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Physical and mathematical sciences 

ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ 
 

 

ʋɼʂ 378.225 
 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀ ʆʇʊʀʄʀɿɸʎʀʗ ʉɽʊɽɺʓʍ ʊʈɸʅʉʇʆʈʊʅʓʍ ɿɸɼɸʏ 
 

 ɼ.ʂ. ʂʦʡʢʝʣʦʚʘ1, ɸ.ɸ. ʅʫʨʧʝʡʩʦʚʘ2, ɸ.ɾ. ʅʫʨʛʘʟʠʥʦʚʘ3 

1, 2, 3 ʤʘʛʠʩʪʨ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʂʘʟʘʭʩʢʠʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ. ʉʝʡʬʫʣʣʠʥʘ (ɸʩʪʘʥʘ), ʂʘʟʘʭʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ʊʨʘʥʩʧʦʨʪʥʳʡ ʧʨʦʮʝʩʩ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʦʩʪʦʷʥʠʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʆʧʪʠ-

ʤʠʟʘʮʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʠʪ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ. ʆʙʟʦʨʫ ʪʘʢʠʭ ʟʘʜʘʯ, ʤʝʪʦʜʦʚ ʠʭ ʨʝʰʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʶ ʠʭ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ 

ʧʨʦʮʝʩʩʝ ʧʦʩʚʷʱʝʥʘ ʧʨʝʜʣʘʛʘʝʤʘʷ ʨʘʙʦʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʥʳʝ ʟʘʜʘʯʠ, ʦʧʪʠʤʠʟʘʮʠʷ, ʩʝʪʴ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 
 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʥʝ ʧʫʪʝʤ ʧʝʨʝʙʦʨʘ ʠ ʩʨʘʚʥʝʥʠʷ ʥʘ 

ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʘ ʩ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʩ 

ʧʦʤʦʱʴʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʧʨʠʚʦʜʷʪ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝʰʝʥʠʶ, ʝʩʣʠ ʵʪʦ ʚʦʟ-

ʤʦʞʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʨʘʩʯʝʪʦʚ ʠ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝ-

ʥʝʥʠʝ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠ ʥʘʜʝʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝ-

ʦʙʭʦʜʠʤʦʝ ʨʘʮʠʦʥʘʣʴʥʦʝ ʧʣʘʥʦʚʦʝ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ.  

ʇʨʠ ʨʝʰʝʥʠʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʧʨʦ-

ʮʝʩʩʦʤ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʤʦʜʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʪʘʢ ʢʘʢ ʦʥʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚ-

ʥʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚ ʟʘʜʘʯʘʭ ʦʧʪʠʤʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʢ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʧʣʘʥʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ 

ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘʭʦʜʠʪʩʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʝʪʴ ʠ ʢʘʢ ʦʥʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ, 

ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʨʝʰʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʛʦʨʦʜʘ ʩʦʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʚ ʢʦʪʦʨʫʶ 

ʚʢʣʶʯʝʥʳ ʚʩʝ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ ʨʝʛʠʦʥʘ ʠ ʜʨʫʛʠʝ ʛʨʫʟʦʦʙʨʘʟʫʶʱʠʝ ʠ ʛʨʫʟʦʧʦʛʣʦʱʘʶʱʠʝ ʧʫʥʢʪʳ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ. ɺ ʤʦʜʝʣʴ ʪʨʘʥʩʧʦʨʪ-

ʥʦʡ ʩʝʪʠ ʚʢʣʶʯʝʥʳ ʚʩʝ ʜʦʨʦʛʠ, ʩʚʷʟʳʚʘʶʱʠʝ ʵʪʠ ʧʫʥʢʪʳ.  

ɺ ʙʘʟʦʚʫʶ ʤʦʜʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʚʢʣʶʯʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ: ʥʘʯʘʣʴʥʳʡ ʠ ʢʦʥʝʯʥʳʡ ʧʫʥʢʪʳ; 

ʦʙʱʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ, ʘ ʪʘʢʞʝ ʛʨʫʧʧʘ ʜʦʨʦʛʠ. ɼʣʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʩʪʨʦʷʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʜʝʣʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʥʘ ʤʥʦʞʝʩʪʚʝ ʪʝʭ ʞʝ ʧʫʥʢʪʦʚ, ʜʣʠʥʘ ʜʫʛ ʚ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 

ʟʘʜʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ. 

1. ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʪʨʠʮʳ ʢʨʘʪʯʘʡʰʠʭ ʨʘʩʩʪʦʷʥʠʡ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʩʪʨʦʠʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ, ʚ ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘʶʪ-

ʩʷ ʚʩʝ ʧʫʥʢʪʳ, ʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʪ ʮʝʥʪʨʘ ʜʦ ʮʝʥʪʨʘ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʙʝʟ ʫʯʝʪʘ 

ʛʨʫʧʧ ʜʦʨʦʛ. ʇʦ ʠʟʚʝʩʪʥʳʤ ʘʣʛʦʨʠʪʤʘʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʪʨʠʮʘ ʢʨʘʪʯʘʡʰʠʭ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʚʩʝʤʠ ʧʫʥʢʪʘʤʠ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ. ʊʘʢʘʷ ʤʘʪʨʠʮʘ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʧʨʘʚʦʯʥʦʡ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʘʩ-

ʩʪʦʷʥʠʷ ʤʝʞʜʫ ʣʶʙʳʤʠ ʜʚʫʤʷ ʧʫʥʢʪʘʤʠ ʩʝʪʠ.  

ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʪʨʠʮʳ ʢʨʘʪʯʘʡʰʠʭ ʨʘʩʩʪʦʷʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʠ ʜʣʷ ʢʘʢʦʡ-ʪʦ ʧʦʜʩʝʪʠ, ʚ ʢʦʪʦʨʫʶ 

ʥʝ ʚʭʦʜʷʪ ʚʩʝ ʧʫʥʢʪʳ, ʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʚʳʙʨʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ. ʅʘʧʨʠʤʝʨ, ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʪ-

ʨʠʮʳ ʢʨʘʪʯʘʡʰʠʭ ʨʘʩʩʪʦʷʥʠʡ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʝʞʜʫʛʦʨʦʜʥʳʭ ʧʝʨʝʚʦʟʦʢ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʨʦʠʪʩʷ ʧʦʜʩʝʪʴ, ʚʢʣʶʯʘ-

ʶʱʘʷ ʚ ʩʝʙʷ ʪʦʣʴʢʦ ʜʦʨʦʛʠ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʠ ʧʫʥʢʪʳ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʤʝʞʜʫʛʦʨʦʜʥʳʝ ʧʝʨʝʚʦʟʢʠ.  

2. ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʙʣʠʮ ʢʨʘʪʯʘʡʰʠʭ ʨʘʩʩʪʦʷʥʠʡ ʩ ʫʯʝʪʦʤ ʛʨʫʧʧ ʜʦʨʦʛ.  

ʕʪʘ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʜʣʷ ʢʘʞʜʦʛʦ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʩʦʩʪʘʚʠʪʴ ʪʘʙ-

ʣʠʮʫ ʢʨʘʪʯʘʡʰʠʭ ʨʘʩʩʪʦʷʥʠʡ, ʚ ʢʦʪʦʨʦʡ ʫʢʘʟʳʚʘʶʪʩʷ ʦʙʱʝʝ ʨʘʩʩʪʦʷʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʛʨʫʧʧʘʤ ʜʦʨʦʛ, ʠ ʧʨʠʚʝ-

ʜʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʢ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʜʦʨʦʛ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ ʨʘʟʣʠʯʥʳʭ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʝʡ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʪʤʝʯʘ-

ʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʫʥʢʪʘ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʜʦ ʚʩʝʭ ʛʨʫʟʦʦʙʨʘʟʫʶ-

ʱʠʭ ʠ ʛʨʫʟʦʧʦʛʣʦʱʘʶʱʠʭ ʧʫʥʢʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ, ʘ ʪʘʢʞʝ ʤʘʨʰʨʫʪ ʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʷ. ʊʘʙʣʠʮʳ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʙʦʪʳ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʪʘʙʣʠʮ ʢʨʘʪʯʘʡʰʠʭ ʨʘʩʩʪʦʷʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʧʦʜʩʝʪʴ, ʚ ʢʦʪʦʨʦʡ ʜʣʠʥʘ ʜʫʛʠ ʤʝʞ-

ʜʫ ʜʚʫʤʷ ʧʫʥʢʪʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʙʨʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ. ɿʘʜʘʝʪʩʷ ʧʫʥʢʪ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʜʘʥʥʦʝ ʘʚʪʦ-

ʤʦʙʠʣʴʥʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ, ʠ ʦʪ ʥʝʛʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʠʣʫʯʰʠʝ ʤʘʨʰʨʫʪʳ ʜʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʧʫʥʢʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʤʘʨʰʨʫʪʳ ʦʙʨʘʟʫʶʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʜʝʨʝʚʦ ʩ ʢʦʨʥʝʤ ʚ ʟʘʜʘʥʥʦʤ ʧʫʥʢʪʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʙʣʠʮ ʢʨʘʪʯʘʡʰʠʭ ʨʘʩʩʪʦʷʥʠʡ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʟ ʟʘʜʘʥʥʦʛʦ ʧʫʥʢʪʘ 
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ʧʦʩʪʨʦʠʪʴ ʢʦʨʥʝʚʦʝ ʜʝʨʝʚʦ ʧʦ ʚʳʙʨʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʝʨʝʚʘ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʳ. ɼʘʣʝʝ ʧʦ ʵʪʦʤʫ ʜʝʨʝʚʫ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ ʪʘʙʣʠʮʳ.  

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʙʣʠʮ ʨʘʩʩʪʦʷʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ 

ʚʟʷʪʳ ʨʘʟʣʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʢʨʠʪʝʨʠʝʚ ʷʚʣʷʝʪʩʷ ʧʨʠʚʝʜʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʜʦʨʦʛ. ʇʨʠ ʵʪʦʤ ʩʪʨʦʠʪʩʷ ʧʦʜ-

ʩʝʪʴ, ʚ ʢʦʪʦʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʜʣʠʥʳ ʜʫʛʠ ʙʝʨʝʪʩʷ ʧʨʠʚʝʜʝʥʥʦʝ (ʩ ʧʦʤʦʱʴʶ ʟʘʜʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ) ʨʘʩʩʪʦʷʥʠʝ ʢ 

ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʜʦʨʦʛ. ʇʦ ʪʘʢʦʡ ʧʦʜʩʝʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʨʥʝʚʦʝ ʜʝʨʝʚʦ ʥʘ ʤʠʥʠʤʫʤ ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, ʧʦʩʣʝ 

ʯʝʛʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʨʝʙʫʝʤʳʝ ʪʘʙʣʠʮʳ ʩ ʫʢʘʟʘʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʡ ʨʘʩʯʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɼʨʫʛʠʤʠ ʢʨʠʪʝʨʠʷʤʠ ʧʦ-

ʩʪʨʦʝʥʠʷ ʧʦʜʩʝʪʠ ʤʦʛʫʪ ʙʳʪʴ ʚʨʝʤʷ ʩʣʝʜʦʚʘʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʧʫʥʢʪʘʤʠ, ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʦʚ ʠ ʜʨʫʛʠʝ. ʅʝʟʘ-

ʚʠʩʠʤʦ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʤʘʨʰʨʫʪʦʚ ʧʦʣʫʯʘʝʤ ʢʦʨʥʝʚʦʝ ʜʝʨʝʚʦ.  

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʢʨʠʪʝʨʠʝʚ ʚʠʜʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʜʝʨʝʚʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ ʧʦ ʢʘʞʜʦʤʫ ʤʘʨʰʨʫʪʫ. ʈʘʩʩʤʦʪʨʠʤ ʜʘʣʝʝ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ, ʢʦʛʜʘ ʜʝʨʝʚʦ ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʪʦʣʴʢʦ ʚ ʮʝʣʦʤ, ʪʦ ʝʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʚʩʝʤ ʤʘʨʰʨʫʪʘʤ. ʊʘʢʠʤʠ ʢʨʠʪʝʨʠʷʤʠ ʤʦʛʫʪ ʙʳʪʴ: ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘ-

ʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʦʙʱʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʢ ʨʘʩʩʪʦʷʥʠʷʤ ʧʦ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʜʦʨʦʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʚʩʝʤ ʤʘʨʰʨʫ-

ʪʘʤ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʧʦ ʚʩʝʤ ʫʯʘʩʪʢʘʤ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʠ ʜʨ. 

ɼʘʥʥʳʝ ʢʨʠʪʝʨʠʠ ʥʝ ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʤʠ, ʘ ʜʨʦʙʥʦ ʣʠʥʝʡʥʳʤʠ. ʊʦʛʜʘ ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʜʝʨʝ-

ʚʘ, ʤʠʥʠʤʠʟʠʨʫʶʱʝʛʦ (ʤʘʢʩʠʤʠʟʠʨʫʶʱʝʛʦ) ʜʨʦʙʥʦ-ʣʠʥʝʡʥʳʡ ʬʫʥʢʮʠʦʥʘʣ. ɼʣʷ ʧʝʨʚʦʛʦ ʠʟ ʪʘʢʠʭ ʢʨʠʪʝʨʠʝʚ 

ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʢ ʩʝʪʝʚʦʡ ʜʨʦʙʥʦ-ʣʠʥʝʡʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʝ [3].  

ʇʫʩʪʴ ʠʤʝʝʤ ʪʨʘʥʩʧʦʨʪʥʫʶ ʩʝʪʴ ),,( SnT  ʛʜʝ n  - ʢʦʣʠʯʝʩʪʚʦ ʧʫʥʢʪʦʚ, ʘ S  - ʤʥʦʞʝʩʪʚʦ ʜʫʛ. ɼʣʷ ʢʘʞʜʦʡ ʜʫʛʠ 

( ki, ) ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʜʚʘ ʯʠʩʣʘ: -ikc ʨʘʩʩʪʦʷʥʠʝ ʦʪ i -ʛʦ ʜʦ k -ʛʦ ʧʫʥʢʪʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʛʨʫʧʧʳ ʜʦʨʦʛ; -ikd ʜʣʷ 

ʜʦʨʦʛ ʧʝʨʚʦʡ ʛʨʫʧʧʳ, ʨʘʚʥʦʝ ,ikc  ʠ ʥʫʣʶ ï ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧ. ʂʘʞʜʦʤʫ ʧʫʥʢʪʫ ʟʘʜʘʝʪʩʷ ʯʠʩʣʦ ,iq ,,1 ni =  ʷʚʣʷ-

ʶʱʝʝʩʷ ʦʙʲʝʤʦʤ ʧʦʪʨʝʙʣʝʥʠʷ ʠʣʠ ʧʦʩʪʘʚʢʠ ʦʜʥʦʨʦʜʥʦʛʦ ʛʨʫʟʘ. ɽʩʣʠ ,0>iq  ʪʦ ʚ i -ʤ ʧʫʥʢʪʝ ʠʤʝʝʪʩʷ ʧʦʩʪʘʚʱʠʢ ʛʨʫʟʘ 

ʚ ʢʦʣʠʯʝʩʪʚʝ 
iq  ʝʜʠʥʠʮ. ɽʩʣʠ ,0<iq  ʪʦ ʚ i -ʤ ʧʫʥʢʪʝ ʠʤʝʝʪʩʷ ʧʦʪʨʝʙʠʪʝʣʴ ʩ ʦʙʲʝʤʦʤ ʧʦʪʨʝʙʣʝʥʠʷ ʚ iq  ʝʜʠʥʠʮ. ɽʩ-

ʣʠ ʞʝ ,0=iq  ʪʦ i -ʳʡ ʧʫʥʢʪ ʷʚʣʷʝʪʩʷ ʪʨʘʥʟʠʪʥʳʤ. ɺʩʝ ʧʫʥʢʪʳ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʜʫʛʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʤʥʦʞʝʩʪʚʦ 

S. ʊʦʛʜʘ ʝʩʣʠ ʚ ʧʫʥʢʪʝ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʘʚʪʦʤʦʙʠʣʴʥʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ, ʨʘʩʧʦʣʦʞʠʪʴ ʧʦʩʪʘʚʱʠʢʘ ʛʨʫʟʘ ʩ 

ʦʙʲʝʤʦʤ ʚ (1-n ) ʝʜʠʥʠʮ, ʘ ʚ ʦʩʪʘʣʴʥʳʭ ʧʫʥʢʪʘʭ ï ʧʦʪʨʝʙʠʪʝʣʝʡ ʩ ʝʜʠʥʠʯʥʳʤ ʦʙʲʝʤʦʤ ʧʦʪʨʝʙʣʝʥʠʷ, ʪʦ ʟʘʜʘʯʘ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʜʝʨʝʚʘ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʩʝʪʝʚʦʡ ʜʨʦʙʥʦ-ʣʠʥʝʡʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ: 

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʥʘʡʪʠ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʤʝʪʦʜʘ ʧʦʪʝʥʮʠʘʣʦʚ ʠʣʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʦʧʪʠʤʘʣʴʥʳʡ ʧʣʘʥ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ ʧʦ ʘʣʛʦʨʠʪʤʫ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦ-

ʜʘ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʧʦʪʦʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ ʮʠʢʣʘʤ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʣʠʥʳ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʪʘʢ ʢʘʢ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ l, ʪʦ ʤʦʛʫʪ ʙʳʪʴ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪʳ (
ikik dc l- ) ʦʪʨʠʮʘʪʝʣʴʥʳ. ɺ 

ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ),( SnT  ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʮʠʢʣʳ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʣʠʥʳ. ʆʜʥʘʢʦ, ʪʘʢ ʢʘʢ ʪʨʘʥʩʧʦʨʪʥʘʷ 

ʩʝʪʴ ʷʚʣʷʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʡ, ʪʦ ʚʩʝ ʮʠʢʣʳ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʣʠʥʳ ʙʫʜʫʪ ʤʝʞʜʫ ʚʩʝʤʠ ʫʟʣʘʤʠ i  ʠ k, ʜʣʷ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪ-
ʩʪʚʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ (0)<- ikik dc l  ʠ ( .0)<- kiki dc l  ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʪʦʢʘ ʧʦ ʵʪʠʤ ʜʫʛʘʤ ʙʫʜʝʪ ʧʨʠ-

ʨʘʚʥʠʚʘʪʴʩʷ ʟʥʘʯʝʥʠʶ ʧʘʨʘʤʝʪʨʘ p. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝʛʜʘ ʤʦʞʥʦ ʥʘʡʪʠ ʠ ʫʜʘʣʠʪʴ ʧʦʪʦʢʠ ʧʦ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʮʠʢʣʘʤ.  

ʉʣʝʜʫʷ ʘʣʛʦʨʠʪʤʫ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, ʤʦʞʥʦ ʨʝʰʘʪʴ ʠ ʩʝʪʝʚʳʝ ʜʨʦʙʥʦ-ʣʠʥʝʡʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʟʘʜʘʯʠ, ʚ ʢʦʪʦʨʳʭ ʟʘʨʘʥʝʝ ʟʘʜʘʥʳ ʥʝʢʦʪʦʨʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦʧʫʩʢʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ. 
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Abstract. The transfer process is regarded as a state of logistic system. The optimization of this system func-
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ʋɼʂ 517.5 
 

ʆ ʅɽɺʆɿʈɸʉʊɸʖʑɽʁ ʇɽʈɽʉʊɸʅʆɺʂɽ ʌʋʅʂʎʀʁ 
 

 ɸ.ɸ. ʅʫʨʧʝʡʩʦʚʘ1, ʃ.ʂ. ɼʶʩʝʤʙʘʝʚʘ2 
1, 2 ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʂʘʟʘʭʩʢʠʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ. ʉʝʡʬʫʣʣʠʥʘ (ɸʩʪʘʥʘ), ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʟʣʦʞʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʦʨʠʠ ʥʝʚʦʟʨʘʩʪʘʶʱʠʭ ʧʝʨʝ-

ʩʪʘʥʦʚʦʢ ʠ ʪʝʦʨʠʠ ʚʣʦʞʝʥʠʷ ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʡ.  ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʦʜʫʣʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʧʨʠ-

ʨʘʱʝʥʠʷ ʬʫʥʢʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʃʦʨʝʥʮʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʫʥʢʮʠʷ, ʧʝʨʝʤʝʥʥʘʷ, ʚʝʡʚʣʝʪʥʳʡ ʙʘʟʠʩ, ʪʝʦʨʠʷ ʚʣʦʞʝʥʠʷ, ʦʮʝʥʢʘ ʥʝʚʦʟʨʘʩʪʘʶʱʝʡ 

ʧʝʨʝʩʪʘʥʦʚʢʠ, ʪʝʦʨʠʷ ʧʨʠʙʣʠʞʝʥʠʷ. 
 

ɺ ʨʘʟʚʠʪʦʡ ʪʝʦʨʠʠ ʚʣʦʞʝʥʠʡ ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʡ ʦʜʥʦʛʦ ʠ ʤʥʦʛʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʛʜʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩ-

ʩʣʝʜʦʚʘʣʠʩʴ ʢʣʘʩʩʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʟʥʘʯʝʥʠʷʤʠ ʯʠʩʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʪʝʧʝʥʥʳʭ 

ʬʫʥʢʮʠʡ, ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʩʤʳʩʣʝ ʚʭʦʜʷʱʠʭ ʚ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʢʣʘʩʩʦʚ, ʚ ʩʝʨʝʜʠʥʝ 60-ʭ ʛʦʜʦʚ XX ʚʝʢʘ 

ʇ.ʃ. ʋʣʴʷʥʦʚ ʩʬʦʨʤʫʣʠʨʦʚʘʣ (ʩʤ., ʥʘʧʨ., [1], [2]), ʠ ʚ ʨʷʜʝ ʚʘʞʥʝʡʰʠʭ ʩʣʫʯʘʝʚ, ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠʤ ʞʝ ʪʦʥʢʠʭ 

ʤʝʪʦʜʦʚ ʤʝʪʨʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʬʫʥʢʮʠʡ, ʧʦʣʫʯʠʣ ʨʝʰʝʥʠʷ ʥʦʚʳʭ ʟʘʜʘʯ, ʟʘʢʣʶʯʘʶʱʠʭʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʠ 

ʜʦʩʪʘʪʦʯʥʳʭ ʫʩʣʦʚʠʡ ʚʣʦʞʝʥʠʷ ʜʣʷ ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʤʦʜʫʣʷʤʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ. 

ʇʝʨʚʘʷ ʦʙʱʘʷ ʪʝʦʨʝʤʘ ʚʣʦʞʝʥʠʷ, ʥʦʩʷʱʘʷ ʭʘʨʘʢʪʝʨ ʥʝʦʙʭʦʜʠʤʳʭ ʠ ʜʦʩʪʘʪʦʯʥʳʭ ʫʩʣʦʚʠʡ, ʚʳʨʘʞʝʥʥʳʭ 

ʯʝʨʝʟ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ:  

ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ ʜʘʥʳ ()dw  - ʤʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠ ʯʠʩʣʘ ¤<<¢ qp1 . ʊʦʛʜʘ  
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ɿʘʤʝʯʘʥʠʝ. ɼʦʩʪʘʪʦʯʥʘʷ ʯʘʩʪʴ ʢʨʠʪʝʨʠʷ (1) ʧʦʯʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʣʫʯʝʥʘ ɾ. ʇʝʪʨʝ (1966), ʇ. ɻʨʠʚʘ-

ʨʦʤ (1966), ʂ.ʂ. ɻʦʣʦʚʢʠʥʳʤ (1967) ʠ ʇ.ʃ. ʋʣʴʷʥʦʚʳʤ (1967), ʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ï ʇ.ʃ. ʋʣʴʷʥʦʚʳʤ [1].  

ʇʨʠʚʝʜʝʤ ʥʝʦʙʭʦʜʠʤʳʝ ʦʧʨʝʜʝʣʝʥʠʷ. 

ʇʫʩʪʴ ( )1,0Lp
( ¤<<p1 ) ï ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʩʝʭ ʠʟʤʝʨʠʤʳʭ (ʟʜʝʩʴ ʠ ʚʩʶʜʫ ʥʠʞʝ ʚ ʩʤʳʩʣʝ ʃʝʙʝʛʘ) ʥʘ 

[0,1] ʬʫʥʢʮʠʡ f , ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʢʦʥʝʯʥʘ ʥʦʨʤʘ 
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p

p
dxxff

1

1

0

)(
îý

î
ü
û

îí

î
ì
ë
=ñ . 

 

ʇʫʩʪʴ ()dw ï ʥʝʧʨʝʨʳʚʥʘʷ ʥʘ [0,1] ʬʫʥʢʮʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʫʩʣʦʚʠʷʤ: 
 

() () () ( ) () ()hwdwhdwhwdww +¢+¢¢¢= 00  ( )10 ¢+¢¢¢ hdhd . 
 

ʊʘʢʠʝ ʬʫʥʢʮʠʠ ʥʘʟʳʚʘʶʪ ʤʦʜʫʣʷʤʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ. 

ʇʫʩʪʴ ( ),p fw d ʤʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʬʫʥʢʮʠʠ f  ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ( )0,1pL , ʪ.ʝ. 

 

( ) ( ) () ( )

1
1

0
0

, sup 0 1

h p
p

p
h

f f x+h - f x dx
d

w d d
-

< ¢

ë û
= < ¢ì ü

í ý
ñ .         (2) 

 

ʇʦʣʦʞʠʤ 
 

{ })10()(),(:)1,0( ¢¢¢Í= ddwdww fLfH p
p

p ,           (3) 

 

ʛʜʝ ()w d - ʟʘʜʘʥʥʳʡ ʤʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ. 

ʇʫʩʪʴ 1 p¢ <¤,  10 <¢a . ʇʫʩʪʴ )1,0(pLf Í , ʪʦʛʜʘ ʬʫʥʢʮʠʶ  
 

   ( ) ( ) ()
,

1

,
0

, sup    0 1

h

p
p

p
h

f f x hx f x dx

a

a

a
d

w d d
< ¢

E

ë ûî î
= + - < ¢ì ü

î îí ý
ñ ,   (4) 

                                                           
É ʅʫʨʧʝʡʩʦʚʘ ɸ.ɸ., ɼʶʩʝʤʙʘʝʚʘ ʃ.ʂ. / Nurpeysova A.A., Dyusembayeva L.K., 2017 
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ʛʜʝ ( ) ( ){ }, 0,1  : 0,1h x x hxaaE = Í + Í , ʥʘʟʳʚʘʶʪ ʤʦʜʫʣʝʤ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʧʨʠʨʘʱʝʥʠʷ ʬʫʥʢʮʠʠ 

f  ʚ )1,0(pL . 

ɿʘʤʝʪʠʤ, ʯʪʦ Z. Ditzian ʠ V. Totik ʚʚʝʣʠ ʠ ʠʟʫʯʘʣʠ ʦʙʱʠʡ ʩʣʫʯʘʡ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʟʘʤʝʥʝ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ (4) ʬʫʥʢʮʠʠ 
ax  ʥʘ ʥʝʧʨʝʨʳʚʥʫʶ ʥʘ [ ]1,0  ʬʫʥʢʮʠʶ ()xj . 

ʗʩʥʦ, ʯʪʦ, ʧʨʠ 0a=  ʠʤʝʝʤ ( ) ( )dwdw ,,,0 ff pp = .  

ʈʘʟʫʤʝʝʪʩʷ, ʚʝʩʴ ʩʧʝʢʪʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ ʚʣʦʞʝʥʠʡ ʧʝʨʝʥʦʩʠʪʩʷ ʠ ʥʘ ʩʣʫʯʘʡ ʤʦʜʫʣʝʡ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʧʨʠʨʘʱʝʥʠʷ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ʇʫʩʪʴ ʜʘʥʘ ʠʟʤʝʨʠʤʘʷ ʥʘ [ ]1,0  ʬʫʥʢʮʠʷ f ʠ ʧʫʩʪʴ f*- ʨʘʚʥʦʠʟʤʝʨʠʤʘʷ ʥʝʚʦʟʨʘʩʪʘʶʱʘʷ ʧʝʨʝʩʪʘʥʦʚʢʘ |f|, ʪ.ʝ. 

 

() ( ) [ ] (){ }{ }( )]1,0(:1,0:1,0inf* Í¢>ÍÍ= ttuxfxmesutf . 

 

ʇʫʩʪʴ 1 p¢ <¤,  10 <¢a , ()dw  ï ʟʘʜʘʥʥʳʡ ʤʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ. ʏʝʨʝʟ 
w

apH ,

~
 ʦʙʦʟʥʘʯʠʤ ʢʣʘʩʩ 

ʚʩʝʭ ʥʝʚʦʟʨʘʩʪʘʶʱʠʭ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ )1,0(pLf Í  ʪʘʢʠʭ, ʯʪʦ 

 

( ) )10()(,, ¢¢¢ ddwdwa fp . 

 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ 10 21 <<¢ aa  ʜʣʷ ʚʩʷʢʦʡ ʥʝʚʦʟʨʘʩʪʘʶʱʝʡ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ )1,0(pLf Í  

ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʨʘʚʝʥʩʪʚʦ  
 

( ) ( )dwdw aa ,, ,, 21
ff pp ²  ( )10 <<d , 

 

ʉʪʘʣʦ ʙʳʪʴ, ʠ ʚʣʦʞʝʥʠʝ  
 

w
a

w
a pp HH ,, 21

~~
Ë . 

 

ʇʫʩʪʴ ¤<< mn,0 . ʇʨʦʩʪʨʘʥʩʪʚʦ ʃʦʨʝʥʮʘ ( )nm,L  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʠʟʤʝʨʠʤʳʭ ʚ 

ʩʤʳʩʣʝ ʃʝʙʝʛʘ ʥʘ [0,1] ʬʫʥʢʮʠʡ f , ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʢʦʥʝʯʥʘ ʚʝʣʠʯʠʥʘ 
 

()[ ]
îý

î
ü

û

îí

î
ì

ë
=ñ

-

dxxfxf
nm

n
n

nm

*

1

0

1

,
. 

 

ʅʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʃʦʨʝʥʮʘ ( )nm,L  ʙʫʜʝʪ ʩʦʙʩʪʚʝʥʥʳʤ ʧʦʜʤʥʦʞʝʩʪʚʦʤ 

( )¤<¢pLp 1  ʪʦʣʴʢʦ ʚ ʩʣʝʜʫʶʱʠʭ ʩʣʫʯʘʷʭ 

a) ¤<<> ɜp 0,m ; 

b) pɜp <<= 0,m . 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʦʪʥʦʩʠʪʩʷ ʢ ʪʝʦʨʠʠ ʚʣʦʞʝʥʠʷ ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʡ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ.  

ʀʟʚʝʩʪʥʘ ʩʣʝʜʫʶʱʘʷ 

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ ʜʘʥʳ ʯʠʩʣʘ 10    ,1 <¢¤<¢ ap . ʊʦʛʜʘ ʜʣʷ ʣʶʙʦʡ ʬʫʥʢʮʠʠ ( )1,0pLf Í  ʠʤʝʝʪ 

ʤʝʩʪʦ ʥʝʨʘʚʝʥʩʪʚʦ  
 

() ( )
( )

î
ý

î
ü

û

î
í

î
ì

ë

+¢ ñ
++

*

*

1

1
1

, ,
,

x

p

p

p
fdt

t

tf
pʉxf

a

aw
a  ( )10 ¢<x .            (5) 

 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʵʪʦʛʦ ʠ ʜʨʫʛʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟ [3] ʩ ʥʘʰʠʤʠ, ʩʬʦʨʤʫʣʠʨʫʝʤ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟ 

ʨʘʙʦʪʳ [3] ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ ʪʝʦʨʝʤʳ. 

ʊʝʦʨʝʤʘ 3. ʇʫʩʪʴ ()dw  ï ʤʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠ ʜʘʥʳ ʯʠʩʣʘ 10    ,1 <¢¤<¢ ap . ʊʦʛʜʘ ʫʩʣʦʚʠʝ 
 

+¤<ö
÷

õ
æ
ç

å
ä
¤

=

-+

1

2 1

n

qp

q
q

n
n w
a

     (6) 
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ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʣʦʞʝʥʠʷ 
 

( )1,0,
q

p LH Ëw
a ,          (7) 

 

ʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ (ʣʝʤʤʘ 2 ʚ [3]) 
 

()
0inflim

0
>

­ t

t

t

w
, 

()
(){ }( )

1

1

0

 0

ph

p

p

t
dt O h h

t

a

a

w
w

+

+
= ­ñ , 

() ()
( )

1

1

1
   0

p p

p p

h

t h
dt O h

t ha

w w

+

+

ë ûî î
= ­ì ü
î îí ý

ñ . 

 

ɼʦʩʪʘʪʦʯʥʦʩʪʴ ʫʩʣʦʚʠʷ (6) ʜʣʷ ʚʣʦʞʝʥʠʷ (7) ʚ [3] ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʚ ʩʣʝʜʩʪʚʠʠ ʚ ʚʠʜʝ (ʘʨʛʫʤʝʥʪ ʧʨʠ j 

ʥʝ ʫʢʘʟʘʥ) 
 

¤<ö
÷

õ
æ
ç

å
ä
¤

=

*-

1

2 1
,

n p

qqp

q

n
fn

a
wja , 

 

ʛʜʝ j ï ʥʝʧʨʝʨʳʚʥʘʷ ʥʘ [ ]1,0  ʬʫʥʢʮʠʷ. 

ɿʜʝʩʴ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʦʠʟʦʰʣʘ ʦʧʝʯʘʪʢʘ ʧʨʠ ʢʦʥʢʨʝʪʠʟʘʮʠʠ () qttʌ =  ʙʦʣʝʝ ʦʙʱʝʛʦ ʫʩʣʦʚʠʷ ʚʣʦʞʝʥʠʷ  
 

¤<
ö
ö

÷

õ

æ
æ

ç

å
ö
÷

õ
æ
ç

å
ä
¤

=

*
+

1

1

2

1
,

1

n p

p

n
fnʌ

n
a

a

w  

 

(ʩʤ. ʪʘʢʞʝ ʩʣʝʜʩʪʚʠʝ 2 ʚ [3]). 

ʅʘʤʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʊʝʦʨʝʤʘ 4. ʇʫʩʪʴ ʜʘʥʳ ʯʠʩʣʘ 1 ,0 1p a¢ <¤ ¢ <. ʊʦʛʜʘ ʜʣʷ ʣʶʙʦʡ ʥʝʚʦʟʨʘʩʪʘʶʱʝʡ ʥʝʦʪʨʠʮʘʪʝʣʴ-

ʥʦʡ ʬʫʥʢʮʠʠ ( )1,0pLf Í  ʩʧʨʘʚʝʜʣʠʚʦ ʥʝʨʘʚʝʥʩʪʚʦ  
 

() ( ) ( )10

122,

,

1

1
1

11

2

1
,

¢<

î
î
î

ý

îî
î

ü

û

î
î
î

í

îî
î

ì

ë

+

ö
ö

÷

õ

æ
æ

ç

å

ö
ö

÷

õ

æ
æ

ç

å
-

¢ ñ
+

---

xfdt

t

tf

pcxf

x

p

p

p
aa

aw

a
.                                              (8) 

 

ɿʘʤʝʯʘʥʠʝ. ʇʨʠ 0=a  ʥʝʨʘʚʝʥʩʪʚʦ (8) ʩʦʚʧʘʜʘʝʪ ʩ ʦʮʝʥʢʦʡ ʕ.ɸ. ʉʪʦʨʦʞʝʥʢʦ. 

ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʘ a ʚ ʦʧʨʝʜʝʣʝʥʠʠ (8) ʧʦʢʘʟʘʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʧʨʝʜʣʦʞʝʥʠʠ. 

ʋʪʚʝʨʞʜʝʥʠʝ. ʇʫʩʪʴ ʜʘʥʳ ʯʠʩʣʘ 1 , 0 1p a¢ <¤ ¢ < ʠ g ʪʘʢʠʝ, ʯʪʦ 1 1
0 1

p p
a g< + - < <. ʊʦʛʜʘ 

ʠʤʝʝʪ ʤʝʩʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 
 

( )
1 1

1

,

1
, 0 1

p

p
x

g
a

a g
w d d d

å õ
-æ ö

- ç ÷å õ
< ¢æ ö

ç ÷
.    (9) 

 

ʉʨʘʚʥʠʤ ʥʝʨʘʚʝʥʩʪʚʘ (5) ʠ (8). ʆʪʤʝʪʠʤ, ʯʪʦ ʦʮʝʥʢʘ (8) ʥʝ ʭʫʞʝ ʦʮʝʥʢʠ (5)  
 

( )
( )10

,
122,

1

1
1

*

,
1

1
1

11

2

1*

,

<<<<

ö
ö

÷

õ

æ
æ

ç

å

ö
ö

÷

õ

æ
æ

ç

å
-

ññ
+++

---

xdt

t

tf
dt

t

tf

x p

p

x p

p

a

a

aa
a

w
w

. 

 

ɼʘʣʝʝ, ʚ ʩʠʣʫ (9) ʠʤʝʝʤ (1 , 0 1p a¢ <¤ ¢ < ʠ g ʪʘʢʠʝ, ʯʪʦ 
1 1

0 1
p p

a g< + - < <) 
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2

1 11
,1

1
1

1
,2 2 1

1
p

x p

t
x

dt
x

t

aa
a g

g

w - --

+

å õå õ
-æ öæ öæ ö

ç ÷ç ÷
ñ  ( )10 <<x                          (10) 

 

ʠ 
 

( )10
11

,
1

1

1

1
1

1

1
1

,

<<Ö

ö
÷

õ
æ
ç

å

ù
ú

ø
é
ê

è

öö
÷

õ
ææ
ç

å
-

-
-++

ñ x

x

x
dt

t

t
x

p
x p

p

g
a

a
g

a

gaw

=B .              (11) 

 

ʂʘʢ ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ (9), ʦʮʝʥʢʘ (8) ʥʝʫʣʫʯʰʘʝʤʘ ʧʦ ʧʦʨʷʜʢʫ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʬʫʥʢʮʠʶ, 

ʘ ʠʤʝʥʥʦ ʬʫʥʢʮʠʶ ()
1

f x
xg
= , ʜʣʷ ʢʦʪʦʨʦʡ ʦʙʝ ʯʘʩʪʠ (8) ʠʤʝʶʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʧʦʨʷʜʦʢ 

1

xg
. ʆʜʥʦʚʨʝʤʝʥʥʦ, 

ʧʨʠ 
pp

1
1

1
0 <<-+< ga  ʠʟ (11) ʩʣʝʜʫʝʪ, ʯʪʦ ʥʝʨʘʚʝʥʩʪʚʦ (5) ʜʘʝʪ ʟʘʚʳʰʝʥʥʫʶ ʥʘ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʨʘʩʪʫʱʫʶ 

ʩʪʝʧʝʥʥʫʶ ʬʫʥʢʮʠʶ ʦʮʝʥʢʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ (8).  

ʊʝʧʝʨʴ ʩʨʘʚʥʠʤ ʢʘʯʝʩʪʚʦ ʠʟʚʝʩʪʥʦʡ ʠ ʥʦʚʦʡ ʦʮʝʥʦʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʞʜʦʤʫ ʠʟ ʧʘʨʘʤʝʪʨʦʚ 

¤<¢p1 , 10 <<a , 0 1t< < ( )( )tg
a ddw =B,,

-xp .  

ʇʨʝʜʣʦʞʝʥʠʝ. ʇʫʩʪʴ ʜʘʥʳ ʯʠʩʣʘ ¤<¢p1  ʠ 10 <¢a .  ʊʦʛʜʘ ʜʣʷ ʬʫʥʢʮʠʠ ()
gx

xf
1

=  ʧʨʠ 

( )atg --= 1
1

p
, 10 <<t  ʤʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠʤʝʝʪ ʧʦʨʷʜʦʢ ( ) tg

a ddw =B,,
-xp  ʠ ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶ-

ʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ:  

1) ʝʩʣʠ 0 1t< <, 0 1a¢ <, ʪʦ ʦʮʝʥʢʘ (8) ʪʦʯʥʘ ʜʣʷ ʚʩʝʭ 
( )at -

<¢
1

1
1 p , 

2) ʝʩʣʠ 1 p¢ <¤ ʠ 0 1t< <, ʪʦ ʦʮʝʥʢʘ (8) ʪʦʯʥʘ ʜʣʷ ʚʩʝʭ 1
1

1 <<- a
tp

, 

3) ʝʩʣʠ 0 1a¢ < ʠ 1 p¢ <¤, ʪʦ ʦʮʝʥʢʘ (8) ʪʦʯʥʘ ʜʣʷ ʚʩʝʭ 
( )a

t
-

<<
1

1
0

p
. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʦʚʘʷ ʦʮʝʥʢʘ (8) ʪʦʯʥʘ, ʠʟʚʝʩʪʥʘʷ ï (5) ʚ ʫʢʘʟʘʥʥʦʤ ʚʳʰʝ ʩʤʳʩʣʝ ʟʘʚʳʰʝʥʘ.  
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ʆ ʈɸɿʃʆɾɽʅʀʀ ʌʋʅʂʎʀʁ ʇʆ ʆʈʊʆɻʆʅɸʃʔʅʆʁ ʉʀʉʊɽʄɽ ʊʀʇɸ ʍɸɸʈɸ 
 

 ɸ.ɸ. ʅʫʨʧʝʡʩʦʚʘ1, ɼ.ʂ. ʂʦʡʢʝʣʦʚʘ2, ʉ.ʂ. ʊʘʞʠʙʘʝʚ3 
1, 2, 3 ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʂʘʟʘʭʩʢʠʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ. ʉʝʡʬʫʣʣʠʥʘ (ɸʩʪʘʥʘ), ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʧʨʦʩʪʝʡʰʠʭ ʚʝʡʚʣʝʪʥʳʭ ʙʘʟʠʩʘ, ʧʦʨʦʞʜʘʶʱʠʭ ʜʠʩʢʨʝʪʥʳʝ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʷ ʍʘʘʨʘ ʧʨʦʨʝʞʠʚʘʥʠʝʤ ʧʦ ʯʘʩʪʦʪʝ ʠ ʧʦ ʚʨʝʤʝʥʠ. ɼʣʷ ʵʪʠʭ ʙʘʟʠʩʦʚ ʧʦʣʫʯʝʥʳ ʘʥʘʣʦʛʠ ʪʝʦʨʝʤʳ ʦʙ 

ʦʪʩʯʝʪʘʭ. ɺʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ ʘʚʪʦʨʝʚʝʨʩʥʦʛʦ ʩʧʝʢʪʨʘ. ʋʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ, 

ʠʤʝʶʱʠʤʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʝʡʚʣʝʪʥʳʭ ʙʘʟʠʩʘʭ ʦʜʠʥʘʢʦʚʳʡ ʩʧʝʢʪʨ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʵʪʦʪ ʩʧʝʢʪʨ ʷʚʣʷ-

ʝʪʩʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ ʘʚʪʦʨʝʚʝʨʩʥʳʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʫʥʢʮʠʷ, ʜʠʩʢʨʝʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʍʘʘʨʘ, ʚʝʡʚʣʝʪʥʳʡ ʙʘʟʠʩ, ʪʝʦʨʠʷ ʚʣʦʞʝʥʠʷ, 

ʦʨʪʦʛʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʍʘʘʨʘ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʫʨʴʝ, ʪʝʦʨʠʷ ʧʨʠʙʣʠʞʝʥʠʷ. 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʩʪʝʡʰʠʡ ʚʝʡʚʣʝʪʥʳʡ ʙʘʟʠʩ, ʧʦʨʦʞʜʘʶʱʠʡ ʜʠʩʢʨʝʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʍʘʘʨʘ Hf. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ Hf ʩʚʷʟʘʥʦ ʩ ʧʨʦʨʝʞʠʚʘʥʠʝʤ ʧʦ ʯʘʩʪʦʪʝ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʩʞʘʪʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʟʦʙʨʘʞʝʥʠʡ ʙʘʟʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚ-

ʥʦʤ ʥʘ ʤʝʪʦʜʘʭ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʟʘʤʝʪʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʢʣʘʩʩʠʯʝʩʢʠʡ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʙʘʟʠʩ 

ʍʘʘʨʘ. ʊʘʢʞʝ ʩʠʩʪʝʤʘ ʍʘʘʨʘ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʳʭ ʬʫʥʢʮʠʡ. ʀʭ ʦʪʣʠʯʠʝ ʦʪ ʬʫʥʢʮʠʡ ʋʦʣʰʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʥʘ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʷʭ ʠʟʫʯʘʝʤʦʛʦ ʠʥʪʝʨʚʘʣʘ. ʇʦʵʪʦʤʫ ʬʫʥʢʮʠʠ ʍʘʘʨʘ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʣʦʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʛʥʘʣʦʚ, ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʚʝʡʚʣʝʪʘʤʠ ʍʘʘʨʘ [1]. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤʫ ʚʧʝʨʚʳʝ ʧʦʩʪʨʦʠʣ ʠ ʥʘʯʘʣ ʠʟʫʯʘʪʴ ʚ 1909 ʛ. ɸ. ʍʘʘʨ. ʅʘʠʙʦʣʝʝ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʬʦʨʤʦʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʠʝ ʟʘʢʦʥʘ ʝʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ ï 

()jx . ʆʜʥʘʢʦ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤ ʠ ʩʠʛʥʘʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʠʭ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ. ʃʶʙʦʡ ʩʠʛʥʘʣ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʫʤʤʳ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʛʥʘʣʦʚ [2]. ʊʘʢʦʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʚʨʝʤʝʥʥʦʡ ʬʫʥʢʮʠʠ ʚ ʨʷʜ ʧʦ ʦʨʪʦʛʦʥʘʣʴʥʳʤ (ʙʘʟʠʩʥʳʤ) ʬʫʥʢʮʠʷʤ, ʯʪʦ 

ʨʘʚʥʦʩʠʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʩʠʛʥʘʣʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ. 

ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʬʫʥʢʮʠʠ ʍʘʘʨʘ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʟʥʘʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʘʢʪʠʢʠ ʩʧʝʢ-

ʪʨʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʙʦʣʝʝ ʫʜʦʙʥʳʤʠ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʥʦʨʤʠʨʦʚʘʥʥʳʝ ʬʫʥʢʮʠʠ ʍʘʘʨʘ, ʧʨʠʥʠʤʘʶʱʠʝ ʚʩʝʛʦ ʪʨʠ 

ʧʨʦʩʪʝʡʰʠʭ ʟʥʘʯʝʥʠʷ: 0, +1 ʠ -1. ʊʘʢʠʝ ʬʫʥʢʮʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠ ʟʘʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 
 

( 1) ( 1)

( 1) ( 1)

1 2 2 (2 1)2 ,

( , ) 1; ( , ) ( , , ) 1 (2 1)2 (2 2)2 ,

0

ʧʨʠ m z m

h o z h k z h m z ʧʨʠ m z m

ʧʨʠ ʦʩʪʘʣʴʥʳʭz

g g

g gg

- + - +

- + - +

ë+ ¢ < +
î

¹ = = - + ¢ < +ì
î
í

                              (1) 

 

ʠ ʠʤʝʶʪ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʨʠʯʝʤ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʪʦʯʢʘʭ ʨʘʟʨʳʚʦʚ ʧʝʨʚʦʛʦ ʨʦʜʘ ʧʨʠʥʠʤʘʶʪʩʷ ʥʝʧʨʝ-

ʨʳʚʥʳʤʠ ʩʧʨʘʚʘ. 

ʃʠʥʝʡʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ nR  ʚʝʱʝʩʪʚʝʥʥʳʭ N  -ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

(){ } Zjjxx Í= , , ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʩʠʛʥʘʣʦʚ. ɺ nR  ʦʙʳʯʥʳʤ ʩʧʦʩʦʙʦʤ ʚʚʦʜʷʪʩʷ ʩʢʘʣʷʨʥʦʝ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʠ ʥʦʨʤʘ:  
 

( ) ()() ( )2
11

0

,,, xxxjyjxyx
N

j

==ä
-

=

                             (2) 

 

ɽʩʪʝʩʪʚʝʥʥʳʡ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʡ ʙʘʟʠʩ ʚ nR  ʦʙʨʘʟʫʶʪ ʩʠʛʥʘʣʳ 

( ) ( ) 1,...,1,0,,0 -=-= Nkkjjkf Nd , ʛʜʝ ()jNd - ʝʜʠʥʠʯʥʳʡ N - ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ, ʨʘʚ-

ʥʳʡ ʝʜʠʥʠʮʝ, ʢʦʛʜʘ j ʜʝʣʠʪʩʷ ʥʘ N, ʠ ʨʘʚʥʳʡ ʥʫʣʶ ʧʨʠ ʦʩʪʘʣʴʥʳʭZjÍ .  

ʉʠʛʥʘʣ ( )jkf ,0 ʢʘʢ ʵʣʝʤʝʥʪ ʧʨʦʩʪʨʘʥʩʪʚʘ nR  ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ()kf0 . ʊʦʛʜʘ ʣʶʙʦʡ ʩʠʛʥʘʣ nRxÍ  ʤʦʞ-

ʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

                                                           
É ʅʫʨʧʝʡʩʦʚʘ ɸ.ɸ., ʂʦʡʢʝʣʦʚʘ ɼ.ʂ., ʊʘʞʠʙʘʝʚ ʉ.ʂ. / Nurpeysova A.A., Koykelova D.K., Tazhibayev S.K., 2017 
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()()ä
-

=

=
1

0

0

N

k

kfkxx  

 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ 
sN 2= . ʇʦʣʦʞʠʤ 

12,
2

-=D= n
nnn

N
N  ʠ ʟʘʧʠʰʝʤ ʨʝʢʫʨʨʝʥʪʥʳʝ ʩʦʦʪʥʦ-

ʰʝʥʠʷ: 

 

( ) ( ) ( )( )[ ]1111 122
2

1
+--+ D++D=D nnnnnn pfpfpf , 

( ) ( ) ( )( )[ ]1111 122
2

1
+--+ D+-D=D+D nnnnnnn pfpfpf ,                           (3) 

sNp ,...,2,1,1,...,1,0 =-= nn . 

 

ʉʠʩʪʝʤʘ ʩʠʛʥʘʣʦʚ 

 

() ( )1,0 +D+D nnn pffs , 

sNp ,...,2,1,1,...,1,0 =-= nn  

 

ʦʙʨʘʟʫʝʪ ʦʨʪʦʛʦʥʘʣʴʥʳʡ ʙʘʟʠʩ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ nR . ʆʥ ʥʘʟʳʚʘʝʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʙʘʟʠʩʦʤ ʪʠʧʘ ʍʘʘʨʘ, ʩʚʷʟʘʥ-

ʥʳʤ ʩ ʧʨʦʨʝʞʠʚʘʥʠʝʤ ʧʦ ʯʘʩʪʦʪʝ.  

ʀʤʝʝʪ ʤʝʩʪʦ 
 

( )
N

jfs

1
;0 ¹ , 

 

ʠ  
 

( ) ( )11 ;0; ++ D-=D nnnn pjfjpf  

( ) ( )111 ;; +-+ D-D=D+D nnnnnn pjfjpf  

 

ʧʨʠ ʵʪʦʤ 
 

( ) ( )ä
-D

=

+

-=

1

0

0

1

2

1
,0

n

d
n

q

N qjjf
 

( ) ( ) ( )
îý

î
ü
û

îí

î
ì
ë

---=D ää
-D

=

-D

=

+ 1

0

1

0

0

1

2

1
,

nn

dd
nn

q

N

q

N qjqjjf . 

 

ʃʶʙʦʡ ʩʠʛʥʘʣ nRyÍ  ʜʦʧʫʩʢʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ  

 

()() ( ) ( )ää
=

-

=

++ D+DD+D+=
s N

p

ss pfpyfyy
1

1

0

1100
n

nnnnnn

n

.   (4) 

 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʵʪʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʝʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʫʨʴʝ:  
 

() () ( ) ( )11 ;2,0;20 ++ D+D=D+D= nnn
n

nnn pfypyfyy s
s

s .  (5) 
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ʉʦʛʣʘʩʥʦ (3) ʠʭ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʨʝʢʫʨʨʝʥʪʥʳʤ ʬʦʨʤʫʣʘʤ: 

 

() () 1,...,1,0, -== Nkkykys , 

( ) ( ) ( )( )nnnnnn D++D=D --+ 122 111 pypypy , 

( ) ( ) ( )( )nnnnnnn D+-D=D+D --+ 122 111 pypypy  

sNp ,...,2,1,1,...,1,0 =-= nn . 
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Abstract. Two simplest wavelet base generating discrete Haarôs transformation by frequency and time decima-

tion are considered. For these bases analogs of the sampling theorem are received. The concept of logarithmic au-

toreverse spectrum is introduced. Connection between the signals having an identical spectrum in the considered wave-

let bases is established on conditions that this spectrum is logarithmic autoreverse. 
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Abstract. It is established that the wide circulation of horned cattle theileriosis takes place in the areas of Sur-

khandarya, Kashkadarya, Syrdarya regions, which differ with its environmental conditions, at the same time there is 

distinguished a weakly virulent strain from the of Syrdarya region, which is suitable for manufacturing vaccines against 

theileriosis. Tabl. 3. Ref. 11. 

Keywords: cattle, theileriasis, theiler, strain, mites, parasitic reactions, cryobank, cryopreservation, culture, 

prevention. 

 

INTRODUCTION  

The main objective of breeders is regularly and in sufficient quantity to provide the population with quality and 

safe animal products, and the industry ïwith raw materials. Currently in Uzbekistan, there are about 12 million heads of 

cattle[4].To save this number of animals from infectious and parasitic diseases is a top priority of veterinary science and 

practice. Despite intensified efforts to reduce diseases in livestock farms there are significant losses due to mortality and 

reduction of animal performance from a number of infectious and parasitic diseases[4-8]. 

Some researchers had carried out extensive work on the improvement of Theiler cells cultivation method and 

progress has been made by using different enzymes for tissue disaggregation. It is possible to obtain monolayer primary 

trypsinized culture infested calf lymphoid cells infested Theileriaannulata [3, 9-11]. 

The developed vaccine against theileriosis VIEV [6] had a high reactogenicity, vaccination that distinguished 

between 1 and 12% of sick animalsô vaccinated complication. In this connection, to develop a vaccine against domestic 

theileriosis of weak virulent strain,Theileriaannulata, is an urgent problem. 

In the Republic of Uzbekistan among theileriasis invasive diseases of cattle is the most insidious disease, 

which is transmitted pathogens of animals ticks Hyalommaanatolicum and H.detritum, are prevalent. 

Based on this selection is weak virulent strain of Theileriaannulata from different climatic zones is essential for 

the production of vaccines against theileriosis [1]. 

Hence, the development of a vaccine against theileriosis based on local weak virulent strain is an urgent task. 

 

THE AIM OF RESEARCH  

Allotment weak virulent strain of Theileriaannulata from different climatic zones is suitable for the production 

of vaccines against theileriosis. 

 

MATERIALS AND METHODS  

In order to examine the epidemiological situation theileriosis research in various natural and climatic zones and 

farms, differing from each other in volume and animal husbandry technology (farms ñKhoji boboòKumkurgan district 

of Surkhandarya region, ñBustonò Shahrisabz district of Kashkadarya region, and ñOrzu hayotòBoyavut district of 

Syrdarya region)was conducted. In each farm from 50 heads of cattle the peripheral blood smears were taken.Smears 

were stained by the method of Romanovsky Giemsa and examined under the microscope. Conduct clinical trials of pa-

tients spontaneously theileriasis animals, with the measured temperature of the body, determined the condition of the 

body, visible mucous membranes and blood smears were taken for investigation for the detection Theiler. Also tick 

carriers were collectdand their appearance and invasive Theiler were determined. 

Spontaneously sicktheileriasis animals were determined by clinical and parasitological indicator of different 

geographical conditions ï dry, hot and humid temperatures, more moderate. 

Experiments on evidence-based allocation of weakly virulent strain were carried out on three groups of animals 

in each of the head 3 at the age of 8-10 months. Each group of animals infected with a strain isolated from a variety of 

climatic zones, so the isolated strains of Surkhandarya region 1, a strain isolated from the Kashkadarya region 2 and the 

isolated strains of Syrdarya region 3 group of animals. 

                                                           
É Kuchkorova S.K. / ʂʫʯʢʦʨʦʚʘ ʉ.ʂ., 2017 



ISSN 2311-2158. The Way of Science. 2017. ˉ 1 (35). 

 

 

20 

 

In experimental animals for 30 days clinical, parasitological, hematological and morphological study of patho-

gens theileriosis was carried out. As a result, that a weakly virulent strain was established. 

Ticks on farms with different geographical and climatic conditions were collected. They were determined by 

their family for the determinant [2]. 
 

RESULTS AND DISCUSSION 

As a result of studies it was found that the infestation of cattle in Surkhandarya region amounted to ï 7%, 

Kashkadarya region ï 5%, and in Syrdarya region ï 6%. From spontaneously diseased animals from each farm field 

strains for the study of biological, pathogenic and virulent pathogens were identified and cryopreservation method we 

have developed (Patent for invention ˉ1ɸʈ 04088). 

Conducted a study to determine the ratio of species of ticks, carriers showed that natural pasture conditions ï 

floodplains Syrdarya region mites spread river Hyalommaanatolicum is 98%, and H.detritumï 2%, in Kashkadarya re-

gion, respectively 96% and 4%, while in irrigated area Surkhandarya region ï 78% and 22%. 

Experiments to study the pathogenic morphological properties of theileriosis hematological exciter were per-

formed on three groups of animals each consisting of 3 heads aged 8-10 months. Each group of animals infected with a 

strain isolated from a variety of climatic zones, so the isolated strains of Surkhandarya region 1, a strain isolated from 

the Kashkadarya region 2 and the isolated strains of Syrdarya region 3 group of animals.  

1st group of animals was infected with a strain selected from the middle strip of differing a softer and more 

humid climatic conditions Syrdarya, and the 2nd and 3rd groups of the southern region has a hot and dry climate of 

Surkhandarya and Kashkadarya regions at a dose of 10 ml, subcutaneously. 

In the experimental animals received daily clinical, parasitological studies, and every 3-4 days hematologic 

studies. 

As a result of studies found that the incubation period of theileriosis in animals infected with a strain isolated from 

Kashkadarya and Surkhandarya regions is 15, while this period the animals infested Theiler strains isolated in Syrdarya region is 

21 days (Table 1).Therefore, we can judge the relatively low virulence Theiler strains isolated from Syrdarya region. 
 

Table 1 

Pathogenic properties of Th.annulata strains allotment in different  regions of Uzbekistan 
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S
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Methods of 

infection 

15 days after infection 18 days after infection 21 days after infection 

Tempera-

ture, 0C 

Parasitoge-

niction 

reaction, % 

Tempera-

ture, 0C 

Parasitoge-

niction 

reaction, % 

Tempera-

ture, 0C 

Parasitoge-

niction 

reaction, % 

1 3 *  By the 

blood infec-

tion, taken 

from sick 

animal 

theileriasis 

40,4Ñ0,02 2Ñ0,02 40,9Ñ0,04 6Ñ0,03 41,0Ñ0,03 8Ñ0,04 

2 3 **  40,6Ñ0,03 4Ñ0,04 40,9Ñ0,03 8Ñ0,04 41,3Ñ0,05 10Ñ0,03 

3 3 ***  39,1Ñ0,02 - 39,5Ñ0,04 - 40,6Ñ0,04 4Ñ0,02 

 

Note: * Shakhrisabz district of Kashkadarya region; ** Kumkurghon District of Surkhandarya region; *** Boyavut 

district of Syrdarya region. 
 

Results of morphological studies showed that oval shapes Th.annulata isolated from Syrdarya region up 43.7%, 

round shapes ï 24.6%, virgule ï 23%, punctiformï 8.7%, while in the pathogen isolated from Surkhandarya and Kash-

kadarya regions oval shapes make up 31%, round shapes ï 15.3%, virgule ï 41%, punctiformï 8% and found to 1.0%, 

cross-shaped, indicating that the higher virulence of the pathogen (Table 2). 
 

Table 2 

Morphological indicators of Th.annulata strains allotment from different regions of Uzbekistan, % 
Regions Non-animal Round Oval Virgule Punctiform Cross-shaped 

Kashkadarya 

region 

1 17 27 43 13 - 

2 15 27 37 20 1 

3 14 32 44 9 1 

Average 15,3 28,6 41,3 14,1 1 

Surkhandarya 

region 

1 15 29 45 10 2 

2 18 33 ɿ9 9 1 

3 21 31 43 5 - 

Average 18,0 31,0 42,3 8 1 

Syrdarya region 

1 21 39 30 10 - 

2 27 45 18 10 - 

3 26 47 21 6 - 

Average 24,6 43,7 23,0 8,7 - 
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As a result, hematological studies have found that Syrdarya strain has little effect on hematopoiesis of the body 

compared with Theiler allotment from Kashkadarya and Surkhandarya region (Table 3). 
 

Table 3 

Influence of different strains of Thaler on hematology parameters of animals 
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1 3 * 6,8Ñ0,12 8,2Ñ0,10 9,2Ñ0,21 5,2Ñ0,12 6,2Ñ0,20 6,0Ñ0,21 5,6Ñ0,10 5,8Ñ0,15 4,4Ñ0,15 

2 3 **  6,8Ñ0,25 7,8Ñ0,17 8,8Ñ0,15 6,0Ñ0,21 6,6Ñ0,21 5,8Ñ0,25 4,8Ñ0,12 6,2Ñ0,12 4,6Ñ0,10 

3 3 ***  7,2Ñ0,23 7,8Ñ0,15 9,4Ñ0,15 6,8Ñ0,12 8,8Ñ0,12 8,8Ñ0,21 6,6Ñ0,17 7,2Ñ0,21 6,6Ñ0,15 
 

Note: * Shakhrisabz district of Kashkadarya region;** Kumkurghon District of Surkhandarya region;*** 

Boyavut district of Syrdarya region. 
 

CONCLUSIONS 

1. It was found widespread theileriosis in Syrdarya, Kashkadarya and Surkhandarya region of Uzbekistan, 

which is also propagationof theileriosis tongs Nualomma anatolicum and H.detritum. 

2. The virulence of the strain of SyrdaryaTh.annulatais weaker than the strains allotment from Kashkadarya 

and Surkhandarya regions, which also has little effect on hemogenesis. 

3. A weakly virulent strain suitable for manufacturing vaccine against teyleriosis. 

Theiler virulent strains isolated from Syrdarya region is relatively weaker than the strains isolated from Kash-

kadarya and Surkhandarya regions. 
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ɺʓɼɽʃɽʅʀɽ ʉʃɸɹʆɺʀʈʋʃɽʊʅʆɻʆ ʐʊɸʄʄɸ TH.ANNULATA,  

ʇʈʀɻʆɼʅʆɻʆ ɼʃʗ ʇʈʆʀɿɺʆɼʉʊɺɸ ʇʈʆʊʀɺʆʊɽʁʃɽʈʀʆɿʅʆʁ ɺɸʂʎʀʅʓ 
 

ʉ.ʂ. ʂʫʯʢʦʨʦʚʘ, ʢʘʥʜʠʜʘʪ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʚʝʪʝʨʠʥʘʨʠʠ (ʉʘʤʘʨʢʘʥʜ), ʋʟʙʝʢʠʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʡʣʝʨʠʦʟʘ ʢʨʫʧʥʦʛʦ 

ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʚ ʉʫʨʭʘʥʜʘʨʴʠʥʩʢʦʡ, ʂʘʰʢʘʜʘʨʴʠʥʩʢʦʡ ʠ ʉʳʨʜʘʨʴʠʥʩʢʦʡ ʦʙʣʘʩʪʷʭ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʣʠʤʘʪʠ-

ʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʧʨʠ ʵʪʦʤ ʚʳʜʝʣʝʥ ʩʣʘʙʦʚʠʨʫʣʝʥʪʥʳʡ ʰʪʘʤʤTheileria annulata, ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʧʨʦʪʠʚʦʪʝʡʣʝʨʠʦʟʥʦʡ ʚʘʢʮʠʥʳ. ʊʘʙʣ. 3. ɹʠʙʣ. 11. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʈʉ, ʪʝʡʣʝʨʠʦʟ, ʪʝʡʣʝʨʠʷ, ʰʪʘʤʤ, ʢʣʝʱʠ, ʧʘʨʘʟʠʪʘʨʥʳʝ ʨʝʘʢʮʠʠ, ʢʨʠʦʙʘʥʢ, 

ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʷ, ʢʫʣʴʪʫʨʘ, ʧʨʦʬʠʣʘʢʪʠʢʘ. 
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Technical sciences 

ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ 
 

 

ʋɼʂ 621.391.83 

 

ɸʅɸʃʀɿ ʇɸʈɸʄɽʊʈʆɺ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ  

ʈɽʐɽʊʆʂ ʄʀʂʈʆʌʆʅʆɺ ʇɽʈɺʆɻʆ ʇʆʈʗɼʂɸ 
 

 ɺ.ɺ. ɻʣʘʟʢʦʚ1, ʄ.ɺ. ɻʦʥʦʙʠʥʘ2 
1 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 2 ʩʪʫʜʝʥʪ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʨʝʰʝʪʦʢ ʤʠʢ-

ʨʦʬʦʥʦʚ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ʀʩʩʣʝʜʦʚʘʥʳ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʦʪ-

ʢʣʦʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʜʝʣʴʥʳʭ ʤʠʢʨʦʬʦʥʦʚ ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ ʥʘ ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʚ ʮʝʣʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʨʝʰʝʪʢʘ ʤʠʢʨʦʬʦʥʦʚ, ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʨʠʣʦʞʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʨʘʙʦʪʢʘ ʘʢʫʩʪʠ-

ʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ [4-6]. ɺʩʝ ʯʘʱʝ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʄʕʄʉ-ʤʠʢʨʦʬʦʥʳ [1, 2]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ 

ʤʠʢʨʦʬʦʥʦʚ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʨʝʰʝʪʢʠ ʤʠʢʨʦʬʦʥʦʚ [3]. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʨʝʰʝʪʢʠ ʤʠʢ-

ʨʦʬʦʥʦʚ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ ʝʝ ʤʘʣʳʭ ʨʘʟʤʝ-

ʨʘʭ. ʅʦ ʧʨʠ ʪʘʢʦʤ ʧʦʩʪʨʦʝʥʠʠ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʩʝʡ ʩʠʩʪʝʤʳ ʧʨʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʪʜʝʣʴʥʦʛʦ ʤʠʢʨʦʬʦʥʘ ʦʥ ʥʦʤʠʥʘʣʴʥʳʭ. ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ ʜʣʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʧʦ ʩʥʠʞʝʥʠʶ ʦʪʢʣʦʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʤʠʢʨʦʬʦʥʦʚ ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʨʝʰʝʪʢʘ ʤʠʢʨʦʬʦʥʦʚ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʚʩʝʥʘʧʨʘʚʣʝʥʥʳʭ ʜʘʪʯʠʢʦʚ, 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ d (ʨʠʩʫʥʦʢ 1). 

 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʨʝʰʝʪʢʠ ʤʠʢʨʦʬʦʥʦʚ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 
 

ʇʨʠ ʧʨʠʭʦʜʝ ʟʚʫʢʘ ʩ ʛʣʘʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ  ʤʝʞʜʫ ʵʪʠʤʠ ʜʘʪʯʠʢʘʤʠ ʧʦʷʚʣʷʝʪʩʷ ʟʘʜʝʨʞʢʘ: 
 

, 

 

ʛʜʝ ʩ ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ. 

ʅʘ ʚʭʦʜ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʨʝʰʝʪʢʠ ʧʨʠʭʦʜʠʪ ʧʣʦʩʢʘʷ ʚʦʣʥʘ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʦʣʥʦʚʳʤ ʯʠʩ-

ʣʦʤ . ɹʣʘʛʦʜʘʨʷ ʨʘʜʠʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʜʘʪʯʠʢʦʚ  ʠ  ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʬʫʥʢʮʠ-

ʝʡ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʫʛʣʘ ɗ ʠ ʯʘʩʪʦʪʳ ɤ. ʉʫʱʝʩʪʚʫʝʪ ʩʦʦʪʥʦʰʝʥʠʝ  ʤʝʞʜʫ ʚʦʣʥʦʚʳʤ ʯʠʩʣʦʤ ʠ 

ʯʘʩʪʦʪʦʡ ʩʠʛʥʘʣʘ. 

ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʝ ʤʘʩʩʠʚʘ ʤʦʞʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʚʠʨʪʫʘʣʴʥʳʡ ʤʠʢʨʦʬʦʥ ʩ ʚʳʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ 

. ʇʣʦʩʢʘʷ ʚʦʣʥʘ, ʧʘʜʘʶʱʘʷ ʧʦʜ ʫʛʣʦʤ ɗ, ʩ ʚʦʣʥʦʚʳʤ ʯʠʩʣʦʤ  ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʥʘ 

ʚʳʭʦʜʝ ʤʠʢʨʦʬʦʥʦʚ X1 ʠ X2: 

                                                           
É ɻʣʘʟʢʦʚ ɺ.ɺ., ɻʦʥʦʙʠʥʘ ʄ.ɺ. / Glazkov V.V., Gonobina M.V., 2017 



ISSN 2311-2158. The Way of Science. 2017. ˉ 1 (35). 

 

 

23 

 

, 

 

. 

 

ɺʳʭʦʜ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʨʝʰʝʪʢʠ ʠʤʝʝʪ ʚʠʜ: 

 

. 

 

ʌʫʥʢʮʠʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʨʝʰʝʪʢʠ HD ʷʚʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʨʝ-

ʰʝʪʢʠ  ʢ ʩʠʛʥʘʣʫ ʥʘ ʚʳʭʦʜʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʤʠʢʨʦʬʦʥʘ ): 

 

.                                           (1) 

 

ʆʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʦʯʝʥʴ ʤʘʣʳʝ ʟʥʘʯʝʥʠʷ , ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʙʣʠʞʝʥʠʝ 

. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʘʷ ʬʫʥʢʮʠʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ  ʠʤʝʝʪ ʚʠʜ: 

 

.                                          (2) 

 

ʇʨʠ ʪʘʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʨʝʰʝʪʦʢ ʤʠʢʨʦʬʦʥʦʚ ʦʯʝʚʠʜ-

ʥʳ: 

ï ɺʠʜ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ , ʢʦʪʦʨʦʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ. 

ï ʀʟ-ʟʘ ʚʳʯʠʪʘʥʠʷ ʩʠʛʥʘʣʘ (ʩʤ. ʨʠʩʫʥʦʢ 1) ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʥʘ . 

ï ʏʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʫʥʢʮʠʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ  ʠʤʝʝʪ ʚʠʜ ʬʠʣʴʪʨʘ ʚʝʨʭʥʠʭ ʯʘʩʪʦʪ ʧʝʨ-

ʚʦʛʦ ʧʦʨʷʜʢʘ (ʨʠʩʫʥʦʢ 2, ʘ). 

ʅʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ  ʩʪʘʥʦʚʠʪʩʷ ʩʠʣʴʥʦ ʚʦʩʧʨʠʠʤʯʠʚʳʤ ʢ ʣʶʙʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʬʦʨʤʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ . ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʘʩʩʪʦʷʥʠʝ d ʥʝ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʩʣʠʰʢʦʤ ʤʘʣʳʤ, ʯʪʦ ʤʦ-

ʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʢʦʥʬʣʠʢʪʫ ʩ ʫʩʣʦʚʠʝʤ . 

ɺ ʪʦʯʥʦʤ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʬʫʥʢʮʠʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (1) ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʠʥʫʩʦʠʜʘʣʴʥʘʷ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ 

ʤʘʩʰʪʘʙʠʨʫʝʪ ʘʤʧʣʠʪʫʜʫ. ʈʘʮʠʦʥʘʣʴʥʦ ʦʛʨʘʥʠʯʠʪʴ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʨʝʰʝʪʢʠ ʚ ʜʠʘʧʘʟʦʥʝ 

ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʜʦ ʧʝʨʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ʩʠʥʫʩʘ. ʕʪʦʪ ʧʝʨʚʳʡ ʤʘʢʩʠʤʫʤ ʬʠʢʩʠʨʫʝʪ ʯʘʩʪʦʪʫ ʩʨʝʟʘ ɤc: 

 

 
 

ʅʘ ʨʠʩʫʥʢʝ 2, a ʧʦʢʘʟʘʥʘ ʪʦʯʥʘʷ ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ (1) ʜʣʷ ʢʘʨ-

ʜʠʦʠʜʳ. ʏʘʩʪʦʪʘ ʩʨʝʟʘ ʦʪʤʝʯʝʥʘ ʢʨʫʛʦʤ. ɼʣʷ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʟʘʚʠʩʷʪ ʦʪ ʯʘʩʪʦʪʳ. ʕʪʦ ʦʯʝʚʠʜʥʦ, ʪʘʢ ʢʘʢ ʣʠʥʠʠ ʥʘ ʨʠʩʫʥʢʝ 2, ʘ ʧʘʨʘʣʣʝʣʴʥʳ. ʆʜʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ 

ʬʦʨʤʘ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʥʝʢʦʪʦʨʳʭ 

ʯʘʩʪʦʪʘʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʩʠʛʥʘʣʘ. 

 



ISSN 2311-2158. The Way of Science. 2017. ˉ 1 (35). 

 

 

24 

 

 
ʘ) ʙʝʟ ʚʳʨʘʚʥʠʚʘʥʠʷ 

ʙ) ʩ ʚʳʨʘʚʥʠʚʘʝʤ. 

 
ʈʠʩ. 2. ʌʫʥʢʮʠʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʢʘʨʜʠʦʠʜʳ 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ  ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦ-

ʪʘʪʴ ʬʠʣʴʪʨ . ɼʣʷ ʛʣʘʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ  ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʘʷ ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

 ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʩʪʦʷʥʥʦʡ ʠ ʨʘʚʥʦʡ 0 ʜɹ, ʘ ʜʣʷ ʯʘʩʪʦʪ ʥʠʞʝ ɤc: 

 

 
 

ɺʠʜ ʚʳʨʘʚʥʝʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ  ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2, ʙ. 

ɼʣʷ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ɤŸ0 ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʬʠʣʴʪʨʘ Weq ʠʤʝʝʪ ʦʯʝʥʴ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ. ʕʪʦ ʦʟʥʘ-

ʯʘʝʪ, ʯʪʦ ʣʶʙʳʝ ʰʫʤʳ, ʠʤʝʶʱʠʝʩʷ ʚʦ ʚʭʦʜʥʦʤ ʩʠʛʥʘʣʝ, ʙʫʜʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʝʥʳ. ʋʨʦʚʝʥʴ ʵʪʠʭ ʰʫʤʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʢʨʝʪʥʳʤ ʜʘʪʯʠʢʦʤ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʩʠʛʥʘʣʘ ʜʣʷ ʦʙʨʘ-

ʙʦʪʢʠ ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʨʝʰʝʪʢʠ ʤʠʢʨʦʬʦʥʦʚ. 

ʅʘʧʨʘʚʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʨʝʰʝʪʢʠ ʤʠʢʨʦʬʦʥʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡ-

ʩʪʚʠʷ (ʂʅɼ). ʆʥ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʢʚʘʜʨʘʪʘ ʤʦʜʫʣʷ ʬʫʥʢʮʠʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʛʣʘʚʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʫʩʨʝʜʥʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʢʚʘʜʨʘʪʘ ʤʦʜʫʣʷ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 
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ʋʯʠʪʳʚʘʷ ʪʦʯʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (1), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʦʚʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʂʅɼ ʦʪ ʯʘʩʪʦʪʳ: 

 

 
 

ʛʜʝ . 

ʂʅɼ ʜʣʷ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʧʦʣʫʯʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʨʝʟʫʣʴʪʘʪʫ ʘʧʧʨʦʢʩʠʤʘʮʠʠ  ʧʦ ʚʳʨʘʞʝʥʠʶ (2): 

 

                                                                                                             (3) 

 

ʅʘ ʨʠʩʫʥʢʝ 3, ʘ ʧʦʢʘʟʘʥ ʂʅɼ ʜʣʷ ʜʠʧʦʣʷ, ʢʘʨʜʠʦʠʜʳ ʠ ʛʠʧʝʨʢʘʨʜʠʦʠʜʳ, ʯʘʩʪʦʪʘ ʩʨʝʟʘ ʦʪʤʝʯʝʥʘ ʢʨʫʞ-

ʢʘʤʠ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʦʪ, ʙʦʣʴʰʠʭ ʯʘʩʪʦʪʳ ʩʨʝʟʘ, ʂʅɼ ʧʨʠʥʠʤʘʝʪ ʜʘʞʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (ʚ ʜɹ). ʅʘ 

ʨʠʩʫʥʢʝ 3, ʙ ʧʦʢʘʟʘʥ ʂʅɼ ʜʣʷ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ (3). 

 

 
ʘ) ʙʝʟ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʙ) ʩ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʧʦ ʚʳʨʘʞʝʥʠʶ (3) 

 
ʈʠʩ. 3. ʂʅɼ ʜʣʷ ʢʘʨʜʠʦʠʜʳ, ʛʠʧʝʨʢʘʨʜʠʦʠʜʳ ʠ ʜʠʧʦʣʷ 

 

ʀʩʩʣʝʜʫʝʤ ʚʣʠʷʥʠʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʬʦʥʦʚ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʨʝʰʝʪʦʢ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ. ʀʩʧʦʣʴʟʫʝʤ ʤʦʜʝʣʴ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʬʦʥʘ ʚ ʚʠʜʝ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʠ 

. ʅʦʤʠʥʘʣʴʥʘʷ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʜʘʪʯʠʢʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʦʨʤʠʨʦʚʘʥʘ ʢ ʟʥʘʯʝ-

ʥʠʶ 1. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʝ ȹM ʷʚʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ ʩ ʜʠʩʧʝʨʩʠʝʡ: 

 

 
 

ʛʜʝ ɽ{} ï ʦʧʝʨʘʪʦʨ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ. 

ʉʠʛʥʘʣʳ ʩ ʜʚʫʭ ʜʘʪʯʠʢʦʚ ʥʘ ʨʠʩʫʥʢʝ 1 ʪʦʛʜʘ ʟʘʧʠʰʫʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʌʫʥʢʮʠʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ  ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʨʝʰʝʪʢʠ ʩ ʫʯʝʪʦʤ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ 

ʤʠʢʨʦʬʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʘʥʘʣʦʛʠʯʥʦ ʚʳʨʘʞʝʥʠʶ (1). ʅʦ ʪʝʧʝʨʴ ʝʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ 

ʟʘʚʠʩʷʪ ʦʪ . ɼʣʷ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʢʚʘʜʨʘʪʠʯʥʳʝ ʩʣʘʛʘʝʤʳʝ ʦʩʪʘʶʪʩʷ, ʘ ʣʠʥʝʡʥʳʝ ʦʙʥʫʣʷʶʪ-

ʩʷ, ʧʦʵʪʦʤʫ ʧʦʣʫʯʠʤ: 
 

                                              (4) 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʂʅɼ: 
 

 
 

ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʚ ʚʳʨʘʞʝʥʠʠ (4) ʂʅɼ  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘ ʚʳʩʦʢʠʭ 

ʯʘʩʪʦʪʘʭ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʳʨʘʚʥʠʚʘʶʱʠʡ ʬʠʣʴʪʨ Weq ʫʯʠʪʳʚʘʝʪ ʵʬʬʝʢʪʳ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦ-

ʬʦʥʦʚ ʠ ʫʩʠʣʠʚʘʝʪ ʠʭ ʜʣʷ ʥʠʟʢʠʭ ʯʘʩʪʦʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʂʅɼ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʨʝʰʝʪʢʠ ʤʠʢʨʦʬʦʥʦʚ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʦʪ ʯʘʩʪʦʪʳ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʦʣʥʝʥʘ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢ-

ʨʦʬʦʥʘ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʂʅɼ ʦʪ ʯʘʩʪʦʪʳ ʠ ʤʦʜʝʣʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦ-

ʬʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʨʘʮʠʦʥʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʩ-

ʩʠʚʘ ʤʠʢʨʦʬʦʥʦʚ. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʬʦʥʘ, ʘ 

ʚʝʨʭʥʷʷ ʯʘʩʪʦʪʘ ʩʨʝʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʝʡ ʤʘʩʩʠʚʘ d. 
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ɺɸʈʀɸʅʊʓ ʇʆʉʊʈʆɽʅʀʗ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ  

ʈɽʐɽʊʆʂ ʄʀʂʈʆʌʆʅʆɺ ɼʃʗ ʇʆɼɸɺʃɽʅʀʗ ʐʋʄɸ 
 

 ɺ.ɺ. ɻʣʘʟʢʦʚ1, ʀ.ɺ. ʄʫʨʘʪʦʚ2 
1, 2 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʧʦʜʘʚʣʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʰʫʤʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʥʘ 

ʚʭʦʜʝ ʤʠʢʨʦʬʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʨʘʙʦʪʝ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʳ. ʇʨʝʜʣʦʞʝʥʳ ʚʘʨʠ-

ʘʥʪʳ ʧʦʩʪʨʦʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʨʝʰʝʪʦʢ ʤʠʢʨʦʬʦʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʤʝʥʴʰʝ-

ʥʠʷ ʚʭʦʜʥʦʛʦ ʰʫʤʘ. ʇʦʢʘʟʘʥʳ ʨʘʟʣʠʯʠʷ ʚ ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦ-

ʩʪʘʪʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʨʝʰʝʪʢʘ ʤʠʢʨʦʬʦʥʦʚ, ʤʝʪʦʜ ʚʳʯʠʪʘʥʠʷ ʩʧʝʢʪʨʦʚ, ʘʢʫʩʪʠʯʝʩʢʠʡ 

ʰʫʤ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʘʢʫʩʪʠ-

ʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʩ ʤʠʢʨʦʬʦʥʘ [3-5]. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʘʢʘʷ ʟʘʜʘʯʘ ʚʩʪʨʝʯʘʝʪʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʠ 

ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʚʷʟʠ, ʥʦ ʪʘʢʞʝ ʦʥʘ ʘʢʪʫʘʣʴʥʘ ʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʩʪʝʤ. ʆʩʥʦʚʥʦʡ ʧʨʦ-

ʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʤʠʢʨʦʬʦʥʦʚ ʷʚʣʷʶʪʩʷ ʥʝʥʘʧʨʘʚʣʝʥʥʳʤʠ ʜʘʪʯʠʢʘʤʠ, ʪ.ʝ. ʩʫʤʤʘʨʥʳʡ ʩʠʛ-

ʥʘʣ ʥʘ ʚʳʭʦʜʝ ʦʙʫʩʣʦʚʣʝʥ ʠʩʪʦʯʥʠʢʘʤʠ ʟʚʫʢʘ ʩʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʦʙʩʪʘ-

ʥʦʚʢʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʦʥ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʰʫʤʣʝʥ.  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʙʦʨʴʙʳ ʩ ʵʪʠʤ ʷʚʣʝʥʠʝʤ: 

ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʤʠʢʨʦʬʦʥʘ; 

ï ʢʦʤʧʝʥʩʘʮʠʷ ʧʨʠʥʷʪʦʛʦ ʰʫʤʘ ʟʘ ʩʯʝʪ ʚʳʯʠʪʘʥʠʷ ʰʫʤʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. 

ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʨʝʘʣʠʟʫʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʠʥʦʯʥʦʛʦ ʤʠʢʨʦʬʦʥʘ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦ-

ʨʦʛʦ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʟʘʜʘʥʥʫʶ ʜʠʘʛʨʘʤʤʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ ʩʫʱʝʩʪʚʝʥ-

ʥʳʭ ʛʘʙʘʨʠʪʦʚ, ʘ ʩʘʤ ʤʠʢʨʦʬʦʥ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʩʪʦʠʤʦʩʪʴ. ʊʘʢʞʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ 

ʚʠʜʝ ʢʘʨʜʠʦʠʜʳ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘʙʦʨ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʠʢʨʦʬʦʥʦʚ. 

ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʥʝʩʢʦʣʴʢʠʭ ʥʝʥʘʧʨʘʚʣʝʥʥʳʭ ʤʠʢʨʦʬʦʥʦʚ, ʥʦ ʪʨʝʙʫʝʪ ʧʦʩʣʝʜʫʶ-

ʱʫʶ ʦʙʨʘʙʦʪʢʫ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʵʪʠʭ ʤʠʢʨʦʬʦʥʦʚ. ʊʘʢ ʢʘʢ ʩʝʡʯʘʩ ʥʘ ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʄʕʄʉ-ʤʠʢʨʦʬʦʥʦʚ, ʪʦ ʪʘʢʠʝ ʨʝʰʝʥʠʷ ʷʚʣʷʶʪʩʷ ʤʘʣʦʛʘʙʘʨʠʪʥʳʤʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʳʤʠ [1, 2]. 

ɺ ʦʩʥʦʚʝ ʙʦʣʴʰʠʥʩʪʚʘ ʘʣʛʦʨʠʪʤʦʚ ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʘ ʧʦ ʚʪʦʨʦʤʫ ʩʧʦʩʦʙʫ ʣʝʞʠʪ ʦʮʝʥʢʘ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ (ʉʇʄ) ʩʠʛʥʘʣʘ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʘʪʴ ʦʮʝʥʢʫ ʉʇʄ ʰʫʤʘ ʙʝʟ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ 

ʠ ʦʮʝʥʢʫ ʉʇʄ ʩʤʝʩʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʰʫʤʘ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʨʝʰʝʪʢʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʩʦʜʝʨʞʘʱʘʷ ʪʨʠ ʤʠʢʨʦʬʦ-

ʥʘ. ɺʤʝʩʪʦ ʦʨʠʝʥʪʘʮʠʠ ʤʘʢʩʠʤʫʤʘ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʩʪʦʨʦʥʫ ʞʝʣʘʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ ʧʨʝʜʣʘ-

ʛʘʝʪʩʷ ʚ ʵʪʫ ʩʪʦʨʦʥʫ ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʥʦʣʴ ʜʠʘʛʨʘʤʤʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʚʳʭʦʜʥʦʤ ʩʠʛʥʘʣʝ ʨʝʰʝʪʢʠ ʦʩʪʘʝʪʩʷ ʪʦʣʴ-

ʢʦ ʰʫʤ. 

ʄʝʪʦʜ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʳʯʠʪʘʥʠʷ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʦʤ ʧʦʜʘʚʣʝʥʠʷ ʰʫʤʘ ʚ ʯʘʩʪʦʪʥʦʡ 

ʦʙʣʘʩʪʠ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʟʘʰʫʤʣʝʥʥʳʡ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʌʫʨʴʝ ʥʘ ʢʦʨʦʪʢʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʠʣʠ ʥʘ ʦʩʥʦʚʝ ʙʘʥʢʘ ʫʟʢʦʧʦʣʦʩʥʳʭ ʬʠʣʴʪʨʦʚ. ʀʟ ʧʦʣʫʯʝʥʥʦʡ ʦʮʝʥʢʠ 

ʩʧʝʢʪʨʘ ʟʘʰʫʤʣʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚʳʯʠʪʘʝʪʩʷ ʰʫʤʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ɿʘʪʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʧʨʝʦʙʨʘ-

ʟʫʝʪʩʷ ʦʙʨʘʪʥʦ ʚʦ ʚʨʝʤʝʥʥʫʶ ʦʙʣʘʩʪʴ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʯʠʩʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʩʣʘʙʣʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʘ 

ʦʮʝʥʢʘ ʉʇʄ ʚʭʦʜʥʦʛʦ ʰʫʤʘ ʙʝʟ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʦʮʝʥʢʘ ʉʇʄ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʚʤʝʩʪʝ ʩ ʰʫʤʦʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʝ ʩʠʩʪʝʤʳ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʠʢʨʦʬʦʥʦʚ. 

ʆʙʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʢʠ ʉʇʄ ʰʫʤʘ. 

ʏʪʦʙʳ ʵʪʘ ʦʮʝʥʢʘ ʥʝ ʟʘʚʠʩʝʣʘ ʦʪ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʩ ʮʝʣʝʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚ 

ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʤʝʣʘ ʥʦʣʴ. ɼʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʤʝʨʥʦ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʘʥʘʣʘ ʧʨʠʝʤʘ ʟʘʰʫʤʣʝʥʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʩʠʩʪʝʤʳ ʦʙʲʝʜʠʥʷʝʪ ʪʦ, ʯʪʦ ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʤʠʢʨʦʬʦʥʘ (ʨʠʩʫʥʦʢ 1). ɼʣʷ ʧʝʨʚʦʡ ʩʠʩʪʝʤʳ ʤʠʢʨʦʬʦʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʫʛʣʘʭ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ 

(ʚʘʨʠʘʥʪ 1). ɻʠʧʦʪʝʥʫʟʘ ʠʤʝʝʪ ʜʣʠʥʫ d2 , ʜʨʫʛʠʝ ʩʪʦʨʦʥʳ ʠʤʝʶʪ ʜʣʠʥʫ d . ɼʣʷ ʚʪʦʨʦʡ ʩʠʩʪʝʤʳ (ʚʘʨʠʘʥʪ 2) 

ʤʠʢʨʦʬʦʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʫʛʣʘʭ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩ ʜʣʠʥʦʡ d  ʜʣʷ ʚʩʝʭ ʩʪʦʨʦʥ (ʩʤ. ʨʠʩʫʥʦʢ 1). 

ɼʣʷ ʦʙʝʠʭ ʩʠʩʪʝʤ ʧʘʨʳ ʩʠʛʥʘʣʦʚ ʥʘ ʚʳʭʦʜʝ ʤʠʢʨʦʬʦʥʦʚ ʚʳʯʠʪʘʶʪʩʷ ʜʨʫʛ ʠʟ ʜʨʫʛʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʨʘ-

ʜʠʝʥʪʥʳʭ ʩʠʛʥʘʣʦʚ. ʕʪʠ ʛʨʘʜʠʝʥʪʥʳʝ ʩʠʛʥʘʣʳ ʬʠʣʴʪʨʫʶʪʩʷ, ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ, ʘ ʟʘʪʝʤ ʚʦʟ-

ʚʦʜʷʪʩʷ ʚ ʢʚʘʜʨʘʪ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʫ ʉʇʄ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ. ʅʘ ʨʠʩʫʥʢʝ 2 ʠ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʘ 

                                                           
É ɻʣʘʟʢʦʚ ɺ.ɺ., ʄʫʨʘʪʦʚ ʀ.ɺ. / Glazkov V.V., Muratov I.V., 2017 
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ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʜʣʷ ʜʚʫʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ. ʇʦ ʉʇʄ ʜʚʫʭ ʛʨʘʜʠʝʥʪʥʳʭ 

ʩʠʛʥʘʣʦʚ ʜʣʷ ʚʘʨʠʘʥʪʘ 1 ʠ ʪʨʝʭ ʛʨʘʜʠʝʥʪʥʳʭ ʩʠʛʥʘʣʦʚ ʜʣʷ ʛʝʦʤʝʪʨʠʠ 2 ʦʮʝʥʢʘ ʉʇʄ ʰʫʤʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩʣʦʞʝ-

ʥʠʝʤ ʉʇʄ ʛʨʘʜʠʝʥʪʥʳʭ ʩʠʛʥʘʣʦʚ. 

 

 
 

ʈʠʩ. 1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʠ ʨʘʟʤʝʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤ 

 

 
 

ʈʠʩ. 2. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʣʷ ʚʘʨʠʘʥʪʘ 1 

 

 
 

ʈʠʩ. 3. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʣʷ ʚʘʨʠʘʥʪʘ 2 

 

ʍʦʪʷ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʦʩʪʨʦʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʚ ʧʦʣʦʞʝʥʠʠ ʦʜʥʦʛʦ ʤʠʢʨʦʬʦʥʘ, ʦʙʨʘʙʦʪʢʘ, ʥʝʦʙʭʦ-

ʜʠʤʘʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʜʝʢʚʘʪʥʦʡ ʦʮʝʥʢʠ ʉʇʄ ʰʫʤʘ, ʦʪʣʠʯʘʝʪʩʷ. ʊʘʢ ʢʘʢ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʜʦʣʞʥʘ 

ʠʤʝʪʴ ʚʠʜ ʢʘʨʜʠʦʠʜʳ ʩ ʥʫʣʝʤ ʚ ʩʪʦʨʦʥʫ ʞʝʣʘʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ ( )00,qj , ʪʦ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʘʨʳ ʤʠʢʨʦʬʦʥʦʚ ʜʦʣʞʥʘ ʠʤʝʪʴ ʬʦʨʤʫ ʛʣʘʜʢʦʛʦ ʪʦʨʘ ʜʣʷ ʫʛʣʘ 00=q . 

ʀʩʪʦʯʥʠʢ ʟʚʫʢʘ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ( )qj, , ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʛʥʘʣʘ ʥʘ ʚʳ-

ʭʦʜʝ ʢʘʞʜʦʛʦ ʤʠʢʨʦʬʦʥʘ, ʧʨʠ ʵʪʦʤ ʉʇʄ ʦʙʦʟʥʘʯʠʤ ʢʘʢ ( )kfSin , , ʛʜʝ f  ï ʜʠʩʢʨʝʪʥʘʷ ʯʘʩʪʦʪʘ, k  ï ʜʠʩʢʨʝʪ-

ʥʦʝ ʚʨʝʤʷ, ʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. 
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ʉʇʄ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ ʚʳʯʠʩʣʷʝʪʩʷ ʚʳʯʠʪʘʥʠʝʤ ʉʇʄ ʩʠʛʥʘʣ ʩ ʚʳʭʦʜʘ ʤʠʢʨʦʬʦʥʘ i  ʠʟ ʉʇʄ ʩʠʛ-

ʥʘʣʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʩ ʚʳʭʦʜʘ ʤʠʢʨʦʬʦʥʘ j : 

 

( ) ( ) ( )( ) ( )
ö
ö

÷

õ

æ
æ

ç

å
=-=

2
sin,4cos1,2, 2 ij

ʚʭijʚʭij kfSkfSkfS
y

y ,                                (1) 

 

ʛʜʝ ijy  ï ʩʜʚʠʛ ʬʘʟʳ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ ʩ ʜʚʫʭ ʤʠʢʨʦʬʦʥʦʚ: 

 

ö
ö

÷

õ

æ
æ

ç

å
-

D
= ij

ʟʚ
ij

V

d
f tpy 2 ,                                                                   (2) 

 

ʛʜʝ ʟʚV  ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʚʦʟʜʫʭʝ; 

dD  ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʤʠʢʨʦʬʦʥʘʤʠ d  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ( )qj,  ʠ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ 

ʧʦ ʘʟʠʤʫʪʫ ijj : 

 

( ) ()qjj sincos ijdd -=D ,                                                              (3) 

 

ijt  ï ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʤʠʢʨʦʬʦʥʘʤʠ i  ʠ j , ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʥʘʢʣʦʥʘ ʣʫʯʘ 

ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ( )00,qj : 

 

( ) ( )00 sincos qjjt ij
ʟʚ

ij
V

d
-= .                                                            (4) 

 

ʀʟ ʫʨʘʚʥʝʥʠʡ (2), (3) ʠ (4) ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʦʧʨʝʜʝʣʷʝʪʩʷ: 

 

( ) () ( ) ( )[ ]00 sincossincos
2

qjjqjj
p

y ijij
ʟʚ

ij
V

fd
---= . 

 

ʊʦʛʜʘ ʩ ʫʯʝʪʦʤ (1) ʉʇʄ ʰʫʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

 

( ) ( )ä ö
ö

÷

õ

æ
æ

ç

å
=

ij

ij
ʚʭn kfSkfS

2
sin,4, 2

y
                                                      (5) 

 

ʜʣʷ ʦʙʦʠʭ ʚʘʨʠʘʥʪʦʚ. ɼʣʷ ʚʘʨʠʘʥʪʘ 1 ʪʝʨʤʳ ʜʣʷ ʩʫʤʤʠʨʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʵʣʝʤʝʥʪʘ ʩ ʠʥʜʝʢʩʘʤʠ {21} 

ʠ {31}, ʘ ʜʣʷ ʚʘʨʠʘʥʪʘ 2 ï ʪʨʠ ʵʣʝʤʝʥʪʘ {21}, {31} ʠ {32}. 

ʀʩʧʦʣʴʟʫʷ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʊʝʡʣʦʨʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ () xx ºsin  ʧʨʠ p<<x , ʜʣʷ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʯʘ-

ʩʪʦʪ ʧʦʣʫʯʠʤ: 

 

( ) ( )äº
ij

ijʚʭn kfSkfS 2,, y . 

 

ʇʨʠ 021=j  ʠ 
2

31
p

j =  ʜʣʷ ʚʘʨʠʘʥʪʘ 1 ʠ ʩ ʫʯʝʪʦʤ: 

 

() 1
2

coscos 22 =ö
÷

õ
æ
ç

å
++
p

xx                                                               (6) 
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ʉʇʄ ʰʫʤʘ (1) ʧʦʣʫʯʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤ ʦʪ j ʜʣʷ 00=q : 

 

( ) ( ) ()q
p 2

2

1 sin
2

,, ö
ö
÷

õ
æ
æ
ç

å
º

ʟʚ
ʚʭn

V

fd
kfSkfS . 

 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʛʨʘʤʤʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʚʠʜʝ ʪʦʨʘ, ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʩʠ z. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʯʘʩʪʦʪʳ f  ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʢʦʤʧʝʥʩʠʨʦʚʘʥʘ ʬʠʣʴʪʨʦʤ ʥʠʟʢʠʭ ʯʘʩʪʦʪ (ʪ.ʝ. ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʠʥʪʝʛʨʘʪʦʨ ʚ ʙʣʦʢʝ ʦʮʝʥʢʠ ʉʇʄ). 

ʇʨʠ 021=j , pj
3

2
31=  ʠ pj

3

4
32 =  ʜʣʷ ʛʝʦʤʝʪʨʠʠ 2 ʧʦʣʫʯʘʝʪʩʷ ʪʦʪ ʞʝ ʨʝʟʫʣʴʪʘʪ, ʥʦ ʩ ʙʦʣʴʰʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ, ʨʘʚʥʳʤ 3/2, ʪ.ʢ.: 

 

()
2

3

3

4
cos

3

2
coscos 222 =ö

÷

õ
æ
ç

å
++ö

÷

õ
æ
ç

å
++ pp xxx .                                             (7) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʝ ʩʠʩʪʝʤʳ ʵʢʚʠʚʘʣʝʥʪʥʳ ʥʘ ʥʠʟʢʦʡ ʯʘʩʪʦʪʝ. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʵʪʦ ʪʘʢʞʝ ʩʧʨʘʚʝʜ-

ʣʠʚʦ ʠ ʜʣʷ 00¸q . ʀʟ ʫʨʘʚʥʝʥʠʡ (6) ʠ (7) ʚʠʜʥʦ, ʧʦʯʝʤʫ ʪʨʝʙʫʝʪʩʷ ʦʜʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʫʤʤʠʨʦʚʘʥʠʝ ʪʝʨʤʘ 

ʚ (5) ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʦʡ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʬʦʨʤʝ ʪʦʨʘ. 

ʀʟ ʨʠʩʫʥʢʘ 1 ʨʘʜʠʫʩʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ: 

 

,
3

,
2

2

1

c

c

r
d

r

r
d

r

+=

+=

 

 

ʛʜʝ cr  ï ʨʘʜʠʫʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʤʠʢʨʦʬʦʥʘ. ʀʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣ, ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʨʘʩʧʦʣʦʞʝʥʠʠ ʤʠʢ-

ʨʦʬʦʥʦʚ ʧʦ ʚʘʨʠʘʥʪʫ 2 ʪʨʝʙʫʝʪʩʷ ʚ 2/3 ʨʘʟʘ ʤʝʥʴʰʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʝʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʨʘʟʤʝʨʦʤ ʩʘʤʠʭ ʤʠʢʨʦʬʦ-

ʥʦʚ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʦ ʚʘʨʠʘʥʪʫ 1 ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʫʛʣʘ 900 ʤʝʞʜʫ ʤʠʢʨʦʬʦʥʘʤʠ ʢʦʥ-

ʩʪʨʫʢʮʠʷ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʚʠʜʝ ʫʜʦʙʩʪʚʘ ʝʝ ʨʘʟʤʝʱʝʥʠʷ ʚ ʫʛʣʘʭ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʜʣʷ ʚʘʨʠ-

ʘʥʪʘ 1 ʪʨʝʙʫʝʪʩʷ ʥʝʤʥʦʛʦ ʤʝʥʴʰʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ 2, ʪʘʢ ʢʘʢ 

ʪʨʝʙʫʶʪʩʷ ʪʦʣʴʢʦ ʜʚʘ ʙʣʦʢʘ ʜʣʷ ʨʘʩʯʝʪʘ ʉʇʄ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʣʫʯʰʝʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʨʠ ʨʘʙʦʪʝ ʩ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʨʝʰʝʪʢʦʡ ʤʠʢʨʦʬʦʥʦʚ ʨʘʩʩʪʦ-

ʷʥʠʝ d  ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʙʨʘʥʦ ʦʯʝʥʴ ʪʱʘʪʝʣʴʥʦ. ɽʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʩʣʠʰʢʦʤ ʤʘʣʦ, ʪʦ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʩ ʰʫ-

ʤʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʬʘʟʦʚʳʤʠ ʦʰʠʙʢʘʤʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʝʩʣʠ ʜʣʠʥʘ ʚʦʣʥʳ ʨʘʚʥʘ ʠʣʠ ʥʠʞʝ d . 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʦ, ʢʘʢʘʷ ʯʘʩʪʴ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʰʫʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʚʳʭʦʜʥʦʤ ʩʠʛʥʘʣʝ ʧʦʩʣʝ ʦʙ-

ʨʘʙʦʪʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ (ʆʉʐ) ʥʘ ʚʭʦʜʝ. ʅʘʢʣʦʥ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʩʚʦʡʩʪʚ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʦʵʪʦʤʫ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 4 ʥʝ ʧʨʠʚʦʜʷʪʩʷ. ʅʘ ʨʠʩʫʥʢʝ 4 ʚʠʜʥʦ, ʯʪʦ 

ʧʨʠ ʚʳʩʦʢʦʤ ʆʉʐ ʥʘ ʚʭʦʜʝ ʰʫʤ ʥʘ ʚʳʭʦʜʝ ʛʘʩʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ ʦʩʣʘʙ-

ʣʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʆʉʐ ʥʘ ʚʳʭʦʜʝ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʆʉʐ ʥʘ ʚʭʦʜʝ 

ʰʫʤ ʠ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ ʦʩʣʘʙʣʷʶʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʦ. ɽʩʣʠ ʆʉʐ ʥʘ ʚʭʦʜʝ ʙʣʠʟʢʦ ʢ ʝʜʠʥʠʮʝ, ʪʦ ʟʘʪʫʭʘʥʠʝ ʧʦʣʝʟ-

ʥʦʛʦ ʩʠʛʥʘʣʘ ʩʪʘʥʦʚʠʪʩʷ ʩʣʠʰʢʦʤ ʩʠʣʴʥʳʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʦʩʣʘʙʣʷʝʪ ʚʩʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʘ ʠ ʥʝ 

ʜʝʣʘʝʪ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʧʦʣʝʟʥʳʤ ʩʠʛʥʘʣʦʤ ʠ ʰʫʤʦʤ. 

ʕʪʦ ʦʙʱʝʝ ʧʦʚʝʜʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʚʳʯʠʪʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʘʥʘʣʠʟʝ ʜʠʘʛʨʘʤʤ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 
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ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʆʉʐ ʥʘ ʚʳʭʦʜʝ ʦʪ ʆʉʐ ʥʘ ʚʭʦʜʝ 

 

ʄʝʪʦʜ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʳʯʠʪʘʥʠʷ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʠʩʢʘʞʝʥʠʡ, ʠʟʚʝʩʪʥʳʭ ʢʘʢ çʤʫʟʳ-

ʢʘʣʴʥʳʡ ʰʫʤè. ɺ ʦʩʥʦʚʥʦʤ ʵʪʠ ʠʩʢʘʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʦʰʠʙʦʢ ʦʮʝʥʢʠ ʉʇʄ ʰʫʤʘ. ʉʠʩʪʝʤʳ ʥʘ ʦʩ-

ʥʦʚʝ ʦʜʥʦʛʦ ʤʠʢʨʦʬʦʥʘ ʚ ʧʨʠʥʮʠʧʝ ʥʝ ʤʦʛʫʪ ʦʮʝʥʠʪʴ ʉʇʄ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʰʫʤʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʠʟʤʝʥʝ-

ʥʠʠ ʰʫʤʘ ʧʦ ʯʘʩʪʦʪʝ ʠʣʠ ʘʤʧʣʠʪʫʜʝ ʧʦʷʚʣʷʶʪʩʷ ʠʩʢʘʞʝʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʨʝʰʝʪʦʢ 

ʤʠʢʨʦʬʦʥʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʵʪʦʪ ʪʠʧ ʦʰʠʙʦʢ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ. 
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Abstract. In this article, the issue of reducing the noise occurring at the head end of microphone system under 

the unfavourable conditions of industrial area is considered. The design variants of microphone differential lattices, 

which can be used for input noise reduction, are suggested. The differences in signal processing and productivity, ad-

vantages and drawbacks of the systems considered are presented. 
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ʆɹɿʆʈ ʉʇʆʉʆɹʆɺ ʇɽʈɽʈɸɹʆʊʂʀ ʋʇʆʈʅʓʍ ʊɽʍʅʆɻɽʅʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ 
 

 ʅ.ɸ. ʇʘʚʣʦʚ1, ɸ.ʉ. ʉʘʮʫʢ2, ʃ.ʌ. ʉʢʦʨʠʢ3 
1 ʛʣʘʚʥʳʡ ʛʝʦʣʦʛ ʆɻʆʂ ɸʆ çʇʦʣʶʩè, 2 ʥʘʯʘʣʴʥʠʢ ʇʊʆ ʂɹɽ ɸʆ çʇʦʣʶʩè,  

3 ʥʘʯʘʣʴʥʠʢ ʨʫʜʦʫʧʨʘʚʣʝʥʠʷ ɸʆ çʇʦʣʶʩè, 

ʀʥʩʪʠʪʫʪ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʂʨʘʩʥʦʷʨʩʢ), ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʫʧʦʨʥʳʭ ʪʝʭʥʦʛʝʥ-

ʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʛʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘʚʪʦʢʣʘʚʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ, ʪʝʭʥʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘ-

ʥʠʷ, ʤʠʥʝʨʘʣʴʥʳʝ ʨʝʩʫʨʩʳ, ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʦʙʞʠʛ. 
 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʦʪʭʦʜʦʚ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʪʭʦʜʳ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʜʝʨʞʘʪ ʧʦʣʝʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ 

ʢʦʣʠʯʝʩʪʚʘʭ, ʙʣʠʟʢʠʭ ʢ ʧʨʦʤʳʰʣʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʥʪʘʙʝʣʴʥʦ ʚʦʚʣʝʯʝʥʳ ʚ ʧʦʚʪʦʨʥʫʶ ʧʝʨʝʨʘ-

ʙʦʪʢʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʥʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʪʝʭʥʦʛʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʊʝʭʥʦʛʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ï ʵʪʦ ʪʝʭʥʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʦʪʚʘʣʳ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ, ʰʣʘʢʦʟʦʣʴʥʳʝ ʦʪʚʘʣʳ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʰʣʘʢʠ 

ʠ ʰʣʘʤʳ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʰʣʘʤʦ-, ʰʣʘʢʦ- ʠ ʪ.ʜ. ʦʪʚʘʣʳ ʭʠʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʝʤʣʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʠ ʢʘʯʝʩʪʚʫ ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʥʠʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʣʠ ʚ ʙʫʜʫʱʝʤ ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ [3]. 

ʉʨʝʜʠ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʪʘʙʠʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʈʦʩ-

ʩʠʠ ʠ ʝʝ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʪʝʭʥʦʛʝʥʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʨʝʩʫʨʩʳ. ʆʥʠ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʪʝʭʥʦʛʝʥʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʠ ʪʝʭʥʦʛʝʥʥʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. ʉ ʫʯʝʪʦʤ ʩʥʠʞʝʥʠʷ ʢʘ-

ʯʝʩʪʚʘ ʨʫʜ, ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʟʘʧʘʩʦʚ ʚ ʢʨʫʧʥʝʡʰʠʭ ʛʦʨʥʦʨʫʜʥʳʭ ʨʘʡʦʥʘʭ ʈʦʩʩʠʠ ʠ ʫʭʫʜʰʝʥʠʷ ʛʦʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʪʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚʦʚʣʝʯʝʥʠʷ ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʨʘʥʝʝ ʩʢʣʘʜʠʨʦʚʘʥʥʦʡ ʛʦʨʥʦʡ 

ʤʘʩʩʳ ʪʝʭʥʦʛʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʩʪʘʥʦʚʠʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ. 

ɺʪʦʨʦʡ ʘʩʧʝʢʪ ʦʩʚʦʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʮʝʣʷʤʠ. ʇʨʠʨʦʜʦ-

ʦʭʨʘʥʥʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʩʦʭʨʘʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʳ ʨʝʰʝʥʠʝʤ ʚʦʧʨʦʩʦʚ 

ʫʪʠʣʠʟʘʮʠʠ ʪʝʭʥʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʥʦʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʦʩʚʦʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʘʥʥʘʷ ʤʠʥʝ-

ʨʘʣʴʥʘʷ ʤʘʩʩʘ ʫʞʝ ʦʪʜʝʣʝʥʘ ʦʪ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʩʢʣʘʜʠʨʦʚʘʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. ʀʭ ʛʝʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʦʮʝʥʢʘ ʥʝ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʛʦʨʥʳʭ ʚʳʨʘʙʦ-

ʪʦʢ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʛʝʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠ ʥʦʚʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʚʦʟʥʠʢʰʠʭ ʟʘ ʚʨʝʤʷ ʭʨʘʥʝʥʠʷ ʛʦʨʥʦʡ ʤʘʩʩʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʤʝʪʦʜʠʢʫ ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʩʣʝʜʫʝʪ 

ʚʳʜʝʣʠʪʴ: ʟʘʧʘʩʳ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʤʦʨʬʦʣʦʛʠʶ ʠ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʟʘʣʝʞʝʡ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ, 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʤʠʥʝʨʘʣʴʥʦʡ ʤʘʩʩʳ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʠʟʤʝʥʯʠ-

ʚʦʩʪʴ ʩʚʦʡʩʪʚ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ. ʋʢʘʟʘʥʥʳʝ ʘʩʧʝʢʪʳ ʧʦʢʘʟʳ-

ʚʘʶʪ, ʯʪʦ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʩʚʦʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʢʘʢ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠ ʨʝʥʪʘʙʝʣʴʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ [1, 2]. 

ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʪʝʭʥʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʶʪʩʷ: 

1) ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʪʦʣʴʢʦ ʚ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʭ ʨʘʡʦʥʘʭ; 

2) ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʠ ʛʦʨʥʘʷ ʤʘʩʩʘ ʚ ʥʠʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʥʘ; 

3) ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʥʝʨʘʣʦʚ (ʙʦʣʝʝ 30 000), ʯʝʤ ʚ ʦʙʳʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ (ʦʢʦʣʦ 3 000). 

ʇʦʩʣʝʜʥʷʷ ʦʩʦʙʝʥʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ ʩʣʦʞʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʪʝʭʥʦʛʝʥʥʳʭ ʨʫʜ, ʪʘʢ ʢʘʢ ʠʟ-ʟʘ ʤʥʦʛʦʦʙʨʘ-

ʟʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʪʨʝʙʫʶʪʩʷ ʠʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʯʝʤ ʜʣʷ ʦʙʳʯʥʳʭ ʨʫʜ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝ-

ʥʠʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ [3]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʭʥʦʛʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤ ʠ 

ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʯʪʦ ʧʨʝʜʦʧʨʝʜʝʣʝʥʦ ʠʩʪʦʱʝʥʠʝʤ ʟʘʧʘʩʦʚ Au, ʨʘʟʚʠʪʠ-

ʝʤ ʥʘʫʢʠ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʟʥʘʯʠʤʦʩʪʴ ʧʨʦʙʣʝʤʳ ʠʟʫʯʝʥʠʷ ʠ ʚʦʚʣʝʯʝʥʠʷ ʚ ʦʩʚʦʝʥʠʝ ʪʝʭʥʦʛʝʥʥʳʭ ʟʦʣʦʪʦʩʦʜʝʨʞʘ-

ʱʠʭ ʦʙʲʝʢʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥʠ ʣʝʞʘʪ ʚ ʨʫʩʣʝ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʠ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ. ʇʨʦʛʨʘʤʤʳ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʦʚ, ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʦʮʝʥʢʦʡ ʠ ʠʟʫʯʝʥʠʝʤ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ, ʘ ʠʤʝʥʥʦ:  

ï ʦʮʝʥʢʘ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʩʪʘʨʳʭ ʟʦʣʦʪʦʥʦʩʥʳʭ ʨʘʡʦʥʘʭ;  

ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʠʟ ʭʚʦʩʪʦʚ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ;  

ï ʦʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʚʣʝʯʝʥʠʷ ʪʦʥʢʦʛʦ ʟʦʣʦʪʘ ʠʟ ʭʚʦʩʪʦʚ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ; 
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ʋʯʠʪʳʚʘʷ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ ʠ ʰʠʨʦʢʦʝ ʨʘʟ-

ʥʦʦʙʨʘʟʠʝ ʫʩʣʦʚʠʡ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʭʨʘʥʝʥʠʷ, ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʝʚʠʟʠʠ ʪʘʢʦʛʦ ʩʳʨʴʷ ʥʘ ʟʦʣʦʪʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʨʝʰʝʥʠʝ ʪʨʝʭ ʟʘʜʘʯ:  

1) ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʘʪʠʢʠ ʪʝʭʥʦʛʝʥʥʳʭ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʦʙʲʝʢʪʦʚ;  

2) ʚʳʷʚʣʝʥʠʝ ʫʩʣʦʚʠʡ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ;  

3) ʚʳʨʘʙʦʪʢʘ ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʩʥʦʚ ʜʣʷ ʛʝʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ ʠ ʫʩʢʦ-

ʨʝʥʥʦʡ ʝʛʦ ʦʮʝʥʢʠ. 

ʈʫʜʳ ʠ ʧʨʦʜʫʢʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ ʩ ʪʦʥʢʦʚʢʨʘʧʣʝʥʥʳʤ ʟʦʣʦʪʦʤ ʠ ʩʝʨʝʙʨʦʤ ʟʘʥʠ-

ʤʘʶʪ ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʩʨʝʜʠ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʫʧʦʨʥʦʛʦ ʩʳʨʴʷ. ʇʝʨʝʨʘʙʦʪʢʘ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʮʠʘʥʠʨʦʚʘʥʠʷ, ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʩʢʨʳʪʠʷ ʟʦʣʦʪʘ ʠ 

ʩʝʨʝʙʨʘ (ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ) ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ: ʦʢʠʩʣʠ-

ʪʝʣʴʥʳʡ ʦʙʞʠʛ, ʧʣʘʚʢʘ, ʘʚʪʦʢʣʘʚʥʦʝ ʦʢʠʩʣʝʥʠʝ, ʙʘʢʪʝʨʠʘʣʴʥʦʝ ʚʩʢʨʳʪʠʝ [5]. 
 

ʊʘʙʣʠʮʘ 1  

ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʧʦ ʩʧʦʩʦʙʘʤ ʧʝʨʝʨʘʙʦʪʢʠ 

ʅʘʟʚʘʥʠʝ ʩʧʦʩʦʙʘ 

ʊʠʧ ʨʫʜ ʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʧʨʠʤʝʥʠʤʳʭ 

ʢ ʜʘʥʥʦʤʫ ʩʧʦʩʦʙʫ 

ɼʦʩʪʦʠʥʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʪʠʦʢʘʨʙʘʤʠʜʥʦʝ 

ʚʳʱʝʣʘʯʠʚʘʥʠʝ 

ʋʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʝ 

ʛʣʠʥʠʩʪʳʝ ʠ ʤʳʰʴʷʢʩʦ-

ʜʝʨʞʘʱʠʝ ʟʦʣʦʪʦʥʦʩʥʳʝ 

ʨʫʜʳ 

ï ʩʧʦʩʦʙ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥ ʚʦʟ-

ʜʝʡʩʪʚʠʶ ʩʦ ʩʪʦʨʦʥʳ ʠʦʥʦʚ-

ʧʨʠʤʝʩʝʡ, ʯʝʤ ʦʙʳʯʥʳʡ ʧʨʦʮʝʩʩ 

ʮʠʘʥʠʨʦʚʘʥʠʷ; 

ï ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ 

ʧʨʠʤʝʨʥʦ ʥʘ 25 % ʥʠʞʝ, ʯʝʤ ʧʨʠ 

ʦʙʳʯʥʦʤ ʮʠʘʥʠʨʦʚʘʥʠʠ ʟʘ ʩʯʝʪ 

ʤʝʥʴʰʠʭ ʟʘʪʨʘʪ ʥʘ ʦʙʝʟʚʨʝʞʠʚʘ-

ʥʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʢʦʚ 

ï ʟʘʪʨʫʜʥʝʥʦ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ 

ʠʟ ʪʠʦʤʦʯʝʚʠʥʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʫʛʣʝʤ; 

ï ʦʙʦʛʘʱʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʵʣʝʤʝʥʪʘʤʠ-

ʧʨʠʤʝʩʷʤʠ 

 

 

ɸʤʤʠʘʯʥʦ-

ʪʠʦʩʫʣʴʬʘʪʥʦʝ 

ʚʳʱʝʣʘʯʠʚʘʥʠʝ 

 

ʄʘʨʛʘʥʮʝʚʳʝ ʠ ʤʝʜʠʩʪʳʝ 

ʨʫʜʳ, ʪʝʭʥʦʛʝʥʥʳʝ ʦʪʭʦ-

ʜʳ ʟʦʣʦʪʦʜʦʙʳʯʠ 

 

ï ʪʠʦʩʫʣʴʬʘʪʳ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ 

ʫʧʦʨʥʳʭ ʫʛʣʝʨʦʜʠʩʪʳʭ ʠ ʤʝʜʴʩʦ-

ʜʝʨʞʘʱʠʭ ʨʫʜ; 

ï ʪʠʦʩʫʣʴʬʘʪʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣ-

ʣʦʚ ʙʠʦʨʘʟʣʘʛʘʝʤʳ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳ ʠ ʜʝʰʝʚʣʝ ʮʠʘʥʠʜʦʚ 

ï ʩʧʦʩʦʙ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʥʘʣʠ-

ʯʠʶ ʚ ʨʘʩʪʚʦʨʝ ʥʝʨʘʩʪʚʦʨʝʥʥʦʡ 

ʤʝʜʠ ʠ ʩʫʣʴʬʠʜʦʚ, ʜʘʥʥʦʝ ʦʙʩʪʦ-

ʷʪʝʣʴʩʪʚʦ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʤʝʜʣʷ-

ʝʪ ʧʨʦʮʝʩʩ; 

ï ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʘʥʠʜʥʳʤ 

ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪ-

ʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʘʨʘʣ-

ʣʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʠ 

ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ; 

ï ʥʘʣʠʯʠʝ ʤʘʛʥʝʪʠʪʘ ʠ ʪʠʪʘʥʦ-

ʤʘʛʥʝʪʠʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ 

ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʟʦʣʦʪʘ 

ɻʠʜʨʦʬʪʦʨʠʜʥʦʝ 

ʚʩʢʨʳʪʠʝ 

ɿʦʣʦʪʦʩʦʜʝʨʞʘʱʠʝ ʪʝʭ-

ʥʦʛʝʥʥʳʝ ʦʪʭʦʜʳ 

ï ʩʧʦʩʦʙ ʛʘʨʘʥʪʠʨʫʝʪ ʛʣʫʙʦʢʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ; 

ï ʤʠʥʝʨʘʣʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ 

ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʘʭ, ʧʨʠ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʠ ʩ ʛʠʜʨʦʬʪʦʨʠʜʦʤ 

ʘʤʤʦʥʠʷ ʦʙʨʘʟʫʶʪ ʫʜʦʙʥʳʝ ʜʣʷ 

ʧʝʨʝʨʘʙʦʪʢʠ ʬʪʦʨʘʤʤʦʥʠʡʥʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠ-

ʚʘʶʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʝʡ 

ï ʩʧʦʩʦʙ ʦʪʥʦʩʠʪʩʷ ʢ ʦʧʘʩʥʳʤ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘʣʠʯʠʷ ʚ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠ 

ʘʛʨʝʩʩʠʚʥʦʛʦ ʛʘʟʘ NH3, ʦʪʚʦʜ 

ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʧʨʠ ʧʣʘ-

ʥʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʭʝʤʳ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʪʝʭʥʦʛʝʥ-

ʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʆʢʠʩʣʠʪʝʣʴʥʳʡ 

ʦʙʞʠʛ ʩʫʣʴʬʠʜʥʳʭ 

ʢʦʥʮʝʥʪʨʘʪʦʚ ʠ 

ʨʫʜ 

ʋʧʦʨʥʳʝ ʟʦʣʦʪʦʩʦʜʝʨ-

ʞʘʱʠʝ ʨʫʜʳ 

ï ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʨʫʰʝ-

ʥʠʝ ʧʣʦʪʥʳʭ ʟʝʨʝʥ ʩʫʣʴʬʠʜʦʚ 

ʞʝʣʝʟʘ ʚ ʧʦʨʠʩʪʳʝ ʦʢʩʠʜʳ, ʯʪʦ 

ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʧʝʨʘʮʠʠ ʮʠʘ-

ʥʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦ-

ʰʠʡ ʜʦʩʪʫʧ ʮʠʘʥʠʜʘ ʢ ʟʦʣʦʪʫ ʠ ʚ 

ʧʦʩʣʝʜʫʶʱʝʤ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦ-

ʛʦ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʣʦʞ-

ʥʳʭ ʧʳʣʝ- ʠ ʛʘʟʦʦʯʠʩʪʥʳʭ ʩʠ-

ʩʪʝʤ; 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʞʝʩʪʢʦʛʦ ʢʦʥ-

ʪʨʦʣʷ ʟʘ ʚʳʙʨʦʩʘʤʠ SO2 ʠ As2O3 

ɹʘʢʪʝʨʠʘʣʴʥʦʝ 

ʦʢʠʩʣʝʥʠʝ 

ʉʫʣʴʬʠʜʥʳʝ ʟʦʣʦʪʦʩʦ-

ʜʝʨʞʘʱʠʝ ʨʫʜʳ, ʩʦʜʝʨ-

ʞʘʱʠʝ ʪʦʥʢʦʚʢʨʘʧʣʝʥʥʦʝ 

ʟʦʣʦʪʦ 

ï ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ 

ʩʫʣʴʬʠʜʦʚ; 

ï ʦʪʩʫʪʩʪʚʠʝ ʚʳʜʝʣʝʥʠʡ ʛʘʟʦʦʙ-

ʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʳʰʴʷʢʘ; 

ï ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʩʳʨʴʷ, ʩʦ-

ʜʝʨʞʘʱʝʛʦ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʝ 

ʟʦʣʦʪʦ 

ï ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝ-

ʪʦʜʘ ʢ ʭʠʤʠʢʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʝ-

ʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʳʨʴʷ; 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʪʨʦʛʦʛʦ ʩʦ-

ʙʣʶʜʝʥʠʷ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 1 

ʅʘʟʚʘʥʠʝ ʩʧʦʩʦʙʘ ʊʠʧ ʨʫʜ ʠ ʪʝʭʥʦ-

ʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʧʨʠʤʝʥʠʤʳʭ ʢ 

ʜʘʥʥʦʤʫ ʩʧʦʩʦʙʫ 

ɼʦʩʪʦʠʥʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʉʫʣʴʬʦʘʛʣʦʤʝʨʠʨʫʶʱʠʡ 

ʩʧʦʩʦʙ 

ʇʠʨʠʪʩʦʜʝʨʞʘʱʠʝ 

ʭʚʦʩʪʳ ʠ ʪʨʫʜʥʦ-

ʦʙʦʛʘʪʠʤʳʝ ʩʫʣʴ-

ʬʠʜʥʳʝ ʨʫʜʳ 

ï ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ 

ʧʝʨʝʨʘʙʦʪʢʝ ʪʝʭʥʦʛʝʥʥʳʭ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʡ 

 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʧʳ-

ʣʝ- ʠ ʛʘʟʦʦʯʠʩʪʥʳʭ ʫʩʪʘʥʦʚʦʢ; 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʝʜʝʥʠʷ ʧʨʦ-

ʮʝʩʩʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ɸʛʣʦʤʝʨʘʮʠʦʥʥʳʡ ʩʧʦʩʦʙ 

ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʨʙʦʥʘʪ-

ʥʦ-ʱʝʣʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʋʧʦʨʥʳʝ ʨʫʜʳ ʠ 

ʪʝʭʥʦʛʝʥʥʦʝ ʤʠʥʝ-

ʨʘʣʴʥʦʝ ʩʳʨʴʝ 

ï ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʜʣʷ ʧʝ-

ʨʝʨʘʙʦʪʢʠ ʫʧʦʨʥʳʭ ʩʫʣʴʬʠʜʩʦ-

ʜʝʨʞʘʱʠʭ ʨʫʜ 

ï ʥʠʟʢʦʝ ʠʟʚʣʝʯʝʥʠʝ ʧʨʠ ʥʘʣʠʯʠʠ 

ʚ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʤ ʩʳʨʴʝ ʪʦʥ-

ʢʦʜʠʩʧʝʨʩʥʦʛʦ ʟʦʣʦʪʘ 

ɸʚʪʦʢʣʘʚʥʦʝ ʚʳʱʝʣʘʯʠ-

ʚʘʥʠʝ 

ʋʧʦʨʥʳʝ ʟʦʣʦʪʦʩʦ-

ʜʝʨʞʘʱʠʝ ʨʫʜʳ 

ï ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʡ; 

ï ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ 

ʩʫʣʴʬʠʜʦʚ; 

ï ʩʧʦʩʦʙ ʫʩʪʦʡʯʠʚ ʢ ʢʦʣʝʙʘʥʠʷʤ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʧʝʨʝʨʘʙʦʪʢʫ; 

ï ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʫʩʪʘʥʦʚʢʝ 

ʩʣʦʞʥʳʭ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʭ 

ʩʠʩʪʝʤ 

ï ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ; 

ï ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʩʦʟʜʘʝʪʩʷ 

ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ 

ʧʝʨʩʦʥʘʣʘ 

 

ɺʦʟʤʦʞʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʤʝʪʦʜʦʚ 

ʦʧʨʝʜʝʣʷʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʘʞʜʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʤʝʨʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʪʘʢ: 

ɸʚʪʦʢʣʘʚʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʦʙʞʠʛʦʤ, ʧʨʠʤʝʨʥʦ ʚ 1,5 ʨʘʟʘ ʜʝʰʝʚʣʝ. 

ʆʯʝʥʴ ʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʠʜʫʪ ʥʘ ʛʘʟʦʦʯʠʩʪʢʫ. ʉʘʤʘ ʧʦ ʩʝʙʝ ʛʘʟʦʦʯʠʩʪʢʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 2/3 ʦʪ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʦʙʞʠʛʘ (ʫʪʠʣʠʟʘʮʠʷ ʩʝʨʳ ʠ ʤʳʰʴʷʢʘ, ʢʦʪʦʨʳʝ ʚ ʪʘʢʠʭ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ) [4]. 

ʊʘʢʞʝ ʘʚʪʦʢʣʘʚʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʚʩʢʨʳʪʠʝ ʟʦʣʦʪʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʧʨʠ ʘʚʪʦʢʣʘʚʥʦʤ ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʚʩʢʨʳʚʘʝʤʦʝ ʟʦʣʦʪʦ ʦʩʪʘʝʪʩʷ ʩʚʦʙʦʜʥʳʤ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʦʢʠʩʣʠʪʝʣʴ-

ʥʦʤ ʦʙʞʠʛʝ ʦʥʦ ʯʘʩʪʠʯʥʦ ʧʦʢʨʳʚʘʝʪʩʷ ʧʣʝʥʢʘʤʠ ʣʝʛʢʦʧʣʘʚʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʵʪʦʤʫ ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ ʧʨʠ 

ʮʠʘʥʠʨʦʚʘʥʠʠ ʘʚʪʦʢʣʘʚʥʳʭ ʦʩʪʘʪʢʦʚ ʚʳʰʝ (ʜʦ 96-98 %), ʯʝʤ ʧʨʠ ʮʠʘʥʠʨʦʚʘʥʠʠ ʦʛʘʨʢʦʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʨʠʤʝ-

ʥʝʥʠʝ ʘʚʪʦʢʣʘʚʥʦʛʦ ʤʝʪʦʜʘ ʚʩʢʨʳʪʠʷ ʠʩʢʣʶʯʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʟʦʣʦʪʘ ʩ ʪʨʠʦʢʩʠʜʦʤ ʤʳʰʴʷʢʘ, ʫʩʪʨʘʥʷʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʦʨʫʞʝʥʠʷ ʩʣʦʞʥʳʭ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʭ ʩʠʩʪʝʤ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʦʙʩʣʫ-

ʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʉʧʦʩʦʙʳ ʘʚʪʦʢʣʘʚʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʚʩʢʨʳʪʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳ ʧʦ ʢʘʧʠ-

ʪʘʣʴʥʳʤ ʟʘʪʨʘʪʘʤ. ɸʧʧʘʨʘʪʫʨʥʦʝ ʦʬʦʨʤʣʝʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʚʩʢʨʳʪʠʷ ʙʦʣʝʝ ʛʨʦʤʦʟʜʢʦʝ, ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʝ 

ʧʣʦʱʘʜʝʡ ʚʩʣʝʜʩʪʚʠʝ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ ɾ:ʊ (ʦʢʦʣʦ 5:1), ʘ ʪʘʢʞʝ ʙʦʣʴʰʝʡ ʧʨʦʜʦʣ-

ʞʠʪʝʣʴʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʢʦʥʮʝʥʪʨʘʪʘ ʚ ʧʨʦʮʝʩʩʝ. ʇʦʤʠʤʦ ʪʦʛʦ, ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ 

ʢʠʩʣʦʪʦʩʪʦʡʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʪʘʪʴʷ ʟʘʪʨʘʪ ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʧʫʣʴʧʳ, ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʝʥʥʘ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʠʥʦʩʪʨʘʥʥʳʭ ʬʘʙʨʠʢ, ʛʜʝ 

ʩʨʝʜʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʫʞʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ (ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʘ, 

ʢʦʪʦʨʦʝ ʚʳʜʝʣʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʚʩʢʨʳʪʠʷ ʜʣʷ ʢʘʢʠʭ-ʣʠʙʦ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʮʝʣʝʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʤʘʣʦʡ ʨʘʟʥʠʮʝʡ 

ʚ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʠ ʧʫʣʴʧʳ), ʜʣʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʈʦʩʩʠʠ ʥʝ ʘʢʪʫʘʣʴʥʘ [4, 6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʸ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʥʘʨʦʜʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʚʘʞʥʦʩʪʴ 

ʧʨʦʙʣʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʧʦʣʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʤʧʨʦʜʫʢʪʘ. ʋʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʩʪʠʯʝʩʢʠ ʦʮʝʥʠʚʘʪʴ ʧʨʠʙʳʣʴʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʪʝʭʥʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ ʙʝʟʦʪʭʦʜʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʜʣʷ ʠʭ ʧʦʣʥʦʡ ʣʠʢʚʠʜʘʮʠʠ. 
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Abstract. In this article the review of the main ways to process the resistant technogenic deposits is given. 
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ʆ ʇʆɺʓʐɽʅʀʀ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʉʀʉʊɽʄʓ  

ʋʇʈɸɺʃɽʅʀʗ ʂɸʏɽʉʊɺʆʄ ɿʆʃʆʊʆʉʆɼɽʈɾɸʑʀʍ ʈʋɼ 
 

 ʃ.ʌ. ʉʢʦʨʠʢ1, ʅ.ɸ. ʇʘʚʣʦʚ2, ɸ.ʉ. ʉʘʮʫʢ3 
1 ʥʘʯʘʣʴʥʠʢ ʨʫʜʦʫʧʨʘʚʣʝʥʠʷ ɸʆ çʇʦʣʶʩè, 

2 ʛʣʘʚʥʳʡ ʛʝʦʣʦʛ ʆɻʆʂ ɸʆ çʇʦʣʶʩè, 3 ʥʘʯʘʣʴʥʠʢ ʇʊʆ ʂɹɽ ɸʆ çʇʦʣʶʩè 

ʀʥʩʪʠʪʫʪ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʂʨʘʩʥʦʷʨʩʢ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʨʪʠʨʦʚʢʠ ʥʘ ʈʂʉ-ɸ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ 

ʨʫʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʫʜʦʩʦʨʪʠʨʦʚʢʘ, ʨʝʥʪʛʝʥʦʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ, ʨʫʜʦʩʝʧʘʨʘʮʠʷ, ʨʫʜʦʢʦʥʪʨʦʣʴ, 

ʧʦʩʘʤʦʩʚʘʣʴʥʘʷ ʩʦʨʪʠʨʦʚʢʘ. 

 

ʆʩʥʦʚʥʦʡ ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʧʨʝʜʧʨʠʷʪʠʷ ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʡ ʧʨʠʙʳʣʠ ʦʪ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɼʣʷ 

ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʢʦʤʙʠʥʘʪʘ ʝʝ ʨʦʩʪ ʩʚʷʟʘʥ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʧʫʩʢʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʢʘʢ ʟʘ ʩʯʝʪ ʫʚʝʣʠ-

ʯʝʥʠʷ ʧʝʨʝʨʘʙʦʪʢʠ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʧʦʜʘʯʠ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠ ʩʦʩʪʘʚʫ ʨʫʜʳ. ʊʘʢʞʝ ʥʝ ʤʘʣʦʟʥʘ-

ʯʠʤʳʤ ʢʨʠʪʝʨʠʝʤ ʷʚʣʷʶʪʩʷ ʟʘʧʘʩʳ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ. 

ɽʜʠʥʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʥʝʜʨ ʷʚ-

ʣʷʶʪʩʷ ʜʘʥʥʳʝ ʨʘʟʚʝʜʦʯʥʦʛʦ (ʦʮʝʥʢʘ ʨʫʜʥʦʛʦ ʦʙʲʝʢʪʘ) ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʨʘʟʚʝʜʦʯʥʦʛʦ (ʦʮʝʥʢʘ ʚʳʝʤʦʯʥʦʡ 

ʝʜʠʥʠʮʳ) ʙʫʨʝʥʠʷ. ʇʦʣʫʯʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʦʙʦʚʘʥʠʷ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʠʪʝʣʴ-

ʥʦʩʪʠ ʢʘʞʜʦʡ ʧʨʦʙʳ, ʪʦ ʝʩʪʴ ʧʨʦʙʘ ʩʦ ʩʢʚʘʞʠʥʳ ʥʝ ʤʦʞʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʩʦʦʪʥʦʩʠ-

ʤʳʡ ʦʙʲʝʤ ʛʦʨʥʦʨʫʜʥʦʡ ʤʘʩʩʳ ʚʦʢʨʫʛ ʥʝʝ. ʊʘʢ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʩʦʨʪʦʚʦʛʦ ʧʣʘʥʘ ʧʨʠ ʧʨʠʤʝʥʷʝʤʦʡ ʩʝʪʠ ʦʧʨʦ-

ʙʦʚʘʥʠʷ ʙʫʨʦʚʟʨʳʚʥʳʭ ʩʢʚʘʞʠʥ 6*6 ʤ ʠʣʠ 6,5*6,5 ʤ ʩʦʜʝʨʞʘʥʠʝ ʧʦ ʧʨʦʙʝ, ʧʦʣʫʯʝʥʥʦʡ ʩ 2-ʭ ʪʦʥʥ ʰʣʘʤʘ ʙʫʨʦ-

ʚʦʡ ʩʢʚʘʞʠʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ 1000-1500 ʪʦʥʥ ʛʦʨʥʦʡ ʤʘʩʩʳ [1]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʥʘ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜʘʭ ʧʦʣʫʯʘʝʤ ʩʫʱʝʩʪʚʝʥʥʫʶ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʨʫʜʳ ʧʨʠ ʝʝ ʫʩʨʝʜʥʝʥʠʠ ʠ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʝ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʜʝ-

ʩʪʘʙʠʣʠʟʘʮʠʷ ʨʘʙʦʪʳ ʧʝʨʝʜʝʣʘ ʬʣʦʪʘʮʠʠ ʠ ʩʦʨʙʮʠʠ ɿʀʌ.  

ʋʧʨʘʚʣʝʥʠʝ ʨʫʜʥʳʤ ʧʦʪʦʢʦʤ ʪʨʝʙʫʝʪ ʜʦʩʪʦʚʝʨʥʦʡ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʚ ʢʘʞ-

ʜʦʡ ʜʨʦʙʥʦʡ ʧʦʨʮʠʠ, ʩʦʠʟʤʝʨʠʤʦʡ ʩ ʝʤʢʦʩʪʥʦʡ ʚʤʝʩʪʠʤʦʩʪʴʶ ʘʚʪʦʩʘʤʦʩʚʘʣʘ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ 

ʚ ʨʫʜʥʦʡ ʤʘʩʩʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʢʨʫʧʥʦʧʦʨʮʠʦʥʥʦʡ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʨʫʜʦʩʦʨʪʠ-

ʨʦʚʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʈʂʉ-ɸ ʥʘ ʦʩʥʦʚʝ ʨʝʥʪʛʝʥʦʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ [2]. 

ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʦʩʘʤʦʩʚʘʣʴʥʫʶ ʩʦʨʪʠʨʦʚʢʫ ʨʫʜ ʩ ʧʦʤʦʱʴʶ ʨʫʜʦʢʦʥʪʨʦʣʴʥʳʭ 

ʩʪʘʥʮʠʡ (ʈʂʉ), ʫʤʝʥʴʰʘʷ ʥʘ 20 % ʦʙʲʝʤ ʪʝʢʫʱʝʡ ʜʦʙʳʯʠ, ʫʚʝʣʠʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʪʦʚʘʨʥʦʡ 

ʨʫʜʝ. ʇʨʠʯʝʤ ʧʨʦʛʨʘʤʤʘ ʨʫʜʦʢʦʥʪʨʦʣʴʥʦʡ ʩʪʘʥʮʠʠ (ʈʂʉ) ʤʦʞʝʪ ʦʮʝʥʠʪʴ ʥʘʣʠʯʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʙʘ-

ʣʘʥʩʦʚʦʡ ʨʫʜʳ ʚ ʘʚʪʦʩʘʤʦʩʚʘʣʘʭ ʩ ʙʝʜʥʦʡ ʨʫʜʦʡ, ʠʩʧʦʣʴʟʫʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʠʟʥʘʢ ʢ ʩʨʝʜʥʝʤʫ ʩʦʜʝʨʞʘʥʠʶ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʬʦʨ-

ʤʠʨʦʚʘʪʴ ʩʢʣʘʜʳ ʩ ʪʘʢʠʤ ʪʠʧʦʤ ʨʫʜ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʚʳʜʝʣʝʥʠʷ ʠʟ ʥʝʛʦ ʙʦʛʘʪʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʧʫʪʝʤ ʫʞʝ ʤʝʣ-

ʢʦʧʦʨʮʠʦʥʥʦʡ ʩʦʨʪʠʨʦʚʢʠ. 

ɽʱʝ ʦʜʥʘ ʦʩʦʙʝʥʥʦʩʪʴ ʈʂʉ ʚ ʪʦʤ, ʯʪʦ ʠʭ ʥʠʟʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʚʦʚʣʝʢʘʪʴ ʚ ʧʨʦʮʝʩʩ ʙʝʜʥʳʝ 

ʨʫʜʳ ʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʫʶ ʤʘʩʩʫ, ʥʝ ʚʦʰʝʜʰʠʝ ʚ ʢʦʥʪʫʨ ʧʦʜʩʯʝʪʘ ʟʘʧʘʩʦʚ, ʠ ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ ʠʟ ʥʠʭ ʫʯʘʩʪʢʦʚ 

ʩ ʙʘʣʘʥʩʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʩʧʦʣʥʠʪʴ ʧʦʪʝʨʠ ʤʝʪʘʣʣʘ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʦʧʳʪʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʜʘʥʥʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʂʦʢʧʘʪʘʩ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟ ʠʩʭʦʜʥʳʭ ʟʦʣʦʪʦʩʫʣʴ-

ʬʠʜʥʳʭ ʨʫʜ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ 2.3-2.5 ʛ/ʪ ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥʦ 40-50 % ʢʦʥʮʝʥʪʨʘʪʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 4.2-4.4 

ʛ/ʪ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠ ʧʝʨʝʨʘʙʦʪʢʫ ʫʢʘ-

ʟʘʥʥʳʭ ʨʫʜ. ʂ ʩʝʥʪʷʙʨʶ 2002 ʛ. ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʂʦʢʧʘʪʘʩ ʙʳʣ ʧʦʩʪʨʦʝʥ ʠ ʫʩʧʝʰʥʦ ʚʚʝʜʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʡ ʨʫʜʦʩʝʧʘʨʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 1,2 ʤʣʥ. ʪ/ʛʦʜ ʧʦ ʠʩʭʦʜʥʦʡ ʤʘʩʩʝ. 

ʂ 2010 ʛʦʜʫ, ʠʩʭʦʜʷ ʠʟ ʧʦʪʨʝʙʥʦʩʪʝʡ ʂʦʤʙʠʥʘʪʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʫʚʝʣʠʯʝʥʘ ʜʦ 7,2 ʤʣʥ. ʪ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʨʫʧʥʦʢʫʩʢʦʚʦʡ ʧʦʩʘʤʦʩʚʘʣʴʥʦʡ ʩʦʨʪʠʨʦʚʢʠ ʟʦʣʦʪʳʭ ʨʫʜ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʧʨʠʤʝʨʝ ʜʝʡʩʪʚʫʶʱʝʛʦ ʈʂʉ-ɸ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʂʦʢʧʘʪʘʩ.  
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ʈʠʩ. 1. ʂʦʥʬʠʛʫʨʘʮʠʷ ʨʫʜʥʳʭ ʪʝʣ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʦʧʨʦʙʦʚʘʥʠʷ ʠ ʦʢʦʥʪʫʨʠʚʘʥʠʷ:  

ʘ) ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʠ ʙ) ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʢʦʥʪʫʨʠʚʘʥʠʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʨʦʙʦʚʘʥʠʷ ʩʢʚʘʞʠʥ ɹɺʈ;  

ʚ) ʧʣʘʥ ʦʧʨʦʙʦʚʘʥʠʷ ʥʘ ʈʂʉ ʛʦʨʥʦʨʫʜʥʦʡ ʤʘʩʩʳ ʚ ʘʚʪʦʩʘʤʦʩʚʘʣʘʭ ʧʨʠ ʚʳʝʤʢʝ 

 

ʂʦʥʩʪʨʫʢʮʠʷ ʢʦʤʧʣʝʢʩʘ ʈʂʉ-ɸ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʤʝʱʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʱʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʚ ʦʪʜʝʣʴʥʦʤ ʟʜʘʥʠʠ. ʈʘʟʨʘʙʦʪʯʠʢʦʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʚʫʭʧʫʪʝʚʦʝ ʠʩ-

ʧʦʣʥʝʥʠʝ ʩʪʘʥʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʙʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ ʧʨʠ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ, ʦʪʢʘʟʝ. ʂʘʞʜʳʡ ʧʫʪʴ 

ʦʬʦʨʤʣʝʥ ʚ ʟʝʨʢʘʣʴʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʠ ʠʜʝʥʪʠʯʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʦʝ ʠʩʧʦʣʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʠʟ-

ʙʝʞʘʪʴ ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ. ɺʨʝʤʷ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10 ʤʠʥʫʪ. 

 

 
 

ʈʠʩ. 2. ʆʙʱʠʡ ʚʠʜ ʈʂʉ-ɸ ʜʚʫʭʧʫʪʝʚʦʛʦ ʠʩʧʦʣʥʝʥʠʷ               ʈʠʩ. 3. ʈʈ ʦʧʨʦʙʦʚʘʥʠʝ ʚ ʢʫʟʦʚʝ ʘʚʪʦʩʘʤʦʩʚʘʣʘ 

 

ʆʧʨʦʙʦʚʘʥʠʝ ʨʫʜʳ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʝʤʢʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʨʫʜʳ ʚ ʢʫʟʦʚʝ ʩʘʤʦʩʚʘʣʘ (ʨʠʩ. 3) ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. 

ʇʦ ʦʢʦʥʯʘʥʠʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʝ-

ʨʝʚʦʟʠʤʦʡ ʧʦʨʮʠʠ ʨʫʜʳ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʝʛʦ ʘʜʨʝʩʘʮʠʷ ʥʘ ʤʝʩʪʦ ʨʘʟʛʨʫʟʢʠ. ɸʜʨʝʩʘʮʠʷ ʛʨʫʟʘ ʚʳʩʚʝʯʠʚʘʝʪʩʷ ʥʘ 

ʟʥʘʢʦʩʠʥʪʝʟʠʨʫʶʱʝʤ ʪʘʙʣʦ.  

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʈʉʂ ʥʘ ʨʷʜʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʤʝʪʦʜʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʩʘʤʦʩʚʘʣʴʥʦʡ ʩʦʨʪʠʨʦʚʢʠ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʨʝʥʪʛʝʥʦʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ. 

ʆʮʝʥʢʘ ʜʦʩʪʠʞʠʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʩʘʤʦʩʚʘʣʴʥʦʡ ʨʫʜʦʩʦʨʪʠʨʦʚʢʠ ʧʦ ʜʘʥʥʳʤ ʦʙ ʦʙʲʝʤʘʭ ʜʦʙʳʯʠ ʨʫʜʳ 

ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ çɺʘʩʠʣʴʢʦʚʩʢʦʝè [3] ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʩʦʨʪʠʨʦʚʢʫ ʨʘʟʥʳʭ ʪʠʧʦʚ ʨʫʜʳ ʥʫʞʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʟʜʝʣʴʥʦ, ʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʘʨʠʘʥʪ ï ʨʫʜʳ ʨʘʟʥʳʭ ʩʦʨʪʦʚ ʩʦ-

ʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʦʛʘʱʝʥʠʷ, ʩʦʨʪʠʨʦʚʘʪʴ ʩ ʨʘʟʥʳʤʠ ʧʦʨʦʛʘʤʠ 

ʩʦʨʪʠʨʦʚʢʠ. 

ʈʘʩʯʝʪʳ ʜʦʩʪʠʞʠʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʜʚʫʤ ʚʘʨʠʘʥʪʘʤ: 

Å ʧʝʨʚʳʡ ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʦʙʲʝʤʦʚ ʜʦʙʳʪʦʡ ʨʫʜʳ, ʥʘʧʨʘʚʣʷʝʤʦʡ ʥʘ ʟʘʚʦʜ, ʙʝʟ ʫʤʝʥʴʰʝʥʠʷ 
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ʦʙʲʝʤʘ ʚʳʧʫʩʢʘ ʤʝʪʘʣʣʘ. ʉʦʨʪʠʨʦʚʢʘ ʪʦʚʘʨʥʦʡ ʨʫʜʳ ʧʨʦʚʦʜʠʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʪʚʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝ ʚʳʰʝ 0,6 ʛ/ʪ. ɿʘʙʘʣʘʥʩ ʩʦʨʪʠʨʫʝʪʩʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʮʝʥʪʨʘʪʘ ʩʦʨʪʠʨʦʚʢʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Au ʥʝ ʤʝʥʝʝ 2,0 ʛ/ʪ. 

Å ʚʪʦʨʦʡ ï ʩʦʭʨʘʥʝʥʠʝ ʦʙʲʸʤʘ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ɿʀʌ. ʉʦʨʪʠʨʦʚʢʘ ʥʘ ʈʂʉ-ɸ, ʪʦʚʘʨʥʦʡ ʨʫʜʳ ʚʝʜʸʪʩʷ ʠʟ 

ʨʘʩʯʝʪʘ ʩʦʭʨʘʥʝʥʠʷ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʦʜʘʚʘʝʤʦʡ ʥʘ ʟʘʚʦʜ ʨʫʜʳ, ʩ ʫʯʝʪʦʤ ʦʙʲʝʤʘ, ʜʦʙʘʚʣʷʝʤʦʛʦ ʠʟ ʟʘʙʘʣʘʥʩʘ. 

ɿʘʙʘʣʘʥʩ ʩʦʨʪʠʨʫʝʪʩʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʮʝʥʪʨʘʪʘ ʩʦʨʪʠʨʦʚʢʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

Au ʥʝ ʤʝʥʝʝ 2.0 ʛ/ʪ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ï ʧʨʠ ʩʦʨʪʠʨʦʚʢʝ ʚʩʝʛʦ ʦʙʲʝʤʘ ʛʦʜʦʚʦʡ ʜʦʙʳʯʠ ʥʘ ʈʂʉ-ɸ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘ 6,7 % ʙʦʣʴʰʝ ʟʦʣʦʪʘ ʥʘ 

ɿʀʌ; 

ï ʦʙʲʝʤʳ ʨʫʜʳ, ʧʦʜʘʚʘʝʤʦʡ ʥʘ ɿʀʌ, ʧʨʠ ʧʦʣʥʦʡ ʩʦʨʪʠʨʦʚʢʝ ʚʩʝʡ ʜʦʙʳʯʠ ʥʘ ʈʂʉ-ɸ ʥʝ ʠʟʤʝʥʷʝʪʩʷ; 

ï ʧʦʪʝʨʠ ʪʦʚʘʨʥʦʡ ʨʫʜʳ ʚ ʟʘʙʘʣʘʥʩ ʫʤʝʥʴʰʘʶʪʩʷ ʚ 1,4-1,5 ʨʘʟʘ. 

ï ʪʘʢ ʢʘʢ ʧʦ ʜʘʥʥʳʤ ʈʂʉ-ɸ ʤʦʞʥʦ ʙʦʣʝʝ ʪʦʯʥʦ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʝʤ-

ʢʦʩʪʠ, ʯʝʤ ʧʦ çʩʦʨʪʦʚʦʤʫ ʧʣʘʥʫè, ʈʂʉ-ɸ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʪʝʢʫʱʝʡ ʜʦʙʳʯʝʡ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʫʩʨʝʜʥʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʜʦ ʪʨʝʙʫʝʤʦʛʦ ʥʘ ɿʀʌ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ çɸè [4] ʜʦʩʪʠʞʠʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʩʘʤʦʩʚʘʣʴʥʦʡ ʩʦʨ-

ʪʠʨʦʚʢʠ ʥʘ ʈʂʉ-ɸ, ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʩʚʦʜʥʳʤ ʜʘʥʥʳʤ ʦʪʨʘʙʦʪʢʠ 480 ʠ 490 ʛʦʨʠʟʦʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʦʙʷʟʘʪʝʣʴʥʳʤ 

ʫʩʣʦʚʠʝʤ ʧʨʠʥʠʤʘʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʧʦʜʘʯʠ ʥʘ ɿʀʌ ʨʫʜʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ ʥʝ ʥʠʞʝ 2,0 ʛ/ʪ. 

ʇʦ ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʚʘʨʠʘʥʪʫ çʩʦʨʪʠʨʦʚʢʝè ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʝʩʴ ʦʙʲʝʤ ʜʦʙʳʯʠ, ʩʦʜʝʨʞʘʥʠʝ ʚ ʪʦʚʘʨʥʦʡ 

ʨʫʜʝ ʪʝʢʫʱʝʡ ʜʦʙʳʯʠ ʪʦʞʝ ʪʨʝʙʫʝʪʩʷ ʫʚʝʣʠʯʠʪʴ ʩ 1,85 ʛ/ʪ ʜʦ 2,0 ʛ/ʪ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʨʪʠʨʦʚʢʠ, ʨʫʜʳ ʨʘʟʥʦʛʦ ʩʦʨʪʘ ʩʦʜʝʨʞʘʥʠʡ ʧʨʠ ʨʘʩʯʝ-

ʪʘʭ çʩʦʨʪʠʨʦʚʘʣʠʩʴè ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʦʨʦʛʘʤ. 

ɿʘʙʘʣʘʥʩʦʚʘʷ ʨʫʜʘ ʧʦ ʨʘʩʯʝʪʥʳʤ ʩʦʜʝʨʞʘʥʠʷʤ ʟʦʣʦʪʘ ʩʦʨʪʠʨʫʝʪʩʷ ʥʘ ʪʨʠ ʧʨʦʜʫʢʪʘ ʧʦ ʜʚʫʤ ʧʦʨʦʛʘʤ 

ʩʦʨʪʠʨʦʚʢʠ: 

Å çʢʦʥʮʝʥʨʘʪ ʥʘ ɿʀʌè, ʚʳʰʝ ʧʦʨʦʛʘ ʩʦʨʪʠʨʦʚʢʠ 1,0 ʛ/ʪ; 

Å çʟʘʙʘʣʘʥʩʦʚʘʷ ʩ ʈʂʉ-ɸè, ʦʪ ʧʦʨʦʛʘ 1,0 ʜʦ 0,45 ʛ/ʪ; 

Å çʧʦʨʦʜʘ ʩ ʈʂʉ-ɸè, ʥʠʞʝ ʧʦʨʦʛʘ ʩʦʨʪʠʨʦʚʢʠ 0,45 ʛ/ʪ. 

ʊʦʚʘʨʥʘʷ ʧʦ ʧʦʨʦʛʫ ʧʦ ʨʘʩʯʝʪʥʳʤ ʩʦʜʝʨʞʘʥʠʷʤ ʟʦʣʦʪʘ ʩʦʨʪʠʨʫʝʪʩʷ ʥʘ ʪʨʠ ʧʨʦʜʫʢʪʘ ʧʦ ʜʚʫʤ ʧʦʨʦʛʘʤ 

ʩʦʨʪʠʨʦʚʢʠ: 

Å çʢʦʥʮʝʥʨʘʪ ʥʘ ɿʀʌè, ʚʳʰʝ ʧʦʨʦʛʘ ʩʦʨʪʠʨʦʚʢʠ 0,7 ʛ/ʪ; 

Å çʟʘʙʘʣʘʥʩʦʚʘʷ ʩ ʈʂʉ-ɸè, ʦʪ ʧʦʨʦʛʘ 0,7 ʜʦ 0,45 ʛ/ʪ; 

Å çʧʦʨʦʜʘ ʩ ʈʂʉ-ɸè, ʥʠʞʝ ʧʦʨʦʛʘ ʩʦʨʪʠʨʦʚʢʠ 0,45 ʛ/ʪ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʨʪʠʨʦʚʢʠ ʚʩʝʡ ʜʦʙʳʯʠ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ï ʚʳʧʫʩʢ ʟʦʣʦʪʘ ʥʘ ɿʀʌ ʚʳʨʘʩʪʝʪ ʥʘ 6,64 %, ʧʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʘʚʘʝʤʦʡ ʨʫʜʳ ʥʘ ʬʘʙʨʠʢʫ ʩʦʢʨʘ-

ʪʠʪʩʷ ʥʘ 3,0 %; 

ï ʦʙʲʸʤ ʥʘʢʘʧʣʠʚʘʝʤʦʛʦ ʟʘʙʘʣʘʥʩʘ ʩʦʢʨʘʪʠʣʩʷ ʙʳ ʙʦʣʝʝ ʯʝʤ ʥʘ 40 %. 

ʆʮʝʥʢʘ ʜʦʩʪʠʞʠʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʩʘʤʦʩʚʘʣʴʥʦʡ ʩʦʨʪʠʨʦʚʢʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ çɹè [5] ʧʨʦʚʦʜʠʣʘʩʴ 

ʜʣʷ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʈʂʉ-ɸ, ʧʨʠ ʵʪʦʤ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʧʨʠʥʠʤʘʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʧʦʜʘʯʠ ʥʘ 

ɿʀʌ ʨʫʜʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ ʥʝ ʥʠʞʝ 2,0 ʛ/ʪ. 

ʇʦ ʧʝʨʚʦʤʫ ʚʘʨʠʘʥʪʫ çʩʦʨʪʠʨʦʚʢʠè ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʝʩʴ ʦʙʲʝʤ ʜʦʙʳʯʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʨʪʠʨʦʚʢʠ, ʨʫʜʳ ʨʘʟʥʦʛʦ ʩʦʨʪʘ ʩʦʜʝʨʞʘʥʠʡ ʧʨʠ ʨʘʩʯʝ-

ʪʘʭ çʩʦʨʪʠʨʦʚʘʣʠʩʴè ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʦʨʦʛʘʤ. 

ɿʘʙʘʣʘʥʩʦʚʘʷ ʨʫʜʘ ʧʦ ʨʘʩʯʝʪʥʳʤ ʩʦʜʝʨʞʘʥʠʷʤ ʟʦʣʦʪʘ ʩʦʨʪʠʨʫʝʪʩʷ ʥʘ ʪʨʠ ʧʨʦʜʫʢʪʘ ʧʦ ʜʚʫʤ ʧʦʨʦʛʘʤ 

ʩʦʨʪʠʨʦʚʢʠ: 

Å çʢʦʥʮʝʥʨʘʪ ʥʘ ɿʀʌè, ʚʳʰʝ ʧʦʨʦʛʘ ʩʦʨʪʠʨʦʚʢʠ 2,5 ʛ/ʪ; 

Å çʟʘʙʘʣʘʥʩʦʚʘʷ ʩ ʈʂʉ-ɸè, ʦʪ ʧʦʨʦʛʘ 2,5 ʜʦ 0,65 ʛ/ʪ; 

Å çʧʦʨʦʜʘ ʩ ʈʂʉ-ɸè, ʥʠʞʝ ʧʦʨʦʛʘ ʩʦʨʪʠʨʦʚʢʠ 0,65 ʛ/ʪ. 

ʊʦʚʘʨʥʘʷ ʧʦ ʧʦʨʦʛʫ ʧʦ ʨʘʩʯʝʪʥʳʤ ʩʦʜʝʨʞʘʥʠʷʤ ʟʦʣʦʪʘ, ʩʦʨʪʠʨʫʝʪʩʷ ʥʘ ʪʨʠ ʧʨʦʜʫʢʪʘ ʧʦ ʜʚʫʤ ʧʦʨʦʛʘʤ 

ʩʦʨʪʠʨʦʚʢʠ: 

Å çʢʦʥʮʝʥʨʘʪ ʥʘ ɿʀʌè, ʚʳʰʝ ʧʦʨʦʛʘ ʩʦʨʪʠʨʦʚʢʠ 1,0 ʛ/ʪ; 

Å çʟʘʙʘʣʘʥʩʦʚʘʷ ʩ ʈʂʉ-ɸè, ʦʪ ʧʦʨʦʛʘ 1,0 ʜʦ 0,45 ʛ/ʪ; 

Å çʧʦʨʦʜʘ ʩ ʈʂʉ-ɸè, ʥʠʞʝ ʧʦʨʦʛʘ ʩʦʨʪʠʨʦʚʢʠ 0,45 ʛ/ʪ. 

ʇʦ ʚʪʦʨʦʤʫ ʚʘʨʠʘʥʪʫ çʩʦʨʪʠʨʦʚʢʠè ʧʦʜʚʝʨʛʘʝʪʩʷ ʪʦʣʴʢʦ ʟʘʙʘʣʘʥʩʦʚʘʷ ʨʫʜʘ. 

ɿʘʙʘʣʘʥʩʦʚʘʷ ʨʫʜʘ ʧʦ ʨʘʩʯʝʪʥʳʤ ʩʦʜʝʨʞʘʥʠʷʤ ʟʦʣʦʪʘ ʩʦʨʪʠʨʫʝʪʩʷ ʥʘ ʪʨʠ ʧʨʦʜʫʢʪʘ ʧʦ ʜʚʫʤ ʧʦʨʦʛʘʤ 

ʩʦʨʪʠʨʦʚʢʠ: 

Å çʢʦʥʮʝʥʨʘʪ ʥʘ ɿʀʌè, ʚʳʰʝ ʧʦʨʦʛʘ ʩʦʨʪʠʨʦʚʢʠ 2,75 ʛ/ʪ; 

Å çʟʘʙʘʣʘʥʩʦʚʘʷ ʩ ʈʂʉ-ɸè, ʦʪ ʧʦʨʦʛʘ 2,75 ʜʦ 0,65 ʛ/ʪ; 

Å çʧʦʨʦʜʘ ʩ ʈʂʉ-ɸè, ʥʠʞʝ ʧʦʨʦʛʘ ʩʦʨʪʠʨʦʚʢʠ 0,65 ʛ/ʪ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʨʪʠʨʦʚʢʠ ʚʩʝʡ ʜʦʙʳʯʠ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ï ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʥʷʪʦʡ ʥʘ ʩʝʛʦʜʥʷ ʩʭʝʤʦʡ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘ ɿʀʌ ʙʳʣʦ ʙʳ ʧʦʣʫʯʝʥʦ ʟʦʣʦʪʘ ʥʘ 9,3 % 

ʙʦʣʴʰʝ; 
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ï ʦʙʲʸʤ ʧʦʣʫʯʘʝʤʦʛʦ ʟʘʙʘʣʘʥʩʘ ʩʦʢʨʘʪʠʪʩʷ ʥʘ 65 %. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʪʦʨʦʤʫ ʚʘʨʠʘʥʪʫ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʚʘʨʠʘʥʪʝ: 

ï ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʥʘ 6,2 % ʙʦʣʴʰʝ ʟʦʣʦʪʘ ʯʝʤ ʧʦ ʚʘʨʠʘʥʪʫ 1, ʠ ʥʘ 15,5 % ʙʦʣʴʰʝ ʯʝʤ ʧʦ ʜʝʡʩʪʚʫʶʱʝʡ 

ʥʘ ʩʝʛʦʜʥʷ ʩʭʝʤʝ ʦʙʨʘʙʦʪʢʠ ʙʝʟ ʩʦʨʪʠʨʦʚʢʠ;  

ï ʦʙʲʸʤ ʪʦʚʘʨʥʦʡ ʨʫʜʳ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 20 %; 

ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʟʘʙʘʣʘʥʩʘ ʫʤʝʥʴʰʠʪʩʷ ʥʘ 68 %. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʷ ʨʫʜʦʩʦʨʪʠʨʦʚʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʈʂʉ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ ʠ, ʠʩʧʦʣʴʟʫʷ 

ʢʦʤʙʠʥʘʮʠʶ ʨʝʥʪʛʝʥʦʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ (ʚʢʣʶʯʘʷ ʝʩʪʝʩʪʚʝʥʥʫʶ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ) ʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʳʜʝʣʷʪʴ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʙʦʛʘʪʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʥʦ ʠ ʫʜʘʣʷʪʴ ʩ 

ʦʪʚʘʣʴʥʳʤ ʧʨʦʜʫʢʪʦʤ ʚʨʝʜʥʳʝ ʧʨʠʤʝʩʠ, ʪʝʤ ʩʘʤʳʤ ʫʣʫʯʰʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʥʮʝʥʪʨʘʪʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʥʝʜʨʝʥʠʝ ʨʝʥʪʛʝʥʦʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʦʨʪʠʨʦʚʢʠ ʧʦʟʚʦʣʠʪ: 

ï ʧʦʚʳʩʠʪʴ ʤʘʪʝʨʠʘʣʴʥʦ-ʩʳʨʴʝʚʫʶ ʙʘʟʫ (ʟʘ ʩʯʝʪ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʟʘʙʘʣʘʥʩʦʚʦʡ ʨʫʜʳ ʙʘʣʘʥʩʦʚʦʡ), ʯʪʦ 

ʦʙʝʩʧʝʯʠʪ ʧʨʠʨʦʩʪ ʚʳʧʫʩʢʘ ʟʦʣʦʪʘ ʟʘ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ɿʀʌ; 

ï ʩʦʢʨʘʪʠʪʴ ʝʞʝʛʦʜʥʫʶ ʜʦʙʳʯʫ ʛʦʨʥʦʡ ʤʘʩʩʳ ʩ ʧʝʨʝʥʦʩʦʤ ʵʪʠʭ ʦʙʲʝʤʦʚ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʧʝʨʠʦʜʳ; 

ï ʦʙʝʩʧʝʯʠʪʴ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʛʦʨʥʦʡ ʪʝʭʥʠʢʝ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʦʙʲʝʤʘ ʛʦʨʥʦʡ ʤʘʩʩʳ. 

ʊʝʭʥʦʣʦʛʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʠʪʴ ʩʳʨʴʝʚʫʶ ʙʘʟʫ ʧʨʝʜʧʨʠʷʪʠʷ ʢʘʢ ʟʘ ʩʯʝʪ ʩʦʨʪʠʨʦʚʢʠ ʙʝʜʥʳʭ ʠ 

ʫʙʦʛʠʭ ʨʫʜ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʧʝʨʝʩʦʨʪʠʨʦʚʢʠ ʦʪʚʘʣʦʚ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʦʨʦʜ ʠ ʚ ʮʝʣʦʤ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʤʥʦʛʠʭ ʛʦʨʥʦʨʫʜʥʳʭ ʦʙʲʝʢʪʘʭ. 

ʇʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʜʘʝʪʩʷ ʠʩʢʣʶʯʠʪʴ ʠʟ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʨʷʜʢʘ 40 % ʧʫʩʪʦʡ ʧʦʨʦʜʳ ʠʟ ʪʝʢʫʱʝʡ ʜʦ-

ʙʳʯʠ, ʫʚʝʣʠʯʠʚ ʧʨʠ ʵʪʦʤ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʪʦʚʘʨʥʦʡ ʨʫʜʝ, ʘ ʪʘʢʞʝ ʚʢʣʶʯʠʪʴ ʚ ʧʝʨʝ-

ʨʘʙʦʪʢʫ ʟʘʙʘʣʘʥʩʦʚʳʝ ʨʫʜʳ, ʚʳʜʝʣʷʷ ʠʟ ʥʠʭ ʛʦʨʥʫʶ ʤʘʩʩʫ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ɿʀʌ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʘʝʤʦʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʈʂʉ-ɸ, ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦʡ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ ʦʧʨʦʙʦʚʘʥʠʷ ʚ ʝʤʢʦʩʪʷʭ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ ʥʘ ʈʂʉ-ɸ, ʚʳʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʣʴʢʦ 

ʜʘʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʨʘʟʚʝʜʦʯʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʣʝʜʫʶʱʠʝ ʫʣʫʯʰʝʥʠʷ: 

ï ʩʥʠʞʝʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʠ ʧʦʪʝʨʴ ʧʨʠ ʜʦʙʳʯʝ ʠ ʧʦʚʳʰʝʥʠʝ ʧʦʣʥʦʪʳ 

ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʝʜʨ; 

ï ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦ-ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʩʪʘʚʣʷʝʤʦʡ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ ʥʘ ʟʦʣʦʪʦʠʟ-

ʚʣʝʢʘʪʝʣʴʥʳʝ ʬʘʙʨʠʢʠ ʨʫʜʳ ʙʘʣʘʥʩʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ; 

ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠ ʫʩʨʝʜʥʠʪʝʣʴʥʦʤ ʩʢʣʘʜʠʨʦʚʘʥʠʠ ʨʫʜʥʳʭ ʰʪʘʙʝʣʝʡ ʟʘʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ; 

ï ʦʨʛʘʥʠʟʘʮʠʷ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʨʫʜ ʟʘʙʘʣʘʥʩʦʚʦʛʦ ʢʘʯʝʩʪʚʘ ʩ ʪʨʝʙʫʝʤʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʚʦʚʣʝʯʝʥʠʷ ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʤʝʪʦʜʦʤ ʢʫʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. 
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Abstract. In general, we can tell that crops of plants, fertilizer, soil enrichment by organic substances, deep ploughed 

land and softening, simplification of heavy mechanical structure, hardening of easy mechanical structure are expedient, using 

actions for improvement of soil permeability of the checked pasturable alluvial soils, their volume and specific weight. 
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ciency of the irrigated soils. 
 

Introduction.  In our Republic, the issues of soil improvement, including the change of water-physical features 

of the irrigated soils in the Bukhara oasis as a result of irrigation and their further improvement are considered an actual 

problem of today. Therefore, studying of water-physical features of the soil has great value.  

Morphology, genesis and genetics of the irrigated soils of the Bukhara oasis, their geographical prevalence are 

studied by many scientists (1-4). Until this time, the irrigated soils of the Bukhara oasis, especially after the beginning 

of irrigation waters of Amu-Bukhoro channel, water-physical features of these soils are studied very little.  

Methods and object of research. Samples of the soil of layers depth of two metres and its mechanical struc-

ture turn out are studied by means of salt ï sodium hexametaphosphate by Bratchev method, relative density and soil 

reference points are defined by a method densimeter, general porosity is defined by calculation. As object of research the 

irrigated soils extended on the territory of Jandar, Romitan, Peshku, Korakul Districts of Bukhara Region are chosen.  

The obtained results. The Bukhara soils with which we conducted the research, have original water-physical 

features, are allocated with the variety. They are multi-layered, salted in different degree, their mechanical structure is 

heavy, average and easy sandy.  

New irrigated weak, medium salted, pasturable soils with an average mechanical structure have satisfactory 

soil permeability as they have rather bad structure, density and a close arrangement subsoil flow waters to soil surface.  

As a result of the wrong organisation of agrotechnical and meliorative works in the irrigated alluvial soils, their 

anthropogenous influences of granular structural condition is broken that worsens soil permeability. In such soils layers 

are condensed absorption of waters in the bottom layers becomes difficult.  

It is established that from time immemorial in the pasturable alluvial soils, the occurrence of dense beds under 

plowings and cation sodium in volume absorption was rather more, in the salted soils soil permeability has worsened.  

During the researches, it was established that agro-irrigational layers of the soil on a development condition had differ-

ent degree of soil permeability. In the irrigated pasturable alluvial soils, depending on a moisture of the soil, time of ploughing 

and applied agrotechnical actions, soil permeability have been changed in soil layers. For example, in soil layers with good soil 

permeability during deposits and an irrigation through damp capillaries of the soil they quickly move downwards and is provided 

with enough water. In the soils with very high soil permeability, as a result of excessive ploughing, absorption of water parts in 

irrigated points to the bottom, level subsoil flow waters rises, which leads to salting of the ground and swamping.  

Salting as a result of anthropogenous factors (secondary) is degradation process, more extended in the irrigated 

soils, and it is without fail formed in files where mineralized (3-50 g/l) subsoil flow waters rise as a result of infringe-

ment of integrity of natural development of the soil, technogenic and agrogene pollution or as a result of change of di-

rections of natural geochemical processes. Minor settling ï natural salting of parodies forming the soil are connected 

with expansion of the area of the salted soils as a result of an irrigation, and land development with salt layers and de-

tection (lifting on an soil surface) at works of alignment for preparation for an irrigation. The most part automorphic 

soils, even in 50-100 or 100-200 cm layers of section prolific grey soils there are salt large supplies, such poorly salted 

or even not salted soils, as a result of alignment of the soils, have turned in strongly salted soils.  

One more reason of multiplication of again salted ground areas is the irrigation of cultures by mineralized drainage wa-

ters because of water lacks. Use of such salted soils makes active salting the new and old irrigated soils even more. Formation of 

process secondary salting is connected with many reasons, despite genesis of its occurrence, secondary salting negatively influ-

ences growth and development of plants and worsens the soil properties, breaks soil structure, worsens water-physical and physi-

cal-chemical properties, will affect microbiological activity and ameliorative condition of soil, to these there is a soil degradation.  

Superfluous humidifying of the old areas (watering) is considered the second core of processes of the degradation, 
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which widespread among the irrigated soils. As a result of absence of the control and an excessive irrigation level lifting subsoil 

flow waters, strengthening of heteromorphism cases, in territories, especially in low bogs, near to channels and large irrigated 

networks in weak natural and artificial drain places, massifs of subsoil flow waters located steady above (1-2 metre) is observed. 

The process of superfluous humidifying is usually formed according to process of salting, properties of the irrigated soils influence 

their water, air and salt schedules negatively. The excessive moisture in regions of accumulation of drainage waters, on the soils 

out of irrigated files, and also as a result of an irrigation hypsometrically highly located soils, is observed flooding of low regions.  

Deserting it is considered one of dangerous degrees of degradation, which is connected with sharp infringe-

ment soil-water order of the region as a result of lack of water (humidity). Deserting is often formed as a result of mis-

management (distribution) of water resources, as a result of decrease in level of elevated and underground waters, the 

level of subsoil flow waters sharply decreases, also this process becomes again more active.  

It is known that granules in the structure of the units, which have arisen naturally, their specific and volume 

weight, formation of porous layers of the soil, maximum molecular and the field volume of humidity, a stock of a useful 

moisture defines their mechanical structure. The scientific researches spent in Jandar, Romitan, Peshku, Korakul Dis-

tricts of Bukhara Region show that, in key territories a layer of the soils under sowing layers are strongly condensed.  

Relative density under the influence of a strong irrigation as a result of smashing of primary minerals, as a result of oc-

currence of secondary heavy minerals, is observed increase in relative density of the soil. In soil there is a process of formation of 

such heavy minerals, as magnetite, hematite. As a result of processing of irrigated pasturable alluvial soils, work heavy technical 

equipment dung year, an soil irrigation soil units are made small, the condition and structure is broken. As a result of a soil gran-

ule are condensed, porosity decreases also weight of volume raises (1.63-1.74 g/cm3). According to some scientists (3) weight of 

volume of soil on the average should make 1.30-1.35 g/cm3, and under sowing layers ï 1.35-1.40 g/cm3.  

In these soils, the indicator connected with relative density and weight of volume is a porosity. Porosity of soil are fac-

tors, which positively influence aeration and their water movement. Porosity of the irrigated pasturable alluvial soils have porosi-

ty of 34.9-46.7 %, which was observed in Jandar, Peshku District soils. However, it is necessary to notice that porosity of soil is 

very changeable, especially in the top layer of irrigated pasturable soils, porosity makes 47.9 %, and in the pasturable marsh and 

salted soils ï 46.1 %. In the bottom layers of the soil, porosity sharply decreases. And it shows decrease in fruitfulness of soil.  

In the above-mentioned irrigated soils of the Bukhara oasis, for improvement of the general physical negative cases, it is 

necessary to group soils and to make fluid (capital) alignment, to use more than organic fertilizers and the plants enriching soil by 

organic substances. In the soils where current alignment is made, with increase agricultural products, the quantity of water and 

fertilizers on them decreases, as a result of uniform distribution on the areas, fruitfulness efficiency of soil raises also improves.  

The physical characteristics of soil form the scientific basis for implementation of the actions directed on increase of 

fruitfulness of soil, processing, fertilizer, an irrigation, de-salting, prevention of erosion and salting. It is necessary to notice that 

the mineral and organic fertilizers used without physical indexes of soil, de-salting, and even the basic crops do not give effect. At 

the same time, crops of agricultural plants, definition of terms of an irrigation are carried out on the basis of physical indexes of 

soil. At increase, management and protection of efficiency of the irrigated soils, its physical indexes have the important role.  

In conclusion we can tell that crops of plants, fertilizer, soil enrichment by organic substances, deep a deep ploughed 

land and softening, simplification of heavy mechanical structure, hardening of easy mechanical structure are expedient, using 

actions for improvement of soil permeability the checked pasturable alluvial soils, their volume and specific weight.  
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ʆɹʑʀɽ ʌʀɿʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ, ʇʈʆʅʀʎɸɽʄʆʉʊʔ ʆʈʆʐɸɽʄʓʍ  

ʃʋɻʆɺʆ-ɸʃʃʖɺʀɸʃʔʅʓʍ ʇʆʏɺ ʅɸ ʊɽʈʈʀʊʆʈʀʀ ɹʋʍɸʈʉʂʆɻʆ ʆɸɿʀʉɸ 
 

ʍ.ʊ. ɸʨʪʠʢʦʚʘ, ʜʦʮʝʥʪ, ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʘ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ 

ɹʫʭʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʟʙʝʢʠʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʮʝʣʦʤ, ʚ ʠʟʫʯʘʝʤʳʭ ʣʫʛʦʚʦ-ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʯʚʘʭ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʭ ʚʦʜʦʧʨʦʥʠʜʘʝʤʦʩʪʠ, 

ʦʙʲʝʤʘ, ʠʭ ʤʘʩʩʳ ʠ ʧʦʨʠʩʪʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʩʝʚʦʦʙʦʨʦʪʦʚ, ʚʥʝʩʝʥʠʝ ʛʫʤʫʩʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʢʦʣʠ-

ʯʝʩʪʚʘ ʚ ʧʦʯʚʝ, ʛʣʫʙʦʢʦʝ ʨʳʭʣʝʥʠʝ ʠ ʨʳʭʣʝʥʠʝ ʧʦʯʚ, ʪʷʞʸʣʳʭ ʧʦ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʝ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʝʛʢʠʭ ʧʦʯʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʘʷ ʚʦʜʘ, ʘʛʨʦʠʨʨʠʛʘʮʠʦʥʥʳʝ ʩʣʦʠ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʜʝʡʩʪʚʠʝ, ʥʝ-

ʭʚʘʪʢʘ ʚʦʜʳ, ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʤʝʣʠʦʨʘʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʟʝʤʣʠ, ʟʘʩʦʣʸʥʥʳʝ ʧʦʯʚʳ, ʧʣʦʜʦʨʦʜʥʳʝ ʧʦʯʚʳ, ʦʨʛʘ-

ʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʨʘʩʪʝʥʠʷ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʨʦʰʝʥʥʳʭ ʟʝʤʝʣʴ. 
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ɺʆɼʅʆ-ʇʀʊɸʊɽʃʔʅʓʁ ʈɽɾʀʄ ʉʈɽɼʅɽɺʆʃʆʂʅʀʉʊʆɻʆ ʍʃʆʇʏɸʊʅʀʂɸ ʉʆʈʊɸ 

ʋɿʇʀʊʀ-2201 ɺ ʋʉʃʆɺʀʗʍ ʊʀʇʀʏʅʓʍ ʉɽʈʆɿɽʄʅʓʍ ʇʆʏɺ ʋɿɹɽʂʀʉʊɸʅɸ 
 

 ʅ.ʍ. ɼʫʨʜʠʝʚ1, ʄ.ɸ. ɸʚʣʠʷʢʫʣʦʚ2 

1, 2 ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ  

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʝʣʝʢʮʠʠ, ʩʝʤʝʥʦʚʦʜʩʪʚʘ ʠ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ ʚʳʨʘʱʠʚʘʥʠʷ ʭʣʦʧʢʘ 

(ʅʀʀʉʉɸɺʍ) (ʊʘʰʢʝʥʪ), ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʤʘʪʝʨʠʘʣʳ ʦ ʚʣʠʷʥʠʠ ʚʦʜʥʦ-ʧʠʪʘʪʝʣʴʥʳʭ (NPK) ʨʝʞʠʤʦʚ ʥʘ ʨʦʩʪ, 

ʨʘʟʚʠʪʠʝ ʠ ʩʦʟʨʝʚʘʥʠʝ ʩʨʝʜʥʝʚʦʣʦʢʥʠʩʪʦʛʦ ʭʣʦʧʯʘʪʥʠʢʘ ʩʦʨʪʘ ʋʟʇʀʊʀ-2201. ʅʘʠʙʦʣʴʰʠʡ ʫʨʦʞʘʡ ʧʦʣʫʯʝʥ 

48,9 ʮ/ʛʘ ʧʨʠ ʨʝʞʠʤʝ ʦʨʦʰʝʥʠʷ 70-75-60 % ʦʪ ʇʇɺ, ʧʨʠ ʥʦʨʤʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ (NPK) 220:154:110 

ʢʛ/ʛʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʨʪʘ ʭʣʦʧʯʘʪʥʠʢʘ ʋʟʇʀʊʀ-2201, ʘʛʨʦʪʝʭʥʠʢʘ ʚʦʟʜʝʣʳʚʘʥʠʷ, ʩʝʨʦʟʝʤʥʳʝ ʧʦʯʚʳ, 

ʨʝʞʠʤ ʦʨʦʰʝʥʠʷ, ʥʦʨʤ-ʩʦʦʪʥʦʰʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʋʟʙʝʢʠʩʪʘʥ.  
 

ɺʚʝʜʝʥʠʝ 
ʋʟʙʝʢʠʩʪʘʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʚʜʘʣʠ ʦʪ ʤʠʨʦʚʳʭ ʤʦʨʝʡ ʠ ʦʢʝʘʥʦʚ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘ-

ʩʪʠ ʝʚʨʘʟʠʡʩʢʦʛʦ ʤʘʪʝʨʠʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʩʫʙʪʨʦʧʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ. ʋʟʙʝʢʠʩʪʘʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʝʚʝʨʥʦʤ ʨʝ-

ʛʠʦʥʝ ʤʝʞʜʫ ʭʣʦʧʢʦ-ʧʨʦʠʟʚʦʜʷʱʠʤʠ ʩʪʨʘʥʘʤʠ ʤʠʨʘ, ʧʦʩʣʝ ʦʙʨʝʪʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʙʳʣʦ ʤʥʦʛʦ ʜʦʩʪʠʞʝʥʠʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʦʜʠʤʳʭ ʫʛʣʫʙʣʝʥʥʳʭ ʨʝʬʦʨʤ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʟʘ ʛʦʜʳ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʫʯʝʥʳʝ 

ʩʝʣʝʢʮʠʦʥʝʨʳ ʩʦʟʜʘʣʠ ʙʦʣʝʝ 120 ʚʠʜʦʚ ʥʦʚʳʭ ʩʦʨʪʦʚ ʭʣʦʧʯʘʪʥʠʢʘ, 30 ʠʟ ʥʠʭ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʳʡ ʨʝʝʩʪʨ ʠ ʚʦʟʜʝʣʳʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʥʳʭ ʦʨʦʰʘʝʤʳʭ ʟʝʤʣʷʭ ʩʪʨʘʥʳ. ʇʨʠ ʵʪʦʤ, ʩʨʦʢʠ ʩʦʟʨʝʚʘʥʠʷ ʙʳʣʠ ʩʦʢʨʘ-

ʱʝʥʳ ʥʘ 15-20 ʜʥʝʡ, ʫʣʫʯʰʝʥʳ ʚʳʭʦʜ ʭʣʦʧʢʦʚʦʛʦ ʚʦʣʦʢʥʘ ʥʘ 3-4 %, ʜʣʠʥʘ ʚʦʣʦʢʥʘ ʦʪ 26-30 ʤʤ ʜʦ 32-36 ʤʤ, 

ʤʠʢʨʦʥʝʡʨ ʦʪ 4,9-5,5 ʜʦ 4,0-4,8 [4]. 

ʅʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʳ ʠ ʚʥʝʜʨʝʥʳ ʚ ʧʨʘʢʪʠʢʫ ʪʘʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʢʘʢ ʘʛʨʦʪʝʭʥʠʢʘ ʚʦʟʜʝʣʳʚʘʥʠʷ: ʧʝʨʠʦ-

ʜʳ ʧʦʩʘʜʢʠ, ʨʘʩʭʦʜ ʩʝʤʷʥ ï ʛʫʩʪʦʪʘ ʩʪʦʷʥʠʷ, ʥʦʨʤʳ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʫʜʦʙʨʝʥʠʡ, ʨʝʞʠʤ ʦʨʦʰʝʥʠʷ ʥʦʚʳʭ ʩʦʨʪʦʚ 

ʭʣʦʧʯʘʪʥʠʢʘ ʩ ʫʯʝʪʦʤ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʤʦʜʫʣʴʥʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ, ʧʦʯʚʝʥʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʤʝʣʠʦʨʘʪʠʚʥʳʭ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʪʨʘʥʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ [1].  
 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʩʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʧʦʯʚʝʥʥʳʝ ʦʙʨʘʟʮʳ ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦ ʤʝʪʦʜʠʢʝ çʄʝʪʦʜʠʢʘ ʧʦ-

ʣʝʚʦʛʦ ʦʧʳʪʘè ʋʟʅʀʀʍ, (2007), çʄʝʪʦʜʠʢʘ ʧʦʣʝʚʦʛʦ ʦʧʳʪʘè ɹ.ɸ. ɼʦʩʧʝʭʦʚ (1985). 

ɺ ʧʝʨʠʦʜ ʟʘ 2012-2014 ʛʦʜʳ ʧʨʦʚʝʜʝʥʳ ʧʦʣʝʚʳʝ ʦʧʳʪʳ ʥʘ ʮʝʥʪʨʘʣʴʥʳʭ ʧʦʣʝʚʳʭ ʫʯʘʩʪʢʘʭ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʩʝʣʝʢʮʠʠ, ʩʝʤʝʥʦʚʦʜʩʪʚʘ ʠ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ ʚʳʨʘʱʠʚʘʥʠʷ ʭʣʦʧʢʘ (ʅʀʀʉʉɸɺʍ) 

ʚ ʊʘʰʢʝʥʪʩʢʦʡ ʦʙʣʘʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ 41o25'10.2''N ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ ʠ 69o29'10.9''E ʚʦʩʪʦʯʥʦʡ ʜʦʣʛʦʪʳ, 

ʚʳʩʦʪʳ 560 ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʚ ʫʩʣʦʚʠʷʭ ʪʠʧʠʯʥʳʭ ʩʝʨʦʟʝʤʥʳʭ ʧʦʯʚ. ɻʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 

ʙʦʣʝʝ 18-20 ʤ. ʇʦ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʪʠʧʠʯʥʳʝ ʩʝʨʦʟʝʤʳ ʩʨʝʜʥʝ ʠ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʝ.  

ʇʦʣʝʚʳʝ ʦʧʳʪʳ ʠʤʝʶʪ 7 ʚʘʨʠʘʥʪʦʚ, ʚ ʪʨʝʭʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʜʠʥ ʷʨʫʩ. ʂʘʞʜʳʡ 

ʚʘʨʠʘʥʪ ʩʦʩʪʦʠʪ ʠʟ ʚʦʩʴʤʠ ʨʷʜʢʦʚ ʰʠʨʠʥʦʡ 4,8 ʤ, ʜʣʠʥʦʡ 100 ʤ. ʇʣʦʱʘʜʴ ʢʘʞʜʦʡ ʜʝʣʷʥʢʠ 480 ʤ2, ʚ ʪʦʤ ʯʠʩʣʝ 

ʫʯʸʪʥʘʷ ʧʣʦʱʘʜʴ 240 ʤ2. ɺ ʧʦʣʝʚʳʭ ʦʧʳʪʘʭ ʊʘʰʢʝʥʪʩʢʦʡ ʦʙʣʘʩʪʠ ʠʟʫʯʘʣʠʩʴ ʜʚʝ ʥʦʨʤʳ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝ-

ʥʠʡ N-190, ʈ2O5-133, K2O-95 ʢʛ/ʛʘ ʠ N-220, ʈ2O5-154, ʂ2ʆ-110 ʢʛ/ʛʘ, ʘ ʪʘʢʞʝ 3 ʨʝʞʠʤʘ ʦʨʦʰʝʥʠʷ 65-65-60 %, 70-

70-60 % ʠ 70-75-60 % ʦʪ ʇʇɺ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ, ʬʝʥʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʚʩʝ 

ʚʠʜʳ ʘʥʘʣʠʟʦʚ ʩʪʨʦʛʦ ʧʨʦʚʝʜʝʥʳ ʧʦ ʤʝʪʦʜʠʢʘʤ [2, 3]. 

ʋʯʸʪʳ ʧʦʩʪʫʧʘʶʱʝʡ ʠ ʩʙʨʦʩʥʦʡ ʚʦʜʳ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʭʣʦʧʯʘʪʥʠʢʘ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʚʦʜʦ-

ʩʣʠʚʘ çʏʠʧʧʦʣʝʪʪʠè ʧʦʨʦʛʦʤ 0,25 ʤ ʠ 0,50 ʤ, ʨʘʩʭʦʜʘ ʚʦʜʳ ʚ ʙʦʨʦʟʜʫ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʜʦʩʣʠʚ çʊʦʤʩʦʥʘè [5]. 

ɼʣʷ ʨʘʩʯʸʪʘ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʚʝʛʝʪʘʮʠʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʟʘʧʘʩʳ ʚʣʘʛʠ 

ʚ ʧʦʯʚʝ ʜʦ ʛʣʫʙʠʥʳ 2-ʭ ʤʝʪʨʦʚ ʧʦ 10-ʪʠ ʩʘʥʪʠʤʝʪʨʦʚʳʤ ʩʣʦʷʤ, ʪʝʨʤʦʩʪʘʪʥʦ-ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ. ʉʨʦʢʠ ʧʦʣʠʚʘ ʧʦ 

ʬʘʟʘʤ ʨʘʟʚʠʪʠʷ ʭʣʦʧʯʘʪʥʠʢʘ ʥʘʟʥʘʯʘʣʠʩʴ ʧʦ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʚ ʨʘʩʯʝʪʥʦʤ ʩʣʦʝ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ ʜʦ ʮʚʝʪʝʥʠʷ 

0-70 ʩʤ, ʚ ʮʚʝʪʝʥʠʠ ï ʧʣʦʜʦʦʙʨʘʟʦʚʘʥʠʠ 0-100 ʩʤ, ʘ ʚ ʩʦʟʨʝʚʘʥʠʠ 0-70 ʩʤ.  

ʌʝʥʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʨʦʩʪʦʤ ʠ ʨʘʟʚʠʪʠʝʤ ʭʣʦʧʯʘʪʥʠʢʘ ʩʦʨʪʘ ʋʟʇʀʊʀ-2201 ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʢʘʞʜʦʝ 1-3 ʯʠʩʣʦ ʠʶʥʷ, ʠʶʣʷ, ʘʚʛʫʩʪʘ ʠ ʩʝʥʪʷʙʨʷ ʤʝʩʷʮʘ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ. ɻʫʩʪʦʪʘ ʩʪʦʷʥʠʷ ʦʧʨʝʜʝʣʝʥʘ ʚ ʬʘʟʝ 

2-3 ʣʠʩʪʴʝʚ ʠ ʚ ʢʦʥʮʝ ʚʝʛʝʪʘʮʠʠ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʠ ʧʦʚʪʦʨʝʥʠʷʭ. ʉʫʭʘʷ ʤʘʩʩʘ ʨʘʩʪʝʥʠʡ ʧʦ ʦʨʛʘʥʘʤ-ʣʠʩʪʴʷ, 

ʩʪʝʙʣʠ, ʢʦʨʦʙʦʯʢʠ ʠ ʤʘʩʩʘ ʭʣʦʧʢʘ ʩʳʨʮʘ ʥʘ ʦʜʥʦʡ ʢʦʨʦʙʦʯʢʝ ʦʧʨʝʜʝʣʝʥʳ ʜʦ ʫʙʦʨʢʠ. ɺʩʝ ʚʠʜʳ ʬʝʥʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 50 ʵʪʠʢʝʪʠʨʦʚʘʥʥʳʭ ʨʘʩʪʝʥʠʡ.  
 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ 2012 ʛʦʜʫ ʚ ʜʚʫʭ ʪʦʯʢʘʭ ʜʦ ʛʣʫʙʠʥʳ 3-ʭ ʤʝʪʨʦʚ ʧʨʦʚʝʜʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʯʚʳ ʧʦ ʛʝʥʝʪʠʯʝʩʢʠʤ ʩʣʦʷʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʯʚʘ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦ ʦʙʝʩʧʝʯʝʥʥʦʡ. 
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ɸʛʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ, ʧʨʝʜʝʣʴʥʦ ʧʦʣʝʚʘʷ ʚʣʘʛʦʝʤʢʦʩʪʴ (ʇʇɺ), ʚʦʜʦʧʨʦʥʠ-

ʮʘʝʤʦʩʪʴ, ʦʙʲʝʤʥʘʷ ʤʘʩʩʘ, ʧʦʨʦʟʥʦʩʪʴ, ʚ ʥʘʯʘʣʝ ʚʝʛʝʪʘʮʠʠ ʦʧʨʝʜʝʣʝʥʳ ʦʙʱʠʤ ʬʦʥʦʤ, ʘ ʚ ʢʦʥʮʝ ʚʝʛʝʪʘʮʠʠ ʦʪ-

ʜʝʣʴʥʦ ʧʦ ʚʘʨʠʘʥʪʘʤ ʠ ʧʦʚʪʦʨʝʥʠʷʤ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʨʝʭʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʯʚʳ ʚ 

ʥʘʯʘʣʝ ʚʝʛʝʪʘʮʠʠ ʚ ʧʝʨʚʳʡ ʯʘʩ ʩʦʩʪʘʚʠʣ 438,8-442,4 ʤ3/ʛʘ, ʟʘ ʰʝʩʪʴ ʯʘʩʦʚ 891,8-907,3 ʤ3/ʛʘ, ʚ ʩʨʝʜʥʝʤ ʟʘ ʦʜʠʥ 

ʯʘʩ 148,6-151,2 ʤ3/ʛʘ. ɺ ʢʦʥʮʝ ʚʝʛʝʪʘʮʠʠ ʟʘ ʰʝʩʪʴ ʯʘʩʦʚ ʩʨʝʜʥʷʷ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʨʠ ʨʝʞʠʤʝ ʦʨʦʰʝʥʠʷ 65-

65-60 % ʦʪ ʇʇɺ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 110,4 ʤ3/ʛʘ, ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʧʨʠ ʨʝʞʠʤʝ ʦʨʦʰʝʥʠʷ 70-70-60 % ʦʪ ʇʇɺ ʙʳʣʠ 

123,4 ʤ3/ʛʘ, ʧʨʠ ʨʝʞʠʤʝ ʦʨʦʰʝʥʠʷ 70-75-60 % ʦʪ ʇʇɺ ʙʳʣʠ 170,4 ʤ3/ʛʘ.  

ʅʘ ʧʦʣʝʚʦʤ ʫʯʘʩʪʢʝ ʦʙʲʝʤʥʘʷ ʤʘʩʩʘ ʚ ʩʨʝʜʥʝʤ ʟʘ ʪʨʠ ʛʦʜʘ ʚʝʩʥʦʡ ʚ ʥʘʯʘʣʝ ʚʝʛʝʪʘʮʠʠ ʚ ʧʘʭʦʪʥʦʤ 0-30 

ʩʤ ʩʣʦʝ ʩʦʩʪʘʚʠʣʘ 1,28-1,29 ʛ/ʩʤ3, 0-50 ʩʤ ʩʣʦʝ 1,30-1,32 ʛ/ʩʤ3, 0-70 ʩʤ ʩʣʦʝ 1,32-1,34 ʛ/ʩʤ3 ʠ 0-100 ʩʤ ʩʣʦʝ 1,34-

1,36 ʛ/ʩʤ3. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʪʨʝʭʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʞʝʛʦʜʥʦʛʦ ʧʨʦ-

ʚʝʜʝʥʠʷ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʣʠʚʦʚ ʚ ʢʦʥʮʝ ʚʝʛʝʪʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲ-

ʝʤʥʦʡ ʤʘʩʩʳ ʥʘ 0,01-0,03 ʛ/ʩʤ3 ʧʦ ʩʣʦʷʤ ʧʦʯʚʳ.  

ʇʦʢʘʟʘʪʝʣʠ ʧʨʝʜʝʣʴʥʦ ʧʦʣʝʚʦʡ ʚʣʘʛʦʸʤʢʦʩʪʠ (ʇʇɺ) ʧʦʯʚʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʟʘ ʪʨʝʭʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʚ ʩʨʝʜ-

ʥʝʤ ʩʦʩʪʘʚʠʣʠ ʚ ʩʣʦʝ 0-70 ʩʤ 21,0-21,9 %, 0-100 ʩʤ 21,4-22,0 %. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʬʝʥʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʦʧʨʝʜʝʣʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠ-

ʝʤ ʥʦʨʤʳ ʧʦʣʠʚʘ ʨʦʩʪ ʛʣʘʚʥʦʛʦ ʩʪʝʙʣʷ ʚʦʟʨʦʩ, ʘ ʨʘʩʢʨʳʪʠʝ ʢʦʨʦʙʦʯʝʢ ʟʘʤʝʜʣʠʣʦʩʴ.  

ɺ ʥʘʯʘʣʝ ʘʚʛʫʩʪʘ ʧʨʠ ʨʝʞʠʤʝ ʦʨʦʰʝʥʠʷ 70-75-60 % ʦʪ ʇʇɺ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʞʠʤʦʤ ʦʨʦʰʝʥʠʷ 65-65-

60 % ʦʪ ʇʇɺ ʚʳʩʦʪʘ ʛʣʘʚʥʦʛʦ ʩʪʝʙʣʷ ʙʳʣʘ ʙʦʣʴʰʝ ʥʘ 12,2 ʩʤ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʢʨʳʪʳʭ ʢʦʨʦʙʦʯʝʢ ʙʳʣʦ ʤʝʥʴʰʝ 

ʥʘ 1,1 ʰʪʫʢʠ ʚ ʩʝʥʪʷʙʨʝ ʤʝʩʷʮʝ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ 7 ʚʘʨʠʘʥʪʝ ʥʘʙʣʶʜʘʣʘʩʴ ʥʘʠʙʦʣʴʰʘʷ ʩʫʭʘʷ ʤʘʩʩʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʣʠʩʪʴʝʚ 30,2 ʛ, 

ʩʪʝʙʣʝʡ 29,7 ʛ, ʢʦʨʦʙʦʯʝʢ 28,1 ʛ, ʭʣʦʧʢʘ ʩʳʨʮʘ 43,5 ʛ ʠ ʦʙʱʘʷ ʤʘʩʩʘ ʦʜʥʦʛʦ ʨʘʩʪʝʥʠʷ ʩʦʩʪʘʚʣʷʣʦ 131,8 ʛ. ʉʘʤʳʝ 

ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʨʝʞʠʤʝ ʦʨʦʰʝʥʠʷ 70-75-60 % ʦʪ ʇʇɺ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝ-

ʥʠʡ ʥʦʨʤʦʡ N-220; P-154; K-110 ʢʛ/ʛʘ.  

ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʨʝʭʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʨʝʞʠʤʝ ʦʨʦʰʝʥʠʷ 65-65-60 % ʦʪ ʇʇɺ ʧʨʦʚʝʜʝʥʦ 

5 ʧʦʣʠʚʦʚ ʧʦ ʩʭʝʤʝ 1-2-2 (1-3-1), ʧʦʣʠʚʥʦʡ ʥʦʨʤʦʡ 811-1150 ʤ3/ʛʘ ʠ ʦʨʦʩʠʪʝʣʴʥʦʡ ʥʦʨʤʦʡ 4795-5140 ʤ3/ʛʘ, 

ʧʨʦʤʝʞʫʪʢʠ ʧʦʣʠʚʘ ʙʳʣʠ ʨʘʚʥʳ 17-25 ʜʥʷʤ. ʇʨʠ ʨʝʞʠʤʝ ʦʨʦʰʝʥʠʷ 70-70-60 % ʦʪ ʇʇɺ ʧʨʦʚʝʜʝʥʦ 6 ʧʦʣʠʚʦʚ 

ʩʭʝʤʦʡ 1-3-2, ʛʜʝ ʧʦʣʠʚʥʘʷ ʥʦʨʤʘ ʩʦʩʪʘʚʠʣʘ 679-990 ʤ3/ʛʘ, ʘ ʦʨʦʩʠʪʝʣʴʥʘʷ ʥʦʨʤʘ 5100-5510 ʤ3/ʛʘ, ʧʨʦʤʝʞʫʪʢʠ 

ʧʦʣʠʚʘ ʙʳʣʠ ʨʘʚʥʳ 13-23 ʜʥʷʤ. ʅʘ ʚʘʨʠʘʥʪʝ ʩ ʨʝʞʠʤʦʤ ʦʨʦʰʝʥʠʷ 70-75-60 % ʦʪ ʇʇɺ ʧʨʦʚʝʜʝʥʦ 7 ʧʦʣʠʚʦʚ ʧʦ 

ʩʭʝʤʝ 1-4-2, ʛʜʝ ʧʦʣʠʚʥʘʷ ʥʦʨʤʘ 680-857 ʤ3/ʛʘ, ʘ ʦʨʦʩʠʪʝʣʴʥʘʷ ʥʦʨʤʘ 5274-5600 ʤ3/ʛʘ, ʧʨʦʤʝʞʫʪʢʠ ʧʦʣʠʚʘ ʙʳʣʠ 

ʨʘʚʥʳ 11-22 ʜʥʷʤ. 

 

 
 

ɼʠʘʛʨʘʤʤʘ 1. ʅʦʨʤʳ ʧʦʣʠʚʘ ʠ ʦʨʦʩʠʪʝʣʴʥʳʝ ʥʦʨʤʳ ʩʦʨʪʘ ʭʣʦʧʯʘʪʥʠʢʘ ʋʟʇʀʊʀ-2201 

 

ʋʚʝʣʠʯʝʥʠʝ ʦʨʦʩʠʪʝʣʴʥʦʡ ʥʦʨʤʳ ʚ ʦʧʳʪʘʭ ʦʙʲʷʩʥʷʝʪʩʷ ʛʣʫʙʦʢʠʤ (ʙʦʣʝʝ 3 ʤ) ʟʘʣʝʛʘʥʠʝʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 
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ʊʘʙʣʠʮʘ 1 

ʆʨʦʩʠʪʝʣʴʥʳʝ ʥʦʨʤʳ, ʛʫʩʪʦʪʘ ʩʪʦʷʥʠʷ,  

ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ 1 ʮ ʫʨʦʞʘʷ ʭʣʦʧʯʘʪʥʠʢʘ ʩʦʨʪʘ ʋʟʇʀʊʀ-2201 (2012-2014 ʛʛ.) 

ˉ
 

ɺ
ʘ
ʨ
ʠ
ʘ
ʥ
ʪ
ʘ

 

ʉʦʨʪʘ 

ʭʣʦʧʯʘʪʥʠʢʘ 

ʈʝʞʠʤ 

ʦʨʦʰʝʥʠʷ 

ʦʪ ʇʇɺ, % 

ʆʨʦʩʠʪʝʣʴʥʘʷ 

ʥʦʨʤʘ, ʤ3/ʛʘ 

ɻʫʩʪʦʪʘ 

ʩʪʦʷʥʠʷ 

ʪʳʩ. 

ʰʪ/ʛʘ  

ʋʨʦʞʘʡ ʭʣʦʧʢʘ, ʮ/ʛʘ  
ɺʦʜʦʧʦʪʨʝʙʣʝʥʠʝ 

ʥʘ 1 ʮ ʫʨʦʞʘʷ 

ʭʣʦʧʢʘ, ʤ3/ʮ 
2012 2013 2014 ʉʨʝʜʥʝʝ 

1 ʉ-6524 70-70-60 5242 84,1 38,0 45,1 47,0 43,4 120,8 

2 

ʋʟʇʀʊʀ-

2201 

65-65-60 4978 
84,2 39,3 44,6 48,9 44,3 112,4 

3 85,3 41,1 46,5 48,8 45,5 109,4 

4 
70-70-60 5242 

84,5 40,3 47,0 49,3 45,5 115,2 

5 84,8 41,4 47,5 51,0 46,6 112,5 

6 
70-75-60 5456 

85,0 40,1 46,8 52,5 46,5 117,3 

7 85,1 42,4 49,8 54,4 48,9 111,6 

ʅʉʈ05=0,91 ʮ/ʛʘ Sʭ=1,7 % (2012-2014 ʛʛ ʩʨʝʜʥʝʝ) 

 

ɺʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ 1 ʮ ʫʨʦʞʘʷ ʠʟʫʯʝʥʥʦʛʦ ʭʣʦʧʯʘʪʥʠʢʘ ʩʦʨʪʘ ʋʟʇʀʊʀ-2201 ʙʳʣʦ ʤʝʥʴʰʝ ʥʘ 5,6-11,4 

ʤ3/ʮ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ.  

 

ɺʳʚʦʜʳ 

ɺ ʫʩʣʦʚʠʷʭ ʪʠʧʠʯʥʳʭ ʩʝʨʦʟʝʤʥʳʭ ʧʦʯʚ ʩ ʛʣʫʙʦʢʠʤ (ʙʦʣʝʝ 18-20 ʤ) ʟʘʣʝʛʘʥʠʝʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʘ ʩʨʝʜ-

ʥʝʚʦʣʦʢʥʠʩʪʦʤ ʩʦʨʪʝ ʭʣʦʧʯʘʪʥʠʢʘ ʋʟʇʀʊʀ-2201 ʧʨʠ ʨʝʞʠʤʝ ʦʨʦʰʝʥʠʷ 70-75-60 % ʦʪ ʇʇɺ ʠ ʧʨʦʚʝʜʝʥʠʝʤ 

ʧʦʣʠʚʘ ʧʦ ʩʭʝʤʝ 1-4-2, ʧʦʣʠʚʥʦʡ ʥʦʨʤʦʡ 679-857 ʤ3/ʛʘ ʠ ʦʨʦʩʠʪʝʣʴʥʦʡ ʥʦʨʤʦʡ 5456 ʤ3/ʛʘ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠ-

ʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʦʨʤʦʡ N-220, ʈ2O5-154, ʂ2ʆ-110 ʢʛ/ʛʘ, ʧʨʠ ʛʫʩʪʦʪʝ ʩʪʦʷʥʠʷ 85,1 ʪʳʩ. ʰʪ/ʛʘ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʘʠʙʦʣʴʰʝʛʦ ʫʨʦʞʘʷ 48,9 ʮ/ʛʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʡ ʛʦʜʘ, ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʘʭ ʥʘ ʩʦʨʪʝ ʭʣʦʧʯʘʪʥʠʢʘ ʋʟʇʀʊʀ-2201 ʧʨʠ ʨʝʞʠʤʝ ʦʨʦʰʝʥʠʷ 

65-65-60 % ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʫʨʦʞʘʷ 44-45 ʮ/ʛʘ ʭʣʦʧʢʘ ʩʳʨʮʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʥʝʩʝʥʠʝ 25 % ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʬʘʟʝ 2-3 ʥʘʩʪʦʷʱʠʭ ʣʠ-

ʩʪʦʯʢʦʚ, ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʚ ʨʘʚʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʬʘʟʳ ʙʫʪʦʥʠʟʘʮʠʠ ʠ ʮʚʝʪʝʥʠʷ, 50 % ʢʘʣʠʡʥʳʭ ʠ 70 % ʬʦʩʬʦʨ-

ʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʝʨʝʜ ʚʩʧʘʰʢʦʡ, ʦʩʪʘʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʦ 50 % ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʬʘʟʝ ʙʫʪʦʥʠʟʘʮʠʠ, ʘ 

ʦʩʪʘʣʴʥʦʝ 30 % ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʬʘʟʝ ʮʚʝʪʝʥʠʷ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʩʪʨʘʥʳ ʚʩʝ ʚʠʜʳ ʫʜʦʙʨʝʥʠʡ ʜʦʣʞ-

ʥʳ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʦ 5 ʠʶʣʷ. 
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IRRIGATION AND NUTRITIVE REGIME OF UPLAND UZPITI -2201 COTTON PLANT  

UNDER THE CONDITIONS OF TYPICAL SIEROZEMIC SOILS IN UZBEKISTAN  
 

N.Kh. Durdiyev1, M.A. Avliyakul ov2 
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Abstract. The paper indicates materials related to impact of irrigation and nutritive regime (NPK) on the 

growth, development and maturation of upland cotton variety UzPITI-2201. The highest yield was obtained at the irri-

gation regime of 70-75-60 % Fc, mineral fertilizer application (NPK) of 220:154:110 kg ha-1.  

Keywords: UzPITI-2201cotton variety, agronomic management, sierozem soil, irrigation scheduling % Fc, 

norm-ratio of mineral fertilizer application, Uzbekistan.  
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THE EFFECT OF THE HOT DRY WIND  

ON THE LENGTH OF FIBER OF SOME COTTON SPECIES AND LINES  
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2 Cotton Breeding, Seed Production and Agrotechnologies Research Institute (Tashkent), Uzbekistan 
 

Abstract. One of the most important indicators of the quality of cotton fiber is its length. The cost of fiber de-

pends on its length. Because from this kind of fiber the elegant yarns are prepared for the most delicate fiber yarn. The 

length of the cotton fiber, according to variety or reference feature and the cultivation of crops can be 10-50 mm. 

Keywords: garmsel, cotton grade, fiber output, plant tier, grade signs, agrotechnological action. 
 

At the present time, there are many scientific and practical works on cotton species with high fiber quality have 

been preparing by the scientists of leading cotton producing countries.  

Hot dry wind happens across the southern and central part of the country, that are Surkhandarya, Kashkadarya, 

Bukhara and Navoi provincesô large cotton cultivated areas in summer season period, even though cotton tropical plant 

negatively affects the quality of the cotton fiber. 

One of the most important indicators of the quality of cotton fiber is its length. The cost of fiber depends on its 

length. Because from these kind of fiber the elegant yarns are prepared for the most delicate fiber yarn. The length of 

the cotton fiber, according to variety or reference feature and the cultivation of crops can be from 10 mm up to 50 mm. 
 

Table 1 

The length of the fiber cotton species and lines in tier (in mm index) 

 
                                                           
É Mardanov H., Danabaev A. / ʄʘʨʜʘʥʦʚ ʍ., ɼʘʥʘʙʘʝʚ ɸ., 2017 
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Table 1 (continued) 

 

 
 

According to X. Ashurbekov and et al (1995), M. Qodirova and et al (2013), the length of the cotton fiber de-

pends on features of the ridges, hereditary traits that passes down from generation to generation, the agro technics 

which holds during the experience in the farming area and fertilizer regime. 

According to the data results of analysis in 2012-2014 on length of cotton fiber, these index were stated in Bu-

khara-6 variety 31.88-33.0 mm. The higher indexes were stated in Istiklol-14 (33.24-34.4 mm), Omad (33.0-34.4 mm) 

Bukhara-8 (33.2-33.7 mm), Umid (33.5-35.9 mm), Paytugô (33.5-34.7), Termiz-256 (33.1-34.4 mm). Template grade 

indicators were stated in Kupaysin (32.9-33.9 mm), Charos (31.7-33.0 mm) and Jarkurgôon (32.5-35.8). 

Other species having been tested on the basis of these figures were less than the template grade indicator 

(standard explanations). The results obtained on the basis of the length of the cotton fiber are not achieved significant 

results in this area and it shows that it needs attention for the cotton fiber length together with complex valuable eco-

nomic signs in future. 

According to the analysis among the species the OóZPITI-102 (32.6-33.9 mm), Beshqahraman (32.6-34.1 ʤʤ) 

were identified that equal with the template grade indicator (standard explanations).  

The hot dry effects to quality of cotton fiber were identified. According to examples from the plant sort 2 tier 

among early season species Omad, Umid, C-6541, Namangan-34, Andijan-37, C-8284, Buston, among midseason spe-

cies Jarqurgôon, Kelajak, Bukhara-102, ɶʟʌɸ-703, Pakhtakor-1 and among other species the percentage (amount) of 

fiber significantly decreased up to 0,7-3,5 % because of 4-8 m/sec hot dry wind and very hot dry weather were identi-

fied.  

The high fiber indexes were identified among the lines were settled in 2014 ʉ-8284 (33.7 mm), Buston (32.57 

mm). During the analysis, the other settled species and lines were a bit higher and equal with the template grade indica-

tor. During the analysis of the length of fiber on plant tier, during the hot dry weather period harvested fiber length in 

boll in Namangan-34, C-6775, Beshariq-96, OóZPITI-102, Sulton, ʉ-8286, ʉ-9086, Istiqlol-14, Buston, Barhayot, Pay-

tugó species the index of cotton fiber harvested from 2 tier were higher compared to 1 and 3 tiers.  

In a word, during the hot dry weather period harvested fiber length in boll in Navruz, Bukharʘ-8, ʉ-6541, ʉ-

8290, OóZPITI-102, ʉ-9082 species and lines the index of cotton fiber length harvested from 2 tier were lower com-

pared to 1 and 3 tiers. 
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ɺʃʀʗʅʀɽ ʉʋʍʆɺɽʗ ʅɸ ɼʃʀʅʋ ɺʆʃʆʂʅɸ ʍʃʆʇʂɸ ʅɽʂʆʊʆʈʓʍ ɺʀɼʆɺ ʀ ʃʀʅʀʁ 
 

ʍ. ʄʘʨʜʘʥʦʚ1, ɸ. ɼʘʥʘʙʘʝʚ2 

1 ʥʝʟʘʚʠʩʠʤʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ, 2 ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ 
1 ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

2 ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʝʣʝʢʮʠʠ, ʩʝʤʝʥʦʚʦʜʩʪʚʘ ʠ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ ʚʳʨʘʱʠʚʘʥʠʷ ʭʣʦʧʢʘ  

(ʊʘʰʢʝʥʪ), ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʆʜʠʥ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʢʘʯʝʩʪʚʘ ʭʣʦʧʢʦʚʦʛʦ ʚʦʣʦʢʥʘ ï ʝʛʦ ʜʣʠʥʘ. 

ʉʪʦʠʤʦʩʪʴ ʚʦʣʦʢʥʘ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʜʣʠʥʳ, ʪʘʢ ʢʘʢ ʠʟ ʧʦʜʦʙʥʦʛʦ ʚʦʣʦʢʥʘ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʢʘʯʝʩʪʚʝʥʥʫʶ 

ʧʨʷʞʫ. ɼʣʷ ʩʘʤʦʡ ʪʦʥʢʦʡ ʧʨʷʞʠ ʜʣʠʥʘ ʭʣʦʧʢʦʚʦʛʦ ʚʦʣʦʢʥʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʦʪ 10 ʤʤ ʜʦ 50 ʤʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʘʨʤʩʠʣʴ, ʩʦʨʪ ʭʣʦʧʯʘʪʥʠʢʘ, ʚʳʭʦʜ ʚʦʣʦʢʥʘ, ʷʨʫʩ ʨʘʩʪʝʥʠʷ, ʧʨʠʟʥʘʢʠ ʩʦʨʪʘ, ʘʛʨʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ. 
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ʈʆʃʔ ʋɼʆɹʈɽʅʀʁ ɺ ʇʆɼʅʗʊʀʀ ʇʈʆɼʋʂʊʀɺʅʆʉʊʀ ʆʈʆʐɸɽʄʓʍ ɿɽʄɽʃʔ 
 

 ʌ.ʐ. ʄʠʨʭʘʤʠʜʦʚ1, ɸ.ɼ. ʈʘʭʠʤʦʚ2, ɸ.ʐ. ʂʦʜʠʨʦʚ3 
1, 2 ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ çɻʝʥʝʪʠʢʘ, ʩʝʣʝʢʮʠʷ ʠ ʩʝʤʝʥʦʚʦʜʩʪʚʦ ʩ/ʭ ʢʫʣʴʪʫʨè, 3 ʩʪʫʜʝʥʪ ʬʘʢʫʣʴʪʝʪʘ ʘʛʨʦʥʦʤʠʠ 

ɸʥʜʠʞʘʥʩʢʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʟʠʜʝʥʪ ʠ ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʶʪ 

ʨʘʟʚʠʪʠʶ ʦʨʦʰʝʥʠʷ ʚ ʩʪʨʘʥʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʣʦʱʘʜʠ ʦʨʦʰʝʥʠʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʧʨʝʚʳʰʘʶʪ 2 ʤʣʥ. ʛʝʢ-

ʪʘʨʘ. ɺ ʧʦʩʪʘʥʦʚʣʝʥʠʠ ʢʘʙʠʥʝʪʘ ʄʠʥʠʩʪʨʦʚ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ çʆ ʧʣʘʥʝ ʤʝʣʠʦʨʘʮʠʠ ʟʝʤʝʣʴ ʥʘ 2016-

2020 ʛʦʜʳ ʠ ʤʝʨʘʭ ʧʦ ʫʣʫʯʰʝʥʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʣʠʦʨʠʨʦʚʘʥʥʳʭ ʟʝʤʝʣʴè ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʦʙʨʘʱʝʥʦ ʥʘ 

ʫʩʢʦʨʝʥʠʝ ʨʘʙʦʪ ʧʦ ʦʨʦʰʝʥʠʶ ʟʝʤʝʣʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʨʫʧʥʳʭ ʟʦʥ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʣʦʧʢʘ-ʩʳʨʮʘ 

ʠ ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ ʦʨʦʰʘʝʤʳʭ ʟʝʤʣʷʭ. ʊʦʣʴʢʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʜʦʙʨʝʥʠʡ ʦʨʦ-

ʰʘʝʤʳʝ ʭʦʟʷʡʩʪʚʘ ʚʳʨʘʱʠʚʘʶʪ ʚʳʩʦʢʠʝ ʫʨʦʞʘʠ ʥʘ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʨʦʰʝʥʠʝ, ʚʦʜʘ, ʧʦʯʚʘ, ʫʜʦʙʨʝʥʠʝ, ʧʦʣʠʚ, ʧʣʦʜʦʨʦʜʠʝ, ʘʟʦʪ, ʩʝʨʦʟʝʤ, ʫʨʦʞʘʡ. 

 

ʆʨʦʰʝʥʠʝ ʠ ʫʜʦʙʨʝʥʠʝ ʚʟʘʠʤʥʦ ʫʩʠʣʠʚʘʶʪ ʜʝʡʩʪʚʠʝ ʜʨʫʛ ʜʨʫʛʘ. ʆʨʦʰʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʶ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʚʥʦʩʠʤʳʭ ʩ ʫʜʦʙʨʝʥʠʷʤʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʜʦʙʨʝʥʠʷ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʪ 

ʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʦʤʫ ʨʘʩʭʦʜʦʚʘʥʠʶ ʚʦʜʳ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʝʜʠʥʠʮʳ ʫʨʦʞʘʷ. ʇʨʠʤʝʥʝʥʠʝ ʢʘʢ ʤʠʥʝʨʘʣʴʥʳʭ, ʪʘʢ 

ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʧʨʠ ʦʨʦʰʝʥʠʠ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʦ. ɼʝʡʩʪʚʠʝ ʫʜʦʙʨʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʦʨʦʰʝʥʠʷ ʧʨʦ-

ʷʚʣʷʝʪʩʷ ʛʦʨʘʟʜʦ ʩʠʣʴʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʛʘʨʥʳʤ ʟʝʤʣʝʜʝʣʠʝʤ [2, ʩ. 26-27]. 

ʆʨʦʰʝʥʠʝ, ʩʦʟʜʘʚʘʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ, ʦʢʘʟʳʚʘʝʪ ʤʥʦʛʦʩʪʦʨʦʥʥʝʝ 

ʜʝʡʩʪʚʠʝ ʥʘ ʧʦʯʚʝʥʥʦ ʧʣʦʜʦʨʦʜʠʝ. ʇʦʣʠʚʥʘʷ ʚʦʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ ʚʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʧʠʪʘ-

ʪʝʣʴʥʳʡ ʨʝʞʠʤ ʧʦʯʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʦʰʝʥʠʷ ʙʝʟ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦ-

ʧʨʠʷʪʠʡ ʤʦʞʝʪ ʫʭʫʜʰʠʪʴ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʫʧʣʦʪʥʝʥʠʝ ʧʦʯʚʳ, 

ʨʘʟʨʫʰʝʥʠʝ ʝʝ ʩʪʨʫʢʪʫʨʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ 13-14 ʣʝʪʥʦʛʦ ʦʨʦʰʝʥʠʷ ʩʚʝʪʣʦ-ʩʝʨʦʟʝʤʥʳʭ ʧʦʯʚ ʥʘ ʀʩʪʠʢʣʘʣʩʢʦʡ (ʀʟʙʘʩʢʘʥʩʢʠʡ ʨʘʡʦʥ) 

ʦʧʳʪʥʦʡ ʩʪʘʥʮʠʠ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʧʨʦʯʥʳʭ ʘʛʨʝʛʘʪʦʚ ʢʨʫʧʥʝʝ 0,25 ʤʤ ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 4-5 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʦʨʦʰʘʝʤʦʡ ʧʦʯʚʦʡ. ʂʦʣʠʯʝʩʪʚʦ ʘʛʨʝʛʘʪʦʚ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 1 ʤʤ ʚ ʧʦʯʚʝ ʟʘʣʝʞʠ ʩʦʩʪʘʚʠʣʦ 25-35 %, ʘ ʚ ʜʣʠ-

ʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʠ ʦʨʦʰʘʝʤʦʡ ʚʩʝʛʦ 7-8 %.  

ʄʦʞʥʦ ʩʪʨʦʠʪʴ ʦʨʦʩʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʦʩʫʰʘʪʴ ʙʦʣʦʪʘ, ʥʦ, ʝʩʣʠ ʵʪʠ ʟʝʤʣʠ ʥʝ ʫʜʦʙʨʠʪʴ, ʦʥʠ ʙʫʜʫʪ ʜʘ-

ʚʘʪʴ ʥʝʙʦʣʴʰʠʝ ʫʨʦʞʘʠ. ʆʧʳʪ ʢʨʘʩʥʦʨʝʯʠʚʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʥʘ ʧʦʣʠʚʥʳʭ ʧʦʣʷʭ ʦʧʣʘʪʘ ʫʜʦʙʨʝʥʠʡ ʫʨʦʞʘ-

ʝʤ ʚʦʟʨʘʩʪʘʝʪ ʚ 2-3 ʨʘʟʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ ʥʘ ʧʦʣʠʚʝ ʪʨʝʙʫʝʪʩʷ ʝʞʝʛʦʜʥʦ ʚʥʦʩʠʪʴ ʥʘ ʛʝʢʪʘʨ ʧʦ 6-

10 ʮ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ [1, ʩ. 6-15]. 

ʄʘʪʝʨʠʘʣʳ ʦʧʳʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʦʨʦʰʘʝʤʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʚ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʝ (ʋʟʙʝʢʠ-

ʩʪʘʥ) ʧʨʠʙʘʚʢʠ ʫʨʦʞʘʷ ʟʘ ʩʯʝʪ ʫʜʦʙʨʝʥʠʡ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʢʫʣʴʪʫʨ ʜʦʩʪʠʛʘʶʪ 30-100 % ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥ-

ʪʨʦʣʶ. ʕʪʦ ʤʦʞʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʜʘʥʥʳʤʠ ʪʘʙʣʠʮʳ 1. 

ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʦʙʨʝʥʠʡ ʥʘ ʦʨʦʰʘʝʤʳʭ ʟʝʤʣʷʭ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʫʣʫʯʰʝʥʠʷ ʚʦʜʥʦʛʦ ʨʝ-

ʞʠʤʘ ʧʦʯʚʳ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʩʪʝʥʠʡ ʚʣʘʛʦʡ. ʈʝʟʢʠʡ ʥʝʜʦʩʪʘʪʦʢ ʧʨʠʨʦʜʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʨʘʩʪʝʥʠʡ ʚ ʟʘʩʫʰ-

ʣʠʚʦʡ ʟʦʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʠ ʥʝ ʪʦʣʴʢʦ ʩʚʝʪʘ ʠ ʪʝʧʣʘ, ʥʦ ʠ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ. 

ʆʨʦʰʝʥʠʝ ʩʥʠʤʘʝʪ ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ. 

 

ʊʘʙʣʠʮʘ 1 

ʇʨʠʙʘʚʢʘ ʫʨʦʞʘʷ ʟʘ ʩʯʝʪ ʫʜʦʙʨʝʥʠʡ ʥʘ ʦʨʦʰʘʝʤʳʭ ʟʝʤʣʷʭ (2014) 

ʂʫʣʴʪʫʨʘ ʉʦʨʪ 
ʋʨʦʞʘʡ ʮ/ʛʘ ʇʨʠʙʘʚʢʘ ʫʨʦʞʘʷ ʟʘ ʩʯʝʪ ʫʜʦʙʨʝʥʠʡ 

ɹʝʟ ʫʜʦʙʨʝʥʠʡ ʇʨʠ ʚʥʝʩʝʥʠʠ NPK ʮ/ʛʘ % 

ʍʣʦʧʯʘʪʥʠʢʘ 
ʉ-6524 22,4 31,3 8,9 40 

ɸʥʜʠʞʘʥ-35 20,1 30,3 10,2 51 

ʈʠʩ 
ɸʣʘʥʛʘ 40,3 53,5 13,2 33 

ɸʚʘʥʛʘʨʜ 52,7 74,8 22,1 42 

ʆʟʠʤʘʷ  

ʧʰʝʥʠʮʘ 

ɹʦʙʫʨ 28,0 43,4 15,4 55 

ɸʩʨ 31,3 54,4 23,1 74 
 

ʆʨʦʰʝʥʠʝ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʭʦʨʦʰʝʛʦ ʫʩʚʦʝʥʠʷ ʨʘʩʪʝʥʠʷʤʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʧʨʠ ʧʦ-

ʚʳʰʝʥʥʦʤ ʫʚʣʘʞʥʝʥʠʠ ʧʦʯʚʳ ʣʝʛʢʦ ʧʝʨʝʭʦʜʷʪ ʚ ʨʘʩʪʚʦʨ ʠ ʫʩʚʘʠʚʘʶʪʩʷ ʢʦʨʥʷʤʠ ʨʘʩʪʝʥʠʡ. ʅʘʜʦ ʫʯʝʩʪʴ ʪʘʢʞʝ 

ʪʦ, ʯʪʦ ʫʣʫʯʰʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʟʚʠʪʠʝ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ: ʝʝ ʩʠʣʘ ʠ ʦʙʱʘʷ ʧʦ-

ʛʣʦʪʠʪʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ. ʕʪʦ ʪʘʢʞʝ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʠʪʘʪʝʣʴ-

ʥʳʭ ʚʝʱʝʩʪʚ ʧʦʯʚʳ. 

                                                           
É ʄʠʨʭʘʤʠʜʦʚ ʌ.ʐ., ʈʘʭʠʤʦʚ ɸ.ɼ., ʂʦʜʠʨʦʚ ɸ.ʐ. / Mirkhamidov F.Sh., Rakhimov A.D., Kodirov A.Sh., 2017 
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ʋʚʣʘʞʥʝʥʠʝ ʧʦʯʚʳ ʧʦʣʠʚʘʤʠ ʧʨʠ ʪʝʧʣʦʡ ʧʦʛʦʜʝ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʘʢʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʨʘʟʨʫʰʘʶʱʠʭ ʧʦʯʚʝʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ. 

ʀʥʪʝʥʩʠʚʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʦʨʦʰʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʩʪʦʷʪʝʣʴʥʫʶ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʧʦʣʥʝʥʠʷ ʝʛʦ ʜʣʷ ʧʦʜʥʷʪʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ ʚʦʟʜʝʣʳʚʘʥʠʝʤ ʢʫʣʴʪʫʨ, ʦʩʪʘʚʣʷʶʱʠʭ 

ʧʦʩʣʝ ʩʝʙʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʣʶʮʝʨʥʳ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʚʥʝʩʝ-

ʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ. 

ʆʨʦʩʠʪʝʣʴʥʘʷ ʚʦʜʘ ʟʘʤʝʪʥʦ ʚʣʠʷʝʪ ʥʘ ʧʠʪʘʪʝʣʴʥʳʡ ʨʝʞʠʤ ʚ ʧʦʯʚʘʭ. ʅʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦ-

ʜʷʪ ʚ ʩʦʜʝʨʞʘʥʠʠ ʧʦʜʚʠʞʥʳʭ ʘʟʦʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɸʟʦʪ ʩʦʜʝʨʞʠʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʩʦʩʪʘʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠ-

ʥʝʥʠʡ ʧʦʯʚʳ. ʊʘʢʦʡ ʘʟʦʪ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʪʨʫʜʥʦ ʜʦʩʪʫʧʝʥ ʨʘʩʪʝʥʠʷʤ, ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʤʠʥʝʨʘʣʴʥʳʡ ʘʟʦʪ ʚ ʚʠʜʝ 

ʥʠʪʨʘʪʥʦʡ ʠ ʘʤʤʠʘʯʥʦʡ ʬʦʨʤ. 

ʄʠʥʝʨʘʣʴʥʳʡ ʘʟʦʪ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ ʣʝʛʢʦʛʠʜʨʦʣʠʟʫʝʤʳʭ ʘʟʦʪʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʦʜʝʨʞʘ-

ʥʠʝ ʧʦʩʣʝʜʥʠʭ ʚ ʧʦʯʚʘʭ ʦʨʦʰʘʝʤʦʡ ʟʦʥʳ ʥʝʙʦʣʴʰʦʝ. ʊʘʢ ʚ ʪʝʤʥʦ-ʩʝʨʦʟʝʤʥʳʭ ʧʦʯʚʘʭ ʅʘʤʘʥʛʘʥʩʢʦʛʦ ʚʠʣʦʷʪʘ 

ʣʝʛʢʦʛʠʜʨʦʣʠʟʫʝʤʦʛʦ ʘʟʦʪʘ ʩʦʜʝʨʞʠʪʩʷ ʦʢʦʣʦ 5 ʤʛ ʥʘ 100 ʛ ʧʦʯʚʳ, ʠʣʠ ʧʨʠʤʝʨʥʦ 3 % ʟʘʧʘʩʦʚ ʦʙʱʝʛʦ ʘʟʦʪʘ. ʇʦ-

ʵʪʦʤʫ ʥʘ ʦʨʦʰʘʝʤʳʭ ʧʦʯʚʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʷʭ [3, ʩ. 7]. 

ʄʠʥʝʨʘʣʴʥʳʡ ʘʟʦʪ ʚ ʦʨʦʰʘʝʤʳʭ ʧʦʯʚʘʭ ʚʝʩʴʤʘ ʜʠʥʘʤʠʯʝʥ. ʀʟ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʘʟʦʪʘ ʚ ʥʝʢʦʪʦʨʳʭ 

ʧʦʯʚʘʭ ʧʨʝʦʙʣʘʜʘʶʪ ʥʠʪʨʘʪʥʳʝ. ʅʘʧʨʠʤʝʨ, ʚ ʧʨʝʜʛʦʨʥʦʤ ʅʘʤʘʥʛʘʥʩʢʦʤ ʩʝʨʦʟʝʤʝ ʥʘ ʜʦʣʶ ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ 

ʧʨʠʭʦʜʠʣʦʩʴ 60-65 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ. 

ʆʨʦʰʝʥʠʝ ʚʣʠʷʝʪ ʠ ʥʘ ʬʦʩʬʦʨʥʳʡ ʨʝʞʠʤ ʧʦʯʚʳ. ɺ ʧʦʯʚʝ ʬʦʩʬʦʨ ʩʦʜʝʨʞʠʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʬʦʨʤʘʭ. ɺ ʩʝʨʦʟʝʤʥʳʭ ʧʦʯʚʘʭ ʦʨʦʰʘʝʤʦʡ ʟʦʥʳ ʦʨʛʘʥʠʯʝʩʢʠʡ ʬʦʩʬʦʨ ʥʘʭʦʜʠʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠ-

ʯʝʩʪʚʝ, ʥʘʧʨʠʤʝʨ, ʚ ʪʠʧʠʯʥʳʭ ʩʝʨʦʟʝʤʘʭ ʬʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ ʚ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ ʝʛʦ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ (51 %) 

ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ. ʌʦʩʬʦʨ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʪʨʫʜʥʦ ʜʦʩʪʫʧʝʥ ʨʘʩʪʝʥʠʷʤ, ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʫʩʚʦʷʝʤʳʡ 

ʬʦʩʬʦʨ ʠʟ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʚʠʜʝ ʩʦʣʝʡ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʢʘʪʠʦʥʦʤ ʢʘʣʴʮʠʷ.  

ʅʘ ʦʨʦʰʘʝʤʳʭ ʟʝʤʣʷʭ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʟʘʙʦʣʘʯʠʚʘʥʠʝ ʠ ʟʘʩʦʣʝʥʠʝ ʧʦʯʚ. ɼʣʷ ʙʦʨʴʙʳ ʩ ʟʘʙʦʣʘʯʠʚʘʥʠ-

ʝʤ ʧʨʠʤʝʥʷʶʪ ʜʨʝʥʘʞ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ɸʜʠʥʴʷʝʚ, ʕ. ɼ. ʆʟʠʤʘʷ ʧʰʝʥʠʮʘ ʥʘ ʦʨʦʰʘʝʤʳʭ ʟʝʤʣʷʭ / ʕ. ɼ. ɸʜʠʥʴʷʝʚ. ï ʄ. : çɸʛʨʦʧʨʦʤ-ʠʟʜʘʪè, 1985. ï ʉ. 6ï15. 

2. ɻʦʣʫʙʝʚ, ɺ. ɼ. ʇʨʠʤʝʥʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʥʘ ʦʨʦʰʘʝʤʳʭ ʟʝʤʣʷʭ / ɺ. ɼ. ɻʦʣʫʙʝʚ. ï ʄ. : çʂʦʣʦʩè, 1977. ï ʉ. 26ï27. 

3. ʉʠʜʜʠʢʦʚ, ʈ. ʀ. ʉʫסʦʨʠʣʘʜʠʛʘʥ ʝʨʣʘʨʜʘ ʢʫʟʛʠ ʙʫסʜʦʡ ʝʪʠʰʪʠʨʠʰ ʘʛʨʦʪʝʭʥʦʣʦʛʠʷʩʠ ʙ˄ʡʠʯʘ ʪʘʚʩʠʷʥʦʤʘ /  

ʈ. ʀ. ʉʠʜʜʠʢʦʚ, ʀ. ʋ. ʕʛʘʤʦʚ, ɸ. ʄ. ʄʘʥʩʫʨʦʚ. ï ɸʥʜʠʞʦʥ, 2013. ï ʉ. 7. 

 

ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 10.01.17. 

 

 

THE ROLE OF FERTILIZERS IN RAISING TH E IRRIGATED LAND PRODUCTIVITY  
 

F.Sh. Mirkhamidov1, A.D. Rakhimov2, A.Sh. Kodirov3 

1, 2 Assistant of Chair for Genetics, Selection and Seed Breeding of Agricultural Crops, 3 Student of Agronomy Faculty 

Andijan Agricultural Institute, Uzbekistan 

 

Abstract. The President and the government of the Republic of Uzbekistan pay much attention to irrigation de-

velopment in the country. Nowadays the irrigated area is over 2 mln ha in our country. The decree of Ministry of the 

Republic of Uzbekistan ñOn land restoration plan for 2016-2020 and the measures improving the usage of reclaimed 

landò pays much attention to work intensification on land irrigation for creation of the major areas for secure produc-

tion of raw cotton and the increased yield capacity of grain crops on the irrigated land. High yields on large areas in 

irrigated farms are obtained only with the usage of fertilizers. 

Keywords: irrigation, water, soil, fertilizer, wetting, fertility, nitrogen, sierozem, yield. 
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INFLUENCE OF SOIL  TILLAGE DEPTHS ON SOIL WATER -PHYSICAL  

PROPERTIES AND WEED INFESTATION IN THE WHEAT FIELD  
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Abstract. A 3-year study results in the typical sierozem soils of Samarkand Province, Uzbekistan revealed that 

soil tillage to 30-35 cm depth has reduced the number of biennial and perennial weeds in the winter wheat field for 30-

40 %, soil compaction ï for 0.08 g cm-3, increased soil porosity for 1.5-2.0%, water infiltration for 6-hours ï for 87-101 

m3 ha-1 and improved soil microbial activity. Grain yield of winter wheat during the study years ranged from 5.94 to 

6.26 t ha-1. 

Keywords: winter wheat, soil tillage depth, weed infestation, soil bulk density, soil porosity, water infiltration. 
 

INTRODUCTION  

It is known that weeds in wheat fields adversely affect the crop yields, soil fertility and the environment. How-

ever, the weeds are found not only in the wheat fields but also in other agricultural fields. Similarly to other agricultural 

crops, the weeds consume soil nutrients and amounts of adsorbed nutrients are substantial. Almost all weed species are 

nitrophilic (nitrogen demanding), intensively grow and develop in the soils with good nutrients supply. In its turn, due 

to cultivation of winter wheat for bread and bakery products and with the aim to provide sufficient nitrogen nutrition to 

the crop the nitrogen fertilizer rates are applied in the winter wheat fields for 2-fold higher than phosphorus and for 3-

fold more than potassium fertilizer. This also creates favourable conditions for rapid growth of various weeds in the 

wheat fields and increases their harmful effects on the environment [1]. 

Application of appropriate agrotechnological measures for cereals production is one important factor to in-

crease grain production and yields of winter wheat. This task includes inculcation of intensive grain production technol-

ogies, efficiently use of irrigation water, fertilizers and other chemicals, environment safety and protection of cereal 

crops from various diseases, pests and weeds [5]. 

Proper soil preparation for seeding is an important agrotechnological method for achieving high yields of crops 

with early harvest of the yield. Soil tillage depth is differentiated depending of soil type, plow layer, compaction and 

weed infestation in the field. Particularly, soil tillage depth in the light sierozem soils of the Andijan region and fertile 

soils of the Surkhandarya region is 35-40 cm, in Tashkent, Samarkand, Sirdarya, Kashkadarya, Bukhara Provinces and 

Republic of Karakalpakstan ï 30 cm and in the Khorezm region ï 32-35 cm [5]. The research results also showed effi-

ciency of usage of two-tiered plow which results in reduction of weeds in the agricultural fields for 2-3 times.  

Grain yields of winter wheat in some fields of the Zarafshan oasis, Uzbekistan are ranging from 3.0 to 3.5 t ha-

1. The low grain yields are due to agrotechnical and chemical measures still not well developed for the winter wheat in 

this area. Hence, the aim of our study was an investigation of influence of soil tillage depths on soil: (i) aggregates, (ii) 

bulk density and porosity, (iii) water infiltration and (iv) microbial activity. 
 

MATERIALS AND METHODS  

A field experiment with winter wheat cultivar Nota for investigation of influence of the soil tillage depths of 

20-25; 25-30; 30-35 and 35-40 cm on agrophysical properties typical sierozem soil was carried out in farmerôs field 

located in Taylok district of Samarkand Province, Uzbekistan. The experiment was three replicated with plot area each 

of 480 m2. 

The typical sierozem soil was non-saline and humus content in the top 0-25 cm soil layer was 11.1 g kg-1, total 

nitrogen ï 1.3 g kg-1, total phosphorus ï 1.3 g kg-1, total potassium ï 23.4 g kg-1, NO3-N ï 14 mg kg-1, available phos-

phorus ï 17 mg kg-1 and exchangeable potassium ï 224 mg kg-1. The soil pH was 7.1. 

Winter wheat received N200ʈ140ʂ100 kg ha-1 of mineral fertilizer and application timing of the fertilizer were as 

following: 70 % of P-fertilizer and full rate of K-fertilizer were applied before soil till, 20 % of N-fertilizer and 30 % of 

P-fertilizer were incorporated in soil at planting. Remaining 80 % of N-fertilizer was applied in two splits: at tillering 

and shooting growth stages of the crop.  

Phenological observations, biometric measurements and yield determinations were conducted according to 

field experimentation methods [2, 3] on delineated model plants in the area of 1 m2 in each treatment and replication of 

the experiment. Standard procedures [4] were applied for determination of soil water physical and agrophysical proper-

ties (dry and wet sieving, water infiltration, bulk density and porosity).  
 

RESULTS 

Our study results showed the efficiency of soil tillage depth against weed infestation in the wheat field. In that, 

soil tillage depth has primarily influenced soil aggregation, i.e. aggregates with size of 0.25 mm and less. Amount of 

soil aggregates of <0.25 mm in the 0-25 and 25-50 soil layers before winter wheat planting was ranging from 27.4  
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to 30.9 % and 25.4 to 28.9 % respectively while it ranged from 26.7 to 30.9 in the 0-25 cm soil layer and 23.5 to 29.2% 

in 25-50 cm soil layer under soil tillage to 20-25; 25-30; 30-35 and 35-40 cm depths. Amount of water-stable aggre-

gates in the plowing layer of soil was 24.1 % at end of wheat season under soil till to 20-25 cm (control). Compared to 

the control treatment the water-stable aggregates decreased for 3.9; 8.4 and 7.0 % under soil tillage to 25-30; 30-35 and 

35-40 cm depths respectively. 

Deepening of soil till improved soil bulk density (BD) and porosity. Averaged for three study years the BD and 

specific density (SD) of soil solid phase were ranging accordingly from 1.30 to 1.33 g cm-3 and 2.67 to 2.71 g cm-3 be-

fore planting and 1.38 to 1.35 g cm-3 and 2.67 to 2.66 g cm-3 at the end of the wheat season under soil till to 20-25 cm 

depth. The BD and SD in the top 0-25 soil layer ranged from 1.28 to 1.29 g cm-3 and 2.68 to 2.70 g cm-3 under soil till 

to 30-35 cm depth and from 1.28 to 1.31 g cm-3 and 2.67 to 2.68 g cm-3 under soil till to 35-40 cm depth. The parame-

ters for the same soil layer at the end of the wheat season were ranging from 1.29 to 1.30 g cm-3 and 2.63 to 2.70 g cm-3 

under soil till to 30-35 cm depth and 1.31-1.34 and 2.68-2.70 g cm-3 under soil till to 35-40 cm depth.  

Soil tillage depths as a measure against weed infestation in the wheat field positively impacted on soil porosity 

(SP). The SP in the 0-25 cm soil layer at wheat planting ranged from 50.9 to 51.4 % under soil till to 20-25 cm depth 

and soil till to 30-35 cm increased the SP from 0.8 to 1.5 %.  

Improved SP positively influenced water infiltration. Impact of soil tillage on water infiltration was observed 

not only at planting but also close to harvest of winter wheat. Water infiltration for the first three hours of measurements 

at harvest was 312; 357; 366 and 379 m3 ha-1 under soil tillage to 20-25; 25-30; 30-35 and 35-40 cm respectively (Table 1).  

 

Table 1 

Influence of soil tillage depths on water infiltration (2014-2016) 

Measurements 

Soil depth (cm) 

20-25 25-30 30-35 35-40 

Time of measurement 

1 2 1 2 1 2 1 2 

---------------------Water infiltration (m3 ha-1) -------------- 

In 1-hour 148 119 154 135 163 139 161 144 

In 2-hours 131 102 137 127 142 127 148 131 

In 3-hours 105 91 115 95 125 100 132 104 

Total for 1-3 hours 383 312 405 357 430 366 441 379 

In 4-hours 92 75 100 82 109 92 110 93 

In 5-hours 83 62 92 71 95 78 101 83 

In 6-hours 76 54 82 62 88 69 90 73 

Total for 4-6 hours 251 191 274 214 291 239 302 249 

Grand total for 6 hours 634 503 680 571 722 605 743 628 

 

Note: 1 ï before planting; 2 ï before harvest. 

 

Water infiltration, however, for the second three hours of the measurement was reduced accordingly up to 191; 

214; 239 and 249 m3 ha-1 under soil tillage to 20-25; 25-30; 30-35 and 35-40 cm. It could be explained by the follow-

ings: soil crumbling in the winter wheat field due to the effects of precipitation and irrigation water; infill of soil capil-

laries by the clayey fractions transported by irrigation water and soil compaction due to irrigations. 

In general, water infiltration for 6-hours measured at planting and harvest was 722 and 743 m3 ha-1 and 605 and 

628 m3 ha-1 accordingly under soil tillage to 30-35 and 35-40 cm depths applied as a measure against weed infestation 

in the winter wheat field. Compared to soil tillage to 25-30 and 20-25 cm, the water infiltration under soil tillage to 30-

35 and 35-40 cm depths was higher for 87-109 and 45-63 m3 ha-1 and 101-125 and 34-57 m3 ha-1 respectively. Thus, 

soil tillage to 30-35 and 35-40 cm depths improved water infiltration and created conditions for evenly moistening of 

soil. Hence, improved water holding capacity of soil under soil till to 30-35 and 35-40 cm depths resulted in better 

growth and development of winter wheat. 

Soil tillage to different depth has also influenced the soil microbial activity. Compared to soil tillage of 20-25 

cm depth, the number of bacteria was increased for 1.1 to 2.0 million, actinomycete ï 0.9 to 1.9 thousand, fungi ï 2.2 to 

3.6 thousand, penicilla and aspergilla ï 2.1 to 2.7 and 3.0 to 4.1 % respectively. 

 

CONCLUSIONS 

A 3-year study results in the typical sierozem soils of Samarkand Province, Uzbekistan revealed that properly 

researched soil tillage depth (30-35 cm) has reduced the number of biennial and perennial weeds in the winter wheat 

field for 30 to 40 %, soil compaction ï for 0.08 g cm-3, increased soil porosity for 1.5 to 2.0 %, water infiltration for 6-

hours ï for 87-101 m3 ha-1 and improved the soil microbial activity. Winter wheat grown under these conditions was 

producing 5.94 to 6.26 t ha-1 of grain yields during the study years.  
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ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 26.12.16. 

 

 

ɺʃʀʗʅʀɽ ɻʃʋɹʀʅʓ ɺʉʇɸʐʂʀ ʅɸ ɸɻʈʆʌʀɿʀʏɽʉʂʀɽ  

ʉɺʆʁʉʊɺɸ ʇʆʏɺʓ ʀ ʉʆʈʅʓɽ ʈɸʉʊɽʅʀʗ ʅɸ ʇʐɽʅʀʏʅʆʄ ʇʆʃɽ 
 

ʐ.ʍ. ʈʠʟʘʝʚ, ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʉʘʤʘʨʢʘʥʜʩʢʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʪʨʝʭʣʝʪʥʝʛʦ ʧʦʣʝʚʦʛʦ ʦʧʳʪʘ ʚ ʫʩʣʦʚʠʷʭ ʪʠʧʠʯʥʳʭ ʩʝʨʦʟʝʤʦʚ ʉʘʤʘʨʢʘʥʜ-

ʩʢʦʡ ʦʙʣʘʩʪʠ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʚʩʧʘʰʢʘ ʧʦʯʚʳ ʥʘ ʛʣʫʙʠʥʫ 30-35 ʩʤ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʦʨʥʳʭ ʨʘʩʪʝ-

ʥʠʡ ʥʘ ʧʰʝʥʠʯʥʦʤ ʧʦʣʝ ʥʘ 30-40 %, ʫʧʣʦʪʥʝʥʠʝ ʧʦʯʚʳ ï ʥʘ 0,08 ʛ/ʩʤ3, ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʨʦʟʥʦʩʪʴ ʧʦʯʚʳ ʥʘ 1,5-2,0 

%, ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʯʚʳ ʟʘ 6 ʯʘʩʦʚ ï ʥʘ 87-101 ʤ3/ʛʘ ʠ ʫʣʫʯʰʘʝʪ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʯʚʳ. 

ʇʨʠ ʵʪʦʤ ʫʨʦʞʘʡ ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʠʣ 59,4-62,6 ʮ/ʛʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʟʠʤʘʷ ʧʰʝʥʠʮʘ, ʛʣʫʙʠʥʘ ʚʩʧʘʰʢʠ, ʩʦʨʥʳʝ ʨʘʩʪʝʥʠʷ, ʦʙʲʝʤʥʘʷ ʤʘʩʩʘ, ʧʦʨʦʟʥʦʩʪʴ, 

ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʯʚʳ. 
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Abstract. The consistent pattern and distribution pattern, the issues of biogeochemistry copper and its behav-

ior in different types of soils Zarafshan Valley. The content of copper available to plants depends on the soil-forming 

rocks, its total content and pH of soil. It is proved that the particle size distribution and K2O content of humus affect the 

change of available forms of trace element. In Samarkand oasis there is a deficit of available plants in the arable layer 

of copper on all types and subtypes of soils studied. The meadow-alluvial soils of Bukhara and Karakul oases content 

available to plants copper is very low in the plow layer. 

Keywords: types of soils, the content of total and available copper, coefficientsô migration, variation, correla-

tion and regression equation. 

 

INTRODUCTION  

The main source of soil maintenance is a plant nutrient. It is known that in the process of plants vegetation di-

gestible, water-soluble and mobile forms of trace elements contained in the soil compounds are used. 

In nature, copper (Cu) is found in more than 200 mineral composition. The most important are industrial min-

eral: chalcopyrite ï CuFeS2, chalcocite ï Cu2S, covelline ï CuS, bornite ï Cu5FeS4, malachite ï Cu2(CO3)*(OH)2, azur-

ite ï Cu2(CO3)2*(OH)2, chrysocolla ï CuSiO3*nH2O, brochantite ï CuSO4*(CuOH)2, cubanite ï CuFe2S3, butit ï 

CuSO4*7H2O, chalcanthite ï CuSO4*5H2O and other [Dritsh, Budberg, et al. 1985; Fedyushkin, 1989; Yuldashev and 

Isagaliyev, 2014]. 

The acidic reaction of soil solution, low humus content of soils advantage the process of leaching copper (Os-

trovskaya, 1961; Anspok, 1990; Panin and Gulkina, 2004]. 

Salt solutions with a pH-7 above create a barrier and accumulate alkaline cationic elements in these conditions, 

as Mn, Co, Cu and others, in particular copper compounds pass into the inaccessible form such as malachite ï 

Cu2(CO3)*(OH)2 (Yuldashev and Isagaliyev, 2014). 

Copper on the mobility in the soil is influenced by various factors. It increases with increasing soil acidity. Soil 

acidity increases with humus mineralization, particularly in strengthening the process of ammonification and nitrifica-

tion as a result of copper, from strongly associated with organic matter becomes more mobile and accessible to plants of 

mineral form (Laren and Grawford, 1973). 

Since the study of the copper content in the soil available to plants, as well as its holdings in the parent materi-

al, Zarafshan Valley soils are essential for plant nutrition, the study of its distribution in the soil profile and accumula-

tion in different horizons has theoretical and practical significance. 

Research aim. To determine the content of total and available copper in plants and their distribution pattern in 

different types of Zarafshan Valley soils; to establish correlation between the copper available to plants, and soil properties. 
 

MATERIALS AND METHODS  

The content of copper in soils of the Zarafshan Valley, according to an analysis of its content on the genesis, 

pH, humus, the degree of cultivation, mechanical composition was studied by the standard methods of agrochemical 

soil studies. 

Expedition sampling was carried out on sections describing the main types of irrigated soils. Established and 

described profiles 17 soil types and soil samples were selected in each types. The selection of soil samples produced by 

genetic horizons was made. The samples of total and available form of copper for plant were analyzed as in the horizons 

and in samples of the arable (0-30 cm) and subarable horizons and parent rock. 

Total copper content in the soil is determined by the method adopted for all soil zones of the Commonwealth 

of Independent States (Verigin, 1975), available plants copper is determined by fotokolorimetr (Kruglova, 1973). 

The total content of copper in the studied soils was compared with the amount of the standard sample SP-1, ac-

cepted as a reference (Cu ï 22 mg/kg-1). 

Statistical data processing was carried out in the medium Win QSB-2.0 and Microsoft Excel for  

B.A. Dospekhov (1985). 
 

RESULTS AND DISCUSSION 

It is noted that the average content of total copper in the parent material of the Samarkand oasis irrigated area 

is higher than the standard content. The soil-forming rock meadow serozem soils (profile 1/31) with ñmatrixò horizons 
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(CaCO3+MgCO3) contains on average 34.8 mg.kg-1, total copper and available copper ñmatrixò accumulation exceeds Clarke 

(range fluctuation 35.3-51.2 mg.kg-1). The typical serozem soils, which formed loess right and left bank of the Zarafshan river 

differ sharply on total copper content. Loess right bank (profile 7/16), which are a product of the destruction of carbonate rocks, 

contain an average of 29.4 mg.kg-1 (range fluctuation 25.3-34.8 mg.kg-1) of this element and the soil profile it uniformly distribut-

ed, this may be due, with different content of silt. Coefficient migration of total copper was ʂm=1.13. More content available 

copper differ from loess right bank (2.25 % of total). The left-bank loess (profile 8/16), in which the formation of significant role 

played by acid rocks (granite) and its influence copper is poor (average 10.4 mg.kg-1), fluctuations in the copper content range 

(5.8-15.7 mg.kg-1), and the coefficient migration of total copper (ʂm=0.85). Total copper distribution on the profile is different. 

The greatest fluctuation of content available copper is characterized by alluvium (profiles 1/31 ʠ 3/29), especially in the area of 

ñmatrixò accumulation (0.62-1.04 mg.kg-1). In the semi-hydromorphic and hydromorphic soils of the Samarkand oasis, especially 

meadow marsh soils (profile 6/34), is characterized by low content of available copper, 1.41 % of the total. 

Irrigated serozem soils typical of the left bank of Zarafshan river (profile 8/16), contain much more available cop-

per, 6.48 % of the total. The meadow-alluvial (profile 2/32 ï 53.0 g.kg-1 and profile 9/33 ï 42.3 g.kg-1), as well as in irri-

gated light serozem soils (profile 10/38 ï 35.4 g.kg-1) indicated that lower content of the element. In irrigated typical sero-

zem soils of the right bank of Zarafshan river (profile 7/16) content available copper is 2.25 % of the total. In these soils, 

the high content of available copper is associated with large contents of the total, which in these soils at the limit of con-

tents provided in the band with low provision. In irrigated meadow alluvial soils (profile 9/33) when the content of total 

copper (17.1 mg.kg-1) in the soil-forming rock is less than standard, and its bioaccumulation is observed in the humus hori-

zon (Km=1.38), consistent data of D. Nabikhanova (1990). In irrigated light serozem soils (profile 10/38), the average con-

tent of total copper at a etalon level, and in the distribution of it is profiles observed some elution, equal to Km=0.80. 

Thus, all the studied soils of Samarkand oasis, characterized by a low content available of copper, therefore we 

believe that in these soils the use of copper-containing fertilizers can be effective. 

The content of total copper in the irrigated meadow alluvial soils of Navoi-Konimeh oasis (profile 11/15) in most of 

the cases is on the standard level or sometimes a little more. Available copper in the arable horizon is at an average of 1.89 

mg.kg-1, or 7.08 % of total. This area is marked by the tendency to reduce the horizons content down to the soil-forming rock. 

The newly irrigated serozem-brown soils of Navoi-Konimeh oasis (profile 12/26) are characterized by low content total and 

available copper (average 1.26 and 0.24 mg.kg-1). In this connection, on these soils, it is advisable to carry out the experiments on 

the effectiveness of copper-containing fertilizers. It was determined that in the irrigated meadow takir soils of Bukhara oasis (pro-

file 13/23) the total copper content of the profile is distributed evenly, and its content in the arable is 25.6-32.8 mg.kg-1 (average 

29.7 mg.kg-1). Availability to plants of copper more than other soils Bukhara oasis and is in the arable horizon 2.03 mg.kg-1, 

which can be attributed to the middle-group. Copper available for plants is inferior to the decrease in soil horizons. In the parent 

rock is 1.62-1.96 mg.kg-1 (in average 1.78 mg.kg-1), whereas in the arable horizon is 1.87-2.21 mg.kg-1 (in average 2.03 mg.kg-1). 

The coefficient of variation in the profile of available copper was lower (in the arable horizon V= 6.90 %), which indicates low 

variability. The main reason for this is, in our opinion, in the first main soil alkalinity (pH=7.4), for this reason the solubility and 

availability of copper decreases. In addition, it should be noted that the fertilizer manifests synergies between the zinc and copper 

and between cobalt and boron antagonism. On this, in all types and subtypes studied Zarafshan valley soil in many cases, the 

content of available plants copper in parallel with zinc increases and conversely in this situations with a high content of boron and 

cobalt copper availability decreases. It is noted that in the alluvial soils of Bukhara oasis (profile 15/30 - 26.8; profile 14/24 ï 27.6 

mg.kg-1) the contents of the total and available copper more than in Karakul oasis (profile 16/32 ï 18.6, profile 17/33 ï 13.6 

mg.kg-1). It should be noted that a significant change in the content of available copper, mainly depends on the parent material, 

and the total content of the reaction medium. The relatively rich in available copper parent rocks both oases, but the copper 

content available to plants in alluvial soils of Karakul oasis fluctuate within 0.87-1.15 mg.kg-1 (in average 1.04 mg.kg-1) and 

Bukhara oasis respectively 1.28-1.68 mg.kg-1 (in average 1.58 mg.kg-1) (Table 1). 
 

Table 1 

Distribution of copper (Cu) in the soils of the Zarafshan Valley 

Number 

of pro-

file 

Soil hori-

zon 

Cu, mg.kg-1 ʂm 

Total Available 

total available 
        

% 

of 

total 

1/31 

Arable 19,7-37,9 30,1 8,32 27,64 0,62-1,03 0,86 0,18 20,93 2,86 0,86 1,05 

Subarable 34,7-50,3 44,5 6,85 15,39 0,48-0,84 0,65 0,16 24,62 1,46 
  

Matrix 35,3-51,2 44,8 6,98 15,58 0,47-0,73 0,59 0,11 18,64 1,33 
  

Parent rock 20,7-50,4 34,8 12,37 35,55 0,63-0,97 0,82 0,15 18,29 2,36 
  

2/32 

Arable 19,1-33,7 25,1 7,64 30,44 1,03-1,68 1,33 0,33 24,81 5,30 0,86 1,04 

Subarable 18,7-25,2 22,4 3,33 14,87 0,52-0,87 0,71 0,18 25,35 3,17 
  

Parent rock 18,9-40,8 29,1 11,02 37,87 0,92-1,59 1,28 0,34 26,56 4,40 
  

3/29 

Arable 19,6-38,3 29,9 9,48 31,71 0,63-1,04 0,84 0,21 25,00 2,81 0,99 1,11 

Subarable 33,9-49,6 41,5 7,87 18,96 0,51-0,78 0,64 0,14 21,88 1,54 
  

Matrix 34,8-47,7 40,9 6,47 15,82 0,48-0,76 0,60 0,14 23,33 1,47 
  

Parent rock 21,2-38,3 30,1 8,57 28,47 0,52-0,92 0,76 0,21 27,63 2,52 
  




