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ɸʅʆʊɸʎɯʗ 

ɹʘʨʘʙʘʰ ʆ.ʉ. ʄʦʜʠʬʽʢʦʚʘʥʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ 

ʝʧʦʢʩʠʜʥʽ ʤʘʪʝʨʽʘʣʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʧʦʢʨʘʱʝʥʠʤ ʢʦʤʧʣʝʢʩʦʤ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.23.05  çɹʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʚʠʨʦʙʠè (192 ï ɹʫʜʽʚʥʠʮʪʚʦ 

ʪʘ ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷ). ï ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ 

ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, ʍʘʨʢʽʚ, 2017. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʟʚôʷʟʫʶʯʠʭ 

ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʟ 

ʧʦʢʨʘʱʝʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ, ʘʜʛʝʟʽʡʥʠʤʠ ʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʩʪʽʡʢʠʭ ʜʦ ʜʽʾ ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʽ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʝ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʟʚôʷʟʫʶʯʠʭ ʤʘʣʠʤʠ ʜʦʤʽʰʢʘʤʠ ʧʦʚʝʨʭʥʝʚʦ-

ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʤʠ ʦʣʽʛʦʤʝʨʘʤʠ. 

ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʤʝʪʘ ʪʘ 

ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʚʝʜʝʥʽ ʥʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʪʘ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʽ ʧʨʘʮʴ, ʱʦ 

ʧʨʠʩʚʷʯʝʥʽ ʚʠʚʯʝʥʥʶ ʬʘʢʪʦʨʽʚ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʘʜʛʝʟʽʡʥʦ-ʤʽʮʥʽʩʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʤʝʪʦʜʽʚ ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

ʝʧʦʢʩʠʜʥʠʭ ʟʚôʷʟʫʶʯʠʭ, ʥʘʧʨʘʚʣʝʥʠʭ ʥʘ ʧʦʣʽʧʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʦʢʨʝʤʘ ʤʦʜʠʬʽʢʘʮʽʶ ʝʧʦʢʩʠʜʥʠʭ ʟʚôʷʟʫʶʯʠʭ 

ʤʘʣʠʤʠ ʜʦʤʽʰʢʘʤʠ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ, ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, 

ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʤʠ ʦʣʽʛʦʤʝʨʘʤʠ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ ʤʦʜʠʬʽʢʫʚʘʥʥʷ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ 

ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚ ʷʢʦʩʪʽ ʦʙô̒ ʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ 

ʟʚôʷʟʫʶʯʝ ʫ ʚʠʛʣʷʜʽ ʝʧʦʢʩʠʜʽʘʥʦʚʦʛʦ ʦʣʽʛʦʤʝʨʫ ʤʘʨʢʠ ɽɼ-20. ɺ ʷʢʦʩʪʽ 
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ʦʪʚʝʨʜʞʫʶʯʦʛʦ ʘʛʝʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʚʝʨʜʥʠʢ ʘʤʽʥʥʦʛʦ ʪʠʧʫ: 

ʧʦʣʽʝʪʠʣʝʥʧʦʣʽʘʤʽʥ (ʇɽʇɸ). ɺ ʷʢʦʩʪʽ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʭ (ʈɿʆ) 

ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʣʽʛʦʝʬʽʨʪʨʠʝʧʦʢʩʠʜ ʤʘʨʢʠ 

ʃʘʧʨʦʢʩʠʜ-503 ʽ ʦʣʽʛʦʝʬʽʨʪʨʠʮʠʢʣʦʢʘʨʙʦʥʘʪ ʤʘʨʢʠ ʃʘʧʨʦʣʘʪ-803. ɺ ʷʢʦʩʪʽ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʇɸʈ) ʨʽʟʥʦʾ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ: ʥʝʽʦʥʦʛʝʥʥʠʡ 

(ʅʇɸʈ): ɸʤʽʨʦʣ ʄ, ʬʪʦʨʦʚʘʥʠʡ (ʌʇɸʈ) Tridol AFFF, ʢʘʪʽʦʥʦʘʢʪʠʚʥʽ 

(ʂʇɸʈ): ʘʣʢʽʣʪʨʠʤʝʪʠʣʘʤʦʥʽʡ ʭʣʦʨʠʜ (ɸʄɸ) ʽ ʮʝʪʨʠʘʤʦʥʽʡ ʭʣʦʨʠʜ (ʎʊɸʍ); 

ʘʥʽʦʥʦʘʢʪʠʚʥʽ (ɸʇɸʈ): ʘʣʢʽʣʙʝʥʟʦʣʩʫʣʴʬʦʥʘʪ Na (ɸɹʉ) ʽ ʣʘʫʨʝʪʩʫʣʴʬʘʪ Na 

(ʃʊʉ); ʘ ʪʘʢʦʞ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ ʜʦʙʘʚʢʠ: ʇʄʉ-10 ʽ ʇʄʉ-400 ʽ ʉʂʊʅ. 

ɿ ʤʝʪʦʶ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘʭʠʩʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨʫ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʢʣʦʧʣʘʩʪʠʢʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠ 

ʥʘʩʪʫʧʥʽ ʜʠʩʧʝʨʩʥʽ ʥʘʧʦʚʥʶʚʘʯʽ: ʧʦʣʽʬʦʩʬʘʪ ʘʤʦʥʽʶ, ʙʘʟʘʣʴʪʦʚʘ ʤʽʢʨʦʬʽʙʨʘ; 

ʘ ʪʘʢʦʞ ʚʦʣʦʢʥʠʩʪʽ ʥʘʧʦʚʥʶʚʘʯʽ: ʙʘʟʘʣʴʪʦʚʝ ʚʦʣʦʢʥʦ ʪʘ ʩʢʣʦʚʦʣʦʢʥʦ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʚʠʚʯʝʥʦ ʚʧʣʠʚ ʧʨʠʨʦʜʠ ʇɸʈ ʪʘ ʂʆʉ ʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʽ, ʩʪʨʫʢʪʫʨʥʽ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ, ʘʜʛʝʟʽʡʥʦ-ʤʽʮʥʽʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ. ʅʘ ʧʽʜʩʪʘʚʽ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʽʚʝʤʧʽʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʝʥʽ ʝʥʝʨʛʽʾ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʇɸʈ ʽʟ ʦʣʽʛʦʤʝʨʦʤ ɽɼ-20, ʪʘ ʚʩʪʘʥʦʚʣʝʥʽ ʜʝʷʢʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʟʤʽʥʠ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʽ ʧʨʦʮʝʩʫ ʪʚʝʨʜʽʥʥʷ 

ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʚʽʜ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʇɸʈ. ɺʠʚʯʝʥʦ ʚʧʣʠʚ ʇɸʈ ʽ 

ʂʆʉ ʥʘ ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ ʪʘ ʨʦʙʦʪʫ ʘʜʛʝʟʽʾ ʟʘʪʚʝʨʜʽʣʠʭ ʝʧʦʢʩʠʘʤʽʥʥʠʭ 

ʟʚôʷʟʫʶʯʠʭ ʪʘ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʮʠʭ ʚʝʣʠʯʠʥ ʽʟ ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ ʧʦʣʽʤʝʨʽʚ 

ʜʦ ʩʢʣʘ ʽ ʩʪʘʣʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʇɸʈ ʽ ʂʆʉ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ 

ʟʥʠʟʠʪʠ ʚôʷʟʢʽʩʪʴ ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʽʚ, ʧʦʢʨʘʱʠʪʠ ʟʤʦʯʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ, ʘ 

ʪʘʢʦʞ ʧʦʢʨʘʱʠʪʠ ʩʪʨʫʢʪʫʨʥʽ ʽ ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ, ʘʣʝ 

ʥʝʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʾʭ ʘʜʛʝʟʽʡʥʦ-ʤʽʮʥʽʩʥʽ ʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʏʝʪʚʝʨʪʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʠʡ ʚʠʚʯʝʥʥʶ ʚʧʣʠʚʫ ʈɿʆ ʥʘ ʚʝʩʴ 

ʢʦʤʧʣʝʢʩ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʟʚôʷʟʫʶʯʠʭ. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʦʜʘʚʘʥʥ ̫

ʈɿʆ, ʘ ʦʩʦʙʣʠʚʦ ʃʘʧʨʦʣʘʪ-803 ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʤʽʮʥʽʩʪʴ ʧʨʠ 

ʚʠʛʠʥʽ ʪʘ ʫʜʘʨʥʫ ʚôʷʟʢʽʩʪʴ ʧʦʣʽʤʝʨʫ, ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʝʧʦʢʩʠʜʥʦʛʦ 
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ʟʚôʷʟʫʶʯʦʛʦ ʜʦ ʨʽʟʥʠʭ ʧʦʚʝʨʭʦʥʴ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʦʾ 

ʝʣʘʩʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʦʣʽʤʝʨʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʪʚʝʨʜʽʥʥʷ ʪʘ ʫʪʚʦʨʝʥʥʷ ʧʦʣʽʤʝʨʥʦʾ ʩʽʪʢʠ. ʈɿʆ ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʦ ʟʥʠʞʫʻ 

ʚôʷʟʢʽʩʪʴ, ʥʝʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ ʟʤʦʯʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ, ʧʦʛʽʨʰʫʻ ʩʪʽʡʢʽʩʪʴ 

ʧʦʣʽʤʝʨʫ ʜʦ ʨʽʜʢʠʭ ʩʝʨʝʜʦʚʠʱ. ɹʫʣʠ ʟʨʦʙʣʝʥʽ ʚʠʩʥʦʚʢʠ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʝʧʦʢʩʠʜʥʦʛʦ ʟʚôʷʟʫʶʯʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʃʘʧʨʦʣʘʪ-803 ʪʘ ʤʘʣʠʭ ʜʦʤʽʰʢʽʚ ʇɸʈ ʪʘ ʂʆʉ. 

ɺʠʟʥʘʯʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʈɿʆ ʪʘ ʇɸʈ ʥʘ 

ʘʜʛʝʟʽʶ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʜʦ ʩʢʣʘ ʽ ʩʪʘʣʽ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʧʦʚʥʠʡ ʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʽ ʧʦʙʫʜʦʚʘʥʽ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ.  

ʊʘʢʦʞ ʚʠʚʯʝʥʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʢʽʥʝʪʠʢʫ ʪʚʝʨʜʽʥʥʷ 

ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʟʚôʷʟʫʶʯʠʭ.  

ʋ ʧôʷʪʦʤʫ ʨʦʟʜʽʣʽ ʥʘ ʦʩʥʦʚʽ ʦʙʨʘʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʨʦʟʨʦʙʣʝʥʽ ʧʦʢʨʠʪʪʷ 

ʜʣʷ ʟʘʭʠʩʪʫ ʜʝʨʝʚʠʥʠ, ʤʝʪʘʣʫ ʪʘ ʙʝʪʦʥʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʩʪʽʡʢʽ ʚ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʜʦ ʜʽʾ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ; ʨʦʟʨʦʙʣʝʥʠʡ ʩʢʣʘʜ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʢʣʝʶ ʜʣʷ ʪʨʠʰʘʨʦʚʠʭ ʧʣʠʪ ʟ ɼʉʇ ʪʘ ʧʽʥʦʧʦʣʽʩʪʠʨʦʣʫ, ʘ 

ʪʘʢʦʞ ʨʦʟʨʦʙʣʝʥʠʡ ʩʢʣʘʜ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʚ ʷʢʦʩʪʽ ʟʚôʷʟʫʶʯʦʛʦ ʜʣʷ 

ʩʢʣʦʧʣʘʩʪʠʢʽʚ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʧʣʠʚʫ ʘʪʤʦʩʬʝʨʥʠʭ ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ 

ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʧʦʢʩʠʜʥʽ ʟʚôʷʟʫʶʯʽ, ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʤʘʣʠʤʠ 

ʜʦʤʽʰʢʘʤʠ, ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ, ʟʘʭʠʩʥʽ ʧʦʢʨʠʪʪʷ, ʢʦʤʧʦʟʠʮʽʡʥʽ 

ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ. 
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SUMMARY  

Barabash Olena. Modified epoxy building materials with improved 

properties. ï Qualifying scientific work on the manuscript. 

The thesis submitted for a PhD degree in specialty 05.23.05 çBuilding 

Materials and Productsè (192 ï Building and Civil Engineering). ï Kharkiv 

National University of Civil Engineering and Architecture, Kharkiv, 2017. 

Epoxyaminic binders and composites based on them for construction 

purposes with improved technological, adhesion, physical and mechanical 

properties, resistant to climatic factors and aggressive environment were developed 

in the thesis. To achieve these properties, a complex modification of epoxyamine 

binders with small additives of surfactants and reactive oligomers is proposed and 

proved. 

In the introduction, the relevance of the work is justified, the purpose and 

tasks of the research are formulated, the scientific novelty and practical 

significance of the results obtained. 

The first chapter analyzes scientific publications and works devoted to the 

study of factors that determine the adhesive strength properties of polymer 

composites, methods for epoxy binders modification aimed at improving 

technological and operational properties. In particular the modification of epoxy 

binders by small impurities of surfactants, organosilicon compounds, reactive 

oligomers, as well as methods for modifying fillers to create polymer composite 

materials. 

The second chapter provides information about the used materials and 

methods of research.  

For carrying out of researches as a subject of research the binder in the form 

of epoxidian oligomer ED-20 has been chosen. The polyethylene polyamine 

(PEPA) was used as the curing agent. The threefunctional epoxy oligomer 

Laproksid-503 and the threefunctional cyclo-carbonate oligomer Laprolat-803 

were employed as the modifying low-viscosity reactive oligomers.  
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The surfactant of different nature were used for modifying of epoxy binders: 

the nonionic Amirol M, the fluorinated Tridol FFF, the cationic: 

Alkyltrimethylammonium chloride and Cetrimonium Chloride, the anionic: 

Sodium alkylbenzenesulfonate and Sodium laureth sulfate. As the organosilicon 

compounds were chosen polymethylsiloxanes with different functionality. 

In order to regulate the protective and operational properties of the epoxy 

resin, as well as for the production of glass-fibre-reinforced plastic, the following 

dispersed fillers were used: ammonium polyphosphate, basalt microfiber; as well 

as fibrous fillers: basalt fiber and fiberglass. 

In the third chapter, the influence of the nature of surfactants and 

organosilicon compounds on the technological, structural, physico-mechanical, 

adhesive-strength properties of epoxyamine compositions was studied. Based on 

the calculations and computer simulation, the energy of intermolecular interaction 

of surfactants with the ED-20 oligomer are determined using semiempirical 

methods, and some regularities in the variation of rheological properties, wetting 

capacity, and hardening of epoxyamine compositions from the chemical nature of 

surfactants are established. The influence of surfactants and organosilicon 

compounds on surface energy and the work of adhesion of solidified epoxyamine 

binders and the relationship of these values to the adhesion strength of polymers to 

glass and steel have been studied. It has been established that the addition of 

surfactants and organosilicon compounds makes it possible to significantly reduce 

the viscosity of epoxy oligomers, improve the damping ability, and improve the 

structural and protective properties of epoxy polymers, but has little effect on their 

adhesion strength and physico-mechanical properties. 

The fourth chapter is devoted to the study of the effect of reactive 

oligomers on the entire complex of properties of epoxy-amine binders. It is shown 

that with the addition of reactive oligomers, especially Laprolat-803 significantly 

improves wear resistance, bending strength and toughness of the polymer, 

adhesion strength to various surfaces. It is found that the formation of such an 

elastic structure of the modified polymer is determined by the parameters of 



7 

hardening and the formation of a polymer network. Reactive oligomers reduce 

viscosity and slightly improve the wetting power not much effectively, impairs the 

resistance of the polymer to the liquid. Conclusions were made about the need for a 

complex modification of the epoxy binder with the help of Laprolat-803 and small 

additives of surfactants and organosilicon compounds. 

The regularities of the effect of the ratio of the reactive oligomers and 

surfactants on the adhesion of epoxy-amine compositions to glass and steel are 

determined. For this, a full factorial experiment was used and the response surfaces 

were constructed. 

The acid-base properties of the surface of the fillers used and their effect on 

the kinetics of hardening of epoxyamine binders were also studied.  

In the fifth chapter, based on selected compositions, coatings for protecting 

wood, metal and concrete surfaces, resistant to operating conditions and to 

aggressive media, have been developed; A composition for use as an adhesive for 

three-layer particleboard and expanded polystyrene has been developed, and a 

composition has been developed for using it as a binder for fiberglass plastics. 

Studies were carried out on the effect of atmospheric and climatic conditions of 

operation on the durability of the resulting polymer composite materials. 

Key words: epoxy binders, small impurities changes, surfactants, protective 

coatings, composite materials for construction. 
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ɺʉʊʋʇ 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ ʟʚ'ʷʟʫʶʯʠʭ, 

ʱʦ ʦʪʚʝʨʜʞʫʶʪʴʩʷ ʟʘ ʟʚʠʯʘʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʥʘʭʦʜʷʪʴ ʚʩʝ ʙʽʣʴʰʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ, ʧʦʩʠʣʝʥʥʷ ʽ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʽʟʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʜʝʪʘʣʝʡ ʽ ʚʠʨʦʙʽʚ, ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʽ 

ʩʧʦʨʫʜ ʚ ʷʢʦʩʪʽ ʢʣʝʡʦʚʠʭ, ʽʥ'ʻʢʮʽʡʥʠʭ, ʟʘʭʠʩʥʠʭ ʽ ʨʝʤʦʥʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʧʽʜʚʠʱʝʥʘ ʚ'ʷʟʢʽʩʪʴ ʽ ʥʝʜʦʩʪʘʪʥʷ ʟʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

ʝʧʦʢʩʠʜʥʠʭ ʟʚ'ʷʟʫʶʯʠʭ ʜʦ ʜʝʷʢʠʭ ʧʦʚʝʨʭʦʥʴ, ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ ʽ ʥʝʜʦʩʪʘʪʥʷ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʟʘʪʚʝʨʜʽʣʦʤʫ ʩʪʘʥʽ, ʘ 

ʪʘʢʦʞ ʽʥʰʽ ʬʘʢʪʦʨʠ ʩʪʨʠʤʫʶʪʴ ʾʭ ʙʽʣʴʰ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʙʫʜʽʚʝʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʥʘʧʨʷʤʢʦʤ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʜʥʠʭ ʟʚôʷʟʫʶʯʠʭ ʽ ʢʦʤʧʦʟʠʪʽʚ ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʻ ʩʪʨʫʢʪʫʨʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʝʧʦʢʩʠʜʥʦʛʦ ʟʚôʷʟʫʶʯʦʛʦ ʤʘʣʠʤʠ ʜʦʙʘʚʢʘʤʠ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʇɸʈ) ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʨʝʘʢʮʽʡʥʦ-ʟʜʘʪʥʠʤʠ 

ʦʣʽʛʦʤʝʨʘʤʠ (ʈɿʆ), ʱʦ ʚʙʫʜʦʚʫʶʪʴʩʷ ʚ ʭʽʤʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʝʧʦʢʩʠʜʥʦʾ 

ʤʘʪʨʠʮʽ. 

ɼʘʥʘ ʨʦʙʦʪʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʩʪʚʦʨʝʥʥʷ ʝʧʦʢʩʠʜʥʠʭ ʟʚôʷʟʫʶʯʠʭ ʽ 

ʢʦʤʧʦʟʠʪʽʚ ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʧʦʣʽʧʰʝʥʠʤʠ ʽ ʩʪʘʙʽʣʴʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ, ʘʜʛʝʟʽʡʥʦ-ʤʽʮʥʽʩʥʠʤʠ ʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʩʪʽʡʢʠʭ ʜʦ ʚʧʣʠʚʫ ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʽ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʥʘ ʦʩʥʦʚʽ 

ʝʧʦʢʩʠʜʽʘʥʦʚʦʛʦ ʦʣʽʛʦʤʝʨʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʘʣʠʤʠ ʜʦʙʘʚʢʘʤʠ ʇɸʈ ʨʽʟʥʦʾ 

ʧʨʠʨʦʜʠ ʽ ʨʽʜʢʠʤʠ ʈɿʆ ʟ ʝʧʦʢʩʠʜʥʠʤʠ ʽ ʮʠʢʣʦʢʘʨʙʦʥʘʪʥʠʤʠ ʛʨʫʧʘʤʠ, ʱʦ 

ʦʪʚʝʨʜʞʫʶʪʴʩʷ ʧʦʣʽʝʪʠʣʝʥʧʦʣʽʘʤʽʥʦʤ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ ʽ ʪʝʤʘʤʠ. 

ʆʩʥʦʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʟʜʽʡʩʥʝʥʽ ʚ ʤʝʞʘʭ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʫ ʅɼʈ ʢʘʬʝʜʨʠ 

ʟʘʛʘʣʴʥʦʾ ʭʽʤʽʾ ʍʅʋɹɸ ʫ 2013-2015 ʨ.ʨ. ʟʘ ʪʝʤʦʶ: çɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʜʠʩʧʝʨʩʥʠʭ ʪʘ ʚʦʣʦʢʥʠʩʪʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʚôʷʟʫʶʯʠʭ ʽ 
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ʢʦʤʧʦʟʠʪʽʚ ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷè (ʥʦʤʝʨ ʜʝʨʞ. ʨʝʻʩʪʨʘʮʽʾ 

0114U004376), ʘ ʪʘʢʦʞ ʫ ʤʝʞʘʭ ʫʛʦʜʠ ʥʘ ʚʠʢʦʥʘʥʥʷ ʛʦʩʧʦʜʘʨʯʠʭ ʅɼʈ: ʫ 

2014-2015 ʨ.ʨ. ʥʘ ʪʝʤʫ: çʈʦʟʨʦʙʢʘ ʜʝʢʦʨʘʪʠʚʥʦ-ʚʦʛʥʝʟʘʭʠʩʥʠʭ ʬʘʨʙʦʚʠʭ 

ʩʢʣʘʜʽʚ, ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʶ ʜʣʷ 

ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ çʋʣʴʪʨʘʣʘʤè (ʥʦʤʝʨ ʜʝʨʞ. ʨʝʻʩʪʨʘʮʽʾ  124/14): ʫ 2016-2018 

ʨ.ʨ. ʥʘ ʪʝʤʫ: çʈʦʟʨʦʙʢʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʪʘ ʚʽʜʭʦʜʽʚ 

ʚʠʨʦʙʥʠʮʪʚè (ʥʦʤʝʨ ʜʝʨʞ. ʨʝʻʩʪʨʘʮʽʾ 0116U007756). 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ 

ʝʧʦʢʩʠʜʥʠʭ ʟʚôʷʟʫʶʯʠʭ, ʱʦ ʤʦʜʠʬʽʢʦʚʘʥʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ 

ʽ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʤʠ ʦʣʽʛʦʤʝʨʘʤʠ, ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ, 

ʘʜʛʝʟʽʡʥʠʤʠ ʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʥʘʧʦʚʥʝʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʩʪʽʡʢʠʭ ʜʦ 

ʜʽʾ ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʽ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʙʫʣʠ 

ʧʦʩʪʘʚʣʝʥʽ ʽ ʚʠʨʽʰʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

ï ʚʠʚʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʩʪʨʫʢʪʫʨʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ 

ʝʧʦʢʩʠʜʥʠʭ ʟʚôʷʟʫʶʯʠʭ ʤʘʣʠʤʠ ʜʦʤʽʰʢʘʤʠ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʽ 

ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʪʘ ʤʝʪʦʜʽʚ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʭ ʦʣʽʛʦʤʝʨʽʚ (ʈɿʆ), ʘ ʪʘʢʦʞ ʧʦʻʜʥʘʥʥʷ ʮʠʭ ʜʚʦʭ 

ʤʝʪʦʜʽʚ; 

ï ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ ʤʦʜʠʬʽʢʫʶʯʠʭ 

ʜʦʙʘʚʦʢ ʽʟ ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʦʤ ʥʘ ʡʦʛʦ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʟʤʦʯʫʚʘʣʴʥʫ 

ʟʜʘʪʥʽʩʪʴ ʜʦ ʨʽʟʥʠʭ ʧʦʚʝʨʭʦʥʴ; 

ï ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʥʘ ʧʦʚʝʨʭʥʝʚʦ-ʝʥʝʨʛʝʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʟʘʪʚʝʨʜʽʣʠʭ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ 

ʜʦ ʨʽʟʥʠʭ ʧʦʚʝʨʭʦʥʴ; 

ï ʚʠʚʯʝʥʥʷ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʣʦʢʥʠʩʪʠʭ ʽ ʜʠʩʧʝʨʩʥʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʪʘ ʦʮʽʥʢʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ʧʨʦʮʝʩʠ ʪʚʝʨʜʽʥʥʷ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʫʤʦʚ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʠʩʧʝʨʩʥʠʭ ʪʘ ʘʨʤʫʶʯʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ; 
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ï ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʥʘ ʧʨʦʮʝʩʠ 

ʪʚʝʨʜʽʥʥʷ ʽ ʩʪʨʫʢʪʫʨʫ ʩʽʪʯʘʩʪʦʛʦ ʧʦʣʽʤʝʨʫ, ʘ ʪʘʢʦʞ ʥʘ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ, 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ; 

ï ʨʦʟʨʦʙʢʘ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʥʦ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʟʚôʷʟʫʶʯʠʭ 

ʝʬʝʢʪʠʚʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʣʷ 

ʟʘʭʠʩʪʫ ʜʝʨʝʚʠʥʠ, ʤʝʪʘʣʫ ʽ ʙʝʪʦʥʫ ʪʘ ʢʣʝʡʦʚʠʭ ʟ'ʻʜʥʘʥʴ.  

ï ʫʩʪʘʥʦʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʨʦʙʣʝʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʫʤʦʚ ʽ ʪʨʠʚʘʣʦʩʪʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ 

ʘʜʛʝʟʽʡʥʦ-ʤʽʮʥʽʩʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʝʧʦʢʩʠʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʝʧʦʢʩʠʜʥʽ ʟʚôʷʟʫʶʯʽ ʽ ʥʘʧʦʚʥʝʥʽ ʢʦʤʧʦʟʠʮʽʾ, 

ʤʦʜʠʬʽʢʦʚʘʥʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤʠ, ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʤʠ ʪʘ ʨʝʘʢʮʽʡʥʦ 

ʟʜʘʪʥʠʤʠ ʜʦʙʘʚʢʘʤʠ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʜʥʠʭ 

ʟʚôʷʟʫʶʯʠʭ ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ, 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʽ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ, ʪʝʨʤʦʤʝʭʘʥʽʯʥʽ 

ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ. ʇʽʜʛʦʪʦʚʢʘ ʽ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʥʘʧʽʚʝʤʧʽʨʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ PM3 ʪʘ  ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʷʢʦʛʦ ʧʽʜʪʚʝʨʜʞʫʚʘʣʘʩʷ ʾʭ 

ʩʪʘʪʠʩʪʠʯʥʦʶ ʦʙʨʦʙʢʦʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺʧʝʨʰʝ: 

- ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʠʥʘʤʽʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʦʣʽʛʦʤʝʨʽʚ ʟʥʠʞʫʻʪʴʩʷ, ʘ 

ʟʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʩʫʙʩʪʨʘʪʫ ʟ ʚʠʩʦʢʦʶ ʽ ʥʠʟʴʢʦʶ ʧʦʚʝʨʭʥʝʚʦʶ 

ʝʥʝʨʛʽʻʶ ʧʦʛʽʨʰʫʻʪʴʩʷ ʚ ʪʽʡ ʞʝ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʚ ʷʢʽʡ ʟʨʦʩʪʘʻ ʝʥʝʨʛʽʷ 
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ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʦʣʽʛʦʤʝʨʫ ʟ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʠʙʽʨ ʇɸʈ ʪʘ ʽʥʰʠʭ ʜʦʙʘʚʦʢ ʜʣʷ ʩʧʨʷʤʦʚʘʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ ʥʘ ʙʘʟʽ ʢʨʠʪʝʨʽʶ ʝʥʝʨʛʽʾ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʦʣʽʛʦʤʝʨʦʤ ʽ ʜʦʙʘʚʢʘʤʠ;  

- ʚʠʷʚʣʝʥʦ, ʱʦ ʧʨʠʯʠʥʦʶ ʫʧʦʚʽʣʴʥʝʥʥʷ ʧʨʦʮʝʩʫ ʪʚʝʨʜʽʥʥʷ 

ʝʧʦʢʩʠʘʤʽʥʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʜʝʷʢʠʭ ʘʥʽʦʥʦʘʢʪʠʚʥʠʭ ʪʘ 

ʥʝʦ̔ʥʦʛʝʥʥʠʭ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʻ ʙʣʦʢʫʚʘʥʥʷ ʝʧʦʢʩʠʜʥʦʾ ʛʨʫʧʠ 

ʧʦʣʷʨʥʦʶ ʩʫʣʴʬʦʥʘʪʥʦʶ ʛʨʫʧʦʶ ʘʙʦ ʝʢʨʘʥʫʚʘʥʥʷ ʢʘʪʘʣʽʪʠʯʥʦ ʘʢʪʠʚʥʠʭ 

ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʦʣʽʛʦʤʝʨʽʚ ʛʽʜʨʦʢʩʠʣʚʤʽʩʥʦʶ ʚʫʛʣʝʚʦʜʥʝʚʦʶ ʯʘʩʪʠʥʦʶ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ; 

ʆʪʨʠʤʘʣʦ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ:  

- ʫʷʚʣʝʥʥʷ ʧʨʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʽ ʧʨʦʮʝʩʫ ʪʚʝʨʜʽʥʥʷ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʚʽʜ 

ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʇɸʈ, ʷʢʽ ʚʠʚʯʘʣʠ ʤʝʪʦʜʦʤ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. 

- ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ ʰʣʷʭʦʤ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ 

ʧʽʜʭʦʜʫ ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ ʘʜʛʝʟʽʾ ʜʦ ʩʪʘʣʽ ʽ ʧʦʣʷʨʥʽ ʩʢʣʘʜʦʚʽ ʚʽʣʴʥʦʾ 

ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʜʦʙʨʝ 

ʢʦʨʝʣʶʶʪʴ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʜʦ ʩʪʘʣʽ. 

ʆʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ; ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʾ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʽʟ ʩʪʘʪʠʩʪʠʯʥʦʶ ʦʙʨʦʙʢʦʶ, ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʝʧʦʢʩʠʜʥʠʭ ʟʚôʷʟʫʶʯʠʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʠʤʠ ʇɸʈ, ʘ ʪʘʢʦʞ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ ʦʮʽʥʢʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ 

ʥʦʚʽ ʩʢʣʘʜʠ ʝʧʦʢʩʠʜʥʠʭ ʟʚ'ʷʟʫʶʯʠʭ, ʱʦ ʢʦʤʧʣʝʢʩʥʦ ʤʦʜʠʬʽʢʦʚʘʥʽ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʽ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʤʠ ʦʣʽʛʦʤʝʨʘʤʠ, ʘ 

ʪʘʢʦʞ ʥʘʧʦʚʥʝʥʽ ʢʦʤʧʦʟʠʪʠ ʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʧʦʢʨʘʱʝʥʠʤʠ 
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ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ, ʘʜʛʝʟʽʡʥʠʤʠ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʩʪʽʡʢʽ ʜʦ 

ʚʧʣʠʚʫ ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ. ɺʠʟʥʘʯʝʥʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʩʢʣʦʘʨʤʦʚʘʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʢʣʦʪʢʘʥʠʥʠ ʽ 

ʩʢʣʦʚʦʣʦʢʥʘ ʘʣʶʤʦʙʦʨʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʧʦʣʽʤʝʪʠʣʩʠʣʦʢʩʘʥʦʤ ʝʧʦʢʩʠʜʥʦʛʦ ʟʚ'ʷʟʫʶʯʦʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʟ 

ʧʦʩʠʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʈʦʟʨʦʙʣʝʥʽ ʢʦʤʧʦʟʠʮʽʾ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʟʚôʷʟʫʶʯʠʭ, ʱʦ 

ʤʦʜʠʬʽʢʦʚʘʥʽ ʢʦʤʧʣʝʢʩʦʤ ʽʟ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʭ ʜʦʙʘʚʦʢ ʪʘ ʧʦʚʝʨʭʥʝʚʦ-

ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʟʥʘʡʰʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ: ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʟʘʭʠʩʥʦʛʦ 

ʧʦʢʨʠʪʪʷ ʜʣʷ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ Ultralam ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʊʆɺ çDOMEè (ʤ. 

ʍʘʨʢʽʚ); ʢʣʝʶ ʭʦʣʦʜʥʦʛʦ ʪʚʝʨʜʽʥʥʷ ʜʣʷ ʧʘʥʝʣʝʡ OSB ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʊʆɺ 

çɯʥʥʦʚʽʜʘ-ʋʢʨʘʾʥʘè (ʤ. ʍʘʨʢʽʚ); ʘʪʤʦʩʬʝʨʦ- ʪʘ ʟʥʦʩʦʩʪʽʡʢʠʭ ʧʦʢʨʠʪʪʽʚ ʜʣʷ 

ʟʘʭʠʩʪʫ ʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʊʆɺ çɸʃɺɽʈʊɽʂʉè (ʤ. 

ʍʘʨʢʽʚ).  

ʈʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʽʥʩʪʨʫʢʮʽʶ ʱʦʜʦ ʧʨʠʛʦʪʫʚʘʥʥʷ ʜʝʢʦʨʘʪʠʚʥʦ-

ʚʦʛʥʝʟʘʭʠʩʥʦʛʦ ʣʘʢʦʬʘʨʙʦʚʦʛʦ ʩʢʣʘʜʫ ʜʣʷ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ Ultralam, ʘ ʪʘʢʦʞ 

ʪʝʭʥʦʣʦʛʽʯʥʫ  ʽʥʩʪʨʫʢʮʽʶ ʟ ʧʨʠʛʦʪʫʚʘʥʥʷ ʘʪʤʦʩʬʝʨʦ- ʪʘ ʟʥʦʩʦʩʪʽʡʢʠʭ 

ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʧʦʢʨʠʪʪʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʪʘ ʚʠʨʦʙʽʚ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ:  

- ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʜʥʠʭ ʟʚôʷʟʫʶʯʠʭ; 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ 

ʽʟ ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʦʤ ʥʘ ʡʦʛʦ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʟʤʦʯʫʚʘʣʴʥʫ 

ʟʜʘʪʥʽʩʪʴ ʜʦ ʨʽʟʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʧʨʦʮʝʩʠ ʪʚʝʨʜʽʥʥʷ ʪʘ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ 

ʝʧʦʢʩʠʜʥʠʭ ʟʚôʷʟʫʶʯʠʭ; 

- ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʥʘ ʧʦʚʝʨʭʥʝʚʦ-ʝʥʝʨʛʝʪʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʟʘʪʚʝʨʜʽʣʠʭ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʘʜʛʝʟʽʡʥʫ 

ʤʽʮʥʽʩʪʴ ʜʦ ʨʽʟʥʠʭ ʧʦʚʝʨʭʦʥʴ; 

- ʚʠʙʽʨ ʨʘʮʽʦʥʘʣʴʥʠʭ ʩʢʣʘʜʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ ʜʣʷ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʦʚʝʨʭʦʥʴ; 
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- ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʢʣʽʤʘʪʠʯʥʦʛʦ ʪʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʩʪʘʨʽʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʜʦʚʛʦʚʽʯʥʦʩʪʽ; 

- ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʚ 

ʷʢʦʩʪʽ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʜʣʷ ʢʣʝʻʥʦʾ ʜʝʨʝʚʠʥʠ, ʢʣʝʶ 

ʭʦʣʦʜʥʦʛʦ ʪʚʝʨʜʽʥʥʷ; ʘʪʤʦʩʬʝʨʦ- ʪʘ ʟʥʦʩʦʩʪʽʡʢʦʛʦ ʧʦʢʨʠʪʪʷ ʜʣʷ ʟʘʭʠʩʪʫ 

ʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ:                                

Vɯ ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʈʝʩʫʨʩ ʽ ʙʝʟʧʝʢʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜè (ʤ. ʍʘʨʢʽʚ, 15 - 17 ʞʦʚʪʥʷ 2013 ʨ.); The 3
rd
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Technology CCT-2013è (Lviv , November 21-23, 2013); ʍI ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʾ çʇʨʠʤʝʥʝʥʠʝ ʧʣʘʩʪʤʘʩʩ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʛʦʨʦʜʩʢʦʤ ʭʦʟʷʡʩʪʚʝè (ʤ. ʍʘʨʢʽʚ, 23 ʣʠʩʪʦʧʘʜʘ-25 ʛʨʫʜʥʷ 

2014 ʨ.); 69-ʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʍʅʋɹɸ (ʤ. ʍʘʨʢʽʚ, 18-20 

ʣʶʪʦʛʦ 2014); VIII ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ WEB-ʢʦʥʬʝʨʝʥʮʽʾ 

çʂʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠè (ʤ. ʂʠʾʚ, ʙʝʨʝʟʝʥʴ-ʢʚʽʪʝʥʴ 2014 ʨ.); VIII  Ukrainian 

ï Polish conference çPOLIMERS OF SPECIAL APPLICATIONSè (Bukovel, 

Oʩtober 01-04, 2014); ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʕʬʬʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʝʪʦʥʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷè (ʤ. ʍʘʨʢʽʚ, 28-29 ʞʦʚʪʥʷ 2015 ʨ.); VI 

ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ Ăʈʝʩʫʨʩ ʽ ʙʝʟʧʝʢʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜò (ʤ. ʍʘʨʢʽʚ, 20-21 ʞʦʚʪʥʷ 2015 ʨ.); ɯɯ 

ʄʽʞʨʝʛʽʦʥʘʣʴʥʽʡ ʚʠʩʪʘʚʮʽ-ʢʦʥʬʝʨʝʥʮʽʾ ʚʠʥʘʭʽʜʥʠʮʴʢʦʛʦ ʤʠʩʪʝʮʪʚʘ ĂUkr. 

Tech. Festò (ʤ. ʍʘʨʢʽʚ, 25 ʢʚʽʪʥʷ 2015 ʨ.); VI ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɽʬʝʢʪʠʚʥʽ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʪʘ 

ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʙʫʜʽʚʥʠʮʪʚʽè (ʤ. ʍʘʨʢʽʚ, 23-24 ʙʝʨʝʟʥʷ 2016 ʨ.);                 

XV International Conference on Thermal Analysis and Calorimetry in Russia 

RTAC ï2016 (Saint-Petersburg, September 16-23, 2016); ɯ ʄʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɯʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʘʨʭʽʪʝʢʪʫʨʽ ʽ 
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ʜʠʟʘʡʥʽè (ʤ. ʍʘʨʢʽʚ, 6-7 ʢʚʽʪʥʷ 2017 ʨ.); VIII ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʍʽʤʽʷ ʪʘ ʩʫʯʘʩʥʽ 

ʪʝʭʥʦʣʦʛʽʾè(ʤ. ɼʥʽʧʨʦ, 26-28 ʢʚʽʪʥʷ 2017 ʨ.). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʣʘʜʝʥʦ ʫ 18-ʪʠ 

ʜʨʫʢʦʚʘʥʠʭ ʧʨʘʮʷʭ, ʟ ʥʠʭ 5 ʩʪʘʪʝʡ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ 

ʄʆʅ ʋʢʨʘʾʥʠ, ʟ ʥʠʭ 2 ʩʪʘʪʪʽ ʫ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʢʣʶʯʝʥʽ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ (Index Copernicus, Ulrich 's Periodicals Directory ); 10 

ʩʪʘʪʝʡ ʘʧʨʦʙʘʮʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ; 1 ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ ʚʠʥʘʭʽʜ; 1 ʧʘʪʝʥʪ 

ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ;  1 ʧʫʙʣʽʢʘʮʽʷ, ʱʦ ʜʦʜʘʪʢʦʚʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʤʽʩʪ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ 

ʚʩʪʫʧʫ, ʧ'ʷʪʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 277 

ʥʘʡʤʝʥʫʚʘʥʴ ʪʘ 8 ʜʦʜʘʪʢʽʚ ʥʘ 46 ʩʪʦʨʽʥʢʘʭ. ʇʦʚʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ 

ʩʪʘʥʦʚʠʪʴ 269 ʩʪʦʨʽʥʦʢ, ʤʽʩʪʠʪʴ 38 ʨʠʩʫʥʢʽʚ ʪʘ 58 ʪʘʙʣʠʮʴ. 

  



23 

ɻʃɸɺɸ 1 

ɼʆʉʃɯɼɾɽʅʅʗ ʉʋʏɸʉʅʀʍ ʋʗɺʃɽʅʔ ʇʈʆ  

ʈɽɻʋʃʖɺɸʅʅʗ ʊɽʍʅʆʃʆɻɯʏʅʀʍ, ɸɼɻɽɿɯʁʅʆ-ʄɯʎʅɯʉʅʀʍ ʊɸ 

ɽʂʉʇʃʋɸʊɸʎɯʁʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ ɽʇʆʂʉʀʇʆʃɯʄɽʈɯɺ. 

ɸʥʘʣʽʟ ʙʫʜʽʚʝʣʴʥʦʛʦ ʨʠʥʢʫ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʦʢʘʟʫʻ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʨʦʩʪʫ ʟʚʝʜʝʥʥʷ ʥʦʚʠʭ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ 

ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ. ɺ̔ ʜʥʦʚʣʝʥʥ ̫ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʨʝʙʫʶʪʴ ʷʢ 

ʟʚʠʯʘʡʥʽ ʞʠʪʣʦʚʽ ʙʫʜʠʥʢʠ, ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʪʘ ʪʦʨʛʦʚʦ-ʨʦʟʚʘʞʘʣʴʥʽ ʙʫʜʽʚʣʽ, 

ʪʘʢ ʽ ʫʥʽʢʘʣʴʥʽ ʩʧʦʨʫʜʠ [1]. ʅʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʠʣʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʽ 

ʢʘʤô̫ ʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʥʠʢʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʢʦʥʩʪʨʫʢʮʽʾ, 

ʚʥʘʩʣʽʜʦʢ ʬʽʟʠʯʥʦʛʦ ʟʥʦʩʫ, ʚʠʢʣʠʢʘʥʦʛʦ ʨʽʟʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʪʘʢʠʤʠ ʷʢ 

ʢʦʨʦʟʽʷ ʤʘʪʝʨʽʘʣʽʚ, ʧʦʨʫʰʝʥʥʷ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʝʷʢʽʩʥʝ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʚʧʣʠʚ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʦʨʫʰʝʥʥʷ ʧʨʘʚʠʣ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʥʘʜʥʦʨʤʘʪʠʚʥʠʡ ʚʧʣʠʚ [2]. 

ɹʘʛʘʪʦ ʨʦʢʽʚ ʦʩʥʦʚʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʧʦʩʠʣʝʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʣʠ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʧʝʨʝʪʠʥʫ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʻʜʥʘʥʥʷ ʜʦ ʥʠʭ 

ʜʦʜʘʪʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. ʇʨʠ ʮʴʦʤʫ ʥʝʜʦʣʽʢʘʤʠ ʪʨʘʜʠʮʽʡʥʠʭ ʩʧʦʩʦʙʽʚ ʻ ʚʝʣʠʢʘ 

ʚʣʘʩʥʘ ʚʘʛʘ ʢʦʥʩʪʨʫʢʮʽʡ, ʟʥʘʯʥʘ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ, ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʢʣʘʜʥʽʩʪʴ 

ʤʦʥʪʘʞʫ ʧʽʜʩʠʣʶʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʨʘʢʪʠʯʥʘ ʥʝʤʦʞʣʠʚʽʩʪʴ ʫ ʥʠʟʮʽ ʚʠʧʘʜʢʽʚ 

ʧʦʩʠʣʝʥʥʷ ʥʝʧʨʷʤʠʭ ʧʦʚʝʨʭʦʥʴ. ʊʦʤʫ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʟʘʭʠʩʪʫ, ʨʝʤʦʥʪʫ, ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʚʠʨʦʙʽʚ ʟ ʤʝʪʘʣʫ, ʙʝʪʦʥʫ ʽ ʜʝʨʝʚʠʥʠ 

ʻ ʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ [3] ʚ ʷʢʦʩʪʽ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʢʣʝʾʚ, 

ʘʨʤʦʚʘʥʠʭ ʧʣʘʩʪʠʢʽʚ. ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʟʫʤʦʚʣʶʶʪʴ 

ʥʝʦʙʭʽʜʥʽ ʟʘʭʠʩʥʽ, ʤʽʮʥʩ̔ʥ̔  ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʝʜʩʪʘʚʣʷʣʦʩ ̫ ʮʽʢʘʚʠʤ ʚʠʚʯʠʪʠ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ, ʩʪʨʫʢʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʨʦʮʝʩʠ ʥʘ ʨʦʟʜʽʣʽ ʬʘʟ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʧʽʜ 

ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
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1.1 ʈʦʣʴ ʟʚôʷʟʫʶʯʦʛʦ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʭʦʨʦʰʠʭ ʤʽʮʥʽʩʥʠʭ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ʇʦʻʜʥʘʥʥʷ ʚ ʦʜʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢ ʟʚôʷʟʫʶʯʝ, 

ʪʚʝʨʜʥʠʢ, ʜʦʙʘʚʢʠ, ʥʘʧʦʚʥʶʚʘʯʽ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʬʦʨʤʠ ʽ ʨʦʟʤʽʨʽʚ ʜʦʟʚʦʣʷʻ ʚ 

ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʨʝʛʫʣʶʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [4, 5]. 

ɿʚôʷʟʫʶʯʝ, ʦʙô̒ ʜʥʫʶʯʠ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʢʦʤʧʦʟʠʪʫ, ʟʘʙʝʟʧʝʯʫʻ ʤʦʥʦʣʽʪʥʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ [6]. ʊʦʤʫ ʟʚôʷʟʫʶʯʝ ʜʣʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʘʻ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʴ ʥʝʦʙʭʽʜʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ [7].  

ʊʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ 

ʦʜʥʦʯʘʩʥʦ ʟ ʧʨʦʮʝʩʘʤʠ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʚʠʨʦʙʽʚ:  

- ʭʦʨʦʰʘ ʟʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʥʘʧʦʚʥʶʚʘʯʘ ʟʚôʷʟʫʶʯʠʤ;  

- ʭʦʨʦʰʘ ʘʜʛʝʟʽʷ ʟʚôʷʟʫʶʯʦʛʦ ʜʦ ʥʘʧʦʚʥʶʚʘʯʘ ʘʙʦ ʧʽʜʣʦʞʢʠ;  

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʦʙôʻʤʽ 

ʟʚôʷʟʫʶʯʦʛʦ.  

ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ: 

- ʚʠʩʦʢʘ ʤʽʮʥʽʩʪʴ ʟʚôʷʟʫʶʯʦʛʦ; 

- ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʜʽʘʧʘʟʦʥʫ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʚʨʘʭʦʚʫʶʯʠ ʱʦ 

ʟʚôʷʟʫʶʯʝ ʚʠʟʥʘʯʘʻ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚʘʭ; 

- ʩʪʽʡʢʽʩʪʴ ʟʚôʷʟʫʶʯʦʛʦ ʜʦ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʚʦʣʦʛʽʩʪʴ, 

ʪʠʩʢ, ʪʝʤʧʝʨʘʪʫʨʘ), ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ, ʭʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ; 

- ʟʙʝʨʝʞʝʥʥʷ ʩʚʦʾʭ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʢʦʣʽʨ, ʱʽʣʴʥʽʩʪʴ, ʩʪʨʫʢʪʫʨʘ, 

ʪʝʧʣʦʬʽʟʠʯʥʽ ʽ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ) ʟ ʧʣʠʥʦʤ ʯʘʩʫ.  

ʇʦʨʷʜ ʟ ʪʘʢʠʤʠ ʧʦʣʽʤʝʨʥʠʤʠ ʟʚôʷʟʫʶʯʠʤʠ, ʷʢ ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʽʜʥʽ, 

ʧʦʣʽʘʤʽʜʥʽ, ʷʢʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʝʧʦʢʩʠʜʥʽ ʦʣʽʛʦʤʝʨʠ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʾʭ ʰʠʨʦʢʠʤ 

ʘʩʦʨʪʠʤʝʥʪʦʤ, ʥʝʦʙʤʝʞʝʥʦʶ ʤʦʞʣʠʚʽʩʪʶ ʤʦʜʠʬʽʢʫʚʘʥʥʷ, ʧʦʻʜʥʘʥʥʷʤ 

ʚʠʩʦʢʦʾ ʤʽʮʥʦʩʪʽ ʽ ʞʦʨʩʪʢʦʩʪʽ ʟ ʥʠʟʴʢʦʶ ʱʽʣʴʥʽʩʪʶ, ʚʠʩʦʢʦ  ʁʘʜʛʝʟʽʻʁ  ʜʦ 

ʨʽʟʥʠʭ ʩʫʙʩʪʨʘʪʽʚ, ʭʦʨʦʰʦʶ ʪʝʧʣʦ-, ʟʥʦʩʦ- ʽ ʭʽʤʽʯʥʦ  ʁʩʪʽʡʢʽʩʪ,ʁ ʥʠʟʴʢʦʶ 
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ʫʩʘʜʢʦʶ, ʚʥʘʩʣʽʜʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʚʝʨʜʽʥʥʷ, ʘ 

ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʶ ʦʪʨʠʤʘʥʥʷ ʤʦʥʦʣʽʪʥʠʭ ʚʠʨʦʙʽʚ ʽ ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʤʠʩʣʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʚʝʣʠʢʠʭ ʩʪʫʧʝʥʷʭ ʥʘʧʦʚʥʝʥʥʷ 

(ʚʤʽʩʪ ʥʘʧʦʚʥʶʚʘʯʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 60-70 %) [8, 9, 10, 11].  

ɽʧʦʢʩʠʜʽʘʥʦʚ ̔ʩʤʦʣʠ ʟʜʘʪʥʽ ʪʚʝʨʜʽʪʠ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ ʥʘʚʽʪʴ ʟʘ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʪʠʩʢʫ [12]. ʅʘʷʚʥʽʩʪʴ ʚ ʦʣʽʛʦʤʝʨʥʠʭ ʣʘʥʮʶʛʘʭ ʝʧʦʢʩʠʜʽʘʥʦʚʠʭ 

ʩʤʦʣ ʧʦʣʷʨʥʠʭ ʝʧʦʢʩʠʜʥʠʭ ʽ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʚʠʩʦʢʫ 

ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʷʢ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʽʥʰʠʤʠ ʨʝʘʛʝʥʪʘʤʠ (ʝʧʦʢʩʠʜʥʘ ʛʨʫʧʘ 

ʟʜʘʪʥʘ ʨʝʘʛʫʚʘʪʠ ʟ ʙʽʣʴʰ ʥʽʞ 50 ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ), ʪʘʢ ʽ ʟ ʨʽʟʥʠʤʠ 

ʩʫʙʩʪʨʘʪʘʤʠ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʚʠʩʦʢʫ ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ 

ʧʽʩʣʷ ʟʘʪʚʝʨʜʽʥʥʷ ʽ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʛʝʨʤʝʪʠʟʫʶʯʠʭ ʽ 

ʢʣʝʡʦʚʠʭ ʩʢʣʘʜʽʚ, ʘ ʪʘʢʦʞ ʧʦʣʽʤʝʨʥʠʭ ʟʚôʷʟʫʶʯʠʭ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [4, 13, 14]. ʇʨʦʩʪʠʡ ʝʬʽʨʥʠʡ ʟʚô'ʷʟʦʢ ʽ ʥʘʷʚʥʽʩʪʴ 

ʘʨʦʤʘʪʠʯʥʠʭ ʢʽʣʝʮʴ ʥʘʜʘʶʪʴ ʩʤʦʣʘʤ ʭʽʤʽʯʥʫ ʪʘ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ, ʘ ʪʘʢʦʞ 

ʩʧʨʠʷʶʪʴ ʚʠʩʦʢʽʡ ʘʜʛʝʟʽʾ ʜʦ ʨʽʟʥʠʭ ʧʦʚʝʨʭʦʥʴ [8, 14]. ʈʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʨʽʚʥʦʤʽʨʥʦʾ ʩʽʪʯʘʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʽ 

ʚʠʟʥʘʯʘʻ ʚʠʩʦʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʞʦʨʩʪʢʽʩʪʴ ʝʧʦʢʩʠʜʥʠʭ ʟʚôʷʟʫʶʯʠʭ ʧʽʩʣʷ 

ʟʘʪʚʝʨʜʽʥʥʷ.  

ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʦʥʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ 

ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚʢʣʶʯʘʶʯʠ ʛʘʣʫʟʽ ʙʫʜʽʚʥʠʮʪʚʘ, ʘʚʪʦʤʦʙʽʣʴʥʫ ʪʘ 

ʟʘʣʽʟʥʠʯʥʫ, ʭʽʤʽʯʥʫ ʪʘ ʽʥʰʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ ʷʢʦʩʪʽ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ [8,12,15-21]. ɽʧʦʢʩʠʜʥʽ ʟʚôʷʟʫʶʯʽ ï ʭʦʨʦʰʽ ʤʘʪʨʠʮʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʘʨʤʦʚʘʥʠʭ ʧʣʘʩʪʠʢʽʚ. ɺ ʢ̫ʦʩʪʽ ʘʨʤʫʶʯʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʩʢʣʷʥʽ, ʙʘʟʘʣʴʪʦʚ,̔ ʚʫʛʣʝʮʝʚʽ, ʙʦʨʚʫʛʣʝʮʝʚʽ, ʧʦʣʽʝʪʠʣʝʥʦʚʽ ʪʘ ʽʥʰʽ ʚʦʣʦʢʥʘ 

[22, 23]. ɼʦ ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʢʨʠʭʢʽʩʪʴ, 

ʥʠʟʴʢʫ ʫʜʘʨʥʫ ʤʽʮʥʽʩʪʴ, ʦʙʤʝʞʝʥʫ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ. ʊʦʤʫ ʰʠʨʦʢʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʨʽʟʥʽ ʤʝʪʦʜʠ ʾʭ ʤʦʜʠʬʽʢʘʮʽʾ [24]. 

1.2 ʌʘʢʪʦʨʠ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʘʜʛʝʟʽʡʥʦ-ʤʽʮʥʽʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  
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ɸʜʛʝʟʽʷ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ [25]. ʄʽʞʬʘʟʥʘ ʚʟʘʻʤʦʜʽʷ ʥʘ ʤʝʞʽ çʥʘʧʦʚʥʶʚʘʯ - 

ʟʚôʷʟʫʶʯʝè ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʄʽʞʬʘʟʥʠʡ ʰʘʨ ʷʚʣʷʻ ʩʦʙʦʶ ʦʙʣʘʩʪʴ, ʚ ʷʢʽʡ ʥʘʧʦʚʥʶʚʘʯ ʽ ʟʚôʷʟʫʶʯʝ ʭʽʤʽʯʥʦ 

ʘʙʦ ʤʝʭʘʥʽʯʥʦ ʧʦʻʜʥʘʥʽ [26-29]. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʙʽʣʴʰʝ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʠʩʚʷʯʝʥʽ ʽʜʝʾ ʚʧʣʠʚʫ ʙʫʜʦʚʠ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʽʞʬʘʟʥʠʭ ʰʘʨʽʚ ʥʘ ʤʽʮʥʽʩʪʴ 

ʘʜʛʝʟʽʡʥʦʛʦ ʟô̒ ʜʥʘʥʥʷ çʧʦʣʽʤʝʨ ï ʪʚʝʨʜʝ ʪʽʣʦè [30]. ʍʦʯʘ ʽʜʝʾ ʧʨʦ ʟʥʘʯʥʠʡ 

ʚʥʝʩʦʢ ʙʫʜʦʚʠ ʤʞ̔ʬʘʟʥʦʛʦ ʰʘʨʫ ʚ ʤʽʮʥʽʩʪʴ ʘʜʛʝʟʽʡʥʦʛʦ ʟô̒ ʜʥʘʥʥʷ ʙʫʣʠ 

ʚʠʩʣʦʚʣʝʥʽ ʜʘʚʥʦ [31], ʧʨʦʪʝ, ʮʠʭ ʜʘʥʠʭ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʥʝʜʦʩʪʘʪʥʴʦ, ʫ 

ʟʚô̫ ʟʢʫ ʟʽ ʩʢʣʘʜʥʽʩʪʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʞʬʘʟʥʦʛʦ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʫ ʚʠʨʦʙʽ. ʆʜʥʘʢ, ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʢʦʨʝʣʷʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʤʽʮʥʽʩʪʶ ʘʜʛʝʟʽʡʥʦʛʦ ʟô̒ ʜʥʘʥʥʷ ʽ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʤʝʨʥʦʛʦ ʟʚô̫ ʟʫʶʯʦʛʦ. ʆʩʥʦʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʤʽʞʬʘʟʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʚ ʢʦʤʧʦʟʠʪʘʭ ʨʦʟʛʣʷʥʫʪʽ ʚ ʥʠʟʮʽ ʤʦʥʦʛʨʘʬʽʡ [32-38]. ɺʽʜʦʤʦ, ʱʦ ʥʘ 

ʫʪʚʦʨʝʥʥʷ ʘʜʛʝʟʽʡʥʦʛʦ ʢʦʥʪʘʢʪʫ ʚʧʣʠʚʘʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʯʠʥʥʠʢʽʚ ʽ, 

ʙʝʟʩʫʤʥʽʚʥʦ, ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʟ ʥʠʭ ʻ ʤʽʢʨʦʨʝʦʣʦʛʽʯʥ ̔ ʧʨʦʮʝʩʠ 

ʨʦʟʪʽʢʘʥʥʷ ʘʜʛʝʟʠʚʫ ʧʦ ʧʦʚʝʨʭʥʽ ʩʫʙʩʪʨʘʪʫ ʽ ʾʭ ʤʝʭʘʥʽʯʥʝ ʟʯʝʧʣʝʥʥʷ, 

ʫʪʚʦʨʝʥʥʷ ʭʽʤʽʯʥʠʭ ʟʚô̫ ʟʢʽʚ, ʣʦʢʘʣʴʥʽ ʥʘʧʨʫʛʠ ʽ ʜʝʬʝʢʪʠ ʥʘ ʢʦʨʜʦʥʽ ʨʦʟʜʽʣʫ 

ʬʘʟ ʪʘ ʽʥ. [36].  

ɿʘʛʘʣʴʥʦʚʠʟʥʘʥʦ, ʱʦ ʫʪʚʦʨʝʥʥʷ ʘʜʛʝʟʽʡʥʠʭ ʟʚô̫ ʟʢʽʚ ʧʨʦʭʦʜʠʪʴ ʚ ʜʚʽ 

ʩʪʘʜʽʾ [37]. ʉʧʦʯʘʪʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʥʪʘʢʪʫ ʤʽʞ 

ʧʦʚʝʨʭʥʷʤʠ ʘʜʛʝʟʠʚʫ ʽ ʩʫʙʩʪʨʘʪʫ. ɺʠʥʠʢʥʝʥʥʷ ʧʦʜʽʙʥʦʛʦ ʢʦʥʪʘʢʪʫ ʻ 

ʦʙʦʚô̫ ʟʢʦʚʦʶ ʫʤʦʚʦʶ ʫʪʚʦʨʝʥʥʷ ʤʽʮʥʠʭ ʽ ʜʦʚʛʦʚʽʯʥʠʭ ʘʜʛʝʟʽʡʥʠʭ ʟô̒ ʜʥʘʥʴ 

[39]. ʈʝʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʥʘ ʤʽʞʬʘʟʥʽʡ ʧʦʚʝʨʭʥʽ, ʧʦʚô̫ ʟʘʥʽ ʽʟ ʧʨʦʥʠʢʥʝʥʥʷʤ 

ʘʜʛʝʟʠʚʫ ʚ ʨʽʟʥʽ ʤʽʢʨʦʜʝʬʝʢʪʠ ʧʦʚʝʨʭʥʽ ʩʫʙʩʪʨʘʪʫ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʛʨʘʶʪʴ 

ʚʘʞʣʠʚʫ ʨʦʣʴ, ʷʢ ʧʦʢʘʟʘʥʦ ʚ ʨʦʙʦʪʘʭ [40, 41].  

ʄʝʭʘʥʽʯʥʝ ʟʯʝʧʣʝʥʥʷ ʘʜʛʝʟʠʚʫ ʟ ʧʦʚʝʨʭʥʝʶ ʩʫʙʩʪʨʘʪʫ, ʦʙʫʤʦʚʣʝʥʝ ʾʾ 

ʰʦʨʩʪʢʽʩʪʶ, ʻ ʦʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʘʜʛʝʟʽʡʥʦ ʾ ʚʟʘʻʤʦʜʽʾ [42,43]. ʂʨʽʤ ʪʦʛʦ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʩʥʫʚʘʥʥʷ ʚʩʴʦʛʦ ʩʧʝʢʪʨʫ ʬʽʟʠʯʥʠʭ ʟʚô̫ ʟʢʽʚ ï ʚʽʜ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʦʚʠʭ ʜʦ ʚʦʜʥʝʚʠʭ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʷʚʠʱʝ ʟʤʦʯʫʚʘʥʥʷ, ʘʜʛʝʟʽʾ ʽ 
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ʫʪʚʦʨʝʥʥʷ ʤʽʞʬʘʟʥʠʭ ʰʘʨʽʚ [44-47]. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ 

ʰʘʨʫ ʘʜʛʝʟʠʚʫ ʥʘ ʩʫʙʩʪʨʘʪʽ, ʧʝʨʰʠʡ ʧʨʦʥʠʢʘʻ ʚ ʧʦʨʠ ʧʦʚʝʨʭʥʽ, ʪʠʤ ʩʘʤʠʤ 

ʟʙʽʣʴʰʫʶʯʠ ʧʣʦʱʫ ʢʦʥʪʘʢʪʫ ʤʽʞ ʧʦʣʽʤʝʨʦʤ ʽ ʩʫʙʩʪʨʘʪʦʤ, ʱʦ ʽ ʻ ʧʨʠʯʠʥʦʶ 

ʚʠʩʦʢʦʾ ʤʽʮʥʦʩʪʽ ʘʜʛʝʟʽʡʥʦʛʦ ʟôʻʜʥʘʥʥʷ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʚʠʩʦʢʦʨʦʟʚʠʥʝʥʘ 

ʧʦʚʝʨʭʥʷ ʩʫʙʩʪʨʘʪʫ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʚʝʣʠʯʠʥʠ ʘʜʛʝʟʽʾ [48, 49]. ɺ ʜʘʥʠʡ ʯʘʩ 

ʚʽʜʦʤʦ ʙʝʟʣʽʯ ʪʝʦʨʽʡ, ʱʦ ʧʦʷʩʥʶʶʪʴ ʘʜʛʝʟʽʡʥʫ ʚʟʘʻʤʦʜʽ:ʁ ʤʦʣʝʢʫʣʷʨʥʦ-

ʘʜʩʦʨʙʮʽʡʥʘ, ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʘ, ʜʠʬʫʟʽʡʥʘ, ʤʽʢʨʦʨʝʦʣʦʛʽʯʥʘ ʪʘ ʽʥʰʽ. 

ʈʦʟʨʽʟʥʷʶʪʴʩʷ ʟʘʟʥʘʯʝʥʽ ʪʝʦʨʽʾ ʧʦʛʣʷʜʘʤʠ ʥʘ ʚʠʥʠʢʥʝʥʥʷ ʘʜʛʝʟʽʡʥʠʭ ʟʚô̫ ʟʢʽʚ. 

ʇʨʦʚʽʜʥʝ ʧʦʣʦʞʝʥʥʷ ʩʝʨʝʜ ʩʫʯʘʩʥʠʭ ʪʝʦʨʽʡ ʘʜʛʝʟʽʾ ʟʘʡʤʘʻ ʤʦʣʝʢʫʣʷʨʥʦ-

ʘʜʩʦʨʙʮʽʡʥʘ, ʦʩʥʦʚʠ ʷʢʦʾ ʙʫʣʠ ʟʘʢʣʘʜʝʥʽ ʚ ʨʦʙʦʪʘʭ ʄʘʢʣʘʨʝʥʘ ʽ ɼʝʙʨʦʡʥʘ, ʘ 

ʥʘʡʙʽʣʴʰ ʧʦʚʥʠʡ ʨʦʟʚʠʪʦʢ ʚʦʥʘ ʦʪʨʠʤʘʣʘ ʚ ʨʦʙʦʪʘʭ ʃʽʧʘʪʦʚʘ, ɹʝʨʣʽʥʘ, ɹʘʩʥ̔ʘ 

ʪʘ ʽʥ. [34-36]. 

ʉʫʪʴ ʤʦʣʝʢʫʣʷʨʥʦʾ ʪʝʦʨʽʾ ʟʚʦʜʠʪʴʩʷ ʜʦ ʪʦʛʦ, ʱʦ ʘʜʛʝʟʽʷ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ 

ʩʫʙʩʪʨʘʪʫ ʽ ʘʜʛʝʟʠʚʫ ʦʙʫʤʦʚʣʝʥʘ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʽ 

ʤʽʞʘʪʦʤʥʠʭ ʩʠʣ. ʅʘʡʙʽʣʴʰ ʩʣʘʙʢʦʤʫ ʪʠʧʫ ʚʟʘʻʤʦʜʽʾ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʜʠʩʧʝʨʩʽʡʥʽ ʩʠʣʠ, ʘ ʭʽʤʽʯʥʽ ʟʚô̫ ʟʢʠ ʻ ʥʘʡʙʽʣʴʰ ʤʽʮʥʠʤʠ. ʋ ʨʘʟʽ ʚʟʘʻʤʦʜʽʾ 

ʧʦʣʷʨʥʠʭ ʩʫʙʩʪʨʘʪʽʚ ʽ ʘʜʛʝʟʠʚʚ̔ ʤʦʣʝʢʫʣʷʨʥʘ ʚʟʘʻʤʦʜʽʷ ʧʨʦʷʚʣʷʻʪʴʩʷ 

ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ. ʇʨʠ ʮʴʦʤʫ ʥʘʡʙʽʣʴʰʽʡ ʧʦʣʷʨʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʙʽʣʴʰʘ 

ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ [50]. ʆʜʥʘʢ ʚ ʫʷʚʣʝʥʥʷʭ ʤʦʣʝʢʫʣʷʨʥʦʾ ʪʝʦʨʽʾ ʘʜʛʝʟʽʷ 

ʨ̌ʫʥʪʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʥʘ ʩʠʣʘʭ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʥʘ ʤʽʞʬʘʟʥʦʤʫ ʰʘʨʽ. 

ɺʠʚʯʝʥʥʷ ʘʜʩʦʨʙʮʽʾ ʩʧʨʠʷʻ ʟô̫ ʩʫʚʘʥʥʶ ʤʝʭʘʥʽʟʤʫ ʘʜʛʝʟʽʡʥʦ ʾʚʟʘʻʤʦʜʽʾ, ʘʣʝ 

ʧʦʚʥʽʩʪʶ ʨʦʟʢʨʠʪʠ ʡʦʛʦ ʥʝ ʤʦʞʝ. ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ 

ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ, ʻʜʠʥʘ ʪʝʦʨʽʷ ʘʜʛʝʟʽʾ ʱʝ ʥʝ ʨʦʟʨʦʙʣʝʥʘ [51]. ɯʩʥʫʶʯʽ ʪʝʦʨʽʾ 

ʘʜʛʝʟʽʾ ʥʝ ʚʦʣʦʜʽʶʪʴ ʩʠʣʦʶ ʧʨʦʛʥʦʟʫ, ʙʘʛʘʪʦ ʯʦʛʦ ʟʘʣʠʰʘʻʪʴʩʷ ʜʠʩʢʫʩʽʡʥʠʤ 

[34, 34, 52ï55]. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʪʝʦʨʽʾ ʘʜʛʝʟʽʾ ʤʦʞʥʘ ʙʫʣʦ ʫʩʧʽʰʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʚʦʥʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʟʤʦʛʫ ʟ ʧʦʟʠʮʽʾ ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʣʝʢʫʣ ʽ ʨʦʟʧʦʜʽʣʫ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʧʦʷʩʥʠʪʠ ʽ ʧʝʨʝʜʙʘʯʘʪʠ ʧʦʚʝʜʽʥʢʫ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʫʪʚʦʨʝʥʠʭ ʘʜʛʝʟʽʡʥʠʭ 

ʟôʻʜʥʘʥʴ [51, 52].  



28 

ʉʪʫʧʽʥʴ ʧʦʨʠʩʪʦʩʪʽ, ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʽ ʾʾ ʭʽʤʽʯʥʘ ʧʨʠʨʦʜʘ ʻ ʚʘʞʣʠʚʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʜʩʦʨʙʫʶʯʦʾ ʧʦʚʝʨʭʥʽ [56]. ɿʤʦʯʫʚʘʥʥʷ, ʦʙʫʤʦʚʣʝʥʝ 

ʧʨʦʷʚʦʤ ʘʜʩʦʨʙʮʽʡʥʦ-ʘʜʛʝʟʽʡʥʦ ʾʚʟʘʻʤʦʜʽʾ, ʻ ʧʦʯʘʪʢʦʚʠʤ ʝʪʘʧʦʤ ʬʦʨʤʫʚʘʥʥʷ 

ʤʽʞʬʘʟʥʦʛʦ ʰʘʨʫ ʽ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʶʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ 

ʟʤʦʯʫʚʘʥʥʷ. ʏʠʤ ʤʝʥʰʝ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ, ʪʠʤ ʙʽʣʴʰʘ ʧʣʦʱʘ ʘʜʛʝʟʽʡʥʦʛʦ 

ʢʦʥʪʘʢʪʫ. ʅʝʜʦʩʪʘʪʥʻ ʟʤʦʯʫʚʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʚʠʩʦʢʦʾ ʧʦʨʠʩʪʦʩʪʽ ʽ, 

ʷʢ ʥʘʩʣʽʜʦʢ, ʥʠʟʴʢʦ ʾ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ [50]. ɻʘʨʥʝ ʟʤʦʯʫʚʘʥʥʷ ʤʦʞʝ 

ʚʠʟʥʘʯʘʪʠ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ.  

ɼʝʷʢʽ ʜʦʩʣʽʜʥʠʢʠ ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʦʙʫʤʦʚʣʶʶʪʴ ʘʜʛʝʟʽʶ ʧʦʣʽʤʝʨʽʚ ʜʦ ʤʝʪʘʣʫ, ʻ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ [58]. ʎʽʩʤʘʥ 

ʚʩʪʘʥʦʚʠʚ, ʱʦ ʨʦʟʪʽʢʘʥʥʷ ʢʦʤʧʦʟʠʮʽʾ ʤʘʻ ʤʽʩʮʝ, ʷʢʱʦ ʾʾ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ 

ʜʦʨʽʚʥʶʻ ʘʙʦ ʤʝʥʰʝ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʧʽʜʣʦʞʢʠ [59]. ʆʜʥʘʢ, ɹ. ɺ. ɼʝʨʷʛʠʥ 

ʟʘʟʥʘʯʘʻ, ʱʦ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʘʞ ʥʽʷʢ ʥʝ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʚʠʩʦʢʦʾ 

ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ [60, 61]. ɺʘʨʪʦ ʨʦʟʨʽʟʥʷʪʠ ʘʜʛʝʟʽʶ ʷʢ ʬʽʟʠʯʥʝ ʷʚʠʱʝ ʽ 

ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ, ʷʢʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʤʽʞʬʘʟʥʦʛʦ ʰʘʨʫ 

çʧʽʜʣʦʞʢʘ-ʟʚô̫ ʟʫʶʯʝè. ʋ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʜʛʝʟʽʡʥʠʭ ʟô̒ ʜʥʘʥʴ 

ʙʘʛʘʪʦ ʬʘʢʪʦʨʽʚ ʘʜʛʝʟʽʾ ʯʘʩʪʦ ʜʽʶʪʴ ʦʜʥʦʯʘʩʥʦ, ʽ ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʻ 

ʩʢʣʘʜʥʦʶ ʬʫʥʢʮʽʻʶ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʽ ʭʽʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʘʜʛʝʟʠʚʫ, 

ʝʥʝʨʛʽʾ ʤʽʞʘʪʦʤʥʠʭ ʟʚô̫ ʟʢʽʚ ʽ ʬʦʨʤʠ ʤʽʢʨʦʨʝʣʴʻʬʫ ʧʦʚʝʨʭʥʽ. ʊʦʤʫ ʙʘʛʘʪʴʤʘ 

ʜʦʩʣʽʜʥʠʢʘʤʠ ʨʦʙʠʣʠʩʷ ʩʧʨʦʙʠ ʽʥʪʝʛʨʘʣʴʥʦ ʚʨʘʭʫʚʘʪʠ ʚʩʽ ʯʠʥʥʠʢʠ ʫ ʚʠʛʣʷʜʽ 

ʝʤʧʽʨʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʟ 

ʧʽʜʢʣʘʜʢʦʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʭʽʤʽʯʥʠʭ ʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʽʚ [62,63].  

ʄʽʨʦʶ ʤʽʮʥʦʩʪʽ ʘʜʛʝʟʽʡʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʨʦʙʦʪʘ ʘʜʛʝʟʽʾ ʧʦʣʽʤʝʨʫ ʜʦ 

ʥʘʧʦʚʥʶʚʘʯʘ ʘʙʦ ʧʽʜʣʦʞʢʠ: 

Wɸ = ů1 + ů2 ï ů12, 

ʜʝ ů1 ʽ ů2 - ʧʠʪʦʤʘ ʚʽʣʴʥʘ ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ ʚʽʜʧʦʚʽʜʥʦ ʧʦʣʽʤʝʨʥʦʛʦ 

ʟʚôʷʟʫʶʯʦʛʦ ʽ ʥʘʧʦʚʥʶʚʘʯʘ, ů12 - ʧʠʪʦʤʘ ʚʽʣʴʥʘ ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ 

ʤʽʞʬʘʟʥʦʛʦ ʰʘʨʫ çʟʚôʷʟʫʶʯʝ-ʥʘʧʦʚʥʶʚʘʯè. ɺʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ 



29 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʞʬʘʟʥʠʭ ʰʘʨʽʚ, ʾʭ ʧʦʣʷʨʥʦʾ ʽ ʜʠʩʧʝʨʩʽʡʥʦʾ 

ʩʢʣʘʜʦʚʠʭ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʠʧʫ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʜʛʝʟʽʶ ʟʚôʷʟʫʶʯʦʛʦ ʜʦ ʥʘʧʦʚʥʶʚʘʯʘ, ʻ ʢʣʶʯʦʚʠʤ ʟʘʚʜʘʥʥʷʤ 

ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʽʮʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʙʦʨʫ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʇʂʄ). ʆʩʢʽʣʴʢʠ ʩʢʣʘʜʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʠʪʠ ʧʠʪʦʤʫ ʚʽʣʴʥʫ ʝʥʝʨʛʽʶ ʥʘʧʦʚʥʶʚʘʯʘ, ʦʩʦʙʣʠʚʫ 

ʮʽʢʘʚʽʩʪʴ ʧʨʝʜʩʪʘʚʣʷʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʧʦʚʝʨʭʥʝʚʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʮʽʥʶʚʘʪʠ ʘʜʛʝʟʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ.  

ʆʜʥʠʤ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʝʪʦʜʽʚ ʥʝʧʨʷʤʦʾ ʦʮʽʥʢʠ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ 

ʪʚʝʨʜʠʭ ʧʦʣʽʤʝʨʽʚ ʻ ʚʠʤʽʨ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʨʽʟʥʠʭ ʨʽʜʠʥ ʥʘ 

ʧʦʣʽʤʝʨʥʽʡ ʧʦʚʝʨʭʥʽ [64,65]. ʇʨʠ ʚʠʚʯʝʥʥʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʠʭ ʪʽʣ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʝʩʪʦʚʽ ʨʽʜʠʥʠ ʟ 

ʚʽʜʦʤʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʚʦʜʘ, ʝʪʠʣʝʥʛʣʽʢʦʣʴ ʽ ʽʥ.) [66]. ɺ 

ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʧʝʨʝʜʫʤʦʚ ʨʦʟʨʘʭʫʥʢʫ ʤʞ̔ʬʘʟʥʦ ʾ ʝʥʝʨʛʽʾ ʣʝʞʘʪʴ ʪʘʢʽ 

ʧʨʠʧʫʱʝʥʥʷ: 

1) ɿʘʛʘʣʴʥʘ ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ ʪʚʝʨʜʠʭ ʪʽʣ (s) ʽ ʨʽʜʠʥ (l) ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ ʩʫʤʘ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʽ ʧʦʣʷʨʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ: 

ůs =  ů
p
s + ů

d
s;

 
 

ůl =    ů
p
l + ů

d
l . 

2) ɿʘʛʘʣʴʥʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʨʦʙʦʪʘ ʘʜʛʝʟʽʾ Wsl = ůs + ůl ï ůsl ʪʘʢʦʞ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʦʶ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʽ ʧʦʣʷʨʥʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ: 

Wsl = W
p
sl + W

d
sl . 

3) ɼʠʩʧʝʨʩʽʡʥʘ ʽ ʧʦʣʷʨʥʘ ʩʢʣʘʜʦʚʽ ʟʚʦʨʦʪʥʦʾ ʨʦʙʦʪʠ ʘʜʛʝʟʽʾ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʨʘʞʝʥʽ ʷʢ ʩʝʨʝʜʥʴʦʛʝʦʤʝʪʨʠʯʥʽ ʚʝʣʠʯʠʥʠ: 

W
d
sl = 2(ů

d
s + ů

d
s)

1/2
  

W
p
sl = 2(ů

p
s + ů

p
s)

1/2
 . 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʠʭ ʧʨʠʧʫʱʝʥʴ ʧʠʪʦʤʫ ʚʽʣʴʥʫ ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ (ůs), 

ʾʾ ʧʦʣʷʨʥʫ (ůps) ʽ ʜʠʩʧʝʨʩʽʡʥʫ (ůds) ʩʢʣʘʜʦʚʽ ʜʣʷ ʧʦʣʽʤʝʨʥʠʭ ʟʨʘʟʢʽʚ ʽ ʧʽʜʣʦʞʢʠ 

ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʪʝʦʨʽʻ  ʁ ʩʝʨʝʜʥʴʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʜʚʦʨʽʜʠʥʥʦʛʦ 

ʤʝʪʦʜʘ ʆʫʝʥʩʘ-ɺʝʥʜʪʘ-ʂʘʙʣ ̔[67, 68] ʰʣʷʭʦʤ ʚʠʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ: 
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(1+cos Ūl1)Ā ůl1 = 2 ( „ Ͻ„+ „ Ͻ„  ) 

(1+cos Ūl2)Ā ůl2 = 2 ( „ Ͻ„+ „ Ͻ„  ), 

ʜʝ ůs ï ʧʠʪʦʤʘ ʚʽʣʴʥʘ ʝʥʝʨʛʽʷ ʟʚôʷʟʫʶʯʦʛʦ, Ūl1 ʽ Ūl2 ï ʢʨʘʡʦʚʽ ʢʫʪʠ 

ʢʨʘʧʝʣʴ ʪʝʩʪʦʚʠʭ ʨʽʜʠʥ (ʚʦʜʠ ʽ ʝʪʠʣʝʥʛʣʽʢʦʣʶ ʚʽʜʧʦʚʽʜʥʦ), ů
p
l1, ů

p
l2, ů

d
l1, ů

d
l2 ï 

ʧʦʣʷʨʥʘ ʽ ʜʠʩʧʝʨʩʽʡʥʘ ʩʢʣʘʜʦʚʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʚʦʜʠ ʽ ʝʪʠʣʝʥʛʣʽʢʦʣʶ 

ʚʽʜʧʦʚʽʜʥʦ.  

ʅʘʡʯʘʩʪʽʰʝ, ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʘ ʚʝʣʠʯʠʥʘ ʘʜʛʝʟʽʾ ʻ ʟʥʘʯʥʦ 

ʙʽʣʴʰʦʶ ʥʽʞ ʚʝʣʠʯʠʥʘ ʘʜʛʝʟʽʡʥʦ ʾ ʤʽʮʥʦʩʪʽ, ʦʪʨʠʤʘʥʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. ɼʘʥʘ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʪʝʦʨʝʪʠʯʥʦʶ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ ʚʝʣʠʯʠʥʦʶ ʚʠʢʣʠʢʘʥʘ ʧʝʨʝʣʽʢʦʤ ʷʚʠʱ, ʷʢʽ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʫʪʚʦʨʝʥʥʷ ʘʜʛʝʟʽʡʥʠʭ ʟô̒ ʜʥʘʥʴ. ʇʨʠʯʠʥʠ ʟʥʠʞʝʥʥʷ 

ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ [69]:  

1) ʉʣʘʙʢʽ ʤʽʞʬʘʟʥʽ ʰʘʨʠ ʥʘ ʤʝʞʽ çʟʚôʷʟʫʶʯʝ-ʥʘʧʦʚʥʶʚʘʯè. ʎʝ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʣʠʢʘʥʝ ʥʘʩʪʫʧʥʠʤ: ʥʝʧʦʚʥʠʤ ʟʤʦʯʫʚʘʥʥʷʤ, ʧʦʨʫʰʝʥʥʷʤ ʩʪʨʫʢʪʫʨʠ 

ʘʙʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʘʜʛʝʟʠʚʫ ʚ ʛʨʘʥʠʯʥʠʭ ʰʘʨʘʭ, ʘʜʩʦʨʙʮʽʻʶ ʧʽʜʣʦʞʢʦ  ʁ

ʛʘʟʽʚ ʘʙʦ ʧʘʨʽʚ ʟ ʧʦʚʽʪʨʷ. ɺʽʜʦʤʦ, ʱʦ ʩʝʣʝʢʪʠʚʥʘ ʘʜʩʦʨʙʮʽʷ ʨʽʟʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʞʝ ʧʨʠʚʦʜʠʪʠ ʜʦ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʪʚʝʨʜʽʥʥʷ ʟ ʦʛʣʷʜʫ 

ʥʘ ʨʽʟʥʠʡ ʨʦʟʧʦʜʽʣ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʚ ʛʨʘʥʠʯʥʦʤʫ ʰʘʨʽ. ʋ ʩʚʦʶ ʯʝʨʛʫ ʮʝ 

ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʥʠʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʟʘʻʤʦʜʽʷ ʟʚô̫ ʟʫʶʯʦʛʦ ʟ̔ ʧʽʜʣʦʞʢʦʶ ʯʘʩʪʦ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʰʘʨ ʨʝʯʦʚʠʥʠ, ʚʽʜʤʽʥʥʦʛʦ ʟʘ ʩʢʣʘʜʦʤ ʚʽʜ ʟʚô̫ ʟʫʶʯʦʛʦ. 

ʗʢʱʦ ʢʦʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʮʽʻʾ ʨʝʯʦʚʠʥʠ ʤʝʥʰʝ ʢʦʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ 

ʟʚô̫ ʟʫʶʯʦʛʦ, ʪʦ ʩʘʤʝ ʚʦʥʘ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠ ʥʘʧʨʫʛʫ ʨʫʡʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

çʟʚôʷʶʟʫʶʯʝ-ʧʽʜʣʦʞʢʘè. 

2) ɺʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʪʚʝʨʜʽʥʥʷ ʩʠʩʪʝʤʠ, 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ. ʅʘʜʤʽʨʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʯʠʩʣʘ ʟʚô̫ ʟʢʽʚ ʤʽʞ ʟʚôʷʟʫʶʯʠʤ ʽ ʧʽʜʣʦʞʢʦʶ, ʘ ʪʘʢʦʞ ʾʭ ʥʝʜʦʩʪʘʪʥʷ ʨʫʭʣʠʚʽʩʪʴ 

ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʧʦʤʽʪʥʦʤʫ ʟʨʦʩʪʘʥʥʶ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʥʘ ʧʦʚʝʨʭʥʽ 
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ʨʦʟʜʽʣʫ. ʆʙʤʝʞʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʣʘʥʮʶʛʽʚ ʫ ʛʨʘʥʠʯʥʠʭ ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ ʰʘʨʘʭ 

ʤʘʪʨʠʮʽ ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩʠ ʨʝʣʘʢʩʘʮʽʾ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ 

ʨʽʟʥʠʮʽ ʚ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʟʚôʷʟʫʶʯʦʛʦ ʽ ʧʽʜʣʦʞʢʠ. ʇʨʠ ʮʴʦʤʫ 

ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʘʜʛʝʟʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʨʦʣʽ ʧʝʨʝʥʘʧʨʫʛ ʽ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʤʽʮʥʦʩʪʽ [70].  

ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʜʦʪʠʯʥʠʭ ʽ ʥʦʨʤʘʣʴʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʨʠʮʽ ʽ ʥʘʧʦʚʥʶʚʘʯʘ 

[71]. ɿʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʨʦʙʢʫ ʪʝʦʨʝʪʠʯʥʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʧʨʠʯʠʥʠ ʽ 

ʤʝʭʘʥʽʟʤʠ ʚʠʥʠʢʥʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʙʫʚ ʟʜʽʡʩʥʝʥʠʡ ɿʫʙʦʚʠʤ ʇ.ɯ. 

[72-73]. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʽ ʘʜʛʝʟʽʾ ʜʦ 

ʥʘʧʦʚʥʶʚʘʯʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʥʘʧʦʚʥʶʚʘʯʘ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʯʥʦ 

ʟʥʠʞʝʥʽ ʤʦʜʠʬʽʢʘʮʽʻʶ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ [74-76]. ʆʩʢʽʣʴʢʠ ʚʠʥʠʢʥʝʥʥʷ 

ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʧʦʚô̫ ʟʘʥʝ ʥʝ ʪʽʣʴʢʠ ʟ ʨʽʟʥʠʮʝʶ ʫ ʚʣʘʩʪʠʚʦʩʪʷʭ 

ʧʦʣʽʤʝʨʫ ʽ ʥʘʧʦʚʥʶʚʘʯʘ, ʘʣʝ ʽ ʟ ʫʤʦʚʦʶ ʬʦʨʤʫʚʘʥʥʷ ʧʣʽʚʢʠ ʧʦʣʽʤʝʨʫ ʥʘ 

ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ, ʚʝʣʠʢʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʩʪʚʦʨʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʪʘʢʪʫ. ɹʝʟʩʫʤʥʽʚʥʦ, ʧʨʠʩʫʪʥʽʩʪʴ ʨʦʟʯʠʥʥʠʢʘ, ʱʦ 

ʧʦʣʝʛʰʫʻ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʥʘ ʩʪʘʜʽʾ ʧʨʦʩʦʯʝʥʥʷ, ʙʫʜʝ ʥʝʛʘʪʠʚʥʦ 

ʧʦʟʥʘʯʘʪʠʩʷ ʥʘ ʤʦʥʦʣʽʪʥʦʩʪʽ ʽ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʥʷʭ ʚ ʩʠʩʪʝʤʽ ʚ ʩʠʣʫ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʚʠʜʘʣʝʥʥʷ. ɺʩʝ ʮʝ ʜʘʻ ʧʽʜʩʪʘʚʫ ʚʚʘʞʘʪʠ, ʱʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʘ ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʥʝ ʤʽʩʪʠʪʴ ʥʽʷʢʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʘʜʛʝʟʽ ʁ[77]. ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʦʚʝʨʭʥʝʚʽ ʩʠʣʠ ʚʥʦʩʷʪʴ ʚ ʨʦʙʦʪʫ 

ʨʫʡʥʫʚʘʥʥʷ ʥʝʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʽ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʝʥʝʨʛʽʾ ʨʦʟʩʽʶʻʪʴʩʷ ʚ ʟʨʘʟʢʫ, 

ʧʨʠʚʦʜʷʯʠ ʜʦ ʨʦʟʨʠʚʫ ʧʦʣʽʤʝʨʥʠʭ ʣʘʥʮʶʛʽʚ ʘʙʦ ʜʦ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. 

ɹʝʟʩʫʤʥʽʚʥʦ, ʤʦʣʝʢʫʣʷʨʥʽ ʩʠʣʠ, ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʟʘ ʘʜʛʝʟʽʶ, ʚʥʦʩʷʪʴ ʽʩʪʦʪʥʠʡ 

ʚʥʝʩʦʢ ʚ ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ. 

ʄʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʪʫ ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ, ʥʘʧʨʫʞʝʥʦʛʦ 

ʩʪʘʥʫ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚô̫ ʟʘʥʘ ʟ ʤʝʭʘʥʽʟʤʘʤʠ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʷʢʽ 

ʜʫʞʝ ʨʽʟʥʦʤʘʥʽʪʥʽ. ɺʠʷʚʣʝʥʘ ʝʢʩʪʨʝʤʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʪʽʚ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʰʚʠʜʢʦʩʪʽ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʣʘʩʪʠʬʽʢʫʶʯʠʭ 

ʜʦʙʘʚʦʢ ʫ ʟʚôʷʟʫʶʯʦʤʫ [78, 79]. ɺʩʝ ʮʝ ʥʘʩʣʽʜʦʢ ʢʦʥʢʫʨʝʥʮʽʾ ʤʝʭʘʥʽʟʤʽʚ 
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ʨʫʡʥʫʚʘʥʥʷ ʢʦʤʧʦʟʠʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʪʨʠʮʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʦʧʪʠʤʘʣʴʥʦ 

ʧʨʫʞʥʦʶ ʽ ʤʽʮʥʦʶ. 

ʋ ʟʚô̫ ʟʢʫ ʟ ʚʠʚʯʝʥʠʤʠ ʫʤʦʚʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʽ ʥʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ, ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʟʘʯʽʧʘʶʪʴ ʧʠʪʘʥʥʷ ʤʦʜʠʬʽʢʘʮʽʾ ʝʧʦʢʩʠʜʥʦʛʦ 

ʦʣʽʛʦʤʝʨʫ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʣʽʧʰʝʥʥʷ ʘʜʛʝʟʽʡʥʦ-ʤʽʮʥʽʩʥʠʭ, ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

1.3 ʄʝʪʦʜʠ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʝʧʦʢʩʠʜʥʠʭ ʟʚô̫ ʟʫʶʯʠʭ ʟ ʤʝʪʦʶ 

ʧʦʣʽʧʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʗʢ ʚʞʝ ʙʫʣʦ ʩʢʘʟʘʥʦ, ʦʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʥʝʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʝʧʦʢʩʠʜʥʠʭ ʟʚô̫ ʟʫʶʯʠʭ ʻ ʢʨʠʭʢʽʩʪʴ, ʚʠʩʦʢʘ ʚô̫ ʟʢʽʩʪʴ, ʦʙʤʝʞʝʥʘ 

ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ, ʥʠʟʴʢʘ ʫʜʘʨʥʘ ʤʽʮʥʽʩʪʴ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ, 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ ʤʦʜʠʬʽʢʘʮʽʾ ʟʚôʷʟʫʶʯʦʛʦ. ʄʦʜʠʬʽʢʘʮʽʷ 

ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ ʟ ʤʝʪʦʶ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʢʽʥʮʝʚʠʭ ʚʠʨʦʙʽʚ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʩʫʯʘʩʥʦʛʦ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ. 

ʉʧʨʷʤʦʚʘʥʘ ʟʤʽʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʧʦʣʽʤʝʨʚ̔ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ 

ʰʣʷʭʦʤ ʬʽʟʠʯʥʦʛʦ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʪʘ ʭʽʤʽʯʥʦʛʦ ʤʦʜʠʬʽʢʫʚʘʥʥʷ [17, 80, 81].  

ɼʦ ʤʝʪʦʜʽʚ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʤʝʪʦʜ 

ʣʝʛʫʚʘʥʥʷ ʤʘʣʠʤʠ ʜʦʙʘʚʢʘʤʠ ʭʽʤʽʯʥʦ ʥʝ ʧʦʚôʷʟʘʥʠʭ ʟ ʦʩʥʦʚʥʦʶ ʨʝʯʦʚʠʥʦʶ 

ʟôʻʜʥʘʥʴ: ʽʥʝʨʪʥʠʭ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʽ ʨʦʟʨʽʜʞʫʚʘʯʽʚ, ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʭ 

ʦʣʽʛʦʤʝʨʽʚ, ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʇɸʈ), ʱʦ ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʚ 

ʜʝʬʝʢʪʘʭ ʩʪʨʫʢʪʫʨʠ ʽ ʟʘʧʦʚʥʶʶʪʴ ʤʽʢʨʦʧʦʨʦʚʠʡ ʧʨʦʩʪʽʨ ʪʝʨʤʦʨʝʘʢʪʠʚʥʦʾ 

ʩʽʪʢʠ [82, 83].  

ɺʠʥʠʢʥʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʧʦʜʘʣʴʰʦʤʫ ʻ ʦʩʥʦʚʥʦʶ 

ʧʨʠʯʠʥʦʶ ʨʫʡʥʫʚʘʥʥʷ ʘʜʛʝʟʽʡʥʠʭ ʟôʻʜʥʘʥʴ ʽ ʧʦʣʽʤʝʨʥʠʭ ʧʦʢʨʠʪʪʽʚ [84, 85]. 

ʊʦʤʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʘʜʛʝʟʽʡʥʠʭ ʟôʻʜʥʘʥʴ ʥʝʦʙʭʽʜʥʦ 

ʧʨʠʩʢʦʨʝʥʥʷ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʛʨʘʥʠʯʥʠʭ ʰʘʨʘʭ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ 

ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʦʜʠʬʽʢʫʚʘʥʥʷ çʤʘʣʠʤʠ ʜʦʤʽʰʢʘʤʠè. ɽʬʝʢʪ 
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ʣʝʛʫʚʘʥʥʷ ʘʙʦ çʤʘʣʠʭ ʜʦʤʽʰʦʢè ʧʦʣʽʤʝʨʥʠʭ ʨʝʯʦʚʠʥ ʥʝ ʤʦʞʥʘ 

ʦʪʦʪʦʞʥʶʚʘʪʠ ʟ ʝʬʝʢʪʘʤʠ ʧʣʘʩʪʠʬʢ̔ʘʮ̔ʾ ʘʙʦ ʘʥʪʠʧʣʘʩʪʠʬʽʢʘʮʽ ʾ[86].  

"ɸʥʪʠʧʣʘʩʪʠʬʽʢʘʮʽʷ" ʷʚʣʷʻ ʩʦʙʦʶ ʷʚʠʱʝ, ʧʨʠ ʷʢʦʤʫ, ʧʨʠ ʚʚʝʜʝʥʥʽ ʜʦ 

ʜʝʷʢʠʭ ʧʦʣʽʤʝʨʽʚ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʝʡ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝ ʟʥʠʞʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ, ʷʢ ʮʝ ʪʠʧʦʚʦ ʜʣʷ ʙʽʣʴʰʦʩʪʽ 

ʧʦʣʽʤʝʨʽʚ ʧʨʠ ʾʭ ʧʣʘʩʪʠʬʽʢʘʮʽʾ, ʘ ʧʽʜʚʠʱʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʽ ʤʽʮʥʦʩʪʽ 

ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʥʠʞʝʥʥʽ ʚʽʜʥʦʩʥʦʛʦ ʧʦʜʦʚʞʝʥʥʷ ʧʨʠ ʨʦʟʨʠʚʽ [87, 88]. 

ʆʪʨʠʤʘʥʠʡ ʝʧʦʢʩʠʧʦʣʽʤʝʨ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʘʜʛʝʟʽʡʥʦʶ 

ʤʽʮʥʽʩʪʶ, ʱʽʣʴʥʽʩʪʶ ʽ ʥʝʧʨʦʥʠʢʥʽʩʪʶ ʜʦ ʨʽʜʢʠʭ ʩʝʨʝʜʦʚʠʱ. ʇʠʪʘʥʥʶ ʧʨʦ 

çʘʥʪʠʧʣʘʩʪʠʬʽʢʘʮʽèʁ ʘʚʪʦʨʠ ɼʞʝʢʩʦʥ ʽ ʂʦʣʜʫʝʣʣ ʧʨʠʩʚʷʪʠʣʠ ʙʘʛʘʪʦ 

ʧʫʙʣʽʢʘʮʽʡ [89, 90]. ɿʘ ʾʭ ʧʦʜʘʥʥʷʤ, ʤʝʭʘʥʽʟʤ ʷʚʠʱʘ çʘʥʪʠʧʣʘʩʪʠʬʽʢʘʮʽèʾ 

ʧʦʣʽʤʝʨʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʢʦʤʙʽʥʘʮʽʾ ʜʝʢʽʣʴʢʦʭ ʯʠʥʥʠʢʽʚ: ʧʦ-ʧʝʨʰʝ, ʟʥʠʞʝʥʥʷ 

ʚʽʣʴʥʦʛʦ ʦʙ'ʻʤʫ ʟʘ ʨʘʭʫʥʦʢ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʦʣʷʨʥʠʤʠ ʛʨʫʧʘʤʠ ʧʦʣʽʤʝʨʫ ʽ 

ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ, ʘ ʧʦ-ʜʨʫʛʝ, ʥʘʷʚʥʽʩʪ ɹ ʞʦʨʩʪʢʠʭ ʤʦʣʝʢʫʣ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ, 

ʧʨʠʻʜʥʘʥʠʭ ʜʦ ʧʦʣʷʨʥʠʭ ʛʨʫʧ ʧʦʣʽʤʝʨʫ ʦʙʫʤʦʚʣʶʻ ʬʽʟʠʯʥʝ ʧʦʩʠʣʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʧʦʣʽʤʝʨʫ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ, ʣʝʛʫʶʯʽ ʜʦʤʽʰʢʠ ʥʝ ʨʦʟʯʠʥʷʶʪʴʩʷ ʚ 

ʧʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ ʽ ʧʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦ-ʟʰʠʪʦʛʦ ʧʦʣʽʤʝʨʫ 

ʧʨʠʩʫʪʥʽ ʚ ʥʴʦʤʫ ʫ ʚʠʛʣʷʜʽ ʛʝʪʝʨʦʬʘʟʥʠʭ ʚʢʣʶʯʝʥʴ. ʆʩʪʘʥʥʽ, ʤʘʙʫʪʴ, ʛʨʘʶʪʴ 

ʨʦʣʴ ʜʝʤʧʬʝʨʽʚ ʘʙʦ ʦʙʣʘʩʪʝʡ, ʱʦ ʟʥʠʞʫʶʪʴ ʥʘʧʨʫʛʫ ʽ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʨʦʩʪʫ 

ʤʽʢʨʦʪʨʽʱʠʥ. ʇʨʠ ʮʴʦʤʫ ʧʦʤʽʪʥʦ ʧʨʠʩʢʦʨʶʶʪʴʩʷ ʨʝʣʘʢʩʘʮʽʡʥʽ ʧʨʦʮʝʩʠ. 

1.3.1 ʄʦʜʠʬʽʢʘʮʽʷ ʝʧʦʢʩʠʜʥʠʭ ʟʚôʷʟʫʶʯʠʭ ʤʘʣʠʤʠ ʜʦʤʽʰʢʘʤʠ 

ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ.  

ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʝʥʝʨʛʽʾ ʟʚô̫ ʟʢʫ ʝʣʝʤʝʥʪʽʚ ʛʦʣʦʚʥʦʛʦ ʣʘʥʮʶʛʘ ï ʢʨʝʤʥʽʶ 

ʽ ʢʠʩʥʶ, ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ (ʂʆʉ) ʽ ʧʨʦʜʫʢʪʠ ʟ ʾʭ ʜʦʜʘʚʘʥʥʷʤ ʤʘʶʪʴ 

ʨʷʜ ʫʥʽʢʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ - ʚʽʜʤʽʥʥʫ ʚʦʜʦʩʪʽʡʢʽʩʪ ɹʽ ʛʽʜʨʦʬʦʙʥʽʩʪ,ɹ ʚʠʩʦʢʫ 

ʪʝʨʤʦ- ʽ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ, ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ, ʭʤ̔ʩʪ̔ʡʢ̔ʩʪɹ [91ï93]. ʇʂʄ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʂʆʉ ʥʝʪʦʢʩʠʯʥʽ, ʩʪʽʡʢʽ ʜʦ ʩʪʘʨʽʥʥʷ, ʚʦʜʦ-, ʘʪʤʦʩʬʝʨʦʩʪʽʡʢ ̔

[94ï96]. ɺʩʪʘʥʦʚʣʝʥʦ [97], ʱʦ ʜʣʷ ʝʧʦʢʩʠʜʥʠʭ ʢʣʝʡʦʚʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ʢʨʝʤʥʡ̔ʦʨʛʘʥʯ̔ʥʽ ʢʘʫʯʫʢʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʢʣʘʩʦʤ ʣʝʛʫʶʯʠʭ ʜʦʙʘʚʦʢ. 
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ʄʦʜʠʬʽʢʘʮʽʷ ʧʦʣʽʤʝʨʽʚ ʢʨʝʤʥʡ̔ʦʨʛʘʥʯ̔ʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ 

ʤʘʻ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʥʘ ʚôʷʟʢʽʩʪʴ ʟʚôʷʟʫʶʯʠʭ, ʥʘ ʩʪʫʧʽʥʴ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ, 

ʧʨʠʨʦʜʫ ʤ̔ ʞʣʘʥʮʶʛʦʚʠʭ ʟʚ'ʷʟʢʽʚ, ʱʽʣʴʥʽʩʪʴ ʫʧʘʢʦʚʢʠ ʚ ʘʤʦʨʬʥʠʭ ʟʦʥʘʭ 

ʧʦʣʽʤʝʨʽʚ, ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʽ ʨʝʣʘʢʩʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ [98]. ʊʦʤʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʚ ʷʢʦʩʪʽ 

ʝʬʝʢʪʠʚʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʧʨʝʜʩʪʘʚʣʷʻ ʚʝʣʠʢʫ ʮʽʢʘʚʽʩʪʴ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʠʬʽʢʘʮʽʾ [100] ʝʧʦʢʩʠʜʥʠʭ ʧʦʣʽʤʝʨʽʚ 

ʧʦʣ̔ʤʝʪʠʣʬʝʥʠʣʩʠʣʦʢʩʘʥʦʚʦʶ ʨʽʜʠʥʦʶ, ʢʨʝʤʥʽʡʦʨʛʘʥʯ̔ʥʠʤʠ ʢʘʫʯʫʢʘʤʠ, ʱʦ 

ʤʽʩʪʷʪʴ ʬʝʥʽʣʴʥʽ, ʝʧʦʢʩʠʜʥʽ ʽ ʤʝʪʠʣʴʥ ̔ʛʨʫʧʠ, ʧʨʠ ʚʤʽʩʪʽ ʣʝʛʫʶʯʠʭ ʨʝʯʦʚʠʥ 

ʚʽʜ 0,5 ʜʦ 5,0 ʤʘʩ.ʯ. ʥʘ 100 ʤʘʩ.ʯ. ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʘ ʟʤʽʥʘ ʤʽʮʥʽʩʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣʽʤʝʨʽʚ ʥʦʩʠʪʴ ʝʢʩʪʨʝʤʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʝʬʝʢʪ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʘʪʦʨʘ ʢʘʫʯʫʢʫ, ʱʦ 

ʤʽʩʪʠʪʴ ʫ ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ ʝʧʦʢʩʠʜʥʽ ʛʨʫʧʠ, ʷʢʽ ʚ ʧʨʦʮʝʩʽ ʟʘʪʚʝʨʜʽʥʥʷ ʤʦʞʫʪʴ 

ʙʨʘʪʠ ʫʯʘʩʪʴ ʚ ʫʪʚʦʨʝʥʥʽ ʪʨʠʚʠʤʽʨʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɺʚʝʜʝʥʥʷ 0,5-1,0 % 

ʬʝʥʽʣʪʨʠʝʪʦʢʩʠʩʽʣʘʥʘ [101] ʚ ʧʦʣʽʫʨʝʪʘʥʦʚʽ ʢʦʤʧʦʟʠʮʽʾ ʧʦʢʨʘʱʫʻ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʯʥʠʭ ʽ ʧʽʜʚʠʱʫʻ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʪʘ 

ʘʥʪʠʢʦʨʦʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʫʨʝʪʘʥʦʚʠʭ ʧʦʢʨʠʪʪʽʚ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʊ.ʗ. ʂʦʣʴʮʦʚʦʡ, ʄ.ʃ. ʂʝʨʙʝʨ ʪʘ ʽʥ. [98] 

ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʚʚʝʜʝʥʥʽ 0,5% ʢʘʫʯʫʢʫ ʉʂ-1, ʉʂ-2 ʽ ʉʂ-3 ʚ ʝʧʦʢʩʠʜʥʠʡ 

ʦʣʽʛʦʤʝʨ, ʟʥʠʞʫʻʪʴʩʷ ʚô̫ ʟʢʽʩʪʴ ʟʚôʷʟʫʶʯʦʛʦ (ʥʘ 65%), ʟʤʦʯʫʚʘʥʥʷ ʤʝʪʘʣʝʚʦʾ 

ʧʽʜʣʦʞʢʠ (ʥʘ 30-40%) ʽ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ (ʥʘ 26%), ʟʥʠʞʫʶʪʴʩʷ ʟʘʣʠʰʢʦʚʽ 

ʥʘʧʨʫʛʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʯʠʩʪʠʤ ʝʧʦʢʩʠʧʦʣʽʤʝʨʦʤ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʦʣʽʛʦʩʽʣʩʝʩʢʚʽʦʢʩʘʥʽʚ ʜʦʟʚʦʣʷʻ ʥʘ 

20-25% ʧʽʜʚʠʱʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʩʢʣʫʚʘʥʥʷ ʥʘ                

10-15Áʉ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʧʦʢʩʠʜʽʘʥʦʚʦʾ ʩʤʦʣʠ ʽ 

ʛʽʜʨʦʢʩʠʣʚʤʽʩʥʦʛʦ ʩʽʣʩʝʩʢʚʽʦʢʩʘʥʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʫʜʘʨʥʦʾ 

ʚôʷʟʢʦʩʪʽ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʩʢʣʫʚʘʥʥʷ [108]. 

ʅʘʚʝʜʝʥʦ ʦʛʣʷʜ ʢʨʝʤʥʽʡʚʤʽʩʥʠʭ ʟôʻʜʥʘʥʴ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʦʣʽʧʰʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ, ʘʜʛʝʟʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ 
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ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ. ʆʧʠʩʘʥʦ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʮʽʾ ʥʘ 

ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʽʘʥʦʚʦ ʾʩʤʦʣʠ ɽɼ-20 ʪʘ ʪʚʝʨʜʥʠʢʘ ʥʘ ʦʩʥʦʚʽ ʢʨʝʤʥʽʡʚʤʽʩʥʦʛʦ 

ʘʤʽʥʫ ʤʘʨʢʠ ʂʨʆʆʊ-1 [102].  

ʇʨʠ ʚʚʝʜʝʥʥʽ 15 ʤʘʩ.ʯ. ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʦʾ ʩʤʦʣʠ ʚ ʝʧʦʢʩʠʜʥʠʡ ʦʣʽʛʦʤʝʨ 

[103], ʦʪʨʠʤʘʣʠ ʧʨʦʟʦʨʽ ʟʨʘʟʢʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʭʦʨʦʰʫ ʩʫʤʽʩʥʽʩʪʴ 

ʝʧʦʢʩʠʜʥʦʾ ʽ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʦʾ ʩʤʦʣ. ʇʨʠ ʮʴʦʤʫ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʥʘ 

ʨʦʟʨʠʚ ʜʣʷ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ ʟʙʽʣʴʰʠʣʠʩʴ ʫ 1,2 ʨʘʟʠ, ʚʝʣʠʯʠʥʘ ʧʨʦʛʠʥʫ ʚ 

1,7-2 ʨʘʟʠ ʽ ʝʥʝʨʛʽʷ ʨʫʡʥʫʚʘʥʥʷ ʟʨʦʩʣʘ ʚ 2,6-3,7 ʨʘʟʽʚ. ʈʦʟʨʦʙʣʝʥʦ ʝʧʦʢʩʠʜʥʠʡ 

ʩʢʣʘʜ ʟ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʤ ʬʝʥʦʣʦʤ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʩʢʣʦʧʣʘʩʪʠʢʦʚʽ ʪʨʫʙʠ 

ʧʦʢʘʟʘʣʠ ʙʽʣʴʰ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʪʨʠʚʘʣʦʛʦ ʚʧʣʠʚʫ ʛʘʨʷʯʦʾ ʚʦʜʠ, ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʫʙʘʤʠ ʟ ʥʝʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʩʢʣʘʜʫ. 

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʠʬʽʢʘʮʽʾ ʝʧʦʢʩʠʫʨʝʪʘʥʦʚʠʭ 

ʦʣʽʛʦʤʝʨʽʚ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʤʠ ʙʘʛʘʪʦʘʪʦʤʥʠʤʠ ʩʧʠʨʪʘʤʠ ʨʽʟʥʦʾ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ [104]. ɿʥʘʯʥʦ ʧʦʣʽʧʰʫʻʪʴʩʷ ʚʦʜʦ- ʽ ʭʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʧʦʢʩʠʫʨʝʪʘʥʦʚʠʭ ʦʣʽʛʦʤʝʨʽʚ.  

ɺ ʨʦʙʦʪʽ [105] ʘʚʪʦʨʠ ʧʦʢʘʟʘʣʠ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʂʆʉ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ. ɼʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʦʾ 

ʨʽʜʠʥʠ ɽʪʠʣʩʠʣʽʢʘʪ-32 (ɽʉ-32) ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ ɽɼ-20. ɺʩʽ 

ʦʪʨʠʤʘʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʛʝʣʴ-

ʬʨʘʢʮʽʾ (83-86% ʤʘʩ.), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʝʬʝʢʪʠʚʥʝ ʧʦʻʜʥʘʥʥʷ 

ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʦʛʦ ʽ ʝʧʦʢʩʠʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʘʜʛʝʟʽʾ ʤʝʪʦʜʦʤ ʥʦʨʤʘʣʴʥʦʛʦ ʚʽʜʨʠʚʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʝʧʦʢʩʠʜʫ ʜʦ 20-25% ʤʘʩ, ʘʜʛʝʟʽʷ ʧʦʢʨʠʪʪʽʚ ʜʦ ʤʝʪʘʣʝʚʦʾ 

ʧʽʜʣʦʞʢʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 8,8-9,0 ʄʇʘ. ʆʪʨʠʤʘʥʠʡ ʝʬʝʢʪ ʧʦʷʩʥʶʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʚ ʤʦʜʠʬʽʢʦʚʘʥʦʤʫ ʢʦʤʧʦʟʠʪʽ ʧʦʣʷʨʥʠʭ ʝʧʦʢʩʠʛʨʫʧ, ʟʘ 

ʨʘʭʫʥʦʢ ʷʢʠʭ ʧʦʩʠʣʶʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʧʦʢʨʠʪʪʷ ʽ ʧʽʜʣʦʞʢʠ. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ ɽɼ-20, ʤʦʜʠʬʽʢʦʚʘʥʦʾ ɽʉ-32 

(ʤʘʢʩʠʤʘʣʴʥʘ ʩʫʤʽʩʥʽʩʪʴ 20 ʤʘʩ.ʯ.), ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚô̫ ʟʢʽʩʪʴ ʟʥʠʞʫʻʪʴʩʷ. 

ɺ ʨʦʙʦʪʽ [106] ʡʜʝʪʴʩʷ ʧʨʦ ʟʤʽʥʫ ʘʜʛʝʟʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʜʥʦʾ 

ʩʤʦʣʠ ʟ ʜʦʜʘʚʘʥʥʷʤ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʦʾ ʧʦʣʽʤʝʪʠʣʬʝʥʠʣʩʠʣʦʢʩʘʥʦʚʦʾ ʩʤʦʣʠ 
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(ʂʆ-921). ɼʦʩʣʽʜʞʫʚʘʣʠ ʘʜʛʝʟʽʶ ɽɼ-20 ʜʦ ʩʪʘʣʝʚʦʾ ʽ ʩʢʣʷʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ 

ʚʚʝʜʝʥʥʽ ʚʽʜ 5 ʜʦ 20% ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, 

ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʤʦʜʠʬʽʢʘʪʦʨʘ ʘʜʛʝʟʽʷ ʟʤʝʥʰʫʻʪʴʩʷ. ʎʝ ʧʦʚô̫ ʟʘʥʦ ʟ 

ʪʠʤ, ʱʦ ʩʘʤʘ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʘ ʩʤʦʣʘ ʚʦʣʦʜʽʻ ʚʠʩʦʢʠʤʠ ʘʥʪʠʘʜʛʝʟʽʡʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʟʚôʷʟʫʶʯʦʛʦ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʝʨʤʦʩʪʽʡʢʽʩʪʶ ʥʘ ʦʩʥʦʚʽ 

ʩʫʤʽʰʽ ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ [107] ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʤʦʜʠʬʽʢʦʚʘʥʘ ʜʦʙʘʚʢʘ 

ʧʦʣʽʤʝʪʠʣʩʠʣʦʢʩʘʥ ʇʄʉ - 5000. ʇʨʠ ʮʴʦʤʫ ʧʽʜ ʯʘʩ ʪʚʝʨʜʽʥʥʷ ʟʚôʷʟʫʶʯʦʛʦ 

ʩʪʚʦʨʝʥʽ ʫʤʦʚʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʙʽʣʴʰ ʨʝʛʫʣʷʨʥʦʾ ʩʽʪʯʘʩʪʦʾ ʩʪʨʫʢʪʫʨʠ, 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚ ʧʽʜʩʫʤʢʫ ʧʨʠʟʚʝʣʦ ʜʦ 

ʧʦʣʽʧʰʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʷʢ ʟʚôʷʟʫʶʯʦʛʦ, ʪʘʢ ʽ 

ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʩʢʣʦʧʣʘʩʪʠʢʫ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ. 

1.3.2 ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʘʣʠʭ ʜʦʤʽʰʦʢ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʚ 

ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʝʧʦʢʩʠʜʥʠʭ ʟʚô̫ ʟʫʶʯʠʭ. 

ʋ ʧʨʦʮʝʩʽ ʦʪʨʠʤʘʥʥʷ, ʧʝʨʝʨʦʙʢʠ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʤʽʞʬʘʟʥʽ ʷʚʠʱʘ ï ʟʤʦʯʫʚʘʥʥʷ, ʨʦʟʪʽʢʘʥʥʷ, ʘʜʛʝʟʽʷ. 

ʗʢ ʚʽʜʦʤʦ, ʚʚʝʜʝʥʥʷ ʥʘʧʦʚʥʶʚʘʯʽʚ ʚ ʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʮʽʾ ʥʝʨʽʜʢʦ 

ʫʩʢʣʘʜʥʝʥʦ ʯʝʨʝʟ ʥʝʧʦʚʥʝ ʟʤʦʯʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ [109 ï 111]. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʘʜʛʝʟʽʡʥʦʛʦ ʢʦʥʪʘʢʪʫ ʩʠʩʪʝʤʠ ʟ 

ʧʽʜʣʦʞʢʦʶ ʻ ʚʠʩʦʢʘ ʟʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʾ [112]. ʇʝʨʩʧʝʢʪʠʚʥʠʤ 

ʩʧʦʩʦʙʦʤ ʩʧʨʷʤʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʘʜʛʝʟʽʡʥʦ-ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʇʂʄ, ʻ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʦʛʦ ʟʚôʷʟʫʶʯʦʛʦ ʤʘʣʠʤʠ ʜʦʤʽʰʢʘʤʠ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʇɸʈ) [113,114]. 

ɺʝʣʠʢʠʡ ʚʥʝʩʦʢ ʫ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ ʇɸʈ ʥʘ ʧʦʚʝʨʭʥʝʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʦʣʽʛʦʤʝʨʽʚ, ʚ ʦʩʥʦʚʥʦʤʫ, ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ, ʚʥʝʩʝʥʠʡ                       

ʈ. ɸ. ɺʝʩʝʣʦʚʩʴʢʠʤ ʽ ʡʦʛʦ ʢʦʣʝʛʘʤʠ ʽ ʫʯʥʷʤʠ [115 ï 117].  

ʇʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʚʦʜʷʪʴʩʷ ʚ ʟʚôʷʟʫʶʯʝ, ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʪʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʽʚ, ʷʢ ʘʜʛʝʟʽʷ, ʤʽʮʥʽʩʪʴ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʧʣʠʚʫ ʨʽʟʥʠʭ 

ʘʛʨʝʩʠʚʥʠʭ ʨʝʯʦʚʠʥ.  
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ɺʚʝʜʝʥʥʷ ʇɸʈ ʫ ʧʦʣʽʤʝʨʥʽ ʟʚôʷʟʫʶʯʽ ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʾʭ 

ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ [143], ʟʥʠʞʝʥʥʶ ʚôʷʟʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʟʥʠʞʝʥʥʶ 

ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʦʪʨʠʤʘʥʠʭ ʧʦʢʨʠʪʪʽʚ ʘʙʦ ʢʣʝʡʦʚʠʭ ʟôʻʜʥʘʥʴ. ɺʧʣʠʚ 

ʇɸʈ ʥʘ ʜʝʬʦʨʤʘʮʽʡʥʦ-ʤʽʮʥʽʩʥʽ, ʨʝʣʘʢʩʘʮʽʡʥʽ ʪʘ ʘʜʛʝʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʫʣʦ 

ʚʠʚʯʝʥʦ ʚ ʨʦʙʦʪʽ [17, 138]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʚʝʜʝʥʥʽ ʜʦ ʨʷʜʫ ʧʦʣʽʤʝʨʥʠʭ ʩʤʦʣ ʦʨʛʘʥʽʯʥʠʭ 

ʢʠʩʣʦʪ [139] ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʘʜʛʝʟʽʾ ʽ ʟʤʝʥʰʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ 

ʥʘʧʨʫʞʝʥʴ ʚ ʭʽʤʽʯʥʦ ʩʪʽʡʢʠʭ ʧʦʢʨʠʪʪʷʭ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ, 

ʝʧʦʢʩʠʬʝʥʦʣʴʥʠʭ ʽ ʬʫʨʽʣʦʚʠʭ ʩʤʦʣ ʧʨʠ ʚʚʝʜʝʥʥʽ ʜʦ ʥʠʭ ʇɸʈ [140]. 

ʋ ʨʦʙʦʪʽ [118] ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʠʚʯʝʥʥʶ ʚʧʣʠʚʫ ʚʤʽʩʪʫ 

ʧʦʣʷʨʥʠʭ ʦʢʩʠʝʪʠʣʝʥʦʚʠʭ ʛʨʫʧ ʅʇɸʈ ʽ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʟ ʘʜʜʫʢʪʦʤ 

ʦʢʩʠʜʫ ʝʪʠʣʝʥʫ ʥʘ ʧʦʚʝʨʭʥʝʚʽ ʽ ʦʙô̒ ʤʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ ʽ 

ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. ɺʠʷʚʣʝʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ ʇɸʈ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ 

ʦʢʩʠʝʪʠʣʶʚʘʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦ ʚʧʣʠʚʘʻ ʥʘ ʢʽʥʝʪʠʢʫ ʨʦʟʪʽʢʘʥʥʷ, ʚô̫ ʟʢʽʩʪʴ, 

ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʽ ʟʤʦʯʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʦʣʽʛʦʤʝʨʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʚʚʝʜʝʥʥʷ ʅʇɸʈ ʚ ʦʧʪʠʤʘʣʴʥʦʤʫ ʩʪʫʧʝʥʽ ʦʢʩʠʝʪʠʣʶʚʘʥʥʷ ʟʙʽʣʴʰʫʻ ʘʜʛʝʟʽʶ 

ʝʧʦʢʩʠʜʥʠʭ ʧʦʢʨʠʪʪʽʚ ʜʦ ʤʝʪʘʣʫ ʽ ʧʦʢʨʘʱʫʻ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʪʽʚ. 

ʅʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʽ ʇɸʈ ʧʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʟ ʧʦʣʽʤʝʨʦʤ ʤʦʞʫʪʴ 

ʟʤʽʥʶʚʘʪʠ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʚôʷʟʫʶʯʠʭ, ʢʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʤʦʞʫʪʴ ʷʢ 

ʟʥʠʞʫʚʘʪʠ ʚôʷʟʢʽʩʪʴ ʟʚô̫ʟʫʯʁʦʛʦ, ʪʘʢ ʽ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʚʘʪʠ ʾʾ [119]. 

ʇɸʈ ʪʘʢʦʞ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝʥʘʧʦʚʥʝʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʧʣʠʚʫ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ [120]. 

ɺʚʝʜʝʥʥʷ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʦʜʥʦʨʽʜʥʦʾ, ʚʧʦʨʷʜʢʦʚʘʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʽ ʧʨʠʩʢʦʨʝʥʥʶ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʣʽʤʝʨʫ, ʫ ʟʚô̫ ʟʢʫ ʟ ʯʠʤ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʽ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ 

ʥʘʧʦʚʥʝʥʠʭ ʧʦʢʨʠʪʪʽʚ [142]. 

ɺʠʚʯʝʥʦ [121] ʜʽʁ ʇɸʈ ʟ ʨʽʟʥʠʤʠ ʧʦʣʷʨʥʠʤʠ ʛʨʫʧʘʤʠ ʽ 

ʚʫʛʣʝʚʦʜʥʝʚʠʤʠ ʨʘʜʠʢʘʣʘʤʠ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ ʽ ʙʫʜʦʚʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʘʣʢʽʜʥʦ-

ʧʦʣʽʘʤʽʜʥʠʭ ʩʤʦʣ. ɺʩʪʘʥʦʚʣʝʥʦ [17], ʱʦ ʙʽʣʴʰʽʩʪʴ ʜʦʙʘʚʦʢ ʤʦʞʫʪʴ ʷʢ 
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ʧʦʩʣʘʙʣʶʚʘʪʠ, ʪʘʢ ʽ ʧʦʩʠʣʶʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʩʤʦʣʠ. ʇʨʠ ʤʘʣʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ, 

ʷʢ ʧʨʘʚʠʣʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʠʣʝʥʥʷ ʩʪʨʫʢʪʫʨ, ʧʨʠ ʚʝʣʠʢʠʭ ï ʦʩʣʘʙʣʝʥʥʷ. 

ʊʘʢʫ ʜʽʁ ʇɸʈ ʚ ʨʦʟʯʠʥʘʭ ʩʤʦʣʠ ʘʚʪʦʨʠ ʧʦʷʩʥʶʶʪʴ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʇɸʈ, 

ʱʦ ʚʚʦʜʷʪʴ ʥʝʚʝʣʠʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ, ʘʜʩʦʨʙʫʶʯʠʩʴ ʥʘ ʧʦʣʷʨʥʠʭ ʜʽʣʷʥʢʘʭ 

ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʩʤʦʣʠ, ʩʧʨʠʷʻ ʨʦʟʛʦʨʪʘʥʥʶ ʾʾ ʤʦʣʝʢʫʣ ʽ ʫʪʚʦʨʝʥʥʷ ʟʚô̫ ʟʢʽʚ 

ʤʽʞ ʛʨʫʧʘʤʠ ʘʣʢʜ̔ʥʦʾ ʽ ʘʤʥ̔ʥʦʾ ʩʤʦʣʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʤʽʮʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ 

ʟʨʦʩʪʘʻ. ʋ ʨʘʟʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʙʘʚʦʢ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʦʢʨʝʤʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ ʩʤʦʣʠ ʙʣʦʢʫʻʪʴʩʷ ʽ ʩʪʨʫʢʪʫʨʘ ʨʫʡʥʫʻʪʴʩʷ [145]. 

ʇʦʢʘʟʘʥʦ [141], ʱʦ ʚʤʽʩʪ ʇɸʈ ʫ ʢʽʣʴʢʦʩʪʽ > 0,3 % ʫ ʧʦʣʽʤʝʨʽ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʫʪʚʦʨʝʥʥʷ ʫʢʨʫʧʥʝʥʠʭ ʯʘʩʪʠʥʦʢ ʽʟ ʙʽʣʴʰ ʯʽʪʢʦ ʚʠʨʘʞʝʥʠʤʠ ʤʝʞʘʤʠ 

ʨʦʟʜʽʣʫ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʠʯʠʥʫ ʜʣʷ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʽ ʧʽʜʚʠʱʝʥʥʷ 

ʧʘʨʦʧʨʦʥʠʢʥʦʩʪʽ. 

ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʇɸʈ 2 % [122] ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʥʠʞʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ 

ʥʘʧʨʫʞʝʥʴ ʚ 2-3 ʨʘʟʠ, ʘ ʪʘʢʦʞ ʟʙʽʣʴʰʝʥʥʷ ʘʜʛʝʟʽʾ ʧʦʢʨʠʪʪʷ ʚ 2-2,5 ʨʘʟʠ. ʇɸʈ, 

ʚʚʝʜʝʥʽ ʚ ʦʧʪʠʤʘʣʴʥʠʭ ʢʽʣʴʢʦʩʪʷʭ, ʚʟʘʻʤʦʜʽʶʪʴ ʟʽ ʩʪʨʫʢʪʫʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʧʦʣʽʤʝʨʫ, ʧʝʨʝʰʢʦʜʞʘʶʯʠ ʾʭ ʘʛʨʝʛʘʮʽʾ ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ, ʘ 

ʪʘʢʦʞ ʘʜʩʦʨʙʫʶʪʴʩʷ ʥʘ ʤʝʞʽ çʧʦʣʽʤʝʨ-ʧʽʜʣʦʞʢʘè, ʩʧʨʠʷʶʯʠ ʨʝʣʘʢʩʘʮʽʾ 

ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʽ ʧʦʢʨʘʱʫʶʯʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʠʪʪʽʚ 

[123]. 

ʈʦʙʦʪʘ [124] ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʚʧʣʠʚʫ ʨʷʜʫ ʇɸʈ (ʢʘʨʙʦʥʦʚʠʭ 

ʢʠʩʣʦʪ ʽ ʾʭ ʩʦʣʝʡ) ʥʘ ʩʦʨʙʮʽʡʥʽ, ʜʠʬʫʟʽʡʥʽ ʽ ʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʟʘʪʚʝʨʜʽʣʠʭ ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʜʽʣʠʪʠ ʜʚʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʦʙʣʘʩʪʽ ʚʤʽʩʪʫ ʇɸʈ: ʦʙʣʘʩʪʴ ʤʘʣʠʭ ʜʦʙʘʚʦʢ (< 0,5 % ʚʤʽʩʪʫ 

ʇɸʈ) ʽ ʦʙʣʘʩʪʴ ʙʽʣʴʰʦʛʦ ʚʤʽʩʪʫ ʇɸʈ (> 0,5%). ɼʣʷ ʧʝʨʰʦʾ ʭʘʨʘʢʪʝʨʥʘ 

ʚʽʜʩʫʪʥʽʩʪʴ ʯʽʪʢʦ ʚʠʨʘʞʝʥʦʾ ʪʝʥʜʝʥʮʽʾ ʚ ʟʤʽʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʨʠʮʽ, ʘ ʚ ʜʨʫʛʽʡ 

ï ʜʣʷ ʚʩʽʭ ʟʨʘʟʢʽʚ ʱʽʣʴʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʇɸʈ, 

ʢʦʝʬʽʮʽʻʥʪʠ ʜʠʬʫʟʽʾ ʟʨʦʩʪʘʶʪʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚʩʽʭ ʚʠʚʯʝʥʠʭ ʩʠʩʪʝʤ, 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʤʽʩʪʫ ʇɸʈ, ʧʦʢʘʟʘʣʦ ʛʣʦʙʫʣʷʨʥʫ ʥʘʜʤʦʣʝʢʫʣʷʨʥʫ 

ʦʨʛʘʥʽʟʘʮʽʶ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʇɸʈ, ʚʚʝʜʝʥʽ ʚ ʝʧʦʢʩʠʦʣʽʛʦʤʝʨ, ʚʠʢʦʥʫʶʪʴ 

ʬʫʥʢʮʽʾ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʟʤʽʥʶʶʯʠ ʱʽʣʴʥʽʩʪʴ ʫʧʘʢʦʚʢʠ 
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ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʾʭ ʨʦʟʤʽʨʠ ʽ ʢʽʣʴʢʽʩʪʴ ʚ ʦʜʠʥʠʮʽ ʦʙô̒ ʤʫ ʜʠʬʫʟʽʡʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʊʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʘʥʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʠʭ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʜʦʚʞʠʥʠ ʚʫʛʣʝʚʦʜʥʝʚʦʛʦ ʨʘʜʠʢʘʣʫ ʤʦʜʠʬʽʢʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʇɸʈ ʟʨʦʩʪʘʶʪʴ. 

ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ [125, 126] ʜʽʶ ʨʽʟʥʠʭ ʇɸʈ ʥʘ ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʣʽʤʝʨʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʧʨʠ ʮʴʦʤʫ ʟʘʟʥʘʯʘʣʦʩʷ ʷʢ ʧʦʣʽʧʰʝʥʥʷ, ʪʘʢ ʽ 

ʧʦʛʽʨʰʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʨʠʪʪʽʚ [127, 144]. ʇʽʜʚʠʱʝʥʥʷ ʟʘʭʠʩʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʝʥʘʧʦʚʥʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʇɸʈ ʤʦʞʝ ʦʙʫʤʦʚʣʶʚʘʪʠʩʷ 

ʬʦʨʤʫʚʘʥʥʷʤ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʢʨʠʪʪʷ, ʟʙʽʣʴʰʝʥʥʷʤ ʘʜʛʝʟʽʾ ʽ ʧʨʦʷʚʫ 

ʫ ʇɸʈ ʽʥʛʽʙʫʶʯʦʾ ʜʽʾ. ʇʦʛʽʨʰʝʥʥʷ ʟʘʭʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚô̫ ʟʘʥʝ, 

ʦʯʝʚʠʜʥʦ, ʟ ʨʦʟʧʫʰʫʚʘʥʥʷʤ ʩʪʨʫʢʪʫʨʠ, ʧʦʩʠʣʝʥʥʷʤ ʦʩʤʦʪʠʯʥʦʛʦ 

ʧʝʨʝʥʝʩʝʥʥʷ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʯʝʨʝʟ ʧʣʽʚʢʫ. ɺʽʜʟʥʘʯʘʻʪʴʩʷ [128] 

ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʇɸʈ, ʜʦʚʞʠʥʠ ʚʫʛʣʝʚʦʜʥʝʚʦʛʦ ʨʘʜʠʢʘʣʘ, 

ʢʦʥʮʝʥʪʨʘʮʽʾ, pH ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʽʾ ʜʦʙʘʚʦʢ. 

ʈ.ʂ. ɸʙʨʘʤʷʥ [129] ʟʘʟʥʘʯʠʚ, ʱʦ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤʠ ʻ ʜʦʙʘʚʢʠ 

ʬʪʦʨʚʤʽʩʥʠʭ ʦʣʽʛʦʤʝʨʥʠʭ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʚʠʢʦʥʫʶʪʴ 

ʦʜʥʦʯʘʩʥʦ ʬʫʥʢʮʽʶ ʟʤʦʯʫʚʘʥʥʷ ʽ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʥʥʷ. ʇʨʠ ʚʚʝʜʝʥʥʽ ʚ 

ʩʠʩʪʝʤʠ 0,1 % ʬʪʦʨʦʚʘʥʠʭ ʇɸʈ ʚʜʘʣʦʩʷ ʟʥʠʟʠʪʠ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ 

ʦʨʛʘʥʦʨʦʟʯʠʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʟ 26,5 ʜʦ 18 ʤʅ/ʤ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ 

ʟʥʠʟʠʚʩʷ ʟ 19 ʜʦ 4 ʛʨʘʜʫʩʽʚ. ʊʘʢʘ ʟʤʽʥʘ ʜʦʟʚʦʣʷʻ ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʧʨʦʮʝʩ 

ʥʘʥʝʩʝʥʥʷ ʪʦʥʢʠʭ ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʥʠʞʝʥʥ ̔ ʾʭ 

ʜʝʬʝʢʪʥʦʩʪʽ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʪʦʨʚʤʽʩʥʠʭ ʜʦʙʘʚʦʢ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʇʂʄ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʚʠʨʦʙʠ ʟ ʦʩʦʙʣʠʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʽ ʦʙʫʤʦʚʣʝʥʽ ʙʫʜʦʚʦʶ 

ʤʘʢʨʦʤʦʣʝʢʫʣ. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚôʷʟʘʥʽ, ʧʝʨʰ ʟʘ ʚʩʝ, ʟ ʧʨʠʩʫʪʥʽʩʪʶ ʬʪʦʨʫ ʽ 

ʙʫʜʦʚʦʶ ʟʚôʷʟʢʫ ʉïF. ɸʪʦʤ ʬʪʦʨʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʦʶ 

ʝʣʝʢʪʨʦʥʦʥʝʛʘʪʠʚʥʽʩʪ ʁʽ ʤʘʣʠʤ ʘʪʦʤʥʠʤ ʨʘʜʽʫʩʦʤ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʜʦʚʞʠʥʘ 

ʡʦʛʦ ʟʚô̫ʟʢʫ ʟ ʚʫʛʣʝʚʦʜʥʝʤ ʥʘʡʤʝʥʰʘ, ʘ ʝʥʝʨʛʽʷ ʟʚôʷʟʢʫ ʉïF ʥʘʡʙʽʣʴʰʘ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʤʽʨʦʤ ʽ ʝʥʝʨʛʽʻʶ ʟʚô̫ ʟʢʫ ʚʫʛʣʝʚʦʜʥʶ ʟ ʽʥʰʠʤʠ ʛʘʣʦʛʝʥʘʤʠ, 

ʱʦ ʽ ʚʠʟʥʘʯʘʻ ʩʠʣʴʥʫ ʧʦʣʷʨʥʽʩʪʴ ʟʚô̫ ʟʢʫ ʉïF [130]. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʪʦʨʦʚʘʥʠʭ ʛʽʜʨʦʢʩʠʣʚʤʽʩʥʠʭ ʩʧʦʣʫʢ ʜʣʷ ʩʠʥʪʝʟʫ 

ʧʦʣʽʫʨʝʪʘʥʽʚ, ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʤʽʮʥʽʩʪʴ ʧʨʠ ʨʦʟʨʠʚʽ, ʪʚʝʨʜʽʩʪʴ ʽ ʚʽʜʥʦʩʥʝ 

ʧʦʜʦʚʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [130]. ɸʚʪʦʨʦʤ ʊʠʪʦʚʦ ʁ ɭ. ʄ. [131] 

ʨʦʟʨʦʙʣʝʥʽ ʧʦʣʽʫʨʝʪʘʥʦʚʽ ʢʦʤʧʦʟʠʮʽ,ʾ ʤʦʜʠʬʽʢʦʚʘʥʽ ʬʪʦʨʦʨʛʘʥʽʯʥʠʤʠ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤʠ ʩʧʦʣʫʢʘʤʠ, ʟ ʧʦʣʽʧʰʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʤʘʣʠʭ ʜʦʙʘʚʦʢ ʌʇɸʈ 

ʜʦʩʷʛʘʻʪʴʩʷ ʩʪʽʡʢʠʡ ʝʬʝʢʪ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʦʣʛ̔ʦʤʝʨʫ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ ʌʇɸʈ ʟʥʠʞʫʻ ʚʝʣʠʯʠʥʫ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ, 

ʧʦʢʨʘʱʫʻ ʚʦʜʦʩʪʽʡʢʽʩʪʴ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʧʨʠ ʨʦʟʨʠʚʽ. 

ʉʪʚʦʨʝʥʦ ʣʘʢʦʬʘʨʙʦʚʽ ʢʦʤʧʦʟʠʮʽʾ ʥʘ ʦʩʥʦʚʽ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʨʦʢ 

ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ (ɽɼ-20, ɽɼ-40) ʽ ʬʪʦʨʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʦʢʨʠʪʪʽʚ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʭʦʨʦʰʫ ʘʜʛʝʟʽʡʥʫ ʚʟʘʻʤʦʜʽ ʁ ʟ 

ʤʝʪʘʣʝʚʦʶ ʧʽʜʣʦʞʢʦʶ ʽ ʧʽʜʚʠʱʝʥʫ ʛʽʜʨʦʬʦʙʥʽʩʪʴ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʦʙʫʤʦʚʣʝʥʽ 

ʧʦʚʝʨʭʥʝʚʠʤ ʰʘʨʦʤ, ʟʙʘʛʘʯʝʥʠʤ ʬʪʦʨʚʤʽʩʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ [131]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʝʧʦʢʩʠʜʥʦʛʦ ʟʚôʷʟʫʶʯʦʛʦ ʰʣʷʭʦʤ 

ʚʚʝʜʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʽ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʟô̒ ʜʥʘʥʴ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʤʘʪʝʨʽʘʣʠ ʟ ʧʦʣʽʧʰʝʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ, ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʤʠ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʅʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʥʘʜʘʥʥʷ 

ʤʘʪʝʨʽʘʣʘʤ ʨʷʜʫ ʩʧʝʮʽʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʢʦʤʙʽʥʘʮʽʷ ʜʝʢʽʣʴʢʦʭ ʤʝʪʦʜʽʚ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʦʜʥʦʯʘʩʥʦ ʟ 

ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʤʦʜʠʬʽʢʘʮʽʾ [17, 80, 133]. ʊʦʤʫ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʠʩʚʷʯʝʥʽ ʚʠʚʯʝʥʥʶ ʚʧʣʠʚʫ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʭ ʜʦʙʘʚʦʢ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʚ̔. 

1.3.3 ʄʦʜʠʬʽʢʫʚʘʥʥʷ ʝʧʦʢʩʠʜʥʦʛʦ ʟʚôʷʟʫʶʯʦʛʦ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʤʠ 

ʦʣʽʛʦʤʝʨʘʤʠ. 

ʍʽʤʽʯʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʪʘʢ ʩʘʤʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʉʫʪʥʽʩʪʴ ʭʽʤʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʟʚôʷʟʫʶʯʦʛʦ ʧʦʣʷʛʘʻ ʚ ʟʤʽʥʽ 

ʭʽʤʽʯʥʦʾ ʙʫʜʦʚʠ ʦʣʽʛʦʤʝʨʫ, ʚʘʨʽʶʚʘʥʥʷʤ ʪʠʧʫ ʪʚʝʨʜʥʠʢʘ, ʚʚʝʜʝʥʥʷʤ ʚ 

ʩʠʩʪʝʤʫ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʭ ʜʦʙʘʚʦʢ, ʱʦ ʚʩʪʫʧʘʶʪʴ ʚ ʭʽʤʽʯʥʫ ʨʝʘʢʮʽʶ ʟ 
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ʤʦʣʝʢʫʣʷʨʥʦ ʁ ʩʽʪʢʦʶ. ɿʤʽʥʘ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʦʣʽʛʦʤʝʨʽʚ ʽ ʪʚʝʨʜʥʠʢʽʚ 

ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʫʚʘʪʠ ʜʦʚʞʠʥʫ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʣʘʥʮʶʛʘ ʦʣʽʛʦʤʝʨʫ ʽ 

ʪʚʝʨʜʥʠʢʘ, ʚʘʨʽʶʚʘʪʠ ʙʫʜʦʚʫ ʤʽʞʚʫʟʣʦʚʠʭ ʜʽʣʷʥʦʢ ʩʪʚʝʨʜʽʣʦʾ ʩʠʩʪʝʤʠ, 

ʤʦʜʠʬʽʢʫʚʘʪʠ ʢʽʥʮʝʚʽ ʛʨʫʧʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʦʣʽʛʦʤʝʨʫ, ʟʤʽʥʶʶʯʠ ʪʠʤ ʩʘʤʠʤ 

ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʥʦʛʦ ʧʦʣʽʤʝʨʫ. 

ɺʚʝʜʝʥʥʷ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʭ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʫ ʟʚôʷʟʫʶʯʝ 

ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʡʦʛʦ ʚô̫ ʟʢʽʩʪʴ, ʟʤʝʥʰʠʪʠ ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʤʝʞʽ 

ʧʦʜʽʣʫ, ʟʤʝʥʰʠʪʠ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʽ ʧʦʣʽʧʰʠʪʠ ʟʤʦʯʫʚʘʥʥʷ  ʧʦʚʝʨʭʥʽ 

ʥʘʧʦʚʥʶʚʘʯʘ ʟʚôʷʟʫʶʯʠʤ, ʨʝʛʫʣʶʚʘʪʠ ʤʝʭʘʥʽʟʤ ʨʫʡʥʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ 

ʰʘʨʽʚ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ [14]. ʂʨʽʤ ʪʦʛʦ, ʫ ʩʢʣʘʜ ʝʧʦʢʩʠʜʥʦʾ ʢʦʤʧʦʟʠʮʽʾ 

ʤʦʞʫʪʴ ʚʚʦʜʠʪʠʩʷ ʨʽʟʥʽ ʤʦʜʠʬʽʢʘʪʦʨʠ ʽ ʜʦʙʘʚʢʠ ʜʣʷ ʟʥʠʞʝʥʥʷ ʢʨʠʭʢʦʩʪʽ 

ʢʦʤʧʦʟʠʪʽʚ, ʦʙʫʤʦʚʣʝʥʫ ʚʠʩʦʢʦʶ ʱʽʣʴʥʽʩʪʶ ʾʭ ʧʨʦʩʪʦʨʦʚʦʾ ʩʽʪʢʠ; 

ʧʦʣʽʧʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʜʥʠʭ ʩʠʩʪʝʤ 

(ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʭʽʤʽʯʥʘ ʽ ʚʦʜʦʩʪʽʡʢʽʩʪʴ); ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʪʚʝʨʜʽʥʥʷ (ʯʘʩʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ) [8, 13]. ɼʣʷ ʧʦʣʽʧʰʝʥʥʷ ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ 

ʝʧʦʢʩʠʜʥʽ ʟʚôʷʟʫʶʯʽ ʚʚʦʜʷʪʴ ʪʚʝʨʜʥʠʢʠ ʽ ʢʘʪʘʣʽʟʘʪʦʨʠ, ʧʣʘʩʪʠʬʽʢʘʪʦʨʠ ʽ 

ʤʦʜʠʬʽʢʘʪʦʨʠ, ʨʦʟʯʠʥʥʠʢʠ ʽ ʽʥʰʽ ʘʛʝʥʪʠ [8, 13, 138].  

ɺ ʷʢʦʩʪʽ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʜʣʷ ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ ʦʩʦʙʣʠʚʦ ʯʘʩʪʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʝʬʽʨʠ ʦʨʪʦʬʪʘʣʝʚʦʾ ʢʠʩʣʦʪʠ (ʜʠʙʫʪʠʣʬʪʘʣʘʪ, ʜʠʦʢʪʠʣʬʪʘʣʘʪ 

ʪʘ ʽʥ.), ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʽ ʢʘʫʯʫʢʠ ʪʘ ʽʥ [80, 147, 148]. ɺʚʝʜʝʥʥʷ 

ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʽ, ʪʘʢ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʧʦʣʽʤʝʨʚ̔. 

ɸʥʘʣʽʟ ʨʦʙʽʪ ʱʦʜʦ ʤʦʜʠʬʽʢʘʮʽʾ ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʨʝʯʦʚʠʥ ʧʦʢʘʟʫʻ, ʱʦ ʚʦʥʠ ʥʝ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ 

ʚʠʨʽʰʠʪʠ ʧʠʪʘʥʥʷ ʥʘʜʘʥʥʷ ʝʧʦʢʩʠʜʥʠʤ ʧʦʣʽʤʝʨʘʤ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ 

ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʽ ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʋ ʩʽʪʯʘʩʪʦʤʫ ʧʦʣʽʤʝʨʽ ʧʨʘʢʪʠʯʥʦ 

ʥʝʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʠʡ ʩʪʘʥ ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʘʮʽʾ 

ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʤʠ ʜʦʙʘʚʢʘʤʠ. 

ʇʽʜ ʯʘʩ ʧʣʘʩʪʠʬʠʢʘʮʽʾ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʛʥʫʯʢʦʩʪʽ ʣʘʥʮʶʛʽʚ, ʫʢʣʘʜʝʥʠʭ 

ʤʽʞ ʚʫʟʣʘʤʠ ʩʽʪʢʠ, ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ 
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ʊʩ ʽ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʝʧʦʢʩʠʧʦʣ̔ʤʝʨʫ. ʋʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ ʧʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʟ ʦʜʥʦʯʘʩʥʠʤ ʽ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʤ ʟʥʠʞʝʥʥʷʤ ʚôʷʟʢʦʩʪʽ  ̔ ʤʽʮʥʦʩʪʽ ʚ 

ʩʪʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʝʬʝʢʪʫ ʜʽʾ 

ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ, ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʽ ʨʝʯʦʚʠʥʠ ʜʦʩʠʪʴ ʣʝʛʢʦ ʤʽʛʨʫʶʪʴ ʟ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨʫ ʽ ʟ ʯʘʩʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ. 

ʇʣʘʩʪʠʬʽʢʘʪʦʨʠ, ʨʦʟʯʠʥʥʠʢʠ ʪʘ ʥʝʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʽ ʢʘʫʯʫʢʠ 

ʧʦʛʽʨʰʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ [136]. ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ 

ʧʦʛʽʨʰʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʨʘʟʽ ʧʦʜʽʙʥʦʾ ʨʝʮʝʧʪʫʨʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ 

ʻ çʨʦʟʨʽʜʞʝʥʥʷè ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʽʪʢʠ ʩʪʚʝʨʜʽʣʦʾ ʝʧʦʢʩʠʜʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʘʙʦ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ [137]. ʇʨʦʪʠʣʝʞʥʦ ʜʦ ʥʠʭ ï 

ʘʢʪʠʚʥʽ ʨʦʟʯʠʥʥʠʢʠ ʟʜʘʪʥʽ ʚʙʫʜʦʚʫʚʘʪʠʩʷ ʚ ʝʧʦʢʩʠʜʥʫ ʩʽʪʢʫ. ʆʯʝʚʠʜʥʦ, 

ʦʩʥʦʚʥʠʤ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʽʪʯʘʩʪʠʭ 

ʧʦʣʽʤʝʨʽʚ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʜʝʬʦʨʤʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʻ ʾʭ ʭʽʤʽʯʥʘ 

ʤʦʜʠʬʽʢʘʮʽʷ ʪʘʢʠʤʠ ʩʧʦʣʫʢʘʤʠ, ʷʢʽ ʧʨʠ ʚʚʝʜʝʥʥʽ ʾʭ ʚ ʩʪʨʫʢʪʫʨʫ ʫʪʚʦʨʠʣʠ ʙ 

ʝʣʘʩʪʠʯʥʽ ʣʘʥʢʠ ʣʘʥʮʶʛʘ ʘʙʦ ʬʘʟʫ [149]. 

ɽʬʝʢʪʠʚʥʠʤʠ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘʤʠ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʣʽʛʦʤʝʨʠ ʟ̔ʦʙʫʪʠʣʝʥʘ ʟ ʢʽʥʮʝʚʠʤʠ ʨʝʘʢʮʽʡʥʠʤʠ ʛʨʫʧʘʤʠ, ʷʢʽ ʥʝ ʤʽʩʪʷʪʴ ʚ 

ʦʩʥʦʚʥʦʤʫ ʣʘʥʮʶʟʽ ʥʝʥʘʩʠʯʝʥʠʭ ʟʚôʷʟʢʽʚ [150, 151]. ɼʣʷ ʦʪʨʠʤʘʥʥʷ 

ʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʠʟʴʢʦʶ ʪʨʽɦ ʠʥʦʩʪʡ̔ʢ̔ʩʪʶ, ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ ʪʘ 

ʽʥʰʠʤʠ ʥʝʦʙʭʽʜʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʣʽʫʨʝʪʘʥʽʚ ʽ ʦʣʽʛʦʤʝʨʥʠʭ ʢʘʫʯʫʢʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʛʨʫʧʠ [152]. 

ʊʘʢʦʞ ʧʨʠ ʧʣʘʩʪʠʬʽʢʘʮʽʾ ʝʧʦʢʠʧʦʣʽʤʝʨʚ̔ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʭʦʜʷʪʴ 

ʢʘʨʙʦʢʩʠʣʘʪʥʽ ʢʘʫʯʫʢʠ ʽ ʧʦʣʽʫʨʝʪʘʥʦʚʽ ʝʣʘʩʪʦʤʝʨʠ [8, 153-155]. ʈʦʟʨʦʙʢʠ ʚ 

ʮʽʡ ʛʘʣʫʟʽ ʧʨʠʟʚʝʣʠ ʜʦ ʧʦʷʚʠ ʮʽʣʦʛʦ ʥʘʧʨʷʤʫ ʝʧʦʢʩʠʜʥʦ-ʢʘʫʯʫʢʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʙʝʟʣʽʯʽ ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ [156-159].  

ɺ ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ ʘʚʪʦʨʠ [160] 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʽʜʢʽ ʢʘʫʯʫʢʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʢʘʨʙʦʢʩʠʣʴʦʚʘʥʽ 

ʩʦʧʦʣʽʤʝʨʠ ʦʣʽʛʦʙʫʪʘʜʽʥ̒ʘ ʟ ʘʢʨʠʣʦʥʪ̔ʨʠʣʦʤ. ɺʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʢʘʫʯʫʢʘʤʠ ʝʧʦʢʩʠʜʥʠʭ ʧʦʣʽʤʝʨʽʚ ʻ ʤʝʥʰʘ, ʥʽʞ ʫ ʚʠʭʽʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʟʤʽʩʪʫ ʪʚʝʨʜʥʠʢʘ, ʚʠʩʦʢʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʽʾ 
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ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʝʨʝʧʘʜʽʚ, ʧʽʜʚʠʱʝʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʩʫ. ɺʚʝʜʝʥʥʷ ʢʘʫʯʫʢʽʚ ʚ ʝʧʦʢʩʠʜʥʠʡ ʦʣʽʛʦʤʝʨ ʪʘʢʦʞ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʯʫʪʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʫʜʘʨʥʦʛʦ ʟʩʫʚʫ. 

ɽʧʦʢʩʠʫʨʝʪʘʥʦʚʽ ʦʣʽʛʦʤʝʨʠ ʽ ʢʘʫʯʫʢʠ ʜʦʙʨʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʩʝʙʝ ʚ 

ʷʢʦʩʪʽ ʤʦʜʠʬʽʢʘʪʦʨʽʚ, ʟʜʘʪʥʠʭ ʧʦʣʽʧʰʠʪʠ ʪʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʥʦʛʦ 

ʟʚôʷʟʫʶʯʦʛʦ, ʷʢ ʝʣʘʩʪʠʯʥʽʩʪʴ ʽ ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ. ɯʩʥʫʻ ʮʽʣʠʡ ʨʷʜ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ [161, 162], ʚ ʷʢʠʭ ʦʧʠʩʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʪʘ ʦʣʽʛʦʤʝʨʥʠʭ ʝʧʦʢʩʠʫʨʝʪʘʥʦʚʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʜʣʷ 

ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ. 

ɺʚʝʜʝʥʥʷ ʢʘʫʯʫʢʫ ʚ ʢʽʣʴʢʦʩʪʽ ʜʦ 5% ʜʦ ʩʢʣʘʜʫ ʦʙʨʘʥʠʭ ʝʧʦʢʩʠʜʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ (ɽɸ, ɽɼ-20, DEN 431, NPPN 631) ʽ 

ʦʪʚʝʨʜʞʫʚʘʯʽʚ (ɼɸɼʌʄ, ʟ-ʄʊɻʌɸ) ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʤʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ ʧʨʠ ʚʠʛʠʥʽ ʽ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʩʢʣʫʚʘʥʥʷ, ʘʣʝ ʜʘʻ ʧʨʠʨʽʩʪ ʫʜʘʨʥʦʾ 

ʤʽʮʥʦʩʪʽ ʜʦ 15-50% [174]. 

ɼʦʩʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʦʛʦ ʢʣʘʩʫ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ï 

ʮʠʢʣʦʢʘʨʙʦʥʘʪʚ̔ (ʎʂ), ʷʢʽ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʽʟʦʮʽʘʥʘʪʥʠʭ ʧʦʣʽʫʨʝʪʘʥʽʚ. ʈʦʟʢʨʠʪʪʷ ʮʠʢʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʷʢ 

ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʧʝʨʚʠʥʥʠʤʠ ʘʤʽʥʦʛʨʫʧʘʤʠ (ʟ ʫʪʚʦʨʝʥʥʷʤ ʛʽʜʨʦʢʩʠʫʨʝʪʘʥʦʚʠʭ 

ʦʣʽʛʦʤʝʨʽʚ), ʪʘʢ ʽ ʧʽʜ ʜʽʻʶ ʢʘʪʘʣʽʟʘʪʦʨʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʣʽʤʝʨʠʟʘʮʽʾ 

ʮʠʢʣʦʢʘʨʙʦʥʘʪʽʚ (ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙʩʷʛʫ ʜʦ 10%). ʇʨʦʮʝʩʠ ʚʟʘʻʤʦʜʽʾ 

ʮʠʢʣʦʢʘʨʙʦʥʘʪʚ̔ ʥʘʡʙʽʣʴʰ ʜʦʢʣʘʜʥʦ ʨʦʟʛʣʷʥʫʪʽ ʚ ʦʛʣʷʜʘʭ [162, 163].  

ɺʠʚʯʝʥʥʷ ʨʝʘʢʮʽʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʦʣʽʛʦʤʝʨʽʚ ʽʟ ʮʠʢʣʦʢʘʨʙʦʥʘʪʥʠʤʠ 

ʛʨʫʧʘʤʠ ʧʦʢʘʟʘʣʠ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʰʣʷʭʽʚ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʣʽʤʝʨʽʚ ʟʘ ʾʭ ʫʯʘʩʪ,̔ 

ʘ ʪʘʢʦʞ ʾʭ ʢʦʤʝʨʮʽʡʥʫ ʧʨʠʚʘʙʣʠʚʽʩʪʴ [176]. 

ʄʦʜʠʬʽʢʘʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʷʢ ʚʚʝʜʝʥʥʷʤ ʮʠʢʣʦʢʘʨʙʦʥʘʪʚ̔ ʚ ʩʠʩʪʝʤʫ ʫ 

ʚʠʛʣʷʜʽ ʤʦʥʦʤʝʨʘ, ʪʘʢ ʽ ʦʪʨʠʤʘʥʥʷʤ ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ ʟ ʮʠʢʣʦʢʘʨʙʦʥʘʪʥʠʤʠ 

ʛʨʫʧʘʤʠ ʚ ʩʢʣʘʜʽ ʰʣʷʭʦʤ ʯʘʩʪʢʦʚʦʾ ʢʘʨʙʦʥʽʟʘʮʽʾ ʝʧʦʢʩʠʜʥʠʭ ʛʨʫʧ (ʥʝ ʙʽʣʴʰʝ 

15%). ʇʨʠ ʮʴʦʤʫ ʪʚʝʨʜʽʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʠʧʦʚʠʭ ʘʤʽʥʥʠʭ 

ʪʚʝʨʜʥʠʢʽʚ. ɺ ʨʦʙʦʪʽ [164] ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʦʣʽʤʝʨʽʚ.  
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʢʣʦʢʘʨʙʦʥʘʪʽʚ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ 

ʢʦʤʧʦʟʠʮʽʡ ʽ ʟʤʝʥʰʠʪʠ ʝʢʟʦʪʝʨʤʽʯʥʽʩʪʴ ʧʨʦʮʝʩʫ ʪʚʝʨʜʽʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʯʠʤ 

ʚʠʱʠʡ ʚʤʽʩʪ ʮʠʢʣʦʢʘʨʙʦʥʘʪʥʠʭ ʛʨʫʧ, ʪʠʤ ʙʽʣʴʰʘ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʩʠʩʪʝʤ. ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʷʢʱʦ ʟ ʘʣʽʬʘʪʠʯʥʠʤʠ 

ʘʤʽʥʘʤʠ ʚʟʘʻʤʦʜʽʷ ʮʠʢʣʦʢʘʨʙʦʥʘʪʚ̔ ʧʨʦʪʽʢʘʻ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ                       

20-140Áʉ, ʪʦ ʟ ʘʨʦʤʘʪʠʯʥʠʤʠ ʘʤʽʥʘʤʠ ʮʠʢʣʦʢʘʨʙʦʥʘʪʠ ʥʝ ʚʟʘʻʤʦʜʽʶʪʴ ʘʞ ʜʦ 

150Áʉ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʘʚ, ʱʦ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ, 

ʧʨʠʩʚʷʯʝʥʠʭ ʚʠʚʯʝʥʥʶ ʝʧʦʢʩʠʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʎʂ ʽ ʮʽ 

ʨʦʙʦʪʠ ʚʝʜʫʪʴʩʷ ʚʞʝ ʜʘʚʥʦ [165-170].  

ʄʦʜʠʬʽʢʘʮʽʷ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʤʠ 

ʦʣʽʛʦʝʬʽʨʮʠʢʣʦʢʘʨʙʦʥʘʪʘʤʠ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʦ-ʤʽʮʥʽʩʥʠʭ 

 ̔ʘʜʛʝʟʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʽʤʝʨʽʚ ʫ 1,5-2,5 ʨʘʟʠ [175]. 

ʋ ʩʪʘʪʪʽ [171] ʨʦʟʛʣʷʜʘʪʁʴʩʷ ʝʧʦʢʩʠʜʥ ̔ ʢʦʤʧʦʟʠʮʽʾ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʘʜʛʝʟʽʡʥʠʭ ʟôʻʜʥʘʥʴ ʧʦʣʽʤʝʨʽʚ ʟ ʤʝʪʘʣʘʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ 

ʚ ʦʮʽʥʮʽ ʘʜʛʝʟʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʚʨʘʭʦʚʫʻ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʩʫʙʩʪʨʘʪʽʚ, ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ. 

ɽʧʦʢʩʠʜʥʠʡ ʦʣʽʛʦʤʝʨ ɽɼ-20 ʤʦʜʠʬʽʢʫʚʘʣʠ ʝʧʦʢʩʠʫʨʝʪʘʥʦʚʠʤʠ ʢʘʫʯʫʢʘʤʠ ʽ 

ʦʣʽʛʦʝʬʽʨʮʠʢʣʦʢʘʨʙʦʥʘʪʘʤʠ. ɺʘʨʽʶʚʘʥʥʷ ʩʢʣʘʜʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʝʧʦʢʩʠʢʘʫʯʫʢʠ ʽ 

ʦʣʽʛʦʝʬʽʨʮʠʢʣʦʢʘʨʙʦʥʘʪʠ ʜʦʟʚʦʣʷʻ ʫ ʜʫʞʝ ʰʠʨʦʢʠʭ ʤʝʞʘʭ: Ůʨ = 4-40%;              

ůʨ = 8,5-90 ʄʇʘ; ůʩʜʚ = 8-26 ʄʇʘ ʽ ůʨʦ = 16-49 ʄʇʘ ï ʟʤʽʥʶʚʘʪʠ ʘʜʛʝʟʽʡʥʽ ʽ 

ʢʦʛʝʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʧʦʥʦʚʘʥʠʭ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ. 

ɸʚʪʦʨʘʤʠ [172] ʜʦʩʣʽʜʞʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʜʠʬʽʢʘʮʽʾ ʝʧʦʢʩʠʜʥʦʛʦ 

ʦʣʽʛʦʤʝʨʫ ʪʨʠʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʦʣʽʛʦʝʬʽʨʮʠʢʣʦʢʘʨʙʦʥʘʪʘʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʚʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʝʧʦʢʩʠʜʥʦʛʦ ʦʣʽʛʦʤʝʨʫ ʦʣʽʛʦʝʬʽʨʮʠʢʣʦʢʘʨʙʦʥʘʪʚ̔ 

ʧʽʜʚʠʱʫ ̒ʡʦʛʦ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɿʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʜʦ ʩʪʘʣ ̔

ʟʙʽʣʴʰʫʻʪʴʩʷ ʤʘʡʞʝ ʥʘ 50%. 

ɺʚʝʜʝʥʥʷ ʨʦʟʨʽʜʞʫʚʘʯʽʚ ɽʪʘʣ-45 ʪʘ ʃʘʧʨʦʣʘʪ-301 ʚ ʝʧʦʢʩʠʜʥʫ ʩʤʦʣʫ 

ɽɼ-20 ʜʦʟʚʦʣʠʣʦ ʨʦʟʨʦʙʠʪʠ ʟʚôʷʟʫʶʯʝ ʜʣʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ 
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ʚʝʣʠʢʠʤ ʯʘʩʦʤ ʞʠʪʪʷ, ʥʠʟʴʢʦʶ ʚô̫ ʟʢʽʩʪʶ, ʧʦʣʽʧʰʝʥʠʤʠ ʘʜʛʝʟʽʡʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʫʜʘʨʥʦʶ ʤʽʮʥʽʩʪʶ ʽ ʤʽʮʥʽʩʪʶ ʥʘ ʚʠʛʠʥ [173]. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʥʦʾ ʘʜʛʝʟʽʾ ʽ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʽ 

ʥʘʧʦʚʥʶʚʘʯʘ, ʟʚôʷʟʫʶʯʝ ʤʘʻ ʟʘ ʨʘʭʫʥʦʢ ʢʘʧʽʣʷʨʥʠʭ ʩʠʣ ʽ ʧʽʜ ʜʽʻʶ ʩʠʣʠ 

ʪʷʞʽʥʥʷ ʘʙʦ ʥʝʚʝʣʠʢʦʛʦ ʪʠʩʢʫ ʧʨʦʥʠʢʥʫʪʠ ʤʽʞ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ ʽ 

ʜʦʩʠʪʴ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʠʪʠʩʷ ʪʘʤ. ʗʢʽʩʥʝ ʧʨʦʩʦʯʝʥʥʷ ʚʦʣʦʢʥʠʩʪʦʛʦ 

ʥʘʧʦʚʥʶʚʘʯʘ ʟʚôʷʟʫʶʯʠʤ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʩʪʘʜʽʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʧʦʚʥʝʥʠʭ ʧʣʘʩʪʠʢʽʚ, ʱʦ ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʚʠʨʦʙʫ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʡʦʛʦ ʤʽʮʥʽʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʝ 

ʧʨʦʩʦʯʝʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ, ʟʚôʷʟʫʶʯʝ ʤʘʻ ʙʫʪʠ ʥʝʚʠʩʦʢʦʾ ʚôʷʟʢʦʩʪʽ. 

ɼʣʷ ʟʥʠʞʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʝʧʦʢʩʠʜʥʠʭ ʟʚôʷʟʫʶʯʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʦʙʘʚʢʠ ʽ 

ʨʦʟʯʠʥʥʠʢʠ [177]. ɺ ʷʢʦʩʪʽ ʘʢʪʠʚʥʠʭ ʨʦʟʨʽʜʞʫʚʘʯʽʚ ʽ ʤʦʜʠʬʽʢʘʪʦʨʽʚ 

ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ ʜʣʷ ʟʥʠʞʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʣʽʬʘʪʠʯʥʽ 

ʝʧʦʢʩʠʜʥʽ ʩʤʦʣʠ - ʛʣʽʮʠʣʦʚʽ ʝʬʽʨʠ ʙʘʛʘʪʦʘʪʦʤʥʠʭ ʩʧʠʨʪʽʚ ʥʝʚʝʣʠʢʦ ʾ

ʤʦʣʝʢʫʣʷʨʥʦ ʾʤʘʩʠ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʝʧʦʢʩʠʜʥʠʭ ʛʨʫʧ ʽ ʥʠʟʴʢʦʶ ʚôʷʟʢʽʩʪʶ 

[178]. ɰʭ ʥʘʟʠʚʘʶʪʴ ʘʢʪʠʚʥʠʤʠ ʨʦʟʯʠʥʥʠʢʘʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʜʘʪʥʽ ʟʘʤʽʥʠʪʠ 

ʨʦʟʯʠʥʥʠʢʠ ʚ ʩʢʣʘʜʽ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʽ ʩʦʧʦʣʽʤʝʨʠʟʫʶʪʴʩʷ ʟ 

ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʦʤ ʙʝʟ ʚʠʜʽʣʝʥʥʷ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ. ɺʽʜʙʫʚʘʻʪʴʩʷ çʭʽʤʽʯʥʘè 

ʤʦʜʠʬʽʢʘʮʽʷ ʝʧʦʢʩʠʜʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʚʙʫʜʦʚʫʚʘʥʥʷ ʛʥʫʯʢʠʭ 

ʬʨʘʛʤʝʥʪʽʚ ʚ ʞʦʨʩʪʢʫ ʧʦʣʽʤʝʨʥʫ ʩʽʪʢʫ ʽ ʟʙʽʣʴʰʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ 

ʩʝʛʤʝʥʪʘ. ʉʝʨʝʜ ʘʢʪʠʚʥʠʭ ʨʦʟʨʽʜʞʫʚʘʯʽʚ ʜʦʙʨʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʩʝʙʝ 

ʛʣʽʮʠʜʠʣʦʚʽ ʝʬʽʨʠ ʦʣʽʛʦʦʢʩʠʘʣʢʽʣʝʥʛʣʽʢʦʣʝʡ (ʤʘʨʢʘ çʃʘʧʨʦʢʩʠʜè 

ʚʠʨʦʙʥʠʮʪʚʘ ʅɺʇ çʄʘʢʨʦʤʝʨè) [179-181]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʃʘʧʨʦʢʩʠʜ̔ʚ ʜʦʟʚʦʣʷʻ [8, 14, 182, 183]: 

 - ʟʥʠʟʠʪʠ ʚôʷʟʢʽʩʪʴ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ (ʧʦʣʝʛʰʠʪʠ ʧʝʨʝʨʦʙʢʫ); 

 - ʧʦʣʽʧʰʠʪʠ ʢʦʤʧʣʝʢʩ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʧʽʜʚʠʱʠʪʠ 

ʫʜʘʨʥʫ ʚô̫ ʟʢʽʩʪʴ ʽ ʝʣʘʩʪʠʯʥʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʽ ʢʣʝʾʚ, ʟʙʽʣʴʰʠʪʠ ʤʝʞʽ ʤʽʮʥʦʩʪʽ 

ʧʨʠ ʨʦʟʪʷʛʫʚʘʥʥʽ ʽ ʩʪʠʩʥʝʥʥʽ, ʧʦʣʽʧʰʠʪʠ ʪʝʧʣʦʩʪʽʡʢʽʩʪʴ ʽ ʛʽʜʨʦʬʦʙʥʽʩʪʴ); 

 - ʚʠʢʣʶʯʠʪʠ ʤʽʛʨʘʮʽʶ ʨʦʟʯʠʥʥʠʢʽʚ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 
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ɺʠʙʽʨ ʤʘʨʢʠ ʃʘʧʨʦʢʩʠʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠʟʥʘʯʝʥʥʷʤ ʝʧʦʢʩʠʜʥʦʾ 

ʢʦʤʧʦʟʠʮʽʾ [184]. ɸʣʽʬʘʪʠʯʥʽ ʤʦʥʦʬʫʥʢʮʽʦʥʘʣʴʥʽ ʃʘʧʨʦʢʩʠʜʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʟʥʠʞʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʢʦʤʧʘʫʥʜʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʭʦʨʦʰʦʛʦ 

ʟʤʦʯʫʚʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʽʚ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʚʠʩʦʢʦʥʘʧʦʚʥʝʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ɸʨʦʤʘʪʠʯʥʽ ʤʦʥʦʬʫʥʢʮʽʦʥʘʣʴʥʽ ʃʘʧʨʦʢʩʠʜʠ ʧʽʜʚʠʱʫʶʪʴ 

ʢʠʩʣʦʪʦʩʪʽʡʢʽʩʪʴ ʽ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʽʚ. ʅʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʽ ʜʠ- ʽ 

ʪʨʠʬʫʥʢʮʽʦʥʘʣʴʥʽ ʃʘʧʨʦʢʩʠʜʠ, ʥʝʟʥʘʯʥʦ ʟʥʠʞʫʶʯʠ ʰʚʠʜʢʽʩʪʴ ʪʚʝʨʜʽʥʥʷ, 

ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʥʝʥʥʽ, ʪʝʧʣʦ-, ʚʦʜʦʩʪʽʡʢʽʩʪʴ ʽ 

ʝʣʝʢʪʨʦʽʟʦʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʆʣʽʛʦʤʝʨʥʽ ʜʠ- ʽ ʪʨʠʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʃʘʧʨʦʢʩʠʜʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʤʘʪʝʨʽʘʣʠ ʟ ʭʦʨʦʰʦʶ ʫʜʘʨʥʦʶ ʤʽʮʥʽʩʪʶ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʃʘʧʨʦʢʩʠʜʽʚ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʧʽʜʚʠʱʝʥʥʷ ʫʜʘʨʥʦʾ ʚôʷʟʢʦʩʪʽ 

ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 10-20% ʧʨʠ çʭʦʣʦʜʥʦʤʫè ʽ ʥʘ 10-40% ʧʨʠ 

çʛʘʨʷʯʦʤʫè ʪʚʝʨʜʽʥʥʽ, ʦʪʨʠʤʘʪʠ ʤʘʪʝʨʽʘʣʠ ʟ ʭʦʨʦʰʠʤʠ ʜʽʝʣʝʢʪʨʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʧʨʠʡʥʷʪʥʦʶ ʚʦʜʦʩʪʽʡʢʽʩʪʶ, ʧʽʜʚʠʱʠʪʠ ʨʫʡʥʽʚʥʝ ʥʘʧʨʫʞʝʥʥʷ 

ʧʨʠ ʨʦʟʪʷʛʫʚʘʥʥʽ ʽ ʩʪʠʩʥʝʥʥʽ ʥʘ 10 - 50% [180-182]. 

ɿ ʦʛʣʷʜʫ ʥʘ ʚʩʝ ʚʠʱʝʚʠʢʣʘʜʝʥʝ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ ʟʚôʷʟʫʶʯʠʭ  ʽ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʾʭ ʭʦʨʦʰʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʤʽʮʥʽʩʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʨʩʧʝʢʪʠʚʥʦ  ʁ ʻ ʤʦʜʠʬʽʢʘʮʽʷ ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʫ 

ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ, ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʽ 

ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʤʠ ʦʣʛ̔ʦʤʝʨʘʤʠ. ʎʽʢʘʚʠʤ ʻ ʚʠʚʯʠʪʠ ʚʧʣʠʚ ʩʧʽʣʴʥʦʛʦ 

ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʝʧʦʢʩʠʜʥʦʛʦ ʟʚôʷʟʫʶʯʦʛʦ ʤʘʣʠʤʠ ʜʦʙʘʚʢʘʤʠ ʇɸʈ, ʂʆʉ ʽ 

ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʤʠ ʦʣʛ̔ʦʤʝʨʘʤʠ. 

1.4 ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ɼʣʷ ʥʘʜʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʤ ʤʘʪʝʨʽʘʣʘʤ ʩʧʝʮʽʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʤʦʛ, ʚʠʩʫʥʫʪʠʭ ʢʽʥʮʝʚʦʤʫ ʧʨʦʜʫʢʪʫ, ʚ ʝʧʦʢʩʠʜʥʽ ʧʦʣʽʤʝʨʠ 

ʚʚʦʜʷʪʴ ʨʽʟʥʽ ʥʘʧʦʚʥʶʚʘʯʽ. 

ʅʘʧʦʚʥʝʥʽ ʇʂʄ ʻ ʩʢʣʘʜʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ. ʅʘʧʦʚʥʝʥʠʡ ʧʦʣʽʤʝʨ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 
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ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʢʦʤʧʦʥʝʥʪʽʚ: ʥʘʧʦʚʥʶʚʘʯʘ, 

ʧʦʣʽʤʝʨʫ ʽ ʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ. ʇʨʠ ʜʦʩʪʘʪʥʽʭ ʟʥʘʯʝʥʥʷʭ ʛʨʘʥʠʯʥʠʡ ʰʘʨ 

ʧʦʯʠʥʘʻ ʛʨʘʪʠ ʨʦʣʴ ʪʨʝʪʴʦʾ ʬʘʟʠ, ʚʥʦʩʷʯʠ ʩʚʽʡ ʚʥʝʩʦʢ ʫ ʤʽʮʥʽʩʥ ̔ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ. ʊʦʤʫ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʪʽʣʴʢʠ ʩʘʤʦʾ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ, 

ʘʣʝ ʽ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʘ ʩʘʤʝ [66]: 

 Å ʤʽʞʬʘʟʥʫ ʚʟʘʻʤʦʜʽʶ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ ʽ ʧʦʣʽʤʝʨʫ, ʘ ʪʘʢʦʞ 

ʘʜʛʝʟʽʶ ʥʘʧʦʚʥʶʚʘʯʘ ʜʦ ʧʦʣʽʤʝʨʫ;  

Å ʩʪʫʧʽʥʴ ʟʤʦʯʫʚʘʥʥ ̫ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ ʧʦʣʽʤʝʨʥʠʤ ʟʚôʷʟʫʶʯʠʤ; 

Å ʢʽʣʴʢʽʩʪʴ ʚʚʝʜʝʥʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʧʦʣʽʤʝʨʥʫ ʤʘʪʨʠʮʶ;  

Å ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʧʝʨʝʙʽʛʘʶʪʴ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʟʚôʷʟʫʶʯʦʛʦ ʽ 

ʥʘʧʦʚʥʶʚʘʯʘ. 

ʅʘʧʦʚʥʶʚʘʯʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʨʛʘʥʽʯʥʦʛʦ ʽ ʤʽʥʝʨʘʣʴʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ɺʩʽ 

ʤʽʥʝʨʘʣʴʥʽ ʥʘʧʦʚʥʶʚʘʯʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʝʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ ʨʽʟʥʦʛʦ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ [185]. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʧʦʚʥʝʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʚ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʚʝʨʜʽ ʪʦʥʢʦʜʠʩʧʝʨʩʥʽ ʥʘʧʦʚʥʶʚʘʯʽ ʟ 

ʯʘʩʪʠʥʢʘʤʠ ʩʬʝʨʠʯʥʦʾ (ʩʢʣʷʥʽ ʤʽʢʨʦʩʬʝʨʠ, ʟʦʣʠ-ʚʠʥʝʩʝʥʥʷ), ʟʝʨʥʠʩʪʦ ʾ(ʩʘʞʘ, 

ʢʨʝʤʥʝʟʝʤ, ʜʝʨʝʚʥʝ ʙʦʨʦʰʥʦ, ʢʨʝʡʜʘ, ʢʘʦʣʽʥ), ʧʣʘʩʪʠʥʯʘʩʪʦʾ (ʪʘʣʴʢ, ʛʨʘʬʽʪ, 

ʩʣʶʜʘ), ʛʦʣʯʘʩʪʦ ʾ (ʦʢʩʠʜʠ, ʩʦʣʽ, ʩʠʣʽʢʘʪʠ) ʬʦʨʤʠ, ʘ ʪʘʢʦʞ ʚʦʣʦʢʥʠʩʪʽ 

ʥʘʧʦʚʥʶʚʘʯʽ (ʩʢʣʦʚʦʣʦʢʥʦ, ʙʘʟʘʣʴʪʦʚʝ, ʚʫʛʣʝʚʦʣʦʢʥʦ ʪʘ ʽʥ.). ɺʚʝʜʝʥʥʷ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʫʚʘʪʠ ʘʜʛʝʟʽʶ [186], ʤʽʮʥʽʩʪʴ ʧʨʠ ʩʪʠʩʥʝʥʥʽ, 

ʚʠʛʠʥʽ, ʫʜʘʨʽ[187], ʘ ʪʘʢʦʞ ʩʪʽʡʢʽʩʪʴ ʜʦ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ [188, 189]  

ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [190] ʜʦʩʣʽʜʞʝʥʦ ʤʝʭʘʥʽʟʤ ʧʦʩʠʣʝʥʥʷ ʜʽʾ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʚ ʥʘʧʦʚʥʝʥʠʭ ʝʧʦʢʩʠʫʨʝʪʘʥʦʚʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʷʭ, 

ʚʩʪʘʥʦʚʣʝʥʦ ʟʚôʷʟʦʢ ʤʽʞ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʩʪʨʫʢʪʫʨʦʶ ʤʘʪʝʨʽʘʣʫ. ʇʦʢʘʟʘʥʦ, 

ʱʦ ʧʨʠ ʚʚʝʜʝʥʥʽ ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʘ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʧʦʤʽʪʥʽ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣʽʤʝʨʽʚ ʟʘ ʨʘʭʫʥʦʢ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ 

ʚʟʘʻʤʦʜʽʡ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟôʷʚʠʣʘʩʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʦʚʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘ ʦʩʥʦʚʽ ʜʝʨʝʚʠʥʠ, ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʷʢʠʭ ʻ ʩʣʘʙʢʘ ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ. 



48 

ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʚʦʛʥʝʟʘʭʠʩʪʫ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ 

ʨʽʟʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʪʘʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʢʨʠʪʪʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʥʘ ʧʦʚʝʨʭʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʨʦʟʚʠʪʢʫ ʧʦʞʝʞʽ ʝʢʨʘʥ, ʱʦ ʚʦʣʦʜʽʻ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʠʡ ʦʙʝʨʽʛʘʻ ʤʝʪʘʣ ʚʽʜ ʧʝʨʝʛʨʽʚʫ ʽ ʨʫʡʥʫʚʘʥʥʷ, ʘ ʜʝʨʝʚʠʥʫ - 

ʚʽʜ ʟʘʡʤʘʥʥʷ [191]. 

ʐʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʘʥʪʠʧʽʨʝʥʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʚ ʦʜʥʽʡ ʤʦʣʝʢʫʣʽ ʷʢ 

ʘʪʦʤʠ ʬʦʩʬʦʨʫ, ʪʘʢ ʽ ʘʪʦʤʠ ʛʘʣʦʛʝʥʫ [192]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʩʫʤʽʰʝʡ 

ʬʦʩʬʦʨ ʽ ʛʘʣʦʛʝʥʚʤʽʩʥʠʭ ʟô̒ ʜʥʘʥʴ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʛʦʨʶʯʦʩʪʽ, ʥʽʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʞʝ ʘʥʪʠʧʨ̔ʝʥ̔ʚ ʦʢʨʝʤʦ. ʂʨʽʤ ʛʘʣʦʛʝʥʽʚ ʚ 

ʢʦʤʙʽʥʘʮʽʾ ʟ ʬʦʩʬʦʨʦʤ ʜʫʞʝ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʘʟʦʪ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʠʥʝʨʛʽʯʥʠʡ ʝʬʝʢʪ, ʪʦʙʪʦ ʘʟʦʪ ʧʦʩʠʣʶʻ ʜʽʶ ʬʦʩʬʦʨʫ. ɯʟ 

ʩʧʦʣʫʢ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʘʥʪʠʧʽʨʝʥʽʚ ʜʣʷ 

ʝʧʦʢʩʠʜʥʠʭ ʩʤʦʣ ʽ ʤʽʩʪʷʪʴ ʦʙʠʜʚʘ ʮʽ ʝʣʝʤʝʥʪʠ, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʘʤʽʜʠ ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ, ʧʦʣʽʬʦʩʬʘʟʝʥʠ, ʬʦʩʬʘʪʠ ʪʘ ʧʦʣʽʬʦʩʬʘʪʠ ʘʤʦʥʽʶ 

[193-196]. ʉʝʨʝʜ ʘʥʪʠʧʨ̔ʝʥ̔ʚ, ʷʢʽ ʤʽʩʪʷʪʴ ʘʪʦʤʠ ʬʦʩʬʦʨʫ ʡ ʘʟʦʪʫ ʚ ʦʜʥʽʡ 

ʤʦʣʝʢʫʣʽ, ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʩʧʦʣʫʢʠ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʬʦʩʬʘʟʦʛʨʫʧʫ ʈ = N ï ʮʝ 

ʪʘʢʽ ʩʧʦʣʫʢʠ ʷʢ ʦʣʽʛʦʤʝʨʥʽ ʽ ʧʦʣʽʤʝʨʥʽ ʬʦʩʬʘʟʝʥʠ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʽ ʤʝʭʘʥʽʟʤ 

ʜʽʾ ʧʦʜʽʙʥʠʭ ʟôʻʜʥʘʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʦʤ ʟʘʤʽʱʫʚʘʯʽʚ ʫ ʘʪʦʤʘ ʬʦʩʬʦʨʫ.  

ɽʧʦʢʩʠʜʥʽ ʟʚôʷʟʫʶʯʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʣʘʩʪʠʢʽʚ, ʘʨʤʦʚʘʥʠʭ ʙʝʟʧʝʨʝʨʚʥʠʤʠ ʚʦʣʦʢʥʘʤʠ [197, 198]. ʉʝʨʝʜ ʽʥʰʠʭ 

ʚʦʣʦʢʦʥ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʨʤʦʚʘʥʠʭ ʧʣʘʩʪʠʢʽʚ, ʩʢʣʷʥʽ ï ʻ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤʠ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʾʭ ʚʽʜʥʦʩʥʦʶ ʜʝʰʝʚʠʟʥʦʶ ʽ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʶ 

ʚʣʘʩʪʠʚʦʩʪʝʡ (ʥʠʟʴʢʘ ʱʽʣʴʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʪʘʣʘʤʠ, ʚʠʩʦʢʘ ʤʽʮʥʽʩʪʴ ʷʢ 

ʧʨʠ ʨʦʟʪʷʛʫʚʘʥʥʽ, ʪʘʢ ʽ ʧʨʠ ʩʪʠʩʥʝʥʥʽ, ʪʝʨʤʦ- ʽ ʭʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ, ʚʠʩʦʢʽ 

ʜʽʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʽʥ.) [199]. 

ɹʣʠʟʴʢʽ ʟʘ ʧʨʠʨʦʜʦʶ ʜʦ ʩʢʣʷʥʠʭ, ʙʘʟʘʣʴʪʦʚʽ ʚʦʣʦʢʥʘ, ʩʠʨʦʚʠʥʦʶ ʜʣʷ 

ʷʢʠʭ ʻ ʜʫʞʝ ʜʝʰʝʚʠʡ ʧʨʠʨʦʜʥʠʡ ʤʽʥʝʨʘʣ, ʤʘʶʪʴ ʩʭʦʞʽ, ʘʣʝ, ʥʘ ʞʘʣʴ, ʯʘʩʪʦ 

ʥʝʩʪʘʙʽʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɹʘʟʘʣʴʪʦʚʽ ʚʦʣʦʢʥʘ ʙʽʣʴʰ ʚʦʜʦ- ʽ ʣʫʛʦʩʪʽʡʢʽ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʩʢʣʦʚʦʣʦʢʥʦʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʟʘʣʴʪʦʚʠʭ ʚʦʣʦʢʦʥ ʫ ʚʠʛʣʷʜʽ 

ʜʞʛʫʪʽʚ ʽ ʪʢʘʥʠʥ ʟʽ ʩʪʫʧʝʥʝʤ ʥʘʧʦʚʥʝʥʥʷ ʜʦ 80%, ʧʨʦʩʦʯʝʥʠʭ 
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ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʤ ʟʚôʷʟʫʶʯʠʤ, ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʦʤʽʮʥʽ, ʩʪʽʡʢʽ ʜʦ 

ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʪʝʨʤʦʩʪʽʡʢʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ [200]. 

ɿʙʽʣʴʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʇʂʄ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʷ 

ʢʦʥʪʘʢʪʫ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ ʟ ʧʦʣʽʤʝʨʥʦʶ ʤʘʪʨʠʮʝʶ [47]. ʉʪʫʧʽʥʴ 

ʚʟʘʻʤʦʜʽʾ ʧʦʣʽʤʝʨʫ ʽ ʥʘʧʦʚʥʶʚʘʯʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʠʨʦʜʦʶ ʧʦʚʝʨʭʥʽ 

ʦʩʪʘʥʥʴʦʛʦ ʽ ʧʦʣʷʨʥʽʩʪʶ ʧʦʣʽʤʝʨʫ; ʚʦʥʘ ʧʦʤʽʪʥʘ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʘ 

ʤʝʞʽ ʨʦʟʜʽʣʫ ʬʘʟ ʤʦʞʣʠʚʝ ʫʪʚʦʨʝʥʥʷ ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ. ʆʩʥʦʚʥʘ ʨʦʣʴ 

ʚʽʜʚʦʜʠʪʴʩʷ ʭʽʤʽʯʥʽʡ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʘʢʪʠʚʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ 

ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ ʽ ʥʘʧʦʚʥʶʚʘʯʘ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʨʥʦʾ ʘʜʛʝʟʽʾ ʤʽʞ ʝʧʦʢʩʠʜʥʠʤ ʧʦʣʽʤʝʨʦʤ ʽ 

ʥʘʧʦʚʥʶʚʘʯʝʤ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ ʙʫʣʠ ʛʨʫʧʠ, ʟʜʘʪʥʽ 

ʜʦ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʝʧʦʢʩʠʜʥʠʭ ʟʚô̫ ʟʫʶʯʠʭ. 

ʊʘʢʽ ʛʨʫʧʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʘʢʪʠʚʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ (ʦʢʩʠʜʠ, ʩʠʣʽʢʘʪʠ ʽ ʽʥ.), ʥʘ 

ʧʦʚʝʨʭʥʽ ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʢʨʠʚ ʟ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ, ʷʢʽ ʤʦʞʫʪʴ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʟʘ ʩʚʦʻʶ ʧʦʚʝʜʽʥʢʦʶ ʽ ʭʽʤʽʯʥʦ ʁʘʢʪʠʚʥʩ̔ʪʁ [8]. ʂʨʽʤ ʛʨʫʧ ʆʅ 

ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʯʥʠʭ ʦʢʩʠʜʽʚ ʻ ʡ ʽʥʰʽ ʮʝʥʪʨʠ, ʷʢʽ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ 

ʘʜʩʦʨʙʮʽʡʥʫ ʽ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪ.ɹ 

ʇʨʠ ʭʽʤʽʯʥʽʡ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ ʝʧʦʢʩʠʜʥʘ ʤʘʪʨʠʮʷ 

ʤʦʞʝ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʫʪʚʦʨʝʥʠʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ 

ʙʽʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʥʝʛʽʜʨʦʣʽʟʫ̒ʤʠʭ ʟʚô̫ ʟʢʽʚ             

SiïOïSi ʽ CïC, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʚʦʜʦʩʪʽʡʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ. ɻʽʜʨʦʢʩʠʣʴʥʽ 

ʛʨʫʧʠ ʚʽʜʽʛʨʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʨʦʣʴ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʥʘʧʦʚʥʶʚʘʯʽʚ ʟ ʝʧʦʢʩʠʜʥʠʤʠ 

ʩʤʦʣʘʤʠ. ʆʜʥʘʢ ʢʨʽʤ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ ʤʦʞʫʪʴ 

ʟʥʘʭʦʜʠʪʠʩʷ ʘʜʩʦʨʙʦʚʘʥʽ ʟ ʧʦʚʽʪʨʷ ʤʦʣʝʢʫʣʠ ʚʦʜʠ ʪʘ ʽʥʰʠʭ ʟô̒ ʜʥʘʥʴ, ʱʦ 

ʫʩʢʣʘʜʥʶʶʪʴ ʟʤʦʯʫʚʘʥʥʷ ʽ ʚʟʘʻʤʦʜʽ ʁʧʦʣʽʤʝʨʫ ʟ ʥʘʧʦʚʥʶʚʘʯʝʤ. ʂʨʽʤ ʪʦʛʦ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʩʥʫʚʘʥʥʷ ʚʩʴʦʛʦ ʩʧʝʢʪʨʘ ʬʽʟʠʯʥʠʭ ʟʚ'ʷʟʢʽʚ ï ʚʽʜ ɺʘʥ-ʜʝʨ-

ʚʘʘʣʴʩʦʚʠʭ ʜʦ ʚʦʜʥʝʚʠʭ, ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴ ʷʚʠʱʘ ʟʤʦʯʫʚʘʥʥʷ, ʘʜʛʝʟʽʾ ʽ 

ʫʪʚʦʨʝʥʥʷ ʤʽʞʬʘʟʥʠʭ ʰʘʨʽʚ [17]. 
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ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʧʨʦʮʝʩʽʚ ʤʽʞʬʘʟʥʦ ʾʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʚ ʥʘʧʦʚʥʝʥʠʭ ʧʦʣʽʤʝʨʘʭ, ʙʘʛʘʪʦ ʘʩʧʝʢʪʽʚ ʮʠʭ ʧʨʦʮʝʩʽʚ ʱʝ ʤʘʣʦ ʜʦʩʣʽʜʞʝʥʽ, ʽ ʚ 

ʣʽʪʝʨʘʪʫʨʽ ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʜʫʤʢʠ, ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʽ ʚ ʨʦʙʦʪʘʭ [201, 202].  

ʅʘ ʤʽʮʥʽʩʪʴ ʥʘʧʦʚʥʝʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ 

ʥʘʧʦʚʥʶʚʘʯʘ ʟ ʧʦʣʽʤʝʨʥʠʤ ʟʚôʷʟʫʶʯʠʤ ʦʩʪʘʪʦʯʥʦ ʚʧʣʠʚʘ ̒ʤʽʞʬʘʟʥʘ ʤʝʞʘ 

ʨʦʟʜʽʣʫ. ʅʘ ʤʽʞʬʘʟʥʽʡ ʤʝʞʽ ʫʪʚʦʨʶʻʪʴʩʷ ʘʜʩʦʨʙʮʽʡʥʠʡ ʰʘʨ, ʚ ʷʢʦʤʫ ʯʘʩʪʠʥʘ 

ʩʝʛʤʝʥʪʽʚ ʤʘʢʨʦʤʦʣʝʢʫʣ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʟʘʻʤʦʜʽʻ ʟ ʧʦʚʝʨʭʥʝʶ, ʽ ʛʨʘʥʠʯʥʠʡ 

ʘʙʦ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ, ʱʦ ʚʢʣʶʯʘʻ ʘʜʩʦʨʙʮʽʡʥʠʡ, ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʦʛʦ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʚʧʣʠʚʫ ʧʦʣʷ ʧʦʚʝʨʭʥʝʚʠʭ ʩʠʣ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ 

ʦʙôʻʤʽ. ʎʝʡ ʛʨʘʥʠʯʥʠʡ ʘʙʦ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ, ʧʝʨʰ ʟʘ ʚʩʝ, 

ʝʬʝʢʪʠʚʥʦ ʁʪʦʚʱʠʥʦʶ, ʟʘ ʤʝʞʘʤʠ ʷʢʦʾ ʚʽʜʭʠʣʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʽʜ ʾʭ ʦʙôʻʤʥʠʭ ʟʥʘʯʝʥʴ ʩʪʘʻ ʥʝʩʫʪʪʻʚʠʤ. ʇʦʥʷʪʪʷ ʝʬʝʢʪʠʚʥʦʾ ʪʦʚʱʠʥʠ 

ʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʜʦʩʠʪʴ ʧʦʚʥʦ ʨʦʟʢʨʠʪʦ ʚ ʨʦʙʦʪʘʭ [203, 204].  

ʊʘʢ ʷʢ ʤʝʞʘ ʬʘʟ ʤʽʞ ʥʘʧʦʚʥʶʚʘʯʝʤ ʽ ʟʚôʷʟʫʶʯʠʤ - ʮʝ ʥʘʡʩʣʘʙʢʽʰʝ 

ʤʽʩʮʝ ʤʘʪʝʨʽʘʣʫ, ʩʘʤʝ ʪʫʪ ʧʦʯʠʥʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʷʢ ʧʨʠ ʤʝʭʘʥʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʪʘʢ ʽ ʧʨʠ ʽʥʰʠʭ ʚʧʣʠʚʘʭ, ʥʘʧʨʠʢʣʘʜ, ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʴʦʾ 

ʘʪʤʦʩʬʝʨʠ, ʚʦʜʠ ʪʘ ʽʥʰʠʭ.  

ʅʘ ʷʢʽʩʪʴ ʤʝʞʽ ʬʘʟ ʤʽʞ ʥʘʧʦʚʥʶʚʘʯʝʤ ʽ ʟʚôʷʟʫʶʯʠʤ ʚʧʣʠʚʘʻ ʚʝʣʠʯʠʥʘ 

ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʥʘʧʦʚʥʶʚʘʯʘ. ʊʘʢ, ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ ʤʽʥʝʨʘʣʴʥʠʭ 

ʚʦʣʦʢʦʥ ʚ ʤʦʤʝʥʪ ʾʭ ʦʪʨʠʤʘʥʥʷ ʜʦʩʠʪʴ ʚʠʩʦʢʘ (0,25-2) Ā 10
-8
 ɼʞ/ʤ

2
, ʦʜʥʘʢ 

ʚʦʥʘ ʰʚʠʜʢʦ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʘʙʨʫʜʥʝʥʥʷ ʾʭ ʧʦʚʝʨʭʥʽ ʰʣʷʭʦʤ 

ʘʜʩʦʨʙʮʽʾ ʧʨʦʜʫʢʪʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ, ʧʦʛʽʨʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʟʽ ʟʚô̫ ʟʫʶʯʠʤ. ʋ 

ʨʘʟʽ ʷʢʱʦ ʟʤʦʯʫʚʘʥʥʷ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʦʚʝʨʭʥʝʚʘ ʦʙʨʦʙʢʘ 

ʚʦʣʦʢʦʥ, ʘʧʨʝʪʫʚʘʥʥʷ ʪʘ ʚʚʝʜʝʥʥʷ ʚ ʟʚôʷʟʫʶʯʝ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ 

ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʷʢʽ ʟʤʽʥʶʶʪʴ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʥʘ ʤʽʞʬʘʟʥ̔ ʡ ʤʝʞʽ ʽ 

ʜʦʟʚʦʣʷʶʪʴ ʨʝʛʫʣʶʚʘʪʠ ʧʨʦʮʝʩ ʟʤʦʯʫʚʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ ʟʚôʷʟʫʶʯʠʤ.  

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ ʧʨʠʩʚʷʯʝʥʘ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ 

ʚʦʣʦʢʥʘ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʤʽʞʬʘʟʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʘʨʤʫʶʯʠʤ ʥʘʧʦʚʥʶʚʘʯʝʤ ʽ 

ʤʘʪʨʠʮʝʶ [205, 206]. ɼʦ ʥʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʧʦʚʝʨʭʥʝʚʘ ʦʙʨʦʙʢʘ ʚʦʣʦʢʥʘ ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʩʫʭʠʭ ʽ ʚʦʣʦʛʠʭ ʩʧʦʩʦʙʽʚ ʦʢʠʩʣʝʥʥʷ [207], ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʯʦʛʦ ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ ʫʪʚʦʨʶʶʪʴʩʷ ʛʽʜʨʦʢʩʠʣʴʥʽ, ʦʢʩʠʜʥʽ ʪʘ ʽʥʰʽ ʧʦʣʷʨʥʽ ʛʨʫʧʠ, 

ʱʦ ʜʦʙʨʝ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʧʦʣʽʤʝʨʥʦ ʁʤʘʪʨʠʮʝʶ. 

 ʋ ʧʨʦʮʝʩʽ ʚʠʪʷʛʫʚʘʥʥʷ ʩʢʣʷʥʽ ʚʦʣʦʢʥʘ ʧʽʜʜʘʶʪʴ ʩʢʣʝʶʚʘʥʥ ʁ ʜʣʷ 

ʜʦʜʘʥʥʷ ʾʤ ʢʨʘʱʦʛʦ ʟʯʝʧʣʝʥʥʷ ʚ ʧʘʩʤʘ ʽ ʟʤʝʥʰʝʥʥʷ ʾʭʥʴʦʛʦ ʚʟʘʻʤʥʦʛʦ ʪʝʨʪʷ. 

ɼʣʷ ʯʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʫʤʽʰ ʧʘʨʘʬʽʥʫ ʟ ʞʠʨʥʠʤʠ ʢʠʩʣʦʪʘʤʠ ʽ 

ʘʤʽʥʦʩʧʠʨʪʘʤʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʧʣʽʚʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ʚʦʣʦʢʥʘ, ʧʨʠ ʯʦʤʫ ʮʝʡ 

ʢʣʝʶʯʠʡ ʩʢʣʘʜ ʥʽʷʢ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʤʽʮʥʽʩʪɹ ʝʣʝʤʝʥʪʘʨʥʠʭ ʚʦʣʦʢʦʥ [208]. ɺ 

ʨʦʙʦʪʽ [209] ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʙʽʨ ʩʧʦʩʦʙʫ ʚʠʜʘʣʝʥʥʷ ʟʘʤʘʩʣʶʚʘʯʘ ʟ̔ 

ʩʢʣʦʪʢʘʥʠʥʠ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʽ ʤʽʮʥʦʩʪʽ 

ʩʢʣʦʧʣʘʩʪʠʢʽʚ ʥʘ ʚʠʛʠʥ ʚ ʩʫʭʦʤʫ ʽ ʤʦʢʨʦʤʫ ʩʪʘʥʽ. 

ɸʚʪʦʨʦʤ [210] ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʟʘʤʘʩʣʶʚʘʯʽʚ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʩʢʣʦʚʦʣʦʢʥʘ, ʥʘ ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ 

ʟʚôʷʟʫʶʯʠʭ ʽʟ ʩʢʣʷʥʠʤʠ ʚʦʣʦʢʥʘʤʠ ʟ ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ ʪʘ ʨʷʜʫ 

ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ ʜʦ ʙʝʟʣʫʞʥʠʭ ʚʦʣʦʢʦʥ, 

ʧʦʢʨʠʪʠʭ ʧʘʨʘʬʽʥʦʚʦ ʁʝʤʫʣʴʩʽʻʶ ʽ ʟʘʤʘʩʣʶʚʘʯʝʤ ˉ 652. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʘʷʚʥʽʩʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʩʢʣʷʥʠʭ ʚʦʣʦʢʦʥ ʧʘʨʘʬʽʥʦʚʦʾ ʝʤʫʣʴʩʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ (ʧʨʠʙʣʠʟʥʦ ʥʘ 12-25%) ʥʝʟʘʣʝʞʥʦ 

ʚʽʜ ʪʠʧʫ ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ ʽ ʩʢʣʘʜʫ ʩʢʣʦʚʦʣʦʢʥʘ. 

ɿ ʤʝʪʦʶ ʧʦʣʽʧʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ ʥʘ ʤʽʞʬʘʟʥ̔ ʡ ʧʦʚʝʨʭʥʽ ʧʝʨʝʜ 

ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʢʦʤʧʦʟʠʪʽʚ ʘʨʤʫʶʯʽ ʚʦʣʦʢʥʘ ʧʽʜʜʘʶʪʴ ʦʙʨʦʙʮʽ, ʩʧʨʷʤʦʚʘʥʽʡ 

ʥʘ ʦʯʠʱʝʥʥʷ ʽ ʘʢʪʠʚʫʚʘʥʥʷ ʘʙʦ ʭʽʤʽʯʥʝ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʾʭ ʧʦʚʝʨʭʥʽ [211, 212]. 

ʋ ʨʦʙʦʪʘʭ [213, 214] ʟʘ ʨʘʭʫʥʦʢ ʧʦʚʝʨʭʥʝʚʦʾ ʦʙʨʦʙʢʠ ʚʦʣʦʢʦʥ 

ʚʘʨʽʶʚʘʣʠ ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʚ ʢʦʤʧʦʟʠʪʘʭ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ 

ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʧʦʚʝʨʭʥʝʚʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʚʦʣʦʢʥʘ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʨʦʩʪʘʥʥʷ ʤʽʮʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʪʫ. 

ɼʣʷ ʧʦʣʽʧʰʝʥʥʷ ʘʜʛʝʟʽʡʥʦ ʾ ʚʟʘʻʤʦʜʽʾ ʩʠʩʪʝʤʠ çʧʦʣʽʤʝʨ-ʚʦʣʦʢʥʦè 

ʩʢʣʷʥʽ ʚʦʣʦʢʥʘ ʧʽʜʜʘʶʪʴ ʪʝʨʤʦʭʽʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʢʨʝʤʥʡ̔ʦʨʛʘʥʯ̔ʥʠʤʠ 

ʩʧʦʣʫʢʘʤʠ (ʘʧʨʝʪʘʤʠ), ʱʦ ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥ ʁ ʤʽʮʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ 

ʧʦʣʽʤʝʨʦʤ ʽ ʥʘʧʦʚʥʶʚʘʯʝʤ ʽ, ʦʪʞʝ, ʧʦʣʽʧʰʝʥʥʶ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 



52 

ʩʢʣʦʧʣʘʩʪʠʢʽʚ. ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʘʜʛʝʟʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʫ 

ʚʦʣʦʛʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʆʙʨʦʙʢʘ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ ʘʧʨʝʪʦʤ ʘʙʦ ʇɸʈ 

ʧʨʠʟʚʦʜʠʪʴ ʪʘʢʦʞ ʜʦ ʧʦʣʽʧʰʝʥʥʷ ʡʦʛʦ ʟʤʦʯʫʚʘʥʥʷ ʟʚôʷʟʫʶʯʠʤ [215]. 

ʅʘʡʭʘʨʘʢʪʝʨʥʽʰʦʶ ʨʠʩʦʶ ʘʧʧʨʝʪʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚʦʣʦʢʦʥ ʻ ʥʘʷʚʥʽʩʪʴ 

ʧʦʢʨʠʚʫ ʟ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ, ʷʢʽ ʤʦʞʫʪʴ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʟʘ ʩʚʦʻʶ 

ʧʦʚʝʜʽʥʢʦʶ ʽ ʭʽʤʽʯʥʦ ʁ ʘʢʪʠʚʥʽʩʪʶ [150]. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ 

ʛʽʜʨʘʪʦʚʘʥʽʡ ʧʦʚʝʨʭʥʽ ʪʦʥʢʦʾ ʢʨʝʤʥʝʟʝʤʥʦʾ ʧʣʽʚʢʠ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ 

ʩʠʣ̔ʢʘʪʥʦʤʫ ʩʢʣʽ, ʤʽʩʪʠʪʴʩʷ ʙʣʠʟʴʢʦ 12,6 ʤʢʤʦʣʴ/ʤ
2
 ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ 

[151]. ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʧʦʚʝʨʭʥʷ ʥʘʚʽʪʴ ʢʨʠʩʪʘʣʽʯʥʠʭ ʦʢʩʠʜʽʚ ʜʦʩʠʪʴ 

ʥʝʦʜʥʦʨʽʜʥʘ, ʢʨʽʤ ʛʨʫʧ ʆʅ ʥʘ ʥʽʡ ʻ ʽ ʽʥʰʽ ʮʝʥʪʨʠ, ʷʢʽ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ 

ʘʜʩʦʨʙʮʽʡʥʫ ʽ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪ.ɹ ʅʘʧʨʠʢʣʘʜ, ʢʦʦʨʜʠʥʘʮʽʡʥʦ-ʥʝʥʘʩʠʯʝʥʽ 

ʮʝʥʪʨʠ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʟʘ ʩʭʝʤʦʶ: 

¹-+¹­¹¹ -+ SiOSiSiOSi  

ʎʝʥʪʨʠ Si¹  ʤʘʶʪʴ ʟʥʘʯʥʫ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ [216].  

ʇʨʠʨʦʜʘ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʽʚ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʽ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺ ʥʘʧʦʚʥʝʥʠʭ ʩʠʩʪʝʤʘʭ 

ʪʚʝʨʜʽʥʥʷ, ʱʦ ʧʨʦʪʽʢʘʻ ʚ ʤʘʪʨʠʮʽ ʥʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʥʘʧʦʚʥʶʚʘʯʘ, ʤʦʞʝ 

ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʪʦʛʦ ʞ ʧʨʦʮʝʩʫ ʚ ʦʙôʻʤʽ ʧʦʣʽʤʝʨʫ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ 

ʪʠʤ, ʱʦ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ ʟʤʽʥʶʶʪʴʩʷ ʰʚʠʜʢʦʩʪʽ 

ʨʝʘʢʮʽʡ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʙʦʨʯʘ ʘʜʩʦʨʙʮʽʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʣʽʤʝʨʥʦʾ ʬʘʟʠ, ʱʦ 

ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʪʚʝʨʜʽʥʥʽ, ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʚ ʮʶ ʨʝʘʢʮʽʶ ʚʩʪʫʧʘʶʪʴ ʘʢʪʠʚʥʽ 

ʮʝʥʪʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ ʪʘ ʽʥ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʙʝʟʣʽʯ ʨʦʙʽʪ [217, 218] ʧʨʠʩʚʷʯʝʥʦ ʜʦʩʣʽʜʞʝʥʥʶ ʚʧʣʠʚʫ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ ʧʨʦʮʝʩʠ ʪʚʝʨʜʽʥʥʷ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʋ 

ʥʠʭ ʚʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʛʨʘʥʠʯʥʠʭ ʰʘʨʽʚ, ʧʨʦ ʨʦʣʴ ʤʽʞʬʘʟʥʠʭ ʷʚʠʱ ʫ ʚʠʥʠʢʥʝʥʥʽ ʛʝʪʝʨʦʛʝʥʥʦʩʪʽ 

ʧʦʣʽʤʝʨʥʠʭ ʩʠʩʪʝʤ.  

ʅʘʷʚʥʽʩʪʴ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʥʘ ʧʦʚʝʨʭʥʽ 

ʥʘʧʦʚʥʶʚʘʯʘ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʫ ʪʚʝʨʜʽʥʥʷ ʝʧʦʢʩʠʜʥʠʭ 
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ʧʦʣʽʤʝʨʽʚ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʽʚ [155, 219]. ʃʫʞʥʽʩʪʴ ʘʙʦ ʢʠʩʣʦʪʥʽʩʪʴ 

ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ ʤʦʞʝ ʢʘʪʘʣʽʟʫʚʘʪʠ ʘʙʦ ʧʨʠʛʥʽʯʫʚʘʪʠ ʪʚʝʨʜʽʥʥʷ 

ʝʧʦʢʩʠʜʥʦʛʦ ʟʚô̫ ʟʫʶʯʦʛʦ. ʅʘʧʦʚʥʶʚʘʯʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʰʚʠʜʢʽʩʪʴ 

ʧʨʦʮʝʩʫ ʪʚʝʨʜʽʥʥʷ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ. ɺʚʝʜʝʥʥʷ ʥʘʧʦʚʥʶʚʘʯʽʚ ʚ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨ, ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʛʝʣʝʫʪʚʦʨʝʥʥʷ 

[220].  

ɺʧʣʠʚ ʥʘʧʦʚʥʶʚʘʯʘ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻ ʩʧʝʢʪʨ ʯʘʩʫ ʨʝʣʘʢʩʘʮʽʾ ʟʚôʷʟʫʶʯʦʛʦ 

ʧʦʣʽʤʝʨʫ [75, 76], ʱʦ ʧʦʚô̫ ʟʘʥʦ ʟʽ ʟʤʽʥʦʶ ʭʘʨʘʢʪʝʨʫ ʤʦʣʝʢʫʣʷʨʥʦʾ ʫʧʘʢʦʚʢʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʤʽʞʬʘʟʥʦʤʫ ʰʘʨʽ ʽ ʟ ʧʦʷʚʦʶ ʜʦʜʘʪʢʦʚʦʛʦ ʚʽʣʴʥʦʛʦ ʦʙô̒ ʤʫ, 

ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʚ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʧʨʦʮʝʩʘʭ [77, 78, 79]. ʎʝ ʧʦʚôʷʟʘʥʦ 

ʟʽ ʟʤʽʥʦʶ ʱʽʣʴʥʦʩʪʽ ʤʦʣʝʢʫʣʷʨʥʦʾ ʫʧʘʢʦʚʢʠ, ʘ ʪʘʢʦʞ ʟʽ ʟʤʝʥʰʝʥʥʷʤ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʽʜ ʚʟʘʻʤʦʜʽʾ ʟ 

ʪʚʝʨʜʦʶ ʧʦʚʝʨʭʥʝʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʟ ʚʩʴʦʛʦ ʚʠʱʝʩʢʘʟʘʥʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʟʚôʷʟʫʶʯʠʭ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʥʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʽʛʨʘʻ ʩʪʘʥ ʧʦʚʝʨʭʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ. ʊʦʤʫ ʜʣʷ  ʧʦʣʽʧʰʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʇʂʄ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʰʣʷʭʠ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ 

ʥʘʧʦʚʥʶʚʘʯʽʚ. 

ɺʠʩʥʦʚʢʠ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʥʘʧʨʷʤʢʫ ʜʦʩʣʽʜʞʝʥʴ 

1. ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʟʜʽʡʩʥʝʥʦ ʚʠʙʽʨ 

ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʧʦʢʩʠʜʥʠʭ ʟʚôʷʟʫʶʯʠʭ ʟ ʧʦʢʨʘʱʝʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʧʝʨʩʧʝʢʪʠʚʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʝʧʦʢʩʠʜʥʠʭ ʧʦʣʽʤʝʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʘ ʪʘʢʦʞ ʨʝʘʢʮʽʡʥʦ 

ʟʜʘʪʥʠʭ ʦʣʽʛʦʤʝʨʽʚ. 

2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʩʦʢʽ ʘʜʛʝʟʽʡʥʦ-ʤʽʮʥʽʩʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦʩʷʛʘʶʪʴʩʷ ʰʣʷʭʦʤ ʧʦʣʽʧʰʝʥʥʷ 

ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟʚôʷʟʫʶʯʦʛʦ, ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, 

ʚôʷʟʢʦʩʪʽ, ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʘ. 
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3. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽ ʥʘʧʨʷʤʢʠ ʩʪʚʦʨʝʥʥʷ ʝʧʦʢʩʠʜʥʠʭ ʟʚô̫ ʟʫʶʯʠʭ ʟ 

ʧʦʢʨʘʱʝʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʚʣʘʩʪʠʚʦʩʪʝʡ. 
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ɻʃɸɺɸ 2  

ʄɸʊɽʈɯɸʃʀ ʊɸ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʔ 

2.1. ʉʪʨʫʢʪʫʨʘ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʣʽʛʦʤʝʨʽʚ ʽ ʜʦʙʘʚʦʢ. 

 ɺ ʷʢʦʩʪʽ ʟʚôʷʟʫʶʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʝʧʦʢʩʠʜʽʘʥʦʚʠʡ ʦʣʽʛʦʤʝʨ ʤʘʨʢʠ 

ɽɼ-20 (ʧʨʦʜʫʢʪ ʥʘ ʦʩʥʦʚʽ ʜʠʛʣʽʮʠʜʽʣʦʚʦʛʦ ʝʬʽʨʫ ʜʠʬʝʥʽʣʦʣʧʨʦʧʘʥʘ). ɺ ʷʢʦʩʪʽ 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʣʽʛʦʝʬʽʨʪʨʠʝʧʦʢʩʠʜ ʤʘʨʢʠ ʃʘʧʨʦʢʩʠʜ-503 ʽ 

ʦʣʽʛʦʝʬʽʨʪʨʠʮʠʢʣʦʢʘʨʙʦʥʘʪʥʠʡ ʦʣʽʛʦʤʝʨ ʤʘʨʢʠ ʃʘʧʨʦʣʘʪ-803. 

ʆʣʽʛʦʤʝʨ ʃʘʧʨʦʢʩʠʜ-503 ʷʚʣʷʻ ʩʦʙʦʶ ʪʨʠʛʣʽʮʠʜʽʣʦʚʠʡ ʝʬʽʨ 

ʧʦʣʽʦʢʩʠʧʨʦʧʽʣʝʥʪʨʽʦʣʘ ʽ ʻ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʤ ʤʦʜʠʬʽʢʘʪʦʨʦʤ ʽ 

ʨʦʟʨʽʜʞʫʚʘʯʝʤ ʝʧʦʢʩʠʜʥʠʭ ʩʢʣʘʜʽʚ. ʇʨʠ ʧʦʻʜʥʘʥʥʽ ʃʘʧʨʦʢʩʠʜʘ ʟ 

ʝʧʦʢʩʠʜʥʠʤʠ ʩʤʦʣʘʤʠ ʦʪʨʠʤʫʶʪʴ ʦʧʪʠʯʥʦ ʦʜʥʦʨʽʜʥʽ ʢʦʤʧʦʟʠʮʽʾ ʟ 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʧʨʠʡʥʷʪʥʦʶ ʚôʷʟʢʽʩʪʶ (1000-2500 ʤʇʘĿʩ ʧʨʠ 25 Áʉ), ʩʪʘʙʽʣʴʥʽ 

ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ. ɺʚʝʜʝʥʥʷ 10-25% ʃʘʧʨʦʢʩʠʜʘ ʟʥʠʞʫʻ ʢʨʠʭʢʽʩʪʴ ʩʪʚʝʨʜʽʣʠʭ 

ʝʧʦʢʩʠʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʽʜʚʠʱʫʻ ʾʭ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ, ʧʨʠ ʮʴʦʤʫ ʫʜʘʨʥʘ 

ʚôʷʟʢʽʩʪʴ ʟʨʦʩʪʘʻ ʚ 1,5-2 ʨʘʟʠ, ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʪʷʛʫʚʘʥʥʷ ʽ ʩʪʠʩʥʝʥʥʷ ï ʥʘ 

20-50%. ɿʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʝʧʦʢʩʠʜʥʠʭ ʛʨʫʧ ʃʘʧʨʦʢʩʠʜ ʚʙʫʜʦʚʫʻʪʴʩʷ ʚ 

ʧʨʦʮʝʩʽ ʪʚʝʨʜʽʥʥʷ ʚ ʧʦʣʽʤʝʨʥʫ ʩʽʪʢʫ, ʱʦ ʚʠʢʣʶʯʘʻ ʚ ʧʦʜʘʣʴʰʦʤʫ ʡʦʛʦ 

ʤʽʛʨʘʮʽʶ ʽ ʤʽʛʨʫʚʘʥʥ ̫ ʟ ʤʘʪʝʨʽʘʣʫ ʽ, ʧʦʚôʷʟʘʥʝ ʟ ʮʠʤ, ʧʦʛʽʨʰʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʃʘʧʨʦʢʩʠʜʽʚ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʩʫʯʘʩʥʽ 

ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʥʝ ʤʽʩʪʷʪʴ ʣʝʪʢʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ 

ʽ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ. 

ʃʘʧʨʦʣʘʪ-803, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʦʣʽʛʦʤʝʨ ʥʘ ʦʩʥʦʚʽ ʦʢʠʩʫ 

ʧʨʦʧʽʣʝʥʫ ʟ ʢʽʥʮʝʚʠʤʠ ʮʠʢʣʦʢʘʨʙʦʥʘʪʥʠʤʠ ʛʨʫʧʘʤʠ, ʦʜʝʨʞʫʚʘʥʠʡ ʰʣʷʭʦʤ 

ʧʨʠʻʜʥʘʥʥʷ ʜʚʦʦʢʠʩʫ ʚʫʛʣʝʮʶ ʜʦ ʦʣʽʛʦʝʬʽʨʝʧʦʢʩʠʜʫ. ɺʠʙʽʨ ʜʘʥʦʛʦ 

ʦʣʽʛʦʝʬʽʨʪʨʠʮʠʢʣʦʢʘʨʙʦʥʘʪʘ ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʚʽʥ ʤʘʻ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ 

ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʽ ʝʧʦʢʩʠʜʥʽ ʽ ʮʠʢʣʦʢʘʨʙʦʥʘʪʥʽ ʛʨʫʧʠ, ʷʢʽ ʟʫʤʦʚʣʶʶʪʴ ʭʽʤʽʯʥʫ 

ʚʟʘʻʤʦʜʽʶ ʟ ʘʤʽʥʦʛʨʫʧʘʤʠ ʪʚʝʨʜʥʠʢʘ. ʇʝʨʝʚʘʛʦʶ ʦʙʨʘʥʦʛʦ ʦʣʽʛʦʤʝʨʘ ʻ ʪʘʢʦʞ 

ʪʝ, ʱʦ ʚʽʥ ʟʙʽʣʴʰʫʻ ʫʜʘʨʥʫ ʚôʷʟʢʽʩʪʴ, ʝʣʘʩʪʠʯʥʽʩʪʴ, ʘʜʛʝʟʽʶ ʽ ʩʪʽʡʢʽʩʪʴ ʜʦ 
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ʩʪʠʨʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʉʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʦʣʽʛʦʤʝʨʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 2.1.  

ʊʘʙʣʠʮʷ 2.1 

ʉʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ ʚʠʢʦʨʠʩʪʘʥʠʭ ʦʣʽʛʦʤʝʨʽʚ 

ʄʘʨʢʘ ʦʣʛ̔ʦʤʝʨʫ, 

ɼʉʊʋ, ʊʋ 
ʌʦʨʤʫʣʘ 
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ɼʉʊʋ-2093-92 

CH
2

CH

O

CH
2

O C

CH
3

CH
3

O CH
2

CH

OH

CH
2

n

 

O C

CH
3

CH
3

CH
2

CH CH
2

O

 

ʃʘʧʨʦʢʩʠʜ-503  
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ʃʘʧʨʦʣʘʪ-803 
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ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʘʥʠʭ ʦʣʽʛʦʤʝʨʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 

2.2.  

ʊʘʙʣʠʮʷ 2.2  
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ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʘʥʠʭ ʦʣʽʛʦʤʝʨʽʚ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʄʘʨʢʘ ʦʣʽʛʦʤʝʨʫ 

ɽɼ-20 ʃʘʧʨʦʢʩʠʜ-503 ʃʘʧʨʦʣʘʪ-803 

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 

ɺôʷʟʢʘ 

ʧʨʦʟʦʨʘ 

ʨʽʜʠʥʘ 

ʩʚʽʪʣʦ-

ʞʦʚʪʦʛʦ 

ʢʦʣʴʦʨʫ 

ʇʨʦʟʦʨʘ ʨʽʜʠʥʘ 

ʚʽʜ ʩʚʽʪʣʦ-

ʞʦʚʪʦʛʦ ʜʦ 

ʪʝʤʥʦ-

ʢʦʨʠʯʥʝʚʦʛʦ 

ʢʦʣʴʦʨʫ 

ɺôʷʟʢʘ ʧʨʦʟʦʨʘ 

ʨʽʜʠʥʘ ʚʽʜ 

ʩʚʽʪʣʦ-

ʢʦʨʠʯʥʝʚʦʛʦ ʜʦ 

ʪʝʤʥʦ-

ʢʦʨʠʯʥʝʚʦʛʦ 

ʢʦʣʴʦʨʫ 

ʉʝʨʝʜʥʷ ʤʦʣʝʢʫʣʷʨʥʘ 

ʤʘʩʘ, ʛ/ʤʦʣʴ 
390-430 600-700 955,6 

ɺʤʽʩʪ ʝʧʦʢʩʠʜʥʠʭ ʛʨʫʧ, % 20-22,5 20-21 2,5 

ɺʤʽʩʪ ʮʠʢʣʦʢʘʨʙʦʥʘʪʥʠʭ 

ʛʨʫʧ, % 
- - 21-31 

ɻʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʥʝ 

ʙʽʣʴʰʝ, % 
1,7 1,2 - 

ɻʫʩʪʠʥʘ ʧʨʠ 25Áʉ, ʢʛ/ʤ
3
 1160-1250 1095  

ɼʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʧʨʠ 

25Áʉ, ʇʘĿʩ 
8-13 0,23 3,5-7,5 

ʃʝʪʢʠʭ ʨʝʯʦʚʠʥ ʥʝ ʙʽʣʴʰʝ, 

% 
0,5 - - 

ɺ ʷʢʦʩʪʽ ʦʪʚʝʨʜʞʫʶʯʦʛʦ ʘʛʝʥʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʚʝʨʜʥʠʢ ʘʤʽʥʥʦʛʦ 

ʪʠʧʫ: ʘʣʽʬʘʪʠʯʥʠʡ ʘʤʽʥ ʧʦʣʽʝʪʠʣʝʥʧʦʣʽʘʤʽʥ (ʇɽʇɸ). ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʘʤʽʥʥʦʛʦ ʪʚʝʨʜʥʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 2.3.  

ʊʘʙʣʠʮʷ 2.3  

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʤʽʥʥʦʛʦ ʪʚʝʨʜʥʠʢʘ ʇɽʇɸ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʇɽʇɸ       

ʊʋ 2413-357-00203447-99 

ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ NH
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n

 

 

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 
ʄʘʩʣʷʥʠʩʪʘ ʨʽʜʠʥʘ ʚʽʜ ʩʚʽʪʣʦ-ʞʦʚʪʦʛʦ ʜʦ 

ʪʝʤʥʦ-ʙʫʨʦʛʦ ʢʦʣʴʦʨʫ 

ɻʫʩʪʠʥʘ, ʧʨʠ 25Áʉ, ʢʛ/ʤ
3
 1,02 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʘʟʦʪʫ, % 30 
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ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʭʦʨʦʰʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʘʜʛʝʟʽʡʥʦ-ʤʽʮʥʽʩʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ ʨʽʟʥʦʾ ʭʽʤʽʯʥʦʾ 

ʧʨʠʨʦʜʠ: 

- ʥʝʽʦʥʦʛʝʥʥʠʡ: ɸʤʽʨʦʣ ʄ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʨʦʜʫʢʪʠ ʚʟʘʻʤʦʜʽʾ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʚʠʱʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʢʘʩʪʦʨʦʚʦʾ ʦʣʽʾ (85% ʨʝʮʠʥʦʣʝʚʦʾ 

ʢʠʩʣʦʪʠ) ʽ ʜʽʝʪʘʥʦʣʘʤʽʥʫ ʧʨʠ 150 Áʉ. 

ʂʘʪʽʦʥʦʘʢʪʠʚʥʽ:  

ɸʣʢʽʣʪʨʠʤʝʪʠʣʘʤʦʥʽʡ ʭʣʦʨʠʜ ï ʨʦʟʯʠʥ ʭʣʦʨʠʜʽʚ ʯʝʪʚʝʨʪʠʥʥʠʭ 

ʘʤʦʥʽʻʚʠʭ ʩʦʣʝʡ ʚ ʽʟʦʧʨʦʧʘʥʦʣʽ; 

ʎʝʪʨʠʘʤʦʥʽʫʤ ʭʣʦʨʠʜ ï ʪʨʠʤʝʪʠʣʛʝʢʩʘʜʝʮʠʣʘʤʦʥʽʡ ʭʣʦʨʠʩʪʠʡ - 

ʯʝʪʚʝʨʪʠʥʥʘ ʩʽʣʴ ʘʤʦʥʽʶ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʘʥʪʠʩʝʧʪʠʢ ʽ ʢʦʥʩʝʨʚʘʥʪ. 

ɸʥʽʦʥʦʘʢʪʠʚʥʽ:  

ɸʣʢʽʣʙʝʥʟʦʩʫʣʴʬʦʥʘʪ ʥʘʪʨʽʶ ï ʩʫʤʽʰ ʽʟʦʤʝʨʽʚ ʥʘʪʨʽʻʚʠʭ ʩʦʣʝʡ 

ʘʣʢʽʣʙʝʥʟʦʣʩʫʣʴʬʦʢʠʩʣʦʪ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʽʥʛʽʙʽʪʦʨʫ ʢʠʩʣʦʪʥʦʾ ʽ 

ʩʽʨʢʦʚʦʜʥʝʚʦʾ ʢʦʨʦʟʽʾ; 

ʃʘʫʨʝʪʩʫʣʴʬʘʪ ʥʘʪʨʽʶ ï ʧʨʦʩʪʠʡ ʝʬʽʨ ʞʠʨʥʦʛʦ ʩʧʠʨʪʫ ʩʫʣʴʬʘʪʫ 

ʥʘʪʨʽʶ, ʜʝʪʝʨʛʝʥʪ, ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʘ ʨʝʯʦʚʠʥʘ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʘʤʬʽʬʽʣʴʥʫ ʨʝʯʦʚʠʥʫ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʧʽʥʠ. 

ʂʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ ʜʦʙʘʚʢʠ:  

ʇʄʉ-10 ʽ ʇʄʉ-400 ï Ŭ, ɤ-ʙʽʩ (ʪʨʠʤʝʪʠʣʩʠʣʦʢʩʠ) ï

ʦʣʽʛʦʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʠ, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʽ ʭʽʤʽʯʥʘ ʽʥʝʨʪʥʽʩʪʴ, ʥʠʟʴʢʠʡ 

ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ï ʟʜʘʪʥʽʩʪʴ ʧʨʠʛʥʽʯʫʚʘʪʠ ʧʽʥʦʫʪʚʦʨʝʥʥʷ, 

ʚʦʜʦʚʽʜʰʪʦʚʭʫʚʘʣʴʥʽ ʽ ʜʽʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ;  

ʉʂʊʅ ʤʘʨʢʠ ɸ ï Ŭ, ɤ-ʙʽʩ (ʛʽʜʨʦʢʩʠ)-ʦʣʽʛʦʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥ - ʢʦʤʧʘʫʜʝʨ 

ʦʣʽʛʦʤʝʨʥʦʛʦ ʪʠʧʫ ʟ ʢʽʥʮʝʚʠʤʠ ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ.  

Tridol AFFF ï ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʩʠʥʪʝʪʠʯʥʠʡ ʧʣʽʚʢʦʫʪʚʦʨʶʚʘʣʴʥʠʡ 

ʧʽʥʦʫʪʚʦʨʶʚʘʯ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʨʦʟʨʦʙʣʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʧʦʚʝʨʭʥʝʚʦ-

ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʬʪʦʨʦʚʘʥʠʭ ʨʝʯʦʚʠʥ ʽ ʩʧʝʮʽʘʣʴʥʠʭ ʩʪʘʙʽʣʽʟʫʶʯʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʬʽʨʤʠ "Eau&Feu", ʌʨʘʥʮʽʷ. 

ʉʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.4. 
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ʊʘʙʣʠʮʷ 2.4 

ʉʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ ʚʠʢʦʨʠʩʪʘʥʠʭ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ 

ʄʘʨʢʘ ʤʦʜʠʬʽʢʘʪʦʨʫ ʪʘ 

ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ, ʊʋ, ɻʆʉʊ 
ʌʦʨʤʫʣʘ 

ɸʤʽʨʦʣ ʄ 

ʊʋ 38.301-48-49-97 CH
2

CH
2

OH
R C N

O CH
2

CH
2

OH

,      ʜʝ R=ʉ18 

ɸʣʢʽʣʪʨʠʤʝʪʠʣʘʤʦʥʽʡ ʭʣʦʨʠʜ 

(ɸʄɸ) 

ʊʋ 2482-004-04706205-2005 ,      ʜʝ R=C7-C9 

ʎʝʪʨʠʘʤʦʥʽʡ ʭʣʦʨʠʜ 

(ʎʊɸʍ) 

ʊʋ 2482-004-04706205-2005 
,         ʜʝ R=C16 

 

ɸʣʢʽʣʙʝʥʟʦʩʫʣʴʬʦʥʘʪ ʥʘʪʨʽʶ 

(ɸɹʉ) 

ʊʋ 2481-037-04689375-95 

SO
3
Na

R ,         ʜʝ R=ʉ8-ʉ10 

ʃʘʫʨʝʪʩʫʣʴʬʘʪ ʥʘʪʨʽʶ 

(ʃʊʉ) 

ʊʋ 2481-010- 71150986-2011 

H3Cï(CH2)10ïCH2ï(OïCH2ïCH2)nïOïSO3Na 

Tridol AFFF 

ʊʋ 30284125-001-2000 

ʌʪʦʨʚʤʽʩʥʠʡ ʇɸʈ ʬʽʨʤʠ "Eau&Feu", 

ʌʨʘʥʮʽʷ 

Ŭ,ɤ-ʙʽʩ(ʪʨʠʤʝʪʠʣʩʠʣʦʢʩʠ)-

ʦʣʽʛʦʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥ 

ʇʄʉ -400 

ɻʆʉʊ 13032-77 

SiCH
3

CH
3

CH
3

O Si

CH
3

CH
3

O Si

CH
3

CH
3

CH
3n
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 2.4 

Ŭ,ɤ-ʙʽʩ(ʪʨʠʤʝʪʠʣʩʠʣʦʢʩʠ)-

ʦʣʽʛʦʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥ 

ʇʄʉ -10 

ɻʆʉʊ 13032-77 

SiCH
3

CH
3

CH
3

O Si

CH
3

CH
3

O Si

CH
3

CH
3

CH
3n

 

 
Ŭ,ɤ-ʙʽʩ(ʛʽʜʨʦʢʩʠ)-

ʦʣʽʛʦʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥ 

ʉʂʊʅ ʤʘʨʢʠ ɸ 

ɻʆʉʊ 13835-73 

O Si

CH
3

CH
3

H OH
n

 

 

ɺʣʘʩʪʠʚʦʩʪʽ ʽ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʘʥʠʭ ʇɸʈ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣ. 2.5. 

ɺʣʘʩʪʠʚʦʩʪʽ ʽ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʘʥʠʭ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ 

ʜʦʙʘʚʦʢ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.6. 
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ʊʘʙʣʠʮʷ 2.5  

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʘʥʠʭ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʄʘʨʢʘ ʘʙʦ ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ  

ɸʤ̔ʨʦʣ ʄ ɸʄɸ ʎʊɸʍ ɸɹʉ ʃʊʉ Tridol 

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 

ʆʜʥʦʨʽʜʥʘ 

ʚôʷʟʢʘ ʨʫʭʣʠʚʘ 

ʤʘʩʘ 

ʢʦʨʠʯʥʝʚʦʛʦ 

ʢʦʣʴʦʨʫ  

ʄʘʩʣʷʥʠʩʪʘ 

ʨʽʜʠʥʘ 

ʪʝʤʥʦ-

ʞʦʚʪʦʛʦ 

ʢʦʣʴʦʨʫ 

ʇʨʦʟʦʨʘ 

ʙʣʽʜʦ-ʞʦʚʪʘ 

ʨʽʜʠʥʘ 

ʇʨʦʟʦʨʘ 

ʛʣʽʮʝʨʠʥʦʧʦʜʽʙʥʘ 

ʨʽʜʠʥʘ ʚʽʜ ʩʚʽʪʣʦ-

ʞʦʚʪʦʛʦ ʜʦ ʞʦʚʪʦʛʦ 

ʢʦʣʴʦʨʫ 

ʇʨʦʟʦʨʘ 

ʚôʷʟʢʘ 

ʨʽʜʠʥʘ 

ʇʨʦʟʦʨʘ 

ʚʦʜʦʧʦʜʽʙʥʘ 

ʨʽʜʠʥʘ 

ʄʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ, 

ʛ/ʤʦʣʴ 
385 222,5  320 420  

ɻʫʩʪʠʥʘ ʧʨʠ 25Áʉ, 

ʢʛ/ʤ
3
 

960-1100 ï 932 1015 1100 1014 

ʈʝʘʢʮʽʷ 

ʩʝʨʝʜʦʚʠʱʘ, ʨʅ 
8,2 3,0-3,5 3,5-5,0 9,5-10,0 6,5-9,5 7,2 

ɼʠʥʘʤʽʯʥʘ 

ʚôʷʟʢʽʩʪʴ ʧʨʠ 25Áʉ, 

ʇʘĿʩ 

1,51 1,86 ï 1,06 2,5 1,86 

ʇʦʚʝʨʭʥʝʚʠʡ 

ʥʘʪʷʛ, ʤɼʞ/ʤ
2
 

- 25,0 42,3 31,4 28,0 17,0 
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ʊʘʙʣʠʮʷ 2.6 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʘʥʠʭ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʜʦʙʘʚʦʢ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʄʘʨʢʘ ʘʙʦ ʫʤʦʚʥʝ ʧʦʟʥʘʯʝʥʥʷ  

ʇʄʉ-10 ʇʄʉ-400 ʉʂʊʅ ʤʘʨʢʠ ɸ 

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 
ɹʝʟʙʘʨʚʥʘ 

ʧʨʦʟʦʨʘ ʨʽʜʠʥʘ 

ɹʝʟʙʘʨʚʥʘ ʧʨʦʟʦʨʘ 

ʛʣʽʮʝʨʠʥʦʧʦʜʽʙʥʘ 

ʨʽʜʠʥʘ  

ɹʝʟʙʘʨʚʥʘ ʚôʷʟʢʘ  

ʨʽʜʠʥʘ 

ʂʽʥʝʤʘʪʠʯʥʘ 

ʚôʷʟʢʽʩʪʴ ʧʨʠ 25Áʉ, 

Ā10
-6 

 ʩʉʪ 

9,2-10,8 385-415 241-600 

ʈʝʘʢʮʽʷ 

ʩʝʨʝʜʦʚʠʱʘ, ʨʅ 
6,2-7,0 6,2-7,0 6,0-7,0 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ 

ʢʨʝʤʥʽʶ, % 
36,0-37,5 37,5-38,5 ï 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ 

ʚʦʜʠ, ʥʝ ʙʽʣʴʰʝ, % 
0,004 0,004 ï 

ɹʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʥʘʧʦʚʥʶʚʘʯʽ, ʱʦ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʚʠʜʦʤ 

ʯʘʩʪʠʥʦʢ, ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʽ ʤʝʪʦʜʦʤ ʦʙʨʦʙʢʠ: ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʽ (ʧʦʣʽʬʦʩʬʘʪ 

ʘʤʦʥʽʶ ʽ ʙʘʟʘʣʴʪʦʚʘ ʤʽʢʨʦʬʽʙʨʘ) ʽ ʚʦʣʦʢʥʠʩʪʽ (ʩʢʣʦʚʦʣʦʢʥʦ ʽ ʙʘʟʘʣʴʪʦʚʝ 

ʚʦʣʦʢʥʦ). ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʙʘʟʘʣʴʪʦʚʝ ʽ ʩʢʣʦʚʦʣʦʢʥʦ ʦʙʨʦʙʣʝʥʝ 

ʟʘʤʘʩʣʶʚʘʯʝʤ, ʘ ʪʘʢʦʞ ʙʝʟ ʥʴʦʛʦ. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʩʧʝʨʩʥʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.7. 

ʊʘʙʣʠʮʷ 2.7 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ʅʘʧʦʚʥʶʚʘʯ  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɼʽʡʩʥʘ 

ʛʫʩʪʠʥʘ, 

ʛ/ʩʤ
3
 

ʇʠʪʦʤʘ 

ʧʦʚʝʨʭʥʷ, 

ʤ
2
/ʛ 

ʈʦʟʤʽʨ 

ʯʘʩʪʦʢ, 

ʤʢʤ 

ɹʘʟʘʣʴʪʦʚʘ ʤʽʢʨʦʬʽʙʨʘ (ɹʄʌ) 2,65 33,3 - 

ʇʦʣʽʬʦʩʬʘʪ ʘʤʦʥʽʶ (ɸʈʈ) 

(NH4PO3)n 
1,9 - 25 
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ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʦʢʥʠʩʪʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘʚʝʜʝʥʽ ʫ                

ʪʘʙʣ. 2.8. 

ʊʘʙʣʠʮʷ 2.8 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʦʢʥʠʩʪʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ʅʘʧʦʚʥʶʚʘʯ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɼʽʘʤʝʪʨ 

ʤʦʥʦʬʽʣʘʤʝʥʪʘ 

[ʤʢʤ] 

ʃʽʥʽʡʥʘ 

ʛʫʩʪʠʥʘ [ʪʝʢʩ] 
ɿʘʤʘʩʣʶʚʘʯ 

ʉʢʣʦʚʦʣʦʢʥʦ - 400 ʧʘʨʘʬʽʥʦʚʠʡ 

ɹʘʟʘʣʴʪʦʚʝ ʚʦʣʦʢʥʦ 13 1100 ʩʠʣʘʥʦʚʠʡ 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʦʙʨʘʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2.9 

ʊʘʙʣʠʮʷ 2.9 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ʊʠʧ ʚʦʣʦʢʥʘ 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ, % ʤʘʩʩ 

SiO2 Al 2O3 Fe2O3 MgO CʘO TiO2 ʂ2ʆ P N 

ɹʘʟʘʣʴʪʦʚʝ ʚʦʣʦʢʥʦ 

50 15 11 5 9 3 1 - - 
ɹʘʟʘʣʴʪʦʚʘ 

ʤʽʢʨʦʬʽʙʨʘ 

ʉʢʣʦʚʦʣʦʢʥʦ (ʪʠʧ ɽ) 54 14 0,2 4.5 17,5 - 0,6 - - 

ʇʦʣʽʬʦʩʬʘʪ ʘʤʦʥʽʶ - - - - - - - 31 15 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʙʘʟʘʣʴʪʦʚʝ ʚʦʣʦʢʥʦ ʪʦʨʛʦʚʦʾ ʤʘʨʢʠ BasfiberÈ 

ʟʘʚʦʜʫ çʂʘʤô̫ ʥʠʡ ʚʽʢè. ɹʘʟʘʣʴʪʦʚʝ ʚʦʣʦʢʥʦ ʤʘʨʢʠ ʅʈɹ 13-1200-ʂɺ12. 

ɺʠʜʘʣʝʥʥʷ ʟʘʤʘʩʣʶʚʘʯʘ ʟ ʧʦʚʝʨʭʥʽ ʚʦʣʦʢʦʥ ʚʽʜʙʫʚʘʣʦʩʷ ʪʝʨʤʽʯʥʠʤ ʩʧʦʩʦʙʦʤ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʯʠʥʥʠʢʘ çɹʝʥʟʠʥ ʂʘʣʦʰʘè. ʇʨʠ ʪʝʨʤʽʯʥʦʤʫ ʤʝʪʦʜʽ 

ʚʠʜʘʣʝʥʥʷ ʟʘʤʘʩʣʶʚʘʯʘ ʚʦʣʦʢʥʘ ʚʽʜʧʘʣʶʚʘʣʠʩʴ ʚ ʤʫʬʝʣʴʥʽʡ ʢʘʤʝʨʽ ʟʘ                       

tÜ = 400ÜC (ʙʘʟʘʣʴʪʦʚʝ ʚʦʣʦʢʥʦ) ʽ 200Üʉ (ʩʢʣʦʚʦʣʦʢʥʦ). ʊʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ 

ʚʽʜʧʘʣʫ ʢʦʥʪʨʦʣʶʚʘʣʘʩʴ ʧʦʩʪʽʡʥʠʤ ʟʚʘʞʫʚʘʥʥʷʤ ʚʦʣʦʢʦʥ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ ʚʦʣʦʢʥʘ. ʇʨʠ ʚʠʜʘʣʝʥʥʽ ʟʘʤʘʩʣʶʚʘʯʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʯʠʥʥʠʢʘ çɹʝʥʟʠʥ ʂʘʣʦʰʘè ʚʦʣʦʢʥʦ ʚʠʪʨʠʤʫʚʘʣʦʩʴ ʫ ʨʦʟʯʠʥʥʠʢʫ. 
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ʊʨʠʚʘʣʽʩʪʴ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘʢʦʞ ʢʦʥʪʨʦʣʶʚʘʣʘʩʴ ʟʚʘʞʫʚʘʥʥʷʤ ʚʦʣʦʢʦʥ ʜʦ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ ʚʦʣʦʢʥʘ. 

2.2 ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. 

2.2.1 ʄʝʪʦʜ ʚʠʚʯʝʥʥʷ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ 

ʥʘʧʦʚʥʶʚʘʯʽʚ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʚʝʨʜʦʾ ʬʘʟʠ ʤʦʞʥʘ ʧʦʙʽʯʥʦ ʚʠʚʯʠʪʠ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ ʥʘ ʤʝʞʽ ʧʦʣʽʤʝʨ-ʧʽʜʢʣʘʜʢʘ. ʂʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʚʝʨʭʥʽ ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʦʩʣʽʜʞʫʚʘʣʠ ʽʥʜʠʢʘʪʦʨʥʠʤ ʤʝʪʦʜʦʤ. ʄʝʪʦʜʠʢʘ 

ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ 

ʨʦʟʨʦʙʣʝʥʘ ʚ ʃʊɯ ʽʤ. ʃʝʥʨʘʜʠ [221, 222]. ʄʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʦʤʫ, ʱʦ, 

ʘʜʩʦʨʙʫʶʯʠʩʴ ʥʘ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʾ ʬʘʟʠ, ʽʥʜʠʢʘʪʦʨ ʟʤʽʥʶʻ ʟʘʙʘʨʚʣʝʥʥʷ, ʷʢʝ ʻ 

ʤʽʨʦʶ ʢʠʩʣʦʪʥʦʩʪʽ (ʦʩʥʦʚʥʦʩʪʽ) ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ. ʉʧʦʩʪʝʨʽʛʘʶʯʠ ʟʘ ʟʤʽʥʦʶ 

ʟʘʙʘʨʚʣʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʚ ʧʝʚʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʥʘʯʝʥʴ ʨʂʘ ʤʦʞʥʘ ʦʮʽʥʠʪʠ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʫ ʩʠʣʫ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʾ ʨʝʯʦʚʠʥʠ. ɿʛʽʜʥʦ ʟ ʮʽʻʶ ʤʝʪʦʜʠʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʥʘ ʪʚʝʨʜʽʡ ʧʦʚʝʨʭʥʽ (q) ʦʮʽʥʶʚʘʣʠ ʟʘ 

ʩʪʫʧʝʥʝʤ ʘʜʩʦʨʙʮʽʾ ʢʦʣʴʦʨʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʟ ʨʽʟʥʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʢʠʩʣʦʪʥʦʾ 

ʜʠʩʦʮʽʘʮʽʾ ʚ ʧʦʣʷʨʥʦʤʫ ʨʦʟʯʠʥʥʠʢʫ (ʚʦʜʽ ʘʙʦ ʩʧʠʨʪʽ). ʅʝʛʘʪʠʚʥʠʡ ʣʦʛʘʨʠʬʤ 

ʮʽʻʾ ʢʦʥʩʪʘʥʪʠ (pKa) ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʠʩʣʦʪʥʽʩʪʴ ʽʥʜʠʢʘʪʦʨʘ (ʯʠʤ ʤʝʥʰʝ pKa, 

ʪʠʤ ʩʠʣʴʥʽʰʝ ʢʠʩʣʦʪʘ). ɺʚʘʞʘʣʠ, ʱʦ ʩʠʣʴʥʽ ʢʠʩʣʦʪʠ (pKa ʚʽʜ -0,29 ʜʦ +1,3) 

ʘʜʩʦʨʙʫʶʪʴʩʷ ʥʘ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʘʭ ʧʦʚʝʨʭʥʽ 

(ʦʩʥʦʚʥʠʭ), ʩʣʘʙʢʽ (pKa ʚʽʜ +10,5 ʜʦ +12,8) - ʥʘ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ 

ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʘʭ (ʢʠʩʣʠʭ). ɯʥʜʠʢʘʪʦʨʠ ʟ ʧʨʦʤʽʞʥʠʤ ʟʥʘʯʝʥʥʷʤ (pKa ʚʽʜ 

+3,46 ʜʦ +7,3) ʘʜʩʦʨʙʫʶʪʴʩʷ ʥʘ ʩʣʘʙʦ ʽ ʧʦʤʽʨʥʦ-ʢʠʩʣʠʭ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʘʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ [223, 224]. 

ɹʘʟʘʣʴʪʦʚʝ ʽ ʩʢʣʦʚʦʣʦʢʥʦ ʨʽʟʘʣʦʩʴ ʥʘ ʚʽʜʨʽʟʢʠ ʜʦʚʞʠʥʦʶ 3-5 ʤʤ. ɿʤʽʥʫ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʽʥʜʠʢʘʪʦʨʘ ʧʽʩʣʷ ʘʜʩʦʨʙʮʽʾ ʚʠʟʥʘʯʘʣʠ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ ʉʌ-46 ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʛʨʘʬʽʯʥʦ (ʪʘʙʣ. 2.10). ʂʽʣʴʢʽʩʪʴ ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʽʥʜʠʢʘʪʦʨʘ ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʬʦʨʤʫʣʦʶ: 
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ʜʝ: q ï ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ, ʤʦʣʴ/ʛ; c ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʫ 

ʽʥʜʠʢʘʪʦʨʘ, ʤʦʣʴ/ʣ; V ï ʦʙôʻʤ ʨʦʟʯʠʥʫ ʽʥʜʠʢʘʪʦʨʘ, ʣ; D0, D1, D2 ï ʦʧʪʠʯʥʘ 

ʱʽʣʴʥʽʩʪʴ ʭʦʣʦʩʪʦʛʦ ʨʦʟʯʠʥʫ, ʨʦʟʯʠʥʫ ʽʥʜʠʢʘʪʦʨʘ ʜʦ ʽ ʧʽʩʣʷ ʘʜʩʦʨʙʮʽʾ 

ʚʽʜʧʦʚʽʜʥʦ; Ŭ1, Ŭ2 ï ʥʘʚʘʞʢʠ ʤʘʪʝʨʽʘʣʫ ʫ ʜʦʩʣʽʜʽ ʪʘ ʭʦʣʦʩʪʠʡ ʧʨʦʙʽʛ. 

ʊʘʙʣʠʮʷ 2.10 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʣʴʦʨʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʽʥʜʠʢʘʪʦʨʘ 
pKa 

ɼʦʚʞʠʥʘ ʭʚʠʣʽ  

ɚmax, ʥʤ 

ʆ-ʥʽʪʨʦʘʥʽʣʽʥ ï 0,29 328 

ɼʽʘʤʘʥʪʦʚʠʡ ʟʝʣʝʥʠʡ + 1,5 614 

ʄʝʪʠʣʦʚʠʡ ʯʝʨʚʦʥʠʡ + 5 435 

ɹʨʦʤʢʨʝʟʦʣʦʚʠʡ ʧʫʨʧʫʨ + 6,4 583 

ɹʨʦʤʪʠʤʦʣʦʚʠʡ ʩʠʥʽʡ + 7,3 620 

ʌʝʥʦʣʦʚʠʡ ʯʝʨʚʦʥʠʡ + 8,0 430 

ʅʽʣʴʩʴʢʠʡ ʙʣʘʢʠʪʥʠʡ + 10,5 635 

ɯʥʜʠʛʦʢʘʨʤʽʥ + 12,8 616 

ɸʜʩʦʨʙʮʽʶ ʽʥʜʠʢʘʪʦʨʽʚ ʥʘ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʘʭ ʪʚʝʨʜʦʾ ʬʘʟʠ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

 qpKaA Ö= , (2.2) 

ʜʝ: A ï ʘʜʩʦʨʙʮʽʷ, ʤʦʣʴ/ʛ; pKa ï ʚʽʜôʻʤʥʠʡ ʣʦʛʘʨʠʬʤ ʢʦʥʩʪʘʥʪʠ 

ʢʠʩʣʦʪʥʦʾ ʜʠʩʦʮʽʘʮʽʾ ʽʥʜʠʢʘʪʦʨʘ; q ï ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ, ʤʦʣʴ/ʛ. 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʚʝʨʜʦʾ ʬʘʟʠ 

ʚʠʟʥʘʯʘʣʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ: 
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NA
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Ö
= , (2.3) 

ʜʝ: n ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ, 1/ʩʤ
2
; A ï ʘʜʩʦʨʙʮʽʷ, ʤʦʣʴ/ʛ; N ï 

ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ =  6,02Ö10
23

 1/ʤʦʣʴ; S ï  ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ, ʩʤ
2
/ʛ. 

2.2.2 ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʦʯʘʪʢʦʚʦ ʾʩʪʘʜʽʾ ʧʨʦʮʝʩʫ ʪʚʝʨʜʽʥʥʷ ʝʧʦʢʩʠʜʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡ ʚʠʟʥʘʯʘʣʠ ʜʽʝʣʝʢʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ. 

ɼʽʝʣʝʢʪʨʠʯʥʠʡ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʨʝʻʩʪʨʘʮʽʾ ʟʤʽʥʠ ʧʠʪʦʤʦʛʦ 

ʦʙôʻʤʥʦʛʦ ʝʣʝʢʪʨʦʦʧʦʨʫ rv ʨʝʘʢʮʽʡʥʦʾ ʤʘʩʠ ʽ ʦʮʽʥʢʠ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʟʘ 

ʟʨʦʩʪʘʥʥʷʤ ʮʽʻʾ ʚʝʣʠʯʠʥʠ [225]. ʂʦʥʩʪʨʫʢʮʽʶ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʢʦʤʽʨʢʠ 

ʦʧʠʩʘʥʦ ʫ ʨʦʙʦʪʽ [226]. ɺ ʧʨʦʮʝʩʽ ʚʠʤʽʨʶʚʘʥʥʷ rv ʥʘʧʨʫʛʘ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ 

ʩʪʘʥʦʚʠʪʴ 105 ɺʦʣʴʪ.  

ʅʘʚʘʞʢʫ ʦʣʽʛʦʤʝʨʫ 2,5-3 ʛ ʽ ʚʽʜʧʦʚʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʪʚʝʨʜʥʠʢʘ 

ʪʝʨʤʦʩʪʘʪʫʚʘʣʠ  ʚ ʦʢʨʝʤʠʭ ʢʶʚʝʪʘʭ ʚ ʪʝʨʤʦʩʪʘʪʽ. ʇʦʪʽʤ ʟʤʽʰʫʚʘʣʠ ʾʭ ʽ 

ʢʦʤʧʦʟʠʮʽʶ ʨʦʟʤʽʱʫʚʘʣʠ ʚ ʦʩʝʨʝʜʮʽ, ʱʦ ʫʧʨʘʚʣʷʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʘ ʟʘ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʈʦʟʨʘʭʫʥʦʢ rv ʧʨʦʚʦʜʠʣʠ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

 
BSR a /Ö= nnr , (2.4) 

ʜʝ  Rv ï ʚʠʤʽʨʶʚʘʥʠʡ ʪʝʨʘʦʤʤʝʪʨʦʤ ʦʧʽʨ, ʆʤÖʤ; Sa ï ʢʦʥʪʘʢʪʥʘ 

ʧʦʚʝʨʭʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʜʫ, ʤ
2
; B ï ʪʦʚʱʠʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ, 

ʱʦ ʜʦʨʽʚʥʶʻ  ʚʽʜʩʪʘʥʽ ʤʽʞ ʚʠʩʦʢʦʚʦʣʴʪʥʠʤ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʝʣʝʢʪʨʦʜʘʤʠ, 

ʤ. 

ʐʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʥʘ 

ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ ʦʮʽʥʶʚʘʣʠ ʟʘ ʚʝʣʠʯʠʥʦʶ: 

 
( )( )0 0lg / lg lg /v r t tr t r rD D = - -

, (2.5) 

ʜʝ r0 ʽ rr ï ʧʠʪʦʤʠʡ ʦʙôʻʤʥʠʡ  ʦʧʽʨ ʟʨʘʟʢʘ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ  t0 

ʽ ʧʨʦʪʷʛʦʤ ʧʨʦʮʝʩʫ t. 

ɺʠʟʥʘʯʝʥʦ ʝʬʝʢʪʠʚʥʫ ʝʥʝʨʛʽʶ ʘʢʪʠʚʘʮʽʾ ʚôʷʟʢʦʾ ʪʝʯʽʾ (ɽʘ), ʚ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ 303-313 ʂ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʽʚʥʷʥʥʷʤ ɸʨʨʝʥʽʫʩʘ [178]: 
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ʜʝ ɽʘ ï ʝʬʝʢʪʠʚʥʘ ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʚôʷʟʢʦʾ ʪʝʯʽʾ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚôʷʟʢʦʩʪʽ; ɸ ï ʢʦʥʩʪʘʥʪʘ, R ï ʛʘʟʦʚʘ ʧʦʩʪʽʡʥʘ,                 

ʊ ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. 

2.2.3 ɿʤʽʥʫ ʩʪʨʫʢʪʫʨʠ ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ ʚʠʚʯʘʣʠ ʤʝʪʦʜʦʤ 

ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʦʥʩʠʩʪʦʤʝʪʨʽ ʍʝʧʧʣʝʨʘ ʦʜʥʦʦʩʴʦʚʠʤ 

ʩʪʠʩʢʦʤ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 50 H. ʐʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʫ ï 1,5-2 Áʉ/ʭʚ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʨʘʟʢʘʭ ʜʽʘʤʝʪʨʦʤ ʽ ʚʠʩʦʪʦʶ          

10 ʤʤ. ɺʠʤʽʨʶʚʘʣʠ ʜʝʬʦʨʤʘʮʽʶ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʟʨʘʟʢʘ. 

 ɿʘ ʜʘʥʠʤʠ ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʘʣʠ ʨʽʚʥʦʚʘʞʥʠʡ 

ʤʦʜʫʣʴ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʩʪʽ (ɽÐ) ʽ ʤʦʣʝʢʫʣʷʨʥʫ ʤʘʩʫ ʬʨʘʛʤʝʥʪʘ ʣʘʥʮʶʛʘ ʤʽʞ 

ʚʫʟʣʘʤʠ ʩʽʪʢʠ (ʄʩ) ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [228]: ʟʥʽʤʘʣʠ ʪʝʨʤʦʤʝʭʘʥʽʯʥʽ ʢʨʠʚʽ ʚ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʷʚʣʝʥʥʷ ʧʣʘʪʦ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ, ʽ ʚʠʟʥʘʯʘʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚʠʭʦʜʫ ʟʨʘʟʢʘ ʚ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʠʡ ʩʪʘʥ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘ 20 Áʉ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʭʦʜʫ ʚ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʠʡ ʩʪʘʥ 

ʟʨʘʟʦʢ ʪʝʨʤʦʩʪʘʪʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʘ 20-30 ʭʚʠʣʠʥ ʽ ʧʦʪʽʤ 

ʜʘʚʘʣʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 30-60 H. ɿʥʽʤʘʣʠ ʚʽʜʧʦʚʽʜʥʽ ʧʨʠʢʣʘʜʝʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʥʘ ʧʽʜʩʪʘʚʽ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʙʫʜʫʚʘʣʠ ʟʘʣʝʞʥʦʩʪʽ ()es f= , ʜʝ ů ï  ʥʘʧʨʫʛʘ, Ů ï ʚʽʜʥʦʩʥʘ 

ʜʝʬʦʨʤʘʮʽʷ. 

 F

P
=s

, (2.7) 

ʜʝ: ʈ ï ʥʘʚʘʥʪʘʞʝʥʥʷ, H; F ï ʧʣʦʱʘ ʟʨʘʟʢʘ, ʤ
2
; ů ï ʥʘʧʨʫʞʝʥʥʷ, ʄʇʘ. 

ʄʦʜʫʣʴ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʩʪʽ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

100E
s

e
¤

¤

= Ö

, (2.8) 
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ʜʝ:ɽÐ ï ʨʽʚʥʦʚʘʞʥʠʡ ʤʦʜʫʣʴ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʩʪʽ, ʄʇʘ; ů ï ʥʘʧʨʫʞʝʥʥʷ, 

ʄʇʘ; ŮÐ ï ʚʝʣʠʯʠʥʘ ʚʽʜʥʦʩʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʫ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʤʫ ʩʪʘʥʽ, %. 

ɺʝʣʠʯʠʥʫ 
c

M  ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʨʽʚʥʷʥʥʷʤ ʋʦʣʣʘ: 

 
¤

=
E

RT
M c

nr ʚʠʩ3
, (2.9) 

ʜʝ: ʄʩ ï ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ʬʨʘʛʤʝʥʪʘ ʣʘʥʮʶʛʘ ʤʽʞ ʚʫʟʣʘʤʠ ʩʽʪʢʠ, ʛ/ʤʦʣʴ; ɟï 

ʱʽʣʴʥʽʩʪʴ ʧʦʣʽʤʝʨʫ, ʛ/ʤ
3
; R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ, ɼʞ/ʤʦʣʴÖʂ; ʊʚʠʩ ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʭʦʜʫ ʫ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʠʡ ʩʪʘʥ, ʂ; ɡ ï ʩʪʨʫʢʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, 

ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʽ ʪʦʧʦʣʦʛʽʾ ʩʽʪʢʠ; ɽÐ  ï ʨʽʚʥʦʚʘʞʥʠʡ ʤʦʜʫʣʴ 

ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʩʪʽ, ʄʇʘ. 

2.2.4 ɼʠʥʘʤʽʯʥʫ ʚôʷʟʢʽʩʪʴ ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʦʚʽʩʢʦʟʠʤʝʪʨʘ ʍʝʧʧʣʝʨʘ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 20Áʉ ʧʽʜ ʥʘʧʨʫʞʝʥʥʷʤ ʟʩʫʚʫ ʚʽʜ 50-1800 ʇʘ [229]. 

ʈʝʦʚʽʩʢʦʟʠʤʝʪʨ ʍʝʧʧʣʝʨʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʨʠʣʘʜʽʚ ʟ ʚʘʞʽʣʴʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʘʥʪʘʞʽ ʨʽʟʥʦʾ ʤʘʩʠ, ʽ ʪʦʤʫ ʟ 

ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʥʘʧʨʫʞʝʥʴ ʟʩʫʚʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʝʦʚʽʩʢʦʟʠʤʝʪʨʘ ʤʦʞʥʘ ʚʠʤʽʨʶʚʘʪʠ ʚôʷʟʢʽʩʪʴ 

ʷʢ ʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ, ʪʘʢ ʽ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʠʩʪʝʤ. ʇʽʜ ʜʽʻʶ ʧʨʠʢʣʘʜʝʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʫʣʴʢʘ ʚʜʘʚʣʶʻʪʴʩʷ ʚ ʩʠʩʪʝʤʫ, ʽ ʜʝʬʦʨʤʘʮʽʷ ʨʝʻʩʪʨʫʻʪʴʩʷ ʟʘ 

ʽʥʜʠʢʘʪʦʨʦʤ. ʉʭʝʤʘ ʨʝʦʚʽʩʢʦʟʠʤʝʪʨʘ ʍʝʧʧʣʝʨʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.1. 

 

 



69 

 

ʈʠʩ. 2.1. ʉʭʝʤʘ ʨʝʦʚʽʩʢʦʟʠʤʝʪʨʘ ʍʝʧʧʣʝʨʘ: 1 - ʚʠʤʽʨʶʚʘʣʴʥʘ ʧʨʦʙʽʨʢʘ; 2 - 

ʥʘʚʘʥʪʘʞʝʥʥʷ; 3 - ʽʥʜʠʢʘʪʦʨ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ; 4 - ʧʣʫʥʞʝʨ; 5 - ʽʥʜʝʥʪʦʨ; 6 

- ʢʫʣʴʢʘ, ʟʘʢʨʽʧʣʝʥʘ ʥʘ ʩʪʨʠʞʥʽ; 7 - ʧʽʜʩʪʘʚʢʘ; 8 - ʧʨʦʪʠʚʘʛʘ, 9 - ʪʝʨʤʦʩʪʘʪ,       

10 - ʚʘʞʽʣʴ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʦʚʽʩʢʦʟʠʤʝʪʨʘ ʧʨʦʚʦʜʠʣʠ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ. ʋ ʤʽʨʥʫ ʢʦʣʙʫ 1 ʥʘʣʠʚʘʣʠ ʜʦʩʣʽʜʞʫʚʘʥʫ ʢʦʤʧʦʟʠʮʽʶ ʚ ʪʘʢʦʤʫ ʦʙʩʷʟʽ, 

ʱʦʙ ʾʾ ʨʽʚʝʥʴ ʙʫʚ ʥʘ 1 ʩʤ ʚʠʱʝ ʚʫʟʴʢʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥʠ, ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʠʪʠʩʢʥʦʛʦ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʬʽʢʩʫʚʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʽ 9. ɸʨʝʪʠʨʦʤ 

ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʢʦʨʦʤʠʩʣʦ 10 ʫ ʚʝʨʭʥʻ ʧʦʣʦʞʝʥʥʷ ʽ ʦʧʫʩʢʘʣʠ ʢʫʣʴʢʫ (ʜʽʘʤʝʪʨ 

d = 16ʤʤ), ʟôʻʜʥʘʥʫ ʟʽ ʩʪʨʠʞʥʝʤ 6, ʚ ʧʨʦʙʽʨʢʫ 1 ʥʘ ʥʝʚʝʣʠʢʫ ʛʣʠʙʠʥʫ, ʪʘʢ ʱʦʙ 

ʚʦʥʘ ʙʫʣʘ ʟʘʥʫʨʝʥʘ ʪʽʣʴʢʠ ʫ ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʯʘʩʪʠʥʽ. ɺʩʪʘʥʦʚʣʶʚʘʣʠ ʥʘ 

ʯʘʰʝʯʮʽ 2 ʥʝʦʙʭʽʜʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʠʤʽʨʶʚʘʣʠ ʰʚʠʜʢʽʩʪʴ ʦʧʫʩʢʘʥʥʷ ʢʫʣʴʢʠ 

ʚ ʜʦʩʣʽʜʞʫʚʘʥʫ ʨʽʜʠʥʫ. ɼʣʷ ʮʴʦʛʦ ʧʨʠʣʘʜ ʧʨʠʚʦʜʠʣʠ ʫ ʨʦʙʦʯʝ ʧʦʣʦʞʝʥʥʷ, 

ʟʚʽʣʴʥʠʚʰʠ ʘʨʝʪʠʨ. ʇʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʩʪʨʽʣʢʠ ʽʥʜʠʢʘʪʦʨʘ 3 ʯʝʨʝʟ ʥʫʣʴʦʚʫ 

ʧʦʟʥʘʯʢʫ ʚʢʣʶʯʘʣʠ ʩʝʢʫʥʜʦʤʽʨ. ʇʨʠ ʦʧʫʩʢʘʥʥʽ ʢʫʣʴʢʠ ʚ ʚʠʤʽʨʶʚʘʣʴʥʽʡ 

ʯʘʩʪʠʥʽ ʧʨʦʙʽʨʢʠ ʥʘ 30 ʤʤ, ʩʝʢʫʥʜʦʤʽʨ ʚʠʤʠʢʘʣʠ. ɼʠʥʘʤʽʯʥʫ ʚôʷʟʢʽʩʪʴ 

ʢʦʤʧʦʟʠʮʽʡ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

kPÖÖ=th , ,     (2.10) 

ʜʝ P ï ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ, ʇʘ; Ű ï ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʯʘʩʫ 

ʧʨʦʭʦʜʞʝʥʥʷ, ʩ; k ï ʢʦʥʩʪʘʥʪʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʙʽʨʢʠ ʪʘ ʢʫʣʴʢʠ. 
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2.2.5 ʆʜʥʠʤ ʟ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʘʜʛʝʟʽʡʥʫ ʚʟʘʻʤʦʜʽʶ, ʘ ʪʘʢʦʞ 

ʥʘ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʨʝʯʦʚʠʥʠ ʧʦ ʧʦʚʝʨʭʥʽ ʧʽʜʣʦʞʢʠ, ʻ ʟʤʦʯʫʚʘʥʥʷ. 

ʂʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʚʠʟʥʘʯʘʣʠ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʣʦʾ ʢʨʘʧʣʽ, ʱʦ ʣʝʞʠʪʴ 

ʥʘ ʧʣʦʱʠʥʽ. ɺ ʷʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʽʜʣʦʞʢʠ ʟ 

ʘʣʶʤʦʙʦʨʦʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘ ʽ ʬʪʦʨʦʧʣʘʩʪʘ. ʈʦʟʤʽʨʠ ʢʨʘʧʣʽ ʢʦʤʧʦʟʠʮʽʾ, 

ʥʘʥʝʩʝʥʦʾ ʥʘ ʟʥʝʞʠʨʝʥʫ ʧʦʚʝʨʭʥʶ ʧʽʜʢʣʘʜʢʠ, ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʘʪʝʪʦʤʝʪʨʘ. ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʫ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ ʩʢʣʘʣʘ 2,5 ʛʨʘʜʫʩʽʚ. ʈʦʟʨʘʭʫʥʦʢ 

ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟʘ ʬʦʨʤʫʣʦʶ ʜʣʷ ʩʬʝʨʠʯʥʦʾ ʛʦʣʦʚʢʠ 

ʧʨʠ q < 90̄ : 

 ( )( )2222 / cos hrhr +-=q , (2.11) 

ʜʝ r ï ʨʘʜ̔ʫʩ ʢʨʘʧʣ̔; h ï ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʩʦʪʘ ʢʨʘʧʣ̔. 

2.2.6 ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʦʥʴ ʩʪʘʣʽ, 

ʩʢʣʘ ʽ ʟʘʪʚʝʨʜʽʣʦʛʦ ʟʚôʷʟʫʶʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ ʟʤʦʯʫʚʘʥʥʷ. ɺʽʣʴʥʫ 

ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ (ů), ʾʾ ʧʦʣʷʨʥʫ (ů
p
) ʽ ʜʠʩʧʝʨʩʽʡʥʫ (ů

d
) ʩʢʣʘʜʦʚʽ ʜʣʷ ʟʨʘʟʢʽʚ 

ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʩʢʣʷʥʦʾ ʽ ʩʪʘʣʝʚʦʾ ʧʽʜʣʦʞʦʢ, ʚʠʟʥʘʯʘʣʠ ʜʚʦʨʽʜʠʥʥʠʤ 

ʤʝʪʦʜʦʤ ʆʫʝʥʩʘ-ɺʝʥʜʪʘ-ʂʘʙʣʽ [230, 231] ʟʘ ʢʫʪʦʤ ʟʤʦʯʫʚʘʥʥʷ ʪʝʩʪʦʚʠʤʠ 

ʨʽʜʠʥʘʤʠ, ʚʠʤʽʨʷʥʠʭ ʤʝʪʦʜʦʤ ʩʠʜʷʯʦʾ ʢʨʘʧʣʽ ʧʨʠ 20Ñ1Áʉ ʽ ʨʦʟʨʘʭʦʚʫʚʘʣʠ 

ʰʣʷʭʦʤ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.12) ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ Maple : 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʩʪʦʚʠʭ ʨʽʜʠʥ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.11. 

ʊʘʙʣʠʮ ̫2.11 

ʂʦʤʧʦʥʝʥʪʠ ʧʦʚʝʨʭʥʝʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʩʪʦʚʠʭ ʨʽʜʠʥ 

ʈʽʜʠʥʘ 
ůl, 

ʤɼʞ/ʤ
2
 

ůl 
d
, 

ʤɼʞ/ʤ
2
 

ůl 
p
, 

ʤɼʞ/ʤ
2
 

ɺʦʜʘ 72,8 21,8 51,0 

ɽʪʠʣʝʥʛʣʢ̔ʦʣʴ (ɽɻ) 48,0 29,0 19,0 

(1+cos Ūl1)Ā ůl1 = 2 ( „ Ͻ„+ „ Ͻ„  )    (2.12) 

    (1+cos Ūl2)Ā ůl2 = 2 ( „ Ͻ„+ „ Ͻ„  )    
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ʜʝ ůs ï ʧʠʪʦʤʘ ʚʽʣʴʥʘ ʝʥʝʨʛʽʷ ʟʚôʷʟʫʶʯʦʛʦ, Ūl1 ʽ Ūl2 ï ʢʨʘʡʦʚʽ ʢʫʪʠ 

ʢʨʘʧʝʣʴ ʪʝʩʪʦʚʠʭ ʨʽʜʠʥ (ʚʦʜʠ ʽ ʝʪʠʣʝʥʛʣʽʢʦʣʶ ʚʽʜʧʦʚʽʜʥʦ), ůl1 
p
, ůl2 

p
, ůl1 

d
, ůl2 

d
 

ï ʧʦʣʷʨʥʘ ʽ ʜʠʩʧʝʨʩʽʡʥʘ ʩʢʣʘʜʦʚʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʚʦʜʠ ʽ ʝʪʠʣʝʥʛʣʽʢʦʣʶ 

ʚʽʜʧʦʚʽʜʥʦ. 

2.2.7 ɾʠʪʪʻʟʜʘʪʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡ ʦʮʽʥʶʚʘʣʠ ʟʘ ʟʤʽʥʦʶ ʚô̫ ʟʢʦʩʪʽ ʜʦ 

ʤʦʤʝʥʪʫ ʧʦʷʚʠ ʧʦʣʽʤʝʨʥʠʭ ʥʠʪʦʢ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 25Áʉ.  

2.2.8 ʉʪʫʧʽʥʴ ʪʚʝʨʜʽʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ ʚʝʣʠʯʠʥʦʶ ʛʝʣʴ-

ʬʨʘʢʮʽʾ. ʇʦʣʽʤʝʨʥʽ ʟʨʘʟʢʠ ʪʚʝʨʜʽʣʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 25Áʉ ʧʨʦʪʷʛʦʤ 6 ʜʽʙ. 

ɽʢʩʪʨʘʛʫʚʘʥʥʷ ʟʨʘʟʢʽʚ, ʥʘʚʘʞʢʦʶ 0,2-0,4ʛ, ʧʨʦʚʦʜʠʣʠ ʚ ʘʮʝʪʦʥʽ ʧʨʦʪʷʛʦʤ ʯʘʩʫ 

ʜʦ ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ. ʏʘʩʪʢʫ ʥʝʟʘʪʚʝʨʜʽʣʦʾ ʯʘʩʪʠʥʠ ʧʦʣʽʤʝʨʫ ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʬʦʨʤʫʣʦʶ: 
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ʜʝ A ï ʤʘʩʘ ʧʦʣʽʤʝʨʫ ʜʦ ʝʢʩʪʨʘʢʮʽʾ; B ï ʤʘʩʘ ʧʦʣʽʤʝʨʫ ʧʽʩʣʷ ʝʢʩʪʨʘʢʮʽʾ; 

ʭ ï ʜʦʣʷ ʨʦʟʯʠʥʝʥʦʾ ʯʘʩʪʢʠ, %. 

2.3 ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ  

2.3.1 ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʚ ʷʢʦʩʪʽ ʟʘʭʠʩʥʠʭ 

ʧʦʢʨʠʪʪʽʚ, ʻ ʩʠʣʘ ʘʜʛʝʟʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʘʙʦ ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ 

ʧʦʣʽʤʝʨ-ʧʽʜʣʦʞʢʘ. 

ɸʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʚʽʜʨʠʚʽ ʜʦ ʩʪʘʣʽ 

ʚʠʟʥʘʯʘʣʘʩʷ ʟʘ ɻʆʉʊ 14760-69 (ʨʠʩ. 2.2 ʘ). ɺʠʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨʚ̔ ʜʦ ʘʣʶʤʦʙʦʨʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘ ʟʜʽʡʩʥʶʚʘʣʠ ʤʝʪʦʜʦʤ 

ʥʦʨʤʘʣʴʥʦʛʦ ʚʽʜʨʠʚʫ [232]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʤʝʪʦʜʦʤ ʨʽʚʥʦʤʽʨʥʦʛʦ ʚʽʜʨʠʚʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʢʣʷʥʽ ʢʫʣʴʢʠ ʜʽʘʤʝʪʨʦʤ 20-22 ʤʤ, ʱʦ ʚʠʧʫʩʢʘʶʪʴʩʷ 

ʧʨʦʤʠʩʣʦʚʽʩʪʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʩʢʣʦʚʦʣʦʢʥʘ, ʷʢʽ ʧʽʜʜʘʚʘʣʠ ʜʚʦʩʪʦʨʦʥʥʽʡ 

ʧʘʨʘʣʝʣʴʥʽʡ ʰʣʽʬʦʚʮʽ ʥʘ ʰʣʽʬʫʚʘʣʴʥʦʤʫ ʢʦʣʽ ʟ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʉ4-15-32 ʟ 
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʦʜʥʦʾ ʜʠʩʧʝʨʩʽʾ ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʫ ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ. 

ʆʪʨʠʤʘʥʘ ʧʣʦʱʠʥʘ ʩʢʣʝʡʢʠ ʦʙʤʝʞʝʥʘ ʦʢʨʫʞʥʽʩʪʶ ʜʽʘʤʝʪʨʦʤ 9-11 ʤʤ. 

ɿʨʘʟʢʠ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʠʛʦʪʦʚʣʷʣʠ ʟ ʜʚʦʭ ʰʣʽʬʦʚʘʥʠʭ ʢʫʣʴʦʢ ʽ ʜʚʦʭ 

ʩʪʘʣʝʚʠʭ ʛʨʠʙʢʽʚ. ʅʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʩʢʣʝʶʶʪʴʩʷ, ʧʦʧʝʨʝʜʥʴʦ ʟʥʝʞʠʨʝʥʽ 

ʘʮʝʪʦʥʦʤ, ʥʘʥʦʩʠʣʠ ʢʦʤʧʦʟʠʮʽʶ ʽ ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ ʚʩʪʘʥʦʚʣʶʚʘʣʠ 

ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʥʘ ʥʠʞʥʶ. ʉʢʣʝʶʚʘʥʥʷ ʚʽʜʙʫʚʘʣʦʩʷ ʧʽʜ ʚʣʘʩʥʦʶ ʚʘʛʦʶ 

ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ, ʜʣʷ 

ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʧʝʮʽʘʣʴʥʦ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʣʝʛʦʚʘʥʦʾ ʩʪʘʣʽ ʟʘʭʚʘʪʠ. 

ʉʬʝʨʠʯʥʘ ʬʦʨʤʘ ʧʦʚʝʨʭʥʽ ʦʙʦʭ ʯʘʩʪʠʥ ʟʨʘʟʢʘ, ʘ ʪʘʢʦʞ ʢʦʥʩʪʨʫʢʮʽʷ ʟʘʭʚʘʪʽʚ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʽʜʩʫʪʥʽʩʪʴ ʧʝʨʝʢʦʩʫ ʧʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʥʷ (ʨʠʩ. 2.2 ʙ). 

 

ʘ)          ʙ) 

ʈʠʩ. 2.2 ɿʨʘʟʢʠ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʢʣʝʡʦʚʠʭ ʟôʻʜʥʘʥʴ: 

ʘ) ʜʦ ʩʪʘʣʽ; ʙ) ʜʦ ʩʢʣʘ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ ʰʚʠʜʢʦʩʪʽ ʨʦʟʩʫʚʘʥʥʷ ʟʘʭʚʘʪʽʚ             

2 ʤʤ/ʭʚ ʜʣʷ ʩʢʣʷʥʠʭ ʢʫʣʴʦʢ ʽ 10 ʤʤ/ʭʚ ʜʣʷ ʩʪʘʣʝʚʠʭ ʛʨʠʙʢʽʚ. ʍʘʨʘʢʪʝʨ 

ʨʫʡʥʫʚʘʥʥʷ ʦʮʽʥʶʚʘʣʠ ʚʽʟʫʘʣʴʥʦ. 
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ʈʦʟʨʘʭʫʥʦʢ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʨʦʙʠʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

 
2

4

d

F
A
p
= , (2.14) 

ʜʝ F ï ʨʫʡʥʽʚʥʝ ʥʘʧʨʫʞʝʥʥʷ, H; d ï ʜ̔ʘʤʝʪʨ ʧʣʦʱʠʥʠ ʩʢʣʝʶʚʘʥʥʷ, ʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʧʽʜʜʘʚʘʣʠ ʩʪʘʪʠʩʪʠʯʥʽʡ ʦʙʨʦʙʮʽ.  

2.3.2 ʂʽʣʴʢʽʩʥʝ ʦʮʽʥʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʟʘʣʠʰʢʦʚʠʭ ʚʥʫʪʨʽʰʥʽʭ 

ʥʘʧʨʫʞʝʥʴ ʟʜʽʡʩʥʶʚʘʣʠ ʤʝʪʦʜʦʤ ʧʨʫʞʥʦʾ ʙʘʣʢʠ ʘʙʦ ʢʦʥʩʦʣʴʥʠʤ ʤʝʪʦʜʦʤ 

[167], ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʚʠʤʽʨʽ ʜʝʬʦʨʤʘʮʽʾ ʢʦʥʩʦʣʴʥʦ ʟʘʢʨʽʧʣʝʥʦʾ ʧʨʫʞʥʴʦʾ 

ʧʽʜʣʦʞʢʠ, ʷʢʘ ʟʛʠʥʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʫ ʰʘʨʽ 

ʟʘʪʚʝʨʜʽʣʦʛʦ ʧʦʣʽʤʝʨʘ, ʥʘʥʝʩʝʥʦʛʦ ʟ ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ ʧʽʜʣʦʞʢʠ. ɺ ʷʢʦʩʪʽ 

ʧʨʫʞʥʴʦʾ ʧʽʜʣʦʞʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʢʣʷʥʫ ʧʣʘʩʪʠʥʫ ʟ 

ʘʣʶʤʦʙʦʨʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘ ʪʦʚʱʠʥʦʶ 80-100 ʤʢʤ ʽ ʨʦʟʤʽʨʘʤʠ 75Ĭ15 ʤʤ, ʷʢʫ 

ʧʦʧʝʨʝʜʥʴʦ ʟʥʝʞʠʨʶʚʘʣʠ ʘʮʝʪʦʥʦʤ ʪʘ ʯʦʪʠʨʠ ʭʣʦʨʠʩʪʠʤ ʚʫʛʣʝʮʝʤ. 

ʅʘ ʦʜʥʫ ʩʪʦʨʦʥʫ ʧʣʘʩʪʠʥʠ ʥʘʥʦʩʠʣʠ ʟʚôʷʟʫʶʯʝ ʟ ʨʦʟʯʠʥʫ ʚ ʘʮʝʪʦʥʽ ʽʟ 

ʚʤʽʩʪʦʤ ʦʣʽʛʦʤʝʨʫ 25-30%  ʪʦʚʱʠʥʦʶ 10-15 ʤʢʤ. 

ʇʽʩʣʷ ʚʠʩʫʰʫʚʘʥʥʷ ʧʨʦʪʷʛʦʤ 24 ʛʦʜʠʥ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʩʢʣʷʥʘ 

ʧʣʘʩʪʠʥʘ ʟʘʢʨʽʧʣʶʚʘʣʘʩʴ ʫ ʩʧʝʮʽʘʣʴʥʦʤʫ ʟʘʪʠʩʢʘʯʫ ʽ ʪʝʨʤʦʩʪʘʪʫʚʘʣʘʩʴ ʟʘ 

ʚʠʟʥʘʯʝʥʠʤ ʨʝʞʠʤʦʤ: ʥʘʛʨʽʚʘʥʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 1 ʂ/ʭʚ, ʚʠʪʨʠʤʢʘ ʟʘ 

ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʪʷʛʦʤ ʪʨʴʦʭ ʛʦʜʠʥ ʪʘ ʧʦʚʽʣʴʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʟʽ 

ʰʚʠʜʢʽʩʪʶ 1-3 ʂ/ʭʚ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɺʽʜʭʠʣʝʥʥʷ ʚʽʣʴʥʦʛʦ ʢʨʘʶ ʧʣʘʩʪʠʥʠ ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʽʢʨʦʩʢʦʧʘ çʄʠʨ-12è ʟ ʪʦʯʥʽʩʪʶ ʜʦ 0,01 ʤʤ. 

ʊʦʚʱʠʥʘ ʩʢʣʷʥʦʾ ʧʣʘʩʪʠʥʠ ʽ ʧʣʽʚʢʠ ʟʚôʷʟʫʶʯʦʛʦ ʚʠʟʥʘʯʘʣʘʩʴ 

ʟʚʘʞʫʚʘʥʥʷʤ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷʤ ʾʭ ʧʣʦʱʽ. 

ɻʫʩʪʠʥʘ ʩʢʣʘ ʪʘ ʦʪʚʝʜʞʝʥʦʛʦ ʟʚôʷʟʫʶʯʦʛʦ ʚʠʟʥʘʯʘʣʘʩʴ ʛʽʜʨʦʩʪʘʪʠʯʥʠʤ 

ʟʚʘʞʫʚʘʥʥʷʤ. 

ʈʦʟʨʘʭʫʥʦʢ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ůʟʘʣ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

„̈ ́̌ 
Ͻ Ͻ

ϽϽ  Ͻ
 , 
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ʜʝ h ï ʚʽʜʭʠʣʝʥʥʷ ʚʽʣʴʥʦʛʦ ʢʨʘʶ ʧʽʜʣʦʞʢʠ; Ef ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 

ʙʝʟʣʫʞʥʦʛʦ ʘʣʶʤʦʙʦʨʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘ ʨʽʚʥʠʡ 71580 ʤʅ/ʤ
2
; ŭ ï ʪʦʚʱʠʥʘ 

ʩʢʣʷʥʦʾ ʧʽʜʣʦʞʢʠ; t ï ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ ʟʚôʷʟʫʶʯʦʛʦ; l ï ʨʦʙʦʯʘ ʭʚʠʣʷ ʩʢʣʷʥʦʾ 

ʧʽʜʣʦʞʢʠ. 

2.3.3 ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ. 

ʊʘʙʣʠʮʷ 2.12  

ʄʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ. 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ɻʆʉʊ 

ʄʘʪʝʨʘ̔ʣʠ ʣʘʢʦʬʘʨʙʦʚʽ. ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ 

ʝʣʘʩʪʠʯʥʦʩʪ ̔ʧʣ̔ʚʢʠ ʧʨʠ ʚʠʛʠʥʽ 

6806-73 

ʄʝʪʦʜ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ 11012-69 

ɺʦʜʦʧʦʛʣʠʥʘʥʥʷ 4650-80 

 

2.4 ʄʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʤʽʥ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ 

ʚʽʜ ʩʢʣʘʜʫ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʚʥʠʡ 

ʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ (ʇʌɽ). ʆʧʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ ʝʧʦʢʩʠʘʤʽʥʥʦʾ 

ʢʦʤʧʦʟʠʮʽʾ ʦʮʽʥʶʚʘʚʩʷ ʟʥʘʯʝʥʥʷʤ ʷʢʦʾ-ʥʝʙʫʜʴ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʫ ʙʫʣʦ ʦʙʨʘʥʦ ʚ 

ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʟʤʽʥʥʦʾ (ʚʽʜʛʫʢʫ) [233, 235]. ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ 

ʚʠʟʥʘʯʝʥʥʽ ʪʘ ʘʥʘʣʽʟʽ, ʷʢ ʬʫʥʢʮʽʾ ʚʽʜ ʥʘʩʪʫʧʥʠʭ ʬʘʢʪʦʨʽʚ: 

 ( )BA CCy  ,j= , (2.16) 

ʜʝ y ï ʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʧʦʣʽʤʝʨʘ; CA, CB ï ʚʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ 

ʚ ʢʦʤʧʦʟʠʮʽʾ.  

ʈʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʢʣʘʜʫ, ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ 

"PLAN", ʨʦʟʨʦʙʣʝʥʦʾ ʥʘ ʢʘʬʝʜʨʽ ʽʥʬʦʨʤʘʪʠʢʠ ʍʅʋɹɸ, ʫ ʚʠʛʣʷʜʽ: 

 

n
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0
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k n
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= + Ö + Ö + Öä ä ä  (2.17) 
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ʜʝ 
0

ix  ï ʦʩʥʦʚʥʠʡ ʨʽʚʝʥʴ i-ʛʦ ʬʘʢʪʦʨʫ; ih  ï ʽʥʪʝʨʚʘʣ ʚʘʨʽʶʚʘʥʥʷ ʮʴʦʛʦ ʞ 

ʬʘʢʪʦʨʫ. 

ʇʨʦʛʨʘʤʘ "PLAN" ʜʦʟʚʦʣʠʣʘ ʦʪʨʠʤʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ ʚ 

ʢʦʜʦʚʘʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʽ ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʟ 

ʧʝʨʝʢʣʘʜʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ ʚ ʧʨʠʨʦʜʥʽ ʢʦʦʨʜʠʥʘʪʠ.  

ʑʦʙ ʫʩʫʥʫʪʠ ʮʝʡ ʥʝʜʦʣʽʢ, ʧʨʦʛʨʘʤʘ "PLAN" ʙʫʣʘ ʜʦʧʦʚʥʝʥʘ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʫʚʘʪʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, ʛʦʪʦʚʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ 

ʧʨʘʢʪʠʮʽ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʟʥʘʯʠʤʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʛʨʝʩʽʾ 

ʟʥʘʭʦʜʠʣʠ ʡʦʛʦ ʜʠʩʧʝʨʩʽʶ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʇʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʨʝʛʨʝʩʽʾ ʟʥʘʯʠʤʠʡ, ʷʢʱʦ ʚʠʢʦʥʘʥʘ 

ʫʤʦʚʘ  

bb S t² Ö,      (2.19) 

ʜʝ t  ï ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ. 

ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦʚʦʜʠʣʘʩʴ ʟʘ 

ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. 

2.5 ʄʝʪʦʜʠ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʜʝʣʝʡ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ 

ʚʟʘʻʤʦʜʽʾ.  

ɺ ʜʘʥʠʡ ʯʘʩ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʢʚʘʥʪʦʚʦʾ ʭʽʤʽʾ ʪʘ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʜʠʥʘʤʽʢʠ ʝʣʝʢʪʨʦʥʥʦʾ ʪʘ ʘʪʦʤʥʦʾ ʩʪʨʫʢʪʫʨ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʩʪʝʤ ʥʘʙʫʣʦ 

ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ. ʇʨʦʛʨʝʩ ʚ ʦʙʣʘʩʪʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʥʘʧʽʚʝʤʧʽʨʠʯʥʠʭ ʽ 

ʥʝʝʤʧʽʨʠʯʥʠʭ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʚʽʚ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʝʬʝʢʪʠʚʥʠʭ ʽ ʪʦʯʥʠʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʨʘʭʫʥʢʫ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʥʝ ʪʽʣʴʢʠ 

ʚʠʟʥʘʯʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʦʢʨʝʤʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʩʪʝʤ, ʘʣʝ ʽ ʚʠʷʚʠʪʠ ʟʘʛʘʣʴʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʧʨʠʪʘʤʘʥʥʽ ʟô̒ ʜʥʘʥʥʷʤ, ʦʙˇʨʫʥʪʦʚʫʚʘʪʠ ʽʩʥʫʶʯʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʧʨʦʚʦʜʠʪʠ ʢʦʨʝʣʷʮʽʾ [236]. ʄʝʪʦʜʘʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʘʥʘ ʩʪʨʫʢʪʫʨʘ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʝʧʦʢʩʠʜʥʦʤʫ ʟʚôʷʟʫʶʯʦʤʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʤʦʜʠʬʽʢʫʶʯʠʭ 
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ʜʦʙʘʚʦʢ, ʘ ʪʘʢʦʞ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʢʦʤʧʦʟʠʮʽʶ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʭʽʤʽʯʥʠʭ 

ʩʠʩʪʝʤ HyperChem ʩʪʚʦʨʝʥʽ ʪʨʠʚʠʤʽʨʥʽ ʤʦʜʝʣʽ ʢʦʤʧʣʝʢʩʽʚ ʝʧʦʢʩʠʜʥʦʛʦ 

ʟʚôʷʟʫʶʯʦʛʦ ʟ ʤʦʜʽʬʠʢʫʶʯʠʤʠ ʜʦʙʘʚʢʘʤʠ.  

ɺ ʜʘʥʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ ʚʠʢʦʨʠʩʪʘʥʽ ʰʠʨʦʢʦ ʚʽʜʦʤʽ ʝʤʧʽʨʠʯʥʽ 

ʤʝʪʦʜʠ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʝʭʘʥʽʢʠ, ʘ ʪʘʢʦʞ ʥʝʝʤʧʽʨʠʯʥʽ ʽ ʥʘʧʽʚʝʤʧʽʨʠʯʥʽ ʤʝʪʦʜʠ 

ʢʚʘʥʪʦʚʦʾ ʭʽʤʽʾ. ʗʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʚʝʣʠʢʠʭ ʽ ʩʢʣʘʜʥʠʭ ʤʦʣʝʢʫʣ, ʱʦ ʤʽʩʪʷʪʴ 

ʙʽʣʴʰʝ 10 ʘʪʦʤʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʝʤʧʽʨʠʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʫʩʢʣʘʜʥʝʥʦ 

ʯʝʨʝʟ ʚʝʣʠʢʠʡ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ. ʊʦʤʫ ʜʣʷ ʪʘʢʠʭ ʤʦʣʝʢʫʣ ʨʘʮʽʦʥʘʣʴʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘʧʽʚʝʤʧʽʨʠʯʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ.  

ʅʘʧʽʚʝʤʧʽʨʠʯʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘʩʥʦʚʘʥʽ ʥʘ ʢʚʘʥʪʦʚʽʡ ʤʝʭʘʥʽʮʽ 

[237]. ʋ ʥʠʭ ʧʨʦʚʦʜʠʪʴʩʷ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ ʜʣʷ ʘʪʦʤʽʚ ʽ ʤʦʣʝʢʫʣ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʚʥʠʭ ʥʘʙʣʠʞʝʥʴ ʽ ʩʧʨʦʱʝʥʴ. ʂʣʶʯʦʚʘ ʧʝʨʝʚʘʛʘ 

ʥʘʧʽʚʝʤʧʽʨʠʯʥʠʭ ʤʝʪʦʜʽʚ ʧʝʨʝʜ ʥʝʝʤʧʽʨʠʯʥʠʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ 

ʚʠʤʘʛʘʶʪʴ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ ʤʘʰʠʥʥʦʛʦ ʯʘʩʫ ʨʦʟʨʘʭʫʥʢʫ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʪʦʛʦ ʱʦ, ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ:  

- ʥʝʭʪʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʽʚ ʧʝʚʥʠʭ ʚʟʘʻʤʦʜʽʡ; 

- ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʘʥʜʘʨʪʥʽ ʥʝʦʧʪʠʤʽʟʦʚʘʥʽ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ 

ʝʣʝʢʪʨʦʥʥʠʭ ʦʨʙʽʪʘʣʝʡ; 

- ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʝʷʢʽ ʧʘʨʘʤʝʪʨʠ, ʦʪʨʠʤʘʥʽ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ 

(ʧʘʨʘʤʝʪʨʠʟʘʮʽʷ). 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʫʩʫʚʘʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʨʷʜʫ 

ʚʝʣʠʯʠʥ ʽ ʢʦʨʝʢʪʫʶʪʴ ʧʦʤʠʣʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʙʣʠʞʝʥʴ.  

ʄʝʪʦʜ ʥʘʧʽʚʝʤʧʽʨʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ PM3, ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʽʥʰʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʚʝʣʠʢʠʭ ʚʫʛʣʝʚʦʜʥʝʚʠʭ 

ʩʠʩʪʝʤ. ʇʘʨʘʤʝʪʨʠ ʜʣʷ ʤʝʪʦʜʫ PM3 ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʦʨʽʚʥʷʥʥʷʤ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ [238]. 

ɺʽʢʥʦ ʧʘʢʝʪʫ HyperChem ʟ ʚʠʧʘʜʘʶʯʠʤ ʤʝʥʶ ʬʫʥʢʮʽʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩ. 2.3. 
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ʈʠʩ. 2.3. ɺʽʢʥʦ ʧʘʢʝʪʫ HyperChem 

ʈʦʟʨʘʭʫʥʦʢ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ.  

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʣʝʢʫʣʠ ʫ ʚʽʢʥʽ ʧʨʦʛʨʘʤʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʪʨʽʙʥʦ ʩʪʚʦʨʠʪʠ log-ʜʦʢʫʤʝʥʪ, ʚ ʷʢʦʤʫ ʙʫʜʫʪʴ 

ʚʽʜʦʙʨʘʞʘʪʠʩʷ ʚʩʽ ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ. ɼʣʷ ʮʴʦʛʦ ʚ ʤʝʥʶ File ʚʠʙʨʘʪʠ Start 

Log ʽ ʜʘʪʠ ʬʘʡʣʫ ʚʽʜʧʦʚʽʜʥʫ ʥʘʟʚʫ.  

ʋ ʤʝʥʶ Setup ʚʠʙʨʘʪʠ Semi-empirical method (ʥʘʧʽʚʝʤʧʽʨʠʯʥʠʡ ʩʧʦʩʽʙ) 

ʽ ʫ ʚʽʢʥʽ ʚʠʙʠʨʘʪʠ ʤʝʪʦʜ PM3 (ʨʠʩʫʥʦʢ 2.4 ʘ) ʽ ʥʘʪʠʩʥʫʪʠ Ok. ɼʘʣʽ ʚ ʤʝʥʶ 

Compute ʚʠʙʨʘʪʠ Geometry Optimization ï ʘʣʛʦʨʠʪʤ Polak-Ribiere ʽ ʥʘʪʠʩʥʫʪʠ 

ʢʥʦʧʢʫ Ok (ʨʠʩʫʥʦʢ 2.4 ʙ). 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʨʘʭʫʥʢʫ ʚ ʨʷʜʢʫ ʩʪʘʥʫ ʟôʷʚʠʪʴʩʷ ʧʽʜʧʠʩ 

Converged = Yes ʽ ʨʦʟʙʣʦʢʫʻʪʴʩʷ ʤʝʥʶ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʽʜʦʙʨʘʞʝʥʽ ʚ 

log-ʜʦʢʫʤʝʥʪʽ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʩʧʦʣʫʢ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʥʠʭ ʚʠʟʥʘʯʝʥʽ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ: 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʘ ʚʽʜʩʪʘʥʴ, ʝʥʝʨʛʽʷ ʚʟʘʻʤʦʜʽʾ, ʘ ʪʘʢʦʞ ʜʠʧʦʣʴʥʽ ʤʦʤʝʥʪʠ ï ʦʜʥʽ 

ʟ ʛʦʣʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʶʪʴ ʧʨʠʨʦʜʫ ʽ ʤʽʮʥʽʩʪʴ 

ʷʢ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʚ ʤʦʣʝʢʫʣʘʭ, ʪʘʢ ʽ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʟʚôʷʟʢʽʚ. 
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         ʘ)                                                                        ʙ) 

ʈʠʩ. 2.4 ʇʦʨʷʜʦʢ ʚʽʜʪʚʦʨʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʘʢʝʪʘ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʭʽʤʽʯʥʠʭ ʩʠʩʪʝʤ HyperChem 
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ɻʃɸɺɸ 3 

ʈɽɻʋʃʖɺɸʅʅʗ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ɯ ɸɼɻɽɿɯʁʅʆ-ʄɯʎʅɯʉʅʀʍ 

ɺʃɸʉʊʀɺʆʉʊɽʁ ɽʇʆʂʉʀɸʄɯʅʅʆɻʆ ɿɺôʗɿʋʖʏʆɻʆ ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʄɸʃʀʍ ɼʆɹɸɺʆʂ ʇʆɺɽʈʍʅɽɺʆ-ɸʂʊʀɺʅʀʍ ɯ 

ʂʈɽʄʅɯʁʆʈɻɸʅɯʏʅʀʍ ʈɽʏʆɺʀʅ 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʝʧʦʢʩʠʜʥʠʭ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʚʠʛʣʷʜʽ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʢʣʝʾʚ, ʟʘʣʠʚʥʠʭ ʽ 

ʧʨʦʩʦʯʫʚʘʣʴʥʠʭ ʢʦʤʧʘʫʥʜʽʚ, ʚʦʣʦʢʥʠʩʪʦ-ʘʨʤʦʚʘʥʠʭ ʧʣʘʩʪʠʢʽʚ ʪʘ ʽʥʰʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʥʘʯʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʷʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ, ʘʜʛʝʟʽʡʥʦ-ʤʽʮʥʽʩʥʠʤʠ ʽ, ʚ ʢʽʥʮʝʚʦʤʫ ʨʘʭʫʥʢʫ, 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʝʧʦʢʩʠʜʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʨʠʮʴ ʽ 

ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʘʮʽʾ ʾʭ ʤʘʣʠʤʠ ʜʦʙʘʚʢʘʤʠ ʇɸʈ ʽ 

ʂʆʉ. 

ʊʘʢʽ ʦʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʷʢ 

ʚôʷʟʢʽʩʪʴ, ʟʤʦʯʫʚʘʣʴʥʘ ʽ ʧʨʦʩʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʽʚʥʷ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʦʣʽʛʦʤʝʨʫ, ʘ 

ʪʘʢʦʞ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʜʦʙʘʚʦʢ ʽ ʤʦʣʝʢʫʣʘʤʠ ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʫ. ɿʘ 

ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ ʤʘʣʽ ʜʦʤʽʰʢʠ ʜʠʬʽʣʴʥʦʾ ʙʫʜʦʚʠ ʦʙʤʝʞʝʥʦ 

ʧʦʻʜʥʫʶʪʴʩʷ ʽʟ ʝʧʦʢʩʠʜʥʠʤ ʦʣʽʛʦʤʝʨʦʤ, ʪʦʤʫ ʤʦʜʠʬʽʢʘʮʽʷ ʟʚôʷʟʫʶʯʦʛʦ 

ʤʘʣʠʤʠ ʜʦʙʘʚʢʘʤʠ ʇɸʈ ʽ ʂʆʉ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʩʪʨʫʢʪʫʨʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʤʝʪʦʜʽʚ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʧʦʣʽʤʝʨʽʚ [82, 83]. ʋ ʭʽʤʽʯʥʽʡ ʩʪʨʫʢʪʫʨʽ ʝʧʦʢʩʠʜʥʦʛʦ 

ʦʣʽʛʦʤʝʨʫ ʤʽʩʪʷʪʴʩʷ ʧʦʣʷʨʥʽ ʛʽʜʨʦʢʩʠʣʴʥʽ, ʝʬʽʨʥʽ ʛʨʫʧʠ, ʪʦʤʫ ʚʟʘʻʤʦʜʽʷ 

ʜʘʥʠʭ ʜʦʙʘʚʦʢ (ʾʭ ʧʦʣʷʨʥʠʭ ʪʘ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʯʘʩʪʠʥ) ʟ ʤʦʣʝʢʫʣʘʤʠ ɽɼ-20 ʽ 

ʫʪʚʦʨʝʥʥʷ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʦʜʥʝʚʠʭ, ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʠʭ ʟʚôʷʟʢʽʚ ʽ ʜʠʩʧʝʨʩʽʡʥʠʭ ʩʠʣ. 

ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʇɸʈ ʽ ʂʆʉ ʥʘ ʧʦʣʽʧʰʝʥʥʷ 

ʚôʷʟʢʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [98], ʽ ʟʤʦʯʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ [143] ʦʣʽʛʦʤʝʨʫ ɽɼ-20, 

ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʧʨʦʚʝʜʝʥʽ ʥʘʤʠ [239, 240]. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʤʝʭʘʥʽʟʤ ʜʽʾ, ʟʘ 

ʨʘʭʫʥʦʢ ʷʢʦʛʦ ʜʦʩʷʛʘʻʪʴʩʷ ʤʦʜʠʬʽʢʫʶʯʠʡ ʝʬʝʢʪ ʜʦʙʘʚʦʢ, ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʦʧʠʩʘʥʠʡ, ʭʦʯʘ ʚʽʜʦʤʦ, ʱʦ ʚʠʱʝʚʢʘʟʘʥʽ ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʫʞʝ 
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ʯʫʪʣʠʚʽ ʜʦ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʩʠʩʪʝʤʽ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, 

ʧʨʝʜʩʪʘʚʣʷʣʦʩʷ ʜʦʮʽʣʴʥʠʤ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʤʦʣʝʢʫʣ ʇɸʈ ʽ ɽɼ-20 ʽ ʚʩʪʘʥʦʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʮʽʻʾ ʚʟʘʻʤʦʜʽʾ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʥʦʛʦ ʟʚôʷʟʫʶʯʦʛʦ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ ʚ ʝʧʦʢʩʠʜʥʦʤʫ ʦʣʽʛʦʤʝʨʽ ʟ ʤʦʜʠʬʽʢʫʶʯʠʤʠ 

ʜʦʙʘʚʢʘʤʠ ʥʝ ʻ ʤʦʞʣʠʚʠʤ, ʪʦʤʫ ʜʣʷ ʾʭ ʚʠʚʯʝʥʥʷ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʤʝʪʦʜʠ 

ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ. 

3.1 ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʝʧʦʢʩʠʜʥʦʛʦ ʦʣʽʛʦʤʝʨʫ ʟ 

ʤʦʜʠʬʽʢʫʶʯʠʤʠ ʜʦʙʘʚʢʘʤʠ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʭʽʤʽʯʥʠʭ ʩʠʩʪʝʤ HyperChem ʩʪʚʦʨʝʥʽ ʪʨʠʚʠʤʽʨʥʽ ʤʦʜʝʣʽ ʢʦʤʧʣʝʢʩʽʚ 

ʝʧʦʢʩʠʜʥʠʭ ʟʚôʷʟʫʶʯʠʭ ʟ ʤʦʜʠʬʽʢʫʶʯʠʤʠ ʜʦʙʘʚʢʘʤʠ ʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʤʦʣʝʢʫʣ ʽ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚʠʟʥʘʯʝʥʽ 

ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ: ʤʽʞʤʦʣʝʢʫʣʷʨʥʘ ʚʽʜʩʪʘʥʴ ʽ ʜʠʧʦʣʴʥʽ ʤʦʤʝʥʪʠ ï ʦʜʥʽ ʟ 

ʛʦʣʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʨʠʨʦʜʫ (ʧʦʣʷʨʥʽʩʪʴ) ʽ ʤʽʮʥʽʩʪʴ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ, ʘ ʪʘʢʦʞ ʾʭ ʝʥʪʘʣʴʧʽʶ ʫʪʚʦʨʝʥʥʷ ʽ ʝʥʝʨʛʽʶ 

ʚʟʘʻʤʦʜʽʾ. 

ɺ ʜʘʥʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ ʚʠʢʦʨʠʩʪʘʥʽ ʰʠʨʦʢʦ ʚʽʜʦʤʽ ʝʤʧʽʨʠʯʥʽ 

ʤʝʪʦʜʠ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʝʭʘʥʽʢʠ, ʘ ʪʘʢʦʞ ʥʝʝʤʧʽʨʠʯʥʽ ʽ ʥʘʧʽʚʝʤʧʽʨʠʯʥʽ ʤʝʪʦʜʠ 

ʢʚʘʥʪʦʚʦʾ ʭʽʤʽʾ. ʗʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʚʝʣʠʢʠʭ ʽ ʩʢʣʘʜʥʠʭ ʤʦʣʝʢʫʣ, ʱʦ ʤʽʩʪʷʪʴ 

ʙʽʣʴʰʝ 10 ʘʪʦʤʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʝʤʧʽʨʠʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ 

ʫʩʢʣʘʜʥʝʥʦ ʯʝʨʝʟ ʚʝʣʠʢʠʡ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ. ʊʦʤʫ ʜʣʷ ʪʘʢʠʭ ʤʦʣʝʢʫʣ 

ʨʘʮʽʦʥʘʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘʧʽʚʝʤʧʽʨʠʯʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ. 

ʅʘʧʽʚʝʤʧʽʨʠʯʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘʩʥʦʚʘʥʽ ʥʘ ʢʚʘʥʪʦʚʽʡ ʤʝʭʘʥʽʮʽ 

[237]. ɺ ʥʠʭ ʧʨʠʚʦʜʠʪʴʩʷ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ ʜʣʷ ʘʪʦʤʽʚ ʽ ʤʦʣʝʢʫʣ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʚʥʠʭ ʥʘʙʣʠʞʝʥʴ ʽ ʩʧʨʦʱʝʥʴ. ʂʣʶʯʦʚʘ ʧʝʨʝʚʘʛʘ 

ʥʘʧʽʚʝʤʧʽʨʠʯʥʠʭ ʤʝʪʦʜʽʚ ʧʝʨʝʜ ʥʝʝʤʧʽʨʠʯʥʠʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ 

ʚʠʤʘʛʘʶʪʴ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ ʤʘʰʠʥʥʦʛʦ ʯʘʩʫ ʨʦʟʨʘʭʫʥʢʫ. 

ʄʝʪʦʜ ʥʘʧʽʚʝʤʧʽʨʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ PM3, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʚʝʣʠʢʠʭ ʚʫʛʣʝʚʦʜʥʝʚʠʭ 



81 

ʩʠʩʪʝʤ. ʇʘʨʘʤʝʪʨʠ ʜʣʷ ʤʝʪʦʜʫ PM3 ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʦʨʽʚʥʷʥʥʷʤ ʚʝʣʠʢʦʛʦ 

ʯʠʩʣʘ ʽ ʚʠʜʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ [238]. ʊʦʤʫ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʜʠʧʦʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʽ ʝʥʪʘʣʴʧʽʡ ʫʪʚʦʨʝʥʥʷ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʫ ʽ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʙʫʚ 

ʦʙʨʘʥʠʡ ʤʝʪʦʜ ʥʘʧʽʚʝʤʧʽʨʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ PM3. 

ɺ ʷʢʦʩʪʽ ʤʦʜʝʣʴʥʠʭ ʦʙô̒ ʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʝʧʦʢʩʠʜʽʘʥʦʚʠʡ 

ʦʣʽʛʦʤʝʨ ʤʘʨʢʠ ɽɼ-20, ʘ ʪʘʢʦʞ ʇɸʈ ʽ ʂʆʉ. ɺ ʷʢʦʩʪʽ ʇɸʈ ʦʙʨʘʥʽ: 

ʢʘʪʽʦʥʦʘʢʪʠʚʥʽ (ʂʇɸʈ) ɸʄɸ (ʘʣʢʽʣʪʨʠʤʝʪʠʣʘʤʦʥʽʡ ʭʣʦʨʠʜ) ʽ ʎʊɸʍ 

(ʮʝʪʨʠʘʤʦʥʽʡ ʭʣʦʨʠʜ), ʘʥʽʦʥʦʘʢʪʠʚʥʽ (ɸʇɸʈ) ɸɹʉ (ʘʣʢʽʣʙʝʥʟʦʩʫʣʴʬʦʥʘʪ 

ʥʘʪʨʽʶ) ʽ ʃʊʉ (ʣʘʫʨʝʪʩʫʣʴʬʘʪ ʥʘʪʨʽʶ); ʘ ʪʘʢʦʞ ʥʝʽʦʥʦʛʝʥʥʠʡ (ʅʇɸʈ) ɸʤʽʨʦʣ 

ʄ (ʘʣʢʽʣʦʣʘʤʽʜ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʢʘʩʪʦʨʦʚʦʾ ʦʣʽʾ). ɺ ʷʢʦʩʪʽ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ Ŭ, ɤ-ʙʽʩ (ʪʨʠʤʝʪʠʣʩʠʣʦʢʩʠ)-ʦʣʽʛʦʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʠ 

ʇʄʉ ʽ Ŭ, ɤ-ʙʽʩ (ʛʽʜʨʦʢʩʠ)-ʦʣʽʛʦʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥ ʉʂʊʅ ʟ ʢʽʥʮʝʚʠʤʠ 

ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʘʥʽ ʧʘʨʘʤʝʪʨʠ: 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʘ ʚʽʜʩʪʘʥʴ ʽ ʜʠʧʦʣʴʥʽ ʤʦʤʝʥʪʠ, ʝʥʪʘʣʴʧʽʾ ʫʪʚʦʨʝʥʥʷ ȹʅʫʪʚ ʽ 

ʝʥʝʨʛʽʷ ʚʟʘʻʤʦʜʽʾ ɽʚʟʘʻʤ ʦʢʨʝʤʠʭ ʟôʻʜʥʘʥʴ, ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ɽɼ-

20 ʽ ʇɸʈ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.1. ʊʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʠʧʦʣʴʥʽ 

ʤʦʤʝʥʪʠ ʨʝʯʦʚʠʥ-ʘʥʘʣʦʛʽʚ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

* ɽʥʝʨʛʽʷ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʣʝʢʩʽʚ (ɽʚʟʘʻʤ) ɽɼ-20 + ʇɸʈ (ɸɺ) ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʨʽʟʥʠʮʝʶ ʤʽʞ ʪʝʧʣʦʪʦʶ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ɸɺ (ȹʅʫʪʚ ɸɺ) ʽ ʟʥʘʯʝʥʥʷʤ 

ʪʝʧʣʦʪ ʫʪʚʦʨʝʥʥʷ ʧʨʦʩʪʠʭ ʨʝʯʦʚʠʥ ɸ (ȹʅʫʪʚ ɸ) ʽ ɺ (ȹʅʫʪʚ ɺ): 

ɸ + ɺ = ɸɺ 

ɽʚʟʘ̒ʤ = ȹʅʫʪʚ ɸɺ ï (ȹʅʫʪʚ ɸ + ȹʅʫʪʚ ɺ), 

ʇʦʙʫʜʦʚʘʥʦ ʪʨʠʚʠʤʽʨʥʽ ʰʘʨʦʩʪʨʠʞʥʝʚʽ ʤʦʜʝʣʽ ʚʟʘʻʤʦʜʽʶʯʠʭ ʤʦʣʝʢʫʣ 

ɽɼ-20 ʤʽʞ ʩʦʙʦʶ (ʨʠʩ. 3.2) ʽ ʟ ʤʦʣʝʢʫʣʘʤʠ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ (ʨʠʩ. 3.3-

3.9). ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʘʪʦʤʽʚ ʫ ʤʦʜʝʣʷʭ ʤʦʣʝʢʫʣ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.1. 
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ʈʠʩ. 3.1. ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʘʪʦʤʽʚ 

 

ʊʘʙʣʠʮʷ 3.1 

ʇʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʣʝʢʫʣ ɽɼ-20, ʇɸʈ, ʂʆʉ, ʾʭ ʜʠʤʝʨʽʚ  

ʽ ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ. 

ʂʦʤʧʣʝʢʩ 
ȹʅʫʪʚ, 

ʢɼʞ/ʤʦʣʴ 

ɽʚʟʘ̒ʤ, 

ʢɼʞ/ʤʦʣʴ 

ɺʽʜʩʪʘʥʴ 

ʤʽʞ 

ʤʦʣʝʢʫʣʘʤʠ, 

Ȕ 

ɼʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ, 

ɛ, D 

ʈʦʟʨʘʭʫʥʦʢ 

ɼʠʧʦʣʴʥʠʡ 

ʤʦʤʝʥʪ 

ʘʥʘʣʦʛʽʚ 

(ʣʽʪʝʨʘʪʫʨ. 

ʜʘʥʽ) 

ɽɼ-20 -473,97    2,76  

ɽɼ-20+ ɽɼ-20 -882,35 65,58 7,5 5,51  

ɸʤ̔ʨʦʣ ʄ -1033,218   4,95 3,82
1
 

ɸʤ̔ʨʦʣ ʄ +ɽɼ -1507,02 0,17 8,6 5,27  

ɸʄɸ -214,85    9,81 7ï10
2
  

ɸʄɸ+ɽɼ -700,65 -11,83 11,69 9,16  

ʎʊɸʍ -397,35    9,78 7ï10
2
  

ʎʊɸʍ+ɽɼ -882,36 -11,04 14,36 9,11  

ɸɹʉ -780,74   4,2 3,77
3 
 

ɸɹʉ+ɽɼ -1343,62 -5,06 8,39 6,52  

ʃʊʉ -1454,43   5,51 2,04
4
  

ʃʊʉ+ɽɼ -2017,69 -5,43 10,1 11,4  

ʉʂʊʅ -6882,91   1,05 1,53
5
  

ʉʂʊʅ+ɽɼ -7355,50 1,38 5,23 2,75  

ʇʄʉ -7479,27   0,23 0,27ï1,03
6
  

ʇʄʉ+ɽɼ -7962,82 -0,83 5,4 0,23  

1 - ɼʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʤʦʣʝʢʫʣʠ ʜʠʤʝʪʠʣʬʦʨʤʘʤʽʜʫ [241]. 
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2 - ɼʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʜʝʷʢʠʭ ʩʦʣʝʡ ʯʝʪʚʝʨʪʠʥʥʠʭ ʘʤʽʥʽʚ [242]. 

3 - ɼʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʜʣʷ ʙʝʥʟʦʩʫʣʴʬʦʢʠʩʣʦʪʠ [243]. 

4 - ɼʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʜʣʷ ʤʦʥʦʤʝʪʠʣʦʚʦʛʦ ʝʬʽʨʫ ʝʪʠʣʝʥʛʣʽʢʦʣʶ [243]. 

5 - ɼʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʩʠʣʦʢʩʘʥʽʚ ʟ ʢʽʥʮʝʚʠʤʠ ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ 

Me2SiOH [244]. 

6 - ɼʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʜʠʩʠʣʦʢʩʘʥʽʚ [245]. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2, ʤʦʜʝʣʴ ʤʦʣʝʢʫʣʠ ɽɼ-20 ʻ ʜʦʩʠʪʴ ʩʠʤʝʪʨʠʯʥʦʶ ʽ ʤʘʻ 

ʢʦʥʬʦʨʤʘʮʽʶ ʪʠʧʫ çʚʘʥʥʘè, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʘʥʠʤ ʥʘʚʝʜʝʥʠʤ ʚ ʨʦʙʦʪʽ [138], 

ʟʛʽʜʥʦ ʟ ʷʢʠʤʠ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʛʦ ʩʚʽʪʣʦʚʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʚʠʟʥʘʯʝʥʦ, ʱʦ 

ʤʘʢʨʦʤʦʣʝʢʫʣʠ ʝʧʦʢʩʠʜʥʦʛʦ ʦʣʽʛʦʤʝʨʫ ʤʘʶʪʴ ʬʦʨʤʫ ʟʣʝʛʢʘ ʚʠʛʥʫʪʦʛʦ 

ʩʪʨʠʞʥʷ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʢʽʥʮʝʚʠʤʠ ʝʧʦʢʩʠʜʥʠʤʠ ʛʨʫʧʘʤʠ ʩʪʘʥʦʚʠʪʴ 21,12 Ȕ.       

ɯ, ʷʢ ʚʠʜʥʦ, ʟ ʪʘʙʣ. 3.1, ʚʠʟʥʘʯʝʥʘ ʝʥʝʨʛʽʷ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʟʚôʷʟʢʽʚ 

ʝʧʦʢʩʠʜʥʦʛʦ ʦʣʽʛʦʤʝʨʫ ʤʘʻ ʜʦʩʠʪʴ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʽ ʩʪʘʥʦʚʠʪʴ 65,58 

ʢɼʞ/ʤʦʣʴ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ (ʚʦʜʥʝʚʽ ʟʚôʷʟʢʠ), 

ʙʝʥʟʦʣʴʥʠʭ (ˊ-ˊ ʚʟʘʻʤʦʜʽʾ), ʧʦʣʷʨʥʠʭ ʝʧʦʢʩʠʜʥʠʭ ʽ ʧʨʦʩʪʠʭ ʝʬʽʨʥʠʭ ʛʨʫʧ 

(ʜʠʧʦʣʴʥʽ ʚʟʘʻʤʦʜʽʾ). ɽʥʪʘʣʴʧʽʷ ʫʪʚʦʨʝʥʥʷ ʤʦʣʝʢʫʣ ɽɼ-20 ʩʪʘʥʦʚʠʪʴ -473,97 

ʢɼʞ / ʤʦʣʴ.  

 

ʈʠʩ. 3.2. ɻʝʦʤʝʪʨʽʷ ʜʠʤʝʨʽʟʦʚʘʥʠʭ ʤʦʣʝʢʫʣ ɽɼ-20. 
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ʗʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 3.2, ʤʽʞ ʩʦʙʦʶ ʤʦʣʝʢʫʣʠ ʝʧʦʢʩʠʜʥʦʛʦ ʦʣʽʛʦʤʝʨʫ 

ʦʨʽʻʥʪʫʶʪʴʩʷ ʝʧʦʢʩʠʜʥʦʶ ʛʨʫʧʦʶ ʦʜʥʽʻʾ ʤʦʣʝʢʫʣʠ ʜʦ ʛʽʜʨʦʢʩʠʣʴʥʦʾ ʛʨʫʧʠ 

ʽʥʰʦʾ ʤʦʣʝʢʫʣʠ. ʊʘʢʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʦʣʝʢʫʣ ʤʦʞʝ ʦʟʥʘʯʘʪʠ ʥʘʷʚʥʽʩʪʴ 

ʚʦʜʥʝʚʦʛʦ ʟʚôʷʟʢʫ, ʦʜʥʘʢ, ʚʽʜʩʪʘʥʴ ʤʽʞ ʘʪʦʤʘʤʠ ʂʠʩʥʶ ʽ ɺʦʜʥʶ ʩʪʘʥʦʚʠʪʴ         

7,5 Ȕ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʦʚʞʠʥʘ ʚʦʜʥʝʚʦʛʦ ʟʚô̫ ʟʢʫ ʟʘʟʚʠʯʘʡ ʥʝ ʧʝʨʝʚʠʱʫʻ 3 Ȕ 

[246]. ʎʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ɽɼ-20 ʧʝʨʝʚʘʞʥʦ ʜʽʶʪʴ 

ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʽ ʚʟʘʻʤʦʜʽʾ, ʱʦ ʜʽʶʪʴ ʥʘ ʙʽʣʴʰ ʜʘʣʝʢʠʭ ʚʽʜʩʪʘʥʷʭ. ɼʠʧʦʣʴʥʠʡ 

ʤʦʤʝʥʪ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʟʚôʷʟʢʫ ɽɼ-20 + ɽɼ-20 ʩʪʘʥʦʚʠʪʴ 5,51 D, ʪʦʜʽ ʷʢ 

ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʦʢʨʝʤʦʾ ʤʦʣʝʢʫʣʠ ɽɼ-20 ï 2,76 D, ʱʦ ʪʘʢ ʩʘʤʦ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʜʦʩʠʪʴ ʩʠʣʴʥʠʡ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʡ ʟʚôʷʟʦʢ, ʷʢʠʡ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʝ 

ʦʙʫʤʦʚʣʶʚʘʪʠ ʚʠʩʦʢʫ ʚôʷʟʢʽʩʪʴ ʽ ʜʦʩʠʪʴ ʚʝʣʠʢʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ 

ʝʧʦʢʩʠʜʥʦʛʦ ʦʣʽʛʦʤʝʨʫ. ʋ ʣʽʪʝʨʘʪʫʨʽ ʥʝʤʘʻ ʜʘʥʠʭ ʧʨʦ ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ 

ʤʦʣʝʢʫʣʠ ɽɼ-20, ʦʜʥʘʢ, ʚʽʜʦʤʦ, ʱʦ ʧʦʣʷʨʥʘ ʝʧʦʢʩʠʜʥʘ ʛʨʫʧʘ ʤʘʻ ʜʠʧʦʣʴʥʠʡ 

ʤʦʤʝʥʪ 1,88 D [247], ʱʦ, ʷʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 3.1 ʥʝʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʚʠʟʥʘʯʝʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʥʘʯʝʥʥʷ (1,77 D), ʘ 

ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʨʦʟʨʘʭʫʥʢʠ ʚ ʧʘʢʝʪʽ Hyperʉhem ʜʘʶʪʴ ʘʜʝʢʚʘʪʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

 

ʈʠʩ. 3.3. ɻʝʦʤʝʪʨʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʙʽʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ  

ɽɼ-20+ ɸʄɸ 
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ʅʘ ʨʠʩ. 3.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʫ ɽɼ-20 + ɸʄɸ ʟ 

ʦʧʪʠʤʽʟʦʚʘʥʦʶ ʛʝʦʤʝʪʨʽʻʶ. ʄʦʣʝʢʫʣʘ ɸʄɸ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʫʛʣʝʚʦʜʥʝʚʠʡ 

ʨʘʜʠʢʘʣ ʟ ʚʦʩʴʤʠ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʽ ʧʦʣʷʨʥʫ ʪʨʠʤʝʪʠʣʘʤʦʥʽʻʚʫ ʛʨʫʧʫ, ʷʢʘ 

ʟôʻʜʥʘʥʘ ʽʦʥʥʠʤ ʟʚôʷʟʢʦʤ ʟ ʘʪʦʤʦʤ ʍʣʦʨʘ. ɼʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʤʦʣʝʢʫʣʠ 

ɸʄɸ ʩʪʘʥʦʚʠʪʴ 9,81 D ʽ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʜʠʧʦʣʴʥʠʤ ʤʦʤʝʥʪʘʤ 

ʘʥʘʣʦʛʽʯʥʠʭ ʟôʻʜʥʘʥʴ, ʟʦʢʨʝʤʘ ʜʝʷʢʠʭ ʩʦʣʝʡ ʯʝʪʚʝʨʪʠʥʥʠʭ ʘʤʽʥʽʚ 

(ʪʝʪʨʘʘʣʢʽʣʘʤʦʥʽʡ ʭʣʦʨʠʜʫ), ʷʢʽ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʚʽʜ 7 ʜʦ 10 D [242], ʘ ʪʘʢʦʞ 

ʟʘ ʽʥʰʠʤʠ ʜʘʥʠʤʠ ï 10-12 D [149]. 

ɿʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʽʾ ʫʪʚʦʨʝʥʥʷ ʤʦʣʝʢʫʣʠ ɸʄɸ, ʦʪʨʠʤʘʥʝ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʩʪʘʥʦʚʠʪʴ -214,85 ʢɼʞ/ʤʦʣʴ, ʱʦ ʥʝʟʥʘʯʥʦ 

ʤʝʥʰʝ ʝʥʪʘʣʴʧʽʾ ʫʪʚʦʨʝʥʥʷ ʧʦʜʽʙʥʦʾ ʤʦʣʝʢʫʣʠ ʪʝʪʨʘʤʝʪʠʣʘʤʦʥʽʶ ʭʣʦʨʠʜʫ 

(ȹʅʫʪʚ =  ï276,4 ʢɼʞ/ʤʦʣʴ) [248]. 

 

ʈʠʩ. 3.4. ɻʝʦʤʝʪʨʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʙʽʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ  

ɽɼ-20 + ʎʊɸʍ 

ʗʢ ʚʠʜʥʦ, ʤʦʣʝʢʫʣʘ ʢʘʪʽʦʥʦʘʢʪʠʚʥʦʛʦ ɸʄɸ ʦʨʽʻʥʪʫʻʪʴʩʷ ʧʦʣʷʨʥʦʶ 

ʯʘʩʪʠʥʦʶ ʜʦ ʛʽʜʨʦʢʩʠʣʴʥʦʾ ʛʨʫʧʠ ɽɼ-20. ɺʽʜʩʪʘʥʴ ʤʽʞ ʛʽʜʨʦʢʩʦʛʨʫʧʦʶ 

ʤʦʣʝʢʫʣʠ ɽɼ-20 ʽ ʘʪʦʤʦʤ ʍʣʦʨʫ ɸʄɸ ʩʪʘʥʦʚʠʪʴ 11,69 Ȕ. ɼʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ 

ʙʽʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ɽɼ-20 + ɸʄɸ ʩʪʘʥʦʚʠʪʴ 9,16 D, ʘ ʝʥʝʨʛʽʷ 

ʚʟʘʻʤʦʜʽʾ ʟʘ ʜʘʥʠʤʠ ʨʦʟʨʘʭʫʥʢʫ ï -11,83 ʢɼʞ/ʤʦʣʴ. ʊʘʢʽ ʜʘʥʽ 



86 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʽʜʩʪʘʥʽ ʽ ʝʥʝʨʛʽʾ ʚʟʘʻʤʦʜʽʾ ʛʦʚʦʨʷʪʴ ʧʨʦ ʜʘʣʴʥʦʜʽʶʯʠʡ 

ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʠʡ ʟʚô̫ ʟʦʢ. 

ʎʝʪʨʠʘʤʦʥʽʡ ʭʣʦʨʠʜ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ɸʄɸ ʜʦʚʰʠʤ ʚʫʛʣʝʚʦʜʥʝʚʠʤ 

ʨʘʜʠʢʘʣʦʤ, ʚ ʣʘʥʮʶʟʽ ʷʢʦʛʦ 16 ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ. ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 3.1, 

ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʤʦʣʝʢʫʣʠ ʎʊɸʍ (9,78 D) ʥʝʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ɸʄɸ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʚ 

ʟʥʘʯʝʥʥʷ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʚʥʦʩʠʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʛʨʫʧʘ, ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʚʫʛʣʝʚʦʜʥʝʚʠʡ ʨʘʜʠʢʘʣ ʥʝ ʤʘʻ ʚʝʣʠʢʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʥʘʯʝʥʥʷ ɛ. 

ʆʨʽʻʥʪʘʮʽʷ ʤʦʣʝʢʫʣʠ ʎʊɸʍ ʱʦʜʦ ɽɼ-20 ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʭʦʞʠʤ ʯʠʥʦʤ, 

ʱʦ ʽ ʤʦʣʝʢʫʣʠ ɸʄɸ (ʨʠʩ. 3.4). ɺʽʜʩʪʘʥʴ ʤʽʞ ʧʦʣʷʨʥʠʤʠ ʛʨʫʧʘʤʠ ʮʠʭ 

ʤʦʣʝʢʫʣ ʤʘʻ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ, ʥʽʞ ʟ ɸʄɸ ʽ ʩʪʘʥʦʚʠʪʴ 14,36 Ȕ. ɽʥʝʨʛʽʷ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʎʊɸʍ ʽ ɽɼ-20, ʘ ʪʘʢʦʞ ʤʽʞ ɸʄɸ ʽ ɽɼ-20, ʷʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 3.1, 

ʤʘ̒ ʤʘʡʞʝ ʦʜʥʘʢʦʚʽ ʟʥʘʯʝʥʥʷ ʽ ʩʪʘʥʦʚʣʷʪʴ -11,04 ʢɼʞ/ʤʦʣʴ ʪʘ -11,84 

ʢɼʞ/ʤʦʣʴ ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʽ ʜʘʥʽ ʜʦʚʞʠʥʠ ʽ ʝʥʝʨʛʽʾ ʟʚô̫ ʟʢʫ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʫ 

ʚʠʧʘʜʢʫ ʟ ɸʄɸ, ʛʦʚʦʨʷʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʜʘʣʴʥʦʜʽʶʯʠʭ ʦʨʽʻʥʪʘʮʽʡʥʠʭ ʩʠʣ, ʷʢʽ 

ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʤʽʞ ʘʪʦʤʘʤʠ ʍʣʦʨʫ ʽ ɺʦʜʥʶ. ɿʘʟʚʠʯʘʡ ʪʘʢʽ ʩʠʣʠ ʻ ʩʣʘʙʢʠʤʠ 

ʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚô̫ ʟʢʦʩʪʽ ʨʝʯʦʚʠʥʠ, ʽ, ʪʘʢ ʷʢ ʚô̫ ʟʢʽʩʪʴ ʝʧʦʢʩʠʜʥʦʛʦ ʦʣʽʛʦʤʝʨʫ 

ʜʦʩʠʪʴ ʚʠʩʦʢʘ, ʪʦ ʜʘʥʽ ʚʟʘʻʤʦʜʽʾ, ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʜʦʩʠʪʴ ʚʝʣʠʢʠʤ ʟʥʘʯʝʥʥʷʤ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʙʽʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ (9,11 D) ʛʦʚʦʨʷʪʴ ʧʨʦ ʪʝ, 

ʱʦ ʎʊɸʍ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ɸʄɸ ʤʦʞʫʪʴ ʩʠʣʴʥʦ ʚʧʣʠʚʘʪʠ  ʥʘ ʩʪʨʫʢʪʫʨʥʫ 

ʦʨʛʘʥʽʟʘʮʽʶ ʦʣʽʛʦʤʝʨʫ (ʫʪʚʦʨʝʥʥʷ ʘʩʦʮʽʘʪʽʚ ʤʦʣʝʢʫʣ), ʥʘ ʩʪʨʫʢʪʫʨʫ, ʘ ʦʪʞʝ - 

ʥʘ ʡʦʛʦ ʚôʷʟʢʽʩʪʴ, ʟʤʦʯʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʦʪʚʝʨʜʞʝʥʦʛʦ ʝʧʦʢʩʠʧʦʣʽʤʝʨʫ. 

ʄʦʣʝʢʫʣʘ ʣʘʫʨʝʪʩʫʣʴʬʘʪ ʥʘʪʨʽʶ (ʨʠʩ. 3.5) ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʝʬʽʨʫ ʩʫʣʴʬʘʪʫ ʞʠʨʥʠʭ ʩʧʠʨʪʽʚ ʧʦʣʽʦʢʩʠʝʪʠʣʝʥʫ ʥʘʪʨʽʶ. ɺʠʟʥʘʯʝʥʦ 

ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʃʊʉ (5,51 D) ʽ ʝʥʪʘʣʴʧʽ ʁʫʪʚʦʨʝʥʥʷ ï -1454,43 ʢɼʞ/ʤʦʣʴ. 

ɼʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ɽɼ-20 + ʃʊʉ ʩʪʘʥʦʚʠʪʴ 

11,4 D. ɽʥʝʨʛʽʷ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ï -5,43 ʢɼʞ/ʤʦʣʴ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʦʨʽʻʥʪʘʮʽʡʥʠʭ ʩʠʣ, ʚʨʘʭʦʚʫʶʯʠ ʦʨʽʻʥʪʫʚʘʥʥʷ ʤʦʣʝʢʫʣʠ ʃʊʉ ʥʝʧʦʣʷʨʥʦʶ 
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ʚʫʛʣʝʚʦʜʥʝʚʦʶ ʯʘʩʪʠʥʦʶ ʜʦ ʝʧʦʢʩʠʛʨʫʧʠ ɽɼ-20 ʟ ʥʘʡʤʝʥʰʦʶ ʚʽʜʩʪʘʥʥʶ ʤʽʞ 

ʥʠʤʠ ï 10,1 Ȕ. 

 

ʈʠʩ. 3.5. ɻʝʦʤʝʪʨʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʙʽʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ  

ɽɼ-20 + ʃʊʉ 

ʊʘʢʘ ʦʨʽʻʥʪʘʮʽʷ ʻ ʮʽʣʢʦʤ ʣʦʛʽʯʥʦʶ, ʦʩʢʽʣʴʢʠ ʩʫʣʴʬʘʪʥʘ ʛʨʫʧʘ, ʷʢ 

ʚʽʜʦʤʦ, ʥʝ ʫʪʚʦʨʶʻ ʚʦʜʦʨʦʜʥʠʭ ʟʚôʷʟʢʽʚ ʽʟ ʛʽʜʨʦʢʩʠʣʴʥʦʶ ʛʨʫʧʦʶ ʽ ʻ ʜʦʥʦʨʦʤ 

ʝʣʝʢʪʨʦʥʫ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʝʧʦʢʩʠʜʥʘ ʛʨʫʧʘ ʚ ʙʫʜʦʚʽ ʦʣʽʛʦʤʝʨʫ ɽɼ-20. 

 

ʈʠʩ. 3.6. ɻʝʦʤʝʪʨʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʙʽʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ  

ɽɼ-20 + ɸɹʉ 
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ʄʦʣʝʢʫʣʘ ɸɹʉ (ʨʠʩ. 3.6), ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʃʊʉ ʤʽʩʪʠʪʴ ʫ ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ 

ʘʨʦʤʘʪʠʯʥʠʡ ʮʠʢʣ. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ, ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʤʦʣʝʢʫʣʠ ɸɹʉ 

ʤʝʥʰʝ, ʥʽʞ ʫ ʃʊʉ ʽ ʩʪʘʥʦʚʠʪʴ 4,2 D, ʱʦ ʙʣʠʟʴʢʦ ʜʦ ʜʘʥʠʭ ɻʫʨʴʷʥʦʚʦʾ ɽ. ɯ. 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʜʣʷ ʙʝʥʟʦʩʫʣʴʬʦʢʠʩʣʦʪʠ (3,77 D) [243]. ɽʥʪʘʣʴʧʽʷ 

ʫʪʚʦʨʝʥʥʷ ʪʘʢ ʩʘʤʦ ʤʝʥʰʝ ʥʽʞ ʫ ʃʊʉ ʽ ʩʪʘʥʦʚʠʪʴ -780,74 ʢɼʞ/ʤʦʣʴ. 

ʂʦʤʧôʁ ʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʨʽʻʥʪʘʮʽʾ ʧʦʣʷʨʥʦʾ ʯʘʩʪʠʥʠ 

ɸɹʉ ʜʦ ʧʦʣʷʨʥʦʾ ʝʧʦʢʩʠʜʥʦʾ ʛʨʫʧʠ ʦʣʽʛʦʤʝʨʫ ʥʘ ʚʽʜʩʪʘʥʽ 8,39 Ȕ. ʅʘʡʤʝʥʰʘ 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ï 7,3 Ȕ. ɽʥʝʨʛʽʷ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʜʦʨʽʚʥʶʻ -5,06 ʢɼʞ/ʤʦʣʴ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʛʦ ʟʚôʷʟʢʫ.  

ʗʢ ʚʠʜʥʦ ʟ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʜʘʥʠʭ, ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ɽɼ-20 ʽ ɸʇɸʈ (ʃʊʉ 

ʽ ɸɹʉ) ʽʩʥʫʶʪʴ ʚʟʘʻʤʦʜʽʾ, ʷʢʽ ʟʥʘʯʥʦ ʩʣʘʙʢʽʰʽ, ʥʽʞ ʤʽʞ ɽɼ-20 ʽ ʂʇɸʈ (ɸʄɸ, 

ʎʊɸʍ). ʊʦʤʫ ɸʇɸʈ ʙʫʜʝ ʦʯʝʚʠʜʥʦ ʩʪʘʥʦʚʠʪʠ ʤʝʥʰʠʡ ʚʧʣʠʚ ʥʘ ʚô̫ ʟʢʽʩʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʫ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʂʇɸʈ. ɺʨʘʭʦʚʫʶʯʠ ʩʣʘʙʢʠʡ 

ʟʚô̫ ʟʦʢ ʜʦʩʣʽʜʞʝʥʠʭ ɸʇɸʈ ʽʟ ʝʧʦʢʩʠʜʥʠʤ ʦʣʽʛʦʤʝʨʦʤ, ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʽ 

ʟʥʘʯʝʥʥʷ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʪʘ ʾʭ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʤʦʞʣʠʚʘ 

ʾʭ ʘʜʩʦʨʙʮʽʷ ʥʘ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʽʡ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. 

 

ʈʠʩ. 3.7. ɻʝʦʤʝʪʨʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʙʽʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ  

ɽɼ-20 + ɸʤʽʨʦʣ ʄ 

ɻʝʦʤʝʪʨʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʙʽʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ɽɼ-20 + ɸʤʽʨʦʣ 

ʄ ʧʦʢʘʟʫʻ, ʱʦ ʤʦʣʝʢʫʣʘ ɸʤʽʨʦʣ ʄ ʦʨʽʻʥʪʫʻʪʴʩʷ ʛʽʜʨʦʢʩʠʣʴʥʦʶ ʛʨʫʧʦʶ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʠ 12-ʤʫ ʘʪʦʤʽ ʚʫʛʣʝʮʝʚʦʾ ʯʘʩʪʠʥʠ ʤʦʣʝʢʫʣʠ ɸʤʽʨʦʣ ʄ ʜʦ 

ʛʽʜʨʦʢʩʠʣʴʥʦʾ ʛʨʫʧʠ ɽɼ-20 ʟ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʥʠʤʠ 8,6 Ȕ. ɼʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ 
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ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ɽɼ-20 ʽ ɸʤʽʨʦʣ ʄ (5,27 D) ʥʝʟʥʘʯʥʦ ʤʝʥʰʝ 

ʟʥʘʯʝʥʥʷ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʚʟʘʻʤʦʜʽʾ ʤʦʣʝʢʫʣ ʝʧʦʢʩʠʜʥʦʛʦ ʦʣʽʛʦʤʝʨʫ ʤʽʞ 

ʩʦʙʦʶ (5,51 D). ʎʽ ʜʘʥʽ, ʘ ʪʘʢʦʞ, ʪʝ, ʱʦ ʝʥʝʨʛʽʷ ʚʟʘʻʤʦʜʽʾ ʜʘʥʦʛʦ ʇɸʈ ʟ ɽɼ-20 

ʩʪʘʥʦʚʠʪʴ 0,17 ʢɼʞ/ʤʦʣʴ, ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ɽɼ-20 ʽ 

ɸʤʽʨʦʣ ʄ ʚʠʥʠʢʘʶʪʴ ʜʫʞʝ ʩʣʘʙʢʽ ʜʠʩʧʝʨʩʽʡʥʽ ʚʟʘʻʤʦʜʽʾ, ʽ, ʱʦ ʜʘʥʘ ʜʦʙʘʚʢʘ 

ʩʣʘʙʦ ʚʧʣʠʚʘʻ ʥʘ ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ ʟʚôʷʟʢʠ ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʫ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.8, ʤʦʣʝʢʫʣʘ ʇʄʉ ʤʘʻ ʟʛʦʨʥʫʪʫ ʫ ʚʠʛʣʷʜʽ çʢʣʫʙʢʘè 

ʩʪʨʫʢʪʫʨʫ. ɽʥʝʨʛʽʷ ʟʚô̫ ʟʢʫ Si-O ʜʫʞʝ ʚʠʩʦʢʘ (460-470 ʢɼʞ/ʤʦʣʴ), ʪʦʤʫ 

ʝʥʪʘʣʴʧʽʷ ʫʪʚʦʨʝʥʥʷ ʤʦʣʝʢʫʣ ʇʄʉ ʪʘʢ ʩʘʤʦ ʤʘʻ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ï -7479,27 

ʢɼʞ/ʤʦʣʴ, ʘ ʾʾ ʧʦʣʷʨʥʽʩʪʴ ʥʝʚʝʣʠʢʘ ʽ ʩʢʣʘʜʘʻ ɛ = 1,3-1,5 D [249]. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʦʪʨʠʤʘʥʦ ʟʥʘʯʝʥʥʷ ʜʠʧʦʣʴʥʦʛʦ 

ʤʦʤʝʥʪʫ 0,23 D. ʉʧʽʨʘʣʝʚʠʜʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʣʦʢʩʘʥʦʚʦʾ ʤʘʢʨʦʤʦʣʝʢʫʣʠ, ʱʦ 

ʫʪʚʦʨʶʻ ʢʣʫʙʦʢ ʟ ʚʠʩʪʘʚʣʝʥʠʤʠ ʥʘʟʦʚʥʽ ʚʫʛʣʝʚʦʜʥʝʚʠʤʠ ʨʘʜʠʢʘʣʘʤʠ, 

ʧʦʷʩʥʶʻʪʴʩʷ ʩʭʠʣʴʥʽʩʪʶ ʩʣʘʙʢʠʭ ʜʠʧʦʣʽʚ Si-ʆ ʜʦ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʾ 

ʢʦʤʧʝʥʩʘʮʽʾ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʦʛʦ, ʱʦ ʢʦʞʥʦʤʫ ʜʠʧʦʣʶ Si-ʆ ʚʽʜʧʦʚʽʜʘʻ ʜʠʧʦʣʴ ʟ 

ʽʥʰʦʶ ʦʨʽʻʥʪʘʮʽʻʶ ʆ-Si [245].  

 

ʈʠʩ. 3.8. ɻʝʦʤʝʪʨʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʙʽʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ  

ɽɼ-20 + ʇʄʉ. 
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ʊʘʢ, ʷʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 3.1, ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʤʦʣʝʢʫʣʠ ʇʄʉ ʤʘʻ 

ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ (0,23 D), ʘ ʟʥʘʯʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʾ ʝʥʪʘʣʴʧʽʾ ʫʪʚʦʨʝʥʥʷ  

ʩʪʘʥʦʚʠʪʴ -7479,27 ʢɼʞ/ʤʦʣʴ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʫʞʝ ʩʠʣʴʥʽ ʚʥʫʪʨʽʰʥʴʦ 

ʤʦʣʝʢʫʣʷʨʥʽ ʚʟʘʻʤʦʜʽʾ ʇʄʉ. ʇʨʠ ʮʴʦʤʫ, ʝʥʝʨʛʽʷ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʟʚô̫ ʟʢʽʚ 

ʇʄʉ ʽ ɽɼ-20 ʩʪʘʥʦʚʠʪʴ -0,83 ʢɼʞ/ʤʦʣʴ ʧʨʠ ʜʦʩʠʪʴ ʤʘʣʦʤʫ ʟʥʘʯʝʥʥʽ 

ʤʽʥʽʤʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ï 5,4 Ȕ, ʱʦ ʦʟʥʘʯʘʻ ʚʽʜʩʫʪʥʽʩʪʴ 

ʚʠʨʘʞʝʥʦʾ ʚʟʘʻʤʦʜʽʾ ʜʘʥʠʭ ʨʝʯʦʚʠʥ. 

ʂʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʡ ʢʘʫʯʫʢ ʉʂʊʅ ʤʘʻ ʙʽʣʴʰ ʨʦʟʛʦʨʥʫʪʫ ʢʦʥʬʦʨʤʘʮʽʶ, 

ʥʽʞ ʇʄʉ, ʷʢʘ ʽʤʦʚʽʨʥʦ ʦʙʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ ʢʽʥʮʝʚʠʭ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʛʨʫʧ 

(ʨʠʩ. 3.9). ɿʛʽʜʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ, ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʩʠʣʘʥʽʚ ʟ 

ʛʽʜʨʦʢʩʦʛʨʫʧʘʤʠ (Me3SiOH) ʩʪʘʥʦʚʠʪʴ 1,53 D [244]. ʎʽ ʜʘʥʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʦʪʨʠʤʘʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʟʥʘʯʝʥʥʷ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ, ʨʽʚʥʦʛʦ 

1,05 D. ɽʥʪʘʣʴʧʽʷ ʫʪʚʦʨʝʥʥʷ ʤʦʣʝʢʫʣʠ ʉʂʊʅ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʤʦʣʝʢʫʣʠ ʇʄʉ 

ʜʫʞʝ ʚʠʩʦʢʘ ʽ ʤʘʻ ʟʥʘʯʝʥʥʷ -6882,91 ʢɼʞ/ʤʦʣʴ. 

ɽʥʝʨʛʽʷ ʚʟʘʻʤʦʜʽʾ ʙʽʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʫ ʟ ʉʂʊʅ 

ï 1,38 ʢɼʞ/ʤʦʣʴ, ʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ï 5,23 Ȕ. ɼʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʟʚô̫ ʟʢʫ ʩʪʘʥʦʚʠʪʴ 2,75 D, ʱʦ ʪʨʦʭʠ ʥʠʞʯʝ ʥʽʞ ʫ 

ʢʦʤʧʣʝʢʩʫ ʤʦʣʝʢʫʣ ɽɼ-20. 

 

ʈʠʩ. 3.9. ɻʝʦʤʝʪʨʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʙʽʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ  

ɽɼ-20 + ʉʂʊʅ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʪʘʢ ʷʢ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ 

ʜʦʙʘʚʢʠ ʤʘʶʪʴ ʜʫʞʝ ʩʠʣʴʥʽ ʚʥʫʪʨʽʰʥʴʦ-ʤʦʣʝʢʫʣʷʨʥʽ ʚʟʘʻʤʦʜʽʾ ʽ ʟʛʦʨʥʫʪʫ 

ʩʪʨʫʢʪʫʨʫ ʟ ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʥʘʟʦʚʥʽ ʩʣʘʙʦʧʦʣʷʨʥʠʤʠ ʤʝʪʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ, 

ʚʦʥʠ ʩʣʘʙʦ ʨʝʘʛʫʶʪʴ ʟ ʤʦʣʝʢʫʣʘʤʠ ɽɼ-20 ʽ ʥʝ ʤʘʶʪʴ ʚʝʣʠʢʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʩʪʨʫʢʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʥʦʛʦ ʦʣʽʛʦʤʝʨʫ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧôʁʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʢʚʘʥʪʦʚʦ-

ʭʽʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ʚʟʘʻʤʦʜʽʾ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʟ ɽɼ-20. 

ʐʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʽ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʧʘʢʝʪ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ HyperChem ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʘʜʝʢʚʘʪʥʽ 

ʜʘʥʽ.  

ʆʪʨʠʤʘʥʦ ʜʘʥʽ ʧʨʦ ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ ʟʚôʷʟʢʠ ʽ ʜʠʧʦʣʴʥʽ ʤʦʤʝʥʪʠ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ɽɼ-20 ʽ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ. ɿʛʽʜʥʦ ʟ ʮʠʤʠ 

ʜʘʥʠʤʠ, ʥʘʡʙʽʣʴʰʝ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ɽɼ-20 ʚʧʣʠʚʘʶʪʴ ʂʇɸʈ.  

ɿʘ ʟʤʝʥʰʝʥʥʷʤ ʝʥʝʨʛʽʾ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʜʦʙʘʚʢʠ ʤʦʞʥʘ 

ʨʦʟʪʘʰʫʚʘʪʠ ʚ ʥʘʩʪʫʧʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: ʎʊɸʍ > ɸʄɸ > ʃʊʉ > ɸɹʉ > ʉʂʊʅ 

> ʇʄʉ > ɸʤʽʨʦʣ ʄ.  

ʗʢ ʚʞʝ ʙʫʣʦ ʩʢʘʟʘʥʦ, ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ ʚʟʘʻʤʦʜʽʾ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʩʪʨʫʢʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜʥʦʛʦ ʟʚôʷʟʫʶʯʦʛʦ, ʽ, ʟʦʢʨʝʤʘ, ʥʘ ʚô̫ ʟʢʽʩʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʊʦʤʫ, ʟ ʦʛʣʷʜʫ ʥʘ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʟ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʦʞʥʘ 

ʦʯʽʢʫʚʘʪʠ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɽɼ-20 

ʥʘʜʘʚʘʪʠʤʫʪʴ ʜʦʙʘʚʢʠ (ʂʇɸʈ) ʫ ʚʠʛʣʷʜʽ ʯʝʪʚʝʨʪʠʥʥʠʭ ʘʤʦʥʽʻʚʠʭ ʩʦʣʝʡ, ʘ 

ʥʘʡʤʝʥʰʠʡ ï ʧʦʣʽʤʝʪʠʣʩʠʣʦʢʩʘʥʠ ʽ ʥʝʦʥʦʛʝʥʥʽ ʇɸʈ (ɸʤʽʨʦʣ ʄ). ɼʣʷ 

ʧʝʨʝʚʽʨʢʠ ʜʘʥʠʭ ʧʨʠʧʫʱʝʥʴ ʜʘʣʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʜʘʥʠʭ 

ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʥʘ ʚô̫ ʟʢʽʩʪʴ ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʫ. 

3.2 ɺʠʚʯʝʥʥʷ ʚô̫ ʟʢʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʽʚ.  

ʗʢʽʩʥʝ ʧʨʦʩʦʯʝʥʥʷ ʥʘʧʦʚʥʶʚʘʯʘ ʟʚôʷʟʫʶʯʠʤ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ 

ʩʪʘʜʽʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʧʦʚʥʝʥʠʭ ʧʣʘʩʪʠʢʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʚʠʨʦʙʫ. ʆʨʽʻʥʪʦʚʥʦ ʛʣʠʙʠʥʫ ʧʨʦʩʦʯʝʥʥʷ l ʟʘ ʯʘʩ t 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ [250]): 
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ὰ

ὸ
 
πȟυ Ͻ „ ϽὧέίῸ Ͻὶ

–
    ȟ 

ʜʝ ů - ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʟʚôʷʟʫʶʯʦʛʦ; Ū - ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ; r - 

ʨʘʜʽʫʩ ʧʦʨ; ɖ ï ʚô̫ ʟʢʽʩʪʴ ʟʚôʷʟʫʶʯʦʛʦ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʽʚʥʷʥʥʷ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʧʨʦʩʦʯʝʥʥʷ 

ʥʘʧʦʚʥʶʚʘʯʘ ʽ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʧʨʦʩʦʯʝʥʥʷ, ʟʚôʷʟʫʶʯʝ ʤʘʻ ʜʦʙʨʝ ʟʤʦʯʫʚʘʪʠ 

ʧʦʚʝʨʭʥʶ ʥʘʧʦʚʥʶʚʘʯʘ ʟ ʫʪʚʦʨʝʥʥʷʤ ʤʝʥʰʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ, ʚʦʣʦʜʽʪʠ 

ʥʠʟʴʢʠʤ ʧʦʚʝʨʭʥʝʚʠʤ ʥʘʪʷʛʦʤ ʽ ʥʝʚʠʩʦʢʦʶ ʚô̫ ʟʢʽʩʪʶ. 

ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʧʨʝʜʩʪʘʚʣʷʣʦ ʧʨʘʢʪʠʯʥʫ ʮʽʢʘʚʽʩʪʴ ʧʨʦʚʝʩʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʚʯʝʥʥʷ ʚôʷʟʢʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʚôʷʟʫʶʯʦʛʦ ʥʘ ʦʩʥʦʚʽ 

ʝʧʦʢʩʠʜʽʘʥʦʚʦʛʦ ʦʣʽʛʦʤʝʨʫ ɽɼ-20, ʱʦ ʤʽʩʪʠʪʴ ʜʦʙʘʚʢʠ [238, 239]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚô̫ ʟʢʦʩʪʽ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʦʚʽʩʢʦʟʠʤʝʪʨʘ 

ʍʝʧʧʣʝʨʘ. ʅʘ ʨʠʩ. 3.10 ʪʘ 3.11 ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʨʠʚʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʤʽʥʫ 

ʧʦʯʘʪʢʦʚʦʾ ʽ ʥʴʶʪʦʥʽʚʩʴʢʦʾ ʚô̫ ʟʢʦʩʪʽ ɽɼ-20 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʇɸʈ ʽ 

ʂʆʉ. ʄʦʜʠʬʽʢʫʶʯʽ ʜʦʙʘʚʢʠ ʚʚʦʜʠʣʠʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,1 ʜʦ 1 ʤʘʩ.ʯ. 

 

ʈʠʩ. 3.10. ʂʨʠʚʽ ʟʤʽʥʠ ʧʦʯʘʪʢʦʚʦʾ ʚô̫ ʟʢʦʩʪʽ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʇɸʈ ʫ 

ʩʢʣʘʜʽ ɽɼ-20.  
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ʈʠʩ. 3.11. ʂʨʠʚʽ ʟʤʽʥʠ ʥʴʶʪʦʥʽʚʩʴʢʦʾ ʚô̫ ʟʢʦʩʪʽ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ 

ʇɸʈ ʫ ʩʢʣʘʜʽ ɽɼ-20. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʽʚ, ʚʞʝ ʧʨʠ ʚʚʝʜʝʥʥʽ 0,1 ʤʘʩ.ʯ. ʇɸʈ ʜʦ ʩʢʣʘʜʫ ɽɼ-20, 

ʜʦʙʘʚʢʠ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʦ ʟʥʠʞʫʶʪʴ ʚô̫ ʟʢʽʩʪʴ ɽɼ-20 ʷʢ ʥʘ ʧʦʯʘʪʢʫ ʪʝʯʽʾ ʟʘ 

ʥʠʟʴʢʠʭ ʥʘʧʨʫʞʝʥʴ ʟʩʫʚʫ, ʪʘʢ ʽ ʚ ʥʴʶʪʦʥʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʙʘʚʦʢ, ʚôʷʟʢʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡ ʟʥʠʞʫʻʪʴʩʷ ʥʝʟʥʘʯʥʦ. 

ɿʥʘʯʥʦ ʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʟʥʠʞʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʤʘʻ ʭʽʤʽʯʥʘ ʧʨʠʨʦʜʘ ʇɸʈ. ʇʨʠ 

ʮʴʦʤʫ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʥʘ ʚôʷʟʢʽʩʪʴ ʥʘʧʨʷʤʫ ʧʦʚôʷʟʘʥʘ ʽʟ 

ʨʽʚʥʝʤ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʦʣʽʛʦʤʝʨʫ ʟ ʜʦʙʘʚʢʘʤʠ. ɼʣʷ ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʇɸʈ ʪʘ ʂʆʉ ʥʘ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʦʣʽʛʦʤʝʨʫ ɽɼ-20 ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʢʨʠʚʽ ʪʝʯʽʾ ʫ ʚʠʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʽ ʚôʷʟʢʦʩʪʽ ʚʽʜ 

ʥʘʧʨʫʞʝʥʴ ʟʩʫʚʫ. ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.12  

ɿ ʨʠʩ. 3.12 ʚʠʜʥʦ, ʱʦ ʪʝʯʽʷ ʚʩʽʭ ʢʦʤʧʦʟʠʮʽʡ ʧʦʯʠʥʘʻʪʴʩʷ ʟʘ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ 200 ʇʘ. ʅʘ ʧʦʯʘʪʢʦʚʽʡ ʜʽʣʷʥʮʽ ʢʨʠʚʦʾ ʪʝʯʽʾ 

ʚô̫ ʟʢʽʩʪʴ ʯʠʩʪʦʛʦ ʦʣʽʛʦʤʝʨʫ ɽɼ-20 ʩʪʘʥʦʚʠʪʴ 19 ʇʘĿʩ. ʇʦ ʤʽʨʽ ʧʽʜʚʠʱʝʥʥʷ 

ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʩʪʽʡʥʝ ʟʥʠʞʝʥʥʷ ʚô̫ ʟʢʦʩʪʽ ʜʦ 2800 ʇʘ. 

ʊʘʢʘ ʧʦʚʝʜʽʥʢʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʨʽʜʠʥ ʟ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʤ ʭʘʨʘʢʪʝʨʦʤ ʪʝʯʽʾ. 

ʇʽʩʣʷ ʯʦʛʦ ʚô̫ ʟʢʽʩʪʴ ʦʣʽʛʦʤʝʨʫ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʩʫʚʥʠʭ 
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ʥʘʧʨʫʞʝʥʴ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʴʶʪʦʥʽʚʩʴʢʦʶ ʪʝʯʽʻʶ. ɿʥʘʯʝʥʥʷ ʚô̫ ʟʢʦʩʪʽ ʚ 

ʮʽʡ ʦʙʣʘʩʪʽ ʩʪʘʥʦʚʠʪʴ 8,5 ʇʘĿʩ. 

 

ʈʠʩ. 3.12. ʂʨʠʚʽ ʪʝʯʽʾ ʯʠʩʪʦʾ ɽɼ-20 ʽ ʢʦʤʧʦʟʠʮʽʡ ʟ ʚʚʝʜʝʥʥʷʤ ʇɸʈ ʽ 

ʂʆʉ ʚ ʢʽʣʴʢʦʩʪʽ 0,5 ʤʘʩ.ʯ. ʥʘ 100 ʤʘʩ.ʯ. ɽɼ-20. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʝʦʣʦʛʽʯʥʠʭ ʢʨʠʚʠʭ ʪʝʯʽʾ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ. 3.12 

ʚʠʟʥʘʯʝʥʽ ʪʘʢʽ ʩʪʨʫʢʪʫʨʥʦ-ʨʝʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ: ʤʝʞʘ ʪʝʯʽʾ (Ű0), 

ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ, ʧʨʠ ʷʢʦʤʫ ʧʦʯʠʥʘʻʪʴʩʷ ʥʴʶʪʦʥʽʚʩʴʢʘ ʪʝʯʽʷ (Űn), 

ʤʘʢʩʠʤʘʣʴʥʘ ʚô̫ ʟʢʽʩʪʴ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʪʝʯʽʾ (ɖ0) ʽ ʚô̫ ʟʢʽʩʪʴ 

çʟʨʫʡʥʦʚʘʥʦʾè ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʥʴʶʪʦʥʽʚʩʴʢʦʤʫ ʭʘʨʘʢʪʝʨʽ ʪʝʯʽʾ (ɖʥ). ʉʪʫʧʽʥʴ 
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ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʚʠʟʥʘʯʘʣʠ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ Űn  / Ű0. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 3.2. 

ʊʘʙʣʠʮʷ 3.2 

ʉʪʨʫʢʪʫʨʥʦ-ʨʝʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʤʽʰʝʚʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ɸʥʘʣʽʟʫʶʯʠ ʢʨʠʚʽ ʟʤʽʥʠ ʚôʷʟʢʦʩʪʽ ʟʘ ʥʠʟʴʢʠʭ ʥʘʧʨʫʞʝʥʴ ʟʩʫʚʫ ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʜʦʙʘʚʦʢ (ʨʠʩ. 3.12, ʪʘʙʣ. 3.2) ʾʭ ʤʦʞʥʘ ʫʤʦʚʥʦ ʧʦʜʽʣʠʪʠ ʥʘ ʪʨʠ 

ʛʨʫʧʠ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʽ ʩʪʫʧʝʥʷ ʾʭ ʚʧʣʠʚʫ ʥʘ ʟʥʠʞʝʥʥʷ 

ʧʦʯʪʢʦʚʦʾ ʚôʷʟʢʦʩʪʽ ɽɼ-20: 

1) ʉʣʘʙʢʠʡ (18-14 ʇʘĿʩ) ï ʂʆʉ ʙʝʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ (ʇʄʉ-10 ʪʘ 

ʇʄʉ-400), ʘ ʪʘʢʦʞ ʟ ʛʽʜʨʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ (ʉʂʊʅ); 

2) ʇʦʤʽʨʥʠʡ (13-12 ʇʘĿʩ) ï ʥʝʽʦʥʦʛʝʥʥʠʡ ʇɸʈ (ɸʤʽʨʦʣ ʄ) ʪʘ ɸʇɸʈ 

(ʃʊʉ, ɸɹʉ); 

3) ʉʠʣʴʥʠʡ (9-7 ʇʘĿʩ) ï ʂʇɸʈ (ɸʄɸ, ʎʊɸʍ) ʪʘ ʌʇɸʈ (Tridol AFFF). 

ʇʨʠ ʚʚʝʜʝʥʥʽ ʜʦ ʩʢʣʘʜʫ ʝʧʦʢʩʠʜʽʘʥʦʚʦʛʦ ʦʣʽʛʦʤʝʨʫ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ 

ʜʦʙʘʚʦʢ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʚô̫ ʟʢʦʩʪʽ, 

ʟʚʫʞʝʥʥʷ ʦʙʣʘʩʪʽ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʪʝʯʽʾ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʥʠʞʝʥʥʷʤ ʚô̫ ʟʢʦʩʪʽ ʚ 

ʥʴʶʪʦʥʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ.  

ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʜʦʙʘʚʦʢ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʉʂʊʅ, 

ʱʦ ʤʽʩʪʠʪʴ ʢʽʥʮʝʚʽ ʛʽʜʨʦʢʩʠʣʴʥʽ ʛʨʫʧʠ, ʤʘʻ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʟʥʠʞʝʥʥʷ 

ʧʦʯʘʪʢʦʚʦʾ ʽ ʥʴʶʪʦʥʽʚʩʴʢʦʾ ʚô̫ ʟʢʦʩʪʽ ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʫ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʉʢʣʘʜ ʢʦʤʧʦʟʠʮʽʾ 
Ű0, 

ʇʘ 

Űn, 

ʇʘ 
Űn  / Ű0 

ɖ0, 

ʇʘĿʩ 

ɖʥ,  

ʇʘĿʩ 

ɹʝʟ ʜʦʙʘʚʢʠ 

200 

2800 14 19,0 8,5 

ʇʄʉ-400 1400 7 18,5 6,3 

ʇʄʉ-10 1400 7 14,2 5,0 

ʉʂʊʅ 1800 9 12,4 4,5 

ʃʊʉ 800 4 13,7 5,3 

ɸɹʉ 1400 7 12,8 4,3 

ɸʤ̔ʨʦʣ ʄ 1600 8 12,0 6,0 

ʎʊɸʍ 1600 8 8,4 4,0 

ɸʄɸ 1600 8 7,8 4,0 

Tridol AFFF 1200 6 6,9 3,0 
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ʧʦʣʽʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʽʚ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʚô̫ ʟʢʽʩʪʴ ʩʘʤʦʛʦ ʉʂʊʅ 

ʟʥʘʯʥʦ ʚʠʱʝ, ʥʽʞ ʚô̫ ʟʢʽʩʪʴ ʇʄʉ-10 ʽ ʇʄʉ-400. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ, ʷʢ ʙʫʣʦ 

ʧʦʢʘʟʘʥʦ ʚʠʱʝ, ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ɽɼ-20 

ʽ ʉʂʊʅ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʇʄʉ. ʈʘʟʦʤ ʟ ʪʠʤ, ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʉʂʊʅ ʧʝʨʝʭʽʜ ʜʦ 

ʥʴʶʪʦʥʽʚʩʴʢʦʾ ʪʝʯʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʥʘʧʨʫʞʝʥʥʷ (1800 ʇʘ), 

ʧʦʨʽʚʥʶʶʯʠ ʽʟ ʇʄʉ, ʱʦ, ʦʯʝʚʠʜʥʦ, ʟʚôʷʟʘʥʦ ʟ ʡʦʛʦ ʚʝʣʠʢʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ 

ʤʘʩʦʶ. 

ɺô̫ ʟʢʽʩʪʴ ʢʦʤʧʦʟʠʮʽʾ ʟ ʇʄʉ-10 ʚ ʥʴʶʪʦʥʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʚ 1,3 ʨʘʟʠ 

ʤʝʥʰʝ, ʥʽʞ ʚô̫ ʟʢʽʩʪʴ ʢʦʤʧʦʟʠʮʽʾ ʟ ʇʄʉ-400 ʽ ʩʪʘʥʦʚʠʪʴ 5 ʇʘĿʩ ʽ 6,3 ʇʘĿʩ 

ʚʽʜʧʦʚʽʜʥʦ. ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ, ʪʘʢ ʷʢ ʧʦʣʽʤʝʪʠʣʩʠʣʦʢʩʘʥ ʇʄʉ-400 ʤʘʻ 

ʜʦʚʰʠʡ ʤʽʢʨʦʤʦʣʝʢʫʣʷʨʥʠʡ ʣʘʥʮʶʛ, ʮʝ ʚʠʟʥʘʯʘʻ ʤʝʥʰʫ ʚʟʘʻʤʦʜʽʶ ʜʘʥʦʾ 

ʜʦʙʘʚʢʠ ʟ ʤʦʣʝʢʫʣʘʤʠ ɽɼ-20, ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʚʝʣʠʢʫ ʚô̫ ʟʢʽʩʪʴ ʢʦʤʧʦʟʠʮʽʾ, ʥʽʞ 

ʧʨʠ ʚʚʝʜʝʥʥʽ ʇʄʉ-10 ʜʦ ʩʢʣʘʜʫ ɽɼ-20. 

ʊʘʢ ʩʘʤʦ ʟ ʨʠʩ. 3.12. ʚʠʜʥʦ, ʱʦ ʧʨʠ ʚʚʝʜʝʥʥʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ 

ʨʝʯʦʚʠʥ ʚ ʢʽʣʴʢʦʩʪʽ 0,5 ʤʘʩ.ʯ. ʭʽʤʽʯʥʘ ʧʨʠʨʦʜʘ ʇɸʈ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʜʠʥʘʤʽʯʥʫ ʚô̫ ʟʢʽʩʪʴ ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʫ.  

ʉʝʨʝʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʇɸʈ ɸʤʽʨʦʣ ʄ ʯʠʥʠʪʴ ʤʝʥʰʠʡ ʚʧʣʠʚ ʥʘ 

ʟʥʠʞʝʥʥʷ ʚô̫ ʟʢʦʩʪʽ ʽ ʩʪʨʫʢʪʫʨʦʚʘʥʦʩʪʽ ʤʦʣʝʢʫʣ ɽɼ-20. ʅʘʡʤʝʥʰʘ ʚʝʣʠʯʠʥʘ 

ʝʥʝʨʛʽʾ ʚʟʘʻʤʦʜʽʾ ʽ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ (ɛ = 5,27) ʤʦʣʝʢʫʣ ʜʘʥʦʾ ʜʦʙʘʚʢʠ ʪʘ 

ɽɼ-20 ʪʘʢ ʩʘʤʦ ʧʝʨʝʜʙʘʯʘʣʦ ʚʽʜʩʫʪʥʽʩʪʴ ʩʠʣʴʥʦʛʦ ʚʧʣʠʚʫ ʜʦʙʘʚʢʠ ɸʤʽʨʦʣ ʥʘ 

ʚô̫ ʟʢʽʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɽɼ-20. ʂʨʠʚʘ ʪʝʯʽʾ ʝʧʦʢʩʠʜʥʦʛʦ ʦʣʽʛʦʤʝʨʫ ʟ ʜʦʜʘʚʘʥʥʷʤ 

ʥʝʽʦʥʦʛʝʥʥʦʛʦ ʇɸʈ ɸʤʽʨʦʣ ʄ ʧʦʜʽʙʥʘ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʟ ʢʨʠʚʦʶ ʪʝʯʽʾ ʯʠʩʪʦʛʦ 

ʦʣʽʛʦʤʝʨʫ. ʄʘʢʩʠʤʘʣʴʥʘ ʚô̫ ʟʢʽʩʪʴ ʟʘ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ 200 ʇʘ ʩʪʘʥʦʚʠʪʴ                 

12 ʇʘĿʩ. ɼʘʣʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʙʣʘʩʪʴ ʟ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʤ ʭʘʨʘʢʪʝʨʦʤ ʪʝʯʽʾ. 

ɺô̫ ʟʢʽʩʪʴ ʧʨʦʜʦʚʞʫʻ ʟʥʠʞʫʚʘʪʠʩʷ ʜʦ ʥʘʧʨʫʞʝʥʴ ʟʩʫʚʫ 1600 ʇʘ ʽ ʧʝʨʝʭʦʜʠʪʴ ʚ 

ʥʴʶʪʦʥʽʚʩʴʢʫ ʦʙʣʘʩʪʴ ʟ ʚʝʣʠʯʠʥʦʶ ɖʥ, ʱʦ ʜʦʨʽʚʥʶʻ 6 ʇʘĿʩ.  

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ɸʇɸʈ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʡ ʜʠʧʦʣʴʥʠʡ 

(ʜʣʷ ʃʊʉ ɛ = 5,51, ʜʣʷ ɸɹʉ ɛ = 4,2) ʩʫʣʴʬʘʪʥʦʾ ʪʘ ʩʫʣʴʬʦʥʘʪʥʦʾ ʛʨʫʧ, ʚʦʥʠ, 

ʪʘʢ ʩʘʤʦ ʷʢ ɸʤʽʨʦʣ ʄ, ʥʝʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʥʠʞʝʥʥʷ ʚôʷʟʢʦʩʪʽ, ʱʦ 

ʧʦʚôʷʟʘʥʦ ʟ ʾʭ ʝʣʝʢʪʨʦʜʦʥʦʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʥʝʤʦʞʣʠʚʽʩʪʶ ʫʪʚʦʨʝʥʥʷ 
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ʚʦʜʦʨʦʜʥʠʭ ʟʚôʷʟʢʽʚ. ʊʦʤʫ ʧʦʯʘʪʢʦʚʘ ʚô̫ ʟʢʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡ ʟ ʜʦʜʘʚʘʥʥʷʤ ʃʊʉ 

ʽ ɸɹʉ ʜʦʩʠʪʴ ʚʠʩʦʢʘ ʽ ʩʢʣʘʜʘʻ 13,7 ʽ 12,8 ʇʘĿʩ ʚʽʜʧʦʚʽʜʥʦ. ʇʦʯʠʥʘʶʯʠ ʟ 800 ʽ 

1400 ʇʘ ʩʪʨʫʢʪʫʨʠ ʤʘʡʞʝ ʟʨʫʡʥʦʚʘʥʽ ʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʴʶʪʦʥʽʚʩʴʢʘ ʪʝʯʽʷ, 

ʚ'ʷʟʢʽʩʪʴ ʚ ʥʴʶʪʦʥʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 5,3 ʽ 4,3 ʇʘĿʩ ʚʽʜʧʦʚʽʜʥʦ. 

ʇʨʠ ʚʚʝʜʝʥʥʽ ʢʘʪʽʦʥʦʘʢʪʠʚʥʠʭ ʇɸʈ ʟʥʘʯʝʥʥʷ ɖ0 ʟʥʠʞʫʶʪʴʩʷ ʙʽʣʴʰ ʥʽʞ 

ʚ 2 ʨʘʟʠ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʯʠʩʪʠʤ ʝʧʦʢʩʠʜʥʠʤ ʦʣʽʛʦʤʝʨʦʤ. ʊʘʢ ʩʘʤʦ ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ ɸʄɸ ʽ ʎʊɸʍ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʴ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʦʾ 

ʦʙʣʘʩʪʽ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʪʝʯʽʾ ʚ ʦʙʣʘʩʪʽ ʥʠʟʴʢʠʭ ʟʩʫʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʟ ʤʝʞʝʶ 

ʪʝʯʽʾ 200 ʇʘ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʣʘʙʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʠʩʪʝʤ. ʎʝ 

ʦʙʫʤʦʚʣʝʥʦ, ʷʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʽʰʝ, ʩʠʣʴʥʦʶ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʶ 

ʚʟʘʻʤʦʜʽʻʶ ʂʇɸʈ ʟ ʤʦʣʝʢʫʣʘʤʠ ɽɼ-20, ʚʥʘʩʣʽʜʦʢ ʷʢʦʾ ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ 

ʚʟʘʻʤʦʜʽʾ ʚ ʩʘʤʦʤʫ ʝʧʦʢʩʠʜʥʦʤʫ ʦʣʽʛʦʤʝʨʽ ʟʤʝʥʰʫʶʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʧʦʤʽʪʥʦ, 

ʱʦ ʩʪʨʫʢʪʫʨʘ ʪʠʤ ʰʚʠʜʰʝ ʨʫʡʥʫʻʪʴʩʷ, ʯʠʤ ʢʦʨʦʪʰʝ ʚʫʛʣʝʚʦʜʥʝʚʠʡ ʨʘʜʠʢʘʣ 

ʚ ʙʫʜʦʚʽ ʂʇɸʈ. ʅʴʶʪʦʥʽʚʩʴʢʘ ʪʝʯʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʧʦʯʠʥʘʶʯʠ ʟ 1600 ʇʘ 

ʧʨʠ ʟʥʘʯʝʥʥʽ ʚô̫ ʟʢʦʩʪʽ 4 ʇʘĿʩ. 

ɺʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ɽɼ-20 ʬʪʦʨʦʚʘʥʦʛʦ ʇɸʈ Tridol AFFF ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʠʞʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʚô̫ ʟʢʦʩʪʽ ʝʧʦʢʩʠʜʥʦʛʦ ʦʣʽʛʦʤʝʨʫ ʷʢ 

ʥʘ ʧʦʯʘʪʢʫ ʪʝʯʽʾ, ʪʘʢ ʽ ʚ ʥʴʶʪʦʥʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʽ ʩʪʘʥʦʚʠʪʴ 6,9 ʽ 3,0 ʇʘĿʩ 

ʚʽʜʧʦʚʽʜʥʦ. ʍʘʨʘʢʪʝʨ ʧʝʨʝʙʽʛʫ ʢʨʠʚʦʾ ʧʦʚʪʦʨʶʻ ʢʨʠʚʽ ʪʝʯʽʾ ɽɼ-20 ʟ 

ʜʦʜʘʚʘʥʥʷʤ ʢʘʪʽʦʥʦʘʢʪʠʚʥʠʭ ʇɸʈ. ʎʝ ʪʘʢ ʩʘʤʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʩʠʣʴʥʝ 

ʝʢʨʘʥʫʚʘʥʥʷ ʧʦʣʷʨʥʠʭ ʛʨʫʧ ʚ ɽɼ-20, ʧʦʩʣʘʙʣʝʥʥʷ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʫʪʚʦʨʝʥʥʷ ʩʣʘʙʦʟʚô̫ ʟʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʦʣʽʛʦʤʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ 

ʨʫʡʥʫʻʪʴʩʷ ʧʨʠ ʥʘʧʨʫʟʽ ʟʩʫʚʫ 1200 ʇʘ. ɿ ʜʦʜʘʚʘʥʥʷʤ Tridol AFFF ʚ 

ʝʧʦʢʩʠʜʥʠʡ ʦʣʽʛʦʤʝʨ ʜʦʩʷʛʘʻʪʴʩʷ ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʚô̫ ʟʢʦʩʪʽ ʚ 

ʥʴʶʪʦʥʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ, ʨʽʚʥʝ 3 ʇʘĿʩ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚô̫ ʟʢʽʩʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʝʧʦʢʩʠʜʥʦʛʦ ʦʣʽʛʦʤʝʨʫ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ 

ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ ʜʦʙʘʚʢʠ ʥʘʡʤʝʥʰʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʥʠʞʝʥʥʷ ʚô̫ ʟʢʦʩʪʽ, ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʇɸʈ. ʉʝʨʝʜ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʥʝʽʦʥʦʛʝʥʥʠʡ 

ɸʤʽʨʦʣ ʄ ʯʠʥʠʪʴ ʤʝʥʰʠʡ ʚʧʣʠʚ ʥʘ ʜʝʟʦʨʽʻʥʪʘʮʽʶ ʤʦʣʝʢʫʣ ɽɼ-20. 
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ɸʥʽʦʥʦʘʢʪʠʚʥʽ ʇɸʈ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʥʠʞʝʥʥʷ ʚô̫ ʟʢʦʩʪʽ, ʥʽʞ 

ʥʝʽʦʥʦʛʝʥʥʽ, ʘʣʝ ʚ ʤʝʥʰʽʡ, ʥʽʞ ʢʘʪʽʦʥʦʘʢʪʠʚʥʽ ʇɸʈ. ʊʘʢ ʩʘʤʦ ʧʦʤʽʯʝʥʦ, ʱʦ 

ʯʠʤ ʢʦʨʦʪʰʝ ʚʫʛʣʝʚʦʜʥʝʚʠʡ ʨʘʜʠʢʘʣ ʚ ʤʦʣʝʢʫʣʽ ʇɸʈ, ʪʠʤ ʤʝʥʰʝ ʚô̫ ʟʢʽʩʪʴ 

ʟʚôʷʟʫʶʯʦʛʦ. ʊʦʙʪʦ, ʜʦʩʣʽʜʞʫʚʘʥʽ ʜʦʙʘʚʢʠ ʤʦʞʥʘ ʨʦʟʪʘʰʫʚʘʪʠ ʚ ʥʘʩʪʫʧʥʽʡ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚ ʧʦʨʷʜʢʫ ʾʭ ʚʧʣʠʚʫ ʥʘ ʟʥʠʞʝʥʥʷ ʚô̫ ʟʢʦʩʪʽ: ʂʆʉ < ʅʇɸʈ < 

ɸʇɸʈ < ʂʇɸʈ < ʌʇɸʈ. ʎʽ ʜʘʥʽ ʜʦʙʨʝ ʢʦʨʝʣʶʶʪʴ ʟ ʦʪʨʠʤʘʥʠʤʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʜʘʥʠʤʠ ʧʨʦ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ ʟʚôʷʟʢʠ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʟ ɽɼ-20. ʊʘʢ ʩʘʤʦ ʤʦʞʥʘ 

ʧʨʦʩʪʝʞʠʪʠ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʨʽʚʝʥʴ ʩʪʨʫʢʪʫʨʦʚʘʥʦʩʪʽ ʟʚôʷʟʫʶʯʦʛʦ ʚʽʜ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ɽɼ-20 ʽ ʇɸʈ.  

ʅʠʟʴʢʘ ʚô̫ ʟʢʽʩʪʴ ʟʚôʷʟʫʶʯʦʛʦ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʭʦʨʦʰʝ ʧʨʦʩʦʯʫʚʘʥʥʷ 

ʥʘʧʦʚʥʶʚʘʯʘ, ʤʘʻ ʩʧʨʠʷʪʠ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʤʫ ʨʦʟʪʽʢʘʥʥʶ ʧʦ ʡʦʛʦ ʧʦʚʝʨʭʥʽ, 

ʱʦ ʻ ʧʝʨʝʜʫʤʦʚʦʶ ʭʦʨʦʰʦʾ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʟô̒ ʜʥʘʥʥʷ. ɼʣʷ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʘʥʦʛʦ ʧʨʠʧʫʱʝʥʥʷ, ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦ ʚʧʣʠʚ 

ʇɸʈ ʽ ʂʆʉ ʥʘ ʟʤʦʯʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʝʧʦʢʩʠʜʽʘʥʦʚʦʛʦ ʦʣʽʛʦʤʝʨʫ, 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʘʣʠʤʠ ʜʦʙʘʚʢʘʤʠ ʇɸʈ ʪʘ ʂʆʉ. 

3.3 ʈʝʛʫʣʶʚʘʥʥʷ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʝʧʦʢʩʠʜʥʦʛʦ ʟʚôʷʟʫʶʯʦʛʦ 

ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʇɸʈ ʽ ʂʆʉ.  

ɿʤʦʯʫʚʘʥʥʷ ʻ ʧʦʯʘʪʢʦʚʠʤ ʝʪʘʧʦʤ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ ʚ 

ʢʦʤʧʦʟʠʮʽʡʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʽ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʫʤʦʚ ʛʘʨʥʦʾ ʘʜʛʝʟʽʾ 

ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʜʦ ʥʘʧʦʚʥʶʚʘʯʘ. ɯʩʪʦʪʥʠʡ ʚʧʣʠʚ ʧʨʦʮʝʩʽʚ ʟʤʦʯʫʚʘʥʥʷ ʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʮʥʝʥʥʷ ʧʦʣʽʤʝʨʽʚ ʘʨʤʫʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʥʝ ʨʘʟ ʟʘʟʥʘʯʘʚ ʫ 

ʩʚʦʾʭ ʨʦʙʦʪʘʭ ʖ.ʉ. ʃʽʧʘʪʦʚ [33]. ɺʽʜʦʤʦ, ʱʦ ʟʤʦʯʫʚʘʥʥʷ ʪʚʝʨʜʦʾ ʧʦʚʝʨʭʥʽ 

ʨʽʜʠʥʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʨʽʜʠʥʦʶ ʽ ʪʚʝʨʜʠʤ ʪʽʣʦʤ. ɺʦʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʨʽʚʥʦʚʘʞʥʦʛʦ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ Ū ʽ 

ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʖʥʛʘ: 

ʩʦs Ū = ( ůʪ - ůʪ-ʨ) / ůʨ, 
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ʜʝ Ū ï ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ, ůʪ ï ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ ʪʚʝʨʜʦʾ 

ʧʦʚʝʨʭʥʽ, ůʪ-ʨ ï ʝʥʝʨʛʽʷ ʤʽʞʬʘʟʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʚʝʨʜʦʾ ʧʦʚʝʨʭʥʽ ʽʟ ʨʽʜʠʥʦʶ, ůʨ ï 

ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ ʨʽʜʠʥʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʤʦʯʫʚʘʥʥʷ (ʟʙʽʣʴʰʝʥʥʷ ʩʦs Ū) 

ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʟʤʦʯʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ (ůʨ) ʙʫʚ ʤʽʥʽʤʘʣʴʥʠʤ, 

ʘ ʮʝ ʤʦʞʣʠʚʦ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʤʦʣʝʢʫʣʷʨʥʦʾ ʧʨʠʨʦʜʠ ʧʦʚʝʨʭʥʽ ʽ 

ʨʽʜʠʥʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʠʞʝʥʥʷ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ 

ʟʤʦʯʫʚʘʥʥʷ.  

ʇʨʦʪʝ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʦʩʥʦʚʠ ʨʦʟʪʽʢʘʥʥʷ ʨʽʜʢʠʭ ʦʣʽʛʦʤʝʨʥʠʭ ʩʠʩʪʝʤ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʨʽʟʥʠʭ ʜʦʙʘʚʦʢ, ʦʩʦʙʣʠʚʦ ʥʘ ʩʢʣʽ, ʤʘʣʦ ʚʠʚʯʝʥʽ ʽ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʫʟʘʛʘʣʴʥʝʥʽ. ʊʦʤʫ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʠʚʯʝʥʥʶ ʚʧʣʠʚʫ 

ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʥʘ ʟʤʦʯʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ɽɼ-20, ʷʢʘ ʦʮʽʥʶʻʪʴʩʷ 

ʤʝʪʦʜʦʤ ʩʠʜʷʯʦʾ ʢʨʘʧʣʽ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʥʘ 

ʧʽʜʣʦʞʢʘʭ ʟ ʬʪʦʨʦʧʣʘʩʪʘ, ʘʣʶʤʦʙʦʨʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘ ʽ ʩʪʘʣʽ [178].  

ʅʘ ʤʘʣʶʥʢʫ 3.13 ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʨʠʚʽ ʟʤʽʥʠ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ 

ʬʪʦʨʦʧʣʘʩʪʘ, ʘʣʶʤʦʙʦʨʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘ ʽ ʩʪʘʣʽ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʇɸʈ 

ʚ ʩʢʣʘʜʽ ɽɼ-20.  
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ʙ) 

 

ʚ) 

ʈʠʩ. 3.13. ʂʨʠʚʽ ʟʤʽʥʠ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ: (ʘ) ï ʬʪʦʨʦʧʣʘʩʪʘ, (ʙ) ï 

ʘʣʶʤʦʙʦʨʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘ ʽ (ʚ) ï ʩʪʘʣʽ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʇɸʈ  

ʚ ʩʢʣʘʜʽ ɽɼ-20.   
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ʅʘ ʧʽʜʩʪʘʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚʠʚʯʝʥʥʷ ʟʤʦʯʫʚʘʥʥʷ ʙʫʣʠ 

ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʤʦʯʫʚʘʥʥʷ S ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʨʦʙʦʪʠ ʘʜʛʝʟʽʾ ʜʦ ʨʦʙʦʪʠ 

ʢʦʛʝʟʽʾ ʜʣʷ ʟʤʦʯʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ (ʚʽʜʥʦʩʥʘ ʘʜʛʝʟʽʷ): 

S = 
˗
 = 

̑  ̄Ͻ

Ͻ̑ ̄
  , 

ʜʝ WA ï ʨʦʙʦʪʘ ʘʜʛʝʟʽʾ ʟʚô̫ ʟʫʶʯʦʛʦ; Wʂ ï ʨʦʙʦʪʘ ʢʦʛʝʟʽʾ ʟʚô̫ ʟʫʶʯʦʛʦ,               

ůʨ-ʛ ï ʝʥʝʨʛʽʷ ʤʽʞʬʘʟʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟʤʦʯʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ ʟ ʧʦʚʽʪʨʷʤ,                                  

Ū ï ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 3.3. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʝʤʦʜʠʬʽʢʦʚʘʥʠʡ ʝʧʦʢʩʠʜʥʠʡ ʦʣʽʛʦʤʝʨ 

ɽɼ-20 ʤʘʻ ʢʨʘʱʫ ʟʤʦʯʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʥʘ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʚʝʨʭʥʷʭ 

ʩʪʘʣʽ (ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ ï 1220 ʤɼʞ/ʤ
2
) ʽ ʘʣʶʤʦʙʦʨʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘ 

(ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ ï 640 ʤɼʞ/ʤ
2
), ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʬʪʦʨʦʧʣʘʩʪʦʤ. 

ʊʘʙʣʠʮʷ 3.3  

ʂʦʝʬʽʮʽʻʥʪ ʟʤʦʯʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʫ 

ʄʦʜʠʬʽʢʫʶʯʘ 

ʜʦʙʘʚʢʘ 

ɿʥʘʯʝʥʥ̫  ʢʦʝʬ̔ʮ̔ ʥ̒ʪʫ ʟʤʦʯʫʚʘʥʥ̫  S 

ʂʦʥʮʝʥʪʨʘʮʽ̫  0,2 ʤʘʩ.ʯ ʂʦʥʮʝʥʪʨʘʮʽ̫  0,5 ʤʘʩ.ʯ. 

ʌʪʦʨʦʧʣʘʩʪ ʉʢʣʦ ʉʪʘʣʴ ʌʪʦʨʦʧʣʘʩʪ ʉʢʣʦ ʉʪʘʣʴ 

ɹʝʟ ʜʦʙʘʚʢʠ 0,65 0,81 0,91 0,65 0,81 0,91 

Tridol AFFF 0,62 0,83 0,92 0,67 0,86 0,90 

ʇʄʉ-400 0,73 0,93 0,95 0,73 0,93 0,97 

ʃʊʉ 0,73 0,83 0,95 0,75 0,88 0,96 

ʇʄʉ-10 0,77 0,90 0,92 0,77 0,89 0,93 

ʎʊɸʍ 0,61 0,88 0,94 0,63 0,88 0,93 

ɸʄɸ 0,66 0,83 0,92 0,69 0,85 0,91 

ɸɹʉ 0,67 0,89 0,89 0,72 0,90 0,95 

ɸʤ̔ʨʦʣ ʄ 0,62 0,87 0,92 0,73 0,90 0,93 

ʉʂʊʅ 0,80 0,89 0,96 0,77 0,87 0,94 

ʈʽʟʥʘ ʟʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʦʙʫʤʦʚʣʝʥʘ ʤʽʞʬʘʟʥʦʶ ʚʟʘʻʤʦʜʽʻʶ 

ʢʦʥʪʘʢʪʫʶʯʠʭ ʬʘʟ ʦʣʽʛʦʤʝʨʽʚ ʽ ʧʦʚʝʨʭʥʽ ʧʽʜʣʦʞʢʠ ʩʫʙʩʪʨʘʪʫ, ʘ ʪʘʢʦʞ ʨʽʟʥʦʶ 

ʘʢʪʠʚʥʽʩʪʶ ʜʦʙʘʚʦʢ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʬʘʟ çʟʚôʷʟʫʶʯʝ-ʧʦʚʽʪʨʷè ʽ çʟʚôʷʟʫʶʯʝ-
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ʪʚʝʨʜʘ ʧʦʚʝʨʭʥʷè ʌʪʦʨʦʧʣʘʩʪ ʤʘʻ ʥʠʟʴʢʫ ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ                        

(18 ʤɼʞ/ʤ
2
), ʡʦʛʦ ʧʦʚʝʨʭʥʷ ʻ ʧʨʘʢʪʠʯʥʦ ʥʝʧʦʣʷʨʥʦʶ ʽ ʨʦʟʪʽʢʘʥʥʷ ʝʧʦʢʩʠʜʥʦʾ 

ʢʦʤʧʦʟʠʮʽʾ ʥʘ ʜʘʥʽʡ ʧʦʚʝʨʭʥʽ ʥʝʚʝʣʠʢʝ.  

ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʚ ʝʧʦʢʩʠʜʥʠʡ ʦʣʽʛʦʤʝʨ 0,2 ʤʘʩ.ʯ. ʎʊɸʍ, ɸʤʽʨʦʣ ʄ ʽ 

Tridol ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʛʽʨʰʝʥʥʷ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʬʪʦʨʦʧʣʘʩʪʘ                      

(ʨʠʩ. 3.13 ʘ). ʂʦʝʬʽʮʽʻʥʪ ʟʤʦʯʫʚʘʥʥʷ S ʟʤʝʥʰʫʻʪʴʩʷ ʟ 0,65 ʜʦ 0,61-0,62. 

ɯʤʦʚʽʨʥʦ ʧʨʠ ʚʚʝʜʝʥʥʽ ʪʘʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ ʇɸʈ, ʚʟʘʻʤʦʜʽʷ ʾʭ ʤʦʣʝʢʫʣ ʟ 

ʤʦʣʝʢʫʣʘʤʠ ɽɼ-20 ʙʽʣʴʰʝ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʚ ʦʙôʻʤʽ ʟʚôʷʟʫʶʯʦʛʦ, ʥʽʞ ʥʘ 

ʧʽʜʣʦʞʮʽ, ʘʙʦ ʥʘ ʤʝʞʽ ʽʟ ʧʦʚʽʪʨʷʤ, ʧʨʦʷʚʣʷʶʯʠ ʧʨʠ ʮʴʦʤʫ ʩʣʘʙʢʽ ʧʦʚʝʨʭʥʝʚʦ-

ʘʢʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʘʥʠʭ ʜʦʙʘʚʦʢ ʚ 

ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʥʚʝʨʩʽʷ ʟʤʦʯʫʚʘʥʥʷ, ʱʦ ʤʦʞʣʠʚʦ ʚʥʘʩʣʽʜʦʢ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʤʦʣʝʢʫʣ ʛʽʜʨʦʬʦʙʥʠʤʠ ʨʘʜʠʢʘʣʘʤʠ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ 

ʨʝʯʦʚʠʥ ʜʦ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ ʬʪʦʨʦʧʣʘʩʪʘ.  

ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʚ ʝʧʦʢʩʠʦʣʽʛʦʤʝʨ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʚ ʢʽʣʴʢʦʩʪʽ 0,5 

ʤʘʩ.ʯ. ʜʦʩʣʽʜʞʫʚʘʥʽ ʇɸʈ ʤʦʞʥʘ ʨʦʟʪʘʰʫʚʘʪʠ ʚ ʥʘʩʪʫʧʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʘ 

ʟʥʠʞʝʥʥʷʤ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʬʪʦʨʦʧʣʘʩʪʘ: ɸʤʽʨʦʣ ʄ > 

Tridol > ɸʄɸ > ɸɹʉ > ʇʄʉ-400 > ʃʊʉ > ʇʄʉ-10 > ʉʂʊʅ. ʊʦʙʪʦ ʢʨʘʱʦʶ 

ʟʤʦʯʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʥʘ ʧʦʚʝʨʭʥʽ ʬʪʦʨʦʧʣʘʩʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʟʚôʷʟʫʶʯʽ, ʤʦʜʠʬʽʢʦʚʘʥʽ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʤʠ ʜʦʙʘʚʢʘʤʠ. ʂʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ 

ʩʧʦʣʫʢʠ, ʚʽʜʦʤʽ ʛʽʜʨʦʬʦʙʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʦʯʝʚʠʜʥʦ, ʘʜʩʦʨʙʫʶʪʴʩʷ ʥʘ 

ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʽʡ ʧʦʚʝʨʭʥʽ ʬʪʦʨʦʧʣʘʩʪʘ ʽ ʟʥʠʞʫʶʪʴ ʢʨʘʡʦʚʽ ʢʫʪʠ 

ʟʤʦʯʫʚʘʥʥʷ ʥʘ 12-26%. ʊʘʢʦʞ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʘʥʽʦʥʦʘʢʪʠʚʥʽ ʇɸʈ, ʤʘʶʪʴ 

ʜʦʚʰʠʡ ʚʫʛʣʝʚʦʜʥʝʚʠʡ ʨʘʜʠʢʘʣ, ʃʊʉ ʢʨʘʱʝ ʟʤʦʯʫʻ ʧʦʚʝʨʭʥʶ ʬʪʦʨʦʧʣʘʩʪʘ, 

ʥʽʞ ɸɹʉ ʟ ʢʦʨʦʪʰʠʤ ʚʫʛʣʝʚʦʜʥʝʚʠʤ ʨʘʜʠʢʘʣʦʤ.  

ʅʘ ʘʜʛʝʟʽʡʥʫ ʚʟʘʻʤʦʜʽʶ ʚʧʣʠʚʘʶʪʴ ʧʦʣʷʨʥʽ ʛʨʫʧʠ ʝʧʦʢʩʠʜʥʦʛʦ 

ʦʣʽʛʦʤʝʨʫ. ɽɼ-20 ʤʽʩʪʠʪʴ ʧʦʣʷʨʥʽ ʛʨʫʧʠ, ʪʦʤʫ ʢʨʘʱʝ ʟʤʦʯʫʻ ʧʦʣʷʨʥʽ ʧʦʚʝʨʭʥʽ 

ʩʢʣʘ ʽ ʩʪʘʣʽ.  

ʈʦʟʛʣʷʜ ʢʨʠʚʠʭ ʟʤʦʯʫʚʘʥʥʷ ʩʢʣʷʥʦʾ ʧʽʜʣʦʞʢʠ (ʨʠʩ. 3.13 ʙ), 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩʫʥʢʘʭ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʜʚʽ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʦʙʣʘʩʪʽ 
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ʚʤʽʩʪʫ ʜʦʙʘʚʦʢ, ʘ ʩʘʤʝ ʦʙʣʘʩʪʴ ʤʘʣʠʭ ʜʦʙʘʚʦʢ (ʜʦ 0,5 ʤʘʩ.ʯ.) ʽ ʦʙʣʘʩʪʴ 

ʙʽʣʴʰʦʛʦ ʚʤʽʩʪʫ (ʧʦʥʘʜ 0,5 ʤʘʩ.ʯ.). 

ʋ ʧʝʨʰʽʡ ʦʙʣʘʩʪʽ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʩʢʣʘ ʜʣʷ ʚʩʽʭ ʙʝʟ ʚʠʥʷʪʢʫ 

ʜʦʙʘʚʦʢ ʟʤʝʥʰʫʻʪʴʩʷ. ʋ ʜʨʫʛʽʡ ʦʙʣʘʩʪʽ ʭʘʨʘʢʪʝʨʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʯʽʪʢʦ 

ʚʠʨʘʞʝʥʦʾ ʪʝʥʜʝʥʮʽʾ ʚ ʟʤʽʥʽ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. ɺʠʜʥʦ ʪʘʢʦʞ, ʱʦ 

ʢʨʘʱʦʶ ʟʤʦʯʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʚʦʣʦʜʽʶʪʴ ʝʧʦʢʩʠʜʥʽ ʢʦʤʧʦʟʠʮʽʾ, 

ʤʦʜʠʬʽʢʦʚʘʥʽ ʦʣʽʛʦʤʝʪʠʣʩʠʣʦʢʩʘʥʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʇʄʉ-400 ʽ ʇʄʉ-10, ʘ 

ʪʘʢʦʞ ʥʝʽʦʥʦʛʝʥʥʠʤ ʇɸʈ ɸʤʽʨʦʣ ʄ. ʇʨʠ ʚʚʝʜʝʥʥʽ ʾʭ ʚ ʢʽʣʴʢʦʩʪʽ 0,2-1 ʤʘʩ.ʯ. 

ʥʘ 100 ʤʘʩ.ʯ. ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʫ, ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʟʤʝʥʰʠʚʩʷ ʟ 52 

ʛʨʘʜʫʩʽʚ ʜʦ 28, 38 ʽ 35 ʚʽʜʧʦʚʽʜʥʦ, ʪʦʙʪʦ ʚ 1,5-2 ʨʘʟʠ.  

ʊʝ ʞ ʩʘʤʝ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ ʧʨʠ ʚʚʝʜʝʥʥʽ ʥʝʽʦʥʦʛʝʥʥʦʛʦ ɸʤʽʨʦʣ ʄ ʚ 

ɽɼ-20. ʅʘʷʚʥʽʩʪʴ ʃʴʶʽʩʦʚʩʴʢʠʭ ʦʩʥʦʚʥʠʭ ʮʝʥʪʨʽʚ ʚ ʩʪʨʫʢʪʫʨʽ ʜʘʥʦʛʦ ʇɸʈ 

ʦʙʫʤʦʚʣʶʻ ʘʜʩʦʨʙʮʽʶ ʾʭ ʥʘ ʧʦʚʝʨʭʥʽ ʩʢʣʘ. ɿʤʦʯʫʚʘʥʥʷ S ʟʙʽʣʴʰʠʣʦʩʷ ʟ 0,81 

ʜʦ 0,9.  

ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʘʥʽʦʥʦʘʢʪʠʚʥʠʭ ʇɸʈ ɸɹʉ ʽ ʃʊʉ ʢʦʝʬʽʮʽʻʥʪ ʟʤʦʯʫʚʘʥʥʷ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 0,81 ʜʦ 0,83 ʽ 0,89 ʚʽʜʧʦʚʽʜʥʦ, ʱʦ, ʦʯʝʚʠʜʥʦ, ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʾʭ ʚʠʩʦʢʠʤ ʜʠʧʦʣʴʥʠʤ ʤʦʤʝʥʪʦʤ ʽ ʤʦʞʣʠʚʦʶ ʘʜʩʦʨʙʮʽʻʶ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʠʭ 

ʩʫʣʴʬʦʥʘʪʥʠʭ ʽ ʩʫʣʴʬʘʪʥʠʭ ʧʦʣʷʨʥʠʭ ʛʨʫʧ ʜʘʥʠʭ ʇɸʈ ʥʘ ʢʠʩʣʠʭ ʘʢʪʠʚʥʠʭ 

ʮʝʥʪʨʘʭ ʘʣʶʤʦʙʦʨʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʤʽʯʝʥʦ, ʱʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ 

ʜʦʚʞʠʥʠ ʚʫʛʣʝʚʦʜʥʝʚʦʛʦ ʨʘʜʠʢʘʣʫ ɸʇɸʈ, ʟʤʦʯʫʚʘʥʥʷ ʩʢʣʷʥʦʾ ʧʽʜʣʦʞʢʠ 

ʜʘʥʠʤʠ ʟʚôʷʟʫʶʯʠʤʠ ʧʦʣʽʧʰʫʻʪʴʩʷ. 

ʂʘʪʽʦʥʦʘʢʪʠʚʥʽ ʇɸʈ ʥʘʡʤʝʥʰʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʥʠʞʝʥʥʷ ʢʨʘʡʦʚʠʭ ʢʫʪʽʚ 

ʟʤʦʯʫʚʘʥʥʷ ʝʧʦʢʩʠʜʥʦʛʦ ʦʣʽʛʦʤʝʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʩʢʣʘ - ʧʨʠʙʣʠʟʥʦ ʥʘ 20%. 

ɸʄɸ ʽ ʎʊɸʍ ʤʘʶʪʴ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʧʦʟʠʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʡ ʽʦʥ ɸʟʦʪʫ N +, 

ʷʢʠʡ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʚ ʨʦʣʽ ʃʴʶʽʩʦʚʩʴʢʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʮʝʥʪʨʫ (ʘʢʮʝʧʪʦʨʫ 

ʝʣʝʢʪʨʦʥʽʚ), ʷʢʠʡ ʚ ʩʚʦʶ ʯʝʨʛʫ, ʙʫʜʝ ʩʣʘʙʦ ʘʜʩʦʨʙʫʚʘʪʠʩʷ ʥʘ ʧʝʨʝʚʘʞʥʦ 

ʢʠʩʣʽʡ ʧʦʚʝʨʭʥʽ ʩʢʣʘ ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʥʠʞʫʚʘʪʠ ʢʫʪʠ ʟʤʦʯʫʚʘʥʥʷ ʦʣʽʛʦʤʝʨʦʤ 

ʘʣʶʤʦʙʦʨʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘ. ʂʨʽʤ ʪʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʽ ʪʦʡ ʬʘʢʪ, ʱʦ 

ʘʜʩʦʨʙʮʽʾ ʦʣʽʛʦʤʝʨʫ ʥʘ ʩʢʣʽ ʧʝʨʝʰʢʦʜʞʘʻ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʘ ʝʥʝʨʛʽʷ ʚʟʘʻʤʦʜʽʾ 

(10 ʢɼʞ/ʤʦʣʴ) ɸʄɸ ʽ ʎʊɸʍ ʟ ʤʦʣʝʢʫʣʘʤʠ ɽɼ-20. 
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ʌʪʦʨʦʚʘʥʠʡ Tridol AFFF, ʱʦ ʻ ʢʨʘʱʦʶ ʜʦʙʘʚʢʦʶ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʚô̫ ʟʢʦʩʪʽ, ʥʝ ʜʘʻ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʤʦʯʫʚʘʣʴʥʦʛʦ ʝʬʝʢʪʫ. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʜʘʥʦʾ 

ʜʦʙʘʚʢʠ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʝʧʦʢʩʠʜʥʦʛʦ ʦʣʽʛʦʤʝʨʫ ʟʥʠʞʫʻʪʴʩʷ ʥʘ 8 ʛʨʘʜʫʩʽʚ. 

ʉʭʦʞʽ ʟʘʣʝʞʥʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʟʤʦʯʫʚʘʥʥʽ ʩʪʘʣʝʚʦʾ ʧʦʚʝʨʭʥʽ                   

(ʨʠʩ. 3.13 ʚ). ʊʘʢ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʜʦʙʘʚʦʢ ʉʂʊʅ ʚ ʢʽʣʴʢʦʩʪʽ 

0,2 ʤʘʩ.ʯ. ʽ ʇʄʉ-400 ʚ ʢʽʣʴʢʦʩʪʽ 0,5 ʤʘʩ.ʯ. ʢʨʘʡʦʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ 

ʟʤʝʥʰʠʚʩʷ ʟ 35 ʜʦ 24 ʽ 28 ʛʨʘʜʫʩʽʚ ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʦʞ ʭʦʨʦʰʦʶ 

ʟʤʦʯʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʩʢʣʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʚôʷʟʫʶʯʽ, ʤʦʜʠʬʽʢʦʚʘʥʽ 

ʘʥʽʦʥʦʘʢʪʠʚʥʠʤʠ ʇɸʈ ʃʊʉ ʽ ɸɹʉ. ʇʨʠ ʚʚʝʜʝʥʥʽ 0,2-0,5 ʤʘʩ.ʯ. ʃʊʉ ʢʨʘʡʦʚʠʡ 

ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʟʥʠʞʫʻʪʴʩʷ ʜʦ 24 ʛʨʘʜʫʩʽʚ, ʘ ʧʨʠ ʚʚʝʜʝʥʥʽ 0,5-1 ʤʘʩ.ʯ. ɸɹʉ - 

ʜʦ 20 ʛʨʘʜʫʩʽʚ. ʇʦʚʝʨʭʥʷ ʩʪʘʣʽ, ʤʘʶʯʠ ʚʣʘʩʪʠʚʽʩʪʴ ʦʢʠʩʣʶʚʘʪʠʩʷ, ʦʯʝʚʠʜʥʦ 

ʜʦʩʠʪʴ ʘʢʪʠʚʥʦ ʨʝʘʛʫʻ ʟ ʃʴʶʽʩʦʚʩʴʢʠʤʠ ʦʩʥʦʚʥʠʤʠ ʮʝʥʪʨʘʤʠ 

ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʽ ʘʥʽʦʥʦʘʢʪʠʚʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʨʝʯʦʚʠʥ, ʯʠʤ ʧʦʷʩʥʶʻʪʴʩʷ 

ʭʦʨʦʰʘ ʟʤʦʯʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʜʘʥʠʭ ʜʦʙʘʚʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʩʪʘʣʽ. ʅʝʦʙʭʽʜʥʦ 

ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʢʦʤʧʦʟʠʮʽʾ, ʤʦʜʠʬʽʢʦʚʘʥʽ ɸʇɸʈ (ɸɹʉ ʽ ʃʊʉ), 

ʦʜʥʘʢʦʚʦ ʢʨʘʱʝ ʟʤʦʯʫʶʪʴ ʩʢʣʷʥʫ, ʩʪʘʣʝʚʫ ʽ ʬʪʦʨʦʧʣʘʩʪʦʚʫ ʧʽʜʣʦʞʢʠ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʂʇɸʈ (ɸʄɸ ʽ ʎʊɸʍ), ʷʢ ʽ ʪʝ ʱʦ ʬʪʦʨʦʚʘʥʘ ʜʦʙʘʚʢʘ Tridol ʚ 

ʩʢʣʘʜʽ ʝʧʦʢʩʠʜʥʦʛʦ ʦʣʽʛʦʤʝʨʫ ʜʘʻ ʥʘʡʤʝʥʰʠʡ ʟʤʦʯʫʚʘʣʴʥʠʡ ʝʬʝʢʪ ʥʘ ʚʩʽʭ 

ʪʠʧʘʭ ʧʽʜʣʦʞʦʢ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʦʯʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤʠ ʽ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʜʦʙʘʚʢʘʤʠ, ʱʦ ʩʧʨʠʷʶʪʴ ʟʥʠʞʝʥʥʶ 

ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ, ʻ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ ʜʦʙʘʚʢʠ, ʧʨʠʯʦʤʫ ʚʦʥʠ 

ʦʜʥʘʢʦʚʦ ʩʧʨʠʷʶʪʴ ʧʦʣʽʧʰʝʥʥʶ ʟʤʦʯʫʚʘʥʥʷ ʷʢ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ (ʩʪʘʣʴ, 

ʩʢʣʦ), ʪʘʢ ʽ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʭ (ʬʪʦʨʦʧʣʘʩʪ) ʧʦʚʝʨʭʦʥʴ.  

ʇʦʢʘʟʘʥʦ ʪʘʢʦʞ, ʱʦ ʭʽʤʽʯʥʘ ʧʨʠʨʦʜʘ ʇɸʈ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ 

ʟʤʦʯʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʫ. ʊʘʢ, ʚ ʮʽʣʦʤʫ, ʘʥʽʦʥʦʘʢʪʠʚʥʽ ʽ 

ʥʝʽʦʥʦʛʝʥʥʽ ʜʦʙʘʚʢʠ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʧʦʢʨʘʱʫʶʪʴ ʟʤʦʯʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ 

ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʫ ʩʢʣʷʥʦʾ ʽ ʩʪʘʣʝʚʦʾ ʧʽʜʣʦʞʦʢ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʢʘʪʽʦʥʦʘʢʪʠʚʥʠʤʠ, ʧʨʠʯʦʤʫ, ʝʬʝʢʪ ʟʥʠʞʝʥʥʷ Ū ʧʦʩʠʣʶʻʪʴʩʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʜʦʚʞʠʥʠ ʛʽʜʨʦʬʦʙʥʦʾ ʯʘʩʪʠʥʠ ʤʦʣʝʢʫʣʠ ʇɸʈ.  
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ɼʦʩʣʽʜʞʫʚʘʥʽ ʜʦʙʘʚʢʠ ʟʘ ʚʧʣʠʚʦʤ ʾʭ ʥʘ ʟʥʠʞʝʥʥʷ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ 

ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʤʦʞʥʘ ʨʦʟʪʘʰʫʚʘʪʠ ʚ ʥʘʩʪʫʧʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚ 

ʧʦʨʷʜʢʫ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ: ʂʆʉ > ɸʇɸʈ Ó ʅʇɸʈ > ʂʇɸʈ. 

3.4 ɺʠʚʯʝʥʥʷ ʤʽʞʬʘʟʥʠʭ ʚʟʘʻʤʦʜʽʡ çʧʦʣʽʤʝʨ-ʧʽʜʣʦʞʢʘè ʽ ʘʜʛʝʟʽʡʥʦ-

ʤʽʮʥʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʟʚôʷʟʫʶʯʠʭ ʫ ʧʨʠʩʫʪʥʦʩʪʽ 

ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ.  

ɻʘʨʥʝ ʟʤʦʯʫʚʘʥʥʷ ʧʽʜʣʦʞʢʠ ʻ ʥʝʦʙʭʽʜʥʦʶ, ʘʣʝ ʥʝʜʦʩʪʘʪʥʴʦʶ ʫʤʦʚʦʶ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʛʦ ʘʜʛʝʟʽʡʥʦʛʦ ʟô̒ ʜʥʘʥʥʷ, ʪʠʤ ʙʽʣʴʰʝ ʱʦ ʧʨʠ 

ʪʚʝʨʜʽʥʥʽ ʨʽʜʢʝ ʟʚôʷʟʫʶʯʝ ʧʽʜʜʘʻʪʴʩʷ ʽʩʪʦʪʥʠʤ ʟʤʽʥʘʤ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʪʽʢʘʥʥʷ 

ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʧʨʦʩʪʦʨʽ ʽ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ 

ʰʘʨʽ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʥʠʢʥʝʥʥʷ ʜʝʬʝʢʪʽʚ ʥʘ ʤʽʞʬʘʟʥʽʡ ʤʝʞʽ, ʟʤʽʥʠ ʩʢʣʘʜʫ ʬʘʟ. 

ʊʦʤʫ ʟ ʤʝʪʦʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʘʜʛʝʟʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʽʜʭʽʜ, ʘ ʩʘʤʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʚô̫ ʟʢʫ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ 

ʝʥʝʨʛʽʾ ʽ ʾʾ ʩʢʣʘʜʦʚʠʭ, ʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʦʙʦʪʠ ʘʜʛʝʟʽʾ Wa ʟʘʪʚʝʨʜʽʣʦʛʦ 

ʟʚôʷʟʫʶʯʦʛʦ ʟ ʾʭ ʘʜʛʝʟʽʡʥʦʶ ʤʽʮʥʽʩʪʶ ʜʦ ʩʢʣʘ ʽ ʩʪʘʣʽ [178]. 

ʈʦʟʨʘʭʫʥʦʢ ʨʦʙʦʪʠ ʘʜʛʝʟʽʾ ʧʨʦʚʦʜʠʣʠ ʯʝʨʝʟ ʨʷʜ ʚʠʨʘʟʽʚ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ 

ʨʽʟʥʠʭ ʥʘʙʣʠʞʝʥʥʷʭ ʨʽʚʥʷʥʴ ʤʦʣʝʢʫʣʷʨʥʦʾ ʪʝʦʨʽʾ ʘʜʛʝʟʽʾ: 

Wa = ςϽ „ Ͻ„+ „ Ͻ„   

ʜʝ ʽʥʜʝʢʩʠ (d) ʽ (p) ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʜʠʩʧʝʨʩʽʡʥʦʾ ʽ ʧʦʣʷʨʥʦʾ ʩʢʣʘʜʦʚʠʭ 

ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʦʪʚʝʨʜʞʝʥʦʛʦ ʟʚôʷʟʫʶʯʦʛʦ ů1 ʽ ʧʽʜʣʦʞʢʠ ů2.  

ɺ̔ ʣʴʥʫ ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ (ɺʇɽ) ʙʫʜʴ-ʷʢʦʛʦ ʪʽʣʘ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ 

ʚʠʛʣʷʜʽ ʩʫʤʠ ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ: ů = ů
p
 + ů

d
, ʜʝ ů

d
 ï ʥʝʧʦʣʷʨʥʘ ʩʢʣʘʜʦʚʘ 

ʃʽʚʰʠʮʷ-ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ, ʷʢʘ ʧʨʘʢʪʠʯʥʦ ʽʜʝʥʪʠʯʥʘ ʜʠʩʧʝʨʩʽʡʥʽʡ ʩʢʣʘʜʦʚʽʡ ʽ 

ů
p
 ï ʧʦʣʷʨʥʘ ʩʢʣʘʜʦʚʘ.  

ɺʽʣʴʥʫ ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ (ů), ʾʾ ʧʦʣʷʨʥʫ (ů
p
) ʽ ʜʠʩʧʝʨʩʽʡʥʫ (ů

d
) 

ʩʢʣʘʜʦʚʽ ʜʣʷ ʟʘʪʚʝʨʜʽʣʠʭ ʟʨʘʟʢʽʚ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʩʢʣʷʥʦʾ ʽ ʩʪʘʣʝʚʦʾ 

ʧʽʜʣʦʞʦʢ, ʚʠʟʥʘʯʘʣʠ ʜʚʦʨʽʜʠʥʥʠʤ ʤʝʪʦʜʦʤ ʆʫʝʥʩʘ-ɺʝʥʜʪʘ-ʂʘʙʣʽ [67, 68] ʟʘ 

ʢʫʪʦʤ ʟʤʦʯʫʚʘʥʥʷ ʪʝʩʪʦʚʠʤʠ ʨʽʜʠʥʘʤʠ, ʚʠʤʽʨʷʥʠʭ ʤʝʪʦʜʦʤ ʩʠʜʷʯʦʾ ʢʨʘʧʣʽ. ɺ 

ʷʢʦʩʪʽ ʪʝʩʪʦʚʠʭ ʨʽʜʠʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ: ʚʦʜʘ (ůl = 72,2 ʤɼʞ/ʤ
2
, ůl 

d
 = 21,8 
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ʤɼʞ/ʤ
2
, ůl 

p
 = 51,0 ʤɼʞ/ʤ

2
) ʽ ʝʪʠʣʝʥʛʣʽʢʦʣʴ (ůl = 48,0 ʤɼʞ/ʤ

2
, ůl 

d
 = 29,0 

ʤɼʞ/ʤ
2
, ůl 

p
 = 19,0 ʤɼʞ/ʤ

2
) [66].  

ʄʝʪʦʜ ʆʫʝʥʩʘ-ɺʝʥʜʪʘ-ʂʘʙʣʽ ʧʝʨʝʜʙʘʯʘʻ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʜʚʦʭ ʨʽʚʥʷʥʴ, 

ʷʢʝ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ Maple: 

(1+cos Ūl2)Ā ůl2 = 2 ( „ Ͻ„+ „ Ͻ„  ), 

ʜʝ ůs
p
 ʽ ůs

d
 ï ʧʦʣʷʨʥʘ ʽ ʜʠʩʧʝʨʩʽʡʥʘ ʩʢʣʘʜʦʚʽ ʧʠʪʦʤʦʾ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ 

ʝʥʝʨʛʽʾ ʟʚôʷʟʫʶʯʦʛʦ, Ūl1 ʽ Ūl2 ï ʢʨʘʡʦʚʽ ʢʫʪʠ ʢʨʘʧʝʣʴ ʪʝʩʪʦʚʠʭ ʨʽʜʠʥ (ʚʦʜʠ ʽ 

ʝʪʠʣʝʥʛʣʽʢʦʣʶ ʚʽʜʧʦʚʽʜʥʦ), ůl1 
p
, ůl2 

p
, ůl1 

d
, ůl2 

d
 ï ʧʦʣʷʨʥʘ ʽ ʜʠʩʧʝʨʩʽʡʥʘ 

ʩʢʣʘʜʦʚʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʚʦʜʠ ʽ ʝʪʠʣʝʥʛʣʽʢʦʣʶ ʚʽʜʧʦʚʽʜʥʦ.  ʈʦʟʨʘʭʦʚʘʥʽ 

ʟʥʘʯʝʥʥʷ ɺʇɽ ʽ ʨʦʙʦʪʠ ʘʜʛʝʟʽʾ Wa ʜʣʷ ʟʘʪʚʝʨʜʽʣʠʭ ʟʚôʷʟʫʶʯʠʭ ʽ ʧʦʚʝʨʭʥʽ ʩʪʘʣʽ 

ʽ ʩʢʣʘ, ʷʢʽ ʟʘʥʝʩʝʥʽ ʜʦ ʪʘʙʣ. 3.4:  
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ʊʘʙʣʠʮʷ 3.4 

ʈʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ɺʇɽ ʽ ʨʦʙʦʪʠ ʘʜʛʝʟʽʾ ʟʘʪʚʝʨʜʽʣʠʭ  ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʧʦʢʩʠʘʤʽʥʥʠʭ 

ʧʦʣʽʤʝʨʥʠʭ ʧʣʽʚʦʢ ʽ ʧʽʜʣʦʞʦʢ: 

 

ɼʦʙʘʚʢʘ/ ʇʽʜʣʦʞʢʘ Ū, ʛʨʘʜ ůs, 

ʤɼʞ/ʤ
2
 

ůs 
d
, 

ʤɼʞ/ʤ
2
 

ůs 
p
, 

ʤɼʞ/ʤ
2
 

ɺʤʽʩʪ, % Wɸ 

ʜʦ ʩʪʘʣ,̔ 

ʤɼʞ/ʤ
2
 

Wɸ 

ʜʦ ʩʢʣʘ, 

ʤɼʞ/ʤ
2
 

ɺʦʜʘ ɽɻ ůs 
d
 ůs 

p
 

ɹʝʟ ʜʦʙʘʚʢʠ 48 24 45,4 12,0 33,4 26,4 73,6 79,0 93,2 

Tridol 54 26 41,7 16,7 25,0 40,0 60,0 73,0 86,6 

ɸʄɸ 55 34 40,6 12,2 28,4 30,1 69,9 74,1 87,5 

ʎʊɸʍ 50 35 47,1 9,6 37,5 20,4 79,6 78,9 92,8 

ʇʄʉ-400 52 29 44,3 16,4 27,9 40,0 60,0 77,2 91,2 

ʉʂʊʅ 56 29 44,3 13,8 30,5 31,2 68,8 75,9 89,9 

ʇʄʉ-10 68 20 41,5 17,8 23,7 48,9 51,1 72,1 85,6 

ɸʤ̔ʨʦʣ ʄ 70 37 37,6 27,9 9,7 74,5 25,8 57,2 68,9 

ɸɹʉ 53 22 42,9 18,0 24,0 44,1 55,9 72,6 86,1 

ʉʢʣʦ 45 29 48,7 7,5 41,2 15,4 84,6 ï ï 

ʉʪʘʣʴ 63 55 35,4 4,6 30,8 13,0 87,0 ï ï 
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ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ 

ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʥʘ ʧʦʚʝʨʭʥʝʚʦ-ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʪʘʢ ʧʦʣʷʨʥʘ ʩʢʣʘʜʦʚʘ ɺʇɽ ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ 9,7 ʜʦ 37,5 

ʤɼʞ/ʤ
2
, ʜʠʩʧʝʨʩʽʡʥʘ ï ʚʽʜ 9,6 ʜʦ 27,9 ʤɼʞ/ʤ

2
, ʧʦʚʥʘ ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ ï ʚʽʜ 

37,6 ʜʦ 47,1 ʤɼʞ/ʤ
2
. ɺʚʝʜʝʥʥʷ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʚ ʝʧʦʢʩʠʜʥʠʡ ʦʣʽʛʦʤʝʨ ʜʝʱʦ 

ʟʤʝʥʰʫʻ ʧʠʪʦʤʫ ʚʽʣʴʥʫ ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ ʟʚôʷʟʫʶʯʦʛʦ.  

ɺʠʜʥʦ ʪʘʢʦʞ, ʱʦ ʚʩʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʝʧʦʢʩʠʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʮʽʾ ʽ, 

ʦʩʦʙʣʠʚʦ, ʩʢʣʷʥʘ ʽ ʩʪʘʣʝʚʘ ʧʽʜʣʦʞʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰʦʶ ʯʘʩʪʢʦʶ 

ʧʦʣʷʨʥʦʾ ʩʢʣʘʜʦʚʦʾ. ʊʦʤʫ ʚʝʣʠʯʠʥʘ ʧʦʣʷʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ɺʇɽ, ʦʯʝʚʠʜʥʦ, ʤʦʞʝ 

ʩʣʫʞʠʪʠ ʦʜʥʠʤ ʟ ʢʨʠʪʝʨʽʾʚ ʚʠʙʦʨʫ ʜʦʙʘʚʦʢ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʘʜʛʝʟʽʾ 

ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʜʦ ʩʢʣʘ ʽ ʩʪʘʣʽ.  

ɼʦʙʘʚʢʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʤʽʥʫ ʧʦʣʷʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ɺʇɽ ʚ ʧʦʨʷʜʢʫ 

ʟʨʦʩʪʘʥʥʷ ʧʦʣʷʨʥʦʩʪʽ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ɸʤʽʨʦʣ ʄ < ʇʄʉ-10 < ɸɹʉ < Tridol 

< ʇʄʉ-400 < ɸʄɸ < ʉʂʊʅ < ʎʊɸʍ.  

ʗʢ ʚʠʜʥʦ, ʥʘʡʙʽʣʴʰʦʶ ʧʦʣʷʨʥʽʩʪʶ ʚʦʣʦʜʽʻ ʧʦʚʝʨʭʥʷ ʝʧʦʢʩʠʘʤʽʥʥʦʛʦ 

ʧʦʣʽʤʝʨʫ, ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʉʂʊʅ, ʎʊɸʍ, ɸʄɸ, ʽ ʇʄʉ-400, ʘ ʥʘʡʤʝʥʰʦʶ ï              

ɸʤʽʨʦʣ ʄ, ʱʦ ʦʯʝʚʠʜʥʦ ʧʦʚô̫ ʟʘʥʦ ʟ ʭʽʤʽʯʥʦʶ ʧʨʠʨʦʜʦʶ ʜʘʥʦʛʦ ʇɸʈ.  

ʗʢʱʦ ʥʝ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʥʝʤʦʜʠʬʽʢʦʚʘʥʫ ʢʦʤʧʦʟʠʮʽʶ, ʘ ʧʦʨʽʚʥʷʪʠ 

ʜʦʙʘʚʢʠ, ʪʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʧʦʣʷʨʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʽ ʨʦʙʦʪʦʶ ʘʜʛʝʟʽʾ, ʪʦʙʪʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʣʷʨʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ɺʇɽ ʤʦʞʥʘ ʩʫʜʠʪʠ ʧʨʦ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʴ Wɸ. 

ʄʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʘʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ʜʦ ʩʪʘʣʝʚʦʾ ʽ ʩʢʣʷʥʦʾ ʧʦʚʝʨʭʦʥʴ ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠʩʴ ʫ ʧʦʨʷʜʢʫ ʟʙʽʣʴʰʝʥʥʷ ʾʭ 

Wɸ ʽ ʧʦʣʷʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ. ʊʠʤ ʙʽʣʴʰʝ, ʟʘ ʜʫʤʢʦʶ 

ʃʽʧʘʪʦʚʘ ʖ.ʉ. [32], ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʢʦʨʝʣʷʮʽʶ ʤʽʞ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʶ ʨʦʙʦʪʦʶ ʘʜʛʝʟʽʾ, ʚʽʜʥʝʩʝʥʦʶ ʜʦ ʟʘʪʚʝʨʜʽʣʦʛʦ ʧʦʣʽʤʝʨʫ ʪʘ 

ʤʝʭʘʥʽʯʥʦʶ ʤʽʮʥʽʩʪʶ ʘʜʛʝʟʽʡʥʦʛʦ ʟôʻʜʥʘʥʥʷ. 

ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʨʠʨʦʜʠ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʥʘ ʘʜʛʝʟʽʡʥʫ 

ʤʽʮʥʽʩʪʴ ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʜʦ ʩʢʣʘ ʽ ʩʪʘʣʽ. ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.5. 
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ʊʘʙʣʠʮʷ 3.5 

ɸʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʥʘ  

ʦʩʥʦʚʽ ɽɼ-20, ʦʪʚʝʨʜʞʝʥʦʛʦ ʇɽʇɸ. 

ɽʧʦʢʩʠʜʥʘ 

ʢʦʤʧʦʟʠʮʽ̫ 

ɸʜʛʝʟʽʡʥʘ ʤʽʮʥʽʩʪʴ ůʚʽʜʨ, ʄʇʘ 

ɼʦ ʩʢʣʘ ɼʦ ʩʪʘʣ ̔

ɹʝʟ ʜʦʙʘʚʢʠ 2,33 7,22 

ɸɹʉ 6,43 6,80 

ɸʄɸ 2,29 9,81 

ʎʊɸʍ 2,8 8,7 

ɸʤ̔ʨʦʣ ʄ 3,08 6,20 

ʇʄʉ-10 1,32 8,44 

ʇʄʉ-400 5,70 9,70 

ʉʂʊʅ 5,07 9,50 

Tridol 4,59 10,20 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʽ ʨʷʜʠ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ (0,5 ʤʘʩ.ʯ) ʥʘ 

ʚʝʣʠʯʠʥʫ ʨʦʙʦʪʠ ʘʜʛʝʟʽʾ ʽ ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʜʦ ʩʪʘʣʽ (ʚ ʜʫʞʢʘʭ ʚʢʘʟʘʥʽ 

ʟʥʘʯʝʥʥʷ ʮʠʭ ʚʝʣʠʯʠʥ): 

Wɸ (ʤɼʞ/ʤ
2
): ɸʤʽʨʦʣ ʄ (57,2) < ʇʄʉ-10 (72,1) < ɸɹʉ(72,6) < Tridol 

(73,0) < ɸʄɸ(74,1) < ʉʂʊʅ (75,9) < ʇʄʉ-400 (77,2) < ʎʊɸʍ (78,9); 

ů
ʨ
s (ʤɼʞ/ʤ

2
): ɸʤʽʨʦʣ ʄ (9,7) < ʇʄʉ-10 (23,7) < ɸɹʉ (24,0) < Tridol 

(25,0)  <  ʇʄʉ-400 (27,9) < ɸʄɸ(28,4) < ʉʂʊʅ(30,5) < ʎʊɸʍ (37,5); 

ůʚʽʜʨ (ʄʇʘ): ɸʤʽʨʦʣ ʄ (6,2) < ɸɹʉ (6,8) < ʇʄʉ-10 (8,4)  < ʎʊɸʍ (8,7) < 

ʉʂʊʅ (9,5) < ʇʄʉ-400 (9,7) < ɸʄɸ (9,8) < Tridol (10,2); 

ɿ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʚʠʜʥʦ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ ʘʜʛʝʟʽʾ ʜʦ 

ʩʪʘʣʽ ʽ ʧʦʣʷʨʥʽ ʩʢʣʘʜʦʚʽ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʟʘʪʚʝʨʜʽʣʠʭ 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʜʦʙʨʝ ʢʦʨʝʣʶʶʪʴ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʜʦ ʩʪʘʣʽ. ʅʘʡʙʽʣʴʰʦʶ ʘʜʛʝʟʽʻʶ ʜʦ ʧʦʚʝʨʭʥʽ 

ʩʪʘʣʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʢʦʤʧʦʟʠʮʽʾ, ʤʦʜʠʬʽʢʦʚʘʥʽ Tridol ʽ ɸʄɸ. ʂʘʪʽʦʥʦ-

ʘʢʪʠʚʥʠʡ ɸʄɸ, ʡʤʦʚʽʨʥʦ, ʟʚʘʞʘʶʯʠ ʥʘ ʩʚʦʶ ʙʫʜʦʚʫ, ʜʦʙʨʝ ʚʟʘʻʤʦʜʽʻ ʟ 

ʦʯʠʱʝʥʦʶ ʩʪʘʣʝʚʦʶ ʧʦʚʝʨʭʥʝʶ, ʱʦ ʤʘʻ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ.  
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ʇʨʠ ʟʽʩʪʘʚʣʝʥʥʽ Wɸ ʟ ʤʝʭʘʥʽʯʥʦʶ ʤʽʮʥʽʩʪʶ ʘʜʛʝʟʽʡʥʦʛʦ ʟô̒ ʜʥʘʥʥʷ ʜʣʷ 

ʘʣʶʤʦʙʦʨʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘ: 

Wɸ (ʤɼʞ/ʤ
2
): ɸʤʽʨʦʣ ʄ (68,9) < ʇʄʉ-10 (85,6) < ɸɹʉ (86,1) < Tridol 

(86,6) < ɸʄɸ (87,5) < ʉʂʊʅ (89,9) < ʇʄʉ-400 (91,2) < ʎʊɸʍ( 92,8); 

ůʚʽʜʨ (ʄʇʘ): ʇʄʉ-10 (1,32) < ɸʄɸ (2,29)  <  ʎʊɸʍ (2,8) < ɸʤʽʨʦʣ ʄ 

(3,08) < Tridol (4,59) < ʉʂʊʅ (5,07) < ʇʄʉ-400 (5,7) < ɸɹʉ (6,43), 

ʚʠʜʥʦ, ʱʦ ʤʽʞ ůʚʽʜʨ ʜʣʷ ʢʦʤʧʦʟʠʮʽʡ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʤʠ 

ʜʦʙʘʚʢʘʤʠ (ʉʂʊʅ, ʇʄʉ-400, ʇʄʉ-10), ʘ ʪʘʢʦʞ ʥʝʽʦʥʦʛʝʥʥʠʤʠ ʇɸʈ (Tridol,                     

ɸʤʽʨʦʣ ʄ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʯʽʪʢʘ ʢʦʨʝʣʷʮʽʷ ʟ ʨʦʟʨʘʭʫʥʢʦʚʦʶ Wɸ. ɼʣʷ 

ʽʦʥʦʛʝʥʥʠʭ ʇɸʈ ɸɹʉ ʽ ɸʄɸ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ůʚʽʜʨ ʽ Wɸ ʜʣʷ ʩʢʣʘ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʪʘʢ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ɸɹʉ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ 

ʚʝʣʠʯʠʥʘ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʜʦ ʩʢʣʘ, ʚ ʪʦʡ ʯʘʩ ʷʢ Wɸ ʤʘʻ ʥʠʟʴʢʝ ʟʥʘʯʝʥʥʷ. 

ʂʦʤʧʦʟʠʮʽʷ, ʤʦʜʠʬʽʢʦʚʘʥʘ ʘʥʽʦʥʦʘʢʪʠʚʥʠʤ ʇɸʈ ɸɹʉ, ʧʝʨʝʚʠʱʫʻ ʘʜʛʝʟʽʡʥʫ 

ʤʽʮʥʽʩʪʴ ʯʠʩʪʦʛʦ ɽɼ-20 ʫ 2,8 ʨʘʟʽʚ. ʎʝ ʤʦʞʝ ʧʦʷʩʥʶʚʘʪʠʩʷ ʘʢʪʠʚʥʦʶ 

ʚʟʘʻʤʦʜʽʻʶ ʘʥʽʦʥʽʚ ʜʘʥʦʛʦ ʇɸʈ ʟ ʧʦʟʠʪʠʚʥʦ-ʟʘʨʷʜʞʝʥʦʶ ʢʠʩʣʦʶ ʧʦʚʝʨʭʥʝʶ 

ʩʢʣʘ.  

ʊʘʢ ʩʘʤʦ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʽ ʪʝ, ʱʦ ʢʦʤʧʦʟʠʮʽʾ, ʤʦʜʠʬʽʢʦʚʘʥʽ 

ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʇʄʉ-400 ʽ ʉʂʊʅ ʤʘʶʪʴ ʜʫʞʝ ʚʠʩʦʢʫ 

ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʷʢ ʜʦ ʩʢʣʘ, ʪʘʢ ʽ ʜʦ ʩʪʘʣʽ. ʄʦʞʣʠʚʦ ʮʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʯʠʩʴ ʚʝʣʠʢʦʶ ʯʘʩʪʢʦʶ ʧʦʣʷʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ůs
ʨ
 ɺʇɽ (27,9 ʽ 

30,5 ʤɼʞ/ʤ
2
 ʚʽʜʧʦʚʽʜʥʦ) ʚʦʥʠ ʢʨʘʱʝ ʘʜʩʦʨʙʫʶʪʴʩʷ ʥʘ ʧʦʣʷʨʥʠʭ ʧʦʚʝʨʭʥʷʭ 

ʩʢʣʘ ʽ ʩʪʘʣʽ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʚʯʝʥʦ ʚʧʣʠʚ ʙʫʜʦʚʠ ʇɸʈ ʽ ʂʆʉ ʥʘ ʤʽʞʬʘʟʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʚôʷʟʫʶʯʦʛʦ, ʥʘ ʡʦʛʦ ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʜʦ ʩʪʘʣʝʚʦʾ ʽ ʩʢʣʷʥʦʾ 

ʧʽʜʣʦʞʢʠ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʢʨʠʪʝʨʽʷʤʠ ʚʠʙʦʨʫ ʜʦʩʣʽʜʞʝʥʠʭ ʜʦʙʘʚʦʢ ʜʣʷ 

ʨʝʛʫʣʶʚʘʥʥʷ ʘʜʛʝʟʽʡʥʦʾ ʤʽʮʥʦʩʪʽ ʚ ʩʠʩʪʝʤʽ çʧʽʜʣʦʞʢʘ-ʝʧʦʢʩʠʧʦʣʽʤʝʨè 

ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʪʘʢʽ ʧʦʚʝʨʭʥʝʚʦ-ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʨʦʙʦʪʘ ʘʜʛʝʟʽʾ Wɸ ʽ ʧʦʣʷʨʥʘ ʩʢʣʘʜʦʚʘ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ 

ʝʥʝʨʛʽʾ ůs
ʨ
, ʚʽʜʥʝʩʝʥʽ ʜʦ ʟʘʪʚʝʨʜʽʣʦʛʦ ʝʧʦʢʩʠʧʦʣʽʤʝʨʫ. 
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3.5 ɺʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʪʚʝʨʜʽʥʥʷ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʟʚôʷʟʫʶʯʠʭ, 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʘʣʠʤʠ ʜʦʙʘʚʢʘʤʠ. 

ʉʧʝʮʠʬʽʢʘ ʧʝʨʝʨʦʙʢʠ ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ (ʟʦʢʨʝʤʘ, ʧʨʠ ʦʪʨʠʤʘʥʥʽ 

ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ) ʧʦʣʷʛʘʻ ʚ ʧʦʻʜʥʘʥʥʽ ʧʨʦʮʝʩʽʚ ʪʚʝʨʜʽʥʥʷ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʠʨʦʙʽʚ. ʊʦʤʫ ʧʨʠ ʾʭ ʧʝʨʝʨʦʙʮʽ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦ ʟʥʘʪʠ ʢʽʥʝʪʠʢʫ 

ʧʝʨʝʭʦʜʫ çʦʣʽʛʦʤʝʨ-ʧʦʣʽʤʝʨè, ʪʘʢ ʷʢ ʙʝʟ ʮʴʦʛʦ ʥʝʤʦʞʣʠʚʝ ʨʘʮʽʦʥʘʣʴʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʥʘ ʩʫʙʩʪʨʘʪ, ʩʪʚʦʨʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʪʚʝʨʜʽʥʥʷ ʽ ʦʪʨʠʤʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʽʟ 

ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [84].  

ɺʽʜʦʤʦ, ʱʦ ʧʦʣʽʝʪʠʣʝʥʧʦʣʽʘʤʽʥ ʚʟʘʻʤʦʜʽʻ ʟ ʢʽʥʮʝʚʠʤʠ ʝʧʦʢʩʠʜʥʠʤʠ 

ʛʨʫʧʘʤʠ ʟʘ ʨʘʭʫʥʦʢ ʤʽʛʨʘʮʽʾ ʨʫʭʦʤʠʭ ʘʪʦʤʽʚ ʚʦʜʥʶ ʘʤʽʥʦ-ʛʨʫʧ. ɺʟʘʻʤʦʜʽʷ 

ʝʧʦʢʩʠʜʥʦʛʦ ʦʣʽʛʦʤʝʨʫ ʟ ʇɽʇɸ ʧʝʨʝʙʽʛʘʻ ʟʘ ʩʭʝʤʦʶ: 

H HN CH2 CH2 n NH2+CH2 CH~
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ʇʨʠʯʦʤʫ ʩʪʘʚʣʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʥʘ ʧʝʨʰʽʡ (ʢ1) ʽ ʜʨʫʛʽʡ (ʢ2) ʩʪʘʜʽʷʭ 

ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 2:1. ʇʦʣʽʝʪʠʣʝʥʧʦʣʽʘʤʽʥ ʣʝʛʢʦ ʨʝʘʛʫʻ ʟ 

ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʦʤ ʧʨʠ 20 ï 50ÜC. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʡ ʧʨʦʮʝʩʽʚ ʟʘʪʚʝʨʜʽʥʥʷ ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ 

ʚʠʷʚʣʷʻʪʴʩʷ ʮʽʢʘʚʠʤ ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʨʠʥʮʠʧʽʚ ʩʧʨʷʤʦʚʘʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʦʪʨʠʤʘʥʥʷ. ʋ 

ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʢʦʤʧʦʟʠʮʽʷʭ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʽ ʧʝʨʝʚʦʜʷʪʴ 

ʝʧʦʢʩʠʜʥʽ ʦʣʽʛʦʤʝʨʠ ʚ ʧʦʣʽʤʝʨʠ ʟʽ ʟʰʠʪʦʶ ʩʪʨʫʢʪʫʨʦʶ ʟʘ ʨʘʭʫʥʦʢ ʚʟʘʻʤʦʜʽʾ 
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ʤʽʞ ʝʧʦʢʩʠʜʥʠʤʠ ʽ ʘʤʽʥʦʛʨʫʧʘʤʠ. ɼʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʨʝʘʢʮʽʾ ʟʰʠʚʘʥʥʷ, ʜʣʷ 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʾʾ ʧʨʦʪʽʢʘʥʥʷ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʜʦʙʘʚʢʠ, ʪʘʢʽ ʷʢ ʇɸʈ ʽ ʂʆʉ, ʷʢʽ ʥʝ ʚʙʫʜʦʚʫʶʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʫ 

ʢʽʥʮʝʚʦʛʦ ʧʦʣʽʤʝʨʫ ʽ ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʤʘʪʝʨʽʘʣʽ ʚ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʦʤʫ 

ʚʠʛʣʷʜʽ [87]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʜʦʙʘʚʦʢ ʤʦʞʝ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʟʥʘʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʾ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ.  ʊʦʤʫ, ʟ ʦʛʣʷʜʫ ʥʘ ʥʝʜʦʩʪʘʪʥʽʡ ʦʙʩʷʛ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʚʧʣʠʚ ʤʘʣʠʭ ʜʦʤʽʰʦʢ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʽ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʜʦʙʘʚʦʢ 

ʥʘ ʢʽʥʝʪʠʢʫ ʟʘʪʚʝʨʜʽʥʥʷ ʝʧʦʢʩʠʜʥʦʛʦ ʦʣʽʛʦʤʝʨʫ, ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʚʽʜʧʦʚʽʜʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ. ɺʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʜʣʷ ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʦʩʥʦʚʽ ɽɼ-20 ʽ 

ʘʤʽʥʥʦʛʦ ʪʚʝʨʜʥʠʢʘ ʇɽʇɸ ʟ ʜʦʜʘʚʘʥʥʷʤ 0,5 ʤʘʩ.ʯ. ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ. 

ʇʨʦʮʝʩ ʟʘʪʚʝʨʜʽʥʥʷ ʚʠʚʯʘʣʠ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 303-323 ʂ.  

ɼʽʝʣʝʢʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ, ʟʘʩʥʦʚʘʥʠʤ ʥʘ ʨʝʻʩʪʨʘʮʽʾ ʟʤʽʥʠ ʧʠʪʦʤʦʛʦ 

ʦʙô̒ ʤʥʦʛʦ ʝʣʝʢʪʨʦʦʧʦʨʫ rv ʨʝʘʢʮʽʡʥʦʾ ʤʘʩʠ ʽ ʦʮʽʥʢʠ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʧʦ 

ʟʨʦʩʪʘʥʥʶ ʮʽʻʾ ʚʝʣʠʯʠʥʠ [119], ʚʠʟʥʘʯʝʥʽ ʫʤʦʚʥʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ 

ʟʘʪʚʝʨʜʽʥʥʷ D lgrn /Dt ʽ ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʧʨʦʮʝʩʫ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ.  

ʅʘ ʨʠʩ. 3.14 (ʘ-ʛ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʝʣʠʯʠʥʠ Dlgrn  ʚ ʯʘʩʽ ʟʘʪʚʝʨʜʽʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 303, 313, 323 ʂ ʥʘ ʧʨʠʢʣʘʜʽ ʜʝʢʽʣʴʢʦʭ ʩʢʣʘʜʽʚ. 

 

ʘ)
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ʙ) 

 

ʚ) 

 

ʛ) 

ʈʠʩ 3.14. ɿʤʽʥʘ Dlgrv ʚ ʯʘʩʽ ʟʘʪʚʝʨʜʽʥʥʷ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ, 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ: ʘ ï ʥʝʤʦʜʠʬʽʢʦʚʘʥʦʾ ɽɼ-20; ʙ ï ɸɹʉ; ʚ ï ɸʄɸ; ʛ ï ʉʂʊʅ.   
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ʅʘ ʨʠʩ. 3.15 (ʘ-ʛ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ lg(Dlgrn /Dt) ʚʽʜ ʟʚʦʨʦʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʨʠʢʣʘʜʽ ʜʝʢʽʣʴʢʦʭ ʩʢʣʘʜʽʚ. ʇʨʷʤʦʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ 

ʟʘʣʝʞʥʦʩʪʽ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʩʪʝʤ ʚ 

ʨʦʟʛʣʷʥʫʪʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ 

ʟʘʢʦʥʦʤ, ʦʪʞʝ, ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʨʽʚʥʷʥʥʷʤ ɸʨʨʝʥʽʫʩʘ. 
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ʛ) 

ʈʠʩ 3.15. ɿʤʽʥʘ 
lg

lg
t

nrDå õ
æ ö
Dç ÷

 ʚʽʜ ʟʚʦʨʦʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʽʚ, 

ʤʦʜʠʬʽʢʦʚʘʥʠʭ: ʘ ï ʥʝʦʜʠʬʽʢʦʚʘʥʦʾ ɽɼ-20; ʙ ï ɸɹʉ; ʚ ï ɸʄɸ; ʛ ï ʉʂʊʅ. 

ɺʩʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʦʚʫʚʘʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 

3.6. 

ɿ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʜʘʥʠʭ ʚʠʜʥʦ, ʱʦ ʫʤʦʚʥʘ ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʧʨʦʮʝʩʫ 

ʟʘʪʚʝʨʜʽʥʥʷ ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʫ ɽɼ-20 ʘʣʽʬʘʪʠʯʥʠʤ ʘʤʽʥʦʤ ʇɽʇɸ ʩʪʘʥʦʚʠʪʴ                       

44,3 ʢɼʞ/ʤʦʣʴ ʽ ʮʷ ʚʝʣʠʯʠʥʘ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ ʦʪʨʠʤʘʥʠʤʠ 

ʽʥʰʠʤʠ ʘʚʪʦʨʘʤʠ [199], ʜʝ ʚʝʣʠʯʠʥʘ ʝʬʝʢʪʠʚʥʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʝʧʦʢʩʠʘʤʽʥʥʠʭ 

ʩʠʩʪʝʤ ʩʪʘʥʦʚʠʪʴ 46 - 60 ʢɼʞ/ʤʦʣʴ. 

 ʇʘʨʘʤʝʪʨʠ ʪʚʝʨʜʽʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ʧʦʣʽʝʪʠʣʝʥʧʦʣʽʘʤʽʥʦʤ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʇɸʈ ʽ ʂʆʉ ʜʝʱʦ 

ʽʥʛʽʙʫʶʪʴ ʘʙʦ ʢʘʪʘʣʽʟʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʾ.  

ɿʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷ 30Áʉ ʘʥʽʦʥʦʘʢʪʠʚʥʠʡ ɸɹʉ (35) ʽ 

ʥʝʽʦʥʦʛʝʥʥʽ Tridol (16) ʽ ɸʤʽʨʦʣ ʄ (51) ʫʧʦʚʽʣʴʥʶʶʪʴ ʧʝʨʝʙʽʛ ʨʝʘʢʮʽʾ 

ʪʚʝʨʜʽʥʥʷ ʝʧʦʢʩʠʜʥʦʛʦ ʦʣʽʛʦʤʝʨʫ ʪʚʝʨʜʥʠʢʦʤ ʇɽʇɸ ʥʘ 35, 16 ʽ 51% 

ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ ʮʴʦʤʫ ʪʚʝʨʜʽʥʥʷ ʧʨʦʭʦʜʠʪʴ ʧʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʥʷʭ 

ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ. ʊʘʢʠʡ ʩʠʣʴʥʠʡ ʚʧʣʠʚ ɸʤʽʨʦʣ ʄ ʥʘ ʢʽʥʝʪʠʢʫ ʧʨʦʮʝʩʫ 

ʦʙʫʤʦʚʣʝʥʠʡ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʪʠʤ, ʱʦ, ʷʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʠ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʦʣʝʢʫʣʘ ɸʤʽʨʦʣ ʄ ʦʨʽʻʥʪʫʻʪʴʩʷ 

ʛʽʜʨʦʢʩʠʣʴʥʦʶ ʛʨʫʧʦʶ ʜʦ ʆʅ-ʛʨʫʧʠ ɽɼ-20, ʪʦʙʪʦ ʙʣʦʢʫʻ ʛʽʜʨʦʢʩʦʛʨʫʧʫ 
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0,5 

1 

1,5 

2 

2,5 

3 

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

lg(ȹlg rn /ȹt) 

1/ʊ, K*10^3 

ʉʂʊʅ 
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ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʫ, ʷʢʘ ʟʘʟʚʠʯʘʡ ʻ ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʚʟʘʻʤʦʜʽʾ çʝʧʦʢʩʠʜ-ʘʤʽʥè. ʋ 

ʚʠʧʘʜʢʫ ʟ ʪʘʢʠʤ ɸʇɸʈ, ʷʢ ɸɹʉ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʣʦʢʫʚʘʥʥʷ ʝʧʦʢʩʠʜʥʦʾ 

ʛʨʫʧʠ ʦʣʽʛʦʤʝʨʫ ʩʠʣʴʥʦ ʧʦʣʷʨʥʦʶ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʶ ʩʫʣʴʬʘʪʥʦʶ ʛʨʫʧʦʶ, 

ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʡʦʛʦ ʤʦʣʝʢʫʣʽ. ʂʨʽʤ ʪʦʛʦ, ɸɹʉ ʤʘʻ ʦʩʥʦʚʥʫ ʨʝʘʢʮʽʶ 

ʩʝʨʝʜʦʚʠʱʘ ʟʽ ʟʥʘʯʝʥʥʷʤ pKa = 9,5 ï 10. ʎʝ ʪʘʢ ʩʘʤʦ ʤʦʞʝ ʦʙʫʤʦʚʣʶʚʘʪʠ 

ʽʥʛʽʙʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʪʚʝʨʜʽʥʥʷ ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʫ ʟ ʚʚʝʜʝʥʥʷʤ ɸʇɸʈ.  

ʊʘʙʣʠʮʷ 3.6 

ʋʤʦʚʥʽ ʢʽʥʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʘʪʢʦʚʦʾ ʩʪʘʜʽʾ  

ʧʨʦʮʝʩʫ ʟʘʪʚʝʨʜʽʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʩʠʩʪʝʤ 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʜʦʙʘʚʦʢ 

ʋʤʦʚʥʘ ʰʚʠʜʢʽʩʪʴ 

ʧʨʦʮʝʩʫ ʪʚʝʨʜʽʥʥʷ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨʫ ʥʘ 

ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ, Áʉ*10
-2
 

ɽʬʝʢʪʠʚʥʘ 

ʝʥʝʨʛʽʷ 

ʘʢʪʠʚʘʮʽʾ, 

ʢɼʞ/ʤʦʣʴ 

pKa 

 

30 40 50 30-50  

ɽɼ-20 ʙʝʟ ʜʦʙʘʚʦʢ 1,13 1,89 3,16 44,3  

Tridol 0,95 1,645 3,68 57,6 7,2 

ʎʊɸʍ 1,32 1,76 2,15 22,4 5,0 

ɸɹʉ 0,73 1,59 2,67 55,2 10,0 

ʇʄʉ-10 1,14 1,77 2,27 30,6 6,5 

ɸʄɸ 1,24 1,87 3,1 39,5 3,5 

ɸʤ̔ʨʦʣ ʄ  0,55 1,70 3,39 76,4 8,2 

ʇʄʉ-400 1,33 2,15 2,61 29,9 6,5 

ʉʂʊʅ 1,2 1,71 2,69 35,3 6,5 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʪʘʙʣ. 3.6 ʪʘʢʦʞ ʧʦʢʘʟʘʚ ʪʘʢʫ 

ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ: ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʤʝʥʰ 

ʢʠʩʣʦʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʷʢ ɸɹʉ, ɸʤʽʨʦʣ ʄ ʽ Tridol ʟ pʂʘ = 7,2 - 10, 

ʫʧʦʚʽʣʴʥʶʶʪʴ ʧʨʦʮʝʩ ʪʚʝʨʜʽʥʥʷ, ʢʘʪʽʦʥʦʘʢʪʠʚʥʽ ɸʄɸ ʽ ʎʊɸʍ ʟ 

ʩʠʣʴʥʦʢʠʩʣʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟ pʂʘ = 3 - 5 ʧʨʠʚʦʜʷʪʴ ʜʦ ʜʝʷʢʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʫ ʪʚʝʨʜʽʥʥʷ ʽ ʟʥʠʞʫʶʪʴ Ea.  

ʇʨʝʜʩʪʘʚʣʷʣʦ ʽʥʪʝʨʝʩ ʜʦʩʣʽʜʠʪʠ ʚʟʘʻʤʦʜʽʶ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʟ 

ʘʤʽʥʥʠʤ ʪʚʝʨʜʥʠʢʦʤ. 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʘ Hyperʉhem ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧôʁ ʪʝʨʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʟ ʪʚʝʨʜʥʠʢʦʤ. ʊʘʢ ʷʢ ʥʘ 

ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʪʚʝʨʜʽʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʦʚʞʝʥʥʷ ʽ ʨʦʟʛʘʣʫʞʝʥʥʷ 

ʣʘʥʮʶʛʘ, ʚ ʷʢʦʤʫ ʙʝʨʫʪʴ ʫʯʘʩʪʴ, ʚ ʦʩʥʦʚʥʦʤʫ, ʧʝʨʚʠʥʥʽ ʘʤʽʥʦʛʨʫʧʠ, ʚ ʷʢʦʩʪʽ 

ʤʦʜʝʣʴʥʦʾ ʤʦʣʝʢʫʣʠ ʪʚʝʨʜʥʠʢʘ ʙʫʣʘ ʦʙʨʘʥʘ ʤʦʣʝʢʫʣʘ ʝʪʠʣʘʤʽʥʫ. ʈʝʟʫʣʴʪʘʪʠ 

ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʟ ʝʪʠʣʘʤʽʥʦʤ, 

ʘ ʩʘʤʝ ʝʥʝʨʛʽʷ ʚʟʘʻʤʦʜʽʾ, ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʽ ʤʽʞʤʦʣʝʢʫʣʷʨʥʘ ʚʽʜʩʪʘʥʴ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 3.7. 

ʊʘʙʣʠʮʷ 3.7 

ʈʝʟʫʣʴʪʘʪʠ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʤʦʜʠʬʽʢʫʶʯʠʭ  

ʜʦʙʘʚʦʢ ʟ ɽʪʠʣʘʤʽʥʦʤ 

ʂʦʤʧʣʝʢʩ 
ɽʚʟʘ̒ʤ, 

ʢɼʞ/ʤʦʣʴ 

ɼʠʧʦʣʴʥʠʡ 

ʤʦʤʝʥʪ, 

ɛ, D 

ɺʽʜʩʪʘʥʴ ʤʽʞ 

ʤʦʣʝʢʫʣʘʤʠ, Ȕ 

ɽʪʠʣʘʤʥ̔  1,36  

ɸɹʉ + ɽʪʠʣʘʤʥ̔ 1,06 9,27 5,7 

ʃʊʉ + ɽʪʠʣʘʤʥ̔ 0,98 11,73 8,42 

ɸʄɸ + ɽʪʠʣʘʤʥ̔ 0,13 10,62 5,7 

ʎʊɸʍ + ɽʪʠʣʘʤʥ̔ 0,03 10,63 7,98 

ɸʤ̔ʨʦʣ ʄ + ɽʪʠʣʘʤʥ̔ -0,01 1,12 7,34 

ʇʄʉ + ɽʪʠʣʘʤʥ̔ -4,64 2,37 1,7 

ʉʂʊʅ + ɽʪʠʣʘʤʥ̔ -14,05 2,32 3,1 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ 

ʤʦʣʝʢʫʣʘ ɸʤʽʨʦʣ ʄ ʦʨʽʻʥʪʫʻʪʴʩʷ ʛʽʜʨʦʢʩʦʛʨʫʧʦʶ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʚʫʛʣʝʚʦʜʥʝʚʦʤʫ ʨʘʜʠʢʘʣʽ, ʜʦ ʝʪʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʝʪʠʣʘʤʽʥʘ ʥʘ ʚʽʜʩʪʘʥʽ           

7,34 Ȕ (ʨʠʩ. 3.16). 

ʊʘʢʘ ʜʦʚʞʠʥʘ ʟʚô̫ ʟʢʫ, ʘ ʪʘʢʦʞ ʝʥʝʨʛʽʷ ʚʟʘʻʤʦʜʽʾ ʮʠʭ ʤʦʣʝʢʫʣ, ʱʦ 

ʜʦʨʽʚʥʶʻ 0,01 ʢɼʞ/ʤʦʣʴ, ʛʦʚʦʨʠʪʴ ʧʨʦ ʜʦʩʠʪʴ ʩʣʘʙʢʠʡ ï ʜʠʩʧʝʨʩʽʡʥʠʡ 

ʟʚôʷʟʦʢ.  



118 

 

ʈʠʩ. 3.16. ɺʟʘʻʤʦʜʽʷ ʤʦʣʝʢʫʣ ɸʤʽʨʦʣ ʄ ʟ ʘʤʽʥʥʦʶ ʛʨʫʧʦʶ 

ʗʢ ʚʽʜʦʤʦ, ʩʪʫʧʽʥʴ ʢʘʪʘʣʽʪʠʯʥʦʛʦ ʚʧʣʠʚʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʽ 

ʭʽʤʽʯʥʦʾ ʙʫʜʦʚʠ ʇɸʈ [15, 251]. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʦʣʷʨʥʽ 

ʛʨʫʧʠ ʪʝʪʨʘʘʣʢʽʣʘʤʦʥʽʶ ʂʇɸʈ ʢʘʪʘʣʽʟʫʶʪʴ ʧʨʦʮʝʩ ʪʚʝʨʜʽʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʯʝʪʚʝʨʪʠʥʥʠʭ ʘʤʦʥʽʻʚʠʭ ʦʩʥʦʚ ʥʘ ʧʨʦʮʝʩ ʨʦʟʢʨʠʪʪʷ ʝʧʦʢʩʠʜʥʦʾ ʛʨʫʧʠ 

ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʘʤʽʥʥʦʛʦ ʪʚʝʨʜʥʠʢʘ [7] ʪʘʢ ʩʘʤʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʦʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ.  

ʂʦʤʧôʁ ʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʂʇɸʈ ʟ ʘʤʽʥʥʠʤ ʪʚʝʨʜʥʠʢʦʤ 

ʧʦʢʘʟʘʣʦ, ʱʦ ʤʽʞ ʜʘʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʽʩʥʫʶʪʴ ʜʫʞʝ ʩʣʘʙʢʽ, ʜʠʩʧʝʨʩʽʡʥʽ 

ʚʟʘʻʤʦʜʽʾ (ʪʘʙʣ. 3.7). ʆʜʥʘʢ, ʷʢ ʙʫʣʦ ʩʢʘʟʘʥʦ ʨʘʥʽʰʝ, ʥʘʷʚʥʽʩʪʴ ʩʠʣʴʥʠʭ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ ʂʇɸʈ ʟ ɽɼ-20 ʚʽʜʧʦʚʽʜʥʦ ʟʥʠʞʫʶʪʴ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ɽɼ-20, ʽ, ʢʨʽʤ ʪʦʛʦ, ʙʫʣʦ ʧʦʢʘʟʘʥʦ, 

ʱʦ ʂʇɸʈ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʜʦʙʘʚʦʢ ʥʘʡʝʬʝʢʪʠʚʥʽʰʝ ʟʥʠʞʫʶʪʴ ʚô̫ ʟʢʽʩʪʴ 

ʝʧʦʢʩʠʦʣʽʛʦʤʝʨʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ, ʽʤʦʚʽʨʥʦ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ 

çʚʽʣʴʥʠʭè ʤʦʣʝʢʫʣ ɽɼ-20 ʽ ʧʦʣʝʛʰʫʻʪʴʩʷ ʧʨʦʮʝʩ ʨʦʟʢʨʠʪʪʷ ʝʧʦʢʩʠʜʥʦʾ ʛʨʫʧʠ, 

ʽ ʨʝʘʢʮʽʷ ʪʚʝʨʜʽʥʥʷ ʧʝʨʝʙʽʛʘʻ ʰʚʠʜʰʝ. ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʝʬʝʢʪʠʚʥʦʾ 

ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʫ 

ʪʚʝʨʜʽʥʥʷ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ, ʮʽʣʢʦʤ ʡʤʦʚʽʨʥʦ, ʙʫʜʝ ʩʧʨʠʷʪʠ ʬʦʨʤʫʚʘʥʥʶ 

ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʜʦ ʛʝʣʝʫʪʚʦʨʝʥʥʷ ʚ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʠʭ ʫʤʦʚʘʭ ʽ, ʦʪʞʝ, 

ʫʪʚʦʨʝʥʥʶ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʤʝʥʰʠʤʠ ʟʘʣʠʰʢʦʚʠʤʠ 

ʥʘʧʨʫʞʝʥʥʷʤʠ.  
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ʊʚʝʨʜʽʥʥʷ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ 

ʜʦʙʘʚʦʢ ʧʨʦʭʦʜʠʪʴ ʟʘ ʙʽʣʴʰʠʭ ʰʚʠʜʢʦʩʪʝʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʯʠʩʪʠʤ ʦʣʽʛʦʤʝʨʦʤ 

ɽɼ-20. 

ʂʦʤʧôʁ ʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʽ ʜʦʙʘʚʢʠ 

ʤʘʶʪʴ ʜʫʞʝ ʩʠʣʴʥʽ ʚʥʫʪʨʽʰʥʴʦ-ʤʦʣʝʢʫʣʷʨʥʽ ʚʟʘʻʤʦʜʽʾ ʽ ʩʣʘʙʦ ʨʝʘʛʫʶʪʴ ʟ 

ʤʦʣʝʢʫʣʘʤʠ ɽɼ-20. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʂʆʉ ʤʘʶʪʴ ʧʦʨʽʚʥʷʥʦ ʩʠʣʴʥʽ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ ʚʟʘʻʤʦʜʽʾ ʟ ʝʪʠʣʘʤʽʥʦʤ, ʧʨʠ ʮʴʦʤʫ, ʷʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.17, 

ʤʦʣʝʢʫʣʘ ʝʪʠʣʘʤʽʥʫ ʦʨʽʻʥʪʫʻʪʴʩʷ ʥʝʧʦʣʷʨʥʠʤ ʚʫʛʣʝʚʦʜʥʝʚʠʤ ʨʘʜʠʢʘʣʦʤ 

ʱʦʜʦ ʤʦʣʝʢʫʣ ʇʄʉ ʽ ʉʂʊʅ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʩʠʣʝʥʥʷ ʨʝʘʢʮʽʡʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʘʤʽʥʦʛʨʫʧʠ ʟ ʝʧʦʢʩʠʜʥʦʶ ʛʨʫʧʦʶ ʦʣʽʛʦʤʝʨʫ. 

    

ʘ) ʇʄʉ      ʙ) ʉʂʊʅ 

ʈʠʩʫʥʦʢ 3.17. ɺʟʘʻʤʦʜʽʷ ʘʤʽʥʥʦʾ ʛʨʫʧʠ ʪʚʝʨʜʥʠʢʘ ʽ ʤʦʣʝʢʫʣ 

ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʜʦʙʘʚʦʢ: ʘ) ʇʄʉ, ʙ) ʉʂʊʅ 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 3.6, ʂʆʉ ʜʝʱʦ ʧʨʠʩʢʦʨʶʶʪʴ ʧʨʦʮʝʩ ʪʚʝʨʜʽʥʥʷ (ʇʄʉ-

400) ʘʙʦ ʤʘʣʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʰʚʠʜʢʽʩʪʴ ʪʚʝʨʜʽʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʜʘʥʠʡ ʧʨʦʮʝʩ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʫʤʦʚʥʦʾ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ, ʱʦ 

ʟʘʟʚʠʯʘʡ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʦʜʥʦʨʽʜʥʦʾ ʽ ʤʝʥʰ ʥʘʧʨʫʞʝʥʦʾ ʩʪʨʫʢʪʫʨʠ.  

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ 

ʝʧʦʢʩʠʜʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʦʾ ʙʫʜʦʚʠ, 
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ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ, ʨʽʚʥʷ ʾʭ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ɽɼ-20 ʽ ʘʤʽʥʥʠʤ ʪʚʝʨʜʥʠʢʦʤ. 

ʇʨʠ ʚʠʚʯʝʥʥʽ ʧʨʦʮʝʩʫ ʪʚʝʨʜʽʥʥʷ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʢʨʠʪʝʨʽʻʤ 

ʦʮʽʥʢʠ ʟʘʚʝʨʰʝʥʦʩʪʽ ʧʨʦʮʝʩʫ ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʩʪʫʧʽʥʴ ʟʘʪʚʝʨʜʽʥʥʷ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʪʦʜʦʤ ʛʝʣ-ɹʬʨʘʢʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʪʘʙʣ. 3.8. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʝʧʦʢʩʠʧʦʣʽʤʝʨʠ, ʤʦʜʠʬʽʢʦʚʘʥʽ ʇɸʈ ʽ 

ʂʆʉ ʤʘʶʪʴ ʜʦʩʠʪʴ ʟʰʠʪʫ ʩʪʨʫʢʪʫʨʫ. ʇʽʩʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʩʪʫʧʽʥʴ ʛʝʣʴ 

ʬʨʘʢʮʽʾ ʜʦʩʷʛʘʻ ʜʦ 95%. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʨʤʦʦʙʨʦʙʢʠ, ʥʘ ʜʨʫʛʫ ʜʦʙʫ 

ʩʪʫʧʽʥʴ ʟʘʪʚʝʨʜʽʥʥʷ ʩʢʣʘʜʘʻ 74-83%, ʘ ʚʞʝ ʯʝʨʝʟ 7 ʜʽʙ ʜʦʩʷʛʘʻ ʜʦ 87%. ʇʨʠ 

ʚʚʝʜʝʥʥʽ ʉʂʊʅ ʽ Tridol ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʝʧʦʢʩʠʧʦʣʽʤʝʨʠ ʟ ʥʘʡʙʽʣʴʰ 

ʟʰʠʪʦʶ ʩʪʨʫʢʪʫʨʦʶ. 

ʊʘʙʣʠʮʷ 3.8 

ɿʥʘʯʝʥʥʷ ʛʝʣʴ-ʬʨʘʢʮʽʾ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʧʦʢʩʠʘʤʽʥʥʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ɼʦʙʘʚʢʠ 

ɻʝʣʴ-ʬʨʘʢʮʽʷ, % 

ʅʝ ʪʝʨʤʦʦʙʨʦʙʣʝʥʽ 
ʊʝʨʤʦʦʙʨʦʙʣʝʥʽ 

2 ʜʦʙʠ 5 ʜʽʙ 7 ʜʽʙ 

ɽɼ-20 ʙʝʟ ʜʦʙʘʚʢʠ 79  83 84 92 

Tridol 83 84 87 95 

ɸɹʉ 75 80 82 94 

ɸʤ̔ʨʦʣ ʄ 77 78 83 95 

ʎʊɸʍ 75 77 82 95 

ʇʄʉ-10 74 77 82 95 

ʉʂʊʅ 77 79 85 95 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʜʦʙʘʚʢʠ ɸʄɸ ʽ 

ʎʊɸʍ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʙʽʣʴʰ ʩʠʣʴʥʠʤʠ ʢʠʩʣʦʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʚʟʘʻʤʦʜʽʾ ʟ ʝʧʦʢʩʠʜʥʠʤ ʦʣʽʛʦʤʝʨʦʤ ɽɼ-20 ʽ ʩʣʘʙʢʦʶ 

ʚʟʘʻʤʦʜʽʻʶ ʟ ʘʤʽʥʥʠʤ ʪʚʝʨʜʥʠʢʦʤ, ʷʢ ʧʨʘʚʠʣʦ ʧʽʜʚʠʱʫʶʪʴ ʰʚʠʜʢʽʩʪʴ 

ʪʚʝʨʜʽʥʥʷ ʽ ʟʥʠʞʫʶʪʴ ʨʽʚʝʥʴ ʝʬʝʢʪʠʚʥʦʾ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ.  

ɯ ʥʘʚʧʘʢʠ, ɸʇɸʈ (ɸɹʉ ʽ ʃʊʉ) ʽ ʅʇɸʈ (ɸʤʽʨʦʣ ʄ), ʱʦ ʚʦʣʦʜʽʶʪʴ 

ʧʽʜʚʠʱʝʥʦʶ ʦʩʥʦʚʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʝʨʝʜʥʽʤ ʨʽʚʥʝʤ ʚʟʘʻʤʦʜʽʾ ʟ ɽɼ-20 

ʽ ʥʝʚʠʩʦʢʠʤ ʟʥʘʯʝʥʥʷʤ ʝʥʝʨʛʽʾ ʚʟʘʻʤʦʜʽʾ ʽʟ ʪʚʝʨʜʥʠʢʦʤ, ʙʣʦʢʫʶʪʴ ʢʘʪʘʣʽʪʠʯʥʦ 
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ʘʢʪʠʚʥʽ ʛʽʜʨʦʢʩʠʣʴʥʽ ʛʨʫʧʠ ʦʣʽʛʦʤʝʨʫ ʘʙʦ ʩʘʤʫ ʝʧʦʢʩʠʜʥʫ ʛʨʫʧʫ, ʯʠʤ ʫ 1,5-2 

ʨʘʟʠ ʫʧʦʚʽʣʴʥʶʶʪʴ ʧʨʦʮʝʩ ʪʚʝʨʜʽʥʥʷ ʽ ʟʙʽʣʴʰʫʶʪʴ ɽʝʬ.  

ʂʆʉ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʩʣʘʙʢʠʤʠ ʢʠʩʣʦʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʧʽʜʚʠʱʝʥʦʶ 

ʝʥʝʨʛʽʻʶ ʚʟʘʻʤʦʜʽʾ ʟ ʘʤʽʥʥʠʤ ʪʚʝʨʜʥʠʢʦʤ ʽ ʩʣʘʙʢʠʤ ʟ ɽɼ-20, ʤʘʡʞʝ ʥʝ 

ʟʤʽʥʶʶʪʴ ʰʚʠʜʢʽʩʪʴ ʪʚʝʨʜʽʥʥʷ ʽ ʧʨʦʮʝʩ ʧʨʦʭʦʜʠʪʴ ʧʨʠ ʟʥʠʞʝʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ. 

3.6 ʊʝʨʤʦʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʧʦʢʩʠʘʤʽʥʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ.  

ʍʽʤʽʯʥʘ ʧʨʠʨʦʜʘ ʇɸʈ ʽ ʂʆʉ, ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʣʝʢʫʣʷʨʥʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʩʪʫʧʽʥʴ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʝʧʦʢʩʠʜʥʦʛʦ ʟʚôʷʟʫʶʯʦʛʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʩʽʪʯʘʩʪʦʛʦ 

ʝʧʦʢʩʠʧʦʣʽʤʝʨʫ ʽ, ʡʤʦʚʽʨʥʦ, ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʡʦʛʦ ʪʦʧʦʣʦʛʽʯʥʫ ʩʪʨʫʢʪʫʨʫ 

ʽ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɿʘ ʩʫʯʘʩʥʠʤʠ ʫʷʚʣʝʥʥʷʤʠ 

[138, 170] ʧʨʦ ʩʽʪʯʘʩʪʽ ʧʦʣʽʤʝʨʠ ʾʭ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʩʠʩʪʝʤʫ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʫ ʦʙʩʷʟʽ ʤʽʞʚʫʟʣʦʚʠʭ ʣʘʥʮʶʛʽʚ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ. ɺ ʨʘʤʢʘʭ ʮʠʭ 

ʫʷʚʣʝʥʴ ʦʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʦʧʦʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽʜʝʘʣʴʥʦʾ ʩʽʪʢʠ 

ʻ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʫʟʣʽʚ ɡʩ ʘʙʦ ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ʩʝʛʤʝʥʪʘ ʄʩ, ʫʢʣʘʜʝʥʦʛʦ ʤʽʞ 

ʚʫʟʣʘʤʠ ʩʽʪʢʠ. 

ɿʤʽʥʫ ʩʪʨʫʢʪʫʨʠ ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ ʚʠʚʯʘʣʠ ʤʝʪʦʜʦʤ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʩʠʩʪʦʤʝʪʨʫ ʍʝʧʧʣʝʨʘ ʧʨʠ 

ʦʜʥʦʦʩʴʦʚʦʤʫ ʩʪʠʩʢʫ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 50 H. 

ʊʝʨʤʦʤʝʭʘʥʽʯʥʽ ʢʨʠʚʽ ʚʠʚʯʝʥʠʭ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʝʧʦʢʩʠʧʦʣʽʤʝʨʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.18. ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʟʥʘʯʝʥʦ ʪʝʤʧʝʨʘʪʫʨʫ ʩʢʣʫʚʘʥʥʷ (ʊʩ), ʚʝʣʠʯʠʥʫ ʚʽʜʥʦʩʥʦʾ ʜʝʬʦʨʤʘʮʽʾ (Ů), 

ʤʦʣʝʢʫʣʷʨʥʫ ʤʘʩʫ ʬʨʘʛʤʝʥʪʘ ʣʘʥʮʶʛʘ ʤʽʞ ʚʫʟʣʘʤʠ ʩʽʪʢʠ (ʄʩ) ʽ ʝʬʝʢʪʠʚʥʫ 

ʱʽʣʴʥʽʩʪʴ ʟʰʠʚʘʥʥʷ ʧʦʣʽʤʝʨʫ (ɡ). ʄʦʜʫʣʴ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʩʪʽ (ɽʚʠʩ) 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʥʘʭʠʣʦʤ ʜʽʣʷʥʢʠ ʧʨʷʤʦʾ ʟʘʣʝʞʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜ ʥʘʧʨʫʛʠ 

ʩʪʠʩʥʝʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 20 Áʉ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʭʦʜʫ ʊʄ-ʢʨʠʚʦʾ ʥʘ 

ʧʣʘʪʦ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʩʪʽ. 
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ʂʨʽʤ ʪʦʛʦ, ʥʘ ʊʄ-ʢʨʠʚʠʭ ʚʠʟʥʘʯʝʥʘ ʚʝʣʠʯʠʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʽʥʪʝʨʚʘʣʫ ʧʝʨʝʭʦʜʫ ʧʦʣʽʤʝʨʫ ʟʽ ʩʢʣʦʧʦʜʽʙʥʦʛʦ ʫ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʠʡ ʩʪʘʥ 

(ʘʣʴʬʘ-ʧʝʨʝʭʽʜ). ɺʝʣʠʯʠʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʘʣʴʬʘ-ʧʝʨʝʭʦʜʫ ʤʦʞʝ 

ʩʣʫʞʠʪʠ ʥʝʧʨʷʤʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʦʜʥʦʨʽʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʧʦʣʽʤʝʨʫ, ʨʽʚʥʷ 

ʤʽʞʬʘʟʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʦʣʽʤʝʨʽʚ ʽ ʾʭ ʨʝʣʘʢʩʘʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.17, 3.18, ʚʩʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʧʦʣʽʤʝʨʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʠʞʯʝ 65 Áʉ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʩʢʣʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ, ʘ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʣʽʤʝʨʠ ʧʝʨʝʭʦʜʷʪʴ ʜʦ ʦʙʣʘʩʪʽ ʚʠʩʦʢʦʝʣʘʩʪʠʯʥʦʛʦ ʩʪʘʥʫ. 

ʇʦʨʽʚʥʷʥʥʷ ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ ʢʨʠʚʠʭ ʜʣʷ ʚʠʭʽʜʥʦʛʦ ʝʧʦʢʩʠʘʤʽʥʥʦʛʦ ʧʦʣʽʤʝʨʫ 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʦʜʠʬʽʢʫʶʯʠʭ ʜʦʙʘʚʦʢ ʧʦʢʘʟʫʻ, ʱʦ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʨʦʜʠ, 

ʚʚʝʜʝʥʥʷ ʜʦʙʘʚʦʢ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʫʢʪʫʨʫ ʝʧʦʢʩʠʧʦʣʽʤʝʨʫ. 

 

ʈʠʩ. 3.18. ɺʧʣʠʚ ʧʨʠʨʦʜʠ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʚ ʢʽʣʴʢʦʩʪʽ  

0,5 ʤʘʩ.ʯ. ʥʘ 100 ʤʘʩ.ʯ. ʝʧʦʢʩʠʜʥʦʛʦ ʦʣʽʛʦʤʝʨʫ. 
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