0,5 - 0,9%. ʅʠʟʢʠʤʠ ʧo ʚʩʝʤ 

ʧoʢaʟaʪʝʣʷʤ oʪʤʝʯʝʥ ʩopʪ ʪʝʩʪʝp ʉ-4727 -30,3%. 

ʇo ʜʣʠʥʝ ʚoʣoʢʥa ʩaʤʳʡ ʚʳʩoʢʠʡ ʧoʢaʟaʪʝʣʴ oʪʤʝʯʝʥ ʫ ʩopʪa Aʥ-ɹaʷʚʫʪ - 32,5 ʤʤ 

ʫ ʩʪaʥʜapʪʥoʛo ʩopʪa ʄ-4011 -32,2 ʤʤ. Oʩʪaʣʴʥʳʝ 10 oʙpaʟʮoʚ ʧo ʧoʢaʟaʥʠʶ ʜʣʠʥʳ 

ʚoʣoʢʥa ʥaʭoʜʠʣʠʩʴ ʥa ʫpoʚʥʝ ʩʪaʥʜapʪʥoʛo ʩopʪa ʠ ʪʝʩʪʝpa ʠʣʠ ʫʩʪʫʧaʣʠ ʩ  ʧoʢaʟaʪʝʣʷʤʠ 

30,1-32,3 ʤʤ.  

ʀʩʩʣʝʜoʚaʥʠʷ ʧoʢaʟaʣʠ, ʯʪo ʩopʪ ʄ-4011 oʯʝʥʴ ʫʩʪoʡʯʠʚ ʢ ʚʠʣʪ ʝʛo ʧoʢaʟaʥʠʷ 

ʫʩʪoʡʯʠʚoʩʪʠ ʙʳʣʠ ʥa ʫpoʚʥʝ 1,1% a ʪʝʩʪʝp ʉ-4727 ʥa 37,8%. ʅa ʫpoʚʥʝ ʩʪaʥʜapʪa ʙʳʣʠ 

ʩopʪa 16-01, 16-04, Aʥ-ɹaʷʚʫʪ, ʥʝʙoʣʴʰʠʤ ʧpʝʚʳʰʝʥʠʝʤ ʟaʙoʣʝʚaʝʤoʩʪʠʚʠʣʪoʤ  

oʪʤʝʯʝʥʳ ʩopʪa 16-08,16-02 ʧoʢaʟaʥʠʷʤʠ 1,2-1,3% ʙoʣʴʥʳʭ paʩʪʝʥʠʡ. ɺʳʩoʢaʷ 

ʫʩʪoʡʯʠʚoʩʪʴ oʪʤʝʯʝʥʳ ʫ ʩopʪooʙpaʟʮoʚ 16-07, 16-03, 16-09, ɹʫʭapa-6, ʚʩʝʛo ʣʠʰʴ 0,4% 

ʙoʣʴʥʳʭ paʩʪʝʥʠʡ. ʉʠʣʴʥoʡ ʩʪʝʧʝʥʴʶ ʟaʙoʣʝʚaʝʤoʩʪʠ ʥʝ oʙʥapʫʞʝʥʳ, ʩopʪa ʪʝʩʪʝpa ʉ-

4727 ʧopaʞʝʥʠʝ ʙʳʣo ʚʳʩoʢoʝ 17,5%. ɼopaʙoʪʢa ʠʟʫʯaʝʤʳʭ ʩopʪooʙpaʟʮoʚ ʥa 

ʠʥʬʝʢʮʠoʥʥoʤ ʬoʥʝ, ʩ ʥʠʟʢoʡ ʧopaʞaʝʤoʩʪʴʶ ʚʠʣʪoʤ, ʜaʩʪ ʧoʣoʞʠʪʝʣʴʥʳʝ pʝʟʫʣʴʪaʪʳ, 

ʧpʠ ʜaʣʴʥʝʡʰʝʡ ʩʝʣʝʢʮʠoʥʥoʡ paʙoʪʝ. ʉpʝʜʥʷʷ ʫpoʞaʡʥoʩʪʴ ʩoʩʪaʚʠʣo 36,9-43,2 ʮ/ʛa ʚ 

ʥʝʠʥʬʝʢʮʠoʥʥoʤ ʬoʥʝ, a ʥa ʠʥʬʝʢʮʠoʥʥoʤ ʬoʥʝ 31,0-37,3 ʮ/ʛa. 
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ɿaʢʣʶʯʝʥʠʝ. ɺʩʝ ʠʟʫʯaʝʤʳʝ ʩopʪa ʟapʫʙʝʞʥoʡ ʩʝʣʝʢʮʠʠ ʧo ʩʢopoʩʧʝʣoʩʪʠ ʙʳʣʠ 

ʥʠʞʝ ʧoʢaʟaʪʝʣʷʤʠ ʧo ʩpaʚʥʝʥʠʶ ʩʪaʥʜapʪʥoʛo ʩopʪa ʄ-4011 ʥa 4-10 ʜʥʝʡ, ʩopʪooʙpaʟʮʳ 

Aʥ-ɹaʷʚʫʪ, ɹʫʭapa-6 ʫʟʙʝʢʩʢoʡ ʩʝʣʝʢʮʠʠ ʥaʭoʜʠʣʠʩʴ ʥa ʫpoʚʥʝ ʩʪaʥʜapʪa 129-130 ʜʥʝʡ. 

ʉpʝʜʥʷʷ ʤaʩʩa ʢopoʙoʯʢʠ 5,5-5,6 ʛpaʤʤ ʚʳʜʝʣʠʣʠʩʴ ʩopʪooʙpaʟʮʳ 16-07, ɹʫʭapa-6, 

ɻʝʜʝpa, 16-09. ʇo ʜʣʠʥʝ ʚoʣoʢʥa 5 ʩopʪooʙpaʟʮoʚ ʟapʫʙʝʞʥoʡ ʩʝʣʝʢʮʠʠ ʥaʭoʜʠʣʠʩʴ ʥa 

ʫpoʚʥʝ ʩʪaʥʜapʪʥoʛo ʩopʪa ʄ-4011 ʩ ʧoʢaʟaʪʝʣʷʤʠ 32,3-32,5 ʤʤ. ɺ pʝʟʫʣʴʪaʪʝ 

ʢoʤʧʣʝʢʩʥoʡ oʮʝʥʢʠ ʚʳʜʝʣʝʥʳ ʫʩʪoʡʯʠʚʳʝ ʢ ʚʠʣʪʫ ʩopʪa 16-07, 16-03, 16-09, ɹʫʭapa-6, 

ɻʝʜʝpa, ʫ ʢoʪopʳʭ ʟaʙoʣʝʚaʝʤoʩʪʴ ʚʠʣʪoʤ ʩoʩʪaʚʠʣa 0,4% ʙoʣʴʥʳʭ paʩʪʝʥʠʡ. ʆʪʦʙʨʘʥʥʳʝ 

copʪa ʙʫʜʫʪ ʚʢʣʶʯʝʥʳ ʚ ʜaʣʴʥʝʡʰʝʤ ʚ ʩʝʣʝʢʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠ ʚʳʚʝʜʝʥʠʠ ʥʦʚʳʭ 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʩʦʨʪʦʚ ʭʣʦʧʯʘʪʥʠʢʘ ʫʩʪʦʡʯʠʚʳʭ ʢ ʢʦʤʧʣʝʢʩʫ ʙʦʣʝʟʥʝʡ. 
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1
LLP çAgricultural experimental station of cotton and melon growingè, Atakent, Republic of Kazakhstan 

2
LLP çKazakh Research Institute of Rice Growing named after I. Zhakhaevè, Republic of Kazakhstan 

 

Annotation. The Turkestan region is the main producer and exporter of cotton fiber, which is of 

great strategic importance for the development of the economy of the country's agro-industrial complex. 

Cotton growing remains the most important branch of agricultural production, a source of raw materials 

for the textile, food, and industry. 

In 2020, 131.2 thousand hectares were sown under cotton. The average yield was 26.2 c/ha, with 

a gross harvest of raw cotton of 344.3 thousand tons.One of the urgent problems today in cotton growing 

is the provision of cotton crops with irrigation water, especially in the Maktaaral region, where cotton 

crops are more than 90.0 thousand/ha. The annual shortage of irrigation water during the summer growing 

season is up to 35-40% of the total required volume of irrigation water. Cotton consumes more water 

during flowering and fruit formation, the average daily consumption reaches 90-100 m
3
/ha. During the 

ripening period, water consumption decreases to 30-40 m
3
/ha. 

Currently, cotton breeding is carried out in such areas as increasing the yield of cotton fiber per 

unit area and improving its quality, reducing the ripening period, improving the manufacturability of 

plants, increasing the efficiency of mechanized harvesting, creating hybrids resistant to abiotic stress, 

diseases and pests, creating transgenic lines resistant to insect pests and tolerant to herbicides. a wide 

spectrum of action, the creation of varieties resistant to salinization and the proximity of groundwater. 

Key words: resistance, wilt, variety testing, foreign selection, evaluation of varieties. 
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1
, aʫʳʣ ʰapʫaʰʳʣʳס ץʳʣʳʤʜapʳʥʳש ʢaʥʜʠʜaʪʳ  

Aʩaʙaʝʚ ɹ.ʉ.
1
,  ʤaʛʠʩʪp 

1
çʄaϨʪa ʞϸʥʝ ʙaϨʰaaʫʳʣʰapʫaʰʳʣʳϤʳʪϸʞʽpʠʙʝʩʪaʥʮʠʷʩʳè, ɾʐʉ,  

Aʪaʢʝʥʪ, ϧaʟaϨʩʪaʥ Pʝʩʧʫʙʣʠʢaʩʳ 
2
çʓ.ɾaϨaʝʚ aʪʳʥʜaϤʳ ϧaʟaϨ ʢϮpʽʰ ʰapʫaʰʳʣʳϤʳ Ϥʳʣʳʤʠ-ʟʝpʪʪʝʫ ʠʥʩʪʠʪʫʪʳè ɾʐʉ, 

ʂʳʟʳʣopʜa Ϩ., ϧaʟaϨʩʪaʥ Pʝʩʧʫʙʣʠʢaʩʳ 

 

Aʥʥoʪaʮʠʷ. ʊװpʢʽʩʪaʥ oʙʣʳʩʳ ʝʣʽʤʽʟʜʽש aʛpoᴇʥʝpʢᴅʩʽʧʪʽʢ ʢʝʰʝʥʽʥʽש ʵʢoʥoʤʠʢaʩʳʥ 

ʜaʤʳʪʫ װʰʽʥ ʩʪpaʪʝʛʠʷʣʳץ ʤaשʳʟʳ ʟop ʤaץʪa ʪaʣʰʳסʳʥʳש ʥʝʛʽʟʛʽ ᴇʥʜʽpʫʰʽʩʽ ʞᴅʥʝ 

ʵʢʩʧopʪʪaʫʰʳʩʳ ʙoʣʳʧ ʪaʙʳʣaʜʳ. ʄaץʪa ʰapʫaʰʳʣʳסʳ aʫʳʣ ᴇʥʜʽpʽʩʽʥʽש ʤaשʳʟʜʳ ʩaʣaʩʳ, 

ʪoץʳʤa ʞᴅʥʝ ʪaʤaץ ᴇʥʝpʢᴅʩʽʙʽ װʰʽʥ ʰʠʢʽʟaʪ ʢᴇʟʽ ʙoʣʳʧ ץaʣa ʙʝpʝʜʽ. 

2020 ʞʳʣʳ ʤaץʪa 131,2 ʤʳש ʛʝʢʪapסa ʝʛʽʣʜʽ. Opʪaʰa ᴇʥʽʤʜʽʣʽʛʽ 26,2 ʮ/ʛa, aʣ ʰʠʪʪʽ 

ʤaץʪaʥʳש ʞaʣʧʳ ʞʠʥaʣʳʤʳ 344,3 ʤʳש ʪoʥʥaʥʳ ײץpaʜʳ. ɹװʛʽʥʛʽ ʪaשʜa ʤaץʪa ʰapʫaʰʳʣʳסʳʥʜaסʳ 

ᴇʟʝʢʪʽ ʧpoʙʣʝʤaʣapʜʳש ʙʽpʽ ʤaץʪa ʝʛʽʩʽʥ, ᴅʩʽpʝʩʝ ʄaץʪaapaʣ, ɾʝʪʽʩaʡ, ʐapʜapa aʫʜaʥʜapʳʥʜa 

ʩʫapʤaʣʳ ʩʫʤʝʥ ץaʤʪaʤaʩʳʟ ʝʪʫ ʙoʣʳʧ ʪaʙʳʣaʜʳ, oʥʜa ʤaץʪa ʝʛʽʩʽ 90,0 ʤʳש ʛʝʢʪapʜaʥ aʩʪaʤ ʞʝpʜʽ 

 ʣʜʝʥʫ ʤʝʥװʪa ʛץpaʡʜʳ. ʄaײץ ʳ 35-40%סʪaʧʰʳʣʳ שʜʝ ʩʫʜʳשʢʝʟʝ ץʳ ʚʝʛʝʪaʮʠʷʣʳסpaʡʜʳ. ɾaʟײץ
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ʞʝʤʽʩ ץaʣʳʧʪaʩʪʳpʫ ʢʝʟʽʥʜʝ ʩʫʜʳ ʢᴇʧ ʪaʣaʧ ʝʪʝʜʽ: opʪaʰa ʪᴅʫʣʽʢʪʽʢ ʪײʪʳʥʫ 90-100 ʤ
3
 / ʛa ʞʝʪʝʜʽ, 

aʣ ʧʽʩʝʪʽʥ ʢʝʟʝשʜʝ ʩʫ ʰʳסʳʥʳ 30-40 ʤ
3
/ʛa ʜʝʡʽʥ aʟaʷʜʳ. 

 ʪaץpʛʽʟʽʣʝʜʽ;  ʤaװʳʪʪap ʙoʡʳʥʰa ʞסʩʝʣʝʢʮʠʷʩʳ ʢʝʣʝʩʽ ʙa שʪaʥʳץʳʪʪa ʤaץaʟʽpʛʽ ʫaפ

ʪaʣʰʳסʳʥʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ  oʥʳש ʩaʧaʩʳʥ apʪʪʳpʫ, ʧʽʩʽʧ-ʞʝʪʽʣʫ ʢʝʟʝשʽʥ ץʳʩץapʪʫ, 

ʤʝʭaʥʠʢaʣaʥʜʳpʳʣסaʥ ʞʠʥaʫ ʪʠʽʤʜʽʣʽʛʽʥ apʪʪʳpaʪʳʥ ᴇʩʽʤʜʽʢʪʝpʜʽש ʪʝʭʥoʣoʛʠʷʣʳʣʳסʳʥ ʞaץʩapʪʫ, 

aʙʠoʪʠʢaʣʳץ ʩʪpʝʩʩʪʝpʛʝ, aʫpʫʣap ʤʝʥ ʟʠʷʥʢʝʩʪʝpʛʝ ʪᴇʟʽʤʜʽ ʙʫʜaʥʜapʜʳ ʰʳסapʫ,  ʟʠʷʥʢʝʩʪʝpʽʥʝ 

ʞᴅʥʝ ʢʝש ʩʧʝʢʪpʣʽ ʛʝpʙʠʮʠʜʪʝpʛʝ ʪᴇʟʽʤʜʽ ʪpaʥʩʛʝʥʜʽʢ װʣʛʽʣʝpʜʽ ײץpʫ, ʪײʟʜaʥʫסa ʞᴅʥʝ ʞʝp aʩʪʳ 

ʩʫʣapʳʥʳש ʞaץʳʥ opʥaʣaʩʫʳʥa ʪᴇʟʽʤʜʽ ʩopʪʪapʜʳ ײץpʫ. 

ʂʽʣʪʪʽʢ ʩϺʟʜʝp:ʪᴇʟʽʤʜʽʣʽʢ, ʩoʣסʳʥʜʳץ, ʩopʪ ʩʳʥaʫ, ʰʝʪʝʣʜʽʢ ʩʝʣʝʢʮʠʷ, ʩopʪʪapʜʳ ʙaסaʣaʫ. 
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1
ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʉʘʨʩʝʥʘ ɸʤʘʥʞʦʣʦʚʘ, ʅʘʮʠʦʥʘʣʴʥʘʷ ʥʘʫʯʥʘʷ 

ʣʘʙʦʨʘʪʦʨʠʷ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʛ.,ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 
2
ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʦʧʳʪʥʘʷ ʩʪʘʥʮʠʷ, ʛ.ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ, 

ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʨʪʦʬʝʣʴ (Solanum tuberosum) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʘʥʝʡʰʠʭ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʇʦʣʫʯʝʥʠʝ ʥʠʟʢʦʛʦ ʫʨʦʞʘʷ ʢʘʨʪʦʬʝʣʷ 

ʟʘʯʘʩʪʫʶ ʩʚʷʟʘʥʦ ʩ ʧʦʨʘʞʝʥʠʝʤ ʨʘʩʪʝʥʠʡ ʚʠʨʫʩʥʳʤʠ ʧʘʪʦʛʝʥʘʤʠ. ɿʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʪʣʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ  ʧʝʨʝʥʦʩʯʠʢʦʚ ʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʠʨʫʩʦʚ. ɺʠʨʫʩ Y ʢʘʨʪʦʬʝʣʷ (PVY) ʧʨʦʜʦʣʞʘʝʪ 

ʦʩʪʘʚʘʪʴʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʟʣʦʩʪʥʳʭ ʧʘʪʦʛʝʥʦʚ ʢʘʨʪʦʬʝʣʷ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʚʳʩʦʢʘʷ ʚʨʝʜʦʥʦʩʥʦʩʪʴ 

ʦʙʫʩʣʦʚʣʝʥʘ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ, ʧʦʪʝʨʶ ʫʨʦʞʘʡʥʦʩʪʠ 

ʘ ʪʘʢʞʝ ʢʘʯʝʩʪʚʦ ʠ ʪʦʚʘʨʥʦʩʪʴ ʢʣʫʙʥʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʠʟʫʯʝʥʠʶ ʩʠʤʧʦʪʦʤʘʪʠʢʠ ʨʘʟʚʠʪʠʷ ʨʘʟʣʠʯʥʳʭ ʰʪʘʤʤʦʚ ʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ PVY. ʊʘʢ ʢʘʢ 

ʩʠʤʧʪʦʤʳ ʧʦʨʘʞʝʥʠʷ ʥʘ ʢʘʨʪʦʬʝʣʝ ʚʘʨʴʠʨʫʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ, ʰʪʘʤʤʘ ʚʠʨʫʩʘ ʠ ʫʩʣʦʚʠʡ 

ʚʳʨʘʱʠʚʘʥʠʷ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʠʤʧʪʦʤʘʪʠʢʠ ʨʘʟʚʠʪʠʷ ʠʥʬʝʢʮʠʠ ʥʘ 

3 ʨʘʟʣʠʯʥʳʭ ʩʦʨʪʘʭ ʢʘʨʪʦʬʝʣʷ.  ʆʮʝʥʝʥʳ ʪʘʢʠʝ ʢʨʠʪʝʨʠʠ ʢʘʢ ʧʨʠʙʘʚʢʘ ʨʦʩʪʘ ʚ ʪʝʯʝʥʠʠ ʧʝʨʚʦʛʦ 

ʤʝʩʷʮʘ ʚʝʛʝʪʘʮʠʠ, ʩʠʤʧʪʦʤʘʪʠʢʘ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʘ ʪʘʢ ʞʝ ʫʨʦʞʘʡʥʦʩʪʴ. ɺʳʷʚʣʝʥ ʥʘʠʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʡ ʢ Y ʚʠʨʫʩʫ ʩʦʨʪ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʪʦʬʝʣʴ, Potato virus Y (PVY), ʩʠʤʧʪʦʤʘʪʠʢʘ, ʠʩʢʫʩʩʪʚʝʥʥʦʝ 

ʟʘʨʘʞʝʥʠʝ, ʚʠʨʠʦʥʳ.  

 

ɺʚʝʜʝʥʠʝ. ʂʘʨʪʦʬʝʣʴ (Solanum tuberosum) ʠʤʝʝʪ ʚʘʞʥʦʝ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʂʘʟʘʭʩʪʘʥʝ. ʈʘʡʦʥʠʨʦʚʘʥʥʳʝ ʩʦʨʪʘ ʢʘʨʪʦʬʝʣʷ ʈʦʢʢʦ (2010 ʛ., ʢʣʘʩʩ ʕʣʠʪʘ), 

ʊʘʚʨʠʷ ʠ ʀʟʦʣʴʜʘ (2019 ʛ., ʢʣʘʩʩ ʕʣʠʪʘ) ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʫʨʦʞʘʡʥʦʩʪʴ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʚ 

ɺʦʩʪʦʯʥʦʤ ʂʘʟʘʭʩʪʘʥʝ ʠ ʧʦʵʪʦʤʫ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤʠ ʩʦʨʪʘʤʠ ʜʣʷ ʢʘʨʪʦʬʝʣʝʚʦʜʯʝʩʢʠʭ 

ʭʦʟʷʡʩʪʚ [0]. 

 ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʯʘʩʪʠʣʠʩʴ ʩʣʫʯʘʠ ʟʘʨʘʞʝʥʠʷ ʧʦʩʘʜʦʢ ʢʘʨʪʦʬʝʣʷ ʚʠʨʫʩʥʳʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʜʘʞʝ 

ʨʘʡʦʥʠʨʦʚʘʥʥʳʭ ʠ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʩʦʨʪʦʚ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʨʝʜʦʥʦʩʥʳʭ ʚʠʨʫʩʦʚ 

ʜʣʷ ʢʘʨʪʦʬʝʣʝʚʦʜʩʪʚʘ ʩʯʠʪʘʝʪʩʷ Potato virus Y (PVY) ʩʝʤʝʡʩʪʚʘ Potyviridae [0]. 

ɼʣʷ ʙʦʨʴʙʳ ʩ ʚʠʨʫʩʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʨʷʜ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ. ʀʩʧʦʣʴʟʦʚʘʪʴ ʟʜʦʨʦʚʳʡ ʠ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦʩʘʜʦʯʥʳʡ ʤʘʪʝʨʠʘʣ. 

ʉʚʦʝʚʨʝʤʝʥʥʦ ʧʨʦʚʦʜʠʪʴ ʛʝʨʙʠʮʠʜʥʫʶ, ʬʫʥʛʠʮʠʜʥʫʶ ʠ ʠʥʩʝʢʪʠʮʠʜʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʣʝʡ, 

ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʧʨʝʜʧʦʩʝʚʥʫʶ ʦʙʨʘʙʦʪʢʫ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ. ʆʩʫʱʝʩʪʚʣʷʪʴ 

ʤʦʥʠʪʦʨʠʥʛ ʧʦʩʝʚʦʚ, ʜʝʣʘʪʴ ʬʠʪʦ- ʠ ʩʦʨʪʦʧʨʦʯʠʩʪʢʠ, ʙʦʣʴʥʳʝ ʨʘʩʪʝʥʠʷ ʫʜʘʣʷʪʴ ʩ ʧʦʩʘʜʦʢ 

ʢʘʨʪʦʬʝʣʷ. ʉʦʙʣʶʜʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʚʳʨʘʱʠʚʘʥʠʷ ʢʘʨʪʦʬʝʣʷ, ʪʘʢʠʝ ʢʘʢ ʩʝʚʦʦʙʦʨʦʪ, 
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ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ, ʤʠʥʝʨʘʣʴʥʦʝ ʧʠʪʘʥʠʝ, ʫʭʦʜ ʟʘ ʧʦʩʝʚʘʤʠ. ʉʦʙʣʶʜʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʣʘʞʥʦʩʪʴ ʧʨʠ ʭʨʘʥʝʥʠʠ ʩʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʚ ʙʦʨʴʙʝ ʩ ʚʠʨʫʩʥʳʤʠ 

ʟʘʙʦʣʝʚʘʥʠʷʤʠ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʩʠʤʧʪʦʤʘʪʠʢʠ PVY ʧʨʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʟʘʨʘʞʝʥʠʠ ʢʘʨʪʦʬʝʣʷ ʩʦʨʪʦʚ ʈʦʢʢʦ, ʊʘʚʨʠʷ ʠ ʀʟʦʣʴʜʘ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʨʘʩʪʝʥʠʷ ʩ ʤʦʥʦʠʥʬʝʢʮʠʝʡ PVY. ʀʩʧʦʣʴʟʫʷ ʩʦʢ 

ʟʘʨʘʞʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʠʨʠʦʥʳ PVY ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʥʦʯʥʦʡ ʛʝʣʴ-

ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʤʘʪʨʠʮʝ ʛʠʜʨʦʢʩʠʘʧʧʘʪʠʪʘ (Sigma, ʉʐɸ).  

ʇʨʠ ʟʘʨʘʞʝʥʠʠ ʨʘʩʪʝʥʠʡ ʢʘʨʪʦʬʝʣʷ PVY ʚ ʪʝʯʝʥʠʠ ʚʝʛʝʪʘʮʠʠ ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʠʤʧʪʦʤʳ ʪʘʢʠʝ ʢʘʢ ʟʘʜʝʨʞʢʘ ʚ ʨʦʩʪʝ, ʫʚʷʜʘʥʠʝ, ʧʷʪʥʠʩʪʦʩʪʴ ʠ ʩʢʨʫʯʠʚʘʥʠʝ ʣʠʩʪʴʝʚ, 

ʥʝʢʨʦʟ ʞʠʣʦʢ, ʢʦʣʴʮʝʚʦʡ ʥʝʢʨʦʟ ʢʣʫʙʥʝʡ. ʇʨʠ ʫʙʦʨʢʝ ʫʨʦʞʘʷ ʠʥʬʠʮʠʨʦʚʘʥʥʳʝ ʚʠʨʫʩʦʤ 

ʨʘʩʪʝʥʠʷ ʠʤʝʶʪ ʥʘ ʢʣʫʙʥʷʭ ʢʦʣʴʮʝʚʫʶ ʥʝʢʨʦʪʠʯʝʩʢʫʶ ʙʦʣʝʟʥʴ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʊʘʢʦʡ ʢʘʨʪʦʬʝʣʴ 

ʥʝʧʨʠʛʦʜʝʥ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʧʦʪʝʨʠ ʜʦʭʦʜʘ 

ʢʘʨʪʦʬʝʣʝʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚ [0].  

ʇʝʨʝʥʦʩʯʠʢʘʤʠ PVY ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 50 ʚʠʜʦʚ ʪʣʝʡ. ɺʠʨʫʩ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʚ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʘʭ ʥʝ ʪʦʣʴʢʦ ʢʘʨʪʦʬʝʣʷ, ʥʦ ʠ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ, ʯʪʦ ʧʨʠ ʥʝʩʦʙʣʶʜʝʥʠʠ 

ʩʝʚʦʦʙʦʨʦʪʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʦʛʨʝʩʩʠʚʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʠʨʫʩʥʦʡ ʥʘʛʨʫʟʢʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʪʝʨʝ ʫʨʦʞʘʷ. ɺʠʨʫʩ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʢʣʫʙʥʷʭ ʩʝʤʝʥʥʦʛʦ ʢʘʨʪʦʬʝʣʷ ʠ 

ʩʧʦʩʦʙʩʪʚʘʚʘʪʴ ʧʝʨʝʢʨʝʩʪʥʦʤʫ ʟʘʨʘʞʝʥʠʶ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʚʠʨʫʩʘʤʠ ʢʘʨʪʦʬʝʣʷ 

(PVA, PVM, PVS, PLRV)[0].  

ʈʘʟʣʠʯʘʶʪ ʪʨʠ ʛʨʫʧʧʳ ʰʪʘʤʤʦʚ PVY: ʦʙʳʢʥʦʚʝʥʥʳʡ PVY
0
 ʩʪʘʨʝʡʰʘʷ ʠʟ 

ʠʟʚʝʩʪʥʳʭ ʬʦʨʤ ʚʠʨʫʩʘ Y ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ, ʚʧʝʨʚʳʝ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʘʷ ʚ 1931. ʂʘʢ ʧʨʘʚʠʣʦ ʵʪʦʪ ʰʪʘʤʤ ʥʝ ʚʳʟʳʚʘʝʪ ʥʝʢʨʦʟʘ, ʦʙʳʯʥʦ ʦʥ 

ʚʳʟʳʚʘʝʪ ʩʠʤʧʪʦʤʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʪʠʧʠʯʥʦʡ ʣʝʛʢʦʡ ʤʦʟʘʠʢʠ ʜʦ ʩʠʩʪʝʤʥʦʡ ʧʷʪʥʠʩʪʦʩʪʠ 

[0,0]. ʅʝʢʨʦʪʠʯʝʩʢʠʡ PVY
N
 ï  ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ 1950-ʭ ʛʦʜʘʭ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ 

ʢʘʢ ʥʦʚʳʡ ʚʘʨʠʘʥʪ PVY. ʏʘʩʪʦ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʫ ʢʘʨʪʦʬʝʣʷ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ 

ʚʳʟʳʚʘʪʴ ʣʝʛʢʫʶ ʤʦʟʘʠʢʫ ʣʠʩʪʚʳ [0, 8]. PVY
C
 ï ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʚ 1930-ʭ ʛʦʜʘʭ ʚ 

ʅʠʜʝʨʣʘʥʜʘʭ [0, 0]. ʕʪʦʪ ʰʪʘʤʤ ʚʳʟʳʚʘʝʪ ʤʦʟʘʠʯʥʦʩʪʴ ʫ ʚʦʩʧʨʠʠʤʯʠʚʳʭ ʩʦʨʪʦʚ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʰʪʘʤʤʦʚ PVY, ʥʝʢʦʪʦʨʳʝ ʰʪʘʤʤʳ PVY
ʉ
 ʥʝ ʧʝʨʝʜʘʶʪʩʷ ʪʣʝʡ [0, 0, 0]. 

ʅʝʢʨʦʪʠʯʝʩʢʠʡ ʰʪʘʤʤ PVY
NTN

 - ʙʳʣ ʚʧʝʨʚʳʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ɺʝʥʛʨʠʠ ʚ 1980. 

ɺʳʟʳʚʘʶʪ ʧʦʷʚʣʝʥʠʝ ʥʝʢʨʦʟʦʚ ʚ ʤʷʢʦʪʠ ʢʣʫʙʥʝʡ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʠʭ ʛʝʥʦʤ ï ʨʝʟʫʣʴʪʘʪ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʤʝʞʜʫ ʠʟʦʣʷʪʘʤʠ ʥʝʢʨʦʪʠʯʝʩʢʦʛʦ ʠ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʰʪʘʤʤʦʚ, ʢʦʪʦʨʘʷ 

ʧʨʦʠʟʦʰʣʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʧʘʪʦʛʝʥʘ ʢ 

ʧʘʨʘʟʠʪʠʨʦʚʘʥʠʶ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʨʪʘʭ ʢʘʨʪʦʬʝʣʷ [0]. 

ʋʨʦʚʝʥʴ ʧʦʚʨʝʞʜʝʥʠʷ ʫʨʦʞʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʰʪʘʤʤʦʤ, ʟʘʨʘʞʘʶʱʠʤ ʨʘʩʪʝʥʠʷ, 

ʚʠʨʫʩʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʚʨʝʤʝʥʝʤ ʟʘʨʘʞʝʥʠʷ, ʘ ʪʘʢ ʞʝ ʪʦʣʝʨʘʥʪʥʦʩʪʴʶ ʨʘʩʪʝʥʠʷ-ʭʦʟʷʠʥʘ ʢ 

ʚʠʨʫʩʫ [0].  

ʉʦʨʪ ʢʘʨʪʦʬʝʣʷ ʈʦʢʢʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʩʧʝʣʳʡ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 100-130 

ʜʥʝʡ ʜʦ ʧʦʣʥʦʛʦ ʩʦʟʨʝʚʘʥʠʷ. ɼʘʥʥʳʡ ʩʦʨʪ ʠʤʝʝʪ ʩʪʦʣʦʚʦʝ ʥʘʟʥʘʯʝʥʠʝ. ʂʣʫʙʥʠ ʢʨʫʧʥʳʝ ʠ 

ʨʦʚʥʳʝ ʩ ʢʨʘʩʥʦʡ ʢʦʞʫʨʦʡ ʠ ʤʷʢʦʪʴʶ ʢʨʝʤʦʚʦʛʦ ʮʚʝʪʘ. ʈʦʢʢʦ ʟʘʮʚʝʪʘʝʪ ʬʠʦʣʝʪʦʚʳʤʠ 

ʮʚʝʪʘʤʠ. ʉʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʢʦʣʝʙʣʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 13 ʜʦ 16 %. ʇʦʢʘʟʘʪʝʣʴ ʣʝʞʢʦʩʪʠ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 90%. 

ɺ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʠ ʥʝʧʨʠʭʦʪʣʠʚ, ʪʨʝʙʫʝʪ ʩʪʘʥʜʘʨʪʥʫʶ ʘʛʨʦʪʝʭʥʠʢʫ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ. 

ʉʦʨʪ ʢʘʨʪʦʬʝʣʷ ʈʦʢʢʦ ʙʳʣ ʨʘʡʦʥʠʨʦʚʘʥ ʚ ɺʦʩʪʦʯʥʦʤ ʂʘʟʘʭʩʪʘʥʝ ʚ 2010 ʛʦʜʫ. 

ʉʦʨʪʘ ʢʘʨʪʦʬʝʣʷ ʊʘʚʨʠʷ ʠ ʀʟʦʣʴʜʘ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʩʝʣʝʢʮʠʠ ɺʦʩʪʦʯʥʦ-

ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʉʘʨʩʝʥʘ ɸʤʘʥʞʦʣʦʚʘ. ʉʨʝʜʥʝ-ʨʘʥʥʠʡ ʩʦʨʪ ʢʘʨʪʦʬʝʣʷ 

ʊʘʚʨʠʷ ʠʤʝʝʪ ʧʝʨʠʦʜ ʩʦʟʨʝʚʘʥʠʷ 80 ï 90 ʜʥʝʡ. ɺʦ ʚʨʝʤʷ ʮʚʝʪʝʥʠʷ ʢʘʨʪʦʬʝʣʴ ʦʙʨʘʟʫʝʪ 

ʙʝʣʳʝ ʮʚʝʪʳ. ʂʣʫʙʥʠ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ ʩ ʧʣʦʪʥʦʡ ʙʝʣʦʛʦ ʮʚʝʪʘ ʢʦʞʫʨʦʡ ʠ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʛʣʘʟʢʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʳʩʪʨʦʤʫ ʨʘʟʚʠʪʠʶ ʨʘʩʪʝʥʠʡ ʚ ʧʝʨʠʦʜ 
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ʧʨʦʨʘʩʪʚʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʦʨʪ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʤ. ʄʷʢʦʪʴ ʙʝʣʦʛʦ ʮʚʝʪʘ. 

ʃʝʞʢʦʩʪʴ ʭʦʨʦʰʘʷ.  

ʉʦʨʪ ʢʘʨʪʦʬʝʣʷ ʀʟʦʣʴʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝ-ʨʘʥʥʠʡ, ʧʝʨʠʦʜ ʩʦʟʨʝʚʘʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 85 ʜʦ 100 ʜʥʝʡ. ɼʘʥʥʳʡ ʩʦʨʪ ʟʘʮʚʝʪʘʝʪ ʙʝʣʳʤʠ ʮʚʝʪʘʤʠ. ʆʚʘʣʴʥʳʝ ʢʣʫʙʥʠ 

ʧʦʨʳʪʳ ʢʨʝʤʦʚʦʡ ʢʦʞʫʨʦʡ, ʤʷʢʦʪʴ ʙʝʣʘʷ [0]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʠʨʠʦʥʳ PVY ʙʳʣʠ ʦʯʠʱʝʥʳ ʧʦ ʤʝʪʦʜʠʢʝ, 

ʦʧʠʩʘʥʥʦʡ ʚ ʇʘʪʝʥʪʝ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ˉ2039 ʈʂ: ʉʧʦʩʦʙ ʚʳʜʝʣʝʥʠʷ ʚʠʨʫʩʥʳʭ ʯʘʩʪʠʮ 

ʠʟ ʠʥʬʠʮʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʵʢʩʧʨʝʩʩ 

ʤʝʪʦʜʦʤ [0]. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʡ ʘʥʘʣʠʟ (enzyme-linked 

immunosorbent assay, ELISA) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʪʝʥʠʡ ʢʘʨʪʦʬʝʣʷ ʟʘʨʘʞʝʥʥʳʭ PVY, 

ʚʝʛʝʪʘʮʠʷ ʢʦʪʦʨʳʭ ʧʨʦʭʦʜʠʣʘ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ʉʚʝʞʠʡ ʣʠʩʪʦʚʦʡ ʤʘʪʝʨʠʘʣ 

ʟʘʨʘʞʝʥʥʳʭ PVY ʨʘʩʪʝʥʠʡ ʨʘʩʪʠʨʘʣʠ ʚ ʩʪʫʧʢʝ ʚ 1ʄ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ (pH=7). 

ʇʦʣʫʯʝʥʥʳʡ ʩʦʢ ʦʩʚʝʪʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 10000 g, ʟʘʛʨʫʞʘʣʠ ʚ ʢʦʣʦʥʢʫ ʩ 

ʛʠʜʨʦʢʩʠʘʧʧʘʪʠʪʦʤ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʠ ʪʷʞʝʩʪʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʣʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ 10 ʘʣʠʢʚʦʪ ʩ ʚʠʨʠʦʥʘʤʠ PVY ʧʦ 1,5 ʤʣ ʩ ʢʘʞʜʦʛʦ ʠʟ ʪʨʝʭ ʟʘʨʘʞʝʥʥʳʭ 

ʨʘʩʪʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʬʨʘʢʮʠʠ ʩ ʚʠʨʠʦʥʘʤʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʥʘʣʠʯʠʝ ʈʅʂ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ (Bio-Rad, ʉʐɸ).  

ʄʠʢʨʦʨʘʩʪʝʥʠʷ ʢʘʨʪʦʬʝʣʷ ʩʦʨʪʦʚ ʊʘʚʨʠʷ, ʀʟʦʣʴʜʘ, ʈʦʢʢʦ ʙʳʣʠ ʨʘʟʤʥʦʞʝʥʳ ʚ 

ʢʫʣʴʪʫʨʝ invitro. ʇʦ ʠʩʪʝʯʝʥʠʶ 21 ʜʥʷ ʚʝʛʝʪʘʮʠʠ, ʨʘʩʪʝʥʠʷ ʙʳʣʠ ʧʝʨʝʩʘʞʝʥʳ ʚ ʦʪʢʨʳʪʳʡ 

ʛʨʫʥʪ ʟʘʢʨʳʪʦʡ ʟʦʥʳ. ʅʘ 14 ʜʝʥʴ ʧʦʩʣʝ ʧʦʩʘʜʢʠ ʨʘʩʪʝʥʠʷ in vitro ʫʢʦʨʝʥʠʣʠʩʴ ʠ 

ʘʜʘʧʪʠʨʦʚʘʣʠʩʴ ʢ ʫʩʣʦʚʠʷʤ ʪʝʧʣʠʮʳ. ʋʭʦʜ ʟʘ ʨʘʩʪʝʥʠʷʤʠ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʨʳʭʣʝʥʠʝ, 

ʫʜʘʣʝʥʠʝ ʩʦʨʥʷʢʦʚ ʠ ʧʦʣʠʚ ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ.  

ɿʜʦʨʦʚʳʝ ʨʘʩʪʝʥʠʷ invitroʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʈʦʢʢʦ, ʊʘʚʨʠʷ ʠ ʀʟʦʣʴʜʘ ʙʳʣʠ 

ʧʝʨʝʩʘʞʝʥʳ ʚ ʦʪʢʨʳʪʳʡ ʛʨʫʥʪ ʟʘʢʨʳʪʦʡ ʟʦʥʳ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦ ʠʥʦʢʫʣʠʨʦʚʘʥʳ ʚʠʨʠʦʥʘʤʠ 

PVY
NTN
. ʀʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʩ ʨʘʩʪʝʥʠʷʤʠ ʚ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ, ʬʠʢʩʠʨʦʚʘʣʠʩʴ. 

ʆʪʤʝʯʘʣʠʩʴ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʡ, ʫʚʷʜʘʥʠʝ, ʥʝʢʨʦʟʳ (ʧʷʪʥʠʩʪʦʩʪʠ) 

ʣʠʩʪʴʝʚ, ʩʢʨʫʯʠʚʘʥʠʝ ʣʠʩʪʴʝʚ. ɹʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʧʦʣʫʯʝʥʥʳʡ ʢʣʫʙʥʝʚʦʡ ʤʘʪʝʨʠʘʣ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʩʣʝ ʚʳʩʘʜʢʠ ʥʝ ʚʳʷʚʠʣʠ ʚʠʨʫʩʥʦʛʦ 

ʟʘʨʘʞʝʥʠʷ. 

ʀʌɸ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ, ʢʦʪʦʨʘʷ ʚʣʶʯʘʝʪ ʚ ʩʝʙʷ 3 

ʵʪʘʧʘ. ʇʝʨʚʳʡ ï ʩʝʥʩʠʙʠʣʠʟʘʮʠʷ ʘʥʪʠʪʝʣ, ʠʥʢʫʙʘʮʠʷ. ɺʪʦʨʦʡ ï ʫʜʘʣʝʥʠʝ ʥʝʩʚʷʟʘʚʰʠʭʩʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʘʢʮʠʠ, ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʠ ʚʥʝʩʝʥʠʝ ʦʙʨʘʟʮʦʚ, ʠʥʢʫʙʘʮʠʷ. ʊʨʝʪʠʡ ï 

ʧʨʦʚʝʜʝʥʠʝ ʬʝʨʤʝʥʪʥʦʡ ʨʝʘʢʮʠʠ. ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 492 ʥʤ [0].  

ʅʘ 35 ʜʝʥʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʩʪʝʥʠʷ ʢʘʨʪʦʬʝʣʷ ʙʳʣʠ ʠʥʦʢʫʣʠʨʦʚʘʥʳ PVY ʩ 

ʧʦʤʦʱʴʶ ʚʚʝʜʝʥʠʷ ʙʝʟʳʛʦʣʴʥʳʤ ʰʧʨʠʮʝʤ ʚ ʦʙʲʝʤʝ 250 ʤʢʣ ʤʝʞʜʫ ʞʠʣʦʢ ʥʠʞʥʝʡ 

ʩʪʦʨʦʥʳ ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʥʳ. ʀʥʦʢʫʣʷʮʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  

ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ʪʝʯʝʥʠʠ ʚʝʛʝʪʘʮʠʠ ʨʘʩʪʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʫʯʝʪʦʤ ʚʳʩʦʪʳ ʨʘʩʪʝʥʠʡ, ʫʚʷʜʘʥʠʷ, ʩʢʨʫʯʠʚʘʥʠʷ ʣʠʩʪʴʝʚ, ʧʷʪʝʥ, ʥʝʢʨʦʟʦʚ  ʘ ʪʘʢ ʞʝ  

ʘʥʘʣʠʟʘ ʢʣʫʙʥʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʊʘʢ ʢʘʢ ʩʦʨʪʘ ʊʘʚʨʠʷ ʠ ʀʟʦʣʴʜʘ ʷʚʣʷʶʪʩʷ ʩʨʝʜʥʝʨʘʥʥʠʤʠ, ʪʦ ʠʭ ʚʝʛʝʪʘʮʠʠ 

ʧʨʦʭʦʜʠʣʘ ʩ ʥʝʙʦʣʴʰʦʡ ʨʘʟʥʠʮʝʡ. ʅʘʯʘʣʦ ʙʫʪʦʥʠʟʘʮʠʠ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʥʘ 45 ʠ 48 ʜʝʥʴ 

ʚʝʛʝʪʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʥʘʷ ʙʫʪʦʥʠʟʘʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʯʝʨʝʟ 5 ʜʥʝʡ. ʅʘʯʘʣʦ 

ʮʚʝʪʝʥʠʷ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʘ 55 ʠ 56 ʜʝʥʴ ʚʝʛʝʪʘʮʠʠ, ʘ ʧʦʣʥʦʝ ʮʚʝʪʝʥʠʝ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʩʧʫʩʪʷ 6 ʠ 7 ʜʥʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʘ ʩʦʨʪʘ ʠʤʝʣʠ ʙʝʣʳʝ ʮʚʝʪʳ. ʉʧʫʩʪʷ 91 ʜʝʥʴ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʜʠʥʘʤʠʯʝʩʢʘʷ ʢʦʧʢʘ ʢʣʫʙʥʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʘʥʥʳʭ ʩʦʨʪʦʚ.  
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ʈʠʩʫʥʦʢ 1 ï ʀʥʦʢʫʣʷʮʠʷ ʨʘʩʪʝʥʠʡ ʢʘʨʪʦʬʝʣʷ ʚʠʨʠʦʥʘʤʠPVY ʤʝʪʦʜʦʤ 

ʠʥʲʝʮʠʨʦʚʘʥʠʷ ʚ ʣʠʩʪʦʚʫʶ ʧʣʘʩʪʠʥʫ 

 

 

ʉʦʨʪ ʈʦʢʢʦ ʠʤʝʝʪ ʩʨʝʜʥʠʡ ʩʨʦʢ ʩʦʟʨʝʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʝʛʦ ʚʝʛʝʪʘʮʠʷ ʜʣʠʣʘʩʴ ʜʦʣʴʰʝ. 

ʊʘʢ ʥʘʯʘʣʦ ʙʫʪʦʥʠʟʘʮʠʠ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʘ 55 ʜʝʥʴ ʨʘʟʚʠʪʠʷ. ʉʧʫʩʪʷ 6 ʜʥʝʡ 

ʥʘʙʣʶʜʘʣʘʩʴ ʧʦʣʥʘʷ ʙʫʪʦʥʠʟʘʮʠʷ. ʅʘ 67 ʜʝʥʴ ʚʝʛʝʪʘʮʠʠ ʦʧʳʪʥʳʭ ʨʘʩʪʝʥʠʡ ʙʳʣʦ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʘʯʘʣʦ ʮʚʝʪʝʥʠʷ. ʏʝʨʝʟ 9 ʜʥʝʡ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʣʥʦʝ ʮʚʝʪʝʥʠʝ 

ʬʠʦʣʝʪʦʚʳʤʠ ʮʚʝʪʘʤʠ. ʅʘ 118 ʜʝʥʴ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʙʦʨ ʢʣʫʙʥʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ.  ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʀʌɸ ʥʘ 21 ʜʝʥʴ ʧʦʩʣʝ ʠʥʦʢʫʣʷʮʠʠ 

ʙʳʣ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʩʠʩʪʝʤʥʦʝ ʟʘʨʘʞʝʥʠʝ PVY ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ ʨʘʩʪʝʥʠʡ. 

ʀʟʤʝʨʝʥʠʝ ʚʳʩʦʪʳ ʨʘʩʪʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʢʘʞʜʳʝ 7 ʜʥʝʡ ʩ ʧʦʤʦʱʴʶ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʨʫʣʝʪʢʠ. ʆʮʝʥʢʘ ʩʪʝʧʝʥʠ ʧʨʦʷʚʣʝʥʠʷ ʩʠʤʧʪʦʤʦʚ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ 

ʩʧʝʮʠʘʣʴʥʦʡ ʰʢʘʣʝ.  ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ɺ ʩʨʝʜʥʝʤ ʟʘʨʘʞʝʥʥʳʝ PVYʨʘʩʪʝʥʠʷ ʢʘʨʪʦʬʝʣʷ ʩʦʨʪʘ ʊʘʚʨʠʷ ʩʧʫʩʪʷ 35 ʜʥʝʡ 

ʚʝʛʝʪʘʮʠʠ ʠʤʝʣʠ ʨʦʩʪ 18,9 ʩʤ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʜʦʨʦʚʳʝ ʨʘʩʪʝʥʠʷ ʠʤʝʣʠ ʨʦʩʪ 32,0 ʩʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʪʩʪʘʚʘʥʠʝ ʚ ʨʦʩʪʝ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʨʘʩʪʝʥʠʡ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʪʨʦʣʴʥʦʡ ʟʜʦʨʦʚʦʡ ʛʨʫʧʧʳ. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʳ ʚ ʜʠʘʛʨʘʤʤʫ (ʨʠʩ.2). 

ʉʧʫʩʪʷ 3 ʥʝʜʝʣʠ ʧʦʩʣʝ ʠʥʦʢʫʣʷʮʠʠ ʫ ʨʘʩʪʝʥʠʡ ʩʦʨʪʘ ʊʘʚʨʠʷ ʫ 100% ʠʩʩʣʝʜʫʝʤʳʭ 

ʨʘʩʪʝʥʠʡ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʫʚʷʜʘʥʠʝ. ʉʢʨʫʯʠʚʘʥʠʝ ʣʠʩʪʴʝʚ ï 71,4 ʨʘʩʪʝʥʠʡ. ʅʘ 42 ʜʝʥʴ 

ʧʦʩʣʝ ʠʥʦʢʫʣʷʮʠʠ 42,8% ʨʘʩʪʝʥʠʡ ʧʦʜʚʝʨʛʣʠʩʴ ʩʠʩʪʝʤʥʦʤʫ ʢʦʣʣʘʧʩʫ. ʉʧʫʩʪʷ 4 ʥʝʜʝʣʠ 2 

ʨʘʩʪʝʥʠʷ ʧʦʛʠʙʣʦ. 

ʅʘ ʨʘʩʪʝʥʠʷʭ ʩʦʨʪʘ ʀʟʦʣʴʜʘ ʯʝʨʝʟ 21 ʜʧʠ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʫʚʷʜʘʥʠʝ ʫ 71,4% 

ʨʘʩʪʝʥʠʡ. ʀʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʥʳ ʠ ʩʢʨʫʯʠʚʘʥʠʝ ʣʠʩʪʴʝʚ ï 71,4% ʨʘʩʪʝʥʠʡ. 

28,6% ʨʘʩʪʝʥʠʡ ʧʦʜʚʝʨʛʣʠʩʴ ʩʠʩʪʝʤʥʦʤʫ ʢʦʣʘʧʩʫ. ʇʦʛʠʙʰʠʭ ʨʘʩʪʝʥʠʡ ʥʝ ʙʳʣʦ.  

ʇʨʠ ʫʯʝʪʝ ʫ ʨʘʩʪʝʥʠʡ ʩʦʨʪʘ ʈʦʢʢʦ ʪʘʢʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʫʚʷʜʘʥʠʝ ʫ 57,1% 

ʨʘʩʪʝʥʠʡ. ʉʢʨʫʯʠʚʘʥʠʝ ʣʠʩʪʴʝʚ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʫ 42,8%. ʅʝʢʨʦʪʠʯʝʩʢʠʝ ʧʷʪʥʘ ʥʝ 

ʧʨʦʷʚʣʷʣʠʩʴ.  ʇʦʛʠʙʰʠʭ ʨʘʩʪʝʥʠʡ ʥʝ ʙʳʣʦ.  
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ʊʘʙʣʠʮʘ 1 ï ʉʠʤʧʪʦʤʳ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ  ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ ʤʝʩʷʮʘ ʚʝʛʝʪʘʮʠʠ 

 

ʉʆʈʊ ʈʘʩʪʝʥʠʝ 
ʇʨʠʙʘʚʢʘ ʚ 

ʨʦʩʪʝ, ʩʤ 
ʋʚʷʜʘʥʠʝ 

ʉʢʨʫʯʠʚʘʥʠʷ 

ʣʠʩʪʴʝʚ 

ʅʝʢʨʦʪʠʯʝʩ-

ʢʠʝ ʧʷʪʥʘ 

ʊʘʚʨʠʷ 

1 PVY + 12 + 
  

2 PVY + 16 + + + 

3 PVY + 21 + + 
 

4 PVY + ʛʠʙʝʣʴ + + + 

5 PVY + ʛʠʙʝʣʴ + + + 

6 PVY + 18 + + 
 

7 PVY + 10 + + 
 

8 PVY - 22 
   

ʀʟʦʣʴʜʘ 

1 PVY + 15 + + 
 

2 PVY + 17 
 

+ 
 

3 PVY + 13 + + + 

4 PVY + 18 + + 
 

5 PVY + 8 + 
  

6 PVY + 15 
 

+ 
 

7 PVY + 13 + + + 

8 PVY - 25 
   

ʈʦʢʢʦ 

1 PVY + 9 
 

+ 
 

2 PVY + 6 
   

3 PVY + 4 + 
  

4 PVY + 4 + + 
 

5 PVY + 11 + 
  

6 PVY + 17 
 

+ 
 

7 PVY + 15 + 
  

8 PVY - 36 
   

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʳʩʦʪʳ ʨʘʩʪʝʥʠʡ ʚ ʪʝʯʝʥʠʠ ʧʝʨʚʦʛʦ ʤʝʩʷʮʘ 

ʚʝʛʝʪʘʮʠʠ 
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ʈʠʩʫʥʦʢ 3 ï ʈʘʟʚʠʪʠʝ ʩʠʤʧʪʦʤʦʚ ʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ PVYʥʘ ʨʘʩʪʝʥʠʷʭ Sol§num tuber·sum 

 

ʇʨʠʤʝʯʘʥʠʝ: ʩʣʝʚʘ ʧʦʢʘʟʘʥʦ PVY-ʠʥʬʠʮʠʨʦʚʘʥʥʦʝ ʨʘʩʪʝʥʠʝ ʢʘʨʪʦʬʝʣʷ ʩʦʨʪʘ ʈʦʢʢʦ ʩ ʩʠʤʧʪʦʤʘʤʠ 

ʩʢʨʫʯʠʚʘʥʠʷ ʣʠʩʪʴʝʚ ʠ ʢʘʨʣʠʢʦʚʦʩʪʠ (ʢʣʘʩʩ ʕʣʠʪʘ, 35 ʜʧʠ), ʩʧʨʘʚʘʟʜʦʨʦʚʦʝ ʨʘʩʪʝʥʠʝ (ʈʦʢʢʦ, ʢʣʘʩʩ 

ʕʣʠʪʘ, 35 ʜʧʠ) 

ʅʘ 118 ʜʝʥʴ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʩʙʦʨ ʢʣʫʙʥʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʙʳʣʠ ʦʮʝʥʝʥʳ ʪʘʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʢʘʢ ʚʝʩ ʢʣʫʙʥʝʡ, ʠʭ ʢʦʣʠʯʝʩʪʚʦ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʥʝʢʨʦʟʦʚ ʠ ʧʷʪʝʥ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.  

 
ʊʘʙʣʠʮʘ 2 ï ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ  

 

ʉʆʈʊ ʈʘʩʪʝʥʠʝ 
ʄʘʩʩʘ ʤʠʢʨʦ 

ʢʣʫʙʥʝʡ, ʢʛ/ʢʫʩʪ 

ʂʦʣʠʯʝʩʪʚʦ 

ʤʠʢʨʦ ʢʣʫʙʥʝʡ, 

ʰʪ 

ʉʨʝʜʥʷʷ ʤʘʩʩʘ 

ʢʣʫʙʥʷ, ʛ 

ʅʝʢʨʦʪʠʯʝʩʢʠʝ 

ʧʷʪʥʘ 

1 2 3 4 5 6 

ʊʘʚʨʠʷ 

1 PVY + 0,32 6 53,3  

2 PVY + 0,25 6 41,6 + 

3 PVY + 0,2 7 28,6  

4 PVY + - - - - 

5 PVY + - - - - 

6 PVY + 0,29 6 48,3  

7 PVY + 0,35 7 50,0  

8 PVY - 0,56 9 62,2  

ʀʟʦʣʴ-

ʜʘ 

1 PVY + 0,30 8 37,5  

2 PVY + 0,36 7 51,4  

3 PVY + 0,34 6 56,6 + 

4 PVY + 0,27 6 45,0  

5 PVY + 0,33 9 36,6  

6 PVY + 0,32 6 53,3  

7 PVY + 0,28 6 46,6 + 

8 PVY - 0,62 8 77,5  
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1 2 3 4 5 6 

ʈʦʢʢʦ 

1 PVY + 0,36 7 51,4  

2 PVY + 0,44 9 48,8  

3 PVY + 0,41 8 51,2  

4 PVY + 0,33 7 47,1  

5 PVY + 0,47 9 52,2  

6 PVY + 0,39 6 65,0  

7 PVY + 0,36 8 45,0  

8 PVY - 0,6 7 85,7  

 

 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʩʨʝʜʥʷʷ ʫʨʦʞʘʡʥʦʩʪʴ ʟʘʨʘʞʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʩʦʨʪʘ 

ʊʘʚʨʠʷ ʩʦʩʪʘʚʠʣʘ 0,28 ʢʛ/ʢʫʩʪ ʙʝʟ ʫʯʝʪʘ ʧʦʛʠʙʰʠʭ ʨʘʩʪʝʥʠʡ, ʯʪʦ ʥʘ 50% ʤʝʥʴʰʝ 

ʫʨʦʞʘʡʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʨʘʩʪʝʥʠʷ. ʄʘʩʩʘ ʦʜʥʦʛʦ ʢʣʫʙʥʷ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 28,6 

ʜʦ 50 ʛ.  ʅʘ ʢʣʫʙʥʷʭ ʨʘʩʪʝʥʠʡ, ʧʦʨʘʞʝʥʥʳʭ ʩʠʩʪʝʤʥʳʤ ʢʦʣʣʘʧʩʦʤ, ʦʪʤʝʯʘʶʪʩʷ 

ʥʝʢʨʦʪʠʯʝʩʢʠʝ ʧʷʪʥʘ ʠ ʢʦʣʴʮʘ.  

ʉʨʝʜʥʷʷ ʫʨʦʞʘʡʥʦʩʪʴ ʟʘʨʘʞʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʩʦʨʪʘ ʀʟʦʣʴʜʘ ʩʦʩʪʘʚʠʣʘ 0,32 ʢʛ/ʢʫʩʪ, 

ʯʪʦ ʥʘ 49 % ʤʝʥʴʰʝ ʫʨʦʞʘʡʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʨʘʩʪʝʥʠʷ. ʄʘʩʩʘ ʦʜʥʦʛʦ ʢʣʫʙʥʷ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 36,6 ʜʦ 56,6 ʛ.   ʅʘ ʢʣʫʙʥʷʭ ʪʘʢ ʞʝ ʦʪʤʝʯʘʶʪʩʷ ʥʝʢʨʦʪʠʯʝʩʢʠʝ ʧʷʪʥʘ. 

ʉʨʝʜʥʷʷ ʫʨʦʞʘʡʥʦʩʪʴ ʟʘʨʘʞʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʩʦʨʪʘ ʈʦʢʢʦ ʩʦʩʪʘʚʠʣʘ 0,39 ʢʛ/ʢʫʩʪ, ʯʪʦ 

ʥʘ 35 % ʤʝʥʴʰʝ ʫʨʦʞʘʡʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʨʘʩʪʝʥʠʷ. ʄʘʩʩʘ ʦʜʥʦʛʦ ʢʣʫʙʥʷ ʚʘʨʴʠʨʫʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 45 ʜʦ 65 ʛ.  

ɺ ʚrʦʜʳ. ʇʨʠ ʟʘʨʘʞʝʥʠʠ ʨʘʩʪʝʥʠʡ ʢʘʨʪʦʬʝʣʷ PVY ʦʪʤʝʯʘʝʪʩʷ ʟʘʜʝʨʞʢʘ ʚ ʨʦʩʪʝ ʚ 

ʩʨʝʜʥʝʤ ʥʘ 5,2 ʩʤ, ʚ ʪʝʯʝʥʠʠ ʧʝʨʚʦʛʦ ʤʝʩʷʮʘ ʚʝʛʝʪʘʮʠʠ. ɺʠʟʫʘʣʴʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ ʧʦʜʪʚʝʨʜʠʣʠ ʠʥʬʠʮʠʨʦʚʘʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʢʘʨʪʦʬʝʣʷ ʰʪʘʤʤʦʤ PVY
NTN
. ɿʘʨʘʞʝʥʥʳʝ ʨʘʩʪʝʥʠʷ 

ʧʨʦʷʚʠʣʠ ʪʘʢʠʝ ʩʠʤʧʪʦʤʳ ʢʘʢ ʩʢʨʫʯʠʚʘʥʠʝ ʣʠʩʪʴʝʚ, ʩʠʩʪʝʤʥʦʝ ʫʚʷʜʘʥʠʝ, ʥʝʢʨʦʟʳ ʠ 

ʧʷʪʥʠʩʪʦʩʪʠ ʥʘ ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʥʝ ʠ ʩʪʝʙʣʝ, ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʢʣʫʙʥʝʡ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʩʥʠʞʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ. ʇʦʢʘʟʘʥʘ ʩʪʝʧʝʥʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʠʤʧʪʦʤʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʨʪʘ ʢʘʨʪʦʬʝʣʷ. ɹʦʣʝʝ 48% ʨʘʩʪʝʥʠʡ ʩʦʨʪʘ ʊʘʚʨʠʷ ʧʦʜʚʝʨʛʣʠʩʴ ʩʠʩʪʝʤʥʦʤʫ ʢʦʣʣʘʧʩʫ, ʥʘ 

16% ʩʦʙʨʘʥʥʳʭ ʢʣʫʙʥʝʡ ʦʪʤʝʯʘʶʪʩʷ ʥʝʢʨʦʪʠʯʝʩʢʠʝ ʢʦʣʴʮʘ.  ʋ ʨʘʩʪʝʥʠʷ ʩʦʨʪʘ ʀʟʦʣʴʜʘ 

ʩʠʤʧʪʦʤʳ ʚʳʨʘʞʝʥʳ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʫ 28,6% ʨʘʩʪʝʥʠʡ ʦʪʤʝʯʘʝʪʩʷ ʩʠʩʪʝʤʥʳʡ 

ʢʦʣʣʘʧʩ, 33% ʢʣʫʙʥʝʡ ʠʤʝʶʪ ʥʝʢʨʦʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. ʉʦʨʪ ʢʘʨʪʦʬʝʣʷ ʈʦʢʢʦ ʷʚʣʷʝʪʩʷ 

ʩʘʤʳʤ ʫʩʪʦʡʯʠʚʳʤ ʧʨʠ ʧʦʨʘʞʝʥʠʠ PVY
NTN
, ʧʨʦʷʚʣʝʥʠʝ ʩʠʤʧʪʦʤʦʚ ʧʨʦʭʦʜʠʣʦ ʤʝʥʝʝ 

ʚʳʨʘʞʝʥʦ, ʩʠʩʪʝʤʥʦʛʦ ʢʦʣʣʘʧʩʘ ʥʝ ʚʳʷʚʣʝʥʦ, ʦʪʤʝʯʝʥʳ ʩʠʤʧʪʦʤʳ ʫʚʷʜʘʥʠʷ ʠ 

ʩʢʨʫʯʠʚʘʥʠʷ ʣʠʩʪʴʝʚ, ʥʝʢʨʦʟʳ ʦʪʩʫʪʩʪʚʫʶʪ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʪʝʨʠ ʫʨʦʞʘʷ ʜʦʩʪʠʛʘʶʪ ʙʦʣʝʝ 

ʯʝʤ 30% ʫ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʨʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ ʧʨʠʩʫʪʩʪʚʠʝ 

ʰʪʘʤʤʘ PVY
NTN

 ʥʘ ʧʦʣʷʭ ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ. ɼʘʥʥʳʡ ʰʪʘʤʤ ʧʦʨʘʞʘʝʪ 

ʢʘʨʪʦʬʝʣʴ ʨʘʟʥʳʭ ʩʦʨʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʩʧʝʢʪʨʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʩʠʤʧʪʦʤʦʚ 

ʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʤʝʝʪ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʝʡʰʠʭ 

ʩʪʨʘʪʝʛʠʡ ʙʦʨʴʙʳ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ PVY
NTN

 ʠ ʝʛʦ ʨʝʢʦʤʙʠʥʘʥʪʥʳʭ ʰʪʘʤʤʦʚ. 

ʀʩʪʦʯʥʠʢ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʧʨʦʝʢʪʘ çʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʧʨʠʜʘʥʠʝ 

ʘʥʪʠʚʠʨʫʩʥʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʩʦʨʪʘʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨè, ʬʠʥʘʥʩʠʨʫʝʤʦʛʦ 

ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ 

ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʥʦʤʝʨ (ʀʈʅ): AP08052163. 
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SOLANUM TUBEROSUM ᴆʉɯʄɼɯɻɯʅɯר ʈʆʂʂʆ, ʊɸɺʈʀʗ ɾᴄʅɽ ʀɿʆʃʔɼɸ 

ʉʆʈʊʊɸʈʓʅɼɸ PVY ɹɽʃɻɯʃɽʈɯʅɯר ɼɸʄʋʓ 
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ɸʥʥʦʪʘʮʠʷ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʢʘʨʪʦʧ (Solanum tuberosum) - ᴅʣʝʤʜʝʛʽ ʝש ʽʨʽ ʘʟʳץ-ʪװʣʽʢ 

ʜʘץʳʣʜʘʨʳʥʳש ʙʽʨʽ. ʂʘʨʪʦʧʪʳש ʪᴇʤʝʥ ʪװʩʽʤʽ ʢᴇʙʽʥʝʩʝ ᴇʩʽʤʜʽʢʪʝʨʜʽש ʚʠʨʫʩʪʳץ ץʦʟʜʳʨסʳʰʪʘʨʤʝʥ 

ʟʘץʳʤʜʘʣʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ʉʦסשʳ ʫʘץʳʪʪʘ ʚʠʨʫʩʪʳץ ʠʥʬʝʢʮʠʷʥʳש ʪʘʩʳʤʘʣʜʘʫʰʳʣʘʨʳʥʳש ʙʽʨʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʙʽʪʝ ʩʘʥʳʥʳש ᴇʩʫʽ ʚʠʨʫʩʪʘʨʜʳש ʢᴇʙʝʶʽʥʝ ᴅʢʝʣʫʜʝ. ʂʘʨʪʦʧ ʚʠʨʫʩʳ Y (PVY) 

ʙװʢʽʣ ᴅʣʝʤʜʝʛʽ ʝש ʟʠʷʥʜʳ ʢʘʨʪʦʧ ʧʘʪʦʛʝʥʜʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ ץʘʣʘ ʙʝʨʝʜʽ. ɺʠʨʫʩʪʳץ ʠʥʬʝʢʮʠʷʥʳש 

ʟʠʷʥʢʝʩʪʽʣʽʛʽ - ᴇʩʽʤʜʽʢʪʝʨʜʽש ᴇʩʫʽʥʝ ʞᴅʥʝ ʜʘʤʫʳʥʘ, ᴇʥʽʤʜʽʣʽʢʪʽש ʞʦסʘʣʫʳʥʘ, ʩʦʥʜʘʡ-ʘץ 

ʪװʡʥʝʢʪʝʨʜʽש ʩʘʧʘʩʳ ʤʝʥ ʩʘʪʳʣʳʤʳʥʘ ᴅʩʝʨ ʝʪʫʽʥʜʝ. ʅᴅʪʠʞʝʩʽʥʜʝ PVY ʚʠʨʫʩʪʳץ ʠʥʬʝʢʮʠʷʩʳʥʳש 

ᴅʨʪװʨʣʽ ʰʪʘʤʜʘʨʳʥʳש ʜʘʤʫ ʩʠʤʧʦʪʦʤʘʪʠʢʘʩʳʥ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥ ʞװʨʛʽʟʫ ᴇʪʝ ʤʘשʳʟʜʳ. 

ʂʘʨʪʦʧʪʳש ʟʘץʳʤʜʘʥʫ ʙʝʣʛʽʣʝʨʽ ʩʦʨʪץʘ, ʚʠʨʫʩʪʳש ʰʪʘʤʤʳʥʘ ʞᴅʥʝ ᴇʩʽʨʫ ʞʘסʜʘʡʣʘʨʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʝʪʽʥʜʽʢʪʝʥ, ʢʘʨʪʦʧʪʳ3 ש ʪװʨʣʽ ʩʦʨʪʳʥʜʘ ʠʥʬʝʢʮʠʷʥʳש ʜʘʤʫ ʙʝʣʛʽʣʝʨʽʥ 

ʩʘʣʳʩʪʳʨʘ ʦʪʳʨʳʧ, ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʜʽ.  ɺʝʛʝʪʘʮʠʷʥʳש ʘʣסʘʰץʳ ʘʡʳʥʜʘסʳ ᴇʩʫʜʽש 

ʞʦסʘʨʳʣʘʫʳ, ʘʫʨʫʜʳש ʜʘʤʫ ʙʝʣʛʽʣʝʨʽ, ʩʦʥʜʘʡ-ʘץ ᴇʥʽʤʜʽʣʽʢ ʩʠʷץʪʳ ʢʨʠʪʝʨʠʡʣʝʨ ʙʘסʘʣʘʥʘʜʳ. Y 

ʚʠʨʫʩʳʥʘ ʝש ʪᴇʟʽʤʜʽ ʩʦʨʪ ʘʥʳץʪʘʣʜʳ.  

ʂʽʣʪ ʩϺʟʜʝʨ: ʢʘʨʪʦʧ, Potato virus Y (PVY), ʩʠʤʧʪʦʤʘʪʠʢʘ, ʞʘʩʘʥʜʳ ʞʦʣʤʝʥ ʞץײʪʳʨʫ, 

ʚʠʨʠʦʥʜʘʨ. 

 

 



 

103 
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Annotation. Currently, the potato (Solanum tuberosum) is one of the most important food crops 

around the world. Getting a low yield of potatoes is often associated with the defeat of plants by viral 

pathogens. Recently, there has been an increase in the number of aphids, which are one of the vectors of 

viral infection, leading to an increase in the spread of viruses. Potato virus Y (PVY) continues to be one 

of the most vicious pathogens of potato worldwide, the high harmfulness is due to the impact of the virus 

infection on plant growth and development, loss of yield as well as quality and marketability of tubers. As 

a result, it is especially important to conduct research on the developmental symptomatics of different 

strains of PVY virus infection. Since the symptoms of infection in potatoes vary depending on the variety, 

strain of the virus and growing conditions, studies were conducted to compare the symptoms of infection 

in 3 different potato varieties.  Such criteria as growth gain during the first month of vegetation, 

symptomatology of disease development as well as yields were evaluated. The variety most resistant to Y 

virus is identified.  

Keywords: potato, Potato virus Y (PVY), symptoms, artificial infection, virions. 
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Annotation: The article presents calculations on the formation of a humidification contour during 

drip irrigation for intensive apple orchards, the location of drops is justified by conducting research with 

one, two, four drops for perennial apple trees growing on light gray soils in order to maintain humidity 

corresponding to 0.7 - 0.8 HB in conditions of insufficient natural moisture in in the foothill zone of the 

Zhambyl region, the intensity and time of operation of the water providing humidification. As apple trees 

grow and develop, the need to moisten the root layer along the drip line increases until the wet contours 

are completely covered. 

The establishment of the regularities of the process and dynamics of the formation of soil moisture, 

depending on the value of the irrigation rate during mass watering of apple orchards, has been 

established. Development of a mathematical model describing moisture exchange in the root layer of the 

soil during drip irrigation, and analytically solved the problem of moisture transfer, justified the 

parameters of the drip irrigation system using mathematical planning methods. 

Keywords:drip irrigation, intensive apple orchards, moisture contour, root layer. 

 

Introduction. Drip irrigation is one of the most progressive methods of irrigation, which is 

widely used in our country and abroad. Its use provides soil moisture suitable for plants, ie 

allows you to create an optimal water-air regime, maintain soil structure and improve its 

aeration. As a result, compared to other methods of irrigation, crop productivity increases by 50 

... 80% when the cost of irrigation water and labor costs decreases by 35 ... 50% [2,5]. 

When irrigation water is supplied from a drip, a soil moisture contour appears around the 

drip. Therefore, the size and shape of these contours depend on the water-physical properties of 

the soil and the amount of water supplied. In this case, it is unknown how and to what extent the 

humidification circuit changes at different irrigation rates. Of particular interest is the 

distribution of moisture in the soil and after irrigation. These issues are primarily related to the 

optimization of the elements of drip irrigation systems [6]. 

Currently, there is no consensus on how the moisture profile is distributed in the soil 

profile during drip irrigation and in what part of the area, ie the amount of soil allocated for 

perennial plantings. This issue is of particular scientific interest for the foothills of Zhambyl 

region [4,8]. Therefore, one of the tasks of our research is to study the moisture contour in the 

development zone of the root system of apple trees during the distribution of moisture in the soil 

and drip irrigation. In this regard, we We conducted a number of experiments in LLP "Eastern 

Gardens AGRO" in Ryskulov district. The research was carried out with the installation of one, 

two and four drops close to the trunk of the tree at different doses of irrigation [6]. 

Research methods and techniques. Climatic conditions identified during the years of the 

study were determined based on the data of the meteorological station "Zhambyl" located in 

Taraz and the results of the study. It has a long growing season in the north (145-160 days) and 

in the south (165-175 days) of Zhambyl region. In this regard, the average daily positive air 

temperature during the growing season in the north and south is above +10 Á C, respectively, 
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2840 Á C and 3265 Á C. Moreover, these heat reserves are sufficient for the ripening of crops 

[1,10]. 

 

 
 

Figure 1- data of the Zhambyl weather station for the years of the study 

 

The study area receives only 120 mm of precipitation during the warm period, and the 

precipitation during the growing season is 70 ... 90 mm. While the evaporation rate is 1100 mm, 

the average annual precipitation in Zhambyl region ranges from 250 to 330 mm. It is clear that 

there is not enough precipitation in the region, and often it is heavy. Most of the precipitation 

flows from the fields and does not have time to penetrate the soil surface. There fore, it has little 

effect on the growth of soil resources. 

Analyzing the average long-term climatic data of Zhambyl region, it can be noted that 

most of the precipitation falls in spring (30.9%) and autumn (27.0%). The smallest part of them 

occurs in summer (18.3%) and winter (23.8%) [1]. 

The soils of the study area are medium loamy gray soils. Soil samples were taken from 

three locations during the study. The soil of the study area is characterized by a low content of 

0.02 ... 1.42% black rot, has a block-block structure, which is easily damaged by mechanical 

impact and moisture. The structure of the soils is light and medium loam, the amount of physical 

clay is 27.1 ... 29.0%. The calculated filtration coefficient of the layer is 0.2 ... 0.4 m per day. 

Porosity of the soil of the study area is 48.61 ... 55.64%, density is 1.21 ... 1.35 g / cm3. At a 

depth of 0.2 ... 0.6 m there is a significant compaction of the soil, the density increases to 1.42 g / 

cm3, the porosity decreases to 46%. The maximum field moisture content is 27.9 ... 30% and the 

maximum molecular moisture content is 10.3 ... 12.12% of the soil volume. According to the 

results of chemical analysis, water extracts from the soil of the study area are not salted. Dry 

residue per meter thickness - 0.1. 0.72% of dry soil mass. 

Regardless of the method of distribution of moisture in the area by any method of 

irrigation, the processes of absorption and formation of soil moisture reserves are determined by 

the properties of this soil. Absorption of water into the soil, its transformation into a factor of soil 

fertility and the depth of soil moisture depends on the water-physical properties of the soil. 

Since the question of the distribution of moisture in the soil is of great importance, we 

studied the dimensions of the soil moisture contour in relation to the rate of irrigation during drip 

irrigation. The parameters of the moisture contours at different irrigation rates during the 

distribution of moisture in the soil after irrigation were estimated by comparing the values of the 

efficiency factor (EF), ie the distribution of water with optimal values. Thus, the closer the data 

are, the more effective drip irrigation can be considered. The efficiency factor (EF) can be 

defined as the ratio of the height of the humidification circuit to the width [4]: 
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ὑ ; 

 

where, H and L - are the height (vertical diameter) and width (horizontal diameter) of the 

humidification circuit, m. 

As a result of the obtained data, it should be noted that the calculated efficiency increases 

during the first day after irrigation. Further, after watering, it decreases after 2.5 and 4.5 days. 

This pattern is observed in all studied irrigation rates. 

Results and their discussion: The distribution of moisture in the active soil layer during 

drip irrigation was studied to a depth of 1.5 m and at a distance of up to 1.0 m from the drip axis. 

To determine the dynamics of moisture, soil samples were taken before and after irrigation 0.5 

days, 1.5, 2.5 and 4.5 days after irrigation. In addition, the most important elements of irrigation 

technology for drip irrigation are the main parameters of the humidification circuit, their 

maximum width, depth, vertical and horizontal zones, as well as moisture saturation. These 

values depend mainly on the water-physical properties of the soil, the structure of the droplets, 

the pressure-flow characteristics of the droplets and the biological characteristics of the crop. 

The results of the study related to the formation of the humidification circuit are given in 

table 1. 

 
Table 1 ï The process of formation and dynamics of changes in thebasic parameters of the 

soil moisture contour, depending on the valueof the irrigation rate and the time of drip irrigation  

 
 

Irrigation 

rate is n, 

m
3
/ ha 

Humidification circuit settings 

Time after 

watering, days 

Height 

H, ʤ 
Width 

L, ʤ 

Area 

S, ʤ
2
 

EF EFaverage 

 

 

110 

(90 % ʅɺ) 

0 0,67 0,34 0,20 1,83  

 

1,75 

0,5 0,85 0,47 0,37 1,71 

1,5 1,08 0,58 0,53 1,61 

2,5 0,43 0,20 0,08 1,84 

4,5 0,23 0,10 0,01 1,73 

 

 

150 

(80 % ʅɺ) 

0 0,91 0,51 0,42 1,69  

 

1,67 

0,5 1,08 0,62 0,73 1,66 

1,5 1,17 0,71 0,77 1,62 

2,5 0,58 0,32 0,16 1,68 

4,5 0,29 0,15 0,02 1,72 

 

200 

(70 % ʅɺ) 

0 1,21 0,63 0,68 1,88  

 

1,2 
0,5 1,34 0,69 0,86 1,80 

1,5 1,42 0,80 1,02 1,68 

2,5 0,79 0,42 0,31 1,85 

4,5 0,37 0,17 0,04 1,91 

 

 

The obtained data show that a significant increase in the area of the humidification circuit 

is observed with increasing irrigation rate. This increases the height and width of the 

humidification circuit. Thus, the height of the humidifying circuit at a rate of 200 m3 / ha is 1.34 

m 10 hours after irrigation, and with a decrease in irrigation rates to 150 and 110 m3 / ha - 1.08 

and 0.85 m, respectively. 
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For all studied irrigation rates, the maximum area of the humidification circuit is observed 

1.5 days after the end of irrigation. At the same time, depending on the irrigation rate of 200, 150 

and 110 m3 / ha, the area of the humidification circuit is 1.02, 0.77 and 0.53 m2, respectively. 

Then, after 2.5 days, there is a decrease in the vertical and horizontal directions of all 

parameters of the humidification chain after irrigation for all studied irrigation rates. 

In general, when installing a drip near the base of a tree by drip irrigation, the plants should 

be given no more than 70-90 liters of water per watering. When the watering rate is higher than 

90 l / tree, the water consumption for filtration increases, ie a deep discharge occurs. The 

analysis of the obtained data shows that this amount of water mainly reaches the main depth of 

plant roots, and when the soil moisture increases from 0.7 to 0.8 m, the yield of apple trees does 

not change. In this case, regardless of the rate of irrigation, the maximum loss of moisture is 

from the top layer of soil (0 - 0.5 m), as it is in this layer that the main part of the roots of the 

apple tree is concentrated, ie about 80 - 85%. 

Studying the results of the study of the distribution of soil moisture during single-drip 

irrigation, we began a study using two-drip irrigation. In addition, the main task of the study was 

to characterize the contour of the soil moisture when the water supply in the area of maximum 

root distribution is not more than 70-90 l / tree. 

 

 
Figure 1 ï At a water supply of 110 literssoil moisture contour 

 

 

With this in mind, two droppers were installed at a distance of 0.5 m from the tree trunk. 

At the same time, at a depth of 0.5-0.9 m above the soil surface, the length of the moisture zone 

was increased to 1.6 m, and the width of the soil moisture zone was equal to the maximum 

diameter of 0.8 m [3]. 

During drip irrigation, four drips around the trunk of the apple tree were used to increase 

the moisturizing contour. Two drips were installed around the tree trunk at a distance of 0.5 m to 

supply water around the tree. The results of research using this method showed a significant 

increase in the area of moist soil. For example, when taking a value greater than 2.0 m to a depth 

of 0.75 - 0.9 m, the ratio of soil moisture width, then the area of moist soil increases by 2-4 cm, 

and the percentage is 38% or more. Basically, this amount of moisture is located in the area of 

maximum development of the root system of plants. 

It should be noted that in the area of distribution of the root system of trees, it is possible to 

increase the amount of moist soil by installing four drips near the trunks of trees. This increases 
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the number of drips per unit of irrigated area, which is the most unreliable element of the drip 

irrigation system. 

Conclusion. During drip irrigation, the patterns of moisture distribution in the soil profile 

and the formation of moisture contours with different volumes of water were determined. In 

addition, the study showed that when irrigating an apple tree with a single drip of 70 l / tree, the 

moistened area of the rooted soil layer is only 4.9% of the amount of soil allocated to the plant. If 

you increase the water supply to the tree to 110 liters, the moisture content of the soil will 

increase to 29.2%. Therefore, this growth leads to deep drainage, ie filtration. In general, despite 

the established intensity of research on successful land reclamation projects, there are still a 

number of unresolved issues that complicate the further growth of areas with this progressive 

and environmentally friendly method of irrigation. There are problems. 
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ʈʝʩʧʫʙʣʠʢʘʩʳ 

 

ɸשʜʘʪʧʘ: ʤʘץʘʣʘʜʘ ʠʥʪʝʥʩʠʚʪʽ ʘʣʤʘ ʙʘץʪʘʨʳ װʰʽʥ ʪʘʤʰʳʣʘʪʳʧ ʩʫʘʨʫ ʢʝʟʽʥʜʝ ʳʣסʘʣʜʘʥʜʳʨʫ 

ʢʦʥʪʫʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʫʣʝʨ ʢʝʣʪʽʨʽʣʛʝʥ, ʙʽʨ, ʝʢʽ, ʪᴇʨʪ ʪʘʤʰʳʣʘʪץʳʰʪʘʨʤʝʥ 

ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥ ʞװʨʛʽʟʫ ʘʨץʳʣʳ ʪʘʤʰʳʣʘʪץʳʰʪʘʨʜʳש ʦʨʥʘʣʘʩʫʳʥ ʥʝʛʽʟʜʝʫ, ʘʰʳץ ʩײʨ 

ʪʦʧʳʨʘץʪʘ ɾʘʤʙʳʣ ʦʙʣʳʩʳʥʳש ʪʘʫ ʝʪʝʛʽ ʘʡʤʘסʳʥʜʘ ʞʝʪʢʽʣʽʢʩʽʟ ʪʘʙʠסʠ ʳʣסʘʣʜʘʥʫ ʞʘסʜʘʡʳʥʜʘ 0,7 

- 0,8 ʅɺ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʳʣסʘʣʜʳʣʳץʪʳ ʩʘץʪʘʫ ʤʘץʩʘʪʳʥʜʘ ᴇʩʽʧ ʪײʨסʘʥ ʢᴇʧʞʳʣʜʳץ ʘʣʤʘ ʘסʘʰʪʘʨʳ 

 ʳʪʳץʳ ʤʝʥ ʫʘסʳʥʜʳʣʳץʘʨץ שʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʩʫʜʳץ ʘʣʜʘʥʜʳʨʫʜʳסʘʙʘʪʳʥ ʳʣץ ʰʽʥ ʪʘʤʳʨװ

ʦʨʥrʜʘʣסʘʥ. ɸʣʤʘ ʘסʘʰʪʘʨʳ ᴇʩʽʧ, ʜʘʤʳʧ ʢʝʣʝ ʞʘʪץʘʥʜʘ, ʳʣסʘʣ ʢʦʥʪʫʨʣʘʨʳ ʪʦʣʳץ ʞʘʙʳʣסʘʥסʘ 

ʜʝʡʽʥ ʪʘʤʰʳ ʩʳʟʳסʳ ʙʦʡʳʤʝʥ ʪʘʤʳʨ ץʘʙʘʪʳʥ ʳʣסʘʣʜʘʥʜʳʨʫ ץʘʞʝʪʪʽʣʽʛʽ ʘʨʪʘʜʳ. ʉʫסʘʨʫʜʳש ʢʝʟ-

ʢʝʣʛʝʥ ᴅʜʽʩʽʤʝʥ ʫʯʘʩʢʝʜʝʛʽ ʳʣסʘʣʜʳש ʪʘʨʘʣʫ ᴅʜʽʩʽʥʝ ץʘʨʘʤʘʩʪʘʥ, ʪʦʧʳʨʘץʪʳש ʳʣסʘʣ ץʦʨʳʥ ʩʽשʽʨʫ 
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ʞᴅʥʝ ץʘʣʳʧʪʘʩʪʳʨʫ ʧʨʦʮʝʩʪʝʨʽ ʦʩʳ ʪʦʧʳʨʘץʪʳץ שʘʩʠʝʪʪʝʨʽʤʝʥ ʘʥʳץʪʘʣʘʪʳʥʜʳסʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, 

ʩʫʜʳש ʪʦʧʳʨʘץץʘ ʩʽשʫʽ, ʦʥʳש ʪʦʧʳʨʘײץ ץʥʘʨʣʳʣʳסʳʥʳש ʬʘʢʪʦʨʳʥʘ ʘʡʥʘʣʫʳ ʞᴅʥʝ ʪʦʧʳʨʘץʪʳש 

ʳʣסʘʣʜʘʥʫ ʪʝʨʝשʜʽʛʽ ʪʦʧʳʨʘץʪʳש ʩʫ-ʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳʣʳסʳ ʞʘʡʳʥʜʘ ʞʘʟʳʣסʘʥ. 

ʂʽʣʪ ʩϺʟʜʝʨ:ʪʘʤʰʳʣʘʪʳʧ ʩʫʘʨʫ, ʠʥʪʝʥʩʠʚʪʽ ʘʣʤʘ ʙʘץʪʘʨʳ, ʳʣסʘʣʜʘʥʫ ʢʦʥʪʫʨʳ,ʪʘʤʳʨ 

 .ʘʙʘʪʳץ

 

ɼʀʅɸʄʀʂɸ ʋɺʃɸɾʅɽʅʀʗ ʇʆʏɺ ʇʈʀ ʂɸʇɽʃʔʅʆʄ ʆʈʆʐɽʅʀʀ 

ʀʅʊɽʅʉʀɺʅʓʍ ʗɹʃʆʅɽɺʓʍ ʉɸɼʆɺ ɺ ʇʈɽɼɻʆʈʅʆʁ ɿʆʅɽ ɾɸʄɹʓʃʉʂʆʁ 

ʆɹʃɸʉʊʀ 

 

ɸʩʢʘʥʙʝʢ ɸ.ɸ.
1
, ʤʘʛʠʩʪʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ  

ɸʙʠʢʙʘʝʚ ɽ.ʈ.
2
,  ʤʘʛʠʩʪʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

 
1
ʊʘʨʘʟʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ʍ.ɼʫʣʘʪʠ, ʛ. ʊʘʨʘʟ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

2
ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʝʜʦʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸʙʘʷ,  

ʛ.ɸʣʤʘʪʳ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʥʪʫʨʘ ʫʚʣʘʞʥʝʥʠʷ ʧʨʠ 

ʢʘʧʝʣʴʥʦʤ ʦʨʦʰʝʥʠʠ ʜʣʷ ʠʥʪʝʥʩʠʚʥʳʭ ʷʙʣʦʥʝʚʳʭ ʩʘʜʦʚ, ʦʙʦʩʥʦʚʘʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʘʧʝʣʴ ʧʫʪʝʤ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʩ ʦʜʥʦʡ, ʜʚʫʤʷ, ʯʝʪʳʨʴʤʷ ʢʘʧʝʣʴʥʠʮʘʤʠ, ʜʣʷ ʤʥʦʛʦʣʝʪʥʠʭ 

ʷʙʣʦʥʴ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʧʦʯʚʘʭ ʩ ʮʝʣʴʶ ʧʦʜʜʝʨʞʘʥʠʷ ʚʣʘʞʥʦʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 0,7 - 0,8 ʅɺ, ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʚ ʧʨʝʜʛʦʨʥʦʡ 

ʟʦʥʝ ɾʘʤʙʳʣʩʢʦʡ ʦʙʣʘʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʚʨʝʤʷ ʨʘʙʦʪʳ ʚʦʜʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʫʚʣʘʞʥʝʥʠʝ. ʇʦ 

ʤʝʨʝ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʷʙʣʦʥʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʫʚʣʘʞʥʝʥʠʠ ʢʦʨʥʝʚʦʛʦ ʩʣʦʷ ʧʦ ʣʠʥʠʠ ʢʘʧʝʣʴ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʧʦʣʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚʣʘʞʥʳʭ ʢʦʥʪʫʨʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʠ ʜʠʥʘʤʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʯʚʝʥʥʦʡ 

ʚʣʘʛʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʥʦʨʤʳ ʦʨʦʰʝʥʠʷ ʧʨʠ ʤʘʩʩʦʚʦʤ ʧʦʣʠʚʝ ʷʙʣʦʥʝʚʳʭ ʩʘʜʦʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʚʣʘʛʦʦʙʤʝʥ ʚ ʢʦʨʥʝʚʦʤ ʩʣʦʝ ʧʦʯʚʳ ʧʨʠ 

ʢʘʧʝʣʴʥʦʤ ʦʨʦʰʝʥʠʠ, ʠ ʘʥʘʣʠʪʠʯʝʩʢʠ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʚʣʘʛʦʧʝʨʝʜʘʯʠ, ʦʙʦʩʥʦʚʘʥʳ ʧʘʨʘʤʝʪʨʳ 

ʩʠʩʪʝʤʳ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʧʝʣʴʥʳʡ ʧʦʣʠʚ, ʠʥʪʝʥʩʠʚʥʳʝ ʷʙʣʦʥʝʚʳʝ ʩʘʜʳ, ʢʦʥʪʫʨ ʫʚʣʘʞʥʝʥʠʷ, 

ʢʦʨʥʝʚʦʡ ʩʣʦʡ. 
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ʊɸʄʐʓʃɸʊʓʇ ʉʋנɸʈʋ ʄᴆʃʐɽʈɯ ɾᴄʅɽ ʉʋנɸʈʋɼʓר ʕʂʆʅʆʄʀʂɸʃʓפ 

ʊʀɯʄɼɯʃɯɻɯʅɽʅ ʂתʊɯʃɽʊɯʅ ᴆɿɻɽʈɯʉʊɽʈɼɯ ʕʂʉʊʈʆʇʆʃʗʎʀʗʃʓפ ᴄɼɯʉ 

ɸʈפʓʃʓ ɹʆʃɾɸʄɼɸʋ 

 
ɽʩʝʥʛʝʣʴʜʠʝʚʘ ʇ.ʅ., ʩʫ ʨʝʩʫʨʩʪʘʨʳ ʞᴅʥʝ ʩʫʜʳ ʧʘʡʜʘʣʘʥʫ ʤʘʛʠʩʪʨʽ  
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ʄ.ʍ.ɼʫʣʘʪʠ ʘʪʳʥʜʘϤʳ ʊʘʨʘʟ ϺϬʽʨʣʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ʊʘʨʘʟ Ϩ., ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ 

 

ɸϬʜʘʪʧʘ. ʄʘץʘʣʘʜʘ ɾʘʤʙʳʣ ʦʙʣʳʩʳʥʳש ʞץײʘ ץʘʙʘʪʪʳ ʩײʨ ʪʦʧʳʨʘץʪʘʨʳʥʜʘ ʞʘʩ ץʘʨץʳʥʜʳ 

ʘʣʤʘ ʙʘסʳʥ ʪʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʞʘʩʘʫʜʘ ʘʣʤʘ ʘסʘʰʪʘʨʳʥ ᴅʨʪװʨʣʽ ʪᴅʩʽʣʜʝʨʤʝʥ 

ʩʫסʘʨʫ ʢʝʟʽʥʜʝ ʘʣʳʥסʘʥ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʥײʩץʘʣʘʨʜʳ ʩʘʣʳʩʪʳʨʫ 

ʘʨץʳʣʳ ʪʠʽʤʜʽʣʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ. ɺʝʛʝʪʘʮʠʷ ʢʝʟʽʥʜʝ ʞʘʩ ץʘʨץʳʥʜʳ ʘʣʤʘ ʙʘסʳʥʳש 

ʢʝʣʝʩʽʜʝʡ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʘʥʳץʪʘʣʜʳ: ʘʣʤʘ ʘסʘʰʪʘʨʳʥʳש ʞʘʣʧʳ ʩʫ ʧʘʡʜʘʣʘʥʫʳ, ʘʣʤʘ ʘסʘʰʪʘʨʳʥʳש 

ʪᴅʫʣʽʢʪʽʢ ʦʨʪʘʰʘ ʩʫ ʧʘʡʜʘʣʘʥʫʳ ʞᴅʥʝ ʞװʡʝʢʪʝʧ ʩʫסʘʨʫ ʪᴅʩʽʣʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘסʳ ʪʘʤʰʳʣʘʪʳʧ 

ʩʫסʘʨʫ ʪᴅʩʽʣʽʥʽש ʪʠʽʤʜʽʣʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ. ʊʠʽʤʜʽ ʩʫסʘʨʫ ʪᴅʩʽʣʽʥ ʪʘשʜʘʫ, ʙʦʣʘʰʘץʪʘ ʤʦʣ ᴇʥʽʤ ʘʣʫ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʄʘץʘʣʘʜʘ ʝʢʽ ʩʫסʘʨʳ ʥײʩץʘʩʳ ʙʦʡʳʥʰʘ ʢʝʪʢʝʥ ʩʫ ʢᴇʣʝʤʽ ʝʩʝʙʽʥʝ ץʘʨʘʡ ʙʘסʘʣʳץ 

ʪײʨסʳʜʘסʳ ʪʠʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʝʩʝʧʪʝʣʛʝʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ᴇʟʛʝʨʫ ʤװʤʢʽʥʜʽʛʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ 

ʤʦʜʝʣʴʜʝʫ ʘʨץʳʣʳ ʙʦʣʞʘʤʜʘʫ ʢᴇʨʩʝʪʽʣʛʝʥ. ʉʦʥʜʘʡ-ʘץ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʩʘʣʳʩʪʳʨʘ ʢʝʣʝ ʝʢʽ ʙʦʣʞʘʤ 

ʥᴅʪʠʞʝʩʽ ʙʽʨʜʝʡ ʞᴅʥʝ ʙʦʣʞʘʤ ʜᴅʣʜʽʛʽ ʘʥʳץ ʢᴇʨʽʥʫʜʝ. ʅᴅʪʠʞʝʩʽʥʜʝ ʪʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫ ʞװʡʝʩʽʥ 

 ʘסʳʥʜʘʨʜʳ ʞʳʣʜʘʥ ʞʳʣסʳʩʳʥʘ ʢʝʪʝʪʽʥ ʰʳץʘ ʢʝʪʝʪʽʥ ʩʫ ʘסʳʣʳ 1 ʛʝʢʪʘʨץʪʳʤʜʳ ʧʘʡʜʘʣʘʥʫ ʘʨײ

 .ʘʨʳ ʝʢʝʥʽʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳסʤʢʽʥʰʽʣʽʛʽ ʞʦװʥʝʤʜʝʫ ʤװ

ʂʽʣʪ ʩϺʟʜʝʨ: ʪʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫ, ʞװʡʝʢʪʝʧ ʩʫסʘʨʫ, ʙʦʣʞʘʫ ᴅʜʽʩʽ, ʬʘʢʪʦʨʣʳץ ʪᴅʩʽʣ, ʞʘʣʧʳ 

ʩʫ ʧʘʡʜʘʣʘʥʫ ʞʠʳʥʪʳסʳ. 

 

ʂʽʨʽʩʧʝ. ɾʘʤʙʳʣ ʦʙʣʳʩʳʥʳש ʪװʨʣʽ ʘʡʤʘץʪʘʨʳʥʜʘ ʩʫʘʨʤʘʣʳ ʝʛʽʥʰʽʣʽʢʪʽ ʜʘʤʳʪʫʜʘ  

ʳʣסʘʣʜʘʥʜʳʨʫ ʤʝʥ ץʦʨʝʢʪʝʥʜʽʨʫ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɿʝʨʪʪʝʫ ʞװʨʛʽʟʽʣʛʝʥ 

ɾʘʤʙʳʣ ʦʙʣʳʩʳ ʞʝʪʢʽʣʽʢʩʽʟ ʳʣסʘʣʜʘʥʫ ʘʡʤʘסʳʥʘ ʞʘʪʘʜʳ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ 

ʤʝʣʠʦʨʘʪʦʨ ʘʣʜʳʥʜʘ ʵʢʦʣʦʛʠʷʣʳץ-ʵʢʦʥʦʤʠʢʘʣʳץ ʢᴇʟץʘʨʘʩ ʪײʨסʳʩʳʥʘʥ ʩʫסʘʨʫʜʳש 

ʥʝײסʨʣʳʤ ʟʘʤʘʥʘʫʠ ʪᴅʩʽʣʽʥ ץʦʣʜʘʥʫ ʪʫʨʘʣʳ ʤᴅʩʝʣʝ ʪʫʳʥʜʘʡʜʳ. ʉʫסʘʨʫʜʳש ʤײʥʜʘʡ 

ʪᴅʩʽʣʽʥʝ ʪʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫ ʞʘʪʘʜʳ. 

ɾʝʪʢʽʣʽʢʩʽʟ ʳʣסʘʣʜʘʥʫ ʞʘסʜʘʡʳʥʜʘ ʞʝʤʽʩ ʜʘץʳʣʜʘʨʳ ʪʦʧʳʨʘץʪʳץ-ʢʣʠʤʘʪʪʳץ ʞᴅʥʝ 

ʙʘʩץʘ ʜʘ ʞʘסʜʘʡʣʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ ᴇʟʽʥʽש ᴇʩʫʽ, ʜʘʤʫʳ ʞᴅʥʝ ʞʝʤʽʩ ʙʝʨʫʽ װʰʽʥ ʩʫʜʳש ʢᴇʧ 

ʤᴇʣʰʝʨʽʥ ʧʘʡʜʘʣʘʥʘʜʳ. ʄʳʩʘʣʳ, ʞʝʤʽʩ ʙʝʨʝʪʽʥ ʙʘץ ʚʝʛʝʪʘʮʠʷʣʳץ ʢʝʟʝשʜʝ 1 ʛʘ 3000-ʥʘʥ 

6000 ʤ
3
 ʘʨʫ ʨʝʞʠʤʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʥʝʛʽʟʛʽסʪʳʥʘʜʳ. ᴆʩʽʤʜʽʢʪʝʨʜʽ ʩʫײʘʣʜʳ ʪסʘ ʜʝʡʽʥ ʳʣס-

ʵʣʝʤʝʥʪ-ʞʘʣʧʳ ʩʫ ʧʘʡʜʘʣʘʥʫ. ʊʦʧʳʨʘץ-ʢʣʠʤʘʪʪʳץ ʞʘסʜʘʡʣʘʨסʘ ʞᴅʥʝ ᴇʩʽʤʜʽʢʪʽש 

ʩʦʨʪʪʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʞʘʣʧʳ ʩʫ  ʧʘʡʜʘʣʘʥʫʜʳש  ᴇʟʽʥʜʽʢ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʙʘʨ [1,2]. 

ʊʘʤʰʳʣʘʪʳʧ ʩʫʘʨʫ ï ᴇʩʽʤʜʽʢʪʽש ʪʘʤʳʨʳʥʘ ʩʫʜʳ, ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʞᴅʥʝ 

ᴇʩʽʤʜʽʢʪʝʨʜʽ ʟʠʷʥʢʝʩʪʝʨʜʝʥ ץʦʨסʘʡʪʳʥ ʘʛʨʦʭʠʤʠʷʣʳץ ʟʘʪʪʘʨʜʳ ʜᴅʣ ᴅʨʽ ʙʽʨʢʝʣʢʽ ʞʝʪʢʽʟʫ 

 ʘסʘʨʳ ʙᴇʣʽʤʜʝʨʜʝ ʘʪʘʣʳʧ ᴇʪʪʽ. ɾʳʣʜʘʥ ʞʳʣסʦʣʜʘʥʳʣʘʪʳʥ ᴇʥʜʽʨʽʩʪʽʢ ᴅʜʽʩ ʝʢʝʥʽ ʞʦץ ʰʽʥװ

ʘסʳʥʩʫʜʳש ᴇʟʽʥ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫסʘ ʢᴇשʽʣ ʙᴇʣʽʥʝ ʙʘʩʪʘסʘʥʳ ʤᴅʣʽʤ. ʉʦʣ ʩʝʙʝʧʪʽ, ʙײʣ ᴅʜʽʩʪʽש 

ʠʛʽʣʽʛʽ ʢᴇʧ-ʘץ. 

ʊʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫʜʳש ʙʽʨ ץʘʩʠʝʪʽ ï ᴅʨʙʽʨ ʝʛʽʣʛʝʥ ʜʘץʳʣʜʳװ שʩʪʽʥʝ ʪʘʤʰʳʣʘʪʳʧ 

 .ʘʥʘ ʙʝʨʝʜʽס ʪʳʣʳ, ᴅʨʽ ʩʫʜʳ ʢʝʨʝʢ ʢʝʟʽʥʜʝץʦʶʳʥʜʘ. ʉʫʜʳ ʫʘץ
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ᴆʣʰʝʫʽʰ ײץʨʘʣ ʘʨץʳʣʳ ʰʘʨʫʣʘʨ ʢʝʪʢʝʥ ʰʳסʳʥʳʥ ʥʘץʪʳ ʝʩʝʧʪʝʧ ʦʪʳʨʘʜʳ. ʗסʥʠ, 

 ʘ ʝʢʽ ʝʩʝ ʘʨʟʘʥ ʪᴇʣʝʡʪʽʥʽ ʤᴅʣʽʤ ʙʦʣʳʧסʳʥʩʫסʥʽ ʰʘʨʫʘʣʘʨ ʘװʘʟʽʨʛʽ ʢפ .ʥʝʤʜʝʡʜʽװ ʘʨʞʳʥʳץ

ʦʪʳʨ.  

ʊʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫ ï ʙװʢʽʣ ʚʝʛʝʪʘʮʠʷ ʢʝʟʝʥʜʝ ʪʦʧʳʨʘץ ʳʣסʘʣʜʳʣʳסʳʥ ʦשʪʘʡʣʳ 

ʜʝשʛʝʡʛʝ ʞʫʳץ ʝʪʽʧ ײʩʪʘʡʪʳʥ, ʞʠʽ ʪʘʨʤʘץʪʘʣסʘʥ ײץʙʳʨ ʞʝʣʽʩʽ ʘʨץʳʣʳ ʩʫʜʳ ʘʟ ʤᴇʣʰʝʨʜʝ 

ʪʽʢʝʣʝʡ ᴇʩʽʤʜʽʢ ʪʘʤʳʨʳ ʦʨʥʘʣʘʩץʘʥ ץʘʙʘʪץʘ ʘʨʥʘʡʳ ʤʠʢʨʦ ʩʫ ʰʳסʘʨסʳʰʪʘʨ 

(ʪʘʤʰʳʣʘʪץʳʰʪʘʨ) ʘʨץʳʣʳ ʙʝʨʝʪʽʥ ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʜʘץʳʣʜʘʨʳʥ ʩʫסʘʨʫ ʪᴅʩʽʣʽ. ɹײʣ 

ʩʫסʘʨʫ ʩʫʳʥʳש ʪʘʧʰʳʣʳסʳ ᴇʪʝ ʢװʰʪʽ ʩʝʟʽʣʝʪʽʥ, ʞʝʨ ʙʝʜʝʨʽ ʢװʨʜʝʣʽ, ʩʫ ᴇʪʢʽʟʛʽʰʪʽʛʽ 

ʞʦסʘʨʳ, ʪʘʫ ʙᴇʢʪʝʨʣʝʨʽʥʜʝʛʽ ʞʝʨ ʪʝʣʽʤʜʝʨʽʥʜʝ, ʷסʥʠ ʜᴅʩʪװʨʣʽ ʩʫסʘʨʫ ʪᴅʩʽʣʜʝʨʽʥ ץʦʣʜʘʥʫסʘ 

ʙʦʣʤʘʡʪʳʥ ʥʝʤʝʩʝ ץʦʣʜʘʥʫ ᴇʪʝ ץʠʳʥ ʙʦʣʘʪʳʥ ʞʘסʜʘʡʣʘʨʜʘ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʩʫסʘʨʫʜʳש 

ʪʠʽʤʜʽ ʝʨʝʢʰʝ ʞʘשʘ ʪᴅʩʽʣʽ [3, 91- ʙʝʪ, 4, 5, 139 ʙʝʪ]. 

ʊʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫ ï ᴇʩʽʤʜʽʢʪʽש ʪʘʤʳʨʳʥʘ ʩʫʜʳ, ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʞᴅʥʝ 

ᴇʩʽʤʜʽʢʪʝʨʜʽ ʟʠʷʥʢʝʩʪʝʨʜʝʥ ץʦʨסʘʡʪʳʥ ʘʛʨʦʭʠʤʠʷʣʳץ ʟʘʪʪʘʨʜʳ ʜᴅʣ ᴅʨʽ ʙʽʨʢʝʣʢʽ ʞʝʪʢʽʟʫ 

 ʘסʘʨʳ ʙᴇʣʽʤʜʝʨʜʝ ʘʪʘʣʳʧ ᴇʪʪʽ. ɾʳʣʜʘʥ ʞʳʣסʦʣʜʘʥʳʣʘʪʳʥ ᴇʥʜʽʨʽʩʪʽʢ ᴅʜʽʩ ʝʢʝʥʽ ʞʦץ ʰʽʥװ

ʘסʳʥ ʩʫʜʳש ᴇʟʽʥ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫסʘ ʢᴇשʽʣ ʙᴇʣʽʥʝ ʙʘʩʪʘסʘʥʳ ʤᴅʣʽʤ. ʉʦʣ ʩʝʙʝʧʪʽ, ʙײʣ ᴅʜʽʩʪʽש 

ʠʛʽʣʽʛʽ ʢᴇʧ-ʘ[6,7,8] ץ. 

ʊʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫʜʳש ʙʽʨ ץʘʩʠʝʪʽ ï ᴅʨʙʽʨ ʝʛʽʣʛʝʥ ʜʘץʳʣʜʳװ שʩʪʽʥʝ ʪʘʤʰʳʣʘʪʳʧ 

 .ʘʥʘ ʙʝʨʝʜʽס ʪʳʣʳ, ᴅʨʽ ʩʫʜʳ ʢʝʨʝʢ ʢʝʟʽʥʜʝץʦʶʳʥʜʘ. ʉʫʜʳ ʫʘץ

ʉʫסʘʨʤʘʣʳ ʙʘʫ-ʙʘץʰʘ ʰʘʨʫʘʰʳʣʳסʳʥ ʜʘʤʳʪʫʜʳץ שʘʟʽʨʛʽ ʞʘסʜʘʡʣʘʨʳʥʜʘ 

ʪʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʘʨʳʥʰʘ ץʘʡʪʘʨʳʤʜʳ ʙʦʣʳʧ ʦʪʳʨ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷʥʳ 

ʧʘʡʜʘʣʘʥʫ ʩʫ ʞᴅʥʝ ʞʝʨ ʨʝʩʫʨʩʪʘʨʳʥʳש ʞʝʪʽʩʧʝʫʰʽʣʽʛʽ ʙʘʨ  ʞᴅʥʝ ʞץײʘ ץʘʙʘʪʪʳ ʩײʨ 

ʪʦʧʳʨʘץʪʘʨʜʘ ʪʠʽʤʜʽ [9-13]. 

ʐʘʨʫʘʣʘʨ ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʥʳש ʠʛʽʣʽʢʪʝʨʽʥʝ ʢᴇʟ ʞʝʪʢʽʟʛʝʥʜʽʢʪʝʥ ʙʦʣʘʨ, ʦסʘʥ ʜʝʛʝʥ 

 ʳʣʜʘʨʜʳ ʜʘץʘʨʪʳʧ ʢʝʣʝʜʽ. ɾʳʣʳʞʘʡʜʘʥ ʙᴇʣʝʢ, ʜʘʣʘʜʘ ʝʛʽʣʛʝʥ ʜʘ ץʫʰʳʣʳסʳʟʳץ

ʪʘʤʰʳʣʘʪʳʧ ʩʫʘʨʘʜʳ. ɹסײʘʥ ʜʝʡʽʥ ʜʘʣʘʜʘסʳ ʝʛʽʩʪʽʢʪʽ ʪʘʤʰʳʣʘʪʳʧ ʩʫʘʨʫסʘ ʤʝʤʣʝʢʝʪʪʝʥ 

ʩʫʙʩʠʜʠʷ ʪᴇʣʝʥʽʧ ʢʝʣʛʝʥ. ɸʪʘʧ ʪʦץʪʘʣʘ ᴇʪʝʪʽʥ ʙʦʣʩʘץ ɾʘʤʙʳʣ ʦʙʣʳʩʳʥʳ2019 ש ï 2023 

ʞʳʣʜʘʨסʘ ʘʨʥʘʣסʘʥ ᴅʣʝʫʤʝʪʪʽʢ-ʵʢʦʥʦʤʠʢʘʣʳץ ʜʘʤʫ ʙʦʣʞʘʤʳʥʳש ʥʝʛʽʟʛʽ ʙʘʩʳʤʜʳץʪʘʨʳ: 

 - ʆʙʣʳʩ ʵʢʦʥʦʤʠʢʘʩʳ ʞʘסʜʘʡʳʥʳש ʞʘץʩʘʨʫʳʥʘ ʞᴅʥʝ ʩʝʨʧʽʥʜʽ ʜʘʤʫʳʥʘ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʪʳʥ ʠʥʜʫʩʪʨʠʷʣʜʳ-ʠʥʥʦʚʘʮʠʷʣʳץ ʜʘʤʫ ʙʘסʜʘʨʣʘʤʘʩʳʥʳש ʝʢʽʥʰʽ ʙʝʩʞʳʣʜʳסʳ 

ʳץʧʘʣ ʝʪʫʽ ʪʠʽʩ, ʦʥʳש ʰʝשʙʝʨʽʥʜʝ ʦʙʣʳʩʪʘ ʠʥʚʝʩʪʠʮʠʷ ʢᴇʣʝʤʽ 584,2 ʤʠʣʣʠʘʨʜ ʪʝשʛʝʥʽ 

 ʤʳʩײʘ ʞשʞʘ שʞʦʙʘʥʳ ʽʩʢʝ ʘʩʳʨʫ ʞʦʩʧʘʨʣʘʥʫʜʘ, ʦʥʜʘ 6,4 ʤʳ ץʨʘʡʪʳʥ 42 ʠʥʚʝʩʪʠʮʠʷʣʳײץ

ʦʨʳʥʜʘʨʳ ײץʨʳʣʘʪʳʥ ʙʦʣʘʜʳ;  

- ɹᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ᴇʥʽʤʽ ᴇʥʜʽʨʽʩʽʥ ץʘʤʪʫ; 

- ᴆʩʽʤʜʽʢ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ʳʣסʘʣ-ʨʝʩʫʨʩ װʥʝʤʜʝʫ ʞᴅʥʝ  ʪʘʤʰʳʣʘʪʳʧ ʩʫʘʨʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʙʝʣʩʝʥʜʽ ץʦʣʜʘʥʫ; 

- ʂʝʣʝʰʝʢʪʝ ʩʫסʘʨʤʘʣʳ ʘʣץʘʙʳʥ 27 ʤʳש ʛʝʢʪʘʨʜʘʥ 35 ʤʳש ʛʝʢʪʘʨסʘ ʜʝʡʽʥ 

ʘʨʪʪʳʨʫ [14]. 

ʂᴇʨʽʧ ʦʪʳʨסʘʥʳʤʳʟʜʘʡ ʪʘʤʰʳʣʘʪʳʧ ʩʘסʘʨʫ װʜʝʨʽʩʪʝʨʽ ʙᴅʩʝשʜʝʫ ʝʤʝʩ ʪʝʢ ᴇʨʣʝʫ 

  .ʩʪʽʥʜʝװ

 ץʦʟʳ שʨʢʠʷ ʞᴅʥʝ ʀʩʧʘʥʠʷʥʳװʜʘ ʢᴇʙʽ ʀʟʨʘʠʣʴ, ʅʠʜʝʨʣʘʥʜʳ, ʊשʘʟʽʨʛʽ ʪʘפ

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʤʝʥ ʞײʤʳʩ ʽʩʪʝʡʜʽ. ᴄʨץʘʡʩʳʩʳʥʳש ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʩʘץʪʘʧ, ʜײʨʳʩ ץʦʣʜʘʥʘ 

ʙʽʣʩʝ, ʙᴅʨʽ ʜʝ ʪʠʽʤʜʽ. ɼʝʛʝʥʤʝʥ, ʙʘסʘʣʘʨʳ ᴅʨ ʪװʨʣʽ. ɾʦʣʳʥʘ, ʩʘʧʘʣʳʣʳסʳʥʘ ץʘʨʘʡʜʳ. ɸʣ 

ʜʘʣʘʜʘסʳ ʪʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫסʘ ץʳʤʙʘʪ ʪʝʭʥʦʣʦʛʠʷʥʳש ʢʝʨʝʛʽ ʞʦץ.  

ɿʝʨʪʪʝʫ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ᴅʜʽʩʪʝʨʽ.  ɾʘʤʙʳʣ ʦʙʣʳʩʳ ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʞʝʨʣʝʨʽ 

 ʳ, ʩʫʘʨʤʘʣʳ ʞʝʨʣʝʨʽ, ʙᴅʨʽ ʜʝסʘʣʜʳʣʳסʳʣ שʘʥ. ɸʫʘ ʨʘʡʳʥʳץʦʣʘʡʣʳ ʞʝʨʜʝ ʦʨʥʘʣʘʩץ

  .ʦʣʘʡʣʳץ

 ,ʘʩʳ ʞʝʨ ʙʝʜʝʨʽסʳʥ ʩʫ ʙʘסʜʘ ɾʘʤʙʳʣ ʦʙʣʳʩʳ ʙʦʡʳʥʰʘ ʞʘʣʧʳ ʘשʘʟʽʨʛʽ ʪʘפ

ʦʨʥʘʣʘʩʫʳ ʞᴅʥʝ ʩʫ ץʦʨʳ ʤװʤʢʽʥʰʽʣʽʛʽʥʝ ץʘʨʘʤʘʡ ʙʘʨʣʳץ ʞʝʨʜʝ ʙʝʢʽʪʽʣʛʝʥ ʦʨʪʘץ ʙʘסʘ 

0,294 ʤ
3
/ʪʛ.   
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ʆʩʳ ʝʩʝʧʧʝʥ ʘʣʜʘסʳ ʪʘʣʜʘʫʣʘʨʜʘ ʞװʨʛʽʟʽʣʛʝʥ ʤᴅʣʽʤʝʪʪʝʨʛʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʝʢʽ 

ʩʫסʘʨʳ ʥײʩץʘʩʳ ʙʦʡʳʥʰʘ ʢʝʪʢʝʥ ʩʫ ʤᴇʣʰʝʨʽ ʝʩʝʙʽʥʝ ץʘʨʘʡ ᴇʟʽʤʽʟʜʽש ʙʘסʘʣʳץ ʪײʨסʳʜʘסʳ 

ʪʠʽʤʜʽʣʽʛʽʤʽʟʜʽ ʝʩʝʧʪʝʧ ʢᴇʨʩʝʪʩʝʢ.  

 
1-ʂʝʩʪʝ ï ɽʢʽ ʥײʩץʘ ʙʦʡʳʥʰʘ 2015-2018 ʞʳʣʜʘʨ ʘʨʘʣʳסʳʥʜʘ ʩʫ ʤᴇʣʰʝʨʽ ʞᴅʥʝ ʙʘסʘ 

ᴇʟʛʝʨʽʩʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ  

 

ɿʝʨʪʪʝʫ 

ʥײʩץʘʣʘʨʳ 

 

ɿʝʨʪʪʝʫ 

ʞʳʣʜʘʨʳ 

 

ʉʫסʘʨʤʘʣʘʫ 

ʤᴇʣʰʝʨʽ, ʤ
3
/ʛʘ 

 

ʉʫ ʧʘʡʜʘʣʘʥʫסʘ ʢʝʪʢʝʥ ʘץʰʘ ʢᴇʣʝʤʽ, 

ʪʛ 

1-ʰʽ ʥײʩץʘ 

ɾװʡʝʢʪʝʧ 

ʩʫסʘʨʫ 

  

2015 5460 1605 

2016 5805 1707 

2017 7740 2276 

2018 8385 2465 

ʆʨʪʘʰʘ (4 ʞʳʣʜʘ) 

 

6850 2014 

2-ʰʽ ʥײʩץʘ 

ʊʘʤʰʳʣʘʪʳʧ 

ʩʫסʘʨʫ 

 

2015 1190 350 

2016 2860 841 

2017 3120 917 

2018 3510 1032 

ʆʨʪʘʰʘ (4 ʞʳʣʜʘ) 

 

2670 785 

 

 

ʂʝʩʪʝ ʤᴅʣʽʤʝʪʪʝʨʽ ʢᴇʨʩʝʪʽʧ ʦʪʳʨסʘʥʜʘʡ 2015 ʞʳʣʳ ʩʫʜʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫ 4,5 ʝʩʝ, 

 ʘʟ ʢᴇʣʝʤʜʝ ʧʘʡʜʘʣʘʥʳʧ, ʪʠʽʤʜʽʣʽʛʽʥ ץʘ ʜʝʨʣʽʢ 2,5 ʝʩʝʛʝ ʞʫʳץץʘʥ ʞʳʣʜʘʨʳ ʪʦʣʳסʘʣץ

ʘʨʪʪʳʨʳʧ ʦʪʳʨʤʳʟ. 

 

 
 

1-ʉʫʨʝʪ ï 2015-2018 ʞʳʣʜʘʨ ʙʦʡʳʥʰʘ ʪʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫ ʪʠʽʤʜʽʣʽʛʽ, ʤ
3 

 

 

ɾʦסʘʨʳʜʘסʳ ʢʝʩʪʝ ʪʘʣʜʘʫʳʥʜʘ ʘʪʘʧ ᴇʪʢʝʥʽʤʽʟʜʝʡ ʩʫ ʧʘʡʜʘʣʘʥʫʜʘסʳ װʥʝʤʜʽʣʽʢ 

ʘʡץʳʥ ʢᴇʨʽʥʽʩ ʪʘʙʫʜʘ. ɽʩʝʧʪʝʣʛʝʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʢʝʣʝʩʽ ʢʝʟʝʢʪʝ ᴇʟʛʝʨʫ ʤװʤʢʽʥʜʽʛʽʥ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʣʜʝʣʴʜʝʫ ʘʨץʳʣʳ ʙʦʣʞʘʤʜʘʧ ʢᴇʨʩʝʪʩʝʢ.  

ʅᴅʪʠʞʝʣʝʨ. ɹʦʣʞʘʤʜʘʫ ʥᴅʪʠʞʝʩʽ ʙʘʩץʘʨʫ ʦʙʲʝʢʪʽʩʽʥʽש ʙʦʣʘʰʘץ ʞʘʡ-ʢװʡʽ ʪʫʨʘʣʳ 

ʜᴅʣʝʣʜʽ ʪװʩʽʥʽʢ ʙʝʨʝʪʽʥ ʢᴇʨʩʝʪʢʽʰ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʙʲʝʢʪʽʥʽש ᴇʟʛʝʨʫ װʨʜʽʩʪʝʨʽʥ ʩʠʧʘʪʪʘʫ 

ʪᴅʩʽʣʽʥʝ, ʧʨʦʮʝʩʪʽש ʥʝʤʝʩʝ ʦʙʲʝʢʪʽʥʽʩʠʧʘʪʪʘʡʪʳʥ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ץʘʣʳʧʪʘʩʪʳʨʫ ʪᴅʩʽʣʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʞʘʫʜʘ ᴅʨ ʪװʨʣʽ ʘʤʘʣʜʘʨʜʳ ץʘʨʘʩʪʳʨʘʜʳ. 
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2-ʉʫʨʝʪ ï 2015-2018 ʞʳʣʜʘʨ ʙʦʡʳʥʰʘ ʪʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫ ʪʠʽʤʜʽʣʽʛʽ, ʤ
3
/ʪʛ 

 

 

ɹʦʣʞʘʫʜʘסʳ ʪʨʝʥʜʪʽʢ ʪᴅʩʽʣ ʙʦʣʞʘʥʘʪʳʥ ʢᴇʨʩʝʪʢʽʰʪʽש ʜʠʥʘʤʠʢʘʣʳץ ʫʘץʳʪʰʘ 

 שʥʠ ʙʦʣʞʘʥʘʪʳʥ ʢᴇʨʩʝʪʢʽʰʪʽסʟʝʪʽʣʛʝʥ ʤᴅʥʜʝʨʽʥ ʵʢʩʪʨʘʧʦʣʷʮʠʷʣʘʫʜʳ, ʷװʪ שʘʪʘʨʳʥʳץ

ʙײʨʳʥסʳ װʨʜʽʩʪʝʨʽʥ ʦʥʳש ʙʦʣʘʰʘץ ʜʘʤʫʳʥʘ ʢᴇʰʽʨʫʜʽ ʙʦʣʞʘʡʜʳ. 

ʄʳʩʘʣʳ, ʩʫ ʧʘʡʜʘʣʘʥʫ ʤᴇʣʰʝʨʽʥʽ4 ש ʞʳʣʜʘ ʪײʨʘץʪʳ ᴇʩʽʧ ʦʪʳʨʫʳ ʢʝʣʝʩʽ 5-ʰʽ ʞᴅʥʝ 

6-ʰʳ ʞʳʣʜʘʨʳ ץʘʣʘʡ ʜʝʧᴇʟʛʝʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ.  

ʌʘʢʪʦʨʣʳץ ʪᴅʩʽʣ ᴅʨ ʪװʨʣʽ ʬʘʢʪʦʨʣʘʨʜʳש ᴅʩʝʨʽʥ ʙʘסʘʣʘʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳש ʙʘʩץʘʨʫ 

ʦʙʲʝʢʪʽʩʽʥʽש ʳץʪʠʤʘʣ ʙʦʣʘʰʘץ ʞʘʡ-ʢװʡʽʥ ʜʘʤʳʪʫסʘ ʘʨʘʣʘʩʫʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ. ʆʩʳסʘʥ 

ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʞʘʥʘʪʳʥ ʢᴇʨʩʝʪʢʽʰʢʝ (ʠʥʜʠʢʘʪʦʨסʘ), ʧʨʦʮʝʩʢʝ ᴅʩʝʨ ʝʪʝʪʽʥ ʬʘʢʪʦʨʣʘʨ 

(ʨʝʪʪʝʫʽʰʪʝʨ) ʰʝשʙʝʨʽʥ ʞᴅʥʝ ʦʣʘʨʜʳש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʳʥʳש ʥʳʩʘʥʜʘʨʳʥ ʘʥʳץʪʘʫ 

 ʟʝʛʝװʘʨʫʰʳ ʬʘʢʪʦʨʤʝʥ ʙʦʣʞʘʤ ʞץʙʝʨʽʥʜʝ ʙʘʩשʘʞʝʪʪʽʣʽʛʽ ʪʫʳʥʜʘʡʜʳ. ʆʩʳ ʪᴅʩʽʣ ʰʝץ

ʘʩʳʨʳʣʫʳ ʤװʤʢʽʥ, ʷסʥʠ ᴅʣʝʫʤʝʪʪʽʢ (ʤʦʪʠʚʘʮʠʷʣʳץ) ʩʘʷʩʘʪʪʳש, ʥʘʨʳץ ʩʫʙʲʝʢʪʽʣʝʨʽʥʽש 

ᴇʟʘʨʘ ʽʩ-ץʠʤʳʣʳʥ ʨʝʪʪʝʫ ʩʘʷʩʘʪʳʥʳץ ,שʘʨʞʳʣʳץ, ʠʥʚʝʩʪʠʮʠʷʣʳץ, ʂʘʜʨʣʳץ, ʥʦʨʤʘʪʠʚʪʽʢ-

 שʘʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫʜʳץʩײʨʣʽ ʥװᴅʨ ʪ שʢʝʜʝʥ ʩʘʷʩʘʪʳʥʳ ,ץʳ ʵʢʦʥʦʤʠʢʘʣʳץʩʳʨʪ ,ץʪʳץʳץײץ

ʳץʪʠʤʘʣ ʩʘʣʜʘʨʣʘʨʳʥ ʩʘʥʜʳץ ʙʘסʘʣʘʫʜʳ ʬʘʢʪʦʨʣʳץ ʙʦʣʞʘʤסʘ ʝʥʛʽʟʫ. ɹʽʽʟʜʽש ʞʘסʜʘʡʜʘ ʙײʣ 

ʙʦʣʞʘʤʥʳץ שʘʞʝʪʪʽʣʽʛʽʥ ʢᴇʨʝ ʘʣʤʘʜʳץ. 

ɹʦʣʞʘʫ ᴅʜʽʩʪʝʨʽ ʝʢʽ ʪʦʧץʘ ʙᴇʣʽʥʝʜʽ: 

1) ʙʝʡʨʝʩʤʠ (ʵʚʨʠʩʪʠʢʘʣʳץ): ʩʘʨʘʧʪʘʤʘʣʳץ ʙʘסʘʣʘʨ; ʩʮʝʥʘʨʠʡʣʝʨ ʞᴅʥʝ ʪ. ʙ. ᴅʜʽʩʽ.; 

2) ʬʦʨʤʘʣʘʥסʘʥ: ʵʢʦʥʦʤʠʢʘʣʳץ-ʤʘʪʝʤʘʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨ, ʤʦʜʝʣʴʜʝʫ. 

ɹʦʣʞʘʫʜʳש ʬʦʨʤʘʣʜʳ ᴅʜʽʩʪʝʨʽ: 

 ʳסʞʝʢʝʣʝʛʝʥ ʵʣʝʤʝʥʪʪʝʨʽ ʤʝʥ ʬʘʢʪʦʨʣʘʨʳ ʘʨʘʩʳʥʜʘ שʘʥ ʦʨʪʘʥʳסʦʨʰʘץ -

ʙʘʡʣʘʥʳʩʪʘʨסʘ ʩʘʥʜʳץ ʩʠʧʘʪʪʘʤʘ ʙʝʨʫ; 

- ʦʣʘʨʜʳש ʥʘʨʳץ ʞʘסʜʘʡʳ ʤʝʥ ʜʠʥʘʤʠʢʘʩʳʥʘ ᴅʩʝʨʽʥ ʙʘסʘʣʘʫ; 

- ʘʣʳʥסʘʥ ʙʦʣʞʘʤ ʥᴅʪʠʞʝʣʝʨʽʥ ʪʘʣʜʘʫʜʳ ʞװʟʝʛʝ ʘʩʳʨʫ. 

ʌʦʨʤʘʣʜʳ ᴅʜʽʩʪʝʨʜʝʥ ʤײʥʜʘʡ ʘʣʛʦʨʠʪʤ ʙʦʡʳʥʰʘ ʙʦʣʞʘʤ ʞʘʩʘʣʘʪʳʥ 

ʵʢʩʪʨʘʧʦʣʷʮʠʷʣʳץ ᴅʜʽʩʪʝʨ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ: 

- ʙʘʨ ʜʝʨʝʢʪʝʨʜʽ ʨʝʪʪʝʫ; 

- ʫʘץʳʪʰʘ ץʘʪʘʨʜʳ ʪʝʛʽʩʪʝʫ; 

- ʪʨʝʥʜ ʪʘשʜʘʫ; 

- ʙʦʣʞʘʤʜʳ ʤᴅʥʜʽ ʝʩʝʧʪʝʫ; 

- ʙʝʨʽʣʛʝʥ ʳץʪʠʤʘʣʜʳץʧʝʥ ʩʝʥʽʤʜʽ ʠʥʪʝʨʚʘʣʜʳ ʙʘסʘʣʘʫ. 

ɽץ שʘʨʘʧʘʡʳʤ ᴅʜʽʩ-ʩʳʟʳץʪʳץ ʊʝʛʽʩʪʝʫ ʘʨץʳʣʳ ʵʢʩʪʨʘʧʦʣʷʮʠʷ. 
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ɹʦʣʞʘʫʜʳש ʵʢʩʪʨʘʧʦʣʷʮʠʷʣʳץ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ װʰʽʥ ײʟʘץ ʫʘץʳʪ ץʘʪʘʨʣʘʨʳ ץʘʞʝʪ 

(ʙʽʟʜʽש ʞʘסʜʘʡʳʤʳʟʜʘ 4 ʞʳʣ). ʌʦʨʤʘʣʴʜʳ ʝʤʝʩ (ʵʚʨʠʩʪʠʢʘʣʳץ) ᴅʜʽʩʪʝʨ ʩʘʨʘʧʰʳʣʘʨʜʳש 

ʙʽʣʽʤʽʥ ʬʦʨʤʘʣʴʜʳ ʪװʨʜʝ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥ ʙʦʣʤʘסʘʥ ʞʘסʜʘʡʣʘʨʜʘ ץʦʣʜʘʥʳʣʘʜʳ. ʉײʭʙʘʪ, 

"ʤʠ ʰʘʙʫʳʣʳ", ײʞʳʤʜʳץ ʩʘʨʘʧʪʘʤʘʣʳץ ʩʘʫʘʣʥʘʤʘʣʘʨ ᴅʜʽʩʪʝʨʽ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. 

ʕʢʦʥʦʤʠʢʘʣʳץ ʙʦʣʞʘʤʜʘʨʜʳ ʞװʟʝʛʝ ʘʩʳʨʫ ʢʝʟʽʥʜʝ ʩʘʨʘʧʪʘʤʘʣʳץ ʙʘסʘʣʘʫ ᴅʜʽʩʪʝʨʽ 

ʞʠʽ ץʦʣʜʘʥʳʣʘʜʳ: ʙʦʣʞʘʤʜʳץ ʙʘסʘʣʘʫ ʩʘʨʘʧʰʳʣʘʨʜʳץ שʦʨʳʪʳʥʜʳʣʘʨʳ ʥʝʛʽʟʽʥʜʝ 

ʘʥʳץʪʘʣʘʜʳ, ʦʥʜʘ ץʘʥʜʘʡ ʜʘ ʙʽʨ ʦʙʲʝʢʪʽʥʽש ʥʝʤʝʩʝ ʧʨʦʙʣʝʤʘʥʳש ʞʘʡ-ʢװʡʽ ʤʝʥ ʜʘʤʫʳ 

ʪʫʨʘʣʳ ᴇʟ ʢᴇʟץʘʨʘʩʳʥ ʜᴅʣʝʣʜʽ ʥʝʛʽʟʜʝʫ ʪʘʧʩʳʨʳʣʘʜʳ [15]. 

ɹʽʟ ᴇʟ ʢʝʟʝʛʽʤʽʟʜʝ ʝץ שʘʨʘʧʘʡʳʤ ʙʦʣʞʘʤʜʘʨʜʳ ʞʘʩʘʫ װʰʽʥ Excel ʪʨʝʥʜ ʬʫʥʢʮʠʷʩʳʥ 

ʧʘʡʜʘʣʘʥʫסʘ ʙʝʪ ʙײʨʜʳץ. ʆʥʳש ʢᴇʤʝʛʽʤʝʥ ʩʳʟʳץʪʳץ ʪʨʝʥʜʢʝ ʩᴅʡʢʝʩ ʟʝʨʪʪʝʣʝʪʽʥ 

ʢᴇʨʩʝʪʢʽʰʪʽש ʙʦʣʘʰʘץ ʤᴅʥʜʝʨʽʥ ʝʩʝʧʪʝʡʜʽ. ɽש ʢʽʰʽ ʢʚʘʜʨʘʪʪʘʨ ᴅʜʽʩʽʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, 

ʬʫʥʢʮʠʷ ʙʝʣʛʽʣʽ "y" ʤᴅʥʜʝʨʽʥʽש ʞᴅʥʝ ʙʝʣʛʽʣʽ "x" ʤᴅʥʜʝʨʽʥʽש ʜʠʘʧʘʟʦʥʜʘʨʳʥ ʪװʟʫ ʩʳʟʳץʧʝʥ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷʣʘʡʜʳ. 

ɼʝʨʝʢʪʝʨ ʜʠʘʧʘʟʦʥʳ "y". ʄʽʥʜʝʪʪʽ ʘʨʛʫʤʝʥʪ. y = ax + bʪʝשʜʝʫʽ װʰʽʥ ʙʝʣʛʽʣʽ "y" 

ʤᴅʥʜʝʨʽʥʽש ʤʘʩʩʠʚʽ. 

"X" ʤᴅʥʜʝʨʽʥʽש ʘʫץʳʤʳ.y = ax + b "x" ʤᴅʥʜʝʨʽʥʽש ʘʨʘץʘʪʳʥʘʩʳ װʰʽʥ ʙʝʣʛʽʣʽ 

ʤʘʩʩʠʚʪʝʨʜʽ ץʘʤʪʠʪʳʥ ʤʽʥʜʝʪʪʽ ʜᴅʣʝʣ. 

ɾʘשʘ ʤᴅʥʜʝʨ "x".  ʄʽʥʜʝʪʪʽ ʜᴅʣʝʣ.  "X" ʘʡʥʳʤʘʣʳ ʜʠʘʧʘʟʦʥʳ, ʦʣʘʨ װʰʽʥ y ʤᴅʥʽʥ 

ʝʩʝʧʪʝʫ ץʘʞʝʪ. 

ʂʦʥʩʪʘʥʪʘ 1-ʛʝ ʪʝש. ʄʽʥʜʝʪʪʽ ʝʤʝʩ ʣʦʛʠʢʘʣʳץ ʤᴅʥ. ɽʛʝʨ ʙʝʪʘʣʳʩ ʤᴅʥʽ "B" 

ʢʦʵʬʬʠʮʠʝʥʪʽʥ ʝʩʢʝʨʫʩʽʟ ʝʩʝʧʪʝʫ ץʘʞʝʪ ʙʦʣʩʘ (y = ax ʘʨʘץʘʪʳʥʘʩʳ ʩʘץʪʘʣסʘʥ) 0 ץʦʷʤʳʟ. 

 
2-ʂʝʩʪʝ ï ʊʝʥʜʝʥʮʠʷ ʬʫʥʢʮʠʷʩʳ ʘʨץʳʣʳ ʩʫ ʧʘʡʜʘʣʘʥʫסʘ ʢʝʪʢʝʥ ʘץʰʘ ʢᴇʣʝʤʽʥʽש 

ᴇʟʛʝʨʫ ʪʝʥʜʝʥʮʠʷʩʳ 

 

ɾʳʣʜʘʨ ʅײʩץʘ - 1 ɹʦʣʞʘʤ ʅײʩץʘ - 2 ɹʦʣʞʘʤ 

1 1605 1540,9 350 466,7 

2 1707 1855,8 841 678,9 

3 2276 2170,7 917 891,1 

4 2465 2485,6 1032 1103,3 

5 

 

2800,5 

 

1315,5 

 

ʂʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʙʦʣʞʘʤʜʳ ʤᴅʥ 1-ʰʽ ʥײʩץʘ ʙʦʡʳʥʰʘ 113,6 % ʘʨʪʳʧ 2800,5 

ʪʝשʛʝʛʝ ʞʝʪʝʜʽ ʜʝʧ ʙʦʣʞʘʤʜʘʥʩʘ, 2-ʰʽ ʥײʩץʘ ʪʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫ ʙʦʡʳʥʰʘ 127,5 % ʘʨʪʳʧ 

1315,5 ʪʝʛʝʛʝ ʞʝʪʫ ʙʦʣʞʘʤʜʘʥʳʧ ʦʪʳʨ.  

ʂʝʣʝʩʽ ʢʝʟʝʢʪʝ ʦʩʳ ʪʝʥʜʝʥʠʷʥʳ "ʪʨʝʥʜ ʩʳʟʳסʳ" ʪʝשʜʝʫʽ ʘʨץʳʣʳ ʜᴅʣʜʽʛʽʥ ʘʥʳץʪʘʩʘץ.  

 

 
3-ʉʫʨʝʪ  ï ɾװʡʝʢʪʝʧ ʩʫסʘʨʫ ʙʦʡʳʥʰʘ 5-ʰʽ ʞʳʣסʘ ᴇʟʛʝʨʫ ʜʠʥʘʤʠʢʘʩʳ 
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 4-ʉʫʨʝʪ  ï ʊʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫ ʙʦʡʳʥʰʘ 5-ʰʽ ʞʳʣסʘ ᴇʟʛʝʨʫ ʜʠʥʘʤʠʢʘʩʳ 

 

  

 ɼʠʘʛʨʘʤʤʘʜʘסʳ ʥᴅʪʠʞʝʣʝʨʜʽ ʪʘʣʜʘʧ ᴇʪʩʝʢ, RĮ ʤᴅʥʽ 1-ʛʝ (ʢʦʥʩʪʘʥʪʘ) ʞʘץʳʥ ʙʦʣסʘʥ 

ʩʘʡʳʥ ʙʦʣʞʘʤʳʤʳʟʜʳש ʜᴅʣʜʽʛʽʥ ʢᴇʨʩʝʪʝʪʽʥ ʢᴇʨʩʝʪʢʽʰ. ɹʽʟʜʽש ʞʘסʜʘʡʳʤʳʟʜʘ ʙײʣ 1-ʰʽ 

ʥײʩץʘ ʙʦʡʳʥʰʘ 0,92 ʙʦʣʩʘ, 2-ʰʽ ʞʘסʜʘʡʜʘ 0,83 ʙʦʣʳʧ ʦʪʳʨ.  

ɽʥʜʽʛʽ ʢʝʟʝʢʪʝ "ʪʨʝʥʜ ʩʳʟʳסʳ" ʪʝשʜʝʫʽʥ ʰʝʰʫ ʘʨץʳʣʳ ʝʢʽʥʰʽ ײץʨʳʣסʘʥ 

ʙʦʣʞʘʤʳʤʳʟʜʳש ʜᴅʣʜʽʛʽʥ ʘʥʳץʪʘʩʘץ. 

1- ʰʽ ʥײʩץʘ ʙʦʡʳʥʰʘ: 

y = 314,9x + 1226, ʤײʥʜʘסʳ "ʭ" ʙʝʣʛʽʩʽʟ ʰʝʢʪʽʤᴅʥ  5 

y = 314,9*5 + 1226= 2800,5 

2- ʰʽ ʥײʩץʘ ʙʦʡʳʥʰʘ: 

y = 212,2x + 254,5, ʤײʥʜʘʜʘ "ʭ" ʙʝʣʛʽʩʽʟ ʰʝʢʪʽ ʤᴅʥ  5 

y = 212,2*5 + 254,5= 1315,5 

ʪʝשʜʝʫʣʝʨ ʥᴅʪʠʞʝʩʽʥ ʝʩʝʧʢʝ ʘʣʘ ʦʪʳʨʳʧ ʝʢʽ ʙʦʣʞʘʤʥʳש ʤᴅʥʽʥ ʢʝʩʪʝʛʝ ʪװʩʽʨʽʧ 

ʢᴇʨʩʝʪʩʝʢ. 

 
3-ʂʝʩʪʝ ï ɾʘʣʧʳ ʪʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫ ʤᴇʣʰʝʨʽ ʙʦʡʳʥʰʘ ʪʠʽʤʜʽʣʽʢʪʽש ʙʦʣʞʘʤʜʳץ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ  

 

ʂᴇʨʩʝʪʢʽʰʪʝʨ 4-ʰʽ ʞʳʣ 

ʢᴇʨʩʝʪʢʽʰʽ 

2020 ʞʳʣסʘ ʙʦʣʞʘʤʜʳץ ʤᴅʥʽ ᴆʟʛʝʨʫ 

-ʳʥʳ% ʊʝʥʜʝʥʮʠʷ ʬʫʥʢץʘʨץ

ʮʠʷʩʳ ʙʦʡʳʥʰʘ 

ʊʨʝʥʜʪʽʢ ʤʦʜʝʣʴ 

ʙʦʡʳʥʰʘ  

1-ʰʽ ʥײʩץʘ  

ɾװʡʝʢʪʝʧ ʩʫסʘʨʫ  
2465 2800,5 2800,5 113,6 

2-ʰʽ ʥײʩץʘ  

ʊʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫ 
1032 1315,5 1315,5 127,5 

 

 

ʂʝʩʪʝʜʝʥ ʢᴇʨʽʥʽʧ ʪײʨסʘʥʜʘʡ ʙʦʣʞʘʤʜʳ 5-ʰʽ ʞʳʣʳ ʞʘʣʧʳ ʪʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫ 

ʙʦʡʳʥʰʘ ʪʠʽʤʜʽʣʽʢ 127,5 % ʘʨʪʳʧ 1315,5 ʪʝשʛʝʛʝ ʞʝʪʝʜʽ ʜʝʧ ʘʡץʳʥʜʘʣʫʜʘ.  

ɾʘʣʧʳ ʪʠʽʤʜʽʣʽʢʪʽ ʘʥʳץʪʘʜʳץ ʢʝʣʝʩʽ ʢʝʟʝʢʪʝ װʥʝʤʜʝʣʝʪʽʥ ʩʫ ʘץʳʩʳʥ ʘʥʳץʪʘʧ, 

ʘʥʳץʪʘʣסʘʥסʘ ʙʦʣʞʘʤ ʞʘʩʘʧ ʢᴇʨʩʝʪʩʝʢ. 
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4-ʂʝʩʪʝ ï תʥʝʤʜʝʣʝʪʽʥ ʩʫ ʘץʳʩʳʥ ʘʥʳץʪʘʧ, ʘʥʳץʪʘʣסʘʥסʘ ʙʦʣʞʘʤ ʞʘʩʘʫ.  

 

ɾʳʣʜʘʨ ʅײʩץʘ - 1 ʅײʩץʘ - 2 ɸʡʳʨʤʘʩʳ ɸʡʳʨʤʘ 

ʙʦʣʞʘʤʳ 

1 1605 350 1255 1074,2 

2 1707 841 866 1176,9 

3 2276 917 1359 1279,6 

4 2465 1032 1433 1382,3 

5 

   

1485 

 

 

ɾʦסʘʨʳʜʘסʳ ʪʘʣʜʘʫʣʘʨʜʘ ʘʪʘʧ ᴇʪʢʝʥʽʤʽʟʜʝʡ ʙʽʨʽʥʰʽ ʞʳʣʳ 4,5 ʝʩʝʛʝ ʞʫʳװ ץʥʝʤʜʝʫ 

ʙʦʣʩʘ ץʘʣסʘʥ ʞʳʣʜʘʨʳ 2,5 ʝʩʝʛʝ ʞʫʳװ ץʥʝʤʜʝʫ ʢᴇʟʜʝʣʫʜʝ. ɹʦʣʞʘʤʜʳ 5-ʰʽ ʞʳʣʳ װʥʝʤʜʝʫ 

ʢᴇʣʝʤʽ ʪʝʥʜʝʥʠʷ ʬʫʥʢʠʷʩʳ ʙʦʣʞʘʤʳ ʢᴇʨʩʝʪʽʧ ʦʪʳʨסʘʥʜʘʡ ʦʜʘʥʜʘ ʘʨʪʳʧ 1485 ʪʝשʛʝʛʝ 

ʞʝʪʝʜʽ ʜʝʧ ʢᴇʟʜʝʣʫʜʝ. ʐʳץץʘʥ ʤᴅʥʜʽ ʘʣʜʘסʳ ʢʝʟʝʢʪʝʣʽʢʪʽ ʩʘץʪʘʡ ʦʪʳʨʳʧ ʝʢʽʥʰʽ ʙʦʣʞʘʤ 

 .ʳʣʳ ʜᴅʣʝʣʜʝʩʝʢץʨʫ ʘʨײץ

 

 
 

5-ʉʫʨʝʪ  ï ʊʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫ ʘʨץʳʣʳ װʥʝʤʜʝʫ ʜʠʥʘʤʠʢʘʩʳ 

 

 :ᴇʟʛʝʨʫ ʪʝʥʜʝʥʮʠʷʩʳ שʰʘ ʢᴇʣʝʤʽʥʽץʘʥ ʘסʥʝʤʜʝʫ ʝʩʝʙʽʥʝʥ ʙʦʣת 

y = 102,7x + 971,5, ʤײʥʜʘʜʘ "ʭ" ʙʝʣʛʽʩʽʟ ʰʝʢʪʽ ʤᴅʥ  5 

y = 102,7*5 + 971,5= 1485 

ɽʢʽ ʙʦʣʞʘʤ ʥᴅʪʠʞʝʩʽ ʙʽʨʜʝʡ, ʞʦסʘʨʳʜʘ ʘʡʪץʘʥʳʤʳʟʜʘʡ ʙʦʣʞʘʤ ʜᴅʣʜʽʛʽ ʘʥʳץ 

ʢᴇʨʽʥʫʜʝ. ʊʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫ ʞװʡʝʩʽʥ ײʪʳʤʜʳ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʢᴇʨʽʧ ʦʪʳʨסʘʥʳʤʳʟʜʘʡ 

1 ʛʝʢʪʘʨסʘ ʢʝʪʝʪʽʥ ʩʫ ʘץʳʩʳʥʘ ʢʝʪʝʪʽʥ ʰʳסʳʥʜʘʨʜʳ ʞʳʣʜʘʥ ʞʳʣסʘ װʥʝʤʜʝʫ 

ʤװʤʢʽʥʰʽʣʽʛʽʤʽʟ ʞʦסʘʨʳ.  

 ʘʥסʘʪʘʨʣʘʨʜʳ ʵʢʩʪʨʘʧʦʣʷʮʠʷʣʘʫ ᴅʜʽʩʽ ᴇʪʢʝʥʜʝ ʙʦʣץ ץʦʨʳʪʳʥʜʳ. ɼʠʥʘʤʠʢʘʣʳפ

ʪᴅʫʝʣʜʽʣʽʢʪʝʨ ʙʦʣʘʰʘץʪʘ ʩʘץʪʘʣʘʜʳ ʜʝʛʝʥ ʙʦʣʞʘʤʥʘʥ ʪʫʳʥʜʘʡʜʳ. ɼʝʤʝʢ, ʪʘʤʰʳʣʘʪʳʧ 

ʩʫסʘʨʫ ʙʘסʳʪʳʥʜʘ ץʦʩʳʤʰʘ ʪʠʽʤʜʽʣʽʢʪʝʨʛʝ ץʦʣ ʞʝʪʢʽʟʫ ʤװʤʢʽʥ ʝʤʝʩ ʙʦʣסʘʥ ʞʘסʜʘʡʜʳ 

ʢᴇʨʩʝʪʽʧ ʦʪʳʨ. ɹײʣ ᴅʜʽʩ ʵʢʦʥʦʤʠʢʘʣʳץ, ᴅʣʝʫʤʝʪʪʽʢ, ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ ʩʘʷʩʠ ʬʘʢʪʦʨʣʘʨ 

ʘʨʘʩʳʥʜʘסʳ ץʘʪʳʥʘʩʪʘʨʜʳש ʩʠʧʘʪʳ ᴇʟʛʝʨʤʝʛʝʥ ʞʘסʜʘʡʜʘ סʘʥʘ ʜײʨʳʩ ʥᴅʪʠʞʝ ʙʝʨʝ ʘʣʘʜʳ. 

ʅʘץʪʳ ʬʠʟʠʢʘʣʳץ ʪʽʣʤʝʥ ʪװʩʽʥʜʽʨʝʪʽʥ ʙʦʣʩʘץ ʙײʣ ײʰʫ ʪʨʦʝʢʪʦʨʠʷʩʳʥʜʘסʳ ʠʥʥʝʨʮʠʷʣʳץ 

ʢװʰʧʝʥ ץʘʥʰʘ ʞʝʨʛʝ ʜʝʡʽʥ ʢᴇʪʝʨʽʣʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʪʽʥ ᴅʜʽʩ.   

ʅʝʛʽʟʽʥʜʝ, ʙʘʡץʘʣסʘʥ ʪʝʥʜʝʥʮʠʷʣʘʨʜʳ ʦʣʘʨʜʳש ʙʦʣʘʰʘץ ʜʘʤʫʳʥʜʘ ʪʝʢ ʩʦʣʘʡ 

ʙʦʣʘʜʳ ʜʝʧ ʘʡʪʫ ץʘʪʝʣʽʢ, ᴇʡʪʢʝʥʽ ʙʘʩץʘ ʬʘʢʪʦʨʣʘʨʜʳש ᴅʩʝʨʽʥʝʥ ʦʣʘʨ ʩᴇʟʩʽʟ ʘʡʪʘʨʣʳץʪʘʡ 

ᴇʟʛʝʨʽʩʪʝʨʛʝ ײʰʳʨʘʡʜʳ. ɹʘʩץʘ ʬʘʢʪʦʨʣʘʨסʘ ʪʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫʜʘסʳ סʳʣʳʤʠ ʧʨʦʛʨʝʩʪʽ, 
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ʞʝʨ ײץʥʘʨʣʳʣʳסʳʥ ʜʘʤʳʪʫ ʤװʤʢʽʥʰʽʣʽʢʪʝʨʽʥ ʞᴅʥʝ ʙʘʩץʘʜʘ ʢᴇʧʪʝʛʝʥ ʪʠʽʤʜʽ ʧʨʦʛʨʝʩʪʝʨʜʽ 

ʘʣʫסʘ ʙʦʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʪᴅʞʽʨʠʙʝ ʙʘʨʣʳץ ʩʝʥʽʤʜʽʣʽʢʧʝʥ ʩʝʥʽʤʜʽ ʙʦʣʞʘʤʜʘʨ װʰʽʥ ʙʽʨ 

ʪװʡʩʽʢʪʽש ʞʝʪʢʽʣʽʢʩʽʟ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʕʢʩʪʨʘʧʦʣʷʮʠʷסʘ ʢʝʣʝʪʽʥ ʙʦʣʩʘץ, ʦʣ ʞʘץʳʥ 

ʙʦʣʘʰʘץץʘ ץʘʪʳʩʪʳ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʪʘʨ ʦץʠסʘʥʳש ʙʦʣʞʘʤʳʤʝʥ סʘʥʘ ᴇʟʽʥ ʘץʪʘʡʜʳ. 

ɸʪʘʣסʘʥ ʙʦʣʞʘʤʜʘʨ ʥᴅʪʠʞʝʩʽʥʜʝ ʢᴇʟ ʞʝʪʢʽʟʛʝʥʽʤʽʟʜʝʡ ʝʢʽ ʙʦʣʞʘʤ ʥᴅʪʠʞʝʩʽ ʪʝש 

ʢᴇʨʩʝʪʢʽʰʪʽ, ʙײʣ ʜʝʛʝʥʽʤʽʟ ʙʦʣʞʘʤ ʜᴅʣʜʽʛʽʥʽש ʘʥʳץ ʢᴇʨʽʥʽʩʽ. ʊʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫ ʞװʡʝʩʽʥ 

 ʳʩʳʥʘ ʢʝʪʝʪʽʥץʘ ʢʝʪʝʪʽʥ ʩʫ ʘסʘʥʳʤʳʟʜʘʡ 1 ʛʝʢʪʘʨסʳʣʳ ʢᴇʨʽʧ ʦʪʳʨץʪʳʤʜʳ ʧʘʡʜʘʣʘʥʫ ʘʨײ

ʰʳסʳʥʜʘʨʜʳ ʞʳʣʜʘʥ ʞʳʣסʘ װʥʝʤʜʝʫ ʤװʤʢʽʥʰʽʣʽʛʽʤʽʟ ʞʦסʘʨʳ.  
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ʀɿʄɽʅɽʅʀʁ ʆʊ ɺɽʃʀʏʀʅʓ ʂɸʇɽʃʔʅʆɻʆ ʆʈʆʐɽʅʀʗ ʀ ʕʂʆʅʆʄʀʏɽʉʂʆʁ 

ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʆʈʆʐɽʅʀʗ 

 

ɽʩʝʥʛʝʣʴʜʠʝʚʘ ʇ.ʅ., ʤʘʛʠʩʪʨ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 

ʄʫʩʘʙʝʢʦʚ ʂ.ʂ., ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʄʘʡʤʘʢʦʚʘ ɸ.ʂ., ʤʘʛʠcʪʨ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ  

 

ʊʘʨʘʟʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʍ.ɼʫʣʘʪʠ, ʛ.ʊʘʨʘʟ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʠ ʦʨʦʰʝʥʠʠ ʷʙʣʦʥʴ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ 

ʤʦʣʦʜʦʛʦ ʠʥʪʝʥʩʠʚʥʦʛʦ ʷʙʣʦʥʝʚʦʛʦ ʩʘʜʘ ʥʘ ʪʦʥʢʦʩʣʦʡʥʳʭ ʩʝʨʳʭ ʧʦʯʚʘʭ ɾʘʤʙʳʣʩʢʦʡ ʦʙʣʘʩʪʠ. ɿʘ 

ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʦʣʦʜʦʛʦ ʠʥʪʝʥʩʠʚʥʦʛʦ ʷʙʣʦʥʝʚʦʛʦ 

ʩʘʜʘ: ʦʙʱʝʝ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝ ʷʙʣʦʥʴ, ʩʨʝʜʥʝʩʫʪʦʯʥʦʝ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝ ʷʙʣʦʥʴ ʠ ʧʦʢʘʟʘʪʝʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʧʦʣʠʚʥʳʤ ʩʧʦʩʦʙʦʤ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʚʦʧʨʦʩʦʚ ʚ ʦʩʚʦʝʥʠʠ ʟʝʤʝʣʴ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʣʫʧʫʩʪʳʥʥʳʭ ʟʝʤʝʣʴ. ʂʘʟʘʭʩʪʘʥ ʦʪʥʦʩʠʪʩʷ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʙʚʦʜʥʝʥʥʦʡ ʟʦʥʝ. ʇʦʵʪʦʤʫ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ ʢʫʣʴʪʫʨ, ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ 

ʚʥʠʤʘʥʠʝ ʫʚʝʣʠʯʝʥʠʶ ʦʨʦʰʘʝʤʳʭ ʟʦʥ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʠʭ ʧʨʘʚʠʣʴʥʦʛʦ 

ʦʩʚʦʝʥʠʷ. ɺʳʙʦʨ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʠʚʘ ʧʦʟʚʦʣʠʪ ʚ ʙʫʜʫʱʝʤ ʧʦʣʫʯʠʪʴ ʙʦʛʘʪʳʡ ʫʨʦʞʘʡ. ɺ 

ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 

ʮʝʥʦʚʦʤ ʦʪʥʦʰʝʥʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʘ 

ʚʳʙʳʚʰʝʡ ʚʦʜʳ ʧʦ ʜʚʫʤ ʚʘʨʠʘʥʪʘʤ ʚʦʜʳ. ʊʘʢʞʝ, ʩʨʘʚʥʠʚʘʷ ʧʦʢʘʟʘʪʝʣʠ, ʚʠʜʥʦ, ʯʪʦ ʦʙʘ ʧʨʦʛʥʦʟʘ 

ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʨʝʟʫʣʴʪʘʪ ʠ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ 

ʨʘʮʠʦʥʘʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʠʟ ʛʦʜʘ ʚ ʛʦʜ ʚʳʩʦʢʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʵʢʦʥʦʤʠʠ ʟʘʪʨʘʪ ʥʘ ʦʧʣʘʪʫ ʚʦʜʳ ʥʘ 1 ʛʝʢʪʘʨ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:ʢʘʧʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ, ʩʠʩʪʝʤʥʦʝ ʦʨʦʰʝʥʠʝ, ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, 

ʬʘʢʪʦʨʥʳʡ ʧʦʜʭʦʜ, ʦʙʱʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 

 

FORECASTING OF EXPECTED CHANGES IN THE AMOUNT OF DRIP IRRIGATION 

AND ECONOMIC EFFICIENCY OF IRRIGATION BY THE EXTROPOLATION METHOD  

 

Yessengeldiyeva P.N.,  magitsr master of water resources and water use 

Musabekov K.ʂ.,candidate of technical sciences, associate professor 

Maimakova A.K., senior lecturer, master of agriculture 

 

Taraz Regional University named after M.H.Dulati, Taraz city, Republic of Kazakhstan 

 

Annotation. The article presents the results of research works obtained by irrigation of apple trees 

in various ways during the development of drip irrigation technology of a young intensive apple orchard 

on thin-layer gray soils of Zhambyl region. During the growing season, the following indicators of a 

young intensive apple orchard were determined: total water use of apple trees, average daily water use of 

apple trees and indicators of the effectiveness of drip irrigation compared to the systematic irrigation 

method. Currently, one of the most difficult issues in land development is the use of semi-desert lands. 

Kazakhstan belongs to an insufficiently watered zone. Therefore, despite the natural conditions, in order 

to obtain high crop yields, it is necessary to pay attention to increasing irrigated areas and develop 

optimal technologies for their proper development. Choosing an effective irrigation method will allow 

you to get a rich harvest in the future. The article shows forecasting using mathematical modeling of 

efficiency in terms of price and the possibility of changing the calculated indicators depending on the 

volume of water discharged for two water options. Also, comparing the indicators, it can be seen that both 

forecasts have the same result and forecast accuracy. As a result, it can be seen that with the rational use 

of the drip irrigation system, the possibility of saving water costs per 1 hectare is high from year to year. 

Keywords:drip irrigation, system irrigation, forecasting method, factor approach, total water use. 
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Annotation. The article presents results of determining the content of proteins and amino acids in 

seeds of Kazakhstani soybean varieties. Soybean, being a high-protein crop, contains from 30 to 50% 

protein. The advantage of soybean protein among other plant proteins is the optimal ratio of amino acids. 

These are, first of all, essential amino acids, the main source of which are animal proteins. Soy protein, 

when consumed at the recommended dose, most fully satisfies the daily intake of essential amino acids of 

an adult. It is important to identify varieties with the highest protein content and essential amino acids. In 

this study, protein determination was carried out by the Bradford (1976) spectrophotometric method. The 

amino acid content was determined by high-performance liquid chromatography. The objects of the study 

were domestic soybean varieties: çLastochkaè, çAlmatyè and çVitaè from the collection of LLP 

çKazakh Research Institute of Agriculture and Plant growingè, Almalybak v., Almaty region, Republic of 

Kazakhstan. According to the results obtained, the Lastochka variety has the highest content of protein, 

and also the amino acid composition of the çLastochkaè variety differs by existing of essential amino 

acids, which makes it possible to recommend it both for food and in the production of biologically active 

additives. 

Keywords: soybean (Glycine max L.), protein, amino acids 
 

Intr oduction. Nowadays, soybean (Glycine max L.) is one of the most spread 

agricultural crop in the world. The main biochemical component of soybean seeds is protein. 

According to researchers, soybean seeds, on average, contain 40% protein, 35% carbohydrates, 

20% oils, and 5% ash compounds [1].  

Soy proteins have a high nutritional value which causes absolute interest as a source of 

dietary protein which are heterogeneous in structure and functions. The majority of soy protein 

(70%) is consist of store proteins of class 7S (conglycinins) and 11S (glycinins), which have 

good digestibility in mammals [2].  

The proteins of soybeans contain all the necessary amino acids that fulfill the daily 

consumption rate for adults. In terms of amino acid composition in general, soy protein is close 

to animal protein. This is one of the reasons why soy protein has found such wide application, 

both in the production of feed and in the production of a large number of food products [3]. Soy 

protein also provides nitrogen balance in the body, being the only source of protein in minimal 

consumption. Various foods and beverages are prepared from soy, it is used as the main meat 

substitute, which makes soy products one of the main products of the vegetarian diet. Soy meat, 

soy sauce, tofu, and soy milk have the greatest demand in the world food industry [4]. Due to the 
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rich nutraceutical composition of soy, its products are recommended for patients with metabolic 

disorders, diabetes, gastritis, ulcers, osteoporosis, and cardiovascular diseases [5].  

In particular importance is the content of essential amino acids in protein. For humans, 

the essential amino acids are: valine, leucine, phenylalanine, isoleucine, methionine, tryptophan, 

threonine, lysine, conditionally essential - arginine and histidine. Contiguous: alanine, 

asparagine, aspartic acid, glycine, serine, glutamine, glutamic acid, proline and cysteine [6]. 

Those amino acids that are not produced by the human organism should be obtained with 

food. The lack of one of the essential amino acids leads, in addition to the occurrence of various 

diseases, reduces assimilation of other amino acids [7]. The consumption of soy in the amount of 

150-250 g of seeds can fully satisfy the daily intake of an adult in essential amino acids even in 

the absence of other sources of protein in the diet, while the use of other crops requires 5-7 times 

more [8]. It is important to identify soybean varieties that are rich in protein, which includes 

essential amino acids. In this regard, the purpose of this study was to identify variety of soybean 

with high protein essential amino acid content. Seeds of domestic soybean varieties were studied 

for protein content (using the Bradford method) and amino acids (using HPLC) content. The 

objects of the study were 3 varieties of domestic soybeans: çAlmatyè, çVitaè, and çLastochkaè, 

taken from the collection of LLP çKazakh Research Institute of Agriculture and Plant growingè, 

Almalybak v., Almaty region, Republic of Kazakhstan. 

Research materials and methods. Determination of protein by Bradford (1976) method 

[9]. The method is based on the binding of dye proteins Coomassie Brilliant Blue G-250 

(Biorad). The mechanism lies in the interaction of the anionic form of the dye with the protein. 

As a result of binding, the color of the dye turns from reddish-brown to blue. The resulting dye 

solution has an absorption maximum at a wavelength of 465 nm. After binding to the protein and 

changing the color, the absorption maximum moves to 595 nm. 

Preparation of samples. Crushed soybean seeds were filled with 8 times the volume of tris 

HCl buffer (pH ï 7.4). The samples filled with buffer are placed in the freezer (-20C). Next, the 

samples were thawed 3-4 times (4 hours of freezing, 2 ï thawing). In the meantime, calibration 

curve of BSA (bovine serum albumin) was made for concentrations of 0, 25, 50, 100, 150, 200, 

and 225 Õl of 4 mg/ml of stock protein solution. After the last thawing, samples were vortexed 

for 2 mins (2k rpm). Then microfuged for 5 mins at 13k rpm. From each sample, 50 Õl of 

supernatant was taken to new labeled test tubes and added 1ml of Bio-Rad dye. Vortexed 2 mins 

at low speed and let stand for 10 mins and took readings of the spectrophotometer at 595 nm 

absorption.  

Determination of amino acid content by HPLC (high-performance liquid 

chromatography) method [10]. The analyses were carried out in the LLP çNutritestè testing 

laboratory, according to Standard 1363-2000 ï çMethod for determining amino acids in food 

products using high-performance liquid chromatographyè [11]. The method supposes 

determining the concentration of 18 amino acids in food products using a computer registration 

system, processing, and storing information. The following amino acids were determined in 

soybean seeds: aspartic acid (Asp), glutamic acid (Glu), serine (Ser), histidine (His), glycine 

(Gly), threonine (Thr), arginine (Arg), alanine (Ala), tyrosine (Tyr), cystine (Cys), valine (Val), 

methionine (Met), phenylalanine (Phe), leucine (Leu), isoleucine (Ile), lysine (Lys), tryptophan 

(Trp), proline (Pro). The separation of amino acids takes place in a 250 mm long column with 

4.6 mm in diameter in an ODS phase (with 12) or an IP phase. A spectrophotometric detector 

with visible area detection at a wavelength of 436 nm is used to measure the concentration of 

amino acids. A prerequisite for the experiment is the preliminary determination of the protein in 

the product. After hydrolysis was carried out, the volume of water in which the hydrolysate 

should be dissolved was calculated. The volume of 0,02 cm
3
 was taken from the resulting 

hydrolysate and dansyl chloride-amino acid derivatives were obtained. To determine the 

concentration of amino acids in the studied samples, a calibration curve was constructed with 



 

123 

 

amino acid concentrations of 25, 50, 100, 200, 300, and 400x10
-6
 mg/cm

3
. The characteristic 

expressing the dependence of the chromatographic peak area on the concentration of each amino 

acid in the solution was set at 6 points in the range from 25 to 400x10
-3

 mg/cm
3
, and for 

tryptophan from 50 to 300x10
-3
 mg/cm

3
. The calculation of the peak area of amino acids in the 

sample was carried out by a computer program registration system. The mass concentration of 

each amino acid in the sample was calculated by the formula: 
 

#É
ᶻ ᶻ

ᶻ
ρzππ, 

 

where Ci ï amino acid concentration in the sample mg/100g, V1 ï the volume of solvent 

in which the sample is dissolved after hydrolysis, cm
3
, V2 ï the volume of the solvent selected 

for the preparation of dancyl chloride - derived amino acids, cm
3
, V3 ï solvent volume of dansyl 

chloride - derived amino acids, cm
3
, Mprobe ï weight of sample, X ï concentration of amino 

acid, obtained from the calibration curve, 10
-6

 mg/cm
3
, 100 ï conversion factor of amino acid 

concentration per 100g of product. 

Research results and discussion. Protein determination. Soybean protein isolates 

provide the body with a source of lecithin and an abundance of amino acids that perform plenty 

of important functions. Determination of the protein concentration in three varieties of 

Kazakhstani soybeans (çLastochkaè, çVitaè, and çAlmatyè) has shown that the protein content 

ranges from 39 to 41%. The content of protein of soybeans in mcg/g of raw mass is shown in 

Figure 1. 

 

 
Figure 1 ï Protein content in soybean seeds 

 

It can be seen from the calculation results that the protein content in various varieties of 

soybean seeds ranges from 4.98 mcg/mg (for the Vita variety) to 8.78 mcg/mg (for the Lastochka 

variety). Based on the results obtained, the largest amount of protein is contained in the seeds of 

the Lastochka variety, and the smallest amount of protein is contained in the seeds of the Vita 

variety. The protein content in soybean seeds depends on the biological and genetic 

characteristics of the variety.  

Soy protein is a fairly strong and safe remedy in the fight against excess cholesterol. In 

addition, soy protein reduces the level of low-density lipoproteins, preventing the formation of 

blood clots, and blockage of the artery [12]. Soy seed isolates are used for bioregulation and 

treatment of a number of diseases. In particular, soy is used both in cardiology (in the treatment 

of patients with atherosclerosis, and hypertension), and in gynecology, immunology, 

gastroenterology, hepatology, and neurology, in post-surgical treatment of patients. At the same 

time, it is important to have a balanced diet, which includes soy products. In post-surgical use, 
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for patients who cannot receive nutrition naturally, an endoscopic method of treatment using a 

probe is prescribed [13].  

Another meaningful characteristic of soy protein is its high digestibility. Protein is 

digested by 95% and does not contribute to the formation of uric acid, unlike animal protein. In 

order to correct the endocrine status and maintain body weight at a constant level, a soy diet is 

useful for postmenopausal women. For young children who are on artificial or mixed feeding 

with individual intolerance to milk protein casein, mixtures based on soy protein isolate are 

recommended [14]. 

Amino acids determination. Amino acids are the building blocks of proteins. Only 20 of 

known amino acids are proteinogenic. Among the 20 proteinogenic amino acids, 8 are essential. 

Essential amino acid content, determined in soybean seeds, (threonine, valine, methionine, 

phenylalanine, leucine, isoleucine, lysine, and tryptophan) are presented in Figure 2.  

 

 
 

Figure 2 ï Essential amino acids content, mg/100g 

 

Comparative characteristics of soybean varieties by the content of essential amino acids: 

Tre ï Lastochka (1476) > Almaty (1418) > Vita (1164); 

Val ï Lastochka (2220) > Almaty (2132) > Vita (1750); 

Met ï Lastochka (552) > Almaty (530) > Vita (530); 

Phe ï Lastochka (1710) > Almaty (1642) > Vita (1348); 

Leu ï Lastochka (2836) > Almaty (2723) > Vita (2236); 

Ile ï Lastochka (1922) > Almaty (1846) > Vita (1516); 

Lys ï Lastochka (2120) > Almaty (2315) > Vita (1680); 

Trp ï Lastochka (480) > Almaty (461) > Vita (379). 

According to the data obtained, the Lastochka variety contains 1.3-1.5 times more 

essential amino acids than the Almaty and Vita varieties. Among the essential amino acids, soy 

beans contain the largest amounts of valine, threonine, lysine, phenylalanine, medium amounts 

of leucine and isoleucine and small amounts of tryptophan and methionine.  

Due to the balanced composition of soy protein, with its regular use, there is a change in 

the anabolic state, that is, the predominance of the synthesis of necessary substances in the body, 

their assimilation, and use for growth, development, and vital activity of the body [15]. 

The next group of amino acids (Figure 3) determined in soybeans are contiguous amino 

acids: aspartic acid (Asp), glutamic acid (Glu), serine (Ser), glycine (Gly), alanine (Ala), tyrosine 

(Tyr), ), cystine (Cys), proline (Pro).  
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Figure  3 ï Essential amino acids content, mg/100 

 

Results of determination of contiguous amino acids in seeds of analyzed soybean 

varieties (mg/100g): 

Asp  ï Lastochka (4057) > Almaty (3896) > Vita (3199); 

Glu ï Lastochka (6425) > Almaty (6171) > Vita (3067); 

Ser ï Lastochka (2198) > Almaty (2111) > Vita (1734); 

Gly ï Lastochka (1508) > Almaty (1448) > Vita (1189); 

Ala ï Lastochka (1561) > Almaty (1499) > Vita (1231); 

Tyr ï Lastochka (1126) > Almaty (1081) > Vita (888); 

Cys ï Lastochka (584) > Almaty (561) > Vita (461); 

Pro ï Lastochka (1934) > Almaty (1857) > Vita (1525). 

As well as essential, contiguous amino acids are contained more in the Lastochka variety 

than in Almaty and Vita. As for contiguous amino acids, glutamic and aspartic acids have the 

highest concentration in all analyzed soybean varieties (6425-3067 mg/100g).  

Contiguous amino acids are synthesized in the body during metabolism, being extracted 

in sufficient quantities from other organic substances. If necessary, that is, when the reserves of 

amino acids are depleted, the body automatically switches to the mode of creating the desired 

amino acid [16]. 

Arginine (Arg) and histidine (His) are conditionally essential amino acids since their 

synthesis in the body is very slow and depends on the existence of all necessary components. 

The third group of amino acids under study are conditionally essential amino acids arginine and 

histidine (Figure 4). 

Determination of conditionally essential amino acids shows as follows (mg/100g): 

Arg ï Lastochka (1041) > Almaty (1000) > Vita (821); 

His ï Lastochka (2485) > Almaty (2385) > Vita (1960); 

When analyzing the data on the content of conditionally essential amino acids in soybean 

seeds, it was found that the Lastochka (1041mg/100g) variety contains more histidine than 

Almaty (1000mg/100g) and Vita (821mg/100g).  

L-arginine for the cardiovascular system contributes to the normalization of blood 

pressure, reducing the formation of atherosclerotic plaques. Widely used in sportsmenôs 

nutrition, arginine promotes the formation of muscle tissue and improves muscle nutrition. The 

L-form of arginine provides rapid assimilation and the absence of discomfort in the 

gastrointestinal tract [17]. 
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Figure 4 ï Conditionally essential amino acids content, mg/100g 

 

 

Histidine is a precursor in histamine biosynthesis. One of the essential amino acids, 

promotes the growth and repair of tissues. It is found in large quantities in hemoglobin; it is used 

in the treatment of rheumatoid arthritis, ulcers, and anemia [18]. 

Conclusion. When studying the content of the total amount of protein and amino acids, it 

was found that the Lastochka variety has the highest content among the analyzed varieties, the 

Vita variety had the lowest indicators. It should be noted that the protein content in all the 

studied varieties is in the range of 39-41%, which is a high indicator. Therefore, all varieties can 

be recommended in the food industry and in the production of dietary supplements in pre-

pediatrics, for children with reduced immunity, with excess cholesterol in the manufacture of 

drugs that have a restorative effect. 

In terms of the content of essential amino acids, the leading position is also occupied by 

the Lastochka variety (Tre ï 1476 mg/100g, Val ï 2220 mg/100g, Met ï 552 mg/100g, Phe ï 

1710 mg/100g, Leu ï 2836 mg/100g, Ile ï 1922 mg/100g, Lys ï 2120mg/100g, Trp ï Lastochka 

480 mg/100g). A similar picture appears with respect to contiguous and conditionally essential 

amino acids, here the highest content has also Lastochka variety. Due to the balanced 

composition of soy protein, with its regular use, there is a change in the anabolic state, that is, the 

predominance of the synthesis of necessary substances in the body, their assimilation, and use 

for growth, development, and vital activity of the body.  

Thus, according to the results of the study of protein and amino acids of soybean seeds of 

domestic varieties Lastochka, Almaty and Vita, the Lastochka variety distinguished itself with 

the highest indicators, which can be recommended for use in the food, pharmacological, 

cosmetic industry. 
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, ʜʦʢʪʦʨʘʥʪ 
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ʤʝשʛʝʨʫʰʽʩʽ 
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1
Ϸʣ-ʌʘʨʘʙʠ ʘʪ. ϧʘʟʘϨ ϰʣʪʪʳϨ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʣʤʘʪʳ Ϩ., ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ

 

2
ɾʐʉçϧʘʟʘϨ ʝʛʽʥʰʽʣʽʢ ʞϸʥʝ Ϻʩʽʤʜʽʢ ʰʘʨʫʘʰʳʣʳϤʳ Ϥʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʠʥʩʪʠʪʫʪʳè, ɸʣʤʘʣʳʙʘʢ 

ʘ., ɸʣʤʘʪʳ ʦʙʣʳʩʳ, ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ 
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ɸʥʜʘʪʧʘ.ʄʘץʘʣʘʜʘ ץʘʟʘץʩʪʘʥʜʳץ ʩʦʷ ʩʦʨʪʪʘʨʳʥʳש ʜᴅʥʜʝʨʽʥʜʝʛʽ ʘץʫʳʟʜʘʨ ʤʝʥ ʘʤʠʥ 

 ʳʣץʘʨʳ ʜʘסʫʳʟʳ ʞʦץʨʘʤʳʥʜʘ ʘײץ ʘʥ. ʉʦʷסʩʳʥʳʣײ ʪʘʫ ʥᴅʪʠʞʝʣʝʨʽץʨʘʤʳʥ ʘʥʳײץ שʳʣʜʘʨʳʥʳץʳʰץ

 ʘ ᴇʩʽʤʜʽʢץʙʘʩ שʫʳʟʳʥʳץʘ ʜʝʠʥ ʞʝʪʝʜʽ. ʉʦʷ ʘס-ʫʳʟ ʤᴇʣʰʝʨʽ ʰʘʤʘʤʝʥ 30ʜʘʥ 50%ץʘʪʘʨʳʥʘ ʢʽʨʝʜʽ, ʘץ

ʘץʫʳʟʜʘʨʳʥʳש ʘʨʘʩʳʥʜʘ ʘʨʪʳץʰʳʣʳסʳ ï ʦʥʳײץ שʨʘʤʳʥʘ ʢʽʨʝʪʽʥ ʘʤʠʥץʳʰץʳʣʜʘʨʳʥʳש ʦשʪʘʡʣʳ 

 ʽʥʝʥ ʢʝʟʜʝʩʝʪʽʥ ʘʣʤʘʩʧʘʡʪʳʥשʫʳʟʳʥʜʘ ʢʝץʘʣʜʳʤʝʥ ʞʘʥʫʘʨʣʘʨ ʘ שʣ ʝײʘʪʳʥʘʩʳ. ɹץ

ʘʤʠʥץʳʰץʳʣʜʘʨ ץʘʪʘʨʳʥʘ ʙʘʡ ʙʦʣʫʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ʉʦʷ ʘץʫʳʟʳ ײʩʳʥʳʣסʘʥ ʤᴇʣʰʝʨʜʝ 

ʪײʪʳʥʳʣסʘʥ ʞʘסʜʘʡʜʘ, ʝʨʝʩʝʢ ʘʜʘʤʥʳש ʘʣʤʘʩʧʘʡʪʳʥ ʘʤʠʥץʳʰץʳʣʜʘʨʜʳש ʪᴅʫʣʽʢʪʽʢ ץʘʞʝʪʪʽʣʽʛʽʥ 

ʪʦʣʳסʳʤʝʥ ץʘʥʘסʘʪʪʘʥʜʳʨʘʜʳ. ɸץʫʳʟ ʤᴇʣʰʝʨʽ ʞʦסʘʨʳ ʞᴅʥʝ ʤʘשʳʟʜʳ ʘʤʠʥ ץʳʰץʳʣʜʘʨʳ ʙʘʨ 

ʩʦʨʪʪʘʨʜʳ ʘʥʳץʪʘʫ ʤʘשʳʟʜʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʩʳ ʟʝʨʪʪʝʫʜʝ ʘץʫʳʟʜʳ ʘʥʳץʪʘʫʳ ɹʨʝʜʬʦʨʜ (1976) 

ʙʦʡʳʥʰʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷʣʳץ ᴅʜʽʩʧʝʥ ʞװʨʛʽʟʽʣʜʽ. ɸʤʠʥץʳʰץʳʣʜʘʨʳʥʳײץ שʨʘʤʳʥ ʞʦסʘʨʳ 

ʪʠʽʤʜʽ ʩײʡʳץ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ᴅʜʽʩʽʤʝʥ ʘʥʳץʪʘʣʜʳ. ɿʝʨʪʪʝʫ ʥʳʩʘʥʳ ʨʝʪʥʜʝ  פʘʟʘץʩʪʘʥ 

ʈʝʩʧʫʙʣʠʢʘʩʳ, ɸʣʤʘʪʳ ʦʙʣʳʩʳ, ɸʣʤʘʣʳʙʘץ ʘ., ɾʐʉ çפʘʟʘץ ʝʛʽʥʰʽʣʽʢ ʞᴅʥʝ ᴇʩʽʤʜʽʢ 

ʰʘʨʫʘʰʳʣʳסʳ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʠʥʩʪʠʪʫʪʳè ʢʦʣʣʝʢʮʠʷʩʳʥʜʘסʳ ʩʦʷʥʳש ʦʪʘʥʜʳץ ʩʦʨʪʪʘʨʳ: 

"ʃʘʩʪʦʯʢʘ", "ɸʣʤʘʪʳ" ʞᴅʥʝ "ɺʠʪʘ". ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ "ɸʣʤʘʪʳ" ʩʦʨʪʳʥʳש ʘץʫʳʟ ʧʝʥ 

ʘʤʠʥ ץʳʰץʳʣʜʘʨʳʥʳש ʝש ʞʦסʘʨʳ ײץʨʘʤʳ ʙʘʨ ʝʢʝʥʜʽʛʽ ʘʥʳץʪʘʣʜʳ, ʘʣʘʡʜʘ "ʃʘʩʪʦʯʢʘ" ʩʦʨʪʳʥʳש 

ʘʤʠʥ ץʳʰץʳʣʜʳײץ ץʨʘʤʳ ʘʣʤʘʩʪʳʨʳʣʤʘʡʪʳʥ ʘʤʠʥ ץʳʰץʳʣʜʘʨʳʥʳש ʙʘʨ ʙʦʣʫʳʤʝʥ 

ʝʨʝʢʰʝʣʝʥʝʜʽ, ʙײʣ "ʃʘʩʪʦʯʢʘ" ʩʦʨʪʳʥ ʪʘʤʘץץʘ ʧʘʡʜʘʣʘʥʫʳʤʝʥ ץʘʪʘʨ, ʙʠʦʣʦʛʠʷʣʳץ ʙʝʣʩʝʥʜʽ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʩʳʥʫײ ʘסʦʣʜʘʥʫץ ʦʩʧʘʣʘʨ ᴇʥʜʽʨʽʩʽʥʝץ

ʂʽʣʪ ʩϺʟʜʝʨ: ʩʦʷ (Glycine max L.), ʘץʫʳʟ, ʘʤʠʥ ץʳʰץʳʣʜʘʨ  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʦʚ ʠ 

ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʩʝʤʝʥʘʭ ʢʘʟʘʭʩʪʘʥʩʢʠʭ ʩʦʨʪʦʚ ʩʦʠ. ʉʦʷ, ʷʚʣʷʷʩʴ ʚʳʩʦʢʦʙʝʣʢʦʚʦʡ ʢʫʣʴʪʫʨʦʡ, 

ʩʦʜʝʨʞʠʪ ʦʪ 30 ʜʦ 50% ʙʝʣʢʘ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʩʦʝʚʦʛʦ ʙʝʣʢʘ ʩʨʝʜʠ ʜʨʫʛʠʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʙʝʣʢʦʚ 

ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʭʦʜʷʱʠʭ ʚ ʝʛʦ ʩʦʩʪʘʚ ʘʤʠʥʦʢʠʩʣʦʪ. ʕʪʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʥʝʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʞʠʚʦʪʥʳʝ ʙʝʣʢʠ. ʉʦʝʚʳʡ 

ʙʝʣʦʢ, ʧʨʠ ʫʧʦʪʨʝʙʣʝʥʠʠ ʚ ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʜʦʟʝ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʫʪʦʯʥʫʶ ʥʦʨʤʫ 

ʧʦʪʨʝʙʣʝʥʠʷ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚʟʨʦʩʣʦʛʦ ʯʝʣʦʚʝʢʘ. ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʩʦʨʪʦʚ ʩ 

ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʝʣʢʘ ʠ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʙʝʣʢʘ ʧʨʦʚʦʜʠʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦ ɹʨʝʜʬʦʨʜʫ (1976). 

ʉʦʜʝʨʞʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʠʩʴ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʩʦʨʪʘ ʩʦʠ: çʃʘʩʪʦʯʢʘè, çɸʣʤʘʪʳè ʠ çɺʠʪʘè 

ʢʦʣʣʝʢʮʠʠ ʊʆʆ çʂʘʟʘʭʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʟʝʤʣʝʜʝʣʠʷ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘè, 

ʧ. ɸʣʤʘʣʳʙʘʢ, ɸʣʤʘʪʠʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʚʳʩʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʝʣʢʘ ʠ ʘʤʠʥʦʢʠʩʣʦʪ ʦʙʣʘʜʘʝʪ ʩʦʨʪ çɸʣʤʘʪʳè, ʦʜʥʘʢʦ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʩʦʨʪʘ çʃʘʩʪʦʯʢʘè ʦʪʣʠʯʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʩʦʨʪ çʃʘʩʪʦʯʢʘè ʢʘʢ ʚ ʫʧʦʪʨʝʙʣʝʥʠʝ ʚ ʧʠʱʫ, ʪʘʢ ʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʦʙʘʚʦʢ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʷ (GlycinemaxL.), ʙʝʣʦʢ, ʘʤʠʥʦʢʠʩʣʦʪʳ. 
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ʛ. ʆʤʩʢ, ʈʦʩʩʠʷ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ, ʢʘʜʤʠʷ ʠ ʮʠʥʢʘ ʚ 

ʧʦʯʚʝ. ʇʨʠʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚʘʞʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʥʦ ʚʤʝʩʪʝ ʩ ʫʜʦʙʨʝʥʠʷʤʠ ʚ ʧʦʯʚʫ ʧʦʧʘʜʘʶʪ ʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ 

ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʠʭ ʚ ʧʦʯʚʝ. ɺ 2020-2021 ʛʦʜʘʭ ʢʘʨʙʦʥʘʪʥʦʤ 

ʏʝʨʥʦʟʝʤʝ ʥʘ ʩʝʚʝʨʝ ʂʘʟʘʭʩʪʘʥʘ ʚ ʊʆʆ çʅʇʎɿʍ ʠʤʝʥʠ ɸ.ʀ. ɹʘʨʘʝʚʘè, ʠʟʫʯʘʣʦʩʴ ʤʥʦʛʦʣʝʪʥʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʦʧʳʪʝ ʣʘʙʦʨʘʪʦʨʠʠ ʘʛʨʦʭʠʤʠʠ ʠ ʫʜʦʙʨʝʥʠʡ. 

ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʠʟʫʯʘʣʠʩʴ ʚ ʜʚʫʭ ʢʘʯʝʩʪʚʘʭ: ʚʘʣʦʚʦʝ ʠ ʧʦʜʚʠʞʥʦʝ ʩʦʜʝʨʞʘʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʚʘʣʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʜʤʠʷ ʠ ʮʠʥʢʘ ʧʨʝʚʳʰʘʣʦ ʟʥʘʯʝʥʠʷ 

ʂʣʘʨʢʘ, ʥʦ ʥʘʭʦʜʠʣʦʩʴ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ, ʢʦʛʜʘ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʘʣʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʫʯʠʪʳʚʘʣʠʩʴ ʩ ʫʯʝʪʦʤ ʪʦʢʩʠʯʥʦʩʪʠ. ʆʙʥʘʨʫʞʝʥʦ 

ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʤʝʜʠ ʮʠʥʢʘ ʠ ʢʘʜʤʠʷ. ɺʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʩ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʠ ʥʫʣʝʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʥʘʠʙʦʣʴʰʠʡ ʧʨʦʮʝʥʪ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʦʪ 

ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚ ʧʦʯʚʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʜʣʷ ʢʘʜʤʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʯʚʘ, ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʚʘʣʦʚʘʷ ʠ ʧʦʜʚʠʞʥʘʷ ʬʦʨʤʘ 
 

ɺʚʝʜʝʥʠʝ. ɺʘʞʥʦʡ ʟʘʙʦʪʦʡ ʯʝʣʦʚʝʯʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʝʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʦʛʨʦʤʥʳʤ 

ʜʘʚʣʝʥʠʝʤ, ʚ ʨʝʟʫʣʴʪʘʪʝʯʝʛʦ ʧʨʦʜʫʢʪʳ ʧʦ ʧʠʱʝʚʦʡ ʮʝʧʦʯʢʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʢʦʣʦʛʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʯʪʦ ʩʯʠʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ɸʢʪʠʚʥʦʝ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚʳʟʳʚʘʝʪ ʩʝʨʴʝʟʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʤ 

ʮʠʢʣʝ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʷʚʣʷʶʪʩʷ 

ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʧʦʯʚʳ ʠ ʧʨʦʜʫʢʪʦʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ. ʉ ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʠʱʝʡ ʪʷʞʸʣʳʝ 

ʤʝʪʘʣʣʳ ʧʦʧʘʜʘʶʪ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʯʝʨʝʟ ʧʦʯʚʫ [1-3]. 

ɺ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʩʝʢʪʦʨʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ ï ʦʜʥʘ ʠʟ ʩʘʤʳʭ 

ʚʘʞʥʳʭ ʠ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʟʜʦʨʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʦʪ ʙʦʣʝʟʥʝʡ ʠ ʚʨʝʜʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ. ʇʨʠ ʧʦʚʳʰʝʥʥʳʭ ʜʦʟʘʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ 

ʨʘʩʪʝʥʠʡ ʠ ʫʜʦʙʨʝʥʠʡ ʩʧʦʩʦʙʥʦ ʚʳʟʚʘʪʴ ʟʘʛʨʷʟʥʸʥʥʝʝ ʧʦʯʚ ʨʘʟʣʠʯʥʳʤʠ ʷʜʦʚʠʪʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ, ʚʢʣʶʯʘʷ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ [4]. 

ʇʨʠ ʵʪʦʤ ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʭʠʤʠʠ ʧʦʯʚʳ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʧʦʯʚʳ. ʆʥʠ ʪʘʢʞʝ ʫʯʘʩʪʚʫʶʪ ʚʦ ʤʥʦʛʠʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʨʘʩʪʝʥʠʡ ʠ ʠʤʝʶʪ ʚʘʞʥʦʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 
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ʞʠʟʥʠ ʨʘʩʪʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʝ ʛʫʤʠʥʦʚʳʭ 

ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝ ʠʟ ʦʩʪʘʪʢʦʚ ʨʘʩʪʝʥʠʡ. ʈʘʟʥʦʛʦ ʨʦʜʘ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʯʚʝʥʥʦʛʦ 

ʧʨʦʬʠʣʷ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʦʥʠ ʤʦʛʫʪ 

ʫʜʘʣʷʶʪʩʷ ʠʟ ʵʣʶʚʠʘʣʴʥʳʭ ʩʣʦʝʚ (ʦʧʦʜʟʦʣʝʥʥʳʭ, ʦʩʦʣʦʜʝʣʳʭ) ʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ 

ʠʣʣʶʚʠʘʣʴʥʳʭ ʩʣʦʝʚ (ʛʦʨʠʟʦʥʪʘʭ ʚʤʳʚʘʥʠʷ) ʠ ʛʣʝʝʚʳʭ ʩʣʦʷʭ (ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ). ʆʪ 

ʚʝʣʠʯʠʥʳ ʥʘʭʦʞʜʝʥʠʷ ʚ ʧʦʯʚʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʦʩʦʙʝʥʥʦ ʧʦʙʫʞʜʘʶʱʠʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʦʪ ʢʦʪʦʨʳʭ ʚ ʧʦʯʚʝ ʟʘʚʠʩʠʪ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʢʦʪʘ, ʫʨʦʞʘʡʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʠ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʠʛʨʘʶʪ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʦʯʚʝ [5-8]. 

ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʧʦʯʚʳ ʠʤʝʶʪ ʨʘʟʥʫʶ ʧʨʠʨʦʜʫ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʝ ʢʘʢ 

ʢʘʤʝʥʠʩʪʳʝ, ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʠ ʧʝʜʦʛʝʥʥʳʝ. ʇʨʠ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʠ ʚʦʟʥʠʢʘʶʪ ʠʟʤʝʥʝʥʠʝ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠ ʬʦʨʤʝ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ. ʉʫʱʝʩʪʚʫʝʪ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʥʘ ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ, [9]. ɼʘʥʥʳʝ ʚʘʣʦʚʳʭ ʥʘʢʦʧʣʝʥʠʡ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʶʪ ʦʜʠʥ ʠʟ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʚ 

ʧʦʯʚʘʭ. ɼʣʷ ʚʝʛʝʪʠʨʫʶʱʠʭ ʨʘʩʪʝʥʠʡ ʜʝʬʠʮʠʪ ʠʣʠ ʠʟʙʳʪʦʢ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʦʧʨʝʜʝʣʷʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʜʦʩʪʫʧʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ), ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ ʚ ʧʦʯʚʝ [10-13]. 

ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʭʠʤʠʯʝʩʢʠʤ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ. ʇʝʨʝʭʦʜ ʦʪ ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ ʬʦʨʤ ʢ ʥʝʜʦʩʪʫʧʥʳʝ ʩ ʧʨʦʯʥʦ 

ʩʚʷʟʘʥʥʳʤʠ ʬʦʨʤʘʤʠ ʩʦʝʜʠʥʝʥʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʫʜʦʙʨʝʥʠʷ ʩʦʜʝʨʞʘʪ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʠ ʧʝʨʚʳʤ ʵʪʘʧʦʤ ʧʨʦʮʝʩʩʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʚʝʜʝʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʦʟʥʠʢʘʝʪ 

ʘʜʩʦʨʙʮʠʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʘʜʩʦʨʙʮʠʝʡ ʘʢʪʠʚʥʦ ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ ʦʩʘʞʜʝʥʠʷ, 

ʢʦʘʛʫʣʷʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʯʥʳʭ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʝʨʝʭʦʜ ʦʪ 

ʧʦʜʚʠʞʥʳʭ ʢ ʢʠʩʣʦʪʦʨʘʩʪʚʦʨʠʤʳʤ ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʬʦʨʤʘʤ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ 

ʵʣʝʤʝʥʪʘ, ʨʘʜʠʫʩʘ ʠʦʥʘ ʠ ʧʦʯʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ (ʛʫʤʫʩʘ, ʬʦʩʬʘʪʦʚ, ʢʘʨʙʦʥʘʪʦʚ, 

ʢʠʩʣʦʪʥʦʩʪʠ ʠ ʜʨ.) [14]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʚʘʣʦʚʳʭ ʠ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʥʘ ʁʞʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʯʝʨʥʦʟʝʤʘʭ 

ʉʝʚʝʨʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 2020 - 2021 

ʛʦʜʫ ʥʘ ʧʦʣʝʚʳʭ ʤʥʦʛʦʣʝʪʥʠʭ ʩʪʘʮʠʦʥʘʨʘʭ ʣʘʙʦʨʘʪʦʨʠʠ ʘʛʨʦʭʠʤʠʠ ʠ ʫʜʦʙʨʝʥʠʡ (ʧʦʣʝ 

ˉ9), ʊʆʆ çʅʘʫʯʥʦ- ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʝʥʪʨʘ ʟʝʨʥʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠʤʝʥʠ ɸ.ʀ. ɹʘʨʘʝʚʘè, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʝ ʶʞʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʯʝʨʥʦʟʝʤʦʚ ɸʢʤʦʣʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ ʧʦʩʝʚʘʭ 

ʛʦʨʦʭʘ ʠ ʧʰʝʥʠʮʳ, ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʧʦ ʥʫʣʝʚʦʡ ʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʷʤ, ʚ 

ʯʝʪʳʨʸʭʧʦʣʴʥʦʤ ʩʝʚʦʦʙʦʨʦʪʝ ʛʦʨʦʭ - ʧʰʝʥʠʮʘ - ʣʝʥ - ʧʰʝʥʠʮʘ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ:  

1. ʂʦʥʪʨʦʣʴ (ʙʝʟ ʫʜʦʙʨʝʥʠʡ) 

2. ɸʤʤʦʬʦʩ ʈ20  

3. ɸʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ N20 ʧʦ ʜʠʘʛʥʦʩʪʠʢʝ  

4. ɸʤʤʦʬʦʩ + ʘʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ N20 P20 

ɿʘ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ 2020 2021 ʛʦʜʳ, ʙʳʣʦ ʚʥʝʩʝʥʦ 100 ʢʛ 

ʜ.ʚ. ʘʤʤʦʬʦʩʘ, 100 ʢʛ ʜ.ʚ. ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ, 100 ʢʛ ʜ.ʚ. ʩʦʚʤʝʩʪʥʦʛʦ ʚʳʥʝʩʝʥʠʷ 

ʘʤʤʦʬʦʩʘ ʠ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ, 100 ʢʛ ʜ.ʚ. ʚ ʧʦʯʚʫ. 

ʆʪʙʦʨ ʧʦʯʚʝʥʥʳʭ ʧʨʦʙ ʚ ʩʣʦʝ 0-20 ʩʤ. ɼʣʷ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʯʚʝʥʥʳʝ ʦʙʨʘʟʮʳ ʦʪʙʠʨʘʣʘʩʴ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ ɻʆʉʊ 28168-89.  

ɺ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʠʩʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʠʩʣʦʪʥʦʩʪʴ 

ʧʦʯʚʳ (ʨʅ ʚʦʜʥʳʡ) ʦʧʨʝʜʝʣʷʣʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠ ʥʘ ʨʅ-ʤʝʪʨʝ ʀ-160ʄʀ, ʩʦʜʝʨʞʘʥʠʝ 

ʛʫʤʫʩʘ ï ʧʦ ʤʝʪʦʜʫ ʊʶʨʠʥʘ, ʧʦʜʚʠʞʥʳʡ ʬʦʩʬʦʨ ʠ ʢʘʣʠʡ ï ʧʦ ʄʘʯʠʛʠʥʫ, ʘʟʦʪ ʥʠʪʨʘʪʦʚ 
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ʤʝʪʦʜʦʤ ʎʀʅɸʆ [15]. ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʦʯʚʳ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ ɸɸ-140 (Varian, ɸʚʩʪʨʠʷ), ʜʚʫʤʷ 

ʵʢʩʪʨʘʢʪʘʤʠ [16].   

ɸʛʨʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʯʚʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʠʣʦ 3,12-3,52 %, ʘʟʦʪʘ ʥʠʪʨʘʪ ʢʦʣʝʙʘʣʩʷ ʦʪ 21,4 ʜʦ 33,2 

ʤʛ/ʢʛ, ʧʦʜʚʠʞʥʳʡ ʬʦʩʬʦʨ ʦʪ 20,0 ʜʦ 46,9 ʤʛ/ʢʛ ʠ ʦʙʤʝʥʥʳʡ ʢʘʣʠʡ ʦʪ 755 ʜʦ 935 ʤʛ/ʢʛ, 

ʇʦʯʚʘ ʠʤʝʣʘ ʩʣʘʙʦʱʝʣʦʯʥʫʶ ʩʨʝʜʫ. 

ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʠʟʫʯʘʣʠʩʴ ʚ ʜʚʫʭ ʬʦʨʤʘʭ ʩʦʝʜʠʥʝʥʠʡ: ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʝ ʠ 

ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʨʘʩʪʝʥʠʡ ʬʦʨʤʳ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʦʯʚʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʫʪʚʝʨʞʜʝʥʥʳʝ ʤʝʪʦʜ. ʉʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʦʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ 

ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʧʦʜʚʠʞʥʦʡ ʬʦʨʤʳ ʚ ʘʮʝʪʘʪʥʦ-ʘʤʤʦʥʠʡʥʦʤ 

ʵʢʩʪʨʘʢʪʝ ʧʨʠ ʨʅ 4,8 ʠ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʵʢʩʪʨʘʢʪʘʭ ʠʟ 5ʄ 

ʨʘʩʪʚʦʨʘ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ.  

ʈʘʟʥʳʝ ʬʦʨʤʳ ʩʦʝʜʠʥʝʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʦʛʦ ʨʘʟʣʠʯʘʶʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ. ɺʝʣʠʯʠʥʘ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝ ʚ 

ʦʩʥʦʚʥʦʤ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʛʝʦʭʠʤʠʠ ʠ ʪʝʭʥʦʛʝʦʭʠʤʠʠ. ɺ ʥʝʤ ʩʦʜʝʨʞʠʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʟʥʘʯʝʥʠʠ clarks (ʛʣʦʙʘʣʴʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ). ʂʦʥʮʝʧʮʠʷ clark ʧʦʤʦʛʘʝʪ 

ʦʮʝʥʠʪʴ ʩʠʣʫ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʘʥʦʤʘʣʠʡ, ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʭ, ʪʘʢ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ. ɿʥʘʯʝʥʠʷ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ 

ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠ ʝʤʢʦʩʪʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ, ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʠ ʪ.ʜ. ɺ ʨʘʩʯʝʪʘʭ ʧʨʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʯʝʥʴ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʥʷʪʠʝʤ ʫʨʦʚʥʷ ʬʦʥʘ (ʟʥʘʯʝʥʠʷ 

ʢʣʘʨʢʘ), ʢʘʢ ʩʨʝʜʥʝʶ ʚʝʣʠʯʠʥʫ ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʦʝ ʩʯʠʪʘʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ. 

ɺʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʠʦʬʠʣʴʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʩʦʩʪʘʚʣʷʝʪ ʝʜʠʥʠʮʳ, 

ʜʝʩʷʪʢʠ ʤʛ/ʢʛ. ɼʠʘʛʥʦʩʪʠʢʘ ʫʩʣʦʚʠʡ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ ʧʨʠʚʦʜʠʪʩʷ ʥʝ ʧʦ ʚʘʣʦʚʦʤʫ 

ʩʦʜʝʨʞʘʥʠʶ, ʘ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ.ʉʫʱʝʩʪʚʝʥʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʦʧʨʝʜʝʣʷʶʱʠʤʠ 

ʯʠʩʣʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝ, ʦʢʘʟʳʚʘʝʪʩʷ ʩʧʦʩʦʙ ʠ ʚʣʠʷʥʠʝ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʚ ʤʘʪʝʨʠʥʩʢʦʡ ʧʦʨʦʜʝ. ʇʦʯʚʳ ʩ ʙʦʣʝʝ 

ʪʷʞʸʣʳʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚ ʧʦʯʚʘʭ ʚʩʝ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ. [17]. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʟʜʦʨʦʚʴʝʤ ʧʦʯʚʳ ʦʜʥʠʤ ʠʟ ʢʨʠʪʝʨʠʝʚ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʯʚ ʚ ʘʛʨʦʮʝʥʦʟʘʭ ʷʚʣʷʝʪʩʷ ʝʝ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʦʯʠʱʝʥʠʶ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʝʩʪʨʫʢʪʦʨʘʤʠ ʧʦʣʣʶʘʥʪʦʚ 

(ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ).  

ʇʨʦʚʝʜʝʥʳ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʘʣʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ, ʮʠʥʢʘ ʠ ʢʘʜʤʠʷ ʚ ʧʦʯʚʝ 

(ʪʘʙʣʠʮʘ 1). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʧʘʰʥʝ ʧʨʠ ʚʥʝʩʝʥʠʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩʦʩʪʘʚʣʷʣʦ ʦʪ 17,1-17,5 ʤʛ/ʢʛ ʠ ʥʝ ʧʨʝʚʳʰʘʣʦ ʟʥʘʯʝʥʠʷ ʢʣʘʨʢʘ 

(18 ʤʛ/ʢʛ). ʅʝ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʚʘʣʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ ʦʪ ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʧʦʯʚʫ. 

ʉʦʜʝʨʞʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʮʠʥʢʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʚʘʨʠʘʥʪʘʭ ʩʦʩʪʘʚʠʣʦ 57,5-60, 9 

ʤʛ/ʢʛ, ʯʪʦ ʧʨʝʚʳʩʠʣʦ ʟʥʘʯʝʥʠʝ ʂʣʘʨʢʘ ʚ 1,6 ʨʘʟʘ. ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʥʘ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ (60,9) ʠ ʧʨʠ ʚʥʝʩʝʥʠʠ ʘʤʤʠʘʯʥʦʡ 

ʩʝʣʠʪʨʳ ʚ ʜʦʟʝ N20, ʘ ʥʘ ʚʘʨʠʘʥʪʘʭ ʥʫʣʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ 

ʥʘʭʦʜʠʣʦʩʴ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʩ ʢʦʥʪʨʦʣʝʤ.  

ɸʥʘʣʠʟ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʘʜʤʠʷ ʚ ʧʘʰʥʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʧʨʝʚʳʰʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ No-till  ʥʘ ʚʘʨʠʘʥʪʝ ʩ ʚʥʝʩʝʥʠʝʤ ʘʤʤʦʬʦʩʘ ʚ 

ʜʦʟʝ ʈ20 ʠ ʙʝʟ ʫʜʦʙʨʝʥʠʡ, ʠ ʩʦʩʪʘʚʠʣʦ 1,04 ʠ 1,08 ʤʛ/ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʘʣʦʚʦʝ 

ʢʦʣʠʯʝʩʪʚʦ Cd ʦʩʪʘʚʘʣʦʩʴ ʧʨʠʤʝʨʥʦ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʥʝ ʠʟʤʝʥʷʣʦʩʴ ʚ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʝ 

ʠ ʩʦʩʪʘʚʣʷʣʦ 0,68-1,18 ʤʛ/ʢʛ, ʯʪʦ ʧʨʝʚʳʰʘʣʦ ʟʥʘʯʝʥʠʝ ʂʣʘʨʢʘ (0,24 ʤʛ/ʢʛ). ʅʘʠʤʝʥʴʰʝʝ 
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ʩʦʜʝʨʞʘʥʠʝ ʢʘʜʤʠʷ (0,68 ʤʛ/ʢʛ) ʥʘʙʣʶʜʘʣʦʩʴ ʩ ʚʥʝʩʝʥʠʝʤ ʩʤʝʩʠ ʘʤʤʦʬʦʩʘ ʠ ʘʤʤʠʘʯʥʦʡ 

ʩʝʣʠʪʨʳ ʚ ʜʦʟʝ N20 P20 ʧʨʠ ʥʫʣʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʊʘʢ ʢʘʢ ʶʞʥʳʝ ʯʝʨʥʦʟʝʤʳ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ, ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʩʨʝʜʦʡ, ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ, ʢʘʜʤʠʷ ʠ ʮʠʥʢʘ, ʩʦʛʣʘʩʥʦ 

ʩʠʩʪʝʤʝ ɻʣʘʟʦʚʩʢʦʡ (1997), ʚ ʵʪʦʡ ʩʨʝʜʝ ʩʣʘʙʦʧʦʜʚʠʞʥʳʝ, ʠ ʘʢʪʠʚʥʦ ʥʘʢʘʧʣʠʚʘʶʪʩʷ [13]. 
 

ʊʘʙʣʠʮʘ 1 ï ʉʦʜʝʨʞʘʥʠʝ ʚʘʣʦʚʳʭ ʬʦʨʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ 2020-2021 ʛʛ. 

 

ɺʘʨʠʘʥʪ Cu, ʤʛ/ʢʛ Cd,ʤʛ/ʢʛ Zn, ʤʛ/ʢʛ Zct 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʂʦʥʪʨʦʣʴ 17,2 1,00 60,9 7,67 

ɸʤʤʦʬʦʩ ʈ20 17,2 0,74 58,6 5,95 

ɸʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ N20 17,3 0,81 60,7 6,48 

ɸʤʤʦʬʦʩ+ʘʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ N20 P20 17,4 0,83 59,9 6,58 

ʅʫʣʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʂʦʥʪʨʦʣʴ 17,4 1,08 57,5 8,05 

ɸʤʤʦʬʦʩ ʈ20 17,1 1,04 58,7 7,82 

ɸʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ N20 17,5 0,83 59,7 6,58 

ɸʤʤʦʬʦʩ + ʘʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ N20 P20 17,4 0,68 59,2 5,62 

Klark 18 0,24 37 - 

 

 

ɿʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʳ ʨʝʜʢʦ ʙʳʚʘʝʪ ʦʜʥʦʵʣʝʤʝʥʪʥʳʤ, ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʤʥʦʛʦʵʣʝ-

ʤʝʥʪʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ. ʊʘʢʦʛʦ ʨʦʜʘ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ ʩʦʟʜʘʝʪ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʟʘʪʨʫʜʥʝʥʠʝ ʧʨʠ ʥʦʨʤʠʨʦʚʘʥʠʠ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʙʣʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʥʝ ʨʝʰʝʥʘ, ʫʯʝʥʳʝ ʨʝʰʠʣʠ ʧʨʦʚʦʜʠʪʴ ʬʦʨʤʘʣʴʥʦ ʧʦʜʩʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯ-

ʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʫʤʤʘʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ʈʝʢʦʤʝʥʜʦʚʘʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ 

ʩʫʤʤʘʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʝʩʣʠ ʚ ʧʦʯʚʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʣʝʝ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ.  

ʆʙʱʝʧʨʠʥʷʪʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ çʩʫʤʤʘʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚè ʥʘʜʦ ʧʨʠʥʠʤʘʪʴ ʩ 

ʦʩʪʦʨʦʞʥʦʩʪʴʶ ʧʦʥʠʤʘʷ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʥʝ ʧʨʠʜʘʶʪ ʟʥʘʯʝʥʠʷ ʜʨʫʛʠʤ ʚʠʜʘʤ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʏʘʱʝ ʚʩʝʛʦ ʫʯʠʪʳʚʘʝʪʩʷ ʘʵʨʘʣʴʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʳ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʟʘʢʨʝʧʣʷʶ-

ʱʝʝʩʷ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʧʦʯʚʳ. ʄʥʦʛʠʝ ʧʨʠʤʝʥʷʤʳʝ ʬʦʨʤʫʣʳ ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘ ʢʦʵʬʬʠ-

ʮʠʝʥʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʂk ʢʘʞʜʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʢ ʬʦʥʦʚʦʤʫ ʩʦʜʝʨʞʘʥʠʶ. 

ʕʢʦʣʦʛʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʧʦʢʘʟʘʪʝʣʴ ʉʘʝʪʘ (Zc) ʫʯʠʪʳʚʘʶʱʠʡ ʫʨʦʚʝʥʴ ʦʧʘʩʥʦʩʪʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʟʘʛʨʷʟʥʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ-ʧʦʣʣʶʪʘʥʪʦʚ [18,19]. 

ʂʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ, ʜʝʣʘʚʰʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʩʫʤʤʘʨʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 

Zc ʧʦ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ. ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠʤʝʶʪ ʨʘʟʥʫʶ ʩʪʝʧʝʥʴ ʪʦʢʩʠʯʥʦʩʪʠ 

(ʦʧʘʩʥʦʩʪʠ), ʧʦʵʪʦʤʫ ʦʜʥʘ ʠ ʪʘ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʯʚʳ ʙʫʜʝʪ ʙʦʣʝʝ ʦʧʘʩʥʦʡ, ʝʩʣʠ ʦʥʘ 

ʩʦʜʝʨʞʠʪ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʟ 1 ʛʨʫʧʧʳ, ʯʝʤ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʠʟ ʛʨʫʧʧʳ 3. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʧʨʘʚʢʠ ʥʘ ʪʦʢʩʠʯʥʦʩʪʴ, 

ʥʝʦʙʭʦʜʠʤʦ ʢ ʢʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ ʚ ʫʨʘʚʥʝʥʠʠ ʜʦʙʘʚʠʪʴ ʨʘʟʣʠʯʥʳʝ ʵʬʬʝʢʪʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʛʦ ʛʨʫʧʧʝ ʦʧʘʩʥʦʩʪʠ.  

ʋʯʠʪrʚʘʷ ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘ ʪʦʢʩʠʯʥʦʩʪʠ (Kti), ʧʦʜʩʯʠʪʳʚʘʝʤ 

ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʠʥʜʝʢʩ (Zct) ʦʙʱʝʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ʇʨʠ ʥʘʟʥʘʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

Ktiʦʧʠʨʘʣʠʩʴ ʠʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʙʣʶʜʝʥʠʷ ʰʢʘʣʳ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʫʤʤʘʨʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

Zc, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʖ.ɽ. ʉʘʝʪʦʤ [19]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʦʙʱʠʡ ʠʥʜʝʢʩ ʟʘʛʨʝʟʥʝʥʠʷ 

ʧʦʯʚʳ ʥʘ ʪʦʢʩʠʯʥʦʩʪʴ ʜʣʷ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʚʘʨʠʘʥʪʘʭ.  
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ʆʮʝʥʠʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʟʘʛʨʷʟʥʸʥʥʦʩʪʠ ʧʦ ʩʭʝʤʝ ʦʮʝʥʢʠ ʧʦʯʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʵʪʠ ʧʦʯʚʳ ʢʘʢ 

ʠʤʝʶʱʠʝ ʜʦʧʫʩʪʠʤʫʶ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (ʤʝʥʝʝ 16,0). 

ʅʘ ʧʘʰʥʝ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʧʦʢʘʟʘʪʝʣʴ ʉʘʝʪʘ ʩʦʩʪʘʚʠʣ 5,95 -7,67, ʯʪʦ 

ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʜʦʧʫʩʪʠʤʦʡ. ʆʧʨʝʜʝʣʝʥ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ 

ʩʫʤʤʘʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠ No-till  ʚ ʧʦʩʝʚʘʭ ʧʰʝʥʠʮʳ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 8,05 ʠʟ-ʟʘ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʢʘʜʤʠʷ (1,08 ʤʛ/ʢʛ) ʠ ʮʠʥʢʘ (57,5 ʤʛ/ʢʛ), ʷʚʣʷʶʱʠʭʩʷ 

ʵʣʝʤʝʥʪʘʤʠ 1 ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ. ʉʘʤʳʡ ʥʠʟʢʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʩʫʤʤʘʨʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥ ʚ ʧʦʩʝʚʘʭ ʩ ʚʥʝʩʝʥʠʝʤ ʩʤʝʩʠ ʘʤʤʦʬʦʩʘ ʠ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ʚ 

ʜʦʟʝ N20 P20 (5,62) ʧʨʠ ʥʫʣʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʆʙʲʷʩʥʠʪʩʷ ʥʘʠʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝ ʚʘʣʦʚʦʛʦ 

ʢʘʜʤʠʷ (0,68 ʤʛ/ʢʛ), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ 1 ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ.  

ʇʦʩʪʫʧʣʝʥʠʝ ʜʦʩʪʫʧʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʝʥʠʷ ʥʝ ʚʩʝʛʜʘ ʦʜʠʥʘʢʦʚʘ, ʪʘʢ ʢʘʢ 

ʩʫʱʝʩʪʚʫʶʪ ʰʠʨʦʢʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʘʞʝ ʥʘ ʫʯʘʩʪʢʘʭ ʩ 

ʦʜʠʥʘʢʦʚʳʤ ʪʠʧʦʤ ʧʦʯʚʳ [20]. ɼʘʥʥʳʝ ʦ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʯʝʥʴ ʚʘʞʥʳ ʧʨʠ 

ʤʦʥʠʪʦʨʠʥʛʝ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʣʫʞʘʪ ʥʘʜʝʞʥʳʤ 

ʠʥʜʠʢʘʪʦʨʦʤ ʟʘʧʘʩʦʚ ʩʦʝʜʠʥʝʥʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʨʘʩʪʝʥʠʡ ʬʦʨʤʘʭ ʠ 

ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʚʳʨʘʱʠʚʘʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ɼʣʷ ʵʪʦʛʦ 

ʚ 2020 ï 2021 ʛʛ. ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʚʠʞʥʳʭ 

ʬʦʨʤ ʤʝʜʠ, ʮʠʥʢʘ ʠ ʢʘʜʤʠʷ, ʠʟʚʣʝʢʘʝʤʳʭ ʘʮʝʪʘʪʥʦ-ʘʤʤʦʥʠʡʥʳʤ ʙʫʬʝʨʦʤ ʩ ʨʅ 4,8 

(ʪʘʙʣʠʮʘ 2).  

 
ʊʘʙʣʠʮʘ 2 ï ʉʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ 2020-2021 ʛʛ. 

 

ɺʘʨʠʘʥʪ Cu, ʤʛ/ʢʛ Cd, ʤʛ/ʢʛ Zn, ʤʛ/ʢʛ ɼʦʣʷ ʧʦʜʚʠʞʥʳʭ ʦʪ ʚʘʣʦʚʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ, % 

Cu Cd Zn 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʂʦʥʪʨʦʣʴ 0,92 0,14 0,44 5,36 14,00 0,72 

ɸʤʤʦʬʦʩ ʈ20 0,85 0,15 0,43 4,96 20,27 0,73 

ɸʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ N20 0,85 0,16 0,61 4,91 19,75 1,01 

ɸʤʤʦʬʦʩ+ʘʤʤʠʘʯʥʘʷ 

ʩʝʣʠʪʨʘ N20 P20 

1,00 0,17 0,58 5,75 20,48 0,97 

ʅʫʣʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʂʦʥʪʨʦʣʴ 1,48 0,15 0,50 8,50 13,89 0,87 

ɸʤʤʦʬʦʩ ʈ20 1,66 0,15 0,60 9,74 14,42 1,02 

ɸʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ N20 1,50 0,13 0,60 8,58 15,66 1,00 

ɸʤʤʦʬʦʩ+ʘʤʤʠʘʯʥʘʷ 

ʩʝʣʠʪʨʘ N20 P20 

1,47 0,15 0,56 8,43 22,06 0,95 

ʇɼʂ 1,5 0,3 23,0 - - - 

 

 

ʅʘ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʚʘʨʠʘʥʪʘʭ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʘʣʦʩʴ 

ʢʦʣʝʙʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ, ʧʨʝʚʳʰʘʶʱʝʝ ʇɼʂ, ʢʦʪʦʨʦʝ 

ʩʥʠʞʘʣʦʩʴ ʢ ʦʩʝʥʠ. ʉʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʧʦʯʚʝ ʙʳʣʦ ʩʘʤʳʤ ʚʳʩʦʢʠʤ (1,66 ʤʛ/ʢʛ) ʚ ʧʦʩʝʚʘʭ 

ʧʰʝʥʠʮʝ, ʚʦʟʜʝʣʳʚʘʝʤʦʡ ʙʝʟ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʤʝʩʠ ʘʤʤʦʬʦʩʘ ʠ 

ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ, ʯʪʦ ʚʳʰʝ ʫʨʦʚʥʷ ʇɼʂ ʥʘ 0,16 ʤʛ/ʢʛ. ɺ ʚʘʨʠʘʥʪʘʭ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʢʦʣʝʙʘʣʦʩʴ ʦʪ 0,85 ʤʛ/ʢʛ ʜʦ 1,00 ʤʛ/ʢʛ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʥʫʣʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʧʦʯʚʝ ʙʳʣʦ ʚʳʰʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤʠ ʞʝ ʚʘʨʠʘʥʪʘʤʠ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʚʘʨʠʘʥʪʘʭ ʩʦʜʝʨʞʘʥʠʝ 

ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʮʠʥʢʘ ʚ ʧʦʯʚʝ ʧʨʠ ʥʫʣʝʚʦʡ ʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʦʩʝʚʘʭ 

ʧʰʝʥʠʮʳ ʠ ʛʦʨʦʭʘ ʩʥʠʞʘʣʦʩʴ ʦʪ ʬʘʟʳ ʚʩʭʦʜʦʚ ʜʦ ʬʘʟʳ ʩʦʟʨʝʚʘʥʠʷ ʠ ʩʦʩʪʘʚʠʣʦ 0,50-0,60 

ʤʛ/ʢʛ. ʂʦʣʠʯʝʩʪʚʦ ʮʠʥʢʘ ʚ ʧʦʯʚʝ ʦʪʥʦʩʷʪ ʥʠʟʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʵʣʝʤʝʥʪʘ ʚ ʧʘʰʥʝ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Zn ʚ ʧʦʯʚʝ 0,61 ʤʛ/ʢʛ ʦʪʤʝʯʘʣʦʩʴ ʥʘ ʚʘʨʠʘʥʪʝ ʩʦ ʩʤʝʩʴʶ 

ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ʠ ʘʤʤʦʬʦʩʘ ʚ ʜʦʟʝ N20 P20ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ.  

ʂʘʜʤʠʡ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦ 

ʦʧʘʩʝʥ ʜʣʷ ʨʘʩʪʝʥʠʡ, ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʷʨʥʦ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʢʘʜʤʠʷ ʚ ʧʦʯʚʝ ʠ ʨʘʩʪʝʥʠʷʭ. ʉʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʜʤʠʷ ʚ ʧʦʯʚʝ ʩʥʠʞʘʣʦʩʴ ʦʪ 

ʬʘʟʳ ʚʩʭʦʜʦʚ ʜʦ ʬʘʟʳ ʧʦʣʥʦʛʦ ʩʦʟʨʝʚʘʥʠʷ ʠ ʩʦʩʪʘʚʠʣʦ 0,13 ï 0,17 ʤʛ/ʢʛ. ʅʘʠʙʦʣʴʰʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʘʜʤʠʷ (0,17 ʤʛ/ʢ, ʥʠʞʝ ʇɼʂ), ʪʘʢʞʝ, ʢʘʢ ʠ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ, ʥʘʙʣʶʜʘʣʦʩʴ ʥʘ 

ʚʘʨʠʘʥʪʝ ʩʦ ʩʤʝʩʴʶ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ʠ ʘʤʤʦʬʦʩʘ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʚʦʟʜʝʣʳʚʘʥʠʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘ ʢʦʥʪʨʦʣʝ, ʘ ʪʘʢʞʝ ʥʘ ʚʘʨʠʘʥʪʝ ʦʧʳʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʤʤʦʬʦʩʘ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʥʫʣʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʘʣʦʚʦʡ ʬʦʨʤʳ Cd ʚ ʧʦʯʚʝ, ʦʜʥʘʢʦ ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʦʡ ʬʦʨʤʳ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ (0,15 

ʤʛ/ʢʛ) ʥʝ ʧʨʝʚʳʰʘʣʦ ʇɼʂ.  

ʉʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʘʣʦʚʦʤ ʩʦʜʝʨʞʘʥʠʠ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚʳ. ʅʘʠʙʦʣʴʰʠʡ ʧʨʦʮʝʥʪ ʧʦʜʚʠʞʥʳʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʧʦʯʚʝ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʠ ʥʫʣʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʩʦʩʪʘʚʣʷʣ Cd, ʚʘʨʴʠʨʫʷ ʦʪ 13,89 % ʜʦ 22,06 %. ʅʘʠʙʦʣʴʰʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ 

ʥʘʙʣʶʜʘʣʘʩʴ ʥʘ ʚʘʨʠʘʥʪʝ ʧʨʠʤʝʥʝʥʠʝʤ ʩʤʝʩʠ ʘʤʤʦʬʦʩʘ ʠ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ʧʦ ʥʫʣʝʚʦʡ 

ʪʝʭʥʦʣʦʛʠʠ. ʇʦʜʚʠʞʥʦʩʪʴ ʮʠʥʢʘ ʚ ʧʦʯʚʝ ʧʨʠ ʚʥʝʩʝʥʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʦʪʣʠʯʘʣʘʩʴ (ʦʪ 0,72 ʜʦ 1,02%). ʇʦʜʚʠʞʥʦʩʪʴ ʤʝʜʠ ʚ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʧʨʠ 

ʥʫʣʝʚʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ (8,43-9,74%) ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʡ (4,91- 5,75 %). 

ɿʘʢʣʶʯʝʥʠʝ ʊʘʢ, ʩʦʜʝʨʞʘʥʠʝ ʚʘʣʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʜʤʠʷ ʠ ʮʠʥʢʘ ʧʨʝʚʳʰʘʣʦ 

ʟʥʘʯʝʥʠʷ ʂʣʘʨʢʘ, ʥʦ ʨʘʩʯʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʩʫʤʤʘʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʫʯʝʪʦʤ 

ʪʦʢʩʠʯʥʦʩʪʠ ʥʝ ʚʳʷʚʠʣ ʧʨʦʙʣʝʤ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ. 

ʇʦʜʚʠʞʥʳʝ ʬʦʨʤʳ ʤʝʜʠ ʢʘʜʤʠʷ ʠ ʮʠʥʢʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʚ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʘʨʠʘʥʪʘʭ. ɺʦ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʚʘʨʠʘʥʪʘʭ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʠ ʥʫʣʝʚʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ ʥʘʠʙʦʣʴʰʠʡ ʧʨʦʮʝʥʪ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʦʪ ʚʘʣʦʚʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚ ʧʦʯʚʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʜʣʷ ʢʘʜʤʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʢ ʧʨʦʙʣʝʤʝ ʦʧʪʠʤʠʟʘʮʠʠ ʙʘʣʘʥʩʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ 

ʚ ʧʘʭʦʪʥʳʭ ʧʦʯʚʘʭ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʴ ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʇʎʌ çʈʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ 

ʟʝʤʣʝʜʝʣʠʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ (ʟʝʨʥʦʚʳʭ, ʟʝʨʥʦʙʦʙʦʚʳʭ, 

ʤʘʩʣʠʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ, 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʧʠʪʘʥʠʷ, ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʠ ʪʝʭʥʠʢʠ ʜʣʷ ʨʝʥʪʘʙʝʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʜʣʷ ʨʝʛʠʦʥʦʚ ʂʘʟʘʭʩʪʘʥʘè ʥʦʤʝʨ ʀʈʅ BR 10764908. 

 
ʃʠʪʝʨʘʪʫʨʘ: 

 

[1] Lukin , S.V., Zhuikov N. V. Content and Balance of Trace Elements (Co, Mn, Zn) in 

Agroecosystems of the Central Chernozemic Region of Russia Agriculture 2022, 12(2), 154; 

https://doi.org/10.3390/agriculture12020154 

[2] ʃʠʮʫʢʦʚ, ʉ.ɼ., ɸʢʠʥʯʠʥ ɸ.ɺ. ʊʨʘʥʩʣʦʢʘʮʠʷ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʩʠʩʪʝʤʝ ʧʦʯʚʘ-

ʨʘʩʪʝʥʠʝ [ʊʝʢʩʪ]. ï ɹʝʣʛʦʨʦʜ: ʀʟʜ-ʚʦ ɹʝʣɻʉʍɸ, 2007. ï 201 ʩ.  

https://sciprofiles.com/profile/1969191
https://sciprofiles.com/profile/author/MDVsM3pTZ1pwUENhamNuQ2drYmJ0Y1M0a2FweGlWWWUzN1UzcUpjSGEyMD0=
https://doi.org/10.3390/agriculture12020154


 

135 

 

[3] ʌʠʨʩʦʚ, ʉ.ɸ., ɹʘʨʘʥʦʚʘ ʊ.ʃ., ʌʠʨʩʦʚ ʉ.ʉ. ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʯʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ // ɸʛʨʦʭʠʤʠʯʝʩʢʠʡ ʚʝʩʪʥʠʢ. ï 2014. ï ˉ4. ï ʉ.5-7. 

[4] ʆʨʣʦʚ, ɼ.ʉ. ʠ ʜʨ. ʍʠʤʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ ʠ ʠʭ ʦʭʨʘʥʘ. ʉʣʦʚʘʨʴ ʩʧʨʘʚʦʯʥʠʢ 

[ʊʝʢʩʪ]. - ʄ. : ɸʛʨʦʧʨʦʤʠʟʜʘʪ, 1991. ï 303 ʩ 

[5] ɼʦʙʨʦʚʦʣʴʩʢʠʡ, ɺ.ɺ. ɻʝʦʛʨʘʬʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ɻʣʦʙʘʣʴʥʦʝ ʨʘʩʩʝʠʚʘʥʠʝ [ʊʝʢʩʪ]. - 

ʄ.: ʄʳʩʣʴ, 1983. ï 272 ʩ.  

[6] V. Tsolova, I. Nikova, P. Tomov Content and cycling of main biogenic and toxic elements in 

fragmented ecosystems of the Sofia city, Bulgaria / Soil Science Society of Pakistan ˉ 39(2). 2020, 

ʈ.135-144.  

[7] Gadzhikerimova, A.G. Ecological-geochemical features of the trace elements distribution in 

arable soils and parent bedrocks in the conditions of slope relief / A.G. Gadzhikerimova, L.L. Novykh // 

Pharmaceutical Sciences and Research, 2017. ï Vol.10, ˉ3. ï P. 773-777.  

[8]ʆʨʣʦʚ, ɼ.ʉ. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʧʦʯʚʘʭ ʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ // ʉʦʨʦʩʦʚʩʢʠʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʞʫʨʥʘʣ, ˉ 1, 1998. ï ʉ. 61-68.  

[9] ʂʘʙʘʪʘ-ʇʝʥʜʠʘʩ, ʍ. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʧʦʯʚʘʭ ʠ ʨʘʩʪʝʥʠʷʭ [ʊʝʢʩʪ]. ï ʄ.: ʄʠʨ, 1989. ï 

439 ʩ.  

[10] ʇʝʡʚʝ, ʗ.ɺ. ɹʠʦʭʠʤʠʷ ʧʦʯʚ [ʊʝʢʩʪ]. ï ʄ.: ɻʦʩʩʝʣʴʭʦʟʠʟʜʘʪ, 1961. ï 422 ʩ.  

[11] ʆʚʯʘʨʝʥʢʦ, ʄ.ʄ., ʐʠʣʴʥʠʢʦʚ ʀ.ɸ., ʂʦʤʘʨʦʚʘ ʅ.ɸ. ʇʨʠʝʤʳ ʜʝʪʦʢʩʠʢʘʮʠʠ ʧʦʯʚ, 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ // ɸʛʨʦʭʠʤʠʯʝʩʢʠʡ ʚʝʩʪʥʠʢ, 2005, ˉ 3. ï ʉ. 2-4.  

[12] ʇʘʥʘʩʠʥ, ɺ.ʀ. ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʠ ʫʨʦʞʘʡ [ʊʝʢʩʪ]. ï ʂʘʣʠʥʠʥʛʨʘʜ: ʆɻʋʇ 

çʂʘʣʠʥʠʥʛʨʘʜʩʢʦʝ ʢʥ. ʠʟʜ-ʚʦè, 2000. ï 274 ʩ 

[13] ɺʦʜʷʥʠʮʢʠʡ, ʖ.ʅ. ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠ ʤʝʪʘʣʣʦʠʜʳ ʚ ʧʦʯʚʘʭ [ʊʝʢʩʪ]. ï ʄ.: ɻʅʋ 

ʇʦʯʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɺ.ɺ. ɼʦʢʫʯʘʝʚʘ ʈɸʉʍʅ, 2008. ï 164 ʩ. 

[14] ʍʠʤʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʤʳʰʴʷʢʘ ʠ ʤʦʣʠʙʜʝʥʘ ʚ ʧʦʯʚʘʭ [ʊʝʢʩʪ]. ʇʦʜ ʨʝʜ. ʅ.ɻ. 

ɿʳʨʠʥʘ. ʄ.: ï ʄɻʋ, 1985. ï 209 ʩ. 

[15] ʇʨʘʢʪʠʢʫʤ ʧʦ ɸʛʨʦʭʠʤʠʠ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ï 2-ʝ ʠʟʜ., /ʇʦʜ ʨʝʜ. ɸʢʘʜʝʤʠʢʘ ʈɸʉʍʅ 

ɺ.ɻ. ʄʠʥʝʝʚʘ. ï ʄ.: ʀʟʜ-ʚʦ ʄɻʋ 2001. ï 689 ʩ. 

[16] ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ʩʝʣʴʭʦʟʫʛʦʜʠʡ ʠ 

ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ // ʄ.: ʎʀʅɸʆ, 1992 . ï 53 ʩ. 

[17] Lukin, S.V., Smurov S.I. Environmental assessment of the trace elements contentin the 

agrocoenosis of central chernozemregions of Russia / JOURNAL OF MECHANICS OF CONTINUA 

AND MATHEMATICAL SCIENCES ˉ10, 2020. ʈ. 100-112.  

[18] ʉʘʝʪ, ʖ.ɽ, ʉʤʠʨʥʦʚʘ ʈ.ʉ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʚʳʷʚʣʝʥʠʷ ʟʦʥ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʛʦʨʦʜʩʢʠʭ ʘʛʣʦʤʝʨʘʮʠʡ [ʊʝʢʩʪ]. ï ʄʦʩʢʚʘ: ʄʳʩʣʴ, 1983. ï 97ʩ.  

[19] ʉʘʝʪ, ʖ.ɽ., ʗʥʠʥ ɽ.ʇ. ɻʝʦʭʠʤʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [ʊʝʢʩʪ]. ï ʄʦʩʢʚʘ: ʅʝʜʨʘ, 1990. 

ï 80 ʩ.  

[20]ʇʨʦʩʷʥʠʢʦʚ, ɺ.ʅ. ʆʮʝʥʢʘ ʘʢʢʫʤʫʣʷʮʠʠ ʙʠʦʛʝʥʥʳʭ ʠ ʪʦʢʩʠʯʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ 

ʧʦʯʚʘʭ ʧʘʰʥʠ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ //ɸʛʨʦʭʠʤʠʯʝʩʢʠʡ ʚʝʩʪʥʠʢ 2014. ˉ2. ʉ. 8 ï 10. 

 

References: 

 

[1] Lukin , S.V., Zhuikov N. V. Content and Balance of Trace Elements (Co, Mn, Zn) in 

Agroecosystems of the Central Chernozemic Region of Russia Agriculture 2022, 12(2), 154; 

https://doi.org/10.3390/agriculture12020154 

[2] Licukov S.D., Akinchin A.V. (2007) Translokaciya tyazhyolyh metallov v sisteme pochva-

rastenie [Translocation of heavy metals in the soil-plant system]. ï Belgorod: Izd-vo BelGSKHA, ï 201 

ʨ. [in Russian]. 

[3] Firsov S.A., Baranova T.L., Firsov S.S. (2014) Ekologicheskij monitoring bezopasnosti 

pochv po soderzhaniyu tyazhyolyh metallov [Environmental monitoring of soil safety by heavy metal 

content]// Agrohimicheskij vestnik. ˉ4. ï ʈ.5 ï 7. [in Russian]. 

[4] D. S. Orlov, i dr (1991) Himicheskoe zagryaznenie pochv i ih ohrana. Slovar' spravochnik 

[Chemical pollution of soils and their protection. Dictionary reference]. ï M.: Agropromizdat, - 303 ʨ. [in 

Russian]. 

[5] Dobrovol'skij V.V.  (1983) Geografiya mikroelementov. Global'noe rasseivanie [Geography 

of trace elements. Global dispersion]. M.: Mysl', ï 272 ʨ. [in Russian]. 

https://sciprofiles.com/profile/1969191
https://sciprofiles.com/profile/author/MDVsM3pTZ1pwUENhamNuQ2drYmJ0Y1M0a2FweGlWWWUzN1UzcUpjSGEyMD0=
https://doi.org/10.3390/agriculture12020154


 

136 

 

[6] V. Tsolova, I. Nikova, P. Tomov (2020) Content and cycling of main biogenic and toxic 

elements in fragmented ecosystems of the Sofia city, Bulgaria / Soil Science Society of Pakistan ˉ 39(2), 

ʈ.135 ï 144. 

[7] Gadzhikerimova, A.G. (2017) Ecological-geochemical features of the trace elements 

distribution in arable soils and parent bedrocks in the conditions of slope relief / A.G. Gadzhikerimova, 

L.L. Novykh // Pharmaceutical Sciences and Research . Vol.10, ˉ3.-P. 773 ï 777.  

[8] Orlov, D.S. (1998) Mikroelementy v pochvah i zhivyh organizmah [Trace elements in soils 

and living organisms]// Sorosovskij obrazovatel'nyj zhurnal, ˉ 1, ʈ. 61-68. [in Russian]. 

[9] Kabata-Pendias H. (1989) Mikroelementy v pochvah i rasteniyah [Trace elements in soils 

and plants]. - M.: Mir. ï 439 ʨ. [in Russian]. 

[10] Pejve, YA.V.   (1961) Biohimiya pochv [Soil biochemistry]. ï M.: Gossel'hozizdat, ï 422ʨ. 

[in Russian]. 

[11] Ovcharenko, M.M., SHil'nikov I.A., Komarova N.A. (2005) Priemy detoksikacii pochv, 

zagryaznennyh tyazhelymi metallami [Detoxification techniques for soils contaminated with heavy 

metals] // Agrohimicheskij vestnik, ˉ 3. ï ʈ. 2 ï 4. [in Russian]. 

[12] Panasin, V.I.  (2000) Mikroelementy i urozhaj [Trace elements and harvest]. ï Kaliningrad: 

OGUP çKaliningradskoe kn. izd-voè, ï 274 ʨ. [in Russian]. 

[13] Vodyanickij , YU.N. (2008) Tyazhelye metally i metalloidy v pochvah [Heavy metals and 

metalloids in soils]. ï M.: GNU Pochvennyj institut im. V.V. Dokuchaeva RASKHN, - 164 ʨ. [in 

Russian]. 

[14] Himiya tyazhelyh metallov, mysh'yaka i molibdena v pochvah [Chemistry of heavy metals, 

arsenic and molybdenum in soils]. Pod red. N.G. Zyrina (1985). M.: ï MGU, - 209 ʨ. [in Russian]. 

[15] Praktikum po ʘgrohimii: Uchebnoe posobie [Workshop on Agrochemistry: A textbook.]. ï 

2-e izd., /Pod red. Akademika RASKHN V.G. Mineeva.(2001) ï M.: Izd-vo MGU ï 689 ʨ. [in Russian]. 

[16] Metodicheskie ukazaniya po opredeleniyu tyazhelyh metallov v pochvah sel'hozugodij i 

produkcii rastenievodstva [Methodological guidelines for the determination of heavy metals in the soils of 

farmland and crop production] (1992) // M.: CINAO. ï 53 ʨ. [in Russian]. 

[17] Lukin, S.V.,. Smurov S.I (2020) Environmental assessment of the trace elements contentin 

the agrocoenosis of central chernozemregions of Russia / JOURNAL OF MECHANICS OF CONTINUA 

AND MATHEMATICAL SCIENCES ˉ10, ʈ. 100 ï 112.  

[18] Saet, YU.E, Smirnova R.S. (1983) Geohimicheskie principy vyyavleniya zon vozdejstviya 

promyshlennyh vybrosov v gorodskih aglomeracij [Geochemical principles of identification of zones of 

impact of industrial emissions in urban agglomerations]. - Moskva: Mysl', ï 97ʨ. [in Russian]. 

[19] Saet, YU.E., YAnin E.P. (1990) Geohimiya okruzhayushchej sredy [Geochemistry of the 

environment]. - Moskva: Nedra, - 80 ʨ[in Russian]. 

[20] Prosyanikov, V.N. (2014) Ocenka akkumulyacii biogennyh i toksichnyh mikroelementov v 

pochvah pashni Kemerovskoj oblasti [Assessment of the accumulation of biogenic and toxic trace 

elements in the soils of arable land of the Kemerovo region]//Agrohimicheskij vestnik. ˉ2. ʈ. 8 ï 10. [in 

Russian]. 

 

 

ʄʀʅɽʈɸʃɼʓ ʊʓרɸʁʊפʓʐʊɸʈɼʓר ʊʆʇʓʈɸפʊɸנʓ 

ʄʀʂʈʆʕʃɽʄɽʅʊʊɽʈɼɯר ɾɸʃʇʓ ɾᴄʅɽ ɾʓʃɾʓʄɸʃʓ ʌʆʈʄɸʃɸʈʓʅʓר 

 ʈɸʄʓʅɸ ᴄʉɽʈɯױפ

 

ɿʫʝʚʘ ʅ.ɹ.
1,2

, ʭʠʤʠʷ ʤʘʛʠʩʪʨʽ, ʘʩʧʠʨʘʥʪ 

ɾʣʦʙʘ ʃ.ɼ.
1
 

ʄʘʤʳʢʠʥ ɽ.ɺ.
 1
, ʘʛʨʦʥʦʤʠʷ ʤʘʛʠʩʪʨʽ 

ʇʦʧʦʣʟʫʭʠʥʘ ʅ.ɸ.
2
.,  ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ סʳʣʳʤʜʘʨʳʥʳש ʜʦʢʪʦʨʳ, ʧʨʦʬʝʩʩʦʨ 

 

1 "ɸʩʪʳϨ ʰʘʨʫʘʰʳʣʳϤʳ Ϥʳʣʳʤʠ-Ϻʥʜʽʨʽʩʪʽʢ ʦʨʪʘʣʳϤʳ" ɾʐʉ ɸ. ʀ. ɹʘʨʘʝʚ", ʅʘʫʯʥʳʡ ʢ., 

ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ 

2 ʌɻɹʆʋ ɺʆ "ʇ. ɸ. ʉʪʦʣʳʧʠʥ ʘʪʳʥʜʘϤʳ ʆʤʙʳ ʤʝʤʣʝʢʝʪʪʽʢ ʘʛʨʘʨʣʳϨ ʫʥʠʚʝʨʩʠʪʝʪʽ", 

ʆʤʙʳ Ϩʘʣʘʩʳ, ʈʝʩʝʡ ʌʝʜʝʨʘʮʠʷʩʳ 

 



 

137 

 

ɸשʘʜʘʧʪʘ. ɹײʣ ʤʘץʘʣʘʜʘ ʄʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨʜʳש ʪʦʧʳʨʘץʪʘסʳ ʤʳʩ, ʢʘʜʤʠʡ ʞᴅʥʝ 

ʤʳʨʳʰ ץʦʩʳʣʳʩʪʘʨʳʥʳש ʞʳʣʞʳʤʘʣʳ ʬʦʨʤʘʣʘʨʳʥʳײץ שʨʘʤʳʥʘ ᴅʩʝʨʽʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ 

ʢʝʣʪʽʨʽʣʛʝʥ. ʄʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ץʦʣʜʘʥʫ ʜʘץʳʣʜʘʨʜʳש ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʛʽʥ ʘʣʫ װʰʽʥ 

ʤʘשʳʟʜʳ, ʙʽʨʘץ ʘʫʳʨ ʤʝʪʘʣʜʘʨ ʪʳשʘʡʪץʳʰʪʘʨʤʝʥ ʙʽʨʛʝ ʪʦʧʳʨʘץץʘ ʪװʩʽʧ, ʞʠʥʘʣʘʜʳ, ʙײʣ ʦʣʘʨʜʳש 

ʪʦʧʳʨʘץʪʘ ʞʠʥʘʣʫʳʥʘ ᴅʢʝʣʝʜʽ. 2020-2021 ʞʳʣʜʘʨʳ פʘʟʘץʩʪʘʥʥʳש ʩʦʣʪװʩʪʽʛʽʥʜʝʛʽ ʢʘʨʙʦʥʘʪʪʳ 

ʏʝʨʥʦʟʝʤʜʝ" ɸ.ʀ. ɹʘʨʘʝʚ ʘʪʳʥʜʘסʳ ɸʐנᴆʆ "ɾʐʉ ʘʛʨʦʭʠʤʠʷ ʞᴅʥʝ ʪʳשʘʡʪץʳʰʪʘʨ 

ʟʝʨʪʭʘʥʘʩʳʥʳש ʩʪʘʮʠʦʥʘʨʣʳץ ʪᴅʞʽʨʠʙʝʩʽʥʜʝ ʤʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ʢᴇʧʞʳʣʜʳץ ץʦʣʜʘʥʫ 

ʟʝʨʪʪʝʣʜʽ. ʄʠʢʨʦʵʣʝʤʝʥʪʪʝʨ ʝʢʽ ʩʘʧʘʜʘ ʟʝʨʪʪʝʣʜʽ: ʞʘʣʧʳ ʞᴅʥʝ ʞʳʣʞʳʤʘʣʳ ʤʘʟʤײʥ. ɿʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ ʢʘʜʤʠʡ ʤʝʥ ʤʳʨʳʰʪʳש ʞʘʣʧʳ ץʦʩʳʣʳʩʪʘʨʳʥʳש ʤᴇʣʰʝʨʽ ʂʣʘʨʢ ʤᴅʥʽʥʝʥ ʘʩʳʧ 

ʢʝʪʢʝʥʽʥ, ʙʽʨʘץ ʞʘʣʧʳ ʣʘʩʪʘʥʫʜʳש ʵʢʦʣʦʛʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʫʳʪʪʳʣʳץʪʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, 

ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʞʝʨʣʝʨ װʰʽʥ ץʦʣʘʡʣʳ ʰʝʢʪʝʨʜʝ ʙʦʣסʘʥʳʥ ʢᴇʨʩʝʪʪʽ. ʄʳʩ ʤʳʨʳʰ ʧʝʥ ʢʘʜʤʠʡʜʽש 

ʞʳʣʞʳʤʘʣʳ ʬʦʨʤʘʣʘʨʳʥʳש ʪᴇʤʝʥ ʤᴇʣʰʝʨʽ ʘʥʳץʪʘʣʜʳ. ʊᴅʞʽʨʠʙʝʥʽש ʙʘʨʣʳץ ʥײʩץʘʣʘʨʳʥʜʘ. 
ʂiʣʪ ʩϺʟʜʝʨ: ʪʦʧʳʨʘץ, ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨ, ʞʘʣʧʳ ʞᴅʥʝ ʞʳʣʞʳʤʘʣʳ ʬʦʨʤʘ 
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Annotation. This article presents the results of a study of the effect of mineral fertilizers on the 

content of mobile forms of copper, cadmium and zinc compounds in the soil. The use of mineral 

fertilizers is important for obtaining high yields of agricultural crops, but together with fertilizers, heavy 

metals get into the soil and accumulate, which leads to their accumulation in the soil. In 2020-2021, the 

carbonate Chernozem in the north of Kazakhstan in the A.I. Barayev NPCKH LLP, studied the long-term 

use of mineral fertilizers in the stationary experience of the laboratory of agrochemistry and fertilizers. 

Trace elements were studied in two qualities: gross and mobile content. The results of the study showed 

that the content of gross cadmium and zinc compounds exceeded the Clark values, but was within 

acceptable limits for agricultural land when environmental indicators of gross pollution were taken into 

account taking into account toxicity. A low content of mobile forms of copper, zinc and cadmium was 

found. In all variants of the experience with. 

Keywords:soil, trace elements, gross and mobile form. 
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ɸnnotation. The article presents the results of immunological evaluation of spring wheat samples 

with Lr genes for resistance to leaf rust. The purpose of the performed studies was the immunological 

evaluation and selection of sources of spring wheat resistance to leaf rust. The objects of the study were 

samples of spring wheat from nurseries 6th ILRTN-15 and 18KASIB-LR-RES. Its scientific novelty 

consisted in the identification of effective Lr genes of resistance of spring wheat to the Kazakh population 

of leaf rust. Immunological studies were carried out in 2019-2020 in the conditions of the Kostanay 

region against a natural background of infection of wheat and in the conditions of the Almaty region 

against an artificially infectious background of infection of spring wheat. As a result of screening in the 

conditions of the regions of our study, 70 varieties and lines with effective Lr genes were identified as 

resistant. Thus, varieties and lines with Lr genes selected for leaf rust resistance are recommended by us 

as sources of resistance to the local leaf rust population. 

Keywords: spring wheat, leaf rust, Lr genes, selection. 

 

Introduction. Wheat is one of the most important food crops cultivated in Kazakhstan. 

Its annual sown area is about 13 million hectares [1].Most of the acreage is occupied by spring 

wheat (86%), cultivated mainly in the northern regions of the republic. According to the 

CIMMYT International Center [2] Northern Kazakhstan plays a huge role in ensuring food 

security of the population of the entire Eurasian continent. Meanwhile, the spread of leaf rust 

(Puccinia triticina Erikss) is often observed on the spring wheat crops of Northern Kazakhstan. 

Developing annually on an area of 400-500 thousand to 5 million hectares, wheat crop losses 

reach up to 25-30% [1-2]. At the same time, every 2-3 years its development reaches the 

epiphytotic level. According to Koishibaev, epiphytotic development of leaf rust together with 

septoria was detected 7 times in the period 2008-2017. Most of the spring wheat varieties 

approved for use are susceptible to the local pathogen population, with the exception of the 

newly created new "Aina" variety. It should be noted that at the present time it is the only 

domestic variety of spring soft wheat that is resistant to this pathogen [3].  

Currently, more than 80 genes of resistance to leaf rust have been identified worldwide 

and the corresponding Lr symbol has been assigned to them [4]. Most of the Lr genes belong to 

the group of "juvenile", the action of which manifests itself in all phases of wheat ontogenesis, 

and the other group includes the resistance genes of adult plants. The effectiveness of most Lr 

genes varies significantly depending on the virulence of the regional population of the pathogen 

[5]. According to literature data [6] in 2015, in the conditions of the northern region of 

Kazakhstan, lines with the Lr19, Lr22A and LrH genes were highly effective to the local 

population of leaf rust, the Lr10, Lr12, Lr14ab, Lr18, Lr21, Lr21a and Lr23 genes showed 

moderate resistance, and in 2016 and 2017, the Lr9, Lr14, Lr19, Lr21, Lr23 genes and the Agent, 
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Agatha, Triden varieties were highly resistant, and the genes - Lr2a, Lr2b, Lr12, Lr17a and 

Lr22a are moderately resistant. 

Also, it should be noted that Kazakhstan is part of the KASIB program network, which 

unites 10 scientific institutions of the Russian Federation and eight institutions of the republic to 

solve urgent problems of wheat breeding. Every year, each institution provides 2-3 new varieties 

or lines for joint 2-year study at various ecological points, which allows an objective assessment 

of the adaptive potential of the best candidate varieties for transfer to State variety Testing. To 

date, more than 425 varieties and breeding lines have been tested in the KASIB network [2]. The 

results of the evaluation and selection of spring soft wheat varieties of the KASIB nursery for 

resistance to rust diseases for the selection of spring wheat are reflected in the works of 

Shamanin V.P., Potocka I.V. [5], Chursin A.S. [7], Belan I.A. [8].  In the works of Gultyaeva 

E.I., Rsaliev A.S. and others, a number of authors present the results of identification of 

resistance genes [9] according to the KASIB program.  

The races of rust pathogens are constantly changing and evolving, as a result of which, 

over time, cultivated resistant varieties become susceptible. In this regard, in order to reduce 

their harmfulness, timely monitoring of the manifestation and the beginning of the spread of 

diseases is necessary. The experience of world science has shown that the most cost-effective 

and environmentally safe method of combating leaf rust is the cultivation of resistant varieties. 

The search for new sources of resistance to the causative agent of leaf rust is becoming the main 

condition for modern breeding of new wheat varieties [10, 11]. In this regard, the aim of the 

study is the immunological evaluation of the set 6th ILRTN-15 and the nursery 18KASIB-LR-

RUS and the selection of sources of resistance to leaf rust. 

Materials and methods. Field experiments to determine the effectiveness of Lr genes 

were laid in 2019-2020 in two wheat infection backgrounds. Since the main grain-sowing region 

of the republic is Northern Kazakhstan, the experiments were laid on the basis of the Karabalyk 

AES, under conditions of a natural background of infection. The data obtained under conditions 

of an artificial infectious background correspond to the data obtained under conditions of natural 

epiphytotics, allowing to speed up the selection process. In this regard, the experiments were also 

laid in the artificially infectious background of infection of the Kazakh Research Institute of 

Agriculture and Crop Production (43Á14'17.3"N 76Á41'48.0"E) in the conditions of the south-east 

of Kazakhstan. The objects of the study were 85 lines and varieties of spring wheat from the leaf 

rust trap nursery 6th ILRTN-15 and 122 samples of the 18KASIB-LR-RES nursery. Sowing was 

carried out in two rows with a length of 1 m. To increase the infectious load, the 

Kazakhstanskaya 10 and Morocco varieties susceptible to the pathogen were sown as an 

indicator variety and a reference every 5 samples. The artificially infectious background was 

created using a mixture of a population of uredospores of leaf rust from the collection material of 

the Research Institute of Biology and Biotechnology of Inoculum collected from selected 

samples from production crops of commercial wheat varieties, where an alternative rust host 

grows. Before inoculation, uredospores were activated, the biological purity and germination of 

which is 90-95%. The spores from the previously sealed ampoule were scattered into Petri dishes 

in a thin layer, no more than 1 mm, heated in a thermostat at 45Á C for 30 minutes, then they 

were placed for 6 hours in a desiccator with high relative humidity. Inoculation was carried out 

by pollinating crops with spores mixed with talc in the phase of spring wheat entering the tube. 

The infectious load of spores is 10 mg per m2 of sowing. The contamination of the studied 

samples was carried out in the evening hours at an air temperature not lower than 20-22Á C. To 

increase the infection, inoculated plants were covered with plastic wrap for 10-12 hours. The 

reaction of varietal samples to leaf rust was taken into account in dynamics from the moment of 

the appearance of the first characteristic symptoms to the milky-waxy roundness of the grain 5 

times, with an interval of 7 days. The immunological feature of the genetic material was 

evaluated by two indicators: the type of reaction (qualitative) and the degree of leaf and stem 
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damage (quantitative). The type of reaction was determined according to the recommended 

CIMMYT scale [12]: 0 - (immune) - there are no symptoms of the lesion; R (resistant) - small 

individual chloroses or necrosis, no pustules; MR (moderately resistant) - small pustules 

surrounded by chlorotic or necrotic spots; M (medium) - medium-sized pustules, with chlorosis 

or necrosis, some with chlorosis and necrosis; MS (moderately susceptible) - medium-sized 

pustules, no necrotic, but there may be chlorotic spots; S (susceptible) - large pustules, without 

chlorosis and without necrosis. The degree of plant damage was estimated as a percentage on the 

Peterson R.F. scale modified by Cobb [13] with a gradation of 5,10,20,40,60 ... 100%. Statistical 

data analysis was carried out using RStudio.  

The area under disease progress curve (AUDPC) was determined based on the results of 

five D.A. Johnson method calculations [14]:   

 

S = İ (x1+x2)(t2-t1) + é (xn-1 +xn)(tn-tn-1),                                            (1) 

 
where, S is AUDPC; n is the number of counts; x1, x2, xp is the degree of disease development at 

the time of the 1st, 2nd and last accounting, %, respectively; (t2-t1) is the time between the 2nd and 1st 

accounting, day; (tn-tn-1) is the time between the last and penultimate accounting, day.  

 

During the years of the study (2019-2020), the weather conditions of the growing season 

in the south-east of Kazakhstan were relatively humid, in May-June 2019, 39.3-72.7 mm of 

precipitation fell, in 2020 73.5-42 .6 mm, respectively, which generally favored the development 

of the pathogen. In the Northern region, on the contrary, it is drier, for the year in 2019 355.7 

mm fell, and in 2020 it was 9.2 mm less, which is less favorable for the spread and 

intensification of the harmfulness of stem rust. In 2019, only 62.5-51.4 mm of precipitation fell 

in July-August, in 2020 it was 49.8-10.1 mm less than in 2019, which led to premature ripening 

of spring wheat crops. 

Results and Discussion. The experiments were laid (2019-2020) in two regions at the 

same time, 85 samples from the 6th ILRTN-15 trap nursery were tested. Statistical processing of 

the obtained immunological data showed that on the artificial infectious background, a high 

enough infestation rate of the studied set of genotypes in the trap nursery had been achieved. It 

was taken into account that the effectiveness of most Lr genes varies significantly depending on 

the virulence of the regional populations of the pathogen. Most of the tested samples with Lr 

genes showed susceptibility to varying degrees to the local population of leaf rust under natural 

conditions of infection. Nevertheless, in the first year of study (2019), most of the studied 

samples with genes showed susceptibility to the local population of leaf rust. The incidence of 

which ranged from 5 to 60%. The Lr3, Lr18 and Lr20 genes were affected only up to 5%, and 

the Lr 1, Lr 3Ka, Lr10 and Lr 28 genes differed in immunity. 

In the conditions of artificial infection in the first year of study, the samples with genes Lr 

10, Lr 27+Lr 31; Lr18 and Lr28 were affected to a moderate extent, and the Lr10 gene showed 

immunity. Lr10 genes showed resistance not only in conditions of natural infection, but also in 

conditions of artificial background infection. Meanwhile, weather conditions in the southeast 

favored the maximum development of leaf rust. The development of the disease on the leaf 

surface reached up to 90%, and 100% damage to the leaf surface was observed on the Morocco 

indicator variety. At the same time, the area under disease progress curve on susceptible varieties 

was in the range of 625-2495. In the second year of studying the Lr10 gene, it began to lose its 

immunity, the leaf surface was affected by 10%. 

Moderate resistance was shown by the Lr28 gene, which is characterized as effective in 

Western Europe, India, Pakistan, China, Russia and as ineffective in the USA and Canada [15]. 

Lr28 is located on chromosome 4 AL, was transferred to wheat from Aegilops speltoides [16]. 

This gene also, in combination with other resistance genes, reduces crop losses caused by leaf 

rust. At the same time, previously susceptible genes Lr 12, Lr 13, Lr22a characterized moderate 
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resistance, which may indicate a change in the population composition of leaf rust in conditions 

of artificial infection of wheat. 

If we compare the results of infection of varieties with certain genes of resistance to leaf 

rust in two infection backgrounds, then 12 immune (0), 6 resistant (R) and 2 moderately resistant 

(MR) were isolated in the natural background (2019), and only 7 varieties were isolated on the 

artificial background of infection by the type of moderate resistance (MR) (Table 1). 

 
Table 1 ï Reaction of different varieties to leaf rust by infection backgrounds, 2019-2020 

 
Area Name of varieties Resistance 

types 

Natural  Aghram, Ammar ï 3, Atlas ï 1, Bohouth 9, Bohouth 11, 

Cham 1, Chili, Geromtel-1, ICA Rasha ï 1, Karim, Roomy, 

Tunsyr-2, Sebou 

0 

Artificial  - 

Natural  Belikh-2, Cham-8, Cham-10, Nesma, Mexipak, Safra maan R 

Artificial  - 

Natural  Seri 82, Senatori Cappelli MR 

Artificial  Aguilal, Atlas ï 1, Bohouth 6, Bohouth 11, Icasyr-1, ICA 

Rasha ï 1, Potam, Sebou  

Natural  Aurour, Babaqa, Bohouth 6, Cham 3, Cham 5, Cham-6, 

Florance Geruftel-1, Icasyr-1, Otb-6 (DW Check), PBW 

343, Salamoni 

MS 

Artificial  Aghram, Ammar ï 3, Arrehane, Belikh-2, Bohouth 9, Cham 

1, Cham-10, Chili, Hidhab, Geromtel-1, Otb-6 (DW Check), 

PBW 343, Roomy, Salamoni, Seri 82, Tunsyr-2 

Natural  Bohouth 8, Cham 4, Cham4/CA8055 (WLR Check), 

Hidhab, Oued Zenati 

S 

Artificial  Bohouth 8, Cham 3, Cham 4, Cham 5, Cham-6, Cham-8, 

Cham4/CA8055 (WLR Check), Florance Aurour, Geruftel-

1, Karim, Nesma, Mexipak, Oued Zenati, Safra maan, 

Senatori Cappelli 

 

 

In the first year of study under artificial background conditions, the resistant varieties 

Cham-10, Seri 82, PBW 343, Karim, Icasyr-1, Belikh-2, Ammar ï 3, Aghram, Bohouth 9, Otb-6 

(DW Check), Roomy, Arrehane and Hidhab showed susceptibility to the population composition 

of 2021. Varieties Aguilal, Potam, Bohouth 6, Icasyr-1, Sebou, Atlas - 1, ICA Rasha - 1, 

Bohouth 11 were characterized by moderate resistance according to the results of two years of 

research. The rest of the studied varieties showed susceptibility to the Kazakh population of leaf 

rust. 

Also, 122 cultivars from the nursery 18KASIB-LR-RUS were studied under conditions of 

artificial infection (2019-2020). Earlier, in the research of Gultyaeva et al [17], as a result of 

molecular analysis of this nursery, Lr genes were identified in 82% of samples. Of these, 30% 

were effective or partially effective resistance genes. 

In the first year of our study, signs of leaf rust were noted at the end of the I and 

beginning of the II decade of June, and in the second year from the III decade of May.  Of the 

total number of samples studied, 36.8% were immune, and 17.2% were only moderately resistant 

(MR). Varieties and lines with the genes Lr1; Lr9; Lr10; Lr17; Lr19; Lr14a; Lr24; Lr26; Lr34; 

Lr39 and with the gene combinations Lr1, Lr9; Lr1, Lr10; Lr1, Lr10; Lr19; Lr9, Lr10; Lr26, Lr1; 

Lr26, Lr9; Lr26, Lr9, Lr17 were distinguished by resistance; Lr26, Lr10; Lr26, Lr19 and Lr26, 
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Lr34. In the highlighted samples, the frequency of occurrence of the Lr9, Lr 10, Lr 19, Lr26, 

Lr34 gene was 11,5%, 13%, 7,3%, 13% and 5.7%, respectively (Table 2). 

The effectiveness of the genes Lr9, Lr19, Lr24, Lr34 is also confirmed in the studies of 

Koishybaev [18] and Babkenova [19] conducted in the North Kazakhstan region. The Lr 24 gene 

retains its effectiveness both in Kazakhstan and in most regions of Russia [17]. 

 
Table 2 ï Immunological assessment, weight of 1000 seeds and indicators of PPKRP in 

isolated samples for resistance to leaf rust (18KASIB-LR-RES), 2019-2020 

 
Name  Origin  Gene Types of 

LR, /% 

1000 grains 

of weight, 

g 

AUDPC 

Lutescens 32 ʂIZ Lr14a 20MR 32,04 220 

Lutescens ʉ 19 SB Karabalyk-

CIMMYT  

Lr34, Lr26 0 30,92 0 

E-758 ASRI-ʆʪʘr Lr39 0 41,64 0 

Erythrospermum 

55/94-01 

Pavlodar Lr34 10MR 35,64 170 

Stepnaya 17 Aktube Lr10 5MR 34,72 0 

Stepnaya 75 Aktube Lr16, Lr24 0 33,48 120 

Fiton L 9 Fiton Lr9 0 33,88 0 

Ekada 113 Ekada Lr19 0 36,68 580 

Sigma Omsk ARI Lr26'+ 5MR 36,12 120 

Lutescens 529/00-10ʩ Omsk ARI Lr10, Lr26 5MR 38,48 50 

Lutescens 827/01-4 Omsk ARI  5MR 37,00 85 

Novosibirskaya 31 Novosibirsk Lr17 0 33,12 0 

Lutescens 697 Barnaul Lr10 0 35,60 50 

Apasovka Barnaul, Altay Lr9 0 35,04 0 

Lutescens 158-01 Omsk univ Lr9 0 36,04 0 

Lutescens 16-04 Omsk univ Lr9 0 37,32 0 

Lutescens 43-04 Omsk univ Lr9 0 31,48 0 

ʆʢ-1 Kurgan  0 37,40 0 

Lyutestsens 220/03-83 Kurganseed Lr19 0 32,16 0 

Chelyaba 2 Shelyabinsk Lr9, Lr10 0 36,36 0 

Chebarkulskaya Chelyab. ASRI Lr1 0 32,20 0 

Tertsiya Kurgan. ASRI  0 34,20 0 

Omskaya35 Sib. ASRI  0 33,40 0 

Saratovskaya 29 Saratov Lr26,+ 0 31,96 0 

Lutescens 120-03 Omsk univ Lr9, Lr10 0 32,40 0 

Lutescens13 Karabalik. AES Lr17 0 36,08 0 

Lutescens 443 Altai. SRIZIS Lr1, Lr9, Lr10 5MR 31,00 15 

Fiton 82 Fiton Lr34 15MR 31,72 125 

Lutescens 220/03-83 Kurganseed Lr19 0 26,88 0 

Kazakhstanskaya19 ʂIZ Lr10, Lr34 0 39,72 0 

Lutescens148-97-16 Sib. ASRI Lr1, Lr26 0 37,88 0 

Ariya Kurgan - ASRI Lr9 0 29,68 0 

For A Kurgan - ASRI  0 30,00 65 

Chelyaba Chelyab. ASRI Lr10, Lr26+ 5MR 30,00 85 

E-607 Asri-ʆʊɸR Lr14a, Lr34 0 37,40 0 

E-757 Asri-ʆʊɸR Lr34 5R 45,40 85 

Lutescens 20 Karabalyk  0 28,88 0 

Fiton 156 Fiton Lr1 0 38,20 0 

L. 210/99-10 Omsk ARI Lr26+, Lr34 5MR 38,84 85 
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Lutescens 53/95-98-1 Pavlodar Lr17 0 33,52 0 

Sibakovskaya 

yubileinaya 

Omsk univ Lr10 Lr9 Lr1 0 33,12 0 

Omskaya 38 

(Lut.242/97-1) 

Omsk ARI Lr19, Lr26+ 0 35,44 0 

Chelyaba yubileinaya Shelyabinsk Lr1, Lr9 0 31,92 0 

Fiton S 36 shuttle Fiton Lr37 5MR 38,92 120 

Lutescens 363/96-4 Kurgan Lr26,+ 5MR 36,68 85 

L415/00 Kurganseed Lr10 5MR 35,04 255 

Lutescens 290/99-7 Kurganseed Lr1, Lr26+ 5MR - 120 

Om Gau 90 Omsk univ Lr17 0 31,80 0 

Lutescens 120-03 Omsk univ Lr1, Lr9, 

Lr26, + 

0 29,08 0 

Omskaya 39 Omsk ARI Lr1, Lr10, 

Lr26, + 

0 34,04 0 

Gvk 2033-7 Ust-kamenogorsk Lr26,+ 30MR 32,68 370 

Tertsiya Omsk univ Lr9 0 34,44 0 

P-23-14 Kurgan Lr9 0 36,28 0 

Lutescens 89-06 Omsk univ. Lr9,Lr10, 

Lr17,+ 

0 35,44 0 

Erythrospermum 95-

07 

Omsk univ. Lr9, Lr17 5R  50 

Omskaya 41 Omsk ARI Lr19, Lr26 5MR 38,88 15 

Fiton ʉ-54 Fiton-ʉIMMYT  10MR 28,16 30 

Ekada 148 Fiton-Ekada Lr1, Lr10, 

Lr19 

0 - 0 

Aina Karabalik. AES Lr24 0 33,76 0 

Lutescens 186/04-61 Sib. ASRI Lr19, Lr26, + 0 32,52 0 

St. Kazakhstanskaya 

10 

KIZ  40S 27,00 725 

 

 

From the lines and varieties selected for resistance to leaf rust, a selection was carried out 

according to weight of 1000 grains. Numbers E-758, Erythrospermum 55/94-01, Ekada 113, 

Sigma, Lutescens 529/00-10c, Apasovka, Lutescens 158-01, Lutescens 16-04, Ok-1, Chelyaba 2, 

Lutescens13, Kazakhstanskaya19, Lutescens148-97-16, E-607, E-757, fiton 156, L. 210/99-10, 

Omskaya 38 (Lut.242/97-1) whose weight of 1000 seeds was in the range of 35-45 g, which is 

22 and 40% more than the standard Kazakhstanskaya 10 (27.04 g). The selected samples are 

involved in the selection process to create initial forms for resistance to leaf rust. 

The remaining samples showed susceptibility to the local leaf rust population, and the 

area under disease progress curve (AUDPC) reached 1160. At the same time, it should be noted 

that in certain rooms susceptible to leaf rust, there was a delay in the development of the disease. 

Many of them began to be affected from the third decade of June and the first decade of July 

(Table 3). 

On the varieties Fiton 109 and Stepnaya volna, the onset of disease manifestations was 

observed from the first accounting, but throughout the growing season, the maximum 

development of the disease did not exceed 10%. Which, accordingly, didnôt affect the weight 

reduction of 1000 grains. If we compare the data obtained and in other varieties, in which the 

incidence of rust is slower compared to the other, there are noticeable differences in the weight 

of 1000 grains. 
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Table 3 ï Spring wheat varietals allocated by weight of 1000 grains, 2019 

 

 

Name  

 

 

 

Origin  

 

 

Dates of counts of leaf rust, %/type of 

lesion 

A
U

D
P

C
, 

%
 

1
0

0
0

 g
ra

in
s
 o
f 

w
e

ig
h

t,
 g
 

1
3

.0
6
.1

9 

2
3

.0
6
.1

9 

0
3

.0
7
.1

9 

0
9

.0
7
.1

9 

1
9.

0
7
.1

9 

ɽ-746 ASRI-ʆʪʘr 0 0 5MS 5MS - 50,0 42,2 

Stepnaya 1509/06 Aktube 0 5MS 5MS 5MS 5MS 120 41,0 

Fiton ʉ 50 SB Fiton-CIMMYT  0 0 5MS 5MS 15MS 150 41,7 

Fiton 109  Fiton 5R 5MS 10MS 10MS 10MS 270 39,1 

Lutescens 307/97-23 Omsk ARI 0 0 5MS 5MS - 50,0 40,5 

Lutescens 706 Barnaul, Altay 0 5MS 5MS 5MS - 120 38,9 

Sad-114 Kurgan 0 10MR 5MS 10MS - 155 45,2 

Erythrospermum 78 Omsk univ 0 5MS 5MS 5MS - 85,0 40,6 

Stepnaya volna Barnaul 5MS 5MS 5S 5S 10S 195 40,4 

Lutescens 151/03-85 Omsk ari 0 0 0 5MS - 15,0 40,4 

Kazakhstanskaya 10 KIZ 5MR 10S 20S 30S 40S 725 27,0 

 

 

Conclusion. Thus, in the regions of our study, varieties and lines with genes Lr1; Lr9; 

Lr10; Lr17; Lr19; Lr14a; Lr24; Lr26; Lr28, Lr34; Lr39 and with gene combinations Lr1, Lr10; 

Lr1, Lr10, Lr19; Lr9, Lr1; Lr10, Lr9; Lr26, Lr1; Lr26, Lr1, Lr9; Lr26, Lr9, Lr17; Lr26, Lr10; 

Lr26, Lr19 ʠ Lr26, Lr34 were distinguished by resistance from the nursery 18KASIB-LR-RES 

and 6
th
 ILRTN-15. Also, Aguilal, Potam, Bohouth 6, Icasyr-1, Sebou, Atlas ï 1, ICA Rasha ï 1 

and Bohouth 11 varieties effectively control the development of leaf rust. The selected varieties 

and lines with effective Lr resistance genes began to be involved in the selection process for 

resistance to leaf rust. 
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1
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1,2

, PhD  

  ɽʩʝʨʢʝʥʦʚ ɸ.ʂ.
2,
 ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ  ʥʘʫʢ 

 
1
ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʘʛʨʘʨʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,   

ʛ.ɸʣʤʘʪʳ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 
2
 ʊʆʆ çʂʘʟʘʭʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʟʝʤʣʝʜʝʣʠʷ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘè, 

 ʛ. ɸʣʤʘʪʳ, ʈʝʩʧʫʙʣʠʢʘʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʦʙʨʘʟʮʦʚ 

ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʩ Lr ʛʝʥʘʤʠ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʣʠʩʪʦʚʦʡ ʨʞʘʚʯʠʥʝ.  ʎʝʣʴʶ ʚʳʧʦʣʥʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʘʩʴ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʠ ʦʪʙʦʨ ʠʩʪʦʯʥʠʢʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʷʨʦʚʦʡ 

ʧʰʝʥʠʮʳ ʢ ʣʠʩʪʦʚʦʡ ʨʞʘʚʯʠʥʝ.  ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʙʨʘʟʮʳ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʠʟ 

ʧʠʪʦʤʥʠʢʦʚ 6th ILRTN-15 ʠ 18KASIB-LR-RES. ʅʘʫʯʥʘʷ ʝʝ ʥʦʚʠʟʥʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʚʳʷʚʣʝʥʠʠ 

ʵʬʬʝʢʪʠʚʥʳʭ Lr ʛʝʥʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʢ ʢʘʟʘʭʩʪʘʥʩʢʦʡ ʧʦʧʫʣʷʮʠʠ ʣʠʩʪʦʚʦʡ 

ʨʞʘʚʯʠʥʳ. ʀʤʤʫʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ 2019-2020 ʛʛ. ʚ ʫʩʣʦʚʠʷʭ ʂʦʩʪʘʥʘʡʩʢʦʡ 

ʦʙʣʘʩʪʠ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʬʦʥʝ ʟʘʨʘʞʝʥʠʷ ʧʰʝʥʠʮʳ ʠ ʚ ʫʩʣʦʚʠʷʭ ɸʣʤʘʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ 

ʠʩʢʫʩʩʪʚʝʥʥʦ-ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʬʦʥʘ ʟʘʨʘʞʝʥʠʷ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʢʨʠʥʠʥʛʘ ʚ 

ʫʩʣʦʚʠʷʭ ʨʝʛʠʦʥʘʭ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʚʳʜʝʣʠʣʠʩʴ 70 ʩʦʨʪʦʚ  ʠ ʣʠʥʠʠ ʩ 

ʵʬʬʝʢʪʠʚʥʳʤʠ Lr ʛʝʥʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʦʙʨʘʥʥʳʝ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʣʠʩʪʦʚʦʡ ʨʞʘʚʯʠʥʝ 

ʩʦʨʪʘ ʠ ʣʠʥʠʠ ʩ Lr ʛʝʥʘʤʠ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʥʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʤʝʩʪʥʦʡ 

ʧʦʧʫʣʷʮʠʠ ʣʠʩʪʦʚʦʡ ʨʞʘʚʯʠʥʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʷʨʦʚʘʷ ʧʰʝʥʠʮʘ, ʣʠʩʪʦʚʘʷ ʨʞʘʚʯʠʥʘ, Lr ʛʝʥʳ, ʦʪʙʦʨ 
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ʊᴆɿɯʄɼɯʃɯɻɯ 

 

ʓʜʳʨʳʩ ɸ.ɸ.
1,2

, ʜʦʢʪʦʨʘʥʪ  

ʉʘʨʙʘʝʚ ɸ.ʊ.
1,2

, ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ סʳʣʳʤʜʘʨʳʥʳש ʜʦʢʪʦʨʳ 

ʀʩʢʝʥʜʠʨʦʚʘ ʈ.ɸ.
1
, ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ סʳʣʳʤʜʘʨʳʥʳש ʢʘʥʜʠʜʘʪʳ 

ɼʫʙʝʢʦʚʘ ʉ.ɹ.
1,2

, PhD  

  ɽʩʝʨʢʝʥʦʚ ɸ.ʂ.
2,
 ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ סʳʣʳʤʜʘʨʳʥʳש ʢʘʥʜʠʜʘʪʳ 

 
1
ϧʘʟʘϨ ϰʣʪʪʳϨ ʘʛʨʘʨʣʳϨ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʣʤʘʪʳ Ϩ., ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʽʙʣʠʢʘʩʳ 
2
 çϧʘʟʘϨ ʝʛʽʥʰʽʣʽʢ ʞϸʥʝ Ϻʩʽʤʜʽʢ ʰʘʨʫʘʰʳʣʳϤʳ Ϥʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʠʥʩʪʠʪʫʪʳè ɾʐʉ, 

ɸʣʤʘʪʳ Ϩ., ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ 

 

ɸʥʥʦʪʘʮʠʷ. ʄʘץʘʣʘʜʘ Lr ʛʝʥʜʝʨʽ ʙʘʨ ʞʘʟʜʳץ ʙʠʜʘʡ װʣʛʽʣʝʨʽʥʽש ʞʘʧʳʨʘץ ʪʘʪʳʥʘ 

ʪᴇʟʽʤʜʽʣʽʛʽʥʝ ʠʤʤʫʥʦʣʦʛʠʷʣʳץ ʙʘסʘʣʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʝʨʽʣʛʝʥ. ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨʜʽש ʤʘץʩʘʪʳ 

ʞʘʟʜʳץ ʙʠʜʘʡʜʳש ʞʘʧʳʨʘץ ʪʘʪʳʥʘ ʪᴇʟʽʤʜʽʣʽʛʽʥʝ ʠʤʤʫʥʦʣʦʛʠʷʣʳץ ʙʘסʘʣʘʫ ʙʝʨʫ ʞᴅʥʝ ʪᴇʟʽʤʜʽʣʽʢ 

ʢᴇʟʜʝʨʽʥ ʪʘשʜʘʫ. 6-ʰr  ILRTN-15 װʣʛʽʣʝʨ ʞʠʥʘסʳ ʤʝʥ 18KASIB-LR-RES ʢᴇʰʝʪʞʘʡʳʥʘʥ ʙʠʜʘʡʜʳש 

ʞʘʧʳʨʘץ ʪʘʪʳʥʳש ʪᴇʟʽʤʜʽʣʽʢ ʢᴇʟʜʝʨʽʥʝ ʠʤʤʫʥʦʣʦʛʠʷʣʳץ ʙʘסʘʣʘʫ ʞᴅʥʝ ʪʘʣʜʘʫ ʞװʨʛʽʟʫ ʟʝʨʪʪʝʫ 

ʞײʤʳʩʳʥʳש ʥʝʛʽʟʛʽ ʤʘץʩʘʪʳ ʙʦʣʜʳ. ʆʥʳס שʳʣʳʤʠ ʞʘשʘʣʳסʳ ʙʠʜʘʡʜʳש ʞʘʧʳʨʘץ ʪʘʪʳʥʳש 

 .ʪʘʫʜʘ ʙʦʣʜʳץʘʨʳ Lr ʪᴇʟʽʤʜʽʣʽʢ ʛʝʥʜʝʨʽʥ ʘʥʳסʧʦʧʫʣʷʮʠʷʩʳʥʘ ʪʠʽʤʜʽʣʽʛʽ ʞʦ ץʩʪʘʥʜʳץʘʟʘץ

ʀʤʤʫʥʦʣʦʛʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨ 2019-2020 ʞʳʣʜʘʨʳ  ʘʨʘʣʳסʳʥʜʳ  ʙʠʜʘʡ ʠʥʬʝʢʮʠʷʩʳʥʳש ʪʘʙʠסʠ 

ʞᴅʥʝ ʞʘʩʘʥʜʳ ʽʥʜʝʪʘʷʩʳ ʞʘסʜʘʡʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ. ɹʽʟʜʽש ʟʝʨʪʪʝʫ ʘʡʤʘץʪʘʨʳʥʜʘ ʞװʨʛʽʟʽʣʛʝʥ 

ʩʢʨʠʥʠʥʛ ʥᴅʪʠʞʝʩʽʥʜʝ ʪʠʽʤʜʽ Lr ʪᴇʟʽʤʜʽʣʽʢ ʛʝʥʜʝʨʽ ʙʘʨ 70 ʪᴇʟʽʤʜʽ ʪʽʟʙʝʢʪʝʨ ʤʝʥ ʩʦʨʪʪʘʨ 

ʘʥʳץʪʘʣʳʥʜʳ. ʆʩʳʣʘʡʰʘ, ʙʠʜʘʡʜʳש ʞʘʧʳʨʘץ ʪʘʪʳʥʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʙʦʡʳʥʰʘ ʽʨʽʢʪʝʣʽʥʽʧ ʘʣʳʥסʘʥ Lr 

ʛʝʥʜʝʨʽ ʙʘʨ ʙʠʜʘʡ ʪʽʟʙʝʢʪʝʨʽ ʤʝʥ ʩʦʨʪʪʘʨʳʥ ʙʽʟ ʞʝʨʛʽʣʽʢʪʽ ʞʘʧʳʨʘץ ʪʘʪʳʥʘ ʪᴇʟʽʤʜʽʣʽʢ ʢᴇʟʽ ʨʝʪʽʥʜʝ 

 .ʩʳʥʘʤʳʟײ

ʂ̔ ʣʪ ʩᴇʟʜʝʨ: ʞʘʟʜʳץ ʙʠʜʘʡ, ʞʘʧʳʨʘץ ʪʘʪʳ, Lr ʛʝʥʜʝʨʽ, ʽʨʽʢʪʝʫ. 
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ʉʋʇʈɽʉʉʀɺʅʆʉʊʔ ʀ ʌʀʊʆʊʆʂʉʀʏʅʆʉʊʔ ʏɽʈʅʆɿɽʄɸ ʖɾʅʆɻʆ 
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1
 ʊʆʆ çʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʝʥʪʨ ʟʝʨʥʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠʤ.ɸ.ʀ.ɹʘʨʘʝʚʘè, 

ʧ. ʅʘʫʯʥʳʡ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ 2021 ʛʦʜʫ ʧʦ ʠʟʫʯʝʥʠʶ 

ʬʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʫʧʨʝʩʩʠʚʥʦʩʪʠ ʯʝʨʥʦʟʝʤʦʚ ʶʞʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʚ ʧʦʩʝʚʘʭ ʷʨʦʚʦʡ 

ʧʰʝʥʠʮʳ, ʚʦʟʜʝʣʳʚʘʝʤʦʡ ʧʦ ʨʘʟʥʳʤ ʘʛʨʦʪʝʭʥʦʣʦʛʠʷʤ. 

ɺ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʟʝʤʣʝʜʝʣʠʷ ʦʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʷʚʣʷʝʪʩʷ 

ʩʦʭʨʘʥʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʟʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʯʚʳ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ ʷʚʣʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʝʦʙʭʦʜʠʤʳʤʠ.  

ʆʮʝʥʢʫ ʬʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚʳ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʦʨʦʩʪʢʘʭ ʷʨʦʚʦʡ ʤʷʛʢʦʡ 

ʧʰʝʥʠʮʳ (Tr²ticum aest²vum). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʬʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚʳ 

ʥʘ ʚʘʨʠʘʥʪʝ ʧʘʨ ʪʝʭʥʦʣʦʛʠʠ ʜʣʠʥʘ ʨʦʩʪʢʦʚ ʠ ʢʦʨʥʝʡ ʧʰʝʥʠʮʳ ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚ ʩʨʘʚʥʝʥʠʝ ʩ 

ʢʦʥʪʨʦʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ (ʧʘʨ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ).  

ɺ ʧʦʯʚʝ, ʦʪʦʙʨʘʥʥʦʡ ʧʦʜ ʧʦʩʝʚʘʤʠ ʛʦʨʦʭʘ ʧʦ ʩʠʩʪʝʤʝ No-Till  ʨʘʟʚʠʪʠʝ ʨʦʩʪʢʦʚ ʠ ʢʦʨʥʝʡ 

ʧʰʝʥʠʮʳ ʙʳʣʦ ʚʳʰʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʝʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʵʪʦʡ 

ʧʦʯʚʳ. ʇʨʠʤʝʥʝʥʠʝ ʥʫʣʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ ʛʨʠʙʦʚ, ʪʘʢʠʭ ʢʘʢ 

Fusarium spʨ., ʷʚʣʷʶʱʠʭʩʷ ʬʠʪʦʧʘʪʦʛʝʥʥʳʤʠ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʫʧʨʝʩʩʠʚʥʦʩʪʠ ʧʦʯʚʳ ʧʦʢʘʟʘʣʠ ʝʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘ 47-80% ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʝʤ, 

ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʩʣʘʙʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʧʦʯʚʳ ʯʝʨʥʦʟʝʤʘ ʶʞʥʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʝʨʥʦʟʝʤʳ ʶʞʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ; ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʴ; ʩʫʧʨʝʩʩʠʚʥʦʩʪʠ; 

ʬʠʪʦʧʘʪʦʛʝʥʳ; ʥʫʣʝʚʘʷ ʠ ʪʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʠ. 
 

ɺʚʝʜʝʥʠʝ. ʉʦʭʨʘʥʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʟʝʤʣʝʜʝʣʠʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦ, ʘ ʠʟʫʯʝʥʠʝ ʬʘʢʪʦʨʦʚ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʝʭʥʦʣʦʛʠʡ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʥʝʛʦ, ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʙʭʦʜʠʤʳʤ. ʇʣʦʜʦʨʦʜʠʝ 

ʧʦʯʚʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝ ʠ ʠʭ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ [1]. ʆʜʥʘʢʦ ʛʫʤʫʩ ʠ ʝʛʦ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʦʪʥʦʩʷʪʩʷ ʢ 

ʪʨʫʜʥʦʤʠʥʝʨʘʣʠʟʫʝʤʦʡ ʯʘʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʘʷ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧʥʦʡ ʜʣʷ 

ʨʘʩʪʝʥʠʡ ʪʦʣʴʢʦ ʧʦʩʣʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʧʦʯʚʳ [2].  

ʇʦʯʚʘ ʵʪʦ ʚʦʟʦʙʥʦʚʣʷʝʤʳʡ ʧʨʠʨʦʜʥʳʡ ʨʝʩʫʨʩ. ɼʘʥʥʳʝ ʌɸʆ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ 

ʧʦʯʚʦʫʪʦʤʣʝʥʠʝ ʠʣʠ ʪʦʢʩʠʢʦʟ ʧʦʯʚ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʪʘʢʞʝ ʠʟ-ʟʘ ʦʩʪʘʪʢʦʚ 

ʩʪʦʡʢʠʭ ʛʝʨʙʠʮʠʜʦʚ, ʦʭʚʘʪʳʚʘʝʪ ʦʢʦʣʦ1250 ʤʣʥ. ʛʘ ʤʠʨʦʚʳʭ ʘʛʨʦʫʛʦʜʠʡ. ʕʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʪʝʨʴ ʤʠʨʦʚʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ 

                                                           
1
 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʙʶʜʞʝʪʥʦʡ ʧʨʦʛʨʘʤʤʳ ʄʠʥʠʩʪʝʨʩʪʚʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ BR10764908 çʈʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʟʝʤʣʝʜʝʣʠʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ (ʟʝʨʥʦʚʳʭ, ʟʝʨʥʦʙʦʙʦʚʳʭ, ʤʘʩʣʠʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʧʠʪʘʥʠʷ, ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʠ ʪʝʭʥʠʢʠ ʜʣʷ ʨʝʥʪʘʙʝʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʜʣʷ ʨʝʛʠʦʥʦʚ 

ʂʘʟʘʭʩʪʘʥè. 
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(ʧʦʨʷʜʢʘ 25 %). ɿʜʦʨʦʚʘʷ, ʧʣʦʜʦʨʦʜʥʘʷ ʧʦʯʚʘ - ʫʥʠʢʘʣʴʥʦʡ ʧʨʦʜʫʢʮʠʦʥʥʦʡ, 

ʩʨʝʜʦʦʙʨʘʟʫʶʱʝʡ ʠ ʙʠʦʨʝʩʫʨʩʥʦʡ ʛʣʦʙʘʣʴʥʦʡ ʵʢʦʩʠʩʪʝʤʦʡ ʙʠʦʩʬʝʨʳ [3].  

ʗʚʣʷʷʩʴ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʵʢʦʩʠʩʪʝʤʳ ʟʝʤʣʷ-ʧʦʯʚʘ, ʟʜʦʨʦʚʘʷ ʧʦʯʚʘ ʤʦʞʝʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʜʦʣʛʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʚʦʟʜʫʭʘ ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʟʝʤʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʟʜʦʨʦʚʴʝ ʨʘʩʪʝʥʠʡ, 

ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ. ɿʜʦʨʦʚʘʷ ʧʦʯʚʘ ʘʛʨʦʮʝʥʦʟʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʫʨʦʚʥʝʤ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ ʜʦʣʞʥʘ ʦʪʚʝʯʘʪʴ ʩʚʦʝʤʫ ʟʦʥʘʣʴʥʦʤʫ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʜʦʨʦʚʳʭ ʧʦʯʚ ʘʛʨʦʮʝʥʦʟʦʚ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʡ ʚʨʝʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʥʠʞʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ/ʠʣʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʨʦʛʦʚ 

ʚʨʝʜʦʥʦʩʥʦʩʪʠ, ʘ ʧʦʣʣʶʪʘʥʪʦʚ ï ʜʦ ʫʨʦʚʥʷ ʇɼʂ [3].  

ʉʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʧʦʯʚʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʠ ʬʫʥʢʮʠʷʤʠ ʛʝʦʙʠʦʥʪʦʚ ʠ ʚʦ 

ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʥʘʟʝʤʥʦʡ ʵʢʦʩʠʩʪʝʤʳ (ʘʛʨʦʮʝʥʦʟʘ), 

ʚʝʣʠʯʠʥʳ ʠ ʢʘʯʝʩʪʚʘ ʧʝʨʤʘʥʝʥʪʥʦ ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʧʦʯʚʫ ʬʠʪʦʤʘʩʩʳ ʠ ɻʢʩʩʫʜʘʪʦʚ 

ʨʘʩʪʝʥʠʡ. ʇʦʵʪʦʤʫ ʟʘʚʝʨʰʘʶʱʘʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʨʦʣʴ ʛʝʪʝʨʦʪʨʦʬʦʚ ʧʦʯʚʳ ʚ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʘʚʪʦʪʨʦʬʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʜʦʨʦʚʴʷ ʧʦʯʚʳ, ʢʦʪʦʨʳʡ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʮʝʥʢʝ 

ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ ʘʛʨʦʩʬʝʨʳ [3].  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ʧʦʯʚʝ ʠʣʠ ʚ ʝʝ ʩʨʝʜʝ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ [4].  

ʇʨʠ ʦʮʝʥʢʝ ʟʜʦʨʦʚʴʷ ʧʦʯʚʳ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠ ʩʫʧʨʝʩʩʠʚʥʦʩʪʠ, ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʘʢʪʠʚʥʦ ʦʙʩʫʞʜʘʝʪʩʷ 

ʫʯʝʥʳʤʠ ʚʩʝʛʦ ʤʠʨʘ. ʉʨʝʜʠ ʨʦʩʩʠʡʩʢʠʭ ʫʯʸʥʳʭ ʚʳʜʝʣʷʶʪ ʨʘʙʦʪʳ ʊʦʨʦʧʦʚʦʡ, ʉʦʢʦʣʦʚʘ 

[5,6], ʩʨʝʜʠ ʟʘʨʫʙʝʞʥʳʭ - ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʳ Toranzos, Marcos [7], Kremer, Li  [8] ʠ 

ʜʨʫʛʠʭ [9, 10], ʢʦʪʦʨʳʝ ʠʟʫʯʘʣʠ ʠʥʜʫʢʮʠʶ ʩʫʧʨʝʩʩʠʚʥʦʩʪʠ ʧʦʯʚʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʠʟʫʯʝʥʠʶ ʬʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʯʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʖʞʥʦʛʦ 

ʂʘʟʘʭʩʪʘʥʘ ʚ ʛʦʨʦʜʝ ʐʳʤʢʝʥʪ ʠ ʊʫʨʢʝʩʪʘʥʩʢʦʡ ʦʙʣʘʩʪʠ [11], ʘ ʪʘʢʞʝ ʚ ʨʘʡʦʥʝ ʧʦʣʠʛʦʥʦʚ 

ɸʟʛʠʨ ʠ ʂʘʧʫʩʪʠʥ ʗʨ [12]. 

ɺ ʫʩʣʦʚʠʷʭ ʉʝʚʝʨʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ, ʚ ʟʦʥʝ ʯʝʨʥʦʟʝʤʥʳʭ ʧʦʯʚ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠ ʩʫʧʨʝʩʩʠʚʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ 

ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʠʟʫʯʝʥʠʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʟʜʦʨʦʚʴʷ ʧʦʯʚʳ ʚ ʘʛʨʦʮʝʥʦʟʘʭ ʧʨʠ ʨʘʟʥʦʤ ʫʨʦʚʥʝ ʪʝʭʥʦʣʦʛʠʡ, ʥʝʩʦʤʥʝʥʥʦ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ ʠ ʟʘʩʣʫʞʠʚʘʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʯʚʳ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ - ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʥʘ  

ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʠ ʩʫʧʨʝʩʩʠʚʥʦʩʪʴ ʧʦʯʚʳ.  

ɿʘʜʘʯʘ - ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ (ʥʫʣʝʚʘʷ ʠ ʪʨʘʜʠʮʠʦʥʥʘʷ) ʥʘ ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʠ ʩʫʧʨʝʩʩʠʚʥʦʩʪʴ ʧʦʯʚʳ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʘʩʴ ʧʦʯʚʘ, 

ʧʦʯʚʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʧʰʝʥʠʮʘ, ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ (ʪʨʘʜʠʮʠʦʥʥʘʷ ʠ No-

Till ). 

ʆʪʙʦʨʳ ʧʦʯʚʝʥʥʳʭ ʧʨʦʙ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʥʦʛʦʣʝʪʥʠʭ ʩʪʘʮʠʦʥʘʨʘʭ ʣʘʙʦʨʘʪʦʨʠʠ 

ɸʜʘʧʪʠʚʥʦʡ ʠ ʘʛʨʦʣʘʥʜʰʘʬʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʊʆʆ çʅʇʎɿʍ ʠʤ. ɸ.ʀ. ɹʘʨʘʝʚʘè, 

ʨʘʟʚʝʨʥʫʪʳʭ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚ ʭʠʤʠʯʝʩʢʦʤ ʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʧʘʨʫ, ʚ ʧʦʩʝʚʘʭ 

ʧʰʝʥʠʮʳ ʠ ʛʦʨʦʭʘ, ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʧʦ ʥʫʣʝʚʦʡ ʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʷʤ. ʆʙʨʘʟʮʳ 

ʧʦʯʚʝʥʥʳʭ ʧʨʦʙ ʜʣʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʙʠʨʘʣʠʩʴ ʚ ʩʣʦʝ 0-20 ʩʤ ʧʦ 

ʬʘʟʘʤ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ (ʧʝʨʚʳʡ ʦʪʙʦʨ ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʦ ʧʦʩʝʚʘ, ʜʘʣʝʝ ʚ ʧʝʨʠʦʜ ʚʩʭʦʜʦʚ, 

ʢʦʣʦʰʝʥʠʷ (ʚʝʪʚʣʝʥʠʷ ʛʦʨʦʭʘ), ʮʚʝʪʝʥʠʷ ʠ ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ ʥʘ ʩʣʝʜʫʶʱʠʭ ʚʘʨʠʘʥʪʘʭ ( 

ʪʘʙʣʠʮʘ 1): 
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ɺʘʨʠʘʥʪ ʂʦʨʜʠʥʘʪʳ 

1 ʎʝʣʠʥʘ (ʢʦʥʪʨʦʣʴ) N 51Á34.565῁ 

E 071Á15.797῁ 

2 ɹʝʩʩʤʝʥʥʘʷ ʧʰʝʥʠʮʘ (ɹ/ʩ) ʧʦ ʳ No- Till   N 51Á35.331 ̈͂

E 071Á03.193῁ 

3 ɹʝʩʩʤʝʥʥʘʷ ʧʰʝʥʠʮʘ (ɹ/ʩ) ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ N 51Á35.357̈͂  

E 071Á03.178̈͂  

4 ʇʘʨ ʭʠʤʠʯʝʩʢʠʡ No- Till   N 51Á35.390̈͂  

E 071Á03.109̈͂  

5 ɻʦʨʦʭ ʧʦ No- Till  N 51Á35.396̈͂  

E 071Á03.105̈͂  

6  ʇʘʨ ʪʨʘʜʠʮʠʦʥʥʳʡ  N 51Á35.416̈͂  

E 071Á03.099῁ 

7 ɻʦʨʦʭ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ N 51Á35.423̈͂  

E 071Á03.095῁ 

 

ʇʦʯʚʳ ʤʘʣʦʛʫʤʫʩʥʳʝ (4-5%), ʶʞʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʯʝʨʥʦʟʝʤʳ ʪʷʞʝʣʦʛʦ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ɻʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 50 ʩʤ. ʇʦʯʚʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ ïʜʦ 5 %. ʉʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ 

ʚ ʧʦʯʚʝ ʩʦʩʪʘʚʣʷʝʪ 0,3 ʠ 0,1 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʠʩʣʦʪʥʦʩʪʴ ʧʦʯʚʳ (ʨʅ) ʥʘ ʫʨʦʚʥʝ 7,6-7,9, 

ʯʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʨʝʘʢʮʠʠ ʩʨʝʜʳ. ɺ ʧʦʯʚʝʥʥʦ- ʧʦʛʣʦʱʘʶʱʝʤ ʢʦʤʧʣʝʢʩʝ 

ʧʨʝʦʙʣʘʜʘʝʪ ʢʘʣʴʮʠʡ (ʜʦ 80 %) ʠ ʤʘʛʥʠʡ (11 %) (ʧʦ ʜʘʥʥʳʤ ɸʥʘʣʠʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ 

ʢʘʯʝʩʪʚʘ ʧʦʯʚʳ ʠ ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʊʆʆ çʅʇʎɿʍ ʠʤ. ɸ.ʀ. ɹʘʨʘʝʚʘè). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʪʦʢʩʠʯʥʦʩʪʠ ʧʦʯʚʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʬʠʪʦʪʝʩʪʠʨʦ-

ʚʘʥʠʷ ʩʫʙʩʪʨʘʪʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʫʩʪʘʥʦʚʠʪʴ ʫʨʦʚʝʥʴ ʪʦʢʩʠʯʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʧʨʦʙʦʡ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʨʘʩʪʝʥʠʡ: ʫʨʦʚʝʥʴ 

ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ (%), ʜʣʠʥʘ ʟʘʨʦʜʳʰʝʚʳʭ ʢʦʨʥʝʡ (%), ʠʟʤʝʨʝʥʠʝ ʜʣʠʥʳ   ʧʦʙʝʛʦʚ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʙʳ ʧʦʯʚʳ, ʦʪʦʙʨʘʥʥʳʝ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ 

(ʪʘʙʣʠʮʘ 1), ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʫʙʩʪʨʘʪʘ - ʧʦʯʚʘ ʮʝʣʠʥʥʦʛʦ ʫʯʘʩʪʢʘ, ʢʦʪʦʨʘʷ 

ʥʠʢʦʛʜʘ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʟʝʤʣʝʜʝʣʠʠ ʠ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. 

ʊʝʩʪ- ʢʫʣʴʪʫʨʦʡ ʩʣʫʞʠʣʠ ʩʝʤʝʥʘ ʷʨʦʚʦʡ ʤʷʛʢʦʡ ʧʰʝʥʠʮʳ ʩʦʨʪ ʐʦʨʪʘʥʜʠʥʩʢʘʷ 95 

ʫʣʫʯʰʝʥʥʘʷ (Triticum aestivum), ʵʢʦʥʦʤʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʜʣʷ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ. ʆʜʠʥʘʢʦʚʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʝʤʷʥ (ʧʦ 25 ʰʪʫʢ), ʟʘʢʣʘʜʳʚʘʣʠ ʚ ʯʘʰʢʠ ʇʝʪʨʠ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ   ʫʚʣʘʞ-

ʥʝʥʥʦʡ ʜʦ ʥʘʩʳʱʝʥʠʷ ʧʦʯʚʳ ʠ ʧʨʠʩʳʧʘʣʠ ʟʝʤʣʝʡ, ʧʦʤʝʱʘʣʠ ʚ ʦʜʠʥʘʢʦʚʳʝ ʫʩʣʦʚʠʷʭ, 

ʦʧʪʠʤʘʣʴʥʳʭ ʜʣʷ ʨʦʩʪʘ ʪʝʩʪ - ʢʫʣʴʪʫʨʳ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25,0Áʉ 

ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 70% ʧʨʠ ʝʩʪʝʩʩʪʚʝʥʥʦʤ ʦʩʚʝʱʝʥʠʠ. ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠ ʚʠʟʫʘʣʴʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʫʯʝʪʳ. ʅʘ 3 ʩʫʪʢʠ ʦʧʨʝʜʝʣʷʣʠ ʵʥʝʨʛʠʶ ʨʦʩʪʘ, ʥʘ 7 ʩʫʪʢʠ ï ʚʩʭʦʞʝʩʪʴ, 

ʠʟʤʝʨʝʥʠʝ ʜʣʠʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʤʳʪʳʭ ʦʪ ʧʦʯʚʳ ʢʦʨʥʝʡ, ʥʘʜʟʝʤ-ʥʦʡ ʯʘʩʪʠ 

ʧʨʦʨʦʩʪʢʦʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʣʠ ʠʭ ʙʠʦʤʘʩʩʫ. ɺʩʭʦʞʝʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʥʦʨʤʘʣʴʥʦ ʧʨʦʨʦʩʰʠʭ ʩʝʤʷʥ ʧʰʝʥʠʮʳ, ʚʳʨʘʞʝʥʥʦʝ ʚ ʧʨʦʮʝʥʪʘʭ ʢ ʧʨʦʙʝ, ʚʟʷʪʦʡ ʜʣʷ 

ʘʥʘʣʠʟʘ. ʂ ʥʦʨʤʘʣʴʥʦ ʧʨʦʨʦʩʰʠʤ ʦʪʥʦʩʠʣʠ ʩʝʤʝʥʘ, ʠʤʝʶʱʠʝ ʢʦʨʝʰʦʢ ʥʝ ʤʝʥʝʝ ʜʣʠʥʳ 

ʩʝʤʝʥʠ ʠ ʨʦʩʪʦʢ ʥʝ ʤʝʥʝʝ ʧʦʣʦʚʠʥʳ ʜʣʠʥʳ ʩʝʤʝʥʠ. ʇʦʚʪʦʨʥʦʩʪʴ ʦʧʳʪʘ ʪʨʝʭʢʨʘʪʥʘʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʠ ʠʥʜʝʢʩ ʪʦʢʩʠʯʥʦʩʪʠ ʦʮʝʥʠʚʘʝʤʦʛʦ 

ʬʘʢʪʦʨʘ (ʀʊʌ): ʀʊʌ = ʊʌʦ/ ʊʌʢ, ʛʜʝ ʊʌʦ ïʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʚ ʦʧʳʪʝ, ʊʌʢ ïʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʞʝ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ 
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ʢʦʥʪʨʦʣʝ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʪʦʢʩʠʯʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʰʢʘʣʳ ʪʦʢʩʠʯʥʦʩʪʠ 

[13], ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʪʘʙʣʠʮʝ 2.    

 

ʊʘʙʣʠʮʘ 2 ï ʐʢʘʣʘ ʪʦʢʩʠʯʥʦʩʪʠ 

 ɺʝʣʠʯʠʥʘ ʀʊʌ  ʂʣʘʩʩ ʪʦʢʩʠʯʥʦʩʪʠ 

>1,10  VI (ʩʪʠʤʫʣʷʮʠʷ) 

0,91 ï 1,10 V - ʥʦʨʤʘ (ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʪʦʢʩʠʯʥʳʝ) 

0,71 ï 0,90  IV ïʥʠʟʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ (ʤʘʣʦʪʦʢʩʠʯʥʳʝ) 

0,50 ï 0,70 III ï ʩʨʝʜʥʷʷ ʪʦʢʩʠʯʥʦʩʪʴ (ʫʤʝʨʝʥʥʦ ʪʦʢʩʠʯʥʳʝ) 

< 0,50 II ïʚʳʩʦʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ (ʦʧʘʩʥʦ ʪʦʢʩʠʯʥʳʝ) 

ʉʨʝʜʘ ʥʝ ʧʨʠʛʦʜʥʘ ʜʣʷ 

ʞʠʟʥʠ ʪʝʩʪ- ʦʙʲʝʢʪʘ 

I ïʩʚʝʨʭʚʳʩʦʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ, ʚʳʟʳʚʘʶʱʘʷ ʛʠʙʝʣʴ ʪʝʩʪ- 

ʦʙʲʝʢʪʘ (ʚʳʩʦʢʦ ʦʧʘʩʥʦ ʪʦʢʩʠʯʥʳʝ) 
 

ʆʙʱʫʶ ʩʫʧʨʝʩʩʠʚʥʦʩʪʴ ʧʦʯʚʳ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʦʛʨʘʥʠʯʝʥʠʶ ʨʦʩʪʘ ʬʠʪʦʧʘʪʦʛʝʥʦʚ 

[14]. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʠʢʨʦʤʠʮʝʪ ʠʟ ʢʦʣʣʝʢʮʠʠ ʣʘʙʦʨʘʪʦʨʠʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʊʆʆ çʅʇʎɿʍ ʠʤ. ɸ.ʀ. ɹʘʨʘʝʚʘè Fusarium sp. ʰʪʘʤʤ 1/3, ʚʳʜʝʣʝʥʥʳʡ ʠʟ 

ʧʦʯʚʳ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʚʦʟʙʫʜʠʪʝʣʝʤ ʢʦʨʥʝʚʦʡ ʛʥʠʣʠ ʠ ʬʫʟʘʨʠʦʟʘ ʟʝʨʥʘ ʧʰʝʥʠʮʳ. ɺ ʡ 

ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʨʝʜʫ ʛʦʣʦʜʥʳʡ ʘʛʘʨ (ɻɸ). 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʦʪʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çSNEDECORè, ʘ ʪʘʢʞʝ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ Excel. ɻʨʘʬʠʯʝʩʢʦʝ ʦʬʦʨʤʣʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʤʝ Microsoft Excel. 

ʈʝʟʫʣʴʪʘʪʳ / ʦʙʩʫʞʜʝʥʠʝ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ 

ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʦʯʚʳ, ʚʳʟʚʘʥʥʦʝ ʥʘʣʠʯʠʝʤ ʧʦʣʣʶʪʘʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʜʘʚʣʷʶʪ ʨʦʩʪ ʠ 

ʨʘʟʚʠʪʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʚʦʟʥʠʢʘʝʪ ʦʙʳʯʥʦ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʭʠʤʠʯʝʩʢʠ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ, ʠʣʠ ʧʨʠ ʦʮʝʥʢʝ ʨʘʟʣʠʯʥʳʭ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʣʘʥʠʨʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʫʜʦʙʨʝʥʠʡ ʠʣʠ ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ɹʝʩʩʧʦʨʥʦ, ʯʪʦ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʪʨʫʢʪʫʨʥʦ- ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʵʢʦʩʠʩʪʝʤʳ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʝʝ ʛʨʘʥʠʮ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʝʪʩʷ ʙʠʦʪʠʯʝʩʢʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʧʨʠʨʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ. ʈʘʩʪʝʥʠʷ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʥʘʨʫʰʝʥʠʷʤ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʝ ʠ ʠʤʝʥʥʦ ʦʥʠ ʥʘʛʣʷʜʥʦ 

ʦʪʨʘʞʘʶʪ ʠʟʤʝʥʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ [15]. 

ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʦʢʩʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ ʦʧʨʝʜʝʣʷʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʠ ʛʦʨʦʭʘ. ʇʦʩʢʦʣʴʢʫ ʪʝʭʥʦʣʦʛʠʷ Nʦ- 

Till  ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʝʩʪʠʮʠʜʦʚ (ʛʝʨʙʠʮʠʜʦʚ, 

ʠʥʩʝʢʪʠʮʠʜʦʚ, ʬʫʥʛʠʮʠʜʦʚ ʠ ʜʨ.), ʚʘʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʜʘʥʥʳʭ ʧʦʣʣʶʪʘʥʪʦʚ ʥʘ ʨʦʩʪ 

ʠ ʨʘʟʚʠʪʠʝ ʠʟʫʯʘʝʤʳʭ ʢʫʣʴʪʫʨ. ʄʝʪʦʜ ʬʠʪʦʪʝʩʪʠʨʦʚʘʥʠʷ, ʦʪʨʘʞʘʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʚʦʢʫʧʥʦʝ 

ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʣʣʶʪʘʥʪʦʚ, ʧʦʜʘʚʣʷʶʱʠʭ ʠʣʠ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʨʦʩʪ, ʨʘʟʚʠʪʠʝ ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ, ʥʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʪʘʢʞʝ ʢʘʯʝʩʪʚʦ ʧʦʯʚʳ ʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʘʛʨʷʟʥʝʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. [16].  

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʩʭʦʞʝʩʪʴ ʧʰʝʥʠʮʳ ʥʘ ʢʦʥʪʨʦʣʝ 

ʩʦʩʪʘʚʣʷʣʘ 88%, ʘ ʥʘ ʦʧʳʪʥʳʭ ʚʘʨʠʘʥʪʘʭ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 86 ʜʦ 89%, ʪ.ʝ. ʙʳʣʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʘ ʫʨʦʚʥʝ ʢʦʥʪʨʦʣʷ. ʇʨʠ ʫʯʝʪʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʜʣʠʥʳ ʨʦʩʪʢʦʚ ʠ ʢʦʨʥʝʡ), 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʚʘʨʠʘʥʪʝ ʭʠʤʠʯʝʩʢʠʡ ʧʘʨ ʧʦ No-Till  ʜʣʠʥʘ ʨʦʩʪʢʦʚ ʠ ʢʦʨʥʝʡ 

ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ (12,63 ʩʤ ʠ 12,44 ʩʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʝʤ. 

ɸʥʘʣʦʛʠʯʥʦʝ ʦʪʤʝʯʘʣʦʩʴ ʠ ʥʘ ʚʘʨʠʘʥʪʝ ʧʦʜ ʧʦʩʝʚʘʤʠ ʛʦʨʦʭʘ ʧʦ ʩʠʩʪʝʤʝ No- Till  (ʨʠʩʫʥʦʢ 

1).  

 



 

151 

 

0 

2 

4 

6 

8 

10 

12 

14 

ʂʦʥʪʨʦʣʴ ʇʘʨ  No-Till  ʇʘʨ 

ʪʨʘʜʠʮʠʦʥʥʳʡ 

ɹ/ʩ ʧʰʝʥʠʮʘ ʧʦ 

No-Till  

ɹ/ʩ ʧʰʝʥʠʮʘ ʧʦ 

ʪʨʘʜʠʮʠʦʥʥʦʡ 

 ɻʦʨʦʭ ʧʦ No-

Till - 

ɻʦʨʦʭ ʧʦ 

ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʩ
ʤ 

ʜʣʠʥʘ ʨʦʩʪʢʦʚ  ʜʣʠʥʘ ʢʦʨʝʥʝʡ 

 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʧʦʯʚʳ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʧʨʦʨʦʩʪʢʦʚ 

ʧʰʝʥʠʮʳ  
 

ʅʘ ʦʩʪʘʣʴʥʳʭ ʚʘʨʠʘʥʪʘʭ ʪʘʢʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʨʦʩʪʘ, ʧʦʢʘʟʘʪʝʣʠ 

ʜʣʠʥʳ ʨʦʩʪʢʦʚ ʠ ʢʦʨʥʝʡ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʣʠ ʢʦʥʪʨʦʣʴ. ɺ ʮʝʣʦʤ ʩʣʝʜʫʝʪ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʢ ʥʘʜʟʝʤʥʦʡ, ʪʘʢ ʠ ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ, ʠʩʩʣʝʜʫʝʤʳʝ ʧʦʯʚʝʥʥʳʝ ʦʙʨʘʟʮʳ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʥʝʪʦʢʩʠʯʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʠʤʫʣʷʮʠʷ ʨʦʩʪʘ ʧʨʦʨʦʩʪʢʦʚ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ ʰʢʘʣʦʡ ʪʦʢʩʠʯʥʦʩʪʠ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʜʚʫʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʦ ʩʠʩʪʝʤʝ No- Till  ʧʦ ʚʩʝʤ ʚʘʨʠʘʥʪʘʤ ʧʦʢʘʟʘʪʝʣʠ ʜʣʠʥʳ ʨʦʩʪʢʦʚ ʠ ʢʦʨʥʝʡ ʙʳʣʠ ʚʳʰʝ, ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ (ʨʠʩʫʥʦʢ 2).  

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2 ï ʈʘʟʚʠʪʠʝ ʧʨʦʨʦʩʪʢʦʚ ʧʰʝʥʠʮʳ ʐʦʨʪʘʥʜʠʥʩʢʘʷ 95 ʫʣʫʯʰʝʥʥʘʷ ʥʘ ʧʦʯʚʝ, 

ʦʪʦʙʨʘʥʥʦʡ ʧʦ ʨʘʟʥʳʤ ʘʛʨʦʪʝʭʥʦʣʦʛʠʷʤ 
 

ɺ ʮʝʣʦʤ, ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʜʣʠʥʳ ʢʦʨʥʝʡ ʠ ʨʦʩʪʢʦʚ ʧʦ ʚʩʝʤ ʠʟʫʯʘʝʤʳʤ 

ʚʘʨʠʘʥʪʘʤ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʝʤ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʧʦʯʚʳ ʜʣʷ 

ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʧʰʝʥʠʮʳ. 

ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʙʠʦʤʘʩʩʳ ʢʦʨʥʝʡ ʠ ʨʦʩʪʢʦʚ ʧʰʝʥʠʮʳ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʭʦʜʝ 

ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʧʦʯʚʳ, ʦʪʦʙʨʘʥʥʳʝ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʠ 

ʥʫʣʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʥʝʪʦʢʩʠʯʥʳʤʠ. ɸʥʘʣʦʛʠʯʥʦ ʚʳʰʝʫʢʘʟʘʥʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʨʠ ʫʯʝʪʝ ʙʠʦʤʘʩʩʳ ʢʦʨʥʝʡ ʠ ʨʦʩʪʢʦʚ ʪʘʢʞʝ ʦʪʤʝʯʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ 

ʜʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʝʤ (ʨʠʩʫʥʦʢ 3). 
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ʈʠʩʫʥʦʢ 3 ï ʉʪʠʤʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʧʦʯʚʳ ʥʘ ʙʠʦʤʘʩʩʫ ʨʦʩʪʢʦʚ ʠ ʢʦʨʥʝʡ ʧʰʝʥʠʮʳ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʪʝʩʪʦʚʦʡ ʛʨʫʧʧʝ ʨʘʩʪʝʥʠʡ ʠʩʩʣʝʜʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʢʘʟʘʣʠʩʴ 

ʚʳʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʣʘʙʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʧʦʯʚʳ ʠʣʠ ʬʘʢʪʠʯʝʩʢʠ ʦ 

ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʝʝ ʪʦʢʩʠʯʥʦʩʪʠ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʧʦʯʚʳ, ʦʪʦʙʨʘʥʥʳʝ ʥʘ ʚʘʨʠʘʥʪʝ No-Till  ʦʙʣʘʜʘʣʠ ʚʳʨʘʞʝʥʥʳʤ ʩʪʠʤʫʣʠʨʫʶʱʠʤ 

ʵʬʬʝʢʪʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʨʦʩʪʢʘʤ ʧʰʝʥʠʮʳ, ʥʝʞʝʣʠ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

  ʉʫʧʨʝʩʩʠʚʥʦʩʪʴ ʧʦʯʚʳ, ʢʘʢ ʧʨʠʨʦʜʥʘʷ, ʪʘʢ ʠ/ʠʣʠ ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʯʚʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʦʛʨʘʥʠʯʠʚʘʪʴ ʚʳʞʠʚʘʝʤʦʩʪʴ ʠ ʧʘʨʘʟʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʧʦʯʚʝʥʥʳʭ ʬʠʪʦʧʘʪʦʛʝʥʦʚ ʠ ʜʨʫʛʠʭ ʚʨʝʜʥʳʭ ʛʝʦʙʠʦʥʪʦʚ [17]. ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ 

ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʠʥʬʠʮʠʨʦʚʘʥʥʦʩʪʠ ʧʦʯʚʳ, ʚ ʫʩʣʦʚʠʷʭ ʬʘʢʪʠʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦʛʦ 

ʧʨʝʚʘʣʠʨʦʚʘʥʠʷ ʧʦʯʚʝʥʥʳʭ ʠʥʬʝʢʮʠʡ, ʚʳʟʳʚʘʶʱʠʭ ʟʘʙʦʣʝʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʰʝʥʠʮʳ ʠ ʛʦʨʦʭʘ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʩʫʧʨʝʩʩʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ. ʂʦʪʦʨʳʝ ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʦ ʦʪʨʘʞʘʶʪ 

ʙʦʣʝʟʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʯʚ ʘʛʨʦʮʝʥʦʟʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʥʢʨʝʪʥʳʤ ʬʠʪʦʧʘʪʦʩʠʩʪʝʤʘʤ 

[18,19]. ʇʦʚʳʰʝʥʠʝ ʩʫʧʨʝʩʩʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʯʚʳ ʚ ʘʛʨʦʮʝʥʦʟʘʭ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʛʨʘʥʠʯʝʥʠʶ ʨʘʟʚʠʪʠʷ ʙʦʣʝʟʥʝʡ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʫʧʨʝʩʩʠʚʥʦʩʪʠ ʧʦʯʚʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ 

ʚ ʦʪʥʦʰʝʥʠʠ ʨʠʙʘ Fusarium sp. ʰʪʘʤʤ 1/3 ʥʘ 47-80% ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʝʤ 

(ʩʨʝʜʘ ɻɸ) (ʨʠʩʫʥʦʢ 4). ʇʦʚʳʰʝʥʠʝ ʩʫʧʨʝʩʩʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʯʚʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʙʦʣʝʟʥʝʡ. 

 ʈʦʩʪ ʛʨʠʙʘ F.equiseti ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʣʩʷ ʥʘ ʚʘʨʠʘʥʪʝ ʧʘʨ ʧʦ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʛʦʨʦʭ ʧʦ No-Till ʠ ʩʦʩʪʘʚʣʷʣ 11,2% ʠ 12,3% ʩʦʦʪʚʝʪʩʚʝʥʥʦ. 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʛʝʪʝʨʦʪʨʦʬʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʯʚʳ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ 

ʦʣʠʛʦʪʨʦʬʥʳʭ ʙʘʢʪʝʨʠʡ ʠ ʘʢʪʠʥʦʤʠʮʝʪʦʚ ʚʦʟʨʘʩʪʘʝʪ ʠ ʩʫʧʨʝʩʩʠʚʥʦʩʪʴ ʧʦʯʚʳ. 

             ʅʘ ʚʘʨʠʘʥʪʝ ʙʝʩʩʤʝʥʥʦʡ ʧʰʝʥʠʮʳ ʧʦ No- ill  ʠ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʜʘʚʣʝʥʠʝ ʨʦʩʪʘ ʛʨʠʙʘ ʩʦʩʪʘʚʣʷʣʘ 44,5 ʠ 44,8% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʩʣʘʙʦʡ ʩʫʧʨʝʩʩʠʚʥʦʩʪʠ ʧʦʯʚʳ.                                       
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ʈʠʩʫʥʦʢ 4 ï ʉʫʧʨʝʩʩʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʨʠʙʫ Fusarium  sp. 

 (ʰʪʘʤʤ 1/3) 
 

ɺʳʚʦʜʳ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʪʝʩʪʦʚʦʡ ʛʨʫʧʧʝ ʨʘʩʪʝʥʠʡ, 

ʠʩʩʣʝʜʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʢʘʟʘʣʠʩʴ ʚʳʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʣʘʙʦʡ 

ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʦʯʚʳ, ʘ ʬʘʢʪʠʯʝʩʢʠ ʦ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʝʝ ʪʦʢʩʠʯʥʦʩʪʠ. ʆʙʨʘʟʮʳ 

ʧʦʯʚʳ, ʦʪʦʙʨʘʥʥʳʝ ʩ ʭʠʤʠʯʝʩʢʦʛʦ ʧʘʨʘ ʠ ʚ ʧʦʩʝʚʘʭ ʛʦʨʦʭʘ ʧʦ ʪʝʭʥʦʣʦʛʠʠ No- Till  ʥʝ 

ʦʢʘʟʳʚʘʣʠ ʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʧʨʦʨʦʩʪʢʠ ʧʰʝʥʠʮʳ, ʘ ʥʘʦʙʦʨʦʪ ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʠʭ 

ʨʦʩʪ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʝʤ. ʀʊʌ ʩʦʩʪʘʚʣʷʣ 1,2 ʠ 1,1 ʧʦʢʘʟʘʪʝʣʴ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ VI ʠ 

V ʢʣʘʩʩʫ ʪʦʢʩʠʯʥʦʩʪʠ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʯʚʳ, 

ʦʪʦʙʨʘʥʥʳʝ ʧʦ ʚʘʨʠʘʥʪʘʤ No- Till  ʦʙʣʘʜʘʣʠ ʚʳʨʘʞʝʥʥʳʤ ʩʪʠʤʫʣʠʨʫʶʱʠʤ ʵʬʬʝʢʪʦʤ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʨʦʩʪʢʘʤ ʧʰʝʥʠʮʳ, ʥʝʞʝʣʠ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʫʧʨʝʩʩʠʚʥʦʩʪʠ ʧʦʯʚ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʠʙʘ Fusarium sp. 

ʰʪʘʤʤ 1/3 ʧʦʢʘʟʘʣʠ ʝʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘ 47-80% ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʝʤ. ʈʦʩʪ ʛʨʠʙʘ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʣʩʷ ʥʘ ʚʘʨʠʘʥʪʝ ʧʘʨ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʛʦʨʦʭ ʧʦ 

No- Till  ʠ ʩʦʩʪʘʚʣʷʣ 11,2% ʠ 12,3% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʚʘʨʠʘʥʪʝ ʙʝʩʩʤʝʥʥʦʡ ʧʰʝʥʠʮʳ ʧʦ 

No- Till  ʠ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʘʚʣʝʥʠʝ ʨʦʩʪʘ ʛʨʠʙʘ ʩʦʩʪʘʚʣʷʣʘ 44,5 ʠ 44,8% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʘʙʦʡ ʩʫʧʨʝʩʩʠʚʥʦʩʪʠ ʧʦʯʚʳ. 
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ʦʧʨʝʜʝʣʷʣʠ ʤʠʢʨʦʙʦʚ- ʘʥʪʘʛʦʥʠʩʪʦʚ ʚ ʧʦʯʚʝ [doclad ʊʝʢʩʪ] / ɻ.ʅ. ʄʘʨʰʫʥʦʚ, ʅ.ʂ. ʏʝʨʥʠʢʦʚʘ / 

ʌʠʪʦʧʘʪʦʣ. ï 1976. ʊ.10. ɺʳʧ.2. ï ʉ. 150-153. 
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çɸ.ʀ. ɹʘʨʘʝʚ ʘʪʳʥʜʘϤʳ ʘʩʪʳϨ  ʰʘʨʫʘʰʳʣʳϤʳ 
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ɸשʜʘʪʧʘ. ʄʘץʘʣʘʜʘ 2021 ʞʳʣʳ ʞװʨʛʽʟʽʣʛʝʥ ʬʠʪʦʧʘʪʦʛʝʥʜʝʨʜʽש ᴇʩʫʽʥ  ʰʝʢʪʝʫ װʰʽʥ ᴅʨʪװʨʣʽ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʜʝשʛʝʡʣʝʨʜʽש ᴅʩʝʨʽʥ ʞᴅʥʝ ʪʦʧʳʨʘץʪʳש ʞʘʣʧʳ ʩʫʧʨʝʩʩʠʚʪʽʣʽʛʽʥ ʘʥʳץʪʘʡ ʦʪʳʨʳʧ, 

ʦשʪװʩʪʽʢ ʢʘʨʙʦʥʘʪʪʳ ʪʦʧʳʨʘץʪʳש ʬʠʪʦʪʦʢʩʠʢʘʣʳʣʳסʳʥ ʟʝʨʪʪʝʫ ʙʦʡʳʥʰʘ ʟʝʨʪʪʝʫʣʝʨ ʢʝʣʪʽʨʽʣʛʝʥ. 
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No-till ʞװʡʝʩʽ ʙʦʡʳʥʰʘ ʘʩʙײʨʰʘװ ץʰʽʥ ʪʘשʜʘʣסʘʥ ʪʦʧʳʨʘץʪʘ ʙʠʜʘʡ ᴇʩʢʽʥʜʝʨʽ ʤʝʥ 

ʪʘʤʳʨʣʘʨʳʥʳש ʜʘʤʫʳ ʙʘץʳʣʘʫ ʥײʩץʘʩʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʞʦסʘʨʳ ʙʦʣʜʳ, ʙײʣ ʦʩʳ ʪʦʧʳʨʘץʪʳש 

ʬʠʪʦʪʦʢʩʠʢʘʣʳʣʳסʳʥʳש ʪᴇʤʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ.No-Till ʪʝʭʥʦʣʦʛʠʷ ʞװʡʝʩʽʥ ʧʘʡʜʘʣʘʥʫ ʦʨʰʘסʘʥ 

ʦʨʪʘסʘ ץʘʫʽʧʪʽ ʬʠʪʦʧʘʪʦʛʝʥʜʝʨʜʽ Fusarium sp. ʪץײʳʤʜʘʩ ʩʘשʳʨʘʫײץʣʘץʪʘʨʜʳ ʞʠʥʘץʪʘʫʳ ʤװʤʢʽʥ. 

ʊʦʧʳʨʘץʪʳש ʩʫʧʨʝʩʩʠʚʪʽʣʽʛʽʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʘץʳʣʘʫʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʦʥʳס-47-80% שʘ 

ʘʨʪץʘʥʳʥ ʢᴇʨʩʝʪʪʽ. ʆʩʳʣʘʡʰʘ, ʦשʪװʩʪʽʢ ʢʘʨʙʦʥʘʪʪʳ ץʘʨʘ ʪʦʧʳʨʘץʪʘʨ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ, ʘʟʜʘʧ ʫʣʳ 

ʪʦʧʳʨʘץʪʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʂʽʣʪ ʩϺʟʜʝʨ: ʦשʪװʩʪʽʢ ʢʘʨʙʦʥʘʪʪʳ ץʘʨʘ ʪʦʧʳʨʘץʪʘʨ; ʬʠʪʦʫʳʪʪʳʣʳץ; ʪʦʧʳʨʘץʪʳש ʩʫʧʨʝʩ-

ʩʠʚʪʽʣʽʛʽ; ʬʠʪʦʧʘʪʦʛʝʥʜʝʨ; ʥᴇʣʜʽʢ ʪʝʭʥʦʣʦʛʠʷ ʞװʡʝʩʽ; ʫʳʪʪʳʣʳץ ʜᴅʨʝʞʝʩʽ; ʜᴅʩʪװʨʣʽ ʪʝʭʥʦʣʦʛʠʷ. 

 

SUPPRESSIVENESS AND PHYTOTOXICITY OF SOUTHERN CARBONATE 

CHERNOZEM UN DER VARIABLE CULTIVATION TECHNOLOGIES OF SPRING WHEAT 

IN NORTHERN KAZAKHSTAN  

 

Bulgakova I.N., 

Rukavitsina I.V.,  candidate of biological sciences 

Tkachenko O.V. 

 
 
çA.I. Barayev Research and Production Center for Grain Farmingè LLP,  

Nauchnyi set.,Republic of Kazakhstan 

 

Annotation. The article presents studies on the phytotoxicity of southern carbonate soils with the 

determination of the influence of various levels of technology and the general soil suppressiveness to 

limit the growth of phytopathogens, conducted in 2021.  

It was found that when determining the phytotoxic properties of the soil on the fallow variant 

using No-Till technology, the length of sprouts and roots was maximal in comparison with the control 

variant (fallow using traditional technology).  

In the soil selected for pea crops according to the No-Till system, the development of wheat 

sprouts and roots was higher in comparison with the control, which indicates low phytotoxicity of this 

soil. Zero technology contributes to the accumulation of fungi such as Fusarium spp., which serve as 

phytopathogens for agricultural crops. Soil suppressiveness has increased by 47-80% comparing to the 

control. This explains weak soil toxicity of the southern carbonate chernozem. 

Keywords: southern carbonate chernozems; phytotoxicity; soil suppressiveness; phytopathogens; 

No-Till and traditional technologies 
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 Annotation. The seeds of sugar beet of different varieties were studied for the highest 

productivity during industrial processing into marketable sugar in the Zhambyl region. The main external 

factors affecting sugar beet during the entire growing season have been determined. In the four main beet-

growing regions, basic problems were identified that affected both the gross yield and the quality 

characteristics of raw materials for the Merki sugar factory. The market aspects of the industry in the 

world with a development trend in the medium term, as well as the state of the beet processing industry in 

the CIS and Kazakhstan are given. In 2021, the main factor that affected the yield of sugar beet in the 

Zhambyl region was abnormal heat throughout the entire growing season against the background of the 

absence of precipitation. In the studied farms on experimental fields, it was determined that the seeds of 

the Dunyasha variety showed the highest productivity in physical terms, in the Bondarenko peasant farm 

(Merkisky district) it amounted to 60.1 tons per hectare, in Qyzylsha Zher LLP (Shusky district) 52.1 tons 

per hectare. The highest rate of digestion was in the seeds of the Acacia variety 19.8% in Qyzylsha Zher 

LLP and Dunyasha 15.8% in the Bondarenko Farm. 

Keywords. Sugar beet, productivity, digestion 

 

Introduction. Sugar beet (Beta vulgaris saccharifera L) is one of the most important 

agricultural crops, not only nutritionally, but also economically, on the scale of production 

regions, and the country as a whole. This raw material after deep processing is the most 

important and irreplaceable ingredient in the food industry. 

In world agriculture, sugar beet occupies a significant area - 7.913 million hectares. Its 

largest areas are in Russia, Ukraine, China, Poland, France, Great Britain, Germany, Italy; it is 

also cultivated in Belgium, Belarus, Japan, Hungary, Turkey and Georgia. In European 

countries, beet sugar produces up to 80% of its total collection in the world [1]. 

Given the cost of sugar beet production and its subsequent processing into marketable 

sugar in countries where this crop grows, certain state support measures are required (Roadmap 

for the development of sugar production in the Republic of Kazakhstan) or other mechanisms for 

leveling costs. This is necessary to protect against pressure from sugar cane producers on 

commodity exchanges and the free market, which have advantages in terms of climatic zones of 

growth. In addition, the beet sugar market is influenced by sweeteners - glucose syrups for drinks 

made from cereal starches. 

The global volume of beet sugar in 2022 is estimated at 4.31 billion US dollars, and by 

the end of 2027 the market is projected to reach 6.34 billion US dollars, the average annual 

growth rate during this period is about 5.7% [2]. 

In addition to marketable sugar, bioethanol is produced from beets, as well as from sugar 

cane. However, the share of such bioethanol is ten times less and, in the future, an increase in 

world production until 2030 is not expected. The situation with cane sugar or bioethanol is 

almost equivalent in terms of processing, the main influence on this is exerted by market trends 

and stock fluctuations, but this applies only to Brazil. The remaining sugar cane processors 

produce bioethanol no more than 10% of the volume of sugar produced. The cost of cane 

mailto:n.dautkanov@rpf.kz
https://orcid.org/0000-0001-7864-0217
mailto:dida09@yandex.ru
https://orcid.org/0000-0002-9766-9039
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bioethanol is lower than that of the beet analogue, and the climatic zone of cultivation, where 

sugar cane grows all year round, is also an advantage [3]. 

In physical terms, global sugar consumption is expected to reach 199 million tons by 

2029, with a per capita consumption of 23.5 kg per capita. It should be taken into account the 

differences in the structure of consumption by countries, since consumption in developing 

countries and developed countries differ due to the developed food and processing industry [4]. 

In the CIS countries, the highest indicators of sugar beet production in Russia (69 sugar 

factories) and Ukraine (43 factories) in the 2020/21 season are 5.2 and 1.1 million tons, 

respectively. Although a year earlier, 7.86 million tons were harvested in Russia. The low 

domestic price for sugar had an impact on the yield decrease [5], in addition, producers from 

Belarus (4 sugar factories) influence the CIS sugar market. 

According to the Kazakhstan Association of Sugar, Food and Processing Industries, sugar 

production in Kazakhstan in 2021 amounted to 115.8 thousand tons, which is 22.8% of the 

annual requirement. 

An increase in sugar beet production for Kazakhstan is a necessity in terms of ensuring 

food security, as well as a fuller load of beet processing enterprises. So, in 2022, in the Zhambyl 

region of Kazakhstan, it is planned to sow 6.3 thousand hectares of sugar beet, which is 500 

hectares more than last year's figure [6]. 

 

 
 

Figure 1 ï Gross yield of sugar beet in the Zhambyl region in dynamics over 18 years, 

 thousand tons [7] 
 

 

In Figure 1, seven-year sinusoids of sugar beet production in the region do not have a 

definite pattern, since in this period of time there were several global macroeconomic crises that 

affected the economy as a whole, as well as the transformation of the industry and the 

restructuring of sugar beet processing enterprises. This had a significant impact on farmers, due 

to the multi-profile crop production (cereals, oilseeds, legumes, fodder crops) and the close 

relationship with livestock in terms of fodder. 

In the Zhambyl region, there are two functioning beet processing enterprises, Merki 

Sugar Plant LLP and Taraz Sugar Plant LLP. However, the latter uses raw cane sugar as a raw 

material, so the entire volume of grown sugar beet was processed by the Merki sugar plant, and 

the beet receiving point of the Taraz plant was used as a receiving and transshipment point of the 

Merki plant. 

The nominal production capacity of the Merki sugar plant is 2,500 tons of beets per day; 

more than 300,000 tons of root crops are required for a full load for the processing period. The 
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gross harvest of 2021 in the Zhambyl region is actually 35.65% less than the harvest of the 

previous season. 

Varietal characteristics. For sugar beet producers, according to Christa M. Hoffmann of 

the Gºttingham Sugar Beet Research Institute, a key factor is the composition of the root crop, 

which significantly affects the extraction of crystalline sugar in a sugar factory [8], namely, such 

an indicator as digestion, that is, the content of sucrose to mass of beets, expressed as a 

percentage. 

Katharina Schnepel under controlled conditions investigated the causes of genotypic 

variability in sugar loss and invert sugar accumulation during storage, and also determined 

indirect criteria for the selection of varieties with low storage losses before storage. Genotypic 

differences in storage loss were primarily due to differences in microbial contamination. The 

accumulation of invert sugar was lower for genotypes with a high concentration of pomace 

before storage. Indicating non-specific resistance. In addition, the concentration of dry matter 

sugar before storage and the concentration of invert sugar after cultivation under stress 

conditions correlated with the concentration of invert sugar after storage. Therefore, these 

parameters are proposed as criteria for selecting improved persistence of sugar beet genotypes 

[9]. 

In addition to varietal characteristics determined by genotypes, the growing season 

affects the yield and sugar content. To assess the potential for high yields to be expected, K. 

Schnepel analyzed yield formation and sugar accumulation in beets over a long growing period. 

From 2008 to 2012, pot experiments were carried out in the greenhouse with 11 planting dates 

spaced by year, with consecutive harvests. It was noted that the rate of photosynthesis decreased 

simultaneously with the concentration of sugar. This indicates that the sugar concentration in the 

storage root is limited by the capacity of the absorber, which, in turn, controls the activity of the 

source by inverse regulation of photosynthesis and leaf formation [10]. 

An analysis of the seeds used in the 2021 sowing season in the Zhambyl region of 

Kazakhstan is presented in Table 1, which shows the main varieties and hybrids of sugar beet. 

 
Table 1 ï Sugar beet seeds used in 2021 in the Zhambyl region [11] 

 

Seed name Seed treatment 

type 

Year of 

acquisition 

Planting area 

Acacia Dragee 2019 Bayzak, Shu, Merki 

Eider 

 

Inlay 2018 Zhambyl, Bayzak, 

Dragee 2019 Merki 

Semi-draught 2018 Taraz city 

Viorica Dragee 2019 Zhambyl, Baizak, Merki, Shu, T. Ryskulov 

Tisserin Dragee 2019 Baizak 

Bunker Semi-draught 2018 Taraz city 

Dunyasha Dragee 2020 Merki, Shu 

Terranova Dragee 2019 Merki, Shu 

Skipper Dragee 2019 Shu 

Novello Dragee 2019 Shu 

 

 

From this table it can be seen that the Eider variety, presented in the form of dragee, 

encrustation and semi-drage, had the highest variability in seed treatment. However, according to 

the degree of territorial distribution in the areas of sowing, last year it was in pelleted seeds of 

the Viorica variety, which was sown in five areas. 

The main production indicators for sugar beet in the Zhambyl region in 2021 are shown 

in Figure 2. 
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Figure 2 ï Key indicators of sugar beet production in the region. The blue line is the gross  

harvest, tons; the red line is the yield, tons; the gray line is the sown area, hectares [11] 
 

 

An objective assessment of seed germination was affected by high temperatures during 

almost the entire growing season. In 2021, a very low sugar beet harvest was harvested in the 

Zhambyl region, 5.7 times lower than in 2017. This is due to several factors, first of all, dry 

weather throughout the entire growing season (Figure 6, 9), and secondly, these are other crops 

that provide a faster return on invested resources (cereals and fodder crops through an increase in 

average daily milk yield and meat weight gain). livestock) than the processing of sugar beet at 

the plant at the end of the year; thirdly, the difficult financial situation of many agricultural 

enterprises due to anti-COVID restrictions. But the key negative factor was the climatic 

conditions during the growing season of 2021. In addition, an important factor in a good harvest 

is the use of high-quality and proven varieties and hybrids of beets, zoned in the region. 

Materials and research methods. Desk research methods were used from publicly 

available open sources, as well as industry scientific literature, official materials of the territorial 

administration, bureau of statistics, industry experts and business entities. 

Results and discussion. In order to determine the most effective varieties of sugar beet 

seeds, research was carried out in the Shu and Merki regions. 

In the Shu district, on the territory of Qyzylsha Zher LLP, the following varieties of seeds 

were sown: Acacia, Skipper, Novello, Terranova. The total area under crops was 765 hectares, 

the experimental field was 0.6 hectares. 

The climatic conditions and the use of the irrigation system in the experimental field were 

identical to the main massif, part of which was used as a control plot. 

According to the observations of agronomists of this enterprise, the months of April and 

May were abnormally hot, from the end of April and all of May, and then the summer months 

were without precipitation. Because of the spring heat, there were poor shoots in the 

experimental field and control plots. Land reclamation operations did not have a significant 

effect, since the soil did not have time to absorb moisture due to strong water evaporation. 

All these factors forced the specialists of the farm to adjust agrotechnical measures and 

increase the growing season for the full maturation of the root crop and increase digestion. The 

results of the experiments are shown in Figure 3. 
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Figure 3 ï Comparative analysis of yield (tons) and sugar content (%) in Qyzylsha Zher LLP 

 

 

The highest yield on the experimental field was shown by the Dunyasha variety with a 

result of 0.10 t/ha, then Acacia 0.08 t/ha and Novello 0.06 t/ha. For each variety, 0.2 hectares 

were allocated, the results after calculation for 1 hectare: 52.1, 41.2, 29.3 tons per hectare, 

respectively. The Acacia variety showed the highest digestion - 19.8%, which is a good 

indicator, taking into account the strongest stressful effects of high temperature. 

The results of the control plot show the yield of the Acacia variety is higher than the 

analogue from the experimental field, however, the level of digestion was lower by two units. 

The yields were as follows: Acacia 0.09 t/0.2 ha - 44 t/1 ha, Terranova 0.06 t/0.2 ha - 32 t/1 ha, 

Viorica 0.05 t/0.2 ha - 24 t/1 ha. Digestion: 17.8%, 14.79%, 15.24% respectively. It should be 

noted that the experimental field and the control plot of the Acacia variety were separated by an 

irrigation canal, so the experimental field was harvested 8 days later. This explains the higher 

level of digestion, since the vegetation period also extended, which made it possible to increase 

sugar content, this coincided with a sharp drop in temperature with autumn precipitation. 

Precipitation during harvest increased the overall average contamination to 11.62% for all sugar 

beet varieties. 

The remaining experimental and control plots of the studied varieties were within the 

sown areas, the harvesting was one-time. 

In the Merki region, the experiments were carried out on the basis of the peasant farm 

(KH) Bondarenko. Dried seeds of Terranova and Dunyash were used. The total area under crops 

was 300 hectares, the area of the experimental and control fields was 0.1 hectares each. The 

experimental fields were located within the main arrays, processing, watering and harvesting 

were carried out simultaneously. As a control, the seeds of the Terranova variety were studied, 

the experiment was carried out on the seeds of the Dunyasha variety. This farm is located in 

close proximity (10-15 km) from the plant. 

Against the backdrop of abnormal heat, in the Merki region, the temperature was 

relatively below the average for the region. This area has the highest concentration of beet-

growing farms due to the operation of the only sugar factory in the region that processes beets. In 

this farm, it was possible to carry out all agrotechnical measures on time. The results of 

experiments and control are shown in Figure 4. The farm's gross harvest in 2021 was 5,765.5 

tons, with an average digestion rate of 14.36%. 
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Figure 4 ï Comparative analysis of yield (tons) and sugar content (%) in the  

Bondarenko farm  
 

 

As in the Shu district, the seeds of the Dunyasha variety showed higher yields and 

digestion compared to the control seeds of the Terranova variety. In physical terms, the results 

from the experimental and control fields were as follows: 0.6 t/0.1 ha, digestion 15.8%; 0.51 

t/0.1 ha, digestion 14.04%, or 60 t/ha and 51.2 t/ha, respectively. In terms of overall 

contamination of sugar beets, an important indicator of the acceptance of raw materials at sugar 

factories, the harvest from Bondarenko's farm had the lowest contamination rate of 6.88% or 

5,369,053 tons of weight credited by the plant out of 5,765,480 tons delivered, the average level 

of digestion was 14 .36%. This indicates that the abnormal heat in the region affected the yield in 

this farm to a lesser extent in comparison with farms in other regions, and the studied seeds 

germinated during the corresponding growing season. 

Against the background of the absence of precipitation in June-July, this period turned 

out to be the hottest. There was also no rain in May, except for two days of insignificant 

precipitation in the Merki region. According to the agronomists of Bayzak and Shu districts, 

April was also relatively hot, at the end of April the temperature exceeded 30ÁC.  

Adama Crop Manager Olaf van Kampen notes that rainfall, before emergence and during 

times when the root-boring beet cyst nematode is prevalent, can lead to yield reductions of up to 

20t/ha [12]. 

Natural and climatic conditions are the main external factor on which the structural 

formations and morphological characteristics of the root crop depend during the growing season 

of sugar beet. Producers do not have the opportunity to influence this factor, they can only 

minimize the negative consequences in the framework of agrotechnical measures. For this 

reason, the use of various simulation models to obtain the planned harvest with the appropriate 

quality characteristics is an important element of the production and financial model of beet 

processing and beet sowing enterprises. 

So, based on representative data on sugar beet cultivation in Germany, Christine Kenter 

and colleagues investigated the effects of weather conditions on sugar beet growth. To this end, 

in 2000-2001. 27 field tests were carried out in industrial fields with variable climatic and soil 

conditions. Several functions have been developed to describe the growth of sugar beet [13] 

under the influence of given meteorological variables. The optimal average daily air temperature 

for the growth of taproots was about 18ÁC. Warmer temperatures in July and August reduced the 

final yield of staple roots, but by the end of the season growth was temperature independent. 
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High solar radiation accelerated growth during the first 65 days after sowing and again in 

October [14]. 

Milan Borisev and colleagues found that they could fullerenol nanoparticles (FNPs, 

molecular formula C60(OH)24) may help alleviate drought stress by serving as an additional 

intercellular water supply. These results indicate that FNPs could act as intracellular binders of 

water, creating an additional water reserve, and enabling adaptation to drought stress [15].  

In the Zhambyl region, among the beet-growing regions, the lowest yields last season 

were in the Kordai and Turar Ryskulov regions. In these areas, sugar beets were sown on small 

areas, 70 and 114.5 hectares, respectively. In the T. Ryskulovsky district, with a low yield of 9.3 

tons per hectare, 1,064.9 tons of beets were harvested, in the Kordai district, the crop was not 

obtained. This is due to climatic conditions, lack of water during the growing season, and for the 

Kordai region, the greatest remoteness (about 160 km) from beet receiving points and the lack of 

expediency to bear the costs of harvesting and transporting sugar beets. 

The main volume of root crops for industrial processing in the region was produced by 

four districts: Bayzak, Merki, Shu and Zhambyl districts. Table 2 below shows the average 

monthly precipitation and clear days with average monthly temperatures in these areas. 

 
Table 2 ï Average monthly precipitation and clear days in the main regions of sugar beet 

production in the Zhambyl region, ÁC [16] 

 

 
 

 

The cells of Table 2 reflect the histograms and the numbers showed the average monthly 

number of clear days and precipitation. The summer months in these areas were not favorable in 

terms of precipitation. For the entire three-month period, only in the Merki region in August 

there were not significant precipitations for one day. 

It should be noted that the lack of precipitation in the initial growing season had a strong 

impact on the yield of many crops. For sugar beet, this has become one of the most significant 

external factors. 

A seven-year study in Ireland by MA McEntee showed that yields were declining due to 

MA McEntee's high temperatures and wet conditions from planting to emergence, windy 

conditions in April and May, high evaporation rates in May and June, and high daytime 

temperatures in July. and August. The yield increased if March was a dry month, due to the large 

number of hours of sunshine in June and throughout the growing season as a whole, due to the 

large amount of precipitation and warm nights in July and August [17]. 

The climatic conditions of Ireland are significantly different from the conditions in the 

Zhambyl region of Kazakhstan. Characteristic features of the climate of the Zhambyl region are 
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significant aridity and continentality of the climate, which manifests itself in sharp temperature 

contrasts of day and night, winter and summer, in a rapid transition from winter to summer [18]. 

In all these four regions, hot clear days lasted an average of 2/3 days per month, but the 

rest of the period was without precipitation despite light cloud cover. At the same time, the 

amount of evaporated moisture practically did not decrease, the water did not have time to reach 

the entire root system of sugar beets. 

Most of the time in the main four beet-growing areas there were clear days (Table 2), 

which increased the evaporation of moisture from the fields, exacerbating the stress on sugar 

beets. A cold cyclone coming from the northwest caused a sharp drop in temperature in October, 

which was accompanied by 3-5 days of rain. It was during this period that sugar beet harvesting 

began, late precipitation led to a delay and increased contamination of root crops. 

 

 
 

Figure 5 ï Average daily, daytime and nighttime temperatures in the main (Merkisky, 

Baizaksky, Zhambylsky, Shusky) sugar beet production areas, Áʉ (yellow bar graph - day 

temperature, blue bar graph - night temperature) [16] 

 

 

In general, there is little precipitation in the region, especially in its flat part (140-220 mm 

per year). A small amount of precipitation (135 mm per year) is observed in the north-east [19] 

of the region near the coast of Lake. Balkhash. In the foothill areas, the amount of precipitation 

increases to 210-330 mm. In the mountains of the Kyrgyz Alatau, 400-500 mm of precipitation 

falls. According to the seasons of the year, precipitation is distributed extremely unevenly - most 

of it falls on the winter-spring period [18]. 

M. Lebedeva found that for the Belgorod region of Russia, the yield of sugar beet in the 

region currently depends on the climate at the level of 15%. She studied the weather and climatic 

conditions that affect the energy and water supply during the sugar growing season. The 

variability and trends in the dynamics of sugar beet yield and sugar content were determined, 

correlating with those observed over a 60-year period. The change in sugar content (or "sugar 

content") over this period, depending on regional weather and climate, showed a non-linear 

relationship. The sugar content is inversely proportional to the combined (through the 

hydrothermal coefficient - HTC) influence of precipitation and temperature in the warm season 

(temperature from 15 to 20 Á C). A decrease (increase) in the HTC contributes to an increase 

(decrease) in the sugar content of beets. However, it was noted that with an increase in sugar 

content, there is a decrease in the yield of sugar beets in the region. It can be concluded that the 

0 

5 

10 

15 

20 

25 

30 

35 

24,5 

17,75 

29 

21,25 

31,75 

25 

28,75 

22 

23,75 

15,75 

10,75 

6 

5,75 0,25 



 

165 

 

increased sugar content of beets in the corresponding years compensates for the decrease in the 

yield index [20]. 

C. M. Hoffmann noted that drought stress can affect the accumulation of sucrose in sugar 

beets by limiting leaf development and storage root growth. Sugar beet during drought can be a 

physiological limiter that limits the accumulation of sucrose. Two growing trials were carried 

out: (1) sugar beet well supplied with water (100% moisture capacity), under conditions of 

constant moderate (50%) and severe drought stress (30%), (2) sugar beet and fodder beet well 

supplied with water, (100%) and in conditions of constant severe drought (30%). Under 

conditions of drought stress, the ratio of the storage root to the dry matter of the leaf in sugar 

beet decreased, which indicates a different distribution of assimilates. The concentration of 

sucrose in the spare root was reduced. At the root, the number of cambium rings was slightly 

affected, although drought stress was realized as early as 6 weeks after sowing. On the contrary, 

the distance between adjacent rings and the cell size were significantly limited. indicating 

reduced expansion of existing shell tissues. The daily rate of accumulation of sucrose in the root 

had a maximum between 16 and 20 weeks after sowing in well-watered plants, but decreased 

significantly under drought stress. [21]. 

The conditions of water deficit affect the growth and development of plants, which leads to 

a decrease in crop yields. However, plants show some morphological changes to cope with 

drought stress by reducing water loss, increasing water uptake, and maintaining tissue water 

status. Some plants complete their life cycle well before the onset of drought in order to avoid 

water shortages [22]. 

Conclusion. The main factor in reducing the yield and quality characteristics of sugar 

beets in 2021 in the Zhambyl region was abnormally hot weather against the backdrop of a lack 

of precipitation. The use of irrigation systems did not give significant improvements, since the 

incoming moisture quickly evaporated. 

From the experimental crops carried out, it was determined that in the LLP "Qyzylsha 

Zher" of the Shu district, the Dunyasha variety showed the best yield - 52.1 tons per hectare, and 

the Akatsiya variety had the highest digestion - 19.8%. However, on other arrays, the yield 

reached 60 t/ha, the digestion of the Acacia variety was up to 20%. 

In the Merki district, Bondarenko's farm, the results of research on the Dunyasha variety 

were as follows: yield 60.1 t/ha, digestion 15.8%. 

Since the calculation unit for calculating the cost of the entire industry chain is sugar in 

physical terms, the best indicators in terms of digestion and yield were in the Acacia and 

Dunyasha varieties, respectively. 
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 ɸʅʊפ ʓנʉʊɸʅ ʈɽʉʇʋɹʃʀʂɸʉʓ ɾɸʄɹʓʃ ʆɹʃʓʉʓʅɼɸ 2021 ɾʓʃɼɸפɸɿɸפ

 ʓɿʓʃʐɸʉʓʅ ᴆʅɼɯʈʋפ

 

ɼʘʫʪץʘʥʦʚ ʅ.ɹ., ʪʝʭʥʠʢʘ סʳʣʳʤʜʘʨʳʥʳש ʢʘʥʜʠʜʘʪʳ, ʜʦʮʝʥʪ 

ɼʘʫʪץʘʥʦʚʘ ɼ.ʈ., ʪʝʭʥʠʢʘ סʳʣʳʤʜʘʨʳʥʳש ʜʦʢʪʦʨʳ, ʜʦʮʝʥʪ 

 

çϧʘʟʘϨ Ϩʘʡʪʘ ϺϬʜʝʫ ʞϸʥʝ ʪʘʤʘϨ Ϻʥʝʨʢϸʩʽʙʽ ϣɿʀè ɾʐʉ, ɸʣʤʘʪʳ Ϩ., ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ 

 

 ɸשʜʘʪʧʘ. ᴄʨʪװʨʣʽ ʩʦʨʪʪʘסʳ ץʘʥʪ ץʳʟʳʣʰʘʩʳʥʳש ʪץײʳʤʜʘʨʳ ɾʘʤʙʳʣ ʦʙʣʳʩʳʥʜʘ 

ʪʘʫʘʨʣʳץ ץʘʥʪץʘ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ʝש ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʢ װʰʽʥ ʟʝʨʪʪʝʣʜʽ. ɹװʢʽʣ 

ʚʝʛʝʪʘʮʠʷʣʳץ ʢʝʟʝשʜʝ ץʘʥʪ ץʳʟʳʣʰʘʩʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ ʩʳʨʪץʳ ʬʘʢʪʦʨʣʘʨ ʘʥʳץʪʘʣʜʳ. 

 שʞʘʣʧʳ ᴇʥʽʤʽʥʝ ʜʝ, ʰʠʢʽʟʘʪʪʳ שʘʥʪ ʟʘʫʳʪʳʥʳץ ʪʘ ʄʝʨʢʝʥץʳʟʳʣʰʘ ʝʛʝʪʽʥ ʪᴇʨʪ ʥʝʛʽʟʛʽ ʘʡʤʘפ

ʩʘʧʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʜʘ ᴅʩʝʨ ʝʪʢʝʥ ʥʝʛʽʟʛʽ ʧʨʦʙʣʝʤʘʣʘʨ ʘʥʳץʪʘʣʜʳ. ʆʨʪʘ ʤʝʨʟʽʤʜʽ 

ʧʝʨʩʧʝʢʪʠʚʘʜʘ ʜʘʤʫ ʪʝʥʜʝʥʮʠʷʩʳ ʙʘʨ ᴅʣʝʤʜʝʛʽ ʩʘʣʘʥʳש ʥʘʨʳץʪʳץ ʘʩʧʝʢʪʽʣʝʨʽ, ʩʦʥʜʘʡ-ʘץ ʊʄɼ 

ʞᴅʥʝ פʘʟʘץʩʪʘʥʜʘסʳ ץʳʟʳʣʰʘ ᴇשʜʝʫ ᴇʥʝʨʢᴅʩʽʙʽʥʽש ʞʘסʜʘʡʳ ʢʝʣʪʽʨʽʣʛʝʥ. 2021 ʞʳʣʳ ɾʘʤʙʳʣ 

ʦʙʣʳʩʳʥʜʘ ץʘʥʪ ץʳʟʳʣʰʘʩʳʥʳש ʰʳסʳʤʜʳʣʳסʳʥʘ ᴅʩʝʨ ʝʪʢʝʥ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨ ʞʘʫʳʥ-ʰʘʰʳʥʥʳש 

ʙʦʣʤʘʫʳ ʘʷʩʳʥʜʘ ʙװʢʽʣ ʚʝʛʝʪʘʮʠʷʣʳץ ʢʝʟʝש ʙʦʡʳʥʘ ץʘʣʳʧʪʘʥ ʪʳʩ ʳʩʪʳץ ʙʦʣʜʳ. ʊᴅʞʽʨʠʙʝʣʽʢ 

ʘʣץʘʧʪʘʨʜʘסʳ ʟʝʨʪʪʝʣʛʝʥ ʰʘʨʫʘʰʳʣʳץʪʘʨʜʘ çɼװʥʷʰʘè ʩʦʨʪʳʥʳש ʪץײʳʤʜʘʨʳ ʬʠʟʠʢʘʣʳץ 



 

168 

 

ʢᴇʨʩʝʪʢʽʰʪʝʨ ʙʦʡʳʥʰʘ ʝש ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʢʪʽ ʢᴇʨʩʝʪʩʝ, ɹʦʥʜʘʨʝʥʢʦ ʰʘʨʫʘ ץʦʞʘʣʳסʳʥʜʘ (ʄʝʨʢʝʥ 

ʘʫʜʘʥʳ) ʛʝʢʪʘʨʳʥʘ 60,1 ʪʦʥʥʘʥʳ, çפʳʟʳʣʰʘ ʞʝʨè ɾʐʉ-ʜʝ (ʐʫ ʘʫʜʘʥʳ) ʘʥʳץʪʘʣʜʳ. ) ʛʝʢʪʘʨʳʥʘ 

52,1 ʪ. ɽש ʞʦסʘʨʳ ʘʩ ץʦʨʳʪʫ ץʘʨץʳʥʳ çפʳʟʳʣʰʘ ʞʝʨè ɾʐʉ-ʜʝ çɸʢʘʮʠʷè ʩʦʨʪʳʥʳש ʪץײʳʤʳʥʜʘ 

19,8 %, çɹʦʥʜʘʨʝʥʢʦè ʰʘʨʫʘ ץʦʞʘʣʳסʳʥʜʘ çɼʫʥʷʰʘè 15,8 % ʙʦʣʜʳ.  

ʂʽʣʪ ʩϺʟʜʝʨ. פʘʥʪ ץʳʟʳʣʰʘʩʳ, ᴇʥʽʤʜʽʣʽʢ, ᴇʥʽʤʜʽʣʽʢ 

 

ʇʈʆʀɿɺʆɼʉʊɺʆ ʉɸʍɸʈʅʆʁ ʉɺɽʂʃʓ ɺ ɾɸʄɹʓʃʉʂʆʁ ʆɹʃɸʉʊʀ 

ʂɸɿɸʍʉʊɸʅɸ ɺ 2021 ɻʆɼʋ 

 

ɼʘʫʪʢʘʥʦʚ ʅ.ɹ., ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʘʫʪʢʘʥʦʚʘ ɼ.ʈ., ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

 

ʊʆʆ çʂʘʟʅʀʀ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè,  

ʛ.ɸʣʤʘʪʳ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʳʩʝʤʝʥʘ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʨʘʟʥʳʭ ʩʦʨʪʦʚ ʥʘ ʧʨʝʜʤʝʪ ʥʘʠʙʦʣʴʰʝʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʨʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʪʦʚʘʨʥʳʡ ʩʘʭʘʨ ʚ ɾʘʤʙʳʣʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ ʚʣʠʷʶʱʠʝ ʥʘ ʩʘʭʘʨʥʫʶ ʩʚʝʢʣʫ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ 

ʚʝʛʝʪʘʮʠʠ.ɺ ʯʝʪʳʨʸʭ ʦʩʥʦʚʥʳʭ ʩʚʝʢʣʦʩʝʶʱʠʭ ʨʘʡʦʥʘʭ ʚʳʷʚʣʝʥʳ ʙʘʟʦʚʳʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ 

ʧʦʚʣʠʷʣʠ ʢʘʢ ʥʘ ʚʘʣʦʚʦʡ ʫʨʦʞʘʡ, ʪʘʢ ʠ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʳʨʴʷ ʜʣʷ ʄʝʨʢʝʥʩʢʦʛʦ 

ʩʘʭʘʨʥʦʛʦ ʟʘʚʦʜʘ. ʇʨʠʚʝʜʝʥʳ ʨʳʥʦʯʥʳʝ ʘʩʧʝʢʪʳ ʦʪʨʘʩʣʠ ʚ ʤʠʨʝ ʩ ʪʝʥʜʝʥʮʠʝʡ ʨʘʟʚʠʪʠʷ ʚ 

ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ, ʘ ʪʘʢʞʝ ʩʦʩʪʦʷʥʠʝ ʩʚʝʢʣʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʚ ʉʅɻ ʠ 

ʂʘʟʘʭʩʪʘʥʝ. ɺ 2021 ʛʦʜʫ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʧʦʚʣʠʷʚʰʠʤ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʚ 

ɾʘʤʙʳʣʩʢʦʡ ʦʙʣʘʩʪʠ, ʩʪʘʣʠ ʘʥʦʤʘʣʴʥʘʷ ʞʘʨʘ ʥʘ ʧʨʦʪʷʞʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʠ ʥʘ ʬʦʥʝ 

ʦʪʩʫʪʩʪʚʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. ɺ ʠʩʩʣʝʜʫʝʤʳʭ ʭʦʟʷʡʩʪʚʘʭ ʥʘ ʦʧʳʪʥʳʭ ʧʦʣʷʭ ʦʧʨʝʜʝʣʝʥʳ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚ ʥʘʪʫʨʘʣʴʥʦʤ ʚʳʨʘʞʝʥʠʠ ʧʦʢʘʟʘʣʠ ʩʝʤʝʥʘ ʩʦʨʪʘ ɼʫʥʷʰʘ, ʚ 

ʢʨʝʩʪʴʷʥʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ɹʦʥʜʘʨʝʥʢʦ (ʄʝʨʢʝʥʩʢʠʡ ʨʘʡʦʥ) ʦʥʘ ʩʦʩʪʘʚʠʣʘ 60,1 ʪʦʥʥ ʩ ʛʝʢʪʘʨʘ, ʚ ʊʆʆ 

çQyzylsha Zherè (ʐʫʩʢʠʡ ʨʘʡʦʥ) 52,1 ʪʦʥʥʳ ʩ ʛʝʢʪʘʨʘ. ʅʘʠʚʳʩʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʜʠʛʝʩʪʠʠ ʙʳʣʠ ʫ 

ʩʝʤʷʥ ʩʦʨʪʘ ɸʢʘʮʠʷ 19,8% ʚ ʊʆʆ çQyzylsha Zherè ʠ ɼʫʥʷʰʘ 15,8% ʚ ʂʍ ɹʦʥʜʘʨʝʥʢʦ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʉʘʭʘʨʥʘʷ ʩʚʝʢʣʘ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʧʠʱʝʚʘʨʝʥʠʝ. 

  



 

169 

 

ʄʈʅʊʀ 68.85.85                                         https://doi.org/10.52081/bkaku.2022.v62.i3.092 

 

ʎʀʌʈʆɺɸʗ ʊʈɸʅʉʌʆʈʄɸʎʀʗ ʉɽʃʔʉʂʆɻʆ ʍʆɿʗʁʉʊɺɸ ï  

ɺʆɿʄʆɾʅʆʉʊʀ ʀ ʇɽʈʉʇɽʂʊʀɺʓ 

 
ʅʘʟʘʨʦʚ ɽ.ɸ.

1
, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

nazarov197514@mail.ru, https://orcid.org/0000-0003-2368-6466 

ɹʫʨʭʘʥʦʚ ɹ.ɾ.
2
, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

aruka73@mail.ru, https://orcid.org/0000-0001-5407-9859 

ʅʫʨʤʘʰ ʅ.ʂ.
2
. 

cosmo04@mail.ru, https://orcid.org/0000-0001-7597-4887 

 
1
ʂʳʟʳʣʦʨʜʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂʦʨʢʳʪ ɸʪʘ, ʛ. ʂʳʟʳʣʦʨʜʘ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

2
ɿʘʧʘʜʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʘʛʨʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɾʘʥʛʠʨ ʭʘʥʘ,  

ʛ. ʋʨʘʣʴʩʢ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʥʝʜʨʷʝʤʳʝ ʚ ʩʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦ ʚ ʧʨʦʮʝʩʩʝ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʪʨʘʩʣʠ. ʇʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʢʘʢ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ (IoT), ʩʤʘʨʪ-ʬʝʨʤʳ, ɹʇʃɸ, ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ. 

ɼʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʫʧʨʘʚʣʝʥʠʝ, 

ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ, ʧʦʚʳʩʠʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʪʨʘʩʣʠ, 

ʘ ʪʘʢʞʝ ʫʣʫʯʰʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʮʝʧʦʯʢʝ ʧʨʦʠʟʚʦʜʩʪʚʦ-ʧʝʨʝʨʘʙʦʪʢʘ-ʩʙʳʪ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʥʦʚʝʡʰʠʭ ʢʦʥʮʝʧʮʠʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ɸʇʂ, ʪʘʢʠʭ ʢʘʢ ʮʠʬʨʦʚʳʝ 

ʜʚʦʡʥʠʢʠ ʬʝʨʤ ʠ Farming-as-a-Service. ʇʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʚʥʝʜʨʷʝʤʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʂʘʟʘʭʩʪʘʥʝ.  

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʙʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʠ ʨʦʩʪ ʜʦʩʪʫʧʥʦʩʪʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʂʘʟʘʭʩʪʘʥʘ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ ʩ ʚʥʝʜʨʝʥʠʝʤ 

ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ 

ʧʦʜʛʦʪʦʚʢʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ IT ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʠʟʘʮʠʷ, ʮʠʬʨʦʚʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ, 

ʪʦʯʥʦʝ ʟʝʤʣʝʜʝʣʠʝ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ, 

ʙʣʦʢʯʝʡʥ. 

 

ɺʚʝʜʝʥʠʝ. ʎʠʬʨʦʚʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʠʤ ʪʨʝʥʜʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʩʪʨʘʥ ʤʠʨʘ. ʅʘ ʩʝʛʦʜʥʷ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ 

ʚʥʝʜʨʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝ ʩʬʝʨʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʂʘʟʘʭʩʪʘʥ ʪʘʢʞʝ 

ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʝʪ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʟʣʠʯʥʳʝ ʦʪʨʘʩʣʠ, ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦ. ʊʘʢ ʚ ʜʝʢʘʙʨʝ 2017 ʛʦʜʘ ʙʳʣʘ ʫʪʚʝʨʞʜʝʥʘ ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ 

çʎʠʬʨʦʚʦʡ ʂʘʟʘʭʩʪʘʥè, ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ ʦʙʦʟʥʘʯʝʥʳ ʧʷʪʴ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ [1]. ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʂ 

ʧʨʦʚʦʜʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʠ ʫʩʧʝʰʥʦ ʚʥʝʜʨʷʶʪʩʷ ʥʦʚʝʡʰʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʦʪʨʘʩʣʠ. ʇʦ ʜʘʥʥʳʤ ʤʠʥʠʩʪʝʨʩʪʚʘ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʪʨʘʩʣʠ, 

ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʚʳʩʠʪ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʪʨʘʥʳ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʫʶ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ɸʇʂ) [1].  

ʇʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘʯʘʣʦʩʴ ʚ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʣʝʪ. 

ʉʝʛʦʜʥʷ ʵʪʦ ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ, ʢʦʪʦʨʦʝ ʢʦʨʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʤʝʥʷʝʪ ʧʦʜʭʦʜʳ ʢ ʙʠʟʥʝʩʫ, ʧʨʦʠʟʚʦʜʩʪʚʫ ʠ ʚ ʮʝʣʦʤ ʥʘ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʦʩʣʦ ʢʦʣʠʯʝʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ ʥʘ ʵʪʫ ʪʝʤʫ. ʆʥʠ ʦʭʚʘʪʳʚʘʶʪ ʢʘʢ ʪʝʭʥʠʯʝʩʢʫʶ ʩʪʦʨʦʥʫ, ʪʘʢ ʠ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʂʘʟʘʭʩʪʘʥʘ ʠ ʙʣʠʞʥʝʛʦ ʟʘʨʫʙʝʞʴʷ ʪʝʤʘ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʩʝʢʪʦʨʦʚ ʵʢʦʥʦʤʠʢʠ ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ. ʅʦ ʥʝʦʙʭʦʜʠʤʦ 
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ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ, ʨʘʙʦʪ, 

ʧʦʩʚʷʱʸʥʥʳʭ ʦʙʟʦʨʫ ʠʥʦʩʪʨʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ ʚʩʝ ʝʱʸ 

ʥʝʜʦʩʪʘʪʦʯʥʦ. ʉʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʙʝʣ ʚ ʟʥʘʥʠʷʭ ʦ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ ʧʦ 

ʨʘʟʨʘʙʦʪʢʘʤ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʳʭ ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ ʩ ʚʥʝʜʨʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ, ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʘʥʘʣʠʟ, ʩʠʥʪʝʟ, ʩʨʘʚʥʝʥʠʝ, ʤʦʥʦʛʨʘʬʠʯʝʩʢʠʡ 

ʤʝʪʦʜ. ʆʩʥʦʚʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʠʩʴ ʪʨʫʜʳ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ ʧʦ 

ʧʨʦʙʣʝʤʘʤ ʨʘʟʨʘʙʦʪʢʠ, ʚʥʝʜʨʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ.  

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʪʝʢʫʱʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʨʘʟʨʘʙʦʪʢʠ 

ʢʘʩʘʶʱʠʝʩʷ ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʩʬʝʨʝ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʪʨʘʥʳ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʩʣʫʞʠʣʠ 

ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʨʝʬʝʨʘʪʠʚʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʪʘʢʠʭ ʢʘʢ Scopus, Web of Science, 

Google Scholar, ʈʀʅʎ ʠ ʜʨ. ɸʥʘʣʠʟ ʦʭʚʘʪʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ. 

ʈʝʟʫʣʴʪʘʪʳ/ʦʙʩʫʞʜʝʥʠʷ.ʎʠʬʨʦʚʠʟʘʮʠʷ ʚ ʦʙʱʝʤ ʩʤʳʩʣʝ ʵʪʦ ʩʦʮʠʘʣʴʥʦ-

ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʦʯʝʪʘʥʠʠ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ 

ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ.ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ [2]. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʯʥʦʛʦ 

ʪʝʨʤʠʥʘ ʠʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʮʠʬʨʦʚʠʟʘʮʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʜʘʥʥʳʭ ʩʦʙʨʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ, ʤʘʰʠʥ, ʘʵʨʦ- ʠʣʠ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ. 

ʆʙʨʘʙʦʪʢʘ ʵʪʠ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʘʤʠ ʚ ʮʝʧʦʯʢʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʝʨʝʨʘʙʦʪʢʘ ʠ ʩʙʳʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ [3].  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ ʦʪʥʦʩʷʪ: ʩʝʥʩʦʨʳ, ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ (IoT), ʪʦʯʥʦʝ ʟʝʤʣʝʜʝʣʠʝ ʠ ʫʤʥʘʷ ʬʝʨʤʘ, 

ɹʇʃɸ, ʙʝʩʧʠʣʦʪʥʘʷ ʩʝʣʴʭʦʟʪʝʭʥʠʢʘ, ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ, ʙʣʦʢʯʝʡʥ ʠ ʜʨ [3,4,5]. 

ɺʥʝʜʨʝʥʠʝ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝ ʪʦʣʴʢʦ ʜʘʣʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʦ ʠ ʩʦʟʜʘʣʦ ʧʨʝʜʧʦʩʳʣʢʠ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʧʦʜʭʦʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʝʣʴʭʦʟ ʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʢʦʥʮʝʧʮʠʡ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʠʩʪʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [3,5,6]. 

ʂʥʠʤʤʦʞʥʦʦʪʥʝʩʪʠ:Farming-as-a-Service, h ʝʨʠʥʛʩʝʣʴʭʦʟʪʝʭʥʠʢʠ, Urban Farming, Decision 

Agriculture ʠʜʨ.  

ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʥʝʜʨʷʝʤʳʝ ʚ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʜʘʥʥʳʭ, ʩʦʙʠʨʘʝʤʳʭ ʩ ʧʦʣʝʡ, ʬʝʨʤ, ʪʝʧʣʠʮ, ʪʝʭʥʠʢʠ, ʞʠʚʦʪʥʳʭ, ʘ ʪʘʢʞʝ 

ʣʶʜʝʡ. ɼʘʥʥʳʝ ʩʦʙʠʨʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ ʠ ʯʝʨʝʟ ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʧʝʨʝʜʘʶʪʩʷ ʚ 

ʮʝʥʪʨʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʜʣʷ ʠʭ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʨʥʝʪʘ 

ʚʝʱʝʡ (IoT) ʧʨʦʮʝʩʩ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʦʩʪʝʧʝʥʥʦ ʧʨʠʦʙʨʝʪʘʝʪ ʬʦʨʤʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʢʨʫʛʣʦʩʫʪʦʯʥʦʛʦ ʩʝʪʝʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʷ ʠʟʜʝʨʞʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ [7]. 

ʂʦʥʮʝʧʮʠʷ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (Internet of Things - IoT) ʨʘʟʚʠʣʘʩʴ ʢʘʢ ʨʘʩʰʠʨʝʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (RFID) ʠ 

ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʣʠʜʠʨʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʇʨʦʩʪʳʤʠ ʩʣʦʚʘʤʠ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ ï ʵʪʦ ʩʝʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʜʘʪʯʠʢʦʚ, 

ʧʨʠʙʦʨʦʚ ʠʣʠ ʘʧʧʘʨʘʪʦʚ) ʧʦʜʢʣʶʯʸʥʥʳʭ ʢ ʠʥʪʝʨʥʝʪʫ ʠ ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʦʙʤʝʥʠʚʘʪʴʩʷ 

ʜʘʥʥʳʤʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʢʘʢ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʘʢ ʠ ʩ ʮʝʥʪʨʘʤʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ.  

ʉʬʝʨʳ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ ʨʘʩʰʠʨʷʝʪʩʷ ʠ 

ʠʤʝʝʪ ʦʯʝʥʴ ʭʦʨʦʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ [7]. ɺ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ 

(IoT) ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʢʦʥʮʝʧʮʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ ʢʘʢ ʪʦʯʥʦʝ 
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ʟʝʤʣʝʜʝʣʠʝ, ʫʤʥʘʷ ʬʝʨʤʘ, ʙʝʩʧʠʣʦʪʥʘʷ ʩʝʣʴʭʦʟʪʝʭʥʠʢʘ, ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ,Farming-as-a-

Service, Urban Farming ʠ ʜʨ.  

ɿʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʦʧʫʙʣʠʢʦʚʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʸʥʥʳʭ ʧʨʠʤʝʥʝʥʠʶ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʷʪʩʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ. ʊʘʢ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [9] ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʠ IoT ʜʣʷ 

ʩʠʩʪʝʤʳ ʧʦʣʠʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʈʝʟʫʣʴʪʘʪʳ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ IoT ʪʝʭʥʦʣʦʛʠʷ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʘ ʚ ʧʣʘʥʝ ʵʢʦʥʦʤʠʠ ʚʦʜʳ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ. 

ʀʩʧʦʣʴʟʫʷ ʛʣʦʙʘʣʴʥʫʶ ʩʝʪʴ ʜʘʣʴʥʝʛʦ ʜʝʡʩʪʚʠʷ (LoRaWAN) ʠ ʤʘʣʦʤʦʱʥʫʶ ʛʣʦʙʘʣʴʥʫʶ 

ʩʝʪʴ (LPWAN), ʤʦʞʥʦ ʨʘʟʚʝʨʥʫʪʴ ʥʝʜʦʨʦʛʫʶ ʠ ʣʝʛʢʦ ʚʥʝʜʨʷʝʤʫʶ ʩʠʩʪʝʤʫ IoT ʜʣʷ 

ʪʦʯʥʦʛʦ ʦʨʦʰʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʥʦ ʯʪʦ ʩʝʪʴ LoRaWAN 

ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʫʶ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 10 ʢʤ. ʉ ʫʯʝʪʦʤ ʥʘʰʠʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʘʥʥʳʡ ʦʧʳʪ ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʧʦʣʝʟʥʳʤ.  

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [10] ʨʘʟʨʘʙʦʪʘʣʠ ʠ ʚʥʝʜʨʠʣʠ ʩʝʨʚʠʩʥʫʶ ʩʠʩʪʝʤʥʫʶ ʧʣʘʪʬʦʨʤʫ ʥʘ 

ʦʩʥʦʚʝ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT) ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʬʠʮʠʪʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʨʘʩʪʝʥʠʷʭ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ.  

ʍʘʩʠʙʫʨ ʈʘʭʤʘʥ ʍ. ʠ ʜʨ. [11] ʨʘʟʨʘʙʦʪʘʣʠ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʛʨʠʙʥʦʡ ʬʝʨʤʳ 

ʥʘ ʦʩʥʦʚʝ IoT ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʩ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ 

ʚʳʷʚʣʷʪʴ ʷʜʦʚʠʪʳʝ ʛʨʠʙʳ ʩʨʝʜʠ ʚʳʨʘʱʠʚʘʝʤʳʭ ʥʘ ʬʝʨʤʝ ʛʨʠʙʦʚ.  

ʊʝʭʥʦʣʦʛʠʷ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʧʨʠʤʝʥʠʤʘ ʥʝ ʪʦʣʴʢʦ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ. ʊʘʢ ʘʚʪʦʨʳ 

ʨʘʙʦʪʳ [12] ʚʥʝʜʨʠʣʠ ʩʠʩʪʝʤʫ ʫʜʘʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʥʘ ʬʝʨʤʝ ʧʦ 

ʚʳʨʘʱʠʚʘʥʠʶ ʨʳʙ. ʇʨʠ ʵʪʦʤ ʢʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʥʝʧʨʝʨʳʚʥʦ ʠ ʩʪʘʙʠʣʴʥʦ ʙʝʟ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. 

ɺʩʝʩʪʦʨʦʥʥʠʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʩʜʝʣʘʥ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [7]. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʘʚʪʦʨʳ ʩʜʝʣʘʣʠ ʦʙʟʦʨ 

ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ IoT, ʦʙʩʫʞʜʝʥʳ ʢʣʶʯʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʚʳʷʚʣʝʥʳ ʧʨʦʙʣʝʤʳ ʠ ʧʦʢʘʟʘʥʳ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ (ʨʠʩ. 1).  

ʊʘʢ ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʤʦʥʠʪʦʨʠʥʛ ʠʥʬʦʨʤʘʮʠʠ ʦ ʞʠʚʦʪʥʳʭ ʧʦʤʦʞʝʪ ʬʝʨʤʝʨʫ 

ʪʦʯʥʝʝ ʟʥʘʪʴ ʠʭ ʩʦʩʪʦʷʥʠʝ ʠ ʚʦʚʨʝʤʷ ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ. ʅʘʧʨʠʤʝʨ, ʨʘʩʧʦʣʦʞʠʚ ʚ ʦʰʝʡʥʠʢʝ 

ʞʠʚʦʪʥʳʭ ʧʫʣʴʩʦʢʩʠʤʝʪʨ, ʜʘʪʯʠʢʠ ʜʳʭʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ 

GPS ʤʦʜʫʣʷ ʤʦʞʥʦ ʦʧʝʨʘʪʠʚʥʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʙʦʣʝʟʥʠ ʩʪʘʜʘ ʢʨʫʧʥʦʨʦʛʘʪʦʛʦ ʩʢʦʪʘ (ʨʠʩ. 

2). ɸʥʘʣʦʛʠʯʥʦ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ ʩʠʩʪʝʤʳ IoT ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʢʘʢ 

ʦʪʜʝʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʪʘʢ ʧʦʩʝʚʘ ʚ ʮʝʣʦʤ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ IoT ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ [7] 

 

ʉʠʩʪʝʤʘ IoT ʧʨʠʤʝʥʠʤʘ ʪʘʢʞʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʝʣʴʭʦʟ ʪʝʭʥʠʢʠ ʚ ʪʦʤ ʯʠʩʣʝ 

ʙʝʟʧʠʣʦʪʥʦʡ. ʇʨʠ ʵʪʦʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʝʣʴʭʦʟ ʪʝʭʥʠʢʘ ʥʝ ʪʦʣʴʢʦ ʧʨʦʚʦʜʠʪ 
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ʩʪʘʥʜʘʨʪʥʳʝ ʦʧʝʨʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʧʦʩʝʚ, ʦʧʨʳʩʢʠʚʘʥʠʝ ʠʣʠ ʫʙʦʨʢʘ ʫʨʦʞʘʷ, ʥʦ ʠ ʩʦʙʠʨʘʪʴ 

ʜʘʥʥʳʝ ʦ ʧʦʯʚʝ, ʚʣʘʞʥʦʩʪʠ, ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ, ʯʪʦ ʥʝʩʦʤʥʝʥʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ 

ʪʝʭʥʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ ʜʣʷ ʪʦʯʥʦʛʦ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʝʤʣʝʜʝʣʠʷ.   

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [7] ʚʳʷʚʣʝʥʳ ʧʨʦʙʣʝʤʳ ʠ ʦʙʦʟʥʘʯʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ 

ʩʠʩʪʝʤ IoT ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ʊʘʢ ʧʦ ʠʭ ʜʘʥʥʳʤ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʩʠʩʪʝʤ IoT ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʩʣʝʜʫʶʱʠʝ:  

- ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʫʨʦʚʥʝʡ ʠʣʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ 

ʤʘʰʠʥ, ʘ ʜʣʷ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ; 

- ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ ʜʘʪʯʠʢʦʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ; 

- ʧʨʦʙʣʝʤʘ ʠʥʪʝʨʥʝʪ-ʩʚʷʟʠ. 

 

  

ʈʠʩʫʥʦʢ 2 ï ʄʦʥʠʪʦʨʠʥʛ ʠʥʬʦʨʤʘʮʠʠ ʦ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʷʭ [7] 

 

ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʧʦ ʮʠʬʨʦʚʠʟʘʮʠʠ ɸʇʂ 

ʥʝʦʙʭʦʜʠʤʦ ʩʣʝʜʫʶʱʝʝ: 

- ʧʦʩʪʨʦʝʥʠʝ ʦʪʢʨʳʪʳʭ ʘʨʭʠʪʝʢʪʫʨ IoT ʩʠʩʪʝʤ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʝʜʠʥʳʝ ʩʪʘʥʜʘʨʪʳ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ; 

- ʰʠʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ 5G, ʚʠʨʪʫʘʣʴʥʦʡ ʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʡ ʩʝʪʠ ʧʦʣʝ-ʪʝʭʥʠʢʘ-ʧʨʦʜʫʢʪ-ʢʘʯʝʩʪʚʦ-ʩʙʳʪ. 

ʉʣʝʜʫʶʱʝʡ ʦʯʝʥʴ ʚʘʞʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɹʇʃɸ (ʙʝʟʧʠʣʦʪʥʳʡ ʣʝʪʘʣʴʥʳʡ 

ʘʧʧʘʨʘʪ). ɺʩʝʩʪʦʨʦʥʥʠʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʇʃɸ ʧʨʦʚʝʜʝʥ ʘʚʪʦʨʘʤʠ 

ʨʘʙʦʪʳ [14]. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʧʦ 

ʚʩʝʤʫ ʤʠʨʫ, ʦʥʠ ʧʦʢʘʟʘʣʠ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ɹʇʃɸ (ʜʨʦʥʦʚ) ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ:  

- ʇʦʚʳʰʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 
ʟʦʥʜʠʨʦʚʘʥʠʷ; 

- ʇʦʜʜʝʨʞʢʘ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ; 

- ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʨʘʟʚʝʜʢʘ ʩʝʣʴʭʦʟʢʫʣʴʪʫʨ; 

- ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʜʦʙʨʝʥʠʡ; 

- ʆʮʝʥʢʘ ʙʠʦʤʘʩʩʳ;  

- ʋʤʝʥʴʰʝʥʠʝ ʦʧʘʩʥʦʩʪʠ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ; 

- ʆʮʝʥʢʘ ʚʦʜʥʦʛʦ ʩʪʨʝʩʩʘ;  

- ʆʙʥʘʨʫʞʝʥʠʝ ʚʨʝʜʠʪʝʣʝʡ, ʩʦʨʥʷʢʦʚ ʠ ʙʦʣʝʟʥʝʡ. 

ʊʘʢʞʝ ʧʦʢʘʟʘʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʢʠ ɹʇʃɸ, 

ʩʘʤʦʣʝʪʦʚ ʠ ʩʧʫʪʥʠʢʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʝʨʝʯʠʩʣʝʥʳ ʙʘʨʴʝʨʳ ʠ ʦʛʨʘʥʠʯʝʥʠʷ 

ʧʨʠʤʝʥʝʥʠʷ ɹʇʃɸ (ʪʘʙʣʠʮʘ 1) [14]. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʪʘʥʦʚʠʪʩʷ 
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ʷʩʥʦ ʯʪʦ ʜʨʦʥʳ ʠʟ ʛʦʜʘ ʚ ʛʦʜ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩ 

ʰʠʨʦʯʘʡʰʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʊʘʢ ʧʦ ʜʘʥʥʳʤ ʘʚʪʦʨʦʚ ʨʘʙʦʪʳ [15] ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʩʪʘʜʦʤ 

ʩ ʧʦʤʦʱʴʶ ʜʨʦʥʦʚ ʛʦʨʘʟʜʦ ʚʳʛʦʜʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GPS ʪʨʝʢʝʨʦʚ 

(ʩʠʩʪʝʤʘ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ), ʧʨʠʯʝʤ ʜʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʛʦ, ʜʚʫʭ 

ʠʟʦʙʨʘʞʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʦʩʦʙʝʡ ʠ ʩʪʘʜʘ ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ ʠʭ ʘʢʪʠʚʥʦʩʪʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 78,3%. 

ɽʱʝ ʙʦʣʝʝ ʨʝʟʫʣʴʪʘʪʠʚʥʳʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʦʥʦʚ ʚ ʢʦʦʧʝʨʘʪʠʚʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʘʢ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʘʢ ʠ ʩ ʥʘʟʝʤʥʦʡ ʪʝʭʥʠʢʦʡ (ʨʠʩ. 3) [16].  

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʂʦʦʧʝʨʘʪʠʚʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʜʨʦʥʦʚ 

(ʘ) ʦʜʥʦʨʘʥʛʦʚʘʷ; (ʙ) ʚʝʜʫʱʠʡ-ʚʝʜʦʤʳʡ; ʩ) ʢʦʤʘʥʜʥʳʝ ʨʦʙʦʪʳ 
 

ʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʡ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʜʨʦʥʦʚ, ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ɻʀʉ (ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ), ʙʝʟʧʠʣʦʪʥʦʡ ʪʝʭʥʠʢʠ, 

ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʮʠʬʨʦʚʳʭ ʧʣʘʪʬʦʨʤ. ʅʘ ʦʩʥʦʚʝ ʪʘʢʠʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʰʝʥʠʡ ʚʦʟʥʠʢʣʠ ʠ ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʥʘ ʧʨʘʢʪʠʢʝ ʪʘʢʠʝ ʢʦʥʮʝʧʮʠʠ ʢʘʢ 

ʪʦʯʥʦʝ ʟʝʤʣʝʜʝʣʠʝ, ʫʤʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, Farming-as-a-Service (FaaS) ʠ ʜʨ.  

ʂʦʥʮʝʧʮʠʷ Farming-as-a-Service (FaaS) ʪʦ ʝʩʪʴ ʚ ʙʫʢʚʘʣʴʥʦʤ ʧʝʨʝʚʦʜʝ ʌʝʨʤʝʨʩʪʚʦ 

ʢʘʢ ʫʩʣʫʛʘ - ʜʦʩʪʘʪʦʯʥʦ ʥʦʚʳʡ ʧʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ ʦʙʲʝʜʠʥʝʥʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠ 

ʢʦʤʤʝʨʯʝʩʢʠʝ ʩʝʨʚʠʩʳ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʬʠʥʘʥʩʦʚʳʝ, ʩʪʨʘʭʦʚʳʝ, ʣʦʛʠʩʪʠʯʝʩʢʠʝ 

ʫʩʣʫʛʠ, ʚ ʢʦʪʦʨʦʤ ʦʧʣʘʪʘ ʟʘ ʫʩʣʫʛʠ ʠʣʠ ʧʨʦʜʫʢʪʳ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʦ ʧʦʜʧʠʩʢʝ ʠʣʠ ʧʦ 

ʬʘʢʪʫ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [5].  

ʋʤʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʦʩʥʦʚʘʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʝʨʤʝʨʘʤʠ ʩʘʤʳʭ ʨʘʟʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʪʝʨʴ ʫʨʦʞʘʷ ʠ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʨʠʩ. 4) [8].  
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ʈʠʩʫʥʦʢ 4 ï ʂʦʥʮʝʧʮʠʷ çʋʤʥʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘè 

 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [8] ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʫʤʥʦʛʦ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ IoT ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʰʝʩʪʠ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʫʨʦʚʥʝʡ.  

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʐʝʩʪʠʫʨʦʚʥʝʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT) [8] 

 

 

ʊʘʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʫʤʥʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ ʚ ʠʭ ʮʝʣʦʩʪʥʦʡ 

ʚʟʘʠʤʦʩʚʷʟʠ [8].  

ʎʠʬʨʦʚʠʟʘʮʠʷ ɸʇʂ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʪʘʢʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʢʘʢ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ (ɻʀʉ), ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʩ 

ʧʦʤʦʱʴʶ ɹʇʃɸ ʠʣʠ ʩʧʫʪʥʠʢʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ɺ ʨʘʙʦʪʝ [17] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʚʢʣʶʯʘʷ 

ʤʫʣʴʪʠ- ʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʨʘʜʘʨʥʳʝ ʠ ʣʠʜʘʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʦʢʘʟʘʥʦ ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ ʧʦʩʝʚʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʥʥʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʩʧʫʪʥʠʢʘ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ (SAR) 

ʧʦʢʘʟʘʥʳ ʚ ʨʘʙʦʪʝ [18]. ʅʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʳʭ SAR ʚʩʝ ʝʱʝ ʦʩʪʘʶʪʩʷ ʥʠʟʢʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ.  

ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ɹʇʃɸ ʜʣʷ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʧʦʩʝʚʦʚ ʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʨʘʩʪʝʥʠʡ ʧʨʦʚʝʜʝʥ ʚ ʨʘʙʦʪʝ [19]. ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʜʨʦʥʦʚ ʜʣʷ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʘʣʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʦʛʨʘʥʠʯʝʥʥʘʷ ʜʘʣʴʥʦʩʪʴ ʠʭ ʧʦʣʝʪʦʚ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʜʨʦʥʳ ʤʦʛʫʪ ʩʪʘʪʴ ʥʘʠʣʫʯʰʠʤ ʠʩʪʦʯʥʠʢʦʤ ʜʘʥʥʳʭ ʜʣʷ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ.  
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ɺʦʧʨʦʩʘʤ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʬʝʨʤ ʠʣʠ ʩʝʣʴʭʦʟ ʧʨʝʜʧʨʠʷʪʠʡ 

ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ [20, 21]. ʎʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ ï ʵʪʦ ʥʦʚʝʡʰʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ɸʇʂ ʠ ʷʚʣʷʝʪʩʷ ʣʦʛʠʯʝʩʢʠʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʫʤʥʦʛʦ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ. ɺ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʩʷ ʢʦʧʠʷ ʩʝʣʴʭʦʟ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʚʠʨʪʫʘʣʴʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ 

ʦʪʜʝʣʷʶʪʩʷ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, ʪʦ ʝʩʪʴ ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ ʯʝʣʦʚʝʢʘ. ʇʨʠ ʵʪʦʤ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʜʘʥʥʳʝ ʠʟ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʚ ʧʦʣʝ 

ʥʝʚʦʟʤʦʞʥʦ ʫʚʠʜʝʪʴ (ʥʘʧʨʠʤʝʨ, ʥʝʜʦʩʪʘʪʦʢ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠʣʠ ʧʨʦʛʥʦʟ ʧʨʠʨʦʩʪʘ 

ʙʠʦʤʘʩʩʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ). ʇʦʢʘ ʚ ʤʠʨʝ ʥʝʤʥʦʛʦ ʧʨʠʤʝʨʦʚ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʥʦ ʪʝʤ ʥʝ ʤʝʥʝʝ ʧʦ ʦʮʝʥʢʘʤ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʯʝʥʴ ʙʦʣʴʰʠʝ.  

ɺ ʮʠʬʨʦʚʠʟʘʮʠʠ ɸʇʂ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ (BigData), ʘʚʪʦʥʦʤʥʦʡ ʪʝʭʥʠʢʠ ʠ ʨʦʙʦʪʦʚ, 

ʮʠʬʨʦʚʳʭ ʧʣʘʪʬʦʨʤ, ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʝʭʥʦʣʦʛʠʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, ʙʣʦʢʯʝʡʥ ʠ ʪ.ʜ. ʈʘʤʢʠ ʦʙʲʝʤʘ ʩʪʘʪʴʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʭʚʘʪʠʪʴ 

ʚʝʩʴʤʘ ʦʙʰʠʨʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʥʦʚʝʡʰʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʚʥʝʜʨʷʝʤʳʭ ʚ ʩʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʨʫʜʥʦʩʪʠ ʮʠʬʨʦʚʠʟʘʮʠʷ ɸʇʂ ʚ ʂʘʟʘʭʩʪʘʥʝ ʠʜʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ. ɺʥʝʜʨʝʥʳ ʠ ʨʘʟʚʠʚʘʶʪʩʷ ʪʘʢʠʝ ʮʠʬʨʦʚʳʝ ʧʣʘʪʬʦʨʤʳ ʢʘʢ digitalkz.kz 

ʠ qoldau.kz ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʠʬʨʦʚʳʭ ʫʩʣʫʛ ʜʣʷ ʩʝʣʴʭʦʟ 

ʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʢʘʨʪʘ ʩʝʣʴʭʦʟʫʛʦʜʠʡ ʂʘʟʘʭʩʪʘʥʘ. 

ʇʨʠʤʝʨʳ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʂʘʟʘʭʩʪʘʥʝ (ʪʘʙʣ. 2) [22]. 
 

ʊʘʙʣʠʮʘ 2 ï ʊʝʤʧʳ ʚʥʝʜʨʝʥʠʷ ʩʤʘʨʪ-ʬʝʨʤ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 

2018 ʛʦʜ [22] 

 

ʈʝʛʠʦʥʳ / ʦʙʣʘʩʪʠ ʇʝʨʝʜʦʚʳʝ ʬʝʨʤʳ ʎʠʬʨʦʚʳʝ ʬʝʨʤʳ 

ʂʫʩʪʘʥʘʡʩʢʘʷ  2 5 

ɸʣʤʘʪʠʥʩʢʘʷ 3 1 

ʂʘʨʘʛʘʥʜʠʥʩʢʘʷ 2 3 

ʊʫʨʢʝʩʪʘʥʩʢʘʷ  5 4 

ɸʢʤʦʣʠʥʩʢʘʷ 6 3 

ʇʘʚʣʦʜʘʨʩʢʘʷ 11 - 

ʂʳʟʳʣʦʨʜʠʥʩʢʘʷ 1 - 

ɸʢʪʶʙʠʥʩʢʘʷ 4 - 

ʉʝʚʝʨʦ-ʂʘʟʘʭʩʪʘʥʩʢʘʷ  12 - 

ɿʘʧʘʜʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʘʷ 7 - 

ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʘʷ 1 - 

ɾʘʤʙʳʣʩʢʘʷ 2 - 

ɸʪʳʨʘʫʩʢʘʷ 2 - 

ʄʘʥʛʠʩʪʘʫʩʢʘʷ - - 

ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 58 16 

 

 

çʆʣʞʘ ʉʘʜʯʠʢʦʚʩʢʦʝè ï ʢʦʤʧʘʥʠʷ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʘʷʩʷ ʥʘ ʨʘʟʚʝʜʝʥʠʠ ʤʦʣʦʯʥʳʭ 

ʧʦʨʦʜ ʂʈʉ ʠ ʚʳʨʘʱʠʚʘʥʠʠ ʟʝʨʥʦʚʳʭ ʠ ʟʝʨʥʦʙʦʙʦʚʳʭ ʢʫʣʴʪʫʨ. 2019 ʛ. ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʧʘʥʠʡ SmartAgro ʠ Kaztechinnovations ʙʳʣʘ ʚʥʝʜʨʝʥʘ ʩʠʩʪʝʤʘ çɸʛʨʦʘʥʘʣʠʪʠʢʘ-IoTè. 

ʊʆʆ çʊʝʨʨʘè ï ʦʜʠʥ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʧʣʝʤʝʥʥʳʭ ʨʝʧʨʦʜʫʢʪʦʨʦʚ ʠ ʦʪʢʦʨʤʦʯʥʳʭ 

ʧʣʦʱʘʜʦʢ ʚ ʂʘʟʘʭʩʪʘʥʝ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʭʦʟʷʡʩʪʚʝ ʚʥʝʜʨʝʥʳ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ 
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ʮʠʬʨʦʚʠʟʘʮʠʠ: ʪʝʭʥʦʣʦʛʠʷ ʙʠʨʢʦʚʘʥʠʷ RFID; ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʢʦʨʤʣʝʥʠʷ; ʚʳʙʨʘʢʦʚʢʘ 

ʥʝʵʬʬʝʢʪʠʚʥʳʭ ʞʠʚʦʪʥʳʭ; ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ.  

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʙʘʚʢʝ 122 ʪ ʤʷʩʘ ʟʘ ʛʦʜ ʠ ʵʢʦʥʦʤʠʠ 10% 

ʥʘ ʢʦʨʤʘʭ. 

ʊʆʆ çɹʦʙʨʦʚʢʘ+ ʚ ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʆʙʦʨʫʜʦʚʘʥʘ ʰʚʝʜʩʢʦʡ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʩʪʘʜʦʤ "ɼʝʃʘʚʘʣʴ", 

ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʦʠʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʧʦʟʚʦʣʷʝʪ ʩʣʝʜʠʪʴ ʟʘ ʟʜʦʨʦʚʴʝʤ ʢʨʫʧʥʦʛʦ 

ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʤʷʩʦʤʦʣʦʯʥʳʭ ʧʦʨʦʜ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ ʫʭʦʜʘ ʟʘ 

ʞʠʚʦʪʥʳʤʠ. ʇʨʦʝʢʪ ʨʘʩʩʯʠʪʘʥ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ 360 ʛʦʣʦʚ ʩʢʦʪʘ [22]. 

ɿʘʢʣʶʯʝʥʠʝ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ 

ʧʨʦʠʟʦʰʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʝʨʝʤʝʥʳ. ʈʦʩʪ ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ, ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, 

ʫʭʫʜʰʝʥʠʝ ʵʢʦʣʦʛʠʠ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʫʜʦʨʦʞʘʥʠʝ ʠ ʜʝʬʠʮʠʪ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʙʦʣʴʰʠʥʩʪʚʦ ʩʪʨʘʥ ʤʠʨʘ ʚʳʙʨʘʣʠ ʧʫʪʴ ʢ ʩʫʚʝʨʝʥʠʟʘʮʠʠ ʩʚʦʠʭ ʵʢʦʥʦʤʠʢ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ 

ʧʝʨʝʩʤʦʪʨʫ ʧʘʨʘʜʠʛʤ ʚ ʦʙʣʘʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʧʦʠʩʢʫ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʬʦʨʤ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʜʣʷ 

ʂʘʟʘʭʩʪʘʥʘ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʪʨʘʩʣʠ ʩ 

ʚʥʝʜʨʝʥʠʝʤ ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʚʥʝʜʨʷʶʪʩʷ ʦʯʝʥʴ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ. 

ʅʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʣʦʛʠʯʥʦ ʧʨʠʚʝʣʦ ʢ ʨʦʩʪʫ 

ʢʦʥʢʫʨʝʥʮʠʠ ʤʝʞʜʫ ʥʠʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʠʩʢʫ ʥʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʠ ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʟ ʛʦʜʘ ʚ ʛʦʜ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʜʝʰʝʚʳʤʠ ʠ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʩʨʝʜʥʠʭ, ʘ ʠʥʦʛʜʘ ʜʘʞʝ ʤʝʣʢʠʭ 

ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ.  

ʅʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʨʷʜ ʧʨʝʧʷʪʩʪʚʠʡ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʘʤʦʝ 

ʢʨʠʪʠʯʥʦʝ ʠʟ ʥʠʭ ʵʪʦ ʮʠʬʨʦʚʘʷ ʛʨʘʤʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʨʠʙʦʨʥʘʷ ʯʘʩʪʴ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʪʦʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝ ʜʦʨʦʛʦ, ʯʝʛʦ ʥʝ ʩʢʘʞʝʰʴ ʦ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ. ɼʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʟʘʢʫʧʘʪʴ 

ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ, ʧʨʠ ʯʝʤ ʝʞʝʛʦʜʥʦ ʧʨʦʜʣʝʚʘʪʴ ʣʠʮʝʥʟʠʠ ʥʘ ʥʠʭ. ʊʘʢʠʝ ʟʘʪʨʘʪʳ ʤʦʛʫʪ 

ʩʝʙʝ ʧʦʟʚʦʣʠʪʴ ʪʦʣʴʢʦ ʢʨʫʧʥʳʝ ʬʝʨʤʝʨʩʢʠʝ ʭʦʟʷʡʩʪʚʘ. ʇʦʵʪʦʤʫ ʩʘʤʦʡ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

ʥʘ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ IT ʩʧʝʮʠʘʣʠʩʪʦʚ.  
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1
ϧʦʨϨʳʪ ɸʪʘ ʘʪʳʥʜʘϤʳ ϧʳʟʳʣʦʨʜʘ ʫʥʠʚʝʨʩʠʪʝʪʽ, ϧʳʟʳʣʦʨʜʘ Ϩ., ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ 

2
ɾϸϬʛʽʨ ʭʘʥ ʘʪʳʥʜʘϤʳ ɹʘʪʳʩ ϧʘʟʘϨʩʪʘʥ ʘʛʨʘʨʣʳϨ-ʪʝʭʥʠʢʘʣʳϨ ʫʥʠʚʝʨʩʠʪʝʪʽ, 

ʆʨʘʣ Ϩ., ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ 

 

ɸשʜʘʪʧʘ. ʄʘץʘʣʘʜʘ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʩʘʣʘʩʳʥ ʮʠʬʨʣʳץ ʪʨʘʥʩʬʦʨʤʘʮʠʷʣʘʫ ʧʨʦʮʝʩʽʥʜʝ 

ʝʥʛʽʟʽʣʝʪʽʥ ᴅʨʪװʨʣʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɿʘʪʪʘʨ ʠʥʪʝʨʥʝʪʽ (IoT), ʩʤʘʨʪ-ʬʝʨʤʘʣʘʨ, ʇױɸ, 

 ʤʢʽʥʜʽʢʪʝʨʽ ʤʝʥ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳװʤ שʪʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳץʪʘʥ ʟʦʥʜʳʣʘʫ ʩʠʷץʪʳץʘʰʳץ

ʢᴇʨʩʝʪʽʣʛʝʥ. ɹײʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʰʘʨʫʘʰʳʣʳץʪʘסʳ װʜʝʨʽʩʪʝʨʜʽ ʞᴅʥʝ ʦʥʳ ʙʘʩץʘʨʫʜʳ 

ʦשʪʘʡʣʘʥʜʳʨʫסʘ, ʝשʙʝʢ ᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ, ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʫסʘ, ʩʘʣʘʥʳש ʙᴅʩʝʢʝʛʝ 

 ʘסʩʘʨʪʫץʠʤʳʣʜʳ ʞʘץ-ʜʝʫ-ʩʘʪʫ ʪʽʟʙʝʛʽʥʜʝʛʽ ᴇʟʘʨʘ ʽʩשᴇʥʜʽʨʽʩ-ᴇ ץʘ, ʩʦʥʜʘʡ-ʘסʘʙʽʣʝʪʪʽʣʽʛʽʥ ʘʨʪʪʳʨʫץ

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. Farming-as-a-Service ʞᴅʥʝ ʬʝʨʤʘʥʳש ʮʠʬʨʣʳץ ʢᴇʰʽʨʤʝʩʽ ʪᴅʨʽʟʜʝʩ 

ʮʠʬʨʣʘʥʜʳʨʫʜʳש ʞʘשʘ ʪײʞʳʨʳʤʜʘʤʘʣʘʨʳʥʳש ʤװʤʢʽʥʜʽʢʪʝʨʽ ʤʝʥ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳ 

 .ʤʳʩʘʣʜʘʨʳ ʢᴇʨʩʝʪʽʣʜʽ שʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʘʥ ʮʠʬʨʣʳץʩʪʘʥʜʘ ʝʥʛʽʟʽʣʽʧ ʞʘʪץʘʟʘפ .ʘʨʘʩʪʳʨʳʣʜʳץ

ʎʠʬʨʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʞʳʣʜʘʤ ʜʘʤʫʳ ʤʝʥ ץʦʣʞʝʪʽʤʜʽʣʽʛʽʥʽש ᴇʩʫʽʥ ʥʘʟʘʨסʘ ʘʣʘ 

ʦʪʳʨʳʧ, ʝש ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʝʥʛʽʟʫ ʥʝʛʽʟʽʥʜʝ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʩʘʣʘʩʳʥ ʞʘסשʳʨʪʫ 

 IT ʤʘʤʘʥʜʘʨʳʥ ץʘʪʘʨ, ʦʪʘʥʜʳץ ʙʽʨʽ ʙʦʣʳʧ ʦʪʳʨ. ʉʦʥʳʤʝʥ שʳʟʜʳ ʤᴅʩʝʣʝʥʽשʰʽʥ ᴇʪʝ ʤʘװ ʩʪʘʥץʘʟʘפ

ʜʘʷʨʣʘʫ װʰʽʥ ʞʘסʜʘʡ ʞʘʩʘʫ ᴇʟʝʢʪʽ ʤʽʥʜʝʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʊϮʡʽʥ ʩϺʟʜʝʨ: ʮʠʬʨʣʘʥʜʳʨʫ,  ʮʠʬʨʣʳϨ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳϤʳ, ʙϸʩʝʢʝʛʝ Ϩʘʙʽʣʝʪʪʽʣʽʢ, ʥʘϨʪʳ 

ʘʫʳʣ ʰʘʨʫʘʰʳʣʳϤʳ, ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ, ʤʘʰʠʥʘʣʳϨ ʦϨʳʪʫ, ʮʠʬʨʣʳϨ ʝʛʽʟʜʝʨ, ʙʣʦʢʯʝʡʥ 
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Annotation. The article discusses various technologies introduced into agriculture in the process 

of digital transformation of the industry. The possibilities and prospects of such technologies as the 

Internet of Things (IoT), smart farms, UAVs, remote sensing are shown. These technologies make it 

possible to optimize technological processes and management, increase labor productivity, reduce costs, 

increase the competitiveness of the industry, as well as improve interaction in the production-processing-

sales chain. The possibilities and prospects of the latest concepts of digitalization of the agro-industrial 

complex, such as digital farm twins and Farming-as-a-Service, are considered. Examples of implemented 

digital technologies in Kazakhstan are shown. 

Taking into account the rapid development and increasing availability of digital technologies, 

modernization of the agricultural sector with the introduction of the most modern technologies is vital for 

Kazakhstan. In addition, an urgent task is to create conditions for the training of domestic IT specialists. 

Keywords: digitalization,  digital agriculture, competitiveness, precision farming, artificial 

intelligence, machine learning, digital twins, blockchain. 
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ʊʆʆ çʂʘʟʘʭʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʨʠʩʦʚʦʜʩʪʚʘ ʠʤ. ʀ.ɾʘʭʘʝʚʘè, 

ʛ. ʂʳʟʳʣʦʨʜʘ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺʠʜʳ ʢʦʨʤʦʚʳʭ ʪʨʘʚ ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʚ ʂʘʟʘʭʩʪʘʥʝ ï ʞʠʪʥʷʢ ʠ ʩʫʜʘʥʩʢʘʷ 

ʪʨʘʚʘ. ɾʠʪʥʷʢ ʦʪʣʠʯʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʠʟʨʘʩʪʘʪʴ ʚ ʟʘʩʫʰʣʠʚʳʭ ʨʝʛʠʦʥʘʭ. ɽʛʦ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʷʚʣʷʝʪʩʷ ʛʣʫʙʦʢʘʷ ʢʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʢʦʨʥʷʤ ʦʥʠ ʨʘʩʪʫʪ ʚ ʨʝʛʠʦʥʘʭ ʩ ʩʫʨʦʚʳʤʠ 

ʟʠʤʘʤʠ ʠ ʦʯʝʥʴ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ, ʘ ʢʦʨʥʠ ʠ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ ʦʙʦʛʘʱʘʶʪ ʧʦʯʚʫ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ.ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʧʨʠʝʤʦʚ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʡ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ ʧʘʩʪʙʠʱ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʤʝʣʢʦ-ʜʝʣʷʥʦʯʥʦʛʦ 

ʦʧʳʪʘ ʙʳʣʠ ʚʟʷʪʳ ʩʦʨʪ ʩʦʨʪ ʣʶʮʝʨʥʳ çʊʫʨʢʝʩʪʘʥ 15è, ʩʦʨʪ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ çɸʡʣʘʥʘ 2017è, ʩʦʨʪ 

ʞʠʪʥʷʢʘ çʂʘʨʘʙʘʣʳʢʩʢʠʡ 202è ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè ʠ çʊʫʤʘʪè. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʬʝʥʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʤʝʞʬʘʟʥʳʭ ʧʝʨʠʦʜʦʚ ʫ ʟʣʘʢʦʚʳʭ 

ʪʨʘʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʠʦʧʨʝʧʘʨʘʪʘ çʊʫʤʘʪè ʩʦʩʪʘʚʣʷʣʦ 62-78 ʜʥʝʡ, ʘ ʩ ʧʨʤʝʥʝʥʠʝʤ 

çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè 59-77 ʜʥʝʡ. ɺ ʧʝʨʠʦʜ ʙʫʪʦʥʠʟʘʮʠʠ ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʡ ʚʘʨʠʘʥʪʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ 

ʊʫʤʘʪʦʤ ʠ ʇʣʘʥʪʦʙʘʢʪʝʨʠʥʦʤ, ʩʦʩʪʘʚʠʣʘ 63,1-63,9 ʩʤ, ʪ.ʝ. ʥʘ 6,8-7,6 ʩʤ ʚʳʰʝ ʢʦʥʪʨʦʣʷ. 

ʅʘʠʙʦʣʴʰʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʦʪʤʝʯʝʥʦ ʚ ʚʘʨʠʘʥʪʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʠʦʫʜʦʙʨʝʥʠʝʤ 

çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè ʫ ʣʶʮʝʨʥʳ 128/33,3 ʮ/ʛʘ; ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ 200,7/48,6 ʮ/ʛʘ ʠ ʞʠʪʥʷʢʘ 85,4/26,3 

ʮ/ʛʘ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʠ ʩʝʥʦ. ʇʨʠʤʝʥʷʝʤʳʡ ʙʠʦʫʜʦʙʨʝʥʠʷ çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè ʦʢʘʟʘʣ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʜʫʢʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʪʝʥʠʡ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʩʙʦʨ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ ʠ 

ʧʝʨʝʚʘʨʠʤʦʛʦ ʧʨʦʪʝʠʥʘ ʚ 1 ʢʛ ʩʫʭʦʡ ʤʘʩʩʳ ʩʦʩʪʘʚʠʣ ʫ ʣʶʮʝʨʥʳ 0,70/11,8, ʯʪʦ ʚʳʰʝ ʢʦʥʪʨʦʣʝ ʥʘ 

0,13/1,187. ʇʨʠ ʵʪʦʤ ʚʳʭʦʜ ʦʙʤʝʥʥʦʡ ʵʥʝʨʛʠʠ ʩ ʛʝʢʪʘʨʘ ʩʦʩʪʘʚʠʣ 10,4 ɻɼʞ/ʛʘ.    

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʩʪʙʠʱʘ, ʬʠʪʦʤʝʣʠʦʨʘʮʠʷ, ʙʠʦʧʨʝʧʘʨʘʪʳ, ʢʦʨʤʦʚʳʝ ʢʫʣʴʪʫʨʳ. 
 

ɺʚʝʜʝʥʠʝ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚʩʪʨʝʯʘʶʪʩʷ ʣʘʥʜʰʘʬʪʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʙʦʛʘʪʝʡʰʠʤ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝʤ ʥʘ ʤʠʨʦʚʦʤ ʫʨʦʚʥʝ, ʧʨʠʯʝʤ ʦʩʥʦʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʩʫʭʦʧʫʪʥʦʛʦ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʷʚʣʷʶʪʩʷ ʘʛʨʦʮʝʥʦʟ. ʋʨʦʚʝʥʴ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, 

ʧʨʠʩʫʱʠʡ ʧʘʩʪʙʠʱʥʳʤ ʫʛʦʜʴʷʤ. ʉʝʥʦʢʦʩʳ ʠ ʧʘʩʪʙʠʱʥʳʝ ʫʛʦʜʴʷ ʪʘʢʞʝ ʭʨʘʥʷʪ ʚ ʩʝʙʝ 

ʰʠʨʦʯʘʡʰʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ, ʘʜʘʧʪʠʨʦʚʘʚʰʠʭʩʷ ʢ 

ʜʦʣʛʦʩʨʦʯʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʵʚʦʣʶʮʠʦʥʥʳʭ ʩʠʣ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʤʫ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ 

ʧʘʩʪʙʠʱʥʳʭ ʫʛʦʜʠʡ. 

ʇʨʦʙʣʝʤʘ ʩʦʭʨʘʥʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ 

ʨʠʩʦʚʳʭ ʩʠʩʪʝʤ ʇʨʠʘʨʘʣʴʷ ʂʘʟʘʭʩʪʘʥʘ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʘ ʠ ʪʨʝʙʫʝʪ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ ʧʘʰʥʠ, ʚʩʝʭ ʩʚʦʡʩʪʚ 

ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. ʅʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʫ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʯʚʳ, 

ʧʦʟʚʦʣʷʶʱʫʶ ʩʣʝʜʠʪʴ ʟʘ ʦʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ, ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ 

ʠ ʨʘʩʪʝʥʠʡ ʭʠʤʠʯʝʩʢʠʤʠ ʦʩʪʘʪʢʘʤʠ, ʨʘʟʚʠʪʠʝʤ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʤʝʰʠʚʘʪʴʩʷ ʚ 

ʫʧʨʘʚʣʝʥʠʝ ʧʦʯʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʠʛʦʜʥʦʩʪʴ ʧʦʯʚʳ [1]. 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʝʣʠʦʨʘʮʠʠ ʥʠʟʢʦʧʣʦʜʦʨʦʜʥʳʭ ʧʦʯʚ ʦʯʝʥʴ ʩʝʨʴʝʟʥʦ 

ʚʣʠʷʶʪ ʥʘ ʠʭ ʧʣʦʜʦʨʦʜʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʣʳʚʘʥʠʷ ʬʠʪʦʤʝʣʠʦʨʘʥʪʥʳʭ ʢʫʣʴʪʫʨ, 
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ʧʦʤʦʛʘʶʱʠʭ ʨʝʰʠʪʴ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʤʝʣʠʦʨʘʮʠʠ ʥʠʟʢʦʧʣʦʜʦʨʦʜʥʳʭ ʧʦʯʚ, ʟʘʤʝʥʠʪʴ 

ʧʦʛʣʦʱʝʥʥʳʝ ʠʦʥʳ ʥʘʪʨʠʷ ʚ ʢʦʣʣʦʠʜʘʭ ʠ ʛʫʤʫʩʝ ʵʪʠʭ ʧʦʯʚ ʠʦʥʘʤʠ ʢʘʣʴʮʠʷ, 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʥʦʚʳʡ ʟʘʧʘʩ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ [2] . 

ʉʘʤʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʘʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʘʩʪʙʠʱ ʷʚʣʷʶʪʩʷ ʬʠʪʦʨʝʤʝʜʠʘʮʠʷ. 

ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ ʬʠʪʦʤʝʣʠʦʨʘʮʠʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ 

ʘʛʨʦʢʫʣʴʪʠʚʘʮʠʷ. ɸʛʨʦʧʦʣʝʚʦʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʪʨʘʚʷʥʠʩʪʳʝ ʨʘʩʪʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʫʥʠʯʪʦʞʝʥʳ, ʚ ʦʯʝʥʴ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ (ʜʚʘ-ʪʨʠ ʛʦʜʘ). ʅʘʫʯʥʦʡ ʦʩʥʦʚʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʤʝʣʠʦʨʘʮʠʠ ʧʘʩʪʙʠʱ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: 

ʥʝʟʘʚʝʨʰʝʥʥʦʩʪʴ ʙʠʦʛʝʦʮʝʥʦʟʦʚ; ʟʘʧʦʣʥʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʠʰ; ʚʟʘʠʤʦʜʦʧʦʣʥʷʝʤʦʩʪʴ 

ʚʠʜʦʚ ʚ ʩʦʦʙʱʝʩʪʚʘʭ; ʩʪʨʘʪʝʛʠʷ ʘʜʘʧʪʘʮʠʠ ʨʘʩʪʝʥʠʡ[3]. 

ɾʠʪʥʷʢ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚ ʢ ʢʦʣʝʙʘʥʠʷʤ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ ʢ ʟʘʩʫʭʝ ʠ ʟʠʤʝ. ʂʨʦʤʝ ʪʦʛʦ, ʭʦʨʦʰʦ ʨʘʩʪʝʪ ʥʘ ʩʦʣʦʥʮʝʚʘʪʳʭ ʠ 

ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚʘʭ ʩʫʣʴʬʘʪʥʦʛʦ ʠ ʭʣʦʨʠʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ [4]. 

ɾʠʪʥʷʢ ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ, ʢʦʨʤʦʚʳʤʠ ʢʘʯʝʩʪʚʘʤʠ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʟʘʩʫʭʝ, ʘ ʪʘʢʞʝ ʢ ʚʳʩʦʢʠʤ ʠ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʝ, ʥʦ ʠ ʢʘʢ ʬʠʪʦʤʝʣʠʦʨʘʥʪ ʧʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ ʧʦʯʚ[5]. 

ʆʜʥʦʡ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʫʣʴʪʫʨ, ʩʧʦʩʦʙʥʳʭ ʧʦʚʳʩʠʪʴ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʫʩʣʦʚʠʷʭ 

ʨʠʩʢʦʚʘʥʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʂʘʟʘʭʩʪʘʥʘ ï ʩʫʜʘʥʩʢʘʷ ʪʨʘʚʘ. ɺʢʣʶʯʝʥʠʝ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ ʚ 

ʩʠʩʪʝʤʫ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʟʚʦʣʠʪʴ ʨʘʩʰʠʨʠʪʴ ʘʩʩʦʨʪʠʤʝʥʪ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʢʫʣʴʪʫʨ ʠ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ ʚ ʟʘʩʫʰʣʠʚʳʭ ʫʩʣʦʚʠʷʭ ʉʝʚʝʨʥʦʛʦ 

ʂʘʟʘʭʩʪʘʥʘ [6]. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʪʘʧʦʚ ʟʝʤʣʝʜʝʣʠʷ ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʧʝʨʝʜ ʧʦʩʝʚʦʤ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʫʣʫʯʰʘʝʪ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʙʦʣʝʟʥʷʤ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʟʘ 

ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ [7]. 

ɼʣʷ ʚʳʪʝʩʥʝʥʠʷ ʧʘʪʦʛʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ, ʘʢʪʠʚʥʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʠ ʟʘʩʝʣʝʥʠʷ 

ʨʠʟʦʩʬʝʨʳ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʨʘʩʪʝʥʠʷ ʧʦʣʝʟʥʦʡ ʤʠʢʨʦʬʣʦʨʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʤʷʥ 

ʥʝʦʙʭʦʜʠʤʘ ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʙʠʦʧʨʝʧʘʨʘʪʘʤʠ [8]. 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʩʣʝʜʫʶʱʠʝ: 

- ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʯʠʩʪʳʡ ʧʨʦʜʫʢʪ. ʆʥʠ ʘʙʩʦʣʶʪʥʳ ʙʝʟʚʨʝʜʥʳʡ. ɹʠʦʧʨʝʧʘʨʘʪ ʥʝ 

ʥʘʢʘʧʣʠʚʘʝʪ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝ, ʨʘʩʪʝʥʠʷʭ ʠ ʦʨʛʘʥʠʟʤʝ. ʅʝ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʳʭ 

ʤʝʨ ʟʘʱʠʪʳ; 

- ʇʨʠʤʝʥʝʥʠʝ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʙʦʪʘʪʴ ʠʤʤʫʥʠʪʝʪ ʢ ʚʨʝʜʦʥʦʩʥʳʤ 

ʬʦʨʤʘʤ; 

- ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ. ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʙʠʦʧʨʝʧʘʨʘʪʳ ʧʨʠʝʤʣʝʤʳʝ, ʧʨʦʱʝ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʦʙʣʘʜʘʶʪ ʢʦʤʧʣʝʢʩʥʳʤ ʜʝʡʩʪʚʠʝʤ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʫʨʦʞʘʡ ʩ ʙʦʣʝʝ 

ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ, ʠ ʚ ʠʪʦʛʝ ʤʳ ʧʦʣʫʯʘʝʤ ʥʝ ʠʩʪʦʱʝʥʠʝ ʧʦʯʚʳ, ʘ ʝʝ ʦʟʜʦʨʦʚʣʝʥʠʝ ʠ 

ʧʦʚʳʰʝʥʠʝ ʧʣʦʜʦʨʦʜʠʷ [9].  

ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʩʥʦʚʫ ʙʠʦʧʨʝʧʘʨʘʪʦʚ, ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʷʪʴ ʨʷʜ 

ʧʦʣʝʟʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʨʘʩʪʝʥʠʡ: 

- ʫʚʝʣʠʯʠʚʘʶʪ ʥʘʢʦʧʣʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʟʦʪʘ ʚ ʢʦʨʥʷʭ ʨʘʩʪʝʥʠʡ; 

- ʩʪʠʤʫʣʠʨʫʝʪ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ ʟʘ ʩʯʝʪ ʚʳʨʘʙʦʪʢʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ; 

- ʧʦʜʘʚʣʷʝʪ ʨʘʟʚʠʪʠʝ ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʨʘʩʪʝʥʠʷʭ; 

- ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʛʣʦʱʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʧʦʯʚʳ [10]. 

ʆʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʙʠʦʧʨʝʧʘʨʘʪʘʤʠ ʧʝʨʝʜ ʧʦʩʝʚʦʤ ʧʦʚʳʰʘʝʪ ʧʦʩʝʚʥʳʝ ʢʘʯʝʩʪʚʘ 

ʩʝʤʷʥ: ʵʥʝʨʛʠʶ ʧʨʦʨʘʩʪʘʥʠʷ, ʚʩʭʦʞʝʩʪʴ, ʬʦʨʤʠʨʫʝʪʩʷ ʤʦʱʥʘʷ ʢʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ[11]. 

ɿʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʝ ʙʠʦʧʨʝʧʘʨʘʪʘ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ 

ʧʠʪʘʪʝʣʴʥʦʩʪʴ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʢʦʨʤʦʚʳʭ ʪʨʘʚ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ  ʚ ʨʠʩʦʚʳʭ ʩʝʚʦʦʙʦʨʦʪʘʭ  

ʦʨʦʰʘʝʤʦʡ ʟʦʥʳ  ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʇʨʠʘʨʘʣʴʷ.  
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ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ ʩʦʨʪ ʩʦʨʪ 

ʣʶʮʝʨʥʳ çʊʫʨʢʝʩʪʘʥ 15è, ʩʦʨʪ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ çɸʡʣʘʥʘ 2017è, ʩʦʨʪ ʞʠʪʥʷʢʘ 

çʂʘʨʘʙʘʣʳʢʩʢʠʡ 202è, ʘ ʪʘʢʞʝ ʦʪʝʯʝʩʪʚʝʥʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʝ 

çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè ʠ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʥʳʡ ʧʨʝʧʘʨʘʪ çʊʫʤʘʪè. ʆʧʳʪ ʧʨʦʚʦʜʠʣʩʷ ʚ 

ʂʘʨʘʫʣʪʶʙʠʥʩʢʦʤ ʦʧʦʨʥʦʤ ʧʫʥʢʪʝ ʂʘʟʘʭʩʢʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʨʠʩʦʚʦʜʩʪʚʘ ʠʤ. ʀ.ɾʘʭʘʝʚʘ, ʨʠʩʦʚʳʡ ʩʝʚʦʦʙʦʨʦʪ ˉ1,  7 ʧʦʣʝ,  4 ʢʘʨʪʘ, 9 ʯʝʢ (ʇʨʠʣʦʞʝʥʠʝ 

ɸ).ʇʣʦʱʘʜʴ ʢʘʞʜʦʡ ʜʝʣʷʥʢʠ ʩʦʩʪʘʚʣʷʝʪ 50 ʤ
2
, ʧʦʚʪʦʨʥʦʩʪʴ 3-ʭ ʢʨʘʪʥʘʷ, ʨʘʟʤʝʱʝʥʠʝ 

ʨʝʥʜʦʤʠʟʠʨʦʚʘʥʥʦʝ.  

ʇʦʯʚʘ ʦʧʳʪʥʳʭ ʫʯʘʩʪʢʦʚ ï ʣʫʛʦʚʦ-ʙʦʣʦʪʥʘʷ, ʩʪʘʨʦʧʘʭʦʪʥʘʷ, ʪʠʧʠʯʥʘʷ ʧʦʯʚʘ 

ʨʠʩʦʚʳʭ ʩʠʩʪʝʤ. ɻʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ (0,4-0,5ʤ) ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʛʫʤʫʩʘ 0,8-1,1%, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʝ ʥʠʟʢʦʤ ʧʣʦʜʦʨʦʜʠʠ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ ʠ ʧʦʩʪʨʦʝʥʠʠ ʩʭʝʤ ʩʝʚʦʦʙʦʨʦʪʘ ʨʫʢʦʚʦʜʩʪʚʦʚʘʣʠʩʴ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʧʨʦʛʨʘʤʤʘʤʠ ʠ ʤʝʪʦʜʠʢʘʤʠ [12]. ʅʘ ʚʩʝʭ ʵʪʘʧʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʳʣʠ 

ʩʦʙʣʶʜʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ: ʩʦʙʣʶʜʝʥʠʝ ʧʨʠʥʮʠʧʘ ʝʜʠʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʣʠʯʠʷ, ʪʦ ʝʩʪʴ ʩʦʙʣʶʜʝʥʠʝ ʝʜʠʥʩʪʚʘ ʚʩʝʭ ʫʩʣʦʚʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ, ʢʨʦʤʝ ʦʜʥʦʛʦ 

ʠʟʫʯʘʝʤʦʛʦ, ʦʙʷʟʘʪʝʣʴʥʦʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʦʧʳʪʘ ʥʘ ʦʜʥʦʨʦʜʥʳʭ ʧʦ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠ 

ʧʦʯʚʝʥʥʳʤ ʬʘʢʪʦʨʘʤ ʫʯʘʩʪʢʘʭ ʠ ʠʟʫʯʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʌʝʥʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʤʝʪʦʜʦʤ ʛʣʘʟʦʤʝʨʥʦʡ ʦʮʝʥʢʠ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʥʘʯʘʣʴʥʦʡ (10%) ʠ ʧʦʣʥʦʡ (70%) ʬʘʟʦʡ ʨʘʟʚʠʪʠʷ. ʋʯʝʪ ʛʫʩʪʦʪʳ ʩʪʦʷʥʠʷ 

ʨʘʩʪʝʥʠʡ ʧʨʠ ʚʩʭʦʜʘʭ ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʢ ʫʙʦʨʢʝ ʨʘʩʪʝʥʠʡ ʧʨʦʚʝʜʝʥ ʤʝʪʦʜʦʤ 

ʥʘʣʦʞʝʥʠʷ ʢʚʘʜʨʘʪʥʦʡ ʤʝʪʨʦʚʢʠ ʚ ʧʷʪʠ- (ʦʜʥʦʣʝʪʥʠʝ ʢʫʣʴʪʫʨʳ) ʠ ʪʨʝʭʢʨʘʪʥʦʡ 

ʧʦʚʪʦʨʥʦʩʪʠ (ʤʥʦʛʦʣʝʪʥʠʝ ʪʨʘʚʳ) ʥʘ ʢʘʞʜʦʡ ʦʜʥʦʠʤʝʥʥʦʡ ʜʝʣʷʥʢʝ. ɺʳʩʦʪʘ 20 ʨʘʩʪʝʥʠʡ 

ʦʧʨʝʜʝʣʝʥʘ ʤʝʨʥʦʡ ʨʝʡʢʦʡ (10 ʨʘʩʪʝʥʠʡ ʚ ʜʚʫʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ). ʋʨʦʞʘʡ ʫʯʠʪʳʚʘʣʠ 

ʥʘʣʦʞʝʥʠʝʤ ʜʝʩʷʪʠ ʢʚʘʜʨʘʪʥʦʡ ʤʝʪʨʦʚʢʠ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ ʥʘ ʢʘʞʜʫʶ ʫʯʝʪʥʫʶ 

ʜʝʣʷʥʢʫ. ʋʨʦʞʘʡʥʳʝ ʜʘʥʥʳʝ ʧʦʜʚʝʨʛʘʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʤʝʪʦʜʦʤ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ [13]. ɺʳʭʦʜ ʩʝʥʘ ʦʧʨʝʜʝʣʝʥ ʧʦ ʧʨʦʙʥʳʤ ʩʥʦʧʘʤ ʚʝʩʦʤ 1 ʢʛ 

ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ, ʦʪʙʠʨʘʝʤʳʤ ʚ ʧʝʨʠʦʜ ʫʯʝʪʘ ʫʨʦʞʘʷ ʠ ʚʳʩʫʰʠʚʘʥʠʝʤ 

ʠʭ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʩʘ ʧʦʜ ʥʘʚʝʩʦʤ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʨʤʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚ ʂʳʟʳʣʦʨʜʠʥʩʢʦʤ ʬʠʣʠʘʣʝ ɸʆ 

çʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʵʢʩʧʝʨʪʠʟʳ ʠ ʩʝʨʪʠʬʠʢʘʮʠʠè. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ 

ʢʦʨʤʦʚ: ʩʳʨʦʛʦ ʧʨʦʪʝʠʥʘ ɻʆʉʊ 13496.4-93 [14], ʦʙʤʝʥʥʦʡ ʵʥʝʨʛʠʠ ɻʆʉʊ 4808-87 [15], 

ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ ɻʆʉʊ 4808-87 [16]. 

ʈʝʟʫʣʴʪʘʪʳ/ʦʙʩʫʞʜʝʥʠʝ. ɸʛʨʦʪʝʭʥʠʢʫ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʚʦʛʦ ʦʧʳʪʘ ʚ ʨʠʩʦʚʦʡ 

ʩʠʩʪʝʤʝ ʚʳʧʦʣʥʷʣʠ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʚʝʩʝʥʥʝ-ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʜʣʷ 

ʜʠʚʝʨʩʠʬʠʢʘʮʠʦʥʥʳʭ ʢʫʣʴʪʫʨ ʨʠʩʦʚʦʛʦ ʩʝʚʦʦʙʦʨʦʪʘ ʚ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ [17]. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ  ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʨʦʛʨʘʤʤʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʦ ʵʪʦʡ ʧʨʦʛʨʘʤʤʝ  ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚʣʠʷʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʫʨʦʞʘʡʥʦʩʪʠ 

ʠ ʧʠʪʘʪʝʣʴʥʦʩʪʠ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ.  

ɺ ʛʦʜ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ ʧʦʯʪʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʠ ʨʘʩʪʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʳ ʙʳʣʠ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʤ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʕʪʦ ʥʝ 

ʤʦʛʣʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʫʩʢʦʨʝʥʥʦʤ ʧʨʦʭʦʞʜʝʥʠʠ ʬʝʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʟ ʨʘʟʚʠʪʠʷ ʦʧʳʪʥʳʭ 

ʢʦʨʤʦʚʳʭ ʪʨʘʚ  ʚ ʠʩʣʝʜʫʝʤʦʤ ʛʦʜʫ. 

ɼʠʥʘʤʠʢʘ ʨʦʩʪʘ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1,2. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʥʘʯʘʣʝ ʬʘʟʳ ʚʝʪʚʣʝʥʠʷ 

ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ ʣʶʮʝʨʥʳ ʚ ʚʘʨʠʘʥʪʝ ʧʝʨʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ  ʙʠʦʧʨʝʧʘʨʘʪʦʤ çʊʫʤʘʪè 

ʩʦʩʪʘʚʣʷʣʘ 10,9 ʩʤ, ʯʪʦ ʥʘ 3,5 ʩʤ ʚʳʰʝ ʢʦʥʪʨʦʣʴʥʦʛʦ. ɺ ʧʝʨʠʦʜ ʚʝʪʚʣʝʥʠʷ ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʡ 

ʚʘʨʠʘʥʪʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʙʠʦʫʜʦʙʨʝʥʠʝʤ çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè, ʩʦʩʪʘʚʣʷʣʘ 11,2 ʩʤ, ʯʪʦ ʥʘ 3,8 

ʩʤ ʚʳʰʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ. ɺ ʧʝʨʠʦʜ ʙʫʪʦʥʠʟʘʮʠʠ ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʡ ʚʘʨʠʘʥʪʘ, 
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ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʊʫʤʘʪʦʤ ʠ ʇʣʘʥʪʦʙʘʢʪʝʨʠʥʦʤ, ʩʦʩʪʘʚʠʣʘ 63,1-63,9 ʩʤ, ʪ.ʝ. ʥʘ 6,8-7,6 ʩʤ 

ʚʳʰʝ ʢʦʥʪʨʦʣʷ.  

 
 ʊʘʙʣʠʮʘ 1 ï ɼʠʥʘʤʠʢʘ ʨʦʩʪʘ ʣʶʮʝʨʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʠʧʨʝʧʘʨʘʪʦʚ, ʩʤ 

 

ɺʘʨʠʘʥʪʳ ʦʧʳʪʘ ʌʘʟʳ ʨʘʟʚʠʪʠʷ 

ɺʩʭʦʜʳ ɺʝʪʚʣʝʥʠʝ ɹʫʪʦʥʠʟʘʮʠʷ 

ɹʝʟ ʦʙʨʘʙʦʪʢʠ (ʢʦʥʪʨʦʣʴ) 4,3 7,4 56,3 

çʊʫʤʘʪè 5,4 10,9 63,1 

çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè 5,6 11,2 63,9 

 

 ʊʘʙʣʠʮʘ 2 ï ɼʠʥʘʤʠʢʘ ʨʦʩʪʘ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ ʠ ʞʠʪʥʷʢʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʙʠʧʨʝʧʘʨʘʪʦʚ, ʩʤ 

 

ʂʫʣʴʪʫʨʳ ɺʘʨʠʘʥʪʳ ʦʧʳʪʘ ʌʘʟʳ ʨʘʟʚʠʪʠʷ 

ʂʫʱʝʥʠʝ ɺʳʭʦʜ ʚ ʪʨʫʙʢʫ ɺʳʤʝʪʳʚʘʥʠʝ 

ʉʫʜʘʥʩʢʘʷ 

ʪʨʘʚʘ 

ɹʝʟ ʦʙʨʘʙʦʪʢʠ (ʢʦʥʪʨʦʣʴ) 24,3 45,7 69,3 

çʊʫʤʘʪè 27,3 50,0 72,0 

çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè 28,4 50,5 72,7 

ɾʠʪʥʷʢ ɹʝʟ ʦʙʨʘʙʦʪʢʠ (ʢʦʥʪʨʦʣʴ) 32,9 52,4 77,2 

çʊʫʤʘʪè 35,3 56,0 80,6 

çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè 36,7 57,1 81,3 

 

ʋ ʟʣʘʢʦʚʳʭ ʪʨʘʚ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʡ ʚ ʬʘʟʘʭ ʢʫʱʝʥʠʷ 

ʩʦʩʪʘʚʠʣʘ 27,3-36,7 ʩʤ, ʯʪʦ ʥʘ 3-3,8 ʩʤ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ. ɺ 

ʧʝʨʠʦʜ ʚʳʤʝʪʳʚʘʥʠʷ ʥʘʠʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʨʦʩʪʘ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʙʠʦʧʨʝʧʘʨʘʪʘ çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè - 72,7-81,3 ʩʤ.  

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʦʢʘʟʘʣʠʩʴ ʚʘʨʠʘʥʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʙʠʦʧʨʝʧʘʨʘʪʘʤʠ.ʇʨʦʚʝʜʝʥʳ ʫʯʝʪ 

ʫʨʦʞʘʡʥʦʩʪʠʟʘ ʧʦʩʝʚʘʤʠ ʢʦʨʤʦʚʳʭ ʪʨʘʚ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3 

 
ʊʘʙʣʠʮʘ 3 ï ʋʨʦʞʘʡʥʦʩʪʴ ʟʝʣʝʥʦʡ ʠ ʩʫʭʦʡ ʤʘʩʩʳ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ (ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ) 

 

 

ʂʫʣʴʪʫʨʘ 

 

ɺʘʨʠʘʥʪʳ ʦʧʳʪʘ 

ʋʨʦʞʘʡʥʦʩʪʴ 

ʟʝʣʝʥʦʡ 

ʤʘʩʩʳ,ʮ/ʛʘ 

ʉʙʦʨ ʩʫʭʦ-

ʛʦ ʚʝʱʝʩʪ-

ʚʘ, ʮ/ʛʘ 

ʇʨʠʙʘʚʢʘ ʢ ʢʦʥʪʨʦʣʶ 

ɿʝʣʝʥʦʡ 

ʤʘʩʩʳ 

ʉʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ 

ʮ/ʛʘ % ʮ/ʛʘ % 

ʃʶʮʝʨʥʘ ɹʝʟ ʦʙʨʘʙʦʪʢʠ 

(ʢʦʥʪʨʦʣʴ) 

112 25,1 - - - - 

çʊʫʤʘʪè 124 31,0 12,0 10,7 5,9 23,5 
çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè 128 33,3 16,0 14,3 8,2 32,6 

ʉʫʜʘʥʩʢʘʷ 

ʪʨʘʚʘ 

ɹʝʟ ʦʙʨʘʙʦʪʢʠ 

(ʢʦʥʪʨʦʣʴ) 

181,3 43,0 - - - - 

çʊʫʤʘʪè 197,5 47,9 16,2 8,9 4,9 11,3 
çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè 200,7 48,6 19,4 10,7 5,6 13,0 

ɾʠʪʥʷʢ ɹʝʟ ʦʙʨʘʙʦʪʢʠ 

(ʢʦʥʪʨʦʣʴ) 

75,0 21,8 - - - - 

çʊʫʤʘʪè 83,5 25,2 8,5 11,3 3,4 15,5 
çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè 85,4 26,3 10,4 13,8 4,5 20,6 

 



 

185 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦʙ ʵʬʬʝʢʪʠʚʥʦʤ 

ʧʦʩʣʝʜʝʡʩʪʚʠʠ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʙʦʣʝʝ ʫʩʠʣʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʨʦʩʪʘ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʦʧʳʪʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʫʨʦʞʘʡʥʦʩʪʴ 

ʢʫʣʴʪʫʨ. ʅʘʠʙʦʣʴʰʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʦʪʤʝʯʝʥʦ ʚ ʚʘʨʠʘʥʪʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʠʦʧʨʝʧʘʨʘʪʘ 

çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè ʫ ʣʶʮʝʨʥʳ 128/33,3 ʮ/ʛʘ; ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ 200,7/48,6 ʮ/ʛʘ ʠ ʞʠʪʥʷʢʘ 

85,4/26,3 ʮ/ʛʘ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʠ ʩʝʥʦ.ɺ ʬʠʪʦʤʘʩʩʝ ʢʦʨʤʦʚʳʭ ʪʨʘʚ ʩʙʦʨ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ ʠ 

ʧʝʨʝʚʘʨʠʤʦʛʦ ʧʨʦʪʝʠʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʠʤʝʥʝʥʠʠ ʙʠʦʧʨʝʧʘʨʘʪʘ. ɼʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

 
ʊʘʙʣʠʮʘ 4 ï ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʧʠʪʘʪʝʣʴʥʦʩʪʴ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʢʦʨʤʦʚʳʭ ʪʨʘʚ (ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ) 

 

ʂʫʣʴʪʫ

ʨʘ  

ɺʘʨʠʘʥʪʳ ʦʧʳʪʘ ʋʨʦʞʘʡ-

ʥʦʩʪʴ 

ʟʝʣʝʥʦʡ 

ʤʘʩʩʳ, ʮ/ʛʘ 

ʉʦʜʝʨʞʘʥʠʝ ʚ 1 ʢʛ 

ʩʫʭʦʡ ʤʘʩʩʳ 

ʉʙʦʨ, ʮ/ʛʘ ʆʙʤʝʥ-

ʥʘʷ 

ʵʥʝʨʛʠʷ, 

ɻɼʞ/ʛʘ 
ʢʦʨʤʦ-

ʚʳʭ 

ʝʜʠ-

ʥʠʮ 

ʇʝʨʝʚʘ-

ʨʠʤʦʛʦ 

ʧʨʦʪʝʠʥʘ 

ʛ 

ʢʦʨʤʦ-

ʚʳʭ 

ʝʜʠ-

ʥʠʮ 

ʇʝʨʝʚʘʨʠ

ʤʦʛʦ 

ʧʨʦʪʝʠʥʘ, 

ʛ 

ʃʶʮʝʨ-

ʥʘ  

ɹʝʟ ʦʙʨʘʙʦʪʢʠ 

(ʢʦʥʪʨʦʣʴ) 

112 0,57 10,62 63,8 1,19 9,7 

çʊʫʤʘʪè 124 0,68 11,25 84,3 1,39 10,2 
çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè 128 0,70 11,8 89,6 1,51 10,4 

ʉʫʜʘʥ-

ʩʢʘʷ 

ʪʨʘʚʘ 

ɹʝʟ ʦʙʨʘʙʦʪʢʠ 

(ʢʦʥʪʨʦʣʴ) 

181,3 0,19 14 33,9 2,6 39,3 

çʊʫʤʘʪè 197,5 0,20 18 39,5 3,5 43,9 
çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè 200,7 0,21 19 41,1 3,8 44,4 

ɾʠʪʥʷʢ  ɹʝʟ ʦʙʨʘʙʦʪʢʠ 

(ʢʦʥʪʨʦʣʴ) 

75,0 0,38 9,2 28,5 0,7 34,7 

çʊʫʤʘʪè 83,5 0,40 10,7 33,4 0,89 36,2 
çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè 85,4 0,42 11,0 35,8 0,94 39,0 

 

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʚʳʭʦʜʫ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ, ʩʙʦʨʫ 

ʧʝʨʝʚʘʨʠʤʦʛʦ ʧʨʦʪʝʠʥʘ ʠ ʦʙʤʝʥʥʦʡ ʵʥʝʨʛʠʠ ʚ ʟʝʣʝʥʦʡ ʤʘʩʩʝ ʩ ʛʝʢʪʘʨʘ. ʇʨʝʜʧʦʩʝʚʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʙʠʦʧʨʝʧʘʨʘʪʘʤʠ ʦʢʘʟʘʣʦʩʴ ʚʳʰʝ ʢʦʥʪʨʦʣʷ. ʇʨʠʤʝʥʷʝʤʳʡ ʙʠʦʧʨʝʧʘʨʘʪ 

çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè ʦʢʘʟʘʣ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʜʫʢʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʪʝʥʠʡ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʩʙʦʨ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ ʠ ʧʝʨʝʚʘʨʠʤʦʛʦ ʧʨʦʪʝʠʥʘ ʚ 1 ʢʛ ʩʫʭʦʡ ʤʘʩʩʳ 

ʩʦʩʪʘʚʠʣ ʫ ʣʶʮʝʨʥʳ 0,70/11,8, ʯʪʦ ʚʳʰʝ ʢʦʥʪʨʦʣʝ ʥʘ 0,13/1,187. ʇʨʠ ʵʪʦʤ ʚʳʭʦʜ 

ʦʙʤʝʥʥʦʡ ʵʥʝʨʛʠʠ ʩ ʛʝʢʪʘʨʘ ʩʦʩʪʘʚʠʣ 10,4 ɻɼʞ/ʛʘ. 
ʅʘʠʚʳʩʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʙʳʣʠ ʚ ʦʧʳʪʥʦʤ ʚʘʨʠʘʥʪʝ ʦʙʨʘʙʦʪʘʥʥʦʡ 

çʇʣʘʥʪʦʙʘʢʪʝʨʠʥʦʤè. ʋ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ ʠ ʞʠʪʥʷʢʘ ʚ 1 ʢʛ ʩʫʭʦʡ ʤʘʩʩʳ ʩʦʜʝʨʞʘʣʦʩʴ 0,21-0,42 

ʢʦʨʤ.ʝʜ. ʠ 19-11 ʛ ʧʝʨʝʚʘʨʠʤʦʛʦ ʧʨʦʪʝʠʥʘ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʦʙʤʝʥʥʦʡ ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʠʣʦ 44,4-39,0 

ɻɼʞ/ʛʘ. ʉʙʦʨ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ ʩʦʩʪʘʚʠʣ 41,1-35,8 ʠ ʧʝʨʝʚʘʨʠʤʦʛʦ ʧʨʦʪʝʠʥʘ - 3,8-0,94. 

ɺʳʚʦʜʳ. ʇʦ ʫʯʝʪʫ ʫʨʦʞʘʡʥʦʩʪʠ ʥʘʠʙʦʣʴʰʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʦʪʤʝʯʝʥʦ ʚ ʚʘʨʠʘʥʪʘʭ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʙʠʦʧʨʝʧʘʨʘʪʘ çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè ʫ ʣʶʮʝʨʥʳ 128/33,3 ʮ/ʛʘ; ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ 

200,7/48,6 ʮ/ʛʘ ʠ ʞʠʪʥʷʢʘ 85,4/26,3 ʮ/ʛʘ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʠ ʩʝʥʦ. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʦʨʤʦʚʳʭ 

ʢʫʣʴʪʫʨ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʚʳʭʦʜʫ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ, ʩʙʦʨʫ ʧʝʨʝʚʘʨʠʤʦʛʦ ʧʨʦʪʝʠʥʘ ʠ 

ʦʙʤʝʥʥʦʡ ʵʥʝʨʛʠʠ ʚ ʟʝʣʝʥʦʡ ʤʘʩʩʝ ʩ ʛʝʢʪʘʨʘ. ʅʘʠʚʳʩʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʙʳʣʠ ʚ 

ʦʧʳʪʥʦʤ ʚʘʨʠʘʥʪʝ ʦʙʨʘʙʦʪʘʥʥʦʡ çʇʣʘʥʪʦʙʘʢʪʝʨʠʥʦʤè. ʋ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ ʠ ʞʠʪʥʷʢʘ ʚ 1 ʢʛ 

ʩʫʭʦʡ ʤʘʩʩʳ ʩʦʜʝʨʞʘʣʦʩʴ 0,21-0,42 ʢʦʨʤ.ʝʜ. ʠ 19-11 ʛ ʧʝʨʝʚʘʨʠʤʦʛʦ ʧʨʦʪʝʠʥʘ, ʘ ʢʦʣʠʯʝʩʪʚʦ 

ʦʙʤʝʥʥʦʡ ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʠʣʦ 44,4-39,0 ɻɼʞ/ʛʘ. ʉʙʦʨ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ ʩʦʩʪʘʚʠʣ 41,1-35,8 ʠ 

ʧʝʨʝʚʘʨʠʤʦʛʦ ʧʨʦʪʝʠʥʘ - 3,8-0,94. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʳʣʠ 

ʦʪʤʝʯʝʥʳ ʚ ʚʘʨʠʘʥʪʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʫʜʦʙʨʝʥʠʷ çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè. 
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ɸשʜʘʪʧʘ. פʘʟʘץʩʪʘʥʜʘ ᴇʩʝʪʽʥ ʙʘʨʣʳץ ʰᴇʧʪʝʨʜʽש ʝש ʢᴇʧ ʪʘʨʘʣסʘʥ ʪװʨʽ ʝʨʢʝʢʰᴇʧ ʞᴅʥʝ ʩʫʜʘʥ 

ʰᴇʙʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ᴆʟʽʥʽש ʙʽʨʝʛʝʡ ʙʠʦʣʦʛʠʷʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʽש ʘʨץʘʩʳʥʜʘ ʝʨʢʝʢʰᴇʧ ײץʨסʘץ 

ʜʘʣʘ ᴇשʽʨʽʥʽש ʪʘʙʠסʠ-ʢʣʠʤʘʪʪʳץ ᴅʣʝʫʝʪʽʥ ʙʘʨʳʥʰʘ ʪʦʣʳץ ʧʘʡʜʘʣʘʥʘ ʘʣʘʜʳ. ɽʨʢʝʢʰᴇʧʪʽש ʙײʣ 
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ʘʨʪʳץʰʳʣʳסʳ ʥʝʛʽʟʽʥʝʥ ʪʘʤʳʨ ʞװʡʝʩʽʥʽש ʪʝʨʝש ʝʥʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ץʦʣ ʞʝʪʢʽʟʽʣʝʜʽ. ʆʥʳש ʪʘʤʳʨʳ 

ʤʝʥ ᴇʩʽʤʜʽʢ ץʘʣʜʳץʪʘʨʳ ʪʦʧʳʨʘץʪʳ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʤʝʥ ʙʘʡʳʪʫʜʘ ʞᴅʥʝ ʦʥʜʘסʳ ײץʨʳʣʳʤʜʳץ 

ʘʛʨʝʛʘʪʪʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʜʘ ᴇʪʝ ʤʘשʳʟʜʳ ʘʛʨʦʥʦʤʠʷʣʳץ ʤᴅʥʛʝ ʠʝ. ʆʣ ᴇʪʝ ʞʦסʘʨʳ ץʳʩץʳ 

ʪᴇʟʽʤʜʽʣʽʢʢʝ ʞᴅʥʝ ײץʨסʘץʰʳʣʳץץʘ ʪᴇʟʽʤʜʽʣʽʢʢʝ ʠʝ, ʩʦʥʜʳץʪʘʥ ʦʣ ʞʳʣʜʳץ ʞʘʫʳʥ-ʰʘʰʳʥ ʤᴇʣʰʝʨʽ 

290 ʤʤ ײץʨʘʡʪʳʥ ײץʨסʘץ ʜʘʣʘ ʞʘסʜʘʡʳʥʜʘ ᴇʩʝʜʽ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʨʝʩʫʨʩ װʥʝʤʜʝʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʟʝʨʪʪʝʫ ʞᴅʥʝ ʪʦʟסʘʥ ʞʘʡʳʣʳʤʜʘʨʜʳ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʤʘץʩʘʪʳʥʜʘ ʦʜʘʥ ᴅʨʽ ײʩʘץ-

ʪʘʥʘʧʪʳ ʪᴅʞʽʨʠʙʝ װʰʽʥ ʞʦשʳʰץʘ ʩʦʨʪʳʥʳש çʊװʨʢʽʩʪʘʥ 15è, ʉʫʜʘʥ ʰᴇʙʽʥʽש çɸʡʣʘʥʘ 2017è ʩʦʨʪʳ, 

ʝʨʢʝʢʰᴇʧʪʽש çפʘʨʘʙʘʣʳ202 ץè ʩʦʨʪʳ ʞᴅʥʝ çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè ʞᴅʥʝ çʊʫʤʘʪè ʙʠʦʣʦʛʠʷʣʳץ 

ʧʨʝʧʘʨʘʪʪʘʨʳ ʘʣʳʥʜʳ. ʌʝʥʦʣʦʛʠʷʣʳץ ʙʘץʳʣʘʫʣʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ çʊʫʤʘʪè 

ʙʠʦʧʨʝʧʘʨʘʪʳʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʜᴅʥʜʽ ʰᴇʧʪʝʨʜʝʛʽ ʬʘʟʘʘʨʘʣʳץ ʢʝʟʝשʜʝʨʜʽײ שʟʘץʪʳסʳ 62-78 ʢװʥʜʽ, 

ʘʣ çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè ʙʠʦʧʨʝʧʘʨʘʪʳʥ ץʦʣʜʘʥסʘʥʜʘ 59-77 ʢװʥʜʽ ײץʨʘʜʳ. ɹʫʪʦʥʠʟʘʮʠʷ ʢʝʟʝשʽʥʜʝ 

çʊʫʤʘʪè ʞᴅʥʝ çʇʣʘʥʪʦʙʘʢʪʝʨʠʥʤʝʥè ᴇשʜʝʣʛʝʥ ᴇʩʽʤʜʽʢʪʝʨʜʽש ʙʠʽʢʪʽʛʽ 63,1-63,9 ʩʤ, ʷסʥʠ ʙʘץʳʣʘʫ-

ʜʘʥ 6,8-7,6 ʩʤ ʞʦסʘʨʳ ʙʦʣʜʳ. çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè ʙʠʦʪʳשʘʡʪץʳʰʪʳ ץʦʣʜʘʥסʘʥ ʥײʩץʘʣʘʨʳʥʜʘ ʝש 

ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʢ ʙʘʡץʘʣʜʳ: ʞʦשʳʰץʘ 128/33,3 ʮ/ʛʘ; ʩʫʜʘʥ ʰᴇʙʽ 200,7/48,6 ʮ/ʛʘ ʞᴅʥʝ ʝʨʢʝʢʰᴇʧʪʝ 

85,4/26,3 ʮ/ʛʘ ʞʘʩʳʣ ʤʘʩʩʘ ʤʝʥ ʧʽʰʝʥ ʘʣʳʥʜʳ. çʇʣʘʥʪʦʙʘʢʪʝʨʠʥè ʙʠʦʪʳשʘʡʪץʳʰʳʥ ץʦʣʜʘʥʫ 

ᴇʩʽʤʜʽʢʪʝʨʜʽש ᴇʥʽʤʜʽʣʽʛʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʪʽ. 1 ʢʛ ײץʨסʘץ ʩʘʣʤʘץʪʘ ʘʟʳץʪʳץ ʙʽʨʣʽʢʪʝʨ ʤʝʥ 

 ʘסʳʣʘʫץʣ 0,13/1,187 ʙʘײʨʘʜʳ, ʙײץ ʘ 0,70/11,8ץʳʰשʢᴇʧ ʞʠʥʘʣʫʳ ʞʦ שʝ שʦʨʳʪʳʣʘʪʳʥ ʧʨʦʪʝʠʥʥʽץ

ʞʦסʘʨʳ. ɹײʣ ʨʝʪʪʝ ʘʣʤʘʩʫ ʵʥʝʨʛʠʷʩʳʥʳש ʛʝʢʪʘʨʜʘʥ ʰʳסʫʳ 10,4 ɻɼʞ/ʛʘ ײץʨʘʜʳ. 

ʂʽʣʪ ʩϺʟʜʝʨ: ʞʘʡʳʣʳʤʜʘʨ, ʬʠʪʦʤʝʣʠʦʨʘʮʠʷ, ʙʠʦʣʦʛʠʷʣʳץ ᴇʥʽʤʜʝʨ, ɾʝʤʰᴇʧ ʜʘץʳʣʜʘʨʳ. 

 

THE EFFECT OF BIOLOGICAL DRUGS  

ON THE YIELD AND NUTRITIONAL VALUE OF FORAGE GRASSES  

 

Zhumadilova Zh.Sh., doctor of philosophy (Phd) 

Toktamysov A.M., doctor of agricultural sciences 

Baimbetova G.Z., master of agricultural sciences 

Nalibayeva T.A. 

 

Kazakh Scientific Research Institute of Rice Growing named after I.Zhakhaev LLP, 

 Kyzylorda city, Republic of Kazakhstan  

 

Annotation. The most common species, of all the herbs growing in Kazakhstan, is wheat grass 

and Sudanese grass. Due to its unique biological features, the granary most fully uses the natural and 

climatic potential of the dry-steppe region. This advantage of the granary is achieved mainly due to the 

deep penetration of the root system.Its roots and crop residues are of extremely important agronomic 

importance in enriching the soil with organic matter and the formation of structural aggregates in it. It has 

a very high winter hardiness and drought resistance, so it grows in a dry steppe, where the annual 

precipitation is 290 mm.In this regard, in order to study the techniques of resource-saving technology and 

the restoration of degraded pastures for further small-scale experience, the alfalfa variety "Turkestan 15", 

the Sudanese grass variety "Ailana 2017", the granary variety "Karabalyk 202" and biological 

preparations "Plantobacterin" and "Tumat" were taken. According to the results of phenological 

observations, the duration of interphase periods in grasses with the use of the biological preparation 

"Tumat" was 62-78 days, and with the use of "Plantobacterin" 59-77 days.During budding, the height of 

the plants of the variant treated with Mist and Plantobacterin was 63.1-63.9 cm, i.e. 6.8-7.6 cm higher 

than the control. The highest yields were noted in the variants with the use of Plantobacterin biofertilizer 

in alfalfa 128/33.3 c/ha; Sudanese grass 200.7/48.6 c/ha and granary 85.4/26.3 c/ha of green mass and 

hay.The applied biofertilizer "Plantobacterin" had a significant impact on the productive indicators of 

plants. The maximum collection of feed units and digestible protein in 1 kg of dry weight was 0.70/11.8 

for alfalfa, which is higher than the control by 0.13/1.187. At the same time, the output of exchange 

energy per hectare was 10.4 GJ/ha. 

Keywords: pastures, phytomelioration, biological products, fodder crops. 
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ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʝʥʪʨ ʟʝʨʥʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠʤ. ɸ.ʀ. ɹʘʨʘʝʚʘ, ʧ. ʅʘʫʯʥʳʡ, 

ɸʢʤʦʣʠʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʟʫʯʝʥʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ ʚ ʧʦʯʚʘʭ 

ʧʦʣʠʛʦʥʘ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʅʇʎɿʍ ʠʤ. ɸ. ʀ. ɹʘʨʘʝʚʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʠʯʥʦʩʪʠ ʚʳʙʨʘʥʥʦʛʦ 

ʫʯʘʩʪʢʘ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʚ ʮʝʣʷʭ ʜʝʤʦʥʩʪʨʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ. 

ʆʙʱʠʡ ʦʙʲʝʤ ʦʙʩʣʝʜʦʚʘʥʥʦʡ ʧʣʦʱʘʜʠ ʩʦʩʪʘʚʠʣ 2400 ʛʘ. ʆʪʙʦʨ ʧʦʯʚʝʥʥʳʭ ʧʨʦʙ ʧʨʦʚʦʜʠʣʩʷ 

ʩʝʪʦʯʥʳʤ ʤʝʪʦʜʦʤ ʧʦ 5 ʛʝʢʪʘʨʥʳʤ ʵʣʝʤʝʥʪʘʨʥʳʤ ʫʯʘʩʪʢʘʤ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ ʥʠʟʢʫʶ 

ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʧʦʣʝʡ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʘʣʠʷ, ʛʫʤʫʩʘ ʠ ʨʅ. ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʥʝ ʧʨʝʚʳʰʘʣ 

25%. ɺʳʩʦʢʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʦʪʤʝʯʝʥʘ ʜʣʷ ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ ʠ ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ, ʧʨʠ ʵʪʦʤ 

ʩʦʜʝʨʞʘʥʠʝ ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ (9,3 ʤʛ/ʢʛ) ʠ ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ (24,5 ʤʛ/ʢʛ) ʥʘʭʦʜʠʣʦʩʴ ʥʘ ʫʨʦʚʥʝ 

ʩʨʝʜʥʝʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ. ɺʳʷʚʣʝʥʘ ʚʳʩʦʢʘʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʢʘʣʠʝʤ ʚ ʧʦʯʚʝ - > 600 ʤʛ/ʢʛ. 

ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʥʝ ʧʨʝʚʳʰʘʣʦ 4%. ɻʨʫʧʧʠʨʦʚʢʘ ʧʦʯʚ ʧʦ ʩʪʝʧʝʥʠ 

ʢʠʩʣʦʪʥʦʩʪʠ ʙʳʣʘ ʩʠʣʴʥʦʱʝʣʦʯʥʦʡ 8,6ï9,0. ɺʳʷʚʣʝʥʘ ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʛʨʫʧʧʠʨʦʚʢʘ ʧʦʣʝʡ ʧʦ ʘʟʦʪʫ 

ʠ ʬʦʩʬʦʨʫ. ɼʦʣʷ ʧʦʣʝʡ ʩʦ ʩʨʝʜʥʝʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʘʟʦʪʦʤ ʠ ʬʦʩʬʦʨʦʤ ʩʦʩʪʘʚʣʷʝʪ 63-66%. 

ʀʩʭʦʜʷ ʠʟ ʦʧʪʠʤʫʤʘ N-NO3 ʠ ʈ2ʆ5, ʥʘ 50% ʧʦʣʝʡ ʪʨʝʙʫʝʪʩʷ ʚʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʨʦʚʥʷʪʴ 

ʘʛʨʦʭʠʤʠʯʝʩʢʠʡ ʬʦʥ.  

ɺʳʷʚʣʝʥʘ ʪʠʧʠʯʥʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʩʣʝʜʦʚʘʥʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʧʦʣʠʛʦʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʶʞʥʳʤ ʢʘʨʙʦʥʘʪʥʳʤ ʯʝʨʥʦʟʝʤʘʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʯʚʘ, ʪʦʯʥʦʝ ʟʝʤʣʝʜʝʣʠʝ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ ʚʥʝʩʝʥʠʝ, ʧʦʜʚʠʞʥʳʡ 

ʬʦʩʬʦʨ, ʥʠʪʨʘʪʥʳʡ ʘʟʦʪ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ, ʘʛʨʦʭʠʤʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ, ʵʣʝʤʝʥʪʘʨʥʳʡ 

ʫʯʘʩʪʦʢ. 

 

ɺʚʝʜʝʥʠʝ.ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳ-

ʚʘʶʪ, ʯʪʦ ʧʦʯʚʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʚʘʨʠʘʙʝʣʴ-

ʥʦʩʪʴʶ ʧʦʢʘʟʘʪʝʣʝʡ ʘʛʨʦʬʠʟʠʯʝʩʢʦʛʦ ʠ ʘʛʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʢʘʢ ʚ 

ʟʦʥʘʣʴʥʦʤ, ʘʛʨʦʣʘʥʜʰʘʬʪʥʦʤ, ʪʘʢ ʠ ʚʦ ʚʥʫʪʨʠʧʦʣʴʥʦʤ ʘʩʧʝʢʪʝ. ʊʘʢʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ 

ʧʦʯʚʝʥʥʳʭ, ʚ ʢʫʧʝ ʩ ʚʘʨʠʘʮʠʝʡ ʧʦʛʦʜʥʳʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʧʨʝʜʝʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʫʨʦʚʥʝʡ ʫʨʦʞʘʷ ʥʘ ʟʦʥʘʣʴʥʦʤ, ʘʛʨʦʣʘʥʜʰʘʬʪʥʦʤ ʠ 

ʚʥʫʪʨʠʧʦʣʴʥʦʤ ʫʨʦʚʥʝ.  

ʇʨʘʢʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʨʝʜʥʝʥʥʳʭ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʧʨʠʝʤʦʚ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʥʳʤ ʟʘʪʨʘʪʘʤ ʪʨʫʜʘ, ʨʝʩʫʨʩʦʚ ʠ, ʚ 

ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʘʢ ʚ ʦʙʱʝʤ, ʪʘʢ ʠ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʫʯʘʩʪʢʝ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʥʮʝʧʮʠʷ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ 

ʟʥʘʥʠʝ ʪʦʛʦ, ʯʪʦ ʢʘʞʜʦʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʦʣʝ ʥʝʦʜʥʦʨʦʜʥʦ ʧʦ ʨʝʣʴʝʬʫ, ʧʦʯʚʝʥʥʦʤʫ 

ʧʦʢʨʦʚʫ, ʘʛʨʦʭʠʤʠʯʝʩʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ, ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʥʝʦʙʭʦʜʠʤ ʫʯʝʪ 

ʚʥʫʪʨʠʧʦʣʝʚʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ ʧʦʣʷ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ. 

ʇʦ ʤʥʝʥʠʶ ʨʷʜʘ ʵʢʩʧʝʨʪʦʚ, ʚʳʩʦʢʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʧʦʯʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 

ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʢʦʤʧʣʝʢʩʦʤ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ 
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ʫʩʣʦʚʠʡ, ʪʘʢ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʣʴʝʬʘ [1]. ɼʘʥʥʳʝ ʬʘʢʪʦʨʳ ʥʦʩʷʪ ʧʨʠʨʦʜʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʅʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʢʘʟʳʚʘʶʪʩʷ ʠ ʩʧʦʩʦʙʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʟʝʤʝʣʴ (ʧʘʰʥʷ, ʮʝʣʠʥʘ, ʟʘʣʝʞʴ) [2]. ʈʘʟʣʠʯʥʳʝ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʚʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʪʘʢ ʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʚʝʣʠʯʝʥʠʶ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ.  

ʆʜʥʘʢʦ, ʧʦ ʤʥʝʥʠʶ ʈʦʟʘʥʦʚʘ [3], ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʚʘʨʠʘʮʠʠ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʜʦ 25%, ʧʦʣʝʚʦʡ ʫʯʘʩʪʦʢ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʜʥʦʨʦʜʥʳʤ.  

ʇʨʠ ʵʪʦʤ ʨʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ - Dawson C.J. ʠ ʜʨ. [4] ï ʧʦʣʘʛʘʶʪ, ʯʪʦ ʜʘʞʝ ʧʨʠ 

ʥʝʙʦʣʴʰʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʪʦʯʥʦ ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʥʪʫʨʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

 ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʉʝʚʝʨʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʚ 2018 ʛʦʜʫ ʚ ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʎʝʥʪʨʘ ʟʝʨʥʦʚʦʛʦ 

ʭʦʟʷʡʩʪʚʘ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʇʦʣʠʛʦʥ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ. ʅʘ ʙʘʟʝ ʇʦʣʠʛʦʥʘ ʧʨʦʚʦʜʠʪʩʷ 

ʨʘʙʦʪʘ ʧʦ ʘʜʘʧʪʘʮʠʠ ʠ ʚʥʝʜʨʝʥʠʶ ʵʣʝʤʝʥʪʦʚ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʠ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʫʩʣʦʚʠʷ ʭʦʟʷʡʩʪʚ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʜʦʨʦʞʘʥʠʷ ʠ ʥʝʜʦʩʪʘʪʢʘ ʫʜʦʙʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʙʦʩʥʦʚʘʥʠʝ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. 

ɸʛʨʦʭʠʤʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʦʣʝʡ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʚʥʫʪʨʠʧʦʯʚʝʥʥʫʶ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʧʦ ʘʛʨʦʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ.  

 ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɸʛʨʦʭʠʤʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʚ 2018 ʛʦʜʫ ʥʘ ʩʪʘʮʠʦʥʘʨʝ ʊʆʆ çʅʇʎ ɿʍ ʠʤ. ɸ.ʀ. ɹʘʨʘʝʚʘè, ɸʢʤʦʣʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʐʦʨʪʘʥʜʠʥʩʢʦʤ ʨʘʡʦʥʝ, ʥʘ ʦʙʱʝʡ ʧʣʦʱʘʜʠ 2400 ʛʘ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʶʞʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʯʝʨʥʦʟʝʤʦʚ. ʄʦʱʥʦʩʪʴ ʛʦʨʠʟʦʥʪʘ ɸ 

ʩʦʩʪʘʚʣʷʝʪ 15-20 ʩʤ., ʛʫʤʫʩʦʚʦʛʦ (ɸ+ɺ) ï 55-65 ʩʤ. ʆʢʨʘʩʢʘ ʪʸʤʥʦ-ʩʝʨʘʷ ʩ ʙʫʨʦʚʘʪʳʤ 

ʦʪʪʝʥʢʦʤ, ʩʪʨʫʢʪʫʨʘ ʤʝʣʢʦʢʦʤʢʦʚʘʪʘʷ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʯʚ ʷʚʣʷʝʪʩʷ 

ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʦʚ ʠ ʚʩʢʠʧʘʥʠʝ ʦʪ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ 

ʦʯʝʥʴ ʙʣʠʟʢʦ ʢ ʥʝʡ. ʉʦʜʝʨʞʘʥʠʝ ʚʘʣʦʚʦʛʦ ʘʟʦʪʘ 0,3-0,4%. ʬʦʩʬʦʨʘ ʚʘʣʦʚʦʛʦ 0,14-0,20%. ɺ 

ʧʦʛʣʦʱʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʧʨʝʦʙʣʘʜʘʣʠ ʢʘʣʴʮʠʡ (ʜʦ 80%) ʠ ʤʘʛʥʠʡ (11%). ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʘʛʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʯʚʘ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʢ 

ʩʨʝʜʥʝʦʢʫʣʴʪʫʨʝʥʥʳʤ.  

ʆʪʙʦʨ ʧʨʦʙ ʧʨʦʚʦʜʠʣʩʷ ʩʝʪʦʯʥʳʤ ʤʝʪʦʜʦʤ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʦʪʜʝʣʘ ʟʝʤʣʝʜʝʣʠʷ 

ʚʨʫʯʥʫʶ ʩ ʧʦʤʦʱʴʶ ʩʪʘʢʘʥʥʳʭ ʙʫʨʦʚ ʩ 5 ʧʦ 10 ʤʘʷ (ʨʠʩʫʥʦʢ 1).  ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʨʝʜʥʝʡ ʧʨʦʙʳ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 10-15 ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʦʙ. ɻʣʫʙʠʥʘ ʦʪʙʦʨʘ ʧʨʦʙ 0 ï 20 

ʩʤ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʝʪʦʯʥʳʡ ʤʝʪʦʜ ʦʪʙʦʨʘ ʧʨʦʙ ʠʟ ʮʝʥʪʨʘ ʷʯʝʡʢʠ 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʤʝʪʦʜʠʢʘʤ: ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ ʧʦ 

ʤʝʪʦʜʫ ʄʘʯʠʛʠʥʘ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʎʀʅɸʆ [ɻʆʉʊ 26205-91]. ʆʧʨʝʜʝʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ [ɻʆʉʊ 26213-91]. ʆʧʨʝʜʝʣʝʥʠʝ ʨʅ ʧʦʯʚʳ [ɻʆʉʊ 26423-85]. ʆʧʨʝʜʝʣʝʥʠʝ 

ʧʦʜʚʠʞʥʦʡ ʩʝʨʳ ɻʆʉʊ 26490-85. ʆʧʨʝʜʝʣʝʥʠʝ ʥʠʪʨʘʪʦʚ ʤʝʪʦʜʦʤ ʎʀʅɸʆ 26488-85.  
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ɸʥʘʣʠʟ ʧʨʦʙ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʧʦʪʦʯʥʦʡ ʣʠʥʠʠ San
++

 (Scalar, Netherlands). ɺ ʢʘʯʝʩʪʚʝ 

ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ: ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ï Xʩʨ, 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ - s, ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ï V%. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ Anova (MicrosoftExcelProfessionalPlus 2010, ver. 

14.0.7268.5000).  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʉ ʤʦʤʝʥʪʘ ʩʦʟʜʘʥʠʷ ʘʛʨʦʭʠʤʠʯʝʩʢʦʡ ʩʣʫʞʙʳ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʚ ʧʦʩʪʩʦʚʝʪʩʢʠʡ ʧʝʨʠʦʜ (2002 ʛʦʜ) ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʨʘʟʤʝʨ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʠ ʘʛʨʦʭʠʤʠʯʝʩʢʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʥʘ ʙʦʛʘʨʝ ʩʦʩʪʘʚʣʷʣ 100 ʛʘ, 

ʟʘʪʝʤ ʦʥ ʙʳʣ ʫʤʝʥʴʰʝʥ ʜʦ 75 ʛʘ [5]. ɼʣʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʦʙʩʣʝʜʦʚʘʥʠʷ ʟʝʤʝʣʴ, ʠ 

ʫʪʦʯʥʝʥʠʷ ʘʛʨʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʨʝʩʧʫʙʣʠʢʝ ʜʘʥʥʳʝ ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʫʯʘʩʪʢʦʚ ʙʳʣʠ ʜʦʩʪʘʪʦʯʥʳ.  

ʉ 2018 ʛʦʜʘ ʚ ʩʪʨʘʥʝ ʥʘʯʘʣʠʩʴ ʨʝʘʣʠʟʘʮʠʷ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ɺ ʭʦʟʷʡʩʪʚʘʭ ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʪʝʭʥʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ ʚʥʦʩʠʪʴ ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʚʘʨʴʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʫʯʘʩʪʢʘʭ ʩ ʧʣʦʱʘʜʴʶ ʦʪ 

75 ʜʦ 1 ʛʘ.ʆʜʥʘʢʦ ʦʮʝʥʢʘ ʘʛʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ  ʢʘʞʜʦʛʦ ʧʦʣʷ ʠ ʫʨʦʚʥʝʡ ʦʙʝʩʧʝ-

ʯʝʥʥʦʩʪʠ, ʘ ʪʘʢ ʞʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʘʛʨʦʭʠʤʠʯʝʩʢʦʤ 

ʦʙʩʣʝʜʦʚʘʥʠʠ ʩ ʧʣʦʱʘʜʴʶ ʵʣʝʤʝʥʪʘʨʥʳʭ ʨʘʙʦʯʠʭ ʫʯʘʩʪʢʦʚ ʦʪ 10 ʜʦ 100 ʛʘ ʥʝ ʦʪʨʘʞʘʶʪ 

ʧʦʣʥʦʩʪʴʶ ʨʘʟʥʦʨʦʜʥʦʩʪʴ ʠ ʧʝʩʪʨʦʪʫ ʧʣʦʜʦʨʦʜʠʷ. ɸ ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʱʘʜʠ ʨʘʙʦʯʠʭ 

ʫʯʘʩʪʢʦʚ ʜʦ 1-5 ʛʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʠ  ʫʜʦʨʦʞʘʶʪ ʦʙʲʝʤʳ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

 ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʨʝʟʫʣʴʪʘʪʳ  ʘʥʘʣʠʟʘ ʠ ʦʙʦʙʱʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ 2019 ʛʦʜʘ ʩ ʨʘʙʦʯʠʤʠ ʫʯʘʩʪʢʘʤʠ 1 ʛʘ, 5 ʛʘ, 10 ʛʘ ʠ 25 ʛʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʦʙʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʢʘʨʪʦʛʨʘʤʤ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʨʘʙʦʯʝʛʦ ʫʯʘʩʪʢʘ  (ʨʠʩʫʥʦʢ 2). 

 

 
             ɸ                                    ɹ                                 ɺ                                ɻ 
ʈʠʩʫʥʦʢ 2 ï ʆʙʨʘʟʮʳ ʢʘʨʪʦʛʨʘʤʤ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʟʤʝʨʘ ʨʘʙʦʯʝʛʦ ʫʯʘʩʪʢʘ: ɸ ï 1 ʛʘ; ɹ ï 5 ʛʘ; ɺ ï 10 ʛʘ; ɻ ï 25 ʛʘ 

 

 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʘʨʪʦʛʨʘʤʤ ʦʪʜʝʣʴʥʦʛʦ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʨʘʟʙʨʦʩʝ ʜʘʥʥʳʭ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʦʣʴʰʝʤ ʚʘʨʴʠʨʦʚʘʥʠʠ ʩʦʜʝʨʞʘʥʠʷ 

ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ ʧʨʠ ʤʘʣʳʭ ʨʘʟʤʝʨʘʭ ʨʘʙʦʯʝʛʦ ʫʯʘʩʪʢʘ.ʅʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʚʝʣʠʯʠʥʘ ʚʥʫʪʨʠʧʦʣʴʥʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ  ʧʣʦʜʦʨʦʜʠʷ  ʥʘ ʶʞʥʳʭ 

ʢʘʨʙʦʥʘʪʥʳʭ ʯʝʨʥʦʟʝʤʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ, ʟʘʚʠʩʠʪ ʠ ʦʪ 

ʘʛʨʦʣʘʥʜʰʘʬʪʦʡ ʩʪʨʫʢʪʫʨʳ ʪʝʨʨʠʪʦʨʠʠ.ʆʧʨʝʜʝʣʝʥʠʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʣʦʜʦʨʦʜʠʷ ʦʪʜʝʣʴʥʳʭ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʡ ʩ ʫʯʝʪʦʤ ʘʛʨʦʣʘʥʜʰʘʬʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʪʝʨʨʠʪʦʨʠʠ ʚ ʯʝʨʥʦʟʝʤʥʦʡ ʧʦʜʟʦʥʝ ɸʢʤʦʣʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʨʦʚʝʜʝʥʥʦʝ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ2012-2014 ʛʛ., ʧʦʢʘʟʘʣʦ, ʯʪʦ  ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʠʤʝʝʪ 

ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ ʚ 0-40 ʩʤ  ʩʣʦʝ ʧʦʯʚʳ  (ʢʦʵʬʬ. ʚʘʨʠʘʮʠʠ, V,  90,5ï
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102,8%) ʭʦʨʦʰʝʛʦ ʘʛʨʦʣʘʥʜʰʘʬʪʘ, ʩʦʜʝʨʞʘʥʠʝ  ʥʠʪʨʘʪʦʚ ʚ 0-40 ʩʤ ʩʣʦʝ ʧʦʯʚʳ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʘʛʨʦʣʘʥʜʰʘʬʪʘ  (ʢʦʵʬʬ. ʚʘʨʠʘʮʠʠ, V, 45,1ï155,9%) (ʪʘʙʣʠʮʘ 1, 2).  

ʅʠʟʢʘʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʦʪʤʝʯʝʥʘ ʜʣʷ ʪʘʢʦʛʦ ʚʘʞʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ ʢʘʢ 

ʩʦʜʝʨʞʘʥʠʝ  ʛʫʤʫʩʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʘʨʠʘʮʠʠ ʦʪ 3,8 ʜʦ 6,1% ʚ ʩʣʦʝ 0-20 ʩʤ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚ ʩʣʦʝ  20-40 ʩʤ ʜʦ 7,8 ï 9,8%. 

 
ʊʘʙʣʠʮʘ 1 ï ɺʘʨʠʘʪʠʚʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʶʞʥʦʛʦ 

ʢʘʨʙʦʥʘʪʥʦʛʦ ʯʝʨʥʦʟʝʤʘ, ʧʦʣʝ ˉ 1, ʭʦʨʦʰʠʡ  ʘʛʨʦʣʘʥʜʰʘʬʪ,  ʊʆʆ çʅʦʚʦʢʫʙʘʥʩʢʦʝè 

 

ʇʦʢʘʟʘʪʝʣʠ 
ɻʦʨʠʟʦʥʪ, 

ʩʤ 

ʂʦʣʠʯʝʩʪʚʦ 

ʧʦʚʪʦʨʝʥʠʡ 

ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʚʘʨʠʘʮʠʠ, V, % 

ɸʟʦʪ, NO3, 

 ʤʛ/100 ʛ ʧʦʯʚʳ 

0-20 18 2,4 12,6 

20-40 20 1,4 15,3 

0-40 18 1,9 11,6 

ʌʦʩʬʦʨ, ʈ2ʆ5, 

 ʤʛ/100 ʛ ʧʦʯʚʳ 

0-20 18 11,6 102,8 

20-40 20 6,3 90,5 

0-40 18 9,03 98,3 

ʂʘʣʠʡ, ʂ2ʆ, 

ʤʛ/100 ʛ ʧʦʯʚʳ 

0-20 19 578 60,1 

20-40 19 476 56,3 

0-40 19 529 60,8 

ɻʫʤʫʩ, % 

0-20 20 3,47 3,8 

20-40 20 3,13 7,8 

0-40 20 3,31 5,2 

ʑʝʣʦʯʥʦʛʠʜʨʦʣʠʟʫʝʤʳʡ 

ʘʟʦʪ, ʤʛ/100 ʛ ʧʦʯʚʳ 

0-20 20 89,9 51,5 

20-40 20 76,7 50,6 

0-40 20 83,2 50,7 

ʋʨʦʞʘʡʥʦʩʪʴ, ʮ/ʛʘ  20 18,5 44,9 

 

 

ʊʘʙʣʠʮʘ 2 ï ɺʘʨʠʘʪʠʚʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʶʞʥʦʛʦ 

ʢʘʨʙʦʥʘʪʥʦʛʦ ʯʝʨʥʦʟʝʤʘ, ʧʦʣʝ ˉ 7, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʘʛʨʦʣʘʥʜʰʘʬʪ,  ʊʆʆ 

çʅʦʚʦʢʫʙʘʥʩʢʦʝè 

 

ʇʦʢʘʟʘʪʝʣʠ 
ɻʦʨʠʟʦʥʪ, 

ʩʤ 

ʂʦʣʠʯʝʩʪʚʦ 

ʧʦʚʪʦʨʝʥʠʡ 

ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʚʘʨʠʘʮʠʠ, V, % 

ɸʟʦʪ, NO3 

ʤʛ/100 ʛ ʧʦʯʚʳ 

0-20 18 1,2 45,1 

20-40 20 1,3 155,9 

0-40 18 0,9 41,6 

ʌʦʩʬʦʨ, ʈ2ʆ5, 

ʤʛ/100 ʛ ʧʦʯʚʳ 

0-20 18 21,6 33,6 

20-40 20 8,3 52,3 

0-40 18 14,8 32,8 

ʂʘʣʠʡ, ʂ2ʆ, 

ʤʛ/100 ʛ ʧʦʯʚʳ 

0-20 19 484 52,6 

20-40 19 375 53,1 

0-40 19 432 52,9 

ɻʫʤʫʩ, % 

0-20 20 3,24 6,1 

20-40 20 2,69 9,8 

0-40 20 2,95 9,1 

ʑʝʣʦʯʥʦʛʠʜʨʦʣ. ʘʟʦʪ, ʤʛ/100 ʛ 

ʧʦʯʚʳ 

0-20 20 81,5 51,0 

20-40 20 67,1 51,5 

0-40 20 74,3 50,5 
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ʋʨʦʞʘʡʥʦʩʪʴ, ʮ/ʛʘ  20 14.4 30,7 

 

ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳʤ ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ ʧʦ ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʨʠ ʘʛʨʦʭʠʤʠʯʝʩʢʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʨʘʙʦʯʠʭ ʫʯʘʩʪʢʦʚ ï 75; 25; 5 ʠ 1 ʛʘ. 

ɺʳʙʦʨ ʨʘʟʤʝʨʘ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʯʘʩʪʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʜʘʯʘʤʠ, ʢʦʪʦʨʳʝ ʩʪʘʚʠʪ ʧʝʨʝʜ 

ʩʦʙʦʡ ʢʘʞʜʳʡ ʩʝʣʴʭʦʟʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʴ.  

ʇʣʦʱʘʜʴ 25 ʛʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʫʙʩʠʜʠʨʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʩʝʣʴʭʦʟʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʥʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʱʘʜʢʝ QOLDAU [6]. ʈʘʟʤʝʨ 

ʫʯʘʩʪʢʘ ʚ 1 ʛʘ ʠ ʤʝʥʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ ʥʘ ʥʝʙʦʣʴʰʠʭ 

ʩʝʣʴʭʦʟʫʛʦʜʠʷʭ. ɼʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʘʛʨʦʭʠʤʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʩ 

ʧʣʦʱʘʜʴʶ ʫʯʘʩʪʢʘ 4-5 ʛʘ.  

ɺ ʥʘʰʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʙʳʣ ʧʨʠʥʷʪ  

ʜʦʧʫʩʪʠʤʳʡ ʨʘʟʤʝʨ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʯʘʩʪʢʘ - 5 ʛʘ.  

ʆʙʦʙʱʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʛʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʧʦʣʠʛʦʥʘ 

ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʧʦʢʘʟʘʣʠ ʩʨʝʜʥʶʶ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʧʘʭʦʪʥʦʛʦ ʩʣʦʷ ʥʠʪʨʘʪʥʳʤ ʘʟʦʪʦʤ. 

ʇʨʠ ʵʪʦʤ ʩʪʝʧʝʥʴ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʘʟʦʪʦʤ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ ʥʠʟʢʦʡ ʜʦ ʧʦʚʳʰʝʥʥʦʡ (ʪʘʙʣʠʮʘ 

3).  ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʧʨʝʚʳʰʘʣ 25%, ʧʦʵʪʦʤʫ ʧʦʣʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ N-NO3 ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʢ ʥʝʦʜʥʦʨʦʜʥʳʤ.  

ʉʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘʥʘʭʦʜʠʣʦʩʴ ʥʘ ʫʨʦʚʥʝ ʩʨʝʜʥʝʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ, ʩ 

ʢʦʣʝʙʘʥʠʷʤʠ ʧʦʢʘʟʘʪʝʣʷ ʧʦ ʵʣʝʤʝʥʪʘʨʥʳʤ ʫʯʘʩʪʢʘʤ ʦʪ ʥʠʟʢʦʛʦ ʜʦ ʚʳʩʦʢʦʛʦ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʥʝ ʧʨʝʚʳʰʘʣ 50%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʫʪʨʠʧʦʣʴʥʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ 

(ʘʟʦʪ ʠ ʬʦʩʬʦʨ) ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ.  

ʅʠʟʢʘʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʦʪʤʝʯʝʥʘ ʜʣʷ ʪʘʢʠʭ  ʚʘʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ 

ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ  ʛʫʤʫʩʘ, ʢʘʣʠʷ, ʩʪʝʧʝʥʠ ʢʠʩʣʦʪʥʦʩʪʠ. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʧʦʯʚʝ ʥʠʟʢʦʝ, ʚʘʨʴʠʨʦʚʘʥʠʝ ʩʣʘʙʦ ʚʳʨʘʞʝʥʦ ï 15%.  

 ʆʙʝʩʧʝʯʝʥʥʦʩʪʴ ʧʦʜʚʠʞʥʳʤ ʢʘʣʠʝʤ ï ʙʳʣʘ ʚʳʩʦʢʘʷ,  ʚʘʨʴʠʨʦʚʘʥʠʝ ʩʣʘʙʦ ʚʳʨʘʞʝʥʦ ï 

12%. 

ʇʦ ʩʪʝʧʝʥʠ ʢʠʩʣʦʪʥʦʩʪʠ  ʦʙʩʣʝʜʦʚʘʥʥʳʝ ʧʦʣʷ ʦʪʥʦʩʠʪʩʷ ʢ ʱʝʣʦʯʥʳʤ ʧʦʯʚʘʤ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʧʦ ʜʘʥʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʥʝ ʧʨʝʚʳʰʘʣ 1%.  

ʇʦ ʵʪʠʤ  ʧʦʢʘʟʘʪʝʣʷʤ ʧʦʯʚʳ ʧʦʣʠʛʦʥʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʚʳʨʦʚʥʝʥʥʳʤʠ. 

 
ʊʘʙʣʠʮʘ 3 ï ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʦʡʩʪʚ ʧʘʭʦʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ 0-20 ʩʤ 

ʶʞʥʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʯʝʨʥʦʟʝʤʘ ʥʘ ʇʦʣʠʛʦʥʝ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ, ʧʨʠ ʨʘʟʤʝʨʝ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʯʘʩʪʢʘ 5 ʛʘ, ʅʇʎɿʍ ʠʤ. ɸ.ʀ. ɹʘʨʘʝʚʘ, 2018 ʛ. 

 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ N-NO3, ʈ2ʆ5, ʤʛ/ʢʛ ʂ2ʆ, ʤʛ/ʢʛ ɻʫʤʫʩ, % ʨʅ, 

ʉʨʝʜʥʝʝ, ʤʛ/ʢʛ 9,3 24,3 516 3,37 8,6 

s 10,5 10,9 64,4 0,5 0,1 

V % 113% 45% 12% 15% 1% 

Min, ʤʛ/ʢʛ 2,5 4,2 374 1,95 7,6 

Max, ʤʛ/ʢʛ 202,5 98,8 862 5,69 8,8 

ʨʘʟʤʘʭ ʚʘʨ, ʤʛ/ʢʛ 200 94,6 488 3,74 1,2 

ʤʝʜʠʘʥʘ, ʤʛ/ʢʛ 7,2 22,3 507 3,39 8,6 

ʦʙʲʝʤ ʚʳʙʦʨʢʠ, n 480 480 480 480 480 
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ʇʨʠʤʝʯʘʥʠʝ. n ï ʯʠʩʣʦ ʚʳʙʦʨʢʠ, s ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, V ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ 

 

 

ʄʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʶʞʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʯʝʨʥʦʟʝʤʘʭ, 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʵʪʠʭ ʧʦʯʚ  ʦʧʪʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʘʟʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 12-14 ʤʛ/ʢʛ ʠ ʬʦʩʬʦʨʘ 

25-30 ʤʛ/ʢʛ [7 - 8].   

ʇʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʘʛʨʦʭʠʤʠʯʝʩʢʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʧʦʯʚ ʧʦʣʠʛʦʥʘ ʨʘʩʯʝʪ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʧʦ ʬʦʩʬʦʨʫ ʩʨʝʜʥʷʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʈ2ʆ5 ʩʦʩʪʘʚʠʣʘ 24,3 ʤʛ/ʢʛ ʠ ʧʦ ʘʟʦʪʫ N-NO3  - 9,3 

ʤʛ/ʢʛ, ʪʦ ʝʩʪʴ ʧʨʠʤʝʥʝʥʠʷ  ʫʜʦʙʨʝʥʠʡ ʥʝ ʪʨʝʙʫʝʪʩʷ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ, ʧʨʠ ʨʘʟʙʠʚʢʝ ʧʦʣʝʡ ʧʦ 5 ʛʘ ʩʝʪʢʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʫʯʘʩʪʢʠ ʩ ʥʠʟʢʦʡ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʜʘʥʥʳʤʠ ʤʘʢʨʦʵʣʝʤʝʥʪʘʤʠ. 

ʇʨʠ ʨʘʥʞʠʨʦʚʢʝ ʧʦʣʝʡ ʧʦ ʩʪʝʧʝʥʠ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʠʪʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʢ ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ ʚ ʧʦʯʚʝ. ʅʘ ʜʦʣʶ ʧʦʣʝʡ ʩ ʥʠʟʢʦʡ ʠ ʩʨʝʜʥʝʡ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ N-NO3 ʧʨʠʭʦʜʠʪʩʷ 73,4% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʥʝʩʝʥʠʷ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ (ʨʠʩʫʥʦʢ 3). 

 ɼʣʷ ʦʩʪʘʚʰʝʡʩʷ ʯʘʩʪʠ -  26,6%, ʚʥʝʩʝʥʠʝ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʝ ʪʨʝʙʫʝʪʩʷ.  

ɿʘ ʩʯʝʪ ʜʘʥʥʦʡ ʯʘʩʪʠ ʧʨʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤ ʚʥʝʩʝʥʠʠ ʚʦʟʤʦʞʥʘ ʵʢʦʥʦʤʠʷ 

ʫʜʦʙʨʝʥʠʡ. ʅʘ ʜʦʣʶ ʫʛʦʜʠʡ ʩ ʥʠʟʢʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʈ2ʆ5  ʧʨʠʭʦʜʠʪʩʷ 15,4% ʦʪ ʦʙʱʝʡ 

ʧʣʦʱʘʜʠ, ʩʦ ʩʨʝʜʥʝʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ - 63,1%, ʠʟ ʥʠʭ ʧʦʣʦʚʠʥʘ ʧʦʣʝ ʠʤʝʝʪ ʦʧʪʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ (25-30 ʤʛ/ʢʛ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʧʦʣʝʡ,  ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʚʥʦʩʠʪʴ ʫʜʦʙʨʝʥʠʷ, 

ʩʦʩʪʘʚʣʷʝʪ 46,9%. ʆʙʝʩʧʝʯʝʥʠʝ ʜʘʥʥʦʡ ʧʣʦʱʘʜʠ ʬʦʩʬʦʨʥʳʤʠ ʫʜʦʙʨʝʥʠʷʤʠ ʚʦʟʤʦʞʥʦ ʟʘ 

ʩʯʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʥʦʩʠʤʳʭ ʫʜʦʙʨʝʥʠʡ, ʪʦ ʝʩʪʴ ʧʨʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤ 

ʚʥʝʩʝʥʠʠ. ɺʳʩʦʢʘʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʧʦʜʚʠʞʥʳʤ ʢʘʣʠʝʤ ʥʘ 89% ʧʣʦʱʘʜʠ ʧʦʟʚʦʣʷʝʪ ʥʝ 

ʠʩʧʦʣʴ-ʟʦʚʘʪʴ ʫʜʦʙʨʝʥʠʷ. ɻʫʤʫʩ ʠʤʝʝʪ ʥʠʟʢʫʶ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʥʘ 90,8% ʧʦʣʝʡ, ʵʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʶʞʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʯʝʨʥʦʟʝʤʦʚ, ʢʦʪʦʨʳʝ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʫʩʪʫʧʘʶʪ ʦʙʳʢʥʦʚʝʥʥʳʤ ʯʝʨʥʦʟʝʤʘʤ, ʪʘʢ ʠ ʝʝ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʥʝʜʦʩʪʘʪʢʦʤ 

ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʚ ʧʦʯʚʝ.  
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ʉʪʝʧʝʥʴ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ P2O5, ʤʛ/ʢʛ 
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ʈʠʩʫʥʦʢ 3 ï ɻʨʫʧʧʠʨʦʚʢʘ ʧʦʯʚ ʇʦʣʠʛʦʥʘ ʧʦ ʩʪʝʧʝʥʠ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʠʪʘʪʝʣʴʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ 

 

 ʅʝʩʠʩʪʝʤʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 

ʘʛʨʦʭʠʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʘʭʦʪʥʳʭ ʫʛʦʜʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ 

ʧʠʪʘʥʠʷ ʚ ʧʦʯʚʝ [9-10]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʟʝʤʝʣʴ, ʘ ʥʘʣʠʯʠʝ ʪʝʭʥʠʢʠ ʩ 

ʬʫʥʢʮʠʝʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ, ʧʦʟʚʦʣʷʝʪ ʚʳʨʦʚʥʷʪʴ 

ʘʛʨʦʭʠʤʠʯʝʩʢʠʡ ʬʦʥ. 

ɺʳʚʦʜʳ. ʇʦʯʚʳ ʇʦʣʠʛʦʥʘ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʠʧʠʯʥʳʤ 

ʘʛʨʦʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ  ʶʞʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʯʚ ʧʦ ʧʨʝʜʝʣʘʤ ʢʦʣʝʙʘʥʠʡ ʠ 

ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʪʦʯʥʦʛʦ 

ʟʝʤʣʝʜʝʣʠʷ. 

ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʯʘʩʪʢʘ ʩ 75 ʜʦ 5 ʛʘ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʚʳʷʚʠʪʴ 

ʚʥʫʪʨʠʧʦʣʴʥʫʶ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ.  

ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʵʣʝʤʝʥʪʦʚ  ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʚ ʉʝʚʝʨʥʦʤ ʂʘʟʘʭʩʪʘʥʝ ʤʦʞʥʦ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ 5 ʛʘ ʵʣʝʤʝʥʪʘʨʥʳʡ ʫʯʘʩʪʦʢ ʧʨʠ ʘʛʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʠ. ʆʥ 

ʧʦʟʚʦʣʷʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʠʩʳʚʘʪʴ ʚʥʫʪʨʠʧʦʯʚʝʥʥʫʶ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ.  

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ ʦʪʤʝʯʘʶʪʩʷ ʧʨʠ ʵʪʦʤ ʫ ʧʦʜʚʠʞʥʳʭ 

ʬʦʨʤ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ï ʬʦʩʬʦʨʘ (45%) ʠ ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ (113%). ʆʜʥʘ ʠʟ ʧʨʠʯʠʥ 

ʵʪʦʛʦ - ʚʥʝʩʝʥʠʝ  ʘʟʦʪʥʦ-ʬʦʩʬʦʨʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʀʈʅ BR10865093  

ʈʘʟʨʘʙʦʪʢʘ ʠ ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ 

ʘʜʘʧʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʢʦʩʤʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʧʦʜ ʘʢʪʫʘʣʴʥʳʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʜʘʯʠ ʧʨʦʬʠʥʘʥʩʠʨʦʚʘʥʥʳʡ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 

 
 ʃʠʪʝʨʘʪʫʨʘ: 
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 ɿʝʨʪʪʝʣʛʝʥ ʘʣʘשʥʳש ʞʘʣʧʳ ʢᴇʣʝʤʽ 2400 ʛʘ-ʜʳ ײץʨʘʜʳ. ʊʘʥʘʧʪʳ ʙᴇʣʫ 5 ʛʝʢʪʘʨʣʳץ ʪʦʨʜʘʥ 

 ʨʛʽʟʽʣʜʽ. ʊʘʣʜʘʫװʩʳʥʘʤʘʣʘʨʳʥ ʽʨʽʢʪʝʫ ʪʦʨ ᴅʜʽʩʽʤʝʥ ʞ ץʨʛʽʟʽʣʜʽ. ʊʦʧʳʨʘװʘʨʘʧʘʡʳʤ ʫʯʘʩʢʝʣʝʨʛʝ ʞץ

ʥᴅʪʠʞʝʣʝʨʽ ʢʘʣʠʡ, ʛʫʤʫʩ ʞᴅʥʝ ʨʅ ʤᴇʣʰʝʨʽ ʙʦʡʳʥʰʘ ʪʘʥʘʧʪʳש ʙʽʨʢʝʣʢʽʣʽʛʽʥ ʢᴇʨʩʝʪʪʽ. ᴆʟʛʝʨʛʽʰʪʽʢ 

ʢʦʵʬʬʠʮʠʝʥʪʽ 25 %-ʜʘʥ ʘʩʧʘʜʳ. ʅʠʪʨʘʪʪʳ ʘʟʦʪ ʞᴅʥʝ ʞʳʣʞʳʤʘʣʳ ʬʦʩʬʦʨ װʰʽʥ ʞʦסʘʨʳ 

ᴇʟʛʝʨʛʽʰʪʽʢ ʙʘʡץʘʣʜʳ. ʅʠʪʨʘʪʪʳ ʘʟʦʪʪʳש (9,3 ʤʛ/ʢʛ) ʞᴅʥʝ ʞʳʣʞʳʤʘʣʳ ʬʦʩʬʦʨʜʳש (24,5 ʤʛ/ʢʛ) 

 ʤᴇʣʰʝʨʽ 600 ʤʛ/ʢʛ-ʥʘʥ שʳ ʢʘʣʠʡʜʽסʪʘץʛʝʡʽʥʜʝ ʙʦʣʜʳ. ʊʦʧʳʨʘשʘʤʪʘʤʘʩʳʟ ʝʪʽʣʫ ʜʝץ ʨʘʤʳ ʦʨʪʘʰʘײץ

ʞʦסʘʨʳ ʝʢʝʥʽ ʘʥʳץʪʘʣʜʳ. ʆʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש ʤᴇʣʰʝʨʽ 4%-ʜʘʥ ʘʩʧʘʜʳ. ʊʦʧʳʨʘץʪʳש 

 ʘʟʦʪ ʧʝʥ ʬʦʩʬʦʨ שʜᴅʨʝʞʝʩʽ ʙʦʡʳʥʰʘ ʪʦʧʪʘʣʫʳ ᴇʪʝ ʩʽʣʪʽʣʽ  (8,6-9,0). ʊʘʥʘʧʪʘʨʜʳ ץʳʣʜʳץʳʰץ

ʙʦʡʳʥʰʘ ʙʽʨʢʝʣʢʽ ʝʤʝʩ ʪʦʧʪʘʩʪʳʨʳʣʫʳ ʘʥʳץʪʘʣʜʳ. ɸʟʦʪ ʞᴅʥʝ ʬʦʩʬʦʨʤʝʥ ʦʨʪʘʰʘ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʽʣʛʝʥ ʪʘʥʘʧʪʳװ שʣʝʩʽ 63-66 %-ʜʳ ײץʨʘʡʜʳ. ʊʘʥʘʧʪʘʨʜʳ50 ש  %-ʳ װʰʽʥ N-NO3 ʧʝʥ P2O5 ʦשʪʘʡʣʳ 

ʙʦʣʫʳʥʘ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʤʠʥʝʨʘʣʜʳ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ץʦʣʜʘʥʫ ץʘʞʝʪ. ʊʳשʘʡʪץʳʰʪʘʨʜʳ ʩʘʨʘʣʳ 

ʪװʨʜʝ ʝʥʛʽʟʫ ʪʝʭʥʠʢʘʩʳ ʥʘץʪʳ ʝʛʽʥʰʽʣʽʢʪʝ ץʦʣʜʘʥʳʣʫ ʵʣʝʤʝʥʪʽ ʨʝʪʽʥʜʝ ʘʛʨʦʭʠʤʠʷʣʳץ ʬʦʥʜʳ 

ʪװʟʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

 ʄʘץʘʣʘʜʘ 5 ʛʘ ץʘʨʘʧʘʡʳʤ ʘʣץʘʧʪʘʨʜʘʥ ʪʦʧʳʨʘץ ʩʳʥʘʤʘʣʘʨʳʥ ʘʣʫ ʢʝʟʽʥʜʝ ʥʠʪʨʘʪʪʳ ʘʟʦʪʪʳש, 

ʞʳʣʞʳʤʘʣʳ ʬʦʩʬʦʨʜʳש, ʢʘʣʠʡʜʽש, ʛʫʤʫʩ ʞᴅʥʝ ʨʅ-ʥʳש ʘʛʨʦʭʠʤʠʷʣʳץ ᴇʟʛʝʨʛʽʰʪʽʛʽʥ ʟʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 
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Kunanbayev K.K., candidate of biological sciences 

Skoblikov V.F., head of the laboratory of precision agriculture 

 

Research and Production Center for Grain Farming. A.I. Baraeva, settlement Scientific,  

Akmola region, Republic of Kazakhstan 

 

Annotation. The study of agrochemical variability of nutrients allows you to save mineral 

fertilizers by applying them in those elementary areas where it is necessary. On the basis of the Polygon 

of Precision Farming in Northern Kazakhstan, Akmola region, the question of agrochemical variability of 

nitrate nitrogen, mobile forms of phosphorus and potassium, humus and pH was studied. 

 The total surveyed area was 2,400 hectares. The field was divided into elementary plots of 5 

hectares. The sampling of soil samples was carried out using a grid method. The results of the analysis 

showed the uniformity of the field in terms of the content of potassium, humus and pH. The variation 

coefficient did not exceed 25%. High variability was noted for nitrate nitrogen and mobile phosphorus. 

The content of nitrate nitrogen (9.3 mg / kg) and mobile phosphorus (24.5 mg / kg) was at the level of the 

average supply. A high supply of potassium in the soil was revealed,> 600 mg / kg. The content of 

organic matter did not exceed <4%. The grouping of soils according to the degree of acidity was strongly 

alkaline, 8.6 - 9.0. An uneven grouping of fields by nitrogen and phosphorus was revealed. The share of a 

field with an average supply of nitrogen and phosphorus is 63 - 66%. Based on the optimum N-NO3 and 

P2O5, 50% of the fields require the introduction of mineral fertilizers. The use of elements of precision 

farming - a technique for differentiated fertilization, can make it possible to even out the agrochemical 

background. 

The article presents the results of studies on the agrochemical variation of nitrate nitrogen, mobile 

forms of phosphorus, potassium, humus and pH during soil sampling from elementary plots of 5 ha. 

Keywords:soil; precision farming, differential application, mobile phosphorus, nitrate nitrogen, 

coefficient of variation, agrochemical survey, elementary plot. 
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ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ  
2 
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ɸʥʥʦʪʘʮʠʷ. ʊʦʤʘʪ ʚ ʂʘʟʘʭʩʪʘʥʝ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʘʷ ʦʚʦʱʥʘʷ ʢʫʣʴʪʫʨʘ, ʚʦʟʜʝʣʳʚʘʝʪʩʷ 

ʥʘ ʧʣʦʱʘʜʠ 25ï27 ʪʳʩʷʯ ʛʘ, ʧʨʠ ʥʦʨʤʝ ʧʦʪʨʝʙʣʝʥʠʷ 25 ʢʛ ʚ ʛʦʜ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 144%. 

ʋʨʦʞʘʡʥʦʩʪʴ ʪʦʤʘʪʘ ʢʦʣʝʙʣʝʪʩʷ ʧʦ ʨʝʛʠʦʥʘʤ ʦʪ 20 ʜʦ 30 ʪ/ʛʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʫʣʴʪʫʨʳ (75ï90 ʪ/ʛʘ). ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʞʘʷ ʪʦʤʘʪʘ 

ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʳʭ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ. ɺ ʂʘʟʘʭʩʪʘʥʝ ʜʦʧʫʱʝʥʦ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ 56 ʩʝʣʝʢʮʠʦʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʧʦ ʪʦʤʘʪʫ, ʚ ʪʦʤ ʯʠʩʣʝ 12 ï ʢʘʟʘʭʩʪʘʥʩʢʠʝ ʩʦʨʪʘ. 

ʂʨʦʤʝ ʨʘʟʨʝʰʝʥʥʳʭ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ, ʟʘʨʫʙʝʞʥʳʝ ʬʠʨʤʳ ʟʘʚʦʟʷʪ ʚ ʂʘʟʘʭʩʪʘʥ ʤʥʦʛʦ 

ʥʝʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʥʝ ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ ʤʝʩʪʥʳʤ ʫʩʣʦʚʠʷʤ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʠʟʫʯʠʪʴ ʠ ʚʳʷʚʠʪʴ ʣʫʯʰʠʝ ʩʝʣʝʢʮʠʦʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʜʨʫʛʠʭ ʩʪʨʘʥ, ʯʪʦʙʳ ʫ ʦʚʦʱʝʚʦʜʦʚ ʙʳʣʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʨʘʱʠʚʘʪʴ ʟʘʨʫʙʝʞʥʳʝ ʩʦʨʪʘ ʠ ʛʠʙʨʠʜʳ ʪʦʤʘʪʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʫʩʣʦʚʠʷʭ ʶʛʦï

ʚʦʩʪʦʢʘ ʂʘʟʘʭʩʪʘʥʘ ʠʟʫʯʝʥʦ 14 ʟʘʨʫʙʝʞʥʳʭ ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʪʦʤʘʪʘ ʠʟ 6 ʩʪʨʘʥ (ʅʠʜʝʨʣʘʥʜʳ, 

ʊʫʨʮʠʷ, ʀʪʘʣʠʷ, ʇʦʣʴʰʘ, ʂʠʪʘʡ, ʈʦʩʩʠʷ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʘʜʘʧʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʠ 

ʭʦʟʷʡʩʪʚʝʥʥʳʭïʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ ʠʥʦʩʪʨʘʥʥʦʡ ʩʝʣʝʢʮʠʠ ʧʨʦʚʝʜʝʥʳ ʚ 

2018ï2020 ʛʦʜʳ ʚ ʂʘʟʘʭʩʢʦʤ ʥʘʫʯʥʦïʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʧʣʦʜʦʦʚʦʱʝʚʦʜʩʪʚʘ. ʇʦ 

ʢʦʤʧʣʝʢʩʫ ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠʟ 14 ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʚʳʜʝʣʝʥʳ 4, ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʧʨʦʠʟʚʦʜʩʪʚʫ 

3:ʐʫʨʫʢ (ʅʠʜʝʨʣʘʥʜʳ), ʌʘʣʢʦʥ (ʊʫʨʮʠʷ), ɹʘʨʠʥ (ʈʦʩʩʠʷ). ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʥʘ ʙʠʦʤʘʩʩʫ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʠʚʰʠʭʩʷ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʤʘʪ, ʩʦʨʪ, ʛʠʙʨʠʜ, ʫʜʦʙʨʝʥʠʝ, ʧʠʪʘʥʠʝ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ. 
 

ɺʚʝʜʝʥʠʝ. ʊʦʤʘʪ ʚ ʂʘʟʘʭʩʪʘʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ. 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʧʦʧʫʣʷʨʥʦʩʪʴ ʪʦʤʘʪʘ ʚ ʩʪʨʘʥʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʩʦʢʠʤʠ 

ʚʢʫʩʦʚʳʤʠ ʠ ʜʠʝʪʠʯʝʩʢʠʤʠ ʢʘʯʝʩʪʚʘʤʠ ʧʣʦʜʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʛʦʜʥʦʩʪʴʶ ʢ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ 

ʧʝʨʝʨʘʙʦʪʢʠ. ʋʜʝʣʴʥʳʡ ʚʝʩ ʪʦʤʘʪʘ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʧʝʨʝʨʘʙʦʪʢʠ ʧʣʦʜʦʦʚʦʱʥʦʛʦ ʩʳʨʴʷ ʚ 

ʨʝʩʧʫʙʣʠʢʝ ʜʦʩʪʠʛʘʝʪ ʜʦ 60%. 

ʀʩʢʣʶʯʠʪʝʣʴʥʘʷ ʮʝʥʥʦʩʪʴ ʧʣʦʜʦʚ ʪʦʤʘʪʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʩʦʜʝʨʞʘʪ 

ʬʘʢʪʦʨʳ ʜʦʙʘʚʦʯʥʦʛʦ ʧʠʪʘʥʠʷ: ʚʠʪʘʤʠʥʳ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʤʠʥʝʨʘʣʴʥʳʝ ʩʦʣʠ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʣʫʯʰʝʛʦ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ, ʧʦʚʳʰʝʥʠʷ ʘʧʧʝʪʠʪʘ ʠ ʩʦʭʨʘʥʝʥʠʷ 

ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ɺ ʧʣʦʜʘʭ ʪʦʤʘʪʘ ʩʦʜʝʨʞʠʪʩʷ 5ï8% ʩʫʭʠʭ ʚʝʱʝʩʪʚ, ʠʟ ʢʦʪʦʨʳʭ 

ʦʢʦʣʦ 50% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʘʭʘʨʘ, 0,6ï1,1% ʙʝʣʢʘ, 0,4ï0,9% ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, 0,2% 

ʞʠʨʦʚ ʠ ʵʬʠʨʥʳʭ ʤʘʩʝʣ, 20ï45 ʤʛ% ʚʠʪʘʤʠʥʘ ʉ (ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ), 0,5ï2,2 

ʧʨʦʚʠʪʘʤʠʥʘ ɸ, 0,43ï0,53 ʈʈ (ʥʠʢʦʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ), 0,3 ʤʛ% ʣʠʢʦʧʠʥʘ, ʚ ʥʝʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ɺ9 (ʬʦʣʠʝʚʘʷ ʢʠʩʣʦʪʘ). ɺ ʧʣʦʜʘʭ ʥʝʢʦʪʦʨʳʭ ʬʦʨʤ ʥʘʭʦʜʠʪʩʷ ʪʦʤʘʪʠʥ (3ï5 

ʤʛ%), ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʬʠʪʦʥʮʠʜʥʳʝ ʩʚʦʡʩʪʚʘ. ɹʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʦʤʘʪʘ ʟʘʚʠʩʠʪ 

ʦʪ ʩʦʨʪʘ (ʛʠʙʨʠʜʘ) ʠ ʫʩʣʦʚʠʡ ʚʳʨʘʱʠʚʘʥʠʷ ʢʫʣʴʪʫʨʳ [1ï4].  
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ʆʙʱʠʝ ʧʦʩʝʚʥʳʝ ʧʣʦʱʘʜʠ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʚ ʂʘʟʘʭʩʪʘʥʝ ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ 150ï

155 ʪʳʩʷʯ ʛʘ, ʠʟ ʥʠʭ ʥʘ ʜʦʣʶ ʪʦʤʘʪʘ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 25ï27 ʪʳʩ. ʛʘ (17ï18%), ʘ ʚ 

ʚʘʣʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʚʦʱʝʡ ʟʘʥʠʤʘʝʪ ʩʚʳʰʝ 20%. ʋʨʦʞʘʡʥʦʩʪʴ ʪʦʤʘʪʘ ʩʦʩʪʘʚʣʷʝʪ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʛʠʦʥʘ ʩʪʨʘʥʳ ʦʪ 20 ʜʦ 30 ʪ/ʛʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʢʫʣʴʪʫʨʳ (75ï90 ʪ/ʛʘ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʝʩʧʫʙʣʠʢʝ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʢʦʣʦ 36 ʢʛ ʪʦʤʘʪʘ ʧʨʠ ʥʦʨʤʝ 25 ʢʛ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ ʂʘʟʘʭʩʢʦʡ ʘʢʘʜʝʤʠʝʡ 

ʧʠʪʘʥʠʷ. ʆʙʝʩʧʝʯʝʥʥʦʩʪʴ ʪʦʤʘʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 144% [5]. ʆʜʥʘʢʦ, ʜʘʥʥʘʷ ʥʦʨʤʘ 

ʧʦʪʨʝʙʣʝʥʠʷ (25 ʢʛ) ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ. ɺ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʫʧʦʪʨʝʙʣʷʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʥʦʨʤʳ ʪʦʤʘʪʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʂʘʟʘʭʩʪʘʥʝ 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʪʦʤʘʪʫ ʥʝ ʦʙʝʩʧʝʯʝʥʳ ʩʳʨʴʝʤ. ʉʨʝʜʥʠʝ ʫʨʦʞʘʠ 

ʪʦʤʘʪʘ ʚ ʨʝʩʧʫʙʣʠʢʝ (25ï27 ʪ/ʛʘ) ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʧʨʦʩ ʥʘ ʩʳʨʴʝ. ʅʘ ʧʝʨʝʨʘʙʦʪʢʫ ʠʜʫʪ 

ʧʣʦʜʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʙʦʣʝʝ 6% [6ï7].   

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʥʦʛʠʝ ʚʠʜʳ ʦʚʦʱʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʣʦʜʳ ʪʦʤʘʪʘ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʠʱʫ ʯʘʩʪʦ ʚ ʩʚʝʞʝʤ ʚʠʜʝ. ʇʦʵʪʦʤʫ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠʭ ʢʘʯʝʩʪʚʦ, 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ. ʆʚʦʱʥʘʷ (ʪʦʤʘʪʥʘʷ) ʧʨʦʜʫʢʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʦʡ, ʯʠʩʪʦʡ, ʥʘʪʫʨʘʣʴʥʦʡ. ʊʦʣʴʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʥʘ ʙʫʜʝʪ ʧʦʣʝʟʥʦʡ ʜʣʷ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ ʠ ʥʝ ʧʦʚʨʝʜʠʪ ʟʜʦʨʦʚʴʶ ʥʘʩʝʣʝʥʠʷ. ʕʪʦ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʚʳʨʘʱʠʚʘʥʠʠ ʦʚʦʱʝʡ. ɺʩʝ ʩʦʨʪʘ ʠ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʯʠʩʪʦʡ ʧʨʦʜʫʢʮʠʠ [8ï10]. 

ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʨʳʥʦʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʩʳʱʝʥ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʨʪʦʚ ʠ 

ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ ʨʘʟʣʠʯʥʳʭ ʩʝʣʝʢʮʠʦʥʥʦïʩʝʤʝʥʦʚʦʜʯʝʩʢʠʭ ʬʠʨʤ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ.  

ʂʨʦʤʝ ʦʬʠʮʠʘʣʴʥʦ ʨʘʟʨʝʰʝʥʥʳʭ ʩʝʣʝʢʮʠʦʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ, ʟʘʨʫʙʝʞʥʳʤʠ ʬʠʨʤʘʤʠ 

ʧʨʝʜʣʘʛʘʶʪʩʷ ʤʥʦʛʦ ʥʝʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ 

ʥʠʭ ʤʘʣʦ ʠʟʫʯʝʥʳ ʠ ʥʝ ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ ʫʩʣʦʚʠʷʤ ʂʘʟʘʭʩʪʘʥʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʝʜʝʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʝʣʝʢʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʩʦʨʪʦʚ ʪʦʤʘʪʘ 

ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʢʦʨʦʩʧʝʣʦʩʪʠ ʠ ʥʘʟʥʘʯʝʥʠʶ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʚʳʩʦʢʦʡ ʫʨʦʞʘʡʥʦʩʪʴʶ ʠ 

ʣʫʯʰʠʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʙʦʣʝʟʥʷʤ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʚ  ʢʦʥʢʨʝʪʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʦʥʘʭ ʨʝʩʧʫʙʣʠʢʠ.  

ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʦʜʦʚ ʪʦʤʘʪʘ ʚ ʦʪʢʨʳʪʦʤ ʛʨʫʥʪʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ 

ʦʚʦʱʝʚʦʜʦʚ ʶʛʘ ʠ ʶʛʦïʚʦʩʪʦʢʘ ʂʘʟʘʭʩʪʘʥʘ, ʛʜʝ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʦʩʥʦʚʥʳʝ ʧʣʘʥʪʘʮʠʠ 

ʪʦʤʘʪʘ. ɹʦʣʴʰʘʷ ʨʦʣʴ ʚ ʵʪʦʤ ʦʪʚʦʜʠʪʩʷ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʤ ʩʦʨʪʘʤ ʠ ʛʠʙʨʠʜʘʤ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʝ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ 

ʪʦʤʘʪʘ ʟʘʨʫʙʝʞʥʦʡ ʩʝʣʝʢʮʠʠ ʧʦ ʦʩʥʦʚʥʳʤ ʭʦʟʷʡʩʪʚʝʥʥʦïʮʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ, ʜʣʷ ʩʚʝʞʝʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ, ʩ ʚʳʩʦʢʠʤʠ ʚʢʫʩʦʚʳʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʢʘʯʝʩʪʚʘʤʠ 

ʧʣʦʜʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʦʡʯʠʚʳʭ ʢ ʢʦʤʧʣʝʢʩʫ ʙʦʣʝʟʥʝʡ, ʩ ʭʦʨʦʰʝʡ ʣʝʞʢʦʩʪʴʶ ʠ 

ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʦʩʪʴʶ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ 

2018ï2020 ʛʦʜʳ ʥʘ ʦʧʳʪʥʦʤ ʩʪʘʮʠʦʥʘʨʝ ʣʘʙʦʨʘʪʦʨʠʠ çʉʝʣʝʢʮʠʷ ʦʚʦʱʝʙʘʭʯʝʚʳʭ ʢʫʣʴʪʫʨè 

ʈʝʛʠʦʥʘʣʴʥʦʛʦ ʬʠʣʠʘʣʘ ʊʆʆ çʂʘʟʘʭʩʢʠʡ ʥʘʫʯʥʦïʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʧʣʦʜʦʦʚʦʱʝʚʦʜʩʪʚʘè çʂʘʡʥʘʨè, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʝʥʥ ʚ ʧʨʝʜʛʦʨʥʦʡ ʟʦʥʝ ʶʛʦïʚʦʩʪʦʢʘ 

ʂʘʟʘʭʩʪʘʥʘ, ʥʘ ʩʝʚʝʨʥʦʤ ʩʢʣʦʥʝ ɿʘʠʣʠʡʩʢʦʛʦ ɸʣʘʪʘʫ (ʊʷʥʴïʐʘʥʴʩʢʠʡ ʛʦʨʥʳʡ ʤʘʩʩʠʚ) ʥʘ 

ʚʳʩʦʪʝ 1000ï1050 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʩʦʪʨʫʜʥʠʢʠ ʠ 

ʜʦʢʪʦʨʘʥʪʳ ʂʘʟʅɸʀʋ. 

ʂʣʠʤʘʪ ʧʨʝʜʛʦʨʥʦʡ ʟʦʥʳ ʶʛʦïʚʦʩʪʦʢʘ ʂʘʟʘʭʩʪʘʥʘ ʨʝʟʢʦʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ, 

ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʠʤʠ ʩʫʪʦʯʥʳʤʠ ʠ ʛʦʜʦʚʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʭʦʣʦʜʥʦʡ ʟʠʤʦʡ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʞʘʨʢʠʤ ʣʝʪʦʤ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ ʤʠʥʠʤʘʣʴʥʳʭ ʚʝʣʠʯʠʥ ʜʦʩʪʠʛʘʝʪ ʚ ʷʥʚʘʨʝ (ï32ï35
0
ʉ), ʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʚʝʣʠʯʠʥ ï 

ʚ ʠʶʣʝ (+37ï43
0
ʉ). ʊʝʧʣʳʡ ʧʝʨʠʦʜ ʧʨʦʜʦʣʞʘʝʪʩʷ 240ï275 ʜʥʝʡ, ʙʝʟʤʦʨʦʟʥʳʡ ʧʝʨʠʦʜ 

ʩʦʩʪʘʚʣʷʝʪ 140ï170 ʜʥʷʤ. ʉʫʤʤʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ (ʚʳʰʝ 0
0
ʉ) ʩʦʩʪʘʚʣʷʝʪ 3450ï

3750
0
ʉ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ (85ï
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90%), ʤʠʥʠʤʫʤʘ ï ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ (35ï40%). ɻʠʜʨʦʪʝʨʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʚʝʥ 0,7ï

1,0. ɻʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ï 350ï600 ʤʤ, ʟʘ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʚʳʧʘʜʘʝʪ 

120ï200 ʤʤ.  

ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʧʨʝʜʛʦʨʥʦʡ ʟʦʥʳ ʶʛʦïʚʦʩʪʦʢʘ ʂʘʟʘʭʩʪʘʥʘ ʧʨʝʜʩʪʘʚʣʝʥ ʩʘʤʳʤʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʧʦʯʚ (ʯʝʨʥʦʟʝʤʳ, ʢʘʰʪʘʥʦʚʳʝ, ʩʝʨʦʟʝʤʳ).  

ʇʦʯʚʘʦʧʳʪʥʦʛʦ ʩʪʘʮʠʦʥʘʨʘ ʈʌ çʂʘʡʥʘʨè ʪʝʤʥʦïʢʘʰʪʘʥʦʚʘʷ, ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʘʷ. ɺ 

ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʩʦʜʝʨʞʠʪʩʷ 2,9ï3,0% ʛʫʤʫʩʘ; 0,18ï0,20% ʦʙʱʝʛʦ ʘʟʦʪʘ; 0,19ï0,20% 

ʚʘʣʦʚʦʛʦ ʬʦʩʬʦʨʘ, 35ï40 ʤʛ/ʢʛ P2O5, 360ï390 ʤʛ/ʢʛ K2O. ɽʤʢʦʩʪʴ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ï 20ï

21 ʤʛïɻ ʢʚ. ʥʘ 100 ʛ. ʈʝʘʢʮʠʷ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʣʘʙʦʱʝʣʦʯʥʘʷ (ʨʅ 7,3ï7,4). ʆʙʲʝʤʥʘʷ 

ʤʘʩʩʘ ʧʦʯʚʳ ï 1,1ï1,2 ʢʛ/ʩʤ
3
, ʥʘʠʤʝʥʴʰʘʷ ʚʣʘʛʦʝʤʢʦʩʪʴ ï 26,6%. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʙʦʣʝʝ 60 ʣʝʪ) ʚ ʦʨʦʰʘʝʤʦʤ ʦʚʦʱʝʚʦʜʩʪʚʝ ʪʝʤʥʦïʢʘʰʪʘʥʦʚʳʝ 

ʧʦʯʚʳ ʧʦʜʚʝʨʛʣʠʩʴ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʣʦʜʦʨʦʜʠʷ [11]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɺ ʧʠʪʦʤʥʠʢʝ ʘʜʘʧʪʘʮʠʠ ʦʮʝʥʠʚʘʣʦʩʴ 14 

ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʪʦʤʘʪʘ ʜʣʷ ʦʪʢʨʳʪʦʛʦ ʛʨʫʥʪʘ ʟʘʨʫʙʝʞʥʦʡ ʩʝʣʝʢʮʠʠ, ʢʦʪʦʨʳʝ ʩʨʘʚʥʠʚʘʣʠʩʴ 

ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʨʘʡʦʥʠʨʦʚʘʥʥʳʤ ʩʦʨʪʦʤ ʆʛʦʥʝʢï777 ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʝʣʝʢʮʠʠ (ʚʩʝʛʦ 15). 

ɺʦ ʚʨʝʤʷ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʩʘʜʳ ʪʦʤʘʪʘ ʧʨʦʚʦʜʠʣʠʩʴ ʬʝʥʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ 

(ʝʜʠʥʠʯʥʳʝ ʠ ʤʘʩʩʦʚʳʝ ʚʩʭʦʜʳ, ʜʨʫʞʥʦʩʪʴ ʚʩʭʦʜʦʚ).ʆʪʤʝʯʝʥʳʩʣʝʜʫʶʱʠʝ ʜʘʪʳ: ʧʦʩʝʚ 

ʩʝʤʷʥ, ʧʦʷʚʣʝʥʠʝ ʝʜʠʥʠʯʥʳʭ ʚʩʭʦʜʦʚ (10%), ʤʘʩʩʦʚʳʝ ʚʩʭʦʜʳ (75%), ʝʜʠʥʠʯʥʦʝ 

ʩʦʟʨʝʚʘʥʠʝ (10% ʨʘʩʪʝʥʠʡ ʩ 1ï2 ʮʚʝʪʢʘʤʠ ʥʘ ʧʝʨʚʦʡ ʢʠʩʪʠ), ʤʘʩʩʦʚʦʝ ʩʦʟʨʝʚʘʥʠʝ ʧʣʦʜʦʚ 

(75%). ʇʨʠ ʧʦʩʝʚʝ ʩʝʤʝʥʘʤʠ ʚ ʛʨʫʥʪ ʜʘʥʘ ʦʮʝʥʢʘ ʜʨʫʞʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʚʩʭʦʜʦʚ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʘʪʫ 10% ï 1ʙʘʣʣ ʜʦ 5 ʙʘʣʣʦʚ. ʊʘʢʞʝ ʦʪʤʝʯʝʥʳ ʜʘʪʳ ʝʜʠʥʠʯʥʦʛʦ (10%) ʠ 

ʤʘʩʩʦʚʦʛʦ (75%) ʩʦʟʨʝʚʘʥʠʷ. ɼʣʠʥʘ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʪʦʤʘʪʘ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʯʠʩʣʫ ʜʥʝʡ ʦʪ ʤʘʩʩʦʚʳʭ ʚʩʭʦʜʦʚ ʜʦ ʥʘʯʘʣʘ ʩʦʟʨʝʚʘʥʠʷ ʧʣʦʜʦʚ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʪʦʤʘʪʘ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʧʦ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʨʪ ʠʣʠ ʛʠʙʨʠʜ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʛʨʫʧʧʝ ʩʦʟʨʝʚʘʥʠʷ. ɼʣʠʥʘ ʧʝʨʠʦʜʘ ʦʪ ʚʩʭʦʜʦʚ ʜʦ ʮʚʝʪʝʥʠʷ ʫ ʠʩʧʳʪʘʥʥʳʭ ʟʘʨʫʙʝʞʥʳʭ 

ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʪʦʤʘʪʘ ʩʦʩʪʘʚʣʷʣʘ 60ï62 ʜʥʷ, ʦʪ ʮʚʝʪʝʥʠʷ ʜʦ ʩʦʟʨʝʚʘʥʠʷ ʧʣʦʜʦʚ ï 47ï50 

ʜʥʝʡ, ʩʫʤʤʘʨʥʦ ʧʝʨʠʦʜ çʚʩʭʦʜʳ ï ʥʘʯʘʣʦ ʩʦʟʨʝʚʘʥʠʷè ï 109ï112 ʜʥʝʡ. ʇʝʨʠʦʜ 

ʧʣʦʜʦʥʦʰʝʥʠʷ ʫ ʚʩʝʭ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ ʙʳʣ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʠ ʨʘʚʥʷʣʩʷ 49ï52 

ʜʥʷʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʝʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʩʝ ʦʙʨʘʟʮʳ 

ʦʪʥʦʩʷʪʩʷ ʢ ʩʨʝʜʥʝʩʧʝʣʦʡ ʛʨʫʧʧʝ ʩʦʟʨʝʚʘʥʠʷ, ʢʨʦʤʝ 3 ʩʦʨʪʦʚ ï ɹʘʨʠʥ, ʐʫʨʫʢ ʠ ɹʫʨʞʫʡ, 

ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘʢ ʩʨʝʜʥʝʧʦʟʜʥʷʷ ʛʨʫʧʧʘ, ʧʝʨʠʦʜ ʧʨʦʭʦʞʜʝʥʠʷ ʬʘʟʳ çʚʩʭʦʜʳï 

ʤʘʩʩʦʚʦʝ ʩʦʟʨʝʚʘʥʠʝè ʫ ʥʠʭ ʩʦʩʪʘʚʠʣ 119ï120 ʩʫʪʦʢ, ʘ ʫ ʩʨʝʜʥʝʩʧʝʣʳʭ ʦʙʨʘʟʮʦʚ ʦʥ ʙʳʣ 

ʨʘʚʝʥ 114ï118 ʩʫʪʢʘʤ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ ʧʣʦʜʦʥʦʰʝʥʠʷ ʧʦ 

ʦʙʨʘʟʮʘʤ ʪʦʤʘʪʘ ʥʝ ʦʪʤʝʯʝʥʦ.  

 ʋʜʦʙʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʩʦʙʦ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʷ ʠ ʫʣʫʯʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʥʘ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚʳ. ʊʦʤʘʪ ʬʦʨʤʠʨʫʝʪ 

ʤʦʱʥʫʶ ʙʠʦʤʘʩʩʫ ʠ ʚʳʩʦʢʠʝ ʫʨʦʞʘʠ, ʥʘ ʯʪʦ ʨʘʩʭʦʜʫʶʪʩʷ ʚ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ 

ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ. ʇʦʵʪʦʤʫ ʚ ʧʦʯʚʫ ʧʦʜ ʪʦʤʘʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 

ʚʥʦʩʠʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ. 

 ʋʯʠʪʳʚʘʷ ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʦʪʟʳʚʯʠʚʦʩʪʴ ʪʦʤʘʪʘ ʥʘ ʤʠʥʝʨʘʣʴʥʦʝ ʧʠʪʘʥʠʝ, ʥʘʤʠ 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʫʩʣʦʚʠʷ ʧʠʪʘʥʠʷ ʢʫʣʴʪʫʨʳ. ʇʨʠ ʵʪʦʤ ʚ ʧʦʣʝʚʳʭ ʦʧʳʪʘʭ ʠʩʩʣʝʜʦʚʘʣʦʩʴ 

ʚʣʠʷʥʠʝ ʨʘʟʥʳʭ ʚʠʜʦʚ ʠ ʥʦʨʤ ʫʜʦʙʨʝʥʠʡ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʛʝʪʘʪʠʚʥʦʡ ʙʠʦʤʘʩʩʳ ʠ ʫʨʦʞʘʷ ʧʣʦʜʦʚ ʚʳʜʝʣʠʚʰʠʭʩʷ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ 

ʪʦʤʘʪʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʨʫʙʝʞʥʳʝ ʛʠʙʨʠʜʳ ʪʦʤʘʪʘ ʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʤʠ ʠ ʪʨʝʙʫʶʪ ʚʥʝʩʝʥʠʝ ʚʳʩʦʢʠʭ ʥʦʨʤ ʫʜʦʙʨʝʥʠʡ.  

 ʂʘʢ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʧʦ ʢʦʤʧʣʝʢʩʫ ʭʦʟʷʡʩʪʚʝʥʥʦï

ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚʳʜʝʣʝʥʦ 4 ʩʦʨʪʦʦʙʨʘʟʮʘ ï ɹʘʨʠʥ (ʈʦʩʩʠʷ), ʐʫʨʫʢ (ʅʠʜʝʨʣʘʥʜʳ), SCï
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2121 (ʊʫʨʮʠʷ), Falkon (ʊʫʨʮʠʷ). ʕʪʠ 4 ʩʦʨʪʘ ʠ ʛʠʙʨʠʜʘ ʪʦʤʘʪʘ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ ʦʧʳʪʘʭ ʩ 

ʫʜʦʙʨʝʥʠʷʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʚʟʷʪ ʨʘʡʦʥʠʨʦʚʘʥʥʳʡ ʩʦʨʪ ʆʛʦʥʝʢï777 (ʂʘʟʘʭʩʪʘʥ).  

ɺʝʣʠʯʠʥʘ ʬʦʨʤʠʨʫʝʤʦʛʦ ʫʨʦʞʘʷ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ, ʚ ʪ.ʯ. ʠ ʪʦʤʘʪʘ, ʠʤʝʝʪ ʪʝʩʥʫʶ 

ʩʚʷʟʴ ʩ ʛʘʙʠʪʫʩʦʤ ʨʘʩʪʝʥʠʡ. ʏʝʤ ʤʦʱʥʝʝ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ, ʪʝʤ ʚʳʰʝ ʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. 

ʈʘʩʪʝʥʠʷ ʩ ʩʠʣʴʥʦ ʨʘʟʚʠʪʦʡ ʙʠʦʤʘʩʩʦʡ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʢ ʚʨʝʜʥʳʤ ʦʨʛʘʥʠʟʤʘʤ, ʫ ʥʠʭ 

ʣʫʯʰʝ ʨʘʟʚʠʪʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. ɺʩʝ ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ 

ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ ʩ ʣʫʯʰʠʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ, ʪʘʢ 

ʢʘʢ ʩ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʥʝʩʝʥʥʳʝ ʚ ʧʦʯʚʫ ʫʜʦʙʨʝʥʠʷ ʠ ʧʦʣʠʚʥʘʷ 

ʚʦʜʘ, ʠʩʢʣʶʯʘʶʪʩʷ ʠʣʠ ʩʚʦʜʷʪʩʷ ʜʦ ʤʠʥʠʤʫʤʘ ʧʨʠʤʝʥʝʥʠʝ ʦʧʘʩʥʳʭ ʧʝʩʪʠʮʠʜʦʚ ʧʨʦʪʠʚ 

ʚʨʝʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʚʠʪʦʩʪʴ ʨʘʩʪʝʥʠʡ ʠʤʝʝʪ ʦʯʝʥʴ ʚʘʞʥʦʝ 

ʘʛʨʦʥʦʤʠʯʝʩʢʦʝ, ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ɻʘʙʠʪʫʩ ʨʘʩʪʝʥʠʡ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ ʧʦʯʚʝʥʥʦïʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʧʨʠʤʝʥʷʝʤʳʭ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʤʠʥʝʨʘʣʴʥʦʝ ʧʠʪʘʥʠʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ ʧʦ ʠʩʧʳʪʘʥʥʳʤ ʩʦʨʪʦʦʙʨʘʟʮʘʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʢʫʣʴʪʫʨʳ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʠ ʙʠʦʤʘʩʩʳ ʠ 

ʫʨʦʞʘʷ ʧʣʦʜʦʚ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

 ʈʝʟʫʣʴʪʘʪʳ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʥʘʢʦʧʣʝʥʠʝ 

ʚʝʛʝʪʘʪʠʚʥʦʡ ʙʠʦʤʘʩʩʳ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʨʦʞʘʷ ʪʦʤʘʪʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ 

ʚʠʜʳ ʠ ʥʦʨʤʳ ʫʜʦʙʨʝʥʠʡ (ʪʘʙʣʠʮʘ 1). ʅʘ ʚʘʨʠʘʥʪʘʭ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʠ ʚʳʩʦʢʠʤʠ ʥʦʨʤʘʤʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʦʪʤʝʯʝʥʘ ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ 

ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ.  

 ɺ ʦʧʳʪʘʭ ʩ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʩʦʨʪʦʤ ʪʦʤʘʪʘ ʆʛʦʥʝʢï777, ʢʦʪʦʨʳʡ ʚʟʷʪ ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʘʥʜʘʨʪʘ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʟʘʨʫʙʝʞʥʳʭ ʩʦʨʪʦʚ, ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʷ ʥʘ ʫʜʦʙʨʝʥʥʳʭ ʚʘʨʠʘʥʪʘʭ 

ʩʦʩʪʘʚʠʣʘ 45,2ï61,4 ʩʤ ʧʨʠ 40,7 ʩʤ ʥʘ ʢʦʥʪʨʦʣʝ ʙʝʟ ʫʜʦʙʨʝʥʠʡ. ʂʦʣʠʯʝʩʪʚʦ ʩʪʝʙʣʝʡ ʥʘ 

ʚʘʨʠʘʥʪʘʭ ʩ ʫʜʦʙʨʝʥʠʷʤʠ ʩʦʩʪʘʚʠʣʦ 3,8ï4,1 ʰʪ. (ʢʦʥʪʨʦʣʴ ï 3,5 ʰʪ.), ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ï 

20,3ï24,2 ʰʪ. (17,6 ʰʪ.), ʢʦʣʠʯʝʩʪʚʦ ʧʣʦʜʦʚ (ʥʘ ʜʝʥʴ ʫʯʝʪʘ) ï 11,4ï13,6 ʰʪ. (10,2 ʰʪ.). 
  

ʊʘʙʣʠʮʘ 1 ï ɹʠʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʜʝʣʠʚʰʠʭʩʷ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʨʤ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ (ʧʝʨʠʦʜ ʤʘʩʩʦʚʦʛʦ ʧʣʦʜʦʥʦʰʝʥʠʷ) 
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ʅʦʨʤʳ 

ʫʜʦʙʨʝʥʠʡ 

ɺʳʩʦʪʘ ʨʘʩʪʝʥʠʷ 

ʪʦʤʘʪʘ, ʩʤ 

ʂʦʣʠʯʝʩʪʚʦ 

ʩʪʝʙʣʝʡ, ʰʪʫʢ 

ʂʦʣʠʯʝʩʪʚʦ 

ʣʠʩʪʴʝʚ, ʰʪʫʢ 

ʂʦʣʠʯʝʩʪʚʦ 

ʧʣʦʜʦʚ, ʰʪʫʢ 

ʉʦʨʪ ʆʛʦʥʝʢï777 (ʂʘʟʘʭʩʪʘʥ) 

1 ʂʦʥʪʨʦʣʴ 40,7 3,5 17,6 10,2 

2 N120P90K60 45,2 3,8 20,3 11,4 

3 N150P120K90
* 

48,3 4,0 21,7 12,5 

4 N180P150K120 56,0 4,0 23,5 12,8 

5 N210P180K150 61,4 4,1 24,2 13,6 

ʉʦʨʪ ɹʘʨʠʥ (ʈʦʩʩʠʷ) 

1 ʂʦʥʪʨʦʣʴ 39,5 3,4 18,0 8,5 

2 N120P90K60 42,5 3,5 20,1 9,0 

3 N150P120K90
* 

44,7 3,8 20,2 9,1 

4 N180P150K120 50,2 3,9 21,4 11,4 

5 N210P180K150 53,8 3,9 22,6 12,7 

ɻʠʙʨʠʜ ʐʫʨʫʢ (ʅʠʜʝʨʣʘʥʜʳ) 

1 ʂʦʥʪʨʦʣʴ 45,3 3,0 16,8 9,0 

2 N120P90K60 50,5 3,1 18,4 9,5 

3 N150P120K90
* 

53,6 3,0 19,3 9,6 

4 N180P150K120 58,4 3,2 22,5 10,7 

5 N210P180K150 62,7 3,4 25,0 11,8 
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ɻʠʙʨʠʜ SCï2121 (ʊʫʨʮʠʷ) 

1 ʂʦʥʪʨʦʣʴ 38,6 3,2 19,2 7,8 

2 N120P90K60 42,1 3,7 23,0 8,6 

3 N150P120K90
* 

43,6 3,9 24,1 8,9 

4 N180P150K120 47,8 3,8 25,6 9,4 

5 N210P180K150 50,2 4,0 26,7 10,3 

ɻʠʙʨʠʜ Falkon (ʊʫʨʮʠʷ) 

1 ʂʦʥʪʨʦʣʴ 41,0 3,0 17,4 8,1 

2 N120P90K60 44,3 3,2 18,4 8,7 

3 N150P120K90
* 

45,7 3,3 19,0 9,0 

4 N180P150K120 50,4 3,5 21,7 9,8 

5 N210P180K150 53,5 3,7 23,8 10,5 

 

*ʇʨʠʤʝʯʘʥʠʝ:ʩʨʝʜʥʷʷ ʥʦʨʤʘ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ʂʘʟʅʀʀʂʆ ï ʫʜʦʙʨʝʥʥʳʡ ʢʦʥʪʨʦʣʴ 

 
  

ɺ ʦʧʳʪʘʭ ʩ ʩʦʨʪʦʤ ɹʘʨʠʥ (ʈʦʩʩʠʷ) ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʷ ʥʘ ʫʜʦʙʨʝʥʥʳʭ ʚʘʨʠʘʥʪʘʭ 

ʩʦʩʪʘʚʠʣʘ 42,5ï53,8 ʩʤ ʧʨʠ 39,5 ʩʤ ʥʘ ʢʦʥʪʨʦʣʝ ʙʝʟ ʫʜʦʙʨʝʥʠʡ. ʂʦʣʠʯʝʩʪʚʦ ʩʪʝʙʣʝʡ ʥʘ 

ʚʘʨʠʘʥʪʘʭ ʩ ʫʜʦʙʨʝʥʠʷʤʠ ʙʳʣʦ 3,5ï3,9 ʰʪ. (ʢʦʥʪʨʦʣʴ ï 3,4 ʰʪ.), ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ï 

20,1ï22,6 ʰʪ. (18,0 ʰʪ.), ʢʦʣʠʯʝʩʪʚʦ ʧʣʦʜʦʚ ï 9,0ï12,7 ʰʪ. (8,5 ʰʪ.). 

 ɺ ʦʧʳʪʘʭ ʩ ʛʠʙʨʠʜʦʤ ʐʫʨʫʢ (ʅʠʜʝʨʣʘʥʜʳ) ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʷ ʥʘ ʫʜʦʙʨʝʥʥʳʭ 

ʚʘʨʠʘʥʪʘʭ ʢʦʣʝʙʘʣʦʩʴ ʦʪ 50,5 ʜʦ 62,7 ʩʤ ʧʨʠ 45,3 ʩʤ ʥʘ ʢʦʥʪʨʦʣʝ ʙʝʟ ʫʜʦʙʨʝʥʠʡ. 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʝʙʣʝʡ ʥʘ ʚʘʨʠʘʥʪʘʭ ʩ ʫʜʦʙʨʝʥʠʷʤʠ ʩʦʩʪʘʚʠʣʦ 3,0ï3,4 ʰʪ. (ʢʦʥʪʨʦʣʴ ï 3,0 

ʰʪ.), ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ï 18,4ï25,0 ʰʪ. (16,8 ʰʪ.), ʢʦʣʠʯʝʩʪʚʦ ʧʣʦʜʦʚ ï 9,5ï11,8 ʰʪ. (9,0 

ʰʪ.). 

 ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʫʜʦʙʨʝʥʠʡ ʥʘ ʙʠʦʤʘʩʩʫ ʪʦʤʘʪʘ ʥʘʙʣʶʜʘʣʠʩʴ 

ʧʦ ʩʦʨʪʦʦʙʨʘʟʮʘʤ SCï2121 ʠ Falkon (ʊʫʨʮʠʷ). 

  ʋʨʦʞʘʡʥʦʩʪʴ ʪʦʤʘʪʘ ʙʳʣʘ ʠ ʦʩʪʘʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʦʚʳʭ 

ʩʦʨʪʦʚ (ʛʠʙʨʠʜʦʚ) ʠ ʥʦʚʳʭ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ ʢʫʣʴʪʫʨʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʤʝʥʝʥʠʷ 

ʫʜʦʙʨʝʥʠʡ. ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠ ʥʦʨʤ ʫʜʦʙʨʝʥʠʡ ʥʘ 

ʫʨʦʞʘʡʥʦʩʪʴ ʧʣʦʜʦʚ ʪʦʤʘʪʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʟʘʨʫʙʝʞʥʳʭ ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʪʦʤʘʪʘ ʠʤʝʝʪ ʪʝʩʥʫʶ ʩʚʷʟʴ ʩ ʫʩʣʦʚʠʷʤʠ ʠʭ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʧʠʪʘʥʠʷ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʥʳʭ ʥʦʨʤ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡʫʨʦʞʘʡʥʦʩʪʴ ʧʣʦʜʦʚ ʩʦʨʪʘï

ʩʪʘʥʜʘʨʪʘʆʛʦʥʝʢï777 (ʂʘʟʘʭʩʪʘʥ) ʧʦʚʳʩʠʣʘʩʴ ʥʘ 11,07ï47,60%, ʩʦʨʪʘ ɹʘʨʠʥ (ʈʦʩʩʠʷ) ï ʥʘ 

10,11ï51,69%, ʛʠʙʨʠʜʘ ʐʫʨʫʢ (ʅʠʜʝʨʣʘʥʜʳ) ï ʥʘ 14,39ï59,65%, ʛʠʙʨʠʜʘ SCï2121 

(ʊʫʨʮʠʷ) ï ʥʘ 10,26ï47,68%, ʛʠʙʨʠʜʘ Falkon (ʊʫʨʮʠʷ) ï ʥʘ 12,22ï58,15% (ʪʘʙʣʠʮʘ 2). 

 

 

ʊʘʙʣʠʮʘ 2 ï ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʠʚʰʠʭʩʷ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʥʦʨʤ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ  

 

ˉ

 ̄

ʅʦʨʤʳ 

ʫʜʦʙʨʝʥʠʡ 

ʆʙʱʘʷ 

ʫʨʦʞʘʡʥʦʩʪʴ 

ʪʦʤʘʪʘ, ʪ/ʛʘ 

ʊʦʚʘʨʥʦʩʪʴ 

ʫʨʦʞʘʷ, % 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʫʨʦʞʘʡ ʧʣʦʜʦʚ 

ʦʪ ʫʜʦʙʨʝʥʠʡ 

ʪ/ʛʘ % 

ʉʦʨʪ ʆʛʦʥʝʢï777 (ʂʘʟʘʭʩʪʘʥ) ï ʩʪʘʥʜʘʨʪ 

1 ʂʦʥʪʨʦʣʴ 27,1 85,4 ï ï 

2 N120P90K60 30,1 94,7 3,0 11,07 

3 N150P120K90
* 

32,2 96,6 5,1 18,82 

4 N180P150K120 36,4 97,6 9,3 34,32 

5 N210P180K150 40,0 98,1 12,9 47,60 

ʉʦʨʪ ɹʘʨʠʥ (ʈʦʩʩʠʷ) 

1 ʂʦʥʪʨʦʣʴ 26,7 86,2 ï ï 
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2 N120P90K60 29,4 93,5 2,7 10,11 

3 N150P120K90
* 

34,2 96,8 7,4 27,61 

4 N180P150K120 37,3 97,2 10,6 39,70 

5 N210P180K150 40,5 97,4 13,8 51,69 

ɻʠʙʨʠʜ ʐʫʨʫʢ (ʅʠʜʝʨʣʘʥʜʳ) 

1 ʂʦʥʪʨʦʣʴ 28,5 94,3 ï ï  

2 N120P90K60 32,6 96,5 4,1 14,39 

3 N150P120K90
* 

37,7 98,7 9,2 32,28 

4 N180P150K120 41,2 98,9 12,7 44,56 

5 N210P180K150 45,5 99,2 17,0 59,65 

ɻʠʙʨʠʜ SCï2121 (ʊʫʨʮʠʷ) 

1 ʂʦʥʪʨʦʣʴ 30,2 93,6 ï ï 

2 N120P90K60 33,4 95,8 3,1 10,26 

3 N150P120K90
* 

36,5 96,5 6,3 20,86 

4 N180P150K120 40,6 97,0 10,4 34,44 

5 N210P180K150 44,6 97,3 14,4 47,68 

ɻʠʙʨʠʜ Falkon (ʊʫʨʮʠʷ) 

1 ʂʦʥʪʨʦʣʴ 27,0 94,6 ï ï 

2 N120P90K60 30,3 95,1 3,3 12,22 

3 N150P120K90
* 

32,5 95,4 5,5 20,37 

4 N180P150K120 38,0 96,0 11,0 40,74 

5 N210P180K150 42,7 97,2 15,7 58,15 

*ʇʨʠʤʝʯʘʥʠʝ:ʩʨʝʜʥʷʷ ʥʦʨʤʘ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ʂʘʟʅʀʀʂʆ ï ʫʜʦʙʨʝʥʥʳʡ ʢʦʥʪʨʦʣʴ 
 

 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʫʩʣʦʚʠʡ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ, ʢʨʦʤʝ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘʤʠ ʪʘʢʞʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʟʥʳʝ ʙʠʦʦʨʛʘʥʠʯʝʩʢʠʝ 

ʫʜʦʙʨʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʝʚʳʭ ʦʧʳʪʦʚ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (ʪʘʙʣʠʮʘ 3).  

 ʇʨʠʤʝʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ɹʠʦʛʫʤʫʩʘ ʚ ʥʦʨʤʝ 10 ʪ/ʛʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʨʦʩʪʫ ʫʨʦʞʘʷ ʧʣʦʜʦʚ ʪʦʤʘʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʫʜʦʙʨʝʥʥʳʤ ʢʦʥʪʨʦʣʝʤ ʧʦ ʩʦʨʪʦʦʙʨʘʟʮʘʤ ʚ 

ʩʣʝʜʫʶʱʝʤ ʦʙʲʝʤʝ: ʆʛʦʥʝʢï777 ï ʥʘ 25,46%, ɹʘʨʠʥ ï 33,33%, ʐʫʨʫʢ ï 34,74%, SCï2121 ï 

23,84%, Falkon ï 24,82%. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʥʘ ʬʦʥʝ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ ʜʣʷ ʪʦʤʘʪʘ ʥʦʨʤʝ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʫʜʦʙʨʝʥʠʷ (N150P120K90)ʥʦʚʳʭ ʙʠʦʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ BiʦZZ, WORMic 

ʠ Stresstop ʚ ʥʦʨʤʘʭ 5 ʣ/ʛʘ (3ïʢʨʘʪʥʦʝ ʦʧʨʳʩʢʠʚʘʥʠʝ ʧʦʩʝʚʦʚ ʚ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ) 

ʦʪʤʝʯʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʪʦʤʘʪʘ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʠ ʥʠʭ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʙʳʣ ʙʠʦʫʜʦʙʨʝʥʠʝ BiʦZZ. 
 

ʊʘʙʣʠʮʘ 3 ï ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʠʚʰʠʭʩʷ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʠʜʦʚ ʙʠʦʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ* 
 

ɺʘʨʠʘʥʪʳ ʦʧʳʪʘ ʋʨʦʞʘʡʥʦʩʪʴ ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʪʦʤʘʪʘ, ʪ/ʛʘ 

ʆʛʦʥʝʢï777 ɹʘʨʠʥ ʐʫʨʫʢ SCï2121 Falkon 

ʂʦʥʪʨʦʣʴ (ʙʝʟ ʫʜʦʙʨʝʥʠʡ) 27,1 26,7 28,5 30,2 27,0 

N150P120K90 (ʬʦʥ) 32,2 34,2 37,7 36,5 32,5 

ɹʠʦʛʫʤʫʩ, 10 ʪ/ʛʘ 34,0 35,6 38,4 37,4 33,7 

BiʦZZ, 5 ʣ/ʛʘ (3ïʢʨʘʪʥʦ) 36,4 38,6 41,8 40,4 37,2 

WORMic, 5 ʣ/ʛʘ (3ïʢʨʘʪʥʦ) 35,8 38,5 42,7 39,3 36,0 

Stresstop, 5 ʣ/ʛʘ (3ïʢʨʘʪʥʦ) 35,3 37,5 40,6 39,6 35,8 

 

*ʇʨʠʤʝʯʘʥʠʝ: ʙʠʦʫʜʦʙʨʝʥʠʷ ʧʨʠʤʝʥʷʣʠʩʴ ʥʘ ʬʦʥʝ N150P120K90 
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 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʚʳʜʝʣʠʚʰʠʭʩʷ ʩʦʨʪʦʚ ʠ 

ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ ʧʫʪʝʤ ʚʥʝʩʝʥʠʷ ʚ ʧʦʯʚʫ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʙʠʦʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʚʳʰʝʥʠʶ ʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. 

ɺʳʚʦʜʳ. ɺ ʧʦʯʚʝʥʥʦïʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʝʜʛʦʨʥʦʡ ʟʦʥʳ ʶʛʦïʚʦʩʪʦʢʘ 

ʂʘʟʘʭʩʪʘʥʘ ʚ 2018ï2020 ʛʦʜʳ ʧʦ ʘʜʘʧʪʠʚʥʦʩʪʠ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦïʮʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ 

(ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʙʦʣʝʟʥʷʤ ʠ ʜʨʫʛʠʝ) ʙʳʣʦ 

ʦʮʝʥʝʥʦ 14 ʟʘʨʫʙʝʞʥʳʭ ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ ʠʟ 6 ʩʪʨʘʥ (ʅʠʜʝʨʣʘʥʜʳ, ʊʫʨʮʠʷ, 

ʀʪʘʣʠʷ, ʇʦʣʴʰʘ, ʂʠʪʘʡ, ʈʦʩʩʠʷ). ɺ ʧʠʪʦʤʥʠʢʝ ʘʜʘʧʪʘʮʠʠ ʧʦ ʢʦʤʧʣʝʢʩʫ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ 

ʠʟ 14 ʠʩʧʳʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʪʦʤʘʪʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 4 ʦʙʨʘʟʮʘ ï ɹʘʨʠʥ (ʈʦʩʩʠʷ), ʐʫʨʫʢ 

(ʅʠʜʝʨʣʘʥʜʳ), SCï2121 (ʊʫʨʮʠʷ), Falkon (ʊʫʨʮʠʷ), ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʦʚʦʱʝʚʦʜʯʝʩʢʠʭ 

ʭʦʟʷʡʩʪʚ ʛʠʙʨʠʜʳ ʐʫʨʫʢ ʠ ʌʘʣʢʦʥ, ʩʦʨʪ ɹʘʨʠʥ.  

 ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʥʳʭ 

ʩʦʨʪʦʚ ʠ ʛʠʙʨʠʜʦʚ ʪʦʤʘʪʘ. ɹʠʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʨʦʩʪ ʠ 

ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʨʦʞʘʷ ʪʦʤʘʪʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ ʚʠʜʳ ʠ 

ʥʦʨʤʳ ʫʜʦʙʨʝʥʠʡ. ʇʨʠ ʫʩʠʣʝʥʥʦʤ ʤʠʥʝʨʘʣʴʥʦʤ ʧʠʪʘʥʠʠ ʦʪʤʝʯʝʥʘ ʚʳʩʦʢʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ ʪʦʤʘʪʥʳʭ ʨʘʩʪʝʥʠʡ.  

ʇʦʜ ʚʣʠʷʥʠʝʤ ʫʜʦʙʨʝʥʠʡʫʨʦʞʘʡʥʦʩʪʴ ʩʦʨʪʘïʩʪʘʥʜʘʨʪʘʆʛʦʥʝʢï777 (ʂʘʟʘʭʩʪʘʥ) 

ʧʦʚʳʩʠʣʘʩʴ ʥʘ 11,07ï47,60%, ʩʦʨʪʘ ɹʘʨʠʥ (ʈʦʩʩʠʷ) ï ʥʘ 10,11ï51,69%, ʛʠʙʨʠʜʘ ʐʫʨʫʢ 

(ʅʠʜʝʨʣʘʥʜʳ) ï ʥʘ 14,39ï59,65%, ʛʠʙʨʠʜʘ SCï2121 (ʊʫʨʮʠʷ) ï ʥʘ 10,26ï47,68%, ʛʠʙʨʠʜʘ 

Falkon (ʊʫʨʮʠʷ) ï ʥʘ 12,22ï58,15%. 

 ʇʨʠʤʝʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ɹʠʦʛʫʤʫʩ ʚ ʥʦʨʤʝ 10 ʪ/ʛʘ ʦʙʝʩʧʝʯʠʣʦ ʨʦʩʪ 

ʫʨʦʞʘʷ ʪʦʤʘʪʘ ʧʦ ʩʦʨʪʫ ɹʘʨʠʥ ʥʘ 33,33%, ʛʠʙʨʠʜʫ ʐʫʨʫʢ ï ʥʘ 34,74%, SCï2121 ï ʥʘ 

23,84%, Falkon ï ʥʘ 24,82%. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʥʘ ʬʦʥʝ N150P120K90 ʥʦʚʳʭ ʙʠʦʦʨʛʘʥʠʯʝʩʢʠʭ 

ʫʜʦʙʨʝʥʠʡ BiʦZZ, WORMic ʠ Stresstop ʚ ʥʦʨʤʘʭ 5 ʣ/ʛʘ (3ïʢʨʘʪʥʦʝ ʦʧʨʳʩʢʠʚʘʥʠʝ 

ʨʘʩʪʝʥʠʡ) ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʪʦʤʘʪʘ. 
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 רʊʓפʓɿɸʅɸפ ʓנɼɸʁʓʅɼɸנʓʉ ɾɸנʉʊɯʂïʐʓתʊרʆ רʉʊɸʅʅʓפɸɿɸפ

ʐɽʊɽʃɼɯʂ ʉʆʈʊʓ ʄɽʅ ɻʀɹʈʀɼʊɽʈɯʅɯר ᴆʅɯʄɼɯʃɯɻɯʅɽ ʆʈɻɸʅʀʂɸʃʓפ ɾᴄʅɽ 

ʄʀʅɽʈɸʃɼʓפ ʊʓרɸʁʊפʓʐʊɸʈɼʓר ᴄʉɽʈɯ. 
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1 
ϧʘʟʘϨ ϰʣʪʪʳϨ ʘʛʨʘʨʣʳϨ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʣʤʘʪʳ Ϩ., ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ  

2
ʄϰʭʪʘʨ Ϸʫʝʟʦʚ ʘʪʳʥʜʘϤʳ ʆϬʪϮʩʪʽʢ ϧʘʟʘϨʩʪʘʥ ʫʥʠʚʝʨʩʠʪʝʪʽ,  

ʐʳʤʢʝʥʪ Ϩ., ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ  

 

ɸשʜʘʪʧʘ. פʘʟʘץʩʪʘʥʜʘסʳ ץʳʟʘʥʘ25 ץï27 ʤʳש ʛʘ ʘʣץʘʧʪʘ ᴇʩʽʨʽʣʝʪʽʥ ʝש ʪʘʥʳʤʘʣ ʢᴇʢᴇʥʽʩ 

ʜʘץʳʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʪײʪʳʥʫ ʢᴇʨʩʝʪʢʽʰʽ ʞʳʣʳʥʘ 25 ʢʛ, ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʫʽ 144% ײץʨʘʡʜʳ. 

 ץʙʠʦʣʦʛʠʷʣʳ שʳʣʜʳץʣ ʜʘײʠʜʳ, ʙץᴇʥʽʤʜʽʣʽʛʽ ʦʙʣʳʩ ʙʦʡʳʥʰʘ 20ï30 ʮ/ʛʘ ʜʝʡʽʥ ʘʫʳʪ ץʳʟʘʥʘפ

ʧʦʪʝʥʮʠʘʣʳʥʘʥ (75ï90 ʪ/ʛʘ) ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥ. ʊʦʤʘʪʪʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʜʳש ʤʘשʳʟʜʳ 

ʬʘʢʪʦʨʳ ᴇʥʜʽʨʽʩʢʝ ʞʘשʘ ʩʦʨʪʪʘʨ ʤʝʥ ʙʫʜʘʥʜʘʨʜʳ ʝʥʛʽʟʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. פʘʟʘץʩʪʘʥʜʘ ץʳʟʘʥʘץʪʳש 

56 ʩʝʣʝʢʮʠʷʣʳץ ʞʝʪʽʩʪʽʛʽ ʧʘʡʜʘʣʘʥʫסʘ ʨץײʩʘʪ ʝʪʽʣʛʝʥ, ʦʥʳש ʽʰʽʥʜʝ 12 ï ץʘʟʘץʩʪʘʥʜʳץ ʩʦʨʪʪʘʨ. 

ʐʝʪʝʣʜʽʢ ʬʠʨʤʘʣʘʨ ץʳʟʘʥʘץʪʳש ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʩʦʨʪʪʘʨʳ ʤʝʥ ʙʫʜʘʥʜʘʨʳʥʘʥ ʙʘʩץʘ, פʘʟʘץʩʪʘʥסʘ 

ʪʽʨʢʝʣʤʝʛʝʥ, ʞʝʨʛʽʣʽʢʪʽ ʞʘסʜʘʡסʘ ʙʝʡʽʤʜʝʣʤʝʛʝʥ ʢᴇʧʪʝʛʝʥ ʩʦʨʪʪʘʨʳʥ ᴅʢʝʣʽʧ ʞʘʪʳʨ. ʉʦʥʜʳץʪʘʥ 

ʢᴇʢᴇʥʽʩ ᴇʩʽʨʫʰʽʣʝʨ ץʳʟʘʥʘץʪʳש ʰʝʪʝʣʜʽʢ ʩʦʨʪʪʘʨʳ ʤʝʥ ʙʫʜʘʥʜʘʨʳʥ ᴇʩʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʘʣʫʳ װʰʽʥ 

ʙʘʩץʘ ʝʣʜʝʨʜʽש ʝש ʞʘץʩʳ ʩʝʣʝʢʮʠʷʣʳץ ʞʝʪʽʩʪʽʢʪʝʨʽʥ ʟʝʨʪʪʝʧ, ʘʥʳץʪʘʫ ץʘʞʝʪ. ʆʩʳ ʤʘץʩʘʪʪʘ 
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ʩʪʽʢïhװʪשʦ שʩʪʘʥʥʳץʘʟʘפ ʳסʳʩʳʥʜʘ 6 ʝʣʜʝʥ (ʅʠʜʝʨʣʘʥʜʳ, ʊװʨʢʠʷ, ʀʪʘʣʠʷ, ʇʦʣʴʰʘ, פʳʪʘʡ, ʈʝʩʝʡ) 

14 ʰʝʪʝʣʜʽʢ ץʳʟʘʥʘץ ʩʦʨʪʪʘʨʳ ʟʝʨʪʪʝʣʜʽ. 2018ï2020 ʞʳʣʜʘʨʳ çפʘʟʘץ ʞʝʤʽʩïʢᴇʢᴇʥʽʩ 

ʰʘʨʫʘʰʳʣʳסʳ סʳʣʳʤʠ ʟʝʨʪʪʝʫ ʠʥʩʪʠʪʫʪʳʥʜʘè ץʳʟʘʥʘץ ʩʦʨʪʪʘʨʳ ʤʝʥ ʰʝʪʝʣʜʽʢ ʩʝʣʝʢʮʠʷ 

ʙʫʜʘʥʜʘʨʳʥʳש ʙʝʡʽʤʜʝʣʛʽʰ ץʘʩʠʝʪʪʝʨʽ ʤʝʥ ʰʘʨʫʘʰʳʣʳץïײץʥʜʳ ʙʝʣʛʽʣʝʨʽʥ ʙʘסʘʣʘʫ ʙʦʡʳʥʰʘ 

ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʜʽ. ɹʘסʘʣʳ ʙʝʣʛʽʣʝʨ ʢʝʰʝʥʽ ʥʝʛʽʟʽʥʜʝ 14 ʩʦʨʪʪʳ4 שï̔  ʽʨʽʢʪʝʣʽʧ ʘʣʳʥʜʳ, 3ïʝʫʽ 

ᴇʥʜʽʨʫʛʝ ײʩʳʥʳʣʜʳ: ʐʫʨʫʢ (ʅʠʜʝʨʣʘʥʜʳ), Falcon (ʊװʨʢʠʷ), ɹʘʨʠʥ (ʈʝʩʝʡ). ʆץʰʘʫʣʘʥסʘʥ ץʳʟʘʥʘץ 

ʩʦʨʪʪʘʨʳ ʤʝʥ ʙʫʜʘʥʜʘʨʳʥʳש ʙʠʦʤʘʩʩʘʩʳ ʤʝʥ ᴇʥʽʤʜʽʣʽʛʽʥʝ ʤʠʥʝʨʘʣʜʳ ץʦʨʝʢʪʝʥʫ ʞʘסʜʘʡʣʘʨʳʥʳש 

ᴅʩʝʨʽ ʟʝʨʪʪʝʣʜʽ. 

ʂʽʣʪ ʩϺʟʜʝʨ: ץʳʟʘʥʘץ, ʩʦʨʪ, ʙʫʜʘʥ, ʪʳשʘʡʪץʳʰ, ץʦʨʝʢʪʝʥʫ, ᴇʥʽʤʜʽʣʽʢ, ʩʘʧʘ. 
 

INFLUENCE OF ORGANIC AND MINERAL FERTILIZERS ON THE PRODUCTIVITY 
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Annotation. Tomato in Kazakhstan is the most popular vegetable crop, cultivated on an area of 

25ï27 thousand hectares, with a consumption rate of 25 kg per year, the supply is 144%. The yield of 

tomato varies by region from 20 to 30 t/ha, which is significantly lower than the biological potential of 

the crop (75ï90 t/ha). An important factor in increasing the yield of tomato is the introduction of new 

varieties and hybrids into production. In Kazakhstan, 56 selection achievements for tomato are approved 

for use, including 12 ï Kazakhstani varieties. In addition to the permitted varieties and hybrids of tomato, 

foreign firms import to Kazakhstan many unregistered ones that are not adapted to local conditions. 

Therefore, it is necessary to study and identify the best breeding achievements of other countries so that 

vegetable growers have the opportunity to grow foreign varieties and hybrids of tomato. For this purpose, 

in the conditions of the southïeast of Kazakhstan, 14 foreign varieties of tomato from 6 countries (the 

Netherlands, Turkey, Italy, Poland, China, Russia) were studied. Studies on the assessment of adaptive 

properties and economicïvaluable traits of varieties and hybrids of tomato of foreign selection were 

carried out in 2018ï2020 at the Kazakh Research Institute of Horticulture. Based on a complex of 

valuable traits, 4 out of 14 varieties were selected, 3 were recommended for production: Shuruk 

(Netherlands), Falcon (Turkey), Barin (Russia). The effect of mineral nutrition conditions on the biomass 

and productivity of isolated tomato varieties and hybrids was studied. 

Keywords: tomato, variety, hybrid, fertilizer, nutrition, productivity, quality. 
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1
ʊʆʆ çʂʘʟʘʭʩʢʠʡ ʅʀʀ ʟʘʱʠʪʳ ʠ ʢʘʨʘʥʪʠʥʘ ʨʘʩʪʝʥʠʡʠʤ. ɾ.ɾʠʝʤʙʘʝʚʘè,  

ʛ. ɸʣʤʘʪʳ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 
2
ʂʘʟʘʭʩʢʠʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪʠʤ. ʉ. ʉʝʡʬʫʣʣʠʥʘ, ʛ. ɸʩʪʘʥʘ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɹʘʢʪʝʨʠʘʣʴʥʳʡ ʦʞʦʛ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʨʝʜʦʥʦʩʥʳʭ ʠʥʬʝʢʮʠʦʥʥʳʭ 

ʙʦʣʝʟʥʝʡ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʙʦʣʝʝ ʯʝʤ ʚ 50 ʩʪʨʘʥʘʭ ʤʠʨʘ. 

ɼʣʷ ʤʥʦʛʠʭ ʩʪʨʘʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʂʘʟʘʭʩʪʘʥʘ, ʦʥ ʷʚʣʷʝʪʩʷ ʢʘʨʘʥʪʠʥʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ ʦʪ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʦʛʨʦʤʝʥ ʠ ʚʳʨʘʞʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʧʦʪʝʨʝ 

ʫʨʦʞʘʷ ʠ ʛʠʙʝʣʠ ʜʝʨʝʚʴʝʚ, ʥʦ ʠ ʚ ʟʘʪʨʘʪʘʭ ʥʘ ʚʳʢʦʨʯʝʚʢʫ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʘʜʦʚ. ʇʘʪʦʛʝʥ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʣʘʪʝʥʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʙʳʩʪʨʦ ʨʘʟʤʥʦʞʘʝʪʩʷ ʠ ʚʳʟʳʚʘʝʪ ʵʧʠʬʠʪʦʪʠʡʥʦʝ ʨʘʟʚʠʪʠʝ ʙʦʣʝʟʥʠ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʦʞʦʛ ʷʚʣʷʝʪʩʷ ʦʧʘʩʥʳʤ ʢʘʨʘʥʪʠʥʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ 

ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʫʩʪʘʥʦʚʠʪʴ ʤʘʩʰʪʘʙʳ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ ʶʛʝ ʠ ʶʛʦ-

ʚʦʩʪʦʢʝ ʨʝʩʧʫʙʣʠʢʠ ʚ ʦʩʥʦʚʥʳʭ ʟʦʥʘʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʘʜʦʚʦʜʩʪʚʘ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʢʨʝʪʥʳʭ 

ʟʘʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʥʘ ʷʙʣʦʥʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟ ʨʘʟʚʠʪʠʷ ʠ ʩʢʣʘʜʳʚʘʶʱʠʭʩʷ ʤʝʪʝʦʫʩʣʦʚʠʡ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 

ʧʦ ʛʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʅʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʥʠʪʦʨʠʥʛʘ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʧʦʟʚʦʣʷʪ ʦʙʦʩʥʦʚʘʪʴ ʦʙʲʝʤ ʧʨʦʚʦʜʠʤʳʭ 

ʢʘʨʘʥʪʠʥʥʳʭ ʠ ʟʘʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʪʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʨʦʢʠ ʠʭ ʧʨʦʚʝʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʥʠ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʥʦʟʘ ʨʘʟʚʠʪʠʷ ʙʦʣʝʟʥʠ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʱʝʧʨʠʥʷʪʳʝ ʚ ʢʘʨʘʥʪʠʥʝ, ʬʠʪʦʧʘʪʦʣʦʛʠʠ 

ʠ ʙʘʢʪʝʨʠʦʣʦʛʠʠ ʤʝʪʦʜʳ, ʘ ʪʘʢʞʝ ʇʎʈ ʘʥʘʣʠʟ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʙʦʣʝʟʥʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʥʠʪʦʨʠʥʛʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʯʘʛʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʚʩʪʨʝʯʘʶʪʩʷ ʚʦ 

ʚʩʝʭ ʦʙʩʣʝʜʫʝʤʳʭ ʦʙʣʘʩʪʷʭ ʶʛʘ ʠ ʶʛʦ-ʚʦʩʪʦʢʘ ʨʝʩʧʫʙʣʠʢʠ ʚ ʦʩʥʦʚʥʳʭ ʟʦʥʘʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʣʦʜʦʚʦʜʩʪʚʘ. ʅʘʠʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʭ ʚʳʷʚʣʝʥʦ ʚ ɸʣʤʘʪʠʥʩʢʦʡ, ʤʝʥʴʰʝ ʚ ɾʘʤʙʳʣʩʢʦʡ ʠ 

ʊʫʨʢʝʩʪʘʥʩʢʦʡ ʦʙʣʘʩʪʷʭ. ɸʥʘʣʠʟ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʦʞʦʛ ʠʥʪʝʥʩʠʚʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʱʠʪʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʫʨʦʯʝʥʳ ʢ ʵʪʦʤʫ ʧʝʨʠʦʜʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʦʞʦʛ, ʦʯʘʛʠ ʙʦʣʝʟʥʠ, ʤʦʥʠʪʦʨʠʥʛ, ʩʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʣʝʟʥʠ, ʩʪʝʧʝʥʴ ʨʘʟʚʠʪʠʷ ʙʦʣʝʟʥʠ, ʩʠʤʧʪʦʤʳ ʙʦʣʝʟʥʠ. 
 

ɺʚʝʜʝʥʠʝ. ɹʘʢʪʝʨʠʘʣʴʥʳʡ ʦʞʦʛ ï ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʦʧʘʩʥʳʭ ʙʦʣʝʟʥʝʡ ʧʣʦʜʦʚʳʭ 

ʢʫʣʴʪʫʨ. ʇʦ ʩʚʦʝʤʫ ʫʱʝʨʙʫ ʩʘʜʦʚʦʜʩʪʚʫ ʚ ʛʦʜʳ ʵʧʠʬʠʪʦʪʠʡ ʦʥ ʚʨʝʜʦʥʦʩʥʝʝ ʚʩʝʭ ʙʦʣʝʟʥʝʡ 

ʧʣʦʜʦʚʳʭ (ʚ ʯʘʩʪʥʦʩʪʠ ʷʙʣʦʥʠ) ʚʤʝʩʪʝ ʚʟʷʪʳʭ. ʇʦ ʩʚʦʝʡ ʚʨʝʜʦʥʦʩʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ 

ʟʥʘʯʝʥʠʶ ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʦʞʦʛ ʧʨʠʟʥʘʥ ʩʘʤʳʤ ʦʧʘʩʥʳʤ ʚ ʤʠʨʝ, ʚʢʣʶʯʝʥ ʚ ʩʧʠʩʦʢ ɸ2 

ɽʆʂɿʈ [1-4]. ɺʦʟʙʫʜʠʪʝʣʝʤ ʙʦʣʝʟʥʠ ʷʚʣʷʝʪʩʷ ʵʥʪʝʨʦʙʘʢʪʝʨʠʷ Erwinia amylovora (Burrill.) 

Winslow et al. ʆʥʘ ʧʦʨʘʞʘʝʪ ʙʦʣʝʝ 180 ʚʠʜʦʚ ʢʫʣʴʪʫʨʥʳʭ ʠ ʜʠʢʦʨʘʩʪʫʱʠʭ ʨʘʩʪʝʥʠʡ 

ʩʝʤʝʡʩʪʚʘ ʨʦʟʦʮʚʝʪʥʳʭ. ɺ.ɺ. ʏʝʨʧʘʢʦʚ [5] ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ 200 ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, ʧʨʠʪʦʤ 

ʥʝ ʪʦʣʴʢʦ ʨʦʟʦʮʚʝʪʥʳʭ.  
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ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʵʪʦ ʟʘʙʦʣʝʚʘʥʠʝ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ɸʤʝʨʠʢʝ ʚ 1880 ʛ. 

ʇʦʩʪʝʧʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ, ʦʥʦ ʜʦʩʪʠʛʣʦ ʧʦʯʪʠ ʚʩʝʭ ʢʦʥʪʠʥʝʥʪʦʚ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʙʦʣʝʝ ʯʝʤ ʚ 50 ʩʪʨʘʥʘʭ ʤʠʨʘ. ʀʟ ʩʪʨʘʥ ʙʣʠʞʥʝʛʦ ʟʘʨʫʙʝʞʴʷ ʚ ʵʪʦ ʯʠʩʣʦ 

ʚʭʦʜʷʪ ɹʝʣʦʨʫʩʩʠʷ, ʄʦʣʜʘʚʠʷ, ʈʦʩʩʠʷ, ʋʢʨʘʠʥʘ, ʃʘʪʚʠʷ [5-8]. ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʵʪʦʪ 

ʩʧʠʩʦʢ ʜʦʧʦʣʥʠʣʠ ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ ʠ ʂʠʨʛʠʟʠʷ [8]. ʇʦ ʜʨʫʛʠʤ ʜʘʥʥʳʤ, ʢʨʦʤʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʪʨʘʥ ʙʦʣʝʟʥʴ ʚʳʷʚʣʝʥʘ ʚ ɸʨʤʝʥʠʠ, ʀʟʨʘʠʣʝ, ʃʠʪʚʝ, ʕʩʪʦʥʠʠ, ʊʫʥʠʩʝ, 

ʋʟʙʝʢʠʩʪʘʥʝ [10-12]. ʊʘʢʘʷ ʰʠʨʦʢʘʷ ʨʘʩʧʨʦʩʪʨʘʥʥʝʥʥʦʩʪʴ ʙʘʢʪʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʥʘ 

ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨʘʭ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʠʷ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʪʨʘʥ, ʛʜʝ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʙʦʣʝʟʥʴ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʝʸ 

ʚʦʟʙʫʜʠʪʝʣʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʛʨʦʟʘ ʨʘʩʰʠʨʝʥʠʷ ʘʨʝʘʣʘ ʙʦʣʝʟʥʠ ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ. ɹʘʢʪʝʨʠʘʣʴʥʳʡ ʦʞʦʛ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘʥʦʩʠʪ ʙʦʣʴʰʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʫʱʝʨʙ ʚ ʩʪʨʘʥʘʭ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʆʥ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ ʚ ʧʦʪʝʨʷʭ ʫʨʦʞʘʷ, ʪʘʢ ʠ ʚ 

ʟʘʪʨʘʪʘʭ ʥʘ ʚʳʢʦʨʯʝʚʢʫ ʙʦʣʴʥʳʭ ʜʝʨʝʚʴʝʚ, ʘ ʪʘʢʞʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʣʦʜʦʚʳʭ ʥʘʩʘʞʜʝʥʠʡ. 

ɺ ʩʠʣʴʥʦ ʟʘʨʘʞʝʥʥʳʭ ʩʘʜʘʭ ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʦʞʦʛ ʤʦʞʝʪ ʧʦʨʘʞʘʪʴ ʦʪ 20 ʜʦ 50% ʜʝʨʝʚʴʝʚ, 

ʠʟ ʢʦʪʦʨʳʭ 10-20% ʧʦʣʥʦʩʪʴʶ ʧʦʛʠʙʘʶʪ [8]. 

ʅʘʣʠʯʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ ʚ 2008 ʛʦʜʫ ʙʳʣʦ ʚʧʝʨʚʳʝ 

ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʦʪʜʝʣʴʥʳʭ ʭʦʟʷʡʩʪʚʘʭ ɸʣʤʘʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ [13,14]. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʠʟʦʣʷʮʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʙʘʢʪʝʨʠʠ E. amylovora, ʚʦʟʙʫʜʠʪʝʣʷ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ 

ʧʣʦʜʦʚʳʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʘʢʪʝʨʠʡ E. amylovora ʙʳʣʠ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʰʚʝʡʮʘʨʩʢʠʤʠ ʫʯʝʥʳʤʠ ʠʟ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ çAgroscopeè 

ʠʤʤʫʥʥʦ-ʭʨʦʤʦʪʦʛʨʘʬʠʯʝʩʢʠʤ ʪʝʩʪʦʤ (AgriStripBiorebaAG) [13] ʠ ʨʦʩʩʠʡʩʢʠʤʠ ʫʯʝʥʳʤʠ 

ʚ ʌɻɹʋ çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʅʀʀ ʢʘʨʘʥʪʠʥʘ ʨʘʩʪʝʥʠʡè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʌɸ 

(ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʡ ʘʥʘʣʠʟ), FLASH ʇʎʈ ʀ ʇʎʈ-ʈɺ [15]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʛʦʜʳ ʠʟʫʯʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ 

ʨʘʟʚʠʪʠʷ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʙʩʣʝʜʦʚʘʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʄʝʪʦʜʠʯʝʩʢʠʤʠ ʫʢʘʟʘʥʠʷʤʠ ʧʦ ʦʙʩʣʝʜʦʚʘʥʠʶ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ ʚʳʷʚʣʝʥʠʝ ʦʞʦʛʘ 

[16,17]. ʇʨʦʚʦʜʠʣʠʩʴ ʤʘʨʰʨʫʪʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʷʙʣʦʥʝʚʳʭ ʩʘʜʦʚ ɸʣʤʘʪʠʥʩʢʦʡ, 

ɾʘʤʙʳʣʩʢʦʡ ʠ ʊʫʨʢʝʩʪʘʥʩʢʦʡ ʦʙʣʘʩʪʝʡ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. ʆʩʥʦʚʥʳʝ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʨʠ ʩʨʦʢʘ: - ʨʘʥʥʝʡ ʚʝʩʥʦʡ; - ʚ ʧʝʨʠʦʜ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʦʩʪʘ 

ʤʦʣʦʜʳʭ ʧʦʙʝʛʦʚ; - ʚ ʣʝʪʥʝ-ʦʩʝʥʥʠʡ ʧʝʨʠʦʜï ʘʚʛʫʩʪ-ʩʝʥʪʷʙʨʴ. 

ʌʠʪʦʧʘʪʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʜʝʨʝʚʴʝʚ ʥʘ ʧʦʨʘʞʘʝʤʦʩʪʴ ʙʘʢʪʝʨʠʘʣʴʥʳʤ ʦʞʦʛʦʤ 

ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʜʚʫʤ ʜʠʘʛʦʥʘʣʷʤ ʩʘʜʘ ʩ ʯʝʪʳʨʝʭ ʩʪʦʨʦʥ ʢʨʦʥʳ. ɺ ʢʘʞʜʦʤ ʩʘʜʫ 

ʦʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʤʝʥʝʝ 100 ʜʝʨʝʚʴʝʚ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʙʦʣʝʟʥʠ ʠ ʩʪʝʧʝʥʠ ʝʸ ʨʘʟʚʠʪʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʫʣʝ [19]. ʇʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ 

ʦʪʙʠʨʘʶʪ ʦʙʨʘʟʮʳ ʩ ʪʠʧʠʯʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ, ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʚʩʝʭ 

ʢʘʨʘʥʪʠʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ [20].  

ʆʪʦʙʨʘʥʥʳʝ ʦʙʨʘʟʮʳ ʧʝʨʝʜʘʶʪʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʶ ʜʣʷ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ. 

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟʦʣʷʮʠʶ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʯʝʩʢʠʤ 

ʫʢʘʟʘʥʠʷʤ [15,18,21]. 

ʉ ʢʘʞʜʦʛʦ ʙʦʣʴʥʦʛʦ ʜʝʨʝʚʘ ʦʪʙʠʨʘʶʪ ʧʦ 3-4 ʧʨʦʙʳ. ʇʨʠ ʦʪʙʦʨʝ ʧʨʦʙ ʚʳʨʝʟʘʶʪ 

ʧʦʨʘʞʝʥʥʳʝ ʯʘʩʪʠ ʨʘʩʪʝʥʠʡ ʩ ʟʘʭʚʘʪʦʤ ʟʜʦʨʦʚʦʡ ʪʢʘʥʠ ʦʢʦʣʦ 20-30 ʩʤ. ʆʜʠʥ ʦʙʨʘʟʝʮ 

ʩʦʩʪʦʠʪ ʠʟ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ ʨʘʩʪʝʥʠʡ, ʩʦʙʨʘʥʥʳʭ ʩ ʦʜʥʦʛʦ ʜʝʨʝʚʘ. ʂʘʞʜʳʡ ʦʙʨʘʟʝʮ 

ʚʢʣʶʯʘʝʪ ʩʦʮʚʝʪʠʷ, ʟʘʚʷʟʴ, ʣʠʩʪʴʷ, ʧʣʦʜʳ, ʤʦʣʦʜʳʝ ʧʦʙʝʛʠ, ʢʦʨʫ ʩʦ ʩʢʝʣʝʪʥʳʭ ʚʝʪʚʝʡ ʠ 

ʰʪʘʤʙʘ. ʆʪʦʙʨʘʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʤʝʱʘʶʪ ʚ ʧʘʢʝʪʳ ʠʟ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʠ ʚʤʝʩʪʝ ʩ 

ʵʪʠʢʝʪʢʦʡ, ʛʜʝ ʫʢʘʟʳʚʘʶʪʩʷ: ʨʝʛʠʦʥ, ʭʦʟʷʡʩʪʚʦ, ʢʫʣʴʪʫʨʘ, ʩʦʨʪ, ʚʦʟʨʘʩʪ, ʧʣʦʱʘʜʴ, ʜʘʪʘ 

ʦʪʙʦʨʘ ʦʙʨʘʟʮʘ. ʆʙʨʘʟʮʳ ʭʨʘʥʷʪ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ, ʧʦʢʘ ʪʦʯʥʦ ʥʝ ʫʩʪʘʥʦʚʷʪ 

ʵʪʠʦʣʦʛʠʶ ʟʘʙʦʣʝʚʘʥʠʷ [16,22]. 
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ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʩʪʝʧʝʥʴ ʨʘʟʚʠʪʠʷ ʙʦʣʝʟʥʠ ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʠ ʠʟʫʯʝʥʠʠ 

ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʠ [16]. ʀʟʦʣʷʮʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʚʦʟʙʫʜʠʪʝʣʷ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʢʘʨʪʦʬʝʣʴʥʦ-ʛʣʶʢʦʟʥʦʤ ʘʛʘʨʝ ʠ ʥʘ 

ʩʨʝʜʝ ʂʠʥʛʘ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ [15,16,21]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʋʯʠʪʳʚʘʷ ʚʘʞʥʦʩʪʴ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ, ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʤʦʥʠʪʦʨʠʥʛ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ ʶʛʝ ʠ ʶʛʦ-ʚʦʩʪʦʢʝ ʨʝʩʧʫʙʣʠʢʠ ʚ ʦʩʥʦʚʥʳʭ ʟʦʥʘʭ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʣʦʜʦʚʦʜʩʪʚʘ. 

ʄʦʥʠʪʦʨʠʥʛ ʤʥʦʛʦʣʝʪʥʠʭ ʧʣʦʜʦʚʳʭ ʥʘʩʘʞʜʝʥʠʡ ʚ ʭʦʟʷʡʩʪʚʘʭ ɸʣʤʘʪʠʥʩʢʦʡ, 

ɾʘʤʙʳʣʩʢʦʡ ʠ ʊʫʨʢʝʩʪʘʥʩʢʦʡ ʦʙʣʘʩʪʝʡ (2018-2020 ʛʛ.) ʧʨʦʚʦʜʠʣʠ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ 

ʦʯʘʛʦʚ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʧʣʦʜʦʚʳʭ. ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʨʝʛʠʦʥʘʤʠ ʧʦ 

ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʜʣʷ ʘʢʢʣʠʤʘʪʠʟʘʮʠʠ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ 

ʦʞʦʛʘ, ʧʦ ʜʘʥʥʳʤ ɸʌʈ, ʷʚʣʷʶʪʩʷ ʶʛʦ-ʚʦʩʪʦʢ ʠ ʶʛ ʨʝʩʧʫʙʣʠʢʠ [23]. ʂ ʵʪʠʤ ʨʝʛʠʦʥʘʤ 

ʦʪʥʦʩʷʪʩʷ ɸʣʤʘʪʠʥʩʢʘʷ, ɾʘʤʙʳʣʩʢʘʷ ʠ ʊʫʨʢʝʩʪʘʥʩʢʘʷ ʦʙʣʘʩʪʠ.  

ɺ 2018 ʛ. ʚ ɸʣʤʘʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʚʝʜʝʥ ʚ ʧʣʦʜʦʚʦʜʯʝʩʢʠʭ 

ʭʦʟʷʡʩʪʚʘʭ ɽʥʙʝʢʰʠʢʘʟʘʭʩʢʦʛʦ, ʊʘʣʛʘʨʩʢʦʛʦ ʠ ʂʘʨʘʩʘʡʩʢʦʛʦ ʨʘʡʦʥʦʚ (ʨʠʩʫʥʦʢ 1 ʘ). 
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ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ ʶʛʝ ʠ ʶʛʦ-ʚʦʩʪʦʢʝ 

ʂʘʟʘʭʩʪʘʥʘ, 2018 ʛ. 
 

 

ʆʙʩʣʝʜʦʚʘʥʠʝ ʷʙʣʦʥʝʚʳʭ ʩʘʜʦʚ ʚ ɽʥʙʝʢʰʠʢʘʟʘʭʩʢʦʤ ʨʘʡʦʥʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʟ 15 

ʭʦʟʷʡʩʪʚ ʥʘ ʧʣʦʱʘʜʠ 167 ʛʘ ʦʯʘʛʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʚʳʷʚʣʝʥʳ ʚ 8 ʭʦʟʷʡʩʪʚʘʭ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 2,2 ʜʦ 15%, ʧʨʠ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ 0,5-18,7%. ɺ 

ʊʘʣʛʘʨʩʢʦʤ ʨʘʡʦʥʝ ʠʟ 9 ʦʙʩʣʝʜʫʝʤʳʭ ʩʘʜʦʚ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 72,5 ʛʘ ʙʦʣʝʟʥʴ ʚʳʷʚʣʝʥ ʚ 

ʩʝʤʠ, ʛʜʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʜʦʩʪʠʛʘʣʦ ʦʪ 5 ʜʦ 29%, ʧʨʠ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ 2,5-

21,7%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟ 9 ʦʙʩʣʝʜʫʝʤʳʭ ʭʦʟʷʡʩʪʚ ʂʘʨʘʩʘʡʩʢʦʛʦ ʨʘʡʦʥʘ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 

73,5 ʛʘ ʦʯʘʛʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʚʳʷʚʣʝʥʳ ʚ 8 ʭʦʟʷʡʩʪʚʘʭ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʣʝʟʥʠ 

ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 2,4 ʜʦ 28%, ʩʪʝʧʝʥʴ ʨʘʟʚʠʪʠʷ ʦʪ 0,8 ʜʦ 21%. ɺ ʵʪʦʤ ʨʘʡʦʥʝ ʙʘʢʪʝʨʠʘʣʴʥʳʡ 

ʦʞʦʛ ʧʦʨʘʞʘʣ ʚ ʦʩʥʦʚʥʦʤ ʩʦʨʪ ɸʧʦʨʪ.  

ɺ ɾʘʤʙʳʣʩʢʦʡ ʦʙʣʘʩʪʠ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʚʝʜʸʥ ʚ ʂʦʨʜʘʡʩʢʦʤ, ʄʝʨʢʝʥʩʢʦʤ ʠ 

ɹʘʡʟʘʢʩʢʦʤ ʨʘʡʦʥʘʭ (ʨʠʩʫʥʦʢ 1, ʙ). ʆʯʘʛʠ ʢʘʨʘʥʪʠʥʥʦʛʦ ʦʙʲʝʢʪʘ ʚʳʷʚʣʝʥʳ ʚʦ ʚʩʝʭ ʜʝʚʷʪʠ 

ʭʦʟʷʡʩʪʚʘʭ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 97,2 ʛʘ. ɺ ʭʦʟʷʡʩʪʚʘʭ ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʦʞʦʛ ʠʤʝʣ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʪ 3 ʜʦ 77%, ʧʨʠ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ ʦʪ 0,6 ʜʦ 57,7%. ɺ ʊʫʨʢʝʩʪʘʥʩʢʦʡ 

ʦʙʣʘʩʪʠ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʚʝʜʝʥ ʚ 3 ʨʘʡʦʥʘʭ: ʂʘʟʳʛʫʨʪʩʢʦʤ, ʉʘʨʳʘʛʘʰʩʢʦʤ ʠʊʦʣʝʙʠʡʩʢʦʤ 

(ʨʠʩʫʥʦʢ 1, ʚ). ɺʦ ʚʩʝʭ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʭʦʟʷʡʩʪʚʘʭ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 174 ʛʘ ʚʳʷʚʣʝʥʳ 

ʦʯʘʛʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ. ʅʘ ʷʙʣʦʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʣʝʟʥʠ ʩʦʩʪʘʚʠʣʦ ʦʪ 3 ʜʦ 30%, 

ʧʨʠ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ ʦʪ 0,3 ʜʦ 15%. 
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ɺ 2019 ʛ. ʧʨʦʚʝʜʝʥ ʤʦʥʠʪʦʨʠʥʛ ʚ ɸʣʤʘʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʧʣʦʜʦʚʦʜʯʝʩʢʠʭ 

ʭʦʟʷʡʩʪʚʘʭ ɽʥʙʝʢʰʠʢʘʟʘʭʩʢʦʛʦ, ʊʘʣʛʘʨʩʢʦʛʦ ʠ ʂʘʨʘʩʘʡʩʢʦʛʦ ʨʘʡʦʥʦʚ (ʨʠʩʫʥʦʢ 2).  
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ʈʠʩʫʥʦʢ 2 ï ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ ʶʛʝ ʠ ʶʛʦ-ʚʦʩʪʦʢʝ 

ʂʘʟʘʭʩʪʘʥʘ, 2019 ʛ. 
 

ʆʙʩʣʝʜʦʚʘʥʠʝ ʷʙʣʦʥʝʚʳʭ ʩʘʜʦʚ ʚ ɽʥʙʝʢʰʠʢʘʟʘʭʩʢʦʤ ʨʘʡʦʥʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʟ 18 ʭʦʟʷʡʩʪʚ ʥʘ 

ʧʣʦʱʘʜʠ 471,8 ʛʘ ʦʯʘʛʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʚʳʷʚʣʝʥʳ ʚ 11. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʧʦ ʭʦʟʷʡʩʪʚʘʤ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 2 ʜʦ 62%, ʧʨʠ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ ʦʪ 

0,2 ʜʦ 6,8%. ɺ ʊʘʣʛʘʨʩʢʦʤ ʨʘʡʦʥʝ ʦʙʩʣʝʜʦʚʘʥʳ 6 ʢʨʝʩʪʴʷʥʩʢʠʭ ʭʦʟʷʡʩʪʚ ʥʘ ʧʣʦʱʘʜʠ 64,5 

ʛʘ. ʆʯʘʛʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʚʳʷʚʣʝʥʳ ʚ ʪʨʝʭ ʭʦʟʷʡʩʪʚʘʭ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʣʝʟʥʠ 

ʩʦʩʪʘʚʠʣʦ ʦʪ 8 ʜʦ 26,2%, ʧʨʠ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ 0,5-11,6%. ɺ ʂʘʨʘʩʘʡʩʢʦʤ ʨʘʡʦʥʝ 

ʦʙʩʣʝʜʦʚʘʥʳ 6 ʭʦʟʷʡʩʪʚ ʥʘ ʧʣʦʱʘʜʠ 59 ʛʘ, ʚʦ ʚʩʝʭ ʚʳʷʚʣʝʥʳ ʦʯʘʛʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʚ ʭʦʟʷʡʩʪʚʘʭ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 2 ʜʦ 64%, ʧʨʠ 

ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ 0,2-10,8%.  

ɺ ɾʘʤʙʳʣʩʢʦʡ ʦʙʣʘʩʪʠ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʚʝʜʸʥ ʚ ʂʦʨʜʘʡʩʢʦʤ, ʄʝʨʢʝʥʩʢʦʤ, ʊʫʨʘʨ 

ʈʳʩʢʫʣʦʚʩʢʦʤ, ɾʘʤʙʳʣʩʢʦʤ ʠ ɹʘʡʟʘʢʩʢʦʤ ʨʘʡʦʥʘʭ (ʨʠʩʫʥʦʢ 2, ʙ). ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʦʙʩʣʝʜʦʚʘʥʦ 42 ʭʦʟʷʡʩʪʚʘ ʦʙʱʝʡ ʧʣʦʱʘʜʴ ʁ 663,45 ʛʘ, ʠʟ ʥʠʭ ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʦʞʦʛ 

ʚʳʷʚʣʝʥ ʚ 13. ɺ 9-ʪʠ ʭʦʟʷʡʩʪʚʘʭ ʢʘʨʘʥʪʠʥʥʘʷ ʙʦʣʝʟʥʴ ʠʤʝʣʘ ʩʣʘʙʳʝ ʦʯʘʛʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ï 1-27%, ʧʨʠ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ 0,2-6,0%. ɹʦʣʴʰʦʡ ʦʯʘʛ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ 

ʦʞʦʛʘ ʙʳʣ ʚʳʷʚʣʝʥ ʥʘ ʛʨʫʰʝ ʩʦʨʪʘ ʃʝʩʥʘʷ ʢʨʘʩʘʚʠʮʘ ʚ ʢ.-ʭ. çɸʩʪʘʥʘè, ʛʜʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʣʝʟʥʠ ʜʦʩʪʠʛʣʦ 81,0%, ʧʨʠ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ 54,0%. 

ɺ ʊʫʨʢʝʩʪʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʚʝʜʝʥ ʚ 6 ʨʘʡʦʥʘʭ: ʊʶʣʴʢʫʙʘʩʩʢʦʤ, 

ɸʙʘʡʩʢʦʤ (ʛ. ʐʳʤʢʝʥʪ), ʂʘʟʳʛʫʨʪʩʢʦʤ, ʉʘʨʳʘʛʘʰʩʢʦʤ, ʊʦʣʝʙʠʡʩʢʦʤ ʠ ʂʝʣʝʩʩʢʦʤ 

(ʨʠʩʫʥʦʢ 2, ʚ). ʇʨʦʚʝʜʝʥʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʚ ʊʫʨʢʝʩʪʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʟ 9 

ʭʦʟʷʡʩʪʚ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 314 ʛʘ ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʦʞʦʛ ʚʳʷʚʣʝʥ ʚ 5 ʠʟ ʥʠʭ. ʅʘ ʷʙʣʦʥʷʭ ʚ 

ʦʙʩʣʝʜʫʝʤʳʭ ʭʦʟʷʡʩʪʚʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʣʝʟʥʠ ʩʦʩʪʘʚʠʣʦ ʦʪ 1 ʜʦ 18%, ʧʨʠ ʩʪʝʧʝʥʠ 

ʨʘʟʚʠʪʠʷ ʦʪ 0,2 ʜʦ 6%.  

ɺ 2020 ʛʦʜʫ ʙʳʣʦ ʧʨʦʜʦʣʞʝʥʦ ʦʙʩʣʝʜʦʚʘʥʠʝ ʷʙʣʦʥʝʚʳʭ ʩʘʜʦʚ ʚ ʦʩʥʦʚʥʳʭ 

ʧʣʦʜʦʚʦʜʯʝʩʢʠʭ ʨʘʡʦʥʘʭ ɸʣʤʘʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʦʪʜʝʣʴʥʳʭ ʭʦʟʷʡʩʪʚʘʭ 

ɽʥʙʝʢʰʠʢʘʟʘʭʩʢʦʛʦ, ʊʘʣʛʘʨʩʢʦʛʦ, ʂʘʨʘʩʘʡʩʢʦʛʦ ʨʘʡʦʥʦʚ ʥʘ ʦʙʱʝʡ ʧʣʦʱʘʜʠ 810,7 ʛʘ 

(ʨʠʩʫʥʦʢ 3). ɺ ɽʥʙʝʢʰʠʢʘʟʘʭʩʢʦʤ ʨʘʡʦʥʝ ʠʟ ʦʙʩʣʝʜʦʚʘʥʥʳʭ 21 ʭʦʟʷʡʩʪʚ ʥʘ ʧʣʦʱʘʜʠ 693,2 

ʛʘ ʦʯʘʛʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʥʘ ʷʙʣʦʥʝ ʚʳʷʚʣʝʥʳ ʚ 13, ʛʜʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ 

ʚʘʨʴʠʨʫʝʪ ʦʪ 2,0% ʜʦ 28,0%, ʩʪʝʧʝʥʴ ʨʘʟʚʠʪʠʷ ʦʪ 0,28% ʜʦ 4,8%.  

ʄʦʥʠʪʦʨʠʥʛ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʊʘʣʛʘʨʩʢʦʤ ʨʘʡʦʥʝ ɸʣʤʘʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ 

ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʦʞʦʛ ʚʳʷʚʣʝʥ ʚʦ ʚʩʝʭ 9 ʦʙʩʣʝʜʫʝʤʳʭ ʩʘʜʘʭ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 72,5 ʛʘ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʣʝʟʥʠ ʩʦʩʪʘʚʠʣʦ ʦʪ 1,6 ʜʦ 16,0%, ʧʨʠ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ ʦʪ 0,06 ʜʦ 

8,0%.  
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ɺ ʂʘʨʘʩʘʡʩʢʦʤ ʨʘʡʦʥʝ ʠʟ 12 ʦʙʩʣʝʜʫʝʤʳʭ ʭʦʟʷʡʩʪʚ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 99,0 ʛʘ ʦʯʘʛʠ 

ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʚʳʷʚʣʝʥʳ ʚ 7 ʭʦʟʷʡʩʪʚʘʭ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʣʝʟʥʠ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 

1,0 ʜʦ 80,0%, ʩʪʝʧʝʥʴ ʨʘʟʚʠʪʠʷ ʦʪ 0,14 ʜʦ 48,0%.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʭʦʟʷʡʩʪʚʘʭ, ʛʜʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʠ ʧʦ ʥʘʰʠʤ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ï ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ, 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ, ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʦʞʦʛ ʚ ʫʩʣʦʚʠʷʭ ʵʪʦʛʦ ʛʦʜʘ ʥʝ ʦʪʤʝʯʘʣʩʷ 

ʠʣʠ ʧʨʦʷʚʠʣʩʷ ʚ ʩʣʘʙʦʡ ʩʪʝʧʝʥʠ. 

ɺ ɾʘʤʙʳʣʩʢʦʡ ʦʙʣʘʩʪʠ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʚʦʜʠʣʠ ʚ ʂʦʨʜʘʡʩʢʦʤ, ʄʝʨʢʝʥʩʢʦʤ, 

ɹʘʡʟʘʢʩʢʦʤ, ɾʘʤʙʳʣʩʢʦʤ, ʊʫʨʘʨ ʈʳʩʢʫʣʦʚʩʢʦʤ ʠ ɾʫʘʣʠʥʩʢʦʤ ʨʘʡʦʥʘʭ (ʨʠʩʫʥʦʢ 3, ʙ).ɺ 

ɾʘʤʙʳʣʩʢʦʡ ʦʙʣʘʩʪʠ ʦʙʩʣʝʜʦʚʘʥʦ 40 ʭʦʟʷʡʩʪʚ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 676,6 ʛʘ, ʦʯʘʛʠ 

ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʚʳʷʚʣʝʥʳ ʚ 7-ʤʠ. ɺ 3-ʭ ʭʦʟʷʡʩʪʚʘʭ ʢʘʨʘʥʪʠʥʥʘʷ ʙʦʣʝʟʥʴ ʠʤʝʣʘ 

ʩʣʘʙʳʝ ʦʯʘʛʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, 4,7-30%, ʧʨʠ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ 0,1-19%. ɹʦʣʝʝ ʩʠʣʴʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʳʣʦ ʚ ʪʨʝʭ ʭʦʟʷʡʩʪʚʘʭ, ʦʪ 75,0 ʜʦ 91,0%, ʧʨʠ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ 32,0-

54,6%. ɹʦʣʴʰʦʡ ʦʯʘʛ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʙʳʣ ʚʳʷʚʣʝʥ ʚ ʢ.-ʭ. çɸʩʪʘʥʘè, ʨʘʩʧʦʣʦʞʝʥʥʦʤ 

ʚ ɹʘʡʟʘʢʩʢʦʤ ʨʘʡʦʥʝ, ʛʜʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʣʝʟʥʠ ʜʦʩʪʠʛʘʣʦ 91%, ʧʨʠ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ 

54,6% ï ʧʣʘʥʠʨʫʝʪʩʷ ʝʛʦ ʧʦʣʥʘʷ ʚʳʢʦʨʯʝʚʢʘ. 
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ʈʠʩʫʥʦʢ 3 ï ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ ʶʛʝ ʠ ʶʛʦ-ʚʦʩʪʦʢʝ 

ʂʘʟʘʭʩʪʘʥʘ, 2020 ʛ. 
 

ɺ ʊʫʨʢʝʩʪʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʚʝʜʝʥ ʚ 7 ʨʘʡʦʥʘʭ: ʊʶʣʴʢʫʙʘʩʩʢʦʤ, 

ɸʙʘʡʩʢʦʤ (ʛ. ʐʳʤʢʝʥʪ), ʉʘʡʨʘʤʩʢʦʤ, ʊʦʣʝʙʠʡʩʢʦʤ, ʂʘʟʳʛʫʨʪʩʢʦʤ, ʉʘʨʳʘʛʘʰʩʢʦʤ ʠ 

ʂʝʣʝʩʩʢʦʤ, ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 1083 ʛʘ (ʨʠʩʫʥʦʢ 3, ʚ). 

ʀʟ ʚʩʝʭ ʦʙʩʣʝʜʦʚʘʥʥʳʭ 20-ʠ ʭʦʟʷʡʩʪʚ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 1083 ʛʘ ʦʯʘʛʠ 

ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʚʳʷʚʣʝʥʳ ʚ ʧʷʪʠ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʣʝʟʥʠ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 5,0% ʜʦ 

18%, ʧʨʠ ʩʪʝʧʝʥʠ 0,45-7,5%. ʉʠʣʴʥʦʝ ʧʦʨʘʞʝʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʳʤ ʦʞʦʛʦʤ ʚ ʊʫʨʢʝʩʪʘʥʩʢʦʡ 

ʦʙʣʘʩʪʠ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ɿʘ ʧʝʨʠʦʜ ʦʙʩʣʝʜʦʚʘʥʠʷ (2018-2020 ʛʛ.) ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʯʘʛʦʚ ʚ 

ʦʙʩʣʝʜʫʝʤʳʭ ʭʦʟʷʡʩʪʚʘʭ ʚʳʷʚʣʝʥʦ ʚ ɸʣʤʘʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ï 69,04%. ɿʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʚ ɾʘʤʙʳʣʩʢʦʡ ï 17,5% ʠ ʊʫʨʢʝʩʪʘʥʩʢʦʡ ï 25,0% (ʨʠʩʫʥʢʠ 3, ʘ, ʙ ʠ ʚ). 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʦʞʦʛ ʧʦʨʘʞʘʝʪ ʚʩʝ 

ʥʘʜʟʝʤʥʳʝ ʦʨʛʘʥʳ ʷʙʣʦʥʠ ï ʩʦʮʚʝʪʠʷ, ʧʦʯʢʠ, ʣʠʩʪʴʷ, ʧʣʦʜʳ, ʤʦʣʦʜʳʝ ʧʦʙʝʛʠ, ʚʝʪʚʠ 

ʨʘʟʣʠʯʥʳʭ ʧʦʨʷʜʢʦʚ, ʩʢʝʣʝʪʥʳʝ ʚʝʪʚʠ, ʰʪʘʤʙ ʜʝʨʝʚʘ ʠ ʩʪʚʦʣ. ʅʘ ʧʦʨʘʞʝʥʥʳʭ ʜʝʨʝʚʴʷʭ 

ʷʙʣʦʥʠ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʧʨʦʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ 

ʦʞʦʛʘ ʩʠʤʧʪʦʤʳ: ʧʦʨʘʞʝʥʠʝ ʩʦʮʚʝʪʠʡ, ʩʦʛʥʫʪʳʝ ʧʦʙʝʛʠ ʚ ʚʠʜʝ çʧʘʩʪʫʱʝʛʦ ʧʦʩʦʭʘè, 

ʚʳʜʝʣʝʥʠʝ ʵʢʩʩʫʜʘʪʘ ʥʘ ʧʦʨʘʞʝʥʥʳʭ ʦʨʛʘʥʘʭ, ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʢʦʨʝ ʢʣʠʥʦʚʠʜʥʳʭ ʷʟʚ, ʘ 

ʪʘʢʞʝ ʤʨʘʤʦʨʥʦʩʪʴ.  



 

212 

 

ʅʘʨʷʜʫ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ, ʦʪʤʝʯʘʣʦʩʴ ʯʘʩʪʦʝ 

ʧʨʦʷʚʣʝʥʠʝ ʙʦʣʝʟʥʠ ʥʘ ʩʪʚʦʣʝ ʚ ʚʠʜʝ ʨʘʩʧʣʳʚʯʘʪʳʭ ʪʝʤʥʳʭ ʧʷʪʝʥ ʫ ʦʩʥʦʚʘʥʠʷ ʠ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʢʦʨʳ ʚ ʚʠʜʝ ʪʨʝʱʠʥʳ ʚʜʦʣʴ ʩʪʚʦʣʘ ʩ ʠʩʪʝʯʝʥʠʝʤ ʵʢʩʩʫʜʘʪʘ (ʨʠʩʫʥʦʢ 4). 

ʊʘʢʦʝ ʧʨʦʷʚʣʝʥʠʝ ʙʦʣʝʟʥʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʤ ʩʦʭʨʘʥʝʥʠʝʤ ʚʣʘʛʠ ʥʘ ʢʦʨʝ 

ʜʝʨʝʚʘ ʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ-ʟʘ ʟʘʪʝʥʝʥʥʦʩʪʠ ʧʨʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. 

 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ʉʠʤʧʪʦʤʳ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʥʘ ʩʪʚʦʣʝ ʜʝʨʝʚʘ 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʩʠʤʧʪʦʤʳ ʧʨʦʷʚʣʷʶʪʩʷ ʠ ʥʘ ʛʨʫʰʝ. ʆʜʥʘʢʦ ʥʘ ʛʨʫʰʝ ʙʦʣʝʟʥʴ 

ʨʘʟʚʠʚʘʝʪʩʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ. ʃʠʩʪʴʷ, ʟʘʚʷʟʴ, ʚʝʪʢʠ ʠ ʧʣʦʜʳ ʥʘ ʥʝʡ ʙʳʩʪʨʦ ʯʝʨʥʝʶʪ ʠ 

ʠʤʝʶʪ ʦʙʫʛʣʝʥʥʳʡ ʚʠʜ.  

ʉʠʤʧʪʦʤʳ ʙʦʣʝʟʥʠ ʧʨʦʷʚʣʷʣʠʩʴ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʫʩʦʭʰʠʭ ʚʝʪʦʢ. ʏʘʱʝ ʙʦʣʝʟʥʴ 

ʥʘʙʣʶʜʘʣʘʩʴ ʥʘ ʩʢʝʣʝʪʥʳʭ ʚʝʪʢʘʭ ʠ ʢʦʨʝ ʜʝʨʝʚʘ ʚ ʚʠʜʝ ʷʟʚ ʚʜʦʣʴ ʩʪʚʦʣʘ, ʤʦʢʥʫʱʠʭ ʧʷʪʝʥ, 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʵʢʩʩʫʜʘʪʘ (ʨʠʩʫʥʦʢ 4). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʢʦʤʧʣʝʢʩʥʫʶ 

ʟʘʱʠʪʫ ʚʢʣʶʯʝʥʘ ʦʩʝʥʥʷʷ ʧʦʙʝʣʢʘ ʩʪʚʦʣʘ ʜʝʨʝʚʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʤʝʜʥʦʛʦ ʢʫʧʦʨʦʩʘ. 

ʀʟʫʯʝʥʠʝ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʚ ʦʯʘʛʘʭ ʟʘʨʘʞʝʥʠʷ ʙʘʢʪʝʨʠʘʣʴʥʳʤ ʦʞʦʛʦʤ ʚ 2018-

2020 ʛʛ. ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘ ʨʘʟʚʠʪʠʝ ʙʦʣʝʟʥʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʣʠ 

ʩʢʣʘʜʳʚʘʶʱʠʝʩʷ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʚ ʧʝʨʠʦʜ ʮʚʝʪʝʥʠʷ ʚ ʘʧʨʝʣʝ ʠ ʤʘʝ ʤʝʩʷʮʝ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʙʳʣʘ ʚ ʧʨʝʜʝʣʘʭ 7-16
ʦ
ʉ, ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ 60% ʠ ʚʳʰʝ. ɼʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʨʘʟʤʥʦʞʝʥʠʷ ʧʘʪʦʛʝʥʘ ʥʝʦʙʭʦʜʠʤʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʨʝʜʝʣʘʭ 20-28
ʦ
ʉ [7, 22]. ʆʜʥʘʢʦ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʵʪʠ ʛʦʜʳ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʵʪʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʙʦʣʝʟʥʠ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʥʝ ʧʨʝʚʳʰʘʣʘ 2-6%. 

ɺ ʧʝʨʠʦʜ ʦʪʨʘʩʪʘʥʠʷ ʤʦʣʦʜʳʭ ʧʦʙʝʛʦʚ ʚ ʠʶʥʝ ʠ ʧʝʨʚʦʡ ʜʝʢʘʜʝ ʠʶʣʷ ʩʦʭʨʘʥʷʣʘʩʴ 

ʥʝʫʩʪʦʡʯʠʚʘʷ ʧʦʛʦʜʘ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʙʳʣʘ ʚ ʧʨʝʜʝʣʘʭ 23-25
ʦ
ʉ, ʚʣʘʞʥʦʩʪʴ ï 50-60%. ɺ ʵʪʦʪ ʧʝʨʠʦʜ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʣʝʟʥʠ ʜʦʩʪʠʛʘʣʦ 16-22%. ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 

(ʠʶʣʴ-ʘʚʛʫʩʪ) ʫʩʪʘʥʦʚʠʣʘʩʴ ʩʫʭʘʷ ʠ ʞʘʨʢʘʷ ʧʦʛʦʜʘ (ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʰʝ 30Áʉ, ʚʣʘʞʥʦʩʪʴ ʚ 

ʧʨʝʜʝʣʘʭ 30-50%), ʯʪʦ ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʣʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ 

ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ. 

ʆʪ ʩʢʣʘʜʳʚʘʶʱʝʡʩʷ ʧʦʛʦʜʳ ʚ ʧʝʨʠʦʜ ʮʚʝʪʝʥʠʷ ʠ ʦʪʨʘʩʪʘʥʠʷ ʤʦʣʦʜʳʭ ʧʦʙʝʛʦʚ 

ʟʘʚʠʩʠʪ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʙʦʣʝʟʥʠ. ʊʝʧʣʘʷ ʠ ʚʣʘʞʥʘʷ ʧʦʛʦʜʘ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʧʝʨʠʦʜʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʘʟʤʥʦʞʝʥʠʶ ʙʘʢʪʝʨʠʡ, ʦʩʦʙʝʥʥʦ ʥʘ ʩʦʯʥʳʭ 

ʤʦʣʦʜʳʭ ʪʢʘʥʷʭ, ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ ʠʥʬʝʢʮʠʠ ʚ ʵʪʦʪ ʧʝʨʠʦʜ. ɺʳʩʦʢʘʷ 

ʠʥʬʝʢʮʠʦʥʥʦʩʪʴ ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʵʧʠʬʠʪʦʪʠʶ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʆʜʥʘʢʦ, ʝʩʣʠ ʚʝʩʥʘ ʟʘʪʷʞʥʘʷ ʠ ʧʨʦʭʣʘʜʥʘʷ (ʪʝʤʧʝʨʘʪʫʨʘ ʥʠʞʝ 16 ), ʥʝʩʤʦʪʨʷ ʥʘ 
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ʧʦʚʳʰʝʥʥʫʶ ʚʣʘʞʥʦʩʪʴ ʙʦʣʝʟʥʴ ʥʝ ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 30  ʠ 

ʥʠʟʢʦʡ ʚʣʘʞʥʦʩʪʠ (30-40%) ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ (ʠʶʣʴ-ʩʝʥʪʷʙʨʴ) 

ʨʘʟʚʠʪʠʝ ʙʦʣʝʟʥʠ ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 

ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʦʧʘʩʥʳʤʠ ʬʘʟʘʤʠ ʧʦʨʘʞʝʥʠʷ ʷʙʣʦʥʠ ʙʦʣʝʟʥʴʶ ʷʚʣʷʶʪʩʷ ʧʝʨʠʦʜʳ ʮʚʝʪʝʥʠʷ ʠ 

ʦʪʨʘʩʪʘʥʠʷ ʤʦʣʦʜʳʭ ʧʦʙʝʛʦʚ. ʕʧʠʬʠʪʦʪʠʡʥʦʝ ʨʘʟʚʠʪʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʚ ʵʪʦ ʚʨʝʤʷ 

ʩʚʷʟʘʥʦ ʩ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ. ʇʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ, 

ʠʤʝʥʥʦ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʠʜʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʤʥʦʞʝʥʠʝ ʧʘʪʦʛʝʥʘ ʠ ʙʳʩʪʨʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʦʣʝʟʥʠ [20]. ɺʘʞʥʦ ʥʝ ʜʦʧʫʩʪʠʪʴ ʥʘʢʦʧʣʝʥʠʷ ʠʥʬʝʢʮʠʠ ʚ ʧʝʨʠʦʜ 

ʮʚʝʪʝʥʠʷ, ʪʘʢ ʢʘʢ ʥʝʢʪʘʨ ʷʚʣʷʝʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʨʘʟʤʥʦʞʝʥʠʷ ʙʘʢʪʝʨʠʡ [2,8]. 

ʆʯʘʛʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʦʞʦʛʘ ʚʩʪʨʝʯʘʶʪʩʷ ʚʦ ʚʩʝʭ ʦʙʩʣʝʜʫʝʤʳʭ ʦʙʣʘʩʪʷʭ ʶʛʘ ʠ 

ʶʛʦ-ʚʦʩʪʦʢʘ ʨʝʩʧʫʙʣʠʢʠ, ʚ ʦʩʥʦʚʥʳʭ ʟʦʥʘʭ ʧʣʦʜʦʚʦʜʩʪʚʘ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʙʦʣʝʟʥʠ ʚʳʷʚʣʝʥʦ ʚ ɸʣʤʘʪʠʥʩʢʦʡ, ʤʝʥʴʰʝ ʚ ɾʘʤʙʳʣʩʢʦʡ ʠ ʊʫʨʢʝʩʪʘʥʩʢʦʡ ʦʙʣʘʩʪʷʭ. ʕʪʦ, 

ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʝʨʚʳʝ ʦʯʘʛʠ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʠʤʝʥʥʦ ʚ ɸʣʤʘʪʠʥʩʢʦʡ 

ʦʙʣʘʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʫʯʝʪʦʚ ʠ ʥʘʙʣʶʜʝʥʠʡ ʚ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʥʘʯʘʣʝ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ (ʘʧʨʝʣʴ, ʤʘʡ) ʠʟ-ʟʘ ʟʘʪʷʞʥʦʡ ʠ ʧʨʦʭʣʘʜʥʦʡ ʚʝʩʥʳ ʦʪʤʝʯʘʣʦʩʴ 

ʩʣʘʙʦʝ ʧʨʷʚʣʝʥʠʝ ʙʦʣʝʟʥʠ. 

ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʟʫʯʘʝʤʘʷ ʢʘʨʘʥʪʠʥʥʘʷ ʙʦʣʝʟʥʴ ʷʙʣʦʥʠ ʠʥʪʝʥʩʠʚʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʱʠʪʥʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʫʨʦʯʝʥʳ ʢ ʵʪʦʤʫ  ʚʨʝʤʝʥʠ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ. ɹʣʘʛʦʜʘʨʥʦʩʪʴ. ʉʪʘʪʴʷ ʙʳʣʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ 

ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʧʦ ʅʊʇ (ʀʈʅ: BR06249206)çʊʨʘʥʩʬʝʨʪ, ʘʜʘʧʪʘʮʠʷ ʠ ʚʥʝʜʨʝʥʠʝ 

ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʦʥʪʨʦʣʷ ʢʘʨʘʥʪʠʥʥʳʭ ʠ ʦʩʦʙʦ ʦʧʘʩʥʳʭ ʚʨʝʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʬʠʪʦʩʘʥʠʪʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ɸʇʂ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥè. ɸʚʪʦʨʳ 

ʚʳʨʘʞʘʶʪ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʢʦʣʣʝʛʘʤ ʟʘ ʦʢʘʟʘʥʥʳʝ ʩʦʜʝʡʩʪʚʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʘʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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1
çɾ. ɾʠʝʤʙʘʝʚ ʘʪʳʥʜʘϤʳ ϧʘʟʘϨ Ϻʩʽʤʜʽʢʪʝʨʜʽ ϨʦʨϤʘʫ ʞϸʥʝ ʢʘʨʘʥʪʠʥ Ϥʳʣʳʤʠ-ʟʝʨʪʪʝʫ 

ʠʥʩʪʠʪʫʪʳè ɾʐʉ, ɸʣʤʘʪʳ Ϩ., ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ 
2
çʉ. ʉʝʡʬʫʣʣʠʥ ʘʪʳʥʜʘϤʳ ϧʘʟʘϨ ʘʛʨʦʪʝʭʥʠʢʘʣʳϨ ʫʥʠʚʝʨʩʠʪʝʪʽè, ɸʩʪʘʥʘ Ϩ., ϧʘʟʘϨʩʪʘʥ 

 

ɸשʜʘʪʧʘ. ɹʘʢʪʝʨʠʷʣʳץ ʢװʡʽʢ ï ʞʝʤʽʩ-ʞʠʜʝʢ ʜʘץʳʣʜʘʨʳʥʳש ʝש ʟʠʷʥʜʳ ʠʥʬʝʢʮʠʷʣʳץ 

ʘʫʨʫʣʘʨʳʥʳש ʙʽʨʽ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʦʣ ᴅʣʝʤʥʽ50 ש-ʜʝʥ ʘʩʪʘʤ ʝʣʽʥʜʝ ʪʽʨʢʝʣʛʝʥ. ʂᴇʧʪʝʛʝʥ ʝʣʜʝʨʜʝ, 

ʩʦʥʳש ʽʰʽʥʜʝ פʘʟʘץʩʪʘʥ װʰʽʥ ʜʝ ʙײʣ ʢʘʨʘʥʪʠʥʜʽ ʘʫʨʫ. 

ɹʘʢʪʝʨʠʷʣʳץ ʢװʡʽʢ ʘʫʨʫʳʥʳש ʵʢʦʥʦʤʠʢʘʣʳץ ʟʠʷʥʳ ʦʨʘʩʘʥ ʟʦʨ, ʦʣ ʪʝʢ ᴇʥʽʤʜʽ ʞʦסʘʣʪʫ ʤʝʥ 

ʞʝʤʽʩ ʘסʘʰʪʘʨʳʥʳש ʞʦʡʳʣʫʳʥ  סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʙʘʫʣʘʨʜʳ ʪʘʤʳʨʳʤʝʥ ץʦʧʘʨʫ ʞᴅʥʝ ʦʥʳ 

 ʡʜʝ ʙʦʣʫʳװʳʪ ʞʘʩʳʨʳʥ ʢץʫʘ ץʟʘײ ʳʰסʦʟʜʳʨפ .ʘʤʪʠʜʳץʳʥʜʘʨʜʳ ʜʘסʘʣʧʳʥʘ ʢʝʣʪʽʨʫʛʝ ʢʝʪʝʪʽʥ ʰʳץ

ʤװʤʢʽʥ ʞᴅʥʝ ץʦʣʘʡʣʳ ʞʘסʜʘʡ ʪʫסʘʥʜʘ ʪʝʟ ʢᴇʙʝʡʽʧ, ʘʫʨʫʜʳש ʵʧʠʬʠʪʦʪʠʢʘʣʳץ ʜʘʤʫʳʥ ʪʫʜʳʨʘʜʳ. 

ɹײʣ ʘʫʨʫʜʳש ʞʝʤʽʩ ʜʘץʳʣʜʘʨʳʥʳץ שʘʫʽʧʪʽ ʢʘʨʘʥʪʠʥʜʽʢ ʘʫʨʫʳ ʝʢʝʥʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʦʥʳש 

ʨʝʩʧʫʙʣʠʢʘʥʳש ʦשʪװʩʪʽʛʽ ʤʝʥ ʦשʪװʩʪʽʢ-ʰʳסʳʩʳʥʜʘסʳ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʙʘʫ-ʙʘץʰʘ ʰʘʨʫʘʰʳʣʳסʳʥʳש 

ʥʝʛʽʟʛʽ ʘʡʤʘץʪʘʨʜʘ ʪʘʨʘʣʫ ʜᴅʨʝʞʝʩʽʥ ʘʥʳץʪʘʫ ץʘʞʝʪ ʝʢʝʥʜʽʛʽ ʘʥʳץʪʘʣʜʳ. ʅʘץʪʳ ץʦʨסʘʫ ʰʘʨʘʣʘʨʳʥ 

ᴅʟʽʨʣʝʫ װʰʽʥ, ʟʝʨʪʪʝʫ ʞʳʣʜʘʨʳ ʙʦʡʳʥʰʘ ʘʣʤʘ ʘסʘʰʳʥʜʘ ʦʥʳש ʜʘʤʫ ʬʘʟʘʣʘʨʳʥʘ ʞᴅʥʝ ʘʫʘ-ʨʘʡʳ 

ʞʘסʜʘʡʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʘʢʪʝʨʠʷʣʳץ ʢװʡʽʢʪʽש ʜʠʥʘʤʠʢʘʩʳʥʘ ʪʘʣʜʘʫ ʞװʨʛʽʟʫ ץʘʞʝʪ. 

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨʜʽס שʳʣʳʤʠ-ʪᴅʞʽʨʠʙʝʣʽʢ ʤʘשʳʟʜʳʣʳסʳ ʤʳʥʘʜʘ: ʙʘʢʪʝʨʠʷʣʳץ 

ʢװʡʽʢʪʽ ʤʦʥʠʪʦʨʠʥʛʽʣʝʫʜʽש ʥᴅʪʠʞʝʣʝʨʽ ʢʘʨʘʥʪʠʥʜʽʢ ʞᴅʥʝ ץʦʨסʘʫ ʰʘʨʘʣʘʨʳʥʳש ʢᴇʣʝʤʽʥ ʥʝʛʽʟʜʝʫʛʝ, 

ʦʣʘʨʜʳ ʦʨʳʥʜʘʫ ʤʝʨʟʽʤʜʝʨʽʥ ʜᴅʣ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʘʫʨʫ ʜʘʤʫʳʥʳש 

ʙʦʣʞʘʤʳʥ ʞʘʩʘʫʜʘ ץʦʣʜʘʥʳʣʘʜʳ. 

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʘʫʨʫ ץʦʟʜʳʨסʳʰʳʥ ʘʥʳץʪʘʫ װʰʽʥ ʢʘʨʘʥʪʠʥʜʽʢ, ʬʠʪʦʧʘʪʦʣʦʛʠʷ ʤʝʥ 

ʙʘʢʪʝʨʠʦʣʦʛʠʷʜʘ ʞʘʣʧʳ ץʘʙʳʣʜʘʥסʘʥ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ, ʩʦʥʜʘʡ-ʘץ ʇʊʈ ʪʘʣʜʘʫʳ ץʦʣʜʘʥʳʣʜʳ. 

ʄʦʥʠʪʦʨʠʥʛ ʥᴅʪʠʞʝʩʽʥʜʝ ʨʝʩʧʫʙʣʠʢʘʥʳש ʦשʪװʩʪʽʛʽ ʤʝʥ ʦשʪװʩʪʽʢ-ʰʳסʳʩʳʥʜʘסʳ ᴇʥʝʨ-

ʢᴅʩʽʧʪʽʢ ʞʝʤʽʩ ʰʘʨʫʘʰʳʣʳסʳʥʳש ʥʝʛʽʟʛʽ ʘʡʤʘץʪʘʨʳ ʙʦʣʳʧ ʩʘʥʘʣʘʪʳʥ ʟʝʨʪʪʝʣʛʝʥ ʦʙʣʳʩʪʘʨʜʳש 

ʙʘʨʣʳסʳʥʜʘ ʙʘʢʪʝʨʠʷʣʳץ ʢװʡʽʢ ʘʫʨʫʳʥʳש ʦʰʘץʪʘʨʳ ʪʘʙʳʣסʘʥʳ ʘʥʳץʪʘʣʜʳ. ʆʣʘʨʜʳש ʝש ʢᴇʧ ʩʘʥʳ 

ɸʣʤʘʪʳʜʘ, ʘʟʳʨʘץ ɾʘʤʙʳʣ ʞᴅʥʝ ʊװʨʢʽʩʪʘʥ ʦʙʣʳʩʪʘʨʳʥʜʘ ʪʘʙʳʣסʘʥ. ʄʘʫʩʳʤʜʳץ ʜʠʥʘʤʠʢʘʥʳש 

ʪʘʣʜʘʫʳ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʘʫʨʫ ʚʝʛʝʪʘʮʠʷʣʳץ ʢʝʟʝשʥʽש ʙʽʨʽʥʰʽ ʞʘʨʪʳʩʳʥʜʘ ץʘʨץʳʥʜʳ 

ʜʘʤʠʪʳʥʜʳץʪʘʥ, ץʦʨסʘʫ ʰʘʨʘʣʘʨʳʥ ʜʘ ʦʩʳ ʢʝʟʝשʜʝ ʫʘץʳʪʳʣʳ ʞװʨʛʽʟʫ ץʘʞʝʪ. 

ʂʽʣʪ ʩϺʟʜʝʨ:ʙʘʢʪʝʨʠʷʣʳץ ʢװʡʽʢ, ʘʫʨʫ ʦʰʘץʪʘʨʳ, ʤʦʥʠʪʦʨʠʥʛ, ʤʘʫʩʳʤʜʳץ ʜʠʥʘʤʠʢʘ, 

ʘʫʨʫʜʳש ʪʘʨʘʣʫʳ, ʘʫʨʫʜʳש ʜʘʤʫ ʜᴅʨʝʞʝʩʽ, ʘʫʨʫ ʙʝʣʛʽʣʝʨʽ. 
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Abstract. Fire blight is one of the most dangerous infectious diseases of fruit crops. Currently it 

is registered in more than 50 countries worldwide. For many countries, including Kazakhstan, it is a 

quarantine. 

The economic damage from fire blight is enormous and is associated not only with the loss of 

crops and the approach of trees, but also with the costs of uprooting and restoring orchards. The pathogen 

may be in a latent state for a long time and when favorable weather conditions occur, rapidly reproduces 

and causes epiphytic disease development. 

Given that fire blight is a dangerous quarantine disease of fruit crops, it was necessary to establish 

the extent of its spread in the south and south-east of the republic in the main zones of industrial 

horticulture. To develop specific assessments of measures, it is necessary to analyze the dynamics of 

apple blight depending on the phase of development and the prevailing weather conditions during the 

growing season by years of research. 
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Scientific and practical verification of the conducted studies revealed that the results of 

monitoring a fire blight substantiate the scope of controlled quarantine and protective measures, 

accurately establish their implementation, and they were also used in developing a prognosis for the 

development of the disease. 

The research used conventional quarantine, phytopathology and bacteriological methods as well 

as PCR analysis to identify the pathogen. 

As a result of monitoring, it has been established that fire blight is found in all the regions of the 

south and south-east of the republic surveyed in the main areas of industrial fruits. The largest number of 

them was found in Almaty, less in Zhambyl and Turkestan regions. An analysis of seasonal dynamics 

showed that fire blight develops in the first half of the growing season, therefore, dangerous 

manifestations should be confined to this period. 

Keywords: fire blight, foci of the disease, monitoring, seasonal dynamics, the spread of the 

disease, the degree of development of the disease, disease symptoms. 
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Annotation. Dandelion kok-saghyz (Taraxacum kok-saghyz Rodin) is a producer of high quality 

natural rubber. To grow this type of dandelion in the ground is associated with many difficulties, some of 

which can be solved using hydroponic, bioponic and aeroponic cultivation methods. In this research, 

experiments were performed on the cultivation of kok-saghyz in hydroponics, bioponics and aeroponics, 

in which there were used the balanced mineral and organic fertilizers in liquid form. The optimal growth 

of dandelions indoors was observed under the illumination of phyto lamps with red-blue-neutral spectra. 

In the hydroponic method of cultivation, the roots of kok-saghyz formed decay after prolonged growth, 

while in bioponics and aeroponics, the roots turned out to be massive and the plants developed fully. 

Under aeroponic cultivation, the average weight of a three-month-old kok-saghyz plant was 27Ñ1.2 

grams, the roots by wet weight were 10Ñ0.3 grams, the dry weight was 2.35Ñ0.08 grams and the rubber 

content was 0.8Ñ0.04% per wet weight of the root, respectively. During the aeroponic cultivation of kok-

saghyz, by spraying the root system with a nutrient solution the roots developed well without decay. It is 

shown that these methods can be used in the cultivation of kok-saghyz year-round in a greenhouse and 

indoors, while the plants were able to produce rubber. 

Keywords:kok-saghyz, hydroponics, bioponics; aeroponics, LED lamp 

 

Introduction. Kok-saghyz (Taraxacum kok-saghyz Rodin) is an endemic plant to Central 

Asia and a producer of high-quality natural rubber. This type of dandelion gives a relatively high 

yield of roots with the highest content of rubber in the first year and can be cultivated in areas 

with a temperate climate, including many regions of Kazakhstan. Since, kok-saghyz is a 

moisture-loving plant, it is desirable to grow it mainly in ground with good moisture, dandelion 

can give very high yields on cultivated soil irrigated by rivers or sea coast of Kazakhstan [1-6]. 

However, the cultivation of kok-saghyz in the ground is associated with a number of problems, 

such as the negative impact of weeds and pests, as well as problems with the seeds and roots 

collection and dependence on environmental conditions. One of the ways to avoid some of the 

difficulties with the cultivation of kok-saghyz in the field is its hydroponic, bioponic or 

aeroponic cultivation [2]. The advantages of these technologies are the possibility of year-round 

cultivation, independence from weather conditions, rapid growth, absence of weeds and pests, 

ease of harvesting, in addition, there is no need for preliminary cleaning of the roots. 

Hydroponics, bioponics and aeroponics are methods of plant growing without soil, in which the 

culture receives from an aqueous solution all the necessary nutrients in the right quantities and in 

exact proportions of organic and then mineralized fertilizers, which is almost impossible to do 

with soil cultivation [6-8]. Wastes from agricultural production, organic, biodegradable raw 

materials [9, 10] can be components of organic hydroponics [11-14]. And beneficial soil 
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microorganisms [15, 16] are used in the mineralization of organic substances available to plants 

in organic hydroponics [11, 13-17]. However, the technology of growing kok-saghyz in hydro-, 

bio- and aeroponics has not yet been developed either in Kazakhstan or in Russia. 

Therefore, the purpose of this work was to optimize the conditions for kok-saghyz 

growing by hydroponic, bioponic and aeroponic methods for year-round cultivation. 

Materials and methodsof research. The kok-saghyz seeds were obtained from the 

collection of the Institute of Botany and Phytointroduction (Almaty, Kazakhstan) and then 

propagated on the experimental site of the Institute of Plant Biology and Biotechnology (Almaty, 

Kazakhstan). The kok-saghyz seeds were washed with a 10% bleach solution, washed with 

distilled water and left in water until completely swollen for 4 hours [6]. Then they were 

transferred to petri dishes with filter paper soaked in a liquid medium with a salt concentration of 

350 ppm (measured by TDS, EC-meter) 1 ml/l from each stock mineral solution [7, 8]. Plants 

were grown on two variants of nutrient solutions containing mineral salts (according to samples 

from General Hydroponics) [7] and an organic nutrient medium from the Biosevia series 

supplemented with Trichoderma harzianum fungi for the mineralization of organic compounds 

[11, 13-17]. A continuously running air compressor was used to improve root aeration. Plants 

were grown for 40 and 60 days under LED lamps [18, 19] (color temperature 4000K) at +25ÁC, 

photoperiod (light/dark) 16/8 hours, light flux density 5000 lux. The research results were 

presented in the form of histograms with the mean values of the sample. Bars denoted the 

standard error of the mean. The significance of differences in all experiments was assessed using 

the Mann-Whitney U test [6]. 

Determination of chlorophyll and carotenoids in extracts of green leaves was carried out 

according to Terletskaya et.al and Johan et.al [20, 21]. The measurement was carried out on a 

spectrophotometer at a wavelength of 649 and 665 (chlorophylls), and 470 (carotenoids). 96% 

alcohol was used as a blank. If the values were too large, the samples were diluted several times 

with 96% alcohol. Calculations were performed according to the formulas: Ca = 13.36A665 ï 

5.19A649, Cb = 27.43A649 ï 8.12A665, Ca+b = 5.24A665 ï 22.24A649, Cx+c (carotenoids) = 

(1000A470 ï 2.13Ca ï 97.64Cb)/209. Where Ca is chlorophyll a, Cb is chlorophyll b, Ca+b is 

the sum of chlorophylls, Cx+c are carotenoids [20]. 

Results and discussion. Kok-saghyz dandelion seeds were planted in autoclaved perlite 

and tested on different LED lamps to determine the optimal type of lighting at a 16/8-hour mode. 

For this experiment, the following LED lamps were used: RB - red-blue, YW - yellow-white, 

RBWY - red-blue-white-yellow and RBN - red-blue-neutral. 

The results of structural analysis are shown in the histograms form in Figures 1, 2. 

 

 
 

Figure 1 ï The influence of different types of phytolamps on the growth parameters of 30-

day-old kok-saghyz seedlings. RB - red-blue, YW - yellow-white, RBWY - red-blue-white-yellow 

and RBN - red-blue-neutral phytolamps 
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The required spectrum of LED was selected for the optimal mode when growing kok-

saghyz in bioponics and hydroponics. This experience allows us to grow the necessary samples 

of dandelions indoors throughout the year, regardless of weather and climatic conditions. The 

experiment of germination of kok-saghyz under LED lamps was carried out for 30 days. At the 

end of the experiment, the length of the roots, the weight of the roots, and the entire seedling 

were measured. Also, the chlorophyll and carotenoids content was measured to determine 

photosynthetic activity, according to Terletskaya et.al [20].  

 

 
 

Figure 2 ï The effect of different LED lamp types on the chlorophyll and carotenoids 

content in 30-day-old seedlings of kok-saghyz. RB - red-blue, YW - yellow-white, RBWY - red-blue-

white-yellow and RBN ï red-blue-neutral phytolamps 

 

The root growth stimulation resulted by IAA is shown as histograms in Figure 3. 

 

 

 
 

Figure 3 ï The growth dependence of the kok-saghyz roots on the IAA concentration in 

bioponics and hydroponics 
 

 

According to the results shown in Figures 1, 2, RBN turned out to be the most optimal - 

red-blue-neutral phytolamps for illuminating kok-saghyz in hydroponic cultivation. 
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Further, after determining the optimal lighting mode, the plants have been transferred to 

perforated cups and placed in vessels with a nutrient solution of bioponics and hydroponics, four 

vessels each. Plants were grown at room temperature, with oxygen supplied to the roots by an air 

compressor. 

The root growth stimulator indole-3-acetic acid (IAA), was added to the vessels with 

nutrient solutions at concentrations from 0.5 to 4 mg/l. To determine the optimal concentration 

of the root growth stimulator, the plants were grown for two weeks. After that, the length and 

mass of the roots were measured. 

From the results shown in Figure 3, it can be chosen the optimal concentration of IAA ï 1 

mg/l. As a result of choosing the optimal concentration of IAA, then, the old solution was 

changed to a new nutrient one with an increased PPM/EC value (see Methods) for furtherplant 

growth and development. Figure 4 a, b illustrates two weeks kok-saghyz after increasing the 

concentration of the nutrient solution at approximately 1000 ppm and adding IAA at 1 mg/l. Two 

weeks later, the flowering of kok-saghyz began. Figure 4c provides 2 months aged plants.  

 

 

 
 

Figure 4 ï Growth and flowering of kok-saghyz in a bioponic solution. a, b - active growth 

of leaves and roots, c - the beginning of flowering two months after seed germination 

 

 

Along with the compressor aeration of the nutrient solution, an aeroponic hydroponics 

system was also used in this case as aerobioponics. The essence of this system was to spray the 

root system with an aerosol of nutrient solution with a high-pressure membrane pump (Figure 5 

a). As shown in Figure 5, kok-saghyz developed best under RBN - red-blue-neutral phytolamps. 

The membrane pump sprayed the roots for 3 minutes with a 15-minute shutdown. The cycle was 

around the clock. In summer, spraying was extended to 5 minutes with additional aeration of the 

nutrient solution. As a result, on aeroponic technology, the roots turned out to be clean (Figure 5) 

without traces of decay. The average weight of a three-month-old kok-saghyz plant was 27 Ñ 1.2 

grams, the roots by wet weight were 10 Ñ 0.3 grams, the dry weight was 2.35 Ñ 0.08 grams, and 

the rubber content was 0.8 Ñ 0.04% per wet weight of the root, respectively. Kok-saghyz was 

also grown in a hydroponic system in a flow mode, where a nutrient solution was supplied to the 

plants with a drop tape. 
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Figure 5 ï Aeroponic cultivation of kok-saghyz. a ï a vessel with plants and a membrane 

pump, b ï a three-month-old sample of kok-saghyz in aeroponics, c ï kok-saghyz samples on 

aeroponics 

 

Plant roots weight placed in 500 ml vessels was no more than 2 g. Further, the plants also 

developed on flow hydroponics in perforated cups filled with expanded clay rocks and perlite, 

under which the nutrient solution flowed. Roots under such conditions could reach up to 9.7 

grams and an average weight of 8 Ñ 0.5 grams and rubber 0.5-0.7% of the wet weight, 

respectively. Under conditions of flow hydroponics, the roots often rotted due to residual 

moisture stagnation. 

The advantage of aeroponics, in this case, is the timely supply of the nutrient solution to 

the roots through the membrane pump and the liquid flowing down, which contributes to the free 

breathing of the roots and the prevention of decay due to abundant aeration of the roots. Unlike 

flow and stationary supply of nutrient solution, in aeroponics there is no stagnation of liquid in 

the roots leading to decay and damage to the roots. These results were achieved in the course of 

developing and optimizing the technology of kok-saghyz growing in hydroponics. Also, the rate 

of growth and development of plants in aeroponics is faster than in hydroponics according to the 

observations of the experiments.    

Bioponics cultivation was carried out in the same way as hydroponics and aeroponics, as 

described above. The choice of this method is due to two factors. The first of which is the 

conditionality in the use of a fungus of the genus Trihoderma, which protects the roots and plants 

in general from decay and damage caused by various pathogenic microflora, during constant or 

partial immersion of the roots in a nutrient solution. Trihoderma according to the Texier 

elaboration [11] is used in bioponics to mineralize the organic component of the nutrient solution 

into an easily accessible mineral form for plants of nutrients such as nitrogen, sulfur, phosphorus 

[11, 13, 14-17]. In this regard, the second important point in the use of bioponics in crop 

production is the use of bioorganic production waste. That is, in fact, the nutrient solution 

according to the elaboration [9, 11] is composed of fermented bird manure and dried cattle blood 

as a nitrogen source, fish meal as a source of organically bound phosphorus and sulfur, 

fermented nettle extract and sunflower ash as a source of potassium. In order to prevent 

environmental pollution from household waste [9, 10], this balanced organic fertilizer can be 

classified as a waste-free production product. In addition to this, the use of bioponics and a 

generally balanced organic fertilizer is relevant in the production of organic food, since the 

composition of the fertilizer is natural. After completion of experiments with the use of 

bioponics, the remains of the solutions can be applied without risk as fertilizer for garden plants 
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or in a compost pit. In addition, the use of bioponics in this experiment was performed for the 

purposes of scientific interest, as a further prerequisite for future elaboration in applied research. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʰʝ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩ ʦʭʨʘʥʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʚʦʟʜʝʣʳʚʘʥʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʧʠʱʝʚʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ [9, 10, 22]. 

Finally, the use of bioponics and hydroponics for kok-saghyz growing has a number of 

advantages. Including year-round, for seed production, breeding and subsequent production of 

super-elite seeds on an industrial scale at an accelerated pace of cultivation, in contrast to soil 

cultivation of plants. 

Conclusion. We have worked out the elements of technologies of hydroponics, 

aeroponics and bioponics in cultivation of rubber dandelion ï kok-saghyz. Only with aeroponic 

cultivation, the roots did not rot at all and were clean. The optimal regime for kok-saghyz 

cultivation on an aeroponics with the use of organic fertilizers and RBN - red-blue-neutral LED 

lamp were chosen, while the accumulation of rubber in the roots was shown.   
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, PhD, ץʘʫʳʤʜʘʩʪʳʨʳʣסʘʥ ʧʨʦʬʝʩʩʦʨ 

ɼʞʘʥʪʘʩʦʚ ʉ.פ.
1
, ʘʫʳʣ ʰʘʨʫʘʰʳʣʳס ץʳʣʳʤʜʘʨʳʥʳש ʢʘʥʜʠʜʘʪʳ  

ʂʫʣʫʝʚ ɹ.ʈ.
2
, ʙʠʦʣʦʛʠʷ סʳʣʳʤʜʘʨʳʥʳש ʜʦʢʪʦʨʳ  

 
1
ʅɸʆ çϧʘʟʘϨ ϰʣʪʪʳϨ ʘʛʨʘʨʣʳϨ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽè,  

ɸʣʤʘʪʳ Ϩ., ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ 
2
ɹʠʦʭʠʤʠʷ ʞϸʥʝ ʛʝʥʝʪʠʢʘ ʠʥʩʪʠʪʫʪʳ, ʈʝʩʝʡ Ϥʳʣʳʤ ʘʢʘʜʝʤʠʷʩʳʥʳϬ ʋʬʘ ʬʝʜʝʨʘʣʜʳ 

ʟʝʨʪʪʝʫ ʦʨʪʘʣʳϤʳ, ʋʬʘ, ɹʘʰʢϰʨʪʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ, ʈʝʩʝʡ ʌʝʜʝʨʘʮʠʷʩʳ  

 

ɸשʜʘʪʧʘ. ʂᴇʢ-ʩʘסʳʟ ʙʘץʙʘסʳ (Taraxacum kok-saghyz Rodin) ï ʞʦסʘʨʳ ʩʘʧʘʣʳ ʪʘʙʠסʠ ʢʘʫʯʫʢ 

ʧʨʦʜʫʮʝʥʪʽ. ɽʛʽʩʪʽʢʪʝ, ʘʰʳץ ʘʣץʘʧ ʞʘסʜʘʡʳʥʜʘ ʙʘץʙʘץʪʳש ʙײʣ ʪװʨʽʥ ᴇʩʽʨʫ ʙʘʨʳʩʳʥʜʘ, ʢᴇʧʪʝʛʝʥ 

 ʞᴅʥʝ ץʙʠʦʧʦʥʠʢʘʣʳ ,ץʢʝʡʙʽʨʝʫʣʝʨʽʥ ʛʠʜʨʦʧʦʥʠʢʘʣʳ שʪʘʨ ʪʫʜʳʨʘʜʳ, ʦʣʘʨʜʳץʠʳʥʜʳץ

ʘʵʨʦʧʦʥʠʢʘʣʳץ ᴇʩʽʨʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʰʝʰʫʛʝ ʙʦʣʘʜʳ. ɹײʣ ʞײʤʳʩʪʘ ʪʝשʜʝʩʪʽʨʽʣʛʝʥ 

ʤʠʥʝʨʘʣʜʳ ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ ʪʳשʘʡʪץʳʰʪʘʨ ʩײʡʳץ ʢװʡʜʝ ץʦʣʜʘʥʳʣסʘʥ ʛʠʜʨʦʧʦʥʠʢʘ, ʙʠʦʧʦʥʠʢʘ 

ʞᴅʥʝ ʘʵʨʦʧʦʥʠʢʘ ᴅʜʽʩʽʪʝʨʽʤʝʥ ʢᴇʢ-ʩʘסʳʟʜʳ ᴇʩʽʨʫ ʙʦʡʳʥʰʘ ʪᴅʞʽʨʠʙʝʣʝʨ ʞװʨʛʽʟʽʣʜʽ. פʳʟʳʣ-ʢᴇʢ-

ʙʝʡʪʘʨʘʧʪʳ ʩʧʝʢʪʨʣʝʨʽ ʙʘʨ ʬʠʪʦʣʘʤʧʘʣʘʨʜʳ ʞʘʨʳץʪʘʥʜʳʨʫ ʢʝʟʽʥʜʝ ʞʘʙʳץ ʙᴇʣʤʝ ʞʘסʜʘʡʳʥʜʘ 

ʙʘץʙʘץʪʳש ʦשʪʘʡʣʳ ᴇʩʫʽ ʙʘʡץʘʣʜʳ. ɻʠʜʨʦʧʦʥʜʳץ ᴅʜʽʩʧʝʥ ᴇʩʽʨʫʜʝ ʢᴇʢʩʘסʳʟʜʳש ʪʘʤʳʨʳ ײʟʘץ 

ᴇʩʢʝʥʥʝʥ ʢʝʡʽʥ ʰʽʨʽʢ ʪװʟʩʝ, ʙʠʦʧʦʥʠʢʘ ʤʝʥ ʘʵʨʦʧʦʥʠʢʘʜʘ ʪʘʤʳʨ ʤʘʩʩʠʚʪʽ ʙʦʣʳʧ, ᴇʩʽʤʜʽʢʪʝʨ ʪʦʣʳץ 

ʜʘʤʳʜʳ. ɸʵʨʦʧʦʥʜʳ ᴇʩʽʨʫ ʢʝʟʽʥʜʝ װʰ ʘʡʣʳץ ʢᴇʢʩʘסʳʟ ᴇʩʽʤʜʽʛʽʥʽש ʦʨʪʘʰʘ ʩʘʣʤʘסʳ 27Ñ1,2 ʛʨʘʤʤ, 

https://doi.org/10.1038/npre.2008.2494.1
https://doi.org/10.1109/IEEM.2014.7058737
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ʳʣסʘʣʜʳ ʩʘʣʤʘסʳ ʙʦʡʳʥʰʘ ʪʘʤʳʨʳ 10Ñ0,3 ʛʨʘʤʤ, ײץʨסʘץ ʩʘʣʤʘסʳ 2,35Ñ0,08 ʛʨʘʤʤ, ʘʣ ʢʘʫʯʫʢ 

ʤᴇʣʰʝʨʽ 0,8Ñ0,04% ʛʨʘʤʤ ʪʘʤʳʨʜʳש ʳʣסʘʣʜʳ ʩʘʣʤʘסʳʥʘ ʪʠʽʩʽʥʰʝ. ʂᴇʢ-ʩʘסʳʟʜʳ ʘʵʨʦʧʦʥʜʳץ 

ʞʦʣʤʝʥ ᴇʩʽʨʫ ʢʝʟʽʥʜʝ ʪʘʤʳʨ ʞװʡʝʩʽʥʝ ץʦʨʝʢʪʽʢ ʝʨʽʪʽʥʜʽ ʰʘʰʫ ʘʨץʳʣʳ ʪʘʤʳʨʣʘʨ ʰʽʨʽʤʝʡ ʞʘץʩʳ 

ʜʘʤʳʜʳ. ʉʦʣ ʩʝʙʝʧʪʽ, ʙײʣ ᴅʜʽʩʪʝʨʜʽ ʞʳʣʳʞʘʡʜʘ ʞᴅʥʝ ʞʘʙʳץ ʞʝʨʜʝ ʞʳʣ ʙʦʡʳ ʢᴇʢʩʘסʳʟ ᴇʩʽʨʫʜʝ 

 .ʤʢʽʥʜʽʢ ʙʦʣʘʜʳװʘ ʤסʘ ʙʦʣʘʪʳʥʳ ʢᴇʨʩʝʪʽʣʛʝʥ, ʘʣ ᴇʩʽʤʜʽʢʪʝʨʜʝʥ ʢʘʫʯʫʢ ʘʣʫסʦʣʜʘʥʫץ

ʂʽʣʪ ʩϺʟʜʝʨ: ʢᴇʢ-ʩʘסʳʟ, ʛʠʜʨʦʧʦʥʠʢʘ, ʙʠʦʧʦʥʠʢʘ; ʘʵʨʦʧʦʥʠʢʘ, ʞʘʨʳץʜʠʦʜʪʳ ʰʘʤ 

 

 

ʇʈʀʄɽʅɽʅʀɽ ʆʈɻɸʅʀʏɽʉʂʆʁ ɻʀɼʈʆʇʆʅʀʂʀ (ɹʀʆʇʆʅʀʂʀ) ʀ 

ɸʕʈʆʇʆʅʀʂʀ ɼʃʗ ɺʓʈɸʑʀɺɸʅʀʗ ʆɼʋɺɸʅʏʀʂɸ ʂʆʂ-ʉɸɻʓɿɸ 

 

ɹʘʨʠ ɻ.ʊ.
1
, PhD ʜʦʢʪʦʨʘʥʪ 

ɾʘʥʙʳʨʙʘʝʚ ɽ.ɸ.
1
, PhD, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨ 

ɼʞʘʥʪʘʩʦʚ ʉ.ʂ.
1
, ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ 

ʂʫʣʫʝʚ ɹ.ʈ.
2
, ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

 
1
ʅɸʆ çʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʘʛʨʘʨʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ.ɸʣʤʘʪʳ, 

ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 
2
ʀʥʩʪʠʪʫʪ ʙʠʦʭʠʤʠʠ ʠ ʛʝʥʝʪʠʢʠ ʋʬʠʤʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʋʬʘ, ʈʝʩʧʫʙʣʠʢʘ ɹʘʰʢʦʨʪʦʩʪʘʥ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʆʜʫʚʘʥʯʠʢ ʢʦʢ-ʩʘʛʳʟ (Taraxacum kok-saghyz Rodin) ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʮʝʥʪʦʤ 

ʚʳʩʦʢʘʯʝ-ʩʪʚʝʥʥʦʛʦ ʥʘʪʫʨʘʣʴʥʦʛʦ ʢʘʫʯʫʢʘ. ɺʳʨʘʱʠʚʘʥʠʝ ʜʘʥʥʦʛʦ ʚʠʜʘ ʦʜʫʚʘʥʯʠʢʘ ʚ ʧʦʣʝʚʳʭ 

ʫʩʣʦʚʠʷʭ ʩʦʧʨʷʞʝʥʦ ʩʦ ʤʥʦʛʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʛʠʜʨʦʧʦʥʥʳʭ, ʙʠʦʧʦʥʥʳʭ ʠ ʘʵʨʦʧʦʥʥʳʭ ʩʧʦʩʦʙʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʢʦʢ-ʩʘʛʳʟʘ ʥʘ ʛʠʜʨʦʧʦʥʠʢʝ, ʙʠʦʧʦʥʠʢʝ ʠ 

ʘʵʨʦʧʦʥʠʢʝ ʚ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʣʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʠ ʦʨʛʘ-ʥʠʯʝʩʢʠʝ ʫʜʦʙʨʝʥʠʷ ʚ 

ʞʠʜʢʦʡ ʬʦʨʤʝ. ʆʧʪʠʤʘʣʴʥʳʡ ʨʦʩʪ ʦʜʫʚʘʥʯʠʢʦʚ ʚ ʟʘʢʨʳʪʦʤ ʧʦʤʝ-ʱʝʥʠʠ ʥʘʙʣʶʜʘʣʩʷ ʧʦʜ 

ʦʩʚʝʱʝʥʠʝʤ ʬʠʪʦʣʘʤʧ ʩ ʢʨʘʩʥʦ-ʩʠʥʝ-ʥʝʡʪʨʘʣʴʥʳʤʠ ʩʧʝʢʪʨʘʤʠ. ʅʘ ʛʠʜʨʦʧʦʥʥʦʤ ʩʧʦʩʦʙʝ 

ʚʳʨʘʱʠʚʘʥʠʷ, ʢʦʨʥʠ ʢʦʢ-ʩʘʛʳʟʘ ʦʙʨʘʟʦʚʳʚʘʣʠ ʛʥʠʣʴ ʧʦʩʣʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʨʦʩʪʘ, ʪʦʛʜʘ ʢʘʢ ʚ 

ʙʠʦʧʦʥʠʢʝ ʠ ʘʵʨʦʧʦʥʠʢʝ ʢʦʨʥʠ ʧʦʣʫʯʘʣʠʩʴ ʤʘʩʩʠʚ-ʥʳʝ ʠ ʨʘʩʪʝʥʠʷ ʧʦʣʥʦʮʝʥʥʦ ʨʘʟʚʠʚʘʣʠʩʴ. ʇʨʠ 

ʘʵʨʦʧʦʥʥʦʤ ʚʳʨʘʱʠʚʘʥʠʠ, ʩʨʝʜʥʠʡ ʚʝʩ ʪʨʝʭʤʝʩʷʯʥʦʛʦ ʨʘʩʪʝʥʠʷ ʢʦʢ-ʩʘʛʳʟʘ ʙʳʣ 27Ñ1.2 ʛʨʘʤʤ, 

ʢʦʨʥʠ ʧʦ ʩʳʨʦʡ ʤʘʩʩʝ ï 10Ñ0.3 ʛʨʘʤʤ, ʩʫʭʘʷ ʤʘʩʩʘ 2.35Ñ0.08 ʛʨʘʤʤ ʠ ʩʦʜʝʨʞʘʥʠʝ ʢʘʫʯʫʢʘ 

ʩʦʩʪʘʚʠʣʦ 0.8Ñ0.04% ʥʘ ʩʳʨʫʶ ʤʘʩʩʫ ʢʦʨʥʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʘʵʨʦʧʦʥʥʦʤ ʚʳʨʘʱʠʚʘʥʠʠ ʢʦʢ-

ʩʘʛʳʟʘ, ʦʧʨʳʩʢʠʚʘʥʠʝʤ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʧʠʪʘʪʝʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ ʢʦʨʥʠ ʭʦʨʦʰʦ ʨʘʟʚʠʚʘʣʠʩʴ ʙʝʟ 

ʛʥʠʣʠ. ʇʦʢʘʟʘ-ʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʩʧʦʩʦʙʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʢʦʢ-ʩʘʛʳʟʘ 

ʢʨʫʛʣʦʛʦʜʠʯʥʦ ʚ ʪʝʧʣʠʮʝ ʠ ʟʘʢʨʳʪʳʭ ʧʦʤʝʱʝʥʠʷʭ, ʧʨʠ ʵʪʦʤ ʨʘʩʪʝʥʠʷ ʙʳʣʠ ʩʧʦʩʦʙʥʳ 

ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʢʘʫʯʫʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʢ-ʩʘʛʳʟ, ʛʠʜʨʦʧʦʥʠʢʘ, ʙʠʦʧʦʥʠʢʘ; ʘʵʨʦʧʦʥʠʢʘ, ʩʚʝʪʦʜʠʦʜʥʘʷ ʣʘʤʧʘ. 
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ʅɸʆ çʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʘʛʨʘʨʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ʛ.ɸʣʤʘʪʳ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 
 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʦʨʦʰʘʝʤʦʡ ʧʘʰʥʠ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʂʘʟʘʭʩʪʘʥʘ. ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʧʳʪʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ 

ʩʪʘʮʠʦʥʘʨʝ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ʊʆʆ çɹʘʡʩʝʨʢʝ-ɸʛʨʦè ʥʘ ʩʚʝʪʣʦ-

ʢʘʰʪʘʥʦʚʳʭ ʧʦʯʚʘʭ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ, ʩʦʛʣʘʩʥʦ ʧʨʦʛʨʘʤʤʝ ʠ ʤʝʪʦʜʠʢʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʯʪʦ ʦʟʠʤʳʡ ʨʘʧʩ ï ʦʩʥʦʚʥʘʷ ʢʫʣʴʪʫʨʘ ʩ ʨʘʥʥʝʡ ʚʝʩʥʳ ʠʥʪʝʥʩʠʚʥʦ 

ʨʘʩʪʝʪ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʚ ʬʘʟʫ ʧʦʣʥʦʛʦ ʮʚʝʪʝʥʠʷ (25.05) ʥʘʢʘʧʣʠʚʘʝʪ 6 760 ʛʨʘʤʤʦʚ ʟʝʣʝʥʦʡ ʤʘʩʩʳ 

ʩ ʦʜʥʦʛʦ ʢʚʘʜʨʘʪʥʦʛʦ ʤʝʪʨʘ. ʋʨʦʞʘʡʥʦʩʪʴ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʚ ʬʘʟʝ ʮʚʝʪʝʥʠʷ ʜʦʩʪʠʛʣʘ 676 ʮ/ʛʘ, ʘ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʧʦʣʥʦʡ ʬʘʟʳ ʨʘʟʚʠʪʠʷ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ ʩʦʩʪʘʚʠʣʘ 25,2 ʮ/ʛʘ. ʇʦʩʝʷʥʥʘʷ 

ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ ï ʢʫʢʫʨʫʟʘ ʥʘ ʟʝʨʥʦ, ʧʦʩʣʝ ʫʙʦʨʢʠ ʦʟʠʤʦʛʦ ʨʘʧʩʘ ʥʘ ʟʝʣʝʥʫʶ ʤʘʩʩʫ, 

ʧʨʦʭʦʜʠʪ ʧʦʣʥʫʶ ʚʝʛʝʪʘʮʠʶ ʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʨʦʜʫʢʮʠʶ ʟʝʨʥʘ ʚ ʧʨʝʜʝʣʘʭ ï 

73,0 ʮ/ʛʘ, ʘ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ ï ʢʫʢʫʨʫʟʘ ʥʘ ʩʠʣʦʩ, ʧʦʩʝʷʥʥʘʷ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʣʥʦʡ 

ʬʘʟʳ ʨʘʟʚʠʪʠʷ ʦʟʠʤʦʛʦ ʨʘʧʩʘ, ʜʘʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʨʦʜʫʢʮʠʶ ʚ ʚʠʜʝ ʩʠʣʦʩʘ ï 720 ʮ/ʛʘ. 

ʇʨʦʜʫʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʦʰʘʝʤʦʡ ʧʘʰʥʠ ʧʫʪʝʤ ʧʦʩʝʚʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʧʦʚʳʰʘʝʪ 

ʩʙʦʨ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ. ʅʘ ʚʘʨʠʘʥʪʝ ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʦʙʱʠʡ ʩʙʦʨ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ 

ʩʦʩʪʘʚʠʣʦ 67,9 ʮ/ʛʘ, ʘ ʥʘ ʚʘʨʠʘʥʪʘʭ ʧʦʩʝʚʘ ʢʫʢʫʨʫʟʳ ʥʘ ʩʠʣʦʩ ʠ ʟʝʨʥʦ ʦʙʱʠʡ ʩʙʦʨ ʢʦʨʤʦʚʳʭ 

ʝʜʠʥʠʮ ʜʦʩʪʠʛʘʝʪ ʦʪ 212,0 ʜʦ 234,0 ʮ/ʛʘ. ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʫʩʣʦʚʥʦ ʯʠʩʪʳʡ ʜʦʭʦʜ 149-160,8 ʪʳʩ.ʪʛ/ʛʘ ʠ ʫʨʦʚʝʥʴ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ 93-97% 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʩʝʚʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʧʦʩʣʝ ʫʙʦʨʢʠ ʦʟʠʤʦʛʦ ʨʘʧʩʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʦʩʥʦʚʥʘʷ ʠ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʢʫʣʴʪʫʨʳ, ʢʘʧʝʣʴʥʦʝ 

ʦʨʦʰʝʥʠʝ, ʨʘʧʩ, ʫʚʣʘʞʥʠʪʝʣʴʥʳʡ ʧʦʣʠʚ, ʢʦʨʤʦʚʘʷ ʝʜʠʥʠʮʘ, ʥʘʠʤʝʥʴʰʘʷ ʚʣʘʛʦʝʤʢʦʩʪʴ. 

 

ɺʚʝʜʝʥʠʝ.ɺ ʧʦʩʣʘʥʠʠ ʥʘʨʦʜʫ ʂʘʟʘʭʩʪʘʥʘ ʦʪ 02 ʩʝʥʪʷʙʨʷ 2021 ʛʦʜʘ, ʇʨʝʟʠʜʝʥʪ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʊʦʢʘʝʚ ʂ.ʂ. ʩʢʘʟʘʣ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʟʘʥʠʤʘʝʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʧʦʚʳʰʝʥʠʠ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʥʘʨʦʜʘ ʂʘʟʘʭʩʪʘʥʘ. ʅʝʦʙʭʦʜʠʤʦ 

ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʜʠʥʘʤʠʯʥʦʝ ʨʘʟʚʠʪʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʚʳʰʝʥʠʝ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʅʫʞʥʦ ʫʩʠʣʠʪʴ ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ 

ʩʝʚʦʦʙʦʨʦʪʘ, ʨʘʩʰʠʨʠʪʴ ʧʣʦʱʘʜʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ ʠ ʚʥʝʜʨʷʪʴ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ. ɹʝʟʚʦʟʚʨʘʪʥʦ ʪʝʨʷʶʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ ʠ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʫʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʨʦʰʘʝʤʳʝ ʟʝʤʣʠ ʠ ʧʣʦʱʘʜʴ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʢ 2030 ʛʦʜʫ ʜʦʚʝʩʪʠ ʜʦ 3 ʤʣʥ. ʛʝʢʪʘʨ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʂʘʟʘʭʩʪʘʥʘ ʥʝʤʳʩʣʠʤʦ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ, ʚʦʜʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʩʦʢʨʘʱʘʪʴ ʧʣʦʱʘʜʠ 

ʧʦʩʝʚʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʧʦʪʨʝʙʣʷʶʱʠʭ ʤʥʦʛʦ ʚʦʜʳ ʠ 15% ʧʣʦʱʘʜʠ 

ʦʨʦʰʘʝʤʳʭ ʢʫʣʴʪʫʨ ʧʝʨʝʚʝʩʪʠ ʥʘ ʚʦʜʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ [2]. 

mailto:KEM_707@mail.ru
https://orcid.org/0000-0003-1817-5522
mailto:KEM_707@mail.ru
https://orcid.org/0000-0002-5333-0906
mailto:kzh06@mail.ru
https://orcid.org/0000-0001-9984-3283
mailto:ashirali.smanov@kaznaru.edu.kz
https://orcid.org/0000-0001-7468-575X


 

227 

 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʂʘʟʘʭʩʪʘʥʝ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʷʪʴ 

ʚʦʜʦʩʙʝʨʝʛʘʶʱʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ.  

ɻʠʜʨʦʪʝʨʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʶʞʥʳʭ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʳʭ ʨʝʛʠʦʥʦʚ ʂʘʟʘʭʩʪʘʥʘ, ʛʜʝ 

ʨʘʟʚʠʪʦ ʦʨʦʰʘʝʤʦʝ ʟʝʤʣʝʜʝʣʠʝ, ʚʧʦʣʥʝ ʧʦʟʚʦʣʷʝʪ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʨʦʰʘʝʤʳʝ ʟʝʤʣʠ. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʬʝʨʤʝʨʳ ʠ ʢʨʝʩʪʴʷʥʩʢʠʝ ʭʦʟʷʡʩʪʚʘ 

ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʵʪʠ ʚʦʟʤʦʞʥʦʩʪʠ. ʊʘʢ, ʧʦʩʣʝ ʫʙʦʨʢʠ ʨʘʥʥʠʭ ʷʨʦʚʳʭ ʠ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ 

ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʨʝʤʝʥʠ (90-120 ʜʥʝʡ) ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʜʨʫʛʠʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʫʯʨʝʞʜʝʥʠʡ ʂʘʟʘʭʩʪʘʥʘ, ʚʳʨʘʱʠʚʘʥʠʝ ʜʚʫʭ ʫʨʦʞʘʝʚ ʚ ʛʦʜ ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʣʦʱʘʜʠ ʧʨʠ 

ʧʨʘʚʠʣʴʥʦʤ ʧʦʜʙʦʨʝ ʦʩʥʦʚʥʦʡ (ʧʝʨʚʦʡ) ʠ ʧʦʚʪʦʨʥʦʡ (ʚʪʦʨʦʡ) ʢʫʣʴʪʫʨʳ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ, ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʥʩʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʨʦʰʘʝʤʫʶ ʧʘʰʥʶ [3-

7]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʨʦʰʘʝʤʳʭ ʩʝʨʦʟʝʤʥʳʭ ʧʦʯʚʘʭ ʧʣʦʜʦʨʦʜʥʳʡ ʩʣʦʡ ʩʥʠʟʠʣʩʷ 

ʥʘ 30%. ʉʥʠʞʘʶʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʧʦʯʚʝ, ʠʩʪʦʱʘʝʪʩʷ ʧʣʦʜʦʨʦʜʥʳʡ ʩʣʦʡ ʟʝʤʣʠ. 

ʇʦʵʪʦʤʫ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʧʫʪʝʡ ʧʦʣʫʯʝʥʠʷ ʜʚʫʭ ʫʨʦʞʘʝʚ ʚ ʛʦʜ ʧʦʩʝʚʦʤ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʠ ʚʦʜʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʠ ï ʢʘʧʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʢʘʧʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʧʦʣʠʚʥʦʡ ʥʦʨʤʳ ʥʘ 40-50%, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʟʘʩʦʣʝʥʠʝ ʠ 

ʠʨʨʠʛʘʮʠʦʥʥʦʡ ʵʨʦʟʠʠ, ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ [8-13]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʧʳʪʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʩʪʘʮʠʦʥʘʨʝ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ, 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ʊʆʆ çɹʘʡʩʝʨʢʝ-ɸʛʨʦè. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʧʦʯʚʝʥʥʳʝ ʫʩʣʦʚʠʷ 

çɹʘʡʩʝʨʢʝ-ɸʛʨʦè ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʯʝʥʴ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʅʘ ʧʦʣʷʭ ʚʥʝʜʨʷʶʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ, ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ 

ʪʝʭʥʦʣʦʛʠʠ. ʇʦʯʚʳ ï ʩʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʳʝ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦ ʧʦʣʫʯʝʥʠʶ ʜʚʫʭ ʫʨʦʞʘʝʚ ʚ ʛʦʜ ʥʘʤʠ 

ʠʩʧʳʪʳʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʢʫʣʴʪʫʨʳ: ʢʘʢ ʦʩʥʦʚʥʳʝ ʢʫʣʴʪʫʨʳ: ʦʟʠʤʳʡ ʷʯʤʝʥʴ, ʦʟʠʤʳʡ 

ʨʘʧʩ. 

- ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ: ʢʫʢʫʨʫʟʘ ʥʘ ʟʝʨʥʦ ʠ ʥʘ ʩʠʣʦʩ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʚʳʭ ʦʧʳʪʦʚ ʙʳʣʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʘʷ ʩʭʝʤʘ ʦʧʳʪʦʚ (ʪʘʙʣʠʮʘ 

1). 

ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʧʳʪʘ 5,0 ʛʝʢʪʘʨ, ʨʘʟʤʝʨʳ ʜʝʣʷʥʦʢ 300 ʤ
2
, 

ʧʦʚʪʦʨʥʦʩʪʴ ʪʨʝʭʢʨʘʪʥʘʷ. 

 
ʊʘʙʣʠʮʘ 1 ï ʉʭʝʤʘ ʧʦʣʝʚʳʭ ʦʧʳʪʦʚ 

 

ɺʘʨʠʘʥʪʳ ʦʧʳʪʘ ï ʦʩʥʦʚʥʳʝ ʢʫʣʴʪʫʨʳ ɺʘʨʠʘʥʪʳ ʦʧʳʪʘ ï ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ   

ʆʟʠʤʳʡ ʷʯʤʝʥʴ (ʢʦʥʪʨʦʣʴ) ɹʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ 

ʆʟʠʤʳʡ ʨʘʧʩ ʥʘ ʟʝʨʥʦ ʂʫʢʫʨʫʟʘ ʥʘ ʩʠʣʦʩ 

ʥʘ ʟʝʣʝʥʫʶ ʤʘʩʩʫ ʂʫʢʫʨʫʟʘ ʥʘ ʟʝʨʥʦ 

 

 

ʉ ʨʘʥʥʝʡ ʚʝʩʥʳ ʜʦ ʛʣʫʙʦʢʦʡ ʦʩʝʥʠ ʧʨʦʚʦʜʠʣʠʩʴ ʫʯʝʪʳ ʠ ʥʘʙʣʶʜʝʥʠʷ ʚ ʦʩʥʦʚʥʳʝ 

ʬʘʟʳ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ (ʬʝʥʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ, ʟʘʧʘʩʳ 

ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ, ʜʠʥʘʤʠʢʘ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʨʘʩʪʝʥʠʡ) ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ 

[14-16]. 

ʆʙʱʠʡ ʛʫʤʫʩ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʀ.ɺ.ʊʶʨʠʥʫ ï ʉʊ ʈʂ 3477-2019. ʄʝʪʦʜʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ [17].   
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ʃʝʛʢʦʛʠʜʨʦʣʠʟʫʝʤʳʡ ʘʟʦʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʤʝʪʦʜʫ ʀ.ɺ.ʊʶʨʠʥʘ ʠ ʂʦʥʦʥʦʚʦʡ. 

ʅʠʪʨʘʪʥʳʡ ʘʟʦʪ ï ʠʦʥʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɻʆʉʊ 26951-86 ʇʦʯʚʳ [18]. 

ʇʦʜʚʠʞʥʳʡ ʬʦʩʬʦʨ ʧʦ ʤʝʪʦʜʫ ɹ.ʇ. ʄʘʯʠʛʠʥʘ ɻʆʉʊ 26205-91[19] ʠ ʧʦʜʚʠʞʥʳʡ 

ʢʘʣʠʡ ʧʦ ʤʝʪʦʜʫ ʀ.ɻ. ɺʘʞʝʥʠʥʘ [20]. 

ɺ ʦʨʦʰʘʝʤʦʤ ʟʝʤʣʝʜʝʣʠʠ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʨʦʢʦʚ 

ʠ ʥʦʨʤ ʧʦʣʠʚʦʚ. ɺʝʛʝʪʘʮʠʦʥʥʳʝ ʧʦʣʠʚʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ 

70% ʦʪ ʥʘʠʤʝʥʴʰʝʡ ʚʣʘʛʦʝʤʢʦʩʪʠ [21].    

ʆʙʨʘʙʦʪʢʘ ʫʨʦʞʘʡʥʳʭ ʜʘʥʥʳʭ ʧʦ ʤʝʪʦʜʠʢʝ ɼʦʩʧʝʭʦʚʘ (1985) [22]. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʝʤʦʚ ʚʦʟʜʝʣʳʚʘʥʠʷ ʢʫʣʴʪʫʨ ʦʧʨʝʜʝʣʷʣʘʩʴ ï ʧʦ 

ʧʨʠʥʷʪʳʤ ʟʘʪʨʘʪʘʤ ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʛʝʢʪʘʨ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʦʡ ʚʳʧʦʣʥʝʥʠʷ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʘʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʥʘʰʠʭ ʧʦʣʝʚʳʭ ʦʧʳʪʘʭ ʧʦ ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʟʘ 

ʢʦʥʪʨʦʣʴʥʳʡ ʚʘʨʠʘʥʪ ʙʳʣ ʧʨʠʥʷʪ ʧʦʩʝʚʳ ʦʟʠʤʦʛʦ ʷʯʤʝʥʷ, ʛʜʝ ʧʦʩʣʝ ʫʙʦʨʢʠ ʷʯʤʝʥʷ ʥʘ 

ʩʝʤʝʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʥʝ ʚʳʩʝʚʘʣʠʩʴ, ʦʨʦʰʘʝʤʦʝ ʧʦʣʝ ʧʫʩʪʦʚʘʣʦ ʜʦ ʦʩʝʥʠ. 

ʅʘʨʷʜʫ ʩ ʦʟʠʤʳʤ ʷʯʤʝʥʝʤ ʚʳʩʝʚʘʣʘʩʴ ʦʟʠʤʳʡ ʨʘʧʩ, ʢʘʢ ʦʩʥʦʚʥʘʷ ʢʫʣʴʪʫʨʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʨʦʩʪʦʤ, ʨʘʟʚʠʪʠʝʤ ʠ ʥʘʢʦʧʣʝʥʠʝʤ ʥʘʜʟʝʤʥʦʡ ʤʘʩʩʳ 

ʦʩʥʦʚʥʳʭ ʢʫʣʴʪʫʨ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʨʘʥʥʝʡ ʚʝʩʥʳ ʵʪʠ ʢʫʣʴʪʫʨʳ ʠʥʪʝʥʩʠʚʥʦ ʨʘʩʪʫʪ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʢʘʧʣʠʚʘʶʪ ʥʘʜʟʝʤʥʳʝ ʤʘʩʩʳ. 

 

  
 

ʈʠʩʫʥʦʢ 1 ï ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʨʦʩʪʦʤ ʠ ʨʘʟʚʠʪʠʝʤ ʦʟʠʤʳʭ: ʷʯʤʝʥʷ ʠ ʨʘʧʩʘ 

 

ʅʘ ʥʘʰʠʭ ʧʦʣʝʚʳʭ ʦʧʳʪʘʭ ʧʨʦʚʦʜʠʣʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʨʦʩʪʦʤ, ʨʘʟʚʠʪʠʝʤ ʠ 

ʥʘʢʦʧʣʝʥʠʝʤ ʥʘʜʟʝʤʥʦʡ ʤʘʩʩʳ 25.05.2021 ʛʦʜʘ ʚ ʬʘʟʳ ʢʦʣʦʰʝʥʠʷ ʠ ʮʚʝʪʝʥʠʷ, ʧʨʦʚʝʣʠ 

ʠʟʤʝʨʝʥʠʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʦʩʥʦʚʥʳʭ ʢʫʣʴʪʫʨ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 

2. 

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʧʩ ʚ ʬʘʟʫ ʮʚʝʪʝʥʠʷ ʥʘʙʠʨʘʝʪ 

ʚʳʩʦʪʫ ʚ ʩʨʝʜʥʝʤ 118 ʩʤ ʠ ʥʘʢʘʧʣʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʜʟʝʤʥʫʶ ʤʘʩʩʫ, ʚʝʩ ʩʳʨʦʡ ʤʘʩʩʳ 

ʩʦʩʪʘʚʠʣʦ 6 760, ʘ ʩʫʭʦʡ 3 210 ʛʨʘʤʤʦʚ ʩ ʦʜʥʦʛʦ ʢʚʘʜʨʘʪʥʦʛʦ ʤʝʪʨʘ. 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʡ ʩʭʝʤʝ ʦʧʳʪʦʚ ʧʦʣʦʚʠʥʘ ʧʦʩʝʚʦʚ ʦʟʠʤʦʛʦ ʨʘʧʩʘ ʦʩʪʘʚʣʝʥʳ ʜʦ 

ʩʦʟʨʝʚʘʥʠʷ ʟʝʨʝʥ, ʘ ʦʩʪʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʩʝʚʘ ʨʘʧʩʘ ʙʳʣ ʫʙʨʘʥ (ʩʢʦʰʝʥ) ʥʘ ʟʝʣʝʥʫʶ ʤʘʩʩʫ 

25 ʤʘʷ, ʘ ʧʦʩʝʚʳ ʦʟʠʤʦʛʦ ʷʯʤʝʥʷ ʦʩʪʘʚʣʝʥʳ, ʢʘʢ ʢʦʥʪʨʦʣʴʥʳʡ ʚʘʨʠʘʥʪ, ʜʦ ʩʦʟʨʝʚʘʥʠʷ 

ʟʝʨʝʥ.  
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ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʥʘʢʦʧʣʝʥʠʝʤ ʥʘʜʟʝʤʥʦʡ ʤʘʩʩʳ ʦʟʠʤʳʭ ï 

ʦʩʥʦʚʥʳʭ ʢʫʣʴʪʫʨ ʚ ʬʘʟʫ ʢʦʣʦʰʝʥʠʷ ʠ ʮʚʝʪʝʥʠʷ ʥʘ ʧʣʦʱʘʜʠ 1 ʤ
2
, 25.05.2021 ʛ. 

 

ʂʫʣʴʪʫʨʳ ʂʦʣʠʯʝʩʪʚʦ 

ʨʘʩʪʝʥʠʡ, 

ʰʪ/ʤ
2
 

ʉʨʝʜʥʷʷ  ɺʝʩ ʤʘʩʩʳ, ʛʨ. ɹʠʦʣʦʛʠʯʝʩ-

ʢʠʡ ʫʨʦʞʘʡ, 

ʮ/ʛʘ 
ʚʳʩʦʪʘ 

ʨʘʩʪʝʥʠʡ, 

ʩʤ 

ʢʫʩʪʠʩʪʦʩʪʴ, 

ʰʪ. 

ʩʳʨʦʡ  ʩʫʭʦʡ  

ʗʯʤʝʥʴ 

(ʢʦʥʪʨʦʣʴ) 

32 97 23 5 696 2 890 570 

ʈʘʧʩ  65 118 - 6 760 3 210 676 

 

 

ʋʨʦʞʘʡʥʦʩʪʴ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʦʟʠʤʦʛʦ ʨʘʧʩʘ ʩʦʩʪʘʚʠʣ 676 ʮ/ʛʘ. ʇʦʩʣʝ ʫʙʦʨʢʠ 

ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʨʘʧʩʘ ʥʘ ʟʝʣʝʥʫʶ ʤʘʩʩʫ ʧʨʦʚʝʣʠ ʜʠʩʢʦʚʘʥʠʝ ʠ ʧʦʩʝʚ ʢʫʢʫʨʫʟʳ ʥʘ 

ʟʝʨʥʦ ï 27 ʤʘʷ. 

ʅʘʤʠ, ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʤ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʮʝʥʪʨʝ ʢʘʯʝʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʂʘʟʅʀʀ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʚʝʜʝʥ ʭʠʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʢʦʨʤʦʚ ï ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʨʘʧʩʘ ʠ ʷʯʤʝʥʷ ʚ ʬʘʟʫ ʢʦʣʦʰʝʥʠʷ. ɸʥʘʣʠʟʳ ʧʨʦʚʝʜʝʥʳ ʚ 

ʥʘʪʫʨʘʣʴʥʦʤ ʚʠʜʝ ʠ ʚ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʧʨʦʮʝʥʪʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʦʩʥʦʚʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʘʥʘʣʠʟʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.   

 
ʊʘʙʣʠʮʘ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʨʤʦʚ ʩ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʊʆʆ 

çɹʘʡʩʝʨʢʝ-ɸʛʨʦè ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʥʘʪʫʨʘʣʴʥʫʶ ʚʣʘʞʥʦʩʪʴ, % 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ʂʦʨʤ. ʝʜ., 

ʢʛ 

ʇʇ, ʛ ʆʕ ʄɾɼ ʕʂɽ 

ʈʘʧʩ  0,20 39,99 2,33 0,23 

ʗʯʤʝʥʴ  0,22 31,33 2,37 0,24 

 

 

ɺ ʜʘʥʥʦʡ ʪʘʙʣʠʮʝ 3 ʚʠʜʥʦ, ʯʪʦ ʢʦʨʤʦʚʘʷ ʝʜʠʥʠʮʘ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʨʘʧʩʘ ʩʦʩʪʘʚʠʣʘ 

0,20 ʠ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ï 39,99 ʧʝʨʝʚʘʨʠʤʦʛʦ ʧʨʦʪʝʠʥʘ. 

ɺ ʥʘʰʠʭ ʫʩʣʦʚʠʷʭ ʠʟʫʯʘʝʤʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʢʫʢʫʨʫʟʘ ʥʘ ʟʝʨʥʦ ʠ ʩʠʣʦʩ 

ʙʳʣʠ ʧʦʩʝʷʥʳ ʚ ʜʚʘ ʩʨʦʢʘ. ʇʝʨʚʳʡ ʩʨʦʢ ʧʦʩʣʝ ʫʙʦʨʢʠ ʦʟʠʤʦʛʦ ʨʘʧʩʘ ʥʘ ʟʝʣʝʥʫʶ ʤʘʩʩʫ, 

ʚʪʦʨʦʡ ʩʨʦʢ ʧʦʩʣʝ ʫʙʦʨʢʠ ʨʘʧʩʘ ʥʘ ʟʝʨʥʦ. ʇʦʩʣʝ ʧʨʷʤʦʛʦ ʧʦʩʝʚʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ 

ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʧʨʦʚʦʜʠʣʠ ʫʚʣʘʞʥʠʪʝʣʴʥʳʡ ʧʦʣʠʚ ʩ ʤʘʣʦʡ ʥʦʨʤʦʡ, ʢʘʧʝʣʴʥʳʤ 

ʩʧʦʩʦʙʦʤ (ʨʠʩʫʥʢʠ 2, 3). 

 

 
 

 

ʈʠʩʫʥʦʢ 2 ï ʋʚʣʘʞʥʠʪʝʣʴʥʳʡ ʧʦʣʠʚ 

 

ʈʠʩʫʥʦʢ 3 ï ʇʦʩʝʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ 
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ʇʦʩʝʚ ʢʫʢʫʨʫʟʘ ʥʘ ʟʝʨʥʦ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 27 ʤʘʷ 2021 ʛ. ʧʦʩʣʝ ʫʙʦʨʢʠ ʦʟʠʤʦʛʦ ʨʘʧʩʘ 

ʥʘ ʟʝʣʝʥʫʶ ʤʘʩʩʫ, ʘ ʧʦʩʝʚ ʢʫʢʫʨʫʟʳ ʥʘ ʩʠʣʦʩ 8 ʠʶʣʷ 2021 ʛ., ʧʦʩʣʝ ʫʙʦʨʢʠ ʦʟʠʤʦʛʦ ʨʘʧʩʘ 

ʥʘ ʟʝʨʥʦ.  

ɺʩʭʦʜʳ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʧʦʷʚʠʣʠʩʴ ʯʝʨʝʟ 5-6 ʜʥʝʡ ʠ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʠʥʪʝʥʩʠʚʥʦ ʨʦʩʣʠ, 

ʨʘʟʚʠʚʘʣʠʩʴ ʠ ʥʘʢʘʧʣʠʚʘʣʠ ʙʠʦʤʘʩʩʫ. ʈʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʨʦʩʪʦʤ ʠ ʥʘʢʦʧʣʝʥʠʝʤ 

ʙʠʦʤʘʩʩʳ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

 
ʊʘʙʣʠʮʘ 4 ï ʈʦʩʪ ʠ ʥʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ, ʥʘ ʧʣʦʱʘʜʠ 1 ʤ

2
, 

03.08.2021 ʛ. 

 

ʇʨʦʤʝʞʫʪʦʯʥʳʝ 

ʢʫʣʴʪʫʨʳ 

ɼʘʪʘ 

ʧʦʩʝʚʘ 

ʉʳʨʘʷ 

ʤʘʩʩʘ, 

ʛʨ. 

ʉʨʝʜʥʝʝ ʢʦʣ-ʚʦ 

ʨʘʩʪʝʥʠʡ, ʰʪ. 

ʉʨʝʜʥʷʷ ʚʳʩʦʪʘ 

ʨʘʩʪʝʥʠʡ, ʩʤ 

ʉʫʭʘʷ 

ʤʘʩʩʘ, ʛʨ. 

ʂʫʢʫʨʫʟʘ ʥʘ ʟʝʨʥʦ  27.05 7020 10 230 3 600 

ʂʫʢʫʨʫʟʘ ʥʘ ʩʠʣʦʩ  08.07 740 14 50 360 

 

 

ɺ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʧʨʦʚʦʜʠʣʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʬʝʥʦʣʦʛʠʝʡ 

ʥʘʩʪʫʧʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʬʘʟ ʨʘʟʚʠʪʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ. ʆʧʨʝʜʝʣʷʣʠ ʩʨʦʢʠ ʧʦʣʠʚʦʚ 

ʠ ʧʦʣʠʚʥʳʝ ʥʦʨʤʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ 70% ʦʪ 

ʥʘʠʤʝʥʴʰʝʡ ʚʣʘʛʦʝʤʢʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʚʝʛʝʪʘʮʠʦʥʥʳʝ ʧʦʣʠʚʳ ʢʘʧʝʣʴʥʳʤ ʩʧʦʩʦʙʦʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʩʣʝ ʦʩʥʦʚʥʳʭ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʩʦʦʙʨʘʞʝʥʠʷ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʦʚʝʜʝʥʠʷ ʧʦʚʪʦʨʥʳʭ ʧʦʩʝʚʦʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʧʦʩʣʝ ʦʩʥʦʚʥʳʭ. 

ʇʨʦʤʝʞʫʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ ʢʫʢʫʨʫʟʘ, ʚʦʟʜʝʣʳʚʘʝʤʘʷ ʟʝʨʥʦ ʠ ʩʠʣʦʩ ʧʦʩʝʷʥʥʘʷ ʧʦʩʣʝ 

ʫʙʦʨʢʠ ʦʟʠʤʦʡ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʨʘʧʩʘ, ʠʥʪʝʥʩʠʚʥʦ ʨʦʩʣʠ, ʨʘʟʚʠʚʘʣʠʩʴ ʠ ʧʦʣʫʯʠʣʠ 

ʚʳʩʦʢʠʝ ʫʨʦʞʘʠ ʩʠʣʦʩʘ ʠ ʟʝʨʥʘ (ʪʘʙʣʠʮʘ 5). 

 
ʊʘʙʣʠʮʘ 5 ï ʋʨʦʞʘʡʥʦʩʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ, ʩʨʝʜʥʝʝ ʟʘ 2020-2021 ʛʛ. 

 

ʆʩʥʦʚʥʘʷ 

ʢʫʣʴʪʫʨʘ 

ʇʨʦʤʝʞʫʪʦʯ-ʥʳʝ 

ʢʫʣʴʪʫʨʳ 

ɼʘʪʳ ʦʧʨʝ-

ʜʝʣʝʥʠʷ 

ʉʨʝʜʥʷʷ 

ʚʳʩʦʪʘ 

ʨʘʩʪʝʥʠʡ, ʩʤ 

ʋʨʦʞʘʡʥʦʩʪʴ, ʮ/ʛʘ 

ʟʝʨʥʘ ʟʝʣʝʥʦʡ 

ʤʘʩʩʳ 

ʆʟʠʤʳʡ ʨʘʧʩ ʂʫʢʫʨʫʟʘ ʥʘ 

ʟʝʨʥʦ 

13.09 265 73,0 - 

ʂʫʢʫʨʫʟʘ ʥʘ 

ʩʠʣʦʩ 

20.09 210 - 720 

 

 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ 2 ʠ 5 ʧʨʠʚʦʜʠʤ ʠʪʦʛʦʚʳʝ ʜʘʥʥʳʝ 

ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʪʘʙʣʠʮʘ 6. 

ɼʘʥʥʳʝ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 6 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʩʣʝ ʫʙʦʨʢʠ ʦʟʠʤʦʛʦ ʨʘʧʩʘ 

ʧʦʩʝʷʥʥʘʷ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ ï ʢʫʢʫʨʫʟʘ ʜʦʟʨʝʚʘʝʪ ʧʦ ʧʦʣʥʦʡ ʩʧʝʣʦʩʪʠ ʠ 

ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ ʩʦʩʪʘʚʠʣʘ ï 73,0 ʮ/ʛʘ. ʇʦʩʣʝ ʫʙʦʨʢʠ ʢʫʢʫʨʫʟʳ ʥʘ ʟʝʨʥʦ ʦʩʪʘʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦʩʝʚʘ 

ʦʟʠʤʳʭ ʢʫʣʴʪʫʨ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ 234 ʮ/ʛʘ ʙʳʣʘ ʩʦʙʨʘʥʘ ʥʘ 

ʚʘʨʠʘʥʪʝ ʧʦʩʝʚʘ ʦʟʠʤʦʛʦ ʨʘʧʩʘ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ ï ʢʫʢʫʨʫʟʘ ʥʘ ʟʝʨʥʦ. 
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ʊʘʙʣʠʮʘ 6 ï ʋʨʦʞʘʡʥʦʩʪʴ ʦʩʥʦʚʥʳʭ, ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʠ ʩʙʦʨ ʢʦʨʤʦʚʳʭ 

ʝʜʠʥʠʮ, ʮ/ʛʘ ʩʨʝʜʥʠʝ ʜʘʥʥʳʝ ʟʘ 2020-2021 ʛʛ.  

 

ɺʘʨʠʘʥʪʳ ʦʧʳʪʘ, 

ʦʩʥʦʚʥʳʝ ʢʫʣʴʪʫʨʳ 

ʋʨʦʞʘʡ-

ʥʦʩʪʴ 

ʉʙʦʨ 

ʢʦʨʤʦ-

ʚʳʭ 

ʝʜʠʥʠʮ 

ɺʘʨʠʘʥʪʳ 

ʦʧʳʪʘ, ʧʨʦ-

ʤʝʞʫʪʦʯʥʳʝ 

ʢʫʣʴʪʫʨʳ 

ʋʨʦʞʘʡ-

ʥʦʩʪʴ 

ʩʝʤʷʥ 

ʟʝʣʝʥʦʡ 

ʤʘʩʩʳ 

ʉʙʦʨ 

ʢʦʨʤʦ-

ʚʳʭ 

ʝʜʠʥʠʮ 

ʆʙʱʠʡ 

ʩʙʦʨ 

ʢʦʨʤʦʚʳʭ 

ʝʜʠʥʠʮ 

ʆʟʠʤʳʡ ʷʯʤʝʥʴ 

(ʢʦʥʪʨʦʣʴ) 

57,6 69,7 - - - 69,7 

ʆʟʠʤʳʡ 

ʨʘʧʩ 

ʟʝʨʥʦ 25,2 40 ʂʫʢʫʨʫʟʘ ʥʘ 

ʩʠʣʦʩ 

720 172,8 212,8 

ʟ/ʤ 676 136 ʂʫʢʫʨʫʟʘ ʥʘ 

ʟʝʨʥʦ 

73,0 98,0 234 

 

 

ʅʘʤʠ ʧʨʦʚʝʜʝʥʳ ʘʛʨʦʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ. ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 

ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʦʩʥʦʚʥʳʭ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʠ ʧʦʣʫʯʠʪʴ 

ʜʚʘ ʫʨʦʞʘʷ ʚ ʦʜʠʥ ʛʦʜ ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʣʦʱʘʜʠ (ʪʘʙʣʠʮʘ 7). 

 
ʊʘʙʣʠʮʘ 7 ï ɸʛʨʦʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʦʰʘʝʤʳʭ 

ʟʝʤʝʣʴ, (ʩʨʝʜʥʝʝ ʟʘ 2020-2021 ʛʛ.) 
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ɺʘʨʠʘʥʪʳ ʦʧʳʪʘ, 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ 
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%
 

ʆʟʠʤʳʡ ʷʯʤʝʥʴ 

(ʢʦʥʪʨʦʣʴ)  

57,6 - - 201,6 135 66,6 49,3 

ʆʟʠʤʳʡ 

ʨʘʧʩ 

ʟʝʨʥʦ 25,2 ʂʫʢʫʨʫʟʘ ʥʘ ʩʠʣʦʩ 720 309 160 149 93,1 

ʟ/ʤ 676 ʂʫʢʫʨʫʟʘ ʥʘ ʟʝʨʥʦ 73,0 325,8 165 160,8 97,5 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʨʠ 

ʠʥʪʝʥʩʠʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʧʫʪʝʤ ʧʦʩʝʚʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ 

ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʯʠʩʪʳʡ ʜʦʭʦʜ ʜʦ 149-160,8 ʪʳʩ.ʪʛ/ʛʘ ʧʨʠ ʚʳʩʦʢʦʡ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ 93,1-

97,5%. 

ɺʳʚʦʜʳ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʆʟʠʤʳʡ ʨʘʧʩ ï ʦʩʥʦʚʥʘʷ ʢʫʣʴʪʫʨʘ ʩ ʨʘʥʥʝʡ ʚʝʩʥʳ ʠʥʪʝʥʩʠʚʥʦ ʨʘʩʪʝʪ ʠ 

ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʚ ʬʘʟʫ ʧʦʣʥʦʛʦ ʮʚʝʪʝʥʠʷ (25.05) ʥʘʢʘʧʣʠʚʘʝʪ 6 760 ʛʨʘʤʤʦʚ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʩ 

ʦʜʥʦʛʦ ʢʚʘʜʨʘʪʥʦʛʦ ʤʝʪʨʘ. ɺ ʵʪʦʡ ʬʘʟʝ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʜʦʩʪʠʛʣʘ 676 ʮ/ʛʘ, ʘ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʦʣʥʦʡ ʬʘʟʳ ʨʘʟʚʠʪʠʷ ʨʘʧʩʘ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ ʩʦʩʪʘʚʠʣʘ 25,2 ʮ/ʛʘ; 

2. ʇʦʩʣʝ ʫʙʦʨʢʠ ʦʟʠʤʦʛʦ ʨʘʧʩʘ ʥʘ ʟʝʣʝʥʫʶ ʤʘʩʩʫ ʧʦʩʝʷʥʥʘʷ ʧʨʦʤʝʞʫʪʦʯʥʘʷ 

ʢʫʣʴʪʫʨʘ ï ʢʫʢʫʨʫʟʘ ʥʘ ʟʝʨʥʦ ʧʨʦʭʦʜʠʪ ʧʦʣʥʫʶ ʚʝʛʝʪʘʮʠʶ ʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʨʦʜʫʢʮʠʶ ʟʝʨʥʘ ʚ ʧʨʝʜʝʣʘʭ ï 73,0 ʮ/ʛʘ, ʘ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ ï 

ʢʫʢʫʨʫʟʘ ʥʘ ʩʠʣʦʩ, ʧʦʩʝʷʥʥʘʷ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʣʥʦʡ ʬʘʟʳ ʨʘʟʚʠʪʠʷ ʦʟʠʤʦʛʦ ʨʘʧʩʘ, 

ʜʘʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʨʦʜʫʢʮʠʶ ʚ ʚʠʜʝ ʩʠʣʦʩʘ ï 720 ʮ/ʛʘ; 

3. ʇʨʦʜʫʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʦʰʘʝʤʦʡ ʧʘʰʥʠ ʧʫʪʝʤ ʧʦʩʝʚʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʢʫʣʴʪʫʨ ʧʦʚʳʰʘʝʪ ʩʙʦʨ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ. ʅʘ ʚʘʨʠʘʥʪʝ ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ 

ʦʙʱʠʡ ʩʙʦʨ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ ʩʦʩʪʘʚʠʣʦ 67,9 ʮ/ʛʘ, ʘ ʥʘ ʚʘʨʠʘʥʪʘʭ ʩ ʧʦʩʝʚʦʤ ʢʫʢʫʨʫʟʳ ʥʘ 

ʩʠʣʦʩ ʠ ʟʝʨʥʦ ʦʙʱʠʡ ʩʙʦʨ ʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮ ʜʦʩʪʠʛʘʝʪ ʦʪ 212,0 ʜʦ 234,0 ʮ/ʛʘ; 

4. ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʫʩʣʦʚʥʦ 

ʯʠʩʪʳʡ ʜʦʭʦʜ 149-160,8 ʪʳʩ.ʪʛ/ʛʘ ʠ ʫʨʦʚʝʥʴ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ 93-97% ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʩʝʚʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʧʦʩʣʝ ʫʙʦʨʢʠ ʦʟʠʤʦʛʦ ʨʘʧʩʘ.  

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʛʨʘʥʪʦʚʦʛʦ 

ʧʨʦʝʢʪʘ çʀʈʅ: AP09259400 ʇʦʜʙʦʨ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʢʫʣʴʪʫʨ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʠ ʩʦʟʜʘʥʠʝ ʟʝʣʝʥʦʛʦ ʢʦʥʚʝʡʝʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʙʠʦʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʟʦʥ ʚʳʨʘʱʠʚʘʥʠʷè ʥʘ 2021-2023 ʛʛ. ʂʅ ʄʆʅ ʈʂ, 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ. 

 
ʃʠʪʝʨʘʪʫʨʘ: 

 

[1] ʊʦʢʘʝʚ, ʂ.ʂ. ʇʦʩʣʘʥʠʝ ʥʘʨʦʜʫ ʂʘʟʘʭʩʪʘʥʘ. //ɺʝʯʝʨʥʠʡ ɸʣʤʘʪʳ, 2021, ʩʝʥʪʷʙʨʴ. 2.  

ˉ104 (13895).  

[2] ʅʘʟʘʨʙʘʝʚ, ʅ.ɸ. ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʧʫʪʴ ï 2050: ɽʜʠʥʘʷ ʮʝʣʴ, ʝʜʠʥʳʝ ʠʥʪʝʨʝʩʳ, ʝʜʠʥʦʝ 

ʙʫʜʫʱʝʝ. ʇʦʩʣʘʥʠʝ ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʦʪ 17 ʷʥʚʘʨʷ 2014 ʛʦʜʘ (ɸʩʪʘʥʘ, 17 ʷʥʚʘʨʷ 

2014 ʛʦʜʘ) // ʂʘʟʘʭʩʪʘʥʩʢʘʷ ʧʨʘʚʜʘ, 2014, ʷʥʚʘʨʴ. 18.  ˉ 11 (27632). 

[3] Jones, O.R., Clark R.N., Effects of furrow dikes on water conservation and dry land crop 

yields // Soil Sci. Soc. Am. J. 1987.  ˉ51.  ʈ.1307-1314. 

[4] Smika, D.E., Unger P.W. Effects of surface residues on soil water storage // Advances in Soil 

Science, 1986. ̄ 5. ï ʈ.111-138. 

[5] ɽʨʣʝʧʝʩʦʚ, ʄ.ʅ., ʊʫʨʝʰʝʚ ʆ.ʊ. ʆʨʦʰʘʝʤʦʝ ʟʝʤʣʝʜʝʣʠʝ. ï ɸʣʤʘ-ɸʪʘ: ʂʘʡʥʘʨ, 1973. ï 

ʉ.72-76. 

[6] ʂʝʥʝʥʙʘʝʚ, ʉ.ɹ., ʊʫʨʝʰʝʚ ʆ. ɺʦʟʜʝʣʳʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʥʘ ʧʦʣʠʚʥʳʭ 

ʟʝʤʣʷʭ ʶʛʘ ʠ ʶʛʦ-ʚʦʩʪʦʢʘ ʂʘʟʘʭʩʪʘʥʘ: ʨʝʢʦʤʝʥʜʘʮʠʠ. ï ɸʣʤʘʪʳ: ɸʆ çɹʘʩʧʘʣʘʨ װʡʽè, 2007. ï 21 ʩ. 

[7] ʂʝʥʝʥʙʘʝʚ, ʉ.ɹ. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩ/ʭ ʢʫʣʴʪʫʨ ʥʘ 

ʙʦʛʘʨʥʳʭ ʠ ʦʨʦʰʘʝʤʳʭ ʟʝʤʣʷʭ ʶʛʘ ʠ ʶʛʦ-ʚʦʩʪʦʢʘ ʂʘʟʘʭʩʪʘʥʘ. ʄʘʪʝʨʠʘʣʳ ʤʝʞʜʫʥʘʨ. 

ʂʦʥʬʝʨʝʥʮʠʠ. ïʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ, 2005. ï ʉ.39-41. 

[8] ʆʩʧʘʥʙʘʝʚ, ɾ. ʇʦʯʚʦ-ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ï ʦʩʥʦʚʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ //ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ: ʪʝʟ.ʜʦʢʣ.ʤʝʞʜ.ʥʘʫʯ.-ʧʨʘʢ.ʢʦʥʬ.ï ʋʩʪʴ-

ʂʘʤʝʥʦʛʦʨʩʢ, 2005.ïʉ.73-74. 

[9] ʆʩʧʘʥʙʘʝʚ, ɾ., ʂʘʨʘʙʘʝʚ ʄ.ʂ. ʇʝʨʩʧʝʢʪʠʚʳ ʥʫʣʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʢʫʣʴʪʫʨ ʥʘ ʶʛʝ ʠ ʶʛʦ-ʚʦʩʪʦʢʝ ʂʘʟʘʭʩʪʘʥʘ // ʅʦʫ-ʊʠʣ ʠ ʧʣʦʜʦʩʤʝʥ ï ʦʩʥʦʚʘ ʘʛʨʘʨʥʦʡ ʧʦʣʠʪʠʢʠ 

ʧʦʜʜʝʨʞʢʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʛʦ ʟʝʤʣʝʜʝʣʠʷ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ: 

ʤʘʪʝʨ.ʤʝʞʜ.ʢʦʥʬ. ï ɸʩʪʘʥʘ-ʐʦʨʪʘʥʜʳ, 2009. ï ʉ.195-198. 

[10] ʂʫʟʠʝʚ, ʈ.ʂ. ʇʨʦʙʣʝʤʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ 

ʋʟʙʝʢʠʩʪʘʥʘ // ʇʨʦʙʣʝʤʳ ʛʝʥʝʟʠʩʘ, ʧʣʦʜʦʨʦʜʠʷ, ʤʝʣʠʦʨʘʮʠʠ, ʵʢʦʣʦʛʠʠ ʧʦʯʚ, ʦʮʝʥʢʘ ʟʝʤʝʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ. ï ɸʣʤʘʪʳ, 2002. ï ʉ.22-26. 

[11] ɸʣʢʝʥʦʚ, ɽ.ʅ., ɸʪʘʢʫʣʦʚ ʊ.ɸ., ʆʩʧʘʥʙʘʝʚ ɾ.ʆ. ʇʫʪʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʚ ʧʨʝʜʛʦʨʥʦʡ ʟʦʥʝ ʶʛʦ-ʚʦʩʪʦʢʘ ʂʘʟʘʭʩʪʘʥʘ. //ʀʟʚʝʩʪʠʷ ʅɸʅ ʈʂ, ʉʝʨʠʷ 

ʘʛʨʘʨʥʳʭ ʥʘʫʢ, 2012. ˉ6 (12). ï ʉ. 48-50. 

[12] ɸʣʢʝʥʦʚ, ɽ.ʅ., ɸʪʘʢʫʣʦʚ ʊ.ɸ. ʇʫʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʚʥʦʡ ʧʘʰʥʠ ʚ 

ʧʨʝʜʛʦʨʥʦʡ ʟʦʥʝ ɸʣʤʘʪʠʥʩʢʦʡ ʦʙʣʘʩʪʠ // ʀʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ. ï 2012. ˉ4. ï ʉ. 42-45. 

[13] ɸʣʢʝʥʦʚ, ɽ.ʅ., ɸʪʘʢʫʣʦʚ ʊ.ɸ., ɽʨʞʘʥʦʚʘ ʂ.ʄ. ʈʘʟʨʘʙʦʪʢʘ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʫʪʝʤ ʧʦʩʝʚʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʂʘʟʘʭʩʪʘʥʘ // ʀʩʩʣʝʜʦʚʘʥʠʷ, 

ʨʝʟʫʣʴʪʘʪʳ. ï 2014. ˉ2. ï ʉ.62-65. 



 

233 

 

[14] ʈʫʜʥʝʚ, ɸ.ʀ. ʆʧʨʝʜʝʣʝʥʠʝ ʬʘʟ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. ï ʄ., 1950. ï 

150 ʩ. 

[15] ɸʩʪʘʧʦʚ, ʉ.ɺ. ʄʝʣʠʦʨʘʪʠʚʥʦʝ ʧʦʯʚʦʚʝʜʝʥʠʝ: ʇʨʘʢʪʠʢʫʤ. ï ʄ., 1958. ï 178 ʩ. 

[16]. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʢʦʥʪʨʦʣʶ ʠ ʦʙʨʘʙʦʪʢʝ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʬʘʟʘʤʠ ʨʘʟʚʠʪʠʷ ʩʝʣʴʭʦʟ 

ʢʫʣʴʪʫʨ. ï ʄ., 1982. ï 150 ʩ. 

[17] ʊʶʨʠʥ, ʀ.ɺ. ʍʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʧʦʯʚ. ï ʄ., 1981. ï 172 ʩ. 

[18] ɿʘʣʷʛʠʥʘ, ɺ.ɹ. ʀʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʵʢʩʧʨʝʩʩ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ ʚ 

ʧʦʯʚʘʭ, ʨʘʩʪʝʥʠʷʭ // ɺ ʢʥ.: ɸʛʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʚ. ïʄ.: ʀʟʜ-ʚʦ ʅʘʫʢʘ, 1975. ï 

ʉ.25-33. 

[19] ʄʘʯʠʛʠʥ, ɹ.ʄ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʩʬʦʨʘ ʚ ʧʦʯʚʝ. ɺ ʢʥ.: ɸʛʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʚ. ïʄ.: ʀʟʜ-ʚʦ ʅʘʫʢʘ, 1975. ï ʉ. 33-43. 

[20] ɺʘʞʝʥʠʥ, ʀ.ɻ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʣʠʷ ʚ ʧʦʯʚʝ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɺ ʢʥ.: 

ɸʛʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʚ. ïʄ.: ʀʟʜ-ʚʦ ʅʘʫʢʘ, 1975. ï ʉ. 43-48. 

[21] ʂʦʩʪʷʢʦʚ, ʀ.ɸ. ʆʩʥʦʚʳ ʤʝʣʠʦʨʘʮʠʠ. ï ʄ., 1960. ï 325 ʩ. 

[22] ɼʦʩʧʝʭʦʚ, ɹ.ɸ. ʄʝʪʦʜʠʢʘ ʧʦʣʝʚʦʛʦ ʦʧʳʪʘ. ʄ.: ɸʛʨʦʧʨʦʤʠʟʜʘʪ, 1985. ï ʉ. 10-25. 

 

References: 

 

[1] Tokayev, K.K.PoslaniyenaroduKazakhstana. //VecherniyAlmaty, 2021, sentyabrᾳ 2. ï ˉ104 

(13895). 

[2] Nazarbayev, N.A.Kazakhstanskiyputᾳ-2050: Yedinayatselᾳ, yedinyyeinteresy, 

yedinoyebudushcheye. PoslaniyePrezidentaRespublikiKazakhstanot 17 yanvarya 2014 goda (Astana, 17 

yanvarya 2014 goda) // Kazakhstanskayapravda. ï2014, yanvarᾳ-18. ï ˉ 11 (27632). 

[3] Jones, O.R., Clark R.N., Effects of furrow dikes on water conservation and dry land crop 

yields // Soil Sci. Soc. Am. J. ï 1987.  ˉ51. ïʈ.1307-1314. 

[4] Smika. D.E., Unger P.W. Effects of surface residues on soil water storage // Advances in Soil 

Science, 1986. -ˉ5. ïʈ.111-138. 

[5] Yerlepesov, M.N., Tureshev O.T. Oroshayemoye zemledeliye. ï Alma-Ata: Kaynar, 1973. ï 

S.72-76.  

[6] Kenenbayev, S.B., Tureshev O. Vozdelyvaniye promezhutochnykh kulᾳtur na polivnykh 

zemlyakh yuga i yugo-vostoka Kazakhstana: rekomendatsii. ï Almaty: AO çBaspalar װy²è, 2007. ï 21 s.  

[7] Kenenbayev, S.B. Resursosberegayushchiye tekhnologii vozdelyvaniya s/kh kulᾳtur na 

bogarnykh i oroshayemykh zemlyakh yuga i yugo-vostoka Kazakhstana. Materialy mezhdunar. 

Konferentsii. Ustᾳ-Kamenogorsk, 2005. ï S.39-41.  

[8] Ospanbayev, ZH. Pochvo-resursosberegayushchiye tekhnologii ï osnova proizvodstva 

konkurentosposobnoy produktsii selᾳskogo khozyaystva // Nauchnyye osnovy proizvodstva 

konkurentosposobnoy produktsii selᾳskogo khozyaystva: tez.dokl.mezhd.nauch.-prak.konf.- Ustᾳ-

Kamenogorsk, 2005.ïS.73-74.  

[9] Ospanbayev, ZH., Karabayev M.K. Perspektivy nulevoy tekhnologii vozdelyvaniya kulᾳtur 

na yuge i yugo-vostoke Kazakhstana // Nou-Til i plodosmen ï osnova agrarnoy politiki podderzhki 

resursosberegayushchego zemledeliya dlya intensifikatsii ustoychivogo proizvodstva: mater.mezhd.konf. 

ï Astana-Shortandy, 2009. ï S.195-198.  

[10] Kuziyev, R.K. Problemy ratsionalᾳnogo ispolᾳzovaniya oroshayemykh zemelᾳ Uzbekistana // 

Problemy genezisa, plodorodiya, melioratsii, ekologii pochv, otsenka zemelᾳnykh resursov. ïAlmaty, 

2002. ï S.22-26.  

[11] Alkenov, Ye.N., Atakulov T.A., Ospanbayev ZH.O. Puti intensivnogo ispolᾳzovaniya 

oroshayemykh zemelᾳ v predgornoy zone yugo-vostoka Kazakhstana. //Izvestiya NAN RK, Seriya 

agrarnykh nauk. ï 2012. -ˉ6 (12). - S. 48-50.  

[12] Alkenov, Ye.N., Atakulov T.A. Puti effektivnogo ispolᾳzovaniya polivnoy pashni v 

predgornoy zone Almatinskoy oblasti // Issledovaniya, rezulᾳtaty, 2012. ˉ4. ï S. 42-45.  

[13] Alkenov, Ye.N., Atakulov T.A., Yerzhanova K.M. Razrabotka resursosberegayushchey 

tekhnologii putem poseva promezhutochnykh kulᾳtur na yugo-vostoke Kazakhstana // Issledovaniya, 

rezulᾳtaty. ï 2014. ̄ 2. ï S.62-65.  

[14] Rudnev, A.I. Opredeleniye faz razvitiya selᾳskokhozyaystvennykh rasteniy. ï M., 1950. ï 

150 s.  



 

234 

 

[15] Astapov, S.V. Meliorativnoye pochvovedeniye: Praktikum. ï M., 1958. ï 178 s.  

[16] Rukovodstvo po kontrolyu i obrabotke nablyudeniy za fazami razvitiya selᾳkhoz kulᾳtur. ï 

M., 1982. ï 150 s.  

[17] Tyurin, I.V.  Khimicheskiye metody analiza pochv. ï M., 1981. ï 172 s.  

[18] Zalyagina, V.B. Ionometricheskiy ekspress metod opredeleniya nitratnogo azota v 

pochvakh, rasteniyakh // V kn.: Agrokhimicheskiye metody issledovaniya pochv. ïM.: Izd-vo Nauka, 

1975. - S.25-33.  

[19] Machigin, B.M. Metody opredeleniya fosfora v pochve. V kn.: Agrokhimicheskiye metody 

issledovaniya pochv. ïM.: Izd-vo Nauka, 1975. ï S. 33-43.  

[20] Vazhenin, I.G. Metody opredeleniya kaliya v pochve fotometricheskim metodom. V kn.: 

Agrokhimicheskiye metody issledovaniya pochv. ïM.: Izd-vo Nauka, 1975. ï S. 43-48.  

[21] Kostyakov, I.A. Osnovy melioratsii. ï M., 1960. ï 325 s.  

[22] Dospekhov, B.A. Metodika polevogo opyta. M.: Agropromizdat, 1985. ï S. 10-25. 

 

ʆרʊתʉʊɯʂ-ʐʓנʓʉ פɸɿɸפʉʊɸʅ ɾɸנɼɸʁʓʅɼɸ ʉʋנɸʈʄɸʃʓ 

ɾɽʈʃɽʈɼɯ פɸʈפʓʅɼʓ ʇɸʁɼɸʃɸʅʋ 

 

ɸʪʘײץʣʦʚ ʊ., ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ סʳʣʳʤʜʘʨʳʥʳש ʜʦʢʪʦʨʳ, ʧʨʦʬʝʩʩʦʨ  

ɽʨʞʘʥʦʚʘ ʂ., ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ סʳʣʳʤʜʘʨʳʥʳש ʢʘʥʜʠʜʘʪʳ, ʧʨʦʬʝʩʩʦʨ  

ɾʦʣʘʤʘʥʦʚ פ., ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ סʳʣʳʤʜʘʨʳʥʳש ʢʘʥʜʠʜʘʪʳ, ʧʨʦʬʝʩʩʦʨ  

ʉʤʘʥʦʚ ᴄ.,PhD ʜʦʢʪʦʨ, ʘסʘ ʦץʳʪʫʰʳ  

 

"ϧʘʟʘϨ ϰʣʪʪʳϨ ʘʛʨʘʨʣʳϨ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽ" ʂɽɸϧ, ɸʣʤʘʪʳ Ϩ., ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ 
 

 

ɸשʜʘʪʧʘ. ɹײʣ ʤʘץʘʣʘʜʘ פʘʟʘץʩʪʘʥʥʳש ʦשʪװʩʪʽʢ-ʰʳסʳʩʳʥʜʘסʳ ʩʫסʘʨʤʘʣʳ ʞʝʨʣʝʨʜʽ 

 ʳʥʜʳ ʧʘʡʜʘʣʘʥʫץʘʨץ ʘʨʤʘʣʳ ʞʝʨʣʝʨʜʽסʳʥʜʳ ʧʘʡʜʘʣʘʥʫ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨ ʢʝʣʪʽʨʽʣʛʝʥ. ʉʫץʘʨץ

ʙʦʡʳʥʰʘ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳ ɯʣʝ ɸʣʘʪʘʫʳʥʳש ʪʘʫ ʙᴇʢʪʝʨʽ ʩʫסʘʨʤʘʣʳ ʘʡʤʘסʳʥʜʘ ʘʰʳץ-

 שʳʥʳסʳʣʳʤʠ-ᴇʥʜʽʨʽʩʪʽʢ, ʙʽʣʽʤ ʙʝʨʫ ʦʨʪʘʣʳס ʘʥ "ɹʘʡʩʝʨʢʝ-ɸʛʨʦ" ɾʐʉץʪʘ ʦʨʥʘʣʘʩץʳʨ ʪʦʧʳʨʘשʦץ

ʪᴅʞʽʨʠʙʝʣʽʢ-ᴇʥʜʽʨʽʩʪʽʢ ʘʣץʘʧʪʘʨʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ. ʉʫסʘʨʤʘʣʳ ʞʝʨʣʝʨʜʽ ץʘʨץʳʥʜʳ ʧʘʡʜʘʣʘʥʫ 

ʞᴇʥʽʥʜʝʛʽ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʥʝʛʽʟʽʥʜʝ ʢװʟʜʽʢ ʨʘʧʩ ï ʥʝʛʽʟʛʽ ʜʘץʳʣ ʝʨʪʝ 

ʢᴇʢʪʝʤʥʝʥ ʙʘʩʪʘʧ ץʘʨץʳʥʜʳ ᴇʩʽʧ, ʜʘʤʳʧ, ʪʦʣʳץ ʛװʣʜʝʥʫ ʢʝʟʝשʽʥʜʝ (25.05) ʙʽʨ ʰʘʨʰʳ ʤʝʪʨ ʞʝʨʜʝ 6 

760 ʛʨʘʤʤ ʞʘʩʳʣ ʤʘʩʩʘ ʞʠʥʘʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ. ɹײʣ ʢʝʟʝשʜʝ ʞʘʩʳʣ ʤʘʩʩʘʥʳש ᴇʥʽʤʜʽʣʽʛʽ 676 ʮ/ʛʘ 

ʞʝʪʪʽ, ʘʣ ʨʘʧʩʪʳש ʪʦʣʳץ ʜʘʤʫ ʢʝʟʝשʽʥʝʥ ᴇʪʢʝʥ ʢʝʟʜʝ ʘʩʪʳץ ᴇʥʽʤʜʽʣʽʛʽ 25,2 ʮ/ʛʘ ײץʨʘʜʳ. ʂװʟʜʽʢ 

ʨʘʧʩʪʳ ʞʘʩʳʣ ʤʘʩʩʘסʘ ʞʠʥʘסʘʥʥʘʥ ʢʝʡʽʥ ʝʛʽʣʛʝʥ ʘʨʘʣʳץ ʜʘץʳʣ ï ʜᴅʥʜʽʢ ʞװʛʝʨʽ ʪʦʣʳץ ᴇʩʽʧ ï 

ᴇʥʫʜʝʥ ᴇʪʝʜʽ ʞᴅʥʝ 73,0 ʮ/ʛʘ ʰʝʛʽʥʜʝ ץʦʩʳʤʰʘ ʘʩʪʳץ ᴇʥʽʤʜʝʨʽʥ ʘʣʫסʘ ʙʦʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ, ʘʣ 

ʢװʟʜʽʢ ʨʘʧʩʪʳש ʪʦʣʳץ ʜʘʤʫ ʢʝʟʝשʽʥʝʥ ᴇʪʢʝʥʥʝʥ ʢʝʡʽʥ ʩʝʙʽʣʛʝʥ ʩװʨʣʝʤʜʽʢ ʞװʛʝʨʽ, ʩװʨʣʝʤ ʪװʨʽʥʜʝ 

 ʳʣʳ ʪʠʽʤʜʽץʳʣʜʘʨʜʳ ʝʛʫ ʘʨץʜʘ ץʘʨʤʘʣʳ ʞʝʨʣʝʨʜʽ ʘʨʘʣʳסʦʩʳʤʰʘ ï 720 ʮ/ʛʘ ᴇʥʽʤ ʙʝʨʜʽ. ʉʫץ

ʧʘʡʜʘʣʘʥʫ ʞʝʤʰᴇʧʪʽʢ ʙʽʨʣʽʢʪʝʨʜʽש ʞʠʥʘʣʫʳʥ ʘʨʪʪʳʨʜʳ. ɹʘץʳʣʘʫ ʥײʩץʘʩʳʥʜʘ ʘʟʳץʪʳץ 

ʙʽʨʣʽʢʪʝʨʜʽש ʞʘʣʧʳ ʞʠʥʘʣʳʤʳ ʥʝʙᴅʨʽ 67,9 ʮ/ʛʘ ʙʦʣסʘʥʜʘ, ʘʣ ʢװʟʜʽʢ ʨʘʧʩʪʳ ʞʠʥʘסʘʥʥʘʥ ʢʝʡʽʥʛʽ 

ʘʨʘʣʳץ ʜʘץʳʣʜʘʨ ʝʛʽʣʛʝʥ ʥײʩץʘʣʘʨʜʘ ʘʟʳץʪʳץ ʙʽʨʣʽʢʪʝʨʜʽש ʞʘʣʧʳ ʞʠʥʘʣʳʤʳ 212,0-ʜʝʥ 234,0 ʮ/ʛʘ 

ʜʝʡʽʥ ʞʝʪʪʽ. ɾװʨʛʽʟʽʣʛʝʥ ʵʢʦʥʦʤʠʢʘʣʳץ ʝʩʝʧʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʝש ʞʦסʘʨסʳ ʪʘʟʘ 

ʧʘʡʜʘʣʘʨ 149-160,8 ʤʳש ʪʛ/ʛʘ, ʞʦסʘʨʳ ʨʝʥʪʘʙʝʣʴʜʽʢ ʜʝשʛʝʡʣʝʨ 93-97%, ʥʝʛʽʟʛʽ ʜʘץʳʣ ʢװʟʜʽʢ 

ʨʘʧʩʪʘʥ ʩʦש ʝʛʽʣʛʝʥ ʘʨʘʣʳץ ʜʘץʳʣʜʘʨ ʥײʩץʘʣʘʨʳʥʜʘ ʙʦʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ. 

ʂʽʣʪ ʩϺʟʜʝʨ: ץʘʨץʳʥʜʳʣʳץ, ʥʝʛʽʟʛʽ ʞᴅʥʝ ʘʨʘʣʳץ ʜʘץʳʣʜʘʨ, ʪʘʤʰʳʣʘʪʳʧ ʩʫסʘʨʫ, ʨʘʧʩ, 

ʳʣסʘʣʜʘʥʜʳʨʳʧ ʩʫסʘʨʫ, ʞʝʤʰᴇʧ ʙʽʨʣʽʛʽ, ʝʨʢʽʥ ʩʫ ʩʳʡʳʤʜʳʣʳסʳ. 
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Annotation. This article provides data on the intensive use of irrigated lands in the South-East of 

Kazakhstan. Research work on intensive use of irrigated lands was carried out at the experimental and 

production hospital of the scientific and production, educational center of "Bayserke-Agro" LLP located 

in the foothill irrigated zone of the Ili Alatau on light chestnut soils. Based on the results of scientific 

research on intensive use of irrigated lands, the following conclusions can be drawn that winter rapeseed, 

the main crop, has been growing and developing intensively since early spring and accumulates 6,760 

grams of green mass per square meter during the full flowering phase (25.05). In this phase, the yield of 

the green mass reached 676 c/ha, and during the full phase of development, the grain yield was 25.2 c/ha. 

After harvesting winter rapeseed for green mass, the sown intermediate crop ï corn for grain goes through 

full vegetation and additional grain production can be obtained within ï 73.0 c / ha, and the intermediate 

crop ï corn for silage, sown after passing the full phase of winter rapeseed development, gave additional 

products in the form of silage ï 720 c/ ha. Efficient use of irrigated land by sowing intermediate crops 

increases the collection of fodder units. In the control variant, the total collection of fodder units was only 

67.9 c/ha, and in the variant with the sowing of intermediate crops, the total collection of fodder units 

reaches from 212.0 to 234.0 c/ha. The economic calculations carried out showed that the highest 

conditional net income of 149-160.8 thousand tenge /ha and the level of profitability of 93-97% were 

obtained when sowing intermediate crops after harvesting winter rapeseed. 

Keywords: intensity, main and intermediate crops, drip irrigation, rapeseed, humidifying 

irrigation, feed unit, lowest moisture capacity. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 4-ʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (2018-2021 ʛʛ.) ʧʦ 

ʚʦʟʜʝʣʳʚʘʥʠʶ ʷʨʦʚʦʡ ʪʨʠʪʠʢʘʣʝ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʠ ʦʨʛʘʥʠʯʝʩʢʦʤ ʟʝʤʣʝʜʝʣʠʠ. ʀʟʫʯʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ, ʧʦʚʳʰʘʶʱʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʷʚʣʷʶʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤʠ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʩʦʨʪʦʚ, ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʧʝʩʪʠʮʠʜʦʚ. ɼʨʫʛʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʯʝʩʢʦʝ ʟʝʤʣʝʜʝʣʠʝ, ʢʦʪʦʨʦʝ ʬʦʨʤʠʨʫʝʪ ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩʧʨʦʩ ʥʘ 

ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʝʩʪʠʮʠʜʦʚ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ 

ʷʨʦʚʦʡ ʪʨʠʪʠʢʘʣʝ ʚʦʟʜʝʣʳʚʘʝʤʦʡ ʚ ʫʩʣʦʚʠʷʭ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʝʤʣʝʜʝʣʠʷ. ʆʧʳʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʊʆʆ çʅʇʎɿʍ ʠʤ. ɸ.ʀ. ɹʘʨʘʝʚʘè ʥʘ ʯʝʨʥʦʟʝʤʝ ʶʞʥʦʤ. ʗʨʦʚʫʶ ʪʨʠʪʠʢʘʣʝ 

ʚʦʟʜʝʣʳʚʘʣʠ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʠ ʦʨʛʘʥʠʯʝʩʢʦʤ ʟʝʤʣʝʜʝʣʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ. ʀʟ ʯʝʪʳʨʝʭ ʣʝʪ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʦʣʴʢʦ 2018 ʛ. 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʦʩʪʘʣʴʥʳʝ ʪʨʠ ʛʦʜʘ (2019-2021 ʛʛ.) 

ʙʳʣʠ ʟʘʩʫʰʣʠʚʳʝ. ɿʘʧʘʩʳ ʧʨʦʜʫʢʪʠʚʥʦʡ ʚʣʘʛʠ ʚ ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʧʦʯʚʳ ʧʝʨʝʜ ʧʦʩʝʚʦʤ ʚ ʩʨʝʜʥʝʤ ʟʘ 

2018-2021 ʛʛ. ʩʦʩʪʘʚʠʣʠ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʟʝʤʣʝʜʝʣʠʶ ï127 ʤʤ, ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʤʫ ï 130 ʤʤ ʠ 

ʦʮʝʥʠʚʘʣʠʩʴ ʢʘʢ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ. ɿʘ ʯʝʪʳʨʝ ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʠ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʟʝʤʣʝʜʝʣʠʠ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʝ ʧʝʨʝʜ ʧʦʩʝʚʦʤ N-Nʆ3 (ʩʣʦʡ 0-40 ʩʤ) ʦʮʝʥʠʚʘʣʦʩʴ 

ʢʘʢ ʚʳʩʦʢʦʝ ï 26,6-28,9 ʤʛ/ʢʛ, ʘ ʈ2ʆ5 (ʩʣʦʡ 0-20 ʩʤ) ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʧʦʚʳʰʝʥʥʦʡ ʩʪʝʧʝʥʠ ï 30,9-

41,6 ʤʛ/ʢʛ ʧʦʯʚʳ. ʉʪʘʙʠʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʩʠʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ ʠ ʜʦʟ ʫʜʦʙʨʝʥʠʡ ʥʘ ʛʫʩʪʦʪʫ ʩʪʦʷʥʠʷ 

ʚʩʭʦʜʦʚ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ. ʇʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʟʝʤʣʝʜʝʣʠʠ ʫʨʦʞʘʡʥʦʩʪʴ ʪʨʠʪʠʢʘʣʝ ʚ ʩʨʝʜʥʝʤ ʧʦ 

ʦʧʳʪʫ ʩʦʩʪʘʚʣʷʣʘ ʚ 2018 ʛ. ï 3,10 ʪ/ʛʘ, ʚ 2019 ʛ. ï 2,70, ʚ 2020 ʛ. ï 1,82 ʠ ʚ 2021 ʛ. ï 1,70 ʪ/ʛʘ. ɺ 

ʫʩʣʦʚʠʷʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʟʘ ʘʥʘʣʦʛʠʯʥʳʡ ʧʝʨʠʦʜ ʦʥʘ ʙʳʣʘ ʤʝʥʴʰʝ ʥʘ 38-42%. 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʚʳʩʦʢʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʚʷʟʴ ʫʨʦʞʘʷ ʟʝʨʥʘ ʪʨʠʪʠʢʘʣʝ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʦʜʫʢʪʠʚʥʦʡ ʚʣʘʛʠ ʚ ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʧʦʯʚʳ ʧʝʨʝʜ ʧʦʩʝʚʦʤ (r = 0,83é0,98), ʩ 

ʦʩʘʜʢʘʤʠ ʠʶʥʷ (r = 56é92) ʠ ʠʶʥʷ-ʘʚʛʫʩʪʘ (r = 0,47é0,92). ɺʤʝʩʪʝ ʩ ʪʝʤ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚʳʩʦʢʘʷ 

(>0,8) ʦʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʨʦʞʘʷ ʟʝʨʥʘ ʩʦ ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʘʚʛʫʩʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʷʨʦʚʘʷ ʪʨʠʪʠʢʘʣʝ, ʪʨʘʜʠʮʠʦʥʥʦʝ ʠ ʦʨʛʘʥʠʯʝʩʢʦʝ ʟʝʤʣʝʜʝʣʠʝ, 

ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʫʜʦʙʨʝʥʠʷ.  

 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʦʚʦʜʠʤʳʝ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʚʚʝʜʝʥʠʝ ʥʦʚʳʭ ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʭ ʢʫʣʴʪʫʨ ʠ ʩʦʨʪʦʚ, ʫʜʦʙʨʝʥʠʡ, 

ʧʝʩʪʠʮʠʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʬʦʨʤʠʨʫʝʪʩʷ ʢʫʣʴʪʫʨʘ ʧʦʪʨʝʙʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʝʩʪʠʮʠʜʦʚ [1].  

ʄʠʥʫʩʘʤʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʠʟ-ʟʘ 

ʥʝʜʦʩʪʘʪʢʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝ ʠ ʢʦʥʢʫʨʝʥʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʩʦʨʥʷʢʦʚ, ʙʦʣʝʟʥʝʡ ʠ 
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ʚʨʝʜʠʪʝʣʝʡ [2], ʯʪʦ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʥʝʵʬʬʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ [3].  

ɺʚʠʜʫ ʥʠʟʢʦʡ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʩʫʨʩʦʚ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʟʝʤʣʝʜʝʣʠʷ ʚʳʩʦʢʘʷ. ʇʦʵʪʦʤʫ ʜʘʥʥʘʷ ʧʨʦʜʫʢʮʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʝʤʠʘʣʴʥʦʤʫ ʩʝʛʤʝʥʪʫ, 

ʢʦʪʦʨʫʶ ʥʝ ʚʩʝ ʩʣʦʠ ʥʘʩʝʣʝʥʠʷ ʩʧʦʩʦʙʥʳ ʧʨʠʦʙʨʝʩʪʠ [3-4].  

ʉʧʨʦʩ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʝʨʥʘ ʧʰʝʥʠʮʳ ʚʳʥʫʞʜʘʝʪ ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʞʝʣʘʥʠʝ ʧʨʦʙʦʚʘʪʴ ʥʦʚʳʝ ʧʨʦʜʫʢʪʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʨʝʩʘ ʢ ʧʨʦʜʫʢʪʘʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʫʛʠʭ ʟʣʘʢʦʚʳʭ ʢʫʣʴʪʫʨ [5]. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʢʫʣʴʪʫʨ ʷʚʣʷʝʪʩʷ ʪʨʠʪʠʢʘʣʝ, 

ʢʦʪʦʨʘʷ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘ ʟʝʨʥʦ ʚ ʭʣʝʙʦʧʝʢʘʨʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʜʠʝʪʠʯʝʩʢʠʝ ʠ ʢʦʥʜʠʪʝʨʩʢʠʝ ʠʟʜʝʣʠʷ) [6], ʙʨʦʜʠʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

[7], ʘ ʪʘʢʞʝ ʥʘ ʢʦʨʤ ʩʢʦʪʫ ʚ ʚʠʜʝ ʟʝʨʥʦʬʫʨʘʞʘ, ʩʦʯʥʳʭ ʢʦʨʤʦʚ [6] ʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʠʦʪʦʧʣʠʚʘ [8]. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʡ ʢʫʣʴʪʫʨʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʩʧʦʩʦʙʥʘ ʚ 

ʨʘʚʥʳʭ ʩ ʧʰʝʥʠʮʝʡ ʫʩʣʦʚʠʷʭ ʥʘʢʘʧʣʠʚʘʪʴ ʚ ʟʝʨʥʝ ʙʦʣʴʰʝ ʙʝʣʢʘ (14-18%) [9]. ʕʪʘ 

ʢʫʣʴʪʫʨʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʙʦʣʝʟʥʷʤ ʠ ʭʦʨʦʰʝʡ 

ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ [10]. ʋʯʠʪʳʚʘʷ ʧʠʪʘʪʝʣʴʥʳʝ ʠ ʘʛʨʦʥʦʤʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʪʨʠʪʠʢʘʣʝ, ʘ ʪʘʢʞʝ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ ʧʨʦʜʫʢʪʘʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʘʷ ʢʫʣʴʪʫʨʘ ʙʫʜʝʪ 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʧʨʦʩʦʤ ʫ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʥʘʩʝʣʝʥʠʷ [5]. 

ɼʣʷ ʉʝʚʝʨʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʪʨʠʪʠʢʘʣʝ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ ʢʫʣʴʪʫʨʦʡ. ʋʯʠʪʳʚʘʷ ʨʝʟʢʦ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʢʣʠʤʘʪ ʨʝʛʠʦʥʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ, ʪʦ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʷʨʦʚʘʷ ʬʦʨʤʘ ʪʨʠʪʠʢʘʣʝ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 2018-2021 ʛʛ. ʚ 

ʊʆʆ çʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʝʥʪʨ ʟʝʨʥʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠʤ. ɸ.ʀ. ɹʘʨʘʝʚʘè (50
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E). ʇʦʯʚʘ ʫʯʘʩʪʢʘ - ʯʝʨʥʦʟʝʤ ʶʞʥʳʡ ʢʘʨʙʦʥʘʪʥʳʡ ʤʘʣʦʛʫʤʫʩʥʳʡ ʪʷʞʝʣʦʛʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʉʦʜʝʨʞʘʥʠʝ ʚ 0-20 ʩʤ ʩʣʦʝ ʧʦʯʚʳ ʛʫʤʫʩʘ ï 3,4%, ʚʘʣʦʚʦʛʦ 

ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ï 0,22 ʠ 0,12, ʢʘʨʙʦʥʘʪʦʚ ï ʦʢʦʣʦ 5%. ɸʢʪʫʘʣʴʥʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʧʘʭʦʪʥʦʛʦ 

ʩʣʦʷ - ʩʣʘʙʦʱʝʣʦʯʥʘʷ (ʨʅ ʅ2ʆ = 7,3). 

ʗʨʦʚʫʶ ʪʨʠʪʠʢʘʣʝ ʚʦʟʜʝʣʳʚʘʣʠ ʚ ʫʩʣʦʚʠʷʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʟʝʤʣʝʜʝʣʠʷ ʧʦ ʧʘʨʦʚʦʤʫ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʫ ʚ ʟʝʨʥʦʧʘʨʦʚʦʤ ʪʨʝʭʧʦʣʴʥʦʤ ʩʝʚʦʦʙʦʨʦʪʝ: ʧʘʨ 

ï ʪʨʠʪʠʢʘʣʝ ï ʪʨʠʪʠʢʘʣʝ. ʉʦʨʪ ʷʨʦʚʦʡ ʪʨʠʪʠʢʘʣʝ ï çʈʦʩʩʠʢʘè. ʆʧʳʪʳ ʨʘʟʚʝʨʥʫʪʳ ʚʦ 

ʚʨʝʤʝʥʠ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʦʚʪʦʨʥʦʩʪʴ ʚʘʨʠʘʥʪʦʚ 4-ʭ ʢʨʘʪʥʘʷ. ʈʘʟʤʝʨ ʜʝʣʷʥʢʠ 4,3ʭ30 

ʤ.ʇʦʩʝʚ ʧʨʦʚʦʜʠʣʩʷ ʚ ʩʝʨʝʜʠʥʝ ʤʘʷ. ʅʦʨʤʘ ʚʳʩʝʚʘ ʠ ʛʣʫʙʠʥʘ ʟʘʜʝʣʢʠ ʩʝʤʷʥ 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʜʣʷ ʨʘʡʦʥʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʟʝʤʣʝʜʝʣʠʠ 

ʧʨʠʤʝʥʷʣʠʩʴ ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ ʠ ʧʝʩʪʠʮʠʜʳ (ʧʨʦʪʨʘʚʠʪʝʣʠ, ʛʝʨʙʠʮʠʜʳ, 

ʠʥʩʝʢʪʠʮʠʜʳ, ʬʫʥʛʠʮʠʜʳ).ʇʨʠ ʦʨʛʘʥʠʯʝʩʢʦʤ ʚ ʢʘʯʝʩʪʚʝ ʫʜʦʙʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʥʘʜʟʝʤʥʫʶ ʤʘʩʩʫ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ, ʧʝʩʪʠʮʠʜʳ ʥʝ ʧʨʠʤʝʥʷʣʠ. 

ʇʘʨʦʚʳʝ ʧʦʣʷ ʟʘʢʣʘʜʳʚʘʣʠʩʴ ʧʦ ʧʣʘʩʪʫ ʜʦʥʥʠʢʘ. ʇʦʜʛʦʪʦʚʢʫ ʧʘʨʦʚʦʛʦ ʧʦʣʷ ʧʦ 

ʜʚʫʤ ʩʠʩʪʝʤʘʤ ʟʝʤʣʝʜʝʣʠʷ ʧʨʦʚʦʜʠʣʠ ʦʜʠʥʘʢʦʚʦ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʯʚʦʟʘʱʠʪʥʦʛʦ 

ʟʝʤʣʝʜʝʣʠʷ [11].  

ɼʦʟʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʨʘʩʩʯʠʪʘʥʳ ʩ ʫʯʝʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʜʝʬʠʮʠʪʥʦʛʦ ʙʘʣʘʥʩʘ ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ ʚ ʧʦʯʚʝ. ʇʦ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʟʝʤʣʝʜʝʣʠʶ 

ʠʟʫʯʘʣʠʩʴ ʚʘʨʠʘʥʪʳ ʧʨʠʤʝʥʝʥʠʷ ʘʤʤʦʬʦʩʘ (ʚ ʟʘʧʘʩ ʚ ʧʘʨ) ʠ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ (ʧʨʠ 

ʧʦʩʝʚʝ ʚ ʨʷʜʢʠ):1. ʂʦʥʪʨʦʣʴ ʈ40 ʚ ʧʘʨ (ʌʦʥ), 2.ʌʦʥ + N20, 3.ʌʦʥ + N40, 4.ʌʦʥ + N60, 

5.ʌʦʥ + N80. ʇʦ ʦʨʛʘʥʠʯʝʩʢʦʤʫ ʚʥʦʩʠʣʠ ʩʫʭʫʶ ʥʘʜʟʝʤʥʫʶ ʙʠʦʤʘʩʩʫ ʪʨʘʚ ʚ ʧʘʨʦʚʦʝ ʧʦʣʝ: 

1.ʂʦʥʪʨʦʣʴ ʙʠʦʤʘʩʩʘ ʜʦʥʥʠʢʘ (47,1 ʮ/ʛʘ), 2.ɹʠʦʤʘʩʩʘ ʣʶʮʝʨʥʳ (43,2 ʮ/ʛʘ), 3.ɹʠʦʤʘʩʩʘ 

ʢʦʩʪʨʝʮʘ (57,1 ʮ/ʛʘ), 4.ɹʠʦʤʘʩʩʘ ʞʠʪʥʷʢʘ (48,5 ʮ/ʛʘ), 5.ɹʠʦʤʘʩʩʘ ʵʩʧʘʨʮʝʪʘ (47,1 ʮ/ʛʘ). 

ʇʝʨʝʜ ʧʦʩʝʚʦʤ ʪʨʠʪʠʢʘʣʝ ʚ ʧʦʯʚʝ ʦʧʨʝʜʝʣʷʣʠ ʘʟʦʪ ʥʠʪʨʘʪʦʚ (ʩʣʦʡ 0-40 ʩʤ) 

ʠʦʥʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [12], ʠ ʧʦʜʚʠʞʥʳʡ ʬʦʩʬʦʨ (ʩʣʦʡ 0-20 ʩʤ) ʧʦ ʄʘʯʠʛʠʥʫ [13]. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʢʘʣʠʡʥʳʤʠ ʫʜʦʙʨʝʥʠʷʤʠ ʥʝ ʧʨʦʚʦʜʠʣʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʯʚʳ ʉʝʚʝʨʥʦʛʦ 

ʂʘʟʘʭʩʪʘʥʘ ʚʳʩʦʢʦ ʦʙʝʩʧʝʯʝʥʳ ʦʙʤʝʥʥʳʤ ʢʘʣʠʝʤ [14]. 

ʉʦʜʝʨʞʘʥʠʝ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ ʧʝʨʝʜ ʧʦʩʝʚʦʤ ʷʨʦʚʦʡ ʪʨʠʪʠʢʘʣʝ ʦʧʨʝʜʝʣʷʣʠ ʚ 

ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʧʦʯʚʳ ʪʝʨʤʦʩʪʘʪʥʦ-ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ [15]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʚʦʡ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ ʧʨʦʚʦʜʠʣʩʷ ʧʦʜʩʯʝʪ ʛʫʩʪʦʪʳ ʩʪʦʷʥʠʷ 

ʨʘʩʪʝʥʠʡ ʥʘ 1 ʤ
2
ʚ ʬʘʟʫ ʧʦʣʥʳʭ ʚʩʭʦʜʦʚ ʥʘ ʢʘʞʜʦʤ ʚʘʨʠʘʥʪʝ ʚ 3-ʭ ʧʦʚʪʦʨʝʥʠʷʭ. ʋʯʝʪ 

ʫʨʦʞʘʷ ʪʨʠʪʠʢʘʣʝ ʧʨʦʚʦʜʠʣʩʷ ʩʧʦʩʦʙʦʤ ʧʨʷʤʦʛʦ ʢʦʤʙʘʡʥʠʨʦʚʘʥʠʷ Wintersteiger (Delta) 

ʧʦ-ʜʝʣʷʥʦʯʥʦ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʟʚʝʰʠʚʘʥʠʝʤ. ʋʨʦʞʘʡ ʟʝʨʥʘ ʩ ʜʝʣʷʥʦʢ ʧʝʨʝʩʯʠʪʳʚʘʣʩʷ ʥʘ 

ʩʪʘʥʜʘʨʪʥʫʶ ʚʣʘʞʥʦʩʪʴ (14%) ʠ ʯʠʩʪʦʪʫ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʘʩʴ 

ʤʝʪʦʜʦʤ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ɹ.ɸ. ɼʦʩʧʝʭʦʚʫ [16], ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

çSnedecorè. 

ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʠ ʪʨʠʪʠʢʘʣʝ (ʠʶʥʴ-ʘʚʛʫʩʪ) ʟʘ ʯʝʪʳʨʝ 

ʛʦʜʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʰʠʨʦʢʦʡ ʘʤʧʣʠʪʫʜʦʡ ʪʝʤʧʝʨʘʪʫʨ, 

ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʘʤʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʚʳʧʘʜʝʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ (ʪʘʙʣʠʮʘ 

1). ɺ 2018 ʛʦʜʫ ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʪʨʠ ʤʝʩʷʮʘ ʚʝʛʝʪʘʮʠʠ ʙʳʣʘ ʥʘ 1,1 Áʉ ʥʠʞʝ 

ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʡ ʥʦʨʤʳ (17,4 Áʉ), ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚ ʠʶʥʝ ʠ 

ʘʚʛʫʩʪʝ ï 1,4 ʠ 2,0 Áʉ. ʂʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʚʳʧʘʚʰʠʭ ʟʘ ʠʶʥʴ-ʘʚʛʫʩʪ, ʚ 1,5 

ʨʘʟʘ ʧʨʝʚʳʩʠʣʦ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʶʶ ʥʦʨʤʫ (134,7 ʤʤ), ʤʘʢʩʠʤʫʤ ʦʪʤʝʯʘʣʩʷ ïʚ ʠʶʥʝ (69,3 

ʤʤ) ʠ ʘʚʛʫʩʪʝ (85,5 ʤʤ). ɺ 2019 ʛʦʜʫ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʟʘ ʪʨʠ ʤʝʩʷʮʘ ʚʝʛʝʪʘʮʠʠ ʙʳʣʘ 

ʙʣʠʟʢʘ ʢ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʥʦʨʤʝï 18,1Áʉ, ʠʶʥʴ ʙʳʣ ʧʨʦʭʣʘʜʥʝʝ ʥʘ 4,2Áʉ, ʠʶʣʴ ʠ ʘʚʛʫʩʪ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʧʨʝʚʳʰʝʥʠʝʤ ʩʨʝʜʥʝʤʝʩʷʯʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘ 2,1 ʠ 0,8 Áʉ. 

ɸʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʥʘ ʫʨʦʚʥʝ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʭ ʜʘʥʥʳʭ ʚʳʧʘʣʠ ʪʦʣʴʢʦ ʚ ʠʶʥʝ (40,5 

ʤʤ), ʚ ʦʩʪʘʣʴʥʳʝ ʤʝʩʷʮʳ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʙʳʣʦ ʚ 1,5-3,7 ʨʘʟʘ ʤʝʥʴʰʝ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʬʦʥ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 2020 ʛʦʜʘ ʙʳʣ ʥʘ 0,8 ʛʨʘʜʫʩʘ ʥʠʞʝ ʥʦʨʤʳ ï 17,7 Áʉ. 

ʇʨʦʭʣʘʜʥʳʤʠ ʙʳʣʠ ʠʶʥʴ ʠ ʠʶʣʴ(ʥʠʞʝ ʥʦʨʤʳ ʥʘ 2,5 ʠ 1,3 Áʉ), ʘ ʩʘʤʳʤ ʞʘʨʢʠʤ - 

ʘʚʛʫʩʪ(ʚʳʰʝ ʥʦʨʤʳ ʥʘ 2,3Áʉ). ʂʦʣʠʯʝʩʪʚʦ ʚʳʧʘʚʰʠʭ ʦʩʘʜʢʦʚ ʚ 2020 ʛʦʜʫ ʙʳʣʦ ʚ 1,1 ʨʘʟʘ 

ʥʠʞʝ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʤʘʢʩʠʤʫʤ ʠʭ ʚʳʧʘʜʝʥʠʷ (ʢʘʢ ʠ 

ʢʦʣʠʯʝʩʪʚʦ),ʦʪʤʝʯʘʣʦʩʴ ʚ ʠʶʥʝ. ɺ 2021 ʛʦʜʫ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʦ ʪʨʝʤ ʤʝʩʷʮʘʤ ʠ ʚ 

ʩʨʝʜʥʝʤ ʙʳʣʘ ʚʳʰʝ ʥʦʨʤʳ. ʂʦʣʠʯʝʩʪʚʦ ʚʳʧʘʚʰʠʭ ʦʩʘʜʢʦʚ ʟʘ ʘʥʘʣʦʛʠʯʥʳʡ ʧʝʨʠʦʜ ʙʳʣʦ 

ʥʠʞʝ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʭ ʧʦʢʘʟʘʪʝʣʝʡ.  

 
ʊʘʙʣʠʮʘ 1 ï ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʝʨʠʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ (ɼʘʥʥʳʝ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʩʪʘ ʐʦʨʪʘʥʜʳ 1, 2018-2021 ʛʛ) 
 

ʇʝʨʠʦʜ 

ʉʨʝʜʥʝʩʫʪʦʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ ʂʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʤʤ 

ʠʶʥʴ ʠʶʣʴ ʘʚʛʫʩʪ ʟʘ ʠʶʥʴ-

ʘʚʛʫʩʪ, 

ʠʶʥʴ ʠʶʣʴ ʘʚʛʫʩʪ ʟʘ ʠʶʥʴ-

ʘʚʛʫʩʪ 

2018 ʛ. 16,9 20,1 15,3 17,4 69,3 47,1 85,5 201,9 

2019 ʛ. 14,1 22,1 18,1 18,1 40,5 15,5 26,0 82,0 

2020 ʛ. 15,8 17,7 19,6 17,7 50,1 46,6 27,3 124,0 

2021 ʛ. 18,4 20,4 19,6 19,4 18,3 31,9 37,8 88,0 

ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʷʷ 

ʥʦʨʤʘ (ʟʘ 1936-

2021ʛʛ.) 

18,3 20,0 17,3 18,5 40,3 54,4 40,0 134,7 

 

ʅʘʠʙʦʣʝʝ ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʳʤ ʙʳʣ 2018 ʛʦʜ, ʫʩʣʦʚʠʷ ʚʝʛʝʪʘʮʠʠ 2019, 2020 ʠ 2021 

ʛʦʜʘ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʟʘʩʫʰʣʠʚʳʝ.  

ʈʝʟʫʣʴʪʘʪʳ. ɺ ʫʩʣʦʚʠʷʭ ʟʘʩʫʰʣʠʚʦʛʦ ʢʣʠʤʘʪʘ ʉʝʚʝʨʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʫʨʦʚʝʥʴ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʫʣʴʪʫʨ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʡ 

ʚʣʘʛʠ ʚ ʧʦʯʚʝ ʧʝʨʝʜ ʧʦʩʝʚʦʤ. 




