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ɭ.ʗ. ʏɸʇʃʗ, ɻ.ʊ. ʃʗʅʎɽ, ʆ.ʖ. ʏɽʈʅʋʍɸ, ɺ.ɭ. ɻʆʅʏɸʈʋʂ  

 

ʏʀʅʅʀʂʀ ʇʈʆʎɽʉʋ ʄɯɻʈɸʎɯɰ ʈɸɼɯʆʅʋʂʃɯɼɯɺ ʋ ˆʈʋʅʊɯ 

 
ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʯʠʥʥʠʢʠ ʧʨʦʮʝʩʫ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ  

ʫ ʨʽʟʥʠʭ ʪʠʧʘʭ ˇʨʫʥʪʽʚ ʚʥʘʩʣʽʜʦʢ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ 

ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ɸɽʉ. ʇʦʢʘʟʘʥʦ, ʱʦ ʤʽʛʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʣʘʥʜʰʘʬʪʽ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʥʘ ʪʣʽ ʩʫʧʝʨʝʯʣʠʚʦʾ ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ ʛʨʫʧ ʯʠʥʥʠʢʽʚ. ʆʜʥʘ ʛʨʫʧʘ 

ʚʠʟʥʘʯʘʻ ʧʝʨʝʚʘʞʥʦ ʚʠʥʝʩʝʥʥʷ ʟ ˇʨʫʥʪʽʚ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽ ʨʦʟʚʠʪʦʢ ʧʨʦʮʝʩʽʚ 

ʩʘʤʦʦʯʠʱʝʥʥʷ ʣʘʥʜʰʘʬʪʽʚ. ʎʝ ʯʠʥʥʠʢʠ ʩʪʦʢʫ ʽ ʟʤʠʚʫ, ʘ ʪʘʢʦʞ ʪʽ, ʱʦ 

ʨʝʛʫʣʶʶʪʴ ʢʠʩʣʦʪʥʽʩʪʴ ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ˇʨʫʥʪʽʚ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʧʝʨʝʭʦʜʫ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʫʭʦʤʽ ʬʦʨʤʠ. ɼʨʫʛʘ ʛʨʫʧʘ ʯʠʥʥʠʢʽʚ ʜʽʻ ʥʘ ʫʪʨʠʤʘʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʥʘ ʤʽʩʮʽ ʚʠʧʘʜʘʥʥʷ ʪʘ ʟʫʤʦʚʣʶʻ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʫ ʻʤʥʽʩʪʴ 

ʣʘʥʜʰʘʬʪʽʚ. ʎʝ ʥʘʷʚʥʽʩʪʴ ʫ ˇʨʫʥʪʽ ʽ ʪʦʚʱʽ ˇʨʫʥʪʦʫʪʚʦʨʶʶʯʠʭ ʧʦʨʽʜ ʛʫʤʫʩʫ, 

ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ, ʘ ʪʘʢʦʞ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʽʤʽʯʥʠʭ ʪʘ ʙʽʦʛʝʦʭʽʤʽʯʥʠʭ 

ʙʘʨôʻʨʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʘʜʽʦʥʫʢʣʽʜ, ʨ̌ʫʥʪ, ʧʦʪʽʢ ʬʽʣʴʪʨʘʮʽʾ, ʜʠʬʫʟʽʷ, ʬʘʢʪʦʨ, 

ʛʽʜʨʦʛʨʘʬʽʯʥʘ ʤʝʨʝʞʘ. 

 

ɺʩʪʫʧ 

 

ʈʘʜʽʦʥʫʢʣʽʜʠ, ʱʦ ʚʠʧʘʣʠ ʥʘ ʧʦʚʝʨʭʥʶ ˇʨʫʥʪʫ, ʧʽʜ ʚʧʣʠʚʦʤ ʧʨʠʨʦʜʥʠʭ 

ʯʠʥʥʠʢʽʚ ʤʽʛʨʫʶʪʴ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʽ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʘʭ. ʇ̔ ʜ 

ʤʽʛʨʘʮʽʻʶ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ˇʨʫʥʪʽ ʨʦʟʫʤʽʶʪʴ ʩʫʢʫʧʥʽʩʪʴ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʠʚʦʜʷʪʴ 

ʜʦ ʧʝʨʝʤʽʱʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽ ʨʦʟʧʦʜʽʣʫ ʾʭ ʤʽʞ ʨʽʟʥʠʤʠ ʬʘʟʘʤʠ ʽ ʩʪʘʥʘʤʠ, ʱʦ 

ʦʙʫʤʦʚʣʶʻ, ʟʦʢʨʝʤʘ, ʧʝʨʝʨʦʟʧʦʜʽʣ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟʘ ʛʣʠʙʠʥʦʶ ˇʨʫʥʪʦʚʦʛʦ 

ʧʨʦʬʽʣʶ ʪʘ ʟʫʤʦʚʣʶʻ ʥʘʜʭʦʜʞʝʥʥʷ ʾʭ ʫ ʨʦʩʣʠʥʠ ʽ ˇʨʫʥʪʦʚʽ ʚʦʜʠ. 

ʄʽʛʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʣʘʥʜʰʘʬʪʽ ʨʦʟʚʠʚʘʻʪʴʩʷ ʥʘ ʬʦʥʽ ʩʫʧʝʨʝʯʣʠʚʦʾ 

ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ ʛʨʫʧ ʯʠʥʥʠʢʽʚ. ʆʜʥʘ ʛʨʫʧʘ ʚʠʟʥʘʯʘʻ ʧʝʨʝʚʘʞʥʦ ʚʠʥʝʩʝʥʥʷ  

ʟ ̌ʨʫʥʪʽʚ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽ ʨʦʟʚʠʪʦʢ ʧʨʦʮʝʩʽʚ ʩʘʤʦʦʯʠʱʝʥʥʷ ʣʘʥʜʰʘʬʪʽʚ. ʎʝ 

ʯʠʥʥʠʢʠ ʩʪʦʢʫ ʽ ʟʤʠʚʫ, ʘ ʪʘʢʦʞ ʪʽ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʢʠʩʣʦʪʥʽʩʪʴ ʪʘ ʽʥʰʽ 

ʧʘʨʘʤʝʪʨʠ ˇʨʫʥʪʽʚ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʧʝʨʝʭʦʜʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʨʫʭʦʤʽ ʬʦʨʤʠ. 

ɼʨʫʛʘ ʛʨʫʧʘ ʯʠʥʥʠʢʽʚ ʜʽʻ ʥʘ ʫʪʨʠʤʘʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʥʘ ʤʽʩʮʽ ʚʠʧʘʜʘʥʥʷ ʪʘ 

ʟʫʤʦʚʣʶʻ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʫ ʻʤʥʽʩʪʴ ʣʘʥʜʰʘʬʪʽʚ. ʎʝ ʥʘʷʚʥʽʩʪʴ ʫ ˇʨʫʥʪʽ ʽ ʪʦʚʱʽ 

ˇʨʫʥʪʦʫʪʚʦʨʶʶʯʠʭ ʧʦʨʽʜ ʛʫʤʫʩʫ, ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ, ʘ ʪʘʢʦʞ ʣʘʥʜʰʘʬʪʥʦ-

ʛʝʦʭʽʤʽʯʥʠʭ ʪʘ ʙʽʦʛʝʦʭʽʤʽʯʥʠʭ ʙʘʨôʻʨʽʚ. 

 

 

ɽʂʆʃʆɻɯʏʅɸ ɹɽɿʇɽʂɸ 

Ò ɭ.ʗ. ʏʘʧʣʷ, ɻ.ʊ. ʃʷʥʮʝ, ʆ.ʖ. ʏʝʨʥʫʭʘ, ɺ.ɭ. ɻʦʥʯʘʨʫʢ, 2017 
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ɸʥʘʣʽʟ ʯʠʥʥʠʢʽʚ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ˇʨʫʥʪʽ 

 

ɺʥʘʩʣʽʜʦʢ ʚʽʪʨʦʚʦʾ ʝʨʦʟʽʾ ʧʽʜʩʪʠʣʘʶʯʦʾ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ, ʟʤʠʚʫ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʨʝʯʦʚʠʥ ʟ ʨʦʩʣʠʥʥʦʩʪʽ ʘʪʤʦʩʬʝʨʥʠʤʠ ʦʧʘʜʘʤʠ ʪʘ ʾʭʥʴʦʛʦ ʩʪʦʢʫ ʚ ʥʠʟʠʥʥʽ 

ʙʝʟʩʪʽʯʥʽ ʜʽʣʷʥʢʠ ʽ ʛʽʜʨʦʛʨʘʬʽʯʥʫ ʤʝʨʝʞʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ 

ʧʝʨʝʨʦʟʧʦʜʽʣ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ʐʚʠʜʢʽʩʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ (ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ ʫ ʧʨʠʟʝʤʥʠʭ ʰʘʨʘʭ 

ʘʪʤʦʩʬʝʨʠ, ʢʽʣʴʢʽʩʪʴ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ), ʬʽʟʠʢʦ-

ʛʝʦʛʨʘʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʘʥʦʛʦ ʨʘʡʦʥʫ (ʥʘʧʨʠʢʣʘʜ, ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ, 

ʨʦʩʣʠʥʥʽʩʪʴ), ʜʠʩʧʝʨʩʥʦʩʪʽ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʘʝʨʦʟʦʣʝʡ, ʤʽʮʥʦʩʪʽ ʾʭ ʬʽʢʩʘʮʽʾ 

ˇʨʫʥʪʦʤ ʽ ʨʦʩʣʠʥʥʽʩʪʶ ʪʦʱʦ. ʅʘʡʙʽʣʴʰʘ ʰʚʠʜʢʽʩʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʩʠʣʴʥʠʭ ʜʦʱʘʭ, ʷʢʽ ʟʤʠʚʘʶʪʴ ʨʘʜʽʦʘʢʪʠʚʥʽ 

ʨʝʯʦʚʠʥʠ, ʱʦ ʦʩʽʣʠ ʥʘ ʣʠʩʪʷʭ, ʩʫʮʚʽʪʪʷʭ, ʩʪʝʙʣʘʭ ʨʦʩʣʠʥ, ʧʨʠ ʚʝʩʥʷʥʦʤʫ 

ʪʘʥʝʥʥʽ ʩʥʽʛʫ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʦʢ ʘʪʤʦʩʬʝʨʥʠʭ 

ʦʧʘʜʽʚ, ʷʢʽ ʚʠʧʘʣʠ ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ, ʟ ʚʦʜʦʟʙʽʨʥʠʭ ʙʘʩʝʡʥʽʚ ʫ ʛʽʜʨʦʛʨʘʬʽʯʥʫ 

ʤʝʨʝʞʫ ʘʙʦ ʧʽʜ ʯʘʩ ʝʨʦʟʽʾ ˇʨʫʥʪʽʚ. 

ɿ ʯʘʩʦʤ ʫ ˇʨʫʥʪʘʭ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʧʝʨʝʤʽʱʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫʛʣʠʙ 

ˇʨʫʥʪʫ ʚʥʘʩʣʽʜʦʢ ʾʭʥʴʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ ʟ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ˇʨʫʥʪʫ ʬʽʣʴʪʨʘʮʽʡʥʠʤʠ 

ʧʦʪʦʢʘʤʠ ʽ ʜʠʬʫʟʽʻʶ. ʎʽ ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʨʝʛʫʣʶʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʚʝʨʪʠʢʘʣʴʥʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ʆʙʤʝʞʫʶʯʠʤʠ ʙʘʨôʻʨʘʤʠ ʜʣʷ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʙʫʜʫʪʴ ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʤʽʥʝʨʘʣʠ ʟ ʚʠʩʦʢʠʤʠ 

ʩʦʨʙʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ï ʛʣʠʥʠ, ʛʽʜʨʦʩʣʶʜʠ, ʦʢʩʠʜʠ ʽ ʛʽʜʨʦʦʢʩʠʜʠ 

ʟʘʣʽʟʘ.  

ʋ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ ʚʝʨʪʠʢʘʣʴʥʘ ʤʽʛʨʘʮʽʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʰʣʷʭʦʤ ʧʝʨʝʥʦʩʫ ʯʘʩʪʠʥʦʢ ʪʚʝʨʜʦʾ ʬʘʟʠ (ʜʦ ʷʢʦʾ ʚʽʜʥʦʩʷʪʴʩʷ ʽ ʧʘʣʠʚʥʽ 

ʯʘʩʪʠʥʢʠ) ʫ ʚʠʛʣʷʜʽ ʚʦʜʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʩʫʩʧʝʥʟʽʡ ʪʘ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʢʦʥʚʝʢʪʠʚʥʦʾ ʜʠʬʫʟʽʾ ʫ ʧʦʨʦʚʦʤʫ ʨʦʟʯʠʥʽ ʧʨʠ ʩʫʧʫʪʥʠʭ ʷʚʠʱʘʭ ʩʦʨʙʮʽʾ-

ʜʝʩʦʨʙʮʽʾ [1ï7]. ʇʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ʧʝʨʝʥʦʩʽ ʚʦʜʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʩʫʩʧʝʥʟʽʡ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʝʬʝʢʪʠ ʟʤʝʥʰʝʥʥʷ ʚʽʣʴʥʦ ʜʦʩʪʫʧʥʦʛʦ ʧʦʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʽ 

ʙʣʦʢʫʚʘʥʥʷ ʰʣʷʭʽʚ ʨʫʭʫ ʪʚʝʨʜʠʭ ʢʦʤʧʦʥʝʥʪ, ʱʦ ʚ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʽ ʬʘʢʪʠʯʥʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʮʠʭ ʯʘʩʪʠʥʦʢ ʪʽʣʴʢʠ  

ʫ ʪʦʥʢʦʤʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ [8]. ʂʦʥʚʝʢʪʠʚʥʘ ʜʠʬʫʟʽʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ  

ʫ ʧʦʨʦʚʠʭ ʨʦʟʯʠʥʘʭ ʧʨʠ ʤʘʣʠʭ ʯʘʩʘʭ ʨʝʣʘʢʩʘʮʽʾ ʧʨʦʮʝʩʽʚ ʩʦʨʙʮʽʾ ʫ ʧʦʨʽʚʥʷʥʥʽ  

ʟ ʯʘʩʘʤʠ ʨʝʣʘʢʩʘʮʽʾ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʟʥʘʯʥʽʡ ʦʙʤʽʥʥʽʡ 

ʻʤʥʦʩʪʽ ˇʨʫʥʪʽʚ ʪʝʞ ʥʝ ʧʦʚʠʥʥʘ ʧʨʠʚʦʜʠʪʠ ʜʦ ʟʥʘʯʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʫ 

ʜʦʤʽʰʢʦʚʦʾ ʨʝʯʦʚʠʥʠ [9]. 

ʇʨʠʨʦʜʥʽ ʬʘʢʪʦʨʠ, ʧʦʚôʷʟʘʥʽ ʟ ʨʫʭʦʤ ˇʨʫʥʪʦʚʦʾ ʚʦʣʦʛʠ (ʬʽʣʴʪʨʘʮʽʡʥʠʡ 

ʧʦʪʽʢ, ʢʘʧʽʣʷʨʥʠʡ ʧʦʪʽʢ, ʪʝʨʤʦʚʦʣʦʛʦʧʝʨʝʥʦʩ), ʤʦʞʥʘ ʽʥʪʝʛʨʘʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ 

ʷʢ ʦʜʠʥ ʩʫʤʘʨʥʠʡ ʧʦʪʽʢ ʚʦʣʦʛʠ. ʇʝʨʝʥʦʩ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ 

ʟ ˇʨʫʥʪʦʚʠʤ ʨʦʟʯʠʥʦʤ ʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʘʜʩʦʨʙʮʽʻʶ ʥʘ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʾ ʬʘʟʠ 

ˇʨʫʥʪʫ ʽ ʜʝʩʦʨʙʮʽʻʶ ʥʘʟʘʜ ʫ ˇʨʫʥʪʦʚʠʡ ʨʦʟʯʠʥ. ʅʘʧʨʷʤʦʢ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ 

ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. ʊʘʢ,  

ʫ ʩʧʝʢʦʪʥʽ ʣʽʪʥʽ ʜʥʽ, ʢʦʣʠ ʧʝʨʝʚʘʞʘʻ ʢʘʧʽʣʷʨʥʠʡ ʨʫʭ ʧʦʨʦʚʦʛʦ ʨʦʟʯʠʥʫ, ʩʫ-

ʤʘʨʥʠʡ ʧʦʪʽʢ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʥʘʧʨʘʚʣʝʥʠʡ ʫʛʦʨʫ, ʧʽʩʣʷ ʜʦʱʽʚ ʧʝʨʝʚʘʞʘʻ 

ʽʥʬʽʣʴʪʨʘʮʽʷ ʽ ʩʫʤʘʨʥʠʡ ʧʦʪʽʢ ʥʘʧʨʘʚʣʝʥʠʡ ʫʥʠʟ [5]. ɸʣʝ ʟʤʽʥʦʶ ʧʦʪʦʢʫ ʚ ʯʘʩʽ 

ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ˇʨʫʥʪʽ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʨʦʢʘʤʠ, 

ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ, ʦʩʢʽʣʴʢʠ ʩʝʨʝʜʥʴʦʨʽʯʥʠʡ ʧʦʪʽʢ ʚʦʣʦʛʠ ʜʣʷ ʜʘʥʦʛʦ ʪʠʧʫ 

ˇʨʫʥʪʫ ʚ ʜʘʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ 

ʤʽʛʨʘʮʽʾ ʻ ʚʝʣʠʯʠʥʦʶ ʧʦʩʪʽʡʥʦʶ.  
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ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʮʽʥʢʠ ʚʥʝʩʢʫ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʽ ʜʠʬʫʟʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ 

ʽʦʥʽʚ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʾʭʥʴʦʤʫ ʧʝʨʝʤʽʱʝʥʥʽ ʫ ˇʨʫʥʪʽ ʰʚʠʜʢʽʩʪʴ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʧʝʨʝʥʦʩʫ V  ʽʦʥʽʚ ʫ ˇʨʫʥʪʽ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ [5] 

 

pKvV gº / , (1) 

 

ʜʝ v  ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʚʦʣʦʛʠ; g ï ʛʫʩʪʠʥʘ ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ;  

pK  ï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ. 

ʉʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʚʦʣʦʛʠ ʜʣʷ ˇʨʫʥʪʽʚ ʩʝʨʝʜʥʴʦʾ ʩʤʫʛʠ ɭʚʨʦʧʠ 

ʩʢʣʘʜʘʻ ʙʽʣʷ (0,3ï30)Ț10-2 ʤ ʟʘ ʨʽʢ, ʛʫʩʪʠʥʘ ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ g=103 ʢʛ/ʤ3, 

ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʧʦʜʽʣʫ ʜʣʷ ʩʪʨʦʥʮʽʶ pK º10-2 ʤ3/ʢʛ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʤʦ, 

ʱʦ ʟʘ ʨʽʢ Sr90
 ʟʤʽʱʘʻʪʴʩʷ ʫ ˇʨʫʥʪʽ ʥʘ (0,03ï3)Ț10-2 ʤ. 

ʇʦʨʷʜ ʟ ʢʦʥʚʝʢʪʠʚʥʠʤ ʧʝʨʝʥʦʩʦʤ ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ʚʽʜʽʛʨʘʻ ʜʠʬʫʟʽʷ, ʷʢ ʬʘʢʪʦʨ, ʷʢʠʡ ʚʠʢʣʠʢʘʻ ʧʝʨʝʤʽʱʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʽʦʥʽʚ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʨʦʟʯʠʥʽ, ʘʣʝ ʡ ʘʜʩʦʨʙʦʚʘʥʠʭ ʽʦʥʽʚ. ɺʢʣʘʜ ʜʠʬʫʟʽʾ ʙʫʜʝ ʨʽʟʥʠʤ  

ʫ ʨʽʟʥʠʭ ʪʠʧʘʭ ˇʨʫʥʪʽʚ. ɺʽʥ ʙʫʜʝ ʪʠʤ ʙʽʣʴʰʠʤ, ʯʠʤ ʙʽʣʴʰʝ ʽʦʥʽʚ ʘʜʩʦʨʙʦʚʘʥʦ  

ʽ ʯʠʤ ʤʝʥʰʘ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ˇʨʫʥʪʦʚʦʾ ʚʦʣʦʛʠ. 

ʋ ˇʨʫʥʪʽ ʯʘʩʪʠʥʘ ʽʦʥʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʩʪʘʥʽ, ʘ ʯʘʩʪʠʥʘ ï  

ʫ ʨʦʟʯʠʥʽ. ʇʨʦʮʝʩ ʜʠʬʫʟʽʡʥʦʛʦ ʧʝʨʝʥʦʩʫ ʽʦʥʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʩʢʣʘʜʘʻʪʴʩʷ  

ʟ ʧʦʩʣʽʜʦʚʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʚʽʣʴʥʦʾ ʜʠʬʫʟʽʾ ʚ ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʩʪʘʥʽ, ʧʝʨʝʭʦʜʽ ʾʭ  

ʫ ʨʦʟʯʠʥ ʫ ʨʝʟʫʣʴʪʘʪʽ ʽʦʥʥʦʛʦ ʦʙʤʽʥʫ, ʙʽʣʴʰ ʰʚʠʜʢʦʾ ʜʠʬʫʟʽʾ ʫ ʨʦʟʯʠʥʽ  

ʽ ʧʝʨʝʭʦʜʫ ʟʥʦʚʫ ʚ ʘʜʩʦʨʙʦʚʘʥʠʡ ʩʪʘʥ. 

ɼʠʬʫʟʽʶ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʧʨʦʮʝʩʦʤ, ʦʩʢʽʣʴʢʠ  

ʫ ˇʨʫʥʪʽ ʟʘʚʞʜʠ ʥʘʷʚʥʽ ʛʨʘʜʽʻʥʪʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. ʊʦʤʫ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʫ ʰʚʠʜʢʽʩʪʴ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʚʦʥʠ 

ʯʘʩʪʦ ʚʽʜʽʛʨʘʶʪʴ ʦʩʥʦʚʥʫ ʨʦʣʴ ʫ ʤʽʛʨʘʮʽʾ, ʟʦʢʨʝʤʘ, ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʟʘʙʨʫʜʥʝʥʴ. 

ʑʦʙ ʦʮʽʥʠʪʠ ʚʢʣʘʜ ʜʠʬʫʟʽʡʥʦʾ ʤʽʛʨʘʮʽʾ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʥʘʙʣʠʞʝʥʫ 

ʬʦʨʤʫʣʫ ʧʝʨʝʤʽʱʝʥʥʷ x  ʯʘʩʪʠʥʦʢ ʜʦʤʽʰʢʠ [5] 

 

p@ Dtx 2 , (2) 

 

ʜʝ D  ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ; t  ï ʯʘʩ. 

ɼʣʷ Sr90
 ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʟʤʽʥʶʻʪʴʩʷ ʫ ˇʨʫʥʪʘʭ ʫ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ  

ʫ ʤʝʞʘʭ 10-12ï10-11 ʤ2/ʩ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʩʝʨʝʜʥʻ 

ʟʤʽʱʝʥʥʷ ʩʪʨʦʥʮʽʶ ʟʘ ʨʽʢ ʩʢʣʘʜʘʻ (0,5ï2)Ț10-2 ʤ. 

ʆʜʥʘʢ ʽʩʥʫʻ ʷʢʽʩʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʭʘʨʘʢʪʝʨʽ ʜʽʾ ʜʚʦʭ ʬʘʢʪʦʨʽʚ: 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʫ ʟ ʧʦʪʦʢʦʤ ʚʦʣʦʛʠ ʽ ʜʠʬʫʟʽ.ʾ ʂʦʥʚʝʢʪʠʚʥʠʡ ʧʝʨʝʥʦʩ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʝʨʝʤʽʱʝʥʥʷ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ ʟʽ ʟʤʽʱʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʫʛʣʠʙ ˇʨʫʥʪʫ. ɼʠʬʫʟʽʷ ʚʠʢʣʠʢʘʻ ʨʦʟʰʠʨʝʥʥʷ ʟʦʥʠ ʟʘʙʨʫʜʥʝʥʥʷ  

ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ. 

ʇʝʨʝʥʦʩ ʽʦʥʽʚ ʢʦʨʝʥʝʚʠʤʠ ʩʠʩʪʝʤʘʤʠ ʨʦʩʣʠʥ ʪʘʢʦʞ ʚʥʦʩʠʪʴ ʩʚʽʡ ʚʢʣʘʜ  

ʫ ʤʽʛʨʘʮʽʶ ʨʘʜʽʦʥʫʢʣʽʜʽʚ. ɿʥʘʯʠʤʽʩʪʴ ʮʴʦʛʦ ʬʘʢʪʦʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʣʠʙʠʥʠ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽ ʛʫʩʪʠʥʠ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʫ ˇʨʫʥʪʽ. ɸʣʝ ʦʩʢʽʣʴʢʠ 

ʘʜʩʦʨʙʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʤʝʥʰʘ, ʥʽʞ ˇʨʫʥʪʫ, ʪʦ ʧʨʠ ʫʤʦʚʽ, ʱʦ 

ʾʭ ʩʫʤʘʨʥʠʡ ʦʙôʻʤ ʩʢʣʘʜʘʻ ʥʝʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʚʽʜ ʦʙôʻʤʫ ˇʨʫʥʪʫ, ʷʢʠʡ ʟʘʡʤʘʻ 
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ʢʦʨʝʥʝʚʘ ʩʠʩʪʝʤʘ, ʚʢʣʘʜ ʢʦʨʝʥʝʚʦʛʦ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʩʫʪʪʻʚʠʡ. ʂʦʣʠ ʞ ʨʦʣʴ ʢʦʨʝʥʝʚʦʛʦ ʧʝʨʝʥʦʩʫ ʫ ʤʽʛʨʘʮʽʾ ʻ ʧʦʤʽʪʥʦʶ, ʪʦ ʡʦʛʦ 

ʥʘʩʣʽʜʢʠ ʪʘʢʽ ʞ, ʷʢ ʽ ʫ ʧʦʧʝʨʝʜʥʽʭ ʜʚʦʭ ʚʠʧʘʜʢʘʭ ï ʟʦʥʘ ʟʘʙʨʫʜʥʝʥʥʷ 

ʨʦʟʤʠʚʘʻʪʴʩʷ ʽ ʧʨʦʥʠʢʘʻ ʚ ʛʣʠʙʠʥʫ ˇʨʫʥʪʫ. ɿʚʦʨʦʪʥʠʡ ʨʫʭ ʚʟʜʦʚʞ ʢʦʨʝʥʝʚʦʾ 

ʩʠʩʪʝʤʠ ʟʥʘʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʤʽʛʨʘʮʽʶ ʥʝ ʤʘʻ, ʦʩʢʽʣʴʢʠ ʨʘʜʽʦʥʫʢʣʽʜʠ ʽʟ ʟʦʥʠ 

ʤʘʣʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʟʦʥʫ ʚʝʣʠʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ,  

ʽ ʪʦʤʫ ʥʠʤ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ.  

ʆʩʢʽʣʴʢʠ ʢʦʥʚʝʢʪʠʚʥʠʡ ʧʝʨʝʥʦʩ ʚʦʣʦʛʠ ʫ ˇʨʫʥʪʽ ʽ ʜʠʬʫʟʽʷ ʦʧʠʩʫʶʪʴʩʷ 

ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʦ ʽʩʥʫʶʯʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʘ ʜʽʷ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʜʽʙʥʠʭ ʥʘʩʣʽʜʢʽʚ, ʪʦ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ  

ʫ ˇʨʫʥʪʽ ʤʦʞʥʘ ʦʙʤʝʞʠʪʠʩʷ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʫ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ ˇʨʫʥʪʦʚʦʶ ʚʦʣʦʛʦʶ ʪʘ ʾʭʥʴʦʶ ʜʠʬʫʟʽʻʶ. 

 

ʇʦʚʝʨʭʥʝʚʠʡ ʟʤʠʚ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

 

ɺ ʷʢʦʩʪʽ ʢʽʣʴʢʽʩʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʤʠʚʫ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʟʤʠʚʫ K, ʷʢʠʡ ʦʧʠʩʫʻ ʯʘʩʪʠʥʫ ʟʘʧʘʩʫ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʥʘ ʚʦʜʦʟʙʦʨʽ, ʷʢʘ ʥʘʜʽʡʰʣʘ ʟ ʧʦʚʝʨʭʥʝʚʠʤ ʩʪʦʢʦʤ ʫ ʚʦʜʦʡʤʫ [10]. 

ʂʦʝʬʽʮʽʻʥʪ ʟʤʠʚʫ K  ʜʣʷ ʚʦʜʦʨʦʟʯʠʥʥʦʾ ʬʦʨʤʠ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 

)( 0HAhAK p= , (3) 

 

ʜʝ pA  ï ʚʦʜʦʨʦʟʯʠʥʥʘ ʯʘʩʪʠʥʘ ʘʢʪʠʚʥʦʩʪʽ; 0A  ï ʟʘʛʘʣʴʥʘ ʘʢʪʠʚʥʽʩʪʴ; h  ï 

ʪʦʚʱʠʥʘ ʰʘʨʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ, ʤʤ; H  ï ʟʘʛʘʣʴʥʠʡ ʚʦʜʦʟʘʧʘʩ ʫ ʤʽʩʮʽ 

ʚʽʜʙʠʨʘʥʥʷ ʧʨʦʙʠ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʻ, ʱʦ Sr90
 ʟʤʠʚʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ 

ʚ ʨʦʟʯʠʥʝʥʦʤʫ ʩʪʘʥʽ (ʮʝ ʚʠʧʣʠʚʘʻ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʟʤʠʚʫ ʫ ʨʦʟʯʠʥʝʥʦʤʫ ʩʪʘʥʽ ʽ ʟʘʚʠʩʽ). ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ Cs137
 ʟʤʠʚʘʻʪʴʩʷ  

ʫ ʟʘʚʠʩʣʦʤʫ ʩʪʘʥʽ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʟʜʘʪʥʽʩʪʶ ʘʪʦʤʽʚ ʮʝʟʽʶ ʫʪʚʦʨʶʚʘʪʠ ʤʽʮʥʽ 

ʩʧʦʣʫʢʠ ʟ ʛʣʠʥʠʩʪʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʪʘ ʟʘʣʫʯʘʪʠ ʾʭ ʜʦ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʾ ʯʘʩʪʠʥʠ 

ˇʨʫʥʪʫ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʜʣʷ ʧʘʣʠʚʥʠʭ ʯʘʩʪʠʥʦʢ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʝʷʢʽ ʟʘʛʘʣʴʥʽ 

ʟʘʢʦʥʦʤ̔ʨʥʦʩʪʽ ʣʦʢʘʣʴʥʦʾ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ [1]. ɺ ʢʦʥʢʨʝʪʥʠʭ 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʦʙʣʘʩʪʝʡ ʟʙʦʨʫ ʽ ʚʠʥʦʩʫ ʧʽʩʢʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʥʘ ʨʽʟʥʠʭ ʚʠʩʦʪʘʭ ʽ ʟôʻʜʥʘʥʽ ʨʫʩʣʦʤ ʚʦʜʥʠʭ ʧʦʪʦʢʽʚ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʟʦʥ ʥʘʢʦʧʠʯʝʥʥʷ ʧʘʣʠʚʥʠʭ ʯʘʩʪʠʥʦʢ, ʘʥʘʣʦʛʽʯʥʦ ʜʦ 

ʟʦʥ ʥʘʢʦʧʠʯʝʥʥʷ ʚʘʞʢʠʭ ʘʢʮʝʩʦʨʥʠʭ ʤʽʥʝʨʘʣʽʚ. ʈʘʜʽʦʘʢʪʠʚʥʽʩʪʴ ʧʘʣʠʚʥʠʭ 

ʯʘʩʪʠʥʦʢ ʩʧʨʦʱʫʻ ʚʠʷʚʣʝʥʥʷ ʤʽʩʮʴ ʾʭʥʴʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ. ɺ ʪʘʙʣ. 1 ʥʘʚʝʜʝʥʦ 

ʜʘʥʽ ʧʨʦ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʧʘʣʠʚʥʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽ 

ʚʽʜʩʪʘʥʽ [1]. ʂʦʥʮʝʥʪʨʘʮʽʷ ʮʝʨʽʶ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʚʤʽʩʪ ʧʘʣʠʚʥʠʭ ʯʘʩʪʠʥʦʢ  

ʫ ʧʽʩʢʦʚʠʭ ˇʨʫʥʪʘʭ, ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʦʙʣʘʩʪʽ ʟʥʦʩʫ ʜʦ ʦʙʣʘʩʪʽ ʥʘʢʦʧʠʯʝʥʥʷ  

ʫ 4ï60 ʨʘʟ̔ʚ. 

ʅʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟʨʦʙʣʝʥʦ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʦʮʝʩʠ ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʫ ʧʘʣʠʚʥʠʭ ʯʘʩʪʠʥʦʢ ʤʦʞʫʪʴ 

ʧʨʠʚʝʩʪʠ ʪʽʣʴʢʠ ʜʦ ʥʝʟʥʘʯʥʦʛʦ ʾʭ ʧʝʨʝʤʽʱʝʥʥʷ, ʘ ʥʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʨʦʟʧʦʜʽʣʫ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ [1]. 
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ʊʘʙʣʠʮʷ 1 ï ʂʦʥʮʝʥʪʨʘʮʽʷ Ce144
 ʥʘ ʜʽʣʷʥʢʘʭ ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʫ ʧʘʣʠʚʥʠʭ 

ʯʘʩʪʠʥʦʢ  

 

ʄʽʩʮʝ ʚʽʜʙʦʨʫ ʧʨʦʙ 

(ʥʘ 26.04.1986) 
ʂʦʥʮʝʥʪʨʘʮʽʷ Ce144

 10-4, 

ɹʢ/ʢʛ 

ɺʽʜʩʪʘʥʴ ʤʽʞ 

ʪʦʯʢʘʤʠ ʚʽʜʙʦʨʫ 

ʧʨʦʙ, ʤ 
ʟʥʦʩ ʥʘʢʦʧʠʯʝʥʥʷ 

ʇʦʣʽʛʦʥ 3 0,4 3,1 30 

ʇʽʚʥʽʯʥʠʡ ʙʝʨʝʛ ʩʪʘʚʢʘ-ʦʭʦʣʦʜʞʫʚʘʯʘ 4,8 80 3 

ʇʦʣʽʛʦʥ 4 0,9 55 5 

Ăʃʽʩʥʠʮʪʚʦò, 9 ʢʤ ʟʘʭʽʜʥʽʰʝ 4-ʛʦ ʙʣʦʢʫ 8,1 35 3,5 

ʨ. ʇʨʠʧôʷʪʴ, ʧʨʘʚʠʡ ʙʝʨʝʛ ʙʽʣʷ ʧʘʨʦʤʫ 2,4 32 30 

 

ʂʽʣʴʢʽʩʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʝʨʪʠʢʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ˇʨʫʥʪʘʭ 30-ʢʽʣʦʤʝʪʨʦʚʦʾ 

ʟʦʥʠ ʏɸɽʉ ʧʨʦʚʦʜʠʣʠʩʴ ʙʘʛʘʪʴʤʘ ʥʘʫʢʦʚʠʤʠ ʰʢʦʣʘʤʠ. ɿʦʢʨʝʤʘ, ʧʝʨʝʥʦʩ 

ʪʨʘʥʩʫʨʘʥʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʥʘ ˇʨʫʥʪʦʚʠʭ ʧʦʣʽʛʦʥʘʭ, ʷʢʽ ʨʦʟʤʽʱʝʥʽ 

ʥʘ ʚʽʜʩʪʘʥʽ 5ï14,5 ʢʤ ʚʽʜ ʩʪʘʥʮʽʾ ʽ ʦʭʦʧʣʶʶʪʴ ʪʘʢʽ ʪʠʧʠ ˇʨʫʥʪʽʚ: ʪʦʨʬʦʚʦ-

ʙʦʣʦʪʥʠʡ, ʥʘ ʥʠʟʠʥʥʠʭ ʪʦʨʬʘʭ ʧʦʪʫʞʥʽʩʪʶ ʙʽʣʴʰʝ ʥʽʞ 0,5 ʤ; ʜʝʨʥʦʚʦ-ʣʫʛʦʚʠʡ 

ʧʽʩʢʦʚʠʡ ʦʧʽʜʟʦʣʝʥʠʡ; ʜʝʨʥʦʚʦ-ʣʫʛʦʚʠʡ ʧʽʩʢʦʚʠʡ, ʛʣʝʻʚʘʪʠʡ; ʜʝʨʥʦʚʦ-

ʧʽʜʟʦʣʠʩʪʠʡ ʧʽʩʢʦʚʠʡ, ʜʝʨʥʦʚʦ-ʩʣʘʙʢʦʧʽʜʟʦʣʠʩʪʠʡ ʤʘʣʦʛʫʤʫʩʥʠʡ ʧʽʩʢʦʚʠʡ [11]. 

ʂʦʞʝʥ ʪʠʧ ˇʨʫʥʪʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʪʨʴʦʤʘ ʧʦʣʽʛʦʥʘʤʠ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʣʘʥʜʰʘʬʪʦʤ ʽ ʩʪʫʧʝʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ. ɺ ʪʘʙʣ. 2 ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʬʦʨʤ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ˇʨʫʥʪʫ. 

 

ʊʘʙʣʠʮʷ 2 ï ʈʦʟʧʦʜʽʣ ʬʦʨʤ  Sr90
,  Pu239

,  Am241
 ʫ ʨʽʟʥʠʭ ʪʠʧʘʭ ˇʨʫʥʪʽʚ (%) 

 
ʐʘʨ 
ˇʨʫʥʪʫ,  
10-2 ʤ 

ʌʦʨʤʘ ʪʦʨʬôʷʥʠʢ ʛʣʝʻʚʘʪʠʡ ˇʨʫʥʪ ʧʽʩʢʦʚʠʡ ˇʨʫʥʪ 

  Sr90  Pu239
 Am241  Sr90  Pu239  Am241

 Sr90  Pu239  Am241
 

1 

ɺʦʜʦʨʦʟʯʠʥʥʘ 
ʆʙʤʽʥʥʘ 

ʂʠʩʣʦʪʦʨʦʟʯʠʥʥʘ 
ʊʚʝʨʜʠʡ ʟʘʣʠʰʦʢ 

0,59 
48,4 
24,8 
26,1 

0,36 
0,77 
1,14 
97,7 

0,48 
2,4 
43,2 
53,9 

4,48 
26,7 
15,2 
53,6 

0,77 
4,11 
4,51 
90,6 

0,55 
7,94 
46,0 
45,5 

4,07 
52,9 
29,7 
13,3 

3,89 
5,95 
5,85 
84,9 

0,27 
5,8 
73,4 
20,5 

2 

ɺʦʜʦʨʦʟʯʠʥʥʘ 
ʆʙʤʽʥʥʘ 

ʂʠʩʣʦʪʦʨʦʟʯʠʥʥʘ 
ʊʚʝʨʜʠʡ ʟʘʣʠʰʦʢ 

0,54 
46,1 
37,7 
15,6 

0,47 
0,94 
1,27 
97,4 

0,32 
3,45 
47,1 
48,9 

4,25 
36,5 
27,2 
32,1 

0,58 
3,1 
3,7 
92,6 

0,3 
6,7 
56,4 
36,6 

3,5 
55,1 
27,5 
13,9 

0,58 
3,65 
3,01 
92,8 

0,12 
7,74 
65,6 
26,9 

3 

ɺʦʜʦʨʦʟʯʠʥʥʘ 
ʆʙʤʽʥʥʘ 

ʂʠʩʣʦʪʦʨʦʟʯʠʥʥʘ 
ʊʚʝʨʜʠʡ ʟʘʣʠʰʦʢ 

0,8 
42,9 
38,6 
17,6 

0,52 
1,01 
1,17 
97,3 

0,19 
3,12 
53,3 
43,4 

3,77 
52,2 
26,8 
17,2 

0,48 
5,27 
4,13 
90,1 

0,18 
8,56 
53,0 
38,2 

1,29 
58,2 
30,4 
10,1 

0,66 
3,54 
3,83 
91,9 

0,16 
6,92 
66,4 
26,5 

4 

ɺʦʜʦʨʦʟʯʠʥʥʘ 
ʆʙʤʽʥʥʘ 

ʂʠʩʣʦʪʦʨʦʟʯʠʥʥʘ 
ʊʚʝʨʜʠʡ ʟʘʣʠʰʦʢ 

0,8 
46,4 
37,3 
15,1 

0,41 
0,68 
1,72 
97,0 

0,11 
5,6 
61,1 
33,3 

2,67 
48,2 
28,6 
20,5 

0,62 
4,85 
2,84 
91,7 

0,14 
6,69 
53,2 
39,9 

0,81 
74,7 
18,6 
5,91 

0,29 
4,17 
6,36 
89,2 

0,08 
6,14 
73,9 
19,9 

5 

ɺʦʜʦʨʦʟʯʠʥʥʘ 
ʆʙʤʽʥʥʘ 

ʂʠʩʣʦʪʦʨʦʟʯʠʥʥʘ 
ʊʚʝʨʜʠʡ ʟʘʣʠʰʦʢ 

0,5 
46,6 
39,5 
13,4 

0,5 
1,5 
4,0 
94,0 

0,15 
3,55 
52,0 
44,3 

2,91 
58,5 
26,2 
12,5 

0,88 
6,37 
3,38 
89,4 

0,15 
7,57 
53,7 
38,5 

0,74 
61,6 
31,2 
6,51 

0,17 
3,28 
3,57 
93,0 

0,07 
5,7 
74,3 
20,0 

6 

ɺʦʜʦʨʦʟʯʠʥʥʘ 
ʆʙʤʽʥʥʘ 

ʂʠʩʣʦʪʦʨʦʟʯʠʥʥʘ 
ʊʚʝʨʜʠʡ ʟʘʣʠʰʦʢ 

0,5 
45,6 
37,9 
16,0 

1,1 
2,3 
3,4 
93,2 

- 
6,2 
42,9 
50,9 

2,18 
40,8 
19,9 
37,0 

1,44 
6,9 
2,69 
89,0 

0,13 
9,03 
52,5 
38,4 

0,68 
64,6 
28,6 
6,16 

0,28 
1,73 
3,9 
94,0 

0,09 
7,9 
76,1 
15,8 
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ʅʘ 1992 ʨʽʢ ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʠʧʽʚ ˇʨʫʥʪʽʚ ʫ ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ 

ʪʦʚʱʠʥʦʶ 0,06 ʤ ʟʥʘʭʦʜʠʣʦʩʴ 95ï97% ʧʣʫʪʦʥʽʶ ʪʘ ʘʤʝʨʠʮʽʶ. ɺʤʽʩʪ Sr90
  

ʫ ʤʘʣʦʛʫʤʫʩʥʠʭ ʧʽʩʢʦʚʠʭ ˇʨʫʥʪʘʭ ʥʘ ʛʣʠʙʠʥʽ 0,12ï0,14 ʤ ʜʦʩʷʛʘʻ 8ï10% ʚʽʜ 

ʡʦʛʦ ʧʦʚʥʦʛʦ ʚʤʽʩʪʫ ʫ ʧʨʦʙʽ. ɺ ʮʠʭ ˇʨʫʥʪʘʭ ʩʧʦʩʪʝʨ̔ ʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʝ 

ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʩʪʨʦʥʮʽʶ ʽ ʡʦʛʦ ʟʥʘʯʥʘ ʤʽʛʨʘʮʽʷ ʫ ʛʣʠʙʠʥʥʽ ʛʦʨʠʟʦʥʪʠ. 

ʇʨʦʥʠʢʥʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʚ ʦʛʣʝʻʥʽ ˇʨʫʥʪʦʚʽ ʛʦʨʠʟʦʥʪʠ ʦʙʤʝʞʝʥʝ ʽ ʩʢʣʘʜʘʻ 

ʜʝʩʷʪʽ ʯʘʩʪʢʠ ʚʽʜʩʦʪʢʘ ʜʣʷ ʩʪʨʦʥʮʽʶ ʽ ʩʦʪʽ ʯʘʩʪʢʠ ʚʽʜʩʦʪʢʘ ï ʜʣʷ ʧʣʫʪʦʥʽʶ ʪʘ 

ʘʤʝʨʠʮʽʶ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʟʥʘʭʦʜʞʝʥʥʷ ʨʽʟʥʠʭ ʬʦʨʤ Sr90
 ʽ Cs137

 

ʟʘ ʛʣʠʙʠʥʦʶ ʧʨʦʬʽʣʶ ʚ ʘʣʶʚʽʘʣʴʥʦ-ʜʝʨʥʦʚʠʭ ˇʨʫʥʪʘʭ [12] ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ, 

ʱʦ ʥʘ ʩʝʨʧʝʥʴ 1991 ʨ. ʚ ʘʣʶʚʽʘʣʴʥʠʭ ʜʝʨʥʦʚʠʭ ˇʨʫʥʪʘʭ ʦʩʥʦʚʥʘ ʢʽʣʴʢʽʩʪʴ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ (97ï99% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʟʘʧʘʩʫ) ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʝʨʭʥʽʭ ʰʘʨʘʭ 

ˇʨʫʥʪʫ (0ï0,06 ʤ). ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʫ ʚʽʜʤʽʥʥʽʩʪʴ ʭʽʤʽʯʥʠʭ ʬʦʨʤ Sr90
 ʽ 

Cs137
 ʫ ˇʨʫʥʪʘʭ, ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ ʨʽʟʥʠʮʷ ʫ ʰʚʠʜʢʦʩʪʽ ʾʭ ʤʽʛʨʘʮʽʾ.  

ʋ ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ ˇʨʫʥʪʫ ʥʘ ʛʣʠʙʠʥʽ 0,04ï0,06 ʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ 

ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʚʦʜʦʨʦʟʯʠʥʥʦʾ ʪʘ ʦʙʤʽʥʥʦʩʦʨʙʦʚʘʥʦʾ ʬʦʨʤ .137Cs  ʅʠʞʯʝ 

ʮʴʦʛʦ ʰʘʨʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʮʠʭ ʬʦʨʤ. ɼʣʷ ʚʩʽʭ 

ʪʠʧʽʚ ˇʨʫʥʪʽʚ ʨʦʟʧʦʜʽʣ ʤʽʮʥʦʟʚôʷʟʘʥʦʾ ʬʦʨʤʠ Cs137
 ʨʽʚʥʦʤʽʨʥʠʡ ʟʘ ʧʨʦʬʽʣʝʤ. 

ɺʽʜʥʦʩʥʠʡ ʚʤʽʩʪ ʦʙʤʽʥʥʦʩʦʨʙʦʚʘʥʦʾ ʬʦʨʤʠ Sr90
 ʜʣʷ ʛʣʝʻʚʠʭ ʽ ʧʽʩʢʦʚʠʭ ˇʨʫʥʪʽʚ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʛʣʠʙʠʥʦʶ ʚ ʰʘʨʽ 0ï0,06 ʤ. ɻʣʠʙʰʝ ʯʘʩʪʢʘ ʮʽʻʾ ʬʦʨʤʠ 

ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ. ɺʽʜʥʦʰʝʥʥʷ ʨʫʭʦʤʦʾ ʽ ʬʽʢʩʦʚʘʥʦʾ ʬʦʨʤ Sr90
 ʫ ʰʘʨʽ 

0ï0,3 ʤ ʻ ʚʝʣʠʯʠʥʦʶ ʧʦʩʪʽʡʥʦʶ. 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʤʽʛʨʘʮʽʾ Cs137
 ʟʘ ˇʨʫʥʪʦʚʠʤ ʧʨʦʬʽʣʝʤ ʧʨʦʚʦʜʠʣʠʩʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʨʽʟʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʨʝʣʴʻʬʫ. ɿʘ ʦʜʥʘʢʦʚʠʭ 

ʘʪʤʦʩʬʝʨʥʠʭ ʫʤʦʚ ʥʘʡʙʽʣʴʰʽ ʪʝʤʧʠ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʫ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʥʘ 

ʚʦʜʦʨʦʟʜʽʣʴʥʠʭ ʫʚʘʣʘʭ, ʩʭʠʣʘʭ, ʫ ʧʦʥʠʞʝʥʥʷʭ, ʘ ʪʘʢʦʞ ʥʘ ʟʘʪʦʧʣʝʥʠʭ ʟʘʧʣʘʚʘʭ. 

ɿʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʤʽʛʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ˇʨʫʥʪʠ ʤʦʞʥʘ ʨʦʟʤʽʩʪʠʪʠ ʫ ʪʘʢʠʡ ʨʷʜ (ʟʘ 

ʟʤʝʥʰʝʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ):  

ˇʨʫʥʪʠ ʧʦʩʪʽʡʥʦ ʟʘʪʦʧʣʶʚʘʥʠʭ ʟʘʧʣʘʚ ­  ˇʨʫʥʪʠ ʥʝʟʘʪʦʧʣʶʚʘʥʠʭ ʟʘʧʣʘʚ  

­  ˇʨʫʥʪʠ ʜʽʣʷʥʦʢ ʚʦʜʦʨʦʟʜʽʣʫ ʽ ʪʝʨʘʩ ­  ˇʨʫʥʪʠ ʩʭʠʣʽʚ. 

ʋ ˇʨʫʥʪʘʭ ʟʘʪʦʧʣʶʚʘʥʠʭ ʟʘʧʣʘʚ ʤʘʢʩʠʤʫʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ 

(ʙʣʠʟʴʢʦ 40% ʟʘʛʘʣʴʥʦʛʦ ʟʘʧʘʩʫ ʨʘʜʽʦʮʝʟʽʶ) ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʰʘʨʽ 0,1ï0,15 ʤ 

(ɹʨʷʥʩʴʢʘ ʦʙʣ.). ʅʘ ʚʦʜʦʨʦʟʜʽʣʴʥʠʭ ʩʭʠʣʘʭ ʽ ʪʝʨʘʩʘʭ ʙʽʣʷ 90% ʮʝʟʽʶ ʟʥʘʭʦʜʠʪʴʩʷ 

ʫ ʰʘʨʽ 0ï0,05 ʤ. ɸʥʘʣʦʛʽʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʦ ʽ ʥʘ ʯʦʨʥʦʟʝʤʘʭ. ʆʜʥʘʢ, 

ʪʝʤʧʠ ʤʽʛʨʘʮʽʾ ʫ ʮʠʭ ˇʨʫʥʪʘʭ ʜʝʱʦ ʥʠʞʯʽ, ʥʽʞ ʥʘ ʧʽʩʢʦʚʠʭ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʠʭ 

ˇʨʫʥʪʘʭ. ɺʽʜʥʦʩʥʦ ʚʠʩʦʢʽ ʪʝʤʧʠ ʤʽʛʨʘʮʽʾ ʮʝʟʽʶ ʥʘ ʯʦʨʥʦʟʝʤʘʭ ʊʫʣʴʩʴʢʦʾ ʦʙʣʘʩʪʽ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʠʤʠ ˇʨʫʥʪʘʤʠ ʧʦʚôʷʟʘʥʽ ʟ ʚʝʣʠʢʦʶ ʨʫʭʣʠʚʽʩʪʶ 

ʢʦʤʧʣʝʢʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ,137Cs  ʜʦʙʨʦʶ ʩʪʨʫʢʪʫʨʦʚʘʥʽʩʪʶ ʯʦʨʥʦʟʝʤʥʠʭ 

ˇʨʫʥʪʽʚ (ʥʘʷʚʥʽʩʪʶ ʚʝʣʠʢʠʭ ʪʨʽʱʠʥ ʽ ʧʦʨ), ʘ ʪʘʢʦʞ ʚʠʩʦʢʦʶ ʩʦʨʙʮʽʡʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʥʠʞʯʠʭ ʰʘʨʽʚ ˇʨʫʥʪʦʚʦʛʦ ʧʨʦʬʽʣʶ. 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʚʝʨʪʠʢʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʮʝʟʽʶ ʥʘ ʜʽʣʷʥʢʘʭ, ʷʢʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ˇʨʫʥʪʘʤʠ ʽ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʽʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [13], 

ʧʦʢʘʟʘʚ, ʱʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʨʽʟʥʽ ʨʽʚʥʽ ʟʘʙʨʫʜʥʝʥʥʷ, ʜʣʷ ʦʜʥʦʪʠʧʥʠʭ ˇʨʫʥʪʽʚ 

ʨʦʟʧʦʜʽʣ Cs137
 ʟʘ ʛʣʠʙʠʥʦʶ ʥʦʩʠʪʴ ʧʦʜʽʙʥʠʡ ʭʘʨʘʢʪʝʨ, ʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʥʘʧʽʚʣʦʛʘʨʠʬʤʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʟʥʠʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʛʣʠʙʠʥʦʶ. ʅʘ ʮʽʣʠʥʥʠʭ 
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ʜʽʣʷʥʢʘʭ ʥʘʡʨʽʟʢʽʰʝ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ Cs137
ʟ ʛʣʠʙʠʥʦʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ 

ʧʽʩʢʦʚʠʭ ˇʨʫʥʪʽʚ. ʈʽʚʥʦʤʽʨʥʽʰʠʡ ʩʧʘʜ ʢʦʥʮʝʥʪʨʘʮʽʾ Cs137
 ʫ hʘʨʘʭ ʪʦʨʬʦʚʦʛʦ ʽ 

ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʦʛʦ ˇʨʫʥʪʽʚ. ʅʘ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʣʷʭ ʧʨʦʭʦʜʠʪʴ ʫʩʝʨʝʜʥʝʥʥʷ 

ʚʤʽʩʪʫ Cs137
 ʫ ʰʘʨʽ 0ï0,2 ʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʚʯʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ Cs137
 ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘ 

ʦʩʽʥʴ 1992 ʨʦʢʫ ʦʩʥʦʚʥʘ ʢʽʣʴʢʽʩʪʴ ʮʝʟʽʶ (ʜʦ 80ï90%) ʥʘ ʮʽʣʠʥʥʠʭ ʜʽʣʷʥʢʘʭ 

ʨʦʟʤʽʱʝʥʘ ʫ ʚʝʨʭʥʽʭ ʰʘʨʘʭ ˇʨʫʥʪʫ, ʷʢʽ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 0,06 ʤ. ɺ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʪʠʧʫ ˇʨʫʥʪʽʚ ʧʦʰʠʨʝʥʥʷ  Cs137
 ʜʽʡʰʣʦ ʜʦ ʛʣʠʙʠʥʠ 0,15ï0,24 ʤ. ʅʘ ʮʽ 

ʛʣʠʙʠʥʠ ʧʨʦʥʠʢʣʦ ʙʣʠʟʴʢʦ 0,3ï1% Cs137
 ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʡʦʛʦ ʚʤʽʩʪʫ ʫ ʨʦʟʨʽʟʽ. 

ʅʘ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʽʣʷʥʢʘʭ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʮʝʟʽʶ ʜʽʡʰʣʦ ʜʦ ʛʣʠʙʠʥʠ 0,25ï

0,3 ʤ, ʘ ʚʤʽʩʪ ʡʦʛʦ ʥʘ ʮʠʭ ʛʣʠʙʠʥʘʭ ʩʢʣʘʜʘʻ 0,02ï0,3% ʚʽʜ ʚʤʽʩʪʫ ʫ ʨʦʟʨʽʟʽ. 

ʅʘʷʚʥʽʩʪʴ ʮʝʟʽʶ ʫ ʛʣʠʙʠʥʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʻ ʥʘʩʣʽʜʢʦʤ ʧʨʦʮʝʩʽʚ ʚʠʣʫʛʦʚʫʚʘʥʥʷ 

Cs137
 ʟ ʚʠʧʘʜʘʥʴ ʽ ʧʝʨʝʭʦʜʦʤ ʫ ʨʫʭʦʤʽ ʚʦʜʦʨʦʟʯʠʥʥʽ ʬʦʨʤʠ ʟ ʥʘʩʪʫʧʥʦʶ 

ʤʽʛʨʘʮʽʻʶ ʟʘ ʧʨʦʬʽʣʝʤ ˇʨʫʥʪʫ. 

ʆʩʢʽʣʴʢʠ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ Cs137
 ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʽʮʥʦʟʚôʷʟʘʥʽʡ ʬʦʨʤʽ  

ʫ ʚʝʨʭʥʽʭ 0,06 ʤ h ʘʨʘʭ ˇʨʫʥʪʫ (98% ʚ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʦʤʫ, 97% ʚ ʪʦʨʬʽ, 92% 

ʫ ʧʽʩʢʦʚʦʤʫ ˇʨʫʥʪʽ), ʪʦ ʘʚʪʦʨʠ ʨʦʙʦʪʠ [14] ʧʨʦʚʝʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʤʝʪʦʶ 

ʚʠʷʚʣʝʥʥʷ ʩʢʣʘʜʦʚʦʾ ˇʨʫʥʪʫ, ʷʢʘ (ʤʽʥʝʨʘʣʴʥʘ ʯʠ ʦʨʛʘʥʽʯʥʘ) ʟʚôʷʟʫʻ .137Cs  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʟ ʦʨʛʘʥʽʯʥʦʶ ʢʦʤʧʦʥʝʥʪʦʶ ˇʨʫʥʪʫ 

ʟʚôʷʟʘʥʦ ʥʝ ʙʽʣʴʰʝ ʥʽʞ 3ï10% Cs137
. ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ Cs137

 (90%) ʟʚôʷʟʘʥʘ  

ʟ ʤʽʥʝʨʘʣʴʥʦʶ ʩʢʣʘʜʦʚʦʶ ˇʨʫʥʪʫ, ʷʢʘ, ʷʢ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʤʽʰ 

ʢʚʘʨʮʫ, ʦʨʪʦʢʣʘʟʫ ʽ ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ. ʇʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʚʠʷʚʠʣʘ, ʱʦ ʭʦʯʘ 

ʛʣʠʥʠʩʪʽ ʤʽʥʝʨʘʣʠ ʩʢʣʘʜʘʶʪʴ ʪʽʣʴʢʠ 5ï7% ʚ ʤʽʥʝʨʘʣʴʥʽʡ ʩʢʣʘʜʦʚʽʡ ˇʨʫʥʪʫ, 

ʚʦʥʠ ʤʽʩʪʷʪʴ 45ï50% ʚʽʜ ʚʩʽʻʾ ʢʽʣʴʢʦʩʪʽ Cs137
. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʮʝʩʫ ʨʦʟʢʣʘʜʫ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ Cs137
 ʧʝʨʝʭʦʜʠʪʴ  

ʫ ʨʫʭʦʤʠʡ ʩʪʘʥ. ʇʨʠ ʮʴʦʤʫ [15], ʦʩʥʦʚʥʘ ʡʦʛʦ ʯʘʩʪʠʥʘ ʟʚôʷʟʫʻʪʴʩʷ ʟ ʤʽʥʝʨʘʣʴʥʦʶ 

ʢʦʤʧʦʥʝʥʪʦʶ ˇʨʫʥʪʫ, ʘ ʽʥʰʘ ï ʤʦʞʝ ʤʽʛʨʫʚʘʪʠ ʟʘ ʧʨʦʬʽʣʝʤ ˇʨʫʥʪʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʨʦʟʢʣʘʜʝʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ˇʨʫʥʪʫ ʟʤʽʥʶʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʚʥʝʩʢʦʤ ʫ ʧʦʛʣʠʥʘʥʥʽ ʮʝʟʽʶ ʦʨʛʘʥʽʯʥʦʶ ʽ ʤʽʥʝʨʘʣʴʥʦʶ ʩʢʣʘʜʦʚʠʤʠ ˇʨʫʥʪʫ ʥʘ 

ʢʦʨʠʩʪʴ ʤʽʥʝʨʘʣʴʥʦʾ. ʊʫʪ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʧʦʛʣʠʥʘʥʥʽ Cs137
 ʤʽʥʝʨʘʣʴʥʦʶ 

ʯʘʩʪʠʥʦʶ ˇʨʫʥʪʫ ʚʽʜʽʛʨʘʻ ʽʟʦʤʦʨʬʥʝ ʟʘʤʽʱʝʥʥʷ ʽʦʥʽʚ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʛʨʘʪʮʽ 

ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ. ʂʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʬʦʨʤ ʤʽʛʨʘʮʽʾ Cs137
 (ʚʦʜʦʨʦʟʯʠʥʥʘ ʪʘ 

ʦʙʤʽʥʥʘ) ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʧʨʦʙʘʭ ˇʨʫʥʪʫ ʩʢʣʘʜʘʻ ʢʽʣʴʢʘ ʚʽʜʩʦʪʢʽʚ. ʊʦʤʫ 

ʧʨʦʥʠʢʥʝʥʥʷ ʫ ʥʠʞʯʽ ʛʦʨʠʟʦʥʪʠ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ Cs137
 ʥʝʤʦʞʣʠʚʝ, ʦʩʢʽʣʴʢʠ 

Cs137
 ʤʽʮʥʦʟʚôʷʟʘʥʠʡ ʟ ʤʽʥʝʨʘʣʴʥʦʶ ʩʢʣʘʜʦʚʦʶ ˇʨʫʥʪʫ, ̫ ʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʽʣʴʰ 

ʘʙʦ ʤʝʥʰ ʩʪʽʡʢʠʤʠ ʤʽʥʝʨʘʣʘʤʠ [14]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ˇʨʫʥʪʘʭ ʽ ʨʦʟʧʦʜʽʣʫ ʾʭ 

ʫ ʩʠʩʪʝʤʽ Ăʪʚʝʨʜʘ ʬʘʟʘ ˇʨʫʥʪʫ ï ʧʦʨʦʚʽ ʨʦʟʯʠʥʠò ʧʨʦʚʝʜʝʥʦ ʫ ʨʦʙʦʪʽ [16]. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʧʨʦʙʠ ʥʝʦʙʨʦʙʣʶʚʘʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʽ ʤʽʥʝʨʘʣʴʥʠʭ 

ˇʨʫʥʪʽʚ, ʷʢʽ ʚʽʜʙʠʨʘʣʠʩʴ ʫ 1994ï1995 ʨʦʢʘʭ ʥʘ ʪʝʨʠʪʦʨʽʾ ʨʝʧʝʨʥʠʭ ʜʽʣʷʥʦʢ.  

ɺʝʨʪʠʢʘʣʴʥʫ ʤʽʛʨʘʮʽʶ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟ ʾʭ ʚʠʥʦʩʫ ʟ ʦʜʥʘʢʦʚʠʭ 

ʯʘʩʪʠʥ ˇʨʫʥʪʦʚʠʭ ʧʨʦʬʽʣʽʚ. ɺ ʫʩʽʭ ʪʠʧʘʭ ˇʨʫʥʪʽʚ Sr90  ʻ ʥʘʡʤʦʙʽʣʴʥʽʰʠʤ 

ʨʘʜʽʦʥʫʢʣʽʜʦʤ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʪʨʘʧʣʷʥʥʷ ʡʦʛʦ ʫ ʧʦʨʦʚʽ 
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ʨʦʟʯʠʥʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʧʦʜʽʣʫ ʤʽʞ ʪʚʝʨʜʦʶ ʬʘʟʦʶ 

ˇʨʫʥʪʫ ʽ ʧʦʨʦʚʠʤ ʨʦʟʯʠʥʦʤ ʜʣʷ Sr90
 ʻ ʤʽʥʽʤʘʣʴʥʠʤʠ. 

ʅʘ 1995 ʨʽʢ ʜʣʷ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʦʛʦ ʩʠʧʫʯʦʛʦ ʧʽʩʢʦʚʦʛʦ ˇʨʫʥʪʫ  

ʚ (0ï0,05)-ʤʝʪʨʦʚʦʤʫ ʰʘʨʽ ʚʽʜʤʽʯʝʥʦ ʪʽʣʴʢʠ 34% ʚʽʜ ʩʫʤʘʨʥʦʛʦ ʚʤʽʩʪʫ Sr90
  

ʫ ˇʨʫʥʪʦʚʦʤʫ ʧʨʦʬʽʣʽ, 66% ʨʘʜʽʦʽʟʦʪʦʧʫ ʧʝʨʝʤʽʩʪʠʣʦʩʴ ʫ ʛʣʠʙʰʽ ʰʘʨʠ. ɺʠʥʦʩ 

Sr90
 ʟ (0ï0,1)-ʤʝʪʨʦʚʦʛʦ ʰʘʨʫ ʩʢʣʘʜʘʻ 62%. ʋ ʜʘʥʦʤʫ ʪʠʧʽ ˇʨʫʥʪʫ ʰʚʠʜʢʽʩʪʴ 

ʤʽʛʨʘʮʽʾ Sr90
 ʻ ʤʘʢʩʠʤʘʣʴʥʦʶ (ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʪʠʧʘʤʠ ˇʨʫʥʪʽʚ). ʊʘʢʘ 

ʧʦʚʝʜʽʥʢʘ ʩʪʨʦʥʮʽʶ ʫ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʦʤʫ ʩʠʧʫʯʦʤʫ ʧʽʩʢʦʚʦʤʫ ˇʨʫʥʪʽ ʤʦʞʝ 

ʙʫʪʠ ʧʦʚôʷʟʘʥʘ ʟ ʥʠʟʴʢʦʶ ʩʦʨʙʮʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ ˇʨʫʥʪʫ (ʥʝʟʥʘʯʥʘ ʽʦʥʦʦʙʤʽʥʥʘ 

ʻʤʥʽʩʪʴ, ʤʘʣʠʡ ʚʤʽʩʪ ʤʽʥʝʨʘʣʴʥʠʭ ʽ ʛʫʤʫʩʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʟʘʢʨʽʧʣʷʶʪʴ 

ʩʪʨʦʥʮʽʡ), ʟʥʘʯʥʠʤ ʟʘʧʘʩʦʤ ʦʙʤʽʥʥʦʾ ʬʦʨʤʠ ʩʪʨʦʥʮʽʶ, ʘ ʪʘʢʦʞ ʽʟ ʩʠʧʫʯʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʽ ʥʠʟʴʢʦʶ ʚʦʣʦʛʦʻʤʥʽʩʪʶ ˇʨʫʥʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʤʠʚʥʠʡ 

ʭʘʨʘʢʪʝʨ ˇʨʫʥʪʫ [17ï19]. ɺ ʽʥʰʠʭ ʪʠʧʘʭ ˇʨʫʥʪʽʚ ʚʠʥʦʩ ʨʘʜʽʦʩʪʨʦʥʮʽʶ ʟʘ ʤʝʞʽ 

(0ï0,05)-ʤʝʪʨʦʚʦʛʦ ʰʘʨʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 48,5%, ʘ ʧʦʟʘ (0ï0,1)-ʤʝʪʨʦʚʠʡ ʰʘʨ ï 12%. 

ɿʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʫ Sr90
 ʜʦʩʣʽʜʞʫʚʘʥʽ ˇʨʫʥʪʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʤʽʱʝʥʽ ʚ ʥʘʩʪʫʧʥʦʤʫ ʨʷʜʽ: 

ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʠʡ ʧʽʩʢʦʚʠʡ ­  ʟʘʧʣʘʚʥʠʡ ʜʝʨʥʦʚʠʡ ­  ʪʦʨʬʦʚʦ-

ʛʣʝʻʚʠʡ ­   ʩʠʣʴʥʦ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʡ ʪʦʨʬʦʚʠʡ. 

ʄʘʢʩʠʤʘʣʴʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʽʛʨʘʮʽʾ Cs137
, Pu240,239

 ʽ Am241
 ʟ  

(0ï0,1)-ʤʝʪʨʦʚʦʛʦ ʰʘʨʫ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʜʣʷ ʟʘʧʣʘʚʥʦ-ʜʝʨʥʦʚʦʛʦ ˇʨʫʥʪʫ. ʊʫʪ 

ʤʘʻ ʚʧʣʠʚ ʩʪʫʧʽʥʴ ʟʚʦʣʦʞʝʥʥʷ ˇʨʫʥʪʫ. ɺʠʥʦʩ Cs137
 ʟ 0,10-ʤʝʪʨʦʚʦʛʦ ʰʘʨʫ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 8,8%, Pu240,239
 ï 2,4% ʽ Am241

 ï 5,2% (ʜʣʷ 0,05-ʤʝʪʨʦʚʦʛʦ ʰʘʨʫ 

ʚʽʜʤʽʯʝʥʦ ʚʽʜʧʦʚʽʜʥʦ ʪʘʢʠʡ ʚʠʥʦʩ: 16,5%; 8%; 24,9%).  

ʐʚʠʜʢʽʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʪʨʘʥʩʫʨʘʥʦʚʠʭ ʝʣʝʤʝʥʪʽʚ 

ʩʧʽʚʚʠʤʽʨʥʘ ʟʽ ʰʚʠʜʢʽʩʪʶ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʮʝʟʽʶ. ʆʩʥʦʚʥʘ ʢʽʣʴʢʽʩʪʴ ,137Cs

Pu240,239
 ʽ Am241

 ʨʦʟʤʽʱʝʥʘ ʚ (0ï0,05)-ʤʝʪʨʦʚʦʤʫ ʰʘʨʽ ˇʨʫʥʪʫ. 

ɿʘ ʰʚʠʜʢʽʩʪʶ ʩʧʘʜʘʥʥʷ ʤʽʛʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ˇʨʫʥʪʠ ʩʢʣʘʜʘʶʪʴ ʥʘʩʪʫʧʥʽ 

ʨʷʜʠ: 

Cs137
: ʟʘʧʣʘʚʥʠʡ ʜʝʨʥʦʚʠʡ ˇʨʫʥʪ ­  ʪʦʨʬʦʚʦ-ʛʣʝʻʚʠʡ ­  ʜʝʨʥʦʚʦ-

ʧʽʜʟʦʣʠʩʪʠʡ ʧʽʩʢʦʚʠʡ ſ ʩʠʣʴʥʦ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʡ ʪʦʨʬʦʚʠʡ; 

Pu240,239
: ʟʘʧʣʘʚʥʠʡ ʜʝʨʥʦʚʠʡ ˇʨʫʥʪ ­  ʪʦʨʬʦʚʦ-ʛʣʝʻʚʠʡ ſ ʩʠʣʴʥʦ 

ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʡ ʪʦʨʬʦʚʠʡ ­  ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʠʡ ʧʽʩʢʦʚʠʡ; 

Am241
: ʟʘʧʣʘʚʥʠʡ ʜʝʨʥʦʚʠʡ ˇʨʫʥʪ ­   ʪʦʨʬʦʚʦ-ʛʣʝʻʚʠʡ ­  ʜʝʨʥʦʚʦ-

ʧʽʜʟʦʣʠʩʪʠʡ ʧʽʩʢʦʚʠʡ ­  ʩʠʣʴʥʦ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʡ ʪʦʨʬʦʚʠʡ. 

ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʚ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʧʨʠ ʢʽʣʴʢʽʩʥʦʤʫ ʦʧʠʩʽ ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ, ɦ ʦ ʚ ʢʦʞʥʽʡ ʜʦʚʽʣʴʥʦ ʚʠʙʨʘʥʽʡ ʤʘʣʽʡ ʯʘʩʪʠʥʽ ̌ ʨʫʥʪʫ ʟʘʚʞʜʠ ʤʽʩʪʠʪʴʩʷ 

ʢʨʽʤ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʡʦʛʦ ʙʘʟʦʚʽ ʢʦʤʧʦʥʝʥʪʠ (ʩʢʝʣʝʪ  ̔ ʧʦʨʦʚʠʡ 

ʨʦʟʯʠʥ), ʤʘʢʨʦʩʢʦʧʽʯʥʝ ʯʠʩʣʦ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʯʘʩʪʠʥʦʢ ʦʜʥʦʛʦ ʩʦʨʪʫ ʫ ʪʨʴʦʭ 

ʬʽʟʠʯʥʦ ʨʽʟʥʠʭ ʩʪʘʥʘʭ. ʎ ̔ ʩʪʘʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʾʭʥʴʦʤʫ ʟʥʘʭʦʜʞʝʥʥʶ ʫ 

ʢʦʥʚʝʢʪʠʚʥʦ ʨʫʭʦʤʦʤʫ ʨʦʟʯʠʥʽ, ʫ ʟʚô̫ ʟʘʥʠʭ ʟ ʧʦʚʝʨʭʥʝʶ ʪʚʝʨʜʠʭ ʩʢʣʘʜʦʚʠʭ 

ˇʨʫʥʪʫ ʘʜʩʦʨʙʦʚʘʥʠʭ ʰʘʨʘʭ ʚʦʜʠ ʪʘ ʚ ʦʙô̒ ʤʽ ʤʽʥʝʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʢʝʣʝʪʫ 

[20]. ʂʦʝʬʽʮʽʻʥʪʠ ʜʠʬʫʟʽʾ ʯʘʩʪʠʥʦʢ ʫ ʨʦʟʯʠʥʽ ̒  ʥʘ ʜʝʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʙʽʣʴʰʽ, ʥʽʞ  

ʫ ʟʚô̫ ʟʘʥʠʭ ʰʘʨʘʭ ʚʦʜʠ, ʘ ʚ ʦʙô̒ ʤʽ ʩʢʝʣʝʪʫ ʨʘʜʽʦʥʫʢʣʽʜʠ ʧʨʘʢʪʠʯʥʦ ʥʝ 
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ʜʠʬʫʥʜʫʶʪʴ. ʂʚʘʟʽʨʽʚʥʦʚʘʞʥʠʡ ʨʦʟʧʦʜʽʣ ʤʽʞ ʮʠʤʠ ʨʽʟʥʠʤʠ ʩʪʘʥʘʤʠ ʽʩʪʦʪʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ  ̔ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ. 

ɼʣʷ ʽʟʦʪʨʦʧʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʤʘʢʨʦʩʢʦʧʽʯʥʦʾ ʬʽʣʴʪʨʘʮʽʾ 

ʧʦʨʦʚʦʛʦ ʨʦʟʯʠʥʫ ʪʘ ʽʟʦʪʝʨʤʽʯʥʠʭ ʫʤʦʚ  ̔ʥʝʭʪʫʚʘʥʥʽ ʧʨʦʮʝʩʘʤʠ ʜʝʬʦʨʤʘʮʽʾ 

ʩʝʨʝʜʦʚʠʱʘ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʮʠʭ ʩʪʘʥʘʭ iC  ( 3,2,1=i ) 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʟʘ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʽ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ [20]: 
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ʜʝ 1D  ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʧʦʨʦʚʦʤʫ ʨʦʟʯʠʥʽ, 2D  ï ʢʦʝʬʽʮʽʻʥʪ 

ʜʠʬʫʟʽʾ ʯʘʩʪʠʥʦʢ ʚ ʘʜʩʦʨʙʦʚʘʥʽʡ ʚʦʜʽ, 12D  ʽ 21D  ï ʧʝʨʝʭʨʝʩʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʜʠʬʫʟʽʾ, k  ï ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʯʘʩʪʠʥʦʢ ʟ ʘʜʩʦʨʙʦʚʘʥʦʾ ʚʦʜʠ  

ʫ ʧʦʨʦʚʠʡ ʨʦʟʯʠʥ, 1k  ï ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ  

ʟ ʨʦʟʯʠʥʫ ʚ ʘʜʩʦʨʙʦʚʘʥʫ ʚʦʜʫ, 2k  ʽ 3k
 
ï ʢʦʝʬʽʮʽʻʥʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʟʽ 

ʩʢʝʣʝʪʫ ʚ ʘʜʩʦʨʙʦʚʘʥʫ ʚʦʜʫ ʽ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʭʦʜʫ; D ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ, r
C

 ï 

ʨʘʜʽʫʩ-ʚʝʢʪʦʨ ʙʽʞʫʯʦʾ ʪʦʯʢʠ, t ï ʯʘʩ. 

ɸʥʘʣʽʟ ʨʦʟʚôʷʟʢʽʚ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (4) ʧʦʢʘʟʘʚ, ʱʦ 

ʥʘʷʚʥʽʩʪʴ ʧʘʩʪʦʢ ʩʧʨʠʷʻ ʥʘʢʦʧʠʯʝʥʥʶ ʜʦʤʽʰʢʠ ʚ ʰʘʨʽ ˇʨʫʥʪʫ, ʧʨʦʪʝ ʮʝʡ 

ʤʝʭʘʥʽʟʤ ʟʘʜʽʶʻʪʴʩʷ ʟ ʯʘʩʦʤ. ʉʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʬʽʣʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʩʫʤʘʨʥʠʭ ʧʦʪʦʢʽʚ ʜʦʤʽʰʢʠ ʤʘʻ ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʤʽʞ ʚʦʜʥʠʤ ʧʦʨʦʚʠʤ ʨʦʟʯʠʥʦʤ ʪʘ ʘʜʩʦʨʙʦʚʘʥʠʤʠ 

ʰʘʨʘʤʠ ʚʦʜʠ. ʂʦʝʬʽʮʽʻʥʪʠ ʜʠʬʫʟʽʾ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ ʧʦʪʦʢʽʚ, ʘʣʝ ʥʝ ʟʤʽʥʶʶʪʴ ʾʭ ʷʢʽʩʥʦʾ 

ʧʦʚʝʜʽʥʢʠ. 

 

ɺʠʩʥʦʚʢʠ 

 

ʇʦʢʘʟʘʥʦ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʥʦʩʫ ʧʘʣʠʚʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʧʨʦʬʽʣʽ ˇʨʫʥʪʫ ʥʘʙʘ-

ʛʘʪʦ ʥʠʞʯʘ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʥʦʩʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʚʠʭʽʜʥʽʡ ʚʦʜʦʨʦʟʯʠʥʥʽʡ 

ʬʦʨʤʽ. ʄʘʢʩʠʤʘʣʴʥʫ ʨʽʟʥʠʮʶ ʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʥʦʩʫ ʚʽʜʤʽʯʝʥʦ ʜʣʷ ʜʝʨʥʦʚʦ-

ʧʽʜʟʦʣʠʩʪʠʭ ʧʽʩʢʦʚʠʭ ˇʨʫʥʪʽʚ. ʈʽʟʥʠʮʷ ʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʥʦʩʫ ʧʘʣʠʚʥʠʭ 

ʯʘʩʪʠʥʦʢ ʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʚʦʜʦʨʦʟʯʠʥʥʽʡ ʬʦʨʤʽ ʜʣʷ ʜʝʨʥʦʚʦ-ʧʽʜʟʦʣʠʩʪʠʭ 

ʩʫʧʽʩʢʦʚʠʭ ʽ ʪʦʨʬʦʚʦ-ʙʦʣʦʪʥʠʭ ˇʨʫʥʪʽʚ ʤʝʥʰʘ, ʘʣʝ ʩʢʣʘʜʘʻ ʟʥʘʯʥʫ ʚʝʣʠʯʠʥʫ. 

ʇʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʧʝʚʥʠʡ ʚʧʣʠʚ ʨʝʞʠʤʫ ʟʚʦʣʦʞʝʥʥʷ ʽ ʩʪʫʧʝʥʷ ʦʙʚʦʜʥʝʥʥʷ 

ˇʨʫʥʪʽʚ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʽʛʨʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ʄʽʥʽʤʘʣʴʥʘ ʨʫʭʣʠʚʽʩʪʴ 

ʨʘʜʽʦʩʪʨʦʥʮʽʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʦʩʫʰʝʥʦʤʫ ʪʦʨʬʦʚʦʤʫ ˇʨʫʥʪʽ ʩʫʭʦʜʦʣʴʥʦʛʦ 

ʣʫʛʫ. ɹʽʣʴʰ ʤʦʙʽʣʴʥʠʡ Sr90
 ʚ ʪʦʨʬʦʚʦ-ʛʣʝʻʚʦʤʫ ʽ ʟʘʧʣʘʚʥʦ-ʜʝʨʥʦʚʦʤʫ 

ˇʨʫʥʪʘʭ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʝʨʪʠʢʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ Cs137
, Pu240,239

 ʽ 
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Am241
 ʧʦʢʘʟʫʶʪʴ ʤʘʣʫ ʰʚʠʜʢʽʩʪʴ ʤʽʛʨʘʮʽʾ ʮʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫ ʚʩʽʭ ʪʠʧʘʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ˇʨʫʥʪʽʚ. ʆʜʥʦʯʘʩʥʦ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʫ ʚʩʽʭ ʪʠʧʘʭ ˇʨʫʥʪʽʚ 

Am241
 ʤʽʛʨʫʻ ʰʚʠʜʰʝ, ʥʽʞ Pu240,239

. 
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ɺ.ɺ. ɼɸʎɽʅʂʆ, ʅ.ʃ. ʍʀʄɽʅʂʆ 

 

ʅɽʂʆʊʆʈʓɽ ɸʉʇɽʂʊʓ ʆʎɽʅʂʀ ʕʂʆʃʆɻʀʏɽʉʂʆʁ 

ɹɽɿʆʇɸʉʅʆʉʊʀ ʇʈʆʄʓʐʃɽʅʅʓʍ ʆʊʍʆɼʆɺ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʧʨʝʜʧʨʠʷʪʠʡ 

ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʤʝʜʠ ʠ 

ʮʠʥʢʘ ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ ʧʦʯʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ 

ʚʣʠʷʥʠʶ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʪʝʭʥʦʛʝʥʥʦ-ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʧʦʯʚʘʭ, ʥʘ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʙʲʝʢʪʳ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʜʴ, ʮʠʥʢ, ʛʘʣʴʚʘʥʦʰʣʘʤ, ʧʦʯʚʘ, ʪʝʩʪ-ʨʘʩʪʝʥʠʝ. 

 

ʇʨʦʙʣʝʤʘ ʠ ʝʝ ʩʚʷʟʴ ʩ ʥʘʫʯʥʳʤʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʟʘʜʘʯʘʤʠ 

 

ʊʚʝʨʜʳʝ ʦʪʭʦʜʳ ʧʨʝʜʧʨʠʷʪʠʡ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʛʘʣʴʚʘʥʦʰʣʘʤʳ (ɻʐ), ʩʦʜʝʨʞʘʱʠʝ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ (ʊʄ), ʷʚʣʷʶʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʙʠʦʪʠʯʝʩʢʦʛʦ, ʤʝʭʘʥʠʯʝʩʢʦʛʦ, ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʠʥʳʭ ʚʠʜʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ [1ï3]. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʭ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ (ʆʇʉ) ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠʭ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ: ʤʝʭʘʥʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ. ʆʜʥʘʢʦ, ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʝʤʣʝʤʦʛʦ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ ʩ ʫʪʠʣʠʟʘʮʠʝʡ 

ʦʪʭʦʜʦʚ, ʧʦʵʪʦʤʫ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ɻʐ ʩʢʣʘʜʠʨʫʶʪ ʚ ʰʣʘʤʦʥʘʢʦʧʠʪʝʣʷʭ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʦʟʨʘʩʪʘʥʠʝ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʆʇʉ [2, 3]. 

 

ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ 

 

ʄʠʛʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʩʢʣʘʜʠʨʦʚʘʥʥʳʭ ɻʐ, 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʧʦʛʦʜʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʛʫʪ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʩ ʠʥʬʠʣʴʪʨʘʮʠʝʡ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʯʝʨʝʟ ʩʣʦʡ ʦʪʭʦʜʦʚ 

ʚ ʧʦʯʚʫ ʧʨʠʤʳʢʘʶʱʠʭ ʫʯʘʩʪʢʦʚ [4, 5]. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʧʫʙʣʠʢʘʮʠʠ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ ʧʨʦʙʣʝʤʳ ʚʣʠʷʥʠʷ 

ɻʐ ʥʘ ʆʇʉ ʠ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ [3ï11]. ʆʜʥʘʢʦ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʵʪʠʭ 

ʧʫʙʣʠʢʘʮʠʷʭ ʠʥʬʦʨʤʘʮʠʷ ʥʝ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʦʪʨʘʞʘʝʪ ʩʘʥʠʪʘʨʥʦ-

ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʝʟʚʨʝʞʝʥʥʳʭ ɻʐ. ʇʦʵʪʦʤʫ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʣʦʞʝʥʥʳʭ ʚ ʨʘʙʦʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʠ ʦʮʝʥʢʝ 

ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʠʟʫʯʘʪʴ ʠʭ ʢʦʤʧʣʝʢʩʥʦʝ ʪʝʭʥʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʥʝʦʙʭʦʜʠʤʳ ʩʚʝʜʝʥʠʷ ʦ ʧʨʦʮʝʩʩʘʭ ʤʠʛʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʦʪʭʦʜʦʚ ʚ ʧʦʯʚʳ, 

ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʘʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʧʨʦʥʠʢʘʶʱʠʭ 

ʚʛʣʫʙʴ ʧʦʯʚʳ, ʥʘ ʦʙʲʝʢʪʳ ʆʇʉ [3ï10]. 

 

 Ò ɺ.ɺ. ɼʘʮʝʥʢʦ, ʅ.ʃ. ʍʠʤʝʥʢʦ, 2017 
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ʇʦʩʪʘʥʦʚʢʘ ʮʝʣʠ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʆʧʨʝʜʝʣʷʪʴ ʵʢʦʪʦʢʩʠʯʥʦʩʪʴ ʦʪʭʦʜʦʚ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʩ ʧʦʤʦʱʴʶ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʤʠʤʦ ʦʙʱʝʛʦ 

ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʙʠʦʪʝʩʪ ʚʳʜʝʣʠʪʴ ʥʝʢʦʪʦʨʳʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʨʝʘʢʮʠʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʠʣʠ ʛʨʫʧʧʳ ʚʝʱʝʩʪʚ [6, 7, 9]. ʎʝʣʴ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʦʧʨʝʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʤʝʜʠ ʠ ʮʠʥʢʘ ʚ ʧʦʯʚʘʭ ʧʨʠ 

ʟʘʛʨʷʟʥʝʥʠʠ ɻʐ ʠ ʫʩʪʘʥʦʚʠʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʘʢʪʠʚʥʦʛʦ ʨʦʩʪʘ ʠ 

ʨʘʟʚʠʪʠʷ ʪʝʩʪ-ʨʘʩʪʝʥʠʡ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʨʝʰʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʩʠʩʪʝʤʘ çɻʐ ï ʧʦʯʚʘè, ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ 

ʤʝʜʠ ʠ ʮʠʥʢʘ ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ ʧʦʯʚ, ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʊʄ, ʩʦʜʝʨʞʘʱʠʭʩʷ  

ʚ ʪʝʭʥʦʛʝʥʥʦ-ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ, ʥʘ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʙʲʝʢʪʳ  

ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ. 

 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ɺ ʨʘʤʢʘʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʠʛʨʘʮʠʠ ʚ ʧʦʯʚʝ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʤʝʪʘʣʣʳ Cu ʠ Zn, ʚʳʙʦʨ ʢʦʪʦʨʳʭ ʙʳʣ ʦʙʦʩʥʦʚʘʥ ʠʭ ʥʘʠʙʦʣʴʰʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ɻʐ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʤ ʢʣʘʩʩʦʤ ʦʧʘʩʥʦʩʪʠ [2]. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʠʛʨʘʮʠʠ ʚʳʙʨʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʤʦʜʝʣʷʭ 

ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʨʘʟʮʳ ʧʦʯʚ ï ʜʝʨʥʦʚʦ-ʦʧʦʜʟʦʣʝʥʥʦʡ 

ʩʚʷʟʥʦ-ʧʝʩʯʘʥʦʡ, ʣʫʛʦʚʦʡ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʫʧʝʩʯʘʥʦʡ, ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʦʡ 

ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʦʡ, ʯʝʨʥʦʟʝʤʘ ʪʠʧʠʯʥʦʛʦ ʩʨʝʜʥʝʩʤʳʪʦʛʦ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʦʛʦ. 

ɺ ʢʘʯʝʩʪʚʝ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʜʝʣʴʥʳʡ ʰʣʘʤ, ʧʦʣʫʯʝʥʥʳʡ ʨʝʘʢʮʠʝʡ ʥʝʡʪʨʘʣʠʟʘʮʠʠ 

ʩʫʣʴʬʘʪʥʦʛʦ ʤʝʜʥʦ-ʮʠʥʢʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟʚʝʩʪʴʶ. 

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʧʦʯʚʝʥʥʳʭ ʩʣʦʝʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʣʘʩʪʠʢʦʚʳʝ ʪʨʫʙʳ c ʜʠʘʤʝʪʨʦʤ 35 ʩʤ ʠ ʚʳʩʦʪʦʡ 100 ʩʤ. ɺʩʝʛʦ 

ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʦ ʟʘʜʝʡʩʪʚʦʚʘʥʦ 4 ʧʦʯʚʝʥʥʳʭ ʢʦʣʦʥʢʠ. ʅʘ 

ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʞʜʦʡ ʧʦʯʚʝʥʥʦʡ ʢʦʣʦʥʢʠ ʧʦʤʝʱʘʣʠ ʠʟʤʝʣʴʯʝʥʥʳʡ 

ʤʦʜʝʣʴʥʳʡ ʩʫʣʴʬʘʪʥʳʡ ʤʝʜʥʦ-ʮʠʥʢʦʚʳʡ ʰʣʘʤ, ʢʦʪʦʨʳʡ ʚ ʪʝʯʝʥʠʝ 6 ʤʝʩʷʮʝʚ 

ʧʨʦʤʳʚʘʣʩʷ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʚ ʨʝʞʠʤʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʫʚʣʘʞʥʝʥʠʶ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʠʛʨʘʮʠʠ ʉu ʠ 

Zn ʦʪʙʠʨʘʣʠ ʦʙʨʘʟʮʳ ʧʦʯʚ ʚ ʨʘʟʥʳʭ ʩʣʦʷʭ: 0ï5 ʩʤ, 10ï15 ʩʤ, 20ï25 ʩʤ,  

50ï75 ʩʤ ʠ 100 ʩʤ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʠʛʨʘʮʠʠ ʤʝʜʠ ʠ ʮʠʥʢʘ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ 

ʧʦʯʚʝʥʥʳʭ ʩʣʦʷʭ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʢʦʧʣʝʥʠʷ (ʂʩ) 

ʵʣʝʤʝʥʪʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʟʘʛʨʷʟʥʝʥʥʦʡ [8]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʪʦʢʩʠʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦʯʚ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʠʢʝ 

ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ [9, 10], ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʪʝʩʪ-

ʦʙʲʝʢʪʦʚ ʥʘ ʜʝʡʩʪʚʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʣʫʯʠʪʴ 

ʠʥʪʝʛʨʘʣʴʥʫʶ ʦʮʝʥʢʫ ʩʪʝʧʝʥʠ ʠʭ ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʝʤʝʥʘ ʢʨʝʩʩ-ʩʘʣʘʪʘ ʠ ʦʚʩʘ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʪʦʢʩʠʯʥʦʩʪʠ 

ï ʚʩʭʦʞʝʩʪʴ, ʵʥʝʨʛʠʶ, ʜʨʫʞʥʦʩʪʴ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ  

ʚ ʨʘʟʥʳʭ ʩʣʦʷʭ ʧʦʯʚ, ʟʘʛʨʷʟʥʝʥʥʳʭ ɻʐ. 
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ɸʥʘʣʠʟ ʨʦʩʪʢʦʚ ʩʝʤʷʥ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ 30-ʝ ʩʫʪʢʠ ʧʦʩʣʝ ʚʳʨʘʱʠʚʘʥʠʷ. 

ɺʝʣʠʯʠʥʫ ʧʦʢʘʟʘʪʝʣʷ ʢʦʥʪʨʦʣʴʥʳʭ (L0) ʠ ʦʧʳʪʥʳʭ (Lʦʧ) ʩʝʤʷʥ ʚʳʯʠʩʣʷʣʠ ʢʘʢ 

ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ (Lʩʨ) ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʥʥʳʭ ʦ ʜʣʠʥʝ ʥʘʜʟʝʤʥʦʡ 

ʯʘʩʪʠ ʠʣʠ ʢʦʨʥʝʡ ʧʨʦʨʦʩʪʢʦʚ [10]. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ Cu ʠ Zn ʥʘ ʧʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʚʩʭʦʞʝʩʪʴ, ʵʥʝʨʛʠʶ, ʜʨʫʞʥʦʩʪʴ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʨʘʩʪʘʥʠʷ [9, 10]. ʇʦʜ ʚʩʭʦʞʝʩʪʴʶ ʧʦʥʠʤʘʣʠ ʯʠʩʣʦ 

ʩʝʤʷʥ, ʧʨʦʨʦʩʰʠʭ ʟʘ 7 ʩʫʪʦʢ, ʚʳʨʘʞʝʥʥʦʝ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʩʝʤʷʥ, ʚʟʷʪʳʭ ʜʣʷ ʧʨʦʨʘʱʠʚʘʥʠʷ; ʧʦʜ ʵʥʝʨʛʠʝʡ ʧʨʦʨʘʩʪʘʥʠʷ ï ʢʦʣʠʯʝʩʪʚʦ 

ʩʝʤʷʥ, ʧʨʦʨʦʩʰʠʭ ʟʘ ʧʝʨʚʳʝ 3 ʩʫʪ ʧʨʦʨʘʱʠʚʘʥʠʷ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʝʤʷʥ, ʚʟʷʪʳʭ ʜʣʷ ʧʨʦʨʘʱʠʚʘʥʠʷ. ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʦʨʦʩʪʠ ʧʨʦʨʘʩʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʝʞʝʜʥʝʚʥʳʡ ʫʯʝʪ 

ʧʨʦʨʦʩʰʠʭ ʩʝʤʷʥ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʜʨʫʞʥʦʩʪʴ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʨʘʩʪʘʥʠʷ [9, 10]. 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ (ʪʘʙʣ. 1) ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʤʠʛʨʘʮʠʠ ʤʝʜʠ ʠ ʮʠʥʢʘ ʠʟ ɻʐ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʪʠʧʘʭ ʧʦʯʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʪʝʭʥʦʛʝʥʥʘʷ ʤʠʛʨʘʮʠʷ ʤʝʜʠ ʠ ʮʠʥʢʘ ʚ ʩʠʩʪʝʤʝ çɻʐ ï ʧʦʯʚʘè ʦʙʲʷʩʥʷʝʪʩʷ  

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ɻʐ. 

 

ʊʘʙʣʠʮʘ 1 ï ʅʘʢʦʧʣʝʥʠʝ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʤʝʜʠ ʠ ʮʠʥʢʘ ʠ ʠʟʤʝʥʝʥʠʝ ʨʅ 

ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ ʚ ʧʦʯʚʝʥʥʳʭ ʩʣʦʷʭ ʧʦʩʣʝ ʟʘʛʨʷʟʥʝʥʠʷ 

 

ʇʦʢʘʟʘʪʝʣʴ 
ʉʣʦʡ ʟʘʛʨʷʟʥʝʥʥʦʡ ʊʄ ʧʦʯʚʳ, ʩʤ 

0-5 10-15 20-25 50-75 100 

ɼʝʨʥʦʚʦ-ʦʧʦʜʟʦʣʝʥʥʘʷ ʩʚʷʟʥʦʧʝʩʯʘʥʘʷ (ʨʅʬ = 5,3) 

ʨʅ 4,40 4,25 4,15 4,15 4,45 

ʂʩ(Cu) 9,6 1,9 2,3 2,2 2,6 

ʂʩ(Zn) 77,8 43,5 38,8 14,1 2,3 

ʃʫʛʦʚʘʷ ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʫʧʝʩʯʘʥʘʷ (ʨʅʬ = 7,6) 

ʨʅ 6,40 6,10 5,90 6,20 6,35 

ʂʩ(Cu) 13,5 1,9 0,9 1,0 1,0 

ʂʩ(Zn) 423,3 259,1 99,8 9,3 1,9 

ʃʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʘʷ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ (ʨʅʬ = 6,9) 

ʨʅ 5,15 5,45 5,8 6,0 6,15 

ʂʩ(Cu) 33,9 2,1 1,9 1,2 2,0 

ʂʩ(Zn) 657,1 187,3 14,5 1,7 1,5 

ʏʝʨʥʦʟʝʤ ʪʠʧʠʯʥʳʡ ʩʨʝʜʥʝʩʤʳʪʳʡ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ (ʨʅʬ = 8,7) 

ʨʅ 7,65 8,10 8,10 8,25 8,30 

ʂʩ(Cu) 5,2 0,8 0,8 0,7 1,0 

ʂʩ(Zn) 73,5 2,4 0,5 0,8 0,6 

 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʠ ʮʠʥʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦ 

ʛʣʫʙʠʥʝ ʚʦ ʚʩʝʭ ʩʣʦʷʭ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʥʘʢʦʧʣʝʥʠʷ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ (0ï5 ʩʤ) (ʂʩ(Cu) = 5,2ï33,9  

ʠ Kc(Zn) = 73,5ï657,1) ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ  
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ʚ ʥʠʞʥʠʭ (50ï100 ʩʤ) (ʂʩ(Cu) = 1,0ï2,6 ʠ Kc(Zn) = 0,6ï2,3), ʯʪʦ ʩʚʷʟʘʥʦ  

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʪʝʭʥʦʛʝʥʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʠʟ ʰʣʘʤʘ. ʇʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʤʠʛʨʘʮʠʠ ʤʝʜʠ ʠ ʮʠʥʢʘ ʠʟ ʰʣʘʤʘ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʚʝʨʭʥʠʡ ʩʣʦʡ 

ʠʩʩʣʝʜʫʝʤʳʝ ʧʦʯʚʳ ʤʦʞʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʚ ʨʷʜ: ʯʝʨʥʦʟʝʤ ʪʠʧʠʯʥʳʡ 

ʩʨʝʜʥʝʩʤʳʪʳʡ ʪʷʞʝʣʦ-ʩʫʛʣʠʥʠʩʪʳʡ < ʜʝʨʥʦʚʦ ʦʧʦʜʟʦʣʝʥʥʘʷ ʩʚʷʟʥʦʧʝʩʯʘʥʘʷ < 

ʣʫʛʦʚʘʷ ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʫʧʝʩʯʘʥʘʷ < ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʘʷ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ. 

ʀʟʫʯʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʯʚ ʧʦʩʣʝ ʟʘʛʨʷʟʥʝʥʠʷ ʠʭ ɻʐ (ʪʘʙʣ. 2) 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʦʷʭ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʥʦʚʳʭ 

ʦʙʨʘʟʮʦʚ (ʨʅʬ) ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʨʅ ʚ 1,1ï1,3 ʨʘʟʘ. ʋʧʨʘʚʣʷʶʱʠʤ 

ʬʘʢʪʦʨʦʤ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʤʝʜʠ ʠ ʮʠʥʢʘ ʠʟ ɻʐ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʩʨʝʜʳ:  

ʚ ʢʠʩʣʦʡ ʠ ʩʣʘʙʦʢʠʩʣʦʡ ʩʨʝʜʝ ɻʐ ʩʧʦʩʦʙʝʥ ʩʦʟʜʘʚʘʪʴ ʠʤʧʘʢʪʥʳʝ, ʫʜʘʨʥʳʝ 

ʪʝʭʥʦʛʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʦʯʚʫ. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʢʠʩʣʦʪʥʦʩʪʠ  

ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚʘʭ ʩ ʛʣʫʙʠʥʦʡ ʦʙʫʩʣʦʚʣʝʥʘ ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ (ʭʠʤʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʠ ʚʳʱʝʣʘʯʠʚʘʥʠʝ 

ʰʣʘʤʘ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʳ): ʨʅ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ (0ï5 ʩʤ) 

ʥʘ 0,2ï0,5 ʝʜʠʥʠʮʳ ʥʠʞʝ, ʯʝʤ ʚ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʤ (10ï15 ʩʤ). ʅʘʠʙʦʣʴʰʝʝ 

ʥʘʢʦʧʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʦʡ ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʦʡ 

(ʂʩ(ʉu) = 34 ʠ ʂʩ(Zn) = 657), ʛʜʝ ʩʨʝʜʘ ʧʦʯʚʳ ʠʤʝʝʪ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʨʅ ʩ 7,0 ʜʦ 5,0. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚʘʭ  

ʩ ʧʦʚʳʰʝʥʠʝʤ ʨʅ ʧʦʜʚʠʞʥʦʩʪʴ ʤʝʜʠ ʠ ʮʠʥʢʘ ʩʥʠʞʘʝʪʩʷ: ʧʦʜʚʠʞʥʦʩʪʴ Cu  

ʚ ʢʠʩʣʳʭ ʧʦʯʚʘʭ ʚʳʰʝ, ʯʝʤ ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʠʣʠ ʱʝʣʦʯʥʳʭ, ʘ Zn ʠʤʝʝʪ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʧʦʯʚʘʭ, ʨʝʘʢʮʠʷ ʢʦʪʦʨʳʭ ʥʝʡʪʨʘʣʴʥʘʷ ʠʣʠ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʥʝʡ. ʅʘʠʤʝʥʴʰʘʷ ʤʠʛʨʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʜʠ ʠ ʮʠʥʢʘ 

ʦʪʤʝʯʝʥʘ ʚ ʯʝʨʥʦʟʝʤʝ ʪʠʧʠʯʥʦʤ ʩʨʝʜʥʝʩʤʳʪʦʤ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʦʤ, 

ʩʣʘʙʦʱʝʣʦʯʥʳʝ ʫʩʣʦʚʠʷ ʢʦʪʦʨʦʛʦ ʫʩʠʣʠʚʘʶʪ ʧʝʨʝʭʦʜ Cu ʠ Zn ʚ ʥʝʧʦʜʚʠʞʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʠ ʩʧʦʩʦʙʩʪʚʫʪʁ ʟʘʢʨʝʧʣʝʥʠʶ ʧʦʯʚʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

 

ʊʘʙʣʠʮʘ 2 ï ɿʥʘʯʝʥʠʷ ʇɼʂʧ. ʦʪʥ ʜʣʷ ʠʦʥʦʚ ʤʝʜʠ ʠ ʮʠʥʢʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʧʦʯʚʘʭ ʧʦʩʣʝ ʟʘʛʨʷʟʥʝʥʠʷ 

 

ʕʣʝʤʝʥʪʳ 

ʇɼʂʧ.ʦʪʥ. ʚ 

ʢʦʥʪʨʦʣʴʥʳʭ 

ʦʙʨʘʟʮʘʭ 

ʇʦʢʘʟʘʪʝʣʴ ʇɼʂʧ.ʦʪʥ. 

ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩʣʦʝ ʟʘʛʨʷʟʥʝʥʥʦʡ ʊʄ ʧʦʯʚʳ, ʩʤ  

  0ï5 10ï15 20ï25 50ï75 100 

ɼʝʨʥʦʚʦ-ʦʧʦʜʟʦʣʝʥʥʘʷ ʩʚʷʟʥʦʧʝʩʯʘʥʘʷ 

Cu 0,75ʇɼʂ 7,18ʇɼʂ 1,36ʇɼʂ 1,68ʇɼʂ 1,68ʇɼʂ 1,9ʇɼʂ 

Zn 0,28ʇɼʂ 21,65ʇɼʂ 12,1ʇɼʂ 10,8ʇɼʂ 3,93ʇɼʂ 0,65ʇɼʂ 

ʃʫʛʦʚʘʷ ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʫʧʝʩʯʘʥʘʷ 

Cu 0,57ʇɼʂ 7,7ʇɼʂ 1,1ʇɼʂ 0,5ʇɼʂ 0,6ʇɼʂ 0,6ʇɼʂ 

Zn 0,08ʇɼʂ 33,5ʇɼʂ 23,35ʇɼʂ 7,9ʇɼʂ 0,74ʇɼʂ 0,15 ʇɼʂ 

ʃʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʘʷ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ 

Cu 0,89ʇɼʂ 3,29ʇɼʂ 1,84ʇɼʂ 1,69ʇɼʂ 1,09ʇɼʂ 1,81ʇɼʂ 

Zn 0,17ʇɼʂ 114,6ʇɼʂ 32,65ʇɼʂ 2,53ʇɼʂ 0,3ʇɼʂ 0,26ʇɼʂ 

ʏʝʨʥʦʟʝʤ ʪʠʧʠʯʥʳʡ ʩʨʝʜʥʝʩʤʳʪʳʡ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ 

Cu 7,10ʇɼʂ 36,57ʇɼʂ 5,54ʇɼʂ 5,75ʇɼʂ 4,87ʇɼʂ 7,08ʇɼʂ 

Zn 3,12ʇɼʂ 229,3ʇɼʂ 7,53ʇɼʂ 1,59ʇɼʂ 2,39ʇɼʂ 1,73ʇɼʂ 
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ɼʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚ ʤʝʜʴʶ ʠ ʮʠʥʢʦʤ ʧʦʩʣʝ ʟʘʛʨʷʟʥʝʥʠʷ ʤʝʜʥʦ-ʮʠʥʢʦʚʳʤ 

ʰʣʘʤʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʩʦʜʝʨʞʘʥʠʠ ʤʝʜʠ ʠ ʮʠʥʢʘ  

ʚ ʪʝʩʪʠʨʫʝʤʳʭ ʧʦʯʚʘʭ (ʉ, ʤʛ/ʢʛ) ʩ ʠʭ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʚ ʧʦʯʚʘʭ (ʇɼʂʧ(Cu) = 3 ʤʛ/ʢʛ; ʇɼʂʧ(Zn) = 23 ʤʛ/ʢʛ). ɺ ʪʘʙʣ. 2 ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʟʥʘʯʝʥʠʷ ʇɼʂʧ ʦʪʥ (ʇɼʂʧ.ʦʪʥ. ï ʨʘʩʩʯʠʪʘʥʳ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ Cu2+ ʠ Zn2+ ʚ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ ʢ ʠʭ ʇɼʂʧ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʀʩʩʣʝʜʫʝʤʳʝ ʧʦʯʚʳ ʧʦʩʣʝ ʟʘʛʨʷʟʥʝʥʠʷ ʤʝʜʥʦ-ʮʠʥʢʦʚʳʤ ʰʣʘʤʦʤ ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʛʣʫʙʠʥʳ ʩʣʦʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦ Cu. ʇʦ 

ʮʠʥʢʫ ʭʘʨʘʢʪʝʨ ʟʘʛʨʷʟʥʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʧʦʯʚʳ ʠ ʚ ʪʷʞʝʣʳʭ 

ʛʫʤʫʩʩʠʨʦʚʘʥʥʳʭ ʧʦʯʚʘʭ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ 

ʤʝʥʷʝʪʩʷ ʦʪ ʦʯʝʥʴ ʚʳʩʦʢʦʛʦ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ, ʠʩʧʳʪʳʚʘʶʱʝʤ ʪʝʭʥʦʛʝʥʥʫʶ 

ʥʘʛʨʫʟʢʫ, ʜʦ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʚ ʥʠʞʥʠʭ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ 

ʫʩʪʘʥʦʚʠʪʴ ʥʘʣʠʯʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʘʢʪʠʚʥʦʩʪʴʶ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʪʝʩʪ-

ʨʘʩʪʝʥʠʡ (ʨʠʩ. 1) ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʊʄ ʚ ʧʦʯʚʝ, ʧʨʝʚʳʰʘʶʱʝʤ ʠʭ ʇɼʂʧ (ʪʘʙʣ. 2).  

 

 
 ʘ      ʙ 

 

ʈʠʩ. 1 ï ɿʘʚʠʩʠʤʦʩʪʠ ʜʣʠʥʳ ʧʨʦʨʦʩʪʢʦʚ ʢʨʝʩʩ-ʩʘʣʘʪʘ (ʘ) ʠ ʦʚʩʘ (ʙ) 

(ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʨʘʱʠʚʘʥʠʷ 30 ʩʫʪ) ʦʪ ʩʣʦʷ ʟʘʛʨʷʟʥʝʥʥʦʡ ʊʄ ʧʦʯʚʳ:  

1 ï ʜʝʨʥʦʚʦ-ʦʧʦʜʟʦʣʝʥʥʘʷ ʩʚʷʟʥʦʧʝʩʯʘʥʘʷ, 2 ï ʣʫʛʦʚʘʷ ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʫʧʝʩʯʘʥʘʷ, 

3 ï ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʘʷ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ, 4 ï ʯʝʨʥʦʟʝʤ ʪʠʧʠʯʥʳʡ 

ʩʨʝʜʥʝʩʤʳʪʳʡ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ 

 

ʀʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʢʦʨʥʝʚʦʡ ʠ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʝʡ ʪʝʩʪ-ʨʘʩʪʝʥʠʡ (ʨʠʩ. 1)  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʢʘʟʘʪʝʣʷ ʇɼʂʧ.ʦʪʥ. ʤʝʪʘʣʣʦʚ-ʪʦʢʩʠʢʘʥʪʦʚ ʚ ʧʦʯʚʘʭ (ʢʨʦʤʝ 

ʜʝʨʥʦʚʦ-ʦʧʦʜʟʦʣʝʥʥʦʡ ʩʚʷʟʥʦʧʝʩʯʘʥʦʡ ʜʣʷ ʢʨʝʩʩ-ʩʘʣʘʪʘ) ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʦʪʩʫʪʩʪʚʠʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʬʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ: ʩʨʝʜʥʷʷ ʜʣʠʥʘ 

ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʠ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʨʘʩʪʝʥʠʡ (Lʦʧ) ʩʨʘʚʥʠʤʘ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʦʷʭ ʜʘʞʝ ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʨʘʟʮʝ (L0). 

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʪʝʩʪ-ʨʘʩʪʝʥʠʡ ʥʝ ʪʦʣʴʢʦ ʠʤʝʶʪ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʠʧʘ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʳ, ʥʦ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʬʠʟʠʦʣʦʛʠʝʡ ʩʘʤʠʭ ʨʘʩʪʝʥʠʡ. ʊʘʢ, ʜʣʷ ʧʦʯʚʳ ʜʝʨʥʦʚʦ-ʦʧʦʜʟʦʣʝʥʥʦʡ 

ʩʚʷʟʥʦʧʝʩʯʘʥʦʡ ʭʘʨʘʢʪʝʨʥʦ ʜʦʩʪʦʚʝʨʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʩʘʣʘʪʘ 

(ʨʠʩ. 1, ʘ), ʛʜʝ ʩʝʤʝʥʘ ʚʟʦʰʣʠ ʪʦʣʴʢʦ ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ ʪʝʩʪʠʨʫʝʤʦʡ ʧʦʯʚʳ  

(20ï25, 50ï75, 100 ʩʤ), ʘ ʥʘ 20-ʝ ʩʫʪʢʠ ʧʦʛʠʙʣʠ ʚʩʝ ʨʦʩʪʢʠ. ɼʣʷ ʦʚʩʘ ʞʝ 
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ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʩʪʦʚʝʨʥʘʷ ʪʝʥʜʝʥʮʠʷ ʩʪʠʤʫʣʷʮʠʠ ʨʦʩʪʘ ʚ ʘʥʘʣʦʛʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʵʪʦʡ ʧʦʯʚʳ (ʨʠʩ. 1, ʙ), ʘ ʚ ʥʠʞʥʝʤ ʩʣʦʝ (100 ʩʤ) ʜʘʞʝ ʦʪʤʝʯʝʥʦ 

ʧʨʝʚʳʰʝʥʠʝ ʜʣʠʥʳ ʨʦʩʪʢʦʚ ʚ 1,2 ʨʘʟʘ ʠ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʚ 3,3 ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʦʙʨʘʟʮʘʤʠ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʢʨʝʩʩ-

ʩʘʣʘʪ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʧʨʠʩʫʪʩʪʚʠʶ ʠʦʥʦʚ ʊʄ ʚ ʧʦʯʚʘʭ, ʯʝʤ ʦʚʝʩ,  

ʠ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʵʪʠʭ ʠʦʥʦʚ ʥʘ ʢʨʝʩʩ-ʩʘʣʘʪ ʥʝ ʩʥʠʞʘʝʪʩʷ ʩʦ 

ʚʨʝʤʝʥʝʤ, ʢʘʢ ʫ ʦʚʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ, ʟʘ ʩʯʝʪ ʠʩʪʦʱʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ 

ʨʝʩʫʨʩʦʚ ʥʘʜʝʞʥʦʩʪʠ, ʨʘʩʪʝʥʠʷ ʩʘʣʘʪʘ ʩʪʘʥʦʚʷʪʩʷ ʦʩʣʘʙʣʝʥʥʳʤʠ ʠ ʧʦʛʠʙʘʶʪ. 

ʉʨʝʜʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ ʚ ʫʩʣʦʚʠʷʭ ʤʦʜʝʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʦʯʚ ʊʄ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʨʦʩʪʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ [9, 10] ï 

ʚʩʭʦʞʝʩʪʴ, ʵʥʝʨʛʠʷ, ʜʨʫʞʥʦʩʪʴ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʨʘʩʪʘʥʠʷ (ʨʠʩ. 2ï5). 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ ʚ ʫʩʣʦʚʠʷʭ ʤʦʜʝʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʦʯʚ ʊʄ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʦ 7 ʩʫʪʦʢ ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʤʝʜʠ ʠ ʮʠʥʢʘ ʥʘ ʨʦʩʪ 

ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʩʪ-ʨʘʩʪʝʥʠʡ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʩʨʝʜʥʝʤ 

ʧʨʦʷʚʠʣʩʷ ʩʠʣʴʥʝʝ, ʘ ʪʦʢʩʠʯʥʦʝ ʜʝʡʩʪʚʠʝ ï ʩʣʘʙʝʝ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʨʦʢʘ 

ʨʦʩʪʘ ʜʦ 30 ʩʫʪʦʢ ʭʘʨʘʢʪʝʨ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʤʝʥʷʝʪʩʷ. ɼʣʷ ʢʨʝʩʩ-ʩʘʣʘʪʘ  

ʚ ʵʪʦʤ ʧʝʨʠʦʜʝ ʚʨʝʤʝʥʠ ʚ ʩʨʝʜʥʝʤ ʜʦʩʪʦʚʝʨʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʫʛʥʝʪʘʶʱʠʡ 

ʵʬʬʝʢʪ ʜʝʡʩʪʚʠʷ ʤʝʪʘʣʣʦʚ. ɼʣʷ ʨʘʩʪʝʥʠʡ ʦʚʩʘ ʵʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʪʠʤʫʣʠʨʦʚʘʥʠʠ ʨʦʩʪʘ. ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʟʚʠʪʠʠ ʨʘʩʪʝʥʠʡ  

ʚ ʭʦʜʝ ʚʳʨʘʱʠʚʘʥʠʷ, ʚʦʟʤʦʞʥʦ, ʦʙʲʷʩʥʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʪʠʧʦʤ ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʧʦʯʚ ʠ ʬʠʟʠʦʣʦʛʠʝʡ ʩʘʤʠʭ ʨʘʩʪʝʥʠʡ, ʥʦ ʠ ʚʣʠʷʥʠʝʤ ʊʄ ʥʘ ʠʩʩʣʝʜʫʝʤʳʝ ʪʝʩʪ-

ʦʙʲʝʢʪʳ. ʊ.ʢ. ʠʟʚʝʩʪʥʦ, ʯʪʦ Zn ʠ Cu ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʤʝʪʘʣʣʦʚ ʩʨʝʜʥʝʡ 

ʩʪʝʧʝʥʠ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʝʥʠʷʤʠ [11], ʪʦ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʨʦʢʘʭ ʨʘʟʚʠʪʠʷ ʩʝʤʝʥʘ 

ʪʝʩʪ-ʢʫʣʴʪʫʨ ʠʤʝʣʠ ʜʦʩʪʘʪʦʯʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ 

ʧʦʜʘʚʣʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʊʄ. ʆʜʥʘʢʦ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʩʨʦʢʘʭ 

ʨʘʟʚʠʪʠʷ ʫʛʥʝʪʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʤʝʪʘʣʣʦʚ-ʪʦʢʩʠʢʘʥʪʦʚ ʫʩʠʣʠʚʘʝʪʩʷ. 

ɼʠʘʛʨʘʤʤʳ ʘʥʘʣʠʟʘ ʵʥʝʨʛʠʠ ʧʨʦʨʘʩʪʘʥʠʷ (ʨʠʩ. 2) ʜʣʷ ʩʝʤʷʥ ʠʩʩʣʝʜʫʝʤʳʭ 

ʪʝʩʪ-ʨʘʩʪʝʥʠʡ ʧʦʢʘʟʳʚʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦ ʚʩʝʭ ʩʣʦʷʭ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʊʄ ʧʦʯʚ. 

 

 
   ʘ     ʙ 

 

ʈʠʩ. 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ ʩʘʣʘʪʘ (ʘ) ʠ ʦʚʩʘ (ʙ) ʦʪ ʩʣʦʷ 

ʟʘʛʨʷʟʥʝʥʥʦʡ ʊʄ ʧʦʯʚʳ: 1 ï ʜʝʨʥʦʚʦ-ʦʧʦʜʟʦʣʝʥʥʘʷ ʩʚʷʟʥʦʧʝʩʯʘʥʘʷ, 2 ï 

ʣʫʛʦʚʘʷ ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʫʧʝʩʯʘʥʘʷ, 3 ï ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʘʷ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ, 

4 ï ʯʝʨʥʦʟʝʤ ʪʠʧʠʯʥʳʡ ʩʨʝʜʥʝʩʤʳʪʳʡ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ 

 

ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʦʙʨʘʟʮʘʤʠ, ʧʨʝʚʳʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʵʥʝʨʛʠʠ 

ʧʨʦʨʘʩʪʘʥʠʷ ʜʣʷ ʩʝʤʷʥ ʦʚʩʘ (ʨʠʩ. 2, ʙ) ʦʪʤʝʯʝʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 

ʪʝʩʪʠʨʫʝʤʳʭ ʧʦʯʚʘʭ (ʢʨʦʤʝ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʦʡ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʦʡ). ɼʣʷ 

ʢʨʝʩʩ-ʩʘʣʘʪʘ ʘʥʘʣʦʛʠʯʥʦʝ ʧʨʝʚʳʰʝʥʠʝ (ʨʠʩ. 2, ʘ) ʦʪʤʝʯʝʥʦ ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ 
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ʣʫʛʦʚʦʡ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʫʧʝʩʯʘʥʦʡ ʠ ʯʝʨʥʦʟʝʤʘ ʪʠʧʠʯʥʦʛʦ ʩʨʝʜʥʝʩʤʳʪʦʛʦ 

ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʦʛʦ, ʛʜʝ ʢʨʘʪʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʩʪʘʚʣʷʝʪ 

1,3ï3,4 ʠ 1,4ï1,8. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʥʝʨʛʠʷ ʧʨʦʨʘʩʪʘʥʠʷ ʫ ʩʝʤʷʥ ʦʚʩʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʰʝ, ʯʝʤ ʫ ʩʝʤʷʥ ʢʨʝʩʩ-ʩʘʣʘʪʘ. ʊʘʢ, ʚ ʜʝʨʥʦʚʦ-ʦʧʦʜʟʦʣʝʥʥʦʡ ʩʚʷʟʥʦʧʝʩʯʘʥʦʡ 

ʢʨʘʪʥʦʩʪʴ ʪʘʢʦʛʦ ʧʨʝʚʳʰʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 9ï23, ʚ ʣʫʛʦʚʦʡ ʘʣʣʶʚʠʘʣʴʥʦʡ 

ʩʫʧʝʩʯʘʥʦʡ ï 4ï6, ʚ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʦʡ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʦʡ ʠ ʯʝʨʥʦʟʝʤʝ 

ʪʠʧʠʯʥʦʤ ʩʨʝʜʥʝʩʤʳʪʦʤ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʦʤ ï 2. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ  

ʩ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʤ ʧʝʨʠʦʜʦʤ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ ʢʨʝʩʩ-ʩʘʣʘʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʩʝʤʝʥʘʤʠ ʦʚʩʘ. 

ʇʦʢʘʟʘʪʝʣʴ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ (ʨʠʩ. 3) ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ 

ʪʝʩʪʠʨʫʝʤʳʭ ʧʦʯʚ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʜʣʷ ʦʙʝʠʭ ʪʝʩʪ-ʨʘʩʪʝʥʠʡ. 

 

  
   ʘ     ʙ 

 

ʈʠʩ. 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʩʭʦʞʝʩʪʠ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ ʩʘʣʘʪʘ (ʘ) ʠ ʦʚʩʘ (ʙ) ʦʪ 

ʩʣʦʷ ʟʘʛʨʷʟʥʝʥʥʦʡ ʊʄ ʧʦʯʚʳ: 1 ï ʜʝʨʥʦʚʦ-ʦʧʦʜʟʦʣʝʥʥʘʷ ʩʚʷʟʥʦʧʝʩʯʘʥʘʷ, 2 ï 

ʣʫʛʦʚʘʷ ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʫʧʝʩʯʘʥʘʷ, 3 ï ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʘʷ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ, 

4 ï ʯʝʨʥʦʟʝʤ ʪʠʧʠʯʥʳʡ ʩʨʝʜʥʝʩʤʳʪʳʡ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ 

 

ʆʪʤʝʯʝʥʦ ʥʘʣʠʯʠʝ ʟʘʤʝʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʊʄ  

ʚ ʧʦʯʚʝ, ʧʨʝʚʳʰʘʶʱʝʤ ʇɼʂʧ, ʘʢʪʠʚʥʦʩʪʴʶ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʝʤ, ʵʥʝʨʛʠʝʡ 

ʧʨʦʨʘʩʪʘʥʠʷ ʠ ʚʩʭʦʞʝʩʪʴʶ ʩʝʤʷʥ ʪʝʩʪ-ʨʘʩʪʝʥʠʡ. ʊʘʢ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʚʳʰʝʥʠʷ ʊʄ ʚ ʩʣʦʷʭ ʪʝʩʪʠʨʫʝʤʳʭ ʧʦʯʚ (ʪʘʙʣ. 1) ʧʨʦʷʚʣʷʝʪʩʷ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʥʘʜʟʝʤʥʦʡ ʠ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤ ʧʨʦʨʦʩʪʢʦʚ (ʨʠʩ. 1) 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʝʩʪ-ʢʫʣʴʪʫʨ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʠʭ ʵʥʝʨʛʠʠ ʧʨʦʨʘʩʪʘʥʠʷ (ʨʠʩ. 2) 

ʠ ʚʩʭʦʞʝʩʪʠ (ʨʠʩ. 3). ʊ.ʝ., ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʦʚ ʧʨʠʚʦʜʠʪ  

ʢ ʩʥʠʞʝʥʠʶ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʤʝʪʘʣʣʦʚ ʥʘ ʪʝʩʪ-ʨʘʩʪʝʥʠʷ. ʕʪʦ ʦʩʦʙʝʥʥʦ 

ʟʘʤʝʪʥʦ ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ ʧʦʯʚ (20ï25, 50ï75, 100 ʩʤ), ʛʜʝ ʩʦʜʝʨʞʘʥʠʝ ʊʄ 

ʩʥʠʞʘʝʪʩʷ, ʘ ʚʩʭʦʞʝʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʦʙʨʘʟʮʘʤʠ 

(ʢʨʦʤʝ ʜʝʨʥʦʚʦ-ʦʧʦʜʟʦʣʝʥʥʦʡ ʜʣʷ ʢʨʝʩʩ-ʩʘʣʘʪʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʩʪʠʨʫʝʤʳʝ ʧʦʯʚʳ ʥʝ ʷʚʣʷʶʪʩʷ ʬʠʪʦʪʦʢʩʠʯʥʳʤʠ,  

ʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʚ ʥʠʭ ʧʦʢʘʟʘʪʝʣʷ ʇɼʂʧ.ʦʪʥ. ʤʝʜʠ ʠ ʮʠʥʢʘ  

ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ ʠ 

ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʝʥʠʡ. 

ɺ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʨʦʩʪʦʤ ʠ ʨʘʟʚʠʪʠʝʤ ʪʝʩʪ-ʨʘʩʪʝʥʠʡ ʧʨʠ 

ʚʳʨʘʱʠʚʘʥʠʠ ʥʘ ʟʘʛʨʷʟʥʝʥʥʳʭ ʊʄ ʧʦʯʚʘʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʨʫʞʥʦʩʪʴ (ʨʠʩ. 4) 

ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʨʘʩʪʘʥʠʷ (ʨʠʩ. 5) ʩʝʤʷʥ ʵʪʠʭ ʨʘʩʪʝʥʠʡ ʠʤʝʶʪ ʥʠʟʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ. 
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  ʘ      ʙ 

 

ʈʠʩ. 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʜʨʫʞʥʦʩʪʠ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ ʩʘʣʘʪʘ (ʘ) ʠ ʦʚʩʘ (ʙ) ʦʪ 

ʩʣʦʷ ʧʦʯʚʳ, ʟʘʛʨʷʟʥʝʥʥʦʡ ʊʄ: 1 ï ʜʝʨʥʦʚʦ-ʦʧʦʜʟʦʣʝʥʥʘʷ ʩʚʷʟʥʦʧʝʩʯʘʥʘʷ, 2 ï 

ʣʫʛʦʚʘʷ ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʫʧʝʩʯʘʥʘʷ, 3 ï ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʘʷ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ, 

4 ï ʯʝʨʥʦʟʝʤ ʪʠʧʠʯʥʳʡ ʩʨʝʜʥʝʩʤʳʪʳʡ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ 
 

ɼʣʷ ʩʝʤʷʥ ʦʚʩʘ ʧʦʢʘʟʘʪʝʣʴ ʜʨʫʞʥʦʩʪʠ ʧʨʦʨʘʩʪʘʥʠʷ (ʨʠʩ. 4, ʙ) ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʠʤʝʝʪ ʜʦʩʪʦʚʝʨʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʦ ʚʩʝʭ ʧʦʯʚʘʭ, ʢʨʦʤʝ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʦʡ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʦʡ ʧʦʯʚʳ. ɸ ʜʣʷ 

ʩʝʤʷʥ ʢʨʝʩʩ-ʩʘʣʘʪʘ (ʨʠʩ. 4, ʘ), ʥʘʦʙʦʨʦʪ, ʜʦʩʪʦʚʝʨʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʚ 2ï4 ʨʘʟʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʦʡ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʦʡ ʧʦʯʚʝ. 

 

      
  ʘ      ʙ 

 

ʈʠʩ. 5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ ʩʘʣʘʪʘ (ʘ) ʠ ʦʚʩʘ 

(ʙ) ʦʪ ʩʣʦʷ ʟʘʛʨʷʟʥʝʥʥʦʡ ʊʄ ʧʦʯʚʳ: 1 ï ʜʝʨʥʦʚʦ-ʦʧʦʜʟʦʣʝʥʥʘʷ 

ʩʚʷʟʥʦʧʝʩʯʘʥʘʷ, 2 ï ʣʫʛʦʚʘʷ ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʫʧʝʩʯʘʥʘʷ, 3 ï ʣʫʛʦʚʦ-

ʯʝʨʥʦʟʝʤʥʘʷ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ, 4 ï ʯʝʨʥʦʟʝʤ ʪʠʧʠʯʥʳʡ ʩʨʝʜʥʝʩʤʳʪʳʡ 

ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ 

 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʨʘʩʪʘʥʠʷ (ʨʠʩ. 5) ʜʣʷ ʩʝʤʷʥ ʢʨʝʩʩ-ʩʘʣʘʪʘ ʚ 2ï4 

ʨʘʟʘ ʚʳʰʝ ʚ ʣʫʛʦʚʳʭ ʠ ʯʝʨʥʦʟʝʤʥʳʭ ʧʦʯʚʘʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ 

ʦʙʨʘʟʮʘʤʠ. ɼʣʷ ʩʝʤʷʥ ʦʚʩʘ ʘʥʘʣʦʛʠʯʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʦʪʤʝʯʝʥʦ ʚ ʜʝʨʥʦʚʦ-

ʦʧʦʜʟʦʣʝʥʥʦʡ ʩʚʷʟʥʦʧʝʩʯʘʥʦʡ ʚ 2 ʨʘʟʘ ʠ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʦʡ 

ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʦʡ ʚ 1,3 ʨʘʟʘ. 

ʆʪʤʝʯʝʥʥʳʝ ʚʳʰʝ ʨʘʟʣʠʯʠʷ ʚ ʨʘʟʚʠʪʠʠ ʠ ʨʦʩʪʝ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʩʪ-

ʨʘʩʪʝʥʠʡ (ʨʠʩ. 2ï5), ʦʯʝʚʠʜʥʦ, ʟʘʚʠʩʷʪ ʦʪ ʬʠʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʩʘʤʠʭ ʨʘʩʪʝʥʠʷʭ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʚʩʭʦʞʝʩʪʠ, ʵʥʝʨʛʠʠ, ʜʨʫʞʥʦʩʪʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʨʘʩʪʘʥʠʷ 

ʫ ʩʝʤʷʥ ʦʚʩʘ (ʨʠʩ. 2ï5, ʙ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʫ ʢʨʝʩʩ-

ʩʘʣʘʪʘ (ʨʠʩ. 2ï5, ʘ) ʦʙʲʷʩʥʷʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴʶ ʚ ʥʠʭ 
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ʟʘʧʘʩʦʚ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʬʠʪʦʛʦʨʤʦʥʘʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʪʝʥʠʷ ʦʚʩʘ ʦʢʘʟʘʣʠʩʴ ʤʝʥʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʪʦʢʩʠʯʝʩʢʦʤʫ ʜʝʡʩʪʚʠʶ ʤʝʜʠ ʠ ʮʠʥʢʘ, ʯʪʦ ʚʦʟʤʦʞʥʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʝʨʝʚʦʜʠʪʴ ʩʦʝʜʠʥʝʥʠʷ ʊʄ  

ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʨʦʩʪʦʚʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ (ʚʩʭʦʞʝʩʪʴ, ʵʥʝʨʛʠʷ, ʜʨʫʞʥʦʩʪʴ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʨʘʩʪʘʥʠʷ) (ʨʠʩ. 2ï5) ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʩʪ-ʨʘʩʪʝʥʠʡ ʠ ʟʘʛʨʷʟʥʝʥʥʳʤʠ ʊʄ 

ʧʦʯʚʘʤʠ (ʪʘʙʣ. 2). ʆʜʥʘʢʦ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʣʦʷʭ 

ʦʜʥʦʡ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʧʦʯʚʳ ʠ ʥʝ ʚʩʝʛʜʘ ʠʤʝʝʪ ʦʜʥʦʟʥʘʯʥʦʝ ʪʨʘʢʪʦʚʘʥʠʝ ʜʣʷ 

ʨʘʟʥʳʭ ʪʠʧʦʚ ʧʦʯʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ (5, 10ï15 ʩʤ) ʧʦʯʚʳ 

ʯʝʨʥʦʟʝʤʘ ʪʠʧʠʯʥʦʛʦ ʩʨʝʜʥʝʩʤʳʪʦʛʦ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʦʛʦ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ Cu ʠ Zn (ʪʘʙʣ. 2) ʧʦʢʘʟʘʪʝʣʠ ʚʩʭʦʞʝʩʪʠ, ʵʥʝʨʛʠʠ, ʜʨʫʞʥʦʩʪʠ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʨʘʩʪʘʥʠʷ (ʨʠʩ. 2ï5) ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ 

ʘʥʘʣʦʛʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʜʨʫʛʠʭ ʪʠʧʘʭ ʧʦʯʚ, ʛʜʝ ʧʨʝʚʳʰʝʥʠʝ ʚʨʝʜʥʦʩʪʠ 

ʊʄ ʥʠʞʝ. ʆʙʲʷʩʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʩʘʤʦʡ ʧʦʯʚʳ. ɻʣʠʥʠʩʪʳʝ ʯʝʨʥʦʟʝʤʥʳʝ ʧʦʯʚʳ ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʯʚʘʤ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʡ ʟʘʧʘʩ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʧʨʦʯʥʦ 

ʩʚʷʟʳʚʘʪʴ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʝʜʦʭʨʘʥʷʪʴ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ 

ʨʘʩʪʠʪʝʣʴʥʫʶ ʧʨʦʜʫʢʮʠʶ [5]. 

ʇʨʦʚʝʜʝʥʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʨʘʩʪʘʥʠʷ, ʨʦʩʪʘ  

ʠ ʨʘʟʚʠʪʠʷ ʩʝʤʷʥ ʪʝʩʪ-ʨʘʩʪʝʥʠʡ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂʧ ʤʝʜʠ ʠ ʮʠʥʢʘ 

ʚʦ ʚʩʝʭ ʪʝʩʪʠʨʫʝʤʳʭ ʧʦʯʚʘʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʯʘʱʝ ʚʩʝʛʦ ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʝʪʘʣʣʦʚ ʚ ʩʣʦʷʭ ʪʝʩʪʠʨʫʝʤʳʭ ʧʦʯʚ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʦʢʩʠʯʝʩʢʦʛʦ 

ʜʝʡʩʪʚʠʷ ʤʝʪʘʣʣʦʚ. ʆʜʥʘʢʦ, ʥʝ ʚʩʝʛʜʘ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʜʥʦʟʥʘʯʥʘ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʦʚ, ʢʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʧʦʚʳʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʚʨʝʜʥʦʩʪʠ 

ʤʝʜʠ ʠ ʮʠʥʢʘ ʚ ʧʦʯʚʘʭ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ. ʈʘʩʭʦʞʜʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʚʦʟʤʦʞʥʦ, ʦʙʲʷʩʥʷʪʁʩʷ ʜʦʟʦʡ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʊʄ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ, ʚʘʣʝʥʪʥʦʩʪʠ ʝʛʦ ʠʦʥʘ, ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ, ʊʄ ʚ ʤʘʣʳʭ ʜʦʟʘʭ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʦʩʪʫ ʠ ʨʘʟʚʠʪʠʶ 

ʨʘʩʪʝʥʠʡ (ʷʚʣʷʷʩʴ ʜʣʷ ʥʠʭ ʥʝʦʙʭʦʜʠʤʳʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʤ), ʦʜʥʘʢʦ ʠʭ ʚʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʦʩʦʙʥʳ ʧʦʜʘʚʣʷʪʴ ʨʦʩʪ ʨʘʩʪʝʥʠʡ, ʥʘʨʫʰʘʷ ʠʭ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʝ 

ʬʫʥʢʮʠʠ [11]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʚʳʰʝʥʠʷ ʤʝʜʠ ʠ ʮʠʥʢʘ  

ʚ ʧʦʯʚʘʭ ʧʨʠʚʦʜʷʪ ʢ ʵʬʬʝʢʪʫ ʩʪʠʤʫʣʷʮʠʠ ʨʦʩʪʘ ʩʝʤʷʥ ʨʘʩʪʝʥʠʡ ʟʘ ʩʯʝʪ 

ʫʣʫʯʰʝʥʠʷ ʨʝʞʠʤʘ ʧʠʪʘʥʠʷ. ʊʘʢ, ʵʬʬʝʢʪ ʩʪʠʤʫʣʷʮʠʠ ʪʝʩʪ-ʨʘʩʪʝʥʠʡ  

ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚʘʭ ʥʘʙʣʶʜʘʝʪʩʷ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʷ ʇɼʂʧ.ʦʪʥ. ʩʦʩʪʘʚʣʷʶʪ:  

ʚ ʜʝʨʥʦʚʦ-ʦʧʦʜʟʦʣʝʥʦʡ ʩʚʷʟʥʦʧʝʩʯʘʥʦʡ ʜʣʷ ʢʨʝʩʩ-ʩʘʣʘʪʘ ï ʇɼʂʧ.ʦʪʥ.(Cu) = 

0,75ʇɼʂ, ʇɼʂʧ.ʦʪʥ.(Zn) = 0,28ʇɼʂ, ʜʣʷ ʦʚʩʘ ï ʇɼʂʧ.ʦʪʥ.(Cu) = 1,36ï1,97ʇɼʂ, 

ʇɼʂʧ.ʦʪʥ.(Zn) = 0,65ï12,1ʇɼʂ; ʚ ʣʫʛʦʚʦʡ ʘʣʣʶʚʠʘʣʴʥʦʡ ʩʫʧʝʩʯʘʥʦʡ ʜʣʷ ʢʨʝʩʩ-

ʩʘʣʘʪʘ ï ʇɼʂʧ.ʦʪʥ.(Cu) = 0,5ï1,1ʇɼʂ, ʇɼʂʧ.ʦʪʥ.(Zn) = 0,28ʇɼʂ, ʜʣʷ ʦʚʩʘ ï 

ʇɼʂʧ.ʦʪʥ.(Cu) = 0,6ï1,1ʇɼʂ, ʇɼʂʧ.ʦʪʥ.(Zn) = 0,08ï23,35ʇɼʂ; ʚ ʣʫʛʦʚʦ-

ʯʝʨʥʦʟʝʤʥʦʡ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʦʡ ʜʣʷ ʢʨʝʩʩ-ʩʘʣʘʪʘ ï ʇɼʂʧ.ʦʪʥ.(Cu) = 1,09ï1,81ʇɼʂ, 

ʇɼʂʧ.ʦʪʥ.(Zn) = 0,26ï0,3ʇɼʂ, ʜʣʷ ʦʚʩʘ ï ʇɼʂʧ.ʦʪʥ.(Cu) = 0,89ï3,29ʇɼʂ, 

ʇɼʂʧ.ʦʪʥ.(Zn) = 0,3ï114,6ʇɼʂ; ʚ ʯʝʨʥʦʟʝʤʝ ʪʠʧʠʯʥʦʤ ʩʨʝʜʥʝʩʤʳʪʦʤ 

ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʦʤ ʜʣʷ ʢʨʝʩʩ-ʩʘʣʘʪʘ ï ʇɼʂʧ.ʦʪʥ.(Cu) = 7,08ʇɼʂ, ʇɼʂʧ.ʦʪʥ.(Zn) = 

1,73ʇɼʂ, ʜʣʷ ʦʚʩʘ ï ʇɼʂʧ.ʦʪʥ.(Cu) = 5,54ï36,57ʇɼʂ, ʇɼʂʧ.ʦʪʥ.(Zn) = 1,59ï

229,3ʇɼʂ. 
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ʊʘʢʞʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʤʝʜʠ ʠ ʮʠʥʢʘ ʠʤʝʝʪ ʨʘʟʣʠʯʥʫʶ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʪʝʩʪ-ʨʘʩʪʝʥʠʷ. ʇʦ ʜʘʥʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʧʨʦʙʘʭ ʪʝʩʪʠʨʫʝʤʳʭ ʧʦʯʚ, ʛʜʝ ʇɼʂʧ.ʦʪʥ.(Cu) ʧʨʝʚʳʰʘʝʪ 

ʇɼʂʧ.ʦʪʥ.(Zn) (ʪʘʙʣ. 2), ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʠʤʫʣʷʮʠʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʪʝʩʪ-

ʨʘʩʪʝʥʠʡ. ʆʜʥʘʢʦ ʪʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʥʘ ʥʝ ʜʣʷ ʚʩʝʭ ʪʝʩʪ-ʨʘʩʪʝʥʠʡ ʠ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʝ ʚʦ ʚʩʝʭ ʩʣʦʷʭ ʧʦʯʚ. ʅʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ ʠ ʮʠʥʢʘ ʚ ʧʦʯʚʝ, ʧʨʝʚʳʰʘʶʱʝʤ ʠʭ ʇɼʂʧ ʠ ʘʢʪʠʚʥʦʩʪʴʶ 

ʨʦʩʪʘ ʪʝʩʪ-ʨʘʩʪʝʥʠʡ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʘ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʜʝʡʩʪʚʠʠ ʤʝʜʠ ʠ ʮʠʥʢʘ. 

ʇʨʠ ʩʦʚʤʝʩʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʵʪʠʭ ʜʚʫʭ ʤʝʪʘʣʣʦʚ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ 

ʨʘʩʪʝʥʠʡ ʜʦʟʘʭ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʫʩʠʣʝʥʠʝ, ʪʘʢ ʠ ʦʩʣʘʙʣʝʥʠʝ ʠʭ 

ʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ʉʠʥʝʨʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʮʠʥʢʘ ʠ ʤʝʜʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʩʝʜʥʠʭ ʛʨʫʧʧʘʭ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʇʨʠʯʝʤ, ʢʘʢ ʫʪʚʝʨʞʜʘʶʪ ʘʚʪʦʨʳ ʨʘʙʦʪ [11], ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʦʡ 

ʬʠʪʦʢʩʠʯʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʤʝʜʴ, ʠ ʫʩʠʣʝʥʠʝ ʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʤʝʜʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʮʠʥʢʘ. 

 

ɺʳʚʦʜʳ 

 

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʠʛʨʘʮʠʠ ʤʝʜʠ  

ʠ ʮʠʥʢʘ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʪʠʧʘʭ ʧʦʯʚ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ɻʐ ʠ ʠʟʫʯʝʥʠʠ ʠʭ 

ʚʣʠʷʥʠ ̫ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʘʢʪʠʚʥʦʛʦ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʪʝʩʪ-ʨʘʩʪʝʥʠʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ: 

- ʪʝʭʥʦʛʝʥʥʘʷ ʤʠʛʨʘʮʠʷ ʤʝʜʠ ʠ ʮʠʥʢʘ ʚ ʩʠʩʪʝʤʝ çɻʐ ï ʧʦʯʚʘè 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʧʝʮʠʬʠʢʦʡ ʧʦʯʚ ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ɻʐ. ʇʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʤʝʜʠ ʠ ʮʠʥʢʘ ʠʟ ʰʣʘʤʘ 

ʠ ʪʨʘʥʩʣʦʢʘʮʠʠ ʚ ʚʝʨʭʥʠʡ ʩʣʦʡ ʠʩʩʣʝʜʫʝʤʳʝ ʧʦʯʚʳ ʤʦʞʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʚ ʨʷʜ: 

ʯʝʨʥʦʟʝʤ ʪʠʧʠʯʥʳʡ ʩʨʝʜʥʝʩʤʳʪʳʡ ʪʷʞʝʣʦ-ʩʫʛʣʠʥʠʩʪʳʡ < ʜʝʨʥʦʚʦ 

ʦʧʦʜʟʦʣʝʥʥʘʷ ʩʚʷʟʥʦʧʝʩʯʘʥʘʷ < ʣʫʛʦʚʘʷ ʘʣʣʶʚʠʘʣʴʥʘʷ ʩʫʧʝʩʯʘʥʘʷ < ʣʫʛʦʚʦ-

ʯʝʨʥʦʟʝʤʥʘʷ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ; 

- ʧʦʜʚʠʞʥʦʩʪʴ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʟʘʚʠʩʠʪ ʦʪ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʯʚ: 

ʧʦʜʚʠʞʥʦʩʪʴ Cu ʚ ʢʠʩʣʳʭ ʧʦʯʚʘʭ ʚʳʰʝ, ʯʝʤ ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʠʣʠ ʱʝʣʦʯʥʳʭ,  

ʘ Zn ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʧʦʯʚʘʭ, ʨʝʘʢʮʠʷ ʢʦʪʦʨʳʭ 

ʥʝʡʪʨʘʣʴʥʘʷ ʠʣʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʥʝʡ. ʅʘʠʤʝʥʴʰʘʷ ʤʠʛʨʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʤʝʜʠ ʠ ʮʠʥʢʘ ʦʪʤʝʯʝʥʘ ʚ ʯʝʨʥʦʟʝʤʝ ʪʠʧʠʯʥʦʤ ʩʨʝʜʥʝʩʤʳʪʦʤ 

ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʦʤ, ʩʣʘʙʦʱʝʣʦʯʥʳʝ ʫʩʣʦʚʠʷ ʢʦʪʦʨʦʛʦ ʫʩʠʣʠʚʘʶʪ ʧʝʨʝʭʦʜ Cu 

ʠ Zn ʚ ʥʝʧʦʜʚʠʞʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘʢʨʝʧʣʝʥʠʶ ʧʦʯʚʝʥʥʳʤʠ 

ʯʘʩʪʠʮʘʤʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ; 

- ʧʦ Cu ʚʩʝ ʩʣʦʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚ ʠʤʝʶʪ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʇʦ ʮʠʥʢʫ ʭʘʨʘʢʪʝʨ ʟʘʛʨʷʟʥʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʧʦʯʚʳ ʠ ʚ ʪʷʞʝʣʳʭ 

ʛʫʤʫʩʩʠʨʦʚʘʥʥʳʭ ʧʦʯʚʘʭ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ 

ʤʝʥʷʝʪʩʷ ʦʪ ʦʯʝʥʴ ʚʳʩʦʢʦʛʦ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ, ʠʩʧʳʪʳʚʘʶʱʝʤ ʪʝʭʥʦʛʝʥʥʫʶ 

ʥʘʛʨʫʟʢʫ, ʜʦ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʚ ʥʠʞʥʠʭ; 

- ʩʦʚʤʝʩʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʤʝʜʠ ʠ ʮʠʥʢʘ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ  

ʚ ʠʥʛʠʙʠʨʦʚʘʥʠʠ, ʪʘʢ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʠ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʪʝʩʪ-ʨʘʩʪʝʥʠʡ ï ʢʨʝʩʩ-ʩʘʣʘʪʘ ʠ ʦʚʩʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʫʨʦʚʥʝʤ 

ʟʘʛʨʷʟʥʝʥʠʷ, ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚʳ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʧʝʮʠʬʠʢʦʡ ʪʝʩʪ-ʢʫʣʴʪʫʨʳ. 

ɼʣʷ ʧʦʯʚʳ ʜʝʨʥʦʚʦ-ʦʧʦʜʟʦʣʝʥʥʦʡ ʩʚʷʟʥʦʧʝʩʯʘʥʦʡ ʭʘʨʘʢʪʝʨʥʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ 

ʨʘʟʚʠʪʠʷ ʪʝʩʪ-ʨʘʩʪʝʥʠʷ, ʘ ʜʣʷ ʯʝʨʥʦʟʝʤʘ ʪʠʧʠʯʥʦʛʦ ʩʨʝʜʥʝʩʤʳʪʦʛʦ 
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ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʦʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʣʦʷʭ ʦʪʤʝʯʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ; 

- ʩʝʤʝʥʘ ʦʚʩʘ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʘʢʪʠʚʥʦʩʪʠ ʨʦʩʪʘ  

ʠ ʨʘʟʚʠʪʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʫ ʢʨʝʩʩ-ʩʘʣʘʪʘ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴʶ ʚ ʥʠʭ ʟʘʧʘʩʦʚ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʬʠʪʦʛʦʨʤʦʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʊʘʢʞʝ 

ʨʘʩʪʝʥʠʷ ʦʚʩʘ ʦʢʘʟʘʣʠʩʴ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʪʦʢʩʠʯʝʩʢʦʤʫ ʜʝʡʩʪʚʠʶ 

ʤʝʜʠ ʠ ʮʠʥʢʘ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʝʨʝʚʦʜʠʪʴ 

ʩʦʝʜʠʥʝʥʠʷ ʊʄ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ. 
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ʥʘʡʥʝʙʝʟʧʝʯʥʽʰʠʤ ʻ ʩʽʨʢʦʚʦʜʝʥʴ), ʷʢʽ ʯʝʨʝʟ ʰʘʭʪʠ ʽ ʢʦʣʦʜʷʟʽ ʟʘʙʨʫʜʥʶʶʪʴ 

ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʤʽʩʴʢʠʭ ʨʝʛʽʦʥʽʚ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʩʽʨʢʦʚʦʜʥʶ ʫ ʚʠʢʠʜʘʭ 

ʥʘʚʽʪʴ ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʚʘʨʽʶʻ ʚ ʜʫʞʝ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʅʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʨʽʯʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ ʚ ʘʪʤʦʩʬʝʨʽ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʤʝʨʝʞ ʪʘ ʫ ʚʠʢʠʜʘʭ  

ʟ ʥʠʭ ʚ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʥʘʩʝʣʝʥʠʭ ʤʽʩʮʴ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʘʥʘʣʽʟʘʮʽʡʥʽ ʤʝʨʝʞʽ, ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ, ʩʽʨʢʦʚʦʜʝʥʴ, ʟʘʭʠʩʪ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʢʦʨʦʟʠʤʝʪʨ ʙʝʪʦʥʫ, ʩʝʨʝʜʥʴʦʨʽʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʩʽʨʢʦʚʦʜʥʶ.  

 

ɺʩʪʫʧ 

 

ʂʘʥʘʣʽʟʘʮʽʷ ʻ ʩʠʩʪʝʤʦʶ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ 

ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ (ɽɹ) ʪʝʭʥʽʯʥʦʛʦ ʪʘ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʦʛʦ 

ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʤʽʩʪʘ. ʇʨʦʪʝ, ʩʧʦʨʫʜʠ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʻ 

ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ, ʷʢʽ ʯʠʥʷʪʴ ʽʥʪʝʥʩʠʚʥʝ ʪʝʭʥʦʛʝʥʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʥʝʨʽʜʢʦ ʩʪʘʶʯʠ ʜʞʝʨʝʣʦʤ 

ʟʥʘʯʫʱʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʤʽʩʴʢʠʭ ʨʝʛʽʦʥʽʚ. ʅʘʚʽʪʴ ʧʨʠ ʨʦʙʦʪʽ 

ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʤʝʨʝʞ (ʂʄ) ʚ ʙʝʟʘʚʘʨʽʡʥʦʤʫ ʨʝʞʠʤʽ, ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʷ ʩʪʚʦʨʶʻ 

ʝʢʦʣʦʛʽʯʥʫ ʧʨʦʙʣʝʤʫ, ʦʙʫʤʦʚʣʝʥʫ ʫʪʚʦʨʝʥʥʷʤ ʪʦʢʩʠʯʥʠʭ ʛʘʟʦʧʦʜʽʙʥʠʭ ʩʧʦʣʫʢ 

(ʩʽʨʢʦʚʦʜʥʶ, ʤʝʨʢʘʧʪʘʥʫ, ʜʽʦʢʩʠʜʫ ʩʽʨʢʠ, ʦʢʩʠʜʫ ʡ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ, ʤʝʪʘʥʫ 

ʪʘ ʽʥ.), ʷʢʽ ʯʝʨʝʟ ʰʘʭʪʠ ʽ ʢʦʣʦʜʷʟʽ ʟʘʙʨʫʜʥʶʶʪʴ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʤʽʩʴʢʠʭ 

ʨʝʛʽʦʥʽʚ [1, 2]. ʆʩʦʙʣʠʚʫ ʝʢʦʣʦʛʽʯʥʫ ʥʝʙʝʟʧʝʢʫ ʟʘ ʢʨʘʪʥʽʩʪʶ ʧʝʨʝʚʠʱʝʥʥʷ 

ʛʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ (ɻɼʂ) ʚ ʛʘʟʦʧʦʜʽʙʥʠʭ ʚʠʢʠʜʘʭ ʟ ʂʄ 

ʩʪʚʦʨʶʻ ʩʽʨʢʦʚʦʜʝʥʴ (ʨʝʯʦʚʠʥʘ 2-ʛʦ ʢʣʘʩʫ ʥʝʙʝʟʧʝʢʠ). ɺʽʥ ʜʦ ʪʦʛʦ ʞ ʽʥʽʮʽʶʻ 

ʨʦʟʚʠʪʦʢ ʥʘ ʩʢʣʝʧʽʥʝʚʽʡ ʯʘʩʪʠʥʽ ʙʝʪʦʥʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʙʽʦʛʝʥʥʦʾ 

ʩʽʨʯʘʥʦʢʠʩʣʦʪʥʦʾ ʢʦʨʦʟʽʾ, ʷʢʘ ʢʘʨʜʠʥʘʣʴʥʦ ʟʤʝʥʰʫʻ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʮʠʭ ʦʙôʻʢʪʽʚ. ʉʣʫʞʙʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʂʄ ʧʦʪʨʝʙʫʶʪʴ ʥʝ ʪʽʣʴʢʠ 

ʟʘʭʦʜʽʚ, ʤʽʥʽʤʽʟʫʶʯʠʭ ʫʪʚʦʨʝʥʥʷ ʩʽʨʢʦʚʦʜʥʶ ʚ ʩʪʽʯʥʠʭ ʚʦʜʘʭ, ʷʢʽ 

ʪʨʘʥʩʧʦʨʪʫʶʪʴʩʷ ʤʝʨʝʞʘʤʠ, ʘ ʡ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʧʨʦʛʥʦʟʫ ʪʘ 

ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʠʢʠʜʽʚ ʩʽʨʢʦʚʦʜʥʶ ʚ ʘʪʤʦʩʬʝʨʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʜʽʡʩʥʠʡ ʪʘ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʩʪʘʥ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʦʢʨʝʤʠʭ 

ʜʽʣʷʥʦʢ ʂʄ [2, 3]. 

 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ 

 

ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʨʽʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʩʽʨʢʦʚʦʜʥʶ ʚ ʂʄ ʪʘ ʫ ʚʠʢʠʜʘʭ ʟ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʰʘʭʪ ʚ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ. 
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ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ 

 

ʂʄ ʪʘ ʩʧʦʨʫʜʠ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ ʻ ʜʞʝʨʝʣʘʤʠ ʚʠʢʠʜʽʚ ʨʷʜʫ ʝʢʦʣʦʛʽʯʥʦ 

ʥʝʙʝʟʧʝʯʥʠʭ, ʪʦʢʩʠʯʥʠʭ ʪʘ ʤʘʶʯʠʭ ʥʝʧʨʠʻʤʥʠʭ ʟʘʧʘʭ ʩʧʦʣʫʢ ï ʩʽʨʢʦʚʦʜʥʶ, 

ʤʝʨʢʘʧʪʘʥʫ, ʤʝʪʠʣʤʝʨʢʘʧʪʘʥʫ, ʦʢʩʠʜʽʚ ʘʟʦʪʫ, ʘʤʽʘʢʫ ʪʘ ʽʥ. ʇʨʠʯʦʤʫ ʤʘʩʘ 

ʩʽʨʢʦʚʦʜʥʶ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʟ ʂʄ ʚ ʤʽʩʴʢʫ ʘʪʤʦʩʬʝʨʫ ʟʘ ʨʽʢ, ʜʦʩʷʛʘʻ  

2,9ï19,0 ʪ, ʱʦ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʚʠʢʠʜʘʤʠ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ [1, 2]. 

ɿʘʛʘʟʦʚʘʥʽ ʤʝʨʝʞʽ ʯʘʩʪʦ ʻ ʧʨʠʯʠʥʦʶ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ (ʦʪʨʫʻʥʥʷ 

ʩʽʨʢʦʚʦʜʥʝʤ) ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ, ʘ ʯʠʩʣʝʥʥʽ ʚʠʧʘʜʢʠ ʙʽʦʛʝʥʥʦʾ 

ʩ̔ ʨʯʘʥʦʢʠʩʣʦʪʥʦ ʾ ʢʦʨʦʟʽʾ ʢʦʣʝʢʪʦʨʽʚ ʢʘʥʘʣʽʟʘʮʽʾ, ʷʢʫ ʽʥʽʮʽʶʻ ʥʘʢʦʧʠʯʝʥʠʡ  

ʚ ʧʽʜʩʢʣʝʧʽʥʝʚʦʤʫ ʧʨʦʩʪʦʨʽ ʩʽʨʢʦʚʦʜʝʥʴ, ʚ ʢʦʨʦʪʢʽ ʪʝʨʤʽʥʠ (4ï10 ʨʦʢʽʚ) ʟʜʘʪʥ ̔

ʟʨʫʡʥʫʚʘʪʠ ʩʦʪʥʽ ʪʦʥʥ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʆʩʥʦʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʛʘʟʦʧʦʜʽʙʥʠʭ ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʫ ʤʽʩʴʢʠʭ ʨʝʛʽʦʥʽʚ  

ʟ̔ ʩʘʤʦʧʣʠʚʥʦʾ ʢʘʥʘʣʽʟʘʮʽʾ (ʯʝʨʝʟ ʥʝʱʽʣʴʥʽʩʪʴ ʚ ʢʨʠʰʢʘʭ ʣʶʢʽʚ ʪʘ ʢʘʤʝʨ, 

ʚʝʥʪʠʣʷʮʽʡʥʽ ʢʘʤʝʨʠ ʽ ʪ.ʜ.) ʻ ʜʽʣʷʥʢʠ ʤʝʨʝʞʽ, ʱʦ ʧʨʘʮʶʶʪʴ ʟ ʚʝʣʠʢʠʤ 

ʥʘʧʦʚʥʝʥʥʷʤ, ʟ ʥʠʟʴʢʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʪʝʯʽʾ ʚʦʜʠ, ʜʽʣʷʥʢʠ ʨʦʟʚʘʥʪʘʞʝʥʥʷ 

ʥʘʧʽʨʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʪʘ ʜʽʣʷʥʢʠ ʧʝʨʝʜ ʪʘ ʧʽʩʣʷ ʜʶʢʝʨʥʠʭ ʧʝʨʝʭʦʜʽʚ [2ï5].  

ɻʘʟʦʧʦʜʽʙʥʽ ʚʠʢʠʜʠ ʟ ʂʄ, ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʤʽʩʴʢʫ ʘʪʤʦʩʬʝʨʫ, 

ʩʪʚʦʨʶʶʪʴ ʝʢʦʣʦʛʽʯʥʫ ʥʘʧʨʫʞʝʥʽʩʪʴ ʚ ʧʨʠʣʝʛʣʠʭ ʤʽʩʴʢʠʭ ʨʝʛʽʦʥʘʭ ʪʘ ʟʘʛʨʦʟʫ 

ʟʜʦʨʦʚ'ʶ ʥʘʩʝʣʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʥʠʭ ʨʷʜʫ ʩʽʨʢʦʚʤʽʩʥʠʭ ʩʧʦʣʫʢ 

ʩʽʨʢʦʚʦʜʥʶ, ʜʽʦʢʩʠʜʫ ʩʽʨʢʠ, ʤʝʨʢʘʧʪʘʥʫ, ʜʠʤʝʪʠʣʩʫʣʴʬʽʜʫ (ɼʄʉ) ʧʝʨʝʚʠʱʫʻ 

ɻɼʂ ʩʝʨʝʜʥʴʦʜʦʙʦʚʝ (ɻɼʂʩ.ʜ.) ʪʘ ɻɼʂ ʨʦʙʦʯʦʾ ʟʦʥʠ (ɻɼʂʨ.ʟ.) (ʪʘʙʣ. 1). ʂʨʽʤ 

ʚʠʩʦʢʠʭ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʡ ʮʠʭ ʩʧʦʣʫʢ ʚ ʛʘʟʦʧʦʜʽʙʥʠʭ 

ʚʠʢʠʜʘʭ, ʚʝʣʠʢʫ ʥʝʙʝʟʧʝʢʫ ʩʪʘʥʦʚʠʪʴ ʩʠʥʝʨʛʽʯʥʠʡ ʝʬʝʢʪ ʾʭ ʚʧʣʠʚʫ, ʧʦʚ'ʷʟʘʥʠʡ 

ʟ ʧʨʠʩʫʪʥʽʩʪʶ ʫ ʚʠʢʠʜʘʭ ʜʽʦʢʩʠʜʫ ʩʽʨʢʠ [2, 3, 5, 6].  

 

ʊʘʙʣʠʮʷ 1 ï ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʘʪʤʦʩʬʝʨʠ ʂʄ ʫ ʤ. ʍʘʨʢʦʚʽ [5] 

 
ʉʧʦʣʫʢʘ ʂʦʥʮʝʥʪʨʘʮʽ̫ ʂʨʘʪʥʽʩʪʴ ʧʝʨʝʚʠʱʝʥʥʷ ɻɼʂʨ.ʟ. 

ʉʆ, ʤʛ/ʤ3 0ï25 1,4 

ʉʆ2, ʦʙ. % 0,1ï3,5 ï 

ʉʅ4, ʦʙ. % 0,2ï6,0 0 

H2S, ʤʛ/ʤ3 0ï300  30 

SO2, ʤʛ/ʤ3 5ï10  0,5ï1,5 

NH3, ʤʛ/ʤ3 0ï5,0 0ï0,4 

 

ʗʢ ʚʠʜʥʦ, ʥʘʡʙʽʣʴʰʽ ʧʝʨʝʚʠʱʝʥʥʷ ɻɼʂʨ.ʟ. ʚ ʘʪʤʦʩʬʝʨʽ ʂʄ ʤ. ʍʘʨʢʦʚʘ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʩʽʨʢʦʚʦʜʥʶ. ʎʷ ʩʧʦʣʫʢʘ ʫʪʚʦʨʶʻʪʴʩʷ  

ʚ ʩʪʽʯʥʠʭ ʚʦʜʘʭ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʶʪʴʩʷ ʢʘʥʘʣʽʟʘʮʽʡʥʠʤʠ ʤʝʨʝʞʘʤʠ, ʚʥʘʩʣʽʜʦʢ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʾ ʩʫʣʴʬʘʪʨʝʜʫʢʮʽʾ ï ʚʽʜʥʦʚʣʝʥʥʷ ʩʫʣʴʬʘʪʽʚ ʧʨʦʪʦʥʘʤʠ 

ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʧʦʪʽʤ ʝʣʶʶʻ ʚ ʛʘʟʦ-ʧʦʚʽʪʨʷʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʽʜʩʢʣʝʧʽʥʝʚʦʛʦ 

ʧʨʦʩʪʦʨʫ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʘ ʟ ʥʴʦʛʦ ï ʚ ʤʽʩʴʢʫ ʘʪʤʦʩʬʝʨʫ (ʨʠʩ. 1) [2, 6ï8]. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʜʝʛʘʟʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ ʟ ʩʪʦʢʽʚ ʚ ʧʽʜʩʢʣʝʧʽʥʝʚʠʡ ʧʨʦʩʪʽʨ 

ʪʨʫʙʦʧʨʦʚʦʜʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʚʤʽʩʪʫ ʫ ʚʦʜʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ  

1,12ï8,27 ʤʛ/ʤ3Āʩ [2]. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʢʠʜʫ ʩʽʨʢʦʚʦʜʥʶ ʟ ʂʄ ʥʝʧʦʩʪʽʡʥʘ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʨʠ 

ʨʦʢʫ. ʋ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ, ʧʦʨʷʜ ʽʟ ʟʘʛʘʣʴʥʠʤ ʟʥʠʞʝʥʥʷʤ ʝʤʽʩʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʚʠʢʠʜʫ cʽʨʢʦʚʦʜʥʶ ʥʘ ʦʙôʻʢʪʘʭ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ [7, 8]. 
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1 ï ʂʅʉ, 2 ï ʜʽʣʷʥʢʘ ʥʘʧʽʨʥʦʛʦ ʢʘʥʘʣʽʟʘʮʽʡʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ, 3 ï 

ʢʘʥʘʣʽʟʘʮʽʡʥʘ ʰʘʭʪʘ, 4 ï ʜʽʣʷʥʢʘ ʩʘʤʦʧʣʠʚʥʦʛʦ ʢʘʥʘʣʽʟʘʮʽʡʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ 

 

ʈʠʩ. 1 ï ʇʨʦʮʝʩ ʩʫʣʴʬʘʪʨʝʜʫʢʮʽʾ ʪʘ ʚʠʜʽʣʝʥʥʷ ʩʽʨʢʦʚʦʜʥʶ  

ʚ ʢʘʥʘʣʽʟʘʮʽʡʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽ [6] 

 

ʈʦʟʩʽʶʚʘʥʥʷ ʚʠʢʠʜʽʚ ʚʽʜ ʜʝʷʢʠʭ ʩʧʦʨʫʜ ʢʘʥʘʣʽʟʘʮʽʾ ʚʠʤʘʛʘʻ ʚʝʣʠʢʠʭ  

(100ï500 ʤ) ʩʘʥʽʪʘʨʥʦ-ʟʘʭʠʩʥʠʭ ʟʦʥ (ʉɿɿ). ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ, ʢʦʣʠ ʧʣʦʱʽ ʜʣʷ 

ʨʦʟʚʠʪʢʫ ʚʩʝʨʝʜʠʥʽ ʤʝʞ ʚʝʣʠʢʠʭ ʤʽʩʪ ʚʠʯʝʨʧʫʶʪʴʩʷ, ʧʨʦʙʣʝʤʘ ʝʢʦʣʦʛʽʯʥʦʾ 

ʥʝʙʝʟʧʝʢʠ ʪʘ ʟʘʧʘʭʽʚ ʚʽʜ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ, ʘ ʪʘʢʦʞ ʽʥʰʠʭ ʦʙ'ʻʢʪʽʚ ʢʘʥʘʣʽʟʘʮʽʾ 

(ʂʅʉ, ʰʘʭʪʠ ʪʘ ʢʦʣʦʜʷʟʽ ʂʄ) ʥʘʙʫʚʘʻ ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʇʝʨʰʠʤ 

ʢʨʦʢʦʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʚʠʢʠʜʽʚ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʟ ʂʄ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʩʦʨʙʮʽʡʥʠʭ, ʙʽʦʣʦʛʽʯʥʠʭ, ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʪʘ ʬʦʪʦʭʽʤʽʯʥʠʭ 

ʤʝʪʦʜʽʚ ʦʯʠʱʝʥʥʷ ʛʘʟʦʧʦʜʽʙʥʠʭ ʚʠʢʠʜʽʚ [8ï10].  

 

ʆʙô̒ ʢʪʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʽʣʷʥʢʘʭ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʤʝʨʝʞ 

ʤ. ʍʘʨʢʦʚʘ. ɺʠʤʽʨʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ ʚ ʘʪʤʦʩʬʝʨʽ 

ʧʽʜʩʢʣʝʧʽʥʝʚʦʛʦ ʧʨʦʩʪʦʨʫ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʴʦʭ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʽʚ: 

ʋɻ-2, çɼʦʟʦʨè, ʰʘʭʪʥʠʡ ʽʥʪʝʨʬʝʨʦʤʝʪʨ ʐʀ-11. ʂʦʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ  

ʚ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʣʠ ʚ ʥʘʪʫʨʥʠʭ 

ʫʤʦʚʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʨʦʟʠʤʝʪʨʘ ʙʝʪʦʥʫ ï ʨʦʟʨʦʙʣʝʥʦʛʦ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʥʝʨʫʡʥʫʶʯʦʛʦ ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʩʧʦʨʫʜ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ [6, 8]. 

ʇʨʠʩʪʨʽʡ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʚʠʤʽʨʶʚʘʪʠ ʨʅ ʢʦʥʜʝʥʩʘʪʥʦʾ ʚʦʣʦʛʠ ʥʘ ʙʝʪʦʥʽ 

ʷʢ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ, ʪʘʢ ʽ ʥʘ ʜʽʶʯʠʭ ʦʙ'ʻʢʪʘʭ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʠʭ ʧʨʦʛʨʘʤ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʙʝʪʦʥʥʠʭ 

ʩʧʦʨʫʜ. ɺʽʥ ʤʦʞʝ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʾ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ 

ʢʠʩʣʦʪʥʦʾ ʘʛʨʝʩʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʱʦ ʜʽʶʪʴ ʥʘ ʟʘʣʽʟʦʙʝʪʦʥʥʽ 

ʩʧʦʨʫʜʠ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʂʦʨʦʟʠʤʝʪʨ ʙʝʪʦʥʫ ʩʝʨʪʠʬʽʢʦʚʘʥʦ  

ʚ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʮʝʥʪʨʽ çɯʥʩʪʠʪʫʪ ʤʝʪʨʦʣʦʛʽʾè (ʤ. ʍʘʨʢʽʚ), 

ʩʚʽʜʦʮʪʚʦ ˉ 5682. 

 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ 

 

ʗʢ ʩʚʽʜʯʘʪʴ ʜʘʥʽ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʢʘʥʘʣʽʟʘʮʽʡʥʦʾ ʤʝʨʝʞʽ, 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʽʨʢʦʚʦʜʥʶ ʚ ʘʪʤʦʩʬʝʨʽ ʧʽʜʩʢʣʝʧʽʥʝʚʦʛʦ ʧʨʦʩʪʦʨʫ 
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ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʟʥʘʯʥʦ ʟʤʽʥʶʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʧʨʦʪʷʛʦʤ ʨʦʢʫ (ʨʠʩ. 2), ʘʣʝ ʽ 

ʧʨʦʪʷʛʦʤ ʩʝʟʦʥʫ (ʢʚʘʨʪʘʣʫ) ï ʚʝʩʥʠ, ʽ ʥʘʚʽʪʴ ʧʨʦʪʷʛʦʤ ʜʦʙʠ, ʧʨʠʯʦʤʫ ʚʝʣʴʤʠ 

ʢʘʨʜʠʥʘʣʴʥʦ (ʨʠʩ. 3).  
 

 
 

ʈʠʩ. 2 ï ɼʠʥʘʤʽʢʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ ʚ ʘʪʤʦʩʬʝʨʽ ʧʽʜʩʢʣʝʧʽʥʝʚʦʛʦ 

ʧʨʦʩʪʦʨʫ ʥʘ ʜʽʣʷʥʮʽ ʢʦʣʝʢʪʦʨʫ  

 
ʈʠʩ. 3 ï ɼʦʙʦʚʽ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ ʚ ʘʪʤʦʩʬʝʨʽ ʧʽʜʩʢʣʝʧʽʥʝʚʦʛʦ 

ʧʨʦʩʪʦʨʫ ʢʦʣʝʢʪʦʨʫ  
 

ʗʢ ʚʠʜʥʦ, ʚ ʘʪʤʦʩʬʝʨʽ ʧʽʜʩʢʣʝʧʽʥʝʚʦʛʦ ʧʨʦʩʪʦʨʫ ʰʘʭʪʠ ʟʘ ʧʝʨʽʦʜ ʟ ʙʝʨʝʟʥʷ 

ʧʦ ʯʝʨʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʽʨʢʦʚʦʜʥʶ ʟʤʽʥʶʚʘʣʘʩʷ ʚʽʜ 47 ʜʦ 240 ʤʛ/ʤ3, ʪʦʙʪʦ 

ʙʽʣʴʰ ʥʽʞ ʥʘ 400%. ʇʨʦʪʷʛʦʤ ʜʦʙʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʽʨʢʦʚʦʜʥʶ ʚ ʘʪʤʦʩʬʝʨʽ 

ʧʽʜʩʢʣʝʧʽʥʝʚʦʛʦ ʧʨʦʩʪʦʨʫ ʢʦʣʝʢʪʦʨʫ ʟʤʽʥʶʚʘʣʘʩʷ ʚʽʜ 7,9 ʜʦ 37,8 ʤʛ/ʤ3, ʪʦʙʪʦ 

ʧʨʘʢʪʠʯʥʦ ʥʘ 400%. ʄʦʞʥʘ ʩʧʨʦʛʥʦʟʫʚʘʪʠ, ʱʦ ʡ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʽʨʢʦʚʦʜʥʶ  

ʫ ʚʠʢʠʜʘʭ ʟ ʂʄ ʪʘʢʦʞ ʚʘʨʽʶʻ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʨʦʪʷʛʦʤ ʥʘʚʽʪʴ ʜʦʙʠ. 



~ 33 ~ 
 

 ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ˉ 3ï4 (24), 2017 

 
  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʦʜʠʥʦʢʽ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ  

ʚ ʘʪʤʦʩʬʝʨʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʥʝ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʝʘʣʴʥʦʾ ʩʠʪʫʘʮʽʾ 

ʥʘʢʦʧʠʯʝʥʥʷ ʩʽʨʢʦʚʦʜʥʶ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ, ʘ ʦʪʞʝ, ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʩʽʨʢʦʚʦʜʥʶ ʚ ʛʘʟʦʧʦʜʽʙʥʠʭ ʚʠʢʠʜʘʭ ʟ ʂʄ.  

ʇʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʦʯʽʢʫʚʘʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ H2S (ʉA H2S)  

ʚ ʘʪʤʦʩʬʝʨʽ ʧʽʜʩʢʣʝʧʽʥʝʚʦʛʦ ʧʨʦʩʪʦʨʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʦʩʝʨʝʜʥʝʥʦʾ ʟʘ ʚʝʣʠʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ (ʨʽʢ), ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʥʘʩʪʫʧʥʠʭ ʧʦʣʦʞʝʥʥʷʭ: 

- ʚʠʤʽʨʠ, ʧʨʦʚʝʜʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʨʦʟʠʤʝʪʨʘ ʙʝʪʦʥʫ ʥʘ ʙʝʪʦʥʽ, ʷʢʠʡ 
ʫʨʘʞʝʥʠʡ ʙʽʦʛʝʥʥʦʶ ʩʽʨʯʘʥʦʢʠʩʣʦʪʥʦʶ ʢʦʨʦʟʽʻʶ, ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ 

ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ (Vʢʦʨ.) ʡ ʦʙôʻʤ ʧʨʦʢʦʨʦʜʦʚʘʥʦʛʦ ʙʝʪʦʥʫ (Vʧʨʦʢʦʨ.); 

- ʤʘʩʘ ʧʨʦʢʦʨʦʜʦʚʘʥʦʛʦ ʙʝʪʦʥʫ ʧʨʦʧʦʨʮʽʡʥʘ ʤʘʩʽ ʮʝʤʝʥʪʫ (mʮ), ʘ ʚ ʥʴʦʤʫ 

ʤʘʩʽ ʮʝʤʝʥʪʥʠʭ ʛʽʜʨʘʪʽʚ (mʉʘʆ), ʱʦ ʧʨʦʨʝʘʛʫʚʘʣʠ ʟ ʩʽʨʯʘʥʦʶ ʢʠʩʣʦʪʦʶ, ʷʢʘ 

ʚʧʣʠʚʘʣʘ ʥʘ ʙʝʪʦʥ ʧʨʦʪʷʛʦʤ ʚʠʟʥʘʯʝʥʦʛʦ ʯʘʩʫ; 

- ʚʝʩʴ ʩʽʨʢʦʚʦʜʝʥʴ (mH2S), ʱʦ ʧʝʨʝʡʰʦʚ ʟ ʘʪʤʦʩʬʝʨʠ ʧʽʜʩʢʣʝʧʽʥʝʚʦʛʦ 

ʧʨʦʩʪʦʨʫ ʚ ʧʣʽʚʢʦʚʫ ʚʦʣʦʛʫ ʥʘ ʩʢʣʝʧʽʥʥʽ, ʦʢʠʩʣʶʻʪʴʩʷ ʫ ʩʽʨʯʘʥʫ ʢʠʩʣʦʪʫ 

(ʯʘʩʪʠʥʘ ʷʢʦʾ ʨʝʘʛʫʻ ʟ ʮʝʤʝʥʪʥʠʤʠ ʛʽʜʨʘʪʘʤʠ ʽ ʜʠʬʫʥʜʫʻ ʚ ʪʦʚʱʫ ʙʝʪʦʥʫ mH2S ʜʠʬ., 

ʘ ʽʥʰʘ ʯʘʩʪʠʥʘ ʩʪʽʢʘʻ ʩʢʣʝʧʽʥʥʷʤ ʚ ʣʦʪʢʦʚʫ ʯʘʩʪʠʥʫ ʪʨʫʙʦʧʨʦʚʦʜʫ); 

- ʧʦʪʽʢ ʩʽʨʢʦʚʦʜʥʶ ʥʘ ʩʢʣʝʧʽʥʥʷ (QH2S) ʧʨʦʧʦʨʮʽʡʥʠʡ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʚ ʘʪʤʦʩʬʝʨʽ ʧʽʜʩʢʣʝʧʽʥʝʚʦʛʦ ʧʨʦʩʪʦʨʫ.  

ɸʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʦʯʽʢʫʚʘʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ ʚ ʘʪʤʦʩʬʝʨʽ 

ʧʽʜʩʢʣʝʧʽʥʝʚʦʛʦ ʧʨʦʩʪʦʨʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, 

ʦʩʝʨʝʜʥʝʥʦʾ ʟʘ ʚʝʣʠʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʫ ʚʠʛʣʷʜʽ ʩʭʝʤʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4. 

 

 

ʈʠʩ. 4 ï ɸʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʦʯʽʢʫʚʘʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ  

ʚ ʘʪʤʦʩʬʝʨʽ ʧʽʜʩʢʣʝʧʽʥʝʚʦʛʦ ʧʨʦʩʪʦʨʫ 

 

ʆʯʽʢʫʚʘʥʫ ʩʝʨʝʜʥʴʦʨʽʯʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʩʽʨʢʦʚʦʜʥʶ ʚ ʘʪʤʦʩʬʝʨʽ 

ʧʽʜʩʢʣʝʧʽʥʝʚʦʛʦ ʧʨʦʩʪʦʨʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ 

ʚʠʟʥʘʯʘʣʠ ʟʘ ʥʘʩʪʫʧʥʦʶ ʧʽʜʩʫʤʢʦʚʦʶ ʬʦʨʤʫʣʦʶ: 

 

kc

baʨ

ɓWM

mMSV
ʉ

ACaO

ʧʠʪʮSHʧʽʜʩʢ.ʧʨ.ʢʦʨ

SHA
2

2 Ö

ÖÖ
Ö

Ö

Ö
=  ,                              (1) 

 

ʜʝ Vʢʦʨ. ï ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʙʝʪʦʥʫ, ʤʤ/ʨʽʢ; Sʧʽʜʩʢ.ʧʨ. ï ʧʣʦʱʘ ʧʽʜʩʢʣʝʧʽʥʝʚʦʛʦ 

ʧʨʦʩʪʦʨʫ ʢʦʣʝʢʪʦʨʫ, ʤ2; MH2S ʽ Mʉʘʆ  ï ʤʦʣʝʢʫʣʷʨʥʽ ʤʘʩʠ H2S ʽ ʦʢʩʠʜʫ ʢʘʣʴʮʽʶ 

ʚʽʜʧʦʚʽʜʥʦ, ʢʛ; mʮ ʧʠʪ. ï ʤʘʩʘ ʮʝʤʝʥʪʫ, ʱʦ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ 1 ʤ3 

ʙʝʪʦʥʫ, ʢʛ; 
A

W  ï ʦʙôʻʤ ʘʪʤʦʩʬʝʨʠ ʧʽʜʩʢʣʝʧʽʥʝʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʤ3; b ï ʢʦʝʬʽʮʽʻʥʪ 

ʤʘʩʦʧʝʨʝʥʦʩʫ H2S, ʜʽʙ-1; ʨ ï ʯʘʩʪʢʘ ʉʘʆ ʚ ʮʝʤʝʥʪʽ, ʱʦ ʚʩʪʫʧʠʣʘ ʚ ʨʝʘʢʮʽʶ  

ʟ H2Sʆ4 ʥʘ ʢʦʥʢʨʝʪʥʽʡ ʜʽʣʷʥʮʽ ʢʘʥʘʣʽʟʘʮʽʡʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʜʦʣʽ, 0,6;  

ʉA H2S 

Vʢʦʨ. Vʧʨʦʢʦʨ. ʙʝʪʦʥʫ mʮ mʉʘʆ 

mH2S ʜʠʬ. mH2S QH2S 
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ʘ ï ʧʝʨʝʨʘʭʫʥʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʛ/ʤʛ, 106; b ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ 

ʩʪʽʢʘʥʥʷ ʯʘʩʪʠʥʠ H2Sʆ4 ʟʽ ʩʪʽʥ ʢʦʣʝʢʪʦʨʫ ʚ ʩʪʽʯʥʫ ʚʦʜʫ, 1,2; ʩ ï ʧʝʨʝʨʘʭʫʥʢʦʚʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʨʽʢ/ʜʽʙ, 365; k ï ʧʝʨʝʨʘʭʫʥʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʤ/ʤ, 1000. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ H2S ʚ ʘʪʤʦʩʬʝʨʽ ʜʽʣʷʥʦʢ 

ʢʘʥʘʣʽʟʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʧʨʝʜʩʪʘʚʣʝʥʦ  

ʚ ʪʘʙʣ. 2. ɼʣʷ ʦʮʽʥʢʠ ʾʭ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʝʘʣʴʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ  

ʚ ʘʪʤʦʩʬʝʨʽ ʧʽʜʩʢʣʝʧʽʥʝʚʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘʚʝʜʝʥʦ ʩʝʨʝʜʥʴʦʨʽʯʥʽ ʜʘʥʽ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ (ʪʘʙʣ. 2). 

ʗʢ ʚʠʜʥʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʨʦʟʠʤʝʪʨʘ ʙʝʪʦʥʫ ʜʦʟʚʦʣʷʻ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʦ 

ʦʮʽʥʠʪʠ ʩʝʨʝʜʥʴʦʨʽʯʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʩʽʨʢʦʚʦʜʥʶ ʚ ʘʪʤʦʩʬʝʨʽ ʧʽʜʩʢʣʝʧʽʥʝʚʦʛʦ 

ʧʨʦʩʪʦʨʫ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʥʝ ʚʠʤʘʛʘʶʯʠ ʧʨʠ 

ʮʴʦʤʫ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ, ʩʪʚʦʨʶʚʘʥʦʾ ʚʠʢʠʜʘʤʠ 

ʩʽʨʢʦʚʦʜʥʶ ʟ ʂʄ ʜʣʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʩʽʨʢʦʚʦʜʥʶ ʥʘ ʚʠʭʦʜʽ ʟ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʰʘʭʪ ʪʘ ʢʦʣʦʜʷʟʽʚ. 

ʉʣʫʞʙʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʤʝʨʝʞ ʤ. ʍʘʨʢʦʚʘ ʧʨʠ ʚʠʙʽʨʢʦʚʦʤʫ 

ʦʙʩʪʝʞʝʥʥʽ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʯʝʨʝʟ ʰʘʭʪʠ ʚʠʤʽʨʶʻʪʴʩʷ ʪʽʣʴʢʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʅ2S ʚ ʧʽʜʩʢʣʝʧʽʥʝʚʦʤʫ ʧʨʦʩʪʦʨʽ ʢʦʣʝʢʪʦʨʘ. ʇʦʦʜʠʥʦʢʽ ʚʠʤʽʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ ʥʘ ʚʠʭʦʜʽ ʟ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʰʘʭʪ ʩʚʽʜʯʘʪʴ, ʱʦ 

ʟʘʟʚʠʯʘʡ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʽʨʢʦʚʦʜʥʶ ʫ ʚʠʢʠʜʽ ʥʘ ʚʠʭʦʜʽ ʟ ʰʘʭʪʠ ʻ ʥʠʞʯʦʶ ʟʘ ʪʫ, 

ʷʢʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙʩʪʝʞʝʥʥʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ.  

 

ʊʘʙʣʠʮʷ 2 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ ʚ ʘʪʤʦʩʬʝʨʽ 

ʧʽʜʩʢʣʝʧʽʥʝʚʦʛʦ ʧʨʦʩʪʦʨʫ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ  

ʟʘ ʨʦʟʨʦʙʣʝʥʠʤ ʤʝʪʦʜʦʤ  

 

ɼʽʣʷʥʢʘ 

ʚʽʜʙʦʨʫ ʧʨʦʙʠ 

ɼʘʥʽ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʩʝʨʝʜʦʚʠʱ 

ʂʦʥʮʝʥʪʨʘʮʽʷ 

H2S ʚ ʘʪʤʦʩʬʝʨʽ 

(ʤʛ/ʤ3), 

ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ 

ʨʦʟʨʦʙʣʝʥʠʤ 

ʤʝʪʦʜʦʤ ʥʘ 

ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ 

ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ 

ʢʦʨʦʟʠʤʝʪʨʘ 

ʙʝʪʦʥʫ 

ɺʽʜʭʠʣʝʥʥʷ 

ʚʽʜ ʜʘʥʠʭ 

ʭʽʤʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ, % 

 

ʉʝʨʝʜʥʴʦ-

ʨʽʯʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ 

H2S ʫ ʚʦʜʽ, 

ʤʛ/ʜʤ3 

ʉʝʨʝʜʥʴʦ-

ʨʽʯʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ 

H2S ʚ 

ʘʪʤʦʩʬʝʨʽ, 

ʤʛ/ʤ3 

ʨʅ 

ʙʝʪʦʥʫ 

ʢ.ʍʊɿ, ʰ. ˉ4 18,6 198,0 1,98 209,0 7,78 

ʢ.ʍʊɿ, ʰ. ˉ5 12,0 20,0 3,7 17,5 1,77 

ʢ.ʍʊɿ, ʰ. ˉ6 13,0 30,6 3,50 33,2 1,84 

ʢ.ʍʊɿ, ʰ. ˉ8 6,6 10,5 4,10 12,5 1,41 

ʢ.ʍʊɿ, ʰ. ˉ10 8,46 62,4 3,20 60,1 1,63 

ʢ.ʍʊɿ, ʰ. ˉ12 31,0 239,7 1,93 251,0 7,99 

 

ɿʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʅ2S ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʪʷʛʫ ʥʘ ʧʝʚʥʽʡ ʜʽʣʷʥʮʽ ʰʘʭʪʠ, ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʝʨʝʜʠʥʽ ʰʘʭʪʠ ʪʘ 

ʟʦʚʥʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʛʣʠʙʠʥʠ ʰʘʭʪʠ (ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʚʠʩʦʪʘ) ʽ ʪ.ʜ. ɼʦ 

ʪʦʛʦ ʞ, ʷʢ ʚʽʜʤʽʯʘʣʦʩʴ ʚʠʱʝ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʽʨʢʦʚʦʜʥʶ ʚ ʘʪʤʦʩʬʝʨʽ ʢʦʣʝʢʪʦʨʽʚ 

ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ. ʆʪʞʝ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʨʽʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʩʽʨʢʦʚʦʜʥʶ ʥʝ ʤʦʞʥʘ ʧʦʢʣʘʜʘʪʠʩʴ ʣʠʰʝ ʥʘ ʧʦʦʜʠʥʦʢʽ ʚʠʤʽʨʠ, ʘ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʦʜʠʪʠ ʩʧʝʮʽʘʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʩʧʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʪʠ 



~ 35 ~ 
 

 ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ˉ 3ï4 (24), 2017 

 
  

ʜʦʩʚʽʜ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʨʽʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ ʚ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ 

ʢʦʣʝʢʪʦʨʘʭ, ʚʠʢʣʘʜʝʥʠʡ ʚʠʱʝ. 

ʆʩʢʽʣʴʢʠ ʩʣʫʞʙʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʂʄ ʜʦʩʠʪʴ ʨʝʛʫʣʷʨʥʦ ʚʠʤʽʨʶʻʪʴʩʷ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʅ2S ʪʽʣʴʢʠ ʚ ʧʽʜʩʢʣʝʧʽʥʝʚʦʤʫ ʧʨʦʩʪʦʨʽ ʢʦʣʝʢʪʦʨʘ, ʪʦʙʪʦ ʥʘ ʜʥʽ 

ʰʘʭʪʠ, ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʟʤʝʥʰʝʥʥʷ ʮʽʻʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

(ʟʘ ʚʝʣʠʢʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ï ʨʽʢ) ʥʘ ʚʠʭʦʜʽ ʟ ʰʘʭʪ ʨʽʟʥʦʾ ʚʠʩʦʪʠ. ɹʝʨʝʤʦ ʜʦ 

ʫʚʘʛʠ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʽʨʢʦʚʦʜʥʶ ʥʘ ʢʦʞʥʽʡ ʚʠʩʦʪʽ ʰʘʭʪʠ ʧʨʦʧʦʨʮʽʡʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʾ H2SO4, ʷʢʘ ʟ ʥʴʦʛʦ ʫʪʚʦʨʶʻʪʴʩʷ ʪʘ ʨʝʘʛʫʻ ʟ ʙʝʪʦʥʦʤ, ʦʪʞʝ ï ʡ 

ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ ʢʦʨʦʟʽʾ, ʷʢʫ ʤʦʞʣʠʚʦ ʚʠʤʽʨʷʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʨʦʟʠʤʝʪʨʘ 

ʙʝʪʦʥʫ. ʊʦʤʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ ʥʘ 

ʰʣʷʭʫ ʚʽʜ ʜʥʘ ʰʘʭʪʠ ʜʦ ʚʠʭʦʜʫ (ʚ % ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ ʥʘ ʜʥʽ ʰʘʭʪ) 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʫ ʢʦʨʦʟʽʾ ʙʝʪʦʥʫ (ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʨʦʟʠʤʝʪʨʘ ʙʝʪʦʥʫ) ʧʦ ʚʠʩʦʪʽ ʩʪʽʥʦʢ ʜʝʷʢʠʭ ʰʘʭʪ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ 

ʂʄ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ (ʨʠʩ. 5), ʱʦ  
 

y = -5,0678x + 94,245
RĮ = 0,6833
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ɺʠʩʦʪʘ ʰʘʭʪʠ, ʤ  
 

ʈʠʩ. 5 ï ɿʘʣʝʞʥʽʩʪʴ ʟʥʠʞʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ  

ʚ ʛʘʟʦʧʦʚʽʪʨʷʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʽʜ ʚʠʩʦʪʠ ʰʘʭʪʠ 

 

ʢʽʣʴʢʽʩʥʦ ʚʽʜʦʙʨʘʞʫʻ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ ʚ ʛʘʟʦʧʦʚʽʪʨʷʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʧʦ ʚʠʩʦʪʽ ʰʘʭʪʠ ï ʚʽʜ ʩʢʣʝʧʽʥʥʷ ʢʘʥʘʣʽʟʘʮʽʡʥʦʛʦ ʢʦʣʝʢʪʦʨʘ 

(ʪʦʯʢʘ 0) ʜʦ ʢʨʠʰʢʠ ʣʶʢʘ. 

ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ, ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ ʩʪʘʥʦʚʠʪʴ 

ʧʨʠʙʣʠʟʥʦ 5,0% ʥʘ ʢʦʞʝʥ ʤʝʪʨ ʚʠʩʦʪʠ ʰʘʭʪʠ ʽ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

 

LH= 245,940678,5 +- ʅ ,                   (2) 

 

ʜʝ LH ï ʚʽʜʥʦʩʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʽʨʢʦʚʦʜʥʶ ʥʘ ʚʠʭʦʜʽ ʟ ʰʘʭʪʠ ʧʦʨʽʚʥʷʥʦ  

ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʘ ʜʥʽ, %; 

ʅ ï ʚʠʩʦʪʘ ʰʘʭʪʠ (ʟʘ ʚʠʩʦʪʫ ʧʨʠʡʤʘʻʪʴʩʷ ʛʣʠʙʠʥʘ ʰʘʭʪʠ), ʤ. 

 

100

245,940678,5
ʉLʉʉ
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+-
Ö=Ö=

H
 ,              (3) 

 

ʜʝ ʉʅ2S ʚʠʭ. ï ʦʯʽʢʫʚʘʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʅ2S ʥʘ ʚʠʭʦʜʽ ʟ ʰʘʭʪ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʤʛ/ʤ3; 
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.ʧʽʜʩʢʣʝʧʽʥSH2
C  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʅ2S ʚ ʧʽʜʩʢʣʝʧʽʥʝʚʦʤʫ ʧʨʦʩʪʦʨʽ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʤʛ/ʤ3; 

ʅ ï ʚʠʩʦʪʘ ʰʘʭʪʠ (ʚʠʩʦʪʘ ʰʘʭʪʠ ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ʛʣʠʙʠʥʫ), ʤ. 

ʈʦʟʨʘʭʦʚʘʥʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ ʚ ʛʘʟʦʧʦʜʽʙʥʠʭ ʚʠʢʠʜʘʭ  

ʟ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʰʘʭʪ ʥʘ ʜʽʣʷʥʢʘʭ ʂʄ ʤ. ʍʘʨʢʦʚʘ (ʚʩʴʦʛʦ 62) ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʬʦʨʤʫʣʠ (2) ʥʘ ʧʽʜʩʪʘʚʽ ʫʩʝʨʝʜʥʝʥʠʭ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʢʦʥʮʝʥʪʨʘʮʽʡ ʮʽʻʾ 

ʩʧʦʣʫʢʠ ʚ ʧʽʜʩʢʣʝʧʽʥʝʚʦʤʫ ʧʨʦʩʪʦʨʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʟʘ 3 ʨʦʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʘ 

ʜʘʥʠʤʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʡʙʽʣʴʰʫ ʝʢʦʣʦʛʽʯʥʫ ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʤʽʩʴʢʦʾ ʘʪʤʦʩʬʝʨʠ ʟʘ 

ʢʨʘʪʥʽʩʪʶ ʧʝʨʝʚʠʱʝʥʥʷ ɻɼʂ ʨ.ʟ. ʧʦ ʩʽʨʢʦʚʦʜʥʶ ʩʪʘʥʦʚʣʷʪʴ 13 ʰʘʭʪ. ʈʦʟʨʘʭʫʥʢʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ ʫ ʚʠʢʠʜʘʭ ʜʣʷ 22 ʰʘʭʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 3. 

 

ʊʘʙʣʠʮʷ 3 ï ʈʦʟʨʘʭʫʥʦʢ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ ʚ ʛʘʟʦʧʦʚʽʪʨʷʥʦʤʫ ʚʠʢʠʜʽ 
ʥʘ ʚʠʭʦʜʽ ʟ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʰʘʭʪ ʤ. ʍʘʨʢʦʚʘ  

 

ˉ 

ʟ/ʧ 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʰʘʭʪʠ 

ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʅ2S ʚ 

ʧʽʜʩʢʣʝʧʽʥʝʚʦʤʫ 

ʧʨʦʩʪʦʨʽ 

ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ, 

ʤʛ/ʤ3 

ɺʠʩʦʪʘ 

ʰʘʭʪʠ, 

ʤ 

ʆʯʽʢʫʚʘʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽ̫  

ʅ2S ʥʘ 

ʚʠʭʦʜ̔ ʟ 

ʰʘʭʪʠ, 

ʤʛ/ʤ3 

ʂʨʘʪʥʩ̔ʪʴ 

ʧʝʨʝʚʠʱʝʥʥʷ 

ɻɼʂʨ.ʟ., 

ʯʘʩʪʢʠ ɻɼʂ 

1 2 3 4 5 6 

ʂʦʣʝʢʪʦʨ 1 

1.  ʐʘʭʪʘ ˉ4 99 15 32,61717269 3,2 

2.  ʐʘʭʪʘ ˉ6 10 13 3,789765569 ï 

3.  ʐʘʭʪʘ ˉ7 12 12 4,877465494 ï 

4.  ʐʘʭʪʘ ˉ8 12 12 4,877465494 ï 

5.  ʐʘʭʪʘ ˉ10 16 11,7 6,641300424 ï 

6.  ʐʘʭʪʘ ˉ11 25 8 13,44483334 1,3 

7.  ʐʘʭʪʘ ˉ12 120 6,8 70,19034822 7 

8.  ʂʅʉ 2 12 7 6,921453001 ï 

9.  ʐʘʭʪʘ ˉ3 28 8 15,05821334 1,5 

ʂʦʣʝʢʪʦʨ 2 

10.  ʐʘʭʪʘ ˉ19 6 8,3 3,159704588 ï 

11.  ʐʘʭʪʘ ˉ15 18 8,5 9,347330804 ï 

12.  ʐʘʭʪʘ ˉ13 2 9 1,002870361 ï 

13.  ʐʘʭʪʘ ˉ10 5 9,2 2,472320001 ï 

14.  ʐʘʭʪʘ ˉ9 6 9,5 2,905131158 ï 

15.  ʐʘʭʪʘ ˉ8 6 10 2,805210381 ï 

16.  ʐʘʭʪʘ ˉ7 5 11 2,179634019 ï 

17.  ʐʘʭʪʘ ˉ6 6 11,7 2,490487659 ï 

18.  ʐʘʭʪʘ ˉ5 12 12 4,877465494 ï 

19.  ʐʘʭʪʘ ˉ4ʙ 42 16 12,90208192 ï 

20.  ʐʘʭʪʘ ˉ4ʘ 75 16 23,039432 2,3 

21.  ʐʘʭʪʘ ˉ4 6 16 1,84315456 ï 

22.  ʐʘʭʪʘ ˉ2 120 16 36,8630912 3,6 
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ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ɽɹ ʥʘʩʝʣʝʥʠʭ ʤʽʩʮʴ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʘʜʽʫʩʽ ʜʽʾ ʚʠʢʠʜʽʚ 

ʟ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʰʘʭʪ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʷʢ ʥʘ 

ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ ʫ ʚʠʢʠʜʘʭ (ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ), ʪʘʢ ʽ ʥʘ ʦʯʠʩʪʢʫ ʮʠʭ ʚʠʢʠʜʽʚ. ʋ 2012ï2014 ʨʨ. 

ʂʇ çʍʘʨʢʽʚʚʦʜʦʢʘʥʘʣè ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʜʝʢʽʣʴʢʘ ʜʝʛʘʟʘʪʦʨʽʚ ʥʘ 

ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʰʘʭʪʘʭ, ʷʢʽ ʟʘʙʝʟʧʝʯʠʣʠ 98ï100% ʝʬʝʢʪ ʦʯʠʩʪʢʠ ʮʠʭ ʚʠʢʠʜʽʚ 

ʚʽʜ ʩʽʨʢʦʚʦʜʥʶ. 

 

ɺʠʩʥʦʚʢʠ 

  

1. ɻʘʟʦʧʦʜʽʙʥʽ ʚʠʢʠʜʠ ʟ ʂʄ ʩʪʚʦʨʶʶʪʴ ʝʢʦʣʦʛʽʯʥʫ ʥʘʧʨʫʞʝʥʽʩʪʴ ʚ ʧʨʠʣʝʛʣʠʭ 
ʤʽʩʴʢʠʭ ʨʝʛʽʦʥʘʭ ʪʘ ʟʘʛʨʦʟʫ ʟʜʦʨʦʚ'ʶ ʥʘʩʝʣʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʥʠʭ 

ʨʷʜʫ ʩʧʦʣʫʢ ʧʝʨʝʚʠʱʫ ̒ɻɼʂ ʩʝʨʝʜʥʴʦʜʦʙʦʚʝ (ɻɼʂʩ.ʜ.) ʪʘ ɻɼʂ ʨʦʙʦʯʦʾ ʟʦʥʠ 

(ɻɼʂʨ.ʟ.). ʅʘʡʙʽʣʴʰʝ ʧʝʨʝʚʠʱʝʥʥʷ ɻɼʂ ʩʪʚʦʨʶʻ ʩʽʨʢʦʚʦʜʝʥʴ ï ʨʝʯʦʚʠʥʘ 2-ʛʦ 

ʢʣʘʩʫ ʥʝʙʝʟʧʝʢʠ. 

2. ʉʽʨʢʦʚʦʜʝʥʴ ʚ ʘʪʤʦʩʬʝʨʽ ʩʘʤʦʧʣʠʚʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʂʄ ʥʘʢʦʧʠʯʫʻʪʴʩʷ  

ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʤʽʩʽʾ ʟ ̔ ʩʪʽʯʥʠʭ ʚʦʜ, ʜʝ ʚʽʥ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʘʭ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʾ ʩʫʣʴʬʘʪʨʝʜʫʢʮʽʾ. 

3. ʂʦʥʮʝʥʪʨʘʮʽʷ ʩʽʨʢʦʚʦʜʥʶ ʚ ʘʪʤʦʩʬʝʨʽ ʂʄ ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʤʦʞʝ ʢʦʣʠʚʘʪʠʩʷ 

ʧʨʠʙʣʠʟʥʦ ʥʘ 400%. 

4. ʅʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ 
ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʨʽʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʽʨʢʦʚʦʜʥʶ ʚ ʘʪʤʦʩʬʝʨʽ 

ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʤʝʨʝʞ ʪʘ ʫ ʚʠʢʠʜʘʭ ʟ ʥʠʭ ʚ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʥʘʩʝʣʝʥʠʭ 

ʤʽʩʮʴ. 

 

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ 
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ʋɼʂ 502.3 

 

ɸ.ɸ. ʅɽʉʊɽʈ 

 

ʆʎɯʅʂɸ ɽʂʆʃʆɻɯʏʅʆɰ ɹɽɿʇɽʂʀ ʊɽʈʀʊʆʈɯʁ ʇɯɼʇʈʀɭʄʉʊɺ 

ɺʀʈʆɹʅʀʎʊɺɸ ʇʃɸʊ ʊɸ ɻɸʃʔɺɸʅɯʂʀ 

 
ɸʥʦʪʘʮʽʷ. ʉʪʘʪʪʷ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʷʤ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʝ ʚʠʨʦʙʣʷʻ ʜʨʫʢʦʚʘʥʽ ʧʣʘʪʠ ʽ ʚʦʣʦʜʽʻ ʛʘʣʴʚʘʥʽʯʥʠʤʠ ʮʝʭʘʤʠ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʂʦʨʦʪʢʦ ʚʠʢʣʘʜʝʥʽ ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʚʽʜʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʣʘʪ ʽ ʛʘʣʴʚʘʥʽʢʠ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɺʠʢʦʥʘʥʦ ʦʙʯʠʩʣʝʥʥʷ ʩʫʤʘʨʥʦʛʦ 

ʽʥʜʝʢʩʫ ʥʝʙʝʟʧʝʢʠ ʰʣʘʤʫ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʪ ʪʘ ʛʘʣʴʚʘʥʽʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʥʘʤʽʯʘʪʠ ʰʣʷʭʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʝʨʠʪʦʨʽʡ ʧʽʜʧʨʠʻʤʩʪʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʪ ʽ ʛʘʣʴʚʘʥʽʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʜʝʢʩ ʥʝʙʝʟʧʝʢʠ, ʚʠʨʦʙʥʠʮʪʚʦ ʧʣʘʪ, ʫʪʠʣʽʟʘʮʽʷ ʚʽʜʭʦʜʽʚ, 

ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ. 

 

ɺʩʪʫʧ  

 

ʇʨʦʙʣʝʤʘ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʧʨʦʤʠʩʣʦʚʦʛʦ ʽ ʧʦʙʫʪʦʚʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʥʘʙʫʚʘʻ 

ʚ ʜʘʥʠʡ ʯʘʩ ʚʩʝ ʙʽʣʴʰ ʛʦʩʪʨʦʛʦ ʭʘʨʘʢʪʝʨʫ ʫ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʦʙʩʷʛʠ 

ʛʝʥʝʨʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʪʴ, ʪʦʜʽ ʷʢ ʪʝʤʧʠ ʾʭ ʧʝʨʝʨʦʙʢʠ 

ʥʝʟʨʽʚʥʷʥʥʦ ʤʘʣʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʥʘʢʦʧʠʯʝʥʽ ʩʦʪʥʽ 

ʤʽʣʴʡʦʥʽʚ ʪʦʥʥ ʨʽʟʥʠʭ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʨʦʙʣʷʪʠ  

ʽ ʟʥʝʰʢʦʜʞʫʚʘʪʠ. ʄʘʩʰʪʘʙʠ ʱʦʨʽʯʥʦʛʦ ʧʨʦʜʫʢʫʚʘʥʥʷ ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʪʚʝʨʜʠʭ 

ʚʽʜʭʦʜʽʚ ʚʠʤʘʛʘʶʪʴ ʩʪʚʦʨʝʥʥʷ ʧʦʪʫʞʥʠʭ ʧʝʨʝʨʦʙʥʠʭ ʫʩʪʘʥʦʚʦʢ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, ʷʢʘ ʚʠʤʽʨʶʻʪʴʩʷ ʤʽʣʴʡʦʥʘʤʠ ʪʦʥʥ ʥʘ ʨʽʢ ʟ ʾʭ ʧʨʦʤʠʩʣʦʚʠʤ 

ʦʩʚʦʻʥʥʷʤ. ʎʝ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘ ʙʘʟʽ ʚʞʝ ʥʘʷʚʥʠʭ ʧʨʦʝʢʪʽʚ, ʦʩʚʦʻʥʠʭ 

ʧʝʨʝʜʦʚʠʤʠ ʢʨʘʾʥʘʤʠ. ʉʧʝʮʠʬʽʢʘ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʷʛʘʻ  

ʚ ʪʦʤʫ, ʱʦ ʚ ʤʘʣʠʭ ʢʽʣʴʢʦʩʪʷʭ ʚʦʥʠ ʥʝ ʯʠʥ̫ʪʴ ʧʦʤʽʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ, ʘ ʫ ʚʝʣʠʢʠʭ ʩʢʫʧʯʝʥʥʷʭ ʩʪʘʶʪʴ ʝʢʦʣʦʛʽʯʥʠʤ ʣʠʭʦʤ. ʊʦʤʫ ʚ ʜʘʥʠʡ 

ʯʘʩ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ ʘʢʪʠʚʥʦ ʚʝʜʫʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʪʝʭʥʽʢʠ  

ʽ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʝʨʝʨʦʙʢʠ ʪʘ ʟʥʝʰʢʦʜʞʝʥʥʷ [1]. ʇʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʜʦʚʝʜʝʥʥʷ ʧʨʦʧʦʟʠʮʽʡ ʜʦ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʦʚ'ʷʟʘʥʦ  

ʟ ʯʠʩʣʝʥʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ ʬʽʥʘʥʩʦʚʦʛʦ, ʩʦʮʽʘʣʴʥʦʛʦ ʽ ʪʝʭʥʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 

ʅʘʡʙʽʣʴʫh ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʩʪʘʥʦʚʣʷʪʴ ʨʫʭʣʠʚʽ 

ʬʦʨʤʠ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʩʪʫʧʽʥʴ ʪʦʢʩʠʯʥʦʩʪʽ ʡ ʰʢʽʜʣʠʚʦʩʪʽ 

ʰʣʘʤʽʚ-ʚʽʜʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʪ ʪʘ ʛʘʣʴʚʘʥʽʢʠ. ʈʝʯʦʚʠʥʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʩʢʣʘʜʫ ʚʽʜʭʦʜʽʚ, ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʮʠʪʦʛʝʥʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ˇʨʫʥʪʽʚ, 

ʚʦʜʠ ʪʘ ʝʢʦʩʠʩʪʝʤʠ [2]. ʇʦʚʥʘ ʦʮʽʥʢʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ 

ʧʝʨʝʜʙʘʯʘʻ ʘʥʘʣʽʟ ʩʧʽʣʴʥʦʾ ʜʽʾ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʧʨʠ ʥʘʢʦʧʠʯʝʥʥʽ ʪʘ ʚʨʘʭʫʚʘʥʥʽ 

ʤʽʛʨʘʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ. ʆʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʚʧʣʠʚʫ 

ʨʝʘʛʝʥʪʽʚ ʥʘ ˇʨʫʥʪ: ʬʽʪʦʪʦʢʩʠʯʥʘ ʜʽʷ ʘʥʽʦʥʽʚ, ʧʨʷʤʘ ʬʽʪʦʪʦʢʩʠʯʥʘ ʜʽʷ 

ʚʦʜʦʥʝʨʦʟʯʠʥʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʟʤʽʥʠ ʚ ʩʢʣʘʜʽ ʧʦʛʣʠʥʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ˇʨʫʥʪʫ  

ʡ ʨʫʡʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʫ. 

ʋ ʤʽʩʮʷʭ ʨʦʟʤʽʱʝʥʥʷ ʚʽʜʭʦʜʽʚ ʽʩʥʫʻ ʩʬʦʨʤʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʪʝʭʥʦʛʝʥʥʠʭ 

ʣʽʪʦʭʽʤʽʯʥʠʭ ʘʨʝʘʣʽʚ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʨʽʟʥʦʤʫ ʚʤʽʩʪʽ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ: ʮʠʥʢʫ, 

ʥʽʢʝʣʶ, ʟʘʣʽʟʘ ʡ ʤʽʜʽ, ʟʘʣʝʞʥʦ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʅʘ 

ʚʽʜʩʪʘʥʽ ʜʦ 0,3 ʢʤ ʚʽʜ ʤʽʩʮʴ ʨʦʟʤʽʱʝʥʥʷ ʰʣʘʤʽʚ ʤʦʞʣʠʚʝ ʧʝʨʝʚʠʱʝʥʥʷ ʬʦʥʦʚʦʾ 

Ò ɸ.ɸ. ʅʝʩʪʝʨ, 2017 
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ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʥʢʫ (ʚ ʤʛ/ʢʛ ʩʫʭʦʛʦ ˇʨʫʥʪʫ), ʥʽʢʝʣʶ (ʚ ʤʛ/ʢʛ ʩʫʭʦʛʦ ˇʨʫʥʪʫ)  

ʽ ʤʽʜʽ (ʚ ʤʛ/ʢʛ ʩʫʭʦʛʦ ˇʨʫʥʪʫ) ʫ ˇʨʫʥʪʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ, 

ʚʦʜ, ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʞʠʪʪʷ ʥʘʩʝʣʝʥʥʷ. ʅʘʡʙʽʣʴʰʠʤ ʥʝʜʦʣʽʢʦʤ ʧʨʦʮʝʩʫ 

ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʻ ʫʪʚʦʨʝʥʥʷ ʰʣʘʤʽʚ ʪʘ ʧʨʘʢʪʠʢʘ ʩʢʣʘʜʫʚʘʥʥʷ ʾʭ ʫ 

ʰʣʘʤʦʥʘʢʦʧʠʯʫʚʘʯʽ. ɯʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ ʤʘʻ ʢʦʤʧʦʥʝʥʪʥʠʡ 

ʩʢʣʘʜ ʰʣʘʤʫ.  

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ  

 

ɸʥʘʣʽʟ ʰʣʘʤʽʚ ʛʘʣʴʚʘʥʦʚʠʨʦʙʥʠʮʪʚʘ, ʚʠʨʦʙʥʠʮʪʚʘ ʜʨʫʢʦʚʘʥʠʭ ʧʣʘʪ ʽ ʰʣʘʤʽʚ  

ʟ hʣʘʤʦʥʘʢʦʧʠʯʫʚʘʯʽʚ ʧʦʢʘʟʘʚ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʚ ʥʠʭ ʤʝʪʘʣʽʚ [2ï3]. ɺʝʣʠʢʘ 

ʦʙʚʦʜʥʝʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ, ʧʫʭʢʽ ʚʦʜʦʧʨʦʥʠʢʥʽ ˇʨʫʥʪʠ ʫʩʢʣʘʜʥʶʶʪʴ ʚʠʙʽʨ 

ʧʦʣʽʛʦʥʽʚ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ ʽ ʦʙʤʝʞʫʶʪʴ ʾʭ ʧʣʦʱʽ, ʩʪʚʦʨʶʶʪʴ ʫʤʦʚʠ ʜʣʷ 

ʟʘʙʨʫʜʥʝʥʥʷ ʽʦʥʘʤʠ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʥʝ ʪʽʣʴʢʠ ʧʨʠʣʝʛʣʠʭ ʜʦ ʤʽʩʮʴ ʩʢʣʘʜʫʚʘʥʥʷ 

ˇʨʫʥʪʦʚʠʭ ʧʦʢʨʠʚʽʚ ʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʘ ʡ ʧʽʜʟʝʤʥʠʭ ʚʦʜʥʠʭ ʛʦʨʠʟʦʥʪʽʚ [4]. 

ʇʨʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʣʽʥʽʾ 12 ʤ2/ʛʦʜ ʢʽʣʴʢʽʩʪʴ ʰʣʘʤʽʚ ʟʘ 8 ʛʦʜ ʨʦʙʦʪʠ ʜʦʩʷʛʥʝ 

ʚʝʣʠʯʠʥʠ ʙʽʣʴʰʝ 96 ʢʛ, ʱʦ ʧʨʠ ʤʽʩʷʯʥʽʡ ʦʜʥʦʟʤʽʥʥʽʡ ʨʦʙʦʪʽ ʩʢʣʘʜʝ 2100ï

2150 ʢʛ. 

ʉʫʯʘʩʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʽ ʚ ʢʨʘʱʠʡ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʯʘʩ ʚʠʨʦʙʣʷʣʠ 

ʧʨʠʙʣʠʟʥʦ 4Ŀ103 ʤ2 ʧʣʘʪ, ʥʘʢʦʧʠʯʠʣʠ ʥʘ ʩʚʦʾʡ ʪʝʨʠʪʦʨʽʾ ʧʦ 20ï30 ʪʦʥʥ ʚʽʜʭʦʜʽʚ 

ʟʘ ʨʽʢ ʫ ʚʠʛʣʷʜʽ ʩʦʣʝʡ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʻʤʢʦʩʪʷʭ, ʧʦʣʽʝʪʠʣʝʥʦʚʠʭ ʤʽʰʢʘʭ ʪʘ 

ʧʦʪʨʘʧʣʷʶʪʴ ʧʽʜ ʜʽʶ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ [5]. ʋ ʧʨʦʮʝʩʽ ʜʽʾ ʥʘ ʥʠʭ ʘʪʤʦʩʬʝʨʥʠʭ 

ʦʧʘʜʽʚ ʩʦʣʽ ʚʠʤʠʚʘʶʪʴʩʷ ʪʘ ʧʝʨʝʭʦʜʷʪʴ ʚ ˇʨʫʥʪʠ, ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ, 

ʟʘʙʨʫʜʥʶʶʯʠ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʧʽʜʚʠʱʫʶʯʠ ʨʽʚʝʥʴ ʝʢʦʣʦʛʽʯʥʦʾ 

ʥʝʙʝʟʧʝʢʠ [6]. 

ʇʨʠ ʦʮʽʥʮʽ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʰʣʘʤʫ-ʚʽʜʭʦʜʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʪ ʪʘ ʛʘʣʴʚʘʥʽʢʠ ʚʨʘʭʦʚʫʶʪʴ ʤʽʛʨʘʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʭʽʤʽʯʥʠʭ 

ʨʝʯʦʚʠʥ ʫ ʧʦʚʝʨʭʥʝʚʽ ʡ ʧʽʜʟʝʤʥʽ ʚʦʜʠ, ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʚ ˇʨʫʥʪʽ ʡ ʨʦʩʣʠʥʘʭ, ʱʦ 

ʚʠʨʘʞʘʶʪʴ ʯʝʨʝʟ ʨʦʟʯʠʥʥʽʩʪʴ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʫ ʚʦʜʽ. ʊʦʢʩʠʯʥʽʩʪʴ ʚʽʜʭʦʜʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ (ɻɼʂ) ʨʝʯʦʚʠʥ  

ʫ ˇʨʫʥʪʽ ʽ ʾʭʥʴʦʤʫ ʚʤʽʩʪʽ ʚ ʟʘʛʘʣʴʥʽʡ ʤʘʩʽ ʰʣʘʤʫ. ɯʥʜʝʢʩ ʥʝʙʝʟʧʝʢʠ ʦʢʨʝʤʦʾ 

ʭʽʤʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ, ʂ̔  ï ʽʥʜʝʢʩ ʥʝʙʝʟʧʝʢʠ; 

ɻɼʂ̔ ï ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ˇʨʫʥʪʽ ʥʝʙʝʟʧʝʯʥʦʾ ʭʽʤʽʯʥʦʾ 

ʨʝʯʦʚʠʥʠ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʫ ʚʽʜʭʦʜʘʭ, ʤʛ/ʢʛ ˇʨʫʥʪʫ; 

S ï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʯʠʥʥʦʩʪʽ ʭʽʤʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʫ ʚʦʜʽ; 

ʉʚ ï ʚʤʽʩʪ ʭʽʤʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ʟʘʛʘʣʴʥʽʡ ʤʘʩʽ ʚʽʜʭʦʜʽʚ, ʤʛ/ʢʛ; 

i ï ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʜʘʥʦʾ ʨʝʯʦʚʠʥʠ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʚ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʜʨʫʢʦʚʘʥʠʭ ʧʣʘʪ ʪʘ ʛʘʣʴʚʘʥʽʢʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽ ElvaX Light SDD 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʘʤʦʥʽʡʥʦʘʮʝʪʘʪʥʦʾ ʚʠʪʷʞʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʰʣʘʤʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ pH 4,5 ʩʝʨʝʜ ʨʫʭʣʠʚʠʭ ʬʦʨʤ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʙʫʣʠ 

ʚʠʷʚʣʝʥʽ ʭʨʦʤ, ʟʘʣʽʟʦ, ʥʽʢʝʣʴ, ʤʽʜʴ ʽ ʮʠʥʢ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʤʽʩʪʫ 
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ʜʘʥʠʭ ʩʧʦʣʫʢ ʫ ʰʣʘʤʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʪ ʪʘ ʛʘʣʴʚʘʥʽʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʠʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʉ115-ʄ1. 

ʂʦʝʬʽʮʽʻʥʪʠ ʨʦʟʯʠʥʥʦʩʪʽ ʫ ʚʦʜʽ ʥʝʙʝʟʧʝʯʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ 

ʤʽʩʪʷʪʴʩʷ ʫ ʚʽʜʭʦʜʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʪ ʪʘ ʛʘʣʴʚʘʥʽʢʠ, ʟʥʘʭʦʜʠʣʠ ʟʘ 

ʜʦʚʽʜʢʦʚʠʤʠ ʜʘʥʠʤʠ, ʘ ʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʾʭ  

ʫ ˇʨʫʥʪʽ ï ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʨʤʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʘ (ɻʅ 2.1.7. 2041 - 06. 

ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʇɼʂ) ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝ. 

ɻʠʛʠʝʥʠʯʝʩʢʠʝ ʥʦʨʤʘʪʠʚʳ). 

ʉʫʤʘʨʥʠʡ ʽʥʜʝʢʩ ʥʝʙʝʟʧʝʢʠ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ, n ï ʢʽʣʴʢʽʩʪʴ ʥʝʙʝʟʧʝʯʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʚ ʰʣʘʤʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʪ ʪʘ ʛʘʣʴʚʘʥʽʢʠ. 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʫʤʘʨʥʦʛʦ ʽʥʜʝʢʩʫ ʥʝʙʝʟʧʝʢʠ ʰʣʘʤʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʪ ʪʘ ʛʘʣʴʚʘʥʽʢʠ ʦʜʥʦʛʦ ʟ ʧʽʜʧʨʠʻʤʩʪʚ ʤ. ʍʤʝʣʴʥʠʮʴʢʦʛʦ (ʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʧʦʟʠʮʽʡ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʪʘ ʟ ʤʝʪʦʶ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʙʫʣʘ ʚʧʨʦʚʘʜʞʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʽʜʥʦʚʣʝʥʥʷ 

ʪʨʘʚʠʣʴʥʠʭ ʨʦʟʯʠʥʽʚ, ʦʩʥʦʚʦʶ ʷʢʦʾ ʩʪʘʣʘ ʨʝʛʝʥʝʨʘʮʽʷ ʨʦʟʯʠʥʫ ʟ ʚʠʜʽʣʝʥʥʷʤ 

ʤʽʜʽ ʫ ʚʠʛʣʷʜʽ ʤʝʪʘʣʫ, ʱʦ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ ʷʢʦʩʪʽ ʚʪʦʨʠʥʥʦʾ 

ʩʠʨʦʚʠʥʠ. ɸ ʪʨʘʚʠʣʴʥʠʡ ʨʦʟʯʠʥ ʟ ʚʽʜʥʦʚʣʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ. 

 

ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʩʫʤʘʨʥʦʛʦ ʽʥʜʝʢʩʫ ʥʝʙʝʟʧʝʢʠ ʰʣʘʤʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʪ ʪʘ ʛʘʣʴʚʘʥʽʢʠ 

 

ɻʨʫʧʘ 

ʨʝʯʦʚʠʥ 
ʇɼʂ̔, ʤʛ/ʢʛ (S + ʉɺ) ,̔ ʤʛ/ʢʛ ʂ̔ ʂ 

ʉʧʦʣʫʢʠ 
2,3 

135,82 0,018  

ʟʘʣʽʟʘ 70,5 0,034  

ʉʧʦʣʫʢʠ 
3 

73,98 0,045  

ʤʽʜʽ 21,15 0,148  

ʉʧʦʣʫʢʠ 
4 

63,82 0,065 
0,012 < 2 

ʥʽʢʝʣʶ 37,58 0,108 

ʉʧʦʣʫʢʠ 
6 

33,95 0,175  

ʭʨʦʤʫ 63,22 0,098  

ʉʧʦʣʫʢʠ 
23 

357,15 0,065  

ʮʠʥʢʫ 54,25 0,418  

 

ʇʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʢʘʟʘʥʠʭ ʧʨʦʧʦʟʠʮʽʡ ʱʦʜʦ ʚʠʜʘʣʝʥʥ ̫ ʤʽʜʽ  

ʟ ʪʨʘʚʠʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥ ̫ ʜʣʷ ʦʧʝʨʘʮʽʡ 

ʪʨʘʚʣʝʥʥʷ ʨʽʟʢʦ ʧʘʜʘʻ ʢʽʣʴʢʽʩʪʴ ʩʧʦʣʫʢ ʤʽʜʽ, ʱʦ ʚʠʜʽʣʷʣʘʩʴ ʫ ʚʠʛʣʷʜʽ ʰʣʘʤʽʚ 

(ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʤʝʥʰʝ 1 ʢʛ ʰʣʘʤʽʚ ʚ ʜʝʥʴ).  
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ʂʽʣʴʢʽʩʪʴ ʚʠʜʽʣʝʥʠʭ ʰʣʘʤʽʚ, ʱʦ ʙʫʜʝ ʩʪʚʦʨʶʚʘʪʠʩʴ ʥʘ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜʘʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʜʦʩʷʛʥʝ ʤʽʥʽʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ, ʚʝʣʠʯʠʥʫ ʷʢʠʭ ʤʦʞʥʘ ʦʙʨʘʭʫʚʘʪʠ 

ʟ ʪʘʢʠʭ ʧʦʣʦʞʝʥʴ:  

- ʨʦʟʯʠʥ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʙʝʟ ʟʤʽʥ 2ï3 ʤʽʩʷʮʽ ʽ ʧʨʠ ʟʘʤʽʥʽ ʙʫʜʝ ʟʣʠʪʦ 

ʙʣʠʟʴʢʦ 300 ʣʽʪʨʽʚ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ; 

- ʨʦʟʯʠʥ ʫʪʨʠʤʫʻ 25ï30 ʢʛ ʤʽʜʽ, ʱʦ ʤʝʥʰ 0,5 ʢʛ/ʜʦʙʫ, ʘ ʚ ʤʘʩʽ ʰʣʘʤʽʚ 

ʩʢʣʘʜʝ 1 ʢʛ, ʱʦ ʧʨʠ ʟʘʛʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ ʰʣʘʤʽʚ ʤʦʞʝ ʥʝ ʧʨʠʡʤʘʪʠʩʴ  

ʚ ʨʦʟʨʘʭʫʥʦʢ. 

ʇʨʦʚʝʜʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʘʚ ʟʨʦʩʪʘʥʥʷ ʩʫʤʘʨʥʦʛʦ ʽʥʜʝʢʩʫ ʥʝʙʝʟʧʝʢʠ, 

ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʥʘʚʝʜʝʥʠʡ ʥʠʞʯʝ ʨʦʟʨʘʭʫʥʦʢ. ʇʨʠ ʮʴʦʤʫ ʚʩʽ ʽʥʰʽ ʩʧʦʣʫʢʠ  

ʚ ʰʣʘʤʘʭ ʣʠʰʠʣʠʩʴ ʚ ʪʠʭ ʞʝ ʢʽʣʴʢʦʩʪʷʭ, ʱʦ ʟʥʘʭʦʜʠʣʠʩʴ ʚ ʰʣʘʤʘʭ ʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʨʘʚʣʝʥʥʷ ʧʣʘʪ. 

 

ʊʘʙʣʠʮʷ 2 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʩʫʤʘʨʥʦʛʦ ʽʥʜʝʢʩʫ ʥʝʙʝʟʧʝʢʠ ʰʣʘʤʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʪ ʪʘ ʛʘʣʴʚʘʥʽʢʠ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʟ ʚʠʜʘʣʝʥʥʷ ʤʽʜʽ 

ʟ ʪʨʘʚʠʣʴʥʦʛʦ ʨʦʟʯʠʥʫ 

 

ɻʨʫʧʘ 

ʨʝʯʦʚʠʥ 
ʇɼʂ̔, ʤʛ/ʢʛ (S + ʉɺ) ,̔ ʤʛ/ʢʛ ʂ̔ ʂ 

ʉʧʦʣʫʢʠ 
6 

33,95 0,175  

ʭʨʦʤʫ 63,22 0,098  

ʉʧʦʣʫʢʠ 
2,3 

135,82 0,018  

ʟʘʣʽʟʘ 70,5 0,034  

ʉʧʦʣʫʢʠ 
3 

0,01 0,0  

ʤʽʜʽ 0,03 0,0  

ʉʧʦʣʫʢʠ 
4 

63,82 0,065 
0,061 < 2 

ʥʽʢʝʣʶ 37,58 0,108 

ʉʧʦʣʫʢʠ 
23 

357,15 0,065  

ʮʠʥʢʫ 54,25 0,418  

 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ  

 

ʇʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʝʨʠʪʦʨʽʡ, ʷʢʽ ʧʽʜʜʘʶʪʴʩʷ 

ʪʝʭʥʦʛʝʥʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʪ ʪʘ ʛʘʣʴʚʘʥʽʢʠ, 

ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʾʾ ʚʠʨʽʰʝʥʥʷ, ʱʦ ʧʦʣʷʛʘʻ ʷʢ  

ʫ ʧʨʝʚʝʥʪʠʚʥʦʤʫ, ʪʘʢ ʽ ʚ ʢʦʤʧʣʝʢʩʽ ʟʘʧʦʙʽʞʥʠʭ ʣʽʢʚʽʜʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ.  

ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʤʝʪʦʜʽʚ ʚʘʨʪʦ ʚʽʜʥʝʩʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʡ ʫʧʨʘʚʣʽʥʩʴʢʽ 

ʟʘʭʦʜʠ. ɰʭ ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʧʦʧʝʨʝʜʞʝʥʥʽ ʡ ʟʥʠʞʝʥʥʽ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ 

ʨʝʘʛʝʥʪʽʚ, ʛʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʪʦʢʩʠʯʥʽʩʪʴ ʚʽʜʭʦʜʽʚ. 

ɺ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʪ ʪʘ ʛʘʣʴʚʘʥʽʢʠ ʧʦʚʠʥʥʽ ʚʢʣʶʯʘʪʠʩʷ 

ʟʘʭʦʜʠ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʚʽʜʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʪ ʪʘ 

ʛʘʣʴʚʘʥʽʢʠ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʘ ʚʽʜʭʦʜʠ, ʷʢʽ ʤʦʞʫʪʴ ʟôʷʚʣʷʪʠʩʷ  

ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʦʚʠʥʥʽ ʪʫʪ ʞʝ ʧʝʨʝʨʦʙʣʷʪʠʩʴ ʥʘ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʥʘʩʝʣʝʥʥʷ ʪʦʚʘʨʠ. 

ʊʦʙʪʦ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʧʦʚʠʥʥʽ ʨʦʟʨʦʙʣʷʪʠʩʴ ʢʦʤʧʣʝʢʩʠ ʟʘʭʦʜʽʚ ʱʦʜʦ 

ʦʙʽʛʫ ʚʽʜʭʦʜʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʡʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʤʠ  
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ʽ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʣʘʤʽʚ ʟ ʦʜʝʨʞʘʥʥʷʤ ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʫʜʦʙʨʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʧʽʜ ʩʫʚʦʨʠʤ ʢʦʥʪʨʦʣʝʤ 

ʚʽʜʧʦʚʽʜʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʩʣʫʞʙ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʜʝʨʞʘʚʥʠʭ ʦʨʛʘʥʽʚ. 

ʋ ʚʠʧʘʜʢʫ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʩʢʠʜʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʪʨʘʚʠʣʴʥʠʭ ʨʦʟʯʠʥʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʘʪ ʪʘ ʛʘʣʴʚʘʥʽʢʠ ʫ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ ʥʝʙʝʟʧʝʢʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩ: 

1. ʍʽʤʽʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ (ʧʦʚʽʪʨʷ, ʚʦʜʦʡʤʠ, ˇʨʫʥʪ).  

2. ʇʽʜʚʠʱʝʥʘ ʟʘʭʚʦʨʶʚʘʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʤʦʣʦʜʦʛʦ ʧʦʢʦʣʽʥʥʷ, 

ʧʦʚ'ʷʟʘʥʘ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ 

ʤʦʞʣʠʚʽʩʪʴ ʣʝʪʘʣʴʥʠʭ ʚʠʧʘʜʢʽʚ.  

3. ʈʫʡʥʫʚʘʥʥʷ ʞʠʪʣʘ ʥʘʩʝʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʨʦʙʥʠʯʠʭ ʩʧʦʨʫʜ, ʤʘʡʥʘ ʪʘ 
ʙʫʜʠʥʢʽʚ.  

 

ɺʠʩʥʦʚʢʠ 

 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʟʥʘʯʝʥʝ, ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʥʘ ʝʪʘʧʽ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʝʢʦʣʦʛʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʦʙʣʘʜʥʘʥʥʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʨʝʘʛʝʥʪʽʚ ʜʦʜʝʨʞʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʦʛʦ ʧʦʨʷʜʢʫ 

(ʘʣʛʦʨʠʪʤʫ): 

- ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʥʝʙʝʟʧʝʢʠ (ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʽ ʤʘʪʝʨʽʘʣʠ, 
ʨʝʘʛʝʥʪʠ, ʚʽʜʭʦʜʠ, ʩʪʽʯʥʽ ʚʦʜʠ);  

- ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʠʭ ʚʠʜʽʚ ʨʠʟʠʢʫ;  

- ʚʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʰʣʘʤʽʚ, ʤʘʪʝʨʽʘʣʽʚ, ʨʝʘʛʝʥʪʽʚ ʪʘ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʮʠʭ ʨʝʯʦʚʠʥ ʥʘ ʜʦʚʢʽʣʣʷ, ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ;  

- ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʠʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ.  

ɿʘʜʘʯʝʶ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʦʮʽʥʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ  

ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʪʦʙʪʦ ʷʢʽʩʥʘ ʦʮʽʥʢʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʨʠʟʠʢʫ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʥʝʙʝʟʧʝʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

 

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ 
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ɺ.ɭ. ʂʈɸʉʂɽɺʀʏ, ɸ.ɺ. ʉɽʃɯɺɸʅʆɺɸ, ɺ.ʇ. ʐɺɸʈʎ 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼʆʃʆɻɯɰ ʌɯʅɸʅʉʆɺʆɻʆ ɯʅɾʀʅɯʈʀʅɻʋ 

ɼʃʗ ʆʇʊʀʄɯɿɸʎɯɰ ʂʆʄʇʃɽʂʉʋ ʋʊʀʃɯɿɸʎɯɰ  

ʊɺɽʈɼʀʍ ʇʆɹʋʊʆɺʀʍ ɺɯɼʍʆɼɯɺ  

 
ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ 

ʩʤʽʪʪʻʧʝʨʝʨʦʙʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʦʣʦʛʽʾ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʽʥʞʠʥʽʨʠʥʛʫ, ʱʦ 

ʜʦʟʚʦʣʷ ̒ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʩʪʚʦʨʝʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʪʘ ʘʣʛʦʨʠʪʤʽʯʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʽʥʞʠʥʽʨʠʥʛʫ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʯʠʩʣʝʥʥʠʭ 

ʧʨʦʝʢʪʽʚ ʩʤʽʪʪʻʧʝʨʝʨʦʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʜʣʷ ʽʥʰʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʦʛʨʘʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʥʦʚʘʮʽʷ, ʽʥʞʠʥʽʨʠʥʛ, ʧʝʨʝʨʦʙʢʘ ʚʽʜʭʦʜʽʚ, ʪʝʭʥʦʣʦʛʽʷ, 

ʤʝʪʦʜʦʣʦʛʽʷ.  

 

ɺʩʪʫʧ 

 

ʇʨʦʝʢʪ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʥʘʧʨʘʚʣʝʥʠʡ ʥʘ ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦ 

ʙʝʟʧʝʯʥʦʛʦ ʪʘ ʢʦʤʝʨʮʽʡʥʦ ʨʝʥʪʘʙʝʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʧʝʨʝʨʦʙʢʠ ʪʚʝʨʜʠʭ 

ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ (ʊʇɺ) ʫ ʊʘʚʨʽʡʩʴʢʦʤʫ ʦʙôʻʜʥʘʥʥʽ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ 

(ʍʝʨʩʦʥʩʴʢʘ ʦʙʣʘʩʪʴ), ʚ ʥʠʞʥʽʡ ʪʝʯʽʾ ɼʥʽʧʨʘ, ʧʦʙʣʠʟʫ ʯʠʩʣʝʥʥʠʭ ʨʝʢʨʝʘʮʽʡʥʠʭ 

ʪʘ ʪʫʨʠʩʪʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʏʦʨʥʦʤʦʨʩʴʢʦʛʦ ʪʘ ɸʟʦʚʩʴʢʦʛʦ ʫʟʙʝʨʝʞʞʷ. ɿ ʦʛʣʷʜʫ 

ʥʘ ʪʝ, ʱʦ ɼʥʽʧʨʦ ï ʥʘʡʙʽʣʴʰʘ ʚʦʜʥʘ ʘʨʪʝʨʽʷ ʋʢʨʘʾʥʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʜʦ 75% 

ʧʦʪʨʝʙ ʫ ʧʨʽʩʥʽʡ ʚʦʜʽ, ʧʨʦʝʢʪ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʽʣʦʪʥʠʡ, ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʘʞʣʠʚʠʡ ʜʣʷ ʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ.  

ʇʨʦʝʢʪ ʚʠʢʦʥʫʻʪʴʩʷ ʢʦʤʘʥʜʠʪʥʠʤ ʪʦʚʘʨʠʩʪʚʦʤ çʃʴʚʽʚʦʨʛʩʠʥʪʝʟè [1] 

ʩʧʽʣʴʥʦ ʟ ʤʽʩʮʝʚʠʤʠ ʨʘʜʘʤʠ ʤʽʩʪ ʅʦʚʘ ʂʘʭʦʚʢʘ ʪʘ ʂʘʭʦʚʢʘ ʍʝʨʩʦʥʩʴʢʦʾ ʦʙʣʘʩʪʽ 

ʟ̔ ʟʘʣʫʯʝʥʥʷʤ ʨʷʜʫ ʫʢʨʘʾʥʩʴʢʠʭ ʪʘ ʽʥʦʟʝʤʥʠʭ ʽʥʞʠʥʽʨʠʥʛʦʚʠʭ ʢʦʤʧʘʥʽʡ ï 

ʬʘʭʽʚʮʽʚ ʟ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʨʦʙʢʠ ʊʇɺ. ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʘʥʘʣʽʟ 

ʚʠʢʦʥʫʚʘʚʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʦʢʨʝʤʘ 

ʤʝʪʦʜʦʣʦʛʽʾ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʽʥʞʠʥʽʨʠʥʛʫ [2], ʨʦʟʨʦʙʣʝʥʽʡ ʥʘ ʢʘʬʝʜʨ ̔

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʤʽʞʥʘʨʦʜʥʽʡ ʪʦʨʛʽʚʣʽ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʦʨʛʦʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ1.  

ɺ ʤʝʞʘʭ ʧʨʦʝʢʪʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʧʝʨʝʨʦʙʢʠ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ 

ʨʝʛʽʦʥʫ, ʜʦ ʷʢʦʛʦ ʚʭʦʜʷʪʴ ʤʽʩʪʘ ʅʦʚʘ ʂʘʭʦʚʢʘ, ʂʘʭʦʚʢʘ, ʊʘʚʨʽʡʩʴʢ, ɹʝʨʠʩʣʘʚ, 

ʂʘʭʦʚʩʴʢʠʡ ʪʘ ɹʝʨʠʩʣʘʚʩʴʢʠʡ ʨʘʡʦʥʠ ʍʝʨʩʦʥʩʴʢʦʾ ʦʙʣʘʩʪʽ (ʟʘʛʘʣʦʤ ʙʣʠʟʴʢʦ 

200 ʪʠʩʷʯ ʤʝʰʢʘʥʮʽʚ). ɸʥʘʣʽʟ ʚʽʜʭʦʜʽʚ ʦʢʨʝʤʦ ʧʦ ʞʠʪʣʦʚʦʤʫ ʪʘ ʥʝʞʠʪʣʦʚʦʤʫ 

ʩʝʢʪʦʨʘʭ ʜʦʟʚʦʣʠʚ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʪʝ, ʱʦ, ʧʦ-ʧʝʨʰʝ, ʟʘʛʘʣʴʥʠʡ ʩʢʣʘʜ 

ʚʽʜʭʦʜʽʚ ʟʙʽʛʘʻʪʴʩʷ ʟ̔ ʩʝʨʝʜʥʽʤ ʩʢʣʘʜʦʤ ʪʘʢ ʟʚʘʥʦʛʦ çʩʽʤʝʡʥʦʛʦ ʚʽʜʨʘ ʜʣʷ 

ʩʤʽʪʪʷè; ʧʦ-ʜʨʫʛʝ, ʥʘʷʚʥʘ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʢʣʘʜʽ ʊʇɺ, ʷʢʽ 

ʧʽʜʣʷʛʘʶʪʴ ʦʢʨʝʤʽʡ ʧʝʨʝʨʦʙʮʽ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʟʫʧʠʥʠʪʠʩʴ ʥʘ ʦʜʥʽʡ ʦʩʥʦʚʥʽʡ 

ʪʝʭʥʦʣʦʛʽʾ ʾʭʥʴʦʛʦ ʨʝʮʠʢʣʽʥʛʫ, ʪʘ, ʧʦ-ʪʨʝʪʻ, ʟʘʛʘʣʴʥʘ ʨʽʯʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʞʥʦʛʦ  

ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʥʝʜʦʩʪʘʪʥʷ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʩʘʤʦʦʢʫʧʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝ ʪʘʢʠʡ ʢʦʤʧʦʥʝʥʪ ʷʢ ʦʩʥʦʚʥʫ ʩʠʨʦʚʠʥʫ. 

                                                           
1 ɸʚʪʦʨʠ ʚʠʩʣʦʚʣʶʶʪʴ ʱʠʨʫ ʧʦʜʷʢʫ ʟʘʚʽʜʫʚʘʯʫ ʚʽʜʜʽʣʦʤ ɯʥʩʪʠʪʫʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ 
ʛʣʦʙʘʣʴʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʅɸʅʋ ʜʦʢʪʦʨʦʚʽ ʬʽʟ.-ʤʘʪ. ʥʘʫʢ ʉ.ʂ. ʇʦʣʫʤʽʻʥʢʫ ʟʘ ʫʚʘʛʫ 

ʜʦ ʚʩʽʭ ʝʪʘʧʽʚ ʨʦʙʦʪʠ ï ʚʽʜ ʩʪʘʜʽʾ ʧʦʩʪʘʥʦʚʢʠ ʟʘʚʜʘʥʴ ʜʦ ʪʣʫʤʘʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ.  

Ò ɺ.ɭ. ʂʨʘʩʢʝʚʠʯ, ɸ.ɺ. ʉʝʣʽʚʘʥʦʚʘ, ɺ.ʇ. ʐʚʘʨʮ, 2017 
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ɺʠʭʦʜʷʯʠ ʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʘʤʦʦʢʫʧʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ  

ʟ ʧʝʨʝʨʦʙʢʠ ʊʇɺ ʚ ʫʤʦʚʘʭ ʥʝʜʦʩʪʘʪʥʦʩʪʽ ʜʽʶʯʠʭ ʤʫʥʽʮʠʧʘʣʴʥʠʭ ʪʘʨʠʬʽʚ ʪʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʜʝʨʞʘʚʥʠʭ ʜʦʪʘʮʽʡ ʥʘ ʫʪʠʣʽʟʘʮʽʶ ʚʽʜʭʦʜʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʽʜʭʽʜ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʦʨʛʘʥʽʟʘʮʽʶ ʩʫʢʫʧʥʦʩʪʽ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ-

ʫʯʘʩʥʠʢʽʚ ʽʥʜʫʩʪʨʽʘʣʴʥʦʛʦ ʧʘʨʢʫ, ʩʧʽʣʴʥʘ ʜʽʷʣʴʥʽʩʪʴ ʷʢʠʭ ʧʨʠʚʝʜʝ ʜʦ 

ʩʫʢʫʧʥʦʛʦ ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ ʝʬʝʢʪʫ. 

ʇʨʠ ʧʽʜʛʦʪʦʚʮʽ ʧʨʦʝʢʪʫ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʧʝʨʝʨʦʙʢʠ ʊʇɺ. ɻʦʣʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʣʘʩʴ ʢʦʤʧʘʥʽʷʤ ï ʚʣʘʩʥʠʢʘʤ ʘʚʪʦʨʩʴʢʠʭ 

ʧʨʘʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʨʠʥʢʫ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʩʧʽʣʴʥʠʤʠ ʦʟʥʘʢʘʤʠ ʟ ʨʠʥʢʦʤ ʋʢʨʘʾʥʠ ï ʧʝʨʝʚʘʞʥʦ ʩʝʨʝʜʥʽʤ ʪʘ ʤʘʣʠʤ 

ʨʦʟʤʽʨʦʤ ʤʫʥʽʮʠʧʘʣʴʥʠʭ ʛʨʦʤʘʜ. ʆʙʦʚôʷʟʢʦʚʠʤ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʘʥʘʣʽʟʫ ʙʫʣʘ 

ʥʘʷʚʥʽʩʪʴ ʫ ʢʦʤʧʘʥʽʡ ï ʚʦʣʦʜʘʨʽʚ ʪʝʭʥʦʣʦʛʽʡ ʫʩʧʽʰʥʠʭ ʜʽʶʯʠʭ ʨʝʮʠʢʣʽʥʛʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. 

 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʠʢʠ ʩʠʪʫʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ 

ʚʭʽʜʥʘ ʪʘ ʚʠʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʟʦʚʥʽʰʥʽ ʟʙʫʨʝʥʥʷ ʽ ʦʙʤʝʞʝʥʥʷ, ʪʘ, ʚʠʭʦʜʷʯʠ  

ʟ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʠʭ, ʚʠʨʦʙʥʠʯʠʭ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʧʝʨʝʜʫʤʦʚ, ʙʫʣʦ 

ʦʙˇʨʫʥʪʦʚʘʥʝ ʢʦʤʧʣʝʢʩʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʨʽʰʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʴʥʝ 

ʟʥʠʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʚ ʨʝʛʽʦʥʽ. ʇʝʨʝʜʙʘʯʝʥʘ ʧʝʨʝʨʦʙʢʘ ʷʢ ʧʣʘʩʪʠʢʫ, 

ʷʢʠʡ ʤʘʻ ʪʨʠʚʘʣʠʡ ʪʝʨʤʽʥ ʜʝʩʪʨʫʢʮʽʾ ʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ ʥʘ ʩʠʥʪʝʪʠʯʥʝ 

ʧʘʣʠʚʦ ʪʘ/ʘʙʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʪʘʢ ʽ ʭʘʨʯʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʱʦ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʽ 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ï ʦʪʨʠʤʘʥʥʷ ʙʽʦʛʘʟʫ  

ʟ ʧʦʜʘʣʴʰʦʶ ʛʝʥʝʨʘʮʽʻʶ ʝʥʝʨʛʽʾ. ʆʜʥʘʢ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʠʩʦʢʘ 

ʚʘʨʪʽʩʪʴ ʽʤʧʦʨʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʠʭ ʪʘʨʠʬʽʚ ʥʘ ʟʥʝʰʢʦʜʞʝʥʥʷ 

ʚʽʜʭʦʜʽʚ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʷʤʫ ʦʢʫʧʥʽʩʪʴ ʧʨʦʝʢʪʫ ʚ ʨʦʟʫʤʥʽ 

ʪʝʨʤʽʥʠ. 

ʅʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʚʣʘʩʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʽʥʥʦʚʘʮʽʡʥʦʛʦ 

ʽʥʞʠʥʽʨʠʥʛʫ [2] ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ʧʨʦʚʝʜʝʥʦ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʧʝʨʝʨʦʙʢʠ ʊʇɺ; ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʚʢʣʶʯʝʥʥʷ ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʣʘʥʮʶʞʢʫ ʢʽʣʴʢʦʭ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʧʝʨʝʨʦʙʢʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʭ ʧʨʦʜʫʢʪʽʚ (ʩʫʯʘʩʥʠʡ 

ʙʫʜʽʚʝʣʴʥʠʡ ʽʟʦʣʷʪʦʨ çʧʽʥʦʩʢʣʦè, ʝʥʝʨʛʽʷ ʩʦʥʷʯʥʦʾ ʛʝʥʝʨʘʮʽʾ, ʣʽʢʘʨʩʴʢʽ 

ʨʦʩʣʠʥʠ ʚ ʦʧʘʣʶʚʘʥʠʭ ʪʝʧʣʠʮʷʭ ʪʦʱʦ). 

ɺ ʪʘʙʣʠʮʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ ʟ ʟʘʛʘʣʴʥʦʛʦ ʧʦʪʦʢʫ 

ʊʇɺ, ʟʛʨʫʧʦʚʘʥʽ ʧʦ ʚʠʜʘʭ ʾʭʥʴʦʾ ʧʦʜʘʣʴʰʦʾ ʧʝʨʝʨʦʙʢʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʥʘʤʠ ʘʥʘʣʽʟʫ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʩʤʽʪʪʻʧʝʨʝʨʦʙʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1.  

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʢʦʤʧʣʝʢʩ ɯ (ʩʦʨʪʫʚʘʥʥʷ ʊʇɺ) ʻ ʦʢʨʝʤʠʤ ʟʘʤʢʥʝʥʠʤ 

ʩʦʨʪʫʚʘʣʴʥʦ-ʧʘʢʫʚʘʣʴʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ, ʜʦ ʷʢʦʛʦ ʚʭʦʜʷʪʴ ʩʢʣʘʜʠ ʩʠʨʦʚʠʥʠ 

(ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʨʦʩʪʦʶ ʫ ʚʠʧʘʜʢʘʭ ʤʦʞʣʠʚʠʭ ʟʘʪʨʠʤʦʢ ʧʽʜʚʝʟʝʥʥʷ ʊʇɺ) ʪʘ 

ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ (ʚʪʦʨʠʥʥʠʭ ʨʝʩʫʨʩʽʚ), ʘ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʪʨʘʥʩʧʦʨʪ.  

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʢʦʤʧʣʝʢʩ ɯɯ (ʚʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʚʽʜʭʦʜʽʚ 

ʧʣʘʩʪʠʢʫ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʚʘʥʥʷ ʧʽʥʦʩʢʣʘ), ʫʪʚʦʨʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʘʛʨʝʛʘʪʽʚ ʜʣʷ 

ʜʝʧʦʣʽʤʝʨʠʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʧʣʘʩʪʠʢʫ ʟ ʫʩʪʘʥʦʚʢʘʤʠ ʧʦʧʝʨʝʜʥʴʦʾ ʩʫʰʢʠ ʪʘ 

ʧʦʜʨʽʙʥʝʥʥʷ ʚʽʜʭʦʜʽʚ. ɼʦ ʩʢʣʘʜʫ ʢʦʤʧʣʝʢʩʫ ʚʭʦʜʷʪʴ ʪʘʢʦʞ ʫʩʪʘʥʦʚʢʠ ʛʝʥʝʨʘʮʽʾ 

ʪʘ ʢʦʛʝʥʝʨʘʮʽʾ ʝʥʝʨʛʽʾ, ʪʝʨʤʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʽʥʦʩʢʣʘ, ʩʢʣʘʜʩʴʢʽ 

ʧʨʠʤʽʱʝʥʥʷ ʜʣʷ ʩʠʨʦʚʠʥʠ ʪʘ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʪʨʘʥʩʧʦʨʪ. 
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ʊʘʙʣʠʮʷ 1 ï ʆʧʪʠʤʽʟʘʮʽʷ ʧʝʨʝʨʦʙʢʠ ʊʇɺ ʽ ʧʨʦʜʘʞʽʚ ʝʥʝʨʛʽʾ ʪʘ ʽʥʰʠʭ 

ʤʘʪʝʨʽʘʣʽʚ 

 

ˉ ʂʦʤʧʦʥʝʥʪʠ ʆʙʣʘʜʥʘʥʥʷ 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦ ʩʝʟʦʥʘʭ 

ʂʦʤʧʣʝʢʩ 

ʍʦʣʦʜʥʠʡ ʊʝʧʣʠʡ 

1 ʇʘʧʽʨ, ʢʘʨʪʦʥ 

ʉʦʨʪʫʚʘʣʴʥʠʡ 

ʢʦʤʧʣʝʢʩ 

ʇʨʦʜʘʞ 

ʢʦʤʧʦʥʝʥʪʽʚ 

ʇʨʦʜʘʞ 

ʢʦʤʧʦʥʝʥʪʽʚ 
ɯ 

2 ʏʦʨʥʽ ʤʝʪʘʣʠ 

3 
ʂʦʣʴʦʨʦʚʽ 

ʤʝʪʘʣʠ 

4 ʊʝʢʩʪʠʣʴ 

5 
ʂʘʤʽʥʥʷ, 

ʢʝʨʘʤʽʢʘ 

6 ʉʢʣʦ 

ɺʠʛʦʪʦʚʣʝʥʥʷ 

ʪʘ ʧʨʦʜʘʞ 

ʧʽʥʦʩʢʣʘ 

ɯɯ 7 
ʇʣʘʩʪʤʘʩʘ ʪʘ 

ʧʦʣʽʤʝʨʥʘ ʧʣʽʚʢʘ ʂʦʤʧʣʝʢʩ 

ʜʝʧʦʣʽʤʝ-

ʨʠʟʘʮʽʾ 

ʇʨʦʜʘʞ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

8 ʐʢʽʨʘ, ʛʫʤʘ 

9 
ʆʨʛʘʥʽʯʥʽ 

ʚʽʜʭʦʜʠ 

ɹʽʦʛʘʟʦʚʠʡ 

ʢʦʤʧʣʝʢʩ 

ɻʝʥʝʨʘʮʽʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʪʘ 

ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʜʣʷ 

ʦʙʽʛʨʽʚʫ 

ʪʝʧʣʠʮʴ, 

ʚʠʨʦʱʫʚʘʥʥʷ ʽ 

ʧʨʦʜʘʞʫ 

ʣʽʢʘʨʩʴʢʠʭ 

ʨʦʩʣʠʥ 

ʇʨʦʜʘʞ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 
ɯɯɯ 

1

0 

ʄʫʣʦʚʽ ʦʧʘʜʠ 

ʩʪʽʯʥʠʭ ʚʦʜ 

1

1 
ɼʝʨʝʚʠʥʘ 

1

2 
ʂʦʩʪʽ 

1

3 
ɯʥʰʝ (ʭʚʦʩʪʠ) 

1

4 

ɺʽʜʭʦʜʠ 

ʘʛʨʦʚʠʨʦʙʥʠʮʪʚʘ 

1

5 

ɻʝʥʝʨʘʮʽʷ 

ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ  
ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 

ʥʘ ʧʨʦʜʘʞ 

ɽʣʝʢʪʨʦ-

ʝʥʝʨʛʽʷ ʥʘ 

ʧʨʦʜʘʞ 

ɯV 
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ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʢʦʤʧʣʝʢʩ ɯɯɯ (ʚʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʙʽʦʤʘʩʠ,  

ʘ ʪʘʢʦʞ ʚʠʨʦʱʫʚʘʥʥʷ ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ ʚ ʦʧʘʣʶʚʘʥʠʭ ʪʝʧʣʠʮʷʭ) ï ʙʽʦʛʘʟʦʚʘ 

ʩʪʘʥʮʽʷ, ʦʩʥʘʱʝʥʘ ʢʦʤʧʣʝʢʪʦʤ ʫʩʪʘʥʦʚʦʢ ʛʝʥʝʨʘʮʽʾ ʪʘ ʢʦʛʝʥʝʨʘʮʽʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʩʚʦʾʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ.  

ʊʘʢʦʞ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʩʪʚʦʨʠʪʠ ʥʝ ʧʦʚôʷʟʘʥʠʡ ʟ ʧʝʨʝʨʦʙʢʦʶ ʊʇɺ 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʢʦʤʧʣʝʢʩ IV ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʦʥʷʯʥʦʾ 

ʛʝʥʝʨʘʮʽʾ. ʎʝ ʻ ʨʘʮʽʦʥʘʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʛʝʥʝʨʘʮʽʶ ʝʥʝʨʛʽʾ ʚʞʝ ʧʝʨʝʜʙʘʯʝʥʦ ʥʘ 

ʢʦʤʧʣʝʢʩʘʭ ɯɯ ʪʘ ɯɯɯ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʢʣʽʤʘʪʫ ʚ ʨʝʛʽʦʥʽ ï ʢʽʣʴʢʽʩʪʴ ʛʦʜʠʥ 

ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 72 ʚ ʩʽʯʥʽ ʜʦ 203 ʚ ʩʝʨʧʥʽ, ʘ ʨʽʯʥʘ ʩʫʤʘ 

ʛʦʜʠʥ ʩʦʥʷʯʥʦʛʦ ʩʷʡʚʘ ʩʢʣʘʜʘʻ 1977 [3] ï ʚʠʨʦʙʥʠʮʪʚʦ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʙʫʜʝ 

ʨʝʥʪʘʙʝʣʴʥʠʤ. ʉʧʨʠʷʻ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʡ ʪʝ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʜʽʻ ʦʜʥʘ ʟ ʥʘʡʙʽʣʴʰʠʭ 

ʚ ɭʚʨʦʧʽ ʚʝʣʠʯʠʥ çʟʝʣʝʥʦʛʦè ʪʘʨʠʬʫ (ʟʘʨʘʟ 0,18 ú ʧʨʦʪʠ ʩʝʨʝʜʥʴʦʛʦ ʧʦ ɭʉ 

ʟʥʘʯʝʥʥʷ ʙʣʠʟʴʢʦ 0,15 ú). 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʦʢʫʧʥʦʩʪʽ ʧʨʦʝʢʪʫ. ɿʛʽʜʥʦ ʟ ʨʦʟʨʘʭʫʥʢʘʤʠ ʬʽʥʘʥʩʫʚʘʥʥʷ 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʟʘʢʫʧʽʚʣʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʝʨʝʜʙʘʯʘʪ̒ʴʩʷ ʦʢʨʝʤʠʤʠ 

ʪʨʘʥʰʘʤʠ. ɯʥʚʝʩʪʠʮʽʡʥʽ ʚʠʪʨʘʪʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʨʝʜʠʪʥʠʭ ʢʦʰʪʽʚ. ʈʦʟʜʽʣʝʥʥʷ 

ʢʨʝʜʠʪʫ ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʢʫʧʥʦʩʪʽ ʧʨʦʝʢʪʫ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʧʝʨʽʦʜʫ 

ʚʠʧʣʘʪʠ ʢʨʝʜʠʪʥʠʭ ʚʽʜʩʦʪʢʽʚ. ʇʨʦʮʝʥʪʥʘ ʩʪʘʚʢʘ ʩʢʣʘʜʘʻ 5%, ʚʽʜʪʝʨʤʽʥʫʚʘʥʥʷ 

ʧʦ ʚʠʧʣʘʪʽ ʢʨʝʜʠʪʫ ʥʝ ʧʝʨʝʜʙʘʯʝʥʝ. ɿʛʽʜʥʦ ʟ ʫʛʦʜʘʤʠ ʟ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ, ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠʡʥʷʪʦ, ʱʦ ʦʩʥʦʚʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʙʫʜʝ 

ʚʩʪʘʥʦʚʣʝʥʦ ʪʘ ʟʘʧʫʱʝʥʦ ʚ ʨʦʙʦʪʫ ʟʘ 18 ʤʽʩʷʮʽʚ ʚʽʜ ʧʦʯʘʪʢʫ ʧʨʦʝʢʪʫ.  

ʇʨʠ ʟʘʟʥʘʯʝʥʠʭ ʫʤʦʚʘʭ ʢʨʝʜʠʪʫʚʘʥʥʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʘʥʘʣʽʟʫ, ʘ ʪʘʢʦʞ 

ʩʫʤʽ ʚʠʪʦʨʛʫ, ʨʦʟʨʘʭʦʚʘʥʽʡ ʥʘ ʦʩʥʦʚʽ ʧʝʩʠʤʽʩʪʠʯʥʦʛʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ 

ʩʮʝʥʘʨʽʶ ʥʘ ʧʽʜʩʪʘʚʽ ʜʽʶʯʠʭ ʪʘʨʠʬʽʚ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʧʨʦʤʠʩʣʦʚʽ ʧʨʦʜʫʢʪʠ 

ʪʘ ʚʪʦʨʠʥʥʽ ʨʝʩʫʨʩʠ, ʱʦ ʙʫʜʫʪʴ ʧʦʩʪʘʯʘʪʠʩʷ ʩʧʦʞʠʚʘʯʘʤ, ʦʜʝʨʞʘʥʦ, ʱʦ ʯʠʩʪʠʡ 

ʜʠʩʢʦʥʪʦʚʘʥʠʡ ʜʦʭʽʜ NPV, ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʧʝʨʽʦʜ 6 ʨʦʢʽʚ ʻ ʧʦʟʠʪʠʚʥʠʤ, ʱʦ 

ʚʢʘʟʫʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʝʢʪʫ (ʜʠʚ. ʨʠʩ. 1). 

 

 
ʈʠʩ. 1 ï ʈʫʭ ʛʨʦʰʦʚʠʭ ʢʦʰʪʽʚ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ 

 

ʆʩʢʽʣʴʢʠ ʧʨʦʝʢʪ ʩʧʨʷʤʦʚʘʥʠʡ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʥʘ ʚʠʨʽʰʝʥʥʷ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʨʝʛʽʦʥʫ ʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʽʣʦʪʥʠʡ ʜʣʷ 

ʚʩʽʻʾ ʋʢʨʘʾʥʠ, ʚ ʨʦʟʨʘʭʫʥʢʠ ʩʚʽʜʦʤʦ ʟʘʢʣʘʜʝʥʽ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʜʦʭʦʜʽʚ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ, ʱʦ, ʧʨʠʨʦʜʥʦ, ʟʥʠʞʫʻ ʬʽʥʘʥʩʦʚʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʝʢʪʫ. 

ʊʘʢʦʞ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ ʙʫʜʫʪʴ ʦʧʨʘʮʴʦʚʫʚʘʪʠʩʷ ʤʦʞʣʠʚʦʩʪʽ ʡʦʛʦ 
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ʜʦʜʘʪʢʦʚʦʛʦ ʬʽʥʘʥʩʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʢʦʰʪʽʚ ʜʝʨʞʘʚʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʛʨʘʤ, 

ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʠʭ ʥʘʜʭʦʜʞʝʥʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʂʽʦʪʩʴʢʦ-ʇʘʨʠʟʴʢʦʶ ʫʛʦʜʦʶ. 

ʇʨʠ ʚʠʙʦʨʽ ʧʝʩʠʤʽʩʪʠʯʥʦʛʦ ʩʮʝʥʘʨʽʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʦʣʦʛʽʾ 

ʬʽʥʘʥʩʦʚʦʛʦ ʽʥʞʠʥʽʨʠʥʛʫ ʪʘ ʨʦʟʨʦʙʣʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʧʨʦʛʨʘʤ ʜʦʩʷʛʥʫʪʦ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʧʨʦʝʢʪʫ ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ 

ʩʤʽʪʪʻʧʝʨʝʨʦʙʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʱʦ ʚʠʢʣʠʢʘʣʦ ʜʦ ʥʴʦʛʦ ʫʚʘʛʫ ʽʥʦʟʝʤʥʠʭ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɼʦʩʷʛʥʫʪʦ ʜʦʤʦʚʣʝʥʦʩʪʽ ʧʨʦ 

ʢʨʝʜʠʪʫʚʘʥʥʷ ʧʨʦʝʢʪʫ ʯʝʨʝʟ ʩʪʚʦʨʝʥʥʷ ʩʧʽʣʴʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ï ʦʧʝʨʘʪʦʨʘ 

(ʦʩʥʦʚʥʦʛʦ ʚʠʢʦʥʘʚʮʷ ʧʨʦʝʢʪʫ). ʈʦʟʨʦʙʣʝʥʘ ʩʭʝʤʘ ʬʽʥʘʥʩʫʚʘʥʥʷ ʧʨʦʝʢʪʫ (ʜʠʚ. 

ʨʠʩ. 2), ʷʢʘ ʦʧʪʠʤʽʟʦʚʘʥʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʪʘ ʤʠʪʥʦʛʦ ʧʨʘʚʘ ʽ 

ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʽ ʬʽʥʘʥʩʦʚʽ ʚʠʪʨʘʪʠ ʧʨʠ ʚʚʝʜʝʥʥʽ ʪʘ ʚʠʚʝʜʝʥʥʽ ʽʥʚʝʩʪʠʮʽʡ, 

ʫʟʛʦʜʞʝʥʘ ʟ ʽʥʦʟʝʤʥʠʤʠ ʫʯʘʩʥʠʢʘʤʠ ʪʘ ʧʨʠʡʥʷʪʘ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ. 

 

 
 

ʈʠʩ. 2 ï ʉʭʝʤʘ ʬʽʥʘʥʩʫʚʘʥʥʷ ʧʨʦʝʢʪʫ ʧʝʨʝʨʦʙʢʠ ʊʇɺ 

 

ɿ ʦʛʣʷʜʫ ʥʘ ʨʷʜ ʦʙôʻʢʪʠʚʥʠʭ ʪʘ ʩʫʙôʻʢʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʋʢʨʘʾʥʽ ʩʴʦʛʦʜʥʽ ʙʝʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʩʧʽʰʥʦʛʦ ʪʨʘʥʩʬʝʨʫ 

ʟʘʭʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʝʤʦʞʣʠʚʝ [4]. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʷʢ ʧʦʢʘʟʘʚ ʜʦʩʚʽʜ ʚʠʢʦʥʘʥʥʷ 

ʮʽʻʾ ʨʦʙʦʪʠ, ʧʨʷʤʠʡ ʪʨʘʥʩʬʝʨ ʪʝʭʥʦʣʦʛʽʡ ʥʝ ʟʘʚʞʜʠ ʻ ʦʢʫʧʥʠʤ ʚ ʟʚôʷʟʢʫ  

ʟ ʚʝʣʠʢʦʶ ʨʽʟʥʠʮʝʶ ʟʘʩʘʜ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫʢʨʘʾʥʩʴʢʦʾ ʪʘ ʨʦʟʚʠʥʝʥʠʭ 

ʟʘʨʫʙʽʞʥʠʭ ʝʢʦʥʦʤʽʢ (ʟʦʢʨʝʤʘ, ʥʝ ʤʦʞʥʘ ʧʦʨʽʚʥʶʚʘʪʠ ʧʨʦʤʠʩʣʦʚʽ ʮʽʥʠ ʥʘ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʠ, ʦʧʣʘʪʫ ʧʨʘʮʽ, ʪʘʨʠʬʥʫ ʧʦʣʽʪʠʢʫ ʪʘ ʨʦʟʤʽʨ ʜʝʨʞʘʚʥʦʾ 

ʧʽʜʪʨʠʤʢʠ ʮʽʣʴʦʚʠʭ ʧʨʦʛʨʘʤ ʪʦʱʦ) [5]. ʆʜʥʘʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʫʤʦʚʠ ʪʨʘʥʩʬʝʨʫ ʪʝʭʥʦʣʦʛʽʡ  

ʫ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ. 

ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʧʨʦʛʨʘʤʥʦ-

ʘʧʘʨʘʪʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʟʘʩʦʙʠ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ 



~ 49 ~ 
 

 ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ˉ 3ï4 (24), 2017 

 
  

ʽʥʬʦʨʤʘʮʽʾ, ʤʝʪʦʜʠ ʙʘʛʘʪʦʚʘʨʽʘʥʪʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ ʪʽʣʴʢʠ 

ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤ, ʦʙ'ʻʢʪʽʚ, ʷʚʠʱ ʪʘ ʧʨʦʮʝʩʽʚ, ʘ ʡ ʚʠʷʚʠʪʠ ʟʘʛʨʦʟʠ ʪʘ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʥʘʩʣʽʜʢʠ ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ. ʂʣʶʯʦʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʪʘʢʦʾ 

ʩʠʩʪʝʤʠ ʙʫʜʝ ʤʦʞʣʠʚʽʩʪʴ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ ʧʨʦʙʣʝʤʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘ ʦʩʥʦʚʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ, ʦʧʝʨʘʪʠʚʥʠʭ 

ʟʘʩʦʙʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʩʮʝʥʘʨʽʾʚ ʨʦʟʚʠʪʢʫ, ʜʝ ʩʠʪʫʘʮʽʷ ʚʠʟʥʘʯʘʻ ʩʪʘʥ ʩʠʩʪʝʤʠ ʽ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʧʝʚʥʠʡ ʤʦʤʝʥʪ ʘʙʦ ʚʽʜʨʽʟʦʢ ʯʘʩʫ.  

 

ɺʠʩʥʦʚʢʠ 

 

ʅʘ ʩʴʦʛʦʜʥʽ ʘʚʪʦʨʘʤʠ ʨʦʟʨʦʙʣʝʥʝ ʘʣʛʦʨʠʪʤʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʤʝʪʦʜʦʣʦʛʽʾ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʽʥʞʠʥʽʨʠʥʛʫ ʪʘʢʦʾ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʾ ʩʠʩʪʝʤʠ,  

ʘ ʪʘʢʦʞ ʨʷʜ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʛʨʘʤ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʽ ʧʦʟʠʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ʩʪʨʫʢʪʫʨʠ ʩʤʽʪʪʻʧʝʨʝʨʦʙʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʦʟʚʦʣʷʶʪʴ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʩʪʚʦʨʝʥʫ 

ʤʝʪʦʜʦʣʦʛʽʶ ʪʘ ʘʣʛʦʨʠʪʤʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʽʥʞʠʥʽʨʠʥʛʫ [2] ʥʝ 

ʪʽʣʴʢʠ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʯʠʩʣʝʥʥʠʭ ʧʨʦʝʢʪʽʚ ʩʤʽʪʪʻʧʝʨʝʨʦʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, 

ʘ ʡ ʜʣʷ ʽʥʰʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʦʛʨʘʤ, ʧʨʷʤʘ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʪʨʘʥʩʬʝʨʫ ʟʘʭʽʜʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʷʢʠʭ ʥʝ ʻ ʦʯʝʚʠʜʥʦʶ. 

 

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ 

1. ʆʬʽʮʽʡʥʠʡ ʚʝʙ-ʩʘʡʪ ʂʦʤʘʥʜʘʪʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ çʃʴʚʽʚʦʨʛʩʠʥʪʝʟè. [ɽʣʝʢʪʨʦʥʥʠʡ 
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ʉ.ɯ. ɸɿɸʈʆɺ, ɺ.ʃ. ʉʀɼʆʈɽʅʂʆ, ʆ.ʉ. ɿɸɼʋʅɸʁ 

 

ɺʀɿʅɸʏɽʅʅʗ ʅɸɼɯʁʅʆʉʊɯ ɽʂʆʉʀʉʊɽʄ ɼʆ ʏʀʅʅʀʂɸ 

ɸʅʊʈʆʇʆɻɽʅʅʆɻʆ ʊʀʉʂʋ 

 
ɸʥʦʪʘʮʽʷ. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ 

ʝʢʦʩʠʩʪʝʤ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʜʝʛʨʘʜʘʮʽʾ 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʦʮʽʥʶʚʘʪʠ ʨʠʟʠʢʠ 

ʚʪʨʘʪʠ, ʟʥʠʱʝʥʥʷ ʝʢʦʩʠʩʪʝʤ ʧʽʜ ʜʽʻʶ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ. ʊʘʢʦʞ 

ʨʦʟʛʣʷʥʫʪʦ ʤʝʭʘʥʽʟʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʨʠʥʮʠʧʠ ʪʘ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʥʘʜʽʡʥʦʩʪʽ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ʝʢʦʩʠʩʪʝʤ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʢʦʩʠʩʪʝʤʘ, ʙʝʟʧʝʢʘ ʝʢʦʩʠʩʪʝʤ, ʩʪʽʡʢʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ, 

ʞʠʚʫʯʽʩʪʴ, ʩʪʘʙʽʣʴʥʽʩʪʴ, ʘʥʪʨʦʧʦʛʝʥʥʽ ʚʧʣʠʚʠ. 
 

ɺʩʪʫʧ 

 

ɺ ʘʩʧʝʢʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʭʦʜʫ ʩʫʩʧʽʣʴʩʪʚʘ ʥʘ ʟʘʩʘʜʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ ʚʪʨʘʪʠ, ʟʥʠʱʝʥʥʷ ʝʢʦʩʠʩʪʝʤ ʧʽʜ ʜʽʻʶ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ, ʱʦ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʦ ʟ ʾʭʥʴʦʶ ʥʘʜʽʡʥʽʩʪʶ.  

ɸʥʪʨʦʧʦʛʝʥʥʠʡ ʯʠʥʥʠʢ, ʷʢʠʡ ʚʠʢʣʠʢʘʻ ʜʝʛʨʘʜʘʮʽʶ ʝʢʦʩʠʩʪʝʤʠ, ʩʣʽʜ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʬʣʫʢʪʫʘʮʽʶ, ʚʠʢʣʠʢʘʥʫ ʧʦʧʫʣʷʮʽʡʥʠʤ ʚʠʙʫʭʦʤ, ʷʢʠʡ ʟʘ 

ʟʘʢʦʥʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʥʝʤʠʥʫʯʝ ʙʫʜʝ ʝʣʽʤʽʥʦʚʘʥʠʡ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʝʢʦʩʠʩʪʝʤʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʟʜʘʪʥʽʩʪʴ ʟʙʝʨʽʛʘʪʠ ʩʚʦʶ 

ʩʪʨʫʢʪʫʨʫ ʽ ʭʘʨʘʢʪʝʨ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʧʨʦʩʪʦʨʽ ʪʘ ʯʘʩʽ ʟʘ ʚʧʣʠʚʫ ʟʤʽʥ ʫʤʦʚ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɽʢʦʩʠʩʪʝʤʠ ʟʜʘʪʥʽ ʧʨʦʪʠʩʪʦʷʪʠ ʨʽʟʥʠʤ 

ʫʰʢʦʜʞʫʚʘʣʴʥʠʤ ʚʧʣʠʚʘʤ ʽ, ʚ ʨʘʟʽ ʚʽʜʥʦʚʣʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ, ʧʦʚʝʨʪʘʪʠʩʷ 

ʚ ʩʪʘʥ, ʙʣʠʟʴʢʠʡ ʜʦ ʧʝʨʚʽʩʥʦʛʦ. ʑʽʣʴʥʽʩʪʴ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʚʠʜʫ ʟʘ 

ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʟʥʠʞʫʻʪʴʩʷ, ʘʣʝ ʚ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʟʨʦʩʪʘʶʪʴ 

ʧʣʦʜʶʯʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ ʡ ʨʦʟʚʠʪʢʫ, ʘ ʱʽʣʴʥʽʩʪʴ ʚʠʜʫ ʚʽʜʥʦʚʣʶʻʪʴʩʷ. 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʢʦʩʠʩʪʝʤ ʻ ʾʭ ʥʘʜʽʡʥʽʩʪʴ. 

ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʥʘʜʽʡʥʦʩʪʽ ʝʢʦʩʠʩʪʝʤʠ ʻ ʬʫʥʢʮʽʦʥʘʣʴʥʝ 

ʩʝʨʝʜʦʚʠʱʝ. ʅʘʜʽʡʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤ ï ʮʝ ʟʜʘʪʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤ ʟʙʝʨʽʛʘʪʠ ʩʚʦʶ 

ʩʪʨʫʢʪʫʨʫ ʽ ʭʘʨʘʢʪʝʨ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʧʨʦʩʪʦʨʽ ʪʘ ʯʘʩʽ ʟʘ ʚʧʣʠʚʫ ʟʤʽʥ ʫʤʦʚ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʦʙʪʦ ʾʭ ʟʜʘʪʥʽʩʪʴ ʜʦ ʨʝʘʢʮʽʾ, ʧʨʦʧʦʨʮʽʡʥʦʾ ʟʘ  
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ʚʝʣʠʯʠʥʦʶ ʩʠʣʽ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ. ʎʝ ʧʦʥʷʪʪʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ 

ʟʘʢʦʥʽʚ, ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʝʢʦʩʠʩʪʝʤʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʠʭ ʚʦʥʘ 

ʫʪʚʦʨʶʻʪʴʩʷ, ʽʩʥʫʻ, ʨʦʟʚʠʚʘʻʪʴʩʷ, ʘ ʧʦʪʽʤ (ʨʘʥʦ ʯʠ ʧʽʟʥʦ) ʛʠʥʝ. 

ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʥʘʜʽʡʥʦʩʪʽ ʝʢʦʩʠʩʪʝʤʠ ʟʥʘʡʰʣʠ ʦʙˇʨʫʥʪʫʚʘʥʥʷ  

ʚ ʢʣʘʩʠʯʥʠʭ ʧʨʘʮʷʭ ʇʫʘʥʢʘʨʝ, ʃʘʛʨʘʥʞʝ, ʉʚʽʨʽʞʝʚʘ, ʃʦʛʦʬʝʪʘ ʪʦʱʦ, ʷʢʽ 

ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʦʮʽʥʢʘʭ ʟʘʩʚʦʻʥʥʷ ʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʝʥʝʨʛʽʾ ʪʘ ʽʥʬʦʨʤʘʮʽʾ, ʪʦʙʪʦ 

ʟʘʢʦʥʘʭ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤ, ʩʠʥʝʨʛʝʪʠʢʠ, ʧʦʢʘʟʥʠʢʘʭ 

ʝʥʪʨʦʧʽʾ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʚʽʜʢʨʠʪʠʭ ʝʢʦʩʠʩʪʝʤ [1ï4]. ɼʦʩʣʽʜʥʠʢʘʤʠ 

ʥʘʜʽʡʥʦʩʪʽ ʝʢʦʩʠʩʪʝʤ ʪʘ ʾʭʥʽʤʠ ʧʦʩʣʽʜʦʚʥʠʢʘʤʠ ʙʫʣʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʧʨʠʨʦʜʥʠʡ 

ʨʦʟʚʠʪʦʢ ʝʢʦʩʠʩʪʝʤ ʭʦʯ ʽ ʩʧʨʷʤʦʚʘʥʠʡ ʜʦ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ, ʘʣʝ ʫ ʪʘʢʦʤʫ 

ʩʪʘʥʽ ʚʦʥʠ ʽʩʥʫʚʘʪʠ ʥʝ ʤʦʞʫʪʴ, ʘ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʦʾ ʝʥʝʨʛʽʾ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʠʩʠʧʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ. ʋ ʤʘʪʝʤʘʪʠʯʥʦʤʫ 

ʚʽʜʥʦʰʝʥʥʽ ʟʤʽʥʠ ʧʦʚʝʜʽʥʢʠ ʝʢʦʩʠʩʪʝʤ ʦʧʠʩʫʶʪʴʩʷ ʥʝʣʽʥʽʡʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ. 

ʎʽ ʧʨʦʮʝʩʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʷʢ ʬʣʫʢʪʫʘʮʽʡʥʽ ʟʤʽʥʠ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ 

ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ ʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʢʘʪʘʩʪʨʦʬʠ, ʪʦʙʪʦ ʨʫʡʥʫʚʘʥʥʷ 

ʝʢʦʩʠʩʪʝʤʠ. ʊʘʢʽ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʬʘʟ ʢʦʥʬʣʽʢʪʫ-ʢʨʠʟʠ 

ʽ ʚʣʘʩʥʝ ʢʘʪʘʩʪʨʦʬʠ [5]. ʆʜʥʘʢ ʤʝʭʘʥʽʟʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʨʠʥʮʠʧʠ ʪʘ ʤʝʪʦʜʠ 

ʦʮʽʥʢʠ ʥʘʜʽʡʥʦʩʪʽ ʚʽʜʥʦʩʥʦ ʨʽʟʥʠʭ ʪʠʧʽʚ ʝʢʦʩʠʩʪʝʤ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ ʨʦʟʨʦʙʣʝʥʽ. 

ʇʦʥʷʪʪʷ ʥʘʜʽʡʥʦʩʪʽ ʚ ʝʢʦʣʦʛʽʾ ʪʨʘʢʪʫʻʪʴʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦ, ʘ ʚʽʜʪʘʢ ʾʾ ʦʮʽʥʢʘ 

ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʨʽʟʥʠʤʠ ʦʟʥʘʢʘʤʠ, ʧʨʦʷʚʘʤʠ [6]: 

1) ʚʽʜʤʽʥʥʽʩʪʶ ʝʢʦʩʠʩʪʝʤʠ ʦʜʥʦʛʦ ʩʪʘʥʫ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ; 

2) ʜʦʧʫʩʪʠʤʦ ʁ ʚʝʣʠʯʠʥʦ  ʁ ʚʽʜʤʽʥʥʦʩʪʽ ʚʽʜ ʙʘʟʦʚʦʛʦ ʩʪʘʥʫ, ʪʦʙʪʦ ʾʾ 

ʤʽʥʣʠʚʽʩʪʁ; 

3) ʽʥʪʝʨʚʘʣʦʤ ʯʘʩʫ, ʚ ʤʝʞʘʭ ʷʢʦʛʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ ʯʠ ʦʮʽʥʶʻʪʴʩʷ 

ʩʪʽʡʢʽʩʪʴ; 

4) ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʴʦʛʦ ʬʘʢʪʦʨʘ ʯʠ ʾʭ ʛʨʫʧʠ, ʚʽʜʥʦʩʥʦ ʷʢʠʭ ʦʮʽʥʶʻʪʴʩʷ 

ʩʪʽʡʢʽʩʪʴ. 

ʇʽʜ ʥʘʜʽʡʥʽʩʪʶ ʝʢʦʩʠʩʪʝʤʠ ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʪʘʢʫ ʚʣʘʩʪʠʚʽʩʪʴ, ʷʢʘ ʚʠʟʥʘʯʘʻ 

ʨʠʟʠʢ ʚʪʨʘʪ ʾʾ ʩʪʽʡʢʦʩʪʽ, ʩʪʘʙʽʣʴʥʦʩʪʽ ʡ ʞʠʚʫʯʦʩʪʽ (ʥʘʚʝʜʝʥʦ ʥʘ ʈʠʩ.). 

 

 
ʈʠʩ. ï ʉʭʝʤʘ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʝʢʦʩʠʩʪʝʤ 
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ʉʪʽʡʢʽʩʪʴ ʝʢʦʩʠʩʪʝʤʠ ï ʮʝ ʚʣʘʩʪʠʚʽʩʪʴ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʜʘʪʥʽʩʪʴ 

ʝʢʦʩʠʩʪʝʤʠ ʚʠʪʨʠʤʫʚʘʪʠ ʟʤʽʥʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ 

ʥʝʛʘʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʯʠʥʠʪʠ ʦʧʽʨ ʘʥʪʨʦʧʦʛʝʥʥʠʤ ʯʠʥʥʠʢʘʤ ʪʘ ʚʽʜʥʦʚʣʶʚʘʪʠʩʷ 

ʧʽʩʣʷ ʾʭ ʚʧʣʠʚʫ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʩʪʽʡʢʽʩʪʴ ʝʢʦʩʠʩʪʝʤʠ ï ʮʝ ʟʜʘʪʥʽʩʪʴ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʫʤʦʚ, 

ʱʦ ʟʤʽʥʶʶʪʴʩʷ, ʥʝ ʟʥʠʞʫʚʘʪʠ ʜʝʷʢʠʡ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʡ ʜʦʧʫʩʪʠʤʠʡ 

ʝʢʦʣʦʛʽʯʥʠʡ ʨʽʚʝʥʴ, ʧʨʦʪʠʩʪʦʷʪʠ ʟʦʚʥʽʰʥʽʤ ʘʥʪʨʦʧʦʛʝʥʥʠʤ ʚʧʣʠʚʘʤ ʘʙʦ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʽʩʥʫʶʯʠʡ ʨʝʞʠʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʽʜ ʜʽʻʶ ʥʝʛʘʪʠʚʥʠʭ ʝʬʝʢʪʽʚ. 

ʇʽʜ ʩʪʽʡʢʽʩʪʶ ʝʢʦʩʠʩʪʝʤ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ [7]: 

1) ʦʧʽʨʥʽʩʪʴ ʟʤʽʥʘʤ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

2) ʟʜʘʪʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʫ ʚʠʧʘʜʢʦʚʦ ʚʘʨʽʶʶʯʠʭ ʫʤʦʚʘʭ ʩʝʨʝʜʦʚʠʱʘ 
ʪʘ ʚ ʯʘʩʽ; 

3) ʟʜʘʪʥʽʩʪʴ ʜʦ ʘʜʘʧʪʘʮʽʾ, ʚʠʞʠʚʘʥʥʷ, ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ ʫ ʤʽʥʣʠʚʠʭ ʫʤʦʚʘʭ ʟʦʚʥʽʰʥʴʦʛʦ ʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

4) ʚʣʘʩʪʠʚʽʩʪʴ ʝʢʦʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʪʠ ʩʪʘʥ ʛʦʤʝʦʩʪʘʟʫ; 

5) ʟʜʘʪʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤʠ ʚʠʢʦʥʫʚʘʪʠ ʬʽʟʽʦʣʦʛʽʯʥʫ ʪʘ ʙʽʦʭʽʤʽʯʥʫ ʬʫʥʢʮʽʾ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʾ ʥʦʨʤʘʣʴʥʫ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʧʨʦʪʷʛʦʤ ʦʥʪʦʛʝʥʝʟʫ ʚ ʧʝʚʥʠʭ 

ʝʢʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ; 

6) ʚʣʘʩʪʠʚʽʩʪʴ ʟʙʝʨʽʛʘʪʠ ʩʚʦʶ ʬʫʥʢʮʽʶ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 
ʨʽʟʥʠʭ ʚʥʫʪʨʽʰʥʽʭ ʩʪʘʥʽʚ ʧʨʦʪʷʛʦʤ ʞʠʪʪʷ. 

ɸʜʘʧʪʘʮʽʷ ʝʢʦʩʠʩʪʝʤʠ ï ʮʝ ʜʦʚʛʦʪʨʠʚʘʣʝ ʧʨʠʩʪʦʩʫʚʘʥʥʷ, ʷʢʝ ʚʠʥʠʢʘʻ ʽ 

ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʝʚʦʣʶʮʽʾ ʚʠʜʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʝʛʫʣʶʚʘʥʥʷ, ʘʜʘʧʪʘʮʽʷ 

ʝʢʦʩʠʩʪʝʤʠ ʤʘʻ ʥʝʟʚʦʨʦʪʥʠʡ ʭʘʨʘʢʪʝʨ. 

ɺʽʜʥʦʚʣʝʥʥʷ ï ʟʜʘʪʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤʠ ʧʦʚʝʨʪʘʪʠʩʴ ʟʘ ʧʝʚʥʠʡ ʯʘʩ ʜʦ ʦʙʣʘʩʪʽ 

ʩʪʘʥʽʚ ʧʽʩʣʷ ʚʠʭʦʜʫ ʟ ʥʝʾ ʧʽʜ ʚʧʣʠʚʦʤ ʧʝʚʥʦʛʦ ʬʘʢʪʦʨʘ. 

ɿʜʘʪʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤʠ ʧʦʚʝʨʥʫʪʠʩʷ ʚ ʢʦʣʠʰʥʶ ʦʙʣʘʩʪʴ ʩʪʽʡʢʦʾ ʨʽʚʥʦʚʘʛʠ 

ʧʽʩʣʷ ʪʠʤʯʘʩʦʚʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʭʘʨʘʢʪʝʨʠʟʫʻ ʾʾ ʩʪʘʙʽʣʴʥʽʩʪʴ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʪʽʡʢʦʩʪʽ, ʩʪʘʙʽʣʴʥʽʩʪʴ ï ʮʝ ʟʜʘʪʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤʠ 

ʧʦʚʝʨʥʫʪʠʩʷ ʚ ʢʦʣʠʰʥʶ ʦʙʣʘʩʪʴ ʩʪʽʡʢʦʾ ʨʽʚʥʦʚʘʛʠ ʧʽʩʣʷ ʪʠʤʯʘʩʦʚʦʛʦ ʚʧʣʠʚʫ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʯʠʥʥʠʢʘ. ʆʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʙʝʨʝʞʝʥʥʷ 

ʝʢʦʩʠʩʪʝʤʦʶ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʦʚôʷʟʘʥʠʡ ʟ ʪʘʢ ʟʚʘʥʠʤ ʧʨʠʥʮʠʧʦʤ ʃʝ ʐʘʪʝʣʴʻ 

ɹʨʘʫʥʘ [3], ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʙʫʜʴ-ʷʢʠʡ ʟʦʚʥʽʰʥʽʡ ʚʧʣʠʚ ʟʫʤʦʚʣʶʻ 

ʚʽʜʧʦʚʽʜʥʫ ʨʝʘʢʮʽʶ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ, ʩʧʨʷʤʦʚʘʥʫ ʥʘ ʦʩʣʘʙʣʝʥʥʷ ʡʦʛʦ ʝʬʝʢʪʫ. 

ɿʥʘʭʦʜʞʝʥʥʷ ʝʢʦʩʠʩʪʝʤ ʫ ʩʪʘʙʽʣʴʥʦʤʫ ʩʪʘʥʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʽʜʥʦʩʥʽʡ 

ʥʝʟʤʽʥʥʦʩʪʽ ʾʭ ʫʟʘʛʘʣʴʥʝʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ɿʤʽʥʘ ʘʙʦ ʚʪʨʘʪʘ ʧʝʚʥʠʭ ʩʪʘʥʽʚ ʝʢʦʩʠʩʪʝʤʠ ʟʘʟʚʠʯʘʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʩʪʨʫʢʪʫʨʥʦʶ ʧʝʨʝʙʫʜʦʚʦʶ, ʷʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ, ʽʥʦʜʽ ʧʦʚôʷʟʘʥʘ 

ʽʟ ʟʘʧʦʜʽʷʥʥʷʤ ʾʡ ʜʝʷʢʦʛʦ ʟʙʠʪʢʫ. ʎʝ ʚʠʢʣʠʢʘʥʦ ʪʠʤ, ʱʦ ʢʦʤʧʝʥʩʘʮʽʡʥʽ 

ʤʝʭʘʥʽʟʤʠ ʝʢʦʩʠʩʪʝʤʠ ʚʞʝ ʥʝ ʟʜʘʪʥʽ ʫʪʨʠʤʘʪʠ ʾʾ ʚ ʢʦʣʠʰʥʴʦʤʫ ʩʪʘʥʽ, ʽ ʚʦʥʘ 

ʚʪʨʘʯʘʻ ʩʚʦʶ ʩʪʘʙʽʣʴʥʽʩʪʴ ʯʝʨʝʟ ʨʘʜʠʢʘʣʴʥʫ ʧʝʨʝʙʫʜʦʚʫ ʩʪʨʫʢʪʫʨʠ ʽ 

ʩʪʨʠʙʢʦʧʦʜʽʙʥʫ ʟʤʽʥʫ ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ɿʘʧʨʦʧʦʥʫʻʤʦ ʪʘʢʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʚʠʜʽʚ ʩʪʘʙʽʣʴʥʦʩʪʽ ʝʢʦʩʠʩʪʝʤ [7]: 

1. ʈʽʚʥʦʚʘʛʘ ï ʩʠʪʫʘʮʽʷ, ʟʘ ʷʢʦʾ ʚʧʣʠʚʘʶʯ ̔ʥʘ ʝʢʦʩʠʩʪʝʤʫ ʨʽʟʥʦʩʧʨʷʤʦʚʘʥʽ 

ʩʠʣʠ ʚʟʘʻʤʥʦ ʛʘʩʷʪʴʩʷ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʢʦʩʠʩʪʝʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʝʥʠʤʠ. 

2. ɻʦʤʝʦʩʪʘʟ ï ʩʪʽʡʢʠʡ ʩʪʘʥ ʨʽʚʥʦʚʘʛʠ ʚʽʜʢʨʠʪʦʾ ʝʢʦʩʠʩʪʝʤʠ.  

3. ʉʪʘʮʽʦʥʘʨʥʠʡ ʨʝʞʠʤ ï ʮʠʢʣʽʯʥʝ ʧʦʚʪʦʨʝʥʥʷ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

4. ʈʝʟʠʩʪʝʥʪʥʽʩʪʴ ï ʧʝʨʝʭʽʜ ʟ ʦʜʥʽʻʾ ʦʙʣʘʩʪʽ ʩʪʽʡʢʦʾ ʨʽʚʥʦʚʘʛʠ ʚ ʽʥʰʫ ʟʽ 

ʟʙʝʨʝʞʝʥʥʷʤ ʚʥʫʪʨʽʰʥʽʭ ʟʚôʷʟʢʽʚ ʝʢʦʩʠʩʪʝʤʠ. 
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5. ʇʣʘʩʪʠʯʥʽʩʪʴ (ʤʦʙʽʣʴʥʽʩʪʴ) ï ʟʜʘʪʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤʠ ʧʽʩʣʷ ʧʨʠʧʠʥʝʥʥʷ 

ʜʽʾ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʧʦʚʝʨʪʘʪʠʩʷ ʜʦ ʚʠʭʽʜʥʦʛʦ ʩʪʽʡʢʦʛʦ 

ʧʦʣʦʞʝʥʥʷ. 

ʈʽʚʥʦʚʘʛʘ ï ʮʝ ʚʣʘʩʪʠʚʽʩʪʴ ʝʢʦʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʫ ʧʝʚʥʠʭ 

ʤʝʞʘʭ ʧʽʜ ʯʘʩ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʟʤʽʥ. ʈʽʚʥʦʚʘʛʘ ʧʽʜʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʩʪʘʪʠʯʥʫ ʡ 

ʜʠʥʘʤʽʯʥʫ, ʘ ʪʘʢʦʞ ʥʘ ʩʪʽʡʢʫ ʪʘ ʥʝʩʪʽʡʢʫ. 

ʇʽʜ ʛʦʤʝʦʩʪʘʟʦʤ ʝʢʦʩʠʩʪʝʤ ʤʘʶʪʴʩʷ ʥʘ ʫʚʘʟʽ ʧʝʚʥʽ ʚʠʟʥʘʯʝʥʥʷ: 

- ʧʨʘʛʥʝʥʥʷ ʦʨʛʘʥʽʟʤʫ ʧʽʜʪʨʠʤʘʪʠ ʚ ʜʦʩʠʪʴ ʚʫʟʴʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʢʦʣʠʚʘʥʴ 

ʬʽʟʽʦʣʦʛʦ-ʙʽʦʭʽʤʽʯʥʽ ʢʦʥʩʪʘʥʪʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʮʽʣʽʩʥʽʩʪʴ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʫ 

ʜʽʻʟʜʘʪʥʽʩʪʴ; 

- ʧʨʦʮʝʩ ʧʽʜʪʨʠʤʢʠ ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʝʢʦʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʯʠ 
ʞʠʚʽ ʦʨʛʘʥʽʟʤʠ; 

- ʟʙʝʨʝʞʝʥʥʷ ʩʪʘʣʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʦʨʛʘʥʽʟʤʫ (ʧʘʨʘʤʝʪʨʽʚ 

ʚ ʧʨʦʮʝʩʽ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʽʭ ʽ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ); 

- ʚʽʜʥʦʩʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤʠ ʚ ʤʝʞʘʭ ʜʝʷʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʤʽʥʣʠʚʠʭ 
ʫʤʦʚ ʩʝʨʝʜʦʚʠʱʘ; 

- ʧʽʜʪʨʠʤʫʚʘʥʝ ʨʝʛʫʣʷʪʦʨʥʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ ʝʢʦʩʠʩʪʝʤʠ ʦʩʥʦʚʥʠʭ ʾʾ 
ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʝʣʝʤʝʥʪʽʚ ʧʽʜ ʯʘʩ ʧʦʩʪʽʡʥʦʾ ʩʘʤʦʨʝʛʫʣʷʮʽʾ ʚ ʫʩʽʭ ʾʾ ʣʘʥʢʘʭ; 

- ʟʜʘʪʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤʠ ʪʘ ʾʾ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʧʨʦʪʠʩʪʦʷʪʠ ʟʤʽʥʘʤ ʪʘ 
ʟʙʝʨʽʛʘʪʠ ʜʠʥʘʤʽʯʥʫ ʨʽʚʥʦʚʘʛʫ (ʛʦʤʝʦʩʪʘʟ); 

- ʟʜʘʪʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤʠ ʧʨʦʪʠʩʪʦʷʪʠ ʟʦʚʥʽʰʥʽʤ ʽ ʚʥʫʪʨʽʰʥʽʤ ʟʙʫʨʝʥʥʷʤ, 
ʚʢʣʶʯʘʶʯʠ ʙʫʜʴ-ʷʢʽ ʘʥʪʨʦʧʦʛʝʥʥʽ ʚʧʣʠʚʠ; 

- ʥʝʟʤʽʥʥʽʩʪʴ ʫ ʯʘʩʽ ʙʫʜʴ-ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʢʦʩʠʩʪʝʤ; 

- ʩʪʘʣʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʝʢʦʩʠʩʪʝʤʠ ʧʨʦʪʷʛʦʤ ʥʝʚʠʟʥʘʯʝʥʦ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ; 

- ʟʜʘʪʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʝʚʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʝʢʦʩʠʩʪʝʤʠ 
ʚ ʥʝʟʤʽʥʥʦʤʫ ʩʪʘʥʽ. 

ʈʝʟʠʩʪʝʥʪʥʽʩʪʴ (ʧʨʫʞʥʽʩʪʴ, ʽʥʝʨʪʥʽʩʪʴ) ï ʮʝ ʟʜʘʪʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤʠ ʧʽʜ 

ʚʧʣʠʚʦʤ ʜʽʾ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʥʝ ʚʠʭʦʜʠʪʠ ʟʘ ʧʝʚʥʽ ʤʝʞʽ 

ʩʪʘʙʽʣʴʥʦʩʪʽ.  

ʈʝʟʠʩʪʝʥʪʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ï ʝʢʦʩʠʩʪʝʤʘ ʪʨʠʤʘʻʪʴʩʷ ʜʦ ʧʝʚʥʦʾ ʤʝʞʽ (ʧʝʚʥʠʭ 

ʟʥʘʯʝʥʴ) ʚʧʣʠʚʫ ʥʝʛʘʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ, ʘʣʝ ʢʦʣʠ ʮʽ ʟʥʘʯʝʥʥʷ ʧʝʨʝʚʠʱʘʪʴ ʧʝʚʥʫ 

ʤʝʞʫ ï ʚʠʭʦʜʠʪʴ ʟʽ ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ, ʜʦ ʷʢʦʛʦ ʚʞʝ ʤʦʞʝ ʥʝ ʧʦʚʝʨʥʫʪʠʩʷ ʥʘʚʽʪʴ 

ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʧʨʠʧʠʥʝʥʥʷ ʟʙʫʨʶʶʯʦʛʦ ʚʧʣʠʚʫ. 

ʇʨʫʞʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ï ʝʢʦʩʠʩʪʝʤʘ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʟʙʫʨʶʶʯʠʡ ʚʧʣʠʚ 

ʚʠʭʦʜʠʪʴ ʟʽ ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ, ʘʣʝ ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ ʚʠʭʽʜʥʦʛʦ ʩʪʘʥʫ  

ʟ ʧʨʠʧʠʥʝʥʥʷʤ ʜʽʾ ʮʴʦʛʦ ʯʠʥʥʠʢʘ. 

ʆʪʞʝ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʷʢ ʟʜʘʪʥʽʩʪʴ 

ʝʢʦʩʠʩʪʝʤʠ ʧʨʦʪʠʜʽʷʪʠ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʟʙʝʨʽʛʘʪʠ ʩʚʦʶ ʩʫʪʥʽʩʪʴ ʽ 

ʷʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫ ʩʪʘʥʽ (ʙʫʪʠ ʨʝʟʠʩʪʝʥʪʥʦʶ, ʽʥʝʨʪʥʦʶ), ʘ ʟ ʜʨʫʛʦʛʦ ï 

ʚʽʜʥʦʚʣʶʚʘʪʠ ʩʚʦʾ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʦʙʪʦ ʙʫʪʠ ʧʣʘʩʪʠʯʥʦʶ. ʊʦʤʫ ʨʝʟʠʩʪʝʥʪʥʘ ʽ 

ʧʣʘʩʪʠʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ï ʮʝ ʟʦʚʩʽʤ ʨʽʟʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʢʦʩʠʩʪʝʤ. ʉʘʤʝ ʮʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʢʦʩʠʩʪʝʤʠ. 

ɾʠʚʫʯʽʩʪʴ ʝʢʦʩʠʩʪʝʤʠ ï ʮʝ ʚʣʘʩʪʠʚʽʩʪʴ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʘʭʠʩʥʽ ʩʠʣʠ 

ʝʢʦʩʠʩʪʝʤʠ ʪʘ ʚʠʷʚʣʷʻʪʴʩʷ ʫ ʟʜʘʪʥʦʩʪʽ ʙʽʦʛʝʦʮʝʥʦʟʽʚ ʜʦ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ. 

ɺʠʥʷʪʢʦʚʦ ʚʘʞʣʠʚʠʤ ʫ ʞʠʪʪʽ ʝʢʦʩʠʩʪʝʤ, ʷʢ ʙʫʜʴ-ʷʢʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ, 

ʻ ʾʭ ʧʨʘʛʥʝʥʥʷ ʜʦ ʩʘʤʦʟʙʝʨʝʞʝʥʥʷ, ʷʢʝ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ, 

ʩʘʤʦʨʝʛʫʣʷʮʽʾ, ʩʘʤʦʚʽʜʪʚʦʨʝʥʥʷ ʽ ʩʘʤʦʚʜʦʩʢʦʥʘʣʝʥʥʷ. ʊʦʤʫ ʮʽ ʫʥʽʚʝʨʩʘʣʴʥʽ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʽʭ ʩʠʩʪʝʤ, ʱʦ ʩʘʤʦʦʨʛʘʥʽʟʦʚʫʶʪʴʩʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ 

ʢʣʶʯʦʚʽ ʦʟʥʘʢʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʞʠʚʫʯʦʩʪʽ ʝʢʦʩʠʩʪʝʤ. 

ʉʘʤʦʚʽʜʥʦʚʣʝʥʥʷ ʝʢʦʩʠʩʪʝʤʠ ï ʮʝ ʩʘʤʦʩʪʽʡʥʝ ʧʦʚʝʨʥʝʥʥʷ ʝʢʦʩʠʩʪʝʤʠ ʜʦ 

ʩʪʘʥʫ ʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ, ʟ ʷʢʦʛʦ ʚʦʥʘ ʙʫʣʘ ʚʠʚʝʜʝʥʘ ʧʽʜ ʚʧʣʠʚʦʤ 

ʥʝʛʘʪʠʚʥʠʭ ʯʠʥʥʠʢʽʚ. 

ʉʘʤʦʨʝʛʫʣʷʮʽʷ ʝʢʦʩʠʩʪʝʤʠ ï ʮʝ ʾʾ ʟʜʘʪʥʽʩʪʴ ʜʦ ʩʘʤʦʩʪʽʡʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ 

ʙʘʣʘʥʩʫ ʚʥʫʪʨʽʰʥʽʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʽʩʣʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʠʥʮʠʧʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʾʾ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʪʦʙʪʦ ʝʢʦʩʠʩʪʝʤʘ ʟʜʘʪʥʘ 

ʟʙʝʨʽʛʘʪʠ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʧʝʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʦʚʥʽʰʥʽʭ 

ʫʤʦʚ. 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ ʝʢʦʩʠʩʪʝʤʠ ʚʠʜʽʣʷʶʪʴ ʟʚôʷʟʦʢ ʜʽʶʯʠʭ 

ʚʨʘʞʘʶʯʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʪʠʧ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʪʨʠʚʘʣʽʩʪʴ ʽ ʢʽʣʴʢʽʩʪʴ 

ʟʙʫʨʝʥʴ, ʘ ʪʘʢʦʞ ʟʚôʷʟʦʢ ʝʢʦʩʠʩʪʝʤʠ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʾʾ ʩʪʽʡʢʽʩʪʴ, ʽ ʦʙʣʘʩʪʝʡ (ʟʦʥ) ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ, ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ ʚʽʜ 

ʦʜʥʽʻʾ ʜʦ ʜʝʢʽʣʴʢʦʭ. 

ɹʫʜʝʤʦ ʚʠʜʽʣʷʪʠ ʪʘʢʽ ʩʪʘʥʠ ʝʢʦʩʠʩʪʝʤ [7]: 

1) ʥʝʩʪʽʡʢʘ ʝʢʦʩʠʩʪʝʤʘ ï ʤʘʣʽ ʟʙʫʨʝʥʥʷ ʨʽʟʢʦ ʟʤʽʥʶʶʪʴ ʨʝʞʠʤ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ; 

2) ʘʩʠʤʧʪʦʪʠʯʥʘ, ʩʪʽʡʢʘ ʝʢʦʩʠʩʪʝʤʘ ï ʟʙʫʨʝʥʥʷ ʛʘʩʷʪʴʩʷ ʝʢʦʩʠʩʪʝʤʦʶ; 

3) ʛʣʦʙʘʣʴʥʦ ʩʪʽʡʢʘ ʝʢʦʩʠʩʪʝʤʘ ï ʚʣʘʩʪʠʚʽʩʪʴ ʩʪʽʡʢʦʩʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ 

ʚʩʽʭ ʪʨʘʻʢʪʦʨʽʡ; 

4) ʣʦʢʘʣʴʥʦ ʩʪʽʡʢʘ ʝʢʦʩʠʩʪʝʤʘ ï ʚʣʘʩʪʠʚʽʩʪʴ ʩʪʽʡʢʦʩʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ 

ʪʨʘʻʢʪʦʨʽʡ ʧʦʙʣʠʟʫ ʨʽʚʥʦʚʘʞʥʦʾ. 

ɿʘʧʨʦʧʦʥʫʻʤʦ ʥʠʟʢʫ ʢʨʠʪʝʨʽʾʚ ʥʘʜʽʡʥʦʩʪʽ ʝʢʦʩʠʩʪʝʤ: 

1) ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʨʫʡʥʫʚʘʥʥʷ 
ʝʢʦʩʠʩʪʝʤʠ ʘʙʦ ʧʝʨʝʚʝʜʝʥʥʷ ʾʾ ʚ ʥʝʦʙʦʨʦʪʥʦ ʥʝʩʪʽʡʢʠʡ ʘʙʦ ʽʥʰʠʡ ʩʪʽʡʢʠʡ ʩʪʘʥ; 

2) ʧʘʨʘʤʝʪʨʠ ʝʢʦʩʠʩʪʝʤʠ (ʽʥʚʘʨʽʘʥʪ), ʱʦ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ  

ʚ ʧʨʦʮʝʩʽ ʨʽʟʥʠʭ ʟʙʫʨʝʥʴ ʝʢʦʩʠʩʪʝʤʠ ʧʨʦʪʷʛʦʤ ʟʥʘʯʥʦʛʦ ʯʘʩʫ; 

3) ʧʘʨʘʤʝʪʨʠ ʜʠʥʘʤʽʢʠ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʢʦʩʠʩʪʝʤʠ; 

4) ʢʨʠʪʝʨʽʾ ʩʪʽʡʢʦʩʪʽ ʟʘ ʃʷʧʫʥʦʚʠʤ (ʦʨʙʽʪʘʣʴʥʦʾ, ʘʩʠʤʧʪʦʪʠʯʥʦʾ ʪʘ 

ʩʪʨʫʢʪʫʨʥʦʾ ʩʪʽʡʢʦʩʪʽ) ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʝʢʦʩʠʩʪʝʤ; 

5) ʢʨʠʪʝʨʽʾ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʽʜʙʦʨʽ ʥʘʡʯʫʪʣʠʚʽʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʤʝʥʪʽʚ 
ʝʢʦʩʠʩʪʝʤʠ ʜʦ ʜʘʥʦʛʦ ʚʠʜʫ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ; 

6) ʢʨʠʪʝʨʽʾ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʽʜʥʦʩʥʽʡ ʟʤʽʥʽ ʙʫʜʴ-ʷʢʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʘʙʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʢʦʩʠʩʪʝʤʠ. 

ʉʭʠʣʴʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤʠ ʜʦ ʜʝʛʨʘʜʘʮʽʾ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʾʾ ʙʫʬʝʨʥʦʶ 

ʻʤʥʽʩʪʶ ʜʦ ʚʧʣʠʚʫ ʥʝʙʝʟʧʝʯʥʦʛʦ ʬʘʢʪʦʨʘ, ʬʘʟʦʶ ʨʦʟʚʠʪʢʫ ʝʢʦʩʠʩʪʝʤʠ ʪʘ 

ʰʚʠʜʢʽʩʪʶ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ. 

ʇʨʦʛʨʝʩʠʚʥʠʡ ʘʙʦ ʨʝʛʨʝʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʙʽʦʛʝʦʮʝʥʦʟʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ ʽ ʤʽʛʨʘʮʽʻʶ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ, ʝʥʝʨʛʽʾ ʪʘ ʽʥʬʦʨʤʘʮʽʾ. 

ʇʨʦʛʨʝʩʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷʤ ʝʢʦʩʠʩʪʝʤʦʶ 

ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ, ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ. ʎʝ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʘʜʘʧʪʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʝʢʦʩʠʩʪʝʤʠ ʘʙʦ 

ʩʪʫʧʝʥʝʤ ʾʾ ʝʣʘʩʪʠʯʥʦʩʪʽ. 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʫʧʝʥʷ ʨʝʛʨʝʩʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʝʢʦʩʠʩʪʝʤ ʧʦʩʣʽʜʦʚʥʦ 

ʧʨʦʪʽʢʘʶʪʴ ʪʘʢʽ ʩʪʘʜʽʾ: 

- ʧʦʨʫʰʝʥʥʷ ʢʦʦʨʜʠʥʘʮʽʾ ʧʨʦʮʝʩʽʚ, ʾʭ ʨʦʟʙʘʣʘʥʩʫʚʘʥʥʷ, ʧʦʨʫʰʝʥʥʷ 
ʙʽʦʨʠʪʤʽʚ, ʟʥʠʞʝʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʨʝʘʢʮʽʡ ʥʘ ʩʪʨʝʩʦʚʽ ʩʠʪʫʘʮʽʾ; 
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- ʧʦʨʫʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʘʣʘʥʩʽʚ, ʟʤʝʥʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ ʪʘ ʙʫʜʴ-ʷʢʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ; 

- ʧʦʨʫʰʝʥʥʷ ʩʢʣʘʜʫ ʨʝʯʦʚʠʥ ʝʢʦʩʠʩʪʝʤ; 

- ʧʦʨʫʰʝʥʥʷ ʛʝʥʝʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʞʠʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʝʢʦʩʠʩʪʝʤʠ ʪʘ 
ʧʨʦʮʝʩʽʚ ʩʘʤʦʨʦʟʚʠʪʢʫ ʚ ʝʢʦʩʠʩʪʝʤʘʭ ʟʘʛʘʣʦʤ. 

ʅʘʜʽʡʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤ ʜʦ ʜʝʛʨʘʜʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ: 

ʘ) ʩʪʽʡʢʦʩʪʽ ʜʦ ʜʽʾ ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʝʢʦʩʠʩʪʝʤʠ; 

ʙ) ʚʠʜʫ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ; 

ʚ) ʽʥʪʝʨʚʘʣʽʚ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ; 

ʛ) ʪʨʠʚʘʣʦʩʪʽ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ; 

ʜ) ʫʞʝ ʜʦʩʷʛʥʫʪʦʾ ʬʘʟʠ ʜʝʛʨʘʜʘʮʽʾ ʝʢʦʩʠʩʪʝʤʠ ʽ ʢʦʞʥʦʛʦ ʾʾ ʢʦʤʧʦʥʝʥʪʘ; 

ʝ) ʧʦʻʜʥʘʥʥʷ ʩʪʨʝʩʦʚʠʭ ʚʧʣʠʚʽʚ ʽ ʜʽʾ ʥʘ ʝʢʦʩʠʩʪʝʤʫ ʽʥʰʠʭ ʬʽʟʠʯʥʠʭ ʧʦʣʽʚ; 

ʟ) ʧʨʦʷʚʫ ʧʨʦʮʝʩʽʚ ʛʽʩʪʝʨʝʟʠʩʫ (ʬʽʟʠʯʥʘ ʚʝʣʠʯʠʥʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʘʥ 

ʪʽʣʘ, ʥʝʦʜʥʦʟʥʘʯʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʦʚʥʽʰʥʽ 

ʫʤʦʚʠ) ʽ ʧʘʤôʷʪʽ. 

ʆʮʽʥʶʶʯʠ ʥʝʙʝʟʧʝʯʥʽ ʯʠʥʥʠʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʝʛʨʘʜʘʮʽʶ ʝʢʦʩʠʩʪʝʤʠ, 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʾʭ ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʘʣʝ ʡ ʪʨʠʚʘʣʽʩʪʴ ʚʧʣʠʚʫ, 

ʛʨʘʜʽʻʥʪ ʽ ʟʘʢʦʥʦʤʽʨʥʫ ʟʤʽʥʫ ʚ ʯʘʩʽ ʪʘ ʚ ʧʨʦʩʪʦʨʽ. 

ʋ ʨʘʟʽ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʢʦʩʠʩʪʝʤʫ ʜʝʢʽʣʴʢʦʭ ʬʘʢʪʦʨʽʚ 

ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʾʭ ʚʟʘʻʤʦʚʧʣʠʚ, ʟʫʤʦʚʣʝʥʠʡ ʥʝ ʪʽʣʴʢʠ ʝʬʝʢʪʘʤʠ ʘʜʠʪʠʚʥʦʩʪʽ, 

ʩʠʥʝʨʛʽʟʤʫ ʪʘ ʘʥʪʘʛʦʥʽʟʤʫ, ʘʣʝ ʡ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤʠ ʚʟʘʻʤʦʜʽʷʤʠ. ɯʥʪʝʛʨʘʣʴʥʫ 

ʜʽʶ ʥʘ ʝʢʦʩʠʩʪʝʤʫ ʩʫʢʫʧʥʦʩʪʽ ʥʝʙʝʟʧʝʯʥʠʭ ʯʠʥʥʠʢʽʚ ʫʩʢʣʘʜʥʝʥʦ ʷʚʠʱʘʤʠ 

ʙʘʛʘʪʦʜʦʤʽʥʘʥʪʥʦʩʪʽ ʪʘ ʧʨʦʚʦʢʘʮʽʡʥʦʩʪʽ ʾʭ ʩʧʽʣʴʥʦʾ ʜʽʾ. ɹʘʛʘʪʦʜʦʤʽʥʘʥʪʥʽʩʪʴ 

ʚʠʥʠʢʘʻ, ʷʢʱʦ ʦʜʠʥ ʟ ʥʝʙʝʟʧʝʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʧʝʨʝʙʫʚʘʶʯʠ ʘʙʦ ʚ ʤʽʥʽʤʫʤʽ, ʘʙʦ 

ʚ ʤʘʢʩʠʤʫʤʽ, ʫʪʚʦʨʶʻ ʥʘʩʪʽʣʴʢʠ ʩʠʣʴʥʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ, ʱʦ ʧʨʠʛʥʽʯʫʻ 

ʚʧʣʠʚ ʫʩʽʭ ʽʥʰʠʭ ʥʝʙʝʟʧʝʯʥʠʭ ʬʘʢʪʦʨʽʚ. ʇʨʦʚʦʢʘʪʠʚʥʽʩʪʴ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʧʦʻʜʥʘʥʥʷ ʩʪʠʤʫʣʶʶʯʠʭ ʚʧʣʠʚʽʚ ʟ ʣʝʪʘʣʴʥʠʤʠ ʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʝʛʘʪʠʚʥʽ 

ʝʬʝʢʪʠ ʧʦʩʠʣʶʶʪʴʩʷ. 

ɺʠʜʽʣʠʤʦ ʪʘʢʽ ʛʨʫʧʠ ʤʝʭʘʥʽʟʤʽʚ ʥʘʜʽʡʥʦʩʪʽ ʝʢʦʩʠʩʪʝʤ [7]: 

- ʤʝʭʘʥʽʟʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʪʘʥʫ (ʽʥʝʨʮʽʷ, ʦʙʤʝʞʝʥʥʷ ʦʙʤʽʥʫ ʟ 

ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʧʨʦʪʦʯʥʽʩʪʴ; ʥʝʛʘʪʠʚʥʽ, ʧʦʟʠʪʠʚʥʽ ʽ ʢʦʥʢʫʨʝʥʪʥʽ 

ʟʚʦʨʦʪʥʽ ʟʚôʷʟʢʠ); 

- ʤʝʭʘʥʽʟʤʠ ʟʙʝʨʝʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ (ʤʝʭʘʥʽʟʤ ʚʢʣʶʯʝʥʥʷ ʨʝʟʝʨʚʥʠʭ 
ʧʨʦʛʨʘʤ, ʪʠʤʯʘʩʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚ ʟʘʢʨʠʪʠʡ ʩʪʘʥ, ʥʘʢʦʧʠʯʝʥʥʷ ʨʝʟʝʨʚʽʚ, 

ʩʠʤʙʽʦʟ, ʘʜʘʧʪʘʮʽʡʥʘ ʝʚʦʣʶʮʽʷ); 

- ʤʝʭʘʥʽʟʤʠ ʟʙʝʨʝʞʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ; 

- ʤʝʭʘʥʽʟʤʠ ʟʙʝʨʝʞʝʥʥʷ ʪʠʧʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ (ʧʨʫʞʥʽʩʪʴ, ʝʣʘʩʪʠʯʥʽʩʪʴ, 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʦ ʝʢʦʣʦʛʽʯʥʠʭ ʥʽʰʘʭ). 

ɿʘ ʤʽʨʫ ʩʪʘʙʽʣʴʥʦʩʪʽ ʝʢʦʩʠʩʪʝʤ ʯʘʩʪʦ ʧʨʠʡʤʘʶʪʴ ʾʭ ʚʠʜʦʚʝ ʨʽʟʥʦʤʘʥʽʪʪʷ. 

ʅʘʡʩʪʽʡʢʽʰʽ ʩʢʣʘʜʥʽ ʝʢʦʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ ʚ ʥʠʭ ʬʦʨʤʫʶʪʴʩʷ ʨʦʟʛʘʣʫʞʝʥʽ 

ʪʨʦʬʽʯʥʽ ʟʚôʷʟʢʠ. ɽʢʦʩʠʩʪʝʤʠ ʟʽ ʩʧʨʦʱʝʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʚʢʨʘʡ ʥʝʩʪʽʡʢʽ, ʙʦ  

ʚ ʥʠʭ ʚʽʜʙʫʚʘʶʪʴʩʷ ʨʽʟʢʽ ʢʦʣʠʚʘʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʦʢʨʝʤʠʭ ʧʦʧʫʣʷʮʽʡ. 

ʄʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʢʦʩʠʩʪʝʤ ʤʦʞʥʘ 

ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [7, 8]: 

1) ʪʝʦʨʽʷ ʩʪʽʡʢʦʩʪʽ ʽ ʙʽʬʫʨʢʘʮʽʡ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ Ÿ ʧʨʠʙʣʠʟʥʽ 

ʩʭʝʤʠ ʧʝʨʝʭʨʝʩʥʦʾ ʨʝʛʫʣʷʮʽʾ Ÿ ʪʦʧʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʢʘʪʘʩʪʨʦʬ; 

2) ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʽʜʭʽʜ Ÿ ʽʤʦʚʽʨʥʽʩʥʽ ʢʨʠʪʝʨʽʾ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 
ʨʽʚʥʷʥʴ Ÿ ʪʝʦʨʽʷ ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʪʨʫʢʪʫʨ; 
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3) ʪʝʦʨʽʷ ʘʚʪʦʤʘʪʽʚ Ÿ ʤʝʭʘʥʽʯʥʽ ʪʘ ʛʨʘʬʽʯʥʽ ʽʛʨʦʚʽ ʘʥʘʣʦʛʠ; 

4) ʬʦʨʤʘʣʴʥʘ ʩʠʤʚʦʣʴʥʘ ʣʦʛʽʢʘ Ÿ ʪʝʦʨʽʷ ʧʘʨʘʣʝʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ; 

5) ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʝʢʦʣʦʛʽʾ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʣʽʥʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʜʽʡʥʦʩʪʽ ʝʢʦʩʠʩʪʝʤ ʦʙʤʝʞʝʥʦ ʦʙʣʘʩʪʶ 

ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ, ʟʘ ʤʝʞʘʤʠ ʷʢʠʭ ʤʦʞʣʠʚʽ ʷʢʽʩʥʦ ʥʦʚʽ ʨʝʞʠʤʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʘʚʪʦʢʦʣʠʚʘʥʥʷ, ʜʠʩʠʧʘʪʠʚʥʽ ʩʪʨʫʢʪʫʨʠ. ʄʘʪʝʤʘʪʠʯʥʘ ʪʝʦʨʽʷ 

ʥʘʜʽʡʥʦʩʪʽ, ʱʦ ʚʠʚʯʘʻ ʧʦʚʝʜʽʥʢʫ ʝʢʦʩʠʩʪʝʤʠ ʚ ʤʝʞʘʭ ʽ ʟʘ ʤʝʞʘʤʠ ʦʩʦʙʣʠʚʠʭ 

ʪʦʯʦʢ, ʚ ʝʢʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʢʨʘʡ ʨʽʜʢʦ, ʭʦʯʘ ʻ ʯʠʤʘʣʦ ʧʦʜʽʙʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʙʽʦʬʽʟʠʮʽ ʪʘ ʙʽʦʣʦʛʽʾ. 

ɿ ʧʦʟʠʮʽʡ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʢʦʩʠʩʪʝʤ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʧʦʙʘʯʠʪʠ, ʷʢʠʤ ʯʠʥʦʤ ʾʾ ʩʢʣʘʜʦʚʽ ʝʣʝʤʝʥʪʠ ʬʫʥʢʮʽʦʥʫʶʪʴ 

ʫ ʚʟʘʻʤʦʜʽʾ ʟ ʽʥʰʠʤʠ ʯʘʩʪʠʥʘʤʠ ʽ ʟ ʷʢʠʭ ʧʨʠʯʠʥ ʤʦʞʫʪʴ ʩʪʘʪʠʩʷ ʟʚʦʨʦʪʥʽ ʘʙʦ 

ʥʝʟʚʦʨʦʪʥʽ ʟʤʽʥʠ, ʱʦ ʟʘʛʨʦʞʫʶʪʴ ʥʝʛʘʪʠʚʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɺʠʙʽʨ ʥʘʧʨʷʤʢʫ ʟʤʽʥʠ ʩʪʘʥʽʚ ʝʢʦʩʠʩʪʝʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚ, ʟʘʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʡ ʩʪʘʙʽʣʴʥʦʩʪʽ. 

ʅʘʡʯʘʩʪʽʰʝ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʙʦʨʫ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʪʘʥʫ ʚʠʥʠʢʘʻ ʧʽʜ ʯʘʩ 

ʚʠʭʦʜʫ ʝʢʦʩʠʩʪʝʤʠ ʥʘ ʪʘʢ ʟʚʘʥʠʡ ʨʝʞʠʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ çʽʟ ʟʘʛʦʩʪʨʝʥʥʷʤè, 

ʷʢʠʡ ʤʦʞʝ ʟʘʚʝʨʰʫʚʘʪʠʩʷ ʚʠʥʠʢʥʝʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʘʚʘʨʽʡ, ʢʨʠʟ ʽ ʢʘʪʘʩʪʨʦʬ. 

ʂʨʠʟʫ ʚ ʝʢʦʩʠʩʪʝʤʘʭ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʷʚʠʱʝ, ʷʢʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʘʜʘʧʪʘʮʽʾ ʝʢʦʩʠʩʪʝʤʠ ʜʦ ʟʦʚʥʽʰʥʽʭ ʘʙʦ ʚʥʫʪʨʽʰʥʽʭ ʫʤʦʚ, ʱʦ 

ʧʦʤʽʪʥʦ ʟʤʽʥʠʣʠʩʷ. ʂʨʠʟʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʙʝʨʝʞʝʥʥʷʤ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʢʦʩʠʩʪʝʤ ʽ ʥʝʟʥʘʯʥʠʤ ʟʙʠʪʢʦʤ. ʆʜʥʘʢ ʧʦʷʚʫ ʢʨʠʟ ʩʣʽʜ 

ʨʦʟʮʽʥʶʚʘʪʠ ʷʢ ʩʚʽʜʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʚʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʝʢʦʩʠʩʪʝʤʠ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʨʠʟʠ, ʚʠʥʠʢʥʝʥʥʷ ʢʘʪʘʩʪʨʦʬʠ ʚ ʝʢʦʩʠʩʪʝʤʽ ʟʘʟʚʠʯʘʡ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʦʶ ʽ ʜʦʩʠʪʴ ʨʽʟʢʦʶ ʟʤʽʥʦʶ ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʝʢʦʩʠʩʪʝʤʠ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʡ ʜʦʢʦʨʽʥʥʦʾ ʧʝʨʝʙʫʜʦʚʠ ʾʾ ʤʦʨʬʦʣʦʛʽʾ ʪʘ 

ʩʪʨʫʢʪʫʨʠ. 

ʈʘʜʠʢʘʣʴʥʽʰʽ ʟʤʽʥʠ ʟʘʟʚʠʯʘʡ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤ, 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʢʘʪʘʢʣʽʟʤʽʚ. ɰʭ ʧʨʦʷʚ ʨʽʚʥʦʩʠʣʴʥʠʡ ʢʨʘʭʫ, ʪʦʙʪʦ 

ʙʽʣʴʰʽʩʪʴ ʝʢʦʩʠʩʪʝʤ ʧʨʠʧʠʥʷʶʪʴ ʽʩʥʫʚʘʥʥʷ. 

ɿʤʽʥʫ ʩʪʘʥʽʚ ʝʢʦʩʠʩʪʝʤ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʥʘ ʧʨʠʢʣʘʜʽ ʥʘʩʣʽʜʢʽʚ 

ʧʨʠʨʦʜʥʠʭ ʢʘʪʘʢʣʽʟʤʽʚ. ɰʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʟʚʠʯʘʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʘʢʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢ: ʛʦʤʝʦʩʪʘʟ ʘʙʦ ʛʦʤʝʦʢʽʥʝʟʽʩ, ʱʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʜʠʥʘʤʽʯʥʫ 

ʨʽʚʥʦʚʘʛʫ; ʨʽʟʥʦʛʦ ʚʠʜʫ ʟʙʫʨʝʥʽ ʩʪʘʥʠ, ʚʠʢʣʠʢʘʥʽ ʧʦʷʚʦʶ ʥʝʩʧʨʠʷʪʣʠʚʠʭ, 

ʥʝʙʝʟʧʝʯʥʠʭ, ʢʨʠʪʠʯʥʠʭ ʘʙʦ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʩʪʘʥʽʚ. 

ɹʫʜʴ-ʷʢʽʡ ʝʢʦʣʦʛʽʯʥʽʡ ʩʠʩʪʝʤʽ ʧʨʠʪʘʤʘʥʥʠʡ ʩʪʽʡʢʠʡ ʩʪʘʥ, ʛʦʤʝʦʩʪʘʟ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʠʥʘʤʽʯʥʦʶ ʨʽʚʥʦʚʘʛʦʶ ʤʽʞ ʥʘʨʦʜʞʫʚʘʥʽʩʪʶ ʽ ʩʤʝʨʪʥʽʩʪʶ, 

ʩʧʦʞʠʚʘʥʥʷʤ ʽ ʨʦʟʱʝʧʣʝʥʥʷʤ ʨʝʯʦʚʠʥʠ ʡ ʝʥʝʨʛʽʾ. 

ɺʦʜʥʦʯʘʩ ʙʫʜʴ-ʷʢʘ ʝʢʦʩʠʩʪʝʤʘ ʚʭʦʜʠʪʴ ʫ ʽʻʨʘʨʭʽʶ ʩʠʩʪʝʤ ʽ ʪʦʤʫ ʧʽʜʧʘʜʘʻ 

ʧʽʜ ʟʦʚʥʽʰʥʽ ʚʧʣʠʚʠ, ʱʦ ʧʨʘʛʥʫʪʴ ʚʠʚʝʩʪʠ ʾʾ ʟ ʨʽʚʥʦʚʘʛʠ. ʗʢʱʦ ʮʝʡ ʚʧʣʠʚ ʥʝ 

ʥʘʜʪʦ ʩʠʣʴʥʠʡ, ʪʦ ʧʦʨʫʰʝʥʽ ʟʚôʷʟʢʠ ʟʘʤʽʥʶʶʪʴʩʷ ʽʥʰʠʤʠ, ʘ ʧʨʦʮʝʩ ʧʝʨʝʜʘʯʽ 

ʨʝʯʦʚʠʥʠ ʪʘ ʝʥʝʨʛʽʾ ʧʨʦʜʦʚʞʫʻʪʴʩʷ. ʊʘʢʝ ʷʚʠʱʝ ʤʦʞʥʘ ʥʘʟʠʚʘʪʠ ʝʢʦʣʦʛʽʯʥʠʤ 

ʜʫʙʣʶʚʘʥʥʷʤ. 

ɽʢʦʣʦʛʽʯʥʝ ʜʫʙʣʶʚʘʥʥʷ ï ʧʨʦʮʝʩ ʟʘʤʽʥʠ ʟʥʠʢʣʦʛʦ ʟ ʙʫʜʴ-ʷʢʠʭ ʧʨʠʯʠʥ 

ʚʠʜʫ ʽʥʰʠʤ ʚʠʜʦʤ, ʷʢʠʡ ʟʘʡʤʘʻ ʡʦʛʦ ʝʢʦʣʦʛʽʯʥʫ ʥʽʰʫ. ʊʘʢ ʝʢʦʩʠʩʪʝʤʠ ʯʠʥʷʪʴ 

ʦʧʽʨ ʚʧʣʠʚʘʤ, ʱʦ ʧʦʨʫʰʫʶʪʴ ʾʭ ʩʪʘʙʽʣʴʥʽʩʪʴ. 

ɽʢʦʩʠʩʪʝʤʘ ʪʠʤ ʙʝʟʧʝʯʥʽʰʘ, ʯʠʤ ʙʽʣʴʰʝ ʚʠʜʦʚʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʚʦʥʘ ʤʘʻ. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʜʫʙʣʶʚʘʥʥʷ. ʇʽʜ ʚʧʣʠʚʦʤ 
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ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʯʠʥʥʠʢʽʚ ʚ ʝʢʦʩʠʩʪʝʤʘʭ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʧʦʩʪʽʡʥʽ 

ʟʤʽʥʠ. ɼʝʷʢʽ ʚʠʜʠ ʝʢʦʩʠʩʪʝʤ, ʚʽʜʯʫʚʘʶʯʠ ʥʝʛʘʪʠʚʥʽ ʚʧʣʠʚʠ, ʟʥʠʞʫʶʪʴ ʩʚʦʶ 

ʯʠʩʝʣʴʥʽʩʪʴ, ʘ ʽʥʦʜʽ ʟʦʚʩʽʤ ʟʥʠʢʘʶʪʴ. ɯʥʰʽ ʚʠʜʠ ʤʦʞʫʪʴ ʚʽʜ ʮʴʦʛʦ ʚʠʛʨʘʪʠ, ʽ ʾʭ 

ʯʠʩʝʣʴʥʽʩʪʴ ʟʨʦʩʪʘʪʠʤʝ, ʪʦʙʪʦ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʚʠʪʽʩʥʝʥʥʷ ʦʜʥʠʭ ʚʠʜʽʚ 

ʽʥʰʠʤʠ. ʇʨʦʮʝʩʠ ʧʦʩʣʽʜʦʚʥʠʭ ʟʤʽʥ ʩʪʘʥʫ ʝʢʦʩʠʩʪʝʤ ʫ ʧʨʦʩʪʦʨʽ ʘʙʦ ʚ ʯʘʩʽ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʤʽʥʦʶ ʩʪʘʥʽʚ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʩʽʭ ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ, ʥʘʟʠʚʘʶʪʴ 

ʩʫʢʮʝʩʽʻʶ. 

ɿʜʘʪʥʽʩʪʴ ʝʢʦʩʠʩʪʝʤʠ ʜʦ ʧʦʚʥʦʛʦ ʩʘʤʦʚʽʜʥʦʚʣʝʥʥʷ ʽ ʩʘʤʦʨʝʛʫʣʶʚʘʥʥʷ 

ʧʨʦʪʷʛʦʤ ʩʫʢʮʝʩʽʡʥʦʛʦ ʘʙʦ ʝʚʦʣʶʮʽʡʥʦʛʦ ʯʘʩʫ ʾʾ ʽʩʥʫʚʘʥʥʷ ʥʘʟʠʚʘʶʪʴ 

ʝʢʦʣʦʛʽʯʥʦʶ ʥʘʜʽʡʥʽʩʪʶ. ʅʘʡʧʨʦʩʪʽʰʠʤ ʤʝʭʘʥʽʟʤʦʤ ʧʽʜʪʨʠʤʢʠ ʝʢʦʣʦʛʽʯʥʦʾ 

ʥʘʜʽʡʥʦʩʪʽ ʝʢʦʩʠʩʪʝʤʠ ʻ ʟʘʤʽʥʘ ʚʠʜʫ, ʷʢʠʡ ʟʥʠʢ ʟ ʙʫʜʴ-ʷʢʠʭ ʧʨʠʯʠʥ, ʽʥʰʠʤ 

ʝʢʦʣʦʛʽʯʥʦ ʙʣʠʟʴʢʠʤ. ʇʨʠ ʛʣʠʙʰʦʤʫ ʧʦʨʫʰʝʥʥʽ ʟʘʤʽʥʠ ʚʽʜʙʫʚʘʪʠʤʫʪʴʩʷ ʥʘ 

ʨʽʚʥʽ ʫʛʨʫʧʦʚʘʥʴ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʘʞ ʜʦ ʙʽʦʛʝʦʮʝʥʦʟʽʚ. 
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ɼ.ʆ. ʏɽʈʅʀʐɽɺ 

 

ʉʋʏɸʉʅɯ ɿɸʉʆɹʀ ʇʈʆʉʊʆʈʆɺʆ-ʊɽʈʀʊʆʈɯɸʃʔʅʆɻʆ 

ʄʆɼɽʃʖɺɸʅʅʗ ɽʂʆʉʀʉʊɽʄ ɯʅɾɽʅɽʈʅʆɻʆ ɿɸʍʀʉʊʋ  

 
ɸʥʦʪʘʮʽʷ. ʉʪʘʪʪʷ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʚôʷʟʘʥʥʶ ʘʢʪʫʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦ-

ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʙʣʝʤʥʦʛʦ ʧʠʪʘʥʥʷ ï ʧʦʰʫʢʫ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʽʰʝʥʴ ʙʽʦʩʬʝʨʦʩʫʤʽʩʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʥʘ ʧʨʠʢʣʘʜʽ ʽʥʞʝʥʝʨʥʦʛʦ ʟʘʭʠʩʪʫ 

ʪʝʨʠʪʦʨʽʡ ʤʦʨʩʴʢʦʛʦ ʪʘ ʨʽʯʢʦʚʦʛʦ ʫʟʙʝʨʝʞʞʷ ʚ ʋʢʨʘʾʥʽ. 

ɿʘʭʠʩʪ ʙʝʨʝʛʽʚ ʚʽʜ ʨʦʟʤʠʚʫ ʽ ʧʦʚ'ʷʟʘʥʦʛʦ ʟ ʥʠʤ ʟʩʫʚʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʙʝʨʝʛʦʚʠʭ 

ʪʝʨʠʪʦʨʽʡ ï ʥʘʡʛʦʩʪʨʽʰʘ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʘ ʪʘ ʝʢʦʣʦʛʽʯʥʘ ʧʨʦʙʣʝʤʘ, ʱʦ 

ʩʪʨʠʤʫʻ ʦʩʚʦʻʥʥʷ ʨʝʢʨʝʘʮʽʡʥʠʭ ʪʘ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ ʧʨʠʙʝʨʝʞʥʦʾ ʩʤʫʛʠ.  

ʆʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ ʚ ʛʘʣʫʟʽ ʟʘʭʠʩʪʫ 

ʧʨʠʙʝʨʝʞʥʠʭ ʪʝʨʠʪʦʨʽʡ ʻ: ʟʜʽʡʩʥʝʥʥʷ ʨʦʙʽʪ ʱʦʜʦ ʟʘʭʠʩʪʫ ʤʦʨʩʴʢʦʛʦ ʪʘ 

ʨʽʯʢʦʚʦʛʦ ʫʟʙʝʨʝʞʞʷ ʙʝʟ ʜʦʩʪʘʪʥʴʦʛʦ ʥʘʫʢʦʚʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ; 

ʥʝʜʦʩʪʘʪʥʻ ʚʨʘʭʫʚʘʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʨʠʙʝʨʝʞʥʽʡ 

ʩʤʫʟʽ ʤʦʨʷ, ʚʦʜʦʩʭʦʚʠʱ ʪʘ ʨʽʯʦʢ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʩʢʣʘʜʫ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ; 

ʥʝʢʦʤʧʣʝʢʩʥʽʩʪʴ ʚʝʜʝʥʥʷ ʨʦʙʽʪ ʪʘ ʥʝʟʘʚʝʨʰʝʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ 

ʙʝʨʝʛʦʟʘʭʠʩʥʠʭ ʪʘ ʙʝʨʝʛʦʨʝʛʫʣʶʶʯʠʭ ʩʧʦʨʫʜ ʫ ʣʦʢʘʣʴʥʽ ʢʦʤʧʣʝʢʩʠ, ʱʦ 

ʧʦʚʥʽʩʪʶ ʦʭʦʧʣʶʶʪʴ ʙʝʨʝʛʦʚʽ ʧʨʠʨʦʜʥʽ ʩʠʩʪʝʤʠ, ʚ ʷʢʠʭ ʽʩʥʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʥʝ ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʾʭ ʧʨʦʝʢʪʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʤʽʥʣʠʚʠʤʠ ʚ ʯʘʩʽ ʚʽʨʦʛʽʜʥʠʤʠ ʟʤʽʥʘʤʠ 

ʩʪʘʥʽʚ (ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʟʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʽʣʷʥʢʠ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʦʾ 

ʪʝʨʠʪʦʨʽʾ ʟ̔ ʩʢʣʘʜʥʠʤ ʨʝʣʴʻʬʦʤ) ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ.  

ɺ ʦʩʥʦʚʫ ʨʦʟʨʘʭʫʥʢʫ ʮʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʦʢʣʘʜʝʥʠʡ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʎʝʡ ʤʝʪʦʜ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʦʨʪʦʛʦʥʘʣʴʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʘʟʠʩʽʚ ʫ ʧʨʦʩʪʦʨʘʭ ʬʫʥʢʮʽʡ ʟ ʦʙʤʝʞʝʥʦʶ ʝʥʝʨʛʽʻʶ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʬʽʟʠʯʥʦʩʪʽ ʦʜʝʨʞʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʽ ʩʧʨʠʷʻ ʧʦʷʚʽ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʠʨʘʟʫ, ʱʦ ʦʧʠʩʫʻ ʛʝʦʣʦʛʽʯʥʽ ʷʚʠʱʘ ʥʘ ʢʽʥʮʝʚʦʤʫ ʧʨʦʤʽʞʢʫ ʯʘʩʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʙʽʦʩʬʝʨʦʩʫʤʽʩʥʽʩʪʴ, ʦʨʛʘʥʽʟʘʮʽʡʥʦ-

ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ, ʙʫʜʽʚʝʣʴʥʝ ʚʠʨʦʙʥʠʮʪʚʦ.  

 

ɺʩʪʫʧ 

 

ʄʦʨʩʴʢʝ ʫʟʙʝʨʝʞʞʷ ʏʦʨʥʦʛʦ ʽ ɸʟʦʚʩʴʢʦʛʦ ʤʦʨʽʚ ʟʘʡʤʘʻ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ 

ʧʽʚʜʝʥʥʦʛʦ ʢʦʨʜʦʥʫ ʋʢʨʘʾʥʠ. ɺʦʥʦ ʦʭʦʧʣʶʻ ʧ'ʷʪʴ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʦʜʠʥʠʮʴ ï 

ɼʦʥʝʮʴʢʫ, ɿʘʧʦʨʽʟʴʢʫ, ʍʝʨʩʦʥʩʴʢʫ, ʄʠʢʦʣʘʾʚʩʴʢʫ ʪʘ ʆʜʝʩʴʢʫ ʦʙʣʘʩʪʽ, ʘ ʪʘʢʦʞ 

ɸʚʪʦʥʦʤʥʫ ʈʝʩʧʫʙʣʽʢʫ ʂʨʠʤ. ɿʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʙʝʨʝʛʦʚʦʾ ʣʽʥʽʾ ʧʝʨʝʚʠʱʫʻ 

3000 ʢʤ. ʆʢʨʽʤ ʮʴʦʛʦ, ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʪʝʨʠʪʦʨʽʾ ʟʘʡʤʘʶʪʴ ʙʝʨʝʛʠ ʰʪʫʯʥʠʭ 

ʤʦʨʽʚ: ʂʠʾʚʩʴʢʦʛʦ, ʂʘʥʽʚʩʴʢʦʛʦ, ʂʨʝʤʝʥʯʫʮʴʢʦʛʦ, ɼʥʽʧʨʦʜʟʝʨʞʠʥʩʴʢʦʛʦ, 

ʂʘʭʦʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱ. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʨʦʜʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʬʦʨʤʫʶʪʴ ʙʝʨʝʛʦʚʫ ʟʦʥʫ, ʻ ʜʽʷ 

ʭʚʠʣʴ. ʈʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʛʦ ʚʧʣʠʚʫ ʻ ʘʙʨʘʟʽʷ ʙʝʨʝʛʽʚ (ʤʝʭʘʥʽʯʥʝ ʨʫʡʥʫʚʘʥʥʷ 

ʙʝʨʝʛʽʚ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʭʚʠʣʴ ʽ ʧʨʠʙʦʶ), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʰʠʨʝʥʥʷ 

ʥʝʙʝʟʧʝʯʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫʟʜʦʚʞ ʫʩʴʦʛʦ ʫʟʙʝʨʝʞʞʷ. ʉʣʽʜ ʜʦʜʘʪʠ 

ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘʥʦʩʽʚ ʽ ʚʠʥʦʩʽʚ ʩʝʟʦʥʥʠʤʠ ʪʝʯʽʷʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʪʦʪʘʣʴʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʧʣʷʞʽʚ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʩʠʣʶ̒  ʜʽʶ ʭʚʠʣʴ ʥʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʠʙʝʨʝʞʥʠʭ ʪʝʨʠʪʦʨʽʡ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʥʘʜ 100 ʛʘ ʟʝʤʣʽ 

Ò ɼ.ʆ. ʏʝʨʥʠʰʝʚ, 2017 
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ʚʪʨʘʯʘʻʪʴʩʷ ʜʣʷ ʨʽʟʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʱʦʨʦʢʫ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʜʣʷ ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ ʽ ʨʦʟʚʠʪʢʫ ʪʫʨʠʟʤʫ, ʤʘʻ ʟʛʫʙʥʠʡ ʚʧʣʠʚ ʥʘ 

ʙʝʨʝʛʦʚʫ ʝʢʦʩʠʩʪʝʤʫ. 

ɸʥʘʣʽʟ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʢʦʨʜʦʥʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʫʻ, ʱʦ ʥʘ 

ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʥʝʜʦʩʪʘʪʥʴʦ ʤʘʪʠ ʣʠʰʝ ʢʽʣʴʢʽʩʥʫ 

ʦʮʽʥʢʫ ʧʨʦʮʝʩʫ ʜʝʬʦʨʤʫʚʘʥʥʷ (ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ) ˇʨʫʥʪʦʚʦʛʦ 

ʤʘʩʠʚʫ, ʘ ʪʨʝʙʘ ʱʝ ʤʘʪʠ ʷʢʽʩʥʠʡ ʧʨʦʛʥʦʟ ʨʦʟʚʠʪʢʫ ʥʝʙʝʟʧʝʯʥʠʭ ʛʝʦʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ. ʂʨʽʤ ʮʴʦʛʦ, ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʶ ʝʢʦʣʦʛʽʯʥʠʭ 

ʩʠʩʪʝʤ ʽʥʞʝʥʝʨʥʦʛʦ ʟʘʭʠʩʪʫ ʧʨʠʙʝʨʝʞʥʠʭ ʪʝʨʠʪʦʨʽʡ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʧʨʝʚʝʥʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʫʟʙʝʨʝʞʞʷ. 

 

Aʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʞʝʨʝʣ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟôʷʚʠʣʠʩʷ ʩʧʨʦʙʠ, ʚ ʷʢʠʭ ʬʽʛʫʨʫʻ ʥʦʚʝ ʧʦʥʷʪʪʷ ï 

ʙʽʦʩʬʝʨʦʩʫʤʽʩʥʦʩʪʽ ʙʫʜʽʚʥʠʮʪʚʘ. ɸʚʪʦʨʠ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʨʦʟʨʦʙʦʢ ʽ 

ʨʝʘʣʴʥʠʭ ʧʨʦʝʢʪʽʚ, ʘ ʩʘʤʝ ʆ.ɸ. ʊʫʛʘʡ [1], ɼ.ɸ. ʂʨʘʤʝʨ [2], ɼ.ɹ. ʆʜʣʠʩ [3], 

ʊ.ʖ. ɹʠʩʪʨʦʚʘ [4], ʆ.ɺ. ɼʝʤʽʜʦʚʘ [5], ɺ.ɺ. ʉʘʚʡʦʚʩʴʢʠʡ [6], ɯ.ʇ. ɹʦʡʢʦ [7] ʪʘ 

ʽʥʰʽ ʧʽʜ ʙʽʦʩʬʝʨʦʩʫʤʽʩʥʽʩʪʶ ʨʦʟʫʤʽʶʪʴ ʣʦʢʘʣʴʥʝ ʣʽʢʚʽʜʫʚʘʥʥʷ ʥʘʩʣʽʜʢʽʚ 

ʧʦʧʝʨʝʜʥʽʭ ʟʘʙʨʫʜʥʝʥʴ ʟ ʦʜʥʦʯʘʩʥʦʶ ʟʤʽʥʦʶ ʧʨʠʟʥʘʯʝʥʥʷ ʦʙôʻʢʪʽʚ ï 

ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʘʙʦ ʛʣʠʙʦʢʫ ʤʦʜʝʨʥʽʟʘʮʽʶ ʥʘʷʚʥʠʭ ʦʙôʻʢʪʽʚ ʧʨʦʤʠʩʣʦʚʦʛʦ ʪʘ 

ʮʠʚʽʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʦʩʦʙʣʠʚʦʾ 

ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʶʪʴ ʽʥʥʦʚʘʮʽʡʥʽ ʤʝʭʘʥʽʟʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʫʜʽʚʝʣʴʥʠʤʠ 

ʧʨʦʝʢʪʘʤʠ ʪʘ ʧʨʦʛʨʘʤʘʤʠ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʥʚʝʩʪʠʮʽʡʥʦ-

ʙʫʜʽʚʝʣʴʥʦʛʦ ʮʠʢʣʫ ʪʘ ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʙʫʜʽʚʥʠʮʪʚʘ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʙʽʦʩʬʝʨʥʦʾ ʩʫʤʽʩʥʦʩʪʽ. 

 

ɺʠʜʽʣʝʥʥʷ ʥʝ ʨʦʟʚôʷʟʘʥʠʭ ʨʘʥʽʰʝ ʯʘʩʪʠʥ ʟʘʛʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ 

 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʚʠʤʦʛ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ʚʝʨʩʽʾ ɯSO 14001:2015 ʥʘ ʦʩʥʦʚʽ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʽ ʩʘʤʦʨʝʛʫʣʴʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ ʩʧʨʠʷʻ ʟʘʙʝʟʧʝʯʝʥʥʶ ʧʨʝʚʝʥʪʠʚʥʦʛʦ ʧʦʧʝʨʝʜʞʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ 

ʥʘʩʣʽʜʢʽʚ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʧʽʜʭʦʜʫ ʱʦʜʦ ʣʽʢʚʽʜʫʚʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʧʦʧʝʨʝʜʥʽʭ ʟʘʙʨʫʜʥʝʥʴ ʟ ʦʜʥʦʯʘʩʥʦʶ 

ʟʤʽʥʦʶ ʧʨʠʟʥʘʯʝʥʥʷ ʦʙôʻʢʪʽʚ, ʫ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʧʨʠʥʮʠʧʽʚ ʙʽʦʩʬʝʨʦʩʫʤʽʩʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʨʦʟʫʤʽʻʪʴʩʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʝ 

ʦʟʜʦʨʦʚʣʝʥʥʷ ʙʫʜʽʚʝʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʚʠʢʣʶʯʘʻ ʧʨʠʯʠʥʠ ʡʦʛʦ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʚ ʧʨʦʝʢʪʘʭ ʽʥʞʝʥʝʨʥʦʛʦ 

ʟʘʭʠʩʪʫ ʧʨʠʙʝʨʝʞʥʠʭ ʪʝʨʠʪʦʨʽʡ ʪʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʢʦʣʦʛʽʯʥʠʭ 

ʩʠʩʪʝʤ ʽʥʞʝʥʝʨʥʦʛʦ ʟʘʭʠʩʪʫ ʟ̔ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ 

ʚʨʘʭʫʚʘʥʥʷʤ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʨʠʙʝʨʝʞʥʽʡ ʩʤʫʟʽ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʩʢʣʘʜʫ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ.  

ʄʝʪʘ ʩʪʘʪʪʽ ï ʨʦʟʨʦʙʢʘ ʽʥʥʦʚʘʮʽʡʥʦʾ ʧʣʘʪʬʦʨʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤ 

ʽʥʞʝʥʝʨʥʦʛʦ ʟʘʭʠʩʪʫ ʪʝʨʠʪʦʨʽʡ ʤʦʨʩʴʢʦʛʦ ʪʘ ʨʽʯʢʦʚʦʛʦ ʫʟʙʝʨʝʞʞʷ (ʷʢ 

ʚʟʘʻʤʦʜʽʾ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘʭʠʩʪʫ ʚʽʜ ʜʽʾ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ˇʨʫʥʪʦʚʠʤ 

ʤʘʩʠʚʦʤ) ʥʘ ʧʨʠʥʮʠʧʘʭ ʙʽʦʩʬʝʨʦʩʫʤʽʩʥʦʩʪʽ.  

ɼʦʩʷʛʥʝʥʥʷ ʜʘʥʦʾ ʤʝʪʠ ʧʦʪʨʝʙʫʻ ʧʦʰʫʢʫ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʨʽʰʝʥʥʷ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʽʥʞʝʥʝʨʥʦʛʦ 

ʟʘʭʠʩʪʫ ʟ̔ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʘʛʣʠʙʣʝʥʠʭ ʧʽʜʚʦʜʥʠʭ 

ʩʧʦʨʫʜ, ʷʢʽ ʛʘʩʷʪʴ ʝʥʝʨʛʽʶ ʭʚʠʣʴ, ʟʘʭʠʱʘʶʪʴ ʧʨʠʙʝʨʝʞʥʫ ʩʤʫʛʫ ʪʘ ʜʦʚʢʽʣʣʷ. 
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ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

 

ɿ ʧʦʟʠʮʽʾ ʙʽʦʩʬʝʨʦʩʫʤʽʩʥʦʩʪʽ ʙʫʜʽʚʥʠʮʪʚʘ ʝʢʦʩʠʩʪʝʤ ʽʥʞʝʥʝʨʥʦʛʦ ʟʘʭʠʩʪʫ 

ʪʝʨʠʪʦʨʽʡ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʚ ʪʘʢʠʭ ʧʨʦʝʢʪʘʭ ʧʦʚʠʥʥʘ ʧʨʠʜʽʣʷʪʠʩʷ ʛʣʦʙʘʣʴʥʦʤʫ 

ʚʧʣʠʚʫ ʙʫʜʽʚʝʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɺ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʾ 

ʪʝʭʥʦʛʝʥʥʦʾ ʦʜʠʥʠʮʽ ʧʨʠʡʤʘʻʪʴʩʷ ʛʦʪʦʚʠʡ ʙʫʜʽʚʝʣʴʥʠʡ ʦʙ'ʻʢʪ, ʜʣʷ ʷʢʦʛʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʥʮʝʚʘ ʙʝʟʣʽʯ ʬʘʢʪʦʨʽʚ, ʱʦ ʤʘʶʪʴ ̔ ʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ ʝʢʦʩʠʩʪʝʤʫ.  

ɹʝʨʝʛʦʟʘʭʠʩʥʽ ʩʧʦʨʫʜʠ ʚʢʣʶʯʘʶʪʴʩʷ ʜʦ ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ ʱʦʜʦ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʦʭʦʨʦʥʠ ʙʝʨʝʛʽʚ, ʷʢʽ ʦʙôʻʜʥʫʶʪʴʩʷ ʪʝʨʤʽʥʦʤ 

Ăʟʘʭʦʜʠ ʱʦʜʦ ʽʥʞʝʥʝʨʥʦʛʦ ʟʘʭʠʩʪʫ ʙʝʨʝʛʽʚ ʽ ʧʨʠʙʝʨʝʞʥʠʭ ʪʝʨʠʪʦʨʽʡ ʚʽʜ 

ʰʢʽʜʣʠʚʦʾ ʜʽʾ ʚʦʜ ʚʦʜʦʩʭʦʚʠʱò. ʈʝʘʣʽʟʘʮʽʷ ʮʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ ʥʘ 

ʪʝʨʠʪʦʨʽʷʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʽ ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʦʙôʻʢʪʽʚ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

Ăʽʥʞʝʥʝʨʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʪʝʨʠʪʦʨʽʾò. ɺʦʥʘ ʤʽʥʽʤʽʟʫʻ ʧʨʦʷʚʠ ʙʝʨʝʛʦʚʦʛʦ ʧʨʦʮʝʩʫ 

(ʪʨʘʥʟʠʪʥʽ ʪʝʯʽʾ ʚʦʜʠ ʽ ʧʦʪʦʢʠ ʥʘʥʦʩʽʚ, ʩʪʦʷʯʽ ʭʚʠʣʽ, ʨʦʟʤʠʚ ʜʥʘ ʥʘ ʚʽʜʤʽʣʠʥʘʭ 

ʽ ʘʢʫʤʫʣʷʮʽʶ ʥʘʥʦʩʽʚ) ʘʙʦ ʩʧʨʠʷʻ ʧʝʨʝʪʚʦʨʝʥʥʶ ʘʙʨʘʟʽʡʥʦʛʦ ʯʠ ʝʨʦʟʽʡʥʦʛʦ 

ʙʝʨʝʛʘ ʚ ʘʥʘʣʦʛ ʜʝʥʫʜʘʮʽʡʥʦʛʦ ʙʝʨʝʛʘ ʚ ʩʢʝʣʴʥʠʭ ʧʦʨʦʜʘʭ. 

ʇʦʟʘ ʤʝʞʘʤʠ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʽ ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʦʙôʻʢʪʽʚ ʙʝʨʝʛʦʟʘʭʠʩʥʽ 

ʟʘʭʦʜʠ ʥʘ ʚʦʜʦʩʭʦʚʠʱʘʭ ʦʙʤʝʞʫʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-

ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ (ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʞʠʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʙʝʨʝʞʥʠʭ ʪʝʨʠʪʦʨʽʡ) 

ʽ ʘʛʨʦ-ʣʽʩʦʪʝʭʥʽʯʥʠʤʠ (ʟʘʣʫʞʝʥʥʷ ʽ ʟʘʣʽʩʥʝʥʥʷ ʧʨʠʙʝʨʝʞʥʠʭ ʪʝʨʠʪʦʨʽʡ, 

ʙʽʦʣʦʛʽʯʥʝ ʢʨʽʧʣʝʥʥʷ ʩʭʠʣʽʚ ʽ ʚʽʜʤʽʣʠʥ). ɯʥʞʝʥʝʨʥʠʡ ʟʘʭʠʩʪ ʙʝʨʝʛʽʚ ʽ 

ʧʨʠʙʝʨʝʞʥʠʭ ʪʝʨʠʪʦʨʽʡ ʧʨʠ ʮʴʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʣʠʰʝ ʚ ʦʩʦʙʣʠʚʠʭ ʚʠʧʘʜʢʘʭ 

(ʟʘʭʠʩʪ ʮʽʥʥʠʭ ʣʽʩʦʚʠʭ ʽ ʟʝʤʝʣʴʥʠʭ ʫʛʽʜʴ, ʧʘʤôʷʪʦʢ ʧʨʠʨʦʜʠ, ʨʝʢʨʝʘʮʽʡʥʠʭ 

ʦʙôʻʢʪʽʚ ʪʦʱʦ). 

ɿʩʫʚʥʽ ʧʨʦʮʝʩʠ ʤʦʞʣʠʚʦ ʧʨʦʛʥʦʟʫʚʘʪʠ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʽ ʨʝʪʝʣʴʥʽ 

ʽʥʞʝʥʝʨʥʽ, ʛʝʦʣʦʛʽʯʥʽ ʽ ʛʽʜʨʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʧʨʦʛʥʦʟʫ ʚʠʥʠʢʥʝʥʥʷ 

ʟʩʫʚʽʚ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ: ʥʘʷʚʥʽʩʪʴ ʩʭʠʣʫ ʪʘ ʜʦʩʪʘʪʥʴʦʾ 

ʤʘʩʠ ʧʦʨʽʜ, ʷʢʘ ʤʘʻ ʪʘʥʛʝʥʮʽʘʣʴʥʠʡ ʥʘʧʨʷʤʦʢ ʜʦ ʧʦʚʝʨʭʥʽ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫ ʟʩʫʚʽʚ:  

¶ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ (ʥʘ ʨʦʢʠ),  

¶ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʡ (ʥʘ ʤʽʩʷʮʽ, ʪʠʞʥʽ), 

¶ ʪʝʨʤʽʥʦʚʠʡ (ʥʘ ʛʦʜʠʥʠ). 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʧʨʦʛʥʦʟʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ 

ʨʠʪʤʽʯʥʦʩʪʽ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʨʘʭʫʚʘʥʥʽ ʚʠʧʘʜʘʥʥʷ ʦʧʘʜʽʚ ʪʘ ʽʥʰʠʭ 

ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʂʦʨʦʪʢʦʩʪʨʦʢʦʚʠʡ ʽ ʪʝʨʤʽʥʦʚʠʡ ʧʨʦʛʥʦʟʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʚʠʤʽʨʽʚ ʽ ʧʦʙʫʜʦʚ ̔ʥʘ ʾʭ ʦʩʥʦʚʽ ʧʨʦʛʥʦʟʥʦʾ ʤʦʜʝʣʽ ʟʩʫʚʥʦʛʦ 

ʧʨʦʮʝʩʫ ʤʝʪʦʜʦʤ ʨʝʛʨʝʩʠʚʥʦʛʦ ʘʥʘʣʽʟʫ, ʧʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʩʪʽʡʢʽʩʪʴ 

ʩʭʠʣʫ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʩʠʣ ʫʜʝʨʞʘʥʥʷ ʽ ʩʠʣ ʟʩʫʚʫ. 

ɹʽʣʴʰʽʡ ʯʘʩʪʠʥ ̔ʧʦʪʝʥʮʽʡʥʠʭ ʟʩʫʚʽʚ ʤʦʞʥʘ ʟʘʧʦʙʽʛʪʠ, ʷʢʱʦ ʩʚʦʻʯʘʩʥʦ 

ʚʞʠʪʠ ʟʘʭʦʜʽʚ ʫ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʾʭʥʴʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʊʘʢ, ʧʽʜʚʠʱʝʥʥʷ ʫʨʽʟʫ ʚʦʜʠ ʚ ʨ. ɼʥʽʧʨʦ ʫ ʚʝʨʭʥʽʭ ʙôʻʬʘʭ ʢʦʞʥʦʛʦ  

ʟ ʚʦʜʦʩʭʦʚʠʱ ʧʨʠʟʚʝʣʦ ʜʦ ʨʽʟʢʦʛʦ ʽ ʟʥʘʯʥʦʛʦ ʧʽʜʥʷʪʪʷ ʚʽʜʧʦʚʽʜʥʠʭ ʤʽʩʮʝʚʠʭ 

ʙʘʟʠʩʽʚ ʝʨʦʟʽʾ. ʋʪʚʦʨʠʣʘʩʴ ʥʦʚʘ ʙʝʨʝʛʦʚʘ ʣʽʥʽʷ ʟʘʛʘʣʴʥʦʶ ʧʨʦʪʷʞʥʽʩʪʶ ʙʣʠʟʴʢʦ 

3,5 ʪʠʩ. ʢʤ. ʊʨʝʪʠʥʘ ʧʝʨʠʤʝʪʨʫ ʥʦʚʦʛʦ ʫʨʽʟʫ ʚʦʜʠ ʫ ʚʦʜʦʩʭʦʚʠʱʘʭ ʟʘʟʥʘʻ 

ʘʢʪʠʚʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʜʝʥʫʜʘʮʽʡʥʠʤʠ, ʦʩʦʙʣʠʚʦ ʘʙʨʘʟʽʡʥʠʤʠ ʽ ʝʨʦʟʽʡʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ, ʽ ʧʦʪʨʝʙʫʻ ʟʘʭʠʩʪʫ [8]. 

ʅʘʩʝʣʝʥʽ ʧʫʥʢʪʠ ʽ ʛʦʩʧʦʜʘʨʩʴʢʽ ʦʙôʻʢʪʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʚʟʜʦʚʞ ʙʝʨʝʛʦʚʦʾ ʣʽʥʽʾ 

ʚʦʜʦʩʭʦʚʠʱ, ʧʽʩʣʷ ʥʘʧʦʚʥʝʥʥʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʟʦʥʠ ʘʢʪʠʚʽʟʘʮʽʾ 
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ʥʝʛʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʷʚʠʱ. ʎʽ ʟʦʥʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʪʝʨʠʪʦʨʽʡ ʟ ʦʩʦʙʣʠʚʠʤ 

ʨʝʞʠʤʦʤ ʢʦʨʠʩʪʫʚʘʥʥʷ. ɺ ʶʨʠʜʠʯʥʽʡ ʽ ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʚʦʥʠ ʦʪʨʠʤʘʣʠ 

ʥʘʟʚʫ çʟʦʥ ʟʘʙʦʨʦʥʠ ʯʠ ʦʙʤʝʞʝʥʥʷ ʥʦʚʦʛʦ ʢʘʧʽʪʘʣʴʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘè, çʟʦʥ 

ʚʠʥʦʩʫ ʙʫʜʽʚʝʣʴ ʽ ʦʙʦʚôʷʟʢʦʚʦʛʦ ʧʝʨʝʩʝʣʝʥʥʷ ʥʘʩʝʣʝʥʥʷè. ʂʦʨʠʩʪʫʚʘʥʥʷ ʪʘʢʠʤʠ 

ʪʝʨʠʪʦʨʽʷʤʠ ʤʦʞʣʠʚʝ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʣʽʢʚʽʜʘʮʽʾ ʘʙʦ ʦʙʤʝʞʝʥʥʷ ʥʝʩʧʨʠʷʪʣʠʚʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʙʝʨʝʛʦʚʽʡ ʟʦʥʽ ʚʦʜʦʩʭʦʚʠʱ ʯʠ ʧʣʘʥʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ. ʆʩʦʙʣʠʚʦ 

ʘʢʪʫʘʣʴʥʽ ʮʽ ʧʠʪʘʥʥʷ ʚ ʤʝʞʘʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ [9, ʩ. 26]. 

ɹʝʨʝʛʦʚʽ ʟʦʥʠ ʚʦʜʦʩʭʦʚʠʱ ʚ ʤʝʞʘʭ ʤʽʩʪ ʟʘʭʠʱʘʶʪʴ ʚʽʜ ʰʢʽʜʣʠʚʦʾ ʜʽʾ ʚʦʜ 

(ʟʘʪʦʧʣʝʥʥʷ, ʧʽʜʪʦʧʣʝʥʥʷ, ʨʫʡʥʫʚʘʥʥʷ ʧʨʠʙʝʨʝʞʥʠʭ ʟʝʤʝʣʴ). ʅʘʡʙʽʣʴʰ 

ʢʘʧʽʪʘʣʴʥʠʤʠ (ʘ ʦʪʞʝ, ʽ ʥʘʡʜʦʨʦʞʯʠʤʠ) ʙʝʨʝʛʦʟʘʭʠʩʥʠʤʠ ʩʧʦʨʫʜʘʤʠ ʻ 

ʫʢʨʽʧʣʝʥʥʷ ʪʠʧʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʫʢʽʩʥʠʭ ʽ ʩʪʫʧʽʥʯʘʪʠʭ ʥʘʙʝʨʝʞʥʠʭ, ʧʨʠʯʘʣʴʥʠʭ 

ʽ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥʦʢ, ʜʘʤʙ ʦʙʚʘʣʫʚʘʥʥʷ ʟ ʜʨʝʥʘʞʘʤʠ ʪʦʱʦ.  

ʉʫʯʘʩʥʠʡ ʨʽʚʝʥʴ ʨʦʟʛʣʷʜʫ ʪʘʢʠʭ ʧʨʦʙʣʝʤ ʧʝʨʝʜʙʘʯʘʻ ʢʦʤʧ'ʶʪʝʨʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚʟʘʻʤʦʜʽʾ ʫ ʩʠʩʪʝʤʽ çʦʩʥʦʚʘ ï ʢʦʥʩʪʨʫʢʮʽʾ ʽʥʞʝʥʝʨʥʦʛʦ 

ʟʘʭʠʩʪʫè ʫʟʙʝʨʝʞʞʷ ʤʦʨʽʚ ʪʘ ʙʝʨʝʛʽʚ ʨʽʯʦʢ. ɿʥʘʯʥʽ ʫʩʧʽʭʠ, ʜʦʩʷʛʥʫʪʽ ʦʩʪʘʥʥʽʤ 

ʯʘʩʦʤ ʚ ʛʽʜʨʦʜʠʥʘʤʽʮʽ, ʧʦʚ'ʷʟʘʥʽ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟ ʨʦʟʚʠʪʢʦʤ ʤʝʪʦʜʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʉʫʯʘʩʥʝ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʞʥʦʛʦ 

ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʝʨʝʜʙʘʯʘʻ ʚʠʨʽʰʝʥʥʷ ʢʽʣʴʢʦʭ ʟʘʚʜʘʥʴ: 

1) ʬʦʨʤʫʣʶʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʢʦʥʢʨʝʪʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ 
(ʘʙʦ ʛʨʫʧʠ ʧʨʦʮʝʩʽʚ); 

2) ʬʦʨʤʫʣʶʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ; 

3) ʚʽʜʦʙʨʘʞʝʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʘ ʘʨʭʽʪʝʢʪʫʨʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 
ʩʠʩʪʝʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ. 

ɺʩʽ ʟʘʟʥʘʯʝʥʽ ʟʘʚʜʘʥʥʷ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ. ʇʝʨʰ ʥʽʞ ʜʦʩʣʽʜʞʫʚʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʙʫʜʴ-ʷʢʽ ʧʨʠʨʦʜʥʽ ʧʨʦʮʝʩʠ, ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʪʽ 

ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʽ ʚʠʟʥʘʯʘʣʴʥʽ ʤʦʤʝʥʪʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʠʪʴ ʟʘʜʦʚʽʣʴʥʦ ʽ 

ʧʨʦʩʪʦ ʦʧʠʩʘʪʠ ʚ ʢʽʣʴʢʽʩʥʦʤʫ ʽ ʷʢʽʩʥʦʤʫ ʚʽʜʥʦʰʝʥʥʷʭ ʾʭ ʧʝʨʝʙʽʛ, ʪʦʙʪʦ 

ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʴ. ɼʽʡʩʥʘ ʙʫʜʦʚʘ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʥʘʙʘʛʘʪʦ ʩʢʣʘʜʥʽʰʘ, ʥʽʞ ʪʽ 

ʧʨʦʩʪʽ ʦʙ'ʻʢʪʠ, ʷʢʽ ʜʦʩʪʫʧʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʘʤʠ ʩʫʯʘʩʥʦʾ ʪʝʦʨʽʾ. 

ɻʽʜʨʦʜʠʥʘʤʽʯʥʽ ʷʚʠʱʘ ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ, ʟʘʩʥʦʚʘʥʠʤʠ ʥʘ ʟʘʢʦʥʘʭ 

ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ ʽ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ, ʨʽʚʥʷʥʥʷʤʠ ʩʪʘʥʫ ʪʘ ʟʘʢʦʥʘʤʠ 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ. ɺʩʽ ʮʽ ʨʽʚʥʷʥʥʷ ʻ ʥʘʙʣʠʞʝʥʠʤʠ. 

ɺʠʨʽʰʝʥʥʷ ʥʠʟʢʠ ʟʘʚʜʘʥʴ ʜʣʷ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʙʫʜʴ-ʷʢʦʛʦ ʚʠʜʫ 

ʧʨʝʜʩʪʘʚʣʷʻ ʚʝʣʠʢʽ ʪʨʫʜʥʦʱʽ. ʇʨʠ ʨʦʟʛʣʷʜʽ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ  

ʟ ʤʽʥʣʠʚʠʤʠ ʚ ʯʘʩʽ ʚʽʨʦʛʽʜʥʠʤʠ ʟʤʽʥʘʤʠ ʩʪʘʥʽʚ ʤʦʞʥʘ ʚʢʘʟʘʪʠ ʢʦʥʢʨʝʪʥʠʡ 

ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʷʤʠʡ ʜʠʥʘʤʽʯʥʠʡ ʤʝʪʦʜ. ʎʝʡ ʤʝʪʦʜ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʘʟʠʩʽʚ ʫ ʧʨʦʩʪʦʨʘʭ ʬʫʥʢʮʽʡ  

ʟ ʦʙʤʝʞʝʥʦʶ ʝʥʝʨʛʽʻʶ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʬʽʟʠʯʥʦʩʪʽ ʦʜʝʨʞʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ  

ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʽ ʩʧʨʠʷʻ ʧʦʷʚʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʠʨʘʟʫ, ʱʦ ʦʧʠʩʫʻ ʛʝʦʣʦʛʽʯʥʽ ʷʚʠʱʘ 

ʥʘ ʢʽʥʮʝʚʦʤʫ ʧʨʦʤʽʞʢʫ ʯʘʩʫ. ʇʨʠʨʦʜʘ ʦʜʝʨʞʫʚʘʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʪʘʢʘ, ʱʦ  

ʚ ʷʢʦʩʪʽ ʥʦʩʽʾʚ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʦʮʝʩʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʘʪʨʠʯʥʽ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʣʽʥʽʡʥʠʭ ʦʧʝʨʘʪʦʨʽʚ. ʋ ʮʠʭ ʚʠʧʘʜʢʘʭ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʟʘʣʫʯʝʥʥʷ 

ʧʨʦʮʝʜʫʨ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʜʦʧʫʩʢʘʶʪʴ ʨʝʘʣʽʟʘʮʽʶ ʥʘ ʨʽʚʥʽ 

ʩʫʯʘʩʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ. ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʪʦʡ ʨʷʜ 

ʦʙʩʪʘʚʠʥ, ʷʢʠʡ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʦʩʣʘʙʣʝʥʥʷʤ ʯʘʩʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʦʜʝʣʝʡ, ʷʢʽ  

ʚ ʦʙʣʘʩʪʽ ʦʧʝʨʘʪʦʨʥʠʭ ʫʷʚʣʝʥʴ ʟʚʦʜʷʪʴʩʷ ʜʦ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʟʚôʷʟʢʽʚ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʜʦʩʷʛʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʟ ʙʽʣʴʰ ʚʝʣʠʢʦʛʦ 

ʢʣʘʩʫ, ʘʣʝ ʽ ʤʦʞʣʠʚʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ 

ʛʝʦʣʦʛʽʯʥʠʭ ʜʦʜʘʪʢʽʚ. 
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ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʟʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʽʣʷʥʢʠ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʦʾ ʪʝʨʠʪʦʨʽʾ  

ʟ̔ ʩʢʣʘʜʥʠʤ ʨʝʣʴʻʬʦʤ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ. ɺ ʦʩʥʦʚʫ 

ʨʦʟʨʘʭʫʥʢʫ ʮʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʦʢʣʘʜʝʥʠʡ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʋʩʽ ʨʦʟʨʘʭʫʥʢʠ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʚ ʧʣʦʩʢʽʡ ʧʦʩʪʘʥʦʚʮʽ.  

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʧʣʦʩʢʽʡ ʧʦʩʪʘʥʦʚʮʽ ʜʫʞʝ 

ʚʘʞʣʠʚʠʤ ʻ ʢʦʨʝʢʪʥʝ ʚʚʝʜʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʨʷʜʫ ʧʘʣʴ ʧʽʜʧʽʨʥʦʾ ʩʪʽʥʠ, ʪʘʢ ʷʢ 

ʧʨʦʛʨʘʤʘ ʥʝ ʚʨʘʭʦʚʫʻ ʥʘʷʚʥʽʩʪʴ ʧʘʣʴ ʪʘ ʧʨʦʤʽʞʢʠ ʤʽʞ ʥʠʤʠ, ʘ ʩʧʨʠʡʤʘʻ 

ʢʦʥʩʪʨʫʢʮʽʶ ʧʽʜʧʽʨʥʦʾ ʩʪʽʥʠ ʷʢ ʩʫʮʽʣʴʥʫ. 

ɾʦʨʩʪʢʽʩʪʴ ʢʦʞʥʦʛʦ ʨʷʜʫ ʧʘʣʴ ʧʨʠʚʝʜʝʥʘ ʜʦ ʞʦʨʩʪʢʦʩʪʽ ʩʫʮʽʣʴʥʦʾ 

ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟ ʧʦʩʪʽʡʥʦʶ ʧʨʠʚʝʜʝʥʦʶ 

ʰʠʨʠʥʦʶ b*. ʇʨʠʚʝʜʝʥʘ ʥʘ 1 ʧ.ʤ. ʧʽʜʧʽʨʥʦʾ ʩʪʽʥʢʠ ʧʣʦʱʘ ʧʘʣʴ ʩʢʣʘʜʘʻ: 

 

kɸA /*= , 

 

ʜʝ: ɸ ï ʧʣʦʱʘ ʦʜʥʽʻʾ ʧʘʣʽ, k ï ʢʨʦʢ ʧʘʣʴ ʚ ʨʷʜʫ. 

ʇʨʠʚʝʜʝʥʠʡ ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʽʾ ˇʨʫʥʪʦʙʝʪʦʥʥʦʛʦ ʤʘʩʠʚʫ: 
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Ö

ÖpÖ
=* .                                                    (1) 

 

ʊʫʪ: ɽ ï ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʽʾ ʙʝʪʦʥʫ, d ï ʜʽʘʤʝʪʨ ʧʘʣʽ. 

ɺʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʜʫʣʷ ˇʨʫʥʪʦʙʝʪʦʥʥʦʛʦ ʤʘʩʠʚʫ 

ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʫʤʦʚʠ, ʱʦ ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʽʾ ˇʨʫʥʪʫ, ʚ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʘʥʽ ʧʘʣʽ, 

ʜʦʨʽʚʥʶʻ 0. ʊʦʙʪʦ, ʫ ʟʚôʷʟʢʫ ʟ ʚʽʜʥʦʩʥʦ ʥʝʟʥʘʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʤʦʜʫʣʷ 

ʜʝʬʦʨʤʘʮʽʾ ˇʨʫʥʪʫ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʦʜʫʣʝʤ ʙʝʪʦʥʫ, ʡʦʛʦ ʟʥʘʯʝʥʥʷʤ ʥʝʭʪʫʻʪʴʩʷ 

ʚ ʟʘʧʘʩ ʤʽʮʥʦʩʪʽ. ɯʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʾ ʪʘ 

ʧʨʠʚʝʜʝʥʦʾ ʧʣʦʱʽ, ʧʽʩʣʷ ʚʩʽʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʨʠʚʝʜʝʥʘ ʰʠʨʠʥʘ 

ʧʝʨʝʨʽʟʫ b*=Õ(3/4Öd). 

ɿʚʽʜʩʠ ʧʨʠʚʝʜʝʥʘ ʞʦʨʩʪʢʽʩʪʴ ʥʘ ʟʛʠʥ, ʱʦ ʚʚʦʜʠʪʴʩʷ ʫ ʧʨʦʛʨʘʤʥʠʡ 

ʢʦʤʧʣʝʢʩ, ʩʢʣʘʜʘʻ: 
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bE
EI

3**Ö
=   .                                               (2) 

 

ʊʘ ʧʨʠʚʝʜʝʥʘ ʞʦʨʩʪʢʽʩʪʴ ʥʘ ʦʩʴʦʚʠʡ ʩʪʠʩʢ: 
 

                                          1bEEA ÖÖ= **  .                                              (3) 
 

ɿʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʫ ʚʠʨʘʟʘʭ (2) ʪʘ (3), ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ 

ʞʦʨʩʪʢʽʩʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʚʽʜ ʥʠʭ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʝʣʠʯʠʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʛʦʣʦʚʠ ʧʘʣʽ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʨʝʢʪʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥ 

ʦʙʦʚôʷʟʢʦʚʠʤ ʻ ʚʨʘʭʫʚʘʥʥʷ ʧʦʝʪʘʧʥʦʩʪʽ ʟʚʝʜʝʥʥʷ ʩʧʦʨʫʜʠ.  

ɿʘʜʘʯʘ ʙʫʣʘ ʧʦʩʪʘʚʣʝʥʘ ʚ ʥʝʣʽʥʽʡʥʽʡ ʧʦʩʪʘʥʦʚʮʽ. ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʚʩʷ  

ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʷʢ ʬʽʟʠʯʥʦʾ, ʪʘʢ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ. ʂʦʥʩʪʨʫʢʪʠʚʥʘ 

ʥʝʣʽʥʽʡʥʽʩʪʴ ʨʝʘʣʽʟʦʚʘʥʘ ʟʘ ʨʘʭʫʥʦʢ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʝʪʘʧʥʦʛʦ ʟʚʝʜʝʥʥʷ 

ʫʪʨʠʤʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʧʦʩʪʫʧʦʚʦʾ ʨʦʟʨʦʙʢʠ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ˇʨʫʥʪʫ. ʅʘ 
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ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʫ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ 

ʟʤʦʜʝʣʴʦʚʘʥʦ ˇʨʫʥʪʦʚʠʡ ʤʘʩʠʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʭʠʣʦʛʦ ʥʘʰʘʨʫʚʘʥʥʷ ˇʨʫʥʪʽʚ.  

ɼʽʣʷʥʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʤʘʡʜʘʥʯʠʢ ʫ ʧʽʜʥʽʞʞʽ ʩʭʠʣʫ ʽʟ ʘʙʩʦʣʶʪʥʠʤʠ 

ʚʽʜʤʽʪʢʘʤʠ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ, ʱʦ ʢʦʣʠʚʘʶʪʴʩʷ ʚʽʜ 110,00 ʜʦ 132,50 ʤ. ʅʘ ʜʘʥʽʡ 

ʜʽʣʷʥʮʽ ʙʫʜʽʚʥʠʮʪʚʘ ʧʣʘʥʫʻʪʴʩʷ ʩʧʦʨʫʜʞʝʥʥʷ ʞʠʪʣʦʚʦ-ʦʬʽʩʥʦʛʦ ʢʦʤʧʣʝʢʩʫ  

ʟ ʮʝʥʪʨʦʤ ʜʦʟʚʽʣʣʷ ʪʘ ʪʦʨʛʽʚʣʽ, ʩʧʦʨʪʠʚʥʦ-ʦʟʜʦʨʦʚʯʠʤʠ ʧʨʠʤʽʱʝʥʥʷʤʠ ʪʘ 

ʧʘʨʢʽʥʛʦʤ. ɿ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʞʠʪʣʦʚʦ-ʦʬʽʩʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʥʦʚʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʧʽʜʨʽʟʢʫ ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʦʛʦ ʩʭʠʣʫ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʠ ʡʦʛʦ ʩʪʽʡʢʽʩʪʴ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʝʨʝʜʙʘʯʝʥʦ ʨʽʰʝʥʥʷ 

ʜʚʦʭôʷʨʫʩʥʦʾ ʧʽʜʧʽʨʥʦʾ ʩʪʽʥʠ ʪʘ ʙʫʜʝ ʚʣʘʰʪʦʚʘʥʝ ʟʘʛʣʠʙʣʝʥʝ ʧʨʠʤʽʱʝʥʥʷ 

ʧʽʜʟʝʤʥʦʛʦ ʧʘʨʢʽʥʛʫ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʨʦʙʽʪ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʫ ʙʫʜʽʚʥʠʮʪʚʘ 

ʟʘʭʠʩʥʠʭ ʫʪʨʠʤʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʚʘ ʚʘʨʽʘʥʪʠ 

ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥ. 

ɺ ʧʝʨʰʦʤʫ ʚʘʨʽʘʥʪʽ ʙʫʣʦ ʟʘʧʨʦʝʢʪʦʚʘʥʝ ʨʽʰʝʥʥʷ ʜʚʦʭôʷʨʫʩʥʦʾ ʧʽʜʧʽʨʥʦʾ 

ʩʪʽʥʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥ. ɺʝʨʭʥʷ ʧʽʜʧʽʨʥʘ 

ʩʪʽʥʢʘ ʇʉ-1 ʚʠʢʦʥʘʥʘ ʟ ʙʫʨʦʥʘʙʠʚʥʠʭ ʧʘʣʴ ʜʽʘʤʝʪʨʦʤ 820 ʤʤ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ 

ʫ 2 ʨʷʜʠ ʚ ʰʘʭʦʚʦʤʫ ʧʦʨʷʜʢʫ ʪʘ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘʣʽʟʦʙʝʪʦʥʥʠʤ 

ʨʦʩʪʚʝʨʢʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʭʝʤʽ ʦʪʨʠʤʘʻʤʦ ʨʘʤʥʫ 

ʢʦʥʩʪʨʫʢʮʽʶ. ʂʨʦʢ ʧʘʣʴ ʚ ʨʷʜʽ ï 1 ʤ, ʢʨʦʢ ʤʽʞ ʨʷʜʘʤʠ ʧʘʣʴ ï 1,2 ʤ, ʜʦʚʞʠʥʘ 

ʧʘʣʴ ʩʢʣʘʜʘʻ 30 ʤ. ɺʠʩʦʪʘ ʨʦʩʪʚʝʨʢʫ ʩʢʣʘʜʘʻ 1200 ʤʤ. ʈʦʟʨʦʙʢʘ ʢʦʪʣʦʚʘʥʫ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʽʜʤʽʪʢʠ 129,80 ʜʦ ʚʽʜʤʽʪʢʠ 115,80, ʱʦ ʩʪʚʦʨʶʻ ʧʝʨʝʧʘʜ 14,0 ʤ. 

ʅʠʞʥʷ ʧʽʜʧʽʨʥʘ ʩʪʽʥʘ ʇʉ-2 ʪʘʢʦʞ ʚʠʢʦʥʘʥʘ ʟ ʙʫʨʦʥʘʙʠʚʥʠʭ ʧʘʣʴ 

ʜʽʘʤʝʪʨʦʤ 820 ʤʤ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚ 1 ʨʷʜ ʪʘ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʤ ʨʦʩʪʚʝʨʢʦʤ. ʂʨʦʢ ʧʘʣʴ ʚ ʨʷʜʽ ï 1,0 ʤ, ʜʦʚʞʠʥʘ ʧʘʣʴ ʩʢʣʘʜʘʻ 

22,5 ʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩʫʥʢʫ 1. ʇʘʣʽ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘʣʽʟʦʙʝʪʦʥʥʠʤ 

ʨʦʩʪʚʝʨʢʦʤ ʚʠʩʦʪʦʶ 800 ʤʤ. ʇʦʟʥʘʯʢʘ ʚʝʨʭʫ ʧʘʣʴ 115,33, ʧʦʟʥʘʯʢʘ ʥʠʟʫ ï 

92,83. ʈʦʟʨʦʙʢʘ ʢʦʪʣʦʚʘʥʫ ʥʘ 6,85 ʤ ʜʦ ʧʦʟʥʘʯʢʠ 109,20 (ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ 

ʩʭʝʤʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1). 

 

ʈʠʩ. 1 ï ʉʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ ʩʭʝʤʘ ʫʪʨʠʤʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʧʝʨʰʠʤ 

ʚʘʨʽʘʥʪʦʤ 
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ɺ ʜʨʫʛʦʤʫ ʚʘʨʽʘʥʪʽ ʙʫʣʦ ʟʘʧʨʦʝʢʪʦʚʘʥʝ ʨʽʰʝʥʥʷ ʜʚʦʭôʷʨʫʩʥʦʾ ʧʽʜʧʽʨʥʦʾ 

ʩʪʽʥʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥ. ɺʝʨʭʥʷ ʧʽʜʧʽʨʥʘ 

ʩʪʽʥʢʘ ʇʉ-1 ʚʠʢʦʥʘʥʘ ʟ ʙʫʨʦʥʘʙʠʚʥʠʭ ʧʘʣʴ ʜʽʘʤʝʪʨʦʤ 820 ʤʤ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ 

ʫ 2 ʨʷʜʠ ʚ ʰʘʭʦʚʦʤʫ ʧʦʨʷʜʢʫ ʽʟ ʢʦʥʪʨʬʦʨʩʘʤʠ ʟ ʧʘʣʴ ʪʘ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʽ ʤʽʞ 

ʩʦʙʦʶ ʟʘʣʽʟʦʙʝʪʦʥʥʠʤ ʨʦʩʪʚʝʨʢʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʭʝʤʽ 

ʦʪʨʠʤʘʻʤʦ ʨʘʤʥʫ ʢʦʥʩʪʨʫʢʮʽʶ. ʂʨʦʢ ʧʘʣʴ ʚ ʨʷʜʽ ï 1 ʤ, ʢʨʦʢ ʤʽʞ ʨʷʜʘʤʠ ʧʘʣʴ ï 

1,2 ʤ, ʢʨʦʢ ʢʦʥʪʨʬʦʨʩʽʚ ï 6,2 ʤ, ʜʦʚʞʠʥʘ ʧʘʣʴ ʩʢʣʘʜʘʻ 30 ʤ. ɺʠʩʦʪʘ ʨʦʩʪʚʝʨʢʫ 

ʩʢʣʘʜʘʻ 1200 ʤʤ. ʈʦʟʨʦʙʢʘ ʢʦʪʣʦʚʘʥʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʽʜʤʽʪʢʠ 129,80 ʜʦ 

ʚʽʜʤʽʪʢʠ 115,80, ʱʦ ʩʪʚʦʨʶʻ ʧʝʨʝʧʘʜ 14,0 ʤ. 

ʅʠʞʥʷ ʧʽʜʧʽʨʥʘ ʩʪʽʥʘ ʇʉ-2 ʪʘʢʦʞ ʚʠʢʦʥʘʥʘ ʟ ʙʫʨʦʥʘʙʠʚʥʠʭ ʧʘʣʴ 

ʜʽʘʤʝʪʨʦʤ 820 ʤʤ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚ 1 ʨʷʜ ʽʟ ʢʦʥʪʨʬʦʨʩʘʤʠ ʟ ʧʘʣʴ ʪʘ ʞʦʨʩʪʢʦ 

ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘʣʽʟʦʙʝʪʦʥʥʠʤ ʨʦʩʪʚʝʨʢʦʤ. ʂʨʦʢ ʧʘʣʴ ʚ ʨʷʜʽ ï 1,0 ʤ, ʢʨʦʢ 

ʢʦʥʪʨʬʦʨʩʽʚ ï 6,2 ʤ, ʜʦʚʞʠʥʘ ʧʘʣʴ ʩʢʣʘʜʘʻ 22,5 ʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩʫʥʢʫ 2. ʇʘʣʽ 

ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘʣʽʟʦʙʝʪʦʥʥʠʤ ʨʦʩʪʚʝʨʢʦʤ ʚʠʩʦʪʦʶ 800 ʤʤ. ʇʦʟʥʘʯʢʘ 

ʚʝʨʭʫ ʧʘʣʴ 115,33, ʧʦʟʥʘʯʢʘ ʥʠʟʫ ï 92,83. ʈʦʟʨʦʙʢʘ ʢʦʪʣʦʚʘʥʫ ʥʘ 6,85 ʤ ʜʦ 

ʧʦʟʥʘʯʢʠ 109,20 (ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ ʩʭʝʤʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2). 

 

 

ʈʠʩ. 2 ï ʉʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ ʩʭʝʤʘ ʫʪʨʠʤʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʜʨʫʛʠʤ 

ʚʘʨʽʘʥʪʦʤ 

 

ʇʽʜʧʽʨʥʘ ʩʪʽʥʘ ʇʉ-0, ʱʦ ʟʘʧʨʦʝʢʪʦʚʘʥʘ ʚ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʩʭʠʣʫ, ʥʝ ʙʫʜʝ 

ʩʧʨʠʡʤʘʪʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʧʽʜʟʝʤʥʦʛʦ ʧʘʨʢʽʥʛʫ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʤʽʞ ʧʽʜʧʽʨʥʠʤʠ ʩʪʽʥʘʤʠ ʇʉ-1 ʪʘ ʇʉ-2, ʘ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʢʦʤʧʣʝʢʩʫ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʶ ʦʛʦʨʦʜʞʝʥʥʷ ʩʪʠʣʦʙʘʪʥʦʾ ʯʘʩʪʠʥʠ 

ʙʫʜʠʥʢʫ.  

ʂʦʥʩʪʨʫʢʮʽʷ ʧʽʜʧʽʨʥʦʾ ʩʪʽʥʠ ʇʉ-0 ʚʠʢʦʥʘʥʘ ʟ ʙʫʨʦʥʘʙʠʚʥʠʭ ʧʘʣʴ 

ʜʽʘʤʝʪʨʦʤ 420 ʤʤ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚ 1 ʨʷʜ ʪʘ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʤ ʨʦʩʪʚʝʨʢʦʤ. ʂʨʦʢ ʧʘʣʴ ʚ ʨʷʜʽ ï 0,8 ʤ, ʜʦʚʞʠʥʘ ʧʘʣʴ ʩʢʣʘʜʘʻ 

10,0 ʤ. ʇʘʣʽ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘʣʽʟʦʙʝʪʦʥʥʠʤ ʨʦʩʪʚʝʨʢʦʤ ʚʠʩʦʪʦʶ 800 ʤʤ. 

ʇʦʟʥʘʯʢʘ ʚʝʨʭʫ ʧʘʣʴ 132,08, ʧʦʟʥʘʯʢʘ ʥʠʟʫ ï 122,08. ʈʦʟʨʦʙʢʘ ʢʦʪʣʦʚʘʥʫ ʥʘ 

3,8 ʤ ʜʦ ʧʦʟʥʘʯʢʠ 129,80. 
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ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʚʣʘʰʪʫʚʘʥʥʷ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥ ʇʉ-0, ʇʉ-1, ʇʉ-2 ʚʠʢʦʥʫʻʪʴʩʷ 

ʟʚʝʨʭʫ ʚʥʠʟ ʟ ʧʦʝʪʘʧʥʠʤ ʚʽʜʢʦʧʫʚʘʥʥʷʤ ʪʘ ʧʣʘʥʫʚʘʥʥʷʤ ʩʭʠʣʫ. ʇʽʩʣʷ 

ʚʣʘʰʪʫʚʘʥʥʷ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥ ʚʣʘʰʪʦʚʫʶʪʴʩʷ ʥʝʩʫʯʽ ʢʦʥʩʪʨʫʢʮʽʡ ʧʽʜʟʝʤʥʦʛʦ 

ʧʘʨʢʽʥʛʫ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʤʽʞ ʧʽʜʧʽʨʥʠʤʠ ʩʪʽʥʘʤʠ ʇʉ-1 ʪʘ ʇʉ-2. ʆʩʦʙʣʠʚʽʩʪ ʁ

ʮʴʦʛʦ ʽʥʞʝʥʝʨʥʦʛʦ ʨʽʰʝʥʥʷ ʻ ʪʝ, ʱʦ ʧʝʨʝʢʨʠʪʪʷ ʧʽʜʟʝʤʥʦʛʦ ʧʘʨʢʽʥʛʫ, ʟ ʦʜʥʦʛʦ 

ʙʦʢʫ, ʧʝʨʝʜʘʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʝʨʝʟ ʟʘʢʣʘʜʥʽ ʜʝʪʘʣʽ, ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ  

ʚ ʘʨʤʘʪʫʨʥʦʤʫ ʢʘʨʢʘʩʽ ʧʘʣʴ ʧʽʜʧʽʨʥʦʾ ʩʪʽʥʠ ʇʉ-1, ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʥʘ ʤʦʥʦʣʽʪʥʽ 

ʩʪʽʥʠ, ʷʢʽ ʦʧʠʨʘʶʪʴʩʷ ʥʘ ʨʦʩʪʚʝʨʢ ʧʽʜʧʽʨʥʦʾ ʩʪʽʥʠ ʇʉ-2. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʽʜʟʝʤʥʠʡ ʧʘʨʢʽʥʛ ʧʨʘʮʶʻ ʚ ʩʢʣʘʜʽ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥ ʪʘ ʜʘʻ ʜʦʜʘʪʢʦʚʫ ʞʦʨʩʪʢʽʩʪʴ 

ʢʦʥʩʪʨʫʢʮʽʷʤ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ 

ʫʪʨʠʤʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ.  

 

ɺʠʩʥʦʚʢʠ 

 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʟʘʭʠʩʪʫ ʝʢʦʩʠʩʪʝʤ ʥʘ ʫʟʙʝʨʝʞʞʷʭ ʤʦʨʽʚ ʽ ʨʽʯʦʢ 

ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʣʽʜ ʦʨʽʻʥʪʫʚʘʪʠ ʥʘ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʧʽʜ ʜʽʻʶ ʛʝʦʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ, ʷʢʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʰʣʷʭʦʤ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʦ-

ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ (ʥʘʧʨʠʢʣʘʜ ɸʉʅɼ VESNA). ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʥʘʩʘʤʧʝʨʝʜ ʧʨʦʚʝʩʪʠ ʨʷʜ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʷʚʣʝʥʥʷ 

ʚʧʣʠʚʫ ʘʙʨʘʟʽʾ ʤʦʨʷ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ, ʩʢʣʘʜʝʥʦʾ ʧʝʨʝʚʘʞʥʦ ʣʝʩʦʚʠʤʠ 

ˇʨʫʥʪʘʤʠ, ʷʢʽ ʚʥʘʩʣʽʜʦʢ ʟʚʦʣʦʞʝʥʥʷ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʪʘ ʜʽʾ ʤʦʨʷ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʟʫʤʦʚʣʶʶʪʴ ʜʝʬʦʨʤʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʫ ʚʠʛʣʷʜʽ ʟʩʫʚʽʚ ʪʘ ʦʙʚʘʣʽʚ, ʱʦ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʞʠʚʘʥʥʷ ʧʨʝʚʝʥʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ. 
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ɺ.ʄ. ʃʆɹʆʁʏɽʅʂʆ 

 

ʕʂʉʇʈɽʉʉ-ʀɼɽʅʊʀʌʀʂɸʎʀʗ ʇʈʀʈʆɼʅʆʁ ɺʆɼʓ  

ʉʆ ʉʊɸɹʀʃʔʅʓʄ ʉʆʃɽɺʓʄ ʉʆʉʊɸɺʆʄ 

 
ɸʥʥʦʪʘʮʠʷ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʦʞʥʳʝ ʠ ʜʦʨʦʛʠʝ ʧʨʦʮʝʜʫʨʳ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ  

ʢ ʵʢʩʧʨʝʩʩ-ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʩ ʧʦʩʪʦʷʥʥʳʤ ʩʦʣʝʚʳʤ ʩʦʩʪʘʚʦʤ 

ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʷ ʘʥʘʣʠʟʘ. ʇʦʣʫʯʝʥ ʥʘʙʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʂId) ʜʣʷ ʨʷʜʘ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʠʨʦʜʥʘʷ ʚʦʜʘ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʩʪʘʙʠʣʴʥʳʡ ʩʦʣʝʚʦʡ ʩʦʩʪʘʚ. 

 

ɺʚʝʜʝʥʠʝ 

 

ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʣʶʜʝʡ, ʥʘʩʝʣʷʶʱʠʭ ʧʣʘʥʝʪʫ, ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʝ 

ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʦʙʫʩʣʘʚʣʠʚʘʶʪ 

ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʯʝʣʦʚʝʯʝʩʪʚʘ ʢ ʢʘʯʝʩʪʚʫ ʠ ʢʦʣʠʯʝʩʪʚʫ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʦʜʳ. 

ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʧʨʠʨʦʜʥʦʡ ʚʦʜʳ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʦʜʦʚ ʠ ʤʝʪʦʜʠʢ [1]. ɼʣʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʳʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʝʘʢʪʠʚʦʚ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʥʜʘʨʪʥʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ.  

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠʣʠ ʞʝ ʝʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʢʘʟʘʪʝʣʝʡ ï ʨʅ, ʤʠʥʝʨʘʣʠʟʘʮʠʶ, 

ʩʦʜʝʨʞʘʥʠʝ ʘʥʠʦʥʦʚ ʠ ʢʘʪʠʦʥʦʚ, ʍʇʂ, ɹʇʂ ʠ ʪ.ʧ., ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ.  

ʀʟʚʝʩʪʥʳ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʦʜʳ, ʪ.ʝ. ʧʨʦʚʝʨʢʝ 

ʟʘʷʚʣʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʘʢʪʠʯʝʩʢʠʤ ʩ ʦʪʥʝʩʝʥʠʝʤ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʪʠʧʫ, 

ʚʠʜʫ, ʢʣʘʩʩʫ ʚʦʜʳ ʠʣʠ ʪʦʨʛʦʚʦʡ ʤʘʨʢʝ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʢʘʟʘʪʝʣʠ ʤʦʛʫʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʭʠʤʠʯʝʩʢʠʤʠ (ʪʠʪʨʠʤʝʪʨʠʷ, ʛʨʘʚʠʤʝʪʨʠʷ), ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

(ʭʨʦʤʘʪʦʛʨʘʬʠʷ, ʵʣʝʢʪʨʦʭʠʤʠʷ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ ʠ ʧʨ.), ʬʠʟʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ (ʗʄʈ, ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʠ ʧʨ.) [2, 3]. ʂʨʠʪʝʨʠʝʤ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʦʜʠʥ ʠʭ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʴ, 

ʢʘʢʦʡ-ʣʠʙʦ ʨʘʩʯʝʪʥʳʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʠʣʠ ʟʘʚʠʩʠʤʦʩʪʴ. 

ʕʢʩʧʨʝʩʩʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʪ.ʝ. ʣʠʤʠʪʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʫʝʤʳʤʠ 

ʤʝʪʦʜʘʤʠ ʠ ʤʝʪʦʜʠʢʘʤʠ ʠ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʚʨʝʤʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ [2, 3]. 

ʂʘʢ ʢʨʠʪʝʨʠʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʨʘʟʣʠʯʠʷ  

ʚ ʭʝʤʠʣʶʤʠʥʠʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʚʦʜʳ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠ ʧʦʜʟʝʤʥʦʡ [4],  

ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʣʦʤʣʝʥʠʷ [5]. ʇʨʠʤʝʥʷʶʪ 

ʭʝʤʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ [6] ʠʣʠ ʘʥʘʣʠʟʠʨʫʶʪ ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ [7] 

ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ʪʨʝʙʫʶʪ 

Ò ɺ.ʄ. ʃʦʙʦʡʯʝʥʢʦ, 2017 
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ʩʧʝʮʠʘʣʴʥʳʭ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʧʨʠʙʦʨʦʚ [4, 5, 7] ʠ ʨʝʘʢʪʠʚʦʚ [4, 7], ʩʙʦʨ ʜʘʥʥʳʭ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʜʦʣʞʠʪʝʣʝʥ ʚʦ ʚʨʝʤʝʥʠ [7].  

ʀʟʚʝʩʪʝʥ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʚʘʨʠʘʥʪ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʦʜʳ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʂId [8, 9], 

ʥʦ ʦʥ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʫʜʳ ʠ ʜʦʩʪʘʪʦʯʥʦ ʟʘʪʨʘʪʝʥ ʧʦ ʚʨʝʤʝʥʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷ ʥʝʨʝʰʝʥʥʦʡ 

ʦʩʪʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʙʳʩʪʨʦʡ ʠ ʥʝʜʦʨʦʛʦʡ ʜʦʩʪʦʚʝʨʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʨʠʨʦʜʥʦʡ ʚʦʜʳ (ʝʝ ʚʠʜʘ, ʪʠʧʘ, ʪʦʨʛʦʚʦʡ ʤʘʨʢʠ), ʠ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ 

ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʧʫʪʝʡ ʝʝ ʨʝʰʝʥʠʷ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʘʪʴ ʚʘʨʠʘʥʪ ʙʳʩʪʨʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʡ 

ʵʢʩʧʨʝʩʩ-ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠʨʦʜʥʦʡ ʚʦʜʳ ʥʘ ʧʨʠʤʝʨʝ ʚʦʜ ʩʦ ʩʪʘʙʠʣʴʥʳʤ 

ʩʦʣʝʚʳʤ ʩʦʩʪʘʚʦʤ. 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

 

ʄʝʪʦʜʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 

 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʧʨʷʤʦʡ ʢʦʥʜʫʢʪʦʤʝʪʨʠʠ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʚʦʜ ʠ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʠʟʤʝʨʷʣʠ 

ʢʦʥʜʫʢʪʦʤʝʪʨʦʤ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ 1,5%. ɼʣʷ ʢʘʞʜʦʡ ʠʩʩʣʝʜʫʝʤʦʡ 

ʚʦʜʳ ʧʨʦʚʦʜʠʣʠ ʩʝʨʠʶ ʨʘʟʙʘʚʣʝʥʠʡ. ʂʦʣʠʯʝʩʪʚʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʨʘʚʥʦ ʪʨʝʤ, ʚʩʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʈ = 95%.  

 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

 

ʉʦʣʝʚʦʡ ʩʦʩʪʘʚ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʝʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, 

ʦʙʫʩʣʘʚʣʠʚʘʶʱʝʡ ʝʝ ʣʝʯʝʙʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʧʨʠʛʦʜʥʦʩʪʴ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ  

ʚ ʢʘʯʝʩʪʚʝ ʧʠʪʴʝʚʦʡ. ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ, ʦʙʨʘʙʦʪʘʥʥʳʝ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ 

ʤʠʥʝʨʘʣʴʥʳʝ ʚʦʜʳ ʪʘʢʞʝ ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʳʡ ʵʣʝʢʪʨʦʣʠʪʥʳʡ ʩʦʩʪʘʚ. ʉʣʦʞʥʳʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʠʭ ʫʥʠʢʘʣʴʥʳʡ ʘʥʠʦʥʥʳʡ ʠ ʢʘʪʠʦʥʥʳʡ ʩʦʩʪʘʚ 

[10]. ʀʤʝʥʥʦ ʥʘ ʵʪʦʤ ʦʩʥʦʚʘʥʳ ʣʝʯʝʙʥʳʝ ʩʚʦʡʩʪʚʘ ʨʷʜʘ ʧʨʠʨʦʜʥʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʧʠʪʴʝʚʳʭ ʚʦʜ. 

ʆʯʠʱʝʥʥʳʝ, ʦʙʨʘʙʦʪʘʥʥʳʝ ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʚʦʜʳ ʪʘʢʞʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ. 

ʆʜʠʥ ʠʣʠ ʨʷʜ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʳ (ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʨʅ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ, 

ʩʦʜʝʨʞʘʥʠʝ ʘʥʠʦʥʦʚ ʠ ʢʘʪʠʦʥʦʚ ʠ ʪ.ʜ.) ʧʦʟʚʦʣʷʪʁ ʦʪʥʝʩʪʠ ʚʦʜʫ, ʥʘʧʨʠʤʝʨ,  

ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʚʠʜʫ [10, 11], ʪʠʧʫ [4], ʢʣʘʩʩʫ [12] ʠʣʠ ʧʦ ʪʦʨʛʦʚʦʤʫ 

ʥʘʟʚʘʥʠʶ [8, 9, 13].  

ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ [8, 9, 13] ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʩʝʨʠʠ ʨʘʩʪʚʦʨʦʚ ʧʨʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

çʦʙʨʘʪʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ï ʩʪʝʧʝʥʴ ʨʘʟʙʘʚʣʝʥʠʷè ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʚʨʝʤʝʥʠ (ʜʦ 3 ʯʘʩʦʚ). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʧʨʝʜʝʣʝʥʠʷ (ʧʦʛʨʝʰʥʦʩʪʴ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠ ʪ.ʧ.) ʵʪʫ 

ʦʧʝʨʘʮʠʶ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ 2ï3 ʨʘʟʘ [14].  

ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʝʜʣʦʞʝʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ 

ʨʘʟʙʘʚʣʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʦʜʥʦʡ ʝʤʢʦʩʪʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʤʝʨʝʥʠʝʤ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʧʦʩʪʨʦʝʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʠ çʦʙʨʘʪʥʘʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ï ʩʪʝʧʝʥʴ ʨʘʟʙʘʚʣʝʥʠʷè [15, 16]. 
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ʉʫʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʪ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʚʳʧʦʣʥʝʥʠʠ 

ʪʘʢʠʭ ʦʧʝʨʘʮʠʡ: ʠʟʤʝʨʝʥʠʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠʩʭʦʜʥʦʡ ʘʥʘʣʠʟʠʨʫʝʤʦʡ 

ʚʦʜʳ ʩ ʫʯʝʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ [17], ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʨʘʟʙʘʚʣʝʥʠʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʠʟʤʝʨʝʥʠʝʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʨʘʩʪʚʦʨʘ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ, ʧʦʩʪʨʦʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

çʩʪʝʧʝʥʴ ʨʘʟʚʝʜʝʥʠʷ ï ʦʙʨʘʪʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʨʘʩʪʚʦʨʘè ʠ ʨʘʩʯʝʪʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʘʢ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʥʘʢʣʦʥʘ ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʦʙʨʘʟʮʘ ʚʦʜʳ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʟʥʘʯʝʥʠʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʂId. ʇʦʣʥʦʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʜʦ 30 ʤʠʥ. 

ʇʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. ʇʦʩʢʦʣʴʢʫ 

ʤʠʥʠʤʠʟʘʮʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʂId ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ çʩʪʝʧʝʥʴ ʨʘʟʚʝʜʝʥʠʷ ï ʦʙʨʘʪʥʘʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʨʘʩʪʚʦʨʘè, ʪʦ ʜʣʷ ʚʦʜ ʩ ʥʝʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʦʣʝʡ 

ʨʘʟʙʘʚʣʝʥʠʝ ʚʳʧʦʣʥʷʣʠ ʚ n` = 1ï2 ʨʘʟʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʂId ʜʣʷ ʵʪʠʭ ʚʦʜ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʩʦʙʣʶʜʘʝʪʩʷ ʣʠʥʝʡʥʦʩʪʴ  

ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ (ʨʠʩ. 1) ʠ ʧʨʠ ʙʣʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʤʠʥʝʨʘʣʠʟʘʮʠʠ,  

ʪ.ʝ. ʩʫʤʤʘʨʥʦʛʦ ʩʦʣʝʩʦʜʝʨʞʘʥʠʷ, ʂId ʟʥʘʯʠʤʦ ʦʪʣʠʯʘʶʪʩʷ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ ʚʦʜʳ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 1%. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʝʥʠʝ ʂId ʦʩʣʦʞʥʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʪʝʧʝʥʠ ʨʘʟʚʝʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ʦʪ ʝʛʦ ʦʙʨʘʪʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ 

ʥʝʙʦʣʴʰʦʤ ʨʘʟʙʘʚʣʝʥʠʠ (ʥʘʧʨʠʤʝʨ, ʚ 1ï2 ʨʘʟʘ).  

 

 
ʈʠʩ. 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʪʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (1/Þ) ʦʪ ʩʪʝʧʝʥʠ 

ʨʘʟʙʘʚʣʝʥʠʷ (nô) ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʜ: 1 ï ʚʦʜʘ çʄʘʣʷʪʢʦè, 2 ï ʚʦʜʘ çʇʨʦʟʨʘʯʥʘʷ 

ʦʪ ʧʨʠʨʦʜʳè, 3 ï ʚʦʜʘ ɹʠʦʣʘ çɿʥʘʤʝʥʦʚʩʢʘʷè, 4 ï ʚʦʜʘ çʂʘʣʠʧʩʦè, 5 ï ʚʦʜʘ 

çʊʦʥʫʩ-ʢʠʩʣʦʨʦʜ, ʥʘʩʳʱʝʥʥʘʷ ʢʠʩʣʦʨʦʜʦʤè 
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ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʂId ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʜ ʩ ʥʠʟʢʠʤ 

ʩʦʣʝʩʦʜʝʨʞʘʥʠʝʤ 

 

ˉ 

ʧ/ʧ 
ʅʘʟʚʘʥʠʝ ʚʦʜʳ ʊʠʧ ʚʦʜʳ 

ʆʙʱʘʷ 

ʤʠʥʝʨʘʣʠ-

ʟʘʮʠʷ, ʛ/ʜʤ3 

ʂId SʂId 

1 
ɺʦʜʘ ʧʠʪʴʝʚʘʷ 

ʜʝʪʩʢʘʷ çʄʘʣʷʪʢʦè  
ʅʝ ʫʢʘʟʘʥʦ ʥʘ ʵʪʠʢʝʪʢʝ 0,15ï0,4 2,751 0,020 

2 

ɺʦʜʘ ʧʠʪʴʝʚʘʷ 

ʦʙʨʘʙʦʪʘʥʥʘʷ 

çʇʨʦʟʨʘʯʥʘʷ ʦʪ 

ʧʨʠʨʦʜʳè 

ʅʝ ʫʢʘʟʘʥʦ ʥʘ ʵʪʠʢʝʪʢʝ 0,2ï0,45 2,539 0,011 

3 

ɺʦʜʘ ʤʠʥʝʨʘʣʴʥʘʷ 

ʧʨʠʨʦʜʥʘʷ, ʣʝʯʝʙʥʦ-

ʩʪʦʣʦʚʘʷ ɹʠʦʣʘ 

çɿʥʘʤʝʥʦʚʩʢʘʷè  

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-

ʭʣʦʨʠʜʥʘʷ, ʭʣʦʨʠʜʥʦ-

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʘʷ 

ʥʘʪʨʠʝʚʘʷ, ʢʨʝʤʥʠʝʚʘʷ 

ʥʘʪʫʨʘʣʴʥʘʷ 

0,2ï0,6 2,142 0,018 

4 

ɺʦʜʘ ʤʠʥʝʨʘʣʴʥʘʷ 

ʧʨʠʨʦʜʥʘʷ ʩʪʦʣʦʚʘʷ 

çʂʘʣʠʧʩʦè 

ɻʠʜʨʦʢʘʨʙʦʥʘʪʥʘʷ 

ʩʣʦʞʥʦʛʦ ʢʘʪʠʦʥʥʦʛʦ 

ʩʦʩʪʘʚʘ 

0,3ï0,8 1,865 0,009 

5 

ɺʦʜʘ ʤʠʥʝʨʘʣʴʥʘʷ 

ʩʪʦʣʦʚʘʷ çʊʦʥʫʩ-

ʢʠʩʣʦʨʦʜ, ʥʘʩʳʱʝʥʥʘʷ 

ʢʠʩʣʦʨʦʜʦʤè 

ʅʝ ʫʢʘʟʘʥʦ ʥʘ ʵʪʠʢʝʪʢʝ 0,1ï1,0 0,914 0,002 

 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʪʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (1/Þ) ʦʪ 

ʩʪʝʧʝʥʠ ʨʘʟʙʘʚʣʝʥʠʷ (nô) ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʜ ʧʨʠ n` = 2ï100. ɼʣʷ ʧʨʦʩʪʦʪʳ 

ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʙʘʚʣʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʚʦʜʳ ʚʳʧʦʣʥʷʣʠ ʧʫʪʝʤ 

ʚʥʝʩʝʥʠʷ ʝʝ ʧʦʨʮʠʡ ʚ ʥʝʢʦʪʦʨʳʡ ʦʙʲʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ). 

 
ʈʠʩ. 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʪʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (1/Þ) ʦʪ ʩʪʝʧʝʥʠ 

ʨʘʟʙʘʚʣʝʥʠʷ (nô) ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʜ: 1 ï çʅʘʨʟʘʥè, 2 ï çʂʫʷʣʴʥʠʢè, 3 ï çʇʦʣʷʥʘ 

ʂʚʘʩʦʚʘè, 4 ï çɽʩʩʝʥʪʫʢʠ ˉ17è, 5 ï çʍʫʥʷʜʠ ʗʥʦʰè 
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ɺ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩʦʙʣʶʜʘʝʪʩʷ ʣʠʥʝʡʥʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʂId ʜʣʷ ʵʪʠʭ ʚʦʜ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʂId ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʜ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʣʝʩʦʜʝʨʞʘʥʠʝʤ 

 

ˉ 

ʧ/ʧ 
ʅʘʟʚʘʥʠʝ ʚʦʜʳ ʊʠʧ ʚʦʜʳ 

ʆʙʱʘʷ 

ʤʠʥʝʨʘʣʠ-

ʟʘʮʠʷ, ʛ/ʜʤ3 

ʂId SʂId 

1 ʅʘʨʟʘʥ 
ʉʫʣʴʬʘʪʥʦ-

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʘʷ 
2,0ï3,0 0,268 0,003 

2 ʂʫʷʣʴʥʠʢ ʍʣʦʨʠʜʥʘʷ 3,0ï4,0 0,129 0,003 

3 
ʇʦʣʷʥʘ 

ʂʚʘʩʦʚʘ 

ɻʠʜʨʦʢʘʨʙʦʥʘʪʥʘʷ, 

ʙʦʨʥʘʷ 
6,5ï12,0 0,080 0,0003 

4 ɽʩʩʝʥʪʫʢʠ ˉ17 
ʍʣʦʨʠʜʥʦ-ʛʠʜʨʦ-

ʢʘʨʙʦʥʘʪʥʘʷ, ʙʦʨʥʘʷ 
10,0ï14,0 0,057 0,0008 

5 ʍʫʥʷʜʠ ʗʥʦʰ ʉʫʣʴʬʘʪʥʘʷ 27,5 0,020 0,0004 

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʭ ʪʘʙʣ. 2 ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʩʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 2,5%, ʧʨʠ ʵʪʦʤ ʂId ʟʥʘʯʠʤʦ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ 

ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʚʦʜ ʠ ʜʣʷ ʚʦʜ ʩ ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

ɺʳʰʝʩʢʘʟʘʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʦʙʨʘʟʮʦʚ 

ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʩʦ ʩʪʘʙʠʣʴʥʳʤ ʩʦʣʝʚʳʤ ʩʦʩʪʘʚʦʤ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ 

ʬʘʣʴʩʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʝʝ ʢʘʯʝʩʪʚʘ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʥʝ ʪʨʝʙʫʝʪ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʩʪʘ  

ʚ ʠʩʧʦʣʥʝʥʠʠ ʠ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ. 

 

ɺʳʚʦʜʳ 

 

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʠ ʚʳʷʚʣʝʥʠʷ ʬʘʣʴʩʠʬʠʢʘʪʦʚ ʧʨʠʨʦʜʥʦʡ 

ʚʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʛʨʦʤʦʟʜʢʠʝ ʠ ʜʦʨʦʛʠʝ ʧʨʦʮʝʜʫʨʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʦʙʨʘʟʮʳ ʚʦʜʳ ʩ ʧʦʩʪʦʷʥʥʳʤ ʩʦʣʝʚʳʤ ʩʦʩʪʘʚʦʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʘʫʯʥʦʡ 

ʥʦʚʠʟʥʦʡ ʨʘʙʦʪʳ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʵʢʩʧʨʝʩʩ-ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʩʦ ʩʪʘʙʠʣʴʥʳʤ 

ʩʦʣʝʚʳʤ ʩʦʩʪʘʚʦʤ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʘʥʘʣʠʟʘ, ʷʚʣʷʷʩʴ ʧʨʠ ʵʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʠ 

ʠʥʬʦʨʤʘʪʠʚʥʦʡ. 

ɺʳʧʦʣʥʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʂId ʜʣʷ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ ʨʘʙʦʪʳ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 2,5%. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 
1. ɼʝʨʞʘʚʥʽ ʩʘʥʽʪʘʨʥʽ ʥʦʨʤʠ ʪʘ ʧʨʘʚʠʣʘ çɻʽʛʽʻʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʚʦʜʠ ʧʠʪʥʦʾ, 

ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʩʧʦʞʠʚʘʥʥʷ ʣʶʜʠʥʦʶè (ɼʉʘʥʇʽʥ 2.2.4-171-10). ʅʘʢʘʟ ʄʽʥʽʩʪʝʨʩʪʚʘ 

ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʋʢʨʘʾʥʠ ʚʽʜ 12.05.2010 ˉ 400. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://zakon4.rada.gov.ua/laws/show/z0452-10/print1453960711642355. 

http://zakon4.rada.gov.ua/laws/show/z0452-10/print1453960711642355
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