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4 

ɺʉʊʋʇ 

 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʇʨʦʛʨʝʩ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʚʽʪʽ ʥʝʤʠʩʣʠʤʠʡ ʙʝʟ ʨʦʟʚʠʪʢʫ 

ʤʘʰʠʥ ʽ ʫʩʪʘʪʢʫʚʘʥʥʷ. ɿ ʨʦʢʫ ʚ ʨʽʢ ʟʙʽʣʴʰʫʻʪʴʩʷ ʾʭ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʽ ʧʠʪʦʤʘ 

ʧʦʪʫʞʥʽʩʪʴ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʚʥʘ ʪʝʥʜʝʥʮʽʷ ʧʦʩʠʣʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʝʞʠʤʽʚ ʾʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʪʨʘʯʝʥʦʛʦ ʧʘʣʠʚʘ, ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ, ʨʽʟʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ. ɿʘ ʜʘʥʠʤʠ ʆʆʅ, 

ʙʽʣʴʰʝ ʪʨʝʪʠʥʠ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʫ ʩʚʽʪʽ, ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ 

ʪʝʨʪʷ, ʘ ʯʚʝʨʪʴ ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ï ʣʠʰʝ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʚʪʨʘʪ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ 

ʟʥʦʩʦʤ ʜʝʪʘʣʝʡ ʽ ʚʫʟʣʽʚ ʚ ʤʘʰʠʥʘʭ [1].  

ʋ ʤʘʡʞʝ 90 % ʚʠʧʘʜʢʽʚ ʤʘʰʠʥʠ ʚʠʭʦʜʷʪʴ ʟ ʣʘʜʫ ʟ ʧʨʠʯʠʥ ʧʦʰʢʦʜʞʝʥʴ ʚʫʟʣʽʚ 

ʪʝʨʪʷ. ɿʘ ʝʢʩʧʝʨʪʥʠʤʠ ʦʮʽʥʢʘʤʠ [1] ʧʨʦʚʽʜʥʠʭ ʫ ʩʚʽʪʽ ʬʘʭʽʚʮʽʚ ʟ ʪʨʠʙʦʣʦʛʽʾ, ʪʽʣʴʢʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʷʛʥʝʥʴ ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʤʦʞʝ ʟʤʝʥʰʠʪʠ ʧʦʰʢʦʜʞʝʥʥʷ ʤʘʰʠʥ 

ʜʦ 30 %. ʇʨʠʯʦʤʫ ʧʝʨʰʽ 15 % ʟ ʥʠʭ ʧʨʘʢʪʠʯʥʦ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ, ʘ 

ʣʠʰʝ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰ ʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʘʰʠʥ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʞʝ 

ʚʽʜʦʤʠʭ ʤʘʩʪʠʣʴʥʠʭ ʨʝʯʦʚʠʥ ï ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ. 

ɺ ʫʤʦʚʘʭ ʚʠʩʥʘʞʝʥʥʷ ʧʘʣʠʚʥʠʭ ʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʟʘʧʘʩʽʚ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ 

ʩʚʽʪʽ, ʘ ʪʘʢʦʞ ʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʚʠʤʦʛ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʥʘʜʽʡʥʦʩʪʽ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʤʘʰʠʥ, ʛʦʩʪʨʦ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʧʨʦ ʧʦʰʫʢ 

ʥʦʚʠʭ ʰʣʷʭʽʚ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʚʠʨʽʰʝʥʥʶ ʮʽʻʾ ʘʢʪʫʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ. 

ʅʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʟʙʝʨʝʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʙʘʣʘʥʩʫ ʟ 

ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʢʦʥʪʨʦʣʴ ʽ ʫʧʨʘʚʣʽʥʥʷ ʝʢʦʣʦʛʽʯʥʠʤʠ ʽ ʙʽʦʣʦʛʽʯʥʠʤʠ 

ʚʧʣʠʚʘʤʠ. ʎʝ, ʧʝʨʰ ʟʘ ʚʩʝ, ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʝʨʝʨʦʙʢʠ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʫ ʤʘʰʠʥʘʭ 

ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [1]. ɸʢʪʫʘʣʴʥʦʶ ʩʪʘʣʘ ʽ ʧʨʦʙʣʝʤʘ ʧʦʰʫʢʫ ʰʣʷʭʽʚ ʧʨʠʩʢʦʨʝʥʥʷ 

ʧʨʦʮʝʩʫ ʨʦʟʢʣʘʜʘʥʥʷ ʤʘʩʪʠʣ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ (ˇʨʫʥʪ, 

ʚʦʜʫ, ʘʪʤʦʩʬʝʨʫ) ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ, ʘ ʪʘʢʦʞ ʧʽʩʣʷ ʾʭ ʚʽʜʧʨʘʮʶʚʘʥʥʷ.  

ʋ ʮʽʡ ʦʙʣʘʩʪʽ ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʚʝʣʠʢʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʩʪʠʢʫ ʨʽʟʥʠʭ ʥʘʫʢʦʚʠʭ ʜʠʩʮʠʧʣʽʥ ʽ ʚʢʣʶʯʘʶʪʴ 

ʥʘʥʦʪʨʠʙʦʣʦʛʽʶ, ʙʽʦʪʨʠʙʦʣʦʛʽʶ, ʟʝʣʝʥʫ ʪʨʠʙʦʣʦʛʽʶ. ɿʦʢʨʝʤʘ, ʦʜʥʠʤ ʽʟ ʟʘʚʜʘʥʴ 
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ʟʝʣʝʥʦʾ ʪʨʠʙʦʣʦʛʽʾ ʻ ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʩʪʠʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ ʨʝʮʠʢʣʽʥʛʫ 

ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ. 

ɿʚô̫ ʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ɼʠʩʝʨʪʘʮʽʶ 

ʚʠʢʦʥʘʥʦ ʥʘ ʢʘʬʝʜʨʽ ʭʽʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʧʨʦʪʷʛʦʤ 2013ï2017 ʨʨ., ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʝʨʞʙʶʜʞʝʪʥʦʾ ʪʝʤʠ 

ˉ 0115U000221 ñʈʦʟʨʦʙʢʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʨʝʮʠʢʣʽʥʛʫ ʧʦʣʽʤʝʨʥʠʭ 

ʚʽʜʭʦʜʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚò ʪʘ ʤʽʞʥʘʨʦʜʥʦʛʦ 

ʜʦʛʦʚʦʨʫ ʫʢʨʘʾʥʦ-ʣʠʪʦʚʩʴʢʦʾ ʩʧʽʚʧʨʘʮʽ ʤʽʞ ʍʤʝʣʴʥʠʮʴʢʠʤ ʥʘʮʽʦʥʘʣʴʥʠʤ ʫʥʽʚʝʨʩʠʪʝʪʦʤ 

ʪʘ ʫʥʽʚʝʨʩʠʪʝʪʦʤ ʽʤ. ɸʣʝʢʩʘʥʜʨʘʩʘ ʉʪʫʣʴʛʽʥʩʢʽʩʘ (ʤ. ʂʘʫʥʘʩ). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʷ ʩʢʣʘʜʫ ʥʦʚʦʛʦ ʢʣʘʩʫ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ, 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ ʨʝʮʠʢʣʽʥʛʫ ʧʦʣʽʤʝʨʥʠʭ ʚʽʜʭʦʜʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʨʽʰʫʚʘʣʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

ï ʧʦʙʫʜʦʚʘ ʪʝʦʨʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʪʨʠʤʘʥʥʷ ʥʦʚʦʛʦ ʢʣʘʩʫ ʙʘʟʦʚʠʭ ʦʩʥʦʚ 

ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʾʭ ʢʚʘʥʪʦʚʦ-

ʭʽʤʽʯʥʠʭ, ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ;  

ï ʟʜʽʡʩʥʝʥʥʷ ʩʠʥʪʝʟʫ ʥʘʧʽʚʧʨʦʜʫʢʪʽʚ, ʙʘʟʦʚʠʭ ʦʩʥʦʚ ʤʘʩʪʠʣ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʪʝʦʨʝʪʠʯʥʦʾ ʤʦʜʝʣʽ; 

ï ʨʦʟʨʦʙʢʘ ʩʢʣʘʜʽʚ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩʪʠʣ ʥʘ ʙʘʟʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʦʩʥʦʚ ʽʟ 

ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʨʝʮʠʢʣʽʥʛʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ;  

ï ʢʦʤʧʣʝʢʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ, ʨʝʦʤʝʪʨʠʯʥʠʭ, ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʦʪʨʠʤʘʥʠʭ ʦʩʥʦʚ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

ï ʦʮʽʥʢʘ ʧʘʨʘʤʝʪʨʽʚ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʯʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

ï ʘʧʨʦʙʘʮʽʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.  

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʩʠʥʪʝʟ ʙʘʟʦʚʠʭ ʦʩʥʦʚ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ 

ʪʝʭʥʦʣʦʛʽʷʤʠ ʨʝʮʠʢʣʽʥʛʫ ʧʦʣʽʤʝʨʥʠʭ ʚʽʜʭʦʜʽʚ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʴ ï ʢʦʤʧʣʝʢʩ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʟʨʦʙʣʝʥʠʭ 

ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
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ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ʇʦʩʪʘʚʣʝʥʽ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʟʘʚʜʘʥʥʷ ʚʠʨʽʰʝʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʪʘ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ: 

ʨʝʦʤʝʪʨʽʾ, ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʩʢʘʥʫʶʯʦʾ ʢʘʣʦʨʠʤʝʪʨʽʾ, 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ 

ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʘʥʘʣʽʟʫ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʙʽʦʜʝʛʨʘʜʘʮʽʾ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʥʘʫʢʦʚʽ ʦʩʥʦʚʠ 

ʥʦʚʦʛʦ ʥʘʧʨʷʤʫ ʦʪʨʠʤʘʥʥʷ ʙʘʟʦʚʠʭ ʦʩʥʦʚ ʤʘʩʪʠʣ ʟ ʧʨʠʨʦʜʥʦʾ ʩʠʨʦʚʠʥʠ ʽʟ 

ʟʘʣʫʯʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ ʨʝʮʠʢʣʽʥʛʫ. ʊʝʦʨʝʪʠʯʥʽ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʦʟʚʦʣʠʣʠ ʦʪʨʠʤʘʪʠ ʪʘʢʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ï ʚʧʝʨʰʝ:  

ï ʪʝʦʨʝʪʠʯʥʫ ʤʦʜʝʣʴ ʩʠʥʪʝʟʫ ʦʩʥʦʚ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ 

ʧʨʠʱʝʧʣʝʥʥʷʤ ʨʝʮʠʢʣʘʪʽʚ ʚʽʜʭʦʜʽʚ ʇɽʊ; 

ï ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʫ ʤʦʜʝʣʴ ʘʮʠʣʛʣʽʮʝʨʦʣʽʚ ʞʠʨʽʚ, ʇɽʊ-ʘʮʠʣʛʣʽʮʝʨʦʣʽʚ; 

ï ʩʧʦʣʫʢʠ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʝʪʠʯʥʦʾ ʤʦʜʝʣʽ; 

ï ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʩʭʠʣʴʥʦʩʪʽ ʜʦ ʦʢʠʩʥʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ, ʾʭ ʧʦʭʽʜʥʠʭ, 

ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʴ ʟʤʽʥʠ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ; 

ï ʧʘʨʘʤʝʪʨʠ ʨʝʦʣʦʛʽʯʥʠʭ ʽ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʦʚʠʭ ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʦʩʥʦʚ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

ï ʟʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʪʨʘʜʠʮʽʡʥʽʡ ʤʽʥʝʨʘʣʴʥʽʡ ʦʩʥʦʚʽ ʪʘ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʠʭ 

ʞʠʨʽʚ; 

ï ʜʦʩʣʽʜʞʝʥʦ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʙʽʦʜʝʛʨʘʜʘʮʽʾ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

ï ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʩʠʥʪʝʟʫ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʧʨʠʨʦʜʥʦʾ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʽʤʽʯʥʦʛʦ ʨʝʮʠʢʣʽʥʛʫ ʚʽʜʭʦʜʽʚ 

ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʥʠʭ ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

ï ʦʧʪʠʤʽʟʦʚʘʥʦ ʩʢʣʘʜ ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʦʾ 

ʩʠʨʦʚʠʥʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʛʦ ʧʨʠʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʪʘ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ ʩʠʨʦʚʠʥʥʠʭ ʨʝʩʫʨʩʽʚ; 

ï ʦʧʪʠʤʽʟʦʚʘʥʦ ʧʘʨʘʤʝʪʨʠ ʩʠʥʪʝʟʫ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʫʚʘʪʠ ʢʦʤʧʦʟʠʮʽʾ ʤʘʩʪʠʣ ʟ ʚʠʩʦʢʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 
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ʚ ʫʤʦʚʘʭ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʽ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʽʟʴʦʚʠʭ ʟôʻʜʥʘʥʥʷʭ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʪʝʭʥʽʢʠ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʝʥʦ ʧʘʪʝʥʪʘʤʠ ʥʘ 

ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ʋʢʨʘʾʥʠ ˉ 110856 ʪʘ ˉ 110857, ʧʦʟʠʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʚʽʜ 

22.02.2017 ʨ. ˉ 4344/ɿɸ/17 ʟʘ ʧʘʪʝʥʪʦʤ ñʉʧʦʩʽʙ ʩʠʥʪʝʟʫ ʙʽʦʜʝʛʨʘʜʫʶʯʦʾ ʙʘʟʦʚʦʾ 

ʦʩʥʦʚʠ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚò. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʨʦʙʥʠʯʠʭ 

ʚʠʧʨʦʙʦʚʫʚʘʥʴ, ʚ ʫʤʦʚʘʭ ʧʽʜʧʨʠʻʤʩʪʚʘ ʊʆɺ ñʎʝʤ-ʈʝʩʫʨʩ 1ò ʫ ʙʫʨʠʣʴʥʠʭ ʫʩʪʘʥʦʚʢʘʭ 

Atlas Copco ROC L7, ʚ ʷʢʦʩʪʽ ʨʽʟʴʦʚʦʛʦ ʤʘʩʪʠʣʘ ʧʨʠ ʟʛʚʠʥʯʫʚʘʥʥʽ ʦʙʩʘʜʥʠʭ ʪʨʫʙ 

ʙʫʨʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ. ʈʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ 

ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʧôʷʪʠ ʙʫʨʠʣʴʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʩʢʣʘʜʘʻ 507,45 ʪʠʩ. ʛʨʥ.  

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʫ ʧʦʩʪʘʥʦʚʮʽ ʪʘ ʚʠʨʽʰʝʥʥʽ ʦʩʥʦʚʥʠʭ 

ʟʘʚʜʘʥʴ, ʚʠʙʦʨʽ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʘʥʘʣʽʟʽ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʧʨʠʨʦʜʥʦʾ ʩʠʨʦʚʠʥʠ, ʬʦʨʤʫʣʶʚʘʥʥʽ ʥʘʫʢʦʚʦʾ ʥʦʚʠʟʥʠ, ʧʨʘʢʪʠʯʥʦʾ ʮʽʥʥʦʩʪʽ 

ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʚʠʩʥʦʚʢʽʚ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ 

ʜʦʧʦʚʽʜʘʣʠʩʴ, ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʪʘ ʦʪʨʠʤʘʣʠ ʧʦʟʠʪʠʚʥʫ ʦʮʽʥʢʫ: 

ï ʥʘ VIII  ʤʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ Balttrib 2015, 26ï27 ʣʠʩʪʦʧʘʜʘ 2015 ʨ., 

ʤ. ʂʘʫʥʘʩ, ʃʠʪʚʘ, Aleksandras Stulginskis University; 

ï ʥʘ 33 ʱʦʨʽʯʥʽʡ ʤʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñʂʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽò, 27ï31 ʪʨʘʚʥʷ 2013 ʨ., ʤ. ʗʣʪʘ, ɻʫʨʟʫʬ; 

ï ʥʘ VII ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ 

ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ñʍʽʤʽʷ ʪʘ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾò, 27ï29 ʢʚʽʪʥʷ 2015 ʨ., 

ʤ. ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, ʋɼʍʊʋ; 

ï ʥʘ ɯV ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʪʘ ʧʨʠʢʣʘʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ 

ʩʫʯʘʩʥʽʡ ʥʘʫʮʽò, 2016 ʨ., ʤ. ʍʘʨʢʽʚ, ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʮʝʥʪʨ. 

ï ʥʘ ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ 

ñʅʦʚʽ ʤʘʪʝʨʽʘʣʠ ʽ ʧʝʨʩʧʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʦʭʦʨʦʥʘ ʧʨʘʮʽ ʽ ʧʨʦʬʝʩʽʡʥʘ ʦʩʚʽʪʘò, 

4 ʢʚʽʪʥʷ 2014 ʨ., ʤ. ʃʫʛʘʥʩʴʢ, ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ; 
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ï ʥʘ ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʩʪʫʜʝʥʪʩʴʢʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ ñʅʘʫʢʦʚʘ 

ʋʢʨʘʾʥʘò, 25 ʪʨʘʚʥʷ 2015 ʨ., ʤ. ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, ʋɼʍʊʋ; 

ï ʥʘ 1-ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ñScience and Education in Australia, America 

and Eurasuia: Fundamenal and Applied Scienceò, 23 ʣʠʧʥʷ, 2014 ʨ., ʄʝʣʴʙʫʨʥ, ɸʚʩʪʨʘʣʽʷ. 

ʋ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʜʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʜʦʧʦʚʽʜʘʣʘʩʴ ʪʘ ʫʭʚʘʣʝʥʘ ʥʘ 

ʢʘʬʝʜʨʘʣʴʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʩʝʤʽʥʘʨʽ ʢʘʬʝʜʨʠ ʭʽʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (2017) ʪʘ 

ʤʽʞʢʘʬʝʜʨʘʣʴʥʦʤʫ ʩʝʤʽʥʘʨʽ ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚ 2017 ʨ. 

ʉʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ̔ ʚʩʪʫʧʫ, ʧô̫ ʪʠ 

ʨʦʟʜʽʣʽʚ, ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʜʦʜʘʪʢʽʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʨʦʙʦʪʠ ʚʠʢʣʘʜʝʥʘ ʥʘ 136 ʩʪʦʨʽʥʢʘʭ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ, ʩʧʠʩʦʢ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʩʢʣʘʜʘʻʪʴʩʷ ʟ̔ 137 ʥʘʟʚ ʥʘ 14 ʩʪʦʨʽʥʢʘʭ. ʇʦʚʥʠʡ ʦʙʩʷʛ 

ʜʠʩʝʨʪʘʮʽʾ ï 168 ʩʪʦʨʽʥʦʢ, ʚʢʣʶʯʘʶʯʠ 114 ʨʠʩʫʥʢʽʚ, 33 ʪʘʙʣʠʮ ̔ʪʘ 4 ʜʦʜʘʪʢʠ ʥʘ 18 

ʩʪʦʨʽʥʢʘʭ. 
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ʈʆɿɼɯʃ 1  

ɸʅɸʃɯɿ ʊɸ ʋɿɸɻɸʃʔʅɽʅʅʗ ʅɸʋʂʆɺʆ-ʊɽʍʅɯʏʅʆɰ  

ɯ ʇɸʊɽʅʊʅʆɰ ɼʆʂʋʄɽʅʊɸʎɯɰ ɿ ʅɸʇʈʗʄʋ ɼʆʉʃɯɼɾɽʅʔ 

 

 

1.1  ɽʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʢʦʥʮʝʧʮʽʻʶ ñʟʝʣʝʥʦʾ 

ʪʨʠʙʦʣʦʛʽʾò 

 

 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʚʠʤʦʛ ʩʫʯʘʩʥʦʩʪʽ ʻ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʤʘʰʠʥ, 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʠʣʘʜʽʚ. ʊʘʢʽ ʤʘʰʠʥʠ ʽ ʤʝʭʘʥʽʟʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʚʦʨʝʥʽ ʣʠʰʝ ʧʨʠ 

ʚʜʘʣʦʤʫ ʨʦʟʚôʷʟʘʥʥʽ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʪʝʨʪʷ, ʟʥʦʰʫʚʘʥʥʷ ʪʘ 

ʟʤʘʱʫʚʘʥʥʷ, ʪʦʙʪʦ ʟʘʜʘʯ ʪʨʠʙʦʣʦʛʽʾ ʽ ʪʨʠʙʦʪʝʭʥʽʢʠ.  

ɺʠʪʨʘʪʠ ʥʘ ʪʝʨʪʷ, ʟʥʦʰʫʚʘʥʥʷ ʽ ʢʦʨʦʟʽʶ ʚ ʧʨʦʤʠʩʣʦʚʦ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ 

ʩʢʣʘʜʘʶʪʴ ʙʣʠʟʴʢʦ 4,5 % ʚʽʜ ɺɺʇ. ʅʘʧʨʠʢʣʘʜ, ʫ ʅʽʤʝʯʯʠʥʽ ʝʢʦʥʦʤʽʯʥʽ ʚʪʨʘʪʠ 

ʩʪʘʥʦʚʣʷʪʴ ʙʣʠʟʴʢʦ 35 ʤʣʨʜ ʻʚʨʦ ʱʦʨʽʯʥʦ, ʫ ʉʐɸ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ 

ʪʨʘʥʩʧʦʨʪʽ ʩʪʘʥʦʚʣʷʪʴ 25 %, ʜʣʷ ʂʘʥʘʜʠ ʝʥʝʨʛʝʪʠʯʥʽ ʚʪʨʘʪʠ ʥʘ ʧʦʜʦʣʘʥʥʷ ʪʝʨʪʷ 

ʩʪʘʥʦʚʣʷʪʴ 1,5 ʤʣʨʜ ʻʚʨʦ, 4,5 ʤʣʨʜ ʻʚʨʦ ï ʚʽʜ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ [1].  

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʪʝʨʪʷ ʪʘ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ, ʟ ʤʝʪʦʶ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʇʦʨʷʜ ʽʟ 

ʮʠʤ, ʤʘʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘʢʦʞ ʚʠʢʦʥʫʶʪʴ ʡ ʽʥʰʽ ʬʫʥʢʮʽʾ. ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ, 

ʚʦʥʠ ʥʝ ʩʪʽʣʴʢʠ ʟʤʝʥʰʫʶʪʴ ʟʥʦʰʫʚʘʥʥʷ, ʩʢʽʣʴʢʠ ʚʧʦʨʷʜʢʦʚʫʶʪʴ ʡʦʛʦ, ʪʦʙʪʦ 

ʟʘʧʦʙʽʛʘʶʪʴ ʟʘʜʠʨʘʥʥʶ, ʟʘʾʜʘʥʥʶ ʪʘ ʟʘʢʣʠʥʶʚʘʥʥʶ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ 

ʪʝʨʪʶ. ʄʘʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʟʘʧʦʙʽʛʘʶʪʴ ʧʨʦʥʠʢʥʝʥʥʶ ʜʦ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʘʛʨʝʩʠʚʥʠʭ 

ʨʽʜʠʥ, ʛʘʟʽʚ, ʧʘʨʽʚ, ʘ ʪʘʢʦʞ ʘʙʨʘʟʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʧʠʣ, ʙʨʫʜ ʪʦʱʦ) ʪʘ ʚʠʢʦʥʫʶʪʴ 

ʟʘʭʠʩʥʽ ʬʫʥʢʮʽʾ, ʟʘʧʦʙʽʛʘʶʯʠ ʢʦʨʦʟʽʾ ʤʝʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ. ɿʘʚʜʷʢʠ ʘʥʪʠʬʨʠʢʮʽʡʥʠʤ 

ʚʣʘʩʪʠʚʦʩʪʷʤ, ʤʘʩʪʠʣʘ ʟʥʘʯʥʦ ʟʤʝʥʰʫʶʪʴ ʝʥʝʨʛʝʪʠʯʥʽ ʟʘʪʨʘʪʠ ʥʘ ʪʝʨʪʷ [1].  

ʅʘ ʩʴʦʛʦʜʥʽ, ʜʦʤʽʥʘʥʪʦʶ ʨʦʟʚʠʪʢʫ ʮʠʚʽʣʽʟʦʚʘʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʾ ʨʽʚʥʦʚʘʛʠ ʩʦʮʽʫʤʫ ʟ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʱʦ ʥʝ ʤʦʞʣʠʚʦ ʙʝʟ 

ʚʠʨʽʰʝʥʥʷ ʩʢʣʘʜʥʠʭ ʧʠʪʘʥʴ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʦʜʘʣʴʰʦʛʦ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ, 



10 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪ, ʜʦʢʦʨʽʥʥʦʛʦ ʧʦʣʽʧʰʝʥʥʷ ʦʭʦʨʦʥʠ ʜʦʚʢʽʣʣʷ, ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʞʠʪʪʷ [2]. ʎʝ ʦʙʫʤʦʚʠʣʦ ʧʦʷʚʫ ʥʘʜʟʚʠʯʘʡʥʦ ʧʦʧʫʣʷʨʥʦʛʦ ʥʘʧʨʷʤʫ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ, ʤʘʪʝʨʽʘʣʽʚ, ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʧʽʜ ʥʘʟʚʘʤʠ ñʟʝʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾò, ñʟʝʣʝʥʘ 

ʽʥʞʝʥʝʨʽʷò, ñʟʝʣʝʥʘ ʭʽʤʽʷò, ñʟʝʣʝʥʘ ʝʥʝʨʛʝʪʠʢʘò, ñʟʝʣʝʥʽ ʧʨʦʜʫʢʪʠò ʪʦʱʦ. ʇʽʜ ʪʝʨʤʽʥʦʤ 

ñʟʝʣʝʥʠʡò ʨʦʟʫʤʽʻʪʴʩʷ ʥʦʚʠʡ ʚʠʪʦʢ ʥʘʫʢʦʚʦʛʦ ʤʠʩʣʝʥʥʷ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʧʦʛʣʷʜʠ ʥʘ ʝʢʦʣʦʛʽʯʥʠʡ ʙʘʣʘʥʩ ʪʘ ʧʨʠʥʮʠʧʠ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ɯʥʜʫʩʪʨʽʷ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʨʘʢʫʨʩʽ ʥʦʚʦʛʦ ʤʠʩʣʝʥʥʷ ï ñʟʝʣʝʥʘ 

ʪʨʠʙʦʣʦʛʽʷò ï ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ, ʩʝʨʝʜ ʙʘʛʘʪʴʦʭ ʟʘʚʜʘʥʴ, ʝʢʦʣʦʛʽʯʥʠʭ ʘʩʧʝʢʪʽʚ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʦʚʠʭ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʩʠʨʦʚʠʥʠ ʽ 

ʙʽʦʜʝʛʨʘʜʘʮʽʾ (ɹɻɼ) ʾʭ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. 

ʅʘ ʨʠʩ. 1.1 ʥʘʚʝʜʝʥʦ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʭʽʤʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ [3]. 

 

 

 

ʈʠʩ. 1.1. ɾʠʪʪʻʚʠʡ ʮʠʢʣ ʭʽʤʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ 

 

ʅʘʦʯʥʠʤ ʧʨʠʢʣʘʜʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ñʟʝʣʝʥʦʾò ʪʨʠʙʦʣʦʛʽʾ ʤʦʞʫʪʴ 

ʩʪʘʪʠ ʤʘʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʦʪʨʠʤʘʥʽ ʟʘ ʧʨʠʥʮʠʧʘʤʠ ʙʽʦʤʽʤʝʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ. 

ʇʨʠʨʦʜʥʽ ʤʘʩʪʠʣʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʥʘʚʽʪʴ ʧʨʠ ʥʠʟʴʢʠʭ 

ʰʚʠʜʢʦʩʪʷʭ ʽ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʚ ʷʢʦʩʪʽ ʙʘʟʦʚʠʭ ʦʩʥʦʚ, ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʦʟʯʠʥʝʥʠʭ ʙʽʦʤʦʣʝʢʫʣ [3]. ɺʽʜʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘʢʠʭ ʤʦʣʝʢʫʣ ʫ 
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ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʻ ʜʦʩʠʪʴ ʚʘʞʣʠʚʠʤ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʚʧʣʠʚʫ ʩʢʣʘʜʫ ʪʘ ʙʫʜʦʚʠ 

ʤʦʣʝʢʫʣ ʥʘ ʾʭʥʶ ʪʨʠʙʦʣʦʛʽʯʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʇʨʠʢʣʘʜʦʤ ʙʽʦʤʽʤʝʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ 

ʤʦʞʝ ʙʫʪʠ ʧʨʦʮʝʩ ʽʤʽʪʘʮʽʾ ʥʘʪʫʨʘʣʴʥʠʭ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʧʨʠʢʣʘʜ, 

ʛʣʽʮʝʨʦʧʨʦʪʝʾʥʽʚ. ɼʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʮʴʦʛʦ ʤʝʭʘʥʽʟʤʫ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʙʫʣʠ 

ʩʠʥʪʝʟʦʚʘʥʽ ʤʦʣʝʢʫʣʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʧʦʣʽʤʝʨʥʽ ʱʽʪʢʠ ʥʘ ʧʦʚʝʨʭʥʷʭ. ʑʽʪʦʯʢʠ 

ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʢʦʣʠ ʧʨʠʱʝʧʣʝʥʽ ʚʦʜʦʨʦʟʯʠʥʥʽ 

ʤʦʣʝʢʫʣʠ ʧʦʣʽʤʝʨʫ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʤʝʞʘʭ ʧʨʠʙʣʠʟʥʦ ʦʜʥʦʛʦ ʨʘʜʽʫʩʘ ʽʥʝʨʮʽʡ ʧʝʨʝʨʽʟʫ 

ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʽ ʨʦʟʪʷʛʫʶʪʴʩʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʾʭ ʚʟʘʻʤʦʜʽʶ ʟ ʚʦʜʦʶ, 

ʚʦʜʥʦʯʘʩ ʟʤʝʥʰʫʶʯʠ ʾʭ ʚʟʘʻʤʦʜʽʶ ʦʜʥʘ ʟ ʦʜʥʦʶ, ʷʢ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.2 [4]. 

 

 
 

ʈʠʩ. 1.2. ʋʪʚʦʨʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʱʽʪʦʯʦʢ ʥʘ ʧʦʚʝʨʭʥʽ 

 

ʈʦʟʚʠʪʦʢ ʚʽʜʥʦʩʠʥ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʩʪʠʣ ʪʘ ʾʾ ʩʧʦʞʠʚʘʯʽʚ, 

ʧʽʜʚʠʱʠʣʦ ʝʢʦʣʦʛʽʯʥʫ ʩʚʽʜʦʤʽʩʪʴ. ʉʧʦʞʠʚʘʯʽ ʩʭʠʣʴʥʽ ʥʘʜʘʚʘʪʠ ʧʝʨʝʚʘʛʫ ʧʨʦʜʫʢʪʘʤ, 

ʱʦ ʥʝ ʟʤʝʥʰʫʶʪʴ ʩʚʽʪʦʚʠʡ ʟʘʧʘʩ ʤʽʥʝʨʘʣʴʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʪʘ ʯʠʥʷʪʴ ʤʽʥʽʤʘʣʴʥʠʡ 

ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʘ ʪʘʢʦʞ ʥʘʤʘʛʘʶʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠʨʦʜʥʦ 

ʜʦʩʪʫʧʥʽ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʽ ʤʘʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ, 

ʚʘʞʣʠʚʠʤ ʻ ʨʦʟʚô̫ ʟʘʥʥʷ ʜʚʦʭ ʧʨʦʙʣʝʤʥʠʭ ʟʘʜʘʯ:  

ï ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʠʨʦʜʥʦʶ, ʚʽʜʥʦʚʣʶʚʘʥʦʶ ʩʠʨʦʚʠʥʦʶ; 

ï ʩʪʚʦʨʠʪʠ ʤʘʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʚʠʩʦʢʠʤʠ ʪʨʠʙʦʪʝʭʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ 

ʟʜʘʪʥʠʤʠ ʜʦ ʩʘʤʦʩʪʽʡʥʦʾ ʙʽʦʜʝʛʨʘʜʘʮʽʾ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʮʠʢʣʫ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʇʦʪʝʥʮʽʡʥʦʶ ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ 

ʨʦʩʣʠʥʥʽ ʦʣʽʾ, ʪʚʘʨʠʥʥʽ ʞʠʨʠ ʽ ʩʠʥʪʝʪʠʯʥʽ ʩʢʣʘʜʥʽ ʝʬʽʨʠ [3, 5]. 
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ʄʘʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʧʨʦʜʫʢʪʽʚ ʨʦʩʣʠʥʥʦʛʦ ʽ ʪʚʘʨʠʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩ ̫ʚ ʪʝʭʥʽʮʽ, ʧʦʯʠʥʘʶʯʠ ʟ ʙʨʦʥʟʦʚʦʛʦ ʧʝʨʽʦʜʫ ʽ 

ʘʞ ʜʦ ʩʝʨʝʜʠʥʠ XX ʩʪ. ï ʪʦʧʣʝʥʠʡ ʷʣʦʚʠʯʠʡ ʽ ʩʚʠʥʷʯʠʡ ʞʠʨ (ʤʘʩʪʠʣʦ ʜʣʷ ʦʩʝʡ ʢʦʣʽʩ 

ʟʘʣʽʟʥʠʯʥʠʭ ʚʘʛʦʥʽʚ), ʦʣʠʚʢʦʚʘ ʦʣʽʷ (ʤʦʪʦʨʥʽ ʦʣʠʚʠ), ʩʧʝʨʤʘʮʝʪʦʚʠʡ, ʢʠʪʦʚʠʡ ʞʠʨ 

(ʽʥʜʫʩʪʨʽʘʣʴʥʽ ʤʘʩʪʠʣʘ ʜʣʷ ʪʝʢʩʪʠʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʦʣʠʚʠ ʜʣʷ ʪʨʘʥʩʤʽʩʽʡ), 

ʨʽʧʘʢʦʚʘ ʦʣʽʷ (ʪʝʭʥʦʣʦʛʽʯʥʘ ʦʣʠʚʘ ʧʨʠ ʤʝʪʘʣʦʦʙʨʦʙʮʽ), ʢʦʢʦʩʦʚʘ ʦʣʽʷ (ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʦʣʠʚʠ ʜʣʷ ʧʨʦʢʘʪʢʠ ʤʝʪʘʣʽʚ), ʪʘʣʦʚʘ ʦʣʽʷ (ʢʦʤʧʦʥʝʥʪ ʮʠʣʽʥʜʨʦʚʠʭ ʦʣʠʚ) [6]. 

ʇʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʩʣʠʥʥʠʭ ʽ ʪʚʘʨʠʥʥʠʭ ʞʠʨʽʚ ʚ ʷʢʦʩʪʽ 

ʦʩʥʦʚʠ ʜʣʷ ʝʢʦʣʦʛʽʯʥʦ ʧʨʠʡʥʷʪʠʭ ʤʘʩʪʠʣ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1.1 [7]. 

 

ʊʘʙʣʠʮʷ 1.1 

ʇʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ ʚ ʷʢʦʩʪʽ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

ɺʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʙʽʦʜʝʛʨʘʜʘʮʽʾ ʅʠʟʴʢʘ ʪʝʨʤʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ  

ʅʠʟʴʢʝ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʅʠʟʴʢʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʦʢʠʩʥʝʥʥʷ 

ʉʫʤʽʩʥʽʩʪʴ ʟ ʜʦʙʘʚʢʘʤʠ ɺʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʤʝʨʟʘʥʥʷ 

ʅʠʟʴʢʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʅʠʟʴʢʠʡ ʟʘʭʠʩʪ ʚʽʜ ʢʦʨʦʟʽʾ 

ʐʠʨʦʢʽ ʚʠʨʦʙʥʠʯʽ ʤʦʞʣʠʚʦʩʪʽ ï 

ʅʠʟʴʢʘ ʪʦʢʩʠʯʥʽʩʪʴ ï 

ɺʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʘʣʘʭʫ ï 

ʅʠʟʴʢʘ ʣʝʪʶʯʽʩʪʴ ï 

 

ʇʦʣʷʨʥʘ ʧʨʠʨʦʜʘ ʞʠʨʽʚ ʜʦʟʚʦʣʷʻ ʾʤ ʦʯʠʱʫʚʘʪʠ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʚʽʜ ʙʨʫʜʫ 

ʧʽʜ ʯʘʩ ʪʝʨʪʷ ʪʘ ʫʪʨʠʤʫʚʘʪʠ ʯʘʩʪʢʠ ʫ ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ. ʊʘʢʦʞ ʧʦʣʷʨʥʽʩʪʴ ʧʨʠʨʦʜʥʠʭ 

ʞʠʨʽʚ ʥʘʜʘʻ ʾʤ ʙʽʣʴʰ ʚʠʩʦʢʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʤʝʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ, ʥʽʞ ʥʝʧʦʣʷʨʥʠʭ 

ʤʽʥʝʨʘʣʴʥʠʭ ʦʣʠʚ [8].  

ʇʨʠ ʟʛʦʨʘʥʥʽ ʤʘʩʪʠʣ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʦʾ ʩʠʨʦʚʠʥʠ ʢʽʣʴʢʽʩʪʴ ʉʆ2 ʻ ʟʥʘʯʥʦ 

ʤʝʥʰʦʶ, ʥʽʞ ʚʽʜ ʤʽʥʝʨʘʣʴʥʠʭ ʘʙʦ ʩʠʥʪʝʪʠʯʥʠʭ ʤʘʩʪʠʣ [9]. ʄʘʩʪʠʣʘ ʥʘ ʦʩʥʦʚʽ 

ʧʨʠʨʦʜʥʠʭ ʦʣʠʚ ʪʘ ʞʠʨʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʪʨʠʤʢʽʩʪʶ, ʦʩʢʽʣʴʢʠ 

ʜʦʚʛʦʣʘʥʮʶʛʦʚʽ ʞʠʨʥʽ ʢʠʩʣʦʪʠ ʚʦʣʦʜʽʶʪʴ ʚʠʱʦʶ ʘʜʩʦʨʙʮʽʻʶ ʜʦ ʤʝʪʘʣʝʚʦʾ ʧʦʚʝʨʭʥʽ. 

ʊʝʨʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠʨʦʜʥʽʭ ʞʠʨʽʚ ʧʦʢʨʘʱʫʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʘʨʙʦʢʩʠʣʘʪʥʠʭ ʛʨʫʧ ʫ ʤʦʣʝʢʫʣʘʭ ʻʩʪʝʨʫ ʽ ʪʠʤ ʩʘʤʠʤ ʩʪʚʦʨʶ ʪʁ ɹ
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ʙʽʣʴʰ ʪʦʚʩʪʫ ʤʘʩʪʠʣʴʥʫ ʧʣʽʚʢʫ, ʱʦ ʤʦʞʝ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ ʫ ʚʠʩʦʢʦʥʘʚʘʥʪʘʞʝʥʠʭ 

ʢʦʥʪʘʢʪʘʭ. ɹʽʣʴʰ ʚʠʩʦʢʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʟʙʽʣʴʰʫʻ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ, ʱʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʝʣʘʩʪʠʯʥʦʛʦ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʤʘʪʝʨʽʘʣʦʤ ʽ 

ʨʽʜʠʥʦʶ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟʥʠʞʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʽ ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʚôʷʟʢʽʩʪʴ [10]. ɺʠʩʦʢʘ ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ʤʦʣʝʢʫʣʠ ʪʨʠʘʮʠʣʛʣʽʮʝʨʦʣʫ ʽ ʚʫʟʴʢʠʡ 

ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʚôʷʟʢʦʩʪʽ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʠʟʴʢʫ ʣʝʪʶʯʽʩʪʴ ʧʨʠʨʦʜʥʠʭ 

ʞʠʨʽʚ [11]. ɺʠʩʦʢʘ ʣʽʥʽʡʥʽʩʪʴ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ ʜʦʟʚʦʣʷʻ 

ʪʨʠʘʮʠʣʛʣʽʮʝʨʦʣʘʤ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʠʣʴʥʫ ʤʽʞʤʦʣʝʢʫʣʷʨʥʫ ʚʟʘʻʤʦʜʽʶ ʟ ̔ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʥʽʞ ʫ ʨʦʟʛʘʣʫʞʝʥʠʭ ʚʫʛʣʝʚʦʜʥʷʭ ʘʙʦ ʝʩʪʝʨʘʭ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ 

ʽʥʜʝʢʩ ʚôʷʟʢʦʩʪʽ ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ [12]. ɺʠʱʽ ʪʦʯʢʠ ʩʧʘʣʘʭʫ ʪʘ ʟʛʦʨʷʥʥʷ ʧʨʠʨʦʜʥʠʭ 

ʞʠʨʽʚ ʥʽʞ ʤʽʥʝʨʘʣʴʥʠʭ ʚʢʘʟʫʶʪʴ ʥʘ ʾʭ ʢʨʘʱʫ ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ. 

ʆʜʥʠʤ ʟ ʥʝʜʦʣʽʢʽʚ ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ ʻ ʥʠʟʴʢʘ ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ. ʅʘʷʚʥʽʩʪʴ 

ʧʦʜʚʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʚ ʤʦʥʦʥʝʥʘʩʠʯʝʥʠʭ ʽ ʧʦʣʽʥʝʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪʘʭ ʫʪʚʦʨʶʻ 

ʩʪʨʫʢʪʫʨʫ ʧʝʨʝʢʨʫʯʫʚʘʥʥʷ, ʯʝʨʝʟ ʷʢʫ ʚʦʥʠ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʧʨʠ ʙʽʣʴʰ ʥʠʟʴʢʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ, ʥʽʞ ʥʘʩʠʯʝʥʽ ʞʠʨʥʽ ʢʠʩʣʦʪʠ [5]. ʇʨʠʨʦʜʥʽ ʦʣʽʾ ʜʫʞʝ ʯʫʪʣʠʚʽ ʜʦ 

ʛʽʜʨʦʣʽʟʫ ʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʚʦʜʠ ʫʪʚʦʨʶʶʪʴʩʷ ʢʦʨʦʟʽʡʥʦʘʢʪʠʚʥʽ ʢʠʩʣʽ ʧʨʦʜʫʢʪʠ 

ʨʦʟʧʘʜʫ, ʧʦʨʽʚʥʷʥʦ ʟ ʤʽʥʝʨʘʣʴʥʠʤ ʤʘʩʣʘʤʠ. ʂʘʨʙʦʥʦʚʽ ʢʠʩʣʦʪʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʛʽʜʨʦʣʽʟʫ, ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʢʦʨʦʟʽʶ ʤʝʪʘʣʝʚʠʭ ʧʽʜʰʠʧʥʠʢʽʚ, ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʫʱʽʣʴʥʝʥʥʷ ʽ ʩʢʦʨʦʯʫʶʪʴ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ [5]. ʅʘʷʚʥʽʩʪʴ ʤʦʥʦʥʝʥʘʩʠʯʝʥʠʭ ʽ 

ʧʦʣʽʥʝʥʘʩʠʯʝʥʠʭ ʟʚôʷʟʢʽʚ ʩʧʨʠʷʻ ʘʚʪʦʦʢʠʩʥʝʥʥʶ ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ. 

ʑʝ ʦʜʥʽʻʶ ʧʨʠʯʠʥʦʶ ʜʣʷ ʘʚʪʦʦʢʠʩʥʝʥʥʷ ʻ ʥʘʷʚʥʽʩʪʴ ʙʝʪʘ-ʧʨʦʪʦʥʘ ʚ ʩʪʨʫʢʪʫʨʽ 

ʪʨʠʛʣʽʮʝʨʦʣʽʚ. ɽʣʝʢʪʨʦʥʥʽ ʟʨʫʰʝʥʥʷ ʚ ʙʝʪʘ-ʚʫʛʣʝʮʽ ʧʦʩʣʘʙʣʶʶʪʴ ʟʚôʷʟʦʢ ʉïʆ ʽ 

ʨʦʟʨʠʚʘʻ ʝʬʽʨʥʠʡ ʟʚôʷʟʦʢ ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʘʨʙʦʥʦʚʦʾ ʢʠʩʣʦʪʠ.  

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰʠʭ ʦʙʤʝʞʝʥʴ ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ ʚ ʷʢʦʩʪʽ ʧʦʪʝʥʮʽʡʥʠʭ 

ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʾʭ ʚʫʟʴʢʠʡ ʜʽʘʧʘʟʦʥ ʜʦʩʪʫʧʥʠʭ ʚôʷʟʢʦʩʪʝʡ [5]. 

ʇʦʥʦʚʣʶʚʘʥʦʶ ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʫʪʴ 

ʩʣʫʛʫʚʘʪʠ ʨʦʩʣʠʥʥʽ ʦʣʽʾ ʽ ʪʚʘʨʠʥʥʽ ʞʠʨʠ ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʯʠʱʝʥʥʷ ï ʨʘʬʽʥʘʮʽʾ, 

ʧʨʦʜʫʢʪʠ ʾʭ ʭʽʤʽʯʥʦʾ ʧʝʨʝʨʦʙʢʠ ï ʩʢʣʘʜʥʽ ʝʬʽʨʠ, ʧʦʣʽʤʝʨʥʽ ʽ ʩʫʣʴʬʦʚʘʥʽ ʩʧʦʣʫʢʠ, ʘ 

ʪʘʢʦʞ ʚʽʜʭʦʜʠ ʨʘʬʽʥʘʮʽʾ ï ʞʠʨʦʚʽ ʛʫʜʨʦʥʠ, ʜʠʩʪʠʣʴʦʚʘʥʽ ʞʠʨʥʽ ʢʠʩʣʦʪʠ. ɺ ʦʣʽʷʭ 

ʟʘʚʞʜʠ ʧʨʠʩʫʪʥʽ ʚʽʣʴʥʽ ʢʠʩʣʦʪʠ (ʘ ʽʥʦʜʽ ʡ ʩʧʠʨʪʠ), ʤʠʣʘ, ʬʦʩʬʘʪʠʜʠ, ʚʽʪʘʤʽʥʠ, 
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ʬʘʨʙʫʚʘʣʴʥʽ ʽ ʩʣʠʟʠʩʪʽ ʨʝʯʦʚʠʥʠ. ʉʧʝʮʠʬʽʯʥʠʡ ʩʢʣʘʜ ʪʘʢʠʭ ʧʨʦʜʫʢʪʽʚ ʦʙʫʤʦʚʣʶʻ ʾʭ 

ʫʥʽʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɾʠʨʥʽ ʢʠʩʣʦʪʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʩʢʣʘʜʫ ʨʦʩʣʠʥʥʠʭ ʦʣʽʡ, ʜʽʶʪʴ ʷʢ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ (ʇɸʈ); ʾʭ ʩʢʣʘʜʥʽ 

ʝʬʽʨʠ ʫʪʚʦʨʶʶʪʴ ʤʘʩʪʠʣʴʥʫ ʧʣʽʚʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ; ʞʠʨʥʽ ʩʧʠʨʪʠ ʚʠʩʪʫʧʘʶʪʴ ʚ 

ʨʦʣʽ ʩʚʦʻʨʽʜʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ [6]. 

ʋ ʪʘʙʣ. 1.2 ʥʘʚʝʜʝʥʦ  ʧʦʨʽʚʥʷʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʦʩʣʠʥʥʠʭ ʪʘ ʥʘʬʪʦʚʠʭ 

ʦʣʠʚ [6]. 

 

ʊʘʙʣʠʮʷ 1.2  

ʇʦʨʽʚʥʷʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʩʣʠʥʥʠʭ ʪʘ ʥʘʬʪʦʚʠʭ ʦʣʠʚ 

ʆʣʽʷ 

ɻʫʩʪʠʥʘ 

ʧʨʠ  

20 ʉ̄, ʢʛ/ʤ3 

ɺô̫ ʟʢʽʩʪʴ  

ʧʨʠ  

100 ʉ̄, ʤʤ2/ʩ 

ɯʥʜʝʢʩ 

ʚô̫ ʟʢʦʩʪ ̔

ʂʠʩʣʦʪʥʝ 

ʯʠʩʣʦ 

ʤʛʂʆʅ/ʛ 

ʊʝʤʧʝʨʘʪʫʨʘ, ʉ̄ 

ʩʧʘʣʘʭʫʚʘʥʥʷ ʟʘʩʪʠʛʘʥʥʷ 

ʈʽʧʘʢʦʚʘ  906,1 8,09 155,4 6,40 224 ï3 

ʉʦʥʷʰʥʠʢʦʚʘ  927,5 7,93 167 2,44 320 ï16 

ʉʦʻʚʘ  923,7 7,67 166 0,03 318 ï12 

ʇʘʣʴʤʦʚʘ 917,6 8,62 151 0,17 315 ï13 

ʅʘʬʪʦʚʘ ʄ-8 921 7,21 169,7 0,05 257 ï16 

ʅʘʬʪʦʚʘ ʄʉ-20 877,8 7,53 89 0,015 203 ï15 

 

ɺʽʜʦʤʦ, ʱʦ ʚ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʚʝʜʫʪʴʩʷ ʨʦʙʦʪʠ ʱʦʜʦ ʦʪʨʠʤʘʥʥ ̫ʥʘ ʙʘʟʽ 

ʨʦʩʣʠʥʥʠʭ ʦʣʽʡ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʠʩʘʜʦʢ ʽ ʧʣʘʩʪʠʯʥʠʭ ʟʤʘʱʫʚʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ ï ʫ ʉʐɸ, ɺʝʣʠʢʽʡ ɹʨʠʪʘʥʽʾ, ʅʽʤʝʯʯʠʥʽ, ɸʚʩʪʨʽʾ [6]. 

ʋ ʨʦʙʦʪʘʭ ʫʢʨʘʾʥʩʴʢʠʭ ʚʯʝʥʠʭ ʉʽʨʝʥʢʦ ɻ. ʆ., ʈʘʥʩʴʢʦʛʦ ɸ. ʇ., ɺʦʡʪʦʚʘ ɺ. ɸ. 

ʨʦʟʛʣʷʥʫʪʦ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʨʦʩʣʠʥʥʠʭ ʦʣʽʡ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʾʭ ʚ ʷʢʦʩʪʽ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [13ï17]. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʽʜʨʘʚʣʽʯʥʠʭ ʽ 

ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʨʽʧʘʢʦʚʽʡ ʦʣʽʾ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʦʥʠ ʤʘʶʪʴ ʪʘʢʽ 

ʩʘʤʽ ʘʙʦ ʢʨʘʱʽ ñʤʝʭʘʥʽʯʥʽò ʚʣʘʩʪʠʚʦʩʪʽ, ʥʽʞ ʤʽʥʝʨʘʣʴʥʽ, ʘʣʝ ʧʦʩʪʫʧʘʶʪʴʩʷ ʟʘ 

ʩʪʽʡʢʩ̔ʪʁ ʜʦ ʦʢʠʩʥʝʥʥʷ. ʈʽʧʘʢʦʚʘ ʦʣʽʷ ʟ ʧʨʠʩʘʜʢʘʤʠ ʝʢʚʽʚʘʣʝʥʪʥʽ ʤʽʥʝʨʘʣʴʥʠʤ, ʘʣʝ 

ʟʜʘʪʥʽ ʜʦ ʙʽʦʨʦʟʢʣʘʜʘʥʥʷ ʽ ʥʝʪʦʢʩʠʯʥʽ. ɺʠʩʦʢʘ ʟʤʘʱʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʨʦʩʣʠʥʥʠʭ 

ʦʣʠʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙʤʝʞʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʦ ʘʢʪʠʚʥʠʭ ʧʨʠʩʘʜʦʢ, ʱʦ 

ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʫʻ ʾʭ ʝʢʦʣʦʛʽʯʥʽ ʧʝʨʝʚʘʛʠ [6]. 
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ʆʙʣʘʩʪʴ ʪʝʭʥʽʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʩʣʠʥʥʠʭ ʦʣʽʡ ʧʨʦʜʦʚʞʫʻ ʨʦʟʰʠʨʶʚʘʪʠʩʷ. ʋ 

ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʘʩʧʝʢʪʦʤ, ʱʦ ʨʦʙʠʪʴ ʨʦʩʣʠʥʥʽ ʦʣʽʾ ʧʨʠʚʘʙʣʠʚʠʤʠ 

ʢ̫ ʢʦʤʧʦʥʝʥʪ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʻ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʫ ʥʠʭ ʦʣʝʾʥʦʚʦʾ ʢʠʩʣʦʪʠ. 

ʅʘʡʙʽʣʴʰʽ ʟʫʩʠʣʣʷ ʟʘʨʘʟ ʬʦʢʫʩʫʶʪʴʩʷ ʥʘ ʦʪʨʠʤʘʥʥʽ ʦʣʠʚ ʟʽ ʟʥʠʞʝʥʠʤ ʚʤʽʩʪʦʤ 

ʣʽʥʦʣʝʚʦʾ ʢʠʩʣʦʪʠ (ʟʘʟʚʠʯʘʡ 20 %) ʽ ʥʘʜʘʣʽ ʾʾ ʟʥʠʞʝʥʥʽ, ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʨʦʩʪʘʥʥʽ 

ʚʤʽʩʪʫ ʦʣʝʾʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʱʦ ʧʽʜʚʠʱʫʻ ʘʥʪʠʦʢʠʩʥʁ ʚʘʣʴʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ. ʈʽʧʘʢʦʚʘ 

ʦʣʽʷ ʂʘʥʦʣʘ ʤʽʩʪʠʪʴ 60 % ʦʣʝʾʥʦʚʦʾ ʢʠʩʣʦʪʠ. ɼʘʥʠʡ ʨʽʚʝʥʴ ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʠʡ ʜʦ 

65 %, 75 % ʽ ʥʘʚʽʪʴ ʜʦ 85 %. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʦʣʠʚʠ ʚ ʢʦʤʧʦʟʠʮʽʷʭ 

ʜʣʷ ʙʽʣʴʰ ʞʦʨʩʪʢʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ï ʫ ʛʽʜʨʘʚʣʽʯʥʠʭ ʨʽʜʠʥʘʭ, ʜʣʷ ʦʧʝʨʘʮʽʡ 

ʚʦʣʦʯʽʥʥʷ ʘʣʶʤʽʥʽʻʚʦʛʦ ʜʨʦʪʫ, ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ ʽ ʤʦʪʦʨʥʠʭ ʦʣʠʚʘʭ. 

ʇʝʨʝʰʢʦʜʦʶ ʻ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʪʘʢʠʭ ʦʣʠʚ ,̔ ʷʢ ʥʘʩʣʽʜʦʢ, ï ʥʠʟʴʢʠʡ ʧʦʧʠʪ 

ʥʘ ʥʠʭ [6].  

ʊʦʚʘʨʥʽ ʤʘʨʢʠ Canola ʽ ʉʛʘʝ ï ʨʽʧʘʢʦʚʘ ʽ ʚʠʩʦʢʦʦʣʝʾʥʦʚʘ ʩʦʥʷʰʥʠʢʦʚʘ ʦʣʽʷ, 

ʚʽʜʧʦʚʽʜʥʦ, ʧʨʠʡʥʷʪʥʽ ʷʢ ʩʪʽʡʢʽ ʜʦ ʦʢʠʩʥʝʥʥʷ ʨʦʩʣʠʥʥʽ ʦʣʽʾ. ʆʙʠʜʚʽ ʮʽ ʙʘʟʦʚʽ ʦʣʠʚʠ ʚ 

ʫʤʦʚʘʭ ʩʝʨʝʜʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʚʚʝʜʝʥʥʷ 

ʧʨʠʩʘʜʦʢ ʘʙʦ ʥʝʚʝʣʠʢʘ ʾʭ ʯʘʩʪʠʥʘ ʚʠʚʦʜʠʪʴʩʷ ï ʷʢ ʥʘʩʣʽʜʦʢ ʚʠʩʦʢʦʛʦ ʚʤʽʩʪʫ 

ʦʣʝʾʥʦʚʦʾ ʢʠʩʣʦʪʠ (ʟʘʟʚʠʯʘʡ 75 %) [6]. 

ɼʣʷ ʨʦʩʣʠʥʥʠʭ ʦʣʽʡ ʟ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʘʥʪʠʦʢʠʩʥʁ ʚʘʣʴʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʯʝ 20 Áʉ, ʧʨʦʙʣʝʤʦʶ ʩʪʘʶʪʴ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʷʢ 

ʥʘʩʣʽʜʦʢ ʥʘʩʠʯʝʥʦʩʪʽ ʤʦʣʝʢʫʣ). ʎʝ ʻ ʧʨʦʙʣʝʤʦʶ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʘʨʘʬʽʥʽʚ, ʫ 

ʥʘʬʪʦʚʠʭ ʦʣʠʚʘʭ [6].  

ʈʝʜʫʢʪʦʨʥʽ ʦʣʠʚʠ BioBlend ʪʘʢʦʞ ʤʘʶʪʴ ʚʠʩʦʢʽ ʩʧʦʞʠʚʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [6]. 

ɹʽʦʜʝʛʨʘʜʫʶʯʽ ʤʘʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʣʠʚʘʨʥʠʭ ʬʦʨʤ ʽ ʦʧʘʣʫʙʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʠʤ ʜʠʤʦʫʪʚʦʨʝʥʥʷʤ ʽ ʤʽʥʽʤʘʣʴʥʦ ʁʩʭʠʣʴʥʽʩʪʶ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʚʽʜʢʣʘʜʝʥʴ; ʜʦʙʨʝ ʧʨʘʮʶʶʪʴ ʧʨʠ ʚʠʩʦʢʽʡ ʽ ʥʠʟʴʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʚʦʛʥʝʩʪʽʡʢʽ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʘʣʘʭʫʚʘʥʥʷ ï 232 Áʉ, ʟʘʩʪʠʛʘʥʥʷ ï ʙʣʠʟʴʢʦ ï12 Áʉ. ʄʘʩʪʠʣʴʥʽ 

ʤʘʪʝʨʽʘʣʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʤʘʱʫʚʘʥʥʷ ʜʨʦʪʫ ʽ ʣʘʥʮʶʛʽʚ, ʚʠʛʦʪʦʚʣʝʥʽ ʟʘ ISO 32, 

ʧʨʘʮʝʟʜʘʪʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜ ï33 Áʉ ʜʦ 316 Áʉ, ʥʝ ʩʪʽʢʘʶʪʴ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʫ 

ʥʠʭ ʧʨʦʪʠʟʥʦʩʥʽ ʧʨʠʩʘʜʢʠ ʚʠʤʠʚʘʶʪʴʩʷ ʚʦʜʦʶ [6]. 

ʇʝʨʝʚʘʛʠ ʨʦʩʣʠʥʥʠʭ ʦʣʠʚ ʙʣʠʟʴʢʽ ʜʦ ʩʠʥʪʝʪʠʯʥʠʭ; ʜʝʷʢʽ ʩʠʥʪʝʪʠʯʥ ̔ʧʨʦʜʫʢʪʠ 

ʚʠʛʦʪʦʚʣʷʶʪʴ ʥʘ ʦʩʥʦʚʽ ñʙʽʦʩʠʨʦʚʠʥʠò ʜʣʷ ʥʘʜʘʥʥʷ ʾʤ ʝʢʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 
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ʂʦʤʧʘʥʽʷ Uniqʝma ʧʨʦʧʦʥʫʻ ʩʠʥʪʝʪʠʯʥʽ ʩʢʣʘʜʥʽ ʝʬʽʨʠ Priolubʝ, ʷʢʽ ʦʜʝʨʞʫʶʪʴ ʷʢ ʥʘ 

ʦʩʥʦʚʽ ʪʚʘʨʠʥʥʠʭ, ʪʘʢ ʽ ʨʦʩʣʠʥʥʠʭ ʞʠʨʽʚ [6]. ʊʘʢʽ ʝʪʝʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʙʘʟʦʚʽ 

ʦʣʠʚʠ ʜʣʷ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʝʢʦʣʦʛʽʯʥʦ ʚʨʘʟʣʠʚʠʭ 

ʦʙʣʘʩʪʷʭ (ʛʽʜʨʘʚʣʽʯʥʽ ʦʣʠʚʠ, ʧʣʘʩʪʠʯʥʽ ʤʘʩʪʠʣʘ, ʤʦʪʦʨʥʽ ʦʣʠʚʠ ʜʣʷ ʜʚʦʪʘʢʪʥʠʭ 

ʜʚʠʛʫʥʽʚ) [6]. 

ʅʘ ʩʴʦʛʦʜʥʽ ʦʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʪʽʚ ʥʘ ʙʘʟʽ ʨʦʩʣʠʥʥʠʭ ʦʣʠʚ ʽʩʪʦʪʥʦ 

ʟʨʦʩʪʘʻ ï ʪʨʘʢʪʦʨʥʽ ʦʣʠʚʠ, ʦʣʠʚʠ ʜʣʷ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʽʥʜʫʩʪʨʽʘʣʴʥʽ 

ʛʽʜʨʘʚʣʽʯʥʽ ʦʣʠʚʠ, ʦʣʠʚʠ ʜʣʷ ʣʘʥʮʶʛʦʚʠʭ ʧʠʣ, ʨʝʜʫʢʪʦʨʥʽ ʦʣʠʚʠ, ʨʽʟʥʽ ʜʣʷ 

ʤʝʪʘʣʦʦʙʨʦʙʢʠ, ʤʘʩʪʠʣʘ ʜʣʷ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʤʝʪʘʣʫ, ʦʭʦʣʦʜʞʫʶʯʽ ʦʣʠʚʠ ʚ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ; ʘ ʪʘʢʦʞ ʩʪʘʧʝʣʴʥʽ ʤʘʩʪʠʣʘ, ʦʣʠʚʠ ʜʣʷ ʣʠʚʘʨʥʠʭ ʬʦʨʤ, ʤʦʪʦʨʥʽ 

ʦʣʠʚʠ ʜʣʷ ʜʚʦʪʘʢʪʥʠʭ ʜʚʠʛʫʥʽʚ: ʚ ʦʙʣʘʩʪʽ ʧʣʘʩʪʠʯʥʠʭ ʤʘʩʪʠʣ ï ʽʥʜʫʩʪʨʽʘʣʴʥʽ ʽ ʜʣʷ 

ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʟʘʛʫʩʥʠʢʽʚ ï ʚʽʜ ʦʨʛʘʥʦ-ʙʝʥʪʦʥʽʪʦʚʠʭ, ʜʦ 

ʢʦʤʧʣʝʢʩʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ, ʣʽʪʽʻʚʠʭ ʽ ʢʦʤʧʣʝʢʩʥʠʭ ʣʽʪʽʻʚʠʭ [6]. 

ʆʜʥʠʤ ʽʟ ʟʥʘʯʥʠʭ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʴ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ ʤʘʩʪʠʣʴʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʷʢ ʚʠʭʽʜʥʽ, ʪʘʢ ʽ ʚʽʜʧʨʘʮʴʦʚʘʥʽ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ, ʧʝʨʰ ʟʘ, ʚʩʝ ʥʠʟʴʢʦʶ 

ʩʭʠʣʴʥʽʩʪʶ ʜʦ ʙʽʦʜʝʛʨʘʜʘʮʽʾ ʤʽʥʝʨʘʣʴʥʠʭ ʽ ʩʠʥʪʝʪʠʯʥʠʭ ʦʣʠʚ ʽ ʤʘʩʪʠʣ.  

ɼʝʷʢʽ ʥʘʬʪʦʚʽ ʽ ʩʠʥʪʝʪʠʯʥʽ ʤʘʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʾʭ ʢʦʤʧʦʥʝʥʪʠ  ̒

ʝʢʦʪʦʢʩʠʯʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʜʝʷʢʽ ʧʦʣʽʮʠʢʣʽʯʥʽ ʘʨʦʤʘʪʠʯʥʽ ʚʫʛʣʝʚʦʜʥʽ, 

ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʘʥʮʝʨʦʛʝʥʥʠʭ [18].  

ʃʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʤʘʩʪʠʣʘ ʷʚʣʷʶʪʴʩʷ 

ʜʦʩʠʪʴ ʪʦʢʩʠʯʥʠʤʠ ʜʣʷ ʪʚʘʨʠʥ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʝʤʙʨʽʦʥʽʚ ʪʘ ʥʦʚʦʥʘʨʦʜʞʝʥʠʭ ʪʚʘʨʠʥ. 

ʊʘʢ, ʷʡʮʷ ʚʽʨʛʽʥʩʴʢʦʾ ʘʤʝʨʠʢʘʥʩʴʢʦʾ ʢʫʨʽʧʢʠ ʪʘ ʜʠʢʦʾ ʢʘʯʢʠ ʚʠʷʚʠʣʠʩʴ ʜʫʞʝ 

ʚʨʘʟʣʠʚʠʤʠ ʜʦ ʚʧʣʠʚʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʟʤʘʱʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʚʽʪʴ ʥʠʟʴʢʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ (ʚʽʜ 0,003 ʤʣ ʜʦ 0,015 ʤʣ) ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʘʛʠʙʝʣʽ 88 % ʝʤʙʨʽʦʥʽʚ 

ʢʫʨʽʧʢʠ ʪʘ 84 % ï ʝʤʙʨʽʦʥʽʚ ʜʠʢʦʾ ʢʘʯʢʠ [19]. ɯʥʰʽ ʰʢʽʜʣʠʚʽ ʝʬʝʢʪʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ 

ʟʥʠʞʝʥʥʽ ʨʦʩʪʫ, ʧʦʷʚʽ ʚʨʦʜʞʝʥʠʭ ʜʝʬʝʢʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʧʽʜʰʢʽʨʥʠʡ ʥʘʙʨʷʢ, ʥʝʧʦʚʥʘ 

ʦʩʠʬʽʢʘʮʽʷ, ʜʝʬʝʢʪʠ ʦʯʝʡ, ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ), ʧʽʜʚʠʱʝʥʦʤʫ ʨʽʚʥʽ ʩʤʝʨʪʥʦʩʪʽ [20]. 

ɹʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʚʦʜʦʨʦʟʯʠʥʥʽ ʬʨʘʢʮʽʾ ʟʤʘʱʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ 

ʪʦʢʩʠʯʥʠʤʠ ʜʣʷ ʚʦʜʥʠʭ ʦʨʛʘʥʽʟʤʽʚ [21ï23]. 

ʈʦʩʣʠʥʠ ʪʘʢʦʞ ʚʨʘʟʣʠʚʽ ʜʦ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʟʤʘʱʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɿ ʤʝʪʦʶ 

ʚʠʷʚʣʝʥʥʷ ʪʦʢʩʠʯʥʠʭ ʝʬʝʢʪʽʚ, ʜʦʩʣʽʜʞʫʚʘʣʠ ʪʘʢʽ ʨʦʩʣʠʥʠ, ʷʢ: ʨʝʜʠʩ, ʨʽʧʫ, ʙʦʙʠ, ʱʦ 
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ʙʫʣʠ ʚʠʩʽʷʥʽ ʥʘ ʨʽʟʥʠ ʚʠʜʘʭ ˇʨʫʥʪʽʚ, ʧʦʧʝʨʝʜʥʴʦ ʟʘʙʨʫʜʥʝʥʠʭ ʟʤʘʱʫʚʘʣʴʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʞʦʜʥʘ ʨʦʩʣʠʥʘ ʥʝ ʚʠʞʠʣʘ ʚ 

ʤʫʣʠʩʪʠʭ ʩʫʛʣʠʥʢʘʭ ʯʝʨʝʟ ʜʝʚô̫ ʪʴ ʤʽʩʷʮʽʚ, ʜʝʷʢʽ ʨʦʩʣʠʥʠ, ʱʦ ʧʨʦʨʦʩʣʠ ʥʘ ʩʫʧʽʩʢʘʭ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʷ ʧʦʚʽʣʴʥʠʤ ʨʦʟʚʠʪʢʦʤ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ  ̔ʧʦʞʦʚʪʽʥʥʷʤ ʩʪʝʙʣʘ ʪʘ 

ʧʘʛʦʥʽʚ [24, 25]. 

ɺʽʜʧʨʘʮʴʦʚʘʥʽ ʤʘʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʥʝʟʘʢʦʥʥʦ ʚʽʜʚʦʜʷʪʴʩʷ ʫ ʩʠʩʪʝʤʠ 

ʟʣʠʚʥʠʭ ʩʪʦʢʽʚ, ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʟʘʙʨʫʜʥʶʚʘʪʠ ʧʦʚʝʨʭʥʶ ʚʦʜʠ ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ 

ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʚʦʜʥʫ ʝʢʦʩʠʩʪʝʤʫ, ʪʘʢ 1 ʣ ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʜʘʪʝʥ 

ʟʘʙʨʫʜʥʠʪʠ ʙʣʠʟʴʢʦ 4 ʤʣʥ ʣ ʚʦʜʠ, ʘ 0,5 ʣ ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʦʞʝ ʩʪʚʦʨʠʪʠ 

ʤʘʩʣʷʥʫ ʧʣʷʤʫ ʥʘ ʧʦʚʝʨʭʥʽ ʚʦʜʠ ʧʣʦʱʝʶ ʧʨʠʙʣʠʟʥʦ ʚ 0,4 ʛʘ, ʱʦ ʟʘʚʘʜʠʪʴ ʧʨʦʮʝʩʘʤ 

ʬʦʪʦʩʠʥʪʝʟʫ ʪʘ ʟʤʝʥʰʠʪʴ ʢʽʣʴʢʽʩʪʴ ʨʦʟʯʠʥʝʥʦʛʦ ʢʠʩʥʶ ʫ ʚʦʜʽ. ʄʽʜʴ, ʮʠʥʢ, ʢʘʜʤʽʡ ʪʘ 

ʨʦʟʯʠʥʥʽ ʫ ʚʦʜʽ ʧʦʣʽʮʠʢʣʽʯʥʽ ʘʨʦʤʘʪʠʯʥʽ ʚʫʛʣʝʚʦʜʥʽ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʟʘʛʠʙʝʣʴ 

ʚʦʜʥʠʭ ʦʨʛʘʥʽʟʤʽʚ [26ï28]. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʤʘʩʪʠʣʘ ʚʽʜʚʦʜʷʪʴʩʷ ʫ ʢʘʥʘʣʽʟʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, 

ʚʦʥʠ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʩʪʘʥʮʽʶ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ, ʧʨʠ ʮʴʦʤʫ ʩʦʣʽ 

ʤʝʪʘʣʽʚ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʧʦʰʢʦʜʠʪʠ ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ [29]. 

ɸʥʘʣʽʟʫʶʯʠ ʥʦʚʽ, ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʪʨʠʙʦʪʝʭʥʽʢʠ, ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ ʥʘ 

ʪʦʤʫ, ʱʦ ʦʜʥʠʤ ʽʟ ʝʬʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʮʝʧʮʽʾ ñʟʝʣʝʥʦʾ ʪʨʠʙʦʣʦʛʽʾò ʻ 

ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʩʢʣʘʜʽʚ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʧʨʠʨʦʜʥʠʭ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ 

ʞʠʨʘʭ, ʟʜʘʪʥʠʭ ʜʦ ʙʽʦʜʝʛʨʘʜʘʮʽʾ. ʆʩʦʙʣʠʚʫ ʚʘʛʦʤʽʩʪʴ ʪʘʢʠʤ ʥʘʫʢʦʚʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ 

ʧʨʠʜʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʨʝʮʠʢʣʽʥʛʫ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ [30ï41].  

ʆʜʥʠʤ ʽʟ ʥʘʦʯʥʠʭ ʧʨʠʢʣʘʜʽʚ ʚʟʘʻʤʦʜʽʾ ʪʝʭʥʽʢʠ ʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ 

ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ. ʉʫʯʘʩʥʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ ʩʚʽʪʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʜʦʙʫʚʘʥʥʷ, ʥʘʩʘʤʧʝʨʝʜ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʽʪʥʴʦʾ ʙʫʨʠʣʴʥʦʾ ʪʝʭʥʽʢʠ. ʅʝ 

ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʻ ʨʦʟʨʦʙʢʘ ʷʢʽʩʥʠʭ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʫʟʣʽʚ 

ʪʝʨʪʷ ʩʫʯʘʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʥʝ ʩʧʨʠʷʣʦ ʧʦʨʫʰʝʥʥʶ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʙʘʣʘʥʩʫ ʥʘ ʤʽʩʮʽ ʧʨʦʚʝʜʝʥʥʷ ʙʫʨʠʣʴʥʠʭ ʨʦʙʽʪ. 

ʇʨʠ ʙʫʨʽʥʥʽ ʩʚʝʨʜʣʦʚʠʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʪʨʫʙʠ, ʟô̒ ʜʥʘʥʥʽ ʤʽʞ 

ʩʦʙʦʶ ʚ ʙʫʨʠʣʴʥʫ ʢʦʣʦʥʫ. ʊʨʫʙʠ, ʧʝʨʝʭʽʜʥʠʢʠ ʪʘ ʽʥʰʽ ʝʣʝʤʝʥʪʠ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ 
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ʢʨʽʧʣʷʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʤʢʦʚʠʭ ʨʽʟʴʦʚʠʭ ʟôʻʜʥʘʥʴ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʥ̔ ʧʝʣʷ ʽ ʤʫʬʪʠ ʟ ʢʦʥʽʯʥʦʶ ʨʽʟʟʁ .  

ɯʟ ʚʩʽʭ ʚʠʜʽʚ ʟôʻʜʥʘʥʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ʨʽʟʴʦʚʽ 

ʟôʜ̒ʥʘʥʥʷ ï ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ. ɺʦʥʠ ʥʘʜʽʡʥʽ ʪʘ ʟʨʫʯʥʽ ʜʣʷ ʩʢʣʘʜʘʥʥʷ, ʤʘʶʪʴ 

ʥʝʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ, ʧʨʦʩʪʽ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ, ʜʦʧʫʩʢʘʶʪʴ ʪʦʯʥʝ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʟôʻʜʥʫʚʘʣʴʥʠʭ ʜʝʪʘʣʝʡ ʽ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʠʡ ʩʪʫʧʽʥʴ ʟʘʪʷʞʢʠ [42]. 

ʈʽʟʴʦʚʽ ʟôʻʜʥʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʚʩʽʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʧʨʘʢʪʠʯʥʦ ʚ 

ʙʫʜʴ-ʷʢʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. ʄʘʰʠʥʠ, ʤʝʭʘʥʽʟʤʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ ʧʨʘʮʶʶʪʴ ʫ ʨʽʟʥʠʭ 

ʫʤʦʚʘʭ, ʪʦʤʫ ʥʘ ʨʽʟʦɹʚʽ ʟô̒ ʜʥʘʥʥʷ ʚʧʣʠʚʘʻ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʥʘʚʘʥʪʘʞʝʥʴ  ̔

ʪʝʤʧʝʨʘʪʫʨ. 

ʈʦʟʥʽʤʥʽ ʟôʻʜʥʘʥʥʷ ʪʨʫʙ ʰʣʷʭʦʤ ʨʽʟ ̔ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʜʝ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʽ ʱʽʣʴʥʽʩʪʴ ʪʘ ʤʽʮʥʽʩʪʴ ʟôʻʜʥʘʥʴ ʽ ʧʨʦʩʪʦʪʘ ʾʭ ʩʢʣʘʜʘʥʥʷ ʪʘ 

ʨʦʟʢʣʘʜʘʥʥʷ. ʈʽʟʴʦʚʽ ʟô̒ ʜʥʘʥʥʷ ʪʨʫʙ ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟ ̔ʥʘ ʪʨʫʙʘʭ ʪʘ 

ʧʨʦʤʽʞʥʠʭ ʜʝʪʘʣʷʭ ï ʬʽʪʠʥʛʘʭ. 

ɼʣʷ ʢʨʘʱʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ʪʨʫʙʥʫ ʨʽʟ ɹʚʠʢʦʥʫʶʪʴ ʙʝʟ ʟʘʟʦʨʽʚ ʧʦ ʚʠʩʪʫʧʘʭ ʽ 

ʟʘʧʘʜʠʥʘʭ ʪʘ ʽʟ ʟʘʦʢʨʫʛʣʝʥʥʷʤ ʧʨʦʬʽʣʶ. ɺʠʩʦʢʫ ʱʽʣʴʥʽʩʪʴ ʟôʻʜʥʘʥʥʷ ʜʘʻ ʢʦʥʽʯʥʘ 

ʪʨʫʙʥʘ ʨʽʟʴ. ʅʝʧʨʦʥʠʢʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʱʽʣʴʥʦʛʦ ʧʨʠʣʷʛʘʥʥʷ ʧʨʦʬʽʣʽʚ ʧʦ 

ʚʝʨʰʠʥʘʭ ʧʨʠ ʟʘʪʷʞʮʽ ʟôʻʜʥʘʥʥʷ. 

ʂʦʥʽʯʥʽ ʨʽʟ ̔ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʧʨʦʥʠʢʥʽʩʪʴ ʙʝʟ ʩʧʝʮʽʘʣʴʥʠʭ ʫʱʽʣʴʥʝʥʴ, ʷʢʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʟô̒ ʜʥʘʥʥʷ ʪʨʫʙ, ʫʩʪʘʥʦʚʢʠ ʢʦʨʢʽʚ, ʤʘʩʣʷʥʦʢ ʪʦʱʦ. ɿʘʪʷʞʢʦʶ 

ʢʦʥʽʯʥʦʾ ʨʽʟ ̔ʤʦʞʥʘ ʢʦʤʧʝʥʩʫʚʘʪʠ ʟʥʦʰʝʥʥʷ ʽ ʩʪʚʦʨʶʚʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʥʘʪʷʛ, ʢʨʽʤ 

ʪʦʛʦ, ʮʽ ʨʽʟʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʚʠʜʢʝ ʟʛʚʠʥʯʫʚʘʥʥʷ ʪʘ ʨʦʟʛʚʠʥʯʫʚʘʥʥʷ [43].  

ʋ ʧʨʦʮʝʩʽ ʙʫʜʽʚʥʠʮʪʚʘ ʷʢ ʚʝʨʪʠʢʘʣʴʥʠʭ, ʪʘʢ ʽ ʧʦʭʠʣʦ-ʥʘʧʨʘʚʣʝʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, 

ʧʦʣʦʛʠʭ, ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ, ʧʦʭʠʣʠʭ ʩʚʝʨʜʣʦʚʠʥ ʽʟ ʟʥʘʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ ʚʽʜ ʚʝʨʪʠʢʘʣʽ, 

ʩʧʦʣʫʯʥʦʶ ʣʘʥʢʦʶ ʥʘʟʝʤʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ,  ̒ʢʦʣʦʥʘ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ. ʇʨʠ ʙʫʨʽʥʥʽ ʩʚʝʨʜʣʦʚʠʥ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʪʨʫʙʠ, ʟô̒ ʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʚ ʙʫʨʠʣʴʥʫ ʢʦʣʦʥʫ. ʊʘʢ, 

ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʙʫʨʽʥʥʷ 3000 ʤ ʥʝʦʙʭʽʜʥʦ ʧʨʠʙʣʠʟʥʦ 300 ʪʨʫʙ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʥʽʻʾ ʢʦʣʦʥʠ ʪʨʫʙ ʥʝʦʙʭʽʜʥʦ ʥʘʨʽʟʘʪʠ 600 ʨʽʟʝʡ ʟʦʚʥʽʰʥʽʭ (ʥʽʧʝʣʴ) ʪʘ 

ʚʥʫʪʨʽʰʥʽʭ (ʤʫʬʪʘ). 
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ʅʘ ʨʠʩ. 1.3 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʬʦʨʤʫʚʘʥʥʷ ʢʦʣʦʥʠ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ [44]. 

 

 

 

1 ï ʜʦʣʦʪʦ; 2 ï ʦʙʪʷʞʝʥʽ ʙʫʨʠʣʴʥʽ ʪʨʫʙʠ; 3, 7, 9  ï ʧʝʨʝʭʽʜʥʠʢʠ; 4, 6 ï ʟʘʤʢʠ; 

5 ï ʙʫʨʠʣʴʥʽ ʪʨʫʙʠ; 8 ï ʚʝʜʫʯʘ ʙʫʨʠʣʴʥʘ ʪʨʫʙʘ; 10 ï ʚʝʨʪʣʶʛ 

 

ʈʠʩ. 1.3. ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʢʦʣʦʥʠ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ 

 

ʊʨʘʜʠʮʽʡʥʦ ʜʣʷ ʟô̒ ʜʥʘʥʥʷ ʚʠʨʦʙʽʚ ʥʘʬʪʦʛʘʟʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʢʦʥʽʯʥʫ ʟʘʤʢʦʚʫ ʨʽʟʴ (ɿʈ) ʟʘ ɻʆʉʊ ʈ 50864ï96. ʆʩʥʦʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʟôʻʜʥʘʥʴ ʪʨʫʙ 

ʽ ʤʫʬʪ ʥʘʬʪʦʚʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ  ̒ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʽʯʥʠʭ ʨʽʟʝʡ. ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ 

ʢʦʥʽʯʥʦʾ ʨʽʟ ̔  ̒ʾʾ ʛʝʨʤʝʪʠʯʥʽʩʪʴ. 

ʂʦʥʽʯʥʽ ʨʽʟ ̔ʪʨʫʙʥʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ ʤʘʶʪʴ ʪʨʠʢʫʪʥʠʡ ʧʨʦʬʽʣʴ ʟ ʢʫʪʦʤ 60 ̄ʘʙʦ 

ʪʨʘʧʝʮʝʾʜʘʣʴʥʠʡ ʧʨʦʬʽʣʴ ʟ ʢʫʪʘʤʠ ʥʘʭʠʣʫ ʧʨʦʬʽʣʶ 3  ̄ʪʘ 10̄  ï ʜʣʷ ʦʙʩʘʜʥʠʭ ʪʨʫʙ ʽ 

ʪʨʫʙ ʅʂʄ ʟ ʢʨʦʢʦʤ 5,08 ʤʤ, ʧʦ 15 ̄ï ʜʣʷ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ ʽ 3 ̄ʪʘ 30 ̄ï ʜʣʷ ʪʨʫʙ ʅʂʄ 

ʟ ʢʨʦʢʦʤ 4,232 ʤʤ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʪʨʘʧʝʮʝʾʜʘʣʴʥʘ ʨʽʟʴ ʥʘ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙʘʭ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦʩʠʪʴ ʨʽʜʢʦ [42]. 

ʊʨʫʙʠ, ʧʝʨʝʭʽʜʥʠʢʠ, ʦʧʦʨʥʦ-ʮʝʤʝʥʪʫʶʯʽ ʪʘ ʽʥʰʽ (ʥʘʧʨʠʢʣʘʜ, ʟʚʦʨʦʪʥʽ ʢʣʘʧʘʥʠ) 

ʝʣʝʤʝʥʪʠ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ ʢʨʽʧʣʷʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʤʢʦʚʠʭ ʟôʻʜʥʘʥʴ 

(ʨʠʩ. 1.4), ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʥʽʧʝʣʷ (ʘ) ʽ ʤʫʬʪʠ (ʙ) ʟ ʢʦʥʽʯʥʦʶ ʨʽʟʟʁ  (ʚ).  
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ʘ ï ʥʽʧʝʣʴ; ʙ ï ʤʫʬʪʘ; ʚ ï ʧʨʦʬʽʣʴ ʟʘʤʢʦʚʦʾ ʨʽʟʽ 

 

ʈʠʩ. 1.4. ɿʘʤʢʦʚʝ ʟôʻʜʥʘʥʥʷ 

 

ʇʨʠ ʟʛʚʠʥʯʫʚʘʥʥʽ ʥʽʧʝʣʴ ʟʘʤʢʘ ʥʘʛʚʠʥʯʝʥʦʾ ʙʫʨʠʣʴʥʦʾ ʩʚʽʯʢʠ ʚʭʦʜʠʪʴ ʟ 

ñʥʘʚʽʩʫò ʚ ʤʫʬʪʫ ʢʦʣʦʥʠ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ, ʱʦ ʫʪʨʠʤʫʶʪʴʩʷ ʥʘ ʨʦʪʦʨʽ, ʟ ʧʝʚʥʦʶ 

ʧʨʦʩʘʜʢʦʶ ñʅò, ʟʘʚʜʷʢʠ ʯʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʘʤʦʮʝʥʪʨʫʚʘʥʥʷ ʟʘʤʢʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ 

(ʨʠʩ. 1.5, ʘ). ʇʨʦʮʝʩ ʟʛʚʠʥʯʫʚʘʥʥʷ ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʯʥʦʛʦ ʢʣʶʯʘ, 

ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʩʠʣʦʚʝ ʦʙʝʨʪʘʥʥʷ ʥʽʧʝʣʷ ʟʘʤʢʘ ʥʘʚʢʦʣʦ ʥʝʨʫʭʦʤʦʾ ʤʫʬʪʠ. ʇʨʠ 

ʮʴʦʤʫ ʢʦʥʪʘʢʪʥʽ ʧʦʚʝʨʭʥʽ ʨʽʟʽ (ʨʠʩ. 1.5, ʙ) ʧʽʜʜʘʶʪʴʩʷ ʦʩʴʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ ʚʽʜ 

ʤʘʩʠ ʧʽʜʚʽʰʝʥʦʾ ʙʫʨʠʣʴʥʦʾ ʩʚʽʯʢʠ, ʘ ʧʨʠ ʨʦʟʛʚʠʥʯʫʚʘʥʥʽ ï ʥʘʪʷʛʫ ʧʨʫʞʠʥʠ 

ʧʽʜʡʦʤʥʦʛʦ ʛʘʢʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʩ ʟʛʚʠʥʯʫʚʘʥʥʷ-ʨʦʟʛʚʠʥʯʫʚʘʥʥʷ ʟʘʤʢʘ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʦʩʴʦʚʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ, ʷʢʽ ʜʽʶʪʴ ʜʠʩʢʨʝʪʥʦ ʚ ʧʨʦʪʠʣʝʞʥʠʭ 

ʥʘʧʨʷʤʘʭ. ʎʝ ʩʫʪʪʻʚʦ ʫʪʨʫʜʥʶʻ ʧʨʦʮʝʩ ʪʝʨʪʷ ʪʘ ʩʧʨʠʷʻ ʧʨʠʰʚʠʜʰʝʥʥʶ ʟʥʦʰʝʥʥʷ 

ʧʨʦʬʽʣʶ ʨʽʟʽ, ʦʩʣʘʙʣʝʥʥʶ ʥʘʪʷʛʫ ʪʘ ʟʤʝʥʰʝʥʥʶ ʧʘʨʘʤʝʪʨʘ ʧʨʦʩʘʜʢʠ ñʅò, ʱʦ ʟʥʠʞʫʻ 

ʨʝʩʫʨʩ ʨʦʙʦʪʠ ʟʘʤʢʘ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ [45]. 

ʘ ʙ 

ʃʽʥʽʷ, ʧʘʨʘʣʝʣʴʥʘ ʦʩʽ ʨʽʟʽ 

ɺʽʩʴ ʨʽʟʴʦʚʦʛʦ ʟô̒ ʜʥʘʥʥʷ 
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ʘ        ʙ 
 

ʘ ï ʤʦʤʝʥʪ ʧʦʩʘʜʢʠ ʥʽʧʝʣʷ ʚ ʤʫʬʪʫ;  

ʙ ï ʩʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʚʠʪʢʽʚ ʨʽʟʽ ʧʨʠ ʟʥʦʰʫʚʘʥʥʽ, ʅ ï ʧʘʨʘʤʝʪʨ ʧʦʩʘʜʢʠ 

 

ʈʠʩ. 1.5. ɺʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʘʤʢʦʚʠʭ ʜʝʪʘʣʝʡ ʧʨʠ ʟʛʚʠʥʯʫʚʘʥʥʽ 

 

ɿʥʦʰʝʥʥʷ ʚʝʨʰʠʥ ʧʨʦʬʽʣʶ ʨʽʟʽ ʟʤʝʥʰʫʻ ʾʭ ʧʣʦʱʫ, ʧʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ 

ʦʩʴʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʨʽʟʴʦʚʦʤʫ ʟôʻʜʥʘʥʥʽ ʟʘʤʢʘ ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʩʪʠʢʫ, ʪʦʙʪʦ ʜʦ ʥʝʜʦʩʪʘʪʥʴʦʾ ʟʘʢʨʽʧʣʝʥʦʩʪʽ ʥʽʧʝʣʷ ʟʘʤʢʘ ʚ ʡʦʛʦ 

ʤʫʬʪʽ. ʊʦʜʽ ʧʽʜ ʚʧʣʠʚʦʤ ʨʦʙʦʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʽʙʨʘʮʽʡ ʚʠʥʠʢʘʶʪʴ ʫʤʦʚʠ ʜʣʷ 

ʯʘʩʪʢʦʚʦʛʦ ʟʩʫʚʫ ʘʙʦ ʟʤʽʱʝʥʥʷ ʜʝʪʘʣʝʡ ʚ ʨʽʟʴʦʚʦʤʫ ʟôʻʜʥʘʥʥʽ, ʟʥʠʞʝʥʥʷ ʱʽʣʴʥʦʩʪʽ 

ʷʢʦʛʦ ʽʥʪʝʥʩʠʬʽʢʫʻ ʟʥʦʰʫʚʘʥʥʷ ʨʽʟʽ ʥʘʚʽʪʴ ʜʦ ʤʦʤʝʥʪʫ ʨʦʟʢʨʠʪʪʷ ʩʪʠʢʫ. ɼʘʣʽ 

ʥʘʩʪʫʧʘʻ ʨʫʡʥʫʚʘʥʥʷ ʨʽʟʽ (ʨʠʩ. 1.6) ʪʘ ʦʙʨʠʚ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʷʚʣʷʻʪʴʩʷ ʩʢʣʘʜʥʦʶ 

ʘʚʘʨʽʻʶ ʪʘ ʚʠʤʘʛʘʻ ʟʫʧʠʥʢʠ ʙʫʨʽʥʥʷ ʜʣʷ ʣʽʢʚʽʜʘʮʽʾ ʾʾ ʥʘʩʣʽʜʢʽʚ [45ï49]. 

 

 

ʘ ï ʟʣʦʤ ʥʽʧʝʣʷ ʙʫʨʠʣʴʥʦʛʦ ʟʘʤʢʘ; ʙ ï ʨʦʟʤʠʚʘʥʥʷ ʥʽʧʝʣʷ ʙʫʨʠʣʴʥʦʛʦ ʟʘʤʢʘ; 

ʚ ï ʟʣʦʤ ʚʠʪʢʽʚ ʟʘʤʢʦʚʦʾ ʨʽʟʽ ʥʽʧʝʣʷ ʟʘʤʢʘ; ʛ ï ʟʘʾʜʘʥʥʷ ʟʘʤʢʦʚʦʾ ʨʽʟʽ ʙʫʨʠʣʴʥʦʛʦ ʟʘʤʢʘ 

ʈʠʩ. 1.6. ʍʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʥʷ ʟʘʤʢʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ 

ʘ ʙ 

ʚ ʛ 
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ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚʝʩʴ ʧʨʦʮʝʩ ʨʦʟʚʠʪʢʫ ʨʦʟʛʣʷʥʫʪʦʾ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʚ 

ʩʪʚʦʣʽ ʩʚʝʨʜʣʦʚʠʥʠ ʧʨʦʪʽʢʘʻ ʧʨʠʭʦʚʘʥʦ, ʚʽʟʫʘʣʴʥʦʤʫ ʢʦʥʪʨʦʣʶ ʥʝ ʧʽʜʜʘʻʪʴʩʷ ʪʘ  ̒

ʥʝʢʝʨʦʚʘʥʠʤ ʧʨʦʮʝʩʦʤ ʜʦ ʤʦʤʝʥʪʫ ʧʦʣʦʤʢʠ. 

ʄʝʭʘʥʽʟʤ ʨʦʟʚʠʪʢʫ ʨʦʟʤʠʚʘʥʥʷ ʨʽʟʽ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʥʫʪʨʽʰʥʽʡ ʢʘʥʘʣ 

ʙʫʨʠʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʤʽʩʪʠʪʴ ʚʥʫʪʨʽʰʥʽ ʢʽʣʴʮʝʚʽ ʨʠʩʢʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ 

ʟʛʚʠʥʯʫʚʘʥʥʽ ʜʚʦʭ ʪʦʨʮʽʚ ʪʨʫʙ. ʇʨʠ ʪʝʯʽʾ ʧʦʪʦʢʫ ʚ ʦʙʣʘʩʪʽ ʮʠʭ ʨʠʩʦʢ ʫʪʚʦʨʶʶʪʴʩʷ 

ʤʽʩʮʝʚʽ ʟʘʚʠʭʨʝʥʥʷ, ʷʢʽ ʽʥʽʮʽʶʶʪʴ ʦʩʦʙʣʠʚʫ ʚʠʭʨʦʚʫ ʚʟʘʻʤʦʜʽʶ ʘʙʨʘʟʠʚʥʠʭ ʯʘʩʪʦʢ 

ʧʦʪʦʢʫ ʟ ʢʨʘʷʤʠ ʨʠʩʢʠ.  

ʇʨʠ ʧʝʚʥʠʭ ʨʝʞʠʤʘʭ ʪʝʯʽʾ ʮʷ ʚʟʘʻʤʦʜʽʷ ʜʦʩʷʛʘʻ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ, ʧʨʠ ʷʢʠʭ 

ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʫ ʧʽʜʜʘʻʪʴʩʷ ʘʙʨʘʟʠʚʥʦʤʫ ʨʫʡʥʫʚʘʥʥʶ. ʇʨʦʮʝʩ ʽʥʪʝʥʩʠʬʽʢʫʻʪʴʩʷ, 

ʷʢʱʦ ʱʽʣʴʥʽʩʪʴ ʥʘʪʷʛʫ ʩʪʠʢʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʥʠʞʯʝ ʜʦʧʫʩʪʠʤʦʾ ʟʘ ʧʝʚʥʠʭ ʧʨʠʯʠʥ 

(ʥʝʜʦʚʝʨʪʘʥʥʷ ʨʽʟʽ, ʾʾ ʜʝʬʝʢʪʠ, ʟʦʚʥʽʰʥʻ ʟʥʦʰʝʥʥʷ ʟʘʤʢʘ, ʦʩʦʙʣʠʚʦ ʦʜʥʦʩʪʦʨʦʥʥʻ 

ʪʦʱʦ). ʆʩʣʘʙʣʝʥʥʷ ʥʘʪʷʛʫ ʚʠʢʣʠʢʘʻ ʟʤʽʱʝʥʥʷ ʨʽʟʽ ʽ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʟʘʟʦʨʫ ʤʽʞ 

ʪʦʨʮʝʚʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʟʘʤʢʘ, ʟʘ ʯʠʤ ʤʦʞʝ ʩʣʽʜʫʚʘʪʠ ʨʫʡʥʫʚʘʥʥʷ ʟʘʤʢʦʚʦʛʦ 

ʟôʻʜʥʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʙʝʨʝʞʝʥʥʷ ʽ ʧʽʜʪʨʠʤʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʢʦʩʪʽ 

ʨʽʟʽ ʟʘʤʢʦʚʠʭ ʟôʻʜʥʘʥʴ ʷʚʣʷʻʪʴʩʷ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʪʠʚʥʦʛʦ 

ʥʘʪʷʛʫ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʘʙʨʘʟʠʚʥʦʾ ʝʨʦʟʽʾ ʥʘ ʤʝʞʘʭ ʟʘʤʢʦʚʠʭ ʩʪʠʢʽʚ. 

ɸʥʘʣ̔ʟ ʭʘʨʘʢʪʝʨʫ ʨʫʡʥʫʚʘʥʴ ʨʽʟʴʦʚʠʭ ʟôʻʜʥʘʥʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʧʨʘʮʶʶʯʠʭ ʚ ʫʤʦʚʘʭ ʮʠʢʣʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʦʢʘʟʘʚ, ʱʦ ʚ ʨʽʟʴʦʚʦʤʫ ʩʧʨʷʞʝʥʥʽ 

ʨʫʡʥʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜ ʪʨʽʱʠʥ ʫʪʦʤʠ, ʷʢʽ ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ 

ʧʝʨʝʨʽʟʫ ʙʦʣʪʘ (ʥʘʡʯʘʩʪʽʰʝ ʚʩʴʦʛʦ ʧʦ ʧʝʨʰʦʤʫ ʚʠʪʢʫ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʧʨʷʞʝʥʥʽ 

ʟ ʛʘʡʢʦʶ, ʨʘʭʫʶʯʠ ʚʽʜ ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ), ʘʙʦ ʯʝʨʝʟ ʮʠʢʣʽʯʥʠʡ ʟʨʽʟ ʚʠʪʢʽʚ ʨʽʟʽ (ʚʽʜ 

ʪʨʽʱʠʥ ʚʪʦʤʠ, ʱʦ ʦʛʠʥʘʶʪʴ ʮʽ ʚʠʪʢʠ) [50].  

ʈʫʡʥʫʚʘʥʥʷ ʚʽʜ ʫʪʦʤʠ ʨʽʟʴʦʚʠʭ ʟô̒ ʜʥʘʥʴ ʭʘʨʘʢʪʝʨʥʦ ʪʘʢʦʞ ʜʣʷ ʦʙʪʷʞʝʥʠʭ ʪʘ 

ʚʝʜʫʯʠʭ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ. ɿô̒ ʜʥʘʥʥʷ ʮʠʭ ʪʨʫʙ ʤʘʻ ʤʝʥʰʫ ʧʣʦʱʫ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ, ʯʠʤ ʪʽʣʦ ʪʨʫʙʠ, ʪʦʙʪʦ ʤʝʥʰ ʞʦʨʩʪʢʝ ʽ, ʢʨʽʤ ʪʦʛʦ, ʩʠʣʴʥʠʡ ʢʦʥʮʝʥʪʨʘʪʦʨ 

ʥʘʧʨʫʛʠ ï ʨʽʟʴ. 

ʇʨʠ ʢʨʽʧʣʝʥʥʽ ʧʦʭʠʣʠʭ ʩʚʝʨʜʣʦʚʠʥ ʧʦ ʤʽʨʽ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʾʭ 

ʚʠʢʨʠʚʣʝʥʥʷ, ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʨʫʰʝʥʴ ʚ ʨʽʟʴʦʚʠʭ ʟôʻʜʥʘʥʥʷ ʦʙʩʘʜʥʦʾ ʢʦʣʦʥʠ ʪʘʢʦʞ 

ʟʙʽʣʴʰʫʻʪʴʩʷ. ʇʨʠ ʨʦʟʪʷʛʫʚʘʥʥʽ ʚ ʨʽʟʴʦʚʦʤʫ ʟôʻʜʥʘʥʥʽ ʚʠʥʠʢʘʶʪʴ ʨʘʜʽʘʣʴʥʽ ʟʫʩʠʣʣʷ, 
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ʷʢʽ ʩʪʠʩʢʫʶʪʴ ʪʨʫʙʫ ʽ ʥʘʤʘʛʘʶʪʴʩʷ ʟʙʽʣʴʰʠʪʠ ʜʽʘʤʝʪʨ ʤʫʬʪʠ. ʊʘʢ ʷʢ ʧʝʨʝʨʽʟ ʪʨʫʙʠ 

ʤʝʥʰ ʞʦʨʩʪʢʠʡ ʥʽʞ ʤʫʬʪʠ, ʪʦ ʾʾ ʨʘʜʽʘʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ ʙʽʣʴʰʽ, ʽ ʧʨʠ ʧʝʚʥʽʡ ʚʝʣʠʯʠʥʽ 

ʦʩʴʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʽʟʴ ʪʨʫʙʠ ʚʠʭʦʜʠʪʴ ʟ ʩʧʨʷʞʝʥʥʷ ʟ ʨʽʟʟʁ  ʤʫʬʪʠ [50]. 

ɿʥʦʰʝʥʥʷ ʨʽʟʴʦʚʠʭ ʟôʻʜʥʘʥʴ ʪʨʫʙ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʯʘʩʪʢʦʚʦʛʦ 

ʨʦʟʛʚʠʥʯʫʚʘʥʥʷ ʪʘ ʟʛʚʠʥʯʫʚʘʥʥʷ ʧʨʠ ʧʽʜʽʡʤʘʥʥʽ ʪʘ ʦʧʫʩʢʘʥʥʽ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʦʨʥʠʭ 

ʢʦʣʦʥ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʜʣʷ ʦʯʠʱʝʥʥʷ ʪʨʫʙ, ʦʛʣʷʜʫ ʪʘ ʟ ̔ʥʦh  ʁʤʝʪʦʶ. 

ʋ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʩʦʢʦʥʘʚʘʥʪʘʞʝʥʦʛʦ ʨʽʟʴʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʙʫʨʠʣʴʥʠʭ 

ʪʨʫʙ ʚʠʥʠʢʘʶʪʴ ʪʘʢʽ ʪʨʫʜʥʦʱʽ:  

ï ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʠʭ ʥʘʧʨʫʞʝʥʴ ʩʪʠʩʢʘʥʥʷïʨʦʟʪʷʛʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʧʣʠʚʫ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʧʨʦʬʽʣʶ ʨʽʟʽ; 

ï ʚʥʘʩʣʽʜʦʢ ʩʪʠʨʘʥʥʷ ʧʨʦʬʽʣʶ ʨʽʟʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʢʣʠʥʶʚʘʥʥʷ ʟôʻʜʥʘʥʥʷ, ʱʦ 

ʟʘʧʦʙʽʛʘʻ ʧʦʜʘʣʴʰʦʤʫ ʟʛʚʠʥʯʫʚʘʥʥʶ ʚʠʨʦʙʫ; 

ï ʨʫʡʥʫʚʘʥʥʷ ʟôʻʜʥʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʙʨʠʚʫ ʢʦʣʦʥʠ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ.  

ɸʥʘʣʽʟ ʘʚʘʨʽʡʥʦʩʪʽ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠ ʨʦʪʦʨʥʦʤʫ ʙʫʨʽʥʥʽ ʚʽʜ 

85 % ʜʦ 90 % ʘʚʘʨʽʡ ʪʨʫʙ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʨʽʟʴʦʚʠʤʠ ʟô̒ ʜʥʘʥʥʷʤʠ, ʙʫʨʠʣʴʥʠʭ ʟʘʤʢʽʚ ʪʘ 

ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʣʦʥʠ. ʋ ʪʘʙʣ. 1.3 ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʱʦʜʦ ʘʚʘʨʽʡʥʦʩʪʽ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ 

ʫ ʨʦʪʦʨʥʦʤʫ ʙʫʨʽʥʥʽ [50]. 

 

ʊʘʙʣʠʮʷ 1.3  

ɼʘʥʽ ʨʫʡʥʫʚʘʥʥʷ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ 

ɺʠʜ ʨʫʡʥʫʚʘʥʥʷ ʏʘʩʪʢʘ, % 

ʇʦʣʦʤʢʘ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ ʚ ʪʽʣʽ 9,5 

ʇʦʣʦʤʢʘ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ ʫ ʧʦʪʦʚʱʝʥʠʭ ʢʽʥʮʷʭ 46,8 

ɿʨʠʚʘʥʥʷ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ ʟʘ 8-ʥʠʪʢʦʚʠʤ ʥʘʨʽʟʘʥʥʷʤ 11,2 

ʇʦʣʦʤʢʘ ʙʫʨʠʣʴʥʦʛʦ ʟʘʤʢʘ 4,2 

ɿʨʠʚʘʥʥʷ ʨʽʟʴʦʚʦʛʦ ʟô̒ ʜʥʘʥʥʷ ʙʫʨʠʣʴʥʦʛʦ ʟʘʤʢʘ 9,6 

ʇʦʣʦʤʢʘ ʽ ʟʨʠʚʘʥʥʷ ʨʽʟʴʦʚʦʛʦ ʟô̒ ʜʥʘʥʥʷ ʚʘʞʢʦʛʦ ʥʠʟʫ 10,5 

ʇʦʣʦʤʢʘ ʪʨʫʙ, ʧʝʨʝʭʽʜʥʠʢʽʚ ʪʘ ʟʨʠʚʘʥʥʷ ʧʦ ʨʽʟʽ 8,2 

  

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ, ʘʚʘʨʽʾ ʟ ʪʨʫʙʘʤʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚʥʘʩʣʽʜʦʢ 

ʧʦʣʦʤʢʠ ʘʙʦ ʟʨʠʚʫ ʨʽʟʽ. 
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ʇʨʠ ʨʦʪʦʨʥʦʤʫ ʙʫʨʽʥʥʽ ʥʘʡʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʪʨʫʙʠ ʚ 

ʨʽʟʴʦʚʦʤʫ ʟôʻʜʥʘʥʥʽ ʧʦ ʧʦʪʦʚʱʝʥʠʭ ʤʽʩʮʷʭ, ʱʦ ʩʢʣʘʜʘʻ ʚʽʜ 60 % ʜʦ 70 % ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʘʚʘʨʽʡ. ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʮʝ ʯʠʩʣʦ ʩʷʛʘʻ 90 % [50]. 

ɿʨʠʚʘʥʥʷ ʨʽʟʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʝʬʦʨʤʘʮʽʾ ʨʫʡʥʫʚʘʥʥʷ ʨʽʟʴʦʚʦʛʦ 

ʟôʻʜʥʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʟʥʦʰʝʥʥʷ ʨʽʟʽ, ʨʦʟʤʠʚʘʥʥʷ ʟôʻʜʥʘʥʥʷ ʨʽʜʠʥʦʶ ʜʣʷ ʧʨʦʤʠʚʘʥʥʷ, 

ʱʦ ʧʨʦʢʘʯʫʻʪʴʩʷ, ʟʘʾʜʘʥʥʷ ʨʽʟʽ. 

ʅʘʡʙʽʣʴʰ ʙʘʛʘʪʦʯʠʩʣʝʥʥʠʤ ʚʠʜʦʤ ʨʫʡʥʫʚʘʥʥʷ ʨʽʟʽ  ̒ʚʠʢʨʠʰʫʚʘʥʥʷ ʦʢʨʝʤʠʭ 

ʚʠʪʢʽʚ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʨʽʟʽ ʚʟʜʦʚʞ ʫʪʚʦʨʶʶʯʦʾ ʢʦʥʫʩʘ. 

ʇʨʠ ʚʠʢʨʠʰʫʚʘʥʥʽ ʦʢʨʝʤʠʭ ʚʠʪʢʽʚ ʪʨʽʱʠʥʠ ʚʪʦʤʠ, ʫʪʚʦʨʝʥʽ ʫ ʟʘʧʘʜʠʥʘʭ 

ʩʫʤʽʞʥʠʭ ʚʠʪʢʽʚ, ʧʦʰʠʨʶʶʪʴʩʷ ʚʛʣʠʙ ʪʽʣʘ ʨʽʟʽ ʜʦ ʾʭ ʚʟʘʻʤʥʦʛʦ ʧʝʨʝʩʽʢʘʥʥʷ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʣʦʤʢʠ ʯʘʩʪʠʥʠ ʚʠʪʢʽʚ [50]. 

ʅʘʡʯʘʩʪʽʰʝ ʚʠʢʨʠʰʫʚʘʥʥʷ ʚʠʪʢʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʜʽʣʷʥʢʘʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ 

ʙʽʣʴʰʦʛʦ ʘʙʦ ʤʝʥʰʦʛʦ ʜʽʘʤʝʪʨʘ ʢʦʥʫʩʘ, ʪʦʙʪʦ ʚ ʧʝʨʰʠʭ ʪʘ ʦʩʪʘʥʥʽʭ ʚʠʪʢʽʚ. 

ʂʨʽʤ ʦʩʴʦʚʠʭ ʩʠʣ, ʥʘ ʟʘʤʢʦʚʝ ʟôʻʜʥʘʥʥʷ ʜʽʻ ʤʦʤʝʥʪ ʟʛʠʥʘʥʥʷ, ʱʦ ʤʘʻ ʟʤʽʥʥʠʡ 

ʭʘʨʘʢʪʝʨ ʽ ʜʦʨʽʚʥʶʻ ʤʦʤʝʥʪʫ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʙʫʨʠʣʴʥʫ ʢʦʣʦʥʫ. ʆʩʪʘʥʥʽʡ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʷʭ ʚʠʪʢʽʚ ʥʘʚʘʥʪʘʞʝʥʴ, ʥʝʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʚʟʜʦʚʞ 

ʨʽʟʽ. ʇʨʠ ʮʴʦʤʫ ʧʽʜ ʜʽʻʶ ʤʦʤʝʥʪʫ ʟʛʠʥʘʥʥʷ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʦʢʨʫʞʥʦʩʪʽ ʚʠʪʢʘ 

ʪʘʢʦʞ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʦ: ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʚʦʥʠ ʤʘʶʪʴ ʚ ʦʩʴʦʚʦʤʫ 

ʧʝʨʝʨʽʟʽ ʟʘʤʢʘ, ʚ ʧʣʦʱʠʥʽ ʟʛʠʥʫ, ʥʘʡʤʝʥʰʝ ï ʚ ʧʣʦʱʠʥʽ ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ [50]. 

ɿʥʦʰʫʚʘʥʥʷ ʟʘʤʢʦʚʦʾ ʨʽʟʽ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʙʘʛʘʪʦʢʨʘʪʥʦʛʦ ʟʛʚʠʥʯʫʚʘʥʥʷ-

ʨʦʟʛʚʠʥʯʫʚʘʥʥʷ ʟʘʤʢʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ, ʧʦʚôʷʟʘʥʦʛʦ ʽʟ ʩʧʫʩʢʦʤ ʪʘ ʧʽʜʡʦʤʦʤ ʙʫʨʠʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ; ʦʙʝʨʪʘʥʥʷ ʙʫʨʠʣʴʥʦʾ ʢʦʣʦʥʠ, ʘ ʪʘʢʦʞ ʾʾ ʢʦʣʠʚʘʥʴ, ʱʦ ʚʠʢʣʠʢʘʥ ̔

ʨʦʙʦʪʦʶ ʟʘʙʽʡʥʦʛʦ ʜʚʠʛʫʥʘ, ʜʦʣʦʪʘ ʪʘ ʽʥ. ʅʘ ʧʦʚʝʨʭʥʽ ʨʽʟʽ, ʱʦ ʧʽʜʜʘʣʘʩʷ ʩʠʣʴʥʦʤʫ 

ʟʥʦʰʫʚʘʥʥʶ, ʩʧʨʘʮʴʦʚʫʶʪʴʩʷ ʦʙʠʜʚʽ ʩʪʦʨʦʥʠ ʧʨʦʬʽʣʶ ʨʽʟʽ. ɺ ʟʘʤʢʦʚʦʤʫ ʟôʻʜʥʘʥʥʽ 

ʙʽʣʴʰʝ ʩʧʨʘʮʴʦʚʫʻʪʴʩʷ ʢʦʨʦʪʢʘ ʩʪʦʨʦʥʘ ʧʨʦʬʽʣʶ, ʪʦʙʪʦ ʪʘ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʙʣʠʞʯʝ 

ʜʦ ʫʧʦʨʥʦʛʦ ʫʩʪʫʧʫ ʥʽʧʝʣʷ, ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʢʦʨʦʪʢʘ ʩʪʦʨʦʥʘ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ 

ʟôʻʜʥʘʥʥʷ ʚ ʩʚʝʨʜʣʦʚʠʥʽ  ̒ʨʦʙʦʯʦʶ ʩʪʦʨʦʥʦʶ ʽ ʩʧʨʠʡʤʘʻ ʦʩʥʦʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ [50].  

ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʚʝʣʠʢʫ ʧʦʧʫʣʷʨʥʽʩʪʴ ʨʽʟʴʦʚʠʭ ʟô̒ʜʥʘʥʴ, ʧʠʪʘʥʥʷʤ ʾʭ 

ʟʤʘʱʫʚʘʥʥʷ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝ ʧʨʠʜʽʣʷʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦʾ ʫʚʘʛʠ. ʉʘʤʝ ʪʦʤʫ ʚʠʭʽʜ ʽʟ ʣʘʜʫ 

ʮʠʭ ʚʫʟʣʽʚ ʪʝʨʪʷ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʘʙʦ ʥʝʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʥʠʡ ʟʤʘʱʫʚʘʣʴʥʠʡ 

ʤʘʪʝʨʽʘʣ ï ʥʝ ʨʽʜʢʽʩʪʴ. 
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ɸʢʪʫʘʣʴʥʠʤ ʽ ʟʥʘʯʠʤʠʤ  ̒ʧʠʪʘʥʥʷ ʟʙʽʣʴʰʝʥʥʷ ʨʝʩʫʨʩʫ ʟʘʤʢʦʚʠʭ ʨʽʟʴʦʚʠʭ 

ʟôʻʜʥʘʥʴ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ ʥʘ ʦʩʥʦʚʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʨʽʟʝʡ ʧʨʠ ʩʢʣʘʜʘʥʥʽ-ʨʦʟʢʣʘʜʘʥʥʽ ʢʦʣʦʥ ʚ ʧʨʦʮʝʩʽ ʩʧʫʩʢʦ-ʧʽʜʽʡʤʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ, ʟʘ 

ʨʘʭʫʥʦʢ ʝʬʝʢʪʠʚʥʠʭ ʩʢʣʘʜʽʚ ʟʤʘʱʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʨʽʟʴʦʚʠʭ ʟôʻʜʥʘʥʴ. 

ʋʤʦʚʦʶ ʫʩʧʽʰʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʽʟʴʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʻ ʦʧʪʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ 

ʟʘʪʷʛʫʚʘʥʥʷ. ʅʝʟʘʪʷʛʥʫʪʝ ʨʽʟʴʦʚʝ ʟôʻʜʥʘʥʥʷ ʰʚʠʜʢʦ ʚʠʭʦʜʠʪʴ ʽʟ ʣʘʜʫ, ʦʩʦʙʣʠʚʦ ʚ 

ʫʤʦʚʘʭ ʮʠʢʣʽʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʚʥʘʩʣʽʜʦʢ ʨʦʟʙʠʚʘʥʥʷ, ʥʘʢʣʝʧʫ, ʘ ʽʥʦʜʽ 

ʡ ʟʚʘʨʶʚʘʥʥʷ. ʆʩʥʦʚʥʘ ʫʤʦʚʘ ʷʢʽʩʥʦʛʦ ʟôʻʜʥʘʥʥʷ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʛʦ 

ʩʪʘʙʽʣʴʥʦʛʦ ʟʫʩʠʣʣʷ ʟʘʪʷʞʢʠ. ʁʦʛʦ ʦʪʨʠʤʫʶʪʴ, ʥʘʧʨʠʢʣʘʜ, ʰʣʷʭʦʤ ʟʛʚʠʥʯʫʚʘʥʥʷ 

ʛʘʡʢʠ ʟ ʧʝʚʥʠʤ ʤʦʤʝʥʪʦʤ. ʇʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʽʜ 60 % ʜʦ 90 % ʟʫʩʠʣʴ, 

ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʛʘʡʢʠ, ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʪʝʨʪʷ ʫ ʚʠʪʢʘʭ ʨʽʟʽ ʽ ʥʘ 

ʪʦʨʮʝʚʠʭ ʧʦʚʝʨʭʥʷʭ. ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʝʪʘʣʝʡ ʪʘ ʫʤʦʚʠ 

ʚʧʣʠʚʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʘʨʽʶʚʘʥʥʷ 

ʬʘʢʪʠʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʚ ʜʦʩʠʪʴ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. ʋ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ ʟʘʙʝʟʧʝʯʠʪʠ 

ʥʦʨʤʦʚʘʥʝ ʟʫʩʠʣʣʷ ʟʘʪʷʛʫʚʘʥʥʷ ʜʦʩʪʘʪʥʴʦ ʚʘʞʢʦ [51ï53]. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ 

ʧʨʠ ʩʢʣʘʜʘʥʥʽ, ʥʘʧʨʠʢʣʘʜ, ʬʣʘʥʮʝʚʠʭ ʩʧʨʷʞʝʥʴ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʙʦʣʪʽʚ, ʚʦʥʠ 

ʙʫʜʫʪʴ ʟʘʪʷʛʥʫʪʽ ʥʝʦʜʥʘʢʦʚʦ [53]. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʣʠʚʦ ʥʝ ʣʠʰʝ ʧʦʰʢʦʜʞʝʥʥʷ ʧʝʨʝʪʷʛʥʫʪʠʭ ʟô̒ ʜʥʘʥʴ, ʘʣʝ ʡ 

ʟʘʛʘʣʴʥʘ ʜʝʬʦʨʤʘʮʽʷ ʩʪʠʢʫ ʟ ʚʪʨʘʪʦʶ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʯʝʨʝʟ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʟʘʪʷʞʢʠ. 

ɿʤʘʱʫʚʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʧʨʠʟʥʘʯʝʥʠʡ ʟʥʠʞʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʡʦʛʦ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʜʦʟʚʦʣʷʶʯʠ ʪʦʯʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʟʫʩʠʣʣʷ ʟʘʪʷʞʢʠ. ɺʽʥ ʪʘʢʦʞ 

ʟʘʭʠʱʘʻ ʨʽʟʴʦʚʝ ʟôʻʜʥʘʥʥʷ ʚʽʜ ʘʛʨʝʩʠʚʥʠʭ ʚʧʣʠʚʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʟʙʝʨʽʛʘʶʯʠ ʡʦʛʦ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ, ʪʘ ʜʦʟʚʦʣʷʻ ʙʝʟ ʧʦʰʢʦʜʞʝʥʴ ʨʦʟʽʙʨʘʪʠ ʧʽʩʣʷ 

ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ [53]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʟʤʘʱʫʚʘʥʥʷ ʨʽʟʴʦʚʠʭ ʟô̒ ʜʥʘʥʴ ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ ʦʣʠʚ ʯʘʩʪʦ ʥʝ 

ʜʘʻ ʙʘʞʘʥʦʛʦ ʝʬʝʢʪʫ. ʎʽ ʟʤʘʱʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʜʦʟʚʦʣʷʶʪʴ ʟʥʠʟʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ 

ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʽ ʜʘʶʪʴ ʣʠʰʝ ʪʠʤʯʘʩʦʚʠʡ ʟʘʭʠʩʪ ʚʽʜ ʢʦʨʦʟʽʾ. ʆʜʥʘʢ, ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ 

ʚʠʱʝ 80 ʉ̄ ʦʣʠʚʘ ʧʦʯʠʥʘʻ ʽʥʪʝʥʩʠʚʥʦ ʦʢʠʩʥʁ ʚʘʪʠʩʷ ʪʘ ʢʦʢʩʫʚʘʪʠʩʷ, ʧʝʨʝʩʪʘʶʯʠ 

ʚʠʢʦʥʫʚʘʪʠ ʩʚʦʾ ʬʫʥʢʮʽʾ. 

ʄʘʰʠʥʠ, ʤʝʭʘʥʽʟʤʠ, ʽʥʩʪʨʫʤʝʥʪʠ ʧʨʘʮʶʶʪʴ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ, ʪʦʤʫ ʥʘ ʨʽʟʴʦʚʽ 

ʟôʻʜʥʘʥʥʷ ʚʧʣʠʚʘʻ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʪʝʤʧʝʨʘʪʫʨ. ɺʦʥʠ ʧʽʜʜʘʶʪʴʩʷ 
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ʚʧʣʠʚʫ ʚʦʣʦʛʠ, ʧʠʣʫ, ʘʛʨʝʩʠʚʥʠʭ ʬʘʢʪʦʨʽʚ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʦʱʦ. ʆʯʝʚʠʜʥʦ, 

ʱʦ ʥʝ ʽʩʥʫʻ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʷʚ ʙʠ ʫʩʽ 

ʤʦʞʣʠʚʽ ʚʠʤʦʛʠ [54]. 

ɺʠʙʽʨ ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʨʽʟʴʦʚʦʛʦ ʟô̒ ʜʥʘʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʟʜʽʡʩʥʶʚʘʪʠ, ʚʠʭʦʜʷʯʠ ʽʟ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʫʤʦʚʠ ʨʦʙʦʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʟô̒ ʜʥʘʥʥʷ. 

ʋ ʜʝʪʘʣʷʭ ʟôʻʜʥʘʥʴ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʽ ʩʪʘʣʽ ʪʘ ʩʧʣʘʚʠ, ʘ ʜʝʪʘʣʽ ʟôʻʜʥʘʥʴ, ʷʢʽ ʧʽʜʜʘʶʪʴʩʷ ʜʽʾ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ï ʞʘʨʦʩʪʽʡʢʽ ʩʪʘʣʽ. ʆʩʦʙʣʠʚʽʩʪʴ ʘʫʩʪʝʥʽʪʥʠʭ ʥʝʨʞʘʚʽʶʯʠʭ CrïMo ʪʘ 

NiïCrïW ʩʪʘʣʝʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘ ʾʭ ʧʦʚʝʨʭʥʷʭ ʥʝ ʫʪʚʦʨʶʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ 

ʤʽʮʥʠʭ ʦʢʩʠʜʥʠʭ ʧʣʽʚʦʢ, ʱʦ ʟʘʧʦʙʽʛʘʶʪʴ ʟʘʾʜʘʥʥʶ. ɺôʷʟʢʽʩʪʴ ʪʘ ʥʠʟʴʢʽ ʘʥʪʠʬʨʠʢʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʭ ʩʪʘʣʝʡ ʪʘ ʩʧʣʘʚʽʚ ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ ʟʘʜʠʨʦʢ ʥʘ 

ʚʠʪʢʘʭ ʨʽʟʽ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʤʦʥʪʘʞ ʪʘ ʜʝʤʦʥʪʘʞ. ʊʦʤʫ ʜʣʷ ʟʤʘʱʫʚʘʥʥʷ ʜʝʪʘʣʝʡ 

ʨʽʟʴʦʚʠʭ ʟô̒ ʜʥʘʥʴ ʟ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʚ 

ʷʢʦʩʪʽ ʨʦʟʜʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʝ ʟʘʧʦʙʽʛʘʻ ʢʦʥʪʘʢʪʫ ñʤʝʪʘʣïʤʝʪʘʣò [55].  

ʈʽʟʴʦʚʽ ʟô̒ ʜʥʘʥʥʷ ʟʚʠʯʘʡʥʦʾ ʪʦʯʥʦʩʪʽ ʥʝ  ̒ʛʝʨʤʝʪʠʯʥʠʤʠ ï ʨʽʜʠʥʠ ʘʙʦ ʛʘʟ 

ʙʝʟʧʝʨʝʰʢʦʜʥʦ ʧʨʦʩʦʯʫʶʪʴʩʷ ʧʦ ʚʠʪʢʘʭ ʨʽʟʽ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦʨʦʟʽʾ, ʱʦ 

ʫʩʢʣʘʜʥʶʻ ʜʝʤʦʥʪʘʞ ʟô̒ ʜʥʘʥʥʷ, ʪʘ ʚʠʥʠʢʥʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʡʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ (ʨʠʩ. 1.6). 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʧʨʦʢʣʘʜʦʢ ʧʽʜ ʛʘʡʢʠ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʦʾ ʛʝʨʤʝʪʠʯʥʦʩʪʽ. ʋ 

ʮʽʡ ʩʠʪʫʘʮʽʾ ʟʤʘʱʫʚʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ, ʥʘʥʝʩʝʥʠʡ ʧʦʧʝʨʝʜʥʴʦ ʜʦ ʩʢʣʘʜʘʥʥʷ ʥʘ ʨʽʟʴ, 

ʚʽʜʽʛʨʘʻ ʫʱʽʣʴʥʶʶʯʫ ʪʘ ʟʘʭʠʩʥʫ ʬʫʥʢʮʽʾ, ʛʝʨʤʝʪʠʟʫʻ ʟôʻʜʥʘʥʥʷ ʪʘ ʟʘʧʦʙʽʛʘʻ ʢʦʨʦʟʽʾ. 

ʉʫʯʘʩʥʘ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ 

ʟʤʘʱʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʨʽʟʴʦʚʦʛʦ ʟô̒ ʜʥʘʥʥʷ ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʡʦʛʦ 

ʚʽʜʤʦʚʠ. ʆʯʝʚʠʜʥʦ, ʱʦ ʟʘʪʨʘʪʠ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʟʘʪʨʘʪʠ 

ʥʘ ʤʦʞʣʠʚʽ ʥʘʩʣʽʜʢʠ ʚʽʜʤʦʚʠ ʽ ʨʝʤʦʥʪ ʥʝʩʧʽʚʩʪʘʚʥʽ [56, 57]. 

 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʦʛʣʷʜ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʱʦʜʦ ʧʨʦʙʣʝʤ ʨʦʟʨʦʙʢʠ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʽʟ ʥʠʭ ʚʠʛʦʪʦʚʣʝʥʽ 
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ʥʘ ʤʽʥʝʨʘʣʴʥʽʡ ʘʙʦ ʩʠʥʪʝʪʠʯʥʽʡ ʦʩʥʦʚʽ, ʷʢʽ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʻ ʥʝʙʝʟʧʝʯʥʠʤʠ ʪʘ ʪʦʢʩʠʯʥʠʤʠ 

ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʆʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʾ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʨʽʟʴʦʚʠʭ ʟôʻʜʥʘʥʴ 

ʙʫʨʠʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʷʢʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʘʮʽʾ ʤʦʣʝʢʫʣ ʧʨʠʨʦʜʥʦʛʦ 

ʞʠʨʫ ʬʨʘʛʤʝʥʪʦʤ ʤʦʣʝʢʫʣʠ ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʫ (ʇɽʊ). 

ɼʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʧʝʨʝʜʙʘʯʘʻ ʚʠʨʽʰʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʘʜʘʯ: 

ï ʧʦʙʫʜʦʚʫ ʪʝʦʨʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʪʨʠʤʘʥʥʷ ʥʦʚʦʛʦ ʢʣʘʩʫ ʙʘʟʦʚʠʭ ʦʩʥʦʚ 

ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʾʭ ʢʚʘʥʪʦʚʦ-

ʭʽʤʽʯʥʠʭ, ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ;  

ï ʟʜʽʡʩʥʝʥʥʷ ʩʠʥʪʝʟʫ ʥʘʧʽʚʧʨʦʜʫʢʪʽʚ, ʙʘʟʦʚʠʭ ʦʩʥʦʚ ʤʘʩʪʠʣ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʪʝʦʨʝʪʠʯʥʦʾ ʤʦʜʝʣʽ; 

ï ʨʦʟʨʦʙʢʫ ʩʢʣʘʜʽʚ ʢʦʥʩʠʩʪʝʥʪʥʠʭ ʤʘʩʪʠʣ ʥʘ ʙʘʟʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʦʩʥʦʚ ʽʟ 

ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʨʝʮʠʢʣʽʥʛʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ;  

ï ʢʦʤʧʣʝʢʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ, ʨʝʦʤʝʪʨʠʯʥʠʭ  ̔ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʦʪʨʠʤʘʥʠʭ ʦʩʥʦʚ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

ï ʦʮʽʥʠʪʠ ʧʘʨʘʤʝʪʨʠ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʯʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

ï ʘʧʨʦʙʘʮʽʶ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 
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ʈʆɿɼɯʃ 2  

ʄɽʊʆɼʀ ʇʈʆɺɽɼɽʅʅʗ ɼʆʉʃɯɼɾɽʅʔ 

 

 

2.1 ʄʝʪʦʜʠʢʘ ʧʽʜʛʦʪʦʚʢʠ ʞʠʨʦʚʦʾ ʩʠʨʦʚʠʥʠ  

 

 

ɺ ʷʢʦʩʪʽ ʦʩʥʦʚʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʥʩʠʩʪʝʥʪʥʠʭ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʠʨʦʜʥʽ ʞʠʨʠ ʪʚʘʨʠʥʥʦʛʦ ʽ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʉʠʨʦʚʠʥʦʶ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʚʘʨʠʥʥʠʭ ʪʦʧʣʝʥʠʭ ʞʠʨʽʚ ʷʚʣʷʻʪʴʩʷ ʞʠʨʦʚʘ ʪʢʘʥʠʥʘ, ʱʦ 

ʚʽʜʜʽʣʷʻʪʴʩʷ ʧʨʠ ʧʝʨʚʠʥʥʽʡ ʦʙʨʦʙʮʽ ʚʝʣʠʢʦʾ ʨʦʛʘʪʦʾ ʭʫʜʦʙʠ, ʘ ʪʘʢʦʞ ʞʠʨʦʚʘ ʪʢʘʥʠʥʘ 

ʜʦʤʘʰʥʴʦʾ ʧʪʠʮʽ. ɾʠʨ-ʩʠʨʝʮʴ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʝʨʝʪʦʧʣʶʚʘʥʥʷ, ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ 

ʧʽʜʛʦʪʦʚʢʠ ʩʦʨʪʫʚʘʣʠ, ʧʨʦʤʠʚʘʣʠ ʫ ʭʦʣʦʜʥʽʡ ʚʦʜʽ, ʧʦʜʨʽʙʥʶʚʘʣʠ ʪʘ ʧʽʜʜʘʚʘʣʠ 

ʪʝʧʣʦʚʽʡ ʦʙʨʦʙʮʽ ʫ ʧʽʯʮʽ ʉɺʏ ʧʦʪʫʞʥʽʩʪʶ 1400 ɺʪ, ʧʨʦʪʷʛʦʤ 10 ʭʚ [58, 59].  

ʇʨʠʨʦʜʥʽ ʞʠʨʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʫ ʩʠʩʪʝʤʫ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʪʨʠʘʮʠʣʛʣʽʮʝʨʦʣʽʚ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ, ʙʫʜʦʚʠ ʪʘ ʩʪʫʧʝʥ ̫

ʥʝʥʘʩʠʯʝʥʦʩʪʽ, ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʫʧʫʪʥʽʭ ʨʝʯʦʚʠʥ. 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʞʠʨʽʚ ʪʘ ʦʣʽʡ ʾʭ ʧʽʜʜʘʶʪʴ 

ʦʯʠʱʝʥʥʶ (ʨʘʬʽʥʘʮʽʾ) ï ʦʙʨʦʙʢʠ ʨʷʜʦʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʤʝʪʦʶ ʚʠʜʘʣʝʥʥʷ 

ʜʦʤʽʰʦʢ ʪʘ ʩʫʧʫʪʥʽʭ ʨʝʯʦʚʠʥ, ʱʦ ʟʥʠʞʫʶʪʴ ʷʢʽʩʪʴ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʞʠʨʠ ʧʽʜʜʘʶʪʴ ʛʽʜʨʘʪʘʮʽʾ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʬʦʩʬʦʣʽʧʽʜʽʚ [60]. 

ɻʽʜʨʘʪʘʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʦʙʨʦʙʢʫ ʚʦʜʦʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜ 45 ʉ̄ ʜʦ 65 ʉ̄ ʪʘ 

ʽʥʪʝʥʩʠʚʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʪʘ ʚʢʣʶʯʘʻ : 

ï ʟʤʽʰʫʚʘʥʥʷ ʞʠʨʫ ʟ ʚʦʜʦʶ; 

ï ʝʢʩʧʦʟʠʮʽʷ ʩʫʤʽʰʽ ñʞʠʨïʚʦʜʘò ï ʜʣʷ ʢʦʘʛʫʣʷʮʽʾ ʬʦʩʬʦʣʽʧʽʜʽʚ; 

ï ʨʦʟʜʽʣʝʥʥʷ ʬʘʟ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ï ñʛʽʜʨʘʪʦʚʘʥʠʡ ʞʠʨïʬʦʩʬʦʣʽʧʽʜʥʘ ʝʤʫʣʴʩʽʷò. 

ʅʘʩʪʫʧʥʦʶ ʩʪʘʜʽʻʶ ʨʘʬʽʥʘʮʽʾ ʻ ʣʫʞʥʘ ʥʝʡʪʨʘʣʽʟʘʮʽʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʝʡʪʨʘʣʽʟʘʮʽʾ 

ʚʽʣʴʥʠʭ ʢʠʩʣʦʪ ʞʠʨʽʚ ʚʦʜʥʠʤʠ ʨʦʟʯʠʥʘʤʠ ʛʽʜʨʦʢʩʠʜʽʚ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ 

ʥʝʨʦʟʯʠʥʥʽ ʚ ʞʠʨʽ ʩʦʣʽ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ï ʤʠʣʘ [60]. 

ɼʣʷ ʧʦʚʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʤʠʣʘ ʧʨʦʚʦʜʷʪʴ ʦʙʨʦʙʢʫ ʩʫʤʽʰʽ ʢʦʥʮʝʥʪʨʦʚʘʥʠʤ 

ʨʦʟʯʠʥʦʤ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ. ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʘʬʽʥʘʮʽʾ ʦʪʨʠʤʫʶʪʴ ʨʘʬʽʥʦʚʘʥʠʡ ʞʠʨ 
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ʪʘ ʚʽʜʭʦʜʠ ï ʤʠʣʴʥʽ ʨʦʟʯʠʥʠ (ʩʦʘʧʩʪʦʢʠ). ʇʽʩʣʷ ʚʽʜʜʽʣʝʥʥʷ ʩʦʘʧʩʪʦʢʫ ʚ ʞʠʨʽ ʟʘʚʞʜʠ 

ʤʽʩʪʠʪʴʩʷ ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ ʤʠʣʘ. ɼʣʷ ʚʠʜʘʣʝʥʥʷ ʤʠʣʘ ʽʟ ʞʠʨʫ, ʡʦʛʦ ʦʙʨʦʙʣʷʶʪʴ 

ʛʘʨʷʯʦʶ ʚʦʜʦʶ ʟ ʥʘʩʪʫʧʥʠʤ ʨʦʟʜʽʣʝʥʥʷʤ ʬʘʟ. ɺʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ ʽʟ ʥʝʡʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʪʘ ʧʨʦʤʠʪʦʛʦ ʞʠʨʫ ʧʨʦʚʦʜʷʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 90 ʉ̄ ʧʽʜ ʚʘʢʫʫʤʦʤ ʪʘ ʪʠʩʢʫ 5,5 ʢʇʘ. 

ʇʽʜ ʯʘʩ ʚʠʩʫʰʫʚʘʥʥʷ ʚʦʣʦʛʘ ʚʠʧʘʨʦʚʫʻʪʴʩʷ ʪʘ, ʚʦʜʥʦʯʘʩ, ʚʠʜʘʣʷʻʪʴʩʷ ʧʦʚʽʪʨʷ, ʱʦ 

ʤʽʩʪʠʪʴʩʷ ʚ ʞʠʨi [60]. 

ʋ ʪʘʙʣ. 2.1 ʥʘʚʝʜʝʥʠʡ ʧʨʠʙʣʠʟʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ [61]. 

 

ʊʘʙʣʠʮʷ 2.1  

ɺʤʽʩʪ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʫ ʞʠʨʘʭ 

ʅʘʟʚʘ ʢʠʩʣʦʪʠ 
ʉʢʣʘʜ ʢʠʩʣʦʪʠ, % 

ʗʣʦʚʠʯʠʡ ʞʠʨ ʂʫʨʷʯʠʡ ʞʠʨ ʈʽʧʘʢʦʚʘ ʦʣʽʷ 

ʇʘʣʴʤʽʪʠʥʦʚʘ 26 23,93 ï 

ʉʪʝʘʨʠʥʦʚʘ 23 7,27 1,6 

ʆʣʝʾʥʦʚʘ 41,5 38,92 22,5 

ʄʽʨʠʩʪʠʥʦʚʘ 31 1,4 1,5 

ʃʽʥʦʣʝʚʘ 1,8 19,81 14 

ʃʽʥʦʣʝʥʦʚʘ 2 1,13 2,5 

ɻʝʢʩʘʜʝʮʝʥʦʚʘ 2,5 ï ï 

ɸʨʘʭʽʥʦʚʘ ï 0,07 1,5 

ɽʨʫʢʦʚʘ ï ï 60,5 

ʃʘʫʨʠʥʦʚʘ ï 0,91 ï 

 

 

2.2  ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ 

 

ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʞʠʨʽʚ, ʩʠʥʪʝʟʦʚʘʥʠʭ ʥʘʧʽʚʧʨʦʜʫʢʪʽʚ, ʦʩʥʦʚ ʤʘʩʪʠʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ [62ï74], ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.2. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 2.3. 
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ʊʘʙʣʠʮʷ 2.2  

ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ ʪʘ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʧʦʢʘʟʥʠʢʘ 
ʉʫʪʴ ʤʝʪʦʜʫ ʄʝʪʦʜ 

ʂʽʥʝʤʘʪʠʯʥʘ 

ʚô̫ ʟʢʽʩʪʴ, ʤʤ2/ʩ 

ɺʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʚʠʪʽʢʘʥʥʷ ʧʝʚʥʦʛʦ ʦʙôʻʤʫ 

ʨʽʜʠʥʠ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʪʷʞʽʥʥʷ ʯʝʨʝʟ  

ʢʘʣʽʙʨʦʚʘʥʠʡ ʩʢʣʷʥʠʡ ʢʘʧʽʣʷʨʥʠʡ ʚʽʩʢʦʟʠʤʝʪʨ 

ASTM D445 

ɻʫʩʪʠʥʘ, ʢʛ/ʤ3 ɺʠʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ ʚô̫ ʟʢʠʭ ʤʘʪʝʨʽʘʣʽʚ  

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʢʥʦʤʝʪʨʽʚ ɹʽʥʛʘʤʘ 
ASTM D1480 

ɯʥʜʝʢʩ ʚô̫ ʟʢʦʩʪʽ ʈʦʟʨʘʭʫʥʦʢ ʟʘ ʢʽʥʝʤʘʪʠʯʥʦʶ ʚô̫ ʟʢʽʩʪʶ,  

ʚʠʤʽʨʷʥʦʶ ʧʨʠ 40 ʉ̄ ʪʘ 100 ʉ̄ 
ASTM D2270 

ɼʠʥʘʤʽʯʥʘ ʚô̫ ʟʢʽʩʪʴ 

ʟʘ Brookfield, ʤʇʘ.ʩ 

ɺʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ  

ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʩʢʦʟʠʤʝʪʨʽʚ Brookfield 
ASTM D2983 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʢʨʘʧʣʝʧʘʜʽʥʥʷ, ̄ ʉ 

ɺʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʘ ʷʢʦ ʾʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʘʜʽʥʥʷ ʧʝʨʰʦʾ ʢʨʘʧʣʽ ʘʙʦ ʜʦʪʠʢ ʜʥʘ ʧʨʦʙʽʨʢʠ 

ʩʪʦʚʧʯʠʢʦʤ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʤʽʩʪʠʪʴʩʷ  

ʚ ʯʘʰʝʯʮʽ ʧʨʠʣʘʜʫ ʽ ʥʘʛʨʽʚʘʻʪʴʩʷ  

ʚ ʩʪʨʦʛʦ ʚʠʟʥʘʯʝʥʠʭ ʫʤʦʚʘʭ 

ASTM D-566 

ɺʤʽʩʪ ʚʦʜʠ, % ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʚʦʜʠ  ASTM D95 

ʁʦʜʥʝ ʯʠʩʣʦ, ʤʛ J2/ʛ ʆʙʨʦʙʢʘ ʤʘʪʝʨʽʘʣʫ ʩʧʠʨʪʦʚʠʤ ʨʦʟʯʠʥʦʤ ʡʦʜʫ 

ʟ ʥʘʩʪʫʧʥʠʤ ʪʠʪʨʫʚʘʥʥʷʤ ʚʽʣʴʥʦʛʦ ʡʦʜʫ  

ʨʦʟʯʠʥʦʤ ʪʽʦʩʫʣʴʬʘʪʫ ʥʘʪʨʽʶ 

ASTM D5768 

ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ  

ʚʽʣʴʥʠʭ ʢʠʩʣʦʪ  

ʪʘ ʣʫʛʽʚ, ʤʛʂʆʅ/ʛ 

ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʚʽʣʴʥʠʭ ʢʠʩʣʦʪ ʰʣʷʭʦʤ 

ʪʠʪʨʫʚʘʥʥʷ ʩʧʠʨʪʦʚʠʤ ʨʦʟʯʠʥʦʤ ʂʆʅ ʥʘʚʘʞʢʠ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  

ʥ̔ʜʠʢʘʪʦʨʘ  

ASTM D128 

ɺʦʜʦʩʪʽʡʢʽʩʪʴ, ʙʘʣʠ ɺʠʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʜʦ ʨʫʡʥʫʚʘʥʥʷ 

ʧʨʠ ʜʽʾ ʚʦʜʠ 
DIN 51807 

ɺʠʜʽʣʝʥʥʷ ʦʣʠʚʠ, % ɺʠʟʥʘʯʝʥʥʷ ʚʽʜʜʽʣʝʥʥʷ ʦʣʠʚʠ  

ʽʟ ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ  

ʧʽʜ ʚʧʣʠʚʦʤ ʥʝʚʝʣʠʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

DIN 51817 

https://en.wikipedia.org/wiki/ASTM
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 2.2 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʧʦʢʘʟʥʠʢʘ 
ʉʫʪʴ ʤʝʪʦʜʫ ʄʝʪʦʜ 

ʊʨʠʙʦʪʝʭʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ï ʤʘʰʠʥʘ ʏʐʄ-1  

(ʢʫʣʴʢʠ ʜʽʘʤʝʪʨʦʤ  

12,7 ʤʤ ʽʟ ʩʪʘʣʽ  

ʐʍ-15); 

ï ʤʘʰʠʥʘ 2168 ʋʊʄ  

(ʜʽʘʤʝʪʨ ʜʦʨʽʞʢʠ  

ʪʝʨʪʷ ï 120 ʤʤ,  

ʜʽʘʤʝʪʨ ʟʨʘʟʢʘ ï  

5 ʤʤ ʽʟ ʩʪʘʣʽ 20,  

ʢʦʥʪʨʪʽʣʦ ʐʍ-15,  

ʠʪʦʤʠʡ ʪʠʩʢ ï  

16 ʄʇʘ); 

ï ʄɸʉʊ1; 

ï ʤ̔ ʣʽʪʨʠʙʦʤʝʪʨ  

ʄʊʋ-2ʂ7 

ɺʠʟʥʘʯʝʥʥʷ: 

ï ʪʨʠʤʢʦʩʪʽ ʟʘ ʢʨʠʪʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ; 

ï ʛʨʘʥʠʯʥʦʾ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ 

ʟʘ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟʚʘʨʶʚʘʥʥʷ; 

ï ʧʨʦʪʠʟʥʦʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘ ʜʽʘʤʝʪʨʦʤ 

ʧʣʷʤʠ ʟʥʦʰʫʚʘʥʥʷ; 

ï ʧʨʦʪʠʟʘʜʠʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘ ʽʥʜʝʢʩʦʤ 

ʟʘʜʠʨʘʥʥʷ; 

ï ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ 
DIN 51350 

ASTM D5183 

ɿʘʭʠʩʪ ʚʽʜ ʢʦʨʦʟʽʾ,  

ʙʘʣʠ 

ɺʠʟʥʘʯʝʥʥʷ ʥʘ ʤʽʜʥʽʡ ʧʣʘʩʪʠʥʽ ʧʨʠ 100 ʉ̄  

ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʛʦʜʠʥ 
ASTM D130 

 

 

ʊʘʙʣʠʮʷ 2.3 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʘʬʽʥʦʚʘʥʠʭ ʞʠʨʽʚ 

ʅʘʟʚʘ 
ʗʣʦʚʠʯʠʡ 

ʞʠʨ 

ʂʫʨʷʯʠʡ 

ʞʠʨ 

ʈʽʧʘʢʦʚʘ 

ʦʣʽʷ 

ʂʽʥʝʤʘʪʠʯʥʘ ʚô̫ ʟʢʽʩʪʴ, ʤʤ2/ʩ: 

ï ʧʨʠ 40 ʉ̄; 

ï ʧʨʠ 100 ʉ̄ 

 

44,3 

10,2 

 

33,2 

8,7 

 

30,2 

9,4 

ɻʫʩʪʠʥʘ ʧʨʠ 40 ʉ̄, ʢʛ/ʤ3 896 900 896 

ɯʥʜʝʢʩ ʚô̫ ʟʢʦʩʪʽ 228 258 320 

ɺʤʽʩʪ ʚʦʜʠ, % 2,4 0,9 0,36 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʨʘʧʣʝʧʘʜʽʥʥʷ, ̄ ʉ 44 ï ï 

ʁʦʜʥʝ ʯʠʩʣʦ 27 67 89 
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2.2.1  ʄʝʪʦʜʠʢʘ ʟʜʽʡʩʥʝʥʥʷ ʛʣʽʮʝʨʦʣʽʟʫ ʞʠʨʽʚ 

 

ɸʮʠʣʛʣʽʮʝʨʦʣʠ ï ʩʢʣʘʜʥʽ ʝʬʽʨʠ ʛʣʽʮʝʨʦʣʫ ʽ ʪʚʝʨʜʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ. ʋʩʽ 

ʧʨʠʨʦʜʥʽ ʞʠʨʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ̔ ʩʫʤʽʰʽ ʪʘʢʠʭ ʝʬʽʨʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʝʪʝʨʠʬʽʢʘʮʽʾ 

ʛʣʽʮʝʨʦʣʫ ʜʝʢʽʣʴʢʦʤʘ ʢʠʩʣʦʪʘʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʢʦʞʥʦʛʦ ʞʠʨʫ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʯʠʩʣʘ ʝʪʝʨʠʬʽʢʦʚʘʥʠʭ ʫ ʛʣʽʮʝʨʦʣʽ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ, ʨʦʟʨʽʟʥʷʶʪʴ ʤʦʥʦʘʮʠʣʛʣʽʮʝʨʦʣʠ, 

ʜʠʘʮʠʣʛʣʽʮʝʨʦʣʠ ʪʘ ʪʨʠʘʮʠʣʛʣʽʮʝʨʦʣʠ [75]. 

ɼʣʷ ʾʭ ʦʪʨʠʤʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʽʶ ʛʣʽʮʝʨʦʣʽʟʫ, ʪʦʙʪʦ ʦʙʨʦʙʢʫ ʧʨʠʨʦʜʥʦʛʦ 

ʞʠʨʫ ʛʣʽʮʝʨʠʣʦʤ ʧʨʠ ʨʽʟʥʦʤʫ ʤʦʣʷʨʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ, ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʣʦʛʦ 

ʢʘʪʘʣʽʟʘʪʦʨʘ ʚ ʩʝʨʝʜʦʚʠʱʽ ʽʥʝʨʪʥʦʛʦ ʛʘʟʫ. ʆʩʥʦʚʥʦʶ ʩʢʣʘʜʥʽʩʪʶ ʧʨʦʚʝʜʝʥʥʷ 

ʧʨʦʮʝʩʫ ʛʣʽʮʝʨʦʣʽʟʫ ʻ ʥʠʟʴʢʠʡ ʩʪʫʧʽʥʴ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʚʠʭʽʜʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʪʦʙʪʦ 

ʚʟʘʻʤʥʝ ʨʦʟʯʠʥʝʥʥʷ ʛʽʜʨʦʬʽʣʴʥʦʛʦ ʛʣʽʮʝʨʦʣʫ ʚ ʛʽʜʨʦʬʦʙʥʦʤʫ ʞʠʨʽ, ʪʦʤʫ ʧʨʦʮʝʩ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 200 ʉ̄ ʟ ʙʝʟʧʝʨʝʨʚʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ.  

ʈʝʘʢʮʽʷ ʤʽʞ ʞʠʨʦʤ ʪʘ ʛʣʽʮʝʨʦʣʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʤʝʭʘʥʽʟʤʦʤ: 

 

 

 

ʂʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ ʛʣʽʮʝʨʦʣʽʟʫ ʪʨʠʘʮʠʣʛʣʽʮʝʨʦʣʽʚ ʧʨʝʜʩʪʘʚʣʷʻ ʩʫʤʽʰ ʪʨʠ-, ʜʠ-, 

ʪʘ ʤʦʥʦʘʮʠʣʛʣʽʮʝʨʦʣʫ ʪʘ ʛʣʽʮʝʨʦʣʫ. ʂʽʣʴʢʽʩʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʮʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʛʣʽʮʝʨʦʣʫ, ʚʚʝʜʝʥʦʛʦ ʚ ʨʝʘʢʮʽʶ [75, 76]. 

ʉʭʝʤʘ ʨʝʘʢʪʦʨʫ ʩʠʥʪʝʟʫ ʛʣʽʮʝʨʦʣʽʟʫ ʞʠʨʽʚ ʪʘ ʩʠʥʪʝʟʫ ʇɽʊ-ʘʮʠʣʛʣʽʮʝʨʦʣʽʚ 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.1. 
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1 ï ʨʝʘʢʪʦʨ; 2 ï ʪʝʧʣʦʟʘʭʠʩʥʠʡ ʢʦʞʫʭ; 3 ï ʤʽʰʘʣʢʘ; 4 ï ʢʦʥʜʝʥʩʘʪʦʨ 

 

ʈʠʩ. 2.1. ʈʝʘʢʪʦʨ ʩʠʥʪʝʟʫ 

 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʩʠʥʪʝʟʫ ʙʘʟʦʚʠʭ ʦʩʥʦʚ ʤʘʩʪʠʣʴʥʠʭ ʢʦʥʩʠʩʪʝʥʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʩʠʥʪʝʟ ʷʢʠʭ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʮʽ, ʱʦ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.1, ʜʦ ʤʘʩʠ ʦʪʨʠʤʘʥʦʛʦ 

ʘʮʠʣʛʣʽʮʝʨʦʣʫ ʜʦʜʘʚʘʣʠ ʧʦʜʨʽʙʥʝʥʽ ʚʽʜʭʦʜʠ ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʫ. ʈʝʘʢʮʽʶ ʧʨʦʚʦʜʠʣʠ 

ʚ ʩʝʨʝʜʦʚʠʱʽ ʽʥʝʨʪʥʦʛʦ ʛʘʟʫ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ.  

ɺʟʘʻʤʦʜʽʷ ʘʮʠʣʛʣʽʮʝʨʦʣʫ ʪʘ ʇɽʊ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤ ʤʝʭʘʥʽʟʤʦʤ: 
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2.2.2  ʄʝʪʦʜ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ 

 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʩʢʣʘʜʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʛʨʫʧ ʪʘ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʩʧʦʣʫʢ ʟʘ ʭʘʨʘʢʪʝʨʥʠʤʠ ʩʤʫʛʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ɯʏ-ʌʫʨô̒-ʩʧʝʢʪʨʦʤʝʪʨ IRAffinity -1 ʬʽʨʤʠ Shimadzu (ʨʠʩ. 2.2). 

 

 

 

ʈʠʩ. 2.2. ɯʏ-ʌʫʨô̒-ʩʧʝʢʪʨʦʤʝʪʨ IRAffinity -1 

 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ ʩʧʝʢʪʨʦʤʝʪʨʘ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 7800 ʩʤ-1 ʜʦ 350 ʩʤ-1, 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʩʪʘʥʦʚʠʪʴ >30000:1, ʨʦʟʰʠʨʝʥʥʷ ï 0,5 ʩʤ-1, 1 ʩʤ-1, 2 ʩʤ-1,     

4 ʩʤ-1, 8 ʩʤ-1, 16 ʩʤ-1. ʇʨʦʙʫ ʤʘʪʝʨʽʘʣʫ ʥʘʥʦʩʠʣʠ ʪʦʥʢʦʶ ʧʣʽʚʢʦʶ ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ 

ʢʶʚʝʪʠ, ʷʢʫ ʧʦʤʽʱʘʣʠ ʚ ʧʨʠʣʘʜ ʪʘ ʨʝʻʩʪʨʫʚʘʣʠ ʭʘʨʘʢʪʝʨʥʽ ʩʤʫʛʠ [77, 78].  

ʋ ʜʦʜʘʪʢʫ ɻ (ʨʠʩ. ɻ.1ïɻ.4) ʥʘʚʝʜʝʥʦ ɯʏ-ʩʧʝʢʪʨʦʛʨʘʤʠ ʚʠʭʽʜʥʦʾ ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ ʪʘ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʘʮʠʣʛʣʽʮʝʨʦʣʽʚ, ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʞʠʨ/ʛʣʽʮʝʨʦʣ 1/1, 1/2 ʪʘ 1/3. 

ʅʘ ʚʠʭʽʜʥʦʤʫ ʩʧʝʢʪʨʽ ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʭʘʨʘʢʪʝʨʥʽ ʧʽʢʠ 

ʧʨʦʧʫʩʢʘʥʥʷ, ʽʥʪʝʥʩʠʚʥʘ ʩʤʫʛʘ ʟ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 2966 ʩʤ-1, 2887 ʩʤ-1, 2843 ʩʤ-1. ʎʽ 

ʧʽʢʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ (ɜ) ſʉïʅ-ʟʚôʷʟʢʫ ʚ ʛʨʫʧʘʭ ʉʅ3 (2962Ñ10 ʩʤ
-1) 

ʽ =ʉʅ2 (2926 ʩʤ-1 ʪʘ 2853Ñ10 ʩʤ-1). ɼʝʬʦʨʤʘʮʽʡʥʠʤ ʢʦʣʠʚʘʥʥʷʤ (ŭ) =ʉʅ2  ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʽʢʠ ʧʨʠ (1465Ñ10 ʩʤ-1) ʪʘ 1380 ʩʤ-1 ï ʜʣʷ ïʉʅ3 ʪʘ =ʉʅ2. ɯʥʪʝʥʩʠʚʥʘ ʩʤʫʛʘ ʚ ʦʙʣʘʩʪʽ 

1744Ñ10 ʩʤ-1 ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ  =ʉ=ʆ-ʟʚô̫ʟʢʫ. ɺʘʣʝʥʪʥʽ ʢʦʣʠʚʘʥʥʷ 
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ſʉ-ʆ-ʟʚôʷʟʢʫ ʧʨʦʷʚʣʷʶʪʴʩʷ ʜʣʷ ʪʨʠʘʮʠʣʛʣʽʮʝʨʦʣʽʚ ʪʨʴʦʭ ʧʽʢʽʚ 1238 ʩʤ-1, 1242 ʩʤ-1, 

1170Ñ80ʩʤ-1. ʇʽʢ ʚ ʦʙʣʘʩʪʽ 1380Ñ5 ʩʤ-1 ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʢʦʣʠʚʘʥʴ ʤʝʪʘʣʴʥʦʾ ʛʨʫʧʠ. 

ʇʨʠ ʦʙʨʦʙʮʽ ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ ʛʣʽʮʝʨʠʣʦʤ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʝʪʝʨʠʬʽʢʘʮʽʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʤʦʥʦ- ʽ ʜʠʘʮʠʣʛʣʽʮʝʨʦʣʽʚ ʞʠʨʥʠʭ ʢʠʩʣʦʪ. 

ʋ ʩʧʝʢʪʨʽ ʘʮʠʣʛʣʽʮʝʨʦʣʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʥʘ ʩʠʣʴʥʘ ʩʤʫʛʘ ʚʘʣʝʥʪʥʠʭ 

ʢʦʣʠʚʘʥʴ ʢʘʨʙʦʢʩʠʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʚ ʦʙʣʘʩʪʷʭ ʚʽʜ 1730 ʩʤ-1 ʜʦ 1750 ʩʤ-1. ʋ ʩʧʝʢʪʨʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʤʫʛʘ ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ =ʉ-ʆ- ʟ ʤʘʢʩʠʤʫʤʦʤ ʫ 1240Ñ5 ʩʤ-1. 

ʋ ʩʧʝʢʪʨʽ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʟôʷʚʣʷʻʪʴʩʷ ʰʠʨʦʢʘ ʩʤʫʛʘ ʢʦʣʠʚʘʥʴ ïʆʅ-ʛʨʫʧ 

ʙʽʣʷ 3500Ñ10 ʩʤ-1, ʷʢʘ ʚʽʜʩʫʪʥʷ ʫ ʚʠʭʽʜʥʦʾ ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ. ʇʦʭʦʜʞʝʥʥʷ ʩʤʫʛʠ  

ʧʦʷʩʥʶʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʜʫʢʪʽʚ ʧʝʨʝʝʪʝʨʠʬʽʢʘʮʽʾ ʤʦʥʦ- ʪʘ ʜʠʘʮʠʣʛʣʽʮʝʨʦʣʽʚ, ʱʦ 

ʤʽʩʪʷʪʴ ʦʜʥʫ ʘʙʦ ʜʚʽ ʛʽʜʨʦʢʩʠʣʴʥʽ ʩʤʫʛʠ. ʋ ʤʽʨʫ ʟʤʽʥʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʣʽʷ/ʛʣʽʮʝʨʦʣ 

ʚʽʜ 1/1 ʜʦ 1/3 ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʽʢʽʚ ʟʨʦʩʪʘʻ. 

ʋ ʜʦʜʘʪʢʫ ɻ ʥʘ ʨʠʩ. ɻ.5ïɻ.7 ʥʘʚʝʜʝʥʦ ɯʏ-ʩʧʝʢʪʨʦʛʨʘʤʠ ʇɽʊ-ʘʮʠʣʛʣʽʮʝʨʦʣʽʚ 

ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ, ʥʘ ʨʠʩ. ɻ.8ïɻ.11 ʟʦʙʨʘʞʝʥʦ ɯʏ-ʩʧʝʢʪʨʦʛʨʘʤʠ ʷʣʦʚʠʯʦʛʦ ʞʠʨʫ ʪʘ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʘʮʠʣʛʣʽʮʝʨʦʣʽʚ. 

ʅʘ ɯʏ-ʩʧʝʢʪʨʦʛʨʘʤʘʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʙʘʟʦʚʠʭ ʦʩʥʦʚ ʟʤʘʱʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʨʽʧʘʢʦʚʽʡ ʦʣʽʾ ʪʘ ʚʽʜʭʦʜʽʚ ʇɽʊʌ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ ʧʦʷʚʫ ʩʤʫʛ ʚ ʦʙʣʘʩʪʽ 1577 ʩʤ-1 ï 

ʚʘʣʝʥʪʥʽ ʢʦʣʠʚʘʥʥʷ ʛʨʫʧ ſʉ-ʉ= ʙʝʥʟʦʣʴʥʦʛʦ ʢʽʣʴʮʷ, ʜʝʬʦʨʤʘʮʽʡʥʽ ʢʦʣʠʚʘʥʥʷ 

ʙʝʥʟʦʣʴʥʦʛʦ ʢʽʣʴʮʷ ʚ ʧʣʦʱʠʥʽ ʧʨʠ 1540 ʩʤ-1 ʪʘ 1020 ʩʤ-1, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 

ʬʨʘʛʤʝʥʪʽʚ ʣʘʥʢʠ ʇɽʊ ʫ ʩʢʣʘʜʽ ʘʮʠʣʛʣʽʮʝʨʦʣʽʚ ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ. ɸʥʘʣʦʛʽʯʥʽ ʩʤʫʛʠ ʧʨʠ 

1577 ʩʤ-1 ʪʘ 1504 ʩʤ-1, ʟôʷʚʣʷʶʪʴʩʷ ʫ ʟʨʘʟʢʘʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʘʮʠʣʛʣʽʮʝʨʦʣʽʚ 

ʷʣʦʚʠʯʦʛʦ ʞʠʨʫ ʽ ʚʽʜʭʦʜʽʚ ʇɽʊ. 

 

2.2.3  ʄʝʪʦʜ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʩʢʘʥʫʶʯʦʾ ʢʘʣʦʨʠʤʝʪʨʽʾ 

 

ʊʝʤʧʝʨʘʪʫʨʠ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʫ ʩʪʨʫʢʪʫʨʽ ʚʠʭʽʜʥʠʭ ʞʠʨʽʚ ʽ ʧʨʦʜʫʢʪʽʚ 

ʩʠʥʪʝʟʫ ʾʭ ʧʦʭʽʜʥʠʭ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʩʢʘʥʫʶʯʦʛʦ 

ʢʘʣʦʨʠʤʝʪʨʘ Diamond DSC, ʱʦ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 2.3. ʇʨʠ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʘʥʥʷ 

1 ʉ̄/ʭʚ, ʜʽʘʤʝʪʨ ʟʨʘʟʢʘ ʩʪʘʥʦʚʠʪʴ Ò4 ʤʤ, ʚʠʩʦʪʘ Ò1 ʤʤ, ʤʘʩʘ ʟʨʘʟʢʘ ï 15 ʤʛ, 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʽʥʝʨʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʦʪʦʯʥʦʛʦ ʛʘʟʫ (ʘʨʛʦʥ) [79]. 
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ʈʠʩ. 2.3. ɼʠʬʝʨʝʥʮʽʡʥʠʡ ʩʢʘʥʫʶʯʠʡ ʢʘʣʦʨʠʤʝʪʨ Diamond DSC 

 

2.2.4  ʊʨʠʙʦʪʝʭʥʽʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ 

 

ʊʨʠʙʦʪʝʭʥʽʯʥʽ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʘʥʪʠʬʨʠʢʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʘʰʠʥʽ ʪʝʨʪʷ ʄɸʉʊ 1, ʩʭʝʤʘ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.4. 

 

 

1 ï ʚʘʞʽʣʴ ʧʝʨʝʤʠʢʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ; 2 ï ʢʫʣʴʢʦʚʽ ʥʘʧʨʷʤʥʽ;  

3 ï ʚʘʥʥʘ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 4 ï ʤʘʩʣʷʥʠʡ ʥʘʛʨʽʚʘʯ; 5 ï ʪʝʨʤʦʧʘʨʘ;  

6 ï ʝʣʝʢʪʨʦʜʚʠʛʫʥ; 7 ï ʟʯʝʧʣʝʥʥʷ; 8 ï ʚʝʨʭʥʷ ʢʫʣʴʢʘ; 9 ï ʥʠʞʥʽ ʥʝʨʫʭʦʤʽ ʢʫʣʴʢʠ;  

10 ï ʚʘʞʽʣʴ ʧʝʨʝʜʘʯʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ; 11 ï ʜʘʪʯʠʢ ʩʠʣʠ 

 

ʈʠʩ. 2.4. ʄʘʰʠʥʘ ʪʝʨʪʷ ʄɸʉʊ 1 
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ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʫʣʴʢʠ ʜʽʘʤʝʪʨʦʤ 12,7 ʤʤ 

ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʧʽʜʰʠʧʥʠʢʦʚʦʾ ʩʪʘʣʽ 100Cr6 (ɽ = 219,8103 ʄʇʘ); ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ 

(ɜ = 0,3). ʇʝʨʝʜ ʢʦʞʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʚʩʽ ʚʽʜʧʦʚʽʜʥʽ ʯʘʩʪʠʥʠ ʤʘʰʠʥʠ, ʥʠʞʥʽ ʽ 

ʚʝʨʭʥʽ ʫʪʨʠʤʫʚʘʯʽ ʢʫʣʴʦʢ, ʚʘʥʥʫ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʩʪʦʚʽ ʢʫʣʽ ʧʨʦʤʠʚʘʣʠ 

ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʽʡ ʚʘʥʥʽ ʟ ʚʫʛʣʝʚʦʜʥʝʚʠʤ ʨʦʟʯʠʥʥʠʢʦʤ, ʘ ʧʦʪʽʤ ʚʠʩʫʰʫʚʘʣʠ. ɿʨʘʟʦʢ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʦʙôʻʤʦʤ 22 ʩʤ3 ʟʘʣʠʚʘʣʠ ʫ ʚʘʥʥʦʯʢʫ 3, ʧʦʚʥʽʩʪʶ 

ʟʘʥʫʨʶʶʯʠ ʥʝʨʫʭʦʤʽ ʥʠʞʥʽ ʢʫʣʴʢʠ 9. ʇʨʠ ʧʨʠʢʣʘʜʝʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 150 ʅ ʽ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 1420 ʭʚ-1, ʤʘʰʠʥʘ ʧʨʘʮʶʻ ʧʨʦʪʷʛʦʤ 1 ʛʦʜ. ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʤʽʨʶʚʘʣʠ ʤʦʤʝʥʪ ʪʝʨʪʷ ʤʽʞ ʢʫʣʴʢʘʤʠ ʪʘ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ [80ï82].  

ʂʦʝʬʽʮʽʻʥʪʠ ʪʝʨʪʷ ʚʠʟʥʘʯʘʣʠ ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʦʤʫ ʤʽʣʽʪʨʠʙʦʤʝʪʨʽ ʄʊʋ-2ʂ7 ʧʨʠ 

ʟʚʦʨʦʪʥʦʤʫ ʧʦʩʪʫʧʘʣʴʥʦʤʫ ʨʫʩʽ. ʉʭʝʤʘ ʤʘʰʠʥʠ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.5 [83]. 

 

 

1 ï ʢʦʨʦʤʠʩʣʦ; 2 ï ʩʬʝʨʠʯʥʝ ʢʦʥʪʨʪʽʣʦ; 3 ï ʚʠʤʽʨʶʚʘʯ ʩʠʣʠ ʪʝʨʪʷ;  

4 ʪʘ 5 ï ʝʣʝʢʪʨʦʤʘʛʥʽʪʠ; 6 ï ʷʢʽʨ; 7 ï ʜʘʪʯʠʢ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ;  

8 ï ʰʪʦʚʭʘʯ ʧʽʜʡʦʤʥʠʭ ʧʨʠʩʪʨʦʾʚ; 9 ï ʢʦʥʪʨʪʽʣʦ; 10 ï ʣʽʥʽʡʢʘ;  

11 ʪʘ 12 ï ʧʨʫʞʠʥʠ ʧʝʪʣʽ; 13 ʪʘ 14 ï ʝʣʝʢʪʨʦʤʘʛʥʽʪʠ 

 

ʈʠʩ. 2.5. ʂʦʥʩʪʨʫʢʮʽʷ ʄʊʋ-2K7 ʤʽʢʨʦʪʨʠʙʦʤʝʪʨ 

 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʭʝʤʠ ʪʝʩʪʫʚʘʥʥʷ: ʢʫʣʽ ʜʽʘʤʝʪʨʦʤ 

4,7 ʤʤ ʧʽʜʰʠʧʥʠʢʦʚʦʾ ʩʪʘʣʽ (100Cr6) ʢʫʣʴ ʪʘ ʪʦʚʱʠʥʦʶ 2 ʤʤ ʤʽʜʥʦʾ ʧʣʦʱʠʥʠ ʧʨʠ 

ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʛʨʘʥʠʯʥʦʛʦ ʟʤʘʱʝʥʥʷ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ 5 ʤʤ/ʩ, ʟ 

ʧʦʜʚʽʡʥʦʶ ʜʦʚʞʠʥʦʶ ʭʦʜʫ 10 ʤʤ ʽ ʢʦʚʟʘʥʥʷ ʥʘ ʚʽʜʩʪʘʥʽ 10 ʤ (1000 ʮʠʢʣʽʚ) [83]. 
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2.2.5  ʄʝʪʦʜ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ  

 

ʇʦʚʝʨʭʥʶ ʟʥʦʰʫʚʘʥʥʷ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʫʣʴʢʘʭ ʚʠʚʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʢʘʥʫʶʯʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ, ʱʦ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 2.6, JSM 7001F ʬʽʨʤʠ 

JEOL (ʗʧʦʥʽʷ) [100]. 

 

 
 

ʈʠʩ. 2.6. ʉʢʘʥʫʶʯʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʤʽʢʨʦʩʢʦʧ JSM-7001F 

 

ʅʘ ʨʠʩ. 2.7 ʟʦʙʨʘʞʝʥʦ ʩʣʽʜʠ ʟʥʦʰʫʚʘʥʥʷ ʥʘ ʩʪʘʣʝʚʠʭ ʢʫʣʴʢʘʭ, ʟʥʷʪʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʉɽʄ. 

 

  

ʘ ʙ 

ʘ ï ʷʣʦʚʠʯʠʡ ʞʠʨ; ʙ ï ʩʠʥʪʝʟʦʚʘʥʘ ʙʘʟʦʚʘ ʟʤʘʱʫʚʘʣʴʥʘ ʦʩʥʦʚʘ 

 

ʈʠʩ. 2.7. ʉʣʽʜʠ ʟʥʦʰʫʚʘʥʥʷ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʉɽʄ  

ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʢʫʣʴʢʘʭ, ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 150 ʅ 
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2.3  ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʙʽʦʜʝʛʨʘʜʘʮʽʾ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

 

ʉʪʫʧʽʥʴ ʙʽʦʜʝʛʨʘʜʘʮʽʾ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʦʜʠʬʽʢʦʚʘʥʠʤ 

ʤʝʪʦʜʦʤ [85]. 

ɹʽʦʭʽʤʽʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʢʠʩʥʶ (ɹʉʂ), (ʤʛ ʆ2) ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʨʽʚʥʷʥʥʷʤ: 

 

=
ʨʝʯ. ʢʦʥʪʨ.

ʪʝʩʪ

ʨʝʯ.

N N
ɹʉʂ

ʉ

-
,                                                 (2.1) 

 

ʜʝ Nʨʝʯ. ï ʨʽʟʥʠʮʷ ʢʽʣʴʢʦʩʪʽ ʆ2 ʨʝʯʦʚʠʥʠ ʚ 0- ʪʘ n-ʡ ʜʝʥʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʤʛ ʆ2/ʣ; 

Nʢʦʥʪʨ. ï ʨʽʟʥʠʮʷ ʢʽʣʴʢʦʩʪʽ ʆ2 ʚ ʢʦʥʪʨʦʣʴʥʽʡ ʧʨʦʙʽ ʚ 0- ʪʘ n-ʡ ʜʝʥʴ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʤʛ ʆ2/ʣ; 

ʉʨʝʯ. ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ, ʤʛ/ʣ. 

ʉʪʫʧʽʥʴ ʙʽʦʜʝʛʨʘʜʘʮʽʾ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʫ ʚʽʜʩʦʪʢʘʭ: 

 

100,Öʢ

ʢ

ɹʉ
ɹɻɼ=

ʊʉ
                                                      (2.2) 

 

ʜʝ ʊʉʢ ï ʪʝʦʨʝʪʠʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʢʠʩʥʶ (ʤʛ), ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ: 
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                  (2.3) 

 

ʜʝ MW ï ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ʨʝʯʦʚʠʥʠ, ʛ/ʤʦʣʴ [85]. 

 

 

2.4  ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ñʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫò (LCA) 

 

 

ɺʘʞʣʠʚʽʩʪʴ ʧʨʦʙʣʝʤʠ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʤʦʞʣʠʚʠʭ 

ʚʧʣʠʚʽʚ, ʧʦʚô̫ ʟʘʥʠʭ ʟ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʽ ʩʧʦʞʠʚʘʥʥʷʤ ʧʨʦʜʫʢʮʽʾ, ʧʽʜʚʠʱʫʻ ʽʥʪʝʨʝʩ ʜʦ 
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ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʥʠʞʝʥʥʷ ʮʠʭ ʚʧʣʠʚʽʚ. ʆʜʥʠʤ ʟ ʤʝʪʦʜʽʚ, ʱʦ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʟ ʮʽʻʁ ʤʝʪʦ ,ʁ ʻ ʦʮʽʥʢʘ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ (ʆɾʎ) [86]. 

ʄʝʪʦʜ ʦʮʽʥʢʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ: 

ï ʧʨʦʚʝʜʝʥʥʷ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʚʭʽʜʥʠʭ ʽ ʚʠʭʽʜʥʠʭ ʧʦʪʦʢʽʚ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ; 

ï ʦʮʽʥʶʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʧʦʚô̫ ʟʘʥʠʭ ʟ 

ʮʠʤʠ ʧʦʪʦʢʘʤʠ; 

ï ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʽʥʚʝʥʪʘʨʠʟʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʝʪʘʧʽʚ ʦʮʽʥʢʠ 

ʚʧʣʠʚʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ [87]. 

ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʝʪʘʧʽʚ: 

ï ʢʣʘʩʠʬʽʢʘʮʽʷ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʘʢʪʦʨʽʚ; 

ï ʥʦʨʤʘʣʽʟʘʮʽʷ; 

ï ʦʮʽʥʢʘ ʽ ʥʘʜʙʘʚʢʘ [87]. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʩʦʨʪʫʚʘʥʥʷ ʥʘ ʢʣʘʩʠ ʚʩʽ ʨʝʯʦʚʠʥʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʝʬʝʢʪʫ, ʷʢʠʡ ʚʦʥʠ ʚʠʷʚʣʷʶʪʴ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʅʘʧʨʠʢʣʘʜ, ʨʝʯʦʚʠʥʠ, ʷʢʽ 

ʚʥʦʩʷʪʴ ʚʢʣʘʜ ʫ ʧʘʨʥʠʢʦʚʠʡ ʝʬʝʢʪ ʽ ʚʠʩʥʘʞʝʥʥʷ ʦʟʦʥʦʚʦʛʦ ʰʘʨʫ, ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʜʚʘ 

ʢʣʘʩʠ. ʆʢʨʝʤʽ ʨʝʯʦʚʠʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʢʣʶʯʝʥʽ ʙʽʣʴʰʝ ʥʽʞ ʚ ʦʜʠʥ ʢʣʘʩ. ʅʘʧʨʠʢʣʘʜ, 

NOʭ ʻ ʪʦʢʩʠʯʥʠʤ, ʦʢʠʩʥʁ ʶʯʠʩʴ ʽ ʚʠʢʣʠʢʘʶʯʠ ʝʚʪʨʦʬʽʢʘʮʽʶ [87]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʝʪʘʧ ʆɾʎ, ʢʦʣʠ ʨʝʯʦʚʠʥʠ ʛʨʫʧʫʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʢʦʞʥʦʛʦ 

ʢʣʘʩʫ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʦʢ ʝʬʝʢʪʫ, ʦʜʥʘʢ, ʣʠʰʝ ʮʴʦʛʦ ʥʝ ʜʦʩʪʘʪʥʴʦ 

ʜʣʷ ʪʦʛʦ ʱʦʙ ʩʢʣʘʩʪʠ ʢʽʣʴʢʽʩʪʴ ʨʝʯʦʚʠʥ, ʥʝ ʟʘʩʪʦʩʦʚʫʶʯʠ ʝʪʘʧʫ ʥʘʜʙʘʚʢʠ. ɼʝʷʢʽ 

ʨʝʯʦʚʠʥʠ ʤʦʞʫʪʴ ʤʘʪʠ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʡ ʝʬʝʢʪ, ʥʽʞ ʽʥʰʽ. ʎʷ ʧʨʦʙʣʝʤʘ ʚʠʨʽʰʫʻʪʴʩʷ 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʣʷ ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ [87].  

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʚʩʽ ʙʘʣʠ ʦʜʥʦʛʦ ʧʨʦʜʫʢʪʫ ʚʠʱʽ ʟʘ ʙʘʣʠ ʽʥʰʦʛʦ, ʪʦ ʤʦʞʥʘ 

ʣʝʛʢʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʷʢʠʡ ʧʨʦʜʫʢʪ  ̒ʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤ. ʆʜʥʘʢ, ʷʢʱʦ ʦʜʠʥ 

ʟ ʥʠʭ ʤʘʻ ʚʠʩʦʢʠʡ ʙʘʣ ʱʦʜʦ ʝʚʪʨʦʬʽʢʘʮʽ,ʾ ʘ ʽʥʰʠʡ ï ʱʦʜʦ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥ̫, 

ʪʦ ʩʢʣʘʜʥʦ ʟʨʦʙʠʪʠ ʪʘʢʠʡ ʚʠʩʥʦʚʦʢ [87]. 

ʅʦʨʤʘʣʽʟʘʮʽʷ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚʽʜʥʦʩʥʠʡ ʚʥʝʩʦʢ ʚʽʜ ʤʘʪʝʨʽʘʣʴʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʞʥʦʛʦ ʽʟ ʚʞʝ ʽʩʥʫʶʯʠʭ ʬʘʢʪʦʨʽʚ. ʅʦʨʤʘʣʽʟʘʮʽʷ ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ 
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ʨʦʟʫʤʽʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘ ʝʪʘʧʽ ʦʮʽʥʢʠ, ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʙʘʣʠ ʤʥʦʞʘʪʴʩʷ ʥʘ ʚʘʛʦʚʠʡ 

ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʚʽʜʥʦʩʥʫ ʚʘʛʫ ʝʬʝʢʪʫ [87]. 

ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ï ʤʝʪʦʜ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ 

ʚʠʷʚʣʝʥʥʷ, ʦʮʽʥʢʠ ʪʘ ʧʝʨʝʚʽʨʢʠ ʽʥʬʦʨʤʘʮʽʾ [87].  

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʻ ʚʠʭʽʜʥʠʤʠ ʜʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ [87]. 

ʇʦʨʽʚʥʷʣʴʥʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ 

ʮʠʢʣʫ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʨʘʭʫʥʦʢ ʝʢʦʣʦʛʽʯʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʚʧʣʠʚʫ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʥʘʩʪʫʧʥʠʭ ʬʘʢʪʦʨʽʚ: 

ï ʧʦʪʝʥʮʽʘʣ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ, ʢʛ ʉʆ2; 

ï ʧʦʨʫʰʝʥʥʷ ʦʟʦʥʦʚʦʛʦ ʰʘʨʫ, ʢʛ CFC11; 

ï ʢʠʩʣʦʪʥʽʩʪʴ, ʢʛ SO4; 

ï ʝʚʪʨʦʬʽʢʘʮʽʷ, ʢʛ PO4; 

ï ʟʠʤʦʚʠʡ ʩʤʦʛ, ʢʛ SPM; 

ï ʣʽʪʥʽʡ ʩʤʦʛ, ʢʛ C2H4; 

ï ʪʚʝʨʜʽ ʚʽʜʭʦʜʠ, ʢʛ. 

ɼʣʷ ʢʦʨʝʢʪʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʨʦʟʨʘʭʦʚʘʥʽ 

ʝʢʦʣʦʛʽʯʥʽ ʽʥʜʠʢʘʪʦʨʠ ʧʝʨʝʚʦʜʷʪʴʩʷ ʚ ʙʝʟʨʦʟʤʽʨʥʫ ʚʝʣʠʯʠʥʫ ï ʩʫʤʘʨʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ 

ʽʥʜʝʢʩ ʚʧʣʠʚʫ, ʰʣʷʭʦʤ ʜʽʣʝʥʥʷ ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʭʘʨʘʢʪʝʨʥʠʡ 

ʜʣʷ ʧʝʚʥʦʛʦ ʨʝʛʽʦʥʫ ʩʚʽʪʫ. 

 

 

2.5  ʄʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʴ 

 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ ʪʘ ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ, ʧʨʦʚʦʜʠʣʠ ʩʪʘʪʠʩʪʠʯʥʫ 

ʦʙʨʦʙʢʫ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʋʩʽ ʨʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ: Microsoft Office Excel 2010, 

Microsoft Office Word 2010, Statistica 12.  
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ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʘ ʩʘʤʝ: ʛʨʝʢʦ-ʣʘʪʠʥʩʴʢʽ ʢʚʘʜʨʘʪʠ 

ʪʘ ʧʦʚʥʠʡ ʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ [88, 89]. ɺ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʢʘʟʥʠʢʠ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚʠʟʥʘʯʝʥʠʭ ʟʘ ʤʝʪʦʜʠʢʘʤʠ 

ʧ. 2.2 (ʪʘʙʣ. 2.2). ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʟʘ ʚʠʙʨʘʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʚʽʜʛʫʢʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʽ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʍʘʨʨʽʥʛʪʦʥʘ [90]. 

ʋʟʘʛʘʣʴʥʝʥʠʡ ʧʦʢʘʟʥʠʢ, ʟʘ ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʢʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʘʞʘʥʦʩʪ,̔ 

ʤʘʻ ʚʠʛʣʷʜ:   

n
ndddD ...21Ö= ,                                                    (2.4) 

 

ʜʝ n ï ʯʠʩʣʦ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʽʟʘʮʽʾ; 

d1, d2, dm ï ʯʘʩʪʢʦʚʽ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʟʘ ʢʨʠʪʝʨʽʷʤʠ.  

ɿʥʘʯʝʥʥʷ d ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʚʽʜ 0 ʜʦ 1. 

ʐʢʘʣʘ ʙʘʞʘʥʦʩʪʽ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

0Ò d Ò 0,37 ï ʥʝʜʦʩʪʘʪʥʴʦ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ; 

0,37Ò d Ò0,6 ï ʥʝʜʦʩʪʘʪʥʴʦ ʪʘ ʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ; 

0,6Ò d Ò0,8 ï ʟ ʜʦʧʫʩʪʠʤʠʡ ʪʘ ʛʘʨʥʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ; 

0,8Ò d Ò 1 ï ʜʦʩʪʘʪʥʽʡ ʪʘ ʥʝʧʝʨʝʚʝʨʰʝʥʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ. 

ɺʠʜ ʯʘʩʪʢʦʚʠʭ ʬʫʥʢʮʽʡ ʙʘʞʘʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʟʥʘʥʴ ʧʨʦ ʭʘʨʘʢʪʝʨ 

ʚʧʣʠʚʫ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʚʽʜʛʫʢʽʚ ʫ ʙʝʟʨʦʟʤʽʨʥʽ 

ʰʢʘʣʠ ʙʘʞʘʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. 

ʈʦʟʨʘʭʫʥʦʢ ʬʫʥʢʮʽʾ ʙʘʞʘʥʦʩʪʽ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʢʦʞʥʠʤ ʟ ʢʨʠʪʝʨʽʾʚ ʧʨʠ 

ʦʜʥʦʩʪʦʨʦʥʥʽʭ ʦʙʤʝʞʝʥʥʷʭ: 

 

)]exp(exp[ ii yd ¡--= ,                                                 (2.5) 

 

ʜʝ iy¡ ï ʯʘʩʪʢʦʚʽ ʢʨʠʪʝʨʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙôʻʢʪʘ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʩʘʤʝ: 

ï ʪʨʠʤʢʽʩʪʴ ʟʘ ʢʨʠʪʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ; 

ï ʛʨʘʥʠʯʥʘ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ (ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʚʘʨʶʚʘʥʥʷ); 

ï ʧʨʦʪʠʟʥʦʩʥʘ ʚʣʘʩʪʠʚʽʩʪʴ (ʟʘ ʜʽʘʤʝʪʨʦʤ ʧʣʷʤʠ ʟʥʦʰʫʚʘʥʥʷ). 
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ʈʦʟʨʘʭʫʥʦʢ ʯʘʩʪʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙôʻʢʪʘ ʚʝʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʣʽʥʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ: 

ʫ¡ = a x + b,                                                       (2.6) 

 

ʜʝ ʭ ï ʢʨʠʪʝʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ. 

ɯʟ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʘ ʪʘ b ʜʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʘ 

ʧʨʠ ʦʜʥʦʩʪʦʨʦʥʥʽʭ ʦʙʤʝʞʝʥʥʷʭ. 

 

max max

min min

;

;

¡= Ö +ë
ì
¡= Ö +í

Y a x b

y a x b
  

 

ʜʝ xmax, xmin ï ʤʘʢʩʠʤʘʣʴʥʝ ʽ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʠʱʝʥʘʚʝʜʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʦʟʚʦʣʠʪʴ ʧʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʚʨʘʭʫʚʘʪʠ 

ʢʦʤʧʣʝʢʩ ʷʢʽʩʥʦ-ʚʽʜʤʽʥʥʠʭ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʽʟʘʮʽʾ.   

 

2.5.1  ʄʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʥʪʝʟʫ ʦʩʥʦʚ ʽ ʩʢʣʘʜʫ 

ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ  

 

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʩʠʥʪʝʟʫ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʤʝʪʦʜʠ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ, ʟʥʘʭʦʜʠʣʠ ʥʘʡʣʽʧʰʽ 

ʢʦʤʙʽʥʘʮʽʾ ʷʢʽʩʥʠʭ ʦʟʥʘʢ, ʜʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʣʘʥʠ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʘ 

ʩʘʤʝ, ʛʨʝʢʦ-ʣʘʪʠʥʩʴʢʽ ʧʣʘʥʠ. ɼʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ ʣʘʪʠʥʩʴʢʦʛʦ ʢʚʘʜʨʘʪʘ ʧʨʦʚʦʜʠʣʠ 

ʟʘ ʤʝʪʦʜʠʢʦʶ, ʥʘʚʝʜʝʥʦʶ ʚ ʨʦʙʦʪʽ [89].  

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘ ʛʨʝʢʦ-ʣʘʪʠʥʩʴʢʠʤ ʢʚʘʜʨʘʪʦʤ ʟʘʧʠʩʫʶʪʴ ʫ ʚʠʛʣʷʜʽ 

ʤʦʜʝʣʽ:  

ijk i i k ijky =m+a +b +g +e,                                                (2.7) 

 

ʜʝ yijk ï ʨʝʟʫʣʴʪʘʪ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʦʪʨʠʤʘʥʠʡ ʟ -̔ʤ ʨʽʚʥʝʤ ʬʘʢʪʦʨʘ ɸ,  j-ʤ ʨʽʚʥʝʤ 

ʬʘʢʪʦʨʘ ɹ ʪʘ k-ʤ ʨʽʚʥʝʤ ʬʘʢʪʦʨʘ ʉ; 

ɛ ï ʟʘʛʘʣʴʥʠʡ ʝʬʝʢʪ ʫ ʚʩʽʭ ʜʦʩʣʽʜʘʭ; 

Ŭ̔ ï ʝʬʝʢʪ ʨʷʜʢʘ (ʬʘʢʪʦʨʘ ɸ); 

ɓj ï ʝʬʝʢʪ ʩʪʦʚʧʮ ̫(ʬʘʢʪʦʨʘ ɹ); 
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ɔʢ ï ʝʬʝʢʪ ʝʣʝʤʝʥʪʘ ʢʚʘʜʨʘʪʘ ï ʜʞʝʨʝʣʘ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ (ʬʘʢʪʦʨʘ ʉ); 

Ůijk ï ʚʠʧʘʜʢʦʚʘ ʧʦʤʠʣʢʘ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ. 

ɿʥʘʯʠʤʽʩʪʴ ʣʽʥʽʡʥʠʭ ʝʬʝʢʪʽʚ ʧʝʨʝʚʽʨʷʣʠ ʟʘ ʢʨʠʪʝʨʽʻʤ ʌʽʰʝʨʘ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ 

ʨʦʟʙʽʞʥʦʩʪʽ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʜʣʷ ʟʥʘʯʠʤʠʭ ʬʘʢʪʦʨʽʚ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʢʨʠʪʝʨʽʡ 

ɼʫʥʢʘʥʘ [89]. 

ɿ ʤʝʪʦʶ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʠʤʧʣʝʢʩ-

ʧʣʘʥʫʚʘʥʥʷ [90].  

 

 

2.6  ʂʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

 

 

ʅʘ ʩʴʦʛʦʜʥʽ ʦʪʨʠʤʘʣʦ ʰʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦʾ ʭʽʤʽʾ ʽ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ, ʝʣʝʢʪʨʦʥʥʦʾ ʪʘ ʘʪʦʤʥʦʾ ʩʪʨʫʢʪʫʨ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʽ ʢʣʘʩʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʧʝʨʝʭʽʜʥʠʭ ʥʘʥʦʨʦʟʤʽʨʽʚ ʨʽʟʥʦʾ ʩʢʣʘʜʥʦʩʪʽ.  

ʂʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʟ ʙʽʣʴʰʦʶ ʪʦʯʥʽʩʪʶ, ʙʝʟ ʟʘʣʫʯʝʥʥʷ ʚʘʨʪʽʩʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʜʦʟʚʦʣʷʶʪʴ ʥʝ ʣʠʰʝ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʦʢʨʝʤʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʩʠʩʪʝʤ, ʘʣʝ ʡ ʚʠʷʚʠʪʠ ʟʘʛʘʣʴʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʧʨʠʪʘʤʘʥʥʽ ʢʣʘʩʘʤ ʩʧʦʣʫʢ, 

ʦʙˇʨʫʥʪʦʚʫʚʘʪʠ ʽʩʥʫʶʯʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʧʨʦʚʦʜʠʪʠ ʢʦʨʝʣʷʮʽʾ [91, 92].  

ɺ ʦʩʥʦʚʽ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʣʝʞʠʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ 

ʐʨʝʜʽʥʛʝʨʘ. ʆʜʥʘʢ, ʥʘʚʽʪʴ ʜʣʷ ʙʘʛʘʪʦʝʣʝʢʪʨʦʥʥʠʭ ʘʪʦʤʽʚ, ʽ ʪʠʤ ʙʽʣʴʰʝ ʜʣʷ 

ʙʘʛʘʪʦʘʪʦʤʥʠʭ ʩʠʩʪʝʤ, ʨʦʟʚô̫ ʟʘʥʥʷ ʨʽʚʥʷʥʥʷ ʪʦʯʥʠʤ ʯʠʩʣʦʚʠʤ ʤʝʪʦʜʦʤ ʥʝʧʨʠʡʥʷʪʥʦ 

ʯʝʨʝʟ ʜʦʩʠʪʴ ʚʝʣʠʢʠʡ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʯʘʩ. ʏʝʨʝʟ ʮʝ ʫ ʢʚʘʥʪʦʚʽʡ ʭʽʤʽʾ ʟʥʘʯʝʥʥʷ 

ʦʪʨʠʤʫʶʪʴ ʥʘʧʽʚʝʤʧʽʨʠʯʥʽ (ʥʘʙʣʠʞʝʥʽ) ʤʝʪʦʜʠ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ. 

ʇʦʰʫʢ ʰʣʷʭʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ ʜʣʷ ʤʦʣʝʢʫʣ ʚ ʨʘʤʢʘʭ ʩʭʝʤʠ 

ʩʘʤʦʧʦʛʦʜʞʝʥʦʛʦ ʧʦʣʷ (ʉʇʇ) ʤʦʞʝ ʚ̔ʜʙʫʚʘʪʠʩʷ ʟʘ ʜʝʢʽʣʴʢʦʤʘ ʥʘʧʨʷʤʘʤʠ. ʅʘ 

ʩʴʦʛʦʜʥʽ ʚ ʩʚʽʪʽ ʽʩʥʫʻ ʙʘʛʘʪʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʚ 

ʷʢʠʭ ʨʝʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʠ ʢʚʘʥʪʦʚʦʾ ʭʽʤʽʾ [93ï96]. ʅʘʤʠ ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʧʘʢʝʪ 

ʧʨʦʛʨʘʤ HyperChem. ɺʽʥ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʨʦʛʨʘʤʠ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʤʝʪʦʜʠ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʝʭʘʥʽʢʠ, ʢʚʘʥʪʦʚʦʾ ʭʽʤʽʾ ʽ ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ: MM+, Amber, 

OPLS, BIO+, ʨʦʟʰʠʨʝʥʠʡ ʤʝʪʦʜ ʍʶʢʝʣʷ, CNDO, INDO, MNDO, AM1, PM3.  
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2.7  ɺʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʝʩʫʨʩʫ ʟʘʤʢʦʚʦʾ ʨʽʟʽ 

 

 

ɿ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʠ ʧʝʨʝʚʽʨʮʽ ʩʪʫʧʝʥ ̫ʟʥʦʰʫʚʘʥʥʷ 

ʟʘʤʢʦʚʦʾ ʨʽʟʽ ʟʘ ʢʨʠʪʝʨʽʻʤ ʅ ʨʦʟʨʦʙʣʝʥʘ ʩʧʝʮʽʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʢʦʥʪʨʦʣʶ, ʷʢʘ 

ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʭʦʜʞʝʥʥʷ ʩʪʨʦʛʦ ʚʠʟʥʘʯʝʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʨʽʟʽ ʥʽʧʝʣʷ ʽ ʤʫʬʪʠ [97].  

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʢʦʥʪʨʦʣʶ ʩʪʫʧʝʥʷ ʟʥʦʰʫʚʘʥʥʷ ʟʘʤʢʦʚʦʾ ʨʽʟʽ ʜʦʟʚʦʣʠʣʘ 

ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʢʨʠʪʝʨʽʶ ñʅò ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʟʛʚʠʥʯʫʚʘʥʴ (n) ʜʣʷ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ ʙʫʨʠʣʴʥʠʭ ʟʘʤʢʽʚ ʧʨʠ 

ʚʠʧʨʦʙʫʚʘʥʥʽ ʫ ʨʽʟʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ (ʨʠʩ. 1.8). ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʨʝʩʫʨʩ ʪʘ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʧʣʠʚ 

ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʥʘʧʨʘʮʶʚʘʥʥʷ ʨʽʟʽ. ʊʘʢ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʽʩʥʠʭ ʟʤʘʱʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʪʠʧʫ ʈ-416 ʘʙʦ    

ʈ-507) ʟ ʤʝʪʘʣʝʚʠʤ ʥʘʧʦʚʥʶʚʘʯʝʤ ʧʽʜʚʠʱʫʻ ʨʝʩʫʨʩ ʟʘʤʢʦʚʦʾ ʨʽʟʽ ʚ 4 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ 

ʟ ʛʨʘʬʽʪʥʠʤ ʟʤʘʱʫʚʘʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʋʩʩɸ [98]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʽ ʄʂ 122 ʽ ʄʂ 148 ʟ 

ʚʝʣʠʢʠʤ ʢʨʦʢʦʤ (ʈ = 8 ʤʤ) ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʥʘʧʨʘʮʶʚʘʥʥʷ ʟʘʤʢʦʚʦʛʦ ʨʽʟʴʦʚʦʛʦ 

ʟôʻʜʥʘʥʥʷ ʥʘ 67 % ʧʦʨʽʚʥʷʥʦ ʽʟ ʩʪʘʥʜʘʨʪʥʦʶ ʟʘʤʢʦʚʦʶ ʨʽʟʟʶ (ʈ = 6,36 ʤʤ) [57].  

ʅʘ ʦʩʥʦʚʽ ʟʘʟʥʘʯʝʥʦʛʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʟʘʤʢʦʚʦʾ ʨʽʟʽ, ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʝʩʫʨʩʫ ɿʈ [99].  

ɺʠʟʥʘʯʠʤʦ ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʟʛʚʠʥʯʫʚʘʥʴ ʧʨʠ ʙʫʨʽʥʥʽ ʦʜʥʽʻʾ ʩʚʝʨʜʣʦʚʠʥʠ: 
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ʜʝ SǕ ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʛʚʠʥʯʫʚʘʥʴ ʧʨʠ ʙʫʨʽʥʥʽ ʦʜʥʽʻʾ ʩʚʝʨʜʣʦʚʠʥʠ; 

G ï ʧʨʦʭʦʜʢʘ ʥʘ ʜʦʣʦʪʦ, ʤ; 

Hʩʚʨ ï ʛʣʠʙʠʥʘ ʩʚʝʨʜʣʦʚʠʥʠ, ʤ; 

l ï ʜʦʚʞʠʥʘ ʙʫʨʠʣʴʥʦʾ ʪʨʫʙʠ, ʤ; 

g ï ʯʠʩʣʦ ʪʨʫʙ ʫ ʙʫʨʠʣʴʥʽʡ ʩʚʽʯʮʽ. 



46 

ʉʝʨʝʜʥʻ ʯʠʩʣʦ ʟʛʚʠʥʯʫʚʘʥʴ, ɦ ʦ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʦʜʥʫ ʩʚʽʯʢʫ: 
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ʋ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʜʠʥ ʟʘʤʦʢ: 
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ʏʘʩ t, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʟʛʚʠʥʯʫʚʘʥʥʷ ʟô̒ ʜʥʘʥʥʷ: 
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                                                         (2.11)  

 

ʜʝ m ï ʯʠʩʣʦ ʦʙʝʨʪʽʚ ʧʦʚʥʦʛʦ ʟʛʚʠʥʯʫʚʘʥʥʷ ʟʘʤʢʦʚʦʛʦ ʨʽʟʴʦʚʦʛʦ ʟô̒ ʜʥʘʥʥʷ; 

n ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʟʛʚʠʥʯʫʚʘʥʥʷ, ʨʘʜ Ö ʩ-1. 

ʇʽʩʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʝʩʫʨʩʫ ʟʘʤʢʦʚʦʛʦ ʨʽʟʴʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʤʽʥʠ ʢʨʠʪʝʨʽʶ ʅ0 ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. 

ʂʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ ʟ ʟʯʝʧʣʝʥʥʽ: 
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ʉʫʤʘʨʥʘ ʜʦʚʞʠʥʘ ʚʠʪʢʽʚ ʨʽʟʽ, ʤʤ: 

 

 lʚʩ = 0,466.Fn+1382.                                              (2.13) 

 

ɼʦʚʞʠʥʘ ʛʚʠʥʪʦʚʦʾ ʣʽʥʽʾ ʨʽʟʽ: 

 

 lʚ = 2.ˊ.Rp Ö nb.                                                                             (2.14) 
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ʉʝʨʝʜʥʽʡ ʨʘʜʽʫʩ ʨʽʟʽ: 
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ɺʧʣʠʚ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʥʘ ʚʝʣʠʯʠʥʫ ʥʘʧʨʘʮʶʚʘʥʥʷ ʟʘʤʢʦʚʦʛʦ ʨʽʟʴʦʚʦʛʦ 

ʟô̒ ʜʥʘʥʥʷ: 

 F = (lcʚ Ö cosŬ)Öɤ,                                                      (2.16) 

 

ʜʝ cosŬ ï ʢʫʪ ʧʨʦʛʠʥʫ ʩʚʽʯʢʠ, ʱʦ ʥʘʨʦʱʫʻʪʴʩʷ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʟʤʽʥʠ ʢʨʠʪʝʨʽʶ ʅ0 ʚʽʜ ʤʘʩʠ ʩʚʽʯʢʠ: 
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ʜʝ mcʚ ï ʤʘʩʘ ʩʚʽʯʢʠ, ʱʦ ʥʘʨʦʱʫʻʪʴʩʷ; 

ʅ0 ï ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʜʣʷ ʥʦʚʦʾ ʟʘʤʢʦʚʦʾ ʨʽʟʽ, 

ʚʠʛʦʪʦʚʣʝʥʦʾ ʟʘ [100], ʤʤ: 
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                                                        (2.18) 

 

ɺʽʜʥʦʩʥʘ ʚʠʩʦʪʘ ʧʦʩʘʜʢʠ ʨʽʟʽ ʚʠʟʥʘʯʘʻʪʴʩʷ: 
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ʜʝ ʅ ï ʟʘʤʽʨʷʥʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʅ0, ʤʤ. 

ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ: dx, Dx ï ʚʽʜʧʦʚʽʜʥʦ, ʥʘʡʤʝʥʰʠʡ ʪʘ ʥʘʡʙʽʣʴʰʠʡ ʜʽʘʤʝʪʨ 

ʢʦʥʫʩʥʦʾ ʯʘʩʪʠʥʠ ʨʽʟʽ, ʤʤ; F ï ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ; G ï ʧʨʦʭʦʜʢʘ ʥʘ ʜʦʣʦʪʦ, ʤ; g ï ʯʠʩʣʦ 

ʪʨʫʙ ʚ ʙʫʨʠʣʴʥʽʡ ʩʚʽʯʮʽ; hp ï ʚʠʩʦʪʘ ʧʨʦʬʽʣʽʚ ʚʠʪʢʽʚ ʨʽʟʽ, ʤʤ; Hʩʚʨ ï ʛʣʠʙʠʥʘ 

ʩʚʝʨʜʣʦʚʠʥʠ; l ï ʜʦʚʞʠʥʘ ʙʫʨʠʣʴʥʦʾ ʪʨʫʙʠ, ʤ; lʚ ï ʜʦʚʞʠʥʘ ʚʠʪʢʽʚ ʨʽʟʽ, ʤʤ; lʚc ï ʩʫʤʘʨʥʘ 

ʜʦʚʞʠʥʘ ʚʠʪʢʽʚ ʨʽʟʽ, ʤʤ; lp ï ʜʦʚʞʠʥʘ ʫʪʚʦʨʶʶʯʦʾ ʧʨʦʬʽʣʶ ʨʽʟʽ, ʤʤ; lʚʣ ï ʜʦʚʞʠʥʘ 

ʛʚʠʥʪʦʚʦʾ ʣʽʥʽʾ ʨʽʟʽ, ʤʤ; m ï ʯʠʩʣʦ ʦʙʝʨʪʽʚ ʧʦʚʥʦʛʦ ʟʛʚʠʥʯʫʚʘʥʥʷ ʟʘʤʢʦʚʦʛʦ ʨʽʟʴʦʚʦʛʦ 
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ʟô̒ ʜʥʘʥʥʷ; ʄʢʨ ï ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ; mcʚ ï ʤʘʩʘ ʩʚʽʯʢʠ, ʱʦ ʥʘʨʦʱʫʻʪʴʩʷ; nʚ ï ʢʽʣʴʢʽʩʪʴ 

ʚʠʪʢʽʚ ʚ ʟʯʝʧʣʝʥʥʽ; Rp ï ʨʘʜʽʫʩ ʨʽʟʽ, ʤʤ; SǕ ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʛʚʠʥʯʫʚʘʥʴ ʧʨʠ 

ʙʫʨʽʥʥʽ ʦʜʥʽʻʾ ʩʚʝʨʜʣʦʚʠʥʠ; ʊ ï ʚʠʧʘʜʢʦʚʠʡ ʯʘʩ ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʚʽʜʤʦʚʫ; Ŭ ï ʢʫʪ 

ʧʨʦʬʽʣʶ ʚʠʪʢʽʚ ʨʽʟʽ, ʛʨʘʜ; ȹɸ ï ʜʽʘʤʝʪʨʘʣʴʥʠʡ ʥʘʪʷʛ ʨʽʟʴʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ; ɕ ï ʜʦʚʞʠʥʘ 

ʨʽʟʴʦʚʦʛʦ ʢʦʥʫʩʘ, ʤʤ; ɤ ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ, ʨʘʜ Ö ʩ-1; ʂ ï ʢʦʥʫʩʥʽʩʪʴ ʨʽʟʽ; 

ʄʩʚ ï ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʟʛʚʠʥʯʫʚʘʥʥʷ, ʅ Ö ʤ; ʅ ï ʟʘʤʽʨʷʥʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʅ0, ʤʤ; 

ʅɺ ï ʧʘʨʘʤʝʪʨ ʪʚʝʨʜʦʩʪʽ, ʅ/ʤʤ2; ʅ0 ï ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ 

ʧʨʘʮʝʟʜʘʪʥʦʩʠʪʽ ʜʣʷ ʥʦʚʦʾ ʟʘʤʢʦʚʦʾ ʨʽʟʽ, ʚʠʛʦʪʦʚʣʝʥʦʾ ʟʘ ɻʆʉʊ ʈ 50864ï96, ʤʤ; ʈ ï 

ʦʩʴʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʛÖʤ; ʈʨ ï ʢʨʦʢ ʨʽʟʽ, ʤʤ; ʉʥ ï ʩʪʫʧʽʥʴ ʟʥʦʰʫʚʘʥʥʷ ʟʘʤʢʦʚʦʾ ʨʽʟ,̔ %. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʝʣʠʯʠʥʘ ʟʥʦʰʫʚʘʥʥʷ ʧʨʠ 

ʟʛʚʠʥʯʫʚʘʥʥʽ ʜʦ 30 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʟʥʦʰʫʚʘʥʥʷ ʨʽʟʽ ʧʨʠ ʟʘʪʷʞʮʽ. ʊʦʤʫ ʟʥʦʰʫʶʪʴʩʷ 

ʣʠʰʝ ʪʽ ʩʪʦʨʦʥʠ ʧʨʦʬʽʣʶ ʚʠʪʢʽʚ ʥʽʧʝʣʷ ʽ ʤʫʬʪʠ, ʷʢʽ ʢʦʥʪʘʢʪʫʶʪʴ ʧʨʠ ʟʛʚʠʥʯʫʚʘʥʥʽ ʽ 

ʨʦʟʛʚʠʥʯʫʚʘʥʥʽ ʟôʻʜʥʘʥʥʷ. ʈʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ [101] ʧʦʢʘʟʫʶʪʴ, ʱʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʟʘʟʦʨʫ ʚ ʟôʻʜʥʘʥʥʽ, ʟʥʦʰʫʚʘʥʥʷ ʨʽʟʽ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʟʥʦʰʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ ʚʠʪʢʽʚ ʫ ʟô̒ ʜʥʘʥʥʽ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʘʟʦʨʦʤ ʥʘ 20 % ʧʝʨʝʚʠʱʫʻ ʟʥʦʰʫʚʘʥʥʷ 

ʚʠʪʢʽʚ ʫ ʟô̒ ʜʥʘʥʥʽ ʙʝʟ ʟʘʟʦʨʽʚ. ɸʢʪʫʘʣʴʥʠʤ ʽ ʟʥʘʯʠʤʠʤ  ̒ʧʠʪʘʥʥʷ ʟʙʽʣʴʰʝʥʥʷ ʨʝʩʫʨʩʫ 

ʟʘʤʢʦʚʠʭ ʨʽʟʴʦʚʠʭ ʟôʻʜʥʘʥʴ ʙʫʨʠʣʴʥʠʭ ʪʨʫʙ ʥʘ ʦʩʥʦʚʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʽʟʝʡ ʧʨʠ ʩʢʣʘʜʘʥʥʽ-ʨʦʟʢʣʘʜʘʥʥʽ ʢʦʣʦʥʠ ʚ ʧʨʦʮʝʩʽ ʩʧʫʩʢʦ-

ʧʽʜ̔ʡʤʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ ʟʘ ʨʘʭʫʥʦʢ ʝʬʝʢʪʠʚʥʠʭ ʩʢʣʘʜʽʚ ʟʤʘʱʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʨʽʟʴʦʚʠʭ ʟô̒ ʜʥʘʥʴ.  

ɺʽʜʥʦʩʥʘ ʚʠʩʦʪʘ ʧʦʩʘʜʢʠ ʤʫʬʪʠ ʥʘ ʥʽʧʝʣʴ ʅ0 ʽ ʨʦʟʨʘʭʫʥʦʢ ʨʦʙʦʯʦʾ ʟʜʘʪʥʦʩʪʽ 

ʨʽʟʽ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʩʪʝʥʜʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʘʛʘʪʦʨʘʟʦʚʝ 

ʟʛʚʠʥʯʫʚʘʥʥʷ-ʨʦʟʛʚʠʥʯʫʚʘʥʥʷ ʨʽʟʽ ʟʘ ʥʘʷʚʥʦʩʪʽ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʩʪʘʥʦʚʣʝʥʘ 

ʢʦʨʝʣʷʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʝʣʠʯʠʥʦʶ ʟʤʽʥʠ ʅi, ʚʠʟʥʘʯʝʥʦʶ ʥʘ ʩʪʝʥʜʽ ʪʘ ʧʣʷʤʦʶ 

ʟʥʦʰʫʚʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʢʫʣʴʦʢ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʥʘ ʯʦʪʠʨʠʢʫʣɹʢʦʚʽʡ ʤʘʰʠʥʽ ʪʝʨʪʷ 

[97]. ʊʦʤʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʯʦʪʠʨʠʢʫʣɹʢʦʚʽʡ 

ʤʘʰʠʥʽ ʪʝʨʪʷ ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʨʽʟʴʦʚʠʭ ʪʨʫʙʥʠʭ ʟôʻʜʥʘʥʴ.  
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

 

ɼʣʷ ʦʮʽʥʢʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ, ʚʠʢʦʨʠʩʪʘʥʦ ʩʫʯʘʩʥʽ 

ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ, ʜʠʬʝʨʝʥʮʽʡʥʘ 

ʩʢʘʥʫʶʯʘ ʢʘʣʦʨʠʤʝʪʨʽʷ, ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ, ʨʝʦʣʦʛʽʷ, ʦʮʽʥʢʘ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, 

ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʙʽʦʜʝʛʨʘʜʘʮʽʾ ʪʘ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʪʘ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʽʚ ʩʠʥʪʝʟʫ 

ʙʘʟʦʚʠʭ ʦʩʥʦʚ ʚʠʢʦʨʠʩʪʘʣʠ ʤʘʪʝʤʘʪʠʯʥʝ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʤʝʪʦʜ ʛʨʝʢʦ-

ʣʘʪʠʥʩʴʢʠʭ ʢʚʘʜʨʘʪʽʚ)  ̔ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ï ʩʠʤʧʣʝʢʩ-ʧʣʘʥʫʚʘʥʥʷ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʨʦʚʦʜʠʣʠ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʜʦʩʣʽʜʥʠʭ 

ʜʘʥʠʭ. 
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ʈʆɿɼɯʃ 3  

ʊɽʆʈɽʊʀʏʅɸ ʄʆɼɽʃʔ ʇʈʆʎɽʉʋ ʉʀʅʊɽɿʋ ɹɸɿʆɺʀʍ ʆʉʅʆɺ 

ʄɸʉʊʀʃʔʅʀʍ ʄɸʊɽʈɯɸʃɯɺ ɯɿ ʇʈʀʈʆɼʅʀʍ ɾʀʈɯɺ 

 

 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʭʽʤʽʯʥʦʾ ʙʫʜʦʚʠ ʧʨʠʨʦʜʥʽ ʞʠʨʠ ʻ ʩʧʦʣʫʢʘʤʠ, ʷʢʽ ʦʪʨʠʤʫʶʪʴ ʟʘ 

ʨʝʘʢʮʽʾ ʤʽʞ ʛʣʽʮʝʨʠʣʦʤ ʽ ʘʣʽʬʘʪʠʯʥʠʤʠ ʢʘʨʙʦʥʦʚʠʤʠ ʢʠʩʣʦʪʘʤʠ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʝʩʪʝʨʽʚ ï ʘʮʠʣʛʣʽʮʝʨʦʣʽʚ. ʈʽʟʥʠʮʷ ʤʽʞ ʞʠʨʘʤʠ, ʦʣʽʷʤʠ ʧʦʣʷʛʘʻ ʫ ʨʽʟʥʦʤʫ ʭʽʤʽʯʥʦʤʫ 

ʩʢʣʘʜʽ ʮʠʭ ʢʠʩʣʦʪ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʘʮʠʣʛʣʽʮʝʨʦʣʠ (ʨʠʩ. 3.1). 

 

 

 

ʈʠʩ. 3.1. ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʩʢʣʘʜʫ ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ 

 

ʊʫʪ R1, R2, R3 ï ʨʘʜʠʢʘʣʠ ʘʣʽʬʘʪʠʯʥʠʭ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ (ʧʫʥʢʪʠʨʦʤ 

ʚʠʜʽʣʝʥʦ ʬʨʘʛʤʝʥʪ ʤʦʣʝʢʫʣʠ ʛʣʽʮʝʨʦʣʫ). 

 ʇʨʠ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʾ ʭʽʤʽʯʥʦʛʦ ʨʝʮʠʢʣʽʥʛʫ ʚʽʜʭʦʜʽʚ ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʫ 

(ʇɽʊ-ʧʣʷʰʢʠ) ʰʣʷʭʦʤ ʛʣʽʮʝʨʦʣʽʟʫ ʧʨʦʬʝʩʦʨʦʤ ʄʘʥʜʟʶʢʦʤ ɯ. ɸ. [102] ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʝʭʘʥʽʟʤ ʧʨʦʮʝʩʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʦʣʽʛʦʤʝʨʥʠʭ ʧʨʦʜʫʢʪʽʚ ï ʨʝʮʠʢʣʘʪʽʚ, ʨʽʟʥʦʾ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ (ʨʠʩ. 3.2ï3.4). 

ʇʨʦʮʝʩ ʭʽʤʽʯʥʦʛʦ ʨʝʮʠʢʣʽʥʛʫ ʇɽʊ, ʫ ʤʝʞʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʤʦʜʝʣʽ, ʨʦʟʛʣʷʜʘʣʠ 

ʷʢ ʪʘʢʠʡ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʨʝʘʢʮʽʡ: ʜʝʩʪʨʫʢʮʽʾ ʦʩʥʦʚʥʦʛʦ ʣʘʥʮʶʛʘ 

ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʫ ʧʽʜ ʜʽʻʶ ʘʛʝʥʪʘ ʜʝʩʪʨʫʢʮʽʾ ï ʛʣʽʮʝʨʦʣʫ (ʨʠʩ. 3.2); ʩʠʥʪʝʟʫ ï 

ʧʦʣʽʝʩʪʝʨʠʬʽʢʘʮʽʾ (ʨʠʩ. 3.3); ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʦʙʤʽʥʫ (ʨʠʩ. 3.4) [103, 104]. 
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ʈʠʩ. 3.2. ʄʝʭʘʥʽʟʤ ʜʝʩʪʨʫʢʮʽʾ ʦʩʥʦʚʥʦʛʦ ʣʘʥʮʶʛʘ ʧʦʣʽʝʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʫ  

ʧʽʜ ʜʽʻʶ ʘʛʝʥʪʘ ï ʛʣʽʮʝʨʦʣʫ 

 

 

 
 
 

ʈʠʩ. 3.3. ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʧʦʣʽʝʩʪʝʨʠʬʽʢʘʮʽʾ ʚʽʜʭʦʜʽʚ ʇɽʊ 
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ʈʠʩ. 3.4. ʄʝʭʘʥʽʟʤ ʨʝʘʢʮʽʾ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʦʙʤʽʥʫ 

 

ɼʣʷ ʙʽʣʴʰ ʥʘʦʯʥʦʛʦ ʧʦʷʩʥʝʥʥʷ ʽ ʨʦʟʫʤʽʥʥʷ ʚʠʢʦʥʘʥʦʛʦ ʥʘʤʠ ʘʥʘʣʽʟʫ ʽ 

ʫʟʘʛʘʣʴʥʝʥʴ ʩʧʨʦʙʫʻʤʦ ʜʝʱʦ ʧʦ-ʽʥʰʦʤʫ ʧʨʝʜʩʪʘʚʠʪʠ ʨʝʘʢʮʽʶ ʟʘ ʨʠʩ. 3.2 ʫ 

ʥʘʩʪʫʧʥʦʤʫ ʚʽʜʦʙʨʘʞʝʥʥʽ (ʨʠʩ. 3.5):  

 

 

 

ʈʠʩ. 3.5. ʄʝʭʘʥʽʟʤ ʛʣʽʮʝʨʦʣʽʟʫ ʚʽʜʭʦʜʽʚ ʇɽʊ ʽ ʫʪʚʦʨʝʥʥʷ ʇɽʊ-ʛʣʽʮʝʨʦʣʫ 
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ʋ ʩʢʦʨʦʯʝʥʽʡ ʬʦʨʤʽ (ʨʠʩ. 3.6): 

 

 

 

ʈʠʩ. 3.6. ʉʢʦʨʦʯʝʥʘ ʬʦʨʤʘ ʩʠʥʪʝʟʦʚʘʥʠʭ ʇɽʊ-ʛʣʽʮʝʨʦʣʽʚ 

 

ʉʧʽʚʩʪʘʚʣʷʶʯʠ ʨʠʩ. 3.1 ʟ ʨʠʩ. 3.6 ʩʪʘʻ ʦʯʝʚʠʜʥʠʤ, ʱʦ ʧʨʦʜʫʢʪʠ ʛʣʽʮʝʨʦʣʽʟʫ 

ʚʽʜʭʦʜʽʚ ʇɽʊ (ʨʝʮʠʢʣʘʪʠ ʇɽʊ) ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʧʦʣʫʢʠ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʙʣʠʟʴʢʽ ʟʘ ʙʫʜʦʚʦʶ ʜʦ ʞʠʨʽʚ, ʪʦʙʪʦ ʘʮʠʣʛʣʽʮʝʨʦʣʽʚ ï ʝʩʪʝʨʽʚ ʛʣʽʮʝʨʦʣʫ ʽ ʘʣʽʬʘʪʠʯʥʠʭ 

ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ.   

ɺʠʭʦʜʷʯʠ ʟ̔ ʟʘʟʥʘʯʝʥʠʭ, ʪʝʦʨʝʪʠʯʥʠʭ, ʤʽʨʢʫʚʘʥʴ, ʄʘʥʜʟʶʢ ɯ. ɸ. ʟ̔ 

ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʟʜʽʡʩʥʠʚ ʩʠʥʪʝʟ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʩʧʦʣʫʢ. ɼʣʷ ʩʧʦʣʫʢ ʟʘ ʨʠʩ. 3.6 

ʦʪʨʠʤʘʥʽ ʧʨʦʜʫʢʪʠ, ʥʘʟʚʘʥʽ ʥʘʤʠ ʇɽʊ-ʛʣʽʮʝʨʦʣʠ, ʘ ʫ ʚʠʧʘʜʢʫ ʩʠʥʪʝʟʫ ʩʧʦʣʫʢ 

(ʨʠʩ. 3.7), ʷʢʽ ʻ ʧʦʭʽʜʥʠʤʠ ʞʠʨ̔ ʚ ʽ ʚʽʜʭʦʜʽʚ ʇɽʊ, ʦʩʪʘʥʥʽ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʇɽʊ-

ʘʮʠʣʛʣʽʮʝʨʦʣʠ. 

 

 

 

ʈʠʩ. 3.7. ʉʭʝʤʘʪʠʯʥʘ ʬʦʨʤʘ ʩʠʥʪʝʟʦʚʘʥʠʭ ʇɽʊ-ʘʮʠʣʛʣʽʮʝʨʦʣʽʚ 
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʽʩʥʫʚʘʥʥʷ ʩʠʥʪʝʟʦʚʘʥʠʭ ʥʘʤʠ ʇɽʊ-

ʘʮʠʣʛʣʽʮʝʨʦʣʽʚ ʦʪʨʠʤʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ʜʦʜʘʪʦʢ ɻ, ʨʠʩ. ɻ.1, ɻ.6, 

ɻ.8, ɻ.12). 

ʋ ʩʧʝʢʪʨʘʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʷʢ ʥʘ ʦʩʥʦʚʽ ʷʣʦʚʠʯʦʛʦ ʞʠʨʫ, ʪʘʢ ʽ ʨʽʧʘʢʦʚʦʾ 

ʦʣʽʾ, ʟôʷʚʣʷʻʪʴʩʷ ʩʤʫʛʘ ʧʦʛʣʠʥʘʥʥʷ ʚ ʦʙʣʘʩʪʽ 1577 ʩʤ-1, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʘʣʝʥʪʥʠʤ 

ʢʦʣʠʚʘʥʥʷʤ ʛʨʫʧ ïʉ-ʉï ʙʝʥʟʦʣʴʥʦʛʦ ʢʽʣʴʮʷ, ʷʢʝ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʇɽʊ 

(ʪʝʨʝʬʪʘʣʝʚʘ ʢʠʩʣʦʪʘ). ʂʨʽʤ ʮʴʦʛʦ, ʚ ʦʙʣʘʩʪʽ ʯʘʩʪʦʪ 1504 ʩʤ-1 ʟôʷʚʣʷʻʪʴʩʷ ʩʤʫʛʘ 

ʧʦʛʣʠʥʘʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʝʬʦʨʤʘʮʽʡʥʠʤ ʢʦʣʠʚʘʥʥʷʤ ʙʝʥʟʦʣʴʥʦʛʦ ʢʽʣʴʮʷ ʚ 

ʧʣʦʱʠʥʽ ʢʽʣʴʮʷ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʤʧʽʨʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ (ʤʝʪʦʜʫ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʝʭʘʥʽʢʠ) ʦʪʨʠʤʘʥʦ ʛʝʦʤʝʪʨʠʯʥʠʡ ʦʙʨʘʟ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ. ʅʘʚʝʜʝʥʽ ʟʦʙʨʘʞʝʥʥʷ (ʨʠʩ. 3.8ï3.12) ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʽʜʤʽʥʥʽʩʪʴ 

ʙʫʜʦʚʠ ʇɽʊ-ʘʮʠʣʛʣʽʮʝʨʦʣʽʚ ʚʽʜ ʙʫʜʦʚʠ ʚʠʭʽʜʥʠʭ ʞʠʨʽʚ ʟʘ ʛʝʦʤʝʪʨʠʯʥʦʶ ʬʦʨʤʦʶ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʪʘ ʨʦʟʤʽʱʝʥʥʷʤ ʾʭ ʫ ʧʨʦʩʪʦʨʽ. 

 

 

ʈʠʩ. 3.8. ʆʧʪʠʤʽʟʦʚʘʥʘ ʛʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʤʦʣʝʢʫʣʠ ʷʣʦʚʠʯʦʛʦ ʞʠʨʫ 
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ʈʠʩ. 3.9. ʆʧʪʠʤʽʟʦʚʘʥʘ ʛʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʤʦʣʝʢʫʣʠ ʇɽʊ 2-ʘʮʠʣʛʣʽʮʝʨʦʣʫ  

ʥʘ ʦʩʥʦʚʽ ʷʣʦʚʠʯʦʛʦ ʞʠʨʫ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʞʠʨ/ʛʣʽʮʝʨʦʣ 1/1 

 
ʈʠʩ. 3.10. ɻʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʤʦʣʝʢʫʣʠ ʇɽʊ1,2-ʘʮʠʣʛʣʽʮʝʨʦʣʫ  

ʥʘ ʦʩʥʦʚʽ ʷʣʦʚʠʯʦʛʦ ʞʠʨʫ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʞʠʨ/ʛʣʽʮʝʨʦʣ 1/3 
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ʈʠʩ. 3.11. ɻʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʤʦʣʝʢʫʣʠ ʇɽʊ1,3-ʘʮʠʣʛʣʽʮʝʨʦʣʫ  

ʥʘ ʦʩʥʦʚʽ ʷʣʦʚʠʯʦʛʦ ʞʠʨʫ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʞʠʨ/ʛʣʽʮʝʨʦʣ 1/3 

 

ʈʠʩ. 3.12. ɻʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʤʦʣʝʢʫʣʠ ʇɽʊ1(3)-ʘʮʠʣʛʣʽʮʝʨʦʣʫ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʘ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʥʘʤʠ ʪʝʦʨʝʪʠʯʥʘ ʤʦʜʝʣʴ ʦʪʨʠʤʘʥʥʷ 

ʇɽʊ-ʘʮʠʣʛʣʽʮʝʨʦʣʽʚ, ʢʦʨʝʢʪʥʦ ʽ ʘʜʝʢʚʘʪʥʦ ʧʽʜʪʚʝʨʜʞʝʥʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤ ʤʝʪʦʜʦʤ 

ʘʥʘʣʽʟʫ. ʎʝ ʜʘʻ ʧʽʜʩʪʘʚʠ ʨʦʟʛʣʷʜʘʪʠ ʩʠʥʪʝʟʦʚʘʥʽ ʇɽʊ-ʘʮʠʣʛʣʽʮʝʨʦʣʠ ʚ ʷʢʦʩʪʽ ʦʜʥʽʻʾ ʟ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʬʦʨʤ ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ. 

ɸʧʨʽʦʨʽ ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ ʚʽʜ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʥʦʚʠʭ ʨʝʦʣʦʛʽʯʥʠʭ, ʭʽʤʽʢʦ-

ʬʽʟʠʯʥʠʭ, ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʫʩʫʥʫʪʠ ʥʝʜʦʣʽʢʠ, 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ, ʽ ʨʦʟʛʣʷʜʘʪʠ ʩʠʥʪʝʟʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ ʷʢ ʦʩʥʦʚʠ 

ʨʦʟʨʦʙʢʠ ʤʘʩʪʠʣ.  

 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

 

 

ʋ ʨʦʟʜʽʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʦʨʝʪʠʯʥʘ ʤʦʜʝʣʴ ʩʠʥʪʝʟʫ ʙʘʟʦʚʠʭ ʦʩʥʦʚ ʤʘʩʪʠʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ ʪʘ ʚʽʜʭʦʜʽʚ ʧʦʣʽʝʩʪʝʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ 

ʧʝʚʥʽ ʧʨʠʧʫʱʝʥʥʷ ʱʦʜʦ ʤʝʭʘʥʽʟʤʫ ʟʜʽʡʩʥʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʨʝʮʠʢʣʽʥʛʫ ʚʽʜʭʦʜʽʚ ʇɽʊ ʟ 

ʥʘʩʪʫʧʥʦʶ ʤʦʜʠʬʽʢʘʮʽʻʶ ʤʦʣʝʢʫʣʠ ʧʨʠʨʦʜʥʦʛʦ ʞʠʨʫ ʰʣʷʭʦʤ ʧʨʠʱʝʧʣʝʥʥʷ 

ʬʨʘʛʤʝʥʪʘ ʣʘʥʢʠ ʧʦʣʽʤʝʨʫ ï ʧʦʣʽʝʩʪʝʨʫ. ʎʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʩʪʘʜʽʶ ʦʪʨʠʤʘʥʥʷ 

ʧʨʦʤʽʞʥʠʭ ʩʧʦʣʫʢ ʘʮʠʣʛʣʽʮʝʨʦʣʽʚ ʪʘ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʩʧʦʣʫʯʝʥʥʷ ʟ ʨʝʮʠʢʣʘʪʘʤʠ 

ʚʽʜʭʦʜʽʚ ʇɽʊ. 

ɿʨʦʙʣʝʥʽ ʧʨʠʧʫʱʝʥʥʷ ʱʦʜʦ ʤʦʜʝʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ 

ʛʣʽʮʝʨʦʣʽʟʫ ʇɽʊ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʜʦʜʘʪʢʦʚʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ɯʏ-ʩʧʝʢʪʨʘʤʠ. 

ʋ ʩʧʝʢʪʨʘʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʷʢ ʥʘ ʦʩʥʦʚʽ ʷʣʦʚʠʯʦʛʦ ʞʠʨʫ, ʪʘʢ ʽ ʨʽʧʘʢʦʚʦʾ 

ʦʣʽʾ ʟôʷʚʣʷʻʪʴʩʷ ʩʤʫʛʘ ʧʦʛʣʠʥʘʥʥʷ ʚ ʦʙʣʘʩʪʽ 1577 ʩʤ-1, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʘʣʝʥʪʥʠʤ 

ʢʦʣʠʚʘʥʥʷʤ ʛʨʫʧ ïʉ-ʉï ʙʝʥʟʦʣʴʥʦʛʦ ʢʽʣʴʮʷ, ʷʢʝ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʇɽʊ 

(ʪʝʨʝʬʪʘʣʝʚʘ ʢʠʩʣʦʪʘ). ʂʨʽʤ ʮʴʦʛʦ, ʚ ʦʙʣʘʩʪʽ ʯʘʩʪʦʪ 1504 ʩʤ-1 ʟôʷʚʣʷʻʪʴʩʷ ʩʤʫʛʘ 

ʧʦʛʣʠʥʘʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʝʬʦʨʤʘʮʽʡʥʠʤ ʢʦʣʠʚʘʥʥʷʤ ʙʝʥʟʦʣʴʥʦʛʦ ʢʽʣʴʮʷ ʚ 

ʧʣʦʱʠʥʽ ʢʽʣʴʮʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʽʩʥʫʚʘʥʥʷ ʩʠʥʪʝʟʦʚʘʥʠʭ ʇɽʊ-ʘʮʠʣʛʣʽʮʝʨʦʣʽʚ. 
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ʈʆɿɼɯʃ 4 

ʈʆɿʈʆɹʂɸ ʉʂʃɸɼʋ ʄɸʉʊʀʃʔʅʆɻʆ ʄɸʊɽʈɯɸʃʋ  

ʅɸ ʆʉʅʆɺɯ ʇʈʀʈʆɼʅʀʍ ɾʀʈɯɺ 

 

 

4.1  ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʦʢʠʩʥʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ 

 

 

ɾʠʨʠ ʪʘ ʟʤʘʱʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ 

ʦʢʠʩʥʶʶʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ 

ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʢʠʩʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ 

ʟʙʝʨʽʛʘʥʥʷ ʧʽʜ ʜʽʻʶ ʢʠʩʥʶ ʘʙʦ ʢʦʤʙʽʥʦʚʘʥʦʶ ʜʽʻʶ ʢʠʩʥʶ ʪʘ ʥʘʛʨʽʚʘʥʥʷ, ʢʠʩʥʶ ʪʘ 

ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʠʩʥʶ ʪʘ ʩʚʽʪʣʘ.  

ʈʦʟʨʽʟʥʷʶʪʴ ʘʚʪʦʦʢʠʩʥʝʥʥʷ ʪʘ ʪʝʨʤʽʯʥʝ ʦʢʠʩʥʝʥʥʷ ʞʠʨʽʚ. ɸʚʪʦʦʢʠʩʥʝʥʥʷ 

ʞʠʨʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʢʠʩʥʶ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ, ʷʢʽ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʥʘʜʣʠʰʢʫ ʢʠʩʥʶ ʫʪʚʦʨʶʶʪʴ 

ʧʝʨʦʢʩʠʨʘʜʠʢʘʣʠ [105, 106]. ʆʩʪʘʥʥʽ ʚʩʪʫʧʘʶʪʴ ʫ ʨʝʘʢʮʽʶ ʟ ʙʫʜʴ-ʷʢʦʶ ʦʨʛʘʥʽʯʥʦʶ 

ʩʧʦʣʫʢʦʶ ʟ ʫʪʚʦʨʝʥʥʷʤ ʛʽʜʨʦʧʝʨʦʢʩʠʜʽʚ (ʨʠʩ. 4.1). ʇʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʤʝʭʘʥʽʟʤʦʤ 

ʣʘʥʮʶʛʦʚʠʭ ʨʝʘʢʮʽʡ [107]. 

ʊʝʨʤʽʯʥʝ ʦʢʠʩʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 120 ʉ̄ ʜʦ 200 ʉ̄, ʧʨʠ 

ʮʴʦʤʫ ʩʢʣʘʜ ʧʨʦʜʫʢʪʽʚ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ [108]. 

ʉʧʦʣʫʢʠ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʧʨʠ ʘʚʪʦ- ʪʘ ʪʝʨʤʦʦʢʠʩʥʝʥʥʽ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʛʨʫʧʠ: 

ï ʧʨʦʜʫʢʪʠ ʦʢʠʩʥʶʚʘʣʴʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʾ 

ʫʪʚʦʨʶʶʪʴʩʷ ʨʝʯʦʚʠʥʠ ʽʟ ʩʢʦʨʦʯʝʥʠʤ ʣʘʥʮʶʛʦʤ; 

ï ʧʨʦʜʫʢʪʠ ʽʟʦʤʝʨʠʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʦʢʠʩʥʝʥʥʽ ʪʨʠʘʮʠʣʛʣʽʮʝʨʦʣʠ, ʢʦʪʨʽ ʤʽʩʪʷʪʴ ʪʫ 

ʞ ʢʽʣʴʢʽʩʪʴ ʚʫʛʣʝʚʦʜʥʠʭ ʘʪʦʤʽʚ, ʱʦ ʽ ʚʠʭʽʜʥʽ ʪʨʠʘʮʠʣʛʣʽʮʝʨʦʣʠ, ʘʣʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʚ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʯʘʩʪʠʥʘʭ ʤʦʣʝʢʫʣ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʥʦʚʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʛʨʫʧ, ʱʦ ʤʽʩʪʷʪʴ ʢʠʩʝʥʴ; 

ï ʧʨʦʜʫʢʪʠ ʦʢʠʩʥʝʥʥʷ, ʱʦ ʤʽʩʪʷʪʴ ʧʦʣʽʤʝʨʠʟʦʚʘʥʽ ʘʙʦ ʢʦʥʜʝʥʩʦʚʘʥʽ ʞʠʨʥʽ 

ʢʠʩʣʦʪʠ, ʫ ʩʢʣʘʜʽ ʢʦʪʨʠʭ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠʩʷ ʥʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʛʨʫʧʠ, ʱʦ ʤʽʩʪʷʪʴ ʫ 

ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʢʠʩʝʥʴ [108]. 
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ʈʠʩ. 4.1. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʘʚʪʦʦʢʠʩʥʝʥʥʷ ʞʠʨʽʚ 

 

ʇʨʦʮʝʩ ʦʢʠʩʥʝʥʥʷ ʞʠʨʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ, 

ʪʦʙʪʦ ʥʘʢʦʧʠʯʝʥʥʷʤ ʚʽʣʴʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ. ʋ ʚʠʭʽʜʥʦʤʫ ʥʝʦʢʠʩʥʝʥʦʤʫ ʞʠʨʽ ʚʤʽʩʪ 

ʚʽʣʴʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʥʝ ʚʠʩʦʢʠʡ, ʧʨʠ ʮʴʦʤʫ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ ʦʢʠʩʥʝʥʥʷ 

ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʯʘʩʫ ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ʎʝʡ ʧʝʨʽʦʜ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʨʽʟʥʦʶ ʪʨʠʚʘʣʽʩʪʶ, ʥʘʟʠʚʘʻʪʴʩʷ ʽʥʜʫʢʮʽʡʥʠʤ. ʇʽʩʣʷ ʽʥʜʫʢʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʞʠʨ 

ʧʦʯʠʥʘʻ ʘʢʪʠʚʥʦ ʦʢʠʩʥʶʚʘʪʠʩʴ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʟʢʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʚʤʽʩʪʫ 

ʚʽʣʴʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ. ʅʘʷʚʥʽʩʪʴ ʽʥʜʫʢʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʥʘ 

ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʤʦʣʝʢʫʣ ʟ ʧʽʜʚʠʱʝʥʦʶ ʢʽʥʝʪʠʯʥʦʶ ʝʥʝʨʛʽʻʶ (ʟʙʫʜʞʝʥʠʭ ʘʙʦ 

ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ) ʜʦʩʠʪʴ ʤʘʣʦ, ʦʙʫʤʦʚʣʝʥʦ ʮʝ ʪʘʢʦʞ ʚʤʽʩʪʦʤ ʚ ʞʠʨʽ ʧʨʠʨʦʜʥʠʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ï ʪʦʢʦʬʝʨʦʣʽʚ, ʢʦʪʨʽ ʙʽʣʴʰ ʘʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʚʽʣʴʥʠʤʠ 

ʨʘʜʠʢʘʣʘʤʠ ʪʘ ʟ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ ʽ ʪʠʤ ʩʘʤʠʤ ʟʘʧʦʙʽʛʘʶʪʴ ʦʢʠʩʥʝʥʥʶ ʞʠʨʫ [108]. 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʞʠʨʽʚ ʪʘ ʧʨʦʜʫʢʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʩʪʘʙʽʣʽʟʘʮʽʾ ʾʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚ ʫʤʦʚʘʭ ʜʽʾ ʦʢʠʩʥʁ ʚʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʽʥʛʽʙʽʪʦʨʠ ʦʢʠʩʥʁ ʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ï ʘʥʪʠʦʢʩʠʜʘʥʪʠ. 

ɺ ʷʢʦʩʪʽ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʦʢʦʬʝʨʦʣʠ, ʝʬʽʨʠ ʛʘʣʦʚʦʾ ʢʠʩʣʦʪʠ, 

ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʩʠʥʪʝʪʠʯʥʽ ʽʥʛʽʙʽʪʦʨʠ ʪʘ ʾʭ ʩʫʤʽʰʽ, ʩʫʣʴʬʽʜʠ, ʬʦʩʬʽʪʠ, ʘʨʩʝʥʽʪʠ, 
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ʪʽʦʬʦʩʬʘʪʠ ʪʘ ʢʘʨʙʦʤʘʪʠ ʤʝʪʘʣʽʚ, ʜʠʘʣʢʽʣʜʠʪʽʦʬʦʩʬʘʪʠ, ʘʨʦʤʘʪʠʯʥʽ ʘʤʽʥʠ, ʥʘʬʪʦʣʠ, 

ʬʝʥʦʣʠ, ʘʤʽʥʦʬʝʥʦʣʠ, ʭʽʥʦʥʠ, ʥʽʪʨʦʢʩʠʣʴʥʽ ʨʘʜʠʢʘʣʠ [75]. 

ɸʥʪʠʦʢʩʠʜʘʥʪʠ ʟʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ ʧʦʜʽʣʷʶʪʴ ʥʘ ʧʝʨʚʠʥʥʽ ʘʥʪʠʦʢʩʠʜʘʥʪʠ, ʚʪʦʨʠʥʥʽ 

ʘʥʪʠʦʢʩʠʜʘʥʪʠ, ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽ ʘʥʪʠʦʢʩʠʜʘʥʪʠ. 

ʄʝʭʘʥʽʟʤ ʜʽʾ ʧʝʨʚʠʥʥʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʧʦʣʷʛʘʻ ʫ ʰʚʠʜʢʦʤʫ ʟʥʝʰʢʦʜʞʝʥʥʽ 

ʧʝʨʦʢʩʠʨʘʜʠʢʘʣʽʚ, ʪʠʤ ʩʘʤʠʤ ʧʨʠʧʠʥʷʶʯʠ ʣʘʥʮʶʛʦʚʫ ʨʝʘʢʮʽʶ ʜʝʩʪʨʫʢʮʽʾ ʞʠʨʫ. ɼʽʷ 

ʚʪʦʨʠʥʥʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʧʦʣʷʛʘʻ ʫ ʚʟʘʻʤʦʜʽʾ ʟ ʛʽʜʨʦʧʝʨʦʢʩʠʜʘʤʠ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʤʘʣʦʘʢʪʠʚʥʠʭ ʧʨʦʜʫʢʪʽʚ. ɹʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽ ʘʥʪʠʦʢʩʠʜʘʥʪʠ ʧʦʻʜʥʫʶʪʴ ʦʜʥʦʯʘʩʥʦ 

ʬʫʥʢʮʽʾ ʧʝʨʚʠʥʥʠʭ ʽ ʚʪʦʨʠʥʥʠʭ [109]. 

ʅʘʤʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʟʘ ʢʣʘʩʦʤ 

ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʥʘ ʩʪʽʡʢʽʩʪʴ ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦ ʜʽʾ ʦʢʠʩʥʶʚʘʣʴʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ (ʢʠʩʝʥʴ ʧʦʚʽʪʨʷ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ), ʟʘ ʤʝʪʦʜʠʢʘʤʠ [69, 110]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ Irganox ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣ. 4.1. 

 

ʊʘʙʣʠʮʷ 4.1  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ 

ɸʥʪʠʦʢʩʠʜʘʥʪ 
ʍʽʤʽʯʥʠʡ  

ʦʧʠʩ 

ʈʝʢʦʤʝʥʜʦʚʘʥʠʡ 

ʚʽʜʩʦʪʦʢ ʚʚʝʜʝʥʥʷ,  

%, ʤʘʩ. 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʥʷ,  

ʉ̄ 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ 

ʘʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, % 

S P N 

Irganox 06 
ɸʣʢʽʣʦʚʘʥʠʡ ʬʝʥʽʣ-Ȟ-

ʥʘʬʪʠʣʘʤʽʥ 
0,1-1 >75 ï ï 4,2 

Irganox 64 

ʉʫʤʽʰ ʘʤʽʥʥʠʭ  

ʪʘ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ 

ʬʝʥʦʣʴʥʠʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ 

0,2-1 ï 1 ï 3,8 

Irganox 109 
ɺʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʡ 

ʬʝʥʦʣʴʥʠʡ ʘʥʪʠʦʢʩʠʜʘʥʪ 
0,2-0,6 105 ï ï ï 

Irganox 115 

ɺʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʡ 

ʬʝʥʦʣʴʥʠʡ ʘʥʪʠʦʢʩʠʜʘʥʪ  

ʟ ʪʽʦʝʬʽʨʥʦʶ ʛʨʫʧʦʶ 

0,1ï0,8 70 4,9 ï ï 

Irganox 150 

ʉʫʤʽʰ ʘʤʽʥʥʠʭ  

ʪʘ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ 

ʬʝʥʦʣʴʥʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ 

0,1ï0,8 ï 0,8 - - 



61 

ʆʜʥʠʤ ʟ ʧʦʢʘʟʥʠʢʽʚ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʜʦ ʦʢʠʩʥʝʥʥʷ ʻ ʚʝʣʠʯʠʥʘ ʽʥʜʫʢʮʽʡʥʦʛʦ 

ʧʝʨʽʦʜʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʝʨʝʪʠʥ ʜʚʦʭ ʜʦʪʠʯʥʠʭ, ʧʨʦʚʝʜʝʥʠʭ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʜʽʣʷʥʢʠ ʢʨʠʚʦʾ ʪʘ ʜʦ ʜʽʣʷʥʢʠ ʨʽʟʢʦʛʦ ʧʽʜʡʦʤʫ ʢʨʠʚʦʾ, ʦʙʫʤʦʚʣʝʥʦʛʦ ʧʨʠʩʢʦʨʝʥʠʤ 

ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʜʫʢʪʽʚ ʦʢʠʩʥʝʥʥʷ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ (ʨʠʩ. 4.2). 

 

 

 

1 ï ʷʣʦʚʠʯʠʡ ʞʠʨ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ Irganox L115; 

2 ï ʷʣʦʚʠʯʠʡ ʞʠʨ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ Irganox L109; 

3 ï ʷʣʦʚʠʯʠʡ ʞʠʨ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ Irganox L06; 

4 ï ʷʣʦʚʠʯʠʡ ʞʠʨ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ Irganox L115; 

5 ï ʷʣʦʚʠʯʠʡ ʞʠʨ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ Irganox L150 

6 ï ʚʠʭʽʜʥʠʡ ʷʣʦʚʠʯʠʡ ʞʠʨ 

 

ʈʠʩ. 4.2. ɿʤʽʥʘ ʚʤʽʩʪʫ ʚʽʣʴʥʠʭ ʢʠʩʣʦʪ ʫ ʯʘʩʽ 

 

ɯʥʜʫʢʮʽʡʥʠʡ ʧʝʨʽʦʜ ʜʣʷ ʚʠʭʽʜʥʠʭ ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ ʪʘ ʞʠʨʽʚ, ʱʦ ʤʽʩʪʷʪʴ 

ʘʥʪʠʦʢʩʠʜʘʥʪʠ ʤʘʨʢʠ Irganox, ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʠʢʦʶ [110], ʱʦ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʚʽʣʴʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʯʝʨʝʟ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʦʢʠʩʥʝʥʥʷ ʧʨʠ 60 ʉ̄.  

ʅʘ ʨʠʩ. 4.2 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʜʣʷ ʷʣʦʚʠʯʦʛʦ 

ʞʠʨʫ. ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʧʨʦʚʦʜʠʣʠ ʚʠʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʜʣʷ ʢʫʨʷʯʦʛʦ 
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ʞʠʨʫ ʪʘ ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ. ʋ ʪʘʙʣ. 4.2 ʥʘʚʝʜʝʥʦ ʚʠʟʥʘʯʝʥʽ ʽʥʜʫʢʮʽʡʥʽ ʧʝʨʽʦʜʠ ʜʣʷ 

ʢʦʞʥʦʛʦ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

 

ʊʘʙʣʠʮʷ 4.2  

ɯʥʜʫʢʮʽʡʥʽ ʧʝʨʽʦʜʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ɯʥʜʫʢʮʽʡʥʠʡ ʧʝʨʽʦʜ, ʛʦʜ 

ʗʣʦʚʠʯʠʡ ʞʠʨ 10,6 

ʗʣʦʚʠʯʠʡ ʞʠʨ+L06 13,3 

ʗʣʦʚʠʯʠʡ ʞʠʨ + L64  11 

ʗʣʦʚʠʯʠʡ ʞʠʨ+L109 14,8 

ʗʣʦʚʠʯʠʡ ʞʠʨ+L115 11 

ʗʣʦʚʠʯʠʡ ʞʠʨ+L150 10,8 

ʂʫʨʷʯʠʡ ʞʠʨ 15,5 

ʂʫʨʷʯʠʡ ʞʠʨ+L06 14,5 

ʂʫʨʷʯʠʡ ʞʠʨ+L64 13,8 

ʂʫʨʷʯʠʡ ʞʠʨ+L109 ï 

ʂʫʨʷʯʠʡ ʞʠʨ+L115 ï 

ʂʫʨʷʯʠʡ ʞʠʨ+L150 ï 

ʈʽʧʘʢʦʚʘ ʦʣʽʷ 11 

ʈʽʧʘʢʦʚʘ ʦʣʽʷ+L06 10,4 

ʈʽʧʘʢʦʚʘ ʦʣʽʷ+L64 11 

ʈʽʧʘʢʦʚʘ ʦʣʽʷ+L109 11 

ʈʽʧʘʢʦʚʘ ʦʣʽʷ+L115 10,8 

ʈʽʧʘʢʦʚʘ ʦʣʽʷ+L150 10,7 

 

ʈʦʟʨʘʭʫʥʦʢ ʚʝʣʠʯʠʥʠ ʽʥʜʫʢʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʩʚʽʜʯʠʪʴ, ʱʦ ʫ ʧʨʠʩʫʪʥʦʩʪʽ 

ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʩʪʘʙʽʣʴʥʽʩʪʴ ʷʣʦʚʠʯʦʛʦ ʞʠʨʫ ʧʽʜʚʠʱʫʻʪʴʩʷ. ɼʣʷ ʨʦʩʣʠʥʥʦʾ ʨʽʧʘʢʦʚʦʾ 

ʦʣʽʾ ʚʧʣʠʚʫ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʥʘ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʚʽʣʴʥʠʭ ʢʠʩʣʦʪ ʥʝ 

ʚʽʜʤʽʯʝʥʦ. ʉʪʫʧʽʥʴ ʚʧʣʠʚʫ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʢʦʞʥʦʛʦ 

ʪʠʧʫ ʞʠʨʫ ʪʘ ʘʥʪʠʦʢʩʠʜʘʥʪʫ.  
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ɸʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [111ï116] ʟ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʦʢʩʠʜʘʮʽʾ 

ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʜʝʷʢʠʭ 

ʨʦʟʙʽʞʥʦʩʪʝʡ ʚ ʦʮʽʥʮʽ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ ʩʪʫʧʝʥ ̫ʦʢʠʩʥʝʥʥʷ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ 

ʢʠʩʣʦʪ, ʦʪʨʠʤʘʥʠʭ ʨʽʟʥʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ, ʭʦʯʘ ʟʘʛʘʣʴʥʘ ʷʢʽʩʥʘ ʢʘʨʪʠʥʘ, ʱʦʜʦ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʥʘ ʧʨʦʮʝʩʠ ʦʢʠʩʥʝʥʥʷ ʟʙʽʛʘʻʪʴʩʷ. 

ʅʘʤʠ ʜʦʜʘʪʢʦʚʦ ʟʜʽʡʩʥʝʥʦ ʢʦʤʧʣʝʢʩ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ 

ʧʨʠʨʦʜʥʠʭ ʞʠʨʽʚ ʜʦ ʦʢʠʩʥʝʥʥʷ ʟʘ ʤʝʪʦʜʠʢʦʶ [117]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ (4.1), 

ʚʠʟʥʘʯʘʣʠ ʢʠʩʣʦʪʥʽ ʯʠʩʣʘ ʯʠʩʪʠʭ ʞʠʨʽʚ, ʘ ʪʘʢʦʞ ʞʠʨʽʚ ʟ ʜʦʜʘʚʘʥʥʷʤ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʬʽʨʤʠ BASF ʤʘʨʢʠ Irganox. 

 

ʂ.ʏ. = ʂ2 ï ʂ1,                                                          (4.1) 

 

ʜʝ ʂ2 ï ʚʤʽʩʪ ʚʽʣʴʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ ʫ ʞʠʨʘʭ ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ; 

ʂ1 ï ʚʤʽʩʪ ʚʽʣʴʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ ʫ ʞʠʨʘʭ ʜʦ ʦʢʠʩʥʝʥʥʷ. 

ʅʘ ʨʠʩ. 4.3ï4.5 ʥʘʚʝʜʝʥʝ ʧʦʨʽʚʥʷʥʥʷ ʢʠʩʣʦʪʥʠʭ ʯʠʩʝʣ ʚʠʭʽʜʥʠʭ ʧʨʠʨʦʜʥʠʭ 

ʞʠʨʽʚ ʪʘ ʞʠʨʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʘʥʪʠʦʢʩʠʜʘʥʪʠ. 

 

  
 

ʈʠʩ. 4.3. ɿʥʘʯʝʥʥʷ ʢʠʩʣʦʪʥʠʭ ʯʠʩʝʣ 

ʷʣʦʚʠʯʦʛʦ ʞʠʨʫ  

ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ Irganox 

 

ʈʠʩ. 4.4. ɿʥʘʯʝʥʥʷ ʢʠʩʣʦʪʥʠʭ ʯʠʩʝʣ 

ʢʫʨʷʯʦʛʦ ʞʠʨʫ  

ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ Irganox 
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ʈʠʩ. 4.5. ɿʥʘʯʝʥʥʷ ʢʠʩʣʦʪʥʠʭ ʯʠʩʝʣ ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ  

ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ Irganox 

  

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ, ʦʩʦʙʣʠʚʦ ʣʝʛʢʦ ʦʢʠʩʥʝʥʥʶ ʧʽʜʜʘʶʪʴʩʷ ʞʠʨʠ, ʱʦ ʤʽʩʪʷʪʴ 

ʥʝʥʘʩʠʯʝʥʽ ʞʠʨʥʽ ʢʠʩʣʦʪʠ, ʪʦʙʪʦ ʨʽʧʘʢʦʚʘ ʦʣʽʷ ʪʘ ʢʫʨʷʯʠʡ ʞʠʨ. ɼʣʷ ʪʚʘʨʠʥʥʠʭ ʞʠʨʽʚ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʚʠʷʚʠʣʠʩʴ ʘʥʪʠʦʢʩʠʜʘʥʪʠ ʬʝʥʦʣʴʥʦʛʦ ʪʠʧʫ ï Irganox 109 ʪʘ 06, 

ʘ ʜʣʷ ʨʦʩʣʠʥʥʠʭ ï ʘʥʪʠʦʢʩʠʜʘʥʪʠ ʩʫʤʽʰʝʚʦʛʦ ʪʠʧʫ Irganox 150 ʪʘ 64. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʠʩʣʦʪʥʝ ʯʠʩʣʦ ʨʽʟʥʠʭ ʧʘʨʪʽʡ ʚʠʭʽʜʥʠʭ ʞʠʨʽʚ ʤʦʞʝ ʙʫʪʠ 

ʨʽʟʥʠʤ, ʪʦʤʫ ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʮʴʦʛʦ ʬʘʢʪʦʨʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʚʽʜʥʦʩʥʝ 

ʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ ʞʠʨʫ ʜʦ ʪʘ ʧʽʩʣʷ ʜʦʩʣʽʜʞʝʥʴ (ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʦʢʠʩʥʝʥʥʷ) ʟʘ ʬʦʨʤʫʣʦʶ (4.2) [118, 119].  

 

-
.=

ʢ.ʯ.

ʂ.ʏ. ʞʠʨʫ ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʂ.ʏ.ʚʠʭʽʜʥʦʛʦ ʞʠʨʫ
ɸpt

ʂ.ʏ. ʚʠʭʽʜʥʦʛʦ ʞʠʨʫ
                           (4.2) 

 

ʏʠʤ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ Apt (ʩʭʠʣʴʥʦʩʪʽ ʜʦ ʦʢʠʩʥʝʥʥʷ) ʞʠʨʫ ʘʙʦ ʟʤʘʱʫʚʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ, ʪʠʤ ʤʝʥʰʝ ʤʘʪʝʨʽʘʣ ʦʢʠʩʥʶʻʪʴʩʷ [118]. 
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ɼ̔ ʘʛʨʘʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʦʢʠʩʥʝʥʥʷ ʚʠʭʽʜʥʠʭ ʞʠʨʽʚ ʪʘ 

ʞʠʨʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʘʥʪʠʦʢʩʠʜʘʥʪʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʤʽʥʠ ʚʤʽʩʪʫ ʚʽʣʴʥʠʭ ʞʠʨʥʠʭ 

ʢʠʩʣʦʪ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.6ï4.8. 

 

  
  

ʈʠʩ. 4.6. ʉʭʠʣʴʥʽʩʪʴ  

ʜʦ ʦʢʠʩʥʝʥʥʷ ʷʣʦʚʠʯʦʛʦ ʞʠʨʫ  

ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ Irganox 

ʈʠʩ. 4.7. ʉʭʠʣʴʥʽʩʪʴ  

ʜʦ ʦʢʠʩʥʝʥʥʷ ʢʫʨʷʯʦʛʦ ʞʠʨʫ  

ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ Irganox 

 

 
 

ʈʠʩ. 4.8. ʉʭʠʣʴʥʽʩʪʴ ʜʦ ʦʢʠʩʥʝʥʥʷ ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ 

ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ Irganox 
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ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʫʻ ʟʨʦʙʣʝʥʠʡ ʨʘʥʽʰʝ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, 

ʱʦ ʪʚʘʨʠʥʥʽ ʞʠʨʠ ʧʨʦʷʚʣʷʶʪʴ ʤʝʥʰʫ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʦʢʠʩʥʝʥʥʷ ʥʽʞ ʨʦʩʣʠʥʥʽ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʽʥʛʽʙʽʪʦʨʘʤʠ 

ʦʢʠʩʥʝʥʥʷ ʜʣʷ ʷʣʦʚʠʯʦʛʦ ʞʠʨʫ ʻ Irganox L109, ʜʣʷ ʢʫʨʷʯʦʛʦ ï Irganox 06 ʪʘ 109, ʜʣʷ 

ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ ï Irganox 150 [118]. 

ʈʝʯʦʚʠʥʠ, ʫʪʚʦʨʝʥʥʷ ʷʢʠʭ ʧʽʜ ʯʘʩ ʦʢʠʩʥʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʢʠʩʣʦʪʥʠʭ 

ʯʠʩʝʣ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʤʽʥʫ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʞʠʨʽʚ. ʇʨʦʪʝ, 

ʽʩʥʫʻ ʧʨʷʤʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʪʨʠʙʦʪʝʭʥʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʟʥʘʯʝʥʥʷʤʠ ʾʭ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ. ʊʦʤʫ ʟʘ ʟʤʽʥʦʶ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ ʥʝ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʽ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʤʘʩʪʠʣʘ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʄʠ ʚʚʘʞʘʻʤʦ, ʱʦ 

ʙʽʣʴʰ ʦʙôʻʢʪʠʚʥʦʶ ʦʮʽʥʢʦʶ ʚʧʣʠʚʫ ʧʨʦʮʝʩʽʚ ʦʢʠʩʥʝʥʥʷ ʥʘ ʟʤʽʥʫ ʘʥʪʠʬʨʠʢʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʩʪʠʣ ʻ ʟʤʽʥʘ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ. ʊʦʤʫ ʥʘʤʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

[118, 119] ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʝʣʠʯʠʥʫ ʩʭʠʣʴʥʦʩʪʽ ʜʦ ʦʢʠʩʥʝʥʥʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʟʤʽʥʠ ʚôʷʟʢʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʽʜ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ, ʟʘ ʬʦʨʤʫʣʘʤʠ (4.3) ʪʘ (4.4). 

 

Apth
h -h
=
h

o i

o

T T

T

T

,                                                    (4.3) 

0

0

Apt ,
g g

g

g

h -h
=
h

i                                                    (4.4) 

 

ʜʝ AptɀT ï ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʦʢʠʩʥʝʥʥʷ, ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʟʤʽʥʦʶ ʚôʷʟʢʦʩʪʽ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ; 

Aptg ï ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʦʢʠʩʥʝʥʥʷ, ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʟʤʽʥʦʶ ʚô̫ʟʢʦʩʪʽ ʚʽʜ ʜʝʬʦʨʤʘʮʽʾ 

ʟʩʫʚʫ; 

h
oT
 ï ʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʚô̫ʟʢʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʦʢʠʩʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ 

ʦʙʨʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ; 

h
iT
 ï ʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʚô̫ʟʢʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʭʽʜʥʦʛʦ ʟʨʘʟʢʫ ʧʨʠ ʦʙʨʘʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ; 

0
g
h  ï ʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʚô̫ʟʢʦʩʪʽ ʦʢʠʩʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ 

ʟʩʫʚʫ ʧʨʠ ʦʙʨʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ; 

ghi
 ï ʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʚô̫ʟʢʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ 

ʟʩʫʚʫ ʧʨʠ ʦʙʨʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ.  
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ʅʘ ʨʠʩ. 4.9ï4.14 ʥʘʚʝʜʝʥʦ ʟʤʽʥʫ ʚôʷʟʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʨʘʬʽʥʦʚʘʥʠʭ ʞʠʨʽʚ ʜʦ ʪʘ ʧʽʩʣʷ 

ʦʢʠʩʥʝʥʥʷ, ʘ ʪʘʢʦʞ ʟʤʽʥʫ ʚôʷʟʢʦʩʪʽ ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʞʠʨʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʘʥʪʠʦʢʩʠʜʘʥʪʠ.  

 

  

1 ï ʨʘʬʽʥʦʚʘʥʘ ʨʽʧʘʢʦʚʘ ʦʣʽʷ  

ʜʦ ʦʢʠʩʥʝʥʥʷ; 

2 ï ʨʘʬʽʥʦʚʘʥʘ ʨʽʧʘʢʦʚʘ ʦʣʽʷ  

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ; 

3 ï ʨʘʬʽʥʦʚʘʥʘ ʨʽʧʘʢʦʚʘ ʦʣʽʷ  

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L109; 

4 ï ʨʘʬʽʥʦʚʘʥʘ ʨʽʧʘʢʦʚʘ ʦʣʽʷ  

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L06; 

5 ï ʨʘʬʽʥʦʚʘʥʘ ʨʽʧʘʢʦʚʘ ʦʣʽʷ  

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L64; 

6 ï ʨʘʬʽʥʦʚʘʥʘ ʨʽʧʘʢʦʚʘ ʦʣʽʷ  

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L150; 

7 ï ʨʘʬʽʥʦʚʘʥʘ ʨʽʧʘʢʦʚʘ ʦʣʽʷ  

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L115 

 

ʈʠʩ. 4.9. ɿʘʣʝʞʥʽʩʪʴ ʚôʷʟʢʦʩʪʽ  

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʭʽʜʥʦʾ ʨʘʬʽʥʦʚʘʥʦʾ 

ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ  

ʜʦ ʪʘ ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ (1333 ʩ-1) 

1 ï ʨʘʬʽʥʦʚʘʥʘ ʨʽʧʘʢʦʚʘ ʦʣʽʷ  

ʜʦ ʦʢʠʩʥʝʥʥʷ; 

2 ï ʨʘʬʽʥʦʚʘʥʘ ʨʽʧʘʢʦʚʘ ʦʣʽʷ  

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ; 

3 ï ʨʘʬʽʥʦʚʘʥʘ ʨʽʧʘʢʦʚʘ ʦʣʽʷ ʧʽʩʣʷ 

ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L109; 

4 ï ʨʘʬʽʥʦʚʘʥʘ ʨʽʧʘʢʦʚʘ ʦʣʽʷ ʧʽʩʣʷ 

ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L06; 

5 ï ʨʘʬʽʥʦʚʘʥʘ ʨʽʧʘʢʦʚʘ ʦʣʽʷ ʧʽʩʣʷ 

ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L64; 

6 ï ʨʘʬʽʥʦʚʘʥʘ ʨʽʧʘʢʦʚʘ ʦʣʽʷ ʧʽʩʣʷ 

ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L150; 

7 ï ʨʘʬʽʥʦʚʘʥʘ ʨʽʧʘʢʦʚʘ ʦʣʽʷ ʧʽʩʣʷ 

ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L115 

 

ʈʠʩ. 4.10. ɿʘʣʝʞʥʽʩʪʴ ʚôʷʟʢʦʩʪʽ  

ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ  

ʚʠʭʽʜʥʦʾ ʨʘʬʽʥʦʚʘʥʦʾ ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ  

ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ  

ʜʦ ʪʘ ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ (50 ʉ̄) 



68 

 
 

 

1 ï ʨʘʬʽʥʦʚʘʥʠʡ ʷʣʦʚʠʯʠʡ ʞʠʨ 

ʜʦ ʦʢʠʩʥʝʥʥʷ; 

2 ï ʨʘʬʽʥʦʚʘʥʠʡ ʷʣʦʚʠʯʠʡ ʞʠʨ 

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ; 

3 ï ʨʘʬʽʥʦʚʘʥʠʡ ʷʣʦʚʠʯʠʡ ʞʠʨ 

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L109; 

4 ï ʨʘʬʽʥʦʚʘʥʠʡ ʷʣʦʚʠʯʠʡ ʞʠʨ 

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L06; 

5 ï ʨʘʬʽʥʦʚʘʥʠʡ ʷʣʦʚʠʯʠʡ ʞʠʨ 

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L64; 

6 ï ʨʘʬʽʥʦʚʘʥʠʡ ʷʣʦʚʠʯʠʡ ʞʠʨ 

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L150; 

7 ï ʨʘʬʽʥʦʚʘʥʠʡ ʷʣʦʚʠʯʠʡ ʞʠʨ 

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L115 

 

ʈʠʩ. 4.11. ɿʘʣʝʞʥʽʩʪʴ ʚôʷʟʢʦʩʪʽ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʭʽʜʥʦʛʦ ʨʘʬʽʥʦʚʘʥʦʛʦ 

ʷʣʦʚʠʯʦʛʦ ʞʠʨʫ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ 

ʜʦ ʪʘ ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ (1333 ʩ-1) 

 

1 ï ʨʘʬʽʥʦʚʘʥʠʡ ʷʣʦʚʠʯʠʡ ʞʠʨ 

ʜʦ ʦʢʠʩʥʝʥʥʷ; 

2 ï ʨʘʬʽʥʦʚʘʥʠʡ ʷʣʦʚʠʯʠʡ ʞʠʨ 

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ; 

3 ï ʨʘʬ̔ʥʦʚʘʥʠʡ ʷʣʦʚʠʯʠʡ ʞʠʨ 

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L109; 

4 ï ʨʘʬʽʥʦʚʘʥʠʡ ʷʣʦʚʠʯʠʡ ʞʠʨ 

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L06; 

5 ï ʨʘʬʽʥʦʚʘʥʠʡ ʷʣʦʚʠʯʠʡ ʞʠʨ 

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L64; 

6 ï ʨʘʬʽʥʦʚʘʥʠʡ ʷʣʦʚʠʯʠʡ ʞʠʨ 

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L150; 

7 ï ʨʘʬʽʥʦʚʘʥʠʡ ʷʣʦʚʠʯʠʡ ʞʠʨ 

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L115 

 

ʈʠʩ. 4.12. ɿʘʣʝʞʥʽʩʪʴ ʚôʷʟʢʦʩʪʽ 

ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ ʚʠʭʽʜʥʦʛʦ 

ʨʘʬʽʥʦʚʘʥʦʛʦ ʷʣʦʚʠʯʦʛʦ ʞʠʨʫ 

ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ 

ʜʦ ʪʘ ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ (50 ʉ̄) 
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1 ï ʨʘʬʽʥʦʚʘʥʠʡ ʢʫʨʷʯʠʡ ʞʠʨ  

ʜʦ ʦʢʠʩʥʝʥʥʷ; 

2 ï ʨʘʬʽʥʦʚʘʥʠʡ ʢʫʨʷʯʠʡ ʞʠʨ  

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ; 

3 ï ʨʘʬʽʥʦʚʘʥʠʡ ʢʫʨʷʯʠʡ ʞʠʨ  

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L109; 

4 ï ʨʘʬʽʥʦʚʘʥʠʡ ʢʫʨʷʯʠʡ ʞʠʨ  

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L06; 

5 ï ʨʘʬʽʥʦʚʘʥʠʡ ʢʫʨʷʯʠʡ ʞʠʨ  

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L64; 

6 ï ʨʘʬʽʥʦʚʘʥʠʡ ʢʫʨʷʯʠʡ ʞʠʨ  

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L150; 

7 ï ʨʘʬʽʥʦʚʘʥʠʡ ʢʫʨʷʯʠʡ ʞʠʨ  

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L115 

 

ʈʠʩ. 4.13. ɿʘʣʝʞʥʽʩʪʴ ʚôʷʟʢʦʩʪʽ  

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʭʽʜʥʦʛʦ ʨʘʬʽʥʦʚʘʥʦʛʦ 

ʢʫʨʷʯʦʛʦ ʞʠʨʫ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ  

ʜʦ ʪʘ ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ (1333 ʩ-1) 

 

 

1 ï ʨʘʬʽʥʦʚʘʥʠʡ ʢʫʨʷʯʠʡ ʞʠʨ  

ʜʦ ʦʢʠʩʥʝʥʥʷ; 

2 ï ʨʘʬʽʥʦʚʘʥʠʡ ʢʫʨʷʯʠʡ ʞʠʨ  

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ; 

3 ï ʨʘʬʽʥʦʚʘʥʠʡ ʢʫʨʷʯʠʡ ʞʠʨ  

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L109; 

4 ï ʨʘʬʽʥʦʚʘʥʠʡ ʢʫʨʷʯʠʡ ʞʠʨ  

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L06; 

5 ï ʨʘʬʽʥʦʚʘʥʠʡ ʢʫʨʷʯʠʡ ʞʠʨ  

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L64; 

6 ï ʨʘʬʽʥʦʚʘʥʠʡ ʢʫʨʷʯʠʡ ʞʠʨ  

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L150; 

7 ï ʨʘʬʽʥʦʚʘʥʠʡ ʢʫʨʷʯʠʡ ʞʠʨ  

ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ L115 

 

ʈʠʩ. 4.14. ɿʘʣʝʞʥʽʩʪʴ ʚôʷʟʢʦʩʪʽ  

ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ  

ʚʠʭʽʜʥʦʛʦ ʨʘʬʽʥʦʚʘʥʦʛʦ ʢʫʨʷʯʦʛʦ ʞʠʨʫ  

ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ  

ʜʦ ʪʘ ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ (50 ʉ̄) 


