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 ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ.  ɾʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʟʝʣʝʥʠʭ ʨʦʩʣʠʥ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʚʦʻʯʘʩʥʦʛʦ ʽ ʧʦʚʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʜʚʦʤʘ ʚʠʜʘʤʠ ʦʩʥʦʚʥʠʭ ʧʨʠʨʦʜʥʠʭ ʬʘʢʪʦʨʽʚ [1]: 1) 

ʢʦʩʤʽʯʥʠʤʠ - ʩʚʽʪʣʦʤ (ʷʢ ʧʝʨʚʠʥʥʠʤ ʤʘʪʝʨʽʘʣʦʤ) ʽ ʪʝʧʣʦʤ (ʷʢ ʡʦʛʦ 

ʨʦʙʦʯʦʶ ʝʥʝʨʛʽʻʶ); 2) ʟʝʤʥʠʤʠ - ʚʦʣʦʛʦʶ ʪʘ ʧʦʞʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ. 

 ʋ ʨʽʣʴʥʠʮʪʚʽ ʢʽʣʴʢʽʩʥʘ ʤʽʨʘ (ʚʝʣʠʯʠʥʘ) ʦʪʨʠʤʫʚʘʥʠʭ ʨʦʩʣʠʥʘʤʠ 

ʬʘʢʪʦʨʽʚ ʢʦʩʤʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ 

ʛʝʦʛʨʘʬʽʯʥʦʾ ʰʠʨʦʪʠ ʧʦʣʴʦʚʦʾ ʤʽʩʮʝʚʦʩʪʽ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʧʦʞʠʚʥʠʭ 

ʨʝʯʦʚʠʥ ʽ ʚʦʣʦʛʠ, ʪʦ ʜʦ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʨʦʩʣʠʥ ʚʦʥʠ ʧʦʩʪʫʧʘʶʪʴ ʥʝ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʘ ʯʝʨʝʟ ʪʘʢʦʛʦ ʚʘʞʣʠʚʦʛʦ ʧʦʩʝʨʝʜʥʠʢʘ, ʷʢʠʤ ʻ ʛʨʫʥʪʦʚʝ 

ʩʝʨʝʜʦʚʠʱʝ. ɸ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʽʜ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʦʩʪʘʥʥʴʦʛʦ ʟʘʣʝʞʘʪʴ ʷʢʽʩʥʠʡ ʽ ʢʽʣʴʢʽʩʥʠʡ ʨʽʚʥʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʫʣʴʪʫʨʥʠʭ ʨʦʩʣʠʥ ʧʦʞʠʚʦʶ ʽ ʚʦʜʦʶ. ɯ ʯʠʤ ʚʦʥʠ ʚʠʱʽ, ʪʠʤ ʙʽʣʴʰ 

ʨʦʜʶʯʽʰʠʤ ʻ ʛʨʫʥʪ.  

 ʉʚʦʛʦ ʯʘʩʫ ʚʽʜʦʤʠʡ ʚʯʝʥʠʡ ɺ. ʈ. ɺʽʣʴʷʤʩ ʜʦʩʠʪʴ ʪʦʯʥʦ ʚʠʟʥʘʯʠʚ, 

ʱʦ çéʪʦʣʴʢʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʥʘʣʠʯʠʷ 

ʚʦʜʳ ʠ ʧʠʱʠ ʠʤʝʝʪ ʨʝʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʪʦʣʴʢʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʫʜʦʚʣʝʪʚʦʨʝʥʠʶ ʦʙʦʠʭ ʨʘʚʥʦʟʥʘʯʥʳʭ ʠ 

ʥʝʟʘʤʝʥʠʤʳʭ ʬʘʢʪʦʨʦʚ ʞʠʟʥʠ ʨʘʩʪʝʥʠʡ ʚ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦʪʨʝʙʥʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚʳè [1].  

 ʉʚʦʻʯʘʩʥʝ ʽ ʧʦʚʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʫʣʴʪʫʨʥʠʭ ʨʦʩʣʠʥ ʧʨʦʪʷʛʦʤ 

ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ ʾʭ ʞʠʪʪʷ ʧʦʞʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʽ ʚʦʣʦʛʦʶ ʮʝʡ ʚʠʜʘʪʥʠʡ 

ʥʘʫʢʦʚʝʮʴ ʙʘʯʠʚ ʚʘʞʣʠʚʦʶ ʟʘʛʘʣʴʥʦʶ ʚʠʨʦʙʥʠʯʦʶ ʟʘʜʘʯʝʶ 

ʟʝʤʣʝʨʦʙʩʪʚʘ. ʉʣʽʜ ʩʢʘʟʘʪʠ, ʱʦ ʽ ʥʠʥʽ ʚʦʥʘ ʥʽʩʢʽʣʴʢʠ ʥʝ ʚʪʨʘʪʠʣʘ ʩʚʦʻʾ 

ʘʢʪʫʘʣʴʥʦʩʪʽ. ʅʘʚʧʘʢʠ, ʚ ˇʨʫʥʪʦʚʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʥʝʜʦʩʪʘʪʥʴʦʛʦ 

ʟʚʦʣʦʞʝʥʥʷ ʧʽʚʜʥʷ ʋʢʨʘʾʥʠ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʚʠʤʘʛʘʻ ʦʩʦʙʣʠʚʦʛʦ 

ʧʽʜʭʦʜʫ. 

 ʉʝʨʝʜ ʥʠʟʢʠ ʟʘʭʦʜʽʚ ʟʙʝʨʝʞʝʥʥʷ ʜʝʬʽʮʠʪʥʦʾ ʚʦʣʦʛʠ ʫ ʚʢʘʟʘʥʽʡ 

ˇʨʫʥʪʦʚʦ-ʢʣʽʤʘʪʠʯʥʽʡ ʟʦʥʽ ʙʘʛʘʪʴʤʘ ʥʘʫʢʦʚʮʷʤʠ ʽ ʘʛʨʦʚʠʨʦʙʥʠʢʘʤʠ 
                                                 
É ʅʘʜʠʢʪʦ ɺ. ʊ., ʊʠʭʦʚʦʜ ʄ. ɸ. 

*  ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʅʘʜʠʢʪʦ ɺ. ʊ. 
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ʧʝʨʝʚʘʛʘ ʥʘʜʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʶ ʯʦʨʥʠʭ ʧʘʨʽʚ. ˆʨʫʥʪʦʟʥʘʚʝʮʴ      

ɺʽʣʴʷʤʩ ɺ. ʈ. ʚʚʘʞʘʚ, ʱʦ ʧʘʨ ʚʠʢʦʥʫʻ ʣʠʰʝ ʦʜʥʫ ʬʫʥʢʮʽʶ - ʙʦʨʦʪʴʙʫ ʽʟ 

ʙʫʨôʷʥʘʤʠ [1]. ʉʫʪʴ ʾʾ ʧʦʣʷʛʘʻ ʫ ʧʨʦʚʦʢʫʚʘʥʥʽ ʧʨʦʨʦʩʪʘʥʥʷ ʽ 

ʧʦʜʘʣʴʰʦʤʫ ʩʠʩʪʝʤʘʪʠʯʥʦʤʫ ʟʥʠʱʝʥʥʽ ʦʩʪʘʥʥʽʭ. ɿʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʡʢʨʘʱʠʭ ʫʤʦʚ ʧʦʷʚʠ ʩʭʦʜʽʚ ʙʫʨôʷʥʽʚ ʚʽʥ ʚʙʘʯʘʚ ʫ ʧʨʦʚʝʜʝʥʥʽ ʦʨʘʥʢʠ, 

ʷʢʘ ʦʙʫʤʦʚʣʶʚʘʣʘ ʧʝʨʝʤʽʱʝʥʥʷ ʾʭ ʥʘʩʽʥʥʷ ʫ ʚʝʨʭʥʽʡ 

ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʠʡ ʰʘʨ ˇʨʫʥʪʫ. 

 ɸʢʘʜʝʤʽʢ ɺʽʣʴʷʤʩ ɺ. ʈ. ʟʚʝʨʪʘʚ ʫʚʘʛʫ, ʱʦ çéʦʯʝʥʴ ʯʘʩʪʦ ʚ 

ʯʠʩʣʦ ʟʘʜʘʯ ʧʘʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʚʢʣʶʯʘʶʪ ʢʘʢ ʥʘʠʙʦʣʝʝ ʚʘʞʥʫʶ 

ʟʘʜʘʯʫ ʥʘʢʦʧʣʝʥʠʝ ʚʦʜʳ ʚ ʧʦʯʚʝè [1]. ɸʣʝ, ʧʦʷʩʥʶʚʘʚ ʚʽʥ ʪʘʤ ʞʝ, 

çéʵʪʦ ʠʤʝʣʦ ʟʥʘʯʝʥʠʝ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʪʩʫʪʩʪʚʦʚʘʣʘ 

ʩʠʩʪʝʤʘ ʟʷʙʣʝʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʢʦʛʜʘ ʧʘʨʳ ʨʘʟʜʝʣʷʣʠʩʴ ʥʘ ʯʝʨʥʳʝ 

ʧʘʨʳ, ʯʠʩʪʳʝ ʧʘʨʳ, ʨʘʥʥʠʝ ʧʘʨʳ ʠ ʧʦʟʜʥʠʝ ʧʘʨʳè.  

 ʊʘʢʫ ʩʚʦʶ ʧʦʟʠʮʽʶ ˇʨʫʥʪʦʟʥʘʚʝʮʴ ʧʦʷʩʥʶʚʘʚ ʫʧʝʚʥʝʥʽʩʪʶ, ʱʦ 

çéʝʩʣʠ ʧʘʨʦʚʦʝ ʧʦʣʝ ʥʝ ʠʤʝʣʦ ʦʩʥʦʚʥʦʡ ʟʷʙʣʝʚʦʡ ʦʙʨʘʙʦʪʢʠ, ʪʦʛʜʘ 

ʦʥʦ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʚʳʡ ʚʝʩʝʥʥʠʡ ʤʘʢʩʠʤʫʤ ʚʣʘʛʠ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʚʦʡ ʟʘʜʘʯʝʡ ʦʙʨʘʙʦʪʢʠ ʧʘʨʦʚʦʛʦ ʧʦʣʷ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʚʦʜʳ, ʥʦ ʚʳʧʦʣʥʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ 

ʚʩʝʮʝʣʦ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʚʝʩʝʥʥʠʭ ʠ ʣʝʪʥʠʭ ʜʦʞʜʝʡ, ʪ. ʝ. ʷʚʣʝʥʠʡ 

ʩʪʠʭʠʡʥʳʭè [1]. 

        ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʟʦʥʠ ʜʦʩʪʘʪʥʴʦʛʦ ʟʚʦʣʦʞʝʥʥʷ, ʪʦ ʚʠʢʣʘʜʝʥʽ 

ʚʠʱʝ ʧʦʩʪʫʣʘʪʠ ɺʽʣʴʷʤʩʘ ɺ. ʈ. ʱʦʜʦ ʻʜʠʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʯʠʩʪʦʛʦ 

(ʯʦʨʥʦʛʦ) ʧʘʨʫ - ʙʦʨʦʪʴʙʠ ʽʟ ʙʫʨôʷʥʘʤʠ - ʻ ʘʙʩʦʣʶʪʥʦ ʩʧʨʘʚʝʜʣʠʚʠʤʠ. 

ɸʣʝ ʚ ʫʤʦʚʘʭ ʞʦʨʩʪʢʦʛʦ ʜʝʬʽʮʠʪʫ ʚʦʣʦʛʠ ʮʝ ʥʝ ʪʘʢ. ʇʝʨʰʦʯʝʨʛʦʚʦʶ 

ʟʘʜʘʯʝʶ ʮʴʦʛʦ ʘʛʨʦʪʝʭʥʽʯʥʦʛʦ ʧʨʠʡʦʤʫ ʻ ʷʢʱʦ ʥʝ ʥʘʢʦʧʠʯʝʥʥʷ, ʪʦ 

ʭʦʯʘ ʙ ʟʙʝʨʝʞʝʥʥʷ ʚʦʣʦʛʠ ʫ ʪʦʤʫ ʰʘʨʽ ʛʨʫʥʪʫ, ʷʢʠʡ ʧʦʯʠʥʘʻʪʴʩʷ ʽʟ 

ʛʣʠʙʠʥʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʩʽʚʥʦʛʦ ʣʦʞʘ ʜʣʷ ʥʘʩʽʥʥʷ ʧʨʠʥʘʡʤʥʽ ʦʟʠʤʠʭ 

ʟʝʨʥʦʚʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. 

 ʇʦʩʪʘʥʦʚʢʘ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʱʝʚʠʢʣʘʜʝʥʝ 

ʤʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʦʪʨʝʙʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʦʛʦ ʧʦʩʪʫʣʘʪʫ, 

ʱʦ ʚ ʫʤʦʚʘʭ ʧʽʚʜʥʷ ʋʢʨʘʾʥʠ, ʷʢ ʟʦʥʠ ʜʝʬʽʮʠʪʫ ˇʨʫʥʪʦʚʦʾ ʚʦʣʦʛʠ, 

ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʧʨʠ ʜʦʛʣʷʜʽ ʟʘ ʧʘʨʘʤʠ ʻ ʷʢ ʾʾ ʟʙʝʨʝʞʝʥʥʷ, ʪʘʢ ʽ, 

ʥʘʚʽʪʴ, ʚʽʜʧʦʚʽʜʥʝ ʥʘʢʦʧʠʯʝʥʥʷ. 

 ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɿʘʛʘʣʴʥʦʚʽʜʦʤʦ, ʱʦ ʧʦʚʥʦʮʽʥʥʽ ʾʭ ʩʭʦʜʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʧʘʩʠ ʚʦʣʦʛʠ ʫ ʰʘʨʽ ʛʨʫʥʪʫ 0é10 ʩʤ ʫ ʤʝʞʘʭ 10é12 

ʤʤ. ɼʦʩʣʽʜʘʤʠ ɯʥʩʪʠʪʫʪʫ ʟʨʦʰʫʚʘʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ ʅʘʮʽʦʥʘʣʴʥʦʾ 

ʘʢʘʜʝʤʽʾ ʘʛʨʘʨʥʠʭ ʥʘʫʢ (ʅɸɸʅ) ʋʢʨʘʾʥʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʘʢʫ ʟʘʜʘʯʫ 

ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʦʨʥʦʛʦ ʧʘʨʫ [2]. ʊʘʢ, ʟʘ 

ʜʘʥʠʤʠ ʥʘʫʢʦʚʮʽʚ ʮʴʦʛʦ ʅɼɯ, ʦʪʨʠʤʘʥʠʭ ʟʘ 15 ʨʦʢʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ, 

ʟʘʧʘʩʠ ʚʦʣʦʛʠ ʫ ʛʨʫʥʪʽ (0é10 ʩʤ) ʥʘ ʯʘʩ ʩʽʚʙʠ ʦʟʠʤʠʥʠ ʧʽʩʣʷ ʛʦʨʦʭʫ 

ʩʪʘʥʦʚʠʣʠ 8,2 ʤʤ, ʘ ʧʽʩʣʷ ʢʫʢʫʨʫʜʟʠ ʥʘ ʩʠʣʦʩ - ʣʠʰʝ 6,3 ʤʤ. ʅʘʚʽʪʴ 

ʧʽʩʣʷ ʟʘʡʥʷʪʠʭ ʪʘ ʩʠʜʝʨʘʣʴʥʠʭ ʧʘʨʽʚ ʫʤʽʩʪ ʚʦʣʦʛʠ ʫ ʧʦʩʽʚʥʦʤʫ ʰʘʨʽ 

ʛʨʫʥʪʫ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 7,7 ʤʤ, ʫ ʪʦʡ ʯʘʩ, ʷʢ ʧʽʩʣʷ ʯʠʩʪʠʭ ʧʘʨʽʚ ʮʝʡ 

ʧʦʢʘʟʥʠʢ ʩʪʘʥʦʚʠʚ ʤʘʡʞʝ 12 ʤʤ. 
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 ɿʘ ʜʘʥʠʤʠ ʆʜʝʩʴʢʦʛʦ ʽʥʩʪʠʪʫʪʫ ʘʛʨʦʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʅɸɸʅ ʋʢʨʘʾʥʠ  ʥʦʚʽ ʩʦʨʪʠ ʧʰʝʥʠʮʽ ʦʟʠʤʦʾ ʥʘ ʧʘʨʘʭ ʤʦʞʫʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʫʨʦʞʘʡʥʽʩʪʴ ʜʦ 8,1 ʪ/ʛʘ ʽ ʥʘʚʽʪʴ ʙʽʣʴʰʝ [3]. ɸʣʝ, ʣʠʰʝ ʟʘ 

ʫʤʦʚʠ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʚʦʣʦʛʠ ʫ ʛʨʫʥʪʽ ʽ ʧʦʜʘʣʴʰʦʛʦ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ʊʘʢʦʾ ʞ ʜʫʤʢʠ ʧʨʠʪʨʠʤʫʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʫʩʽ ʥʘʫʢʦʚʮʽ. 

ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʽʟ ʥʠʭ ʫʧʝʚʥʝʥʘ, ʱʦ ʥʘʡʢʨʘʱʦʶ ʧʽʜʛʦʪʦʚʢʦʶ ʛʨʫʥʪʫ ʧʽʜ 

ʯʦʨʥʠʡ ʧʘʨ ʻ ʛʣʠʙʦʢʘ ʦʨʘʥʢʘ ʥʘ 25-27 ʩʤ [2]. ɿʘʤʽʥʘ ʮʴʦʛʦ ʧʨʠʡʦʤʫ ʥʘ 

ʤʽʣʢʠʡ ʙʝʟʧʦʣʠʮʝʚʠʡ ʦʙʨʦʙʽʪʦʢ ʛʨʫʥʪʫ, ʧʽʜʢʨʝʩʣʶʶʪʴ ʚʦʥʠ, ʟʥʠʞʫʻ 

ʫʨʦʞʘʡʥʽʩʪʴ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʧʨʠʙʣʠʟʥʦ ʥʘ 0,77 ʪ/ʛʘ. 

 ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʮʴʦʛʦ ʬʘʢʪʫ ʥʝ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʙʫʜʴ-ʷʢʠʭ 

ʩʫʤʥʽʚʽʚ, ʦʩʢʽʣʴʢʠ, ʷʢ ʥʘʛʦʣʦʰʫʚʘʚ ɺ. ʈ. ɺʽʣʴʷʤʩ [1], ʩʘʤʝ ʧʽʩʣʷ 

ʦʨʘʥʢʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʪʠ ʧʝʨʰʠʡ ʚʝʩʥʷʥʠʡ ʤʘʢʩʠʤʫʤ ʚʦʣʦʛʠ 

ʛʨʫʥʪʫ. 

 ʗʢ ʧʦʢʘʟʫʻ ʙʘʛʘʪʦʨʽʯʥʘ ʧʨʘʢʪʠʢʘ, ʧʨʦʙʣʝʤʘ ʧʦʩʫʰʣʠʚʦʾ ʩʪʝʧʦʚʦʾ 

ʟʦʥʠ ʋʢʨʘʾʥʠ ʧʦʣʷʛʘʻ ʚ ʫʤʽʥʥʽ ʘʛʨʘʨʽʾʚ ʟʙʝʨʽʛʘʪʠ ʚʦʣʦʛʽʩʪʴ ʛʨʫʥʪʫ, ʘ 

ʪʠʤ ʙʽʣʴʰʝ - ʾʾ ʥʘʢʦʧʠʯʫʚʘʪʠ. ʅʘʫʢʦʚʮʽ ʧʦʧʝʨʝʜʞʘʶʪʴ, ʱʦ çʚʪʨʘʪʠ 

ʚʦʣʦʛʠ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʪʘ ʜʦʛʣʷʜʦʤ ʟʘ 

ʧʦʣʝʤ ʯʦʨʥʦʛʦ ʧʘʨʫ. ɺʦʣʦʛʘ ʚʠʪʨʘʯʘʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʟ ʚʝʨʭʥʴʦʛʦ 

ʰʘʨʫ ʛʨʫʥʪʫ, ʽ ʟʙʝʨʝʛʪʠ ʾʾ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ, ʦʩʦʙʣʠʚʦ ʟʘ 

ʧʦʩʫʰʣʠʚʦʛʦ ʣʽʪʘè [2].  

 ɹʘʛʘʪʦʨʽʯʥʽ ʧʦʣʴʦʚʽ ʜʦʩʣʽʜʠ ɯʥʩʪʠʪʫʪʫ ʟʨʦʰʫʚʘʥʦʛʦ 

ʟʝʤʣʝʨʦʙʩʪʚʘ ʅɸɸʅ ʋʢʨʘʾʥʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʟʘʧʘʩʠ ʧʨʦʜʫʢʪʠʚʥʦʾ 

ʚʦʣʦʛʠ ʫ ʤʝʪʨʦʚʦʤʫ ʰʘʨʽ ʛʨʫʥʪʫ ʯʦʨʥʦʛʦ ʧʘʨʫ ʟʤʝʥʰʫʶʪʴʩʷ ʽʟ 125 ʤʤ 

ʫ ʙʝʨʝʟʥʽ ʤʽʩʷʮʽ ʜʦ 107 ʤʤ - ʫ ʚʝʨʝʩʥʽ. ʋ ʮʽʣʦʤʫ, ʥʘʛʦʣʦʰʫʶʪʴ 

ʥʘʫʢʦʚʮʽ ʚʠʱʝʟʛʘʜʘʥʦʛʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʟʘʢʣʘʜʫ, ʟʘ ʧʝʨʽʦʜ 

ʢʚʽʪʝʥʴ-ʚʝʨʝʩʝʥʴ ʚʠʪʨʘʯʘʻʪʴʩʷ 18 ʤʤ ʘʙʦ 14,4% ʟʘʧʘʩʽʚ ʚʦʣʦʛʠ ʛʨʫʥʪʫ 

ʧʨʠ ʦʧʘʜʘʭ ʟʘ ʮʝʡ ʧʝʨʽʦʜ ʥʘ ʨʽʚʥʽ 233 ʤʤ. 

 ʆʜʥʠʤ ʽʟ ʧʨʠʡʦʤʽʚ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ, ʷʢʠʡ ʥʝ ʧʦʚʠʥʝʥ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʧʨʠ ʦʙʨʦʙʽʪʢʫ ʧʘʨʽʚ, ʻ ʧʨʠʢʦʯʫʚʘʥʥʷ [2, 14]. ʋ ʨʦʙʦʪʽ 

[2] ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ, ʱʦ ʮʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʟʘʭʽʜ ʤʦʞʝ ʜʘʪʠ 

ʧʦʟʠʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ ʫ ʜʫʞʝ ʧʦʩʫʰʣʠʚʠʭ ʫʤʦʚʘʭ ʟʘ ʟʥʠʞʝʥʥʷ 

ʚʦʣʦʛʦʩʪʽ ʦʨʥʦʛʦ ʰʘʨʫ ʥʠʞʯʝ ʚʦʣʦʛʦʩʪʽ ʨʦʟʨʠʚʫ ʢʘʧʽʣʷʨʥʠʭ ʟʚôʷʟʢʽʚ ʪʘ 

ʱʽʣʴʥʦʩʪʽ ʡʦʛʦ ʙʫʜʦʚʠ ʤʝʥʰʝ ʟʘ 1,0 ʛ/ʩʤ
3
. 

 ɺʦʜʥʦʯʘʩ, ʚʽʜʦʤʽ ʨʝʟʫʣʴʪʘʪʠ ʜʝʷʢʠʭ ʽʥʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʜʝ 

ʚʢʘʟʫʻʪʴʩʷ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʠʢʦʯʫʚʘʥʥʷ ʯʦʨʥʠʭ ʧʘʨʽʚ ʫ ʧʨʦʮʝʩʽ 

ʜʦʛʣʷʜʫ ʟʘ ʥʠʤʠ. ɺ ʦʜʥʠʭ ʽʟ ʥʠʭ ʜʘʥʠʡ ʩʧʦʩʽʙ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ, 

ʧʦʤʠʣʢʦʚʦ ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʦʩʥʦʚʥʦʛʦ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ ʧʦʪʨʽʙʝʥ ʜʣʷ 

ʨʫʡʥʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʢʽʨʢʠ, ʫʪʚʦʨʝʥʦʾ ʧʽʩʣʷ ʚʠʧʘʜʘʥʥʷ ʚʝʩʥʷʥʦ-

ʣʽʪʥʽʭ ʜʦʱʽʚ [4].  

 ʅʘ ʧʦʛʣʷʜ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʧʨʠʢʦʯʫʚʘʥʥʷ ʧʘʨʦʚʠʭ ʧʦʣʽʚ ʧʦʪʨʽʙʥʦ 

ʧʨʦʚʦʜʠʪʠ ʧʽʩʣʷ ʩʫʮʽʣʴʥʦʾ ʢʫʣʴʪʠʚʘʮʽʾ ʛʨʫʥʪʫ ʜʣʷ ʧʨʦʚʦʢʫʚʘʥʥʷ ʨʦʩʪʫ 

ʙʫʨôʷʥʽʚ [5].  

 ɸʥʘʣʽʟʫʶʯʠ ʚʠʱʝʚʠʢʣʘʜʝʥʝ, ʩʣʽʜ ʩʢʘʟʘʪʠ, ʱʦ ʫ ʧʦʩʫʰʣʠʚʠʭ 

ʫʤʦʚʘʭ ʧʽʚʜʥʷ ʋʢʨʘʾʥʠ ʦʙʠʜʚʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ 
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ʧʨʠʢʦʯʫʚʘʥʥʷ ʯʦʨʥʠʭ  ʧʘʨʽʚ ʻ ʭʠʙʥʠʤʠ. ʅʘʰʽ ʧʦʷʩʥʝʥʥʷ ʟ ʮʴʦʛʦ 

ʧʨʠʚʦʜʫ ʪʘʢʽ. ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʧʨʠʟʥʘʯʝʥʴ ʜʘʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʠʡʦʤʫ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ ʻ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʛʨʽʚʘʥʥʷ ʘʛʨʦʪʝʭʥʽʯʥʦʛʦ 

ʬʦʥʫ ʪʘ ʧʨʦʚʦʢʫʚʘʥʥʷ ʨʫʭʫ ʚʦʣʦʛʠ ʽʟ ʡʦʛʦ ʥʠʞʥʽʭ ʰʘʨʽʚ ʫ ʚʝʨʭʥʽ [6,7].  

 ɸʣʝ ʧʨʦʷʚʫ ʩʘʤʝ ʮʠʭ ʷʚʠʱ ʧʽʜ ʯʘʩ ʦʙʨʦʙʽʪʢʫ ʧʘʨʽʚ ʽ ʩʣʽʜ 

ʫʥʠʢʘʪʠ. ʄʘʙʫʪʴ ʪʦʤʫ ʚʩʝʩʚʽʪʥʴʦ ʚʽʜʦʤʠʡ ʚʠʨʦʙʥʠʯʥʠʢ ɯ. ʆʚʩʽʥʩʴʢʠʡ 

ʫ ʨʦʟʨʦʙʣʝʥʽʡ ʥʠʤ ʩʠʩʪʝʤʽ ʟʝʤʣʝʨʦʙʩʪʚʘ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʩʪʦʩʦʚʫʚʘʚ 

ʧʨʠʢʦʯʫʚʘʥʥʷ ʛʨʫʥʪʫ, ʧʦʩʪʽʡʥʘ ʛʣʠʙʠʥʘ ʦʙʨʦʙʽʪʢʫ ʷʢʦʛʦ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʘ 5é6 ʩʤ [8]. ʇʨʠ ʮʴʦʤʫ, ʧʨʘʢʪʠʯʥʦ ʘʧʨʦʙʦʚʘʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʚʠʨʦʱʫʚʘʥʥʷ ʟʝʨʥʦʚʠʭ ʢʦʣʦʩʦʚʠʭ ʢʫʣʴʪʫʨ ʩʤʫʛʘʤʠ ʧʦ 30 

ʩʤ ʙʫʣʘ, ʧʦ ʩʫʪʽ ʩʧʨʘʚʠ, ʥʘʧʽʚʟʘʡʥʷʪʠʤ ʧʘʨʦʤ.   

 ʉʫʯʘʩʥʽ ʥʘʫʢʦʚʮʽ ʚʚʘʞʘʶʪʴ, ʱʦ ʫ ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ ʜʣʷ ʟʥʠʱʝʥʥʷ 

ʙʫʨôʷʥʽʚ ʩʣʽʜ ʧʨʦʚʝʩʪʠ ʦʜʥʫ-ʜʚʽ ʩʫʮʽʣʴʥʽ ʢʫʣʴʪʠʚʘʮʽʾ ʛʨʫʥʪʫ ʥʘ 

ʛʣʠʙʠʥʫ 8é10 ʩʤ, ʘ ʫ ʧʦʩʫʰʣʠʚʠʡ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʧʘʨ ʢʨʘʱʝ ʦʙʨʦʙʣʷʪʠ 

ʙʦʨʦʥʘʤʠ ʽʟ ʩʝʛʤʝʥʪʘʤʠ, ʥʝ ʚʠʢʣʶʯʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʛʣʠʙʦʢʽ 

ʢʫʣʴʪʠʚʘʮʽʾ [2]. ʎʝ, ʥʘ ʾʭ ʧʝʨʝʢʦʥʘʥʥʷ, ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʫʥʠʢʥʫʪʠ 

ʫʪʚʦʨʝʥʥʷ ʫʱʽʣʴʥʝʥʦʾ ʧʽʜʦʰʚʠ ʪʘ ʟʤʝʥʰʠʪʠ ʰʚʠʜʢʝ ʧʝʨʝʩʠʭʘʥʥʷ 

ʘʛʨʦʬʦʥʫ. 

 ɺʦʜʥʦʯʘʩ, ʥʘ ʧʽʚʜʥʽ ʋʢʨʘʾʥʠ ʧʝʨʝʭʽʜ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʯʝʨʝʟ +5
ʦ
ʉ ʤʘʻ ʤʽʩʮʝ ʫ ʙʝʨʝʟʥʽ ʤʽʩʷʮʽ. ʊʦʤʫ 

ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʟʘʩʫʰʣʠʚʽ ʫʤʦʚʠ ʩʪʚʦʨʶʶʪʴʩʷ ʫʞʝ ʥʘʚʝʩʥʽ. ʋ 

ʟʚôʷʟʢʫ ʟ ʮʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʣʠʙʦʢʠʭ ʢʫʣʴʪʠʚʘʮʽʡ ʯʦʨʥʦʛʦ ʧʘʨʫ ʥʘʚʽʪʴ 

ʫʞʝ ʫ ʮʝʡ ʧʝʨʽʦʜ (ʥʝ ʛʦʚʦʨʷʯʠ ʧʨʦ ʣʽʪʥʽʡ) ʻ ʥʝʙʘʞʘʥʠʤ. ʏʠʤ ʨʘʥʽʰʝ, 

ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʙʫʜʝ ʟʘʧʨʦʚʘʜʞʝʥʦ ʨʝʞʠʤ ʟʙʝʨʝʞʝʥʥʷ ʚʦʣʦʛʠ ʧʽʜ ʯʘʩ 

ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ, ʪʠʤ ʙʽʣʴʰʫ ʾʾ ʢʽʣʴʢʽʩʪʴ ʫʜʘʩʪʴʩʷ 

ʟʙʝʨʝʛʪʠ ʥʘ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʩʽʚʙʠ ʦʟʠʤʠʥʠ.   

 ɿʛʽʜʥʦ ʟ ʫʯʝʥʥʷʤ ɯ. ʆʚʩʽʥʩʴʢʦʛʦ [8], ʚʝʨʭʥʽʡ ʽ ʤʽʣʢʠʡ (5é6 ʩʤ) 

ʰʘʨ ʛʨʫʥʪʫ ʤʘʻ ʧʨʠ ʮʴʦʤʫ ʧʝʨʝʙʫʚʘʪʠ ʫ ʧʦʩʪʽʡʥʦ ʨʦʟʧʫʰʝʥʦʤʫ ʩʪʘʥʽ. 

ʉʪʚʦʨʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʩʚʦʻʨʽʜʥʦʛʦ çʤʫʣʴʯʫʚʘʣʴʥʦʛʦè ʬʦʥʫ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʨʫʰʝʥʥʷʤ ʡʦʛʦ ʢʘʧʽʣʷʨʥʦʾ ʩʠʩʪʝʤʠ. ʋ ʧʽʜʩʫʤʢʫ 

ʟʤʝʥʰʫʶʪʴʩʷ ʚʪʨʘʪʠ ʚʦʣʦʛʠ ʛʨʫʥʪʦʤ ʽ ʧʦʢʨʘʱʫʻʪʴʩʷ ʘʝʨʘʮʽʷ ʡʦʛʦ 

ʚʝʨʭʥʴʦʛʦ (ʨʦʟʧʫʰʝʥʦʛʦ) ʰʘʨʫ.  

 ʋʥʘʩʣʽʜʦʢ ʽʥʪʝʥʩʠʚʥʦʛʦ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ ʫ ʥʴʦʤʫ 

ʘʢʪʠʚʽʟʫʶʪʴʩʷ ʙʽʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʽʪʨʠʬʽʢʘʮʽʷ - 

ʫʪʚʦʨʝʥʥʷ ʪʘ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʽʪʨʘʪʥʦʛʦ ʘʟʦʪʫ [1, 2, 

9]. ɿʘ ʜʘʥʠʤʠ ʧʨʦʬ. ʆ. ʄ. ʃʝʙʝʜʷʥʮʝʚʘ ʧʽʜ ʯʘʩ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʝ 

ʫʪʚʦʨʶʚʘʪʠʩʷ ʜʦ 300 ʢʛ/ʛʘ ʥʽʪʨʘʪʥʦʛʦ ʘʟʦʪʫ [10]. 

 ʇʽʜ ʯʘʩ ʦʙʨʦʙʽʪʢʫ ʧʘʨʫ ʦʜʥʦʯʘʩʥʦ ʟ ʥʽʪʨʠʬʽʢʘʮʽʻʶ ʚʝʨʭʥʴʦʛʦ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʰʘʨʫ ʛʨʫʥʪʫ ʤʘʻ ʤʽʩʮʝ ʜʝʥʽʪʨʠʬʽʢʘʮʽʷ ʡʦʛʦ ʥʠʞʥʴʦʛʦ 

ʛʦʨʠʟʦʥʪʫ [11]. ʅʘʡʙʽʣʴʰ ʘʢʪʠʚʥʦ ʮʝʡ ʧʨʦʮʝʩ ʧʨʦʪʽʢʘʻ ʟʘ ʥʘʜʤʽʨʥʦʛʦ 

ʫʤʽʩʪʫ ʫ ʛʨʫʥʪʽ ʩʣʘʙʦ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ. ɿʘ 

ʦʩʪʘʥʥʽʤʠ ʥʘʫʢʦʚʠʤʠ ʜʘʥʠʤʠ ʜʦʙʦʚʽ ʚʪʨʘʪʠ ʘʟʦʪʫ ʧʨʠ ʮʴʦʤʫ ʤʦʞʫʪʴ 

ʩʪʘʥʦʚʠʪʠ 0,5 ʤʛ/ʢʛ ʛʨʫʥʪʫ [9].  



ʇʨʘʮʽ ʊɼɸʊʋ                                               7                                        ɺʠʧ. 20, ʊ. 2 

 

 

 ʆʩʥʦʚʥʠʤ ʟʘʧʦʙʽʞʥʠʤ ʟʘʭʦʜʦʤ ʧʨʦʪʠ ʮʴʦʛʦ ʻ ʩʚʦʻʯʘʩʥʝ 

ʟʘʛʦʨʪʘʥʥʷ ʫ ʛʨʫʥʪ ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ (ʩʪʝʨʥʽ ʩ.-ʛ. ʢʫʣʴʪʫʨ) ʟ 

ʦʜʥʦʯʘʩʥʠʤ ʚʥʝʩʝʥʥʷʤ ʜʦʙʨʝ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ. 

ʆʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʠʤʠ ʧʨʠ ʮʴʦʤʫ ʻ ʩʫʯʘʩʥʽ ʜʝʩʪʨʫʢʪʦʨʠ ʩʪʝʨʥʽ 

[12,13], ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʜʦʟʚʦʣʷʻ ʟʚʝʩʪʠ ʧʨʘʢʪʠʯʥʦ ʥʘʥʽʚʝʮʴ 

ʽʤʤʦʙʽʣʽʟʘʮʽʶ ʘʟʦʪʫ ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʛʨʫʥʪʫ. 

 ʑʝ ʦʜʥʽʻʶ ʽʟ ʧʨʠʯʠʥ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʜʝʥʽʪʨʠʬʽʢʘʮʽʾ 

ʘʛʨʦʪʝʭʥʽʯʥʦʛʦ ʬʦʥʫ ʻ ʫʪʚʦʨʝʥʥʷ ʧʽʩʣʷ ʦʧʘʜʽʚ ˇʨʫʥʪʦʚʦʾ ʧʦʚʝʨʭʥʝʚʦʾ 

ʢʽʨʢʠ. ʏʠʤ ʛʣʠʙʰʝ ʨʦʟʧʫʰʫʻʪʴʩʷ ʛʨʫʥʪ ʧʽʜ ʯʘʩ ʾʾ ʨʫʡʥʫʚʘʥʥʷ, ʪʠʤ 

ʝʬʝʢʪʠʚʥʽʰʝ ʛʘʣʴʤʫʻʪʴʩʷ ʜʝʥʽʪʨʠʬʽʢʘʮʽʷ. ʇʨʦʪʝ, ʦʜʥʦʯʘʩʥʦ ʟ ʮʠʤ 

ʟʨʦʩʪʘʻ ʨʽʚʝʥʴ ʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ ʽʟ ʨʦʟʧʫʰʝʥʦʛʦ 

ʰʘʨʫ ʛʨʫʥʪʫ. ʇʨʠʯʠʥʠ ʮʴʦʛʦ ʷʚʠʱʘ ʨʦʟʛʣʷʥʝʤʦ ʥʠʞʯʝ. 

 ʅʠʥʽ ʞ ʤʦʞʝʤʦ (ʽ ʫʞʝ ʥʝ ʘʧʨʽʦʨʽ!) ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʚʪʨʘʪ ʚʦʣʦʛʠ ʚʝʨʭʥʽʡ ʰʘʨ ʧʦʚʝʨʭʥʽ ʧʘʨʦʚʦʛʦ ʧʦʣʷ 

(ʧʨʠʙʣʠʟʥʦ 5é6 ʩʤ) ʤʘʻ ʧʦʩʪʽʡʥʦ ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʨʦʟʧʫʰʝʥʦʤʫ 

(çʟʘʤʫʣʴʯʦʚʘʥʦʤʫè) ʩʪʘʥʽ.  ʅʝʭʘʡ ʽ ʤʽʣʢʠʡ, ʘʣʝ ʚʽʜʥʦʩʥʦ 

ʽʥʪʝʥʩʠʚʥʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʦʙʨʦʙʽʪʦʢ ʛʨʫʥʪʫ ʦʙʫʤʦʚʣʶʻ ʚʽʜʧʦʚʽʜʥʫ 

ʤʽʥʝʨʘʣʽʟʘʮʽʶ ʛʨʫʥʪʫ ʽ ʧʦʚôʷʟʘʥʫ ʟ ʮʠʤ ʚʪʨʘʪʫ ʛʫʤʫʩʫ.  

 ɿʛʽʜʥʦ ʟ ʫʯʝʥʥʷʤ ɺ. ʈ. ɺʽʣʴʷʤʩʘ  ʮʝʡ ʧʨʦʮʝʩ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʪʨʴʦʤʘ ʰʣʷʭʘʤʠ: 1) ʤʝʭʘʥʽʯʥʠʤ; 2) ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ; 3) ʙʽʦʣʦʛʽʯʥʠʤ. 

 ɸʣʝ ʷʢʱʦ ʥʘ ʧʝʨʰʫ ʧʨʠʯʠʥʫ ʨʫʡʥʫʚʘʥʥʷ ʛʫʤʫʩʫ (ʪʦʙʪʦ 

ʤʝʭʘʥʽʯʥʫ) ʣʶʜʠʥʘ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʙʽʣʴʰ-ʤʝʥʰ ʩʫʪʪʻʚʦ, ʪʦ ʥʘ ʜʨʫʛʫ ʽ 

ʪʨʝʪʶ - ʜʫʞʝ ʤʘʣʦ. ʆʙʫʤʦʚʣʝʥʫ ʥʠʤʠ ʤʽʥʝʨʘʣʽʟʘʮʽʶ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ ʛʨʫʥʪʫ, ʷʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʦ ʫ ʯʘʩʽ, ʤʦʞʥʘ ʧʝʚʥʦʶ 

ʤʽʨʦʶ ʟʘʛʘʣʴʤʫʚʘʪʠ, ʥʘʚʽʪʴ ʧʨʠʩʢʦʨʠʪʠ, ʘ ʦʪ ʟʫʧʠʥʠʪʠ - ʥʽ. ʇʨʝʜʤʝʪʥʝ 

ʧʦʷʩʥʝʥʥʷ ʮʴʦʛʦ ʧʦʩʪʫʣʘʪʫ ʯʠʪʘʯ ʤʦʞʝ ʟʥʘʡʪʝ ʫ [1].  

 ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʘʞʢʦ ʧʦʛʦʜʠʪʠʩʷ ʟ ʪʠʤʠ ʥʘʫʢʦʚʮʷʤʠ, ʷʢʽ ʽʟ-ʟʘ 

ʧʨʠʨʦʜʥʠʭ ʽ ʦʙôʻʢʪʠʚʥʦ-ʥʝʚʧʠʥʥʠʭ ʚʪʨʘʪ ʛʫʤʫʩʫ ʫʪʨʠʤʫʚʘʥʥʷ ʧʦʣʷ ʫ 

ʧʘʨʦʚʦʤʫ ʡʦʛʦ ʩʪʘʥʽ ʚʚʘʞʘʶʪʴ ʥʝʙʘʞʘʥʠʤ ʟʘʭʦʜʦʤ [14]. ɹʽʣʴʰʝ ʪʦʛʦ, 

ʥʘʚʽʪʴ ʥʘʟʠʚʘʶʪʴ çʯʫʤʦʶè ʟʝʤʣʝʨʦʙʩʪʚʘ [15] ʘʙʦ çʢʨʝʤʘʪʦʨʽʻʤè 

ʛʫʤʫʩʫ [16]. ʅʘʢʦʧʠʯʝʥʥʷ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʧʨʠ ʮʴʦʤʫ ʚʚʘʞʘʶʪʴ 

ʚʽʨʪʫʘʣʴʥʠʤ, ʘ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʚʦʣʦʛʠ ʥʘ ʧʘʨʦʚʠʭ ʧʣʦʱʘʭ - 

ʥʝʜʦʩʪʦʚʽʨʥʠʤ ʬʘʢʪʦʤ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʦʩʪʘʥʥʴʦʛʦ (ʪʦʙʪʦ 

ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʚʦʣʦʛʠ), ʪʦ ʟ ʮʠʤ ʤʦʞʥʘ ʧʦʛʦʜʠʪʠʩʷ ʣʠʰʝ ʫ ʪʠʭ 

ˇʨʫʥʪʦʚʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ, ʜʝ ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʟʘ 20 ʭʚʠʣʠʥ ʤʦʞʝ 

ʚʠʧʘʜʘʪʠ ʜʦ 19 ʤʤ (190 ʪ/ʛʘ) ʦʧʘʜʽʚ [17]. ɸ ʢʦʣʠ ʯʘʩʪʦ ʮʝʡ ʧʦʢʘʟʥʠʢ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 250 ʤʤ ʟʘ ʨʽʢ (ʥʘ ʧʽʚʜʥʽ ʋʢʨʘʾʥʠ, ʥʘʧʨʠʢʣʘʜ), ʪʦ ʣʠʰʝ 

ʧʨʘʚʠʣʴʥʦ ʦʙʨʦʙʣʶʚʘʥʠʡ ʧʘʨ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʙʫʜʝ ʦʜʥʠʤ ʽʟ 

ʨʘʜʠʢʘʣʴʥʠʭ ʟʘʭʦʜʽʚ ʧʨʠʥʘʡʤʥʽ ʟʙʝʨʝʞʝʥʥʷ ʫ ʛʨʫʥʪʽ ʪʠʭ ʦʧʘʜʽʚ, ʷʢʽ 

ʤʘʶʪʴ ʤʽʩʮʝ ʫ ʚʝʩʥʷʥʦ-ʣʽʪʥʽʡ ʧʝʨʽʦʜ. 

 ʇʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʷʢ ʟʙʝʨʝʛʪʠ ʮʶ ʜʦʨʦʛʦʮʽʥʥʫ ʚʦʣʦʛʫ. 

ɿʘ ʫʤʦʚʠ ʧʨʘʚʠʣʴʥʦʛʦ ʾʾ (ʧʨʦʙʣʝʤʠ) ʚʠʨʽʰʝʥʥʷ ʥʘʚʽʪʴ ʫ ʫʤʦʚʘʭ ʣʽʪʥʴʦʾ 

ʧʦʩʫʭʠ ʥʘ ʧʘʨʦʚʠʭ ʧʣʦʱʘʭ ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʠʪʴ ʚʠʩʦʢʠʡ (ʜʦ 65 

ʮ/ʛʘ [17]) ʫʨʦʞʘʡ ʦʟʠʤʠʥʠ.  ʇʨʘʢʪʠʢʘ ʦʙʨʦʙʽʪʢʫ ʧʘʨʽʚ ʧʦʢʘʟʫʻ, ʱʦ 
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ʧʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʨʽʚʝʥʴ ʟʘʙʫʨôʷʥʝʥʦʩʪʽ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʧʦʣʷ. ʉʧʨʘʚʘ ʚ ʪʦʤʫ, ʱʦ ʟʘʛʦʨʪʘʥʥʷ ʟʨʽʟʘʥʠʭ ʙʫʨôʷʥʽʚ 

ʫ ʛʨʫʥʪ ʦʙʫʤʦʚʣʶʻ ʧʨʠʥʘʡʤʥʽ ʜʚʘ ʥʝʛʘʪʠʚʥʠʭ ʤʦʤʝʥʪʠ.  

 ʇʝʨʰʠʡ ʽʟ ʥʠʭ ʧʦʣʷʛʘʻ ʫ ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʘʟʦʪʫ ʛʨʫʥʪʦʚʠʤʠ 

ʙʘʢʪʝʨʽʷʤʠ ʫ ʧʨʦʮʝʩʽ ʨʦʟʢʣʘʜʫ ʥʠʤʠ ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ [18]: ʜʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʩʚʦʻʾ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʮʽ ʙʘʢʪʝʨʽʾ ʫ ʷʢʦʩʪʽ ʧʦʞʠʚʠ 

ʽʥʪʝʥʩʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʷʚʥʠʡ ʫ ʛʨʫʥʪʽ ʘʟʦʪ. 

 ɼʨʫʛʠʡ ʤʦʤʝʥʪ - ʚʪʨʘʪʘ ʚʦʣʦʛʠ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʰʘʨʫ ʛʨʫʥʪʫ 

(ʧʨʦ ʱʦ ʤʦʚʘ ʡʪʠʤʝ ʥʠʞʯʝ) ʪʠʤʠ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, ʷʢʽ ʥʠʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ  ʚʠʨʦʙʥʠʯʥʠʢʘʤʠ ʜʣʷ ʦʙʨʦʙʽʪʢʫ ʧʘʨʽʚ. 

 ʅʘ ʚʘʞʣʠʚʦʩʪʽ ʜʘʥʦʛʦ ʤʦʤʝʥʪʫ ʩʚʦʛʦ ʯʘʩʫ ʥʘʛʦʣʦʰʫʚʘʚ ɯ. ɭ. 

ʆʚʩʽʥʩʴʢʠʡ. ɺʽʥ ʚʚʘʞʘʚ, ʱʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʚʦʣʦʛʠ ʧʦʚʝʨʭʥʷ ʧʦʣʷ 

ʧʦʚʠʥʥʘ ʧʦʩʪʽʡʥʦ ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʨʦʟʧʫʰʝʥʦʤʫ (çʟʘʤʫʣʴʯʦʚʘʥʦʤʫè) ʩʪʘʥʽ.  

 ʊʘʢʦʾ ʞ ʜʫʤʢʠ ʧʨʠʪʨʠʤʫʚʘʣʠʩʴ ʽ ʧʨʠʪʨʠʤʫʶʪʴʩʷ ʧʨʠʙʽʯʥʠʢʠ 

ʩʠʩʪʝʤʠ çʩʫʭʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘè, ʷʢʘ ʟʘ ʢʦʨʜʦʥʦʤ ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ çdry 

farmingè [19ï21]. ɺʧʝʨʰʝ ʾʾ ʧʦʯʘʣʠ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʫ ʉʐɸ, ʘ ʧʦʪʽʤ ʽ ʫ 

ʽʥʰʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʷʢ ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ ʫ ʙʦʨʦʪʴʙʽ ʽʟ ʧʦʩʫʭʦʶ. 

ɿʜʽʡʩʥʶʚʘʣʠ ʮʝ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʥʘ ʧʦʣʽ ʯʠʩʪʦʛʦ ʧʘʨʫ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ ʩʫʭʠʭ ʛʨʫʜʦʯʦʢ ʛʨʫʥʪʫ, ʷʢʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ 

ʩʚʦʻʨʽʜʥʦʾ ʤʫʣʴʯʽ. ɯʥʰʘ ʩʧʨʘʚʘ, ʱʦ ʚ ʩʠʩʪʝʤʽ çdry farmingè 

ʧʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʪʢʽʚ. ɰʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʧʨʘʚʣʝʥʝ ʥʘ 

ʧʨʦʚʦʢʫʚʘʥʥʷ ʚʠʩʭʽʜʥʦʾ ʢʘʧʽʣʷʨʥʦʾ ʪʝʯʽʾ ʚʦʜʠ ʽʟ ʥʠʞʥʴʦʛʦ ʰʘʨʫ 

ʛʨʫʥʪʫ ʫ ʚʝʨʭʥʽʡ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʾʾ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʫ ʘʪʤʦʩʬʝʨʫ ʽ 

ʧʨʠʟʥʘʯʝʥʝ ʧʦʩʪʽʡʥʝ ʧʦʚʝʨʭʥʝʚʝ ʨʦʟʧʫʰʝʥʥʷ ʘʛʨʦʬʦʥʫ. ʇʨʦʪʝ, ʟʘ 

ʯʘʩʪʦʛʦ ʡʦʛʦ ʟʜʽʡʩʥʝʥʥʷ ʚʠʥʠʢʘʻ ʟʘʛʨʦʟʘ ʜʝʬʣʷʮʽʾ ʛʨʫʥʪʫ. ʅʘʚʽʪʴ ʟʘ 

ʫʤʦʚ ʜʦʩʪʘʪʥʴʦʛʦ ʚʦʣʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʠʡ ʦʙʨʦʙʽʪʦʢ ʧʘʨʫ 

ʟʜʘʪʥʠʡ ʦʙʫʤʦʚʣʶʚʘʪʠ ʨʫʡʥʫʚʘʥʥʷ ʘʛʨʦʥʦʤʽʯʥʦ ʮʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ˇʨʫʥʪʫ [22].  

 ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʘʚʽʪʴ ʧʨʠʙʽʯʥʠʢʠ ʩʠʩʪʝʤʠ çdry 

farmingè ʚʩʝ ʯʘʩʪʽʰʝ ʧʦʯʠʥʘʶʪʴ ʛʦʚʦʨʠʪʠ ʧʨʦ ʚʽʜʤʦʚʫ ʚʽʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʽʚ. ɸʤʝʨʠʢʘʥʩʴʢʽ ʚʠʨʦʙʥʠʯʥʠʢʠ ʽ ʥʘʫʢʦʚʮʽ ʟʘ ʧʝʨʽʦʜ 

ʟ 1948 ʜʦ 1995 ʨ. ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʫ ʟʘʭʽʜʥʠʭ ʨʝʛʽʦʥʘʭ ɺʝʣʠʢʠʭ ʨʽʚʥʠʥ 

ʧʨʠ ʜʦʛʣʷʜʽ ʟʘ ʧʘʨʘʤʠ ʫ ˇʨʫʥʪʦʚʦʤʫ ʧʨʦʬʽʣʽ ʟʘ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʟ 520 ʤʤ 

ʚʦʣʦʛʠ, ʷʢʘ ʚʠʧʘʜʘʻ ʫ ʚʠʛʣʷʜʽ ʜʦʱʫ, ʟʘʣʠʰʘʣʦʩʴ ʧʨʠʙʣʠʟʥʦ 110 ʤʤ, 

ʪʦʙʪʦ ʣʠʰʝ 21% [23]. ʈʝʰʪʘ ʚʦʣʦʛʠ (442 ʤʤ) ʚʠʧʘʨʦʚʫʚʘʣʘʩʴ. 

 ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʢʨʘʱʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʱʦʚʦʾ ʚʦʣʦʛʠ (ʦʩʦʙʣʠʚʦ ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ) ʧʦʣʝ ʤʘʻ 

ʟʥʘʭʦʜʠʪʠʩʷ ʥʝ ʫ ʧʘʨʦʚʦʤʫ ʩʪʘʥʽ, ʘ ʧʦʚʠʥʥʦʛʦ ʙʫʪʠ ʟʘʩʽʷʥʝ ʨʘʥʥʴʦʶ 

ʷʨʦʶ ʢʫʣʴʪʫʨʦʶ. ʊʘʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʠʡʦʤ, ʥʘ ʜʫʤʢʫ ʟʘʢʦʨʜʦʥʥʠʭ 

ʥʘʫʢʦʚʮʽʚ ʽ ʧʨʘʢʪʠʢʽʚ, ʟʘʙʝʟʧʝʯʠʪʴ ʟʥʘʯʥʦ ʝʬʝʢʪʠʚʥʽʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʱʦʚʦʾ ʚʦʣʦʛʠ ʫ ʪʠʭ ʨʝʛʽʦʥʘʭ, ʜʝ ʩʠʩʪʝʤʘʪʠʯʥʦ ʚʽʜʯʫʚʘʻʪʴʩʷ ʾʾ 

ʧʨʠʨʦʜʥʘ ʥʝʩʪʘʯʘ. ɿʘ ʾʭ ʥʘʫʢʦʚʦʶ ʛʽʧʦʪʝʟʦʶ ʩʘʤʝ ʷʨʘ ʢʫʣʴʪʫʨʘ 

ʧʦʪʝʥʮʽʡʥʦ ʟʜʘʪʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʩʚʦʻʾ ʚʝʛʝʪʘʮʽʾ ʪʫ ʚʦʣʦʛʫ, ʷʢʘ 
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ʚʠʧʘʜʘʻ (ʜʦʩʠʪʴ ʯʘʩʪʦ - ʽʥʪʝʥʩʠʚʥʦ) ʫ ʧʽʟʜʥʴʦ-ʚʝʩʥʷʥʠʡ ʽ ʦʩʦʙʣʠʚʦ 

ʣʽʪʥʽʡ ʧʝʨʽʦʜʠ. 

 ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʘʥʘʣʦʛʽʯʥʘ ʜʫʤʢʘ ʧʨʠʪʘʤʘʥʥʘ ʽ ʟʥʘʯʥʽʡ 

ʢʽʣʴʢʦʩʪʽ ʚʽʪʯʠʟʥʷʥʠʭ ʩʽʣʴʛʦʩʧʚʠʨʦʙʥʠʢʽʚ ʧʨʠʥʘʡʤʥʽ ʧʽʚʜʥʷ ʋʢʨʘʾʥʠ. 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʫʻ, ʱʦ ʫ ʙʘʛʘʪʴʦʭ ʽʟ ʥʠʭ ʥʘ ʧʝʨʽʦʜ ʥʘʩʪʘʥʥʷ 

ʘʛʨʦʪʝʭʥʽʯʥʠʭ ʩʪʨʦʢʽʚ ʩʽʚʙʠ ʦʟʠʤʠʥʠ ʧʘʨʦʚʽ ʧʦʣʷ ʻ ʧʽʜʛʦʪʦʚʣʝʥʠʤʠ - 

ʪʦʙʪʦ ʯʠʩʪʠʤʠ ʚʽʜ ʙʫʨôʷʥʽʚ. ʎʝ ʜʦʩʠʪʴ ʣʝʛʢʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʟʜʽʡʩʥʶʚʘʥʠʤʠ ʥʠʤʠ ʷʢ ʭʽʤʽʯʥʠʤʠ, ʪʘʢ ʽ ʠ ʤʝʭʘʥʽʯʥʠʤʠ ʦʙʨʦʙʽʪʢʘʤʠ 

ʛʨʫʥʪʫ, ʢʽʣʴʢʽʩʪʴ  ʷʢʠʭ ʽʥʦʜʽ ʜʦʭʦʜʠʪʴ ʜʦ 8-9. 

 ɺʦʜʥʦʯʘʩ, ʫ ʧʦʩʽʚʥʦʤʫ ʰʘʨʽ ʛʨʫʥʪʫ ʨʽʚʝʥʴ ʚʦʣʦʛʠ ʧʨʠ ʮʴʦʤʫ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 8é10%. ɸ ʮʴʦʛʦ, ʷʢ ʧʦʢʘʟʫʻ ʧʨʘʢʪʠʢʘ, ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʜʨʫʞʥʠʭ ʩʭʦʜʽʚ ʦʟʠʤʦʾ ʢʫʣʴʪʫʨʠ.  ɯ ʩʘʤʝ ʛʦʣʦʚʥʝ - ʪʘʢʦʛʦ 

ʟʘʧʘʩʫ ʚʦʣʦʛʠ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʧʝʨʰʦʾ ʽ ʜʫʞʝ 

ʚʘʞʣʠʚʦʾ ʜʣʷ ʨʦʩʣʠʥ ʬʘʟʠ ʨʦʟʚʠʪʢʫ - ʢʫʱʝʥʥʷ. ɸʜʞʝ ʩʘʤʝ ʚ ʮʝʡ 

ʧʝʨʽʦʜ, ʷʢ ʩʚʽʜʯʠʪʴ ʘʛʨʦʥʦʤʽʯʥʘ ʧʨʘʢʪʠʢʘ, ʟʘʨʦʜʞʫʶʪʴʩʷ ʽ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʥʦʚʽ ʧʘʛʦʥʠ ʽ ʣʠʩʪʷ, ʷʢʽ ʚʠʧʘʨʦʚʫʶʪʴ ʜʦʩʠʪʴ ʙʘʛʘʪʦ 

ʚʦʣʦʛʠ. 

 ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʚʦʣʦʛʠ ʫ 

ʧʦʩʽʚʥʦʤʫ ʰʘʨʽ ʛʨʫʥʪʫ ʧʘʨʦʚʦʛʦ ʧʦʣʷ, ʩʣʽʜ ʟʥʘʪʠ ʷʢ ʟʙʝʨʽʛʘʪʠ ʽ ʥʘʚʽʪʴ 

ʥʘʢʦʧʠʯʫʚʘʪʠ ʾʾ ʟʘ ʚʝʩʥʷʥʦ-ʣʽʪʥʽʡ ʧʝʨʽʦʜʠ. ɿʘ ʫʤʦʚʠ çʤʫʣʴʯʫʚʘʥʥʷè 

ʛʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʫ 10é12 ʩʤ ʜʦʱʦʚʘ ʚʦʣʦʛʘ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʥʝ 

ʤʘʪʠʤʝ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʥʠʢʥʫʪʠ ʯʝʨʝʟ ʪʘʢʠʡ ʤʽʣʢʦʜʠʩʧʝʨʩʥʠʡ 

ˇʨʫʥʪʦʚʠʡ ʰʘʨ. ʅʘ ʧʝʚʥʽʡ ʡʦʛʦ ʛʣʠʙʠʥʽ ʥʠʟʭʽʜʥʠʡ ʨʫʭ ʚʦʜʠ 

ʟʫʧʠʥʠʪʴʩʷ. ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʦʣʦʛʘ ʚʢʘʟʘʥʦʛʦ ˇʨʫʥʪʦʚʦʛʦ ʰʘʨʫ ʙʫʜʝ 

ʚʠʥʝʩʝʥʘ ʥʘ ʧʦʚʝʨʭʥʶ ʧʦʣʷ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʡʦʛʦ ʦʙʨʦʙʽʪʢʫ, 

ʦʙʫʤʦʚʣʝʥʦʛʦ ʥʠʟʢʦʶ ʧʨʠʯʠʥ. ɼʦ ʪʘʢʠʭ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʽ: 1) 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʠʱʝʥʥʷ ˇʨʫʥʪʦʚʦʾ ʢʽʨʢʠ ʽ/ʘʙʦ ʙʫʨôʷʥʽʚ ʧʽʩʣʷ ʚʠʧʘʜʘʥʥʷ 

ʜʦʱʽʚ; 2) ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʧʫʰʝʥʥʷ ʛʨʫʥʪʫ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʦʣʦʛʠ ʧʽʩʣʷ ʾʾ ʚʠʧʘʜʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʜʦʱʫ (ʫ ʪ.ʯ. ʽ 

ʰʪʫʯʥʦʛʦ ʧʽʜ ʯʘʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʟʨʦʰʝʥʥʷ).    

 ʇʨʘʢʪʠʯʥʝ ʚʠʨʽʰʝʥʥʷ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʟʘʜʘʯʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʪʦʛʦ 

ʟʥʘʨʷʜʜʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ ʫ ʧʘʨʦʚʦʤʫ ʧʦʣʽ. 

ʇʨʘʢʪʠʢʘ ʟʘʩʚʽʜʯʫʻ, ʱʦ ʥʘʡʯʘʩʪʽʰʝ ʜʣʷ ʦʙʨʦʙʽʪʢʫ ʧʘʨʽʚ 

ʩʽʣʴʛʦʩʧʚʠʨʦʙʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʫʣʴʪʠʚʘʪʦʨʠ ʪʠʧʫ ʂʇʉ-4, 

ʦʩʥʦʚʥʠʤ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʷʢʦʛʦ ʻ ʫʥʽʚʝʨʩʘʣʴʥʘ ʩʪʨʽʣʯʘʩʪʘ ʣʘʧʘ            

(ʨʠʩ. 1). 
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                                        ʘ)                                                  ʙ) 

ʈʠʩ. 1. ʂʫʣʴʪʠʚʘʪʦʨ ʂʇʉ-4 (ʘ) ʽ ʡʦʛʦ ʨʦʙʦʯʽ ʦʨʛʘʥʠ (ʙ).  

 

ʆʩʥʦʚʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʾʾ 

ʬʦʨʤʫ ʽ ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʥʘ ʛʨʫʥʪʦʚʝ ʩʝʨʝʜʦʚʠʱʝ, ʻ ʢʫʪʠ: 1) ʨʦʟʭʠʣʫ 

(ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ); 2) ʨʦʟʧʫʰʝʥʥʷ (a, ʨʠʩ. 1); 3) ʧʦʩʪʘʥʦʚʢʠ 

ʜʦ ʛʦʨʠʟʦʥʪʫ; 4) ʟʘʛʦʩʪʨʝʥʥʷ. ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʩʪʨʽʣʯʘʩʪʦʾ ʣʘʧʠ ʻ ʾʾ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʰʠʨʠʥʘ ʟʘʭʚʘʪʫ. 

 ʄʦʞʥʘ ʥʘʟʚʘʪʠ ʧʨʠʥʘʡʤʥʽ ʪʨʠ ʤʦʤʝʥʪʠ, ʽʟ-ʟʘ ʷʢʠʭ ʨʦʙʦʯʠʡ 

ʦʨʛʘʥ ʫ ʚʠʛʣʷʜʽ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʩʪʨʽʣʯʘʩʪʦʾ ʣʘʧʠ ʥʝʧʨʠʜʘʪʥʠʡ ʜʣʷ 

ʦʙʨʦʙʽʪʢʫ ʧʘʨʽʚ ʚ ʫʤʦʚʘʭ ʥʝʜʦʩʪʘʪʥʴʦʾ ʚʦʣʦʛʦʩʪʽ ʛʨʫʥʪʫ.  

 ʇʝʨʰʠʡ ʽʟ ʥʠʭ ʦʙʫʤʦʚʣʝʥʠʡ ʥʘʷʚʥʽʩʪʶ ʢʫʪʘ ʨʦʟʧʫʰʝʥʥʷ a ʽ 

ʨʘʜʽʫʩʘ ʢʨʠʚʠʥʠ ʧʦʚʝʨʭʥʽ R (ʜʠʚ. ʨʠʩ. 1.ʙ). ʋ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ 

ʣʘʧʠ ʢʫʪ a ʤʦʞʝ ʜʦʭʦʜʠʪʠ ʜʦ 30é35
ʦ
 [6]. ʋ ʙʦʢʦʚʠʭ ʣʝʟ ʣʘʧʠ 

ʬʫʥʢʮʽʶ ʨʦʟʧʫʰʝʥʥʷ ʛʨʫʥʪʫ ʟʘʙʝʟʧʝʯʫʻ ʢʫʪ ʧʦʩʪʘʥʦʚʢʠ  ʾʭ ʜʦ 

ʛʦʨʠʟʦʥʪʫ (Ů). ɿʘʟʚʠʯʘʡ ʢʫʪʠ a ʽ Ů ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ ʪʘʢ: a > Ů. 

 ɿ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʥʘʷʚʥʽʩʪʴ ʢʫʪʽʚ a ʽ Ů, ʘ ʪʘʢʦʞ ʨʘʜʽʫʩʘ 

R ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʣʽʚʫ ʽ ʧʨʘʚʫ ʧʦʣʦʚʠʥʠ ʢʫʣʴʪʠʚʘʪʦʨʥʦʾ ʣʘʧʠ ʫ ʚʠʛʣʷʜʽ 

ʪʨʠʛʨʘʥʥʦʛʦ ʢʣʠʥʫ ʢʦʞʥʘ. ɿʘ ʚʽʜʧʦʚʽʜʥʦʾ ʟʥʘʯʠʥʠ  ʢʫʪʘ ʨʦʟʧʫʰʝʥʥʷ 

ʢʣʠʥʫ ʽ ʥʝʟʥʘʯʥʦʾ ʟʚôʷʟʥʦʩʪʽ ʛʨʫʥʪʫ ʤʦʞʝ ʤʘʪʠ ʤʽʩʮʝ ʡʦʛʦ ʩʢʫʧʯʝʥʥʷ 

ʩʧʝʨʝʜʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ. ʊʝʦʨʝʪʠʯʥʦ ʮʝʡ ʧʨʦʮʝʩ ʦʧʠʩʫʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ [24]:  

 

   „ʚ ”ὰϽὸὫ • ς
ὠ

Ç
ίὭὲ


ς
Ͻὧέί



ς
ὸὫ • ίὭὲ



ς
ȟ  (1) 

  

ʜʝ  sʚ - ʦʧʽʨ ʛʨʫʥʪʫ ʩʪʠʩʢʘʥʥʶ; r - ʱʽʣʴʥʽʩʪʴ ʛʨʫʥʪʫ;                   

l - ʜʦʚʞʠʥʘ ʢʣʠʥʫ; V - ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʪʨʠʛʨʘʥʥʦʛʦ ʢʣʠʥʫ; j - ʢʫʪ 

ʪʝʨʪʷ ʛʨʫʥʪʫ ʧʦ ʩʪʘʣʽ;  b - ʢʫʪ ʨʦʟʧʫʰʝʥʥʷ ʛʨʫʥʪʫ ʪʨʠʛʨʘʥʥʠʤ 

ʢʣʠʥʦʤ; g - ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ. 

 

 ɯʟ ʘʥʘʣʽʟʫ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ ʚʠʧʣʠʚʘʻ, ʟʘ ʧʝʚʥʦʾ ʟʥʘʯʠʥʠ ʢʫʪʘ j 

ʰʘʨ ʛʨʫʥʪʫ ʟʘʤʽʩʪʴ ʨʫʭʫ ʧʦ ʧʦʚʝʨʭʥʽ ʢʣʠʥʫ ʜʝʬʦʨʤʫʻʪʴʩʷ ʟ 

ʧʦʩʪʫʧʦʚʠʤ ʥʘʢʦʧʠʯʫʚʘʥʥʷʤ ʩʧʝʨʝʜʫ ʪʨʠʛʨʘʥʥʦʛʦ ʢʣʠʥʫ (ʚ ʜʘʥʦʤʫ 
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ʚʠʧʘʜʢʫ - ʮʝ ʢʫʣʴʪʠʚʘʪʦʨʥʘ ʣʘʧʘ). ʗʢ ʥʘʩʣʽʜʦʢ, ʟʥʘʯʥʘ ʤʘʩʘ ʛʨʫʥʪʫ 

ʚʠʥʦʩʠʪʴʩʷ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ ʧʦʣʷ ʟ ʧʦʜʘʣʴʰʦʶ ʥʝʙʘʞʘʥʦʶ ʚʪʨʘʪʦʶ 

ʥʠʤ ʜʝʬʽʮʠʪʥʦʾ ʚʦʣʦʛʠ.  

 ʋ ʨʦʙʦʪʽ [25] ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ, ʱʦ ʫʞʝ ʧʨʠ ʢʫʪʽ ʨʦʟʧʫʰʝʥʥʷ             

 ρψ̏ ʤʘʻ ʤʽʩʮʝ ʽʥʪʝʥʩʠʚʥʠʡ ʚʠʥʦʩ ʛʨʫʥʪʫ ʥʘ ʧʦʚʝʨʭʥʶ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʧʦʣʷ ʟ ʧʦʜʘʣʴʰʦʶ ʽʥʪʝʥʩʠʚʥʦʶ ʚʪʨʘʪʦʶ ʥʠʤ ʚʦʣʦʛʠ.   

 ʗʢ ʧʦʢʘʟʫʻ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ (1), ʘʥʘʣʦʛʽʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʱʦʜʦ 

ʚʠʥʦʩʫ ʛʨʫʥʪʫ ʥʘ ʧʦʚʝʨʭʥʶ ʧʦʣʷ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʫ ʚʠʛʣʷʜʽ 

ʩʪʨʽʣʯʘʩʪʦʾ ʢʫʣʴʪʠʚʘʪʦʨʥʦʾ ʣʘʧʠ ʤʘʻ ʤʽʩʮʝ ʽ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ [25]. ɯ ʮʝ ʦʙʫʤʦʚʣʝʥʦ ʥʝ ʪʽʣʴʢʠ ʢʚʘʜʨʘʪʠʯʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ ʬʫʥʢʮʽʾ sʚ ʚʽʜ ʘʨʛʫʤʝʥʪʫ V, ʘ ʡ ʽʥʰʠʤ ʬʘʢʪʦʤ. ʇʨʠʨʦʜʘ 

ʡʦʛʦ ʧʨʦʷʚʫ ʦʙʫʤʦʚʣʝʥʘ ʩʭʝʤʦʶ ʧʨʠʻʜʥʘʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʜʦ ʨʘʤʠ 

ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʟʥʘʨʷʜʜʷ.  

 ʋ ʢʫʣʴʪʠʚʘʪʦʨʽʚ ʪʠʧʫ ʂʇʉ-4 ʫʥʽʚʝʨʩʘʣʴʥʘ ʩʪʨʽʣʯʘʩʪʘ ʣʘʧʘ 

ʢʨʽʧʠʪʴʩʷ ʥʘ ʰʘʨʥʽʨʥʦ ʧʨʠʻʜʥʘʥʦʤʫ ʜʦ ʨʘʤʠ ʟʥʘʨʷʜʜʷ ʽ 

ʧʽʜʧʨʫʞʠʥʝʥʦʤʫ (ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ) ʛʨʷʜʽʣʽ (ʜʠʚ. ʨʠʩ. 1ʙ). 

ʆʩʪʘʥʥʽʡ, ʙʫʜʫʯʠ ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ ʬʽʟʠʯʥʠʤ ʤʘʷʪʥʠʢʦʤ, ʧʽʜ ʯʘʩ 

ʨʦʙʦʯʦʛʦ ʨʫʭʫ ʢʫʣʴʪʠʚʘʪʦʨʘ ʟʜʽʡʩʥʶʻ ʢʫʪʦʚʽ ʢʦʣʠʚʘʥʥʷ ʫ ʧʦʟʜʦʚʞʥʴʦ-

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʤʽʨʦʶ ʷʢʠʭ ʻ ʢʫʪ d (ʜʠʚ. ʨʠʩ. 1ʙ).  ʇʨʘʢʪʠʢʘ 

ʧʦʢʘʟʫʻ, ʱʦ ʚʝʣʠʯʠʥʘ ʮʴʦʛʦ ʢʫʪʘ ʷʢ ʧʨʘʚʠʣʦ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʟʥʘʨʷʜʜʷ [6]. 

 ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʢʫʪʘ d ʦʙʫʤʦʚʣʶʻ ʟʙʽʣʴʰʝʥʥʷ 

ʢʫʪʘ a. ɸ ʮʝ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʩʧʨʠʷʻ ʱʝ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʤʫ ʚʠʥʦʩʫ 

ʚʦʣʦʛʦʛʦ ʛʨʫʥʪʫ ʥʘ ʧʦʚʝʨʭʥʶ ʧʦʣʷ ʽʟ ʪʠʤ ʥʝʛʘʪʠʚʥʠʤ ʥʘʩʣʽʜʢʦʤ, ʧʨʦ 

ʷʢʠʡ ʽʰʣʘ ʤʦʚʘ ʚʠʱʝ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʪʝʦʨʝʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ (1). 

 ʇʨʠ ʮʴʦʤʫ ʥʘʛʦʣʦʩʠʤʦ, ʱʦ ʞʦʨʩʪʢʝ ʧʨʠʻʜʥʘʥʥʷ ʩʪʦʷʢʽʚ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʢʫʣʴʪʠʚʘʪʦʨʥʠʭ ʣʘʧ ʜʦ ʨʘʤʠ ʟʥʘʨʷʜʜʷ ʧʝʚʥʦʶ ʤʽʨʦʶ 

ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʫ ʟ ʢʫʪʦʤ d, ʘʣʝ ʧʦʨʦʜʞʫʻ ʽʥʰʫ. ɸ ʩʘʤʝ - ʧʦʛʽʨʰʫʻ 

ʟʜʘʪʥʽʩʪʴ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʢʦʧʽʶʚʘʪʠ ʢʦʣʠʚʘʥʥʷ ʧʦʚʟʜʦʚʞʥʴʦʛʦ 

ʧʨʦʬʽʣʶ ʧʦʣʷ. ʋ ʧʽʜʩʫʤʢʫ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ 

ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʥʝʧʨʠʧʫʩʪʠʤʦ. 

ʇʨʘʢʪʠʯʥʽ ʞ ʢʨʦʢʠ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʧʦʚôʷʟʘʥʽ ʽʟ ʫʩʢʣʘʜʥʝʥʥʷʤ 

(ʯʘʩʪʦ - ʜʦʩʠʪʴ ʩʫʪʪʻʚʠʤ) ʢʦʥʩʪʨʫʢʮʽʾ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʟʥʘʨʷʜʜʷ. 

 ɯ ʪʨʝʪʽʤ, ʦʩʪʘʥʥʽʤ ʥʝʛʘʨʘʟʜʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʠʭ 

ʩʪʨʽʣʯʘʩʪʠʭ ʣʘʧ ʜʣʷ ʦʙʨʦʙʽʪʢʫ ʧʘʨʽʚ ʚ ʫʤʦʚʘʭ ʥʝʜʦʩʪʘʪʥʴʦʛʦ 

ʟʚʦʣʦʞʝʥʥʷ ʻ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʰʠʨʠʥʘ ʾʭ ʟʘʭʚʘʪʫ. ʋ ʧʝʨʝʚʘʞʥʦʾ 

ʙʽʣʴʰʦʩʪʽ ʽʟ ʥʠʭ ʚʦʥʘ ʟʤʽʥʶʻʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʠʥ ʚʽʜ 145 ʜʦ 430 ʤʤ. 

ɻʣʠʙʠʥʘ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ ʪʘʢʠʤʠ ʩʪʨʽʣʯʘʩʪʠʤʠ ʣʘʧʘʤʠ ʩʪʘʥʦʚʠʪʴ 

8é12 ʩʤ [26]. ɯʥʦʜʽ ʚʦʥʘ ʜʦʭʦʜʠʪʴ ʜʦ 14 ʩʤ. ɼʦʩʠʪʴ ʯʘʩʪʦ 

ʚʠʨʦʙʥʠʯʥʠʢʠ ʟʜʽʡʩʥʶʶʪʴ ʪʘʢʠʡ ʢʨʦʢ ʩʚʽʜʦʤʦ, ʦʩʢʽʣʴʢʠ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ 

ʘʛʨʝʛʘʪʫ (ʄʊɸ) ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʢʫʣʴʪʠʚʘʪʦʨʘ ʪʠʧʫ ʂʇʉ-4 ʤʘʶʪʴ 

ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʤʝʥʰʝʥʥʷ ʛʣʠʙʠʥʠ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ - ʟʘ ʩʝʨʝʜʥʴʦʶ 

ʟʥʘʯʠʥʦʶ, ʽ ʧʦʛʽʨʰʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʫʭʫ ʧʦ ʛʣʠʙʠʥʽ - ʟʘ ʜʠʩʧʝʨʩʽʻʶ 
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ʢʦʣʠʚʘʥʴ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ.  ʅʘ ʛʣʠʙʠʥʽ ʢʫʣʴʪʠʚʘʮʽʾ ʤʝʥʰʽʡ ʟʘ 8 ʩʤ 

ʚʢʘʟʘʥʽ ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʧʨʘʮʶʶʪʴ ʥʝʩʪʘʙʽʣʴʥʦ: ʧʦʛʘʥʦ ʟʘʛʣʠʙʣʶʶʪʴʩʷ ʽ 

ʥʝʟʘʜʦʚʽʣʴʥʦ ʚʠʪʨʠʤʫʶʪʴ ʛʣʠʙʠʥʫ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ [27]. 

 ʋ ʥʝʜʘʣʝʢʦʤʫ ʤʠʥʫʣʦʤʫ ʜʣʷ ʦʙʨʦʙʽʪʢʫ ʧʘʨʽʚ ʥʘʫʢʦʚʮʽ 

ʨʝʢʦʤʝʥʜʫʚʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʪʘʥʛʦʚʽ ʢʫʣʴʪʠʚʘʪʦʨʠ [25, 26], 

ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʷʢʠʭ ʟʜʽʡʩʥʶʚʘʣʠ ʫ ʛʨʫʥʪʽ ʦʙʝʨʪʦʚʠʡ ʨʫʭ. ɿʥʠʱʝʥʥʷ 

ʙʫʨôʷʥʽʚ (ʦʩʦʙʣʠʚʦ ʫ ʬʘʟʽ ʥʠʪʦʯʢʠ) ʙʫʣʦ ʧʨʠ ʮʴʦʤʫ ʜʦʩʠʪʴ 

ʝʬʝʢʪʠʚʥʠʤ.  

 ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʚʠʥʦʩʫ ʚʦʣʦʛʦʛʦ ʛʨʫʥʪʫ ʥʘ ʧʦʚʝʨʭʥʶ ʧʦʣʷ, ʪʦ ʫ 

ʰʪʘʥʛʦʚʠʭ ʢʫʣʴʪʠʚʘʪʦʨʽʚ ʮʝ ʫʥʝʤʦʞʣʠʚʣʶʚʘʣʦʩʴ ʣʠʰʝ ʟʘ ʚʽʜʥʦʩʥʦ 

ʚʝʣʠʢʦʾ ʛʣʠʙʠʥʠ ʦʙʨʦʙʽʪʢʫ - ʥʝ ʤʝʥʰʝ 8 ʩʤ. ʈʦʙʦʪʘ ʮʠʭ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ 

ʟʥʘʨʷʜʴ ʟʘ ʤʝʥʰʦʛʦ ʟʘʥʫʨʝʥʥʷ ʾʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʫ ʛʨʫʥʪ ʥʝ ʤʦʛʣʘ ʥʝ 

ʩʧʨʠʷʪʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ʚʠʩʫʰʫʚʘʥʥʶ ʧʨʠʥʘʡʤʥʽ ʚʝʨʭʥʴʦʛʦ ʡʦʛʦ ʰʘʨʫ. 

 ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʠʩʢʦʚʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʜʣʷ ʦʙʨʦʙʽʪʢʫ ʧʘʨʽʚ ʪʝʞ 

ʥʝ ʩʧʨʠʷʻ ʚʠʨʽʰʝʥʥʶ ʟʘʜʘʯʽ ʩʪʦʩʦʚʥʦ ʟʙʝʨʝʞʝʥʥʷ ʚʦʣʦʛʠ ʫ 

ʦʙʨʦʙʣʶʚʘʥʦʤʫ ˇʨʫʥʪʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʆʩʥʦʚʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ 

ʜʠʩʢʫ ʻ ʧʦʜʨʽʙʥʝʥʥʷ ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ. ɸʣʝ ʫ ʧʨʦʮʝʩʽ ʡʦʛʦ ʨʫʭʫ 

ʦʜʥʦʯʘʩʥʦ ʟ ʮʠʤ ʛʨʫʥʪ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʥʝ ʪʽʣʴʢʠ ʽʥʪʝʥʩʠʚʥʦ 

ʧʝʨʝʤʽʰʫʻʪʴʩʷ, ʘʣʝ ʽ ʚʠʥʦʩʠʪʴʩʷ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ ʧʦʣʷ. 

 ʅʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤʠ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʜʣʷ ʦʙʨʦʙʽʪʢʫ ʧʘʨʽʚ ʚ 

ʫʤʦʚʘʭ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʻ ʪʘʢʽ ʧʣʦʩʢʦʨʽʟʘʣʴʥʽ, ʫ ʷʢʠʭ ʢʫʪ 

ʨʦʟʧʫʰʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʡ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʚʦʥʠ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʠʥʦʩʷʪʴ ʚʦʣʦʛʠʡ ʛʨʫʥʪ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ ʧʦʣʷ. ɺʦʜʥʦʯʘʩ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʰʠʨʠʥʘ ʟʘʭʚʘʪʫ ʮʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʥʘʩʪʽʣʴʢʠ ʟʥʘʯʥʘ, 

ʱʦ ʧʨʘʢʪʠʯʥʦ ʫʥʝʤʦʞʣʠʚʣʶʻ ʾʭ ʩʪʘʙʽʣʴʥʠʡ ʭʽʜ ʥʘ ʤʘʣʽʡ (4é6 ʩʤ) 

ʛʣʠʙʠʥʽ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ. ʉʘʤʝ ʽʟ-ʟʘ ʮʽʻʾ ʧʨʠʯʠʥʠ ʚʦʥʠ ʽ ʥʝ ʟʥʘʡʰʣʠ 

ʙʽʣʴʰ-ʤʝʥʰ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʜʦʛʣʷʜʫ ʟʘ ʧʘʨʘʤʠ.  

 ɹʽʣʴʰ-ʤʝʥʰ ʰʠʨʦʢʘ ʧʨʘʢʪʠʢʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʫʟʴʢʦʟʘʭʚʘʪʥʠʭ ʽ 

ʤʘʡʞʝ ʧʣʦʩʢʦʨʽʟʘʣʴʥʠʭ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʜʣʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʦʙʨʦʙʽʪʢʫ 

(ʨʦʟʧʫʰʝʥʥʷ) ʛʨʫʥʪʫ ʙʫʣʘ ʚʧʨʦʚʘʜʞʝʥʘ ɺʩʝʩʦʶʟʥʠʤ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʤ ʽʥʩʪʠʪʫʪʦʤ ʮʫʢʨʦʚʠʭ ʙʫʨʷʢʽʚ. ʇʨʦʚʝʜʝʥʽ ʡʦʛʦ ʥʘʫʢʦʚʮʷʤʠ 

ʣʘʙʦʨʘʪʦʨʥʦ-ʧʦʣʴʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʩʚʽʜʯʠʣʠ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʜʨʫʞʥʦʛʦ ʧʨʦʨʦʩʪʘʥʥʷ ʥʘʩʽʥʥʷ ʽ ʨʦʟʚʠʪʢʫ ʩʭʦʜʽʚ 

ʮʽʻʾ ʢʫʣʴʪʫʨʠ ʤʦʞʣʠʚʽ ʟʘ ʤʽʣʢʦʛʨʫʜʢʫʚʘʪʦʾ ʩʪʨʫʢʪʫʨʠ ʚʝʨʭʥʴʦʛʦ 

(1é10 ʤʤ) ʰʘʨʫ ʛʨʫʥʪʫ [28].   

 ʊʘʢʠʡ ʩʪʘʥ ʦʩʪʘʥʥʴʦʛʦ, ʟʘ ʾʭ ʧʝʨʝʢʦʥʘʥʥʷʤ, ʟʜʘʪʥʘ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʦʨʦʥʘ-ʢʫʣʴʪʠʚʘʪʦʨ ɺʅʀʉ-ʈ (ʨʠʩ. 2), ʨʦʟʨʦʙʣʝʥʘ 

ʢʘʥʜʠʜʘʪʦʤ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʥʘʫʢ ɸ. ɻ. ʈʘʜʯʝʥʢʦʤ [29]. ɰʾ 

ʨʦʙʦʯʽ ʦʨʛʘʥʠ - ʣʘʧʢʠ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ - ʟʜʽʡʩʥʶʶʪʴ ʧʦʰʘʨʦʚʦ-

ʷʨʫʩʥʠʡ ʦʙʨʦʙʽʪʦʢ ʛʨʫʥʪʫ. ɻʣʠʙʠʥʘ ʡʦʛʦ ʨʦʟʧʫʰʫʚʘʥʥʷ ʟʤʽʥʶʻʪʴʩʷ 

ʧʨʠ ʮʴʦʤʫ ʚʽʜ 2 ʜʦ 12 ʩʤ.  
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ʈʠʩ. 2.  ɹʦʨʦʥʘ-ʢʫʣʴʪʠʚʘʪʦʨ ɺʅʀʉ-ʈ ʽ ʾʾ ʨʦʙʦʯʽ ʦʨʛʘʥʠ. 

   

 ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʰʠʨʠʥʘ ʟʘʭʚʘʪʫ ʢʦʞʥʦʾ ʽʟ ʣʘʧ (ʢʨʽʤ ʧʝʨʰʦʛʦ 

ʨʷʜʫ ʙʦʨʦʥʠ-ʢʫʣʴʪʠʚʘʪʦʨʘ) ʩʪʘʥʦʚʠʪʴ 46 ʤʤ. ɺ ʦʢʨʝʤʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ 

ʟʥʘʯʠʥʘ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ ʩʷʛʘʻ 50 ʽ ʥʘʚʽʪʴ 70 ʤʤ [28]. ʇʨʠ ʮʴʦʤʫ 

ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʧʝʨʰʦʛʦ ʨʷʜʫ ʙʦʨʦʥʠ-ʢʫʣʴʪʠʚʘʪʦʨʘ ɺʅʀʉ-ʈ ʚʠʢʦʥʘʥʽ ʫ 

ʚʠʛʣʷʜʽ ʟʚʠʯʘʡʥʠʭ ʟʫʙʽʚ ʙʝʟ ʣʘʧʦʢ.  

 ʈʦʟʨʦʙʥʠʢʠ ʙʦʨʦʥʠ-ʢʫʣʴʪʠʚʘʪʦʨʘ ɺʅʀʉ-ʈ ʘʧʨʽʦʨʽ 

ʩʪʚʝʨʜʞʫʚʘʣʠ, ʱʦ ʩʪʫʧʽʥʯʘʩʪʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʣʘʧʦʢ ʟʥʘʨʷʜʜʷ 

ʟʘʙʝʟʧʝʯʫʻ ʩʫʮʽʣʴʥʝ ʨʦʟʧʫʰʝʥʥʷ ʛʨʫʥʪʫ ʫ ʪʨʴʦʭ ʰʘʨʘʭ ʦʜʥʦʯʘʩʥʦ. ɿʘ 

ʾʭ ʪʚʝʨʜʞʝʥʥʷʤ ʥʠʞʥʽ ʰʘʨʠ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʘʛʨʦʪʝʭʥʽʯʥʦʛʦ ʬʦʥʫ ʥʘ 

ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ ʧʦʣʷ ʥʝ ʚʠʥʦʩʷʪʴʩʷ, ʱʦ ʧʦʢʨʘʱʫʻ ʫʤʦʚʠ ʧʨʦʨʦʩʪʘʥʥʷ 

ʥʘʩʽʥʥʷ ʙʫʨʷʢʽʚ. 

 ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʪʘʢʠʡ ʧʦʩʪʫʣʘʪ ʨʦʟʨʦʙʥʠʢʽʚ ʙʦʨʦʥʠ-

ʢʫʣʴʪʠʚʘʪʦʨʘ ɺʅʀʉ-ʈ ʻ ʜʝʱʦ ʫʧʝʨʝʜʞʝʥʠʤ ʽʟ-ʟʘ ʥʘʩʪʫʧʥʠʭ ʧʨʠʯʠʥ. 

 ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʚʝʨʭʥʷ ʢʦʞʥʦʾ ʽʟ ʣʘʧʦʢ ʙʦʨʦʥʠ-

ʢʫʣʴʪʠʚʘʪʦʨʘ ɺʅʀʉ-ʈ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʣʦʩʢʦʾ. ʋ ʧʝʨʰʫ ʯʝʨʛʫ ʽʟ-ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʢʫʪʘ ʨʦʟʧʫʰʝʥʥʷ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ 8
ʦ
. ɼʨʫʛʦʶ ʧʨʠʯʠʥʦʶ ʻ 

ʨʘʜʽʫʩ ʟʘʦʢʨʫʛʣʝʥʥʷ ʙʦʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʣʘʧʢʠ R (ʜʠʚ. ʨʠʩ. 1.6), ʷʢʠʡ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʽʚʥʽ 28é55 ʤʤ. ɺʘʞʢʦ ʥʝ ʧʦʛʦʜʠʪʠʩʷ, ʱʦ ʥʘ ʟʘʛʘʣ 

ʦʙʠʜʚʘ ʮʽ ʬʘʢʪʦʨʠ ʦʙʦʚôʷʟʢʦʚʦ ʦʙʫʤʦʚʣʶʚʘʪʠʤʫʪʴ ʚʠʥʽʩ ʚʦʣʦʛʦʛʦ 

ʛʨʫʥʪʫ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ ʧʦʣʷ. 

 ɺʦʜʥʦʯʘʩ, ʥʘʚʽʪʴ ʟʘ ʘʙʩʦʣʶʪʥʦ ʧʣʦʩʢʦʾ ʧʦʚʝʨʭʥʽ ʨʦʙʦʯʠʭ 

ʦʨʛʘʥʽʚ ʙʦʨʦʥʠ ʢʫʪ ʨʦʟʧʫʰʝʥʥʷ ʢʦʞʥʦʛʦ ʽʟ ʥʠʭ ʤʘʻ ʙʫʪʠ ʙʽʣʴʰʠʤ ʟʘ 

ʥʫʣʴ. ʎʝ ʧʦʪʨʽʙʥʦ ʟʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʟʘʥʫʨʝʥʥʷ ʫ ʛʨʫʥʪ.  

 ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʧʣʦʩʢʘ ʧʦʚʝʨʭʥʷ ʢʦʞʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʜʣʷ 

ʦʙʨʦʙʽʪʢʫ ʧʘʨʽʚ ʤʘʻ ʙʫʪʠ ʫʩʪʘʥʦʚʣʝʥʘ ʧʽʜ ʧʝʚʥʠʤ, ʤʽʥʽʤʘʣʴʥʦ 

ʥʝʦʙʭʽʜʥʠʤ ʢʫʪʦʤ ʥʘʭʠʣʫ (ʢʫʪʦʤ ʘʪʘʢʠ) ʜʦ ʛʦʨʠʟʦʥʪʫ.  

 ʇʦʨʷʜ ʟ ʦʯʝʚʠʜʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ, ʜʦʩʣʽʜʥʠʢʘʤʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʨʫʭ  ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʟʥʘʨʷʜʴ ʪʠʧʫ ɺʅʀʉ-ʈ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʚʽʙʨʘʮʽʾ ʙʦʨʽʥ ʫ ʧʦʟʜʦʚʞʥʴʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ɺ 

ʢʽʥʮʝʚʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʧʝʚʥʠʤ ʯʠʥʦʤ ʥʝʛʘʪʠʚʥʦ ʚʽʜʦʙʨʘʞʘʣʦʩʷ ʥʘ ʷʢʦʩʪʽ 

ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ. ʆʩʦʙʣʠʚʦ ʚʽʜʯʫʪʥʦ ʮʝ ʧʨʦʷʚʣʷʣʦʩʷ ʥʘ ʧʽʜʚʠʱʝʥʠʭ 
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ʰʚʠʜʢʦʩʪʷʭ ʨʦʙʦʪʠ ʙʦʨʦʥʫʚʘʣʴʥʦʛʦ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʫ [30].  

 ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʫ ʥʘʫʢʦʚʦʤʫ ʩʝʥʩʽ ʜʠʥʘʤʽʢʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʨʫʭʫ ʙʦʨʦʥʫʚʘʣʴʥʠʭ ʩʝʢʮʽʡ ʽʟ ʧʣʦʩʢʦʨʽʟʘʣʴʥʠʤʠ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʫ 

ʙʽʣʴʰ-ʤʝʥʰ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʥʝ ʜʦʩʣʽʜʞʝʥʘ. ɭ ʧʝʚʥʽ ʥʘʧʨʘʮʶʚʘʥʥʷ, ʷʢʽ 

ʩʪʦʩʫʶʪʴʩʷ ʜʦʩʣʽʜʞʝʥʴ ʘʛʨʝʛʘʪʫʚʘʥʥʷ ʙʦʨʽʥ ʽʟ ʟʚʠʯʘʡʥʠʤʠ ʟʫʙʘʤʠ 

(ʪʠʧʫ ɹɿʉʉ-1,0 ʽ ɹɿʊʉ-1,0).  

 ʊʘʢ, ʫ ʨʦʙʦʪʽ [31] ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ, ʱʦ ʫ ʩʝʨʽʡʥʠʭ ʙʦʨʽʥ ʧʦʚʽʜʢʠ 

ʧʽʜ ʯʘʩ ʧʽʜʚʠʱʝʥʦʛʦ ʨʫʭʫ ʄʊɸ ʦʙʤʝʞʫʶʪʴ ʩʪʫʧʽʥʴ ʧʨʠʩʪʦʩʦʚʫʚʘʥʦʩʪʽ 

ʣʘʥʦʢ ʫ ʧʦʟʜʦʚʞʥʴʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʥʘʫʢʦʚʮʽ ɺɯʄ (ʈʦʩʽʷ) ʫ ʢʦʞʥʦʾ ʽʟ ʩʝʨʽʡʥʠʭ ʙʦʨʽʥ ʪʠʧʫ ɹɿʉʉ-

1,0 ʽ ɹɿʊʉ-1,0 ʟʤʝʥʰʠʣʠ ʢʽʣʴʢʽʩʪʴ ʟʫʙʽʚ ʽʟ 20 ʜʦ 15. ʊʘʢʠʡ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʟʘʭʽʜ ʜʦʟʚʦʣʠʚ ʟʙʽʣʴʰʠʪʠ ʧʠʪʦʤʝ ʚʝʨʪʠʢʘʣʴʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʞʝʥ ʟʫʙ ʟʥʘʨʷʜʜʷ. 

 ɹʽʣʴʰʝ ʪʦʛʦ, ʟʘʤʽʩʪʴ ʟʚʠʯʘʡʥʠʭ ʧʦʚʽʜʢʽʚ ʢʦʞʥʫ ʽʟ ʙʦʨʦʥʫʚʘʣʴʥʠʭ 

ʣʘʥʦʢ ʧʨʠʻʜʥʫʚʘʣʠ ʜʦ ʨʘʤʠ ʟ ʜʦʧʦʤʦʛʦʶ ʣʠʰʝ ʦʜʥʦʛʦ ʰʘʨʥʽʨʥʦʛʦ 

ʟôʻʜʥʘʥʥʷ. ʇʨʠʯʦʤʫ, ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʩʪʠʢʘʥʥʷ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ ʙʦʨʦʥʠ ʟôʻʜʥʫʚʘʣʠ ʤʽʞ ʩʦʙʦʶ ʞʦʨʩʪʢʠʤʠ ʣʘʥʢʘʤʠ. 

 ɼʦ ʥʝʜʦʣʽʢʽʚ ʪʘʢʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʩʣʽʜ ʚʽʜʥʝʩʪʠ 

ʥʘʩʪʫʧʥʝ. ɿʘ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʰʠʨʠʥʠ ʟʘʭʚʘʪʫ ʢʦʞʝʥ ʨʷʜ 

ʥʦʚʦʾ ʙʦʨʦʥʠ ʤʘʻ ʪʨʠ ʟʫʙʠ, ʫ ʪʦʡ ʯʘʩ, ʷʢ ʩʝʨʽʡʥʦʾ - ʯʦʪʠʨʠ. ʋ ʧʽʜʩʫʤʢʫ 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʟʫʙʘʤʠ ʧʦ ʬʨʦʥʪʫ ʫ ʥʦʚʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʻ 

ʙʽʣʴʰʦʶ. ʗʢʱʦ ʪʝʧʝʨ ʪʘʢʫ ʙʦʨʦʥʫ ʦʙʣʘʜʥʘʪʠ ʧʣʦʩʢʦʨʽʟʘʣʴʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ, ʪʦ ʰʠʨʠʥʫ ʟʘʭʚʘʪʫ ʢʦʞʥʦʛʦ ʽʟ ʥʠʭ ʩʣʽʜ ʙʨʘʪʠ ʙʽʣʴʰʦʶ. ɸ 

ʮʝ, ʷʢ ʫʞʝ ʧʽʜʢʨʝʩʣʶʚʘʣʦʩʷ ʚʠʱʝ, ʫ ʘʩʧʝʢʪʽ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʥʘʤʠ 

ʧʨʦʙʣʝʤʠ ʻ ʥʝʙʘʞʘʥʠʤ. 

 ʑʝ ʦʜʥʠʤ ʥʘʧʨʷʤʢʦʤ ʤʦʜʝʨʥʽʟʘʮʽʾ ʟʫʙʦʚʠʭ ʙʦʨʽʥ ʪʠʧʫ ɹɿʊʉ-1,0 

ʻ ʦʙʣʘʜʥʘʥʥʷ ʾʭ ʘʢʪʠʚʥʠʤʠ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ [32]. ʂʦʞʝʥ ʽʟ ʥʠʭ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʧʣʘʥʢʠ, ʷʢʘ ʟ ʜʦʧʦʤʦʛʦʶ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʰʘʨʥʽʨʫ 

ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʥʘ ʙʦʨʦʥʫʚʘʣʴʥʽʡ  ʣʘʥʮʽ. ʅʘ ʢʽʥʮʷʭ ʧʣʘʥʢʠ ʥʘ ʚʽʜʩʪʘʥʽ L 

= 10é17 ʩʤ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʨʦʟʪʘʰʦʚʘʥʽ ʟʫʙʠ ʙʦʨʦʥʠ. ʇʽʜ ʯʘʩ ʨʫʭʫ 

ˇʨʫʥʪʦʦʙʨʦʙʥʦʛʦ ʟʥʘʨʷʜʜʷ ʮʽ ʟʫʙʠ ʩʪʚʦʨʶʶʪʴ ʨʽʟʥʠʡ ʦʧʽʨ 

ʦʙʨʦʙʣʶʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʫ (ʪʦʙʪʦ ʛʨʫʥʪʫ). ʋ ʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʠʥʠʢʘʻ 

ʦʙʝʨʪʦʚʠʡ ʤʦʤʝʥʪ ʄʦ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

ʄʦ ЎὊϽὒςϳȟ 
 

 ʜʝ DF - ʨʽʟʥʠʮʷ ʤʽʞ ʪʷʛʦʚʠʤʠ ʦʧʦʨʘʤʠ, ʩʪʚʦʨʶʚʘʥʠʤʠ ʜʚʦʤʘ 

ʟʘʢʨʽʧʣʝʥʠʤʠ ʥʘ ʧʣʘʥʮʽ ʟʫʙʘʤʠ ʙʦʨʦʥʫʚʘʣʴʥʦʾ ʩʝʢʮʽʾ. 

 

 ɿʘ ʨʘʭʫʥʦʢ ʜʽʾ ʮʴʦʛʦ ʤʦʤʝʥʪʫ ʧʣʘʥʢʘ ʽʟ ʟʫʙʘʤʠ ʟʜʽʡʩʥʶʻ 

ʚʠʤʫʰʝʥʽ ʢʫʪʦʚʽ ʢʦʣʠʚʘʥʥʷ ʨʽʟʥʦʾ ʯʘʩʪʦʪʠ. ɿʫʙʠ ʧʨʠ ʮʴʦʤʫ 

ʟʜʽʡʩʥʶʶʪʴ ʽʥʪʝʥʩʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʛʨʫʥʪ ʷʢ ʫ ʧʦʟʜʦʚʞʥʴʦʤʫ, ʪʘʢ ʽ 

ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʘʭ. ʋ ʧʽʜʩʫʤʢʫ ʛʨʫʥʪ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ 

ʨʦʟʧʫʰʫʻʪʴʩʷ. ɺʦʜʥʦʯʘʩ, ʧʨʠ ʮʴʦʤʫ ʚʽʥ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʽ ʙʽʣʴʰ 
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ʽʥʪʝʥʩʠʚʥʦ ʚʠʩʫʰʫʻʪʴʩʷ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʜʘʥʝ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʨʽʰʝʥʥʷ 

ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʧʘʨʦʚʠʭ ʧʦʣʷʭ ʥʝ ʤʘʻ.   

 ɺʘʞʣʠʚʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʙʦʨʦʥʫʚʘʣʴʥʦʾ ʩʝʢʮʽʾ ʻ 

ʢʫʪ ʥʘʭʠʣʫ ʾʾ ʧʦʚʽʜʢʽʚ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ (a, ʨʠʩ. 3).  

 
ʈʠʩ. 3. ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʧʨʠʻʜʥʘʥʥʷ ʧʦʚʽʜʢʘ ʙʦʨʦʥʫʚʘʣʴʥʦʾ 

ʣʘʥʢʠ ʜʦ ʟʯʽʧʢʠ. 

 

 ʁʦʛʦ ʚʝʣʠʯʠʥʘ ʟʘʜʘʻ ʥʘʧʨʷʤ ʩʠʣʠ ʪʷʛʠ, ʬʦʨʤʫʶʯʠ ʧʨʠ ʮʴʦʤʫ 

ʭʘʨʘʢʪʝʨ ʨʫʭʫ ʣʘʥʢʠ ʫ ʧʦʟʜʦʚʞʥʴʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ʂʨʽʤ ʮʴʦʛʦ 

ʧʘʨʘʤʝʪʨ a ʚʧʣʠʚʘʻ ʥʘ ʚʠʙʽʨ ʜʦʚʞʠʥʠ ʧʦʚʽʜʢʘ (l). ʋ ʨʦʙʦʪʽ [31] 

ʧʨʦʧʦʥʫʶʪʴ ʥʘʩʪʫʧʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ a ʽ l: 

 

              l=   [H+a -(m+h)]ùsinŬ,                                (2)  

 

ʜʝ  ʅ - ʚʠʩʦʪʘ ʪʦʯʢʠ ʧʨʠʯʝʧʣʝʥʥʷ ʧʦʚʽʜʢʘ ʥʘ ʨʘʤʽ ʟʯʽʧʢʠ;                     

ʘ - ʛʣʠʙʠʥʘ ʦʙʨʦʙʣʝʥʥʷ ʛʨʫʥʪʫ (ʙʦʨʦʥʫʚʘʥʥʷ); m - ʚʝʣʠʯʠʥʘ 

ʧʨʦʛʨʫʟʘʥʥʷ ʢʦʣʽʩ ʟʯʽʧʢʠ ʫ ʛʨʫʥʪ (3é4 ʩʤ); h - ʚʠʩʦʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʪʦʯʢʠ ʧʨʠʯʝʧʣʝʥʥʷ ʧʦʚʽʜʢʘ ʜʦ ʙʦʨʦʥʠ. 

 

 ɺʣʘʩʥʝ ʚʝʣʠʯʠʥʫ ʢʫʪʘ ʥʘʭʠʣʫ ʧʦʚʽʜʢʘ ʜʦ ʛʦʨʠʟʦʥʪʫ (a) ʥʘʫʢʦʚʮʽ 

ʨʝʢʦʤʝʥʜʫʶʪʴ ʚʠʟʥʘʯʘʪʠ ʽʟ ʚʠʨʘʟʫ [31]: 

 

ὸὫὬὒȟϳ  

 

 ʜʝ L - ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʣʽʜʫ ʮʝʥʪʨʫ ʚʘʛʠ ʙʦʨʦʥʠ (ʪ. ʉ, ʨʠʩ. 3) ʜʦ 

ʧʨʦʝʢʮʽʾ ʪʦʯʢʠ ʾʾ ʧʨʠʯʝʧʣʝʥʥʷ ʜʦ ʟʯʽʧʢʠ. 

 

 ɺʦʜʥʦʯʘʩ, ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʜʠʥʘʤʽʢʠ ʧʦʟʜʦʚʞʥʴʦ-

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʫʭʫ ʙʦʨʦʥʫʚʘʣʴʥʦʛʦ ʘʛʨʝʛʘʪʫ ʘʚʪʦʨ ʨʦʙʦʪʠ [31] ʥʝ 

ʧʨʠʚʦʜʠʪʴ. ɺʽʥ ʣʠʰʝ ʘʧʨʽʦʨʽ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʛʣʠʙʠʥʠ 

ʙʦʨʦʥʫʚʘʥʥʷ ʩʪʽʡʢʽʩʪʴ ʨʫʭʫ ʙʦʨʦʥʠ ʫ ʚʢʘʟʘʥʽʡ ʧʣʦʱʠʥʽ ʟʘ ʧʦʩʪʽʡʥʦʾ 

ʜʦʚʞʠʥʠ ʧʦʚʽʜʢʘ l ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʘ, ʷʢʱʦ ʡʦʛʦ ʧʨʠʻʜʥʘʪʠ ʜʦ ʙʨʫʩʫ 

ʟʯʽʧʢʠ ʥʠʞʯʝ ʥʘ ʚʝʣʠʯʠʥʫ, ʘʜʝʢʚʘʪʥʫ ʟʤʝʥʰʝʥʥʶ ʛʣʠʙʠʥʠ ʦʙʨʦʙʽʪʢʫ 

ʛʨʫʥʪʫ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʮʝʥʪʨʫ ʚʘʛʠ ʙʦʨʦʥʫʚʘʣʴʥʦʾ ʣʘʥʢʠ, ʥʘ ʡʦʛʦ 

ʜʫʤʢʫ, ʙʫʜʝ ʟʦʩʝʨʝʜʞʝʥʠʡ ʫ ʪʦʯʮʽ ʉ (ʜʠʚ. ʨʠʩ. 3).  

m 
ʘ 

ʅ 
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l 
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a C 
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 ɺ ʜʽʡʩʥʦʩʪʽ ʞ ʮʝ ʤʦʞʝ ʙʫʪʠ ʟʦʚʩʽʤ ʥʝ ʪʘʢ, ʱʦ ʟʤʝʥʰʫʻ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʫ ʟʥʘʯʫʱʽʩʪʴ ʟʘʣʝʞʥʦʩʪʽ (2) ʽ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ 

ʧʨʦʚʝʜʝʥʥʷ ʥʠʟʢʠ ʷʢ ʪʝʦʨʝʪʠʯʥʠʭ, ʪʘʢ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ.  

 ʇʨʘʢʪʠʯʥʦ ʪʘʢʠʡ ʞʝ ʤʝʪʦʜʠʯʥʠʡ ʧʽʜʭʽʜ  ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ 

ʥʘʭʠʣʫ ʧʦʚʽʜʢʽʚ ʟʫʙʦʚʦʾ ʙʦʨʦʥʠ ʟʘʩʪʦʩʦʚʘʥʦ ʫ ʨʦʙʦʪʽ [26]. ʋ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʨʦʝʢʮʽʾ ʩʣʽʜʫ ʮʝʥʪʨʫ ʚʘʛʠ ʙʦʨʦʥʫʚʘʣʴʥʦʾ ʣʘʥʢʠ (ʪ. ʉ, 

ʨʠʩ. 4) ʘʚʪʦʨʘʤʠ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘʩʪʫʧʥʽ ʩʠʣʠ: G - ʩʠʣʘ ʚʘʛʠ ʟʫʙʦʚʦʾ 

ʙʦʨʦʥʠ; N - ʥʦʨʤʘʣʴʥʘ ʨʝʘʢʮʽʷ ʥʘ ʙʦʨʦʥʫ ʟʙʦʢʫ ˇʨʫʥʪʦʚʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ; R - ʪʷʛʦʚʠʡ ʦʧʽʨ ʙʦʨʦʥʠ ʽ ʡʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʘ (Rʛ) ʽ 

ʚʝʨʪʠʢʘʣʴʥʘ (Rʚ) ʩʢʣʘʜʦʚʽ. 

 ʇʨʠ ʮʴʦʤʫ ʧʨʠʡʥʷʪʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʘʨʘʤʝʪʨ lʦ ʧʨʠʙʣʠʟʥʦ 

ʜʦʨʽʚʥʶʻ ʨʦʙʦʯʽʡ ʜʦʚʞʠʥʽ ʟʫʙʘ ʙʦʨʦʥʠ.  

 
ʈʠʩ. 4. ʉʭʝʤʘ ʩʠʣ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʙʦʨʦʥʫ ʫ ʧʦʟʜʦʚʞʥʴʦ-

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. 

 

 ʗʢ ʣʝʛʢʦ ʧʦʙʘʯʠʪʠ ʽʟ ʨʠʩ. 4, ʢʫʪ ʥʘʭʠʣʫ ʧʦʚʽʜʢʽʚ ʙʦʨʦʥʠ ʤʦʞʝ 

ʙʫʪʠ ʟʥʘʡʜʝʥʠʡ ʽʟ ʚʠʨʘʟʫ: 

 

 ὥὶὧὸὫςϽὰ ὒϳ ȟ 
 

 ʜʝ L - ʜʦʚʞʠʥʘ ʙʦʨʦʥʫʚʘʣʴʥʦʾ  ʣʘʥʢʠ. 

 

 ɸʚʪʦʨʠ ʨʦʙʦʪʠ [26] ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʽʩʥʫʶʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʙʦʨʦʥʫʚʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ ʚʝʣʠʯʠʥʘ ʢʫʪʘ a ʩʪʘʥʦʚʠʪʴ 

14õ17
ʦ
. ɸ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʽʡʢʽʩʪʴ ʭʦʜʫ ʙʦʨʦʥʠ, ʩʠʣʘ ʾʾ 

ʚʘʛʠ ʤʘʻ ʙʫʪʠ ʙʽʣʴʰʦʶ ʟʘ ʚʝʨʪʠʢʘʣʴʥʫ ʩʢʣʘʜʦʚʫ (Rʚ) ʪʷʛʦʚʦʛʦ ʦʧʦʨʫ 

R. ʊʦʙʪʦ 

G>R_ʚ=RĀsinŬ.                                          (3) 
 

ʇʨʦʪʝ, ʷʢʱʦ ʨʦʟʛʣʷʥʫʪʠ ʫʤʦʚʫ ʚʝʨʪʠʢʘʣʴʥʦʾ ʨʽʚʥʦʚʘʛʠ ʩʠʣ, 

ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 4, ʪʦ ʦʪʨʠʤʘʻʤʦ, ʱʦ 
 

' 2̃ .Ȣ 
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 ɿʚʽʜʩʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʥʘʣʽʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ (3), ʫʤʦʚʘ ʩʪʘʣʦʛʦ 

ʨʫʭʫ ʙʦʨʦʥʫʚʘʣʴʥʦʾ ʣʘʥʢʠ  ʫ ʧʦʟʜʦʚʞʥʴʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ 

ʤʘʪʠʤʝ ʪʘʢʠʡ ʚʠʜ: 
 

' . 2ϽÓÉÎɻȢ 
 

 ʎʷ ʟʘʣʝʞʥʽʩʪʴ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ (3) ʻ ʙʽʣʴʰ 

ʘʜʝʢʚʘʪʥʦʶ, ʘ ʪʦʤʫ ʽ ʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʦʶ. 

 ɿʘʩʪʦʩʦʚʫʶʯʠ ʧʣʦʩʢʦʨʽʟʘʣʴʥʠʡ ˇʨʫʥʪʦʦʙʨʦʙʥʠʡ ʨʦʙʦʯʠʡ ʦʨʛʘʥ, 

ʩʣʽʜ ʧʘʤôʷʪʘʪʠ, ʱʦ ʜʣʷ ʡʦʛʦ ʟʘʛʣʠʙʣʝʥʥʷ ʫ ʛʨʫʥʪ ʚʽʥ ʤʘʻ ʙʫʪʠ 

ʫʩʪʘʥʦʚʣʝʥʠʡ ʜʦ ʧʦʚʝʨʭʥʽ ʧʦʣʷ ʧʽʜ ʧʝʚʥʠʤ ʢʫʪʦʤ. ɼʦʩʣʽʜʞʝʥʥʷʤʠ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʨʦʩʪʘʥʥʷ ʮʴʦʛʦ ʢʫʪʘ ʧʨʠʙʣʠʟʥʦ ʜʦ 5
ʦ
 ʦʙʫʤʦʚʣʶʻ 

ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʡ ʭʽʜ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʧʦ ʛʣʠʙʠʥʽ ʦʙʨʦʙʽʪʢʫ ʛʨʫʥʪʫ. 

ɺʟʘʛʘʣʽ,  ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʥʘʭʠʣʫ ʧʣʦʩʢʦʨʽʟʘʣʴʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʜʣʷ 

ʦʙʨʦʙʽʪʢʫ ʧʘʨʽʚ ʫ ʧʦʟʜʦʚʞʥʴʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʚʟʘʛʘʣʽ ʚʠʤʘʛʘʻ 

ʫʪʦʯʥʝʥʥʷ. ɺʦʜʥʦʯʘʩ, ʫ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ 

ʚʝʣʠʯʠʥʘ ʮʴʦʛʦ ʚʘʞʣʠʚʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʥʝ ʧʦʚʠʥʥʘ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 5
ʦ
. 

 ʅʘʚʘʞʠʤʦʩʷ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʨʘʱʦʾ 

ʩʪʽʡʢʦʩʪʽ ʨʫʭʫ ʙʦʨʦʥʫʚʘʣʴʥʦʾ ʩʝʢʮʽʾ ʫ ʧʦʟʜʦʚʞʥʴʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ, ʘ ʪʘʢʦʞ ʟʘʜʣʷ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ ʨʦʩʣʠʥʥʠʭ 

ʨʝʰʪʦʢ ʛʨʫʥʪʫ  ʧʣʦʩʢʦʨʽʟʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʟʫʙʽʚ ʾʾ ʧʝʨʝʜʥʴʦʛʦ ʨʷʜʫ 

ʤʘʶʪʴ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʥʝ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ, ʘ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ (ʨʠʩ. 5). 
 

 
 

ʈʠʩ. 5. ɹʦʨʦʥʫʚʘʣʴʥʘ ʩʝʢʮʽʷ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ (2) 

ʽ ʚʝʨʪʠʢʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʠʤʠ (1) ʧʣʦʩʢʦʨʽʟʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

 

 ɸʣʝ ʫʧʨʦʚʘʜʞʝʥʥʷ ʪʘʢʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ, ʥʘ ʥʘʰʫ 

ʜʫʤʢʫ, ʚʠʤʘʛʘʻ ʨʦʟʛʣʷʜʫ ʷʢ ʩʪʘʪʠʯʥʦʾ, ʪʘʢ ʽ ʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ 

ʙʦʨʦʥʫʚʘʣʴʥʦʾ ʩʝʢʮʽʾ ʫ ʧʦʟʜʦʚʞʥʴʦ-ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʧʨʦʝʢʮʽʡ. 

ʆʩʦʙʣʠʚʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ: 

ʚʠʩʦʪʘ ʟʫʙʘ; ʧʦʟʜʦʚʞʥʷ ʚʽʜʩʪʘʥʴ ʤʽʞ ʨʷʜʘʤʠ ʟʫʙʽʚ ʙʦʨʦʥʠ; ʢʫʪ ʥʘʭʠʣʫ 

ʧʦʚʽʜʢʽʚ ʙʦʨʦʥʫʚʘʣʴʥʦʾ ʩʝʢʮʽʾ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ; ʢʦʦʨʜʠʥʘʪʠ 

ʧʨʠʻʜʥʘʥʥʷ ʧʦʚʽʜʢʽʚ ʙʦʨʦʥʠ ʜʦ ʨʘʤʠ ʟʥʘʨʷʜʜʷ. ɸʥʘʣʽʟ ʚʽʜʦʤʠʭ ʥʘ 

ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʘʫʢʦʚʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʞʝʨʝʣ  ʚʢʘʟʫʻ, ʱʦ ʤʝʪʦʜʠʢʠ 

ʚʠʨʽʰʝʥʥʷ ʚʠʱʝʦʟʥʘʯʝʥʠʭ ʟʘʜʘʯ ʧʦʢʠ ʱʦ ʥʝ ʽʩʥʫʻ.   
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 ʆʩʥʦʚʥʦʶ ʞ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʧʨʦʛʘʣʠʥʦʶ ʨʦʟʛʣʷʜʫʚʘʥʦʾ 

ʧʨʦʙʣʝʤʠ, ʷʢʘ ʧʦʪʨʝʙʫʻ ʚʠʨʽʰʝʥʥʷ, ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʙʫʜʴ-ʷʢʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʦʨʦʥʫʚʘʣʴʥʦʛʦ 

ʟʥʘʨʷʜʜʷ ʽʟ ʩʝʛʤʝʥʪʥʠʤʠ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʥʘ ʧʨʦʮʝʩ ʟʙʝʨʝʞʝʥʥʷ ʽ 

ʥʘʚʽʪʴ ʤʦʞʣʠʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ˇʨʫʥʪʦʚʦʾ ʚʦʣʦʛʠ ʧʽʜ ʯʘʩ ʜʦʛʣʷʜʫ ʟʘ 

ʧʘʨʘʤʠ. 

 ɺʠʩʥʦʚʢʠ.  ʇʨʦʛʨʝʩʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʦʙʨʦʙʽʪʢʫ ʧʘʨʽʚ ʚ ʫʤʦʚʘʭ 

ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʩʣʽʜ ʧʨʠʟʥʘʪʠ ʩʠʩʪʝʤʘʪʠʯʥʝ ʤʽʣʢʝ (5é6 

ʩʤ) ʨʦʟʧʫʰʫʚʘʥʥʷ ʛʨʫʥʪʫ ʙʝʟ ʡʦʛʦ ʚʠʥʦʩʫ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ ʧʦʣʷ. 

 ɼʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʝ ˇʨʫʥʪʦʦʙʨʦʙʥʝ ʟʥʘʨʷʜʜʷ ʥʘ ʦʩʥʦʚʽ ʙʦʨʦʥʫʚʘʣʴʥʠʭ ʩʝʢʮʽʡ. 

ʂʦʞʥʘ ʽʟ ʥʠʭ ʤʘʻ 20 ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʟʘ ʟʘʛʘʣʴʥʦ 

ʚʽʜʦʤʦʶ ʩʭʝʤʦʶ çʟʠʛʟʘʛè ʫ ʧôʷʪʴ ʨʷʜʽʚ ʽ ʧʨʠʻʜʥʫʻʪʴʩʷ ʜʦ ʨʘʤʠ 

ʟʥʘʨʷʜʜʷ ʟ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʧʦʚʽʜʢʽʚ, ʥʘʭʠʣʝʥʠʭ ʧʽʜ ʧʦʪʨʽʙʥʠʤ ʢʫʪʦʤ 

ʜʦ ʛʦʨʠʟʦʥʪʫ.  

 ʄʦʞʣʠʚʽ ʜʚʘ ʚʘʨʽʘʥʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʙʦʨʦʥʫʚʘʣʴʥʦʾ ʩʝʢʮʽʾ. ʆʜʠʥ 

ʧʝʨʝʜʙʘʯʘʻ ʦʙʣʘʜʥʘʥʥʷ ʧʝʨʰʦʛʦ ʨʷʜʫ ʟʫʙʽʚ ʙʦʨʦʥʠ ʷʢ ʥʘʭʠʣʝʥʠʤʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ, ʪʘʢ ʽ ʚʝʨʪʠʢʘʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ 

ʧʣʦʩʢʦʨʽʟʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ (ʩʝʛʤʝʥʪʘʤʠ). ɿʛʽʜʥʦ ʟ ʜʨʫʛʠʤ 

ʚʘʨʽʘʥʪʦʤ ʥʘʣʘʰʪʫʚʘʥʥʷ ʙʦʨʦʥʫʚʘʣʴʥʦʾ ʩʝʢʮʽʾ ʧʣʦʩʢʽ ʟʫʙʠ ʾʾ ʧʝʨʰʦʛʦ 

ʨʷʜʫ  ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʨʘʱʦʛʦ ʨʦʟʨʽʟʘʥʥʷ (ʧʦʜʨʽʙʥʝʥʥʷ) ʨʦʩʣʠʥʥʠʭ 

ʨʝʰʪʦʢ ʫ ʛʨʫʥʪʽ ʥʝ ʤʘʶʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʝʛʤʝʥʪʽʚ. 
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ʈʆʃʔ  ʇɸʈɯɺ ʋ ʅɸʂʆʇʀʏɽʅʅɯ ʊɸ ɿɹɽʈɽɾɽʅʅɯ   

ɺʆʃʆɻʀ  ɻʈʋʅʊʋ 

ʅʘʜʠʢʪʦ ɺ. ʊ., ʊʠʭʦʚʦʜ ʄ. ɸ. 

 
ɸʥʦʪʘʮʽʷ 

 ʆʜʥʠʤ ʽʟ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ 

ʟʝʣʝʥʠʭ ʨʦʩʣʠʥ, ʻ ʚʦʣʦʛʘ. ʋ ˇʨʫʥʪʦʚʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʥʝʜʦʩʪʘʪʥʴʦʛʦ 

ʟʚʦʣʦʞʝʥʥʷ ʧʽʚʜʥʷ ʋʢʨʘʾʥʠ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʚʠʤʘʛʘʻ ʦʩʦʙʣʠʚʦʛʦ ʧʽʜʭʦʜʫ. 

ʉʝʨʝʜ ʥʠʟʢʠ ʟʘʭʦʜʽʚ ʟʙʝʨʝʞʝʥʥʷ ʜʝʬʽʮʠʪʥʦʾ ʚʦʣʦʛʠ ʥʘʫʢʦʚʮʷʤʠ ʽ ʘʛʨʦʚʠʨʦʙʥʠʢʘʤʠ 

ʧʝʨʝʚʘʛʘ ʥʘʜʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʶ ʯʦʨʥʠʭ ʧʘʨʽʚ. ʇʝʨʰʦʯʝʨʛʦʚʦʶ ʟʘʜʘʯʝʶ ʮʴʦʛʦ 

ʘʛʨʦʪʝʭʥʽʯʥʦʛʦ ʧʨʠʡʦʤʫ ʻ ʷʢʱʦ ʥʝ ʥʘʢʦʧʠʯʝʥʥʷ, ʪʦ ʭʦʯʘ ʙ ʟʙʝʨʝʞʝʥʥʷ ʚʦʣʦʛʠ ʫ 

ʪʦʤʫ ʰʘʨʽ ʛʨʫʥʪʫ, ʷʢʠʡ ʧʦʯʠʥʘʻʪʴʩʷ ʽʟ ʛʣʠʙʠʥʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʩʽʚʥʦʛʦ ʣʦʞʘ ʜʣʷ 

ʥʘʩʽʥʥʷ ʧʨʠʥʘʡʤʥʽ ʦʟʠʤʠʭ ʟʝʨʥʦʚʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. ʆʜʥʽʻʶ ʽʟ 

ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʦʙʨʦʙʽʪʢʫ ʧʘʨʦʚʠʭ ʧʦʣʽʚ ʻ ʧʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʨʦʙʦʯʠʭ 

ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʦʨʛʘʥʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʥʠʥʽ ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʥʝ ʟʜʘʪʥʽ ʩʪʚʦʨʶʚʘʪʠ 

ʫʤʦʚʠ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ, ʘʣʝ ʽ ʥʘʚʽʪʴ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ˇʨʫʥʪʦʚʦʾ ʚʦʣʦʛʠ ʫ 

ʧʦʩʽʚʥʦʤʫ ʰʘʨʽ ˇʨʫʥʪʫ. ʇʨʦʛʨʝʩʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʦʙʨʦʙʽʪʢʫ ʧʘʨʽʚ ʚ ʫʤʦʚʘʭ 

ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʟʚʦʣʦʞʝʥʥʷ ʩʣʽʜ ʧʨʠʟʥʘʪʠ ʩʠʩʪʝʤʘʪʠʯʥʝ ʤʽʣʢʝ (5é6 ʩʤ) 

ʨʦʟʧʫʰʫʚʘʥʥʷ ˇʨʫʥʪʫ ʙʝʟ ʡʦʛʦ ʚʠʥʦʩʫ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ ʧʦʣʷ. ɼʣʷ ʧʨʘʢʪʠʯʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ˇʨʫʥʪʦʦʙʨʦʙʥʝ ʟʥʘʨʷʜʜʷ ʥʘ 

ʦʩʥʦʚʽ ʙʦʨʦʥʫʚʘʣʴʥʠʭ ʩʝʢʮʽʡ. ʂʦʞʥʘ ʽʟ ʥʠʭ ʤʘʻ 20 ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ 

ʟʘ ʟʘʛʘʣʴʥʦ ʚʽʜʦʤʦʶ ʩʭʝʤʦʶ çʟʠʛʟʘʛè ʫ ʧôʷʪʴ ʨʷʜʽʚ ʽ ʧʨʠʻʜʥʫʻʪʴʩʷ ʜʦ ʨʘʤʠ ʟʥʘʨʷʜʜʷ 

ʟ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʧʦʚʽʜʢʽʚ, ʥʘʭʠʣʝʥʠʭ ʧʽʜ ʧʦʪʨʽʙʥʠʤ ʢʫʪʦʤ ʜʦ ʛʦʨʠʟʦʥʪʫ. ʄʦʞʣʠʚʽ 

ʜʚʘ ʚʘʨʽʘʥʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʙʦʨʦʥʫʚʘʣʴʥʦʾ ʩʝʢʮʽʾ. ʆʜʠʥ ʧʝʨʝʜʙʘʯʘʻ ʦʙʣʘʜʥʘʥʥʷ 

ʧʝʨʰʦʛʦ ʨʷʜʫ ʟʫʙʽʚ ʙʦʨʦʥʠ ʷʢ ʥʘʭʠʣʝʥʠʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ, ʪʘʢ ʽ ʚʝʨʪʠʢʘʣʴʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʧʣʦʩʢʦʨʽʟʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ (ʩʝʛʤʝʥʪʘʤʠ). ɿʛʽʜʥʦ ʟ ʜʨʫʛʠʤ 

ʚʘʨʽʘʥʪʦʤ ʥʘʣʘʰʪʫʚʘʥʥʷ ʙʦʨʦʥʫʚʘʣʴʥʦʾ ʩʝʢʮʽʾ ʧʣʦʩʢʽ ʟʫʙʠ ʾʾ ʧʝʨʰʦʛʦ ʨʷʜʫ  ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʨʘʱʦʛʦ ʨʦʟʨʽʟʘʥʥʷ (ʧʦʜʨʽʙʥʝʥʥʷ) ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ ʫ ʛʨʫʥʪʽ ʥʝ 

ʤʘʶʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʝʛʤʝʥʪʽʚ. 
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ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ˇʨʫʥʪ, ʚʦʣʦʛʘ, ʧʘʨʦʚʝ ʧʦʣʝ, ʙʦʨʦʥʘ, ʙʦʨʦʥʫʚʘʥʥʷ, 

ʚʦʣʦʛʦʥʘʢʦʧʠʯʝʥʥʷ. 

 

ʈʆʃʔ ʇɸʈʆɺ ɺ ʅɸʂʆʇʃɽʅʀʀ ʀ ʉʆʍʈɸʅɽʅʀʀ 

ɺʃɸɻʀ ʇʆʏɺʓ 

ʅʘʜrʢʪʦ ɺ. ʊ., ʊʠʭʦʚʦʜ ʄ. ɸ. 

 
ɸʥʥʦʪʘʮʠʷ 

ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ ʚʣʠʷʶʪ ʥʘ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʟʝʣʝʥʳʭ ʨʘʩʪʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʚʣʘʛʘ. ɺ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʶʛʘ ʋʢʨʘʠʥʳ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪ 

ʦʩʦʙʦʛʦ ʧʦʜʭʦʜʘ. ʉʨʝʜʠ ʨʷʜʘ ʤʝʨ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʜʝʬʠʮʠʪʥʦʡ ʚʣʘʛʠ ʫʯʝʥʳʤʠ ʠ 

ʘʛʨʦʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʯʝʨʥʳʭ ʧʘʨʦʚ. 

ʇʝʨʚʦʦʯʝʨʝʜʥʦʡ ʟʘʜʘʯʝʡ ʵʪʦʛʦ ʘʛʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʠʝʤʘ ʷʚʣʷʝʪʩʷ ʝʩʣʠ ʥʝ 

ʥʘʢʦʧʣʝʥʠʷ, ʪʦ ʭʦʪʷ ʙʳ ʩʦʭʨʘʥʝʥʠʷ ʚʣʘʛʠ ʚ ʪʦʤ ʩʣʦʝ ʧʦʯʚʳ, ʢʦʪʦʨʳʡ ʥʘʯʠʥʘʝʪʩʷ ʩ 

ʛʣʫʙʠʥʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʩʝʚʥʦʛʦ ʣʦʞʘ ʜʣʷ ʩʝʤʷʥ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʟʠʤʳʭ 

ʟʝʨʥʦʚʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʦʙʨʘʙʦʪʢʠ 

ʧʘʨʦʚʳʭ ʧʦʣʝʡ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʥʝ ʩʧʦʩʦʙʥʳ ʩʦʟʜʘʚʘʪʴ 

ʫʩʣʦʚʠʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ, ʥʦ ʠ ʜʘʞʝ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ ʚ 

ʧʦʩʝʚʥʦʤ ʩʣʦʝ ʧʦʯʚʳ. ʇʨʦʛʨʝʩʩʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʙʨʘʙʦʪʢʠ ʧʘʨʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʤʝʣʢʦʝ (5...6 ʩʤ) 

ʨʳʭʣʝʥʠʷ ʧʦʯʚʳ ʙʝʟ ʝʛʦ ʚʳʥʦʩʘ ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʷ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʝ 

ʦʨʫʜʠʝ ʥʘ ʦʩʥʦʚʝ ʩʝʢʮʠʡ ʙʦʨʦʥʳ. ʂʘʞʜʘʷ ʠʟ ʥʠʭ ʠʤʝʝʪ 20 ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʦʙʱʝ ʠʟʚʝʩʪʥʦʡ ʩʭʝʤʝ çʟʠʛʟʘʛè ʚ ʧʷʪʴ ʨʷʜʦʚ ʠ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ 

ʢ ʨʘʤʝ ʦʨʫʜʠʷ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʧʦʚʦʜʢʦʚ, ʥʘʢʣʦʥʝʥʥʳʭ ʧʦʜ ʥʫʞʥʳʤ ʫʛʣʦʤ ʢ 

ʛʦʨʠʟʦʥʪʫ. ɺʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʥʘʩʪʨʦʡʢʠ ʩʝʢʮʠʠ ʙʦʨʦʥʳ. ʆʜʠʥ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʝʨʚʦʛʦ ʨʷʜʘ ʟʫʙʴʝʚ ʙʦʨʦʥʳ ʢʘʢ ʥʘʢʣʦʥʝʥʥʳʤʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʪʘʢ ʠ ʚʝʨʪʠʢʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʣʦʩʢʦʨʝʞʫʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

(ʩʝʛʤʝʥʪʘʤʠ). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʚʪʦʨʳʤ ʚʘʨʠʘʥʪʦʤ ʥʘʩʪʨʦʡʢʠ ʩʝʢʮʠʠ ʙʦʨʦʥʳ 

ʧʣʦʩʢʠʝ ʟʫʙʳ ʝʝ ʧʝʨʚʦʛʦ ʨʷʜʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʣʫʯʰʝʛʦ ʨʘʟʨʝʟʘʥʠʝ (ʠʟʤʝʣʴʯʝʥʠʝ) 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʧʦʯʚʝ ʥʝ ʠʤʝʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʯʚʘ, ʚʣʘʛʘ, ʧʘʨʦʚʦʝ ʧʦʣʝ, ʙʦʨʦʥʘ, ʙʦʨʦʥʦʚʘʥʠʝ, 

ʚʣʘʛʦʥʘʢʦʧʣʝʥʠʝ. 

 

THE ROLE OF VAPOUR IN THE ACCUMULATION AND 

PRESERVATION OF SOIL MOISTURE  

V. Nadykto, M. Tihovod 

 
Summary 

One of the factors that fundamentally affect the functioning of green plants is 

moisture. In the soil-climatic conditions of insufficient moistening of the South of 

Ukraine the solution of this problem requires a special approach. Among several 

measures to conserve scarce moisture scientists and agricultural producers a preference 

for the use of black vapor. The primary objective of this agronomic technique is if not 

savings, then at least maintain moisture in the soil, which begins with a deep seedbed 

for seeds, at least of winter grain crops. One of the main problems of processing of 

steam fields is the correct selection of soil-cultivating working bodies. Currently used 

working bodies are not able to create conditions not only for accumulation, but even to 

maintain the soil moisture in the sowing layer of soil. Progressive direction of 
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processing vapor in the conditions of insufficient moisture should recognize systematic 

small (5...6 cm) loosening the soil without removal to the surface of the field. For the 

practical implementation of this direction can be used tillers on the basis of harrow 

section. Each of them has 20 of the working bodies, located at the commonly known 

scheme of "zigzag" in five rows and attached to the frame of the gun using two leashes, 

tilted at a right angle to the horizon. There are two possible settings harrow section. One 

involves the placement of the first row of teeth of the harrow as tilted horizontally and 

vertically spaced Pascale elements (segments). In accordance with the second 

configuration option harrow section of her flat teeth of the first row to ensure the best 

cutting (grinding) of plant residues in the soil do not have horizontal segments. 

Key words: soil, moisture, fallow, harrow, harrowing, moisture accumulation. 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ, ʷʢʘ ʩʪʨʠʤʫʻ 

ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʣʦʚʦʛʦ ʛʽʜʨʦʧʨʠʚʦʜʫ ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤ 

ʩʘʤʦʭʽʜʥʦʾ ʪʝʭʥʽʢʠ ʻ ʦʙʤʝʞʝʥʽʩʪʴ ʥʦʤʝʥʢʣʘʪʫʨʠ ʽʩʥʫʶʯʠʭ 

ʛʽʜʨʦʤʘʰʠʥ. ɺ ʩʘʤʦʭʽʜʥʽʡ ʪʝʭʥʽʮʽ, ʜʣʷ ʧʨʠʚʦʜʫ ʘʢʪʠʚʥʠʭ ʨʦʙʦʯʠʭ 

ʦʨʛʘʥʽʚ ʥʘʡʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʡʰʣʠ ʛʝʨʦʪʦʨʥʽ, ʦʨʙʽʪʘʣʴʥʽ ʪʘ 

ʧʣʘʥʝʪʘʨʥʽ ʛʽʜʨʦʤʘʰʠʥʠ [1-3]. ʆʩʥʦʚʥʠʤʠ ʾʭ ʧʝʨʝʚʘʛʘʤʠ ʻ ʚʠʩʦʢʘ 

ʧʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠ ʤʘʣʽʡ ʧʠʪʦʤʽʡ ʤʝʪʘʣʦʻʤʥʦʩʪʽ, ʭʦʨʦʰʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʤʧʘʢʪʥʽʩʪʴ ʪʘ ʤʦʞʣʠʚʽʩʪʴ 

ʙʝʟʨʝʜʫʢʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʆʜʥʘʢ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʽʜʩʫʪʥʽ 

ʢʦʤʧʣʝʢʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʛʽʜʨʦʤʘʰʠʥ ʦʙʝʨʪʘʣʴʥʦʛʦ ʜʽʾ [4, 5].   

ʊʦʤʫ, ʜʫʞʝ ʛʦʩʪʨʦ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʟʘʢʦʥʠ ʧʦʜʘʯʽ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ ʨʦʙʦʯʽ 

ʢʘʤʝʨʠ ʛʽʜʨʦʤʘʰʠʥ, ʥʘ ʧʨʠʢʣʘʜʽ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ ʧʣʘʥʝʪʘʨʥʦʾ 

ʛʽʜʨʦʤʘʰʠʥʠ, ʟ ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʛʽʜʨʦʤʘʰʠʥ ʜʘʥʦʛʦ ʪʠʧʫ. ʇʦʣʽʧʰʝʥʥʷ ʚʠʭʽʜʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʥʝʪʘʨʥʠʭ ʛʽʜʨʦʤʘʰʠʥ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʰʣʷʭʦʤ 

ʚʠʨʽʰʝʥʥʷ ʚʘʞʣʠʚʦʾ ʧʨʦʙʣʝʤʠ ï ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥʠ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʚʠʭʽʜʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʭ ʛʽʜʨʦʤʘʰʠʥ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘ ʧʽʜʩʪʘʚʽ ʛʝʦʤʝʪʨʠʯʥʠʭ, 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʪʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ [6, 7] ʚʠʢʦʥʘʥʽ ʪʝʦʨʝʪʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʪʦʯʥʠʭ ʯʘʩʪʠʥ 

ʛʝʨʦʪʦʨʥʦʛʦ ʥʘʩʦʩʘ ʥʘ ʡʦʛʦ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʜʥʘʢ, ʨʦʙʦʪʘ 

ʨʦʪʦʨʽʚ ʛʝʨʦʪʦʨʥʦʛʦ ʥʘʩʦʩʘ ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʦʙʦʪʠ 

ʨʦʪʦʨʽʚ ʧʣʘʥʝʪʘʨʥʦʛʦ (ʦʨʙʽʪʘʣʴʥʦʛʦ) ʛʽʜʨʦʤʦʪʦʨʘ. ɼʣʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʝʨʦʪʦʨʥʦʛʦ ʥʘʩʦʩʘ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʪʚʦʨʶʚʘʪʠ 

ʦʙʝʨʪʘʻʪʴʩʷ ʛʽʜʨʘʚʣʽʯʥʝ ʧʦʣʝ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʫʥʽʚʝʨʩʘʣʴʥʫ ʤʦʜʝʣʴ ʤʝʭʘʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʛʽʜʨʘʚʣʽʯʥʠʤ ʧʨʠʚʦʜʦʤ ʟ ʦʨʙʽʪʘʣʴʥʠʤ ʛʽʜʨʦʤʦʪʦʨʦʤ [8]. ʇʨʠ ʙʝʟʣʽʯʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ, ʧʣʘʥʝʪʘʨʥʽ ʽ ʦʨʙʽʪʘʣʴʥʽ ʛʽʜʨʦʤʘʰʠʥʠ, 
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ʤʦʞʥʘ ʦʙ'ʻʜʥʘʪʠ ʟʘ ʪʨʴʦʤʘ ʦʩʥʦʚʥʠʤʠ ʚʫʟʣʘʤʠ [1-3], ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʠʭ ʛʽʜʨʦʤʘʰʠʥ. ʎʝ ʩʠʣʦʚʝ ʟ'ʻʜʥʘʥʥʷ, ʟʽ ʩʧʝʮʽʘʣʴʥʠʤ 

ʮʠʢʣʦʾʜʥʠʤ ʧʨʦʬʽʣʝʤ ʟʦʚʥʽʰʥʴʦʛʦ ʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʦʪʦʨʽʚ [3, 9], 

ʤʝʭʘʥʽʟʤ, ʱʦ ʢʦʤʧʝʥʩʫʻ ʧʣʘʥʝʪʘʨʥʠʡ (ʦʨʙʽʪʘʣʴʥʠʡ) ʨʫʭ ʨʦʪʦʨʘ [3, 10] 

ʪʘ ʨʦʟʧʦʜʽʣʴʥʠʡ ʤʝʭʘʥʽʟʤ [3, 11], ʷʢʠʡ ʩʪʚʦʨʶʻ ʛʽʜʨʘʚʣʽʯʥʠʡ ʧʦʣʝ, 

ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʨʦʙʦʪʠ ʨʦʪʦʨʽʚ.  

ʈʦʟʛʣʷʥʫʪʦ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʨʦʪʦʨ ʦʨʙʽʪʘʣʴʥʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ 

[12], ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʽʾ ʛʝʨʦʪʦʨʥʦʛʦ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ 

[13], ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʧʦʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ 

ʮʠʢʣʦʾʜʘʣʴʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ [14], ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʯʠʩʝʣʴʥʦʤʫ ʘʥʘʣʽʟʽ 

ʜʝʬʦʨʤʘʮʽʡ, ʷʢʠʡ ʙʫʚ ʟʨʦʙʣʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ [15]. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʦʪʦʨʽʚ 

ʛʝʨʦʪʦʨʥʠʭ ʤʘʰʠʥ [16], ʦʙˇʨʫʥʪʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʝʢʪʦʨʥʠʭ ʟʘʤʢʥʫʪʠʭ ʢʦʥʪʫʨʽʚ [17]. ʇʠʪʘʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʷ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʧʦ ʢʘʥʘʣʘʭ ʛʝʨʦʪʦʨʥʠʭ 

ʛʽʜʨʦʤʦʪʦʨʽʚ [18, 19] ʦʙˇʨʫʥʪʦʚʫʻ ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʢʘʚʽʪʘʮʽʡʥʠʭ 

ʷʚʠʱ ʚ ʟʦʥʽ ʨʦʟʧʦʜʽʣʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʘʚʽʪʘʮʽʾ [20]. ʅʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [21] ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʧʽʚʝʤʧʽʨʠʯʥʠʡ 

ʧʽʜʭʽʜ ʜʣʷ ʦʮʽʥʢʠ ʤʝʞʢʘʤʝʨʥʦʛʦ ʦʧʦʨʫ ʚʠʪʦʢʘʤ. ʅʘʚʝʜʝʥʦ 

ʤʘʪʝʤʘʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʦʮʽʥʢʠ ʚʠʪʨʘʪʠ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ ʛʝʨʦʪʦʨʥʠʭ 

ʛʽʜʨʦʤʘʰʠʥʘʭ [22], ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʫʣʴʩʘʮʽʾ ʧʦʜʘʯʽ ʜʣʷ ʤʘʰʠʥ ʟ ʚʥʫʪʨʽʰʥʽʤ ʮʠʢʣʦʾʜʥʠʤ 

ʟʘʯʝʧʣʝʥʥʷʤ [23]. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 3D ʤʦʜʝʣʴ ʛʝʨʦʪʦʨʥʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ 

[24] ʪʘ ʤʦʜʝʣʴ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʚʪʨʘʪʠ, ʱʦ ʩʪʚʦʨʝʥʽ 

ʩʪʠʩʣʠʚʽʩʪʶ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ [25]. ʅʘʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ [26]. ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ 

ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʦʶ ʧʣʘʥʝʪʘʨʥʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ʥʝ ʨʦʟʛʣʷʜʘʣʘʩʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʤʝʪʦʜʠ 

ʨʦʟʰʠʨʝʥʥʷ ʢʘʥʘʣʽʚ ʧʦʜʘʯʽ ʚ ʧʣʘʥʝʪʘʨʥʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʤʘʰʠʥʘʭ [27], 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʧʣʘʥʝʪʘʨʥʠʭ ʨʦʪʦʨʥʦ-ʛʽʜʨʘʚʣʽʯʥʠʭ 

ʤʘʰʠʥ ʟ ʧʣʘʚʘʶʯʠʤʠ ʨʦʣʠʢʘʤʠ [28]. ʅʝ ʨʦʟʛʣʷʥʫʪʦ ʨʦʟʧʦʜʽʣ ʨʦʙʦʯʦʾ 

ʨʽʜʠʥʠ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʙʝʨʪʦʚʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʦʣʷ. 

ʋ ʧʣʘʥʝʪʘʨʥʦʤʫ ʛʽʜʨʦʤʦʪʦʨʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʙʝʨʪʦʚʦʛʦ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʦʣʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʦʨʮʝʚʘ ʨʦʟʧʦʜʽʣʴʥʘ ʩʠʩʪʝʤʘ ʟ 

ʩʝʛʤʝʥʪʥʠʤʠ [3, 29] ʘʙʦ ʢʨʫʛʣʠʤʠ ʚʽʢʥʘʤʠ [30, 31]. ʆʙˇʨʫʥʪʦʚʘʥʦ 

ʢʽʥʝʤʘʪʠʯʥʽ ʩʭʝʤʠ ʪʦʨʮʝʚʦʾ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ [32], ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʨʦʙʦʯʽ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ 

ʨʦʟʧʦʜʽʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʧʣʘʥʝʪʘʨʥʠʭ ʛʽʜʨʦʤʘʰʠʥ [3, 29-33], 

ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʜʽʣʴʥʠʭ ʚʽʢʦʥ, 

ʚʠʢʦʥʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʩʝʛʤʝʥʪʘ [3, 29] ʽ ʢʦʣʘ [30, 31] ʥʘ ʚʠʭʽʜʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʥʝʪʘʨʥʠʭ ʛʽʜʨʦʤʘʰʠʥ. ɺʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ 
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ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʜʽʣʴʥʠʭ ʚʽʢʦʥ, ʚʠʢʦʥʘʥʠʭ ʫ ʬʦʨʤʽ ʧʘʟʘ ʥʘ ʚʠʭʽʜʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʥʝʪʘʨʥʠʭ ʛʽʜʨʦʤʦʪʦʨʽʚ ʥʝ ʜʦʩʣʽʜʞʫʚʘʚʩʷ. 

 ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷʤ ʧʣʘʥʝʪʘʨʥʠʭ 

ʛʽʜʨʦʤʘʰʠʥ, ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʦʥʠ ʚʠʢʦʥʫʚʘʣʠʩʷ ʙʝʟ 

ʥʘʣʝʞʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʥʠʟʢʠ ʚʘʞʣʠʚʠʭ ʯʠʥʥʠʢʽʚ, ʪʘʢʠʭ ʷʢ, ʨʦʙʦʪʘ 

ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʨʫʭʦʤʦʛʦ ʽ ʥʝʨʫʭʦʤʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʽʚ, ʬʦʨʤʠ ʨʦʟʧʦʜʽʣʴʥʠʭ ʚʽʢʦʥ, ʾʭ 

ʢʽʣʴʢʦʩʪʽ ʽ ʟʤʽʥʠ ʢʫʪʘ ʾʭ ʧʝʨʝʢʨʠʪʪʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʟ ʚʽʢʥʘʤʠ, ʚʠʢʦʥʘʥʠʤʠ ʫ ʚʠʛʣʷʜʽ 

ʧʘʟʘ, ʥʘ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʥʝʪʘʨʥʦʾ ʛʽʜʨʦʤʘʰʠʥʠ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʩʧʨʷʤʦʚʘʥʠʤ ʥʘ ʧʦʣʽʧʰʝʥʥʷ ʾʭ ʚʠʭʽʜʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʽ ʩʪʘʪʪʽ (ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ). ʇʦʣʽʧʰʝʥʥʷ 

ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʥʝʪʘʨʥʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ʰʣʷʭʦʤ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʚʽʢʥʘʤʠ, ʚʠʢʦʥʘʥʠʤʠ ʫ ʬʦʨʤʽ ʧʘʟʘ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʜʘʯʽ: 

ï ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ 

ʚʧʣʠʚ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʽʢʥʘʤʠ, 

ʚʠʢʦʥʘʥʠʤʠ ʫ ʬʦʨʤʽ ʧʘʟʘ ʥʘ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʥʝʪʘʨʥʦʛʦ 

ʛʽʜʨʦʤʦʪʦʨʘ; 

ï ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʠʭʽʜʥʽ ʜʘʥʽ ʪʘ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʽʢʥʘʤʠ, ʚʠʢʦʥʘʥʠʤʠ ʫ 

ʬʦʨʤʽ ʧʘʟʘ; 

ï ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʧʦʜʽʣʴʥʠʭ 

ʚʽʢʦʥ ʥʘ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʥʝʪʘʨʥʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ ʟ ʤʝʪʦʶ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʡʦʛʦ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʆʩʥʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʨʦʟʧʦʜʽʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʻ ʾʾ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ (ʚʠʪʨʘʪʘ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ), ʱʦ 

ʟʘʜʘʻʪʴʩʷ ʧʣʦʱʝʶ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ ʮʽʻʾ ʩʠʩʪʝʤʠ [3, 10, 11, 29-33]. 

ʇʣʦʱʘ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʣʦʱ ʧʝʨʝʢʨʠʪʪʷ ʚʽʢʦʥ 

ʥʝʨʫʭʦʤʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʚʽʢʥʘʤʠ ʨʫʭʦʤʦʛʦ. ʇʣʦʱʽ ʧʝʨʝʢʨʠʪʪʷ ʚʽʢʦʥ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʽʢʦʥ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʨʦʟʧʦʜʽʣʽ ʨʦʙʦʯʦʾ 

ʨʽʜʠʥʠ, ʾʭ ʬʦʨʤʠ ʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʊʦʨʮʝʚʘ ʨʦʟʧʦʜʽʣʴʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʫʭʦʤʦʛʦ ʽ 

ʥʝʨʫʭʦʤʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʽʚ, ʥʘ ʪʦʨʮʝʚʠʭ ʧʦʚʝʨʭʥʷʭ ʷʢʠʭ ʚʠʢʦʥʘʥʽ 

ʨʦʟʧʦʜʽʣʴʥʽ ʚʽʢʥʘ ʚ ʬʦʨʤʽ ʧʘʟʘ. ʏʝʨʝʟ ʨʦʟʧʦʜʽʣʴʥʽ ʚʽʢʥʘ ʨʦʙʦʯʘ ʨʽʜʠʥʘ 

ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʨʦʙʦʯʠʭ ʢʘʤʝʨ ʛʽʜʨʦʤʦʪʦʨʘ ʘʙʦ ʚʠʪʽʩʥʷʻʪʴʩʷ ʟ ʥʠʭ. 

ʅʘʜʘʣʽ ʧʽʜ ʨʫʭʦʤʠʤ ʽ ʥʝʨʫʭʦʤʠʤ ʨʦʟʧʦʜʽʣʴʥʠʢʘʤʠ ʙʫʜʝʤʦ ʤʘʪʠ ʥʘ 

ʫʚʘʟʽ ʾʭ ʧʦʚʝʨʭʥʽ, ʥʘ ʷʢʠʭ ʚʠʢʦʥʘʥʽ ʨʦʟʧʦʜʽʣʴʥʽ ʚʽʢʥʘ. ɺ ʧʨʦʮʝʩʽ 

ʨʦʙʦʪʠ ʪʦʨʮʝʚʽ ʧʦʚʝʨʭʥʽ ʨʫʭʦʤʦʛʦ ʽ ʥʝʨʫʭʦʤʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʽʚ 

ʩʪʠʢʘʶʪʴʩʷ, ʫʪʚʦʨʶʶʯʠ ʩʧʽʣʴʥʦ ʟ ʨʦʟʧʦʜʽʣʴʥʠʤʠ ʚʽʢʥʘʤʠ ʟʦʥʫ 

ʨʦʟʧʦʜʽʣʫ [3, 10, 11, 29-33]. 
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ʅʘ ʪʦʨʮʝʚʽʡ ʧʦʚʝʨʭʥʽ ʥʝʨʫʭʦʤʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʚʠʢʦʥʘʥʽ ʚʽʢʥʘ 

ʥʘʛʥʽʪʘʥʥʷ ʽ ʟʣʠʚʫ, ʥʘ ʪʦʨʮʝʚʽʡ ʧʦʚʝʨʭʥʽ ʨʫʭʦʤʦʛʦ ʨʦʟʪʘʰʦʚʘʥʽ ʨʦʙʦʯʽ 

ʽ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʽ ʚʽʢʥʘ. ʅʘʢʣʘʜʝʥʥʷ ʨʦʙʦʯʠʭ ʽ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ 

ʚʽʢʦʥ ʨʫʭʦʤʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʥʘ ʚʽʢʥʘ ʥʘʛʥʽʪʘʥʥʷ ʽ ʟʣʠʚʫ ʥʝʨʫʭʦʤʦʛʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʦʟʨʘʭʫʥʢʦʚʫ ʤʦʜʝʣʴ ʤʠʪʪʻʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʬʘʟ 

ʨʦʟʧʦʜʽʣʫ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ (ʨʠʩ. 1). 

 
 

ʈʠʩ. 1. ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʽʢʥʘʤʠ, 

ʚʠʢʦʥʘʥʠʤʠ ʫ ʬʦʨʤʽ ʧʘʟʘ. 

 

ɿʘ ʘʥʘʣʦʛʽʻʶ ʨʦʙʦʪʠ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʩʝʛʤʝʥʪʥʠʤʠ ʪʘ 

ʢʨʫʛʣʠʤʠ ʚʽʢʥʘʤʠ [3, 10, 11, 29-33] ʤʽʞ ʢʽʣʴʢʽʩʪʶ ʚʽʢʦʥ ʨʫʭʦʤʦʛʦ Z1 ʽ 

ʥʝʨʫʭʦʤʦʛʦ Z2 ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʽʩʥʫʻ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ: Z2 = Z1 + 2. ʇʨʠ 

ʮʴʦʤʫ Z2 = 2Z, ʜʝ Z ï ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ, ʦʙʫʤʦʚʣʝʥʝ ʢʽʥʝʤʘʪʠʯʥʦʶ 

ʩʭʝʤʦʶ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʝ ʥʝ ʤʦʞʝ ʙʫʪʠ ʤʝʥʰʝ ʪʨʴʦʭ. ʇʽʜ 

ʢʽʥʝʤʘʪʠʯʥʦʶ ʩʭʝʤʦʶ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʨʦʟʫʤʽʻʪʴʩʷ [32] 

ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʽʢʦʥ ʥʘʛʥʽʪʘʥʥʷ ʥʝʨʫʭʦʤʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʘ Z2/2 

ʜʦ ʢʽʣʴʢʦʩʪʽ ʚʽʢʦʥ ʨʫʭʦʤʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʘ Z1/2. 

ʅʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʨʦʙʦʯʽ ʧʨʦʮʝʩʠ, 

ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʨʦʟʧʦʜʽʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʧʣʘʥʝʪʘʨʥʠʭ ʛʽʜʨʦʤʘʰʠʥ 

[3, 29-33] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʦʙʦʪʠ ʨʦʟʧʦʜʽʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʟ ʚʽʢʥʘʤʠ, ʚʠʢʦʥʘʥʠʤʠ ʫ ʬʦʨʤʽ ʧʘʟʘ: 

()1 2t n ta p= Ö Ö, () ()2 1t ta a a= +, é, () ()1i it ta a a-= +;         (1) 

1

2Z

p
b= , 

2 1b b b= +, é, 1i ib b b-= +;                      (2) 
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() () ()i i i it t ts s b a¡= = -  ʧʨʠ si Ò e  ʪʘ s'i Ò e';                 (3) 

1 2

1

2arcsin
r

R
e e e= = = , 

1 2

2

2arcsin
r

R
e e e¡ ¡ ¡= = = ;                (4) 

1 sin
2

r R
e

= Ö , 
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p
e= ;                                       (5) 
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2 1 1 2
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( )
2

2

1

1
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i i
i i iS r r R tg
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ʧʨʠ 
2 sin

2

iR r
s¡

Ö ²,                                       (7) 

ʜʝ 
ia ï ʧʦʪʦʯʥʽ ʢʫʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʽʢʦʥ ʨʫʭʦʤʦʛʦ 

ʨʦʟʧʦʜʽʣʴʥʠʢʘ, ʧʨʠʯʦʤʫ ʥʝʧʘʨʥʽ ʥʦʤʝʨʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʙʦʯʠʤ, ʘ 

ʧʘʨʥʽ ï ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʤ ʚʽʢʥʘʤ; 
ib ï ʧʦʪʦʯʥʽ ʢʫʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʚʽʢʦʥ ʥʝʨʫʭʦʤʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʘ, ʧʨʠʯʦʤʫ ʥʝʧʘʨʥʽ ʥʦʤʝʨʠ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʢʥʘʤ ʥʘʛʥʽʪʘʥʥʷ, ʘ ʧʘʨʥʽ ï ʚʽʢʥʘʤ ʟʣʠʚʫ; 
is, 

is¡ ï ʢʫʪʠ 

ʤʽʞ ʧʦʪʦʯʥʠʤʠ ʮʝʥʪʨʘʤʠ ʥʠʞʥʽʭ ʽ ʚʝʨʭʥʽʭ ʧʽʚʢʽʣ ʚʽʢʦʥ (ʧʘʟʽʚ) 

ʨʫʭʦʤʦʛʦ ʪʘ ʥʝʨʫʭʦʤʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʝʨʝʢʨʠʪʪʽ, 

ʚʽʜʧʦʚʽʜʥʦ; e, e¡ ï ʢʫʪʠ ʨʦʟʯʠʥʫ ʥʠʞʥʽʭ ʽ ʚʝʨʭʥʽʭ ʧʽʚʢʽʣ ʚʽʢʦʥ (ʧʘʟʽʚ) 
ʨʫʭʦʤʦʛʦ ʪʘ ʥʝʨʫʭʦʤʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʽʚ, ʚʽʜʧʦʚʽʜʥʦ; rï ʨʘʜʽʫʩʠ 
ʥʠʞʥʽʭ ʽ ʚʝʨʭʥʽʭ ʧʽʚʢʽʣ ʚʽʢʦʥ (ʧʘʟʽʚ) ʨʫʭʦʤʦʛʦ ʪʘ ʥʝʨʫʭʦʤʦʛʦ 

ʨʦʟʧʦʜʽʣʴʥʠʢʽʚ; 
iS  ï ʩʫʤʘʨʥʘ ʧʣʦʱʘ ʧʝʨʝʢʨʠʪʪʷ ʨʦʟʧʦʜʽʣʴʥʠʭ ʚʽʢʦʥ 

(ʧʘʟʽʚ); 
ij, 

ij¡ ï ʢʫʪʠ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʚʝʣʠʯʠʥʫ ʧʝʨʝʢʨʠʪʪʷ ʥʠʞʥʽʭ ʽ 

ʚʝʨʭʥʽʭ ʧʽʚʢʽʣ ʚʽʢʦʥ (ʧʘʟʽʚ) ʨʫʭʦʤʦʛʦ ʪʘ ʥʝʨʫʭʦʤʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʽʚ, 

ʚʽʜʧʦʚʽʜʥʦ; 
1R , 

2R  ï ʨʘʜʽʫʩʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʮʝʥʪʨʽʚ ʥʠʞʥʽʭ ʽ ʚʝʨʭʥʽʭ 

ʧʽʚʢʽʣ ʚʽʢʦʥ (ʧʘʟʽʚ) ʨʫʭʦʤʦʛʦ ʪʘ ʥʝʨʫʭʦʤʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʽʚ, 

ʚʽʜʧʦʚʽʜʥʦ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ ʨʦʙʦʪʠ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʽʢʥʘʤʠ, ʚʠʢʦʥʘʥʠʤʠ ʫ ʬʦʨʤʽ 

ʧʘʟʘ (1-7), ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʧʣʠʚ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʽʢʥʘʤʠ, ʚʠʢʦʥʘʥʠʤʠ ʫ ʬʦʨʤʽ ʧʘʟʘ 

ʥʘ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʥʝʪʘʨʥʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ. 

ɼʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʜʽʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʟ ʚʽʢʥʘʤʠ, ʚʠʢʦʥʘʥʠʤʠ ʫ ʬʦʨʤʽ ʧʘʟʘ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʚʧʣʠʚʫ 

ʥʘ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʥʝʪʘʨʥʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ, ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʘ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ Vissim. 
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ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʨʦʙʦʪʠ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʽʢʥʘʤʠ, 

ʚʠʢʦʥʘʥʠʤʠ ʫ ʬʦʨʤʽ ʧʘʟʘ ʧʨʠʡʤʘʻʤʦ ʪʘʢʽ ʚʠʭʽʜʥʽ ʜʘʥʽ ʽ ʧʦʯʘʪʢʦʚʽ 

ʫʤʦʚʠ [29, 31, 32]: 

- ʢʦʝʬʽʮʽʻʥʪʠ ʢʽʥʝʤʘʪʠʯʥʦʾ ʽ ʜʠʥʘʤʽʯʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʧʦʩʪʽʡʥʽ; 

- ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʧʦʩʪʽʡʥʠʡ; 

- ʱʽʣʴʥʽʩʪʴ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʜʦʨʽʚʥʶʻ ɟ = 0,89 ʛ/ʩʤ
3
; 

- ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʜʦʨʽʚʥʶʻ ɛ' = 0,267Ŀ10
-7
 ʄʇʘĀʩ; 

- ʪʠʩʢ ʥʘ ʚʭʦʜʽ (ʪʠʩʢ ʥʘʛʥʽʪʘʥʥʷ) ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ                           

ʨʚʭ = 16 ʄʇʘ; 

- ʪʠʩʢ ʥʘ ʚʠʭʦʜʽ (ʪʠʩʢ ʟʣʠʚʫ) ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ ʨʚʠʭ = 0 ʄʇʘ; 

- ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʘʣʫ ʛʽʜʨʦʤʦʪʦʨʘ ʜʦʨʽʚʥʶʻ ɤ = 68 ʩ
-1
; 

- ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʠ ʚʽʢʦʥ ʨʫʭʦʤʦʛʦ ʪʘ ʥʝʨʫʭʦʤʦʛʦ 

ʨʦʟʧʦʜʽʣʴʥʠʢʽʚ ʦʜʥʘʢʦʚʽ; 

- ʨʘʜʽʫʩ ʨʦʟʪʘʰʫʚʘʥʥʷ ʮʝʥʪʨʽʚ ʥʠʞʥʽʭ ʧʽʚʢʽʣ ʜʦʨʽʚʥʶʻ                         

R1 = 33 ʤʤ; 

- ʨʘʜʽʫʩ ʨʦʟʪʘʰʫʚʘʥʥʷ ʮʝʥʪʨʽʚ ʚʝʨʭʥʽʭ ʧʽʚʢʽʣ ʜʦʨʽʚʥʶʻ                    

R2=R1+2r ʤʤ. 

ɺʽʜʦʤʦ [29-33], ʱʦ ʦʩʥʦʚʥʠʡ ʚʧʣʠʚ ʥʘ ʟʤʽʥʫ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʨʦʟʧʦʜʽʣʴʥʠʭ ʩʠʩʪʝʤ ʧʣʘʥʝʪʘʨʥʠʭ ʛʽʜʨʦʤʦʪʦʨʽʚ ʥʘʜʘʻ ʬʦʨʤʘ 

ʨʦʟʧʦʜʽʣʴʥʠʭ ʚʽʢʦʥ ʽ ʾʭ ʢʽʣʴʢʽʩʪʴ. ʂʽʣʴʢʽʩʪʴ ʨʦʟʧʦʜʽʣʴʥʠʭ ʚʽʢʦʥ 

ʟʘʜʘʻʪʴʩʷ ʢʽʥʝʤʘʪʠʯʥʦʶ ʩʭʝʤʦʶ [32], ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʽʜʥʦʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʚʽʢʦʥ ʥʘʛʥʽʪʘʥʥʷ ʥʝʨʫʭʦʤʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʜʦ 

ʢʽʣʴʢʦʩʪʽ ʨʦʙʦʯʠʭ ʚʽʢʦʥ ʨʫʭʦʤʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʘ. ʅʘ ʨʠʩ. 3 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʤʽʥʫ ʧʣʦʱʽ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʽʢʥʘʤʠ, ʚʠʢʦʥʘʥʠʤʠ ʫ 

ʬʦʨʤʽ ʧʘʟʘ ʟʘ ʯʘʩ, ʚʽʜʧʦʚʽʜʥʠʡ ʦʜʥʦʤʫ ʮʠʢʣʫ. 

ɸʥʘʣʽʟ ʟʤʽʥʠ ʧʣʦʱʽ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ (ʨʠʩ. 3) ʧʦʢʘʟʫʻ, ʱʦ ʧʣʦʱʘ ʟʤʽʥʶʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʠʭ 

ʤʝʞʘʭ ʜʣʷ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ: 

ï 4/3 ï ʚʽʜ 60 ʤʤ
2
 ʜʦ 300 ʤʤ

2
 ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʽ ʧʣʦʱʽ 

ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ180ʤʤ
2
 ʽ ʘʤʧʣʽʪʫʜʽ ʢʦʣʠʚʘʥʴ 240ʤʤ

2 
(ʨʠʩ.3, ʘ); 

ï 5/4 ï ʚʽʜ 120 ʤʤ
2
 ʜʦ 190 ʤʤ

2
 ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʽ ʧʣʦʱʽ 

ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ 155ʤʤ
2
 ʽ ʘʤʧʣʽʪʫʜʽ ʢʦʣʠʚʘʥʴ 70ʤʤ

2 
(ʨʠʩ. 3, ʘ); 

ï 6/5 ï ʚʽʜ 128 ʤʤ
2
 ʜʦ 148 ʤʤ

2
 ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʽ ʧʣʦʱʽ 

ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ 138ʤʤ
2
 ʽ ʘʤʧʣʽʪʫʜʽ ʢʦʣʠʚʘʥʴ 20ʤʤ

2 
(ʨʠʩ. 3, ʙ); 

ï 7/6 ï ʚʽʜ 126 ʤʤ
2
 ʜʦ 139 ʤʤ

2
 ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʽ ʧʣʦʱʽ 

ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ 132,5ʤʤ
2
 ʽ ʘʤʧʣʽʪʫʜʽ ʢʦʣʠʚʘʥʴ 13ʤʤ

2 
(ʨʠʩ. 3, ʙ); 
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ʘ) ï 4/3; 5/4; ʙ) ï 6/5; 7/6; 8/7; 9/8; 10/9; 11/10; ʚ) ï 12/11;13/12. 

ʈʠʩ. 3. ɿʤʽʥʘ ʧʣʦʱʽ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ 

ʚʽʢʥʘʤʠ, ʚʠʢʦʥʘʥʠʤʠ ʫ ʬʦʨʤʽ ʧʘʟʘ ʜʣʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ. 

 

ï 8/7 ï ʚʽʜ 119 ʤʤ
2
 ʜʦ 131 ʤʤ

2
 ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʽ ʧʣʦʱʽ 

ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ 125ʤʤ
2
 ʽ ʘʤʧʣʽʪʫʜʽ ʢʦʣʠʚʘʥʴ 12ʤʤ

2 
(ʨʠʩ. 3, ʙ); 

ʚ) 

ʙ) 

12/11 

13/12 

ʏʘʩ ʮʠʢʣʫ, ʩ 
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ï 9/8 ï ʚʽʜ 113 ʤʤ
2
 ʜʦ 121 ʤʤ

2
 ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʽ ʧʣʦʱʽ 

ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ 117 ʤʤ
2
 ʽ ʘʤʧʣʽʪʫʜʽ ʢʦʣʠʚʘʥʴ 8 ʤʤ

2 
(ʨʠʩ. 3, ʙ); 

ï 10/9 ï ʚʽʜ 106 ʤʤ
2
 ʜʦ 112 ʤʤ

2
 ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʽ ʧʣʦʱʽ 

ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ 109 ʤʤ
2
 ʽ ʘʤʧʣʽʪʫʜʽ ʢʦʣʠʚʘʥʴ 6 ʤʤ

2 
(ʨʠʩ. 3, ʙ); 

ï 11/10 ï ʚʽʜ 101 ʤʤ
2
 ʜʦ 106 ʤʤ

2
 ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʽ ʧʣʦʱʽ 

ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ 103,5 ʤʤ
2
 ʽ ʘʤʧʣʽʪʫʜʽ ʢʦʣʠʚʘʥʴ 5 ʤʤ

2 
(ʨʠʩ. 3, ʙ); 

ï 12/11 ï ʚʽʜ 73 ʤʤ
2
 ʜʦ 78 ʤʤ

2
 ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʽ ʧʣʦʱʽ 

ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ 75,5 ʤʤ
2
 ʽ ʘʤʧʣʽʪʫʜʽ ʢʦʣʠʚʘʥʴ 5ʤʤ

2 
(ʨʠʩ. 3, ʚ); 

ï 13/12 ï ʚʽʜ 68 ʤʤ
2
 ʜʦ 72 ʤʤ

2
 ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʟʥʘʯʝʥʥʽ ʧʣʦʱʽ 

ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ 70 ʤʤ
2
 ʽ ʘʤʧʣʽʪʫʜʽ ʢʦʣʠʚʘʥʴ 4 ʤʤ

2 
(ʨʠʩ. 3, ʚ). 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʢʘʟʫʻ (ʨʠʩ. 3), ʱʦ ʜʣʷ 

ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ 4/3 ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʚ 1,3 ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ (ʨʠʩ. 3, ʘ). ɼʣʷ 

ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ 5/4 ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʩʪʘʥʦʚʠʪʴ 45% ʚʽʜ 

ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ (ʨʠʩ. 3, ʘ). ʊʘʢʽ 

ʢʦʣʠʚʘʥʥʷ ʧʣʦʱʽ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʚʠʢʣʠʢʘʶʪʴ ʟʥʘʯʥʽ ʢʦʣʠʚʘʥʥʷ ʪʠʩʢʫ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʱʦ ʥʝʛʘʪʠʚʥʦ 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʨʦʙʦʪʽ ʛʽʜʨʦʤʦʪʦʨʘ ʚ ʮʽʣʦʤʫ. ʊʦʤʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ 4/3 ʽ 5/4 ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʣʘʥʝʪʘʨʥʠʭ 

ʛʽʜʨʦʤʦʪʦʨʽʚ ʻ ʥʝʜʦʮʽʣʴʥʠʤ. 

ɸʥʘʣʽʟ ʟʤʽʥʠ ʧʣʦʱʽ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ ʚ ʨʦʟʧʦʜʽʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ ʧʣʘʥʝʪʘʨʥʠʭ ʛʽʜʨʦʤʦʪʦʨʽʚ ʟ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʩʭʝʤʘʤʠ 12/11 ʪʘ 

13/12 ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʥʘʚʝʜʝʥʠʭ ʩʭʝʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʝ (ʜʦ 25%) 

ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʽ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ (ʨʠʩ. 3, ʚ), ʱʦ ʟʥʘʯʥʦ 

ʟʤʝʥʰʠʪʴ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ. ʊʦʤʫ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʭʝʤ 12/11 ʪʘ 13/12 ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʧʣʘʥʝʪʘʨʥʠʭ ʛʽʜʨʦʤʦʪʦʨʽʚ ʻ ʥʝʜʦʮʽʣʴʥʠʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʣʘʥʝʪʘʨʥʠʭ ʛʽʜʨʦʤʦʪʦʨʽʚ 

ʥʘʡʨʘʮʽʦʥʘʣʴʥʽʰʠʤʠ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʩʭʝʤʘʤʠ ʨʦʟʧʦʜʽʣʴʥʠʭ ʩʠʩʪʝʤ ʟ 

ʚʽʢʥʘʤʠ, ʚʠʢʦʥʘʥʠʤʠ ʫ ʬʦʨʤʽ ʧʘʟʘ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʩʭʝʤʠ ʚʽʜ 11/10 ʜʦ 

6/5. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʠʭ ʩʭʝʤ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʧʣʦʱʽ ʧʨʦʭʽʜʥʦʛʦ 

ʧʝʨʝʪʠʥʫ ʩʪʘʥʦʚʠʪʴ 5...20 ʤʤ
2
 ʧʨʠ ʟʤʽʥʽ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʧʣʦʱʽ 

ʚʽʜ 103 ʜʦ 138 ʤʤ
2
, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʣʘʥʝʪʘʨʥʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʘ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʧʣʠʚ ʟʤʽʥʠ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʽʢʥʘʤʠ, ʚʠʢʦʥʘʥʠʤʠ 

ʫ ʬʦʨʤʽ ʧʘʟʘ ʥʘ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʥʝʪʘʨʥʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ.  

ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʭʽʜʥʽ ʜʘʥʽ ʽ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʦʙʦʪʠ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʚʽʢʥʘʤʠ, ʚʠʢʦʥʘʥʠʤʠ ʫ ʬʦʨʤʽ ʧʘʟʘ. 

ɼʦʩʣʽʜʞʝʥʥʷʤ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʨʦʟʧʦʜʽʣʴʥʠʭ ʚʽʢʦʥ ʥʘ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʥʝʪʘʨʥʦʛʦ 

ʛʽʜʨʦʤʦʪʦʨʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʡʦʛʦ ʨʦʟʧʦʜʽʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʟ ʚʽʢʥʘʤʠ, ʚʠʢʦʥʘʥʠʤʠ ʫ ʬʦʨʤʽ ʧʘʟʘ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 
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ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤʠ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʩʭʝʤʘʤʠ ʨʦʟʧʦʜʽʣʴʥʠʭ 

ʩʠʩʪʝʤ ʟ ʚʽʢʥʘʤʠ, ʚʠʢʦʥʘʥʠʤʠ ʫ ʬʦʨʤʽ ʧʘʟʘ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʩʭʝʤʠ ʚʽʜ 

11/10 ʜʦ 6/5. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʠʭ ʩʭʝʤ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʧʣʦʱʽ 

ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ ʩʪʘʥʦʚʠʪʴ 5...20 ʤʤ
2
 ʧʨʠ ʟʤʽʥʽ ʩʝʨʝʜʥʴʦʛʦ 

ʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʚʽʜ 103 ʜʦ 138 ʤʤ
2
, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʨʦʟʧʦʜʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʣʘʥʝʪʘʨʥʦʛʦ ʛʽʜʨʦʤʦʪʦʨʘ. 
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ʦʙʦʩʥʦʚʘʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʝʛʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩ ʦʢʥʘʤʠ, 

ʚʳʧʦʣʥʝʥʥʳʤʠ ʚ ʬʦʨʤʝ ʧʘʟʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʩʭʝʤʘʤʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʦʢʥʘʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʚ 

ʬʦʨʤʝ ʧʘʟʘ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʭʝʤʳ ʦʪ 6/5 ʜʦ 11/10, ʧʦʟʚʦʣʷʶʱʠʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʣʘʥʝʪʘʨʥʦʛʦ ʛʠʜʨʦʤʦʪʦʨʘ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʥʝʪʘʨʥʳʡ ʛʠʜʨʦʤʦʪʦʨ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, 

ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʧʣʦʱʘʜʴ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. 

 

SUBSTANTIATION OF GEOMETR IC PARAMETERS OF 

DISTRIBUTION SYSTEMS OF PLANETARY HYDRAULIC 

MACHINES  

A. Panchenko, A. Voloshina, I. Panchenko 

 
Summary 

To date, there is no comprehensive research in the field of calculation and design 

of planetary hydraulic machines. Therefore, the question of conducting comprehensive 

studies that determine the patterns of supplying the working fluid to the working 

chambers of hydraulic machines is very important, using the example of the planetary 

hydraulic machine distribution system, with the aim of developing new and improving 

the existing designs of planetary hydraulic machines. Improving the output 

characteristics of planetary hydraulic machines can be achieved by solving an important 

problem - the study of the influence of changes in the geometric parameters of the 

distribution system on the output characteristics of these hydraulic machines. 

As a result of the research, mathematical models are obtained that allow us to 

study the effect of changes in the geometric parameters of a distributed system with 

windows made in the form of a groove on the output characteristics of a planetary 

hydraulic motor. The initial data and initial conditions for modeling the operation of the 

distribution system with windows made in the form of a groove are substantiated. The 

study of the influence of design features of distribution windows on the output 

characteristics of a planetary hydraulic motor substantiates the geometric parameters of 

its distribution system with windows made in the form of a groove. It has been 

established that the most rational kinematic schemes of distribution systems with 

windows made in the form of a groove can be considered schemes from 11/10 to 6/5. 

Using these schemes, the amplitude of the fluctuations in the ʩross-sectional area is 

5...20 mm
2
 with a change in the average value of the area from 103 to 138 mm

2
, which 

characterizes the stability of the throughput of the distribution system of the planetary 

hydraulic motor. 

Key words: planetary hydraulic motor, distribution system, kinematic scheme, 

flow area, throughput. 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺʠʨʦʙʥʠʮʪʚʦ ʦʣʽʡʥʠʭ ʢʫʣʴʪʫʨ ʥʘʣʝʞʠʪʴ 

ʜʦ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʜʽʷʣʴʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʋʢʨʘʾʥʠ. 

ʋʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʚ ʢʨʘʾʥʽ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʩʽʥʥʷ ʩʦʥʷʰʥʠʢʫ. ʋ 2018/19 

ʤʘʨʢʝʪʠʥʛʦʚʦʤʫ ʨʦʮʽ ʦʪʨʠʤʘʥʦ 14,5 ʤʣʥ.ʪ, ʘ ʚʨʦʞʘʡʥʽʩʪʴ ʩʦʥʷʰʥʠʢʫ 

ʩʪʘʥʦʚʠʣʘ ʧʦʥʘʜ 23 ʮ/ʛʘ. ʊʘʢʘ ʝʢʦʥʦʤʽʯʥʘ ʩʠʪʫʘʮʽʷ ʚʠʤʘʛʘʻ 

ʦʙôʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ ʧʦʜʽʡ ʚ ʛʘʣʫʟʽ ʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʥʦʚʠʭ 

ʫʤʦʚʘʭ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ [1-5]. ɹʽʣʴʰʽʩʪʴ ʦʣʽʡʥʦʾ ʩʠʨʦʚʠʥʠ ʩʦʥʷʰʥʠʢʫ 

(ʆʉʉ) ʧʝʨʝʨʦʙʣʷʻʪʴʩʷ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʝʩʦʚʠʭ ʪʘ ʝʢʩʪʨʘʢʮʽʡʥʠʭ 

ʟʘʚʦʜʘʭ. ɺʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʷʢʦʩʪʽ ʥʘʩʽʥʥʷ ʻ ʚʤʽʩʪ ʚ 

ʥʴʦʤʫ ʜʦʤʽʰʦʢ. ɼʦʤʽʰʢʠ ʩʠʨʦʚʠʥʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʩʤʽʪʪʻʚʽ ʪʘ ʦʣʽʡʥʽ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʟʘ ʦʩʪʘʥʥʽ 20-30 ʨʦʢʽʚ ʫ ʟʚôʷʟʢʫ ʟ ʚʠʨʦʱʫʚʘʥʥʷʤ ʥʦʚʠʭ 

ʩʦʨʪʽʚ ʩʦʥʷʰʥʠʢʫ, ʟʤʽʥʦʶ ʪʝʨʤʽʥʽʚ ʟʙʠʨʘʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʦʾ 

ʟʙʠʨʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʚʽʪʯʠʟʥʷʥʦʛʦ ʪʘ ʽʥʦʟʝʤʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʪʘ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʆʉʉ ʟʤʽʥʠʣʠʩʷ, ʘ ʮʝ ʧʦʪʨʝʙʫʻ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʾʾ ʧʝʨʝʨʦʙʢʠ [6-7]. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʫ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʥʝʚʤʦʨʝʰʽʪʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ (ʇʈʉ) ʆʉʉ [11], 

ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʟ ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʨʦʙʦʯʠʭ 

ʦʨʛʘʥʽʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʡʦʛʦ ʨʦʙʦʪʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʦʯʠʩʪʢʠ 

ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʧʦʜʽʣ ʩʢʣʘʜʦʚʠʭ ʚʦʨʦʭʘ ʥʘʩʽʥʥʷ ʩʦʥʷʰʥʠʢʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ 

ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɺʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ ʤʘʰʠʥʠ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʯʠʱʝʥʥʷ ʟʝʨʥʘ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʥʮʠʧ 

ʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʚ ʧʦʚʽʪʨʷʥʦʤʫ ʧʦʪʦʮʽ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʰʠʨʦʢʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʚʠʱʘ ʨʫʭʫ ʤʘʪʝʨʽʘʣʴʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʩʫʯʘʩʥʠʭ 

ʟʝʨʥʦʦʯʠʩʥʠʭ ʤʘʰʠʥʘʭ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʩʝʧʘʨʘʮʽʻʶ ʩʢʣʘʜʦʚʠʭ ʟʝʨʥʦʚʦʛʦ 

ʚʦʨʦʭʫ, ʢʽʣʴʢʽʩʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʫʭʫ ʪʽʣ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʧʦʨʫ 
                                                 
É ʄʠʭʘʡʣʦʚ ɭ. ɺ., ɿʘʜʦʩʥʘ ʅ. ʆ., ɸʬʘʥʘʩʴʻʚ ʆ. ʆ. 

*ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜ.ʪ.ʥ., ʜʦʮʝʥʪ ʄʠʭʘʡʣʦʚ ɭ. ɺ.  
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ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʩʴʦʛʦʜʥʽ ʧʦʪʨʝʙʫʶʪʴ ʜʦʩʣʽʜʞʝʥʴ [8-10]. 

ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʘʣʦʛʘ ʇʈʉ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ 

ʚʠʟʥʘʯʠʣʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʦʾ ʟʘʜʘʯʽ ï ʧʨʦʚʝʜʝʥʥʷ 

ʣʘʙʦʨʘʪʦʨʥʦ-ʚʠʨʦʙʥʠʯʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʡʦʛʦ ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʴʥʠʢʘ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ (ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ). ʈʦʟʨʦʙʢʘ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʧʨʦʛʨʘʤʠ ʪʘ ʤʝʪʦʜʠʢʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʞʘʣʶʟʽʡʥʦʛʦ ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʴʥʠʢʘ ʇʈʉ ʆʉʉ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʷʢʦʩʪʽ ʡʦʛʦ ʨʦʙʦʪʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺʽʜʧʦʚʽʜʥʦ ʜʦʛʦʚʦʨʫ ʧʨʦ ʪʚʦʨʯʫ ʩʧʽʚʧʨʘʮʶ 

ʊɼɸʊʋ ʪʘ ʜʦʯʽʨʥʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ "ɻʫʣʷʡʧʽʣʴʩʴʢʠʡ ʤʝʭʘʥʽʯʥʠʡ 

ʟʘʚʦʜ" "ɺɸʊ ʄʦʪʦʨ ʉʽʯ" (ʤ. ɻʫʣʷʡʧʦʣʝ) ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʙʦʪʠ ʞʘʣʶʟʽʡʥʦʛʦ ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʴʥʠʢʘ 

ʇʈʉ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʣʘʙʦʨʘʪʦʨʥʦ-ʚʠʨʦʙʥʠʯʠʡ ʩʪʝʥʜ (ʨʠʩ. 1). 

 

1 - ʚʝʥʪʠʣʷʪʦʨ ʜʽʘʤʝʪʨʘʣʴʥʠʡ; 2 - ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʴʥʠʢ ʞʘʣʶʟʽʡʥʠʡ;  

3 - ʣʦʪʦʢ-ʽʥʪʝʥʩʠʬʽʢʘʪʦʨ; 4 - ʙʫʥʢʝʨ; 5 - ʢʘʤʝʨʘ ʧʥʝʚʤʦʩʝʧʘʨʫʶʯʘ;    

6 - ʨʝʰʝʪʦ ʮʠʣʽʥʜʨʠʯʥʝ; 7 - ʦʯʠʩʥʠʢ ʱʽʪʢʦʚʠʡ; 8 - ʢʘʤʝʨʘ 2-ʭ 

ʩʪʫʧʝʥʝʚʘ ʦʩʘʜʦʚʘ; 9 - ʢʘʥʘʣ ʚʩʤʦʢʪʫʚʘʣʴʥʠʡ ʚʝʥʪʠʣʷʪʦʨʘ 

ʈʠʩ. 1. ʇʥʝʚʤʦʨʝʰʽʪʥʠʡ ʩʝʧʘʨʘʪʦʨ ʦʣʽʡʥʦʾ ʩʠʨʦʚʠʥʠ ʩʦʥʷʰʥʠʢʫ. 

 

ɿ ʤʝʪʦʶ ʥʘʣʘʛʦʜʞʝʥʥʷ, ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʇʈʉ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʽ ʦʩʥʦʚʥʽ ʨʦʙʦʯʽ ʦʨʛʘʥʠ (ʨʠʩ. 2). 
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ʘ) ʙ) 

  
ʚ) ʛ) 

ʘ) - ʧʫʣʴʪ ʢʝʨʫʚʘʥʥʷ ʟ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ;                        

ʙ) - ʚʝʥʪʠʣʷʪʦʨ ʜʽʘʤʝʪʨʘʣʴʥʠʡ ʟ ʞʘʣʶʟʽʡʥʠʤ ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʴʥʠʢʦʤ; 

ʚ) - ʮʠʣʽʥʜʨʠʯʥʝ ʨʝʰʝʪʦ ʟ ʦʯʠʩʥʦʶ ʱʽʪʢʦʶ; ʛ) - ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ 

ʧʨʠʚʦʜʫ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʨʝʰʝʪʘ. 

ʈʠʩ. 2. ʈʦʙʦʯʽ ʦʨʛʘʥʠ ʇʈʉ ʽ ʨʦʟʤʽʱʝʥʥʷ ʧʝʨʝʪʠʥʽʚ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʫ ʧʥʝʚʤʦʨʝʰʽʪʥʦʤʫ 

ʩʝʧʘʨʘʪʦʨʽ.  

 

ɺʽʜʧʦʚʽʜʥʦ ʧʦʩʪʘʚʣʝʥʠʤ ʟʘʚʜʘʥʥʷʤ ʪʘ ʘʥʘʣʽʟʫ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʦʯʠʱʝʥʥʷ ʦʣʽʡʥʦʾ ʩʠʨʦʚʠʥʠ ʩʦʥʷʰʥʠʢʫ ʙʫʣʘ ʩʢʣʘʜʝʥʘ ʥʘʩʪʫʧʥʘ 

ʧʨʦʛʨʘʤʘ. 

ʈʦʟʨʦʙʠʪʠ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʧʨʦʛʨʘʤʫ ʪʘ ʤʝʪʦʜʠʢʫ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʞʘʣʶʟʽʡʥʦʛʦ ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʴʥʠʢʘ 

ʇʈʉ ʆʉʉ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʷʢʦʩʪʽ ʡʦʛʦ ʨʦʙʦʪʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʥʘʩʪʫʧʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʚʠʤʽʨʶʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ: 

- ʚʘʛʠ ʣʘʙʦʨʘʪʦʨʥʽ SF ï 400 D (0,01 ʛʨ.); 

- ʚʘʛʠ ʝʣʝʢʪʨʦʥʽ DGC (20000 ʛʨ.); 

- ʨʝʰʝʪʘ ʣʘʙʦʨʘʪʦʨʥʽ ï 1 ʢʦʤʧʣʝʢʪ; 

- ʪʘʭʦʤʝʪʨ ʛʦʜʠʥʥʠʢʦʚʠʡ ʤʝʭʘʥʽʯʥʠʡ ʊʏ-10ʈ (50-1000 ʦʙ.ʭʚ
-1
); 

- ʩʝʢʫʥʜʦʤʽʨ ʉ-1-2ʘ; 
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- ʤʽʢʨʦʤʘʥʦʤʝʪʨ ʄʄʅ-240 ʟ ʪʨʫʙʢʦʶ ʇʽʪʦ-ʇʨʘʥʜʪʣʷ; 

- ʜʠʬʤʘʥʦʤʝʪʨ ʄʈ 200 ʟ ʪʨʫʙʢʦʶ ʇʽʪʦ-ʇʨʘʥʜʪʣʷ 2- ʰʪ.; 

- ʣʽʥʽʡʢʠ, ʰʧʘʪʝʣʽ, ʢʠʩʪʽ.  

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

ʇʈʉ ʚʠʢʦʨʠʩʪʘʥʦ ʩʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʧʝʨʝʪʠʥʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ (ʈʠʩ. 3), ʪʘ ʩʭʝʤʘ 

ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʇʈʉ (ʈʠʩ. 4). 

 

 

ɯðɯ ï ʧʝʨʝʪʠʥ ʟʘʤʽʨʫ 

ʜʠʥʘʤʽʯʥʦʛʦ  ʪʠʩʢʫ ʥʘ 

ʚʭʦʜʽ ʚ ʧʦʚʽʪʨʦʨʦʟ-

ʧʦʜʽʣʴʥʠʢ; 

ɯɯ--ɯɯ ï ʧʝʨʝʪʠʥ ʟʘʤʽʨʫ 

ʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ ʧʽʜ 

ʞʘʣʶʟʽʡʥʠʤ ʧʦʚʽʪʨʦ-

ʨʦʟʧʦʜʽʣʴʥʠʢʦʤ; 

ɯɯɯ--ɯɯɯ ï ʧʝʨʝʪʠʥ ʟʘʤʽʨʫ 

ʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ ʚ 

ʩʝʧʘʨʫʶʯʠʡ ʟʦʥʽ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʨʝʰʝʪʘ. 

1 ï ʚʝʥʪʠʣʷʪʦʨ ʜʽʘʤʝʪʨʘʣʴʥʠʡ; 2 ï ʧʨʠʩʪʨʽʡ ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʴʥʠʡ;               

3 ï ʩʝʧʘʨʫʶʯʘ ʩʢʣʘʜʦʚʘ ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʴʥʠʢʘ; 4 ï ʩʝʨʝʜʥʷ ʨʫʭʦʤʘ 

ʩʪʽʥʢʘ; 5 ï ʞʠʚʣʷʯʘ ʩʢʣʘʜʦʚʘ  ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʴʥʠʢʘ; 6 ï ʨʝʛʫʣʷʪʦʨ 

ʟʤʽʥʠ ʢʫʪʘ ʥʘʭʠʣʫ ʩʝʨʝʜʥʴʦʾ ʨʫʭʦʤʦʾ ʩʪʽʥʢʠ; 7 ï ʩʪʽʥʢʘ ʨʫʭʦʤʘ ʟʘʜʥʷ;    

8 ï ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʴʥʠʢ ʞʘʣʶʟʽʡʥʠʡ; 9 ï ʥʝʨʫʭʦʤʘ ʯʘʩʪʠʥʘ ʩʝʨʝʜʥʴʦʾ 

ʩʪʽʥʢʠ; 10 ï ʨʝʛʫʣʷʪʦʨ ʟʤʽʥʠ ʢʫʪʘ ʥʘʭʠʣʫ ʟʘʜʥʴʦʾ ʨʫʭʦʤʦʾ ʩʪʽʥʢʠ;                

11 ï ʟʘʜʥʷ ʩʪʽʥʢʘ; 12 ï ʣʦʪʦʢ ʽʥʪʝʥʩʠʬʽʢʘʪʦʨ; 13 ï ʞʠʚʣʷʯʠʡ ʫʩʪʨʽʡ;   

14 ï ʙʫʥʢʝʨ; 15 ï ʨʝʰʝʪʦ ʮʠʣʽʥʜʨʠʯʥʝ. 

ʈʠʩ. 3. ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʧʝʨʝʪʠʥʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʫ ʇʈʉ. 

 

ʇʦʚʽʪʨʷʥʠʡ ʧʦʪʽʢ, ʱʦ ʥʘʧʨʘʚʣʝʥʠʡ ʫ ʞʠʚʣʷʯʫ ʩʢʣʘʜʦʚʫ 

ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʴʥʠʢʘ, ʧʨʦʭʦʜʠʪʴ ʤʽʞ ʟʘʜʥʴʦʶ ʨʫʭʦʤʦʶ ʩʪʽʥʢʦʶ 7, 

ʩʝʨʝʜʥʴʦʶ ʨʫʭʦʤʦʶ ʩʪʽʥʢʦʶ 4 ʪʘ ʾʾ ʥʝʨʫʭʦʤʦʶ ʯʘʩʪʠʥʦʶ 9 ʪʘ ʢʨʽʟʴ 

ʣʦʪʦʢ-ʽʥʪʝʥʩʠʬʽʢʘʪʦʨ 12. ɿʘ ʨʘʭʫʥʦʢ ʨʝʛʫʣʷʪʦʨʘ ʟʤʽʥʠ ʢʫʪʘ ʥʘʭʠʣʫ 6 

ʩʝʨʝʜʥʴʦʾ ʨʫʭʦʤʦʾ ʩʪʽʥʢʠ 4, ʘ ʪʘʢʦʞ ʟʘ ʨʘʭʫʥʦʢ ʨʝʛʫʣʷʪʦʨʘ ʟʤʽʥʠ ʢʫʪʘ 

ʥʘʭʠʣʫ 10 ʟʘʜʥʴʦʾ  ʨʫʭʦʤʦʾ ʩʪʽʥʢʠ 7, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʽʥʠʪʠ ʢʦʝʬʽʮʽʻʥʪ 

ʞʠʚʦʛʦ ʧʝʨʝʪʠʥʫ ʣʦʪʢʘ-ʽʥʪʝʥʩʠʬʽʢʘʪʦʨʘ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʧʣʠʚʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʣʦʪʦʢ-ʽʥʪʝʥʩʠʬʽʢʘʪʦʨ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʥʘ 

ʚʦʨʦʭ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʥʴʦʤʫ. 



ʇʨʘʮʽ ʊɼɸʊʋ                                               40                                        ɺʠʧ. 20, ʊ. 2 

 

 

 
1 ï ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʴʥʠʢ; 2 ï ʩʪʽʥʢʘ ʟʘʜʥʷ ʨʫʭʦʤʘ; 3 ï ʩʪʽʥʢʘ ʟʘʜʥʷ;              

4 ï ʣʦʪʦʢ-ʽʥʪʝʥʩʠʬʽʢʘʪʦʨ; 5 ï ʙʫʥʢʝʨ; 6 ï ʟʘʩʣʽʥʢʘ; 7 ï ʮʠʣʽʥʜʨʠʯʥʝ 

ʨʝʰʝʪʦ; 8 ï ʩʪʽʥʢʘ ʩʝʨʝʜʥʷ ʥʝʨʫʭʦʤʘ; 9 ï ʞʘʣʶʟʽ; 10 ï ʩʪʽʥʢʘ ʩʝʨʝʜʥʷ 

ʨʫʭʦʤʘ; Ŭ ï ʢʫʪ ʥʘʭʠʣʫ ʣʦʪʢʘ-ʽʥʪʝʥʩʠʬʽʢʘʪʦʨʘ ʚʽʜʥʦʩʥʦ ʛʦʨʠʟʦʥʪʘʣʽ;           

ɓ ï ʢʫʪ ʥʘʭʠʣʫ ʟʘʜʥʴʦʾ ʨʫʭʦʤʦʾ ʩʪʽʥʢʠ; ɔ1,  ɔ2 ï ʢʫʪʠ ʥʘʭʠʣʫ ʩʝʨʝʜʥʴʦʾ 

ʨʫʭʦʤʦʾ ʩʪʽʥʢʠ ʜʦ ʥʝʨʫʭʦʤʦʾ. 

ʈʠʩ. 4. ʉʭʝʤʘ ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʇʈʉ. 

 

ʄʝʪʦʜʠʢʦʶ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ ʦʙʣʘʩʪʽ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʞʘʣʶʟʽʡʥʦʛʦ 

ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʴʥʠʢʘ ʟʘ ʨʘʭʫʥʦʢ (ʈʠʩ. 4): 

- ʧʦʜʘʯʽ ʥʘʩʽʥʥʻʚʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʧʨʠʚʝʜʝʥʘ ʪʦʚʱʠʥʘ ʰʘʨʫ 

ʥʘʩʽʥʥʷ ʥʘʜ ʣʦʪʢʦʤ-ʽʥʪʝʥʩʠʬʽʢʘʪʦʨʦʤ, h, ʤʤ., ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ 

ʟʘʩʣʽʥʢʦʶ ʚʝʣʠʯʠʥʠ ʨʦʙʦʯʦʾ ʱʽʣʠʥʠ b ʤʤ);  

- ʧʦʜʘʯʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ (ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʚʝʥʪʠʣʷʪʦʨʘ) 
300-700 ʦʙ.ʭʚ

-1
; 

- ʢʫʪʘ ʥʘʭʠʣʫ ʩʝʨʝʜʥʴʦʾ ʨʫʭʦʤʦʾ ʩʪʽʥʢʠ ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʴʥʦʛʦ 

ʧʨʠʩʪʨʦʶ g=+16,32̄ ; - 18,15̄ ; 

- ʢʫʪʘ ʥʘʭʠʣʫ ʨʫʭʦʤʦʾ ʞʘʣʶʟʽ ʜʦ ʥʝʨʫʭʦʤʦʾ a=0-35̄ . 

ɿʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʥʘʭʠʣʫ ʩʝʨʝʜʥʴʦʾ ʨʫʭʦʤʦʾ ʩʪʽʥʢʠ, 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʧʣʠʚʫ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʣʦʪʦʢ-

ʽʥʪʝʥʩʠʬʽʢʘʪʦʨ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʥʘ ʚʦʨʦʭ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʥʴʦʤʫ. 

ɺʽʜʥʦʩʥʦ ʥʫʣʴʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚʽʥ ʩʪʘʥʦʚʠʪʴ: ʜʦ ʟʘʜʥʴʦʾ 

ʥʝʨʫʭʦʤʦʾ ʩʪʽʥʢʠ ɔ1=16,32ę; ʜʦ ʧʝʨʝʜʥʴʦʾ ʩʪʽʥʢʠ ɔ2=18,15ę. 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʩʪʘʥʦʚʣʶʻʤʦ ʧʝʚʥʫ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʧʽʜʛʦʪʦʚʢʠ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ 

ʥʘʩʪʫʧʥʦʤʫ: 

- ʧʨʦʚʝʜʝʥʥʽ ʦʙʢʘʪʢʠ ʣʘʙʦʨʘʪʦʨʥʦ-ʚʠʨʦʙʥʠʯʦʛʦ ʩʪʝʥʜʫ ʚ 

ʭʦʣʦʩʪʦʤʫ ʪʘ ʨʦʙʦʯʦʤʫ ʨʝʞʠʤʘʭ ʟ ʢʦʥʪʨʦʣʝʤ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ; 
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- ʧʨʦʚʝʜʝʥʥʽ ʥʘʣʘʛʦʜʞʝʥʥʷ ʽ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʽ 
ʜʦʧʦʤʽʞʥʠʭ ʫʩʪʨʦʾʚ; 

- ʧʽʜʛʦʪʦʚʮʽ ʜʦ ʨʦʙʦʪʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; 

- ʚʩʪʘʥʦʚʣʝʥʥʽ ʢʫʪʘ ʥʘʭʠʣʫ ʩʝʨʝʜʥʴʦʾ ʨʫʭʦʤʦʾ ʩʪʽʥʢʠ; 

- ʚʠʙʽʨ ʯʘʩʫ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʫ ʪʘ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʤʝʪʦʜʠʢʠ 
ʜʦʩʣʽʜʞʝʥʴ; 

- ʚʠʟʥʘʯʝʥʥʶ ʯʘʩʫ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ; 
- ʚʠʟʥʘʯʝʥʥʶ ʜʽʘʧʘʟʦʥʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʘʢʪʦʨʽʚ. 

ʗʢʽʩʪʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʧʥʝʚʤʦʨʝʰʽʪʥʦʛʦ 

ʩʝʧʘʨʘʪʦʨʘ ʚʠʟʥʘʯʘʻʤʦ ʥʘʩʪʫʧʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ [12, 13]: 

- ʧʦʚʥʦʪʘ ʚʠʜʽʣʝʥʥʷ ʩʤʽʪʪʻʚʠʭ ʜʦʤʽʰʦʢ; 

- ʚʪʨʘʪʘ ʧʦʚʥʦʮʽʥʥʦʛʦ ʥʘʩʽʥʥʷ. 

ɺʠʟʥʘʯʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʦʚʦʜʠʣʠ ʧʦ ʥʘʩʪʫʧʥʠʤ ʧʦʢʘʟʥʠʢʘʤ: 

1. ʇʠʪʦʤʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ q, ʪ.ʛʦʜ.ʜʤ
-1
 

ή  
˜̒

 Ͻȟ
                                                     (1) 

ʜʝ ̒̃  
˙̅

 - ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʇʈʉ; 

˙̅  ʤʘʩʘ ʤʘʪʝʨʽʘʣʫ ʦʙʨʦʙʣʝʥʦʛʦ ʟʘ ʜʦʩʣʽʜ, ʢʛ; 

ὸ  ʯʘʩ ʚʟʷʪʪʷ ʧʨʦʙʠ, ʩ; 

Ὓ  hʠʨʠʥʘ ʨʝʰʝʪʘ, ʜʤ. 

2. ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʝʥʝʨʛʽʾ ὔ̐, ʢɺʪ.ʛʦʜ.ʪ-1
 

ὔ̐  
 Ͻ

 Ͻ
                                               (2) 

ʜʝ   ὗ   ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ, ʤ3
/ʩ; 

  ὖ  ʧʦʚʥʠʡ ʪʠʩʢ ʧʦʚʽʪʨʷ ʫ ʧʦʚʽʪʨʦʧʽʜʚʽʜʥʦʤʫ ʢʘʥʘʣʽ, ʇʘ; 

  Ὃ  ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ, ʪ.ʛʦʜ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 

ʦʪʨʠʤʘʥʽ ʜʦʩʣʽʜʥʽ ʜʘʥʽ ʦʙʨʦʙʣʷʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʠʭ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ: 

1. ʇʦʚʥʠʡ ʪʠʩʢ ὖ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 

 ὖ  ̱  Ͻ‖ Ͻ ̃  ̐Ͻ ‚̓, ʇʘ                                   (3) 
 

2. ʉʪʘʪʠʯʥʠʡ ʪʠʩʢ ὖ̒ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 

 ὖ̒  ̱  Ͻ̋ Ͻ ̃  ̐Ͻ ‚̓, ʇʘ                                   (4) 
 

3. ɼʠʥʘʤʽʯʥʠʡ ʪʠʩʢ ὖ̅ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ 

ὖʜ ὖ  ὖ̒ȟ ʇʘ,                                            (5) 
 

ʜʝ ̱ẖ̌  ʧʦʢʘʟʥʠʢʠ ʰʢʘʣʠ ʤʽʢʨʦʤʘʥʦʤʝʪʨʽʚ ʜʣʷ ʟʘʤʽʨʽʚ, 

ʚʽʜʧʦʚʽʜʥʦ ʧʦʚʥʦʛʦ ʽ ʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ; 

‖  ʢʦʝʬʽʮʽʻʥʪ ʪʘʨʠʨʦʚʢʠ ʰʢʘʣʠ, ‖  ÓÉÎ Ͻ ”̒ 

ʜʝ a - ʢʫʪ ʥʘʭʠʣʫ ʪʨʫʙʢʠ ʤʽʢʨʦʤʘʥʦʤʝʪʨʘ, ʛʨʘʜ; 



ʇʨʘʮʽ ʊɼɸʊʋ                                               42                                        ɺʠʧ. 20, ʊ. 2 

 

 

”̒  ɦʽʣʴʥʽʩʪʴ ʩʧʠʨʪʫ, ʢʛ/ʤ3
; 

˜̐  ʧʦʧʨʘʚʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʩʣʫʞʠʪʴ ʜʣʷ 

ʧʨʠʚʝʜʝʥʥʷ ʧʦʚʽʪʨʷ ʜʦ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ (ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ            

ʊ = 293 ʂ, ʙʘʨʦʤʝʪʨʠʯʥʦʤʫ ʪʠʩʢʫ ɺ0 = 0,101 ʄʇʘ ʽ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ 

j0  = 0,5); 

˜̐  ʧʦʧʨʘʚʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʥʘ ʧʠʪʦʤʫ ʤʘʩʫ ʩʧʠʨʪʫ; 

r - ʱʽʣʴʥʽʩʪʴ ʧʦʚʽʪʨʷ, ʢʛ/ʤ
3
; 

‚̓  ʪʘʨʽʨʦʚʘʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʨʫʙʢʠ. 
 

4. ʐʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ὠ ʫ ʚʠʨʽʚʥʶʶʯʦʤʫ ʢʘʥʘʣʽ 

ὠ ρȟςωʈʜ , ʤʩ
-1
                                       (6) 

 

5. ɺʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ὗ 

ὗ ὠϽὊ , ʤ
3
ʩ

-1
                                          (7) 

 

ʜʝ Ὂ  ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʠʨʽʚʥʶʶʯʦʛʦ ʢʘʥʘʣʫ, ʤ2
. 

 

6. ʐʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ὠ̕ 

 ὠ̕  
̃
 , ʤʩ-1

                                            (8) 

 

ʜʝ Ὂ̃  ʧʣʦʱʘ ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʴʥʦʾ ʧʝʨʝʛʦʨʦʜʢʠ, ʤ2
. 

 

7. ʉʝʨʝʜʥʶ ʚʝʣʠʯʠʥʫ ʧʦʚʥʦʛʦ ʪʠʩʢʫ ʈ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ 

ὖʩʨ  ὖʜȟʩʨ  ὖȟʩʨ ȟ ʇʘ                                    (9) 
 

ʜʝ ὖ̅ȟ Ƞὖȟ - ʜʠʥʘʤʽʯʥʠʡ ʪʘ ʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʚ ʦʢʨʝʤʠʭ ʪʦʯʢʘʭ, ʇʘ; 
 

8. ɺʝʣʠʯʠʥʫ ʧʠʪʦʤʦʾ  ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ Nʧ  ʧʦ ʬʦʨʤʫʣʽ 

ὔ̐   ὔ  ὔ , ʢɺʪÖʛʦʜ/ʪ,                          (10) 

ʜʝ   ὔ  
 Ͻ

 Ͻ
 ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʝʥʝʨʛʽʾ ʥʘ ʧʨʠʚʦʜ 

ʚʝʥʪʠʣʷʪʦʨʘ, ʢɺʪ.ʛʦʜ/ʪ; 

ὔ  ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʝʥʝʨʛʽʾ ʥʘ ʧʨʠʚʦʜ ʮʠʣʽʥʜʨʠʯʥʦʛʦ 

ʨʝʰʝʪʘ ʽ ʦʯʠʩʥʦʾ ʱʽʪʢʠ. 

ὔ πȟπςυȣπȟπςψ ̋ˏϽ̓̄ ̏Ͻ̅̓  
 

ʄʝʪʦʜʠʢʘ ʦʙʨʦʙʢʠ ʜʦʩʣʽʜʥʠʭ ʜʘʥʠʭ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʛʨʘʤʥʠʭ ʧʘʢʝʪʽʚ ñMATLAB 6,5ò, ñMicrosoft Office Excel 2007ò, 

Statistica 8.0.,  Microsoft Visual Studio 2012 ʥʘ ʤʦʚʽ ʉ++. 

ɺʠʩʥʦʚʦʢ. ʈʦʟʨʦʙʣʝʥʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʧʨʦʛʨʘʤʫ ʪʘ ʤʝʪʦʜʠʢʫ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʞʘʣʶʟʽʡʥʦʛʦ 

ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʴʥʠʢʘ ʇʈʉ ʆʉʉ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʷʢʦʩʪʽ ʡʦʛʦ ʨʦʙʦʪʠ. 

ʊʘʢ, ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʫ ʚʝʥʪʠʣʷʪʦʨʘ ʩʢʣʘʜʘʻ 300-700 

ʦʙ.ʭʚ
-1
, ʢʫʪ ʥʘʭʠʣʫ ʨʫʭʦʤʦʾ ʞʘʣʶʟʽ ʜʦ ʥʝʨʫʭʦʤʦʾ 0-35̄, ʢʫʪ ʚʽʜʭʠʣʝʥʥʷ 

ʩʪʽʥʢʠ ʩʝʨʝʜʥʴʦʾ ʨʫʭʦʤʦʾ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʩʪʽʥʢʠ ʩʝʨʝʜʥʴʦʾ ʥʝʨʫʭʦʤʦʾ (-

16) ï (+16)̄, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʧʨʦʚʝʜʝʥʥʷ ʦʜʥʦʬʘʢʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 



ʇʨʘʮʽ ʊɼɸʊʋ                                               43                                        ɺʠʧ. 20, ʊ. 2 

 

 

ʪʘ ʚʠʟʥʘʯʠʪʴ ʨʘʮʽʦʥʘʣʴʥʽ ʜʽʘʧʘʟʦʥʠ ʚʘʨʽʶʚʘʥʥʷ 3-ʭ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ 

ʜʣʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. 
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ʄɽʊʆɼʀʏʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʃɸɹʆʈɸʊʆʈʅʆ-

ɺʀʈʆɹʅʀʏʀʍ ɼʆʉʃɯɼɾɽʅʔ ʇʅɽɺʄʆʈɽʐɯʊʅʆɻʆ 

ʉɽʇɸʈɸʊʆʈɸ ʆʃɯʁʅʆɰ ʉʀʈʆɺʀʅʀ ʉʆʅʗʐʅʀʂʋ  

ʄʠʭʘʡʣʦʚ ɭ. ɺ., ɿʘʜʦʩʥʘ ʅ. ʆ., ɸʬʘʥʘʩʴʻʚ ʆ. ʆ. 
 

ɸʥʦʪʘʮʽʷ 

ʋ ʟʚ'ʷʟʢʫ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʫ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʧʥʝʚʤʦʨʝʰʽʪʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʦʣʽʡʥʦʾ ʩʠʨʦʚʠʥʠ ʩʦʥʷʰʥʠʢʫ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʟ 

ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʡʦʛʦ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʣʝʥʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʧʨʦʛʨʘʤʫ ʪʘ ʤʝʪʦʜʠʢʫ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʞʘʣʶʟʽʡʥʦʛʦ ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʴʥʠʢʘ ʇʈʉ ʆʉʉ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʷʢʦʩʪʽ ʡʦʛʦ ʨʦʙʦʪʠ. ʊʘʢ, ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʫ 

ʚʝʥʪʠʣʷʪʦʨʘ ʩʢʣʘʜʘʻ 300-700 ʦʙ.ʭʚ
-1
, ʢʫʪ ʥʘʭʠʣʫ ʨʫʭʦʤʦʾ ʞʘʣʶʟʽ ʜʦ ʥʝʨʫʭʦʤʦʾ 0-

35̄, ʢʫʪ ʚʽʜʭʠʣʝʥʥʷ ʩʪʽʥʢʠ ʩʝʨʝʜʥʴʦʾ ʨʫʭʦʤʦʾ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʩʪʽʥʢʠ ʩʝʨʝʜʥʴʦʾ 

ʥʝʨʫʭʦʤʦʾ (-16) ï (+16)̄, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʧʨʦʚʝʜʝʥʥʷ ʦʜʥʦʬʘʢʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʪʘ ʚʠʟʥʘʯʠʪʴ ʨʘʮʽʦʥʘʣʴʥʽ ʜʽʘʧʘʟʦʥʠ ʚʘʨʽʶʚʘʥʥʷ 3-ʭ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ ʜʣʷ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʣʽʡʥʘ ʩʠʨʦʚʠʥʘ ʩʦʥʷʰʥʠʢʫ, ʧʥʝʚʤʦʨʝʰʽʪʥʠʡ ʩʝʧʘʨʘʪʦʨ, 

ʞʘʣʶʟʽʡʥʠʡ ʧʦʚʽʪʨʦʨʦʟʧʦʜʽʣʴʥʠʢ,  ʧʘʨʘʤʝʪʨʠ ʪʘ ʨʝʞʠʤʠ. 

 

ʄɽʊʆɼʀʏɽʉʂʆɽ ʆɹɽʉʇɽʏɽʅʀɽ ʃɸɹʆʈɸʊʆʈʅʆ-

ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ʇʅɽɺʄʆʈɽʐɽʊʅʆɻʆ ʉɽʇɸʈɸʊʆʈɸ ʄɸʉʃʀʏʅʆɻʆ ʉʓʈʔʗ 

ʇʆɼʉʆʃʅɽʏʅʀʂɸ 

ʄʠʭʘʡʣʦʚ ɽ. ɺ., ɿʘʜʦʩʥʘʷ ʅ. ɸ., ɸʬʘʥʘʩʴʝʚ ʆ. ʆ. 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʚʷʟʠ ʩ ʚʥʝʜʨʝʥʠʝʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʧʥʝʚʤʦʨʝʰʝʪʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ (ʇʈʉ) ʤʘʩʣʠʯʥʦʛʦ ʩʳʨʴʷ ʧʦʜʩʦʣʥʝʯʥʠʢʘ (ʄʉʇ) 

ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʩ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʝʛʦ ʨʘʙʦʪʳ. 

ʈʘʟʨʘʙʦʪʘʥʦ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʦʛʨʘʤʤʘ ʠ ʤʝʪʦʜʠʢʘ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʞʘʣʶʟʠʡʥʦʛʦ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʇʈʉ ʄʉʇ ʩ 

ʫʯʝʪʦʤ ʢʘʯʝʩʪʚʘ ʝʛʦ ʨʘʙʦʪʳ. ʊʘʢ, ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʚʝʥʪʠʣʷʪʦʨʘ 

ʩʦʩʪʘʚʣʷʝʪ 300-700 ʦʙ.ʤʠʥ
-1
, ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʦʜʚʠʞʥʦʡ ʞʘʣʶʟʠ ʢ ʥʝʧʦʜʚʠʞʥʦʡ 0-

35̄, ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʩʪʝʥʢʠ ʩʨʝʜʥʝʡ ʧʦʜʚʠʞʥʦʡ ʦʪ ʧʦʣʦʞʝʥʠʷ ʩʪʝʥʢʠ ʩʨʝʜʥʝʡ 

ʥʝʧʦʜʚʠʞʥʦʡ (-16) ï (+16)̄, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʧʨʦʚʝʜʝʥʠʝ ʦʜʥʦʬʘʢʪʦʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʧʨʝʜʝʣʠʪ ʦʧʪʠʤʘʣʴʥʳʝ ʜʠʘʧʘʟʦʥʳ ʚʘʨʴʠʨʦʚʘʥʠʷ 3-ʭ ʦʩʥʦʚʥʳʭ 

ʬʘʢʪʦʨʦʚ ʜʣʷ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʩʣʠʯʥʦʝ ʩʳʨʴʝ ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʧʥʝʚʤʦʨʝʰʝʪʥʳʡ 

ʩʝʧʘʨʘʪʦʨ, ʞʘʣʶʟʠʡʥʳʡ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴ, ʧʘʨʘʤʝʪʨʳ ʠ ʨʝʞʠʤʳ.  
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METHODOLOGICAL SUPPORT OF  

LABORATORY AND PRODUCTION RESEARCHES OF DIGITAL 

SEPARATOR OF OILED RAIL SUNFLOWER  

E. Mikhailov, N. Zadosna, O. Afanasyev  
 

Summary 

Production of oilseeds is one of the main activities of Ukrainian agriculture. In 

recent years, the country has seen a tendency to increase production of sunflower seeds. 

In the 2018/19 marketing year 14,5 million tons were obtained and the sunflower yield 

was over 23 c/ha. This economic situation requires an objective assessment of 

developments in the industry and efficiency in the new business environment. Most 

sunflower oil (OS) is processed at specialized presses and extraction plants. An 

important indicator of the technological quality of seeds is the content of impurities in 

it. An important indicator of the technological quality of seeds is the content of 

impurities in it. Raw material impurities are divided into garbage and oil. It has been 

determined that in the last 20-30 years, due to the cultivation of new varieties of 

sunflower, the change of the harvesting time, the use of modern harvesting equipment 

of domestic and foreign production, the physical-mechanical and aerodynamic 

properties of the OS have changed, and this requires improvement of the technical 

means for its processing. Modern post-harvest processing technology should ensure the 

application of the most intensive methods of post-harvest OS processing at all 

technological stages, especially during cleaning. 
In connection with the introduction into the production process of an 

experimental pneumatic sieve separator (PS) of oilseeds of sunflower, there is a 

problem with the methodological support of research of the working bodies and the 

technological process of its operation. 

The equipment, program and methodology for establishing the parameters and 

operating modes of the louver air distributor of the PRS OS was developed taking into 

account the quality of its work. So, the range of the rotor speed of the fan rotor is 300-

700 rp.m
-1

, the angle of inclination of the movable blinds to the fixed 0-35̄ , the angle of 

deviation of the wall of the middle movable from the position of the wall of the middle 

fixed (-16) ï (+16)̄ , which will provide one-factor studies and determine the optimal 

ranges of variation of the 3 main factors for a multivariate experiment. 

Key words: sunflower oil, pneumatic separator, louver air diffuser, parameters 

and modes. 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʂʦʥʮʝʧʮʽʷ çɿʈʋʏʅɸ ɰɾɸè [1] ʥʘʜʘʻ 

ʩʧʨʦʱʝʥʥʷ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʭʘʨʯʫʚʘʥʥʶ ʧʨʠ ʦʩʦʙʣʠʚʽʡ ʫʚʘʟʽ ʜʦ 

ʟʙʝʨʝʞʝʥʥʷ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ ʩʠʨʦʚʠʥʠ ï ʟʘʣʫʯʝʥʥʷ ʤʽʥʽʤʫʤʫ ʯʘʩʫ, 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ. ɸʣʝ ʤʘʻ ʤʽʩʮʝ ʩʪʨʠʤʘʥʘ 

ʜʦʚʽʨʘ ʜʦ ʬʨʫʢʪʦʚʦ-ʦʚʦʯʝʚʦʾ ʩʠʨʦʚʠʥʽ ʪʘ ʚʠʨʦʙʘʤ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʌʨʫʢʪʦʚʦ-ʦʚʦʯʝʚʫ ʩʠʨʦʚʠʥʫ ʤʦʞʥʘ 

ʟʙʝʨʽʛʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʟʘʩʦʙʘʤʠ [2-6], ʘʣʝ ʣʠʰʝ ʧʝʚʥʠʡ ʯʘʩ ï ʯʠʤ 

ʙʽʣʴʰʝ ʚʤʽʩʪ ʚʦʣʦʛʠ, ʪʠʤ ʟʤʦʨʱʫʚʘʥʥʷ ʪʘ ʛʥʠʪʪʷ ʧʦʯʠʥʘʻʪʴʩʷ 

ʰʚʠʜʰʝ, ʘ ʭʘʨʯʦʚʘ ʮʽʥʥʽʩʪʴ ʩʪʨʽʤʢʦ ʩʢʦʨʦʯʫʻʪʴʩʷ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ (ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ). ʄʘʡʞʝ 

ʢʦʞʥʦʛʦ ʩʧʦʞʠʚʘʯʘ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʤʝʪʘʣʝʚʽ, ʩʢʣʷʥʽ ʘʙʦ ʧʦʣʽʤʝʨʥʽ 

ʙʘʥʢʠ/ʧʣʷʰʢʠ/ʪʝʪʨʘʧʘʢʠ ʪʘ ʜʦ ʥʠʭ ʙʝʟʣʽʯ ʢʨʠʰʦʢ ʽ ʢʦʚʧʘʯʢʽʚ [7-9]. 

ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʟʨʫʯʥʽʩʪʴ ʪʘ ʟʦʚʥʽʰʥʷ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʪʘʨʠ ʱʝ ʥʝ ʻ 

ʟʘʧʦʨʫʢʦʶ ʢʦʤʝʨʮʽʡʥʦʛʦ ʫʩʧʽʭʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʽʨʠ ʫ ʩʧʦʞʠʚʘʯʘ. 

ɺʠʥʠʢʘʻ ʥʝʧʨʦʩʪʘ ʜʠʣʝʤʘ ʦʮʽʥʢʠ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʜʽʷʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ 

ʧʽʜʛʦʪʦʚʢʫ ʪʘ ʧʝʨʝʨʦʙʢʫ ʩʠʨʦʚʠʥʠ, ʢʦʥʩʝʨʚʫʚʘʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ, ʧʽʜʛʦʪʦʚʢʫ ʪʘ ʚʞʠʚʘʥʥʷ ʧʨʦʜʫʢʪʫ/ʚʠʨʦʙʫ. ʄʦʞʣʠʚʦ, 

ʚʨʘʭʦʚʫʶʯʠ  ʟʤʽʥʫ ʚʽʜʥʦʰʝʥʥʷ ʩʧʦʞʠʚʘʯʘ ʜʦ ʾʞʽ, ʜʦʮʽʣʴʥʦ 

ʧʝʨʝʛʣʷʥʫʪʠ ʩʪʘʚʣʝʥʥʷ ʜʦ ʢʦʥʩʝʨʚʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʙʘʣʘʭ 1 

(ʜʦʙʨʝ)é5 (ʧʦʛʘʥʦ) ï ʽʟ ʧʨʽʦʨʠʪʝʪʦʤ ʟʘ ʘʩʧʝʢʪʦʤ çɿɸʃʀʐʆʂ 

ʍɸʈʏʆɺʆɰ ʎɯʅʅʆʉʊɯè: 
 

ʧ/ʧ ɸʩʧʝʢʪʠ ʉʫʪʥʽʩʪʴ 

1 ɿɸʃʀʐʆʂ ɺʤʽʩʪ ʚʽʪʘʤʽʥʽ ʪʘ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ é 

2 ʉʄɸʂ ʅʘʙʣʠʞʝʥʥʷ ʜʦ ʧʝʨʚʠʥʥʦʾ ʩʠʨʦʚʠʥʠ 

3 ʊʈʀɺɸʃɯʉʊʔ ʊʝʨʤʽʥ ʫʪʨʠʤʘʥʥʷ ʚ ʤʝʞʘʭ é 

4 ʂʆʅʉɽʈɺɸʅʊ ɿʘʣʫʯʝʥʥʷ ʩʪʦʨʦʥʥʽʭ ʩʢʣʘʜʦʚʠʭ  

5 ʇɯɼɻʆʊʆɺʂɸ ɼʦʩʪʘʚʢʘ, ʤʠʪʪʷ, ʦʯʠʩʪʢʘ, ʥʘʨʽʟʢʘ, ʚʠʢʣʘʜʘʥʥʷ 

6 ʇɽʈɽʈʆɹʂɸ ɽʥʝʨʛʦʻʤʥʽʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ, ʪʨʠʚʘʣʽʩʪʴ  

7 ʇɸʂʋɺɸʅʅʗ ɺʠʨʦʙʥʠʮʪʚʦ, ʬʘʩʫʚʘʥʥʷ ʪʘ ʫʪʠʣʽʟʘʮʽʷ ʪʘʨʠ 

                                                 
É ʅʘʫʤʝʥʢʦ ʆ. ʇ., ʅʘʫʤʝʥʢʦ ʄ. ʆ., ʅʘʫʤʝʥʢʦ ʆ. ʆ. 
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8 ɿɹɽʈɯɻɸʅʅʗ ʋʤʦʚʠ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʧʨʠ ʫʪʨʠʤʘʥʥʽ 

9 ɻʆʊʋɺɸʅʅʗ ʇʦʪʨʝʙʘ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʝʜ ʚʞʠʚʘʥʥʷʤ  

10 ʆɹʄɽɾɽʅʅʗ ʋʤʦʚʠ ʨʝʘʣʽʟʘʮʽʾ, ʫʪʨʠʤʘʥʥʷ ʪʘ ʰʢʦʜʘ 
 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʧʨʦʜʫʢʪʘʤʠ, ʷʢʽ ʟʜʘʪʥʽ ʥʘʜʘʚʘʪʠ ʩʧʨʦʤʦʞʥʽʩʪʴ ʦʨʛʘʥʽʟʤʫ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʚ ʫʤʦʚʘʭ ʚʩʝ ʙʽʣʴʰ ʰʢʽʜʣʠʚʦʾ ʜʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʚʚʘʞʘʶʪʴ ʭʘʨʯʦʚʽ ʚʠʨʦʙʠ ʥʘ ʬʨʫʢʪʦʚʦ-ʦʚʦʯʝʚʽʡ ʦʩʥʦʚʽ [8]. 

ʉʘʤʝ ʟʘʣʠʰʦʢ ʫ ʚʠʨʦʙʽ ʧʽʩʣʷ ʟʙʠʨʘʥʥʷ, ʧʝʨʝʨʦʙʢʠ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, 

ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʛʦʪʫʚʘʥʥʷ ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ, ʚʽʪʘʤʽʥʽʚ, ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, 

ʘʥʪʠʦʢʩʠʜʘʥʪʽʚé ʚʠʟʥʘʯʘʻ ʭʘʨʯʦʚʫ ʮʽʥʥʽʩʪʴ ʩʠʨʦʚʠʥʠ/ʧʨʦʜʫʢʪʽʚ, ʘ, 

ʚʽʜʧʦʚʽʜʥʦ, ʜʦʮʽʣʴʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʚʞʠʚʘʥʥʷ.      

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʟʘʩʦʙʘʤʠ ʪʨʠʚʘʣʦʛʦ ʫʪʨʠʤʘʥʥʷ ʭʘʨʯʦʚʦʾ 

ʮʽʥʥʦʩʪʽ ʬʨʫʢʪʦʚʦ-ʦʚʦʯʝʚʽʡ ʩʠʨʦʚʠʥʠ/ʧʨʦʜʫʢʪʽʚ ʚʚʘʞʘʶʪʴ çʭʦʣʦʜʥʝè ʪʘ 

çʛʘʨʷʯʝè ʢʦʥʩʝʨʚʫʚʘʥʥʷ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʦʥʩʝʨʚʘʥʪʽʚ [10-

12]. ɺʩʝ ʙʽʣʴʰʝ ʨʝʩʫʨʩʽʚ ʚʢʣʘʜʘʻʪʴʩʷ ʫ ʜʦʩʷʛʥʝʥʥʷ ʙʽʣʴʰ ʧʦʚʥʦʛʦ 

ʟʥʠʱʝʥʥʷ ʤʽʢʨʦʬʣʦʨʠ, ʧʨʠʧʠʥʝʥʥʷ ʙʽʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʽʟʦʣʶʚʘʥʥʷ 

ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʤʝʪʦʶ ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʧʨʠʜʘʪʥʦʩʪʽ. 

ɸʣʝ ʧʣʘʪʦʶ ʟʘ ʮʝ ʥʝ ʪʽʣʴʢʠ ʚʪʨʘʪʘ ʨʝʩʫʨʩʽʚ, ʩʤʘʢʫ, ʦʨʛʘʥʦʣʝʧʪʠʢʠ, 

ʘʨʦʤʘʪʫé ɿʚʦʨʦʪʥʽʡ ʙʽʢ ʪʨʠʚʘʣʦʛʦ ʪʝʨʤʽʥʫ ʧʨʠʜʘʪʥʦʩʪʽ ï ʥʘʩʪʽʣʴʢʠ 

ʟʥʘʯʥʘ ʚʪʨʘʪʘ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ, ʧʦʯʠʥʘʶʯʠ ʥʘʚʽʪʴ ʟ ʩʪʘʜʽʾ ʟʙʠʨʘʥʥʷ ʪʘ 

ʧʝʨʝʨʦʙʢʠ, ʱʦ ʧʦʜʘʣʴʰʝ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʛʦʪʫʚʘʥʥʷ ʤʦʞʝ ʩʪʘʪʠ ʚʟʘʛʘʣʽ 

ʥʝʜʦʮʽʣʴʥʠʤ, ʘ ʚʞʠʚʘʥʥʷ ʰʢʽʜʣʠʚʠʤ. ʍʦʯʘ ʟʦʚʥʽ ʩʠʨʦʚʠʥʘ/ʧʨʦʜʫʢʪʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʥʝ ʪʽʣʴʢʠ ʧʨʠʡʥʷʪʥʠʤʠ, ʘ ʡ ʜʦʚʦʣʽ ʧʨʠʚʘʙʣʠʚʠʤʠ. 

ɼʦ ʪʦʛʦ ʞ, ʧʣʦʜʠ ʤʽʩʪʷʪʴ ʚʦʜʠ 80é90 %, ʨʝʯʦʚʠʥ ʨʦʟʯʠʥʝʥʠʭ 

(ʮʫʢʦʨ, ʢʠʩʣʦʪʠé) 8é15 % ʪʘ ʥʝʨʦʟʯʠʥʝʥʠʭ (ʫ ʢʣʽʪʠʥʥʠʭ ʩʪʽʥʢʘʭ 

ʤôʷʢʦʪʽ) 2é4 % - ʩʘʤʝ ʷʢʽ ʡ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʽʟʽʦʣʦʛʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴ 

ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ. ʊʦʙʪʦ, ʧʨʠ ʚʞʠʚʘʥʥʽ 1 ʢʛ ʬʨʫʢʪʦʚʦ-ʦʚʦʯʝʚʦʾ ʤʘʩʠ 

ʭʘʨʯʦʚʫ ʮʽʥʥʽʩʪʴ ʧʦʪʝʥʮʽʡʥʦ ʤʽʩʪʠʪʴ ʣʠʰʝ 20é40 ʛ ʤôʷʢʦʪʽ, ʱʦ, 

ʦʩʦʙʣʠʚʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʪʨʘʪ ʢʦʥʩʝʨʚʫʚʘʥʥʷ, ʥʘ ʜʘʥʦʤʫ 

ʨʽʚʥʽ ʨʦʟʚʠʪʢʫ ʣʶʜʩʪʚʘ ʚʠʛʣʷʜʘʻ ʷʢ ʥʝʧʦʚʘʛʘ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ. 

ɿʘ ʥʝʛʘʪʠʚʥʠʤʠ ʙʘʣʘʤʠ ʜʦ ʘʩʧʝʢʪʽʚ ʧʦʰʠʨʝʥʽ ʟʘʩʦʙʠ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

ʤʘʨʠʥʫʚʘʥʥʷ; ʚʠʩʫʰʫʚʘʥʥʷ; ʟʘʤʦʨʦʞʝʥʥʷ; ʧʝʨʝʪʠʨʘʥʥʷ; ʢʚʘʰʝʥʥʷ. 

1. ʄʘʨʠʥʫʚʘʥʥʷ çʛʘʨʷʯʝè ï 34 ʙʘʣʠ: 

1.1 ɿɸʃʀʐʆʂ (5) ï ʚʽʪʘʤʽʥʠ 10é20 % ʪʘ ʤʽʢʨʦʝʣʝʤʝʥʪʠ 10é20 %; 

1.2 ʉʄɸʂ (4) ï ʽʥʰʠʡ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʨʦʜʫʢʪ, ʩʦʣʦʥʠʡ/ʛʽʨʢʠʡ; 

1.3 ʊʈʀɺɸʃɯʉʊʔ (1) ï ʚ ʤʝʞʘʭ ʜʦ 36 ʤʽʩʷʮʽʚ;  

1.4 ʂʆʅʉɽʈɺɸʅʊ (5) ï ʤʘʨʠʥʘʜ ʽʟ ʢʦʥʩʝʨʚʫʶʯʠʭ ʨʦʩʣʠʥ ʽ ʤʽʥʝʨʘʣʽʚ; 

1.5 ʇɯɼɻʆʊʆɺʂɸ (4) ï ʜʦʩʪʘʚʢʘ, ʤʠʪʪʷ, ʦʯʠʩʪʢʘ, ʥʘʨʽʟʢʘ, ʚʠʢʣʘʜʘʥʥʷ;  

1.6 ʇɽʈɽʈʆɹʂɸ (3) ï ʜʫʞʝ ʝʥʝʨʛʦʻʤʥʘ (0,2 ʛʦʜ/ʣ ʧʨʠ ʊ å 100 Áʉ);  

1.7 ʇɸʂʋɺɸʅʅʗ (4) ï ʩʢʣʷʥʘ ʛʝʨʤʝʪʠʯʥʘ ʪʘʨʘ; 

1.8 ɿɹɽʈɯɻɸʅʅʗ (2) ï ʧʨʦʭʦʣʦʜʥʝ ʧʨʠʤʽʱʝʥʥʷ (ʊ Ò 12 Áʉ);  

1.9 ɻʆʊʋɺɸʅʅʗ (2) ï ʚʞʠʚʘʥʥʷ ʧʦʪʨʝʙʫʻ ʥʝʟʥʘʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ;  

1.10 ʆɹʄɽɾɽʅʅʗ (4) ï ʢʨʠʭʢʘ ʪʘʨʘ, ʰʢʦʜʘ ʚʽʜ ʮʫʢʨʫ, ʩʦʣʽ ʽ ʦʮʝʪʫ. 
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2. ɺʠʩʫʰʫʚʘʥʥʷ çʛʘʨʷʯʝè ï 26 ʙʘʣʽʚ: 

2.1 ɿɸʃʀʐʆʂ (4) ï ʚʽʪʘʤʽʥʠ 20é30 % ʽ ʤʽʢʨʦʝʣʝʤʝʥʪʠ 80é90 %; 

2.2 ʉʄɸʂ (1) ï ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʡ ʜʦ ʧʝʨʚʠʥʥʦʾ ʩʠʨʦʚʠʥʠ; 

2.3 ʊʈʀɺɸʃɯʉʊʔ (3) ï ʚ ʤʝʞʘʭ ʜʦ 12 ʤʽʩʷʮʽʚ;   

2.4 ʂʆʅʉɽʈɺɸʅʊ (1) ï ʚʽʜʩʫʪʥʷ ʧʦʪʨʝʙʘ; 

2.5 ʇɯɼɻʆʊʆɺʂɸ (1) ï ʜʦʩʪʘʚʢʘ, ʤʠʪʪʷ, ʦʯʠʩʪʢʘ, ʥʘʨʽʟʢʘ, ʚʠʢʣʘʜʘʥʥʷ;  

2.6 ʇɽʈɽʈʆɹʂɸ (5) ï ʚʢʨʘʡ ʝʥʝʨʛʦʻʤʥʘ (ʜʦ 12 ʛʦʜ. ʧʨʠ ʊå 70é90 Áʉ);  

2.7 ʇɸʂʋɺɸʅʅʗ (5) ï ʦʜʥʦʨʘʟʦʚʘ ʛʝʨʤʝʪʠʯʥʘ ʪʘʨʘ; 

2.8 ɿɹɽʈɯɻɸʅʅʗ (1) ï ʚʽʜʩʫʪʥʽ ʦʩʦʙʣʠʚʽ ʚʠʤʦʛʠ;  

2.9 ɻʆʊʋɺɸʅʅʗ (4) ï ʧʝʨʝʜ ʚʞʠʚʘʥʥʷʤ ʧʦʪʨʝʙʫʻ ʪʨʠʚʘʣʝ 

ʟʚʦʣʦʞʝʥʥʷ;  

2.10 ʆɹʄɽɾɽʅʅʗ (1) ï ʚʽʜʩʫʪʥʽ ʦʩʦʙʣʠʚʽ ʚʠʤʦʛʠ.  

3. ʇʝʨʝʪʠʨʘʥʥʷ çʧʨʦʭʦʣʦʜʥʝè ï 30 ʙʘʣʽʚ: 

3.1 ɿɸʃʀʐʆʂ (3) ï ʚʽʪʘʤʽʥʠ 60é70 % ʽ ʤʽʢʨʦʝʣʝʤʝʥʪʠ 60é70 %; 

3.2 ʉʄɸʂ (5) ï ʽʥʰʠʡ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʨʦʜʫʢʪ, ʜʫʞʝ ʩʦʣʦʜʢʠʡ;  

3.3 ʊʈʀɺɸʃɯʉʊʔ (4) ï ʚ ʤʝʞʘʭ ʜʦ 10 ʤʽʩʷʮʽʚ;  

3.4 ʂʆʅʉɽʈɺɸʅʊ (3) ï ʛʦʪʦʚʠʡ ʮʫʢʦʨ ʧʽʩʦʢ ʙʽʣʴʰʝ 60 %; 

3.5 ʇɯɼɻʆʊʆɺʂɸ (3) ï ʜʦʩʪʘʚʢʘ, ʤʠʪʪʷ, ʦʯʠʩʪʢʘ, ʧʦʜʨʽʙʥʝʥʥʷ;  

3.6 ʇɽʈɽʈʆɹʂɸ (2) ï ʤʘʣʦʝʥʝʨʛʦʻʤʥʘ (ʧʝʨʝʪʠʨʘʥʥʷ ʟ ʮʫʢʨʦʤ);  

3.7 ʇɸʂʋɺɸʅʅʗ (2) ï ʥʝʛʝʨʤʝʪʠʯʥʘ ʪʘʨʘ; 

3.8 ɿɹɽʈɯɻɸʅʅʗ (4) ï ʜʦʚʦʣʽ ʝʥʝʨʛʦʻʤʥʝ (ʢʘʤʝʨʘ ʧʨʠ ʊ Ò 12 Áʉ);  

3.9 ɻʆʊʋɺɸʅʅʗ (1) ï ʧʝʨʝʜ ʚʞʠʚʘʥʥʷʤ ʥʝ ʧʦʪʨʝʙʫʻ ʧʽʜʛʦʪʦʚʢʠ;  

3.10 ʆɹʄɽɾɽʅʅʗ (3) ï ʭʦʣʦʜʥʘ ʢʘʤʝʨʘ, ʰʢʽʜʣʠʚʘ ʢʽʣʴʢʽʩʪʴ ʮʫʢʨʫ. 

4. ʂʚʘʰʝʥʥʷ çʧʨʦʭʦʣʦʜʥʝè ï 28 ʙʘʣʽʚ: 

4.1 ɿɸʃʀʐʆʂ (2) ï ʚʽʪʘʤʽʥʠ ʥʘ 70-80 % ʽ ʤʽʢʨʦʝʣʝʤʝʥʪʠ ʥʘ 80-90 %; 

4.2 ʉʄɸʂ (3) ï ʽʥʰʠʡ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʨʦʜʫʢʪ, ʜʦʚʦʣʽ ʩʦʣʝʥʠʡ;  

4.3 ʊʈʀɺɸʃɯʉʊʔ (2) ï ʚ ʤʝʞʘʭ ʜʦ 24 ʤʽʩʷʮʽʚ;  

4.4 ʂʆʅʉɽʈɺɸʅʊ (4) ï ʩʽʣʴ ʪʘ ʢʦʥʩʝʨʚʫʶʯʠ ʨʦʩʣʠʥʠ; 

4.5 ʇɯɼɻʆʊʆɺʂɸ (5) ï ʜʦʩʪʘʚʢʘ, ʤʠʪʪʷ, ʦʯʠʩʪʢʘ, ʥʘʨʽʟʢʘ, ʚʠʢʣʘʜʘʥʥʷ;  

4.6 ʇɽʈɽʈʆɹʂɸ (1) ï ʥʝʝʥʝʨʛʦʻʤʥʘ (ʜʦ 300 ʛʦʜ. ʫ ʜʽʞʮʽ ʧʨʠ ʊå 18 Áʉ);  

4.7 ʇɸʂʋɺɸʅʅʗ (3) ï ʥʝʛʝʨʤʝʪʠʯʥʘ ʪʘʨʘ; 

4.8 ɿɹɽʈɯɻɸʅʅʗ (3) ï ʚʠʢʣʶʯʥʦ ʫ ʧʨʦʭʦʣʦʜʽ, ʨʝʛʫʣʷʨʥʠʡ ʟʤʠʚ ʧʽʥʠ;  

4.9 ɻʆʊʋɺɸʅʅʗ (3) ï ʧʝʨʝʜ ʚʞʠʚʘʥʥʷʤ ʧʦʪʨʝʙʫʻ ʧʝʚʥʦʾ ʧʽʜʛʦʪʦʚʢʠ;  

4.10 ʆɹʄɽɾɽʅʅʗ (2) ï ʭʦʣʦʜʥʝ ʧʨʠʤʽʱʝʥʥʷ, ʰʢʽʜʣʠʚʘ ʢʽʣʴʢʽʩʪʴ ʩʦʣʽ. 

5. ɿʘʤʦʨʦʞʫʚʘʥʥʷ çʭʦʣʦʜʥʝè ï 32 ʙʘʣʠ:  

5.1 ɿɸʃʀʐʆʂ (1) ï ʚʽʪʘʤʽʥʠ 70é90 % ʽ ʤʽʢʨʦʝʣʝʤʝʥʪʠ 90é100 %; 

5.2 ʉʄɸʂ (2) ï ʜʦʚʦʣʽ ʙʣʠʟʴʢʠʡ ʜʦ ʧʝʨʚʠʥʥʦʾ ʩʠʨʦʚʠʥʠ;  

5.3 ʊʈʀɺɸʃɯʉʊʔ (5) ï ʚ ʤʝʞʘʭ ʜʦ 10 ʤʽʩʷʮʽʚ;  

5.4 ʂʆʅʉɽʈɺɸʅʊ (2) ï ʤʦʞʣʠʚʝ ʜʦʜʘʪʢʦʚʝ ʟʚʦʣʦʞʝʥʥʷ; 

5.5 ʇɯɼɻʆʊʆɺʂɸ (2) ï ʜʦʩʪʘʚʢʘ, ʤʠʪʪʷ, ʦʯʠʩʪʢʘ, ʥʘʨʽʟʢʘ;  

5.6 ʇɽʈɽʈʆɹʂɸ (4) ï ʜʫʞʝ ʝʥʝʨʛʦʻʤʥʘ (ʜʦ 2 ʛʦʜ. ʫ ʢʘʤʝʨʽ ʟ ʊ Ò -20 Áʉ);  

5.7 ʇɸʂʋɺɸʅʅʗ (1) ï ʦʜʥʦʨʘʟʦʚʘ ʥʝʛʝʨʤʝʪʠʯʥʘ ʪʘʨʘ; 

5.8 ɿɹɽʈɯɻɸʅʅʗ (5) ï ʚʢʨʘʡ ʝʥʝʨʛʦʻʤʥʝ (ʢʘʤʝʨʘ ʧʨʠ ʊ Ò -20 Áʉ);  

5.9 ɻʆʊʋɺɸʅʅʗ (5) ï ʝʥʝʨʛʦʻʤʥʝ ʨʦʟʤʦʨʦʞʫʚʘʥʥʷ;  
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5.10 ʆɹʄɽɾɽʅʅʗ (5) ï ʤʦʨʦʟʠʣʴʥʘ ʢʘʤʝʨʘ, ʩʘʤʦʨʦʟʤʦʨʦʟʢʘ, ʮʚʽʣʴ.  

ʋʟʘʛʘʣʴʥʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣ. 1 ʘʩʧʝʢʪʽʚ (1 - 10) ʚʠʟʥʘʯʘʻ ʫ ʷʢʦʩʪʽ 

ʥʘʡʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʤ ʟʘ ʟʘʛʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʙʘʣʽʚ (26) ʟʘʩʽʙ 

ʢʦʥʩʝʨʚʫʚʘʥʥʷ ʚʠʩʫʰʫʚʘʥʥʷʤ, ʭʦʯʘ ʡ ʥʝ ʜʫʞʝ ʧʝʨʝʢʦʥʣʠʚʦ (28é34). 

ʇʨʠ ʮʴʦʤʫ ʟʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʚʢʨʘʡ ʥʝʙʘʞʘʥʠʡ ʨʽʚʝʥʴ (4 ʽ 5) ʘʩʧʝʢʪʽʚ: 

çɿɸʃʀʐʆʂè, çʇɽʈɽʈʆɹʂɸè, çʇɸʂʋɺɸʅʅʗè ʽ çɻʆʊʋɺɸʅʅʗè.  
 

ʊʘʙʣʠʮʷ 1 ïʊʨʠʚʘʣʝ ʟʙʝʨʝʞʝʥʥʷ ʬʨʫʢʪʦʚʦ-ʦʚʦʯʝʚʠʭ ʧʨʦʜʫʢʪʽʚ 
ʧ/ʧ  

 

ɸʩʧʝʢʪʠ 

ɿʘʩʦʙʠ ʢʦʥʩʝʨʚʫʚʘʥʥʷ 
ʄʘʨʠʥʫ-

ʚʘʥʥʷ 

ɺʠʩʫʰʫ-

ʚʘʥʥʷ 

ʇʝʨʝʪʠ-

ʨʘʥʥʷ 

ʂʚʘʰʝʥ-

ʥ ̫

ɿʘʤʦʨʦ-

ʞʫʚʘʥʥʷ 

ɺʧʣʠʚ ʢʦʥʩʝʨʚʫʚʘʥʥʷ 
ʛʘʨʷʯʝ ʛʘʨʷʯʝ ʧʨʦʭʦʣʦʜʥʝ ʧʨʦʭʦʣʦʜʥʝ ʭʦʣʦʜʥʝ 

ʇʝʨʰʘ ʛʨʫʧʘ - ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʨʦʚʠʥʠ ʪʘ ʧʨʦʜʫʢʪʫ 

1 ɿɸʃʀʐʆʂ 5 4 3 2 1 

2 ʉʄɸʂ 4 1 5 3 2 

3 ʊʈʀɺɸʃɯʉʊʔ 1 3 4 2 5 

4 ʂʆʅʉɽʈɺɸʅʊ 5 1 3 4 2 

5 ʇɯɼɻʆʊʆɺʂɸ 4 1 3 5 2 

ʧʦ ʧʝʨʰʽʡ ʛʨʫʧʽ × 19 10 18 16 12 

ɼʨʫʛʘ ʛʨʫʧʘ - ʨʝʩʫʨʩʥʽ ʧʦʪʨʝʙʠ ʥʘ ʨʝʘʣʽʟʘʮʽʾ ʧʝʚʥʦʛʦ ʟʘʩʦʙʫ 
6 ʇɽʈɽʈʆɹʂɸ 3 5 2 1 4 

7 ʇɸʂʋɺɸʅʅʗ 4 5 2 3 1 

8 ɿɹɽʈɯɻɸʅʅʗ 2 1 4 3 5 

9 ɻʆʊʋɺɸʅʅʗ 2 4 1 3 5 

10 ʆɹʄɽɾɽʅʅʗ 4 1 3 2 5 

ʧʦ ʜʨʫʛʽʡ ʛʨʫʧʽ × 15 16 12 12 20 

ɿʘʛʘʣʦʤ ʧʦ ʟʘʩʦʙʘʤ × 34 26 30 28 32 
 

ʇʦʜʘʣʴʰʝ ʧʦʨʽʚʥʷʥʥʷ ʟʘʩʦʙʽʚ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʠʪʠ ʟʘ ʜʚʦʤʘ 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʛʨʫʧʘʤʠ ʘʩʧʝʢʪʽʚ, ʷʢʽ ʧʦʜʽʣʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʧʝʨʝʚʘʞʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʫʤʦʚʥʦ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

- ʧʝʨʰʘ ʛʨʫʧʘ - ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʨʦʚʠʥʠ ʪʘ 

ʧʨʦʜʫʢʪʫ, ʱʦ ʦʙôʻʜʥʫʻ ʘʩʧʝʢʪʠ (1é5) çɿɸʃʀʐʆʂè, çʉʄɸʂè, 

çʊʈʀɺɸʃɯʉʊʔè, çʂʆʅʉɽʈɺɸʅʊè ʡ çʇɯɼɻʆʊʆɺʂɸè, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʥʘʜʘʪʠ ʫʷʚʣʝʥʥʷ ʚʽʜʥʦʩʥʦ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʝʚʥʦʛʦ ʟʘʩʦʙʫ; 

- ʜʨʫʛʘ ʛʨʫʧʘ - ʨʝʩʫʨʩʥʽ ʧʦʪʨʝʙʠ ʥʘ ʨʝʘʣʽʟʘʮʽʾ ʧʝʚʥʦʛʦ ʟʘʩʦʙʫ, 

ʱʦ ʦʙôʻʜʥʫʻ ʘʩʧʝʢʪʠ (6é10) çʇɽʈɽʈʆɹʂɸè, çʇɸʂʋɺɸʅʅʗè, 

çɿɹɽʈɯɻɸʅʅʗè, çɻʆʊʋɺɸʅʅʗè ʪʘ çʆɹʄɽɾɽʅʅʗè, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʥʘʜʘʪʠ ʫʷʚʣʝʥʥʷ ʚʽʜʥʦʩʥʦ ʧʨʦʙʣʝʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʚʥʦʛʦ ʟʘʩʦʙʫ. 

ʈʦʟʛʣʷʜ ʘʩʧʝʢʪʽʚ ʧʝʨʰʦʾ ʛʨʫʧʠ ʥʝ ʚʠʷʚʠʚ ʧʨʦʪʠʨʽʯʯʷ ʚʽʜʥʦʩʥʦ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʨʝʘʣʽʟʘʮʽʾ 

ʟʘʩʦʙʫ ʢʦʥʩʝʨʚʫʚʘʥʥʷ ʥʘ çɿɸʃʀʐʆʂè ʧʨʠ ʥʝʦʜʥʦʟʥʘʯʥʦʤʫ ʚʧʣʠʚʽ ʥʘ 

ʽʥʰʽ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ çʛʘʨʷʯʦʛʦè ʯʠ çʭʦʣʦʜʥʦʛʦè ʟʘʩʦʙʫ ʢʦʥʩʝʨʚʫʚʘʥʥʷ 
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ʤʘʡʞʝ ʚʽʜʩʫʪʥʽʡ ʚʧʣʠʚ ʚʠʩʫʰʫʚʘʥʥʷ ʯʠ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ʥʘ ʧʝʨʚʠʥʥʠʡ 

çʉʄɸʂè ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʢʦʥʩʝʨʚʘʥʪʽʚ. ɰʭ ʥʘʷʚʥʽʩʪʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʘʜʠʢʘʣʴʥʦʾ ʟʤʽʥʠ ʫʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷʤ ʚʠʢʣʶʯʥʦ ʚʘʞʣʠʚʠʭ ʭʘʨʯʦʚʠʭ 

ʚʦʣʦʢʦʥ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʷʤʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʨʝʞʠʤʦʤ 

ʟʘʩʦʙʫ ʪʘ ʘʩʧʝʢʪʘʤʠ çʊʈʀɺɸʃɯʉʊʔè ʡ çʇɯɼɻʆʊʆɺʂɸè ʥʝ ʚʠʷʚʣʝʥʦ. 

ʊʝʨʤʽʥ ʟʙʝʨʽʛʘʥʥʷ ʟʘ ʘʩʧʝʢʪʦʤ çʊʈʀɺɸʃɯʉʊʔè ʙʽʣʴʰʝ ʥʽʞ 8é12 

ʤʽʩʷʮʽʚ, ʪʦʙʪʦ ʚʽʜ ʚʨʦʞʘʶ ʜʦ ʚʨʦʞʘʶ, ʝʢʦʥʦʤʽʯʥʦ ʥʝʜʦʮʽʣʴʥʦ ʙʝʟ 

ʦʩʦʙʣʠʚʦʾ ʧʦʪʨʝʙʠ. ɺ ʤʝʞʘʭ ʛʨʫʧʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʡʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʤ ʟʘ ʙʘʣʘʤʠ ʚʠʛʣʷʜʘʻ ʟʘʩʽʙ ʚʠʩʫʰʫʚʘʥʥʷ 

çʛʘʨʷʯʝè (10, ʭʦʯʘ ʡ ʙʣʠʟʴʢʠʤ ʻ ʟʘʤʦʨʦʞʫʚʘʥʥʷ - 12), ʷʢʠʡ ʦʙʤʝʞʫʻ 

ʣʠʰʝ çɿɸʃʀʐʆʂè.         

ɺʨʘʭʦʚʫʶʯʠ ʚʠʩʥʦʚʢʠ ʟʘ ʘʥʘʣʽʟʦʤ ʧʝʨʰʦʾ ʛʨʫʧʠ, ʘʩʧʝʢʪʠ ʜʨʫʛʦʾ 

ʛʨʫʧʠ ʥʝʤʘʻ ʩʝʥʩʫ ʨʦʟʛʣʷʜʘʪʠ ʚʽʜʥʦʩʥʦ ʟʘʩʦʙʽʚ ʟ ʧʦʪʨʝʙʦʶ ʟʘʣʫʯʝʥʥʷ  

ʢʦʥʩʝʨʚʘʥʪʽʚ ʪʘ ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʽʥʠ ʧʝʨʚʠʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʊʦʙʪʦ ʚʠʢʣʶʯʝʥʦ ʽʟ ʨʦʟʛʣʷʜʫ ʟʘʩʦʙʠ ʢʦʥʩʝʨʚʫʚʘʥʥʷ ʤʘʨʠʥʫʚʘʥʥʷʤ, 

ʧʝʨʝʪʠʨʘʥʥʷʤ ʯʠ ʢʚʘʰʝʥʥʷʤ, ʭʦʯʘ ʟʘ ʙʘʣʘʤʠ ʧʦ ʜʨʫʛʽʡ ʛʨʫʧʽ ʤʘʶʪʴ 

ʧʝʨʝʚʘʛʠ ʥʘ ʟʘʩʦʙʘʤʠ ʚʠʩʫʰʫʚʘʥʥʷ çʛʘʨʷʯʝè (16) ʽ ʟʘʤʦʨʦʞʫʚʘʥʥʷ 

(20). ʇʨʠ ʙʣʠʟʴʢʠʭ ʟʥʘʯʝʥʥʷʭ ʘʩʧʝʢʪʽʚ çʇɽʈɽʈʆɹʂɸè ʪʘ 

çɻʆʊʋɺɸʅʅʗè  ʟʘʩʽʙ ʚʠʩʫʰʫʚʘʥʥʷ çʛʘʨʷʯʝè, ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ 

ʟʘʤʦʨʦʞʫʚʘʥʥʷʤ, ʟʥʘʯʥʦ ʧʦʩʪʫʧʘʻʪʴʩʷ ʟʘ ʘʩʧʝʢʪʘʤʠ çʇɸʂʋɺɸʅʅʗè 

ʪʘ ʟʥʘʯʥʦ ʚʠʧʝʨʝʜʞʘʻ ʟʘ ʘʩʧʝʢʪʘʤʠ çɿɹɽʈɯɻɸʅʅʗè ʡ 

çʆɹʄɽɾɽʅʅʗè.  

ɸʣʝ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʘʛʘʣʴʥʦ ʧʦʟʠʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ ʟʘ ʙʘʣʘʤʠ 

(26) ʧʦʰʠʨʝʥʥʷ ʟʘʩʦʙʫ ʚʠʩʫʰʫʚʘʥʥʷ çʛʘʨʷʯʝè ʦʙʤʝʞʫʻ ʚʠʨʽʰʘʣʴʥʠʡ 

ʥʝʜʦʣʽʢ ï ʥʝʜʦʩʪʘʪʥʷ ʩʧʨʦʤʦʞʥʽʩʪʴ ʜʦ ʟʙʝʨʝʞʝʥʥʷ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʥʘʧʨʘʮʶʚʘʥʴ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʦʩʪʽ ʜʦ ʙʝʟʢʦʥʩʝʨʚʘʥʪʥʦʛʦ 

ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ ʬʨʫʢʪʦʚʦ-ʦʚʦʯʝʚʦʾ 

ʩʠʨʦʚʠʥʠ/ʧʨʦʜʫʢʪʽʚ. 

çɿɸʃʀʐʆʂè:  

ï ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʚʠʩʫʰʫʚʘʥʥʷ çʪʝʧʣʝè, ʪʦʙʪʦ ʢʦʣʠ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʧʣʠʚ ʚʽʜʧʦʚʽʜʘʻ ʢʣʽʤʘʪʠʯʥʦʤʫ (ʟʘʟʚʠʯʘʡ 30é60 
ʦ
ʉ), 

ʤʦʞʣʠʚʦ ʜʦʚʝʜʝʥʥʷ ʚʤʽʩʪ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ ʜʦ 80é90 % - ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʟʙʝʨʝʞʝʥʥʷ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ ʥʘʚʽʪʴ ʢʨʘʱʝ ʥʽʞ ʧʨʠ ʟʘʤʦʨʦʞʫʚʘʥʥʽ ʪʘ 

ʟʜʘʪʥʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʘʪʥʶ ʪʨʠʚʘʣʽʩʪʴ ʟʙʝʨʽʛʘʥʥʷ;  

- ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʚʠʩʫʰʫʚʘʥʥʷ çʧʨʦʭʦʣʦʜʥʝè, ʢʦʣʠ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʧʣʠʚ ʚʽʜʧʦʚʽʜʘʻ çʥʦʨʤʘʣʴʥʠʤ ʫʤʦʚʘʤè, ʚʤʽʩʪ ʩʫʭʦʾ 

ʨʝʯʦʚʠʥʠ ʧʦʩʪʫʧʘʻʪʴʩʷ çʪʝʧʣʦʤʫè - ʟʙʝʨʝʞʝʥʥʷ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ 

ʥʘʡʙʽʣʴʰʝ, ʘʣʝ ʟʘ ʥʝʚʝʣʠʢʦʾ ʪʨʠʚʘʣʦʩʪʽ.     

çʇɽʈɽʈʆɹʂɸè - ʚʠʩʫʰʫʚʘʥʥʷ çʪʝʧʣʝè ʽ çʧʨʦʭʦʣʦʜʥʝè, ʦʩʢʽʣʴʢʠ 

ʟʜʽʡʩʥʶʶʪʴ ʧʨʠ ʥʝʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦʪʨʝʙʫʻ ʟʘʤʽʥʠ ʦʙʣʘʜʥʘʥʥʷ 

ʽʩʥʫʶʯʦʛʦ ʥʘ ʽʥʥʦʚʘʮʽʡʥʝ, ʘ ʩʢʦʨʦʯʝʥʥʶ ʪʨʠʚʘʣʦʩʪʽ ʪʘ  ʝʥʝʨʛʦʻʤʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʩʧʨʠʷʻ ʥʘʜʘʥʥʷ ʩʠʨʦʚʠʥʽ ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʛʦ ʩʪʘʥʫ.  
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çʇɸʂʋɺɸʅʅʗè - ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʡ ʩʪʘʥ ʚʠʩʫʰʝʥʦʛʦ ʧʨʦʜʫʢʪʫ, 

ʷʢʠʡ, ʟʘ ʧʦʪʨʝʙʠ, ʤʦʞʝ ʙʫʪʠ ʧʦʜʨʽʙʥʝʥʠʡ ʜʦʜʘʪʢʦʚʦ, ʦʙʫʤʦʚʣʶʻ 

ʟʤʝʥʰʝʥʥʷ ʧʘʢʫʚʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʟʚʦʣʦʞʝʥʥʷ.  

çɻʆʊʋɺɸʅʅʗè - ʧʽʩʣʷ ʟʙʝʨʽʛʘʥʥʷ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʡ ʧʨʦʜʫʢʪ 

ʧʦʪʨʝʙʫʻ ʨʦʟʯʠʥʝʥʥʷ/ʟʚʦʣʦʞʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʚʞʠʚʘʥʥʷʤ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʧʦʪʨʝʙʫ ʟʘʣʫʯʝʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʢʦʥʩʝʨʚʘʥʪʽʚ.  

ʇʦʜʘʣʴʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʯʠʥʝʥʦʛʦ/ʟʚʦʣʦʞʝʥʦʛʦ ʧʦʨʦʰʢʫ 

ʬʨʫʢʪʦʚʦ-ʦʚʦʯʝʚʦʛʦ ʧʨʦʜʫʢʪʫ ʤʦʞʣʠʚʦ [13-15] ʟʘʚʜʷʢʠ (ʨʠʩ. 1): 

ʟʛʫʱʝʥʥʷ, ʬʦʨʤʫʚʘʥʥʷ ʽ ʧʽʜʩʫʰʫʚʘʥʥʷ ʫ ʨʘʟʽ ʉʅɽʂɯɺ, ʟʛʫʱʝʥʥʷ  ʽ 

ʬʨʝʟʫʚʘʥʥʷʤ ʫ ʨʘʟʽ ʉʄʋɿɯ, ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʦʩʚʽʪʣʝʥʥʷʤ ʫ ʨʘʟʽ 

ʅɸʇʆɰɺ. 
 

   
ʘ) ʙ) ʚ) 

ʘ ï ʩʥʝʢʠ; ʙ ï ʩʤʫʟʽ ʯʠ ʢʦʢʪʝʡʣʽ; ʚ ï ʥʘʧʦʾ. 

ʈʠʩ. 1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʛʦʪʦʚʠʭ ʜʦ ʚʞʠʚʘʥʥʷ ʙʝʟʢʦʥʩʝʨʚʘʥʪʥʠʭ 

ʬʨʫʢʪʦʚʦ-ʦʚʦʯʝʚʠʭ ʚʠʨʦʙʽʚ.  
    
ɿʘʛʘʣʴʥʠʤ ʜʣʷ ʫʩʽʭ ʪʨʴʦʭ ʨʽʟʥʦʚʠʜʽʚ ʛʦʪʦʚʠʭ ʬʨʫʢʪʦʚʦ-ʦʚʦʯʝʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ʻ ʧʨʦʮʝʩ ʨʦʟʯʠʥʝʥʥʷ/ʟʚʦʣʦʞʝʥʥʷ ʧʦʨʦʰʢʫ ʜʦ ʩʪʘʥʫ 

ʚʦʣʦʛʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʷʢʦʩʪʽ ʦʩʥʦʚʠ ʧʝʚʥʦʛʦ 

ʚʠʨʦʙʫ. ʇʨʠ ʮʴʦʤʫ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʫ, ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʚʧʣʠʚ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʘʢʦʚʦ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤ, ʘ, ʚʽʜʧʦʚʽʜʥʦ, ʡ 

ʤʘʡʞʝ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʟʘʣʠʰʦʢ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ.  

ɼʝʷʢʝ ʫʩʢʣʘʜʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʻ ʥʘʩʣʽʜʢʦʤ ʥʘʜʘʥʥʷ ʢʽʥʮʝʚʦʤʫ 

ʧʨʦʜʫʢʪʫ ʧʝʚʥʦʾ ʚôʷʟʢʦʩʪʽ (ʩʤʫʟʽ) ʪʘ ʦʩʦʙʣʠʚʦʾ ʭʨʫʩʪʢʦʩʪʽ (ʩʥʝʢʽʚ). ɸʣʝ 

ʧʨʠ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʚʞʠʚʘʥʥʽ, ʟʘ ʚʽʜʩʫʪʥʽʩʪʶ ʧʨʠʥʮʠʧʦʚʠʭ ʚʠʤʦʛ ʜʦ 

ʩʪʘʥʫ, ʚʠʛʣʷʜʫ ʡ ʩʪʨʫʢʪʫʨʠ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ, ʙʽʣʴʰ ʧʨʦʩʪʠʤ ʪʘ ʟʨʫʯʥʠʤ 

ʤʦʞʝ ʙʫʪʠ ʚʠʨʦʙʥʠʮʪʚʦ ʨʽʜʢʠʭ ʪʝʧʣʠʭ ʘʙʦ ʧʨʦʭʦʣʦʜʥʠʭ ʥʘʧʦʾʚ (ʩʦʢʽʚ).         

ʅʘʞʘʣʴ ʙʽʣʴʰʽʩʪʴ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʨʦʝʢʪʽʚ, ʥʘʚʽʪʴ ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʥʘʣʝʞʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʚ ʫʤʦʚʘʭ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʫʩʪʘʥʦʚ, ʪʘʢ ʡ ʥʝ ʥʘʙʫʚʘʶʪʴ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ. 

ɸʣʝ ʚʽʜʦʤʦ ʦʢʨʝʤʽ ʧʦʟʠʪʠʚʥʽ ʧʨʠʢʣʘʜʠ [16-18], ʷʢ ʩʪʨʽʤʢʝ ʧʦʰʠʨʝʥʥʷ 

ʦʬʽʩʥʠʭ ʯʠ ʧʦʙʫʪʦʚʠʭ ʢʫʣʝʨʽʚ ʦʭʦʣʦʜʞʝʥʥʷ/ʥʘʛʨʽʚʘʥʥʷ ʨʽʜʢʠʭ ʚʠʨʦʙʽʚ.   

ɺʜʘʣʘ ʧʨʠʩʫʪʥʽʩʪʴ ʢʫʣʝʨʽʚ ʥʘ ʩʧʦʞʠʚʯʦʤʫ ʨʠʥʢʫ, ʢʦʣʠ ʧʨʦʡʜʝʥʦ 

ʝʪʘʧʠ ʧʨʘʢʪʠʯʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʪʘ ʧʦʜʦʣʘʥʥʷ ʥʝʜʦʚʽʨʠ ʜʦ ʥʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʜʦʟʚʦʣʷʻ ʧʦʟʠʮʽʶʚʘʪʠ ʽʥʥʦʚʘʮʽʶ ʷʢ ʥʘʩʪʫʧʥʠʡ ʢʨʦʢ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ [19]. ɼʦʜʘʪʢʦʚʦ ʥʘʜʘʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

https://agro.guide/wp-content/uploads/2018/12/11.jpg
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ʚʫʟʣʠ ʟ ʧʽʜʛʦʪʦʚʢʠ ʬʨʫʢʪʦʚʦ-ʦʚʦʯʝʚʦʾ ʩʠʨʦʚʠʥʠ, ʧʝʨʝʨʦʙʢʠ ʽ 

ʟʙʝʨʽʛʘʥʥʷ ʾʾ ʫ ʚʠʛʣʷʜʽ ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʛʦ ʙʝʟʢʦʥʩʝʨʚʘʥʪʥʦʛʦ 

ʧʨʦʜʫʢʪʫ, ʘ ʪʘʢʦʞ ʟʘʜʽʷʥʽ ʽʩʥʫʶʯʽ ʚʫʟʣʠ ʦʭʦʣʦʜʞʝʥʥʷ/ʥʘʛʨʽʚʘʥʥʷ ʧʨʠ 

ʛʦʪʫʚʘʥʥʽ ʚʠʨʦʙʫ.  

ʇʨʠʥʮʠʧʦʚʦ ʥʦʚʠʡ ʻʜʠʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʨʠʩʪʨʽʡ 

ʪʠʧʫ çFOODʂɽɽPERè ʟʘ ʢʦʥʮʝʧʮʽʻʶ çɿʈʋʏʅɸ ɰɾɸè ʜʦʟʚʦʣʷʻ ʥʝ 

ʪʽʣʴʢʠ ʨʦʟʰʠʨʠʪʠ ʘʩʦʨʪʠʤʝʥʪ ʚʠʨʦʙʽʚ ʧʦ ʢʦʥʩʠʩʪʝʥʮʽʾ, ʘ ʥʘʜʘʪʠ ʷʢʽʩʥʦ 

ʥʦʚʦʛʦ ʨʽʚʥʷ ʩʧʦʞʠʚʯʽʡ ʬʫʥʢʮʽʾ ï ʨʝʩʫʨʩʦʦʱʘʜʣʠʚʝ ʙʝʟʢʦʥʩʝʨʚʘʥʪʥʝ 

ʪʘ ʢʦʤʧʘʢʪʥʝ ʪʨʠʚʘʣʝ ʟʙʝʨʽʛʘʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʤʫ 

ʟʙʝʨʝʞʝʥʽ ʩʠʨʦʚʠʥʦʶ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ.   

ɺʠʩʥʦʚʢʠ. ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ, ʚʽʜʧʦʚʽʜʥʦ ʜʫʤʢʠ ʘʚʪʦʨʽʚ, 

ʚʠʛʣʷʜʘʻ ʧʨʽʦʨʠʪʝʪ ʥʘ ʚʠʩʫʰʫʚʘʥʥʷ çʪʝʧʣʝè ʯʠ çʧʨʦʭʦʣʦʜʥʝè, 

ʟʙʝʨʽʛʘʥʥʷ ʬʨʫʢʪʦʚʦ-ʦʚʦʯʝʚʦʾ ʩʠʨʦʚʠʥʠ ʫ ʧʦʨʦʰʢʦʚʦʤʫ ʩʪʘʥʽ ʪʘ 

ʩʪʚʦʨʝʥʥʷ ʙʝʟʢʦʥʩʝʨʚʘʥʪʥʠʭ ʚʠʨʦʙʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʚʞʠʚʘʥʥʷʤ, 

ʟʘʣʫʯʘʶʯʠ ʢʦʤʧʣʝʢʩʥʠʡ ʨʝʩʫʨʩʦʦʱʘʜʣʠʚʠʡ ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʨʠʣʘʜ ʪʠʧʫ 

çFOODʂɽɽPERè. 
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ʅʘʫʤʝʥʢʦ ʆ. ʇ., ʅʘʫʤʝʥʢʦ ʄ. ʆ., ʅʘʫʤʝʥʢʦ ʆ. ʆ. 

 

ɸʥʦʪʘʮʽʷ 

ʉʚʽʞʫ ʬʨʫʢʪʦʚʦ-ʦʚʦʯʝʚʫ ʩʠʨʦʚʠʥʫ ʟʙʝʨʽʛʘʶʪʴ, ʘʣʝ ʥʝʜʦʚʛʦ ï ʚʦʣʦʛʘ 

ʧʨʠʩʢʦʨʶʻ ʛʥʠʪʪʷ ʪʘ ʚʪʨʘʪʫ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ. ʉʧʦʞʠʚʘʯʽʚ ʩʫʧʨʦʚʦʜʞʫʻ ʙʝʟʣʽʯ 

ʪʘʨʠ ʪʘ ʢʨʠʰʦʢ. ɺʽʜʥʦʩʥʦ ʧʨʽʦʨʠʪʝʪʫ çɿɸʃʀʐʆʂ ʍɸʈʏʆɺʆɰ ʎɯʅʅʆʉʊɯè 

ʧʝʨʝʛʣʷʥʫʪʽ ʩʫʯʘʩʥʽ ʟʘʩʦʙʠ ʢʦʥʩʝʨʚʫʚʘʥʥʷ. ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ, ʟʘ ʜʫʤʢʦʶ 

ʘʚʪʦʨʽʚ, ʚʠʛʣʷʜʘʻ ʧʝʨʝʨʦʙʢʘ ʬʨʫʢʪʦʚʦ-ʦʚʦʯʝʚʦʾ ʩʠʨʦʚʠʥʠ ʚʠʩʫʰʫʚʘʥʥʷʤ çʪʝʧʣʝè 

ʯʠ çʧʨʦʭʦʣʦʜʥʝè ʟ ʧʦʜʨʽʙʥʝʥʥʷʤ ʫ ʧʦʨʦʰʦʢ, ʾʾ ʛʝʨʤʝʪʠʟʘʮʽʷ ʡ ʙʝʟʢʦʥʩʝʨʚʘʥʪʥʝ 

ʟʙʝʨʽʛʘʥʥʷ, ʚʽʜʥʦʚʣʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʚʞʠʚʘʥʥʷʤ ʚʠʨʦʙʫ. ʇʝʨʝʜʙʘʯʝʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʻʜʠʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʧʨʠʩʪʨʦʶ çFOODʂɽɽPERè ʟʘ 

ʢʦʥʮʝʧʮʽʻʶ çɿʈʋʏʅɸ ɰɾɸè, ʱʦ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʨʦʟʰʠʨʠʪʠ ʘʩʦʨʪʠʤʝʥʪ ʧʦ 

ʢʦʥʩʠʩʪʝʥʮʽʾ, ʘ ʥʘʜʘʪʠ ʷʢʽʩʥʦ ʥʦʚʦʛʦ ʨʽʚʥʶ ʩʧʦʞʠʚʯʦʾ ʬʫʥʢʮʽʾ ï ʨʝʩʫʨʩʦʦʱʘʜʣʠʚʝ 

ʙʝʟʢʦʥʩʝʨʚʘʥʪʥʝ ʪʘ ʢʦʤʧʘʢʪʥʝ ʪʨʠʚʘʣʝ ʟʙʝʨʽʛʘʥʥʷ ʟ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤ  

ʟʙʝʨʝʞʝʥʥʷʤ ʩʠʨʦʚʠʥʦʶ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʭʘʨʯʦʚʘ ʮʽʥʥʽʩʪʴ, ʻʜʠʥʠʡ ʧʨʠʣʘʜ, ʙʝʟʢʦʥʩʝʨʚʘʥʪʥʽ ʚʠʨʦʙʠ.  
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʈɽʉʋʈʉʆʉɹɽʈʀɻɸʖʑɽɻʆ ʉʇʆʉʆɹɸ ʀ 

ʇʈʀɹʆʈɸ ɹɽɿʂʆʅʉɽʈɺɸʅʊʅʆɻʆ ʉʆʍʈɸʅɽʅʀʗ 

ʇʈʆɼʆɺʆʃʔʉʊɺɽʅʅʆʁ ʎɽʅʅʆʉʊʀ ʌʈʋʂʊʆɺʆ-

ʆɺʆʑʅʓʍ ʀɿɼɽʃʀʁ 
ʅʘʫʤʝʥʢʦ ɸ. ʇ., ʅʘʫʤʝʥʢʦ ʄ. ɸ., ʅʘʫʤʝʥʢʦ ɸ. ɸ. 

 

ɸʥʥʦʪʘʮʠʷ 

 ʉʚʝʞʝʝ ʬʨʫʢʪʦʚʦ-ʦʚʦʱʥʦʝ ʩʳʨʴʝ ʭʨʘʥʷʪ, ʥʦ ʥʝʜʦʣʛʦ ï ʚʣʘʛʘ ʫʩʢʦʨʷʝʪ 

ʛʥʠʝʥʠʝ ʠ ʧʦʪʝʨʶ ʧʨʦʜʫʢʪʦʚʦʡ ʮʝʥʥʦʩʪʠ. ʇʦʪʨʝʙʠʪʝʣʝʡ ʩʦʧʨʦʚʦʞʜʘʝʪ ʤʥʦʞʝʩʪʚʦ 

ʪʘʨʳ ʠ ʢʨʳʰʝʢ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʦʨʠʪʝʪʘ çʆʉʊɸʊʆʂ ʇʈʆɼʆɺʆʃʔʉʊɺɽʅʅʆʁ 

ʎɽʅʅʆʉʊʀè ʧʝʨʝʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʩʧʦʩʦʙʳ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʚʳʛʣʷʜʠʪ ʧʝʨʝʨʘʙʦʪʢʘ ʬʨʫʢʪʦʚʦ-ʦʚʦʱʥʦʛʦ 

ʩʳʨʴʷ ʚʳʩʫʰʠʚʘʥʠʝʤ çʪʝʧʣʦʝè ʠʣʠ çʧʨʦʭʣʘʜʥʦʝè ʩ ʜʨʦʙʣʝʥʠʝʤ ʚ ʧʦʨʦʰʦʢ, ʝʛʦ 

ʛʝʨʤʝʪʠʟʘʮʠʷ ʠ ʙʝʟʢʦʥʩʝʨʚʘʥʪʥʦʝ ʭʨʘʥʝʥʠʝ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʝʨʝʜ ʧʦʪʨʝʙʣʝʥʠʝʤ ʠʟʜʝʣʠʷ. ʇʨʝʜʫʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʝʜʠʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʠʙʦʨʘ ʪʠʧʘ çFOODʂɽɽPERè ʟʘ ʢʦʥʮʝʧʮʠʝʡ çʋɼʆɹʅɸʗ 

ɽɼɸè, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʘʩʩʦʨʪʠʤʝʥʪ ʧʦ ʢʦʥʩʠʩʪʝʥʮʠʠ, ʘ ʜʦʩʪʠʛʥʫʪʴ 

ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʛʦ ʫʨʦʚʥʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʬʫʥʢʮʠʠ ï ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʝ 

ʙʝʟʢʦʥʩʝʨʚʘʥʪʥʦʝ ʠ ʢʦʤʧʘʢʪʥʦʝ ʜʣʠʪʝʣʴʥʦʝ ʭʨʘʥʝʥʠʝ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ 

ʩʦʭʨʘʥʝʥʠʝʤ ʩʳʨʴʝʤ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʮʝʥʥʦʩʪʠ. 

         ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʜʫʢʪʦʚʘʷ ʮʝʥʥʦʩʪʴ, ʝʜʠʥʳʡ ʧʨʠʙʦʨ, ʙʝʟʢʦʥʩʝʨʚʘʥʪʥʳʝ 

ʠʟʜʝʣʠʷ. 
 

MODELING OF RESOURCE -SUSTAINABLE MEANS  

AND DEVELOPMENT CONSERVATION DEVICES  

FOOD VALUES OF FRUIT AND VEGETABLE PRODUCTS  

O. P. Naumenko, M. O. Naumenko, O. O. Naumenko  
 

Summary 

Fresh fruit and vegetable raw materials are stored, but not for long - moisture 

accelerates rot and loss of nutritional value. Fruits contain water 80...90%, substances 

dissolved 8...15% and undissolved (pulp) 2...4% - which influence the physiological 

activity of the human body. That is, when consumed 1 kg of fruit and vegetable mass, 

the nutritional value potentially contains only 20é40 g of pulp, which, especially given 

the technological losses of canning, seems like a disrespect for the use of resources. 

Consumers are accompanied by many containers and lids. With regard to the priority of 

ñFOOD VALUE RESIDUEò, the 10 most common aspects reviewed are the most 

common preserving agents: pickling; drying; freezing; rubbing; fermentation. 

Despite the generally positive result on hot spread distribution points, the hot fix 

limits the decisive disadvantage - insufficient nutritional value. Drying "warm", which 

corresponds to seasonal climatic conditions, allows to bring the content of dry matter up 

to 80 ... 90% at preserving nutritional value even better than at freezing. Drying "cool", 

which corresponds to the off-season conditions, provides the greatest conservation of 

nutritional value, but at less than the "warm" content of dry matter. 

According to the authors, the most promising is the processing of fruit and 

vegetable raw materials by drying "warm" or "cool" with grinding into powder, its 

sealing and unpreserved storage, restoration just before the use of the product. The use 

of a single complex innovative device "FOODKEEPER" according to the concept 

"CONVENIENT FOOD", which allows not only to expand the assortment by 

consistency, but to acquire a qualitatively new level of consumer function - resource-

saving unpreserved and compact long-term storage of food with maximum value.  

Key words: nutritional value, single appliance, unpreserved products. 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʻ 

ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʧʨʦʮʝʩʦʤ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʝʢʦʥʦʤʽʢʠ 

ʋʢʨʘʾʥʠ, ʟʦʢʨʝʤʘ ʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 

(ʧʨʠʛʦʪʫʚʘʥʥʷ ʤʘʪʦʯʥʠʭ ʨʦʟʯʠʥʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʨʦʩʣʠʥʥʠʮʪʚʽ, ʩʘʜʽʚʥʠʮʪʚʽ, ʪʚʘʨʠʥʥʠʮʪʚʽ, ʧʪʘʭʽʚʥʠʮʪʚʽ) ʪʘ ʭʘʨʯʦʚʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʦʟʯʠʥʽʚ, ʝʤʫʣʴʩʽʡ, 

ʪʦʱʦ). ɺ ʥʘʰ ʯʘʩ ʛʦʩʪʨʦ ʩʪʦʾʪʴ ʧʠʪʘʥʥʷ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʪʦʤʫ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʨʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʟʤʽʰʫʶʯʠʭ 

ʘʧʘʨʘʪʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ ʷʢʽʩʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ ʝʥʝʨʛʽʾ ʪʘ ʯʘʩʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʩʧʦʩʦʙʠ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: ʧʥʝʚʤʘʪʠʯʥʝ, ʽʥʝʨʮʽʡʥʝ ʚ ʧʦʪʦʮʽ 

ʨʽʜʠʥʠ, ʮʠʨʢʫʣʷʮʽʡʥʝ, ʤʝʭʘʥʽʯʥʝ ʘʙʦ ʩʪʨʫʤʠʥʥʝ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʤʝʪʦʜʫ ʧʽʜʚʝʜʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʧʝʨʝʤʽʰʫʶʪʴʩʷ) [1]. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʠʥ ʙʫʣʦ ʚʠʜʽʣʝʥʦ 

ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʽ. ʅʠʤʠ ʻ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʧʨʦʪʦʯʥʠʭ 

ʟʤʽʰʫʚʘʯʘʭ ʪʘ ʩʪʨʫʤʠʥʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ [2]. 

ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʽ ʧʨʦʪʦʯʥʠʭ ʟʤʽʰʫʚʘʯʘʭ ʜʦʩʠʪʴ 

ʜʘʚʥʦ ʚʽʜʦʤʝ ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʦʯʠʱʝʥʥʷ ʽ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ  ʚ ʭʘʨʯʦʚʽʡ 

ʪʘ ʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʉʴʦʛʦʜʥʽ ʮʝʡ ʤʝʪʦʜ ʨʦʟʚʠʚʘʻʪʴʩʷ ʜʫʞʝ 

ʘʢʪʠʚʥʦ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚ ʭʽʤʽʯʥʠʭ ʨʝʘʢʪʦʨʘʭ, ʫ ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʽ 

ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʟʘ ʢʦʨʜʦʥʦʤ ï ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʩʠʥʪʝʟʫ 

ʧʣʘʩʪʤʘʩ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʮʝʩʠ, ʱʦ ʪʨʘʜʠʮʽʡʥʦ ʧʨʦʚʦʜʷʪʴʩʷ ʚ ʻʤʥʽʩʥʽʡ 

ʘʧʘʨʘʪʫʨʽ, ʧʝʨʝʚʦʜʷʪʴʩʷ ʥʘ ʧʨʦʪʦʯʥʽ ʚʠʨʦʙʥʠʯʽ ʩʭʝʤʠ [3 ï 6]. ʅʘ 

ʨʠʩʫʥʢʫ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʨʦʪʦʯʥʦʛʦ (ʩʪʘʪʠʯʥʦʛʦ) ʟʤʽʰʫʚʘʯʘ. 

ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʭʦʜʞʝʥʥʷ ʟʤʽʰʫʚʘʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʯʝʨʝʟ ʥʘʩʘʜʢʫ ʩʢʣʘʜʥʦʛʦ ʧʨʦʬʽʣʶ, ʨʦʟʪʘʰʦʚʘʥʫ 

                                                 
É ʉʘʤʦʡʯʫʢ ʂ. ʆ., ɺ'ʶʥʠʢ ʆ. ɺ., ʃʦʤʝʡʢʦ ʆ. ʇ., ɻʘʣʴʢʦ ʉ. ɺ. 

*  ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜ.ʪ.ʥ., ʜʦʮʝʥʪ ʉʘʤʦʡʯʫʢ ʂ. ʆ. 
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ʚʩʝʨʝʜʠʥʽ ʪʨʫʙʦʧʨʦʚʦʜʫ.  

ʉʪʘʪʠʯʥʽ ʟʤʽʰʫʚʘʯʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʟʘ 

ʢʦʥʬʽʛʫʨʘʮʽʻʶ, ʜʦʚʞʠʥʦʶ, ʜʽʘʤʝʪʨʦʤ ʽ ʥʘʙʦʨʦʤ ʽʥʰʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʽ ʚ 

ʮʽʣʦʤʫ ʜʦʟʚʦʣʷʶʪʴ ʟʤʽʰʫʚʘʪʠ ʚʝʣʠʢʠʡ ʩʧʝʢʪʨ ʜʚʦ- ʽ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʾ ʚôʷʟʢʦʩʪʽ, ʛʫʩʪʠʥʠ, ʭʽʤʽʯʥʦʾ 

ʧʨʠʨʦʜʠ ʽ ʧʨʘʢʪʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

          
              ʘ)                                                       ʙ) 

ʘ) ï ʙʫʜʦʚʘ; ʙ) ï ʧʦʜʽʣʝʥʥʷ ʧʦʪʦʢʫ. 

ʈʠʩ. 1. ʇʨʦʪʦʯʥʠʡ ʟʤʽʰʫʚʘʯ. 
 

ɿʥʘʯʥʠʤ ʥʝʜʦʣʽʢʦʤ ʩʪʘʪʠʯʥʠʭ ʟʤʽʰʫʚʘʯʽʚ ʻ ʪʝ, ʱʦ ʚʩʪʘʚʥʽ 

ʝʣʝʤʝʥʪʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʫʭʫ 

ʨʽʜʠʥʠ, ʦʜʥʦʯʘʩʥʦ ʟ ʮʠʤ ʩʪʚʦʨʶʶʪʴ ʥʘʜʤʽʨʥʠʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ 

ʘʧʘʨʘʪʫ.  

ʉʪʨʫʤʠʥʥʝ ʟʤʽʰʫʚʘʥʥʷ ʚ ʨʝʟʝʨʚʫʘʨʽ (ʮʠʨʢʫʣʷʮʽʡʥʝ ʟʤʽʰʫʚʘʥʥʷ) 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʤʦʥʪʦʚʘʥʠʭ ʘʙʦ ʚʠʥʝʩʝʥʠʭ ʥʘʩʦʩʽʚ, ʷʢʽ 

ʙʘʛʘʪʦʨʘʟʦʚʦ ʧʝʨʝʤʽʱʫʶʪʴ ʨʽʜʠʥʫ ʚ ʦʙôʻʤʽ ʘʧʘʨʘʪʫ. ɿʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ 

ʧʽʜʪʨʠʤʫʚʘʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʚ ʨʽʜʠʥʽ, ʘʙʦ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʙôʻʤʽ ʘʧʘʨʘʪʫ. ɼʦ ʩʭʝʤʠ 

ʘʧʘʨʘʪʫ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʥʘʣʝʞʘʪʴ: ʻʤʥʽʩʪʴ, 

ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ, ʪʨʫʙʦʧʨʦʚʦʜʠ, ʟʘʧʽʨʥʦ-ʨʝʛʫʣʶʶʯʘ ʘʧʘʨʘʪʫʨʘ 

(ʨʠʩ. 2). ʊʘʢʽ ʘʧʘʨʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʛʦʤʦʛʝʥʥʠʭ 

(ʦʜʥʦʨʽʜʥʠʭ) ʨʦʟʯʠʥʽʚ ʽ ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʠʩʪʝʤ ï ʩʫʩʧʝʥʟʽʡ ʪʘ ʝʤʫʣʴʩʽʡ, 

ʜʣʷ ʩʘʪʫʨʘʮʽʾ ʨʽʜʠʥʠ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʛʘʟʦʚʘʥʠʭ ʥʘʧʦʾʚ. 
 

 
1 ï ʥʘʩʦʩ; 2 ï ʻʤʥʽʩʪʴ; 3 ï ʨʦʟʙʨʠʟʢʫʚʘʯ; 4 ï ʪʨʫʙʘ; 5 ï ʝʞʝʢʪʦʨ. 

ʈʠʩ. 2. ʉʭʝʤʠ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. 

 

ʉʪʨʫʤʽʥʴ ʨʽʜʠʥʠ, ʱʦ ʚʠʭʦʜʠʪʴ ʟ ʨʦʙʦʯʦʛʦ ʩʦʧʣʘ ʩʪʨʫʤʠʥʥʦʛʦ 

ʟʤʽʰʫʚʘʯʘ (ʨʠʩ 3), ʩʪʚʦʨʶʻ ʯʘʩʪʢʦʚʠʡ ʚʘʢʫʫʤ ʫ ʚʭʽʜʥʦʤʫ ʢʦʥʫʩʽ 

ʜʠʬʫʟʦʨʫ, ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʧʦʪʽʢ ʨʽʜʠʥʠ ʟʘʪʷʛʫʻʪʴʩʷ ʽ ʟʘʭʦʧʣʶʻʪʴʩʷ ʟ 
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ʨʝʟʝʨʚʫʘʨʫ. ʈʦʙʦʯʠʡ ʩʪʨʫʤʽʥʴ ʟʤʽʰʫʻʪʴʩʷ ʽʟ ʟʘʭʦʧʣʝʥʦʶ ʨʽʜʠʥʦʶ ʪʘ 

ʧʨʠʩʢʦʨʶʻ ʾʾ ʧʦʪʽʢ. ʈʽʜʢʘ ʩʫʤʽʰ, ʱʦ ʚʠʭʦʜʠʪʴ ʽʟ ʩʪʨʫʤʠʥʥʦʛʦ 

ʟʤʽʰʫʚʘʯʘ, ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʫ ʬʦʨʤʽ ʢʦʥʫʩʫ ʪʘ ʟʘʭʦʧʣʶʻ ʙʽʣʴʰʝ 

ʨʽʜʠʥʠ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʨʫʯ.   

 

   
ʈʠʩ. 3. ʉʪʨʫʤʠʥʥʽ ʟʤʽʰʫʚʘʯʽ. 

 

ʇʨʠ ʧʨʘʚʠʣʴʥʦʤʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʦʜʥʦʛʦ, ʘʙʦ ʜʝʢʽʣʴʢʦʭ 

ʩʪʨʫʤʠʥʥʠʭ ʟʤʽʰʫʚʘʯʽʚ (ʨʠʩ.4) ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʪʨʠʚʠʤʽʨʥʠʡ ʧʦʪʽʢ 

ʫ ʻʤʥʦʩʪʽ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʰʫʚʘʥʥʷ ʚʤʽʩʪʫ ʜʦ ʦʜʥʦʨʽʜʥʦʛʦ ʩʪʘʥʫ.    

 
 

ʈʠʩ. 4. ʉʪʨʫʤʠʥʥʽ ʟʤʽʰʫʚʘʯʽ, ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʨʝʟʝʨʚʫʘʨʽ. 

 

ʇʝʨʝʚʘʛʘʤʠ ʘʧʘʨʘʪʽʚ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʻ 

ʚʽʜʩʫʪʥʽʩʪʴ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ, ʧʨʦʩʪʦʪʘ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʉʪʨʫʤʠʥʥʽ ʟʤʽʰʫʚʘʯʽ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴ ʚ ʘʧʘʨʘʪʠ, ʥʝ ʧʦʪʨʝʙʫʶʪʴ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʷʢʱʦ ʾʭ ʚʠʛʦʪʦʚʣʝʥʦ ʟ ʧʨʘʚʠʣʴʥʦ 

ʚʠʙʨʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʚʦʥʠ ʤʘʶʪʴ ʤʘʡʞʝ ʥʝʦʙʤʝʞʝʥʠʡ ʪʝʨʤʽʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʅʝʜʦʣʽʢʘʤʠ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʻ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ 

ʝʥʝʨʛʽʾ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʨʦʩʪʘʥʥʷ ʚʪʨʘʪ ʥʘʧʦʨʫ ʯʝʨʝʟ 

ʪʝʨʪʷ ʪʘ ʤʽʩʮʝʚʽ ʦʧʦʨʠ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʘ ʚʠʪʨʘʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʾ ʢʨʘʪʥʦʩʪʽ ʧʨʦʮʝʩʫ ʪʘ ʧʝʨʽʦʜʠʯʥʠʡ ʩʧʦʩʽʙ ʜʽʾ.  

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘʡʙʽʣʴʰ ʜʦʩʣʽʜʞʝʥʠʤ ʻ ʧʨʦʮʝʩ 

ʩʪʨʫʤʠʥʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʨʝʟʝʨʚʫʘʨʽ. ɼʣʷ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʩʪʨʫʤʠʥʥʠʭ ʟʤʽʰʫʚʘʯʽʚ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ 

ʚʠʟʥʘʯʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʟʘʣʝʞʥʦʩʪʝʡ [7 ï 16], ʘʣʝ ʮʽ ʟʘʣʝʞʥʦʩʪʽ ʥʝ 

ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʤʠ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʩʪʨʫʤʠʥʥʦʛʦ ʟʤʽʰʫʚʘʯʘ. 

ɿʽʪʢʥʝʥʥʷ ʩʪʨʫʤʝʥʽʚ ʻ ʦʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ 
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ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʨʽʟʥʠʭ ʧʨʦʮʝʩʽʚ. ʉʫʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʩʪʨʫʤʝʥʽ ʥʘʧʨʘʚʣʷʶʪʴ ʥʘʟʫʩʪʨʽʯ ʦʜʠʥ ʦʜʥʦʤʫ ʪʘʢ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʭ 

ʟʽʪʢʥʝʥʥʷ. ʆʩʽ ʩʪʨʫʤʝʥʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʦʜʥʽʡ ʣʽʥʽʾ ʘʙʦ 

ʧʽʜ ʢʫʪʦʤ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʽʪʢʥʝʥʥʷ ʩʪʨʫʤʝʥʽʚ 

ʫʪʚʦʨʶʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʩʢʣʘʜʥʠʡ ʩʫʤʘʨʥʠʡ ʧʦʪʽʢ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʽʥʪʝʥʩʠʚʥʠʤ ʟʘʛʘʩʘʥʥʷʤ ʰʚʠʜʢʦʩʪʝʡ ʽ ʪʝʤʧʝʨʘʪʫʨ. ʊʦʤʫ ʧʨʦʮʝʩ 

ʟʽʪʢʥʝʥʥʷ ʧʨʠʡʥʷʪʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʚʣʘʩʪʠʚʽʩʪʶ ʛʘʩʽʥʥʷ ʝʥʝʨʛʽʾ. 

ɺʥʘʩʣʽʜʦʢ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʨʫʰʝʥʥʷ 

ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʧʨʦʮʝʩʫ. ʎʝ ʻ ʧʨʠʯʠʥʦʶ ʩʧʝʮʠʬʽʯʥʠʭ ʷʚʠʱ, ʷʢʽ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʨʝʟʫʣʴʪʫʶʯʠʭ ʩʪʨʫʤʝʥʽʚ. ɿʤʽʥʘ ʢʫʪʘ ʤʽʞ 

ʟʫʩʪʨʽʯʥʠʤʠ ʩʪʨʫʤʝʥʷʤʠ ʚʧʣʠʚʘʻ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦ- 

ʤʘʩʦʧʝʨʝʥʦʩʫ ʽ ʥʘʡʙʽʣʴʰʦʶ ʚʦʥʘ ʻ ʧʨʠ ʢʫʪʽ ʟʫʩʪʨʽʯʽ ʩʪʨʫʤʝʥʽʚ 180Ü.  

ɺ ʜʘʥʠʡ ʯʘʩ ʚʽʜʩʫʪʥʽʡ ʻʜʠʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʢʠ ʝʬʝʢʪʫ 

ʩʪʨʫʤʝʥʽʚ, ʱʦ ʩʪʠʢʘʶʪʴʩʷ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʨʽʟʥʦʤʘʥʽʪʪʷʤ 

ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʚʠʪʽʢʘʥʥʷ ʩʪʨʫʤʝʥʽʚ, ʟʽʪʢʥʝʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ. 

ʅʘʢʦʧʠʯʝʥʽ ʧʝʚʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʢʦʥʢʨʝʪʥʽ 

ʧʨʦʮʝʩʠ ʘʙʦ ʧʨʠʩʪʨʦʾ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ (ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ). 

ʆʙˇʨʫʥʪʫʚʘʪʠ ʦʩʥʦʚʥʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ (ʩʭʝʤʠ ʪʘ 

ʤʝʭʘʥʽʟʤʠ) ʟʤʽʰʫʚʘʥʥʷ ʨʽʜʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʆʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʧʝʨʩʧʝʢʪʠʚʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽʡ ʪʘ ʭʘʨʯʦʚʽʡ 

ʛʘʣʫʟʷʭ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʢʠ 

ʟʫʩʪʨʽʯʥʠʭ ʩʪʨʫʤʝʥʽʚ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʦʣʷ ʚʽʜʥʦʩʥʠʭ ʘʢʩʽʘʣʴʥʠʭ ʽ 

ʨʘʜʽʘʣʴʥʠʭ ʰʚʠʜʢʦʩʪʝʡ, ʪʘʢʦʞ ʽʟʦʙʘʨʠ ʩʪʘʪʠʯʥʠʭ ʪʠʩʢʽʚ ʫ ʨʽʟʥʠʭ 

ʧʝʨʝʪʠʥʘʭ ʟʫʩʪʨʽʯʥʠʭ ʩʪʨʫʤʝʥʽʚ (ʨʠʩ. 5) [17].  

 

0u  ï ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʩʪʨʫʤʝʥʷ; CTp  ï ʽʟʦʙʘʨʠ ʩʪʘʪʠʯʥʠʭ ʪʠʩʢʽʚ; 

ru  ï ʧʨʦʬʽʣʴ ʨʘʜʽʘʣʴʥʠʭ ʰʚʠʜʢʦʩʪʝʡ; 
0ru  ï ʚʽʣʴʥʘ ʣʽʥʽʷ ʪʦʢʫ. 

ʈʠʩ. 5. ʇʦʣʷ ʚʽʜʥʦʩʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʩʪʘʪʠʯʥʠʭ ʪʠʩʢʽʚ ʚ ʟʦʥʽ 

ʟʽʪʢʥʝʥʥʷ ʩʪʨʫʤʝʥʽʚ. 

 



ʇʨʘʮʽ ʊɼɸʊʋ                                               59                                        ɺʠʧ. 20, ʊ. 2 

 

 

ɿ ʨʠʩʫʥʢʫ 5 ʚʠʜʥʦ, ʱʦ ʧʨʦʮʝʩ ʟʽʪʢʥʝʥʥʷ ʧʦʪʦʢʽʚ ʤʦʞʣʠʚʦ 

ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʫʜʘʨ ʜʚʦʭ ʩʪʨʫʤʝʥʽʚ ʦʜʥʘʢʦʚʦʛʦ ʜʽʘʤʝʪʨʫ ʚ ʫʷʚʥʫ 

ʧʣʦʩʢʫ ʩʪʽʥʢʫ, ʨʦʟʪʘʰʦʚʘʥʫ  ʩʠʤʝʪʨʠʯʥʦ ʟʫʩʪʨʽʯʥʠʤ ʧʦʪʦʢʘʤ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʚʽʩʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ. ʉʪʨʫʤʽʥʴ ʨʽʜʠʥʠ, ʱʦ ʚʠʭʦʜʠʪʴ ʟ 

ʪʨʫʙʦʧʨʦʚʦʜʫ, ʩʧʦʯʘʪʢʫ ʚʝʜʝ ʩʝʙʝ ʷʢ ʚʽʣʴʥʠʡ ʟʘʪʦʧʣʝʥʠʡ ʩʪʨʫʤʽʥʴ, 

ʷʢʠʡ ʚʠʪʽʢʘʻ ʚ ʥʝʦʙʤʝʞʝʥʠʡ ʧʨʦʩʪʽʨ, ʽ ʤʘʻ ʭʘʨʘʢʪʝʨʥʠʡ ʧʨʦʬʽʣʴ 

ʰʚʠʜʢʦʩʪʝʡ. ʇʦʯʠʥʘʶʯʠ ʟ ʚʽʜʩʪʘʥʽ ʫ ʜʚʘ ʢʘʣʽʙʨʠ ʚʽʜ ʤʝʞʽ ʟʫʩʪʨʽʯʽ 

ʩʪʨʫʤʝʥʽʚ, ʧʨʦʬʽʣʴ ʩʪʨʫʤʝʥʷ ʜʝʬʦʨʤʫʻʪʴʩʷ: ʟôʷʚʣʷʻʪʴʩʷ ʧʨʦʚʘʣ ʚ 

ʧʨʦʬʽʣʽ ʘʢʩʽʘʣʴʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʥʘ ʚʽʩʽ ʧʦʪʦʢʫ, ʷʢʠʡ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽʟ 

ʥʘʙʣʠʞʝʥʥʷʤ ʜʦ ʤʝʞʽ ʟʽʪʢʥʝʥʥʷ ʩʪʨʫʤʝʥʽʚ, ʘ ʚʝʢʪʦʨʠ ʰʚʠʜʢʦʩʪʝʡ 

ʧʦʯʠʥʘʶʪʴ ʧʦʚʝʨʪʘʪʠʩʴ ʫ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʚʽʩʽ 

ʪʨʫʙʦʧʨʦʚʦʜʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʨʘʥʽʰʝ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʽʩʥʫʶʯʠʭ ʩʪʨʫʤʠʥʥʠʭ ʟʤʽʰʫʚʘʯʽʚ [18] ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ 

ʧʨʦʪʠʪʝʯʽʡʥʦ-ʩʪʨʫʤʠʥʥʦʛʦ ʟʤʽʰʫʚʘʯʘ. ʉʭʝʤʫ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 6. 
 

 
 

1 ï ʨʦʙʦʯʝ ʩʦʧʣʦ; 2 ï ʢʘʤʝʨʘ ʝʞʝʢʮʽʾ; 3 ï ʢʘʤʝʨʘ ʟʤʽʰʫʚʘʥʥʷ; 4 ï ʩʦʧʣʦ 

ʢʘʤʝʨʠ ʟʤʽʰʫʚʘʥʥʷ; 5 ï ʢʘʤʝʨʘ ʧʦʜʘʯʽ ʧʽʜʤʽʰʫʚʘʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ;            

6 ï ʨʦʙʦʯʠʡ ʧʘʪʨʫʙʦʢ; 7 ï ʢʘʤʝʨʘ ʟʙʦʨʫ ʨʽʜʠʥʠ; ʘ ï ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʩʦʧʣʘʤʠ; ʅ ï ʥʘʧʽʨ ʧʦʜʘʯʽ ʧʽʜʤʽʰʫʚʘʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ; h ï ʢʽʣʴʮʝʚʠʡ 

ʟʘʟʦʨ ʢʘʤʝʨʠ ʝʞʝʢʮʽʾ. 

ʈʠʩ. 6. ʉʭʝʤʘ ʧʨʦʪʠʪʝʯʽʡʥʦ-ʩʪʨʫʤʠʥʥʦʛʦ ʟʤʽʰʫʚʘʯʘ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʤʠʥʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʨʽʜʠʥ ʻ ʩʢʣʘʜʥʠʤ 

ʧʨʦʮʝʩʦʤ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʧʨʦʮʝʩʫ 

ʟʤʽʰʫʚʘʥʥʷ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʻ ʜʫʞʝ ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ. 

ʆʪʨʠʤʘʥʥʷ ʜʝʷʢʠʭ ʜʘʥʠʭ ʧʨʦʮʝʩʫ ʻ ʟʦʚʩʽʤ ʥʝʤʦʞʣʠʚʠʤ, ʪʦʤʫ 

ʟʚʝʨʪʘʶʪʴʩʷ ʜʦ ʩʠʤʫʣʷʮʽʾ ʧʨʦʮʝʩʫ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ANSYS.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʟʤʽʰʫʚʘʥʥʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʢʦʤʧʣʝʢʩʽ ANSYS ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʧʦʣʷ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʾʾ ʜʠʩʠʧʘʮʽʾ, ʰʚʠʜʢʦʩʪʝʡ ʽ ʪʠʩʢʫ ʚ ʢʘʤʝʨʽ ʟʤʽʰʫʚʘʥʥʷ 

ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚʽʜʩʪʘʥʽ ʤʽʞ ʩʦʧʣʘʤʠ ʬʦʨʩʫʥʦʢ (ʨʠʩ.7) [19]. 

 


